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$PNQBSFE UP PUIFS EBUB NJOJOH QSPCMFNT
 UIF TUVEZ PG UIF FOTFNCMF NFUIPE
GPS VOTVQFSWJTFE BOPNBMZ EFUFDUJPO JT IBSEMZ UPV॑FE PO� 8JUI UIF QBQFS PG
%&"/
 XF DPODMVEFE UIF BEWBOUBHFT PG DPNCJOJOH XFBL CVU EFFQ BOPNBMZ EF�
UFDUPST JOUP BO FOTFNCMF BOE JUT QPUFOUJBM JO UFSNT PG JOUFSQSFUBCJMJUZ� य़F JO�
UFSQSFUBCJMJUZ PG B NPEFM QMBZT BO FTTFOUJBM SPMF JO VOEFSTUBOEJOH IPX B NPEFM
XPSLT BOE JUT QSFEJDUJPO� य़FSFGPSF
 XF FYQMPJUFE UIF GFBUVSF CBHHJOH NFUIPE
JO PVS FOTFNCMF NPEFM GPS CF॒FS JOUFSQSFUBCJMJUZ� 0VS XPSL JO UIJT UIFTJT JT UP
FOIBODF UIF JOUFSQSFUBUJPO BCJMJUZ PG PVS BMHPSJUIN CZ PQUJNJ[JOH UIF GFBUVSF
CBHHJOH QSPDFTT BOE BOBMZ[JOH UIF SFTVMUT GSPN EJ੖FSFOU EBUB TFUT� 5P CF॒FS
FWBMVBUF PVS NPEFM
 XF EF੗OFE PVS FWBMVBUJPO TZTUFN CBTFE PO UIF L!! BM�
HPSJUIN GPS RVBOUJGZJOH JOUFSQSFUBCJMJUZ JNQSPWFNFOU� य़F SFTVMUT FYIJCJU UIF
VOEFSMZJOH EJਖ਼DVMUJFT BOE QPTTJCJMJUJFT PG GVSUIFS SFTFBS॑�
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RXR JQiBp�iBQM �M/ "�+F;`QmM/

*O UIF FSB PG #JH %BUB
 FYUFOTJWF BNPVOUT PG EBUB BSF CFJOH QSPEVDFE BOE
DPMMFDUFE EBJMZ� य़JT HJWFT VT BO VOQSFDFEFOUFE PQQPSUVOJUZ UP FYQMPSF MBSHF
EBUBCBTFT BOE PCUBJO WBMVBCMF JOGPSNBUJPO� %VSJOH UIF EBUB BOBMZTJT QSPDFTT

XIBU TUBOET PVU BOE JT WJFXFE BT JOUFSFTUJOH BSF PॏFO UIPTF VOFYQFDUFE BOE
SBSF EBUB QPJOUT
 TP�DBMMFE BOPNBMJFT� "OPNBMJFT BSF SFGFSSFE UP BT PVUMJFST
 BC�
OPSNBMJUJFT
 PS EFWJBOUT JO UIF EBUB NJOJOH BOE TUBUJTUJDT MJUFSBUVSF� य़FZ DBO
CF TJNQMZ SFHBSEFE BT OPJTF XIFO MBॐJOH JOUFSFTUJOH ॑BSBDUFSJTUJDT PS TJHOJ੗�
DBOU CPVOEBSJFT GSPN SFHVMBS EBUB QPJOUT <ৼ>
 BOE UIFSFGPSF CF SFNPWFE EVSJOH
UIF EBUB DMFBOJOH QSPDFTT� 0O UIF PUIFS IBOE
 EFUFDUJOH BOE PCTFSWJOH TUSPOH
BOPNBMJFT XIJ॑ BSF OPUJDFBCMZ EJ੖FSFOU GSPN UIF OPSN PG B EBUB TFU SFWFBMT
VTFGVM JOGPSNBUJPO� य़JT DBO CF WBMVBCMF EFQFOEJOH PO UIF EPNBJO TF॒JOH�
*O DPNCJOBUJPO XJUI NB॑JOF MFBSOJOH UF॑OJRVFT
 JU IBT HBJOFE B॒FOUJPO JO
WBSJPVT BQQMJDBUJPO EPNBJOT JO SFDFOU ZFBST
 TV॑ BT DZCFS TFDVSJUZ
 ੗OBODJBM
GSBVE
 NFEJDBM EJBHOPTJT
 BOE MBX FOGPSDFNFOU� 'PS JOTUBODF
 GSBVE EFUFDUJPO
JOTQFDUT BCOPSNBM VTBHF QB॒FSOT PO DSFEJU DBSE USBOTBDUJPO EBUB TFUT UP JEFO�
UJGZ GSBVEVMFOU BDUJWJUZ� *O UIF NFEJDBM ੗FME
 UIF QJYFMT JO NBNNPHSBN JNBHFT
BSF DMBTTJ੗FE BT DBODFSPVT PS OPU GPS EFUFDUJOH DBMDJ੗DBUJPO XJUIJO UIF CSFBTU
UJTTVF <৻৽>�

%FQFOEJOH PO UIF BQQMJDBUJPO�TQFDJ੗D TDFOBSJP
 EJ੖FSFOU UZQFT PG NB॑JOF�
MFBSOJOH NFUIPET DPNF JOUP QMBZ� /FVSBM OFUXPSLT	BMTP DBMMFE BSUJ੗DJBM OFVSBM
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OFUXPSLT
 "//
 BSF B TFU PG BMHPSJUINT VTFE JO NB॑JOF MFBSOJOH JOTQJSFE CZ
UIF GVODUJPO PG OFVSPOT JO UIF IVNBO CSBJO� " EFFQ OFVSBM OFUXPSL FTTFOUJBMMZ
DPOTJTUT PG NVMUJQMF QSPDFTTJOH MBZFST BOE JT EFTJHOFE GPS BOBMZ[JOH NPSF DPN�
QMFY EBUB JO HSFBUFS EFQUI� य़F MBSHFS UIF BNPVOU PG EBUB HJWFO UP USBJOJOH B
EFFQ MFBSOJOH NPEFM
 UIF NPSF FYQFSJFODFE JU CFDPNFT� 4UVEJFT IBWF TIPXO
UIBU EFFQ MFBSOJOH�CBTFE BMHPSJUIN PVUQFSGPSNT DPOWFOUJPOBM NB॑JOF MFBSO�
JOH NFUIPE <ਃ>� " DPNNPO EBUB NJOJOH QSPCMFN MJLF DMBTTJ੗DBUJPO VTVBMMZ
FNQMPZT TVQFSWJTFE NB॑JOF MFBSOJOH XIFSF USBJOJOH EBUB BSF MBCFMFE� य़JT JT
PॏFO VOSFBMJTUJD GPS BOPNBMZ EFUFDUJPO UBTLT CFDBVTF UIF NBOVBM F੖PSUT SF�
RVJSFE UP QSFQBSF NBTTJWF USBJOJOH EBUB BSF FOPSNPVT
 UJNF�DPOTVNJOH
 BOE
TPNFUJNFT JNQPTTJCMF� *OTUFBE
 VOTVQFSWJTFE NB॑JOF MFBSOJOH JT B QSFGFSSFE
UF॑OJRVF GPS EFUFDUJOH BOPNBMJFT� 8JUIPVU UIF QSF�NBEF MBCFMT
 UIF NPEFM DBO
QJॐ VQ OPUJDFBCMF SFQSFTFOUBUJPOT CZ JUTFMG BOE EFSJWF OPWFM JOTJHIUT GPS XIJ॑
UIFZ IBWF OPU CFFO USBJOFE�

"T BOPNBMZ EFUFDUJPO TUBSUT UP CF JOWPMWFE JO NVMUJQMF EFDJTJPO�NBLJOH QSP�
DFTTFT
 UIF SFMJBCJMJUZ PG JUT QSFEJDUJPO CFDPNFT JODSFBTJOHMZ FTTFOUJBM� &YQMBJO�
JOH XIBU B NPEFM EPFT BOE VOEFSTUBOEJOH IPX JUT QSFEJDUJPO JT NBEF IFMQT
VTFST HBJO USVTU BOE DPO੗EFODF JO UIF NPEFM <ৼ৻>� )PXFWFS
 EFTQJUF UIF FG�
GPSU QVU JOUP SFTFBS॑
 MJNJUFE QSPHSFTT IBT CFFO NBEF JO UIF ੗FME PG 	VOTVQFS�
WJTFE EFFQ MFBSOJOH NPEFM
 *OUFSQSFUBCJMJUZ <ਂ>� य़F SJTF PG UIF DPNQMFYJUZ PG B
NFUIPE DPNFT XJUI UIF MPTT PG JUT JOUFSQSFUBCJMJUZ� /FVSBM OFUXPSLT
 GPS FYBN�
QMF
 BSF DPOTJEFSFE JOUSJOTJDBMMZ VOJOUFSQSFUBCMF CFDBVTF PG UIFJS OPO�MJOFBS BOE
NVMUJMBZFSFE TUSVDUVSF <ਂ>� य़FSFGPSF
 XF SFMZ PO B QPTU IPD
 NPEFM�TQFDJ੗D FY�
QMBOBUJPO NFUIPE UP HFOFSBUF BO FYQMBOBUJPO PG UIF QSFEJDUJPO� 0OF BQQSPB॑
PG TV॑ JT TBMJFODZ NBQT
 BMTP LOPXO BT QJYFM B॒SJCVUJPO <৻ਂ>� *U JT NBJOMZ VTFE
GPS JOUFSQSFUJOH UIF DMBTTJ੗DBUJPO PG JNBHFT XJUI GFBUVSF JNQPSUBODF� &B॑ QJYFM
JT DPOTJEFSFE B GFBUVSF
 BOE OFVSBM OFUXPSLT XJMM IJHIMJHIU SFMFWBOU QJYFMT UIBU
DPOUSJCVUF UP UIF QSFEJDUJPO�

4JODF BOPNBMJFT UFOE UP CF VOQSFEJDUBCMF BOE SBSF
 POF PG UIF CJHHFTU ॑BM�
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MFOHFT PG BOPNBMZ EFUFDUJPO JT UP DMFBSMZ EF੗OF B CPVOEBSZ CFUXFFO BCOPSNBM
BOE OPSNBM FWFOUT <ਃ>� 0OF PG UIF F੖FDUJWF BQQSPB॑FT UP UBॐMJOH UIJT QSPC�
MFN JT CZ VTJOH NVMUJQMF USBJOJOH NPEFMT
 XIJ॑ BSF FNQMPZFE GPS EFUFDUJOH
EJ੖FSFOU UZQFT PG BOPNBMJFT� य़JT UF॑OJRVF PG DPNCJOH XFBL MFBSOFST JOUP
TUSPOH FOTFNCMFT IBT OPU CFFO UIPSPVHIMZ SFTFBS॑FE GPS BOPNBMZ EFUFDUJPO

FWFO UIPVHI JU IBT CFFO QSPWFO UP JNQSPWF QFSGPSNBODF BOE SPCVTUOFTT PO
DMBTTJ੗DBUJPO <ৼ৿>� *O UIJT UIFTJT
 XF DBSSZ PO UIF XPSL PG %&"/
 PVS EFFQ FO�
TFNCMF BOPNBMZ EFUFDUJPO BMHPSJUIN� "OE JNQMFNFOUFE EJ੖FSFOU FYUFOTJPOT
GPS JUT GFBUVSF CBHHJOH NFUIPE UP JNQSPWF UIF JOUFSQSFUBCJMJUZ PG UIF NPEFM�
8JUI %&"/
 XF DPODMVEFE UIF BEWBOUBHFT PG DPNCJOJOH EFFQ BOPNBMZ EFUFD�
UJPO NPEFMT JOUP BO FOTFNCMF BOE JUT QPUFOUJBM JO JOUFSQSFUBCJMJUZ <৻৾>�

RXk _2H�i2/ qQ`F

"T NFOUJPOFE CFGPSF
 BOPNBMZ EFUFDUJPO IBT CFFO BO FNFSHJOH UPQJD BNPOH
NBOZ EPNBJOT� य़FSF BSF TUVEJFT BDSPTT EJ੖FSFOU BQQMJDBUJPO BSFBT
 TV॑ BT
DZCFS JOUSVTJPO EFUFDUJPO JO <৻৿>
 NFEJDBM EJBHOPTJT <ৼৼ>
 PS GSBVE EFUFDUJPO JO
੗OBODF <਀>� *U JODMVEFT B XJEF WBSJFUZ BOE TJ[F PG EBUB TFUT
 SFQFBUFEMZ TIPX�
JOH UIF WFSTBUJMJUZ BOE DBQBCJMJUZ PG BOPNBMZ EFUFDUJPO� "T EFFQ MFBSOJOH BQ�
QSPB॑FT IBWF CFFO TIPXO UP JNQSPWF QFSGPSNBODF GVSUIFS
 JU IBT BMTP SBJTFE
UIF JOUFSFTU JO SFTFBS॑JOH EJ੖FSFOU NFUIPET GPS BOPNBMZ EFUFDUJPO
 JODMVEJOH
TUVEJFT PG UIF OFBSFTU�OFJHICPS NFUIPE <৻ৼ>
 EFFQ POF�DMBTT DMBTTJ੗DBUJPO <ৼ৺>

PSNFUIPET CBTFE PO USBJOJOH HFOFSBUJWF BEWFSTBSJBM OFUXPSLT	("/
 <৻৺>� य़FZ
BMM QSFTFOU GBJSMZXFMM�QFSGPSNBODFNPEFMT DPNQBSFE UP USBEJUJPOBM BOPNBMZ EF�
UFDUJPONFUIPET� )PXFWFS
 XJUIPVU UIF DPNCJOBUJPOXJUI UIF FOTFNCMFNFUIPE

UIFJS SPCVTUOFTT BOE RVBMJUZ BSF TUJMM OPU BT JEFBM BT %&"/ <৻৾>�

य़F TDBSDJUZ PG SFTFBS॑JOH FOTFNCMF NFUIPET DPNCJOFE XJUI EFFQ MFBSO�
JOH NPEFMT JT TUJMM XBJUJOH UP CF ੗MMFE� य़F FOTFNCMF NFUIPE IBT CFFO XJEFMZ
TUVEJFE JO PUIFS QSPCMFN EPNBJOT MJLF DMBTTJ੗DBUJPO BOE DMVTUFSJOH
 CVU JU JT
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SFMBUJWFMZ OFX GPS BOPNBMZ EFUFDUJPO <৻>� 'PS NPTU
 UIF JTTVF MJFT JO IPX UP
F੖FDUJWFMZ NFBTVSF UIF BDDVSBDZ BOE UIF EJWFSTJUZ PG NPEFMT
 BOE UIF ॑BMMFOHF
PG IPX UP DPNCJOF UIFN <ৼ৿>� "OE XIFO UIF FOTFNCMF UF॑OJRVF JT DPNCJOFE
XJUI UIF EFFQ MFBSOJOH NFUIPE
 UIF VOTVQFSWJTFE OBUVSF NBLFT JU ॑BMMFOHJOH
GPS QFSGPSNBODF BTTFTTNFOU BOE JOUFSQSFUBCJMJUZ� य़JT DPVME FYQMBJO UIF BC�
TFODF PG BO BEWBODFE TUBUF�PG�UIF�BSU SFTFBS॑ <ৼ>� 4PNF NFUIPET BSF TVJUBCMF
GPS UIF SFBMJ[BUJPO PG FOTFNCMF UF॑OJRVFT GPS BOPNBMZ EFUFDUJPO
 TV॑ BT GFB�
UVSF CBHHJOH <৻਀>
 TVCTBNQMJOH <ৼ਀>
 BOE QSVOJOH <৻ਃ>
 XIJ॑ DBO TVDDFTTGVMMZ
SFEVDF UIF WBSJBODF PS CJBT PG UIF NPEFM�

"OPUIFS JNQPSUBOU SFTFBS॑ EJSFDUJPO SFMBUFE UP PVS XPSL JT EFFQ MFBSOJOH
JOUFSQSFUBCJMJUZ� "MUIPVHI UIF UFSN JOUFSQSFUBCJMJUZ JT VOJWFSTBMMZ VTFE JO NB�
॑JOF MFBSOJOH
 JUT EF੗OJUJPO JT TUJMM WBHVF <৻ਁ>� य़F SFBTPOTXIZ JOUFSQSFUBCJMJUZ
JT DSVDJBM IBWF CFFO EJTDVTTFE <৽> <৻ਁ>
 F�H�
 VOEFSTUBOEJOH IPX B NPEFM XPSLT
PS IPX UIF QSFEJDUJPO IFMQT UIF VTFS HBJO USVTU BOE DPO੗EFODF GPS UIF VTFS�
੗OEJOH VOOPUJDFE DBVTBMJUZ� QSPWJEJOH NPSF FUIJDBM BOE GBJS EFDJTJPO�NBLJOH

FUD� 5P BDDVSBUFMZ FWBMVBUF B NPEFM۝T JOUFSQSFUBCJMJUZ
 XF NVTU ੗STU VOEFSTUBOE
XIBU FYBDUMZ JOUFSQSFUBCJMJUZ JT� 4PNF TVHHFTUFE UIBU UIFSF BSF TFWFSBM UZQFT
PG NPEFM FYQMBOBUJPOT
 TV॑ BT JOUSJOTJDBMMZ JOUFSQSFUBCMF NPEFMT WT� QPTU IPD
FYQMBOBUJPOT <ৼ৻>
 PS UBYPOPNZ PG UISFF EJNFOTJPOT� UZQF PG FOHBHFNFOU
 UZQF
PG FYQMBOBUJPO
 BOE UIF GPDVT <ৼ৾>� %J੖FSFOU UZQFT PG FWBMVBUJPO NFUIPET IBWF
BMTP CFFO JOUSPEVDFE <৻৻>
 TV॑ BT BQQMJDBUJPO�HSPVOEFE FWBMVBUJPO
 IVNBO�
HSPVOEFE NFUSJDT
 BOE GVODUJPOBMMZ�HSPVOEFE FWBMVBUJPO� )PXFWFS
 UIF RVFT�
UJPO PG IPX UP FWBMVBUF UIF RVBMJUZ PG JOUFSQSFUBCJMJUZ SFNBJOT PQFO� *O UIJT
UIFTJT
 XF QSPQPTFE PVS OPWFM XBZ PG DPOTUSVDUJOH JOUFSQSFUBCJMJUZ GPS UIF UBTL
PG BOPNBMZ EFUFDUJPO QFSGPSNBODF TDPSFT�
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"MUIPVHI UIF PSJHJOBM %&"/ BMHPSJUIN B॑JFWFE BEWBODFE SFTVMUT JO NBOZ
XBZT DPNQBSFE UP PUIFS FYJTUJOH BOPNBMZ EFUFDUJPO NFUIPET <৻৾>
 UIFSF JT TUJMM
SPPN GPS JNQSPWFNFOU� 8F GPDVT PO JNQSPWJOH�SFGPSNJOH UIF GFBUVSF CBHHJOH
QSPDFTT CZ DSFBUJOH TFWFSBM FYUFOTJPOT BOE FYQFSJNFOUT� य़F HPBM JT UP SFB॑
B CF॒FS JOUFSQSFUBUJPO QFSGPSNBODF PO PVS FWBMVBUJPO NFUIPE� *O TFDUJPO ৼ�৻

XF JOUSPEVDF B OFX FWBMVBUJPO NFUIPE CBTFE PO "//� य़F EFUBJMT BOE SFTVMUT
PG FB॑ FYUFOTJPO XJMM CF UIFO EJTDVTTFE JO UIF GPMMPXJOH TFDUJPOT� 4FDUJPO ৼ�ਁ
BMTP HJWFT BO FYBNQMF PG IPX PVS NPEFM XPSLT PO JNBHF EBUB�

5BCMF ৼ�৻ MJTUT BMM UIF EBUB TFUT VTFE JO UIJT UIFTJT� 0VS FOTFNCMF DPOTJTUT PG
ৼ৺৺৺ NPEFMT� 8F VTFE EBUB TFUT XJUI EJ੖FSFOU TJ[FT BOE EJNFOTJPOT UP DPNQBSF
UIF PVUDPNFT
 TV॑ BT IJHI�EJNFOTJPOBM EBUB TFU HBT�ESJॏ XJUI ৻ৼਂ GFBUVSFT PS
MPX�EJNFOTJPOBM EBUB QBHF�CMPॐT BOE .BHJD 5FMFTDPQF XJUI SFTQFDUJWFMZ ৻৺
BOE ৻৻ GFBUVSFT POMZ�

/BNF 9@USBJO 9@UFTU :@UFTU
QBHF�CMPॐT 	৾৽৿৽
 ৻৺
 	৻৻ৼ৺
 ৻৺
 	৻৻ৼ৺


.BHJD 5FMFTDPQF 	ਂ਀৽৽
 ৻৻
 	ਁ৽ਃਂ
 ৻৻
 	ਁ৽ਃਂ


DBSEJP 	৻৾ਁਃ
 ৼ৻
 	৽৿ৼ
 ৼ৻
 	৽৿ৼ


JPOPTQIFSF 	৻৽৿
 ৽ৼ
 	৻ਂ৺
 ৽ৼ
 	৻ਂ৺


TBUFMMJUF 	ৼ਀৾৺
 ৽਀
 	৽৿৻ਂ
 ৽਀
 	৽৿৻ਂ


XBWFGPSN�৿৺৺৺ 	৻৻ਂ৿
 ৾৺
 	৻৺৻৾
 ৾৺
 	৻৺৻৾


HBT�ESJॏ 	৻ਁਃ਀
 ৻ৼਂ
 	৻৿৽ਂ
 ৻ৼਂ
 	৻৿৽ਂ


BOJNBMT 	ਁ৺৺
 ৻৿৺
 ৻৿৺
 	ৼৼ৺৽
 ৻৿৺
 ৻৿৺
 	ৼৼ৺৽



5BCMF ৼ�৻� -JTU PG EBUB TFUT UIBU XFSF VTFE JO UIJT QBQFS BOE UIFJS TJ[F�
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kXR 1p�Hm�iBQM

य़F VOTVQFSWJTFE OBUVSF BOE TNBMM TBNQMF TQBDF QPTF B ॑BMMFOHF UP F੖FDUJWFMZ
FWBMVBUJOH UIF QFSGPSNBODF PG BOPNBMZ EFUFDUJPO <৻>� 0OF DPNNPO XBZ UP
B॑JFWF JU JT CZ VTJOH 30$ "SFB 6OEFS $VSWF 	"6$
 <ਁ>� *O UIJT UIFTJT
 XF GP�
DVT PO UIF FWBMVBUJPO PG UIF JOUFSQSFUBCJMJUZ QFSGPSNBODF PG PVS NPEFM� य़F
EF੗OJUJPO PG NPEFM JOUFSQSFUBCJMJUZ MBॐT BHSFFNFOU BNPOH SFTFBS॑ QBQFST

BOE JU JT BMTP IBSE UP PCKFDUJWFMZ FWBMVBUF <৻ਁ>� 8F DSFBUFE PVS PXO FWBMVB�
UJPO NFUIPE CBTFE PO UIF FYUFSOBM NFBTVSF� य़F NBJO JEFB JT UP DPNQBSF UIF
JNQPSUBODF TDPSF XF HFOFSBUFE	#!"#$ 
 GPS FB॑ GFBUVSF UP B SFGFSFODF JNQPS�
UBODF TDPSF	#%$$ 
� य़F JNQPSUBODF TDPSF PG B GFBUVSF SFGFST UP IPX UIF GFBUVSF
DPOUSJCVUFT UP UIF EFUFSNJOBUJPO PG BOPNBMZ� 4JNJMBS UP UIF DPODFQU PG JOEJWJE�
VBM DPOEJUJPOBM FYQFDUBUJPO 	*$&
 QMPU
 JO XIJ॑ FB॑ MJOF JOEJDBUFT BO JOTUBODF
BOE TIPXT IPX JUT QSFEJDUJPO JT JO੘VFODFE CZ EJ੖FSFOU GFBUVSFT <৻ਂ>� *O PUIFS
XPSET
 JG B DSVDJBM	JNQPSUBOU
 GFBUVSF JT SFNPWFE
 UIF PVUQVU PG UIF BOPNBMZ
EFUFDUJPO NPEFM TIPVME ॑BOHF� #BTFE PO UIJT OPUJPO
 XF SFNPWF FB॑ GFBUVSF
JUFSBUJWFMZ BOE BQQMZ "// UP DPNQVUF UIF BOPNBMZ TDPSF� 8IFUIFS XF SFNPWF
BO JNQPSUBOU PS VOJNQPSUBOU GFBUVSF GPS B OPSNBM EBUB QPJOU
 UIF "// BMHP�
SJUIN XJMM TUJMM DPOTJEFS JU OPSNBM� "T GPS BO BCOPSNBM EBUB QPJOU
 SFNPWJOH B
DSJUJDBM GFBUVSF SFTVMUT JO B MPXFS "// TDPSF� 8F UIFO SFWFSTF UIF TDPSF TJODF B
MPXFS TDPSF JNQMJFT UIBU UIF SFNPWBM PG B TQFDJ੗D GFBUVSF IBT B IJHIFS JNQBDU
PO UIF QSFEJDUJPO�

"// JT B DMBTTJ੗DBUJPO BMHPSJUIN CBTFE PO UIF &VDMJEFBO EJTUBODF� "T B
ۡMB[Z BMHPSJUIN
ۡ JU IBT UIF BEWBOUBHF PG TJNQMF JNQMFNFOUBUJPO BOE OP USBJO�
JOH QFSJPE <ৼ৽>� 8IFO XF SFEVDF UIF EJNFOTJPO PG GFBUVSF TQBDF
 UIF EJTUBODF
CFUXFFO UXP QPJOUT $
 % 	JO UIF DBTF PG UXP EJNFOTJPOT
 BMTP SFEVDFT GSPN
& ($,%) =

√
(%1 − $1)2 + (%2 − $2)2 UP & ′($,%) = (%1 − $1) PS (%2 − $2)
 EFQFOEJOH PO

XIJ॑ EJNFOTJPO CFFO SFNPWFE� 8F LOPX UIBU & ′($,%) JT TNBMMFS UIBO & ($,%)

CBTFE PO 1ZUIBHPSFBO UIFPSFN� *U XPSLT QBSUJDVMBSMZ XFMM JO MPX�EJNFOTJPOBM

e



kXR 1p�Hm�iBQM

GFBUVSF TQBDF� य़FSFGPSF
 XF FNQMPZFE "// UP DPNQVUF UIF PVUMJFS TDPSFT BॏFS
SFNPWJOH FB॑ GFBUVSF UP PCUBJO B SFGFSFODF TDPSF� )PXFWFS
 UIF NBKPS ESBX�
CBॐ PG "//NFUIPE JT UIF JOTUBCJMJUZ JO IJHI EJNFOTJPOBM GFBUVSF TQBDF <৿>� य़F
QSPCMFN PG ۡय़F $VSTF PG %JNFOTJPOBMJUZۡ PDDVST BT &VDMJEFBO EJTUBODF MPTFT JUT
NFBOJOH XIFO UIF EBUB TFU IBT B IJHI EJNFOTJPO <৾>� य़JT JTTVF DPVME SFTUSBJO
UIF BCJMJUZ PG PVS FWBMVBUJPO NFUIPE GPS IJHI EJNFOTJPOBM EBUB TFUT BOE JT BMTP
XIZ #!"#$ TUBOET PVU GSPN UIF "// NFUIPE�

8F DBMDVMBUF #!"#$ TDPSF CZ USBJOJOH PVS NPEFM BOE DPVOUJOH UIF UJNFT FB॑
GFBUVSF JT TFMFDUFE
 UIFO VTJOH UIF TVN PG UIFJS BTTJHOFE BOPNBMZ TDPSFT UP HFU
BO BWFSBHF PG JU� &B॑ GFBUVSF IBT B TDPSF CBTFE PO IPX ۡJNQPSUBOUۡ UIFZ BSF�

य़F OFYU TUFQ JT UP DPNQBSF UIF UXP JNQPSUBODF TDPSFT TFUT #%$$ BOE #!"#$ �
0VS FWBMVBUJPO TZTUFN DBO CF SFQSFTFOUFE XJUI UIF GPMMPXJOH GPSNVMB�

2

' ∗ (' − 1) ·
&∑
'=0

&∑
(='+1

(#%$$ ((') < #%$$ (( ( )) = (#!"#$ ((') < #!"#$ (( ( )) 	ৼ�৻


XIFSF�

' � UIF OVNCFS PG GFBUVSFT

#!"#$ (() � PSJHJOBM JNQPSUBODF TDPSFT PG GFBUVSF Y
 HFOFSBUFE CZ %&"/
BMHPSJUIN

#%$$ (() � SFGFSFODF JNQPSUBODF TDPSF PG GFBUVSF Y
 HFOFSBUFE CZ PVS FWBM�
VBUJPO TZTUFN CBTFE PO "//

8F DPNQBSFE FB॑ TDPSF GSPN UIF PSJHJOBM BOE SFGFSFODF JNQPSUBODF TDPSFT JO
QBJST XJUI POF BOPUIFS� &B॑ QPTJUJWF DPNQBSJTPO
 XIFSF TDPSF ) BOE * IBWF
UIF TBNF UFOEFODZ JO #%$$ BOE #!"#$ 
 XJMM TDPSF POF QPJOU� य़JT TDPSF MJFT JO UIF
SBOHF PG ৺ UP ৻� JG UIFSF JT OP SFMBUJPO CFUXFFO #!"#$ BOE #%$$ 
 UIF TDPSF JT TNBMMFS�
*O UIF FOE
 XF BWFSBHFE UIF BDDVNVMBUFE QPJOUT BOE SFDFJWFE UIF FWBMVBUJPO
SFTVMU� य़JT ੗OBM TDPSF JT JOWBSJBOU VOEFS NPOPUPOPVT USBOTGPSNBUJPOT
 F�H�

TDBMJOH
 USBOTMBUJPO
 BOE FYQPOFOUJBM SFMBUJPOTIJQT�

d
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kXk 62�im`2 "�;;BM; aBx2

'FBUVSF CBHHJOH JT B DPNNPO FOTFNCMF MFBSOJOH NFUIPE� *OTUFBE PG USBJOJOH
UIF NPEFMT PO UIF XIPMF EBUB TFU
 FB॑ FOTFNCMF JT BTTJHOFE UP B TVCTFU PG
SBOEPNMZ TFMFDUFE GFBUVSFT BOE PVUQVUT JOEJWJEVBM PVUMJFS TDPSFT XIJ॑ DBO CF
DPNCJOFE JOUP B ੗OBM SFTVMU� य़F GFBUVSF CBHHJOH NFUIPE IBT UIF CFOF੗U PG
SFEVDJOH UIF WBSJBODF XJUIJO B MFBSOJOH NPEFM <৻৾>
 UIVT SFTVMUJOH JO CF॒FS SP�
CVTUOFTT� )PXFWFS
 ੗OEJOH BO PQUJNBM CBHHJOH TJ[F JT USJॐZ� " CJHHFS CBHHJOH
TJ[F JODSFBTFT UIF ॑BODF PG FB॑ GFBUVSF CFJOH TFMFDUFE
 XIJ॑ QSPWJEFT NPSF
JOGPSNBUJPO UP FB॑ NPEFM BOE BMMPXT NPSF NPEFMT UP DPOUSJCVUF UP FB॑ #!"#$ �
0O UIF DPOUSBSZ
 B TNBMMFS CBHHJOH TJ[F MJNJUT UIF OVNCFS PG GFBUVSFT CFJOH
DPOTJEFSFE
 XIJ॑ HJWFT VT B DMFBSFS WJFX PG UIF JNQBDU PG UIF QBSUJDVMBS GFB�
UVSF PO FB॑ NPEFM� *O QSBDUJDF
 JU TIPXT CF॒FS JOUFSQSFUBCJMJUZ QFSGPSNBODF�
#BTFE PO PVS PCTFSWBUJPO
 UIF GPSNFS JNQSPWFT UIF 30$ TDPSF
 XIJMF UIF MB॒FS
JODSFBTFT JOUFSQSFUBCJMJUZ�

*O UIJT TFDUJPO
 XF DPNQBSFE FB॑ EBUB TFU۝T JOUFSQSFUBCJMJUZ QFSGPSNBODF PG
EJ੖FSFOU CBHHJOH TJ[FT� "T TIPXO JO 'JHVSF ৼ�৻
 JU JT USVF UIBU
 JO HFOFSBM
 B
TNBMMFS CBHHJOH TJ[F 	+,- = 5
 HFOFSBUFT CF॒FS SFTVMUT� य़JT JOEJDBUFT BO BEWBO�
UBHF JO SFEVDJOH UIF QSPDFTTJOH UJNF PG UIF GFBUVSF CBHHJOH NFUIPE� 'PS EBUB
TFUT MJLF HBT�ESJॏ XJUI ৻ৼਂ GFBUVSFT
 B MPXFS CBH TUJMM CSPVHIU B CF॒FS QFSGPS�
NBODF UIBO B NV॑ IJHIFS CBH� 0OF DPVME BMTP TVQQPTF UIBU UIFSF JT OP DMFBS
DPSSFMBUJPO CFUXFFO UIF TJ[F PG UIF EBUB TFU BOE JUT PQUJNBM CBHHJOH TJ[F� 'PS
EBUB TFUT TV॑ BT QBHF�CMPॐT BOE .BHJD5FMFTDPQF
 +,- = 2 JT UPP TNBMM PG B CBH�
HJOH TJ[F SFHBSEJOH UIF TNBMM TBNQMF EJNFOTJPOT
 XIFSFBT +,- = 3 ZJFMET UIF
PQUJNBM JOUFSQSFUBCJMJUZ QFSGPSNBODF� 4PNF EBUB TFUT IBWF JOUSJOTJDBMMZ XPSTF
QFSGPSNBODF UIBO PUIFST
 CVU UIF QSJODJQMF PG ॑PPTJOH JUT JEFBM CBHHJOH TJ[F
SFNBJOT UIF TBNF�

3



kXk 62�im`2 "�;;BM; aBx2

	B
 QBHF�CMPॐT 	C
 .BHJD 5FMFTDPQF

	D
 DBSEJP 	E
 JPOPTQIFSF

	F
 TBUFMMJUF 	৐
 XBWFGPSN�৿৺৺৺

	H
 HBT�ESJॏ

'JHVSF ৼ�৻� 3FTVMUT PG EJ੖FSFOU GFBUVSF CBHHJOH TJ[F JO FB॑ EBUB TFU�

N



k *QMi`B#miBQM

kXj _2BM7Q`+2/ 62�im`2 AKTQ`i�M+2

'SPN UIF QSFWJPVT TFDUJPO
 XF PCUBJOFE UIF PQUJNBM CBHHJOH TJ[F PG FB॑ EBUB TFU
BOE UIF PVUMJFS TDPSFT PG FB॑ PG UIFJS GFBUVSFT� य़F SFTVMU JT UIFO SFVTFE JO UIJT
TFDUJPO
 XIFSF XF USBJO PVS NPEFMT FYDMVTJWFMZ PO DFSUBJO TFMFDUFE GFBUVSFT PG
FB॑ UFTUJOH TBNQMF� 4JODF UIF UPUBM OVNCFS PG TFMFDUFE GFBUVSFT TUBZT DPOTUBOU

XF UFTUFE UISFF EJ੖FSFOU WBSJBUJPOT PG TBNQMJOH TUSBUFHJFT JO UIF GPMMPXJOH TFD�
UJPOT� SFJOGPSDFE GFBUVSF JNQPSUBODF
 SFWFSTFE GFBUVSF JNQPSUBODF
 BOE FRVBM
QSPCBCJMJUZ PG GFBUVSF TFMFDUJPO� य़FTF TBNQMJOH BEKVTUNFOUT DSFBUF B GFBUVSF
TQBDF XJUI MPXFS WBSJBODF
 XIJ॑ DSFBUFT NPSF NPEFMT XJUI TQFDJ੗D GFBUVSFT

IPQFGVMMZ PCUBJOJOH NPSF BDDVSBUF JOGPSNBUJPO BCPVU UIFN BOE EFDSFBTJOH UIF
VODFSUBJOUZ PG UIFJS JNQPSUBODF�

*O UIJT TFDUJPO
 XF NBOJQVMBUFE UIF USBJOJOH EBUB TP UIBU UIF UPQ ৿৺� GFBUVSFT
XJUI IJHIFS PVUMJFS TDPSFT SFNBJOFE
 BOE UIF SFTU XFSF TFU UP [FSP� 8F VTFE
UIF BMUFSFE EBUB TFU UP USBJO PVS NPEFMT XJUI UIF GFBUVSF CBHHJOH NFUIPE BOE
DPNQBSF UIF QFSGPSNBODF UP UIF SFTVMU CFGPSF BMUFSBUJPO JO 'JHVSF ৼ�ৼ� य़JT
FYUFOTJPO POMZ TMJHIUMZ JNQSPWFE UIF QFSGPSNBODF PG B GFX EBUB TFUT
 TV॑ BT
TBUFMMJUF BOE .BHJD 5FMFTDPQF� "T GPS EBUB TFU XBWFGPSN�৿৺৺৺
 JPOPTQIFSF
 BOE
HBT�ESJॏ
 UIF QFSGPSNBODFT BSF TJNJMBS XJUI BOE XJUIPVU UIF FYUFOTJPO� 0O
UIF PUIFS IBOE
 EBUB TFU DBSEJP IBT B CJH QFSGPSNBODF ESPQ BॏFS BQQMZJOH UIF
FYUFOTJPO�

	B
 QBHF�CMPॐT 	C
 .BHJD 5FMFTDPQF

Ry



kXj _2BM7Q`+2/ 62�im`2 AKTQ`i�M+2

	D
 DBSEJP 	E
 JPOPTQIFSF

	F
 TBUFMMJUF 	৐
 XBWFGPSN�৿৺৺৺

	H
 HBT�ESJॏ

'JHVSF ৼ�ৼ� *OUFSQSFUBCJMJUZ QFSGPSNBODF BॏFS SFJOGPSDFE GFBUVSF JNQPSUBODF BEKVTU�
NFOU DPNQBSFE UP PSJHJOBM SFTVMU JO FB॑ EBUB TFU�

RR
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kX9 _2p2`b2/ 62�im`2 AKTQ`i�M+2

*O UIJT TFDUJPO
 XF BQQMJFE BOPUIFS FYUFOTJPO UP UIF GFBUVSF CBHHJOH QSPDFTT�
3FWFSTFE GFBUVSF JNQPSUBODF JNQMJFT UIF PQQPTJUF PG XIBU XF EJE JO TFDUJPO
ৼ�৾� य़JT UJNF
 UIF ৿৺� MFBTU JNQPSUBOU GFBUVSFT SFNBJOFE
 BOE UIF SFTU XFSF TFU
UP [FSP� 8F VTFE UIFTF MFTT FTTFOUJBM GFBUVSFT UP USBJO PVS NPEFM� "DDPSEJOH UP
UIF SFTVMUT JO 'JHVSF ৼ�৽
 GPS NPTU EBUB TFUT
 UIF SFTVMU XJUIPVU UIJT FYUFOTJPO
FJUIFS PVUQFSGPSNFE PS TUBZFE TJNJMBS UP UIF POF XJUI UIF FYUFOTJPO
 FYDFQU GPS
UIF EBUB TFU JPOPTQIFSF�

8F PCTFSWFE UIBU TPNF EBUB TFUT BSF NPSF TFOTJUJWF UP UIF BEKVTUNFOU PG
GFBUVSF CBHHJOH� *O BEEJUJPO
 UIF SFTVMUT GSPN UIFTF UXP TFDUJPOT TIPX UIBU
VTJOH NPSF JNQPSUBOU GFBUVSFT EPFT OPU OFDFTTBSJMZ JNQSPWF UIF QFSGPSNBODF
PG PVS NPEFM�

	B
 QBHF�CMPॐT 	C
 .BHJD 5FMFTDPQF

	D
 DBSEJP 	E
 JPOPTQIFSF

Rk



kX8 1[m�H S`Q#�#BHBiv Q7 62�im`2 a2H2+iBQM

	F
 TBUFMMJUF 	৐
 XBWFGPSN�৿৺৺৺

	H
 HBT�ESJॏ

'JHVSF ৼ�৽� *OUFSQSFUBCJMJUZ QFSGPSNBODF BॏFS SFWFSTFE GFBUVSF JNQPSUBODF BEKVTUNFOU
DPNQBSFE UP PSJHJOBM SFTVMU JO FB॑ EBUB TFU�

kX8 1[m�H S`Q#�#BHBiv Q7 62�im`2 a2H2+iBQM

*O UIF UIJSE WBSJBUJPO PG TBNQMJOH
 FB॑ GFBUVSF XBT SBOEPNMZ TFMFDUFE GPS UIF
TBNF BNPVOU PG UJNF UISPVHIPVU UIF NPEFM USBJOJOH JUFSBUJPO� 8F NBYJNJ[FE
UIF VTBHF PG FB॑ GFBUVSF BOE UIFSFGPSF SFEVDFE UIF CJBT� )PXFWFS
 UIF SFTVMU
JO 'JHVSF ৼ�৾ TIPXFE OP DMFBS JNQSPWFNFOU BॏFS BQQMZJOH UIJT FYUFOTJPO� %BUB
TFU JPOPTQIFSF BHBJO ZJFMEFE B QPTJUJWF PVUDPNF� 8F TVQQPTFE UIJT JT EVF UP
UIF JOUSJOTJD RVBMJUZ PG UIF EBUB TFU JPOPTQIFSF CFJOH CF॒FS UIBO UIF PUIFST�

Rj
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	B
 QBHF�CMPॐT 	C
 .BHJD 5FMFTDPQF

	D
 DBSEJP 	E
 JPOPTQIFSF

	F
 TBUFMMJUF 	৐
 XBWFGPSN�৿৺৺৺

	H
 HBT�ESJॏ

'JHVSF ৼ�৾� *OUFSQSFUBCJMJUZ QFSGPSNBODF BॏFS FRVBM QSPCBCJMJUZ BEKVTUNFOU DPNQBSFE
UP PSJHJOBM SFTVMU JO FB॑ EBUB TFU�

R9



kXe _mMiBK2

8F DPODMVEF UIBU PVS GFBUVSF TFMFDUJPO BEKVTUNFOU JT OPU UIF PQUJNBM XBZ UP
JNQSPWF UIF TBNQMJOH QSPDFTT� "ॏFS JNQMFNFOUJOH FB॑ FYUFOTJPO
 XF DBO TFF
OP DPOTJTUFOU JNQSPWFNFOU UISPVHIPVU UIF EBUB TFUT� य़F SFTVMUT TIPX UIBU UIF
F੖FDU JT NJOPS BOE MJNJUFE UP TQFDJ੗D EBUB TFUT� य़F ੗STU BOE UIJSE FYUFOTJPOT
IFMQ JNQSPWF QFSGPSNBODF JO TPNF JOTUBODFT� *U NBZ IBWF B NPSF TJHOJ੗DBOU
JNQBDU XIFO GFXFS NPEFMT PS NPSF GFBUVSFT BSF JOWPMWFE�

kXe _mMiBK2

य़F QBQFS PG %&"/ TIPXT UIBU PVS NFUIPE B॑JFWFE CF॒FS SFTVMUT JO EJ੖FSFOU
BTQFDUT
 JODMVEJOH SVOUJNF
 DPNQBSFE UP PUIFS BMHPSJUINT <৻৾>� *O UIJT TFDUJPO

XF FYQMPSFE UIF QPTTJCJMJUZ PG SFEVDJOH SVOUJNF GVSUIFSNPSF XJUIPVU TBDSJ੗D�
JOH UIF QFSGPSNBODF PG JOUFSQSFUBCJMJUZ� 5XP FYQFSJNFOUT XFSF DPOEVDUFE� SF�
EVDJOH UIF OVNCFS PG MBZFST PG UIF OFVSBM OFUXPSLT BOE ੗OEJOH DPOWFSHFODF
QPJOUT�

kXeXR G�v2` _2/m+iBQM

य़F PSJHJOBM BMHPSJUIN JT DPNQPTFE PG UXP IJEEFO MBZFST BOE POF PVUQVU MBZFS�
8F SFEVDFE JU UP B TJOHMF�MBZFS OFUXPSL BOE USBJOFE JU PO TFWFSBM EBUB TFUT� *O
'JHVSF ৼ�਀� EJTQMBZT UXP EJ੖FSFOU SFTVMUT� 'PS TQFDJ੗D EBUB TFUT MJLF DBSEJP

UIF BEKVTUNFOU PG IZQFSQBSBNFUFS .,/01 GSPN ৽ UP ৻ NBJOUBJOT B HPPE JOUFS�
QSFUBCJMJUZ QFSGPSNBODF� *U JT ZFU OPU UIF DBTF GPS PUIFS EBUB TFUT� य़F SFTVMU PG
EBUB TFU XBWFGPSN�৿৺৺৺ TIPXT UIBU B EFFQ MFBSOJOH TUSVDUVSF JT TUJMM OFDFTTBSZ
GPS B SPCVTU BOPNBMZ EFUFDUJPO NPEFM� य़F DPNQMFY MFBSOJOH QSPDFTT PG UIF
EFFQ MFBSOJOH NPEFM CFOF੗UT JOUFSQSFUBCJMJUZ� $POTJEFSJOH UIF SFTVMU PG DBSEJP

B TJOHMF�MBZFS OFUXPSL NJHIU TUJMM CF IFMQGVM JO TQFDJBM DBTFT
 TV॑ BT TJNQMF
BOPNBMZ EFUFDUJPO UBTLT�

R8
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	B
 DBSEJP 	C
 XBWFGPSN�৿৺৺৺

'JHVSF ৼ�৿� 3FTVMUT PG JOUFSQSFUBCJMJUZ QFSGPSNBODF PO EJ੖FSFODU MBZFS TJ[F�

kXeXk *QMp2`;2M+2 SQBMi

4JODF PVS FOTFNCMF TIPXT DPOWFSHFE CFIBWJPS
 BOPUIFS QPTTJCMF XBZ PG SFEVD�
JOH SVOUJNF JT UP ੗OE B DPOWFSHFODF QPJOU SFHBSEJOH UIF JOUFSQSFUBCJMJUZ QFS�
GPSNBODF� य़F FBSMJFS UIF DPOWFSHFODF QPJOU JT
 UIF GFXFS NPEFMT XF OFFE GPS
USBJOJOH PVS FOTFNCMF UP SFB॑ B DPNQBSBCMF SFTVMU� 8F USBJOFE FB॑ EBUB TFU
XJUI ৽৺৺৺৺ NPEFMT BOE B॒FNQUFE UP ੗OE UIF ੗STU QPJOU XIFSF BMM UIF SVOOJOH
TUBOEBSE EFWJBUJPOT BॏFS JU BSF DPOTUBOUMZ TNBMMFS UIBO ৺�৺৻� 3VOOJOH TUBOEBSE
EFWJBUJPOT BSF DBMDVMBUFE CZ TVCTF॒JOH UIF FOUJSF EBUB TFU JOUP EJ੖FSFOU PCTFS�
WBUJPO TFUT BOE PCUBJOJOH B TFSJFT PG TUBOEBSE EFWJBUJPOT� 8F TFU UIF TJ[F PG UIF
PCTFSWBUJPO TFU UP ৿৺ BOE DPNQVUFE UIF TUBOEBSE EFWJBUJPOT JO FB॑ TFU�

'JHVSF ৼ�਀ EJTQMBZT UIF DPOWFSHFODF QPJOU PG FB॑ EBUB TFU� य़F Y�BYJT JT
TPSUFE BTDFOEJOHMZ CZ UIF OVNCFS PG GFBUVSFT PG UIF EBUB TFU� 'PS B IJHI EJ�
NFOTJPOBM EBUB TFU MJLF HBT�ESJॏ
 UIF DPOWFSHFODF QPJOU JT TJNJMBS UP POF PG B
MPX EJNFOTJPOBM EBUB TFU MJLF QBHF�CMPॐT
 BSPVOE ৻৻৺৺ NPEFMT� *U JT NV॑ MFTT
UIBO UIF ৽৺৺৺৺ NPEFMT XF UFTUFE� य़JT TNBMMFS DPOWFSHFODF QPJOU SFQSFTFOUT
UIBU JU UBLFT MFTT UJNF UIBO FYQFDUFE UP SFB॑ BO JEFBM JOUFSQSFUBCJMJUZ QFSGPS�
NBODF� य़FSFGPSF
 UIF SVOUJNF DBO BMTP CF SFEVDFE CZ SFEVDJOH UIF OVNCFS PG
NPEFMT OFFEFE�

Re



kXd _2bmHib Q7 BK�;2 /�i�

'JHVSF ৼ�਀� $POWFSHFODF QPJOU PG FB॑ EBUB TFU	TPSUFE CZ OVNCFS PG GFBUVSFT
�

य़JT SFTVMU JOEJDBUFT UIBU XF DBO SFEVDF SVOUJNF CZ ੗OEJOH B TNBMMFS DPO�
WFSHFODF QPJOU� *O BEEJUJPO
 UIFSF JT OP DMFBS DPSSFMBUJPO CFUXFFO UIF EBUB TFU۝T
DPOWFSHFODF QPJOU BOE GFBUVSF EJNFOTJPO� " IJHIFS EJNFOTJPOBM EBUB EPFT OPU
OFDFTTBSJMZ SFRVJSF NPSF NPEFMT UIBO B MPX EJNFOTJPOBM EBUB TFU�

kXd _2bmHib Q7 BK�;2 /�i�

*O UIJT TFDUJPO
 XF TIBSF UIF SFTVMU PG PVS NPEFM VTFE PO JNBHF EBUB TFUT� 8F
VTFE UIF EBUB TFU BOJNBMT BOE USBJOFE PVS NPEFM XJUI EPH JNBHFT� *O UIF JNBHFT
TIPXO JO 'JHVSF ৼ�ਂ
 PVS NPEFM IBT TVDDFTTGVMMZ EFUFDUFE QBOEB JNBHFT BT BC�
OPSNBM BOE HJWFO VT UIF SFBTPO GPS UIF BOPNBMZ� *O UIF IFBQ NBQ
 UIF MJHIUFS
QBSU IBT B IJHIFS BOPNBMZ TDPSF
 SFQSFTFOUJOH IJHIFS GFBUVSF JNQPSUBODF JO
EFUFSNJOJOH BCOPSNBMJUZ� "T UIF NPEFM MFBSOFE EPH JNBHFT UP CF OPSNBM
 JU
TIPXT XIZ UIFTF JNBHFT BSF OPU DPOTJEFSFE EPHT� 8F DBO TFF DMFBSMZ UIBU UIF
MJHIUFS�DPMPS QJYFMT BSF QSJNBSJMZ JO UIF IFBE BSFB� 8F LOPX UIBU EPHT EP OPU
IBWF B IFBE TIBQF MJLF B CFBS
 TP PVS NPEFM QJॐFE VQ UIJT EFUBJM BOE NBSLFE

Rd



k *QMi`B#miBQM

JU BT BCOPSNBM� य़F QBOEB۝T JDPOJD CMBॐ BOE XIJUF GVS DPMPS JT BMTP B HPPE JO�
EJDBUPS UP EJTUJOHVJTI UIFTF UXP TQFDJFT� 8F SBSFMZ TFF B EPH XJUI B GVS DPMPS
DPOUSBTUJOH IFBE BOE CPEZ MJLF B QBOEB� य़JT DPVME CF POF PG UIF SFBTPOT XIZ
PVS NPEFM NBSLFE UIF XIJUF GVS QBSU BT BCOPSNBM TJODF EPHT IBWF NPSF DPO�
TJTUFOU GVS DPMPSBUJPO UISPVHIPVU UIF FOUJSF CPEZ�

	B


	C


'JHVSF ৼ�ਁ� 3FTVMUT PG JOUFSQSFUBCJMJUZ PO JNBHF EBUB�

R3



j *QM+HmbBQM �M/ 6mim`2 qQ`F

*O UIJT UIFTJT
 XF FYBNJOFE PVS %&"/ BMHPSJUIN XJUI EJ੖FSFOU FYUFOTJPOT

BJNJOH UP JNQSPWF UIF JOUFSQSFUBCJMJUZ PG PVS NPEFM� 8F BMTP JOUSPEVDFE B OFX
FWBMVBUJPO TZTUFN GPS BTTFTTJOH JOUFSQSFUBCJMJUZ VTJOH "// BMHPSJUIN� .VMUJQMF
SFBM�MJGF EBUB TFUT XFSF VTFE GPS B DPNQSFIFOTJWF DPNQBSJTPO� 'JSTU
 XF EFUFS�
NJOFE UIF PQUJNBM GFBUVSF CBHHJOH TJ[F GPS FB॑ EBUB TFU XJUI UIF DPODMVTJPO
UIBU B TNBMMFS CBH JT VOJWFSTBMMZ JEFBM GPS UIF NPEFMT
 SFHBSEMFTT PG UIF EJNFO�
TJPO PG UIF EBUB TFU� 8F BMTP JOUSPEVDFE B OFX FWBMVBUJPO TZTUFN GPS BTTFTTJOH
JOUFSQSFUBCJMJUZ� "MUIPVHI UIF FYQFSJNFOUT XJUI FYUFOTJPOT EJE OPU SFUVSO PQ�
UJNBM SFTVMUT PO FWFSZ EBUB TFU
 UIFSF JT TUJMM QPUFOUJBM VUJMJUZ GPS QFSGPSNBODF
JNQSPWFNFOU
 EFQFOEJOH PO UIF DPNQPOFOU BOE RVBMJUZ PG UIF GFBUVSFT� *O
UIF MBTU QBSU
 XF GPVOE UIF DPOWFSHFODF QPJOU GPS FB॑ EBUB TFU
 BOE UIF SFTVMU
TIPXT UIBU UIF DPOWFSHFODF QPJOU EPFT OPU EFQFOE PO UIF TJ[F PG UIF EBUB TFU�
*O TVNNBSZ
 PVS XPSL JO UIJT UIFTJT NBOJGFTUT UIF DBQBCJMJUZ BOE TDBMBCJMJUZ PG
UIF FOTFNCMF NFUIPE PO BOPNBMZ EFUFDUJPO UBTLT BOE UIFJS QPUFOUJBM GPS UIF
JOUFSQSFUBCJMJUZ PG EFFQ MFBSOJOH NPEFMT�

*O UIF GVUVSF
 XF FYQFDU NPSF F੖PSU UP CF QVU JOUP UIF ੗FME PG EFFQ FOTFNCMF
BOPNBMZ EFUFDUJPO BOE GVSUIFS JNQSPWFNFOU UP UIF GFBUVSF CBHHJOH QSPDFTT�
0OF NFUIPE UP JODSFBTF UIF BOPNBMZ EFUFDUJPO RVBMJUZ DPVME CF BQQMZJOH BW�
FSBHFE GFBUVSF JNQPSUBODF UP ੗MUFS UIF GFBUVSFT� "OPUIFS QPTTJCJMJUZ XPVME CF
PCTFSWJOH UIF DPSSFMBUJPOT CFUXFFO GFBUVSFT BॏFS TMJHIUMZ BMUFSJOH UIFJS WBMVFT�
4JODF FWBMVBUJOH JOUFSQSFUBCJMJUZ IBT MPOH CFFO B॑BMMFOHF JO IJHI�EJNFOTJPOBM
EBUB
 XF BSF BMTP JOUSJHVFE UP TFF GVSUIFS EFWFMPQNFOU PO TV॑ B UPQJD�
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ৼ�৻ 3FTVMUT PG EJ੖FSFOU GFBUVSF CBHHJOH TJ[F JO FB॑ EBUB TFU� � � � � ਃ
ৼ�ৼ *OUFSQSFUBCJMJUZ QFSGPSNBODF BॏFS SFJOGPSDFE GFBUVSF JNQPSUBODF

BEKVTUNFOU DPNQBSFE UP PSJHJOBM SFTVMU JO FB॑ EBUB TFU� � � � � ৻৻
ৼ�৽ *OUFSQSFUBCJMJUZ QFSGPSNBODF BॏFS SFWFSTFE GFBUVSF JNQPSUBODF

BEKVTUNFOU DPNQBSFE UP PSJHJOBM SFTVMU JO FB॑ EBUB TFU� � � � � ৻৽
ৼ�৾ *OUFSQSFUBCJMJUZ QFSGPSNBODF BॏFS FRVBM QSPCBCJMJUZ BEKVTUNFOU

DPNQBSFE UP PSJHJOBM SFTVMU JO FB॑ EBUB TFU� � � � � � � � � � � � � ৻৾
ৼ�৿ 3FTVMUT PG JOUFSQSFUBCJMJUZ QFSGPSNBODF PO EJ੖FSFODU MBZFS TJ[F� ৻਀
ৼ�਀ $POWFSHFODF QPJOU PG FB॑ EBUB TFU	TPSUFE CZ OVNCFS PG GFB�

UVSFT
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ৻ਁ
ৼ�ਁ 3FTVMUT PG JOUFSQSFUBCJMJUZ PO JNBHF EBUB� � � � � � � � � � � � � � � ৻ਂ
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ৼ�৻ -JTU PG EBUB TFUT UIBU XFSF VTFE JO UIJT QBQFS BOE UIFJS TJ[F� � � � ৿
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<৻> $IBSV$"HHBSXBM� ৼ৺৻৽� 0VUMJFS FOTFNCMFT� QPTJUJPO QBQFS� "$.4*(,%%
&YQMPSBUJPOT /FXTMFࡇFS ৻৾
 ৼ 	ৼ৺৻৽

 ৾ਃۗ৿ਂ�

<ৼ> $IBSV $ "HHBSXBM� ৼ৺৻ਁ� "O JOUSPEVDUJPO UP PVUMJFS BOBMZTJT� *O 0VUMJFS
BOBMZTJT� 4QSJOHFS
 ৻ۗ৽৾�

<৽> "MFKBOESP #BSSFEP "SSJFUB
 /BUBMJB %­B[�3PES­HVF[
 +BWJFS %FM 4FS
 "ESJFO
#FOOFUPU
 4JIBN 5BCJL
 "MCFSUP #BSCBEP
 4BMWBEPS (BSD­B
 4FSHJP (JM�
-³QF[
 %BOJFM .PMJOB
 3J॑BSE #FOKBNJOT
 FU BM� ৼ৺ৼ৺� &YQMBJOBCMF "S�
UJ੗DJBM *OUFMMJHFODF 	9"*
� $PODFQUT
 UBYPOPNJFT
 PQQPSUVOJUJFT BOE ॑BM�
MFOHFT UPXBSE SFTQPOTJCMF "*� *OGPSNBUJPO GVTJPO ৿ਂ 	ৼ৺ৼ৺

 ਂৼۗ৻৻৿�

<৾> 3J॑BSE #FMMNBO BOE 3PCFSU ,BMBCB� ৻ਃ৿ਃ� 0O BEBQUJWF DPOUSPM QSPDFTTFT�
*3& 5SBOTBDUJPOT PO "VUPNBUJD $POUSPM ৾
 ৼ 	৻ਃ৿ਃ

 ৻ۗਃ�

<৿> "EJUZB %� #IBU
 )BSTIJUI 3� "॑BSZB
 BOE 4SJLBOUI )�3� ৼ৺৻ਃ� " /PWFM
4PMVUJPO UP UIF $VSTF PG %JNFOTJPOBMJUZ JO 6TJOH ,//T GPS *NBHF $MBT�
TJ੗DBUJPO� *O ࣙࣗࣘ࣠ ࣙOE *OUFSOBUJPOBM $POGFSFODF PO *OUFMMJHFOU "VUPOPNPVT
4ZTUFNT 	*$P*"4
� ৽ৼۗ৽਀� https://doi.org/10.1109/ICoIAS.2019.00012

<਀> 4JEEIBSUIB #IB॒B॑BSZZB
 4BOKFFW +IB
 ,VSJBO य़BSBLVOOFM
 BOE
+ $ISJTUPQIFS 8FTUMBOE� ৼ৺৻৻� %BUB NJOJOH GPS DSFEJU DBSE GSBVE� " DPN�
QBSBUJWF TUVEZ� %FDJTJPO TVQQPSU TZTUFNT ৿৺
 ৽ 	ৼ৺৻৻

 ਀৺ৼۗ਀৻৽�

<ਁ> "OESFX 1 #SBEMFZ� ৻ਃਃਁ� य़F VTF PG UIF BSFB VOEFS UIF 30$ DVSWF JO UIF
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FWBMVBUJPO PG NB॑JOF MFBSOJOH BMHPSJUINT� 1BࡇFSO SFDPHOJUJPO ৽৺
 ਁ 	৻ਃਃਁ


৻৻৾৿ۗ৻৻৿ਃ�

<ਂ> 4VQSJZP $IBLSBCPSUZ
 3J॑BSE 5PNTF॒
 3BNZB 3BHIBWFOESB
 %BOJFM )BS�
CPSOF
 .PVTUBGB "M[BOUPU
 'FEFSJDP $FSV॒J
 .BOJ 4SJWBTUBWB
 "MVO 1SFFDF

4JNPO +VMJFS
 3BHIVWFFS . 3BP
 FU BM� ৼ৺৻ਁ� *OUFSQSFUBCJMJUZ PG EFFQ MFBSO�
JOH NPEFMT� " TVSWFZ PG SFTVMUT� *O ࣙࣗࣘࣞ *&&& TNBSUXPSME
 VCJRVJUPVT JOUFM�
MJHFODF � DPNQVUJOH
 BEWBODFE � USVTUFE DPNQVUFE
 TDBMBCMF DPNQVUJOH �
DPNNVOJDBUJPOT
 DMPVE � CJH EBUB DPNQVUJOH
 *OUFSOFU PG QFPQMF BOE TNBSU
DJUZ JOOPWBUJPO 	TNBSUXPSME�4$"-$0.�6*$�"5$�$#%DPN�*01�4$*
� *&&&

৻ۗ਀�

<ਃ> 3BHIBWFOESB $IBMBQBUIZ BOE 4BOKBZ $IBXMB� ৼ৺৻ਃ� %FFQ MFBSOJOH GPS
BOPNBMZ EFUFDUJPO� " TVSWFZ� BS9JW QSFQSJOU BS9JW�ࣘ࣠ࣗࣘ�ࣗࣚࣛࣗࣞ 	ৼ৺৻ਃ
�

<৻৺> 'FEFSJDP %J .B॒JB
 1BPMP (BMFPOF
 .J॑FMF %F 4JNPOJ
 BOE &NBOVFMF
(IFM੗� ৼ৺৻ਃ� " TVSWFZ PO HBOT GPS BOPNBMZ EFUFDUJPO� BS9JW QSFQSJOU
BS9JW�ࣘ࣠ࣗࣝ�ࣘࣘࣝࣚࣙ 	ৼ৺৻ਃ
�

<৻৻> 'JOBMF %PTIJ�7FMF[ BOE #FFO ,JN� ৼ৺৻ਁ� 5PXBSET B SJHPSPVT TDJFODF PG
JOUFSQSFUBCMF NB॑JOF MFBSOJOH� BS9JW QSFQSJOU BS9JW�ࣘࣞࣗࣙ�ࣗࣟࣝࣗࣟ 	ৼ৺৻ਁ
�

<৻ৼ> 9JBPZJ (V
 -FNBO"LPHMV
 BOE"MFTTBOESP 3JOBMEP� ৼ৺৻ਃ� 4UBUJTUJDBM BOBMZ�
TJT PG OFBSFTU OFJHICPSNFUIPET GPS BOPNBMZ EFUFDUJPO� "EWBODFT JO /FVSBM
*OGPSNBUJPO 1SPDFTTJOH 4ZTUFNT ৽ৼ 	ৼ৺৻ਃ
�

<৻৽> 3VJ )PV
 :JGBO 1FOH
 -BST + (SJNN
 :JOIBP 3FO
 .BDJFK " .B[VSPXTLJ

+F੖SFZ 3 .BSLT
 -PSSBJOF . ,JOH
 $BSMP $ .BMFZ
 & 4IFMMFZ )XBOH
 BOE
+PTFQI : -P� ৼ৺ৼ৻� "OPNBMZ %FUFDUJPO PG $BMDJ੗DBUJPOT JO .BNNPHSBQIZ
#BTFE PO ৻৻
৺৺৺ /FHBUJWF $BTFT� *&&& 5SBOTBDUJPOT PO #JPNFEJDBM &OHJ�
OFFSJOH ਀ਃ
 ৿ 	ৼ৺ৼ৻

 ৻਀৽ਃۗ৻਀৿৺�

<৻৾> 4JNPO ,M¼॒FSNBOO BOE &NNBOVFM .¼MMFS� <O� E�>� %&"/� %FFQ &OTFNCMF
"OPNBMZ %FUFDUJPO� 	<O� E�>
� I॒QT���HJUIVC�DPN�QTPSVT�%&"/�
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<৻৿> %POHIXPPO ,XPO
 )ZVOKPP ,JN
 +JOPI ,JN
 4BOH $ 4VI
 *LLZVO ,JN

BOE ,VJOBN + ,JN� ৼ৺৻ਃ� " TVSWFZ PG EFFQ MFBSOJOH�CBTFE OFUXPSL
BOPNBMZ EFUFDUJPO� $MVTUFS $PNQVUJOH ৼৼ
 ৻ 	ৼ৺৻ਃ

 ਃ৾ਃۗਃ਀৻�

<৻਀> "MFLTBOEBS -B[BSFWJD BOE 7JQJO ,VNBS� ৼ৺৺৿� 'FBUVSF CBHHJOH GPS PVU�
MJFS EFUFDUJPO� *O 1SPDFFEJOHT PG UIF FMFWFOUI "$. 4*(,%% JOUFSOBUJPOBM
DPOGFSFODF PO ,OPXMFEHF EJTDPWFSZ JO EBUB NJOJOH� ৻৿ਁۗ৻਀਀�

<৻ਁ> ;B॑BSZ $ -JQUPO� ৼ৺৻ਂ� य़F NZUIPT PG NPEFM JOUFSQSFUBCJMJUZ� *O NB॑JOF
MFBSOJOH
 UIF DPODFQU PG JOUFSQSFUBCJMJUZ JT CPUI JNQPSUBOU BOE TMJQQFSZ�
FVFࡊ ৻਀
 ৽ 	ৼ৺৻ਂ

 ৽৻ۗ৿ਁ�

<৻ਂ> $ISJTUPQI .PMOBS� ৼ৺ৼ৺� *OUFSQSFUBCMF NBDIJOF MFBSOJOH� -VMV� DPN�

<৻ਃ> 4IFCVUJ 3BZBOB BOE -FNBO "LPHMV� ৼ৺৻਀� -FTT JT NPSF� #VJMEJOH TFMFDUJWF
BOPNBMZ FOTFNCMFT� "DN USBOTBDUJPOT PO LOPXMFEHF EJTDPWFSZ GSPN EBUB
	ULEE
 ৻৺
 ৾ 	ৼ৺৻਀

 ৻ۗ৽৽�

<ৼ৺> -VLBT 3V੖
 3PCFSU 7BOEFSNFVMFO
 /JDP (PFSOJॠ
 -VDBT %FFॐF

4IPBJC "INFE 4JEEJRVJ
 "MFYBOEFS #JOEFS
 &NNBOVFM .¼MMFS
 BOE .BS�
JVT ,MPॏ� ৼ৺৻ਂ� %FFQ POF�DMBTT DMBTTJ੗DBUJPO� *O *OUFSOBUJPOBM DPOGFSFODF
PO NBDIJOF MFBSOJOH� 1.-3
 ৾৽ਃ৽ۗ৾৾৺ৼ�

<ৼ৻> +POBT )FSTLJOE 4FKS BOE "OOB 4॑OFJEFS�,BNQ� ৼ৺ৼ৻� &YQMBJOBCMF PVUMJFS
EFUFDUJPO� 8IBU
 GPS 8IPN BOE 8IZ .BDIJOF -FBSOJOH XJUI "QQMJDB�
UJPOT ਀ 	ৼ৺ৼ৻

 ৻৺৺৻ਁৼ�

<ৼৼ> 8FOH�,FFO 8POH
 "OESFX 8 .PPSF
 (SFHPSZ ' $PPQFS
 BOE .J॑BFM .
8BHOFS� ৼ৺৺৽� #BZFTJBO OFUXPSL BOPNBMZ QB॒FSO EFUFDUJPO GPS EJTFBTF
PVUCSFBLT� *O 1SPDFFEJOHT PG UIF ࣙࣗUI *OUFSOBUJPOBM $POGFSFODF PO .BDIJOF
-FBSOJOH 	*$.-�ࣗࣚ
� ਂ৺ਂۗਂ৻৿�

<ৼ৽> 4IJ॑BP ;IBOH
 9VFMPOH -J
 .JOH ;POH
 9JBPGFOH ;IV
 BOE 3VJMJ 8BOH�
ৼ৺৻ਂ� &ਖ਼DJFOU L// $MBTTJ੗DBUJPO 8JUI %J੖FSFOU /VNCFST PG /FBSFTU
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/FJHICPST� *&&& 5SBOTBDUJPOT PO /FVSBM /FUXPSLT BOE -FBSOJOH 4ZTUFNT
ৼਃ
 ৿ 	ৼ৺৻ਂ

 ৻ਁਁ৾ۗ৻ਁਂ৿� https://doi.org/10.1109/TNNLS.2017.2673241

<ৼ৾> :V ;IBOH
 1FUFS 5JĈP
 "MFġ -FPOBSEJT
 BOE ,F 5BOH� ৼ৺ৼ৻� " TVSWFZ PO
OFVSBM OFUXPSL JOUFSQSFUBCJMJUZ� *&&& 5SBOTBDUJPOT PO &NFSHJOH 5PQJDT JO
$PNQVUBUJPOBM *OUFMMJHFODF 	ৼ৺ৼ৻
�

<ৼ৿> "SUIVS ;JNFL
 3JDBSEP +(# $BNQFMMP
 BOE +¶SH 4BOEFS� ৼ৺৻৾� &OTFNCMFT
GPS VOTVQFSWJTFE PVUMJFS EFUFDUJPO� ॑BMMFOHFT BOE SFTFBS॑ RVFTUJPOT B
QPTJUJPO QBQFS� "DN 4JHLEE &YQMPSBUJPOT /FXTMFࡇFS ৻৿
 ৻ 	ৼ৺৻৾

 ৻৻ۗৼৼ�

<ৼ਀> "SUIVS ;JNFL
 .B॒IFX (BVEFU
 3JDBSEP +(# $BNQFMMP
 BOE +¶SH 4BOEFS�
ৼ৺৻৽� 4VCTBNQMJOH GPS Fਖ਼DJFOU BOE F੖FDUJWF VOTVQFSWJTFE PVUMJFS EFUFD�
UJPO FOTFNCMFT� *O 1SPDFFEJOHT PG UIF ࣘ࣠UI "$. 4*(,%% JOUFSOBUJPOBM DPO�
GFSFODF PO ,OPXMFEHF EJTDPWFSZ BOE EBUB NJOJOH� ৾ৼਂۗ৾৽਀�
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(Title) 

 Ich versichere hiermit an Eides statt, dass ich die 
vorliegende Abschlussarbeit mit dem oben genannten 
Titel selbstständig und ohne unzulässige fremde Hilfe 
erbracht habe. Ich habe keine anderen als die 
angegebenen Quellen und Hilfsmittel benutzt sowie 
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keiner Prüfungsbehörde vorgelegen. 
   

I declare in lieu of oath that I have completed the 
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