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&YFDVUJWF�4VNNBSZ

5FDIOJDBM�SFWJFXT�BSF�B�DPTU�FGGFDUJWF�NFUIPE�DPNNPOMZ�VTFE�UP�EFUFDU�TPGUXBSF�
EFGFDUT�FBSMZ��5P�FYQMPJU�UIFJS�GVMM�QPUFOUJBM
�JU�JT�OFDFTTBSZ�UP�DPMMFDU�NFBTVSFNFOU�
EBUB�UP�DPOTUBOUMZ�NPOJUPS�BOE�JNQSPWF�UIF�JNQMFNFOUFE�SFWJFX�QSPDFEVSF��5IJT�
QBQFS�QPTUVMBUFT�B�NPEFM�PG�UIF�GBDUPST�UIBU�BGGFDU�UIF�OVNCFS�PG�EFGFDUT�
EFUFDUFE�EVSJOH�B�UFDIOJDBM�SFWJFX
�BOE�UFTUT�UIF�NPEFM�FNQJSJDBMMZ�VTJOH�EBUB�
GSPN�B�MBSHF�TPGUXBSF�EFWFMPQNFOU�PSHBOJ[BUJPO��5IF�EBUB�TFU�DPNFT�GSPN�NPSF�
UIBO�����TQFDJGJDBUJPO
�EFTJHO
�BOE�DPEF�SFWJFXT�UIBU�XFSF�QFSGPSNFE�BU�
-VDFOU�T�1SPEVDU�3FBMJ[BUJPO�$FOUFS�GPS�0QUJDBM�/FUXPSLJOH�	13$�0/
�JO�/VFSO�
CFSH
�(FSNBOZ��4JODF�EFWFMPQNFOU�QSPKFDUT�XJUIJO�13$�0/�VTVBMMZ�TQFOE�
CFUXFFO�����BOE�����PG�UIF�UPUBM�EFWFMPQNFOU�FGGPSU�PO�SFWJFXT
�JU�JT�FTTFO�
UJBM�UP�VOEFSTUBOE�UIF�SFMBUJPOTIJQT�BNPOH�UIF�GBDUPST�UIBU�EFUFSNJOF�SFWJFX�
TVDDFTT��0OF�NBKPS�GJOEJOH�PG�UIJT�TUVEZ�JT�UIBU�UIF�OVNCFS�PG�EFUFDUFE�EFGFDUT�
JT�QSJNBSJMZ�EFUFSNJOFE�CZ�UIF�QSFQBSBUJPO�FGGPSU�PG�SFWJFXFST�SBUIFS�UIBO�UIF�
TJ[F�PG�UIF�SFWJFXFE�BSUJGBDU��*O�BEEJUJPO
�UIF�TJ[F�PG�UIF�SFWJFXFE�BSUJGBDU�IBT�
POMZ�MJNJUFE�JOGMVFODF�PO�SFWJFX�FGGPSU��'VSUIFSNPSF
�XF�JEFOUJGJFE�DPOTJTUFOU�
DFJMJOH�FGGFDUT�JO�UIF�SFMBUJPOTIJQ�CFUXFFO�TJ[F�BOE�FGGPSU�XJUI�UIF�OVNCFS�PG�
EFGFDUT�EFUFDUFE��5IFTF�SFTVMUT�TVHHFTU�UIBU�NBOBHFST�BU�13$�0/�NVTU�DPOTJEFS�
BEFRVBUF�QSFQBSBUJPO�FGGPSU�JO�UIFJS�SFWJFX�QMBOOJOH�UP�FOTVSF�IJHI�RVBMJUZ�BSUJ�
GBDUT�BT�XFMM�BT�B�NBUVSF�SFWJFX�QSPDFTT�

,FZXPSET� 5FDIOJDBM�SFWJFXT
�TVDDFTT�GBDUPST
�QBUI�BOBMZTJT�
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� *OUSPEVDUJPO

5FDIOJDBM�SFWJFXT��BSF�B�QSPWFO�BQQSPBDI�UIBU�FOBCMFT�UIF�EFUFDUJPO�BOE�DPSSFD�
UJPO�PG�EFGFDUT�JO�TPGUXBSF�BSUJGBDUT�BT�TPPO�BT�UIFTF�BSUJGBDUT�BSF�DSFBUFE��5IFZ�
OPU�POMZ�JNQSPWF�UIF�RVBMJUZ�PG�UIF�BSUJGBDUT�CVU�BMTP�IFMQ�TPGUXBSF�EFWFMPQNFOU�
PSHBOJ[BUJPOT�SFEVDF�UIFJS�DPTU�PG�QSPEVDJOH�TPGUXBSF��5IJT�TUFNT�GSPN�UIF�GBDU�
UIBU�SFWJFXT�BMMPX�UIF�JEFOUJGJDBUJPO�PG�EFGFDUT�BU�B�TUBHF�XIFSF�UIFZ�BSF�FBTJFS�
BOE�SFMBUJWFMZ�JOFYQFOTJWF�UP�DPSSFDU
�UIFSFCZ�DBVTJOH�UIF�EFWFMPQNFOU�QSPDFTT�UP�
BWPJE�BEEJUJPOBM�SFXPSL�QFOBMUJFT�BTTPDJBUFE�XJUI�EFGFDU�EFUFDUJPO�BU�MBUFS�UFTU�
BOE�JOUFHSBUJPO�TUBHFT��

"U�-VDFOU�T�1SPEVDU�3FBMJ[BUJPO�$FOUFS�GPS�0QUJDBM�/FUXPSLJOH�	13$�0/
�JO�
/VFSOCFSH
�(FSNBOZ
�UIF�SFWJFX�QSPDFTT�JT�BO�FTTFOUJBM�FMFNFOU�PG�UIF�4UBOEBSE�
%FWFMPQNFOU�1SPDFTT�	4%1
��5IF�SFWJFX�QSPDFTT�IBT�CFFO�EFGJOFE�CBTFE�PO�
XPSMEXJEF�QVCMJTIFE�SFWJFX�QSPDFTTFT�<�>�BOE�UIF�TBNF�SFWJFX�QSPDFTT�IBT�CFFO�
BQQMJFE�UP�BMM�NBKPS�MBSHF�TDBMF�EFWFMPQNFOU�QSPKFDUT�TJODF������

5PEBZ
�SFWJFXT�BU�13$�0/�VTVBMMZ�DPOTVNF�CFUXFFO�����BOE�����PG�UIF�UPUBM�
EFWFMPQNFOU�FGGPSU��5IFTF�DPTUT�JODMVEF�RVBMJUZ�BTTVSBODF�	J�F�
�NJMFTUPOF
�
SFWJFXT�BT�XFMM�BT�UFDIOJDBM�SFWJFXT�PO�EPDVNFOUT
�TPGUXBSF�TPVSDFT
�BOE�PUIFS�
BSUJGBDUT�PG�UIF�EFWFMPQNFOU�QSPDFTT��5IJT�NBLFT�UIF�DBTF�UP�VTF�UIF�DPMMFDUFE�
SFWJFX�NFBTVSFNFOU�EBUB�UP�VOEFSTUBOE�BOE�FTUBCMJTI�

SFMBUJPOTIJQT�BNPOH�UIF�GBDUPST�UIBU�EFUFSNJOF�SFWJFX�TVDDFTT��"�HPPE�VOEFS�
TUBOEJOH�CVJMET�UIF�GPVOEBUJPO�GPS�PQUJNJ[BUJPOT�BOE�JNQSPWFNFOUT�PG�UIF�DVS�
SFOU�SFWJFX�BQQSPBDI�BT�XFMM�BT�CFUUFS�NBOBHFNFOU�PG�JU�

*O�UIJT�QBQFS�XF�QPTUVMBUF�B�UIFPSFUJDBM�NPEFM�UIBU�TQFDJGJFT�GBDUPST�UIBU�IBWF�BO�
JNQBDU�PO�SFWJFX�TVDDFTT�BU�13$�0/
�BOE�UIF�GVODUJPOBM�GPSN�PG�UIFTF�SFMBUJPO�
TIJQT��5IF�GBDUPST�UIBU�XF�GPDVT�PO�BSF�UIPTF�UIBU�IBWF�CFFO�TVHHFTUFE�JO�UIF�
MJUFSBUVSF�UP�IBWF�B�TUSPOH�JOGMVFODF�PO�SFWJFX�TVDDFTT��QSFQBSBUJPO�FGGPSU�BOE�UIF�
TJ[F�PG�UIF�JOTQFDUFE�EPDVNFOU��3FWJFX�TVDDFTT�JT�EFGJOFE�BT�UIF�OVNCFS�PG�
EFGFDUT�EFUFDUFE�EVSJOH�UIF�SFWJFX��

0VS�BOBMZTJT�JT�CBTFE�PO�EBUB�GSPN�NPSF�UIBO�����TQFDJGJDBUJPO
�EFTJHO
�BOE�DPEF�
SFWJFXT�QFSGPSNFE�BU�13$�0/��5IJT�BGGPSET�VT�UIF�PQQPSUVOJUZ�UP�JEFOUJGZ�DPOTJT�
UFOU�SFMBUJPOTIJQT�BDSPTT�EJGGFSFOU�UZQFT�PG�SFWJFXT
�VOMJLF�QSFWJPVT�SFTFBSDI�XIJDI�
GPDVTFE�MBSHFMZ�PO�DPEF�SFWJFXT�POMZ
�F�H�
�<�>�<��>��'BJMVSF�PG�UIF�NPEFM�UP�GJU�UIF�

� 0UIFS�UFSNT�TVDI�BT�GPSNBM�UFDIOJDBM�SFWJFX�PS�TPGUXBSF�JOTQFDUJPO�DPVME�IBWF�CFFO�VTFE�IFSF��
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DPMMFDUFE�EBUB�SFTVMUT�JO�JUT�GBMTJGJDBUJPO�JO�UIJT�FOWJSPONFOU
�XIJMF�B�HPPE�GJU�
BMMPXT�UIF�NPEFM�UP�TVSWJWF
�CVU�OPU�CF�QSPWFO
�TJODF�PUIFS�NPEFMT�NJHIU�QSPWJEF�
FRVBM�PS�CFUUFS�GJUT�

#SJFGMZ
�PVS�SFTVMUT�JOEJDBUF�UIBU�BSUJGBDU�TJ[F�IBT�POMZ�MJNJUFE�JOGMVFODF�PO�CPUI�
QSFQBSBUJPO�FGGPSU�PG�SFWJFXFST�BOE�UIF�OVNCFS�PG�EFUFDUFE�EFGFDUT��*U�JT�SBUIFS�
UIF�FGGPSU�TQFOU�GPS�QSFQBSBUJPO�UIBU�JT�GPVOE�UP�CF�B�NPSF�TJHOJGJDBOU�GBDUPS�JOGMV�
FODJOH�UIF�OVNCFS�PG�EFUFDUFE�EFGFDUT��'VSUIFSNPSF
�XF�JEFOUJGJFE�DPOTJTUFOU�
DFJMJOH�FGGFDUT�JO�UIF�SFMBUJPOTIJQ�CFUXFFO�TJ[F�BOE�FGGPSU�XJUI�UIF�OVNCFS�PG�
EFGFDUT�EFUFDUFE��5IF�DPOTJTUFODZ�PG�UIFTF�SFTVMUT�BDSPTT�EJGGFSFOU�BSUJGBDU�UZQFT�
IBT�OPU�CFFO�SFQPSUFE�QSFWJPVTMZ�

5IF�QBQFS�JT�PSHBOJ[FE�BT�GPMMPXT��4FDUJPO���FMBCPSBUFT�JO�NPSF�EFUBJM�UIF�UIFP�
SFUJDBM�NPEFM�XF�EJTUJMMFE�GSPN�UIF�MJUFSBUVSF��4FDUJPO���QSFTFOUT�UIF�SFTFBSDI�
NFUIPE��5IF�QSFTFOUBUJPO�JODMVEFT�B�EJTDVTTJPO�PG�UIF�-VDFOU�FOWJSPONFOU
�UIF�
SFWJFX�QSPDFTT�BU�-VDFOU
�BOE�UIF�NFBTVSFNFOU�QSPDFEVSF
�BOE�UIF�BOBMZTJT�UFDI�
OJRVFT��4FDUJPO���JMMVTUSBUFT�UIF�EBUB�BOBMZTJT�FGGPSU�BOE�JUT�SFTVMUT��4FDUJPO���
CSJFGMZ�EJTDVTTFT�UIF�GJOEJOHT��'JOBMMZ
�4FDUJPO���DPODMVEFT�XJUI�B�TVNNBSZ�BOE�
EJSFDUJPOT�GPS�GVUVSF�XPSL�
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� #BDLHSPVOE

��� .PUJWBUJPO

"T�B�EJTDJQMJOF�NBUVSFT
�FNQJSJDBM�XPSL�TIPVME�CF�QFSGPSNFE�UP�JOWFTUJHBUF�UIF�
WFSBDJUZ�PG�QPTUVMBUFE�UIFPSFUJDBM�NPEFMT��"�UIFPSFUJDBM�NPEFM�QSPWJEFT�POF�PS�
NPSF�IZQPUIFUJDBM�QSFEJDUJPOT�UIBU�NBZ�CF�UFTUFE�CZ�DPMMFDUFE�EBUB��5FTUJOH�B�UIF�
PSFUJDBM�NPEFM�JT�QBSUJDVMBSMZ�CFOFGJDJBM�GPS�UIF�JOWFTUJHBUJPO�PG�TPGUXBSF�SFWJFXT�
EVF�UP�UIF�GPMMPXJOH�UISFF�SFBTPOT��'JSTU
�QSBDUJUJPOFST�BT�XFMM�BT�SFTFBSDIFST�HBJO�
JOTJHIU�JOUP�UIF�NBJO�GBDUPST�JOGMVFODJOH�SFWJFX�TVDDFTT��5IJT�JOTJHIU�DBO�BOE�
TIPVME�CF�UIF�GPVOEBUJPO�BT�XFMM�BT�UIF�USJHHFS�GPS�JNQSPWFNFOU�BDUJWJUJFT��4FD�
POE
�UIF�NPEFMT�PGGFS�SFTFBSDIFST�UIF�VOJRVF�PQQPSUVOJUZ�UP�JOUFHSBUF�UIFJS�PXO�
XPSL�JOUP�B�CSPBEFS�DPOUFYU�BOE�UP�IJHIMJHIU�IJT�PS�IFS�NFUIPEPMPHJDBM�PS�FNQJS�
JDBM�DPOUSJCVUJPO�JO�B�TZTUFNBUJD�NBOOFS��'JOBMMZ
�JO�UIF�MPOH�SVO
�UIF�DPOTUBOU�
SFGJOFNFOU�PG�UIPTF�NPEFMT�BMMPXT�B�TZTUFNBUJD�BDDVNVMBUJPO�PG�LOPXMFEHF
�
XIJDI�NBLFT�UFDIOJDBM�SFWJFXT�BO�FWFO�NPSF�FGGFDUJWF�BQQSPBDI�GPS�PWFSDPNJOH�
TPGUXBSF�RVBMJUZ�EFGJDJFODJFT�BOE�DPTU�PWFSSVOT�

'PS�UIF�EFWFMPQNFOU�PG�UIFPSFUJDBM�NPEFMT�GPS�SFWJFX�TVDDFTT
�B�SFTFBSDIFS�NVTU�
LFFQ�JO�NJOE�UIBU�UIF�NPTU�TVDDFTTGVM�SFWJFX�BQQSPBDI�JT�UIF�POF�UIBU�IFMQT�UP�
GJOE�NPTU�PG�UIF�EFGFDUT�JO�UIF�SFWJFXFE�BSUJGBDU�BOE�IBT�BO�PQUJNBM�DPTU�CFOFGJU�
SBUJP���'PS�CPUI�QVSQPTFT
�UIF�OVNCFS�PG�EFUFDUFE�EFGFDUT�JT�POF�PG�UIF�LFZ�NFB�
TVSFT��#VU�JU�OFFET�UP�CF�JOUFSQSFUFE�JO�B�NFBOJOHGVM�XBZ�CFDBVTF�B�IJHI�OVNCFS�
PG�EFGFDUT�NBZ�FJUIFS�JOEJDBUF�IJHIMZ�FGGFDUJWF�SFWJFXT�PS�IJHI�EFGFDU�JOKFDUJPOT��"�
MPX�OVNCFS�PG�EFGFDUT
�PO�UIF�PUIFS�IBOE
�NBZ�JOEJDBUF�QPPS�SFWJFXT�PS�B�IJHI�
NBUVSJUZ�PG�UIF�TPGUXBSF�EFWFMPQNFOU�PSHBOJ[BUJPO��*G�GVSUIFS�WBSJBCMFT�BSF�NFB�
TVSFE�BOE�UIF�WBSJBCMFT�BSF�MPPLFE�BU�UPHFUIFS�XJUIJO�UIF�DPOUFYU�PG�B�UIFPSFUJDBM�
NPEFM
�XF�DBO�FYUSBDU�VTFGVM�JOGPSNBUJPO�GPS�SFWJFX�JNQSPWFNFOU��

"MUIPVHI�UIFSF�NJHIU�CF�B�MJNJUMFTT�OVNCFS�PG�GBDUPST�UIBU�JOEVDF�WBSJBUJPOT�PO�
UIF�OVNCFS�PG�EFGFDUT
�UIF�CPEZ�PG�FYJTUJOH�SFWJFX�XPSL�IBT�JO�HFOFSBM�SFWFBMFE�
UXP�NBKPS�POFT��1SFQBSBUJPO�FGGPSU�BOE�TJ[F�PG�UIF�SFWJFXFE�BSUJGBDU��)PXFWFS
�UIF�
NBOZ�FNQJSJDBM�GJOEJOHT
�TVDI�BT�UIF�POFT�DPOTPMJEBUFE�JO�<��>
�IBWF�SBSFMZ�CFFO�
JOWFTUJHBUFE�JO�UIF�DPOUFYU�PG�B�UIFPSFUJDBM�NPEFM��"O�FYDFQUJPO�JT�1PSUFS�FU�BM�lT�
XPSL�<��>��5IFZ�QSFTFOU�B�DBVTF�BOE�FGGFDU�EJBHSBN�PG�UIF�SFWJFX�QSPDFTT�BT�B�
TUBSUJOH�QPJOU�GPS�VOEFSTUBOEJOH�UIF�TPVSDFT�PG�WBSJBUJPOT�JO�DPEF�SFWJFXT�XJUIJO�
POF�QBSUJDVMBS�EFWFMPQNFOU�QSPKFDU��5IFZ�GPDVTFE�UIFJS�BUUFOUJPO�PO�UISFF�GBD�

� "�UIJSE�DSJUFSJB�BDDPSEJOH�UP�7PUUB�JT�UIF�EVSBUJPO�PG�B�SFWJFX�<��>��)PXFWFS
�UIJT�DSJUFSJB�JT�OPU�DPOTJEFSFE

JO�UIJT�TUVEZ�
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UPST
�UIBU�JT
�SFWJFXFST
�BVUIPST
�BOE�DPEF�VOJUT
�XIJDI�UIFZ�GPVOE�UP�CF�TJHOJGJ�
DBOU��.PSFPWFS
�UIFZ�TUBUFE�UIBU�mGVSUIFS�JOWFTUJHBUJPO�JT�OFFEFE�UP�RVBOUJGZ�UIF�
FGGFDU�PG�QSFQBSBUJPO�UJNF�PO�EFGFDUT�GPVOE�BT�XFMM�BT�UIF�FGGFDU�PG�EFGFDUT�GPVOE�
PO�QSFQBSBUJPO�UJNFn��5IJT�XJMM�CF�FYBNJOFE�BT�QBSU�PG�PVS�TUVEZ��)FODF
�XF�FMBC�
PSBUFE�PO�FMFNFOUT�PG�1PSUFS�FU��BMlT�NPEFM�BOE�QSFTFOU�TPNF�GVSUIFS�SFTVMUT�

��� "�5IFPSFUJDBM�.PEFM�GPS�&YQMBJOJOH�UIF�/VNCFS�PG�%FUFDUFE�%FGFDUT

5IF�OVNCFS�PG�EFUFDUFE�EFGFDUT�DBO�CF�NPEFMFE�JO�UIF�GPSN�PG�B�QBUI�EJBHSBN�
<��>�BT�QSFTFOUFE�JO�'JHVSF����

'JHVSF���

1BUI�%JBHSBN�'PS�

&YQMBJOJOH�%FGFDUT

"O�BSSPX�MJOLJOH�B�HJWFO�QBJS�PG�WBSJBCMFT�	9
:
�JOEJDBUFT�UIF�BTTVNQUJPO�BCPVU�B�
EJSFDU�DBVTBM�MJOL�CFUXFFO�UIFTF�WBSJBCMFT��)FODF
�JU�NVTU�CF�JOUFSQSFUFE�BT�B�
IZQPUIFUJDBM�TUBUFNFOU�PG�UIF�GPSN�mBO�JODSFBTF�JO�9�JT�FYQFDUFE�UP�QSPEVDF�
	DBVTF
�BO�JODSFBTF�JO�:n��5IF�UFSNT�F��BOE�F��SFQSFTFOU�FSSPS�UFSNT�PG�UIF�NPEFM��
8F�IBWF�UP�TUBUF�UIBU�UIJT�EPFT�OPU�JNQMZ�UIBU�UIF�SFMBUJPOTIJQT�BSF�OFDFTTBSJMZ�
MJOFBS�BOE�BEEJUJWF��0ODF�EBUB�BSF�BWBJMBCMF
�JU�JT�POF�QVSQPTF�PG�UIF�BOBMZTJT�FGGPSU�
UP�EFUFSNJOF�UIF�PQUJNBM�GVODUJPOBM�TIBQF�

5IF�IZQPUIFUJDBM�NPEFM�JO�'JHVSF���DBO�CF�FYQMBJOFE�JO�UIF�GPMMPXJOH�NBOOFS�

)ZQPUIFTJT�)���5IF�MBSHFS�UIF�FGGPSU�GPS�EFGFDU�EFUFDUJPO�	J�F�
�UIF�QSFQB�
SBUJPO�FGGPSU
�UIF�NPSF�EFGFDUT�BSF�EFUFDUFE�

8F�BTTVNF�IFSF�UIBU�QSFQBSBUJPO�FGGPSU�JT�BO�JNQPSUBOU�GBDUPS�PO�UIF�OVNCFS�PG�
EFGFDUT�EFUFDUFE��1SFQBSBUJPO�FGGPSU�JT�UIF�FGGPSU�UIF�SFWJFXFST�JOEJWJEVBMMZ�TQFOE�
GPS�TDSVUJOJ[JOH�UIF�BSUJGBDUT�GPS�EFGFDUT��5IF�SFMBUJPOTIJQ�CFUXFFO�SFWJFX�FGGPSU�
BOE�OVNCFS�PG�EFGFDUT�JT�EVF�UP�UIF�FGGFDU�PG�NPSF�SFWJFXFST�JOTQFDUJOH�B�EPDV�
NFOU�	UIF�NPSF�SFWJFXFST�UIF�NPSF�EFGFDUT�BSF�GPVOE

�BOE�BMTP�EVF�UP�UIF�
JODSFBTFE�FGGPSU�TQFOU�CZ�UIF�SFWJFXFST�MPPLJOH�GPS�EFGFDUT��8F�FYBNJOF�FBDI�PG�
UIFTF�JO�UVSO�

8F�NBLF�UIF�BTTVNQUJPO�UIBU�BMM�SFWJFXFST�IBWF�UIF�TBNF�QSPCBCJMJUZ
� 
�PG�

Preparation 
Effort

e1

Number of 
Defects

e2

Size

p
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EFUFDUJOH�B�EFGFDU��5IJT�BTTVNQUJPO�JT�OPU�OFDFTTBSZ�BOE�PVS�JOGFSFODFT�XJMM�TUJMM�
IPME�PUIFSXJTF
�IPXFWFS�JU�EPFT�MFOE�JUTFMG�UP�BMHFCSBJD�TJNQMJDJUZ��

5IF�QSPCBCJMJUZ�GPS�B�SFWJFX�UFBN�XJUI� �SFWJFXFST�PG�GJOEJOH�B�EFGFDU�JT�HJWFO�CZ�

	FR���


'PS�FYBNQMF
�GPS� �UIF�QSPCBCJMJUZ�GPS�B�SFWJFXFS�PG�GJOEJOH�B�EFGFDU�JT� �
BOE�PG�OPU�GJOEJOH�B�EFGFDU�JT� ��5IF�QSPCBCJMJUZ�PG�FJUIFS�SFWJFXFS�GJOEJOH�B�
EFGFDU�PS�CPUI�GJOEJOH�B�EFGFDU�JT�HJWFO�CZ

	FR���


XIJDI�JT�UIF�FRVBUJPO�UIBU�XF�IBWF�BCPWF��-FU�VT�TBZ�UIBU� 
�UIFO�UIF�QMPU�
PG�UIF�QSPCBCJMJUZ�PG�UIF�SFWJFX�UFBN�EFUFDUJOH�B�EFGFDU�BHBJOTU�UIF�OVNCFS�PG�
SFWJFXFST�JT�TIPXO�JO�'JHVSF���

'JHVSF���

%FGFDU�%FUFDUJPO�

1SPCBCJMJUZ�BHBJOTU�

UIF�/VNCFS�PG�

3FWJFXFST

"T�DBO�CF�TFFO�GSPN�UIF�QMPU
�UIF�QSPCBCJMJUZ�PG�EFGFDU�EFUFDUJPO�XPVME�JODSFBTF�
BT�UIF�OVNCFS�PG�SFWJFXFST�JODSFBTFT
�CVU�UIFSF�JT�B�DFJMJOH�FGGFDU��5IFSF�DPNFT�B�
QPJOU�XFSF�UIF�BEEJUJPO�PG�NPSF�SFWJFXFST�XJMM�MFBE�UP�SFMBUJWFMZ�MFTT�EFGFDUT�CFJOH�
EFUFDUFE�

5IF�TUBUFE�SFMBUJPOTIJQ�GPS�JOEJWJEVBM�SFWJFXFS�FGGPSU�DBO�CF�FYQMBJOFE�CZ�UIF�GBDU�
UIBU�NPSF�FGGPSU�BMMPXT�GPS�B�CFUUFS�VOEFSTUBOEJOH�PG�UIF�SFWJFXFE�BSUJGBDU
�XIJDI�
EJSFDUMZ�USBOTMBUFT�UP�NPSF�EFUFDUFE�EFGFDUT��)PXFWFS
�XF�BTTVNF�B�DFJMJOH�FGGFDU
�
J�F
�UIF�OVNCFS�PG�EFUFDUFE�EFGFDUT�MFWFMT�PGG�BGUFS�B�DFSUBJO�BNPVOU�PG�FGGPSU�IBT�
CFFO�TQFOU�GPS�QSFQBSBUJPO��5IF�DFJMJOH�FGGFDU�NBZ�CF�FYQMBJOFE�CZ�UIF�GPMMPXJOH�
UISFF�SFBTPOT��'JSTU
�BGUFS�B�DFSUBJO�BNPVOU�PG�FGGPSU�FYQFOEFE
�XF�XPVME�FYQFDU�
UIF�SFWJFXFST�UP�HFU�UJSFE
�BOE�FWFO�JG�UIFZ�TQFOE�GVSUIFS�FGGPSU
�UIFZ�XJMM�OPU�CF�
BCMF�UP�GJOE�NBOZ�NPSF�EFGFDUT��4FDPOE
�PUIFS�QSPKFDU�HPBMT
�TVDI�BT�JNQPSUBOU�
EFBEMJOFT�BOE�UIF�SFTVMUJOH�UJNF�QSFTTVSF
�BSF�QFSDFJWFE�NPSF�JNQPSUBOU�BOE�NBZ�

k

L

J 
 QJ �( Q )L J–

–

J ��

L

∑

L �� Q
� Q–

Q ��Q( ) ��Q( )Q Q���

Q ����
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TFU�B�OBUVSBM�UISFTIPME�GPS�UIF�QSFQBSBUJPO�FGGPSU�PG�SFWJFXFST��"OE�UIJSE
�EFGFDUT�
EFUFDUFE�MBUFS�JO�UIF�QSFQBSBUJPO�QSPDFTT�BSF�VTVBMMZ�NPSF�EJGGJDVMU�UP�EFUFDU��
)FODF
�NPSF�FGGPSU�NVTU�CF�JOWFTUFE�GPS�UIFJS�EFUFDUJPO�

5IF�WBMJEJUZ�PG�UIF�IZQPUIFUJDBM�JOEJWJEVBM�FGGPSU�SFMBUJPOTIJQ�IBT�CFFO�PCTFSWFE�
TFWFSBM�UJNFT�JO�QSBDUJDF��1PSUFS�FU��BM�<��>�JOWFTUJHBUFE�DPEF�SFWJFXT�BOE�GPVOE�
UIBU�JOEJWJEVBM�QSFQBSBUJPO�IBT�B�TJHOJGJDBOU�JNQBDU�PO�UIF�OVNCFS�PG�EFUFDUFE�
EFGFDUT��5IJT�MFE�UIFN�UP�DPODMVEF�UIBU�CFUUFS�QSFQBSBUJPO�UFDIOJRVFT�	J�F�
�SFBE�
JOH�UFDIOJRVFT�<�>
�SBUIFS�UIBO�SFWJFX�QSPDFTT�WBSJBUJPOT�NBZ�TJHOJGJDBOUMZ�
JNQSPWF�DVSSFOU�SFWJFX�JNQMFNFOUBUJPOT�<��>��$ISJTUFOTPO�FU��BM�TUBUF�UIBU�FGGFD�
UJWF�DPEF�SFWJFXT�XFSF�UIPTF�UIBU�NFU�UIF�SFDPNNFOEFE�QSFQBSBUJPO�FGGPSU�<�>��
3B[�BOE�:PVOH�DPSSPCPSBUFE�UIJT�GJOEJOH�GPS�EFTJHO�BOE�DPEF�SFWJFXT�<��>��5IFZ�
GPVOE�SFWJFXT�XJUIPVU�TVGGJDJFOU�QSFQBSBUJPO�UP�CF�OPU�GVMMZ�FGGFDUJWF�

5IF�IZQPUIFTJT
�IPXFWFS
�NBLFT�UIF�BTTVNQUJPO�UIBU�EFGFDU�EFUFDUJPO�JT�NPSF�BO�
JOEJWJEVBM�UIBO�B�HSPVQ�BDUJWJUZ��8F�BSF�BXBSF�UIBU�UIF�PSHBOJ[BUJPO�PG�UIF�EFGFDU�
EFUFDUJPO�BDUJWJUZ�PG�SFWJFXT�JT�TUJMM�EFCBUFE�JO�UIF�MJUFSBUVSF��.PSF�TQFDJGJDBMMZ
�UIF�
JTTVF�JT�XIFUIFS�EFGFDU�EFUFDUJPO�JT�NPSF�BO�JOEJWJEVBM�BDUJWJUZ�BOE�IFODF�TIPVME�
CF�QFSGPSNFE�JOEJWJEVBMMZ
�PS�XIFUIFS�EFGFDU�EFUFDUJPO�JT�B�HSPVQ�BDUJWJUZ�BOE�
TIPVME�UIFSFGPSF�CF�DPOEVDUFE�BT�QBSU�PG�B�HSPVQ�NFFUJOH��'PMMPXJOH�'BHBOlT�
BQQSPBDI�<�>�B�HSPVQ�NFFUJOH�QSPWJEFT�B�TZOFSHZ�FGGFDU��5IJT�MFBET�UP�UIF�BTTVNQ�
UJPO�UIBU�HSPVQ�NFFUJOHT�IFMQ�EFUFDU�NPSF�EFGFDUT��*O�UIJT�DBTF�POF�NVTU�SBUIFS�
DPOTJEFS�UIF�QSFQBSBUJPO�FGGPSU�BOE�UIF�NFFUJOH�FGGPSU��"�DBVTBM�NPEFM�UP�FYQMBJO�
UIF�MBUUFS�DBO�CF�GPVOE�JO�<��>��)PXFWFS
�PUIFST�GPVOE�MJUUMF�TZOFSHZ�JO�B�NFFUJOH�
CBTFE�PSHBOJ[BUJPO�<��>��5IFZ�SBUIFS�QPJOU�PVU�UIBU�JOEJWJEVBM�QSFQBSBUJPO�JT�LFZ��
'PMMPXJOH�UIJT�BSHVNFOUBUJPO
�B�HSPVQ�NFFUJOH�EPFT�OPU�OFDFTTBSJMZ�IFMQ�EFUFDU�
NPSF�EFGFDUT��4JODF�XF�PCTFSWFE�UIF�MBUUFS�BU�13$�0/
�XF�GPDVT�PO�QSFQBSBUJPO�
FGGPSU�JO�UIJT�TUVEZ�

)ZQPUIFTJT�)���5IF�MBSHFS�UIF�TJ[F�PG�B�SFWJFXFE�BSUJGBDU
�UIF�NPSF�EFGFDUT�
BSF�EFUFDUFE�JO�JUT�SFWJFX�

8F�BTTVNF�IFSF�UIBU�UIF�TJ[F�PG�UIF�SFWJFXFE�BSUJGBDU�JT�B�TFDPOE�DSVDJBM�GBDUPS�
GPS�UIF�OVNCFS�PG�EFGFDUT�GPVOE��5IF�SBUJPOBMF�CFIJOE�UIJT�SFMBUJPOTIJQ�JT�UIBU�
MBSHFS�BSUJGBDUT�BSF�FYQFDUFE�UP�CF�NPSF�DPNQMFY�BOE�EVF�UP�UIFJS�TJ[F
�DSFBUF�
NPSF�PQQPSUVOJUJFT�GPS�EFGFDUT�UP�CF�JOUSPEVDFE��5IFSFGPSF�B�SFMBUJPOTIJQ�
CFUXFFO�TJ[F�BOE�UIF�OVNCFS�PG�EFGFDUT�JT�BOUJDJQBUFE��)PXFWFS
�EFTQJUF�BOZ�
DPOWFOUJPOBM�XJTEPN
�B�DFJMJOH�FGGFDU�DBO�BMTP�CF�PCTFSWFE�JO�UIJT�SFMBUJPOTIJQ��
&NQJSJDBM�FWJEFODF�JNQMJFT�UIBU�MBSHFS�BSUJGBDUT�BSF�QSPQPSUJPOBMMZ�MFTT�EFGFDU�
QSPOF�UIBO�TNBMMFS�POFT��-FT�)BUUPO�EFTDSJCFT�TFWFSBM�FNQJSJDBM�TUVEJFT�JO�XIJDI�
UIJT�FGGFDU�DPVME�CF�PCTFSWFE�<��>��.PSFPWFS
�,FMMZ�FU�BM��TUBUF�UIBU�JODSFBTJOH�UIF�
OVNCFS�PG�QBHFT�BU�POF�UJNF�EFDSFBTFT�UIF�OVNCFS�PG�EFGFDUT�GPVOE�<��>��$ISJT�
UFOTPO�FU��BM�EFNPOTUSBUFE�UIF�WBSJBODF�PG�UIF�EFGFDU�EFOTJUZ�UP�CF�JOWFSTFMZ�QSP�
QPSUJPOBM�UP�UIF�TJ[F�PG�UIF�VOJU�PG�DPEF�<�>���:FU
�NPTU�PG�UIFTF�GJOEJOHT�BSF�
MJNJUFE�UP�DPEF�BSUJGBDUT�BOE�JUT�BO�PQFO�RVFTUJPO�XIFUIFS�UIFZ�TDBMF�VQ�UP�BSUJ�
GBDUT�QSPEVDFE�FBSMZ�JO�UIF�MJGF�DZDMF
�TVDI�BT�TQFDJGJDBUJPO�PS�EFTJHO�EPDVNFOUT�
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)ZQPUIFTJT�)���5IF�MBSHFS�UIF�TJ[F�PG�B�SFWJFXFE�BSUJGBDU
�UIF�NPSF�QSFQ�
BSBUJPO�FGGPSU�JT�TQFOE�

8F�BTTVNF�IFSF�UIBU�UIF�QSFQBSBUJPO�FGGPSU�JT�QSJNBSJMZ�EFUFSNJOFE�CZ�UIF�TJ[F�PG�
UIF�SFWJFXFE�BSUJGBDUT��"�SFMBUJPOTIJQ�CFUXFFO�TJ[F�BOE�FGGPSU�JT�FYQFDUFE�GPS�UXP�
SFBTPOT��'JSTU
�XIFOFWFS�B�MBSHFS�EPDVNFOU�JT�CFJOH�SFWJFXFE�UIFSF�JT�B�UFOEFODZ�
UP�BTTJHO�NPSF�SFWJFXFST�UP�XPSL�PO�JU
�BOE�IFODF�UIF�FGGPSU�XJMM�JODSFBTF��#VU�
BMTP
�BU�UIF�JOEJWJEVBM�MFWFM
�XF�XPVME�FYQFDU�UIBU�B�MBSHFS�EPDVNFOU�XPVME�UBLF�
MPOHFS�UP�SFWJFX�TJODF�UIF�JOGPSNBUJPO�DPOUFOU�JT�MBSHFS�

"HBJO�XF�XPVME�FYQFDU�B�DFJMJOH�FGGFDU�GPS�XIJDI�GBUJHVF�FGGFDUT�BOE�UIF�MPTT�PG�
NPUJWBUJPO�BSF�QPTTJCMF�FYQMBOBUJPOT��#FDBVTF�PG�UIF�DFJMJOH�FGGFDU�MBSHFS�BSUJGBDUT�
NBZ�UFOE�UP�SFDFJWF�QSPQPSUJPOBMMZ�MFTT�QSFQBSBUJPO�FGGPSU�UIBO�TNBMM�POFT�	XJUI�
JUT�EFUSJNFOUBM�FGGFDU�PO�UIF�OVNCFS�PG�EFUFDUFE�EFGFDUT
��5IF�MBUUFS�IBT�CFFO�
SFQPSUFE
�GPS�FYBNQMF
�CZ�$ISJTUFOTPO�FU�BM��<�>��

� )PXFWFS
�$ISJTUFOTPO�FU��BMlT�GJOEJOHT�OFFE�UP�CF�JOUFSQSFUFE�DBSFGVMMZ�TJODF�UIFZ�VTFE�UIF�TJ[F�WBSJBCMF

PO�CPUI�TJEFT�PG�UIF�FRVBUJPO��
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� 3FTFBSDI�.FUIPE

5IJT�TFDUJPO�EFTDSJCFT�UIF�SFTFBSDI�DPOUFYU�BU�13$�0/�BT�XFMM�BT�UIF�NFBTVSF�
NFOU
�EBUB�DPMMFDUJPO
�BOE�EBUB�WBMJEBUJPO�BQQSPBDI��'JOBMMZ
�JU�QSFTFOUT�PVS�BOBM�
ZTJT�NFUIPE�

��� %FWFMPQNFOU�&OWJSPONFOU

5IF�CBTJD�XPSLGMPX�BSPVOE�UIF�SFWJFX�QSPDFTT�BU�13$�0/�JT�EFQJDUFE�JO�'JHVSF����
5IF�TUBOEBSE�EFWFMPQNFOU�QSPDFTT�	4%1
�SFRVJSFT�DFSUBJO�SFWJFXT�JO�DFSUBJO�TUBHFT�
PG�B�EFWFMPQNFOU�QSPKFDU��"MM�BSUJGBDUT�BOE�UIFJS�RVBMJUZ�DIFDLJOH�BDUJWJUJFT�
	SFWJFXT
�UFTUJOH
�NVTU�CF�QMBOOFE�BOE�TDIFEVMFE�CZ�UIF�SFTQFDUJWF�UFBNMFBEFS�JO�
DIBSHF�PG�EFWFMPQJOH�B�TVCTZTUFN��0ODF�B�EFMJWFSBCMF�JT�SFBEZ�	GSPN�B�EFWFMPQFSl�
T�QPJOU�PG�WJFX

�UIF�UFBNMFBEFS�EFMFHBUFT�SFWJFX�DPOUSPM�UP�B�RVBMJGJFE�NPEFSB�
UPS��5IF�NPEFSBUPS�JT�SFTQPOTJCMF�GPS�UIF�TFMFDUJPO�PG�UIF�SJHIU�NJY�PG�FYQFSUT�GPS�
B�SFWJFX�UFBN
�BOE�GPS�UIF�TVDDFTT�BOE�QFSGPSNBODF�PG�B�SFWJFX��

5IFSF�BSF�OP�HVJEFMJOFT�BU�13$�0/�PO�IPX�NBOZ�SFWJFXFST�UP�JOWJUF�UP�B�SFWJFX��
)FODF
�UIF�OVNCFS�PG�SFWJFXFST�JT�EFUFSNJOFE�CZ�UIF�BWBJMBCJMJUZ�PG�QFPQMF
�
QSPKFDU�DPOTUSBJOUT
�BOE�UIF�SFWJFXFE�BSUJGBDU�JUTFMG��5IF�SFWJFXFST�UIFNTFMWFT�VTV�
BMMZ�IBWF�B�IJHI�MFWFM�PG�FYQFSJFODF�BOE�DBO�CF�DPOTJEFSFE�FYQFSUT�GPS�UIF�
SFWJFXFE�BSUJGBDU��

"QBSU�GSPN�UIF�NPEFSBUPS�SPMF
�PUIFS�SPMFT�JO�UIF�SFWJFX�QSPDFTT�BSF

o SFDPSEFS���SFDPSET�EFGFDUT�JO�UIF�EFGFDU�MJTU�

o DIFDLFS���WFSJGJFT�DPSSFDUOFTT�BOE�DPNQMFUFOFTT�PG�UIF�SFXPSLFE�BSUJGBDU�BGUFS�
UIF�SFWJFX�NFFUJOH
�

o SFWJFXFS���QSPCFT�UIF�BSUJGBDU�GPS�EFGFDUT�BOE�SFQPSUT�UIFN�JO�UIF�SFWJFX�
NFFUJOH��5IF�BVUIPS�PS�UIF�NPEFSBUPS�NBZ�BMTP�BDU�BT�B�SFWJFXFS�

5IF�SFWJFX�QSPDFTT�JUTFMG�JT�EFGJOFE�JO�B�OVNCFS�PG�TUBOEBSE�QIBTFT
�J�F�
�QMBOOJOH
�
LJDL�PGG�BOE�PWFSWJFX
�QSFQBSBUJPO�	PG�SFWJFXFST

�EFGFDU�MPHHJOH�JO�B�HSPVQ�NFFU�
JOH
�SFXPSL
�BOE�DIFDLJOH��

5IF�SFWJFX�QSPDFTT�JT�NBOEBUPSZ�GPS�BMM�OFXMZ�EFWFMPQFE�BOE�TJHOJGJDBOUMZ�
DIBOHFE�BSUJGBDUT��)PXFWFS
�TJODF�BMM�DIBOHFT�NVTU�CF�HVBSEFE�CZ�NPEJGJDBUJPO�
SFRVFTUT�	.3T

�OPU�FWFSZ�TNBMM�DIBOHF�USJHHFST�B�SFWJFX�
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��� .FBTVSFNFOU

5IF�NFUSJDT�UIBU�BSF�DPMMFDUFE�JO�TPGUXBSF�DPNQPOFOU�SFWJFXT�BU�13$�0/�BSF�
SFWJFX�UZQF
�FGGPSU
�TJ[F
�EFGFDUT
�BOE�UIF�OVNCFS�PG�SFWJFXFST��5IFTF�DBO�CF�DIBS�
BDUFSJ[FE�BT�GPMMPXT��

o 5ZQF�PG�SFWJFX��$PNQPOFOU�TQFDJGJDBUJPO�SFWJFXT
�DPNQPOFOU�EFTJHO�SFWJFXT
�
PS�DPEF�SFWJFXT�

o 4J[F�PG�SFWJFXFE�BSUJGBDU���NFBTVSFE�JO�EPDVNFOU�QBHFT�PS�OPODPNNFOUBSZ�
TPVSDF�MJOFT�	/$4-
�

o 1SFQBSBUJPO�FGGPSU�PG�BMM�SFWJFXFST

o .FFUJOH�FGGPSU�	GPS�UIF�LJDL�PGG�BOE�UIF�SFWJFX�NFFUJOH


o /VNCFS�PG�SFQPSUFE�EFGFDUT��"MUIPVHI�B�EJTUJODUJPO�JT�NBEF�JO�NBKPS�BOE�
NJOPS�EFGFDUT
�XF�GPDVT�JO�UIJT�TUVEZ�PO�UIF�UPUBM�OVNCFS�PG�EFGFDUT��5IJT�
TUFNT�GSPN�UIF�GBDU�UIBU�XF�XBOU�UP�EFUFSNJOF�UIF�JOGMVFOUJBM�GBDUPST�PO�
SFWJFX�TVDDFTT�SBUIFS�UIBO�QFSGPSN�B�DPTU�CFOFGJU�BOBMZTJT�GPS�SFWJFXT�JO�
XIJDI�B�EJTUJODUJPO�BDDPSEJOH�UP�EFGFDU�DSJUJDBMJUZ�JT�IFMQGVM��.PSFPWFS
�NJOPS�
EFGFDUT�XFSF�GPVOE�UP�BMTP�QSPWJEF�B�DPOUSJCVUJPO�UPXBSET�IJHIFS�RVBMJUZ�
<��>�

o /VNCFS�PG�SFWJFXFST�GPS�B�SFWJFX�UFBN

'JHVSF���

5IF�3FWJFX�1SPDF�

EVSF�BU�13$�0/

3FWJFX

3FWJFX

1MBOOJOH

%FWFMPQNFOU

1SPKFDU

%PD

.BOBHFNFOU

3FWJFX

%FUBJMT

0QFO�*TTVF

-JTU
%FGFDU

-JTU

4%1

"SUJGBDU

3FWJFX

%BUB

.PEJGJDBUJPO

.BOBHFNFOU

SFWJFX

DIFDLMJTU

PUIFS�JOQVU

EPDVNFOUT

NJMFTUPOFT

.�
�.�
���
�.�
NBLF�UFDIO��SFWJFXT

	TQFDJGJDBUJPO
�EFTJHO
�DPEF

TDIFEVMF�SFWJFXT

DIFDL�JO


DIFDL�PVU


QVCMJTI

DSFBUF�.3


TVCNJU�.3

.3�PO�PUIFS

EFMJWFSBCMF
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%BUB�PO�UIFTF�BUUSJCVUFT�BSF�UIF�JOGPSNBUJPO�BWBJMBCMF�UIBU�DBO�CF�VTFE�UP�WBMJEBUF�
UIF�UIFPSFUJDBM�NPEFM�TUBUFE�JO�4FDUJPO���

��� %BUB�$PMMFDUJPO�1SPDFEVSF

'PS�MBSHF�TDBMF�TZTUFN�EFWFMPQNFOU
�UIF�JNQMFNFOUFE�SFWJFX�QSPDFEVSF�DBO�POMZ�
CF�NPOJUPSFE�BOE�DPOUSPMMFE�JG�BEFRVBUF�UPPM�TVQQPSU�JT�BWBJMBCMF��)FODF
�UPPM�
TVQQPSU�GPS�UIF�BENJOJTUSBUJWF�QBSU�PG�UFDIOJDBM�SFWJFXT�JT�QSPWJEFE��5IF�UPPM�JT�
DBMMFE�2"%.�<��>��2"%.�JT�B�(6*�CBTFE�UPPM�UIBU

o TVQQPSUT�SFWJFX�QMBOOJOH
�SFDPSEJOH�BOE�USBDLJOH�

o NBJOUBJOT�BMM�EBUB�DPMMFDUFE�EVSJOH�SFWJFXT
�CZ�LFFQJOH�B�SFWJFX�EBUBCBTF�

o BMMPXT�GPS�UIF�DPMMFDUJPO�PG�SFWJFX�NFBTVSFT�BOE�UIF�HFOFSBUJPO�BT�XFMM�BT�UIF�
WJTVBMJ[BUJPO�PG�JOJUJBM�BOBMZTJT�SFTVMUT��)FODF
�JU�TUPSFT�BMM�JOGPSNBUJPO�QSP�
EVDFE�EVSJOH�B�SFWJFX���FYDFQU�UIF�TP�DBMMFE�EFGFDU�MJTU��0OMZ�UIF�OVNCFS�PG�
EFGFDUT�JT�TUPSFE�JO�2"%.
�OPU�UIF�EFUBJMFE�EFTDSJQUJPO�PG�FBDI�EFGFDU��5IF�
EFGFDU�MJTU�JT�GFE�JOUP�UIF�FMFDUSPOJD�SFWJFX�NJOVUFT�MBUFS�PS�JT�BSDIJWFE�BT�NBO�
VBM�SFDPSE�JO�B�DFOUSBM�SFQPTJUPSZ�

o BMMPXT�GPS�QPXFSGVM�BOE�FGGJDJFOU�TFBSDIFT�UISPVHI�UIF�SFWJFX�EBUBCBTF�

o HFOFSBUFT�SFWJFX�CBTFE�RVBMJUZ�SFDPSET�	F�H�
�GPS�*40������DFSUJGJDBUJPO
�

��� %BUB�7BMJEBUJPO

'PS�BOZ�LJOE�PG�BOBMZTJT�FGGPSU
�UIF�RVBMJUZ�PG�EBUB�JT�FTTFOUJBM���PUIFSXJTF�UIF�
�KVOL�JO���KVOL�PVU��TZOESPNF�QSFWFOUT�SFTFBSDIFST�BOE�QSBDUJUJPOFST�GSPN�HFUUJOH�
BOZ�NFBOJOHGVM�SFTVMU��"U�13$�0/
�POF�NFNCFS�PG�UIF�SFWJFX�UFBN�FOUFST�UIF�
EBUB�JO�2"%.��4JODF�TFMG�SFQPSUFE�EBUB�BSF�BU�B�IJHIFS�SJTL�PG�DPOUBJOJOH�FSSPST
�
XF�QFSGPSNFE�BO�FYUFOTJWF�WBMJEBUJPO�PG�UIF�FOUFSFE�SFWJFX�EBUB�UP�EFUFDU�BOE�
SFNPWF�NJTTJOH
�JODPSSFDU
�BOE�JODPOTJTUFOU�FOUSJFT��*O�DBTFT�XIFSF�XF�DPVME�OPU�
DMBSJGZ�TFFNJOHMZ�JOBDDVSBUF�FOUSJFT
�XF�EFDJEFE�UP�SFNPWF�UIFN��"GUFS�EBUB�WBM�
JEBUJPO�����FOUSJFT�SFNBJOFE�GPS�BOBMZTJT�	J�F��EBUB�GSPN�����TQFDJGJDBUJPO�SFWJFXT
�
���EFTJHO�SFWJFXT
�BOE�����DPEF�SFWJFXT
��

��� 1BUI�"OBMZTJT

5IF�NFUIPE�UIBU�XF�FNQMPZ�UP�UFTU�UIF�EFTDSJCFE�UIFPSFUJDBM�NPEFM�JT�QBUI�BOBM�
ZTJT�<��>
�<��>��5IJT�NFUIPE�BMMPXT�VT�UP�EFQJDU�UIF�XIPMF�NPEFM�PO�POF�EJBHSBN�
BOE�UP�DPNQVUF�EJSFDU�BOE�JOEJSFDU�FGGFDUT�PG�UIF�WBSJBCMFT�

5IF�QBUI�DPFGGJDJFOUT�JO�UIF�NPEFM�BSF�EFSJWFE�VTJOH�PSEJOBSZ�MFBTU�TRVBSFT�SFHSFT�
TJPO�BOBMZTJT�<�>
�<�>��8F�VTF�MPHBSJUINJD�USBOTGPSNBUJPO�EVF�UP�PVS�FYQFDUBUJPOT�
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PG�DFJMJOH�FGGFDUT��.BUIFNBUJDBMMZ
�TVDI�B�SFMBUJPOTIJQ�CFUXFFO�UXP�WBSJBCMFT�"�
BOE�#�XPVME�CF�FYQSFTTFE�BT�

"���α ∗ Ββ 	FR���


XIFSF�����β������5P�FYBNJOF�UIJT�NPEFM�XJUI�PSEJOBSZ�MFBTU�TRVBSFT�SFHSFTTJPO
�
MPHBSJUINJD�USBOTGPSNBUJPOT�DBO�CF�QFSGPSNFE�PO�FBDI�TJEF�PG�UIF�SFHSFTTJPO�
FRVBUJPO�UP�PCUBJO�UIF�GPMMPXJOH�MJOFBS�NPEFM�

MO	"
�MO	α)+β�MO(Β) 	FR���


5IJT�JT�UIF�BQQSPBDI�PG�DIPJDF�GPS�PVS�BOBMZTJT��5IF�QBUI�DPFGGJDJFOUT�XF�DPOTJEFS�
GPS�PVS�UIFPSFUJDBM�NPEFM�BSF�UIF�CFUB�DPFGGJDJFOUT�PG�UIF�SFHSFTTJPO�BOBMZTJT��#FUB�
DPFGGJDJFOUT�JOEJDBUF�UIF�BWFSBHF�TUBOEBSE�EFWJBUJPO�DIBOHF�JO�UIF�EFQFOEFOU�
WBSJBCMF�XJUI�B�TUBOEBSE�EFWJBUJPO�DIBOHF�JO�POF�JOEFQFOEFOU�WBSJBCMF
�XIFO�
PUIFST�BSF�IFME�DPOTUBOU��5IF�VTF�PG�TUBOEBSEJ[FE�DPFGGJDJFOUT�BMMPXT�UIF�DPNQBS�
JTPO�PG�UIF�NBHOJUVEF�PG�SFMBUJPOTIJQT��'PMMPXJOH�TUBOEBSE�QSPDFEVSFT
�XF�VTFE�
TUBUJTUJDBM�TJHOJGJDBODF�UFTUJOH�XJUI�B�TJHOJGJDBODF�UISFTIPME�	BMQIB�MFWFM
�PG������UP�
EFUFSNJOF�XIFUIFS�B�WBSJBCMF�JT�TUBUJTUJDBMMZ�TJHOJGJDBOU�

5IF�QBUI�NPEFM�UIBU�XF�UFTU�JT�EFQJDUFE�JO�'JHVSF����5IF�F�WBMVFT�BSF�UIF�SFTJEVBM�
UFSNT��5IF�MBSHFS�UIFTF�WBMVFT�BSF�UIF�NPSF�WBSJBUJPO�PO�UIBU�WBSJBCMF�UIBU�JT�OPU�
FYQMBJOFE�CZ�UIF�NPEFM��5IF�FSSPST�BSF�DBMDVMBUFE�BT� �

5IF�GBDU�UIBU�XF�UFTU�UIF�NPEFM�GPS�SFWJFXT�JO�UISFF�QIBTFT�PG�UIF�MJGF�DZDMF�BMMPXT�
VT�UP�DIFDL�GPS�DPOTJTUFODZ�JO�UIF�NPEFM��*G�UIF�SFTVMUT�BSF�DPOTJTUFOU�UIFO�XF�
XPVME�CF�BCMF�UP�HFOFSBMJ[F�GVSUIFS�PVS�VOEFSTUBOEJOH�PG�TPGUXBSF�SFWJFXT�	OPUF�
UIBU�JO�QSFWJPVT�XPSL�SFTFBSDIFST�DPNNPOMZ�GPDVT�PO�SFWJFXT�XJUIJO�B�TJOHMF�
QIBTF
�

� 3
�

–
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� %BUB�"OBMZTJT

8F�TUBSU�UIF�BOBMZTJT�FGGPSU�XJUI�BO�FYQMPSBUPSZ�BOBMZTJT�VTJOH�EFTDSJQUJWF�UFDI�
OJRVFT�UP�HBJO�TPNF�JOJUJBM�JOTJHIUT�JOUP�UIF�EBUB��8F�MPPL�BU�UIF�WBSJPVT�SFWJFX�
UZQFT�BOE�DPNQBSFE�UIFN�XJUI�BMSFBEZ�FYJTUJOH�GJOEJOHT�GSPN�UIF�SFWJFX�MJUFSB�
UVSF��5IFO�XF�QSFTFOU�UIF�SFTVMUT�PG�UIF�QBUI�BOBMZTJT��

��� %FTDSJQUJWF�4UBUJTUJDT

����� /VNCFS�PG�EFUFDUFE�EFGFDUT

'JHVSF��EFQJDUT�UIF�OVNCFS�PG�EFGFDUT�UIBU�BSF�EFUFDUFE�JO�UIF�EJGGFSFOU�UZQFT�PG�
SFWJFXT��5IF�CPY�SFQSFTFOUT�UIF�JOUFSRVBSUJMF�SBOHF�	J�F�
�����PG�BMM�PCTFSWBUJPOT�
GBMM�XJUIJO�UIJT�SBOHF

�XIJMF�UIF�XIJTLFST�SFQSFTFOU�UIF�NJOJNVN�BOE�NBYJNVN�
WBMVF�

"T�'JHVSF��TIPXT
�EFGFDU�EJTUSJCVUJPO�JT�DPOTJTUFOU�BNPOH�SFWJFX�UZQFT��5IF�
NFEJBO�WBMVF�PG�B�TQFDJGJDBUJPO
�EFTJHO
�BOE�DPEF�SFWJFX�JT���
���
���
�SFTQFD�
UJWFMZ��8IJMF�UIF�JOUFSRVBSUJMF�SBOHF�PG�TQFDJGJDBUJPO�SFWJFXT�BOE�EFTJHO�SFWJFXT�JT�
���EFGFDUT
�JU�JT�TMJHIUMZ�MPXFS�GPS�DPEF�SFWJFXT�	���EFGFDUT
�

'JHVSF���

/VNCFS�PG�%FUFDUFE�

%FGFDUT

5IF�QSFTFOUFE�GJOEJOHT�FTUBCMJTI�BO�PSHBOJ[BUJPO�TQFDJGJD�CBTFMJOF�GPS�13$�0/�
BHBJOTU�XIJDI�UP�DPNQBSF�BOZ�JNQSPWFNFOU�UIBU�QSPNJTFT�UP�JODSFBTF�UIF�OVN�
CFS�PG�EFGFDUT�EFUFDUFE��)PXFWFS
�BO�FWBMVBUJPO�JO�UIF�DPOUFYU�PG�PUIFS�SFWJFX�
XPSL�JT�EJGGJDVMU�CFDBVTF�NPTU�TUVEJFT�POMZ�GPDVT�PO�DPEF�SFWJFXT�BOE�PGUFO�EP�
OPU�QSFTFOU�UIF�OVNCFS�PG�EFGFDUT�GPVOE
�CVU�SBUIFS�TPNF�TVNNBSZ�TUBUJTUJDT�<��>�
<��>�
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����� 3FWJFX�&GGPSU

'JHVSF���TIPXT�UIF�QSFQBSBUJPO�FGGPSU�EJTUSJCVUJPO�BT�XFMM�BT�UIF�EJTUSJCVUJPO�PG�
UIF�UPUBM�FGGPSU�TQFOU�PO�SFWJFXJOH�UIF�WBSJPVT�BSUJGBDUT��5IF�UPUBM�FGGPSU�JODMVEFT�
UIF�QSFQBSBUJPO�BT�XFMM�BT�UIF�NFFUJOH�FGGPSU�PG�BMM�SFWJFX�QBSUJDJQBOUT�

'JHVSF���SFWFBMT�UIBU�SFWJFXFST�JOWPMWFE�JO�BOZ�LJOE�PG�SFWJFX�VTVBMMZ�TQFOE�
CFUXFFO���BOE���IPVST�GPS�QSFQBSBUJPO�	JOEFQFOEFOU�PG�UIF�OVNCFS�PG�SFWJFXFST
�
BOE�CFUXFFO���BOE����IPVST�GPS�UIF�UPUBM�SFWJFX��5IF�FGGPSU�EJTUSJCVUJPO�MPPLT�
TJNJMBS�GPS�UIF�EJGGFSFOU�UZQFT�PG�SFWJFXT�

5IF�SFTVMUT�TIPX�UIBU�UIF�SFWJFX�PG�BSUJGBDUT�JO�FBSMZ�QIBTFT�	J�F�
�TQFDJGJDBUJPOT
�
EPFT�OPU�TJHOJGJDBOUMZ�DPOTVNF�NPSF�FGGPSU�UIBO�DPEF�BSUJGBDUT��5IF�NFEJBO�FGGPSU�
GPS�TQFDJGJDBUJPO
�EFTJHO
�BOE�DPEF�SFWJFXT�	�
��
���QFSTPO�IPVST
�BT�XFMM�BT�UIF�
VQQFS�RVBSUJMF�SBOHFT�	��
���
����QFSTPO�IPVST
�QSPWJEF�B�MPXFS�UISFTIPME�GPS�
NBOBHFST�PO�IPX�NVDI�FGGPSU�UIF�SFWJFX�PG�B�QBSUJDVMBS�BSUJGBDU�UZQF�NBZ�BU�MFBTU�
DPOTVNF�JO�GVUVSF�QSPKFDUT�

'JHVSF���

3FWJFX�&GGPSU�

*O�UIJT�TUVEZ�XF�GPDVT�PO�QSFQBSBUJPO�FGGPSU�BT�BO�JNQPSUBOU�QBSBNFUFS�UP�PQUJ�
NJ[F��'JHVSF���EFQJDUT�UIF�SFMBUJPOTIJQ�PG�QSFQBSBUJPO�WFSTVT�NFFUJOH�FGGPSU��*U�
TIPXT�UIBU�NPTU�PG�UIF�SFWJFXT�DPOTVNF�BU�MFBTU�BT�NVDI�FGGPSU�JO�QSFQBSBUJPO�
UIBO�JO�UIF�NFFUJOH��4VSQSJTJOHMZ
�UIF�QSFQBSBUJPO�NFFUJOH�SBUJP�JT�IJHIFTU�GPS�
DPEF�SFWJFXT��5IJT�NBZ�CF�FYQMBJOFE�CZ�UIF�GPMMPXJOH�UXP�SFBTPOT��'JSTU
�UIF�
SFWJFXFST�EP�OPU�TQFOE�BT�NVDI�FGGPSU�GPS�UIF�QSFQBSBUJPO�PG�EFTJHO�PS�TQFDJGJDB�
UJPO�SFWJFXT��"OE�TFDPOE
�UIF�NFFUJOHT�GPS�TQFDJGJDBUJPO�BOE�EFTJHO�BSF�NPSF�
FGGPSU�DPOTVNJOH�TJODF�UIF�EJTDVTTJPO�PG�EFGFDUT�EFUFDUFE�UBLFT�MPOHFS��
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'JHVSF���

3FMBUJPOTIJQ�PG�1SFQ�

BSBUJPO�&GGPSU�BOE�

.FFUJOH�&GGPSU

����� 4J[F

5IF�VOJU�PG�TJ[F�GPS�TQFDJGJDBUJPO�BOE�EFTJHO�BSUJGBDUT�JT�QBHFT�XIFSFBT�GPS�DPEF�
BSUJGBDUT
�JU�JT�OPODPNNFOUBSZ�TPVSDF�MJOFT�PG�DPEF��4JODF�UIF�NFBTVSFNFOU�VOJUT�
BSF�EJGGFSFOU�GPS�TQFDJGJDBUJPO�EFTJHO�EPDVNFOUT�BOE�DPEF�DPNQPOFOUT
�XF�
QSFTFOU�UXP�HSBQIT��'JHVSF���FYIJCJUT�UIF�TJ[F�EJTUSJCVUJPO�BDSPTT�UIF�SFWJFXFE�
BSUJGBDU�UZQFT��

'JHVSF���

4J[F�PG�3FWJFXFE�

"SUJGBDUT

'JHVSF���SFWFBMT�UIBU�UIF�NFEJBO�TJ[F�PG�B�TQFDJGJDBUJPO�JT����QBHFT
�XIFSFBT�JU�JT�
�����QBHFT�GPS�EFTJHO�BSUJGBDUT��.PTU�PG�UIF�SFWJFXFE�EPDVNFOUT�BSF�TNBMMFS�UIBO�
���QBHFT��5IF�NFEJBO�TJ[F�GPS�DPEF�DPNQPOFOUT�JT������/$4-�BOE�NPTU�PG�UIF�
SFWJFXFE�DPEF�DPNQPOFOUT�BSF�MPXFS�UIBO������/$4-��%PDVNFOUT�PG�UIJT�TJ[F�
BSF�OFJUIFS�UPP�MBSHF�OPS�UPP�TNBMM�GPS�SFWJFX�BOE�BSF�XJUIJO�UIF�SBOHF�PG�UIF�POFT�
SFQPSUFE�JO�PUIFS�TUVEJFT�<�>��
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����� /VNCFS�PG�3FWJFXFST

*O�BEEJUJPO�UP�EFGFDU
�TJ[F
�BOE�FGGPSU�EJTUSJCVUJPO
�XF�BMTP�JOWFTUJHBUFE�UIF�OVN�
CFS�PG�SFWJFXFST��'JHVSF���TIPXT�IPX�NBOZ�SFWJFXT�IBWF�CFFO�QFSGPSNFE�GPS�
FBDI�BSUJGBDU�UZQF�XJUI�B�TQFDJGJD�OVNCFS�PG�SFWJFXFST��

'JHVSF���

)JTUPHSBN�PG�UIF�

/VNCFS�PG�3FWJFX�

FST�GPS�UIF�%JGGFSFOU�

5ZQFT�PG�3FWJFXT

"DDPSEJOH�UP�'JHVSF��
�NPTU�PG�UIF�SFWJFXT�XFSF�QFSGPSNFE�XJUI���SFWJFXFST��
4QFDJGJDBUJPO�SFWJFXT�PGUFO�JOWPMWF�B�IJHIFS�OVNCFS�PG�SFWJFXFST��5IJT�FNQIB�
TJ[FT�UIF�JNQPSUBODF�PG�UIF�TQFDJGJDBUJPO�QIBTF�GPS�EFTJHO�BOE�DPEJOH�

5IF�PQUJNBM�OVNCFS�PG�SFWJFXFST�JT�TUJMM�EFCBUFE�JO�UIF�MJUFSBUVSF��5IJT�EFCBUF�CPJMT�
EPXO�UP�UIF�RVFTUJPO�XIFUIFS�JOWPMWJOH�NPSF�SFWJFXFST�IFMQT�EFUFDU�NPSF�
EFGFDUT��4VSQSJTJOHMZ
�UIFSF�BSF�GFX�DPOTJTUFOU�SFTVMUT�TP�GBS��8FMMFS�QSFTFOUT�TPNF�
EBUB�GSPN�B�GJFME�TUVEZ�VTJOH�UISFF�UP�GPVS�SFWJFXFST�<��>��.BEBDIZ�QSFTFOUT�EBUB�
TIPXJOH�UIBU�UIF�PQUJNBM�TJ[F�JT�CFUXFFO�UISFF�BOE�GJWF�QFPQMF�<��>��#PVSHFPJT�
DPSSPCPSBUFT�UIFTF�SFTVMUT�JO�B�EJGGFSFOU�TUVEZ�<�>��1PSUFS�FU�BM��T�SFDFOU�FYQFSJNFO�
UBM�SFTVMUT
�IPXFWFS
�TVHHFTU�UIBU�SFEVDJOH�UIF�OVNCFS�PG�SFWJFXFST�GSPN���UP���
NBZ�TJHOJGJDBOUMZ�SFEVDF�FGGPSU�XJUIPVU�JODSFBTJOH�SFWJFX�JOUFSWBM�PS�SFEVDJOH�
FGGFDUJWFOFTT�<��>�

����� %FGFDU�%FOTJUZ

4JODF�XF�BTTVNFE�UIBU�UIF�OVNCFS�PG�EFGFDUT�JT�SFMBUFE�UP�UIF�TJ[F�PG�UIF�EPDV�
NFOU
�XF�DBMDVMBUFE�UIF�EFGFDU�EFOTJUZ�EFGJOFE�BT�EFGFDUT�QFS�VOJU�PG�TJ[F��'JHVSF�
��TIPXT�UIF�SFTVMU�PG�UIJT�DBMDVMBUJPO�

3FWJFXT�FYIJCJU�PO�BWFSBHF������EFGFDUT�QBHF�XIFO�MPPLJOH�BU�TQFDJGJDBUJPO�
SFWJFXT��%FTJHO�SFWJFXT�FYIJCJUT������EFGFDUT�QBHF��'JOBMMZ
�DPEF�SFWJFXT�GJOE�����
EFGFDUT�,/$4-��5IF�WBSJBUJPO�TFFNT�UP�CF�TNBMM�
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'JHVSF���

%FGFDU�%FOTJUZ

'PS�TQFDJGJDBUJPO�BOE�EFTJHO�BSUJGBDUT
�XF�EJE�OPU�GJOE�DPNQBSBCMF�GJHVSFT�JO�UIF�
MJUFSBUVSF��'PS�DPEF�BSUJGBDUT
�IPXFWFS
�UIF�EFGFDU�EFOTJUJFT�BSF�XJUIJO�UIF�SFQPSUFE�
SBOHF�PG�PUIFS�UFMFDPN�PSHBOJ[BUJPOT��&CFSU�FU��BM��EFTDSJCF�TPNF�SFTVMUT�GSPN�
"MDBUFM�5FMFDPN�<�>��5IFSF
�DPEF�DPNQPOFOUT�FYIJCJU�BO�BWFSBHF�EFGFDU�EFOTJUZ�PG�
��EFGFDUT�,/$4-��5IJT�SFTVMU�TVQQPSUT�UIF�JOJUJBM�TUBUFNFOU�UIBU�UIF�SFWJFX�QSPDFTT�
GPS�DPEF�DPNQPOFOUT�BU�13$�0/�CFMPOHT�UP�UIF�TUBUF�PG�UIF�QSBDUJDF�UIBU�DBO�CF�
GPVOE�JO�UIF�TPGUXBSF�JOEVTUSZ�

��� 1BUI�"OBMZTJT�3FTVMUT

8F�VTFE�SFHSFTTJPO�BOBMZTJT�UP�JOWFTUJHBUF�UIF�IZQPUIFTJ[FE�NPEFM�QSFTFOUFE�JO�
4FDUJPO���BOE�SFQPSU�UIF�CFUB�DPFGGJDJFOU��"�TUBS�JOEJDBUFT�XIFUIFS�B�CFUB�DPFGGJ�
DJFOU�JT�TUBUJTUJDBMMZ�TJHOJGJDBOU��

����� 4QFDJGJDBUJPO�3FWJFXT

'JHVSF����EFQJDUT�UIF�NPEFM�GPS�TQFDJGJDBUJPO�SFWJFXT��5IF�UPUBM�FGGFDU�PG�TJ[F�PO�
EFGFDUT�	EJSFDU�BOE�JOEJSFDU
�JT������	���������������
��5IJT�WBMVF�JT�MPXFS�UIBO�
UIF�EJSFDU�FGGFDU�PG�QSFQBSBUJPO�FGGPSU�PO�EFGFDUT��5IJT�TIPXT�UIBU�QSFQBSBUJPO�
FGGPSU�IBT�B�MBSHFS�JNQBDU�PO�UIF�OVNCFS�PG�EFGFDUT�UIBO�TJ[F�

'JHVSF����

1BUI�%JBHSBN�GPS�

4QFDJGJDBUJPO�

3FWJFXT
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����� %FTJHO�3FWJFXT

'JHVSF����TIPXT�UIF�QBUI�NPEFM�GPS�EFTJHO�SFWJFXT��5IF�UPUBM�FGGFDU�PG�TJ[F�PO�
EFGFDUT�	EJSFDU�BOE�JOEJSFDU
�JT�����
�XIJDI�JT�TMJHIUMZ�CFMPX�UIF�WBMVF�PG�QSFQBSB�
UJPO�FGGPSU�PO�UIF�OVNCFS�PG�EFGFDUT�

'JHVSF����

1BUI�%JBHSBN�GPS�

%FTJHO�3FWJFXT

����� $PEF�3FWJFXT

'JHVSF����SFWFBMT�UIF�NPEFM�GPS�DPEF�SFWJFXT��5IF�UPUBM�FGGFDU�TJ[F�PG�TJ[F�PO�
EFGFDUT�	EJSFDU�BOE�JOEJSFDU
�JT�������"HBJO�QSFQBSBUJPO�FGGPSU�IBT�B�MBSHFS�JNQBDU�
PO�UIF�OVNCFS�PG�EFGFDUT�UIBO�TJ[F��.PSFPWFS
�TJ[F�XBT�GPVOE�OPU�UP�CF�B�TUBUJT�
UJDBMMZ�TJHOJGJDBOU�GBDUPS�GPS�UIF�OVNCFS�PG�EFGFDUT�EFUFDUFE�JO�DPEF�SFWJFXT�

'JHVSF����

1BUI�%JBHSBN�GPS�

$PEF�3FWJFXT

Preparation 
Effort

Number of 
Defects

Size

0.49*

0.87 0.87

0.26*

0.53*

Preparation 
Effort

Number of 
Defects

Size

0.287*

0.96 0.93

0.13

0.56*
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����� 1PTU�IPD�"OBMZTJT

8F�BMTP�DBMDVMBUFE�UIF�SFMBUJPOTIJQ�PG�QSFQBSBUJPO�FGGPSU�QFS�SFWJFXFS�BOE�UIF�
OVNCFS�PG�EFGFDUT�5IF�SFTVMUT�BSF�TIPXO�JO�5BCMF���

5BCMF���

1SFQBSBUJPO�&GGPSU�

QFS�3FWJFXFS�WFSTVT�

4J[F

5IF�SFTVMUT�BSF�DPNQBSBCMF�UP�UIF�POFT�XF�PCUBJO�CZ�VTJOH�UIF�UPUBM�QSFQBSBUJPO�
FGGPSU��"MM�QBUI�DPFGGJDJFOUT�SFNBJO�TUBUJTUJDBMMZ�TJHOJGJDBOU��"MUIPVHI�UIJT�GJOEJOH�
TIPXT�UIF�JNQPSUBODF�PG�QSFQBSBUJPO�XF�DBOOPU�EFSJWF�XIFUIFS�NPSF�SFWJFXFST�
EJSFDUMZ�QBZ�PGG�JO�NPSF�EFUFDUFE�EFGFDUT�PS�XIFUIFS�UIF�DIPTFO�SFWJFXFST�KVTU�
OFFE�UP�TQFOE�NPSF�FGGPSU�GPS�QSFQBSBUJPO�

����� $FJMJOH�&GGFDUT

8F�JEFOUJGJFE�DFJMJOH�FGGFDUT�GPS�BMM�UIF�SFMBUJPOTIJQT�UIBU�XF�JOWFTUJHBUFE�BDSPTT�
BMM�UZQFT�PG�SFWJFXT��0OF�DBO�JOUFSQSFU�UIJT�BT�TUBUJOH�UIBU�BEEJUJPOBM�SFWJFXFST�
BOE�PS�JOEJWJEVBM�SFWJFXFST�FYQFOEJOH�NPSF�FGGPSU�PO�QSFQBSBUJPO�SFBDIFT�B�QMB�
UFBV
�BGUFS�XIJDI�UIF�SFUVSOT�JO�EFGFDU�EFUFDUJPO�EJNJOJTI��5IJT�EPFT�OPU�OFDFT�
TBSJMZ�NFBO�UIBU
�GPS�FYBNQMF
�NBOZ�SFWJFXFST�TIPVME�OPU�CF�VTFE�	FTQFDJBMMZ�JG�
SFMJBCJMJUZ�JT�B�IJHI�DPODFSO

�POMZ�UIBU�UIJT�NBZ�OPU�CF�DPTU�FGGFDUJWF
�BOE�BMUFSOB�
UJWF�EFGFDU�EFUFDUJPO�UFDIOJRVFT�PVHIU�UP�CF�JOWFTUJHBUFE�

'VSUIFSNPSF
�JODSFBTJOH�UIF�TJ[F�PG�BO�BSUJGBDU�SFTVMUT�JO�JODSFBTFE�FGGPSU�VQ�UP�B�
DFSUBJO�QPJOU
�BOE�UIFO�UIF�SFMBUJPOTIJQ�QMBUFBVT��5IJT�DBO�CF�BO�JOEJDBUPS�PG�
FJUIFS�UIBU�UIF�PSHBOJ[BUJPO�DBQT�UIF�OVNCFS�PG�SFWJFXFST�BOE�PS�B�GBUJHVF�FGGFDU��
#BTFE�PO�PVS�LOPXMFEHF�PG�UIF�SFWJFX�QSPDFTT
�IPXFWFS
�UIF�GPSNFS�JOUFSQSFUB�
UJPO�JT�OPU�TBUJTGBDUPSZ
�BOE�UIFSFGPSF
�JU�XPVME�TFFN�UIBU�UIFSF�FYJTUT�B�GBUJHVF�
FGGFDU�

C 3�

4QFDJGJDBUJPO ����� ����

%FTJHO ����� ����

$PEF ����� ����
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� %JTDVTTJPO

8F�GPVOE�FWJEFODF�TVQQPSUJOH�UIF�NPEFM�QSPQPTFE�IFSF�BOE�UIF�FWJEFODF�XBT�
DPOTJTUFOU�GPS�DPEF
�EFTJHO
�BOE�TQFDJGJDBUJPO�SFWJFXT��'VSUIFSNPSF
�XF�JEFOUJGJFE�
B�UIFPSFUJDBMMZ�KVTUJGJBCMF�GVODUJPOBM�GPSN�GPS�BMM�PG�UIF�IZQPUIFTJ[FE�SFMBUJPOTIJQT�

0VS�GJOEJOHT�TVHHFTU�UIBU�BO�PSHBOJ[BUJPO�PVHIU�UP�QBZ�BUUFOUJPO�UP�QSFQBSBUJPO�
FGGPSU�BT�B�NFBOT�PG�DPOUSPMMJOH�UIF�OVNCFS�PG�EFGFDUT�EFUFDUFE�EVSJOH�SFWJFXT
�
BOE�UIBU�BEEJOH�SFWJFXFST�BOE�JODSFBTJOH�QSFQBSBUJPO�FGGPSU�NBZ�OPU�CF�DPTU�
FGGFDUJWF�TJODF�UIFSF�FYJTUT�B�DFJMJOH�FGGFDU�

5IF�SFTVMUT�IFSF
�IPXFWFS
�BMTP�TVHHFTU�BWFOVFT�GPS�GVSUIFS�JOWFTUJHBUJPO�UP�CFUUFS�
VOEFSTUBOE�UIF�NFDIBOJTNT�UIBU�BSF�PQFSBUJOH�EVSJOH�TPGUXBSF�SFWJFXT��'PS�
FYBNQMF
�JU�XPVME�CF�JOGPSNBUJWF�UP�EFUFSNJOF�XIFUIFS�JU�JT�UFBN�TJ[F�PS�JOEJWJE�
VBM�QSFQBSBUJPO�FGGPSU�UIBU�JT�DPOUSJCVUJOH�UP�BO�JODSFBTFE�OVNCFS�PG�EFGFDUT�
EFUFDUFE�

'VSUIFSNPSF
�UIF�SFTJEVBM�UFSNT�SFNBJO�RVJUF�MBSHF�GPS�BMM�PG�UIF�UISFF�UZQFT�PG�
SFWJFXT��5IJT�TVHHFTUT�UIF�FYJTUFODF�PG�NPSF�WBSJBCMFT�UIBU�PVHIU�UP�CF�JODMVEFE�
UP�CFUUFS�VOEFSTUBOE�UIF�GBDUPST�UIBU�BGGFDU�EFGFDU�EFUFDUJPO�JO�TPGUXBSF�SFWJFXT�

"�QSJNBSZ�DBOEJEBUF�UIBU�NBZ�FYQMBJO�B�MBSHF�BNPVOU�PG�WBSJBUJPO�JO�UIF�EBUB�TFU�
JT�B�DMBTTJGJDBUJPO�PG�SFWJFXT�BDDPSEJOH�UP�UIF�TUBUVT�PG�UIF�BSUJGBDU�VOEFS�SFWJFX��
*U�JT�QMBVTJCMF�UIBU�B�SFWJFX�PG�B�OFXMZ�EFWFMPQFE�BSUJGBDU�FYIJCJUT�B�EJGGFSFOU�SFMB�
UJPOTIJQT�BNPOH�GBDUPST�UIBO�BO�BSUJGBDU�UIBU�VOEFSXFOU�B�NJOPS�PS�NBKPS�NPE�
JGJDBUJPO�

$IBSBDUFSJTUJDT�PG�UIF�TUSVDUVSF�PG�SFWJFXFE�BSUJGBDUT
�TVDI�BT�NFBTVSFT�PG�DPV�
QMJOH�BOE�BNCJHVJUZ
�NBZ�CF�BOPUIFS�GBDUPS�UP�FYQMBJO�TPNF�PG�UIF�PCTFSWFE�WBSJ�
BUJPO��
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� $PODMVTJPO

5FDIOJDBM�SFWJFXT�BSF�DPOTJEFSFE�POF�PG�UIF�NPTU�FGGFDUJWF�NFUIPET�GPS�TPGUXBSF�
RVBMJUZ�JNQSPWFNFOU��5P�FYQMPJU�UIFJS�GVMM�QPUFOUJBM
�UIFZ�OFFE�UP�CF�DPOTUBOUMZ�
NPOJUPSFE�BOE�PQUJNJ[FE��*O�UIJT�QBQFS
�XF�QSFTFOUFE�BO�B�QBUI�BOBMZTJT�UP�CFUUFS�
VOEFSTUBOE�SFWJFX�TVDDFTT�GBDUPST��8F�GPVOE�QSFQBSBUJPO�FGGPSU�JT�B�NPSF�JOGMV�
FOUJBM�GBDUPS�PO�UIF�OVNCFS�PG�EFGFDUT�EFUFDUFE�UIBO�BSUJGBDU�TJ[F��)FODF�TQFOE�
JOH�FOPVHI�FGGPSU�GPS�QSFQBSBUJPO�EJSFDUMZ�SFTVMUT�JO�NPSF�EFUFDUFE�EFGFDUT�

"QBSU�GSPN�NPSF�JOTJHIU�JOUP�UIF�DBVTBM�SFMBUJPOTIJQT
�UIF�GJOEJOHT�QSFTFOUFE�JO�
UIJT�QBQFS�QSPWJEF�B�CBTFMJOF�BHBJOTU�XIJDI�UP�DPNQBSF�DIBOHFT�UP�UIF�SFWJFX�
QSPDFTT��4P�GBS
�UIF�SFWJFX�NFFUJOH�BU�13$�0/�JT�DPOEVDUFE�BT�B�TP�DBMMFE�AGBDF�
UP�GBDF�NFFUJOH�
�CZ�EFGBVMU��%VF�UP�UIF�JODSFBTJOH�JOUFHSBUJPO�PG�13$�0/�JOUP�
JOUFSOBUJPOBM�EFWFMPQNFOU�BDUJWJUJFT
�TPNF�SFWJFXFST�BSF�DPOOFDUFE�CZ�NFBOT�PG�
B�UFMFQIPOF�DPOGFSFODJOH�TZTUFN�UP�QBSUJDJQBUF�JO�UIF�SFWJFX�NFFUJOH��4JODF�B�
SFWJFX�PCKFDU�NBZ�CF�NBEF�BDDFTTJCMF�UISPVHI�UIF�XPSME�XJEF�-VDFOU�*OUSBOFU
�
UIF�DPTU�FGGFDUJWFOFTT�PG�B�TJOHMF�SFWJFX�EPFT�OPU�TFFN�UP�CF�BGGFDUFE�CZ�TVDI�
�EJTUSJCVUFE�SFWJFXT���)PXFWFS
�TJODF�NFFUJOHT�JO�HFOFSBM�SFQSFTFOU�B�NBKPS�DPTU�
GBDUPS�GPS�SFWJFXT
�OPO�NFFUJOH�CBTFE�BQQSPBDIFT�BSF�B�GSVJUGVM�BSFB�GPS�GVSUIFS�
JOWFTUJHBUJPO�

'JOBMMZ�UIF�DIPTFO�BOBMZTJT�TUSBUFHZ�CBTFE�PO�QBUI�BOBMZTJT�XBT�BQQFBMJOH�CFDBVTF�
JU�BMMPXT�GPS�B�TZTUFNBUJD�UFTUJOH�PG�B�UIFPSFUJDBM�NPEFM
�XIJDI�JO�UVSO�BMMPXT�POF�
UP�JOUFHSBUF�FYJTUJOH�XPSL�JO�B�VOJGJFE�GSBNFXPSL��0UIFS�SFTFBSDIFST�NBZ�VTF�UIF�
NPEFM�UP�ESJWF�UIFJS�BOBMZTJT��5IJT�LJOE�PG�TUSBUFHZ�BMMPXT�UIF�TPGUXBSF�FOHJOFFS�
JOH�DPNNVOJUZ�UP�CVJME�UIFPSJFT�PO�XIFO�BOE�VOEFS�XIJDI�DPOEJUJPOT�TPGUXBSF�
SFWJFXT�BSF�NPTU�CFOFGJDJBM�
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� 3FGFSFODFT�

<�>� 7JDUPS 3��#BTJMJ��&WPMWJOH�BOE�1BDLBHJOH�3FBEJOH�5FDIOPMPHJFT��+PVS�
OBM�PG�4ZTUFNT�BOE�4PGUXBSF
���	�

�+VMZ������ �

<�>� 8� %��#FSSZ�BOE�4� 'FMENBO��.VMUJQMF�SFHSFTTJPO�JO�QSBDUJDF��4BHF�
1VCMJDBUJPO
������ �

<�>� ,BSFO 7��#PVSHFPJT��1SPDFTT�*OTJHIUT�GSPN�B�-BSHF�4DBMF�4PGUXBSF�
*OTQFDUJPOT�%BUB�"OBMZTJT��$SPTT�5BML
�5IF�+PVSOBM�PG�%FGFOTF�4PGU�
XBSF�&OHJOFFSJOH
���p��
�PDU������� �

<�>� %� "��$ISJTUFOTPO�BOE�T� 5� )VBOH��$PEF�JOTQFDUJPO�NBOBHFNFOU�
VTJOH�TUBUJTUJDBM�DPOUSPM�MJNJUT��*O�1SPDFFEJOHT�PG�UIF�/BUJPOBM�$PN�
NVOJDBUJPO�'PSVN
�WPMVNF ��
�����p����
������ �

<�>� %FOOJT "��$ISJTUFOTPO
�)VBOH 5��4UFFM
�BOE�"MGSFE +��-BNQFSF[��4UB�
UJTUJDBM�RVBMJUZ�DPOUSPM�BQQMJFE�UP�DPEF�JOTQFDUJPOT��*&&&�+PVSOBM�
4FMFDUFE�"SFBT�JO�$PNNVOJDBUJPO
��	�
����p���
�'FCSVBSZ������ �

<�>� +BDPC�$PIFO�BOE�1BUSJDJB�$PIFO��"QQMJFE�.VMUJQMF�3FHSFTTJPO�$PS�
SFMBUJPO�"OBMZTJT�GPS�UIF�#FIBWJPSBM�4DJFODFT��-BXSFODF�&SMCBVN�
"TTPDJBUFT
�*OD�
�1VCMJTIFST
������ �

<�>� $ISJTUPG�&CFSU
�5IPNBT�-JFEULF
�BOE�&LLFIBSE�#BJTDI��4PGUXBSF�
.FBTVSFNFOU���$VSSFOU�5SFOET�JO�3FTFBSDI�BOE�1SBDUJDF
�DIBQUFS�
*NQSPWJOH�3FMJBCJMJUZ�PG�-BSHF�4PGUXBSF�4ZTUFNT
����p�����%FVU�
TDIFS�6OJWFSTJUBFUT�7FSMBH
�(BCMFS�&EJUJPO�8JTTFOTDIBGU�FEJUJPO
�
����� �

<�>� .� &��'BHBO��%FTJHO�BOE�$PEF�*OTQFDUJPOT�UP�3FEVDF�&SSPST�JO�1SP�
HSBN�%FWFMPQNFOU��*#.�4ZTUFNT�+PVSOBM
���	�
����p���
������ �

<�>� 5PN�(JMC�BOE�%PSPUIZ�(SBIBN��4PGUXBSF�*OTQFDUJPO��"EEJTPO�8FT�
MFZ�1VCMJTIJOH�$PNQBOZ
������ �

<��>� -FT�)BUUPO��/pWFSTJPO�EFTJHO�WFSTVT�POF�HPPE�WFSTJPO��*&&&�4PGU�
XBSF
���	�
���p��
������ �

<��>� +PIO $��,FMMZ
�+PTFQI 4��4IFSJG
�BOE�+POBUIBO�)PQT��"O�BOBMZTJT�PG�
EFGFDU�EFOTJUJFT�GPVOE�EVSJOH�TPGUXBSF�JOTQFDUJPOT��+PVSOBM�PG�4ZT�
UFNT�BOE�4PGUXBSF
�������p���
������ �
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<��>� 0MJWFS�-BJUFOCFSHFS�BOE�+FBO�.BSD�%F#BVE��"O�&ODPNQBTTJOH�-JGF�
$ZDMF�$FOUSJD�4VSWFZ�PG�4PGUXBSF�*OTQFDUJPO��5FDIOJDBM�3FQPSU�PG�UIF�
*OUFSOBUJPOBM�4PGUXBSF�&OHJOFFSJOH�3FTFBSDI�/FUXPSL
�*4&3/������
�
'SBVOIPGFS�*OTUJUVUF�GPS�&YQFSJNFOUBM�4PGUXBSF�&OHJOFFSJOH
�(FS�
NBOZ
�������"DDFQUFE�GPS�1VCMJDBUJPO�JO�UIF�+PVSOBM�PG�4ZTUFNT�BOE�
4PGUXBSF� �

<��>� .� -FT[BL�BOE�8� ,BNNFSFS��3FWJFX�1SPDFTT�*NQSPWFNFOU�JO�5SBOT�
NJTTJPO�/FUXPSL�%FWFMPQNFOU��*O�1SPDFFEJOHT�PG�UIF�'JSTU�$POGFS�
FODF�PO�2VBMJUZ�&OHJOFFSJOH�JO�4PGUXBSF�5FDIOPMPHZ
���p��
������ �

<��>� 3BZ�.BEBDIZ
�-JOEB�-JUUMF
�BOE�4ZMWJB�'BO��"OBMZTJT�PG�B�TVDDFTTGVM�
*OTQFDUJPO�1SPHSBN��*O���UI�"OO��/"4"�4PGUXBSF�&OH��-BCPSBUPSZ�
8PSLTIPQ
����p�����/"4"
�/PWFNCFS������ �

<��>� &MB[BS +��1FEIB[VS��.VMUJQMF�3FHSFTTJPO�JO�#FIBWJPSBM�3FTFBSDI��)BSU�
DPVSU�#SBDF�$PMMFHF�1VCMJTIFST
�TFDPOE�FEJUJPO
������ �

<��>� "EBN "��1PSUFS
�)BSWFZ�4JZ
�"VESJT�.PDLVT
�BOE�-BXSFODF�7PUUB��
6OEFSTUBOEJOH�UIF�4PVSDFT�PG�7BSJBUJPO�JO�4PGUXBSF�*OTQFDUJPOT��
"$.�5SBOTBDUJPOT�PO�4PGUXBSF�&OHJOFFSJOH�BOE�.FUIPEPMPHZ
�
�	�
���p��
�+BOVBSZ������ �

<��>� "EBN "��1PSUFS
�)BSWFZ 1��4JZ
�$BSM "��5PNBO
�BOE�-BXSFODF (��
7PUUB��"O�&YQFSJNFOU�UP�"TTFTT�UIF�$PTU�#FOFGJUT�PG�$PEF�*OTQFD�
UJPOT�JO�-BSHF�4DBMF�4PGUXBSF�%FWFMPQNFOU��*&&&�5SBOTBDUJPOT�PO�
4PGUXBSF�&OHJOFFSJOH
���	�
����p���
�+VOF������ �

<��>� "EBN "��1PSUFS�BOE�-BXSFODF (��7PUUB��8IBU�.BLFT�*OTQFDUJPOT�
8PSL �*&&&�4PGUXBSF
���p���
�/PWFNCFS������ �

<��>� 5[WJ�3B[�BOE�"MBO 5��:BVOH��'BDUPST�BGGFDUJOH�EFTJHO�JOTQFDUJPO�
FGGFDUJWFOFTT�JO�TPGUXBSF�EFWFMPQNFOU��*OGPSNBUJPO�BOE�4PGUXBSF�
5FDIOPMPHZ
�������p���
������ �

<��>� 3� 3FUIFSGPSE�BOE�.�,��$IPF��4UBUJTUJDBM�.PEFMT�GPS�$BVTBM�"OBMZTJT��
+PIO�8JMFZ���4POT�*OD
������ �

<��>� (MFO 8��3VTTFMM��&YQFSJFODF�XJUI�*OTQFDUJPO�JO�6MUSBMBSHF�4DBMF�
%FWFMPQNFOUT��*&&&�4PGUXBSF
��	�
���p��
�+BOVBSZ������ �

<��>� $� #��4FBNBOO�BOE�7�3��#BTJMJ��$PNNVOJDBUJPO�BOE�0SHBOJ[BUJPO��
"O�&NQJSJDBM�4UVEZ�PG�%JTDVTTJPO�JO�$PEF�*OTQFDUJPO��*O�*&&&�5SBOTBD�
UJPOT�PO�4PGUXBSF�&OHJOFFSJOH
���	�
��������
�+VMZ����� �

�
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"MM�SJHIUT�SFTFSWFE��/P�QBSU�PG�UIJT�QVCMJDBUJPO�NBZ�
CF�SFQSPEVDFE
�TUPSFE�JO�B�SFUSJFWBM�TZTUFN
�PS�USBOT�
NJUUFE
�JO�BOZ�GPSN�PS�CZ�BOZ�NFBOT�JODMVEJOH
�
XJUIPVU�MJNJUBUJPO
�QIPUPDPQZJOH
�SFDPSEJOH
�PS�
PUIFSXJTF
�XJUIPVU�UIF�QSJPS�XSJUUFO�QFSNJTTJPO�PG�
UIF�QVCMJTIFS��8SJUUFO�QFSNJTTJPO�JT�OPU�OFFEFE�JG�
UIJT�QVCMJDBUJPO�JT�EJTUSJCVUFE�GPS�OPO�DPNNFSDJBM�
QVSQPTFT�

%PDVNFOU�*OGPSNBUJPO

5JUMF� &WBMVBUJOH�B�.PEFM�GPS�
3FWJFX�4VDDFTT�'BDUPST�JO�
BO�*OEVTUSJBM�4FUUJOH

%BUF� .BZ��
�����
3FQPSU� *&4&��������&
4UBUVT� 'JOBM
%JTUSJCVUJPO� 1VCMJD


