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?@ AB@C@DE @F GH@DE IJKLBHEMN C OLB CLJPHDK A LJQR
KLDIJRAIEM IAABLS HN IEHLD ABLT J@N C HD EMB@@ IDU
MHKM@B UHN@DCHLDC V W HP@D ID XRP@BE@S A LJQKLDIJ
GYBP@ Z HD [\] ^ _ ` a ^ b@ IAABLS HNIE@ Z TQ IDR
LEM@B A LJQKLDIJ GYBP@ Z c LO d e X P@BEHG@C HD [\]
CYGM EMIE EM@ P@BE@S C@fY@DG@ LO Z c HC ID LBU@B@U
CYTC@fY@DG@ LO EM@ P@BEHG@C LO Z V gM@ KLIJ HC EL
@HEM@B N HDHN Hh@ EM@ CHh@ d LO Z c OLB I KHP@D @BBLB
ELJ@BIDG@ i jGIJJ@U EM@ k lmno p qrstukv^ LB EL N HDR
HN Hh@ EM@ U@P HIEHLD @BBLB i T @Eb@@D Z IDU Z c OLB
I KHP@D CHh@ d LO Z c jGIJJ@U EM@ k lmni p qrstukvV
wYB E@GMDHfY@C @DITJ@ YC EL U@P@JLA @F GH@DE D@IBR
fYIUBIEHGREHN @ IJKLBHEMN C HD aRx IDU CYTRGYTHGR
EHN @ IJKLBHEMN C HD yRx OLB CLJP HDK EM@ N HDRz IDU
N HDRi ABLT J@N C V ?@ UHCGYCC @SE@DCHLDC LO LYB CLR
JYEHLDC EL _RU HN@DCHLDIJ CAIG@ ^ bM@B@ _ { y V
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[D EMHC AIA @B b@ GLDCHU@B EM@ ABLT J@N LO IAABLS HR
N IEHDK ID IBT HEBIBQ XRP@BE@S A LJQKLDIJ AIEM Z HD
aRUHN@DCHLDIJ CAIG@ TQ IDLEM@B A LJQKLDIJ AIEM Z c
bMLC@ P@BEHG@C OLBN ID LBU@B@U CYTC@fY@DG@ LO EM@
P@BEHG@C HD EM@ LBHK HDIJ AIEM Z V ?@ OYBEM@B UHCR
GYCC EM HC ABLT J@N HD EM@ _RUHN @DCHLDIJ CAIG@ ^ bM@B@
_ ` y V

gMHC ABLT J@N IBHC@C HD NIDQ IAA JHGIEHLDC ^ CYGM
IC BLTLEHGC ^ HN IK@ ABL G@CCHDK ^ GLNAYE@B KBIAMHGC ^
GIBELKBIAMQ^ IDU UIEI GLNAB@CCHLD V [D EM@C@ IAR
A JHGIEHLDC HE HC LOE@D U@CHBIT J@ EL IAABLS HNIE@ I
GLNAJ@S KBIAMHGIJ LB K@LN@EBHG LTü @GE ^ b MHGM HC
CA @GHý@U TQ I ALJQKLDIJ AIEM ^ TQ I CHNA J@B LTü @GE
EMIE GIAEYB@C EM@ @CC@DG@ LO EM@ LBHK HDIJ LTü @GE Q@E
IGMH@P@C I G@BEIHD U@KB@@ LO UIEI GLNAB@CCHLD þa ^ÿa ^
ÿy � V �LB @SINAJ@ ^ b@ MIP@ T @@D IC�@U EL GLNAB@CC
ax AIEM UIEI OLB LAEHG D@BP@C IGfYHB@U HD N@UHR
GIJ CEYUH@C j� @JJQ �LLEM ^ A @BCLDIJ GLNNYDHGIEHLD ^
����v IDU LO BHP@B D@EbLB� C HD K@LKBIAMHG HDOLBR
N IEHLD CQCE@N C IDIJQCHC LO CAIbDHDK MITHEIE þÿ�� V
	IEM GLNAB@CCHLD HC IJCL HNALBEIDE OLB U@P HG@C b HEM
JLb TIDUb HUEM ^ OBLN A@D A JLEE@BC EL EM@ ??? V

[D K@D@BIJ ^ EM@ KLIJ LO EM@ AIEMRIAABLS HNIEHLD
ABLT J@N HC EL B@A JIG@ I jP@BQ v MHKMRB@CLJYEHLD AIEM
Z b HEM ID IAABLS HNIE@ AIEM Z c EMIE IGMH@P@C CHKR
DHýGIDE EHN@ IDU CAIG@ HNABLP@N @DEC bMHJ@ CY
@BR
HDK LDJQ I CNIJJ IAABLS HN IEHLD @BBLB V gbL OIGR
ELBC GLN@ EL A JIQ HD CYGM ID IAABLS HNIEHLD � EM@
DYNT@B LO P@BEHG@C HD EM@ IAABLS HNIEHLD IDU EM@
@BBLB T @Eb@@D EM@ IAABLS HNIEHLD IDU EM@ LBHK HDIJ
AIEM V gM@C@ EbL OIGELBC KHP@ BHC@ EL EbL UH
@B@DE
P@BCHLDC LO EM@ AIEMRIAABLS HNIEHLD ABLT J@N� EM@
N HDRi P@BCHLD IDU EM@ N HDRz P@BCHLD V [D EM@ N HDRi
P@BCHLD LD@ HC K HP@D I AIBIN@E@B d e X IDU IC�@U
EL ýDU ID IAABLS HNIEHDK AIEM Z c b HEM d P@BEHG@C
bMLC@ uqqrq^ i ^ OBLN EM@ LBHK HDIJ AIEM HC N HDHN Hh@U V
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� HKYB@ �� gM@ @BBLB ELJ@BIDG@ hLD@ LO I CHDKJ@ C@KR
N@DE � �� � HD ÿRx V

gMHC P@BCHLD LO EM@ ABLT J@N HC NLEHPIE@U TQ I U@R
CHB@ EL LTEIHD EM@ T@CE IAABLS HNIEHLD A LCCHT J@ EMIE
IGM H@P@C I G@BEIHD U@KB@@ LO UIEI GLNAB@CCHLD V [D
EM@ N HDRz P@BCHLD LO EM@ AIEMRIAABLS HNIEHLD ABLTR
J@N LD@ HC HDCE@IU KHP@D I AIBIN@E@B i { � IDU
IC�@U EL ýDU EM@ CNIJJ@CERP@BE@S AIEM Z c EMIE HC
b HEM HD uqqrq i LO EM@ LBHK HDIJ AIEM V gMHC P@BCHLD
LO EM@ ABLT J@N HC NLEHPIE@U TQ I U@CHB@ EL LTR
EIHD EM@ CNIJJ@CERGLNAJ@S HEQ AIEM EMIE NIHDEIHDC
I G@BEIHD J@P@J LO IGGYBIGQV ?@ CEYUQ TLEM P@BCHLDC
LO EM@ _RUHN @DCHLDIJ AIEMRIAABLS HNIEHLD ABLT J@N ^
OLB _ ` a ^ HD EMHC AIA@B V

wD@ HCCY@ EMIE HNN@UHIE@JQ IBHC@C HD EM@ AIEM
IAABLS HNIEHLD ABLT J@N HC EMIE LD@ NYCE OLBNIJR
Hh@ EM@ �@BBLB� T @Eb@@D EM@ LBHK HDIJ AIEM Z IDU
EM@ IAABLS HNIEHLD Z c V ?@ T @JH@P@ EMIE LD@ LO EM@
NLCE DIEYBIJ U@ýDHEHLDC HC EM@ �rtuq	m
u �rmu @BBLB
N@ICYB@ þa ^ �� ^ �
 ^ ÿÿ� V x@ýD@ EM@ i n�rtuq	m 
u �rm u
jOLB i { � v LO I JHD@ C@KN @DE � � EL T @ EM@ B@KHLD LO
CAIG@ jLB ��rmu� v EMIE HC EM@ YDHLD LO IJJ BIUHYCRi
TIJJC G@DE@B@U IE ALHDEC IJLDK EM@ C@KN@DE � � jC@@
� HKYB@ �v V gMHC U@ýDHEHLD HC ^ LO GLYBC@ ^ AIBIN@E@BR
Hh@U TQ EM@ N@EBHG YC@U EL U@ýD@ BIUHYCRi TIJJC V ?@
GLDCHU@B EM@ YCYIJ �YGJHU@ID N@EBHG ^ �� ^ IC b@JJ IC
EM@ �� IDU � � UHCEIDG@ N@EBHGC V ?@ NIQ EM@D OLBR
NIJHh@ EM@ AIEMRIAABLS HNIEHLD ABLT J@N IC OL JJLb C �
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WHP@D I ALJQKLDIJ AIEM Z $ j� � %� � % & & & %� ' v ^
ýDU I AIEM Z c $ j� � Ú %� �( % & & & %� �) v ^ CYGM
EMIE ^ OLB @IGM * + ,� % ÿ % & & & %d - �. �

/ 0� + ,� % ÿ % & & & % X . ^ OLB * $ � % ÿ % & & & %d 1
/ 0� 2 0� 3 � 1 IDU
/ EM@ CYTAIEM j� �4 %� �4 3 � % & & & %� �4 5 Ú v HC

GLNAJ@E@JQ GLDEIHD@U HD EM@ iREL J@BR
IDG@ hLD@ OLB EM@ C@KN@DE � �4 � �4 5 Ú V

[O EM@ CYTAIEM Z �4 6�4 5 Ú $ j� �4 %� �4 3 � % & & & %� �4 5 Ú v HCGLNAJ@E@JQ GLDEIHD@U HD EM@ iREL J@BIDG@ hLD@ OLB EM@
C@KN@DE � �4 � �4 5 Ú ^ b@ GIJJ � �4 � �4 5 Ú ID 	pp qr7 lk 	�lm8
tlm u 9u8kum � OLB Z �4 6�4 5 Ú V

[D EM@ N HDRi P@BCHLD ^ b@ IB@ KHP@D d 2 X IDU
b HCM EL N HDHN Hh@ i 1 HD EM@ N HDRz P@BCHLD ^ b@ IB@
KHP@D i { � IDU b HCM EL N HDHN Hh@ d V

?@ B@CEBHGE LYB IEE@DEHLD EL EM@ P@BCHLD LO EMHC
ABLT J@N EMIE B@fYHB@C EMIE � �Ú $ � � IDU � �) $
� ' V [D EM@ K@D@BIJ P@BCHLD b@ LDJQ B@fYHB@ EMIE
0 � e 0: ^ IDU EMIE EM@ CYTAIEMC Z �6� Ú;� IDU Z �) 3 �6'
IB@ GLNAJ@E@JQ GLDEIHD@U HD EM@ iRTIJJC G@DE@B@U IE
Z � Ú IDU Z �) ^ B@CA @GEHP@JQV ?@ @SAJIHD JIE@B HD EM@
HDEBLUYGEHLD MLb EL B@UYG@ EM@ K@D@BIJ ABLT J@N EL
EM@ B@CEBHGE@U P@BCHLD LO HE V
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[N IH IDU [BH þ�� ^�
� IDU D @J�NID IDU w E\LYB�@ þÿÿ�
CEYUQ EM@ ÿRx N HDRz IDU N HDRi A LJQKLDIJRAIEM IAR
ABLS HN IEHLD ABLT J@N C V F CHDK EM@ ELJ@BIDG@ hLD@
N@ICYB@ LO @BBLB ^ IC U@ýD@U ITLP@ ^ EM@Q IGMH@P@ IJR
KLBHEMN C bMLC@ BYDDHDK EHN@C IB@ G jX � JLK X v IDU
G jX � JLK � X v^ B@CA @GEHP@JQ^ IDU YCHDK G jX � v CAIG@ ^
OLB EM@ EbL ABLTJ@N C V HMID IDU HMHD þy � B@UYG@
EM@ EHN@ GLNAJ@S HEQ LO T LEM B@CY JEC TQ I JLKIBHEMR
N HG OIGELB V HM@D IDU xI@CGY þ�� OYBEM@B CMLb EMIE
EM@ IJKLBHEMN C LO þy � GID YC@ LDJQ G jX v CAIG@ b HEMR
LYE HDGB@ICHDK EM@HB BYDDHDK EHN@C V

IIBIUIBIü ID þÿ�� CEYU H@C EM@ N HDRz IDU N HDRi
ABLT J@N C OLB ÿRx ALJQKLDIJ AIEMC EMIE IB@ NLDLR
ELD@ ^ H V@ V^ IDQ JHD@ AIBIJJ@J EL EM@ J IS HC HDE@BC@GEC
I AIEM HD I A LHDE V W HP@D I NLDLELD@ IAABLS HNIR
EHLD LO I NLDLELD@ AIEM ^ IIBIUIBIü ID N@ICYB@C EM@
@BBLB IC EM@ NIS HNYN UHCEIDG@ T @Eb@@D EM@ HDE@BR
C@GEHLD A LHDEC b HEM CLN@ JHD@ AIBIJJ@J EL EM@ J IS HC V
K@ KHP@C G jX LMN3O v EHN @ IDU CAIG@ IJKLBHEMN C OLB
T LEM ABLT J@N C ^ bM@B@ P { � HC ID IBT HEBIBHJQ CNIJJ
GLDCEIDE V KLb@P@B ^ EMLC@ IJKLBHEMN C GIDDLE T @ @SR
E@DU@U EL EM@ aRx P@BCHLD LO EM@ ABLT J@N LB EL EM@
ELJ@BIDG@ hLD@ @BBLB GBHE@BHLD HD ÿRx V gM@ B@GYBCHP@
CHNA JHýGIEHLD M@YBHCEHG LO xLYKJIC IDU 	@YG�@B þ
� ^
bMHGM HC A LAYJIB HD W[Q ^ UL @C @SE@DU EL GYBP@C HD
a UHN@DCHLDC HD G jX � v bLBCERGIC@ EHN @ ^ TYE CLJP@C
D@HEM@B EM@ N HDRz DLB EM@ N HDRi ABLT J@N C V

gM@B@ MIC T @@D LEM@B J@CCRB@JIE@U ^ TYE CEHJJ CHKR
DHýGIDE ^ bLB� ULD@ LD LEM@B N@EBHGC OLB GLNAIBHDK
ÿRUHN@DCHLDIJ A LJQKLDIJ AIEMC þ�
� EMIE UL DLE D@GR
@CCIBHJQ YC@ EM@ CIN@ C@E LO P@BEHG@C V R B� HD @E IJ V þÿ� ^
R JE IDU WLUIY þ�� ^ IDU \LE@ þÿ�� U@CGBHT @ C@P@BIJ
N@EBHGC OLB GLNAIBHDK ALJQKLDIJ GYBP@C V WYHTIC @E
IJ V þ��� CEYUQ UH
@B@DE @BBLB N@ICYB@C OLB EM@ N HDR
z ABLTJ@N ^ b HEM ID @Q@ ELbIBU EMLC@ EMIE GLYJU



T @ HNAJ@N@DE@U HD G jX JLK X v EHN@ TQ KB@@UQ IJKLR
BHEMN C V � J@ HCGM@B @E IJ V þ��� IAABLS HNIE@ A LJQKLDIJ
CMIA @C TQ HDD@B IDU LYE@B A LJQKLDC IDU CMLb EM@HB
IAAJHGIEHLDC EL EM@ ABLT J@N C LO A LJQKLD GLDEIHDR
N@DE IDU LO A JIDIB NLEHLD AJIDDHDK V

gM@ LDJQ bLB� LD EM@ K@D@BIJ ABLT J@N ^ EMIE
b@ IB@ IbIB@ LO ^ IGMH@P@C CYA@BRGYTHG IJKLBHEMN C
OLB EM@ aRx AIEMRIAABLS HNIEHLD ABLT J@N V [MN IDU
� IQ JLB þ��� KHP@ ID G jX N JLK d v IJKLBHEMN OLB EM@
N HDRi ABLT J@N V �Y IDU gLYCCIHDE þ��� B@CEBHGE EM@
A LJQKLDIJ GMIHDC EL T @ NLDLELDHG b HEM B@CA @GE EL
LD@ LO EM@ EMB@@ GLLBUHDIE@ IS@C ^ IDU U@ýD@ EM@ IAR
ABLS HNIEHLD HD E@BN C LO ID lm� ml�u su	k N@ICYB@
LO @BBLB V [D EMHC N@ICYB@ LO @BBLB LD@ B@fYHB@C EMIE
@IGM CYTAIEM j� �4 %� �4 3 � % & & & %� �4 5 Ú v T @ GLNAJ@E@JQ
GLDEIHD@U HD EM@ iREL J@BIDG@ hLD@ LO EM@ lm� ml�u tlm u
GLDEIHDHDK EM@ C@KN@DE � �4 � �4 5 Ú ^ GIJJ@U EM@ HDýDHE@
T @IN V ? M@D HDýDHE@ T @IN C IB@ U@ýD@U HD E@BN C LO
EM@ � � LB �� N@EBHGC ^ �Y IDU gLYCCIHDE CMLb MLb
EL IGMH@P@ BYDDHDK EHN @C LO G jX � v IDU G jX N v OLB EM@
N HDRz IDU N HDRi ABLT J@N C ^ B@CA @GEHP@JQ^ OLB NLDLR
ELD@ aRx ALJQKLDIJ AIEMC V FDU@B EM@ �YGJHU@ID
j�� v N@EBHG ^ EM@Q GLDCHU@B EM@ aRUHN @DCHLDIJ P@BR
CHLD LO EM@ ABLT J@N HD þÿ�� IDU KHP@ IJKLBHEMN C EMIE
BYD HD G jX N v IDU G jX N JLK X v EHN @ ^ B@CA @GEHP@JQ^ OLB
EM@ N HDRz IDU N HDRi ABLT J@N C LD NLDLELD@ aRx
ALJQKLDIJ AIEMC V
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[D EMHC AIA @B b@ KHP@ EM@ ýBCE @F GH@DE IJKLBHEMN C
OLB EM@ _RU HN@DCHLDIJ AIEM IAABLS HNIEHLD ABLT J@N ^
bM@B@ _ ` a ^ OLB K@D@BIJ jDLDRNLDLELDHGv AIEMC ^
YCHDK EM@ ELJ@BIDG@RhLD@ N @ICYB@ LO @BBLB OLB C@KR
N@DEC V ?@ T@JH@P@ EMIE EMHC DLEHLD LO @BBLB T @ER
E@B GIAEYB@C EM@ HDEY HEHP@ GLDG@AE LO EM@ CMIA @ LO
I _RUHN@DCHLDIJ A LJQKLDIJ AIEM V ?@ HJJYCEBIE@ HD
� HKYB@ ÿ EM@ UH
@B@DG@ T @Eb@@D IAABLS HNIEHDK I
ÿRUHN @DCHLDIJ AIEM b HEM ELJ@BIDG@ hLD@C IDU b HEM
HDýDHE@ T @IN C V

?@ CYNNIBHh@ EM@ BYDDHDK EHN@C LO LYB N@EMR
L UC HD gITJ@ � V �LE@ EMIE IJJ LO LYB TLYDUC IB@
CYTRGYTHG jHO DLE D@IBJQ fYIUBIEHGv V �IHBJQ CEBIHKMER
OLBbIBU TLYDUC LO G jX N v OLB N HDRz IDU G jX N JLK X v
OLB N HDRi OL JJLb TQ IUIAEHDK AB@PHLYC ÿRUHN@DCHLDIJ
B@CY JEC þy ^ �� ^ �
 ^ ÿÿ� V �P@D CL ^ LYB IAABLIGM CEHJJ
OL JJLb C EM@ K@D@BIJ OBIN @bLB� LO EM@C@ @IBJH@B IJR
KLBHEMN C V gL CLJP@ EM@ N HDRz ABLTJ@N ^ b@ ýBCE
TYHJU I KBIAM � LD EM@ P@BEHG@C LO EM@ HDAYE AIEM

(a) (b) (c)

� HKYB@ ÿ � RD HJJYCEBIEHLD LO EM@ U H
@B@DG@ T @Eb@@D
EM@ ELJ@BIDG@ hLD@ N@ICYB@ LO @BBLB IDU EM@ HDýDHE@
T @IN N@ICYB@ LO @BBLB ^ OLB I ALJQKLDIJ AIEM HD ÿR
x ^ b HEM i $ aNN V gM@ AIEM HC CMLbD HD jIv ^ HEC
IAABLS HNIEHLD YCHDK EM@ ELJ@BIDG@ hLD@ HD jT v ^ IDU
HEC IAABLS HNIEHLD YCHDK HDýDHE@ T @IN C HD jGv V

Z ^ bM@B@ @IGM @UK@ B@AB@C@DEC I PIJHU �CMLBEGYE ^�
IDU b@ EM@D A @BOLBN I CMLBE@CERAIEM GLNAYEIEHLD
HD � V gL CLJP@ EM@ N HDRi ABLT J@N b@ A @BOLBN I
�THDIBQRC@IBGMRJH�@� GLNAYEIEHLD YCHDK EM@ N HDRz
IJKLBHEMN IC I �ABLT@ V�

wYB IJKLBHEMN C UH
@B OBLN AB@PHLYC IAABLIGM@C
HD CLN@ HNALBEIDE bIQC ^ MLb@P@B V wD@ LO EM@ NLCE
OYDUIN@DEIJ UH
@B@DG@C HC EMIE b@ U@P@JLA I _R
UHN@DCHLDIJ K@D@BIJHhIEHLD LO EM@ ÿRUHN@DCHLDIJ IAR
ABLIGM LO HMID IDU HMHD þy � OLB GLDCEBYGEHDK EM@
�CMLBEGYE� KBIAM � V \ IEM@B EMID GLDCEBYGEHDK EMHC
KBIAM UHB@GEJQ^ b@ HDCE@IU GLDCEBYGE HE IC EM@ HDE@BR
C@GEHLD LO EbL LEM@B KBIAMC ^ -�� IDU �-� ^ bMHGM B@R
CA @GEHP@JQ U@ýD@ ELJ@BIDG@ hLD@C HD E@BN C LO �C@N HR
HDýDHE@� T @IN C jA LHDEHDK HD LAALCHE@ UHB@GEHLDCv V
gM@ UHF GYJE AIBE LO EMHC GLNAYEIEHLD HC EMIE ^ ýSR
HDK ID HDU@S � e 0 2 X ^ b@ NYCE U@E@BN HD@ ^ OLB
@IGM HDU@S * ^ b HEM 0 2 * e X ^ HO EM@ BIQ --�� �� � LBHK HR
DIEHDK IE � � IDU AICCHDK EMBLYKM � � HDE@BC@GEC @IGM
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IDU G jX � JLK JLK X v ABL G@CCLBC HD EM@ H\�? 	\RD
NLU@J V

gL LTEIHD I OICE@B IJKLBHEMN HD EM@ AIBIJJ@J GLNR
AIBHCLD NLU@J ^ b@ AHA @RJHD@ EM@ N@BK@ LA@BIEHLDC
HD GLNAYEHDK & j% v OBLN & j� v IDU & jJ v IDU HD GM@G�R
HDK bM@EM@B �� + & j% v ^ IC HD WLLUBHGM EC AIBIUHKN V
R JLKIBHEMN HG DYNT@B LO CEIK@C IB@ YC@U OLB EMHC



AHA @RJHD@U ABL G@UYB@ V �P@BQ & j% v HC N IHDEIHD@U IC
I JHD�@U JHCE V RE EM@ @DU LO @IGM CEIK@ � ^ I JHCE &� j% v
HC CELB@U IE % V ?@ CIQ % HC � � t t b M@D &� j% v $ & j% v V
gM@ N@BK@ IE EM@ GMHJUB@D LO % HC A HA @RJHD@U EL %
TQ NIHDEIHDHDK I JHCE bMHGM HC ID 	pp qr7 lk 	�ut�n
�ml� rqk CYTC@fY@DG@ LO &� j% v ^ IDU &�3 � j% v HC U@R
ýD@U IC &� j� v� &� jJ v V gM@ HDOLBNIEHLD OLB EM@ ALHDEC
HD � j% v GID T @ NIHDEIHD@U IDU AHA @RJHD@U HD I CHN R
HJIB OICMHLD IC OLB & j% v V gM@C@ CEBYGEYB@C IE @P@BQ
DLU@ % GID T @ NIHDEIHD@U HD G j�v EHN @ A @B CEIK@ V
�Q YCHDK EM@ E@GMDHfY@C LO þ�ÿ� b@ GID CMLb EMIE
EM@ ABLT J@N LO GM@G� HDK bM@EM@B �� + �� OLB @P@BQ
* HC CL JPIT J@ HD G jJLK X v EHN @ YCHDK X ABL G@CCLBC HD
EM@ AIBIJJ@J GLNAIBHCLD NLU@J V D LB@ U@EIHJC LYB
OLYDU HD EM@ OYJJ P@BCHLD LO EM@ AIA @B V

?@ EM@D YC@ EMHC AIBIJJ@J IJKLBHEMN EL UBHP@
I AIBIN@EBHGRC@IBGM IJKLBHEMN þÿ �� V ?@ CHNYJIE@
@IGM CE@A LO EMHC AIBIJJ@J IJKLBHEMN C@fY@DEHIJJQ^
DLEHDK EMIE CLN@ LO EM@ GLNAYEIEHLDC HD EMHC CE@A
U@A @DU YALD bM@EM@B EM@ LAEHN IJ PIJY@ i
 OIJJC HD
CA @GHýG HDE@BPIJC þi � % i� � V ?@ ýDU EM@ N @UHID CYGM
i� HD JHD@IB EHN@ IDU YC@ EM@ N HDRz IJKLBHEMN IC
I CYTBLYEHD@ ^ BYDDHDK HD G jX � JLK X v EHN@ ^ EL U@R
E@BN HD@ HO i
 HC IT LP@ LB T @JLb EMHC N@UHID V gM@
IDCb@B EL EMHC fY@CEHLD B@CLJP@C MIJO LO EM@ GLNAIBR
HCLDC OLB EMHC AIBIJJ@J CE@A V ?@ GID EM@B@OLB@ B@A @IE
EMHC ABL G@CC B@GYBCHP@JQ IDU HD G jJLK X v GIJJC EL EM@
N HDRz IJKLBHEMN b@ b HJJ MIP@ B@CLJP@U IJJ EM@ GLNR
AIBHCLDC OLB EMHC AIBIJJ@J CE@A V ?@ EM@D B@A @IE EMHC
ABL G@CC OLB EM@ D@SE AIBIJJ@J CE@A V Q HDG@ LYB AIBIJR
J@J IJKLBHEMN EI�@C EHN@ G jJLK X v ^ EM HC HNAJH@C EMIE
EM@ ELEIJ BYDDHDK EHN @ OLB LYB N HDRi IJKLBHEMN HC
G jX � JLK N X vV gMYC ^ b@ MIP@ EM@ OL JJLb HDK �
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gM@ ITLP@ UHCGYCCHLD ICCYN@U EMIE EM@ YDU@BR
JQ HDK N @EBHG OLB U@ýDHDK BIUHYCRi TIJJC bIC EM@ ��
N@EBHG V [D I JIE@B C@GEHLD b@ @SAJLB@ HNABLP@N@DEC
IDU CHNAJHýGIEHLDC EMIE GID T @ IGM H@P@U HO b@ YC@
EM@ � � LB �� N@EBHGC OLB EMHC AYBA LC@ V
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R C HD EMB@@ U HN@DCHLDC ^ EM@ �@Q EL CLJP HDK EM@ EM@
N HDRz ABLTJ@N HD _ UHN@DCHLDC HC EL B@UYG@ HE EL
EM@ L
 RJHD@ TIJJRHDGJYCHLD ABLT J@N HD I JLb@B U HN@DR
CHLDIJ CAIG@ IDU IAAJQ U@GLNALCITHJHEQ EL EM@ TIJJR
HDGJYCHLD ABLT J@N V ?@ C�@EGM T @JLb EM@ NIHD HU@IC
LO EMHC E@GMDHfY@ V

[D LBU@B EL IAABLS HNIE@ I _Rx GYBP@ ^ b@ CLJP@
X L
 RJHD@ TIJJ HDGJYCHLD ABLT J@N C ^ @IGM A @BOLBN HDK
G jX v HDGJYCHLD E@CEC LO A LHDEC HD j_ - �vRTIJJC V �Q
I CEIDUIBU JHOEHDK NIA ^ E@CEHDK HO I A LHDE HC HD I
C@E LO j_ - �vRTIJJC HC @fYHPIJ@DE EL IC� HDK bM@EM@B
I A LHDE HD _Rx HC T @JLb EM@ JLb@B @DP@JLA @ LO I
GLJJ@GEHLD LO _Rx MQA @BA JID@C � gM@ fY@BQ A LHDE HC
JHOE@U EL I AIBIT LJL HU ^ IDU EM@ TIJJC IB@ NIAA @U
EL MQA @BA JID@C 1 EM@ HDE@BC@GEHLDC LO EM@ _Rx MQA @BR
A JID@C b HEM EM@ AIBIT LJL HU ^ ABLü @GE@U HDEL _ - �
UHN@DCHLDC ^ IB@ EM@ LBHK HDIJ TIJJC V

gMYC ^ EL CLJP@ LD@ HDCEIDG@ LO L
 RJHD@ TIJJ HDGJYR
CHLD ^ b@ TYHJU I CEIEHG UIEI CEBYGEYB@ OLB IDCb@BHDK
BIQRCMLLEHDK fY@BH@C jC@@ þ� ^ ���v ^ YCHDK I AIBIN@R
E@B � EL GLDEBLJ I EBIU@L
 T@Eb@@D fY@BQ EHN @ IDU
CAIG@	AB@ABL G@CCHDK EHN@ V [D AIBEHGYJIB ^ b@ TYHJU I
BIQRCMLLEHDK UIEI CEBYGEYB@ HD G j� ALJQ JLK X v CAIG@
IDU AB@ABL G@CCHDK EHN @ ^ EMIE GID IDCb@B @IGM BIQR
CMLLEHDK fY@BQ HD G jX JLK X �� �M ��( � v EHN @ V [D EM@
OY JJ AIA @B b@ KHP@ I NLB@ GLNAJ@E@ UHCGYCCHLD LO
CAIG@	EHN @ EBIU@L
 C OLB EM@ L
 RJHD@ TIJJ HDGJYCHLD
ABLT J@N V

�Lb ^ EL CLJP@ I N HDRz ABLTJ@N ^ b@ MIP@ EL
TYHJU X UIEI CEBYGEYB@C IDU IC� G jX � v fY@BH@C V [O
b@ TIJIDG@ EM@ EHN@ B@fYHB@U OLB EM@ AB@ABL G@CCHDK
IDU OLB A @BOLBN HDK EM@ fY@BH@C ^ b@ ýDU LYE EMIE
� $ G jX �;�M � ��( �3 ��ALJQ JLK X v IDU GLDC@fY@DEJQ LTR
EIHD ID G jX N;�M � ��( �3 ��ALJQJLK X vREHN@ IJKLBHEMN V
�LB _ $ y LB � ^ OLB @SINAJ@ ^ EMHC K HP@C YC ID IJKLR
BHEMN OLB EM@ N HDRz ABLTJ@N jYDU@B EM@ �� N@ER
BHGv EMIE BYDC HD G jX �MNALJQ JLK X v EHN@ V wDJQ OLB
_ { �� UL@C EM@ BYDDHDK EHN @ LO EM@ IJKLBHEMN @SR
G@@U G jX � 
�ALJQ JLK X vV

Q HDG@ @IGM BIQRCMLLEHDK UIEI CEBYGEYB@ MIC CYTR
fYIUBIEHG CAIG@ ^ IDU b@ LDJQ D@@U LD@ CEBYGEYB@ IE
I EHN @ ^ EM@ INLYDE LO CAIG@ B@fYHB@U TQ EMHC IJKLR
BHEMN HC CEHJJ ULN HDIE@U TQ EM@ NIS HNYN CHh@ LO EM@
KBIAM � ^ b MHGM HC 
 jX � v V gMYC ^ OLB _RUHN@DCHLDC
b@ LTEIHD �
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�LB EM@ N HDRi ABLT J@N HD yRx ^ b@ D@@U LDJQ
LTC@BP@ jIC OLB EM@ aRx P@BCHLD LO EM@ ABLT J@N v
EMIE b@ MIP@ EL AIBIJJ@JHh@ LDJQ EM@ CE@AC HD EM@
C@fY@DEHIJ N HDRz IJKLBHEMN EMIE U@A @DU LD i V �LB
EMHC AYBA LC@ b@ YC@ EM@ BIQRCMLLEHDK UIEI CEBYGR
EYB@ LO þ�a ^ �y � V ? HEM CLN@ AB@ABL G@CCHDK ^ EM@ GLDR
CEBYGEHLD LO EMHC UIEI CEBYGEYB@ UL @C DLE U@A @DU
LD EM@ PIJY@ LO i V [D EMHC UIEI CEBYGEYB@ EM@ ALHDEC
IB@ CLBE@U IGGLBUHDK EL EM@HB B@CA @GEHP@ GLLBU HDIE@C
HD AIBIJJ@J V R C HD EM@ aRx GIC@ ^ b@ A@BOLBN EM@
BIQRCMLLEHDK fY@BH@C HD AIBIJJ@J ^ b MHGM GLCEC YC ID
G jJLK � X v OIGELB HD EM@ BYDDHDK EHN @ V wP@B IJJ ^ b@
LTEIHD ID G jX �MNALJQJLK X vREHN @ IJKLBHEMN OLB EM@
N HDRi yRx ABLTJ@N YDU@B EM@ �� N@EBHG V gM@ U@R
EIHJC IB@ OLYDU HD EM@ OYJJ P@BCHLD LO EM@ AIA @B V �LE@
EMIE EMHC N@EMLU UL@C DLE @SE@DU EL UHN@DCHLDC
MHKM@B EMID y V
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[D EMHC C@GEHLD b@ AB@C@DE LYB IJKLBHEMN C OLB EM@
N HDRz IDU N HDRi ABLT J@N C YDU@B EM@ �� IDU � �
N@EBHGC V x@GLNALCIT HJHEQ LO LDRJHD@ TIJJ HDGJYCHLD ^
IDU EM@ OIGE EMIE EM@ YDHE TIJJC HD EM@C@ N @EBHGC
IB@ A LJQELA @C LO GLDCEIDE GLNAJ@S HEQ OLB GLDCEIDE
_ IJJLb YC EL KHP@ @F GH@DE K@D@BIJ CL JYEHLDC HD _
UHN @DCHLDC V ?@ U@CGBHT @ LYB IJKLBHEMN OLB EM@ iR
EL J@BIDG@ hLD@ N@ICYB@ LO @BBLB V

\@GIJJ EMIE EL GLNAYE@ EM@ KBIAM -�� b@ MIU EL
U@E@BN HD@ ^ OLB I ýS@U HDU@S � e 0 2 X IDU @IGM 0 2
* e X ^ bM@EM@B EM@ BIQ --�� �� � HDE@BC@GEC @IGM BIUHYCR
i TIJJ G@DE@B@U IE I P@BE@S � � OLB 0 2 � 2 * V R C
� HKYB@ a HJJYCEBIE@C ^ EM@ BIQC OBLN � � EMIE HDE@BC@GE
EM@ BIUHYCRi TIJJ IBLYDU � � OLBN I 
rmuV [O EM@ TIJJ
IE � � GLDEIHDC � � EM@D EM@ GLD@ HC EM@ @DEHB@ CAIG@ V

FDU@B �� ^ � � ^ LB IDQ N@EBHG bMLC@ TIJJ HC I
A LJQELA @ bMLC@ GLNAJ@S HEQ U@A @DUC LDJQ LD _ ^ b@
GID B@UYG@ EM@ ABLT J@N LO GLDCEBYGEHDK EM@ KBIAM-�� EL I GLDCEIDE DYNT@B LO HDCEIDG@C LO EM@ �Rx
P@BCHLD LO �IJJ [DGJYCHLD ^ bMHGM HC EM@ �Rx P@BCHLD
LO w
 R� HD@ [DE@BPIJ [DGJYCHLD g@CEHDK V
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���� � # HLDCEBYGE EM@ GLD@C LO EM@ BIQC OBLN � �
EMBLYKM BIUHYCRi TIJJC G@DE@B@U IE @IGM � � V gM@
BIQ --�� �� � HDE@BC@GEC IJJ TIJJC HO IDU LDJQ HO HE HC HD EM@
HDE@BC@GEHLD LO EM@C@ GLD@C V gM@ �@Q HC EL LTC@BP@
EMIE MIJOCAIG@C EMIE U@ýD@ EM@ T LYDUIBQ LO EM@C@
GLD@C GID T @ C@AIBIE@U HDEL I GLDCEIDE DYNT@B LO
OIN HJH@C ^ bM@B@ @IGM OIN HJQ ABLü @GEC EL I MIJOA JID@
HD ÿRx V

Q HDG@ EM@ N@EBHG HC U@ýD@U TQ I GLDP@S ALJQR
ELA @ ^ @IGM GLD@ HC GLDP@S IDU ALJQM@UBIJ� HE HC
EM@ HDE@BC@GEHLD LO MQA@BA JID@C EMBLYKM � � IDU EM@
j_ - ÿvRUHN@DCHLDIJ OIG@C ^ GIJJ@U ql
8 u9 ^ EMIE IB@
LD EM@ CHJMLY@EE@ LO EM@ TIJJ IE � � V �LB @SINAJ@ ^
BHUK@C HD aRx IB@ LD@RUHN@DCHLDIJ @UK@C LO EM@ aR
GYT @ V x H
@B@DE PH@b C LO I aRGYT @ KHP@ GLD@C LO
UH
@B@DE GBLCCRC@GEHLDC ^ IC CMLbD HD � HKYB@ y ^ TYE
IJJ T LYDUIBQ OIG@EC LO EM@ GLBB@CA LDUHDK GLD@ IB@
A JID@C EMBLYKM � � IDU I BHUK@ LO EM@ aRGYT @ V

gL U@E@BN HD@ bM@EM@B I A LHDE � � HC HD EM@ HDE@BR
C@GEHLD LO GLD@C U@ýD@U TQ TIJJC IE � � OLB 0 2 � 2 * ^
b@ OLBN ID HDCEIDG@ LO w
 R� HD@ [DE@BPIJ [DGJYCHLD
g@CEHDK OLB @IGM BHUK@ � R EBIDCJIE@U P@BCHLD LO EM@
BHUK@ � K@D@BIE@C I MIJOCAIG@ bM@D@P@B HE IAA @IBC
LD EM@ CHJMLY@EE@ bM@D PH@b@U OBLN � � 1 CHDG@ IJJ
MIJOCAIG@C K@D@BIE@U TQ EBIDCJIE@C LO � IB@ T LYDU@U
TQ MQA @BA JID@C AIBIJJ@J EL � EMIE GLDEIHD � � ^ b@



GID ABLü @GE @IGM EBIDCJIE@ LDEL EM@ GHBGJ@ IE HDýDR
HEQ EMIE HC GLDEIHD@U HD EM@ ÿR�IE EMBLYKM � � IDU
LBEMLKLDIJ EL BHUK@ � V j�DLb HDK EM@ ABLü @GEHLD ^
EM@ BHUK@ ^ IDU � � b@ GID B@GLDCEBYGE EM@ MQA @BA JID@
EMIE OLBN C LD@ LO EM@ GLD@ EC TLYDUIBQ OIG@EC Vv

�Q U@GLNALCITHJHEQ^ A LHDE � � HC HD EM@ HDE@BC@GR
EHLD LO GLD@C HO IDU LDJQ HO HE HC HD EM@ HDE@BC@GEHLD
LO EM@HB MIJOCAIG@C ^ b MHGM MIAA @DC HO IDU LDJQ HO
EM@ ABLü @GEHLD LO � � HC HDGJYU@U HD @IGM HDCEIDG@ LO
[DE@BPIJ [DGJYCHLD g@CEHDK V gMYC ^ -�� GID T @ GLDR
CEBYGE@U TQ CLJP HDK ID HDCEIDG@ LO [DE@BPIJ [DGJYR
CHLD g@CEHDK OLB @IGM BHUK@ IDU HDE@BC@GEHDK EM@ CLR
JYEHLDC V

?@ GLNAJ@E@ EM@ ABLLO TQ GLYDEHDK BHUK@C HD ��
IDU � � ALJQELA @C V [D EM@ _RGYT @ ^ @P@BQ AIHB LO DLDR
AIBIJJ@J A JID@C K@D@BIE@C I BHUK@ ^ K HP HDK ÿ_ j_ - �v
BHUK@C V [D EM@ _RGBLCCA LJQELA @ jI _Rx � � TIJJv ^
I BHUK@ HC LTEIHD@U TQ GMLLCHDK A LCHEHP@ LB D@KIR
EHP@ P@BEHG@C OLB _ - � LO EM@ _ GLLBUHDIE@ UHB@GR
EHLDC ^ K HP HDK _ÿ];� BHUK@C V �LE @P@BQ BHUK@ HC LD
EM@ CHJMLY@EE@� OLB EM@ GYT @ ^ IE NLCE ÿ_ b HJJ T @�
BHUK@C DLE LD EM@ CHJMLY@EE@ IDU BHUK@C bMLC@ GYT @C
GLDEIHD � � UL DLE GLDEBHTYE@ GLDCEBIHDEC V �

[E HC DLb CEBIHKMEOLBbIBU EL CLJP@ EM@ N HDRz
ABLT J@N HD G jX � v EHN @ OLB IDQ GLDCEIDE U HN@DCHLD
_ b HEM I GLDCEIDERCHh@U ALJQELA @ OLB EM@ N@EBHG V
�LE@ EMIE EM@ B@UYGEHLD EL I DYNT@B LO ÿRx ABLTR
J@N C IJJLb C YC EL YC@ LDJQ G jX v CAIG@ ^ IC HD þ�� V
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?@ CLJP@ EM@ _Rx N HDRi ABLT J@N HD G jX � JLK X v
EHN@ b HEMLYE YCHDK AIBIN@EBHG C@IBGM V [DCE@IU ^ b@
GID @SA JHGHEJQ GLDCEBYGE EM@ C@E ^ ��� jZ v ^ LO IJJ GIDR
UHUIE@ LAEHN IJ i PIJY@C IDU EM@D A @BOLBN I CHN R
A J@ T HDIBQ C@IBGM HD EM HC C@E YCHDK EM@ N HDRz IJR
KLBHEMN IC EM@ �ABLT@ V� ?@ YC@ EM@ OIGE EMIE EM@
LAEHN IJ i PIJY@ NYCE T @ U@E@BN HD@U TQ CLN @ @UK@
j� � %� � v HD � CYGM EMIE EM@ OIBEM@CE ALHDE � � ^ b HEM
0 2 � 2 * ^ OBLN EM@ C@KN @DE � �� � HC IE U HCEIDG@
u7 	
�t� i OBLN � �� � V [D EM@ OYJJ P@BCHLD LO EM@ AIR
A @B b@ CMLb MLb ^ ýS HDK EM@ CEIBEHDK ALHDE � � ^ b@
GID U@E@BN HD@ EM@ OIBEM@CE CYGM ALHDE � � OLB @IGM
@UK@ � �� � HD G jX JLK X v EHN @ V gMYC ^ b@ GID GLNR
AYE@ EM@ C@E ��� jZ v HD G jX � JLK X v EHN@ ^ IDU EM@D

A @BOLBN I T HDIBQ C@IBGM HD EMHC fYIUBIEHGRCHh@ C@E
HD G jX � JLK X v EHN@ YCHDK LYB fYIUBIEHGREHN @ N HDRz
IJKLBHEMN IC EM@ �ABLT @ V�

?@ GID IGEYIJJQ IGMH@P@ ID G jX v CAIG@ T LYDU ^
TYE EL UL CL b@ GIDDLE I
LBU EL NIHDEIHD EM@ @BBLB
C@E ��� jZ v @SAJHGHEJQ jCHDG@ ���� jZ v � $ G jX � vv V
[DCE@IU ^ b@ NI�@ YC@ LO EM@ CINAJHDK E@GMDHfY@
LO þ�� ^ bMHGM IJJLb C YC EL CELB@ LDJQ G jX v @BBLBC
LO ��� jZ v ^ bMHJ@ CEHJJ T @HDK ITJ@ EL A @BOLBN THR
DIBQ C@IBGM LD EM@ G jX � v @BBLBC V gM@B@OLB@ ^ b@
GID IGMH@P@ EM@ OL JJLb HDK �
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