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य़F VTFST PG UPEBZ BSF BMSFBEZ BCPVU UP FOUFS UIF FSB PG IJHIMZ JO�
UFHSBUFE NPEFSO XFBSBCMF EFWJDFT ۗ UIF UJNF XIFO TNBSU BDDFT�
TPSJFT XJMM JO UVSO QVTI BTJEF SFHVMBS 4NBSUQIPOFT BOE 5BCMFUT
CSJOHJOH B WBSJFUZ PG OFX TFDVSJUZ DIBMMFOHFT�य़F OVNCFS PG TJNVM�
UBOFPVTMZ VTFE CJP�TFOTPST CPUI JOUFHSBUFE JOUP TNBSU XFBSBCMFT
BOE DPOOFDUFE PWFS XJSFMFTT JOUFSGBDFT BMMPXT OPWFM PQQPSUVOJUJFT
GPS .VMUJ�GBDUPS "VUIFOUJDBUJPO 	.'"
 PG UIF VTFS�य़JT NBOVTDSJQU
QSPQPTFT B TPMVUJPO GPS DPOHVSJOH UIF .'" CBTFE PO UIF BWFSBHF
EJSFDU BOE JOEJSFDU MPTTFT SJTL BOBMZTJT� य़F FYBNQMF BQQMJDBUJPO PG
#BZFTJBO GVODUJPO GPS .'" QSFTFOUT UIF BQQMJDBCJMJUZ PG UIF QSP�
QPTFE GSBNFXPSL GPS UIF VUJMJ[BUJPO XJUI XFBSBCMFT�

$$4 $0/$&154
ۦ 4FDVSJUZ BOE QSJWBDZ މ .VMUJ�GBDUPS BVUIFOUJDBUJPO� ۦ �Fࢊ
PSZ PG DPNQVUBUJPOމ$SZQUPHSBQIJD QSPUPDPMT� BSEXBSF(ۦ
މ 4FOTPS EFWJDFT BOE QMBUGPSNT� 5BDUJMF BOE IBOE�CBTFE JOUFSGBDFT�
4FOTPST BOE BDUVBUPST�

,&:803%4
8FBSBCMFT NVMUJ�GBDUPS BVUIFOUJDBUJPO SJTL GVODUJPO JOGPSNBUJPO
TFDVSJUZ

� */530%6$5*0/
5PEBZ XFBSBCMF EFWJDFT IBWF BMSFBEZ UBLFO UIFJS OJDIF XJUIJO UIF
*OUFSOFU PG य़JOHT 	*P5
 QBSBEJHN EFWFMPQNFOU QSPDFTT <�� ��>�
य़F EFDSFBTF JO UIF FMFDUSJDBM DPNQPOFOUT QSJDF BOE HSPXJOH QPQ�
VMBSJUZ PG TNBSU XFBSBCMF FMFDUSPOJDT UIVT MFBE UP UIF FYQFDUBUJPO

PG XPSO EFWJDFT NBSLFU UP SFBDI ����� CJMMJPO CZ ������ य़F QSJ�
NBSZ TBMF UBSHFUT BSF SFMBUFE UP UIF SFBMJ[BUJPO PG TNBSUXBUDIFT BOE
BVHNFOUFE SFBMJUZ HMBTTFT XIJMF CSJOHJOH TPNF TJHOJDBOU TDFOBS�
JPT UP UIF SFTFBSDI DPNNVOJUZ B॒FOUJPO <� ��>� "U UIF TBNF UJNF
UIF TIJॏ UPXBSET XFBSBCMF FMFDUSPOJDT GSPN DPOWFOUJPOBM TNBSU�
QIPOFT JT BDDPNQBOJFE CZ B WBSJFUZ PG QSJWBDZ BOE TBGFUZ DPO�
DFSOT <� � ��>� य़F OFFE GPS SPCVTU TFDVSJUZ GSBNFXPSLT DBQBCMF
PG CFJOH FYFDVUFE EJSFDUMZ PO SFTPVSDF DPOTUSBJOFE EFWJDFT JT OPX
SFRVJSFE NPSF UIBO FWFS CFGPSF <�� ��>�

&WJEFOUMZ POF PG UIF IFBEJOH TFDVSJUZ UPQJDT JT BVUIFOUJDBUJPO��
य़F GPMMPXJOH DPOEJUJPOT BSF UP CF GVMMMFE GPS UIF OFYU�HFOFSBUJPO
BVUIFOUJDBUJPO GSBNFXPSLT� 	J
 UIF BVUIFOUJDBUJPO QSPUPDPM TIPVME
CF BT VTFS�GSJFOEMZ BOE TUSBJHIUGPSXBSE BT QPTTJCMF BOE 	JJ
 JU TIPVME
CF BT EJਖ਼DVMU UP CF DPNQSPNJTFE BT QPTTJCMF GPS UIF B॒BDLFS BU UIF
TBNF UJNF <��>�

0OF PG UIF XBZT UP BEESFTT UIFTF DIBMMFOHFT JT CZ VUJMJ[JOH WBS�
JPVT CJPNFUSJD JOGPSNBUJPO CFJOH BMXBZT BWBJMBCMF UP B MFHJUJNBUF
VTFS CVU DPNQMJDBUFE JO GPSHJOH JU <��>� 3FDFOUMZ UIF QPTTJCJMJUZ UP
VUJMJ[F CJPNFUSJD TFOTPST DPOOFDUFE UP ۠TNBSUۡ EFWJDFT BOE NFBTVS�
JOH WBSJPVT IVNBO QBSBNFUFST FNFSHFE EVF UP CSPBE BEPQUJPO PG
UIF *P5 QBSBEJHN <� �� ��>�

*O DPOUSBTU NPTU PG UIFNPEFSO BVUIFOUJDBUJPO TZTUFNT VUJMJ[JOH
CJPNFUSJDT IBWF B OPO[FSP FSSPS QSPCBCJMJUZ PG UIF VTFS UP� 	J
 GBMTF
BDDFQUFE PS 	JJ
 GBMTF SFKFDUFE� 'BMTF "DDFQUBODF 3BUF 	'"3
 BOE 'BMTF
3FKFDUJPO 3BUF 	'33
 QBSBNFUFST BSF VUJMJ[FE UP FTUJNBUF UIF QSPCB�
CJMJUJFT PG UIF DPSSFTQPOEJOH PQFSBUJPO FSSPST <�>� य़F VTF PG NVMUJ�
GBDUPS BVUIFOUJDBUJPO 	.'"
 QSPUPDPMT XBT SFDPNNFOEFE UP PCUBJO
BO BSCJUSBSJMZ TNBMM 	J�F� NPSF BDDFQUBCMF
 WBMVF GPS UIFTF QBSBNF�
UFST <��>� 4VDI QSPUPDPMT BOBMZ[F UIF DPNCJOFE EBUB PCUBJOFE GSPN
TFWFSBM JOEFQFOEFOU TFOTPST GPS UIF VUJMJ[BUJPO JO UIF BVUIFOUJDB�
UJPO QSPDFTT <�>�

य़F OVNCFS PG XPSLT SFMBUFE UP UIJT UPQJD JT WBTU <� � �� ��>
IFSF UIF TZTUFNT EJFS CBTFE PO UIF TFU PG BVUIFOUJDBUJPO GBDUPST

�۠/PX JT UIF 5JNF UP %FTJHO GPS 8FBSBCMFT ۡ CZ "XXBSET ����� IUUQT���XXX�
BXXXBSET�DPN�OPX�JT�UIF�UJNF�UP�EFTJHO�GPS�XFBSBCMFT�IUNM
�۠%FW 4FDVSJUZ� "VUIFOUJDBUJPO *T.PSF *NQPSUBOUय़BO &WFS JO ���� ۡ CZ %;POF �����
IUUQT���E[POF�DPN�BSUJDMFT�BVUIFOUJDBUJPO�JT�NPSF�JNQPSUBOU�UIBO�FWFS�JO�����



BOE JO UIF XBZ PG DPNCJOJOH UIF SFTVMUT PG JOEFQFOEFOU NFBTVSF�
NFOUT�8IJMF HSPVQJOH UIF JOGPSNBUJPO PCUBJOFEXJUINVMUJQMF TFO�
TPST DPOWFOUJPOBM QSPCMFNT GSPN UIF FME PGNVMUJ�QBSBNFUSJD DPN�
QBSJTPO BSJTF EVF UP QPUFOUJBM JODPNQBSBCJMJUZ PG UIF SFTVMUT PC�
UBJOFE GSPN EJFSFOU TFOTPST�य़FSFGPSF UIF BOBMZTJT PG UIF TVDDFTT
BOE�PS GBJMVSF HSPVQJOH JT SFBDIFE XJUI '"3 BOE '33�

*O UIJT NBOVTDSJQU BVUIPST QSPQPTF UP VUJMJ[F UIF SJTL GVODUJPO
XFMM�LOPXO GSPNOBODJBM PQFSBUJPOT BOE CBOLJOH TZTUFNT GPS UIF
FTUJNBUJPO PG BVUIFOUJDBUJPO TZTUFN DPOEJUJPOT� *U BMMPXT PCUBJOJOH
UIF SFTVMU JO UIF OBODJBM MPTTFT GPSFDBTU GPSN� य़F EFTJSFE QBSBN�
FUFST PG BVUIFOUJDBUJPO TZTUFN 	'"3 BOE '33
 BSF VUJMJ[FE UP FTUJ�
NBUF UIF QSPQPTFE SJTL GVODUJPO� %VF UP UIF EFQFOEFODZ PG '"3
BOE '33 PO UIF TFMFDUFE EFDJTJPO GVODUJPO QBSBNFUFST UIF SFTVMU�
JOH SJTL GVODUJPO IBT B EJSFDU SFMBUJPO BT XFMM� य़JT XPSL QSPQPTFT
B NFUIPEPMPHZ BMMPXJOH UP ۠BEKVTUۡ UIF TZTUFN QBSBNFUFST BDDPSE�
JOH UP BDDFQUBCMF MPTTFT CBTFE PO UIF EFOFE SJTL QPMJDZ�

य़F SFTU PG UIF NBOVTDSJQU JT PSHBOJ[FE BT GPMMPXT� 4FDUJPO � QSP�
WJEFT UIF HFOFSBM PWFSWJFX PG UIF QSPQPTFE TZTUFN NPEFM� 'VSUIFS
4FDUJPO � TIPSUMZ JOUSPEVDFT UIF SJTL GVODUJPO BOE JUT BQQMJDBCJMJUZ
UP UIF QSPCMFN PG JOUFSFTU� 4FDUJPO � EJTDVTTFT UIF TPMVUJPO CBTFE PO
UIF #BZFTJBO GVODUJPO� /FYU TFDUJPO QSPWJEFT UIF OVNFSJDBM SFTVMUT�
'VSUIFS JO 4FDUJPO � XF CSJFZ EJTDVTT UIF CFOFUT BOE MJNJUBUJPOT
PG UIF QSPQPTFE NPEFM� य़F DPODMVTJPOT BSF HJWFO JO UIF MBTU TFD�
UJPO�
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य़JT TFDUJPO EFTDSJCFT UIF DPODFQU PG UIF NVMUJ�GBDUPS BVUIFOUJDB�
UJPO TZTUFN BOE QSPWJEFT UIF DMBTTJDBUJPO PG UFSNT VUJMJ[FE BNPOH
UIF MJOFT PG UIJT NBOVTDSJQU�

*O UIJT XPSL XF BTTVNF UIBU UIFSF NJHIU CF UXP QPTTJCMF EFDJ�
TJPOT NBEF EVSJOH UIF VTFS BVUIFOUJDBUJPO QSPDFTT� 	J
 H0 ۗ JMMFHJU�
JNBUF VTFS BOE 	JJ
 H1 ۗ MFHJUJNBUF VTFS�

य़FTF IZQPUIFTFT BSF NVUVBMMZ FYDMVTJWF BOE DPMMFDUJWFMZ FY�
IBVTUJWF FWFOUT TP UIFZ GPSN UIF FOUJSF TBNQMF TQBDF BT

P (H0) + P (H1) = 1. 	�


य़F B QSJPSJ QSPCBCJMJUZ EJTUSJCVUJPO PG UIFTF UXP DBTFT JT GVS�
UIFS SFQSFTFOUFE CZ UIF DPSSFTQPOEJOH WBMVFT P(H0) BOE P(H1)
EFUFSNJOFE CZ UIF SJTL QPMJDZ PG UIF BVUIFOUJDBUJPO TZTUFN PXOFS�
य़FTF QSPCBCJMJUJFT BSF DPOTJEFSFE BT UIF DPOटHVSBUJPO QBSBNFUFST
PG UIF TZTUFN�

8F BTTVNF UIBU UIFSF BSF n TFOTPST EFMJWFSJOH UIF .'" SFMBUFE
EBUB JO UIF TZTUFN� य़FTF TFOTPST NFBTVSF WBSJPVT CJPNFUSJD QB�
SBNFUFST SFQSFTFOUJOH UIF GBDUPST� 5PEBZ UIFSF BSF UXP DPNNPO
NFUIPET VUJMJ[FE GPS DPNCJOJOH UIF SFTVMUT PG TFOTPST NFBTVSF�
NFOUT <��> MJTUFE BT GPMMPXT�

• .FUIPE "� &BDI TFOTPS DBO JOEFQFOEFOUMZ EFDJEF XIFUIFS
UP BVUIFOUJDBUF UIF VTFS CBTFE POMZ PO JUT EBUB BOE SFUVSO
UIF BDDFQUBODF PS UP TFOE UIF SFKFDUJPO SFQMZ� य़F EFDJTJPO
GVODUJPO JT SFTQPOTJCMF GPS JOUFMMJHFOU DPNCJOJOH UIF SFTVMUT
GPMMPXFE CZ UIF HSPVQ EFDJTJPO CBTFE PO UIF WFDUPS J�F� UIF
XFJHIUFE EFDJTJPO PS QSFTFU UISFTIPME DPVME CF VUJMJ[FE CBTFE
PO UIF TFMFDUFE TFOTPS�

• .FUIPE #� य़F TFOTPS SFQMJFT XJUI ۜSBX SFTVMUT PG JUT NFB�
TVSFNFOUT BOE DPSSFTQPOEJOH QSPCBCJMJTUJD DIBSBDUFSJTUJDT�

"U UIF OFYU TUFQ UIF EBUB JT DPNCJOFE UP CF VUJMJ[FE EVSJOH
UIF OBM EFDJTJPO QSPDFTT� य़VT UIF XIPMF TFU PG UIF DPM�
MFDUFE EBUB DPVME CF DPOTJEFSFE EVSJOH UIF HSPVQ EFDJTJPO
QSPDFTT�

&BDI JOEJWJEVBM TFOTPSNFBTVSFNFOU GSPN UIF TFUX = {x1, . . . ,xn }
JT EJTUSJCVUFE [0, 1] BOE UIF DPSSFTQPOEJOH WFDUPS JT OFYU BOBMZ[FE
CBTFE PO UIF DPOTJEFSBUJPOT HJWFO CFGPSF�

य़F UZQF " TFOTPS XJMM SFUVSO UIF WBMVF x ′i GSPN UIF TFU {0; 1}
CBTFE PO UIF SFTVMUT PG JUT EFDJTJPO XIJDI DPSSFTQPOET UP UIF CJ�
OBSZ TPMVUJPOT J�F� FJUIFS :&4 PS /0� य़FSFGPSF UIF DPOEJUJPOBM
QSPCBCJMJUJFT P

(
x ′i |H0

)
BOE P

(
x ′i |H1

)
BSF EFOFE CZ FARi BOE

FRRi WBMVFT XIJMF CFJOH DBMDVMBUFE GPS i�UI TFOTPS� य़F WBMVFT PG
FARi BOE FRRi BSF UBLFO BU UIF QPJOU xi XIFSF FARi = FRRi �

य़F # UZQF TFOTPS SFUVSOT UIF SFTVMU PG UIF NFBTVSFE QBSBN�
FUFS BOE UIF UFNQMBUF DPNQBSJTPO JO UIF GPSN PG B NBUDI TDPSF
x ′i in [0, 1]� 'PS FBDI PG UIF WBMVFTx ′i  DPOEJUJPOBM QSPCBCJMJUZ P

(
x ′i |H0

)
JT DBMDVMBUFE CBTFE PO UIF FARi WBMVFT BU x ′i � "OE DPOEJUJPOBM QSPC�
BCJMJUZ P

(
x ′i |H1

)
JT EFUFSNJOFE CZ FRRi WBMVFT BU x ′i �

य़F QSPQPTFE NFUIPEPMPHZ BMMPXT UP BOBMZ[F UIF " UZQF TFOTPS
BT B QBSUJDVMBS NPEFM UZQF # DBTF JG FARi BOE FRRi BSF HJWFO POMZ
JO POF QPJOU BOE UIF NFBTVSFNFOU SFTVMU DBO UBLF POMZ UXP WBMVFT
J�F� MPXFS PS IJHIFS UIBO UIF TFMFDUFE UISFTIPME�

*O UIJT QBQFS XF DPOTJEFS B NPSF HFOFSBM DBTF PG B NFUIPE #
BOE UIF DPNCJOBUJPO PG UIF NFBTVSFNFOU SFTVMUT GPS JOEJWJEVBM TFO�
TPST BSF NBEF TJNJMBSMZ UP QSFWJPVT XPSLT CZ VTJOH PG UIF #BZFT
EFDJTJPO GVODUJPO <�>� 4JODF UIF SFTVMUT PG NFBTVSFNFOUT IBWF UIF
QSPCBCJMJTUJD OBUVSF UIF EFDJTJPO GVODUJPO JT TVJUBCMF GPS UIF NBY�
JNVN B QPTUFSJPSJ QSPCBCJMJUZ TPMVUJPO� य़F HFOFSBM NPEFM PG UIF
TZTUFN JT SFQSFTFOUFE JO 'JHVSF ��

Sensor 1Sensor 1

Sensor 1Sensor 2

Sensor 1Sensor n

X1, FAR1, FRR1

X2, FAR2, FRR2

Xn, FARn, FRRn

Intelligent
decision
function

Accept

Reject

Input P(H0), P(H1), TH

'JHVSF �� .VMUJ�GBDUPS BVUIFOUJDBUJPO TZTUFNNPEFM XJUITH
BT B EFDJTJPO UISFTIPME

/FYU XF EFTDSJCF UIF EFDJTJPO GVODUJPO� य़F DPOEJUJPOBM QSPC�
BCJMJUZ PG UIF NFBTVSFE WBMVF GSPN FBDI TFOTPS P

(
x ′i |H0

)
BOE

P
(
x ′i |H1

)
BOE UIF B QSJPSJ QSPCBCJMJUJFT PG UIF IZQPUIFTFT P(H0)

BOE P(H1) BSF HJWFO BT BO JOQVU� 'VSUIFS UIF EFDJTJPO GVODUJPO
FWBMVBUFT UIF B QPTUFSJPSJ QSPCBCJMJUZ PG UIF IZQPUIFTJT P (H1 |X )
BOE WBMJEBUFT UIBU UIJT QSPCBCJMJUZ JT IJHIFS DPNQBSFE UPTH CFJOH
B UISFTIPME�

य़F NFBTVSFE DPOEJUJPOBM QSPCBCJMJUJFT BSF DPOTJEFSFE BT JOEF�
QFOEFOU SBOEPN WBSJBCMFT BOE UIF DPOEJUJPOBM QSPCBCJMJUZ DBO CF
QSFTFOUFE BT GPMMPXT

P
(
X ′ $$H J

)
=

∏
x ′
i ∈X ′

P
(
x ′i

$$H J
)
, J ∈ {0; 1} . 	�




'VSUIFS UIF UPUBM QSPCBCJMJUZ P(X ′) JT

P(X ′) =
∏
x ′
i ∈X ′

P
(
x ′i |H0

)
P(H0) +

∏
x ′
i ∈X ′

P
(
x ′i |H1

)
P(H1). 	�


य़F UPUBM QSPCBCJMJUZ JT GVSUIFS DBMDVMBUFE CBTFE PO UIF DPOEJ�
UJPOBM QSPCBCJMJUJFT XJUI P

(
x ′i

$$H J
)
, XIFSF J ∈ {0; 1} BSF LOPXO

GSPN UIF TFOTPST TQFDJDBUJPO P(H0) BOE P(H1) BSF B QSJPSJ QSPC�
BCJMJUJFT�

#BTFE PO UIF PCUBJOFE SFTVMUT UIF QPTUFSJPS QSPCBCJMJUZ GPS FBDI
IZQPUIFTJT H J , J ∈ {0; 1} DBO CF FTUJNBUFE BT

P
(
H1

$$X ′ ) =
∏

x ′
i ∈X ′ P

(
x ′i |H1

)
P(H1)

P(X ′)
. 	�


य़VT GPS B HSPVQ EFDJTJPO
P
(
H1

$$X ′ ) > TH ⇒ {Access}, FMTF {Reject}. 	�

"T B SFTVMU UIF EFDJTJPO NBZ CF FJUIFS DPSSFDU PS NBZ MFBE UP

BO FSSPS� य़F '"3 BOE '33 FSSPS QSPCBCJMJUJFT DPVME CF FTUJNBUFE
GPS FBDI TZTUFN <� ��> CVU JU JT TUJMM VODMFBS ۗ XIJDI TZTUFN PS
QBSUJDVMBS TFOTPST TIPVME CF VUJMJ[FE CZ UIF FOE�VTFS�य़F BOTXFS UP
UIJT RVFTUJPO DPVME CF PCUBJOFE CBTFE PO UIF SJTL GVODUJPO BMMPXJOH
UP FTUJNBUF UIF OBODJBM SFTVMU GSPN UIF TFQBSBUF TZTUFN VUJMJ[BUJPO
QFSTQFDUJWF� "MTP JU BMTP BMMPXT PCUBJOJOH UIF PQUJNBM WBMVFT GPS
UIF TZTUFN QBSBNFUFST J�F� UP TFMFDU UIF UISFTIPME WBMVFTH  XIJDI
NJOJNJ[FT UIF SJTLT�

� 3*4, '6/$5*0/ %&'*/*5*0/
य़F SJTL BOBMZTJT JT CBTFE PO UIF PCUBJOFE '"3 BOE '33 WBMVFT�
*O DBTF UIF BWFSBHF USBOTBDUJPO DPTU 	AvCost 
 BOE '"3 BSF LOPXO
UIFO UIF "WFSBHF %JSFDU -PTTFT 	"%-
 DPVME CF DBMDVMBUFE BT

ADL = AvCost · FAR · n, 	�

XIFSF n JT B OVNCFS PG USBOTBDUJPOT� 0O UIF PUIFS IBOE "WFSBHF
*OEJSFDU -PTTFT 	"*-
 DPVME CF FWBMVBUFE CBTFE PO CPUI '33 BOE
BWFSBHF JOEJSFDU USBOTBDUJPO DPTU 	AilCost 


AIL = AilCost · FRR · n. 	�

#Z UIJT NFBOT UIF SJTL BOBMZTJT DPVME CF CBTFE PO UIF TVN PG

"*- BOE "%- XJUI UIF SJTL GVODUJPO
RF = ADL+AIL. 	�


य़JT GVODUJPO DPVME CF VUJMJ[FE UP DPNQBSF FYJTUJOH.'" TZTUFNT
XJUI LOPXO '"3 BOE '33 BT XFMM BT GPS DPOHVSJOH UIF TZTUFNT
XJUI #BZFTJBO GVODUJPO�CBTFE PQUJNJ[BUJPO�

� 1"3".&5&34 015*.*;"5*0/ '03
#":&4*"/ '6/$5*0/

"OZ CVTJOFTT NPEFM JOWPMWFT NJOJNJ[JOH UIF SJTL PG OBODJBM MPTT
BT B OBUVSBM XBZ UP PCUBJO UIF PQUJNBM QBSBNFUFST PG UIF TZTUFN�
य़FSFGPSF XF GPSNVMBUF UIF PQUJNJ[BUJPO QSPCMFN BT

RF = ADL+AIL → NJO,
AvCost · FAR +AilCost · FRR → NJO, 	�


XIFSF FARi (x), FRRi (x) BSF GVODUJPOT PG UIF TFOTPS QSPCBCJMJUZ
DIBSBDUFSJTUJDT P(H1), P(H0) BSF UIF B QSJPSJ EJTUSJCVUJPO PG UIF IZ�
QPUIFTFT QSPCBCJMJUJFT BOE TH JT UIF UISFTIPME VUJMJ[FE GPS UIF EF�
DJTJPO NBLJOH QSPDFTT� 4JODF FARi (x), FRRi (x), P(H1), P(H0) BSF

YFE GPS FBDI JNQMFNFOUBUJPO PG UIF TZTUFNTH JT UIF POMZ QBSBN�
FUFS UIBU NBZ CF BFDUFE EVSJOH UIF PQUJNJ[BUJPO�

'"3 DPSSFTQPOET UP UIF DBTF JG UIF QPTUFSJPS QSPCBCJMJUZ P (H1 |X ′ )
JT HSFBUFS UIBO UIF EFDJTJPO UISFTIPMETH VOEFS UIF IZQPUIFTJTH0

FAR = Prob
{
P
(
H1

$$X ′ ) ≥ TH |H0
}
. 	��


य़F WBMVF PG P (H1 |X ′ ) DBO CF FYQSFTTFE JO UFSNT PG UIF TFO�
TPS DIBSBDUFSJTUJDT� 4JODF FRRi (x ′i ) = Prob(xi < x ′i |H1) UIFO
FRRi (x ′i ) DBO CF DPOTJEFSFE BT FNQJSJDBM EJTUSJCVUJPO F ∗i (xi |H1)�
य़FO UIF WBMVF PG P(x ′i |H1) =

∂F ∗
i

∂x ′
i
� य़F FNQJSJDBM GVODUJPO F ∗i JT

QSFTFOUFE JO UBCVMBS GPSN GPS FBDI xi  JU DPVME CF DPOTUSVDUFE CBTFE
PO UIF SFTVMUT PG UIF FYQFSJNFOUT XJUI JOEJWJEVBM TFOTPST� /FYU JU
DPVME CF EJFSFOUJBUFE OVNFSJDBMMZ P(x ′i |H1) =

∆FRRi (x ′
i )

∆x ′
i

� 'PS
CSFWJUZ XF EFOPUF UIF P(x ′i |H1) = FRR′

i (x
′
i )�

4JNJMBSMZ XF DPOTJEFS
FARi (x

′
i ) = Prob(xi ≥ x ′i |H0) = 1 − Prob(xi < x ′i |H0) , 	��


BOE IFODF 1 − FARi (x ′i ) DBO CF DPOTJEFSFE BT FNQJSJDBM EJTUSJCV�
UJPO GVODUJPO F ∗i (xi |H0 ) PG UIF SBOEPN WBSJBCMF xi � य़FO UIF WBMVF
PG P(x ′i |H0) = − ∂F ∗

i
∂x ′

i
� 4JODF FNQJSJDBM GVODUJPO F ∗i JT QSFTFOUFE JO

UBCVMBS GPSN CVJMU PO UIF SFTVMUT PG UIF FYQFSJNFOUT XJUI JOEJWJE�
VBM TFOTPST UIFO JU DBO POMZ CF EJFSFOUJBUFE OVNFSJDBMMZ

P(x ′i |H0 ) = −
∆FARi (x ′i )

∆x ′i
. 	��


'PS CSFWJUZ XF EFOPUF P(x ′i |H0) = −FAR′i (x ′i )� य़FSFGPSF JU
DPVME CF SFQSFTFOUFE BT

P
(
H1

$$X ′ ) =
∏

x ′
i ∈X ′ FRR′

i (x
′
i )P(H1)∏

x ′
i ∈X ′(−FAR′

i (x
′
i ))P(H0) +

∏
x ′
i ∈X ′ FRR′

i (x
′
i )P(H1)

.

	��

'33 EFTDSJCFT UIF DBTFXIFO UIF QPTUFSJPS QSPCBCJMJUZ P (H1 |X ′ )

JT MFTT UIBO UIF EFDJTJPO UISFTIPMETH VOEFS UIF IZQPUIFTJTH1 J�F�
FRR = Prob

{
P
(
H1

$$X ′ ) < TH |H1
}
, 	��


XIFSF UPUBM QSPCBCJMJUZ P (H1 |X ′ ) < TH JT
Prob

{
P
(
H1

$$X ′ ) < TH }
=

Prob
{
P
(
H1

$$X ′ ) < TH |H1
}
· P(H1)+

Prob
{
P
(
H1

$$X ′ ) < TH |H0
}
· P(H0) =

FRR · P(H1) + (1 − FAR) · P(H0).

	��


-FU VT JOUSPEVDF UIF GPMMPXJOH OPUBUJPO P (H1 |X ′ ) = Y =
д(X ′) UIFO XF DBO NPEJGZ UIF FRVBUJPO 	��
 BT

Prob {Y < TH } = FRR · P(H1) + (1 − FAR) · P(H0)

= FRR · P(H1) + P(H0) − FAR · P(H0),
	��


XIFSF Y JT B SBOEPN WBSJBCMF UIBU DBO CF FYQSFTTFE JO UFSNT PG
FARi BOE FRRi  BOE Prob {Y < TH } JT JUT DVNVMBUJWF EJTUSJCVUJPO
GVODUJPO BU TH � *U DBO CF FWBMVBUFE FNQJSJDBMMZ CBTFE PO WBMVFT PG
FARi BOE FRRi BT UIF SFTUSJDUJPO PG B MJOFBS PQUJNJ[BUJPO GVODUJPO

AvCost · FAR +AilCost · FRR → NJO . 	��

4VCTUJUVUJOH BMM QSFWJPVT SFTVMUT JO UIF PQUJNJ[BUJPO GVODUJPO

XF PCUBJO

FAR =
FRR · P(H1) + P(H0) − Prob {Y < TH }

P(H0)
, 	��




L =AvCost
FRR · P(H1) − Prob {Y < TH }

P(H0)
+

AvCost +AilCost · FRR → NJO,

L =FRR
AvCost P(H1)

P(H0)
− Prob {Y < TH }AvCost

P(H0)
+

AvCost +AilCost · FRR =

FRR

(
AvCost

P(H1)

P(H0)
+AilCost

)
−

Prob {Y < TH } AvCost
P(H0)

+AvCost .

	��


5P TPMWF UIF PQUJNJ[BUJPO QSPCMFN JU JT SFRVJSFE UP PCUBJO UIF EF�
SJWBUJWF PG UIJT FYQSFTTJPO DPODFSOJOHTH �य़F QSPCBCJMJUZ Prob {Y < TH }
DBO CF DPOTJEFSFE BT B WBMVF PG UIF DVNVMBUJWF EJTUSJCVUJPO GVOD�
UJPO F (Y ) BU TH

∂L

∂TH
=

(
AvCost

P(H1)

P(H0)
+AilCost

)
· ∂FRR
∂TH

+

AvCost

P(H0)
· ∂F (TH)

∂TH
= 0.

	��


FRR JT B GVODUJPO PG UIFTH  BOE JU DBO CF SFQSFTFOUFE BT GPMMPXT

FRR =Prob
{
P
(
H1

$$X ′ ) < TH |H1
}
=

F (P
(
H1

$$X ′ ) = TH |H1) = F (TH |H1).
	��


4VCTUJUVUJOH 	��
 JO UIF EFSJWBUJWF XF PCUBJO

∂L

∂TH
=
AilCost · P(H0) +AvCost · P(H1)

P(H0)
· ∂F (TH |H1)

∂TH
−

AvCost

P(H0)
· ∂F (TH)

∂TH
.

	��


य़F EFSJWBUJWF PG UIF DVNVMBUJWF QSPCBCJMJUZ GVODUJPO JT UIF QSPC�
BCJMJUZ EFOTJUZ GVODUJPO PG UIF JOUFHSBOE TP UIBU XF DBO EFMJWFS UIF
GPMMPXJOH

∂L

∂TH
=
AilCost · P(H0) +AvCost · P(H1)

P(H0)
· f (TH |H1)−

AvCost

P(H0)
· f (TH).

	��


/FYU JU JT SFRVJSFE UP PCUBJO UIF QSPCBCJMJUZ EFOTJUZ GVODUJPOT
f (TH) BOE f (TH |H1) UP TPMWF UIF SFTVMUJOH FRVBUJPO� य़FSF BSF
UXP QPTTJCMF XBZT GPS UIF FTUJNBUJPO�

• FPSFUJDBMࡋ FTUJNBUJPO� 4JODF Y = д(X ) XIFSF X JT B SBOEPN
WBSJBCMF XJUI LOPXO QSPCBCJMJUZ EFOTJUZ GVODUJPO UIBU JG д−1(Y ) JT
DPOUJOVPVT BOE EJFSFOUJBCMF JO Y  XF DBO FYQSFTT UIF QSPCBCJMJUZ
EFOTJUZ GVODUJPO f (Y ) BOE f (Y |H1) CZ f (X ) BOE f (X |H1) SFTQFD�
UJWFMZ�

• &NQJSJDBM FTUJNBUJPO� 0O UIF PUIFS IBOE Y DBO CF DPOTJEFSFE
BT BO JOEFQFOEFOU SBOEPN WBSJBCMF� UIFO JUT QSPCBCJMJUZ EFOTJUZ
DBO CF FTUJNBUFE VTJOH FNQJSJDBM GSFRVFODZ IJTUPHSBN� *U DBO CF
EPOF CBTFE PO UIF LOPXO FARi BOE FRRi �

*O GPMMPXJOH TVCTFDUJPOT XF DPOTJEFS QSFWJPVTMZ EJTDVTTFE BQ�
QSPBDIFT JOEFQFOEFOUMZ�

��� FPSFUJDBMࢊ FTUJNBUJPO
*G 	J
д(X̄ ) 	JOUFSDPOOFDUJOH UXP SBOEPNWBSJBCMFT X̄ BOEY 
 JT LOPXO
SFWFSTJCMF BOE JOWFSTF BOE 	JJ
 GVODUJPO д−1(Y ) JT EJFSFOUJBCMF PO
Y  JU JT QPTTJCMF UP FYQSFTT UIF VOLOPXO QSPCBCJMJUZ EFOTJUZ PG UIF
SBOEPN WBSJBCMF Y JO UFSNT PG LOPXO EFOTJUZ GPS UIF X̄

f (Y ) =
∂д−1(Y )
∂Y

f (д−1(Y )),

f (Y |H1) =
∂д−1(Y )
∂Y

f (д−1(Y )|H1).

	��


य़FO UIF TPMVUJPO DBO CF PCUBJOFE FYQMJDJUMZ GSPN UIF GPMMPXJOH
DBMDVMBUJPOT

∂L

∂TH
=
AilCost · P(H0) +AvCost · P(H1)

P(H0)

∂д−1(Y )
∂Y

f (д−1(Y )|H1) −
AvCost

P(H0)
· ∂д

−1(Y )
∂Y

f (д−1(Y )) = 0,

AilCost · P(H0) +AvCost · P(H1)

P(H0)
f (д−1(Y )|H1) =

AvCost

P(H0)
· f (д−1(Y )),

f (д−1(Y ))
f (д−1(Y )|H1)

=
P(H0)

AvCost
· AilCost · P(H0) +AvCost · P(H1)

P(H0)
,

f (д−1(Y )|H0)P(H0) + f (д−1(Y )|H1)P(H1)

f (д−1(Y )|H1)
=

AilCost · P(H0) +AvCost · P(H1)

AvCost
,

f (д−1(Y )|H0)

f (д−1(Y )|H1)
=
AilCost

AvCost
.

	��

'JOBMMZ UIF PQUJNBM WBMVF PG EFDJTJPO UISFTIPME THout DBO CF

GPVOE CZ TPMWJOH UIF FRVBUJPO 	��
 GPS Y �

��� &NQJSJDBM FTUJNBUJPO
"O FNQJSJDBM FTUJNBUF PG f (Y ) BOE f (Y |H1) UISPVHI UIF IJTUPHSBN
PG GSFRVFODJFT f̂ (Y ) BOE f̂ (Y |H1) DBO CF BQQMJFE UP OE UIF TPMV�
UJPO GPS UIF PQUJNJ[BUJPO QSPCMFN� " TVN PG UIF EJFSFOU WFDUPST
QSPCBCJMJUJFT X 	JG UIF DBMDVMBUFE WBMVF Y JT FRVBM
 JT TFMFDUFE BT B
GSFRVFODZ GBMMJOH XJUIJO UIF SBOHF PG FBDI WBMVF JO UIF IJTUPHSBN
PG GSFRVFODJFT� ,OPXO WBMVFT PG FARi BOE FRRi BSF VTFE GPS UIF
IJTUPHSBN DPOTUSVDUJPO
AilCost · P(H0) +AvCost · P(H1)

P(H0)
f (TH |H1) −

AvCost

P(H0)
· f (TH) = 0,

AilCost · P(H0) +AvCost · P(H1)

P(H0)
f (TH |H1) =

AvCost

P(H0)
· f (TH),

AilCost · P(H0) +AvCost · P(H1)

AvCost
=

f (TH)

f (TH |H1)
.

	��

य़FSFGPSF UIF PQUJNJ[BUJPO GVODUJPO JT

f̂ (Y )

f̂ (Y |H1)
=

AilCost · P(H0) +AvCost · P(H1)

AvCost
	��


XJUI SFTQFDU UP Y  BOE PCUBJO UIF WBMVF PG Y = THout �



� /6.&3*$"- &9".1-&
-FU VT DPOTJEFS UIF BMHPSJUIN FYFDVUJPO GPS B TQFDJD FYBNQMF� *O
UIJT NBOVTDSJQU XF BTTVNF UIBU UIFSF BSF UISFF TFOTPST XJUI EJG�
GFSFOU FSSPS QSPCBCJMJUJFT VUJMJ[FE� $POEFODF MFWFM JT TQFDJFE CZ
QSPCBCJMJUZ P(H1) = 0.6 UIF JNQPSUBODF PG SJTL UP QBSUJDJQBOUT JO
UIF TZTUFN JT TFU UP AvCost = AilCost = 0.5� 'JHVSF � TIPXT UIF
NFBTVSFE WBMVFT PG UIF FSSPST FARi BOE FRRi QSPCBCJMJUJFT GPS x �
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'JHVSF �� "OBMZUJDBM DVSWFT GPS '"3 BOE ''3 GPS UISFF TFO�
TPST

"MM UIF QPTTJCMF WBMVFT Y = P (H1 |X ′ ) BSF DBMDVMBUFE UP FTUJ�
NBUF f̂ (Y ) BOE f̂ (Y |H1) BT

Y =P
(
H1

$$X ′ ) = ∏
x ′
i ∈X ′ FRR′

i (x
′
i )P(H1)∏

x ′
i ∈X ′ −FAR′

i (x
′
i )P(H0) +

∏
x ′
i ∈X ′ FRR′

i (x
′
i )P(H1)

,
	��


XIFSF X ′ JT UBLJOH BMM QPTTJCMF USJQMFT PG WBMVFT

{x1,x2,x3},xi ∈ {0.1; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 0.9; 1}.
	��


'PS WFDUPS X ′ = {0.1, 0.1, 0.1} UIF GPMMPXJOH SFTVMU JT PCUBJOFE

Y =
Y1

Y2
= 0.0001042856994,

Y1 =∆FRR1(0.1) ·∆FRR2(0.1) ·∆FRR3(0.1) · P1 =

(0.001 − 0)(0.001 − 0)(0.01 − 0) · 0.6,
Y2 =∆FRR1(0.1) ·∆FRR2(0.1) ·∆FRR3(0.1) · P1

+∆FAR1(0.1) ·∆FAR2(0.1) ·∆FAR3(0.1) · P0 =

(0.001 − 0)(0.001 − 0)(0.01 − 0)0.6+

(1 − 0.5)(1 − 0.7)(0.99 − 0.3) · 0.4.

	��


य़F HJWFO QSPCBCJMJUJFT BSF FTUJNBUFE BT GPMMPXT

P(Y ) =∆FRR1(0.1) ·∆FRR2(0.1) ·∆FRR3(0.1) · P1+
∆FAR1(0.1) ·∆FAR2(0.1) ·∆FAR3(0.1) · P0 =

(0.001 − 0)(0.001 − 0)(0.01 − 0)0.6+

(1 − 0.5)(1 − 0.7)(0.99 − 0.3)0.4 = 0.042000006,

P(Y |H1) =∆FRR1(0.1) ·∆FRR2(0.1) ·∆FRR3(0.1) · P1 =

(0.001 − 0)(0.001 − 0)(0.01 − 0)0.6 = 10−8.
	��


4JNJMBSMZ UIF SFTVMUT BSF PCUBJOFE GPS BMM 93 = 729 QPJOUT X �
य़FO XF DPOTUSVDU UXP FNQJSJDBM EJTUSJCVUJPO EFOTJUZ IJTUPHSBNT
GPS Y  BT JU JT EFQJDUFE JO 'JHVSF ��
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	B
 f̂ (Y )
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	C
 f̂ (Y |H1)

'JHVSF �� &NQJSJDBM EJTUSJCVUJPO EFOTJUZ IJTUPHSBNT�



"8*$5 ���� /PWFNCFS ����
4FSHFZ #F[[BUFFW "MFLTBOES 0NFUPW "MFLTBOESB "GBOBTZFWB BOE /BUBMJB 7PMPTIJOB

4JODF UIF PCUBJOFE WBMVFT PG Y GPS BMM QPJOUT PG UIF DPOTUSVDUFE
IJTUPHSBNT DPJODJEF JU SFNBJOT POMZ UP FWBMVBUF UIF DVSWFT SBUJP
OVNFSJDBMMZ BOE UIF PCUBJOFE SFTVMUT BSF TIPXO JO 'JHVSF �	B
�

य़F SFTVMUJOH GVODUJPO JT NPOPUPOJD TP XF DBO OE Y = THout
GSPN

AilCost · P(H0) +AvCost · P(H1)

AvCost
=

0.5 · 0.4 + 0.5 · 0.6
0.5

= 1.

	��
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	B
 य़F SBUJP WBMVFT f̂ (Y )/f̂ (Y |H1)
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	C
 0QUJNBM TPMVUJPO GPS UIF EFDJTJPO UISFTIPME THout CBTFE PO &R� 	��


'JHVSF �� 0QUJNJ[BUJPO QSPDFTT SFTVMUT�

4JODF UIF TFU PG QPJOUT JT EJTDSFUF UIF GPMMPXJOH WBMVFT DBO CF
QSPQPTFE BT B TPMVUJPO

Yf 1 = 0.5921663638,
f̂ (Y )

f̂ (Y |H1)
= 1.013228776, BOE

Yf 2 = 0.6050177486,
f̂ (Y )

f̂ (Y |H1)
= 0.9917064439.

	��


*O UIF EJTDVTTFE TDFOBSJP UIF PQUJNBM WBMVF GPS UIF EFDJTJPO
UISFTIPME JO UIF #BZFTJBO GVODUJPO JT GPVOE Yf = THout = 0.6
BT JU JT TIPXO JO 'JHVSF �	C
�

� #&/&'*54 "/% -*.*5"5*0/4 0' 5)&
130104&% .0%&-

य़F QSPQPTFE JO UIJT NBOVTDSJQU FWBMVBUJPO NFUIPEPMPHZ CBTFE PO
UIF SJTL GVODUJPO BOBMZTJT QSPWJEFT B TVC�PQUJNBM BQQSPBDI GPS UIF
NVMUJ�GBDUPS BVUIFOUJDBUJPO TZTUFN� *U BMMPXT UP JNQSPWF UIF GBMTF
BDDFQU BOE GBMTF SFKFDU FTUJNBUJPO GPS '"3 BOE '33 SJTL NJOJNJ[B�
UJPO DBTFT J�F� UIF BVUIFOUJDBUJPO BQQSPWBM QPTUFSJPS QSPCBCJMJUZ
HVBSBOUFFT UIF UPQ�PG�UIF�MJOF BQQSPBDI UP PCUBJO UIF TZTUFN QB�
SBNFUFST�

$POUFNQPSBOFPVTMZ UIF NFUIPEPMPHZ IBT JUT MJNJUBUJPOT EVF UP
IFUFSPHFOFJUZ BOE WBSJFUZ PG UIF BVUIFOUJDBUJPO TZTUFNT�य़FSFGPSF
TPNF SFRVJSFNFOUT UP UIF BQQMJFE EVSJOH UIF TZTUFN EFTJHO TIPVME
CF DPOTJEFSFE�

	�
 य़F .'" TZTUFN PXOFS TIPVME QSPQFSMZ TFMFDU UIF SJTL QPM�
JDZ J�F� UP QSPWJEF UIF ۜFYQFDUBUJPOT BT BO FTUJNBUF PG QPT�
TJCMF PQFSBUJPOBM MPTTFT EVF UP UIF TZTUFN FSSPST�

	�
 य़F QSFDJTF TQFDJDBUJPOT PG UIF VUJMJ[FE TFOTJOH EFWJDFT BSF
B NVTU F�H� UIF NPSF BDDVSBUF UIF FTUJNBUFT PG '"3 BOE '33
BSF UIF NPSF SFMJBCMF XJMM CF UIF SFTVMU PG PQUJNJ[JOH UIF
WBMVFT PG UIF TZTUFN QBSBNFUFST�

	�
 *U JT OFDFTTBSZ UIBU B OVNCFS PG SFRVJSFNFOUT UP UIF GVODUJPO
PG FTUJNBUJOH B QPTUFSJPSJ QSPCBCJMJUZ CF GVMMMFE UP PCUBJO B
UIFPSFUJDBM FTUJNBUF PG UIF UPUBM SJTLT JO UIF TZTUFN OBNFMZ�
JU TIPVME CF DPOUJOVPVT SFWFSTJCMF BOE JUT JOWFSTF GVODUJPO
NVTU CF EJFSFOUJBUFE PO UIF XIPMF EPNBJO PG JUT EFOJUJPO�

� $0/$-64*0/4
य़F XPSME PG UPEBZ JT BEPQUJOH OFX UFDIOPMPHJFT VODPOUSPMMBCMZ
GBTU� 3BQJEMZ EFWFMPQJOH TNBSU XFBSBCMF EFWJDFT BMSFBEZ IBWF B
QPTTJCJMJUZ GPS UIF VUJMJ[BUJPO PG EBUB GSPN B WBSJFUZ PG JOUFHSBUFE
TFOTPST UIBU DPVME CF VTFE GPS UIF BVUIFOUJDBUJPO QVSQPTFT� *O UIJT
NBOVTDSJQU B OFXNFUIPE GPS NVMUJ�GBDUPS BVUIFOUJDBUJPO TZTUFNT
SJTL FWBMVBUJPO JT QSPQPTFE� य़F UFDIOJRVF JT EFWFMPQFE GPS DPOH�
VSJOH UIF QBSBNFUFS EFDJTJPO NBLJOH CBTFE PO UIF #BZFTJBO GPS�
NVMB BOE FWBMVBUFE OVNFSJDBMMZ GPS B TQFDJBM DBTF� *O UIF GVUVSF
XPSL XF QMBO UP TVQQPSU UIF BOBMZUJDBM GSBNFXPSL XJUI FYQFSJ�
NFOUBM SFTVMUT�

"$,/08-&%(.&/5
य़F XPSL PG UIF STU BVUIPS JT TVQQPSUFE CZ UIF "DBEFNZ PG 'JO�
MBOE�
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<�> 1� "NCBMBLBU� ����� 4FDVSJUZ PG CJPNFUSJD BVUIFOUJDBUJPO TZTUFNT� *O 1SPD� PG ��TU

$PNQVUFS 4DJFODF 4FNJOBS�
<�> +� #MBTDP 5� .� $IFO +� 5BQJBEPS BOE 1� 1FSJT�-PQF[� ����� " 4VSWFZ PG8FBSBCMF

#JPNFUSJD 3FDPHOJUJPO 4ZTUFNT� "$.$PNQVUJOH 4VSWFZT 	$463
 �� � 	����
 ���
<�> '� $BTUBOFEP� ����� " SFWJFX PG EBUB GVTJPO UFDIOJRVFT� Fࡋ 4DJFOUJटD 8PSME

+PVSOBM 	����
 �ۗ���
<�> "� "� 'BUIJNB 4� 7BTVIJ /� #BCV 7� 7BJEFIJ BOE 5� .� 5SFFTB� ����� 'VTJPO

GSBNFXPSL GPS NVMUJNPEBM CJPNFUSJD QFSTPO BVUIFOUJDBUJPO TZTUFN� *"&/( *O�
UFSOBUJPOBM +PVSOBM PG $PNQVUFS 4DJFODF �� � 	����
 ��ۗ���

<�> 3� 'VKEJBL 1� .BTFL +� )PTFL 1� .MZOFL BOE +� .JTVSFD� ����� &ਖ਼DJFODZ FWBMV�
BUJPO PG EJFSFOU UZQFT PG DSZQUPHSBQIZ DVSWFT PO MPX�QPXFS EFWJDFT� *O 1SPD� PG
*OUFSOBUJPOBM $POHSFTT PO 6MUSB .PEFSO 5FMFDPNNVOJDBUJPOT BOE $POUSPM 4ZTUFNT
BOE 8PSLTIPQT 	*$6.5
� *&&& ���ۗ����

<�> %� (BGVSPW ,� )FMLBMB BOE 5� 4¸OESPM� ����� #JPNFUSJD (BJU "VUIFOUJDBUJPO
6TJOH "DDFMFSPNFUFS 4FOTPS� +$1 � � 	����
 ��ۗ���

<�> $� )PM[ BOE .� ,OBVTU� ����� #JPNFUSJD UPVDI TFOTJOH� 4FBNMFTTMZ BVHNFOUJOH
FBDI UPVDI XJUI DPOUJOVPVT BVUIFOUJDBUJPO� *O 1SPD� PG ��UI "OOVBM "$. 4ZNQP�
TJVN PO 6TFS *OUFSGBDF 4PࡄXBSF � 5FDIOPMPHZ� "$. ���ۗ����

<�> 5� #� -POH 5� )BOI FU BM� ����� .VMUJNPEBM CJPNFUSJD QFSTPO BVUIFOUJDBUJPO
VTJOH OHFSQSJOU GBDF GFBUVSFT� *O 1SPD� PG 1BDJटD 3JN *OUFSOBUJPOBM $POGFSFODF
PO "SUJटDJBM *OUFMMJHFODF� 4QSJOHFS ���ۗ����

<�> -� .BMJOB +� )BKOZ BOE ;� .BSUJOBTFL� ����� 1SJWBDZ�QSFTFSWJOH BVUIFOUJDBUJPO
TZTUFNT VTJOH TNBSU EFWJDFT� *O 1SPD� PG ��UI *OUFSOBUJPOBM $POGFSFODF PO 5FMFDPN�
NVOJDBUJPOT BOE 4JHOBM 1SPDFTTJOH 	541
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<��> "MFLTBOES 0NFUPW BOE 4FSHFZ #F[[BUFFW� ����� .VMUJ�GBDUPS BVUIFOUJDBUJPO� "
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