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UIF�UPPM�BOE�BSF�BMTP�HJWFO�BO�JODFOUJWF�UP�EPOBUF�UIFJS�EBUB�UP�UIF�TIBSFE�EB�
UBCBTF�UISPVHI�UIF�SFEVDUJPO�PG�UIF�NBJOUFOBODF�GFF�GPS�FBDI�QSPKFDU�DPOUSJC�
VUFE��5IF�WBMJEJUZ�BOE�DPNQBSBCJMJUZ�PG�UIF�EBUB�JT�BTTVSFE�BT�BMM�DPNQBOJFT
DPMMFDU�EBUB�VTJOH�UIF�TBNF�UPPM�BOE�UIF�WBMVF�PG�FWFSZ�WBSJBCMF�JT�QSFDJTFMZ�EF�
GJOFE��.PSFPWFS
�DPNQBOJFT�QSPWJEJOH�UIF�EBUB�BSF�JOEJWJEVBMMZ�DPOUBDUFE�JO
PSEFS�UP�WFSJGZ�BOE�DIFDL�UIFJS�TVCNJTTJPO��"U�UIF�UJNF�PG�XSJUJOH
�UIF�EBUBCBTF
DPOTJTUFE�PG�����TPGUXBSF�QSPKFDUT�GSPN����EJGGFSFOU�DPNQBOJFT��5IF�QSPKFDUT
BSF�NBJOMZ�CVTJOFTT�BQQMJDBUJPOT�JO�CBOLJOH
�XIPMFTBMF�SFUBJM
�JOTVSBODF
�QVCMJD
BENJOJTUSBUJPO�BOE�NBOVGBDUVSJOH�TFDUPST��5IJT�IPNPHFOFJUZ�JO�UIF�EBUB�BMMPXT
VT�UP�EFSJWF�NPSF�HFOFSBMJ[BCMF�DPODMVTJPOT�GPS�PUIFS�QSPKFDUT�JO�UIF�CVTJOFTT
BQQMJDBUJPO�EPNBJO��4JY�DPNQBOJFT�QSPWJEFE�EBUB�GSPN�NPSF�UIBO����QSPKFDUT�
"T�POF�DPNQBOZ�TVCNJUUFE�B�CJH�QSPQPSUJPO�	POF�UIJSE
�PG�UIF�XIPMF�EBUBCBTF

XF�XFSF�BCMF�UP�BEESFTT�JNQPSUBOU�JTTVFT�SFHBSEJOH�UIF�VTFGVMOFTT�PG�DPNQBOZ
TQFDJGJD�EBUB�BT�DPNQBSFE�UP�FYUFSOBM�EBUB��5IF�TZTUFN�TJ[F�JT�NFBTVSFE�JO�&Y�
QFSJFODF�'VODUJPO�1PJOUT
�B�WBSJBUJPO�PG�UIF�"MCSFDIUlT�'VODUJPO�1PJOU�NFBTVSF
<�>��5IF�GJWF�GVODUJPOBM�DBUFHPSJFT�VTFE�BSF�UIF�TBNF�BT�"MCSFDIUlT��IPXFWFS

DPNQMFYJUZ�XFJHIUT�BSF�NFBTVSFE�PO�B�GJWF�QPJOU�TDBMF�JOTUFBE�PG�B�UISFF�QPJOU
TDBMF��5IF�WBSJBCMFT�DPOTJEFSFE�JO�PVS�BOBMZTJT�BSF�QSFTFOUFE�JO�5BCMF���
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7BSJ�

BCMF

%FTDSJQUJPO 4DBMF 7BMVFT���3BOHF���6OJU

&GGPSU 5PUBM�QSPKFDU�FGGPSU SBUJP 1FSTPO�IPVST�	QI


&'1 4ZTUFN�TJ[F�NFBTVSFE�JO�'VODUJPO

1PJOUT

SBUJP 6OBEKVTUFE�&YQFSJFODF�'VODUJPO�1PJOUT�	&'1


#3" 0SHBOJ[BUJPO�5ZQF OPNJOBM #BOLJOH
�8IPMFTBMF�3FUBJM
�*OTVSBODF
�.BOV�

GBDUVSJOH
�1VCMJD�BENJOJTUSBUJPO

"11 "QQMJDBUJPO�5ZQF OPNJOBM $VTUPNFS�TFSWJDF
�.BOBHFNFOU�JOGPSNBUJPO

TZTUFNT
�0GGJDF�JOGPSNBUJPO�TZTUFNT
�1SPDFTT

DPOUSPM�BOE�BVUPNBUJPO
�/FUXPSL�NBOBHF�

NFOU
�5SBOTBDUJPO�QSPDFTTJOH
�1SPEVDUJPO

DPOUSPM�BOE�MPHJTUJDT
�0O�MJOF�BOE�JOGPSNBUJPO

TFSWJDF

)"3 5BSHFU�1MBUGPSN OPNJOBM /FUXPSLFE
�.BJOGSBNF
�1$
�.JOJ�DPNQVUFS


$PNCJOFE�	NG�QD
�NJOJ�QD
�FUD�


'��'��

���1SPEVDUJWJUZ�'BDUPST�

$VTUPNFS�1BSUJDJQBUJPO
�%FWFMPQNFOU

&OWJSPONFOU
�4UBGG�"WBJMBCJMJUZ
�-FWFM

BOE�VTF�PG�4UBOEBSET
�-FWFM�BOE�VTF

PG�.FUIPET
�-FWFM�BOE�VTF�PG�5PPMT


-PHJDBM�$PNQMFYJUZ�PG�UIF�4PGUXBSF


3FRVJSFNFOUT�7PMBUJMJUZ
�2VBMJUZ

3FRVJSFNFOUT
�&GGJDJFODZ�3FRVJSF�

NFOUT
�*OTUBMMBUJPO�3FRVJSFNFOUT


"OBMZTJT�4LJMMT�PG�4UBGG
�"QQMJDBUJPO

&YQFSJFODF�PG�4UBGG
�5PPM�4LJMMT�PG

4UBGG
�1SPKFDU�BOE�5FBN�4LJMMT�PG�4UBGG

PSEJOBM ������	WFSZ�TNBMM�p�WFSZ�MBSHF


5BCMF�� 7BSJBCMFT�GSPN�UIF�-BUVSJ�%BUB�CBTF

��� .PEFMJOH�5FDIOJRVFT

"T�EFTDSJCFE�JO�4FDUJPO��
�NBOZ�EBUB�JOUFOTJWF�NPEFMJOH�UFDIOJRVFT�IBWF�CFFO
QSPQPTFE�JO�UIF�MJUFSBUVSF��0VS�DPNQBSBUJWF�TUVEZ�DPOTJEFSFE�POMZ�B�TVCTFU�PG
BMM�PG�UIFTF�QSPQPTFE�UFDIOJRVFT��5IF�DSJUFSJB�GPS�JODMVTJPO�XFSF�BT�GPMMPXT�

"VUPNBUBCMF��4JODF�XF�VTF�B�DPNQVUBUJPOBMMZ�JOUFOTJWF�DSPTT�WBMJEBUJPO�BQ�
QSPBDI�UP�DBMDVMBUF�UIF�BDDVSBDZ�WBMVFT
�XF�DPVME�POMZ�DPOTJEFS�UFDIOJRVFT�UIBU
DPVME�CF�TVCTUBOUJBMMZ�BVUPNBUFE��5IJT�FYDMVEFE�MBCPS�JOUFOTJWF�BQQSPBDIFT
TVDI�BT�UIBU�TVHHFTUFE�JO�<��>�

"QQMJFE�JO�4PGUXBSF�&OHJOFFSJOH��5IFSF�PVHIU�UP�CF�B�QSFDFEFOU�JO�TPGUXBSF
FOHJOFFSJOH�XIFSF�UIF�UFDIOJRVF�IBT�CFFO�VTFE
�FTQFDJBMMZ�JO�DPTU�FTUJNBUJPO�
5IF�SBUJPOBMF�JT�UIBU�UIF�UFDIOJRVF�XPVME�IBWF�BO�JOJUJBM�EFNPOTUSBUFE�VUJMJUZ�

*OUFSQSFUBCMF��5IF�SFTVMUT�PG�UIF�NPEFMJOH�UFDIOJRVF�IBWF�UP�CF�JOUFSQSFUBCMF�
'PS�JOTUBODF
�JG�XF�JEFOUJGZ�B�NPEFMJOH�UFDIOJRVF�UIBU�QSPEVDFT�EJGGJDVMU�UP�JO�
UFSQSFU�SFTVMUT�BT�UIF�CFTU�POF
�UIJT�XPVME�OPU�CF�B�VTFGVM�SFDPNNFOEBUJPO�CF�
DBVTF�JO�QSBDUJDF�QSPKFDU�NBOBHFST�XPVME�CF�VOMJLFMZ�UP�BQQMZ�B�NPEFM�UIBU�JT
OPU�VOEFSTUBOEBCMF��5IJT�FYDMVEFT�UFDIOJRVFT�TVDI�BT�"SUJGJDJBM�/FVSBM�/FU�
XPSLT�



$PQZSJHIU���'SBVOIPGFS�*&4&����� �

#BTFE�PO�UIF�BCPWF�TFMFDUJPO�DSJUFSJB
�XF�DPOTJEFSFE�UIF�GPMMPXJOH�NPEFMJOH
UFDIOJRVFT��PSEJOBSZ�MFBTU�TRVBSFT�SFHSFTTJPO�	0-4

�B�TUBOEBSE�"OBMZTJT�PG
7BSJBODF�BQQSPBDI�GPS�VOCBMBODFE�EBUB�TFUT
�$"35
�BOE�BO�BOBMPHZ�CBTFE�BQ�
QSPBDI��8F�BMTP�DPOTJEFSFE�DPNCJOBUJPOT�PG�UIFTF�NPEFMJOH�UFDIOJRVFT��$"35
BOE�0-4�SFHSFTTJPO
�BOE�$"35�BOE�BOBMPHZ�CBTFE�BQQSPBDI��#FMPX�XF�EF�
TDSJCF�UIF�NPEFMJOH�UFDIOJRVFT�UIBU�XF�BQQMJFE�

0SEJOBSZ�-FBTU�4RVBSFT�3FHSFTTJPO

8F�VTFE�NVMUJWBSJBUF�MFBTU�TRVBSFT�SFHSFTTJPO�BOBMZTJT�CZ�GJUUJOH�UIF�EBUB�UP�B
TQFDJGJFE�NPEFM�UIBU�QSFEJDUT�FGGPSU�<��>��5IF�TFMFDUFE�NPEFM�TQFDJGJDBUJPO�JT
FYQPOFOUJBM
�CFDBVTF�MJOFBS�NPEFMT�SFWFBMFE�NBSLFE�IFUFSPTDFEBTUJDJUZ
�WJPMBU�
JOH�POF�BTTVNQUJPO�GPS�BQQMZJOH�SFHSFTTJPO�BOBMZTJT��"�NJYFE�TUFQXJTF�QSPDFTT
XBT�QFSGPSNFE�UP�TFMFDU�WBSJBCMFT�IBWJOH�B�TJHOJGJDBOU�JOGMVFODF�PO�FGGPSU
	α�����
��%VNNZ�WBSJBCMFT�XFSF�DSFBUFE�UP�EFBM�XJUI�DBUFHPSJDBM
�OPNJOBM
TDBMFE�WBSJBCMFT��0SEJOBM�TDBMFE�WBSJBCMFT�XFSF�USFBUFE�BT�JG�UIFZ�XFSF�NFBTVSFE
VTJOH�BO�JOUFSWBM�TDBMF��5IJT�JT�SFBTPOBCMF
�BT�TIPXO�JO�B�TUVEZ�CZ�4QFDUPS�<��>�
)F�TIPXFE�UIBU�UIFSF�JT�QSBDUJDBMMZ�OP�EJGGFSFODF�JO�VTJOH�TDBMFT�IBWJOH�FRVBM�PS
VOFRVBM�JOUFSWBMT��*O�BEEJUJPO
�#PISOTUFEU�FU�BM��<�>�TUBUF�UIBU�PSEJOBM�TDBMFT
IBWF�CFFO�TIPXO�UP�CF�VTBCMF�BT�JOUFSWBM�XIFO�VTJOH�QBSBNFUSJD�TUBUJTUJDT�
5IVT
�GSPN�B�QSBDUJDBM�QFSTQFDUJWF
�UIFTF�WBSJBCMFT�BSF�VTBCMF�BT�JOUFSWBM�DPWBSJ�
BUFT�JO�UIF�DPOUFYU�PG�SFHSFTTJPO�BOBMZTJT�

4UFQXJTF�"/07"

8F�BQQMJFE�BO�BOBMZTJT�PG�WBSJBODF�	"/07"
�QSPDFEVSF�GPS�DPOTUSVDUJOH�B
NPEFM�UP�QSFEJDU�FGGPSU��5IJT�QSPDFEVSF�DBO�BOBMZ[F�UIF�WBSJBODF�PG�VOCBMBODFE
EBUB�BOE�GJU�SFHSFTTJPO�FTUJNBUFT�UP�NPEFMT�XJUI�DBUFHPSJDBM�WBSJBCMFT�VTJOH�UIF
4UBUB�UPPM�<��>��*U�VTFT�UIF�NFUIPE�PG�MFBTU�TRVBSFT�UP�GJU�MJOFBS�NPEFMT��5IF
CFTU�NPEFMT�XFSF�CVJMU�VTJOH�B�GPSXBSE�QBTT�NFUIPE�TJNJMBS�UP�UIBU�PG�,JUDIFO�
IBN�<��>��5IF�NBJO�EJGGFSFODFT�CFJOH�UIBU�XJUI�UIJT�"/07"�NFUIPE�UIF�QSP�
EVDUJWJUZ�GBDUPST�BSF�USFBUFE�BT�JOUFSWBM�WBSJBCMFT
�UIF�JOUFSBDUJPOT�BNPOH�JOEF�
QFOEFOU�WBSJBCMFT�BSF�OPU�JHOPSFE
�BOE�UIF�CVJMEJOH�PG�UIF�CFTU�POF�WBSJBCMF

UXP�WBSJBCMF
�UISFF�WBSJBCMF�FUD��NPEFMT�JT�MFTT�MBCPS�JOUFOTJWF��5IF�GJOBM�NPEFM
JT�PG�UIF�GPSN�

....FFEFPaEffort dcb ××××= 21

XIFSF�B�JT�B�DPOTUBOU�XIJDI�WBSJFT�XJUI�UIF�TJHOJGJDBOU�DMBTT�WBSJBCMFT�BOE�'�JT�B
TJHOJGJDBOU�QSPEVDUJWJUZ�GBDUPS�	α�����
��*OUFSBDUJPO�FGGFDUT�PG�DMBTT�WBSJBCMFT
XFSF�UBLFO�JOUP�DPOTJEFSBUJPO�
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*O�PSEFS�UP�BWPJE�NVMUJDPMMJOFBSJUZ�QSPCMFNT
�BOZ�UXP�WBSJBCMFT�XJUI�B�4QFBSNBO
SBOL�DPSSFMBUJPO�DPFGGJDJFOU�FYDFFEJOH��������XFSF�DPOTJEFSFE�UP�CF�IJHIMZ�DPS�
SFMBUFE�BOE�XFSF�OPU�VTFE�JO�UIF�TBNF�NPEFM��1MPUT�PG�SFTJEVBMT�WT��GJUUFE�XFSF
FYBNJOFE�UP�DIFDL�GPS�WJPMBUJPOT�PG�MFBTU�TRVBSFT�BTTVNQUJPOT��*O�BEEJUJPO
�UIF
3BNTBZ�3&4&5�UFTU�XBT�VTFE�UP�EFUFSNJOF�JG�UIFSF�XFSF�PNJUUFE�WBSJBCMFT
�BOE
UIF�$PPL�8FJTCFSH�UFTU�XBT�VTFE�UP�DIFDL�GPS�IFUFSPTDFEBTUJDJUZ�

$"35

8F�EFWFMPQFE�SFHSFTTJPO�USFF�CBTFE�NPEFMT�CBTFE�PO�UIF�$"35�BMHPSJUIN�<�>
VTJOH�UIF�$"35�	DMBTTJGJDBUJPO�BOE�SFHSFTTJPO�USFFT
�UPPM�<��>��"�SFHSFTTJPO�USFF
JT�B�DPMMFDUJPO�PG�SVMFT�PG�UIF�GPSN��mJG�	DPOEJUJPO���BOE�DPOEJUJPO���BOE�c

UIFO�;n
�EJTQMBZFE�JO�UIF�GPSN�PG�B�CJOBSZ�USFF��5IF�EFQFOEFOU�WBSJBCMF�GPS�UIF
USFFT�XBT�QSPEVDUJWJUZ�

&BDI�OPEF�JO�B�SFHSFTTJPO�USFF�TQFDJGJFT�B�DPOEJUJPO�CBTFE�PO�POF�PG�UIF�QSPKFDU
WBSJBCMFT�UIBU�IBWF�BO�JOGMVFODF�PO�QSPEVDUJWJUZ��&BDI�CSBODI�DPSSFTQPOET�UP
QPTTJCMF�WBMVFT�PG�UIJT�WBSJBCMF��3FHSFTTJPO�USFFT�DBO�EFBM�XJUI�WBSJBCMFT�NFBT�
VSFE�PO�EJGGFSFOU�TDBMF�UZQFT�

#VJMEJOH�B�SFHSFTTJPO�USFF�JOWPMWFT�SFDVSTJWFMZ�TQMJUUJOH�UIF�EBUB�TFU�VOUJM�	CJOBSZ
SFDVSTJWF�QBSUJUJPOJOH
�B�TUPQQJOH�DSJUFSJPO�JT�TBUJTGJFE��5IF�TQMJUUJOH�DSJUFSJPO
VTFE�JT�UIF�TQMJU�XIJDI�NPTU�TVDDFTTGVMMZ�TFQBSBUFT�UIF�QSPKFDUTl�QSPEVDUJWJUZ
WBMVFT��5IF�TUPQQJOH�DSJUFSJPO�XBT�TFU�UP�B�NJOJNVN�PG�UXFOUZ�PCTFSWBUJPOT�GPS
UIF�POF�CVU�UFSNJOBM�OPEF��8F�TFMFDUFE�PQUJNBM�USFFT�IBWJOH�BO�PWFSBMM�NJOJ�
NBM�BCTPMVUF�EFWJBUJPO�CFUXFFO�UIF�BDUVBM�BOE�UIF�QSFEJDUFE�QSPEVDUJWJUZ
�BOE
IBWJOH�FOPVHI�	UFO
�PCTFSWBUJPOT�JO�FBDI�UFSNJOBM�OPEF��5IF�NFEJBO�QSPEVD�
UJWJUZ�WBMVFT�	JOTUFBE�PG�UIF�NFBOT
�GPS�BMM�QSPKFDUT�JO�B�UFSNJOBM�OPEF�BSF�VTFE
BT�QSFEJDUFE�WBMVFT�UP�BDDPVOU�GPS�PVUMJFST�

"�QSPKFDU�DBO�CF�DMBTTJGJFE�CZ�TUBSUJOH�BU�UIF�SPPU�OPEF�PG�UIF�USFF�BOE�TFMFDUJOH
B�CSBODI�UP�GPMMPX�CBTFE�PO�UIF�QSPKFDUlT�TQFDJGJD�WBSJBCMF�WBMVFT��0OF�NPWFT
EPXO�UIF�USFF�VOUJM�B�UFSNJOBM�OPEF�JT�SFBDIFE��"U�UIF�UFSNJOBM�OPEF
�FGGPSU�JT
DBMDVMBUFE�CZ�EJWJEJOH�UIF�BDUVBM�TJ[F�JO�&'1�CZ�UIF�NFEJBO�QSPEVDUJWJUZ�XJUIJO
UIF�UFSNJOBM�OPEF�

$PNCJOBUJPO�PG�$"35�XJUI�3FHSFTTJPO�"OBMZTJT

8F�DPNCJOFE�$"35�XJUI�PSEJOBSZ�MFBTU�TRVBSFT�SFHSFTTJPO��5IJT�JOWPMWFT�UIF
EFWFMPQNFOU�PG�B�SFHSFTTJPO�USFF
�BOE�UIF�BQQMJDBUJPO�PG�SFHSFTTJPO�BOBMZTJT�UP
QSPKFDUT�CFMPOHJOH�UP�FBDI�UFSNJOBM�OPEF��5IVT
�GPS�FBDI�UFSNJOBM�OPEF�JO�B
USFF
�XF�EFWFMPQFE�SFHSFTTJPO�FRVBUJPOT�GPS�QSFEJDUJOH�FGGPSU
�JOTUFBE�PG�KVTU
VTJOH�NFEJBO�WBMVFT�GPS�QSFEJDUJPO�
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8F�UFTUFE�UXP�LJOET�PG�SFHSFTTJPO�PO�UIF�UFSNJOBM�OPEFT��VOJWBSJBUF�SFHSFTTJPO
SFMBUJOH�FGGPSU�UP�TZTUFN�TJ[F
�BOE�TUFQXJTF�SFHSFTTJPO�TFMFDUJOH�UIF�NPTU�JOGMV�
FOUJBM�GBDUPST�PO�QSPKFDU�FGGPSU�GSPN�BMM�UIF�WBSJBCMFT�XF�DPOTJEFSFE�

&BDI�QSPKFDUlT�FGGPSU�JT�EFUFSNJOFE�CZ�GPMMPXJOH�EPXO�UIF�USFF�UP�B�UFSNJOBM
OPEF�BOE�BQQMZJOH�UIF�BQQSPQSJBUF�FGGPSU�FRVBUJPO�DPSSFTQPOEJOH�UP�UIJT�UFS�
NJOBM�OPEF�

"OBMPHZ�#BTFE�&TUJNBUJPO

5IF�CBTJD�JEFB�PG�UIF�BOBMPHZ�CBTFE�FTUJNBUJPO�JT�UP�JEFOUJGZ�UIF�DPNQMFUFE
QSPKFDUT�UIBU�BSF�UIF�NPTU�TJNJMBS�UP�B�OFX�QSPKFDU��.BKPS�JTTVFT�BSF��UIF�TFMFD�
UJPO�PG�BQQSPQSJBUF�TJNJMBSJUZ�EJTUBODF�GVODUJPOT
�UIF�TFMFDUJPO�PG�SFMFWBOU�QSPK�
FDU�BUUSJCVUFT�	JO�PVS�DBTF�DPTU�ESJWFST

�BOE�UIF�EFDJTJPO�BCPVU�UIF�OVNCFS�PG
TJNJMBS�QSPKFDUT�UP�SFUSJFWF�	BOBMPHJFT
�

8F�VTFE�BO�BOBMPHZ�CBTFE�BQQSPBDI�TJNJMBS�UP�UIF�POF�BQQMJFE�CZ�4IFQQFSE�FU
BM��<��><��>�BOE�JNQMFNFOUFE�JO�UIF�"/(&-�UPPM�<��>��8F�JNQMFNFOUFE�BOBM�
PHZ�CBTFE�FTUJNBUJPO�VTJOH�$#3�8PSLT�����CFUB
�B�DBTF�CBTFE�SFBTPOJOH�UPPM
<�>��$#3�8PSLT�JT�GMFYJCMF�UP�UIF�EFGJOJUJPO�PG�TJNJMBSJUZ�GVODUJPOT�BOE�FYUFOTJPOT
TVDI�BT�DSPTT�WBMJEBUJPO��8F�BQQMJFE�B�EJTUBODF�GVODUJPO�JEFOUJDBM�UP�UIF�POF
VTFE�JO�UIF�"/(&-�UPPM�<��>��5IJT�GVODUJPO�JT�CBTFE�PO�UIF�VOXFJHIUFE�&VDMJE�
FBO�EJTUBODF�VTJOH�WBSJBCMFT�OPSNBMJ[FE�CFUXFFO���BOE����5IF�PWFSBMM�EJT�
UBODF	1J
�1K
�CFUXFFO�UXP�QSPKFDUT�1J�BOE�1K�JT�EFGJOFE�BT�

n

n

1k
)P,(P

)P,distance(P
jkik

ji

∑
==

δ

XIFSF�O�JT�UIF�OVNCFS�PG�WBSJBCMFT��5IF�EJTUBODF�SFHBSEJOH�B�HJWFO�WBSJBCMF�L
CFUXFFO�UXP�QSPKFDUT�1J�BOE�1K�JT�δ	1JL
�1KL
�















≠
=














−

−

=
jkik

jkik

2

kk

jkik

jkik

PP AND lcategorica is k if   ,1
PP  AND lcategorica is k if  ,0

continuous is k if ,
minmax

PP

)P,�3

XIFSF�WBMVF�NBYL�NJOL�JT�UIF�NBYJNVN�NJOJNVN�QPTTJCMF�WBMVF�PG�WBSJBCMF�L�

5IF�"/(&-�UPPM�<��>�EFUFSNJOFT�UIF�PQUJNBM�DPNCJOBUJPO�PG�WBSJBCMFT�CZ�JN�
QMFNFOUJOH�B�DPNQSFIFOTJWF�TFBSDI��5IJT�JT
�IPXFWFS
�JOFGGJDJFOU�GPS�B�IJHI
OVNCFS�PG�WBSJBCMFT�BOE�QSPKFDUT
�BT�SFQPSUFE�JO�<��><��>��*O�PVS�DBTF
�XJUI���
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WBSJBCMFT�BOE�����QSPKFDUT
�UIF�DPNQVUBUJPOBM�UJNF�SFRVJSFE�GPS�B�DPNQSFIFO�
TJWF�TFBSDI�UP�EFUFSNJOF�UIF�PQUJNBM�DPNCJOBUJPO�PG�WBSJBCMFT�XPVME�CF�QSP�
IJCJUJWF�	����×���
��5IFSFGPSF
�XF�VTFE�BOPUIFS�TUSBUFHZ�QSPQPTFE�CZ�'JOOJF�FU
BM��<��>��8F�BQQMJFE�UP�BMM�DBUFHPSJDBM�WBSJBCMFT�B�UXP�UBJMFE�U�UFTU�UP�EFUFSNJOF
WBSJBCMFT�UIBU�TIPX�TJHOJGJDBOU�JOGMVFODF�PO�QSPEVDUJWJUZ��8F�HFOFSBUFE�UXP
MFWFMT�GPS�FBDI�WBSJBCMF�CZ�NFSHJOH�UIF�WBSJBCMFlT�PSJHJOBM�MFWFMT�

'PS�FGGPSU�QSFEJDUJPO
�XF�VTFE�CPUI�UIF�NPTU�TJNJMBS�QSPKFDU�BOE�UIF�VO�
XFJHIUFE�BWFSBHF�PG�UIF�UXP�NPTU�TJNJMBS�QSPKFDUT��5IFTF�DIPJDFT�XFSF�VTFE
GPS�UIF�TBLF�PG�TJNQMJDJUZ�BOE�BSF�KVTUJGJFE
�TJODF�4IFQQFSE�FU�BM��<��><��>�SFQPSU
OFBSMZ�FRVJWBMFOU�BDDVSBDZ�XIFO�VTJOH�NPSF�UIBO�UXP�TJNJMBS�QSPKFDUT�PS�VTJOH
XFJHIUFE�BWFSBHFT�

$PNCJOBUJPO�PG�$"35�XJUI�"OBMPHZ�#BTFE�&TUJNBUJPO

$"35�XBT�DPNCJOFE�XJUI�UIF�BOBMPHZ�CBTFE�BQQSPBDI�CZ�EFWFMPQJOH�B�SFHSFT�
TJPO�USFF�BOE�BQQMZJOH�BOBMPHZ�UP�QSPKFDUT�UIBU�CFMPOH�UP�POF�UFSNJOBM�OPEF�

&BDI�QSPKFDUlT�FGGPSU�JT�EFUFSNJOFE�CZ�GPMMPXJOH�EPXO�UIF�USFF�UP�B�UFSNJOBM
OPEF�BOE�CZ�TFMFDUJOH�TJNJMBS�QSPKFDUT�XJUIJO�UIF�QSPKFDU�TVCTFU�UIBU�DPSSF�
TQPOET�UP�UIJT�UFSNJOBM�OPEF�

��� &WBMVBUJPO�$SJUFSJB

"�DPNNPO�DSJUFSJPO�GPS�UIF�FWBMVBUJPO�PG�DPTU�FTUJNBUJPO�NPEFMT�JT�UIF�.BHOJ�
UVEF�PG�3FMBUJWF�&SSPS�	.3&
�<�>��5IJT�JT�EFGJOFE�BT�

i

ii
i EffortActual

EffortPredictedEffortActual
MRE

−
=

5IF�.3&�WBMVF�JT�DBMDVMBUFE�GPS�FBDI�PCTFSWBUJPO�J�XIPTF�FGGPSU�JT�QSFEJDUFE�
5IF�BHHSFHBUJPO�PG�.3&�PWFS�NVMUJQMF�PCTFSWBUJPOT
�TBZ�/
�DBO�CF�BDIJFWFE
UISPVHI�UIF�.FBO�.3&�	..3&
�

∑
−

=
i i

ii

EffortActual

EffortPredictedEffortActual

N

1
MMRE

)PXFWFS
�UIF�..3&�JT�TFOTJUJWF�UP�JOEJWJEVBM�QSFEJDUJPOT�XJUI�FYDFTTJWFMZ�MBSHF
.3&T��5IFSFGPSF
�BO�BHHSFHBUF�NFBTVSF�MFTT�TFOTJUJWF�UP�FYUSFNF�WBMVFT�TIPVME
BMTP�CF�DPOTJEFSFE
�OBNFMZ�UIF�NFEJBO�PG�.3&�WBMVFT�GPS�UIF�/�PCTFSWBUJPOT
	.E.3&
�

"O�JNQMJDJU�BTTVNQUJPO�JO�VTJOH�.3&�BT�B�NFBTVSF�PG�QSFEJDUJWF�BDDVSBDZ�JT�UIBU
UIF�FSSPS�JT�QSPQPSUJPOBM�UP�UIF�TJ[F�PG�UIF�QSPKFDU��'PS�FYBNQMF
�B����NBO�
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NPOUI�PWFSFTUJNBUF�GPS�B����NBO�NPOUI�QSPKFDU�JT�NPSF�TFSJPVT�UIBO�GPS�B
����NBO�NPOUI�QSPKFDU�

"�DPNQMFNFOUBSZ�DSJUFSJPO�UIBU�JT�DPNNPOMZ�VTFE�JT�UIF�QSFEJDUJPO�BU�MFWFM�M


N

k
PRED(l) = 
�XIFSF�L�JT�UIF�OVNCFS�PG�PCTFSWBUJPOT�XIFSF�.3&�JT�MFTT�UIBO�PS

FRVBM�UP�M�

5IVT�UIF�DSJUFSJB�XF�VTFE�UP�BTTFTT�BOE�DPNQBSF�DPTU�FTUJNBUJPO�NPEFMT�BSF
UIF�SFMBUJWF�WBMVFT�PG�..3&
�.E.3&
�BOE�13&%�GPS�UIF�EJGGFSFOU�UFDIOJRVFT�

��� $SPTT�7BMJEBUJPO

*G�POF�DPOTUSVDUT�B�DPTU�FTUJNBUJPO�NPEFM�VTJOH�B�QBSUJDVMBS�EBUB�TFU
�BOE�UIFO
DPNQVUFT�UIF�BDDVSBDZ�PG�UIF�NPEFM�VTJOH�UIF�TBNF�EBUB�TFU
�UIF�BDDVSBDZ
FWBMVBUJPO�XJMM�CF�PQUJNJTUJD�	J�F�
�UIF�FSSPS�XJMM�CF�BSUJGJDJBMMZ�MPX
�BOE�EPFT�OPU
SFGMFDU�UIF�QFSGPSNBODF�PG�UIF�NPEFM�PO�BOPUIFS�VOTFFO�EBUB�TFU
�<��>��"
DSPTT�WBMJEBUJPO�BQQSPBDI�HJWFT�NPSF�SFBMJTUJD�BDDVSBDZ�NFBTVSFT��5IF�DSPTT�
WBMJEBUJPO�BQQSPBDI�XF�VTF�JOWPMWFT�EJWJEJOH�UIF�XIPMF�EBUB�TFU�JOUP�NVMUJQMF
USBJO�BOE�UFTU�TFUT
�DBMDVMBUJOH�UIF�BDDVSBDZ�GPS�FBDI�UFTU�TFU
�BOE�UIFO�BHHSF�
HBUJOH�UIF�BDDVSBDJFT�BDSPTT�BMM�UIF�UFTU�TFUT�

8F�VTFE�UXP�EJGGFSFOU�UZQFT�PG�USBJO�UFTU�TQMJUT�UIBU�BSF�DPOHSVFOU�XJUI�UIF
RVFTUJPOT�XF�QPTFE�JO�4FDUJPO����5P�EFUFSNJOF�UIF�BDDVSBDZ�BOE�CFOFGJUT�PS
ESBXCBDLT�PG�HFOFSJD�DPTU�NPEFMT
�XF�TFMFDUFE�TVCTFUT�PG�QSPKFDUT�UIBU�DPNF
GSPN�B�TJOHMF�PSHBOJ[BUJPO�BT�UFTU�TFUT��8F�MJNJUFE�UIJT�UP�PSHBOJ[BUJPOT�GPS
XIJDI�UIFSF�BSF����PS�NPSF�QSPKFDUT�JO�PVS�EBUB�TFU��*O�TVDI�B�DBTF
�UIF�USBJOJOH
TFU�JT�UIF�XIPMF�EBUB�TFU�NJOVT�UIBU�PSHBOJ[BUJPOlT�QSPKFDUT��5IJT�SFTVMUFE�JO�TJY
EJGGFSFOU�UFTU�TFUT��$BMDVMBUJOH�BDDVSBDZ�JO�UIJT�NBOOFS�JOEJDBUFT�UIF�BDDVSBDZ
PG�VTJOH�BO�FYUFSOBM�NVMUJ�PSHBOJ[BUJPOBM�EBUB�TFU�GPS�CVJMEJOH�B�DPTU�FTUJNBUJPO
NPEFM
�BOE�UIFO�UFTUJOH�JU�PO�BO�PSHBOJ[BUJPOlT�QSPKFDUT�

5P�EFUFSNJOF�UIF�BDDVSBDZ�BOE�UIF�CFOFGJUT�PG�EFSJWJOH�MPDBM�DPTU�FTUJNBUJPO
NPEFMT�XF�VTFE�B�TVCTFU�PG����QSPKFDUT�DPNJOH�GSPN�B�TJOHMF�PSHBOJ[BUJPO�
"HBJO�XF�VTFE�B�TJY�GPME�DSPTT�WBMJEBUJPO�BQQSPBDI��)PXFWFS
�JO�UIJT�DBTF�XF
SBOEPNMZ�DPOTUSVDUFE�TJY�UFTU�TFUT
�BOE�GPS�FBDI�UFTU�TFU�XF�VTFE�UIF�SFNBJOJOH
QSPKFDUT�BT�UIF�USBJOJOH�TFU��5IF�PWFSBMM�BDDVSBDZ�JT�BHHSFHBUFE�BDSPTT�BMM�TJY�UFTU
TFUT��$BMDVMBUJOH�BDDVSBDZ�JO�UIJT�NBOOFS�JOEJDBUFT�UIF�BDDVSBDZ�UP�CF�FYQFDUFE
JG�BO�PSHBOJ[BUJPO�CVJMET�B�NPEFM�VTJOH�JUT�PXO�EBUB�TFU
�BOE�UIFO�VTFT�UIBU
NPEFM�UP�QSFEJDU�UIF�DPTU�PG�OFX�QSPKFDUT�
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� %BUB�"OBMZTJT�SFTVMUT

8F�QSFTFOU�JO�UIJT�TFDUJPO�UIF�NBJO�SFTVMUT�PG�PVS�BOBMZTJT��4UBSUJOH�XJUI�EF�
TDSJQUJWF�TUBUJTUJDT
�XF�TVNNBSJ[F�UIF�NPTU�JNQPSUBOU�WBSJBCMF�EJTUSJCVUJPOT��8F
DPOUJOVF�XJUI�UIF�SFTVMUT�PG�UIF�DPNQBSJTPO�PG�UIF�NPEFMJOH�UFDIOJRVFT�GPS�UIF
XIPMF�EBUBCBTF�BOE�GPS�UIF�TJOHMF�PSHBOJ[BUJPO�UIBU�QSPWJEFE����QSPKFDUT��'J�
OBMMZ
�XF�EJTDVTT�UIF�WBSJBCMFT�TFMFDUFE�BT�JNQPSUBOU�DPTU�ESJWFST�CZ�UIF�EJGGFS�
FOU�UFDIOJRVFT��5IF�NPEFMT�UIBU�XFSF�HFOFSBUFE�BSF�BWBJMBCMF�JO�UIF�"QQFOEJY�

��� %FTDSJQUJWF�4UBUJTUJDT

5BCMF���TVNNBSJ[FT�UIF�EFTDSJQUJWF�TUBUJTUJDT�GPS�TZTUFN�TJ[F�	&'1
�BOE�QSPKFDU
FGGPSU�	QFSTPO�IPVST��QI
��5IF�UBCMF�TIPXT�UIF�SFTVMUT�GPS�UIF�XIPMF�EBUBCBTF
BOE�GPS�UIF�DPNQBOZ�UIBU�TVCNJUUFE����QSPKFDUT��0O�BWFSBHF
�QSPKFDUT�DPNJOH
GSPN�UIJT�DPNQBOZ�IBWF�B�IJHIFS�FGGPSU�UIBO�QSPKFDUT�JO�UIF�SFNBJOEFS�PG�UIF
EBUBCBTF��5IF�DPNQBOZ�PQFSBUFT�JO�UIF�CBOLJOH�EPNBJO�BOE�XF�SFGFS�UP�UIJT
QBSU�PG�UIF�EBUBCBTF�BT�CBOL�EBUB��5IF�CSFBLEPXO�PG�QSPKFDUT�QFS�PSHBOJ[BUJPO
UZQF
�GPS�UIF�XIPMF�EBUB�CBTF�JT�����CBOLJOH
�����JOTVSBODF
�����NBOVGBD�
UVSJOH
����XIPMFTBMF
�BOE����QVCMJD�BENJOJTUSBUJPO��'JHVSF���BOE�'JHVSF���JM�
MVTUSBUF�UIF�QSPQPSUJPOT�PG�QSPKFDUT�GPS�EJGGFSFOU�BQQMJDBUJPO�UZQFT�BOE�UBSHFU
QMBUGPSNT��&BDI�PG�UIF�IJTUPHSBNT�DPNQBSFT�UIF�QSPQPSUJPOT�PG�UIF�XIPMF�EB�
UBCBTF�XJUI�UIF�EBUB�DPNJOH�GSPN�UIF�CBOL��5IF�QSPQPSUJPOT�SFHBSEJOH�BQQMJ�
DBUJPO�UZQF�BOE�UBSHFU�QMBUGPSN�GPS�UIF�XIPMF�EBUBCBTF�BOE�UIF�CBOL�EBUB�BSF
WFSZ�TJNJMBS��5IJT�XJMM�IFMQ�PVS�JOUFSQSFUBUJPO�PG�UIF�SFTVMUT�JO�UIF�SFNBJOEFS�PG
UIF�QBQFS�

#BOL�%BUB 8IPMF�%#

4J[F�	&'1
 &GGPSU�	QI
 4J[F�	&'1
 &GGPSU�	QI


NJO �� ��� �� ���

NFBO ����� ���� ����� ������

NBY ���� ����� ���� �����

TU�EFW ����� ������� ����� ������

PCT� �� �� ��� ���

5BCMF�� %FTDSJQUJWF�4UBUJTUJDT�GPS�TZTUFN�TJ[F�BOE�FGGPSU
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'JHVSF��� %JTUSJCVUJPO�PG�QSPKFDUT�CZ�UBSHFU�QMBUGPSN

��� $PNQBSJTPO�PG�.PEFMJOH�5FDIOJRVFT

5BCMF���BOE�5BCMF���TIPX�UIF�DSPTT�WBMJEBUJPO�SFTVMUT�PG�DPNQBSJOH�UIF�NPEFM�
JOH�UFDIOJRVFT�JO�UFSNT�PG�..3&
�.E.3&
�BOE�1SFE	���
�GPS�UIF�XIPMF�EBUB
TFU�BOE�GPS�UIF�CBOL�EBUB
�SFTQFDUJWFMZ��5IF�WBMVFT�JO�UIF�UBCMFT�BSF�BWFSBHFT
BDSPTT�UIF�IPME�PVU�TBNQMFT��*O�5BCMF���UIF�IPME�PVU�TBNQMFT�	UFTU�TFUT
�BSF�UIF
TJY�DPNQBOJFT�XJUI�NPSF�UIBO����QSPKFDUT��*O�5BCMF���UIF�IPME�PVU�TBNQMFT�BSF
SBOEPNMZ�TFMFDUFE�TBNQMFT��5IF�EFUBJMFE�SFTVMUT�GPS�BMM�IPME�PVU�TBNQMFT�BSF
MJTUFE�JO�UIF�"QQFOEJY��4PNF�PG�UIF�NPEFMJOH�UFDIOJRVFT�BSF�BCCSFWJBUFE�JO�UIF
UBCMFT��m$"35�3FHS�n�NFBOT�B�DPNCJOBUJPO�PG�$"35�XJUI�VOJWBSJBUF�SFHSFT�
TJPO�JO�UIF�SFHSFTTJPO�USFF�MFBWFT��m$"35�TUFQX��3FHS�n�TUBOET�GPS�B�DPNCJOB�
UJPO�PG�$"35�XJUI�TUFQXJTF�SFHSFTTJPO��m"OBMPHZ��Tn�JT�UIF�BOBMPHZ�CBTFE�BQ�
QSPBDI�VTJOH�UIF�NPTU�TJNJMBS�QSPKFDU�UP�QSFEJDU�FGGPSU��m"OBMPHZ��Tn�JT�UIF
BOBMPHZ�CBTFE�BQQSPBDI�JOWPMWJOH�UIF�UXP�NPTU�TJNJMBS�QSPKFDUT�GPS�FGGPSU�QSF�
EJDUJPO��m$"35�"OBMPHZ��Tn�BOE�m$"35�"OBMPHZ��Tn�BSF�B�DPNCJOBUJPO�PG
$"35�XJUI�"OBMPHZ��T�BOE�"OBMPHZ��T
�SFTQFDUJWFMZ�
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1SFE	���
 ��� ��� ��� ��� ��� ��� ��� ��� ���

5BCMF�� "WFSBHF�SFTVMUT�PWFS�BMM�IPME�PVU�TBNQMFT�VTJOH�UIF�FOUJSF�EBUBCBTF

4UFQXJTF

3FHS�
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"/07"
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��T
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��T
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��T
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.E.3& ���� ����� ����� ����� ���� ���� ���� ���� ����

1SFE	���
 ��� ��� ��� ��� ��� ��� ��� ��� ���

5BCMF�� "WFSBHF�SFTVMUT�PWFS�BMM�IPME�PVU�TBNQMFT�VTJOH�UIF�CBOL�EBUB

$POTJEFSJOH�UIF�XIPMF�EBUBCBTF�	5BCMF��

�XF�PCTFSWF�UIBU
�PO�BWFSBHF
�UIF
UFDIOJRVFT�OPU�JOWPMWJOH�BOBMPHZ�	J�F�
�TUFQXJTF�SFHSFTTJPO
�TUFQXJTF�"/07"

$"35
�$"35�3FHS�
�BOE�$"35�TUFQXJTF�3FHS�
�PVUQFSGPSN�UIF�UFDIOJRVFT�JO�
WPMWJOH�BOBMPHZ�	J�F�
�"OBMPHZ��T
�"OBMPHZ��T
�$"35�"OBMPHZ��T

$"35�"OBMPHZ��T
��5FDIOJRVFT�JOWPMWJOH�UIF�BOBMPHZ�CBTFE�BQQSPBDI�TIPXFE
VQ�UP�B�����IJHIFS�.E.3&�UIBO�$"35
�UIF�UFDIOJRVF�ZJFMEJOH�UIF�CFTU�SF�
TVMUT��5IF�TUBUJTUJDBM�TJHOJGJDBODF�PG�UIFTF�SFTVMUT�BSF�DPOGJSNFE�XIFO�VTJOH�UIF
NBUDIFE�QBJS�8JMDPYPO�TJHOFE�SBOL�UFTU�<��>�	B�OPO�QBSBNFUSJD�BOBMPH�UP�UIF�U�
UFTU
�UP�DPNQBSF�UIF�.3&lT�ZJFMEFE�CZ�UIF�WBSJPVT�NPEFMT��)PXFWFS
�UIFSF�JT�OP
TUBUJTUJDBMMZ�TJHOJGJDBOU�EJGGFSFODF�JO�UIF�.3&T�BNPOH�BOBMPHZ�CBTFE�UFDI�
OJRVFT��5IF�MPXFTU�BDDVSBDZ�PG�BOBMPHZ�CBTFE�NPEFMT�JT�JO�TIBSQ�DPOUSBTU�UP
XIBU�XBT�GPVOE�JO�PUIFS�DPNQBSBUJWF�TUVEJFT�VTJOH�EJGGFSFOU�EBUB�TFUT�<��><��>�
4JODF�UIF�TQFDJGJDT�PG�PVS�BOBMPHZ�QSPDFEVSF�BSF�WFSZ�TJNJMBS�UP�4IFQQFSE�FU�BM�

TVDI�SFTVMUT�USJHHFS�UIF�OFFE�GPS�GVSUIFS�TUVEJFT��0OF�QPTTJCMF�SFBTPO�XIZ
UFDIOJRVFT�JOWPMWJOH�BOBMPHZ�BSF�MFTT�BDDVSBUF�JT�UIF�XBZ�TJNJMBSJUZ�CFUXFFO
QSPKFDUT�JT�EFGJOFE��"MM�WBSJBCMFT�DPOTJEFSFE�JO�UIF�TJNJMBSJUZ�GVODUJPO�PO�XIJDI
UIF�BOBMPHZ�QSPDFEVSF�JT�CBTFE�IBWF�FRVBM�JOGMVFODF�PO�UIF�TFMFDUJPO�PG�UIF
NPTU�TJNJMBS�QSPKFDU	T
�

-PPLJOH�BU�UFDIOJRVFT�OPU�JOWPMWJOH�BOBMPHZ
�TJNQMF�$"35�NPEFMT�TFFN�UP�QFS�
GPSN�TMJHIUMZ�CFUUFS�UIBO�SFHSFTTJPO
�TUFQXJTF�"/07"
�PS�$"35�JO�DPNCJOBUJPO
XJUI�SFHSFTTJPO��$"35�IBT�UIF�MPXFTU�.E.3&
�..3&�BOE�UIF�IJHIFTU
1SFE	���
��#VU�UIF�EJGGFSFODFT�BNPOH�UIFTF�UFDIOJRVFT�BSF�OPU�QSBDUJDBMMZ�TJH�
OJGJDBOU��5IF�EJGGFSFODF�JO�.E.3&�SFNBJOT�CFMPX�PS�FRVBM�UP�����5IF�..3&
WBMVFT�GPS�UIFTF�UFDIOJRVFT�BSF�BMTP�RVJUF�TJNJMBS��5IF�POMZ�WJTJCMF�FYDFQUJPO�JT
$"35�JO�DPNCJOBUJPO�XJUI�TUFQXJTF�SFHSFTTJPO�	..3&�����
��)PXFWFS
�XIFO
MPPLJOH�NPSF�DMPTFMZ�BU�UIF�EBUB�BOE�UIF�NFEJBO�.3&
�XF�DBO�TFF�UIJT�JT�EVF
UP�POF�PVUMJFS�QSFEJDUJPO��.PSFPWFS
�UIF�EJGGFSFODFT�JO�UIF�.3&�WBMVFT�BSF�OPU
TUBUJTUJDBMMZ�TJHOJGJDBOU�
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5IF�SFTVMUT�BCPWF�JOWPMWFE�UIF�XIPMF�EBUBCBTF��8IFO�MPPLJOH�BU�UIF�CBOL�EBUB
TFU�	5BCMF��

�XF�DBO�PCTFSWF�UIBU
�PO�BWFSBHF
�BMM�UFDIOJRVFT�TIPX�TJNJMBS�BD�
DVSBDZ��5IFSF�JT�MJUUMF�WBSJBUJPO�JO�UIF�.E.3&�WBMVFT�	VQ�UP���
�BOE�UIFSF�JT�OP
TUBUJTUJDBMMZ�TJHOJGJDBOU�EJGGFSFODF�BNPOH�UIF�UFDIOJRVFTl�.3&lT��5IVT
�JO�UIF
CBOL�EBUB�DPOUFYU
�BOBMPHZ�CBTFE�UFDIOJRVFT�QFSGPSNFE�CFUUFS�UIBO�JO�UIF
NVMUJ�PSHBOJ[BUJPO�DBTF��5IJT�NJHIU�CF�FYQMBJOFE�CZ�B�IJHIFS�IPNPHFOFJUZ�JO
UIF�QSPKFDUT�DPOTJEFSFE
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PQUJNBM�GPS�UIF�POF�PSHBOJ[BUJPO�XIFSF�XF�DPOTUSVDUFE�B�TQFDJGJD�DPTU�NPEFM�

"DLOPXMFEHFNFOUT

8F�XPVME�MJLF�UP�UIBOL�3JTUP�/FWBMBJOFO�BOE�1FLLB�'PSTFMJVT�PG�4PGUXBSF
5FDIOPMPHZ�5SBOTGFS�'JOMBOE�	455'
�GPS�EFGJOJOH
�DPMMFDUJOH�BOE�QSPWJEJOH�UIF
EBUB�



$PQZSJHIU���'SBVOIPGFS�*&4&�������

3FGFSFODFT

1. "MCSFDIU
�"�+��.FBTVSJOH�BQQMJDBUJPO�EFWFMPQNFOU�QSPEVDUJWJUZ��*O��4)"3&�(6*%&�
1SPDFFEJOHT�PG�UIF�*#.�"QQMJDBUJPOT�%FWFMPQNFOU�4ZTNPTJVN
�	0DUPCFS�����
����
���

2. "MCSFDIU
�"�+�
�(BGGOFZ
�+�&�
�4PGUXBSF�GVODUJPO
�TPVSDF�MJOFT�PG�DPEF
�BOE�EFWFMPQ�
NFOU�FGGPSU�QSFEJDUJPO
�*&&&�5SBOTBDUJPOT�PO�4PGUXBSF�&OHJOFFSJOH
�WPM���
�OP���
	����
���������

3. #PFIN
�#��4PGUXBSF�&OHJOFFSJOH�&DPOPNJDT��&OHMFXPPE�$MJGGT
�/+��1SFOUJDF�)BMM
	����
�

4. #PISOTUFEU�(�
�$BSUFS
�5��3PCVTUOFTT�JO�3FHSFTTJPO�"OBMZTJT��*O��$PTUOFS
�)��	FE
�
$IBQUFS��
�4PDJPMPHJDBM�.FUIPEPMPHZ��+PTTFZ�#BTT�	����
�

5. #SFJNBO
�-�
�'SJFENBO
�+�)�
�0MTIFO
�3�"�
�4UPOF
�$�+��$MBTTJGJDBUJPO�BOE�3FHSFTTJPO
5SFFT��8BETXPSUI���#PPLT�$PMF�"EWBODFE�#PPLT���4PGUXBSF�	����
�

6. #SJBOE
�-�$�
�#BTJMJ
�7�3�
�5IPNBT
�8�.��"�QBUUFSO�SFDPHOJUJPO�BQQSPBDI�GPS�TPGU�
XBSF�FOHJOFFSJOH�EBUB�BOBMZTJT��*&&&�5SBOTBDUJPOT�PO�4PGUXBSF�&OHJOFFSJOH
�WPM����

OP�����	����
���������

7. #SJBOE
�-�$�
�&M�&NBN�,�
�#PNBSJVT
�'�
�"�)ZCSJE�.FUIPE�GPS�4PGUXBSF�$PTU�&TUJNB�
UJPO
�#FODINBSLJOH
�BOE�3JTL�"TTFTTNFOU��1SPDFFEJOHT�PG�UIF���UI�*OUFSOBUJPOBM
$POGFSFODF�PO�4PGUXBSF�&OHJOFFSJOH
�*$4&����	"QSJM�����
���������

8. $#3�8PSLT
�����CFUB��3FTFBSDI�HSPVQ�m"SUJGJDJBM�*OUFMMJHFODF��,OPXMFEHF�#BTFE
4ZTUFNTn
�6OJWFSTJUZ�PG�,BJTFSTMBVUFSO��IUUQ���XXXBHS�JOGPSNBUJL�VOJ�
LM�EF�_MTB�$#3BU6,-�IUNM�

9. $POUF
�4�%�
�%VOTNPSF
�)�&�
�4IFO
�7��:��4PGUXBSF�FOHJOFFSJOH�NFUSJDT�BOE�NPEFMT�
5IF�#FOKBNJO�$VNNJOHT�1VCMJTIJOH�$PNQBOZ
�*OD��	����
�

10. �'JOOJF
�(��3�
�8JUUJH
�(��&��"�DPNQBSJTPO�PG�TPGUXBSF�FGGPSU�FTUJNBUJPO�UFDIOJRVFT�
VTJOH�GVODUJPO�QPJOUT�XJUI�OFVSBM�OFUXPSLT
�DBTF�CBTFE�SFBTPOJOH�BOE�SFHSFTTJPO
NPEFMT��+��4ZTUFNT�4PGUXBSF�WPM�����	����
���������

11. (JCCPOT
�+�%��4��/POQBSBNFUSJD�4UBUJTUJDT��4FSJFT��2VBOUJUBUJWF�"QQMJDBUJPO�JO�UIF�4P�
DJBM�4DJFODFT���
�4"(&�6OJWFSTJUZ�1BQFS�	����
�

12. +FOTFO
�3�8��"�DPNQBSJTPO�PG�UIF�+FOTFO�BOE�$0$0.0�TDIFEVMF�BOE�DPTU�FTUJNB�
UJPO�NPEFMT��1SPDFFEJOHT�PG�*OUFSOBUJPOBM�4PDJFUZ�PG�1BSBNFUSJD�"OBMZTJT�	����

����
����

13. +ÏSHFOTFO
�.��&YQFSJFODF�XJUI�UIF�BDDVSBDZ�PG�4PGUXBSF�.BJOUFOBODF�5BTL�&GGPSU
1SFEJDJUPO�.PEFMT��*&&&�5SBOTBDUJPOT�PO�4PGUXBSF�&OHJOFFSJOH
�WPM����
�OP��
	"VHVTU
�����
���������

14. ,FNFSFS
�$�'��"O�FNQJSJDBM�WBMJEBUJPO�PG�TPGUXBSF�DPTU�FTUJNBUJPO�NPEFMT��$PNNV�
OJDBUJPOT�PG�UIF�"$.�WPM����
�OP����	.BZ�����
���������



$PQZSJHIU���'SBVOIPGFS�*&4&����� ��

15. ,JUDIFOIBN
�#�
�"�1SPDFEVSF�GPS�"OBMZ[JOH�6OCBMBODFE�%BUBTFUT
�*&&&�5SBOTBDUJPOT
PO�4PGUXBSF�&OHJOFFSJOH
�WPM���
�OP���	"QSJM�����
���������

16. ,JUDIFOIBN
�#�"�
�5BZMPS
�/��3��4PGUXBSF�QSPKFDU�EFWFMPQNFOU�DPTU�FTUJNBUJPO��5IF
+PVSOBM�PG�4ZTUFNT�BOE�4PGUXBSF�WPM����	����
����������

17. .BYXFMM
�,�
�7BO�8BTTFOIPWF
�-��BOE�%VUUB
�4��4PGUXBSF�%FWFMPQNFOU�1SPEVDUJWJUZ
PG�&VSPQFBO�4QBDF
�.JMJUBSZ�BOE�*OEVTUSJBM�"QQMJDBUJPOT��*&&&�5SBOTBDUJPOT�PO�4PGU�
XBSF�&OHJOFFSJOH
�WPM�����OP�����	����
�

18. /FWBMBJOFO
�3�
�.BLJ
�)��-BUVSJ�4ZTUFN�1SPEVDU�.BOVBM
�-BUVSJ������'JOOMBOE�	+BOV�
BSZ����
�

19. 1VUOBN
�-�)��"�HFOFSBM�FNQJSJDBM�TPMVUJPO�UP�UIF�NBDSP�TPGUXBSF�TJ[JOH�BOE�FTUJNB�
UJPO�QSPCMFN��*&&&�5SBOTBDUJPOT�PO�4PGUXBSF�&OHJOFFSJOH
�WPM��
�OP����	+VMZ�����

��������

20. 3VCJO
�)�"��"�DPNQBSJTPO�PG�DPTU�FTUJNBUJPO�UPPMT�	B�QBOFM�EJTDVTTJPO
��1SPDFFEJOHT
PG�UIF��UI�*OUFSOBUJPOBM�$POGFSFODF�PO�4PGUXBSF�FOHJOFFSJOH
�*&&&�$PNQVUFS�4PDJ�
FUZ�1SFTT�	����
���������

21. 4QFDUPS
�1��3BUJOHT�PG�&RVBM�BOE�VOFRVBM�3FTQPOTF�$IPJDF�*OUFSWBMT��5IF�+PVSOBM�PG
4PDJBM�1TZDIPMPHZ
�WPM������	����
���������

22. 4SJOJWBTBO
�,�
�'JTIFS
�%��.BDIJOF�MFBSOJOH�BQQSPBDIFT�UP�FTUJNBUJOH�TPGUXBSF�EF�
WFMPQNFOU�FGGPSU��*&&&�5SBOTBDUJPOT�PO�4PGUXBSF�&OHJOFFSJOH
�WPM����
�OP����	'FCSV�
BSZ�����
���������

23. .VLIPQBEIZBZ
�5�
�7JDJOBO[B
�4�4�
�1SJFUVMB
�.�+��&YBNJOJOH�UIF�GFBTJCJMJUZ�PG�B�DBTF�
CBTFE�SFBTPOJOH�NPEFM�GPS�TPGUXBSF�FGGPSU�FTUJNBUJPO��.*4�2VBSUFSMZ�	+VOF�����

��������

24. 4IFQQFSE
�.�
�4DIPGJFME
�$��&TUJNBUJOH�TPGUXBSF�QSPKFDU�FGGPSU�VTJOH�BOBMPHJFT��*&&&
5SBOTBDUJPOT�PO�4PGUXBSF�&OHJOFFSJOH
�WPM����
�OP�����	/PWFNCFS�����
���������

25. 4IFQQFSE
�.�
�4DIPGJFME
�$�
�,JUDIFOIBN
�#��"��&GGPSU�FTUJNBUJPO�VTJOH�BOBMPHZ�
1SPDFFEJOHT�PG�UIF���UI�*OUFSOBUJPOBM�$POGFSFODF�PO�4PGUXBSF�&OHJOFFSJOH
�*$4&���
	����
���������

26. 4IFQQFSE
�.�
�4DIPGJFME
�$��&GGPSU�&TUJNBUJPO�CZ�"OBMPHZ��"�$BTF�4UVEZ��1SFTFOUFE
BU�&4$0.��
�	8JMNTMPX�����
�

27. 4UBUB$PSQ
�4UBUB�4UBUJTUJDBM�4PGUXBSF��3FMFBTF������4UBUB�$PSQPSBUJPO
�$PMMFHF�4UB�
UJPO
�	5FYBT�����
�

28. 4UFJOCFSH
�%�
�$PMMB
�1��$"35
�$MBTTJGJDBUJPO�BOE�3FHSFTTJPO�5SFFT
�5SFF�4USVDUVSFE
/POQBSBNFUSJD�%BUB�"OBMZTJT
�*OUFSGBDF�%PDVNFOUBUJPO��4BGMPSE�4ZTUFNT�	����

�IUUQ���XXX�TBMGPSE�TZTUFNT�DPN�JOEFY�IUNM�

29. �IUUQ���XXX�TUUG�GJ�JOEFY�IUNM�

30. )BZFT�8��4UBUJTUJDT��'JGUI�&EJUJPO
�)BSUDPVSU�#SBDF�$PMMFHF�1VCMJTIFST�	����
�

31. �IUUQ���EFD�CPVSOFNPVUI�BD�VL�EFD@JOE�EFDJOE���XFC�"OHFM�IUNM�



$PQZSJHIU���'SBVOIPGFS�*&4&�������



$PQZSJHIU���'SBVOIPGFS�*&4&����� ��

"QQFOEJY

"��� &YBNQMFT�PG�.PEFMT

"MM�FYBNQMFT�PG�UIF�NPEFMT�DPSSFTQPOE�UP�UIF�GJSTU�SPX�JO�5BCMF�"����5IF�NPE�
FMT�BSF�BMM�EFWFMPQFE�CBTFE�PO�UIF�EBUB�GSPN���DPNQBOJFT�	$PNQBOZ��
�c

$PNQBOZ��
�NJOVT�UIF�CBOL�EBUB�	$PNQBOZ��
��5IFO�UIF�EFWFMPQFE�NPEFMT
BSF�BQQMJFE�UP�UIF�CBOL�EBUB�

0-4�3FHSFTTJPO
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5IF�GPMMPXJOH�GJHVSF�TIPXT�UIBU�UIF�SFHSFTTJPO�USFF�TFMFDUFE�UIF�PSHBOJ[BUJPO
UZQF�BOE�UBSHFU�QMBUGPSN�BT�UIF�NPTU�JNQPSUBOU�WBSJBCMFT��5IF�EBUB�JT�TVCEJ�
WJEFE�JOUP�UISFF�EJTKPJOU�TVCTFUT�

BRA= Banking OR Insurance

Mean productivity
0.097

Mean productivity
0.211

71 observations72 observations

HAR= Network OR Mainframe OR PC

Mean productivity
0.539

57 observations 14 observations

*U�IBT�UP�CF�OPUJDFE�UIBU�XF�VTFE�QSPEVDUJWJUZ�BT�B�EFQFOEFOU�WBSJBCMF�UP�EF�
WFMPQ�UIF�NPEFM��0OF�SFBTPO�JT�UIBU�TZTUFN�TJ[F�JT�POF�PG�UIF�NPTU�JNQPSUBOU
JOGMVFOUJBM�WBSJBCMFT�PO�QSPKFDU�FGGPSU�BOE�UIVT�OPEFT�JODMVEJOH�TZTUFN�TJ[F�DBO
BQQFBS�WFSZ�PGUFO�JO�UIF�USFF�<��>��5IJT�IJOEFST�UIF�JOUFSQSFUBCJMJUZ�PG�B�$"35
USFF�
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