
5IF�"QQMJDBUJPO�PG�4VCKFDUJWF�&TUJNBUFT�PG
&GGFDUJWFOFTT�UP�$POUSPMMJOH�4PGUXBSF
*OTQFDUJPOT

"VUIPST�
,IBMFE�&M�&NBN
0MJWFS�-BJUFOCFSHFS
5IPNBT�)BSCJDI

4VCNJUUFE�GPS�QVCMJDBUJPO�JO
+PVSOBM�PG�4ZTUFNT�BOE�4PGUXBSF

*&4&�3FQPSU�/P���������&
7FSTJPO����
"QSJM��������

"�QVCMJDBUJPO�CZ�'SBVOIPGFS�*&4&





'SBVOIPGFS�*&4&�JT�BO�JOTUJUVUF�PG�UIF
'SBVOIPGFS�(FTFMMTDIBGU�
5IF�JOTUJUVUF�USBOTGFST�JOOPWBUJWF�TPGUXBSF
EFWFMPQNFOU�UFDIOJRVFT�NFUIPET�BOE
UPPMT�JOUP�JOEVTUSJBM�QSBDUJDF�BTTJTUT�DPN�
QBOJFT�JO�CVJMEJOH�TPGUXBSF�DPNQFUFODJFT
DVTUPNJ[FE�UP�UIFJS�OFFET�BOE�IFMQT�UIFN
UP�FTUBCMJTI�B�DPNQFUFUJWF�NBSLFU�QPTJUJPO�

'SBVOIPGFS�*&4&�JT�EJSFDUFE�CZ
1SPG��%S��%JFUFS�3PNCBDI
4BVFSXJFTFO��
%�������,BJTFSTMBVUFSO





$PQZSJHIU���'SBVOIPGFS�*&4&����� W

"CTUSBDU

0OF�PG�UIF�SFDFOUMZ�QSPQPTFE�UPPMT�GPS�DPOUSPMMJOH�TPGUXBSF�JOTQFDUJPOT�JT�DBQ�
UVSF�SFDBQUVSF�NPEFMT��5IFTF�BSF�NPEFMT�UIBU�DBO�CF�VTFE�UP�FTUJNBUF�UIF
OVNCFS�PG�SFNBJOJOH�EFGFDUT�JO�B�TPGUXBSF�EPDVNFOU�BGUFS�BO�JOTQFDUJPO�
#BTFE�PO�UIJT�JOGPSNBUJPO�POF�DBO�EFDJEF�XIFUIFS�UP�SFJOTQFDU�B�EPDVNFOU�UP
FOTVSF�UIBU�JU�JT�CFMPX�B�QSFTQFDJGJFE�EFGFDU�EFOTJUZ�UISFTIPME�BOE�UIBU�UIF�JO�
TQFDUJPO�QSPDFTT�JUTFMG�IBT�BUUBJOFE�B�NJOJNBM�MFWFM�PG�FGGFDUJWFOFTT��5IJT�MJOF�PG
XPSL�IBT�BMTP�SFDFOUMZ�CFFO�FYUFOEFE�XJUI�PUIFS�UFDIOJRVFT�TVDI�BT�UIF�%F�
UFDUJPO�1SPGJMF�.FUIPE��*O�UIJT�QBQFS�XF�JOWFTUJHBUF�BO�BMUFSOBUJWF�BQQSPBDI�
UIF�VTF�PG�TVCKFDUJWF�FTUJNBUFT�PG�FGGFDUJWFOFTT�CZ�UIF�JOTQFDUPST�GPS�NBLJOH
UIF�SFJOTQFDUJPO�EFDJTJPO��8F�QFSGPSNFE�B�TUVEZ�XJUI����QSPGFTTJPOBM�TPGUXBSF
FOHJOFFST�BOE�GPVOE�UIBU�UIF�NFEJBO�SFMBUJWF�FSSPS�PG�UIF�FOHJOFFSTl�TVCKFDUJWF
FTUJNBUFT�PG�EFGFDU�DPOUFOU�UP�CF�[FSP�BOE�UIBU�UIF�SFJOTQFDUJPO�EFDJTJPO
CBTFE�PO�UIBU�FTUJNBUF�JT�DPOTJTUFOUMZ�NPSF�DPSSFDU�UIBO�UIF�EFGBVMU�EFDJTJPO�PG
OFWFS�SFJOTQFDUJOH��5IJT�NFBOT�UIBU�TVCKFDUJWF�FTUJNBUFT�QSPWJEF�B�HPPE�CBTJT
GPS�FOTVSJOH�QSPEVDU�RVBMJUZ�BOE�JOTQFDUJPO�QSPDFTT�FGGFDUJWFOFTT�EVSJOH�TPGU�
XBSF�JOTQFDUJPOT��4JODF�B�TVCKFDUJWF�FTUJNBUJPO�QSPDFEVSF�DBO�CF�FBTJMZ�JOUF�
HSBUFE�JOUP�FYJTUJOH�JOTQFDUJPO�QSPDFTTFT�JU�SFQSFTFOUT�B�HPPE�TUBSUJOH�QPJOU�GPS
QSBDUJUJPOFST�CFGPSF�JOUSPEVDJOH�NPSF�PCKFDUJWF�EFDJTJPO�NBLJOH�DSJUFSJB�CZ
NFBOT�PG�DBQUVSF�SFDBQUVSF�NPEFMT�PS�UIF�%FGFDU�%FUFDUJPO�1SPGJMF�.FUIPE�
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*O�UIF�SFDFOU�QBTU�UIFSF�IBT�CFFO�B�NVTISPPNJOH�PG�SFTFBSDI�BDUJWJUZ�JO�EFWFM�
PQJOH�BOE�JNQSPWJOH�EFGFDU�DPOUFOU�FTUJNBUJPO�UFDIOJRVFT�	%$&5T
�GPS�TPGU�
XBSF�JOTQFDUJPOT��"MM�PG�UIFTF�UFDIOJRVFT�VTF�RVBOUJUBUJWF�NPEFMT�GPS�FTUJNBU�
JOH�UIF�OVNCFS�PG�EFGFDUT�JO�B�TPGUXBSF�EPDVNFOU�GSPN�EBUB�DPMMFDUFE�BGUFS�B
TPGUXBSF�JOTQFDUJPO�IBT�CFFO�DBSSJFE�PVU��5IF�MPHJD�CFIJOE�BQQMZJOH�%$&5T�JT
UIBU�CZ�FTUJNBUJOH�UIF�OVNCFS�PG�EFGFDUT�JO�B�EPDVNFOU�UIF�SFNBJOJOH�EFGFDUT
DBO�CF�DBMDVMBUFE�BOE�TVCTFRVFOUMZ�BO�PCKFDUJWF�EFDJTJPO�DBO�CF�NBEF�PO
XIFUIFS�UP�SFJOTQFDU�UIF�TPGUXBSF�EPDVNFOU�PS�UP�MFU�JU�QBTT�UP�UIF�OFYU�QIBTF�
*O�UIJT�NBOOFS�UIF�EPDVNFOU�RVBMJUZ�	EFGJOFE�JO�UFSNT�PG�EFGFDU�EFOTJUZ
�BOE
UIF�JOTQFDUJPO�QSPDFTT�RVBMJUZ�	EFGJOFE�JO�UFSNT�PG�JUT�FGGFDUJWFOFTT
�DBO�CF�DPO�
USPMMFE��0CKFDUJWJUZ�SFGFST�UP�UIF�GBDU�UIBU�UIF�EFDJTJPO�NBLJOH�QSPDFTT�EPFT�OPU
EFQFOE�PO�IVNBO�KVEHNFOU�

5XP�DMBTTFT�PG�%$&5T�IBWF�CFFO�TUVEJFE��DBQUVSF�SFDBQUVSF�	$3
�NPEFMT�BOE
UIF�%FUFDUJPO�1SPGJMF�.FUIPE�	%1.
��$3�NPEFMT�PSJHJOBUF�GSPN�XJMEMJGF�SF�
TFBSDI��5IFTF�NPEFMT�IBWF�CFFO�BQQMJFE�JO�CJPMPHZ�UP�UIF�FTUJNBUJPO�PG�UIF�TJ[F
PG�BOJNBM�QPQVMBUJPOT�BOE�FQJEFNJPMPHZ�UP�FTUJNBUF�UIF�TJ[F�PG�EJTFBTFE
QPQVMBUJPOT�BOE�CJSUI�BOE�EFBUI�SBUFT��5IF�TBNF�NPEFMT�DBO�CF�BQQMJFE�JO�UIF
DPOUFYU�PG�B�TPGUXBSF�JOTQFDUJPO�UP�FTUJNBUF�UIF�OVNCFS�PG�EFGFDUT�JO�B�TPGU�
XBSF�EPDVNFOU�

5IF�%1.�	8PIMJO�BOE�3VOFTPO�����
�JOWPMWFT�GJUUJOH�B�DVSWF�UP�UIF�EBUB�PC�
UBJOFE�GSPN�BO�JOTQFDUJPO�BOE�VTJOH�UIBU�GPS�QSFEJDUJOH�UIF�UPUBM�OVNCFS�PG
EFGFDUT�JO�B�EPDVNFOU��'VSUIFS�JOWFTUJHBUJPOT�IBWF�SFTVMUFE�JO�JNQSPWFNFOUT�UP
%1.�BOE�UIF�QSPQPTBM�PG�B�QSPDFEVSF�GPS�TFMFDUJPO�CFUXFFO�$3�BOE�%1.�	#SJ�
BOE�FU�BM������B
�

#FDBVTF�UIF�NBKPS�GPDVT�PG�UIJT�MJOF�PG�XPSL�XBT�UIF�EFWFMPQNFOU�PG�PCKFDUJWF
EFDJTJPO�DSJUFSJB�BOPUIFS�NVDI�TJNQMFS�BQQSPBDI�IBT�OPU�CFFO�JOWFTUJHBUFE�JO
UIJT�DPOUFYU�UIVT�GBS��UIF�VTF�PG�TVCKFDUJWF�FTUJNBUFT�PG�JOTQFDUJPO�FGGFDUJWFOFTT
GPS�NBLJOH�UIF�SFJOTQFDUJPO�EFDJTJPO��5IF�CBTJD�DPODFQU�CFIJOE�UIJT�BQQSPBDI�JT
UP�BTL�JOTQFDUPST�BGUFS�BO�JOTQFDUJPO�UP�FTUJNBUF�UIF�QFSDFOUBHF�PG�EFGFDUT�JO�B
EPDVNFOU�UIFZ�CFMJFWF�UIFZ�IBWF�BDUVBMMZ�GPVOE��6TJOH�UIJT�JOGPSNBUJPO�POF
DBO�FTUJNBUF�UIF�UPUBM�OVNCFS�PG�EFGFDUT�JO�B�EPDVNFOU�BOE�UIF�SFNBJOJOH
OVNCFS�PG�EFGFDUT��*O�BEEJUJPO�UP�JUT�TJNQMJDJUZ�UIJT�BQQSPBDI�XPVME�CF�BQ�
QFBMJOH�GPS�QSBDUJUJPOFST�CFDBVTF�GJSTU�JU�SFRVJSFT�POMZ�POF�JOTQFDUPS�QFSIBQT
UIF�NPTU�FYQFSJFODFE�POF�UP�NBLF�UIF�FTUJNBUF�BOE�UIFSFGPSF�XPVME�CF�BQ�
QMJDBCMF�JSSFTQFDUJWF�PG�UIF�UPUBM�OVNCFS�PG�JOTQFDUPST��"OE�TFDPOE�JU�OFJUIFS
SFRVJSFT�TJHOJGJDBOU�DIBOHFT�UP�BO�FYJTUJOH�JOTQFDUJPO�JNQMFNFOUBUJPO�TVDI�BT
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DPMMFDUJOH�NPSF�EFUBJMFE�EBUB�PO�EFGFDUT�OPS�BOZ�FYUSB�FGGPSU�GPS�JOTQFDUJPO
QBSUJDJQBOUT�

5IF�NPUJWBUJPO�GPS�JOWFTUJHBUJOH�TVCKFDUJWF�FTUJNBUFT�PG�FGGFDUJWFOFTT�DPNFT
GSPN�UIF�FBSMJFS�XPSL�PG�4FMCZ�	4FMCZ�����
��*O�B�TUVEZ�DPNQBSJOH�DPEF�SFBE�
JOH�GVODUJPOBM�UFTUJOH�BOE�TUSVDUVSBM�UFTUJOH�IF�OPUFE�UIBU�SFBEFST�DPVME�FT�
UJNBUF�RVJUF�BDDVSBUFMZ�UIFJS�PXO�FGGFDUJWFOFTT���5IJT�FTUJNBUJPO�PG�UIF�OVNCFS
PG�GBVMUT�VODPWFSFE�DPSSFMBUFE�SFBTPOBCMZ�XFMM�XJUI�UIF�BDUVBM�QFSDFOUBHF�PG
GBVMUT�EFUFDUFE�	3�������BMQIB��������
��*OWFTUJHBUJOH�GVSUIFS�JOEJWJEVBMT�VTJOH
UIF�EJGGFSFOU�UFDIOJRVFT�XFSF�BCMF�UP�HJWF�CFUUFS�FTUJNBUFT��DPEF�SFBEFST�HBWF
UIF�CFTU�FTUJNBUFT�	3������BMQIB��������
�����5IJT�MBTU�PCTFSWBUJPO�TVHHFTUT
UIBU�UIF�DPEF�SFBEFST�XFSF�NPSF�DFSUBJO�PG�UIF�FGGFDUJWFOFTT�UIFZ�IBE�JO�SF�
WFBMJOH�GBVMUT�JO�UIF�QSPHSBNT���"MUIPVHI�TVCKFDUJWF�JG�GVSUIFS�DPSSPCPSBUJWF
FWJEFODF�TVHHFTUT�UIBU�UIPTF�FGGFDUJWFOFTT�FTUJNBUFT�BSF�BDDVSBUF�UIFO�UIJT
DBO�QSPWJEF�BOPUIFS�BQQSPBDI�GPS�DPOUSPMMJOH�TPGUXBSF�JOTQFDUJPOT�BOE�B�HPPE
TUBSUJOH�QPJOU�GPS�QSBDUJUJPOFST�CFGPSF�JOUSPEVDJOH�NPSF�PCKFDUJWF�%$&5T�TVDI
BT�$3�BOE�%1.�

*O�UIJT�QBQFS�XF�TIPX�IPX�TVCKFDUJWF�FTUJNBUFT�PG�FGGFDUJWFOFTT�DBO�CF�BQQMJFE
UP�NBLJOH�UIF�SFJOTQFDUJPO�EFDJTJPO�GPS�DPEF�EPDVNFOUT�BOE�SFQPSU�PO�B�TUVEZ
UIBU�FNQJSJDBMMZ�FWBMVBUFE�UIF�VTFGVMOFTT�PG�UIF�FTUJNBUFT��5IF�TUVEZ�XBT�DPO�
EVDUFE�XJUI����QSPGFTTJPOBM�TPGUXBSF�FOHJOFFST�BU�#PTDI�5FMFDPN�(NC)
(FSNBOZ��5IF�SFBEJOH�UFDIOJRVF�UIBU�UIF�TVCKFDUT�VTFE�GPS�EFGFDU�EFUFDUJPO
XBT�DIFDLMJTU�CBTFE�SFBEJOH�	$#3
�	-BJUFOCFSHFS�FU�BM������
��5IF�SFBTPO�GPS
GPDVTJOH�PO�$#3�JT�UIBU�JO�B�SFDFOU�MJUFSBUVSF�TVSWFZ�DIFDLMJTU�CBTFE�SFBEJOH
XBT�GPVOE�UP�CF�UIF�EF�GBDUP�TUBOEBSE�BQQSPBDI�GPS�EFGFDU�EFUFDUJPO�JO�NBOZ
JOEVTUSJBM�JOTQFDUJPO�JNQMFNFOUBUJPOT�	-BJUFOCFSHFS�BOE�%F#BVE�����
��"GUFS
UIF�EFGFDU�EFUFDUJPO�TUFQ�UIF�TVCKFDUT�FTUJNBUFE�UIFJS�PXO�FGGFDUJWFOFTT�J�F�
UIF�QFSDFOUBHF�PG�EFGFDUT�UIFZ�UIPVHIU�UIFZ�IBWF�GPVOE��5IF�TVCKFDUJWF�FTUJ�
NBUFT�XFSF�VTFE�JO�PVS�BOBMZTJT��#SJFGMZ�PVS�SFTVMUT�JOEJDBUF�UIBU�FTUJNBUFT�PG
EFGFDU�DPOUFOU�CBTFE�PO�TVCKFDUJWF�FTUJNBUFT�PG�FGGFDUJWFOFTT�IBWF�B�NFEJBO
SFMBUJWF�FSSPS�PG�[FSP�BOE�UIBU�UIFZ�QSPWJEF�DPOTJTUFOUMZ�CFUUFS�EPDVNFOU�BOE
JOTQFDUJPO�QSPDFTT�RVBMJUZ�DPOUSPM�UIBO�UIF�DVSSFOU�EFGBVMU�QSBDUJDF�PG�OPU�SFJO�
TQFDUJOH�B�EPDVNFOU�

5IJT�QBQFS�JT�PSHBOJ[FE�BT�GPMMPXT��*O�4FDUJPO���XF�QSFTFOU�BO�PWFSWJFX�PG�FN�
QJSJDBM�XPSL�PO�FWBMVBUJOH�%$&5T�JO�TPGUXBSF�FOHJOFFSJOH�BOE�DVSSFOU�VTFT�PG
TVCKFDUJWF�FTUJNBUFT�JO�TPGUXBSF�FOHJOFFSJOH���4FDUJPO���EFTDSJCFT�IPX�TVCKFD�
UJWF�FTUJNBUFT�PG�FGGFDUJWFOFTT�DBO�CF�FWBMVBUFE���0VS�SFTFBSDI�NFUIPE�JT�EF�
TDSJCFE�JO�EFUBJM�JO�4FDUJPO���BOE�PVS�SFTVMUT�JO�4FDUJPO�����8F�DPODMVEF�UIF
QBQFS�JO�4FDUJPO���XJUI�B�TVNNBSZ�BOE�TVHHFTUJPOT�GPS�GVUVSF�XPSL�
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��� %FGJOJUJPO�PG�3FJOTQFDUJPOT

"�SFDFOU�MJUFSBUVSF�SFWJFX�GPVOE�UIBU�PO�BWFSBHF�JOTQFDUJPOT�GJOE�����PG�EF�
GFDUT�JO�DPEF�BOE�EFTJHO�EPDVNFOUT�	#SJBOE�FU�BM������D
���)PXFWFS�HJWFO�UIF
TVCTUBOUJBM�EFGFDU�EFUFDUJPO�DPTU�TBWJOHT�UIBU�DBO�CF�BDDSVFE�CZ�JODSFBTJOH�UIF
FGGFDUJWFOFTT�PG�JOTQFDUJPOT�	#SJBOE�FU�BM������D
�DPOUFNQPSBSZ�SFTFBSDI�IBT
QSJNBSJMZ�GPDVTFE�PO�JNQSPWFE�SFBEJOH�UFDIOJRVFT�GPS�FYBNQMF�	-BJUFOCFSHFS
FU�BM������
�BOE�PO�SFJOTQFDUJPOT�GPS�FYBNQMF�	&JDL�FU�BM������
�GPS�NBYJ�
NJ[JOH�JOTQFDUJPO�FGGFDUJWFOFTT���0VS�GPDVT�IFSF�JT�PO�SFJOTQFDUJPOT�

"�SFJOTQFDUJPO�BT�SFGFSSFE�UP�JO�UIJT�QBQFS�JT�JOUFOEFE�UP�TDSVUJOJ[F�BO�BMSFBEZ
JOTQFDUFE�EPDVNFOU�BOFX���5IF�QVSQPTF�JT�UP�JEFOUJGZ�EFGFDUT�UIBU�IBWF�CFFO
NJTTFE�EVSJOH�UIF�JOJUJBM�JOTQFDUJPO���*U�JT�OPU�UP�GPDVT�PO�UIF�DIBOHFT�NBEF
EVF�UP�UIF�JOJUJBM�JOTQFDUJPO�

4PNF�JOTQFDUJPO�JNQMFNFOUBUJPOT�JOWPMWF�B�GPMMPX�VQ�QIBTF�BU�UIF�FOE�PG�UIF
JOTQFDUJPO�QSPDFTT��'BHBO�	'BHBO�����
�SFQPSUT�UIBU�UIJT�JOTQFDUJPO�QIBTF�BJNT
BU�WFSJGZJOH�XIFUIFS�UIF�BVUIPS�IBT�UBLFO�TPNF�SFNFEJBM�BDUJPO�GPS�FBDI�JTTVF
QSPCMFN�BOE�DPODFSO�EFUFDUFE��)F�BMTP�TUBUFT�UIBU�UIF�GPMMPX�VQ�QIBTF�JT�BO
PQUJPOBM�POF�JO�UIF�JOTQFDUJPO�QSPDFTT�BOE�UIBU�JU�DBOOPU�CF�DPOTJEFSFE�B�SFJO�
TQFDUJPO�

*O�UIFJS�CPPL�PO�TPGUXBSF�JOTQFDUJPOT�4USBVTT�BOE�&CFOBV�	4USBVTT�BOE
&CFOBV�����
�EFTDSJCF�UIF�SFJOTQFDUJPO�TUBHF��)PXFWFS�UIF�GPDVT�PG�UIJT�JT�UP
DPODFOUSBUF�PO�UIF�DIBOHFT�NBEF�BGUFS�UIF�JOJUJBM�JOTQFDUJPO�UIFJS�JOUFSGBDFT
BOE�EFQFOEFODJFT���5IJT�JT�EJGGFSFOU�GSPN�QFSGPSNJOH�B�SFJOTQFDUJPO�UP�JEFOUJGZ
EFGFDUT�UIBU�IBWF�CFFO�NJTTFE�

"EBNT�	"EBNT�����
�OPUFT�UIBU�UIF�PDDVSSFODF�PG�B�SFJOTQFDUJPO�TIPVME�CF�B
USJHHFS�GPS�QSFWFOUJWF�BDUJPO�TJODF�FYDFTTJWF�VTF�PG�SFJOTQFDUJPOT�JT�MJLFMZ�UP�CF
JOFGGJDJFOU��)F�TVHHFTUT�JNQSPWFE�FOUSBODF�DSJUFSJB�GPS�JOTQFDUJPOT�VTF�PG�QSF�
MJNJOBSZ�JOGPSNBM�JOTQFDUJPOT�BOE�TPNF�GPSN�PG�SPPU�DBVTF�BOBMZTJT�

5IF�DSJUFSJB�GPS�NBLJOH�UIF�SFJOTQFDUJPO�EFDJTJPO�TIPVME�CF�GPSNVMBUFE�UP�DPO�
USPM�

• 5IF�RVBMJUZ�PG�UIF�EPDVNFOU��#Z�FOTVSJOH�UIBU�UIF�EPDVNFOUT�UIBU�QBTT
UIF�JOTQFDUJPO�BUUBJO�B�NJOJNBM�RVBMJUZ�MFWFM���"�EPDVNFOU�RVBMJUZ�MFWFM
XPVME�CF�UIF�SFNBJOJOH�EFGFDU�EFOTJUZ�
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• 5IF�RVBMJUZ�PG�UIF�JOTQFDUJPO��#Z�FOTVSJOH�UIBU�UIF�JOTQFDUJPO�QSPDFTT�IBT
BDIJFWFE�B�NJOJNBM�RVBMJUZ�MFWFM���5IF�QSPDFTT�RVBMJUZ�MFWFM�XPVME�CF�EFGJOFE
BT�UIF�QSPQPSUJPO�PG�EFGFDUT�JO�UIF�EPDVNFOU�UIBU�IBWF�CFFO�JEFOUJGJFE�CZ
UIF�JOTQFDUJPO�

.PTU�PSHBOJ[BUJPOT�IBWF�OPU�JOTUJUVUJPOBMJ[FE�SFJOTQFDUJPOT�BT�B�UFDIOJRVF�GPS
FOTVSJOH�UIF�RVBMJUZ�PG�UIF�EPDVNFOU�BOE�UIF�JOTQFDUJPO�QSPDFTT��5IPTF�UIBU
EP�IBWF�VUJMJ[FE�GPS�FYBNQMF�IJTUPSJDBM�OPSNT�GPS�NBLJOH�UIF�SFJOTQFDUJPO�EF�
DJTJPO��*G�UPP�NBOZ�EFGFDUT�BSF�GPVOE�DPNQBSFE�UP�UIF�OPSN�UIFO�UIJT�JT�UBLFO
BT�FWJEFODF�PG�B�QPPS�EPDVNFOU�XIJMF�UPP�GFX�BSF�UBLFO�BT�FWJEFODF�PG�B
QPPS�JOTQFDUJPO�	&JDL�FU�BM������
���)PXFWFS�UIJT�BQQSPBDI�BTTVNFT�UIBU�WBSJB�
UJPOT�BNPOH�SFWJFXT�BSF�MBSHFS�UIBO�WBSJBUJPOT�BNPOH�EPDVNFOUT��*G�UIJT�JT�OPU
UIF�DBTF�UIFO�UIJT�DBO�MFBE�UP�SFJOTQFDUJPOT�PG�IJHI�RVBMJUZ�EPDVNFOUT�BOE�MPX
RVBMJUZ�EPDVNFOUT�NBZ�FBTJMZ�QBTT��0UIFS�DPNQBOJFT�NBZ�IBWF�GPMMPXFE�B�SVMF
PG�UIVNC�UP�EFUFSNJOF�XIFUIFS�UP�QFSGPSN�B�SFJOTQFDUJPO��0OF�JT�UIBU�UIF
OVNCFS�PG�EFGFDUT�SFNBJOJOH�JT�SPVHIMZ�FRVBM�UP�UIF�OVNCFS�PG�EFGFDUT�GPVOE
QFS�QBHF�	(JMC�BOE�(SBIBN�����
��5IJT�SVMF�PG�UIVNC�IPXFWFS�EPFT�OFJUIFS
DPOTJEFS�UIF�RVBMJUZ�MFWFM�PG�UIF�EPDVNFOU�OPS�UIF�RVBMJUZ�PG�UIF�JOTQFDUJPO�
.PSFPWFS�UIFSF�JT�OP�TZTUFNBUJD�FWJEFODF�PO�UIF�WBMJEJUZ�PS�BDDVSBDZ�PG�UIJT
SVMF�

8PSL�JO�UIF�%$&5�BSFB�IBT�BJNFE�BU�QSPWJEJOH�UIF�NFBOT�GPS�NBLJOH�UIF�SFJO�
TQFDUJPO�EFDJTJPO���8F�SFWJFX�UIJT�XPSL�CFMPX�

��� "O�0WFSWJFX�PG�%$&5T�JO�4PGUXBSF�&OHJOFFSJOH

0OF�DBO�VTF�DBQUVSF�SFDBQUVSF�	$3
�NPEFMT�UP�EFDJEF�PO�BO�PCKFDUJWF�CBTJT
XIFUIFS�PS�OPU�UP�QFSGPSN�B�SFJOTQFDUJPO��$3�NPEFMT�XFSF�JOJUJBMMZ�EFWFMPQFE
UP�FTUJNBUF�UIF�TJ[F�PG�BOJNBM�QPQVMBUJPOT�	4FCFS�������0UJT�FU�BM�������
8IJUF�FU�BM������
��*O�EPJOH�TP�BOJNBMT�BSF�DBQUVSFE�NBSLFE�BOE�UIFO�SF�
MFBTFE�PO�TFWFSBM�USBQQJOH�PDDBTJPOT��5IF�OVNCFS�PG�NBSLFE�BOJNBMT�UIBU�BSF
SFDBQUVSFE�BMMPXT�POF�UP�FTUJNBUF�UIF�UPUBM�QPQVMBUJPO�TJ[F�CBTFE�PO�UIF�TBN�
QMFTl�PWFSMBQ���$3�NPEFMT�BSF�BMTP�BQQMJFE�JO�FQJEFNJPMPHZ�UP�FTUJNBUF�UIF�TJ[F
PG�B�EJTFBTFE�QPQVMBUJPO�	4UFQIFO�����
�BOE�GPS�UIF�FTUJNBUJPO�PG�CJSUI�BOE
EFBUI�SBUFT�	$IBOESB�4FLBS�BOE�%FNJOH�����
�XIFSF�JOTUFBE�PG�NVMUJQMF
USBQQJOH�PDDBTJPOT�NVMUJQMF�SFHJTUSBUJPO�TZTUFNT�BSF�VTFE�

5IF�CBTJD�JEFB�CFIJOE�B�$3�NPEFM�DBO�CF�JMMVTUSBUFE�GPS�UIF�DBTF�PG�UXP�PDDB�
TJPOT�XJUI�SFGFSFODF�UP�5BCMF���	TFF�	8JDLFOT�����

���4VQQPTF�POF�XBOUT�UP
FTUJNBUF�UIF�TJ[F�. �PG�BO�BOJNBM�QPQVMBUJPO�UIBU�EPFT�OPU�DIBOHF�PWFS�UJNF
J�F��OP�BOJNBMT�FOUFS�PS�MFBWF�UIF�QPQVMBUJPO�UISPVHI�CJSUI�EFBUI�JNNJHSB�
UJPO�PS�FNNJHSBUJPO��"�OVNCFS� +�N BOJNBMT�BSF�DBQUVSFE�PO�UIF�GJSTU�EBZ�
5IFTF�BOJNBMT�BSF�NBSLFE�TPNFIPX�BOE�SFMFBTFE�JOUP�UIF�QPQVMBUJPO���"GUFS
BMMPXJOH�TPNF�UJNF�GPS�UIF�NBSLFE�BOE�VONBSLFE�BOJNBMT�UP�NJY�B�TFDPOE
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USBQQJOH�PDDBTJPO�JT�QFSGPSNFE�PO�B�TFDPOE�EBZ��0O�UIJT�EBZ�
�+N �BOJNBMT�BSF

DBQUVSFE��5IJT�TBNQMF�PG�
�+N �BOJNBMT�DPOTJTUT�PG�

��
N �BOJNBMT�CFBSJOH�B�NBSL

	BOJNBMT�DBQUVSFE�PO�CPUI�EBZT
�BOE�
��

N �BOJNBMT�XJUIPVU�B�NBSL�	OFXMZ�DBQ�
UVSFE�BOJNBMT
���5IFSF�BSF�BMTP�

��
N �BOJNBMT�UIBU�XFSF�NBSLFE�PO�UIF�GJSTU�EBZ

CVU�XFSF�OPU�DBVHIU�PO�UIF�TFDPOE�EBZ���5IF�WBMVFT�JO�QBSBOUIFTFT�BSF�VO�
LOPXO��5IFSFGPSF�XF�EP�OPU�LOPX�

��
N �XIJDI�JT�UIF�OVNCFS�PG�BOJNBMT�OPU

GPVOE�JO�FJUIFS�PDDBTJPO�

'PVOE�PO�0DDBTJPO��
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5BCMF��� *ODPNQMFUF�DPOUJOHFODZ�UBCMF�XJUI�PCTFSWFE�WBMVFT�PG�EFGFDUT�GPVOE�PO�UXP�PDDBTJPOT�

5IF�PEET�SBUJP�GPS�TVDI�B�UBCMF�DBO�CF�FTUJNBUFE�CZ�
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����

NN

NN
f =α &RO����

6OEFS�JOEFQFOEFODF�PG�UIF�SPX�BOE�DPMVNO�WBSJBCMFT�UIF�PEET�SBUJP�IBT�B
WBMVF�PG�����5IFSFGPSF�CZ�SFBSSBOHJOH�&RO�����XF�DBO�PCUBJO�BO�FTUJNBUF�PG
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5IF�FTUJNBUPS�JO�&RO�����JT�LOPXO�BT�UIF�-JODPMO�1FUFSTFO�FTUJNBUPS���*U�XBT
BMTP�EFSJWFE�CZ�	$IBOESB�4FLBS�BOE�%FNJOH�����
�BOE�BQQMJFE�JO�UIF�FTUJNB�
UJPO�PG�CJSUI�BOE�EFBUI�SBUFT�

*O�TPGUXBSF�FOHJOFFSJOH�EJGGFSFOU�UZQFT�PG�$3�NPEFMT�IBWF�CFFO�TVHHFTUFE�BOE
FWBMVBUFE�JO�UIF�DPOUFYU�PG�DPOUSPMMJOH�UIF�UFTUJOH�QSPDFTT�	"SEJTTPOF�FU�BM�
������#BTJO�������%VSBO�BOE�8JPSLPXTLJ�������*TPEB�������.JMMT������
0ICB�����
��5IFZ�IBWF�BMTP�CFFO�TVHHFTUFE�GPS�DPOUSPMMJOH�UIF�JOTQFDUJPO
QSPDFTT�	&JDL�FU�BM��������&JDL�FU�BM������
���.PSF�SFDFOUMZ�$3�NPEFMT�IBWF
CFFO�BQQMJFE�JO�FTUJNBUJOH�UIF�FYUFOU�UP�XIJDI�TPGUXBSF�FOHJOFFSJOH�TUBOEBSET
BSF�VTFE�	&M�&NBN�BOE�(BSSP�����
�
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5IF�JEFB�CFIJOE�VTJOH�DBQUVSF�SFDBQUVSF�NPEFMT�GPS�TPGUXBSF�FOHJOFFSJOH�JO�
TQFDUJPOT�JT�UP�MFU�TFWFSBM�JOTQFDUPST�ESBX�TBNQMFT�GSPN�UIF�QPQVMBUJPO�PG�EF�
GFDUT�	CZ�JEFOUJGZJOH�EFGFDUT�EVSJOH�UIF�QSFQBSBUJPO�TUBHF�PG�UIF�JOTQFDUJPO
�
5IF�EJGGFSFOU�JOTQFDUPST�SFGMFDU�UIF�WBSJPVT�PDDBTJPOT�EFQJDUFE�JO�5BCMF����#BTFE
PO�UIF�PWFSMBQ�PG�EFGFDUT�BNPOHTU�JOTQFDUPST�POF�DBO�FTUJNBUF�UIF�OVNCFS�PG
EFGFDUT�SFNBJOJOH�JO�B�TPGUXBSF�EPDVNFOU�VTJOH�GPS�FYBNQMF��UIF�-JODPMO�
1FUFSTPO�FTUJNBUPS��6TJOH�UIJT�FTUJNBUF�BOE�UIF�LOPXO�OVNCFS�PG�EFGFDUT
GPVOE�JO�UIF�JOTQFDUJPO�JU�JT�QPTTJCMF�UP�FTUJNBUF�UIF�OVNCFS�PG�SFNBJOJOH�EF�
GFDUT�JO�UIF�JOTQFDUFE�EPDVNFOU�	J�F��FTUJNBUJOH�

��
N �JO�UIF�BCPWF�UBCMF
��4VC�

TFRVFOUMZ�BSNFE�XJUI�UIJT�JOGPSNBUJPO�UIF�JOTQFDUJPO�UFBN�DBO�NBLF�BO�PC�
KFDUJWF�EFDJTJPO�BT�UP�XIFUIFS�UIF�EPDVNFOU�TIPVME�CF�SFJOTQFDUFE�UP�SFEVDF
JUT�EFGFDU�DPOUFOU�CFGPSF�QBTTJOH�JU�PO�UP�UIF�OFYU�QIBTF�PG�UIF�EFWFMPQNFOU
MJGF�DZDMF�

3FTFBSDIFST�BU�#FMM�-BCT�GJSTU�BQQMJFE�$3�NPEFMT�GPS�SFRVJSFNFOUT�BOE�EFTJHO
JOTQFDUJPOT�	&JDL�FU�BM��������&JDL�FU�BM��������&JDL�FU�BM������
���)PXFWFS�JO
UIFTF�TUVEJFT�UIF�USVF�OVNCFS�PG�EFGFDUT�XBT�VOLOPXO�BOE�UIFSFGPSF�BO
FWBMVBUJPO�PG�UIFJS�USVF�FGGJDBDZ�XBT�OPU�QPTTJCMF���-BUFS�XPSL�DPOTJTUFE�PG�B
.POUF�$BSMP�TJNVMBUJPO�UP�FWBMVBUF�UIF�SPCVTUOFTT�PG�EJGGFSFOU�$3�FTUJNBUPST
UP�WJPMBUJPOT�PG�UIFJS�BTTVNQUJPOT�	7BOEFS�8JFM�BOE�7PUUB�����
�

0CKFDUJWF�FNQJSJDBM�FWBMVBUJPO�PG�$3�NPEFMT�TUBSUFE�XJUI�UIF�TUVEZ�PG�8PIMJO
FU�BM��	8PIMJO�FU�BM������
���)PXFWFS�UIJT�TUVEZ�XBT�DPOEVDUFE�XJUI�OPO�
TPGUXBSF�FOHJOFFSJOH�EPDVNFOUT���4VCTFRVFOU�XPSL�VTFE�TPGUXBSF�FOHJOFFS�
JOH�EPDVNFOUT�	#SJBOE�FU�BM��������#SJBOE�FU�BM������F��.JMMFS�������3VOFTPO
BOE�8PIMJO�����
���"MM�PG�UIF�BCPWF�XPSL�VUJMJ[FE�NPEFMT�UIBU�XFSF�PSJHJOBMMZ
EFWFMPQFE�JO�XJMEMJGF�SFTFBSDI���0UIFS�SFTFBSDIFST�DPOTJEFSFE�UIF�JODPSQPSBUJPO
PG�#BZFTJBO�NFUIPET�UP�FTUJNBUF�EFGFDU�DPOUFOU�BOE�GPS�NPEFM�TFMFDUJPO�	#BTV
BOE�&CSBIJNJ�����
�QFSGPSNFE�GVSUIFS�FWBMVBUJPOT�PG�BTTVNQUJPO�WJPMBUJPOT
XIFO�VTJOH�UIF�FTUJNBUJPO�NPEFMT�	5IFMJO�BOE�3VOFTPO�����B
�FWBMVBUFE�UIF
BQQMJDBCJMJUZ�PG�$3�NPEFMT�UP�QFSTQFDUJWF�CBTFE�SFBEJOH�	5IFMJO�BOE�3VOFTPO
����C
�BOE�QSPQPTFE�OFX�FTUJNBUPST�GPS�UIF�DBTF�XIFO�UIF�JOEFQFOEFODF�BT�
TVNQUJPO�JT�WJPMBUFE�	&NCSBIJNJ�����
�

"O�BMUFSOBUJWF�BQQSPBDI�XBT�QSPQPTFE�JO�	8PIMJO�BOE�3VOFTPO�����
�UIF�%F�
UFDUJPO�1SPGJMF�.FUIPE�	%1.
���5IF�%1.�JT�BO�JOUVJUJWFMZ�BQQFBMJOH�BQQSPBDI
UIBU�DBO�CF�FBTJMZ�FYQMBJOFE�HSBQIJDBMMZ�UP�OPOTQFDJBMJTUT���"�MBUFS�TUVEZ�TVH�
HFTUFE�B�NFUIPE�GPS�TFMFDUJOH�CFUXFFO�B�$3�NPEFM�BOE�UIF�%1.�	#SJBOE�FU�BM�
����B
�BOE�UIJT�XBT�TVCTFRVFOUMZ�GVSUIFS�FWBMVBUFE�JO�	1FUFSTTPO�BOE�8PIMJO
����
�

*O�BEEJUJPO�UP�UIF�FYQFSJFODFT�SFQPSUFE�CZ�UIF�SFTFBSDIFST�BU�#FMM�-BCT�UIF�VTF
PG�UIF�%1.�BU�BO�JOTVSBODF�DPNQBOZ�JO�(FSNBOZ�XBT�SFQPSUFE�JO�	#SJBOE�FU
BM������E
�BOE�UIF�BQQMJDBUJPO�PG�$3�NPEFMT�JO�UFMFDPNNVOJDBUJPOT�QSPKFDUT
	"SEJTTPOF�FU�BM������
�
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5IVT�GBS�UIFSF�IBT�CFFO�OP�FWBMVBUJPO�PG�TVCKFDUJWF�BQQSPBDIFT�GPS�EJSFDUMZ
DPOUSPMMJOH�TPGUXBSF�JOTQFDUJPOT���5IF�POMZ�FYDFQUJPO�JT�POF�NFOUJPO�UIBU�UIF
EPDVNFOU�RVBMJUZ�	FYQSFTTFE�BT�UIF�OVNCFS�PG�EFGFDUT�OPU�ZFU�GPVOE
�BT�FTUJ�
NBUFE�GSPN�B�$3�NPEFM�NBUDIFT�UIF�JOUVJUJPO�PG�JOTQFDUPST�	&JDL�FU�BM�������
&JDL�FU�BM������
�

��� %FGJOJUJPO�PG�4VCKFDUJWF�&TUJNBUFT�PG�&GGFDUJWFOFTT

"�TVCKFDUJWF�FTUJNBUF�PG�FGGFDUJWFOFTT�BT�VTFE�JO�UIJT�QBQFS�JT�EFGJOFE�BT�BO
JOEJWJEVBM�JOTQFDUPSlT�QFSDFQUJPO�PG�UIF�QFSDFOUBHF�PG�EFGFDUT�JO�B�EPDVNFOU
UIBU�T�IF�IBT�GPVOE���5IJT�FTUJNBUF�JT�QSPEVDFE�BGUFS�SFBEJOH�UIF�EPDVNFOU
BOE�MPHHJOH�UIF�EFGFDUT�UIBU�T�IF�IBT�GPVOE���'PS�FYBNQMF�MFUlT�TBZ�UIBU�BO�JO�
TQFDUPS�GPVOE����EFGFDUT�JO�B�DPEF�EPDVNFOU�BOE�T�IF�FTUJNBUFT�UIBU�����PG
UIF�EFGFDUT�IBWF�CFFO�GPVOE�	J�F��UIF����EFGFDUT�SFQSFTFOU�POMZ�����PG�UIF�UP�
UBM�EFGFDUT�JO�UIF�EPDVNFOU
���*U�GPMMPXT�UIBU�UIF�JOTQFDUPS�FTUJNBUFT�UIBU�UIFSF
XFSF����EFGFDUT�JO�UPUBM�JO�UIF�EPDVNFOU�BOE�UIBU���EFGFDUT�SFNBJO�JO�UIF
EPDVNFOU���"T�XF�TIBMM�TFF�MBUFS�JO�UIF�QBQFS�BO�JOEJWJEVBM�JOTQFDUPSlT�FTUJ�
NBUF�DBO�CF�HFOFSBMJ[FE�UP�BO�JOTQFDUJPO�UFBN�PG�BSCJUSBSZ�TJ[F�

0G�DPVSTF�UIF�QSFDJTJPO�PG�UIJT�TVCKFDUJWF�FTUJNBUF�JT�FYQFDUFE�UP�CF�BGGFDUFE
CZ�NBOZ�EJGGFSFOU�WBSJBCMFT��0OF�PG�UIFN�NBZ�CF�GPS�FYBNQMF�UIF�NFUIPE
UIBU�UIF�JOTQFDUPS�VTFT�UP�SFBE�BOE�VOEFSTUBOE�UIF�JOTQFDUFE�EPDVNFOU
	-BJUFOCFSHFS�FU�BM������
���*U�JT�FYQFDUFE�UIBU�B�NPSF�TZTUFNBUJD�NFUIPE�SF�
TVMUT�JO�B�NPSF�QSFDJTF�FTUJNBUF�

��� 5IF�6TF�PG�4VCKFDUJWF�&TUJNBUFT�JO�4PGUXBSF�&OHJOFFSJOH

4JODF�UP�PVS�LOPXMFEHF�UIFSF�JT�OP�FYUFOTJWF�MJUFSBUVSF�PO�UIF�CFIBWJPSBM�BOE
BQQMJDBUJPO�BTQFDUT�PG�TVCKFDUJWF�FTUJNBUFT�PG�JOTQFDUJPO�FGGFDUJWFOFTT�XF�DBO
BU�MFBTU�JOGPSN�PVS�FOEFBWPST�CZ�DPOTJEFSJOH�UIF�XPSL�EPOF�JO�UIF�BSFB�PG
TVCKFDUJWF�DPTU�FTUJNBUJPO��

%FTQJUF�UIF�QSFEPNJOBOU�VTF�PG�TVCKFDUJWF�DPTU�FTUJNBUJPO�QSBDUJDFT�JO�JOEVTUSZ
	)FFNTUSB�������)JIO�BOE�)BCJC�"HBIJ�������-FEFSFS�BOE�1SBTBE�����

UIFSF�FYJTUT�B�TUSPOH�CJBT�BHBJOTU�UIFJS�VTF�JO�TPGUXBSF�FOHJOFFSJOH���5IJT�JT�FY�
FNQMJGJFE�CZ�TUBUFNFOUT�TVDI�BT�mSFTFBSDIFST�DBO�NBLF�B�DPOUSJCVUJPO�CZ�GJOE�
JOH�QSBDUJDFT�UIBU�DBO�EJTDPVSBHF�UIF�VTF�PG�UIF�JOGPSNBM�CBTJT�<GPS�DPTU�FTUJNB�
UJPO�c>�UIF�FNQMPZNFOU�PG�BO�JOGPSNBM�CBTJT�TIPVME�QSPCBCMZ�CF�EJTDPVSBHFE
<c>�NBOBHFST�TIPVME�NBLF�EJMJHFOU�FGGPSUT�UP�FTDIFX�UIFNn��	-FEFSFS�BOE
1SBTBE�����
��8IJMF�TVDI�QFSDFQUJPOT�NBZ�CF�TVQQPSUFE�CZ�TPNF�FNQJSJDBM

�����������������������������������������������
��5IJT�JT�BMTP�TPNFUJNFT�SFGFSFE�UP�BT�JOGPSNBM�PS�JOUVJUJWF�DPTU�FTUJNBUJPO�
��*O�UIJT�QBSUJDVMBS�BSUJDMF�BO�JOGPSNBM�CBTJT�JT�EFGJOFE�BT�JOUVJUJPO�DPNQBSJTPO�UP�TJNJMBS�QBTU�QSPKFDUT�CBTFE
PO�QFSTPOBM�NFNPSZ�BOE�HVFTTJOH�
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TUVEJFT�	F�H��TFF�	-FEFSFS�BOE�1SBTBE�������-FEFSFS�BOE�1SBTBE�����

�UIFSF
BMTP�EPFT�FYJTU�B�CPEZ�PG�FNQJSJDBM�FWJEFODF�TIPXJOH�UIBU�TVCKFDUJWF�DPTU�FTUJ�
NBUFT�DBO�PVUQFSGPSN�NPSF�PCKFDUJWF�UFDIOJRVFT�	TVDI�BT�QBSBNFUSJD�NPEFMT

	7JDJOBO[B�FU�BM������
�PS�UIBU�UIFZ�QFSGPSN�BU�MFBTU�BT�XFMM�BT�UIF�PCKFDUJWF
UFDIOJRVFT�	,VTUFST�FU�BM������
���'VSUIFSNPSF�DPTU�FTUJNBUJPO�NFUIPET�CBTFE
PO�TVCTUBOUJBM�TVCKFDUJWF�JOGPSNBUJPO�IBWF�CFFO�TIPXO�UP�QFSGPSN�JNQSFTTJWFMZ
XFMM�	#SJBOE�FU�BM������C
�BOE�DPOUFNQPSBSZ�DPTU�FTUJNBUJPO�NPEFMT�BSF�DVS�
SFOUMZ�FYQMJDJUMZ�UBLJOH�JOUP�BDDPVOU�TVCKFDUJWF�FYQFSU�PQJOJPO�UISPVHI�UIF�VTF
PG�#BZFTJBO�TUBUJTUJDT�UP�JNQSPWF�UIFJS�QSFEJDUJWF�QFSGPSNBODF�	%FWOBOJ�$IVMBOJ
����
�

1FSIBQT�UIF�TUSPOHFTU�TUBUFNFOU�UIBU�XF�IBWF�GPVOE�JO�TVQQPSU�PG�TVCKFDUJWF
FTUJNBUFT�PG�DPTU�PS�BU�MFBTU�PG�UIFJS�VUJMJUZ�XBT�NBEF�CZ�)VHIFT�	)VHIFT
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XBSF�TZTUFN�NVTU�CF�UBJMPSBCMF�UP�EJGGFSFOU�IBSEXBSF�DPOGJHVSBUJPOT��#FDBVTF
PG�UIFTF�DIBSBDUFSJTUJDT�BOE�UIF�JODSFBTJOH�DPNQFUJUJPO�JO�UIF�UFMFDPNNVOJDB�
UJPOT�NBSLFU�IJHI�QSPEVDU�RVBMJUZ�SFQSFTFOUT�POF�PG�UIF�NPTU�DSVDJBM�EFNBOET
GPS�TPGUXBSF�EFWFMPQNFOU�QSPKFDUT�BU�#PTDI�5FMFDPN�(NC)��5IF�SFRVJSFNFOU
PG�IJHI�TPGUXBSF�RVBMJUZ�BOE�SFMJBCJMJUZ�IJHIMJHIUT�UIF�OFFE�UP�NBLF�DPSSFDU�EF�
DJTJPOT�BCPVU�SFJOTQFDUJOH�EPDVNFOUT�

��� %FTDSJQUJPO�PG�UIF�4UVEZ

5IF�TUVEZ�DPOTJTUFE�PG�UISFF�TFTTJPOT�JO�FBDI�PG�XIJDI����EFWFMPQFST�QBSUJDJ�
QBUFE��&BDI�TFTTJPO�DPOTJTUFE�PG�GPVS�QBSUT��5IF�GJSTU�POF�DPNQSJTFE�BO�JOUFO�
TJWF�FYFSDJTF�JOUSPEVDJOH�UIF�QSJODJQMFT�PG�TPGUXBSF�JOTQFDUJPO��5IJT�FYQMBOBUJPO
DPWFSFE�UIF�UIFPSZ�CFIJOE�JOTQFDUJPO�SPMFT�JOTQFDUJPO�QSPDFTTFT�BOE�EJGGFSFOU
UFDIOJRVFT�UIBU�IFMQ�JOEJWJEVBMT�EFUFDU�EFGFDUT�JO�B�DPEF�NPEVMF�	J�F��SFBEJOH
UFDIOJRVFT
��5IF�TFDPOE�QBSU�DPOTJTUFE�PG�B�QSBDUJDBM�FYFSDJTF�JO�XIJDI�UIF
TVCKFDUT�JOEJWJEVBMMZ�TDSVUJOJ[FE�B�$�DPEF�NPEVMF�GPS�EFGFDUT�VTJOH�B�DIFDLMJTU�
CBTFE�SFBEJOH�UFDIOJRVF�	'BHBO�����
��5IF�DPEF�NPEVMFT�XFSF�QBSU�PG�SVO�
OJOH�TPGUXBSF�TZTUFNT�PG�#PTDI�5FMFDPN�(NC)�BOE�EFGFDUT�XFSF�TFFEFE�JO
UIFN�CFGPSFIBOE��8F�DIBOHFE�UIF�DPEF�NPEVMFT�BGUFS�FBDI�USBJOJOH�TFTTJPO�
5IJT�XBT�UP�BWPJE�UIBU�BO�FYDIBOHF�PG�JOGPSNBUJPO�CFUXFFO�QBSUJDJQBOUT�PG�EJG�
GFSFOU�TFTTJPOT�XPVME�CJBT�UIFJS�QFSGPSNBODF��8IJMF�JOTQFDUJOH�UIF�DPEF�NPE�
VMF�UIF�TVCKFDUT�XFSF�BTLFE�UP�MPH�BMM�EFUFDUFE�EFGFDUT�PO�B�EFGFDU�SFQPSU
GPSN��"GUFS�UIJT�FYFSDJTF�XF�BTLFE�UIF�TVCKFDUT�UP�GJMM�PVU�B�EFCSJFGJOH�RVFT�





3FTFBSDI�.FUIPE

$PQZSJHIU���'SBVOIPGFS�*&4&�������

Min-Max

25%-75%

Median value
very inexperienced

inexperienced

rather inexperienced

rather experienced

experienced

very experienced

C-Programming Application Domain

'JHVSF���� 4VCKFDUTl�FYQFSJFODF�XJUI�UIF�$�QSPHSBNNJOH�MBOHVBHF�BOE�UIF�BQQMJDBUJPO�EPNBJO

8F�GPVOE�UIBU�TVCKFDUT�QFSDFJWFE�UIFNTFMWFT�FYQFSJFODFE�XJUI�SFTQFDU�UP�UIF
QSPHSBNNJOH�MBOHVBHF�	NFEJBO�PG���PO�UIF���JUFN�TDBMF
�BOE�SBUIFS�FYQFSJ�
FODFE�SFHBSEJOH�TPGUXBSF�EFWFMPQNFOU�JO�UIF�BQQMJDBUJPO�EPNBJO�	NFEJBO�PG��
PO�UIF�TJY�JUFN�TDBMF
��5IJT�DPSSPCPSBUFT�PVS�BTTVNQUJPO�UIBU�PVS�QPPM�PG�TVC�
KFDUT�DPOTJTUT�PG�FYQFSU�EFWFMPQFST�SBUIFS�UIBO�OPWJDFT�

��� %FTDSJQUJPO�PG�.BUFSJBMT�p�$PEF�.PEVMFT

5BCMF���TIPXT�UIF�TJ[F�PG�UIF�DPEF�NPEVMF�JO�-JOFT�PG�$PEF�	XJUIPVU�CMBOL
MJOFT
�UIFJS�BWFSBHF�DZDMPNBUJD�DPNQMFYJUZ�VTJOH�.D$BCFT�DPNQMFYJUZ�NFBTVSF
BOE�UIF�OVNCFS�PG�JOKFDUFE�EFGFDUT�

4J[F�	-0$
 "WFSBHF�$ZDM��$PNQMFYJUZ /VNCFS�PG�JOKFDUFE�EFGFDUT

$PEF�.PEVMF�� ��� ���� ��

$PEF�.PEVMF�� ��� ���� �

$PEF�.PEVMF�� ��� ���� ��

5BCMF��� $IBSBDUFSJTUJDT�PG�UIF�$PEF�.PEVMFT�

"T�5BCMF���SFWFBMT�UIF�DPEF�NPEVMFT�IBWF�EJGGFSFOU�DIBSBDUFSJTUJDT�BOE�BSF�DPO�
TJEFSFE�UP�CF�UZQJDBM�PG�DPEF�NPEVMFT�BU�#PTDI�5FMFDPN�(NC)��5IF�DPEF
NPEVMFT�XFSF�SBOEPNMZ�BTTJHOFE�UP�FBDI�PG�UIF�USBJOJOH�TFTTJPOT�UP�BMMFWJBUF
UIF�QPTTJCJMJUZ�UIBU�UIFSF�JT�B�HSPVQ�NPEVMF�SFMBUJPOTIJQ



3FTFBSDI�.FUIPE

$PQZSJHIU���'SBVOIPGFS�*&4&����� ��

8F�BTLFE�FJUIFS�UIF�BVUIPS�PS�B�WFSZ�FYQFSJFODFE�TPGUXBSF�EFWFMPQFS�	JG�UIF
BVUIPS�QBSUJDJQBUFE�JO�UIF�TUVEZ
�UP�JOKFDU�EFGFDUT�JOUP�UIF�DPEF�NPEVMFT��5IFTF
EFGFDUT�TIPVME�CF�UZQJDBM�GPS�UIF�POFT�UIBU�BSF�VTVBMMZ�EFUFDUFE�JO�UFTUJOH�BOE
TIPVME�OPU�CF�EFUFDUBCMF�BVUPNBUJDBMMZ�CZ�DPNQJMFST�PS�PUIFS�UPPMT�TVDI�BT�MJOU�

5IF�TVCKFDUT�TPNFUJNFT�SFQPSUFE�NPSF�EFGFDUT�PO�UIFJS�EFGFDU�SFQPSU�GPSNT
UIBO�XFSF�TFFEFE�JO�B�DPEF�NPEVMF��8IFO�B�USVF�EFGFDU�XBT�SFQPSUFE�UIBU
XBT�OPU�PO�UIF�MJTU�PG�TFFEFE�EFGFDUT�XF�BEEFE�UIJT�EFGFDU�UP�UIF�MJTU�PG
LOPXO�EFGFDUT�BOE�SFBOBMZ[FE�UIF�EFGFDU�SFQPSU�GPSNT�PG�BMM�UIF�SFNBJOJOH
TVCKFDUT��8IFUIFS�B�EFGFDU�XBT�B�USVF�EFGFDU�XBT�PVS�EFDJTJPO�	UP�TPNF�FYUFOU
CBTFE�PO�EJTDVTTJPOT�XJUI�UIF�BVUIPS�PS�UIF�QFSTPO�XIP�TFFEFE�EFGFDUT
��5BCMF
��TIPXT�UIF�GJOBM�OVNCFS�PG�EFGFDUT�JO�FBDI�NPEVMF�

4JODF�EVSJOH�PVS�TUVEZ�XF�VTF�UIF�SFTVMUT�PG�JOEJWJEVBM�JOTQFDUPSTl�BDUVBM�FGGFD�
UJWFOFTT�UP�DBMDVMBUF�BDDVSBDZ�BOE�BO�JOTQFDUPSlT�TVCKFDUJWF�FTUJNBUF�JT�JOWBSJB�
CMZ�JOGMVFODFE�CZ�UIF�OVNCFS�PG�EFGFDUT�UIBU�IF�PS�TIF�BDUVBMMZ�GJOET�UIF�SF�
TVMUT�NBZ�CF�EJTUPSUFE�CZ�GBMTF�QPTJUJWFT��'BMTF�QPTJUJWFT�BSF�QPUFOUJBM�EFGFDUT�B
TVCKFDU�SFQPSUFE�PO�IJT�PS�IFS�EFGFDU�SFQPSU�GPSN�XIJDI�UVSO�PVU�OPU�UP�CF
mSFBMn�EFGFDUT��*G�B�TVCKFDU�SFQPSUT�NBOZ�GBMTF�QPTJUJWFT�IF�PS�TIF�NBZ�CF�UPP
DPOGJEFOU�JO�UIF�RVBMJUZ�PG�UIF�JOTQFDUFE�QSPEVDU�BOE�UIF�FGGFDUJWFOFTT�PG�UIF
JOTQFDUJPO�QSPDFTT��5IJT�NBZ�SFTVMU�JO�BO�PWFSFTUJNBUJPO�PG�EFUFDUFE�EFGFDUT��*O
HFOFSBM�XF�GPVOE�UIBU�PVS�TVCKFDUT�SFQPSUFE�WFSZ�GFX�GBMTF�QPTJUJWFT��5IFSF�
GPSF�UIJT�FGGFDU�IBT�POMZ�B�NJOPS�JOGMVFODF�PO�UIF�SFTVMUT�

��� %FTDSJQUJPO�PG�.BUFSJBMT�p�$IFDLMJTUT

5IF�$#3�BQQSPBDI�BUUFNQUT�UP�JODSFBTF�JOTQFDUJPO�FGGFDUJWFOFTT�BOE�EFDSFBTF
UIF�DPTU�QFS�EFGFDU�CZ�GPDVTJOH�UIF�BUUFOUJPO�PG�JOTQFDUPST�PO�B�EFGJOFE�TFU�PG
RVFTUJPOT��*O�PVS�TUVEZ�XF�QSPWJEFE�UIF�JOTQFDUPST�XJUI�B�HFOFSJD�DIFDLMJTU
UIBU�JT�B�DIFDLMJTU�UIBU�XBT�OPU�QBSUJDVMBSMZ�UBJMPSFE�UP�UIF�BQQMJDBUJPO�EPNBJO
PG�#PTDI�5FMFDPN�(NC)��8F�MJNJUFE�UIF�OVNCFS�PG�DIFDLMJTU�JUFNT�UP����RVFT�
UJPOT�UP�GJU�PO�POF�QBHF�TJODF�UIJT�JT�SFDPNNFOEFE�JO�UIF�MJUFSBUVSF�	$IFSOBL
����
��8F�TUSVDUVSFE�UIF�DIFDLMJTU�BDDPSEJOH�UP�UIF�TDIFNB�UIBU�JT�QSFTFOUFE
JO�	$IFSOBL�����
��5IF�TDIFNB�DPOTJTUT�PG�UXP�DPNQPOFOUT��m8IFSF�UP�MPPLn
BOE�m)PX�UP�EFUFDUn��5IF�GJSTU�DPNQPOFOU�JT�B�MJTU�PG�QPUFOUJBM�mQSPCMFN
TQPUTn�UIBU�NBZ�BQQFBS�JO�UIF�XPSL�QSPEVDU�BOE�UIF�TFDPOE�DPNQPOFOU�JT�B
MJTU�PG�IJOUT�PO�IPX�UP�JEFOUJGZ�B�EFGFDU�JO�UIF�DBTF�PG�FBDI�QSPCMFN�TQPU��"T
QSPCMFN�TQPUT�XF�DPOTJEFSFE�EBUB�VTBHF�	J�F��EBUB�EFDMBSBUJPO�BOE�EBUB�SFGFS�
FODJOH
�DPNQVUBUJPO�DPNQBSJTPO�DPOUSPM�GMPX�JOUFSGBDF�BOE�NFNPSZ��'PS
FBDI�QSPCMFN�TQPU�XF�EFSJWFE�UIF�DIFDLMJTU�JUFNT�GSPN�FYJTUJOH�DIFDLMJTUT
	/BTB�����
�BOE�CPPLT�BCPVU�UIF�$�1SPHSBNNJOH�MBOHVBHF�	%FJUFM�BOE�%FJUFM
������,FSOJHIBO�BOE�3JUDIJF�����
��)FODF�UIF�QSPCMFN�TQPUT�BT�XFMM�BT�UIF
RVFTUJPOT�IFMQ�SFWFBM�EFGFDUT�UZQJDBM�JO�UIF�DPOUFYU�PG�TPGUXBSF�EFWFMPQNFOU
XJUI�UIF�$�QSPHSBNNJOH�MBOHVBHF��5IF�DPNQMFUF�DIFDLMJTU�DBO�CF�GPVOE�JO
"QQFOEJY�#�
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��� %BUB�"OBMZTJT

"U�UIF�PVUTFU�XF�FWBMVBUF�UIF�SFMBUJWF�FSSPS�	BT�EFGJOFE�JO�&RO����
�PG�UIF�TVC�
KFDUJWF�EFGFDU�DPOUFOU�FTUJNBUF���5IJT�HJWFT�VT�BO�PWFSWJFX�PG�UIF�CJBT�PG�UIFTF
UZQFT�PG�FTUJNBUFT�

8F�UIFO�FWBMVBUF�UIF�SFMBUJWF�EFDJTJPO�BDDVSBDZ�GPS�UIF�UXP�UZQFT�PG�TDFOBSJPT
NFOUJPOFE�JO�4FDUJPO����DPOUSPMMJOH�EPDVNFOU�RVBMJUZ�BOE�DPOUSPMMJOH�JOTQFD�
UJPO�FGGFDUJWFOFTT��'PS�FBDI�TDFOBSJP�XF�WBSJFE�UIF�UISFTIPMET�

%
2 �BOE�PS�

1
2 

BOE�UIF�OVNCFS�PG�EFGFDUT�UIBU�NBZ�CF�GPVOE�CZ�PUIFS�NFNCFST�PG�BO�JOTQFD�
UJPO�UFBN��5IJT�XPVME�BMMPX�VT�UP�JOWFTUJHBUF�UIF�TFOTJUJWJUZ�PG�VTJOH�TVCKFDUJWF
FTUJNBUFT�UP�UISFTIPME�WBSJBUJPOT�BOE�BMTP�UP�WBSJBUJPOT�JO�UIF�QSPQPSUJPO�PG�EF�
GFDUT�UIBU�UIF�FTUJNBUPS�GJOET�

'PS�UIF�OVNCFS�PG�EFGFDUT�UIBU�BSF�GPVOE�CZ�PUIFS�NFNCFST�PG�BO�JOTQFDUJPO
UFBN�XF�EFGJOFE�

( ) ω×−=
�'"'L

%%% &RO�����

XIFSF�ω �JT�B�QSPQPSUJPO�EFGJOFE�UP�CF������������BOE��������8F�QSFTFOU�PVS
SFTVMUT�JO�UIF�GPSN�PG�QMPUT�PG�UIF�SFMBUJWF�BDDVSBDZ�	TFF�&RO�����
�UP�FWBMVBUF
IPX�XFMM�TVCKFDUJWF�FTUJNBUFT�QFSGPSN�

�����������������������������������������������
��5IF�[FSP�WBMVFT�EFOPUF�UIBU�UIF�JOTQFDUJPO�UFBN�DPOTJTUT�PG�POMZ�POF�QFSTPO�
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� 3FTVMUT

��� 5IF�3FMBUJWF�&SSPS�PG�4VCKFDUJWF�&TUJNBUFT

5IF�CPY�BOE�XIJTLFS�QMPU�JO�'JHVSF���TIPXT�UIF�SFMBUJWF�FSSPS�	BT�EFGJOFE�JO
&RO����
�PG�UIF�TVCKFDUJWF�FTUJNBUFT�GPS�FBDI�PG�UIF�UISFF�NPEVMFT�	UIF�OVNCFS
PG�FTUJNBUFT�GPS�FBDI�QMPU�JT���
��"T�DBO�CF�TFFO�UIF�NFEJBO�3&�JT�RVJUF�DMPTF�UP
[FSP�CVU�NBZ�MFBE�UP�PWFSFTUJNBUJPO�	NPEVMF��
�PS�VOEFSFTUJNBUJPO�	NPEVMF
�
���"MTP�JU�XJMM�CF�OPUFE�UIBU�GPS�NPEVMF���UIFSF�JT�POF�FYUSFNF�PVUMJFS��5IJT
PVUMJFS�DBO�CF�FYQMBJOFE�CZ�UIF�GBDU�UIBU�UIJT�QFSTPO�VTVBMMZ�EFWFMPQT�TPGUXBSF
GPS�B�EJGGFSFOU�QMBUGPSN�XJUIJO�UIF�BQQMJDBUJPO�EPNBJO��5IJT�NBZ�CF�UIF�SFBTPO
UIBU�UIF�QFSTPO�XBT�VOTVSF�BCPVU�UIF�QFSDFOUBHF�PG�EFGFDUT�GPVOE�JO�UIF�JO�
TQFDUFE�DPEF�NPEVMF�BOE�UIFSFGPSF��GPMMPXFE�B�DPOTFSWBUJWF�TUSBUFHZ�UP�QSP�
WJEF�B�WFSZ�MPX�FGGFDUJWFOFTT�FTUJNBUF��#VU�TJODF�UIF�QFSTPOlT�SFBM�FGGFDUJWFOFTT
XBT�NVDI�IJHIFS�UIBO�UIF�FTUJNBUFE�POF�B�MBSHF�QPTJUJWF�3&�DPVME�CF�PC�
TFSWFE��

5P�EFUFSNJOF�XIFUIFS�UIFSF�BSF�EJGGFSFODFT�JO�BDDVSBDZ�BDSPTT�UIF�EJGGFSFOU
NPEVMFT�XF�QFSGPSNFE�B�NFEJBO�UFTU�CBTFE�PO�UIF�DIJ�TRVBSF�TUBUJTUJD���8F�EJ�
WJEFE�UIF�PCTFSWBUJPOT�GPS�FBDI�NPEVMF�JOUP�UXP�DMBTTFT�CBTFE�PO�XIFUIFS
UIFZ�BSF�BCPWF�PS�CFMPX�UIF�PWFSBMM�NFEJBO�	XIJDI�JT�[FSP
���"��Y��DPOUJOHFODZ
UBCMF�XBT�UIFO�VTFE�UP�UFTU�GPS�BTTPDJBUJPO�CFUXFFO�UIF�NPEVMFT�BOE�EJGGFS�
FODF�GSPN�UIF�PWFSBMM�NFEJBO���5IF�DIJ�TRVBSF�WBMVF�XBT�OPU�TUBUJTUJDBMMZ�TJHOJGJ�
DBOU�BU�BO�BMQIB�WBMVF�PG�������(JWFO�UIBU�UIFSF�BSF�OP�EJTDFSOBCMF�EJGGFSFODFT
JO�BDDVSBDZ�BDSPTT�UIF�NPEVMFT�XF�QPPM�UIFN�

5IF�CPY�BOE�XIJTLFS�QMPU�JO�'JHVSF���TIPXT�UIF�PWFSBMM�SFMBUJWF�FSSPS��)FSF�JU�JT
TFFO�UIBU�UIF�NFEJBO�SFMBUJWF�FSSPS�JT�[FSP��5IJT�JT�RVJUF�FODPVSBHJOH�BT�JU�JOEJ�
DBUFT�OFHMJHJCMF�CJBT�JO�VTJOH�TVCKFDUJWF�FTUJNBUFT�PG�FGGFDUJWFOFTT�UP�FTUJNBUF
EFGFDU�DPOUFOU�

�����������������������������������������������
��&YDMVTJPO�PG�UIJT�PVUMJFS�EPFT�OPU�BGGFDU�PVS�DPODMVTJPOT��5IFSFGPSF�BMM�TVCTFRVFOU�BOBMZTFT�JODMVEF�UIJT
EBUB�QPJOU�
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Non-Outlier Max
Non-Outlier Min

75%
25%

Median

Extremes

Module
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1 2 3

'JHVSF��� 5IF�SFMBUJWF�FSSPS�PG�TVCKFDUJWF�FTUJNBUFT�GPS�FBDI�PG�UIF�UISFF�NPEVMFT�
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��� "DDVSBDZ�PG�4VCKFDUJWF�&TUJNBUFT

5P�IFMQ�JOUFSQSFU�UIF�SFTVMUT�XF�GJSTU�QSFTFOU�UIF�EFGBVMU�EFDJTJPO�BDDVSBDZ
	 " 
�BT�UIF�EFGFDU�EFOTJUZ�UISFTIPME�DIBOHFT�JO�'JHVSF�����5IF�EJGGFSFOU�MJOFT
JOEJDBUF�WBSJBUJPOT�JO�UIF�OVNCFS�PG�EFGFDUT�GPVOE�CZ�UIF�SFNBJOEFS�PG�UIF�JO�
TQFDUJPO�UFBN��5IF�Y�BYJT�JT�WBSJFE�GSPN���UP�����EFGFDUT�,-0$�

W=0   

W=0.25

W=0.5 

W=0.75

Defects per KLOC Threshold
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'JHVSF��� $IBOHFT�JO�UIF�BDDVSBDZ�PG�UIF�EFGBVMU�EFDJTJPO�BT�UIF�EFGFDU�EFOTJUZ�UISFTIPME�DIBOHFT�

*U�DBO�CF�TFFO�UIBU�BU�UIF�MFBTU�TUSJOHFOU�UISFTIPMET�	IJHIFS�WBMVFT�PG�EFGFDUT
QFS�,-0$
�UIF�EFGBVMU�EFDJTJPO�JT�DPSSFDU�BMNPTU�BMM�UIF�UJNF�	BDDVSBDZ�JT�POF
�
5IJT�JT�CFDBVTF�BU�UIFTF�MPX�TUSJOHFODZ�MFWFMT�UIF�EFGBVMU�EFDJTJPO�PG�QBTTJOH
UIF�EPDVNFOU�JT�DPSSFDU�BMNPTU�BMM�PG�UIF�UJNF��"U�UIF�NPSF�TUSJOHFOU�UISFTI�
PMET�UIF�EFGBVMU�EFDJTJPO�PG�OP�SFJOTQFDUJPO�XJMM�GSFRVFOUMZ�CF�JODPSSFDU�TJODF�JO
TVDI�DJSDVNTUBODFT�UIF�EPDVNFOU�XJMM�NPSF�GSFRVFOUMZ�SFRVJSF�SFJOTQFDUJPO�
"MTP�JU�DBO�CF�TFFO�UIBU�UIF�GBMM�JO�EFGBVMU�EFDJTJPO�BDDVSBDZ�PDDVST�TPPOFS�GPS
UIF�MFBTU�FGGFDUJWF�JOTQFDUJPO�UFBN�	 �=ω 
�XIFO�DPNQBSFE�UP�UIF�NPTU�FGGFD�
UJWF�JOTQFDUJPO�UFBN�	 ����=ω 
���5IJT�JT�CFDBVTF�UIF�EFGBVMU�EFDJTJPO�XJMM�CF
DPSSFDU�GPS�B�MBSHFS�SBOHF�PG�UISFTIPMET�GPS�UIF�NPSF�FGGFDUJWF�UFBNT�

*O�'JHVSF���XF�DBO�TFF�UIF�SFMBUJWF�BDDVSBDZ�	
�

" 
�GPS�EJGGFSFOU�UISFTIPMET�PG�EF�
GFDU�EFOTJUZ���5IFSF�JT�FTTFOUJBMMZ�OP�EJGGFSFODF�CFUXFFO�UIF�TVCKFDUJWF�FTUJ�
NBUFT�BOE�UIF�EFGBVMU�EFDJTJPO�NBLJOH�DSJUFSJPO�	BDDVSBDZ�JT�BU�PS�DMPTF�UP�[FSP

GPS�UIF�MFTT�TUSJOHFOU�UISFTIPMET��"T�OPUFE�BCPWF�UIJT�JT�CFDBVTF�UIF�EFGBVMU
EFDJTJPO�JT�GSFRVFOUMZ�DPSSFDU�TP�OPU�NVDI�JNQSPWFNFOU�DBO�CF�HBJOFE�PWFS
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UIBU��"U�UIF�NPSF�TUSJOHFOU�UISFTIPMET�JU�JT�SFMBUJWFMZ�FBTZ�UP�BDIJFWF�BO�JN�
QSPWFNFOU�PWFS�UIF�EFGBVMU�EFDJTJPO�BOE�UIFSFGPSF�UIF�SFMBUJWF�BDDVSBDZ�DBO
CF�ESBNBUJDBMMZ�MBSHF�

*U�JT�OPUFE�UIBU�UIF�SFMBUJWF�BDDVSBDZ�WBMVF�SBSFMZ�JG�FWFS�EJQT�CFMPX�[FSP��5IJT
NFBOT�UIBU�VTJOH�TVCKFDUJWF�FTUJNBUFT�XJMM�JO�HFOFSBM�OPU�CF�XPSTF�UIBO�UIF
EFGBVMU�EFDJTJPO�BOE�JO�DBTFT�XIFSF�UIF�UISFTIPME�JT�TUSJOHFOU�DPOTJEFSBCMZ
CFUUFS��5IJT�JOEJDBUFT�B�HPPE�BCJMJUZ�PG�UIF�TVCKFDUJWF�FTUJNBUFT�UP�EJTDSJNJOBUF
CFUXFFO�JOTUBODFT�XIFSF�B�SFJOTQFDUJPO�JT�SFRVJSFE�GSPN�UIPTF�XIFSF�JU�JT�OPU�
0OF�DBO�UIFO�ESBX�UIF�DPODMVTJPO�UIBU�VTJOH�TVCKFDUJWF�FTUJNBUFT�UP�DPOUSPM
EPDVNFOU�RVBMJUZ�DBO�CF�JNQMFNFOUFE�JSSFTQFDUJWF�PG�UIF�UISFTIPME�UIBU�JT�DIP�
TFO�

5IF�CFTU�BDDVSBDZ�SFTVMUT�BSF�PCUBJOFE�UIF�MPXFS�UIF�WBMVF�PG�ω ���5IJT�JOEJ�
DBUFT�UIBU�JG�UIF�CFTU�JOTQFDUPS�	J�F��UIF�POF�XIP�GJOET�UIF�HSFBUFTU�OVNCFS�PG
EFGFDUT
�NBLFT�UIF�FTUJNBUF�UIF�BDDVSBDZ�UFOET�UP�CF�TZTUFNBUJDBMMZ�CFUUFS�

W=0   

W=0.25

W=0.5 

W=0.75

Defects per KLOC Threshold
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'JHVSF��� 7BSJBUJPO�PG�"DDVSBDZ�XJUI�UIF�EFGFDU�EFOTJUZ�UISFTIPME�GPS�EJGGFSFOU�OVNCFST�PG�EFGFDUT�GPVOE�CZ�UIF�SF�
NBJOEFS�PG�BO�JOTQFDUJPO�UFBN�

*O�'JHVSF���XF�DBO�TFF�UIF�SFTVMUT�GPS�DPOUSPMMJOH�UIF�FGGFDUJWFOFTT�PG�UIF�JO�
TQFDUJPO�QSPDFTT���5IF�Y�BYJT�SFQSFTFOUT�UIF�UISFTIPME�FGGFDUJWFOFTT�FYQSFTTFE
BT�B�QFSDFOUBHF��"U�UIF�MFTT�TUSJOHFOU�UISFTIPMET�	J�F��MPX�FGGFDUJWFOFTT
�UIFSF�JT

�����������������������������������������������
��5IF�SFBTPO�GPS�UIJT�DBO�CF�TFFO�JO�'JHVSF���XIFSFCZ�BU�MBSHFS�ω �UIF�EFGBVMU�EFDJTJPO�JT�DPSSFDU�NPTU�GSF�

RVFOUMZ�GPS�MPOHFS�BOE�UIFSFGPSF�QSFTFOUT�B�CJHHFS�IVSEMF�
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OP�EJGGFSFODF�CFUXFFO�VTJOH�UIF�TVCKFDUJWF�FTUJNBUFT�BOE�UIF�EFGBVMU�EFDJTJPO
DSJUFSJPO��)PXFWFS�BU�UIF�NPSF�TUSJOHFOU�UISFTIPMET�UIF�TVCKFDUJWF�FTUJNBUFT
UFOE�UP�QFSGPSN�TVCTUBOUJBMMZ�CFUUFS�

4JNJMBS�UP�UIF�DPODMVTJPO�UIBU�XF�ESFX�BCPWF�XF�DBO�TUBUF�UIBU�VTJOH�TVCKFD�
UJWF�FTUJNBUFT�GPS�DPOUSPMMJOH�UIF�FGGFDUJWFOFTT�PG�JOTQFDUJPOT�XJMM�BMNPTU�BMXBZT
BU�MFBTU�QFSGPSN�BT�XFMM�BT�UIF�EFGBVMU�EFDJTJPO�BOE�JO�UIF�DBTFT�XJUI�NPSF
TUSJOHFOU�UISFTIPMET�XJMM�QFSGPSN�CFUUFS�

5IF�CFTU�BDDVSBDZ�SFTVMUT�BSF�PCUBJOFE�UIF�MPXFS�UIF�WBMVF�PG�ω ��5IJT�JOEJDBUFT
UIBU�JG�UIF�FTUJNBUPS�JT�UIF�CFTU�JOTQFDUPS�	J�F��UIF�POF�XIP�GJOET�UIF�HSFBUFTU
OVNCFS�PG�EFGFDUT
�UIF�BDDVSBDZ�UFOET�UP�CF�TZTUFNBUJDBMMZ�CFUUFS�

W=0   

W=0.25

W=0.5 

W=0.75

Effectiveness (Percent) Threshold
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'JHVSF��� 7BSJBUJPO�PG�BDDVSBDZ�XJUI�UIF�FGGFDUJWFOFTT�UISFTIPME�GPS�EJGGFSFOU�OVNCFST�PG�EFGFDUT�GPVOE�CZ�UIF�SFNBJO�
EFS�PG�BO�JOTQFDUJPO�UFBN�

#BTFE�PO�UIF�BCPWF�SFTVMUT�JU�JT�B�SFBTPOBCMF�TVHHFTUJPO�UIBU�QSBDUJUJPOFST�VTF
TVCKFDUJWF�FTUJNBUFT�UP�DPOUSPM�QSPEVDU�BOE�QSPDFTT�RVBMJUZ�JSSFTQFDUJWF�PG�UIF
UISFTIPMET�UIBU�BSF�DIPTFO�JG�NPSF�PCKFDUJWF�%$&5lT�BSF�OPU�BWBJMBCMF��5IJT�IBT
UIF�BEWBOUBHF�JO�UIBU�UIF�DPTUT�PG�VTJOH�TVDI�B�UFDIOJRVF�BSF�OFHMJHJCMF�BOE
BCPWF�XF�EFNPOTUSBUF�UIBU�JU�IBT�BEWBOUBHFT�JO�UFSNT�PG�EFDJTJPO�BDDVSBDZ�
'VSUIFSNPSF�UIF�CFTU�SFTVMUT�XJMM�CF�PCUBJOFE�JG�UIF�FTUJNBUPS�JT�UIF�CFTU�JO�
TQFDUPS�PO�UIF�JOTQFDUJPO�UFBN�
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��� %JTDVTTJPO

*O�UIJT�TFDUJPO�XF�EJTDVTT�UIF�SFTVMUT�BOE�UIF�JTTVFT�UIBU�DBO�BSJTF�XIFO�BQQMZ�
JOH�TVCKFDUJWF�FTUJNBUFT�JO�QSBDUJDF�

����� *OTQFDUJPO�$PWFSBHF

4PNF�DPNQBOJFT�NBZ�OPU�CF�JO�B�QPTJUJPO�UP�JOTQFDU�BMM�PG�UIFJS�EFWFMPQNFOU
QSPEVDUT�EVF�UP�TDIFEVMF�PS�FGGPSU�DPOTUSBJOUT��5IF�RVFTUJPO�UIBU�BSJTFT�JO�UIJT
TJUVBUJPO�JT�XIFUIFS�UP�QFSGPSN�B�SFJOTQFDUJPO�PO�POF�EPDVNFOU�	JG�OFDFTTBSZ

PS�JOTQFDU�BOPUIFS�EPDVNFOU�UIBU�IBT�OPU�CFFO�JOTQFDUFE�TP�GBS��)PXFWFS�UIJT
JT�OPU�B�EFDJTJPO�PG�UIF�NFNCFST�PG�BO�JOTQFDUJPO�UFBN��*U�JT�SBUIFS�POF�UIBU
UIF�QSPKFDU�NBOBHFNFOU�NVTU�NBLF���*G�UIF�NBOBHFNFOU�DPNNJUUT�JUTFMG�UP
EFWFMPQJOH�IJHI�RVBMJUZ�TPGUXBSF�JU�NVTU�TQFOE�UIF�FGGPSU�GPS�B�SFJOTQFDUJPO
PODF�UIF�JOTQFDUJPO�UFBN�IBT�EFDJEFE�PO�JU��5IF�TVCKFDUJWF�FTUJNBUFT�PG�UIF�JO�
TQFDUJPO�UFBN�NFNCFST�UIFSFGPSF�TIPVME�OPU�CF�CJBTFE�CZ�UIF�RVFTUJPO�PG
XIFUIFS�UP�QFSGPSN�SFJOTQFDUJPOT�BU�BMM�

����� 1FSTPOBM�#JBT�BOE�1PMJUJDBM�1SFTTVSF

"O�PCWJPVT�EBOHFS�XJUI�TVCKFDUJWF�FTUJNBUFT�JT�UIBU�UIFZ�BSF�MJBCMF�UP�QFSTPOBM
CJBT�BOE�QPMJUJDBM�QSFTTVSF��'PS�FYBNQMF�DPOTJEFS�UIF�TJUVBUJPO�XIFSF�B�UFBN�JT
CFIJOE�TDIFEVMF�BOE�JT�VOEFS�WFSZ�IJHI�QSFTTVSF�UP�QBTT�B�EPDVNFOU�UP�UIF
OFYU�QIBTF��5IJT�NBZ�UFNQU�UIF�FYBHHFSBUJPO�PG�TVCKFDUJWF�FGGFDUJWFOFTT�UP
QBTT�UIF�EPDVNFOU��)PXFWFS�BDUJPOT�UIBU�EFGFBU�UIF�QVSQPTF�PG�B�RVBMJUZ�BT�
TVSBODF�UFDIOJRVF�TVDI�BT�JOTQFDUJPO�DBO�CF�QFSGPSNFE�XIFUIFS�UIF�SFJO�
TQFDUJPO�EFDJTJPO�JT�TVCKFDUJWF�PS�CBTFE�PO�PCKFDUJWF�JOGPSNBUJPO��5IJT�BSHV�
NFOU�JT�GVSUIFS�TVQQPSUFE�CZ�)VHIFT�	)VHIFT�����
�XIP�TUBUFT�UIBU�JO�UIF
SFBMN�PG�DPTU�FTUJNBUJPO�mBMM�FTUJNBUJOH�NFUIPET�NBZ�CF�MJBCMF�UP�QFSTPOBM
CJBT�BOE�QPMJUJDBM�QSFTTVSFn���'PS�JOTUBODF�XIFO�VTJOH�B�QBSBNFUSJD�FTUJNBUJPO
NPEFM�UIF�FTUJNBUPS�NBZ�CF�QSFTTVSFE�UP�NPEJGZ�UIF�JOQVU�TVCKFDUJWF�DPTU
ESJWFST�JG�UIF�FTUJNBUFE�DPTU�JT�VOBDDFQUBCMF�	TBZ�JU�JT�UPP�IJHI�BOE�UIF�QSPKFDU
NBOBHFS�JT�WFSZ�FBHFS�UP�IBWF�IJT�IFS�QSPKFDU�BQQSPWFE�CZ�TFOJPS�NBOBHF�
NFOU
�

/FWFSUIFMFTT�CFMPX�XF�EJTDVTT�NBOBHFSJBM�BDUJPOT�UIBU�NBZ�EJTDPVSBHF�TVDI
CJBTFT�

����� &TUJNBUF�"DDPVOUBCJMJUZ

"�SFDFOU�TUVEZ�PO�DPTU�FTUJNBUJPO�QSBDUJDFT�GPVOE�FWJEFODF�TVQQPSUJOH�UIF
DMBJN�UIBU�XIFO�FTUJNBUPST�BSF�IFME�BDDPVOUBCMF�GPS�UIFJS�FTUJNBUFT�UIF�BDDV�
SBDZ�PG�UIF�FTUJNBUFT�JODSFBTFT�	-FEFSFS�BOE�1SBTBE�����
���*U�XPVME�UIFSFGPSF
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TFFN�SFBTPOBCMF�UIBU�TIPVME�TVCKFDUJWF�FTUJNBUFT�PG�FGGFDUJWFOFTT�CF�JOUSP�
EVDFE�JOUP�BO�PSHBOJ[BUJPO�UIF�FTUJNBUPST�PVHIU�UP�CF�IFME�BDDPVOUBCMF�GPS
EPDVNFOU�RVBMJUZ�BOE�JOTQFDUJPO�QSPDFTT�RVBMJUZ���4VDI�B�QSBDUJDF�XPVME�MJLFMZ
EJMVUF�UIF�OFHBUJWF�JNQBDU�PG�QFSTPOBM�CJBT�BOE�QPMJUJDBM�QSFTTVSF�

����� $PMMVTJPO�"NPOHTU�*OTQFDUPST

$PMMVTJPO�BNPOHTU�JOTQFDUPST�PDDVST�JG�JOTQFDUPST�EJTDVTT�UIFJS�EFGFDUT�PS�XPSL
KPJOUMZ�EVSJOH�UIF�QSFQBSBUJPO�QIBTF�PG�UIF�JOTQFDUJPO���%FBMJOH�XJUI�DPMMVTJPO
IBT�CFFO�B�DPODFSO�JO�UIF�%$&5�MJUFSBUVSF�	#BTV�BOE�&CSBIJNJ�������&CSBIJNJ
������&JDL�FU�BM������
�

*G�UIFSF�JT�DPMMVTJPO�XIFSF�UIF�TVCKFDUJWF�FTUJNBUPS�JT�JOWPMWFE�UIFO�XF�DBO�DPO�
TJEFS�UXP�DBTFT�

• *G�UIF�PUIFS�JOTQFDUPS	T
�GJOE�NBOZ�EFGFDUT�UIBU�T�IF�EJE�OPU�GJOE�UIFO�UIJT
NBZ�QVTI�UIF�FTUJNBUPS�UP�SFEVDF�IJT�IFS�FTUJNBUF�PG�QFSTPOBM�FGGFDUJWFOFTT�

• *G�UIF�PUIFS�JOTQFDUPS	T
�GJOE�GFX�EFGFDUT�UIBU�T�IF�EJE�OPU�GJOE�UIFO�UIJT
NBZ�QSPNQU�UIF�FTUJNBUPS�UP�SBJTF�IJT�IFS�FTUJNBUF�PG�QFSTPOBM�FGGFDUJWF�
OFTT�

4JODF�XF�SFDPNNFOE�UIBU�UIF�mCFTUn�JOTQFDUPS�UBLF�UIF�SPMF�PG�UIF�FTUJNBUPS
UIF�TFDPOE�DBTF�JT�NPSF�MJLFMZ���5IFSFGPSF�TIPVME�DPMMVTJPO�FYJTU�XF�XPVME�FY�
QFDU�BO�PWFSFTUJNBUJPO�PG�TVCKFDUJWF�FGGFDUJWFOFTT���5IF�FWBMVBUJPO�PG�UIF�JN�
QBDU�PO�SFMBUJWF�BDDVSBDZ�PVHIU�UP�CF�BO�JUFN�GPS�GVUVSF�SFTFBSDI���*U�TIPVME�CF
OPUFE�UIBU�EVSJOH�PVS�TUVEZ�UIF�EFTJHO�QSFDMVEFE�DPMMVTJPO�

����� 4VCKFDUJWF�&TUJNBUFT�WT��0CKFDUJWF�%$&5T

%P�XF�TVHHFTU�UIBU�POF�EP�BXBZ�XJUI�PCKFDUJWF�%$&5T�BOE�TJNQMZ�VTF�FYQFSU
KVEHFNFOU�JO�NBLJOH�UIF�SFJOTQFDUJPO�EFDJTJPO �$FSUBJOMZ�UIF�DBTF�TFFNT�BU�
USBDUJWF��4VCKFDUJWF�FTUJNBUFT�BSF�MPX�DPTU�BOE�EP�OPU�SFRVJSF�BEEJUJPOBM�EBUB
DPMMFDUJPO�UP�PQFSBUJPOBMJTF�

4VDI�B�TVHHFTUJPO�IPXFWFS�XPVME�OPU�CF�DPSSPCPSBUFE�CZ�UIF�SFTVMUT�PG�UIJT
TUVEZ�TJODF�XF�EJE�OPU�DPNQBSF�UIF�EFDJTJPO�BDDVSBDZ�PG�TVCKFDUJWF�FTUJNBUFT
XJUI�UIPTF�GSPN�PCKFDUJWF�%$&5T��(JWFO�UIF�FODPVSBHJOH�QFSGPSNBODF�PG�TVC�
KFDUJWF�FTUJNBUFT�BT�JOEJDBUFE�JO�UIF�DVSSFOU�TUVEZ�JU�XPVME�DFSUBJOMZ�CF�PG�WBMVF
UP�QFSGPSN�UIJT�DPNQBSJTPO�JO�GVUVSF�SFTFBSDI�
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����� 4VCKFDUJWF�&TUJNBUFT�BOE�%FDJTJPO�5SBOTQBSFODZ

"�SFDFOU�TUVEZ�	-FEFSFS�BOE�1SBTBE�����
�GPVOE�B�QPTJUJWF�SFMBUJPOTIJQ�CF�
UXFFO�VTFS�DPNNJUNFOU�BOE�QBSUJDJQBUJPO�JO�*4�EFWFMPQNFOU�BOE�UIF�VTF�PG
NPSF�PCKFDUJWF�NFUIPET�GPS�DPTU�FTUJNBUJPO���5IJT�NBZ�CF�JOUFSQSFUFE�UIBU�UIF
VTF�PG�PCKFDUJWF�NFUIPET�QSPWJEFT�WJTJCJMJUZ�BOE�USBOTQBSFODZ�JO�UIF�FTUJNBUJPO
QSPDFTT�BOE�NBZ�BMTP�QSPWJEF�KVTUJGJDBUJPO�GPS�EFDJTJPOT�UIBU�BSF�NBEF���*U�JT
FYQFDUFE�UIBU�TVDI�CFOFGJUT�XPVME�CF�EBNQFOFE�XJUI�TVCKFDUJWF�FTUJNBUFT�

5IJT�GJOEJOH�BOE�JUT�JOUFSQSFUBUJPO�XPVME�TVHHFTU�TPNF�JOIFSFOU�EJTBEWBOUBHFT
XIFO�VTJOH�TVCKFDUJWF�FTUJNBUFT�PG�FGGFDUJWFOFTT�BT�UIF�TPMF�CBTJT�GPS�NBLJOH
UIF�SFJOTQFDUJPO�EFDJTJPO�FWFO�JG�BDDPVOUBCJMJUZ�JT�FOGPSDFE���*U�JT�UIFSFGPSF�SFD�
PNNFOEFE�UIBU�TVCKFDUJWF�FTUJNBUFT�PG�FGGFDUJWFOFTT�CF�BQQMJFE�QSJNBSJMZ�JO
UISFF�DPOUFYUT�

• "T�B�TUBSUJOH�QPJOU�GPS�DPOUSPMMJOH�TPGUXBSF�JOTQFDUJPOT���5IF�FBTF�XJUI
XIJDI�TVDI�B�QSBDUJDF�DBO�CF�JOTUJUVUJPOBMJ[FE�BOE�UIF�FWJEFODF�XF�QSFTFOU
BT�UP�JUT�FGGJDBDZ�TVQQPSUT�UIJT�SFDPNNFOEBUJPO�

• &WBMVBUJOH�PCKFDUJWF�%$&5T���*O�NBOZ�QSBDUJDBM�TJUVBUJPOT�UIF�SFBM�OVNCFS�PG
EFGFDUT�PS�UIF�SFBM�EFDJTJPO�JT�VOLOPXO��5IJT�NBLFT�JU�EJGGJDVMU�UP�FWBMVBUF
BO�PCKFDUJWF�%$&5�JO�B�QBSUJDVMBS�FOWJSPONFOU���)PXFWFS�HJWFO�UIF�HPPE
EFDJTJPO�BDDVSBDZ�QFSGPSNBODF�PG�TVCKFDUJWF�FTUJNBUFT�UIFZ�DBO�CF�VTFE�UP
FWBMVBUF�PCKFDUJWF�%$&5T�

• #BZFTJBO�%$&5T���0VS�SFTVMUT�XPVME�DFSUBJOMZ�SFDPNNFOE�UIF�VTF�PG�TVCKFD�
UJWF�FTUJNBUFT�BT�JOGPSNBUJWF�QSJPST�UP�#BZFTJBO�DBQUVSF�SFDBQUVSF�NPEFMT�
5IJT�JT�MJLFMZ�UP�SFTVMU�JO�JNQSPWFE�EFDJTJPOT�XIFO�DPNQBSFE�UP�UIF�NPSF
DPNNPO�	OPO�#BZFTJBO
�NPEFMT�

����� 3FMFWBODF�PG�5ISFTIPMET

"OPUIFS�QPJOU�UIBU�TIPVME�CF�FNQIBTJ[FE�BT�B�DPOTFRVFODF�PG�UIJT�TUVEZ�JT
UIBU�UIF�QFSGPSNBODF�PG�BOZ�NFUIPE�GPS�NBLJOH�UIF�SFJOTQFDUJPO�EFDJTJPO
XIFUIFS�TVCKFDUJWF�PS�PCKFDUJWF�JT�JOIFSFOUMZ�MJOLFE�UP�UIF�UISFTIPME�UIBU�JT
VTFE�GPS�DPOUSPMMJOH�EPDVNFOU�BOE�JOTQFDUJPO�QSPDFTT�RVBMJUZ���5IFSFGPSF�GV�
UVSF�TUVEJFT�TIPVME�FJUIFS�FWBMVBUF�UIF�NFUIPET�BDSPTT�BMM�SFBTPOBCMF�UISFTI�
PMET�PS�TFMFDU�B�OVNCFS�PG�UISFTIPMET�BT�UIF�CBTJT�GPS�UIF�FWBMVBUJPO�

��� 5ISFBUT�UP�WBMJEJUZ

*U�JT�UIF�OBUVSF�PG�BOZ�FNQJSJDBM�TUVEZ�UIBU�BTTVNQUJPOT�BSF�NBEF�UIBU�MBUFS�PO
NBZ�SFTUSJDU�UIF�WBMJEJUZ�PG�UIF�SFTVMUT��)FSF�XF�MJTU�UIFTF�BTTVNQUJPOT�UIBU�JN�
QPTF�UISFBUT�UP�JOUFSOBM�BOE�FYUFSOBM�WBMJEJUZ�
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����� 5ISFBUT�UP�*OUFSOBM�7BMJEJUZ

0OF�JNQPSUBOU�QPUFOUJBM�UISFBU�UP�UIF�JOUFSOBM�WBMJEJUZ�PG�PVS�TUVEZ�DPODFSOT
EFGFDU�TFWFSJUZ��4JNJMBS�UP�QSFWJPVT�TUVEJFT�UIBU�FWBMVBUF�%$&5T�XF�EP�OPU�DPO�
TJEFS�UIF�DIBSBDUFSJTUJDT�PG�UIF�EFGFDUT�UIBU�BSF�GPVOE��8JUI�DIBSBDUFSJTUJDT�XF
NFBO�GPS�FYBNQMF�UIF�TFWFSJUZ�PS�UIF�DSJUJDBMJUZ�PG�EFGFDUT��"O�JOTQFDUJPO�UIBU
SFWFBMT�GFX�FYUSFNFMZ�DSJUJDBM�EFGFDUT�JT�EJGGFSFOU�GSPN�BO�JOTQFDUJPO�UIBU�EF�
UFDUT�NBOZ�VODSJUJDBM�EFGFDUT��8IFO�POMZ�MPPLJOH�BU�TPNF�UISFTIPMET�POF�NBZ
EFDJEF�OPU�UP�SFJOTQFDU�JO�UIF�GJSTU�DBTF�XIJMF�NBLJOH�B�SFJOTQFDUJPO�JO�UIF�TFD�
POE�POF��)PXFWFS�GSPN�B�QVSFMZ�TVCKFDUJWF�QPJOU�PG�WJFX�JU�XPVME�CF�CFUUFS
UP�SFJOTQFDU�UIF�GJSTU�POF�UP�CF�TVSF�UIBU�UIFSF�BSF�OP�PUIFS�NBKPS�EFGFDUT�BOE
UIBU�UIF�EFGFDUT�BSF�DPSSFDUFE�XJUIPVU�JOUSPEVDJOH�PUIFS�PS�FWFO�NPSF�NBKPS
EFGFDUT�	JO�TPNF�FYJTUJOH�JOTQFDUJPO�JNQMFNFOUBUJPOT�B�GPMMPX�VQ�QIBTF�JT�QFS�
GPSNFE�BT�QBSU�PG�UIF�JOTQFDUJPO�GPS�DIFDLJOH�UIJT�	(JMC�BOE�(SBIBN�����

�
)PXFWFS�JU�JT�NPSF�EJGGJDVMU�UP�NPEFM�UIF�DIBSBDUFSJTUJDT�PG�UIF�EFGFDUT�JO�B�EF�
DJTJPO�DSJUFSJPO��0OF�BQQSPBDI�NJHIU�CF�UP�KVTU�DPOTJEFS�DSJUJDBM�PS�TFWFSF�EF�
GFDUT�GPS�EFDJTJPO�NBLJOH�

"�TFDPOE�QPUFOUJBM�UISFBU�UP�UIF�JOUFSOBM�WBMJEJUZ�PG�PVS�TUVEZ�JT�SFMBUFE�UP�UIF
GBDU�UIBU�TFFEFE�EFGFDUT�XFSF�VTFE���%FTQJUF�VT�UBLJOH�TQFDJBM�DBSF�UP�BMMFWJBUF
UIJT�	GPS�FYBNQMF�CZ�SFJOKFDUJOH�QSFWJPVTMZ�EFUFDUFE�EFGFDUT�SBUIFS�UIBO�NBLJOH
VQ�OFX�EFGFDUT
�UIFSF�JT�BMXBZT�UIF�EBOHFS�UIBU�TFFEFE�EFGFDUT�BSF�OPU�UIF
TBNF�BT�BDUVBM�EFGFDUT���4QFDJGJDBMMZ�UIFZ�NBZ�CF�FBTJFS�UP�EFUFDU�UIBO�BDUVBM
EFGFDUT���*G�BO�JOTQFDUPS�SFBMJ[FT�UIBU�UIF�EFGFDUT�GPVOE�BSF�FBTZ�UIFO�T�IF�NBZ
CF�TVTQJDJPVT�UIBU�UIF�EFGFDUT�BSF�UPP�FBTZ�BOE�UIBU�UIF�EJGGJDVMU�EFGFDUT�XFSF
OPU�GPVOE�ZFU�IFODF�EFGMBUJOH�UIF�FGGFDUJWFOFTT�FTUJNBUF���)PXFWFS�XF�EJE
OPU�PCTFSWF�UIJT�FGGFDU�JO�PVS�EBUB�UIFSFGPSF�UIJT�QPUFOUJBM�UISFBU�NBZ�OPU�CF
TFWFSF�

����� 5ISFBUT�UP�&YUFSOBM�7BMJEJUZ

0VS�TUVEZ�XBT�QFSGPSNFE�XJUI�TVCKFDUT�BOE�DPEF�EPDVNFOUT�GSPN�B�TJOHMF�PS�
HBOJ[BUJPO��8IJMF�UIJT�FOKPZT�HSFBUFS�FYUFSOBM�WBMJEJUZ�UIBO�EPJOH�TUVEJFT�XJUI
TUVEFOUT�JO�B��MBCPSBUPSZ��TFUUJOH�JU�JT�VODFSUBJO�UIF�FYUFOU�UP�XIJDI�UIF�SF�
TVMUT�DBO�CF�HFOFSBMJ[FE�UP�PUIFS�PSHBOJ[BUJPOT��)PXFWFS�PVS�SFTVMU�BSF�JO�MJOF
XJUI�QSFWJPVT�GJOEJOHT�	4FMCZ�����
�



$PODMVTJPO

$PQZSJHIU���'SBVOIPGFS�*&4&�������

� $PODMVTJPO

,OPXJOH�UIF�OVNCFS�PG�EFGFDUT�JO�BO�JOTQFDUFE�EPDVNFOU�DBO�QSPWJEF�UIF�CB�
TJT�GPS�EFDJEJOH�XIFUIFS�UP�SFJOTQFDU�B�EPDVNFOU��.BLJOH�UIF�DPSSFDU�SFJOTQFD�
UJPO�EFDJTJPO�QSPWJEFT�B�NFBOT�GPS�FOTVSJOH�UIBU�JOTQFDUFE�EPDVNFOUT�IBWF�B
EFGFDU�EFOTJUZ�CFMPX�B�QSFTQFDJGJFE�UISFTIPME�BOE�UIBU�UIF�JOTQFDUJPO�QSPDFTT
IBT�BUUBJOFE�B�NJOJNBM�MFWFM�PG�FGGFDUJWFOFTT�

5IVT�GBS�TPGUXBSF�FOHJOFFST�IBWF�QSPQPTFE�DBQUVSF�SFDBQUVSF�NPEFMT�BOE�UIF
%FUFDUJPO�1SPGJMF�.FUIPE�BT�PCKFDUJWF�NFBOT�GPS�FTUJNBUJOH�UIF�OVNCFS�PG�EF�
GFDUT�JO�B�EPDVNFOU��#PUI�PG�UIFTF�BQQSPBDIFT�VUJMJ[F�EBUB�DPMMFDUFE�EVSJOH�BO
JOTQFDUJPO�UP�NBLF�BO�FTUJNBUF�

*O�UIJT�QBQFS�XF�FWBMVBUFE�TVCKFDUJWF�FTUJNBUFT�PG�FGGFDUJWFOFTT�CZ�UIF�JOTQFD�
UPST�BT�B�CBTJT�GPS�NBLJOH�UIBU�EFDJTJPO��8F�TIPXFE�IPX�TVCKFDUJWF�FTUJNBUFT
DBO�CF�VTFE�GPS�TVDI�B�QVSQPTF�BOE�EFUBJMFE�BO�FNQJSJDBM�FWBMVBUJPO�PG�TVCKFD�
UJWF�FTUJNBUFT��5IF�FNQJSJDBM�TUVEZ�XBT�QFSGPSNFE�XJUI����QSPGFTTJPOBM�TPGU�
XBSF�FOHJOFFST��0VS�SFTVMUT�JOEJDBUF�UIBU�TVCKFDUJWF�FTUJNBUFT�PG�EFGFDU�DPOUFOU
IBWF�B�NFEJBO�SFMBUJWF�FSSPS�PG�[FSP�BOE�EP�JOEFFE�DPOTJTUFOUMZ�PVUQFSGPSN
UIF�EFGBVMU�EFDJTJPO�PG�OPU�SFJOTQFDUJOH�B�EPDVNFOU�

(JWFO�UIBU�TVCKFDUJWF�FTUJNBUFT�BSF�FBTZ�UP�QFSGPSN�UIFZ�DBO�QSPWJEF�B�DPTU�FG�
GFDUJWF�XBZ�GPS�NBLJOH�UIF�SFJOTQFDUJPO�EFDJTJPO��5IJT�JT�FTQFDJBMMZ�USVF�TJODF
XF�IBWF�TIPXO�UIBU�UIF�TVCKFDUJWF�FTUJNBUF�PG�POMZ�B�TJOHMF�JOTQFDUPS�JT�OFDFT�
TBSZ�UP�NBLF�UIF�EFDJTJPO�GPS�B�UFBN�CBTFE�JOTQFDUJPO�

5IFTF�SFTVMUT�BSF�FODPVSBHJOH�GPS�PSHBOJ[BUJPOT�DPOUFNQMBUJOH�UIF�VTF�PG�SFJO�
TQFDUJPOT�GPS�DPOUSPMMJOH�UIFJS�QSPEVDU�BOE�QSPDFTT�RVBMJUZ���*U�DBO�CF�SFDPN�
NFOEFE�UIBU�TVCKFDUJWF�FTUJNBUFT�CF�VTFE�BT�B�TUBSUJOH�QPJOU�GPS�DPOUSPMMJOH�JO�
TQFDUJPOT�BOE�GPS�FWBMVBUJOH�NPSF�PCKFDUJWF�EFDJTJPO�NPEFMT��'SPN�B�SFTFBSDI
QFSTQFDUJWF�PVS�SFTVMUT�TVHHFTU�UIBU�GVUVSF�TUVEJFT�PVHIU�UP�DPNQBSF�UIF�QFS�
GPSNBODF�PG�TVCKFDUJWF�FTUJNBUFT�XJUI�NPSF�PCKFDUJWF�UFDIOJRVFT�TVDI�BT�DBQ�
UVSF�SFDBQUVSF�NPEFMT�BOE�UIF�%FUFDUJPO�1SPGJMF�.FUIPE�FWBMVBUF�UIF�VTF�PG
#BZFTJBO�DBQUVSF�SFDBQUVSF�NPEFMT�BOE�PVHIU�UP�DPOTJEFS�UIF�FGGFDUT�PG�DPMMV�
TJPO�BNPOH�JOTQFDUPST���*O�BEEJUJPO�JO�PVS�TUVEZ�UIF�FTUJNBUFT�EJE�OPU�UBLF
JOUP�BDDPVOU�UIF�DPOGJEFODF�PG�UIF�JOTQFDUPST�JO�UIFJS�FTUJNBUFT���'VUVSF�XPSL
PVHIU�UP�DPOTJEFS�UIF�JOTQFDUPST�FYQSFTTJOH�B�EJTUSJCVUJPO�PG�UIFJS�FGGFDUJWFOFTT
SBUIFS�UIBO�B�QPJOU�FTUJNBUF�NVDI�JO�UIF�TBNF�NBOOFS�BT�SFDFOU�TUVEJFT�PG
TVCKFDUJWF�FTUJNBUFT�PG�DPTU�	$POOPMMZ�BOE�%FBO�������)JIO�BOE�)BCJC�"HBIJ
������)PTU�BOE�8PIMJO�������)PTU�BOE�8PIMJO�����
�
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8F�UIBOL�CPUI�UIF�NBOBHFST�BOE�EFWFMPQFST�BU�#PTDI�5FMFDPN�(NC)�GPS�UIFJS
EFEJDBUFE�FGGPSUT�JO�NBLJOH�UIJT�TUVEZ�QPTTJCMF�BT�XFMM�BT�GPS�UIFJS�QBSUJDJQBUJPO�
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"EBNT�5��������"�'PSNVMB�GPS�UIF�3F�*OTQFDUJPO�%FDJTJPO��4PGUXBSF�&OHJ�
OFFSJOH�/PUFT���	�
�Q�����

"SEJTTPOF�.��4QPMWFSJOJ�.��7BMFOUJOJ�.��������4UBUJTUJDBM�%FDJTJPO�4VQQPSU
.FUIPE�GPS�*O�1SPDFTT�*OTQFDUJPOT��1SPDFFEJOHT�PG�UIF��UI�*OUFSOB�
UJPOBM�$POGFSFODF�PO�"DIJFWJOH�2VBMJUZ�JO�4PGUXBSF�Q����������

#BTJO�4��������&TUJNBUJPO�PG�4PGUXBSF�&SSPS�3BUFT�WJB�$BQUVSF�3FDBQUVSF
4BNQMJOH���5FDIOJDBM�3FQPSU�4DJFODF�"QQMJDBUJPOT�*OD��

#BTV�4��&CSBIJNJ�/��������&TUJNBUJOH�UIF�/VNCFS�PG�6OEFUFDUFE�&SSPST�
#BZFTJBO�.PEFM�4FMFDUJPO���1SPDFFEJOHT�PG�UIF��UI�*OUFSOBUJPOBM
4ZNQPTJVN�PO�4PGUXBSF�3FMJBCJMJUZ�&OHJOFFSJOH�Q��������

#SJBOE�-��&M�&NBN�,��'SFJNVU�#��-BJUFOCFSHFS�0��������2VBOUJUBUJWF
&WBMVBUJPO�PG�$BQUVSF�3FDBQUVSF�.PEFMT�UP�$POUSPM�4PGUXBSF�*O�
TQFDUJPOT��1SPDFFEJOHT�PG�UIF��UI�*OUFSOBUJPOBM�4ZNQPTJVN�PO
4PGUXBSF�3FMJBCJMJUZ�&OHJOFFSJOH�Q����������

#SJBOE�-��&M�&NBN�,��'SFJNVU�#������B��"�$PNQBSJTPO�BOE�*OUFHSBUJPO�PG
$BQUVSF�3FDBQUVSF�.PEFMT�BOE�UIF�%FUFDUJPO�1SPGJMF�.FUIPE���1SP�
DFFEJOHT�PG�UIF��UI��*OUFSOBUJPOBM�4ZNQPTJVN�PO�4PGUXBSF�3FMJBCJM�
JUZ�&OHJOFFSJOH�Q��������

#SJBOE�-��&M�&NBN�,��#PNBSJVT�'������C��$0#3"��"�)ZCSJE�.FUIPE�GPS
4PGUXBSF�$PTU�&TUJNBUJPO�#FODINBSLJOH�BOE�3JTL�"TTFTTNFOU�
1SPDFFEJOHT�PG�UIF���UI�*OUFSOBUJPOBM�$POGFSFODF�PO�4PGUXBSF�&O�
HJOFFSJOH�Q����������

#SJBOE�-��&M�&NBN�,��-BJUFOCFSHFS�0��'VTTCSPJDI�5������D��6TJOH�4JNVMB�
UJPO�UP�#VJME�*OTQFDUJPO�&GGJDJFODZ�#FODINBSLT�GPS�%FWFMPQNFOU
1SPKFDUT��1SPDFFEJOHT�PG�UIF���UI��*OUFSOBUJPOBM�$POGFSFODF�PO
4PGUXBSF�&OHJOFFSJOH�Q����������

#SJBOE�-��'SFJNVU�#��-BJUFOCFSHFS�0��3VIF�(��,MFJO�#������E��2VBMJUZ�"T�
TVSBODF�5FDIOPMPHJFT�GPS�UIF�&630�$POWFSTJPO�p�*OEVTUSJBM�&YQFSJ�
FODF�BU�"MMJBO[�-JGF�"TTVSBODF���1SPDFFEJOHT�PG�UIF�2VBMJUZ�8FFL
&VSPQF�
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#SJBOE�-��&M�&NBN�,��'SFJNVU�#��-BJUFOCFSHFS�0������F��"�$PNQSFIFOTJWF
&WBMVBUJPO�PG�$BQUVSF�3FDBQUVSF�.PEFMT�GPS�&TUJNBUJOH�4PGUXBSF
%FGFDU�$POUFOU��4VCNJUUFE�GPS�QVCMJDBUJPO�

$IBOESB�4FLBS�$��%FNJOH�8��������0O�B�.FUIPE�PG�&TUJNBUJOH�#JSUI�BOE
%FBUI�3BUFT�BOE�UIF�&YUFOU�PG�3FHJTUSBUJPO��+PVSOBM�PG�UIF�"NFSJ�
DBO�4UBUJTUJDBM�"TTPDJBUJPO���	�������
�Q����������

$IFSOBL�:��������"�4UBUJTUJDBM�"QQSPBDI�UP�UIF�*OTQFDUJPO�$IFDLMJTU�'PSNBM
4ZOUIFTJT�BOE�*NQSPWFNFOU��*&&&�5SBOTBDUJPOT�PO�4PGUXBSF�&OHJ�
OFFSJOH���	��
�Q�����p����

$POOPMMZ�5��%FBO�%��������%FDPNQPTFE�7FSTVT�)PMJTUJD�&TUJNBUFT�PG�&GGPSU
3FRVJSFE�GPS�4PGUXBSF�8SJUJOH�5BTLT���.BOBHFNFOU�4DJFODF���	�

Q������������

%FJUFM�)��%FJUFM�1��������$�)PX�UP�QSPHSBN��OE�FE���1SFOUJDF�)BMM�

%FWOBOJ�$IVMBOJ�4��������*ODPSQPSBUJOH�#BZFTJBO�"OBMZTJT�UP�*NQSPWF�UIF�"D�
DVSBDZ�PG�$0$0.0�**�BOE�*UT�2VBMJUZ�.PEFM�&YUFOTJPO��5FDIOJDBM
3FQPSU�6OJWFSTJUZ�PG�4PVUIFSO�$BMJGPSOJB�$PNQVUFS�4DJFODF�%F�
QBSUNFOU�

%VSBO�+��8JPSLPXTLJ�+��������$BQUVSF�3FDBQUVSF�4BNQMJOH�GPS�&TUJNBUJOH
4PGUXBSF�&SSPS�$POUFOU��*&&&�5SBOTBDUJPOT�PO�4PGUXBSF�&OHJOFFS�
JOH��	�
�Q����������

&CSBIJNJ�/��������0O�UIF�4UBUJTUJDBM�"OBMZTJT�PG�UIF�/VNCFS�PG�&SSPST�3F�
NBJOJOH�JO�B�4PGUXBSF�%FTJHO�"GUFS�*OTQFDUJPO���*&&&�5SBOTBDUJPOT
PO�4PGUXBSF�&OHJOFFSJOH���	�
�Q����������

&JDL�4��-PBEFS�$��-POH�.��7PUUB�-��7BOEFS�8JFM�4��������*OWFTUJHBUJOH
UIF�"QQMJDBUJPO�PG�$BQUVSF�3FDBQUVSF�5FDIOJRVFT�UP�3FRVJSFNFOUT
BOE�%FTJHO�3FWJFXT���1SPDFFEJOHT�PG�UIF�4&-�4PGUXBSF�&OHJOFFSJOH
8PSLTIPQ�Q���������

&JDL�4��-PBEFS�$��-POH�.��7PUUB�-��7BOEFS�8JFM�4��������&TUJNBUJOH
4PGUXBSF�'BVMU�$POUFOU�#FGPSF�$PEJOH���1SPDFFEJOHT�PG�UIF���UI�*O�
UFSOBUJPOBM�$POGFSFODF�PO�4PGUXBSF�&OHJOFFSJOH�Q��������

&JDL�4��-PBEFS�$��7BOEFS�8FJM��4��7PUUB�-��������)PX�.BOZ�&SSPST�3FNBJO
JO�B�4PGUXBSF�%FTJHO�"GUFS�*OTQFDUJPO� ��1SPDFFEJOHT�PG�UIF���UI

4ZNQPTJVN�PO�UIF�*OUFSGBDF�*OUFSGBDF�'PVOEBUJPO�PG�/PSUI�"NFS�
JDB�Q����������
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&M�&NBN�,��(BSSP�*��������&TUJNBUJOH�UIF�&YUFOU�PG�4UBOEBSET�6TF��5IF�$BTF
PG�*40�*&$��������4VCNJUUFE�GPS�1VCMJDBUJPO�

'BHBO�.�&��������%FTJHO�BOE�$PEF�*OTQFDUJPOT�UP�3FEVDF�&SSPST�JO�1SPHSBN
%FWFMPQNFOU��*#.�4ZTUFNT�+PVSOBM�WPM�����OP����Q����������

(JMC�5��(SBIBN�%��������4PGUXBSF�*OTQFDUJPO��"EEJTPO�8FTMFZ�1VCMJTIJOH
$PNQBOZ�

)FFNTUSB�'��������4PGUXBSF�$PTU�&TUJNBUJPO��*OGPSNBUJPO�BOE�4PGUXBSF
5FDIOPMPHZ���	��
�Q����������

)JIO�+��)BCJC�"HBIJ�)��������$PTU�&TUJNBUJPO�PG�4PGUXBSF�*OUFOTJWF�1SPKFDUT�
"�4VSWFZ�PG�$VSSFOU�1SBDUJDFT��1SPDFFEJOHT�PG�UIF���UI�*OUFSOBUJPOBM
$POGFSFODF�PO�4PGUXBSF�&OHJOFFSJOH�Q����������

)PTU�.��8PIMJO�$��������"�4VCKFDUJWF�&GGPSU�&TUJNBUJPO�&YQFSJNFOU���1SP�
DFFEJOHT�PG�UIF�$POGFSFODF�PO�&NQJSJDBM�"TTFTTNFOU�JO�4PGUXBSF
&OHJOFFSJOH�

)PTU�.��8PIMJO�$��������"O�&YQFSJNFOUBM�4UVEZ�PG�*OEJWJEVBM�4VCKFDUJWF�&G�
GPSU�&TUJNBUJPOT�BOE�$PNCJOBUJPOT�PG�&TUJNBUFT���1SPDFFEJOHT�PG
UIF���UI�*OUFSOBUJPOBM�$POGFSFODF�PO�4PGUXBSF�&OHJOFFSJOH�Q������
����

)VHIFT�3��������&YQFSU�+VEHFNFOU�"T�"O�&TUJNBUJOH�.FUIPE���*OGPSNBUJPO
BOE�4PGUXBSF�5FDIOPMPHZ����Q��������

*TPEB�4��������"�$SJUJDJTN�PO�UIF�$BQUVSF�BOE�3FDBQUVSF�.FUIPE�GPS�4PGU�
XBSF�3FMJBCJMJUZ�"TTVSBODF���+PVSOBM�PG�4ZTUFNT�BOE�4PGUXBSF���
Q�������

,FSOJHIBO�#�8��3JUDIJF�%�.��������1SPHSBNNJOH�JO�$��)BOTFS�7FSMBH�

,VTUFST�3��WBO�(FOVDIUFO�.��)FFNTUSB�'��������"SF�4PGUXBSF�$PTU�&TUJNB�
UJPO�.PEFMT�"DDVSBUF ���*OGPSNBUJPO�BOE�4PGUXBSF�5FDIOPMPHZ
��	�
��������������

-BJUFOCFSHFS�0��%F#BVE�+�.��������"O�&ODPNQBTTJOH�-JGF�$ZDMF�$FOUSJD�4VS�
WFZ�PG�4PGUXBSF�*OTQFDUJPO��*OUFSOBUJPOBM�4PGUXBSF�&OHJOFFSJOH�3F�
TFBSDI�/FUXPSL�	*4&3/
�5FDIOJDBM�3FQPSU�*4&3/�������'SBVOIPGFS
*OTUJUVUF�GPS�&YQFSJNFOUBM�4PGUXBSF�&OHJOFFSJOH��5P�BQQFBS�JO�UIF
+PVSOBM�PG�4ZTUFNT�BOE�4PGUXBSF������
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-BJUFOCFSHFS�0��&M�&NBN�,��)BSCJDI�5��������"O�*OUFSOBMMZ�3FQMJDBUFE
2VBTJ�&YQFSJNFOUBM�$PNQBSJTPO�PG�$IFDLMJTU�BOE�1FSTQFDUJWF�CBTFE
3FBEJOH�PG�$PEF�%PDVNFOUT��*OUFSOBUJPOBM�4PGUXBSF�&OHJOFFSJOH
3FTFBSDI�/FUXPSL�5FDIOJDBM�3FQPSU�*4&3/�������

-FEFSFS�"��1SBTBE�+��������/JOF�.BOBHFNFOU�(VJEFMJOFT�GPS�#FUUFS�$PTU�&T�
UJNBUJOH��$PNNVOJDBUJPOT�PG�UIF�"$.���	�
�Q��������

-FEFSFS�"��1SBTBE�+��������"�$BVTBM�.PEFM�PG�4PGUXBSF�$PTU�&TUJNBUJOH�&S�
SPS���*&&&�5SBOTBDUJPOT�PO�4PGUXBSF�&OHJOFFSJOH���	�
�Q����������

.JMMFS�+��������&TUJNBUJOH�UIF�/VNCFS�PG�3FNBJOJOH�%FGFDUT�"GUFS�*OTQFDUJPO�
*OUFSOBUJPOBM�4PGUXBSF�&OHJOFFSJOH�3FTFBSDI�/FUXPSL�5FDIOJDBM
3FQPSU�*4&3/�������

.JMMT�)��0O�UIF�4UBUJTUJDBM�7BMJEBUJPO�PG�$PNQVUFS�1SPHSBNT��5FDIOJDBM�3FQPSU
'4$���������*#.�'FEFSBM�4ZTUFNT�%JWJTJPO�
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