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"CTUSBDU
3FEVDJOH B GBJMVSF�JOEVDJOH JOQVU UP B TNBMMFS POF JT DIBM�
MFOHJOH GPS JOQVU XJUI JOUFSOBM EFQFOEFODJFT CFDBVTF NPTU
TVC�JOQVUT BSF JOWBMJE� ,BMIBVHF BOE 1BMTCFSHNBEF QSPHSFTT
PO UIJT QSPCMFN CZ NBQQJOH UIF UBTL UP B SFEVDUJPO QSPC�
MFN GPS EFQFOEFODZ HSBQIT UIBU BWPJET JOWBMJE JOQVUT FO�
UJSFMZ� य़FJS UPPM +�3FEVDF Fਖ਼DJFOUMZ SFEVDFT +BWB CZUFDPEF
UP ��� PG JUT PSJHJOBM TJ[F
 XIJDI NBEF JU UIF NPTU F੖FDUJWF
UPPM VOUJM OPX� )PXFWFS
 UIF PVUQVU GSPN UIFJS UPPM JT PG�
UFO UPP MBSHF UP CF IFMQGVM JO B CVH SFQPSU� *O UIJT QBQFS

XF TIPX UIBU NPSF ੗OF�HSBJOFE NPEFMJOH PG EFQFOEFODJFT
MFBET UP NVDI NPSF SFEVDUJPO� 4QFDJ੗DBMMZ
 XF VTF QSPQPTJ�
UJPOBM MPHJD GPS TQFDJGZJOH EFQFOEFODJFT BOE XF TIPX IPX
UIJT XPSLT GPS +BWB CZUFDPEF� 0ODF XF IBWF B QSPQPTJUJPOBM
GPSNVMB UIBU TQFDJ੗FT BMM WBMJE TVC�JOQVUT
 XF SVO BO BMHP�
SJUIN UIBU ੗OET B TNBMM
 WBMJE
 GBJMVSF�JOEVDJOH JOQVU� 0VS
BMHPSJUIN JOUFSMFBWFT SVOT PG UIF CVHHZ QSPHSBN BOE DBMMT
UP B QSPDFEVSF UIBU ੗OET B NJOJNBM TBUJTGZJOH BTTJHONFOU�
0VS FYQFSJNFOUT TIPX UIBU XF DBO SFEVDF +BWB CZUFDPEF
UP ���� PG JUT PSJHJOBM TJ[F
 XIJDI JT ��� UJNFT CF॒FS UIBO
UIF ����� BDIJFWFE CZ +�3FEVDF� य़F NVDI TNBMMFS PVUQVU JT
NPSF TVJUBCMF GPS CVH SFQPSUT�
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� *OUSPEVDUJPO
8F IBWF BO JOQVU UP B QSPHSBN UIBU NBLFT UIF QSPHSBN GBJM�
य़F JOQVU JT WBMJE TP UIF QSPHSBN TIPVME IBOEMF JU� IPXFWFS

UIF JOQVU JT TP NBTTJWF UIBU XF DBOOPU EFUFSNJOF UIF OBUVSF
PG UIF CVH� य़F QSPDFTT PG JOQVU SFEVDUJPO
 ੗STU JOUSPEVDFE
CZ ;FMMFS BOE )JMEFCSBOEU <��>
 BEESFTTFT UIJT QSPCMFN CZ
੗OEJOH B TNBMM JOQVU UIBU SFQSPEVDFT UIF GBJMVSF� य़FJS BMHP�
SJUIN
 EENJO
 QSPEVDFT B TVC�JOQVU 	UIF PSJHJOBM JOQVU XJUI
QJFDFT SFNPWFE
 UIBU SFQSPEVDFT UIF GBJMVSF�य़FZ GPVOE UIBU
SVOOJOH PO B TVC�JOQVU DBO IBWF UISFF PVUDPNFT� UIF GBJMVSF
TUJMM IBQQFOT
 UIF GBJMVSF JT HPOF
 BOE EPO۝U LOPX�य़F ۠EPO۝U
LOPXۡ PVUDPNF IBQQFOT XIFO UIF TVC�JOQVU JT JOWBMJE
 EF�
TQJUF UIBU UIF PSJHJOBM JOQVU XBT WBMJE� "O JOWBMJE TVC�JOQVU
JT PG OP IFMQ XJUI ੗OEJOH UIF CVH
 BT OPUFE CZ 3FHFIS FU BM�
<��> XIP DPJOFE UIF UFSN UIF UFTU�DBTF WBMJEJUZ QSPCMFN�

य़F UFTU�DBTF WBMJEJUZ QSPCMFN DBO BSJTF GPS NVMUJQMF SFB�
TPOT� *O UIF DPOUFYU PG ੗OEJOH CVHT JO $ DPNQJMFST
 3FHFIS
FU BM� <��> OPUFE UIBU $ QSPHSBNT DBO CF CPUI TUBUJDBMMZ JO�
WBMJE BOE EZOBNJDBMMZ JOWBMJE� *O QBSUJDVMBS
 UIFZ EF੗OFE B
EZOBNJDBMMZ JOWBMJE QSPHSBN UP CF POF UIBU FYFDVUFT ۠BO PQ�
FSBUJPO XJUI VOEF੗OFE CFIBWJPS PS SFMZ PO VOTQFDJ੗FE CF�
IBWJPSۡ <��>� य़FJS XJEFMZ VTFE UPPM $�3FEVDF <��> SFEVDFT
MBSHF $ QSPHSBNT UP QSPHSBNT UIBU BSF UXP PSEFST PG NBH�
OJUVEF TNBMMFS BOE ੗U GPS JODMVTJPO JO CVH SFQPSUT� *O UIF
DPOUFYU PG ੗OEJOH CVHT JO UPPMT UIBU QSPDFTT +BWB CZUFDPEF

,BMIBVHF BOE 1BMTCFSH <��> OPUFE UIBU +BWB CZUFDPEF IBT
NBOZ JOUFSOBM EFQFOEFODJFT� 'PS FYBNQMF
 JG B +BWB NFUIPE
DPOTUSVDUT BO PCKFDU GSPN B DMBTT
 UIFO JU EFQFOET PO UIBU
DMBTT� XJUIPVU UIF DMBTT
 UIF NFUIPE OP MPOHFS UZQF�DIFDLT�
य़FJS UPPM +�3FEVDF <��> SFEVDFT MBSHF +BWB CZUFDPEF QSP�
HSBNT UP QSPHSBNT UIBU BSF GPVS UJNFT TNBMMFS CVU PॏFO TUJMM
UPP MBSHF GPS UIF SFBEFS PG B CVH SFQPSU�

*T SFEVDUJPO JOIFSFOUMZ IBSEFS GPS +BWB CZUFDPEF 'PS $

UIF NPTU DIBMMFOHJOH DPNQPOFOU PG UIF UFTU�DBTF WBMJEJUZ
QSPCMFN JT EZOBNJDBMMZ JOWBMJE QSPHSBNT� $�3FEVDF TPMWFT
UIJT CZ VTJOH B TFNBOUJDT�DIFDLJOH $ JOUFSQSFUFS UP EFUFDU
EZOBNJDBMMZ JOWBMJE JOQVU� 'PS +BWB CZUFDPEF
 UIF CJHHFTU
DIBMMFOHF JT UIFNBOZ JOUFSOBM EFQFOEFODJFT� +�3FEVDF TPMWFT
UIJT CZ DSFBUJOH B EFQFOEFODZ HSBQI UIBU BWPJET TUBUJDBMMZ
JOWBMJE JOQVUT FOUJSFMZ� य़VT
 UIF SFEVDUJPO DIBMMFOHFT GPS
$ BOE +BWB BSF EJ੖FSFOU
 BOE TP GBS
 $ SFEVDUJPO IBT CFFO
NPSF TVDDFTTGVM� 8F XJMM TIPX UIBU NPSF EFUBJMFE NPEFMJOH
PG JOUFSOBM EFQFOEFODJFT DBO CSJOH UIF F੖FDUJWFOFTT PG +BWB
CZUFDPEF SFEVDUJPO NVDI DMPTFS UP UIBU PG $ SFEVDUJPO�
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'JHVSF �� य़F FYBNQMF JOQVU QSPHSBN XIJDI QSPEVDFT BO
CVH JO B UPPM XIFO UIF CPEZ PG .�Y	

 .�NBJO	

 BOE "�N	

BSF QSFTFOU BU UIF TBNF UJNF� य़F TFDPOE TVC�੗HVSF JT UIF
PQUJNBM SFEVDUJPO UIBU QSFTFSWFT UIF CVH� 8F FYDMVEF UIF
DPEF JO ��� GPS CSFWJUZ�

8F CVJME PO B MPOH USBEJUJPO PG HSBEVBMMZ NPEFMJOH NPSF
BOE NPSF PG UIF JOUFSOBM EFQFOEFODJFT PG UIF JOQVU UP BWPJE
JOWBMJE TVC�JOQVUT� *O .JTIFSHIJ BOE 4V <��>۝T QBQFS PO IJFS�
BSDIJDBM EFMUB EFCVHHJOH 	)%%

 UIFZ BWPJEFE NBOZ JOWBMJE
JOQVUT CZ FYQMPJUJOH UIF TZOUBY USFF PG UIF JOQVUT� 4VO FU BM�
<��> UPPL UIJT B TUFQ GVSUIFS BOE VTFE B TZOUBY USFF BT UIF
NPEFM JO UIFJS UPPM 1FSTFT
 XIJDI FOBCMFE UIF UPPM UP BWPJE
BMM TZOUBDUJDBMMZ JOWBMJE TVC�JOQVUT� #FZPOE NPEFMT PG TZO�
UBY
 ,BMIBVHF BOE 1BMTCFSH <��> VTFE B EFQFOEFODZ HSBQI
UP NPEFM TFNBOUJD EFQFOEFODJFT�

*O UIJT QBQFS
 XF JOUSPEVDF B OFX NPEFM PG EFQFOEFO�
DJFT UIBU HPFT CFZPOE EFQFOEFODZ HSBQIT� $POTJEFS
 GPS FY�
BNQMF
 UIF +BWB QSPHSBN JO 'JHVSF �B
 XIJDI JT UIF JOQVU
UP B UPPM BOE NBLFT UIF UPPM DSBTI� 8IJMF B QSPHSBNNFS
RVJDLMZ DBO SFEVDF 'JHVSF �B UP 'JHVSF �C
 BVUPNBUJD SFEVD�
UJPO CBTFE PO B EFQFOEFODZ HSBQI QSPEVDFT TVCPQUJNBM SF�
EVDUJPOT� य़F SFBTPO JT UIBU EFQFOEFODZ FEHFT DBOOPU FY�
QSFTT
 GPS FYBNQMF
 UIBU JG XF XBOU UP QSFTFSWF UIBU " JNQMF�
NFOUT * BOE UIBU * IBT B TJHOBUVSF N
 UIFO XF NVTU BMTP QSF�
TFSWF UIBU " JNQMFNFOUT N� /PUF UIBU CFDBVTF UIF FYBNQMF
JT TNBMM
 MJOF�PSJFOUFE SFEVDUJPO UFDIOJRVFT TVDI BT EENJO
NBZ XFMM BCMF UP SFEVDF 'JHVSF �B UP 'JHVSF �C� 'PS MBSHFS
FYBNQMFT XJUI NBOZ JOUFSOBM EFQFOEFODJFT
 EENJO UFOET UP
QSPEVDF EJTBQQPJOUJOH SFTVMUT <��>�

*O UIJT QBQFS
 XF TPMWF UIF VOEFSMZJOH QSPCMFN PG NPE�
FMJOH EFQFOEFODJFT CZ VTJOH UIF GVMM QPXFS PG QSPQPTJUJPOBM
#PPMFBO MPHJD�8F VTF UIFNPEFM UP TFBSDI UISPVHI WBMJE TVC�
JOQVUT Fਖ਼DJFOUMZ XIJMF BWPJEJOH JOWBMJE TVC�JOQVUT
 BOE UP
QSPEVDF UIF SFTVMU JO 'JHVSF �C� य़F DMBJN PG PVS QBQFS JT�

Fࡋ VTF PG QSPQPTJUJPOBM MPHJD GPS NPEFMJOH JOUFSOBM
EFQFOEFODJFT MFBET UP BO FञFDUJWF BOE FडDJFOU

SFEVDUJPO PG DPNQMFY JOQVUT�
*O B UZQJDBM DBTF GSPN,BMIBVHF BOE 1BMTCFSH <��>
 +�3FEVDF

SFEVDFT UIF OVNCFS PG MJOFT JO UIF EFDPNQJMFE QSPHSBN GSPN
�
��� UP �
���
 XIJMF PVS UPPM SFEVDFT JU UP ���� य़JT JT B EJG�
GFSFODF PG BMNPTU BO PSEFS PG NBHOJUVEF�

"ॏFS B EJWF JOUP UIF FYBNQMF JO 'JHVSF � XIJDI JMMVTUSBUFT
XIZ QSFWJPVT UFDIOJRVFT BSF VOBCMF UP NPEFM BMM EFQFOEFO�
DJFT 	4FDUJPO �

 XF IBWF TUSVDUVSFE UIF SFTU PG UIJT QBQFS
BॏFS PVS DPOUSJCVUJPOT�

• 8F IBWF CVJMU B NPEFM PG JOUFSOBM EFQFOEFODJFT GPS
B NPEFTU FYUFOTJPO PG 'FBUIFSXFJHIU +BWB
 XIJDI XF
DBMM 'FBUIFSXFJHIU +BWBXJUI *OUFSGBDFT 	'+*
�8F QSPWF
UIBU JG B QSPHSBN UZQF DIFDLT
 UIFO FWFSZ TVC�JOQVU
UIBU TBUJT੗FT UIF EFQFOEFODJFT BMTP UZQF DIFDLT� य़JT
JT B TPVOE EFQFOEFODZNPEFM PG B DPNQMFY JOQVUXIJDI
QSFWJPVT UFDIOJRVFT BSF VOBCMF UP NPEFM� 8F UIFO EJT�
DVTT UIF FYUFOTJPOT OFFEFE UP NPEFM +BWB CZUFDPEF
	4FDUJPO �
�

• 8F JOUSPEVDF UIF (FOFSBMJ[FE #JOBSZ 3FEVDUJPO BMHP�
SJUIN
 XIJDI HJWFO B NPEFM PG UIF JOUFSOBM EFQFOEFO�
DJFT PG B GBJMVSF�JOEVDJOH JOQVU
 ੗OET B WBMJE GBJMVSF�
JOEVDJOH TVC�JOQVU JO QPMZOPNJBM UJNF� 0VS BMHPSJUIN
JOUFSMFBWFT SVOT PG UIF CVHHZ QSPHSBN BOE DBMMT UP B
QSPDFEVSF UIBU ੗OET B NJOJNBM TBUJTGZJOH BTTJHONFOU�
8F IBWF QSPWFE UIF DPSSFDUOFTT
 QPMZOPNJBM UJNF DPN�
QMFYJUZ
 BOE BO PQUJNBMJUZ QSPQFSUZ PG UIF BMHPSJUIN
	4FDUJPO �
�

• 8F IBWF JNQMFNFOUFE PVS BQQSPBDI BOE FWBMVBUFE JU
PO UIF CFODINBSLT GSPN UIF +�3FEVDF QBQFS� 0VS UPPM
SFEVDFT UP ���� PG UIF PSJHJOBM TJ[F
 XIJMF +�3FEVDF
POMZ SFEVDFT UP ������य़JT JT ���YNPSF SFEVDUJPO UIBO
+�3FEVDF 	4FDUJPO �
�

'JOBMMZ
 XF HP PWFS SFMBUFEXPSL JO 4FDUJPO � BOE DPODMVEF
JO 4FDUJPO ��

.PTU PG PVS QSPPGT BSF JO TVQQMFNFOUBSZ NBUFSJBM� 0VS
JNQMFNFOUBUJPO BOE CFODINBSLT BSF BWBJMBCMF <��>�

� &YBNQMF
य़JT TFDUJPO JMMVTUSBUFT UIBU UIF QSFWJPVT HSBQI�CBTFE BQ�
QSPBDI EPFT OPU FYUFOE UP B NPSF ੗OF�HSBJOFE SFEVDUJPO PG
+BWB CZUFDPEF BOE XIBU XF IBWF EPOF UP TPMWF JU� $POTJEFS
UIF FYBNQMF JO 'JHVSF �B� *U DPOUBJOT B +BWB TPVSDF QSPHSBN

XIJDI
 XIFO DPNQJMFE
 GVODUJPOT BT BO JOQVU UP B UPPM�8IFO
XF SVO UIF UPPM
 XF HFU BO FSSPS� य़F FSSPS JT QSPEVDFE CZ
B DPNCJOBUJPO PG UIF DPEF JO UIF CPEZ PG "�N	
 BOE .�Y	


CVU XF EPO۝U LOPX UIBU� 8F EP LOPX
 GSPN UIF UPPM
 UIBU JU
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'JHVSF �� य़F WBSJBCMFT 	��
 BOE EFQFOEFODZ DPOTUSBJOUT 	�� � � EVQMJDBUF 	HSBZ

� य़F DPOTUSBJOUT JT DPOKPJOFE�

BMXBZT SFRVJSFT .�NBJO	
 UP SVO BU BMM� 8F XBOU UP SFEVDF
UIF JOQVU QSPHSBN XIJMF QSFTFSWJOH UIF FSSPS�

,BMIBVHF BOE 1BMTCFSH <��> EFTDSJCFE BO BQQSPBDI UP SF�
EVDF +BWB CZUFDPEF� य़FJS UPPM
 +�3FEVDF
 NPEFMT UIF EFQFO�
EFODJFT CFUXFFO DMBTTFT VTJOH B HSBQI
 XIJDI BMMPXT UIFN UP
QSPEVDF TNBMMFS SFTVMUT BO PSEFS�PG�NBHOJUVEF GBTUFS UIBO
EENJO <��>� य़F NPEFMJOH MBOHVBHF JT B DPOKVODUJPO PG SF�
RVJSFE DMBTTFT ["] BOE EFQFOEFODJFT CFUXFFO DMBTTFT ["] ⇒
[#]� &WFSZ USBOTJUJWF DMPTVSF JO UIF HSBQI 	IFODFGPSUI DBMMFE
TJNQMZ B DMPTVSF
 DPSSFTQPOET UP B WBMJE TVC�JOQVU� य़FJS BM�
HPSJUIN QSPDFFET JO ੗WF TUFQT
 XIJDI XF RVPUF GSPN <��>�

�� ۠.BQ UIF JOQVU UP JUT EFQFOEFODZ HSBQI�
�� $PNQVUF UIF DMPTVSF PG FBDI OPEF�
�� 'PSN B MJTU PG UIF DMPTVSFT�
�� 3VO B SFEVDUJPO BMHPSJUIN PO UIF MJTU PG DMPTVSFT�
�� 0VUQVU UIF VOJPO PG UIF SFEVDFE MJTU PG DMPTVSFT�ۡ

*O TUFQ 	�

 UIF BMHPSJUIN EFSJWFT EFQFOEFODJFT GSPN UIF QSP�
HSBN� JG B DMBTT ANFOUJPOT B DMBTT B
 UIFO XF IBWF B EFQFO�
EFODZ GSPN A UP B� *O TUFQ 	�

 UIF SFEVDUJPO BMHPSJUIN DBO
CF EENJO <��>
 CJOBSZ SFEVDUJPO <��>
 FUD� 'PS UIF FYBNQMF
JO 'JHVSF �B
 UIF DMBTT EFQFOEFODJFT BSF� [.]
 ([.] ⇒ ["])

([.] ⇒ [*])
 (["] ⇒ [*])
 (["] ⇒ [#])
 ([#] ⇒ [*])
 BOE
([*]⇒ [#])� 0S JO B HSBQI�

["]

[*]
[#]

[.]

4JODF XF XBOU UP QSFTFSWF UIF DPEF PG .�NBJO	
 XF SF�
RVJSF [.]� )PXFWFS
 UIF SFTVMU JT EJTBQQPJOUJOH� UIF HSBQI

POMZ IBWF POF DMPTVSF UIBU DPOUBJOT [.]� UIF POF UIBU DPO�
UBJOT BMM DMBTTFT� 4P
 XF DBOOPU SFEVDF UIF JOQVU VTJOH UIF
UFDIOJRVF GSPN ,BMIBVHF BOE 1BMTCFSH <��>�

(PJOH #FZPOE$MBTTFT� #VU BMM JT OPU MPTU�8F DBO JOTQFDU
UIF QSPHSBN BOE TFF UIBU JG XF BSF BMMPXFE UP SFNPWF JUFNT
XJUIJO UIF DMBTTFT
 XF DBO SFEVDF UIF QSPHSBN� *G XF SF�
EVDF UIF QSPHSBN CZ IBOE
 XF DPVME HFU UIF QSPHSBN
 XIJDI
XF TIPX JO 'JHVSF �C� 8F DBO SFNPWF GPVS EJ੖FSFOU LJOET
PG JUFNT� DMBTTFT 	["]

 JNQMFNFOUBUJPOT 	[" ! *]

 NFUIPET
	[".N()]

 BOE UIF DPEF BTTPDJBUFE XJUI UIF NFUIPET
	[".N()!DPEF]
� *O UIJT FYBNQMF
 XF IBWF B UPUBM PG �� TFQBSBUF
JUFNT
 XIJDI XF IBWF MJTUFE JO 'JHVSF �
 VOEFS UIF IFBEJOH
7BSJBCMFT�

8IFO XF HFOFSBUF DPOTUSBJOUT CFZPOE UIF DMBTT MFWFM
 XF
DBO SFVTF TPNF PG UIF JEFBT GSPN QSFWJPVT XPSL
 CVU OPU
BMM� ,BMIBVHF BOE 1BMTCFSH <��> FYDMVTJWFMZ NPEFMFE SFGFSFO�
UJBM EFQFOEFODJFT� POF JUFN EFQFOET PO BOPUIFS JG UIF JUFN
SFGFST UP JU� 8F DBO USBOTGFS UIJT JEFB EJSFDUMZ UP JUFNT XJUIJO
DMBTTFT
 BOE XF IBWF BEEFE B MJTU PG 3FGFSFOUJBM 4FNBOUJD %F�
QFOEFODJFT UP ੗H� �� *O TVNNBSZ
 CPUI PG UIF JNQMFNFOUT
TUBUFNFOUT NFOUJPOT UIF JOUFSGBDF *
 UIF DPEF PG NBJO NFO�
UJPOT *
 "
 BOE UIF NFUIPET *�N	

 BOE BMM UIF O NFUIPET
NFOUJPOT #� य़F N NFUIPET NFOUJPO 4USJOH
 CVU TJODF XF
EP OPU USZ UP SFNPWF UIJT DMBTT
 UIFSF JT OP SFBTPO UP NPEFM
EFQFOEFODJFT UP JU�

%J੖FSFOUMZ GSPN UIF QSFWJPVT XPSL PO HSBQIT
 JUFNT BSF
OFTUFE�य़F OFTUFE TUSVDUVSF PG UIF JUFNT NFBOT UIBU XF DBO�
OPU SFNPWF BO JUFN CFGPSF XF IBWF SFNPWFE BMM JUT DIJMESFO�
0UIFSXJTF
 XFNJHIU ੗OE VT JO B TJUVBUJPO XIFSF XFXBOU UP
LFFQ B NFUIPE
 CVU XF IBWF SFNPWFE JUT FODMPTJOH DMBTT� 8F

1005



1-%* ً��
 +VOF 
��م�� ����
 7JSUVBM
 $BOBEB $ISJTUJBO (SBN ,BMIBVHF BOE +FOT 1BMTCFSH

DBO ੗Y UIJT CZ BEEJOH EFQFOEFODJFT GSPN DIJMESFO UP UIFJS
QBSFOUT� 8F DBMM UIFTF 4ZOUBDUJD %FQFOEFODJFT
 BOE XF MJTU
UIFN JO ੗H� ��

"EEJUJPOBM %FQFOEFODJFT� य़F TZOUBDUJD BOE SFGFSFOUJBM
EFQFOEFODJFT CZ UIFNTFMWFT BSF OPU FOPVHI UP NPEFM WBMJE
JOQVUT DPSSFDUMZ� 8F DBO TFF UIJT JO 'JHVSF �
 XIJDI JT UIF EF�
QFOEFODZ HSBQI DSFBUFE GSPN UIF TZOUBDUJD BOE SFGFSFOUJBM
EFQFOEFODJFT� य़JT HSBQI DPOUBJOT DMPTVSFT UIBU BSF JOWBMJE
JOQVUT� 'PS FYBNQMF
 UIF DMPTVSF PG WBSJBCMFT JO . 	TIBEFE
HSBZ
 JT OPU B WBMJE JOQVU� *O [..NBJO()!DPEF] XF DBTU " UP *
CFGPSF XF DBMM *�N	
 PO "� 8F BSF TJNQMZ OPU BMMPXFE UP DBTU
" UP *
 VOMFTT UIBU " JT B TVCUZQF PG *� *O PVS DBTF
 XF DBO TFF
UIBU XF OFFEFE UP QSFTFSWF [" ! *]� 4P XF LOPX UIBU UIFSF
FYJTU EFQFOEFODJFT UIBU XF IBWF OPU FODPEFE� 3FGFSFOUJBM EF�
QFOEFODJFT BMPOF BSF OPU FOPVHI UP EF੗OF BMM EFQFOEFODJFT�
"MTP
 UIFSF FYJTU SFGFSFODFT UIBU EPFT OPU HFOFSBUF EFQFO�
EFODJFT� 'PS FYBNQMF
 JO +BWB
 XF DBO SFGFS UP NFUIPET UIBU
BSF EF੗OFE JO B TVQFSDMBTT� "TTVNF XF IBWF B DMBTT $XIJDI
FYUFOET "
 UIFO XF BSF BMMPXFE UP DBMM 	OFX $	

�N	

 CF�
DBVTF $ JOIFSJUT "۝T NFUIPET� य़F CZUFDPEF XPVME SFGFS UP B
$�N	
� 8F OFFE B NPSF HFOFSBM DPODFQU GPS EF੗OJOH EFQFO�
EFODJFT�

0VS 'JSTU $POUSJCVUJPO� *O PVS FYBNQMF
 UIF JOQVU IBT
UP UZQF�DIFDL CFGPSF XF DBO SVO UIF UPPM PO JU� य़F QSPC�
MFN JT UIBU SFGFSFOUJBM TFNBOUJD EFQFOEFODJFT BSF OPU UIF
POMZ LJOE PG TFNBOUJD EFQFOEFODJFT� #Z JOTQFDUJOH UIF UZQF�
DIFDLJOH SVMFT
 XF DBO TFF UIBU UIF DPEF PG .�NBJO	
 DBTUT "
UP * BOE UIFSFGPSF EFQFOET PO UIBU " JNQMFNFOUT *� 8F DBO
NPEFM UIJT MJLF UIJT�

[..NBJO()!DPEF]⇒ [" ! *] .

8F BMTP IBWF UP NPEFM UIF JOIFSJUBODF MBXT� *G [*.N()]
TIPVME CF QSFTFSWFE UIFO " IBT UP JNQMFNFOU [".N()]� य़JT
JT USVF CFDBVTF " JNQMFNFOUT * BOE *�N	
 JT BO BCTUSBDU
NFUIPE� )PXFWFS
 UIJT DPOTUSBJOU EFQFOET PO [" ! *]
 CF�
DBVTF JG [" ! *] IBT CFFO SFNPWFE XF DBO TBGFMZ SFNPWF
[".N()] XJUIPVU SFNPWJOH [*.N()]� *O PUIFS XPSET
 JG XF QSF�
TFSWF UIBU " JNQMFNFOUT * BOE *�N	
XF NVTU BMTP QSFTFSWF
"�N	
�

[*.N()] ∧ [" ! *]⇒ [".N()] .
'JOBMMZ
 XF BMTP JODMVEF [..NBJO()!DPEF]
 CFDBVTF
 BT EF�

TDSJCFE FBSMJFS
 XF LOPX UIF UPPM EPFT OPU XPSL XJUIPVU JU�
8F BEE UIF MBTU TJY EFQFOEFODJFT JO 'JHVSF �� य़F EFQFOEFO�
DJFT
 OPX
 QSFDJTFMZ NPEFM UIF TFNBOUJDT PG CPUI UIF DMBTT
IJFSBSDIZ BOE UIF UZQF TZTUFN� " LFZ QBSU PG PVS ੗STU DPO�
USJCVUJPO JT UP NPEFM UIF JOUFSOBM EFQFOEFODJFT PG UIF UZQF�
TZTUFN PG +BWB VTJOH QSPQPTJUJPOBM #PPMFBO MPHJD�8FXJMM EF�
TDSJCF B GVMM EFQFOEFODZ NPEFM PG 'FBUIFSXFJHIU +BWB XJUI
*OUFSGBDFT
 XIJDIXF QSPWF POMZ DBO QSPEVDF TVC�JOQVUT UIBU
UZQF�DIFDL� 8F QSFTFOU UIJT JO 4FDUJPO ��

0VS 4FDPOE$POUSJCVUJPO� 8FIBWF TIPXO UIBUXFNVTU
HP CFZPOE EFQFOEFODZ HSBQIT UP HFU CF॒FS SFEVDUJPO UIBO

JO QSFWJPVTXPSL� *OTUFBEXF VTF QSPQPTJUJPOBM #PPMFBO MPHJD�
*O PVS GPSNVMBUJPO
 [Y] JT B WBSJBCMF UIBU JOEJDBUFT XIFUIFS
B DPOTUSVDU x SFNBJOT JO UIF TVC�JOQVU PS JT SFNPWFE� *O
B TPVOE NPEFM
 B WBMJE USVUI BTTJHONFOU DPSSFTQPOET UP B
WBMJE TVC�JOQVU PG UIF PSJHJOBM JOQVU� 8F DBO SFQSFTFOU B EF�
QFOEFODZ HSBQI BT B DPOKVODUJPO PG JNQMJDBUJPOT BOE WBSJ�
BCMFT
 BT XF TBX BCPWF� GSPN OPX PO XF XJMM SFGFS UP TVDI B
DPOTUSBJOU BT B HSBQI DPOTUSBJOU� " HSBQI DPOTUSBJOU DBO CF
DPOWFSUFE UP UIF HSBNNBS BCPWF CZ DPOWFSUJOH FBDI FEHF
[Y]⇒ [Z] UP ¬([Y] ∧ ¬ [Z])�

8F DBO JUFSBUF UISPVHI BMM TBUJTGZJOH USVUI BTTJHONFOUT
UP UIF DPOTUSBJOUT JO 'JHVSF � BOE TFF UIBU OPU POMZ BSF UIFZ
BMM WBMJE TVC�JOQVUT UIBU UZQF�DIFDL CVU UIFZ BMTP DPOUBJO
UIF USVUI BTTJHONFOU UIBU DPOTUJUVUFT UIF NJOJNBM TVC�JOQVU
JO 'JHVSF �C�

[" ! *] , [".N()] , [".N()!DPEF] , ["] , [*.N()] , [*] ,
[..Y()!DPEF] , [..Y()] , [..NBJO()!DPEF] , [..NBJO()] , [.]

य़F PSJHJOBM JOQVU
 XJUI OP LOPXMFEHF PG UIF JOUFSOBM EF�
QFOEFODJFT
 IBT 220 = 1, 048, 576 TVC�JOQVUT� 'BS GSPN BMM
PG UIFTF JOQVUT BSF WBMJE� 6TJOH PVS OFX DPOTUSBJOUT
 XF DBO
DPVOU UIF OVNCFS PG WBMJE USVUI BTTJHONFOUT XJUI B UPPM
MJLF TIBSQ4"5 <��>� 4JODF B TBUJTGZJOH USVUI BTTJHONFOU DPS�
SFTQPOET UP B WBMJE JOQVU
 XF DBO TFF UIBU UIFSF BSF �
���
WBMJE QSPHSBNT MFॏ�8IJMF JU JT QPTTJCMF UP SVO �
��� EJ੖FSFOU
TVC�JOQVUT UP ੗OE UIF TNBMMFTU POF
 UIJT OVNCFS TDBMFT FYQP�
OFOUJBMMZ XJUI UIF JOQVU۝T TJ[F� "EEJUJPOBMMZ
 BOZ B॒FNQU UP
EFDSFBTF UIF OVNCFS PG SVOT JT IBNQFSFE CZ UIF GBDU UIBU
UIF VOJPO PG UXP TBUJTGZJOH USVUI BTTJHONFOUT JT OPU BMXBZT
B TBUJTGZJOH USVUI BTTJHONFOU� 0VS (FOFSBMJ[FE #JOBSZ 3F�
EVDUJPO BMHPSJUIN 	4FDUJPO �
 ੗OET UIF PQUJNBM TPMVUJPO CZ
DIFDLJOH POMZ �� JOQVUT�

� .PEFMJOH %FQFOEFODJFT
8F XJMM GPSNBMJ[F IPX XF NPEFM EFQFOEFODJFT BOE XF XJMM
EJTDVTT BTQFDU PG PVS JNQMFNFOUBUJPO UIBU HP CFZPOE UIF
GPSNBM NPEFM�

'FBUIFSXFJHIU +BWBXJUI *OUFSGBDFT� 'FBUIFSXFJHIU +BWB
XJUI *OUFSGBDFT 	'+*
 JT B NPEFTU FYUFOTJPO PG 'FBUIFSXFJHIU
+BWB <�>� FBDI DMBTT JNQMFNFOUT B TJOHMF JOUFSGBDF� "O JO�
UFSGBDF DPOTJTUT PG B DPMMFDUJPO PG TJHOBUVSFT� 8IJMF XF DBO
NPEFM UIF EFQFOEFODJFT PG 'FBUIFSXFJHIU +BWB XJUI HSBQI
DPOTUSBJOUT
 XF OFFE UIF GVMM QPXFS PG QSPQPTJUJPOBM MPHJD
GPS '+*�

'+* JT B DPOWFOJFOU TF॒JOH JO XIJDI UP TIPX UIBU SFEVDFE
QSPHSBNT UZQF DIFDL� 8F XJMM EF੗OF UIF TZOUBY BOE UZQF
TZTUFN GPS '+*
 BMPOH XJUI B SFEVDFS� 'SPN B QSPHSBN
 XF
HFOFSBUF DPOTUSBJOUT UIBU NPEFM UIF JOUFSOBM EFQFOEFODJFT

UIFO XF TPMWF UIF DPOTUSBJOUT
 BOE ੗OBMMZ XF GFFE UIF TP�
MVUJPO UP B SFEVDFS� य़F JEFB JT UIBU GPS BOZ TPMVUJPO
 UIF
SFEVDFE QSPHSBN UZQF DIFDLT 	य़FPSFN ���
�

'PS FYBNQMFT JO '+*
 PVS GPSNBMJ[BUJPO HFOFSBUFT UIF TBNF
DPOTUSBJOUT BT PVS JNQMFNFOUBUJPO� *O QBSUJDVMBS
 UIF DPSF PG

1006



-PHJDBM #ZUFDPEF 3FEVDUJPO 1-%* ً��
 +VOF 
��م�� ����
 7JSUVBM
 $BOBEB

["]

[DPEF]

[#]

[#.N()]

[DPEF]

[*]

[".N()] [#.O()][..Y()]

[.]

[".O()][..NBJO()] [*.N()] [# ! *][*.O()]

[DPEF]

[" ! *]

[DPEF] [DPEF][DPEF]

'JHVSF �� य़F EFQFOEFODZ HSBQI DPOUBJOJOH TZOUBDUJD 	TPMJE
 CMBDL
 BOE SFGFSFOUJBM 	EBTIFE
 HSBZ
 EFQFOEFODJFT� 8F IBWF
BCCSFWJBUFE UIF DPEF WBSJBCMFT UP [DPEF]� 8F IBWF TIBEFE UIF WBSJBCMFT QBSU PG UIF NJOJNBM DMPTVSF GSPN .�

UIF FYBNQMF JO 4FDUJPO � JT BO '+* QSPHSBN
 BOE PVS GPSNBM�
J[BUJPO HFOFSBUFT UIF DPOTUSBJOUT MJTUFE JO 4FDUJPO �
 BT XF
XJMM TIPX JO 4FDUJPO ��

4ZOUBY� 'JHVSF � TIPXT UIF HSBNNBS PG '+*� 0VS NFUBO�
PUBUJPO GPS 'FBUIFSXFJHIU +BWB JT TJNJMBS UP UIF POF VTFE JO
UIF PSJHJOBM QBQFS PO 'FBUIFSXFJHIU +BWB <�>� XF SFGFS UIF
SFBEFS UP UIBU QBQFS GPS EFUBJMT�

'JHVSFT � BOE � TIPX UIF IFMQFS SVMFT BOE UZQF SVMFT PG '+*�
*O UIF UZQF SVMFT
 XF VTF Γ UP SBOHF PWFS UZQF FOWJSPONFOUT

UIBU JT
 NBQQJOHT GSPN JEFOUJ੗FST UP UZQFT� 8F VTF π ,σ UP
SBOHF PWFS MPHJDBM GPSNVMBT� 8F VTF UIF BCCSFWJBUJPO π =
π1 ∧ . . . ∧ πn � 8F VTF P(C) UP EFOPUF UIF DMBTT JO P XJUI
OBNF C 
 BOE XF VTF P(I) UP EFOPUF UIF JOUFSGBDF JO P XJUI
OBNF I � 'PS FWFSZ P XF BTTVNF�

P(&NQUZ*OUFSGBDF) = JOUFSGBDF &NQUZ*OUFSGBDF { }.

य़F UZQF SVMFT TQFDJGZ UIF DPOEJUJPOT VOEFS XIJDI B QSP�
HSBN P UZQF DIFDLT� 8IFO P TBUJT੗FT UIPTF DPOEJUJPOT
 XF
XSJUF $ P | π � 8F FYQMBJO UIF SPMF PG π CFMPX�

#PPMFBO7BSJBCMFT BOEB1SPHSBN3FEVDFS� 'PS B HJWFO
QSPHSBN
 XF EF੗OF B TFU PG #PPMFBO WBSJBCMFT UIBU XJMM CF
VTFE CZ UIF DPOTUSBJOUT�य़FO XF EF੗OF B SFEVDFS UIBU HJWFO
B TPMVUJPO UP UIF DPOTUSBJOUT XJMM NBQ B QSPHSBN UP B SFEVDFE
QSPHSBN�

'SPN B QSPHSBN P 
 XF EFSJWF B TFU PG #PPMFBO WBSJBCMFT
UIBU XF EFOPUF V (P)� 8F VTF φ BT B USVUI BTTJHONFOU PG
UIF WBSJBCMFT UP SBOHF PWFS V (P) → #PPM� य़F JEFB JT UIBU
φ([$]) = �
 UIFO UIF SFEVDFS TIPVME LFFQ DMBTT C BOE PUIFS�
XJTF SFNPWF JU� 8F IBWF TJY LJOET PG WBSJBCMFT� [$] UPHHMFT
UIF DMBTT C 
 [*] UPHHMFT UIF JOUFSGBDF I 
 [$.N()] UPHHMFT UIF
NFUIPE C .m JO C BOE [*.N()] UPHHMFT UIF TJHOBUVSF I .m JO I �
य़F WBSJBCMF [$ ! *] TJHOBMT JG XF TIPVME LFFQC JNQMFNFOUT
I PS XF DBO DIBOHF JU UPC JNQMFNFOUT &NQUZ*OUFSGBDF� 'J�
OBMMZ
 UIF WBSJBCMF [$.N()!DPEF] TJHOBMT JG XF TIPVME LFFQ UIF
CPEZ PG NFUIPE C .m()� 0UIFSXJTF
 XF DBO SFQMBDF JU XJUI B
USJWJBM CPEZ�

य़F SFEVDFS JO 'JHVSF � JNQMFNFOUT UIF JEFB PG UIF #PPMFBO
WBSJBCMFT FYQMBJOFE BCPWF� य़F SFEVDFS GPSNT UIF DPSF PG
PVS JNQMFNFOUBUJPO GPS +BWB CZUFDPEF� 'PS BOZ NBQQJOH φ :
V (P)→ #PPM
 XF DPOTUSVDU B SFEVDFE QSPHSBN SFEVDF(P ,φ)�

(FOFSBUJOH 5ZQF�DIFDLJOH $POTUSBJOUT� 'JHVSFT � BOE
� TIPX UIF UZQF SVMFT� 'PS B QSPHSBN P 
 XF XSJUF $ P | π UP
EFOPUF UIBU XF TJNVMUBOFPVTMZ UZQF DIFDL P BOE HFOFSBUF B
QSPQPTJUJPOBM GPSNVMB π UIBU VTFT WBSJBCMFT JOV (P)� 8F VTF
UIF OPUBUJPO φ |= π UP EFOPUF UIBU φ TBUJT੗FT π �

य़F IFMQFS SVMFT GPS '+* JO 'JHVSF � BSF NVDI MJLF JO 'FBUI�
FSXFJHIU +BWB
 UIFSF BSF
 IPXFWFS UXP EJ੖FSFODFT� य़F ੗STU
JT UIBU XF FYUFOEFE NFUIPE UZQF MPPLVQ UP BQQMZ UP JOUFS�
GBDFT
 BOE UIBU OPX UIF TVCUZQJOH SVMFT HFOFSBUF DPOTUSBJOUT
UIBU NPEFM UIF DPOOFDUJPO CFUXFFO B DMBTT BOE JUT JOUFSGBDF�
य़F TFDPOE JT B OFX HSPVQ PG SVMFT GPS NFUIPE DIPJDF� 'PS
B DMBTT C BOE B NFUIPE m JO B QSPHSBN P 
 UIF DPOTUSBJOU
NAny(P ,m,C) JT B EJTKVODUJPO PG WBSJBCMFT UIBU BMM BSF PG
UIF GPSN [C .m()]� *G XF OFFE C UP JNQMFNFOU B NFUIPE m
JO UIF SFEVDFE QSPHSBN
 UIFO XF DBO SFRVJSF NAny(P ,m,C)
UP CF USVF� य़JT XJMM FOTVSF UIBU UIF SFEVDFS XJMM QSFTFSWF BU
MFBTU POF TVDI NFUIPEm�

य़F UZQF SVMFT GPS '+* JO 'JHVSF � BSF MJLF UIF UZQF SVMFT
GPS 'FBUIFSXFJHIU +BWB FYDFQU GPS OFX SVMFT SFMBUFE UP JOUFS�
GBDFT BOE TJHOBUVSFT
 QMVT UIF HFOFSBUJPO PG DPOTUSBJOUT�

• *O UIF SVMF GPS DMBTT UZQJOH
 UIF DPOTUSBJOUT TBZT UIBU
JG XF QSFTFSWF DMBTT C 
 UIFO XF BMTP OFFE UP QSFTFSWF
DMBTT D QMVT UIF UZQFT PG UIF ੗FMET� "EEJUJPOBMMZ
 JG XF
QSFTFSWF UIBU DMBTT C JNQMFNFOUT JOUFSGBDF I 
 UIFO XF
OFFE UP QSFTFSWF CPUI C BOE I �

• *O UIF SVMF GPS NFUIPE UZQJOH
 UIF DPOTUSBJOUT TBZ UIBU
JG XF QSFTFSWF NFUIPE m
 UIFO XF BMTP OFFE UP QSF�
TFSWF UIF FODMPTJOH DMBTT C BOE UIF QBSBNFUFS UZQFT
BOE UIF SFUVSO UZQF� "EEJUJPOBMMZ
 JG XF QSFTFSWF UIF
NFUIPE CPEZ
 UIFO XF OFFE UP QSFTFSWF UIF FODMPTJOH
NFUIPE�

• *O UIF SVMF GPS TJHOBUVSF UZQJOH
 UIF DPOTUSBJOUT TBZ
UIBU JG XF QSFTFSWF B TJHOBUVSF
 UIFO XFNVTU QSFTFSWF
UIF FODMPTJOH JOUFSGBDF BT XFMM BT UIF QBSBNFUFS UZQFT
BOE UIF SFUVSO UZQF�

• *O UIF SVMF GPS TJHOBUVSF UZQJOH SFMBUJWF UP B DMBTT C 

UIF DPOTUSBJOUT TBZ UIBU JG XF QSFTFSWF UIBU C JNQMF�
NFOUT JOUFSGBDF I BOE XF QSFTFSWF UIBU I IBT B TJHOB�
UVSFm
 UIFOC OFFET UP JNQMFNFOU B NFUIPEm JO UIF
SFEVDFE QSPHSBN�
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P ::= R e QSPHSBNT
R ::= L | Q UZQF EFDMBSBUJPOT

T ,U ::= C | I UZQF OBNFT
L ::= DMBTT C FYUFOET D JNQMFNFOUT I {T f ; K M } DMBTTFT
Q ::= JOUFSGBDF I {S } JOUFSGBDFT
K ::= C(T f ) { TVQFS(f ); UIJT. f = f ; } DPOTUSVDUPST
M ::= T m(T x) { SFUVSO e; } NFUIPET
S ::= T m(T x); TJHOBUVSFT
e ::= x | e . f | e .m(e) | OFX C(e) | (T ) e FYQSFTTJPOT

'JHVSF �� य़F TZOUBY PG 'FBUIFSXFJHIU +BWB XJUI *OUFSGBDFT 	'+*
�

SFEVDF(R e,φ) = SFEVDF3(R,φ) e

SFEVDF3
( DMBTT C FYUFOET D
JNQMFNFOUT I {T f ; K M }

,φ)

=




DMBTT C FYUFOET D
JNQMFNFOUT SFEVDF*(C, I ,φ)
{T f ; K SFEVDF.(C,M,φ)}

JG φ([$]) = �

• o/w

SFEVDF*(C, I ,φ) =

{

I JG φ([$ ! *]) = �
&NQUZ*OUFSGBDF o/w

SFEVDF3(JOUFSGBDF I {S },φ) =

{

JOUFSGBDF I {SFEVDF4(I , S,φ)} JG φ([*]) = �
• o/w

SFEVDF.
( C
,T m(T x) { SFUVSO e; }
,φ)

=




T m(T x) { SFUVSO e; } JG φ([$.N()!DPEF]) = �
T m(T x) { SFUVSO UIJT.m(x); } JG φ([$.N()]) = � ∧ φ([$.N()!DPEF]) = �
• o/w

SFEVDF4(I ,T m(T x),φ) =

{

T m(T x) JG φ([*.N()]) = �
• o/w

'JHVSF �� 0VS SFEVDF GVODUJPO PG '+*�

• *O UIF SVMFT GPS FYQSFTTJPOT
 UIF DPOTUSBJOUT FOTVSF
UIBU UIF SFTVMU UZQF JT QSFTFSWFE JO UIF SFEVDFE QSP�
HSBN� "EEJUJPOBMMZ
 UIF DPOTUSBJOU GPS NFUIPE DBMMT FO�
TVSFT UIBU BU MFBTU POF BQQSPQSJBUFNFUIPE JT QSFTFSWFE�
8F BMTP SFRVJSF UIBU UIF EJTQBUDI UZQF FYJTU
 GPS DPN�
QBUJCJMJUZ XJUI PVS JNQMFNFOUBUJPO GPS GVMM +BWB�

3FEVDUJPO JT 5ZQF�4BGF� 0VS NBJO UIFPSFN JT UIBU B SF�
EVDFE QSPHSBN UZQF DIFDLT�य़JT NFBOT UIBU SFEVDUJPO XJUI
BOZ TPMVUJPO UP UIF DPOTUSBJOUT QSFTFSWFT UZQBCJMJUZ�

FPSFNࢊ ���� *G $ P | σ BOE φ |= σ 
 UIFO ∃σ ′ TVDI UIBU
$ SFEVDF(P ,φ) | σ ′�

8F MFBWF UP GVUVSF XPSL UP TF॒MF XIFUIFS UIF DPOWFSTF
PG य़FPSFN ��� IPMET� 'PS FYBNQMF
 UIF DPOWFSTF TUBUFNFOU
DPVME SFBE� JG $ P | σ BOE $ SFEVDF(P ,φ) | σ ′
 UIFO φ |= σ �
4VDI B SFTVMU XPVME JOEJDBUF UIBU UIF DPOTUSBJOU NBUDIFT UIF
UZQF TZTUFN�

(FOFSBUJOH UIF $POTUSBJOUT JO UIF &YBNQMF� य़F DPEF
JO 'JHVSF �B JT '+* JG XF BTTVNF UIBU FWFSZ DMBTT FYUFOET 0C�
KFDU
 UIBU JUT DPOTUSVDUPS JT JNQMJDJU
 BOE UIBU . JNQMJDJUMZ
JNQMFNFOUT &NQUZ*OUFSGBDF� 'JOBMMZ
 XF BTTVNF UIBU UIFSF
FYJTUT B DMBTT 4USJOH
 XIJDI XF QSFTFSWF XIJMF SFEVDJOH UIF
QSPHSBN� /PX XF TIPX IJHIMJHIUT PG IPX XF HFOFSBUF UIF
DPOTUSBJOUT JO 'JHVSF ��

'SPN UIF QSPHSBN UZQJOH SVMFT 	'JHVSF �

 XF DBO TFF UIBU
XF DBO QSPDFTT UIF DMBTTFT JO QBSBMMFM BOE UIFO DPOKPJO UIF
SFTVMUT� -FU۝T TUBSU XJUI "� 8F ੗STU MPPL BU UIF DMBTT UZQJOH
SVMF JO ੗H� �� 8F DBO TFF UIBU XF IBWF UP HFOFSBUF UIF EFQFO�
EFODJFT GPS UIF TVQFSDMBTT BOE UIF DPOTUSVDUPS
 UIF DPOTUSVD�
UPS IBT OP QBSBNFUFST TP PVS DPOTUSBJOU JT ["] ⇒ [0CKFDU]�
य़F TFDPOE DPOKVODU HFOFSBUFT UIF DPOTUSBJOUT GPS UIF JN�
QMFNFOUT TUBUFNFOU ([" ! *] ⇒ (["] ∧ [*])) ∧ π ∧ τ � /PX
MFU۝T GPDVT PO UIF NFUIPET SFRVJSFNFOUT π � य़FSF BSF UXP
NFUIPET JO "
 4USJOH N	
 \���^ BOE # O 	
 \���^� 'PS
N XF VTF UIF NFUIPE UZQJOH SVMF UP TFF UIBU� ([".N()] ⇒
(["]∧ [4USJOH])) BOE ([".N()!DPEF]⇒ [".N()]∧ π1 ∧ π2) 'PS
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'JFME MPPLVQ
Gields(P , 0CKFDU) = •

P(C) = DMBTT C FYUFOET D JNQMFNFOUT I {T f ; K M }

Gields(P ,D) = U д

Gields(P ,C) = U д , T f

.FUIPE UZQF MPPLVQ

P(C) = DMBTT C FYUFOET D JNQMFNFOUT I {T f ; K M }

U m(U x) { SFUVSO e; } ∈ M

Ntype(P ,m,C) = (U → U )

P(C) = DMBTT C FYUFOET D JNQMFNFOUT I {T f ; K M }

U m(U x) { SFUVSO e; } ! M
Ntype(P ,m,C) = Ntype(P ,m,D)

P(I) = JOUFSGBDF I {S } U m(U x) ∈ S

Ntype(P ,m, I) = (U → U )

.FUIPE DIPJDF
NAny(P ,m, 0CKFDU) = 0

P(C) = DMBTT C FYUFOET D JNQMFNFOUT I {T f ; K M }

U m(U x) { SFUVSO e; } ∈ M
NAny(P ,m,C) = [$.N()] ∨NAny(P ,m,D)

P(C) = DMBTT C FYUFOET D JNQMFNFOUT I {T f ; K M }

U m(U x) { SFUVSO e; } ! M
NAny(P ,m,C) = NAny(P ,m,D)

P(I) = JOUFSGBDF I {S } U m(U x) ∈ S

NAny(P ,m, I) = [*.N()]

4VCUZQJOH

P $ T ≤ T | �
P $ T ≤ T ′ | π1 P $ T ′ ≤ T ′′ | π2

P $ T ≤ T ′′ | π1 ∧ π2

P(C) = DMBTT C FYUFOET D JNQMFNFOUT I {T f ; K M }

P $ C ≤ D | �

P(C) = DMBTT C FYUFOET D JNQMFNFOUT I {T f ; K M }

P $ C ≤ I | [$ ! *]

7BMJE NFUIPE PWFSSJEJOH

Ntype(P ,m,D) = U → U JNQMJFT U = T BOEU = T

Pverride(P ,m,D,T → T )

'JHVSF �� '+* IFMQFS SVMFT�

1SPHSBN UZQJOH

P = (R e) R 0, JO P | π P , ∅ $ e : T | π

$ P | π ∧ π

$MBTT UZQJOH

Gields(P ,D) = U д P $ S 0, JO I GPS C | τ

K = C(U д,T f ) { TVQFS(д); UIJT. f = f ; }
P $ M 0, JO C | π P(I) = JOUFSGBDF I {S }

DMBTT C FYUFOET D JNQMFNFOUT I {T f ; K M } 0, JO P |

([$]⇒ ([%] ∧
[
6
]
∧
[
5
]
)) ∧

([$ ! *]⇒ ([$] ∧ [*])) ∧ π ∧ τ

*OUFSGBDF UZQJOH

P $ S 0, JO I | π

JOUFSGBDF I {S } 0, JO P | π

.FUIPE UZQJOH

P(C) = DMBTT C FYUFOET D JNQMFNFOUT I {U f ; K M }

Pverride(P ,m,D,T → T )
P , (x : T , UIJT : C) $ e : U | π1 P $ U ≤ T | π2

P $ T m(T x) { SFUVSO e; } 0, JO C |

([$.N()]⇒ ([$] ∧ [5] ∧
[
5
]
)) ∧

([$.N()!DPEF]⇒ ([$.N()] ∧ π1 ∧ π2))

4JHOBUVSF UZQJOH

P $ T m(T x) 0, JO I | [*.N()]⇒ ([*] ∧ [5] ∧
[
5
]
)

4JHOBUVSF UZQJOH SFMBUJWF UP B DMBTT

Ntype(P ,m,C) = T → T

P $ T m(T x) 0, JO I GPS C |

([$ ! *] ∧ [*.N()])⇒ NAny(P ,m,C)

&YQSFTTJPO UZQJOH

P ,Γ $ x : Γ(x) | �
P ,Γ $ e : C | π Gields(P ,C) = T f

P ,Γ $ e . fi : Ti | π

P ,Γ $ e : T | π1 Ntype(P ,m,T ) = U → U

P ,Γ $ e : T | π P $ T ≤ U | π2

P ,Γ $ e .m(e) : U | [5] ∧ π1 ∧NAny(P ,m,T ) ∧ π ∧ π2

Gields(P ,C) = T f P ,Γ $ e : U | π P $ U ≤ T | π

P ,Γ $ OFX C(e) : C | [$] ∧ π ∧ π

P ,Γ $ e : U | π

P ,Γ $ (T ) e : T | [5] ∧ π

'JHVSF �� '+* UZQF SVMFT�
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 7JSUVBM
 $BOBEB $ISJTUJBO (SBN ,BMIBVHF BOE +FOT 1BMTCFSH

O XF DBO TFF� ([".O()] ⇒ (["] ∧ [#])) BOE ([".O()!DPEF] ⇒
[".O()] ∧ π1 ∧ π2)

8F BTTVNF GPS UIFTF UXP NFUIPET UIBU UIF FYQSFTTJPO
(π1)
 BOE UIF SFUVSO DBTU (π2) DSFBUF OP DPOTUSBJOUT� 8JUI
UIBU PVU PG UIF XBZ
 XF DSFBUF UIF DPOTUSBJOUT τ GSPN UIF
JOUFSGBDFT� )FSF XF VTF UIF ۠4JHOBUVSF UZQJOH SFMBUJWF UP B
DMBTTۡ SVMFT
 XIFSF XF HFOFSBUF DPOTUSBJOUT UIBU SFRVJSF BMM
UIF TJHOBUVSFT PG B DMBTT UP CF JNQMFNFOUFE CZ POF PG JUT
TVQFSDMBTTFT�

([" ! *] ∧ [*.N()])⇒ NAny(P ,m,A)

= ([".N()] ∧NAny(P ,m, 0CKFDU))
= [".N()]

य़F TBNF IBQQFOT GPS O� ([" ! *] ∧ [*.O()])⇒ [".O()] .
4JODF XF EP OPU SFEVDF 4USJOH BOE 0CKFDU XF SFQMBDF

UIFJS WBSJBCMFT XJUI USVF
 GVSUIFSNPSF XF FYQBOE BMM UIF JN�
QMJDBUJPOT TP UIBU UIFZ CFDPNF DMBVTFT�

8F DBO HFOFSBUF DPOTUSBJOUT GPS #
 *
 BOE . JO B TJNJMBS
GBTIJPO�

"MUPHFUIFS
 XF IBWF HFOFSBUFE �� PG UIF �� DPOTUSBJOUT
GSPN 'JHVSF �� 8F BEE UIF MBTU DPOTUSBJOU 	[..NBJO()!DPEF]

BॏFS DPOTUSBJOU HFOFSBUJPO CFDBVTF XF LOPX UIBU UIF UPPM
XJMM OPU XPSL XJUIPVU UIF CPEZ PG [..NBJO()]�

+BWB #ZUFDPEF� 8F IBWF JNQMFNFOUFE B SFEVDFS BOE B
DPOTUSBJOU HFOFSBUPS GPS +BWB CZUFDPEF GPS XIJDI PVS NPEFM
PG '+* JT UIF DPSF�8F IBWF B UPUBM PG �� LJOET PG JUFNT UIBU DBO
CF SFNPWFE
 JODMVEJOH DPOTUSVDUPST
 ੗FMET
 BOE TVQFS�DMBTT
SFMBUJPOT� $POTUSVDUT UIBU SFRVJSF TQFDJBM B॒FOUJPO EVSJOH
DPOTUSBJOU HFOFSBUJPO JODMVEF BCTUSBDU DMBTTFT
 JOUFSGBDFT FY�
UFOEJOH PUIFS JOUFSGBDFT
 DMBTTFT JNQMFNFOUJOH NVMUJQMF JO�
UFSGBDFT
 BOE UZQF DBTUT� "EEJUJPOBMMZ
 XF IBWF UP NPEFM +BWB
HFOFSJDT BOE UZQF JOGFSFODF� 5ZQF DIFDLJOH XJUI +BWB HFOFS�
JDT JT VOEFDJEBCMF <�> BOE PVS BQQSPBDI BQQSPYJNBUFT UIF
UZQF DIFDLJOH QSPCMFN BT QBSU PG UIF DPOTUSBJOUT TP UIF VO�
EFDJEBCJMJUZ JT B MJNJUJOH GBDUPS GPS VT� 8F IBWF EFTJHOFE BO
BQQSPYJNBUJPO UIBU IBT XPSLFE XFMM JO PVS FYQFSJNFOUT� *O
QBSUJDVMBS
 UIF NPEFM PG +BWB HFOFSJDT IBT TP GBS OFWFS MFE
PVS UPPM UP QSPEVDF BO JOWBMJE TVC�JOQVU�

'PS FYBNQMF
 DPOTJEFS UIF GPMMPXJOH TPVSDF�MFWFM EFDMBSB�
UJPO PG B MPDBM WBSJBCMF BOE UIF DPSSFTQPOEJOH CZUFDPEF�

$MBTT� FYUFOET #� B � "�DMBTT −→

MED <DMBTT ">

8IFO XF DPNQJMF UIF TPVSDF DPEF
 XF HFU B MPBE�DPOTUBOU
JOTUSVDUJPO 	MED
 BOE OPOF PG UIF HFOFSJD�UZQF JOGPSNBUJPO�
'PS UIF TPVSDF DPEF
 XF DPVME IBWF HFOFSBUFE B DPOTUSBJOU
UIBU QSFTFSWFT UIBU " FYUFOET #
 CVU JO UIF CZUFDPEF XF IBWF
UP BQQSPYJNBUF JU� 8F EP UIBU CZ NBLJOH BMM NFUIPE CPEJFT
UIBU EP SF੘FDUJPO PO UIF DMBTT " EFQFOE PO UIBU " FYUFOET BMM
JUT TVQFSDMBTTFT�

� -PHJDBM 3FEVDUJPO
*O UIJT TFDUJPO
 XF XJMM SFTUBUF UIF ۠*OQVU 3FEVDUJPO 1SPC�
MFNۡ VTJOH MPHJD BOE TIPX IPX UIF (FOFSBMJ[FE #JOBSZ 3F�
EVDUJPO BMHPSJUIN FOBCMFT VT UP Fਖ਼DJFOUMZ SFEVDF UIF JOQVU�

��� /PUBUJPO
8F VTF TNBMM MF॒FST UP SFGFS UP WBSJBCMFT v 
 DBQJUBM MF॒FST UP
SFGFS UP TFUT L
 BOE UIF DBMMJHSBQIJD MF॒FST D,L UP SFGFSFODF
UP TFUT PG TFUT� 2X JOEJDBUFT UIF QPXFS TFU PG B TFU X � *O MJTUT
XF DBO BDDFTT UIF nUI FMFNFOU XJUI B TVCTDSJQU Dn �

" TPMVUJPO M JT B TBUJTGZJOH BTTJHONFOU UP B MPHJDBM TUBUF�
NFOU R
 XIJDI XF XSJUF R(M)� 8F XSJUF TPMVUJPOT BT UIF TFU
PG USVF WBSJBCMFT� 'PS FYBNQMF (x ∧¬y)({x }) JT USVF BOE (x ∧
¬y)({x ,y}) JT GBMTF�8F DBO BMTP HFU UIF WBSJBCMFT 7"34(R) PG
B MPHJDBM TUBUFNFOU�8F DBO BMTP DPOEJUJPO
 PS VQEBUF
 MPHJDBM
FYQSFTTJPOT (R | x = �,y = �)
 XIJDI F੖FDUJWFMZ TVCTUJUVUFT
x = � BOE y = � JO R� य़JT BMTP XPSLT GPS TFUT (R | X = �)�

" DPOKVODUJWF OPSNBM GPSN 	$/'
 JT B SFQSFTFOUBUJPO PG B
MPHJDBM FYQSFTTJPO VTJOH B DPOKVODUJPO PG DMBVTFT� " DMBVTF JT
B EJTKVODUJPO PG MJUFSBMT BOE B UFSN JT B DPOKVODUJPO PG MJUFSBMT�
" MJUFSBM JT B OPSNBM PS OFHBUFE WBSJBCMF� 'VSUIFSNPSF
 XF
EF੗OF UIF GPMMPXJOH TIPSUIBOET�

D∪ =
⋃

D∈D
D D∪≤r =

⋃

j≤r
Dj L∨ =

∨

l ∈L
l

��� 'PSNBMJ[JOH UIF 1SPCMFN
0VS GPSNBMJ[BUJPO PG UIF JOQVU SFEVDUJPO QSPCMFN JT BLJO
UP UIF GPSNBMJ[BUJPOT JO <��
 ��>
 BT XF FYQMBJO CFMPX� 'JSTU

XF SFQSFTFOU BO JOQVU BT B TFU PG WBSJBCMFT I BOE XF SFQSF�
TFOU TVC�JOQVUT BT TVCTFUT PG I � *O 4FDUJPO �
 UIJT TFU I XBT
DBMMFE V (P)
 BOE FBDI TVC�JOQVU XBT SFQSFTFOUFE CZ B USVUI
BTTJHONFOU φ EF੗OFE PO V (P)� 8F SFQSFTFOU UIF QSPHSBN
UIBU NBZ IBWF B CVH BT B CMBDL�CPY QSFEJDBUF P UIBU JT USVF
PO B TVC�JOQVU JG BOE POMZ JG UIBU TVC�JOQVU JOEVDFT B CVH JO
UIF UPPM� य़F OPUJPO PG CMBDL�CPY NFBOT UIBU XF DBO JOWPLF
P PO TVCTFUT PG I CVU XF DBOOPU JOTQFDU P JO BOZ PUIFS XBZ�
य़F OPUJPO PG B CMBDL�CPY QSFEJDBUF NPEFMT UIBU XF IBWF UP
SVO UIF UPPM UP LOPX BOZUIJOH BCPVU JU� 'JOBMMZ
 XF IBWF B
QSPQPTJUJPOBM #PPMFBO GPSNVMB RI PWFS I � *O 4FDUJPO �
 UIJT
GPSNVMB RI XBT DBMMFE σ BOE XBT HFOFSBUFE GSPN UIF JOQVU�

%F॑OJUJPO ��� 	*OQVU 3FEVDUJPO 1SPCMFN
� *OTUBODF�
(I ,P,RI ,k)
 XIFSF I JT B TFU PG WBSJBCMFT
 P JT B CMBDL�CPY
QSFEJDBUF PO TVCTFUT PG I 
 BOE RI JT B #PPMFBO GPSNVMB JO
$/' PWFS I 
 BOEk JT BO JOUFHFS SFQSFTFOUJOH BNBYJNVN DPTU�
"TTVNQUJPOT� P DBO CF FWBMVBUFE JO QPMZOPNJBM UJNF
 CPUI
P(I) BOE RI (I) BSF USVF
 BOE P JT NPOPUPOJD PO WBMJE TVC�
JOQVUT� JG X ⊆ Y BOE RI (X ) BOE RI (Y )
 UIFO P(X ) ⇒ P(Y )�
1SPCMFN� EFDJEF ∃S ⊆ I : P(S) ∧ RI (S) ∧ |S | < k �

0VS JOQVU SFEVDUJPO QSPCMFN EJ੖FST GSPN UIF POF PG.JTI�
FSHIJ BOE 4V <��> JO UIBU XF NPEFM JOQVU WBMJEJUZ BOE XF
SFRVJSF P UP CF NPOPUPOJD PO WBMJE TVC�JOQVUT� 0VS JOQVU
SFEVDUJPO QSPCMFN BMTP EJ੖FST GSPN UIF POF PG ,BMIBVHF BOE
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1BMTCFSH <��> JO UIBU XF IBWF OP DPTU GVODUJPO PO UIF TVC�
JOQVUT� )PXFWFS
 BMM UISFF JOQVU SFEVDUJPO QSPCMFNT BSF /1�
DPNQMFUF BOE GPS UIF TBNF SFBTPO� XF DBO FBTJMZ SFEVDF UIF
)J॒JOH 4FU 1SPCMFN 	XIJDI JT /1�DPNQMFUF <��>
 UP FBDI PG
UIF JOQVU SFEVDUJPO QSPCMFNT�

FPSFNࢊ ���� Fࡋ *OQVU 3FEVDUJPO 1SPCMFN JT /1�DPNQMFUF�

*O UIF SFNBJOEFS PG UIJT TFDUJPO
 XF XJMM GPDVT PO UIF PQ�
UJNJ[BUJPO WFSTJPO PG UIF *OQVU 3FEVDUJPO 1SPCMFN� 4QFDJ੗�
DBMMZ
 XF XJMM QSFTFOU QPMZOPNJBM�UJNF BMHPSJUINT UIBU FBDI
੗OET B TNBMM TPMVUJPO UP (I ,P,RI )�

��� -PTTZ &ODPEJOHT JOUP (SBQI $POTUSBJOUT
'PS PVS CFODINBSLT
 ����� PG UIF DMBVTFT BSF HSBQI DPO�
TUSBJOUT 	TFF 4FDUJPO �
� 8F LOPX UIBU UIF CJOBSZ SFEVDUJPO
BMHPSJUIN <��> SFMJFT PO UIBU BMM UIF DPOTUSBJOUT BSF HSBQI
DPOTUSBJOUT� $BO XF HJWF B MPTTZ FODPEJOH PG UIF SFNBJO�
JOH ���� PG UIF DMBVTFT BT HSBQI DPOTUSBJOUT BOE UIFO BQ�
QMZ UIF CJOBSZ SFEVDUJPO BMHPSJUIN :FT XF DBO
 BT GPMMPXT�
य़PTF PUIFS ���� PG UIF DMBVTFT BSF PG UIF GPSN (∧ni=1

ai )⇒
(∨mj=1

bj)
 XIFSF n > 1 ∨m > 1� 'PS BOZ i ′, j ′
 XIFSF 1 ≤
i ′ ≤ n BOE 1 ≤ j ′ ≤ m
 XF DBO BQQSPYJNBUF TVDI B DMBVTF CZ
UIF HSBQI DPOTUSBJOU ai′ ⇒ bj′ � य़JT JT CFDBVTF

(ai′ ⇒ bj′) ⇒ [(∧ni=1ai )⇒ (∨mj=1bj)]

य़VT
 JG XF IBWF B TPMVUJPO UP (ai′ ⇒ bj′)
 UIFO JU JT BMTP
B TPMVUJPO UP (∧ni=1

ai ) ⇒ (∨mj=1
bj)� य़JT NFBOT UIBU JG XF

SFQMBDF (∧ni=1
ai ) ⇒ (∨mj=1

bj) XJUI (ai′ ⇒ bj′) BOE BQQMZ
CJOBSZ SFEVDUJPO
 XF XJMM HFU B WBMJE SFTVMU� *O 4FDUJPO � XF
TIPX FYQFSJNFOUTXJUI UXP WBSJBUJPOT PG UIF MPTTZ FODPEJOH�
POF XIFSF XF QJDL (i ′ = 1, j ′ = 1) JO BMM DBTFT
 BOE POF
XIFSF XF QJDL (i ′ = n, j ′ = m)� #PUI PG UIFN HJWF NVDI
CF॒FS SFTVMUT UIBO +�3FEVDF <��>�

'PS FYBNQMF
 DPOTJEFS 'JHVSF �
 XIJDI IBT GPVS DMBVTFT
UIBU HP CFZPOE HSBQI DPOTUSBJOUT�

[" ! *] ∧ [*.N()]⇒ [".N()] [" ! *] ∧ [*.O()]⇒ [".O()]
[# ! *] ∧ [*.N()]⇒ [#.N()] [# ! *] ∧ [*.O()]⇒ [#.O()]

*G XF QJDL (i ′ = 1, j ′ = 1) JO BMM DBTFT
 XF SFQMBDF UIF BCPWF
DMBVTFT XJUI UIFTF POFT�

[" ! *]⇒ [".N()] [" ! *]⇒ [".O()]
[# ! *]⇒ [#.N()] [# ! *]⇒ [#.O()]

*G XF BEE UIFTF HSBQI DPOTUSBJOUT UP UIF PUIFS HSBQI DPO�
TUSBJOUT JO 'JHVSF �
 UIFO SVOOJOH CJOBSZ SFEVDUJPO XJMM QSF�
TFSWF CPUI [#] BOE [".N()]
 XIJDI JT OPOPQUJNBM�

य़F MPTTZ FODPEJOHT JHOPSF JNQPSUBOU FMFNFOUT PG UIF DPO�
TUSBJOUT
 XIJDI SBJTFT UIF RVFTUJPO PG XIFUIFS XF DBO EP CFU�
UFS� 'PS FYBNQMF
 XF NJHIU VTF B 4"5�TPMWFS UP QSPEVDF B
NJOJNBM TBUJTGZJOH BTTJHONFOU� #VU
 XF BMTP IBWF UP SVO UIF
CMBDL�CPY QSFEJDBUF
 QSFGFSBCMZ BU NPTU B QPMZOPNJBM OVN�
CFS PG UJNFT
 XIJDI DBOOPU CF HVBSBOUFFE CZ B 4"5�TPMWFS�
/PX XF QSFTFOU B OFX BMHPSJUIN UIBU CPUI EPFT CF॒FS UIBO

"MHPSJUIN �� (FOFSBMJ[FE #JOBSZ 3FEVDUJPO
*OQVU� (I ,P,RI ) XIFSF P(I) BOE RI (I)�
0VUQVU� D0 ⊆ I 
 XIFSF P(D0) BOE RI (D0)�
%BUB� य़F WBSJBCMF PSEFS . 	B UPUBM PSEFS PG I 
�
%BUB� य़F MFBSOFE TFUT L ⊆ 2I BOE UIF DVSSFOU

QSPHSFTTJPO D ∈ List(2I )�
L ← ∅

D ← 130(3&44*0/RI
(L, I)

XIJMF ¬P(D0) EP
r ← NJOr P(D∪≤r)
L ← L ∪ {Dr }

D ← 130(3&44*0/RI
(L,D∪≤r)

FOE
SFUVSO D0

130(3&44*0/RI
(L, J) DBMDVMBUFT (D0,D1, . . .)�

D0=.4".(R+)

Di+1=.4".(R+∧x | D∪≤i=�) JG ∃x ∈ NJO. J \D∪≤i

R+=RI ∧
∧

L∈L L∨ XJUI WBST OPU JO J TFU UP �

UIF MPTTZ FODPEJOHT BOE SVOT UIF CMBDL�CPY QSFEJDBUF B QPMZ�
OPNJBM OVNCFS PG UJNFT�

��� (FOFSBMJ[FE #JOBSZ 3FEVDUJPO
(FOFSBMJ[FE #JOBSZ 3FEVDUJPO 	(#3
 "MHPSJUIN �
 TPMWFT UIF
*OQVU 3FEVDUJPO 1SPCMFN BQQSPYJNBUFMZ JO QPMZOPNJBM UJNF�
(#3 VTFT UXP CVJMEJOH CMPDLT� FWBMVBUJPO PG UIF CMBDL�CPY
QSFEJDBUF P BOE DPNQVUBUJPO PG BO BQQSPYJNBUF NJOJNBM
TBUJTGZJOH BTTJHONFOU 	.4"
� 8F EF੗OF NJOJNBM UP NFBO
UIBU UIF.4" BTTJHOT USVF UP BT GFX WBSJBCMFT BT QPTTJCMF <��>

XIJDI JT BO /1�DPNQMFUF QSPCMFN TPXF TF॒MF GPS BO BQQSPY�
JNBUF TPMVUJPO� (#3 MFBSOT GSPN UIF PVUDPNFT PG DBMMT UP P

BOE .4"
 XIJDI FOBCMFT JU UP QJDL HPPE JOQVUT UP MBUFS DBMMT�

5IF .BJO "MHPSJUIN� (#3 FYUFOET #JOBSZ 3FEVDUJPO
<��> XJUI B TVCSPVUJOF 130(3&44*0/ UIBU QSPEVDFT B QSP�
HSFTTJPO PG WBMJE JOQVUT� " QSPHSFTTJPO JT B MJTU XIFSF FW�
FSZ QSF੗Y SFQSFTFOUT B WBMJE JOQVU 	*/7�130
� (#3 BQQMJFT
UIF CMBDL�CPY QSFEJDBUF P UP POMZ QSF੗YFT PG QSPHSFTTJPOT

IFODF POMZ UP WBMJE JOQVUT�

(#3 NBJOUBJOT UISFF EBUB TUSVDUVSFT� 'JSTU
 UIF WBSJBCMF
PSEFS . 	B UPUBM PSEFS PG I 
 IFMQT UIF NBJO MPPQ UFSNJOBUF JO
QPMZOPNJBM UJNF� JU BMTP IFMQT VT EFTJHO .4". UIBU SVOT JO
QPMZOPNJBM UJNF 	TFF UIF BQQFOEJY
� 4FDPOE
 UIF DVSSFOU QSP�
HSFTTJPO D SFQSFTFOUT UIF DVSSFOU TFBSDI TQBDF� य़F TFBSDI
TQBDF TBUJT੗FT UIF CMBDL�CPY QSFEJDBUF P
 BOE D EJWJEFT
UIF TFBSDI TQBDF JOUP B OPO�FNQUZ MJTU PG EJTKPJOU TVCTFUT
	*/7�D
� य़JSE
 UIF MFBSOFE TFUT JO L SFQSFTFOU UIF HSPXJOH
LOPXMFEHF BCPVU P� य़F NBJO MPPQ NBJOUBJOT UIBU FWFSZ
MFBSOFE TFU CPUI PWFSMBQT XJUI FWFSZ WBMJE TVC�JOQVU UIBU
TBUJT੗FT P 	*/7�L

 BOE PWFSMBQT XJUI FWFSZ QSF੗Y PG UIF
QSPHSFTTJPO 	*/7�130
�
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-FNNB ��� 	*OWBSJBOU
� Fࡋ NBJO MPPQ PG (#3 PO (I ,P,RI )
IBT UIF JOWBSJBOU *OW(L,D)�

P(D∪) ∧ |D| > 0 ∧ D∪ ⊆ I
∧ (∀i, j . i " j ⇒ Di ∩Dj = ∅)

	*/7�D

(

∀T ⊆ D∪. P(T ) ∧ RI (T )⇒ ∀L ∈ L. T ∩ L " ∅
)

	*/7�L

(

∀r ≥ 0. RI (D
∪
≤r) ∧ ∀L ∈ L. D∪≤r ∩ L " ∅

)

	*/7�130


य़F JEFB PG UIF NBJO MPPQ JT UIBU UIF NPSF XF MFBSO BCPVU
P
 UIF CF॒FS DIBODF XF IBWF PG ੗OEJOH B WBMJE JOQVU UIBU
TBUJT੗FT P� य़F NBJO MPPQ DIFDLT XIFUIFS UIF ੗STU TFU D0

JO UIF QSPHSFTTJPO TBUJT੗FT P� *G D0 EPFT TBUJTGZ P
 UIFO UIF
NBJO MPPQ SFUVSOT JU
 BOE PUIFSXJTF
 UIF NBJO MPPQ FYFDVUFT
UISFF TUFQT�

'JSTU
 UIF NBJO MPPQ ੗OET UIF NJOJNBM QSF੗Y D∪≤r PG UIF
QSPHSFTTJPO UIBU TBUJT੗FT P� 4VDI B QSF੗Y FYJTUT CFDBVTF UIF
FOUJSF QSPHSFTTJPO TBUJT੗FT P
 BOE XF DBO ੗OE JU Fਖ਼DJFOUMZ
CZ CJOBSZ TFBSDI�

4FDPOE
 UIF NBJO MPPQ BEET UIF QSF੗Y۝ MBTU TFU Dr UP L�
4JODF P JT NPOPUPOF BOE Dr JT UIF TIPSUFTU QSF੗Y PG D
UIBU TBUJT੗FT P
 BU MFBTU POF FMFNFOU JO Dr NVTU CF QBSU
PG BOZ TPMVUJPO XJUIJO UIF DVSSFOU TFBSDI TQBDF� 4P
 BEEJOH
Dr UP L NBJOUBJOT 	*/7�L
� य़JT TFUDr JT OFX UP L
 XIJDI
XF DBO TFF BॏFS B GFX TUFQT PG SFBTPOJOH
 BT GPMMPXT� /P�
UJDF UIBU TJODF ¬P(D0) BOE P(D∪≤r)
 XF IBWF r " 0
 IFODF
Dr ∩ D0 = ∅ 	*/7�D
� 'SPN UIJT BOE UIBU D0 PWFSMBQT
XJUI BMM TFUT JO L 	*/7�130

 Dr NVTU CF NJTTJOH BU MFBTU
POF FMFNFOU JO FBDI PG UIF TFUT JO L� 4P
 Dr ! L�

य़JSE
 XF CVJME B OFX QSPHSFTTJPO VTJOH L BOE D∪≤r �

5IF 1SPHSFTTJPO 4VCSPVUJOF� *G J ⊆ I 
 UIFO UIF DBMM
130(3&44*0/RI

(L, J) QSPEVDFT B OPO�FNQUZ MJTU PG EJT�
KPJOU TVCTFUT PG J XIPTF VOJPO JT J �

य़F ੗STU TUFQ JT UP NBQ RI UP B TUSPOHFS DPOTUSBJOU R+
 CZ
DPOKPJOJOH JU XJUI B DMBVTF GPS FBDI TFU JOL
 BOE MJNJUJOH R+

UP POMZ IBWF WBSJBCMFT JO J 
 CZ TF॒JOH BMM PUIFS WBSJBCMFT UP
GBMTF� /PX
 FWFSZ TBUJTGZJOH BTTJHONFOU UP R+ JT B TPMVUJPO
UP RI BOE PWFSMBQT XJUI BMM TFUT JO L�

य़F TFDPOE TUFQ JT UP CVJME UIF QSPHSFTTJPO SFDVSTJWFMZ�
य़F ੗STU FOUSZ PG UIF QSPHSFTTJPO JT BO BQQSPYJNBUF .4" PG
R+� य़F k + 1۝UI FOUSZ JT DPOTUSVDUFE CZ QJDLJOH B WBSJBCMF
UIBU EPFTO۝U PDDVS JO UIF FBSMJFS FOUSJFT BOE UIFO DPOTUSVDU�
JOH BO BQQSPYJNBUF .4" PG (R+ ∧ x)
 XIJMF TF॒JOH BMM UIF
WBSJBCMFT VTFE JO UIF FBSMJFS FOUSJFT UP USVF� य़F SFDVSTJPO
FOET XIFO XF SVO PVU PG WBSJBCMFT�

$PSSFDUOFTT� 8IFO(#3 SFUVSOTD0
 XF IBWFP(D0) BOE
D0 = .4".(R+)
 IFODF RI (D0)�

&YFDVUJPO UJNF� 8F LOPX UIBU D0 DPOUBJOT BO FMFNFOU
GSPN FWFSZ L ∈ L� *OEFFE
 BT XF QSPWF JO EFUBJM JO UIF BQ�
QFOEJY
D0 DPOUBJOT UIF .�TNBMMFTU WBSJBCMF JO FBDI TFU JOL�
8IFO UIF NBJO MPPQ BEETDr UP L
 XF LOPX UIBUDr JT OFX
UP L BOE UIBU Dr ∩D0 = ∅� 4P
 BEEJOH Dr IBT B .�TNBMMFTU

WBSJBCMF UIBU JT EJ੖FSFOU GSPN UIF .�TNBMMFTU WBSJBCMFT JO
UIF PUIFS TFUT JO L� य़JT NFBOT UIBU UIF NBYJNVN OVNCFS
PG UJNFT XF DBO BEE B TFU Dr UP L JT FRVBM UP UIF OVNCFS
PG WBSJBCMFT� 4P
 UIF NBJO MPPQ UFSNJOBUFT BॏFS BU NPTU |I |
JUFSBUJPOT�

&BDI JUFSBUJPO PG UIF NBJO MPPQ FWBMVBUFT P B QPMZOP�
NJBM OVNCFS PG UJNFT
 BOE FBDI PG UIPTF FWBMVBUJPOT SVOT
JO QPMZOPNJBM UJNF
 CZ BTTVNQUJPO� "EEJUJPOBMMZ
 FBDI JUFS�
BUJPO DPNQVUFT .4". B QPMZOPNJBM OVNCFS PG UJNFT
 BOE
FBDI PG UIPTF DPNQVUBUJPOT UBLFT QPMZOPNJBM UJNF� 4P
 UIF
HSBOE UPUBM JT UIBU (#3 EPFT BU NPTU |I | JUFSBUJPOT UIBU FBDI
SVOT JO QPMZOPNJBM UJNF
 IFODF (#3 SVOT JO QPMZOPNJBM
UJNF�

FPSFNࢊ ���� (#3 टOET BO BQQSPYJNBUF TPMVUJPO UP UIF *O�
QVU 3FEVDUJPO 1SPCMFN JO QPMZOPNJBM UJNF�

/PUF UIBU PVS VTF PG . DBO NBLFD0 MBSHFS UIBO UIF TNBMM�
FTU QPTTJCMF TPMVUJPO� 'PS FYBNQMF
 DPOTJEFS (a ∧ b ⇒ c) ∧
(c ⇒ b)
 JO XIJDI (a ∧ b ⇒ c) JT OPU B HSBQI DPOTUSBJOU�
%F੗OF UIF QSFEJDBUF P UP CF USVF J੖ b JT USVF� BTTVNF UIBU
FWFSZ TVCTFU PG {a,b, c} JT WBMJE� BOE QJDL UIF WBSJBCMF PSEFS
(c,b,a)�य़F ੗STU QSPHSFTTJPO JT ({b, c}, {a})
 TP PVS BMHPSJUIN
SFUVSOT {b, c}� य़JT JT TVCPQUJNBM� B TNBMMFS TPMVUJPO JT {b}�

.JOJNBMJUZ GPS HSBQI DPOTUSBJOUT� *O UIF BQQFOEJY XF
TIPX UIBU JG BMM UIF DMBVTFT JO RI BSF HSBQI DPOTUSBJOUT BOE
XF QJDL . XFMM
 UIFO (#3 QSPEVDFT B TPMVUJPO UIBU JT MPDBMMZ
NJOJNBM� )FSF
 MPDBMMZ NJOJNBM NFBOT UIBU OP QSPQFS TVCTFU
PG UIF TPMVUJPO TBUJT੗FT P�

FPSFNࢊ ���� *G RI DPOTJTUT PG POMZ HSBQI DPOTUSBJOUT
 UIFO
(#3 QSPEVDFT B MPDBMMZ NJOJNBM TPMVUJPO�

��� 3VOOJOH PO UIF &YBNQMF JO 4FDUJPO �
/PX XF TIPX B SVO (#3 PO UIF FYBNQMF JO 4FDUJPO �� 'JSTU
XF DPNQVUF B WBSJBCMF PSEFS BOE UIF JOJUJBM QSPHSFTTJPO� 8F
IBWF L = ∅ BOE J = I 
 TP R+ = RI 
 BOE XF HFU D0�

{ ["] , [" ! *] , [*] , [.] , [..Y()] ,
[..NBJO()] , [..NBJO()!DPEF] }

य़F SFTU PG UIF QSPHSFTTJPO JT DBMDVMBUFE VTJOH .4". PO
R ∧ x | D∪≤k = � XJUI x ∈ NJO. J \ D∪≤k� 'PS PVS ੗STU
DIPJDF BॏFS D0
 XF DIPPTF x = [#]
 CFDBVTF JU JT UIF TNBMM�
FTU WBSJBCMF JO J \D0� [#] JNQMJFT OP OFX WBSJBCMFT
 TP UIF TFU
D1 = .4".(R ∧ [#] | D0 = �) = {[#]}� 8F DBMDVMBUF UIF
SFTU PG UIF QSPHSFTTJPO JO UIF TBNF XBZ� 8F IBWF BOOPUBUFE
FBDI TFU XJUI UIF OVNCFS JU JT JO UIF QSPHSFTTJPO�

D = D0, {[#]}1, {[#.O()]}2, {[#.O()!DPEF]}3, {[#.N()]}4,
{[# ! *]}5, {[#.N()!DPEF]}6, {[".O()]}7, {[*.O()]}8,
{[".O()!DPEF]}9, {[".N()]}10, {[*.N()]}11,
{[..Y()!DPEF]}12, {[".N()!DPEF]}13
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य़JT QSPHSFTTJPO JT JEFBM
 CFDBVTF UIF JOJUJBM FMFNFOU JT
NJOJNBM
 BOE FWFSZ FMFNFOU BॏFS UIF ੗STU IBWF TJ[F POF� #F�
GPSF FOUFSJOH UIF CPEZ PG UIF MPPQ
 XF SVO P GPS UIF ੗STU
UJNF PO D0� OP CVH� य़FO XF SVO B CJOBSZ TFBSDI PWFS UIF
QSF੗YFT PG UIF QSPHSFTTJPO UP ੗OE UIF TIPSUFTU POF UIBU TBU�
JT੗FT P� 'JSTU
 XF USZ UIF QSF੗Y D∪≤7
 XIJDI GBJMT� 4P UIF
DPSSFDU DIPJDF NVTU CF CFUXFFO � BOE ��� *O CJOBSZ�TFBSDI
GBTIJPO
 XF DVU UIF TFBSDI TQBDF JO IBMG BOE USZD∪≤10
 XIJDI
BMTP GBJMT� "ॏFS UXP NPSF USJFT
 XF DPODMVEF UIBU UIF TIPSU�
FTU TBUJTGZJOH QSF੗Y JT UIF GVMM QSPHSFTTJPO� 8IJMF UIJT EJEO۝U
SFEVDF UIF TJ[F PG UIF TFBSDI TQBDF
 XF MFBSOFE TPNFUIJOH
JNQPSUBOU� [".N()!DPEF] IBT UP CF JO UIF TPMVUJPO� 4P
 XF BEE
{[".N()!DPEF]} UP L�

/PX XF DPNQVUF UIF OFYU QSPHSFTTJPO Ḋ� 8F VTF EPUT
UP EJ੖FSFOUJBUF UIF EJ੖FSFOU QSPHSFTTJPOT� Ḋ
 D̈
 BOE TP PO�
8F DBO TFF UIBU R+ = RI ∧ [".N()!DPEF]� 8F TUBSU CZ DPN�
QVUJOH Ḋ0 = D0 ∪ {[".N()!DPEF] , [".N()]} XIFSF XF BEE
[".N()!DPEF] CFDBVTF JU JT JO L BOE XF BEE [".N()] CFDBVTF
XF IBWF [".N()!DPEF] ⇒ [".N()] GSPN UIF DPOTUSBJOUT� य़F
SFTU PG UIF QSPHSFTTJPO JT TUSBJHIUGPSXBSE�

Ḋ = Ḋ0, {[#]}1, {[#.O()]}2, {[#.O()!DPEF]}3, {[#.N()]}4,
{[# ! *]}5, {[#.N()!DPEF]}6, {[".O()]}7, {[*.O()]}8,
{[".O()!DPEF]}9, {[*.N()]}10, {[..Y()!DPEF]}11.

8F OPX TUBSU UIF TFDPOE JUFSBUJPO PG UIF BMHPSJUIN� 8F
USZ P(Ḋ0)
 XIJDI JT GBMTF� य़JT JT PVS TJYUI JOWPDBUJPO PG P�
/PX XF SVO PVS TFDPOE CJOBSZ TFBSDI PWFS UIF QSF੗YFT PG
UIF QSPHSFTTJPO� "HBJO XF ੗OE UIBU UIF FOUJSF QSPHSFTTJPO
JT OFFEFE UP TBUJTGZ P
 BOE XF MFBSO UIBU [..Y()!DPEF] IBT UP
CF QBSU PG UIF TPMVUJPO�

/PX L = {{[".N()!DPEF]}, {[..Y()!DPEF]}} BOE
J = Ḋ∪≤11� 8F DPNQVUF BOPUIFS QSPHSFTTJPO BOE XF HFU
D̈0 = Ḋ0 ∪ {[..Y()!DPEF] , [*.N()]}

य़F SFTU PG UIF QSPHSFTTJPO JT VOJNQPSUBOU CFDBVTF XF
SVO PVS FMFWFOUI 	��
 BOE MBTU JOWPDBUJPO PG P PO D̈0 BOE
UIJT UJNF JU TVDDFFET� *OEFFE
 D̈0 JT UIF PQUJNBM TPMVUJPO XF
QSFTFOUFE JO 4FDUJPO �� 'JOBMMZ
 XF SVO PVS SFEVDF GVODUJPO
PO JU BOE QSPEVDF UIF TVC�JOQVU JO 'JHVSF �C� 8F DBO TFF
UIBU BMM UIF WBSJBCMFT JO . BSF JO UIF TPMVUJPO
 TP . SFNBJOT
UIF TBNF� 8F DBO SFNPWF # FOUJSFMZ CFDBVTF [#] JT OPU JO UIF
TPMVUJPO� 'JOBMMZ
 XF DBO TFF UIBU [*.N()] BOE [".N()] BSF OPU
JO UIF TPMVUJPO
 TP XF SFNPWF UIF N NFUIPET GSPN CPUI *
BOE "� य़F PUIFS WBSJBCMFT JO " BOE * BSF QBSU PG UIF TPMVUJPO

TP UIPTF JUFNT TUBZ�

� &YQFSJNFOUBM &WBMVBUJPO
य़JT TFDUJPO BOTXFST UIJT SFTFBSDI RVFTUJPO�

%PFT UIF VTF PG QSPQPTJUJPOBM MPHJD GPS NPEFMJOH JOUFSOBM
EFQFOEFODJFT MFBE UP BO FञFDUJWF BOE FडDJFOU SFEVDUJPO PG

DPNQMFY JOQVUT JO QSBDUJDF 
5P XIJDI UIF BOTXFS JT� ZFT� 0VS UPPM SFEVDFT +BWB CZUF�

DPEF UP ���� PG JUT PSJHJOBM TJ[F
 XIJDI JT ��� UJNFT CF॒FS UIBO
UIF ����� BDIJFWFE CZ +�3FEVDF� *U EPFT UIJT XIJMF POMZ CFJOH

��� UJNFT TMPXFS� *G XF POMZ XBOU UIF BNPVOU PG SFEVDUJPO
QSPEVDFE CZ +�3FEVDF
 XF DBO BDIJFWF UIBU XJUI PVS SFEVDFS
JO POMZ � NJOVUFT� य़JT JT CFMPX ��� PG UIF UPUBM SVOOJOH
UJNF PG +�3FEVDF�

*NQMFNFOUBUJPO� 0VS JNQMFNFOUBUJPO BOE FWBMVBUJPO BSF
XSJ॒FO BT BO FYUFOTJPO UP UIF +�3FEVDF BSUJGBDU <��
 ��>� 0VS
MPHJDBM NPEFM JT CVJMU JO B )BTLFMM F%4- BOE JT BSPVOE ���
MJOFT PG DPEF�

#FODINBSLT� 8F VTF UIF CFODINBSLT GSPN +�3FEVDF۝T
BSUJGBDU
 XIJDI JT B DPMMFDUJPO PG ��� QSPHSBNT GSPN UIF /+3
QSPKFDU <��>
 UPHFUIFS XJUI UISFF EFDPNQJMFST� 8F IBWF SF�
NPWFE GPVS CFODINBSLT GSPN UIF CFODINBSLT TFU� य़SFF PG
UIFN CFDBVTF UIFZ EJE OPU UZQF DIFDL� य़JT XBT OPU B QSPC�
MFN JO UIF +�3FEVDF QBQFS
 CFDBVTF JU EJE OPU UZQF DIFDL UIF
QSPHSBNT�य़F GPVSUI JT B DPQZ PG UIF TUBOEBSE MJCSBSZ
 XIJDI
DBVTFE VT QSPCMFNT�

*O UIJT FWBMVBUJPO
 B EFDPNQJMFS JT CVHHZ JG UIF PVUQVU
EPFT OPU DPNQJMF� &BDI PG B UPUBM PG �� JOQVU QSPHSBNT DBVTFT
BU MFBTU POF PG UIF EFDPNQJMFST UP QSPEVDF BO PVUQVU UIBU
EPFT OPU DPNQJMF� य़F HPBM PG UIF FWBMVBUJPO JT UP SFEVDF
UIF JOQVU QSPHSBNXIJMF QSFTFSWJOH UIF GVMM FSSPSNFTTBHF PG
UIF DPNQJMFS� " SJTL UP WBMJEJUZ JT UIBU NVMUJQMF CFODINBSLT
NBZ MFBE UP GBJMVSF CFDBVTF PG UIF TBNF CVH JO B EFDPNQJMFS

JO XIJDI DBTF UIF SFTVMUT NBZ CF TLFXFE�

4UBUJTUJDT� *O UPUBM
 UIF CFODINBSLT DPOUBJO ��� JOTUBODFT
XIFSF UIF EFDPNQJMFST QSPEVDF TPVSDF�DPEF UIBU GBJMT UP DPN�
QJMF� " DMBVTF DBO CF SFQSFTFOUFE BT BO FEHF JO B HSBQI JG
UIFSF FYBDUMZ POF QPTJUJWF BOE OFHBUJWF MJUFSBM JO UIF DMBVTF�
0O BWFSBHF 	HFPNFUSJD NFBO

 UIPTF CFODINBSLT IBWF ���
DMBTTFT
 ��� ,#
 ��� FSSPST QSPEVDFE CZ UIF DPNQJMFS
 ���L
SFEVDJCMF JUFNT
 ���L DMBVTFT JO UIF NPEFM
 BOE ����� FEHFT
BNPOH UIF DMBVTFT�

3VOOJOH UIF #FODINBSLT� 5P TVQQPSU PVS ੗OEJOHT
 XF
IBWF FWBMVBUFE GPVS SFEVDUJPO TUSBUFHJFT�
+�3FEVDF� 0VS NPEJ੗DBUJPO PG UIF JNQMFNFOUBUJPO PG

+�3FEVDF
 XIJDI XSJUFT UIF DMBTT�੗MFT JOTUFBE PG VTJOH
TZNCPMJD MJOLT�

5XP -PTTZ &ODPEJOHT� य़F NPEFM GSPN 4FDUJPO �
 UIF UXP
MPTTZ FODPEJOHT GSPN 4FDUJPO ���
 BOE UIFO PVS NPEJ�
੗DBUJPO PG +�3FEVDF�

0VS 3FEVDFS XJUI (#3� य़F NPEFM GSPN 4FDUJPO � BOE PVS
(#3 BMHPSJUIN GSPN 4FDUJPO ����

8F SBO JO QBSBMMFM JO CBUDIFT PG � PO FWFSZ CFODINBSL�
8F EJE UIJT DPODVSSFOUMZ PO UISFF �� *OUFM	3
 9FPO	3
 4JMWFS
���� $16
 ���� ()[ DPSF NBDIJOFT XJUI ��� (# 3".� य़F
NBDIJOFT SBO 0QFO+%, WFSTJPO �����@����

"OBMZTJT� 8F ੗STU DPNQBSF +�3FEVDF XJUI PVS SFEVDFS�
8F IBWF QMP॒FE B DVNVMBUJWF GSFRVFODZ EJBHSBN PG FBDI PG
UIF UISFF NFUSJDT� UJNF TQFOU SFEVDJOH
 BOE UIF ੗OBM SFMBUJWF
TJ[F JO CPUI OVNCFS DMBTTFT BOE CZUFT MFॏ
 TFF 'JHVSF �B� #Z
JOTQFDUJOH UIF ੗STU ੗HVSF
 XF DBO TFF UIBU +�3FEVDF ੗OJTIFT
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	B
 $VNVMBUJWF GSFRVFODZ EJBHSBNT PG UIF UJNF TQFOU
 BOE SFMBUJWF ੗OBM TJ[F
 CPUI JO UFSN PG OVNCFS PG DMBTTFT BOE OVNCFS PG CZUFT� *O BMM
੗HVSFT
 TUFFQFS JT CF॒FS� य़F EPUT SFQSFTFOUT UIF HFPNFUSJD NFBO�

	C
 य़F SFEVDUJPO PWFS UJNF� 4IPXT UIF SFEVDUJPO PO B MJOFBS TDBMF PG UIF OVNCFS PG UJNFT UIF JUFN IBT HP॒FO TNBMMFS�

'JHVSF �� 0VS SFTVMUT

SVOOJOH PO BMM CFODINBSLT XJUIJO BO IPVS
 XIJMF GPS TPNF
CFODINBSLT
 PVS SFEVDFS UBLFT VQ UP �� IPVST� 8F DBO
 IPX�
FWFS
 TFF UIBU JU IBT ੗OJTIFE PO NPTU (>95�) PG UIF CFODI�
NBSLT XJUIJO UXP IPVST� 'PS UIJT FYUSB SVOOJOH UJNF
 XF HFU
NVDI NPSF SFEVDUJPO� 8F DBO TFF UIBU XF SFEVDF IBMG PG UIF
CFODINBSLT UP CFMPX ��� JO DMBTTFT BOE �� JO CZUFT
 XIFSF
+�3FEVDF POMZ SFEVDF UP BSPVOE ����

य़F MPOH FYFDVUJPO UJNFT TUFN GSPN UIBU EFDPNQJMFST UBLF
UJNF UP FYFDVUF BOE UIBU TPNF DBTFT IBWFNBOZ EJTUJODU CVHT�
&BDI CVH SFRVJSFT (#3 UP EP BO JOEJWJEVBM TFBSDI� 0OF PG
PVS MPOH�SVOOJOH DBTFT MFBET UP NBOZ EJTUJODU CVHT BOE B
DPOTUSBJOU XJUI �
��� WBSJBCMFT
 BOE XF FOE VQ EPJOH ��
TFBSDIFT XJUI �� TUFQT FBDI� *O UPUBM
 UIBU DBTF MFBET VT UP
SVO ��� EFDPNQJMBUJPOT BOE DPNQJMBUJPOT JO � IPVST
 FBDI
UBLJOH �� TFDPOET PO BWFSBHF�

8F DBO TFF UIBU +�3FEVDF۝T BOE PVS SFEVDFST HFPNFUSJD
NFBO SVOOJOH UJNF JT ����� T BOE ����� T
 SFTQFDUJWFMZ
 XIJDI
NFBOT UIBU PVS SFEVDFS JT ��� UJNFT TMPXFS UIBO +�3FEVDF�
य़F SFEVDUJPO PG PVS SFEVDFS JT NVDI CF॒FS� GPS OVNCFS PG
DMBTTFT
 XF DBO SFEVDF UP ���� XIJMF +�3FEVDF HFUT �����

BOE GPS CZUFT XF SFEVDF UP ���� XIJMF +�3FEVDF HFUT ������
8F QFSGPSN ��� UJNFT CF॒FS PO DMBTTFT
 BOE ��� UJNFT CF॒FS
PO CZUFT�

)PXFWFS
 UIJT DPNQBSJTPO JT POMZ GBJS JG XF BTTVNF UIBU
XF IBWF �� IPVST UP SFEVDF� " NVDI NPSF MJLFMZ TDFOBSJP
JT UIBU XF IBWF B ੗YFE UJNF XJOEPX
 BOE XF XBOU UIF BMHP�
SJUIN UP SFEVDF BT NVDI BT JU DBO JO UIBU UJNF GSBNF� 8F DBO
TUPQ CPUI BMHPSJUINT BU BOZ QPJOU JO UIF FYFDVUJPO BOE VTF
UIF TNBMMFTU JOQVU VOUJM UIBU QPJOU UIBU QSFTFSWFT UIF FSSPS
NFTTBHF� 5P JMMVTUSBUF UIJT
 JO ੗H� �C
 XF IBWF QMP॒FE UIF
NFBO SFEVDUJPO PWFS UJNF�

य़F UXP MPTTZ FODPEJOHT GSPN 4FDUJPO ��� IBWF FYFDVUJPO
UJNFT UIBU BSF TJNJMBS UP UIBU PG PVS SFEVDFS� UIF ੗STU POF JT
�� GBTUFS XIJMF UIF TFDPOE JT �� TMPXFS� "EEJUJPOBMMZ
 UIFZ
BSF BMNPTU BT HPPE PG PVS SFEVDFS� UIF ੗STU POF QSPEVDFT ��
NPSF CZUFT XIJMF UIF TFDPOE QSPEVDFT �� NPSF CZUFT� 4JNJ�
MBSMZ
 UIF ੗STU POF QSPEVDFT �� NPSF MJOFT UIBO PVS SFEVDFS
XIJMF UIF TFDPOE QSPEVDFT �� NPSF MJOFT� 0WFSBMM
 PVS SF�
EVDFS JT TUSJDUMZ CF॒FS UIBO UIF ੗STU MPTTZ FODPEJOH GPS ���
PG PVS CFODINBSLT
 BOE PVS SFEVDFS JT TUSJDMZ CF॒FS UIBO UIF
TFDPOE MPTTZ FODPEJOH GPS ��� PG PVS CFODINBSLT� य़PTF
QFSDFOUBHFT JODSFBTF UP ��� BOE ��� GPS CFODINBSLT XJUI
BU MFBTU �� OPO�HSBQI DPOTUSBJOUT�
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