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TDSJCFE�JO�EFUBJM�JO�4FDUJPO��
�BOE�PVS�SFTVMUT�JO�4FDUJPO�����8F�DPODMVEF�UIF
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JOTQFDUFE�EPDVNFOU�BOFX���5IF�QVSQPTF�JT�UP�JEFOUJGZ�EFGFDUT�UIBU�IBWF�CFFO
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�BOE�DPODFSO�EFUFDUFE��)F�BMTP�TUBUFT�UIBU�UIF�GPMMPX�VQ�QIBTF�JT�BO
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TQFDUJPO�
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�UIFJS�JOUFSGBDFT
BOE�EFQFOEFODJFT���5IJT�JT�EJGGFSFOU�GSPN�QFSGPSNJOH�B�SFJOTQFDUJPO�UP�JEFOUJGZ
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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
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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
�����
�



#BDLHSPVOE

$PQZSJHIU���'SBVOIPGFS�*&4&������

5IF�JEFB�CFIJOE�VTJOH�DBQUVSF�SFDBQUVSF�NPEFMT�GPS�TPGUXBSF�FOHJOFFSJOH�JO�
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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
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	-BJUFOCFSHFS�FU�BM�
�����
���*U�JT�FYQFDUFE�UIBU�B�NPSF�TZTUFNBUJD�NFUIPE�SF�
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EFWFMPQT�IJHI�RVBMJUZ�UFMFDPNNVOJDBUJPO�TZTUFNT�	F�H�
�NPEFSO�USBOTNJTTJPO
TZTUFNT�CBTFE�PO�4%)�UFDIOPMPHZ
�BDDFTT�OFUXPSLT
�TXJUDIJOH�TZTUFNT
�DPO�
UBJOJOH�FNCFEEFE�TPGUXBSF��0OF�NBKPS�UBTL�PG�UIF�FNCFEEFE�TPGUXBSF�JT�UIF
NBOBHFNFOU�PG�UIFTF�TZTUFNT��5IFSF�BSF�GPVS�UZQJDBM�DIBSBDUFSJTUJDT�GPS�UIJT
LJOE�PG�TPGUXBSF��'JSTU
�JU�JT�FWFOU�USJHHFSFE��4FDPOE
�UIFSF�BSF�SFBM�UJNF�SF�
RVJSFNFOUT��5IJSE
�UIF�TPGUXBSF�NVTU�CF�IJHIMZ�SFMJBCMF�XIJDI�CBTJDBMMZ�NFBOT
UIBU�UIF�TPGUXBSF�TZTUFN�NVTU�CF�BWBJMBCMF����I��'JOBMMZ
�UIF�EFWFMPQFE�TPGU�
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�
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UJPOOBJSF�XIJDI�SFRVJSFE�UIFN�UP�NBLF�UIF�TVCKFDUJWF�FTUJNBUF�PG�UIF�QFSDFOU�
BHF�PG�EFGFDUT�UIFZ�GPVOE�JO�UIF�DPEF�NPEVMF�	J�F�
� ���×&f 
�

5IF�UIJSE�QBSU�PG�B�TFTTJPO�DPOTJTUFE�PG�B�UXP�QFSTPO�JOTQFDUJPO�NFFUJOH�JO
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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
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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�#�



3FTFBSDI�.FUIPE

$PQZSJHIU���'SBVOIPGFS�*&4&�������

��� %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

R
E

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

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$�
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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�
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W=0.75

Defects per KLOC Threshold

A
cc

u
ra

cy
 C

o
m

p
ar

ed
 t

o
 D

ef
au

lt
 D

ec
is

io
n

0

5

10

15

20

25

30

35

1 10 20 30 40 50 60 70 80 90

'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
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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
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