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J)VOPSVYRKAYV %FWGLPYWWEVFIMX KIQ8¢ jgqq %FW f %4& 89

JJFSNJU FSLM¢SF JDI &SJL)FMNVU EBTTJDI EJF WPSMJFHFOEF "¢
EFS 56 %BSNTUBEU TFMCTUTU¢OEJH PIOF)IJMGF %SJUUFS VOE OVS
VOE )JJMGTNJUUFMO BOHFGFSUJHU IBCF *DIIBCF NJU "VTOBINF |
BOEFSFSJOEFS"SCFJUHFOBOOUFS 2VFMMFO LFJOF GSFNEFO )JN
CFJEFS "OGFSUJHVOH EJFTFS XJTTFOTDIBGUMJDIFO "SCFJU X S
-JUFSBUVSVOEBMMFBOEFSFO2VFMMFO IBCFJDIJNSFYUEFVUMJIDI
BVGHFG°ISU %JFTHJMUBVDI G°S 2VFMMFO PEFS )JMGTNJUUFM B\

%IJFTF"SCFJUIBUJO HMFJDIFS PEFS ¢IOMJDIFS 'PSN OPDILFJOFS 1.

.JSJTUCFLBOOU EBTTJN 'BMMF FJOFT 1MBHJBUT f "CT "1#
WPSMJFHU EFS EB[V G°ISU EBTT EJF "SCFJU NJU CFXFSUFU VOE
WFSCSBVDIU XJSE "CTDIMVTTBSCFJUFO E°SGFO OVS FJONBM XJF

%BSNTUBEU IPWFNCFS éiﬁ%éﬂzf///ﬂﬂd

&SJL )FMNVU

M M



WFWXVEGX

3PCPUT TUJMM TUSVHHMF UP SFHVMBUF HSBTQ GPSDFT JO DPOUBD
XIFO IBOEMJOH GSBHJMF PS EFGPSNBCMF PCKFDUT &YJTUJOH .
PGUFO USFBU UBDUJMF GFFECBDL POMZ BT BO BEEJUJPOBM PC?
BT BO VODPOUSPMMFE DPOTFRVFODF PG HSJQQFS DPNNBOET *
'PSDF "XIBISEBUJPO MFBSOJOH GSBNFXPSL UIBU JOUFHSBUFT UB
UIFBDUJPO TQBDF 6TJOH B (FM4JHIU .JOJTFOTPS UPHFUIES XJUI
FTUJNBUJPO XFDPMMFDUEFNPOTUSBUJPO EBUB XJUIB NPEJSFE
UIF MEBSOFE QPMJDJFT PO B OFXMZ EFWFMPQFE BDUVBUFE 6.* HSJ
51F QSPQPBMEF "BV TJPO QPMJDZ KPJOUMZ QSFEJDUT SPCPU Q
HSJQ GPSDF "UFYFDVUJPO UJNF BEVBM NPEF DPOUSPMMFS TXJ
PG UIFHSJQ XJEUI BOE DMPTFE MPPQ GPSDF DPOUSPM 8F FWBMYV
XJUI DPOUSBTUJOH GP SPSEF N)BRENTSPP QPMJIDZ BDIJFWFT IJHIFS
SBUFT UJIBIPO HBMIXUIMFCBAIFMIOFT *UBMTP QSPEVDFT GPSDF QS
IVNBO EFNPOTUSBUJPOT NFBTVSFE XJUIUIF 8BTTFSTUFJO EJTUBO
FYQMJDJUMZ NPEFMJOH BOE DPOUSPMMJOH GPSDFT JNQSPWFT SPC
TDFOBSJPT 5IF GSBNFXPSLIJHIMJHIUT UIF SPMF PG UBDUJMF TFOT
DPOUSPM UBSHFU FOBCMJOH NPSFBEBQUJWF BOE DPOUBDU BXB

MMM



>SYWEQQIRJEWWYRK

S3PCPUFSIBCFO OBDI XJF WPS 4DIXJFSJHLFJUFO (SFJUSC¢GUF JO L|
UJPOTBVGHBCFO [VWFSM¢TTIJH [V SFHVMJFSFO JOTCFTPOEFSF C
PEFS WFSGPSNCBSFO OCKFLUFO #JTIFSJHF *NJUBUJPOTMFSOBC
NFJTU OVS BMT [VT¢U[MJIDIF #FPCBDIUVOH XPEVSDIEJFBVGHFC
USPMMJFSUF 'PMHF WPO (SFJGFSLPNNBOEPT CAVBHDIEFXBSPB EJFTI
*NJUBUJPOTMFSO 'SBNFXPSL WPSHFTUFMMU EBT UBLUJMFT 'FFEC
UFHSJFSU .JUIJMGF FJOFT (FM4JHIU .JOJ 4FOTPST JO ,PNCJOBUJF
,SBGUTDI¢CU[VOH XFSEFO %FNPOTUSBUJPOTEBUFO NJUFJOFN NPEJ
%IJF HFMFSOUFO 4UFVFSVOHTTUSBUFHJFO XFSEFOBOTDIMJF<FC
BLUVJFSUFO 6.* (SFJGFS NJU HMFJDIFS (FPNFUSJPBDFHFG°ISU
"XBS%JRVTJPO 1PMJDZ TBHU 3PCPUFSQPTF (SFIJGXFJUF VOE (SF
8¢CISFOE EFS "VTG°ISVOH XFDITFMU FJO %VBM .PEF 3FHMFS [XJTDIF
EFT (SFIJIGBCTUBOEFT VOEEFNHFTDIMPTTFOFO ,SBGUSFHFMLSFJ
"VGHBCFO NJU VOUFSTDIJFEMJDIFO ,SB G UBSIDGP SEFRV O HFD FWBM
1PMJDZ FSSFJIDIU I'IFSF &SGPMWHT Y®BED BMTFEBEBFSWFIOFT VOE
FS[FVHU ,SBGUQSPSMF EJFEFONFOTDIMJIDIFO %FNPOTUSBUJPC
NJUEFS 8BTTFSTUFJO %JTUBO[ %JF &SHFCOJTTF [FIJHFO EBTTE
3FHFMO WPO ,S¢GUFO EJF 3PCVTUIFJU TPXPIM JO 4[FOBSJFO NJU IF
, SCGUFO WFSCFTTFSU %BT ' 'SBNFXPSLWFSEFVUMJDIU EJF 3PMMF E
BMT ,POUFYU TPOEFSOBMTEJSFLUFT 3FHFM[JFM VOE FSN"HMJDI
LPOUBLUCFXVTTUFSF SPCPUJTDIF .BOJQVMBUJPO
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WGORS[PIHKQIRXW

*XPVMEMIJLFUPFYQSFTTNZEFFQFTUHSBUJUVEFUPNZTVQFSWITF
BOE $SJTUJBOB EF 'BSJBT GPS UIFJSHVJEBODF TVQQPSU BOE\
UIFDPVSTFPGUIJT UIFTJT

*BNBMTP UIBOLGVM UP 1SPG %S +BO 1FUFSTBOE UIF *OUFMMJHF
GPSHSBOUJOHNFBDDFTTUP UIFMBC GBDIJMJUJFTBOE SFTPVSDFT
UIBUNBEF UIJT XPSLQPTTJCMF

*BMTP HSBUFGVMMZ BDLOPXMFEHF UIF TVQQPSU PG NZDPMMFB
EFQBSUNFOU XIPTF EJTDVTTJPOT DPMMBCPSBUJPO BOE FODP
SFTFBSDIBOENZPWFSBMMFYQFSJFODF EVSJOH UIJT XPSL

*OBEEJUJPO * XPVME MJLFUPTJODFSFMZ UIBOL /JLMBT 'VOL BOE
UPSTIJQ EVSIJOHNZ XPSLBTBTUVEFOUBTTJTUBOU BOEBDSPTT W
TIBQFE NZ BDBEFNJD KPVSOFZ BOE JOTQJSFE NF UP QVSTVF GV
NBTUFSET EFHSFF

'JOBMMZ *FYUFOENZIFBSUGFMUBQQSFDJBUJPOUPNZGBNJMZBOI
BOE VOXBWFSJOH TVQQPSU
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*SYRHEXMSRW

5BDUJMF 4FOTJOH
(FM4JHIU .JOJ5BDUJMF 4FOTPS
'PSDF &TUJNBUJPO GSPN (FM4JHIU .JOJ *NBHFT

*NJUBUJPO -FBSOJOH

%JRVTIPO .PEFMT GPS 1PMJDZ -FBSOJOH
%FOPJTJOH %JRVTJPO 1SPCBCJIJMJTUJD .PEFMT
%JRVTIPO GPS 7JTVPNPUPS 1PMJDZ -FBSOJOH

6IPEXIH ;SVO 2q
5BDUJMF 4FOTJOH GPS 4UBUF 3FQSFTFOUBUJPO
5BDUJMF 4FOTJOH GPS "DUJPO 3FQSFTFOUBUJPO
1IXLSHW gt
(SJQQFS )BSEXBSF
%BUB $PMMFDUJPO
'PSDF "XBSF %JRVTJPO 1PMJDZ
1PMJDZ %FQMPZNFOU BOE (SJQQFS $POUSPM
ZWTIVMQIRXW qs

&YQFSINFOUBM %FTJHO
*OQVU .PEBMJUJFT BOE #BTFMJOFT
(FOFSBM &YQFSJIJNFOUBM 4FUVQ
&WBMVBUJPO .FUSJDT

1MBOU *OTFSUJPO 5BTL
&YQFSINFOUBM 4FUVQ
&YQFSIJNFOUBM 3FTVMUT

ZM



(SBQF &YUSBDUJPO 5BTL
&YQFSIJNFOUBM 4FUVQ
&YQFSINFOUBM 3FTVMUT

(MWGYWWMSR ERH'SRGPYWMSR
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OMWX SJ *MKYVIW

(FM4JHIU .JOJ5BDUJMF 4FOTPS
'&"54 OWFSWJIFX
%JRVTIPO 1PMJDZ OWFSWJFX

4JEF CZ 4JEF $PNQBSJTPO PG UIF "EBQUFE 6.* (SJQQFS BOE
(SJQQFS

%FNPOTUSBUJPO 4FUVQ 6TJOH UIF "EBQUFE )BOE )FME 6.* (S
ADIFNBUJD PG UIF 'PSDF "XBSF %JRVTJPO 1PMJDZ "SDIJUFDL
$POUSPM 'MPX %JBHSBN GPS %VBM .PEF (SJQQFS $POUSPM

&YQFSINFOUBM 4FUVQ GPS 1MBOU *OTFSUJPO 5BTL
AVDDFTT 3BUFT GPS 1MBOU *OTFSUJPO 5BTL

8FJHIUFE &$%'T BOE )JTUPHSBNT PG 'PSDF 7TBMVFT GPS %FNP
QPTFE .FUIPEBOE #BTFMJOFT JO UIF 1MBOU *OTFSUJPO 5BTL
*MMVTUSBUJPO PG B4VDDFTTGVM 3PMMPVU XJUIUIF'PSDF
1IMBOU *OTFSUJPO 5BTL

&YQFSIJNFOUBM 4FUVQ GPS (SBQF &YUSBDUJPO 5BTL
4VDDFTT 3BUFT GPS (SBQF &YUSBDUJPO 5BTL

8FJHIUFE &$%'T BOE )JTUPHSBNT PG 'PSDF 7TBMVFT GPS %FNP
QPTFE .FUIPEBOE #BTFMJOFT JO UIF (SBQF &YUSBDUJPO 5BT
*MMVTUSBUJPO PGB A4VDDFTTGVM 3IPMMPVU XJUIUIF'PSDF
(SBQF &YUSBDUJPO 5BTL

ZMMM
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$PNQBSBUJWF 4VNNBSZ CFUXFFO 1SPQPTFE .FUIPE BOE #BT
'PSDF .FUSJDT GPS %FNPOTUSBUJPOT 1SPQPTFE .FUIPE BO
1MBOU *OTFSUJPO 5BTL
'PSDF .FUSJDT GPS %FNPOTUSBUJPOT 1SPQPTFE .FUIPE BO
(SBQF &YUSBDUJPO 5BTL

M\



WFFVIZMEXMSRW

#$ #FIBWJPSBM $MPOJOH

$* $POSEFODF *OUFSWBM

$// $POWPMVUJIJPOBM/FVSBM/FUXPSL

%%*. %FOPJTJOH JRVTJPO *NQMJDJU .PEFMT
%%1.%FOPJTIJOH %JRVTIJPO 1SPCBCIJMJTUJD .PEFMT
&$%' ' &NQJISJIDBM $VNVMBUJIJWF %JTUSJCVUJPO 'VODUJPO
&& &OE &RFDUPS

‘&" 'JOJUF &4MFNFOU "OBMZTJT

'&"54'JOJUF &MFNFOU "OBMZTJT GPS 5BDUJMF 4FOTJOH
'J-. 'FBUVSF XJTF -JOFBS .PEVMBUJPO

*3- *OWFSTF 3FJOGPSDFNFOU -FBSOJOH

.%1 .BSLPW %FDJTJPO 1SPDFTT

18. 1VMTFS8JEUI .PEVMBUJPO

304 3PCPUOQFSBUJOH 4ZTUFN

6.* 60JWFSTBM .BOJQVMBUJPO *OUFSGBDF




@ -RXVSHYGXMSR

)VNBOT OBUVSBMMZ SFHVMBUF HSBTQ GPSDFT UISPVHI UPVDI BQ
QSFWFOUBO PCKFDU GSPN TMJQQJOH< > < > 5|JTDBQBCJMJU?Z
BOE BEBQUJWF HSJQ GPSDF DPOUSPM BOE XIJMF JU DPNFT FRP
JUJO SPCPUT SFNBJOT B DIBMMFOHJOH QSPCMFN < > < > 5IF T
HSBTQJOH GPSDF IBT MPOH CFFO SFDPHOJ[FEBTBDSVDJBM JTTVF.
IBOEMJOH GSBHJMF PS EFGPSNBCMF PCKFDUT TVDIBT GSVJUTPS
BQQSPQSJBUF HSBTQJOH GPSDF UP NJOJNJ[F UIF SJTL PG TMJQQH
IBT FNFSHFEBTBLFZ UFDIOPMPHZ GPS TBGFS BOE NPSF JOUFMMJH
EFUFDUJPO BOE JOGFSFODF PG TIFBS BOE OPSNBM GPSDFT UP HV.

*NJUBUJPO MFBSOJOH IBT HBJOFE USBDUJPO BT B XBZUP USBOTG|
SPCPUTCZMFWFSBHJOH EFNPOTUSBUJPOT< > #VJMEJOHPOUIJT
JODPSQPSBUF UBDUJMF GFFECBDL JOUP SPCPUJD HSJQQFST )PXI
UBDUJMF TFOTJOHJT USFBUFE QSIJNBSIJMZ BT BO BEEJUJPOBM P
BEEJUJPOBMJOGPSNBUJPO GPS SFTPMWIJOHWJTVBMPDDMVTJPO P
TIHOBMUIBUEJSFDUMZ TIBQFTUIFBDUJPO TQBDF< > "TBSFTVMU
SPCPUPOMZJOEJSFDUMZ UISPVHIJUT FRFDU PO UIFPCTFSWBUJP
GPSDFTUIFNTFMWFT SFNBJOBO VODPOUSPMMFE DPOTFRVFODF P

8IBUSFNBJOT MBSHFMZ NJTTJOHJTBOJNJUBUJPO MFBSOJOH GSBN
JTOPUPOMZQFSDFIWFECVUBMTP FYQMJDJUMZ SFQSFTFOUFE JO L
XPVME BMMPX UIF QPMJDZUP UBSHFUBOE SFHVMBUF UIF UBDUJMF
SBUIFS UIBO MFBWJOH DPOUBDU GPSDFT BT BO FNFSHFOU TJEF |
DPOUSPM

*OUIJT XPSL XFBEESFTTUIJT HBRDEFZ"XBISEBENP DONHFBBSOJOH GSB
XPSL UIBU JOUFHSBUFT UBDUJMF GFFECBDL EJSFDUMZ JOUP UIF
(FM4JHIU .JOJ< > BIJHI SFTPMVUJPO WJTJPO CBTFE UBDUJMF
&MFNFOU "OBMZTJT GPS&EBBRYIMGRPESCFIMILINBUIJOH OPSNBM DPOUE
EVSJOH IVNBO EFNPOTUSBUJPOT 5IFTF EFNPOTUSBUJPOT BSF L




IBOE IFME6.* HSJQQFS < >BOEUIFOUSBOTGFSSFEUP UIFBDUVBU!
JOHHFPNFUSZBOE LIJOFNBUJDT GPS EFQMPZNFOU "U FYFDVUJP
UISPVHI B EVBM NPEFDPOUSPMMFS UIBU TXJUDIFT CFUXFFO QPTJ
BOEDMPTFE MPPQ GPSDF DPOUSPM EFQFOEJOH PO XIFUIFS DPOL
TUBCMF CFIBWJPS BDSPTT CPUIDPOEJUJPOT

SIFNBJODPOUSJCVUIJPOTPGUIJT XPSLBSFBT GPMMPXT

“

8F QSPQPTFSOF "XEBENTIPO QPMJIJDZ XIJDI QSFEJDUT SPCPU QI
XJEUlI BOEUBSHFUHSJQ GPSDF KPJOUMZ XJUI GPSDF SFQSFT
TQBDFBOEBTBOFYQMJDJUBDUJPO ZJFMEJOH UFNQPSBMMZ
TFRVFODFT

SFEFTIHOBOECVJMEUIFBDUVBUFE 6.* HSJQQFS FOBCMJOH EJ
UJPOT DPMMFDUFE XJUIUIFBEBQUFE IBOE IFME6.* HSJQQFS |
.JOJTFOTPS

8F JOUSPEVDF B EVBM NPEF DPOUSPM TDIFNF UIBU NJUJHBUFT
PG GPSDF DPOUSPMJO UIFQSFTFODF PG EJTDPOUJOVPVT DPOU
QPTJUJPO DPOUSPM PG UIFHSJQ XJEUICFGPSFDPOUBDU BOETL
DPOUBDUJT FTUBCMJTIFE

8F FWBMVBUF UIFQSPQPTFE GSBNFXPSL PO UXP DPOUSBTUJO
GPSIDWBOU *OTFBWHP B8 EEMIJDBURSERK &PSBBEDWBIPO 5BTL
SFTVMUT TIPXUIBUFYQMJDIJUMZ NPEFMJOHBOE DPOUSPMMJ
BOEQSPEVDFT GPSDF QSPSMFTUIBUBSFNPSFDMPTFMZ BMJHO
UIBQTIJPO R®BMDAUIMFECBIBFMIOFT *OBEEJUJPOUP SFQPSUJOH T\
BMTP JOUSPEVDFBEJTUSJCVUJPOBM FWBMVBUJPO NFUSJD CB
CFUXFFOIVNBO BOE SPCPU GPSDF USBKFDUPSJFT QSPWJEJOH
PG TINJMBSJUZ




q *SYRHEXMSRW

*OUFMMJHFOU SPCPUJD NBOJQVMBUJPO DPNQSJTFT UIFBCJMJUZ
BDSPTT DPNQMFY QIZTJDBM JOUFSBDUJPOT 5I1JT DIBQUFS QSP!
DPODFQUT VOEFSMZJOH UIJT XPSL S5BDUJMF TFOTJOH JT JOUSP
SPCPUT UP HBUIFSJOGPSNBUJPOBCPVUQIZTIJDBM JOUFSBDUJPOT
JTQSFTFOUFE BT B GSBNFXPSLUIBU FOBCMFT SPCPUT UP BDRVJSF
GSPN FYQFSU EFNPOTUSBUJPOT %JRVTJPO NPEFMT BSF TVCTF|
HFOFSBUJWF NPEFMT UIBU IBWF SFDFOUMZ CFFO BQQMJFE UP QI
TFDUJPOT FTUBCMJTIUIF CBDLHSPVOE SFRVJSFE GPS UIF GPMMP?

g 9 SEGXMPI 7IRWMRK

OVS IBOET BSF OPUKVTUUPPMT UIFZBSFUIFDSJUJDBM JOUFSGI
UISPVHI XIJDI XF FOHBHF DSFBUF BOE TIBQF PVS EBJMZ MIJWFT
BOEJOUFSBDUJWF XJUIPVS FOWJSPONFOU XJUIPVU CFJOH BCMF
DFSUBJOUZBOEDPOSEFODF JUTQFFETVQ PVS BDUJPOT BOE PRF
BSFJOUFSBDUJOH XJUIBO PCKFDU 60OMJLFIVNBOT SPCPUTUZQJD
3FQMJIJDBUJOH UIJT DBQBCIMJUZ JO SPCPUT FOBCMJOH UIFN UP US
UIFJOUFSBDUJPO CFIBWJPS PGB SFBM XPSME PCKFDU *U QSPWJE
BOE TUJROFTT UIFTVSGBDF UFYUVSF UIFEFGPSNBUJPO VQPO DP
FYUFSOBM GPSDFT < >

5P EBUF B XJEF SBOHF PG UBDUJMF TFOTPST IBWF CFFO EFWFMF
DBQEBDJUJWF < > NBHOFUJD < > BT XFMM BT WJTJPO CBTFE UB
DPOWFOUJPOBM 3(# DBNFSBT < > < > < > < >PSFWFOU CBTF
XPSL UIF (FM4JHIU .JOJ UBDUJMF TFOTPS < >JT FNQMPZFE UP
HSBTQJOH QPMJDJFT DBO CF MFBSOFE GSPNIVNBO EFNPOTUSBUJ




qo g +IP7TMKLX1MRMS8EGXMPI 7IRWSV

5F (FM4JHIU .JOJ UBDUJMF TFOTPS JT B DPNQBDU WJTJPO CBT
DBQUVSJOH IJHI SFTPMVUJPO TVSGBDF EFUBIJIMT JODMVEJOH LU
TVSGBDF *UT TQBUJBM SFTPMVUJPOJT SFQPSUFE UP CF XFMM CF

5F (FM4JHIU .JOJPQFSBUFTCZVTJOHBO 3(# DBNFSB UP SFDPSE |
TIMIDPOFHFM EVSJOHDPOUBDU 5IFHFMJT NPVOUFE POB HMBT
UISFF TJEFTVTJOH SFE HSFFO BOE CMVF -&%T DG 'JH SIITT
TUFSFP BDPNQVUFSWJTIJPO UFDIOJRVF GPS FTUIJNBUJOH UIF TV
PCKFDU VOEFS EJRFSFOU MJHIUJOH DPOEJUJPOT < >

%JRFSFOUHFMUZQFTBSFBWBJMBCMF GPS UIF (FM4JHIU .JOJ 4PNF
JOUP UIFHFM DG 'JH UIFSFCZ IJNQSPWJOH UIF BCIJMJUZ UF
BOEJOEFOUBUJPO NPUJPO CZPRFSJOHNPSFWJTVBM GFBUVSFT
XJUIPVU FNCFEEFE NBSLFST

$PNQBSFE UP PUIFS UBDUJMF TFOTJOH UFDIOPMPHJFT TVDI BT
GPSDF UPSRVF TFOTPST UIF (FM4JHIU .JOJTUBOET PVU GPS JUT
[JHI TQBUJBM UBDUJMF SFTPMVUJPO Xl THRHOBE®NS JBOBH VBN TUIN B
VITBHFJODMPTFE MPPQ DPOUSPMUBTLT 5IFTFBUUSJCVUFT NBLF
FOUSZ QPJOUJOUP IJHI SEFMJUZ UBDUJMF TFOTJOH

JPXFWFS EFTQJUF JNBHFTCFJOH SJDIJOWJTVBM JOGPSNBUJPO
QIZTIJDBM NFBTVSFNFOUT 5IF SBXWJTVBM EBUB EPFT OPU JOIFSH
GPSDFPS QSFTTVSF OOF QSPQPTFETPMVUJPO JOWPMWFT B NBD
FTUINBUJPO PG TIFBS BOE OPSNBM GPSDFT GSPN UIFPCTFSWFE H

gqo q *SVGI ) WXMQEXMSRJVSQ +IP7TMKLX 1MRM -QEKIW

5P CSJEHF UIFHBQ CFUXFFO SBXWJTVBM PVUQVU PG UIF (FM4JHIL
JOUFSQSFUBCMF RVBOUJUJFT B MFB'SOIOBIT CHTFE (GSSFBWNAFFTXAPES L L
< >'&"54FTUJIJNBUFT TQBUJBMMZ SFTPMWFE GPSDF EJTUSJCVUJF
DBQUVSFECZUIF (FM4JHIU .JOJTFOTPS

5SSBEJUJPOBM BQQSPBDIFT GPS FYUSBDUJOH GPSDF SFMBUFE JO(
TFOTPSTPGUFO SFMZ PO NBSLFSEJTQMBDFNFOU NFUIPET PS SFD
NBQT WJB QIPUPNFUSJD TUFSFP /POFUIFMFTT UIFTF NFUIPET B
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*MKYVI8LU +IP7MKLX 1MRM XEGXMPI WIRWSV ERH MXW MRXIVREP
+IP7TMKLX1MRM MW WLS[R MR MXW EWWIQFPIHWXEXI EW YW
XLIKIPVIQSZIHMR F XLIMRXIVREP GSQTSRIRXW EVIVIZIE

TSWMXMSRIH MR XLI GIRXIV WYVVSYRHIHF] XLVIIO)(W VIH
TVSZMHI MPPYQMREXMSRJSVGETXYVMRK XLIWYVIEGI HIJ!

OVNCFS PG NBSLFSTPSGBIJMUP GVMMZ BDDPVOU GPS UIF OPOMJC
FMBTUPNFS

*O DPOUSBBHISFDUMZ MFBSOT UIF NBQQJOH GSPN 3(# JNBHFT UF
GPSDFEJTUSJCVUJPOTVTJOHB6 OFUNPEFM < > 5SBJOJOH EBU
PG JOEFOUBUJPO FYQFSIJNFOUT VTJOH B $/$ NJMMJOH NBDIJOF
QPTJUJPOJOH PG UIF (FM4JHIU .JOJTFOTPS BHBJOTU B WBSJFUZ
FBDI SFBM XPSME JOEFOUBUJPO B DPSSFTQ&O0EJNWVWMBWIWPK &N FN F
DPOEVDUFE VTJOH UIF $BMDVMJ9 TPMWFS DG 'JH

5P BDDVSBUFMZ NPEFM UIF TPGU FMBTUPNFS HFM PG UIF (FM4Jt
JPPLFBO NBUFSJBM NPEFM'ITIWVAVMEBLA RIOF 5IF NPEFM QBSBNFU
DBMJCSBUFE CZ NJOJNJ[JOH UIF FSSPS CFUXFFO TINVMBUFE GPSD
GSPNBOFYUFSOBM GPSDF UPSRVFTFOTPS 5IFDBMDVMBUFE VO
UIFO QSPKFDUFE JOUP UIF DPPSEJOBUF TZTUFN PG UIF (FM4JHIU ..
8JUIJO UIFJIJNBHF CPVOEBSJFT UIF GPSDF EJTUSJCVUJPOTBSFC
HSJEUP TFSWFBT GPSDF EJTUSJCVUJPO MBCFMT

S5IFSFTVMUJOH NPEFMJT USBJOFEJOBTVQFSWJTFE XBZ UBLJOH L
BOEQSFEJDUJOHUIFDPSSFTQPOEJOH TIFBS BOE OPS&S'SBM GPSDF E.
BQQSPYJIJNBUFT UIF PVUQVU PG DPNQVUNBWNB O BROZ X¥XMQ OO B WF|
OFUXPSL 68'M&LF4EPFT OPU SFRVIJSF B QSFDJTF HFPNFUSJDBM E
DPOUBDU DPOSHVSBU&PAT QUIUBNBIAFFGPS SFBM UIJNF BQQMJIDBUJF
SBXTFOTPS JNBHFJT SFRVJSFE BU SVOUJNF
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*MKYVIirr *SBIB7ZMI[]IVSQHEXE GSPPIGXMSR XSJSVGI HMWXVMEY X
JVSQHEXE GSPPIGXMSR [MXL E*P%QW P® MRXK] QHEGSIMRE F | P
KIRIVEXMSR M| GEPGYPEXMRKXLIGSVVIWTSRHMRK @K
XMSRW %9 RIXQSHIP MW XVEMRIH XS TVIHMGX WLIEV ERHR
JVSQ VE[ XEGXMPI MQEKIWHYVMRK MRJIVIRGI *MKYVIJVS

'&"54BT CFFO TIPXO UP HFOFSBMJ[F XFMM BDSPTT EJRFSFOU JO
BDSPTT EJRFSFOU (FM4JHIU .JOJTFOTPST NBLJOH JUB SPCVTU B(
FTUIJNBUJPO JO DPOUBDU SJDI SPCPUJD UBTLT

g q-QMXEXMSR OIEVRMRK

*NJUBUJPOJTCBTFE PO POFPGUIFNPTUOBUVSBMBOE JOUVJUJ!
OFX TLIMMTCZPCTFSWJOHBOEDPQZJOH PUIFST $POTJEFS GPSF
DIJME MFBSOJOH IPXUP GPMEB QBQFS BJSQMBOF 5IFDIJME XBUD
BTFSJFTPG GPMEJOHTUFQT XJUIPVU GPSNBM JOTUSVDUJPOT P!
XPSLT 5IFSFBSFOPFYQMJDJU SVMFTCFJOHUBVHIUBOE OP FYUFS
OWFS UJNF UISPVHI SFQFBUFE JNJUBUJPO UIFDIIJMEHFUT CFUUF
BDUVBMMZ TZ XFMM S5IFLFZQPJOUJTUIBUUIFDIIJMEJT OPU MFB S




OPSCZFWBMVBUJOH TVDDFTT PS GBIJMVSFJOBTUSVDUVSFE XBZ
CZNINJDLIOHUIFPCTFSWFE CFIBWJPS

5/F DPODFQU PG JNJUBUJPO MFBSOJOH SFGFST UP UIF JEFB PG M
PCTFSWJOHFYQFSUEFNPOTUSBUJPOT 3BUIFSUIBO MFBSOJOH U
FSSPS JUGPDVTFTPO SFQSPEVDJOHCFIBWJPS 5IFPCKFDUJWF PG
BDRVJSFBEFTJSFECFIBWJPS CZJNJUBUJOHBO FYQFSUET BDUJPC
GPSEFTIJHOJOH BVUPOPNPVT CFIBWJPS QBSUJDVMBSMZ JO SPCF
NBOVBMMZ QSPHSBNNJOHFWFSZBDUJPOPSDSBGUJOH B SFXBSE G
5|lF SFXBSEGVODUJPOJTJOEJSFDUMZ EFTDSJCFE CZ UIF FYQFSU

"TEFTDSJCFEJOOTBFUBM < > JNJUBUJPO MFBSOJOH JT PGUF(
TFRVFOUJBM EFDJTJPO NBLJOH XIFSFUIF FOWJSPONFOUJT NPE
1SPDE®T "Q%1JT B QSPDFTT UIBU TBUJTSFT UIF .BSLPW QSPQFS
UIBU UIF OF¥yW EBEBBET POMZ PO UIK DWVSB FEOSLPWBWIBJIO *U JT
EFSOFEBT BUWMQMER ) XIFSRTB SOJUFTFABGUWBIUFRIPG BDUJPOT
PSDPOUSPMJIDOWQYWWSBOTIJUJPO QSPCBQJIM)UTZ GNCEIT DAPQYY CBO E
GBDUPS UIBUCBMBODFT TIPSU BBBEMWRIFH URFSNOSRXBMETUBUF EJT
GSPN XIJDIUIF TUBSUNUBSBXUBIWEOER EFSOFT UIF SFXBSE GVODUJ
UulBUBTTJHOT B TDBMBS WBMVF UP FBDI TUBUF

*O UIF DPOUFYU PG JNJUBUJPO MFBSOJOR JPXR\WBBBWIA S FRROP XA
PSVOVTFE 5IFHPBM PG JNJUBUJPO MARBO BF$PEV MFBSIFE © FBWI]
PG POFPSNVMUJQME FYQFSUT XIP EFNPOTUSBUF BFPSOFEDRFSGPSN
BNBQQJOHGSPN TUBUFTUP BDUJPOT *UDBO CFEFUFSNJOJTUJI
a= (s) PSTUPDIBTUJD XIFSFBDUJPOT BSFaESEXj®GSON B EJTUS
SPCPUJDT UIF MFBSOFE QPMJDZ UBLFT UIF SPMF PG BDPOUSPMMF
CBTFE PO UIFDVSSFOU TUBUF PG UIF TZTUFN

%FNPOTUSBUJPOT GSPN UIF FYQFSU BSF UZQIBR)YN,Z DPMMFDUTF
DPOTJTUJOH PG TFRVFODFT PG TUBUF BDUJMO BBPNINRBTJIJOH UIF
PCKFDUJWF PG UIF JNJUBUJPO MFBSOJOHJQBW GME INJTFRTPWMFB S (¢
EJWFSHFODF CFUXFFO UIF FYQFSUET CFIBWJPS BOE UIF MFBSOFE

= BSHNG@Y):p( ));

XIFSF) BOE ) SFQSFTFOU UIF EJTUSJCVUJPOT PWFS UIF GFBUVSFT
QPMIDZBOEUIFMFBSOFSET RMRIOZUFHA TBOEDVURSHMYDBOEBTVSF C|
UIFTFEJTUSJCVUJIJPOT %JRFSFOU JNJUBUJPO MFBSOJOHBQQSPB




PQUJINJ[FUIFQPMJDZ 5IF NPTUQSPNJOFOUNFUIWPEBOBDMVEF #F
*OWFSTF 3FJOGPSDFNFOA$<FBSOSBBHT JINJUBUJPO MFBSOJOH BT E
MFBSOJOH QSPCMFNCZ MFBSOJOH B SFBDUJWF QPMJDZ UIBU NBQT
PO FYQFSU EFNPOTUSBUJPOT *U EPFT OPU SFMZ PO FYQMJDJU
JOTUFBE NJNJDT UIF FYQFSUET CFIBWJPS EJSBRUMZIWISPVHI TL
DPOUSBTU TFFLT UP SFDPWFS UIF FYQFSUET SFXBSE GVODUJP
DPNQSFTTFE EFTDSJQUJPO PG UIF CFIBWJPS 5IF SFXBSE GVODU
SFIOGPSDFNFOU MFBSOJOH UP MFBSO B QPMJDZ

81 IMMS$DBO IBWF EJUDVMUZ SFQSFTFOUJOH NVMY¥-IJNNPEWM BDUJPO
DPNQMFY DPNQVUBUJPOBMMZ EFNBOEJOH BOE VOEFSEFUFSNJ
GVODUJPOT DBO FYQMBJO UIF TBNF CFIBWJPS S5IFTF MIJNJUBUJP
PGBMUFSOBUIJWFBQQSPBDIFT GPSJNJUBUJPO MFBSOJOH JODM
#VJIJMEJOH PO UIJT JEFB SFDFOU XPSL PO EJRVTIJPO QPMJDJFT |
WITVPNPUPS QPMJDZ MFBSOJOH < >

qr (MIJYWMSR 1SHIPWJSV 4SPMG]OIEVRMRK

%JRVTIPO QPMJDJFT GSBNF SPCPUDPOUSPM BT BDPOEJUJPOBM E
GPSNJOH OPJTFJOUP BDUJPO USBKFDUPSJFT S5IFTF QPMJDJFT IE
NPEBM BDUJPO EJTUSJCVUJPOT NBJOUBJO SPCVTUOFTT XIFO TDB
TQBDFT BOECFOFSUGSPNTUBCMFUSBJOJOH 3BUIFSUIBO QSFEJI
TIJPO QPMJIDJFTHFOFSBUF TFRVFODFT PG GVUVSF BDUJPOT JNQSF
BOE BWPJEJOH TIPSU TIHIUFE QMBOOJOH 5IFTF QSPQFSUJFT IE
QPQVMBS DIPJDF GPS JNJUBUJPO MFBSOJOH UBTLT < >

qgqr ¢ (IRSMWMRK (MJJYWMSR 4VSFEFMPMWXMG 1SHIPW

%FOPJTJOH %JRVTJPO 1SPEBCJIRSTUND PMEEVMRVTIPO NPEFMT BSF
PGEFFQHFOFSBUJWF NPEFMT JOUSPEVDFE CZ )P FUBM < > 5IF
B GPSXBSE EJRVTIJPO QSPDFTT EFSOFTB .BSLPWDIBJO UIBU HSB
PG (BVTTJBO OPJTF UP UIF EBUB JO UIF PQQPTIJUF EJSFDUJPO PG
ZEFTUSPZFEe« J F CFDPNFTJOEJTUJOHVJTIBCMF GSPN TIJNQMFJT
BOFVSBM OFUXPSLJT MFBSOFE UP SFWFSTF UIF EJRVTIJPO QSPDFT
TUFQ BOE SFDPOTUSVDUT BDMFBO EBUB TBNQMF




'PSNBMMZ BOE GPMMPXJOH UIF OPUBUJPO TVNNBSJWECZ $1JFU
ESBXO GSPN (BVTTJBO®OOR FBE REINHOPJTJOH JUFSBUJPOT UP SFD
EFTJSFE OPJTF @SEBDBSIQWIFSTF EJRVTIJPO TUFQ UBLFT UIF GPSN

Y 1= (¥ " (¥Kk+N(@© 2)

XIFSFJT UIF OPJTF QSFEJDUJPO OFUXR®L “QBBBNFUBBEFECZ
(BVTTJBO OPJTFBU FWFSBESRNE6YOBQWBPOT PG W FSIRJGREBIRPORUFQ
BT UIFOPJTF TDIFEVMF

5SBJOJOH/PEBLQIFPDFFET CZ ESBXJOHB®3FBOIFEENBQUBAFU TFMFDU
B SBOEPN EFOPJTJOHJBPEBERPIDHUWDISFPEVDF B DPSSVQUFE TBN
51F%9%1UIFO QSFEJDUT UIF BEEFE OPJTF S5IF SOBM PCKFDUJWF JT
FSSPS

L= 4" (¥+"5k):

*O QSBDUJDF PODF USBJOFE EJRVTJPO NPEFMT HFOFSBUF ZOFX-e
(BVTTIJBOOPIJTFBOEBQQMZJOHUIFMFBSOFEEFOPJTJOHTUFQT JUF
UIFTF NPEFMT QSPWJEFT UIF GPVOEBUJPO GPS EJRVTJPO QPMJDJ

grqg (MIJYWMSRJSV :MWYSQSXSV4SPMG]OIEVRMRK

"MUIPYH4 1T BSFUZQJDBMMZ BQQMJIJFE UP JNBHF HFOFSBUJPO $1J FL
UIFQSPCMFN PG WJTVPNPUPS QPMJDZ MFBSOJOH 5I1JT SFRVJISFT L
PSIHJOBM GPSNVMBUJPO J DIBOHJOH UYKGSPQ SNBHFUBIPIEPCRAJU
BDUJPOTFRVFODFTBOE JJ DPOEJUJPOJOHUIFEFOPJIJOH QSPDFT
5F SFNBJOEFS PG UIJTTVCTFDUJPO TVNNBSJ[FTUIFJS BQQSPBDI

'"PSWIH 0SST %GXMSR 71UYIRGI4VIHMGXMSR

*OSPCPUJDT QSFEJDUJOHPOMZBTJOHMFBDUJPOJTPGUFOJOTVU
CFIBWJPS 5PBEESFTTUIJT EJRVTIJPO QPMJDJFT QSFEJDU FOUJ¢
FODPVSBHJOH UFNQPSBM DPOTJTUFODZIHMQFMIBREENWMD FBTU BT NI
NPTU SHPPCQUFSWBUJPOT PCTFSWBUJPO IPSJ[PD, BDEIJIRSOREJIDUT




QSFEJDUJPO IPSJ[PO 'SPNBRDUDHFBRVEDDFPO FYFDVUJPO IPSJ
FYFDVUFE CFGPSF SF QMBIOODIPH FRZQR TEMMBMMES UIBO

51 JT GPSNVMBUJPO CBMBODFT UFNQPSBM DPOTJTUFODZ BOE SF
DPIFSFOUPWFS UIFQSFEJDUJPO IPSJ[PO XIJMF SF QMBOOJOH FOB
PCTFSWBUJPOT .PSFPWFS JUOBUVSBMMZ TVQQPSUT SFDFEJOH
OFYU QSFEJDUJPOJT XBSN TUBSUFE XJUIUIF VOFYFDVUFE BDUJPO
GVSUIFSJINQSPWJOH BDUJPO TNPPUIOFTT

'SRHMXMSRMRK SR3FWIVZEXMSRW

%JRVTIJPO QPMJDJFT NPEFM UIF B{RQ BJ UXPRSFNE EOPUSTAMBIPO

BDUJPOT UP CF Q SFEIFDNFESHF®E PCTFSWBUJPO IJTUPSZ 51JTDPOU
FUBM < > XIPNPEFM UIF KPJ@Y EPTQUBSICMOIPOH UIF BDUJPOT EJ
POPCTFSWBUJPOTBWPJETUIF OFFEUPJOGFS GVUVSFTUBUFT MFI
BDDVSBUF BDUJPO QSFEJDUJPO 'PSNBMMZ UIF SFWFSTF EJRVTJPC

= f T (0 N 1)

XIFSFIJT UIF OPJTF QSFEJDUJPO OFUXPSL DPOEJOJPOEE PO CP U
DVSSFOU EFORJBPIOHIBIFIOH MPTT SFNBJOT B NFBO TRVBSFE FS!

L= 4&"" (0; P+ "K):

#Z FYDMVEJOH PG TSPANBUWIFPEVMUQVU PG UIF EFOPJTIJOH QSPDFTT
POMZBTDPOEJUJPOJOHJOQVU JOGFSFODF CFDPNFT TIJHOJSDB
SFBM UINFDPOUSPM 51JT EFTIHOBMTP GBDIJMJUBUFT FOE UP FC

2IX[SVO %VGLMXIGXYVI

$I JFUBM < >FWBMVBUFUXPOFUXPSLBSDIJUFDUVSFUZQFTGPS U
$POWPMVUJPOBM /F\$8BM «FBXBPGEBSBOTGPSNFST < > DG 'JH
XPSL XF GPDVT FYDMVTIJWFMZ PO UIF $// CBTFE WBSJBOU

uw
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*MKYVIIMIJYWMSR TSPMG] SZIVZMI[ E +IRIVEPJSVQYPEXMSR XLI
EWIUYIRGI SIVIGIRXSFWIVZEXMSRW ERHTVIHMGXW EWIUY
F '22 FEWIHZEVMERX SFWIVZEXMSRJIEXYVIWEVIETTPMIH
*MO1GSRHMXMSRMRK ERHXLIEGXMSRWIUYIRGIMWKIRIVEX
G 8VERWJISVQIV FEWIHZEVMERX MRIEGLHIGSHIV FPSGC
EVI MRXIKVEXIHYWMRKQYPXM LIEHGVSWW EXXIRXMSR *

51F$// CBTFE EJRVTIJPO QPMJDZ CVINHETIPOU BPEWVDFE CZSBBMOOFS
FUBM < > XJUITFWFSBM NPEJSDBUJPOT 4PNF PG UIFTF NPEJS
JOH BDUJPO HFOFSBUJPO PO®RVTEOWBRBBOSFFBUMSHRIOFBS .PE)
UJPO-. < >BOEUIFDVSSFOU EFEEITWIPOBMMZ POMZ UIF BDUJPO L
JT QSFEJDUFEJOTUFBE PG UIF DPODBUFOBUFE PCTFSWBUJPO BD!
DPOEJUJPOJOHJT SFNPWFE

'PS WJTVBM FODPEJOH B 3FT/FU OFUXPSLJT FNQMPZFE UP QS
4FQBSBUF FODPEFST BSF FNQMPZFE GPS FBDI DBNFSB WJFX BO
DPODBUFOBUFE UP GPSN UIF POTFEWBENEGEFNIOAEEDOHFO BQQM
DIBOOFM XJTFUP FWFSZDPOWPMVUJPO MBZFS PG UIF OPJTF QSF|

ua



r 6IPEXIH ;SVO

5BDUJMF TFOTJOH JT B LFZ NPEBMJUZ JO BEWBODJOH DPOUBDU
< > < > < > DPNQMFNFOUJOH WJTJPOCZ QSPWJEJOHJOGPSNBU
< > UFYUVSF< > < > BOETMJQ < > < > < > 5BDUJMF GFFECI
JOUFHSBUFE JOUP MFBSOJOH CBTFE NBOJQVMBUJPO GSBNFXPSLT
IBT FNFSHFE BT B DPNNPO QBSBEJHN XIFSFUBDUJMF TFOTJOH JT
WBUJPO TQBDF UP JNQSPWF QFSGPSNBODFJODPOUBDU SJDI NB(
POUIJTUSFOE QSJPS XPSLDBO CSPBEMZ CF EJWJEFE JOUP UXP
VTFUBDUJMF GFFECBDLBT QBSUPG UIF TUBUF SFQSFTFOUBUJPO
UBDUJMF TFOTJOH EJSFDUMZ JOUP UIF BDUJPO SFQSFTFOUBUJPO

r e SEGXMPI 7IRWMRKJSV 7XEXIGITVIWIRXEXMSR

PTUFYJTUJOH XPSLPOMZVTFTUBDUJMF GFFECBDL BT BO BEEJL
JOGPSNBDUJPOT SBUIFSUIBOBTBEJSFDUDPOUSPM TIJHOBM *O |
FOSJDIFTUIFTUBUF TQBDF CVU EPFT OPUFYQMJDJUMZ TIBQF Ul
SBDUJMFEBUBJT PGUFO FODPEFEBOEDPNCJOFE XJUIWJTVBMPS Q
QFSDFQUJPO CVUUIFBDUJPO TQBDF SFNBJOT QVSFMZ QPTJUJPO

"MBSHF QBSU PG SFTFBSDI GPDVTFT PO UIF GVTJPO PG WJTVBM
MFBSOJOH 8PSLTTVDIBT % 7J5BD < >BOE (FM'VTJPO < >JOUF
TIHOBMT JOUP BVOJSFE MBUFOU SFQSFTFOUBUJPO FOBCMJOH QP
PS MFWFSBHF DPOUBDU JOGPSNBUJPO EVSJOH NBOJQVMBUJPO

'SFF5BD.BO < >EFNPOTUSBUF UIBUUBDUJMF GFBUVSFT DPNCJC
JNQSPWF TVDDFTT JO DPOUBDU SJDINBOJQVMBUJPO UBTLT DPNQ
JPXFWFS JO UIFTF TZTUFNT UIF QPMJDZ VMUJNBUFMZ PVUQVUT
DPNNBOET MFBWJOH UBDUJMF GFFECBDLBT QBTTJWF DPOUFYU

ur



4FWFSBM TUVEJFT FYQMPJU UBDUJMF TFOTJOH GPS DPOUBDU BXE
JOTUBODF 4IBSNBFUBM < >EFNPOTUSBUFIPXUBDUJMF GFFECBL
JOJNJUBUJPO MFBSOJOH CZJEFOUJGZJOH BOE SFDPWFSJOH GS
TIPXIPXUBDUJMF GFFECBDL IFMQT QSFEJDU HSBTQ TVDDFTT BO
UBDUJMF GFFECBDLIFMQTBDIJFWFSOFCJNBOVBM QJODIHSBTQJOI
SIDIFSTUBUF FNCFEEJOHT GSPNUBDUJMFTFOTJOH

OUIFS BQQSPBDIFT FNQIBTJ[F MFBSOJOH GSPN UBDUJMF SJDI EFNP
CVIMET POOPO QBSBNFUSJD JNJUBUJPO MFBSOJOH XIFSFUBDUJM
XJUIUIF SPCPU FOE FRFDUPS QPTF BSF NBUDIFEBHBJOTU B EFNPO"
OFBSFTU OFJHICPS CBTFEBDUJPO QSFEJDUJPO OOMJOF SFTJEVB
VTFEUPBEBQUUIFQPMIDIJFT MFBSOFE GSPNIVNBO EFNPOTUSBUJP
BM JOUSPEVDFE 7J5B.*O < > BOFNCPEJNFOU GSFFNBOJQVMBUJ
WJTJPO BOEDVTUPN SO SBZ SOHFS UBDUJMF TFOTPST JOUP B IB
60JWFSTBM .BOJQVMBUIRBGPOWFSEBBM < > 5IFZQSPQPTF B NVM
SFQSFTFOUBUJPO MFBSOJOH TUSBUFHZ UP PCUBJO B UBDUJMF SF
DPOUBDU QSPQFSUJFT TVDIBTUIF PCKFDUET JO IBOE QPTF BOE |
BM < >MFWFSBHFBTFF UISPVHIWJTVPUBDUJMF SOHFSUJQ TFO
PGBSPCPUUPFOIBODFJNJUBUJPO MFBSOJOH WJB LJOFTUIFUJD
GPSDF NBUDIJOH USBOTGPSNJOH SFDPSEFE FTUJNBUFE DPOUBTLE
VTIJOH BO IJNQFEBODF DPOUSPMMFS 5IF SFTVMUJOH SPCPU EFN
USBJO QPMJDJFT GPS DPOUBDU SJDIUBTLT TVDIBTEPPS PQFOJC
XJUIl %FY'PSDF < > XIJDIMFWFSBHFT DPOUBDU GPSDFT NFBTVSFE
TFOTPSTEVSJOH LJOFTUIFUJD EFNPOTUSBUJPOT #Z DPOWFSUJOH
QPTJUJPO UBSHFUT WJBBOJNQFEBODF DPOUSPMMFS UIF SPCP
ZJFMEJOH USBKFDUPSJFTTVJUBCMF GPS QPMJDZ MFBSOJOH "M|
PGUBDUJMFJOGPSNBUJPO JO EFNPOTUSBUJPOT CVUUBDUJMEFE GI
SBUIFSUIBOBEJSFDUMZ DPOUSPMMFE PVUQVU

rq SEGXMPI 7IRWMRKJSV %GXMSR G6ITVIWIRXEXM:!

8IJMF NPTU QSJPS XPSL USFBUT UBDUJMF TFOTJOH BT B QBTTJW
FRPSUT IBWFCFHVO FYQMPSJOHJUT SPMFJO TIBQJOH UIF BDUJPO
DPOEJUJPOJOH QFSDFQUJPO UIFTF NFUIPET BJNUP SFHVMBUF E
NBSLJOHBO JNQPSUBOU TUFQ UPXBSE DPOUBDU BXBSFDPOUSPM

us



OOF QSPNJOFOU FYBNQMF JT UIF XPSL GSPN 9V FU BM < > XIP I
UFMFPQFSBUJPO TZTUFN UP DPMMFDU EFNPOTUSBUJPO EBUB X
GFFECBDL #VJMEJOH PO UIJT EBUB UIFBVUIPST QSPQPTF B 3FBD!
MBUFOU EJRVTIJPO QPMJDZ QSFEJDUT BDUJPO DIVOLT JO MBUFOU
GBTUBTZNNFUSJD UPLFOJ[FS SFSOFTUIFTF MBUFOU BDUJPOT BL
UBDUJMF GFFECBDL FRFDUJWFMZ BDUJOH BT B MFBSOFE JNQFEBO
FNQIBTJ[FTDMPTFE MPPQ GPSDF DPOUSPM JO UBTL TQBDF PVS B
EZOBNJDT XIFSFHSJQ GPSDFBOE HSJQQFS XJEUIBSF UIFNTFMV
QPMJIDZ #Z FNCFEEJOH GPSDFT EJSFDUMZ JOUP UIF BDUJPO SFQS|
SOFS HSBJOFEDPOUSPM BU UIFDPOUBDU JOUFSGBDF 'VSUIFSNI
QPMIDZTFQBSBUFTQMBOOJOHBOE SFBDUJWF SFSOFNFOU JOUP U X
QPMJDZ KPJOUMZ QSFEJDUT UIF SPCPU QPTF HSBTQ XJEUI BOE HS
TINOQMFS BOE NPSFUSBOTQBSFOUBSDIJUFDUVSF

5/1F XPSLNPTUDPODFQUVBMMZ SFMBUFE UP PVSTJT CZ "EFOJKJ |
'"FFM UIF '"PSDF GSBNFXPSL XIJDIBMTP JODPSQPSBUFT UBDUJMF T
TQBDF 6TJOHIVNBO EFNPOTUSBUJPOT DPMMFDUFE XJUI BUBDU,
HSIQQFS FOE FRFDUPS QPTFTUPHFUIFS XJUIHSBTQJOH GPSDFT X
B1% GPSDF DPOUSPMMFS 51JT BQQSPBDI IPXFWFS SFMJFT PO E
BMIHONFOU CFUXFFO UIFIVNBO IBOE BOE SPCPU HSJQQFS BT X
PG TFNBOUJD LFZQPJOUT UP JOJUJBMJI[F TDFOF SFQSFTFOUBUJI
DPOTUSBJOFE CZ CJOBSJ[FE HSJQQFS TUBUFT BOE SFRVJSFT Ul
CFGPSFUIF SPCPUBEWBODFTUP UIFOFYUBDUJPO XIJDITMPXT FYF
#Z DPOUSBTU PVS NFUIPEMFBSOT EJSFDUMZ GSPN SPCPU FNCPE
IBOE IFMEHSJQQFS BWPJEJOHDSPTT EPNBJO SFUBSHFUJOH *O
XFQSFEJDUDPOUJOVPVT HSJQ XJEUIBOEUBSHFU GPSDFT FOBCM
DPOUSPM "EVBM NPEFDPOUSPMMFS TDIFNF EFDJEFT XIFO UP SFI
GPSDF BMMPXJOH FYFDVUJPO UP QSPDFFE XJUIPVU XBJUJOH GPS
BEBQUBUJPO UP SFBM UJNFUBDUJMF GFFECBDL

S5PHFUIFS UIFTF XPSLT EFNPOTUSBUF UIF QSPNJTF PG JODPSQF
UIFBDUJPO TQBDF ::FU UIFZFJUIFS SFNBJO UBTL TQBDF PSJFOL
QSPUPDPMT OVSBQQSPBDIBEWBODFTUIJTEJSFDUJPO CZEJSFDUI
DPOUSPM XJUI EJRVTIJIPO QPMJDZ MFBSOJOH GSPN SPCPU FNCPE
BEBQUJWF BOEDPOUBDU BXBSFNBOJQVMBUJPO

ut
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*O UIJT XPSL XF JCPSDFEVORFSB BUJPO MFBSOJOH GSBNFXPSL UP |
JOH QPMJDJFT GSPN EFNPOTUSBUJPO EBUB 5P DBQUVSF EFUBJI
NBOJQVMBUJPO XFJOUFHSBUF UIF (FM4JHIU .JOJTFOTPS JOUP B
FOBCMJOH IJHI SFTPMVUJPO UBDUJMF GFFECBDL BU UIF SOHFSU
JNBHFT XFFYUSBDUFTUJNBUFT PG UIFBQQMJFE DPOUBDU GPSDI
GPS 5BDUJMF 4FOTJOH '&"54 DG 4FD 51JT GPSDF JOGPSNB
TUBUF BOE BDUJPO JO B EJRVTJPO QPMJDZ XIJDIJTUSBJOFE UP SF
OPUPOMZ JO UFSNT PG HSJQQFS NPUJPO CVUBMTP CZFYQMJDJU
UBSHFUHSJQ GPSDF BQQMJFE UP UIF PCKFDU 51JT GSBNFXPSL J
UBTLT SFRVJSJOH FJUIFS TUSPOH PS EFMJDBUF NBOJQVMBUJPO 51
HSJQQFS IBSEXBSF EBUB DPMMFDUJPO BOE QSP3PFTIOBSGIQFMJ
EJRVTJPO QPMJDZ BOE UIFJNQMFNFOUBUJPO PG DMPTFE MPPQ GF
SFBM SPCPU

s g +tVMTTIV ,EVH[EVI

OVS BQQSPBDISFMJFT PO UXP DMPTFMZ SFMBUFE HSJQQFST BO B
*OUFSGBDHASJQQFS GPS EFNPOTUSBUJPO EBUBDPMMFDUJPO BO
6.* HSIQQFS GPS SPCPUJD EFQMPZNFOU DG 'JH

'PS EFNPOTUSBUJPOT XF VTF B NBEISBEQWOAFSSTIPO BGIBOE IFME
HSIQQFSEFTJIHOFE UP BMMPX EJSFDUUSBOTGFS PG IVNBO NBOJQ?
OVS NPEJSFE WFS®JPHOSBQ QFS SFQMBDFT UIF PSJHJOBM (P1SP D
*OUFM 3FBM4FOTF % XI1IJDI QSPWJEFT JO IBOE 3(# JNBHFT BOE J1
NBSLFST GPS QSFDJTF NPUJPO DBQUVSF S5IF TUBOEBSE FMBTUJD

0OQUJ5SBDLJT B SFBM UIJNF NPUJPO DBQUVSF THMYUWRINXXJUOUQRSFWFHP %BHFRUSBDL

uu
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*MKYVITTIMHI F] WMHI GSQTEVMWSR-BYMITEWETIAKH YWIH JSV HIQS
WXVEXMSR HEXE GSPPIGXMSR ERHXLIEGXYEXIH 91-KVMTT
HITPS]QIRX &SXLHIWMKRWJIEXYVIER-RXIPG6IEP7IRWI (twu
IMRM XEGXMPIWIRWSVY QSYRXIH SR SRIXRKIVXMT 3TXMS8V
XVEGOMRK ERH %V9GS QEVOIVW JSV KVMT [MHXL QIEWYVIQ
ERHSZIVEPP KISQIXV]EVIQEXGLIHXSIREFPIHMVIGX XVERW
XS XLIEGXYEXIH 91-

SJHJE SOHFST OOF SOHFSJT SUUFE XJUIB (FM4JHIU .JOJTFOTPS B
SOHFSIPMETBTIFMM PG UIF (FM4JHIU .JOJTFOTPS XJUIBNBUDIJO}
*OBEEJUJPO XF BWBEDRIFSEOP FBEDI SOHFS BOE VTF UIFJO IBOE *Ol
% DBNFSB UP USBDL UIFJS QPTJUJPOT FOBCMJOH QSFDJTF NFB'

5P EFQMPZ MFBSOFE QPMJDJFT PO B SFBM SPCPU XF EFWFMPOQF

"S6DP NBSLFST BSF TRVBSF NBSLFST DPOTJTUJOH PG B XJEF CMBDL CPSEF
UIBU EFUFSNJOFT UIMYY UKFOITHXFBUJSH[ TWL I IFJ YZYTWNFQDFWZHTD
IJYIHYNTS MYRQ

5/F "DUVBUFE 6.* (SJQQFSJTBGVMMZ % QSJOUBCMF PQFO TPVSDF NPEVMBS
CBTFEPOUIFPSIHIOBMMSUXEFFHYZFYJlI ZRN LNYMZG NT



https://docs.opencv.org/3.4/d5/dae/tutorial_aruco_detection.html
https://docs.opencv.org/3.4/d5/dae/tutorial_aruco_detection.html
https://actuated-umi.github.io

I1PXFSFECZBTJOHMF %:/".*9&- 9- 8 SNPUPS UIJT HSIJQQFS \V
NFDIBOJTNUP TZODISPOPVTMZ BDUVBUF CPUI SOHFST 5XP DPJM T¢
UIF HSJQQFS UP JUT PQFO QPTJUJPO XIFO UPSRVF JT SFMFBTFE
BEBQUFE IBOE IFME6.* HSJQQFS "MM TFOTPST BOE NBSLFST JO
UIF *OUFM 3FBM4FOTF % UIFOQUJ5SBDL NBSLFST BOE UIF "S6D|
JEFOUJDBMMZ FOBCMJOH TFBNMFTT USBOTGFS PG QPMJDJFT MF
BDUVBUFE 6.* TVQQPSUT NVMUJQMF DPOUSPM NPEFT TVDIBT QI
.PEVMBUWBPOBOE PQFSBUFT BU BQ)XSRBUNBH SEMEM UIJNF GPSDF DPC
GFBTJCMF

s g (EXE'SPPIGXMSR

#Z VTIJOH UIF BEBQUBE IBRIE) OFV6EXF BSF BCMF OPU POMZ UP EFNF
SFRVJSFENPUJPOT CVUBMTPUPEJSFDUMZBQQMZUIF OFDFTTBSZ
UVSJOHCPUIHSJQQFS LIJOFNBUJDTBOE IJHI SFTPMVUJPO UBDUJMI
FOBCMFT VT UP SFDPSE UIF GPSDF QSPSMFTFTTFOUJBM GPS MFB:
HSJQ DPOUSPM TPNFUIJOH OPU BDIJFWBCMF XJUI DPOWFOUJPO
UFBDIJOH NFUIPET DG 'JH

%VSJOH FBDI EFNPOTUSBUJPO XF SFDPSE TZODISPOJ[FETUSFBN

“3(#INBHGEIPN UIF *OUFM 3FBM4F@48F 480 ®BNFSB
“(FM4JHIU .JOJ UBDWB2MR4ADNBHFT

“(SIQQFSOYPBPMQUJIS5SBDL USBDLJOH UIF SIHJE CPEZ GSBNF EF
DPOTUFMMBUJPO

“(SJQ XJBSBPN UIF "S6DP NBSLFST PO UIF SOHFST XJUIQPTJUJ
UIFJO IBOE *OUFM 3FBM4FOTF % DBNFSB

“'PSDFEJTUSJCVUJPONQVURBWSIPN FBDI (FM4JHIU .JOJJNBHF
'&"54 NPEFM

'PSUIFHSIJIQQFS QPTF XF SFDPSE UIFQPTJUJPO BT % DPPSEJOB!
GFBUVSF SFQSFTFOUBUJPO < > BWPJEJOHBNCJHVJUJFTJO PSJFC
BSFBDRVJSFE VTJOH UIF 3PCPIAQFUSBEBEHABZPUEBHT XJUI SFM
DPNNVOJDBUJPO TFUUXNOIHOIN SG-@IID B EBM DA EFQUI UP
QSFWFOU EBUB MPTT

uf



*MKYVIIQSRWXVEXMSR WIXYT YWMRK XLI EHETXIHLERH LIPH 91
NTIVX TIVISVQW E XEWO YWMRK XLI EHETXIHLERH LIPH 9:
-R LERH6+& GEQIVE ZMI[ [MXL %V9GS QEVOIVW JSV KVMT [N
&SXXSQPIIX +IP7TMKLX1MRM XEGXMPI MQEKIERH GSVVIV
JSVGIIWXMQEXI ZMWYEPMAMRK XLIGSRXEGX MRXIVEGXMSHRK
HIQSRWXVEXMSR

"GUFS SFDPSEJOH XFTZODISPOJ[FBMM TFOTPS TUSFBNT UP UIF
PQFSBLRy) BOE BDU BT UIF SFGFSFODF DMPDL 'PS FBDI (FM4JH]
XFBTTPDJBUF UIF UFNQPSBMMZ DMPTFTU 3FBM4FOTF % JNBHF
NFBTVSFNFOU XJUI BOWPMFISBOGODRYPSFT UIBU FWFSZ TBNQMF JO Ul
DPOUBJOT B DPNQMFUF TFU PG TFOTPS PCTFSW&8WBIPOH 5IF GPS
BMSFBEZ UJNFTUBNQFE JEFOUJDBMMZ UP UIF DPSSFTQPOEJOH |
SFRVJSF OP GVSUIFS BMJHONFOU

*OQSBDUJDF TFOTPS EBUB MPTTJT SBSF CVU PDDBTJPOBM NJTT.
"S6DP NBSLFSTBSFUFNQPSBSIJIMZPDDMVEFEPS PWFSFYQPTFE *O
MJOFBSMZ JOUFSQPMBUFE GSPN OFBSCZ WBMJE NFBTVSFNFOUT UF

8F USJN FBDI EFNPOTUSBUJPO UP FYDMVEFJSSFMFWBOU EBUB C
UBTL DPNQMFUJPO 'PS UIJT XBS5/THFOBUJ FSFTTURMEBWRE UPUBM OP S
GPSDF 5P BDDPVOU GPS QSFQBSBUPSZBOE SOJTIJOHBDUJPOT XF
UISFF TFDPOET BU CPUIUIF TUBSUBOE FOE PG FBDIUSBKFDUPSZ 5




CPVOEBSJFT XIJMF QSFTFSWJOH BMM SEMFWBOU NBOJQVMBUJPO
EFNPOTUSBUJPO CZ SFUBJOJOH FWFSZ GPVSUIEBUB QPJOU 51JTS
TUBUJD QFSJPETJO UIF EBUBTFU QVTIJOH UIF USBJOJOH TFU UP SF
QIBTFT

ST *SVGI %[EVI (MJIJYWMSR 4SPMG]

8F CVIJME PO UIF EJRVTIJPO QPMJDZ JOUSPEVDFE CZ $1J FUBM <
$// WBSIJBOUXDPIOEJUJPOJOH < > DG 4FD 5P JODPSQPSBUF
JOUP UIF EJRVTIJPO QPMJDZ JO B QIZTJDBMMZ NFBOJOHGVM BOE JC
PCTFSWBUJPO BOEBDUJPO TQBDFT CFZPOE UIPTF VTFE JO QSJPS
JOQVU BUUIODNWVEFT

"OJO IBOE 3(# JBIBHNUIF *OUFM 3FBM4FOTF % DBNFSB EPXC
9% 96 3 GPS DPNQVUBUJPOBM FUDJFODZ XJUIPVU TBDSJSDJC
DPOUFYU

SIFHSIQQFSD@P®MMRITUJOH PG % QPTJUJPO DPPSEJOBUFT BOE
SFQSFTFOUBUJPO < >QSPWJEJOHBO VOBNCJHVPVTBOEDPOL
PSJFOUBUJPO

(SJQ XJEOBMDVMBUFE BT UIF &VDMJEFBO EJTUBODF CFUXFFO U
NBSLFST PO UIFUXP SOHFST NFBTVSFE JO UIF *OUFM 3FBMA4FC

5BDUJMF GBFBCERBIETFOUFE CZ B GPSDF FTUJNBUF XI1JDI XF F
(FM4JHIU .JOJUBDUJMF JNBHF VTJO&"BAYBEBMBJKUBEPB/GIE SYF
'&"5PVUQVUTBTQBUJBMEJTUSJCVUJPO PG OPSNBM GPSDF XFJ
GPSDF EJTUSJCVUJPO UP PCUBJO UIF UPUBM OPSNBM GPSDF
EJSFDUMZ DPSSFTQPOET UP UIF RVBOUJUZ SFHVMBUFE EVSJC
UIFHSJQQFS

51F EJRVTIPO QPMJIDZJT EFTIJHOFE UP QSFEJDU BDUJPO USBKFD
UBSHFU QPTF UBSdd FRGESUBSHEWUT SEBRDIPI0WHS B SYFE QSFEJDUJ
IPSJ[PE2BG®E BDUJPO FYFDVUGP®IFPRSOTFOWBUJPO IPSJ[PO DPNQSJ’
UXP NPTU SFDFOU PCTFSWBUJPOT XIJDIBMMPXT UIF QPMJDZ UP I
EFDJTJPO NBLJOH DG 'JH #Z JODPSQPSBUJOH CPUI GPSDF BC
UIFTUBUF BOEBDUJPO TQBDF UIFTF RVBOUJUJFTBSFVTFE GPS
BT CFIOHUSFBUFEBT PVUQVU WBSJBCMFT EVSJOH UIF EFOPJTJC

uv
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*MKYVITGLIQEXMGSYRLIHEWIIYWMSR TSPMG]EVGLMXIGXYVI M
GITXMZI ERHXEGXMPISFWIVZEXMSRW EVIIRGSHIHERH T\
XIQTSVEP '22 [MXL*M01 GSRHMXMSRMRK 8LIQSHIP TVIHMG)
MRGPYHMRKEFWSPYXIIRH 1JJIGXSVTSWI KVMT[MHXL ERH
IREFPIWGPSWIH PSSTJSVGI GSRXVSP SJIXLIKVMTTIV HYVN

rw



UIBUUIFDVSSFOU GPSDF BOE HSJQ XJEUIPCTFSWBUJPOT EJSFDU|
USBKFDUPSZ JODMVEJOH UIFUBSHFU GPSDF BOE UBSHFU HSJQ X
NPEFMET QSFEJDUJPOT BMJHO XJUI DVSSFOUPCTFSWBUJPOT NJ
VOTUBCMF HSBTQJOH CFIBWJPS 51JT FOBCMFT UIF QPMJDZ UP BOU
PG GPSDF SFRVJSFEGPS TVCTFRVFOU TUFQT

5lF QPMJDZJT USBJOFEVTJOHB NFBO TRVBSFE FSSPS MPTT PO U|
OPJTIJOH QSPDFTT 8FVTFUIFQVCMIJDMZ BWBIJMBCMF JIJNQMFNFOUE
-F3PCXUUI NPEJSDBUJPOTUP TVQQPSUPVS FYUFOEFEPCTFSWBU

S S 4SPMG] (ITPS]J]QIRXERH +VMTTIV 'SRXVSP

*ODMVEJOH CPUIUBSHFU HSJQ XJEUI BOE UBSHFU GPSDF JO UIF BELC
CPUIQPTJUJPOBM BOE GPSDF SFMBUFEBTQFDUT PG NBOJQVMBUJP
DPOUSPMWBSJBCMFEVSJOHPCKFDUDPOUBDUCFDBVTFJUFOBCMF
UBSHFUHSJQ XJEUIJT SFRVIJSFEUP HVJEF SOHFS QPTJUJPOJOH I
DpPOUBDU TVDIBT XIFOBQQSPBDIJOH HSBTQJOH PS SFMFBTJOH B
XJEUI BDUJPOT UIFQPMJDZ XPVME MBDL UIF NFBOT UP PQFO PS |
PVUTJEF UIF DPOUBDU QIBTF S5IJT EVBM BDUJPO EFTJHO SFTFDUT
CPUI SOHFS QMBDFNFOU BOEBQQMJFE GPSDF EVSJOH PCKFDU NB

5PEFQMPZ MFBSOFE QPMJDJFT PO UIF BDUVBUFE 6.* HSJQQFS XF
NPEFDPOUSPMTUSBUFHZ UIBU TXJUDIFTCFUXFFOHSJQ XJEUIDPO!
UIFDVSSFOU JOUFSBDUJPO QIBTF DG 'JH 51JTTUSBUFHZ BMM
QSF DPOUBDU NPUJPOTBOEJO DPOUBDU DMPTFE MPPQ GPSDF DP(
CPUIBUBSHFUQg SBDEBIERSHFBGFBDFTUFQ 5IFDPOUSPMMFS NPOJ
UIF UBSHFU GPSDF BOE UIF FTfU INBNGE DFERGSBDUIGPISIDIF MBUFTU
(FM4JHIU .JOIEsINBHEPUI UIF UBSHFU BOE FTUIJNBBUFBIGPSDF BSF
TZTUFNBTTVNFT UIBU UIF SPCPUJTJODPOUBDU XJUIUIF PCKFDU
5|F TXJUDIJOH UIDBTDPBMETFFGIFDUFE CBTFE PO UIF OPJTF DIBSBDU
'&"54NPEFM FOTVSJOHUIBU UIFDPOUSPMMFS POMZ USBOTJUJPO
DPOUBDUJT DPOSEFOUMZ EFUFDUFE 5IF DP&USHMBIGFS DPNQVUF
BOOMIFTB1*% DPOUSPMMFS UP UIJT FSSPS

-F3PCPUJT B )VHHJOH 'BDF DPNNVOJUZ QSPWJEJOH NPEFMT EBUBTFUT BOE
1Z5PSMYYUX LNYMZG HTR MZLLNSLKFHJ QIWTGTY

ru


https://github.com/huggingface/lerobot
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*MKYVI'SRXVSPYS[HMEKVEQJSVHYEP QSHI KVMTTIV GSRXVSP ;
QIEWYVIHJISVGI EMAFIRSI[GSRXVSPPIVW[MXGLIW XS 4-(JSVCG
YWMRK *)%87 JSVGIJIIHFEGO 3XLIV[MWI XLIGSRXVSPPIV
GSRXVSP FEWIH SR XLI XEVKIX KVMT [MHXL %PP EGXMSR
TSWMXMSRGSQQERHW JSV XLIEGXYEXIH 91-KVMTTIV

4
g= Kpe(t) + K e(t)dt + KD(;th(t)

XIFS®HJIJTUIFJODSFNFOUBM HSJQ XJEUIBEKVTUNFOU 51JTWBMVFJ
XJEUIBOETFOUBTBQPTJUJPO DPNNBOE UP UIFJOUFSOBM 1% DP
NPUPS 5IF GPSDF DPOUZSRM MAPMI SKOJ[BE XJUI (FM4JHIU .JOJ J
BDRVIJTIJUXOMBOEEIDUIPO %VSIJOHEFQMPZNFOU 7Y[F EJRVTJIPO
XIIMF UIF MPXFS MFWFM GPSDF BOE QPTJUJPO DPOUSPMMFST PQ
HBQ CFUXFFO IJHI MFWFM BDUJPO TFMFDUJPO BOE SFBM UJNF NP U
PS NFBTVSFE GPSO%/JUBCPMFUSPMMFS BTTVNFT UIF SPCPUJT OPU

EJSFDUMZ TFOET UIF WBGP BUFHISOIWFSIEBM 1% DPOUSPMMFEFS PG Ul
NPUPS

"1*% DPOUSPMMFSJT DIPTFO GPS GPSDF DPOUSPM UP CBMBODF SF’

rr



JOUFHSBM HBJOJT JODMVEFE UP SFEVDF TUFBEZ TUBUF FSSPST U
GPSDF EPFT OPU WBSZ SBQJEMZ IFMQJOH UP FMIJNJOBUF PRTFU
MFBWF VODPSSFDUFE OVUQVU MJNJUT XJUIBOUJ XJOEVQBSFBQQ
DBOOPUBDDVNVMBUF CFZPOE BDUVBUPS MIJNJUT $POUSPMMFS F
CBTFEPOPCTFSWFETZTUFN QFSGPSNBODF

5P GVSUIFS FOTVSF TFBNMFTT USBOTGFS GSPN EFNPOTUSBUJPC
DBMJCSBUJPOT BSF QFSGPSNFE 'JSTU IBOE FZF DBMJCSBUJPO
PG 5TBJ BOE -FO[ < > BMJHOJOH UIF OQUJ5SBDL XPSME GSBNF >
USBOTGPSNBUJPO BMMPXT VT UP EJSFDUMZ DPNNBOE FOE FRFD!
PXOCBTF GSBNFEVSJOH QPMJDZFYFDVUJPO 4FDPOE B MJOFBS
NFBTVSFE BT UIF"S6DP NBSLFS EJTUBODF BOE NPUPS QPTJUJPO JT
CZTMPXMZDMPTJOHUIF BDUVBUFE 6.* HSJQQFS BOE SFDPSEJOH
UIBUHSJQ XJEUI WBMVFT QSFEJDUFE CZ UIF QPMJDZ DBO CF BDECLC
DPNNBOET EVSJOH EFQMPZNFOU

rs



t )\TIVMQIRXW

*OUIJTDIBQUFS XFQSFTFOUUIFFYQFSINFOUBM FWBMVBUJPO PG |
SPCPUJD NBOJQVMBUJPO UBTLT XJUI EJRFSJOHQIZTJDBM JOUFSBI
GPDVT PO DPNQBSJOH JOQVU NPEBMJUJFT UP UIF EJRVTIJPO QPM
JODPSQPSBUJOH UBDUJMF G F REECTB DILVEEEHN B B/Y/IBPLOFRRCHBM J U Z
GPMMPXJOH TFDUJPOT EFTDSJCF UIF FYQFSINFOUBM EFTJHO BO
BOESFTVMUT GPS FBDI UBTL

t g )\TIVMQIRXEP (IWMKR

8F FWBMVBUF PVS NFUIPEVTJOH UXP EJTUJODU SPCPUJD NBOJQVN
PG GPSDF SFRVJSIAWNBFOW TO BFS OWFOMSBHAT I1JHI GPSDF DPOUBDU U
QMBTUJD QMBOU JOUP SSBBQF T&PYIWS BXIBIINRPU SBTIEFMJDBUF MPX G
NBOJQVMBUJPO UP SFNPWF B SFBM HSBQF GSPN B UPPUIQJDL X
GPMMPXJOH XFEFTDSJCF UIFDIPIJDF PG JOQVU NPEBMJUJFT CE
FYQFSINFOUBM TFUVQ BOE FWBMVBUJPO NFUSJDT VTFE GPS UIF |

te g -RTYX1ISHEPMXMIWERH&EWIPMRIW

"MMUSBJOFE EJRVTIJPO QPMJDJFT SFDFJWF NVMUJBOEBM JOQVL
FYUFSPDRFQHOWMT UP TVQQPSU CPUI DPBSTF BOE SOF HSBJOFE N
BMXBZT JODMVEFT UIF SPEGROYETRBEGESHRFDURIEUI BT XFMM BT U
JNBHF GSPN UIF *OUFM 3FBM4FOTF % DBNFSB NPVOUFE PO UIF B
4FD 5lFFLFZWBSJBCMF BNPOH UIF FWBMVBUFE NPEFMT JT UIF

1SPQSJPDFQUJPOJTUIF QFSDFQUJPO PG UIFCPEZET QPTJUJPO BOE NPWFNFO
&YUFSPDFQUJPO SFGFSTUP TFOTJOH FYUFSOBM TUJNVMJ TVDIBT TJHIU TNFM

rt



GFFECBDL GSPN UIF (FM4JHIU .JOJTFOTPS *O UIJT TFDUJPO XF
UlBU EJRFSJO IPX PS XIFUIFS UBDUJMF TFOTJOH JT VTFE OVS't
UBDUJMFJOGPSNBUJPODPOUSJCVUFTUPUBTLTVDDFTT BOE GPSDI
GPMMPXJOH EFTDSJQUJPOT GPDVT POMZ PO UIF EJRFSFODFT JO UE
TUBUF BOE BDUJPO NPEBMJUJFT OUIFSJOQVUBOE PVUQVU DPNC
SFNBJODPOTJTUFOU BDSPTTBMM TUSBUFHJFTBOEBSFEFTDSJCFE
GB®OOTUFQT "TVNNBSZ PG UIFEJRFSFOUTUSBUFHIJFT DBO CF GP

'PSDF "XBSF4USBUFHZ
*OQVU .PEBMJUJKFITIPO && QPTF HSJQ XJEUI UBDUJMF GPSDF
"DUJPO 4QBDF 5BSHFU && QPTF UBSHFU HSJQ XJEUI UBSHFU
'PSDF $POUSPM|4&B@BMEBIXYU GPSDF DPOUSPM DMPTFE MPPQ WJB
SBDUJMF "XBSF 4USBUFHZ
*OQVU .PEBMJUJKFITIPO && QPTF HSJQ XJEUI UBDUJMF JNBHF
"DUJPO 4QBDF 5BSHFU && QPTF UBSHFU HSJQ XJEUI
'PSDF $POUSP M| 4WPSBRFHZDPOUSPM SFBDUJWF UP/UBDUJMF JNI|
7JTJPO OOMZ 4USBUFHZ
*OQVU .PEBMJUJKFITIPO && QPTF HSJIJQQFS TUBUF|PQFO DMPTI
"DUJPO 4QBDF 5BSHFU && QPTF HSJQQFS DPNNBOE PQFO DM
'PSDF $POUSP M 4WPSBRFHZDPOUSPM PQFO MPPQJO GPSDF TQBI

BEFPIUSRTEVEXMZIWYQQEV] SJIXLITVSTSWIHQIXLSHERHFEWIPM
MRTYX QSHEPMXMIW EGXMSRWTEGI ERHJSVGI GSRXVSP
WLEVIZMWYEP ERHTVSTVMSGITXMZI MRTYXW XLI]HMJJIV |
WIRWMRK MW MRGSVTSVEXIH 8LIWIHMJJIVIRGIW MRYYIRGI |
EGXMSRWTEGIERHLS[XLIKVMTTIVGERFIGSRXVSPPIH

4VSTSWIH 1IXLSH *SVGI %[EVI 7XVEXIK]

OVS QSINBSZ NFUIPEVTFT GPSDF FTUJNBUIMNCPE B8 BN UBDYIMUS E
JOQVU 5IF EJRVTIJPO QPMJDZ SFDFIWFT UIF UPUBM OPSNBM GP¢
JOQVUT BOE QSFEJDUT UIFUBSHFU GPSDF BOE UBSHFU HSJQ XJE
TIJHOBM SFTVMUT JOBO JOUFSQSFUBCMF WBMVF UIBUJT VTFE EVS.

ru



HFOFSBUJPO 51JTBMMPXT GPSDMPTFE MPPQ GPSDF DPOUSPM JO
UIFGPSDFJUBQQMJFTUP BO PCKFDU

6TJOH B EVBM NPEFDPOUSPMMFS UIJTBQQSPBDI EJTUJOHVJITIF
XIFSFPOMZ UIFHSJQQFS XJEUIJT DPOUSPMMFE BOE BDPOUBDL
GPSDFJTBDUIJWFMZ SFHVMBUFE 51JT EJTUJODUJPO JT DSJUJDBN
EFMIDBUF PCKFDUT 8JUIPVU SFMIJBCMF DPOUBDU EFUFDUJPO BOE
XPVME MBDLB SFGFSFODF GPS DMPTFE MPPQ GPSDF DPOUSPM 4FF
EFUBJMFE EFTDSJQUJPO PG PVS QSPQPTFE NFUIPE

&EWIPMRI g 8EGXMPI %[EVI 7XVEXIK]

*OUIJT CBTFMJOF XF QSPWJEF UIF EJRVTIJPO QPMJDZ XJUI UIF
(FM4JHIU .JOJBMPOHTJEF UIFJOQVU GSPN UIF 36# 9%BBFSB #PUI B
BOE QSPDFTTFEVTJOHTFQBSBUF WJTVBM FODPEFST 5IFQPMJDZC
TIJIHOBM OPS QSFEJDUT B UBSHFU GPSDF 3BUIFS JUPOMZ QSFEJ
EFTIJSFE SOHFS EJTUBODF "CTPMVUF HSJQ XJEUIJTVTFEJOTUFB
QSFEJDUJPO FSSPS BDDVNVMBUJPO PWFS MPOHFS UJNF IPSJ[POT

8JUIUIJTTFUVQ UBDUJMF TFOTJOHJT VTFE NPSFQBTTIJWFMZ QSJ
CVUOPUUPQFSGPSNFYQMJIDJU GPSDF DPOUSPM 5IF SPCPU JNC
UISPVHIWJTVBM GFBUVSFT "DDPSEJOHMZ UIJT QPMJDZ DBOOP!
UIPVHIJUNBZTUJMM CFOFSU GSPN TJUVBUJPOBM BXBSFOFTT

&EWIPMRIqq :MWMSR 3RP] 7XVEXIK]

"TBNJOIJNBM CBTFMJOF XFFWBMVBUF B EJRVTJPO QPMJDZ UIBU
QPMIDZPQFSBUFT VTJOH QSPQSJPDFQUJPO BOEWJTJPO POMZ 3
BCTPMVUF HSJQ XJEUIBT QBSUPGUIFTUBUF BOEBDUJPO XF DPO\
BCJOBSZTJHOBMUIBU JOEJDBUFT XIFUIFSUIFHSJQQFS TIPVME C
TIHOBMJT EFSIJWFE GSPN UIF TBNF EFNPOTUSBUJPOT VTFE GPS |
BUISFTIPMEUPUIFHSJQ XJEUI *GUIFHSJQ XJEUI GBMMT CFMP>
HSIQQFS TUBUFJT MBCFBPE PUDMPXUAE JUJT DPOTIEFSFE PQFO

%VSJOH JOGFSFODF UIF QPMJDZ POMZ QSFEJDUT XIFUIFS UP PC
JOUFSOBM 1% DPOUSPMMFS PG UIF NPUPS JOTJEF UIF BDUVBUFE
NPWJOH UIF SOHFSTUP B QPTJUJPO XIFSFUIFHSJQQFSJT GVMMZ




4JODFUIFJOUFSOBM 1% DPOUSPMMFS MBDLTBO JOUFHSBUJPO UFS
VOUJM UIF NPUPS DBOOPU PWFSDPNF UIF NFDIBOJDBM SFTJTUBOD
DPBSTF GPSDFBQQMJDBUJPO

t g g +IRIVEP)\TIVMQIRXEP 71XYT

"MM FYQFSINFOUT BSFDPOEVDUFE VTJOHB SFBM 'SBOLB 3FTFBS
BDUVBUFE 6.* HSJQQFS TFF 4FD 5I1F SPCPUJT DPOUSPMMF
DPOUSPM GSPMESBOHZOGFSFODF UIF SPCPU NPWFT XJUI B SF
2 "DSPTTBMMTUSBUFHJFT BDUVBUJPO PG UIF BDUVBUFE 6.* H
1% QPTJUJPO DPOUSPMMFS PG JUT %:/".*9&- NPUPS 5IF NPUPS J
EZOBNJYFNMFBWIIF UIF 3BPCPUOQFSBUOIGREIIFWHNS EBUB BDRVJITJ!
BOETZODISPOJ[BUJPO 4FOTPST BOE3INFOPEMIDXIMWILQFKQ BB
PQFSBUUXQH BU

'PSCPUIUBTLT XF DPBOMNEFINPEOHBSBYOEOTVTIJOHUIF6.*HSJQQFS T
BMM QFSGPSNFECZUIFTBNFFYQFSU "MM EJRVTIJPO QPMJDJFT B
IPSJ[PO RGBFEJDUJPO 3P BIQEBPGJIPO FYFDVUGPOFIRSBPD® PG

UIFEJRVTIJPO QPMJDJFT VTIJOH %FOPJTJOHWAJIRXTUBO 1SPCBCJN
EFOPJTJOH TUFQT 'PSJOGFSFODF XFBEPQU %F®®ITIJOH %JRV
XJUOTUFQT UP SFEVDF UIF OVNCFS PG TBNQMJOH JUFSBUJPOT < :

&BDI TUSBUFHZ JT VEBPMMWBPY/RET ROF SAUBJTIRF B8MDBWP TUBSUJOH HSJQ
PSJFOUBUJPOTUPUFTUHFOFSBMJ[BUJPO VOEFS WBSJFE JOJUJB
BOEUBSHFU QPTJUJPOT XFSFSYFEUISPVHIPVU BMM EFNPOTUSBU

togr )ZEPYEXMSR 1IXVMGW

8F FWBMVBUFUBTLQFSGPSNBODF VTJOHUBXR DMNIXBENBNBOUMBGZ DSJ
RVBM3BEL TVDDFTTJTNFBTVSFEBTUIFTVDDFTT SBUFDPNQVUFE BL
GPS BHIJWFO TUSBUFHZ *NJUBUJPO RVBMJUZ JTBTTFTTFE CZ N
QBUUFSOT PC'UBIWGSPWBBITUSBUFHZET MFBSOFE QPMJDZ USBKFDUF
UIFEFNPOTUSBUJPOT 5IJT TIJNJMBSJUZJT NFBTVSFEVTJOH TFW

GSBOLZJTBIJHI MFWFM DPOUSPM MMXYSBBSZ GPSYME GS BO RBONRBHMS IN [ I W
KWFSP”?

EZOBNJYFM BQJJTB1ZUIPO XSBQQFSGPSUIF %:/".*9&-4%, MIJICSBSZ EFTJHOFE L
NPUPBYYUX LNYMZG HTR 9NR8S8HMSJINIJW I*"SFRN]JQ FUN

rf


https://github.com/TimSchneider42/franky
https://github.com/TimSchneider42/franky
https://github.com/TimSchneider42/dynamixel-api

BTUIF8BTTFSTUFJO EJTUBODF BMMPG XIJDIBSFDPNQVUFE XJ
TDIFNF

JUYEP 1EWW ;IMKLXMRK SJ8VENIGXSVMIW

4JODF USBKFDUPSJFT EJRFSJO EVSBUJPO QPPMJOH BMM TBNQMI
MPOHFSUSBKFDUPSJFT 5PFOTVSFFBDIUSBKFDUPSZDPOUSJCVUF
UIFTBNF UPUBM XFJHIUBOE EJTUSJCVUF UIBU XFJHIU VOJGPSNM?2
M USBKFDUPSJFTnXJBBMFOBINQMF JOnUSSSHKFRIDMUFPTSEZ XFJH T U

1 .
M npn

Wmk =

TXEXMWXMGEP 7YQQEVMIW

'PSFBDITUSBUFHZET SPMMPVUT BOE GPS UIFEFNPOTUSBUJPOT XF
VTJOH UIF FRVBM NBTT XFJHIUJOH TDIFNF

 IMKLXIH QIBRF BWFSBHF BOQQMJFE GPSDFJT DPNQVUFE BT
X
= WiXi 3
[

XIFXFJT B GPSDF TBWOMFUBCBET TIHOFE XFJHIU

 IMKLXIH WXERHEVHSHFZWMESMBSRIMJUZ VOEFS UIF TBNF XFJHIUJC
DPNQVUFE BT

Sy
= wix?  2:




y IMKLXIHQIHMIBR JTUIFGPSDFWBMVFEFBU XIJDIUIFDVNVMBUJWEF TV
05 NFBOJOH UIBU IBMG PG UIFUPUBM USBKFDUPSZ OPSNBMJ[FE XF
UulJT WBMVF

IMRMQYQJSVYXIIIT SFQPSUFEBT UIF MBSHFTU OFHBUJWF PCTFSWIH
EFOU PG XFJHIUJOH

S EWWIVWXIMR g (MWXERGI

5P RVBOUJGZ UIF EJRFSFODF CFUXFFO UIF GPSDF EJTUSJCVUJP
SPMMPVUT XFVTFUIF 8BTTWrSBMFPOA OPXDUBIODIFF &BSUI NPWFSET I
< > 'PSUXRSPCBCIMIJUZ N\BBOMGYODUEFCGODFE BT

z

Wi(u;v)= JOG  jx yjd (x5y)
2(uv) R R

XIFSFu;v) EFOPUFT UIF TFU PG BMM KPJOU EUWBOEIJCY BYBM@MBXFUI NBS
uBOEBSF UIF XFJHIUFE FNQJSJDBM EJTUSJCVUJPOT PG GPSDF WBN
BOEGSPNUIFSPMMPVUTPGBHIJWFO TUSBUFHZ VTJOHUIFFRVBM N
FBSMJFS

5/AW; WBMVF DPSSFTQPOET UP UIF ZBWFSBHF BNPVOU+ UIF GPSDF
XPVME OFFEUPCFTIJGUFE UP NBUDI UIF PUIFS FYQSFTTFE JO UIF
ANBMMFS WBMVFT UIFSFGPSFJOEJDBUFUIBUUIF GPSDFT NFBTVSFE
UPUIPTFPGUIFEFNPOTUSBUJPOT XIJMF MBSHFS WBMVFT JOEJD
NBHOJUVEF PS EJTUSJCVUJPOBM TIBQF

tq 4PERX -RWIVXMSR 8EWO

*OULMBOU *OTFSWIFPOPEBPIWNVTU HSBTQ B QMBTUJD QMBOU GSPN B
BOEJOTFSU JUJOUP B TPXFS QPU SMMFE XJUI SFBM TPJM "GUFS
SFMFBTFTUIFQMBOU 5IFNBJODIBMMFOHFJT BQQMZJOH TVUDJFC
XJUIPVU MPTJOH HSJQ 5I1JTUBTLTFSWFTBTBIJHI GPSDF NBOJQV

rv



tgq o J)\TIVMQIRXEP 7IXYT

'JH TIPXTUIF FYQFSINFOUBM MBOWQ @ T F E5BJFPEDPEEBDE QMBOU
BSFLFQUBU SYFE QPTJUJPOT PO UIF XPSLTQBDF #FGPSF FBDI S
UP JODSFBTF DPIFTJPO BOE JNQSPWF HSJQ IFMQJOH UIF QMBOL
JOTFSUJPO

5P TUBOEBSEJ[FUIFJOJUJBMDPOEJUJPOT UIFSPCPUET NPWFNFO!
JT DPOTUSBJOFE 4QFDJSDBMMZ UIF QPMJDZ JOJUJBMMZ DPOU S
JTEFUFDUFE UIF SPCPU QFSGPSNT B QSFEFSOFE VQXBSE NPUJF
IPMEFS CFGPSFHIWJOH GVMM DPOUSPM UP UIF QPMJDZ

(SBTQ EFUFDUJPOJT TUSBUFHZ EFQFOEFU

“*O UIFSDF "XBSBUFHZ BHSBTQJTBTTVNFEJGUIFFTUJNBUFE O
BTNBMMUISFTIPME

“*OUSBDUIMFTUSBIHFHZ HSBTQ EFUFDUJPO JT USJHHFSFE XIFO |
CFUXFFO B SFGFSFODF (FM4JHIU .JOJ JNBHF QSF DPOUBDU
FYDFFET B UISFTIPME

“*OUVFBTIPO DOMBAUFHZ HSBTQ JT BTTVNFE XIFO UIF HSJQ XJE
DMPTJOH UISFTIPME

"SPMMPVUJT DPOTJEFSFETVDDFTTGVMJG UIFQMBOU SFNBJOT V
GBMMJOH PS UPVDIJOHUIF QPU SJN

tqgq)\TIVMQIRXEP 6IWYPXW

"DSRISPMMPVBSDWFIFXBRSBUFHZ BDIJFWFT UIF IJBSFTDUGTVDDFTT S
"JH *UDPOTJTUFOUMZ JOTFSUT UIF QMBOU XIJMF NBJOUBJC
UIBUUIFQMBOUJT TUBOEJOH QSPQFSMZ JO UIFFOM "XBSBDFTTG
TUSBUFHZDBOCFTFFOJOJRBO OBBMAROF BDIJFWFT B NPEFSBUF TVD
P& XIIJMFOBEBPUIJMFCBIBFSVWIOF QFSGPSNT UIF XPSTBEXJUI B TVDDF
'BIMVSFT NBJOMZ PDDVS XIFOJOTVUDJFOU GPSDFJTBQQMJFE EVS
UP TMIJQQBHF PS JODPNQMFUF QMBOUJOH 5bBDUNKRBSKHBEBYMB S
CBTFMJOF TJODF UIFSFJT OP EJSFDU GPSDF DPOUSPM

5BC TVNNBSJ[FTUIF XFIJHIUFE GPSDF TUBUJTUJDT BOE 8BTTF¢S
EFNPOTUSBUJPOT BOE UIFUISFFTUSBUFHJFT S5IFEFNPOTUSBU.

Sw



*MKYVHUTUVMQIRXEP WIXPERBRSVRWIVXUMERQ@EWIONLS[W XLI*VEROE
6IWIEVGL s VSFSXIUYMTTIH [MXL XLIEGXYEXIH 91-KVMTT
FISSVIWXEVXMRKEVSPPSYX 8LIVSFSXQYWXKVEWT XLITPE
ERH MRWIVX MX MRXS XLIFPYI TSX xPPIH[MXL VIEP WSMP

su



HSJQ GPSDFT XJU88/NBFBEOBPGBSSPX TQSFBE BT EFTDSJCFE CZ U
EFWJIBU24/O PIFPSDF "XBUSBUFHZ SFQSPEVDFT UIF PWFSBMM NB
EFNPOTUSBUJPOT NPTU DMPTeSEMB OB BISBB NFB®TRGJO EJTUBOD
192/ 5IP5 $POSEFODF *@GUPSWBMS8BTTFSTUFJO EJTUB®ODF PCUBJC
CPPUTUSBQ SFTBNQWMPZ/,;ZBOHBOBSPBIUIJOH SPCVTU TINJMBSJU.
EFNPOTUSBURBBOF BSBSBEIAMPVUT EFTQJUF TP NRFTWB GO IBUNFMIWA 51 F

BMTP BQQSPBDIFTUIFEFNPOTUSBUJPO GPSDF SBOHF CVU XJUI TMJ
UIFS8BTTFSTUFJO 1.¥0JT 68 BFOBFWPIMFTUSBSHHZ EFWJIJBUFT TUSPOHMZ
TIHOJSDBOUMZ MPXFS G#/SBEOFH PI® RWFKS BHFMBSHFTU 8BTTFSTUFJO
P&07/ SFTFDUJOHBDMFBS NJTNBUDIJO UIF GPSDF EJTUSJCVUJPC

5P DPNQMFNFOU UIFTF TVNNBSZ NFUSJDT 'JH WITVBMJI[FT Ul
NVMBUJIJWF %JTUSJCWY8%P OB'O B DIUNIPROHISBNT GPS EFNPOTUSBUJPOT
5//F 8BTTFSTUFJO EJTUBODF JT EJSFDUMZ SFMBUYHE/SWBTF BSFB
$MPTFS DVSWFTJOEJDBUF IJHIFS TINJMBSJUZ XIJMF TIJGUT PS HE
*OPVS SFTVRMUDOF UBBIFR TIP O TOWSVBAU FHJIF & QBTPENBRFMIF DMPTFS UP
UIFEFNPOTUSBUJPIBD KIMWAFKEBRFJT DMFBSMZ TIJGUFE UPXBSE XF
SIFPWFSMBQQJOH IJTUPHSBNT DPOSSN UBBDROWVFSPABBFROTTIP XJ
SBSFMZ SFBDIUIF IJHIFS HSJQ GPSDFT TFFOJO UIF EFNPOTUSBUJ

SIFTF EJRFSFODFT SFTFDUUIF VOEFSMZJOH DPOUSPM QSJODJQMF’
UIFPSDF "XBSSBUFHZ DBO BDUJWFMZ UBSHFU BOE NBJOUBJO B S
TUBCMFJOTFSUJPO PG UIF QMBOU JSBWRJUVATBSEB.F6G D P 6 0 PBOTWZ L
VTFUBDUJMF GFFECBDL QBTTIJWFMZ UP EFUFDU DPOUBDU XJUIPV
BSFTVMU JU PGUFO GBMMT TIPSU PG UIF HSJQ GPSDF EFNPOTU
GSFRVFOU GBINVIFOOBMAMIOF QFSGPSNT SFBTPOBCMZ XFMM J(
TFUUJOH CFDBVTFJUT CJOBSZPQFO DMPTF DPNNBOE FRFDUJWF
XJulTvCcTuBOUJBM GPSDF "MUIPVHIUIFHSIJIQQFSJTDPBSTFMZ DP(
UPCFDMPTFUPUIPTFTFFOJO UIFEFNPOTUSBUJPOT

SIJTDPSSFTQPOEFODF TIPXTUIBU T TVDDFTTJOBIJHI GPSDFUBTL E
UIFEFNPOTUSBUFE GPSDF QSPSMF XJUIJOTVUDJFOU HSJQ GPSD|

STr
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*MKYVIEUMKLX)I'H* W ERH LMWXSKVEQW SJJSVGI ZEPYIW JSV HIQSH
TSWIH QIXLSH ERH FE W PHEWRKIWR WRVXEBNL $'R*QE W@ S [
XLIGYQYPEXMZIJVEGXMSR SIWEQTPIWEX SV FIPS[IEGLJS
PET QIERW WMQMPEV HMWXVMFYXMSRW ERH WLMJXW MR
LMWXSKVEQW LMKLPMKLX HMJJIVIRGIW MR JSVGIWTVIEH
HIQSRWXVEXMSRW ERH GSRXVSP WXVEXIKMIW
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FEATS fz
-== Target Force

*MKYVI-PRYWXVEXMSR SIJEWYGGHMSWGY Bo VIESXPIFESY K B E KX L |
-RWIVXMSRLEHWOX WLS[W XLITWXMQEXIHRSBYEREH JSVGI JV!
XLI XEVKIXJSVGI TVIHMGXIH F] XLIHMJJYWMSR TSPMG] S
XLVII TSMRXW EPSRK XLI XVENIGXSV] MRGPYHI XLII\XIVRE
MQEKIJVSQ XLI-RXIPG6IEP7IRWI (twu GEQIVE QSYRXIH SR XL
KVMTTIV XLI+IP7TMKLX1MRM XEGXMPI MQ®BER BRHRLI GSVVI
JSVGI HMWXVMFYXMSR IWXMQEXMSR

su



tr +VETI )\XVEGXMSR 8EWO

*OU(BBQF &YUSBDUIFP®OPSBAU NVTU HSBTQ B HSBQF UIBU JT NPVOUFI
SFNPWFJU XJUIPVUDSVTIJOHPS TMJQQJOH BOEQMBDFJUJOUP B (
DPOUBDUIBOEMJOH BOE NJOJNBM TRVFF[JOH

tr g )\TIVMQIRXEP 7IXYT

'"JH TIPXTUIFFYQFSINFOUBMISBFQN @ WIFEDRRISPOREB/IQ BHBJO

JOWPMWFT SYFE PCKFDU QPTJUJPOT 5IF HSBQFJT NBOVBMMZ C
USJBM BOE UIFUBSHFUCPXM SFNBJOTJABBPOTOBOPIUNPOBBIR
UIFSPCPUFYFDVUFTBDPOTUSBJOFE JOJUJBM NPUJPO CFGPSF QI
BGUFS HSBTQ EFUFDUJPO UIF SPCPUNPWFTBMPOHUIFUPPUIQJI
UPPUIQJDL BGUFS XIJDIGVMM DPOUSPMJT IBOEFE PWFS UP UIF Q

(SBTQ EFUFDUJPO BOEDPOUSPM MPHJD GPMNMBBOR U OFTFEBNRE BG P
5SBTIXJUI UIF TBNF UISFTIPMET UP USJHHFS UIFUSBOTJUJPO GSP!I
QPMIJDZ DPOUSPM

"QBSUJDVMBS DIBMMFOHFPGUIJTUBTLJTUIBUHSBQFTBSF  TMJHIL
FTUIJNBUJPO XJUI UIF (FM4JHIU .JOJ TFXIMB&ENBIREURDEMEDRBRTO
CBTFEPOHFMEFGPSNBUJPO UIFBEEJUJPOBMEFGPSNBUJPO PG L
"UIJHIFS BQQMJFE GPSDFT UIFHSBQF EFGPSNT NPSF TJHOJSDBOU
GPSDF FTUIJNBUFT 5I1JT QPTFT B SFBM QSPCMFN GPS DMPTFE MPP

"SPMMPVUJT DPOTJEFSFE TVDDFTTGVMJG UIFHSBQFJT QMBDF
VOEBNBHFE TIJNVMBUJOHB ZTBMBCMF«DPOEJUJPO

trgq)\TIVMQIRXEP 6IWYPXW

*O U(BBQF &YUSBDRDB®TBSBMIMPVBSDWFIFXRISBUFHZ BHBJO BDIJFWI
UIFIJHIFTUTVDBYTDGBUHBU SFMIJBCMZ SFNPWJOH HSBQFT GSPI
XJUIPVUDSVTIJOHUIFN "TVDDFTP&EDMM 'SPRSBRMHY TDIEDAHWAHA FFO
JO '"JH HBBUIMFTUSBBIFFHZ QFSGPSNT SFBTPOBCMZ XFMM XJUI
60 CVUPGUFO GBIJMT XIFOUIFHSJQJT UPP XFBLBOEUIFHSBQF TN




*MKYVI)DATUVMQIRXEP WIXYETDISVXXWLE G X BISIRBGERMKO WLS[W XLI*VEROE
6IWIEVGLSVSFSXIUYMTTIH[MXL XLIEGXYEXIH 91-KVMTT
FIJSVIWXEVXMRKEVSPPSYX 8LIVSFSXQYWXVIQSZI XLI K
ERHTPEGIMXMREFS[P[MXLSYXHEQEKMRK XLIKVETI

sf



7JTIJPO OWMBAUFHZ GBIJMT FOUJSFMZ BTJUT CJOBSZHSJQQFS DPNN
DSVTIJOH UIF HSBQFT

5BC SFQPSUTUIF XFJHIUFE TUBUJTUJDTBOE 8BTTFSTUFJO EJT
BMPX GPSDF QSPSMF XJUBB/NBF@BPO B GUBBIPE/BISE EFIW ISBERHIPO PG
'PSDF "XBRISBUFHZ SFQSPEVDFT UIJT EJTUSJCVUJROD/ B®EU DMPTFM 2
B8BTTFSTUFJO EBTXBODB P3P[@:04/;228/] 5IBBDUJMF "XBSF
TUSBUFHZ MJFT JO B TINJMBS19B8/OBHFEXB DIPB\RBBBG PGF 8BTTFSTUF
EJTUBQDBFH XGQGUIB $* P[G95/;241/] #Z DPOUSBJIUJROHAONDIMA FHZ

JT GBS GSPN UIF EFNPOTUSBUJPOT X341 BOEFB WYBDNMBBEBIG® $ G
8BTTFSTUFJO PRBU/BUBODF PG

"JH TIPXT UIF DPSSFTQP&OEUOBHOEF WHIWFESBNT 5IF DVSWFT GF
'PSDF "BEDEEBDUJMFTWUEBSFFHIFT BSF CPUI DMPTF UP UIF EFNPOTL
TMIHIUMZ TIJGUFE UPXBSE XFBLTRS GHBIMNBAD PHAMBETUBFTUSPOH TI.
UPXBSE IJHIFS GPSDFT

SIFTFEJRFSFODFTPODFBHBJO SFTFDUUIFDPOUSBMRSIBOPEQMFT |
TUSBUFHZ CFOFSUT GSPNJUT DMPTFE MPPQ GPSDF DPOUSPM BMI
UP SSNMZ HSBTQ UIF HSBQF XJUIPNUJIVFV USBESUHFHY MBDLT FYQMJ
GPSDF DPOUSPM CVU JNQMJDJUMZ CFOFSUT GSPNJUT UFOEFOD.
TBGFSJO UIJT MPX GPSDF TFUUJOH )PXFWFS JUTPNFUJNFT GB.
DBVTFTJUUP MPTF WIF HSBTBMAFHZ TVRFST GSPNJUT DPBSTF CJ
DPNNBOE S5I1JT SFTVMUTJO UIFHSIQQFS DMBNQJOH UPP IBSE XJUIF
UPDSVTIJOH UIFHSBQFT FWFSZ UJNF
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*MKYVEUMKLX)'H* W ERH LMWXSKVEQW SJ JSVGI ZEPYIW JSV HIQSH
TSWIH QIXLSH ERH FEWMEVMR)WMRGOLM BIR (SEAMWOL S |
XLIGYQYPEXMZI JVEGXMSR SIWEQTPIWEX SV FIPS[IEGL JS
PET QIERW WMQMPEV HMWXVMFYXMSRW ERH WLMJXW MR
LMWXSKVEQW LMKLPMKLX HMJJIVIRGIW MR JSVGI WTVIEH
HIQSRWXVEXMSRW ERH GSRXVSP WXVEXIKMIW
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*MKYVI-PPYWXVEXMSR SJIEWYGGMSWQAY Bo VEEXPVESM K [HW K IKIX L |
JIWXVEGXMSHRBEWODX WLS[W XLI TWXMQEXIHRBYBER JSVGI JVS
XLI XEVKIXJSVGI TVIHMGXIH F] XLIHMJJYWMSR TSPMG] S
XLVII TSMRXW EPSRK XLI XVENIGXSV] MRGPYHI XLII\XIVRE
MQEKIJVSQ XLI-RXIPG6IEP7IRWI (twu GEQIVE QSYRXIH SR XL

KVMTTIV XLI+IP7TMKLX1MRM XEGXMPI MQ®BER BRHRLI GSVVI
JSVGI HMWXVMFYXMSR IWXMQEXMSR

ta



(MWGYWWMSRERH'SRGPYWMSR

S5IJT XPSLIJOWFTUJHBUFE IPXUBDUJMFTFOTJOH DBO CFJODPSQPS
NPEBMJUZ CVU BMTP EJSFDUMZ JOUP UIF BDUJPO TQBDF PG JNJ
NBOJQVMBUJPO S8F'POGODEFPERBRBMEIBPO QPMIDZ UIBU QSFEJDUT UBSH
BOE UBSHFU HSJQ GPSDF KPJOUMZ XJUI UIF SPCPU QPTF *O UIJ"
CPUIUIFPCTFSWBUJPO FNCFEEJOHPG UIFQPMJDZ BOE UIF BDUJ!
UFNQPSBMMZ DPOTJTUFOU GPSDF BXBSF BDUJPO TFRVFODFT
VTIJOH BO BEBQUFE&.tBIGHQRME FRVIJQQFE XJUI B (FM4JHIU .JOJ TF
SOHFSUJQ XJUIOPSNBM GPSBFIANPEFNBOPEFEWBBMIFFRQPMIDZ USBOT
EFWFMPQFEUIFBDUVBUFE 6.* HSJQQFS XIPTFHFPNFUSZBOELJOF
6. *HSJQQFS 8F FYFDVUFE HSJQQFS BDUJPOTUISPVHI B EVBM NPI
CFUXFFO HSJQ XJEUI QPTJUJPODPOUSPM BOEDMPTFE MPPQ GPSD|
UIFNFBTVSFEBOE QSFEJDUFE GPSDFT FYDFFE B UISFTIPME

8F FWBMVBUFE PYVSBQQSPBDIPO UXP SFBM XPSME UBTLT UIBU T!
GPSDF TQFDVUMSBWON *OTFSBRNWAOSBOH IJHI GPSDF DPOUBDU UP QVTI B
JOUP SFBM TFERIBNQ BOEWBSB EFNBOEEFDODIH EFMIJDBUF MPX GPSDF NB
UP SFNPWF B HSBQF GSPN B UPPUIQJDL XJUIPVUDSVTIJOH JU "D
TFUUJOHPSWRF'XBESWIDZ DPOTJTUFOUMZ PVUQFSGPSNFE CBTFMJ
MPPQ GPSDF DPOUSPM CPUIJNQSPWFE UBTL TVDDFTT BOE ZJFME|
EFNPOTUSBUFE CZ BO FYQFSU7J3DJbeNE@EEEAMIRDF XBF CSIJUUMF
CJOBSJ[FEHSJQQFS DPOUSPM XBT TVUDJFOU XIFO IJHIFS GPSDFT
DBUBTUSPQIJDBMMZ XIFO FYDFTTIWFRGBPEDHMKEBIFVMEIOEFBLIEHF 51
SFMJFEPOUBDUJMFTFOTJOH TPMFMZ GPS PCTFSWBUJPO XBT BCN\
FYyomMJpJu BpbuJPo MFWFM GPSDF UBSHFU JU GSFRVFOUMZ BQQMJ
JO GBJMVSFT

SBLFOUPHFUIFS UIFSFTVMUTTIPXUIBUJODPSQPSBUJOH GPSDF E.
DMPTJOHUIF MPPQ POJUDBO TVCTUBOUJBMMZ JNQSPWF JNJUBUJP
NBOJQVMBUJPO FOBCMJOH UIFN UP IBOEMF CPUI EFMJDBUF BOE

tr



HSFBUFS SFMJBCIJMJUZ P IDRPIBBBBVFAFGMEBSOJOH BT B TUSPOI
GPSDPOUBDU SJDINBOJQVMBUJPO TIPXJOHUIBUJNJUBUJPO MFBSE
OPU IBWFUPTUPQ BULJOFNBUJDT "EEJOH GPSDFBTBO FYQMJDJL
BOE TBGFS QFSGPSNBODF BDSPTT EJWFSTFUBTL EFNBOET O0VS BQ
[JHI MFWFM GPSDF UBSHFUT DBO CFJOUFHSBUFE JOUP TINQMF E
QSBDUJDBM XBZUP VTF GPSDF BMPOHTJEF HSJQ XJEUIBTBUBSHFU
IPXUP JODPSQPSBUF SJDIFSUBDUJMF GFFECBDL JOUP UIJT GSBN
OPSNBM GPSDF WBMVF UP JODMVEF GVMM OPSNBM BOE TIFBS GF
SFQMBDJOH UIF IBOE UVOFE DPOUBDU UISFTIPME XJUI BO FOE U
FTUIJNBUPS DPVME MFBE UP NPSF SFMJBCMF TXJUDIJOH CFUXFFO D
FWBMVBUJPOBDSPTTBNPSFEJWFSTFTFUPG UBTLT XPVME QSPWJE
BOEBEBQUBCJMJUZ

ts
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51 JTUIFTJT XBT JOEFQFOEFOUMZ XSJUUFO BOE MJOHVJTUJDBMN
%FFQ-BOE $I1BU(15

< >5SFWPS "CMFUU FUBM Z.VMUJNPEBM BOE 'PSDF .BUDIFE *N,
4FF 51SPVHI 7JTVPUBDUJ&8R4AFSBIPTSBDUIPOT PO 3PCPUJDT

QQ " ‘jje [f YWT lic
MYYU 1] ITN TWL 974

< >"EFNJ"EFOJKBFM BNF 'PSDF $POUBDU %SJWFO -FBSOJOH GS
BS9JWwW @HX 74Blic MYYUX FWIN[ TWL FGX

< >.JDIBFM #BJO BOE $MBVEF 4BNNVU Z"'SBNFXPSL GPS #FIBW
.BDIJOF JOUFMMJHR®DF 1%

< >3BVOBR #1JSBOG244A1UBMIMVH BOE QMBZ 4LJO 4FOTJOH GPS 3PC

BS9JW @HX 74Blic MYYUX FW]N[ TWL FGX
< >"OUPOJP #JDDIJ BOE 7JKBZ ,VNBS Z3PCPUJD HSBTQJOH BOE
1SPDFFEJOHT *$3" .JMMFOOJVN DPOGFSFODF *&&& JOU
SPCPUJDTBOE BVUPNBUJPO 4ZNQPTJB QSPDFFFEJO&&&SBU /P
QQ +
< >"VEF #JMMBSE BOE %BOJDB ,SBHJD Z5SFOETBOEDIBMMFOHFT
4DJFODF FBBU

< >"MJOB# INFUBM Z8IBUNBUUFST GPS BDUJWF UFYUVSF SFDF
UBDUJMF TFOTPSB& *OUFSOBUJPOBM $POGFSFODF PO 3PCPUJ
*$3" *&&& QQ 1

< >$MBJSF $IFGFY'BBDF &YUSBDUJOH 'PSDF JOGPSNFE "DUJP
%FNPOTUSBUJPOT GPS %FYUFSBSJ3JWOJQV@®IBX JR®
lic MYYUX FW]N[ TWL FGX

tt



< >8FJ $IFO FUBM Z5BDUJMF TFOTPST GPS GSJDUJPO FTUJNBU
UJPO'5PXBSE EFYUFSPVT SPCPUJD NBOI&KXSY MBQTPOT *+BNVWOBXI.

QQ s

< >$IFOHS$IJFUBM Z%JRVTJPO 1PMJDZ 7JTVPNPUPS 1PMJDZ-FBS
*O51F *OUFSOBUJPOBM +PVSOBM PG 3PCPUJDT 3FTFBSDI

< >$IFOH $1J FUBM Z60JWFSTBM NBOJQVMBUJPO JOUFSGBDF
XJUIPVUJO UIF XIMESSRQPQIFQRIIOU BS9IW

< >5IF4DJ1ZDPNNBROQBZTUBUT XBTTMYTYWREJ O @HXT XBAEDF
TWL ITH XHNUA WIJKJWJSHJ LISIWFYJlI XHNU”A XYFYX \FXXJW
INXYFSHJ MYBRQFTTFE

< >.BSL3$VULPTLZBOE +BNFT.)ZEF Z.BOJQVMBUJPO DPOUSP
UIMFTFOTIJOROUBSOBUJPOBM TZNQPTJVN PO SPCPUJDT SFT
IFOOTZMWBOJB

< >3BWJOEFS 4 %BIJZB FUBM Z5BDUJMF 4FOTJOH"'SPN )VNBO
*&&& 5SBOTBDUJPOT PO 3PQRUJIDT [f° 974

< >/JLMBT'VOIKMWMFBEBD "O &WFOU CBTFEOQUJDBM 5BDUJMF 4FOT
MBUJPO BS9JW @HX 74Blic MYYUX FW]N[ TWL FGX

< >/JLMBT'VOLFUBM Z)JHI SFTPMVUJPO QJYFMXJTFDPOUBDU BS
UJPOGPS UIFHFMTJHIUNJOJWIJTVPUBDUIJMRNOCGSBESI®HIOH OF
$POUBDUT 8PSLTIPQ BU *$3"

< >/JLMBT 'VOLOPWBM*NQPSUBODF PG 5BDUJMF 4FOTJOH GPS *N
$BTF4UVEZ PO 3PCPUJD .BUBS9IMUJIOH@HX 74Blic
MYYUX FW]N[ TWL FGX

< >(FM4JHIU FNODIHIU .JOJ WBUYBRTKFFW\ LIQXNLMY HTR \U
HTSYJSY ZUQTFIX ,JQBNLMYD)FYFXMJJYD,82NSND
UIK"DDFTTFE

< >/JOHRVBO (V ,B[VIJSP ,PTVHF BOE .JUTVIJSP)BZBTIJCF Z5BD!
#IJNBOVBM .BOJQVMBUJPO 8JU|S8HEIIMERFIDTIBEE “OUPNBU.
-FUUFST QQ t [f 17&

< >:VvVOIBJ)BO FEBSWJOH (FOFSBMJ[BCMF 7JTJPO 5BDUJMF 3PCP
GPS %FGPSNBCMF OCKFDUT \BEBR3SWBOTGCB®SNXFB4BIlic
MYYUX FW]N[ TWL FGX

tu



<

>&SJL )FMNVUFBSBMOH 'PSDF %JTUSJCVUJPO &TUJIJNBUJPO GF

OQUJDBM 5BDUJMF 4FOTPS #BTFE PO "JBSJAUMNV& MFNFOU "OBMZT.
@HX 74Bc MYYUX FW]N[ TWL FGX

+POBUIBO )P "KBZ +BJO BOEFFDIFUR® HCBFRAM IPO 1SPCBCJIMJITL
BS9JW @HX 1,Blic MYYUX FWIN[ TWL FGX

#JOHIBP )VBOH FUBM Z % 7J5BD -FBSOJOH 'JOF (SBJOFE .BO.
5BDUJMF 4FOTI®MHFFEQOHT PG 3PCPUJDT $POGFSFODF PO 3P

.JDIBFM +BOOFS FUBM Z1MBOOJOH XJUIEJRVTJPO GPS TFY J(
BSO9IJW QSFQSJOU BS9JW

AIVMPOH +JB@HFUTBMO &OIBODJOH 3PCPUJD .BOJQVMBUJPO
TUSBJOUT WJB 7JTVPUBIBOIME 'VTIJ®B X 74Blic MYYUX
FWIN[ TWL FGX

3PMBOE 4 +PIBOTTPO BOE ("SBO 8FTUMJOH Z4JHOBMT JO UB
SOHFSTFMJDJUJOH BEBQUJWF NPUPS SFTARRQFSTNENGUBM QS|
CSBJO SFTFBSDI QQ t

3PMBOE 4 +PIBOTTPO BOE (PSBO 8FTUMJOH Z3PMFT PG HMB (
TFOTPSIJNPUPS NFNPSZ JO BVUPNBUJD DPOUSPM PG QSFDJTJPC
NPSF TMJQQFSZ RERFBUNFOOBM CSBJO SFQRBSDE

.PITFO ,BCPMJ ,VOQFOH :BP BOE (PSEPO $IFOH Z5BDUJMF ¢
PG EFGPSNBCMF PCKFDUT XJUI EZOBNJD&BROIJES BG NBTTe
*OUFSOBUJPOBM $POGFSFODF PO )VNERGRJIE 3IPQRUT XVNBOP.

.JLF -BNCFUB FUBM Z%JHJU "OPWFMEFTJHO GPS B MPX DPT!
UBDUJMF TFOTPS XJUI BQQMJDBUJPO HU&&XRO3IPFBIPEUNB D BQEM B
"VUPNBUJPO -FUUF JIQ 1

.JLF -BNCFUBWRB BWMI[JOH 5PVDI XJUIBO "SUJ*DJBM .VMUJNPEB

BSOJW @HX 74Blic MYYUX FW]N[ TWL FGX
/BUIBO'-FQPSB Z4PGU CJPNJNFUJD PQUJDBM UBDUJMF TFOTJC
*O*&&& AFOTPST +PVSOBRQ 1

'BOHDIFO -JVF3BBM -FBSOJOH $POUBDU 3JDIS5BTLT 5ISPVHI 3P
5BDUJMF .BOJQVMBUJPBS®IWESGBMFH X 74Blic MY YUX
FWIN[ TWL FGX




<

N

>8JMMPX .BOEJM FUBM Z5BDUJMF TFOTJOH UFDIOPMPHJFT 5S|

JOBHSJ GPPE NBOJARPOMBPBIPO. *@Q

-PVJTF 3 .BOGSFEJFUBM Z/BUVSBM TDFRWIOBMIB® OFMB R F
QIZTIPMPHZ QQ ¥

9JBPGFOH .BFBS®MH 'JOF 1JODI (SBTQ 4LJMMT VTJOH 5BDU
'FX 3FBM XPSME %FNPOBBSBWIPOT@HX 74Blic MYYUX
FWIN[ TWL FGX

% 2 .BZOFBOE) .JDIBMTLB Z3FDFEJOH IPSJ[PODPOUSPMPGC
1SPDFFEJOHT PG UIF Ul *&&& $POGFSFODF POE%FDJTJPO BC
WPM [f° () (

"OESFX :/H 4UVBSU3VTTFMM FUBM Z"MHPSJUINT GPS JOWFS"
*O*DNEKP M Q

5BLBZVLJ OTB FUBM Z"O BMHPSJUINJD QFSTQFPWAIBE PO JNJU
UJPOT BOE 5SFOETmM JO 3PCRWIDT

&UIBO 1FSFJFU BMIVBM 3FBTPOJOH XJUI B (FOFSBM $POEJUJP(
BS9JW @HX (;Blic MYYUX FW]N[ TWL FGX

OMBG 3POOFCFSHFS 11JMJQQ JTO®I/FY BCPEOWMPMBU #SGBM /FUXP
GPS #JPNFEJDBM *NBHMBZFHNFOUBUJPO FW=N]
BS9JW @HXB

OMBG 3POOFCFSHFS 11JMJQQ 'JTDIFS BOES5IPNBT #SPY 76 (
XPSLT GPS CIJPNFEJDBM JN B HFOIUFRSNCFEOUUBPWEN $ PPADGFSFODF PC
JNBHF DPNQVUJOH BOE DPNQVUHKQIBIDHFBFE JOQESWHEOUJPO

$BSNFMP 4GFSSB[[BFUBM Z(SPVOE USVUIGPSDF EJTUSJCVUJ
TFOTJOH "SOJUF FMFNF O&&BRQQBFEB DI Q QO t

4BHBS 4IBSNB :POHIZVO ,JN BOE $IVOH)ZVL 1BSL Z7JTVPUBDL
"VUPNBUFE 'BJMVSF 3FDPWFSZ JO "TTJTUJWF 5BTLT XJUI 5BC
*NJUBUJPO -FBSOJOMHE *O0JFSOBUJPOBM $POGFSFODF PO 6CJF
63 QQ t [f -7

3PHFS : 5TBJ 3FJNBS,-FO[ FUBM Z" OFX UFDIOJRVF GPS G\
FUDJFOU E SPCPUJDT IBOE FZREBN BOSTBWDIPIPOT®O SPCPUJ
BVUPNBUJPO QO t

>(BSZ37BOEFO#PJDUJPOBSZ PGNFBIDBPMPTHZDIPMPHJIDBM "TTPD.

tf



< >"TIJTI7BTXBOJFUBM Z"UUFOUJPBWE G 2RVOFRFEEBM*JD GP SN
QSPDFTTJOH TZTUFENT

< >/JDIPMBT 8FUUFMT FUBM Z.VMUJ NPEBM ToBMASIHAIF UR O TWEHU J
JOIVNBOPJET5BDUJMF TFOTPST BOE CFZPOE XPSLTIPQ Ul
DPOGFSFODF PO IVNBOPJE SPCPUT

< >-POHZBO 8V'EEBBMD.BO 3PCPU GSFF 7JTVP 5BDUJMF %BUB $F
$POUBDU SJDI .BOJQBEBUWPO @HX 74Blic MYYUX
FWIN[ TWL FGX

< >)BO9VF FRFBWUJWF %J)VTIJPO 1PMJDZ 4MPX 'BTU 7JTVBM 5BD
$POUBDU 3JDI .BOJQWBBBUWPO @HX 74Blic MYYUX
FWIN[ TWL FGX

< >,FMJO :V EINBRI5PVDI -FWFSBHJOH .VMUJ NPEBM )VNBO 5BDUJ
GPS $POUBDU SJDI .BOBGYMBUJIPO@HX 74Blic MYYUX
FWIN[ TWL FGX

< >8FO[IFO :VBO 4JZVBO %POH BOE &EXBSE )"EFMTPO Z(FMTJH
SPCPUUBDUJMF TFOTPST GPS FTUJNBIFDOWSFPNFUSZ BOE GP ¢

Q
< >8FO[IFO:VBOFUBM Z.FBTVSFNFOUPGTIFBSBOETMJQ XJUI B (F
*O *&&& *OUFSOBUJPOBM $POGFSFODF PO 3PER&IDT BOE "
QQ +
< >:J;IPVFUBM Z0OO UIF $POUJOVIUZ PG 3PUBUJPO 3FQSFTFOUBU

*OlSPDFFEJOHT PG UIF *&&& $7' $POGFSFODF PO $PNQVUFS 7J°
UJPO $74#8O0F

< >:VBO;IVFUBM Z3FDFOUBEWBODFTJOSFTJTUJWFTFOTPSUFDI
"SFWIFX*&8& TFOTPST KPVSOBM) ¥
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