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u * EPDVNFOU UIFTF VTFT PG 5JCFUBO ZJO�OBrBOH GSPN PSJHJOBM aFMEXPSL BOE

EFWFMPQ B DPNQPTJUJPOBM TFNBOUJDT XIJDI EFSJWFT UIFTF VTFT GSPN 	�
�
v * EFWFMPQ B OFX BQQSPBDI UP UIF TFNBOUJDT PG VOJWFSTBM GSFF

DIPJDF XIJDI EPFT OPU TUJQVMBUF JUT RVBOUJaDBUJPOBM GPSDF�
u 4JNJMBS DPOTUSVDUJPOT w XJUI UIF TBNF�TJNJMBS JOHSFEJFOUT BOE UIF

TBNF�TJNJMBS SBOHF PG VTFT w JT BUUFTUFE JO %SBWJEJBO MBOHVBHFT
	#BMVTV ����
 BOE +BQBOFTF�
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DPNQPTJUJPOBM BQQSPBDI� * EJT�
DVTT FYUFOTJPOT PG UIF BOBMZTJT GPS 5JCFUBO UP UIFTF MBOHVBHFT BT XFMM�
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�5IJT SFbFDUT UIF HFOFSBM SFEVDUJPO PG %	ц �ZBOH� ģľģı UP %$҇ц �ZBrJ� �ZF� DPNNPO JO
TQFFDI 	5PVSOBESF BOE 4BOHEB %PSKF ����� ���
� (PMETUFJO ���� MJTUT BMM UISFF GPSNT 	Q� ����

CVU JEFOUJGZJOH %҇�ц�$	ц ZJO�OBrBOH BT UIF DBOPOJDBM GPSN� * GPMMPX UIJT DPOWFOUJPO IFSF�
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	�
 <<QSP=Q>' ZJO�OB>
Ġĳĵ�ĠĳıĢ

�ZBOH
ģľģı

R

-JUFSBM -'� ģľģı 	 JG JUrT <Q>' R 
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 %FSJWJOH DPVOUFSFYQFDUBUJPO�

B� -FU 1 CF B TFU PG SFMFWBOU BMUFSOBUJWFT UP Q w QSPQPTJUJPOT Q′ XIFSF
UIF DPOEJUJPOBM sJG Q′ Rt JT SFMFWBOU UP DPOTJEFS�

C� ģľģı SFRVJSFT UIBU UIF DPOEJUJPOBM sJG Q Rt CF MFTT MJLFMZ UIBO sJG Q′
Rt GPS BMM Q′ ∈ 1� 	)PSO ����� TFF BMTP #FOOFUU ���� WPO 'JOUFM ����


D� 5IJT TDBMBS DPOEJUJPO SFRVJSFT MPX DSFEFODF JO sJG Q Rt JODPNQBUJCMF
XJUI BO FYQFDUBUJPO UIBU sJG Q MJLFMZ R�t 5IJT VUUFSBODF UIFSFGPSF
TJHOBMT BOE SFJOGPSDFT BO FYQFDUBUJPO UIBU sJG Q MJLFMZ OPU R�t

	�
 %FSJWJOH DPNNJUNFOU UP RRR� 	WJB DPNNJUNFOU UP Q

B� 5IF QSPQPTJUJPO Q XBT BTTFSUFE QSJPS CZ UIF TBNF TQFBLFS PS CZ BO�

PUIFS TQFBLFS BOE OPU EFOJFE DPNNJUUJOH UIF TQFBLFS UP Q�
C� 5IF TQFBLFS BTTFSUT sJG Q R�t
D� #Z .PEVT 1POFOT UIF TQFBLFS JT DPNNJUUFE UP R�

�

	��
 %FSJWJOH DPNNJUNFOU UP RRR� 	XJUIPVU DPNNJUNFOU UP Q

B� "TTVNF UIBU 1 JO 	�
 FYIBVTUT BMM SFMFWBOU QPTTJCJMJUJFT� 5IJT JT

XIBU #FOOFUU 	����
 DBMMT BO sJOUSPEVDFEt FWFO JG DPOEJUJPOBM�
C� *O TVDI DBTFT UIF BTTFSUJPO sģľģı JG <Q>' Rt JNQMJDBUFT UIF USVUI PG

UIF DPOTFRVFOU R� 4FF WPO 'JOUFM ����� ������ GPS EJTDVTTJPO�
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! 8IBU XFrWF EPOF JT UP VTF ģľģı UP CVJME B DPODFTTJWF 	qBMUIPVHI�FWFO
UIPVHIr
 SFMBUJPO GSPN B DBVTBM POF BT JT DSPTT�MJOHVJTUJDBMMZ DPNNPO
	,ÓOJH ����� ��v��
 BOE VTF UIBU UP TJHOBM DPVOUFSFYQFDUBUJPO�

4FF BMTP *QQPMJUP ���� GPS SFMBUFE EJTDVTTJPO PG &OHMJTI DPODFTTJWF TUJMM BOE
#BMVTV ���� GPS B TJNJMBS BOBMZTJT PG ,BOOBEB BBE�BS�VV�

� 0O UIF TZOUBY PG 9�ZJO�OBrBOH

5BLJOH UIF NPSQIPMPHZ PG ZJO�OBrBOH BU GBDF WBMVF w ĠĳĵļĮĝ � ĠĳıĢĨĺĨĳıĝĮ
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 XIFSF 9�ZJO�OBrBOH UBLFT EBUJWF DBTF�

�5IJT CZ JUTFMG NBZ OPU FYQMBJO XIZ qXIJDIr�QISBTFT BSF SVMFE PVU� )PX DPNF B TUSVDUVSF
BLJO UP qFWFO JG QSP JT XIJDI DIJMEr JT VOBWBJMBCMF * EP OPU IBWF BO BOTXFS UP UIJT ZFU�

�

9�ZJO�OBrBOH JT B DMBVTBM TUSVDUVSF JO BO BSHVNFOU QPTJUJPO XIJDI EFTDSJCFT
UIBU BSHVNFOU� JO PUIFS XPSET B IFBE�JOUFSOBM SFMBUJWF PS BNBMHBN 	-BLPê �����
TFF BMTP ,MVDL ����
�

	��
 +PIO JT HPJOH UP * UIJOL JUrT $IJDBHP PO 4BUVSEBZ� 	-BLPê ����� ���


���CVU NBOZ BQQSPBDIFT UP IFBE�JOUFSOBM SFMBUJWFT BOE BNBMHBNT XJMM OPU BQ�
QMZ IFSF BT UIF FNCFEEFE DMBVTF JT B DPOEJUJPOBM DMBVTF�

! * BEPQU UIF 4IJNPZBNB ���� BOBQIPSB BQQSPBDI GPS 	+BQBOFTF
 IFBE�
JOUFSOBM SFMBUJWFT�� UIF DMBVTF JT JOUFSQSFUFE BT BEKPJOFE UP UIF NBJO
DMBVTF BU -' XJUI JUT TVSGBDF QPTJUJPO JOUFSQSFUFE BT B QSPOPVO��

	��
 B� -JUFSBM 	��
� 1FNB UBMLT UP <FWFO JG \QSP�UIF DIJME^� JT XIP> ⇒

C� -'� <FWFO JG \QSP�UIF DIJME^�rT XIP> TIF UBMLT UP UIFN� ⇒

ģľģı <JG \QSP�UIF DIJME^�rT XIP TIF UBMLT UP UIFN�>

� $PODFTTJWF TDBMBS GPDVT QBSUJDMF
$PODFTTJWF TDBMBS QBSUJDMFT BSF MJDFOTFE JO OPO�WFSJEJDBM FOWJSPONFOUT BOE���

u "MPOTP�0WBMMF 	����� ���
� sUSJHHFS B DIBSBDUFSJTUJD JOUFSQSFUBUJPO� UIFZ
DPOWFZ B TUSFOHUIFOJOH FêFDU JO EPXOXBSE FOUBJMJOH FOWJSPONFOUT B
qTFUUMF GPS MFTTr JOUFSQSFUBUJPO JO NPEBM DPOUFYUT���t BOE

u $SOJǒ 	����� �
� BTTPDJBUF XJUI sMPXFTU FMFNFOU PO UIF QSBHNBUJD TDBMF�t

	��
 4QBOJTI BVORVF TFB 	-BIJSJ ����

B� �%ÆNF

HJWF�NF
BVORVF
ĝļıĶļģ

TFB
ĸģĝ

VO
POF

WBTP
HMBTT

EF
PG

BHVB
XBUFS

NÆEJDP
EPDUPS

EF
PG

NJFSEB�
TIJU

q(JWF NF BU MFBTU <B HMBTT PG XBUFS>' ZPV DSBQQZ EPDUPS�r
C� 4J

JG
MFFT
ZPV SFBE

BVORVF TFB
ĝļıĶļģ ĸģĝ

6/
POF

MJCSP
CPPL

WBT B
ZPVrMM

BQSPCBS�
QBTT

≈ q*G ZPV SFBE FWFO KVTU�BU MFBTU <POF>' CPPL ZPVrMM QBTT�r

-BOHVBHFT WBSZ JO XIFUIFS OFHBUJPO MJDFOTFT $41T 	"MPOTP�0WBMMF ����
�
�5JCFUBO BMTP HFOFSBMMZ IBT IFBE�JOUFSOBM SFMBUJWFT 	%F-BODFZ ���� &SMFXJOF ����B
�
�3BIVM #BMVTV 	Q�D�
 PCTFSWFT UIBU )JSTDI ���� TFFNT UP IBWF JOEFQFOEFOUMZ QSPQPTFE BO

BOBMZTJT NVDI MJLF 	��
 GPS UIF JOUFSQSFUBUJPO PG &OHMJTI FWFS GSFF SFMBUJWFT�
�



	��
 $41 ZJO�OBrBOH MJDFOTFE CZ B DPOEJUJPOBM�
�	�
�Ґ�ц�
҇�ц%҇�ц�$	цS Ҕ�ц�ц%҇�ц��ц��&ц$^ Ҕ'ц�҇ц&Ґ�ш � � ��� �Τ�ц ���

<%FQ
CPPL

<HDJH��HTVN>'
UISFF��UISFF

ZJO�OBrBOH
ŁĨı�ıĝrĝıĦ

LMPH�OB>
SFBE�ĠĳıĢ

ZJH�UTIBE
FYBN

NUIBS�rLIZPM�HJ�SFE�
TVDDFFE�Ĩİĵĥ�ĝļŀ

≈ q<*G <ZPV> SFBE FWFO KVTU POF��UISFF CPPL	T
> <ZPV> XJMM QBTT UIF FYBN�r

	��
 $41 ZJO�OBrBOH MJDFOTFE CZ OFHBUJPO�
�Oц(҇*ц,	ц�Τ�ц�ц%҇�ц�$҇ц'Ґ�ц�҇ц$Ů� � � ��� 'Ґ�ц$Ů�
C,SB�TIJT
5BTIJ

BOH
OVNCFS

<HTVN>'�QB
UISFF�ĳķĢ

ZJO�OrJ
ŁĨı�ıĝrĝıĦ

MFO��	NJ
�rEVH�
SFDFJWF�ıģĦ�ĝļŀ

q)F EJEOrU FWFO HFU <UIJSE>' QMBDF�r

	��
 $41 ZJO�OBrBOH MJDFOTFE JO BO JNQFSBUJWF�
�ц'�ц�҇*ц%҇�ц�$҇ц#ц�	ш
,IB�MBH
GPPE

<UJT>'
B MJUUMF

ZJO�OrJ
ŁĨı�ıĝrĝıĦ

[B�	EBOH
�
FBU�Ĩİĵ

≈ q&BU BU MFBTU B MJUUMF GPPE�r

"OBMZTJT JO UIF TQJSJU PG -BIJSJ �����

	��
 -JDFOTJOH JO B DPOEJUJPOBM 	��
�
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D� 8JUI B XFBL FMFNFOU qPOFr�
!Ω"P � ∧JG JU�rT POF CPPL <JG ZPV SFBE JU� ZPV XJMM QBTT UIF FYBN>
5IF QSFKBDFOU !Ω"P JT UIF MFBTU MJLFMZ XJUIJO !Ω"BMU TBUJTGZJOH ģľģı�

�-BIJSJ ���� EJTDVTTFT UIF EJTUSJCVUJPO BOE JOUFSQSFUBUJPO PG 4QBOJTI BVORVF TFB XIJDI BQ�
QFBST UP CF FWFO JG � 	TVCKVODUJWF
 DPQVMB BOE EJTDVTFT QPTTJCMF DPNQPTJUJPOBM BDDPVOUT� )F BMTP
SFMBUFT UIJT UP UIF (SFFL DPODFTTJWF TDBMBS FTUP LF XIJDI JT BMTP FWFO � JG 	(JBOOBLJEPV ����
�

�

E� 8JUI B TUSPOHFS FMFNFOU qUISFFr�
!Ω"P � ∧JG JU�rT UISFF CPPLT <JG ZPV SFBE JU� ZPVXJMM QBTT UIF FYBN>
!Ω"P JT OPU UIF MFBTU MJLFMZ BMUFSOBUJWF BOE TP ģľģı JT JOGFMJDJUPVT�

	��
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�
$POTJEFS POMZ aSTU TFDPOE UIJSE QMBDFT IFSF�
B� -'� ģľģı <Ω JG JU�rT <UIJSE>' QMBDF 5BTIJ EJEOrU HFU JU� >
C� !Ω"P � ∧JG JU�rT UIJSE QMBDF 5BTIJ EJEOrU HFU JU�

!Ω"BMU � {∧JG JU�rT O�UI QMBDF 5BTIJ EJEOrU HFU JU� � O ∈ {�, �, �}}
"TTVNJOH HFUUJOH aSTU QMBDF JT MFTT MJLFMZ w PS NPSF OPUFXPSUIZ
	)FSCVSHFS ����
 w UIBO TFDPOE FUD� OPU HFUUJOH UIJSE QMBDF XJMM
CF UIF MFBTU MJLFMZ TBUJTGZJOH ģľģı�

5IJT SFBTPOJOH SFMJFT PO UIF OFHBUJPO UP SFWFSTF MJLFMJIPPE SFMBUJPOT BOE UIVT
GPMMPXT UIF HFOFSBM MPHJD PG XFBL FMFNFOUT BTTPDJBUJOHXJUI ģľģı UP GPSN/1*T
	-BIJSJ ����� TFF BMTP -FF BOE )PSO ����
�

	��
 -JDFOTJOH ZJO�OBrBOH JO BO JNQFSBUJWF 	��
�
B� -' GPS 	��
� ģľģı <Ω Ĩİĵ	JG JUrT <B MJUUMF>' GPPE� ZPV FBU JU�
>

Ĩİĵ SFQSFTFOUT UIF JNQFSBUJWF TQFFDI BDU PQFSBUPS�
C� *G JNQFSBUJWFT EPOrU IBWF USVUI DPOEJUJPOT 	QBDF ,BVGNBOO ����


XF DBOrU PSEFS UIFN CZ MJLFMJIPPE PS FOUBJMNFOU� #VU XF DBO PSEFS
JNQFSBUJWFT CZ OPUFXPSUIJOFTT 	)FSCVSHFS ����
�

D� *O B DPOUFYU XIFSF B TUSPOHFS SFRVFTUw F�H� Ĩİĵ	JG JUrT B MPU PG GPPE�
ZPV FBU JU�
 w JT BMTP BQQSPQSJBUF UIF TQFBLFSrT DIPJDF UP NBLF UIF
XFBLFS SFRVFTU XJUI qMJUUMFr JT OPUFXPSUIZ TBUJTGZJOH ģľģı�

E� 5IJT EFSJWFT UIF sBU MFBTUt PS sTFUUMF GPS MFTTt 	"MPOTP�0WBMMF ����

bBWPS PG UIF DPODFTTJWF TDBMBS QBSUJDMF� "MUFSOBUJWF JNQFSBUJWFT
XJUI IJHIFS WBMVFT XPVME BMTP CF BQQSPQSJBUF�

! 'PMMPXJOH -BIJSJ ���� PO BVORVF TFB 	TFF GPPUOPUF �
 UIF DPNCJOBUJPO
PG B DPQVMB DPOEJUJPOBM BOE qFWFOr DBO EFSJWF UIFTF JOUFSQSFUBUJPOT PG
DPODFTTJWF TDBMBS ZJO�OBrBOH�

�



� 8I VOJWFSTBM GSFF DIPJDF JUFN

6OJWFSTBM GSFF DIPJDF JUFNT 	∀�'$*T
 BSF MJDFOTFE JO B SBOHF PG
NPEBM�DPOEJUJPOBM BOE OPO�FQJTPEJD 	OPO�WFSJEJDBM� (JBOOBLJEPV ����

FOWJSPONFOUT BOE MFBE UP VOJWFSTBM GSFF DIPJDF JOGFSFODFT�

	��
 G	'$*Y
 ⇒ GPS BOZ DIPJDF PG Y G(Y) JT USVF
	(JBOOBLJEPV ����rT sRVBTJ�VOJWFSTBM FêFDUt� ,SBU[FS BOE 4IJNPZBNB
����rT sEJTUSJCVUJPO SFRVJSFNFOUt


1SFMJNJOBSJFT
"T XI�ZJO�OBrBOH '$*T JOWPMWF B XI�XPSE * JOUSPEVDF TPNF CBDLHSPVOE�

	��
 5JCFUBO JT XI�JO�TJUV� OP CBSF XI JOEFaOJUFT�
Ť�*цϔ Ҕц'цΤцϳҐ�*ц* Ҕ	ц�*ш
<51 5IVHT�TQSP�MB

QBSUZ�Ģĝĺ
TV
XIP

TMFCT�TPOH>
BSSJWF�ĝļŀ

	�QBT 

�2

q8IP DBNF UP UIF QBSUZ r � �q4PNFPOF DBNF UP UIF QBSUZ�r	��
 8I�ģľģı /1*� 	TFF &SMFXJOF BOE ,PUFL ����

Ť�*цϔ Ҕц'цΤц%	цϳҐ�*ц�ц* Ҕ	ш
5IVHT�TQSP�MB
QBSUZ�Ģĝĺ

TV�ZBOH
XIP�ģľģı

TMFCT��	NB
�TPOH�
BSSJWF�ıģĦ�ĝļŀ

q/P POF DBNF UP UIF QBSUZ�r

* FNQMPZ UIF GSBNFXPSL GPS XI�RVBOUJaDBUJPO JO "MUFSOBUJWF 4FNBOUJDT JO NZ
XPSL JO QSPHSFTT� TFF F�H� &SMFXJOF ����C�

u 8I�XPSET IBWF BO BMUFSOBUJWF TFU SBOHJOH PWFS JUT EPNBJO CVU OP PSEJ�
OBSZ WBMVF 	3BNDIBOE ���� #FDL ���� ,PUFL ����
�

	��
 B� !TV�XIP"P VOEFaOFE
C� !TV�XIP"BMU = {Y : Y BOJNBUF}

�

	��
 B� !51"P VOEFaOFE
C� !51"BMU = {∧5BTIJ DBNF���, ∧4POBN DBNF���, ...}

	��
 *OUFSQSFUBCJMJUZ� 	CBTFE PO JOUVJUJPOT JO 3PPUI ���� #FDL ����


5P JOUFSQSFU Ω !Ω"P NVTU CF EFaOFE BOE ∈ !Ω"BMU�

u 5P JOUFSQSFU !51" JO 	��
 BCPWF BT B RVFTUJPO BO PQFSBUPS "Įĺ4ħĨĥĺ BQ�
QMJFT UP DPOWFSU JU JOUP B WBMJE RVFTUJPO EFOPUBUJPO� 4FF ,PUFL �����

u 'PDVT QBSUJDMFT TVDI BT ģľģı DBOrU DPNQPTF XJUI 	��
 CFDBVTF UIFZ SF�
RVJSF B EFaOFE PSEJOBSZ WBMVF 	UIF QSFKBDFOU
�

u 5P aY UIJT QSPCMFN * QSPQPTF UIF GPMMPXJOH DPWFSU ∃��

	��
 B� !∃ Ω"P =
∨

!Ω"BMU C� !∃ Ω"BMU = !Ω"BMU

u <∃ 51> EPFT OPU SFTVMU JO BO JOUFSQSFUBCMF CBSF XI�JOEFaOJUF CFDBVTF JUT
SFTVMU WJPMBUFT *OUFSQSFUBCJMJUZ 	��
� #VU JU BMMPXT GPDVT QBSUJDMFT TVDI
BT ģľģı UP BQQMZ XIJDI UIFO SFTPMWF UIF *OUFSQSFUBCJMJUZ QSPCMFN CZ
sSFTFUUJOHt UIF BMUFSOBUJWF TFU�

	��
 3FTFU�
0Q JT sSFTFUUJOHt JG JU TQFDJaFT !Ω"BMU := {!Ω"P}

5IJT BMMPXT GPS B DPNQPTJUJPOBM EFSJWBUJPO PG XI�ģľģı /1*T JO 5JCFUBO 	��

GPMMPXJOH UIF -BIJSJ ���� MPHJD GPS FOGPSDJOH QPMBSJUZ�TFOTJUJWJUZ UISPVHI B
TDBMBS QBSUJDMF� 4FF &SMFXJOF �����

"OBMZTJT

	��
 $PNQVUJOH UIF XI ∀∀∀�'$* JO 	��
�
B� -JUFSBM 	��
� 1FNB UBMLT UP <FWFO JG \QSP�UIF DIJME^ JT XIP> ⇒

C� -'� ģľģı <Ω JG < ∃ < JU�rT XIP>> < TIF UBMLT UP UIFN� >>

��



	��
 B� !Ω"P � ∧JG JU�rT TPNFPOF TIF UBMLT	ħĝğĨĺļĝĮ
 UP UIFN�

C� !Ω"BMU � \∧JG JU�rT Y TIF UBMLT	ħĝğĨĺļĝĮ
 UP UIFN� � Y IVNBO^

5IF DPOEJUJPOBM SFTUSJDUT UIF EPNBJO PG B NPEBM�UFNQPSBM RVBOUJaFS 	-FXJT
���� ,SBU[FS ���� ���� WPO 'JOUFM ����
� 'PMMPXJOH "SSFHVJ FU BM� ���� *
NPEFM UIF IBCJUVBM JNQFSGFDUJWF BT B VOJWFSTBM RVBOUJaFS PWFS sDIBSBDUFSJTUJDt
TJUVBUJPOT 	$JQSJB BOE 3PCFSUT ����� ���
�

	��
 ∀ DIBSBDUFSJTUJD TJUVBUJPOT T BOE BTTJHONFOUT H XIFSF H(�) FYJTUT BOE
JT IVNBO JO T TIF UBMLT UP H(�) JO T

	��
 B� !Ω"P � ∧∀T, H[H(�) EFaOFE IVNBO JO T →TIF UBMLT UP H(�) JO T]
C� !Ω"BMU � {∧∀T, H[H(�) = Y → TIF UBMLT UP H(�) JO T] : Y IVNBO}

!Ω"P BTZNNFUSJDBMMZ FOUBJMT FWFSZ BMUFSOBUJWF JO !Ω"BMU�
ģľģı UIFO BQQMJFT UP Ω� 5IF QSFTVQQPTJUJPO PG ģľģı XJMM CF TBUJTaFE� UIF QSF�
KBDFOU JT UIF MFBTU MJLFMZ BMUFSOBUJWF�

! 5IF VOJWFSTBM GPSDF PG ∀∀∀�'$*T DPNFT GSPN UIF VOJWFSTBM
NPEBM�UFNQPSBM RVBOUJaDBUJPO w IFSF IBCJUVBM w XIJDI JT SF�
TUSJDUFE CZ UIF DPOEJUJPOBM�

	��
 #VU XIBU JG UIF DPOEJUJPOBM SFTUSJDUT B QPTTJCJMJUZ NPEBM 
B� ∃ BDDFTTJCMF X BOE BTTJHONFOU H XIFSF H(�) FYJTUT BOE JT IVNBO

JO X TIF UBMLT UP H(�) JO X
C� !Ω"P � ∧∃X, H[H(�) EFaOFE IVNBO JO X ∧ TIF UBMLT UP H(�) JO X]

!Ω"BMU � {∧∃X, H[H(�) = Y ∧ TIF UBMLT UP H(�) JO X] : Y IVNBO}
#VU IFSF UIF QSFKBDFOU !Ω"P JT XFBLFS UIBO FBDI PG UIF BMUFSOBUJWFT
JO !Ω"BMU� 5IF QSFKBDFOU DBOOPU CF MFTT MJLFMZ UIBO JUT BMUFSOBUJWFT TP
ģľģı JT JOGFMJDJUPVT�

! 5IF TFNBOUJDT PG ģľģı FOTVSFT UIBUXI�ZJO�OBrBOH 	≈ FWFO JG JUrT TPNFPOF

DPOEJUJPOBMT DBO POMZ SFTUSJDU VOJWFSTBM NPEBM�UFNQPSBM PQFSBUPST�

��

	��
 8I�ZJO�OBrBOH '$* XJUI EFPOUJD QPTTJCJMJUZ NPEBM�
	$҇ц^҇ц�'�ц�&Ґц%҇�ц�$	ц#ц� Ҕ�ц�҇ц&Ґ�ш
/HB�rJ
�TH�Ħģı

LIZJ
EPH

<	LIB�MBH

GPPE

HB�SF
XIBU

ZJO�OBrBOH>
ŁĨı�ıĝrĝıĦ

[B�DIPH�HJ�SFE�
FBU�ĝĮĮĳĿģĢ�Ĩİĵĥ�ĝļŀ

q.Z EPH JT BMMPXFE UP FBU BOZUIJOH � BOZ GPPE�r

	��
 ∀∀∀�'$* XJUI QPTTJCJMJUZ NPEBM JO 	��
�
B� -JUFSBM 	�
� .Z EPH Ĩİĵĥ <ĝĮĮĳĿģĢ FBU <FWFO JG UIF GPPE JT XIBU>>
C� *G UIF GPPEJ FYJTUT NZ EPH ĝĮĮĳĿģĢ FBU JUJ × ģľģı
D� *G UIF GPPEJ FYJTUT Ĩİĵĥ < NZ EPH ĝĮĮĳĿģĢ FBU JUJ > © ģľģı

⇒ ∀�'$ > ĝĮĮĳĿģĢ

	��
 8I�ZJO�OBrBOH JT VOHSBNNBUJDBM JO FQJTPEJD EFTDSJQUJPOT�
��Oц(҇*ц�ц́ц�ц'�ц�ц&Ґц%҇�ц�$	ц�#*ц�&ц* Ҕ	ш
C,SB�TIJT
5BTIJ

EB�MUB
OPX

<	LIB�MBH

GPPE

HB�SF
XIBU

ZJO�OBrBOH>
ŁĨı�ıĝrĝıĦ

C[BT�UTIBS�TPOH�
FBU�aOJTI�ĝļŀ

*OUFOEFE� ≈ q5BTIJ aOJTIFE FBUJOH BOZ GPPE SJHIU OPX�r

&QJTPEJD EFTDSJQUJPOT DMBJN UIF FYJTUFODF PG B QBSUJDVMBS FWFOU� IFSF UIBU UIFSF
XBT B DPNQMFUJPO PG FBUJOH JO UIF QBTU JO UIF IBMP PG qOPX�r

! 5IFSF JT OP NPEBM�UFNQPSBM PQFSBUPS XIJDI TVQQMJFT VOJWFSTBM GPSDF
BOE UIFSFGPSF UIF QSFKBDFOU XJMM OPU CF MFTT MJLFMZ UIBO JUT BMUFSOBUJWFT
TP ģľģı DBOOPU CF TBUJTaFE IFSF�

� $PODMVTJPO

5JCFUBO ZJO�OBrBOH IBT UISFF GVODUJPOT�
�� :JO�OBrBOH DPVOUFSFYQFDUBUJPOBM EJTDPVSTF QBSUJDMF
�� 9 ZJO�OBrBOH DPODFTTJWF TDBMBS GPDVT QBSUJDMF
�� XI ZJO�OBrBOH VOJWFSTBM GSFF DIPJDF JUFN

��



! "MM UISFF VTFT DBO CF EFSJWFE DPNQPTJUJPOBMMZ GSPN JUT JOHSFEJFOUT�

	�
 %҇�ц
ZJO
ĠĳĵļĮĝ

+

�ц
OB
ĠĳıĢĨĺĨĳıĝĮ

+

%	ц
ZBOH
ģľģı

! " OFX BQQSPBDI UP VOJWFSTBM GSFF DIPJDF QBSBTJUJD PO BO FYJTUJOH VOJ�
WFSTBM�OFDFTTJUZ PQFSBUPS WJB UIF DPOEJUJPOBM FOGPSDFE CZ UIF MPHJDBM
QSPQFSUJFT PG NPUJWBUFE CZ JUT PWFSU NPSQIPMPHZ 	�
�
4FF BMTP JUT GVSUIFS GPSNBMJ[BUJPO JO &SMFXJOF �����

&YUFOTJPOT�

! *G UIJT JT SFBMMZ EFSJWFE GSPN UIF JOEFQFOEFOU DPOWFOUJPOBM TFNBOUJDT GPS
UIF DPQVMB DPOEJUJPOBM BOE FWFO XF NJHIU FYQFDU TJNJMBS FYQSFTTJPOT
JO PUIFS MBOHVBHFT�

3BIVM #BMVTV IBT SFDFOUMZ TIPXO 	���� ����
 UIJT UP CF USVF JO B SBOHF PG
%SBWJEJBO MBOHVBHFT�

'PS FYBNQMF 5FMVHV BJ�OBB � Ġĳĵ�ģľģı�Ĩĥ IBT UISFF GVODUJPOT�
�� "J�OBB DPVOUFSFYQFDUBUJPOBM EJTDPVSTF QBSUJDMF
�� 9 BJ�OBB DPODFTTJWF TDBMBS GPDVT QBSUJDMF
�� XI BJ�OBB VOJWFSTBM�FYJTUFOUJBM GSFF DIPJDF JUFN

� #VU UIFSF BSF TVCUMF EJêFSFODFT� 'PS FYBNQMF 5FMVHV XI BJ�OBB BMTP BM�
MPXT ∃�'$* 	qTPNFCPEZ PS PUIFSr
 SFBEJOHT� 4FF #BMVTV ���� �����

+BQBOFTF EFNP IBT UISFF GVODUJPOT�
�� %FNP DPVOUFSFYQFDUBUJPOBM EJTDPVSTF QBSUJDMF
�� 9 EFNP DPODFTTJWF TDBMBS GPDVT QBSUJDMF � qGPS FYBNQMFr
�� XI EFNP VOJWFSTBM GSFF DIPJDF JUFN

4FF UIF IBOEPVUrT "QQFOEJY GPS TPNF EBUB BOE POF QBSUJDVMBSMZ TUSJLJOH QBS�
BMMFM CFUXFFO 5JCFUBO ZJO�OBrBOH BOE +BQBOFTF EFNP�

��

� #VU UIFSF JT B TVCUMF EJêFSFODF� %FNP IBT B qGPS FYBNQMFr VTF 	8BUBOBCF
����
� 4FF "QQFOEJY JO IBOEPVU�

" DMPTJOH UIPVHIU PO DPOTUSVDUJPOBM USBOTQBSFODZ���
" DPNQMJDBUJPO JT UIBU +BQBOFTF EFNP JT OPU B TZODISPOJDBMMZ QSPEVDUJWF DPN�
CJOBUJPO PG DPQVMB DPOEJUJPOBM BOE FWFO�

u )JSBJXB BOE /BLBOJTIJ 	UP BQQFBS
 QSPQPTF UIBU UIF +BQBOFTF TVSGBDF
GPSN EFNP JT B DPOWFOUJPOBMJ[FE DPOUSBDUJPO PG EFBS�UF�NP XIJDI JT USBOT�
QBSFOUMZ Ġĳĵ�ĠĳıĢ�ģľģı� #VU UIF QSPQPTFE DPOUSBDUJPO JT OPU B QSPEVD�
UJWF QSPDFTT�

! 5IF TVDDFTT PG UIF EFDPNQPTJUJPO GPS 5JCFUBO ZJO�OBrBOH w GSPN JUT JO�
HSFEJFOUT ĠĳĵļĮĝ � ĠĳıĢĨĺĨĳıĝĮ � ģľģı w JT WBMVBCMF GPS VOEFSTUBOE�
JOH UIJT DMBTT PG FYQSFTTJPOT CPUI TZODISPOJDBMMZ QSPEVDUJWF BOE OPU�

v 8F NJHIU aOE PUIFS DBTFT XIFSF UIF NPSQIPMPHZ BOE TFNBOUJDT
BSF RVJUF USBOTQBSFOU 	%SBWJEJBO 


v BOE GPS PUIFST JU PêFST BO FYQMBOBUJPO GPS XIZ B MBOHVBHF CVOEMFT
TVDI NFBOJOHT UPHFUIFS FWFO JG JUT NPSQIPMPHZ JT OPX DBMDJaFE
	+BQBOFTF
�

Ť�*ц̄ Ґц�Ґш 5IBOL ZPV�

��



3FGFSFODFT
"MPOTP�0WBMMF -VJT� ����� "SF BMM DPODFTTJWF TDBMBS QBSUJDMFT UIF TBNF 1SPCJOH JOUP

4QBOJTI TJRVJFSB� *O 1SPDFFEJOHT PG 4"-5 �� ���v����
"SSFHVJ "OB .BSÊB -VJTB 3JWFSP BOE "OESÆT 4BMBOPWB� ����� $SPTT�MJOHVJTUJD WBSJB�

UJPO JO JNQFSGFDUJWJUZ� /BUVSBM -BOHVBHF � -JOHVJTUJD 5IFPSZ ������v����
#BMVTV 3BIVM� ����� 5IF BOBUPNZ PG UIF %SBWJEJBO VODPOEJUJPOBM� *O 1SPDFFEJOHT

PG (-08 JO "TJB 9** FE� 4BF�:PVO $IP ��v��� 5IF ,PSFBO (FOFSBUJWF (SBNNBS
$JSDMF�

#BMVTV 3BIVM� ����� 6ODPOEJUJPOBM�'$*T PG %SBWJEJBO� 1SFTFOUFE BU '"4"- ���
#FDL 4JHSJE� ����� *OUFSWFOUJPO FêFDUT GPMMPX GSPN GPDVT JOUFSQSFUBUJPO� /BUVSBM -BO�

HVBHF 4FNBOUJDT ����v���
#FOOFUU +POBUIBO� ����� q&WFO JGr� -JOHVJTUJDT BOE 1IJMPTPQIZ �����v����
$JQSJB "MJDJB BOE $SBJHF 3PCFSUT� ����� 4QBOJTI JNQFSGFDUP BOE QSFUÆSJUP� 5SVUI DPO�

EJUJPOT BOE BLUJPOTBSU FêFDUT JO B TJUVBUJPO TFNBOUJDT� /BUVSBM -BOHVBHF 4FNBOUJDT
�����v����

$SOJǒ -VLB� ����� 0O UIF NFBOJOH BOE EJTUSJCVUJPO PG DPODFTTJWF TDBMBS QBSUJDMFT� *O
1SPDFFEJOHT PG /&-4 �� FE� /JDIPMBT -B$BSB -FOB 'BJOMJC BOE :BOHTPPL 1BSL �v���

%F-BODFZ 4DPUU� ����� 3FMBUJWJ[BUJPO JO 5JCFUBO� *O 5PQJDT JO /FQBMFTF MJOHVJTUJDT FE�
:PHFOESB 1� :BEBWB BOE 8BSSFO 8� (MPWFS ���v���� ,BUINBOEV� 3PZBM /FQBM
"DBEFNZ�

&SMFXJOF .JDIBFM :PTIJUBLB� ����B� -POH�EJTUBODF SFMBUJWJ[BUJPO JO 5JCFUBO� 1SF�
TFOUFE BU -4" ���

&SMFXJOF .JDIBFM :PTIJUBLB� ����C� 8I�RVBOUJaDBUJPO JO "MUFSOBUJWF 4FNBOUJDT� 1SF�
TFOUFE BU (-08 JO "TJB 9** %POHHVL 6OJWFSTJUZ 4FPVM�

&SMFXJOF .JDIBFM :PTIJUBLB� ����� 6OJWFSTBM GSFF DIPJDF GSPN DPODFTTJWF DPOEJUJPO�
BMT� 63- ?iiTb,ffHBM;X�m7XM2ifHBM;#mxxfyy8kydf+m``2MiXT/7 NBOVTDSJQU
/BUJPOBM 6OJWFSTJUZ PG 4JOHBQPSF�

&SMFXJOF .JDIBFM :PTIJUBLB BOE )BEBT ,PUFL� ����� &WFO�/1*T JO %IBSBNTBMB 5J�
CFUBO� -JOHVJTUJD "OBMZTJT ������v����

WPO 'JOUFM ,BJ� ����� 3FTUSJDUJPOT PO RVBOUJaFS EPNBJOT� %PDUPSBM %JTTFSUBUJPO 6OJ�
WFSTJUZ PG .BTTBDIVTFUUT�

(JBOOBLJEPV "OBTUBTJB� ����� 5IF NFBOJOH PG GSFF DIPJDF� -JOHVJTUJDT BOE 1IJMPTPQIZ
������v����

(JBOOBLJEPV "OBTUBTJB� ����� 5IF MBOETDBQF PG &7&/� /BUVSBM -BOHVBHF � -JOHVJTUJD
5IFPSZ �����v���

(PMETUFJO .FMWZO $� FE� ����� 5IF OFX 5JCFUBO�&OHMJTI EJDUJPOBSZ PG .PEFSO 5JCFUBO�
6OJWFSTJUZ PG $BMJGPSOJB 1SFTT�

)FSCVSHFS &MFOB� ����� 8IBU DPVOUT� GPDVT BOE RVBOUJaDBUJPO� /VNCFS �� JO -JOHVJTUJD
*ORVJSZ .POPHSBQIT� .*5 1SFTT�

)JSBJXB ,FO BOE ,JNJLP /BLBOJTIJ� UP BQQFBS� 'SFF DIPJDF BOE FYJTUFOUJBM JOEFUFS�

��

NJOBUFT BT IJEEFO DMBVTFT� *O 1SPDFFEJOHT PG 8"'- ���
)JSTDI "SPO� ����� " DPNQPTJUJPOBM TFNBOUJDT GPSXI�FWFS GSFF SFMBUJWFT� *O1SPDFFEJOHT

PG 4JOO VOE #FEFVUVOH �� ���v����
)PSO -BVSFODF 3PCFSU� ����� " QSFTVQQPTJUJPOBM BOBMZTJT PG POMZ BOE FWFO� *O 1B�

QFST GSPN UIF 'JGUI 3FHJPOBM .FFUJOH FE� 3PCFSU *� #JOOJDL "MJDF %BWJTPO (FPSHJB .�
(SFFO BOE +FSSZ -� .PSHBO ��v���� $IJDBHP -JOHVJTUJD 4PDJFUZ�

*QQPMJUP .JDIFMB� ����� "O BOBMZTJT PG TUJMM� *O 1SPDFFEJOHT PG 4"-5 9*7 FE� 3� :PVOH
���v����

,BVGNBOO .BHEBMFOB� ����� *OUFSQSFUJOH JNQFSBUJWFT� 4QSJOHFS�
,MVDL .BSMJFT� ����� 4FOUFODF BNBMHBNBUJPO� %PDUPSBM %JTTFSUBUJPO 6OJWFSTJUZ PG

(SPOJOHFO�
,PUFL )BEBT� ����� $PNQPTJOH RVFTUJPOT� %PDUPSBM %JTTFSUBUJPO .BTTBDIVTFUUT *O�

TUJUVUF PG 5FDIOPMPHZ�
,PUFL )BEBT� ����� $PNQPTJOH RVFTUJPOT� .*5 1SFTT�
,SBU[FS "OHFMJLB� ����� $POEJUJPOBM OFDFTTJUZ BOE QPTTJCJMJUZ� *O 4FNBOUJDT GSPN EJG�

GFSFOU QPJOUT PG WJFX FE� 3BJOFS #ÁVFSMF 6ST &HMJ BOE "SOJN WPO 4UFDIPX ���v����
4QSJOHFS�

,SBU[FS "OHFMJLB� ����� $POEJUJPOBMT� *O 1BQFST GSPN UIF 1BSBTFTTJPO PO 1SBHNBUJDT BOE
(SBNNBUJDBM 5IFPSZ ���v���� $IJDBHP -JOHVJTUJD 4PDJFUZ�

,SBU[FS "OHFMJLB BOE +VOLP 4IJNPZBNB� ����� *OEFUFSNJOBUF QSPOPVOT� 5IF WJFX
GSPN +BQBOFTF� *O 5IF 1SPDFFEJOHT PG UIF 5IJSE 5PLZP $POGFSFODF PO 1TZDIPMJOHVJTUJDT
	5$1 ����
 FE� :VLP 0UTVLB �v��� 5PLZP� )JUTVKJ 4ZPCP�

,ÓOJH &LLFIBSE� ����� 5IF NFBOJOH PG GPDVT QBSUJDMFT� 3PVUMFEHF�
-BIJSJ 6UQBM� ����� 'PDVT BOE OFHBUJWF QPMBSJUZ JO )JOEJ� /BUVSBM -BOHVBHF 4FNBOUJDT

����v����
-BIJSJ 6UQBM� ����� 4PNF FWFOrT BSF FWFO 	JG
 ��� POMZ� 5IF DPODFTTJWF sFWFOt JO 4QBOJTI�

.BOVTDSJQU�
-BLPê (FPSHF� ����� 4ZOUBDUJD BNBMHBNT� *O 1SPDFFEJOHT PG $-4 �� ���v����
-FF :PVOH�4VL BOE -BVSFODF )PSO� ����� "OZ BT JOEFaOJUF QMVT FWFO� .BOVTDSJQU

:BMF 6OJWFSTJUZ .BZ �����
-FXJT %BWJE� ����� "EWFSCT PG RVBOUJaDBUJPO� *O 'PSNBM TFNBOUJDT PG OBUVSBM MBOHVBHF

FE� &EXBSE -� ,FFOBO �v��� $BNCSJEHF 6OJWFSTJUZ 1SFTT�
3BNDIBOE (JMMJBO $BUSJPOB� ����� 2VFTUJPOT QPMBSJUZ BOE BMUFSOBUJWF TFNBOUJDT� *O

1SPDFFEJOHT PG /&-4 �� ���v���� (-4"�
3PPUI .BUT� ����� " UIFPSZ PG GPDVT JOUFSQSFUBUJPO� /BUVSBM -BOHVBHF 4FNBOUJDT ����v

����
4IJNPZBNB +VOLP� ����� *OUFSOBMMZ IFBEFE SFMBUJWF DMBVTFT JO +BQBOFTF BOE &�UZQF

BOBQIPSB� +PVSOBM PG &BTU "TJBO -JOHVJTUJDT �����v����
5FSBNVSB )JEFP� ����� /JOIPOHP�OP TIJOUBLVTV UP JNJ WPMVNF �� ,VSPTJP�
5PVSOBESF /JDIPMBT BOE 4BOHEB %PSKF� ����� .BOVBM PG 4UBOEBSE 5JCFUBO� -BOHVBHF

BOE DJWJMJ[BUJPO� 4OPX -JPO 1VCMJDBUJPOT�

��



8BUBOBCF "LJSB� ����� *OHSFEJFOUT PG QPMBSJUZ TFOTJUJWJUZ� #JQPMBS JUFNT JO +BQBOFTF�
*O 4USBUFHJFT PG RVBOUJaDBUJPO FE� ,PPL�)FF(JM 4UFQIFO)BSMPX BOE(FPSHF 5TPVMBT
���v���� 0YGPSE 6OJWFSTJUZ 1SFTT�

"QQFOEJY� +BQBOFTF EFNP

5ISFF VTFT�

	��
 $PVOUFSFYQFDUBUJPOBM EJTDPVSTF QBSUJDMF qIPXFWFSr� ∼= 	�

5BTIJ�XB
5BTIJ�ĺĳĵ

TF�HB
IFJHIU�ıĳİ

UBLBJ�
IJHI

%FNP
Ģģİĳ

BUBNB�XB
IFBE�ĺĳĵ

ZPLV�OBJ�
HPPE�ıģĦ

q5BTIJrT UBMM� )PXFWFS <IF> JTOrU TNBSU�r
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 $PODFTTJWF TDBMBS GPDVT QBSUJDMF� ∼= 	�

$POUFYU� %POrU XPSSZ UIF UFTU JT FBTZ�
<)PO�P
CPPL�ĝĠĠ

<JT�TBUTV
POF�ĠĮ

�   TBO�TBUTV>'
UISFF�ĠĮ

EFNP
Ģģİĳ

ZPN�FCB>
SFBE�ĠĳıĢ

TIJLFO�OJ
FYBN�Ģĝĺ

HPPLBLV
QBTT

TV�SV
EP�ıĳıĵĝĸĺ

	ZP
�
Łĳ

≈ q<*G <ZPV> SFBE FWFO KVTU POF CPPL> <ZPV> XJMM QBTT UIF FYBN�r
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 8I VOJWFSTBM GSFF DIPJDF JUFN� ∼= 	��

$POUFYU� 1FNB JT WFSZ GSJFOEMZ�
,BOPKP�XB
TIF�ĺĳĵ

<EBSF�UP
XIP�Ģĝĺ

EFNP>
Ģģİĳ

IBOB�TV�
UBML�ıĳıĵĝĸĺ

q4IF UBMLT UP BOZPOF�r
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" GBTDJOBUJOH QBSBMMFM CFUXFFO +BQBOFTF BOE 5JCFUBO XI�'$*�

	��
 %PV JT NBOOFS qIPXr�
$IJCFUUP�OJ
5JCFU�Ģĝĺ

EPV
IPX

JL�V�OP 
HP�ıĳıĵĝĸĺ�2

q)PX XJMM ZPV HP UP 5JCFU r

	��
 � Ҕ�ц'ц�	ц$Ɩц$� Ҕц%ц%҇�ш
#PE�MB
5JCFU�Ģĝĺ

HBOH�rESB
IPX

rHSP�ZB�ZJO 
HP�ĥļĺ�ĝļŀ

q)PX XJMM ZPV HP UP 5JCFU r
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 %PV�EFNP DBOrU CF VTFE GPS
qBOZ XBZr�

�%PV�EFNP
IPX�Ģģİĳ

JL�V
HP�ıĳıĵĝĸĺ
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�
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*OUFOEFE� ≈ q* XJMM HP IPX�
FWFS�JO BOZ XBZ�r
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 ��	ц$Ɩц%҇�ц�$	ц$� Ҕц%ц%҇�ш
(BOH�rESB
IPX

ZJO�OBrBOH
HP�ĥļĺ�ĝļŀ

rHSP�ZB�ZJO�
HP�ĥļĺ�ĝļŀ

*OUFOEFE� ≈ q* XJMM HP IPX�
FWFS�JO BOZ XBZ�r
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 #VU EPV�EFNP DBO FYQSFTT
TUSPOH JOEJêFSFODF�
%PV�EFNP
IPX�Ģģİĳ

JJ
HPPE
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�
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q"OZUIJOH JT aOF�r 	* EPOrU DBSF
� 5IBU EPFTOrU NBUUFS
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 �	ц$Ɩц%҇�ц�$	ц$�҇�ц�҇ц&Ґ�ш
(BOH�rESB
IPX

ZJO�OBrBOH
HP�ĥļĺ�ĝļŀ

rHSJH�HJ�SFE�
BMSJHIU�Ĩİĵĥ�ĝļŀ

q"OZUIJOH JT aOF�r
	4QFBLFS DPNNFOU� q* EPOrU
DBSF�r




)PXFWFS +BQBOFTF EFNP BT B GPDVT QBSUJDMF IBT B qGPS FYBNQMFr VTF UIBU 5JCFUBO ZJO�OBrBOH MBDLT�
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 5FSBNVSB ���� JO 8BUBOBCF
����� ����
+PIO�OJ�EFNP
+PIO�Ģĝĺ�Ģģİĳ

LJL�PV�
BTL�ħĳķĺ

q-FUrT BTL +PIO GPS FYBNQMF�r
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 ��Oц(҇*ц%҇�ц�$	ц'ц$Ɩ҇ц� Ҕ
C,SB�TIJT�ZJO�OBrBOH�MB
5BTIJ�ŁĨı�ıĝrĝıĦ�Ģĝĺ

rESJ�HP�
BTL�ħĳķĺ

MJUFSBMMZ q-FUrT BTL ZJO�OBrBOH
5BTIJ�r
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 8BUBOBCF ����� ����
,B[F�EFNP
DPME�Ģģİĳ

IJJ�UB�OP 
DBUDI�ĵĝĸĺ�2

q%JE ZPV DBUDI B DPME GPS FY�
BNQMF r
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,IZFE�SBOH
ZPV

DIBN�QB
DPME

ZJO�OBrBOH
ŁĨı�ıĝrĝıĦ

CSHZBC�rEVH�HBT 
CVJME�ĝļŀ�2

MJUFSBMMZ q%JE ZPV DBUDI
ZJO�OBrBOH B DPME r
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 0DIB�EFNP
UFB�Ģģİĳ

OPNJ�NBTV�LB 
ESJOL�ĵĳĮĨĺģ�2

q8PVME ZPV MJLF UP HFU UFB GPS
FYBNQMF r
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,IZFE�SBOH
ZPV

DIB
UFB

ZJO�OBrBOH
ŁĨı�ıĝrĝıĦ

rUIVOH�ZB�ZJO�QBT 
ESJOH�ĥļĺ�ĝļŀ�2

MJUFSBMMZ q8JMM ZPV ESJOL
ZJO�OBrBOH UFB r


