
%PDUPSBM %JTTFSUBUJPO
%PDUPSBM 1SPHSBN JO $PNQVUFS BOE $POUSPM &OHJOFFSJOH 	���TU DZDMF


&OFSHZ�"DDVSBDZ 4DBMJOH
JO %JHJUBM *$T

4UBUJD BOE "EBQUJWF %FTJHO .FUIPET BOE 5PPMT

3PCFSUP (JPSHJP 3J[[P
� � � � � �

4VQFSWJTPST
1SPG� &� .BDJJ 4VQFSWJTPS

1SPG� "� $BMJNFSB $P�TVQFSWJTPS

%PDUPSBM &YBNJOBUJPO $PNNJUUFF�
1SPG� "MCFSUP /BOOBSFMMJ 3FGFSFF %56 � %BONBSLT 5FLOJTLF 6OJWFSTJUF
1SPG� .JDIFMF .BHOP 3FGFSFF &JEHFO¶TTJTDIF 5FDIOJTDIF )PDITDIVMF ;¼SJDI
1SPG� "OESFB "DRVBWJWB 6OJWFSTJU  EJ #PMPHOB
1SPG� 4JMWJB $IJVTBOP 1PMJUFDOJDP EJ 5PSJOP
1SPG� 1BPMP (BS[B 1PMJUFDOJDP EJ 5PSJOP

1PMJUFDOJDP EJ 5PSJOP
+VMZ �� ����



ওJT UIFTJT JT MJDFOTFE VOEFS B $SFBUJWF $PNNPOT -JDFOTF "ਅSJCVUJPO � /PODPNNFSDJBM�
/P%FSJWBUJWF8PSLT ��� *OUFSOBUJPOBM� TFF XXX�DSFBUJWFDPNNPOT�PSH�ওF UFYUNBZ
CF SFQSPEVDFE GPS OPO�DPNNFSDJBM QVSQPTFT QSPWJEFE UIBU DSFEJU JT HJWFO UP UIF PSJHJOBM
BVUIPS�

* IFSFCZ EFDMBSF UIBU UIF DPOUFOUT BOE PSHBOJTBUJPO PG UIJT EJTTFSUBUJPO DPOTUJUVUF NZ
PXO PSJHJOBM XPSL BOE EPFT OPU DPNQSPNJTF JO BOZ XBZ UIF SJHIUT PG UIJSE QBSUJFT
JODMVEJOH UIPTF SFMBUJOH UP UIF TFDVSJUZ PG QFSTPOBM EBUB�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
3PCFSUP (JPSHJP 3J[[P
5VSJO +VMZ �� ����

www.creativecommons.org


4VNNBSZ

&OFSHZ FॵDJFODZ IBT CFDPNF UIF NBJO DPOTUSBJOU GPS NPTU PG UPEBZۘT JOGPSNBUJPO
BOE DPNNVOJDBUJPO UFDIOPMPHJFT GSPN UIPTF JOWPMWJOH IJHI�QFSGPSNBODF DPNQVUJOH
	F�H� DMPVE TFSWJDFT
 UP UIPTF EFQMPZFE PO MPX�QPXFS BQQMJDBUJPOT 	F�H� QPSUBCMF TZTUFNT
GPS UIF *OUFSOFU�PG�ওJOHT
� *O UIF QBTU EFDBEFT UIF QVSTVJU PG FOFSHZ FॵDJFODZ XBT
NBJOMZ TVQQPSUFE UISPVHI UIF BEWBODF PG UIF VOEFSMZJOH $.04 UFDIOPMPHZ� .PWJOH
UPXBSET B OFX OPEF XBT UIF HVBSBOUFF UP BDIJFWF NPSF UIBO ��� PG FOFSHZ TBWJOHT�
)PXFWFS BT TPPO BT UIF $.04 FOUFSFE UIF OBOPNFUSJD SFHJNF JNQSPWFNFOUT CSPVHIU
CZ B UFDIOPMPHZ TIJ IBWF TISVOL TVCTUBOUJBMMZ SFBDIJOH ��� BOE UIFO GVSUIFS MFTT
HFOFSBUJPO CZ HFOFSBUJPO� 5P NBLF NBਅFST XPSTF QSPEVDUJPO DPTUT SBJTFE ESBNBUJDBMMZ
EVF UP UIF UFDIOPMPHJDBM JNQFEJNFOUT JNQPTFE CZ QIZTJDBM HFPNFUSJFT CFMPX UIF �� ON
NBSL� ওJT NBEF UFDIOPMPHZ TDBMJOH JNQSBDUJDBM GPS NBOZ DPTU�TFOTJUJWF BQQMJDBUJPOT�

/FX TPQIJTUJDBUFE FOFSHZ�BXBSF EFTJHO QSBDUJDFT XFSF UIFO JOUSPEVDFE UP BMMFWJBUF
UIF TVॲFSJOH PG B TMPX UFDIOPMPHZ TDBMJOH� 7FSZ TPPO MPX�QPXFS BOE FOFSHZ�NBOBHFNFOU
UFDIOJRVFT CFDPNF UIF BDUVBM LFSOFM PG BOZ EFTJHO BOE PQUJNJ[BUJPO ॴPX� 6OGPSUV�
OBUFMZ BMTP EFTJHO UFDIOJRVFT BSF OPU GVMMZ SFOFXBCMF OBNFMZ UIFJS FॲFDUJWFOFTT EF�
HSBEFT XJUI UIF BEWBODF PG UIF UFDIOPMPHZ OPEFT� ওJT JT UIF DBTF PG WPMUBHF TDBM�
JOH GPS JOTUBODF XIJDI FODPVOUFSFE UIF ��� 7 QMBUFBV UIBU TUJMM IPMET UPEBZ CVU BMTP
PUIFS BSDIJUFDUVSBM�MFWFM UFDIOJRVFT TVDI BT NVMUJ�DPSF�NBOZ�DPSF TPMVUJPOT XIJDI
IBWF CFFO TFSJPVTMZ MJNJUFE CZ TUSJOHFOU EBSL�TJMJDPO DPOTUSBJOUT�

ওF FOE PG .PPSFۘT MBX JT OPU KVTU B UFDIOPMPHZ JTTVF� JU JT BMTP UIF QSFMVEF PG B
EFTJHO DSJTJT UIBU XJMM TPPO SFRVJSF UP SFUIJOL UIF PQUJNJ[BUJPO BOE JOUFHSBUJPO TUSBU�
FHZ PG EJHJUBM DJSDVJUT BOE TZTUFNT� " SBEJDBM TPMVUJPO UP BMM UIFTF DPODFSOT IBT UP DPNF
ZFU� )PXFWFS UIF SFDFOU HSPXUI PG EBUB�DFOUSJD BQQMJDBUJPOT JT PQFOJOH UP OFX EFTJHO
QBSBEJHNT UIBU BMMFWJBUF UIF QSFTTVSF� .VDI SPPN JT BU UIF BQQMJDBUJPO�MFWFM JOEFFE
XIFSF BMUFSOBUJWF FOFSHZ�NBOBHFNFOU LOPCT BSF BWBJMBCMF� ওF CBTJD JEFB JT UIBU PG JO�
UFHSBUJOH UIF RVBMJUZ�PG�SFTVMUT BT B OFX EJNFOTJPO JO UIF EFTJHO TQBDF� -FWFSBHJOH UIF
JOUSJOTJD FSSPS�SFTJMJFODF PG EBUB�DFOUSJD BQQMJDBUJPOT JU JT UIFSFCZ QPTTJCMF UP JNQMFNFOU
BO &OFSHZ�"DDVSBDZ 4DBMJOH 	&"4
 XIJDI JT PSUIPHPOBM UP UIF UFDIOPMPHZ BEPQUFE BOE
UIF MPX�QPXFS EFTJHO TUSBUFHZ EFQMPZFE� "U UIF CBTJT PG UIJT DPODFQU UIFSF JT UIF TJNQMF
JOUVJUJPO UIBU BO BQQMJDBUJPO XIPTF PVUQVU DBO CF EFHSBEFE XJUIPVU BॲFDUJOH UIF RVBM�
JUZ QFSDFJWFE CZ UIF VTFS NBZ SFRVJSF MPXFS FOFSHZ DPOTVNQUJPO GPS UIF TBNF BNPVOU
PG XPSL�
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ওF CSPBE PCKFDUJWF PG UIJT EJTTFSUBUJPO JT UP JOUSPEVDF BEWBODFE EFTJHO TPMVUJPOT
UIBU JNQSPWF UIF BQQSPBDI UIF &"4 QBSBEJHN JT JNQMFNFOUFE� 5XP OFX TUSBUFHJFT BSF
QSFTFOUFE XIJDI SFEVDF UIF EFTJHO PWFSIFBE PG DMBTTJDBM BQQSPYJNBUF TPMVUJPOT� BDDPSE�
JOH UP UIF SFWJTJUFE UBYPOPNZ JOUSPEVDFE JO UIJT UIFTJT POF PG UIF QSPQPTFE TUSBUFHJFT
CFMPOHT UP UIF DMBTT PG "EBQUJWF &"4 XIJMF UIF TFDPOE GBMMT VOEFS UIF MBCFM PG 4UBUJD
&"4� 8JUI "EBQUJWF &"4 UIF PQUJNBM FOFSHZ�BDDVSBDZ USBEFPॲ JT BDIJFWFE CZ NFB�
TVSJOH TPNF RVBMJUZ NFUSJDT EJSFDUMZ PO�DIJQ BU SVO�UJNF FTUBCMJTIJOH B GFFECBDL MPPQ
UIBU ESJWFT UIF FOFSHZ NJOJNJ[BUJPO� ওFTF NFUSJDT DBO CF PCUBJOFE CZ FYQMJDJUMZ NFB�
TVSJOH UIF PVUQVU BDDVSBDZ PS CZ JOEJSFDU NFBTVSFNFOUT F�H� UISPVHI UIF PVUQVU FSSPS
SBUF� 8JUI 4UBUJD &"4 UIF FOFSHZ�BDDVSBDZ USBEFPॲ JT ॳYFE BU EFTJHO�UJNF CZ GVODUJPOBM
TQFDVMBUJPO J�F� B NPEJॳDBUJPO PG UIF MPHJD GVODUJPOBMJUZ UISPVHI BMHPSJUINJD PS DJSDVJU
TJNQMJॳDBUJPOT XIJDI JOEVDF FOFSHZ TBWJOHT GPS B XPSTU�DBTF BDDVSBDZ MPTT�

ওF"EBQUJWF TPMVUJPO FODPNQBTTFT UIF FYUFOTJPO PG UIF DPOWFOUJPOBM &SSPS%FUFDUJPO�
$PSSFDUJPO UFDIOJRVFT GPS EBUB�ESJWFO WPMUBHF TDBMJOH JO PSEFS UP USBEF TZTUFN BDDV�
SBDZ GPS FOFSHZ SFEVDUJPO� ওF OFX NFDIBOJTN DBMMFE "QQSPYJNBUF &SSPS %FUFDUJPO�
$PSSFDUJPO 	"&%�$
 JT CVJMU VQPO JO�TJUV FMBTUJD UJNJOH NPOJUPST XIJDI BMMPX UP JNQMF�
NFOU B MJHIUXFJHIU FSSPS NBOBHFNFOU TDIFNF�ওF "&%�$ JNQMFNFOUT &"4 VTJOH UIF
FSSPS EFUFDUJPO DPWFSBHF BT B LOPC� B MPX FSSPS DPWFSBHF BDDFMFSBUFT TVQQMZ WPMUBHF
PWFS�TDBMJOH UIVT UP BDIJFWF NPSF TJHOJॳDBOU FOFSHZ TBWJOHT BU UIF DPTU PG RVBMJUZ�PG�
SFTVMU� B IJHI FSSPS DPWFSBHF MFTTFOT UIF WPMUBHF TDBMJOH MFBEJOH UP IJHIFS BDDVSBDZ BU
UIF DPTU PG MPXFS FOFSHZ TBWJOHT� "T &"4 EPFT OPU IBWF UP FOTVSF GVMM FSSPS DPWFSBHF
UIF USBEJUJPOBMMZ MBSHF BSFB�FOFSHZ PWFSIFBE PG DPOWFOUJPOBM UFDIOJRVFT JT ESBTUJDBMMZ
SFEVDFE� 4JNVMBUJPOT PWFS B SFQSFTFOUBUJWF TFU PG BQQMJDBUJPOT�DJSDVJUT F�H� .VMUJQMZ�
"DDVNVMBUF 	."$
 VOJU %JTDSFUF $PTJOF 5SBOTGPSN 	%$5
 '*3 BOE **3 ॳMUFST QSPWJEF
B DPNQBSBUJWF BOBMZTJT XJUI UIF TUBUF�PG�UIF�BSU UFDIOJRVFT� ওF DPMMFDUFE SFTVMUT TIPX
UIBU "&%�$ TVCTUBOUJBMMZ SFEVDFT UIF BWFSBHF FOFSHZ�QFS�PQFSBUJPO BOE UIF BSFB PWFS�
IFBE TUJMM HVBSBOUFFJOH SFBTPOBCMF BDDVSBDZ�

ওF TUBUJD &"4 TUSBUFHZ JOTUFBE JT EFWFMPQFE FYQMPJUJOH .BDIJOF -FBSOJOH UIFPSJFT
XIJDI TVHHFTU BMUFSOBUJWF GPSNT UP SFQSFTFOU SFMBUJPOTIJQT BNPOH EBUB� 4VDI UIFPSJFT
ॳOE UIFJS BQQMJDBUJPO JO UIF #PPMFBO EPNBJO XIFSF MPHJD GVODUJPOT DBO CF EFTDSJCFE
BT JOGFSFODF SVMFT� ওF OPWFM QBSBEJHN OBNFE BT *OGFSFOUJBM -PHJD MFWFSBHFT UIF DPO�
DFQU PG TUBUJTUJDBM JOGFSFODF GPS UIF EFTJHO PG DPNCJOBUJPOBM MPHJD DJSDVJUT UIBU BSF BCMF UP
NJNJD #PPMFBO GVODUJPOT UP B DFSUBJO EFHSFF PG BDDVSBDZ� ওFTF JOGFSFOUJBM MPHJD DJSDVJUT
SVO RVBTJ�FYBDU DPNQVUBUJPOT USBEJOH FOFSHZ FॵDJFODZ GPS BDDVSBDZ JO FSSPS�SFTJMJFOU
BQQMJDBUJPOT�ওF ॳHVSFT�PG�NFSJU PG BO *OGFSFOUJBM .VMUJQMJFS BSF RVBOUJॳFE VTJOH SFQSF�
TFOUBUJWF JNBHF QSPDFTTJOH BQQMJDBUJPOT BT B DBTF TUVEZ� " DPNQBSBUJWF BOBMZTJT BHBJOTU
B TUBUF�PG�UIF�BSU #PPUI .VMUJQMJFS QSPWFT UIF JOGFSFOUJBM MPHJD SFQSFTFOUBUJPO TJNQMJॳFT
UIF DJSDVJU DPNQMFYJUZ SFEVDJOH UIF PWFSBMM BSFB�EFMBZ� "T B SFTVMU UIF JOGFSFOUJBM NVMUJ�
QMJFS DBO FYQMPJU MBUFODZ SFEVDUJPO GPS QPXFS PQUJNJ[BUJPO HVBSBOUFFJOH B ॳYFE BWFSBHF
BDDVSBDZ�
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"DLOPXMFEHFNFOUT

* BN WFSZ NVDI JOEFCUFE UP NZ TVQFSWJTPS 1SPG� &OSJDP .BDJJ GPS HJWJOH NF UIF
PQQPSUVOJUZ UP XPSL JO UIF &%" HSPVQ PG 1PMJUFDOJDP %J 5PSJOP�

* QBSUJDVMBSMZ XPVME MJLF UP FYQSFTT NZ EFFQ TFOTF PG HSBUJUVEF UP NZ NFOUPS 1SPG�
"OESFB $BMJNFSB GPS JUT WBMVBCMF HVJEBODF BOE FYQFSJFODF TIBSJOH� *U XBT JUT FODPVS�
BHFNFOU UIBU NPUJWBUFE NF UP FYQMPSF OFX EJNFOTJPOT JO NZ SFTFBSDI�

* XPVME MJLF UP BDLOPXMFEHF "҄45"3 4JOHBQPSF � *OTUJUVUF PG .JDSPFMFDUSPOJDT UP
BMMPX NF UP KPJO UIF ۛ*OUFHSBUFE $JSDVJUT � 4ZTUFNT � %JHJUBM *$ۜ SFTFBSDI HSPVQ GPS
FJHIUFFO NPOUIT PG NZ 1I% DBSFFS� *O QBSUJDVMBS * XPVME CF HSBUFGVM UP 1SPG� ;IPV +VO
GPS JUT TVQQPSU BOE LOPXMFEHF TIBSJOH�

* HSBUFGVMMZ BDLOPXMFEHF UIF QSPKFDU ۛ4&/4&* � 4FOTFNBLJOH GPS 4DBMBCMF *P5 1MBU�
GPSNT XJUI *O�4JUV %BUB�"OBMZUJDT� " 4PXBSF�UP�4JMJDPO 4PMVUJPO GPS &OFSHZ�&ॵDJFOU
.BDIJOF-FBSOJOH PO $IJQۜ GVOEFE CZ $PNQBHOJB EJ 4BO 1BPMP XJUI 6OJWFSTJU  EJ
#PMPHOB BT BDBEFNJD QBSUOFS BOE 45 .JDSPFMFDUSPOJDT BT OPO�BDBEFNJD QBSUOFS�
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5P &MFOB GPS IFS QBUJFODF
BOE MPWF�
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-JTU PG 5BCMFT ࢸࣆ

-JTU PG 'JHVSFT ࢸࢸࣆ

� *OUSPEVDUJPO �
��� $POUFYU � .PUJWBUJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 0CKFDUJWFT � $POUSJCVUJPOT � � � � � � � � � � � � � � � � � � � � � � � � � �

����� .BJO 3FTFBSDI "DIJFWFNFOUT � � � � � � � � � � � � � � � � � � � �
��� %JTTFSUBUJPO 0VUMJOF � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� &OFSHZ 4DBMJOH UISPVHI -PX�1PXFS 0QUJNJ[BUJPO �
��� 1PXFS $POTVNQUJPO .PEFM JO $.04 5FDIOPMPHZ � � � � � � � � � � � � �
��� $MBTTJDBM -PX�1PXFS 0QUJNJ[BUJPO 5FDIOJRVFT � � � � � � � � � � � � � � ��

����� "SDIJUFDUVSBM -FWFM � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� $JSDVJU -FWFM � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5FDIOPMPHJDBM -FWFM � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� %ZOBNJD 1PXFS 0QUJNJ[BUJPO 4DIFNFT � � � � � � � � � � � � � � � � � � ��
����� %ZOBNJD 7PMUBHF 4DBMJOH 	%74
 � � � � � � � � � � � � � � � � � � ��
����� %ZOBNJD 7PMUBHF 'SFRVFODZ 4DBMJOH 	%7'4
 � � � � � � � � � � � ��
����� #FZPOE UIF %7'4� 'JOF�(SBJO 7EE�)PQQJOH � � � � � � � � � � � ��

��� "EBQUJWF 1PXFS .BOBHFNFOU 	"1.
 � � � � � � � � � � � � � � � � � � � ��
����� #FਅFS�ওBO�8PSTU�$BTF %FTJHO � � � � � � � � � � � � � � � � � � ��
����� "EBQUJWF 7PMUBHF 4DBMJOH 	"74
 � � � � � � � � � � � � � � � � � � ��

��� *NQMFNFOUJOH "1.� 5JNJOH 4QFDVMBUJPO GPS "74 � � � � � � � � � � � � � ��
����� *O�TJUV 5JNJOH .POJUPST� &SSPS %FUFDUJPO�$PSSFDUJPO � � � � � � ��
����� *O�TJUV 5JNJOH .POJUPST� &SSPS 1SFEJDUJPO�1SFWFOUJPO � � � � � � ��
����� *O�TJUV 5JNJOH .POJUPST� )BMG�QBUI &SSPS 1SFEJDUJPO�1SFWFOUJPO ��
����� 3FQMJDB�1BUIT &SSPS 1SFWFOUJPO � � � � � � � � � � � � � � � � � � ��
����� 1SFEJDUJPO CBTFE FMBTUJD�DMPDLJOH � � � � � � � � � � � � � � � � � ��

� &OFSHZ�"DDVSBDZ 4DBMJOH� B /FX 1BSBEJHN ��
��� &OFSHZ�"DDVSBDZ 4DBMJOH 	&"4
� B 5BYPOPNZ � � � � � � � � � � � � � � � ��
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��� 4UBUJD &"4� TQFDVMBUJPO BU 'VODUJPOBM�MFWFM � � � � � � � � � � � � � � � � ��
����� "QQSPYJNBUF -PHJD � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� *OGFSFOUJBM -PHJD � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� %ZOBNJD &"4� 3VO�UJNF 5SBEFPॲ � � � � � � � � � � � � � � � � � � � � � ��
����� %ZOBNJD 7PMUBHF�"DDVSBDZ 4DBMJOH 	%7"4
 � � � � � � � � � � � ��
����� %ZOBNJD 7PMUBHF�'SFRVFODZ�"DDVSBDZ 4DBMJOH 	%7"'4
 � � � � ��
����� %ZOBNJD 7PMUBHF 0WFS�4DBMJOH 	%704
 � � � � � � � � � � � � � � ��
����� %ZOBNJD *OGFSFOUJBM -PHJD $JSDVJUT � � � � � � � � � � � � � � � � ��

��� "EBQUJWF &"4� #FZPOE %ZOBNJD 5SBEFPॲ -JNJUBUJPOT � � � � � � � � � � ��
����� "EBQUJWF 7PMUBHF 0WFS�TDBMJOH 	"704
 � � � � � � � � � � � � � � ��
����� "MHPSJUIN /PJTF 5PMFSBODF 	"/5
 � � � � � � � � � � � � � � � � ��
����� &SSPS %FUFDUJPO BOE $PSSFDUJPO TDIFNFT GPS "EBQUJWF &"4 � � � ��
����� "EBQUJWF &"4 BOE FSSPST DIBSBDUFSJ[BUJPO � � � � � � � � � � � � ��

� "EBQUJWF &"4 WJB "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO ��
��� &BSMZ #JSE 4BNQMJOH� B 4IPSU�1BUI 'SFF &SSPS %FUFDUJPO 4USBUFHZ � � � � ��

����� 0O UIF -JNJUBUJPOT PG 3B[PS 4DIFNF � � � � � � � � � � � � � � � ��
����� %ZOBNJD 4IPSU�1BUI 1BEEJOH UISPVHI &BSMZ #JSE 4BNQMJOH � � � ��
����� *NQMFNFOUBUJPO %FUBJMT � � � � � � � � � � � � � � � � � � � � � � ��
����� 0O UIF &ॵDJFODZ PG &BSMZ #JSE 4BNQMJOH � � � � � � � � � � � � � ��

��� 5VOBCMF &SSPS %FUFDUJPO 	5VO&%
 � � � � � � � � � � � � � � � � � � � � � ��
����� 5VO&% $JSDVJU *NQMFNFOUBUJPO � � � � � � � � � � � � � � � � � � ��

��� "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 GPS &ॵDJFOU &"4 � � ��
����� 'SPN 3B[PS UP "&%�$ GPS &"4 � � � � � � � � � � � � � � � � � � � ��
����� $JSDVJU�MFWFM *NQMFNFOUBUJPO %FUBJMT � � � � � � � � � � � � � � � ��
����� &YQFSJNFOUBM 'SBNFXPSL� &%" .FUIPET BOE 5PPMT � � � � � � � ��
����� $IBSBDUFSJ[BUJPO BOE 'JHVSFT�PG�.FSJU � � � � � � � � � � � � � � ��
����� "&%�$ GPS %VBM�.PEF "704� B 1SPT�$POT "OBMZTJT � � � � � � ��
����� *NBHF 1SPDFTTJOH $BTF 4UVEZ� %$5 JO +1&( $PNQSFTTJPO � � � ���
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��� "704 FॵDJFODZ PWFS UIF TFU PG QJDUVSFT� �/PUF� OPSNBMJ[FE X�S�U� #BTFMJOF � ���
���� 2VBOUJUBUJWF DPNQBSJTPO TVNNBSZ� '*3 ॳMUFS� � � � � � � � � � � � � � � � ���
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���� "/5 WT� "&%�$ UJNJOH TQFDVMBUJPO� '*3 ॳMUFS� � � � � � � � � � � � � � � ���
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��� 14/3 PG UIF *�.6-5 PO UIF �� JNBHFT � � � � � � � � � � � � � � � � � � � ���
��� *NBHF CMFOEJOH� 4PVSDF 	B
 BOE NBTL 	C
 JNBHFT 	D
 FYBDU JNBHF CMFOE�

JOH 	E
 *�.6-5 SFTVMU 	F
 3��.6-5 SFTVMU� � � � � � � � � � � � � � � � � ���
��� "CT WBMVF PG 3FMBUJWF &SSPS %JTUSJCVUJPO GPS *�.6-5 	B
 BOE ,�.6-5 	C
� ���
���� 3FMBUJWF &SSPS %JTUSJCVUJPO GPS *�.6-5 	B
 BOE ,�.6-5 	C
� � � � � � � ���
���� *�.6-5 BOE ,�.6-5 BWFSBHF BDDVSBDZ JO ."$ PQFSBUJPOT� � � � � � � ���

যডভ
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��� $POUFYU � .PUJWBUJPOT
&OFSHZ FॵDJFODZ JT B DSJUJDBM DPOTUSBJOU GPS NPTU PG UPEBZۘT BQQMJDBUJPOT TQBOOJOH B

CSPBE SBOHF PG QFSGPSNBODF BOE GPSN GBDUPS GSPN IJHI�QFSGPSNBODF DPNQVUJOH 	F�H�
DMPVE TFSWFST BOE (16T
 UP MPX�QPXFS BQQMJDBUJPOT 	F�H� FEHF *P5
�ওF BWBJMBCMF FOFSHZ
CVEHFU EJSFDUMZ BॲFDUT UIF EFTJHO BOE PQUJNJ[BUJPO PG EJHJUBM *OUFHSBUFE $JSDVJU 	*$T

EFUFSNJOJOH UIF BDIJFWBCMF QFSGPSNBODF�

*O UIF MBTU GFX EFDBEFT FOFSHZ SFEVDUJPO IBT CFFO ESJWFO CZ UFDIOPMPHZ TDBMJOH
HVBSBOUFFJOH NPSF UIBO ��� PG UIF FOFSHZ TBWJOHT BU FBDI OFX $.04 HFOFSBUJPO <��>�
'JHVSF ��� TIPXT UIBU FOFSHZ DPOTVNQUJPO GPS HFOFSBM�QVSQPTF QSPDFTTPST 	CMVF EBTIFE
QMPU
 IBT ESPQQFE BU UIF SBUF PG ���·�EFDBEF BT UIFPSJ[FE CZ UIF ,PPNFZۘT MBX <��>� "
TJNJMBS USFOE BMTP LOPXO BT (FOFۘT -BX IBT CFFO PCTFSWFE GPS %JHJUBM 4JHOBM 1SPDFTTPST
	%41T � HSFFO EBTIFE QMPU
 <��>� )PXFWFS JO UIF MBTU UXP EFDBEFT XIJMF (16T FOFSHZ
JNQSPWFE CZ �����·�EFDBEF 	SFE EBTIFE QMPU
 UIF FOFSHZ SFEVDUJPO GPS QSPDFTTPST USFOE
IBT TJHOJॳDBOUMZ TMPXFE EPXO UP ��·�EFDBEF 	CMBDL EBTIFE QMPU
�

"MTP XJUI UIF FOE PG .PPSFۘT MBX QVSF UFDIOPMPHZ BEWBODFT BSF FYQFDUFE UP IBWF
MFTT JNQBDU PO FOFSHZ NJOJNJ[BUJPO POMZ �· JO UIF EFDBEF BIFBE 	EPਅFE CMBDL MJOF
 BT
UIF OFX $.04 HFOFSBUJPOT XJMM CF BCMF UP HVBSBOUFF TBWJOHT MPXFS UIBO ��� BU FBDI
OFX UFDIOPMPHZ OPEF XJUI B MJNJUFE TFU PG SFNBJOJOH HFOFSBUJPOT <��>� #FTJEFT UIF
USBOTJTUPS DPTU CFMPX �� ON JT OP MPOHFS CFJOH PQUJNJ[FE <���> NBLJOH GVSUIFS UFDI�
OPMPHZ TDBMJOH BO VOGFBTJCMF PQUJPO GPS DPTU�TFOTJUJWF BQQMJDBUJPOT F�H� TFOTPS OPEFT JO
*P5� *O PUIFS XPSET UIF OFFE GPS FOFSHZ�FॵDJFOU EFTJHO QSBDUJDFT BU EJॲFSFOU MFWFMT PG
BCTUSBDUJPO IBWF CFDPNF NPSF BOE NPSF DSJUJDBM BT UIF UFDIOPMPHZ TDBMJOH BMPOF DBOOPU
HVBSBOUFF UIF FOFSHZ TBWJOHT CSPVHIU XJUI QSFWJPVT OPEFT�

-JLFXJTF TUBOEBSE EFTJHO�MFWFM FOFSHZ PQUJNJ[BUJPO TUSBUFHJFT ॳOE MPXFS NBSHJOT
PG BQQMJDBCJMJUZ� "NPOH UIFN UIF 7PMUBHF 4DBMJOH UFDIOJRVF FYUFOTJWFMZ MFWFSBHFE BU
DJSDVJU�MFWFM JO UIF MBTU UXP EFDBEFT XIJDI FODPVOUFSFE UIF ��� 7 QMBUFBV UIBU TUJMM IPMET
UPEBZ� .PSFPWFS BT DPNNFSDJBM MPX�QPXFS QSPDFTTPST BOE TUBOEBSE DFMM MJCSBSJFT WPMU�
BHF BQQSPBDIFT USBOTJTUPS UISFTIPME XJUI ��� 7 DPSOFS BMSFBEZ TUBUF�PG�UIF�BSU MJNJUFE

�
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'JHVSF ���� &OFSHZ QFS DPNQVUBUJPO USFOE WT� ZFBS GPS HFOFSBM�QVSQPTF DPNQVUFS %41T
BOE (16T <�>�

SPPN GPS GVSUIFS WPMUBHF TDBMJOH IBT CFFO MF <��>� "U BSDIJUFDUVSBM�MFWFM UIF FOFSHZ
TBWJOHT BDIJFWFE UISPVHI UP QBSBMMFMJTN IBWF MFTTFOFE FTQFDJBMMZ JO UIPTF BQQMJDBUJPOT
XIPTFXPSLMPBE JT OPU OBUVSBMMZ QBSBMMFMJ[BCMF� 'PS FYBNQMF JO QPSUBCMF FMFDUSPOJDT QMBU�
GPSNT 	F�H� TNBSUQIPOFT
 UIF OVNCFS PG TJNVMUBOFPVTMZ BDUJWF DPSFT IBT TFਅMFE� NPSF
DPSFT BSF BEEFE POMZ UP DPWFS B CSPBEFS SBOHF PG FOFSHZ�QFSGPSNBODF USBEFPॲT�

*O TVNNBSZ UIF IJTUPSJDBM FOFSHZ SFEVDUJPO USFOE JO *$T DBOOPU CF TPMFMZ TVQQPSUFE
CZ VODFBTJOH UFDIOPMPHZ TDBMJOH NPSF BHHSFTTJWF WPMUBHF TDBMJOH PS EFFQMZ QBSBMMFMJ[FE
BSDIJUFDUVSFT <��>� ওJT JT B QSFMVEF PG B EFTJHO DSJTJT UIBU XJMM TPPO SFRVJSF UP SFUIJOL
UIF PQUJNJ[BUJPO BOE JOUFHSBUJPO TUSBUFHZ PG EJHJUBM DJSDVJUT BOE TZTUFNT� " SBEJDBM TP�
MVUJPO UP BMM UIFTF DPODFSOT IBT UP DPNF ZFU� )PXFWFS UIF MJUFSBUVSF PॲFST B TPMVUJPO�
ওF SFDFOU HSPXUI PG EBUB�DFOUSJD BQQMJDBUJPOT JT PQFOJOH UP OFX EFTJHO QBSBEJHNT UIBU
BMMFWJBUF UIF QSFTTVSF� .VDI SPPN JT BU UIF BQQMJDBUJPO�MFWFM JOEFFE XIFSF BMUFSOBUJWF
FOFSHZ�NBOBHFNFOU TUSBUFHJFT BSF BWBJMBCMF� ওFZ QSPQPTF UP JOUFHSBUF UIF TZTUFN BD�
DVSBDZ BT B OFX EJNFOTJPO JOUP UIF EFTJHO�PQUJNJ[BUJPO TQBDF UP IBWF B GVSUIFS LOPC GPS
BEKVTUJOH DJSDVJUT FOFSHZ�FॵDJFODZ <�> <�>� -FWFSBHJOH UIF JOUSJOTJD FSSPS�SFTJMJFODF PG
EBUB�DFOUSJD BQQMJDBUJPOT JU JT UIFSFCZ QPTTJCMF UP JNQMFNFOU BO &OFSHZ�"DDVSBDZ 4DBM�
JOH 	&"4
 XIJDI JT PSUIPHPOBM UP UIF UFDIOPMPHZ BEPQUFE BOE UIF MPX�QPXFS EFTJHO
TUSBUFHZ EFQMPZFE� "U UIF CBTJT PG UIJT DPODFQU UIFSF JT UIF TJNQMF JOUVJUJPO UIBU BO BQ�
QMJDBUJPO XIPTF PVUQVU DBO CF EFHSBEFE XJUIPVU BॲFDUJOH UIF RVBMJUZ QFSDFJWFE CZ UIF
VTFS NBZ SFRVJSF MPXFS FOFSHZ DPOTVNQUJPOT GPS UIF TBNF BNPVOU PG XPSL�

ওF CFOFॳUT PG &"4�CBTFE EFTJHO TUSBUFHZ DBO CF QSPWFE CZ BO FYQMBOBUPSZ FYBNQMF
PG B TNBSUQIPOF EFMJWFSJOH B WJEFP TUSFBN <�>� ওF BDDVSBDZ PG UIF PVUQVU WJEFP DBO CF
UVOFE UP MPXFS WBMVFT GPS TBWJOH FOFSHZ XIFOFWFS 	J
 UIF RVBMJUZ PG MJHIUJOH JT QPPS 	BT
TFOTFE CZ B MJHIU TFOTPS
� 	JJ
 UIF CBਅFSZ JT ESBJOFE PVU BOE FYUFOEJOH JUT MJGFUJNF CF�
DPNFT B QSJPSJUZ� 	JJJ
 UIF VTFS JT PO UIF HP 	BT TFOTFE CZ NPUJPO TFOTPS
 BOE JT OPU GPDVT�
JOH PO UIF DPOUFOU� )FODF JOUFHSBUFE TFOTPST NJHIU CF VTFE UP VOEFSTUBOE UIF DPOUFYU

�
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TDFOBSJP BU SVO�UJNF BOE ESJWF UIF EFWJDF FOFSHZ FॵDJFODZ UISPVHI UIF QPXFS NBO�
BHFNFOU TZTUFN� 'SPN B QPXFS QPMJDZ WJFXQPJOU B QPTTJCMF BQQSPBDI NJHIU SFEVDF UIF
FOFSHZ�GSBNF UISPVHI BO BHHSFTTJWF WPMUBHF PWFS�TDBMJOH UBSHFUFE UP B NJOJNVN WBMVF
PG WJEFP RVBMJUZ UIBU EPFT OPU DPNQSPNJTF UIF VTFS FYQFSJFODF 	F�H� UJOZ QJYFMT JNQFS�
GFDUJPOT EVF UP PDDBTJPOBM UJNJOH GBVMUT
� ওF BDDVSBDZ UBSHFU XIJDI DBO CF NBOBHFE
CZ EJSFDUMZ NFBTVSJOH UIF PVUQVU RVBMJUZ PS CZ BO JOEJSFDU FTUJNBUJPO PG UIF BDDVSBDZ
WBMVF JT VTFE BT B LOPC GPS HFOFSBUJOH UIF BQQSPQSJBUF FOFSHZ�BDDVSBDZ USBEFPॲ GPS UIF
TZTUFNT JOWPMWFE JO QSPDFTTJOH�WJTVBMJ[JOH UIF DPOUFOUT� 4JNJMBSMZ TFWFSBM NVMUJNFEJB
BQQMJDBUJPOT F�H� BVEJP�JNBHF QSPDFTTJOH DBO CF DPOTJEFSFE FOFSHZ�BDDVSBDZ TDBMBCMF
TZTUFNT BT UIFJS PVUQVU RVBMJUZ DBO CF USBEFE GPS FOFSHZ TBWJOHT�

ওF BCPWF JMMVTUSBUJWF DBTF SFQPSUT BO &"4 TUSBUFHZ XIJDI JOUFHSBUFT UIF TFOTFE DPO�
UFYU JOGPSNBUJPO BOE UIF BDDVSBDZ NFBTVSF JO B GFFECBDL MPPQ VTFE BT B LOPC UP BEKVTU
UIF FOFSHZ TBWJOHT BEBQUJWFMZ� )PXFWFS BT EJTDVTTFE JO UIJT EJTTFSUBUJPO UIF FOFSHZ�
BDDVSBDZ USBEFPॲ DBO BMTP CF TUBUJDBMMZ ॳYFE BU EFTJHO�UJNF PS DBO CF TFU EZOBNJDBMMZ
BNPOH EJॲFSFOU FOFSHZ�BDDVSBDZ PQFSBUJOH QPJOUT QSF�EFॳOFE BUXPSTU�DBTF DPOEJUJPOT
UIVT FOTVSJOH BDDFQUBCMF RVBMJUZ EFHSBEBUJPO MFWFMT GPS TQFDJॳD FOFSHZ TBWJOHT�

"OPUIFS NPUJWBUJOH FYBNQMF SFGFST UP BO FNFSHJOH ZFU WFSZ QSPNJTJOH NBSLFU J�F�
UIF *OUFSOFU�PG�ওJOH 	*P5
� ওF LFZ UP TVDDFTT GPS UIF *P5 HBMBYZ JT UIF BWBJMBCJMJUZ
PG BMXBZT�PO TNBSU PCKFDUT XJUI FNCFEEFE *$T UIBU DBO QSPDFTT�USBOTNJU TFOTPS EBUB
DFBTFMFTT� %VF UP UIF MJNJUFE CVEHFU PG FOFSHZ NBEF BWBJMBCMF CZ TNBMM CBਅFSJFT TVDI
*$T NVTU TIPX VMUSB�MPX QPXFS DPOTVNQUJPO UIVT UP HVBSBOUFF SFBTPOBCMF UISPVHI�
QVU� ওVT UIF OFFE GPS FOFSHZ FॵDJFODZ JNQPTFT TUSJOHFOU EFTJHO DPOTUSBJOUT PO DJS�
DVJUT BOE TZTUFNT UIBU DBOOPU CF BDIJFWFE XJUI DMBTTJDBM MPX�QPXFS UFDIOJRVFT TVDI
BT %ZOBNJD 7PMUBHF BOE 'SFRVFODZ 4DBMJOH $MPDL�(BUJOH 1PXFS�(BUJOH� ওF MJUFSB�
UVSF JT QMFOUZ PG WJBCMF PQUJPOT UP NBUDI UIFTF TUSJOHFOU FOFSHZ DPOTUSBJOUT <�>� )PX�
FWFS BT EFTDSJCFE BCPWF<�> <�> UIF SFDFOU USFOET JO &"4 IJHIMJHIU UIF SJTF PG BHHSFTTJWF
QPXFS�NBOBHFNFOU TUSBUFHJFT UIBU MFWFSBHF UIF FSSPS UPMFSBODF PG TQFDJॳD *P5 BQQMJ�
DBUJPOT F�H� WJEFP�BVEJP TFOTPS OPEF PS XFBSBCMF USBDLFST UP USBEF FOFSHZ FॵDJFODZ
GPS RVBMJUZ�PG�SFTVMUT UISPVHI NFDIBOJTNT UIBU HJWF SFBM�UJNF GFFECBDL F�H� FOWJSPO�
NFOUBM DPOEJUJPOT PS VTFS TUBUVT� 4VDI JOGPSNBUJPO JT VTFE CZ UIF QPXFS NBOBHFNFOU
TZTUFN UP JEFOUJGZ BOE EFMJWFS UIF NPTU BQQSPQSJBUF FOFSHZ�BDDVSBDZ USBEFPॲ�

��� 0CKFDUJWFT � $POUSJCVUJPOT
ওF CSPBE PCKFDUJWF PG UIJT EJTTFSUBUJPO JT UP QSPWJEF B OFX UBYPOPNZ BOE DMBTTJॳ�

DBUJPO PG &OFSHZ�"DDVSBDZ 4DBMJOH 	&"4
 UFDIOJRVFT TVQQPSUFE CZ B EFUBJMFE QSPT�DPOT
BOBMZTJT� #FTJEFT UXP OPWFM TUSBUFHJFT XIJDI BJN BU JNQMFNFOUJOH MPX PWFSIFBE &"4
BSF QSPQPTFE� "DDPSEJOH UP UIF QSFTFOUFE UBYPOPNZ UIFTF TUSBUFHJFT CFMPOH UP UIF
"EBQUJWF BOE 4UBUJD DMBTTFT PG &"4� *O UIF "EBQUJWF &"4 NFUIPET UIF PQUJNBM FOFSHZ�
BDDVSBDZ USBEFPॲ JT BDIJFWFE CZNFBTVSJOH RVBMJUZNFUSJDT EJSFDUMZ PO�DIJQ BU SVO�UJNF
FTUBCMJTIJOH B DJSDVJU DPNQMJBODF GFFECBDL MPPQ UIBU ESJWFT UIF FOFSHZ NJOJNJ[BUJPO�

�
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ওFTF NFUSJDT DBO CF PCUBJOFE CZ FYQMJDJUMZ NFBTVSJOH UIF PVUQVU BDDVSBDZ PS CZ JO�
EJSFDU NFBTVSFNFOU PG UIF BDDVSBDZ WBMVF F�H� UISPVHI UIF PVUQVU FSSPS SBUF� 0O UIF
DPOUSBSZ JO UIF 4UBUJD BQQSPBDIFT UIF FOFSHZ�BDDVSBDZ USBEFPॲ JT ॳYFE BU EFTJHO�UJNF
CZ GVODUJPOBM TQFDVMBUJPO J�F� B NPEJॳDBUJPO PG UIF MPHJD GVODUJPOBMJUZ UISPVHI BMHP�
SJUINJD TJNQMJॳDBUJPOT PS DJSDVJU� BOE HBUF�MFWFM BQQSPYJNBUJPOT XIJDI JOEVDF FOFSHZ
TBWJOHT GPS B XPSTU�DBTF BDDVSBDZ MPTT�

" EFUBJMFE EJTDVTTJPO PO UIF NBJO DPOUSJCVUJPOT PG UIJT NBOVTDSJQU GPMMPXT CFMPX�

"QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 GPS "EBQUJWF &"4

ওF DPOUSJCVUJPOT PG UIJT EJTTFSUBUJPO PO UIF "EBQUJWF TPMVUJPOT DPODFSO UIF FYUFO�
TJPO PG UIF DPOWFOUJPOBM &SSPS %FUFDUJPO�$PSSFDUJPO UFDIOJRVFT <��> GPS EBUB�ESJWFO
WPMUBHF TDBMJOH JO PSEFS UP USBEF TZTUFN BDDVSBDZ GPS FOFSHZ SFEVDUJPO�ওJT NFDIBOJTN
DBMMFE "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 JT CVJMU VQPO JO�TJUV FMBTUJD UJN�
JOH NPOJUPSTXIJDI FOBCMF BO FSSPS NBOBHFNFOU TDIFNF TVJUFE UP BEBQUJWF QPXFS NBO�
BHFNFOU 	F�H� "EBQUJWF 7PMUBHF 0WFS�4DBMJOH
 PO FSSPS�SFTJMJFOU BQQMJDBUJPOT� *OTQJSFE
CZ UIF XPSLJOH QSJODJQMF PG "QQSPYJNBUF $PNQVUJOH "&%�$ JNQMFNFOUT &"4 VTJOH
UIF FSSPS EFUFDUJPO DPWFSBHF BT B LOPC� B MPX FSSPS DPWFSBHF BDDFMFSBUFT TVQQMZ WPMU�
BHF PWFS�TDBMJOH UIVT UP BDIJFWF MBSHFS FOFSHZ TBWJOHT BU UIF DPTU PG RVBMJUZ�PG�SFTVMU�
B IJHI FSSPS DPWFSBHF MFTTFOT UIF WPMUBHF TDBMJOH MFBEJOH UP IJHIFS BDDVSBDZ BU UIF DPTU
PG MPXFS FOFSHZ TBWJOHT�

"T &"4 EPFT OPU IBWF UP FOTVSF GVMM FSSPS DPWFSBHF UIF USBEJUJPOBMMZ TJHOJॳDBOU
BSFB�FOFSHZ PWFSIFBE PG UIF DPOWFOUJPOBM FSSPS EFUFDUJPO�DPSSFDUJPO UFDIOJRVFT NBZ CF
SFEVDFE CZ VTJOH B TJNQMFS FSSPS NBOBHFNFOU DJSDVJUSZ� 4JNVMBUJPOT PWFS B SFQSFTFOUB�
UJWF TFU PG BQQMJDBUJPOT�DJSDVJUT F�H� .VMUJQMZ�"DDVNVMBUF 	."$
 VOJU %JTDSFUF $PTJOF
5SBOTGPSN 	%$5
 '*3 BOE **3 ॳMUFST QSPWJEF B DPNQBSBUJWF BOBMZTJT XJUI UIF TUBUF�
PG�UIF�BSU UFDIOJRVFT� ওF DPMMFDUFE SFTVMUT TIPX UIBU "&%�$ TVCTUBOUJBMMZ SFEVDFT UIF
BWFSBHF FOFSHZ�QFS�PQFSBUJPO 	VQ UP ����� TBWJOHT X�S�U� 3B[PS�ESJWFO "EBQUJWF 7PMUBHF
0WFS�4DBMJOH
 BOE UIF BSFB PWFSIFBE 	���� WT� �����
 TUJMM HVBSBOUFFJOH SFBTPOBCMF BDDV�
SBDZ� "T BO FYBNQMF XIFO BQQMJFE UP B SFBM�MJGF JNBHF QSPDFTTJOH BQQMJDBUJPO J�F� %JT�
DSFUF $PTJOF 5SBOTGPSN 6OJU 	%$5
 JOUFHSBUFE JOUP B +1&( DPNQSFTTPS "&%�$ TIPXT
����� FOFSHZ TBWJOHT 	X�S�U� B CBTFMJOF %$5 JNQMFNFOUBUJPO
 BOE B 14/3 PG ����� E#
	X�S�U� CBTFMJOF +1&( JNBHFT


ওF TUSFOHUI PG BEBQUJWF TUSBUFHJFT MJFT VOEFS UIF DBQBCJMJUZ PG EFTJHOJOH UFDIOJRVFT
UIBU DBO TVQQPSU DPOUFYU�ESJWFO SFDPOॳHVSBUJPO�BEBQUBUJPO FOBCMJOH MPX�QPXFS LOPCT
UP CF UVOFE BU B ॳOFS TDBMF HSBOVMBSJUZ� )PXFWFS TVDI FॵDJFODZ QPTFT NBOZ DIBM�
MFOHFT UIBU OFFE UP CF DPIFSFOUMZ BEESFTTFE BU EJॲFSFOU MFWFMT PG BCTUSBDUJPO GSPN UIF
BQQMJDBUJPO��TPXBSF�MFWFM EPXO UP UIF DJSDVJU�MFWFM BOE QPXFS EFMJWFSZ TZTUFN� ওF
SFTFBSDI LFZ BTQFDUT UIBU DIBSBDUFSJ[FE UIJT DPOUSJCVUJPO DPODFSO�

�� UIF FॵDJFOU JNQMFNFOUBUJPO PG JO�TJUV UJNJOH TFOTPST�

�� UIF EFTJHO PG BSDIJUFDUVSBM TPMVUJPOT SFTQPOTJWF UP UIF UJNJOH TFOTPST SFBM�UJNF

�
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GFFECBDL�

�� UIF JOUFHSBUJPO PG WPMUBHF�BDDVSBDZ TDBMJOH QPMJDJFT UIBU ESJWF UIF QPXFS EFMJWFSZ
TZTUFN�

�� UIF EFWFMPQNFOU PG &%" UPPMT XIJDI JNQMFNFOU B OFX BDSPTT�MFWFM PQUJNJ[B�
UJPO�TJNVMBUJPO BQQSPBDI BT QSFMJNJOBSZ EFTJHO FYQMPSBUJPO DIJQ EFTJHO BOE WFS�
JॳDBUJPO UP NFFU QFSGPSNBODF BOE FOFSHZ�BDDVSBDZ DPOTUSBJOUT�

-PX�QPXFS *OGFOUJBM -PHJD GPS 4UBUJD &"4

8JUIJO UIF TDPQF PG TUBUJD &"4 B OFX TUSBUFHZ JT EFWFMPQFE FYQMPJUJOH .BDIJOF
-FBSOJOH 	.-
 UIFPSJFTXIJDI TVHHFTU BMUFSOBUJWF GPSNT UP SFQSFTFOU SFMBUJPOTIJQT BNPOH
EBUB� 4VDI UIFPSJFT ॳOE UIFJS BQQMJDBUJPO JO UIF #PPMFBO EPNBJO XIFSF MPHJD GVOD�
UJPOT DBO CF EFTDSJCFE BT JOGFSFODF SVMFT� ওJT OPWFM QBSBEJHN LOPX BT *OGFSFOUJBM -PHJD
<���> MFWFSBHFT UIF DPODFQU PG TUBUJTUJDBM JOGFSFODF GPS UIF EFTJHO PG DPNCJOBUJPOBM MPHJD
DJSDVJUT UIBU BSF BCMF UP NJNJD #PPMFBO GVODUJPOT UP B DFSUBJO EFHSFF PG BDDVSBDZ� "M�
UIPVHI TFWFSBM PQUJPOT GPS CVJMEJOH BCTUSBDU NPEFMT BSF BWBJMBCMF $MBTTJ࠻DBUJPO 5SFFT
IBWF QSPWFO UP BDIJFWF IJHI BDDVSBDZ XJUI B MPX MFWFM PG DPNQMFYJUZ JO NBOZ BQQMJDB�
UJPO DBTFT <��>�

*OGFSFOUJBM MPHJD DJSDVJUT JOGFS PVUQVU WBMVFT CZ FWBMVBUJOH UIF LFZ GFBUVSFT PG UIF
GVODUJPO MFBSOFE EVSJOH UIF USBJOJOH TUBHF TLJQQJOH UIF MPHJD PQFSBUJPO� ওFJS JOUSJOTJ�
DBMMZ TQFDVMBUJWF OBUVSF MFBE UP MPX DJSDVJU DPNQMFYJUZ BU UIF DPTU PG B RVBMJUZ�PG�SFTVMUT
ESPQ� *O PUIFS XPSET JOGFSFOUJBM MPHJD DJSDVJUT SVO RVBTJ�FYBDU DPNQVUBUJPOT USBEJOH FO�
FSHZ FॵDJFODZ GPS BDDVSBDZ MPTT JO FSSPS�SFTJMJFOU BQQMJDBUJPOT� ওJT QSJODJQMF IBT B QPT�
JUJWF JNQBDU PO BSJUINFUJD BQQMJDBUJPOT <���> <���> XIFSF JOGFSFOUJBM DJSDVJUT EFTJHO DBO
MFBE UP BSDIJUFDUVSFT NPSF QSPOF UP TVQQPSU BHHSFTTJWF BEBQUJWF QPXFS NBOBHFNFOU�
'PS UIJT SFBTPO UIF ॳHVSFT�PG�NFSJU PG BO *OGFSFOUJBM .VMUJQMJFS BSF RVBOUJॳFE VTJOH
SFQSFTFOUBUJWF JNBHF QSPDFTTJOH BQQMJDBUJPOT BT B DBTF TUVEZ� " DPNQBSBUJWF BOBMZTJT
BHBJOTU B TUBUF�PG�UIF�BSU #PPUI .VMUJQMJFS QSPWFT UIF JOGFSFOUJBM MPHJD SFQSFTFOUBUJPO
TJNQMJॳFT UIF DJSDVJU DPNQMFYJUZ SFEVDJOH UIF BSFB CZ ���� "MTP UIF JOGFSFOUJBM NVMUJ�
QMJFS DBO FYQMPJU �· MBUFODZ SFEVDUJPO GPS QPXFS PQUJNJ[BUJPO HVBSBOUFFJOH ��� BWFSBHF
BDDVSBDZ�

ওF SFTFBSDI LFZ BTQFDUT PG UIJT DPOUSJCVUJPO GPDVTFE PO�

�� UIF GPSNVMBUJPO PG UIFPSJFT BOE NFUIPET UIBU DPVME TVQQPSU UIF JOWPMWFNFOU PG
.- BMHPSJUINT XJUIJO *$T EFTJHO�

�� UIF EFWFMPQNFOU PG .-�CBTFE &%" UPPMT GPS JOGFSFOUJBM MPHJD DJSDVJUT J�F� UIF JOUF�
HSBUJPO JOUP UIF DPNNFSDJBM QMBUGPSN PG EFTJHO ॴPX TUFQT UIBUNBQ MPHJD GVODUJPOT
UP TUBUJTUJDBM JOGFSFODF DJSDVJUT CBTFE PO $MBTTJॳDBUJPO 5SFFT�

�� UIF JNQMFNFOUBUJPO PG UPPMT GPS JOGFSFOUJBM DJSDVJUT EFTJHO FYQMPSBUJPO TJNVMBUJPO
BOE WFSJॳDBUJPO�

�



� ژ *OUSPEVDUJPO

����� .BJO 3FTFBSDI "DIJFWFNFOUT
ওF OPWFM UFDIOJRVFT QSFTFOUFE JO UIJT EJTTFSUBUJPO IBWF CFFO DPODFJWFE UP JNQSPWF

FYJTUJOH &"4 TDIFNFT JO UFSNT PG FॵDJFODZ BOE ॴFYJCJMJUZ CZ NBUDIJOH UIF GPMMPXJOH
SFRVJSFNFOUT�DPOTUSBJOUT� 	J
 EP OPU BQQMZ BOZ ۛJSSFWFSTJCMFۜ NPEJॳDBUJPO PG UIF DJS�
DVJU 	J�F� SF�TZOUIFTJT TUBHFT
� 	JJ
 JOUSPEVDF CPVOEFE EFTJHO PWFSIFBE 	BSFB�QPXFS
� 	JJJ

BWPJE EFEJDBUFE PQUJNJ[BUJPO BMHPSJUINT UIBU NBZ CF IBSE UP JOUFHSBUF JOUP JOEVTUSJBM
EFTJHO LJUT� ওF SFTFBSDI BDIJFWFNFOUT PG UIF QSPQPTFE TUSBUFHJFT DBO CF TVNNBSJ[FE
BT GPMMPXT�

ۡ "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 GPS "EBQUJWF &OFSHZ�
"DDVSBDZ 4DBMJOH 	&"4
�
QPSUJOH PG UIF "QQSPYJNBUF $PNQVUJOH DPODFQU UP "EBQUJWF &"4 UFDIOJRVFT VT�
JOH UIF UJNJOH GBVMUT DPWFSBHF BT B LOPC UP USBEF FOFSHZ GPS RVBMJUZ�PG�SFTVMUT�
"&%�$ PॲFST BDSPTT�MFWFM DPOUSJCVUJPOT JO &%"NFUIPEPMPHZ�UPPMT BSDIJUFDUVSBM
TPMVUJPOT BOE DJSDVJU JNQMFNFOUBUJPO�

ۡ -PX�QPXFS *OGFSFOUJBM -PHJD GPS 4UBUJD &OFSHZ�"DDVSBDZ 4DBMJOH�
QPSUJOH PG .BDIJOF -FBSOJOH 	.-
 UIFPSJFT JOUP UIF #PPMFBO EPNBJO UP JNQMF�
NFOU MPHJD GVODUJPOT EFTDSJCFE BT TUBUJTUJDBM JOGFSFODF SVMFT� ওF JOGFSFOUJBM MPHJD
DJSDVJUT PCUBJOFE UISPVHI UIF QSPQPTFE .-�CBTFE EFTJHO ॴPX QSFTFOU BSDIJUFD�
UVSFT QSPOF UP TVQQPSU BHHSFTTJWF 7PMUBHF 	'SFRVFODZ
 TDBMJOH JO FYDIBOHF GPS B
DFSUBJO EFHSFF PG BDDVSBDZ�

��� %JTTFSUBUJPO 0VUMJOF
"FS UIJT CSJFG JOUSPEVDUJPO PG UIF DPOUFYU TDFOBSJP BOE UIF NBJO DIBMMFOHFT�DPO�

USJCVUJPOT PG UIJT EJTTFSUBUJPO $IBQUFS � QSPWJEFT UIF SFBEFS XJUI BO PWFSWJFX PG UIF
OPUJPOT BQQSPBDIFT BOE NFUIPET GPS &OFSHZ 4DBMJOH� 'JSTUMZ UIF DIBQUFS EFBMT XJUI
UIF DMBTTJDBM QPXFS PQUJNJ[BUJPO TUSBUFHJFT QSPQPTFE JO UIF MJUFSBUVSF JO UIF MBTU UXP
EFDBEFT BOE NPTUMZ BMSFBEZ JOUFHSBUFE JOUP DPNNFSDJBM UPPMT� 'PMMPXT B CSJFG SFWJFX PG
UIF UFDIOJRVFT UIBU FOTVSFE B NPSF FॵDJFOU FOFSHZ SFEVDUJPO CZ EFMJWFSJOH EZOBNJD
NBOBHFNFOU PG UIF QPXFS�GSFRVFODZ 	J�F� %74 BOE %7'4
� ওF MBTU QBSU DIBQUFS GP�
DVTFT PO UIF #FਅFS�ওBO�8PSTU�$BTF EFTJHO TUSBUFHZ BOE IPX UIJT QSJODJQMF FOBCMFT
BO BEBQUJWF J�F� DPOUFYU��EBUB�ESJWFO FOFSHZ TDBMJOH ZFU HVBSBOUFFJOH BMXBZT�DPSSFDU
DPNQVUBUJPO J�F� QSFTFSWJOH UIF RVBMJUZ�PG�SFTVMUT� "O PWFSWJFX PG UFDIOJRVFT MFWFSBH�
JOH #FਅFS�ওBO�8PSTU�$BTF EFTJHO JT QSPQPTFE XJUI QBSUJDVMBS BਅFOUJPO UP UIPTF CBTFE
PO UIF 5JNJOH 4QFDVMBUJPO QSJODJQMF BOE JNQMFNFOUFE UISPVHI UJNJOH FSSPST NPOJUPST�

$IBQUFS � EJTDVTTFT UIF TUSBUFHJFT DPODFJWFE UP PQFSBUF CFZPOE UIF &OFSHZ TDBMJOH
UISPVHI UIF JOUFHSBUJPO PG UIF RVBMJUZ�PG�SFTVMUT BT B OFX EJNFOTJPO JO UIF EFTJHO�PQUJ�
NJ[BUJPO TQBDF�ওFNBJO UFDIOJRVFT FYQMPJUJOH UIJT DPODFQU LOPXO BT &OFSHZ�"DDVSBDZ
4DBMJOH 	&"4
 BSF DMBTTJॳFE JO B 5BYPOPNZ�ওF UISFF JEFOUJॳFE DMBTTFT 4UBUJD%ZOBNJD

�



��� ژ %JTTFSUBUJPO 0VUMJOF

BOE "EBQUJWF &"4 BSF FYIBVTUJWFMZ EJTDMPTFE UISPVHI B QSPT�DPOT BOBMZTJT� ওJT SFQ�
SFTFOUT B QSFMJNJOBSZ DPOUSJCVUJPO UP UIJT XPSL�

ওF DPSF PG UIJT EJTTFSUBUJPO JT UIF EFWFMPQNFOU PG UXP OPWFM BQQSPBDIFT XIJDI BJN
BU JNQSPWJOH UIF UFDIOJRVFT UIBU CFMPOH SFTQFDUJWFMZ UP UIF 4UBUJD BOE "EBQUJWF DMBTT�
*O $IBQUFS � UIF QSPQPTFE "EBQUJWF &"4 TPMVUJPO JT EJTDMPTFE BMPOH XJUI UIF TUBHFT
UIBU CSJOH TUBOEBSE &SSPS %FUFDUJPO�$PSSFDUJPO UFDIOJRVFT UP CF NPSF QSPOF GPS BH�
HSFTTJWF QPXFS NBOBHFNFOU MJLF "EBQUJWF 7PMUBHF 0WFS�4DBMJOH 	"704
� ওFTF TUBHFT
JODMVEF UIF EFWFMPQNFOU PG JO�TJUV FMBTUJD UJNJOH TFOTPST UIBU FOBCMF UIF "QQSPYJNBUF
&SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 TUSBUFHZ XIJDI QMBZT XJUI UIF UJNJOH GBVMUT DPW�
FSBHF LOPC UP BDIJFWF ॳOF�UVOFE FOFSHZ�BDDVSBDZ FॵDJFODZ� $IBQUFS � GPDVTFT PO UIF
EFWFMPQNFOU PG B 4UBUJD &"4 TPMVUJPO CBTFE PO *OGFSFOUJBM -PHJD� " $MBTTJॳDBUJPO 5SFF
USBJOJOH TUFQ JT JOUFHSBUFE JOUP UIF TUBOEBSE EFTJHO ॴPX UP JNQMFNFOU BO *OGFSFOUJBM
.VMUJQMJFS� " DPNQBSBUJWF BOBMZTJT XJUI B TUBUF�PG�BSU #PPUI NVMUJQMJFS EJTDMPTFT UIF
CFOFॳUT PG UIF QSPQPTFE &"4 TPMVUJPO� $IBQUFS � QSPWJEFT ॳOBM DPOTJEFSBUJPOT BOE GV�
UVSF XPSLT�

�



�



$IBQUFS �

&OFSHZ 4DBMJOH UISPVHI -PX�1PXFS
0QUJNJ[BUJPO

��� 1PXFS $POTVNQUJPO .PEFM JO $.04 5FDIOPMPHZ
ওF DPOUJOVPVT QSPHSFTT JO NJDSPFMFDUSPOJD DJSDVJUT IBT CFFO NBJOUBJOFE NPTUMZ CZ

$.04 UFDIOPMPHZ TDBMJOH XIJDI SFTVMUT JO FYQPOFOUJBM HSPXUI CPUI JO EFWJDF EFOTJUZ
BOE QFSGPSNBODF BT QSFEJDUFE CZ .PPSFۘT MBX <���>� ওF EFWFMPQNFOU PG &%" UPPMT
BOE UIF FॲPSU PG EJHJUBM TZTUFN EFTJHOFS UP EFWFMPQ OPWFM DPNQVUJOH BSDIJUFDUVSFT IBE
BDDFMFSBUFE UIJT QSPDFTT BOE IBE MFE UP NPSF DPNQMFY BOE IJHI�QFSGPSNBODF DJSDVJUT�
)PXFWFS BT UIF UFDIOPMPHZ TDBMJOH FOUFST OBOPNFUFS SFHJNF FOFSHZ FॵDJFODZ CFDBNF
POF PG UIF NBJO EFTJHO DPODFSOT GPS UPEBZۘT EJHJUBM *OUFHSBUFE $JSDVJUT 	*$T
� ওJT JT USVF
OPU KVTU GPS QPSUBCMF BQQMJDBUJPOT 	F�H� TNBSUQIPOFT XFBSBCMFT *P5 HBMBYZ EFWJDFT

XIFSF UIF FOFSHZ CVEHFU JT MJNJUFE CZ UIF VTF PG UIJO CBਅFSJFT <�� �> CVU BMTP GPS
IJHI�QFSGPSNBODF BQQMJDBUJPOT 	F�H� DMPVE TFSWFST BOE (16T
 XIFSF B QSPQFS SFTPVSDF
NBOBHFNFOU JNQSPWFT TVTUBJOBCJMJUZ BU B MBSHF TDBMF <�� ���>�

*O UIF MBTU UXP EFDBEFT JO UIF TFNJDPOEVDUPS JOEVTUSZ FOFSHZ DPOTVNQUJPO IBT
CFFO NBJOMZ UBDLMFE CZ TFਅJOH QPXFS EJTTJQBUJPO BT B QSJNBSZ EFTJHO DPOTUSBJOUT� 3F�
EVDJOH QPXFS DBO FYUFOE CBਅFSZ MJGFUJNF PG QPSUBCMF TZTUFNT EFDSFBTF DPPMJOH DPTUT
BT XFMM BT JODSFBTF TZTUFN SFMJBCJMJUZ� *O B EJHJUBM $.04 DJSDVJU UIF UXP NBKPS DPOUSJ�
CVUJPOT UP QPXFS EJTTJQBUJPO IBWF B UXPGPME OBUVSF %ZOBNJD BOE 4UBUJD�

ষ > ষৎূ্ৄ , ষূৄ 	���

%ZOBNJD QPXFS PSJHJOBUFT CZ UIF SVO�UJNF BDUJWJUZ PG UIF DJSDVJU J�F� CZ UIF JOQVU XPSL�
MPBE UIBU JT GFE UP DPNCJOBUJPOBM MPHJD BOE TFRVFOUJBM DFMMT MJLF 'MJQ�ॴPQT BOE -BUDIFT�
4UBUJD QPXFS PO UIF DPOUSBSZ SFGFST UP UIF QPXFS EJTTJQBUFE JO TUBUJPOBSZ DPOEJUJPO J�F�
XIFO UIFSF JT OP DJSDVJU BDUJWJUZ� ওF GPMMPXJOH TFDUJPOT FYQMBJO JO EFUBJMT UIF TPVSDFT
PG CPUI QPXFS DPNQPOFOUT�

�



� ژ &OFSHZ 4DBMJOH UISPVHI -PX�1PXFS 0QUJNJ[BUJPO

%ZOBNJD 1PXFS 4PVSDFT

5XP NBKPS TPVSDFT PG EZOBNJD QPXFS DPOTVNQUJPO DBO CF JEFOUJॳFE� 4XJUDIJOH BOE
4IPSU�DJSDVJU QPXFS� ষৎূ্ৄ > ষৗ , ষৄ 	���


ওF 4XJUDIJOH QPXFS ষৗ JT EVF UP UP DIBSHJOH BOE EJTDIBSHJOH UIF DBQBDJUBODF
ESJWFO CZ UIF DJSDVJU J�F� MPBE DBQBDJUBODF XJSF DBQBDJUBODF BOE UIF HBUF TFMG�DBQBDJUBODF�
'JHVSF ��� EFQJDUT BMM UIF DBQBDJUBODFT TFFO CZ B $.04 JOWFSUFS� DVSSFOU BOE DIBSH�
JOH�EJTDIBSHJOH PG DBQBDJUBODFT 'PS B $.04 HBUF XPSLJOH JO B TZODISPOPVT FOWJSPO�
NFOU ষৗ DBO CF NPEFMFE CZ UIF GPMMPXJOH FRVBUJPO�

ষৗ > 23 Բ প Բ ঽ 3 Բ ভৄৌো Բ বৗ 	���


XIFSF প JT UIF PVUQVU MPBE DBQBDJUBODF PG B HBUF� JU EFQFOET PO UIF QIZTJDBM QBSBN�
FUFST PG HBUFT BOE XJSFT� ঽ  BOE ভৄৌো BSF UIF TVQQMZ WPMUBHF BOE BOE UIF DMPDL GSF�
RVFODZ� UIFZ BSF EFTJHO QBSBNFUFST BT UIFZ BॲFDU UIF TQFFE PG UIF TZTUFN� বৗ UBLFT
JOUP BDDPVOU UIF TXJUDIJOH BDUJWJUZ PG UIF HBUF EFॳOFE BT UIF QSPCBCJMJUZ PG UIF HBUFۘT
PVUQVU UP NBLF B MPHJD USBOTJUJPO EVSJOH POF DMPDL DZDMF� UIJT UFSNT NPEFMT UIF DBTF
UIBU FYDFQU GPS UIF DMPDL USFF OFUXPSL DFMMT HBUFT NJHIU OPU NBLF B USBOTJUJPO BU FBDI
DMPDL DZDMF� "DDPSEJOH UP &RVBUJPO ��� SFEVDUJPOT PG ষৗ DBO CF BDIJFWFE CZ� 	J
 4VQQMZ
7PMUBHF 	7EE
 4DBMJOH� ওJT BMMPXT ষৗ UP TDBMF RVBESBUJDBMMZ� UIJT DPNFT XJUI DJSDVJU
QFSGPSNBODF EFDSFBTF 	MPXFS DJSDVJU TQFFE
� " TJNQMF NPEFM PG UIF QSPQBHBUJPO EFMBZ
PG B DFMM JT SFQPSUFE JO &RVBUJPO ����

ফ Ҋ প Բ ঽ )ঽ  ѿ ঽυ*ౖ 	���


"T UP DPNQFOTBUF UIF DJSDVJU QFSGPSNBODF MPTT JOUSPEVDFE CZ SFEVDJOH WPMUBHF TQFFE
PQUJNJ[BUJPO JT BQQMJFE ॳSTU GPMMPXFE CZ TVQQMZ WPMUBHF TDBMJOH� UIJT TUSBUFHZ CSJOHT UIF
EFTJHO CBDL UP JUT PSJHJOBM UJNJOH CVU XJUI B MPXFS QPXFS SFRVJSFNFOU <���>� 8JUI 	JJ

'SFRVFODZ 	ভৄৌো
 4DBMJOH  ষৗ DBO CF USBEFE GPS DJSDVJU TQFFE� QPXFS JO GBDU ESPQT MJO�
FBSMZ� GPS MPXFS DJSDVJU TQFFE� 4FMFDUJWF GSFRVFODZ TDBMJOH 	BT XFMM BT WPMUBHF TDBMJOH

DBO CF BQQMJFE UP TQFDJॳD VOJUT XJUI OP QFOBMUZ JO UIF PWFSBMM TZTUFN TQFFE <���>� 'J�
OBMMZ 	JJJ
 ষৗ DBO CF SFEVDFE CZ UIF NJOJNJ[BUJPO PG 4XJUDIFE $BQBDJUBODF EFॳOFE
BT পৗ > প Բ বৗ� UIJT BQQSPBDI IBT B MPXFS JNQBDU PO QFSGPSNBODF ZFU BMMPXJOH
TJHOJॳDBOU QPXFS TBWJOHT <���>� 4UBUJD TPMVUJPOT 	J�F� BU EFTJHO UJNF
 IBOEMF TXJUDIFE
DBQBDJUBODF NJOJNJ[BUJPO UISPVHI BSFB PQUJNJ[BUJPO 	UIBU DPSSFTQPOET UP B EFDSFBTF JO
UIF DBQBDJUJWF MPBE
 BOE TXJUDIJOH BDUJWJUZ SFEVDUJPO WJB FYQMPJUBUJPO PG EJॲFSFOU LJOET
PG TJHOBM DPSSFMBUJPOT 	UFNQPSBM TQBUJBM TQBUJP�UFNQPSBM
� %ZOBNJD UFDIOJRVFT PO UIF
PUIFS IBOE BJN BU FMJNJOBUJOH QPXFS XBTUFT UIBU NBZ CF PSJHJOBUFE CZ UIF BQQMJDBUJPO
PG DFSUBJO TZTUFN XPSLMPBET 	J�F� UIF EBUB CFJOH QSPDFTTFE
�

ওF 4IPSU�DJSDVJU 1PXFS ষৄ JT TUSJDUMZ SFMBUFE UP UIF DPNQMFNFOUBSZ OBUVSF PG
$.04 MPHJD� *O BDUVBM EFTJHOT UIF BTTVNQUJPO PG UIF [FSP SJTF BOE GBMM UJNFT PG UIF

��



��� ژ 1PXFS $POTVNQUJPO .PEFM JO $.04 5FDIOPMPHZ

JOQVU XBWF GPSNT JT OPU DPSSFDU� ওF ॳOJUF TMPQF PG UIF JOQVU TJHOBM DBVTFT B EJSFDU
DVSSFOU QBUI CFUXFFO 7EE BOE (OE TPVSDFT GPS B TIPSU QFSJPE PG UJNF EVSJOH TXJUDIJOH
XIJMF UIF /.04 BOE UIF 1.04 USBOTJTUPST BSF TJNVMUBOFPVTMZ BDUJWF� ওVT B DVSSFOU
ॴPXT UISPVHI $.04 1VMM�VQ BOE 1VMM�EPXO TUBHFT XIJMF DFMM TXJUDIFT� 6TVBMMZ UIF
DPOUSJCVUJPO PG ষৄ UP UIF UPUBM QPXFS JT MPXFS UIBO ষৗ ZFU PQUJNJ[BUJPOT DBO CF BQQMJFE
UP JU� *O QBSUJDVMBS USBOTJTUPST TJ[JOH JT GVOEBNFOUBM BT XFMM BT UIF SFMBUJPO CFUXFFO UIF
USBOTJUJPO UJNF PG JOQVU TJHOBM BOE PVUQVU TJHOBM� "T SFQPSUFE JO <���> UIF NBUDIJOH
CFUXFFO USBOTJUJPO UJNFT PG JOQVU BOE PVUQVU TJHOBMT JT B SVMF PG UIVNC XIJDI BMMPXT
UIF PWFSBMM TIPSU�DJSDVJU DVSSFOU UP CF NJOJNJ[FE�

4UBUJD 1PXFS 4PVSDFT

ওF 4UBUJD 	PS -FBLBHF
 1PXFS EJTTJQBUJPO PG B DJSDVJU DBO CF FYQSFTTFE BT GPMMPXT�

ষূৄ > রূৄ Բ ঽ  	���

XIFSF রূৄ JT UIF DVSSFOU UIBU ॴPXT CFUXFFO UIF QPXFS TVQQMZ SBJMT JO UIF BCTFODF PG
TXJUDIJOH BDUJWJUZ� *EFBMMZ UIF TUBUJD QPXFS DPOTVNQUJPO PG B $.04 DJSDVJU TIPVME CF
[FSP BT OP TUBUJD DVSSFOU TIPVME ॴPXT CFUXFFO 1.04 BOE /.04 EFWJDFT� )PXFWFS JO
OPO�JEFBM EFWJDFT B MFBLBHF DVSSFOU ॴPXT UISPVHI UIF SFWFSTF�CJBTFE EJPEF KVODUJPOT
PG UIF USBOTJTUPS� রূৄ DBO CF DBVTFE CZ EJॲFSFOU QIZTJDBM QIFOPNFOB <���> UIBU BSF
NPEFMFE BT UISFF NBJO DVSSFOU DPOUSJCVUJPOT� 	J
 (BUF�PYJEF MFBLBHF EVF UP UIF SFEVDUJPO
PG UIF HBUF PYJEF UIJDLOFTT BT B DPOTFRVFODF PG UFDIOPMPHZ TDBMJOH� ওF FMFDUSJDBM ॳFME
BDSPTT UIF PYJEF JODSFBTFT UIVT B MFBLBHF DVSSFOU EVF UP UVOOFMJOH FॲFDU JT HFOFSBUFE�
	JJ
 QO�+VODUJPO 3FWFSTF�#JBT $VSSFOU EVF UP UIF SFWFSTF CJBTJOH DPOEJUJPO PG ESBJO BOE
TPVSDF UP XFMM KVODUJPOT� 	JJJ
 4VCUISFTIPME MFBLBHF JT DVSSFOU ॴPXJOH CFUXFFO ESBJO BOE
TPVSDF XIFO UIF HBUF WPMUBHF JT VOEFS UISFTIPME 	ঽম = ঽυ
� *O GBDU B OPO�JEFBM .04
EFWJDF JU JT OPU BO JEFBM TXJUDI DPOUSPMMFE CZ UIF ঽম�

'JHVSF ���� রফ)ঽম* GPS EJॲFSFOU WBMVFT PG ঽυ�
"T SFQPSUFE JO 'JHVSF ��� XIFO ঽম JT ॳYFE UP [FSP UIF MPXFS UIF UISFTIPME WPMUBHFঽυ* UIF IJHIFS UIF ESBJO�TPVSDF DVSSFOU রফ WBMVF� ওJT USBOTMBUFT JOUP IJHIFS 4UBUJD

1PXFS DPOTVNQUJPO� ওF &RVBUJPO ��� TVHHFTUT UIBU UIF TQFFE PG UIF HBUFT DBO CF JO�
DSFBTFE CZ SFEVDJOH UIF ঽυ*� IPXFWFS BT NFOUJPOFE FBSMJFS UIF QSJDF UP QBZ JT MBSHFS

��



� ژ &OFSHZ 4DBMJOH UISPVHI -PX�1PXFS 0QUJNJ[BUJPO

4UBUJD 1PXFS�
5P CF OPUJDFE UIBU -FBLBHF DVSSFOU TUSJDUMZ EFQFOET PO UFNQFSBUVSF� )FODF UIF

PQFSBUJOH UFNQFSBUVSF PG UIF DIJQ NVTU CF LFQU CFMPX UIF UIFSNBM TBGF UFNQFSBUVSFূে UP FOTVSF UIBU UIF DIJQ PQFSBUFT XJUIJO UIF TBGF SBOHF� ওJT DBO CF BDIJFWFE CZ B
XFMM�EFTJHOFE QBDLBHJOH B QIZTJDBM�EFTJHO TUBHF BXBSF PG UIF UFNQFSBUVSF JTTVFT BOE
CZ SFEVDJOH UIF QPXFS DPOTVNQUJPO�

��� $MBTTJDBM -PX�1PXFS 0QUJNJ[BUJPO 5FDIOJRVFT
4UBSUJOH GSPN UIF $.04 QPXFS NPEFM EJॲFSFOU UFDIOJRVFT BU WBSJPVT MFWFM PG BC�

TUSBDUJPO IBWF CFFO QSPQPTFE JO PSEFS UP NJOJNJ[F QPXFS DPOTVNQUJPO� .PTU PG UIFN
GPDVT PO SFEVDJOH UIF EZOBNJD QPXFS PG EJHJUBM DJSDVJUT GSPN UIF BSDIJUFDUVSBM�MFWFM
EPXO UP JOEJWJEVBM MPHJD�HBUFT BOE USBOTJTUPS�MFWFM� 'JHVSF ��� SFQPSU B UBYPOPNZ PG
UIF NPTU SFQSFTFOUBUJWF MPX�QPXFS PQUJNJ[BUJPO NFUIPEPMPHJFT XIPTF EFUBJMT BSF EJT�
DVTTFE JO UIF GPMMPXJOH TFDUJPOT�

Low-Power 
Optimization 

Technological 
Level 

Circuit
Level 

Architectural  
Level 

Transistor Sizing and Re-ordering 

Parallelism, Pipelining

Low-Power Memory Hierarchies
Low-Power Control Logic Design

Gates Resizing
Re-mapping, Phase Assignment,
Pin Swapping
Dual-Vdd

Clock Gating

Power Gating

Dual-Vth

Dynamic and Pass-Transistor Logic

Low-Power Clock

'JHVSF ���� 5BYPOPNZ PG $MBTTJDBM -PX�1PXFS 0QUJNJ[BUJPO 5FDIOJRVFT�

����� "SDIJUFDUVSBM -FWFM
1PXFS FॵDJFODZ DBO CF PCUBJOFE BU UIF BSDIJUFDUVSBM MFWFM PODF UIF EBUB�QBUI NFN�

PSZ DPOUSPM BOE JOUFSDPOOFDU TUSVDUVSFT BSF GVMMZ EFॳOFE� ওJT TFDUJPO EFTDSJCFT TPNF
PG UIF IJTUPSJDBM BSDIJUFDUVSBM MPX�QPXFS UFDIOJRVFT� 0QUJNJ[BUJPO BU UIJT MFWFM PG BC�
TUSBDUJPO NFBOT ॳOEJOH UIF CFTU BSDIJUFDUVSBM DPNQPTJUJPO GPS B HJWFO BMHPSJUIN�

��



��� ژ $MBTTJDBM -PX�1PXFS 0QUJNJ[BUJPO 5FDIOJRVFT

1BSBMMFMJTN BOE 1JQFMJOJOH

1BSBMMFMJTN BOE 1JQFMJOJOH <���> BQQSPBDIFT PQUJNJ[F UIF EZOBNJD QPXFS FOTVSJOH
UIF TBNF UISPVHIQVU BU UIF DPTU PG BSFB PWFSIFBE� 4QFDJॳDBMMZ 	J
 UIF TZTUFN JT TQFE�VQ
CZ BSDIJUFDUVSF SF�PSHBOJ[BUJPO UIFO 	JJ
 UIF BWBJMBCMF UJNJOH TMBDL DBO CF DPOTVNFE
UISPVHI TVQQMZ WPMUBHF TDBMJOH�

1BSBMMFM "SDIJUFDUVSF� JO UIJT BQQSPBDI B GVODUJPOBM VOJU XPSLJOH BU GSFRVFODZভৄৌো2 JT SFQMBDFE CZ UXP FRVJWBMFOU GVODUJPOBM VOJUT PQFSBUJOH BU ভৄৌো3 > 23 Բ ভৄৌো2 SF�
TQFDUJWFMZ PO UIF SJTJOH BOE GBMMJOH FEHF PG UIF DMPDL� ওF UJNJOH TMBDL PCUBJOFE CZ
JODSFBTJOH UIF DMPDL QFSJPE DBO CF VTFE UP SFEVDF UIF TVQQMZ WPMUBHF� )PXFWFS UIJT
NFUIPE QSFTFOUT UXP NBJO ESBXCBDLT� 	J
 UIF BSFB JT EPVCMFE XJUI B DPOTFRVFOU JO�
DSFBTF PG MFBLBHF QPXFS DPOTVNQUJPO� 	JJ
 JU QSFTFOUT B TDBMBCJMJUZ JTTVF BT XIFO UIF
TVQQMZ WPMUBHF BQQSPBDIFT UIF UISFTIPME WPMUBHF 	ঽυ
 UIF EFMBZ PG UIF DJSDVJU JODSFBTFT
TP RVJDLMZ UIBU XIJDI JO UVSO NBZ JODSFBTF UIF PWFSBMM FOFSHZ DPOTVNQUJPO�

1JQFMJOFE "SDIJUFDUVSF� UIF QSPQBHBUJPO EFMBZ 	ফ
 PG B TZODISPOPVT MPHJD DJS�
DVJU DBO CF SFEVDFE CZ TQMJਅJOH JU DPNCJOBUJPOBM QBUIT JOUP TFWFSBM QPSUJPOT� "T FBDI
QPSUJPO QSFTFOUT B XPSTU�DBTF EFMBZ MPXFS UIBO ফ UIF TVQQMZ WPMUBHF DBO CF TDBMFE UP
DPOTVNF UIF BWBJMBCMF TMBDL� 4JNJMBSMZ UP UIF QBSBMMFM BSDIJUFDUVSF UFDIOJRVF UIJT UFDI�
OJRVF DPNFT XJUI TPNF ESBXCBDLT� 	J
 PWFSBMM MBUFODZ JODSFBTF 	JJ
 EJF BSFB PWFSIFBE
BOE 	JJJ
 TDBMBCJMJUZ JTTVFT�

ওF DPNCJOBUJPO PG QJQFMJOJOH BOE QBSBMMFMJTN DBO SFTVMU JO GVSUIFS QPXFS SFEVDUJPO
BT UIF TVQQMZ WPMUBHF DBO CF SFEVDFE NPSF BHHSFTTJWFMZ <���>�

-PX�1PXFS $POUSPM -PHJD %FTJHO

8JUIJO B 1SPDFTTPS "SDIJUFDUVSF UIF DPOUSPM MPHJD UIBU NBOBHFT UIF PQFSBUJPOT JT
B ॳOJUF TUBUF NBDIJOF 	'4.
� GPS FBDI TUBUF B TQFDJॳD QJFDF PG DJSDVJUSZ JT BDUJWBUFE�
ওVT MPX�QPXFS DPOUSPM MPHJD DBO CF EFTJHOFE CZ PQUJNJ[JOH '4.T GPS QPXFS SFEVDUJPO�
"T BO FYBNQMF '4. PQUJNJ[BUJPOT DBO CF BDIJFWFE CZ 	JJ
 FODPEJOH UIF '4. TUBUFT UP
NJOJNJ[F UIF TXJUDIJOH BDUJWJUZ PS CZ 	JJ
 EFDPNQPTJUJPO PG '4. JOUP TVC�'4.T XIFSF
POMZ UIF DJSDVJUSZ OFFEFE GPS UIF DVSSFOUMZ FYFDVUJOH TVC�'4. JT BDUJWBUFE� "DDPSEJOH
UP <��> BQQMZJOH UIFTF UFDIOJRVFT KPJOUMZ SFEVDFT QSPDFTTPS QPXFS GSPN ������ XIJMF
BSFB SBJTFT GSPN ��������

-PX�1PXFS .FNPSZ )JFSBSDIJFT

"T GPS UIF QSFWJPVT BQQSPBDI UIJT UFDIOJRVF BQQMJFT UP 1SPDFTTPS"SDIJUFDUVSF TQFDJG�
JDBMMZ UP UIF .FNPSZ DPNQPOFOU� 1PXFS DPOTVNQUJPO JO NFNPSZ DBO CF CPVOEFE JO
UXP XBZT� FJUIFS CZ SFEVDJOH UIF QPXFS EJTTJQBUFE JO NFNPSZ BDDFTT PS CZ SFEVDJOH
UIF OVNCFS PG BDDFTTFT UP NFNPSZ <���>�

$PODFSOJOH UIF GPSNFS TUSBUFHZ UIF MJUFSBUVSF JT QMFOUZ PG PQUJNJ[BUJPO UFDIOJRVFT�
"O FॲFDUJWF XBZ UP SFEVDF QPXFS JO NFNPSZ BDDFTT JT PCUBJOFE CZ QBSUJUJPOJOH UIF
NFNPSZ JOUP TNBMMFS TVC�CBOLT� ওJT DBO CF EPOF CZ TQMJਅJOH NFNPSZ JOUP TNBMMFS

��
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JOEFQFOEFOUMZ BDDFTTJCMF DPNQPOFOUT BU EJॲFSFOU HSBOVMBSJUZ TVDI UIBU GPS FBDI NFN�
PSZ BDDFTT POMZ UIF SFRVJSFE DJSDVJUSZ JT BDUJWBUFE� *NQMFNFOUJOH B DPNCJOBUJPO PG TVC�
CBOLJOHNVMUJQMF MJOF CVॲFST BOE CJU�MJOF TFHNFOUBUJPONJHIU MFBE UP ��� PO�DIJQ DBDIF
QPXFS SFEVDUJPO <��>� UIJT BQQSPBDI JT UFDIOPMPHZ�JOEFQFOEFOU BOE EPFT OPU DPNQSP�
NJTF UIF QSPDFTTPS DZDMF UJNF�

"OPUIFS XFMM�LOPXO TUSBUFHZ UP TBWF NFNPSZ BDDFTT QPXFS JT JNQMFNFOUFE CZ BVH�
NFOUJOH UIF NFNPSZ IJFSBSDIZ XJUI TQFDJBMJ[FE DBDIF TUSVDUVSFT� TVDI B NFNPSZ PS�
HBOJ[BUJPO BMMPXT UP EFDSFBTFT NFNPSZ BDDFTTFT� " TJNQMF JNQMFNFOUBUJPO PG UIJT QSJO�
DJQMF JT BDIJFWFE CZ VTJOH B USBDF DBDIF� ওJT TZTUFN LFFQT USBDL PG UIF JOTUSVDUJPOT JO
UIFJS FYFDVUFE PSEFS SBUIFS UIBO UIFJS DPNQJMFE POF� )FODF JG BO JOTUSVDUJPO TFRVFODF
JT BMSFBEZ TUPSFE JO UIF USBDF DBDIF JU EPFT OPU SFRVJSF UP CF GFUDIFE GSPN UIF JOTUSVDUJPO
DBDIF BOE DBO CF EFDPEFE EJSFDUMZ GSPN UIF USBDF DBDIF <��>� /FWFSUIFMFTT DPOWFOUJPOBM
USBDF DBDIFT 	$5$
 NBZ MFBE UP B QPXFS JODSFBTF JO UIF GFUDI VOJU� 4JNVMUBOFPVT BDDFTT
UP CPUI UIF USBDF DBDIF BOE UIF JOTUSVDUJPO DBDIF NBZ PDDVS JO GBDU� %ZOBNJD EJSFDUJPO
QSFEJDUJPO�CBTFE USBDF DBDIF 	%15$
 BWPJET TJNVMUBOFPVT BDDFTTFT UP UIF USBDF DBDIF
BOE UIF JOTUSVDUJPO DBDIF BDIJFWJOH ����� QPXFS SFEVDUJPO PWFS $5$ XIJMF POMZ USBE�
JOH B ���� QFSGPSNBODF PWFSIFBE X�S�U� $5$ <��>�

����� $JSDVJU -FWFM
*O UIF MBTU UXP EFDBEFT -PHJD�MFWFM QPXFS PQUJNJ[BUJPO TUSBUFHJFT IBWF CFFO FY�

UFOTJWFMZ SFTFBSDIFE <���>� ওF NPTU QPXFSGVM PG UIFTF UFDIOJRVFT IBWF CFFO NBEF
BWBJMBCMF JOUP &%" DPNNFSDJBM MPHJD TZOUIFTJT UPPMT FOBCMJOH MPHJD�MFWFM QPXFS PQUJ�
NJ[BUJPO OPU POMZ GPS TUSVDUVSFE MPHJD JO MBSHF�WPMVNF DPNQPOFOUT BT NJDSPQSPDFTTPST
	F�H� GVODUJPOBM VOJUT JO UIF EBUB�QBUI
 CVU BMTP GPS VOTUSVDUVSFE MPHJD BOE MPX�WPMVNF
7-4* DJSDVJUT�

" NPSF EFUBJMFE EFTDSJQUJPO PG MPHJD�MFWFM PQUJNJ[BUJPO UFDIOJRVFT GPMMPXT� 5P CF
OPUJDFE UIBU BT GPS BSDIJUFDUVSBM�MFWFM UFDIOJRVFT QPXFS JT OFWFS UIF POMZ DPTU NFUSJD
UP UBLF JOUP BDDPVOU EVSJOH PQUJNJ[BUJPO� 1FSGPSNBODF�BSFB BSF UJHIUMZ DPOTUSBJOFE BT
XFMM <���>�

(BUFT 3FTJ[JOH

" DPNNPO TUSBUFHZ PG QPXFS PQUJNJ[BUJPO MJFT JO B TJNQMF SVMF� B MPHJD OFUXPSL DBO CF
USBOTGPSNFE UP NJOJNJ[F QPXFS POMZ JG UIF DSJUJDBM QBUI MFOHUI JT OPU JODSFBTFE� 6OEFS UIJT
IZQPUIFTJT BO FॲFDUJWF UFDIOJRVF JT CBTFE PO QBUI FRVBMJ[BUJPO� " XJEF EJTUSJCVUJPO PG
QBUI EFMBZT DIBSBDUFSJ[FT MPHJD DJSDVJUT UIVT QBUI FRVBMJ[BUJPO DBO CF PCUBJOFE CZ HBUF
SFTJ[JOH� 3FTJ[JOH GPDVTFT PO GBTU DPNCJOBUJPOBM QBUIT� (BUFT PO GBTU QBUIT BSF EPXO�
TJ[FE UIFSFCZ EFDSFBTJOH UIFJS JOQVU DBQBDJUBODFT XIJMF BU UIF TBNF UJNF TMPXJOH EPXO
TJHOBM QSPQBHBUJPO� #Z TMPXJOH EPXO GBTU QBUIT QSPQBHBUJPO EFMBZT BSF FRVBMJ[FE BOE
QPXFS JT SFEVDFE CZ KPJOU TQVSJPVT TXJUDIJOH BOE DBQBDJUBODF SFEVDUJPO� 3FTJ[JOH EPFT
OPU BMXBZT JNQMZ EPXO�TJ[JOH� 1PXFS DBO BMTP CF SFEVDFE CZ FOMBSHJOH 	PS CVॲFSJOH
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IFBWJMZ MPBEFE HBUFT UP JODSFBTF UIFJS PVUQVU TMFX SBUFT� 'BTU USBOTJUJPOTNJOJNJ[F TIPSU�
DJSDVJU QPXFS PG UIF HBUFT JO UIF GBO�PVU PG UIF HBUF XIJDI IBT CFFO TJ[FE VQ CVU JUT
JOQVU DBQBDJUBODF JT JODSFBTFE� *ONPTU DBTFT SFTJ[JOH JT B DPNQMFY PQUJNJ[BUJPO QSPCMFN
JOWPMWJOH B USBEFPॲ CFUXFFO PVUQVU TXJUDIJOH QPXFS BOE JOUFSOBM TIPSU�DJSDVJU QPXFS
PO TFWFSBM HBUFT BU UIF TBNF UJNF�

'PS BSJUINFUJD DJSDVJUT TVDI BT BEEFST PG NVMUJQMJFST QBUI FRVBMJ[BUJPO FOTVSFT UIBU
TJHOBM QSPQBHBUJPO GSPN JOQVUT UP PVUQVUT PG B MPHJD OFUXPSL GPMMPXT QBUIT PG TJNJMBS
MFOHUI� 8IFO QBUIT BSF FRVBMJ[FE NPTU HBUFT IBWF BMJHOFE USBOTJUJPOT BU UIFJS JOQVUT
UIFSFCZ NJOJNJ[JOH TQVSJPVT TXJUDIJOH BDUJWJUZ 	XIJDI JT DSFBUFE CZ NJTBMJHOFE JOQVU
USBOTJUJPOT
�

6TVBMMZ EVSJOH UIJT MPHJD PQUJNJ[BUJPO UFDIOPMPHZ QBSBNFUFST TVDI BT TVQQMZ WPMU�
BHF BSF ॳYFE TP UIF EFHSFFT PG GSFFEPN BSF FYQMPJUFE JO UIF HBUF SFTJ[JOH PG B HJWFO
MPHJD OFUMJTU�

3F�NBQQJOH 1IBTF "TTJHONFOU 1JO 4XBQQJOH

-PHJD�MFWFM QPXFS NJOJNJ[BUJPO UFDIOJRVFT BT 3F�NBQQJOH 1IBTF "TTJHONFOU BOE
1JO 4XBQQJOH DBO CF DMBTTJॳFE BT MPDBM USBOTGPSNBUJPOT�ওFZ BSF BQQMJFE UP HBUF OFUMJTUT
BOE GPDVT PO OFUT XJUI MBSHF TXJUDIFE DBQBDJUBODF� .PTU PG UIFTF UFDIOJRVFT SFQMBDF B
HBUF PS B TNBMM HSPVQ PG HBUFT BSPVOE UIF UBSHFU OFU JO BO FॲPSU UP SFEVDF DBQBDJUBODF
BOE TXJUDIJOH BDUJWJUZ� 4JNJMBSMZ UP HBUF SFTJ[JOH MPDBM USBOTGPSNBUJPOT NVTU DBSFGVMMZ
CBMBODF TIPSU DJSDVJU BOE PVUQVU QPXFS DPOTVNQUJPO�

'JHVSF ���� -PDBM USBOTGPSNBUJPOT� 	B
 SF�NBQQJOH 	C
 QIBTF BTTJHONFOU 	D
 QJO TXBQ�
QJOH <$PVSUFTZ PG 45.JDSPFMFDUSPOJDT>�

'JHVSF ��� TIPXT UISFF FYBNQMFT PG MPDBM USBOTGPSNBUJPOT� *O 	B
 3F�NBQQJOH USBOT�
GPSNBUJPO JT SFQPSUFE� B IJHI�BDUJWJUZ OPEF 	NBSLFE XJUI Y
 JT SFNPWFE UIBOLT UP B
OFX NBQQJOH POUP BO "/%�03 HBUF� 1IBTF "TTJHONFOU 	C
 JT FYQMPJUFE UP SFNPWF POF

��
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PG UIF UXP IJHI�BDUJWJUZ OFUT NBSLFE XJUI Y� 1JO TXBQQJOH 	D
 JT BQQMJFE UP DPOOFDU B
IJHI�BDUJWJUZ OFU UP UIF JOQVU QJO PG UIF ��JOQVU /"/% XJUI UIF NJOJNVN JOQVU DBQBD�
JUBODF��

%VBM�7EE

1BUI EFMBZ FRVBMJ[BUJPO DBO CF PCUBJOFE CZ QMBZJOH XJUI TVQQMZ WPMUBHF 7EE� *O B
MPHJD DJSDVJU B WBTU NBKPSJUZ PG HBUFT EP OPU CFMPOH UP DSJUJDBM QBUIT� ওVT HBUFT PO GBTU
QBUIT DBO CF GFE XJUI MPXFS 7EE UIFSFCZ EFDSFBTJOH UIFJS TXJUDIJOH QPXFS 	RVBESBUJ�
DBMMZ
 XIJMF BU UIF TBNF UJNF TMPXJOH EPXO TJHOBM QSPQBHBUJPO� *UFSBUJWFMZ TMBDL BWBJM�
BCMF PO GBTU QBUIT DBO CF DPOTVNFE CZ GFFEJOH HBUFT CFMPOHJOH UP OPO�DSJUJDBM QBUIT
XJUI MPXFS 7EE� %VF UP UIF DPNQMFYJUZ PG PO�DIJQ WPMUBHF SFHVMBUPST BOE QPXFS EFMJWFSZ
OFUXPSL UIF OVNCFS PG TVQQMZ WPMUBHFT UP CF BTTJHOFE TIPVME SFNBJO MPX� *O MJUFSBUVSF
UXP WBMVFT PG 7EE BSF DPOTJEFSFE UP CF UIF CFTU USBEF�Pॲ� GSPN IFSF %VBM�7EE�

%VBM�7EE "MHPSJUINT BT <���> <��> <��> <��> IBWF CFFO QSPQPTFE GPS BVUPNBUJD 7EE
BTTJHONFOU� ওFZ BSF CBTFE PO IFVSJTUJD NFUIPET UIBU QFSGPSN JUFSBUJWF HSBQI WJTJU UIBU
JUFSBUJWFMZ USZJOH UP ॳOE UIF PQUJNBM OFUMJTU QBSUJUJPOJOH XIJDI NJOJNJ[FT QPXFS DPO�
TVNQUJPO TBUJTGZJOH UIF UJNJOH DPOTUSBJOUT� ওF SFTVMU PG UIFTF BMHPSJUINT JT B MPHJD
DJSDVJU NBQQFE UP WPMUBHF JTMBOET�

ওF NBKPS ESBXCBDL PG %VBM�7EE BTTJHONFOU JT EVF UP UIF FNQMPZNFOU PG MFWFM
TIJFST OFDFTTBSZ UP JOUFSDPOOFDU UJMFT PG EJF GFE BU EJॲFSFOU WPMUBHFT� ওJT HFOFSBUFT
PWFSIFBE BOE DPNQMFYJUZ JO UIF QIZTJDBM EFTJHO�

$MPDL (BUJOH

$MPDL HBUJOH SFMJFT VQPO BO JOUVJUJPO� UIF PVUQVU PG B MPHJD CMPDL JT OPU BMXBZT VTFGVM�
ওVT UIF QPXFS EJTTJQBUFE CZ UIF TXJUDIJOH BDUJWJUZ DBO CF SFEVDFE CZ EJTBCMJOH UIF
DMPDL TJHOBM UP VOVTFE CMPDLT� $MPDL HBUJOH QSPWJEFT B XBZ UP TUPQ UIF DMPDL TFMFDUJWFMZ
BOE UIVT GPSDF UIF PSJHJOBM DJSDVJU UP NBLF OP USBOTJUJPO XIFOFWFS UIF DPNQVUBUJPO UP
CF DBSSJFE PVU CZ B IBSEXBSF CMPDL BU UIF OFYU DMPDL DZDMF JT VTFMFTT� *O PUIFS XPSET UIF
DMPDL TJHOBM JT EJTBCMFE GPMMPXJOH UIF JEMF DPOEJUJPOT PG UIF CMPDL�

ওFNBJO FॲFDU PG DMPDL HBUJOH JT UIF SFEVDUJPO PG UIF TXJUDIJOH QPXFS PG UIF DPNCJ�
OBUJPOBM MPHJD GFE CZ UIF HBUFE SFHJTUFST� "MTP DMPDL�USFF BOE SFHJTUFST QPXFS EJTTJQBUJPO
EFDSFBTF�

"T SFQPSUFE JO <��> NBOZ JNQMFNFOUBUJPOT PG DMPDL HBUJOH IBWF CFFO QSPQPTFE�
ওF NPTU DPNNPO JT -BUDI�#BTFE DMPDL HBUJOH XIFSF UIF DMPDL FOBCMF ॴBH JT TUPSFE JO
B MBUDI BOE "/%FE UP UIF DMPDL TJHOBM� ওF MBUDI JT VTFE UP BWPJE IB[BSE QSPQBHBUJPO
BOE UP SFEVDF UIF EFHSBEBUJPO PG DMPDL TJHOBM SJTJOH BOE GBMMJOH USBOTJUJPOT�

1PXFS (BUJOH

1PXFS (BUJOH TUSBUFHZ IBT CFFO DPODFJWFE GPS 4UBUJD 1PXFS SFEVDUJPO� ওF NBJO
JEFB CFIJOE UIJT UFDIOJRVF JT UP MJNJU MFBLBHF DVSSFOU PG HBUFT JO JEMF DPOEJUJPOT <��>� "T

��
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NBOZ XPSLT JO MJUFSBUVSF SFQPSU <�> <��> <��> 1PXFS HBUJOH JT NPTUMZ JNQMFNFOUFE CZ
JOTFSUJOH IJHI�ঽυ USBOTJTUPST OBNFMZ TMFFQ USBOTJTUPST JO TFSJFT XJUI UIF $.04 QVMM�VQ
BOE�PS QVMM�EPXO OFUXPSLT� 8IFO TMFFQ USBOTJTUPST BSF P࠺ UIF TVC�UISFTIPME DVSSFOU PG
1.04�/.04 OFUXPSLT JT SFEVDFE� XIFO UIFZ BSF PO UIF MPHJD DJSDVJU TIPVME LFFQ PQ�
FSBUJOH JO OPNJOBM DPOEJUJPO UIVT TMFFQ USBOTJTUPST IBWF UP CF QSPQFSMZ TJ[FE UP SFEVDF
UIF PWFSBMM DJSDVJU EFMBZ QFOBMUZ�

ওF JOTFSUJPO PG TMFFQ USBOTJTUPST JT B DPNQMFY EFTJHO UBTL� JU SFRVJSFT PQUJNJ[BUJPO
BMHPSJUINT GPS 	J
 BEKVTUJOH DFMM DMVTUFST 	JJ
 TMFFQ USBOTJTUPST TJ[JOH BOE 	JJJ
 UIF EJTUSJ�
CVUJPO OFUXPSL PG PO�P࠺ TJHOBMT�

%VBM�ঽυ
"T GPS 1PXFS (BUJOH TUSBUFHZ %VBM�ঽυ BJNT BU 4UBUJD 1PXFS SFEVDUJPO� "T SFQPSUFE

JO MJUFSBUVSF <��> <���> %VBM�ঽυ DBO CF JNQMFNFOUFE VTJOH NVMUJ�ঽυ DFMMT� ওJT JT NBEF
QPTTJCMF CZ UIF GBDU UIBU TJMJDPO WFOEPST QSPWJEF UFDIOPMPHJDBM MJCSBSJFT XJUI 	J
 IJHI�ঽυ
DFMMT GBTU CVU IBWJOH IJHI MFBLBHF QPXFS BOE 	JJ
 MPX�ঽυ DFMMT TMPX CVU MFTT MFBLZ
XIJDI DBO CF JOUFHSBUFE JOUP UIF TBNF UFDIOPMPHJDBM QSPDFTT ওF CBTJD JEFB PG %VBM�ঽυ
JT CBTFE PO UIF QSJODJQMF CFIJOE %VBM�7EE J�F� QBUI FRVBMJ[BUJPO� ওF EFTJHO JT ॳSTUMZ
TZOUIFTJ[FE BOE NBQQFE POUP MPX�ঽυ DFMMT� UIFO UIF HBUFT CFMPOHJOH UP OPO�DSJUJDBM
QBUIT BSF SFQMBDFE XJUI IJHI�ঽυ DFMMT BT MPOH BT UIF UJNJOH DPOTUSBJOUT BSF TBUJTॳFE�
6TVBMMZ %VBM�ঽυ JT BQQMJFE TJNVMUBOFPVTMZ UP HBUF SFTJ[JOH JO PSEFS UP SFEVDF UIF UPUBM
QPXFS DPOTVNQUJPO�

-PX�QPXFS $MPDL

$MBTTJDBM FYBNQMFT PG MPX�QPXFS DMPDLT BSF IBMG�GSFRVFODZ BOE IBMG�TXJOH DMPDLT�
4VDI DMPDL TJHOBMT SFEVDF GSFRVFODZ BOE WPMUBHF SFTQFDUJWFMZ� 5SBEJUJPOBMMZ IBSEXBSF
FWFOUT TVDI BT SFHJTUFS ॳMF XSJUJOH PDDVS PO B SJTJOH DMPDL FEHF� )BMG�GSFRVFODZ DMPDL
SVO BU IBMG UIF TQFFE PG SFHVMBS DMPDL BOE TZODISPOJ[F FWFOUT VTJOH CPUI FEHFT IBMWJOH
UIF DMPDL TXJUDIJOH QPXFS� 3FEVDFE�TXJOH DMPDLT VTF MPXFS WPMUBHF TJHOBM SFEVDJOH
QPXFS RVBESBUJDBMMZ <��>� %BUB NFUBTUBCJMJUZ JTTVFT TIPVME CF BEESFTTFE BQQSPQSJBUFMZ
BQQMZJOH UIJT TPMVUJPO�

����� 5FDIOPMPHJDBM -FWFM
*O UIJT TFDUJPO UIF $.04 QPXFS PQUJNJ[BUJPO TUSBUFHJFT HP EPXO UP UFDIOPMPHJ�

DBM TPMVUJPOT� ওSFF NBJO BQQSPBDIFT BSF DPOTJEFSFE� 5SBOTJTUPS 4J[JOH BOE 3F�PSEFSJOH
-PX�QPXFS $MPDL BOE 1BTT�5SBOTJTUPS -PHJD� 4JNJMBSMZ UP BSDIJUFDUVSBM��MPHJD�MFWFM PQUJ�
NJ[BUJPO UIFTF UFDIOJRVFT BJN BU ॳOEJOH UIF CFTU USBEFPॲ CFUXFFO QFSGPSNBODF BOE
QPXFS�

��
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5SBOTJTUPS 4J[JOH BOE 3F�PSEFSJOH

$PNCJOBUJPOBM DFMMT USBOTJTUPS TJ[JOH DBO IBWF B TJHOJॳDBOU JNQBDU PO DJSDVJU EF�
MBZ BOE QPXFS EJTTJQBUJPO� *G UIF TJ[F PG UIF USBOTJTUPST JO B DFMM JODSFBTFT UIF EFMBZ PG
UIF DFMM EFDSFBTFT� ওJT CFDBVTF USBOTJTUPST XJUI MBSHFS HBUF XJEUIT ESBJO NPSF DVSSFOU
UIBO TNBMMFS USBOTJTUPST� 6OGPSUVOBUFMZ MBSHFS USBOTJTUPST BMTP DPOUSJCVUF NPSF EFWJDF
DBQBDJUBODF UP UIF DJSDVJU BOE DPOTFRVFOUMZ SFTVMU JO IJHIFS QPXFS EJTTJQBUJPO� "MTP
MBSHFS USBOTJTUPST TVॲFS NPSF TFWFSF TIPSU�DJSDVJU DVSSFOUT XIJDI TIPVME CF BWPJEFE
XIFOFWFS QPTTJCMF� ওF USBOTJTUPS TJ[JOH BMTP BॲFDUT UIF EFMBZ PG B DJSDVJU� BT HBUF TJ[F
JODSFBTFT UIF MPBE DBQBDJUBODF PG UIF DFMM JODSFBTFT MFBEJOH UIF EFMBZ PG UIF GBO�JO HBUFT
UP SBJTF� )FODF HJWFO B EFMBZ DPOTUSBJOU ॳOEJOH BO BQQSPQSJBUF TJ[JOH PG USBOTJTUPST
UIBU NJOJNJ[FT QPXFS EJTTJQBUJPO JT B DPNQVUBUJPOBMMZ EJॵDVMU QSPCMFN�

"O FॵDJFOU MPX�QPXFS TUSBUFHZ NJOJNJ[FT USBOTJTUPS TJ[F XIFOFWFS QPTTJCMF UP SF�
EVDF UIF EZOBNJD QPXFS XIJMF NFFUJOH QFSGPSNBODF DPOTUSBJOUT� ওVT UIF USBOTJTUPST
UIBU MJF BXBZ GSPN UIF DSJUJDBM QBUIT PG B DJSDVJU BSF VTVBMMZ UIF CFTU DBOEJEBUFT GPS
EPXO�TJ[JOH�

" UZQJDBM DMBTT PG IFVSJTUJD BMHPSJUINT BTTPDJBUFT XJUI FBDI USBOTJTUPS B UPMFSBCMF
EFMBZ XIJDI WBSJFT EFQFOEJOH PO IPX DMPTF UIF USBOTJTUPS JT UP UIF DSJUJDBM QBUI� ওFTF
BMHPSJUINT UIFO USZ UP TDBMF BT TNBMM BT QPTTJCMF FBDI USBOTJTUPS XJUIPVU WJPMBUJOH JUT
UPMFSBCMF EFMBZ <��>� "OPUIFS UZQJDBM IFVSJTUJD BQQSPBDI JT UP DPNQVUF UIF TMBDL BU FBDI
HBUF JO UIF DJSDVJU XIFSF UIF TMBDL PG B HBUF DPSSFTQPOET UP IPX NVDI UIF HBUF DBO CF
TMPXFE EPXO XJUIPVU BॲFDUJOH UIF DSJUJDBM EFMBZ PG UIF DJSDVJU� 4VC�DJSDVJUT XJUI TMBDLT
HSFBUFS UIBO [FSP BSF QSPDFTTFE BOE UIF TJ[FT PG UIF USBOTJTUPST SFEVDFE VOUJM UIF TMBDL
CFDPNFT [FSP PS UIF USBOTJTUPST BSF BMM NJOJNVN TJ[F� 7BSJBOUT PG UIF BCPWF BQQSPBDI
BSF QSFTFOUFE JO <���> BOE <�>�

"NPOH UIFTF QPXFS PQUJNJ[BUJPO UFDIOJRVFT BMTP USBOTJTUPS SF�PSEFSJOH EFTFSWFT
UP CF NFOUJPOFE� "T USBOTJTUPST BSSBOHFNFOU BॲFDUT UIF QPXFS DPOTVNQUJPO PG B DJS�
DVJU UIJT NFUIPE SFBSSBOHFT USBOTJTUPST UP NJOJNJ[F UIFJS TXJUDIJOH BDUJWJUZ UIVT UIF
EZOBNJD QPXFS <��> <���>�

%ZOBNJD BOE 1BTT�5SBOTJTUPS -PHJD

*O $.04 TUBUJD MPHJD WPMUBHF JT BMXBZT GFE UP UIF OFUT CZ B DPOEVDUJOH QBUI GSPN UIF
OFU UP UIF TVQQMZ SBJMT� *O UIF PQQPTJUF %ZOBNJD -PHJD <��> OFUT DBO QBTT UISPVHI UIF
PQFSBUJOH DPOEJUJPO JO XIJDI UIFSF JT OP QBUI UP UIF SBJMT BOE WPMUBHFT BSF GFE UISPVHI
UIF DIBSHF TUPSFE PO OFUT DBQBDJUBODFT� 'PS UIJT SFBTPO UIF DMPDL QFSJPE JT EJWJEFE JOUP
UXP QIBTFT� QSF�DIBSHF BOE FWBMVBUJPO QIBTF� %VSJOH QSF�DIBSHF UIF PVUQVU JT DIBSHFE
UP 7EE� ওFO EVSJOH UIF OFYU DMPDL QIBTF UIF MPHJD GVODUJPO JT FWBMVBUFE CZ BO /.04
OFUXPSL EJTDIBSHJOH UIF PVUQVU OPEF JG OFDFTTBSZ� )JTUPSJDBMMZ EZOBNJD EFTJHO TUZMFT
IBWF TIPXO SFMFWBOU MPX�QPXFS QSPQFSUJFT BT BO FYBNQMF CZ IBWJOH SFEVDFE EFWJDF
DPVOUT� *O QSBDUJDF EZOBNJD DJSDVJUT IBWF TFWFSBM EJTBEWBOUBHFT� 'PS JOTUBODF FBDI PG
UIF QSF�DIBSHF USBOTJTUPST JO UIF DIJQ NVTU CF ESJWFO CZ B DMPDL TJHOBM� ওJT JNQMJFT B
EFOTF DMPDL EJTUSJCVUJPO OFUXPSL BOE JUT BTTPDJBUFE DBQBDJUBODF BOE ESJWJOH DJSDVJUSZ�

��
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ওFTF DPNQPOFOUT DBO DPOUSJCVUF TJHOJॳDBOUMZ UP UIF DIJQ QPXFS� #FTJEFT IBWJOH FWFSZ
TJOHMF HBUF ESJWFO CZ UIF DMPDL TLFX JTTVFT CFDPNF FWFO NPSF DSJUJDBM BOE DIBMMFOHJOH
UP IBOEMF�

"T GPS EZOBNJD MPHJD 1BTT�USBOTJTUPS -PHJD <���> SFEVDFT UIF USBOTJTUPS DPVOUT MPX�
FSJOH DJSDVJU MPBE DBQBDJUBODF� *O UIF QBTU UIJT NBEF QBTT�USBOTJTUPS MPHJD BਅSBDUJWF BT B
MPX�QPXFS DJSDVJU BQQSPBDI� )PXFWFS MJLF EZOBNJD MPHJD QBTT�USBOTJTUPS DJSDVJUT TVॲFS
GSPN TFWFSBM ESBXCBDLT� 1BTT USBOTJTUPST IBWF BTZNNFUSJDBM WPMUBHF ESJWJOH DBQBCJMJ�
UJFT BOE UIF WPMUBHF HBQ CFUXFFO IJHI BOE MPX MPHJD MFWFMT EFDSFBTFT BU FBDI TUBHF� *O
TVNNBSZ UIFSF NJHIU CF DPOEJUJPOT JO XIJDI QBTT�USBOTJTUPS MPHJD JT NPSF QPXFS Fॵ�
DJFOU UIBO GVMMZ�$.04 MPHJD� IPXFWFS GSPN B HFOFSBM QPJOU PG WJFX UIF CFOFॳUT PG UIJT
UFDIOJRVF BSF MJNJUFE JG DPNQBSFE UP UIF TBWJOHT PCUBJOFE CZ IJHIFS MFWFM BQQSPBDIFT�

��� %ZOBNJD 1PXFS 0QUJNJ[BUJPO 4DIFNFT
&OFSHZ FॵDJFODZ JT POF PG UIF NBKPS EFTJHO DPODFSOT GPS UPEBZۘT EJHJUBM *OUFHSBUFE

$JSDVJUT 	*$T
� %ZOBNJD QPXFS NBOBHFNFOU JT B EFTJHO NFUIPEPMPHZ UIBU BMMPXT *$T
UP EZOBNJDBMMZ SF�DPOॳHVSF UIF &OFSHZ�1FSGPSNBODF USBEFPॲ BDDPSEJOH UP UIF JOQVU
XPSLMPBE 	F�H� VTFSۘT SFRVFTUT
 BOE UIF FYUFSOBM FOWJSPONFOU DPOEJUJPOT� 4FWFSBM FN�
CPEJNFOUT PG UIJT TDIFNF IBWF CFFO QSPQPTFE JO UIF MJUFSBUVSF� /FYU TFTTJPOT EJTDMPTF
UIFJS JNQMFNFOUBUJPO BOE FॵDJFODZ�

����� %ZOBNJD 7PMUBHF 4DBMJOH 	%74

%ZOBNJD WPMUBHF TDBMJOH 	%74
 JT BO FॲFDUJWF BQQSPBDI GPS FOFSHZ SFEVDUJPO PG JO�

UFHSBUFE DJSDVJUT� %74 XBT PSJHJOBMMZ DPODFJWFE GPS MPX�QPXFS QSPDFTTPS EFTJHOT <���>
BOE UIFNBJO JEFB CFIJOE UIJT NFUIPE JT TUSBJHIUGPSXBSE� EVSJOH TUBHFT PG MPX QSPDFTTPS
VUJMJ[BUJPO UIF QFSGPSNBODF MFWFM DBO CF SFEVDFE TVDI UIBU UBTLT DBO CF DPNQMFUFE ۛKVTU
JO UJNF�ۜ "T UIF QSPDFTTPS GSFRVFODZ JT DVU EPXO BMTP UIF TVQQMZ WPMUBHF DBO CF TDBMFE� "T
TIPXO CZ UIF FRVBUJPOT ��� UIF GSFRVFODZ SFEVDUJPO DPNCJOFE XJUI B RVBESBUJD SFEVD�
UJPO PG UIF TVQQMZ WPMUBHF SFTVMUT JO BO BQQSPYJNBUFMZ DVCJD ESPQ PG QPXFS DPOTVNQUJPO�
)PXFWFS XJUI SFEVDFE GSFRVFODZ UIF UJNF UP DPNQMFUF B UBTL JODSFBTFT MFBEJOH UP BO
PWFSBMM RVBESBUJD SFEVDUJPO JO UIF FOFSHZ UP DPNQMFUF B UBTL�

ষ ৗ Ҋ ঽ 3 Բ ভৄৌো বৎৈ Ҋ ঽ 3 	���

%74 JT UIFSFGPSF BO FॲFDUJWF TUSBUFHZ UP SFEVDF UIF FOFSHZ DPOTVNQUJPO PG B QSP�

DFTTPS FTQFDJBMMZ VOEFS XJEF WBSJBUJPOT JO XPSLMPBE BT JU JT DPNNPO JO NPCJMF BQQMJDB�
UJPOT� &YUFOTJWF XPSL IBT CFFO QFSGPSNFE PO UIF NFUIPEPMPHZ UP EFUFSNJOF UIF WPMUBHF
TDBMJOH QPMJDJFT UIBU NBYJNJ[F UIF FOFSHZ TBWJOHT <��> <��>� *O B SFBM TZTUFN 0QFSBUJOH
4ZTUFN 	04
 JT JO DIBSHF UP TFU GSFRVFODZ BOE WPMUBHF EZOBNJDBMMZ JO PSEFS UP NBUDI
UIF DIBOHJOH EFNBOET GPS QSPDFTTJOH QPXFS� )FODF %74 SFRVJSFT BMHPSJUINT DBMMFE
WPMUBHF TDIFEVMFST UP EFUFSNJOF UIF QSPDFTTPS PQFSBUJOH GSFRVFODZ BU SVO�UJNF� 4FWFSBM

��
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XPSLT JO UIF MJUFSBUVSF FWBMVBUF TDIFEVMJOH BMHPSJUINT JO B WFSJॳDBUJPO FOWJSPONFOU
XIJDI DPOTJTU PG BO FOFSHZ�BDDVSBUF DZDMF�MFWFM TJNVMBUPS <���>�

'VSUIFSNPSF BT TIPXO JO <���> UIF PQFSBUJOH WPMUBHF SBOHF PG QSPDFTTPST DBO CF
TJHOJॳDBOUMZ FYUFOEFE UISPVHI BEEJUJPOBM EFTJHO FॲPSU� *OEFFE B MPXFS MJNJU PG UIF WPMU�
BHF SBOHF DBO CF EFUFSNJOFE GPS PQUJNBM FOFSHZ FॵDJFODZ� ওF PQUJNBM WPMUBHF MJNJU
EFQFOET PO UXP GBDUPST� UIF QPXFS�EFMBZ USBEF�PॲT BU MPX PQFSBUJOH WPMUBHFT BOE UIF
XPSLMPBE DIBSBDUFSJTUJDT PG UIF TQFDJॳD QSPDFTTPS�

����� %ZOBNJD 7PMUBHF 'SFRVFODZ 4DBMJOH 	%7'4

ওF DPOUJOVPVT QSPHSFTT JO NJDSPQSPDFTTPST IBT CFFO TVQQPSUFE NPTUMZ CZ UFDI�

OPMPHZ TDBMJOH XIJDI IBT CFFO SFTVMUFE JO FYQPOFOUJBM HSPXUI PG CPUI EFWJDF EFOTJUZ
BOE QFSGPSNBODF� ওJT USFOE PQFOFE UIF XBZ UP UIF SFWPMVUJPO PG UIF EJHJUBM 4ZTUFN�
PO�$IJQT 	4P$T
 <���>� *U JT XFMM LOPXO UIBU QPXFS DPOTVNQUJPO JT UIF NPTU TUSJOHFOU
DPOTUSBJOU GPS UIF HSPXUI PG 4P$T <���>� )PXFWFS BT UIF UFDIOPMPHZ TDBMJOH FOUFSFE
OBOPNFUFS SFHJNF 	��� ON
 TVQQMZ�WPMUBHF ESPQ MFE $.04 EFWJDFT UP GBDF NBOZ QSPC�
MFNT TVDI BT JODSFBTJOH MFBLBHF DVSSFOUT MBSHF QBSBNFUFS WBSJBUJPOT MPX SFMJBCJMJUZ
BOE ZJFME <��>� ওJT SFQSFTFOUFE B CPਅMFOFDL GPS DMPDL GSFRVFODZ JODSFBTF� ওFSFGPSF
JO PSEFS UP FOTVSF DPNQVUJOH QFSGPSNBODF HSPXUI XJUIPVU CSFBDIJOH QPXFS EJTTJQB�
UJPO SFRVJSFNFOUT IJHI� QFSGPSNBODF NJDSPQSPDFTTPST NPWFE UP NVMUJ�DPSF�NBOZ�DPSF
QBSBEJHN <��> <���>� "T FYQMBJOFE JO ����� 1BSBMMFMJTN JT POF PG UIF CFTU XBZT UP BE�
ESFTT UIF JTTVF PG QPXFS SFEVDUJPO XIJMF NBJOUBJOJOH IJHIFS DPNQVUBUJPO UISPVHIQVU
XJUI MPXFS WPMUBHF BOE GSFRVFODZ� ওF SFTVMU JT B MBSHFS TJMJDPO BSFB CVU PWFSBMM MPXFS
QPXFS EJTTJQBUJPO BOE QPXFS EFOTJUZ� ওJT JT POF PG UIF JEFBT CFIJOE UIF USBOTJUJPO UP
NVMUJ�DPSF�NBOZ�DPSF� *O BEEJUJPO XIFO IJHI�QFSGPSNBODF TZTUFNT OFFE UP NFFU B MPX
FOFSHZ CVEHFU UIF BWBJMBCJMJUZ PG NVMUJQMF QSPDFTTJOH VOJUT UIBU DBO CF UVSOFE�0/�0''
PS KVTU TMPXFE EPXO EFQFOEJOH PO UIF BDUVBM XPSLMPBE SFQSFTFOUT BO FॵDJFOU TPMVUJPO�
8JUIJO UIJT DPOUFYU %ZOBNJD 7PMUBHF 'SFRVFODZ 4DBMJOH 	%7'4
 IBT CFFO QSPWFO UP CF
UIF NPTU FॲFDUJWF UFDIOJRVF UP HFU DMPTF UP NJOJNVN FOFSHZ DPOTVNQUJPO� %7'4 JT
CBTFE PO B TUSBJHIUGPSXBSE XPSLJOH QSJODJQMF UIBU JT SFEVDF UIF TVQQMZ WPMUBHF 	7EE

EPXO UP UIF NJOJNVN UISFTIPME UIBU TBUJTॳFT UIF GSFRVFODZ DPOTUSBJOU 	ভৄৌো
 JNQPTFE
CZ UIF BDUVBM XPSLMPBE�

0SJHJOBMMZ BQQMJFE UP ۛNPOPMJUIJDۜ 4P$T <���> <���> UIF EFHSFF PG GSFFEPN NBEF
BWBJMBCMF CZ NVMUJ�QSPDFTTPS 4P$T 	.1�4P$T
 BSDIJUFDUVSFT FOBCMFE B NPSF FॵDJFOU
DPSF�CBTFE J�F� ॳOF�HSBJOFE %7'4 JNQMFNFOUBUJPO <��>� 8JUI B ॳOF�HSBJO %7'4 FBDI
DPSF DBO CF TFU XPSLJOH BU B EJॲFSFOU PQFSBUJOH QPJOU JO UIF <ভৄৌো ঽ > TQBDF� UIJT BM�
MPXT UP SVO NVMUJQMF UBTLT BTZODISPOPVTMZ BOE CSJOH EPXO UIF NJOJNVN�FOFSHZ QPJOU
PG UIF XIPMF 4P$� "O FYBNQMF PG ॳOF�HSBJO %7'4 PO NBTTJWFMZ QBSBMMFM QMBUGPSNT JT
HJWFO JO <���> XIFSF ��� QSPDFTTPST BSF PSDIFTUSBUFE PWFS B XJEF GSFRVFODZ SBOHF
BDIJFWJOH NJOJNVN QPXFS DPOTVNQUJPOT GSPN ����()[ � ����N8 BU ��� 7 UP ��.)[ �
���ౡ8BU ����� 7� "T BO BEE�PO GFBUVSF ॳOF�HSBJO%7'4 JT B QFSGFDU LOPC UP DPNQFOTBUF
BOE�PS NJUJHBUF WBSJBUJPOT EVF UP 1SPDFTT 7PMUBHF BOE 5FNQFSBUVSF 	175
 ॴVDUVBUJPOT
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Dual-Vdd strategies

(b)

9 Low Area
9 Low Power
9 Fast VddL<->VddH switching
× Slow swing latency of VddL

and VddH

VddL
VddH

Ideal-DVFS

(a)

9 Fast Vdd switching
× Large area or low energy 

efficiency

PS
Vdd

Core

PS
Vdd

Core

PS
Vdd

Core

PS
Vdd

Core

VddL
VddH

VddH
VddL

DC/DC

Vdd

Core

DC/DC

Vdd

Core

DC/DC

Vdd

Core

DC/DC

Vdd

Core

VddH
VddL

External DC/DC VddL
VddH

'JHVSF ���� $PNQBSJTPO CFUXFFO JEFBM�%7'4 BOE EVBM�7EE TUSBUFHJFT <���>�
UIBU BॲFDU EJॲFSFOU DPSFT BFS GBCSJDBUJPO BOE EVSJOH UIF MJGFUJNF PG UIF DJSDVJU <��>�

����� #FZPOE UIF %7'4� 'JOF�(SBJO 7EE�)PQQJOH
" QSBDUJDBM VTF PG %7'4 PO .1�4P$T EFBMT XJUI UIF BWBJMBCJMJUZ PG QSPHSBNNBCMF

PO�DIJQ 7EE SFHVMBUPST UIBU DBO EFMJWFS UIF TVQQMZ WPMUBHF XJUI ॳOF SFTPMVUJPO TUFQ BOE
GBTU TXJOH 	'JH� ���B
� 6OGPSUVOBUFMZ UIF VTF PG JOUFHSBUFE %$�%$ DPOWFSUFST JT NBEF
JNQSBDUJDBM EVF UP IJHI JNQMFNFOUBUJPO DPTUT� *OEFFE PO�DIJQ %$�%$ DPOWFSUFST GBCSJ�
DBUFE XJUI UPEBZۘT UFDIOPMPHJFT NBZ PDDVQZ B DPOTJEFSBCMF TJMJDPO BSFB EVF UP UIF MPX
JOUFHSBUJPO EFOTJUZ PG UIF DPNQPOFOUT UIFZ DPOUBJO F�H� DBQBDJUPST BOE JOEVDUPST <���>�
ওF QJDUVSF HFUT FWFO NPSF DPNQMJDBUFE JG POF DPOTJEFST UIBU FWFSZ TJOHMF DPSF TIPVME
CF FRVJQQFE XJUI B EFEJDBUFE DPOWFSUFS�

ওF DIBMMFOHF GBDFE CZ TFWFSBM XPSLT JO MJUFSBUVSF JT UP BDIJFWF PS BU MFBTU HFU DMPTF
UP UIF FॵDJFODZ PG IJHI�SFTPMVUJPO %7'4 JEFBM�%7'4 IFSFBFS XJUI B EJTDSFUF TFU PG
TVQQMZ WPMUBHFT� *O UIFJS NPSF HFOFSBM FNCPEJNFOU EJTDSFUF�%7'4 TUSBUFHJFT VTF UXP
7EE MFWFMT 	ঽ  BOE ঽ য
 HFOFSBUFE PGG�DIJQ UISPVHI FYUFSOBM WPMUBHF SFHVMB�
UPST BOE FWFOMZ EJTUSJCVUFE BDSPTT UIF EJF 	'JH� ���C
� ওF BCTPMVUF WBMVFT PG ঽ  BOEঽ য BSF TIJFE VQ�EPXO EFQFOEJOH PO UIF XPSLMPBE XIJMF FBDI DPSF JT GFE XJUI UIF
QSPQFS 7EE FNQMPZJOH EFEJDBUFE QPXFS TXJUDIFT 	14
� &WFO UIPVHI UIJT EFTJHO PQUJPO
PॲFST B QSBDUJDBM TPMVUJPO XJUI B MPX JNQBDU PO BSFB BOE QPXFS JU DPNFT XJUI B TQFFE
QFOBMUZ EVF UP IJHI WPMUBHF TXJOH MBUFODZ PG UIF FYUFSOBM WPMUBHF SFHVMBUPST <���>� /FW�
FSUIFMFTT UIJT JT BO BDDFQUBCMF DPTU BT UIF WPMUBHF TDBMJOH QSPDFTT UZQJDBMMZ BQQMJFT BU B
MPX SBUF�

ওF UXP NPTU SFQSFTFOUBUJWF DBTFT PG EJTDSFUF�%7'4 BSF UIF 7EE�)PQQJOH <��> BOE
UIF 7EE�%JUIFSJOH <�>� ওF 7EE�)PQQJOH JT B CBTJD TDIFNF JO XIJDI UIF TVQQMZ WPMU�
BHF SBOHF JT TQMJU JOUP B EJTDSFUF TFU PG WBMVFT UXP PS NPSF EFQFOEJOH PO UIF FYUFSOBM
WPMUBHF SFHVMBUPS 	'JHVSF ���B
� UIF QSPQFS 7EE JT TFMFDUFE BNPOH UIF BWBJMBCMF WBMVFT

��
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Vdd2P

f

Vdd1 Vdd3

Vdd-Hopping

Vdd0

fclk f

Vdd-Dithering

(a) (b)

Ideal-DVFS

Vdd2

f

Vdd1 Vdd3Vdd0

fclk

Ideal-DVFS

P

Vdd constant
Vdd switching

'JHVSF ���� 'SFRVFODZ�1PXFS USBEFPॲ PG FYJTUJOH %7'4 TUSBUFHJFT <���>�
TVDI UIBU UIF GSFRVFODZ DPOTUSBJOU JT NFU� ওF 7EE�%JUIFSJOH TDIFNF JT B NPSF FMBCP�
SBUFE ZFU QSFDJTF TDIFNF UIBU JNQMFNFOUT B 7EE UJNF�TIBSJOH TUSBUFHZ� %JॲFSFOUMZ GSPN
7EE�)PQQJOH UIF 7EE JT NBEF TXJUDIJOH GSPN MPX 	ঽ 
 UP IJHI 	ঽ য
 MFBEJOH
UIF DPSF UP BO BWFSBHF GSFRVFODZ FRVBMT UP UIF GSFRVFODZ DPOTUSBJOU 	'JHVSF ���C
� ওF
QPXFS�GSFRVFODZ USBEFPॲ PCUBJOFE UISPVHI 7EE�%JUIFSJOH DBO CF TFFO BT B MJOFBS BQ�
QSPYJNBUJPO PG JEFBM�%7'4

8IJMF UIF UFDIOJRVFT NFOUJPOFE BCPWF BJN BU QVTIJOH QPXFS DPOTVNQUJPO DMPTF UP
JEFBM�%7'4 XIJMF VTJOH B EJTDSFUF TFU PG TVQQMZ WPMUBHFT 6MUSB�'JOF (SBJO 7EE�)PQQJOH
	'*/&�7)
 JT B QSBDUJDBM NFUIPEPMPHZ UIBU CSJOHT %7'4 CFZPOE JUT UIFPSFUJDBM MJNJU
<���> <���>�

'*/&�7) MFWFSBHFT UIF XPSLJOH QSJODJQMF PG 7EE�)PQQJOH BQQMJFE XJUIJO�UIF�DPSF
UISPVHI BO VMUSB�ॳOF EZOBNJD EVBM�7EE� "T SFQPSUFE JO 'JHVSF ��� '*/&�7) JT B UJMF�
CBTFE TUSBUFHZ J�F� JU BQQMJFT UP SFHVMBS TFDUJPOT PG UIF MBZPVU�

Core

Wrapper Tile

VddH Gnd

Power Grids 
Mesh Core

VddL

FINE-VH

VddH VddL

Vdd

Tile

Vdd-MUX
Standard 

cells

Rows

'JHVSF ���� '*/&�7) XJUIJO�UIF�DPSF MBZPVU QBSUJUJPOJOH BOE UJMFT PSHBOJ[BUJPO <���>�

��
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8PSLJOH XJUI NVMUJQMF WPMUBHFT XJUIJO UIF TBNF GVODUJPOBM VOJU SBJTFT TFWFSBM DPO�
DFSOT EVSJOH UIF QMBDF�SPVUF TUBHFT F�H� BSFB PWFSIFBE BOE UJNJOH DMPTVSF EVF UP MBZ�
PVU GSBHNFOUBUJPO BOE TUBOEBSE DFMM EJTQMBDFNFOU� .PSFPWFS UIF TUBUJD QPXFS DPOTVNQ�
UJPO JODSFBTFT EVF UP UIF MFBLBHF DVSSFOUT PG UIPTF MPHJD HBUFT ESJWFO CZ UJMFT QPXFSFE
BU EJॲFSFOU 7EE� "O PQUJNBM CPEZ�CJBT BTTJHONFOU UFDIOJRVF DBO DPNQFOTBUF GPS UIF
JOUSB�UJMF MFBLBHF BU OP EFMBZ QFOBMUZ�

��� "EBQUJWF 1PXFS .BOBHFNFOU 	"1.

����� #FUUFSࢪ�BO�8PSTU�$BTF %FTJHO

"T FYUFOTJWFMZ FYQMBJOFE JO QSFWJPVT TFDUJPOT UIF BEWFOU PO OBOPNFUFS GFBUVSF TJ[FT
JO TJMJDPO GBCSJDBUJPO IBT USJHHFSFE UISFF NBJO DIBMMFOHFT GPS *$T EFTJHO� 	J
 UIF EFTJHO
DPNQMFYJUZ IBWJOH B MBSHFS USBOTJTUPS CVEHFUT 	JJ
 UIF EFTJHO VODFSUBJOUZ EVF UP JODSFBT�
JOH FOWJSPONFOUBM BOE QSPDFTT WBSJBUJPO 	JJJ
 UIF QSPUFDUJPO GSPN GBVMUT FTQFDJBMMZ TP
FSSPST� -JNJUFE FOFSHZ CVEHFUT BOE JODSFBTJOH UJNF�UP�NBSLFU QSFTTVSF IBWF SBJTFE FWFO
NPSF DPODFSOT BCPVU UIFTF DIBMMFOHFT�

#F࡛FS BO 8PSTU�$BTF EFTJHO 	#58$
 GBDFE UIFTF EFTJHO EFNBOET UISPVHI B OPWFM
TUSBUFHZ UIBU CSPVHIU B IVHF JOOPWBUJPO JO *$T EFTJHO TUZMF <�>� #58$ QSPQPTFE UP EF�
DPVQMF UIF DPOTUSBJOUT PG DPSSFDUOFTT BOE SPCVTUOFTT GSPN UIPTF PG QFSGPSNBODF BOE
QPXFS� ওF BQQSPBDI TQMJUT EFTJHOT JOUP UXP QSJNBSZ DPNQPOFOUT� B DPSF EFTJHO DPN�
QPOFOU BOE B DPNQMJBODF DIFDLFS� ওF DPSF EFTJHO DPNQPOFOU JT SFTQPOTJCMF GPS QFSGPS�
NBODF BOE QPXFS FॵDJFOU DPNQVUJOH� UIF DIFDLFS JT JO DIBSHF PG WFSJGZJOH UIF DPSSFDU�
OFTT PG UIF DPSF DPNQVUBUJPO� *O UIJT XBZ UIF DPSF EFTJHO JT SFMJFWFE GSPN UIF PWFSBMM
DPODFSOT PG PQFSBUJOH DPNQMJBODF UIBU BSF USBOTGFSSFE UP UIF DIFDLFS DPNQPOFOU� 8JUI
NPSF SFMBYFE DPNQMJBODF DPOTUSBJOUT JO UIF DPSF EFTJHO DIBMMFOHFT DBO CF NPSF FॲFD�
UJWFMZ BEESFTTFE�

*O BEEJUJPO #58$ DPSF�DIFDLFS QBSBEJHN FOBCMFE BEBQUJWF QPXFS NBOBHFNFOU GPS
FOFSHZ�FॵDJFOU *$T EFTJHO� *OEFFE #58$IBT CFFO QSPWFE UP CFNPSF FॵDJFOU UIBO UIF
DMBTTJDBM MPX�QPXFS UFDIOJRVFT EJTDVTTFE JO 4FDUJPO ��� XIPTF XFBLOFTT MJFT JO UIFJS
JOUSJOTJD ۛBMXBZT�DPSSFDUۜ OBUVSF XIJDI EJDUBUFT B UIFPSFUJD MPXFS CPVOE PG UIF FOFSHZ
TBWJOHT� -FU VT UBLF B TUSBJHIUGPSXBSE JNQMFNFOUBUJPO PG WPMUBHF TDBMJOH GPS JOTUBODF�
ওFSF JT B NJOJNVN TVQQMZ WPMUBHF 7EE্ৎ JNQPTFE CZ UIF XPSTU�DBTF DPOEJUJPO BOBM�
ZTJT BU XIJDI UJNJOH QBUIT WJPMBUF UIF TFU�VQ UJNF� CFMPX TVDI UISFTIPME UJNJOH GBVMUT
EP BSJTF BOE MPHJD FSSPST QSPQBHBUF� " GVSUIFS SFEVDUJPO PG UIF 7EE DBO CF POMZ BDDPN�
QMJTIFE XJUI NPEJॳDBUJPO PG UIF DJSDVJU J�F� BT #58$ QBSBEJHN QSPQPTFT UISPVHI B
DIFDLFS CMPDL UIBU NPOJUPST UIF TZTUFN DPNQMJBODF�

#58$ EFTJHO JEFB JNQPTFT B DPOTUSBJOU POUP UIF DIFDLFS DPNQPOFOU J�F� JU NVTU CF
TJNQMF UP JNQMFNFOU UP BWPJE TZTUFN DPNQMFYJUZ PWFSIFBE� "DDPSEJOH UP UIF MJUFSBUVSF
<�> NBJOMZ DJSDVJU�UJNJOH DIFDLFST NBUDI UIJT DPOTUSBJOU� TVDI DIFDLFS DPNQPOFOUT
WBMJEBUF UIF UJNJOH DPNQMJBODF PG DJSDVJU�MFWFM DPNQVUBUJPOT� 6TJOH UIJT DBQBCJMJUZ UP

��
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Core

Timing Compliance

Adaptive Power Management

Checker UnitPower
Unit

Vdd

IN OUT

'JHVSF ���� #58$ QBSBEJHN BCTUSBDU WJFX BOE "EBQUJWF 1PXFS .BOBHFNFOU�

NPOJUPS UJNJOH FSSPST #58$ EFTJHO DBO FMJNJOBUF QPXFS�IVOHSZ WPMUBHF NBSHJOT� *O�
EFFE UIF DIFDLFS NFDIBOJTN DBO CF VTFE UP BEBQUJWFMZ NBOBHF UIF QPXFS EFMJWFSZ
CZ BEKVTUJOH UIF TVQQMZ WPMUBHF BDDPSEJOH UP UIF UJNJOH DPNQMJBODF TUBUF PG UIF DPSF
DJSDVJU BT TIPXO JO 'JHVSF ���� 'JOBMMZ JG #58$ JT DPNCJOFE XJUI B EFEJDBUFE GBVMU SF�
DPWFSZ NFDIBOJTNT UIF EFTJHO DBO CF QVTIFE CFZPOE UIF UIFPSFUJDBM MJNJU PG DMBTTJDBM
MPX�QPXFS UFDIOJRVFT ZFU FOTVSJOH BO ۛBMXBZT�DPSSFDUۜ DPNQVUBUJPO�

"O JO�EFQUI BOBMZTJT PG BEBQUJWF MPX�QPXFS NBOBHFNFOU TUSBUFHJFT JO QBSUJDVMBS
"EBQUJWF 7PMUBHF 4DBMJOH BOE UIF JNQMFNFOUBUJPO EFUBJMT PG #58$ EFTJHOT CBTFE PO
UJNJOH�DPNQMJBODF DIFDLFS NFDIBOJTNT BSF SFQPSUFE JO UIF GPMMPXJOH TFDUJPOT�

����� "EBQUJWF 7PMUBHF 4DBMJOH 	"74

"NPOH UIF MPX�QPXFS UFDIOJRVFT QSPQPTFE JO UIF MJUFSBUVSF "EBQUJWF 7PMUBHF 4DBM�

JOH 	"74
 <��> <��> <���> SFQSFTFOUT UIF WFSZ ॳSTU FYBNQMF PG TQFDVMBUJWF QPXFSNBOBHF�
NFOU BQQSPBDI XIJDI QFSGFDUMZ NBUDI XJUI UIF #58$ QBSBEJHN� ওF LFZ JEFB PG "74
JT UIBU PG UVOJOH UIF TVQQMZ WPMUBHF CZ NPOJUPSJOH UIF FSSPS SBUF DPNJOH GSPN DIFDLFS
NFDIBOJTN� *O PUIFS XPSET "74 UFDIOJRVF HJWFT DJSDVJUT UIF DBQBCJMJUZ UP VOEFSTUBOE
BU SVO�UJNF EFQFOEJOH PO UIF JOQVU XPSLMPBE J�F� UIF ॴPX PG EBUB JG�XIFO UIFSF JT
NBSHJO UP GVSUIFS SFEVDF UIF FOFSHZ DPOTVNQUJPOT CFMPX UIF UIFPSFUJDBM NJOJNVN JN�
QPTFE CZ XPSTU�DBTF PQFSBUJOH DPOEJUJPO�

"T FYQMBJOFE UIF ۛBEBQUJWFۜ OBUVSF PG "74 QPXFS NBOBHFNFOU DPNFT GSPN UIF GBDU
UIBU UIF PQUJNBM WPMUBHF DPOॳHVSBUJPO JT JEFOUJॳFE UISPVHI UIF NFBTVSFNFOU PG UIF JO�
QVU XPSLMPBE XIJDI JT JO UVSO BO JOEJSFDU NFBTVSFNFOU PG UIF DJSDVJU EZOBNJD QBUIT
EJTUSJCVUJPO NBEF CZ UIF DIFDLFS DPNQPOFOU� ওJT SFQSFTFOUT UIF LFZ EJॲFSFODF CF�
UXFFO "74 BOE %74� *OEFFE %74 JT BO PQFO�MPPQ TZTUFN BT JU FNQMPZT B WPMUBHF�UBTL

��
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POF�UP�POF NBQQJOH QSF�EFॳOFE BU EFTJHO UJNF UISPVHI B WPMUBHF�XPSLMPBE DIBSBDUFS�
J[BUJPO BU XPSTU�DBTF DPOEJUJPOT� ওVT JO PSEFS UP HVBSBOUFF SPCVTU PQFSBUJPOT VOEFS
XPSTU�DBTF TJHOJॳDBOU FOFSHZ TDBMJOH NBSHJO JT MF� *O DPOUSBTU "74 DBO BEBQUJWFMZ
	J�F� BDDPSEJOH UP UIF DPOUFYU
 SFEVDFT UIF XPSTU�DBTF WPMUBHF NBSHJOT JNQSPWJOH UIF
PWFSBMM FOFSHZ FॵDJFODZ PG UIF EFTJHO�

*O TVNNBSZ UIF DSVDJBM EJॲFSFODF CFUXFFO ۛEZOBNJDۜ BOE ۛBEBQUJWFۜ QPXFS NBO�
BHFNFOU MJFT JO UIF OBUVSF PG UIF JOGPSNBUJPO VTFE GPS TFਅJOH UIF UBSHFU WPMUBHF XIJMF
BO BQQMJDBUJPO JT SVO� %74 BT BO PQFO�MPPQ TUSBUFHZ TDIFEVMF 	PS QSFEJDU
 UIF PQFSBUJOH
WPMUBHF BDDPSEJOH UP B EFTJHO�UJNF 	PS TUBUJD
 XPSLMPBE DIBSBDUFSJ[BUJPO� "74 FNQMPZT
B GFFECBDL NFDIBOJTN UIBU LFFQT QSPCJOH UIF BDUVBM PO�DIJQ DPOEJUJPOT TQFDJॳDBMMZ
UIF UJNJOH DPNQMJBODF BOE BDDPSEJOH UP UIBU TFU UIF UBSHFU WPMUBHF� "T B DMPTFE�MPPQ
QPXFS NBOBHFNFOU BQQSPBDI "74 SFRVJSFT B TUBCMF BOE TBGF NFUIPE UP EFUFDU UIF UJN�
JOH GBVMUT� 4FWFSBM PG GBVMU EFUFDUJPO NFDIBOJTNT BSF BWBJMBCMF JO UIF MJUFSBUVSF <���> BOE
BSF EJTDVTTFE JO UIF OFYU TFDUJPOT�

��� *NQMFNFOUJOH "1.� 5JNJOH 4QFDVMBUJPO GPS "74
ওF QSFWJPVT TFDUJPO IBT IJHIMJHIUFE IPX #58$ DPSF�DIFDLFS EFTJHO QBSBEJHN FO�

BCMFT BEBQUJWF QPXFS NBOBHFNFOU GPS FOFSHZ�FॵDJFOU EJHJUBM TZTUFNT� "T UIF NPTU FG�
GFDUJWF DIFDLFS DPNQPOFOUT BSF EFTJHOFE UP CF TFOTJUJWF UP UIF DJSDVJU UJNJOH DPNQMJ�
BODF 5JNJOH 4QFDVMBUJPO QSJODJQMF IBT CFFO FYQMPJUFE UP JNQMFNFOU BEBQUJWF MPX�QPXFS
UFDIOJRVFT� ওJT TUSBUFHZ SFMJFT VQPO UIF QSPCBCJMJTUJD BTTVNQUJPO UIBU POMZ B TNBMM BOE
JOGSFRVFOU TVC�TFU PG JOQVU QBਅFSOT TFOTJUJ[F UIF MPOHFTU DJSDVJU UJNJOH QBUIT� GPS 7EE
CFMPX7EE্ৎ UIPTF QBUIT BSF SBSFMZ BDUJWBUFE BOE UIFSFGPSF UJNJOH GBVMUT SFNBJO MBUFOU�
*O UIF FWFOU UIFZ HFU FYDJUFE MBUFOU GBVMUT CFDPNF USVF GBVMUT CVU UIF SFTVMUJOH FSSPS DBO
CF SFDPWFSFE UISPVHI TPNF DPSSFDUJPO NFDIBOJTN HVBSBOUFFJOH BO ۛBMXBZT�DPSSFDUۜ
DPNQVUBUJPO� "T B SFTVMU UIF DJSDVJU PQFSBUFT BU NJOJNVN FOFSHZ DPOTVNQUJPO QPJOU
GPS NPTU PG UIF UJNF�

"T UIF LFZ JEFB PG "74 JT UP BEBQUJWFMZ UVOF UIF TVQQMZ WPMUBHF CZ NPOJUPSJOH UIF
UJNJOH GBVMUT SBUF NFBTVSFE CZ BO FSSPS EFUFDUJPO NFDIBOJTN JU DPNFT OBUVSBMMZ UP DPO�
TJEFS "74 BT UIF QPXFS NBOBHFNFOU UIBU CFTU FYQMPJUT UIF UJNJOH TQFDVMBUJPO QSJODJQMF�
4FWFSBM FNCPEJNFOUT PG "74 BSF BWBJMBCMF JO UIF MJUFSBUVSF <���>� UIFZ EJॲFS JO UFSNT
PG 	J
 UIF NFUIPE VTFE UP EFUFDU GBVMUT BOE�PS 	JJ
 UIF DJSDVJU PQUJNJ[BUJPO BQQMJFE UP SF�
DPWFS UIF PDDVSSFODF PG FSSPST� 'JHVSF ��� SFQPSUT B DMBTTJॳDBUJPO PG "74 JNQMFNFOUBUJPO
UFDIOJRVFT HSPVQFE BDDPSEJOH UP UIF UJNJOH GBVMUT EFUFDUJPO TUSBUFHZ�

*O�TJUV UJNJOH .POJUPST 	PS 4FOTPST
 QSPWJEF UIF QPXFS NBOBHFS XJUI SFBM�UJNF BOE
MPDBM GFFECBDL PO UIF IFBMUI PG UIF DIJQ� "T UIFZ SFRVJSF NFBTVSFNFOU XJUIJO UIF JOUFS�
OBM TUSVDUVSF PG B DJSDVJU NPOJUPST UZQJDBMMZ VTF EPVCMF�TFOTJOH 'MJQ�'MPQ PO UIF NPTU
DSJUJDBM QBUIT PG UIF DJSDVJUT� %FQFOEJOH PO UIF JNQMFNFOUBUJPO B UJNJOH TFOTPS DBO 	B

EFUFDU BO PDDVSSFE FSSPS BOE DPSSFDU JU UISPVHI B SFDPWFSZ NFDIBOJTN� 	C
 QSFEJDU UIF

��
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Adaptive Voltage Scaling (AVS)

Prediction-based elastic clock In-situ Timing Monitors
- Error Detection-Correction
- Error Prediction-Prevention 
- Half-path Error Prediction-Prevention

Timing Speculation

Replica Paths
- CRISTA
- Elastic Circuits

- Static
- Tunable

'JHVSF ���� "EBQUJWF 7PMUBHF 4DBMJOH ESJWFO CZ 5JNJOH 4QFDVMBUJPO� B DMBTTJॳDBUJPO�

PDDVSSFODF PG BO FSSPS CZ NFBTVSJOH UIF TMBDL PG BDUJWBUFE QBUI� 	D
 QSFEJDU UIF PDDVS�
SFODF PG BO FSSPS CZ NFBTVSJOH B EFMBZ BU UIF IBMG QPJOU PG B DSJUJDBM QBUI� #Z QSFEJDUJOH B
QPTTJCMF UJNJOH GBVMU CPUI 	C
 BOE 	D
 QSFWFOU UIF PDDVSSFODF BOE UIVT UIF QSPQBHBUJPO
PG UIF FSSPS� *O�TJUV TFOTJOH FOTVSFT TNBMM BSFB PWFSIFBE BOE ॳOF�HSBJOFE PCTFSWBCJMJUZ
PG UIF UJNJOH FSSPST�

0O UIF DPOUSBSZ 3FQMJDB 1BUIT QMBDFE PO UIF CPSEFS PG UIF DJSDVJU BSF JO DIBSHF PG
NFBTVSJOH UIF FॲFDU PG UIF WPMUBHF TDBMJOH QSFWFOUJOH UIF QPUFOUJBM PDDVSSFODF PG UJNJOH
GBVMUT JO UIF GVODUJPOBM QBUIT PG UIF DJSDVJU� ওJT UFDIOJRVF JT MFTT JOUSVTJWF PO�DIJQ CVU
UIF DPTU UP QBZ JT B NPSF DPBSTF�HSBJOFE DBQBCJMJUZ PG UIF UJNJOH GBVMUT EFUFDUJPO�

1SFEJDUJPO�CBTFE FMBTUJD $MPDL UFDIOJRVFT PQFSBUF BU TZOUIFTJT MFWFM JTPMBUJOH UIF DSJU�
JDBM 	MPOH
 QBUIT PG UIF EFTJHO BOE QSPWJEF BO BMFSU NFDIBOJTN SBJTFE XIFO UIFZ BSF
BDUJWBUFE� *U FOTVSFT B ॳOF�HSBJOFE DBQBCJMJUZ PG EFUFDUJOH UJNJOH FSSPST BU UIF DPTU PG B
GVMM NPEJॳDBUJPO PG UIF PSJHJOBM DJSDVJU EVF UP POFSPVT SF�TZOUIFTJT TUBHFT�

'PS UIF TBLF PG DMBSJUZ BMM PG UIFTF "74 UFDIOJRVFT QFSGPSN BO FॵDJFOU FOFSHZ TDBM�
JOH ZFU FOTVSJOH ۛBMXBZ�DPSSFDUۜ DPNQVUBUJPOT� "NPSF EFUBJMFE PWFSWJFX PG "74NFUI�
PET JT SFQPSUFE JO UIF GPMMPXJOH TFDUJPOT�

����� *O�TJUV 5JNJOH .POJUPST� &SSPS %FUFDUJPO�$PSSFDUJPO
ওJT DMBTT PG "74 BQQSPBDIFT BMMPXT UIF GBVMUT UP PDDVS CZ PQFSBUJOH BU UIF FEHF PG

GBJMVSF J�F� SFEVDJOH UIF TVQQMZ WPMUBHF UP DPOTVNF UIF DPOTFSWBUJWF TMBDL HVBSE�CBOE
JOUSPEVDFE CZ UIF XPSTU�DBTF EFTJHO� 5P NBOBHF UIF UJNJOH FSSPST UIFTF BQQSPBDIFT
SFRVJSF UXP NBJO NFDIBOJTNT� 	J
 BO FSSPS EFUFDUJPO TZTUFN J�F� B NFDIBOJTN UP EFUFDU
UIF JODPSSFDU TUBUF WBMVFT DBVTFE CZ UIF UJNJOH FSSPST� 	JJ
 BO FSSPS DPSSFDUJPONFDIBOJTN
USJHHFSFE VQPO BO FSSPS EFUFDUJPO ॴBH UP DPNQFOTBUF UIF FॲFDUT PG FSSPST EVSJOH TZTUFN
PQFSBUJPO�

3B[PS

8JUIJO UIJT DMBTT 3B[PS <�� ��> JT UIF QSJNBSZ SFGFSFODF� "T SFQPSUFE JO 'JHVSF
��� JU JT CBTFE PO 3B[PS�''T UIBU DIFDL UIF DPSSFDUOFTT PG UIF DJSDVJU UISPVHI B UJNF�
TLFXFE DPNQBSJTPO PG UIF TBNQMFE WBMVFT JO UIF NBJO 'MJQ�'MPQ 	''
 BOE B 4IBEPX

��



��� ژ *NQMFNFOUJOH "1.� 5JNJOH 4QFDVMBUJPO GPS "74

'JHVSF ���� "CTUSBDU WJFX PG 3B[PS '' BOE BVHNFOUFE QJQFMJOF <��>�

MBUDI� "T QSFWJPVTMZ IJHIMJHIUFE UIF LFZ JEFB PG 3B[PS�CBTFE "74 JT UIBU PG UVOJOH UIF
TVQQMZ WPMUBHF CZ NPOJUPSJOH UIF FSSPS SBUF� ওJT SFEVDFT UIF WPMUBHF NBSHJOT JNQSPW�
JOH FOFSHZ FॵDJFODZ� 3B[PS ॳOET BQQMJDBUJPO JO NJDSPQSPDFTTPST BSDIJUFDUVSFT XIFSF B
UISFF�TUBHF NFDIBOJTN JNQMFNFOUT UIF FSSPS SFDPWFSZ� ॳSTU BT UIF UJNJOH FSSPS PDDVS
UIF QSPDFTTPS QJQFMJOF JT TUBMMFE� TFDPOE ''T JO WJPMBUJPO BSF SFGSFTIFE XJUI UIF DPSSFDU
WBMVF TBNQMFE JO UIF TIBEPX MBUDI 	���
� UIJSE UIF MBTU QJQF�DZDMF JT SF�FYFDVUFE� #PUI
FSSPS EFUFDUJPO BOE DPSSFDUJPO BSF QFSGPSNFE MPDBMMZ J�F� PO UIF 3B[PS�''T�

"T 3B[PS�'' QMBZT XJUI B UJNF�TLFXFE DMPDL TJHOBM TFUVQ BOE IPME DPOTUSBJOUT BU UIF
NBJO '' JOQVU NJHIU OPU CF SFTQFDUFE MFBEJOH UIF TUBUF PG UIF '' UP CFDPNF NFUBTUBCMF�
" NFUBTUBCMF TJHOBM JODSFBTFT DSJUJDBM QBUI EFMBZ XIJDI DBO DBVTF B TIBEPX MBUDI JO UIF
TVDDFFEJOH QJQFMJOF TUBHF UP DBQUVSF FSSPOFPVT EBUB UIFSFCZ MFBEJOH UP JODPSSFDU FYF�
DVUJPO� "MTP B NFUBTUBCMF '' PVUQVU DBO CF JODPOTJTUFOUMZ JOUFSQSFUFE CZ UIF FSSPS DPN�
QBSBUPS BOE UIF EPXOTUSFBN MPHJD� )FODF BO BEEJUJPOBM EFUFDUPS IBT CFFO JOUSPEVDFE
UP DPSSFDUMZ ॴBH UIF PDDVSSFODF PG NFUBTUBCJMJUZ BU UIF PVUQVU PG UIF NBJO '' <��>� ওF
PVUQVUT PG UIF NFUBTUBCJMJUZ EFUFDUPS BOE UIF FSSPS DPNQBSBUPS BSF 03FE UP HFOFSBUF
UIF TJHOBM PG UIF 3B[PS�''� ওVT UIF TZTUFN SFBDUT UP UIF PDDVSSFODF PG NFUBTUBCJMJUZ
FYBDUMZ JO UIF TBNF XBZ BT JU SFBDUT UP B DPOWFOUJPOBM UJNJOH GBJMVSF�

&OFSHZ TBWJOHT EVF UP 3B[PS�CBTFE "74 PO B ���CJU QSPDFTTPS BSF ��� PWFS XPSTU�
DBTF PQFSBUJOH DPOEJUJPOT� UIJT SFTVMU JT PCUBJOFE CZ TDBMJOH TVQQMZ WPMUBHF UP BDIJFWF B
���� UBSHFUFE FSSPS SBUF BU B ॳYFE GSFRVFODZ PG ��� .)[ <��>�

3B[PS **

"T B GVSUIFS FॲPSU UP BWPJE QPTTJCMF NFUBTUBCJMJUZ JTTVFT 3B[PS ** <��> IBT CFFO QSP�
QPTFE BT BO FYUFOTJPO PG 3B[PS� ওJT TPMVUJPO ॳHIUT NFUBTUBCJMJUZ CZ DIFDLJOH UIF PD�
DVSSFODF PG FSSPST UISPVHI B USBOTJUJPO EFUFDUPS JOTUFBE PG VTJOH B TIBEPX MBUDI 	'JHVSF
����
� .PSFPWFS JU TIJT UIF FSSPS�SFDPWFSZ NFDIBOJTN BU B ۛBSDIJUFDUVSFۜ MFWFM UIBU
JT UIF ''T BSF JO DIBSHF PG FSSPS EFUFDUJPO XIJMF UIF DPSSFDUJPO JT QFSGPSNFE UISPVHI B

��
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'JHVSF ����� 3B[PS ** JNQMFNFOUBUJPO <��>�

GVMM SFQMBZ PG UIF MBUFTU JOTUSVDUJPO� *OTUSVDUJPO SFQMBZ JT BDIJFWFE CZ DIFDL�QPJOUJOH UIF
1SPHSBN $PVOUFS 	1$
 SFHJTUFS� ওF 1$ SFHJTUFS JT TDSPMMFE BMPOH UIF QSPDFTTPS QJQFMJOF�
8IFO BO FSSPS JT EFUFDUFE UIF FOUJSF QJQFMJOF JT ॴVTIFE BOE UIF 1$ JO UIF GFUDI TUBHF JT
PWFSXSJਅFO XJUI UIF DIFDL�QPJOUFE 1$ J�F� UIF 1$ PG UIF JOTUSVDUJPO IBT HFOFSBUFE UIF
UJNJOH FSSPS� /PSNBM JOTUSVDUJPO FYFDVUJPO SFTVNFT GSPN UIFO PO� 4JODF BO FSSPOFPVT
JOTUSVDUJPO JT SF�FYFDVUFE UISPVHI UIF QJQFMJOF EVSJOH SFQMBZ UIF TBNF JOTUSVDUJPO DBO
TVॲFS SFQFBUFE UJNJOH FSSPST� )FODF UIF DMPDL GSFRVFODZ JT IBMWFE UP BMMPX HVBSBOUFFE
DPNQMFUJPO�

3B[PS ** TUSBUFHZ TJHOJॳDBOUMZ SFEVDFT UIF TJ[F UIF 3B[PS�'' BU UIF DPTU PG PWFSBMM QFS�
GPSNBODF QFOBMUJFT� ওF SFTVMUT DPMMFDUFE PO B ���CJU NJDSPQSPDFTTPS TIPX ��� BWFSBHF
FOFSHZ TBWJOHT BOE BO JOTUSVDUJPO�QFS�DZDMF EFHSBEBUJPO PG �����

&SSPS�%FUFDUJPO 4FRVFOUJBM 	&%4


"VUIPST JO <�� ��> QSPQPTFE BO BMUFSOBUJWF DJSDVJU GPS FSSPS EFUFDUJPO BOE DPSSFDUJPO
XIJDI QSFWFOU NFUBTUBCJMJUZ CZ SFQMBDJOH UIF 3B[PS ''T XJUI UJNF CPSSPXJOH -BUDIFT�
ওFZ DBMMFE UIJT UFDIOJRVF &SSPS�%FUFDUJPO 4FRVFOUJBM 	&%4
� "O "74�CBTFE EFTJHO DBO
CF JNQMFNFOUFE CZ SFQMBDJOH ''T PO UIF DSJUJDBM QBUIT XJUI &%4 DJSDVJUT� "T TIPXO JO
'JHVSF ���� UIF &%4 JT B EPVCMF�TBNQMJOH DJSDVJU BVHNFOUFE XJUI B UJNF�CPSSPXJOH
MBUDI NFDIBOJTN� *U DPOTJTUT PG UIF NBJO '' B TIBEPX MBUDI BOE BO 903 HBUF� 4JNJMBSMZ
UP 3B[PS UIF NBJO '' BOE TIBEPX MBUDI TBNQMF UIF EBUB PO UIF DSJUJDBM QBUI FOE�QPJOU
BU UIF SJTJOH BOE GBMMJOH DMPDL FEHFT SFTQFDUJWFMZ� ওF 903 MPHJD HBUF DPNQBSFT UIFTF
UJNF�TLFXFE TBNQMFT BOE JO DBTF PG NJTNBUDI HFOFSBUFT BO &3303 TJHOBM� 4QFDJॳDBMMZ
JG UIF NBJO '' JOQVU EPFT OPU NFFU UIF TFUVQ UJNF DPOTUSBJOU EVF UP WPMUBHF TDBMJOH PS
WBSJBUJPOT UIF MBUDI BOE NBJO '' PVUQVUT EJॲFS SFTVMUJOH JO B &3303 TJHOBM SJTJOH� ওF
HFOFSBUFE &3303 ॴBH DBO CF QSPQBHBUFE UP UIF SFTU PG UIF DIJQ UP JOWBMJEBUF UIF FSSP�
OFPVTMZ FYFDVUFE PQFSBUJPO BOE USJHHFS B QSPQFS SFDPWFSZ NFDIBOJTN GPS DPSSFDUJPO
XIJDI JT BSDIJUFDUVSBM BT JO UIF 3B[PS ** DBTF� 4JMJDPO NFBTVSFNFOUT PO NJDSPQSPDFTTPS
DJSDVJU TIPX BO FॵDJFOU "74 QSPॳMF XJUI SFNBSLBCMF FOFSHZ SFEVDUJPO 	���
� )PXFWFS
UIF NPTU TJHOJॳDBOU MJNJUBUJPO PG UIJT UFDIOJRVF DPODFSOT UIF OFFE UP UIF UP DPOWFSU UIF
TUBOEBSE EFTJHO JOUP B MBUDI�CBTFE EFTJHO�

��
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'JHVSF ����� "CTUSBDU WJFX PG &%4 <��>�

4ZOUIFTJT�MFWFM 4MBDL 3FEJTUSJCVUJPO

3FDFOU XPSLT JOUSPEVDFE DJSDVJU�BSDIJUFDUVSBM MFWFM PQUJNJ[BUJPO GPS B NPSF FॵDJFOU
"74 CBTFE PO FSSPS EFUFDUJPO�DPSSFDUJPO <��><��> <��>� ওFTF UFDIOJRVFT QSPQPTFE UP
SFEVDF UIF NJOJNVN BMMPXFE 7EE CZ NFBOT PG B UJNJOH TMBDL SFEJTUSJCVUJPO� 8JUI TVDI
UFDIOJRVFT UIF NPTU GSFRVFOUMZ FYFSDJTFE QBUIT BSF NBEF GBTUFS UIFSFCZ GPSDJOH UJNJOH
FSSPST PO UIF NPTU JOGSFRVFOU QBUIT <��>�ওJT DIPJDF NBYJNJ[FT UIF 7EE MPXFSJOH SBOHF
XIJMF SFEVDJOH UIF QPXFS DPOTVNQUJPO VOEFS B HJWFO DPOTUSBJOU PG QFSGPSNBODF MPTT�
&YQFSJNFOUT VQPO BO PQFO TPVSDF QSPDFTTPS EFNPOTUSBUF ��� QPXFS TBWJOHT XJUI BO
FSSPS SBUF PG �� BOE BO BSFB PWFSIFBE PG ���� <��>�

3FTIBQJOH UIF PSJHJOBM QBUI EJTUSJCVUJPO JT B 	TUBUJD
 EFTJHO BQQSPBDI XIJDI NBZ
SFTVMU UPP XFBL 	PS UPP QFTTJNJTUJD
 BT NPTU DSJUJDBM QBUIT NBZ DIBOHF EVF UP QSPDFTT
WBSJBUJPOT BOE�PS UJNF�EFQFOEFOU WBSJBUJPOT <�� ���>�

0O UIF MJNJUBUJPO PG TUBOEBSE FSSPS EFUFDUJPO�DPSSFDUJPO TDIFNFT

&YJTUJOH &SSPS %FUFDUJPO�$PSSFDUJPO TUSBUFHJFT TVॲFS GSPN UIF TP�DBMMFE TIPSU�QBUI
SBDF J�F� UIF PWFSMBQQJOH CFUXFFO TIPSU� BOE MPOH�QBUIT EVSJOH FSSPS EFUFDUJPO XIJDI
JNQPTFT UIF BEPQUJPO PG UFEJPVT IPME�ॳYJOH QSPDFEVSFT SVO BU EFTJHO UJNF� )PME�ॳYJOH
	XIFO DPOWFSHJOH
 NBZ JOEVDF B TVCTUBOUJBM NPEJॳDBUJPO PG UIF DJSDVJUۘT DIBSBDUFSJTUJD�
'JSTUMZ EFQFOEJOH PO UIF DIBSBDUFSJTUJDT PG UIF DJSDVJU IPME�ॳYJOH NBZ MFBE UP TJHOJॳ�
DBOU BSFB�QPXFS PWFSIFBE� "T SFQPSUFE JO <��> GPS B TJNQMF UFTU�DBTF NBEF VQ PG UISFF
���CJUT NVMUJQMJFST UIF BSFB HSPXT CZ ���Y XIJMF FOFSHZ QFS PQFSBUJPO JODSFBTFT VQ UP
��� X�S�U� UIF CBTFMJOF DJSDVJU� 'VSUIFSNPSF QBUIT BSF TVCTUBOUJBMMZ TIJFE UPXBSET UIF
DMPDL FEHF� ওJT JTTVF 	BT QSPWFO CZ PVS TJNVMBUJPO SFTVMUT
 SFQSFTFOUT B TFWFSF JNQFE�
JNFOU GPS FॲFDUJWF VTF PG "74 <���>��

����� *O�TJUV 5JNJOH .POJUPST� &SSPS 1SFEJDUJPO�1SFWFOUJPO
6OMJLF &SSPS %FUFDUJPO�$PSSFDUJPO UFDIOJRVFT UIJT DMBTT PG DJSDVJUT BEESFTTFT UJN�

JOH TQFDVMBUJPO JO B DPNQMFNFOUBSZ XBZ� ওF UJNJOH FSSPS JT QSFEJDUFE CZ USBDLJOH UIF

��
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'JHVSF ����� "CTUSBDU WJFX PG B $BOBSZ '' <���>�

TMBDL PG UIF BDUJWBUFE QBUIT BOE QSFWFOUFE CZ SBJTJOH UIF TVQQMZ WPMUBHF� ওF NPTU SFQ�
SFTFOUBUJWF EFWJDF PG UIJT DMBTT JT UIF $BOBSZ '' <���>� "T SFQPSUFE JO 'JHVSF ���� $BOBSZ
'' DJSDVJU VTFT UIF TBNF EPVCMF�TBNQMJOH NFDIBOJTN PG 3B[PS CVU JU GFFET B EFMBZFE
JOQVU TJHOBM UP UIF TIBEPX '' 	SBUIFS UIBO B EFMBZFE DMPDL
� ওF EFMBZ BNPVOU JT DBMMFE
QSFEJDUJPO XJOEPX BOE SFQSFTFOUT UIF UJNJOH TMBDL UP XIJDI UIF $BOBSZ '' JT TFOTJUJWF�
4QFDJॳDBMMZ B DPNQBSBUPS JT JO DIBSHF PG DIFDLJOH XIFUIFS B EBUB USBOTJUJPO PDDVST JO
UIF QSFEJDUJPO XJOEPX NFBOJOH UIBU B QBUI XJUI B TMBDL MPXFS PS FRVBM UP QSFEJDUJPO
XJOEPX IBT CFFO BDUJWBUFE BOE UIVT SBJTJOH BO FSSPS USJHHFS 	PS XBSOJOH
� "T SFQPSUFE
JO UIF MJUFSBUVSF UIF "74 JT ESJWFO CZ B XBSOJOH SBUF XIJDI NFBTVSFT UIF GSFRVFODZ PG
UIF QPUFOUJBM FSSPST EVSJOH B NPOJUPSJOH QFSJPE�

ওJT UFDIOJRVF EPFT OPU JOUSPEVDF UIF TIPSU�QBUI SBDFT JTTVF XJUI UIF UFEJPVT BOE
FYQFOTJWF IPME�UJNF DPOTUSBJOU ॳYJOH QSPDFEVSF OFFEFE JO 3B[PS UFDIOJRVF� ওVT MFTT
BSFB PWFSIFBE BOE FBTJFS UJNJOH DMPTVSF DBO CF BDIJFWFE� .PSFPWFS $BOBSZ�CBTFE "74
EPFT OPU SFRVJSF UIF TZOUIFTJT PG B EFMBZFE DMPDL USFF�

)PXFWFS $BOBSZ ''T DBO POMZ QSFEJDU BOE QSFWFOU QPUFOUJBM FSSPST GSPN QSPQBHBU�
JOH BT UIF TVQQMZ WPMUBHF JT TDBMFE� *G B DSJUJDBM QBUI BDUJWBUJPO PDDVST JO UIF DVSSFOU DMPDL
DZDMF UIF NBJO '' TUPSFT BO FSSPOFPVT TBNQMF UIVT UIF UJNJOH FSSPS DBOOPU CF EFUFDUFE
OPS QSFWFOUFE BOE UIF GBVMU NBZ QSPQBHBUF JO UIF GBO�PVU MPHJD TUBHF� *O PUIFS XPSET
$BOBSZ DBO POMZ QSFWFOU GVUVSF FSSPST BOE DBOOPU SFDPHOJ[F FSSPST UIBU PDDVSSFE JO UIF
DVSSFOU DMPDL DZDMF� %VF UP UIJT SFBTPO $BOBSZ IBT CFFONPTUMZ BQQMJFE JO FSSPS�SFTJMJFOU
BQQMJDBUJPOT XIFSF B DFSUBJO BNPVOU PG FSSPST DBO CF UPMFSBUFE 	F�H� JNBHF�WJEFP DPEFD
CBTF�CBOE QSPDFTTPS
 <���>� 7FSZ DPOTFSWBUJWF DPOॳHVSBUJPOT PG UIF QSFEJDUJPO XJOEPX
DBO CSJOH DBOBSZ�CBTFE "74 UP RVBTJ BMXBZT�DPSSFDU DPNQVUBUJPO <��> XJUI FSSPS PDDVS�
SFODF QSPCBCJMJUZ WFSZ DMPTF UP [FSP� )PXFWFS SFDFOU XPSLT MJLF <��> <���> IBWF TIPXO
UIBU ۛBMXBZT�DPSSFDUۜ DPNQVUBUJPO DBO CF PCUBJOFE JO TQFDJॳD BQQMJDBUJPOT 	F�H� #$)
FODPEFS�EFDPEFS
 CZ TFਅJOH GPS FBDI DBOBSZ '' B QSFEJDUJPO XJOEPX XJEUI UIBU GPMMPXT
UIF TMBDL PG UIF PCTFSWFE DSJUJDBM QBUI�
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��� ژ *NQMFNFOUJOH "1.� 5JNJOH 4QFDVMBUJPO GPS "74

'JHVSF ����� "CTUSBDU WJFX PG "74 CBTFE PO)BMG�1BUI &SSPS 1SFEJDUJPO�1SFWFOUJPO <���>�

����� *O�TJUV5JNJOH.POJUPST�)BMG�QBUI&SSPS 1SFEJDUJPO�1SFWFOUJPO
ওF DPSF JEFB PG UIJT DMBTT PG UFDIOJRVFT GPS "74 JT UIBU UIF UJNJOH FSSPS DBO CF

QSFEJDUFE CZ EFUFDUJOH UIF MBUF�BSSJWJOH EBUB USBOTJUJPOT BU BO JOUFSNFEJBUF OPEF JO UIF
DSJUJDBM QBUI JOTUFBE PG BU UIF FOE�QPJOU ''� ওFO UIF PCTFSWFE QPUFOUJBM UJNJOH FSSPS
DBO CF QSFWFOUFE UISPVHI EZOBNJD DMPDL HBUJOH BT SFQPSUFE JO 'JHVSF ����� *O <���>
<���> <���> UIF IBMG�QBUI�EFMBZ QPJOU JT NBSLFE BT UIF PQUJNBM QMBDF GPS EFUFDUJOH B
MBUF�BSSJWJOH USBOTJUJPOT� "OZ USBOTJUJPO PDDVSSJOH BFS UIF GBMMJOH FEHF PG UIF DMPDL BU
UIF IBMG�QBUI�EFMBZ QPJOU DBO CF JEFOUJॳFE BT B QPUFOUJBM UJNJOH FSSPS�

6OMJLF &SSPS %FUFDUJPO�$PSSFDUJPO UFDIOJRVFT UIJT NFUIPE EPFT OPU OFFE UP ॳY UIF
TIPSU�QBUI SBDF JTTVF BT B MBUF USBOTJUJPO JT PCTFSWFE BU DSJUJDBM QBUI IBMG�QPJOU� ওJT SF�
EVDFT UIF BSFB�QPXFS PWFSIFBE BOE NBLFT UIF UJNJOH DMPTVSF NVDI FBTJFS FTQFDJBMMZ
GPS VMUSB�MPX�WPMUBHF PQFSBUJPO� "MTP UIF FSSPS QSFEJDUJPO JT PSJFOUFE UPXBSE UIF GBVMUT
JO UIF DVSSFOU DMPDL DZDMF SBUIFS UIBO UPXBSE GVUVSF FSSPST MJLF JO UIF $BOBSZ '' UFDI�
OJRVF� 'VSUIFSNPSF FSSPS QSFWFOUJPO JT QFSGPSNFE CZ EZOBNJD DMPDL HBUJOH XIJDI DBO
CF FBTJMZ JOUFHSBUFE JOUP HFOFSBM EJHJUBM EFTJHOT� 1SBDUJDBM VTF PG UIJT LJOE PG "74 UFDI�
OJRVF JT SFQPSUFE JO <��> XIFSF BO FOFSHZ�FॵDJFOU TFOTPS OPEF QSPDFTTPS JT QSFTFOUFE
GPS JOUFMMJHFOU TFOTJOH JO UIF *OUFSOFU PG ওJOHT BQQMJDBUJPOT�

" NPSF SFDFOU XPSL 4MBDL1SPCF <��> IBT TIPXO UIBU JO�TJUV NPOJUPST DBO CF QMBDFE
BU EJॲFSFOU JOUFSNFEJBUF OFUT BMPOH UIF DJSDVJU QBUIT� ওJT NPOJUPST USBDL UIF TMBDL PG
DSJUJDBM QBUIT BOE SBJTF B XBSOJOH XIFO QPUFOUJBM UJNJOH WJPMBUJPOT NBZ PDDVS�

ওF NBJO ESBXCBDLT PG UIFTF UFDIOJRVFT DBO CF TVNNBSJ[FE BT GPMMPX� 	J
 QPTTJCMF
UJNJOH FSSPS NJTT QSFEJDUJPOT DBO IBQQFO JG BO FSSPS SBJTFT JO UIF TFDPOE IBMG PG UIF
DSJUJDBM QBUIT PS BFS UIF OFUT XIFSF UIF JO�TJUV TFOTPST IBWF CFFO QMBDFE MFBEJOH UP
GVODUJPOBM GBJMVSF� 	JJ
 'BMTF BMBSN EFUFDUJPO DBO PDDVS XIFO BO FSSPS XBSOJOH SBJTFE JO
UIF ॳSTU IBMG PG UIF DSJUJDBM QBUI JT UIFO DPNQFOTBUFE JO UIF TFDPOE�IBMG� UIJT DPOEJUJPO
NJHIU MFBE UP TFWFSF QFSGPSNBODF PWFSIFBE EVF UP VOOFDFTTBSZ FSSPS QSFWFOUJPO NFDI�
BOJTN BDUJWBUJPOT 	J�F� DMPDL HBUJOH
� 	JJJ
 %FTJHO DPNQMFYJUZ BOE BSFB PWFSIFBE EVF UP

��
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UIF TFOTPST QMBDFNFOU JO UIF DBTF PG B MBSHF OVNCFS PG DSJUJDBM QBUIT� BMTP UIF DPNQMFY�
JUZ UP JEFOUJGZ UIF SJHIU IBMG� PS JOUFSNFEJBUF�QPJOUT BMPOH DSJUJDBM QBUIT JO UIF QSFTFODF
PG WBSJBUJPOT�

����� 3FQMJDB�1BUIT &SSPS 1SFWFOUJPO
6OMJLF JO�TJUV UJNJOHNPOJUPST 3FQMJDB�QBUIT 	PS FYUFSOBM TFOTPSTNPOJUPST
 BSF QMBDFE

PO UIF TBNF DIJQ EJF CVU PVUTJEF PG UIF GVODUJPOBM QBUIT FOBCMJOH MFTT JOUSVTJWF UJNJOH
NPOJUPSJOH PQFSBUJPOT� ওJT UFDIOJRVF SFMJFT VQPO UIF QSJODJQMF GPS XIJDI DSJUJDBM QBUIT
SFQMJDB PG B DJSDVJU DBO CF VTFE UP NFBTVSF UIF FॲFDU PG UIF WPMUBHF TDBMJOH QSFWFOUJOH
UJNJOH GBVMUT GSPN PDDVSSJOH JO UIF GVODUJPOBM QBUIT PG UIF DJSDVJU <��> <���>� 'JHVSF ����
TIPXT UIF "74 DJSDVJU JT DPNQPTFE CZ UISFF NBJO QBSUT� 	J
 UIF WPMUBHF TDBMFE DJSDVJU 	JJ

UIF WPMUBHF DPOUSPM MPHJD BOE 	JJJ
 UIF DSJUJDBM QBUIT SFQMJDB� "DDPSEJOH UP UIF MJUFSBUVSF
DSJUJDBM QBUIT SFQMJDB BSF PFO JNQMFNFOUFE UISPVHI UISFF DPNQPOFOUT� SFQMJDBUFE MPHJD
EFMBZ CVॲFST BOE BO FEHF EFUFDUPS� ওF MBਅFS DIFDLT UIF USBOTJUJPO FEHF UJNJOH BU UIF
FOE�QPJOU PG UIF DSJUJDBM QBUI SFQMJDB GPS FWFSZ DMPDL DZDMF BOE HFOFSBUFT B XBSOJOH TJH�
OBM XIFO UIF FEHF JT MBUF� 3FQMJDB DJSDVJUT TIPVME JODMVEF NBOZ QBUIT PG UIF NBJO DJSDVJU
BT UP IBWF UIF NPTU TJNJMBS TFOTJUJWJUZ UP WBSJBUJPOT EVSJOH WPMUBHF TDBMJOH� 0CWJPVTMZ
UIJT DPNFT XJUI B MBSHF BSFB DPTU� )PXFWFS DPNQBDU SFQMJDB QBUIT IBWF CFFO QSPQPTFE
JO UIF MJUFSBUVSF UP PWFSDPNF UIJT JTTVF�ওFZ DBO CF JNQMFNFOUFE UISPVHI B EFTJHO�UJNF
TFOTJUJWJUZ DIBSBDUFSJ[BUJPO <��> PS CZ JOUFHSBUJOH UVOBCMF SFQMJDB QBUIT UIBU DBO CF TFU
BU QPTU�GBCSJDBUJPO UJNF <���>�

'JHVSF ����� "CTUSBDU WJFX PG 3FQMJDB�QBUIT CBTFE "74 <��>�

"NPOH PO�DIJQ TFOTJOH BOE BEBQUJWF UVOJOH DJSDVJUT UIF DSJUJDBM QBUI SFQMJDB UFDI�
OJRVF IBT UIF MPXFTU PWFSIFBE CVU JU DBOOPU DBQUVSF UIF MPDBM WBSJBUJPOT EVF UP UIF
MPDBUJPO EJॲFSFODF CFUXFFO UIF BDUVBM DSJUJDBM QBUI BOE UIF SFQMJDB DJSDVJU� "MTP VOMJLF
JO�TJUV UJNJOH NPOJUPST SFQMJDB QBUIT BSF OPU TFOTJUJWF UP UIF JOQVU XPSLMPBE NBLJOH
"74 WFSZ DPOTFSWBUJWF BOE OPU SFTQPOTJWF UP UIF DPOUFYU 	J�F� UIF ॴPX PG UIF JOQVU EBUB
�

��



��� ژ *NQMFNFOUJOH "1.� 5JNJOH 4QFDVMBUJPO GPS "74

����� 1SFEJDUJPO CBTFE FMBTUJD�DMPDLJOH
ওFNPTU SFQSFTFOUBUJWF UFDIOJRVF BNPOH UIJT DMBTT PG "74 QPXFSFE CZ UJNJOH TQFD�

VMBUJPO JT QSPQPTFE JO <��>� ওF BVUIPST JOUSPEVDF B EFTJHO QBSBEJHN DBMMFE $3*45"
UIBU JNQMFNFOUT "74 VOEFS B EFTJSFE GSFRVFODZ DPOTUSBJOU� ওF CBTJD JEFB JT UP JTPMBUF
UIF NPTU DSJUJDBM QBUIT UISPVHI B DVTUPN SF�TZOUIFTJT TUBHF UIBU SFTIBQFT UIF PSJHJOBM
QBUIT EJTUSJCVUJPO� ওF 7EE JT UIFO UVOFE TVDI UIBU UIF NPTU DSJUJDBM QBUIT WJPMBUF UIF
TFU�VQ UJNF XIJMF UIF SFNBJOJOH OPO�DSJUJDBM QBUIT SVO FSSPS�GSFF� ওF BDUJWBUJPO PG UIF
DSJUJDBM QBUIT JT QSFEJDUFE CZ B EFEJDBUFE DPOUSPM MPHJD UIBU XPSLT BT B MPHJD FSSPS TFO�
TPS�ওF ॴBH SFUVSOFE CZ UIJT TFOTPS USJHHFST UJNJOH TQFDVMBUJPOT� BO FYUSB DMPDL�DZDMF JT
HJWFO XIFO MPOH�QBUIT BSF FYDJUFE�ওF $3*45" EFTJHO NFUIPEPMPHZ FOTVSFT BDUJWBUJPO
SBUFT PG UIF MPOH�QBUIT BSF MPX FOPVHI UP BWPJE FYDFTTJWF QFSGPSNBODF QFOBMUJFT� 'PS B
UXP�TUBHF QJQFMJOFE "-6 $3*45" BMMPXT SFEVDJOH UIF QPXFS DPOTVNQUJPO CZ ��� XJUI
B NFSF �� BSFB PWFSIFBE�

ওF TPMVUJPO QSFTFOUFE JO <�� ��> JT B WBSJBOU PG UIF $3*45" QBSBEJHN XIJDI TUJMM
FYQMPJUT UIF DPODFQU PG WBSJBCMF MBUFODZ VOJUT� 3FTVMUT TIPX ��� QPXFS TBWJOHT X�S�U� UIF
CBTFMJOF JNQMFNFOUBUJPO� 8IFO UFTUFE PO B ��TUBHF QJQFMJOF NJDSP�BSDIJUFDUVSF VTJOH
41&$�, CFODINBSLT UIF UISPVHIQVU QFOBMUZ JT ���

/PNBਅFS JUT BDUVBM JNQMFNFOUBUJPO $3*45" JT BQQMJFE BU EFTJHO UJNF OBNFMZ CPUI
UIF TFMFDUJPO PG UIF DSJUJDBM QBUIT BOE UIF TZOUIFTJT PG UIF BDUJWBUJPO GVODUJPO 	PS WBSJBCMF
MBUFODZ VOJUT
 BSF EPOF TUBUJDBMMZ VTJOH TPNF B�QSJPSJ LOPXMFEHF PG UIF DJSDVJU� )PX�
FWFS QSPDFTT WBSJBUJPOT SFQSFTFOU B TFSJPVT DPODFSO� UIF QBUI EJTUSJCVUJPO NBZ DIBOHF
EVF UP NBOVGBDUVSJOH JNQFSGFDUJPOT BOE TPNF DSJUJDBM QBUIT NBZ SFTVMU VODPWFSFE CZ
UIF BDUJWBUJPO GVODUJPO 	EFॳOFE BU EFTJHO UJNF
� "T GBS BT SFQPSUFE JO UIF MJUFSBUVSF B
QSBDUJDBM TPMVUJPO UP NBLF $3*45" BEBQUJWF�UVOBCMF GPS QPTU�TJMJDPO DBMJCSBUJPO EPFT
OPU FYJTU� JOEFFE ۛHVBSE�CBOEJOH ۜ J�F� BO PWFS�TFMFDUJPO PG UIF DSJUJDBM QBUIT UIBU IBWF
UP CF JTPMBUFE TFFNT UIF POMZ PQUJPO BWBJMBCMF� 6OGPSUVOBUFMZ UIJT FYBDFSCBUFT UIF EF�
TJHO PWFSIFBE� "MTP $3*45" SFRVJSFT BEEJUJPOBM MPHJD TZOUIFTJT TUBHFT XIJDI BSF OPU
BWBJMBCMF JO TUBOEBSE EFTJHO LJUT�
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$IBQUFS �

&OFSHZ�"DDVSBDZ 4DBMJOH� B /FX
1BSBEJHN

"T BMSFBEZ JOUSPEVDFE JO $IBQUFS ��� UIF FOFSHZ FॵDJFODZ PG *OUFHSBUFE $JSDVJUT
	*$T
 JT B NBKPS CPਅMFOFDL JO B XJEF SBOHF PG UPEBZۘT BQQMJDBUJPOT GSPN 4P$ GPS UIF
*OUFSOFU PG ওJOHT 	*P5
 VQ UP DMPVE BOE EBUBDFOUFS�TDBMF DPNQVUJOH 	F�H� TFSWFST BOE
(16T
�ওF MBTU EFDBEFTۘ FOFSHZ SFEVDUJPO USFOE JO *$T TVQQPSUFE CZ UFDIOPMPHZ TDBMJOH
BOE BSDIJUFDUVSBM��DJSDVJU�MFWFM PQUJNJ[BUJPO TUSBUFHJFT 	F�H� EFFQ QBSBMMFMJTN BOE BH�
HSFTTJWF WPMUBHF TDBMJOH
 IBT BQQSPBDIFE JUT QIZTJDBM MJNJUT� "NPOH UIF SFDFOU XPSLT JO
UIF MJUFSBUVSF BO BQQMJDBUJPO�MFWFM BQQSPBDI EFॳOFE BT &OFSHZ�"DDVSBDZ 4DBMJOH 	&"4

QSPQPTFT UP FNCFE UIF TZTUFN BDDVSBDZ BT B OFX EJNFOTJPO JOUP UIF EFTJHO�PQUJNJ[B�
UJPO TQBDF UP IBWF B GVSUIFS LOPC GPS BEKVTUJOH DJSDVJUT FOFSHZ�FॵDJFODZ <�> <�>�

*O HFOFSBM UIF "DDVSBDZ PG B DJSDVJU�TZTUFN SFQSFTFOUT UIF DBQBCJMJUZ UP EFMJWFS PVU�
QVU SFTVMUT BT DPOGPSNJOH BT QPTTJCMF UP UIF FYQFDUFE SFTVMU� ওVT BO BQQMJDBUJPO UIBU
DBO BENJU JOBDDVSBUF DPNQVUBUJPO CZ UPMFSBUJOH UIF PDDVSSFODF PG FSSPST JT DBMMFE FSSPS�
SFTJMJFOU <��> <��> <��>� 3FBM�XPSME JT QMFOUZ PG TZTUFNT UIBU BSF SFTJMJFOU UP FSSPST JO
ॳFMET MJLF NVMUJNFEJB XIFSF B IVNBO FOE�VTFS NBZ OPU OPUJDF TNBMM EFHSBEBUJPO JO
JNBHFT DPNQVUFE CZ DJSDVJUT BॲFDUFE CZ FSSPST <���> PS BSUJॳDJBM JOUFMMJHFODF XIFSF
BMHPSJUINT IBWF JOUSJOTJD NFDIBOJTNT UP EFBM XJUI JOBDDVSBUF PS VODFSUBJO EBUB 	F�H�
/FVSBM /FUXPSLT
 <��>� ওFTF BQQMJDBUJPOT QSPWF UIBU PVUQVU BDDVSBDZ DBO CF OBUVSBMMZ
USBEFE GPS FOFSHZ TBWJOHT JG UIF VTFS EPFT OPU QFSDFJWF UIF RVBMJUZ EFHSBEBUJPO� " HFO�
FSBM SVMF GPS &"4 JT TVNNBSJ[FE JO 'JHVSF ���� IJHIFS BDDVSBDZ DBO CF BDIJFWFE CZ QBZJOH
B IJHIFS FOFSHZ QFS UBTL PS NPSF JOUFSFTUJOHMZ UIF DPNQVUBUJPO FOFSHZ DBO CF SFEVDFE
JG UIF SVOOJOH BQQMJDBUJPO DBO UPMFSBUF MPXFS BDDVSBDZ�

'PMMPXJOH TFDUJPOT TIPX UIBU &"4 JT UIF LFZ UP QVTIJOH FOFSHZ FॵDJFODZ CFZPOE
UIF MJNJUT FODPVOUFSFE XJUI DMBTTJD FOFSHZ TDBMJOH TUSBUFHJFT QSFTFOUFE JO $IBQUFS �
FYQMPJUJOH UIF FSSPS�SFTJMJFODF PG TQFDJॳD BQQMJDBUJPOT� )PXFWFS MFU VT EJTDVTT ॳSTUMZ
B UBYPOPNZ PG GVODUJPOBM� BOE DJSDVJU�MFWFM UFDIOJRVFT UIBU FOBCMFT FOFSHZ�BDDVSBDZ
TDBMBCMF EJHJUBM *$T�

��



� ژ &OFSHZ�"DDVSBDZ 4DBMJOH� B /FX 1BSBEJHN

Energy

Accuracy

'JHVSF ���� &OFSHZ�"DDVSBDZ USBEFPॲ USFOE GPS FSSPS�SFTJMJFOU *$T�

��� &OFSHZ�"DDVSBDZ 4DBMJOH 	&"4
� B 5BYPOPNZ
ওJT TFDUJPO JOUSPEVDFT B SFWJTJUFE UBYPOPNZ PG BQQSPBDIFT UIBU TVQQPSU &"4 DMBTTJ�

ॳFE BDDPSEJOH UP POF NBJO GFBUVSF� UIF DBQBCJMJUZ PG UVOJOH UIF FOFSHZ�BDDVSBDZ USBEFP࠺�
*O HFOFSBM BT TIPXO JO 'JHVSF ��� UISFF NBJO DBUFHPSJFT DBO CF JEFOUJॳFE GPS &"4 TUSBU�
FHZ� 	J
 4UBUJD 	JJ
 %ZOBNJD BOE 	JJJ
 "EBQUJWF�

	J
 *O UIF 4UBUJD BQQSPBDI UIF FOFSHZ�BDDVSBDZ USBEFPॲ JT ॳYFE BU EFTJHO�UJNF 	J�F�
OPU UVOBCMF
 CZ GVODUJPOBM TQFDVMBUJPO SVMFT J�F� B NPEJॳDBUJPO PG UIF DJSDVJU MPHJD
GVODUJPOBMJUZ UISPVHI BMHPSJUINJD TJNQMJॳDBUJPOT BOE�PS DJSDVJU BQQSPYJNBUJPOT�
ওFTF EFTJHO USBOTGPSNBUJPOT JOEVDF BSFB�FOFSHZ TBWJOHT JO FYDIBOHF GPS BO BD�
DVSBDZ MPTT UISFTIPME� ওF PVUQVU FSSPST DBOOPU CF FJUIFS NJUJHBUFE OPS SFDPWFSFE
BU SVO�UJNF CVU UIFZ BSF HVBSBOUFFE UP CF CPVOEFE CZ B XPSTU�DBTF NBHOJUVEF�
4PNF FYBNQMFT PG UFDIOJRVFT JO UIJT DMBTT BSF UIF DJSDVJUT CBTFE PO BQQSPYJNBUF
DPNQVUJOH BOE JOGFSFOUJBM MPHJD�

	JJ
 6OMJLF TUBUJD NFUIPET%ZOBNJD &"4 FOBCMFT B UVOBCMF FOFSHZ�BDDVSBDZ USBEFPॲ BU
SVO�UJNF� ওF DPMMFDUJPO PG UIF FOFSHZ�BDDVSBDZ PQFSBUJOH QPJOUT BSF QSF�EFॳOFE
BU EFTJHO�UJNF UISPVHI B DJSDVJU DIBSBDUFSJ[BUJPO BU XPSTU�DBTF DPOEJUJPOT� %VS�
JOH UIF SVO�UJNF TUBHF UIJT &"4 UFDIOJRVF DBO TDIFEVMF 	PS QSFEJDU
 UIF PQFSBU�
JOH QPJOU BDDPSEJOH UP UIF EFTJHO�UJNF 	PS TUBUJTUJDBM
 DIBSBDUFSJ[BUJPO FOTVSJOH
B XPSTU�DBTF BDDVSBDZ ESPQ GPS FOFSHZ TBWJOHT� %ZOBNJD 7PMUBHF "DDVSBDZ 	'SF�
RVFODZ
 4DBMJOH B�L�B� %7"4 	%7"'4
 JT BO FYBNQMF PG EZOBNJD &"4 JOEFFE BT JU
BMMPXT WPMUBHF TDBMJOH UISPVHI BDDVSBDZ SFEVDUJPO XJUIPVU JOEVDJOH UJNJOH GBVMUT
J�F� NBUDIJOH XPSTU�DBTF DPOEJUJPOT�
%ZOBNJD UFDIOJRVFT BSF CZ OBUVSF PQFO�MPPQ TZTUFNT BT UIFZ EP OPU SFDFJWF BOZ
GFFECBDL JOGPSNBUJPO EJSFDUMZ GSPN UIF DIJQ 	F�H� JOQVU XPSLMPBE PVUQVU�UJN�
JOH DPNQMJBODF
� )PXFWFS FOWJSPONFOUBM DPOEJUJPOT DBO USJHHFS PQFSBUJOH QPJOU
TXJUDI� GPS FYBNQMF JO B +1&( DPNQSFTTJPO PG B QJDUVSF UBLFO GSPN B DBNFSB B
TQFDJॳD BDDVSBDZ ESPQ DBO CF UPMFSBUFE XIFO UIF RVBMJUZ PG MJHIUJOH JT QPPS BT
TFOTFE CZ B MJHIU TFOTPS�

	JJJ
 #Z EFॳOJUJPO "EBQUJWF &"4 JT B DMPTFE�MPPQ TDBMJOH BQQSPBDI GPS XIJDI UIF PQ�
UJNBM FOFSHZ�BDDVSBDZ USBEFPॲ JT BDIJFWFE CZ NFBTVSJOH EFॳOFE RVBMJUZ NFUSJDT

��
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Energy-Accuracy Scaling (EAS)

AdaptiveDynamicStatic
- ANT
- Razor-based
- AED-C

- DVAS
- DVAFS
- DVOS

- Approximate Logic
- Inferential Logic

'JHVSF ���� &OFSHZ�"DDVSBDZ 4DBMJOH UFDIOJRVFT DMBTTJॳDBUJPO�

EJSFDUMZ PO�DIJQ BU SVO�UJNF� ওJT NFUSJDT DBO CF PCUBJOFE CZ B EJSFDU NFBTVSF
UIF PVUQVU BDDVSBDZ PS CZ BO JOEJSFDU FTUJNBUJPO PG UIF BDDVSBDZ WBMVF� 8IJMF JO
UIF GPSNFS DBTF BO VQQFS CPVOE PO UIF FSSPS DBO CF ॳYFE F�H� "MHPSJUIN /PJTF
5PMFSBOU 	"/5
 TZTUFNT JO UIF MBਅFS POF UIF BDDVSBDZ MPTT JT LFQU VOEFS DPOUSPM
UISPVHI TUBUJTUJDBM UPPMT F�H� UIF FSSPST SBUF NFBTVSFE CZ 3B[PS UJNJOH NPOJUPST�
.PTU JNQPSUBOUMZ UIF GFFECBDL MPPQ BMMPXT UIF BEBQUJWF BQQSPBDIFT UP BDIJFWF B
ॳOFS UVOBCJMJUZ PG UIF FOFSHZ�BDDVSBDZ USBEFPॲ CFOFBUI UIF NBSHJOT JOUSPEVDFE
CZ UIF DPOTFSWBUJWF FOFSHZ�BDDVSBDZ PQFSBUJOH QPJOUT EFॳOFE GPS UIF %ZOBNJD
&"4�

ওFTF DMBTTFT PG &"4 BSF EJTDVTTFE NPSF GPSNBMMZ JO UIF GPMMPXJOH TFDUJPOT� GPS UIF TBLF
PG TQBDF POMZ UIF NPTU SFQSFTFOUBUJWF UFDIOJRVFT GPS FBDI DMBTT BSF SFWJFXFE JO EFUBJMT
	QMFBTF SFGFS UP 'JHVSF ���
�

��� 4UBUJD &"4� TQFDVMBUJPO BU 'VODUJPOBM�MFWFM
"T JOUSPEVDFT JO UIF QSFWJPVT TFDUJPO JO 4UBUJD &"4 UIF FOFSHZ�BDDVSBDZ USBEFPॲ JT

ॳYFE BU EFTJHO�UJNF CZ GVODUJPOBM TQFDVMBUJPO J�F� B NPEJॳDBUJPO PG UIF MPHJD GVODUJPO�
BMJUZ UISPVHI BMHPSJUINJD PS DJSDVJU TJNQMJॳDBUJPOT XIJDI JOEVDF FOFSHZ TBWJOHT GPS B
XPSTU�DBTF BDDVSBDZ MPTT� $PNQBSFE UP %ZOBNJD TPMVUJPOT 4UBUJD &"4 DBOOPU DIBOHF
UIF FOFSHZ�BDDVSBDZ USBEFPॲ J�F� UIF XPSTU�DBTF FSSPS BOE QPXFS TBWJOHT DBOOPU CF
UVOFE BU SVO�UJNF� "MTP JU EPFT OPU JOUFHSBUF BOZ GFFECBDL MPPQ GSPN UIF DJSDVJU F�H�
XPSLMPBE JOGP PS UJNJOH�PVUQVU DPNQMJBODF� UIJT JNQMJFT UIF PVUQVU FSSPS DBOOPU CF
FJUIFS NJUJHBUFE OPS SFDPWFSFE BU SVO�UJNF BT "EBQUJWF &"4 TUSBUFHJFT DBO EP�

5XP NBKPS BQQMJDBUJPOT CFMPOH UP UIJT DMBTT PG UFDIOJRVF� "QQSPYJNBUF -PHJD BOE
*OGFSFOUJBM -PHJD� ওF GPSNFS SFMJFT VQPO UIF "QQSPYJNBUF $PNQVUJOH QSJODJQMF FY�
UFOTJWFMZ JOWFTUJHBUFE JO MJUFSBUVSF JO BSJUINFUJD DJSDVJUT� *U GPVOE BQQMJDBUJPO TFWFSBM
FSSPS�SFTJMJFOU BQQMJDBUJPOT QBSUJDVMBSMZ JO NVMUJNFEJB 	F�H� "VEJP�7JEFP QSPDFTTJOH
�

��
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ওF MBਅFS FYQMPJUT .BDIJOF MFBSOJOH UIFPSJFT UP EFTDSJCF #PPMFBO MPHJD GVODUJPOT BT JO�
GFSFODF SVMFT� "T B SFTVMU TUBUJTUJDBM JOGFSFODF BMHPSJUINT BSF MFWFSBHFE UP EFTJHO DPNCJ�
OBUJPOBM MPHJD DJSDVJUT J�F� JOGFSFOUJBM DJSDVJUT UIBU NJNJD CPPMFBO GVODUJPOT UP B DFSUBJO
EFHSFF PG BDDVSBDZ�

ওF GPMMPXJOH TFDUJPOT CSJFॴZ SFQPSU TPNF "QQSPYJNBUF -PHJD $JSDVJUT EFTJHO SVMFT
UIFO TIPX IPX *OGFSFOUJBM -PHJD JT DPODFJWFE GPS MPX�QPXFS DJSDVJUT UIBU SVO RVBTJ�
FYBDU DPNQVUBUJPO JO FSSPS�SFTJMJFOU BQQMJDBUJPOT�

����� "QQSPYJNBUF -PHJD
'VODUJPOBM�MFWFM BQQSPYJNBUJPO IBT CFFO FYUFOTJWFMZ VTFE UP SFEVDF FOFSHZ�BDDVSBDZ

UISPVHI BMHPSJUINJD BOE DJSDVJU TJNQMJॳDBUJPOT� ওF SJDI MJUFSBUVSF PO UIF BQQSPYJNBUF
DPNQVUJOH UIFNF DPWFST B XJEF TDPQF PG BQQSPYJNBUF BEEFST <��> <��> <���> <���> <��>
<��> <��> <�> BOE NVMUJQMJFST XJUI USVODBUFE DBSSZ DIBJO <��> <��> <��> <��> <���> <�>
<���> XIJDI SFTQFDUJWFMZ MFBE UP BO FOFSHZ SFEVDUJPO PG �������· BOE �������·� 4JNJ�
MBSMZ BQQSPYJNBUF%41 CMPDLT IBWF CFFO JOWFTUJHBUFE TVDI BT '*3 ॳMUFST <���>.VMUJQMZ�
"DDVNVMBUF VOJUT <��> <��> BSJUINFUJD QSPDFTTPST <���> BOE %JTDSFUF $PTJOF 5SBOTGPSN
BDDFMFSBUPST <���> XJUI FOFSHZ TBWJOHT JO �· � ���· SBOHF�

"MTP TFWFSBM GSBNFXPSLT QSPQPTFE BO BVUPNBUJD TZOUIFTJT PG BQQSPYJNBUF GVOD�
UJPOT XJUI QPXFS�RVBMJUZ UBSHFU ॳYFE BU EFTJHO�UJNF� 4PNF PG UIFTF GSBNFXPSLT JO�
USPEVDF BO BQQSPYJNBUF SFQMJDB PG UIF DJSDVJU UP DIFDL GPS UJNJOH GBVMUT PG UIF NBJO
DJSDVJU <��> UIF FYUSBDUJPO PG UIPTF NJOUFSNT XIJDI HFOFSBUF UIF NJOJNVN FSSPS SBUF
<���> UIF TUBUJTUJDBM QSVOJOH PG #PPMFBO BOE BSJUINFUJD GVODUJPOT <��> BOENPSF HFOFSBM
BQQSPBDIFT GPS TFRVFOUJBM <���> BOE DPNCJOBUJPOBM DJSDVJUT <���>� ওF FOFSHZ TBWJOHT
BDIJFWFE CZ FNQMPZJOH UIFTF GSBNFXPSLT SBOHFT GSPN ��� UP ���·�

&OFSHZ DBO BMTP CF MPXFSFE CZ SFEVDJOH UIF FYFDVUJPO UJNF SFRVJSFE CZ UBTLT� 'PS
FYBNQMF UIF FYFDVUJPO UJNF DBO CF SFEVDFE CZ PSEFS SFEVDUJPO JO EJHJUBM ॳMUFST <��>
BOE TVC�TBNQMJOH PG JOQVU EBUB <��>� .PSF JO HFOFSBM FOFSHZ CFOFॳUT DBO CF PCUBJOFE
UISPVHI UIF FBSMZ UFSNJOBUJPO PG JUFSBUJWF BMHPSJUINT 	ۛBOZUJNFۜ BMHPSJUINT
 <��> BOE
MPPQ CSFBL <���>
� NPOPUPOJD PVUQVU�BDDVSBDZ JODSFBTF PWFS FYFDVUJPO UJNF DBO CF HVBS�
BOUFFE� "O FYQMBOBUPSZ FYBNQMF BNPOH UIF HBMBYZ PG BQQSPYJNBUFE NVMUJQMJFST DBO
CF VTFE UP DMBSJGZ MPHJD BQQSPYJNBUJPO UFDIOJRVFT� B NVMUJQMJFS BQQSPYJNBUJPO UISPVHI
GVODUJPO VOEFS�EFTJHO� -FU VT EJTDVTT JU CSJFॴZ�

.VMUJQMJFS "QQSPYJNBUJPO UISPVHI 'VODUJPO 6OEFS�EFTJHO

ওF BVUIPST PG <��> QSPQPTF UP JOUSPEVDF FSSPS JOUP B NVMUJQMJFS CZ NBOJQVMBUJOH JUT
MPHJD GVODUJPO TQFDJॳDBMMZ CZ SFNPWJOH TPNF ,BSOBVHI .BQ FOUSJFT� ওFZ EFTJHOFE BO
BSDIJUFDUVSF UIBU MFWFSBHFT B NPEJॳFE JOBDDVSBUF �·� NVMUJQMJFS CVJMEJOH CMPDL UP JN�
QMFNFOU MBSHFS NVMUJQMJFST�ওF TUSVDUVSF PG UIF SFTVMUJOH VOEFS�EFTJHOFE �·� NVMUJQMJFS
JT SFQPSUFE JO 'JHVSF ���B PQQPTFE UP UIF FYBDU GVODUJPO JO 'JHVSF ���C� ওF JOBDDVSBUF
DJSDVJU JT TNBMMFS BOE GBTUFS BT UIF DSJUJDBM QBUI EFMBZ JT SFEVDFE� "MTP GFXFS XJSFT BSF

��
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	B
 	C


'JHVSF ���� "DDVSBUF 	B
 BOE *OBDDVSBUF 	C
 �·� NVMUJQMJFST XJUI UIF DSJUJDBM QBUIT <��>�

SFRVJSFE� )FODF TVDI EFTJHO JT BCMF UP USBEF FOFSHZ GPS BDDVSBDZ CZ JOUSPEVDJOH JO UIF
EFTJHO MPHJD GVODUJPO BQQSPYJNBUJPO��

-BSHFS JOBDDVSBUF NVMUJQMJFST DBO CF CVJMU VQPO �·� NVMUJQMJFS CVJMEJOH CMPDLT FY�
QMPJUJOH UIF SVMFT PG DPNQVUFS BSJUINFUJDT GPS CJOBSZ OVNCFST 	'JHVSF ���
� 4VDI NVMUJ�
QMJFST BDIJFWF BO BWFSBHF QPXFS TBWJOH XIJDI SBOHFT GSPN ������ UP ����� PWFS DPSSF�
TQPOEJOH BDDVSBUF NVMUJQMJFS EFTJHO GPS BO BWFSBHF FSSPS PG ����� BOE ����� SFTQFD�
UJWFMZ� 6TJOH JNBHF ॳMUFSJOH BOE +1&( DPNQSFTTJPO BQQMJDBUJPOT UIF JOBDDVSBUF BS�
DIJUFDUVSF DBO BDIJFWF �· � �· CFਅFS 4JHOBM�/PJTF�3BUJP 	4/3
 GPS UIF TBNF QPXFS
TBWJOHT XIFO DPNQBSFE UP QSPCBCJMJTUJD CBTFE QPXFS�FSSPS USBEFPॲ NFUIPET DJUFHF�
PSHF����QSPCBCJMJTUJD�

'JHVSF ���� #VJMEJOH MBSHFS NVMUJQMJFST GSPN TNBMMFS CMPDLT�

����� *OGFSFOUJBM -PHJD
*O UIF "VUIPSTۘ WJFX PG <���> .BDIJOF -FBSOJOH 	.-
 UFDIOJRVFT TIPVME CF FY�

QMPJUFE UP JNQMFNFOU MPHJD DJSDVJUT UIBU NJNJD IPX UIF IVNBO CSBJO XPSLT J�F� MJLF B

��



� ژ &OFSHZ�"DDVSBDZ 4DBMJOH� B /FX 1BSBEJHN

'JHVSF ���� $MBTTJॳDBUJPO QSPCMFN� 	B
 BOBMZUJDBM NPEFM 	C
 BCTUSBDU NPEFM SFQSFTFOUB�
UJPO VTJOH B $MBTTJॳDBUJPO 5SFF 	D
 JOQVU TQBDF QBSUJUJPOJOH 	E
 OFX TBNQMFT DMBTTJॳDB�
UJPO <���>�

TUBUJTUJDBM JOGFSFODF FOHJOF <��> <���>�ওJT QBSBEJHN TIJ FODPNQBTTFT UIF SFQMBDFNFOU
PG FYBDU MPHJD SVMFT BOE #PPMFBO PQFSBUPST JO GBWPS PG TUBUJTUJDBM NPEFMT BOE JOGFSFODF
NFDIBOJTNT OBNFMZ UP EFTJHO JOBDDVSBUF ZFU FOFSHZ�FॵDJFOU MPHJD GVODUJPOT <���>
<���>� *O UIJT OFX EFTJHO NFUIPEPMPHZ UIF SFQSFTFOUBUJPO PG B HFOFSJD #PPMFBO GVOD�
UJPO JT CVJMU UISPVHI B MFBSOJOH QSPCMFN�ওF SFTVMU JT B MPHJD GVODUJPO XIPTF CFIBWJPS JT
EFTDSJCFE CZ B NPSF DPNQBDU BCTUSBDU NPEFM UIBU TFSWFT BT B TUBUJTUJDBM SFQSFTFOUBUJPO PG
UIF GVODUJPO JUTFMG� 4VDI B SFQSFTFOUBUJPO JT UIFO VTFE UP JOGFS UIF SFTVMUT PG UIF #PPMFBO
GVODUJPO XJUI B DFSUBJO MFWFM PG BDDVSBDZ� 0ODF NBQQFE PO B QJFDF PG IBSEXBSF UIF SF�
TVMUJOH DJSDVJU SVOT UIF RVBTJ�FYBDU DPNQVUBUJPO PG UIF MPHJD GVODUJPO USBEJOH BDDVSBDZ
GPS FOFSHZ TBWJOHT� UIJT MPHJD CMPDL JT DBMMFE *OGFSFOUJBM -PHJD $JSDVJU� -FU VT GPDVT PO BO
FYQMJDBUJWF FYBNQMF PG UIJT BQQSPBDI� UIF JNQMFNFOUBUJPO PG RVBTJ�FYBDU MPHJD GVODUJPO
UISPVHI $MBTTJॳDBUJPO 5SFFT B WFSZ FॵDJFOU BOE DPNQBDU .- BMHPSJUIN�

5SBJOJOH $MBTTJDBUJPO 5SFFT

$MBTTJॳDBUJPO 5SFFT 	$5T
 BSF NBDIJOF MFBSOJOH UPPMT CFMPOHJOH UP TVQFSWJTFE MFBSO�
JOH BMHPSJUINT VTFE XIFO QSJPS LOPXMFEHF PG UIF QSPCMFN JT BWBJMBCMF J�F� BO PCTFSWB�
UJPO TFU PG TBNQMFT QSPQFSMZ MBCFMFE� $5T BMMPX UIF JEFOUJॳDBUJPO PG UIF NPTU TJHOJॳDBOU
LFZ GFBUVSFT BNPOH PCTFSWBUJPO TBNQMFT� .PSF GPSNBMMZ JT JU QPTTJCMF UP TQMJU B HFOFSJD
DMBTTJॳDBUJPO QSPCMFN JO UXPNBJO QIBTFT� 	J
 5SBJOJOH EVSJOH XIJDI B USBJOJOH EBUB TFU
DPOTJTUJOH PG ৎ TBNQMFT MBCFMFEXJUI POF PG UIF ্ BWBJMBCMF DMBTTFT  ѵ ী > |2,Ϳ , ্~

��
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BOE EFTDSJCFE UISPVHI  QSFEJDUPS WBSJBCMFT ি > |2,Ϳ , ~ BT JO 'JHVSF ���B JT VTFE
UP MFBSO BO FॵDJFOU BCTUSBDU NPEFM SFQSFTFOUBUJPO BT UIF POF SFQPSUFE JO 'JHVSF ���C�
	JJ
 7BMJEBUJPO EVSJOH XIJDI B EBUB TFU NBEF VQ PG B OFX TFU PG TBNQMFT MBCFMFE XJUIী BOE EFTDSJCFE UISPVHI ি JT VTFE UP RVBOUJGZ UIF BDDVSBDZ PG UIF USBJOFE EBUB NPEFM
SFQSFTFOUBUJPO BT TIPXO JO 'JHVSF ���D XIJDI EFTDSJCFT UIF JOQVU TQBDF QBSUJUJPOJOH
EVF UP UIF SVMFT JNQPTFE CZ UIF NPEFM BOE 'JHVSF ���E UIBU TIPXT IPX TBNQMFT BSF
DMBTTJॳFE�

"MUIPVHI WBSJPVT PQUJPOT GPS CVJMEJOH BCTUSBDU DMBTTJॳDBUJPO NPEFMT BSF BWBJMBCMF
$5T SFQSFTFOU B TPMVUJPO UIBU DPNCJOFT IJHI BDDVSBDZ XJUI B MPX DPNQMFY USFF TUSVDUVSF
<��> XIJDI FOBCMFT UIF QBSUJUJPOJOH PG FWFO DPNQMFY JOQVU TQBDF JOUP JEFBMMZ TFQBSBUFE
DMVTUFST� 4VDI QBSUJUJPOJOH JT PCUBJOFE UISPVHI SFDVSTJWF TQMJUT PG UIF USBJOJOH EBUB TFU
	UISPVHI UIF (JOJ JOEFY <��>
  IFODF B TUPQQJOH DSJUFSJB NVTU CF ॳYFE TVDI UIBU UIF ॳOBM
USFF TUSVDUVSF JODMVEFT POMZ B TVCTFU PG UIF BWBJMBCMF QSFEJDUPST J�F� UIF NPTU TJHOJॳDBOU
LFZ GFBUVSFT IFODF UIF POFT UIBU IPME UIF NPTU VTFGVM JOGPSNBUJPO UP UIF TPMWF UIF
DMBTTJॳDBUJPO QSPCMFN <���>�

2VBTJ�FYBDU MPHJD GVODUJPOT UISPVHI $MBTTJDBUJPO 5SFFT

*O <���> UIF BVUIPST QSPQPTF B OPWFM .-�ESJWFO TZOUIFTJT NFUIPEPMPHZ UIBU BMMPXT
UP EFTDSJCF HFOFSJD #PPMFBO GVODUJPOT UISPVHI B SFQSFTFOUBUJWF TVCTFU PG DPSF FYQSFT�
TJPOT VTJOH $MBTTJॳDBUJPO 5SFFT 	$5T
� 0CUBJOFE DJSDVJUT BSF BCMF UP NJNJD #PPMFBO GVOD�
UJPOT UP B DFSUBJO EFHSFF PG BDDVSBDZ IFODF UIF OBNF RVBTJ�FYBDU MPHJD GVODUJPOT�

"DDPSEJOH UP UIF QSPQPTFE NFUIPEPMPHZ B DMBTTJॳDBUJPO USFF JT USBJOFE VTJOH UIF
USVUI UBCMF PG B MPHJD GVODUJPO PVUQVU BT B MBCFMFE USBJOJOH TFU� "T SFQPSUFE JO 'JHVSF
��� 	UPQ GSPN MF UP SJHIU
 B TJOHMF OPEF PG B $5 DBO CF TFFO BT B .VMUJQMFYFS 	.69

QSJNJUJWF� ওFSFGPSF BOZ DMBTTJॳDBUJPO USFF USBJOFE PO #PPMFBO TBNQMFT DBO BMXBZT CF
SFQSFTFOUFE UISPVHI B USFF�PG�.69FT� *O BEEJUJPO UIF QSPQPTFE TZOUIFTJT ॴPX FOBCMFT
B TNBSU IBSEXBSFNBQQJOH PO.69�*/7 MJCSBSZ CZ ॳSTUMZ USBOTMBUJOH UIF $5 JO B #JOBSZ
%FDJTJPO %JBHSBN 	#%%
 XIJDI JT FॵDJFOUMZ SFEVDFE BOE PSEFSFE 	��� � CPਅPN GSPN
MF UP SJHIU
�

&YQFSJNFOUT DPOEVDUFE PO B TVCTFU PG PQFO�TPVSDF CFODINBSLT EFNPOTUSBUF UIBU
$5T BSF JOEFFE BCMF UP DPWFS SBUIFS DPNQMFY #PPMFBO GVODUJPOT XJUI B WFSZ IJHI EFHSFF
PG BDDVSBDZ ��� PO BWFSBHF TUJMM SFRVJSJOH �· MFTT BSFB PWFS DPOWFOUJPOBM NVMUJ�MFWFM
CBTFMJOF DJSDVJUT�

��
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'JHVSF ���� 0O UIF UPQ $5 EFDJTJPO OPEF SFQSFTFOUBUJPO BOE NBQQJOH� GSPN MF UP SJHIU
PSJHJOBM SFQSFTFOUBUJPO 	J
 OPEF USBOTGPSNBUJPO 	JJ
 BOE .69 NBQQJOH 	JJJ
� 0O UIF
CPਅPN GSPN $5 UP .69�*/7 SFQSFTFOUBUJPO� 'SPN MF UP SJHIU 0SJHJOBM $5 TUSVDUVSF
	J
 SFEVDFE BOE PSEFSFE #%% SFQSFTFOUBUJPO 	JJ
 .69�*/7 JNQMFNFOUBUJPO 	JJJ
� 4PMJE
BOE EBTIFE MJOFT SFQSFTFOU USVF BOE GBMTF CSBODIFT SFTQFDUJWFMZ� EPਅFE MJOFT SFQSFTFOU
OFHBUFE FEHFT� <���>�

��� %ZOBNJD &"4� 3VO�UJNF 5SBEFP
����� %ZOBNJD 7PMUBHF�"DDVSBDZ 4DBMJOH 	%7"4


"T XJEFMZ FYQMBJOFE JO UIF ॳSTU QBSU PG UIJT DIBQUFS B EZOBNJD FOFSHZ�BDDVSBDZ
USBEFPॲ CSJOHT BO FYUSB EFHSFF PG GSFFEPN GPS QPXFS NBOBHFNFOU� "NPOH UIF TUBUF�
PG�UIF�BSU &"4 UFDIOJRVFT %ZOBNJD 7PMUBHF�"DDVSBDZ 4DBMJOH 	%7"4
 JT POF PG UIF
NPTU SFQSFTFOUBUJWF BOE QPXFSGVM TUSBUFHZ <���>�

*O JUT HFOFSBM FNCPEJNFOU %7"4 SFGFST UP EZOBNJD UFDIOJRVFT UIBU BMMPX WPMUBHF
TDBMJOH UISPVHI BDDVSBDZ SFEVDUJPO XJUIPVU JOEVDJOH UJNJOH FSSPST� $PNQBSFE UP TUBUJD
&"4 UFDIOJRVFT XIJDI ESPQ FOFSHZ DPOTVNQUJPO CZ NPEJGZJOH UIF MPHJD GVODUJPOT PG
UIF DJSDVJU CVJMEJOH CMPDLT %7"4 QSFTFOUT B SVO�UJNF UVOBCMF FOFSHZ�BDDVSBDZ USBEFPॲ
XIJDI BMMPXT DJSDVJUT UP BDIJFWF MBSHFS FOFSHZ TBWJOHT XIFO RVBMJUZ�PG�SFTVMUT DBO CF
GVSUIFS TBDSJॳDFE�

%7"4 NFUIPEPMPHZ DBO CF FBTJMZ FYQMBJOFE CZ UBSHFUJOH BSJUINFUJD DJSDVJUT TQFDJG�
JDBMMZ BO BSSBZ NVMUJQMJFS 	'JHVSF ���
� ওF FOFSHZ FॵDJFODZ PG BO BSSBZ NVMUJQMJFS DBO
CF JODSFBTFE CZ USVODBUJOH UIF JOQVU UP SFEVDF UIF DJSDVJUT TXJUDIJOH BDUJWJUZ <��> <���>

��
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'JHVSF ���� %7"4 QSJODJQMF BQQMJFE UP BO "SSBZ .VMUJQMJFS <���>�

BU UIF DPTU BO BDDVSBDZ MPTT EVF UP UIF RVBOUJ[BUJPO FSSPS JOUSPEVDFE CZ UIF CJU USVO�
DBUJPO XIJDI CZ EFॳOJUJPO JT CPVOEFE� )PXFWFS VTJOH TNBMMFS CJU XJEUIT OPU POMZ
SFEVDFT DJSDVJU BDUJWJUZ CVU BMTP TIPSUFOT EBUB QBUIT FOBCMJOH WPMUBHF TDBMJOH XJUIPVU
UJNJOH WJPMBUJPOT� ওJT QSJODJQMF XIJDI SFQSFTFOUT UIF NBJO JOUVJUJPO CFIJOE %7"4 JT
EFQJDUFE JO 'JHVSF ���� XIFO UIF FOUJSF JOQVU CJU XJEUI JT VTFE 	ি > |1,Ϳ , 4~ BOEী > |1,Ϳ , 4~
 UIF BDUJWJUZ JT IJHI BT UIF OVNCFS PG BDUJWF HBUFT JT UXFOUZ BOE UIF
DSJUJDBM QBUI JT UIF MPOHFTU QPTTJCMF 	SFE EBTIFE MJOF
� 8IFO POMZ UIF � .4#ۘT BSF VTFE
POMZ TJY HBUFT BSF BDUJWF BOE UIF DSJUJDBM QBUI MFOHUI ESPQ 	TIPSUFS CMVF EBTIFE MJOF

BMMPXJOH BO BHHSFTTJWF ZFU TBGF WPMUBHF TDBMJOH� 'PS FBDI JOQVU CJU XJEUI B XPSTU�DBTF
NJOJNVN WPMUBHF DBO CF JEFOUJॳFE 	BU EFTJHO�UJNF
 UIVT UIF FOFSHZ�BDDVSBDZ USBEFPॲ
DBO CF UVOFE CZ TXJUDIJOH BNPOH EJॲFSFOU \ৃ ৗυ, ৌূৈ^ PQFSBUJOH QPJOUT�

	B
 %ZOBNJD &OFSHZ WT� "DDVSBDZ 	C
 4UBUJD &OFSHZ BOE "SFB 0WFSIFBE

'JHVSF ���� &OFSHZ FॵDJFODZ BOE %FTJHO PWFSIFBE GPS B ���CJU %7"4 NVMUJQMJFS <���>�

%7"4 DBO CF HFOFSBMJ[FE UP QJQFMJOFE TZTUFNT CZ JNQMFNFOUJOH &"4�PSJFOUFE DSJU�
JDBM QBUIT SF�UJNJOH� ওJT QSPDFEVSF JT OFFEFE BT JO QJQFMJOFE TZTUFNT CJU USVODBUJPO

��
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EPFT OPU EJSFDUMZ MFBE UP TIPSUFS DSJUJDBM QBUIT� 1BUI SF�UJNJOH JT BDIJFWFE CZ QMBDJOH
CZQBTTBCMF QJQFMJOF SFHJTUFST BU TUSBUFHJD QMBDFT PG UIF EBUB QBUI� 5XP QPTTJCMF TPMVUJPOT
UP JODMVEF CZ�QBTTBCMF SFHJTUFST JO B EJHJUBM EFTJHO XFSF JNQMFNFOUFE <���>� 	J
 FYUSB CZ�
QBTTBCMF SFHJTUFST QMBDFE JO UIF TQFDJॳD QBUI OFUT� 	JJ
NVYFE SFXJSJOH PG TQFDJॳD TJHOBMT
UP POF TJOHMF SFHJTUFS XJUIPVU QMBDJOH FYUSB SFHJTUFST� "T SFQPSUFE JO 'JHVSF ��� CPUI
UFDIOJRVFT GPS QJQFMJOFE %7"4 JOUSPEVDFT BSFB�FOFSHZ PWFSIFBE XIJDI SFQSFTFOUT UIF
NBKPS MJNJUBUJPO PG UIJT EZOBNJD &"4� *OEFFE JU IBT UP CF OPUJDFE UIBU OPU BMM UIF EF�
TJHO DBO VOEFSHP B SF�UJNJOH�SF�TZOUIFTJT QSPDFTT XJUI BO ۛJSSFWFSTJCMFۜ NPEJॳDBUJPO PG
UIF DJSDVJU� BMTP UIJT %7"4�PSJFOUFE EFTJHO SFTIBQJOH JODMVEFT EFEJDBUFE PQUJNJ[BUJPO
UPPMT�BMHPSJUINT UIBU NBZ CF IBSE UP JOUFHSBUF JOUP DPNNFSDJBM EFTJHO LJU�

����� %ZOBNJD 7PMUBHF�'SFRVFODZ�"DDVSBDZ 4DBMJOH 	%7"'4

ওF OBUVSBM FWPMVUJPO PG %7"4 UP GVSUIFS SFEVDF EJHJUBM *$T FOFSHZ JT SFQSFTFOUFE

CZ UIF %ZOBNJD 7PMUBHF�"DDVSBDZ�'SFRVFODZ 4DBMJOH 	%7"'4
 TUSBUFHZ <���>� *U FYQMPJUT
UIF DPODFQU PG TVCXPSE QBSBMMFMJTN <���> XIJDI JODSFBTFT UIF FOFSHZ TBWJOHT PG %7"4
CZ SFVTJOH JOBDUJWF BSJUINFUJD DFMMT BU B SFEVDFE QSFDJTJPO� 'JHVSF ��� SFQPSUT B QJDUPSJBM
SFQSFTFOUBUJPO PG UIJT QSJODJQMF� B ��CJUT BSSBZ NVMUJQMJFS DBO CF DPOWFSUFE UP B ��CJU TVC�
XPSE QBSBMMFM NVMUJQMJFS UIBU DBO QSPDFTT UXP ��CJUT TVCXPSE PQFSBUJPOT QFS DZDMF� ওJT
BMMPXT CZ LFFQJOH DPOTUBOU UIF DPNQVUBUJPOBM UISPVHIQVU UP ESPQ UIF PQFSBUJOH GSF�
RVFODZ BOE IFODF TDBMFT WPMUBHF TJHOJॳDBOUMZ CFMPX %7"4 WBMVFT� "T B SFTVMU %7"'4 JT
BO &"4 UFDIOJRVF XIJDI TJNVMUBOFPVTMZ TDBMFT BMM SVO�UJNF UVOBCMF QBSBNFUFST BॲFDU�
JOH FOFSHZ DPOTVNQUJPO� TVQQMZ WPMUBHF JT ESPQQFE CZ TIPSUFOJOH DSJUJDBM QBUIT XJUI CJU
USVODBUJPO TXJUDIJOH BDUJWJUZ JT SFEVDFE XJUI CJU USVODBUJPO BOE BU DPOTUBOU DPNQVUB�
UJPOBM UISPVHIQVU GSFRVFODZ JT DVU WJB TVCXPSE QBSBMMFM PQFSBUJPOT�

'JHVSF ���� %7"'4 QSJODJQMF BQQMJFE UP BO "SSBZ .VMUJQMJFS <���>�

��
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"T GPS %7"4 UIF FOFSHZ�BDDVSBDZ USBEFPॲ DBO CF UVOFE CZ TXJUDIJOH BNPOH EJॲFS�
FOU \ৃ ৗυ, ৌূৈ, েৎৄ^ PQFSBUJOH QPJOUT QSF�EFॳOFE BU EFTJHO UJNF� 5P CF
OPUJDFE UIBU %7"'4 JT CBTFE PO B DPODFQU WFSZ TJNJMBS UP %ZOBNJD 7PMUBHF�'SFRVFODZ�
4DBMJOH 	%7'4
 <���>� IPXFWFS JO %7"'4 WPMUBHF BOE GSFRVFODZ BSF UVOFE PO BDDVSBDZ
SBUIFS UIBO UISPVHIQVU SFRVJSFNFOUT�

$POUSBSJMZ UP %7"4 XIJDI DBO TPMFMZ TBWF FOFSHZ JO QSFDJTJPO�TDBMFE BSJUINFUJD
CMPDLT %7"'4 BMMPXT &"4 JO GVMM TZTUFN JODMVEJOH DPOUSPM VOJUT BOE NFNPSZ IFSFCZ
TISJOLJOH FOFSHZ PWFSIFBET ESBTUJDBMMZ BU MPX QSFDJTJPO� 'PS UIJT SFBTPO %7"'4 JU IBT
CFFO BQQMJFE UP SFEVDF FOFSHZ DPOTVNQUJPO JO IJHIMZ QBSBMMFMJ[BCMF BQQMJDBUJPOT MJLF
%FFQ -FBSOJOH JO FNCFEEFE TZTUFNT <���>�

����� %ZOBNJD 7PMUBHF 0WFS�4DBMJOH 	%704

ওF UFDIOJRVFT NFOUJPOFE BCPWF %7"4 BOE %7"'4 BSF DPODFJWFE UP LFFQ UIF FS�

SPS NBHOJUVEF VOEFS B TQFDJॳD CPVOE 	CJU USVODBUJPO XPSTU�DBTF FSSPS
 BWPJEJOH UJNJOH
GBVMU PDDVSSFODFT BOE QSPWJEJOH BO BDDFQUBCMF BWFSBHF PVUQVU BDDVSBDZ� )PXFWFS UIFSF
BSF TFWFSBM XPSLT XIJDI USZ UP FYQMPJU UIF JOUSJOTJD SFTJMJFODZ PG EJॲFSFOU DJSDVJU BSDIJ�
UFDUVSFT UP BHHSFTTJWFMZ TDBMF UIF WPMUBHF BMMPXJOH UJNJOH GBVMUT UP PDDVS BOE XJUIPVU
JNQPTJOH BOZ NBYJNVN WBMVF UP FSSPS� ওJT &"4 TUSBUFHZ JT LOPXO JO UIF MJUFSBUVSF
BT %ZOBNJD 7PMUBHF 0WFS�4DBMJOH 	%704
 <��>� ওJT UFDIOJRVF FYUFOET UIF DPODFQU PG
EZOBNJD WPMUBHF TDBMJOH CFZPOE UIF DSJUJDBM WPMUBHF WBMVF JNQPTFE CZ UIF XPSTU�DBTF
DPSOFS� *G UIF DJSDVJU BSDIJUFDUVSF JT BCMF UP NBTL UJNJOH FSSPST TDBMJOH CFZPOE DSJUJDBM
WPMUBHF CSJOHT UP TJHOJॳDBOU FOFSHZ TBWJOHT XJUIPVU TFWFSF EFHSBEBUJPO PG PVUQVU RVBM�
JUZ� 0CWJPVTMZ MPHJD DJSDVJUT DBO SVO %704 POMZ BFS B EFTJHO�UJNF DIBSBDUFSJ[BUJPO PG
FOFSHZ BOE RVBMJUZ�PG�SFTVMUT�

	B
 "EEFS DPNQBSJTPO <��>� 	C
 "SJUINFUJD GVODUJPOT DPNQBSJTPO <���>

'JHVSF ����� "SJUINFUJD VOJUT VOEFS %704�

3FTFBSDIFST FYUFOTJWFMZ JOWFTUJHBUFE UP JEFOUJGZ UIF NPTU TVJUBCMF BSJUINFUJD VOJU
GPS %704� <��> BOE <���> QSPWFE UIBU $BSSZ�4FMFDU�"EEFS QSPWJEFT UIF CFTU FOFSHZےBD�
DVSBDZ USBEFPॲ VOEFS %704 	'JHVSF ����B
� UIF SFBTPO CFIJOE UIJT SFTVMU MJFT JO UIF

��
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JOUFSOBM DIBSBDUFSJTUJDT PG UIJT BEEFS� *OEFFE JUT BSDIJUFDUVSF BMMPXT B HSBDFGVM PVUQVU
EFHSBEBUJPO JO DBTF PG UJNJOH FSSPST� 0O UIF PUIFS IBOE USFF BEEFST BOE TVCUSBDUPST GBJM
BT UIF TVQQMZ WPMUBHF JT TDBMFE BOE UIVT UIF EFMBZ UBSHFU JT OPU NFU 	'JHVSF ����C SFE
BOE CMBDL QMPUT SFTQFDUJWFMZ
�

*O <���> B DIBSBDUFSJ[BUJPO PG WBSJPVT EBUB SFQSFTFOUBUJPOT VOEFS %704 IBT CFFO
QFSGPSNFE� *U TIPXFE UIBU SBEJY�� SFEVOEBOU CJOBSZ DBO CF DPOTJEFSFE UIF CFTU &"4
BQQSPBDI JO TZTUFNT XJUI MBSHF EBUB XJEUIT XIJMF �ۘT DPNQMFNFOU SFQSFTFOUBUJPO JT
NPSF TVJUBCMF JO TZTUFNT XJUI TNBMM EBUB XJEUIT�

#Z DIBSBDUFSJ[JOH UIF NPTU DPNNPO DPNQVUBUJPOBM LFSOFMT VTFE JO NVMUJNFEJB
SFDPHOJUJPO BOE NJOJOH BMHPSJUINT <���> QSPQPTFE EFTJHO UFDIOJRVFT UP NBLF UIF
IBSEXBSF JNQMFNFOUBUJPOT PG UIFTF NFUB�GVODUJPOT CFIBWF NPSF HSBDFGVMMZ J�F� UP HFO�
FSBUF GFX PS TNBMM FSSPST VOEFS %704� *O 'JHVSF ���� JT SFQPSUFE UIF SFTVMUT GPS EPU�
QSPEVDU NFUB�GVODUJPO JNQMFNFOUFE XJUI CPUI 3JQQMF�$BSSZ BOE ,PHHF�4UPOF BEEFST
PQUJNJ[FE GPS %704�

'JHVSF ����� &SSPS WT� 7PMUBHF QMPU GPS EPU�QSPEVDU NFUB�GVODUJPO <���>�

"MTP UIF DPODFQU PG 1SPCBCJMJTUJD $.04 XIFSFJO FBDI USBOTJTUPS BOE MPHJD HBUF EJT�
QMBZT B QSPCBCJMJTUJD SBUIFS UIBO EFUFSNJOJTUJD CFIBWJPS XBT QSPQPTFE BT BO FOFSHZ Fॵ�
DJFOU BMUFSOBUJWF UP USBEJUJPOBM EFUFSNJOJTUJD DPNQVUBUJPOBM NPEFMT <���>� 4VDI NFUIPET
FYQMPJUT PG UIF TUBUJTUJDBM CFIBWJPS PG OBOP�TDBMF EFWJDFT BOE DJSDVJUT BOE UBSHFU QSPC�
BCJMJTUJD BQQMJDBUJPOT TVDI BT NVMUJNFEJB SFDPHOJUJPO BOE NJOJOH� 4VDI BQQMJDBUJPOT
QFSGFDUMZ ॳU GPS %704 BT UIFZ UZQJDBMMZ SFMZ VQPO JUFSBUJWF BOE TVDDFTTJWF SFॳOFNFOU
UFDIOJRVFT XIJDI DBONBTL FSSPST JOUSPEVDFE JO UIF QSFWJPVT JUFSBUJPOT� *O PUIFS XPSET
%704 FOFSHZ�BDDVSBDZ DIBSBDUFSJ[BUJPO JT QFSGPSNFE PO B QSPCBCJMJTUJD CBTJT� 4DBMBCMF
&ॲPSU 	4$&
 <��> BOE &SSPS 3FTJMJFOU 4ZTUFN "SDIJUFDUVSF 	&34"
 <��> BSF UIF NPTU SFQ�
SFTFOUBUJWF UFDIOJRVFT PG UIJT BQQSPBDI�

"T B ॳOBM SFNBSL %704 FOFSHZ�BDDVSBDZ USBEFPॲ DBO CF DPOTJEFSFE TVTUBJOBCMF BT
MPOH BT B QSPCBCJMJTUJD BDDVSBDZ DIBSBDUFSJ[BUJPO QSPWFT B HSBDFGVM PVUQVU EFHSBEBUJPO
XIFO UJNJOH FSSPS PDDVST 	BT FYQMBJOFE JO <���>
�

��
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����� %ZOBNJD *OGFSFOUJBM -PHJD $JSDVJUT
*OGFSFOUJBM MPHJD DJSDVJUT DBO BMTP EZOBNJDBMMZ BEKVTU UIF FOFSHZ�BDDVSBDZ USBEFPॲ�

ওF BSDIJUFDUVSF PG B %ZOBNJD *OGFSFOUJBM -PHJD $JSDVJU 	%*-$
 'JHVSF ���� JT B TUSBJHIU�
GPSXBSE JNQMFNFOUBUJPO PG UIF #PPMFBO GPSNVMBUJPO UISPVHI $MBTTJॳDBUJPO 5SFF 	$5

EFTDSJCFE JO 4FDUJPO ������ *U DPOTJTUT PG UXP NBJO MPHJDBM CMPDLT� 	J
 UIF *OGFSFOUJBM 6OJU
	*6
 XIJDI JNQMFNFOUT UIF $5 GVODUJPO র� 	JJ
 UIF 4VQFSWJTPS 6OJU 	46
 XIJDI SFTUPSFT
UIF PVUQVU PG ভ XIFO র ZJFMET UP BO JODPSSFDU QSFEJDUJPO� "T TIPXO JO <���> %*-$ DBO
XPSL JO UXP PQFSBUJOH NPEFT SFHVMBUFE BU SVO�UJNF�

2VBTJ�FYBDU NPEF� UIF *6 FWBMVBUFT UIF JOQVU ি� JUT PVUQVU JT TJNJMBS UP UIF #PPMFBO
GVODUJPO ভ� *O UIJT SVO�NPEF BDDVSBDZ DBO CF TBDSJॳDFE GPS FOFSHZ TBWJOHT�

&YBDU NPEF� CPUI UIF *6 BOE UIF 46 FWBMVBUF UIF JOQVU ি� 5XP BSF UIF QPTTJCMF PVU�
DPNFT� 	J
 UIF JOQVU QBਅFSO CFMPOHT UP UIF TFU PG NJTDMBTTJॳFE QBਅFSOT IFODF UIF PVUQVU
JOGFSSFE CZ UIF *6 JT XSPOH BOE UIF 46 SFEJSFDU UIF �ۘT DPNQMFNFOU PG *6 UPXBSE UIF
QSJNBSZ PVUQVU� 	JJ
 UIF JOQVU QBਅFSO CFMPOHT UP UIF TFU PG DPSSFDUMZ DMBTTJॳFE TBNQMFT
IFODF UIF WBMVF JOGFSSFE CZ *6 JT QSPQBHBUFE UP UIF PVUQVU� ওJT PQFSBUJOH SVO�NPEF
DBO CF EZOBNJDBMMZ FOBCMFE XIFO BDDVSBDZ TDBMJOH JT OPU BO PQUJPO�

'JHVSF ����� %ZOBNJD *OGFSFOUJBM -PHJD $JSDVJU BSDIJUFDUVSF <���>�

��
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Adaptive EAS

Timing Compliance
(Indirect measurement of the Accuracy)

Output Compliance
(Direct measurement of the Accuracy)

- Razor-based
- AED-C

- ANT

'JHVSF ����� "EBQUJWF &"4 DMBTTJॳDBUJPO EFQFOEJOH PO UIF GFFECBDL MPPQ OBUVSF�

��� "EBQUJWF &"4� #FZPOE %ZOBNJD 5SBEFP -JNJUB�
UJPOT

"EBQUJWF &"4 JT UIF TQFDVMBUJWF FWPMVUJPO PG UIF EZOBNJD &"4 BQQSPBDI BT JOTUFBE PG
TXJUDIJOH BNPOH DPOTFSWBUJWF PQFSBUJOH QPJOUT QSF�EFॳOFE BU EFTJHO�UJNF 	QMFBTF SFGFS
UP %7"4�%7"'4
 UIF BEBQUJWF BQQSPBDI MFU UIF JOQVU XPSLMPBE NFBTVSFE UISPVHI PO�
DIJQ NPOJUPST BU SVO�UJNF UP ESJWF UIF DJSDVJU UP UIF PQUJNBM FOFSHZ�BDDVSBDZ USBEFPॲ�

'PMMPXJOH B NPSF GPSNBM EFॳOJUJPO UIF UFDIOJRVFT JO UIJT DMBTT JNQMFNFOU B DMPTFE�
MPPQ &"4 J�F� BO BQQSPBDI XIJDI BEBQUJWFMZ ॳOF�UVOFT UIF FOFSHZ�BDDVSBDZ USBEFPॲ CZ
EJSFDUMZ NFBTVSJOH RVBMJUZ NFUSJDT PO�DIJQ 	J�F� DPNQVUBUJPO�DPNQMJBODF JOGPSNBUJPO

BU SVO�UJNF� 'PS UIF TBLF PG DMBSJUZ UIF OBUVSF PG UIF GFFECBDL JOGPSNBUJPO JT TUSJDUMZ
SFMBUFE UP UIF JOQVU XPSLMPBE J�F� UIF ॴPX PG JOQVU EBUB BOE UP UIF UPQPMPHZ PG UIF
DJSDVJUT J�F� UP UIF MPHJD QBUIT EJTUSJCVUJPO� "DDPSEJOH UP UIF XPSLT QSPQPTFE JO UIF
MJUFSBUVSF UIF GFFECBDL RVBMJUZ NFUSJDT DBO CF B EJSFDU NFBTVSFNFOU PG UIF PVUQVU BD�
DVSBDZ PS BO JOEJSFDU FTUJNBUJPO PG UIF BDDVSBDZ WBMVF� 4QFDJॳDBMMZ BT TIPXO JO 'JHVSF
���� "EBQUJWF &"4 DBO CF ESJWFO CZ 	J
 UIF 0VUQVU $PNQMJBODF J�F� UIF DPNQVUBUJPO PG
UIF RVBMJUZ�PG�SFTVMUT 	F�H� UIF FSSPS NBHOJUVEF
 PS 	JJ
 UIF 5JNJOH $PNQMJBODF J�F� BO
FWBMVBUJPO PG UIF PVUQVU BDDVSBDZ VTJOH DJSDVJU UJNJOH JOGPSNBUJPO 	F�H� UIF UJNJOH FS�
SPS SBUF
� -FU VT BOBMZ[F UIJT DMBTTJॳDBUJPO CZ SFQPSUJOH UIF NPTU SFQSFTFOUBUJWF BEBQUJWF
"&4 UFDIOJRVFT�

ۡ "EBQUJWF &"4 ESJWFO CZ 0VUQVU $PNQMJBODF
ওJT BQQSPBDI JT VTVBMMZ JNQMFNFOUFE UISPVHI PO�MJOF NPOJUPST UIBU QFSGPSN B
EJSFDU NFBTVSF PG UIF PVUQVU FSSPS NBHOJUVEF� ওF NPTU SFQSFTFOUBUJWF TUSBUFHZ
GPS UIJT DMBTT PG UFDIOJRVFT JT "MHPSJUIN/PJTF 5PMFSBODF 	"/5
 <�� ��>�ওFNBJO
JEFB PG "/5 JT UP TIJ UIF DPSSFDUJPO PG UIF UJNJOH FSSPST UP B MJHIUXFJHIU SFQMJDB
PG UIF DJSDVJU UIF FTUJNBUPS� ওF PVUQVU QSPEVDFE CZ UIF FTUJNBUPS JT DPNQBSFE
XJUI UIF PVUQVU PG UIF NBJO DJSDVJU CZ B EFDJTJPO CMPDL UIBU DPNQVUFT UIFJS EJॲFS�
FODF� 8IFO TVDI EJॲFSFODF FYDFFET B HJWFO UISFTIPME 	QSF�EFUFSNJOFE BU EFTJHO
UJNF
 UIF FSSPS�DPOUSPM CMPDL GPSXBSET UIF FTUJNBUPS PVUQVU UP UIF NBJO PVUQVU PG
UIF DJSDVJU TVDI UIBU UIF PVUQVU FSSPS DBO CF NJUJHBUFE� ওF NPTU SFMFWBOU CFOFॳU

��
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PG "/5 TUSBUFHJFT JT UIBU BO VQQFS CPVOE PO UIF FSSPS NBHOJUVEF DBO CF JNQPTFE�
)PXFWFS BT TIPXO JO UIF OFYU TFTTJPO UIJT DPNFT BU UIF DPTU PG DPOTJEFSBCMF EF�
TJHO PWFSIFBE�

ۡ "EBQUJWF &"4 ESJWFO CZ 5JNJOH $PNQMJBODF
ওJT TUSBUFHZ BEBQUT UIF TZTUFN WPMUBHF X�S�U� UIF EFMBZ PG UIF DJSDVJU QBUIT TFOTJ�
UJ[FE CZ UIF JOQVU XPSLMPBE J�F� UP UIF UJNJOH FSSPS SBUF� "T TIPXO JO UIF MJUFSB�
UVSF UIF UJNJOH FSSPS SBUF JT VTVBMMZ NFBTVSFE UISPVHI &SSPS %FUFDUJPO BOE $PS�
SFDUJPO TUSBUFHJFT XIJDI VTFE JO�TJUV UJNJOH TFOTPST TVDI BT 3B[PS UP DPOUSPMT
UIF WPMUBHF TDBMJOH <��> <���>� ওFSF NJHIU CF TQFDJॳD TFRVFODFT PG JOQVU QBU�
UFSOT UIBU QVTI UIF TVQQMZ WPMUBHF TP EPXO UIBU TPNF PG UIF MPOHFTU QBUIT DPVME
FWFO CZQBTT UIF EFUFDUJPO NFDIBOJTN MFBEJOH UP QPUFOUJBM FSSPS QSPQBHBUJPO JO
UIF GBOPVU MPHJD� TVDI DBTFT DBMMFE FSSPS NJTT�EFUFDUJPOT SFQSFTFOU UIF QSJNBSZ
TPVSDF PG BDDVSBDZ MPTT� *O <���> BMM EFUFDUFE FSSPST BSF DPSSFDUFE CVU UIF PD�
DVSSFODF PG FSSPS NJTT�EFUFDUJPO DPOUSJCVUF UP RVBMJUZ�PG�SFTVMUT EFHSBEBUJPO� 0O
UIF DPOUSBSZ JO <��> FSSPST BSF POMZ DPVOUFE CVU OP FSSPS SFDPWFSZ JT QFSGPSNFE
EJSFDUMZ BॲFDUJOH UIF PVUQVU RVBMJUZ� *O HFOFSBM JG UIF FSSPS SBUF JT MPXFS UIBO B
VTFS�EFॳOFE UISFTIPME 7EE JT TDBMFE� PUIFSXJTF UIF TVQQMZ WPMUBHF JT SBJTFE CBDL
UP FOTVSF TBGF PQFSBUJPO� *O UIJT XBZ UIF DJSDVJU UFOET UP XPSL DMPTF UP UIF FEHF
CFUXFFO FSSPS�GSFF BOE FSSPOFPVT DPNQVUBUJPO�
" OPWFM TUSBUFHZ XIJDI JT UIF DPSF PG UIF OFYU $IBQUFS MFWFSBHFT PO "QQSPYJ�
NBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 <���>� ওJT UFDIOJRVF JNQMFNFOUT &"4
VTJOH UIF FSSPS EFUFDUJPO DPWFSBHF BT B LOPC� B MPX FSSPS DPWFSBHF BDDFMFSBUFT
TVQQMZ WPMUBHF TDBMJOH UIVT UP BDIJFWF MBSHFS FOFSHZ TBWJOHT BU UIF DPTU PG RVBMJUZ
PG SFTVMU� B IJHI FSSPS DPWFSBHF MFTTFOT UIF WPMUBHF TDBMJOH MFBEJOH UP CFਅFS PVUQVU
RVBMJUZ BU UIF DPTU PG MPXFS FOFSHZ TBWJOHT� ওF "&%�$ NFDIBOJTN JT CVJMU VQPO
FMBTUJD UJNJOH NPOJUPST 3B[PS ''T BVHNFOUFE XJUI B UVOBCMF EFUFDUJPO XJOEPX
BOE IBSEFOFE XJUI UIF BJE PG B EZOBNJD TIPSU�QBUI QBEEJOH UFDIOJRVF�
0QQPTJUF UP "/5 JO UJNJOH�DPNQMJBODF &"4 BQQSPBDI UIF NBYJNVN FSSPS WBMVF
JT OPU EFUFSNJOJTUJD BT JU DBO CF BSCJUSBSJMZ IJHI�ওF BDDVSBDZ MPTT JT LFQU CPVOEFE
UISPVHI B TQFDVMBUJWF NFDIBOJTN CBTFE PO QSPCBCJMJTUJD SVMFT UIBU HVBSBOUFF UIF
MPOHFTU QBUITJ�F� UIF POFT NPSF QSPOF UP SVO JOUP NJTT�EFUFDUJPO BSF SBSFMZ BDUJ�
WBUFE LFFQJOH UIF MPOH�UFSN BWFSBHF BDDVSBDZ MPTT MJNJUFE�ওJT BTQFDU PG BEBQUJWF
&"4 JT EFUBJMFE BU UIF FOE PG UIJT DIBQUFS�

ওF GPMMPXJOH TFDUJPOT EJTDVTT NPSF JO EFUBJM "/5 BOE 3B[PS�CBTFE BEBQUJWF TPMVUJPO
BOBMZ[JOH UIFJS BEWBOUBHFT�ESBXCBDLT BOE ॳFME PG BQQMJDBUJPOT� CVU ॳSTU UIF OFYU TFD�
UJPO EFBMT XJUI "EBQUJWF 7PMUBHF 0WFS�4DBMJOH 	"704
 BO BHHSFTTJWF WPMUBHF TDBMJOH
TUSBUFHZ GPS FSSPS�SFTJMJFOU BQQMJDBUJPOT XJEFMZ VTFE JO UIFTF UFDIOJRVFT�

��
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����� "EBQUJWF 7PMUBHF 0WFS�TDBMJOH 	"704

"T FYUFOTJWFMZ FYQMBJOFE JO 4FDUJPO ��� %ZOBNJD "&4 BQQSPBDIFT DPNQMFNFOU WPMU�

BHF TDBMJOH XJUI B DPODVSSFOU BEKVTUNFOU PG UIF BDDVSBDZ� 'PS FYBNQMF JO UIF DBTF PG
%7"4 WPMUBHF TDBMJOH JT DPNQFOTBUFE CZ EFDSFBTJOH BDDVSBDZ� JO %7"'4 DBTF BDDVSBDZ�
GSFRVFODZ WBMVFT BSF TDBMFE UPHFUIFS� "T B SFTVMU UIFTF &"4 TZTUFNT BMXBZT SVO JO B
ۛTUBCMFۜ WPMUBHF�BDDVSBDZ PS WPMUBHF�BDDVSBDZ�GSFRVFODZ PQFSBUJOH QPJOU XIFSF UIF
DSJUJDBM�QBUI EFMBZ BMXBZT NBUDI UIF DMPDL QFSJPE� ওJT DPOTFSWBUJWF EFTJHO JNQPTFT
UIBU UIF DJSDVJUT UP BMXBZT NFFU UIF UJNJOH DPOTUSBJOUT CZ UBLJOH JOUP BDDPVOU TBGFUZ
NBSHJOT EVF UP XPSTU�DBTF UFNQFSBUVSF�QSPDFTT WBSJBUJPOT� &WFO JO %704 EFTJHO UFDI�
OJRVFT XIFSF UJNJOH FSSPST PDDVSSFODF BSF BMMPXFE EVSJOH WPMUBHF�BDDVSBDZ TDBMJOH
HSBDFGVM UJNJOH DPOTUSBJOU WJPMBUJPOT 	GFX PS TNBMM FSSPST
NVTU CF FOTVSFE CZ B EFTJHO�
UJNF DIBSBDUFSJ[BUJPO IFODF NBJOUBJOJOH B TJHOJॳDBOU EFHSFF PG DPOTFSWBUJTN�

4VDI DPOTFSWBUJWF &"4 BQQSPBDI JNQMJFT UIBU UIF NBKPSJUZ PG DJSDVJUT DBOOPU FYQMPJU
UIF GVMM QPUFOUJBM PG WPMUBHF TDBMJOH BU UIF QPTU�GBCSJDBUJPO UJNF QSFWFOUJOH TJHOJॳDBOU
FOFSHZ TBWJOHT� *O PUIFS XPSET FWFO UIPVHI 7EE DPVME CF GVSUIFS TDBMFE XJUIPVU DPN�
QSPNJTJOH UIF TZTUFNۘT DPNQMJBODF JU SFNBJOT JO XPSTU�DBTF PQFSBUJOH DPOEJUJPO TJODF
UIF QPXFS NBOBHFNFOU QPMJDZ IBT OP SVO�UJNF GFFECBDL JOGPSNBUJPO PO UIF DJSDVJU
IFBMUI�

"EBQUJWF 7PMUBHF 0WFS�4DBMJOH 	"704
 JT BO BEBQUJWF QPXFS NBOBHFNFOU TZTUFN
GPS FSSPS�SFTJMJFOU BQQMJDBUJPOT <��>� *O "704 UIF DJSDVJU PQFSBUJOH WPMUBHF JT TDBMFE
BEBQUJWFMZ EFQFOEJOH PO UIF DJSDVJU SVO�UJNF CFIBWJPS MFBWJOH GSFRVFODZ VODIBOHFE
J�F� XJUIPVU TZTUFNۘT QFSGPSNBODF SFEVDUJPO� 7PMUBHF JT TFMFDUFE EZOBNJDBMMZ BNPOH B
TFU PG QPTTJCMF WBMVFT CZ B QPXFS NBOBHFNFOU VOJU ESJWFO CZ TFOTFE PO�DIJQ DPNQMJ�
BODF JOGPSNBUJPO� $POTFSWBUJWF BTTVNQUJPOT BEPQUFE JO %ZOBNJD &"4 UFDIOJRVFT 	J�F�
XPSTU�DBTF QSPDFTT�UFNQFSBUVSF WBSJBUJPOT
 BSF OPU OFDFTTBSZ BOZNPSF� UIJT FOBCMFT BO
BHHSFTTJWF WPMUBHF TDBMJOH XJUI MBSHFS FOFSHZ TBWJOHT�

����� "MHPSJUIN /PJTF 5PMFSBODF 	"/5

*NQMFNFOUBUJPO

ওF CBTJD QSJODJQMF VOEFSMZJOH UIF "/5 UFDIOJRVF JT UP BDDFQU FSSPST BT MPOH BT
UIF PVUQVU EFHSBEBUJPO EVF UP 7EE TDBMJOH SFNBJOT CFMPX B HJWFO OPJTF UISFTIPME <��
��>� "T EFQJDUFE JO 'JHVSF ���� B UZQJDBM "/5 BSDIJUFDUVSF DPOTJTUT PG UIF NBJO DJSDVJU
DPVQMFE XJUI JUT PXO MJHIUXFJHIU SFQMJDB LOPXO JO UIF MJUFSBUVSF BT 3FEVDFE 1SFDJTJPO
3FQMJDB 	313
 <���><���>�

4VDI SFQMJDB JT BQQSPYJNBUFE UISPVHI BSJUINFUJD QSFDJTJPO TDBMJOH OBNFMZ ESPQQJOH
TPNF PG UIF -4#T BOE JU TFSWFT BT B HSPVOE SFGFSFODF GPS UIF BTTFTTNFOU PG UIF PVUQVU
RVBMJUZ PG UIF DJSDVJU EVSJOH UIF WPMUBHF TDBMJOH� 8IFO "704 QPXFS NBOBHFNFOU JT
BQQMJFE UP UIJT UFDIOJRVF UJNJOH GBVMUT EP BQQFBS JO UIFNBJO DJSDVJU BU ॳSTU XIFSFBT UIF
JOUSJOTJDBMMZ GBTUFS SFQMJDB SVOT GBVMU�GSFF GPS MPXFS 7EE� ওF TVQQMZ WPMUBHF JT SFHVMBUFE
CZ NPOJUPSJOH UIF BSJUINFUJD FSSPS XIJDI JT HJWFO BT UIF EJॲFSFODF CFUXFFO UIF PVUQVU

��
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'JHVSF ����� 313�"/5 #MPDL %JBHSBN�

PG UIF NBJO DJSDVJU BOE UIBU PG UIF SFQMJDB� ওF EFUFDUJPO VOJU ॴBHT BO FWFOU XIFO UIF
EJॲFSFODF PWFSDPNFT B QSF�EFॳOFE UISFTIPME 	ϡυ
� *O TVDI DBTF UIF SFQMJDBۘT PVUQVU
JT GPSXBSEFE UPXBSET UIF NBJO PVUQVU PG UIF DJSDVJU� "O JNQPSUBOU BTQFDU JT UIBU UIF
PVUQVU FSSPS JT CPVOEFE CZ UIF BSJUINFUJD QSFDJTJPO PG UIF SFQMJDB�

%FTJHO BOE "SFB PWFSIFBE

ওF EFTJHO PG UIF SFQMJDB DJSDVJU BOE UIBU PG UIF DPOUSPM DJSDVJUSZ JOUSPEVDFT TPNF
PWFSIFBE XIJDI TIPVME CF DBSFGVMMZ XFJHIUFE BHBJOTU UIF BDUVBM TBWJOHT CSPVHIU CZ
"704� ওF NBJO DIBMMFOHF JT UP MJNJU UIF BSFB BOE EFMBZ QFOBMUZ XIJMF HVBSBOUFFJOH
UIF EFTJSFE PVUQVU RVBMJUZ� "T B QSFMJNJOBSZ BOBMZTJT UIF EFTJHO DIBSBDUFSJ[BUJPO GPS
UXP CFODINBSLT JT SFQPSUFE � '*3 BOE **3 EJHJUBM ॳMUFST QSPDFTTJOH B TFRVFODF PG UISFF
EJॲFSFOU CBTFCBOE BVEJP TJHOBMT� 8F JNQMFNFOUFE BO FOUJSF TFU PG 313�"/5 DJSDVJUT CZ
DIBOHJOH UIF QSFDJTJPO PG UIF SFQMJDB DJSDVJU OBNFMZ SFEVDJOH UIF JOQVU CJU�XJEUI GSPN
� UP  ѿ2 XIFSF  JT UIF CJU�XJEUI PG UIF PSJHJOBM DJSDVJU� 'PS FBDI JNQMFNFOUBUJPO UIF
FSSPS UISFTIPME 	ϡυ
 PG UIF EFDJEFS VOJU PWFS UIF FYQFSJNFOUBM UFTUCFODI JOQVU QBਅFSOT
JT DPNQVUFE CZ BQQMZJOH UIF GPSNVMB FYQMBJOFE JO <���>�

ϡυ > NBYৎ ূৎ Ґ \ৎ^ ѿ \ৎ^ Ґ 	���


XJUI  BT UIF FSSPS�GSFF PVUQVU BOE  UIF PVUQVU PG UIF SFQMJDB DJSDVJU� 'JYJOH ϡυ
JO TVDI B XBZ FOTVSFT UIBU UIF PVUQVU PG UIF DJSDVJU ী JT FRVBM UP UIF NBJO DJSDVJU PVUQVUী্ JO UIF BCTFODF PG UJNJOH FSSPST�

'JHVSF ���� TIPXT UIF USFOE PG ϡυ OPSNBMJ[FE PWFS UIF PVUQVU SBOHF PG  	ূৎৈ >Ґ্ূ)*ѿ্ৎ)* Ґ
 BOE UIF "SFB PWFSIFBE PG UIF BSDIJUFDUVSF WFSTVT UIF OVNCFS PG UIF
3FQMJDB CJUT 	
� "T FYQFDUFE UIF EFDJTJPO UISFTIPME JODSFBTFT FYQPOFOUJBMMZ XIFO 
ESPQ BT TIPXO JO <���>� ওF BSFB PWFSIFBE X�S�U� UIF CBTFMJOF DJSDVJU JODSFBTFT BMNPTU
MJOFBSMZ� 'PS UIF '*3 ॳMUFS UIF BSFB SBOHFT GSPN ����· UP ����· SFTQFDUJWFMZ GPS  FRVBM
UP � BOE ��� *O UIF **3 ॳMUFS DBTF FWFO XJUI  � � UIF BSFB JT ����· MBSHFS UIBO UIF

��
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	B
 '*3 ॳMUFS 	C
 **3 ॳMUFS

'JHVSF ����� &SSPS ওSFTIPME BOE "SFB PWFSIFBE WT� 3FQMJDB DJSDVJU CJU�XJEUI�

CBTFMJOF ॳMUFS BOE QFBLT VQ UP ����· GPS  � ��� 4VDI MBSHF BSFB PWFSIFBE JT EVF UP
UIF JOUFSOBM DIBSBDUFSJTUJDT PG UIF ॳMUFST J�F� UIF GFFECBDL CSBODIFT PG **3 JO EJSFDU GPSN
*� ওFTF SFTVMUT BSF JO MJOF XJUI UIF DPODMVTJPOT BDIJFWFE JO<���> XIFSF GPS B TFU PG
CFODINBSLT \3.�$03%*$ '*3 'JMUFS 4RVBSF 3PPU 6OJU^ UIF BSFB PWFSIFBE SFBDIFT UIF
QFBL PG \��� ���� ����^ X�S�U� UIF CBTFMJOF DJSDVJU�

ওF 313�"/5 QBSBEJHN JNQMJFT UIF BWBJMBCJMJUZ PG B RVBOUJUBUJWF NFBTVSF PG FSSPS
XIJDI JT TUSBJHIUGPSXBSE GPS 	TUBOE�BMPOF
 BSJUINFUJD DJSDVJUT XIJMF JU CFDPNFT EJॵDVMU
GPS PUIFS LJOET PG DJSDVJUT 	FNCFEEFE JOUP NPSF DPNQMFY TZTUFNT QFSIBQT
� 'JOBMMZ UIF
BSFB PWFSIFBE EVF UP UIF SFQMJDB DJSDVJU JT OPU OFHMJHJCMF� EFTQJUF UIF NBOZ XPSLT PO
UIF ॳFME UIF EFTJHO PG B GBTUFS BOE TNBMMFS DJSDVJU SFQMJDB TUJMM SFNBJOT BO PQFO JTTVF
FTQFDJBMMZ GPS OPO�BSJUINFUJD DJSDVJUT� )FSFBFS GPS UIF TBLF PG SFBEBCJMJUZ UIF 313�
"/5 TUSBUFHZ JT TJNQMZ MBCFMFE BT "/5�

����� &SSPS %FUFDUJPO BOE $PSSFDUJPO TDIFNFT GPS "EBQUJWF &"4
"T FYQMBJOFE JO 4FDUJPO ��� UXP NBJO EFTJHO TUSBUFHJFT DBO CF VTFE GPS BMXBZT�

DPSSFDU BQQMJDBUJPOT� 5PQ SFHJPO PG 'JHVSF ���� SFQPSUT UIFN� 8PSTU�DBTF NBSHJOFE EF�
TJHO 	UPQ�MF SFHJPO
 XIJDI BEE TVॵDJFOU DMPDL�UJNF NBSHJO UP DPNQFOTBUF EFMBZ WBSJ�
BUJPOT� $POWFOUJPOBM &SSPS %FUFDUJPO BOE $PSSFDUJPO 	&%$
 NFUIPET 	UPQ�SJHIU SFHJPO

XIJDI TFOTF BU SVO�UJNF UIF UJNJOH NBSHJO CZ EFUFDUJOH BOE SFDPWFSJOH BMM MPDBM UJNJOH
FSSPST 	F�H� JO�TJUV
 TVDI UIBU UIF TZTUFN DBO CF UVOFE UP PQFSBUF BU UIF NBSHJO FEHF
J�F� BU OFBSMZ�[FSP UJNJOH TMBDL� *O UIF DMBTT PG UIPTF TUSBUFHJFT UIBU BSF FNQMPZFE GPS
FSSPS�SFTJMJFOU BQQMJDBUJPOT CVU EP OPU JOUFHSBUF BOZ FSSPS EFUFDUJPO NFDIBOJTN 	'JHVSF
���� CPਅPN�MF SFHJPO
 CPUI TUBUJD BOE EZOBNJD &"4 TUSBUFHJFT DBO CF SFQPSUFE CZ
XBZ PG FYBNQMF�

0O UIF PUIFS IBOE "EBQUJWF &"4 TUSBUFHJFT CBTFE PO &%$ 	CPਅPN�SJHIU SFHJPO
 JT B
TQFDVMBUJWF FYUFOTJPO BOE HFOFSBMJ[BUJPO PG DPOWFOUJPOBM &OFSHZ TDBMJOH &%$ NFUIPET
UP FSSPS�SFTJMJFOU BQQMJDBUJPOT <�>� "T &"4 EPFT OPU IBWF UP FOTVSF GVMM FSSPS DPWFSBHF
UIF USBEJUJPOBMMZ MBSHF BSFB�FOFSHZ PWFSIFBE PG FSSPS EFUFDUJPO BOE SFDPWFSZ JO DPOWFO�
UJPOBM &%$ 	SFGFS UP TFDUJPO �����
 NBZ CF SFEVDFE CZ VTJOH B TJNQMFS FSSPS NBOBHFNFOU

��
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'JHVSF ����� &%$ GPS BMXBZT�DPSSFDU WT� FSSPS�SFTJMJFOU BQQMJDBUJPOT�

DJSDVJUSZ� ওVT UIFTF UFDIOJRVFT BSF BCMF UP TFOTF UIF UJNJOH FSSPST CVU UIFZ NBZ SVO
JOUP NJTT�EFUFDUFE FSSPST UP EFMJWFS B NPSF BHHSFTTJWF WPMUBHF TDBMJOH UIVT MBSHFS FO�
FSHZ TBWJOHT� ওF UJNJOH FSSPS SBUF JT UIF TUBUJTUJDBM UPPM UIBU ESJWF UIF DJSDVJU UP UIF
PQUJNBM FOFSHZ�BDDVSBDZ USBEFPॲ XIJMF UIF MPOH�UFSN BWFSBHF BDDVSBDZ MPTT JT LFQU
XJUIJO B SFBTPOBCMF SBOHF CZ UIF QSPCBCJMJTUJD SVMF GPS XIJDI MPOHFTU QBUIT UIF POFT
UIBU DBVTF NJTT�EFUFDUJPOT BDUJWBUF SBSFMZ�

*O UIF GPMMPXJOH TFDUJPOT B CSJFG JOUSPEVDUJPO UP &"4 NFUIPET CBTFE PO 3B[PS JT
SFWJFXFE�

*NQMFNFOUBUJPO PG 3B[PS�CBTFE &"4

"DDPSEJOH UP UIF MJUFSBUVSF &%$�CBTFE"EBQUJWF &"4 JTNPTUMZ JNQMFNFOUFE UISPVHI
3B[PS�TUZMF JO�TJUV UJNJOH TFOTPSTXIJDI FOBCMF BHHSFTTJWF QPXFSNBOBHFNFOU BT"EBQ�
UJWF 7PMUBHF 0WFS�4DBMJOH� " MJHIUXFJHIU 3B[PS '' FSSPS EFUFDUJPO DJSDVJUSZ IBT CFFO
VTFE JO <��> UP JNQMFNFOU BO FOFSHZ�BDDVSBDZ TDBMBCMF '5$��%95� EFDPEFS� 3B[PS ''T
BSF MBCFMFE XJUI FSSPS TJHOJॳDBODF XFJHIUT BOE CJU�XJTF 03FE UP ZJFME UIF PWFSBMM FSSPS
EFHSFF XIJDI JT DPNQBSFE UP B QSF�EFॳOFE UISFTIPME UP ESJWF UIF WPMUBHF TDBMJOH� .PTU
JNQPSUBOUMZ OP FSSPS SFDPWFSZ JT QFSGPSNFE� "MTP OP TIPSU�QBUI SBDFT ॳYJOH NFBTVSFT
IBWF CFFO JNQMFNFOUFE� ওF EFUFDUJPO XJOEPX ফা J�F� UIF DMPDL EFMBZ UP TIBEPX ''
IBT CFFO DIPTFO UP NBUDI UIF NJOJNVN EFMBZ PG UIF TIPSUFTU QBUI BU UIF JOQVU PG 3B[PS
''� ওFO ফা JT DIBOHFE EZOBNJDBMMZ XJUI UIF TVQQMZ WPMUBHF UP EFUFDU BT NVDI UJNJOH
WJPMBUJPOT BT QPTTJCMF�

&YQFSJNFOUT PO UIF '5$��%95� EFDPEFS TIPX UIBU "704 BDIJFWFT TJHOJॳDBOU FO�
FSHZ SFEVDUJPO XIJMF UIF BEEJUJPOBM FSSPS JT OFHMJHJCMF DPNQBSFE UP UIF RVBMJUZ MPTT EVF
UP MPTTZ DPNQSFTTJPO 	'JHVSF ����
� ওF NBKPS JTTVF SFMBUFE UP UIJT XPSL JT UIBU UIF FSSPS
EFUFDUJPO NFDIBOJTN DBOOPU XPSL VOEFS QSPDFTT WBSJBUJPOT� UIJT NBLFT UIJT BQQSPBDI

��
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'JHVSF ����� &OFSHZ WT� &SSPS PWFS �� UFTU JNBHFT JO <��> FYQFSJNFOUBM TFUVQ�

IBSEMZ UP CF JNQMFNFOUFE BU DJSDVJU�MFWFM� *OEFFE UIF BOBMZTJT SFQPSUFE JO <��> BSF OPU
UIF SFTVMUT PG B HBUF�MFWFM OFUMJTU GVODUJPOBM TJNVMBUJPO CVU POMZ B QSPCBCJMJTUJD FTUJNB�
UJPO� 'PS UIFTF SFBTPO UIJT UFDIOJRVF JT OPU FNQMPZFE GPS B DPNQBSBUJWF BOBMZTJT XJUI
UIF DPSF PG UIJT EJTTFSUBUJPO J�F� UIF "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
�

"VUIPST JO <���> QSPQPTFE &BSMZ #JSE 4BNQMJOH 	&#4
 B 3B[PS WBSJBOU UIBU FOBCMFT
"704 GPS FSSPS�SFTJMJFOU MPX�QPXFS DJSDVJUT� ওF &#4 BMMPXT UP TPMWF UIF QSPCMFN PG
TIPSU�QBUI SBDFT UISPVHI B 5VOBCMF %FMBZ -JOF BU UIF 3B[PS '' JOQVU CZQBTTJOH UFEJPVT
IPME�UJNF ॳYJOH EFTJHO TUBHFT� "MTP &#4 SFEVDFT EFTJHO PWFSIFBE FYQMPJUJOH B MPDBM
MPHJD�NBTLJOH NFDIBOJTN GPS FSSPS DPSSFDUJPO� ওF TJNVMBUJPO PO B TFU SFBMJTUJD CFODI�
NBSLT TIPXT UIBU &#4 DBO JNQMFNFOU B NPSF FॵDJFOU &"4 NFDIBOJTN DPNQBSFE UP UIF
TUBOEBSE 3B[PS IPME�ॳYJOH UISPVHI CVॲFST� &#4 JT EJTDVTTFE NPSF JO EFUBJM JO UIF OFYU
DIBQUFS�

����� "EBQUJWF &"4 BOE FSSPST DIBSBDUFSJ[BUJPO
"T FYQMBJOFE JO UIF TFDUJPOT BCPWF "/5 BSDIJUFDUVSF BMMPXT B EJSFDU DPOUSPM PO UIF

FSSPS NBHOJUVEF BOE JT BCMF UP LFFQ UIF PVUQVU EFHSBEBUJPO VOEFS B TQFDJॳD UISFTIPME
ॳYFE CZ UIF BQQSPYJNBUJPO NFDIBOJTN� 0O UIF DPOUSBSZ UIF UJNJOH�DPNQMJBODF TQFD�
VMBUJPO BQQSPBDI DBOOPU JNQPTF BOZ EJSFDU CPVOEBSZ UP UIF NBHOJUVEF PG FSSPST BT
UIF MBਅFS BSF UIF SFTVMUT PG NJTT�EFUFDUFE UJNJOH WJPMBUJPOT� )PXFWFS UXP NFDIBOJTNT
CBTFE PO QSPCBCJMJTUJD SVMFT MJNJU UIF BWFSBHF BDDVSBDZ ESPQ� 	J
 UIF WPMUBHF TDBMJOH JT
LFQU UP TBGF WBMVFT J�F� UIBU FOTVSF OP ESBNBUJD BDDVSBDZ EFHSBEBUJPO CZ UIF UJNJOH
FSSPST SBUF EVF UP UIF NPTU BDUJWF QBUI� 	JJ
 UIF MPOHFTU QBUIT J�F� UIF POFT NPSF QSPOF
UP SVO JOUP NJTT�EFUFDUJPO 	UIVT MFBEJOH UP RVBMJUZ EFHSBEBUJPO
 BSF SBSFMZ BDUJWBUFE
HVBSBOUFFJOH MJNJUFE MPOH�UFSN BWFSBHF BDDVSBDZ MPTT�

'PMMPXJOH B NPSF GPSNBM EFॳOJUJPO HJWFO JO <�� ���> UIF FSSPST JOUSPEVDFE CZ UIF
WPMUBHF TDBMJOH JO "/5 SFNBJO ۛTNBMMۜ JO NBHOJUVEF 	BT JU JT CPVOEFE CZ UIF QSFDJTJPO
PG UIF SFQMJDB DJSDVJU
 CVU RVJUF GSFRVFOU�ওVT "/5 DBO CF BTTPDJBUFE UP UIF DMBTT PG 'BJM

��
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s

Error Rate

Error Magnitude

Fail 
Rare

Fail 
Small

100%

'JHVSF ����� "EBQUJWF &"4 BOE FSSPS DIBSBDUFSJ[BUJPO�

TNBMM BQQMJDBUJPOT 	 CPਅPN�SJHIU SFHJPO JO 'JHVSF ����
� 0O UIF PUIFS IBOE FSSPST UIF
&"4 CBTFE PO UJNJOH DPNQMJBODF CFMPOHT UP UIF DMBTT PG 'BJM 3BSF� ওF FSSPS NBHOJUVEF
EVF UP NJTT�EFUFDUJPO JT BSCJUSBSJMZ IJHI 	UIF MPOH UJNJOH QBUIT UIBU GBMM JO WJPMBUJPOT
BSF DPNNPOMZ PO UIF .4# PG UIF PVUQVU FTQFDJBMMZ JO BSJUINFUJD DJSDVJUT
 CVU WFSZ
JOGSFRVFOU 	MPOH UJNJOH QBUIT BSF BDUJWBUFE SBSFMZ
 HVBSBOUFFJOH BO BDDFQUBCMF BWFSBHF
BDDVSBDZ 	UPQ�MF JO 'JHVSF ����
� ওJT DMBTTJॳDBUJPO JT FYUFOTJWFMZ WBMJEBUFE JO UIF OFYU
DIBQUFS�

��
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$IBQUFS �

"EBQUJWF &"4 WJB "QQSPYJNBUF &SSPS
%FUFDUJPO�$PSSFDUJPO

"T FYUFOTJWFMZ EJTDVTTFE JO 4FDUJPO ����� "EBQUJWF &OFSHZ�"DDVSBDZ 4DBMJOH 	&"4

DBO CF NBOBHFE CZ BO FTUJNBUJPO PG UIF PVUQVU BDDVSBDZ PCUBJOFE CZ DIFDLJOH UIF DJS�
DVJU UJNJOH�DPNQMJBODF UISPVHI DPOWFOUJPOBM &SSPS %FUFDUJPO BOE $PSSFDUJPO 	&%$

TDIFNFT� "T UIF UJNJOH FSSPST SBUF ESJWFT UIF WPMUBHF TDBMJOH SFEVDJOH UIF FSSPS EFUFD�
UJPO DPWFSBHF PG TUBOEBSE &%$ NPOJUPST FOBCMFT BO BHHSFTTJWF WPMUBHF SFEVDUJPO UIVT
MBSHFS FOFSHZ TBWJOHT BT MPOH BT UIF BWFSBHF BDDVSBDZ EFHSBEBUJPO JT LFQU CPVOEFE CZ
UIF QSPCBCJMJTUJD BTTVNQUJPO GPS XIJDI UIF MPOHFTU QBUIT IFODF NJTT�EFUFDUFE UJNJOH
FSSPST BSF SBSFMZ BDUJWBUFE� "MTP BT &"4 EPFT OPU IBWF UP FOTVSF GVMM FSSPS DPWFSBHF
	J�F� BENJU FSSPS NJTT�EFUFDUJPOT
 UIF USBEJUJPOBMMZ MBSHF BSFB�FOFSHZ PWFSIFBE PG FS�
SPS EFUFDUJPO BOE SFDPWFSZ JO TUBOEBSE &%$ NBZ CF SFEVDFE CZ VTJOH B TJNQMFS FSSPS
NBOBHFNFOU DJSDVJUSZ�

ওJT DIBQUFS JOUSPEVDFT "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 BO FSSPS
NBOBHFNFOU TDIFNF TVJUFE UP BEBQUJWF &"4 GPS FSSPS�SFTJMJFOU BQQMJDBUJPOT� ওF "&%�
$ NFDIBOJTN UBDLMFT TUBOEBSE &%$ DPNQMFYJUZ JO 	J
 UIF TIPSU�QBUIT SBDF NBOBHFNFOU
BOE 	JJ
 EFUFDUJPO NFDIBOJTN UP JOUSPEVDF B NPSF ॴFYJCMF BOE FॵDJFOU FOFSHZ�BDDVSBDZ
TDBMBCJMJUZ� "T B SFTVMU "&%�$ JT JNQMFNFOUFE CZ JO�TJUV FMBTUJD UJNJOH NPOJUPST J�F�
3B[PS ॴJQ�ॴPQT BVHNFOUFE XJUI UXP JOOPWBUJWF GFBUVSFT�

�� %ZOBNJD TIPSU�QBUI QBEEJOH PCUBJOFE UISPVHI B UFDIOJRVF SFGFSSFE UP BT &BSMZ
#JSE 4BNQMJOH XIJDI FOTVSFT MPX BSFB PWFSIFBE BOE FॵDJFOU WPMUBHF TDBMJOH
CZ PWFSDPNJOH UIF MJNJUBUJPOT PG UIF 3B[PS TUBUJD TIPSU�QBUI QBEEJOH CBTFE PO
CVॲFST JOTFSUJPO QSPDFEVSF�

�� 5VOBCMF &SSPS %FUFDUJPO DBQBCJMJUZ J�F� UJNJOH TFOTPST XJUI B UVOBCMF %FUFDUJPO
8JOEPX NFDIBOJTN UP DPOUSPM UIF FOFSHZ�RVBMJUZ TDBMJOH USBEFPॲ�

*OTQJSFE CZ UIF XPSLJOH QSJODJQMF PG "QQSPYJNBUF $PNQVUJOH "&%�$ FOBCMFT &"4
VTJOH UIF FSSPS EFUFDUJPO DPWFSBHF BT B LOPC� B MPX FSSPS DPWFSBHF BDDFMFSBUFT TVQQMZ

��
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WPMUBHF TDBMJOH UIVT UP BDIJFWF MBSHFS FOFSHZ TBWJOHT BU UIF DPTU PG 2VBMJUZ�PG�3FTVMU
	2P3
� B IJHI FSSPS DPWFSBHF MFTTFOT UIF WPMUBHF TDBMJOH MFBEJOH UP IJHI 2P3 BU UIF DPTU
PG XFBLFS FOFSHZ TBWJOHT�

ওJT DIBQUFS ॳSTUMZ EJTDVTT UIF GFBUVSFT PG UIF QSPQPTFE TIPSU�QBI QBEEJOH TUSBUFHZ
UIF &BSMZ #JSE 4BNQMJOH SFQPSUJOH JUT ॳHVSFT�PG�NFSJU DPNQBSFE UP TUBUF�PG�BSU 3B[PS�
4QFDJॳDBMMZ JU TIPXT IPX UIF QSPCMFN PG TIPSU�QBUI SBDFT DBO CF TPMWFE CZQBTTJOH TF�
WFSF IPME�UJNF ॳYJOH TUBHFT CBTFE PO CVॲFS JOTFSUJPOT BOE QSFTFOUT B MPX�PWFSIFBE
MPDBM MPHJD�NBTLJOH NFDIBOJTN GPS FSSPS DPSSFDUJPO� ওFO B TFDUJPO JT EFEJDBUFE UP UIF
5VOBCMF &SSPS %FUFDUJPO 	5VO&%
 UFDIOJRVF XIJDI FYQMBJOT UIF JNQMFNFOUBUJPO PG UJN�
JOH TFOTPST FNCFEEJOH 5VOBCMF %FUFDUJPO8JOEPXNFDIBOJTN�'JOBMMZ "&%�$ TUSBUFHZ
JT EJTDMPTFE BU BSDIJUFDUVSBM��DJSDVJU�MFWFM BMPOHXJUI UIF &%" UPPMT VTFE UP JNQMFNFOU JU�
"&%�$ ESJWJOH B EVBM�NPEF "EBQUJWF 7PMUBHF 0WFS�4DBMJOH 	"704
 JT TJNVMBUFE PWFS
B SFQSFTFOUBUJWF TFU PG DJSDVJUT GPS JNBHF�BVEJP QSPDFTTJOH 	F�H� %$5 '*3�**3 EJHJUBM
ॳMUFST
 QSPWJEJOH B QSPT�DPOT BOBMZTJT BOE B DPNQBSJTPO XJUI UIF TUBUF�PG�BSU 3B[PS�
ওF DPMMFDUFE SFTVMUT TIPX UIBU "&%�$ TVCTUBOUJBMMZ SFEVDFT UIF BWFSBHF FOFSHZ�QFS�
PQFSBUJPO 	VQ UP ����� TBWJOHT X�S�U� 3B[PS�ESJWFO "704
 BOE UIF BSFB PWFSIFBE 	����
WT� �����
 TUJMM HVBSBOUFFJOH SFBTPOBCMF BDDVSBDZ� "T BO FYBNQMF XIFO BQQMJFE UP B
SFBM�MJGF BQQMJDBUJPO J�F� B %$5 JOUFHSBUFE JOUP B +1&( DPNQSFTTPS "&%�$ TIPXT �����
FOFSHZ TBWJOHT 	X�S�U� B CBTFMJOF %$5 JNQMFNFOUBUJPO
 FOTVSJOH B 14/3 PG ����� E#
	X�S�U� CBTFMJOF +1&( JNBHFT
� ওF DIBQUFS JT DMPTFE CZ B DPNQBSBUJWF BOBMZTJT CFUXFFO
"&%�$ BOE BOPUIFS UFDIOJRVF UIBU CFMPOHT UP UIF "EBQUJWF &"4 DMBTT J�F� "MHPSJUIN
/PJTF 5PMFSBODF 	"/5
 HJWJOH ॳOBM DPOTJEFSBUJPOT PO "&%�$ CFOFॳUT BOE MJNJUBUJPOT�

��� &BSMZ #JSE 4BNQMJOH� B 4IPSU�1BUI 'SFF &SSPS %F�
UFDUJPO 4USBUFHZ

3B[PS JT B NJMFTUPOF JO UIF ॳFME PG &SSPS %FUFDUJPO BOE $PSSFDUJPO 	&%$
 TUSBUF�
HJFT GPS MPX�QPXFS PQFSBUJPO� %FTQJUF UIF JNQSFTTJWF MFWFM PG NBUVSJUZ JUT BQQMJDBUJPO
PO DJSDVJUT PUIFS UIBO QJQFMJOFE QSPDFTTPST TUJMM SFNBJOT BO PQFO JTTVF� 'JSTUMZ UIF FSSPS
EFUFDUJPONFDIBOJTN SFMJFT PO TQFDJBM ॴJQ�ॴPQT 	''T
 UIF 3B[PS�''T XIPTF VTF JNQPTFT
IFBWZ IPME�UJNF ॳYJOH BOE MBSHF DJSDVJU BSFB�QPXFS PWFSIFBET� TFDPOEMZ UIF FSSPS DPS�
SFDUJPO JT QFSGPSNFE UISPVHI JOTUSVDUJPO SFQMBZ B QSBDUJDF UIBU JT OPU BWBJMBCMF 	PS WFSZ
FYQFOTJWF UP JNQMFNFOU
 JO HFOFSJD DJSDVJUT�

&BSMZ #JSE 4BNQMJOH 	&#4
 JT B 3B[PS WBSJBOU UIBU BQQMJFT UP MPX�QPXFS TFRVFOUJBM DJS�
DVJUT�ওF &#4 BMMPXT UP 	J
 TPMWF UIF QSPCMFN PG TIPSU�QBUI SBDFT CZQBTTJOH UFEJPVT IPME�
UJNF ॳYJOH EFTJHO TUBHFT 	JJ
 SFEVDF EFTJHO PWFSIFBE FYQMPJUJOH B MPDBM MPHJD�NBTLJOH
NFDIBOJTN GPS FSSPS DPSSFDUJPO� "T B LFZ GFBUVSF &#4 FOBCMFT UIF "EBQUJWF 7PMUBHF
0WFS�4DBMJOH 	"704
 QBSUJDVMBSMZ TVJUFE GPS VMUSB�MPX QPXFS FSSPS�SFTJMJFOU BQQMJDB�
UJPOT�

��
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'JHVSF ���� 3B[PS�'' JNQMFNFOUBUJPO 	UPQ�MF
� 4IPSU QBUI SBDF 	UPQ�SJHIU
� BSFB PWFS�
IFBE EVF UP TIPSU�QBUI QBEEJOH 	CPਅPN
 � X�S�U� CBTFMJOF DJSDVJU <���>�

����� 0O UIF -JNJUBUJPOT PG 3B[PS 4DIFNF
*O JUT NPSF HFOFSBM FNCPEJNFOU BO BEBQUJWF *$ FYFDVUFT BO &%$ TDIFNF XIFSF UIF

PDDVSSFODF PG UJNJOH FSSPST 	UZQJDBMMZ EVF UP TFU�VQ UJNF WJPMBUJPOT
 JT ॴBHHFE UP UIF
DPOUSPM NBOBHFNFOU VOJU UIBU FWFOUVBMMZ PQFSBUFT B SFDPWFSZ NFDIBOJTN� *G UIF DJSDVJU
JT IFBMUIZ J�F� OP FSSPST QPXFS DPOTVNQUJPO JT PQUJNJ[FE CZ NFBOT PG TPNF MPX�QPXFS
LOPC F�H� WPMUBHF BOE GSFRVFODZ TDBMJOH CPEZ�CJBTJOH PS B NJY PG UIFN�

"NPOH UIF NBOZ &%$ TPMVUJPOT BQQFBSFE JO UIF SFDFOU MJUFSBUVSF 3B[PS <��><��>
TUJMM SFQSFTFOUT UIF TUBUF�JG�UIF�BSU� ওF FSSPS EFUFDUJPO JT JNQMFNFOUFE CZ SFQMBDJOH
TUBOEBSE ॴJQ�ॴPQT 	''T
 XJUI TQFDJBM ''T B�L�B� 3B[PS�''T 	'JHVSF ��� UPQ�MF
 UIBU TBN�
QMF MPHJD TJHOBMT BU UXP EJॲFSFOU JOTUBOUT PG UJNF� ॳSTU BU UIF SJTF FEHF PG UIF DMPDL
UIFO BFS B QSFEFॳOFE UJNJOH XJOEPX UIF TP�DBMMFE %FUFDUJPO�8JOEPX 	%8
� ওF UXP
UJNF�TLFXFE TBNQMFT BSF TUPSFE CZ UXP EJॲFSFOU ''T J�F� UIF NBJO ॴJQ�ॴPQ BOE UIF
TIBEPX ॴJQ�ॴPQ BOE UIFO DPNQBSFE UISPVHI B 903 HBUF GPS QBSJUZ DIFDL� " QBSJUZ
NBUDI JNQMJFT UIF BCTFODF PG FSSPST BOE UIF BWBJMBCJMJUZ PG TPNF UJNJOH TMBDL XIFSFBT
BNJTNBUDI JNQMJFT B GBVMUZ DPNQVUBUJPO UIBU JT UIFO SFDPWFSFE UISPVHI TPNF DPSSFDUJPO
NFDIBOJTN� 5P OPUJDF UIBU 3B[PS IBT CFFO DPODFJWFE GPS QJQFMJOFE QSPDFTTPST IFODF
FSSPS SFDPWFSZ JT BDDPNQMJTIFE UISPVHI JOTUSVDUJPO SFQMBZ�

"MUIPVHI 3B[PS JT DPOTJEFSFE B NJMFTUPOF JO UIF TDJFOUJॳD DPNNVOJUZ JU TIPXT JO�
USJOTJD MJNJUBUJPOT UIBU QSFWFOU JUT VTF PO TFRVFOUJBM DJSDVJUT PUIFS UIBO QJQFMJOFE QSP�
DFTTPST� ওF NBJO SFBTPOT BSF UXP 	EFTDSJCFE CFMPX JO DSJUJDBMJUZ PSEFS
�

��
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�� 4IPSU�QBUI SBDFT�
8IJMF QSPDFTTPST TIPX B SFMBUJWFMZ TNBMM OVNCFS PG FOE�QPJOU ''T 	UIF TUBHF SFHJTUFST PG
UIF QJQFMJOF
 NPTU PG XIJDI IBWJOH B SFHVMBS UJNJOH QBUI EJTUSJCVUJPOT HFOFSJD TFRVFO�
UJBM DJSDVJUT IBWF NBOZ ''T VTVBMMZ ESJWFO CZ MPHJD DPOFT XJUI UJNJOH QBUI EJTUSJCVUJPOT
UIBU TFSJPVTMZ DPNQMJDBUF UIF UJNJOH DMPTVSF EVSJOH MPHJD TZOUIFTJT� 5P CFਅFS VOEFS�
TUBOE UIJT DSJUJDBM BTQFDU POF TIPVME DPOTJEFS 3B[PS�''T TVॲFS UIF TP�DBMMFE TIPSU�QBUI
SBDF� "T QFS UIFJS JOUFSOBM TUSVDUVSF 	'JHVSF ��� UPQ�MF
 3B[PS�''T DBOOPU NBLF EJT�
UJODUJPO CFUXFFO UIF BDUJWBUJPO PG B TIPSU�QBUI XJUIJO UIF %8 BOE UIF BDUJWBUJPO PG B
MPOH�QBUI CFZPOE UIF DMPDL FEHF� ওJT NBZ DBVTF ۛGBMTFۜ FSSPS EFUFDUJPOT� "T EFQJDUFE
JO 'JHVSF ��� 	UPQ�SJHIU
 UIF WBMVF TBNQMFE JO UIF NBJO '' BU 	ৄৌো
 NBZ EJॲFS GSPN UIBU
TBNQMFE JO UIF TIBEPX '' BU 	ৄৌো , ফা
 EVF UP B TIPSU�QBUI BDUJWBUJPO 	Q�
� UIF FSSPS
ॴBH JT UIFO SBJTFE FWFO JG UIFSF JT OP UJNJOH WJPMBUJPO�

*O PSEFS UP BWPJE PWFSMBQT CFUXFFO TIPSU� BOE MPOH�QBUIT B DPNNPO EFTJHO QSBDUJDF
JT UP BQQMZ B TUBUJD TIPSU�QBUI QBEEJOH <��> <��>� *U JT B DPOTUSBJOFE IPME�UJNF ॳYJOH
QSPDFEVSF 	TIPSU�QBUI QBEEJOH IFSFBFS
 XIFSF CVॲFST BSF TFMFDUJWFMZ JOTFSUFE JO UIF
MPHJD DPOFT TVDI UIBU UIF NJOJNVN BSSJWBM UJNF PG BOZ MPHJD QBUI JT TIJFE CFZPOE
%8 	VTVBMMZ ��� PG UIF DMPDL�QFSJPE
� TIPSU QBUIT EFMBZJOH JT EPOF XIJMF LFFQJOH UIF
MPOHFS UJNJOH QBUIT VOUPVDIFE� ওF TJEF FॲFDUT BSF NBOZ� 'JSTUMZ MPOH CVॲFS DIBJOT
JOEVDF IVHF BSFB QFOBMUJFT� "T B QSFMJNJOBSZ SFTVMU 'JHVSF ��� 	CPਅPN
 TIPXT UIF BSFB
PWFSIFBE EVF UP TIPSU�QBUI QBEEJOH GPS UIF TFU PG DJSDVJUT XF VTFE BT CFODINBSLT� UIF
XPSTU DBTF JT ����� 4FDPOEMZ XIFO UIF UJNJOH DPOTUSBJOU PO UIF MPOH�QBUIT JT UJHIU
TIPSU�QBUI QBEEJOH USJFT UP SFBDI UJNJOH DMPTVSF CZ NFBOT PG #PPMFBO USBOTGPSNBUJPOT
BOE IFBWZ DJSDVJU UPQPMPHZ NPEJॳDBUJPOT UIBU )* GVSUIFS JODSFBTF BSFB )* SFTIBQF UIF
QBUI EJTUSJCVUJPO XJUI B OFHBUJWF JNQBDU PO 7EE TDBMJOH FॵDJFODZ 	NPSF EFUBJMT JO UIF
FYQFSJNFOUBM TFDUJPO
� 'JOBMMZ UIF JOTFSUJPO PG MPOH CVॲFS DIBJOT FYBDFSCBUFT UIF UJNJOH
VOQSFEJDUBCJMJUZ EVF UP 175 WBSJBUJPOT XIFO UIF DJSDVJU XPSLT BU VMUSB�MPX WPMUBHF
F�H� OFBS�UISFTIPME <��>� *O UIJT DBTF GPS B TJNQMF UFTU�DBTF NBEF VQ PG UISFF ���CJUT
NVMUJQMJFST UIF BSFB HSPXT CZ ���Y XIJMF FOFSHZ QFS PQFSBUJPO JODSFBTFT VQ UP ���
X�S�U� UIF CBTFMJOF DJSDVJU�

&WFO BTTVNJOH UIF PWFSIFBE PG TIPSU�QBUI QBTTJOH DPVME CF CSPVHIU CFMPX B SFB�
TPOBCMF UISFTIPME JU TUJMM SFNBJOT TUBUJD UIFSFCZ QSFWFOUJOH UIF JNQMFNFOUBUJPO PG BOZ
UVOBCMF TUSBUFHZ BT UIF UBSHFU PG UIJT DIBQUFS UIF"QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO
SFRVJSFT�

4PNF QSFWJPVT XPSLT F�H� <�� ��> BEESFTTFE TPNF PG UIF BCPWF JTTVFT CZ NFBOT
PG B SFEVDFE %8 PCUBJOFE UISPVHI B EVUZ�DZDMFE DMPDL 	EVUZ�DZDMF = ���
� ওFTF TP�
MVUJPOT IBWF QSPWFO UP CF FॲFDUJWF POMZ JO TPNF TQFDJॳD DBTF PG TUVEZ� ওF BVUIPST PG
<���> TVCTUJUVUF CVॲFST XJUI B ॳOF�HSBJOFE BMMPDBUJPO PG EVNNZ MPBET 	TQBSF DFMMT BOE
EVNNZ NFUBM
� ওF JOUFHSBUJPO PG UIJT NFUIPEPMPHZ JO DPNNFSDJBM UPPMT NJHIU SFTVMU
UPP DPNQMFY PS OPU DPNQMJBOU XJUI EFTJHO SVMFT DIFDLJOH 	%3$
�

��
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" TPMVUJPO UP BWPJE UIF JOTFSUJPO PG IPME�ॳYJOH CVॲFST XIJMF LFFQJOH B ��� EVUZ�
DZDMFE DMPDL JT QSPQPTFE JO <��>� ওF BVUIPST JOUSPEVDF B TIPSU�QBUI QBEEJOH NFUIPEPM�
PHZ CBTFE PO -BUDI�*OTFSUJPO� GPS FBDI QJQFMJOF TUBHF MPHJD DPOFT BSF TQMJU JOUP UXP QBSUT
VTJOH /FHBUJWF�QIBTF USBOTQBSFOU MBUDIFT� EVSJOH UIF IJHI QIBTF PG UIF DMPDL MBUDIFT
QSFWFOU TIPSU�QBUI USBOTJUJPOT BU UIF JOQVUT PG UIF 3B[PST�''T� " QPUFOUJBM MJNJUBUJPO JT
UIBU UIF BSSJWBM UJNF PG UIF MBUDIFE CMPDL DBO CF BMUFSFE CZ QSPDFTT WBSJBUJPOT MFBEJOH UP
BO JODSFBTF PG UIF FSSPS SBUF� "MTP UIF BSFB PWFSIFBE PG MBUDIFT NBZ SVO PVU PG DPOUSPM
XIFO EFBMJOH XJUI SBOEPN DJSDVJUT�

'JOBMMZ #VCCMF 3B[PS <��> XBT QSPQPTFE UP CSFBL UIF EFQFOEFODZ PG TIPSU�QBUIT
GSPN %8 BOE IFODF UP BDIJFWF B MPXFS TIPSU�QBUI QBEEJOH PWFSIFBE� ওJT UFDIOJRVF
SFRVJSFT ॴJQ�ॴPQT UP CF DPOWFSUFE JOUP UXP�QIBTF UJNJOH MBUDIFT B TPMVUJPO UIBU JT OPU
GVMMZ TVQQPSUFE CZ DPNNFSDJBM EFTJHO ॴPXT� .PSFPWFS UIF DPOUSPM ॴPX GPS HFOFSBU�
JOH�QSPQBHBUJOH UIF CVCCMF NJHIU CF DPNQMFY XJUI MBSHF PWFSIFBE UIBU MJNJUT UIF BQ�
QMJDBUJPO PG UIF UFDIOJRVF�

'PS "&%�$ TUSBUFHZ JNQMFNFOUBUJPO OPOF PG UIF BCPWF TPMVUJPOT DBO BEESFTT UIF
SFRVJSFNFOU PG B EZOBNJD TIPSU�QBUI QBEEJOH TUSBUFHZ�

�� $PSSFDUJPO UISPVHI GVODUJPOBM SFEVOEBODZ�
8IJMF QJQFMJOFE QSPDFTTPST PॲFS BO FBTZ QBUI UP FSSPS DPSSFDUJPO J�F� JOTUSVDUJPO SFQMZ
JNQMFNFOUJOH UIF TBNF NFDIBOJTN PO TFRVFOUJBM DJSDVJUT XPVME SFRVJSF B UPP DPNQMFY
'4. SFXJOE� )FODF BMUFSOBUJWF DJSDVJU TUSBUFHJFT BSF OFFEFE <���>� 6OGPSUVOBUFMZ UIF
EFTJHO PWFSIFBE PG TVDI DPSSFDUJPO DJSDVJUSZ NJHIU TVCTUBOUJBMMZ BॲFDU UIF HBJO CSPVHIU
CZ BEBQUJWF QPXFS NBOBHFNFOU�

ওFTF UXP DMBTT PG JTTVFT NBLF 3B[PS JNQMFNFOUBUJPO WFSZ IBSE PFO JNQSBDUJDBM
UP CF BEPQUFE JO MPX�QPXFS *$T� "MTP NPTU PG UIF BਅFNQUT NBEF UP HFOFSBMJ[F UIF
3B[PS UFDIOJRVF IBWF UVSOFE PVU UP CF UPP DPTUMZ� /FYU TFDUJPOT EFBM XJUI UIFTF JTTVFT
QSPQPTJOH B MJHIUXFJHIU &%$ TUSBUFHZ DBMMFE &BSMZ #JSE 4BNQMJOH 	&#4
 UIBU BEESFTTFT
UIF TIPSU�QBUI SBDFT JTTVF UISPVHI UIF JOTFSUJPO PG 5VOBCMF %FMBZ -JOFT 	5%-T
 TIBSFE
BNPOH BMM UIF QBUIT ॴPXJOH POUP UIF TBNF FOE�QPJOU� ওF SFTVMU JT UIBU PG EFQMFUJOH UIF
%8 GSPN TIPSU�QBUIT BOE BWPJE GBMTF FSSPS EFUFDUJPOT XJUIPVU JODVSSJOH BOZ TJHOJॳDBOU
EFTJHO PWFSIFBE� 5P OPUJDF UIBU UIF BWBJMBCJMJUZ PG UVOBCMF EFMBZT FOBCMFT QPTU�TJMJDPO
WBSJBCJMJUZ DPNQFOTBUJPOT�

"MTP BT TIPXO CFMPX &#4 FOBCMFT BO FॵDJFOU "704 TDIFNF BT WPMUBHF TDBMJOH JT
BCMF UP GPMMPX UIF BDUVBM BDUJWBUJPO PG UIF MPOHFTU QBUI 	SBUIFS UIBO UIF XPSTU�DSJUJDBM
QBUI JEFOUJॳFE BU EFTJHO UJNF
� ওJT MFBWFT SPPN UP B NPSF BHHSFTTJWF QPXFS NBOBHF�
NFOU XFMM TVJUFE GPS FSSPS�SFTJMJFOU BQQMJDBUJPOT�

����� %ZOBNJD 4IPSU�1BUI 1BEEJOH UISPVHI &BSMZ #JSE 4BNQMJOH
ওF &BSMZ #JSE 4BNQMJOH 	&#4
 UFDIOJRVF IBT CFFO DPODFJWFE XJUI B UXPGPME PCKFD�

UJWF JO NJOE� )* SFEVDF USBEJUJPOBM EFTJHO PWFSIFBE JNQPTFE CZ 3B[PS TZTUFN XIJMF )*
��
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No short-paths race

DL=DW-ATmin

AT
Tclk

ATmin

DW Paths under 
DW

#Paths

ATTclkATmin

DW Paths under DW
infrequent

#Active Paths

DL=DW-ATmin

Razor
EBS

Baseline

DW

Tunable
Delay Line

Razor

TDL

Short-Paths
Critical-Paths

'JHVSF ���� &BSMZ #JSE 4BNQMJOH BU B UJNJOH DSJUJDBM FOE�QPJOU� DJSDVJU JNQMFNFOUBUJPO
	UPQ
� TUBUJD 	CPਅPN�MF
 BOE EZOBNJD 	CPਅPN�SJHIU
 UJNJOH QBUIT BOBMZTJT� 1MPUT BSF
JMMVTUSBUJWF BOE EP OPU SFGFS UP B TQFDJॳD DBTF SBUIFS UIFZ TIPX UZQJDBM EJTUSJCVUJPOT
PCTFSWFE PO HFOFSJD DJSDVJUT�

NBJOUBJOJOH UIPTF JOUSJOTJD DIBSBDUFSJTUJDT PG UIF DJSDVJU UIBU FOBCMF BO FॵDJFOU JNQMF�
NFOUBUJPO PG "704�

" TDIFNBUJD SFQSFTFOUBUJPO PG UIF &#4 DJSDVJU JT HJWFO JO 'JHVSF ��� 	UPQ
� 5VOBCMF
%FMBZ -JOFT 	5%-T
 BSF JOTFSUFE KVTU CFGPSF UIF DSJUJDBM FOE�QPJOUT PG UIF DJSDVJU� ওPTF
FOE�QPJOU BSF FRVJQQFE XJUI B WBSJBOU PG UIF 3B[PS�'' 	NPSF JNQMFNFOUBUJPO EFUBJMT
QSPWJEFE MBUFS JO UIF UFYU
� ওF QSPQBHBUJPO EFMBZ PG UIF 5%-T DBO CF UVOFE BU SVO�UJNF
TVDI UIBU UIF BSSJWBM UJNF PG UIF TIPSUFTU QBUI 	ন্ৎ
 JT EFMBZFE CFZPOE UIF EFUFDUJPO
XJOEPX 	%8
 PG UIF 3B[PS�''T� *OEFFE UIF EFMBZ PG B 5%- JT HJWFO CZ�

 ফ > ফা ѿ ন্ৎ< 	���


ওJT QSFWFOUT UIF BDUJWBUJPO PG TIPSU�QBUIT XJUIJO UIF EFUFDUJPO XJOEPX BOE TP SBDFT
XJUI MPOH�QBUI JO TFUVQ UJNF WJPMBUJPO J�F� ۛGBMTFۜ FSSPS EFUFDUJPO� 'PS UIF TBLF PG DMBSJUZ
XF BTTVNFE UIBU B 5%- JT UVOFE EVSJOH QPTU�GBCSJDBUJPO TUBHF XIFO BMTP UIF OPNJOBMৄৌো DBO CF QSPQFSMZ TFU TVDI UIBU OP QBUIT DBO CF EFMBZFE CFZPOE UIF %8 JO OPNJOBM
PQFSBUJOH DPOEJUJPOT� &BDI DSJUJDBM FOE�QPJOU DPNFT XJUI JUT EFEJDBUFE 5%-� 5P CF BMTP
OPUJDFE UIBU UIF UVOBCMF EFMBZT FOBCMF QPTU�TJMJDPO DPNQFOTBUJPO PO UIF TIPSU�QBUIT
	PVU PG UIF TDPQF PG UIJT XPSL
�

ওF &#4 TUSBUFHZ DBO CF TFFO BT B ۛXFBLۜ TIPSU�QBUI QBEEJOH PQUJNJ[BUJPO QSPDF�
EVSF XIFSF UIF TFU�VQ DPOTUSBJOUT BSF OPU UBLFO JOUP BDDPVOU� *OEFFE B 5%- EPFT OPU

��
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EFMBZ TIPSU�QBUIT POMZ BDUVBMMZ JU FWFOMZ BॲFDUT BMM UIF QBUIT JO JUT GBO�JO DPOF� ওF
MPOHFTU QBUIT NBZ UIFSFCZ TVॲFS FBSMZ TBNQMJOH IFODF UIF OBNF &BSMZ #JSE 4BNQMJOH�
ওF SFMBYBUJPO PG UIF UJNJOH DPOTUSBJOUT JT UIF LFZ GPS B MJHIUXFJHIU JNQMFNFOUBUJPO PG
UIF FSSPS�EFUFDUJPO NFDIBOJTN�

5P CFਅFS VOEFSTUBOE UIF XPSLJOH QSJODJQMF PG &#4 'JHVSF ��� 	CPਅPN�MF
 QSPWJEFT
B DPNQBSJTPO BNPOH UIF TUBUJD QBUI EJTUSJCVUJPOT BU B DSJUJDBM FOE�QPJOU GPS UISFF EJG�
GFSFOU DJSDVJUT JNQMFNFOUBUJPOT� )* B HFOFSJD DJSDVJU BFS TZOUIFTJT UIF #BTFMJOF 	CMVF
EBTIFE MJOF
 )* UIF DJSDVJU BFS TUBOEBSE TIPSU�QBUI QBEEJOH PQUJNJ[BUJPO 3B[PS 	QMBJO
SFE MJOF
 )* &#4 	QMBJO HSFFO MJOF
� 4IPSU�QBUI QBEEJOH SFTIBQFT UIF QBUI EJTUSJCVUJPOT
HVBSBOUFFJOH UIBU BMM QBUIT BSF CFZPOE UIF EFUFDUJPO XJOEPX OBNFMZ PVUTJEF UIF HSBZ
BSFB JO 'JHVSF XIJMF NBJOUBJOJOH UIF MPOHFTU QBUI EFMBZ VODIBOHFE� #Z DPOUSBTU UIF
FॲFDU PG &#4 JT UP TIJ UIF XIPMF UJNJOH EJTUSJCVUJPO IFODF TPNF QBUIT NPWF CFZPOEৄৌো 	QVSQMF BSFB
�

"U ॳSTU HMBODF UIJT JTTVF NBZ CF TFFO BT B QPUFOUJBM JNQFEJNFOU� )PXFWFS B NPSF
BDDVSBUF BOBMZTJT SFWFBMT UIBU UIF QSPCMFN JT MFTT SFMFWBOU GSPN B QSBDUJDBM WJFXQPJOU�
&#4 FYQMPJUT UIF GBDU UIBU GPS SFBM�MJGF XPSLMPBET UIF BDUJWBUJPO QSPCBCJMJUZ PG MPOH�QBUIT
JT VTVBMMZ QSFਅZ MPX� ওJT GFBUVSF TIPXO CZ UIF NBKPSJUZ PG EJHJUBM DJSDVJUT TVHHFTUT
UIBU MBUFOU GBVMUT PO MPOH�QBUIT BSF SBSFMZ FYDJUFE� &YQFSJNFOUBM SFTVMUT HJWF FWJEFODF
PG TVDI FNQJSJDBM SVMF PG UIVNC XIJDI DBO CF JOGFSSFE CZ QSPCJOH UIF BSSJWBM UJNF PG
UJNJOH FOE�QPJOUT EVSJOH XPSLMPBE FYFDVUJPO J�F� UISPVHI B EZOBNJD UJNJOH BOBMZTJT�
'JHVSF ��� 	CPਅPN�SJHIU
 QMPUT UIF EZOBNJD QBUI EJTUSJCVUJPO GPS B UZQJDBM XPSLMPBE SVO
PO UISFF EJॲFSFOU JNQMFNFOUBUJPOT PG UIF DJSDVJUT� CBTFMJOF 3B[PS &#4� "T B NBਅFS PG
GBDU UIF OVNCFS PG WJPMBUJOH QBUIT JT NVDI MPXFS UIBO UIPTF FTUJNBUFE VTJOH B XPSTU�
DBTF TUBUJD UJNJOH BOBMZTJT 	QVSQMF BSFB JO 'JHVSF ��� CPਅPN�MF
�

ওF NPTU JOUFSFTUJOH BTQFDU JT UIBU &#4 EPFT OPU BMUFS UIF TIBQF PG UIF EJTUSJCVUJPO
	CPUI TUBUJD BOE EZOBNJD
� SFGFSSJOH UP UIF QMPUT JO 'JHVSF ��� UIF HSFFO MJOF JT B DPQZ
PG UIF EBTIFE MJOF KVTU TIJFE PO UIF SJHIU� ওJT BMMPXT UP QSFTFSWF UIF JOUSJOTJD DIBSBD�
UFSJTUJDT PG UIF PSJHJOBM DJSDVJU UIVT FOBCMJOH B NPSF FॵDJFOU WPMUBHF TDBMJOH� ওF TBNF
JT OPU GPS 3B[PS XIFSF B QBUI DPNQSFTTJPO SFTVMUJOH GSPN TIPSU�QBUI QBEEJOH PQUJNJ[B�
UJPO TVCTUBOUJBMMZ JODSFBTFT UIF OVNCFS PG ۛRVBTJ�DSJUJDBMۜ QBUIT 	J�F� NPSF BDUJWF QBUIT
TLFXFE UPXBSET ৄৌো SFE DVSWF BCPWF UIF HSFFO POF
 BT TIPXO JO 'JHVSF ��� 	CPਅPN�
SJHIU
� "T B TJEF FॲFDU FWFO TNBMM WPMUBHF WBSJBUJPOTXPVME CSJOH B MBSHF OVNCFS PG QBUIT
CFZPOE ৄৌো UIFSFGPSF USJHHFSJOH NPSF UJNJOH FSSPST� "T B SFTVMU QPXFS�NBOBHFNFOU
UFDIOJRVFT BOE "704 JO QBSUJDVMBS NJHIU IBWF GFXFS NBSHJOT UP PQFSBUF� UIJT JNQBDUT
UIF WPMUBHF TDBMJOH FॵDJFODZ BOE UIF QPUFOUJBM FOFSHZ TBWJOHT�

ওF JOUVJUJPO CFIJOE &#4 JT UIBU B TJNQMF EFMBZ TIJ JT MFTT JOWBTJWF BOE NPSF TVJU�
BCMF GPS BHHSFTTJWF WPMUBHF TDBMJOH� ওF USVUIGVMOFTT PG UIJT QSJODJQMF JT QSPWFO CZ FY�
QFSJNFOUBM UFTUT XIJDI SFQPSUT UIF SFTVMUT BDIJFWFE CZ BO BHHSFTTJWF "EBQUJWF QPXFS
NBOBHFNFOU MJLF "704�

��
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����� *NQMFNFOUBUJPO %FUBJMT
5VOBCMF %FMBZ -JOF 	5%-


%JॲFSFOU JNQMFNFOUBUJPOT PG 5%-T IBWF CFFO QSPQPTFE JO MJUFSBUVSF� BT UIF NPEFM�
JOH PG B 5%- JT PVU PG UIF TDPQF PG UIJT EJTTFSUBUJPO XF PQUFE GPS UIF TPMVUJPO QSFTFOUFE
JO <���>� *U DPOTJTUT PG B QBJS PG JOWFSUFST XJUI B WPMUBHF�DPOUSPMMFE WBSJBCMF MPBE CFUXFFO
UIFN� UIF MPBE JT B USBOTNJTTJPO HBUF XIPTF 0/�SFTJTUBODF JT DPOUSPMMFE CZ 7ৌূ BT
TIPXO JO 'JHVSF ���� 4VDI TPMVUJPO BMMPXT UP DPWFS B XJEF SBOHF PG EFMBZT XJUI B MJNJUFE
BSFB PWFSIFBE� ওF NBJO ESBXCBDL JT UIBU BO FYUSB QPXFS HSJE JT OFFEFE GPS UIF EJTUSJ�
CVUJPO PG 7ৌূ� "O BMUFSOBUJWF TPMVUJPO JT UP VTF UVOBCMF CVॲFST BEPQUFE GPS PO�MJOF
DMPDL�TLFX DPNQFOTBUJPO <��>�

IN

Delay	Control
(Vdelay)

OUT

'JHVSF ���� 5VOBCMF %FMBZ -JOF 	5%-
 JNQMFNFOUBUJPO <���>�

&SSPS %FUFDUJPO�$PSSFDUJPO

ওF &#4 EFUFDUJPO BOE DPSSFDUJPO NFDIBOJTN JT JNQMFNFOUFE VTJOH TUBOEBSE 3B[PS�
''T <��> BVHNFOUFE XJUI B MPHJD NBTLJOH DJSDVJUSZ <���> 'JHVSF ���� )FSFBFS XF SFGFS
UP UIJT BSDIJUFDUVSF BT 3B[PS�-PHJD�.BTLJOH 	3B[PS�-.
� " QPMBSJUZ DIBOHF BU UIF JOQVU
PG UIFNBJO ॴJQ�ॴPQ BFS UIF SJTJOH FEHF PG UIF DMPDL JNQMJFT TPNF MPOH�QBUI JT WJPMBUJOH
UIF UJNJOH DPOTUSBJOU J�F� B UJNJOH FSSPS� ওJT FWFOU JT ॴBHHFE UISPVHI UIF 903 HBUF
UIBU SVOT B QBSJUZ DIFDL CFUXFFO UIF TJHOBMT BU QJOT ফভ ভ BOE সভ ভ� ওF FSSPS ॴBH JT
TBNQMFE JO B TIBEPX MBUDI USJHHFSFE PO UIF GBMM FEHF PG UIF DMPDL�

CLK

Q

ERROR

0
1

Razor-LM
DFF QFF

DL QL

RLRST

TDL

ERRORs	
OR-TREE

…
.

D

MAIN

'JHVSF ���� &SSPS EFUFDUJPO BOE MPHJD NBTLJOH DJSDVJUSZ JO &#4�

��
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ERRORs
OR-TREE

Event 
Counter

Power 
Management 

Unit

VDD

..…

..…

Adaptive	ClockREF_CLK CLK

0 1

Error	Management	Unit

Ne

'JHVSF ���� &SSPS .BOBHFNFOU 6OJU JO &#4�

ওJT TNBSU TPMVUJPO BMMPXT MBSHF EFUFDUJPO XJOEPXT 	J�F� ফা > 61&ৄৌো
 X�P BOZ
NPEJॳDBUJPO PG UIF DMPDL EJTUSJCVUJPO OFUXPSL� 0ODF EFUFDUFE UIF FSSPS JT MPDBMMZ DPS�
SFDUFE UISPVHI MPHJD NBTLJOH UIBU JT B .69 TXJUDIFT UIF PVUQVU XJUI UIF DPNQMFNFOU
PG UIF XSPOH TJHOBM TUPSFE JO UIF NBJO ''�

*O PSEFS UP MFU UIF DPSSFDUFE WBMVF QSPQBHBUF UPXBSE UIF GBOPVU MPHJD UIF XIPMF
DJSDVJU IBT UP CF TUPQQFE GPS BU MFBTU POF DMPDL DZDMF� 4VDI BO FSSPS�ESJWFO DMPDL�HBUJOH
JT NBOBHFE CZ UIF &SSPS .BOBHFNFOU 6OJU 	&.6
 'JHVSF ��� UIBU VTFT B TVQFSTFU PG UIF
FSSPS ॴBHT 	শহ BNPOH BMM UIF 3B[PS�-. JO UIF DJSDVJU
 BT B DMPDL FOBCMF� ওF &.6 JT
BMTP JO DIBSHF PG DPMMFDUJOH UIF FSSPS TUBUJTUJDT J�F� UIF OVNCFS PG FSSPS PDDVSSFODFT 
XJUIJO B QSFEFॳOFE NPOJUPSJOH QFSJPE PG  DMPDL DZDMFT� ওF 1PXFS .BOBHFNFOU 6OJU
	1.6
 VTFT UIJT GFFECBDL UP JNQMFNFOU UIF EZOBNJD WPMUBHF TDBMJOH�

%FTJHO 'MPX

ওF &#4 EFTJHO ॴPX FODPNQBTTFT UISFF EJॲFSFOU TUBHFT XF JOUFHSBUFE JOUP B DPN�
NFSDJBM EFTJHO QMBUGPSN 	UIF 4ZOPQTZT 3� (BMBYZ
 VTJOH XSBQQFST XSJਅFO JO 5$-�

�� -PHJD 4ZOUIFTJT� B DMBTTJDBM UJNJOH�ESJWFO MPX�QPXFS MPHJD TZOUIFTJT SVO VTJOH
�� ON JOEVTUSJBM UFDIOPMPHZ MJCSBSJFT DIBSBDUFSJ[FE BU UIF OPNJOBM 7EE����� 7�

�� *EFOUJDBUJPO PG DSJUJDBM FOE�QPJOUT� BFS UIF DMPDL�USFF TZOUIFTJT UIF FOE�
QPJOUTXIPTFXPSTU�DBTF BSSJWBM UJNF BUNJOJNVNWPMUBHF 7EE����� 7 	MPXFS CPVOE
PG UIF WPMUBHF TDBMJOH SBOHF
 NJTT UIF DMPDL�QFSJPE ৄৌো BSF MBCFMFE BT ۛDSJUJDBM �ۜ

�� 3B[PS�-. SF�QMBDFNFOU BOE 5%- JOTFSUJPO� GPS FBDI DSJUJDBM FOE�QPJOU UIF
TUBOEBSE '' JT SFQMBDFE XJUI B 3B[PS�-. BOE UIF 5%- QSPQFSMZ JOTFSUFE� UIF FSSPS
03�USFF JT BMTP TZOUIFTJ[FE�

��
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ATTclk

Off-side paths → 
Miss-detected

errors

#Active Paths

TDL

DW

Razor
EBS

Vdd << Vddnom

'JHVSF ���� .JTT�EFUFDUFE FSSPST SFQSFTFOUBUJPO�

����� 0O UIF DJFODZ& PG &BSMZ #JSE 4BNQMJOH
"704 1PMJDJFT

"EBQUJWF 7PMUBHF 0WFS�TDBMJOH 	"704
 CFMPOHT UP UIF DMBTT PG BEBQUJWF WPMUBHF TDBM�
JOH <��> UFDIOJRVFT� *U JNQMFNFOUT B DPOUFYU�ESJWFO WPMUBHF MPXFSJOH UIBU JT WPMUBHF
HFUT SFHVMBUFE CZ UIF PDDVSSFODF PG UJNJOH FSSPST PO UIF BDUVBM TFOTJUJ[FE DSJUJDBM QBUIT
J�F� UIPTF BDUJWBUFE CZ UIF BDUVBM JOQVU QBਅFSOT�

"T BMSFBEZ EJTDVTTFE UIJT NBZ MFBE TPNF PG UIF MPOHFTU QBUIT CFZPOE UIF DMPDL
QFSJPE�ওPTF XIJDI GBMM XJUIJO UIF EFUFDUJPO XJOEPX 	%8
 BSF EFUFDUFE BOE FWFOUVBMMZ
DPSSFDUFE� UIBU JT UIF CBTJD QSJODJQMF PG &#4� )PXFWFS UIFSF NJHIU CF TQFDJॳD TFRVFODFT
PG JOQVU QBਅFSOT UIBU QVTI UIF TVQQMZ WPMUBHF TP EPXO UIBU TPNF PG UIF MPOHFTU QBUIT
DPVME FWFO FYDFFE UIF %8� TVDI PGG�TJEF QBUIT SFQSFTFOU UIF QSJNBSZ TPVSDF PG FSSPS
NJTT�QSFEJDUJPO� ওF MBਅFS DBTF JT HSBQIJDBMMZ EFQJDUFE JO 'JHVSF ���� 1BUIT JO PGG�TJEF SVO
PVU PG DPOUSPM BOE UIFJS BDUJWBUJPO JT UIF NBJO TPVSDF PG FSSPS QSPQBHBUJPO� )FSF JT XIZ
"704 JT QBSUJDVMBSMZ TVJUFE GPS FSSPS�SFTJMJFOU BQQMJDBUJPOT�

*U JT XPSUI UP FNQIBTJ[F UIBU NJTT�EFUFDUJPOT NBJOMZ SBJTF EFQFOEJOH PO UIF WPMUBHF
TDBMJOH QPMJDZ BEPQUFE� 8F UIFSFGPSF QSPWJEF B QBSBNFUSJD BOBMZTJT BNPOH EJॲFSFOU
"704 QBSBNFUFST BOE EJॲFSFOU NBOBHFNFOU QPMJDJFT 	UIF MBਅFS CFJOH EFTDSJCFE JO UIF
OFYU TVCTFDUJPO
�

ওF NBJO GFFECBDL QSPWJEFE CZ UIF FSSPS NBOBHFNFOU VOJU 	&.6
 JT UIF OVNCFS PG
FSSPST  XJUIJO B QSFEFॳOFE OVNCFS PG DMPDL�DZDMFT  UIF NPOJUPSJOH QFSJPE 	QMFBTF
SFGFS UP 4FDUJPO �����
� ওF QPXFS NBOBHFNFOU VOJU 	1.6
 NBLFT VTF PG TVDI FSSPS�SBUFবহ JO PSEFS UP JNQMFNFOU TPNF WPMUBHF TDBMJOH QPMJDZ� .PSF TQFDJॳDBMMZ UIF বহ JT
DPNQBSFE BHBJOTU B HJWFO FSSPS�UISFTIPME বহυ 	PS NVMUJQMF FSSPS�UISFTIPMET
 JO PSEFS
UP USJHHFS UIF WPMUBHF TDBMJOH� *O UIJT TFDUJPO XF JNQMFNFOUFE UISFF EJॲFSFOU QPMJDJFT
BT GPMMPXT�

�� 4JOHMF�UISFTIPME 
ࢪ4	� BT TIPXO JO 'JHVSF ��� 	MF
 HJWFO বহυ BT B VTFS�
EFॳOFE FSSPS UISFTIPME UIF QPMJDZ XPSLT BT GPMMPX�

��
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ۡ BT TPPO BT  HFUT MBSHFS UIBO বহυ UIF TVQQMZ WPMUBHF JT JODSFBTFE X�P XBJUJOH
GPS UIF FOE PG NPOJUPSJOH QFSJPE�

ۡ JG  ӑ বহυ BU UIF FOE PG UIF NPOJUPSJOH QFSJPE J�F� BFS  DZDMFT UIF TVQQMZ
WPMUBHF JT SFEVDFE GPS QPXFS NJOJNJ[BUJPO�

5P OPUJDF UIBU 4ও FOBCMFT UIF DPOUSPM PWFS UIF NJOJNVN 0QFSBUJPO QFS $MPDL�DZDMF
	01$
 B NFBTVSF PG QFSGPSNBODF PWFSIFBE EVF UP FSSPS DPSSFDUJPO� JOEFFE বহυ SFQ�
SFTFOUT UIF NBYJNVN 01$ MPTT�

�� %PVCMF�UISFTIPME 
ࢪ%	� DPODFJWFE UP CF NPSF DPOTFSWBUJWF UIF %ও QPMJDZ
FYQMPJUT B ۛOFVUSBMۜ SFHJPO EFॳOFE CZ UXP UISFTIPMET বহυ্ৎ BOE বহυ্ূ  'JHVSF ���
	SJHIU
� XJUIJO UIJT SFHJPO UIF TVQQMZ WPMUBHF JT LFQU VOUPVDIFE� ওJT BWPJET FYDFTTJWF
7EE SJQQMFT UIVT NBLJOH UIF WPMUBHF TDBMJOH TNPPUIFS� ওF QPMJDZ XPSLT BT GPMMPXT�

ۡ BT TPPO BT  Ӓ বহυ্ূ  7EE JT TDBMFE VQ X�P XBJUJOH GPS UIF FOE PG NPOJUPSJOH
QFSJPE�

ۡ JG  ӑ বহυ্ৎ BU UIF FOE PG UIFNPOJUPSJOH QFSJPE 7EE JT TDBMFE EPXO GPS QPXFS
NJOJNJ[BUJPO�

ۡ JG বহυ্ৎ =  = বহυ্ূ BU UIF FOE PG UIF NPOJUPSJOH QFSJPE 7EE JT LFQU
VODIBOHFE JO PSEFS UP BWPJE FYDFTTJWF 7EE SJQQMF�

ERTh

Ne

Vdd ↑

Vdd ↓ ERTh min

Ne

Vdd ↑

Vdd ↓

ERTh max

Vdd =

'JHVSF ���� 4ও 	MF
 WT� %ও 	SJHIU
 7EE TDBMJOH QPMJDJFT�

SFTIPME�FYDFFEJOHࢪ�� 4BUVSBUJPO $PVOUFS 	4$
� UIJT QPMJDZ JT NPSF FMBCPSBUFE
BT JU UBLFT JOUP BDDPVOU IPX UIF TVQQMZ WPMUBHF FWPMWFT PWFS UJNF� ওF XPSLJOH NFDIB�
OJTN EFQJDUFE JO 'JHVSF ��� BT B .FBMZ 'JOJUF 4UBUF .BDIJOF 	'4.
 NBLFT VTF PG B ��CJU
TBUVSBUJPO DPVOUFS UP EFDJEF XIFUIFS UIF WPMUBHF IBT UP CF TDBMFE VQ�EPXO� *U XPSLT BT
GPMMPXT�

ۡ UIF QPMJDZ TUBSUT SFEVDJOH 7EE 	4BGF TUBUF
�

ۡ JG  FYDFFET UIF বহυ B XBSOJOH TJHOBM JT SBJTFE 	&��
 BU UIF FOE PG UIF NPOJUPS�
JOH QFSJPE BOE UIF '4. TUBUF FWPMWFT UP 4BUVSBUJPO $PVOU� 7EE JT OPU JODSFBTFE�

��
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ۡ UIF 7EE JT TDBMFE VQ JJG UIF OVNCFS PG DPOTFDVUJWF XBSOJOH TJHOBM ৄ JT FRVBM UPৄ্ূ 	�6��
� *O UIJT DBTF UIF '4. NPWFT UP UIF 6OTBGF TUBUF�

ۡ *G UIF DVSSFOU TUBUF JT6OTBGF BOE OPXBSOJOH TJHOBM JT SBJTFE 	&��
 UIF '4. FWPMWFT
JO 4BGF TUBUF BOE 7EE JT TDBMFE EPXO�

ۡ BOZUJNF '4. SFBDIFT UIF 4BUVSBUJPO $PVOU TUBUF UIF XBSOJOH DPVOU ৄ JT TFU UP
[FSP�

5P OPUJDF UIBU UIF 4$ QPMJDZ IBT CFFO UIPVHIU UP CFNPSF BHHSFTTJWF UIBO 4ও� JOEFFE
JU BMMPXT UP JODSFBTF UIF UJNF TQFOU BU MPXFS 7EE FWFO XIFO UIF  FYDFFET বহυ� ওJT
FOBCMFT MBSHFS FOFSHZ TBWJOHT BU UIF DPTU PG TPNF QFSGPSNBODF BOE RVBMJUZ�PG�SFTVMUT
MPTT�

Unsafe

Safe

Satur. 
Count

E = 0 | Vdd ↓

E = 1 | Vdd =
(E = 1) & (c ≤ cmax ) | Vdd =

ERTh

Ne

E = 1 

E = 0

E = 0 | Vdd ↓

(E = 1) & (c > cmax ) | Vdd ↑

E = 0 | Vdd ↓

(E = 1) | Vdd =

Start

'JHVSF ���� 4BUVSBUJPO $PVOUFS 7EE TDBMJOH QPMJDZ�

&YQFSJNFOUBM 'SBNFXPSL� #FODINBSLT BOE 5FTUCFODIFT

ওF QSPQPTFE &#4 UFDIOJRVF IBT CFFO UFTUFE PO B TFU PG PQFO TPVSDF CFODINBSLT
PWFS XIJDI XF BQQMJFE B "704 TDIFNF� ওF ॳWF DJSDVJUT VOEFS BOBMZTJT BSF�

ۡ "EEFS� ��·���CJU � $BSSZ�*O "EEFS� Gৄৌো � ���.)[�

ۡ .VMUJQMJFS� ��·���CJU .VMUJQMJFS� Gৄৌো � ���.)[�

ۡ ."$� ��·���CJU .VMUJQMZ "DDVN� 6OJU� Gৄৌো � ���.)[�

ۡ '*3 'JMUFS� 1JQFMJOFE ��UI�PSEFS MPX�QBTT '*3 ॳMUFS JO EJSFDU GPSN 	���CJU JO ���CJU
PVU
� Gৄৌো � ���.)[�

ۡ **3 'JMUFS� 1JQFMJOFE �UI�PSEFS MPX�QBTT **3 ॳMUFS JO EJSFDU GPSN * NPEFMFE BFS B
#FTTFM BOBMPH ॳMUFS 	���CJU JO ���CJU PVU
� Gৄৌো � ���.)[�

��
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'PS FBDI CFODINBSL CPUI UIF &#4 BOE UIF 3B[PS WFSTJPOT IBWF CFFO EFTJHOFE� ওF
EJॲFSFODF CFUXFFO UIFN JT UIF NFUIPE BEPQUFE UP TPMWF UIF TIPSU�QBUI SBDFT J�F� 5%-T
GPS &#4 BOE TUBOEBSE QPTU�TZOUIFTJT TIPSU�QBUI QBEEJOH GPS 3B[PS� JO CPUI DBTFT UIF
OVNCFS PG NPOJUPSFE FOE�QPJOUT JT UIF TBNF� ওF TIPSU�QBUI QBEEJOH QSPDFEVSF JN�
QMFNFOUFE GPS UIF 3B[PS DJSDVJUT VTFT NVMUJ�ঽυ DMPDL CVॲFST UIBU NJOJNJ[F UIF BSFB
PWFSIFBET�

ওF "704 JT FNVMBUFE VTJOH BO JO�IPVTF UPPM XIJDI SVOT GVODUJPOBM TJNVMBUJPOT
	.FOUPS 2VFTUB4JN
 XJUI CBDL�BOOPUBUFE TEG EFMBZ JOGPSNBUJPO� 1SPQBHBUJPO EFMBZT
BSF FYUSBDUFE VTJOH B 4UBUJD 5JNJOH "OBMZTJT FOHJOF 	4ZOPQTZT 1SJNF5JNF
 MPBEFE XJUI
UFDIOPMPHZ MJCSBSJFT DIBSBDUFSJ[FE BU EJॲFSFOU TVQQMZ WPMUBHFT� GPS UIPTF TVQQMZ WPMU�
BHFT OPU BWBJMBCMF JO UIF MJCSBSZ TFU XF VTFE EFSBUJOH GBDUPST FNCFEEFE JOUP UIF 45"�
ওF QPXFS EJTTJQBUJPO JT DBMDVMBUFE VTJOH QSPCBCJMJTUJD NPEFMT 	4ZOPQTZT 1SJNF1PXFS

XJUI CBDL�BOOPUBUFE TJHOBM TUBUJTUJDT GSPN TBJG GPSNBU ॳMFT� ওF FOFSHZ DPOTVNQUJPO
JT FTUJNBUFE DPOTJEFSJOH UIF TVQQMZ WPMUBHF QSPॳMFT DPMMFDUFE GSPN TJNVMBUJPOT�

ওF FNVMBUFE XPSLMPBE DPOTJTUT PG SFBMJTUJD JOQVU TUJNVMJ NBEF VQ PG �Y��7 QBਅFSOT
DVTUPNJ[FE GPS FBDI CFODINBSL� 'PS BSJUINFUJD DJSDVJUT 	"EEFS .VMUJQMJFS BOE ."$

XF PSHBOJ[FE UIF QBਅFSOT BT TFRVFODF PG (BVTTJBO EJTUSJCVUJPOT FBDI PG UIFN IBWJOH
B WBSJBCMF NFBO� GPS "EEFS BOE .VMUJQMJFS� ౡ2 > 39 ౡ3 > 327 ౡ4 > 339 XJUI TUBOEBSE
EFWJBUJPO ౨ > 39� GPS ."$� ౡ2 > 35 ౡ3 > 39 ౡ4 > 323 XJUI TUBOEBSE EFWJBUJPO ౨ > 35�
'PS '*3 BOE **3 MUFST࠻ TUJNVMVT DPOTJTUT PG B TFU PG CBTFCBOE BVEJP TBNQMFT�

'PS UIF TBLF PG DMBSJUZ QMPUT BOE CBS HSBQIT PG FYQFSJNFOUBM SFTVMUT XIJDI SFGFST UP
3B[PS SFQPSU UIF DBQUJPO3;�#' UP JOEJDBUF UIBU DPOWFOUJPOBM 3B[PS TIPSU�QBUI QBEEJOH
IBT CFFO JNQMFNFOUFE CZ CV࠺FST JOTFSUJPO�

2VBMJUZ .FUSJDT

�� "WFSBHF 7EE� BWFSBHF PG UIF 7EE NFBTVSFE PWFS UIF UFTUCFODI USBDF�

�� &OFSHZ QFS 0QFSBUJPO 	&10
� SBUJP CFUXFFO FOFSHZ DPOTVNFE BOE OVNCFS PG PQ�
FSBUJPOT�

�� 0QFSBUJPO QFS $MPDL $ZDMF 	01$
� SBUJP CFUXFFO UIF OVNCFS PG PQFSBUJPO SVO BOE
UPUBM OVNCFS PG DMPDL DZDMFT�

�� 6ODPWFSFE &SSPST 	6&
� UIF DPVOU PG MPHJD FSSPST EVF UP VOEFUFDUFE UJNJOH GBVMUT
PDDVSSFE EVSJOH TJNVMBUJPO� ওJT NFUSJD JT NFBTVSFE JO QQN 	QBSUT QFS NJMMJPO
�

�� /PSNBMJ[FE 3PPU .FBO 4RVBSFE &SSPS 	/3.4&
�

হব > ຣѾৎ>1)\^ ѿ \^*3
ৎ Բ 2্ূ ѿ ্ৎ 	���


XJUI  UIF WBMVF TBNQMFE BU UIF PVUQVU PG UIF DJSDVJU  UIF SJHIU PVUQVU WBMVF O
JT UIF UPUBM OVNCFS PG PQFSBUJPOT� ্ূ BOE ্ৎ BSF UIF NBY BOE UIF NJO WBMVF PG UIFZ EFॳOF PVUQVU EZOBNJD� হব RVBOUJॳFT UIF 2P3�

��
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5P CF OPUJDFE UIBU PVS TJNVMBUJPOT EP OPU DPOTJEFS QSPDFTT WBSJBUJPOT BT UIFZ EP OPU
BॲFDU UIF GVODUJPOBMJUZ PG UIF QSPQPTFE UFDIOJRVF�

"SFB 0WFSIFBE

5BCMF ��� DPMMFDUT UIF TUBUJTUJDT PG UIF ॳWF CFODINBSLT� DPMVNO �''T SFQPSUT UIF UPUBM
OVNCFS PG ॴJQ�ॴPQT 	''T
 XIJMF DPMVNO �$SJUJDBM�''T UIF QFSDFOUBHF PG ''T SFQMBDFE
XJUI UJNJOH NPOJUPST UIF 3B[PS�-.�

#FODINBSL "SFB <ౡ্3> �''T �$SJUJDBM�''T %8 <QT> 5%- <QT>
"EEFS ������ �� ����� ��� ���
.VMU ������� ��� ����� ���� ���
."$ ������� �� ����� ��� ���
'*3 ������� ��� ���� ��� ���
**3 ������� ��� ����� ��� ���

5BCMF ���� #FODINBSLT EFTJHOFE GPS &#4�

ওF %8 JT TFU UP ���Բৄৌো XIJMF 5%- JT TJ[FE BDDPSEJOH UP FRVBUJPO ����ওF BOBMZTJT
SFQPSUFE JO <���> FOTVSFT UIBU UIF DJSDVJU BEPQUFE UP JNQMFNFOU UIF EFMBZ MJOFT 	4FDUJPO
�����
 BMMPXT UP BDIJFWF UIF WBMVFT SFQPSUFE JO UIF 5BCMF ����

1.0 1.0 1.0 1.0 1.0

2.39

1.70
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2.43
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1.10 1.14
1.02

1.38

Adder Mult MAC FIR IIR
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1.5
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	B
 5PUBM "SFB 0WFSIFBE

6.3
1.8 2.6 0.3

6.9

110.6

 61.4

 47.9

 25.8

112.2

Adder Mult MAC FIR IIR
0

50

100

150

TDL

HF

	C
 #VॲFST )PME�'JYJOH WT� 5%- BSFB PWFSIFBE 	�


'JHVSF ���� "SFB 0WFSIFBE $PNQBSJTPO�

ওF CBS�DIBSUT JO 'JHVSF ���B BOE 'JHVSF ���C QSPWJEF B NPSF EFUBJMFE BSFB DPNQBSJ�
TPO CFUXFFO &#4 BOE 3B[PS� CPUI UIF JNQMFNFOUBUJPOT TIPX UIF TBNF OVNCFS PG UJNJOH
NPOJUPST 	5BCMF ���
� 'JHVSF ���B TIPXT UIF PWFSBMM BSFB PWFSIFBE OPSNBMJ[FE X�S�U� UIF
CBTFMJOF DJSDVJU 	J�F� X�P BOZ &%$ TDIFNF
� &#4 JT CZ GBS B NPSF DPNQBDU BSDIJUFDUVSF�
BWFSBHF BSFB PWFSIFBE JT ����� BHBJOTU ����� PG 3B[PS�ওBUۘT EVF UP UIF FॵDJFODZ PG UIF

��
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QSPQPTFE EZOBNJD TIPSU�QBUI QBEEJOH� "T TIPXO JO 'JHVSF ���C 5%-T SFRVJSFT NVDI
MFTT BSFB	���� PO BWFSBHF
 UIBO CVॲFST JOTFSUJPO VTJOH TIPSU�QBUI QBEEJOH QSPDFEVSFT
	����� PO BWFSBHF
� 'PS JOTUBODF UIF **3 XIJDI TIPXT B MBSHF OVNCFS PG TIPSU�QBUIT JO
UIF GFFECBDL OFUXPSL UIF BSFB QFOBMUZ PG 3B[PS JT ������ XIJMF JU ESBTUJDBMMZ SFEVDFT
UP ���� XJUI &#4�

"704 *NQSPWFNFOU XJUI &#4

*O PSEFS UP RVBOUJGZ UIF JNQSPWFNFOUT CSPVHIU CZ &#4 5BCMF ��� BOE 5BCMF ��� TVN�
NBSJ[F UIF SFTVMUT BDIJFWFE EVSJOH "704 FNVMBUJPO PO UIF ॳWF CFODINBSLT VOEFS BOBM�
ZTJT� ওF UXP UBCMFT SFQPSU B DPMMFDUJPO PG UIF RVBMJUZ NFUSJDT QSFTFOUFE JO 4FDUJPO ������
$PMMFDUFE SFTVMUT SFGFS UP UIF TJOHMF�UISFTIPME QPMJDZ 	4ও
 EFTDSJCFE JO 4FDUJPO ����� BT�
TVNJOH )* B NPOJUPSJOH QFSJPE ���4 DMPDL DZDMFT )* B 7EE TUFQ ��N7 )* UXP
EJॲFSFOU WBMVFT GPS UIF FSSPS�SBUF বহυ� �� J�F� �� FSSPST JO ��4 DZDMFT � 5BCMF ���
 BOE
�� J�F� �� FSSPST JO ��4 DZDMFT � 5BCMF ����

" MBSHF বহυ BDDFMFSBUFT UIF WPMUBHF TDBMJOH IFODF JU NBZ JOEVDF TPNF QFSGPS�
NBODF QFOBMUZ 	EVF UP NPSF FSSPST UP CF DPSSFDUFE
 BOE TPNF 2P3 EFHSBEBUJPO 	EVF UP
B QPTTJCMF JODSFBTF PG NJTT�EFUFDUFE FSSPST
�

&YDFQU GPS UIF .VMU CFODINBSL XIJDI XF EJTDVTT MBUFS BT B TQFDJBM UFTUDBTF UIF
SFTVMUT DMFBSMZ TIPX &#4 PVUQFSGPSNT 3B[PS� ওF TBWJOHT BDIJFWFE XJUI &#4 BSF RVBOUJ�
ॳFE CZ )* UIF BWFSBHF 7EE SFDPSEFE EVSJOH UFTUCFODI TJNVMBUJPOT 	DPMVNO ঽ ূৈ
 BOE)* UIF FOFSHZ�QFS�PQFSBUJPO TBWJOHT X�S�U� UIF CBTFMJOF DJSDVJU 	DPMVNO &10ূৎৈ
� ওF
&#4 JNQMFNFOUBUJPO SFBDIFT MPXFS ঽ ূৈ 	BOE BMTP NJOJNVN 7EE � DPMVNO ঽ ্ৎ

GPS CPUI UIF বহυ UISFTIPMET� ওJT USBOTMBUFT JOUP MBSHFS বষ শ TBWJOHT X�S�U� 3B[PS� #FTU
DBTFT IBWF CFFO NFBTVSFE GPS ."$ 	����� GPS &#4 WT� ���� GPS 3B[PS BU বহυ���
 BOE
"EEFS 	����� GPS &#4 WT ����� GPS 3B[PS BU বহυ���
� *U JT XPSUI UP FNQIBTJ[F UIBU JO UIF
XPSTU�DBTF 	'*3
 বষ শ TBWJOHT BDIJFWFE XJUI &#4 BSF ���· MBSHFS UIBO UIPTF PCUBJOFE
CZ 3B[PS� ����� WT� ����� GPS বহυ���� ����� WT� ����� GPS বহυ����

ওF **3 MUFS࠻ JT B LJOE PG DJSDVJU GPS XIJDI 3B[PS SFTVMUT RVJUF JOFॵDJFOU� UIF বষ শ
JODSFBTFT X�S�U� UIF CBTFMJOF DJSDVJU MFBEJOH UP OFHBUJWF TBWJOHT� ������ BU বহυ��� BOE
������ BU বহυ���� 4VDI B IVHF EFTJHO PWFSIFBE JT EVF UP UIF GBDU UIBU TIPSU�QBUI
QBEEJOH PWFSXIFMNT UIF QPXFS TBWJOHT PG WPMUBHF TDBMJOH� #Z DPOUSBTU &#4 TUJMM HFUT
SFNBSLBCMF বষ শ TBWJOHT� ����� BU বহυ��� BOE ����� BU বহυ����

'PS XIBU DPODFSOT QFSGPSNBODF EFHSBEBUJPOT EVF UP FSSPST DPSSFDUJPO 5BCMFT ���
BOE ��� DMFBSMZ TIPXT &#4 HVBSBOUFFT B শষ প DMPTF UP UIBU PG UIF 3B[PS TUSBUFHZ� শষ প Ӓ|���� ����~ GPS CPUI UIF UISFTIPMET বহυ � |�� ��~� ওJT DPOॳSNT PODF BHBJO 5%-T
JOTFSUJPO IBT B NBSHJOBM FॲFDU PO UIF FSSPS�SBUF�

3FNBSLBCMF SFTVMUT IBWF CFFO BMTP PCTFSWFE JO UFSNT PG SFMJBCJMJUZ� "MUIPVHI &#4
QVTIFT 7EE UP WBMVFT CFMPX UIPTF BDIJFWFE XJUI 3B[PS UIF OVNCFS PG NJTT�EFUFDUJPOT়ব JT [FSP GPS BMM UIF CFODINBSLT� ওF UXP FYDFQUJPOT BSF "EEFS 	়ব�� QQN BOE়ব��� QQN XJUI বহυ FRVBMT UP �� BOE �� SFTQFDUJWFMZ
 BOE ."$ 	়ব�� QQN BUবহυ���
� /POFUIFMFTT POMZ NBSHJOBM 2P3 EFHSBEBUJPO IBT CFFO PCTFSWFE� হব

��
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#FODINBSLT &#4ঽ ্ৎ <7> ঽ ূৈ <7> &10 TBWJOHT <�> 01$ 6& <QQN> /3.4& <�>
."$ ���� ���� ���� ���� � �
"EEFS ���� ���� ���� ���� � 1/112
**3 ���� ���� ���� ���� � �
'*3 ���� ���� ���� ���� � �
.VMU ���� ���� ���� ���� � �

#FODINBSLT 3B[PSঽ ্ৎ <7> ঽ ূৈ <7> &10 TBWJOHT <�> 01$ 6& <QQN> /3.4& <�>
."$ ���� ���� ��� ���� � ���
"EEFS ���� ���� ���� ���� �� �����
**3 ���� ���� ����� ���� � �
'*3 ���� ���� ���� ���� � �
.VMU ���� ���� ����� ���� � �

5BCMF ���� 3FTVMUT TVNNBSZ GPS "704 TFU BT  � ��4 	DMPDL DZDMFT
 BOE বহυ � ��� /PUFT�বষ শ TBWJOHT X�S�U� #BTFMJOF�

#FODINBSLT &#4ঽ ্ৎ <7> ঽ ূৈ <7> &10 TBWJOHT <�> 01$ 6& <QQN> /3.4& <�>
."$ ���� ���� ���� ���� � �����
"EEFS ���� ���� ���� ���� �� �����
**3 ���� ���� ���� ���� � �
'*3 ���� ���� ���� ���� � �
.VMU ���� ���� ���� ���� � �

#FODINBSLT 3B[PSঽ ্ৎ <7> ঽ ূৈ <7> &10 TBWJOHT <�> 01$ 6& <QQN> /3.4& <�>
."$ ���� ���� ��� ���� � �
"EEFS ���� ���� ���� ���� �� �����
**3 ���� ���� ����� ���� � �
'*3 ���� ���� ���� ���� � �
.VMU ���� ���� ����� ���� � �

5BCMF ���� 3FTVMUT TVNNBSZ GPS "704 TFU BT  � ��4 	DMPDL DZDMFT
 BOE বহυ � ��� /PUFT�বষ শ TBWJOHT X�S�U� #BTFMJOF�

JT B NFSF ������ BU XPSTU DBTF� 4VDI B MPX 2P3 EFHSBEBUJPO JT BDIJFWFE UIBOLT UP UIF
JOUFSOBM MPHJD UPQPMPHZ PG UIF DJSDVJUT XIJDI JO UVSO SFॴFDUT JOUP B MPX BDUJWBUJPO PG
UIF NPTU DSJUJDBM QBUIT�

"T B DPVOUFSFYBNQMF UIF .VMU CFODINBSL CFMPOHT UP UIBU DMBTT PG DJSDVJUT XIPTF
JOUFSOBM DIBSBDUFSJTUJDT BSF OPU QBSUJDVMBSMZ TVJUFE GPS BHHSFTTJWF WPMUBHF PWFS�TDBMJOH�
#PUI &#4 BOE 3B[PS GBJM TVHHFTUJOH "704NJHIU OPU CF B WBMVBCMF MPX�QPXFS PQUJPO� 5P
CFਅFS VOEFSTUBOE UIF SFBTPOT CFIJOE TVDI CFIBWJPS XF SFTPSU UP B DPNQBSJTPO CFUXFFO
UXP CFODINBSLT UIF .VMU 	GPS XIJDI "704 EPFT OPU XPSL
 BOE UIF ."$ 	GPS XIJDI
"704 HFUT TVCTUBOUJBM TBWJOHT
� 'JHVSF ���� SFDBMMT UIF RVBMJUBUJWF BOBMZTJT EJTDVTTFE JO
4FDUJPO ������ .PSF TQFDJॳDBMMZ JU TIPXT UIF EZOBNJD QBUI EJTUSJCVUJPO PG UISFF EJॲFSFOU
JNQMFNFOUBUJPOT� CBTFMJOF &#4 BOE 3B[PS� ওF CBST SFQSFTFOU UIF DVNVMBUJWF OVNCFS
PG UJNJOH QBUI BDUJWBUJPOT WT� UIFJS BSSJWBM UJNF�

4PNF LFZ DPNNFOUT BSF BT GPMMPXT� 'JSTU� 'PS CPUI &#4 BOE 3B[PS UIF QBUI EJTUSJ�
CVUJPO JT TLFXFE TVDI UIBU OPOF PG UIF TIPSU�QBUIT GBMMT CFIJOE 5ৄৌো�� 	UIF XJEUI PG

��
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 ��·�� CJU .VMUJMQMJFS

'JHVSF ����� %ZOBNJD 1BUI %JTUSJCVUJPO BOBMZTJT�

UIF EFUFDUJPO XJOEPX ফা
� ওJT BWPJET TIPSU�QBUI SBDFT UIVT FOTVSJOH UIF SJHIU GVOD�
UJPOBMJUZ PG UIF FSSPS EFUFDUJPO NFDIBOJTN� 4FDPOE� &#4 LFFQT UIF QBUI EJTUSJCVUJPO
VODIBOHFE 	KVTU B SJHIU TIJ PG UIF CBTFMJOF EJTUSJCVUJPO
 BWPJEJOH UIF HSPXUI PG UIPTF
ۛRVBTJ�DSJUJDBMۜ QBUIT UIBU KVTU TUBOEJOH CFIJOE ৄৌো NBZ QSFWFOU WPMUBHF MPXFSJOH� 6TV�
BMMZ 3B[PS XPSLT PO UIF PQQPTJUF EJSFDUJPO JOTUFBE BT UIF OVNCFS PG ۛRVBTJ�DSJUJDBMۜ
JODSFBTFT EVF UP UJNJOH�DPOTUSBJOFE CVॲFS JOTFSUJPO� ওJT CFIBWJPS JT RVJUF FWJEFOU GPS
."$ 	����B
 GPS XIJDI UIF SFE CBST 	3B[PS JNQMFNFOUBUJPO
 TUBOE PWFS UIF XIJUF POFT
	&#4 JNQMFNFOUBUJPO
� 4JODF B MBSHFS OVNCFS PG BDUJWBUFE ۛRVBTJ�DSJUJDBMۜ QBUIT SFEVDF
UIF DIBODF PG 7EE MPXFSJOH &#4 SFTVMUT UP CF NPSF FॵDJFOU� ওBU JT XIBU NBLFT &#4
PVUQFSGPSNJOH 3B[PS� )PXFWFS UIFSF NJHIU CF QBSUJDVMBS DJSDVJUT GPS XIJDI UIJT GFB�
UVSF EPFT OPU IPME� 4VDI DJSDVJUT BSF UIPTF GPS XIJDI UIF CBTJD QSJODJQMF VOEFS XIJDI
&#4 JT CVJMU OBNFMZ UIF MPOHFS UIF QBUI UIF MPXFS JUT BDUJWBUJPO HFUT XFBLFS� ওBU JT UIF
.VMU� "T SFQPSUFE JO 'JHVSF ����C UIF PSJHJOBM EZOBNJD QBUI EJTUSJCVUJPO 	CBTFMJOF JN�
QMFNFOUBUJPO
 JT QSFਅZ MBSHF XJUI WFSZ BDUJWF QBUIT UIBU UBLF UIF XIPMF DMPDL�QFSJPE�
ওJT OFHBUJWFMZ BॲFDUT &#4 XIFSF UIF 5%-T QVTI NBOZ QBUIT JOUP UIF %8� BT B SFTVMU
UIF TVQQMZ WPMUBHF JT TUVDL BU IJHI WBMVFT BOE UIF বষ শ HFUT MBSHFS UIBO UIF PSJHJOBM DJS�
DVJU EVF UP FSSPS DPSSFDUJPOT� ����· BOE ����· GPS বহυ��� BOE বহυ��� SFTQFDUJWFMZ�
"MTP 3B[PS TVॲFST GSPN UIF TBNF QSPCMFN BT UIF OVNCFS PG BDUJWF QBUIT BDSPTT ৄৌো
JT IVHF� বষ শ JODSFBTFT X�S�U� UIF CBTFMJOF DJSDVJU� ����· BOE ����· GPS বহυ��� BOEবহυ��� SFTQFDUJWFMZ� )PXFWFS UIF PWFSIFBE PG 3B[PS HFUT MBSHFS UIBO UIBU PG &#4�

"T B ॳOBM DPNNFOU POF TIPVME DPOTJEFS UIBU DJSDVJUT PO XIJDI "704 EPFT OPU
XPSL QSPQFSMZ NBZ SBEJDBMMZ DIBOHF UIFJS CFIBWJPS XIFO JOUFHSBUFE JOUP NPSF DPNQMFY
BSDIJUFDUVSFT� ওBU JT UIF DBTF PG .VMU JOUFHSBUFE JOUP ."$�

&#4 $IBSBDUFSJ[BUJPO 6OEFS %JFSFOU "704 *NQMFNFOUBUJPOT

ওF NBJO HPBM PG UIJT TFDUJPO JT UP RVBOUJGZ UIF ॳHVSFT PG NFSJU PG &#4 VOEFS EJG�
GFSFOU "704 TFਅJOHT BOE UIVT UP EFNPOTUSBUF &#4 QFSGPSNT XFMM VOEFS TFWFSBM QPXFS

��



� ژ "EBQUJWF &"4 WJB "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO

NBOBHFNFOU TDFOBSJPT� 8F UIFSFGPSF DIBSBDUFSJ[F UIF RVBMJUZ NFUSJDT BDDPSEJOH UP� 	J

UIF 7EE TUFQ OBNFMZ UIF ɶ7EE VTFE GPS WPMUBHF TDBMJOH� 	JJ
 UIF NPOJUPSJOH QFSJPE
UIBU JT UIF DMPDL DZDMFT  VTFE UP NFBTVSF UIF FSSPS�SBUF� 	JJJ
 UIF 7EE TDBMJOH QPMJDJFT
QSFTFOUFE JO 4FDUJPO ������ 'PS UIF TBLF PG TQBDF XF KVTU SFQPSU UIF BOBMZTJT GPS ."$�
4JNJMBS SFTVMUT IPME GPS UIF PUIFS CFODINBSLT�

�� 7EE TUFQ
ওF DPMMFDUFE SFTVMUT SFGFS UP UISFF EJॲFSFOU WBMVFT PG ɶ7EE� ��N7 ��N7 ���N7
���N7� *O PSEFS UP NBLF UIF BOBMZTJT NPSF SFBMJTUJD XF BMTP UBLF JOUP DPOTJEFSBUJPO
EJॲFSFOU WPMUBHF TUFQT NBZ SFRVJSF EJॲFSFOU DMPDL�DZDMFT UP CF QSPQFSMZ EFMJWFSFE� XF
UIFSFGPSF BTTVNF B MBUFODZ PG |� � � ��~ DMPDL DZDMFT GPS |��N7 ��N7 ���N7
���N7~ SFTQFDUJWFMZ�

4JNVMBUJPOT BSF DPOEVDUFE PO &#4 BOE 3B[PS VTJOH UIF 4JOHMF SFTIPME 7EE TDBMJOH
QPMJDZ 	4ও
 VOEFS UXP EJॲFSFOU WBMVFT PG FSSPS�UISFTIPME বহυ��� BOE ���
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	C
 বষ শ TBWJOHT 	X�S�U� #BTFMJOF


'JHVSF ����� &OFSHZ FॵDJFODZ WT� 7EE 4UFQ XJEUI 	ɶ7EE
�

&#4 PVUQFSGPSNT 3B[PS GPS BOZ PG UIF 7EE�TUFQT WBMVFT VOEFS BOBMZTJT� "T TIPXO
JO 'JHVSF ����B &#4 CSJOHT UIF DJSDVJU UP B MPXFS BWFSBHF 7EE� BMPOH UIF XIPMF ɶ7EE
SBOHF UIF BWFSBHF JNQSPWFNFOU X�S�U� 3B[PS SFBDIFT ���N7 BU বহυ��� BOE ���N7 BUবহυ���� ওF TBNF SFTVMUT IPME GPS FOFSHZ FॵDJFODZ� BWFSBHF &10 TBWJOHT BSF� �����
BOE ����� BU বহυ��� BOE বহυ��� GPS &#4 WT� B NFSF ���� BOE ����� GPS 3B[PS� .PSF
JO EFUBJMT 'JHVSF ���� TIPXT IPX TBWJOHT ESJ XJUI ɶ7EE� ঽ ূৈ SFBDIFT MPXFS WBM�
VFT VTJOH B ॳOFS WPMUBHF SFTPMVUJPO� 'PS JOTUBODF DPOTJEFSJOH UIF &#4 BU বহυ��� JU
SFEVDFT GSPN ���� 7 BU ɶ7EE����N7 UP ����N7 BU ɶ7EE���N7� "T B SFTVMU UIF FO�
FSHZ TBWJOHT SFQPSUFE JO 'JHVSF ����C TIPX TVCTUBOUJBM JNQSPWFNFOUT GSPN ����� BUɶ7EE����N7 UP ����� BU ɶ7EE���N7�

ওF WPMUBHF SFTPMVUJPO EPFT BMTP JNQBDU UIF 2P3� "T TIPXO JO 'JHVSF ����B UIF
MPXFS UIF 7EE TUFQ UIF CFਅFS UIF 2P3� *OEFFE B MBSHFS ɶ7EE NBLFT IBSEFS UP DPOUSPM

��
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	C
 0QFSBUJPO�$MPDL�DZDMF

'JHVSF ����� 2P3 BOE QFSGPNBODF WT� 7EE 4UFQ XJEUI 	ɶ7EE
�

UIF PDDVSSFODF PG NJTT�EFUFDUFE FSSPST� 'PS বহυ��� UIF হব NFBTVSFE GPS &#4
SFEVDFT GSPN ���� BU ɶ7EE����N7 UP ���� BU ɶ7EE���N7� #Z DPOUSBTU UIF হব
PG UIF 3B[PS JNQMFNFOUBUJPO JT MFTT TFOTJCMF 	WBSJBUJPO JO UIF SBOHF <���� � ����>
� UIBU
JT NBJOMZ EVF UP UIF GBDU UIBU UIF 7EE TDBMJOH JT TMPXFS UIBO JO &#4 UIFSFGPSF GFXFS
NJTT�EFUFDUJPOT EP PDDVS�

$PODFSOJOH UIF QFSGPSNBODF UIF 4 7EE�TDBMJOH QPMJDZ JT DPODFJWFE BT B NFDIB�
OJTN UP DPOUSPM UIF NJOJNVN শষ প WBMVF� JEFBMMZ BT JOUSPEVDFE JO 4FDUJPO ����� বহυ
SFQSFTFOUT UIF NBY� শষ প MPTT UIVT UIF NJOJNVN01$ FRVBMT 2ѿবহυ� )PXFWFS TJODF
MBSHFS 7EE TUFQT DPNFXJUI MBSHFS MBUFODJFT UIF QFSGPSNBODF BDIJFWFE CZ &#4 BOE 3B[PS
BSF TVCTUBOUJBMMZ BॲFDUFE BOE শষ প NBZ ESPQ CFMPX UIBU JEFBM NJOJNVN CPVOEBSZ JG
01$ MPTT ? বহυ� 'JHVSF ����C TIPXT UIJT ESBXCBDL UISPVHI শষ প WT� ɶ7EE QMPU� CPUI
&#4 BOE 3B[PS শষ প MPTTFT BSF TUJMM LFQU MPXFS UIBO বহυ POMZ GPS ɶ7EE���N7 	CPUI
UIF বহυT
� *O UIF XPSTU DBTF J�F� বহυ��� শষ প MPTT SBJTFT GSPN �� 	J�F� UIF JEFBM NBY�
MPTT WBMVF
 UP �� GPS &#4 BOE GSPN �� UP �� GPS 3B[PS JO UIF JOUFSWBM ɶ7EE�<��N7 �
���N7>�

�� .POJUPSJOH 1FSJPE
ওF QMPUT SFQPSUFE JO 'JHVSF ���� TIPX ঽ ূৈ BOE বষ শ VTJOH EJॲFSFOU NPOJUPSJOH
QFSJPE � 4JNVMBUJPOT BSF DPOEVDUFE PO &#4 BOE 3B[PS VTJOH UIF 4JOHMF ওSFTIPME 7EE
	4ও
 TDBMJOH QPMJDZ ɶ7EE���N7 BOE UXP EJॲFSFOU WBMVFT PG FSSPS�UISFTIPME বহυ���
BOE ���

&#4 QFSGPSNT NPSF FॵDJFOUMZ UIBO 3B[PS GPS BMM UIF PQFSBUJOH DPOEJUJPOT� $POTJE�
FSJOH UIF DBTF বহυ��� 	UIF CFTU DBTF
 &#4 SFBDIFT MPXFS ঽ ূৈ ���� 7 WT ���� 7 PG
3B[PS 	'JHVSF ����B
 BOE MBSHFS বষ শ TBWJOHT ����� WT� ���� PG 3B[PS 		'JHVSF ����C

BWFSBHF WBMVFT PO  JOUFSWBM
�

"T B HFOFSBM SVMF UIF MBSHFS UIF  UIF TMPXFS UIF 7EE TDBMJOH� 8IJMF UIJT USFOE JT

��



� ژ "EBQUJWF &"4 WJB "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO

MFTT FWJEFOU JO 3B[PS 	ঽ ূৈ JODSFBTFT CZ KVTU ��N7
 &#4 BNQMJॳFT UIF FॲFDU TIPXJOH
BO PWFSBMM TQSFBE PG ���N7 	GSPN ����N7 UP ����N7
� ওF TBNF DPOTJEFSBUJPO DBO CF
JOGFSSFE GPS বষ শ XIFSF TBWJOHT HFUT TNBMMFS XJUI  GSPN ����� 	 � ��4
 UP �����
	 � �Բ216
�
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	C
 বষ শ TBWJOHT 	X�S�U� #BTFMJOF


'JHVSF ����� &OFSHZ FॵDJFODZ WT� .POJUPSJOH 1FSJPE 	
�
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'JHVSF ����� &#4 XJUI বহυ���� 2P3 BOE QFSGPSNBODF WT� .POJUPSJOH 1FSJPE 	/
�

'JOBMMZ UIF BOBMZTJT SFQPSUFE JO 'JHVSF ���� TIPXT UIBU B NPSF BHHSFTTJWF WPMUBHF
TDBMJOH TUSBUFHZ J�F� TNBMMFS  BॲFDUT PVUQVU RVBMJUZ BOE QFSGPSNBODF EVF UP BO JO�
DSFBTJOH OVNCFS PG FSSPS DPSSFDUJPOT� 3FTVMUT GPS 3B[PS BSF PNJਅFE BT UIF হব
BMXBZT HFUT [FSP XIBUFWFS UIF WBMVF PG � ওF হব PG &#4 JODSFBTFT ZFU POMZ
NBSHJOBMMZ� GSPN [FSP UP ������� "MTP UIF শষ প ESPQT� GSPN ���� UP ���� XIFO  SF�
EVDFT GSPN ��Բ216 UP ��4 GPS CPUI &#4 BOE 3B[PS� ওBUۘT UIF DPTU UP CF QBZFE GPS B NPSF
FOFSHZ FॵDJFOU "704�

��



��� ژ &BSMZ #JSE 4BNQMJOH� B 4IPSU�1BUI 'SFF &SSPS %FUFDUJPO 4USBUFHZ

�� "704 1PMJDJFT
4JNVMBUJPOT PG UIF UISFF 7EE TDBMJOH QPMJDJFT EFTDSJCFE JO 4FDUJPO ����� IBWF CFFO SVO
ॳYJOH UIF "704 QBSBNFUFST BT GPMMPXT�

ۡ 7EE TUFQ ɶ7EE���N7�

ۡ NPOJUPSJOH QFSJPE  � ��4�
ۡ FSSPS�UISFTIPME� বহυ�|�� ��~ GPS 4 BOE 4$ বহυ্ূ�বহυ�|�� ��~ BOEবহυ্ৎ����Բবহυ্ূ GPS �%

'JHVSF ���� QMPUT UIF DPMMFDUFE SFTVMUT XIJDI TIPX PODF BHBJO &#4 JNQSPWFT UIF
ॳHVSFT PG NFSJU PG "704 XIBUFWFS UIF BEPQUFE QPMJDZ�
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 বষ শ TBWJOHT 	X�S�U� #BTFMJOF


'JHVSF ����� "704 1PMJDJFT FOFSHZ FॵDJFODZ DPNQBSJTPO�

#FODINBSLT
3B[PS &#4

01$ /3.4& 01$ /3.4& <�>বহυ��� বহυ��� বহυ��� বহυ��� বহυ��� বহυ��� বহυ��� বহυ���
%PVCMF ও ���� ���� ����� ����� ���� ���� ����� �����

4JOHMF ও ���� ���� ����� ����� ���� ���� ����� �����
4BUVSBUJPO
$PVOUFS ���� ���� ����� ����� ���� ���� ����� �����

5BCMF ���� 3FTVMUT TVNNBSZ GPS "704 1PMJDJFT শষ প BOE হব�

ওF % JT NPSF DPOTFSWBUJWF� *O UIJT DBTF &#4 SFBDIFT B MPXFS ঽ ূৈ UIBO UIBU PG
3B[PS� BU বহυ��� 	CFTU DBTF
 ���� 7 WT� ���� 7� 8JUI B MPXFS 7EE BMTP বষ শ TBWJOHT
JNQSPWF� ����� WT ����� "U UIF PQQPTJUF DPSOFS UIF 4$ BQQSPBDI QVTIFT B NPSF BHHSFT�
TJWF 7EE TDBMJOH� &#4 SFBDIFT UIF MPXFTU ঽ ূৈ IFODF UIF MBSHFTU বষ শ TBWJOHT� ���� 7

��



� ژ "EBQUJWF &"4 WJB "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO

XJUI ����� FOFSHZ TBWJOHT BHBJOTU ���� 7 BOE ����� PG 3B[PS� ওJT DPNFT BU UIF DPTU PG
TPNF NJTT�EFUFDUJPO� "T TIPXO JO 5BCMF ��� UIF BEPQUJPO PG UIF 4$ QPMJDZ JOEVDFT Bহব EFHSBEBUJPO NBJOMZ EVF UP NJTT�EFUFDUFE FSSPST� ������ JO UIF XPSTU DBTF
	বহυ���
� #Z DPOUSBTU %ও FOTVSFT [FSP NJTT�EFUFDUFE FSSPST CPUI GPS &#4 BOE 3B[PS�

'PS XIBU DPODFSOT QFSGPSNBODF %ও BॲFDUT শষ প POMZ NBSHJOBMMZ� �� MPTT GPS CPUI
&#4 BOE 3B[PS JO UIF XPSTU DBTF 	বহυ���
� %ও SFEVDFT 7EE SJQQMFT UIVT CSJOHJOH UP
B MPXFS OVNCFS PG FSSPS DPSSFDUJPOT� 0O UIF DPOUSBSZ 4$ IFBWJMZ JNQBDUT QFSGPSNBODF
XJUI শষ প MPTT JO UIF PSEFS PG ��� GPS &#4 BOE ��� GPS 3B[PS 	BU বহυ���
�

��



��� ژ 5VOBCMF &SSPS %FUFDUJPO 	5VO&%


��� 5VOBCMF &SSPS %FUFDUJPO 	5VO&%

&BSMZ #JSE 4BNQMJOH 	&#4
 IBT QSPWJEFE UIF ॳSTU JNQSPWFNFOU UPXBSE UIF EFTJHO

PG UIF "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 FSSPS NBOBHFNFOU GPS &OFSHZ�
"DDVSBDZ TDBMJOH J�F� B MJHIUXFJHIUNFUIPE UP JNQMFNFOU B EZOBNJD 4IPSU�QBUI QBEEJOH�
*O UIJT TFDUJPO UIF TFDPOE LFZ GFBUVSF PG "&%�$ JT QSPQPTFE� B 5VOBCMF &SSPS %FUFDUJPO
	5VO&%
 NFDIBOJTN UP FॵDJFOUMZ ESJWF FOFSHZ�BDDVSBDZ TDBMJOH <���>�

ওF BCTUSBDU WJFX PG UIF QSPQPTFE 5VO&% BSDIJUFDUVSF JT SFQPSUFE JO 'JHVSF �����ওF
TUBOEBSE EFTJHO PG B 3B[PS�'' <��> JT FOIBODFE XJUI UIF JOTFSUJPO PG B 5VOBCMF %FUFDUJPO
8JOEPX 	5%8
 J�F� B UVOBCMF EFMBZ UIBU JOUSPEVDFT B WBSJBCMF DMPDL TLFX CFUXFFO UIF
NBJO '' BOE UIF TIBEPX ''� .PEJॳDBUJPOT PO UIF 5%8 XJEUI BMUFS UIF SFTPMVUJPO PG
UIF FSSPS EFUFDUJPO NFDIBOJTN BOE IFODF UIF FSSPS DPWFSBHF� UIF MBSHFS UIF XJEUI PG UIF
5%8 UIF MBSHFS UIF OVNCFS PG FSSPST 3B[PS�''T DBO EFUFDU BOE IFODF DPSSFDU� 7BSJBUJPOT PO
UIF 5%8 JNQBDUT PO UIF BDDVSBDZ�FOFSHZ USBEFPॲ� 8IJMF B IJHIFS OVNCFS PG EFUFDUFE
FSSPST NBLFT UIF UIF WPMUBHF TDBMJOH TMPXFS BOE UIF 2P3 IJHIFS B TNBMMFS 5%8 HJWFT
WPMUBHF TDBMJOH NVDI TNBMMFS JOFSUJB BMMPXJOH 7EE UP SFBDI MPXFS WBMVFT� ওF MBਅFS DBTF
HVBSBOUFFT NPSF FOFSHZ TBWJOHT BU UIF DPTU PG TPNF 2P3 QFOBMUZ� ওBU JT XIZ 5VO&%
JT UIF LFZ GFBUVSF GPS JNQMFNFOUJOH "&%�$ TUSBUFHJFT GPS BEBQUJWF &"4� ওF CFOFॳUT
PG 5VO&% NFDIBOJTN BHBJOTU TUBOEBSE 3B[PS UJNJOH TFOTPST BSF DMBSJॳFE JO UIF OFYU
TFDUJPO BT UIF EFUBJMT PG "&%�$ ESJWJOH B EVBM�NPEF "EBQUJWF 7PMUBHF 0WFS�4DBMJOH
	"704
 QPXFS NBOBHFNFOU BSF EJTDMPTFE�

TDW

TunED

Logic Cone

Tunable Detection
Window

'JHVSF ����� 5VO&% JNQMFNFOUBUJPO BCTUSBDU WJFX�

����� 5VO&% $JSDVJU *NQMFNFOUBUJPO
ওF 5VO&% DJSDVJUSZ XF QSPQPTF DPOTJTUT PG 3B[PS�''T <��> BVHNFOUFE XJUI B 5%8

BOE B MPHJD NBTLJOH DJSDVJUSZ GPS FSSPS DPSSFDUJPO <���> 'JHVSF ����� 8IFO UIF JOQVU PG
UIF NBJO '' TXJUDIFT BFS UIF SJTJOH FEHF PG UIF DMPDL J�F� JG B UJNJOH FSSPS PDDVST UIF
903 QSPEVDFT BO FSSPS ॴBH� UIF MBਅFS JT TBNQMFE CZ UIF TIBEPX MBUDI PODF UIF EFUFDUJPO
XJOEPX FMBQTFT� ওF .69 MPDBMMZ DPSSFDUT UIF FSSPS CZ TXJUDIJOH UIF QSJNBSZ PVUQVUস UP UIF DPNQMFNFOU PG UIF NBJO ''�

$PODFSOJOH UIF EFTJHO PG 5%8 XF CPSSPXFE UIF TPMVUJPO QSPQPTFE JO 4FDUJPO �����

��
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BT QPTTJCMF DJSDVJU JNQMFNFOUBUJPO� *U DPOTJTUT PG B QBJS PG JOWFSUFST XJUI B WPMUBHF�
DPOUSPMMFE WBSJBCMF MPBE JO CFUXFFO UIFN� UIF MPBE JT B USBOTNJTTJPO HBUF XIPTF 0/�
SFTJTUBODF JT DPOUSPMMFE CZ 7ৌূ� "T EJTDVTTFE JO <���> UIJT TPMVUJPO BMMPXT B XJEF
SBOHF PG EFMBZT BU MPX BSFB PWFSIFBE� IPXFWFS PUIFS TPMVUJPOT NBZ XPSL BT XFMM�
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ERROR
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Errors 
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Vdelay

*
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'JHVSF ����� 5VO&% DJSDVJUSZ�

��� "QQSPYJNBUF &SSPS%FUFDUJPO�$PSSFDUJPO 	"&%�$

GPS DJFOU& &"4

"T FYQMBJOFE JO 4FDUJPO ��� &BSMZ #JSE 4BNQMJOH FYQMPJUT UIF PQQPSUVOJUZ "EBQUJWF
&"4 HJWFT� UIF GVMM FSSPS DPWFSBHF EPFT OPU OFFE UP CF FOTVSFE� ওVT UIF MBSHF BSFB�FO�
FSHZ PWFSIFBE PG DPOWFOUJPOBM &%$ NFUIPET JT SFEVDFE CZ JNQMFNFOUJOH TJNQMFS FSSPS
EFUFDUJPO DJSDVJUSZ J�F� VTJOH 5VOBCMF %FMBZ -JOFT JOTUFBE PG IFBWZ DIBJOT PG CVॲFST
UP TPMWF TIPSU�QBUI SBDFT BOE SFEVDJOH UIF DPNQMFYJUZ PG FSSPS SFDPWFSZ NFDIBOJTN
UISPVHI MPHJD NBTLJOH DJSDVJUSZ� &#4 BMTP JOUSPEVDFT B EZOBNJD TIPSU�QBUI QBEEJOH
NFDIBOJTN B LFZ FMFNFOU GPS FOBCMJOH UIF 5VO&% NFDIBOJTN BT JU JT FYQMBJOFE MBUFS
JO UIF UFYU� 5VO&% QMBZT B GVOEBNFOUBM SPMF BT JU SFMJFT VQPO BO JNQPSUBOU QSJODJQMF�
UIF EFUFDUJPO DPWFSBHF DBQBCJMJUZ QSFDJTFMZ UIF FSSPS %FUFDUJPO 8JOEPX 	%8
 DBO CF
VTFE UP ESJWF BO FॵDJFOU FOFSHZ�BDDVSBDZ TDBMJOH�

&BSMZ #JSE 4BNQMJOH 	&#4
 BOE 5VO&% BSF UIF UXP DPSF JEFBT POXIJDI "&%�$ JT CVJMU
PO BT 'JHVSF ���� EFQJDUT� 'PS UIF TBLF PG DMBSJUZ UIF GPMMPXJOH TFDUJPOT ॳSTU CSJFॴZ SF�
DBMM BMM UIF TUFQT UIBU FOBCMF UIF DPOWFSTJPO GSPN 3B[PS UP "&%�$� ওFO UIF DJSDVJU
JNQMFNFOUBUJPO EFUBJMT BSF FYQMBJOFE� ওF FYQFSJNFOUBM TFUVQ PWFS B TFU PG JNBHF�BV�
EJP QSPDFTTJOH FSSPS�SFTJMJFOU BQQMJDBUJPOT TIPXT "&%�$ ESJWJOH B EVBM�NPEF "704�
	J
 4MPX "704 NPEF XIFSF %8 JT UBLFO BT MBSHF BT QPTTJCMF ��� PG UIF DMPDL QFSJPE
	ৄৌো
 TVDI UIBU FSSPS EFUFDUJPO JT NBYJNJ[FE� 	JJ
 "HHSFTTJWF "704 NPEF XIFSF %8
JT SFEVDFE JO PSEFS UP SFMBY UIF FSSPS EFUFDUJPO BDDVSBDZ BOE UP HJWF "704 UIF PQQPS�
UVOJUZ UP NBYJNJ[F FOFSHZ TBWJOHT BU UIF DPTU PG 2VBMJUZ�PG�3FTVMUT 	2P3
� ওF QPXFS

��
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 GPS DJFOU࠽& &"4

NBOBHFNFOU VOJU NBZ TFMFDU UIF QSPQFS NPEF EFQFOEJOH PO UIF SFRVJSFNFOUT JNQPTFE
BU UIF BQQMJDBUJPO MFWFM BOE�PS PUIFS FYUFSOBM WBSJBCMFT TVDI BT UIF SFNBJOJOH CBਅFSZ
MJGFUJNF� ওF DIPJDF PG FNQMPZJOH B EVBM�NPEF "704 QPXFS NBOBHFNFOU JT DSVDJBM BT
JU IFMQT UP DMBSJGZ "&%�$ QSPT BOE DPOT�

TunED

Logic Cone

EBS

AED-C

'JHVSF ����� "&%�$ BCTUSBDU WJFX�

����� 'SPN 3B[PS UP "&%�$ GPS &"4
*O DPOWFOUJPOBM 3B[PS�CBTFE FSSPS EFUFDUJPO BOE DPSSFDUJPO TUSBUFHZ UIF TVQQMZ

WPMUBHF JT SFHVMBUFE VTJOH UIF &SSPS 3BUF 	বহ
 UIBU JT UIF OVNCFS PG UJNJOH GBVMUT EF�
UFDUFE EVSJOH B NPOJUPSJOH QFSJPE� ওF MBਅFS JT BO JOUFHFS NVMUJQMF PG UIF DMPDL�QFSJPE
XIJMF UIF OVNCFS PG UJNJOH GBVMUT JT UIF OVNCFS PG DMPDL�DZDMFT EVSJOH XIJDI BU MFBTU
POF 3B[PS�'' EFUFDUFE B UJNJOH WJPMBUJPO� *U JT XPSUI OPUJOH UIBU UIF FSSPS ॴBHT HFOFS�
BUFE CZ FBDI 3B[PS�''T BSF BMM 03�FE UIVT HFOFSBUJOH B HMPCBM FSSPS TJHOBM UIBU SFQSF�
TFOUT UIF UJNJOH DPNQMJBODF PG UIF XIPMF DJSDVJU� *G বহ JT TNBMMFS UIBO B VTFS�EFॳOFE
UISFTIPME বহυ UIFO UIF 7EE DBO CF MPXFSFE PUIFSXJTF 7EE JT SBJTFE� %JॲFSFOU DPOUSPM
QPMJDJFT DBO CF JNQMFNFOUFE UIBU BMUFS UIF WPMUBHF�TDBMJOH BOE বহυ JT UIF LFZ QBSBN�
FUFS UP QMBZ XJUI� UIF MBSHFS JT UIF বহυ UIF GBTUFS JT UIF 7EE TDBMJOH� )PXFWFS TJODF
FSSPS DPSSFDUJPO JT B DPTUMZ QSPDFEVSF BO FOFSHZےQFSGPSNBODF USBEFPॲ FYJTUT� " GBTU
WPMUBHF MPXFSJOH NBZ JOEVDF MBUFODZ BOE QPXFS QFOBMUJFT EVF UP UIF MBSHFS OVNCFS PG
DPSSFDUJPOT <�� ��> XIJMF B TMPX WPMUBHF MPXFSJOH JT NPSF DPOTFSWBUJWF CVU JU SFEVDFT
UIF FOFSHZ TBWJOHT� 4JODF UIFSF JT OP HFOFSBM SVMF বহυ JT FNQJSJDBMMZ DIPTFO EFQFOE�
JOH PO UIF EFTJHO TQFDT� 3B[PS IBT CFFO DPODFJWFE UP DPWFS UIF PDDVSSFODF PG BMM UIF
UJNJOH GBVMUT 	"MXBZT�DPSSFDU TDBMJOH
 BT TIPXO JO 'JHVSF ����B� ওJT FYQMBJOT XIZ UIF
%8 JT UBLFO BT MBSHF BT QPTTJCMF 	'JHVSF ����D
 VTVBMMZ ��� PG UIF DMPDL QFSJPE <��>� 5P
OPUJDF UIBU %8 JT TUBUJDBMMZ EFॳOFE BU EFTJHO�UJNF BOE UIBU JUT JNQMFNFOUBUJPO IJEFT
DSJUJDBM JTTVFT UIBU BSF EFUBJMFE JO UIF OFYU TVCTFDUJPO� ওF "&%�$ FMBCPSBUFT PO 3B[PS
BOE JOUSPEVDFT UIF DPODFQU PG 5VOBCMF &SSPS�%FUFDUJPO 	5VO&%
 <���>� 5VO&% MFWFSBHFT
3B[PS�'' FOIBODFE XJUI B 5VOBCMF %FUFDUJPO 8JOEPX 	5%8
 UIBU JT B UVOBCMF DMPDL
TLFX CFUXFFO NBJO '' BOE UIF TIBEPX '' 'JHVSF ����C� 5VO&% DBO CF VOEFSTUPPE BT
BO FMBTUJD 3B[PS�''� ওF 5%8 BMUFST UIF SFTPMVUJPO PG UIF FSSPS EFUFDUJPO BOE IFODF UIF
GBVMUT DPWFSFE CZ UIF UJNJOH TFOTPST� "T HSBQIJDBMMZ EFQJDUFE JO 'JHVSF ����E UIF TNBMMFS
UIF 5%8 UIF MBSHFS UIF OVNCFS PG VODPWFSFE MBUFOU GBVMUT 	IFODF "QQSPYJNBUF &SSPS %F�
UFDUJPO
� ওF QSPCBCJMJUZ PG NJTT�EFUFDUFE GBVMUT HFUT MBSHFS BT UIF 5%8 SFEVDFT� ওJT

��
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'JHVSF ����� 3B[PS 	B
 WT� "&%�$ 	C
 BSDIJUFDUVSF BCTUSBDU WJFX� "MXBZT�DPSSFDU 	D
 WT�
"QQSPYJNBUF &SSPS %FUFDUJPO 	E
 &"4�

JT UIF FOBCMJOH NFDIBOJTN GPS "&%�$� *O GBDU UIF 5%8 JT UIF LOPC UIBU SFHVMBUFT UIF
MFWFM PG BQQSPYJNBUJPO JO EFUFDUJOH FSSPST� " TNBMM 5%8 JNQMJFT NPSF NJTT�EFUFDUJPO
	MPXFS FSSPS SBUF
 BOE TP B GBTUFS 7EE TDBMJOH XIJDI MFBET UIF DJSDVJU UP MPX FOFSHZ BOE
MPX RVBMJUZ XIFSFBT MBSHF 5%8 HVBSBOUFFT IJHI RVBMJUZ CVU MFTT FOFSHZ TBWJOHT BT
NPSF GBVMUT BSF QSPQFSMZ EFUFDUFE BOE DPSSFDUFE 	IJHIFS FSSPS SBUF
� 8IFO 5%8 JT TFU
BT ��� PG UIF DMPDL�QFSJPE "&%�$ BQQSPBDIFT UIF 3B[PS CFIBWJPS�

6OEFSTUBOEJOH UIF %ZOBNJD 4IPSU�QBUI 1BEEJOH JO "&%�$

"T FYQMBJOFE JO 4FDUJPO ��� 3B[PS TVॲFST GSPN UIF TP�DBMMFE TIPSU�QBUI SBDF XIJDI
NBOJGFTUT XIFO B TIPSU�QBUI BOE B MPOH�QBUI DPOOFDUFE UP UIF TBNF FOE�QPJOU HFU TF�
RVFOUJBMMZ BDUJWBUFE BU DMPDL�DZDMF  BOE ѿ2 SFTQFDUJWFMZ� 6OEFS TVDI DPOEJUJPO UIF
TLFXJOH NFDIBOJTN JNQMFNFOUFE XJUIJO UIF UJNJOH TFOTPST EPFT GBJM� 3B[PS�''T BT
XFMM BT 5VO&% XPVME OPU CF BCMF UP NBLF B EJTUJODUJPO CFUXFFO UIF BDUJWBUJPO PG UIF
TIPSU�QBUI XJUIJO UIF %8 BOE UIF BDUJWBUJPO PG UIF MPOH�QBUI CFZPOE UIF DMPDL FEHF�
"T B SFTVMU ۛGBMTFۜ FSSPS EFUFDUJPO NBZ PDDVS�

" DPNNPO QSBDUJDF UP BEESFTT UIF TIPSU�QBUI SBDF JT UP BQQMZ B TIPSU�QBUI QBEEJOH
VTJOH B TUBOEBSE IPME�ॳYJOH QSPDFEVSF� ওF MBਅFS DPOTJTUT PG EFMBZJOH BMM UIF TIPSU�
QBUIT JO B XBZ UIBU UIFJS BSSJWBM UJNF HFUT MBSHFS UIBO %8� ওF EFMBZ JT JNQMFNFOUFE
CZ NFBOT PG PQUJNBMMZ QMBDFE EVNNZ CVॲFST 	PWFSWJFX JO 'JHVSF ����B
� ওF SFTVMUJOH
FॲFDU JT RVBMJUBUJWFMZ TIPXO XJUI UIF MF QMPU PG 'JHVSF ����B XIFSF UIF TPMJE MJOF JT
UIF TUBUJD QBUI EJTUSJCVUJPO PG UIF PSJHJOBM DJSDVJU XIJMF UIF EPਅFE MJOF JT UIF TBNF TUBUJD
EJTUSJCVUJPO BFS UIF TIPSU�QBUI QBEEJOH� 6OGPSUVOBUFMZ UIF TIPSU�QBUI QBEEJOH JT B

��
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'JHVSF ����� 4UBUJD 	B
 WT� %ZOBNJD 	C
 QBUIT EJTUSJCVUJPO� 3B[PS 	MF
 WT� "&%�$ 	SJHIU
�

TUBUJD NFUIPE XIJDI EPFT DPOUSBTU XJUI UIF EZOBNJD OBUVSF PG UIF UVOBCMF EFUFDUJPO
TUSBUFHZ� &BSMZ #JSET 4BNQMJOH 	&#4
 	TFDUJPO ���
 TVHHFTUT EZOBNJD TIPSU�QBUI QBEEJOH
BT BO FॲFDUJWF QBUDI� " 5VOBCMF %FMBZ -JOF 	5%-
 JT JOTFSUFE BU FOE�QPJOUT PG UIF DJSDVJU
	PWFSWJFX JO 'JHVSF ����C
 XIFSF UJNJOH TFOTPST BSF QMBDFE UIFO UIF 5%- JT BEKVTUFE
BU SVO�UJNF GPMMPXJOH UIF NPEVMBUJPO PG UIF EFUFDUJPO XJOEPX� .PSF JO EFUBJM UIF 5%-
JT UVOFE TVDI UIBU UIF BSSJWBM UJNF PG UIF TIPSUFTU QBUI 	ন্ৎ
 JT EFMBZFE CFZPOE UIF
%8� ওF SVMF JT HJWFO BT GPMMPXT�

 ফ >  ফা ѿ ন্ৎ 	���


ওF FॲFDU JT RVBMJUBUJWFMZ TIPXO XJUI UIF SJHIU QMPU PG 'JHVSF ����B XIFSF UIF TPMJE MJOF
JT UIF TUBUJD QBUI EJTUSJCVUJPO PG UIF PSJHJOBM DJSDVJU XIJMF UIF EPਅFE MJOF JT BFS UIF 5%-
JOTFSUJPO�

"T FYQMBJOFE JO <��> UIF MPOHFTU QBUIT IBWF B MPXFS BDUJWBUJPO QSPCBCJMJUZ BOE UIFJS
MBUFOU GBVMUT SBSFMZ HFU FYDJUFE UIBU JT UIF TBNF DPODFQU PG UJNJOH TQFDVMBUJPO� ওJT JT
HSBQIJDBMMZ EFQJDUFE JO UIF SJHIU QMPU PG 'JHVSF ����C XIJDI TIPXT POMZ B WFSZ MJNJUFE
TVCTFU PG GSFRVFOU QBUIT FOUFS UIF EFUFDUJPO XJOEPXXJUI OFHMJHJCMF FॲFDUT PO UIF FSSPS�
SBUF� /FFEMFTT UP TBZ NVDI EFQFOET PO UIF BDUVBM XPSLMPBE� ওF FYQFSJNFOUT DPMMFDUFE
GPS &#4 JO 4FDUJPO ��� QSPWF UIJT TUSBUFHZ JT NVDI NPSF FॵDJFOU UIBO TUBUJD TIPSU�QBUI
QBEEJOH� "QBSU GSPN BSFB PWFSIFBE EVF UP CVॲFST JOTFSUJPO <��> <���> <���> TIPSU�QBUI
QBEEJOH BMTP BॲFDUT UIF TVQQMZ�WPMUBHF TDBMJOH� " DPNQSFTTJPO PG UIF UJNJOH QBUIT UP�
XBSET UIF DMPDL FEHF 	ৄৌো
 JNQMJFT B SFEJTUSJCVUJPO PG UIF JOUFSOBM TXJUDIJOH BDUJWJUJFT

��
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UIBU JT UIF NPTU BDUJWF HFU DMPTF UP UIF DMPDL�FEHF BT TIPXO JO UIF MF QMPU PG 'JHVSF
����C� "MTP LOPXO BT ۛXBMM�PG�TMBDL ۜ UIJT JTTVF SFQSFTFOUT B TFSJPVT JNQFEJNFOU� FWFO
TNBMM SFEVDUJPO PG UIF 7EE QSPEVDF B IVHF OVNCFS PG UJNJOH GBVMUT BT UIF FOUJSF ۛXBMMۜ
NPWFT JOUP UIF EFUFDUJPO XJOEPX PG UIF UJNJOH TFOTPST� #Z DPOUSBTU EZOBNJD TIPSU�
QBUI QBEEJOH EPFT OPU TVॲFS GSPN UIJT JTTVF BT UIF EZOBNJD QBUI EJTUSJCVUJPO HSPXT
TNPPUIFS�

����� $JSDVJU�MFWFM *NQMFNFOUBUJPO %FUBJMT
ওF DJSDVJU BSDIJUFDUVSF PG UIF QSPQPTFE "&%�$ DPOTJTUT PG B 5VO&% UJNJOH TFOTPS

BVHNFOUFE XJUI B 5VOBCMF %FMBZ -JOF UIBU FOBCMF UIF &#4 EZOBNJD TIPSU�QBUI QBEEJOH�
*O CSJFG 5VO&% JT B 3B[PS�''T <��> FOIBODFE XJUI B 5%8 BOE B MPHJD NBTLJOH DJSDVJUSZ
GPS FSSPS DPSSFDUJPO 	'JHVSF ����
� " TFU�VQ UJNF WJPMBUJPO JT TFOTFE CZ B DIBOHF PG QP�
MBSJUZ BU UIF JOQVU PG UIF NBJO ॴJQ�ॴPQ KVTU BFS UIF SJTJOH FEHF PG UIF DMPDL� ওJT FWFOU
JT ॴBHHFE UISPVHI B 903 HBUF UIBU SVOT B QBSJUZ DIFDL CFUXFFO UIF TJHOBMT BU QJOT ফভ ভ
BOE সভ ভ� ওF FSSPS ॴBH JT TBNQMFE JO B TIBEPX MBUDI� 0ODF EFUFDUFE UIF FSSPS JT MP�
DBMMZ DPSSFDUFE UISPVHI MPHJD NBTLJOH� UIF .69 TXJUDIFT UIF PVUQVU স XJUI UIF �ۘT
DPNQMFNFOU PG UIF WBMVF TUPSFE JO UIF NBJO ''�

"MUIPVHI MPDBMMZ DPNQVUFE UIF FSSPS DPSSFDUJPO SFRVJSFT B NPSF DPNQMFY DMPDL�
HBUJOH NFDIBOJTN UP HVBSBOUFF B QSPQFS QSPQBHBUJPO PG UIF OFX DPSSFDUFE PVUQVU� ওJT
JT NBOBHFE UISPVHI B EFEJDBUFE VOJU DBMMFE &SSPS .BOBHFNFOU 6OJU 	&.6
� ওF MBਅFS
JNQMFNFOUT BO FSSPS�ESJWFO DMPDL�HBUJOH XIFSF UIF DMPDL�FOBCMF JT HFOFSBUFE CZ 03�
JOH UIF ॴBH PG BMM UIF UJNJOH�NPOJUPST JO UIF DJSDVJU� *G UIF UJNJOH TFOTPS EFUFDUT B UJN�
JOH WJPMBUJPO UIF DJSDVJU JT IBMUFE GPS POF DMPDL�DZDMF UP BMMPX UIF SJHIU QSPQBHBUJPO PG
UIF DPSSFDUFE WBMVF 	PCUBJOFE UISPVHI UIF MPHJD NBTLJOH EFTDSJCFE BCPWF
� ওF WPMUBHF
TDBMJOH JT PQFSBUFE VTJOH UIF UJNJOH FSSPS SBUF� ওF FSSPS ॴBHT HFOFSBUFE CZ UIF UJN�
JOH TFOTPST BSF 03�FE BOE UIF SFTVMUJOH FWFOUT BSF DPVOUFE� 4QFDJॳDBMMZ ওF &.6 JT JO
DIBSHF PG DPMMFDUJOH UIF FSSPS TUBUJTUJDT J�F� UIF OVNCFS PG FSSPS PDDVSSFODFT  XJUIJO
B QSF�EFॳOFE NPOJUPSJOH QFSJPE PG  DMPDL DZDMFT� ওF 1PXFS .BOBHFNFOU 6OJU 	1.6

VTFT  BT B NFUSJD UP ESJWF UIF WPMUBHF TDBMJOH� "T B SFNBSL PG "&%�$ QSPT  J�F�
UIF UJNJOH FSSPS SBUF DBO CF UVOFE CZ QMBZJOH XJUI UIF XJEUI PG UIF 5%8 PG UIF 5VO&%
TFOTPST�

"MUIPVHI EJॲFSFOU WPMUBHF TDBMJOH QPMJDJFT DBO CF JNQMFNFOUFE EFQFOEJOH PO UIF
EFTJHO TQFDT 	QMFBTF SFGFS UP TFDUJPO �����
 "&%�$ IBT CFFO UFTUFE XJUI B TJOHMF UISFTI�
PME QPMJDZ XIJDI XPSLT BT GPMMPXT� (JWFO বহυ B VTFS�EFॳOFE FSSPS UISFTIPME�

ۡ BT TPPO BT  ? বহυ UIF TVQQMZ WPMUBHF JT JODSFBTFE JO PSEFS UP BWPJE FYDFTTJWF
QFSGPSNBODF QFOBMUZ EVF UP FSSPS DPSSFDUJPOT�

ۡ JG  ӑ বহυ BU UIF FOE PG UIF NPOJUPSJOH QFSJPE J�F� BFS  DZDMFT UIF TVQQMZ
WPMUBHF JT TDBMFE EPXO GPS QPXFS NJOJNJ[BUJPO�

"T B SFDBMM PG UIF DPODFQU FYQMBJOFE JO 4FDUJPO ����� বহυ IBT B XFBL DPSSFMBUJPO
XJUI UIF BSJUINFUJD NFBOJOH PG UIF PVUQVU FSSPS� *O GBDU বহυ JT B NFBTVSF PG UIF SBUF PG

��
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'JHVSF ����� "&%�$ BSDIJUFDUVSF� 5VO&% UJNJOH TFOTPS &SSPS .BOBHFNFOU 6OJU 	&.6

BOE 1PXFS .BOBHFNFOU 6OJU 	1.6
�

FSSPS ॴBHT SBJTFE CZ UJNJOH TFOTPST XIJDI BMM IBWF UIF TBNF XFJHIUT 	PS ۜJNQPSUBODFۜ
�
OBNFMZ JO "&%�$ UIF RVBMJUZ EFHSBEBUJPO JT CPVOEFE CZ UIF QBUIT BDUJWJUZ� ওJT SFQSF�
TFOUT BO JNQPSUBOU EJTUJODUJPO XIFO DPNQBSFE UP UIF "MHPSJUIN/PJTF 5PMFSBODF 	"/5

TUSBUFHZ GPS FYBNQMF XIFSF ϡυ FSSPS UISFTIPME SFGFST EJSFDUMZ UP UIF NBHOJUVEF PG UIF
PVUQVU FSSPS�

����� &YQFSJNFOUBM 'SBNFXPSL� &%" .FUIPET BOE 5PPMT
"&%�$ %FTJHO 'MPX

" DVTUPNJ[FE EFTJHO ॴPX IBT CFFO JOUFHSBUFE JOUP B DPNNFSDJBM QMBUGPSN 	4ZOPQTZT
(BMBYZ
 CZ NFBOT PG EFEJDBUFE 5$- TDSJQUT� "T SFQPSUFE JO 'JHVSF ���� UIF ॴPX FODPN�
QBTTFT UISFF NBJO TUBHFT�
�� -PHJD 4ZOUIFTJT� B DMBTTJDBM UJNJOH�ESJWFO MPX�QPXFS MPHJD TZOUIFTJT SVO VTJOH
�� ON JOEVTUSJBM UFDIOPMPHZ MJCSBSJFT DIBSBDUFSJ[FE BU UIF OPNJOBM 7EE�����7�
�� $SJUJDBM FOE�QPJOUT JEFOUJDBUJPO� PODF UIF DMPDL�USFF IBT CFFO TZOUIFTJ[FE UIF
PQFSBUJOH WPMUBHF JT TFU UP UIF NJOJNVN WBMVF 7EE � ��� 7 	MPXFS CPVOE PG UIF WPMUBHF
TDBMJOH SBOHF
 BOE UIF FOE�QPJOUT XIJDI NJTT UIF DMPDL�QFSJPE 5ৄৌো BSF MBCFMFE BT ۛDSJU�
JDBM �ۜ
�� "&%�$ NPOJUPST SF�QMBDFNFOU BOE 5%- JOTFSUJPO� GPS FBDI DSJUJDBM FOE�QPJOU
TUBOEBSE ''T BSF SFQMBDFE XJUI BO "&%�$ NPOJUPS BOE UIF 5%- JT JOTFSUFE� UIF FSSPS
03�USFF JT BMTP TZOUIFTJ[FE BU UIJT TUBHF� *O PSEFS UP NJUJHBUF NFUBTUBCJMJUZ UIF ''T VTFE
UP JNQMFNFOU UIF "&%�$ NPOJUPS BSF UBLFO GSPN B NFUBTUBCJMJUZ�UPMFSBOU MJCSBSZ�

#PUI 5%8 BOE 5%- DBO CF UVOFE BU B QPTU�TJMJDPO TUBHF PODF UIF OPNJOBM 5ৄৌো
JT QSPQFSMZ BEKVTUFE UP DPNQFOTBUF QSPDFTT�WBSJBUJPOT� " QPTTJCMF PGG�MJOF 5%8�5%-

��
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RTL netlist

Logic Synthesis

Gate netlist

Front-end

Placement

CTS

Floor Planning

Back-end

1. Logic Synthesis

Post-CTS netlist

2. Critical end-points identification

Critical
End-points

Static Timing Analysis:
Vdd = Vddmin = 0.60V

Standard FF replaced 
with AED-C monitors

TDLs insertion

AED-C based 
Design Netlist

3. AED-C Placement 

'JHVSF ����� "&%�$ %FTJHO 'MPX EJBHSBN�

DBMJCSBUJPO QSPDFEVSF NBZ CF JNQMFNFOUFE BT GPMMPXT�

	J
 ওF PQFSBUJOH WPMUBHF JT TFU UP 7EEৎ্ BOE 5ৄৌো JT ॳYFE UP UIF OPNJOBM WBMVF�

	JJ
 5%8 JT ॳYFE UP UIF NBYJNVN WBMVF 	J�F� %8 � ���Բ5ৄৌো 
�

	JJJ
 ওF DJSDVJU JT GFE XJUI JOQVUT UIBU FYDJUF TIPSU�QBUIT BOE UIF FSSPS SBUF JT NFBTVSFE�
"T QFS UIF JOUFSOBM DIBSBDUFSJTUJD PG UIF TFOTPST UIF FSSPS SBUF XJMM TUBSU WFSZ IJHI
EVF UP TIPSU�QBUI SBDF� ওF 5%- JT UIFO JODSFBTFE 	CZ DPOUSPMMJOH UIF HBUF WPMUBHF
PG UIF USBOTNJTTJPO HBUFT JO 'JHVSF ����
 VOUJM FSSPS SBUF SFBDIFT [FSP�

	JW
 ওF DJSDVJU JT ॳOBMMZ UFTUFE XJUI B TFU PG JOQVU QBਅFSOT UIBU FYDJUF DSJUJDBM QBUIT� *G
OP FSSPST BSF EFUFDUFE UIF DBMJCSBUJPO QSPDFEVSF TUPQT� PUIFSXJTF 5ৄৌো JT JODSFBTFE
BOE UIF QSPDFEVSF JUFSBUFT GSPN 	JJ
�

ওF TBNF DBMJCSBUJPO QSPDFEVSF JT SVO GPS CPUI UIF 4MPX NPEF BOE UIF "HHSFTTJWF NPEF�
"T GVSUIFS SFNBSL "&%�$ %FTJHO 'MPX DPVME BMTP TVQQPSU UIF JOUFHSBUJPO PG TUBO�

EBSE MPX�QPXFS EFTJHO UFDIOJRVFT <��>�

#FODINBSLT

ওF QSPQPTFE "&%�$ UFDIOJRVF IBT CFFO UFTUFE PO B TFU PG PQFO TPVSDF CFODINBSLT
PWFS XIJDI XF BQQMJFE B EVBM�NPEF "704 TDIFNF�ওF UISFF DJSDVJUT VOEFS BOBMZTJT BSF�

ۡ '*3 'JMUFS� QJQFMJOFE ��UI�PSEFS MPX�QBTT '*3 ॳMUFS JO UIF EJSFDU GPSN 	���CJU JO
���CJU PVU
� Gৄৌো � ���.)[�

ۡ **3 'JMUFS� QJQFMJOFE �UI�PSEFS MPX�QBTT **3 ॳMUFS JO EJSFDU GPSN * NPEFMFE BFS B
#FTTFM BOBMPH ॳMUFS 	���CJU JO ���CJU PVU
� Gৄৌো � ���.)[�

��
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 GPS DJFOU࠽& &"4

Design Delay Info 
(Synopsys PrimeTime)

Vdd step = 20mV
through derating factor
(Libraries Interpolation)

SDF
Library

AVOS Simulation
(Mentor QuestaSim)

Execution

Testbench
Input Stimuli

Vdd-scaling
Profile

Net 
Activity

Delay 
Annotation

Vdd
[V]

Saif
Files

Energy
Measurement

Power Calculation
(Synopsys PrimePower)

1

2

Vdd Steps
[#	clock-cycles]

Tech Library 

0.60V

1.10V

'JHVSF ����� *O�IPVTF "704 FNVMBUJPO UPPM EJBHSBN�

ۡ ."$� ��·���CJU .VMUJQMZ "DDVN� 6OJU� Gৄৌো � ���.)[�

"&%�$ JT CFODINBSLFE BHBJOTU B TUBUF�PG�BSU 3B[PS"704 3B[PS IFSFBFS�ওF MBਅFS
JT CVJMU XJUI TUBOEBSE 3B[PS�* ''T FOIBODFE XJUI B MPHJD NBTLJOH DJSDVJUSZ GPS FSSPS
DPSSFDUJPO BT JO 'JHVSF ���� UIF EFUFDUJPO XJOEPX JT TFU UP %8����Բ5ৄৌো XIJMF UIF
TIPSU�QBUI SBDFT BSF ॳYFE UISPVHI B TUBUJD TIPSU�QBUI QBEEJOH JNQMFNFOUFE VTJOH B
TIPSU�QBUI QBEEJOH QSPDFEVSF UIBU MFWFSBHFT NVMUJ�ঽυ DMPDL CVॲFST� 'PS CPUI "&%�$
BOE 3B[PS UIF OVNCFS PG NPOJUPSFE DSJUJDBM QPJOUT JT UIF TBNF BOE UIF 7EE TDBMJOH
QPMJDZ JT UIF POF EFTDSJCFE JO TFDUJPO ������

"704 &NVMBUJPO 5PPM

"O JO�IPVTF UPPM UIBU FNVMBUFT "704 	'JHVSF ����
 IBT CFFO JOUFHSBUFE JOUP .FOUPS
2VFTUB4JN� *U SVOT B GVODUJPOBM TJNVMBUJPO XJUI CBDL�BOOPUBUFE 4%' EFMBZ JOGPSNBUJPO
FYUSBDUFE UISPVHI B DPNNFSDJBM 4UBUJD 5JNJOH "OBMZTJT FOHJOF 4ZOPQTZT 1SJNF5JNF
MPBEFE XJUI UFDIOPMPHZ MJCSBSJFT DIBSBDUFSJ[FE BU EJॲFSFOU TVQQMZ WPMUBHFT� GPS UIPTF
TVQQMZ WPMUBHFT OPU BWBJMBCMF JO UIF MJCSBSZ TFU XF VTFE EFSBUJOH GBDUPST FNCFEEFE JOUP
1SJNF5JNF� ওF TVQQMZ WPMUBHF SBOHFT GSPN ����7 UP ����7 XJUI TUFQ PG �� N7�

ওF QPXFS EJTTJQBUJPO JT FTUJNBUFE VTJOH B QSPCBCJMJTUJD QPXFS NPEFMT 	4ZOPQTZT
1SJNF1PXFS
 XJUI CBDL�BOOPUBUFE TJHOBM TUBUJTUJDT FYUSBDUFE GSPN GVODUJPOBM TJNVMBUJPOT
VTJOH TBJG GPSNBU ॳMFT� ওF FOFSHZ DPOTVNQUJPO JT FTUJNBUFE DPOTJEFSJOH UIF TVQQMZ
WPMUBHF QSPॳMFT DPMMFDUFE GSPN "704 FNVMBUJPOT�

2VBMJUZ .FUSJDT

�� ঽ ূৈ� BWFSBHF 7EE PCUBJOFE EVSJOH UFTUCFODI TJNVMBUJPO�

��



� ژ "EBQUJWF &"4 WJB "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO

�� ঽ ্ৎ� NJO 7EE NFBTVSFE PWFS UIF UFTUCFODI USBDF�

�� &OFSHZ QFS 0QFSBUJPO 	&10
� UIF SBUJP CFUXFFO FOFSHZ DPOTVNFE BOE OVNCFS PG
PQFSBUJPOT DPNQMFUFE�

�� 0QFSBUJPO QFS $MPDL $ZDMF 	01$
� SBUJP CFUXFFO UIF OVNCFS PG FYFDVUFE PQFSB�
UJPOT BOE UPUBM OVNCFS PG DMPDL DZDMFT�

�� 6ODPWFSFE &SSPST 	6&
� UIF DPVOU PG MPHJD FSSPST EVF UP VOEFUFDUFE UJNJOH GBVMUT
PDDVSSFE EVSJOH TJNVMBUJPO� ওJT NFUSJD JT NFBTVSFE JO QQN 	QBSUT QFS NJMMJPO
�

�� /PSNBMJ[FE 3PPU .FBO 4RVBSFE &SSPS 	/3.4&
�

হব > ຣѾৎ>1)\^ ѿ \^*3
ৎ Բ 2্ূ ѿ ্ৎ 	���


XJUI  UIF WBMVF TBNQMFE BU UIF PVUQVU PG UIF DJSDVJU  UIF SJHIU PVUQVU WBMVF O
JT UIF UPUBM OVNCFS PG PQFSBUJPOT� ্ূ BOE ্ৎ BSF UIF NBY BOE UIF NJO WBMVF PG UIFZ EFॳOF PVUQVU EZOBNJDT� হব RVBOUJॳFT UIF 2P3�

5P CF OPUJDFE UIBU PVS TJNVMBUJPOT EP OPU DPOTJEFS QSPDFTT WBSJBUJPOT BT UIF "&%�$ JT
JOUSJOTJDBMMZ ۛUVOBCMF ۜ IFODF SFTJMJFOU UP WBSJBCJMJUZ�

����� $IBSBDUFSJ[BUJPO BOE 'JHVSFT�PG�.FSJU
"SFB 0WFSIFBE

5BCMF ��� DPMMFDUT UIF TUBUJTUJDT PG UIF UISFF CFODINBSLT� DPMVNO �''T SFQPSUT UIF
UPUBM OVNCFS PG TFRVFOUJBM DFMMT XIJMF DPMVNO �$SJUJDBM�''T UIF QFSDFOUBHF PG UJNJOH�
DSJUJDBM ''T SFQMBDFE XJUI UJNJOH NPOJUPST PG 'JHVSF ���� 	MPHJD NBTLJOH FOBCMFE GPS
CPUI "&%�$ BOE 3B[PS
� ওF UBCMF BMTP SFQPSUT UIF WBMVF PG UIF 5%-T DIBSBDUFSJ[FE
BDDPSEJOH UP FRVBUJPO ��� XIFO UIF 5%8 JT ��� UIF ৄৌো 	��� QT
� ওF BOBMZTJT SFQPSUFE
JO <���> FOTVSFT UIBU UIF WBMVFT PG EFMBZ JO DPMVNO5%- DBO CF BDIJFWFE XJUI UIF DJSDVJU
EFTDSJCFE JO 'JHVSF ���
�

#FODINBSL "SFB <ౡ্3> �''T �$SJUJDBM�''T 5%8 <QT> 5%- <QT>
."$ ������� �� ����� ��� ���
'*3 ������� ��� ���� ��� ���
**3 ������� ��� ����� ��� ���

5BCMF ���� #FODINBSLT EFTJHOFE GPS "&%�$�

ওF CBS�DIBSUT JO 'JHVSF ����B BOE 'JHVSF ����C QSPWJEF B NPSF EFUBJMFE BSFB DPN�
QBSJTPO CFUXFFO "&%�$ BOE 3B[PS� UP OPUF UIBU CPUI JNQMFNFOUBUJPOT IBWF UIF TBNF

��
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 GPS DJFOU࠽& &"4
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	B
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2.6 0.3
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0
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100
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BUF

	C
 #VॲFST WT� 5%-T BSFB PWFSIFBE

'JHVSF ����� "SFB 0WFSIFBE $PNQBSJTPO�

OVNCFS PG UJNJOH NPOJUPST� 'JHVSF ����B TIPXT UIF PWFSBMM BSFB PWFSIFBE OPSNBMJ[FE
X�S�U� UIF CBTFMJOF DJSDVJU� "T POF DBO PCTFSWF "&%�$ JT CZ GBS B NPSF DPNQBDU BSDIJUFD�
UVSF� BWFSBHF BSFB PWFSIFBE JT ����� BHBJOTU ����� PG 3B[PS� ওBUۘT EVF UP UIF FॵDJFODZ
PG UIF 5%- JOTFSUJPO TUSBUFHZ UIBU BT TIPXO JO 'JHVSF ����C UBLFT NVDI MFTT BSFB 	����
PO BWFSBHF X�S�U� #BTFMJOF
 UIBO TUBOEBSE CVॲFST JOTFSUJPO QSPDFEVSFT 	����� PO BWFS�
BHF X�S�U� #BTFMJOF
� 5BLJOH BT BO FYBNQMF UIF **3 MUFS࠻ DJSDVJU CVॲFST JOEVDF B IVHF
BSFB QFOBMUZ PG ������ 	X�S�U� CBTFMJOF
 NBJOMZ EVF UP UIF QSFTFODF PG B MBSHF OVNCFS PG
TIPSU�QBUIT JO UIF GFFECBDL OFUXPSL XIJMF UIF 5%- JOTFSUJPO DPTU JT B NFSF �����

%ZOBNJD TIPSU�QBUI QBEEJOH 7BMJEBUJPO

"T EJTDVTTFE JO 4FDUJPO ����� "&%�$ ESJWFO EVBM�NPEF "704 JT FOBCMFE CZ B %Z�
OBNJD TIPSU�QBUI QBEEJOH TPMVUJPO� ওF NBJO HPBM PG UIJT TFDUJPO JT UP EFNPOTUSBUF
IPX %ZOBNJD TIPSU�QBUI QBEEJOH EPFT OPU BॲFDU UIF SFTQPOTJWFOFTT PG FSSPS EFUFDUJPO�
DPSSFDUJPO NFDIBOJTN HJWJOH BO FYQFSJNFOUBM FWJEFODF PG UIF SVMFT PG UIVNC PWFS
XIJDI JU IBT CFFO JNQMFNFOUFE�

'JHVSF ���� SFDBMMT UIF RVBMJUBUJWF BOBMZTJT FYQMBJOFE JO 4FDUJPO ����� TIPXJOH UIF
EZOBNJD QBUI EJTUSJCVUJPO PG UISFF EJॲFSFOU JNQMFNFOUBUJPOT PG UIF CFODINBSLT 	."$
'*3 BOE **3 'JMUFS
� #BTFMJOF 3B[PS BOE "&%�$� 'PS FBDI IJTUPHSBN UIF CBST SFQPSU UIF
DVNVMBUJWF OVNCFS PG UJNJOH QBUI BDUJWBUJPOT WT� UIFJS BSSJWBM UJNF�ওF EZOBNJD EJTUSJ�
CVUJPOT BSF TBNQMFE BU OPNJOBM WPMUBHF 	7EEৎ্
 J�F� 7EE TDBMJOH EJTBCMFE� 'PS UIF TBLF
PG TQBDF XF SFQPSU POMZ UIF DBTF JO XIJDI UIF %8 JT ॳYFE UP 5ৄৌো���

'JSTUMZ CPUI "&%�$ BOE 3B[PS BSF QSFTFSWFE GSPN UIF TIPSU�QBUI SBDFT BT UIF QBUI
EJTUSJCVUJPO JT TLFXFE TVDI UIBU OPOF PG UIF TIPSU�QBUIT GBMMT CFIJOE 5ৄৌো�� 	UIF XJEUI PG
UIF EFUFDUJPO XJOEPX ফা
� UIJT FOTVSFT UIF QSPQFS GVODUJPOBMJUZ PG UIF FSSPS EFUFDUJPO
NFDIBOJTN�

��
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	B
 .VMUJQMZ�"DDVNVMBUF

	C
 '*3 ॳMUFS 	D
 **3 ॳMUFS

'JHVSF ����� %ZOBNJD TIPSU�QBUI QBEEJOH FॲFDUT PO EZOBNJD 1BUIT EJTUSJCVUJPO�

4FDPOEMZ UIF XPSTU�DSJUJDBM QBUIT BSF TP SBSFMZ BDUJWBUFE UIBU UIFZ BSF OPU FWFO WJT�
JCMF JO UIF QMPU� BOZ QPXFS NBOBHFNFOU TUSBUFHZ UIBU VTFT UIFTF QBUIT BT QSPCF NJHIU
MFBE UP TVC�PQUJNBM SFTVMUT�

ওJSEMZ %ZOBNJD TIPSU�QBUI QBEEJOH LFFQT UIF QBUI EJTUSJCVUJPO VODIBOHFE BT JU
BQQMJFT B SJHIU TIJ PO UIF CBTFMJOF EJTUSJCVUJPO� ওJT BWPJET UIF HSPXUI PG UIF ۛRVBTJ�
DSJUJDBMۜ QBUIT UIBU TUBOE KVTU CFIJOE ৄৌো BOE UIBU QSFWFOU WPMUBHF TDBMJOH� #Z DPOUSBTU
UIF JOTFSUJPO PG CVॲFST EVF UP TIPSU�QBUI QBEEJOH JOEVDF UIF PQQPTJUF FॲFDU JO 3B[PS
DJSDVJUT� QBUIT BSF TLFXFE UPXBSET ৄৌো 	SFE CBST
 GPSDJOH BO FBSMZ TUPQ GPS 7EE TDBMJOH�

"&%�$ GPS ."$ PQFSBUJPOT� B $IBSBDUFSJ[BUJPO

ওSPVHI "&%�$ UIF FSSPS EFUFDUJPO SFTPMVUJPO DBO CF BEKVTUFE BU SVO�UJNF CZ BE�
KVTUJOH UIF %8� UIJT BMMPXT UP BDDFMFSBUF PS TMPX�EPXO UIF WPMUBHF TDBMJOH EFQFOEJOH
PO UIF DPOUFYU SFRVJSFNFOUT� ওF NBJO HPBM PG UIJT TFDUJPO JT UP QSPWF UIF WBMJEJUZ PG
UIJT JOUVJUJPO�

ওF SFQPSUFE QBSBNFUSJD BOBMZTJT BJNT BU TIPXJOH UIF SFTQPOTJWFOFTT PG "704 BOE
UIF SFTVMUJOH PVUQVU RVBMJUZ XIFO UIF %8 XJEUI SFEVDFT GSPN ���Բ5ৄৌো UP ���Բ5ৄৌো�

��
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 GPS DJFOU࠽& &"4

TJNVMBUJPOT SVOT PO UIF."$ CFODINBSL�ওF UFTUCFODI DPOTJTU PG SFBMJTUJD JOQVU TUJNVMJ
NBEF VQ PG �Y��7 JOQVU QBਅFSOT PSHBOJ[FE BT B TFRVFODF PG WBSJBCMF�NFBO (BVTTJBO
EJTUSJCVUJPOT UIBU NPEFM UIF DIBOHF PG DPOUFYU� XF DPOTJEFSFE UISFF EJॲFSFOU (BVTTJBO
EJTUSJCVUJPOT� ౡ2 > 35 ౡ3 > 39 ౡ4 > 323 BMM XJUI TUBOEBSE EFWJBUJPO ౨ > 35� ওF JOQVU
QBਅFSOT BSF HSPVQFE UP QFSGPSN TFRVFODFT PG ���� NVMUJQMZ�BDDVNVMBUF PQFSBUJPOT�
ওF 7EE�TDBMJOH QPMJDZ JT UIF POF EFTDSJCFE JO 4FDUJPO ����� XJUI B NPOJUPSJOH QFSJPE����� DMPDL DZDMFT BOE বহυ ॳYFE UP �� PG FSSPS SBUF�

'JHVSF ���� TIPX UIF DPMMFDUFE SFTVMUT� 'PS FBDI WBMVF PG %8 UIF UFTUCFODI JT SVO
DPMMFDUJOH UIF BWFSBHF WBMVF PG 7EE EVSJOH "704 TJNVMBUJPO� PVUQVU EFHSBEBUJPO JT NFB�
TVSFE VTJOH UIF হব� ওF ঽ ূৈ 	ঽ ্ৎ
 EFDSFBTFT GSPN ���� 7 	���� 7
 XIFO
%8 JT NBYJNVN VQ UP ���� 7 	���� 7
 XIFO %8 � ���Բ5ৄৌো� ওJT USFOE EFNPOTUSBUFT
UIBU UIF TNBMMFS UIF %8 UIF NPSF BHHSFTTJWF UIF "704� 0O UIF PUIFS IBOE XIFO TQF�
DJॳD TFRVFODFT PG JOQVU QBਅFSOT QVTI UIF TVQQMZ WPMUBHF TP MPX UIBU TPNF QBUIT EFMBZ
DPVME FYDFFE UIF EFUFDUJPO XJOEPX %8 UIF RVBMJUZ PG UIF PVUQVU DBO CF BॲFDUFE CZ
VOEFUFDUFE FSSPST� 'JHVSF ���� TIPXT UIBU UIF MPXFS UIF ঽ ূৈ UIF MBSHFS UIF PVUQVU
FSSPS� UIF হব GPS UIF NJO� WBMVF PG %8 SBJTFT UP ������ 5P CF OPUJDFE UIBU XIFO
%8 SFBDIFT JUT NBY� WBMVF UIF হব ESPQT UP [FSP� UIBUۘT UIF QSPPG "&%�$ FOTVSFT
UIF IJHIFTU QPTTJCMF 2P3 XIFO JU XPSLT JO 4MPX "704 NPEF�
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'JHVSF ����� 5%8 DIBSBDUFSJ[BUJPO�

5BCMF ��� SFQPSUT UIF বষ শ TBWJOHT X�S�U� #BTFMJOF DJSDVJU 	."$ X�P FSSPS EFUFDUJPO�
DPSSFDUJPO
� 8IFO "704 JT TFU UP BHHSFTTJWF NPEF UIF FOFSHZ TBWJOHT JODSFBTFT RVJDLMZ
GSPN ������ BU %8� ���Բ5ৄৌো UP ������ BU %8 � ���Բ5ৄৌো�

$PODFSOJOH QFSGPSNBODF EFHSBEBUJPOT EVF UP FSSPST DPSSFDUJPOশষ প EPFT OPU DIBOHF
TIPX TVCTUBOUJBM DIBOHFT X�S�U� %8�ওF SFBTPO MJFT CFIJOE UIF GBDU UIBU শষ প JT NBJOMZ
BॲFDUFE CZ UIF 7EE�TDBMJOH QPMJDZ BOE UIF &SSPSওSFTIPME 	বহυ
 BEPQUFE 	BOBMZTJT PVU
PG UIF TDPQF PG UIJT XPSL
�

"T GVSUIFS SFNBSL 'JHVSF ���� SFQPSUT UIF 7EE TDBMJOH USFOE EVSJOH"704 TJNVMBUJPO
GPS UIF "&%�$ GPS NBY� BOE NJO� WBMVFT PG %8 	J�F� ��� BOE ��� PG 5ৄৌো
 BOE 3B[PS
DJSDVJU XJUI %8 � ���Բ5ৄৌো� 'JSTUMZ JU TIPXT UIBU "&%�$ IBT B CFਅFS "704 QSPॳMF UIBO
3B[PS� XIJMF 3B[PS BDIJFWFT ঽ ূৈ���� 7 	বষ শ TBWJOHT PG �����
 "&%�$ DBO QVTI UIFঽ ূৈ NVDI MPXFS ���� 7 BOE ���� 7 GPS %8 FRVBMT ��� BOE ��� PG 5ৄৌো SFTQFDUJWFMZ�

��
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%8 ঽ ্ৎ ঽ ূৈ &10 TBWJOHT 01$ /3.4&
<�Բ5ৄৌো> <7> <7> <�>� <�>

�� ���� ���� ���� ����� ����
�� ���� ���� ���� ����� ����
�� ���� ���� ���� ����� ����
�� ���� ���� ���� ����� ����
�� ���� ���� ���� ����� ����
�� ���� ���� ���� ����� ����
�� ���� ���� ���� ����� ����
�� ���� ���� ���� ����� ����

5BCMF ���� 5%8�ESJWFO "704 DIBSB[FSJ[BUJPO PO ."$
�/PUF� X�S�U� #BTFMJOF�

4FDPOEMZ UIF "&%�$ "704 USFOET DPOॳSN PODF BHBJO UIF JOUVJUJPO CFIJOE UIJT XPSL�
TNBMMFS %8T 	"&%�$ "HHSFTTJWF NPEF
 BDDFMFSBUF UIF 7EE TDBMJOH XIJMF MBSHFS %8T
	"&%�$ 4MPX NPEF
 TMPX EPXO UIF 7EE TDBMJOH TBDSJॳDJOH FOFSHZ TBWJOHT JO GBWPS PG
IJHIFS 2P3�

0 1 2 3 4 5
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AED-C DW=15% AED-C DW=50% Razor DW=50%

'JHVSF ����� 7EE TDBMJOH USFOE WT� %8�

ওF TBNF USFOE IPMET GPS UIF PUIFS CFODINBSLT VOEFS BOBMZTJT 	PNJਅFE GPS UIF TBLF
PG TQBDF
� 8F UIFSFGPSF JEFOUJॳFE UIF GPMMPXJOH WBMVFT BT HPPE USBEFPॲ CFUXFFO BD�
DVSBDZ ESPQ BOE FOFSHZ TBWJOHT� %8 � ���Բ5ৄৌো GPS 4MPX "&%�$� %8 � ���Բ5ৄৌো GPS
"HHSFTTJWF "&%�$�

"&%�$ GPS "VEJP 'JMUFSJOH� B $IBSBDUFSJ[BUJPO

*O UIJT TFDUJPO B QBSBNFUSJD DIBSBDUFSJ[BUJPO IBT CFFO EPOF PO TQFDUSBM BVEJP TJH�
OBM ॳMUFSJOH J�F� '*3 BOE **3 EJHJUBM ॳMUFS� ওFZ BSF JOUSJOTJDBMMZ FSSPS�SFTJMJFOU BOE DPN�
NPOMZ BEPQUFE JO FSSPS�SFTJMJFOU BQQMJDBUJPOT� "T BO BEEJUJPOBM QJFDF PG JOGPSNBUJPO
POF TIPVME DPOTJEFS UIBU UIF BSDIJUFDUVSFT PG '*3 BOE **3 TVCTUBOUJBMMZ EJॲFS� ওF **3
DJSDVJU IBT CBDLXBSE DPOOFDUJPOT XIJDI JNQBDU UIF XBZ FSSPST QSPQBHBUF XIJMF UIF
'*3 JT B GFFE�GPSXBSE BSDIJUFDUVSF�

ওF CFODINBSLT DIBSBDUFSJTUJDT IBWF CFFO SFQPSUFE JO 4FDUJPO ������ CPUI TZOUIF�
TJ[FE BOENBQQFE POUP B DPNNFSDJBM '%�40* $.04 UFDIOPMPHZ BU ��ON BU Gৄৌো � ���.)[�

��



��� ژ "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 GPS DJFOU࠽& &"4

ওF '*3 JT B QJQFMJOFE ��υ�PSEFS MPX�QBTT ॳMUFS UIF **3 JT B QJQFMJOFE �υ�PSEFS MPX�QBTT
ॳMUFS�ওF CFODINBSLTXFSF TJNVMBUFE VTJOH OPO�VOJGPSN JOQVU EJTUSJCVUJPOT BOE SFBMJT�
UJD JOQVU QBਅFSOT� ওF TJNVMBUJPOT BJNFE BU FNVMBUJOH SFBM�MJGF BQQMJDBUJPOT XIFSF EBUB
NBJOUBJO B DFSUBJO TQBUJBM�UFNQPSBM DPSSFMBUJPO XIJDI JT UIF BDUVBM DPOEJUJPO VOEFS
XIJDI BEBQUJWF TUSBUFHJFT HBJO NPTU PG UIFJS BEWBOUBHF� 'PS UIJT SFBTPO UIF TFRVFODF
PG UISFF EJॲFSFOU CBTFCBOE BVEJP TJHOBMT XBT VTFE BT UFTU CFODI� ওFZ DPWFSFE EJॲFSFOU
DPOUFYU TDFOBSJPT J�F� EJॲFSFOU JOQVU�EBUB EJTUSJCVUJPOT�

ۡ ন��� /PJTFMFTT WPJDF SFDPSEJOH� UIF TXJUDIJOH BDUJWJUZ PG UIF -4#T JT WFSZ MPX
GPS B MPOH QPSUJPO PG UIF TUSFBN�

ۡ ন��� 5BLFO GSPN BO PॵDF DPOWFSTBUJPO SFDPSEJOH� TBNQMFT QSFTFOU MPX OPJTF
BOE JOQVUT IBWF IPNPHFOFPVT TXJUDIJOH BDUJWJUZ�

ۡ ন��� 0VUEPPS DPOWFSTBUJPO� UIF SFDPSEJOH JT OPJTZ BOE UIF TXJUDIJOH BDUJWJUZ
PG UIF JOQVUT RVJUF JSSFHVMBS EVF UP BCSVQU DIBOHFT PG JOQVU XPSLMPBE�

ওFTF UISFF EJॲFSFOU JOQVU EJTUSJCVUJPOT BSF WFSZ MJLFMZ UP BDUJWBUF B MBSHF TQFDUSVN PG
QBUIT GSPN TIPSUFS UP MPOHFS POFT� *OUFSFTUFE SFBEFST DBO SFGFS UP UIF XPSL JO <���>
XIFSF B EFUBJMFE BOBMZTJT TIPXT IPX UIFTF EJॲFSFOU JOQVU EJTUSJCVUJPOT QSPEVDF TJHOJG�
JDBOUMZ EJॲFSFOU &OFSHZے"DDVSBDZ USBEFPॲ�

ওF QSPQPTFE QBSBNFUSJD BOBMZTJT JT QFSGPSNFE BHBJOTU DMBTTJDBM 3B[PS UP CFਅFS
IJHIMJHIU QSPT�DPOT PG "&%�$� 3B[PS JT JNQMFNFOUFE VTJOH UIF GPMMPXJOH DPOॳHVSB�
UJPO�

ۡ %FUFDUJPO 8JOEPX� ফা > 61& Բ ৄৌো
ۡ .POJUPSJOH QFSJPE�  � ��4 DMPDL DZDMFT

ۡ &SSPS 3BUF �SFTIPME বহυ � �� JO PSEFS UP MJNJU UIF QFSGPSNBODF MPTT EVF UP
FSSPST DPSSFDUJPO�

ওF "&%�$ JT TFU XJUI UIF TBNF WBMVFT FYDFQU GPS UIF EFUFDUJPO XJOEPX XIJDI JT VTFE
BT QBSBNFUFS�  ফা ѵ \26& Բ ৄৌো , 61& Բ ৄৌো^ SFHVMBS JOUFSWBMT PG 6& Բ ৄৌো�

'JHVSFT ����B BOE ����B TIPX UIF SFTVMUT PG WPMUBHF TDBMJOH FॵDJFODZ DPMMFDUFE GPS
'*3 BOE **3 SFTQFDUJWFMZ� 8IJMF 3B[PS IBT B ॳYFE %8 XJEUI UIVT B TJOHMF ঽ ূৈ
WBMVF IJHIMJHIUFE XJUI B EBTIFE MJOF "&%�$ FOBCMFT EJॲFSFOU &OFSHZ�2VBMJUZ PQFS�
BUJOH QPJOUT CZ UVOJOH UIF %8XJEUI� "T FYQFDUFE SFEVDJOH UIF %8 B NPSF BHHSFTTJWF
7EE TDBMJOH DBO CF PCUBJOFE� *O GBDU ঽ ূৈ EFDSFBTFT RVJDLMZ BT UIF %8 XJEUI CF�
DPNF TNBMMFS GPS CPUI '*3 BOE **3 ॳMUFST� *O 3B[PS UIF JOTFSUJPO PG CVॲFST GPS TIPSU�QBUI
QBEEJOH DPNQSFTT UIF BDUJWF QBUIT UPXBSE UIF DMPDL FEHF JOEVDJOH BO JODSFBTF PG UIF
&SSPS SBUF� ওBU NBLFT UIF WPMUBHF TDBMJOH TMPXFS� ঽ ূৈ EPFT OPU HP CFMPX ���� 7 	
���� 7
 GPS '*3 	**3
� 8JUI "&%�$ UIF QBUI EJTUSJCVUJPO LFFQT UIF TBNF TIBQF 	KVTU SJHIU
TIJFE
 FOTVSJOH B TNPPUIFS JODSFBTF PG UIF FSSPS SBUF� ওJT JT BO BEEJUJPOBM LFZ BEWBO�
UBHF PG UIF "&%�$ TUSBUFHZ� ওF SFEVDUJPO PG UIF FSSPS�DPWFSBHF OBNFMZ UIF SFEVDUJPO

��



� ژ "EBQUJWF &"4 WJB "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO

	B
 "WFSBHF 7EE 	C
 "WFSBHF &SSPS

'JHVSF ����� 3B[PS WT� "&%�$ DIBSBDUFSJ[BUJPO� '*3 ॳMUFS�

	B
 "WFSBHF 7EE 	C
 "WFSBHF &SSPS

'JHVSF ����� 3B[PS WT� "&%�$ DIBSBDUFSJ[BUJPO� **3 ॳMUFS�

PG 5%8 JNQMJFT B QSPQPSUJPOBM SFEVDUJPO PG UIF 5%-� "T UIF 5%- HFUT TNBMMFS UIF QBUI
EJTUSJCVUJPO TIJT CBDL UP JUT PSJHJOBM TIBQF MFBWJOH UIF NPTU BDUJWF QBUIT CFIJOE UIF
EFUFDUJPO XJOEPX� 8IFO DPOTJEFSJOH UIF '*3 CFODINBSL UIF ঽ ূৈ SFEVDUJPO JT TVC�
TUBOUJBM� GSPN ���� 7 BU ফা�61& Բ ৄৌো UP ���� 7 BU ফা�26& Բ ৄৌো� GPS UIF **3 ॳMUFS
DBTF UIF ঽ ূৈ SFEVDUJPO JT JO UIF SBOHF <���� 7 ���� 7>�

$PODFSOJOH UIF RVBMJUZ PG UIF PVUQVU XIJMF 3B[PS TIPXT [FSP EFHSBEBUJPO GPS CPUI
ॳMUFST GPS "&%�$ UIF RVBMJUZ PG UIF PVUQVU SFEVDFT BT UIF BT UIF EFUFDUJPO NFDIBOJTN
HFUT NPSF BQQSPYJNBUFE� ওJT USFOE JT DMFBSMZ SFQPSUFE JO 'JHVSFT ����C BOE ����C� ওFহব JODSFBTFT GSPN �� BU ফা�61& Բ ৄৌো UP ����� GPS ফা�26& Բ ৄৌো XIJMF GPS
UIF **3 ॳMUFS UIF হব SJTFT GSPN ���� BU ফা�61&Բৄৌো UP ����� BU ফা�26&Բৄৌো�
*U JT XPSUI FNQIBTJ[JOH UIF FSSPS TIPXT CJHHFS NBHOJUVEF TJODF NJTT�EFUFDUFE UJNJOH
FSSPS USBQT JO UIF ॳMUFS GFFECBDL OFUXPSL QSPQBHBUJOH CBDL UP UIF JOUFSOBM QBUIT BOE
QFSTJTUJOH VOUJM B TFRVFODF PG JOQVU QBਅFSOT NBTL JU� 5P CF OPUJDFE UIBU UIF **3 ॳMUFS
JNQMFNFOUFE XJUI "&%�$ QSFTFOUT BO BWFSBHF FSSPS HSFBUFS UIBO [FSP XIFO ফা�61&Բৄৌো� UIJT SFTVMU JT B EJSFDU DPOTFRVFODF PG UIF TNPPUIFS TIBQF PG UIF EZOBNJD QBUI
EJTUSJCVUJPO JOEVDFE CZ "&%�$ BT FYQMBJOFE JO 4FDUJPO ������ *O GBDU FWFO XJUI UIF
NBYJNVN WBMVF PG UIF %8 UIF 7EE TDBMFT NPSF BHHSFTTJWFMZ UIBO 3B[PS 	JO BWFSBHF
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��� ژ "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 GPS DJFOU࠽& &"4

���� 7 BHBJOTU ���� 7
 MFBEJOH UP FSSPST NJTT�EFUFDUJPO UIVT PVUQVU RVBMJUZ EFHSBEBUJPO�
ওF UISPVHIQVU PG CPUI 3B[PS BOE "&%�$ TIPXT B TUSJDU SFMBUJPO XJUI বহυ BT

EFNPOTUSBUFE JO <���>� 4JODF বহυ JT UIF TBNF 	��
 UIF XPSTU�DBTF শষ প JT ���� 	��
UISPVHIQVU EFHSBEBUJPO
�

ওFTF SFTVMUT DPOॳSN UIBUNPWJOH GSPN3B[PS UP "&%�$ FOBCMFT BO FॵDJFOU &OFSHZ�
"DDVSBDZ USBEFPॲ� 0OF NBZ BSHVF UIBU BO BQQSPYJNBUF WFSTJPO PG 3B[PS DPVME IBWF
CFFO PCUBJOFE VTJOH UIF FSSPS�UISFTIPME বহυ BT B DPOUSPM LOPC JOTUFBE PG UVOJOH UIF
EFUFDUJPO XJOEPX XJEUI ফা� *U JT CVU FOFSHZ TBWJOHT XPVME IBWF CFFO NVDI MPXFS
EVF UP MBSHF QFSGPSNBODF QFOBMUJFT� ওF VTF PG B MBSHFS বহυ JNQMJFT UIF SBJTF PG UJN�
JOH FSSPST UP DPSSFDU� .PSF UJNJOH FSSPST NFBOT UIBU UIF OVNCFS PG DZDMFT XBTUFE GPS
DPSSFDUJPO JODSFBTFT IFODF UIF শষ প EFDSFBTF RVJDLMZ XJUI বহυ� 5P HJWF B QSPPG UIF
QMPUT JO 'JHVSF ���� TIPX ঽ ূৈ BOE শষ প BT GVODUJPO PG UIF FSSPS UISFTIPME বহυ GPS
CPUI '*3 BOE **3� বহυ JT JO UIF SBOHF \3&, 61&^� ওF XPSLMPBE JT UIF POF EFTDSJCFE
BCPWF JO UIJT TFDUJPO� 8IJMF বহυ LFFQT MBSHFS UIF ঽ ূৈ SFEVDFT BT FYQFDUFE� GSPN
���� 7 UP ���� 7 GPS '*3� GSPN ���� 7 UP ���� 7 GPS **3� )PXFWFS UIF QFSGPSNBODF MPTT JT
TVCTUBOUJBM BT UIF শষ প GBMMT EPXO� GSPN ���� UP ���� 	BMNPTU UXP DMPDL DZDMFT GPS FBDI
PQFSBUJPO
 GPS '*3� GSPN ���� UP ���� GPS **3� 8JUI "&%�$ UIF শষ প PWFSIFBE JT �� BU
XPSTU�

	B
 '*3 'JMUFS 	C
 **3 'JMUFS

'JHVSF ����� 5VOJOH বহυ GPS BQQSPYJNBUF 3B[PS�

����� "&%�$ GPS %VBM�.PEF "704� B 1SPT�$POT "OBMZTJT
"&%�$ GPS %VBM�.PEF "704

ওF QSPQPTFE "704 MFWFSBHFT UIF "&%�$ UP FOBCMF UXP PQFSBUJOH NPEFT� 4MPX BOE
"HHSFTTJWF� ওF GPSNFS GPSDFT UIF 7EE TDBMJOH UP CF TMPX BT JU FOTVSFT GVMM EFUFDUJPO PG
BMM UIF UJNJOH WJPMBUJPOT XJUIJO UIF ॳSTU IBMG PG ৄৌো 	5%8����Բ5ৄৌো
� UIJT NPEF NJNJDT
B TUBOEBSE 3B[PS "704 TDIFNF� ওF MBਅFS BDDFMFSBUFT UIF 7EE TDBMJOH VTJOH B TNBMMFS
5%8 BOE IFODF B XFBLFS FSSPS EFUFDUJPO� VOEFS UIJT NPEF TPNF UJNJOH GBVMUT BSF OPU
DPWFSFE CZ UIF EFUFDUJPO XJOEPX BOE NBZ SFTVMU VOEFUFDUFE XJUI B OFHBUJWF JNQBDU PO

��



� ژ "EBQUJWF &"4 WJB "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO

UIF RVBMJUZ PG UIF PVUQVUT� ওF EFDJTJPO UP TXJUDIJOH GSPN�UP 4MPX UP�GSPN "HHSFTTJWF JT
EFNBOEFE UP UIF QPXFS�NBOBHFNFOU VOJU 	PVU PG UIF TDPQF PG UIJT XPSL
�

AT
Tclk

DW’

#Active Paths
Vdd’ < Vddnom

Vdd = Vddnom

No short-paths race

TDL’=DW’-ATmin

AT
Tclk

ATmin

DW’

#Active Paths

AED-C
Baseline

'JHVSF ����� "&%�$ JO 4MPX "704 NPEF�

AT
Tclk

DW’’
#Active Paths

No short-paths race

TDL’’=DW’’-ATmin

AT
Tclk

ATmin

#Active Paths
DW’’

AED-C
Baseline

Vdd = Vddnom

Vdd’’ < Vdd’

'JHVSF ����� "&%�$ JO "HHSFTTJWF "704 NPEF�

'JHVSF ���� BOE ���� TIPX BO BCTUSBDU EZOBNJD QBUI EJTUSJCVUJPO 	QSPॳMF PG UIF BDUJ�
WBUFE QBUIT WT� UIFJS BSSJWBM UJNF ন
 UP QJDUPSJBMMZ FYQMBJO UIF XPSLJOH QSJODJQMF PG UIF
UXP NPEFT� 'PS CPUI UIF ॳHVSFT EBTIFE MJOFT SFGFS UP B HFOFSJD DJSDVJU BFS TZOUIFTJT
J�F� X�P "&%�$ XIJMF UIF TPMJE MJOFT SFGFS UP UIF TBNF DJSDVJU BFS UIF 5%- JOTFSUJPO
J�F� X� "&%�$�
4MPX NPEF� 'JHVSF ���� MF TIPXT UIF EZOBNJD QBUI�EJTUSJCVUJPO BU OPNJOBM 7EE� %VF
UP UIF QSFTFODF PG UIF 5%- UIFSF FYJTU TFOTJUJ[FE QBUIT CFZPOE 5ৄৌো 	ZFMMPX BSFB
 XIJDI
JOEVDF UJNJOH FSSPST� )PXFWFS GPS UIF SVMF PG UIVNC JOUSPEVDFT JO UIF QSFWJPVT TFDUJPO
UIFTF FSSPST BSF TNBMM JO OVNCFS�ওF 7EE DBO CF UIFSFGPSF MPXFSFE VOUJM BMTP UIF TIPSUFS
BOE NPSF BDUJWF QBUIT WJPMBUF 5ৄৌো� BU UIJT QPJOU ঽ ༚ JO 'JHVSF ���� 	SJHIU
 UIF 7EE
TDBMJOH TUPQT BOE DJSDVJU PQFSBUFT BU NJOJNVN FOFSHZ� 4JODF 5%8 JT UBLFO QSFਅZ MBSHF
BOZ FSSPS CFZPOE 5ৄৌো JT QSPQFSMZ EFUFDUFE BOE DPSSFDUFE 	JO 'JHVSF ���� SJHIU 5%8 DPW�
FST BMM UIF QBUIT
� UIJT FOTVSFT B TMPXFS ZFU ۛTBGFSۜ "704�
"HHSFTTJWF NPEF� UIF XJEUI PG 5%8 JT SFEVDFE BOE TP UIBU PG UIF 5%- BDDPSEJOH UP
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��� ژ "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 GPS DJFOU࠽& &"4

&RVBUJPO ���
� "T GPS UIF 4MPX NPEF UIF 7EE JT MFU TDBMJOH EPXO GSPN JUT OPNJOBM WBMVF
'JHVSF ���� 	MF
 UJMM UIF NJOJNVN FOFSHZ QPJOU ঽ ༛ JO 'JHVSF ���� 	SJHIU
� 4JODF UIF
FSSPS EFUFDUJPO DBQBCJMJUZ JT MPXFS 	ZFMMPX BSFB DPOTJEFSBCMZ TNBMMFS UIBO JO UIF 4MPX
NPEF
 B NVDI MPXFS OVNCFS PG FSSPST HFU TBNQMFE� UIJT BMMPXT UIF DJSDVJU TFਅMJOH UP
B MPXFS WPMUBHF 	ঽ ༛ = ঽ ༚
� " EJSFDU DPOTFRVFODF PG TVDI NPSF BHHSFTTJWF 7EE
TDBMJOH JT UIBU UIF DJSDVJU NBZ TVॲFS GSPN QPUFOUJBM VOEFUFDUFE FSSPST� *OEFFE TQFDJॳD
TFRVFODFT PG JOQVU QBਅFSOT NJHIU QVTI UIF TVQQMZ WPMUBHF TP EPXO 	ঽ ༛
 UIBU TPNF
QBUIT NBZ SVO JO PGG�TJEF J�F� CFZPOE 5%8 	SFE BSFB JO 'JHVSF ���� MF
� ওFTF FSSPST
DBOOPU CF EFUFDUFE OPU FWFO DPSSFDUFE� UIBU JT XIZ UIF UFDIOJRVF JT TVJUFE GPS FSSPS�
SFTJMJFOU BQQMJDBUJPOT�

6OEFUFDUFE FSSPST SFQSFTFOU B TPVSDF PG TJMFOU 2P3 EFHSBEBUJPO� )PXFWFS UIJT VOEF�
TJSFE DPOEJUJPO JT TUBUJTUJDBMMZ JOGSFRVFOU� PWFSBMM UIF 7EE TDBMJOH JT LFQU UP TBGF WBMVFT CZ
UIF NPTU BDUJWF QBUIT XIJDI TFSWF BT B ZXIFFM࠼ UIBU HVBSBOUFFT DPOWFSHFODF� *OEFFE UIF
QSPQPTFE "&%�$ FYQMPJUT UIF DIBSBDUFSJTUJDT PG DJSDVJUT UIBU PQFSBUF SFBM�MJGF XPSLMPBET
XIFSF EBUB NBJOUBJO B DFSUBJO TQBUJBM�UFNQPSBM DPSSFMBUJPO� *U JT VOMJLFMZ UIBU TIPSU�
QBUIT 	UIPTF CFIJOE UIF EFUFDUJPO XJOEPX
 BOE UIF PGG�TJEF QBUIT 	UIPTF CFZPOE UIF EF�
UFDUJPO XJOEPX XIJDI TIPX B WFSZ MPX TXJUDIJOH QSPCBCJMJUZ
 HFU BDUJWF JO TFRVFODF
X�P BOZ BDUJWBUJPO PG UIF DPWFSFE QBUIT 	XIJDI BSF UIPTF XJUI UIF IJHIFTU TXJUDIJOH
QSPCBCJMJUZ
� "T B NBਅFS PG GBDU UIFSF JT B NVDI IJHIFS QSPCBCJMJUZ UIBU EFUFDUBCMF FS�
SPST DPNF PVU BOE CSJOH UIF TZTUFN UP B TBGF SFHJPO 	IJHIFS 7EE MBSHFS %8
 XIFSF
VOEFUFDUFE FSSPST SFQSFTFOU SBSF FWFOUT� *O PUIFS XPSET UIF DPOWFSHFODF PG UIF TZT�
UFNT JT FOTVSFE CZ UIPTF QBUIT XJUI IJHIFS BDUJWBUJPO QSPCBCJMJUZ� TVDI QBUIT BMXBZT
TXJUDI XJUIJO UIF EFUFDUJPO XJOEPX UIFSFCZ NPWJOH UIF 7EE UP B QSPQFS TBGF WBMVF�
&WJEFODF PG UIJT QSJODJQMF BSF HJWFO JO UIF OFYU FYQFSJNFOUBM TFDUJPO�

&YQFSJNFOUBM 3FTVMUT

ওF BOBMZTJT SFQPSUFE JO UIJT TFDUJPO FMBCPSBUFT PO UXP TQFDJॳD CFODINBSLT UIF
'*3 BOE **3 ॳMUFST XIJDI SFQSFTFOU UXP DPSOFST JO UIF FॵDJFODZ TQFDUSVN PG "&%�$
BT TIPXO JO UIF QSFWJPVT TFDUJPO� 8F VTFE BT UFTUCFODIFT UIF TBNF UISFF CBTFCBOE
BVEJP TJHOBMT CVU UBLFO JOEFQFOEFOUMZ XJUI 6 Բ 217 TBNQMFT FBDI� ওF DPOUFYU TDFOBSJPT
BSF UIF TBNF� ওF  ৃৎৄυ � JT B OPJTFMFTT WPJDF SFDPSEJOH� UIF TXJUDIJOH BDUJWJUZ PG
UIF -4#T JT WFSZ MPX GPS B MPOH QPSUJPO PG UIF TUSFBN� UIF  ৃৎৄυ � JT UBLFO GSPN BO
PॵDF DPOWFSTBUJPO SFDPSEJOH� TBNQMFT QSFTFOU MPX OPJTF BOE JOQVUT IBWF IPNPHFOFPVT
TXJUDIJOH BDUJWJUZ�  ৃৎৄυ � JT BO PVUEPPS DPOWFSTBUJPO� UIF SFDPSEJOH JT OPJTZ BOE
UIF TXJUDIJOH BDUJWJUZ PG UIF JOQVUT JSSFHVMBS�

ওJT BOBMZTJT JT DPOEVDUFE PO UIF 3B[PS JNQMFNFOUBUJPO 	%8 � ���Բ5ৄৌো
 BOE UIF
"&%�$ JNQMFNFOUBUJPO 	%8 � ���Բ5ৄৌো GPS 4MPX NPEF ���Բ5ৄৌো GPS XIJMF GPS UIF "H�
HSFTTJWF NPEF BT QFS UIF TUVEZ SFQPSUFE JO UIF QSFWJPVT TVC�TFDUJPO
� ওF UBCMF JO 'JH�
VSF ����B HJWFT BO PWFSWJFX PG UIF RVBMJUZ NFUSJDT 	TFDUJPO �����
 DPMMFDUFE GPS UIF '*3
'JMUFS� 8IFO PQFSBUJOH JO 4MPX NPEF "&%�$ TIPXT TJNJMBS 7EE TDBMJOH DBQBCJMJUZ PG
3B[PS 	TFF ঽ ্ৎ BOE ঽ ূৈ DPMVNOT
 FOTVSJOH FSSPS�GSFF PVUQVUT 	়ব > 1 GPS BMM
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	C
 &10 4BWJOHT X�S�U� #BTFMJOF

'JHVSF ����� '*3 'JMUFS 2P3�4BWJOHT TVNNBSZ�

UIF UFTUCFODIFT
� ওJT QSPWFT "&%�$ 	4MPX
 EPFT OPU BॲFDU UIF EFUFDUJPO�DPSSFDUJPO SF�
TQPOTJWFOFTT PG UIF TZTUFN� )PXFWFS XIJMF 3B[PS TVॲFST QPXFS QFOBMUJFT EVF UP TUBUJD
TIPSU�QBUI QBEEJOH "&%�$ 	4MPX
 BDIJFWFT B NVDI MPXFS বষ শ� "T TIPXO JO 'JHVSF
����C UIF FOFSHZ TBWJOHT 	X�S�U� #BTFMJOF
 BSF BCPWF UIPTF PG BDIJFWFE XJUI 3B[PS� �����
WT� ����� GPS UIF CFTU DBTF 	 ৃৎৄυ �
� &WFO NPSF JNQSFTTJWF SFTVMUT BSF PCUBJOFE
XIFO DPOTJEFSJOH UIF "&%�$ "HHSFTTJWF NPEF� 8IJMF GPS 3B[PS UIF ঽ ূৈ TQBOT UIF
SBOHF <���� 7 � ���� 7> GPS UIF "&%�$ JNQMFNFOUBUJPO 7EE NPWFT EPXO JO UIF SBOHF
<���� 7 � ���� 7>� 'JHVSF ����C TIPXT FOFSHZ TBWJOHT XJUI "&%�$ JODSFBTF GSPN �����
	4MPX
 VQ UP ����� GPS CFTU DBTF 	 ৃৎৄυ �
 NVDI MBSHFS UIBO XJUI 3B[PS� $PODFSOJOH
2P3 EFHSBEBUJPO UIF BOBMZTJT SFWFBMT ়ব JT JO UIF SBOHF <��� � ��> QQN XJUI B NFSFহব������ 	XPSTU DBTF PWFS BMM UIF UFTUCFODIFT
� 0CWJPVTMZ EJॲFSFOU UFTUCFODIFT
CSJOH UP EJॲFSFOU ়ব SBUF BOE EJॲFSFOU PVUQVU EFHSBEBUJPOT� ওF SFTVMUT HJWF FNQIBTJT
UP UIF TUBUJTUJDBM OBUVSF PG UIF QSPQPTFENFUIPE BOE EFNPOTUSBUF UIF DPOWFSHFODF PG UIF
TZTUFNT VOEFS EJॲFSFOU JOQVU EBUB EJTUSJCVUJPO� VOEFUFDUFE FSSPST BSF SBSF FWFOUT BOEহব HFUT WFSZ TNBMM� ওF QFSGPSNBODF 	শষ প
 EFHSBEBUJPO EVF UP FSSPST DPSSFD�
UJPO EPFT OPU DIBOHF NVDI CFUXFFO 3B[PS BOE "&%�$ 	JO CPUI UIF PQFSBUJOH NPEFT
�শষ প JT NBJOMZ BॲFDUFE CZ UIF 7EE�TDBMJOH QPMJDZ XIJDI JT UIF TBNF GPS CPUI UIF UFDI�
OJRVFT�

0O UIF PQQPTJUF DPSOFS UIF SFTVMUT PG UIF **3 MUFS࠻ 	'JHVSF ����
 IJHIMJHIU IPX UIF FG�
ॳDJFODZ PG UIF QSPQPTFE "&%�$ JT NBZ TFOTJCMF WBSZ EFQFOEJOH PO UIF TUSVDUVSF PG UIF
DJSDVJU� ওF UBCMF PG 'JHVSF ����B TIPXT UIF TIPSU�QBUI QBEEJOH QSPDFEVSF JT RVJUF JOFG�
ॳDJFOU� 3B[PS বষ শ JT ����· MBSHFS UIBO CBTFMJOF BU CFTU 	 ৃৎৄυ3
� ওBUۘT UIF FॲFDU
PG CVॲFS JOTFSUJPO EVSJOH TIPSU�QBUI QBEEJOH XIJDI JOUSPEVDFT IVHF QPXFS PWFSIFBE
	BSFB QFOBMUZ JT ����X�S�U� CBTFMJOF DJSDVJUT BT SFQPSUFE JO 4FD������
� #Z DPOUSBTU "&%�$
TIPXT SFNBSLBCMF বষ শ TBWJOHT� ����� BOE ����� GPS 4MPX BOE "HHSFTTJWF SFTQFDUJWFMZ
JO UIF CFTU DBTF 	 ৃৎৄυ2
� /POFUIFMFTT হব TVॲFST TJHOJॳDBOU ESPQT� �����
BU XPSTU DBTF 	 ৃৎৄυ4
� "T QFS PVS BOBMZTJT UIBUۘT EVF UP UIF JOUFSOBM UPQPMPHZ PG

��



��� ژ "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 GPS DJFOU࠽& &"4
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	C
 &10 4BWJOHT X�S�U� #BTFMJOF

'JHVSF ����� **3 'JMUFS 2P3�4BWJOHT TVNNBSZ�

UIF DJSDVJU NBEF VQ PG GFFECBDL QBUI� BO VOEFUFDUFE FSSPS NBZ QSPQBHBUF CBDL UP UIF
JOUFSOBM QBUIT BOE QFSTJTU VOUJM B TFRVFODF PG JOQVU QBਅFSOT NBTL JU� ওBUۘT XIZ UIF
OVNCFS PG VODPWFSFE MPHJD FSSPST HFUT MBSHFS 	������Բ��4 QQN GPS  ৃৎৄυ4
�
0O UIF JNQPSUBODF PG %ZOBNJD TIPSU�QBUI QBEEJOH

0OF NJHIU BSHVF UIBU B DPNQBSJTPO CFUXFFO "&%�$ JO "HHSFTTJWF NPEF 	%8����

BOE 3B[PS 	%8����
 JT VOGBJS� )PXFWFS JU NVTU CF DPOTJEFSFE UIBU 3B[PS JT JNQMF�
NFOUFE BU EFTJHO UJNF VTJOH TQFDJBM ''T XJUI B ॳYFE %8� UIF TIPSU�QBUI QBEEJOH
NFUIPE UIBU NBLFT 3B[PS�''T XPSLJOH QSPQFSMZ JT B TUBUJD NFUIPE BT XFMM� ওFSFGPSF
UIF VTF PG 3B[PS XJUI B TNBMMFS %8 	F�H� %8����
 JT VOQSBDUJDBM BT JU XPVME JNQMZ B
DJSDVJU UIBU SBSFMZ XPSLT BU NBYJNVN2P3� .PSFPWFS FWFO BTTVNJOH B %8ॳYFE BU ���
DPVME CF BDDFQUBCMF UIF SFTIBQJOH PG UIF QBUI EJTUSJCVUJPO QPTFE CZ TIPSU�QBUI QBEEJOH
IBT WFSZ OFHBUJWF FॲFDUT PO "704 DBQBCJMJUZ� 8F SFQPSU B DSPTT DPNQBSJTPO VQPO BMM UIF
CFODINBSLT� "HHSFTTJWF "&%�$ WT� 3B[PS XJUI ॳYFE %8� ���Բ5ৄৌো� ওF JOQVU QBਅFST
VTFE GPS UIF EJHJUBM ॳMUFST CFMPOH UP  ৃৎৄυ2 	UIF POF XIJDI IBT TIPXO NBYJNVNবষ শ GPS 3B[PS
�

ওF SFTVMUT DPMMFDUFE JO 5BCMF ��� DMFBSMZ TIPX B 3B[PS XJUI TNBMMFS %8 JNQSPWFT
UIF 7EE TDBMJOH HFਅJOH DMPTFS UP "&%�$ SFTVMUT� )PXFWFS PVS "&%�$ TUSBUFHZ BDIJFWJOH
MBSHFS বষ শ TBWJOHT BU UIF DPTU PG B WFSZ TMJHIU JODSFBTF PG UIF হব� %P OPU GPSHFU
UIBU হব DBO CF SFDPWFSFE JO "&%�$ CZ BEKVTUJOH UIF %8� UIF TBNF DBOOPU VTJOH
3B[PS BOE JUT TUBUJD %8�

��



� ژ "EBQUJWF &"4 WJB "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO

&%�$ "SFB 0WFSIFBE ঽ ূৈ &10 TBWJOH /3.4&
<�> <7> <�>� <�>নপ

3B[PS 	���
 ���� ���� ���� ����
"&%�$ 	"HHSFT�
 ���� ���� ���� ����ভ রহ ভ ৌ

3B[PS 	���
 ���� ���� ���� ����
"&%�$ 	"HHSFT�
 ��� ���� ���� ����ররহ ভ ৌ

3B[PS 	���
 ���� ���� ���� ����
"&%�$ 	"HHSFT�
 ���� ���� ���� ����

5BCMF ���� "HHSFTTJWF "&%�$ WT� 3B[PS XJUI %8� ���Բ5ৄৌো�

����� *NBHF 1SPDFTTJOH $BTF 4UVEZ� %$5 JO +1&( $PNQSFTTJPO
"EBQUJWF FOFSHZ�BDDVSBDZ TDBMJOH TUSBUFHJFT XPSL XFMM PO UIPTF BQQMJDBUJPOT UIBU

TIPX B DFSUBJO EFHSFF PG UPMFSBODF UP FSSPST� .PSF TQFDJॳDBMMZ PO UIPTF BQQMJDBUJPOT
XIFSF PVUQVU FSSPST EP OPU BॲFDU PS XFBLMZ BॲFDU UIF RVBMJUZ PG SFTVMUT QFSDFJWFE CZ
UIF FOE�VTFST 	VTVBMMZ IVNBOT
� *O UIJT TFDUJPO UIF QSPQPTFE "&%�$ GPS %VBM�NPEF
"704 JT UFTUFE PO B SFBMJTUJD FSSPS�SFTJMJFOU BQQMJDBUJPO GPS JNBHF QSPDFTTJOH� B 'PSXBSE
%JTDSFUF $PTJOF 5SBOTGPSN 	'%$5
� ওJT CMPDL JT UZQJDBMMZ VTFE GPS BQQMJDBUJPOT MJLF MPTTZ
DPNQSFTTJPO PG BVEJP TJHOBMT 	F�H� .1�
 BOE JNBHFT 	F�H� +1&(
� *U DPOTJTUT PG B �·� GVMMZ
QJQFMJOFE QBSBMMFM %$5 TZOUIFTJ[FE BU Gৄৌো � ���.)[� ওF "&%�$ UJNJOH NPOJUPST BSF
QMBDFE BDDPSEJOH UP UIF EFTJHO ॴPX EFTDSJCFE JO ������ ওF 7EE�TDBMJOH QPMJDZ JT UIF POF
EFTDSJCFE JO 4FDUJPO ������ NPOJUPSJOH QFSJPE ����� DMPDL DZDMFT� বহυ ॳYFE UP �� PG
UIF FSSPS SBUF�

"SFB 0WFSIFBE

5BCMF ��� DPMMFDUT UIF TUBUJTUJDT PG UIF "&%�$ JNQMFNFOUBUJPO� $PMVNO �''T SFQPSUT
UIF UPUBM OVNCFS PG TFRVFOUJBM DFMMT XIJMF DPMVNO �3�''T UIF QFSDFOUBHF PG UJNJOH�
DSJUJDBM ''T SFQMBDFE XJUI UJNJOH NPOJUPST PG 'JHVSF �����ওF MBTU UXP DPMVNOT TIPX UIF

&%�$ "SFB �''T �3�''T 5PUBM "SFB %ZO� 411 "SFB
5FDIOJRVF <ౡ্3> 0WFSIFBE 0WFSIFBE

"&%�$ ����� ���� ����� ����� ����

5BCMF ���� "&%�$ CBTFE '%$5 "SFB 0WFSIFBE�

PWFSBMM BSFB PWFSIFBE BOE UIF BSFB PWFSIFBE EVF UP %ZOBNJD TIPSU�QBUI QBEEJOH JN�
QMFNFOUFE XJUI UIF 5%-T� CPUI BSF OPSNBMJ[FE X�S�U� UIF CBTFMJOF DJSDVJU 	J�F� EFTJHO X�P
BOZ "&%�$ NFDIBOJTN
�ওF BSFB PWFSIFBE 	�����
 JT NPTUMZ EVF UP UIF IJHI OVNCFS PG
"&%�$ NPOJUPST 	�����
 XIJMF UIF DPOUSJCVUJPO EVF UP UIF 5%-T JOTFSUJPO JT NBSHJOBM
	����
�

���



��� ژ "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 GPS DJFOU࠽& &"4

4JNVMBUJPO BOE 2P3

*O PSEFS UP FWBMVBUF UIF FOFSHZ�BDDVSBDZ BDIJFWFNFOUT CSPVHIU CZ"&%�$ UIF '%$5
JT FNCFEEFE JO B TUBOEBSE +1&( DPNQSFTTJPO�EFDPNQSFTTJPO BSDIJUFDUVSF JNQMFNFOUFE
JO .BUMBC�4JNVMJOL� ওF JNBHF SFTVMUJOH GSPN UIF +1&( QSPDFTT JT UIFO DPNQBSFE XJUI
B SFGFSFODF JNBHF J�F� UIF JNBHF PCUBJOFE VTJOH UIF CBTFMJOF '%$5 	X�P BOZ &%�$
NFDIBOJTN
� ওF 2P3 JT FYQSFTTFE VTJOH UIF 1FBL 4JHOBM�UP�/PJTF 3BUJP 	1/43
�

ষ হ > 21 Բ MPH21  ূো3রর্ব 	���


ওF ূোর JT UIF NBYJNVN QPTTJCMF QJYFM WBMVF PG UIF JNBHF 	J�F� ��� JO PVS DBTF
� ওFর্ব JT UIF *NBHF .FBO�4RVBSFE�&SSPS�

র্ব > Ѿৎ>1)\^ ѿ \^*3
ৎ 	���


XIFSF  JT UIF QJYFM PG UIF JNBHF PCUBJOFE XJUI UIF '%$5 JNQMFNFOUFE VTJOH UIF "&%�
$ XIJMF  SFGFST UP UIF TBNF QJYFM SFUVSOFE CZ UIF CBTFMJOF '%$5� O JT UIF UPUBM OVNCFS
PG QJYFMT� 4VCKFDUJWF BOBMZTJT SFWFBM B ষ হ WBMVF PG BU MFBTU �� E# JT SFDPHOJ[FE CZ
VTFST BT PG HPPE RVBMJUZ�

ওF5FTUCFODI DPOTJTUT PG B TFU PG �� HSBZTDBMF JNBHFT)%�SFBEZ SFTPMVUJPO 	����Y���
QJYFMT
 UBLFO GSPN BO PQFO�TPVSDF SFQPTJUPSZ 	QFYFMT�DPN
�

'JH ���� SFQPSUT UIF IJTUPHSBNT PG ঽ ূৈ BOE বষ শ GPS BMM UIF �� JNBHFT QSPDFTTFE
CZ UIF '%$5� "T FYQFDUFE "&%�$ TIPXT MJNJUFE 7EE�TDBMJOH 	BOE FOFSHZ TBWJOHT
 XIFO
JU PQFSBUFT PO 4MPX NPEF� 5BCMF ��� DPMMFDUT BWFSBHF SFTVMUT DPMMFDUFE GSPN TJNVMBUJPOT�
UIF WPMUBHF HBQ CFUXFFO 4MPX BOE "HHSFTTJWF NPEF JT ���N7 	���N7
 GPS ঽ ্ৎ
	ঽ ূৈ
� ওJT MFBET EJॲFSFOU BWFSBHF বষ শ TBWJOHT X�S�U� #BTFMJOF� ����� 	4MPX
 �����
	"HHSFTTJWF
� $PODFSOJOH QFSGPSNBODF MPTT UIF 5BCMF ��� TIPXT শষ প EFHSBEBUJPO JT
CFMPX �� GPS CPUI UIF PQFSBUJOH NPEFT�

"&%�$ ঽ ্ৎ <7> ঽ ূৈ <7> &10 � 01$
4MPX NPEF ���� 7 ���� 7 ����� �����

"HHSFTTJWF NPEF ���� 7 ���� 7 ����� �����

5BCMF ���� "704 FॵDJFODZ PWFS UIF TFU PG QJDUVSFT�
�/PUF� OPSNBMJ[FE X�S�U� #BTFMJOF

*O UFSNT PG 2P3 UIF 4MPX NPEF FOTVSFT [FSP VOEFUFDUFE FSSPST BOE IFODF VODPS�
SVQUFE +1&( JNBHFT XIJMF "HHSFTTJWF NPEF BॲFDUT PVUQVU RVBMJUZ POMZ NBSHJOBMMZ� 'JH�
VSF ���� SFQPSUT UIF ষ হ EJTUSJCVUJPO GPS BMM UIF �� JNBHFT DPNQPTJOH UIF UFTU�TFU�
NJO�NBY SBOHF JT <����� � �����>E# 	CFTU DBTF
 BWFSBHF ����� E#�ওF XPSTU BOE UIF CFTU

���
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'JHVSF ����� ঽ ূৈ BOE &10 EJTUSVCVUJPOT

 = 48.45
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'JHVSF ����� 14/3 EJTUSJCVUJPO PWFS UIF UFTUCFODI TFU PG JNBHFT�

DBTFT BSF SFQPSUFE JO 'JHVSF ���� BOE 'JHVSF ���� SFTQFDUJWFMZ� CPUI PG UIFN TIPX UJOZ
JNQFSGFDUJPOT BT POMZ GFX �·� QJYFM CMPDLT BSF DPSSVQUFE� ওF বষ শ�TBWJOHT�ষ হ
SBUJP JT ����� � ����� E# GPS 'JHVSF ����C ����� � ����� E# GPS 'JHVSF ����C� ওF OVNCFS
PG ়ব JT �� QQN PO BWFSBHF � QQN GPS UIF CFTU DBTF BOE ��� QQN GPS UIF XPSTU DBTF�

*U JT XPSUI FNQIBTJ[JOH UIBU UIF FSSPS�SFTJMJFOU OBUVSF PG UIF +1&( BQQMJDBUJPO QMBZT
BO JNQPSUBOU SPMF� "T B NBਅFS PG GBDU TFWFSBM FSSPST PO UIF IJHI�GSFRVFODZ DPNQP�
OFOUT PG UIF %$5 BSF DPWFSFE CZ +1&( DPNQSFTTJPO NFDIBOJTN 	F�H� [POBM NBTLJOH �
RVBOUJ[BUJPO
� ওBUۘT B UZQJDBM DBTF GPS XIJDI UIF "HHSFTTJWF NPEF JT QBSUJDVMBSMZ TVJUFE�

���



��� ژ "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 GPS DJFOU࠽& &"4

	B
 #BTFMJOF 	C
 "&%�$ "HHSFTTJWF

'JHVSF ����� 8PSTU $BTF +1&( JNBHF�

	B
 #BTFMJOF 	C
 "&%�$ "HHSFTTJWF

'JHVSF ����� #FTU $BTF +1&( JNBHF

#BUUFSZ -JGFUJNF (BJO "OBMZTJT

"T B ॳOBM SFNBSL XF BMTP EFTDSJCF B QSBDUJDBM VTF�DBTF�" VTFS JT NBLJOH BO FYUFOTJWF
VTF PG B NVMUJNFEJB BQQ 	F�H� WJEFP TUSFBNJOH HBNJOH FUD�
 PO IJT QPSUBCMF EFWJDF� 4JODF
UIF CB࡛FSZ JT SVOOJOH MPX UIF QPXFS�NBOBHFNFOU VOJU NJHIU EFDJEF UP SFEVDF UIF WJEFP
RVBMJUZ UP HBJO CB࡛FSZ MJGFUJNF� ওJT DPOUFYU QFSGFDUMZ NBUDIFT UIF DBTF XIFSF B TXJUDI
GSPN 4MPX UP "HHSFTTJWF NPEF NJHIU IFMQ UP NFFU UIF SFRVJSFNFOUT JNQPTFE CZ UIF
DPOUFYU�

ওF QMPU SFQPSUFE JO 'JHVSF ���� TIPXT UIF CBਅFSZ MJGFUJNF HBJO XIFO UIF '%$5
JT NBEF TXJUDIJOH GSPN 4MPX UP "HHSFTTJWF NPEF BU B HJWFO QFSDFOUBHF PG CBਅFSZ� ওF
CBST BSF OPSNBMJ[FE X�S�U� 4MPX NPEF� 8IFO UIF TXJUDI UISFTIPME JT TFU UP ��� UIF BWFS�
BHF MJGFUJNF FYUFOTJPO JT ����� XIJMF GPS ��� UIF MJGFUJNF FYUFOTJPO XJMM JODSFBTF VQ UP
������ *G UIF VTFS XBOUT UP QSFTFSWF CBਅFSZ TJODF UIF WFSZ CFHJOOJOH 	UISFTIPME ����

UIF PWFSBMM MJGFUJNF JODSFBTFT VQ UP ����� 	MJGFUJNF BMNPTU EPVCMFE
�

���
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'JHVSF ����� %VBM�NPEF "&%�$ GPS CBਅFSZ MJGFUJNF BWFSBHF HBJO�

��� "EBQUJWF &"4 TUSBUFHJFT DPNQBSJTPO� "/5 7FSTVT
"&%�$

ওF CSPBE PCKFDUJWF PG UIJT TFDUJPO JT UP QSPWJEF B GBJS DPNQBSJTPO CFUXFFO "&%�$
BOE "/5 	QMFBTF SFGFS UP TFDUJPO �����
� " QBSBNFUSJD DIBSBDUFSJ[BUJPO DPOEVDUFE PWFS
B TFU PG SFBMJTUJD BQQMJDBUJPOT RVBOUJॳFT TFWFSBM ॳHVSFT�PG�NFSJU MJLF FOFSHZ TBWJOHT
QFSGPSNBODF BOE BSFB PWFSIFBE� ওF CFODINBSLT DPOTJTU PG UXP EJHJUBM ॳMUFST B '*3
BOE B **3 CPUI TZOUIFTJ[FE BOE NBQQFE POUP B DPNNFSDJBM '%�40* $.04 UFDIOPMPHZ
BU ��ON� ওF '*3 JT B QJQFMJOFE ��υ�PSEFS MPX�QBTT ॳMUFS JO UIF EJSFDU GPSN 	���CJU JO
���CJU PVU
 TZOUIFTJ[FE UP Gৄৌো � ���.)[� ওF **3 JT B QJQFMJOFE �υ�PSEFS MPX�QBTT ॳMUFS
JO EJSFDU GPSN * 	���CJU JO ���CJU PVU
 TZOUIFTJ[FE UP Gৄৌো � ���.)[�ওF SFTVMUT DPMMFDUFE
GPS B TFRVFODF PG UISFF EJॲFSFOU DMBTTFT PG CBTFCBOE BVEJP TJHOBMT FNQJSJDBMMZ EJTDMPTF
UIF FॵDJFODZ PG "/5 BOE "&%�$ BMTP QSPWJEJOH BO BTTFTTNFOU PG UIF SFTVMUJOH FOFSHZ�
RVBMJUZ USBEFPॲ <���>� ওF CFODINBSLT IBWF CFFO TJNVMBUFE VTJOH B TFRVFODF PG UISFF
EJॲFSFOU CBTFCBOE BVEJP TJHOBMT 	6 Բ 217 TBNQMFT JO UPUBM
 BT JO 4FDUJPO ������

����� 1BSBNFUSJD "OBMZTJT
'JHVSFT PG .FSJU

ওF DPNQBSJTPO CFUXFFO "&%�$ BOE "/5 JODMVEFT UIF GPMMPXJOH NFUSJDT�
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ۡ ঽ ূৈ� UIF BWFSBHF 7EE PCUBJOFE EVSJOH UFTUCFODI 7PMUBHF PWFS�TDBMJOH TJNV�
MBUJPO GPS "&%�$ CBTFE UJNJOH TQFDVMBUJPO� 'PS 313�"/5 UIF BWFSBHF WPMUBHF
DPSSFTQPOET UP UIF 7EE FNQMPZFE EVSJOH UIF UFTUCFODI TJNVMBUJPO�

ۡ &OFSHZ QFS 0QFSBUJPO 	&10
� UIF SBUJP CFUXFFO FOFSHZ DPOTVNFE BOE OVNCFS PG
PQFSBUJPOT DPNQMFUFE�

ۡ 0QFSBUJPO QFS $MPDL $ZDMF 	01$
� UIF SBUJP CFUXFFO UIF OVNCFS PG FYFDVUFE PQ�
FSBUJPOT BOE UPUBM OVNCFS PG DMPDL DZDMFT DPOTJEFSJOH UIBU JO "&%�$ UFDIOJRVFT
FSSPS DPSSFDUJPOT UISPVHI MPHJD NBTLJOH OFFE B DZDMF PG DMPDL HBUJOH� 'PS 313�
"/5 UIF 01$ XJMM CF BMXBZT � TJODF OP QFSGPSNBODF MPTT BSF DPODFJWFE�

ۡ /PSNBMJ[FE 3PPU .FBO 4RVBSFE &SSPS 	/3.4&
�

হব > ຣѾৎ>1)\^ ѿ \^*3
ৎ Բ 2Ґ ্ূ)* ѿ ্ৎ)* Ґ 	���


XJUI  UIF WBMVF TBNQMFE BU UIF PVUQVU PG UIF DJSDVJU  UIF SJHIU PVUQVU WBMVF O
JT UIF UPUBM OVNCFS PG PQFSBUJPOT� UIF BCTPMVUF WBMVF PG UIF UIF NBY� BOE UIF NJO�
WBMVF PG  EJॲFSFODF EFॳOFT UIF PVUQVU EZOBNJDT SBOHF� হব RVBOUJॳFT
UIF RVBMJUZ PG SFTVMUT�

ۡ .BYJNVN "CTPMVUF &SSPS 	."&
� FYQSFTTFE JO MPH3 GPSN

নব > MPH3  NBYৎ ূৎ Ґ \^ ѿ \^ Ґ ѿ 2 	���


XJUI  UIF WBMVF TBNQMFE BU UIF PVUQVU PG UIF DJSDVJU  UIF SJHIU PVUQVU WBMVF�
ওJT NFUSJD SFQSFTFOUBUJPO DPMMBQTFT UIF NBYJNVN FSSPS PO B TJOHMF CJU PG UIF
PVUQVU�

2VBMJUBUJWF BOBMZTJT

"T BMSFBEZ FYQMBJOFE JO 4FDUJPO ����� VOEFS UIF BDDVSBDZ QPJOU PG WJFX "/5 BOE
"&%�$ DBO CF BTTPDJBUFE XJUI UXP EJTUJODU DMBTT PG BQQSPYJNBUF UFDIOJRVFT� "/5 CF�
MPOHT UP UIF DMBTT PG 'BJM TNBMM BQQMJDBUJPOT�ওF FSSPST JOUSPEVDFE CZ UIF WPMUBHF TDBMJOH
SFNBJO ۛTNBMMۜ JO NBHOJUVEF 	BT JU JT CPVOEFE CZ UIF QSFDJTJPO PG UIF SFQMJDB DJSDVJU
 CVU
RVJUF GSFRVFOU� "&%�$ CFMPOHT UIF DMBTT PG 'BJM 3BSF� ওF FSSPS NBHOJUVEF JT VTVBMMZ
QSFਅZ MBSHF 	UIF MPOH UJNJOH QBUIT PG BSJUINFUJD DJSDVJUT BSF DPNNPOMZ PO UIF .4# PG
UIF PVUQVU
 CVU WFSZ JOGSFRVFOU 	MPOH UJNJOH QBUIT BSF BDUJWBUFE SBSFMZ
� ওJT TFQBSBUJPO
SFॴFDUT UIF EJॲFSFODF CFUXFFO WPMUBHF TDBMJOH VTJOH PVUQVU DPNQMJBODF BOE WPMUBHF TDBM�
JOH VTJOH UJNJOH DPNQMJBODF� ওF RVBOUJUBUJWF BOBMZTJT PG UIF OFYU TFDUJPO DPOॳSN UIJT
USFOE UISPVHI B NPSF DPODSFUF DPNQBSJTPO�
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2VBOUJUBUJWF BOBMZTJT

5P QFSGPSN B GPSNBM DPNQBSJTPO CFUXFFO "/5 BOE "&%�$ ॳHVSFT PG NFSJU TVDI BT
RVBMJUZ PG SFTVMUT FOFSHZ TBWJOHT QFSGPSNBODF BOE BSFB PWFSIFBE XFSF BTTFTTFE� 4JODF
UIFSF BSF UPP NBOZ QPTTJCMF EFTJHO WBSJBCMFT BOE TFਅJOHT UP TIPX UIJT TFDUJPO QSPWJEFT
B NPSF DPNQBDU ZFU DPNQMFUF 1BSFUP BOBMZTJT�

-FU VT ॳSTU BOBMZ[F UIF '*3 ॳMUFS� 'JHVSF ����B TIPXT UIF 1BSFUP QPJOUT JO UIF RVBMJUZ
WT� FOFSHZ TQBDF 	হব WT� বষ শ
� ওF "&%�$ QPJOUT 	CMBDL EPU
 BSF MBCFMFE XJUI
UIF DBQUJPO 	%8� ঽ ূৈ
 BOE UIF "/5 QPJOUT 	CMVF TUBST
 BSF MBCFMFE XJUI 	# 7EE

XJUI  BT UIF OVNCFS PG CJUT PG UIF SFQMJDB DJSDVJU BOE 7EE JT UIF PQFSBUJOH WPMUBHF�
*U JT XPSUI OPUJOH UIBU JO UIF "/5 DBTF UIF WBMJE 1BSFUP QPJOUT BSF POMZ UIPTF XIPTF
PQFSBUJOH WPMUBHF FOTVSFT OP UJNJOH WJPMBUJPOT JO UIF SFQMJDB DJSDVJU�

"T B HFOFSBM USFOE "&%�$ TIPXFE B CFਅFS FOFSHZےRVBMJUZ USBEFPॲ FYDFQU GPS UIF
SJHIUNPTU QPJOUT BU ফা���� PG ৄৌো XIJDI XBT EPNJOBUFE CZ UIF "/5 QPJOU 	� ����
�
ওF SFTVMUT DBO CF TJNQMZ FYQMBJOFE DPOTJEFSJOH UIBU UIF "/5 BSDIJUFDUVSF SFRVJSFE B
NPSF BQQSPYJNBUFE SFQMJDB DJSDVJU J�F� MPXFS  UP BDIJFWF UIF TBNF FOFSHZ TBWJOHT PG
"&%�$� IPXFWFS B UPP BQQSPYJNBUFE SFQMJDB JOEVDFE B RVJDL JODSFBTF PG FSSPS�

5P CFਅFS BQQSFDJBUF UIJT USFOE 5BCMF ���� HJWFT B NPSF EFUBJMFE WJFX� *O UIF ॳSTU
SPX 	.JO� &10 QPJOU
 JU TIPXT UIF DPNQBSJTPO CFUXFFO UIF QPJOUT PG "/5 BOE "&%�
$ XJUI UIF IJHIFTU FOFSHZ�FॵDJFODZ� "&%�$)26, 1/89* BOE "/5)5, 1/79*� 'PS BMNPTU UIF
TBNF FOFSHZ "&%�$ HBWF SFTVMUT PG B NVDI IJHIFS RVBMJUZ 	হব � ����� GPS
"&%�$ WT� ����� GPS "/5
� &WJEFODF PG UIF "&%�$ TVQFSJPSJUZ JT BMTP HJWFO CZ MPPLJOH
BU UIF TFDPOE SPX 	/3.4&�&10 ,OFF QPJOU
 XIJDI DPMMFDUT UIF NFUSJDT GPS "/5 BOE
"&%�$ BDSPTT UIF LOFF PG UIFJS হব ѿ বষ শ 1BSFUP DVSWFT� "&%�$)36, 1/93* BOE
"/5)6, 1/89*� 'PS BMNPTU UIF TBNF RVBMJUZ PG SFTVMUT "&%�$ PVUQFSGPSNFE "/5 JO UFSNT
PG FOFSHZ TBWJOHT 	বষ শ � ���� GPS "&%�$ WT� ���� GPS "/5
� &WFO UIPVHI UIF "/5 JN�
QMFNFOUBUJPO SFBDIFE B MPXFS 7EE JUT FOFSHZ TBWJOHT XBT MJNJUFE CZ UIF BSDIJUFDUVSBM
PWFSIFBE� ওJT BTQFDU FNFSHFE DMFBSMZ GSPN UIF "SFB2ےVBMJUZ 1BSFUP BOBMZTJT PG 'JHVSF
����C� 'PS UIF TBLF PG DMBSJUZ JU TIPVME CF OPUJDFE UIBU BU CFTU BDDVSBDZ 1BSFUP QPJOUT BT
SFQPSUFE JO 5BCMF ���� UIJSE SPX 	.JO� /3.4& QPJOU
 "/5 QSFTFOUFE TMJHIUMZ MPXFS &10
UIBO "&%�$ J�F� ���� WT� ����� 8IFO BDDVSBDZ JT UIF QSJPSJUZ UIF %8 TIPVME CF UBLFO
MBSHFS� 'PS TVDI DPOTFSWBUJWF DBTF "/5 XBT NPSF FॵDJFOU UIBO "&%�$ JO XIJDI UIF
BDUJWBUJPO PG UIF MPOHFTU QBUIT MJNJUFE UIF WPMUBHF TDBMJOH 	IFODF UIF FOFSHZ TBWJOHT
�

5P FOTVSF B TQFDJॳD PVUQVU RVBMJUZ UIF SFQMJDB DJSDVJUT OFFE NPSF BSJUINFUJD QSFDJ�
TJPO BOE UIFZ UBLF IVHF TJMJDPO BSFB� 'PS NJOJNVN PVUQVU EFHSBEBUJPO UIF BSFB PWFS�
IFBE SFBDIFE XJUI "/5 XBT NPSF UIBO ��� UPP NVDI GPS SFBM�MJGF DJSDVJUT� *U JT XPSUI
OPUJOH UIBU "&%�$ TIPXFE B DPOTUBOU BSFB PWFSIFBE BT UIF EJॲFSFOU DPOॳHVSBUJPOT
XFSF PCUBJOFE POMZ CZ UVOJOH UIF 5%8�5%- XJEUI XJUI OP NJDSP�BSDIJUFDUVSBM NPE�
JॳDBUJPOT� /PU KVTU BSFB BMTP UISPVHIQVU 	শষ প
 OFFET TQFDJBM DBSF� 5BCMF ���� TIPXT
UIBU "/5 EJE OPU TVॲFS BOZ QFSGPSNBODF QFOBMUZ XIJMF "&%�$ XBT �� TMPXFS EVF UP
FSSPS EFUFDUJPO�DPSSFDUJPOT� *U JT XPSUI IJHIMJHIUJOH IPX UIF EJTUSJCVUJPO PG UIF UJNJOH
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	B
 2VBMJUZ WT� &OFSHZ 	C
 "SFB PWFSIFBE WT� 2VBMJUZ

'JHVSF ����� "/5 WT� "&%�$ UJNJOH TQFDVMBUJPO� '*3 ॳMUFS�

5FDIOJRVF 7EE &10 01$ /� &SSPST /3.4& ."& "SFB
<7> <OPSN> <�> <OPSN> <OPSN>

.JO� &10 QPJOU
"&%�$ 	%8 � ���
 ���� ���� ���� ���� ���� �� ����
"/5 	# � �
 ���� ���� ���� ������� ���� �� ����

/3.4&�&10 ,OFF QPJOU
"&%�$ 	%8 � ���
 ���� ���� ���� ��� ���� �� ����
"/5 	# � �
 ���� ���� ���� ����� ���� �� ����

.JO� /3.4& QPJOU
"&%�$ 	%8 � ���
 ���� ���� ���� �� ���� �� ����
"/5 	# � �
 ���� ���� ���� ����� ���� �� ����

5BCMF ����� 2VBOUJUBUJWF DPNQBSJTPO TVNNBSZ� '*3 ॳMUFS�

FSSPST GPS CPUI UFDIOJRVFT GPMMPXFE UIF DMBTTJॳDBUJPO NBEF BU UIF CFHJOOJOH PG UIJT TFD�
UJPO� "T SFQPSUFE JO 5BCMF ���� "&%�$ XBT DIBSBDUFSJ[FE CZ B MPXFS OVNCFS PG FSSPST
	DPM� /� &SSPST PWFS 6 · 217 JOQVU QBਅFSOT
 PG IJHI NBHOJUVEF 	DPM� ."&
� UIF PQQPTJUF
IFME GPS "/5 OBNFMZ NPSF FSSPST PG MPXFS BNQMJUVEF� "MUIPVHI UIF NBHOJUVEF PG UIF
FSSPST JO "&%�$ JT IJHIFS UIBO "/5 UIF FॲFDU PO UIF PWFSBMM RVBMJUZ PG SFTVMUT SFNBJO
BDDFQUBCMF 	DPM� /3.4&
�

ওF DPNQBSBUJWF BOBMZTJT QFSGPSNFE PO UIF **3 ॳMUFS FNQIBTJ[FE FWFO NPSF XIBU
UIF '*3 BOBMZTJT TIPXFE� "T SFQPSUFE JO 'JHVSF ����B BOE 5BCMF ���� "&%�$ HVBSBOUFFE
IJHIFS FOFSHZ FॵDJFODZ UIBO "/5 BOE BMM UIF "/5 JNQMFNFOUBUJPO XFSF EPNJOBUFE CZ
"&%�$� " TJNJMBS DPOTJEFSBUJPO EPOF GPS '*3 TUJMM IFME� "MUIPVHI "/5 QVTIFE UIF TVQ�
QMZ WPMUBHF UP MPXFS WBMVF JU TUJMM DPVME OPU BDIJFWF UIF TBNF FOFSHZ PG "&%�$� 4ISJOL�
JOH UIF "/5 SFQMJDB DJSDVJU UP  � � 	QPJOU "/5)5, 1/79*
 UIF বষ শ CFDBNF DMPTF UP UIBU
SFBDIFE XJUI "&%�$)56, 1/:2* ZFU XJUI BO VOBDDFQUBCMF PVUQVU EFHSBEBUJPO 	হব
������ WT� �����
� $POWFSTFMZ GPS UIF TBNF হব UIF BSFB PWFSIFBE CFDBNF UPP
MBSHF GPS B SFBMJTUJD JNQMFNFOUBUJPO 	'JHVSF ����C
�
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	B
 2VBMJUZ WT� &OFSHZ 	C
 "SFB PWFSIFBE WT� 2VBMJUZ

'JHVSF ����� "/5 WT� "&%�$ UJNJOH TQFDVMBUJPO� **3 ॳMUFS�

5FDIOJRVF 7EE &10 01$ /� &SSPST /3.4& ."& "SFB
<7> <OPSN> <�> <OPSN> <OPSN>

.JO� &10 QPJOU
"&%�$ 	%8 � ���
 ���� ���� ���� ����� ���� �� ����
"/5 	# � �
 ���� ���� ���� ������� ����� �� ����

/3.4&�&10 ,OFF QPJOU
"&%�$ 	%8 � ���
 ���� ���� ���� ����� ���� �� ����
"/5 	# � �
 ���� ���� ���� ������� ���� �� ����

.JO� /3.4& QPJOU
"&%�$ 	%8 � ���
 ���� ���� ���� ���� ���� �� ����
"/5 	# � �
 ���� ���� ���� ����� ���� �� ����

5BCMF ����� 2VBOUJUBUJWF DPNQBSJTPO TVNNBSZ� **3 ॳMUFS�

����� 'JOBM $POTJEFSBUJPOT
ওF QSPQPTFE "&%�$ JT CBTFE PO UIF QSPCBCJMJTUJD BTTVNQUJPO UIBU BO FॵDJFOU WPMU�

BHF PWFS�TDBMJOH DBO CF BDIJFWFE JG MPOH�QBUIT BSF SBSFMZ BDUJWBUFE� ওJT JT UIF TBNF
DPOTJEFSBUJPO VOEFS XIJDI CPUI 3B[PS BOE "/5 BSF CVJMU� )PXFWFS GPS PVS "&%�$
UIFSF NJHIU CF TQFDJॳD TFRVFODFT PG JOQVU QBਅFSOT GPS XIJDI UIF 7EE JT QVTIFE TP
MPX UIBU TPNF QBUIT SVO CFZPOE UIF EFUFDUJPO XJOEPX UIVT MFBEJOH UP QPUFOUJBM NJTT�
EFUFDUFE FSSPST BOE PVUQVU RVBMJUZ EFHSBEBUJPO� ওJT JT UIF NBJO EJॲFSFODF XJUI SFTQFDU
UP 3B[PS BOE "/5 	XIJDI BSF CPVOEFE JO UFSNT PG RVBMJUZ EFHSBEBUJPO JOTUFBE
� ওJT
BMTP SFॴFDUT UIF MJNJUT PG UIF "&%�$ UFDIOJRVF� B UPP GSFRVFOU BDUJWBUJPO PG UIF MPOHFTU
QBUIT NBZ MJNJU UIF WPMUBHF TDBMJOH BOE IFODF UIF FOFSHZ TBWJOHT� ওFSF JT B USBEF�Pॲ
CFUXFFO BDDVSBDZ BOE TBWJOHT� 8IFO BDDVSBDZ JT UIF QSJPSJUZ UIF %FUFDUJPO 8JOEPX
	%8
 TIPVME CF UBLFO MBSHFS� 'PS TVDI DPOTFSWBUJWF DBTFT "/5 NBZ PVUQFSGPSN "&%�
$�ওJT JT TIPXO JO 'JHVSF ����B XIFSF UIF '*3 ॳMUFS XJUI %8 � ���	���
 Բ ৄৌো TIPXFE
MPXFS FOFSHZ TBWJOHT DPNQBSFE UP "/5�

ওF LFZ PG "&%�$ JT UIBU JU DBO CF JNQMFNFOUFE XJUI MPX EFTJHO PWFSIFBE� #Z DPO�
USBTU "/5 SFRVJSFT B SFQMJDB DJSDVJU UIBU JOUSPEVDFT TFWFSF BSFB 	BOE IFODF FOFSHZ

QFOBMUZ�

���



$IBQUFS �

4UBUJD &"4 WJB *OGFSFOUJBM "SJUINFUJD
$JSDVJUT

ওF CSPBE PCKFDUJWF PG UIJT EJTTFSUBUJPO JT UP JOUSPEVDF BEWBODFE EFTJHO TPMVUJPOT
UIBU JNQSPWF UIF BQQSPBDI UIF &"4 QBSBEJHN JT JNQMFNFOUFE� ওJT DIBQUFS EFBMT XJUI
B OFX TUSBUFHZ GPS 4UBUJD &"4� "DDPSEJOH UP UIF GPSNBM EFॳOJUJPO HJWFO JO 4FDUJPO ���
BO &"4 TPMVUJPO JT TUBUJD JG UIF FOFSHZ�BDDVSBDZ USBEFPॲ JT ॳYFE BU EFTJHO�UJNF CZ GVOD�
UJPOBM TQFDVMBUJPO J�F� B NPEJॳDBUJPO PG UIF MPHJD GVODUJPOBMJUZ UISPVHI BMHPSJUINJD PS
DJSDVJU TJNQMJॳDBUJPOT XIJDI JOEVDF FOFSHZ TBWJOHT GPS B XPSTU�DBTF BDDVSBDZ MPTT� *O
UIJT UIFTJT UIF QSPQPTFE TPMVUJPO JOWPMWFT UIF EFTJHO PG *OGFSFOUJBM -PHJD $JSDVJUT XIPTF
MPHJD GVODUJPOT DBO CF EFTDSJCFE BT JOGFSFODF SVMFT <���>� *OTQJSFE CZ DPHOJUJWF GVODUJPOT
PG UIF IVNBO CSBJO B NBDIJOF MFBSOJOH�ESJWFO TZOUIFTJT ॴPXT DBO NBQ #PPMFBO GVOD�
UJPOT BT $MBTTJॳDBUJPO 5SFFT UIBU XPSL MJLF TUBUJTUJDBM JOGFSFODF FOHJOFT� "T FYQMBJOFE
JO 4FDUJPO ����� DJSDVJUT PG UIJT LJOE JOGFS PVUQVU WBMVFT CZ FWBMVBUJOH UIF LFZ GFBUVSFT
PG UIF GVODUJPO MFBSOFE EVSJOH UIF USBJOJOH TUBHF� ওF SFTVMU JT UIF EFTJHO PG DPNCJOB�
UJPOBM MPHJD DJSDVJUT UIBU DBO NJNJD #PPMFBO GVODUJPOT UP B DFSUBJO EFHSFF PG BDDVSBDZ�
ওFTF JOGFSFOUJBM MPHJD DJSDVJUT SVO RVBTJ�FYBDU DPNQVUBUJPOT USBEJOH FOFSHZ FॵDJFODZ
GPS BDDVSBDZ JO FSSPS�SFTJMJFOU BQQMJDBUJPOT�

ওF *OGFSFOUJBM -PHJD QSJODJQMF IBT B QPTJUJWF JNQBDU PO BSJUINFUJD BQQMJDBUJPOT <���>
<���> XIFSF JOGFSFOUJBM DJSDVJUT EFTJHO DBO MFBE UP BSDIJUFDUVSFT NPSF QSPOF UP TVQQPSU
BHHSFTTJWF BEBQUJWF QPXFS NBOBHFNFOU� 'PS UIJT SFBTPO UIJT JEFB IBT CFFO QSPQPTFE
GPS BSJUINFUJD DJSDVJUT BOE NPSF TQFDJॳDBMMZ GPS UIF EFTJHO PG BO JOGFSFOUJBM ��CZ�� CJU
VOTJHOFE NVMUJQMJFS� 6TJOH BT DBTF�TUVEZ BO FSSPS�SFTJMJFOU JNBHF CMFOEJOH BQQMJDBUJPO
XF RVBOUJGZ UIF NPTU SFQSFTFOUBUJWF ॳHVSFT PG NFSJU BMTP HJWJOH DPNQBSJTPO BHBJOTU B
DMBTTJDBM SBEJY�� NVMUJ�MFWFM JNQMFNFOUBUJPO� &YQFSJNFOUBM SFTVMUT QSPWF UIF JOGFSFOUJBM
NVMUJQMJFS TJNQMJॳFT UIF DJSDVJU DPNQMFYJUZ SFEVDJOH UIF BSFB CZ ���� "MTP UIF JOGFS�
FOUJBM NVMUJQMJFS DBO FYQMPJU �· MBUFODZ SFEVDUJPO GPS QPXFS PQUJNJ[BUJPO HVBSBOUFFJOH
��� BWFSBHF BDDVSBDZ�

ওJT DIBQUFS ॳSTUMZ EJTDVTTFT UIF .VMUJQMJDBUJPO CZ *OGFSFODF DPODFQU VOEFS BO BC�
TUSBDU QPJOU PG WJFX� ওFO B CSJFG SFDBMM PG $MBTTJॳDBUJPO 5SFFT USBJOJOH BMHPSJUIN PO
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� ژ 4UBUJD &"4 WJB *OGFSFOUJBM "SJUINFUJD $JSDVJUT

UIF #PPMFBO EPNBJO JT SFQPSUFE� ওF .BDIJOF -FBSOJOH ESJWFO EFTJHO ॴPX GPS BSJUI�
NFUJD DJSDVJUT UIF DPSF PG UIJT DIBQUFS JT EJTDMPTFE BMPOH XJUI UIF FYQFSJNFOUBM SFTVMUT
PO UIF *OGFSFOUJBM .VMUJQMJFS� ওF DIBQUFS JT DMPTFE CZ B DPNQBSBUJWF BOBMZTJT XJUI B
NVMUJQMJFS PCUBJOFE UISPVHI B DMBTTJDBM BQQSPYJNBUF DPNQVUJOH UFDIOJRVF J�F� GVODUJPO
VOEFS�EFTJHO BT FYQMBJOFE JO 4FDUJPO ������

��� *OGFSFOUJBM.VMUJQMJFSࢪ�FPSJFT.FUIPET BOE5PPMT
����� .VMUJQMJDBUJPO #Z *OGFSFODF� BO BCTUSBDU WJFXQPJOU

ওF JEFB PG TPMWJOH QSPCMFNT UISPVHI JOEVDUJWF SFBTPOJOH IBT QBWFE UIF XBZ UP B
SFNBSLBCMF SFWPMVUJPO JO UIF *$5 FDPTZTUFN�ওBUۘT UIF SJTF PG NBDIJOF MFBSOJOH 	.-
 B
DPNQVUJOH QBSBEJHN XIFSF NBDIJOFT SFQMJDBUF B GFX TJNQMF MFBSOJOH�SFBTPOJOH NFDI�
BOJTNT QSPQFS PG UIF IVNBO CSBJO <��>�

*O SFDFOU ZFBST .- BਅSBDUFE MPU PG JOUFSFTU JO TFWFSBM JOEVTUSJBM BOE TDJFOUJॳD BSFBT
JODMVEJOH UIF NJDSPFMFDUSPOJDT ॳFME� 8IJMF NPTU PG UIF 7-4* SFTFBSDI JT GPDVTFE PO
NBQQJOH .- BMHPSJUINT JOUP FॵDJFOU )8 QMBUGPSNT MJਅMF FॲPSU IBT CFFO TQFOU PO
JOWFTUJHBUJOH IPX CSBJO�JOTQJSFE MFBSOJOHNFDIBOJTNT DBO IFMQ UP TPMWF &%" QSPCMFNT�
"MUIPVHI B GFX QSFWJPVT XPSL BDDPVOU PO UIF QPTTJCJMJUZ PG VTJOH .- GPS GVODUJPOBM
WFSJॳDBUJPO BOE UFTUJOH <��� ��> UIF JEFB PG B EFTJHO ॴPX UISPVHI XIJDI MPHJD DJSDVJUT
DBO CF ۛBDDFMFSBUFEۜ CZ NFBOT PG .- UPPMT JT DPWFSFE POMZ NBSHJOBMMZ�

ওF IVNBO CSBJO XPSLT MJLF B TUBUJTUJDBM JOGFSFODF FOHJOF <�� ���> UIBU HFOFSBMJ[FT
QSPCMFNT CZ NFBOT PG FYQFSJFODF�CBTFE JOEVDUJPO� 4VDI B HFOFSBMJ[BUJPO QSPDFTT FO�
DPNQBTTFT UXP NBJO TUBHFT� 	
 ॳOE PVU XIBU BSF UIF NPTU TJHOJॳDBOU DIBSBDUFSJTUJDT PG
UIF QSPCMFN� BOE 	
 EFॳOF MPHJD SFMBUJPOTIJQT BNPOH UIPTF DIBSBDUFSJTUJDT JO PSEFS UP
JOGFS UIF CFTU TPMVUJPO JEFBMMZ UIF USVF TPMVUJPO� 5P CFਅFS VOEFSTUBOE UIJT DPODFQU MFU VT
DPOTJEFS IPX PVS NJOE XPSLT XIFO TPMWJOH B TJNQMF NBUI RVFTUJPO� XIBU JT UIF BOTXFS
UP ি Բ211 XJUI ি ѵ ϋ 8F LOPX GSPN QSFWJPVT FYQFSJFODF J�F� UISPVHI JOEVDUJWF SFB�
TPOJOH UIBU UIF SFTVMU PG BOZ OBUVSBM OVNCFS NVMUJQMJFE CZ ��� 	UIF LFZ DIBSBDUFSJTUJD PG
UIF QSPCMFN
 JT TJNQMZ 9 GPMMPXFE CZ B USBJMJOH ۛ��ۜ 	UIF MPHJDBM QSPDFTT
� ওFSFGPSF UIF
ZJFME J�F� UIF USVF BOTXFS JO UIJT DBTF JT PCUBJOFE CZ TLJQQJOH UIF BSJUINFUJD PQFSBUJPO�
*OEFFE TVDI QSPDFTT DBO CF SFHBSEFE BT BO JOGFSFODF QSPDFTT SBUIFS UIBO BO BSJUINFUJD
POF� (FOFSBMJ[JOH UIJT TJNQMF ZFU NFBOJOHGVM FYBNQMF JU JT QPTTJCMF UP BTTVNF UIBU UIF
IVNBO CSBJO BDDFMFSBUFT PS TLJQT TPNF TJNQMF PQFSBUJPOT CZ FYUSBQPMBUJOH TJHOJॳDBOU
QJFDFT PG JOGPSNBUJPO GSPN UIF DPNQMFUF QJDUVSF PG UIF QSPCMFN�

*O UIJT DIBQUFS XF EJTDVTT UIF QPTTJCJMJUZ UP NJNJD TVDI B DPNQVUJOH QBSBEJHN CZ
MFWFSBHJOH .- UFDIOJRVFT EVSJOH UIF EFTJHO TUBHFT PG MPHJD DJSDVJUT� .PSF TQFDJॳDBMMZ
XF SBJTF UIF RVFTUJPO� JT JU QPTTJCMF UP EFTJHO B NVMUJQMJFS UIBU XPSLT MJLF BO JOGFSFODF
FOHJOF 5P BOTXFS UIJT RVFTUJPO XF UIPSPVHIMZ EFTDSJCF BOE BOBMZ[F BO ��CZ�� CJU VO�
TJHOFE NVMUJQMJFS PCUBJOFE UISPVHI B .-�ESJWFO TZOUIFTJT ॴPX QMVHHFE JOUP B DPN�
NFSDJBM MPHJD TZOUIFTJT GSBNFXPSL� $JSDVJU EFTDSJQUJPO JT EFSJWFE CZ TIJJOH UIF MPHJD
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GVODUJPO PG UIF NVMUJQMJFS UPXBSET B CJOBSZ DMBTTJॳDBUJPO QSPCMFN VQPO XIJDI B TUBUJT�
UJDBM SFQSFTFOUBUJPO PG UIF DJSDVJU JT MFBSOFE�

����� -PHJD *OGFSFODF SPVHIࢪ $MBTTJDBUJPO 5SFFT
#BDLHSPVOE PO $MBTTJDBUJPO 5SFFT

4PMWJOH B DMBTTJॳDBUJPO QSPCMFNNFBOT UP ॳOE UIF CFTU BCTUSBDU SFQSFTFOUBUJPO PG UIF
LFZ DIBSBDUFSJTUJDT CFਅFS LOPXO BT GFBUVSFT PWFS B HJWFO TFU PG MBCFMFE PCTFSWBUJPOT� "T
SFQPSUFE JO 'JHVSF ���B UIF PCTFSWBUJPO EBUB�TFU PS USBJOJOH�TFU DPOTJTUT PG ৎ EJॲFSFOU
TBNQMFT Ϊো XJUI 2 ӑ ো ӑ ৎ XIFSF FBDI TBNQMF JT B UFOTPS EFTDSJCFE CZ  QSFEJDUPS
WBSJBCMFT ি > |2,Ϳ , ~ BOE POF MBCFM DPSSFTQPOEJOH UP POF PG UIF ্ BWBJMBCMF DMBTTFT ѵ ী > |2,Ϳ , ্~�

'JHVSF ���� $MBTTJॳDBUJPO QSPCMFN� 	B
 BOBMZUJDBM NPEFM 	C
 BCTUSBDU NPEFM SFQSFTFOUB�
UJPO VTJOH B $MBTTJॳDBUJPO 5SFF�

" DMBTTJॳDBUJPO QSPCMFN JT UZQJDBMMZ SFQSFTFOUFE VTJOH B DPNQBDU BCTUSBDU NPEFM
CVJMU UISPVHI TUBUJTUJDBM FWBMVBUJPO PG UIF MBCFMFE PCTFSWBUJPOT� UIJT TUBHF JT DBMMFE USBJO�
JOH� ওF PCUBJOFE NPEFM JT VTFE UP DMBTTJGZ OFX OFWFS�PDDVSSFE TBNQMFT ΪȠো EFTDSJCFE
UISPVHI UIF TBNF QSFEJDUPST ি� UIJT TUBHF JT UIF JOGFSFODF� (PPE BCTUSBDU NPEFMT BSF
UIPTF UIBU BDIJFWF IJHI RVBMJUZ�PG�SFTVMU 	2P3
 J�F� IJHI DMBTTJॳDBUJPO BDDVSBDZ EVSJOH
UIF JOGFSFODF TUBHF�

"MUIPVHI TFWFSBM PQUJPOT GPS CVJMEJOH BCTUSBDU NPEFMT BSF BWBJMBCMF $MBTTJॳDBUJPO
5SFFT 	$5T
 IBWF QSPWFO UP BDIJFWF IJHI 2P3 XJUI MPX MFWFM PG DPNQMFYJUZ JO NBOZ
BQQMJDBUJPO DBTFT <��>� "T EFQJDUFE JO 'JHVSF ���C B $5 JT B SPPUFE BOE EJSFDUFE BDZDMJD
HSBQI 	%"(
 EFॳOFE BT ɵ > )ʇ җ ফ җ ɺ җ ব*� ওF SPPU OPEF  ѵ ʇ XJUI JO�EFHSFF 1
SFQSFTFOUT UIF DMBTTJॳDBUJPO PVUQVU� 5FSNJOBM OPEFT ౝ ѵ ɺ XJUI PVU�EFHSFF 1 SFQSFTFOU
UIF DMBTT  ѵ ী > |2,Ϳ , ্~ UP XIJDI UIF SPPU JT BTTPDJBUFE� " EFDJTJPO OPEF  ѵ ফ
JNQMFNFOUT B DPNQBSJTPO CFUXFFO B QSFEJDUPS  ѵ ি BOE B UISFTIPME WBMVF υ� %VSJOH
UIF USBWFSTJOH PG UIF $5 FBDI EFDJTJPO OPEF BDUJWBUFT POF PG UIF UXP PVUHPJOH FEHFT1, 2 ѵ ব JO PSEFS UP FOBCMF MPHJD QBUIT UPXBSET OPEFT BU UIF MPXFS MFWFMT� 8IFO B
QSFEJDUPS  HFUT MBSHFS UIBO JUT BTTPDJBUFE UISFTIPME υ UIF SJHIU CSBODI 2 JT BDUJWBUFE�
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1 JT BDUJWBUFE PUIFSXJTF� #PUI  BOE υ BSF EFॳOFE EVSJOH UIF USBJOJOH QIBTF CZNFBOT
PG B SFDVSTJWF TQMJਅJOH PG UIF PCTFSWBUJPO EBUB�TFU�

ওF CVJMEJOH PG UIF USFF JT ESJWFO CZ B TUBUJTUJDBM EJTQFSTJPO JOEFY DBMMFE (JOJ JOEFY
VTFE UP EFDJEF UIF CFTU TQMJਅJOH QSFEJDUPS PWFS UIF NBOZ BWBJMBCMF� .PSF JO EFUBJM UIF
(JOJ JOEFY JT B QBSBNFUFS UIBU NFBTVSFT IPX NVDI B QSFEJDUPS JT BCMF UP TFQBSBUF PC�
TFSWBUJPOT JOUP EJॲFSFOU HSPVQT IBWJOH UIF MPXFTU MFWFM PG JNQVSJUZ <��>� 4JODF $5T BSF
PCUBJOFE UISPVHI SFDVSTJPO B TUPQQJOH DSJUFSJB NVTU CF EFॳOFE� *OEFFE JG UIF BMHPSJUIN
JT MF GSFF UP FWPMWF UIF NPEFM FWFOUVBMMZ ॳOET TQMJUT UIBU BSF DPNQMFUFMZ IPNPHFOPVT
ZFU XJUI B USJWJBM TBNQMF TJ[F� *O PSEFS UP QSFWFOU UIJT CFIBWJPS BMTP LOPXO BT PWFS࡛࠻JOH
UIF USBJOJOH BMHPSJUIN TUPQT XIFO BO B�QSJPSJ NJOJNVN TBNQMF TJ[F JT SFBDIFE� "T B SF�
TVMU POMZ B TVCTFU PG UIF BWBJMBCMF QSFEJDUPST BSF BDDPVOUFE JO UIF ॳOBM $5 TUSVDUVSF�
TVDI QSFEJDUPST BSF UIF NPTU TJHOJॳDBOU POFT J�F� UIPTF UIBU CSJOH UIF NPTU WBMVBCMF
QJFDF PG JOGPSNBUJPO GPS UIF SFTPMVUJPO PG UIF DMBTTJॳDBUJPO QSPCMFN�

#PPMFBO 'VODUJPOT BT #JOBSZ $MBTTJDBUJPO

" DMBTTJॳDBUJPO QSPCMFN XIFSF CPUI QSFEJDUPST BOE MBCFMT CFMPOH UP B #PPMFBO EP�
NBJO JT DPNNPOMZ SFGFSSFE UP BT B CJOBSZ DMBTTJॳDBUJPO QSPCMFN� 5P CFਅFS VOEFSTUBOE
IPX CJOBSZ DMBTTJॳDBUJPO DBO CF FYQMPJUFE JO UIF DPOUFYU PG MPHJD TZOUIFTJT MFU VT DPO�
TJEFS B HFOFSJD #PPMFBO GVODUJPO Ϣ ң જৎ Ј જ XJUI TVQQPSU�TFU  > |2,Ϳ , ৎ~�

ওF �UI QFSNVUBUJPO CFUXFFO QSJNBSZ JOQVUT JO  SFQSFTFOUT UIF QSPEVDU UFSNਗ ң જৎ Ј જ XIFSF ਗ ӳ Ϣ� B DPMMFDUJPO PG BMM QSPEVDU UFSNT )ਗ2,Ϳ ,ਗো* XJUIো > 3ৎ SFQSFTFOUT UIF USVUI UBCMF PG Ϣ� " USVUI UBCMF QFS T© JT B CJOBSZ EBUB�TFU PG PC�
TFSWBUJPOT VQPO XIJDI B $5 TUSVDUVSF SFQSFTFOUJOH JNQPSUBOU QSFEJDUPST 	B TVCTFU PG
QSJNBSZ JOQVUT
 BOE UIFJS MPHJD SFMBUJPOTIJQ DBO CF EFSJWFE <���>�

4JODF UIF (JOJ JOEFY JT BQQMJFE PO CJOBSZ BਅSJCVUFT B LFZ TJNQMJॳDBUJPO UBLFT QMBDF�
UISFTIPME WBMVFT TFMFDUFE EVSJOH TQMJUT BSF UIF NFBO PWFS UIF QPTTJCMF WBMVFT BTTVNFE
CZ BਅSJCVUFT 	J�F� 1 PS 2
 OBNFMZ υ����� )FODF BT UIF WJTVBM FRVJWBMFODF EFQJDUFE JO
'JHVSF ��� TVHHFTUT UIF SFTVMUJOH EFDJTJPO OPEFT SFEVDF UP TJNQMF #PPMFBO DPNQBSBUPST
KVTU MJLF EFDJTJPO OPEFT JO #JOBSZ %FDJTJPO %JBHSBNT�

(7 (8

%1 - 234
(7 (8

%1 ( "

'JHVSF ���� $5 EFDJTJPO OPEF� OPEF UISFTIPME FRVJWBMFODF�

5P CFਅFS VOEFSTUBOE UIFTF DPODFQUT MFU VT SFTPSU UP B QSBDUJDBM FYBNQMF� $POTJEFS
UIF #PPMFBO GVODUJPO Ϣ ң જ4 Ј જ EFॳOFE CZ UIF USVUI UBCMF JO 5BCMF ���� 'SPN BO &%"
QFSTQFDUJWF JG XF DPOTJEFS UIF DVCF SFQSFTFOUBUJPO PG B GVODUJPO Ϣ UIF DMBTTJॳDBUJPO
SVMF UIBU QBSUJUJPOT UIF JOQVU TQBDF DBO CF FBTJMZ JEFOUJॳFE� B WFSUJDBM QMBOF DFOUFSFE
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2 3 4 Ϣ
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �

5BCMF ���� 5SVUI UBCMF PG GVODUJPO Ϣ�

JO 2 > 1/6 BT SFQPSUFE JO 'JHVSF ��� 	DFOUFS
� ওFSFGPSF UIF SFTVMUJOH #PPMFBO GVOD�
UJPO JT ฦϢ > 2 UIF DVCF OPUBUJPO PG XIJDI JT EFQJDUFE JO 'JHVSF ���� 8F SFGFS UP UIJT
GVODUJPO BT UIF RVBTJ�FYBDU SFQSFTFOUBUJPO PG Ϣ TJODF JU DPWFST TJY PWFS FJHIU NJOUFSNT
PG UIF PSJHJOBM GVODUJPO 	IJHIMJHIUFE CVMMFUT JO 'JHVSF ��� 	MF
 SFQSFTFOU NJTDMBTTJॳFE
NJOUFSNT
�

'JHVSF ���� $VCF OPUBUJPO� 0SJHJOBM #PPMFBO GVODUJPO Ϣ 	MF
 JOQVU TQBDF QBSUJUJPOJOH
EVF UP DMBTTJॳDBUJPO USFF 	DFOUFS
 BOE SFTVMUJOH RVBTJ�FYBDU GVODUJPO ฦϢ 	SJHIU
 <���>�

#Z MFBSOJOH UIF $5 JU JT UIFSFGPSF QPTTJCMF UP EFSJWF B DBOPOJDBM SFQSFTFOUBUJPO PG
UIF GVODUJPO ฦϢ XJUI ฦϢ ӳ Ϣ EFTDSJCFE PWFS B SFEVDFE TVQQPSU�TFU ฦ ӳ ਙ� *OEFFEฦϢ JT UZQJDBMMZ MFTT DPNQMFY UIBO Ϣ� *OUVJUJWFMZ ฦϢ JT OPU BO FYBDU SFQSFTFOUBUJPO PG UIF
PSJHJOBM Ϣ JU KVTU DPWFST B TVCTFU PG BMM QPTTJCMF QBਅFSOT JOTUFBE� ওJT PQFOT UP TPNF
DJSDVJU PQUJNJ[BUJPO GPS FSSPS�SFTJMJFOU BQQMJDBUJPOT XIFSF BDDVSBDZ JT USBEFE GPS TQFFE
BOE�PS QPXFS DPOTVNQUJPO�

���



� ژ 4UBUJD &"4 WJB *OGFSFOUJBM "SJUINFUJD $JSDVJUT

����� .BDIJOF -FBSOJOH %SJWFO -PHJD 4ZOUIFTJT 'MPX
ওF EFTJHO BVUPNBUJPO PG BO JOGFSFOUJBM DJSDVJU CBTFE PO $5T JNQPTFT TPNF DIBOHFT

JO UIF TUBOEBSE TZOUIFTJT ॴPX� "T EFQJDUFE JO 'JHVSF ��� BO BEEJUJPOBM TUBHF GPS $5
CVJMEJOH JT JOTFSUFE KVTU CFGPSF NVMUJ�MFWFM MPHJD TZOUIFTJT�PQUJNJ[BUJPO�ওJT OFX TUBHF
DPOTJTUT PG UXP NBJO UBTLT�
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'JHVSF ���� 1SPQPTFE ॴPX QMVHHFE JOUP B TUBOEBSE TZOUIFTJT ॴPX�

�� (FOFSBUJPO PG UIF PCTFSWBUJPOT EBUB�TFU� UIF 35- EFTDSJQUJPO JT QSPDFTTFE CZ
NFBOT PG B 4"5 TPMWFS UIBU GPS FBDI QFSNVUBUJPO PG UIF QSJNBSZ JOQVUT EFॳOFT UIF
DPSSFTQPOEJOH PVUQVU� ওF PCUBJOFE UBCMF TFSWFT BT EBUB�TFU UP CVJME UIF $5�

�� $5�CBTFE NPEFM FYUSBDUJPO� UIJT JT UIF DPSF PG UIF .-�ESJWFO TZOUIFTJT ॴPX�
UIF GVODUJPO ฦϢ ң જো Ј જ XJUI ো ӑ ৎ JT MFBSOFE UISPVHI UIF QSPDFTT EFTDSJCFE JO
4FDUJPO ������ ওF USVUI UBCMF JT QSPDFTTFE CZ B JO�IPVTF .BUMBC TDSJQU UIBU MFWFSBHFT UIF
CVJMU�JO GJUDUSFF GVODUJPO� .VMUJQMF PVUQVU GVODUJPOT Ϣ ң જৎ Ј જ্ BSF EFDPNQPTFE
JOUP NVMUJQMF MPHJD DPOFT FBDI PG UIFN NPEFMFE CZ B EFEJDBUFE $5� ওF SFTVMUJOH ฦϢ ңજো Ј જ্ XIFSF ো ӑ ৎ DPOTJTUT PG BO BO FOTFNCMF PG JOEFQFOEFOU $5T� ওF PCUBJOFE
TUSVDUVSF JT UIFO BOOPUBUFE JO 7FSJMPH GPSNBU BOE GFE BT JOQVU UP UIF MPHJD TZOUIFTJT �
PQUJNJ[BUJPO FOHJOF UIBU SVO TUBOEBSE BSFB QPXFS BOE EFMBZ NJOJNJ[BUJPO�

*U JT XPSUI UP FNQIBTJ[F UIBU JOUFHSBUJOH UIF .-�ESJWFO TUBHF JOUP DPNNFSDJBM UPPMT
JT BO FBTZ UBTL� XF QMVHHFE UIF QSPQPTFE.-�CBTFE ॴPX JOUP 4ZOPQTZT %FTJHO $PNQJMFS
UISPVHI B EFEJDBUFE XSBQQFS DPOTJTUJOH PG 5DM BOE .BUMBC TDSJQUT�

����� &YQFSJNFOUBM 3FTVMUT
#FODINBSL BOE &YQFSJNFOUBM 4FUVQ

"T UFTU DBTFXF JOUSPEVDF UIF EFTJHO PG BO ��CZ�� CJU VOTJHOFENVMUJQMJFS�ওJT CFODI�
NBSL ॳOET BQQMJDBUJPOT JO NBOZ )8 BDDFMFSBUPST GPS JNBHF QSPDFTTJOH BOE DMBTTJॳDB�
UJPO JO UIF DPOUFYU PG WJTVBM SFBTPOJOH� 5P CFਅFS BQQSFDJBUF UIF DIBSBDUFSJTUJDT PG UIF
$5�CBTFE DJSDVJU XF QSPWJEF B DPNQBSJTPO CFUXFFO UXP QPTTJCMF JNQMFNFOUBUJPOT�
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*OGFSFOUJBM NVMUJQMJFS 	*�.6-5
� UIF CFODINBSL JT PQUJNJ[FEXJUI UIF.-�ESJWFO
TZOUIFTJT ॴPX EFTDSJCFE JO 4FDUJPO ����� 	'JHVSF ���
 QMVHHFE JOUP 4ZOPQTZT %FTJHO
$PNQJMFS�

3BEJY�� #PPUI NVMUJQMJFS 	3��.6-5
� PCUBJOFE VTJOH B TUBOEBSE TZOUIFTJT ॴPX
JNQMFNFOUFE JOUP 4ZOPQTZT%FTJHO$PNQJMFS BOE B TUBOEBSE�DFMM MJCSBSZ XJUI MPXQPXFS
BOE BSFB GFBUVSFT FOBCMFE�

'PS CPUI UIF JNQMFNFOUBUJPOT UIF MPHJD NBQQJOH JT EPOF XJUI BO JOEVTUSJBM '%40*
$.04 UFDIOPMPHZ BU ��ON� ওF GSFRVFODZ DPOTUSBJOU JT TFU UP 'ৄৌো � ���.)[�

*OGFSFOUJBM WT� "SJUINFUJD .VMUJQMJFS

5BCMF ��� SFQPSUT UIF QPTU�TZOUIFTJT SFTVMUT GPS UIF UXP JNQMFNFOUBUJPOT� ওF *�
.6-5 TIPXT B TJNQMJॳFE MPHJD OFUXPSL 	����· GFXFS EFWJDFT
 UIVT FOTVSJOH ��� MFTT
BSFB X�S�U� UIF 3��.6-5� $PODFSOJOH QFSGPSNBODF UIF *�.6-5 TIPXT B XPSU�DBTF UJN�
JOH TMBDL UIBU JT ��� PG UIF DMPDL QFSJPE 	ৄৌো
� *G DPNQBSFE BHBJOTU UIF TMBDL PCUBJOFE
XJUI UIF 3��.6-5 B NFSF ����� PG ৄৌো XF DBO DMFBSMZ TUBUF UIBU UIF JOGFSFOUJBM BSJUI�
NFUJD DPSF JT CZ GBS NPSF FॵDJFOU�

0OF NBZ BSHVF UIBU UIF GSFRVFODZ DPOTUSBJOU VTFE GPS UIF TZOUIFTJT JT VOGBJS BT JU
GBWPST *�.6-5� )PXFWFS XIFO UIFNBYJNVN GSFRVFODZ PG UIF *�.6-5 JT VTFE BT B DPO�
TUSBJOU J�F� ভরѿ় � ����()[ UIF TZOUIFTJT QSPDFTT PG UIF 3��.6-5 EPFT OPU DPO�
WFSHF�ওF MBSHFTU GSFRVFODZ GPSXIJDI 3��.6-5 SFBDIFT UJNJOH DMPTVSF JT ����·ভরѿ়�
VOEFS TVDI DPOTUSBJOU UIF 3��.6-5 BSFB JT ��� MBSHFS UIBO UIBU PG UIF *�.6-5� )FSFۘT
XIZ UIF SFQPSUFE BOBMZTJT JT GPS 'ৄৌো � ���.)[ B DPNNPO UBSHFU GPS UJHIUMZ DPVQMFE
QBSBMMFM BSDIJUFDUVSFT XIJDI BSF UZQJDBMMZ NFNPSZ CPVOEFE F�H� BDDFMFSBUPST GPS JNBHF
DMBTTJॳDBUJPO BOE WJTVBM SFBTPOJOH <��>�

.VMUJQMJFS (BUFT "SFB <ౡ্3> 4MBDL <�5ৄৌো>
*�.6-5 ��� ������ �����
3��.6-5 ��� ������ ����

5BCMF ���� 4ZOUIFTJT SFTVMUT XJUI DPMVNOT(BUFT"SFB BOE 4MBDL SFQSFTFOUJOH UIF UPUBM
OVNCFS PG MPHJD HBUFT UIF UPUBM BSFB BOE UIF XPSTU TMBDL SFTQFDUJWFMZ�

'JHVSF ��� TIPXT UIF BDDVSBDZ ౘ GPS FBDI QSJNBSZ PVUQVU PG UIF *�.6-5� "DDVSBDZ JT
EFॳOFE BT UIF SBUJP বৄ  XIFSF বৄ JT UIF OVNCFS PG JOQVU QBਅFSOT UIBU BSF TVDDFTTGVMMZ
DMBTTJॳFE BOE  JT UIF DBSEJOBMJUZ PG UIF JOQVU QFSNVUBUJPO TFU J�F� UIF OVNCFS PG SPXT
JO UIF USVUI UBCMF� "DDVSBDZ JT NFBTVSFE UISPVHI FYIBVTUJWF GVODUJPOBM TJNVMBUJPO� ওF
UXP .4#T )্26,Ϳ ,্25* BOE UIF ॳWF -4#T )্5,Ϳ ,্1* TIPX UIF IJHIFTU BDDVSBDZౘ ? :6& BOE ౘ > 211& SFTQFDUJWFMZ XIJMF MPXFS BDDVSBDZ JT SFDPSEFE GPS JOUFSNFEJBUF
PVUQVUT )্21,Ϳ ,্6* GPS XIJDI 65/2& = ౘ = 72/6&� ওJT USFOE JT EVF UP UIF EJTUSJCV�
UJPO PG UIF CJOBSZ DMBTTFT |1, 2~ ѵ ী JO UIF USBJOJOH QPQVMBUJPO� .PSF TQFDJॳDBMMZ UIF
USBJOJOH TFU BTTPDJBUFE UP .4#T BOE -4#T TIPX B EJTUSJCVUJPO IJHIMZ TLFXFE UPXBSET
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'JHVSF ���� 0VUQVU "DDVSBDZ PG UIF *�.6-5�

1 PS 2� ওF MFBSOJOH BMHPSJUIN JT UIFSFCZ QSPOF UP PWFS࠻U UIF PCTFSWBUJPO EBUB�TFU <��>�
8IJMF PWFSॳਅJOH JT BO VOEFTJSFE FॲFDU JO UZQJDBM DMBTTJॳDBUJPO QSPCMFNT JU NBZ SFQSF�
TFOU B GBWPSBCMF DPOEJUJPO UP HFOFSBMJ[F #PPMFBO MPHJD GVODUJPOT� ওF PWFSBMM BDDVSBDZ
BWFSBHFE PWFS BMM UIF PVUQVUT JT ��� B SFBTPOBCMF WBMVF GPS FSSPS�SFTJMJFOU BQQMJDBUJPOT
BT TIPXO JO UIF OFYU TVCTFDUJPO�

*NBHF QSPDFTTJOH

8F UFTUFE UIF FॵDJFODZ PG UIF QSPQPTFE *�.6-5 PO *NBHF #MFOEJOH BO JNBHF QSP�
DFTTJOH UBTL JO XIJDI UXP JNBHFT UIF TPVSDF BOE UIF NBTL BSF NJYFE GPS BSUXPSL� ওF
DPNQVUBUJPOBM LFSOFM DPOTJTUT PG B QJYFM�XJTF NBUSJY NVMUJQMJDBUJPO� *O PVS FYQFSJNFOUT
UIF UFTUCFODI DPOTJTUT PG � TPVSDF BOE � NBTL )%�SFBEZ QJDUVSFT XJUI B SFTPMVUJPO PG
����Y��� QJYFMT� UIF PVUQVU TFU JT UIFO DPNQPTFE PG �� CMFOEFE JNBHFT�

ওF BEPQUFE FWBMVBUJPO NFUSJDT BSF EFTDSJCFE BT GPMMPXT�
/PSNBMJ[FE 3PPU .FBO 4RVBSFE &SSPS 	/3.4&
� EJॲFSFODF CFUXFFO QSFEJDUFE WBMVFT

J�F� *�.6-5 SFTVMUT BOE UIF FYQFDUFE SFTVMUT J�F� UIPTF PCUBJOFE XJUI UIF 3��.6-5
BU OPNJOBM DPOEJUJPOT� ওF BOBMZUJDBM FRVBUJPO JT HJWFO CZ 	���
 XIFSF  JT UIF WBMVF
TBNQMFE BU UIF PVUQVU PG UIF DJSDVJU  JT UIF SJHIU PVUQVU WBMVF ৎ SFQSFTFOUT UIF UPUBM
OVNCFS PG NVMUJQMJDBUJPOT BOE ্ূ 	্ৎ
 UIF NBY 	NJO
 WBMVF PG �

হব > ຣѾৎ>1)\^ ѿ \^*3
ৎ Բ 2্ূ ѿ ্ৎ 	���


1FBL 4JHOBM�UP�/PJTF 3BUJP 	14/3
� RVBMJUZ PG B QJDUVSF X�S�U� UIF FYQFDUFE POF J�F�
UIPTF PCUBJOFE XJUI UIF 3��.6-5 BU OPNJOBM DPOEJUJPOT� 14/3 JT EFTDSJCFE JO 	���

XIFSF ূোর JT UIF NBYJNVN WBMVF BTTVNFE CZ FBDI QJYFM J�F� ��� XIFO XPSLJOH XJUI
HSBZTDBMF JNBHFT BT JO PVS DBTF� 4VCKFDUJWF BOBMZTFT SFWFBM 14/3 JO UIF SBOHF �� E# UP
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�� E# BSF QFSDFJWFE BT HPPE SFTVMUT�

ষ হ > 21 Բ MPH21  ূো3রব 	���


1PXFS DPOTVNQUJPO� UIF BWFSBHF QPXFS DPOTVNQUJPO PG UIF DJSDVJU� "T FTUJNBUPS XF
BEPQUFE UIF QSPCBCJMJTUJD NPEFM FNCFEEFE JOUP B TJHO�Pॲ UPPM 	4ZOPQTZT 1SJNF5JNF

XJUI TJHOBM TUBUJTUJDT CBDL�BOOPUBUFE GSPN GVODUJPOBM TJNVMBUJPOT CZ NFBOT PG TBJG
ॳMFT�

8IFO EFBMJOH XJUI PQUJNBM FOFSHZ�QFSGPSNBODF�WT�BDDVSBDZ USBEF�PॲT B DPNNPO
TUSBUFHZ JT UP USBEF QPXFS DPOTVNQUJPO GPS 2P3 VTJOH TPNF QPXFS NBOBHFNFOU UFDI�
OJRVF F�H� EZOBNJD GSFRVFODZ TDBMJOH 	%'4
 BOE�PS EZOBNJD WPMUBHF TDBMJOH 	%74
 <��>�
$PODFSOJOH %'4 'JHVSF ��� HJWFT B QBSBNFUSJD BOBMZTJT PG QPXFS DPOTVNQUJPO 	EPਅFE
MJOF
 BOE /3.4& 	TPMJE MJOF
 GSPN 'ৎ্ � ���.)[ VQ UP 3·'ৎ্� /PUJDF UIBU QPXFS DPO�
TVNQUJPO JT OPSNBMJ[FE X�S�U� 3��.6-5 XPSLJOH BU 'ৎ্� 1PXFS DPOTVNQUJPO JODSFBTFT
MJOFBSMZ XJUI GSFRVFODZ� 8JUIJO UIF XIPMF GSFRVFODZ SBOHF *�.6-5 SFTVMUT MFTT QPXFS
IVOHSZ UIBO 3��.6-5 FWFO BU 3·'ৎ্ XIFSF QPXFS TBWJOHT JT ҩ��� $PODFSOJOH 2P3
UIF BWFSBHF /3.4& PG *�.6-5 	TPMJE MJOF XJUI TRVBSF NBSLFS
 JT ॴBU PWFS UIF FOUJSF
SBOHF J�F� ����� BT OP UJNJOH GBVMUT EP PDDVS� &WFO UIPVHI UIBUۘT B EJSFDU DPOTFRVFODF
PG UIF BWBJMBCMF UJNJOH TMBDL JU EFNPOTUSBUFT UIBU UIF *�.6-5 FॲFDUJWFMZ BDDFMFSBUFT
UIF BSJUINFUJD DPNQVUBUJPO XJUI B TNBMM EFHSBEBUJPO PG UIF SFTVMU� ওF TBNF DBOOPU CF
TBJE GPS 3��.6-5 	TPMJE MJOF XJUI DSPTT NBSLFS
 XIJDI TIPXT B TVCTUBOUJBM EFHSBEBUJPO
	X�S�U� 3��.6-5 BU OPNJOBM DPOEJUJPOT
 EVF UP UJNJOH GBVMUT GPS PQFSBUJOH GSFRVFODJFT
MBSHFS UIBO ����·'ৎ্� UIF XPSTU DBTF /3.4& � ��� BU ����·'ৎ্� ওF CSFBL�FWFO QPJOU
JT DMPTF UP ҩ����·'ৎ্ BU XIJDI UIF *�.6-5 TUJMM TIPXT TJHOJॳDBOU QPXFS TBWJOHT X�S�U�
3��.6-5 J�F� ����
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'JHVSF ���� *�.6-5� 1PXFSূৈ BOE /3.4&ূৈ WT� 'ৄৌো
8IFO QMBZJOH XJUI %74 BTTVNJOH BT UBSHFU GSFRVFODZ 'ৎ্ � ���.)[ UIF UJNJOH
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TMBDL BWBJMBCMF XJUI *�.6-5 DBO CF DPOTVNFE CZ SFEVDJOH UIF TVQQMZ WPMUBHF GSPN
UIF OPNJOBM WBMVF PG ��� 7 UP ���� 7� 8JUI TVDI B MPX WPMUBHF UIF QPXFS TBWJOHT X�S�U�
3��.6-5 	BU 'ৎ্
 SFBDI ��� TUJMM HVBSBOUFFJOH MPX BDDVSBDZ MPTT /3.4& � ������
*U JT XPSUI UP FNQIBTJ[F UIBU GPS CPUI %'4 BOE %74 UIF *�.6-5 JNQMFNFOUBUJPO JT
UJNJOH�GBVMU GSFF� ওJT QSFWFOUT NFUBTUBCJMJUZ BU UIF SJTF�FEHF PG UIF DMPDL BO VOEFTJSFE
FॲFDUT PG BHHSFTTJWF QPXFS NBOBHFNFOU TPMVUJPOT UZQJDBMMZ BEPQUFE JO BQQSPYJNBUF
DPNQVUJOH <��>�

'JHVSF ���� 14/3 PG UIF *�.6-5 PO UIF �� JNBHFT

'PS UIF TBLF PG DPNQMFUFOFTT 'JHVSF ��� SFQPSUT UIF 14/3 IJTUPHSBN GPS BMM UIF ��
PVUQVU CMFOEFE JNBHFT QSPDFTTFE CZ UIF *�.6-5 XPSLJOH BU NBY TQFFE 3·'ৎ্ BOE
���7� UIF BWFSBHFE 14/3 JT ����� E# JO UIF SBOHF PG WJTVBMMZ HPPE SFTVMUT�

"T B ॳOBM SFNBSL 'JHVSF ��� HJWFT B WJTVBM SFQSFTFOUBUJPO PG 2P3 EFHSBEBUJPO GPS
UXP TBNQMFT PG UIF UFTUCFODI� ওF QJDUVSFT JO 'JHVSF ���B BOE 'JHVSF ���C BSF UIF TPVSDF
BOENBTL JNBHFT SFTQFDUJWFMZ� UIF CMFOEFE JNBHF JT SFQPSUFE JO 'JHVSF ���D�ওF QJDUVSFT
JO 'JHVSF ���E BOE 'JHVSF ���F BSF UIF PVUQVU PG *�.6-5 BOE 3��.6-5 XPSLJOH BU TBNF
GSFRVFODZ BOE WPMUBHF 	3·'ৎ্ ���7
� 8IJMF *�.6-5 BDIJFWFT B HPPE RVBMJUZ 	14/3 �
����� E#
 XJUI UIF 3��.6-5 UIF PVUQVU JT DMFBSMZ BॲFDUFE CZ FSSPST 	14/3 � ����� E#
�
ওJT JT B SFNBSLBCMF SFTVMUT JG POF DPOTJEFST UIBU *�.6-5 JT BMTP NPSF QPXFS BOE FOFSHZ
FॵDJFOU�
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	B
 	C


	D
 	E
 	F


'JHVSF ���� *NBHF CMFOEJOH� 4PVSDF 	B
 BOE NBTL 	C
 JNBHFT 	D
 FYBDU JNBHF CMFOEJOH
	E
 *�.6-5 SFTVMU 	F
 3��.6-5 SFTVMU�

��� 4UBUJD &"4 TUSBUFHJFT DPNQBSJTPO� *OGFSFOUJBM WT�
"QQSPYJNBUF .VMUJQMJFS

"T TIPXO JO UIF QSFWJPVT TFDUJPO UIF *OGFSFOUJBM .VMUJQMJFS 	*� .6-5
 TIPXT SF�
EVDFE DJSDVJU DPNQMFYJUZ X�S�U� DMBTTJDBM NVMUJQMJFS BSDIJUFDUVSF XIJDI MFBET UP B MB�
UFODZ DPNQSFTTJPO FYQMPJUFE GPS QPXFS PQUJNJ[BUJPO� 'PS UIF TBLF PG DPNQMFUFOFTT B
DPNQBSBUJWF BOBMZTJT JO UFSNT PG BSFB BOE BDDVSBDZ TIPVME CF QFSGPSNFE BHBJOTU "Q�
QSPYJNBUF $PNQVUJOH UFDIOJRVFT BMTP� 4QFDJॳDBMMZ XF DPOTJEFSFE BT B CFODINBSL B
SFQSFTFOUBUJWF "QQSPYJNBUF .VMUJQMJFS XIJDI XF SFGFSSFE UP BT ,VMLBSOJ .VMUJQMJFS 	,�
.6-5
� ওJT NVMUJQMJFS JT PCUBJOFE UISPVHI GVODUJPO VOEFS�EFTJHO J�F� CZ USVUI UBCMF
TJNQMJॳDBUJPO BT BMSFBEZ EJTDVTTFE JO 4FDUJPO ������

*O UIF GPMMPXJOH TFDUJPOT XF QFSGPSNFE B QBSBNFUSJD DIBSBDUFSJ[BUJPO JO UFSNT PG
BSFB DPNQBSJOH *�.6-5 BOE ,�.6-5 BU UIFJS NBYJNVN GSFRVFODZ� ওFO B TUVEZ PO
UIF FSSPS EJTUSJCVUJPO HFOFSBUFE CZ CPUI NVMUJQMJFST EJTDMPTFT IPX UIF OBUVSF PG UIF
TZTUFN BDDVSBDZ EJॲFST XIFO JOGFSFOUJBM WT� BSJUINFUJD GVODUJPOBM�TQFDVMBUJPO SVMFT BSF
BQQMJFE�

����� )BSEXBSF $IBSBDUFSJ[BUJPO
*O UIJT BOBMZTJT XF TZOUIFTJ[FE ��CZ�� CJU VOTJHOFE *�.6-5 BOE ,�.6-5� 'PS CPUI

UIF JNQMFNFOUBUJPOT UIF MPHJD NBQQJOH JT EPOF XJUI BO JOEVTUSJBM '%40* $.04 UFDI�
OPMPHZ BU ��ON� 8IFO UIF NBYJNVN GSFRVFODZ PG UIF *�.6-5 JT VTFE BT B DPOTUSBJOU
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J�F� ভরѿ় � ����()[ UIF TZOUIFTJT QSPDFTT PG UIF ,�.6-5 EPFT OPU DPOWFSHF� ওF
IJHIFTU GSFRVFODZ GPS XIJDI ,�.6-5 SFBDIFT UJNJOH DMPTVSF JT ����·ভরѿ়� VOEFS
TVDI DPOTUSBJOU UIF ,�.6-5 BSFB JT ��� MBSHFS UIBO UIBU PG UIF *�.6-5�ওVT BO JOGFS�
FODF FOHJOF JT NPSF BSFB�MBUFODZ FॵDJFOU UIBO CPUI TUBOEBSE BOE TJNQMJॳFENVMUJQMJFST�

����� &SSPS %JTUSJCVUJPO $IBSBDUFSJ[BUJPO
ওF EJTUSJCVUJPO PG UIF PVUQVU SFMBUJWF FSSPS DBO EJTDMPTF VTFGVM JOGPSNBUJPO BCPVU

UIF JOGFSFOUJBM NVMUJQMJFS CFIBWJPS� *O 'JHVSF ��� JT SFQPSUFE UIF BCTPMVUF WBMVF PG UIF 3FM�
BUJWF &SSPS 	3& OPSNBMJ[FE UP UIF PVUQVU EZOBNJDT
 PG CPUI *�.6-5 BOE ,�.6-5 DPN�
QVUBUJPOT� *U BQQFBST DMFBS UIBU UIF TUBUJTUJDBM SVMFT XIJDI *�.6-5 MFWFSBHFT UP NJNJD
UIF PSJHJOBM MPHJD GVODUJPO MFBE UP NPSF JOBDDVSBUF DPNQVUBUJPOT X�S�U� ,�.6-5 CPUI
JO BWFSBHF ����� WT� ����� BOE NBYJNVN WBMVF ������ WT� �������

	B
 *�.6-5 	C
 ,�.6-5

'JHVSF ���� "CT WBMVF PG 3FMBUJWF &SSPS %JTUSJCVUJPO GPS *�.6-5 	B
 BOE ,�.6-5 	C
�

"MUIPVHI BU ॳSTU HMBODF UIF FSSPS EJTUSJCVUJPO PG *�.6-5 DPVME TFFN B TFWFSF JNQFE�
JNFOU UP JUT FNQMPZNFOU JO FSSPS�SFTJMJFOU BQQMJDBUJPOT UIBU SFRVJSFT B MPXFS NBHOJUVEF
PG DPNQVUBUJPO FSSPS UIF TUBUJTUJDBM OBUVSF PG *�.6-5 FSSPST SFWFBMT B QPTTJCMF TUSFOHUI
QPJOU� 5BLJOH UIF SFMBUJWF FSSPS PVU PG UIF BCTPMVUF WBMVF BT SFQPSUFE JO 'JHVSF ����
,�.6-5 FSSPS EJTUSJCVUJPO SFTVMUT CJBTFE BT UIF GVODUJPO VOEFS�EFTJHO NBLFT UIF BQ�
QSPYJNBUF NVMUJQMJDBUJPOT BMXBZT TNBMMFS JO WBMVF UIBO UIF DPSSFDU POF� *O DPOUSBTU UIF
FSSPS EJTUSJCVUJPO PG *�.6-5 JT BMNPTU TQFDVMBS BSPVOE [FSP� ওJT TVHHFTUT UIBU UIF BD�
DVSBDZ ESPQ EVF UP UIF JOGFSFODF SVMFT DBO CF DPNQFOTBUFE JG *�.6-5 JT FNQMPZFE JO
.VMUJQMZ�"DDVNVMBUF 	."$
 PQFSBUJPOT�

*O PSEFS UP QSPWF UIBU JOGFSFOUJBM NVMUJQMJDBUJPO FOBCMFT TUBUJTUJDBM FSSPS DPNQFOTB�
UJPO *�.6-5 BOE ,�.6-5 IBWF CFFO JOUFHSBUFE JOUP B ."$ BOE TJNVMBUFE XJUI UXP
UFTUCFODIFT� 	J
 PQFSBOET VOJGPSNMZ EJTUSJCVUFE JO UIF SBOHF <� � ���> BOE 	JJ
 PQFSBOET
OPSNBMMZ EJTUSJCVUFE <ౡ � ��� ౨ � ��>� 8F UPPL ��� TFUT PG <�� ��� ���� �����> ."$
PQFSBUJPOT BOE XF DPMMFDUFE UIF BWFSBHF 3& BOE TUBOEBSE EFWJBUJPO 	45%
� ওF SFTVMUT

���
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	B
 *�.6-5 	C
 ,�.6-5

'JHVSF ����� 3FMBUJWF &SSPS %JTUSJCVUJPO GPS *�.6-5 	B
 BOE ,�.6-5 	C
�

EFQJDUFE JO 'JHVSF ���� TIPX UIBU GPS UIF *�.6-5 UIF IJHIFS UIF OVNCFS PG ."$ PQFS�
BUJPOT UIF MPXFS JT UIF BWFSBHF 3&� "MTP TUBSUJOH GSPN ��� ."$ PQFSBUJPOT *�.6-5 JT
BMXBZT NPSF BDDVSBUF UIBO ,�.6-5 GPS CPUI OPSNBM BOE VOJGPSN PQFSBOE EJTUSJCVUJPO�
/FWFSUIFMFTT ,�.6-5 QSFTFOUT B MPXFS TUBOEBSE EFWJBUJPO UIBOLT UP UIF BSJUINFUJD OB�
UVSF PG JUT FSSPS� 'PS UIF TBLF PG DMBSJUZ JU TIPVME CF OPUJDFE UIBU UIF TUBUJTUJDBM FSSPS
DPNQFOTBUJPO JT TUSJDUMZ BॲFDUFE CZ UIF JOQVU EJTUSJCVUJPO UIVT TQFDJॳD JOQVU QBਅFSOT
NJHIU CF NPSF GBWPSBCMF UP ,�.6-5�

	B
 "WFSBHF 3FMBUJWF &SSPS 	C
 "WFSBHF 4UE %FWJBUJPO

'JHVSF ����� *�.6-5 BOE ,�.6-5 BWFSBHF BDDVSBDZ JO ."$ PQFSBUJPOT�

����� 'JOBM $POTJEFSBUJPOT
ওFFYQFSJNFOUBM SFTVMUT DPMMFDUFE GPS UIF QSPQPTFENVMUJQMJDBUJPO CZ JOGFSFODF TIPXT

UIBU TVDI B NFUIPE BDIJFWF SFEVDFE DPNQMFYJUZ XJUI BSFB�MBUFODZ MBSHF TBWJOHT BU UIF
DPTU PG OPO�OFHMJHJCMF BDDVSBDZ MPTT� "MUIPVHI *�.6-5 EPFT OPU SFQSFTFOU B SBEJDBM TP�
MVUJPO GPS FॵDJFOU &OFSHZ�"DDVSBDZ TDBMJOH JU TIPXT GFBUVSFT UIBU DBO CF BEWBOUBHFPVT

���
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JO QBSUJDVMBS FSSPS�SFTJMJFOU BQQMJDBUJPOT� 'PS FYBNQMF BT TIPXO JO UIF QSFWJPVT TFDUJPO
TQFDJॳD EBUB�JOUFOTJWF BQQMJDBUJPO F�H� /FVSBM /FUXPSLT XIPTF DPNQVUBUJPO LFSOFMT
BSF CVJMU VQPO ."$ PQFSBUJPOT DBO UBLF BEWBOUBHFT PG *�.6-5 TUBUJTUJDBM FSSPS DPN�
QFOTBUJPO� ওF EFNPOTUSBUJPO PG UIJT IZQPUIFTJT JT PVU PG UIF TDPQF PG UIJT EJTTFSUBUJPO
CVU GVSUIFS FYQMPSBUJPO XJMM CF DPOEVDUFE JO GVUVSF XPSL�

���



$IBQUFS �

$PODMVTJPOT

ওF FOE PG .PPSFۘT MBX JT UIF QSFMVEF PG B EFTJHO DSJTJT UIBU XJMM TPPO SFRVJSF UP SF�
UIJOL UIF PQUJNJ[BUJPO BOE JOUFHSBUJPO TUSBUFHZ PG EJHJUBM DJSDVJUT BOE TZTUFNT� &OFSHZ�
"DDVSBDZ 4DBMJOH 	&"4
 EPFT OPU SFQSFTFOUT B SBEJDBM TPMVUJPO UP BMM UIFTF DPODFSOT
IPXFWFS JT PQFOJOH UP OFX EFTJHO QBSBEJHNT UIBU BMMFWJBUF UIF QSFTTVSF� ওJT EJTTFS�
UBUJPO JOUSPEVDFT OFX BEWBODFE EFTJHO TPMVUJPOT UIBU JNQSPWF UIF BQQSPBDI UIF &"4
QBSBEJHN JT JNQMFNFOUFE� ওF QSFTFOUFE UXP OFX TUSBUFHJFT BJN BU SFEVDJOH UIF EF�
TJHO PWFSIFBE PG DMBTTJDBM BQQSPYJNBUF TPMVUJPOT� BDDPSEJOH UP UIF SFWJTJUFE UBYPOPNZ
SFQPSUFE JO UIJT UIFTJT POF PG UIF QSPQPTFE TUSBUFHJFT CFMPOHT UP UIF DMBTT PG "EBQUJWF
&"4 XIJMF UIF TFDPOE GBMMT VOEFS UIF MBCFM PG 4UBUJD &"4�

ওF DPOUSJCVUJPOT PG UIJT EJTTFSUBUJPO PO UIF "EBQUJWF TPMVUJPOT DPODFSO UIF FO�
IBODFNFOU PG UIF DPOWFOUJPOBM &SSPS %FUFDUJPO�$PSSFDUJPO UFDIOJRVFT GPS EBUB�ESJWFO
WPMUBHF TDBMJOH J�F� 3B[PS JO PSEFS UP USBEF TZTUFN BDDVSBDZ GPS FOFSHZ SFEVDUJPO� ওJT
NFDIBOJTN DBMMFE "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 JT CVJMU VQPO JO�
TJUV FMBTUJD UJNJOH NPOJUPST XIJDI FOBCMF BO FSSPS NBOBHFNFOU TDIFNF TVJUFE UP BEBQ�
UJWF QPXFSNBOBHFNFOU 	F�H� "EBQUJWF 7PMUBHF 0WFS�4DBMJOH
 PO FSSPS�SFTJMJFOU BQQMJDB�
UJPOT� "&%�$ JNQMFNFOUT &"4 VTJOH UIF FSSPS EFUFDUJPO DPWFSBHF BT B LOPC� B MPX FSSPS
DPWFSBHF FODPVSBHF WPMUBHF PWFS�TDBMJOH UIVT UP BDIJFWF MBSHFS FOFSHZ TBWJOHT BU UIF
DPTU PG RVBMJUZ�PG�SFTVMU� B IJHI FSSPS DPWFSBHF NJUJHBUF UIF WPMUBHF TDBMJOH MFBEJOH UP
IJHIFS BDDVSBDZ BU UIF DPTU PG MPXFS FOFSHZ TBWJOHT� "T &"4 EPFT OPU IBWF UP FOTVSF GVMM
FSSPS DPWFSBHF UIF USBEJUJPOBMMZ TJHOJॳDBOU BSFB�FOFSHZ PWFSIFBE PG UIF DPOWFOUJPOBM
3B[PS NBZ CF SFEVDFE CZ VTJOH B TJNQMFS FSSPS NBOBHFNFOU DJSDVJUSZ� 4JNVMBUJPOT PWFS
B SFQSFTFOUBUJWF TFU PG BQQMJDBUJPOT�DJSDVJUT F�H� .VMUJQMZ�"DDVNVMBUF 	."$
 VOJU %JT�
DSFUF $PTJOF 5SBOTGPSN 	%$5
 '*3 BOE **3 ॳMUFST QSPWJEF B DPNQBSBUJWF BOBMZTJT XJUI
UIF TUBUF�PG�UIF�BSU 3B[PS� ওF DPMMFDUFE SFTVMUT TIPX UIBU "&%�$ TVCTUBOUJBMMZ SFEVDFT
UIF BWFSBHF FOFSHZ�QFS�PQFSBUJPO 	VQ UP ����� TBWJOHT X�S�U� 3B[PS�ESJWFO "EBQUJWF
7PMUBHF 0WFS�4DBMJOH
 BOE UIF BSFB PWFSIFBE 	���� WT� �����
 TUJMM HVBSBOUFFJOH SFBTPO�
BCMF BDDVSBDZ� "T B NPUJWBUJOH FYBNQMF XIFO BQQMJFE UP B SFBM�MJGF JNBHF QSPDFTTJOH
BQQMJDBUJPO J�F� %JTDSFUF $PTJOF 5SBOTGPSN 6OJU 	%$5
 JOUFHSBUFE JOUP B +1&( DPNQSFT�
TPS "&%�$ TIPXT ����� FOFSHZ TBWJOHT 	X�S�U� B CBTFMJOF %$5 JNQMFNFOUBUJPO
 BOE B

���



� ژ $PODMVTJPOT

14/3 PG ����� E# 	X�S�U� CBTFMJOF +1&( JNBHFT

8JUIJO UIF TDPQF PG TUBUJD &"4 B OFX TUSBUFHZ JT EFWFMPQFE FYQMPJUJOH .BDIJOF

-FBSOJOH 	.-
 UIFPSJFTXIJDI TVHHFTU BMUFSOBUJWF GPSNT UP SFQSFTFOU SFMBUJPOTIJQT BNPOH
EBUB�ওF QSPQPTFE TPMVUJPO JOWPMWFT UIF EFTJHO PG *OGFSFOUJBM -PHJD $JSDVJUT XIPTF MPHJD
GVODUJPOT DBO CF EFTDSJCFE BT JOGFSFODF SVMFT� *OTQJSFE CZ DPHOJUJWF GVODUJPOT PG UIF IV�
NBO CSBJO B NBDIJOF MFBSOJOH�ESJWFO TZOUIFTJT ॴPXT DBO NBQ #PPMFBO GVODUJPOT BT
$MBTTJॳDBUJPO 5SFFT UIBU XPSL MJLF TUBUJTUJDBM JOGFSFODF FOHJOFT� $JSDVJUT PG UIJT LJOE
JOGFS PVUQVU WBMVFT CZ FWBMVBUJOH UIF LFZ GFBUVSFT PG UIF GVODUJPO MFBSOFE EVSJOH UIF
USBJOJOH TUBHF� ওF SFTVMU JT UIF EFTJHO PG DPNCJOBUJPOBM MPHJD DJSDVJUT UIBU DBO NJNJD
#PPMFBO GVODUJPOT UP B DFSUBJO EFHSFF PG BDDVSBDZ� ওFTF JOGFSFOUJBM MPHJD DJSDVJUT SVO
RVBTJ�FYBDU DPNQVUBUJPOT USBEJOH FOFSHZ FॵDJFODZ GPS BDDVSBDZ JO FSSPS�SFTJMJFOU BQ�
QMJDBUJPOT�ওF *OGFSFOUJBM -PHJD QSJODJQMF IBT CFFO FYQFSJNFOUFE PO BSJUINFUJD DJSDVJUT
NPSF QSPOF UP TVQQPSU BHHSFTTJWF BEBQUJWF QPXFS NBOBHFNFOU� ওF ॳHVSFT�PG�NFSJU PG
BO *OGFSFOUJBM .VMUJQMJFS BSF RVBOUJॳFE VTJOH SFQSFTFOUBUJWF JNBHF QSPDFTTJOH BQQMJDB�
UJPOT BT B DBTF TUVEZ� " DPNQBSBUJWF BOBMZTJT BHBJOTU B TUBUF�PG�UIF�BSU #PPUI .VMUJQMJFS
QSPWFT UIF JOGFSFOUJBM MPHJD SFQSFTFOUBUJPO TJNQMJॳFT UIF DJSDVJU DPNQMFYJUZ SFEVDJOH UIF
BSFB CZ ���� "MTP UIF JOGFSFOUJBM NVMUJQMJFS DBO FYQMPJU �· MBUFODZ SFEVDUJPO GPS QPXFS
PQUJNJ[BUJPO HVBSBOUFFJOH ��� BWFSBHF BDDVSBDZ�

"T B ॳOBM SFNBSL UIF SFTFBSDI BDIJFWFNFOUT PG UIF QSPQPTFE TUSBUFHJFT BSF SFQPSUFE
BT GPMMPXT�

ۡ "QQSPYJNBUF &SSPS %FUFDUJPO�$PSSFDUJPO 	"&%�$
 GPS "EBQUJWF &OFSHZ�
"DDVSBDZ 4DBMJOH 	&"4
�
QPSUJOH PG UIF "QQSPYJNBUF $PNQVUJOH DPODFQU UP "EBQUJWF &"4 UFDIOJRVFT VT�
JOH UIF UJNJOH GBVMUT DPWFSBHF BT B LOPC UP USBEF FOFSHZ GPS RVBMJUZ�PG�SFTVMUT�
"&%�$ PॲFST BDSPTT�MFWFM DPOUSJCVUJPOT JO &%"NFUIPEPMPHZ�UPPMT BSDIJUFDUVSBM
TPMVUJPOT BOE DJSDVJU JNQMFNFOUBUJPO�

ۡ *OGFSFOUJBM -PHJD GPS 4UBUJD &OFSHZ�"DDVSBDZ 4DBMJOH�
QPSUJOH PG .BDIJOF -FBSOJOH 	.-
 UIFPSJFT JOUP UIF #PPMFBO EPNBJO UP JNQMF�
NFOU MPHJD GVODUJPOT EFTDSJCFE BT TUBUJTUJDBM JOGFSFODF SVMFT� ওF JOGFSFOUJBM MPHJD
DJSDVJUT PCUBJOFE UISPVHI UIF QSPQPTFE .-�CBTFE EFTJHO ॴPX QSFTFOU BSDIJUFD�
UVSFT QSPOF UP TVQQPSU BHHSFTTJWF 7PMUBHF 	'SFRVFODZ
 TDBMJOH JO FYDIBOHF GPS B
DFSUBJO EFHSFF PG BDDVSBDZ�

���



"QQFOEJY "

-JTU PG 1VCMJDBUJPOT BOE "XBSET

*OUFSOBUJPOBM +PVSOBMT
ۡ 3PCFSUP (� 3J[[P "OEFB $BMJNFSB BOE +VO ;IPV� "QQSPYJNBUF &SSPS %FUFDUJPO�

$PSSFDUJPO GPS F࠽DJFOU "EBQUJWF 7PMUBHF 0WFS�4DBMJOH� *OUFHSBUJPO UIF 7-4* +PVS�
OBM &MTFWJFS 1BHFT ������� ����� %0*� ��������K�WMTJ������������ *44/� ����������

ۡ 3PCFSUP(�3J[[P "OEFB $BMJNFSB� *NQMFNFOUJOH"EBQUJWF 7PMUBHF 0WFS�4DBMJOH�
"MHPSJUIN /PJTF 5PMFSBODF WT� "QQSPYJNBUF &SSPS %FUFDUJPO� +� -PX 1PXFS &MFDUSPO�
"QQM� ���� � ���

#PPL $IBQUFST
ۡ 7BMFOUJOP 1FMVTP 3PCFSUP (� 3J[[P "OESFB $BMJNFSB &OSJDP .BDJJ BOE .BT�
TJNP "MJPUP� #FZPOE *EFBM %7'4 SPVHI 6MUSB�'JOF (SBJO 7EE�)PQQJOH� *O 7-4*�
4P$� 4ZTUFN�PO�$IJQ JO UIF /BOPTDBMF &SB ے %FTJHO 7FSJॳDBUJPO BOE 3FMJBCJM�
JUZ QBHFT �������� 4QSJOHFS ����� %0*� ��������������������������� *4#/� ����
������������� ������������������

ۡ 3PCFSUP (� 3J[[P 7BMFOUJOP 1FMVTP "OESFB $BMJNFSB BOE +VO ;IPV� 0O UIF
DJFODZ࠽& PG &BSMZ #JSE 4BNQMJOH 	&#4
 "O &SSPS %FUFDUJPO�$PSSFDUJPO 4DIFNF GPS
%BUB�%SJWFO 7PMUBHF 0WFST�4DBMJOH� *O 7-4*�4P$� 0QQPSUVOJUJFT BOE $IBMMFOHFT
#FZPOE UIF *OUFSOFU PG ওJOHT 4QSJOHFS ����

1SPDFFEJOHT PG *OUFSOBUJPOBM $POGFSFODFT
ۡ 3PCFSUP (� 3J[[P 4BOEFFQ .JSZBMB "OESFB $BMJNFSB &OSJDP .BDJJ BOE .BT�
TJNP 1PODJOP� %FTJHO BOE $IBSBDUFSJ[BUJPO PG "OBMPH�UP�%JHJUBM $POWFSUFST VTJOH
(SBQIFOF 1�/ +VODUJPOT� *O 1SPDFFEJOHT PG (-47-4* ���� QBHFT ������� �����
%0*� ����������������������� *4#/� ������������������

���



" ژ -JTU PG 1VCMJDBUJPOT BOE "XBSET

ۡ 3PCFSUP (� 3J[[P BOE "OESFB $BMJNFSB� 5VOBCMF &SSPS %FUFDUJPO�$PSSFDUJPO GPS
DJFOU࠽& "EBQUJWF 7PMUBHF 0WFS�4DBMJOH� *O 1SPDFFEJOHT PG /($"4 ���� QBHFT ���
�� ����� %0*� ��������/($"4�������� *4#/� ������������������

ۡ 3PCFSUP (� 3J[[P 7BMFOUJOP 1FMVTP "OESFB $BMJNFSB +VO ;IPV BOE 9JO -JV�
&BSMZ CJSE TBNQMJOH� " TIPSU�QBUIT GSFF FSSPS EFUFDUJPO�DPSSFDUJPO TUSBUFHZ GPS EBUB�
ESJWFO 704� *O 1SPDFFEJOHT PG 7-4*�4P$ ���� QBHFT ��� ����� %0*� ��������7-4*�
4P$������������� *4#/� ������������������

ۡ 3PCFSUP (� 3J[[P 7BMFSJP 5FOBDF BOE "OESFB $BMJNFSB� .VMUJQMJDBUJPO CZ *O�
GFSFODF VTJOH $MBTTJ࠻DBUJPO 5SFFT� " $BTF�4UVEZ "OBMZTJT� *O 1SPDFFEJOHT PG *4$"4
���� QBHFT ��� ����� %0*� ��������*4$"4������������� *4#/� ����������������
��

ۡ 7BMFSJP 5FOBDF 3PCFSUP (� 3J[[P %FKZPUJ #BਅIBDBSFF "OESFB $BMJNFSB BOE
"OVQBN $IBਅPQBEBZ� 4"*%� B 4VQFSHBUF�"*%FE -PHJD 4ZOUIFTJT 'MPX GPS .FNSJT�
UJWF $SPTTCBS� *O 1SPDFFEJOHT PG %"5& �����

"XBSET
ۡ (PMEFO -FBG "XBSE GPS UIF DPOUSJCVUJPO 5VOBCMF &SSPS %FUFDUJPO�$PSSFDUJPO GPS

DJFOU࠽& "EBQUJWF 704 /($"4 ����

���



#JCMJPHSBQIZ

<�> .BTTJNP "MJPUP� ۛ&OFSHZ�RVBMJUZ TDBMBCMF BEBQUJWF 7-4* DJSDVJUT BOE TZTUFNT
CFZPOE BQQSPYJNBUF DPNQVUJOH �ۜ *O� %FTJHO "VUPNBUJPO � 5FTU JO &VSPQF $PO�
GFSFODF � &YIJCJUJPO 	%"5&
 ����� *&&&� ���� QQ� ����ے���

<�> .BTTJNP "MJPUP� ۛ6MUSB -PX 1PXFS %FTJHO BQQSPBDIFT GPS *P5 �ۜ *O� 4JOHBQPSF�
)PUDIJQT 	����
�

<�> .BTTJNP"MJPUP 7JWFL %F BOE"OESFB.BSPOHJV� ۛ&OFSHZ�RVBMJUZ TDBMBCMF JOUF�
HSBUFE DJSDVJUT BOE TZTUFNT� $POUJOVJOH FOFSHZ TDBMJOH JO UIF UXJMJHIU PG.PPSFۘT
MBX �ۜ *O� *&&& +PVSOBM PO &NFSHJOH BOE 4FMFDUFE 5PQJDT JO $JSDVJUT BOE 4ZTUFNT ���
	����
 QQ� ����ے���

<�> )BJEFS "' "MNVSJC 5 /BOEIB ,VNBS BOE 'BCSJ[JP -PNCBSEJ� ۛ*OFYBDU EFTJHOT
GPS BQQSPYJNBUF MPX QPXFS BEEJUJPO CZ DFMM SFQMBDFNFOU �ۜ *O� ���� %FTJHO "V�
UPNBUJPO � 5FTU JO &VSPQF $POGFSFODF � &YIJCJUJPO 	%"5&
� *&&&� ���� QQ� ے���
����

<�> 5PEE "VTUJO FU BM� ۛ0QQPSUVOJUJFT BOE $IBMMFOHFT GPS #FਅFS ওBO 8PSTU�DBTF
%FTJHO �ۜ *O� 1SPDFFEJOHT PG UIF ���� "TJB BOE 4PVUI 1BDJ࠻D %FTJHO "VUPNBUJPO
$POGFSFODF� "41�%"$ ۘ��� 4IBOHIBJ $IJOB� "$. ���� QQ� ��ے� ডপচথ� �������
������� জদড� ������������������������ বণ� IUUQ���EPJ�BDN�PSH�
������������������������

<�> ;EFOLB #BCJÇ "MFLTFK "WSBNPWJÇ BOE 1BUSJDJP #VMJÇ� ۛ"O JUFSBUJWF MPHBSJUINJD
NVMUJQMJFS �ۜ *O� .JDSPQSPDFTTPST BOE .JDSPTZTUFNT ���� 	����
 QQ� ���ے��

<�> 1JFUSP #BCJHIJBO FU BM� ۛ1PTU�MBZPVU -FBLBHF 1PXFS .JOJNJ[BUJPO #BTFE PO %JT�
USJCVUFE 4MFFQ 5SBOTJTUPS *OTFSUJPO �ۜ *O� 1SPDFFEJOHT PG UIF ���� *OUFSOBUJPOBM
4ZNQPTJVN PO -PX 1PXFS &MFDUSPOJDT BOE %FTJHO� *4-1&% ۘ��� /FXQPSU #FBDI
$BMJGPSOJB 64"� "$. ���� QQ� ����ے��� ডপচথ� ��������������

<�> 3 #BIBS FU BM� ۛ" TZNCPMJD NFUIPE UP SFEVDF QPXFS DPOTVNQUJPO PG DJSDVJUT
DPOUBJOJOH GBMTF QBUIT �ۜ *O� 1SPDFFEJOHT PG UIF ���� *&&&�"$. JOUFSOBUJPOBM DPO�
GFSFODF PO $PNQVUFS�BJEFE EFTJHO� *&&& $PNQVUFS 4PDJFUZ 1SFTT� ���� QQ� ے���
����

<�> &EJUI #FJHO© FU BM� ۛ"O BTZODISPOPVT QPXFS BXBSF BOE BEBQUJWF /P$ CBTFE
DJSDVJU �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	"QS� ����
 QQ� �����ے����

���
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#*#-*0(3"1):

<��> "INFE #FOIBTTBJO FU BM� ۛ5JNJOH JO�TJUVNPOJUPST� *NQMFNFOUBUJPO TUSBUFHZ BOE
BQQMJDBUJPOT SFTVMUT �ۜ *O� ���� *&&& $VTUPN *OUFHSBUFE $JSDVJUT $POGFSFODF 	$*$$
�
*&&&� ���� QQ� ��ے�

<��> -� #FOJOJ FU BM� ۛ#BਅFSZ�ESJWFO EZOBNJD QPXFS NBOBHFNFOU PG QPSUBCMF TZT�
UFNT �ۜ *O� 1SPDFFEJOHT ��UI *OUFSOBUJPOBM 4ZNQPTJVN PO 4ZTUFN 4ZOUIFTJT� ����
QQ� ���ے��

<��> ,FJUI " #PXNBO FU BM� ۛ&OFSHZ�FॵDJFOU BOENFUBTUBCJMJUZ�JNNVOF SFTJMJFOU DJS�
DVJUT GPS EZOBNJD WBSJBUJPO UPMFSBODF �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT
���� 	����
 QQ� ���ے��

<��> ,FJUI " #PXNBO FU BM� ۛ" �� ON SFTJMJFOU NJDSPQSPDFTTPS DPSF GPS EZOBNJD WBSJ�
BUJPO UPMFSBODF �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	����
 QQ� ����ے���

<��> ,FJUI " #PXNBO FU BM� ۛ&OFSHZ�FॵDJFOU BOENFUBTUBCJMJUZ�JNNVOF SFTJMJFOU DJS�
DVJUT GPS EZOBNJD WBSJBUJPO UPMFSBODF �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT
���� 	����
 QQ� ���ے��

<��> -FP #SFJNBO FU BM� $MBTTJ࠻DBUJPO BOE SFHSFTTJPO USFFT� $3$ QSFTT �����
<��> .FMWJO " #SFVFS� ۛ.VMUJ�NFEJB BQQMJDBUJPOT BOE JNQSFDJTF DPNQVUBUJPO �ۜ *O� �UI

&VSPNJDSP $POGFSFODF PO %JHJUBM 4ZTUFN %FTJHO 
��ڞ%4%	� *&&&� ���� QQ� ��ے�
<��> )FOSJL #SJOL +PTFQI 3JDIBSET BOE .BSL 'FUIFSPMG� 3FBM�XPSME NBDIJOF MFBSO�

JOH� .BOOJOH 1VCMJDBUJPOT $P� �����
<��> "� $BMJNFSB FU BM� ۛ5FNQFSBUVSF�*OTFOTJUJWF %VBM� ঽ্υ 4ZOUIFTJT GPS /BOPNF�

UFS $.045FDIOPMPHJFT 6OEFS *OWFSTF 5FNQFSBUVSF%FQFOEFODF �ۜ *O� *&&& 5SBOT�
BDUJPOT PO 7FSZ -BSHF 4DBMF *OUFHSBUJPO 	7-4*
 4ZTUFNT ����� 	/PW� ����
 QQ� ے����
�����

<��> "OESFB $BMJNFSB FU BM� ۛ%FTJHO PG B GBNJMZ PG TMFFQ USBOTJTUPS DFMMT GPS B DMVTUFSFE
QPXFS�HBUJOH ॴPX JO ��ON UFDIOPMPHZ �ۜ *O� 1SPDFFEJOHT PG UIF ��UI "$. (SFBU
-BLFT TZNQPTJVN PO 7-4*� "$.� ���� QQ� ����ے���

<��> .BSDP $BOOJ[[BSP FU BM� ۛ4BGF3B[PS� .FUBTUBCJMJUZ�SPCVTU BEBQUJWF DMPDLJOH JO
SFTJMJFOU DJSDVJUT �ۜ *O� *&&& 5SBOTBDUJPOT PO $JSDVJUT BOE 4ZTUFNT *� 3FHVMBS 1BQFST
���� 	����
 QQ� �����ے����

<��> +PTFQ $BSNPOB FU BM� ۛ&MBTUJD DJSDVJUT �ۜ *O� *&&& 5SBOTBDUJPOT PO $PNQVUFS�"JEFE
%FTJHO PG *OUFHSBUFE $JSDVJUT BOE 4ZTUFNT ����� 	����
 QQ� �����ے����

<��> - $F[F BOE + -BSVT� 3FQPSU PO *4"5�%"31" 8PSLTIPQ PO "DDV� SBDZ 5SBEF�0࠺T
"DSPTT UIF 4ZTUFN 4UBDL GPS 1FSGPSNBODF BOE &OFSHZ� IUUQ���IPNFT�DT�
XBTIJOHUPO�FEV�_MVJTDF[F�QVCMJDBUJPOT�*4"5@"DDVSBDZ@5SBEF�
0GGT@"DSPTT@UIF@4ZTUFN@4UBDL@GPS@1FSGPSNBODF@BOE@&OFSHZ�
16#-*$�GJOBM�QQUY� �����

���



#*#-*0(3"1):

<��> "TIVUPTI $IBLSBCPSUZ FU BM� ۛ%ZOBNJD UIFSNBM DMPDL TLFX DPNQFOTBUJPO VT�
JOH UVOBCMF EFMBZ CVॲFST �ۜ *O� *&&& 5SBOTBDUJPOT PO 7FSZ -BSHF 4DBMF *OUFHSBUJPO
	7-4*
 4ZTUFNT ���� 	����
 QQ� ����ے���

<��> &VHFOF $IBSOJBL� ۛওF CSBJO BT B TUBUJTUJDBM JOGFSFODF FOHJOFۓBOE ZPV DBO UPP �ۜ
*O� $PNQVUBUJPOBM -JOHVJTUJDT ���� 	����
 QQ� ����ے���

<��> :V�)TJO $IFO FU BM� ۛ&ZFSJTT� "O FOFSHZ�FॵDJFOU SFDPOॳHVSBCMF BDDFMFSBUPS GPS
EFFQ DPOWPMVUJPOBM OFVSBM OFUXPSLT �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ����
	����
 QQ� ����ے���

<��> 7JOBZ , $IJQQB FU BM� ۛ"OBMZTJT BOE DIBSBDUFSJ[BUJPO PG JOIFSFOU BQQMJDBUJPO
SFTJMJFODF GPS BQQSPYJNBUF DPNQVUJOH �ۜ *O� 1SPDFFEJOHT PG UIF ��UI "OOVBM %FTJHO
"VUPNBUJPO $POGFSFODF� "$.� ���� Q� ����

<��> 7JOBZ , $IJQQB FU BM� ۛ4DBMBCMF FॲPSU IBSEXBSF EFTJHO� &YQMPJUJOH BMHPSJUINJD
SFTJMJFODF GPS FOFSHZ FॵDJFODZ �ۜ *O� 1SPDFFEJOHT PG UIF ��UI %FTJHO "VUPNBUJPO
$POGFSFODF� "$.� ���� QQ� ����ے���

<��> .JIJS 3 $IPVEIVSZ BOE ,BSUJL .PIBOSBN� ۛ"QQSPYJNBUF MPHJD DJSDVJUT GPS MPX
PWFSIFBE OPO�JOUSVTJWF DPODVSSFOU FSSPS EFUFDUJPO �ۜ *O� 1SPDFFEJOHT PG UIF DPO�
GFSFODF PO %FTJHO BVUPNBUJPO BOE UFTU JO &VSPQF� "$.� ���� QQ� ����ے���

<��> 4IJEIBSUIB %BT FU BM� ۛ" � ()[ IBSEXBSF MPPQ�BDDFMFSBUPS XJUI SB[PS�CBTFE EZ�
OBNJD BEBQUBUJPO GPS FOFSHZ�FॵDJFOU PQFSBUJPO �ۜ *O� *&&& 5SBOTBDUJPOT PO $JS�
DVJUT BOE 4ZTUFNT *� 3FHVMBS 1BQFST ���� 	����
 QQ� �����ے����

<��> 4IJEIBSUIB %BT FU BM� ۛ" TFMG�UVOJOH %74 QSPDFTTPS VTJOH EFMBZ�FSSPS EFUFDUJPO
BOE DPSSFDUJPO �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	����
 QQ� ����ے���

<��> 4IJEIBSUIB %BT FU BM� ۛ3B[PS**� *O TJUV FSSPS EFUFDUJPO BOE DPSSFDUJPO GPS 175 BOE
4&3 UPMFSBODF �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	����
 QQ� ���ے��

<��> 4BOEFFQ %IBS %SBHBO .BLTJNPWJÇ BOE #SVOP ,SBO[FO� ۛ$MPTFE�MPPQ BEBQUJWF
WPMUBHF TDBMJOH DPOUSPMMFS GPS TUBOEBSE�DFMM "4*$T �ۜ *O� 1SPDFFEJOHT PG UIF ���� JO�
UFSOBUJPOBM TZNQPTJVN PO -PX QPXFS FMFDUSPOJDT BOE EFTJHO� "$.� ���� QQ� ے���
����

<��> 4BVSBCI%JHIF FU BM� ۛ8JUIJO�%JF 7BSJBUJPO�"XBSF%ZOBNJD�7PMUBHF�'SFRVFODZ�
4DBMJOH 8JUI 0QUJNBM $PSF "MMPDBUJPO BOE ওSFBE )PQQJOH GPS UIF ���$PSF
5FSB'-014 1SPDFTTPS �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	/PW� ����

QQ� ����ے���

<��> .POJDB %POOP FU BM� ۛ&OIBODFE $MVTUFSFE 7PMUBHF 4DBMJOH GPS -PX 1PXFS �ۜ *O�
1SPDFFEJOHT PG UIF ��UI "$. (SFBU -BLFT 4ZNQPTJVN PO 7-4*� (-47-4* ۘ��� /FX
:PSL /FX :PSL 64"� "$. ���� QQ� ���ے�� ডপচথ� �������������� জদড� ���
������������������� বণ� IUUQ���EPJ�BDN�PSH����������������
�������
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#*#-*0(3"1):

<��> 3POBME ( %SFTMJOTLJ FU BM� ۛ/FBS�UISFTIPME DPNQVUJOH� 3FDMBJNJOH NPPSFۘT MBX
UISPVHI FOFSHZ FॵDJFOU JOUFHSBUFE DJSDVJUT �ۜ *O� 1SPDFFEJOHT PG UIF *&&& ����
	����
 QQ� ����ے���

<��> +� &CFSHFO +� (BJOTMFZ BOE 1� $VOOJOHIBN� ۛ5SBOTJTUPS TJ[JOH� IPX UP DPOUSPM
UIF TQFFE BOE FOFSHZ DPOTVNQUJPO PG B DJSDVJU �ۜ *O� ��UI *OUFSOBUJPOBM 4ZNQP�
TJVN PO "TZODISPOPVT $JSDVJUT BOE 4ZTUFNT ����� 1SPDFFEJOHT�"QS� ���� QQ� ے��
��� জদড� ��������"4:/$��������������

<��> .PIBNFE &MHFCBMZ BOE.BOPK 4BDIEFW� ۛ7BSJBUJPO�BXBSF BEBQUJWF WPMUBHF TDBM�
JOH TZTUFN �ۜ *O� *&&& 5SBOTBDUJPOT PO 7FSZ -BSHF 4DBMF *OUFHSBUJPO 	7-4*
 4ZTUFNT
���� 	����
 QQ� ����ے���

<��> %BO &SOTU FU BM� ۛ3B[PS� " MPX�QPXFS QJQFMJOF CBTFE PO DJSDVJU�MFWFM UJNJOH
TQFDVMBUJPO �ۜ *O� .JDSPBSDIJUFDUVSF ����� .*$30���� 1SPDFFEJOHT� ��UI "OOVBM
*&&&�"$. *OUFSOBUJPOBM 4ZNQPTJVN PO� *&&&� ���� QQ� ���ے�

<��> %BO &SOTU FU BM� ۛ3B[PS� DJSDVJU�MFWFM DPSSFDUJPO PG UJNJOH FSSPST GPS MPX�QPXFS
PQFSBUJPO �ۜ *O� *&&& .JDSP ���� 	����
 QQ� ���ے��

<��> ,SJT[UJ¡O 'MBVUOFS BOE 5SFWPS .VEHF� ۛ7FSUJHP� "VUPNBUJD QFSGPSNBODF�TFਅJOH
GPS MJOVY �ۜ *O� "$. 4*(014 0QFSBUJOH 4ZTUFNT 3FWJFX ���4* 	����
 QQ� ����ے���

<��> ,SJT[UJ¡O 'MBVUOFS 4UFWF 3FJOIBSEU BOE 5SFWPS.VEHF� ۛ"VUPNBUJD QFSGPSNBODF
TFਅJOH GPS EZOBNJD WPMUBHF TDBMJOH �ۜ *O� 8JSFMFTT OFUXPSLT ��� 	����
 QQ� ے���
����

<��> .BਅIFX 'PKUJL FU BM� ۛ#VCCMF SB[PS� &MJNJOBUJOH UJNJOH NBSHJOT JO BO "3.
DPSUFY�.� QSPDFTTPS JO �� ON $.04 VTJOH BSDIJUFDUVSBMMZ JOEFQFOEFOU FSSPS
EFUFDUJPO BOE DPSSFDUJPO �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	����

QQ� ���ے��

<��> 7 'SJFENBO BOE 4 -JV� ۛ%ZOBNJD MPHJD $.04 DJSDVJUT �ۜ *O� *&&& +PVSOBM PG 4PMJE�
4UBUF $JSDVJUT ���� 	����
 QQ� ����ے���

<��> )JSPTIJ 'VLFUB FU BM� ۛ"EBQUJWF QFSGPSNBODF DPNQFOTBUJPO XJUI JO�TJUV UJNJOH
FSSPS QSFEJDUJWF TFOTPST GPS TVCUISFTIPME DJSDVJUT �ۜ *O� *&&& 5SBOTBDUJPOT PO WFSZ
MBSHF TDBMF JOUFHSBUJPO 	7-4*
 TZTUFNT ���� 	����
 QQ� ����ے���

<��> 4BNVFM ) 'VMMFS BOE -ZOFਅF * .JMMFਅ� F 'VUVSF PG $PNQVUJOH 1FSGPSNBODF�
(BNF 0WFS PS /FYU -FWFM /BUJPOBM "DBEFNZ 1SFTT �����

<��> 'FOH (BP BOE +PIO 1 )BZFT� ۛ*-1�CBTFE PQUJNJ[BUJPO PG TFRVFOUJBM DJSDVJUT GPS
MPX QPXFS �ۜ *O� 1SPDFFEJOHT PG UIF ���� JOUFSOBUJPOBM TZNQPTJVN PO -PX QPXFS
FMFDUSPOJDT BOE EFTJHO� "$.� ���� QQ� ����ے���

<��> +PTFQI - (BTUXJSUI� ۛওF FTUJNBUJPO PG UIF -PSFO[ DVSWF BOE (JOJ JOEFY �ۜ *O�F
SFWJFX PG FDPOPNJDT BOE TUBUJTUJDT 	����
 QQ� ����ے���

���

https://doi.org/10.1109/ASYNC.2004.1299287


#*#-*0(3"1):

<��> +BTPO (FPSHF FU BM� ۛ1SPCBCJMJTUJD BSJUINFUJD BOE FOFSHZ FॵDJFOU FNCFEEFE TJH�
OBM QSPDFTTJOH �ۜ *O� 1SPDFFEJOHT PG UIF ���� JOUFSOBUJPOBM DPOGFSFODF PO $PNQJMFST
BSDIJUFDUVSF BOE TZOUIFTJT GPS FNCFEEFE TZTUFNT� "$.� ���� QQ� ����ے���

<��> ,BOBE (IPTF BOE .JMJOE #� ,BNCMF� ۛ3FEVDJOH 1PXFS JO 4VQFSTDBMBS 1SPDFTTPS
$BDIFT 6TJOH 4VCCBOLJOH .VMUJQMF -JOF #VॲFST BOE #JU�MJOF 4FHNFOUBUJPO �ۜ *O�
1SPDFFEJOHT PG UIF ���� *OUFSOBUJPOBM 4ZNQPTJVN PO -PX 1PXFS &MFDUSPOJDT BOE
%FTJHO� *4-1&% ۘ��� 4BO %JFHP $BMJGPSOJB 64"� "$. ���� QQ� ���ے�� ডপচথ� ��
����������9� জদড� ���������������������� বণ� IUUQ���EPJ�BDN�PSH�
����������������������

<��> 4XBSPPQ (IPTI 4XBSVQ #IVOJB BOE ,BVTIJL 3PZ� ۛ$3*45"� " OFX QBSBEJHN
GPS MPX�QPXFS WBSJBUJPO�UPMFSBOU BOE BEBQUJWF DJSDVJU TZOUIFTJT VTJOH DSJUJDBM
QBUI JTPMBUJPO �ۜ *O� *&&& 5SBOTBDUJPOT PO $PNQVUFS�"JEFE %FTJHO PG *OUFHSBUFE
$JSDVJUT BOE 4ZTUFNT ����� 	����
 QQ� �����ے����

<��> #SJBO (SFTLBNQ FU BM� ۛ#MVFTIJ� %FTJHOJOH QSPDFTTPST GPS UJNJOH TQFDVMBUJPO
GSPN UIF HSPVOE VQ�ۜ *O� ���� *&&& ��UI *OUFSOBUJPOBM 4ZNQPTJVN PO )JHI 1FSGPS�
NBODF $PNQVUFS "SDIJUFDUVSF� *&&&� ���� QQ� ����ے���

<��> .BOVFM EF MB (VJB 4PMB[ 8FJ )BO BOE 3JDIBSE $POXBZ� ۛ" ॴFYJCMF MPX QPXFS
ETQ XJUI B QSPHSBNNBCMF USVODBUFE NVMUJQMJFS �ۜ *O� *&&& 5SBOTBDUJPOT PO $JSDVJUT
BOE 4ZTUFNT *� 3FHVMBS 1BQFST ����� 	����
 QQ� �����ے����

<��> 0OVS (V[FZ FU BM� ۛ&YUSBDUJOH B TJNQMJॳFE WJFX PG EFTJHO GVODUJPOBMJUZ CBTFE PO
WFDUPS TJNVMBUJPO �ۜ *O� )BJGB 7FSJ࠻DBUJPO $POGFSFODF� 4QSJOHFS� ���� QQ� ���ے��

<��> "CEVM )BNFFE FU BM� ۛ" TVSWFZ BOE UBYPOPNZ PO FOFSHZ FॵDJFOU SFTPVSDF BMMP�
DBUJPO UFDIOJRVFT GPS DMPVE DPNQVUJOH TZTUFNT �ۜ *O� $PNQVUJOH ���� 	+VMZ ����

QQ� ����ے��� ডপপথ� ���������� জদড� ��������T����������������� বণ�
IUUQT���EPJ�PSH���������T�����������������

<��> )BJCP )F BOE &EXBSEP " (BSDJB� ۛ-FBSOJOH GSPN JNCBMBODFE EBUB �ۜ *O� *&&&
5SBOTBDUJPOT PO LOPXMFEHF BOE EBUB FOHJOFFSJOH ���� 	����
 QQ� �����ے����

<��> 3BKBNPIBOB )FHEF BOE /BSFTI 3 4IBOCIBH� ۛ" MPX�QPXFS EJHJUBM ॳMUFS *$ WJB
TP %41 �ۜ *O� $VTUPN *OUFHSBUFE $JSDVJUT ���� *&&& $POGFSFODF PO� *&&&� ����
QQ� ����ے���

<��> 3BKBNPIBOB )FHEF BOE /BSFTI 3 4IBOCIBH� ۛ&OFSHZ�FॵDJFOU TJHOBM QSPDFTT�
JOH WJB BMHPSJUINJD OPJTF�UPMFSBODF �ۜ *O� -PX 1PXFS &MFDUSPOJDT BOE %FTJHO �����
1SPDFFEJOHT� ���� *OUFSOBUJPOBM 4ZNQPTJVN PO� *&&&� ���� QQ� ���ے��

<��> :FO�5F )P BOE 5JOH�5JOH )XBOH� ۛ-PX QPXFS EFTJHO VTJOH EVBM UISFTIPME WPMU�
BHF �ۜ *O� 1SPDFFEJOHT PG UIF ���� "TJB BOE 4PVUI 1BDJ࠻D %FTJHO "VUPNBUJPO $PO�
GFSFODF� *&&& 1SFTT� ���� QQ� ����ے���

<��> +� 4� )V FU BM� ۛ6TJOH EZOBNJD CSBODI CFIBWJPS GPS QPXFS�FॵDJFOU JOTUSVDUJPO
GFUDI �ۜ *O� *&&& $PNQVUFS 4PDJFUZ "OOVBM 4ZNQPTJVN PO 7-4* ����� 1SPDFFEJOHT�
'FC� ���� QQ� ����ے��� জদড� ��������*47-4*��������������

���
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#*#-*0(3"1):

<��> *OUFSOBUJPOBM 5FDIOPMPHZ 3PBENBQ GPS 4FNJDPOEVDUPST ���� IUUQ���XXX�JUST��
OFU�� �����

<��> .� +BZBLSJTIOBO FU BM� ۛ4MBDL�BXBSF UJNJOH NBSHJO SFEJTUSJCVUJPO UFDIOJRVF VUJ�
MJ[JOH FSSPS BWPJEBODF ॴJQ�ॴPQT BOE UJNF CPSSPXJOH �ۜ *O� ���� *'*1�*&&& *OUFSOB�
UJPOBM $POGFSFODF PO 7FSZ -BSHF 4DBMF *OUFHSBUJPO 	7-4*�4P$
� 0DU� ���� QQ� ے���
���� জদড� ��������7-4*�4P$��������������

<��> )BJMJO +JBOH.BMHPS[BUB.BSFL�4BEPXTLB BOE 4BOJ 3/BTTJG� ۛ#FOFॳUT BOE DPTUT
PG QPXFS�HBUJOH UFDIOJRVF �ۜ *O� ���� *OUFSOBUJPOBM $POGFSFODF PO $PNQVUFS %F�
TJHO� *&&&� ���� QQ� ����ے���

<��> "OESFX # ,BIOH BOE 4FPLIZFPOH ,BOH� ۛ"DDVSBDZ�DPOॳHVSBCMF BEEFS GPS BQ�
QSPYJNBUF BSJUINFUJD EFTJHOT �ۜ *O� 1SPDFFEJOHT PG UIF ��UI "OOVBM %FTJHO "V�
UPNBUJPO $POGFSFODF� "$.� ���� QQ� ����ے���

<��> "OESFX # ,BIOH FU BM� ۛ4MBDL SFEJTUSJCVUJPO GPS HSBDFGVM EFHSBEBUJPO VOEFS WPMU�
BHF PWFSTDBMJOH �ۜ *O� 1SPDFFEJOHT PG UIF ���� "TJB BOE 4PVUI 1BDJ࠻D %FTJHO "V�
UPNBUJPO $POGFSFODF� *&&& 1SFTT� ���� QQ� ����ے���

<��> (FPSHJPT ,BSBLPOTUBOUJT BOE ,BVTIJL 3PZ� ۛ7PMUBHF PWFS�TDBMJOH� " DSPTT�MBZFS
EFTJHO QFSTQFDUJWF GPS FOFSHZ FॵDJFOU TZTUFNT �ۜ *O� $JSDVJU FPSZ BOE %FTJHO
	&$$5%
 ���� ��UI &VSPQFBO $POGFSFODF PO� *&&&� ���� QQ� ����ے���

<��> -JOB ,BSBN FU BM� ۛ5SFOET JO NVMUJDPSF %41 QMBUGPSNT �ۜ *O� *&&& TJHOBM QSPDFTTJOH
NBHB[JOF ���� 	����
 QQ� ���ے��

<��> +BHSJU ,BUIVSJB . "ZPVCLIBO BOE "SUJ /PPS� ۛ" SFWJFX PG DMPDL HBUJOH UFDI�
OJRVFT �ۜ *O� .*5 *OUFSOBUJPOBM +PVSOBM PG &MFDUSPOJDT BOE $PNNVOJDBUJPO &OHJ�
OFFSJOH ��� 	����
 QQ� ����ے���

<��> )JNBOTIV,BVM FU BM� ۛ" ����()[ ���UP����('-014�8WBSJBCMF�QSFDJTJPO ॴPBUJOH�
QPJOU GVTFE NVMUJQMZ�BEE VOJU XJUI DFSUBJOUZ USBDLJOH JO ��ON $.04 �ۜ *O� ����
*&&& *OUFSOBUJPOBM 4PMJE�4UBUF $JSDVJUT $POGFSFODF� *&&&� ���� QQ� ����ے���

<��> +POHIP ,JN FU BM� ۛ%FMBZ NPOJUPSJOH TZTUFN XJUI NVMUJQMF HFOFSJD NPOJUPST GPS
XJEF WPMUBHF SBOHF PQFSBUJPO �ۜ *O� *&&& 5SBOTBDUJPOT PO 7FSZ -BSHF 4DBMF *OUFHSB�
UJPO 	7-4*
 4ZTUFNT ���� 	����
 QQ� ���ے��

<��> 4FPOHKPOH ,JN BOE .JOHPP 4FPL� ۛ7BSJBUJPO�UPMFSBOU VMUSB�MPX�WPMUBHF NJDSP�
QSPDFTTPS XJUI B MPX�PWFSIFBE XJUIJO�B�DZDMF JO�TJUV UJNJOH�FSSPS EFUFDUJPO
BOE DPSSFDUJPO UFDIOJRVF �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	����

QQ� �����ے����

<��> :POH�#JO ,JN� ۛ$IBMMFOHFT GPS OBOPTDBMF .04'&5T BOE FNFSHJOH OBOPFMFD�
USPOJDT �ۜ *O� 5SBOTBDUJPOT PO &MFDUSJDBM BOE &MFDUSPOJD.BUFSJBMT ���� 	����
 QQ� ے��
����

���

http://www.itrs2.net/
http://www.itrs2.net/
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#*#-*0(3"1):

<��> :POHUBF ,JN :POH ;IBOH BOE 1FOH -J� ۛ&OFSHZ FॵDJFOU BQQSPYJNBUF BSJUI�
NFUJD GPS FSSPS SFTJMJFOU OFVSPNPSQIJD DPNQVUJOH �ۜ *O� *&&& 5SBOTBDUJPOT PO 7FSZ
-BSHF 4DBMF *OUFHSBUJPO 	7-4*
 4ZTUFNT ����� 	����
 QQ� �����ے����

<��> )� ,PKJNB 4� 5BOBLB BOE ,� 4BTBLJ� ۛ)BMG�TXJOH DMPDLJOH TDIFNF GPS ��� QPXFS
TBWJOH JO DMPDLJOH DJSDVJUSZ �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	"QS�
����
 QQ� ����ے��� ডপপথ� ���������� জদড� �����������������

<��> 5FKBTXJOJ ,PMQF "OUPOJB ;IBJ BOE 4BDIJO 4� 4BQBUOFLBS� ۛ&OBCMJOH JNQSPWFE
QPXFSNBOBHFNFOU JONVMUJDPSF QSPDFTTPST UISPVHI DMVTUFSFE%7'4 �ۜ *O�%"5&ڞ���
%FTJHO "VUPNBUJPO � 5FTU JO &VSPQF $POGFSFODF � &YIJCJUJPO� *&&&� .BS� ����
QQ� ��ے�

<��> +POBUIBO ,PPNFZ FU BM� ۛ*NQMJDBUJPOT PG IJTUPSJDBM USFOET JO UIF FMFDUSJDBM Fॵ�
DJFODZ PG DPNQVUJOH �ۜ *O� *&&& "OOBMT PG UIF )JTUPSZ PG $PNQVUJOH ���� 	����

QQ� ���ے��

<��> 1� ,� ,SBVTF BOE *� 1PMJBO� ۛ"EBQUJWF WPMUBHF PWFS�TDBMJOH GPS SFTJMJFOU BQQMJ�
DBUJPOT �ۜ *O� ���� %FTJHO "VUPNBUJPO 5FTU JO &VSPQF� .BS� ���� QQ� ��ے� জদড�
��������%"5&��������������

<��> 1BSBH ,VMLBSOJ 1VOFFU (VQUB BOE.JMPT &SDFHPWBD� ۛ5SBEJOH BDDVSBDZ GPS QPXFS
XJUI BO VOEFSEFTJHOFE NVMUJQMJFS BSDIJUFDUVSF �ۜ *O� ���� ��UI *OUFSOBUJPBM $PO�
GFSFODF PO 7-4* %FTJHO� *&&&� ���� QQ� ����ے���

<��> 5BEBIJSP ,VSPEB FU BM� ۛ7BSJBCMF TVQQMZ�WPMUBHF TDIFNF GPS MPX�QPXFS IJHI�
TQFFE $.04 EJHJUBM EFTJHO �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	����

QQ� ����ے���

<��> &� ,VSTVO 4� (IJBTJ BOE .� 4BSSBG[BEFI� ۛ5SBOTJTUPS MFWFM CVEHFUJOH GPS QPXFS
PQUJNJ[BUJPO �ۜ *O� *OUFSOBUJPOBM 4ZNQPTJVN PO 4JHOBMT $JSDVJUT BOE 4ZTUFNT� 1SP�
DFFEJOHT 4$4 ����� 	$BU� /P���&9���
� .BS� ���� QQ� ����ے��� জদড� ��������
*42&%��������������

<��> *OZPOH ,XPO FU BM� ۛ3B[PS�MJUF� B MJHIU�XFJHIU SFHJTUFS GPS FSSPS EFUFDUJPO CZ
PCTFSWJOH WJSUVBM TVQQMZ SBJMT �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	����

QQ� �����ے����

<��> ,IBJOH :JO ,ZBX 8BOH -JOH (PI BOE ,JBU 4FOH :FP� ۛ-PX�QPXFS IJHI�TQFFE
NVMUJQMJFS GPS FSSPS�UPMFSBOU BQQMJDBUJPO �ۜ *O� ���� *&&& *OUFSOBUJPOBM $POGFSFODF
PG &MFDUSPO %FWJDFT BOE 4PMJE�4UBUF $JSDVJUT 	&%44$
� *&&&� ���� QQ� ��ے�

<��> -JBOH[IFO -BJ FU BM� ۛ4MBDLQSPCF� " MPX PWFSIFBE JO TJUV PO�MJOF UJNJOH TMBDL
NPOJUPSJOH NFUIPEPMPHZ �ۜ *O� 1SPDFFEJOHT PG UIF $POGFSFODF PO %FTJHO "VUPNB�
UJPO BOE 5FTU JO &VSPQF� &%" $POTPSUJVN� ���� QQ� ����ے���

<��> 8BO�1JOH -FF )VOH�:J -JV BOE :BP�8FO $IBOH� ۛ7PMUBHF JTMBOE BXBSF ॴPPS�
QMBOOJOH GPS QPXFS BOE UJNJOH PQUJNJ[BUJPO �ۜ *O� 1SPDFFEJOHT PG UIF ���� *&&&�"$.
JOUFSOBUJPOBM DPOGFSFODF PO $PNQVUFS�BJEFE EFTJHO� "$.� ���� QQ� ����ے���

���

https://doi.org/10.1109/4.375963
https://doi.org/10.1109/DATE.2011.5763153
https://doi.org/10.1109/ISQED.2004.1283660
https://doi.org/10.1109/ISQED.2004.1283660


#*#-*0(3"1):

<��> -BSLIPPO -FFN FU BM� ۛ&34"� &SSPS SFTJMJFOU TZTUFN BSDIJUFDUVSF GPS QSPCBCJMJTUJD
BQQMJDBUJPOT �ۜ *O� 1SPDFFEJOHT PG UIF $POGFSFODF PO %FTJHO "VUPNBUJPO BOE 5FTU
JO &VSPQF� &VSPQFBO %FTJHO BOE "VUPNBUJPO "TTPDJBUJPO� ���� QQ� �����ے����

<��> 9VBOIVB -J BOE %POBME :FVOH� ۛ"QQMJDBUJPO�MFWFM DPSSFDUOFTT BOE JUT JNQBDU PO
GBVMU UPMFSBODF �ۜ *O� ���� *&&& ��UI *OUFSOBUJPOBM TZNQPTJVN PO IJHI QFSGPSNBODF
DPNQVUFS BSDIJUFDUVSF� *&&&� ���� QQ� ����ے���

<��> "WJOBTI -JOHBNOFOJ FU BM� ۛ&OFSHZ QBSTJNPOJPVT DJSDVJU EFTJHO UISPVHI QSPCB�
CJMJTUJD QSVOJOH �ۜ *O� ���� %FTJHO "VUPNBUJPO � 5FTU JO &VSPQF� *&&&� ���� QQ� ے�
��

<��> #JO -JV FU BM� ۛ1PXFS ESJWFO QMBDFNFOU XJUI MBZPVU BXBSF TVQQMZ WPMUBHF BT�
TJHONFOU GPS WPMUBHF JTMBOE HFOFSBUJPO JO %VBM�7EE EFTJHOT �ۜ *O� "TJB BOE 4PVUI
1BDJ࠻D $POGFSFODF PO %FTJHO "VUPNBUJPO ����� *&&&� ���� �QQے�

<��> $POH -JV +JF )BO BOE 'BCSJ[JP -PNCBSEJ� ۛ" MPX�QPXFS IJHI�QFSGPSNBODF BQ�
QSPYJNBUF NVMUJQMJFS XJUI DPOॳHVSBCMF QBSUJBM FSSPS SFDPWFSZ �ۜ *O� ���� %FTJHO
"VUPNBUJPO � 5FTU JO &VSPQF $POGFSFODF � &YIJCJUJPO 	%"5&
� *&&&� ���� QQ� ے�
��

<��> +BOF 84 -JV FU BM� ۛ*NQSFDJTF DPNQVUBUJPOT �ۜ *O� 1SPDFFEJOHT PG UIF *&&& ����
	����
 QQ� ���ے��

<��> 9� -JV FU BM� ۛ"O 6MUSBMPX�7PMUBHF 4FOTPS /PEF 1SPDFTTPS 8JUI %JWFSTF )BSE�
XBSF "DDFMFSBUJPO BOE $PHOJUJWF 4BNQMJOH GPS *OUFMMJHFOU 4FOTJOH �ۜ *O� *&&&
5SBOTBDUJPOT PO $JSDVJUT BOE 4ZTUFNT **� &YQSFTT #SJFGT ����� 	%FD� ����
 QQ� ے����
����� ডপপথ� ���������� জদড� ��������5$4**��������������

<��> :BOH -JV BOE 5POH ;IBOH� ۛ0O UIF TFMFDUJPO PG BSJUINFUJD VOJU TUSVDUVSF JO WPMU�
BHF PWFSTDBMFE TP EJHJUBM TJHOBM QSPDFTTJOH �ۜ *O� 1SPDFFEJOHT PG UIF ���� JOUFS�
OBUJPOBM TZNQPTJVN PO -PX QPXFS FMFDUSPOJDT BOE EFTJHO� "$.� ���� QQ� ے���
����

<��> 4IJI�-JFO -V� ۛ4QFFEJOH VQ QSPDFTTJOH XJUI BQQSPYJNBUJPO DJSDVJUT �ۜ *O� $PN�
QVUFS ���� 	����
 QQ� ���ے��

<��> +FॲSFZ 5 -VEXJH 4 )BNJE /BXBC BOE "OBOUIB 1 $IBOESBLBTBO� ۛ-PX�QPXFS
EJHJUBM ॳMUFSJOH VTJOH BQQSPYJNBUF QSPDFTTJOH �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF
$JSDVJUT ���� 	����
 QQ� ����ے���

<��> )BNJE 3F[B .BIEJBOJ FU BM� ۛ#JP�JOTQJSFE JNQSFDJTF DPNQVUBUJPOBM CMPDLT GPS
FॵDJFOU 7-4* JNQMFNFOUBUJPO PG TPGU�DPNQVUJOH BQQMJDBUJPOT �ۜ *O� *&&& 5SBOT�
BDUJPOT PO $JSDVJUT BOE 4ZTUFNT *� 3FHVMBS 1BQFST ���� 	����
 QQ� ����ے���

<��> 3BIVM .BOHIBSBN BOE "NJOSF[B "CSBIJNJ 4BCB� ۛ"OZUJNF BMHPSJUINT GPS (16
BSDIJUFDUVSFT �ۜ *O� ���� *&&& ��OE 3FBM�5JNF 4ZTUFNT 4ZNQPTJVN� *&&&� ����
QQ� ���ے��

���

https://doi.org/10.1109/TCSII.2015.2468927


#*#-*0(3"1):

<��> :� .BTVEB FU BM� ۛ$PNQBSJOH 7PMUBHF "EBQUBUJPO 1FSGPSNBODF CFUXFFO 3FQMJDB
BOE *O�4JUV 5JNJOH .POJUPST �ۜ *O� ���� *&&&�"$. *OUFSOBUJPOBM $POGFSFODF PO
$PNQVUFS�"JEFE %FTJHO 	*$$"%
� /PW� ���� QQ� ��ے� জদড� ����������������
��������

<��> +JO .JBP FU BM� ۛ.PEFMJOH BOE TZOUIFTJT PG RVBMJUZ�FOFSHZ PQUJNBM BQQSPYJNBUF
BEEFST �ۜ *O� 1SPDFFEJOHT PG UIF *OUFSOBUJPOBM $POGFSFODF PO $PNQVUFS�"JEFE %F�
TJHO� "$.� ���� QQ� ����ے���

<��> 4ZMWBJO .JFSNPOU 1BTDBM 7JWFU BOE .BSD 3FOBVEJO� ۛ" QPXFS TVQQMZ TFMFD�
UPS GPS FOFSHZ�BOE BSFB�FॵDJFOU MPDBM EZOBNJD WPMUBHF TDBMJOH �ۜ *O� *OUFHSBUFE
$JSDVJU BOE 4ZTUFN %FTJHO� 1PXFS BOE 5JNJOH .PEFMJOH 0QUJNJ[BUJPO BOE 4JNV�
MBUJPO� 7PM� ����� 4QSJOHFS ���� QQ� ����ے���

<��> %FCBCSBUB .PIBQBUSB (FPSHJPT ,BSBLPOTUBOUJT BOE ,BVTIJL 3PZ� ۛ-PX�QPXFS
QSPDFTT�WBSJBUJPO UPMFSBOU BSJUINFUJD VOJUT VTJOH JOQVU�CBTFE FMBTUJD DMPDLJOH �ۜ
*O� 1SPDFFEJOHT PG UIF ���� JOUFSOBUJPOBM TZNQPTJVN PO -PX QPXFS FMFDUSPOJDT BOE
EFTJHO� "$.� ���� QQ� ���ے��

<���> %FCBCSBUB .PIBQBUSB FU BM� ۛ%FTJHO PG WPMUBHF�TDBMBCMF NFUB�GVODUJPOT GPS BQ�
QSPYJNBUF DPNQVUJOH �ۜ *O� ���� %FTJHO "VUPNBUJPO � 5FTU JO &VSPQF� *&&&� ����
QQ� ��ے�

<���> +PT© .POUFJSP BOE 4SJOJWBT %FWBEBT� ۛ5FDIOJRVFT GPS QPXFS FTUJNBUJPO BOE PQ�
UJNJ[BUJPO BU UIF MPHJD MFWFM� B TVSWFZ �ۜ *O� +PVSOBM PG 7-4* TJHOBM QSPDFTTJOH TZT�
UFNT GPS TJHOBM JNBHF BOE WJEFP UFDIOPMPHZ ������ 	����
 QQ� ����ے���

<���> #FSU .PPOT BOE .BSJBO 7FSIFMTU� ۛ%WBT� %ZOBNJD WPMUBHF BDDVSBDZ TDBMJOH GPS
JODSFBTFE FOFSHZ�FॵDJFODZ JO BQQSPYJNBUF DPNQVUJOH �ۜ *O� ���� *&&&�"$. *O�
UFSOBUJPOBM 4ZNQPTJVN PO -PX 1PXFS &MFDUSPOJDT BOE%FTJHO 	*4-1&%
� *&&&� ����
QQ� ����ے���

<���> #FSU .PPOT FU BM� ۛ���� FOWJTJPO� " �����UP���UPQT�X TVCXPSE�QBSBMMFM EZOBNJD�
WPMUBHF�BDDVSBDZ�GSFRVFODZ�TDBMBCMF DPOWPMVUJPOBM OFVSBM OFUXPSL QSPDFTTPS
JO ��ON GETPJ �ۜ *O� ���� *&&& *OUFSOBUJPOBM 4PMJE�4UBUF $JSDVJUT $POGFSFODF 	*44$$
�
*&&&� ���� QQ� ����ے���

<���> #FSU .PPOT FU BM� ۛ%7"'4� 5SBEJOH DPNQVUBUJPOBM BDDVSBDZ GPS FOFSHZ UISPVHI
EZOBNJD�WPMUBHF�BDDVSBDZ�GSFRVFODZ�TDBMJOH �ۜ *O� %FTJHO "VUPNBUJPO � 5FTU JO
&VSPQF $POGFSFODF � &YIJCJUJPO 	%"5&
 ����� *&&&� ���� QQ� ����ے���

<���> (PSEPO &.PPSF FU BM� $SBNNJOH NPSF DPNQPOFOUT POUP JOUFHSBUFE DJSDVJUT� �����
<���> 4SJOJWBTBO /BSBZBOBNPPSUIZ FU BM� ۛ&OFSHZ�FॵDJFOU BQQSPYJNBUF NVMUJQMJDB�

UJPO GPS EJHJUBM TJHOBM QSPDFTTJOH BOE DMBTTJॳDBUJPO BQQMJDBUJPOT �ۜ *O� *&&& USBOT�
BDUJPOT PO WFSZ MBSHF TDBMF JOUFHSBUJPO 	7-4*
 TZTUFNT ���� 	����
 QQ� �����ے����

���

https://doi.org/10.1145/3240765.3240788
https://doi.org/10.1145/3240765.3240788


#*#-*0(3"1):

<���> .FIS[BE /FKBU #JKBO "MJ[BEFI BOE "MJ "G[BMJ�,VTIB� ۛ%ZOBNJD ॴJQ�ॴPQ DPO�
WFSTJPO UP UPMFSBUF QSPDFTT WBSJBUJPO JO MPX QPXFS DJSDVJUT �ۜ *O� 1SPDFFEJOHT PG
UIF DPOGFSFODF PO %FTJHO "VUPNBUJPO � 5FTU JO &VSPQF� &VSPQFBO %FTJHO BOE
"VUPNBUJPO "TTPDJBUJPO� ���� Q� ����

<���> %BWJE /HVZFO FU BM� ۛ.JOJNJ[BUJPO PG EZOBNJD BOE TUBUJD QPXFS UISPVHI KPJOU
BTTJHONFOU PG UISFTIPME WPMUBHFT BOE TJ[JOH PQUJNJ[BUJPO �ۜ *O� 1SPDFFEJOHT PG UIF
���� JOUFSOBUJPOBM TZNQPTJVN PO -PX QPXFS FMFDUSPOJDT BOE EFTJHO� "$.� ����
QQ� ����ے���

<���> &SXBO /PHVFT %BOJFM .FOBSE BOE.BYJNF 1FMDBU� ۛ"MHPSJUINJD�MFWFM BQQSPYJ�
NBUF DPNQVUJOH BQQMJFE UP FOFSHZ FॵDJFOU IFWD EFDPEJOH �ۜ *O� *&&& 5SBOTBDUJPOT
PO &NFSHJOH 5PQJDT JO $PNQVUJOH 	����
�

<���> ,� +� /PXLB FU BM� ۛ" ���CJU 1PXFS1$ TZTUFN�PO�B�DIJQXJUI TVQQPSU GPS EZOBNJD
WPMUBHF TDBMJOH BOE EZOBNJD GSFRVFODZ TDBMJOH �ۜ *O� *&&& +PVSOBM PG 4PMJE�4UBUF
$JSDVJUT ����� 	/PW� ����
 QQ� �����ے����

<���> %BNJBO /PXSPUI *MJB 1PMJBO BOE #FSOE #FDLFS� ۛ" TUVEZ PG DPHOJUJWF SFTJMJFODF
JO B +1&( DPNQSFTTPS �ۜ *O� ���� *&&& *OUFSOBUJPOBM $POGFSFODF PO %FQFOEBCMF
4ZTUFNT BOE /FUXPSLT 8JUI '5$4 BOE %$$ 	%4/
� *&&&� ���� QQ� ���ے��

<���> %BOJFMF +BIJFS 1BHMJBSJ FU BM� ۛ"O BVUPNBUFE EFTJHO ॴPX GPS BQQSPYJNBUF DJSDVJUT
CBTFE PO SFEVDFE QSFDJTJPO SFEVOEBODZ �ۜ *O� $PNQVUFS %FTJHO 	*$$%
 ���� ��SE
*&&& *OUFSOBUJPOBM $POGFSFODF PO� *&&&� ���� QQ� ���ے��

<���> ,SJTIOB 7 1BMFN FU BM� ۛ4VTUBJOJOHNPPSFۘT MBX JO FNCFEEFE DPNQVUJOH UISPVHI
QSPCBCJMJTUJD BOE BQQSPYJNBUF EFTJHO� SFUSPTQFDUT BOE QSPTQFDUT �ۜ *O� 1SPDFFEJOHT
PG UIF ���� JOUFSOBUJPOBM DPOGFSFODF PO $PNQJMFST BSDIJUFDUVSF BOE TZOUIFTJT GPS
FNCFEEFE TZTUFNT� "$.� ���� QQ� ���ے�

<���> 7FFSB 1BQJSMB "BSVM +BJO BOE $IBJUBMJ $IBLSBCBSUJ� ۛ-PX QPXFS SPCVTU TJHOBM
QSPDFTTJOH �ۜ *O� 1SPDFFEJOHT PG UIF ���� "$.�*&&& JOUFSOBUJPOBM TZNQPTJVN PO
-PX QPXFS FMFDUSPOJDT BOE EFTJHO� "$.� ���� QQ� ����ے���

<���> +� 1BSL FU BM� ۛ"DDVSBUF NPEFMJOH BOE DBMDVMBUJPO PG EFMBZ BOE FOFSHZ PWFSIFBET
PG EZOBNJD WPMUBHF TDBMJOH JO NPEFSO IJHI�QFSGPSNBODF NJDSPQSPDFTTPST �ۜ *O�
���� "$.�*&&& *OUFSOBUJPOBM 4ZNQPTJVN PO -PX�1PXFS &MFDUSPOJDT BOE %FTJHO
	*4-1&%
� "VH� ���� QQ� ����ے���

<���> +POHTVO 1BSL +VOH )XBO $IPJ BOE ,BVTIJL 3PZ� ۛ%ZOBNJD CJU�XJEUI BEBQUB�
UJPO JO %$5� "O BQQSPBDI UP USBEF Pॲ JNBHF RVBMJUZ BOE DPNQVUBUJPO FOFSHZ �ۜ
*O� *&&& USBOTBDUJPOT PO WFSZ MBSHF TDBMF JOUFHSBUJPO 	7-4*
 TZTUFNT ���� 	����

QQ� ����ے���

<���> +Fॲ 1BSLIVSTU +PIO %BSSJOHFS BOE #JMM (SVOENBOO� ۛ'SPN TJOHMF DPSF UP NVMUJ�
DPSF� QSFQBSJOH GPS B OFX FYQPOFOUJBM �ۜ *O� 1SPDFFEJOHT PG UIF ���� *&&&�"$.
JOUFSOBUJPOBM DPOGFSFODF PO $PNQVUFS�BJEFE EFTJHO� "$.� ���� QQ� ���ے��

���



#*#-*0(3"1):

<���> 7BMFOUJOP 1FMVTP FU BM� ۛ#FZPOE *EFBM %7'4ওSPVHI6MUSB�'JOF(SBJO 7EE�)PQQJOH �ۜ
*O� *'*1�*&&& *OUFSOBUJPOBM $POGFSFODF PO 7FSZ -BSHF 4DBMF *OUFHSBUJPO�4ZTUFN PO
B $IJQ� 4QSJOHFS� ���� QQ� ����ے���

<���> 7BMFOUJOP 1FMVTP FU BM� ۛ6MUSB�'JOF(SBJO 7EE�)PQQJOH GPS FOFSHZ�FॵDJFOU.VMUJ�
1SPDFTTPS 4P$T �ۜ *O� ���� *'*1�*&&& *OUFSOBUJPOBM $POGFSFODF PO 7FSZ -BSHF 4DBMF
*OUFHSBUJPO 	7-4*�4P$
� *&&&� 4FQU� ���� QQ� ��ے�

<���> 5� 1FSJOH 5� #VSE BOE 3� #SPEFSTFO� ۛওF TJNVMBUJPO BOE FWBMVBUJPO PG EZOBNJD
WPMUBHF TDBMJOH BMHPSJUINT �ۜ *O� 1SPDFFEJOHT� ���� *OUFSOBUJPOBM 4ZNQPTJVN PO
-PX 1PXFS &MFDUSPOJDT BOE %FTJHO 	*&&& $BU� /P���5)����
� "VH� ���� QQ� ے��
��� জদড� ����������������������

<���> +�.� 3BCBFZ BOE .� 1FESBN� -PX 1PXFS %FTJHO .FUIPEPMPHJFT� ওF 4QSJOHFS *O�
UFSOBUJPOBM 4FSJFT JO &OHJOFFSJOH BOE $PNQVUFS 4DJFODF� 4QSJOHFS 64 �����
ডপচথ� �������������� বণ� IUUQT � � � CPPLT � HPPHMF � JU � CPPLT  JE �
�*[V#X""2#"+�

<���> +BO .� 3BCBFZ� %JHJUBM *OUFHSBUFE $JSDVJUT� " %FTJHO 1FSTQFDUJWF� 6QQFS 4BEEMF
3JWFS /+ 64"� 1SFOUJDF�)BMM *OD� ����� ডপচথ� ��������������

<���> "CCBT 3BIJNJ -VDB #FOJOJ BOE 3BKFTI ,(VQUB� ۛ7BSJBCJMJUZNJUJHBUJPO JO OBOPNF�
UFS $.04 JOUFHSBUFE TZTUFNT� " TVSWFZ PG UFDIOJRVFT GSPN DJSDVJUT UP TPXBSF �ۜ
*O� 1SPDFFEJOHT PG UIF *&&& ����� 	����
 QQ� �����ے����

<���> "TIJTI 3BOKBO FU BM� ۛ"4-"/� 4ZOUIFTJT PG BQQSPYJNBUF TFRVFOUJBM DJSDVJUT �ۜ *O�
1SPDFFEJOHT PG UIF DPOGFSFODF PO %FTJHO "VUPNBUJPO � 5FTU JO &VSPQF� &VSPQFBO
%FTJHO BOE "VUPNBUJPO "TTPDJBUJPO� ���� Q� ����

<���> 3PCFSUP (� 3J[[P BOE "OESFB $BMJNFSB� ۛ5VOBCMF &SSPS %FUFDUJPO�$PSSFDUJPO
GPS &ॵDJFOU 7PMUBHF 0WFS�4DBMJOH �ۜ *O� /FX (FOFSBUJPO PG $JSDVJUT BOE 4ZTUFNT
$POGFSFODF 	/($"4
 ���� *&&& �TU *OUFSOBUJPOBM� *&&&� �����

<���> 3PCFSUP (� 3J[[P FU BM� ۛ&BSMZ #JSE 4BNQMJOH� B 4IPSU�1BUIT 'SFF &SSPS %FUFDUJPO�
$PSSFDUJPO 4USBUFHZ GPS %BUB�%SJWFO 704 �ۜ *O� *OUFSOBUJPOBM $POGFSFODF PO 7FSZ
-BSHF 4DBMF *OUFHSBUJPO 	7-4*�4P$

 ���� *&&& ��UI *OUFSOBUJPOBM� *&&&� �����

<���> 3PCFSUP(3J[[P "OESFB $BMJNFSB BOE +VO ;IPV� ۛ"QQSPYJNBUF &SSPS%FUFDUJPO�
$PSSFDUJPO GPS FॵDJFOU "EBQUJWF 7PMUBHF0WFS�4DBMJOH �ۜ *O� *OUFHSBUJPO �� 	����

QQ� ����ے���

<���> 3PCFSUP (JPSHJP 3J[[P BOE "OESFB $BMJNFSB� ۛ*NQMFNFOUJOH "EBQUJWF 7PMUBHF
0WFS�4DBMJOH� "MHPSJUINJD /PJTF 5PMFSBODF WT� "QQSPYJNBUF &SSPS %FUFDUJPO �ۜ
*O� +PVSOBM PG -PX 1PXFS &MFDUSPOJDT BOE "QQMJDBUJPOT ��� 	����
� ডপপথ� ����������
জদড� ��������KMQFB�������� বণ� IUUQ���XXX�NEQJ�DPN������
������������

���

https://doi.org/10.1145/280756.280790
https://books.google.it/books?id=9IzuBwAAQBAJ
https://books.google.it/books?id=9IzuBwAAQBAJ
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#*#-*0(3"1):

<���> ,� 3PZ 4� .VLIPQBEIZBZ BOE)�.BINPPEJ�.FJNBOE� ۛ-FBLBHF DVSSFOU NFDI�
BOJTNT BOE MFBLBHF SFEVDUJPO UFDIOJRVFT JO EFFQ�TVCNJDSPNFUFS $.04 DJS�
DVJUT �ۜ *O� 1SPDFFEJOHT PG UIF *&&& ���� 	'FC� ����
 QQ� ����ے��� ডপপথ� ����������
জদড� ��������+130$�������������

<���> .� 4BMJWB FU BM� ۛ%JHJUBM DJSDVJUT SFMJBCJMJUZ XJUI JO�TJUV NPOJUPST JO ��ON GVMMZ
EFQMFUFE 40* �ۜ *O� ���� %FTJHO "VUPNBUJPO 5FTU JO &VSPQF $POGFSFODF &YIJCJUJPO
	%"5&
� .BS� ���� QQ� ����ے��� জদড� ��������%"5&�����������

<���> 5� 4BUP BOE :� ,VOJUBLF� ۛ" 4JNQMF 'MJQ�'MPQ $JSDVJU GPS 5ZQJDBM�$BTF %FTJHOT GPS
%'. �ۜ *O� �UI *OUFSOBUJPOBM 4ZNQPTJVN PO 2VBMJUZ &MFDUSPOJD %FTJHO 
��ڞ%&42*	�
.BS� ���� QQ� ����ے��� জদড� ��������*42&%���������

<���> .JDIBFM + 4DIVMUF +BNFT & 4UJOF BOE +PIO ( +BOTFO� ۛ3FEVDFE QPXFS EJTTJQBUJPO
UISPVHI USVODBUFE NVMUJQMJDBUJPO �ۜ *O� 1SPDFFEJOHT *&&& "MFTTBOESP 7PMUB .FNP�
SJBM 8PSLTIPQ PO -PX�1PXFS %FTJHO� *&&&� ���� QQ� ���ے��

<���> .JDIBFM + 4DIVMUF BOE &BSM & 4XBSU[MBOEFS� ۛ" GBNJMZ PG WBSJBCMF�QSFDJTJPO JO�
UFSWBM BSJUINFUJD QSPDFTTPST �ۜ *O� *&&& 5SBOTBDUJPOT PO $PNQVUFST ���� 	����

QQ� ����ے���

<���> 8� 4IBO -� 4IJ BOE +� :BOH� ۛ*O�4JUV5JNJOH .POJUPS�#BTFE "EBQUJWF 7PMUBHF
4DBMJOH 4ZTUFN GPS 8JEF�7PMUBHF�3BOHF "QQMJDBUJPOT �ۜ *O� *&&& "DDFTT � 	����

QQ� ������ے����� ডপপথ� ���������� জদড� ��������"$$&44��������������

<���> :PVIVB 4IJ FU BM� ۛ4VTQJDJPVT UJNJOH FSSPS QSFEJDUJPO XJUI JO�DZDMF DMPDL HBUJOH �ۜ
*O� *OUFSOBUJPOBM 4ZNQPTJVN PO 2VBMJUZ &MFDUSPOJD %FTJHO 	*42&%
� *&&&� ����
QQ� ����ے���

<���> #ZPOHIZP 4IJN BOE /BSFTI 3 4IBOCIBH� ۛ3FEVDFE QSFDJTJPO SFEVOEBODZ GPS
MPX�QPXFS EJHJUBM ॳMUFSJOH �ۜ *O� $POGFSFODF 3FDPSE PG IࡘJSUZ�'J "TJMPNBS $PO�
GFSFODF PO 4JHOBMT 4ZTUFNT BOE $PNQVUFST 	$BU� /P� ��$)�����
� 7PM� �� *&&&�
���� QQ� ����ے���

<���> #ZPOHIZP 4IJN 4SJOJWBTB 3 4SJEIBSB BOE /BSFTI 3 4IBOCIBH� ۛ3FMJBCMF MPX�
QPXFS EJHJUBM TJHOBM QSPDFTTJOH WJB SFEVDFE QSFDJTJPO SFEVOEBODZ �ۜ *O� *&&&
5SBOTBDUJPOT PO 7FSZ -BSHF 4DBMF *OUFHSBUJPO 	7-4*
 4ZTUFNT ���� 	����
 QQ� ے���
����

<���> %PPDIVM 4IJO BOE 4BOEFFQ , (VQUB� ۛ"QQSPYJNBUF MPHJD TZOUIFTJT GPS FSSPS
UPMFSBOU BQQMJDBUJPOT �ۜ *O� ���� %FTJHO "VUPNBUJPO � 5FTU JO &VSPQF $POGFSFODF
� &YIJCJUJPO 	%"5& ����
� *&&&� ���� QQ� ����ے���

<���> 4UFMJPT 4JEJSPHMPV�%PVTLPT FU BM� ۛ.BOBHJOH QFSGPSNBODF WT� BDDVSBDZ USBEF�
PॲT XJUI MPPQ QFSGPSBUJPO �ۜ *O� 1SPDFFEJOHT PG UIF ��UI "$. 4*(40'5 TZNQPTJVN
BOE UIF ��UI &VSPQFBO DPOGFSFODF PO 'PVOEBUJPOT PG TPࡘXBSF FOHJOFFSJOH� "$.�
���� QQ� ����ے���

<���> 5PN 4JNPOJUF� ۛ.PPSFۘT -BX JT EFBE� /PX XIBU �ۜ *O� .*5 5FDIOPMPHZ 3FWJFX
	����
�

���

https://doi.org/10.1109/JPROC.2002.808156
https://doi.org/10.7873/DATE.2015.0238
https://doi.org/10.1109/ISQED.2007.23
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#*#-*0(3"1):

<���> "NJU 4JOIB BOE"OBOUIB 1$IBOESBLBTBO� ۛ&OFSHZ FॵDJFOU ॳMUFSJOH VTJOH BEBQ�
UJWF QSFDJTJPO BOE WBSJBCMF WPMUBHF �ۜ *O� 5XFMࡘI"OOVBM *&&& *OUFSOBUJPOBM "4*$�40$
$POGFSFODF 	$BU� /P� ��5)����
� *&&&� ���� QQ� ����ے���

<���> 4� .� 4SJOJWBT %FWBEBT� ۛ" 4VSWFZ PG 0QUJNJ[BUJPO 5FDIOJRVFT 5BSHFUJOH -PX
1PXFS7-4* $JSDVJUT �ۜ *O� ��OE%FTJHO"VUPNBUJPO $POGFSFODF� +VOF ���� QQ� ے���
���� জদড� ��������%"$�������������

<���> "OVQ ,VNBS 4VMUBOJB %FOOJT 4ZMWFTUFS BOE 4BDIJO 4 4BQBUOFLBS� ۛ5SBOTJTUPS
BOE QJO SFPSEFSJOH GPS HBUF PYJEF MFBLBHF SFEVDUJPO JO EVBM 5�TVC PY�DJSDVJUT �ۜ
*O� *&&& *OUFSOBUJPOBM $POGFSFODF PO $PNQVUFS %FTJHO� 7-4* JO $PNQVUFST BOE
1SPDFTTPST ����� *$$% ����� 1SPDFFEJOHT� *&&&� ���� QQ� ����ے���

<���> $IJO )XFF 5BO� ۛ.JOJNJ[BUJPO PG QPXFS JO 7-4* DJSDVJUT VTJOH USBOTJTUPS TJ[JOH
JOQVU PSEFSJOH BOE TUBUJTUJDBM QPXFS FTUJNBUJPO �ۜ *O� 1SPD� *8-1%� ���� QQ� ے��
���

<���> 7BMFSJP 5FOBDF BOE "OESFB $BMJNFSB� ۛ"DUJWBUJPO�,FSOFM &YUSBDUJPO UISPVHI
.BDIJOF -FBSOJOH �ۜ *O� $"4 	/($"4
 ���� /FX (FOFSBUJPO PG� *&&&� ���� QQ� ے�
��

<���> 7BMFSJP 5FOBDF BOE "OESFB $BMJNFSB� ۛ*OGFSFOUJBM -PHJD� B .BDIJOF -FBSOJOH
*OTQJSFE 1BSBEJHN GPS $PNCJOBUJPOBM $JSDVJUT �ۜ *O� ���� *'*1�*&&& *OUFSOBUJPOBM
$POGFSFODF PO 7FSZ -BSHF 4DBMF *OUFHSBUJPO 	7-4*�4P$
� *&&&� ���� QQ� ����ے���

<���> 7BMFSJP 5FOBDF BOE "OESFB $BMJNFSB� ۛ2VBTJ�FYBDU MPHJD GVODUJPOT UISPVHI DMBT�
TJॳDBUJPO USFFT �ۜ *O� *OUFHSBUJPO �� 	����
 QQ� ����ے���

<���> +PTIVB # 5FOFOCBVN FU BM� ۛ)PX UP HSPX B NJOE� 4UBUJTUJDT TUSVDUVSF BOE BC�
TUSBDUJPO �ۜ *O� TDJFODF �������� 	����
 QQ� �����ے����

<���> %FBO/� 5SVPOH FU BM� ۛ" ����QSPDFTTPS DPNQVUBUJPOBM QMBUGPSN JO �� ON$.04 �ۜ
*O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ���� 	"QS� ����
 QQ� �����ے����

<���> +BNFT 8 5TDIBO[ FU BM� ۛ"EBQUJWF CPEZ CJBT GPS SFEVDJOH JNQBDUT PG EJF�UP�EJF
BOE XJUIJO�EJF QBSBNFUFS WBSJBUJPOT PO NJDSPQSPDFTTPS GSFRVFODZ BOE MFBLBHF �ۜ
*O� *&&& +PVSOBM PG 4PMJE�4UBUF $JSDVJUT ����� 	����
 QQ� �����ے����

<���> +BNFT 5TDIBO[ FU BM� ۛ5VOBCMF SFQMJDB DJSDVJUT BOE BEBQUJWF WPMUBHF�GSFRVFODZ
UFDIOJRVFT GPS EZOBNJD WPMUBHF UFNQFSBUVSF BOE BHJOH WBSJBUJPO UPMFSBODF �ۜ
*O� ���� 4ZNQPTJVN PO 7-4* $JSDVJUT� *&&&� ���� QQ� ����ے���

<���> ,JNJZPTIJ 6TBNJ BOE .BSL )PSPXJU[� ۛ$MVTUFSFE 7PMUBHF 4DBMJOH 5FDIOJRVF GPS
-PX�QPXFS %FTJHO �ۜ *O� 1SPDFFEJOHT PG UIF ���� *OUFSOBUJPOBM 4ZNQPTJVN PO -PX
1PXFS %FTJHO� *4-1&% ۘ��� %BOB 1PJOU $BMJGPSOJB 64"� "$. ���� QQ� ��ے�
ডপচথ� �������������� জদড� ���������������������� বণ� IUUQ���EPJ�
BDN�PSH�����������������������

<���> ,JNJZPTIJ 6TBNJ BOE .BSL )PSPXJU[� ۛ$MVTUFSFE WPMUBHF TDBMJOH UFDIOJRVF GPS
MPX�QPXFS EFTJHO �ۜ *O� *4-1%� 7PM� ��� ���� QQ� ��ے�

���

https://doi.org/10.1109/DAC.1995.250098
https://doi.org/10.1145/224081.224083
http://doi.acm.org/10.1145/224081.224083
http://doi.acm.org/10.1145/224081.224083


#*#-*0(3"1):

<���> 4UFGBOPT 7BMBEJNBT :JPSHPT 5TJBUPVIBT BOE "OHFMB "SBQPZBOOJ� ۛ5JNJOH FSSPS
UPMFSBODF JO OBOPNFUFS *$T �ۜ *O� 0O�-JOF 5FTUJOH 4ZNQPTJVN 	*0-54
 ���� *&&&
��UI *OUFSOBUJPOBM� *&&&� ���� QQ� ����ے���

<���> 3BLFTI 7BਅJLPOEB 8FOQJOH 8BOH BOE :V $BP� ۛ.PEFMJOH BOE NJOJNJ[BUJPO
PG 1.04 /#5* FॲFDU GPS SPCVTU OBOPNFUFS EFTJHO �ۜ *O� 1SPDFFEJOHT PG UIF ��SE
BOOVBM %FTJHO "VUPNBUJPO $POGFSFODF� "$.� ���� QQ� �����ے����

<���> 7BTBOUI 7FOLBUBDIBMBN BOE .JDIBFM 'SBO[� ۛ1PXFS 3FEVDUJPO 5FDIOJRVFT GPS
.JDSPQSPDFTTPS 4ZTUFNT �ۜ *O� "$. $PNQVU� 4VSW� ���� 	4FQU� ����
 QQ� ����ے���
ডপপথ� ���������� জদড� ������������������������ বণ� IUUQ���EPJ�BDN�
PSH�������������������������

<���> 7BTBOUI 7FOLBUBDIBMBN BOE .JDIBFM 'SBO[� ۛ1PXFS SFEVDUJPO UFDIOJRVFT GPS
NJDSPQSPDFTTPS TZTUFNT �ۜ *O� "$. $PNQVUJOH 4VSWFZT 	$463
 ���� 	4FQU� ����

QQ� ����ے���

<���> 4XBHBUI 7FOLBUBSBNBOJ FU BM� ۛ2VBMJUZ QSPHSBNNBCMF WFDUPS QSPDFTTPST GPS BQ�
QSPYJNBUF DPNQVUJOH �ۜ *O� ���� ��UI "OOVBM *&&&�"$. *OUFSOBUJPOBM 4ZNQPTJVN
PO .JDSPBSDIJUFDUVSF 	.*$30
� *&&&� ���� QQ� ���ے�

<���> 4XBHBUI 7FOLBUBSBNBOJ FU BM� ۛ4"-4"� TZTUFNBUJD MPHJD TZOUIFTJT PG BQQSPYJ�
NBUF DJSDVJUT �ۜ *O� %"$ %FTJHO "VUPNBUJPO $POGFSFODF ����� *&&&� ���� QQ� ے���
����

<���> -J�$8BOH� ۛ&YQFSJFODF PG %BUB"OBMZUJDT JO &%"BOE5FTU1ۓSJODJQMFT 1SPNJTFT
BOE $IBMMFOHFT �ۜ *O� *&&& 5SBOTBDUJPOT PO $PNQVUFS�"JEFE %FTJHO PG *OUFHSBUFE
$JSDVJUT BOE 4ZTUFNT ���� 	����
 QQ� ����ے���

<���> :V�.JOH :BOH *SJT )VJ�3V +JBOH BOE 4VOH�5JOH)P� ۛ1VTI1VMM� 4IPSU�QBUI QBEEJOH
GPS UJNJOH FSSPS SFTJMJFOU DJSDVJUT �ۜ *O� *&&& 5SBOTBDUJPOT PO $PNQVUFS�"JEFE %F�
TJHO PG *OUFHSBUFE $JSDVJUT BOE 4ZTUFNT ���� 	����
 QQ� ����ے���

<���> ,B[VP :BOP FU BM� ۛ5PQ�EPXO QBTT�USBOTJTUPS MPHJD EFTJHO �ۜ *O� *&&& KPVSOBM PG
TPMJE�TUBUF DJSDVJUT ���� 	����
 QQ� ����ے���

<���> .VIBNNBE;BLBSZB BOE -FF(JMMBN� ۛ&OFSHZ FॵDJFOU DPNQVUJOH DMVTUFST HSJET
BOE DMPVET� " UBYPOPNZ BOE TVSWFZ �ۜ *O� 4VTUBJOBCMF $PNQVUJOH� *OGPSNBUJDT BOE
4ZTUFNT �� 	����
 QQ� ���ے�� ডপপথ� ���������� জদড� IUUQT���EPJ�PSH����
�����K�TVTDPN������������� বণ� IUUQ���XXX�TDJFODFEJSFDU�
DPN�TDJFODF�BSUJDMF�QJJ�4�����������������

<���> #P ;IBJ FU BM� ۛওFPSFUJDBM BOE QSBDUJDBM MJNJUT PG EZOBNJD WPMUBHF TDBMJOH �ۜ *O�
1SPDFFEJOHT PG UIF ��TU BOOVBM %FTJHO"VUPNBUJPO $POGFSFODF� "$.� ���� QQ� ے���
����

<���> +VO ;IPV FU BM� ۛ)&11� " OFX JO�TJUV UJNJOH�FSSPS QSFEJDUJPO BOE QSFWFOUJPO
UFDIOJRVF GPS WBSJBUJPO�UPMFSBOU VMUSB�MPX�WPMUBHF EFTJHOT �ۜ *O� 4PMJE�4UBUF $JS�
DVJUT $POGFSFODF 	"�44$$
 ���� *&&& "TJBO� *&&&� ���� QQ� ����ے���

���

https://doi.org/10.1145/1108956.1108957
http://doi.acm.org/10.1145/1108956.1108957
http://doi.acm.org/10.1145/1108956.1108957
https://doi.org/https://doi.org/10.1016/j.suscom.2017.03.002
https://doi.org/https://doi.org/10.1016/j.suscom.2017.03.002
http://www.sciencedirect.com/science/article/pii/S2210537917300707
http://www.sciencedirect.com/science/article/pii/S2210537917300707


#*#-*0(3"1):

<���> /JOH ;IV FU BM� ۛ%FTJHO PG MPX�QPXFS IJHI�TQFFE USVODBUJPO�FSSPS�UPMFSBOU BEEFS
BOE JUT BQQMJDBUJPO JO EJHJUBM TJHOBM QSPDFTTJOH �ۜ *O� *&&& 5SBOTBDUJPOT PO 7FSZ
-BSHF 4DBMF *OUFHSBUJPO 	7-4*
 4ZTUFNT ���� 	����
 QQ� �����ے����

<���> /JOH ;IV FU BM� ۛ&OIBODFE MPX�QPXFS IJHI�TQFFE BEEFS GPS FSSPS�UPMFSBOU BQ�
QMJDBUJPO �ۜ *O� ���� *OUFSOBUJPOBM 4P$ %FTJHO $POGFSFODF� *&&&� ���� QQ� ����ے���

���


	List of Tables
	List of Figures
	Introduction
	Context & Motivations
	Objectives & Contributions
	Main Research Achievements

	Dissertation Outline

	Energy Scaling through Low-Power Optimization
	Power Consumption Model in CMOS Technology
	Classical Low-Power Optimization Techniques
	Architectural Level
	Circuit Level
	Technological Level

	Dynamic Power Optimization Schemes
	Dynamic Voltage Scaling (DVS)
	Dynamic Voltage Frequency Scaling (DVFS)
	Beyond the DVFS: Fine-Grain Vdd-Hopping

	Adaptive Power Management (APM)
	Better-Than-Worst-Case Design
	Adaptive Voltage Scaling (AVS)

	Implementing APM: Timing Speculation for AVS
	In-situ Timing Monitors: Error Detection-Correction
	In-situ Timing Monitors: Error Prediction-Prevention
	In-situ Timing Monitors: Half-path Error Prediction-Prevention
	Replica-Paths Error Prevention
	Prediction based elastic-clocking


	Energy-Accuracy Scaling: a New Paradigm
	Energy-Accuracy Scaling (EAS): a Taxonomy
	Static EAS: speculation at Functional-level
	Approximate Logic
	Inferential Logic

	Dynamic EAS: Run-time Tradeoff
	Dynamic Voltage-Accuracy Scaling (DVAS)
	Dynamic Voltage-Frequency-Accuracy Scaling (DVAFS)
	Dynamic Voltage Over-Scaling (DVOS)
	Dynamic Inferential Logic Circuits

	Adaptive EAS: Beyond Dynamic Tradeoff Limitations
	Adaptive Voltage Over-scaling (AVOS)
	Algorithm Noise Tolerance (ANT)
	Error Detection and Correction schemes for Adaptive EAS
	Adaptive EAS and errors characterization


	Adaptive EAS via Approximate Error Detection-Correction
	Early Bird Sampling: a Short-Path Free Error Detection Strategy
	On the Limitations of Razor Scheme
	Dynamic Short-Path Padding through Early Bird Sampling
	Implementation Details
	On the Efficiency of Early Bird Sampling

	Tunable Error Detection (TunED)
	TunED Circuit Implementation

	Approximate Error Detection-Correction (AED-C) for Efficient EAS
	From Razor to AED-C for EAS
	Circuit-level Implementation Details
	Experimental Framework: EDA Methods and Tools
	Characterization and Figures-of-Merit
	AED-C for Dual-Mode AVOS: a Pros&Cons Analysis
	Image Processing Case Study: DCT in JPEG Compression

	Adaptive EAS strategies comparison: ANT Versus AED-C
	Parametric Analysis
	Final Considerations


	Static EAS via Inferential Arithmetic Circuits
	Inferential Multiplier: Theories, Methods and Tools
	Multiplication By Inference: an abstract viewpoint
	Logic Inference Through Classification Trees
	Machine Learning Driven Logic Synthesis Flow
	Experimental Results

	Static EAS strategies comparison: Inferential vs. Approximate Multiplier
	Hardware Characterization
	Error Distribution Characterization
	Final Considerations


	Conclusions
	List of Publications and Awards
	Bibliography

