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C D EFGGHIJ

KLM NOPN QRM QS TLUR NVN MP UR TQ NPMRMWT VWX MYVZOVTM V LVRL TV[ZM XMRU\W SQP
TLM ]^_ `Ka b KLM cPRT RMdTUQW dQYMPR TLM WMdMRRVPe TLMQPMTUdVZ [ Vdf\PQOWX g
ROPYMeUW\ PMZMYVWT TQNUdR h UTLUW LVRL TV[ZM VZ\QPUTLi R VWX OWUYMPRVZ LVRLUW\ b
j R QOP \QVZ UR dQiNVPVTUYM N MPSQPi VWdM VWVZeRUR g V WOi[MP QS dQiiQW QNk
TUi UlVTUQWR VPM VZRQ dQYMPMX b KLM SQZZQh UW\ RMdTUQW XMTVUZR TLM PMmOUPMi MWTR
TLVT TLM XMRU\W iORT SO Zc ZZ g [ QTL TLQRM N QRMX [e Qn dUVZ RTVWXVPXR VWX VXXUk
TUQWVZ QWMR RMT SQPTL [e TLM VOTLQPR VWX [e TLM ]^_ `Ka b oM TLMW NPQdMMX
TQ RO\\MRT V XMRU\W TLVT SOZc ZZR TLMRM PMmOUPMi MWTR g hLUdL UR TLMW XMRdPU[ MX
UW TLM RO[RMmOMWT TLPMM RMdTUQWR g dQYMPUW\ cPRT TLM UWTMPSVdMR QS TLM YVPUQOR
dZVRRMR TLVT dQiNPURM TLM LVRL TV[ ZM g TLMW dQYMPUW\ UW i QPM XMTVUZ LQh TLMRM
MWTUTUMR UWTMPVdT TQ NPQYUXM TLM SOWdTUQWVZUTe MpN QRMX [e TLM VSQPMi MWTUQWMX
NO[ZUd UWTMPSVdMR g VWX cWVZZe XMRdPU[ UW\ UW XMTVUZ dPUTUdVZ N QUWTR UW TLM Ui k
NZMi MWTVTUQW QS QOP TLPMM dVWXUXVTM TV[ZMR b KhQ QS TLMRM VPM [VRMX QW TLM
ZUWMVP LVRLUW\ i MTLQX qrs g tuv g hLUZM TLM TLUPX UR [VRMX QW TLM XMRU\W ORMX
UW qt wv b

KLM RMdQWX NVPT QS TLM NVN MP dQYMPR TLM dQiNVPVTUYM N MPSQPi VWdM VWVZeRUR g
UW hLUdL QOP TLPMM dVWXUXVTMR VPM dQiNVPMX h UTL NO[ZUdZe VYVUZV[ZM `Ka
LVRL TV[ZM UiNZMi MWTVTUQWR ORUW\ ReWTLMTUd [ MWdLi VPfR [VRMX QW XVTV RMTR
h UTL YVPeUW\ PVWXQi VWX WQWkPVWXQi XURTPU[OTUQWR b oM TLMW dQWdZOXM [e
RO\\MRTUW\ SOTOPM XUPMdTUQWR SQP dQiNZMTUW\ TLM XMRU\W b
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� D �H���I�F��
�	PQi V NPVdTUdVZ RTVWXNQUWT g TLM i QRT UiNQPTVWT LVRL TMdLWUmOM
UWYMWTMX UW TLM ZVTM w
us �R UR NPQ[V[Ze TLM i MTLQX TLVT o UTQZX
aUTh UW dVZZMX ZUWMVP LVRLUW\ b�

 � QWVZX � b �WOTL qt�v

�OP NPUi VPe i QTUYVTUQW dVi M SPQi TLM WMMX QS V �Mp U[ZM LVRL TV[ZM Ui k
NZMi MWTVTUQW SQP TLM ]^_ `Ka b o LMW hM [ M\VW TLUR NPQ� MdT TLMPM VZPMVXe
Mp URTMX VW UiNZMi MWTVTUQW QS V �������� g LQhMYMP TLM QTLMP VRRQdUVTUYM dQWk
TVUWMPR TLVT ORM V LVRL TV[ZM hLMPM i URRUW\ b oM SQOWX UT VW UWTMPMRTUW\ TVRf
TQ TPe TQ VXX V LVRL TV[ZM \MWMPVZ MWQO\L TQ [ M ORMX SQP VZZ QS TLM VRRQdUVk
TUYM dQWTVUWMPR � � ����� �� g �������� g ���������  � �� g VWX ���������  ��� g
VR hMZZ VR [ MUW\ � Mp U[ZM MWQO\L TQ VddQiiQXVTM YVPUMX ORMPkRONNZUMX LVRL
TV[ZM VZ\QPUTLi R b

KLM dLQUdM QS ZUWMVP LVRLUW\ VR TLM i VUW SQdOR QS TLUR PMN QPT dVi M UWUTUVZZe
SPQi UTR RNVdM ORV\M dLVPVdTMPURTUdR b KLM TeNUdVZ LVRL TV[ZM UiNZMi MWTVk
TUQW ORMR V RTVWXVPX !�"�#$ hLUdL OTUZUlMR V XQO[ZUW\ TMdLWUmOM SQP i Mi QPe
VZZQ dVTUQW VWX XMVZZQ dVTUQW b j R XMRdPU[ MX UW qt%v TLM XQO[ZUW\ YMdTQP TeNk
UdVZZe hVRTMR RNVdM NPQN QPTUQWVZ TQ TLM Vi QOWT QS MZMi MWTR RTQPMX UW TLM
YMdTQP b oM SQOWX VW VZZQ dVTUQW RdLMi M TLVT XUX WQT hVRTM RQ iOdL RNVdM
VTTPVdTUYM g NPQYUXUW\ V i QPM MZM\VWT RQZOTUQW TQ TLM XeWVi UlVTUQW NPQ[ZMi
TLVW XQO[ZUW\ VWX LVZYUW\ TLM VZZQ dVTMX RNVdM b ^PMdMXMWdM UW ZUWMVP LVRLUW\
[VRMX UiNZMi MWTVTUQWR hVR VZRQ ZVdfUW\ g ^b & b ^ ZVO\MP �R '()*+, +(-./ 0.10'(2
UiNZMi MWTVTUQW 3 UW TLM � UWfOihVPM `Ka [ MUW\ TLM QWZe \MWMPVZ NOPN QRM
UiNZMi MWTVTUQW TQ QOP fWQh ZMX\M g RQ NVPT QS TLM NOPN QRM QS TLUR PMN QPT UR TQ
MpNZQPM TLM ROUTV[UZUTe QS TLUR i MTLQX SQP V \MWMPVZkNOPN QRM LVRL TV[ZM b

4 56 71.2 + 8 *9: /+1
j \MWMPVZ NOPN QRM LVRL RLQOZX RONNQPT dQiiQW ORV\M NPQc ZMR VWX [ M Mpk
TMWXU[ZM TQ RONNQPT QTLMP i QPM RN MdUcd WMMXR b _MPM hM h UZZ TPe TQ UXMWTUSe
TeNUdVZ RMTTUW\R UW hLUdL V LVRL TV[ZM i U\LT [ M ORMX RQ TLVT RN MdUcd MpTMWRUQW
QS TLM LVRL TV[ZM h UZZ WQT [ M WMdMRRVPe UW TLM dQiiQW dVRM b

; ]QiNUZMPR QSTMW ORM V LVRL TV[ZM SQP Rei[QZ TV[ZM ZQQfON b
; �< ` RMPYMPR i U\LT ORM V LVRL TV[ZM SQP i VNNUW\ LQRT WVi MR TQ =^

VXXPMRRMR b
; � VTV[VRMR TeNUdVZZe ORM LVRL TV[ZMR LMVYUZe [ QTL SQP N MPSQPi UW\ mOMPUMR

VWX SQP VddMRRUW\ [ZQdfR QW XURf b
oM LVYM UXMWTUcMX TLM SQZZQh UW\ TLPMM RMTTUW\R UW hLUdL UT i U\LT [ M XMRUPV[ZM
TQ RN MdUVZUlM V LVRL TV[ZM �

1 >?@ ABCD@E @BFGH ?GI? ABJ E @F?KL MGI L@ICDAN @L AB G OGO@D OPNHAI?@L NQ RS T S R HGPJ@D ABUVVW X GCCKDLABJ FK YZ[ S \@IO AF@ ABF@BIA]@ D@I@GDC? X M@ ?G]@ N@@B PBGNH@ FK KNFGAB G CKOQ
K^ F? AI OGO@D X GBL KPD KBHQ IKPDC@ K^ AB^KDE GFAKB ?GI F?@D@^KD@ N @@B I@CKBL_?GBL IKPDC@I
GBL F?@ `>a IKPDC@ CKL@ ^DKE F?@ b ACDKIK^F R HGF^KDE `\c S \P@ FK KN]AKPI CKOQDAJ?F
AIIP@I X M@ ?G]@ N @@B D@IFDACFA]@ AB F?@ PFAHAdGFAKB K^ F?@ HGFF@D S



r

; �99��� �'( -+(1'�+ � j �< ` RMPYMP ORUW\ V LVRL TV[ZM SQP LQRTWVi M ZQQfON
UR VW MpViNZM QS V RMTTUW\ UW hLUdL �##��� UR TLM i QRT dQiiQW QN MPk
VTUQW b =WRMPTUQW VWX XMZMTUQW i U\LT QddOP g [OT XQ WQT dQWRTUTOTM V
RU\WUcdVWT Vi QOWT QS TLM QN MPVTUQWR b

; �(1+*-�'( -+(1'�+ � �ONZUdVTM XMTMdTUQW UW V RdMWVPUQ hLMPM SMh XONZUk
dVTMR Mp URT UR VW UWRMPTkUWTMWRUYM VNNZUdVTUQW b =S i VWe XONZUdVTMR Mp URTR g
TLM VNNZUdVTUQW i Ve UWRTMVX [ M dQWRUXMPMX ZQQfONkUWTMWRUYM g \UYMW TLM
XMcWUTUQW QS TLM  � ��$� QN MPVTUQW 	RMM TLM WMpT RMdTUQW 
 b

; � +1�9(1'�+(+11 � =W V PMVZ TUi M ReRTMi UT UR UiNQPTVWT TLVT TLM dLVPk
VdTMPURTUdR QS QN MPVTUQWR QW TLM LVRL TV[ZM XQ WQT XURNZVe TQQ iOdL
YVPUV[UZUTeb

; ��+*.2 + � KLUR RMTTUW\ PMNPMRMWTR TLM 
TeNUdVZ
 ORV\M RMTTUW\R b =T UR
VRROi MX TLVT VZZ QN MPVTUQWR VPM MmOVZZe ZUfMZeb <QTM TLVT TLUR UR TLM
QWZe RUTOVTUQW hLMPM ������ QN MPVTUQWR i Ve dQWRTUTOTM V ZVP\M Vi QOWT
QS TLM QN MPVTUQWR g \UYMW TLVT TLMPM i Ve [ M WQ i QPM ROddMRRSO Z ������
QN MPVTUQWR TLVW TLMPM VPM ROddMRRSO Z  ���$� QN MPVTUQWR b

4 54 � +: ('-'9( 9� . 0.10 -.�/+
j LVRL TV[ ZM UR V XVTV RTPOdTOPM TLVT RONNQPTR TLM SQZZQh UW\ [VRUd QN MPVTUQWR �
 ���$� ��� =WRMPT VW +/+, +(- � UWTQ TLM XVTV RTPOdTOPM g US TLM MZMi MWT LVR

WQT eMT [ MMW UWRMPTMX� b
������ ��� � MZMTM TLM MZMi MWT � b
�##��� ��� � MTPUMYM TLM MZMi MWT � b
KLM V[ QYM RMT QS QN MPVTUQWR UR RUi UZVP TQ TLQRM RONNQPTMX [e V XUdTUQWVPeg
[OT OWZUfM V XUdTUQWVPe UiNZMi MWTMX ORUW\ VW QPXMPMX ZURT QP V TPMM g MZMi MWTR
VPM WQT QPXMPMX h UTLUW TLM XVTV RTPOdTOPM g VWX QN MPVTUQWR ROdL VR cWXUW\ TLM
NPMXMdMRRQP QP ROddMRRQP VPM WQT XUPMdTZe RONNQPTMX b ]QWYMPRMZeg V LVRL TV[ZM
TeNUdVZZe NPQYUXMR dQWRTVWT QP Vi QPTUlMX dQWRTVWT VddMRR TUi M TQ MZMi MWTR
hLUdL UR iOdL [ MTTMP TLVW hLVT V ZURT QP TPMM dVW NPQYUXM b KLUR UR VdLUMYMX
[e RTQPUW\ TLM MZMi MWTR UW V TV[ZM h UTL TLM LMZN QS V 0.10 � �()-'9(

h(e)
g

hLUdL i VNR MZMi MWTR UW TLM N QRRU[ ZM RMT QS MZMi MWTR
U

TQ UWXMpMR QSTMW ORUW\
V i QXOZOR QN MPVTUQW TQ hPVN TLM SOWdTUQW YVZOMR TQ cT TLM TV[ZM RUlM b oM
PMSMP TQ TLM YVZOM QS TLM LVRL SOWdTUQW VR TLM 0.10 �./�+ QS TLM MZMi MWT g VWX
XMWQTM TLM RMT QS ROdL YVZOMR

M
b �mOVZUTe QS MZMi MWTR UR XMTMPi UWMX [e VW

+��./'-� � �()-'9( g hLUdL i Ve [ M TPOM QW Ze US TLM MZMi MWTR dQiNVPMX LVYM TLM
RVi M LVRL YVZOM b
=T dVW QddOP TLVT XU� MPMWT MZMi MWTR i VN TQ TLM RVi M UWXMp dVORUW\ V

)9/ /'1'9( b KQ PMRQZYM TLUR NPQ[ZMi V )9/ /'1'9( �*+19/� -'9( , +-09� UR MiNZQeMX b
KLM XU�MPMWT dQZZURUQWkPMRQZOTUQW i MTLQXR dVW [ M XUYUXMX UWTQ ThQ \PQONR �
�0.'( '(2 VWX 9� +( .��*+11'(2 b =W TLUR PMN QPT hM SQdOR QW dQZZURUQW PMRQZOTUQW
[e dLVUWUW\ hLUdL UR V i MTLQX SQP PMRQZY UW\ dQZZURUQWR [e fMMNUW\ V ZUWfMX
ZURT VT MVdL UWXMp UW TLM LVRL TV[ZM b j \UYMW UWXMp UW TLM LVRL TV[ZM VWX UTR
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dQPPMRN QWXUW\ XVTV RTPOdTOPM SQP LQZXUW\ VXXUTUQWVZ MZMi MWTR UR PMSMPPMX TQ
VR V ��)�+-5

KLM QN MW VXXPMRRUW\ VNNPQVdL TQ dQZZURUQW PMRQZOTUQW XU� MPR SPQi TLM dLVUWk
UW\ i MTLQX UW TLVT dQZZUXUW\ MZMi MWTR VPM fMNT h UTLUW TLM LVRL TV[ZM b o LMW
V dQZZURUQW QddOPR VW VTTMiNT TQ cWX VW OWQddONUMX UWXMp UR XQWM YUV i MTLQX
fWQhW VR � *9�'(2 b

j /9.� � .)-9* UR ORMX VR V i MVROPM QS LQh i VWe MZMi MWTR TLM LVRL TV[ZM
dQWTVUWR UW dQiNVPURQW TQ TLM RUlM QS TLM LVRL TV[ZM g VWX UR dQiiQWZe XMWQTMX
α
b

4 5� �0.'( '(2 �+*1�1 9� +( 0.10'(2
KLM ThQ XQi UWVWT i MTLQXR QS PMRQZYUW\ dQZZURUQWR UW V LVRL TV[ZM VPM dLVUWUW\
VWX QN MW LVRLUW\ b j [PUMS XMRdPUNTUQW QS TLM ThQ h UZZ [ M \UYMW LMPM b 	QP i QPM
UWkXMNTL UWSQPi VTUQW QW dQZZURUQW PMRQZOTUQW i MTLQXR RMM q� g t�v b

4 5� 56 �� +( 0.10'(2
o UTL QN MW LVRLUW\ VZZ MZMi MWTR VPM RTQPMX h UTLUW TLM LVRL TV[ZM b j dQWRMk
mOMWdM QS TLUR UR TLVT TLM ZQVX SVdTQP h UZZ VZhVeR ZUM [ MThMMW s VWX wb KQ
PMRQZYM V dQZZURUQW TLMPM Mp URT XU�MPMWT i MTLQXR QS NPQ[UW\ SQP V SPMM UWXMp
h UTLUW TLM LVRL TV[ZM b KhQ QS TLMRM VPM /'( +.* � *9�'(2 VWX ��.�*.-') � *9��
'(2 b a UWMVP NPQ[UW\ UR RUiNZM g [OT RO� MPR SPQi � *', .*� )/�1-+*'(2 b �OVXPVTUd
NPQ[UW\ UR dQWRUXMPMX [ MTTMP [ MdVORM UT XQMR WQT RO� MP SPQi NPUi VPe dZORTMPk
UW\ UW TLM RVi M hVe VR ZUWMVP NPQ[UW\ XQMR g [OT UWRTMVX RO�MPR SPQi 1+)9(�.*�
)/�1-+*'(2 b
j LVRL TV[ZM ORUW\ TLM QN MW VXXPMRRUW\ dQZZURUQW PMRQZOTUQW i MTLQX LVR V

\QQX N MPSQPi VWdM hLMW UWRMPTUW\ MZMi MWTR b � MZMTUQWR LQhMYMP VPM WQT VR
M� MdTUYMZe LVWXZMX VR UW V dLVUWMX LVRL TV[ZM [ MdVORM XMZMTUQW PMmO UPMR TLM
MZMi MWTR TQ [ M i QYMX [VdfhVPXR TLPQO\L TLM NPQ[ M RMmOMWdM hLUdL i Ve
[ M V YMPe dQiNZMp QN MPVTUQW g XMN MWXUW\ QW TLM NPQ[ M i MTLQX b � MdVORM QS
TLUR g QWM QSTMW �ORT i VPfR TLM MZMi MWTR VR XMZMTMX VWX iQYM TLM WQWkXMZMTMX
MZMi MWTR TQ V WMh TV[ZM VT PM\OZVP UWTMPYVZR g VW QN MPVTUQW dVZZMX *+0.10'(2 b

4 5� 54 �0.'('(2
]LVUWUW\ UR TLM RUiNZMRT dQZZURUQW PMRQZOTUQW i MTLQX b KLM [VRUd UXMV UR TQ
MpTMWX MVdL UWXMp UW TLM LVRL TV[ZM h UTL V ZUWfMX ZURT VZZQh UW\ iOZTUN ZM YVZOMR
TQ VPPUYM VT TLM RVi M UWXMp b `OdL VW MpTMWXMX UWXMp UR dQiiQWZe PMSMPPMX
TQ VR V ��)�+-g VWX TLM ZUWfMX ZURT VR V )0.'( b KLUR i VfMR UT WMdMRRVPe TQ
RMVPdL SQP V \UYMW MZMi MWT UW TLM ZUWfMX ZURT hLMW N MPSQPi UW\ V �##��� �� �
QN MPVTUQW b

KLM ZQVX SVdTQP QS V LVRL TV[ZM ORUW\ dLVUWUW\ UR VW MRTUi VTM QS TLM VYMPV\M
ZURT ZMW\TL b KLM RN MMX QS QN MPVTUQWR QW LVRL TV[ZMR XMdPMVRMR hLMW TLM ZQVX
SVdTQP UWdPMVRMR [ MdVORM TLM ZUWfMX ZURTR TLVT LVYM TQ [ M RMVPdLMX UWdPMVRM UW
RUlM b oQPRT dVRM POWWUW\ TUi M QS V ZQQfON QN MPVTUQW QW V LVRL TV[ZM ORUW\



�

dLVUWUW\ UR O(n)
hLUdL UR LU\LZe UiNPQ[V[ZM VR VZZ MZMi MWTR hQOZX LVYM TQ

ZVWX UW TLM RVi M [OdfMT SQP TLUR TQ LVNN MW b =T UR QSTMW VRROi MX TLVT TLM
LVRL SOWdTUQW NPQXOdMR UWXMpMR TLVT VPM MYMWZe XURTPU[OTMX VdPQRR TLM TV[ZM g
UWXMN MWXMWT QS hLMPM QTLMP MZMi MWTR LVYM LVRLMX TQ b KLUR UR TLM VRROiNTUQW
QS 1',� /+ �('� 9*, 0.10'(2 g hLUdL VZZQh R OR TQ MRTUi VTM TLM ONN MP [ QOWX QW
V ZQQfON TQ [ M NPQN QPTUQWVZ TQ TLM VYMPV\M ZURT ZMW\TL b KLM SQZZQh UW\ RMdTUQW
QW �('�+*1./ 0.10 � �()-'9(1 XMRdPU[ MR V i MTLQX SQP SOZc ZZUW\ TLUR PMmOUPMi MWT
h UTL WQWkPVWXQi MZMi MWT XURTPU[OTUQWR b
� QRT Mp URTUW\ `Ka UiNZMi MWTVTUQWR ORM V LVRL TV[ZM h UTL dLVUWUW\ [ MdVORM

dLVUWUW\ UR V dQWdMNTOVZZe RUiNZM VWX PQ[ORT RTPVTM\eg VWX XQMR WQT RO� MP
SPQi TLM XMZMTUQW UWMn dUMWdUMR QS QN MW VXXPMRRUW\ b

4 5� 7('�+*1./ � .10 ��()-'9(1
KLM dQWdMNT QS �('�+*1./ )/.11+1 9� 0.10 � �()-'9(1 hVR cPRT UWTPQXOdMX [e
]VPTMP VWX oM\i VW quv b j dZVRR QS LVRL SOWdTUQWR UR dQWRUXMPMX �('�+*1./
US TLM NPQ[V[UZUTe QS dQZZURUQW [ MThMMW TLM LVRL YVZOMR QS ThQ MZMi MWTR SQP
V SOWdTUQW

h
PVWXQi Ze dLQRMW SPQi TLM dZVRR UR ZMRR TLVW QP MmOVZ TQ

1

|M |

g
hLMPM

M
UR TLM RMT QS N QRRU[ ZM LVRL YVZOMR q�v b � QPM NPMdURMZeg V dZVRR UR

dQWRUXMPMX
(c, k)

kOWUYMPRVZ g US g SQP
k

XURTUWdT MZMi MWTR
x0, x1, ..., xk−1

VWX UWk
XMpMR

l0, l1, ..., lk−1

g
Prob{h(xi) = li,

SQP
0 ≤ i < k} ≤ c

|M |k
qwwv b =WTOUTUYMZeg

TLUR PMSMPR TQ VW MpN MdTMX ONN MP [ QOWX QW TLM NPQ[V[UZUTe TLVT
k

XURTUWdT
MZMi MWTR dQZZUXM b j i Mi[MP QS ROdL V dZVRR h UZZ LMWdMSQPTL [ M PMSMPPMX TQ VR
V �('�+*1./ 0.10 � �()-'9( b
=S

k = 2
g TLM WQTVTUQW UR RQi MTUi MR RLQPTMWMX TQ �

c
kOWUYMPRVZ� qt wv g VWX TLUR

UR TLM WQTVTUQW hM h UZZ dQWTUWOM TQ ORM UW TLUR NVN MP b 	MVRU[ ZM RQZOTUQWR SQP
SOWdTUQWR h UTL

k > 2
MpURT g VWX LVYM XMRUPV[ZM NPQN MPTUMR h UTL PM\VPX TQ TLM

YVPUV[UZUTe QS TLM dQZZURUQW NPQ[V[UZUTe 	RMM SQP UWRTVWdM qr�v
 g [OT VPM QOTRUXM
TLM RdQN M QS QOP NVN MP b

4 5� 56 � +(+: -1
KLM [ MWMcT QS ORUW\ V OWUYMPRVZ LVRL SOWdTUQW UR TLVT TLM UWXMp XURTPU[OTUQW
[ MdQi MR UWXMN MWXMWT QS TLM UWNOT g VT ZMVRT UW TLMQPeg VWX TLOR i VfMR TLM
TLMQPMTUdVZ VWVZeRUR YVZUX SQP i QRT UWNOTR g WQT �ORT TLQRM TLVT VPM OWUSQPi Ze
PVWXQi b jW VNNZUdVTUQW ORUW\ V LVRL TV[ZM [VRMX QW OWUYMPRVZ dZVRRMR QS
LVRL SOWdTUQWR UR TLMPMSQPM \OVPVWTMMX TQ VYQUX hQPRTkdVRM N MPSQPi VWdM UW
i QRT RUTOVTUQWR g VWX UT UR UiNQRRU[ ZM TQ dPMVTM V N MPSMdT VXYMPRVPe� hUTLQOT
fWQh ZMX\M QS TLM UWTMPWVZ RTVTM QS TLM VNNZUdVTUQW b KLUR LVR UiNQPTVWT dQWRMk
mOMWdMR SQP � Q`� VTTVdfR g VWX UR TLMPMSQPM VW UiNQPTVWT PMmOUPMi MWT QS QOP
UiNZMi MWTVTUQW g VR QTLMPh URM TLM VNNZUdVTUQWR [VRMX QW TLM UiNZMi MWTVTUQW
hQOZX VZZ [ M YOZWMPV[ZM TQ ROdL VXYMPRVPUMR b =T UR UiNQPTVWT TQ WQTM g LQhMYMP g
TLVT hQPRT dVRM N MPSQPi VWdM i Ve RTUZZ QddOP g MYMW TLQO\L TLUR UR LU\LZe OWk

3 � LGFGI@F F?GF CGPI@I MKDIF_CGI@ O @D^KDE GBC@ @]@DQ FAE @ S
4 \@BAGH K^ `@D]AC@ S
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ZUfMZeg RQ hM XQ WQT MRdVN M TLM O(n)
[QOWX QW QN MPVTUQW dQiNZMp UTeb `MdTUQW

t b% br QW ZUWMVP LVRLUW\ dQYMPR V i MTLQX SQP SOPTLMP PMXOdUW\ TLUR PURf b

4 5� 54 �� .,� /+1
=W qt wv XMcWUTUQWR QS ThQ YMPe Mn dUMWT OWUYMPRVZ dZVRRMR QS LVRL SOWdTUQWR VPM
\UYMW b KLM cPRT QWM UR V dZVRR QS iOZTUN ZUdVTUYM LVRL SOWdTUQWR XMTMPi UWMX [e
TLM ThQ NVPVi MTMPR

2k VWX
2l g dQWTVUWUW\ 2k LVRL SOWdTUQWR QS TLM SQPi

ha(x) =
(ax mod 2k)

2k−l
,

hLMPM
a

UR VW QXX UWTM\MP UW TLM PVW\M
[1, 2k − 1]

b j R TLM QN MPVWXR QS TLM
i QXOZOR VWX XUYURUQW QN MPVTUQWR VPM N QhMPR QS ThQ g [UTh URM .(� VWX 10'� -
QN MPVTUQWR i Ve [ M ORMX b KLUR SOWdTUQW UR NPQYMX TQ [ M tkOWUYMPRVZ qwtv b

KLM QTLMP SOWdTUQW UR [VRMX QW PVWXQi ZQQfON TV[ZMR g VWX UR hMZZ ROUTMX SQP
ZQW\MP fMeR g ROdL VR RTPUW\R b KLM QPU\UWVZ YMPRUQW UR wkOWUYMPRVZ g VWX ORMR QWM
PVWXQi ZQQfON TV[ZM SQP MVdL dLVPVdTMP N QRUTUQW g PMmO UPUW\ O(`2k)

RTQPV\M g
hLMPM

2k UR TLM RUlM QS TLM VZNLV[ MT 	TeNUdVZZe
28

SQP dLVPVdTMP RTPUW\R
 g VWX
`
UR TLM ZMW\TL QS TLM ZQW\MRT RTPUW\ b _QhMYMP g TLMPM UR MpN MPUi MWTVZ MYUXMWdM

TLVT QWM i Ve ORM TLM RVi M ZQQfON TV[ZM SQP i QPM TLVW QWM dLVPVdTMP N QRUk
TUQW h UTLQOT RU\WUcdVWT PMXOdTUQW UW N MPSQPi VWdM g VZTLQO\L TLUR i QXUcdVTUQW
UWYVZUXVTMR TLM TLMQPMTUdVZ PMROZTR qr wv b

4 5� � '( +.* � .10'(2
aUWMVP LVRLUW\ UR V RQZOTUQW TQ TLM XeWVi UlVTUQW NPQ[ZMi QS LVRL TV[ZMR b
]QWYMWTUQWVZ LVRL TV[ZM VZ\QPUTLi R TMWX TQ XURPM\VPX TLM PMmOUPMi MWT TLVT
V TV[ZM RLQOZX \PQh XeWVi UdVZZe TQ VddQiiQXVTM WMh Ze UWRMPTMX MZMi MWTR g
VWX RLPUWf US TLM VZZQ dVTMX RTQPV\M UR WQ ZQW\MP WMMXMX b KLM dQiiQW RQZOTUQW
TQ TLUR NPQ[ZMi UR TQ dPMVTM V WMh LVRL TV[ZM Th UdM TLM RUlM hLMW TLM MpURTUW\
QWM UR SO ZZ g VWX TQ UWRMPT VZZ TLM Mp URTUW\ MZMi MWTR UW TLUR WMh TV[ZM g fMMNUW\
α

[ MZQh RQi M dQWRTVWT ZUi UT b
aUWMVP LVRLUW\ hQPfR [e VXXUW\ RUW\ZM [OdfMTR TQ TLM TV[ZM hLMW UT c ZZR ON g

VWX PMZQ dVTUW\ VNNPQp Ui VTMZe LVZS QS TLM MWTPUMR LVRL UW\ TQ VW MpURTUW\ [OdfMT
TQ TLUR WMh [OdfMT g VW QN MPVTUQW PMSMPPMX TQ VR ��)� +- 1� /'--'(2 b ]QWYMPRMZeg
dQWTPVdTUQW UR VdLUMYMX [e V ��)� +- � 9'('(2 QN MPVTUQW b KLUR NPQXOdMR V ZUWMVP
\PQhTL VWX PMXOdTUQW UW TV[ZM RUlM g LMWdM TLM WVi M b
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KLM dQWdMNT QS ZUWMVP LVRLUW\ hVR cPRT UWTPQXOdMX UW qtuv g UW TLM SQPi QS
VW MpTMPWVZ LVRLUW\ VZ\QPUTLi XMRU\WMX SQP ORM UW c ZM ReRTMi R b =T hVR ZVTMP
MpTMWXMX [e ^MPk�fM aVPRQW UW qrsv TQ LVRL TV[ZMR UW i VUW i MiQPeb

aVPRQW ORMR \PVXOVZ MpNVWRUQW VWX dQWTPVdTUQW g [OT TLUR UR UiNZMi MWTMX
ORUW\ V i MiQPe VZZQ dVTUQW i MTLQX TLVT XQMR WQT RdVZM g VWX UR TLMPMSQPM
OWROUTV[ZM VR V \MWMPVZkNOPN QRM UiNZMi MWTVTUQW b



u
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�QTL TLM YVPUVWTR QS ZUWMVP LVRLUW\ TLVT hM LVYM RMMW PMRQZYM dQZZURUQWR [e
dLVUWUW\ b �YMW TLQO\L ORUW\ QN MW LVRLUW\ SQP dQZZURUQW PMRQZOTUQW UR N QRRUk
[ ZM g UT UR OWROUTV[ZM g VR i QPM VXYVWdMX 	VWX TLOR Mn dUMWT
 NPQ[UW\ i MTLQXR
dQiNZUdVTM XMZMTUQW g hLUdL g UW QNN QRUTUQW TQ TLM XQO[ZUW\ i MTLQX g dVWWQT
[ M VYQUXMX UW ZUWMVP LVRLUW\ g VR XMZMTUQW UR V YUTVZ dQiNQWMWT QS TLM [OdfMT
RNZUTTUW\ QN MPVTUQW b
=W TLM SQZZQh UW\ g hM h UZZ TLMPMSQPM VRROi M dQZZURUQW PMRQZOTUQW h UTL dLVUWUW\ b

4 5� 5� � �)�+- 1� /'--'(2
�OdfMT RNZUTTUW\ UR N MPSQPi MX [e VRRU\WUW\ V WMh LVRL SOWdTUQW TQ [OdfMTR
TLVT dQWTVUW i QPM TLVW V dMPTVUW Vi QOWT QS MZMi MWTR b KLM MZMi MWTR UW TLM
[OdfMT VPM PMZQ dVTMX TQ cT TLUR WMh LVRL SOWdTUQW N QRRU[ Ze i QYUW\ TLMi TQ
QTLMP [OdfMTR b o UTL V ROUTV[ZM dLQUdM QS LVRL SOWdTUQW g TLUR h UZZ [PUW\ TLM
WOi[MP QS MZMi MWTR UW TLM [OdfMT XQhW [ MZQh TLM ZUi UT b _QhMYMP g TQ i VfM
[OdfMT RNZUTTUW\ NPVdTUdVZ dMPTVUW ZUi UTVTUQWR LVYM TQ [ M i VXM QW LQh VWX
hLMW [OdfMTR VPM RNZUT g VWX VZRQ QW TLM dLQUdM QS LVRL SOWdTUQWR SQP RNZUT
[OdfMTR b
=W qrsv TLM LVRL SOWdTUQWR VPM dQWRTPOdTMX [e i VRfUW\ Q� V \UYMW WOi[MP QS

[UTR SPQi V dQiiQW g OWXMPZe UW\ LVRL SOWdTUQW g VWX TLM WMh LVRL SOWdTUQW
UR dLQRMW [e VXXUW\ QWM i QPM [UT TQ TLM QZX QWM b KLUR LVR TLM XMRUPV[ZM
NPQN MPTe TLVT QWZe TLM i QRT RU\WUcdVWT [UT RMNVPVTMR TLM YVZOMR QS TLM LVRL
SOWdTUQWR g M�MdTUYMZe ZUi UTUW\ TLM N QRRU[ ZM XMRTUWVTUQW [OdfMTR TQ TLM RNZUT
[OdfMT VWX TQ TLM [OdfMT

2k−1
[OdfMTR SOPTLMP ON TLM TV[ZM g hLMPM

k
UR TLM

UWXMp QS TLM VXXMX [UT b
o LUdL [OdfMT UR RNZUT g UR XMdUXMX [e V NQUWTMP TLVT RTVPTR QOT N QUWTUW\ VT

TLM cPRT [OdfMT b o LMW TLM ZQVX SVdTQP QS TLM TV[ZM MpdMMXR V NPMXMcWMX
Vi QOWT g TLM TV[ZM UR MpNVWXMX [e QWM [OdfMT g VWX TLM [OdfMT XMRU\WVTMX [e
TLM N QUWTMP UR RNZUT g i QYUW\ QW VYMPV\M LVZS QS UTR MZMi MWTR TQ TLM WMh [OdfMT b
	 UWVZZeg TLM N QUWTMP UR RMT TQ N QUWT TQ TLM WMpT [OdfMT UW TLM TV[ZM 	RMM c\OPM
w
 b
o LMW VZZ TLM [OdfMTR UW TLM UWUTUVZ TV[ZM LVYM [ MMW RNZUT g TLM N QUWTMP UR

i QYMX [Vdf TQ N QUWT TQ TLM cPRT MZMi MWT g TLM QZX LVRL SOWdTUQW UR XURdVPXMX g
VWX TLM hLQZM NPQdMRR UR PMN MVTMX b jT TLUR N QUWT g TLM TV[ZM LVR XQO[ZMX UW
RUlM g dQiNVPMX TQ TLM QPU\UWVZ TV[ZM 	RMM c\OPM t
 b

KLUR i MTLQX i VUWTVUWR TLM UWYVPUVWT TLVT VZZ [OdfMTR [ MZQh TLM N QUWTMP
i Ve [ M VddMRRMX [e TLM WMh LVRL SOWdTUQW b =S TLM MZMi MWT LVRLMR TQ V [OdfMT
[ MZQh TLM N QUWTMP [e TLM QZX SOWdTUQW g TLM WMh LVRL SOWdTUQW RLQOZX [ M ORMX
UWRTMVX b KLOR V dQWRTVWT Vi QOWT QS RTQPV\M UR PMmOUPMX TQ XMTMPi UWM hLUdL
SOWdTUQW TQ ORM SQP MVdL [OdfMT b

jXXUTUQWVZZeg TLUR i MTLQX ZUi UTR TLM WOi[MP QS VdTUYM LVRL SOWdTUQWR TQ
ThQ g VR VZZ [OdfMTR iORT [ M RNZUT 	VWX TLMPMSQPM [ M VRRU\WMX TLM WMh LVRL
SOWdTUQW 
 [ MSQPM VWe [OdfMTR VPM RNZUT V RMdQWX TUi M b
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=W TLM SQZZQh UW\ hM h UZZ PMSMP TQ aVPRQW �R QPU\UWVZ i MTLQX QS ZUWMVP LVRLUW\
VR -0 + 9(+�-.�/+ , +-09� b j dQiNZMpUTe VWVZeRUR UR \UYMW UW qrsv g UW hLUdL
TLM dQiNZMpUTe VWVZeRUR SQP PM\OZVP LVRL TV[ZMR ORUW\ dQZZURUQWkPMRQZOTUQW [e
dLVUWUW\ \UYMW UW q�v UR MpTMWXMX [e i QXMZUW\ TLM M� MdT QS [OdfMT RNZUTTUW\
QW TLM TV[ZM ZQVX SVdTQP b

KLM i QXMZ UWTPQXOdMR TLM SVdTQP
x
g hL UdL UR TLM SPVdTUQW QS TLM [OdfMTR

Initial table size

Split pointer

New bucket

������ 
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UW TLM UWUTUVZ TV[ZM TLVT LVYM [ MMW RNZUT b �OPUW\ TLM dQOPRM QS MpNVWRUQW g
xdedZMR UW TLM PVW\M

[0, 1[
g h UTL TLM i UWUiOi YVZOM �ORT VSTMP N QUWTMP PMRMT� b

� VRMX QW
x
g V SQPiOZV SQP TLM ZQVX SVdTQP QS RNZUT VWX OWRNZUT [OdfMTR UR

XMPUYMX g VWX UR ORMX TQ XMTMPi UWM TLM MpN MdTMX ZMW\TLR QS ROddMRRSO Z VWX
OWROddMRRSO Z RMVPdLMR b aVPRQW RTVTMR TLVT TLMRM YVPe SPQi TLM i UWUi VZ

1 + α
2SQP ROddMRRSO Z VWX

α
SQP OWROddMRRSO Z RMVPdLMR hLMW

x = 0
VWX

x → 1
g TQ TLM

i VpUi VZ
1 + 9

8

α
2

VWX
9

8
α

VT
x = 1

2

g SQZZQh UW\ TLM SQPiOZVR
1 + α

4

(

2 + x − x2
)

VWX α
2

(

2 + x − x2
) g PMRN MdTUYMZeb <QTM TLVT TLM i UWUi VZ ZURT ZMW\TL UR TLM

RVi M VR h UTL V PM\OZVP g cpMX TV[ZM b
aUWMVP LVRL UW\ VZRQ UWTPQXOdMR VW MpTPV dQRT VRRQdUVTMX h UTL TLM [OdfMT

RNZUT VWX �QUW QN MPVTUQWR b aVPRQW QWZe i QXMZR TLM cPRT g hLUdL UR UWdOPPMX VT
V SPVdTUQW

1

α

QS TLM UWRMPT QN MPVTUQWR hLMW U\WQPUW\ XMZMTUQWR b KLM VYMPV\M
WOi[MP QS MpTPV dQiNOTVTUQWR g \UYMW TLM MpN MdTMX ZURT ZMW\TL QS

α (1 + x)
g UR

1 + x
g QP wb� QW VYMPV\M VdPQRR V dQiNZMTM TV[ZM XQO[ZUW\ b

4 5� 	0+ 	� 9�	.�/+ � +-09�
j YVPUVTUQW QS aVPRQW �R RdLMi M UR VdLUMYMX [e ORUW\ ThQ LVRL TV[ZMR UWRTMVX
QS QWM g hLMPM MVdL ORMR UTR QhW LVRL SOWdTUQW g VWX TLM RMdQWX TV[ZM UR Th UdM
VR ZVP\M VR TLM cPRT QWM b o LMW RNZUTTUW\ [OdfMTR g TLM RNZUT [OdfMT UR MiNTUMX
PVTLMP TLVW LVZYMX g VWX VZZ TLM UTMi R VPM TPVWRSMPPMX TQ TLM [OdfMTR UW TLM
QTLMP TV[ZM 	c\OPM r
 b o LMW dQWTPVdTUW\ g TLM PMYMPRM QS TLUR QN MPVTUQW UR
N MPSQPi MX b o LMW TLM RNZUT N QUWTMP VPPUYMR VT TLM MWX QS TLM cPRT TV[ZM g TLUR
TV[ZM UR XURdVPXMX g TLM RMdQWX TV[ZM TVfMR TLM NZVdM QS TLM cPRT g V WMh TV[ZM
Th UdM VR ZVP\M VR TLM RMdQWX UR VZZQ dVTMX g VWX V WMh LVRL SOWdTUQW UR VRRU\WMX
	c\OPM � 
 b
KLUR i MTLQX UR ZMRR RNVdM Mn dUMWT g VR hM VPM VZZQ dVTUW\ i MiQPe SQP [OdfMTR

hLUdL VPM WQT ORMX � KLM [OdfMTR [ MZQh TLM RN ZUT N QUWTMP UW TLM cPRT TV[ZM VPM
VZhVeR MiNTeb KLMPM VPM g LQhMYMP g RQi M UWTMPMRTUW\ [ MWMcTR TQ TLUR YMPRUQW
QS ZUWMVP LVRLUW\ b

4 5� 56 �9.� �.)-9*
KLM ZQVX SVdTQP QS TLM ThQkTV[ZM i MTLQX UR WQT Uii MXUVTMZe Q[YUQOR b � RUW\
TLM WOi[MP QS MZMi MWTR XUY UXMX [e TLM TQTVZ WOi[MP QS [OdfMTR XQMR WQT \UYM
V PMVZURTUd NUdTOPM QS TLM NPQ[V[UZUTe QS dQZZURUQWR g VR QWZe QWM TLUPX QS TLM
[OdfMTR VPM VddMRRU[ ZM hLMW TLM RNZUT N QUWTMP UR UW TLM UWUTUVZ N QRUTUQW g VWX
VZi QRT ThQ TLUPXR �ORT [ MSQPM UT UR PMRMT b 	OPTLMPi QPM g TLUR RUlM i MVROPM h UZZ
WQT UWdPMVRM ZUWMVPZeg VWX TLM ZQVX SVdTQP h UZZ WQT XPQN hLMW [OdfMTR VPM RN ZUT g
MpdMNT hLMW V WMh TV[ZM UR VZZQ dVTMX b oM TLMPMSQPM UWTPQXOdM TLM dQWdMNT QS
+� +)-'�+ /9.� � .)-9* g hLUdL RdVZMR TLM UiNVdT QS V [OdfMT [e UTR VYVUZV[UZUTeb
=W TLM UWUTUVZ N QRUTUQW g TLM RMdQWX TV[ZM UR OWVYVUZV[ZM b j R [OdfMTR VPM RN ZUT g

i QPM VWX i QPM QS TLM LUTR TQ TLM cPRT TV[ZM VPM SQPhVPXMX TQ TLM RMdQWX g
OWTUZ TLM MWTUPM RMdQWX TV[ZM [ MdQi MR VYVUZV[ZM VR TLM cPRT QWM UR XURdVPXMX b
5 � KF@ F?GF

x
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Table 1 Table 2
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`Ui UZVPZeg ZMRR VWX ZMRR QS TLM cPRT TV[ZM [ MdQi MR VYVUZV[ZM VR TLM RNZUT N QUWTMP
i QYMR TQhVPXR TLM MWX b oM UWTPQXOdM

p ∈ [0, T1[
TQ i MVW TLM UWXMp QS TLM

RNZUT N QUWTMP g hLMPM
T1

UR TLM RUlM QS TLM cPRT TV[ZM 	
T2 = 2T1


 b KLM SPVdTUQW
QS TLM RMdQWX TV[ZM VYVUZV[ZM TLPQO\L TLM cPRT UR \UYMW [e p

T1

g VWX TLM SPVdTUQW
QS TLM cPRT TV[ZM VYVUZV[ZM UR \UYMW [e T1−p

T1

b KLM M�MdTUYM TV[ZM RUlM g hLMW
TLM UWXUYUXOVZ RUlMR VPM hMU\LMX [e TLMUP VYVUZV[UZUTeg [ MdQi MR

T1 − p

T1

T1 +
p

T1

T2 = T1 + p.

KLM M�MdTUYM ZQVX SVdTQP UR dQWRMmOMWTZe \UYMW [e
α = n

T1+p

g hLUdL \PQh R
ZUWMVPZe VR TLM TV[ZM MpNVWXR b

4 5� 54 �� .)+ 7-'/'�.-'9(
_VYUW\ MRTV[ZURLMX VW M� MdTUYM TV[ ZM RUlM i MVROPM g hM dVW NPQdMMX TQ dQi k
NOTM TLM RNVdM QYMPLMVX QS TLM ThQkTV[ZM i MTLQX b oM XMWQTM TLM ZQVX SVdTQP
VT hLUdL dQWTPVdTUQW UR TPU\\MPMX [e

αmin

g VWX TLM dQPPMRN QWXUW\ ZQVX SVdTQP
SQP MpNVWRUQW [e

αmax

b KLUR ZUi UTR TLM PVW\M QS TLM M� MdTUYM ZQVX SVdTQP TQ

αmin ≤ n

T1 + p
≤ αmax,

VWX TLM WOi[MP QS MZMi MWTR TQ

αmin (T1 + p) ≤ n ≤ αmax (T1 + p) .
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Table 2 Table 3Table 1

Split pointer
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� UYMW TLVT
p

dedZMR [ MThMMW
0

VWX
T1 − 1

g VWX TLVT
αmin ≤ αmax

g TL UR ZUi UTR
n

TQ

αminT1 ≤ n ≤ αmax (2T1 − 1) ≤ 2αmaxT1.

KLM VdTOVZ RNVdM ORV\M SQP TLM TV[ZMR UR
T1 + T2 = 3T1

g VWX TLOR TLM
NPQN QPTUQW

w
QS VZZQ dVTMX TQ ORMX RNVdM UR 3T1

n

b =S hM XUYUXM TLM NPMYUQOR
MmOVTUQW [e TLM VdTOVZ RNVdM ORV\M VWX UWYMPT TLM PMROZT g hM \MT

3

αmin

≥ 3T1

n
≥ 3

2αmax

,

hLUdL NZVdMR
w

hUTLUW TLM PVW\M[
3

2αmax
, 3

αmin

] b =S hM VRROi M QWM i VdLUWM
hQPX QS QYMPLMVX SQP MVdL [OdfMT g VWX VWQTLMP ThQ SQP MVdL MZMi MWT g hM
VPPUYM VT

(w + 2)n =

[(

3

2αmax

+ 2

)

n,

(

3

αmin

+ 2

)

n

]

iVdLUWM hQPXR QS QYMPLMVX hLUdL SQP ZQVX SVdTQP ZUi UTR QS t b� VWX � \UYMR
[2.3n, 3.2n]

b
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jW UWTMPMRTUW\ SMVTOPM QS TLM ThQkTV[ZM i MTLQX UR TLVT UT UR N QRRU[ ZM TQ dLVW\M
TQ V XU� MPMWT i Mi[MP QS V dZVRR QS OWUYMPRVZ LVRL SOWdTUQWR hLMW VZZQ dVTUW\
V WMh TV[ZM b KLM QWZe dLVW\M TQ TLM [OdfMT RNZUTTUW\ QN MPVTUQW UR TLVT TLM
MZMi MWTR i Ve WQh LVRL TQ i QPM TLVW ThQ XMRTUWVTUQWR b �OdfMT � QUWUW\ g QW
TLM QTLMP LVWX g UR i VXM iOdL iQPM dQiNZUdVTMX b
=W \MWMPVZ hLMW � QUWUW\ V [OdfMT h UTL UWXMp

b
g hM WMMX TQ cWX TLM RMT QS

MZMi MWTR
E = {e0, e1, ..., en−1‖h1(ei) = b} g hLMPM

h1

UR TLM LVRL SOWdTUQW QS
TLM cPRT TV[ZM b KLM UWXMp QS TLM [OdfMTR hLMPM TLM MZMi MWTR i Ve [ M SQOWX
i Ve [ M dQiNOTMX [e TLM SQPiOZV

h2(h
−1
1 (b)),

	w

hLMPM

h2

UR TLM LVRL SOWdTUQW QS TLM RMdQWX TV[ZM VWX
h−1

1

UR TLM UWYMPRM QS
h1

b
o LMW TLM TV[ZMR RLVPM TLM RVi M OWXMPZeUW\ LVRL SOWdTUQW g hM UiNZUdUTZe

PMZe QW TLM SVdT TLVT VZTMPWVTUYM SOWdTUQWR XMPUYMX [e [UT RMZMdTUQWR VPM MVRUZe
UWYMPTMX � oM iVe MVRUZe dQiNOTM TLM [OdfMTR hLMPM hM i Ve cWX TLM MZMi MWTR
TLVT \Q UWTQ TLM [OdfMT hM VPM �� QUWUW\� [e ZQQfUW\ VT TLM UWXMpMR

b
VWX

b+T1

g
hLMPM

T1

UR TLM RUlM QS TLM cPRT TV[ZM b
�WSQPTOWVTMZeg 	w
 UR WQT dQiNOTV[ZM SQP LVRL SOWdTUQWR UW \MWMPVZ g VWX

NQRMR V RU\WUcdVWT NPQ[ZMi hLMW Rh UTdLUW\ [ MThMMW VP[UTPVPe OWXMPZeUW\
LVRL SOWdTUQWR b oM TLMPMSQPM WMMX V XU� MPMWT hVe TQ VXXPMRR TLM MZMi MWTR
TLVT \Q UWTQ TLM XMRTUWVTUQW [OdfMT b
�WM RQZOTUQW TQ TLM NPQ[ZMi g UR TQ i VUWTVUW V ZVTMWT ZURT SQP MVdL RNZUT [OdfMT

UW TLM cPRT TV[ZM b o LMW RNZUTTUW\ V [OdfMT g TLM MZMi MWTR VPM XURTPU[OTMX UWTQ
TLMUP PMRN MdTUYM [OdfMTR UW TLM RMdQWX TV[ZM g [OT VPM VZRQ fMNT UW V ZURT UW TLM
QPU\UWVZ [OdfMT 	RMM c\OPM �
 b =S [OdfMT � QUWUW\ UR PMmOUPMX g hM i Ve RUiNZe
�PMVdTUYVTM� TLM ZVTMWT ZURT g VWX TLM [OdfMT UR �QUWMX UW O(1)

TUi M b KLUR UR
VdLUMYMX [e i VUWTVUWUW\ ThQ RMTR QS ZUWfMX ZURT N QUWTMPR g QWM SQP MVdL TV[ZM �R
[OdfMTR g VWX dLQQRUW\ hLUdL QWM UR ORMX hLMW TPVYMPRUW\ TLM ZURT [VRMX QW
hLUdL TV[ZM �R [OdfMTR hM VPM VddMRRUW\ TLM ZURT TLPQO\L b

KLMPM VPM ThQ N MWVZTUMR ORUW\ TLUR i MTLQX � KLMPM UR TLM RNVdM QYMPLMVX QS
i VUWTVUWUW\ ThQ RMTR QS ZUWfMX ZURT N QUWTMPR g [OT TLM i V� QP N MWVZTe dQi MR SPQi
LVYUW\ TQ i VUWTVUW TLM ZVTMWT ZURT VSTMP UT LVR [ MMW XMVdTUYVTMX b � ZMi MWTR
TLVT LVRL TQ V RNZUT [OdfMT iORT [ M UWRMPTMX [ QTL UWTQ TLVT [OdfMT VWX UWTQ
TLM PMZMYVWT [OdfMT UW TLM RMdQWX TV[ZM b

KLM [ MWMcT QS Rh UTdLUW\ LVRL SOWdTUQWR UR TLVT hM SOPTLMP PMXOdM TLM PURf
QS ORUW\ V SVi UZe i Mi[MP TLVT dVORMR N QQP N MPSQPi VWdM � =S hM RLQOZX [ M RQ
OWSQPTOWVTM VR TQ dLQQRM VW UWMn dUMWT SVi UZe i Mi[MP g TLUR h UZZ [ M PMi MXUMX
h UTL LU\L NPQ[V[UZUTe ON QW TLM WMpT TV[ZM dLVW\M b

`h UTdLUW\ QS LVRL SOWdTUQWR i Ve QS dQOPRM VZRQ [ M OTUZUlMX hLMW ORUW\ TLM
dQWYMWTUQWVZ TV[ZM XQO[ZUW\ i MTLQX QS XeWVi UlVTUQW b

4 5� �9,� � -.-'9(1 9� 2 +( +*./ 0.10 -.�/+ , +-*')1
=W TLUR RMdTUQW g hM �ZZ XMYMZQN SQPiOZVM SQP
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; MpN MdTMX i VpUiOi ZURT ZMW\TL g
; TLM WOi[MP QS WQWkMiNTe [OdfMTR VWX
; TLM XURTVWdM [ MThMMW TLMRM g

\UYMW V
c
kOWUYMPRVZ LVRL SOWdTUQW b

4 5�56 ��� +)-+� ,.� ', �, /'1- /+(2 -0
=W ]VPTMP VWX oM\i VW �R QPU\UWVZ NVN MP QW OWUYMPRVZ LVRLUW\ quv g VW MpN MdTMX
ONN MP [ QOWX QW TLM WOi[MP QS dQZZURUQWR SQP wkOWUYMPRVZ LVRL SOWdTUQWR UR
MRTV[ZURLMX b KLM mOVWTUTe

δf (x, S)
UR XMcWMX VR �TLM WOi[MP QS dQZZURUQWR

[ MThMMW TLM MZMi MWT
x

VWX TLM RMT QS MZMi MWTR
S
g hLUdL UR V RO[RMT QS

U
� b

=S
S

UR TVfMW TQ [ M TLM RMT QS MZMi MWTR UWRMPTMX UWTQ TLM TV[ZM [ MSQPM VW
QN MPVTUQW QW

x
g TLM MpN MdTMX i VpUiOi WOi[MP QS MZMi MWTR TQ TPVYMPRM UR

1 + δf (x, S)
	
x

NZOR TLM WOi[MP QS MZMi MWTR TLVT dQZZUXM h UTL
x

 g hLUdL g SQP

wkOWUYMPRVZ SOWdTUQWR g UR [ QOWXMX [e
1 + |S|

|M |

b KLM MpN MdTMX i VpUiOi ZURT
ZMW\TL VSTMP

n
UWRMPTUQWR UR TLMPMSQPM

1 + n
m

	hLMPM
n = |S| VWX

m = |M |
 b	QP V
c
kOWUYMPRVZ SOWdTUQW g TLM MpNPMRRUQW [ MdQi MR

1 + cn
m

b

4 5�54 � �, �+* 9� (9( �+,� -� ��)� +-1
=S hM VRROi M TLVT WQ i QPM TLVW

1+ cn
m

MZMi MWTR i Ve [ M SQOWX UW MVdL [OdfMT g
TLM i UWUiOi WOi[MP QS WQWkMiNTe [OdfMTR UR

⌈

n

1 + cn
m

⌉

=

⌈

nm

m + cn

⌉

.

KLM i MVWUW\ QS TLM V[ QYM SQPiOZV i Ve [ M RMMW US TLM TV[ZM UR Y UROVZUlMX
VR VW VPPVe QS [ QpMR TLVT MVdL i Ve dQWTVUW

1 + cn
m

MZMi MWTR b KLM V[ QYM
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MpNPMRRUQW TLMW \UYMR TLM i UWUi VZ WOi[MP QS [ QpMR PMmOUPMX SQP
n

MZMi MWTR b
KLM MpNPMRRUQW VNNPQVdLMR m

c

VR
n

VNNPQVdLMR UWcWUTeb
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oLMW UiNZMi MWTUW\ UTMPVTUQW UW TV[ZMR h UTLQOT RTQPUW\ UWSQPi VTUQW V[ QOT TLM
WMpT VWX NPMYUQOR WQWkMiNTe [OdfMTR g TLM i VpUiOi XURTVWdM [ MThMMW WQWk
MiNTe [OdfMTR UR QS UWTMPMRT g VR VW QYMPLMVX UR UWTPQXOdMX UWTQ TLM UTMPVTUQW
NPQdMRR NPQN QPTUQWVZ TQ TLUR XURTVWdM b KLUR mOVWTUTe UR \UYMW [e TLM SQPiOZV

m −
⌈

nm
m+cn

⌉

⌈

nm
m+cn

⌉

− 1

hLUdL dQiNOTMR TLM WOi[MP QS MiNTe [OdfMTR XUY UXMX [e TLM WOi[MP QS
RNVdMR [ MThMMW WQWkMiNTe [OdfMTR b 	 U\OPM % RLQh R V NZQT QS TLM MpN MdTMX
mOVWTUTUMR SQP V TV[ZM QS RUlM rs b �e ZQQfUW\ VT TLM ZUi UT SQP TLM WOi[MP QS
WQWkMiNTe [OdfMTR g hM i Ve MpN MdT TLM XURTVWdM TQ VNNPQVdL lMPQ VWX QWM
SQP wk VWX tkOWUYMPRVZ LVRL SOWdTUQWR g PMRN MdTUYMZeb
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KLM SQZZQh UW\ XMRU\W UXMVR hMPM NPMRMWTMX UW TLM NPMYUQOR UiNZMi MWTVTUQW QS
V LVRL i VN SQP TLM ]^_ `Ka q�v b

4 5� 56 �0�(� '(2
KLM UXMV [ MLUWX dLOWfUW\ UR TQ ZMT TLM WQXMR QS TLM ZUWfMX ZURTR dQWRURT QS
WQT �ORT QWM MZMi MWT g [OT dQWTUWOQORZe VZZQ dVTMX )0�(�1 QS V cpMX WOi[MP
QS MZMi MWTR b KLUR RLQO ZX TLMQPMTUdVZZe \UYM V RU\WUcdVWT UiNPQYMi MWT UW
TLM dVdLM i URR PVTUQ b o LMW TPVYMPRUW\ V ZUWfMX ZURT g WQXMR VPM PVWXQi Ze
XURN MPRMX VdPQRR i VUW i MiQPeb o UTL dLOWfUW\ UWRTMVX V ZUWMVP i MiQPe
[ZQdf UR RMVPdLMX b KLUR UR SVRTMP VR UT MWV[ZMR NPMSMTdL VWX PMXOdMR dVdLM
SPV\i MWTVTUQW g [OT UT dQi MR VT TLM dQRT QS RQi M i MiQPe QYMPLMVX g VZTLQO\L
TLM QYMPLMVX LVR [ MMW PMXOdMX VR SMhMP N QUWTMPR VPM WMMXMX N MP MZMi MWT b

4 5� 54 �.�'(2 -0 + 0.10 �./� +
`TQPUW\ TLM dVZdOZVTMX LVRL YVZOMR [ MSQPM TLM i QXOZOR QN MPVTUQW TQ\MTLMP
h UTL TLM MZMi MWTR UW TLM LVRL TV[ZM NPQYMX TQ [ M V iOdL [ MTTMP QNTUi UlVTUQW
TLVW TLM ORM QS dLOWfUW\ b KLUR UR [ MdVORM TLM Vi QOWT QS MZMi MWT dQiNVPURQWR
XOPUW\ �##��� QN MPVTUQWR UR XPVRTUdVZZe PMXOdMX [e cPRT dQiNVPUW\ TLM LVRL
YVZOMR b o LMW ORUW\ XVTV TeN MR ROdL VR RTPUW\R TLUR UR N QTMWTUVZZe V [U\ VXk
YVWTV\M g [OT i Ve WQT [ M VW VXYVWTV\M VT VZZ hLMW ORUW\ RUiNZM XVTV TeN MR
ROdL VR UWTM\MPR g [ MdVORM UWTM\MP dQiNVPURQW UR dLMVN dQiNVPMX TQ RTPUW\
dQiNVPURQW b

4 5� 5� � +1� /-1
`OPNPURUW\Zeg TLM MpN MdTMX [ MWMcTR SPQi dVdLM M�MdTR hMPM i URRUW\ hLMW
TLM UiNZMi MWTVTUQW hVR TMRTMX b KLM LVRL TV[ZM N MPSQPi MX hQPRM TLVW TLM
`� = UiNZMi MWTVTUQW XMRNUTM TLM TLMQPMTUdVZ dVdLM VXYVWTV\MR q� g NV\M uv b =W
TLM SQOPTL ZVRT NVPV\PVNL QW NV\M � UT UR i MWTUQWMX TLVT TLMe LVYM TPUMX TQ
MpdLVW\M TLM dLOWfk[VRMX UiNZMi MWTVTUQW h UTL V RUiNZM ZUWfMX ZURT g VWX TLVT
TLUR [PQO\LT TLM POW TUi M XQhW QW NVP h UTL TLVT QS TLM `� = LVRL TV[ZM b KLUR
UWXUdVTMR TLVT TLM TLM NPQ[ZMi LVR TQ XQ h UTL TLM dLOWfUW\ QNTUi UlVTUQW g [OT
UT hVR WQT N QRRU[ ZM TQ N QUWT V cW\MP VT TLM MpVdT NPQ[ZMi b j dZQRM ZQQf VT TLM
c\OPMR QW NV\M u PMYMVZR TLVT TLM dOPYMR RMMi TQ RLVPM V dedZUd NVTTMPW b �W
NV\M % TLUR NVTTMPW UR VTTPU[OTMX TQ 
WQURM 
 b oM [ MZUMYM TLVT UT dQOZX VZRQ [ M
VW UWXUdVTUQW QS V NPQ[ZMi VTUd UiNZMi MWTVTUQW XMTVUZ b oM LVYM [ MMW OWV[ZM
TQ cWX TLM MpVdT dVORM QS TLMRM �OdTOVTUQWR g VZTLQO\L hM LVYM dQWRUXMPMX
i VWe NQRRU[ ZM SVdTQPR b

KLM i QRT UiNQPTVWT PMROZT QS TLM PMN QPT UR TLVT RTQPUW\ TLM LVRL YVZOMR TQ
PMXOdM fMe dQiNVPURQWR PMROZTMX UW V RU\WUcdVWT N MPSQPi VWdM [ QQRT b
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oM LVYM SQOWX VW VZTMPWVTUYM YMdTQP UiNZMi MWTVTUQW TLVT PMXOdMR TLM Vi QOWT
QS XVTV dQNeUW\ WVi MX 1� .)+ +� )'+(- 1'(2 /� *+1'�.�/+ .**.� qttv b KLM YMdTQP
UiNZMi MWTVTUQW XMRdPU[ MX TLMPMUW cTR WUdMZe h UTL TLM RTPVTM\e QS \PVXOVZZe
MpNVWXUW\ TLM LVRL TV[ZM VR UW ZUWMVP LVRLUW\ b j RUi UZVP XVTV RTPOdTOPM g TLM
1�.)+ +� )'+(- �9��/'(2 -*++g LVR [ MMW UiNZMi MWTMX SQP TLM ]^_ `Ka qt%v g
hLUdL LVR i VXM UT MVRe SQP OR TQ i VfM MpN MPUi MWTR ORUW\ TLUR RTQPV\M i QXMZ b
KLUR XVTV RTPOdTOPM h UZZ SPQi LMPM QW [ M PMSMPPMX TQ VR V `�� TPMM b

KLM `�� TPMM hVRTMR O(
√

n)
iVdLUWM hQPXR VR QNN QRMX TQ TLM XQO[ZUW\

YMdTQP �R O(n)
b 	OPTLMPi QPM g TLM `�� TPMM XQMR WQT N MPSQPi XVTV dQNeUW\ QW

MpNVWRUQW b

4 56� � -+*.-9* �./'�'-�
KLM ]�� RTVWXVPX XMcWMR '-+*.-9* �./'�'-� [e PMmOUPUW\ TLVT VW QN MPVTUQW
TLVT i VUWTVUWR UTMPVTQP YVZUXUTe XQMR WQT dVORM UTMPVTQPR TQ [ MdQi M 1'(2� /.* � b
KLM ]^_ `Ka XMcWUTUQW QS UTMPVTQP YVZUXUTe UR qtsv �

jW UTMPVTQP VWX TLM MZMi MWT N QUWTMX TQ ZUYM UW V dZQRM Rei[UQRUR �
hLMW TLM MZMi MWT UR i QYMX g TLM UTMPVTQP i Ve [ MdQi M UWYVZUX US UT
UR WQT ONXVTMX VddQPXUW\Zeb j XVTV RTPOdTOPM UR RVUX TQ NPQYUXM
'-+*.-9* �./'�'-� US TLM UTMPVTQPR TQ UTR MZMi MWTR VPM fMNT YVZUX VT VZZ
TUi MR UWXMN MWXMWT QS TLM MZMi MWT i QYMR b

oM LVYM SQOWX TLVT UTMPVTQP YVZUXUTe VdPQRR VZZ QN MPVTUQWR dQi MR VT TLM dQRT
QS [ QTL V TUi M VWX V RNVdM QYMPLMVX XMN MWXUW\ QW TLM RN MdUcd RMTTUW\ VWX
TLM RN MdUcd UiNZMi MWTVTUQW QS UTMPVTQP YVZUX UTe ORMX b oM LVYM dQWRUXMPMX ThQ
NQRRU[ ZM i MTLQXR QS UiNZMi MWTUW\ UTMPVTQP YVZUXUTeg hLUdL hM h UZZ XMRdPU[ M
LMPM UW UWdPMVRUW\ QPXMP QS dQiNZMpUTeb < QWM QS TLMRM LVYM [ MMW UiNZMi MWTMX b

4 56� 56 � +� +*+( )+ )9�(-'(2
=T UR N QRRU[ ZM TQ UiNZMi MWT UTMPVTQP YVZUXUTe [e i VUWTVUWUW\ V *+� +*+( )+ )9�(-
hUTLUW MVdL MZMi MWT b �VdL TUi M VW UTMPVTQP MWTMPR V RN MdUcd MZMi MWT g TLM
PMSMPMWdM dQOWT QS TLM MZMi MWT UR UWdPMi MWTMX VWX MVdL TUi M VW UTMPVTQP
ZMVYMR VW MZMi MWT TLM PMSMPMWdM dQOWT UR XMdPMi MWTMX b o LMW TLM PMSMPMWdM
dQOWT [ MdQi MR lMPQ UT UR \OVPVWTMMX TLVT WQ UTMPVTQPR VPM PMSMPPUW\ TQ TLUR
MZMi MWT b =W VXXUTUQW g UT UR WMdMRRVPe TQ [ M V[ZM TQ UWXUdVTM US VW MZMi MWT LVR
[ MMW XMZMTMX b KLMPM UR TLM N QRRU[ UZUTe TLVT TLM TUi M dQiNZMpUTe QS UTMPVTUQW
[ MdQi MR ZUWMVP UW TLM RUlM QS TLM LVRL TV[ZM US i VWe MZMi MWTR UW RMmOMWdM
[ MdQi M XMZMTMX hLUZM LVYUW\ V WQWlMPQ PMSMPMWdM dQOWT b

jW UiNZMi MWTVTUQW QS UTMPVTQP YVZUXUTe ORUW\ TLUR i MTLQX dVORMR V Ri VZZ
TUi M QYMPLMVX SQP MVdL UTMPVTUQW RTMN [ MdVORM QS TLM UWdPMi MWT VWX XMdPMi MWT
QS TLM PMSMPMWdM dQOWT b j ZRQ V RU\WUcdVWT Vi QOWT QS MpTPV i MiQPe UR WMMXMX
[ MdVORM MYMPe RUW\ZM dQiNVPTi MWT h UZZ WMMX V PMSMPMWdM dQOWT b KLM Vi QOWT QS

6 >?@ F@DE �IABJPHGD� AI L@�B@L AB F?@ �		 IFGBLGDL NQ F?@ @
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MpTPV i MiQPe WMMXMX XMN MWXR QW TLM XVTV TeN M ORMX TQ TPVdf TLM PMSMPMWdM
dQOWT b KeNUdVZZe V RUW\ZM [eTM h UZZ [ M ROn dUMWT VR TLUR VZZQh R ON TQ t��
UTMPVTQPR TQ N QUWT TQ TLM RVi M dQiNVPTi MWT h UTLQOT ZQRR QS UTMPVTQP YVZUXUTeb

jW VXYVWTV\M QS ORUW\ V PMSMPMWdM dQOWT UR TLVT UT XQMR WQT PMmOUPM dLVW\MR
TQ TLM RTQPV\M i QXMZ VR QNN QRMX TQ TLM SQZZQh UW\ i MTLQX b

4 56� 54 8 +*1'1 -+(- �.-. 1-*�)-�*+1
�OP RMdQWX VWX iQPM dQiNZMp RQZOTUQW TQ TLM NPQ[ZMi QS UTMPVTQP YVZUXUTe
PMXMcWMR TLM RMi VWTUdR QS V LVRL TV[ZM b KLM PMROZTUW\ LVRL TV[ZM hQOZX Ui k
NZMi MWT � .*-'./ � +*1'1 -+()+ VZZQh UW\ V ORMP TQ VddMRR NPMYUQOR YMPRUQWR QS TLM
LVRL TV[ZM b KLM UXMV hVR UWRNUPMX [e TLM NPMRMWTVTUQW QS N MPRURTMWT XVTV
RTPOdTOPMR SQOWX UW q%v b =T SQZZQh R SPQi TLUR NVN MP TLVT UT UR N QRRU[ ZM TQ VXX
NVPTUVZ N MPRURTMWdM TQ V LVRL TV[ ZM UiNZMi MWTVTUQW UWdOPPUW\ QW Ze V dQWRTVWT
TUi M QYMPLMVX SQP ONXVTUW\ TLM RTPOdTOPM b KLM VXXUTUQW QS N MPRURTMWdM hQOZX
i VfM UT N QRRU[ ZM TQ LVYM UTMPVTQPR TLVT N QUWT TQ XU�MPMWT YMPRUQWR QS TLM XVTV
RTPOdTOPM b KLM XMcWUTUQW QS hLVT UTMPVTQP YVZUXUTe MWTVUZR UR PMXMcWMX LQhk
MYMP b j ZZ YMPRUQWR QS V RTPOdTOPM ORUW\ NVPTUVZ N MPRURTMWdM i Ve [ M UWRN MdTMX g
[OT i QXUcdVTUQW VddMRR UR VZZQhMX QWZe TQ TLM i QRT PMdMWT YMPRUQW QS V XVTV
RTPOdTOPM b j � � / /� � +*1'1 -+(- LVRL TV[ZM hQOZX UiNZMi MWT UTMPVTQP YVZUXUTe
h UTLQOT TLUR PMRTPUdTUQW g [OT hM fWQh QS WQ dOPPMWTZe MpURTUW\ i MTLQXR SMVk
RU[ ZM SQP V LU\LkN MPSQPi VWdM XVTV RTPOdTOPMR b

4 566 �9,, 9( 9� -', '�.-'9(1
oM LMPM NPMRMWT N QRRU[ ZM QNTUi UlVTUQWR g RQi M QS hLUdL VPM UiNZMi MWTMX b

4 56656 ��.*1+ -.�/+1
j 1�.*1+ -.�/+ UR V TV[ZM TLVT dQiNPMRRMR MiNTe ZQdVTUQWR b KLUR UR PMVZUlMX [e
i VUWTVUWUW\ V cpMX RUlM YMdTQP QS [UTR VWX XeWVi UdVZZe VZZQ dVTUW\ V [ZQdf QS
i Mi QPe SQP RTQPUW\ TLM VdTOVZ MZMi MWTR b j RMT [UT VT V \UYMW UWXMp UWTQ TLM [UT
YMdTQP UWXUdVTMR TLVT TLMPM MpURTR VW MZMi MWT VT TLVT UWXMp b � QPM UWSQPi VTUQW
QW RNVPRM TV[ZMR dVW [ M SQOWX UW qws g 
RNVPRMTV[ZM 
 XQdOi MWTVTUQW RMdTUQWv b

`NVPRM TV[ZMR VPM ORMX [e TLM �QQ\ZM RNVPRM LVRL TV[ZM UiNZMi MWTVTUQW
qwsv TQ PMXOdM TLM Vi QOWT QS i Mi QPe ORMX b KLUR VZRQ VZZQh R iOdL ZQhMP
ZQVX SVdTQPR O RUW\ TLM RVi M Vi QOWT QS RNVdM b `NVPRM TV[ZMR dQOZX MVRUZe [ M
VXQNTMX SQP ORM h UTL ZUWMVP LVRLUW\ TQ VdLUMYM TLM RVi M M� MdTR b � RN MdUVZZe
TLM ThQkTV[ZM i MTLQX dQOZX [ MWMcT SPQi ORUW\ RNVPRM TV[ZMR b

4 56654 � -9*'(2 0.10 �./�+1
`TQPUW\ QS LVRL YVZOMR LVR VXXUTUQWVZ [ MWMcTR TQ TLQRM XMRdPU[ MX V[ QYM b KLM
TUi M TVfMW TQ dVZdOZVTM TLM LVRL YVZOM QS V RTPUW\ QS [eTMR i Ve [ M MpNPMRRMX VR
O(`c)

hLMPM
`
UR TLM ZMW\TL QS TLM RTPUW\ VWX

c
TLM Vi QOWT QS TUi MR TLM LVRL

YVZOM UR dVZdOZVTMX b o LMW RTQPUW\ TLM LVRL YVZOM hM PMXOdM TLUR MpNPMRRUQW
TQ O(` + c)

b
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=S hM PMTVUW TLM RVi M OWXMPZeUW\ LVRL SOWdTUQW hLMW N MPSQPi UW\ [OdfMT
RNZUTTUW\ QP PMLVRLUW\ TQ V ZVP\MP TV[ZM 	XMN MWXUW\ QW TLM i MTLQX QS Xek
WVi UlVTUQW MiNZQeMX 
 g RTQPUW\ QS TLM OWXMPZeUW\ LVRL SOWdTUQW �R LVRL YVZOMR
	[ MSQPM i VRfUW\ TLMi 
 LVR TLM [ MWMcT TLVT TLM LVRL SOWdTUQW WMMXR WQT [ M
PMMYVZOVTMX b o UTLQOT RTQPUW\ QS LVRL YVZOMR g TLM LVRL SOWdTUQW h UZZ LVYM TQ
[ M PMdQiNOTMX SQP MYMPe Mp URTUW\ MWTPe � b `TQPUW\ [ QTL TLM OWXMPZeUW\ VWX TLM
i VRfMX LVRL SOWdTUQWR h UZZ UW i QRT dVRMR [ M OWWMdMRRVPeg VR TLM SQPi MP i Ve
[ M XMPUYMX SPQi TLM ZVTTMP [e V [UTh URM ��� QN MPVTUQW g hLUdL UR dQiiQWZe
UWMpN MWRUYM b

`TQPUW\ QS TLM LVRL YVZOMR QS TLM OWXMPZe UW\ LVRL SOWdTUQW dVW VZRQ RVYM
TUi M UW TLM MmOVZUTe SOWdTUQW b KLUR VNNPQVdL UR RUi UZVP TQ TLVT TVfMW UW TLM
� V[UWk� VPN RTPUW\ i VTdLUW\ VZ\QPUTLi q� g RMdTUQW rt btv b o LMW N MPSQPi UW\
V �##��� QN MPVTUQW g V ZUWMVP RMVPdL QS TLM MZMi MWTR h UTL TLM RVi M UWXMp
UR N MPSQPi MX g VWX V dQiNVPURQW LVR TQ [ M N MPSQPi MX SQP MYMPe MWTPe UW TLM
ZURT b o UTL RTQPMX LVRL YVZOMR VYVUZV[ZM g hM i Ve ORM TLMRM VR V c ZTMP g VWX QWZe
UWYQfM TLM MmOVZUTe SOWdTUQW hLMWMYMP TLM LVRL YVZOMR i VTdL g VR TLM MZMi MWTR
i Ve [ M MmOVZ QW Ze US TLM LVRL YVZOMR VPM MmOVZ b oM i Veg VR UW � V[UWk� VPN g
MpN MdT 1� �*'9�1 , .-)0 +1 g [OT \UYMW TLM dLVPVdTMPURTUdR QS V OWUYMPRVZ LVRL
SOWdTUQW g hM i Ve MpN MdT TLMUP WOi[MP TQ [ M WM\ZU\U[ ZM� 	VR UR XQWM UW q�v
 b jW
UiNQPTVWT XMTVUZ UR TLVT UW VXXUTUQW TQ RVYUW\ dVZZR TQ TLM MmOVZUTe SOWdTUQW g
TLUR VNNPQVdL VZRQ VYQUXR VddMRRUW\ TLM VdTOVZ XVTV QS i QRT QS TLM MZMi MWTR b
KLUR i Ve NPMYMWT V dVdLM i URR N MP MZMi MWT UW TLM ZURT b

KLM QYMPLMVX QS RTQPUW\ TLM OWXMPZeUW\ LVRL SOWdTUQW YVZOM h UZZ dQiiQWZe
[ M QWM i VdLUWM hQPX N MP MZMi MWT UWRMPTMX b
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=S VW VRdMWXUW\ QPXMP UR UiNQRMX QW TLM MZMi MWTR h UTLUW MVdL [OdfMT g UT
[ MdQi MR N QRRU[ ZM TQ RMVPdL SQP VW MZMi MWT [e ORUW\ V ZMRRkTLVW dQiNVPURQW
SOWdTUQW UWRTMVX QS VW MmOVZUTe SOWdTUQW TQ dQiNVPM MZMi MWTR b KLUR UR XQWM
[e UTMPVTUW\ TLPQO\L TLM ZURT QS MZMi MWTR OWTUZ TLM dOPPMWT MZMi MWT [ MdQi MR
WQTkZMRR TLVW TLM MZMi MWT hM VPM RMVPdLUW\ SQP b o LMW TLUR LVNN MWR g TLM ZVRT
MZMi MWT dLMdfMX iORT [ M TLM MZMi MWT RMVPdLMX SQP US TLM MZMi MWT Mp URTR UW
TLM LVRL TV[ZM b =S WQT g TLM RMVPdL UR OWROddMRRSO Z b
=S TLM VRdMWXUW\ QPXMP QS MZMi MWTR h UTLUW V [OdfMT ZURT UR XMTMPi UWMX SPQi

TLM YVZOM QS V RTQPMX LVRL YVZOM UT UR N QRRU[ ZM TQ RTUZZ NVPVi MTMPUlM TLM LVRL
TV[ZM TMiNZVTM dZVRR h UTL VW MmOVZUTe SOWdTUQW g hLUZM UWTMPWVZZe ORUW\ ZMRRk
TLVW SQP dQiNVPUW\ TLM RTQPMX LVRL YVZOMR hLMW N MPSQPi UW\ V ZQQfON b

KLM VXYVWTV\M QS QPXMPUW\ MZMi MWTR h UTLUW V [OdfMT UR TLVT TLM VYMPV\M
RMVPdL TUi M SQP OWROddMRRSO Z RMVPdLMR UR VZi QRT LVZYMX b j R V RMVPdL UR N MPk
SQPi MX QW MYMPe UWRMPT VWX XMZMTM g TLM [ MWMcT UR WQT ZUi UTMX TQ TLM ZQQfON
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QN MPVTUQW b
� MMNUW\ TLM QPXMPUW\ QW UWRMPT UR UWMpN MWRUYM VR TLM RNVdM [ MSQPM TLM MZMk

i MWT hLMPM TLM RMVPdL TMPi UWVTMX UR V YVZUX UWRMPT ZQ dVTUQW b
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KLUR QNTUi UlVTUQW UR V RZU\LT dLVW\M TQ TLM i MTLQX ORMX hLMW RMVPdLUW\ SQP
VW MZMi MWT h UTLUW V [OdfMT �R ZURT b KLM PMmOUPMi MWT SQP TLUR QNTUi UlVTUQW UR
TLVT V 1+( -'( +/ +/+, +(- TMPi UWVTMR TLM ZURT [ MUW\ RMVPdLMX b

KLM MZMi MWT TLVT UR RMVPdLMX SQP UR cPRT dQNUMX UWTQ TLM RMWTUWMZ g VWX TLMW
TLM RMVPdL QS MZMi MWTR h UTLUW TLM [OdfMT [ M\UWR b o LMW TLM MZMi MWT hM VPM
RMVPdLUW\ SQP UR SQOWX hM LVYM MUTLMP SQOWX TLM VdTOVZ MZMi MWT QP VPPUYMX VT
TLM RMWTUWMZ b KLUR dVW [ M dLMdfMX [e dQiNVPUW\ TLM VXXPMRR QS TLM MZMi MWT
SQOWX h UTL TLVT QS TLM RMWTUWMZ b

KLUR RTPVTM\e VZZQh R SQP V TU\LT UWWMP ZQQN SQP TPVYMPRUW\ TLM [OdfMT ZURT
hLMW RMVPdLUW\ SQP VW MZMi MWT [ MdVORM UT UR WQT WMdMRRVPe TQ dLMdf SQP TLM
MWX QS TLM [OdfMT b
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KLUR RMdTUQW UR i MVWT VR V [PUMS QYMPYUMh QS LQh QOP hQPf LVR [ MMW dQWXOdTMX
VWX TQ TLM TQQZR TLVT LVYM [ MMW ORMX b oM XUX WQT dQiNZMTM TLM hQPf TLVT
TLM SQZZQh UW\ RMdTUQWR XMRdPU[ M UW TLM RVi M RTPUdT QPXMP UW hLUdL TLMe VPM
NPMRMWTMX g [OT PVTLMP UTMPVTMX PMN MVTMXZe TLPQO\L TLM RTV\MR TLMe PMNPMRMWT b
oM SQOWX TLVT UTMPVTUW\ [ MThMMW XMRU\W VWX UiNZMi MWTVTUQW hVR LMZNSOZ
[ MdVORM UT VZZQhMX OR TQ RMM NVPTR QS TLM XMRU\W UW VdTUQW [ MSQPM hQPfUW\ QW
TLM NVPTR QW hLUdL hM hMPM OWROPM b
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j [ZVdf[ QVPX g V NUMdM QS dLVZf VWX fWQh ZMX\M QS ��a VPM ORMSOZ TQQZR TQ LVYM
hLMW XURdORRUW\ LQh TQ XMYMZQN RQSThVPM b �OPUW\ TLM XMRU\W NPQdMRR hM QSTMW
PMTOPWMX TQ TLM [ZVdf[ QVPX TQ MZV[ QPVTM QW RN MdUc d URROMR PM\VPXUW\ NVPTR QS
QOP XMRU\W g VWX SQOWX TLUR YMPe LMZNSOZ b j ZRQ XMYMZQNUW\ Ri VZZ UWXMN MWXMWT
NPQ\PVi R TQ TMRT V WMh UXMV g QP VR V i MVWR QS \VUWUW\ UWRU\LT UWTQ V RN MdUcd
NPQ[ ZMi NPQYMX LMZNSOZ b

oM UWUTUVZZe RTVPTMX TLM hQPf QW QOP XMRU\W [e XPVh UW\ �� � ).*�1 q� v TQ
NPQYUXM VW QYMPYUMh QS TLM dZVRR dQZZV[ QPVTUQWR g [OT RQQW hM i QYMX QYMP TQ
ORM V [ZVdf[ QVPX UWRTMVX b oM SQOWX UT dQi SQPTV[ZM TQ XURdORR QOP XMRU\W VT
TLM [ZVdf[ QVPX g VWX i QRT QS QOP XMRU\W hVR i VXM [e XPVh UW\ VWX XURdORRUW\
UW SPQWT QS QWM b
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jZZ dQXM TLVT LVR [ MMW hPUTTMW SQP QOP LVRL TV[ZM UiNZMi MWTVTUQW LVR [ MMW
TMRTMX h UTL TLM ]^^�WUT TMRTUW\ SPVi MhQPf qw� v b �WdM hM [ MdVi M SVi UZUVP
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h UTL hPUTUW\ TMRTR ORUW\ ]^^�WUT UT hVR V Ri VZZ TVRf TQ VXX V WMh TMRT SQP
V WMh Ze XMYMZQN MX i QXOZM b

oM LVYM WQT TVfMW i MVROPMR TQ \OVPVWTMM SOZZ TMRT dQYMPV\M QS VZZ TLM dQXM
TLVT LVR [ MMW hPUTTMW g UWRTMVX TLM dMWTPVZ SOWdTUQWVZUTUMR QS NPQ\PVi NVPTR
hMPM TMRTMX b oM [ MZUMYM TLVT TLM TMRTR dQYMP V [PQVX N MPRN MdTUYM b =W V cWVZ
YMPRUQW g LQhMYMP i MVROPMR TQ \OVPVWTMM SOZZ TMRT dQYMPV\M RLQOZX [ M TVfMW g
SQP UWRTVWdM ORUW\ TQQZR ROdL VR � "#! qw%v b
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=W QPXMP TQ XMTMPi UWM hLUdL SOWdTUQWR TLVT VPM TVfUW\ ON TLM i QRT TUi M hM
LVYM ORMX TLM ��$#� qw�v NPQc ZMP b oM LVYM VZRQ [PUM�e POW TMRTR ORUW\ TLM
��� NPQc ZMP g hLUdL ZQQfR NPQi URUW\ b

oM UWTMWXMX TQ ORM TLM PMROZTR QS NPQc ZUW\ POWR TQ QNTUi UlM RN MdUcd NVPTR
QS TLM dQXM g [OT hM LVYM ZMST i VWe QNTUi UlVTUQWR OWXQWM UW SVYQP QS QTLMP
TVRfR b
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=W TLUR RMdTUQW hM XMTVUZ TLM PMmOUPMi MWTR TLVT QOP XMRU\W iORT SOZc ZZ b oM
XUYUXM TLMRM UWTQ TLQRM N QRMX [e TLM ]�� RTVWXVPX g VXXUTUQWVZ PMmOUPMi MWTR
N QRMX [e TLM ]^_ `Ka g PMmOUPMi MWTR TLVT SQZZQh SPQi QOP XMRUPM TQ NPQYUXM
V i QXOZVP XMRU\W g VWX cWVZZe V SMh PMmOUPMi MWTR TLVT UiNPQYM TLM RdVZV[UZUTe
QS TLM PMROZTUW\ XMRU\W b
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oM LVYM WQT dQYMPMX MYMPe PMmOUPMi MWT N QRMX SQP V RTVWXVPXRkdQiNZUVWT
]�� `Ka dQWTVUWMP g VR TLUR UR V LO\M TVRf g SVP QOTRUXM TLM RdQN M QS TL UR
NPQ� MdT b oM LVYM g LQhMYMP g TPUMX TQ dQYMP VZZ TLM PMmOUPMi MWTR TLVT h UZZ
RU\WUcdVWTZe RLVN M TLM UiNZMi MWTVTUQW b KLM SQZZQh UW\ RMdTUQWR ZURT TLM PMk
mOUPMi MWTR hM LVYM SQOWX b
=T RLQOZX [ M WQTMX TLVT TLM RTPOdTOPMR �������� g �������� g ���������  � ��

VWX ���������  ��� 	LMPMVSTMP PMSMPPMX TQ VR �����	
 VPM WQT NVPT QS TLM QSk
cdUVZ RTVWXVPX b KLUR UR i VUWZe XOM TQ TLM SVdT TLVT TLMe hMPM WQT TVfMW
UWTQ TLM RTVWXVPX SPQi TLM [ M\UWWUW\ g VWX TLVT RO[RMmOMWT NPQN QRVZR TQ VXX
TLMi LVYM VPPUYMX QOT QS ReWd h UTL ONXVTMR TQ TLM RTVWXVPX b jW Vi MWXMX
YMPRUQW QS V NPQN QRVZ TQ VXX LVRL TV[ ZMR TQ TLM RTVWXVPX qtv UR RdLMXOZMX SQP
UWdZORUQW UW TLM ON dQi UW\ � '�*.*� 	+)0(')./ � +� 9*- 	K�
 g hLUdL SOWdTUQWR
VR V \VTMhVe SQP VXXUTUQWR TQ TLM RTVWXVPX b =WdZORUQW i Veg VT TLM TUi M QS
h PUTUW\ g RTUZZ [ M RMYMPVZ eMVPR UW TLM SOTOPM g VWX hM LVYM TLMPMSQPM dLQRMW TQ
SQZZQh TLUR RN MdUcdVTUQW QWZe NVPTUVZZeb
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`Ka dQWTVUWMPR NPQYUXM XU�MPMWT MpdMNTUQW RVSMTe \OVPVWTMMR SQP XU� MPMWT
QN MPVTUQWR b � QRT QN MPVTUQWR i VfM \OVPVWTMMR TLVT TLM XVTV RTPOdTOPM UR WQT
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dQPPONTMX g VWX TLVT WQ i MiQPe ZMVfR QddOP qtv b KLM PMmOUPMi MWTR QW hLMTLMP
TLM ORMP RLQOZX [ M V[ZM TQ XMTMPi UWM TLM PMROZTUW\ RTVTM QS TLM XVTV RTPOdTOPM g
TLVT UR g US TLM QN MPVTUQW RLQOZX MUTLMP ROddMMX QP LVYM WQ M� MdT g UR XU� MPMWT
[VRMX QW TLM QN MPVTUQW VWX dQWTVUWMP UW mOMRTUQW b �WM MpViNZM UR TLM LVRL
TV[ZM  � ��$� QN MPVTUQW b =S LVRL SOWdTUQWR VPM VZZQhMX TQ TLPQh MpdMNTUQWR g
VWX US TLM UWRMPT QN MPVTUQW dVORMR V PMLVRL 	hM VPM VRROi UW\ XeWVi UlVTUQW
[e TV[ZM XQO[ZUW\ 
 g TLMW RQi M UTMi R i Ve VZPMVXe LVYM [ MMW i QYMX g VWX
i QYUW\ TLMi [Vdf hQOZX PMmOUPM PMkUWYQfUW\ TLM LVRL SOWdTUQW g hLUdL dQOZX
N QTMWTUVZZe dVORM VWQTLMP MpdMNTUQW b oM VPM ZMST UW V RUTOVTUQW hLMPM hM
hQOZX LVYM TQ XURdVPX QWM QP i QPM MZMi MWTR TQ PMMRTV[ZURL V dQWRURTMWT RTVTM
qtv b
KLM NPQN QRVZ ZURTR QWZe TLM [VRUd MpdMNTUQW \OVPVWTMMR g [OT TLUR UR Vi MWXMX

[e qr g RMdTUQW % buv g hLUdL RTVTMR TLVT UW VXXUTUQW TQ "���$ g �$��� g ���� VWX
TLM RUW\ZMkMZMi MWT  ���$� g TLM $����� SOWdTUQW RLQOZX NPQYUXM V ROddMRRkQPk
WQkQN MPVTUQW \OVPVWTMM OWZMRR TLM MpdMNTUQW UR TLPQhW [e TLM LVRL SOWdTUQW
QP TLM MmOVZUTe SOWdTUQW b `MdTUQW � bwb% XMRdPU[ MR LQh TL UR ZVTTMP PMmOUPMi MWT
TPVWRZVTMR TQ QOP RQZOTUQW b
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KLM dQXM dQWYMWTUQWR MRTV[ZURLMX [e �� VPWM `TPQORTPON qrrv VNN MVP TQ [ M V
\OUXMZUWM SQP i QRT `Ka UiNZMi MWTVTUQWR b oM LVYM WQT [ MMW V[ZM TQ cWX VW
Qn dUVZ dQXM dQWYMWTUQWR RN MdUcdVTUQW g VWX LVYM TLMPMSQPM XMdUXMX TQ SQZZQh
TLM RTeZM QS �� VPWM `TPQORTPON �R [ QQf b
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jORTMPW �R NPQN QRVZ RO\\MRTR TLM WVi MR �����	 VWX ��#$��$���	 b j R TLM cPRT
RO\\MRTUQW hQOZX dVORM dQiNVTU[UZUTe NPQ[ZMi R h UTL MpURTUW\ WQWkRTVWXVPX
UiNZMi MWTVTUQWR qtr g RMdTUQW % bwg RO[RMdTUQW 
_VRL KV[ZMR 
v g hM ORM TLM RMdk
QWX WVi UW\ dQWYMWTUQW b

KLM NPQN QRVZ VZRQ UWTPQXOdMR TLM WVi M �����$ SQP TLM LVRL SOWdTUQW b KLUR
UR RON MPUQP TQ �������� "�  #� UW TLVT dQWSORUQW h UTL QTLMP TeN MR QS SOWdTUQW
Q[ � MdTR UR VYQUXMX g VWX TLVT UT UR QPUMWTMX TQhVPXR TLM VdTUQW QS TLM LVRL
SOWdTUQW 	U bM b �TQ LVRL �
 b

KLM WVi M ��������� UR ORMX SQP RVTMZZUTM XVTV g [OT VR Mp URTUW\ � �� UiNZMk
i MWTVTUQWR LVYM VZPMVXe UWTPQXOdMX TLM WVi M � ���������� hM h UZZ PMSPVUW
SPQi UWTPQXOdUW\ V WMh WVi M VWX ORM TLUR UWRTMVX b
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KLM TUi M dQiNZMpUTe QS TLM �� VWX �� QN MPVTQPR QS VW UTMPVTQP RLQO ZX [ M
O(b)

g hLMPM
b
UR TLM WOi[MP QS [OdfMTR UW TLM TV[ZM b j R RTVTMX UW qr g RMdTUQW

% bw� v g TLM � UWfOihVPM �����	 UiNZMi MWTVTUQW NPQYUXMR O(1)
UTMPVTUQW VT

TLM N QTMWTUVZ dQRT QS ZUWMVP TUi M UWRMPTUQWR UW V RNVPRMZe N QNOZVTMX TV[ZM b
�pVi UWVTUQW QS TLM RQOPdM dQXM PMYMVZR TLVT TLUR UR XQWM [e fMMNUW\ TPVdf
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QS VX� VdMWT [OdfMTR g VWX ONXVTUW\ TLUR UWSQPi VTUQW QW UWRMPTUQW b j XU� MPMWT
i MTLQX SQP NPQYUXUW\ O(1)

UTMPVTUQW UR RO\\MRTMX UW TLM NPQN QRVZ g hLMPM TLM
dQWTMWTR QS TLM TV[ZM VPM fMNT UW V RUW\ZM XQO[Ze ZUWfMX ZURT UW VXXUTUQW TQ
i VUWTVUWUW\ ZURTR SQP MVdL [OdfMT qt g RMdTUQW 	 � =TMPVTQPRv b KLUR i MTLQX UR
XMTVUZMX SOPTLMP UW QOP ZUWMVP LVRL TV[ZM XMRU\W 	RMdTUQW u br bw
 b
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jW OWQPXMPMX VRRQdUVTUYM dQWTVUWMP i Ve [ M UiNZMi MWTMX ORUW\ MUTLMP VW
MmOVZUTe SOWdTUQW QP V ZMRRkTLVW SOWdTUQW b KLM ZVTTMP i Ve [ M ORMX TQ NPQYUXM
QPXMPMX [OdfMT dLVUWR g VR RTVTMX UW RMdTUQW t bwwbr b KLM NPQN QRVZ VZZQh R SQP
[ QTL RQZOTUQWR b
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KLM XMRU\W RO\\MRTMX UW qtv MpN QRMR VW UWTMPSVdM SQP VWVZelUW\ TV[ZM N MPSQPk
i VWdM b KLUR UR i VWV\MX TLPQO\L VW UWTMPSVdM SQP VddMRRUW\ VWX UTMPVTUW\ QYMP
UWXUY UXOVZ [OdfMTR g VWX [e MpN QRUW\ V $����� SOWdTUQW TLVT i Ve [ M ORMX TQ
VX�ORT TLM WOi[MP QS [OdfMTR UW TLM dQWTVUWMP

oM dLQQRM WQT TQ ORM TLUR UWTMPSVdM SQP TLM SQZZQh UW\ PMVRQWR � =T i QYMR TLM
PMRN QWRU[UZUTe QS hLVT hM dQWRUXMP TeNUdVZ �LQORMfMMNUW\� QN MPVTUQWR QYMP TQ
TLM ORMP g [OT i QPM UiNQPTVWTZeg UT MWdQOPV\MR MpTMPWVZ i VWV\Mi MWT QS TLM
TV[ZM �R ZQVX SVdTQP g hLUdL i Ve NPMYMWT WQYMZ UiNZMi MWTVTUQWR SPQi i VWV\UW\
PMLVRL UW\ UW V hVe TLVT UR [ MTTMP ROUTMX TQ TLM TeN M QS i Mi QPe i VWV\Mi MWT
[ MUW\ ORMX g VR UR TLM dVRM h UTL ZUWMVP LVRLUW\ b 	OPTLMPi QPM g UT PMmOUPMR TLVT
TLM ORMP fWQh R LQh TQ dQiNOTM V ROUTV[ZM [OdfMT dQOWT UW PMZVTUQW TQ TLM
WOi[MP QS MZMi MWTR TLVT VPM \QUW\ TQ [ M UW RMPTMX b

jWQTLMP UiNQPTVWT ZUi UTVTUQW QS NPQYUXUW\ V [OdfMT UWTMPSVdM UR TLVT UiNZMk
i MWTVTUQWR ORUW\ XU�MPMWT dQZZURUQW PMRQZOTUQW i MTLQXR h UZZ [ MdQi M UiNPVdTUk
dVZ QP VT ZMVRT YMPe XUn dOZT TQ UiNZMi MWT b `MMUW\ TLM RON MPUQP N MPSQPi VWdM QS
�QQ\ZM �R LVRL TV[ZM UiNZMi MWTVTUQWR g TLUR RMMi R TQ [ M V dQOWTMPkNPQXOdTUYM
dQWRTPVUWT TQ N QRM b
�OP RO\\MRTUQW UR TQ NPQYUXM V $���$!� SOWdTUQW TLVT i Ve [ M ORMX TQ

NPMNVPM TLM XVTV RTPOdTOPM SQP UWRMPTUQW QS V ZVP\M WOi[MP QS MZMi MWTR g VWX
TLVT TVfMR TLM XMRUPMX WOi[MP QS MZMi MWTR UWRTMVX QS TLM XMRUPMX [OdfMT dQOWT b
KLUR VZRQ UiNPQYMR dQWSQPi VWdM h UTL TLM QTLMP dQWTVUWMP RTPOdTOPMR b

oM NPQN QRM TLVT N MPSQPi VWdM VWVZeRUR VWX PMNVUP i Ve [ M NPQYUXMX [e ThQ
VZTMPWVTUYM i MVWR g XMN MWXUW\ QW TLM UWTMPWVZR QS V LVRL TV[ZM UiNZMi MWTVk
TUQW �

wb 	QP TV[ZMR TLVT ORM V [OdfMTk[VRMX RTPVTM\eg TLM [OdfMT UWTMPSVdM i Ve
[ M MpN QRMX [e VW UWTMPWVZ i QXOZM NPQYUXUW\ TLM VdTOVZ RTQPV\M SOWdk
TUQWVZUTeg hLUdL UR i VXM VddMRRU[ ZM TQ TLM ORMP TLPQO\L TLM i MTLQX
��#$�����#� "� b

t b 	QP TV[ZMR h UTL i QPM MRQTMPUd i VWV\Mi MWT RdLMi MR g TLM VWVZeRUR VWX
PMNVUP SOWdTUQWVZUTe i Ve [ M UiNZMi MWTMX VR NVPT QS TLM UWTMPWVZ i QXOZM b
oM [ MZUMYM TLUR TQ [ M V i QPM YUV[ZM VNNPQVdL VR ROdL SOWdTUQWVZUTe 	iVp
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dLVUW ZMW\TL RTVTURTUdR MTd b
 hUZZ TeNUdVZZe [ MWMcT \PMVTZe SPQi fWQh ZMX\M
QS TLM RN MdUcdR QS TLM UiNZMi MWTVTUQW b

`MM RMdTUQW � br br SQP i QPM XMTVUZR QW TLMRM UWTMPWVZ i QXOZMR b

� 565� �9/ /'1'9( � +19/� -'9( � +-09�
KLM QWZe dQWRTPVUWT QW TLM dLQUdM QS dQZZURUQW PMRQZOTUQW i MTLQX UW qtv UR
TLM [OdfMT UWTMPSVdM b _ VYUW\ dLQRMW WQT TQ ORM TLUR g hM VPM ZMST h UTL V SPMM
dLQUdM QS LQh TQ LVWXZM TLM NPQ[ZMi QS dQZZURUQW PMRQZOTUQW b ]OPPMWT WQWk
RTVWXVPX UiNZMi MWTVTUQWR ORM XU� MPMWT RQZOTUQWR � TLM � UWfOihVPM VWX `� =
UiNZMi MWTVTUQWR ORM dLVUWMX LVRLUW\ g hLMPMVR �QQ\ZM �R UiNZMi MWTVTUQWR ORM
QN MW LVRLUW\ b

j R QOP i VUW SQdOR UR QW ZUWMVP LVRLUW\ g hM dLQQRM dQZZURUQW PMRQZOTUQW [e
dLVUWUW\ g VR TLUR NZVdMR OR dZQRMP TQ TLQRM UiNZMi MWTVTUQWR TLVT LVYM TLM
i QRT h UXMRNPMVX ORM b

� 54 �8� � 	� � +�� '*+, +(-1
� 54 56 � -+*.-9* �./'�'-� .(� �9,� /+� '-�
=T UR VW UWTMWTUQW QS TLM ]^_ `Ka TQ NPQYUXM RTPQW\MP \OVPVWTMMR QW UTMPVTQP
YVZUXUTe TLVW hLVT UR NPQYUXMX [e TLM ]�� RTVWXVPX b

KLM QWZe SQPi VZ PMmOUPMi MWT TQ UTMPVTQP YVZUXUTe UR TLVT WQWkdQWRT UTMPVTQPR
SQP VRRQdUVTUYM dQWTVUWMPR RLQOZX [ M , � -.�/+g i MVWUW\ TLVT i QXUcdVTUQW QS
TLM NVPT QS VW MZMi MWT TLVT XQMR WQT V� MdT TLM MmOVZUTek VWX LVRL SOWdTUQWR
RLQOZX WQT UWYVZUXVTM TLM UTMPVTQP b j ZTLQO\L WQT RTVTMX VR V SQPi VZ PMmOUPMk
i MWT g TLM \OVPVWTMMR NPQYUXMX [e TLM `� = UiNZMi MWTVTUQW VPM PMSMPPMX TQ �
� MZMTUQWR UWYVZUXVTM QWZe UTMPVTQPR N QUWTUW\ TQ TLM XMZMTMX MZMi MWT b

KLM [ QOWX QW UTMPVTUQW dQiNZMp UTe UR SOPTLMP WVPPQhMX XQhW TQ O(1)
qtsv b

� 54 54 � '�'*+)-'9(./'-� 9� � -+*.-9*1
=TMPVTQPR TQ OWQPXMPMX VRRQdUVTUYM dQWTVUWMPR UW TLM ]^_ `Ka VPM PMmOUPMX TQ
[ M [UXUPMdTUQWVZ qtsv b KLUR i Ve RMMi dQOWTMPUWTOUTUYM h UTL VW OWQPXMPMX dQWk
TVUWMP g [OT RUTOVTUQWR i Ve [ M MWYURUQWMX hLMPM VZ\QPUTLi R VPM UiNZMi MWTMX
TLVT PMmOUPM hQPfUW\ TLPQO\L TLM XVTV UW [ QTL XUPMdTUQWR 	SQP UWRTVWdM g h PVNk
NUW\ TLM UTMPVTQP UW V RTPMVi UWTMPSVdM h UTL NOT[Vdf SOWdTUQWVZUTe 
 b

KLM dQRTR QS [UXUPMdTUQWVZUTe VPM dQYMPMX UW RMdTUQWR u bt bt VWX u br bwb

� 5� � 9�� /.*'-� � +�� '*+, +(-1
jR TLM UXMVZ LVRL TV[ZM UiNZMi MWTVTUQW i Ve XU� MP XMN MWXUW\ QW TLM UWTMWXMX
ORV\M NPQc ZM g [ MUW\ V[ZM TQ PMNZVdM NVPTR QS TLM UiNZMi MWTVTUQW VT i UWUi VZ
dQRT hQOZX [ M V LU\LZe XMRUPV[ZM SMVTOPM b oM LVYM TLMPMSQPM N QRMX V WOi[MP
QS i QXOZVPUTe PMmOUPMi MWTR QW TLM XMRU\W b
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� 5� 56 	*.'-1 .(� 8 9/')'+1
	*.'-1 VWX � 9/')'+1 VPM iOdL ORMX XMRU\W NVTTMPWR UW MpURTUW\ `Ka UiNZMk
i MWTVTUQWR b KLM XURTUWdTUQW [ MThMMW TLM ThQ UR WQT MWTUPMZe dZMVPkdOT g [OT
V TPVUTR Q[ � MdT UR \MWMPVZZe V dQZZMdTUQW QS QN MPVTUQWVZ NVPVi MTMPR g hLMPMVR
N QZUdUMR TeNUdVZZe dQWRURT QS V RMT QS QN MPVTUQWR qr%v g VWX VPM PMi UWURdMWT QS
TLM 1-*.-+2� XMRU\W NVTTMPW qwuv b

� 5� 54 �� +)'./'�.-'9( 	*.'-1
�WM \QVZ TLVT TLM i QXOZVPUlVTUQW iORT SOZc ZZ g UR TQ NPQYUXM TLM SQOP PMk
mOUPMX UWTMPSVdMR 	��#$��$���� �� g ��#$��$������ g ��#$��$�������  � �� g
��#$��$�������  ��� 
 hUTL V i UWUi VZ Vi QOWT QS dQXM b 	QP TLUR TQ [ M
VdLUMYMX g V WOi[MP QS TMiNZVTM NVPVi MTMPR h UZZ TeNUdVZZe [ M [ M dZQRMZe TUMX
TQ TLM dLQRMW UWTMPSVdM g VWX TLMRM SQOP �dQZZMdTUQWR� iVe [ M \PQON MX ORUW\
TPVUTR dZVRRMR b

� 5� 5� � -9*.2 + 8 9/')'+1
jWQTLMP \QVZ QS TLM i QXOZVPUlVTUQW UR TQ [ M V[ZM TQ i QXUSe TLM VZ\QPUTLi
ORMX TQ RTQPM TLM LVRL TV[ZM TQ ROUT TLM dOPPMWT ORV\M NPQc ZM b KLUR UR i QRT
MVRUZe VdLUMYMX [e ORUW\ V N QZUde dZVRR SQP MVdL VZ\QPUTLi b oM h UZZ PMSMP TQ
TLMRM VR 1-9*.2 + �9/')'+1 b

j RTQPV\M N QZUde iORT MWdVNROZVTM TLM XU�MPMWdMR [ MThMMW TLM N QRRU[ ZM
RTQPV\M RdLMi MR TLVT cT TLM PMmOUPMX UWTMPSVdMR b KLM NPUi VPe RdLMi MR TLVT
RLQO ZX [ M dQYMPMX g VPM TLM TPVXUTUQWVZ TV[ZM XQO[ZUW\ i MTLQXR VWX TLM ThQ
NPMYUQORZe XMRdPU[ MX ZUWMVP LVRLUW\ i MTLQXR b KLM ORM QS VZTMPWVTUYM dQZZURUQW
PMRQZOTUQW i MTLQXR RLQOZX WQT [ M LViNMPMX g VWX TLM XMRU\W RLQOZX VT ZMVRT
VZZQh SQP dQZZURUQW PMRQZOTUQW [e dLVUWUW\ VWX [e QN MW VXXPMRRUW\ b �W TLM
QTLMP LVWX g V RTQPV\M N QZUde iORT NPQYUXM VW UWTMPSVdM TLVT UR �Mp U[ZM MWQO\L
WQT TQ [ MdQi M V [QTTZMWMdf b
	 UWVZZeg V RTQPV\M N QZUde RLQOZX [ M RUiNZM TQ UiNZMi MWT g h UTL V i UWUi VZ

WOi[MP QS PMmOUPMX SOWdTUQWR g VR TLUR h UZZ ZQhMP TLM dQRT QS dPMVTUW\ dORTQi
TVUZQPMX UiNZMi MWTVTUQWR hLMPM WMMXMX g VWX h UZZ MpTMWX TLM ORMSOZWMRR QS TLM
XMRU\W b

� 5� � )./.�'/'-� � +�� '*+, +(-1
=W VXXUTUQW TQ TLQRM PMmOUPMi MWTR N QRMX [e TLM YVPUQOR RTVWXVPXR g VWX TLQRM
UWdOPPMX [e TLM dLQUdM QS V i QXOZVP XMRU\W g V SMh VXXUTUQWVZ PMmOUPMi MWTR
VPM WMMXMX TQ MWROPM TLM RdVZV[UZUTe QS TLM XMRU\W b

� 5� 56 	0+ 1'� + 9� -0 + 0.10 �./�+ �.-. -�� +
� QRT dQiiQWZeg LVRL SOWdTUQWR h UZZ [ M XMRU\WMX TQ PMTOPW VW UWTM\MP TeN M
TLM RUlM QS V N QUWTMP UW TLM dOPPMWT i VdLUWM 	� ���� 
 TQ [ M V[ZM TQ UWXMp TLM
i VpUiOi VZZQ dVTV[ZM TV[ ZM RUlM b 	QP UWRTVWdM g QW VW j��%� iVdLUWM g TLM
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VXXPMRR RNVdM UR %�k[ UT VWX dQWRMmOMWTZe TV[ZMR h UTL i QPM TLVW
232

UWXMpMR
i Ve [ M VZZQ dVTMX b KQ [ M V[ZM TQ VXXPMRR V dQiNZMTM TV[ZM g V %�k[ UT YVZOMX
LVRL SOWdTUQW UR PMmOUPMX b
=W RQi M RdMWVPUQR TLUR hQOZX UWTPQXOdM VW OWWMdMRRVPe i MiQPe QYMPLMVX g

VR i VWe VNNZUdVTUQWR hQOZX WMYMP LVYM TV[ZMR QS TLUR RUlM b KLM V[UZUTe QS
ORUW\ Ri VZZMP LVRL YVZOM TeN MR hQOZX TLMPMSQPM [ M XMRUPV[ZM g VWX hQOZX WQT
[ M ZUi UTMX TQ V LVRL YVZOM RUlM QS rt [UTR � =W V RUTOVTUQW hLMPM TLM RMT QS
N QRRU[ ZM fMeR hMPM Ri VZZMP TLVW

216
g [OT hLMPM TLM RMT QS ORMX fMeR hVR iOdL

Ri VZZMP g V PM\OZVP VPPVe hQOZX hVRTM RU\WUcdVWT Vi QOWTR QS RNVdM g VWX QWM
hQOZX [ MWMcT SPQi V RN MdUVZUlMX LVRL YVZOM TeN M b

]QWYMPRMZeg QWM i U\LT dQWdMUYM QS V RN MdUVZUlMX VNNZUdVTUQW hLMPM g QW V
i VdLUWM h UTL VW VXXPMRR RNVdM QS rt [UTR QP ZMRR g QWM hQOZX hVWT TQ dQWRTPOdT
V RTQPV\M N QZUde TLVT MWV[ZMX +� -+*(./ 1 -9*.2 +g VWX TLOR hQOZX QWZe [ M ZUi UTMX
[e TLM VXXPMRR RNVdM QS TLM c ZM ReRTMi b =W TLUR dVRM TLM LVRL YVZOM TeN M hQOZX
[ M PMmOUPMX TQ [ M /.*2 +* TLVW TLM RUlM QS V N QUWTMP b

� 5� 54 �� -'9(./ 1 -9*.2 + 9� 0.10 �./� +1
jR NPMYUQORZe i MWTUQWMX g TLM RTQPV\M QS LVRL YVZOMR i Ve NPQYUXM V ZVP\M N MPk
SQPi VWdM [ MWMcT g [OT XQMR WQT UiNPQYM WMUTLMP RN MMX WQP RTQPV\M Mn dUMWde
US TLM RUlM QS TLM XVTV TLVT TLM MmOVZUTe SOWdTUQW QN MPVTMR QW g UR MmOVZ TQ QP
Ri VZZMP TLVW TLM RUlM QS TLM LVRL YVZOM b jXXUTUQWVZZeg UW dMPTVUW RdMWVPUQR
TLM ORMP i Ve hVWT TQ TPVXM RN MMX SQP RNVdM VWX XURV[ZM TLM RTQPV\M QS LVRL
YVZOMR b

� D ����I�H���
KLM iQXOZVPUTe PMmOUPMi MWTR N QRMX XUdTVTM TLVT TLM LVRL TV[ZM UiNZMi MWk
TVTUQW RLQOZX [ M V dQiNQRUTM b 	OPTLMPi QPM g hM h URL TQ ORM V RTQPV\M N QZUde
h UTL V RUiNZUc MX UWTMPSVdM g VWX VR TLM MpTMPWVZ UWTMPSVdM QS TLM ��#$��$���	
dZVRRMR UR mOUTM dQiNZMp g TLUR UWXUdVTMR TLVT RQi M RQPT QS h PVNNUW\ UR PMmOUPMX b
oM iORT TLMPMSQPM QN MPVTM h UTL [ QTL UWTMPWVZ VWX MpTMPWVZ UWTMPSVdMR b j
RTPOdTOPVZ QYMPYUMh QS TLM dZVRRMR i Ve [ M RMMW UW c\OPM u b

KLM ���������� UWYQfMR VZZ i MTLQXR QW TLM UWTMPWVZ UWTMPSVdMR TLVT VPM
WMMXMX TQ NPQYUXM TLM SOWdTUQWVZUTe TLVT UR MpN QRMX [e UW TLM MpTMPWVZ UWTMPk
SVdM b
< QTM TLVT TLM UWTMPSVdMR VPM �ORT V[RTPVdTUQWR g VR TLM QYMPLMVX QS YUPTOVZ

SOWdTUQW dVZZR NPMYMWTR ORUW\ VdTOVZ UWTMPSVdM dZVRRMR UW TLM UiNZMi MWTVTUQW b

� 56 �� -+*(./ '( -+*� .)+1
KLM MpTMPWVZ UWTMPSVdM UR TLM j^ = TLVT VW MWX ORMP h UZZ RMM VWX UR ZVP\MZe
UXMWTUdVZ TQ TLM QWM RN MdUcMX UW TLM NPQN QRVZ qtv b

KLM SQOP XU�MPMWT VRRQdUVTUYM dQWTVUWMPR UWTMPSVdMR VPM � ��#$��$���� �� g
��#$��$������ g ��#$��$�������  ��� VWX ��#$��$������  ��� b KLM 	����
YMPRUQWR QS TLMRM dQWTVUWMPR LVYM UW dQiiQW TLVT TLMe VZZ RTQPM [ QTL V fMe VWX
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hasher

hash_table

hasher_factory storage_policy
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RVTMZZUTM XVTV g hLMPMVR TLM 	���� dQWTVUWMPR RTQPM QWZe V fMeb KLM ����  �	
dQWTVUWMPR LVYM UW dQiiQW XONZUdVTM fMeR TQ [ M RTQPMX b

KLM 	���� dQWTVUWMPR XMcWM TLM !��������� TQ [ M V NVUP QS fMe VWX XVTV g
hLMPM TLM 	���� dQWTVUWMPR XMcWM TLM !��������� VR [ MUW\ QWZe V fMeb

j R i MWTUQWMX UW RMdTUQW � bwb% hM LVYM dLQRMW WQT TQ UiNZMi MWT TLM
[OdfMT UWTMPSVdM VWX hM TLMPMSQPM ZMVYM QOT TLM �#"��� ��$��#$ TeN M VWX
TLM �� "����"#��� g ��	��� "����"#��� g �� "��� VWX �� "����� �� iMTLk
QXR b =WRTMVX hM UWTPQXOdM TLM $���$!� VWX ��#$�����#� "� iMTLQXR b
KQ RONNQPT OWUYMPRVZ dZVRRMR QS LVRL SOWdTUQWR g hM VZZQh NVPVi MTMPUlVk
TUQW [e �����$���"�#$� PVTLMP TLVW �����$ b 	 UWVZZeg hM UWTPQXOdM V
�  ���#�����"�#$ TQ RdLMXOZM dQWTPVdTUQW b KLUR i Ve [ M s b

� 54 �(-+*(./ '( -+*� .)+1
KLM UWTMPWVZ UWTMPSVdMR TQ\MTLMP dQWTVUW XMcWUTUQWR QS TLM SOWdTUQWVZUTe QS VZZ
TLM ��#$��$���	 dQWTVUWMPR b

� 54 56 	0+ 1-9*.2 + � 9/')� '( -+*� .)+
KLM RTQPV\M N QZUde UR TLM i QRT dMWTPVZ NVPT QS QOP LVRL TV[ZM UiNZMi MWTVk
TUQW b j ZZ i Mi QPe VZZQ dVTUQW PMRN QWRU[UZUTe UR NZVdMX LMPMUW VR VPM TLM UWTMPWVZ
YMPRUQWR QS TLM TLPMM dMWTPVZ LVRL TV[ZM i MTLQXR �##��� g  � ��$�� ���� "���
VWX ��������$#���� "���
 b j XUV\PVi QS TLM QWMkTV[ZM RTQPV\M N QZUde UR
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linear_hashing_storage_policy

#sentinel: compartment_type

#key_access: Key_adapter<Value>

+bucket_type

+linear_hashing_storage_policy(initial_size:size_type)

+get_bucket(image:size_type): bucket_type

+lookup(k:key_type,b:bucket_type&,image:image_type): iterator

+insert_in_bucket(b:bucket_type&,v:value_type,
                  image:image_type): iterator

+delete_from_bucket(b:bucket_type&,i:const iterator&,
                    free:bool): void

+begin(): iterator

+end(): iterator

+expand(): void

+contract(): void

+capacity(): size_type

+swap(): void

Value:

HashFun:

Equal:

Allocator:

Compartment:

������ � � >?@ IFKDGJ@ OKHACQ ABF@D^GC@ S >?@ ]GHP@I I?KMB AB F?@ NK
 AB F?@ POO@D DAJ?FCKDB@D GD@ F@EOHGF@ OGDGE @F@DI S

RLQhW UW c\OPM � b
j ZRQ RLQhW QW TLM c\OPM UR TLM RMWTUWMZ g TLM fMe VddMRR VWX TLM XMcWUTUQW

QS TLM [OdfMT TeN M hLUdL VPM VZZ RN MdUc d TQ TLM ZUWMVP LVRLUW\ RTQPV\M N QZUdeb
KLM i MTLQXR g LQhMYMP g VPM TLQRM TLVT PMNPMRMWT TLM RTQPV\M N QZUde UWTMPSVdM b
KLMRM VPM TLM i MTLQXR TLVT VPM WMMXMX VR V i UWUiOi TQ UiNZMi MWT V RTQPV\M
N QZUde dZVRR b j RLQPT XMRdPUNTUQW QS TLM RTQPV\M N QZUde UWTMPSVdM SQZZQh R b

KLM �#���$�� ��� UR TLM [VRUd XVTV TeN M RTQPMX h UTLUW TLM LVRL TV[ZM b � Mk
RUXMR TLM !��������� g UT i Ve dQWTVUW N QUWTMPR SQP UiNZMi MWTUW\ TLM ZUWfMX ZURT
VWX V RTQPMX LVRL YVZOM g hLUdL UW TLUR dQWTMpT UR PMSMPPMX TQ VR TLM ', .2 +b KLM
RMWTUWMZ UR V RN MdUVZ dQiNVPTi MWT TLVT UR RTQPMX h UTLUW TLM [VRM RTQPV\M N QZUde
dZVRR b `N MdUVZ ORM QS TLM RMWTUWMZ UR XMRdPU[ MX SOPTLMP UW RMdTUQW t bwwb� b < QTM
TLVT �#���$�� ��� UR V RN MdUcd SMVTOPM QS TLM � ���$�����  �����#$�����#� "�
VWX UR WQT PMmOUPMX [e TLM ��#$�����#� "� UWTMPSVdM b

KLM ������ "��� SOWdTUQW UR V OTUZUTe SOWdTUQW TQ PMTOPW V PMSMPMWdM TQ V
[OdfMT h UTLUW TLM �� "����!�"�#$ TQ hLUdL V \UYMW LVRL YVZOM i VNR b
�pNVWRUQW VWX dQWTPVdTUQW QS TLM LVRL TV[ZM UR XQWM [e TLM i MTLQXR

�	���� �� VWX "#��$�"� �� b KLUR SOWdTUQWVZUTe dQOZX LVYM [ MMW NPQYUXMX
TLPQO\L V $�� �� �� � iMTLQX g [OT UT hQOZX ZUi UT PMmOUPM V i MdLVWURi [e
hLUdL TLM ORMP QS TLM RTQPV\M N QZUde dQOZX dQiNOTM [OdfMT dQOWTR TLVT c T
UTR VZZQ dVTUQW RTPVTM\eb KLM "���" �� �� SOWdTUQW UR VZRQ NZVdMX h UTLUW TLM
��#$�����#� "� UWTMPSVdM b KLUR M�MdTUYMZe NZVdMR VZZ i Mi QPe i VWV\Mi MWT
ZQ\Ud h UTLUW TLM RVi M dZVRR hLUdL i VfMR UT N QRRU[ ZM TQ LVWXZM VZZ VRN MdTR QS
TLM i MiQPe VZZQ dVTUQW UW V dORTQi SVRLUQW b
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universal_hasher_factory

+only_one_member: bool

+universal_hasher_factory()

+update_hasher(func:hasher_type &)

Key:

universal_hasher

+a: image_type

+b: image_type

+p: image_type

+universal_hasher()

+get_hash_value(k:const key_type &): image_type

Key:

������ � � >?@ ?GI?@D ^GCFKDQ AI PI@L FK C?GBJ@ F?@ ?GI?@D S

KQ RONNQPT TLM ���� iMTLQX UW TLM MpTMPWVZ UWTMPSVdM VW MmOUYVZMWT SOWdk
TUQW iORT [ M VXXMX TQ TLM UWTMPWVZ UWTMPSVdM b KLUR UR WQT dOPPMWTZe UiNZMk
i MWTMX b =T iORT VZRQ [ M N QRRU[ ZM TQ XMZMTM VW MZMi MWT [ QTL [e ORUW\ VW
UTMPVTQP g VWX [e ORUW\ TLM MZMi MWT �R fMeb �WZe TLM SQPi MP LVR [ MMW VXXMX g
[OT TLM ZVTTMP i Ve [ M RQZYMX [e UWdZOXUW\ V ������ iMTLQX hLUdL TVfMR VW
UTMPVTQP g TQ hLUdL TLM UTMPVTQPk[VRMX �$��� dVZZR VPM XMZM\VTMX b

KLM UiNZMi MWTVTUQW QS ������$���� UR XMTVUZMX SOPTLMP UW TLM WMpT RMdTUQW
	RMM c\OPM ww
 b

� 54 54 � .10 +* � .)-9*�
oM LVYM dLQRMW TQ ORM V SVdTQPe NVTTMPW qwuv UW TLM UiNZMi MWTVTUQW QS QOP
LVRL SOWdTUQWR � =WRTMVX QS ZMTTUW\ TLM LVRL TV[ZM PMdMUYM V LVRL SOWdTUQW VR
TMiNZVTM VP\Oi MWT UT UR \UYMW V LVRLMP SVdTQPe dZVRR TLVT PMNPMRMWTR V dZVRR
QS LVRL SOWdTUQWR b KLM LVRL TV[ZM LVR VW UWRTVWdM QS [ QTL V LVRLMP VWX V
LVRLMP SVdTQPeg hLUdL VPM VZZQ dVTMX � UW ZUWM� VR NVPT QS TLM LVRL TV[ZM UWRTVWdM
VYQUXUW\ QWM ZMYMZ QS UWXUPMdTUQW hLMW MYVZOVTUW\ TLM SOWdTUQW b

KLM LVRLMP iORT [ M UWUTUVZUlMX [e TLM LVRLMP SOWdTUQW SVdTQPe [ MSQPM UT
dVW [ M ORMX b KLUR UW UTUVZUlVTUQW dQWRURTR QS i QXUSeUW\ UWTMPWVZ XVTV MZMi MWTR
h UTLUW TLM LVRLMP TLVT VPM ORMX TQ dVZdOZVTM TLM VdTOVZ LVRL YVZOM b KLUR
XMRU\W MWV[ZMR Rh UTdLUW\ QS LVRL SOWdTUQWR hLUZM PMRUlUW\ QP MpNVWXUW\ TLM
LVRL TV[ZM b

j NQTMWTUVZ ORMP i U\LT h URL TQ VXX V RN MdUcd RUW\OZVP LVRL SOWdTUQW VWX
i U\LT WQT [ M V[ZM TQ QP [ M OWh UZZUW\ TQ MpNPMRR TLUR LVRL SOWdTUQW VR [ MUW\
NVPT QS V dZVRR QS SOWdTUQWR b =T iORT TLMPMSQPM [ M N QRRU[ ZM TQ XURTUW\OURL [ Mk
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unordered_multimap_traits
+mapped_type: T

+value_equal: value_equal_adapter<key_equal>

+value_type: std::pair<const Key, T>

+internal_value_type: std::list<std::pair<Key, T> >

EQ:class

HF:class

T:class

Key:class

unordered_map_traitsunordered_set_traits

unordered_traits_base

unordered_multiset_traits

+internal_value_type: std::list<Key>

+value_type: const Key

+value_equal: key_equal

EQ:class

HF:class

Key:class

+default_min_load_factor: float = 2.0

+default_max_load_factor: float = 5.0

+hasher_factory: HF

+key_equal: EQ

+key_type: Key

EQ:class = std::equal_to

HF:class = default_hasher_factory

Key:class

+internal_value_type: std::pair<Key, T>

+value_type: std::pair<const Key, T>

+mapped_type: T

+value_equal: value_equal_adapter<key_equal>

Key:class

T:class

HF:class

EQ:class

Key:class

HF:class

EQ:class

+value_equal: key_equal

+value_type: const Key

+internal_value_type: Key

������ �� � >?@ ^KPD FDGAFI CHGII@I S

ThMMW LVRLMP SVdTQPUMR UiNZMi MWTUW\ QWZe V RUW\ZM SOWdTUQW VWX LVRL SVdTQPUMR
UiNZMi MWTUW\ RMYMPVZ b 	QP TLUR hM LVYM VXXMX V [ QQZMVW XVTV cMZX TQ MVdL
SVdTQPeg hLUdL dVW [ M ORMX [e TLM RTQPV\M N QZUde dZVRR TQ XMTMPi UWM hLVT
fUWX QS LVRL SOWdTUQW SVdTQPe TLVT UR UW ORM b

� D �� ��H��IH� ����
_VYUW\ XMRdPU[ MX TLM UWTMPSVdMR QS TLM YVPUQOR dQiNQWMWTR g hM i QYM QW TQ
TLM XMTVUZR QS LQh TLM YVPUQOR UWTMPSVdMR VPM PMVZUlMX b

KLM UiNZMi MWTVTUQW UR dMWTMPMX VPQOWX TLM dZVRR ���������� b �e ORUW\
RN MdUVZUlVTUQW TLPQO\L SQOP XU� MPMWT TPVUTR dZVRRMR 	c\OPM ws
 ����������
NPQYUXMR SOWdTUQWVZUTe SQP VZZ TLM ��#$��$���	 UWTMPSVdMR b

KLM XMSVOZT ZQVX SVdTQP ZUi UTR g LVRLMP SVdTQPe dZVRR g MmOVZUTe SOWdTUQW VWX
fMe TeN M cMZXR VPM RLVPMX [ MThMMW TLM SQOP RN MdUVZUlVTUQWR b KLM XMSVOZT ZQVX
SVdTQP ZUi UTR XUPMdTZe dQPPMRN QWX TQ

αmin

VWX
αmax

iMWTUQWMX MVPZUMP b KLM
YVZOMR VPM RMT TQ YVZOMR TLVT \UYM V PMVRQWV[ZM TPVXMQ� [ MThMMW RN MMX VWX
i MiQPe dQWROiNTUQW \UYMW QOP dOPPMWT UiNZMi MWTVTUQWR 	RMM � b� bt
 b KLM
�����$���"�#$������ UR V dZVRR UiNZMi MWTUW\ TLM �����$���"�#$� UWTMPk
SVdM b KLM MmOVZUTe SOWdTUQW UR V RTVWXVPX NPMXUdVTM g VWX hM LVYM [e XMSVOZT
ORMX TLM �������# SOWdTUQW Q[ � MdT TMiNZVTM dZVRR SPQi TLM ��� "�  #��� `Ka
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KLM �������� cMZX UR TLM NVPT QS TLM TeN M !��������� TLVT UR RLVPMX [ Mk
ThMMW [ QTL RMTR g i VNR g iOZTURMTR VWX iOZTUi VNR g VWX UR TLM NVPT TLVT TLM
MmOVZUTek VWX LVRL SOWdTUQWR QN MPVTM QW b KQ dQWSQPi h UTL � �� VWX ��� g
VW MmOVZUTe SOWdTUQW SQP YVZOMR UR VZRQ UWTPQXOdMX b KLM ��#$��$������ VWX
��#$��$�������  ��� dZVRRMR UWTPQXOdM TLM ����������� TQ PMNPMRMWT RVTMZk
ZUTM XVTV b

� 5656 �9(1-( +11
KLM XU� MPMWdM UW dQWRTWMRR [ MThMMW  ���$����!��������� VWX !���������
	WQTM TLVT TLM ��� NVPT UR VZhVeR WQWkdQWRT UW TLM UWTMPWVZ MZMi MWT TeN M hLUZM
[ MUW\ dQWRT UW TLM MpTMPWVZZe VYVUZV[ZM MZMi MWT TeN M
 UR MVRUZe RQZYMX ORUW\ V
dVRT QS TLM PMSMPMWdMR NVRRMX SPQi TLM RTQPV\M N QZUde �R i MTLQXR b =TMPVTUQW g
LQhMYMP g PMmOUPMR V i QPM MpTMWRUYM RQZOTUQW b � RUW\ TLM XMdQPVTQP XMRU\W
NVTTMPW g "#� ������� ��$��#$ UiNZMi MWTR VZZ TLM i MTLQXR QS V [UXUPMdTUQWVZ
UTMPVTQP [e RO[kdZVRRUW\ V PM\OZVP [UXUPMdTUQWVZ UTMPVTQP VWX dVRTUW\ TLM PMROZTR
SPQi  ���$����!��������� TQ !��������� b j ZZ i MTLQXR [ MUW\ UWZUWM g TLM
dQRTR QS TLUR h PVNN MP VPM MpdZORUYMZe dQiNUZMkTUi M g OWZMRR V WQWkQNTUi UlMX
[OUZX UR N MPSQPi MX b

� 5654 �().� 1� /.-'9(
jZZ TPVUTR dZVRRMR XMcWM TLM !��������� VWX  ���$����!��������� TeN MR g
TLVT MWdVNROZVTM TLM UWTMPWVZ VWX MpTMPWVZ MZMi MWT TeN M QS TLM LVRL TV[ZM b
KLM XURTUWdTUQW [ MThMMW TLM ThQ dQi MR SPQi TLM PMmO UPMi MWT QS TLM MZMi MWT
TeN M ORMX [e TLM RTQPV\M N QZUde TQ [ M .11'2(.�/+b KLUR UR PMmOUPMX US RTQPV\M
N QZUdUMR WMMX TQ dQNe MZMi MWTR g SQP UWRTVWdM hLMW N MPSQPi UW\ MpNVWRUQW b

KLM !��������� UR WQT VYVUZV[ZM TQ TLM RTQPV\M N QZUdeg VWX TLM
 ���$����!��������� UR fMNT QNVmOM TQ UT b KLUR LVR TLM XMRUPV[ZM dQWk
RMmOMWdM TLVT TLM RVi M RTQPV\M N QZUde UiNZMi MWTVTUQW i Ve [ M ORMX SQP VZZ
SQOP RN MdUVZUlVTUQWR b KLMPM UR g LQhMYMP g QWM MpdMNTUQW TQ TLUR POZM � oLMW
N MPSQPi UW\ TLM �##��� QN MPVTUQW g TLM RTQPV\M N QZUde PMmOUPMR VddMRR TQ TLM
fMe NVPT QS TLM  ���$����!��������� TQ [ M V[ZM TQ NVRR UT TQ TLM MmOVZUTe
SOWdTUQW b KQ VYQUX UWTPQXOdUW\ XMN MWXMWdUMR QW TLM RTPOdTOPM QS !��������� g
hM UWTPQXOdM TLM dZVRR ����������$ g hLUdL SOWdTUQW UR TQ PMTPUMYM fMe NVPT
QS TLM MZMi MWT b

jW VZTMPWVTUYM TQ ZMTTUW\ TLM LVRL TV[ ZM fWQh TLM UWTMPWVZR QS !��������� g
hQOZX [ M TQ ORM VW MZMi MWT TeN M TLVT hVR QNVmOM MYMW TQ TLM LVRL TV[ZM g
VWX hLQRM fMe hVR UiNZUdUTZe XMcWMX VR TLM NVPT TLVT V� MdTMX TLM PMROZTR
QS TLM MmOVZUTek VWX LVRL SOWdTUQWR b KLUR UR V i QPM �MpU[ZM RQZOTUQW VR UT
VZZQh R VW VP[UTPVPe NVPT QS TLM ORMP �R XVTV TQ SOWdTUQW VR TLM fMe [OT LVR ThQ
UiNQPTVWT XURVXYVWTV\MR �



r w

wb =T h UZZ XU� MP SPQi TLM UWTMPSVdMR QS TLM RTVWXVPX `Ka VRRQdUVTUYM dQWk
TVUWMPR 	��� MpNZUdUTZe XMcWMR V �������� VWX V � ����������
 b

t b =T XQMR WQT VUX UW MWSQPdUW\ TLM YMPe UiNQPTVWT PMRTPUdTUQW TLVT TLM NVPT
QS TLM MZMi MWT TLVT V� MdTR TLM PMROZT QS TLM MmOVZUTek VWX LVRL SOWdTUQWR
i Ve WQT [ M i QXUcMX VSTMP TLM MZMi MWT LVR [ MMW UWRMPTMX UWTQ TLM LVRL
TV[ ZM b =S TL UR PMRTPUdTUQW UR WQT LMMXMX g MZMi MWTR i Ve [ MdQi M ZQRT UW
TLM TV[ZM VR TLMUP N QRUTUQW i Ve WQ ZQW\MP dQPPMRN QWX h UTL TLMUP LVRL
YVZOM g VWX TLM RTQPV\M N QZUde h UZZ dQWRMmOMWTZe [ M ZQQfUW\ UW TLM hPQW\
NZVdM b KLM RQZOTUQW QS LVYUW\ VW MpNZUdUT VWX dQWRTVWT fMe NVPT QS TLM
!��������� UR WQT V dQiNZMTM RQZOTUQW g [OT PMmOUPMR dQWRUXMPV[ZM hQPf
TQ dUPdOiYMWT 3� b
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_VYUW\ VW MZMi MWT TeN M TLVT UR QNVmOM TQ TLM RTQPV\M N QZUdeg UiNZMi MWTk
UW\ TLM ��#$��$�������  �	 dQWTVUWMP SOWdTUQWVZUTe UR RTPVU\LTSQPhVPX b KLM
��#$��$�������  �����$� � � VWX ��#$��$�������  �����$� �� dZVRRMR XMk
cWM  ���$����!��������� VR V ZURT QS !��������� MWTPUMR g TLM M� MdT [ MUW\
TLVT VZZ MmOVZ MZMi MWTR i Ve [ M RTQPMX UW TLM RVi M RTQPV\M N QZUde MZMi MWT b
jWe XONZUdVTMR VPM UWYURU[ ZM TQ TLM RTQPV\M N QZUdeg VWX XONZUdVTMR XQ WQT UWk
dPMVRM TLM ZQVX SVdTQP b jXXUTUQWVZZeg US RTQPUW\ QS LVRL YVZOMR UR ORMX g QWZe
QWM QS TLMRM h UZZ [ M RTQPMX N MP OWUmOM fMeb =TMPVTUQW UR LVWXZMX TLPQO\L
TLM VXVNTMP ��#��!��� ��$��#$ hLUdL UR UW UTUVZUlMX h UTL VW UTMPVTQP TQ V
ZURT QS ZURTR b �VdL QS TLMRM ZURTR VPM UW TOPW TPVYMPRMX PMROZTUW\ UW dQiNZMTM
MWOi MPVTUQW QS MYMPe MZMi MWT UW TLM TV[ZM b
=S VW VXXUTUQWVZ dQWRTPVUWT QW TLM TeN M QS TLM fMe VWX TLM SOWdTUQWVZUTe QS

TLM MmOVZUTe SOWdTUQW UR i MT g VW VXXUTUQWVZ QNTUi UlVTUQW i Ve [ M MiNZQeMX b
KLM dQWRTPVUWT UR VR SQZZQh R �

KLM MmOVZUTe SOWdTUQW RLQOZX [ M TPOM U� TLM fMeR [ MUW\ TMRTMX VPM
VdTOVZZe TLM RVi M Q[ � MdT b

=S fMe MmOVZUTe UR ReWQWei QOR h UTL fMe UXMWTUTeg TLMW QWZe QWM fMe UR PMmOUPMX b
KLM UWTMPWVZ MZMi MWT TeN M i Ve [ M PMXOdMX TQ V fMe VWX V ZURT QS RVTMZZUTM
XVTV g QP �ORT V fMe VWX V dQOWTMP UW TLM dVRM QS ��#$��$�������  ��� b KLUR
QNTUi UlVTUQW LVR WQT [ MMW UiNZMi MWTMX g VR hM LVYM WQT SQOWX V hVe QS XMk
TMPi UWUW\ hLMTLMP V \UYMW MmOVZUTe SOWdTUQW LVR TLM PMmOUPMX NPQN MPTUMR g VWX
[ MdVORM TLM ��#$��$�������  � �� RQZOTUQW UR UWdQiNVTU[ZM h UTL TLM MRTV[k
ZURLMX UWTMPSVdM � oLMW XMPMSMPMWdUW\ VW UTMPVTQP g hM RLQOZX Q[TVUW V PMSMPMWdM
TQ VW MZMi MWT b _QhMYMP g TLM !��������� PMSMPMWdM i Ve WQT UW TLUR dVRM [ M
Q[TVUWMX [e RUiNZe MpTPVdTUW\ V !��������� Q[ � MdT SPQi TLM RTQPV\M N QZUde
MZMi MWT g [OT h UZZ LVYM TQ [ M VRRMi[ZMX SPQi TLM �������� VWX �����������
NVPTR b KLM QWZe hVe QS VZZQh UW\ TLM MZMi MWT TQ PMi VUW iOTV[ZM h UZZ [ M TQ
dPMVTM V NVUP QS PMSMPMWdMR TQ TLM fMe VWX RVTMZZUTM XVTV g [OT TLUR h UZZ WQT
i VTdL TLM MpN MdTMX PMTOPW TeN M g hLUdL UR RTUZZ !��������� b oM LVYM WQT
[ MMW V[ZM TQ cWX V RQZOTUQW TQ TLUR NPQ[ZMi b
10 �B@ O KIIAN AHAFQ MKPHL N@ FK H@F F?@ �@Q N@ G OKABF@D ABFK F?@ E GOO@L LGFG X GBL H@F F?@
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Pair of external iterators

Pair of storage policy iterators

A

External element type

Storage policy element type

B
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=W VXXUTUQW TQ TLM RTVWXVPX LVRL TV[ZM SOWdTUQWR TLM ��#$��$�������  �	
dQWTVUWMPR RLQOZX RONNQPT TLM ������$���� �� � SOWdTUQW b KLUR SOWdTUQW PMk
TOPWR V NVUP QS UTMPVTQPR XMcWUW\ V PVW\M QS MZMi MWTR TLVT MmOVZ TLM \UYMW
fMeb 	QP TLM OWUmOM MZMi MWT dQWTVUWMPR g TLM UiNZMi MWTVTUQW UR TPUY UVZ b 	QP
iOZTURMT VWX iOZTUi VN TLM RQZOTUQW UR VZRQ SVUPZe RUiNZM � KLM RTVPT QS TLM
PVW\M i Ve [ M PMTPUMYMX [e V RTVWXVPX �##��� QN MPVTUQW b KLM MZMi MWT QWM
[ MeQWX TLM MWX QS TLM PVW\M 	TLM RMdQWX UTMPVTQP UW TLM PMTOPWMX NVUP
 iVe
TLMW [ M SQOWX [e UTMPVTUW\ QWM MZMi MWT SOPTLMP h UTLUW TLM RTQPV\M N QZUde 	RMM
c\OPM ww
 b < QTM TLVT TLM VNNPQVdL UR WQT ZUi UTMX TQ [OdfMTk[VRMX RTQPV\M
N QZUdUMR g VR ZQW\ VR TLM UTMPVTUQW QPXMP UR PMZUV[ZM b
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oM LVYM RQZYMX TLM PMmOUPMi MWT QS PMYMPRM UTMPVTQPR [e ORUW\ TLM `Ka RTVWk
XVPX hPVNN MP dZVRR $�!�$ ��� ��$��#$ 33 b
=iNZMi MWTUW\ TLM $��� UTMPVTQP UR WQT RTPVU\LTSQPhVPX UW i VWe XVTV RTPOdk

TOPMR g VR UT PMNPMRMWTR TLM MZMi MWT �ORT [ MSQPM TLM [ M\UWWUW\ QS V RMmOMWdM
	QNNQRUTM hLVT UR RTVTMX UW qrt g NV\M rurv
 b KLM hPVNN MP RQZYMR TLUR [e i VUWk
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TVUWUW\ VW UWTMPWVZ UTMPVTQP PMSMPPUW\ TQ TLM MZMi MWT [ MSQPM TLM MZMi MWT TLVT
UT VNN MVPR TQ PMSMP TQ g VWX UWYQfUW\ TLM N QRTkXMdPMi MWT QN MPVTQP QW TL UR UTMPk
VTQP h UTLUW TLM XMPMSMPMWdM QN MPVTQP 	TLOR hLMW UT VNN MVPR TQ PMSMP TQ $��� g
UT UR VdTOVZZe PMSMPPUW\ TQ ��� �
 b KLM ONRLQT QS TLUR UiNZMi MWTVTUQW UR TLVT
TLM XMdPMi MWT QN MPVTQP UR UWYQfMX Th UdM QW TLM hPVNN MX UTMPVTQP b � MdVORM
QS TLM dQiNZMpUTe QS UTR XMdPMi MWT QN MPVTQP g TLUR LVR VXYMPRM dQWRMmOMWdMR
SQP QOP dLVUWMX LVRLUW\ RTQPV\M N QZUde UiNZMi MWTVTUQW 	RMM RMdTUQW u bt bt
 b j
XMRU\W RQZOTUQW TLVT hQOZX MWV[ZM TLM RTQPV\M N QZUde TQ RO\\MRT VW VZTMPWVTUYM
PMYMPRM UTMPVTQP hQOZX [ M [ MWMcdUVZ b
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KLM QWMkTV[ZM YMPRUQW QS V ZUWMVP LVRL TV[ZM hVR TLM cPRT QWM hM UiNZMi MWTMX
ORUW\ QOP i QXOZVP XMRU\W b =T UR TLM UiNZMi MWTVTUQW TLVT UR i QRT TPOM TQ
aVPRQW �R QPU\UWVZ UXMV QS ZUWMVP LVRL TV[ZMR VWX TLMPMSQPM PMNPMRMWTR TLM i VUW
SQdOR QS TLUR PMN QPT b

KLM ThQkTV[ZM ZUWMVP LVRL TV[ZM UiNZMi MWTVTUQW UR VW VTTMiNT TQ dLVW\M
TLM VZZQ dVTUQW RTPVTM\e QS TLM QWMkTV[ZM YMPRUQW UW QPXMP TQ NPQYUXM SQP TLM
N QRRU[ UZUTe QS ORUW\ XU� MPMWT LVRL SOWdTUQWR SQP MVdL QS TLM TV[ZMR b =T VZRQ
XMi QWRTPVTMR TLVT UT UR N QRRU[ ZM TQ dLVW\M TQ V mOUTM XU� MPMWT UiNZMi MWTVTUQW
h UTL PMZVTUYMZe SMh ZUWMR QS dQXM b

KLM dLVUWMX LVRL TV[ZM hVR UWRNUPMX [e qt wv [OT MpTMWXMX [e ORUW\ V dQNek
i UWUi UlUW\ MpTMWRUQWk VWX dQWTPVdTUQW VZ\QPUTLi VWX ORUW\ QWZe QWM RMWTUWMZ
UWRTMVX QS QWM N MP [OdfMT b

KLM dLVUWMX LVRL TV[ZM UiNZMi MWTVTUQW NPQYUXMR V \QQX [VRMZUWM V\VUWRT
hLUdL QOP i QXOZVP XMRU\W dVW [ M TMRTMX b =T UR YMPe RUi UZVP TQ TLM `� = Ui k
NZMi MWTVTUQW VWX VWe RU\WUcdVWT XU� MPMWdMR UW [ MLVYUQP RLQOZX TLMPMSQPM [ M
SVUPZe MVRe TQ MpNZVUW b

�56 �9,,9( � +.-�*+1
jZZ TLPMM QS QOP LVRL TV[ZM UiNZMi MWTVTUQWR XMcWM V )9,� .*-, +(- VR TLM
[VRUd OWUT QS RTQPV\M g hLUdL dQWTVUWR TLM !��������� VWX NQUWTMPR TQ Ui k
NZMi MWT MUTLMP V RUW\Ze QP V XQO[Ze ZUWfMX ZURT b KLM MWLVWdMi MWT QS RVYUW\
TLM dVZdOZVTMX LVRL YVZOM UR ORMX UW VZZ TLPMM UiNZMi MWTVTUQWR VWX TLUR LVRL
YVZOM UR VZRQ RTQPMX h UTL UW TLM dQiNVPTi MWT b

oM MWYURUQWMX TLVT V \VUW UW N MPSQPi VWdM dQOZX [ M VdLUMYMX US hM dQOZX
ZUi UT XVTV dQNeUW\ [e ORUW\ TLM $����#" ReRTMi dVZZ3� hLMW MpNVWXUW\ V
LVRL TV[ZM ORUW\ V XQO[ZUW\ YMdTQP b KQ QOP XURVNN QUWTi MWT hM SQOWX TLVT UT
UR WQT N QRRU[ ZM TQ \MT VddMRR TQ TLM $����#" ReRTMi dVZZ ORUW\ TLM RTVWXVPX
]�� VZZQ dVTQP b oM dQWRUXMPMX V RN MdUVZ VZZQ dVTQP hLUdL hQOZX UiNZMi MWT
TLUR g [OT SQOWX TLVT hM hQOZX ZQQRM N QPTV[UZUTe UW XQUW\ TLUR g VR PMVZZQ dVTUQW
RONNQPT UW TLM RTVWXVPX VZZQ dVTQP UR WQWkRTVWXVPX b =W qrrv UT UR i MWTUQWMX
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TLVT ORMPR h URLUW\ VddMRR TQ PMVZZQ dkZUfM RMi VWTUdR RLQOZX ORM V RTVWXVPX
YMdTQP g [OT hM LVYM [ MMW OWV[ZM TQ XMTMPi UWM US TL UR i MVWR TLVT TLM ORM QS
V RTVWXVPX YMdTQP UR MmOUYVZMWT TQ TLM $����#" ReRTMi dVZZ b
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KLM VZZQ dVTUQW QS TLM LVRL TV[ZM LQZXUW\ TLM [OdfMTR ORMR V RTVWXVPX XQO[ZUW\
YMdTQP b KLM cPRT MZMi MWT UR RTQPMX UW TLM [OdfMT YMdTQP b `O[RMmOMWT MZMi MWTR
VPM VNN MWXMX TQ TLM cPRT MZMi MWT TQ SQPi V RUW\Ze ZUWfMX ZURT QS MZMi MWTR b KLUR
RTPVTM\e UWTPQXOdMR MpTPV RN MdUVZ dVRMR SQP TLM ������ VWX  ���$� QN MPVTUQWR b

KLM  � ��$� QN MPVTUQW LVR [ MMW XMcWMX UW ThQ XU� MPMWT YMPRUQWR b �WM UR
NVPT QS TLM ��#$�����#� "� UWTMPSVdM g TLM QTLMP UR SQP UWTMPWVZ ORM UW TLM
�	���� iMTLQX QS TLM RTQPV\M N QZUdeb KLM UWTMPWVZ YMPRUQW UR SQP UWRMPTUW\
Mp URTUW\ dQiNVPTi MWTR UWTQ [OdfMTR b KLM WMMX QS VW UWTMPWVZ UWRMPT i MTLQX
dVW [ M UZZORTPVTMX VR SQZZQh R � oLMW UWRMPTUW\ VW Mp URTUW\ dQiNVPTi MWT VR TLM
cPRT MZMi MWT UWTQ VW MiNTe [OdfMT g TLM dQiNVPTi MWT �R XVTV iORT [ M dQN UMX
UWTQ TLM YMdTQP b KLM RQOPdM dQiNVPTi MWT i Ve RVSMZe [ M XMZMTMX VSTMP TL UR
dQNe QN MPVTUQW [ MdVORM V dQNe LVR [ MMW i VXM b KLUR UR WQT TLM dVRM hLMW
VTTMiNTUW\ TQ UWRMPT VW MZMi MWT UWTQ V [OdfMT TLVT VZPMVXe dQWTVUWR MZMi MWTR b
=W TLUR dVRM TLM MZMi MWT i Ve RUiNZe [ M VNN MWXMX TQ TLM MpURTUW\ MZMi MWTR
[e dLVW\UW\ TLM N QUWTMPR UW TLM ZUWfMX ZURT b

`Qi M dQNeUW\ UR NPMYMWTMX QW MpNVWRUQW [e MpNVWXUW\ TLM YMdTQP VWX PMk
ZQ dVTUW\ QWZe TLQRM MZMi MWTR TLVT WQh LVRL TQ TLM ONN MP LVZS QS TLM TV[ZM b
� MRUlUW\ TLM YMdTQP i Ve QS dQOPRM dVORM VZZ QS TLM [OdfMTR TQ [ M dQNUMX g [OT
TLUR h UZZ [ M V SVP i QPM dVdLMkMn dUMWT dQNe QN MPVTUQW TLVW US UT hVR UWTMPZMVYMX
h UTL QTLMP dQXM g VR UR TLM dVRM hLMW dQNeUW\ MVdL [OdfMT UWXMN MWXMWTZeb

KLM QNTUi UlVTUQW QS NPQYUXUW\ TU\LT UWWMP ZQQNR [e ORUW\ V RMWTUWMZ XMk
RdPU[ MX UW RMdTUQW t bwwb� LVR VZRQ [ MMW UiNZMi MWTMX b

�54 54 � -+*.-9*1
KLM UiNZMi MWTVTUQW QS [VdfhVPXR UTMPVTUQW UW TLM dLVUWMX LVRL TV[ZM UR YMPe
UWMn dUMWT b KLUR UR [ MdVORM TLM dLVUWR dQWWMdTUW\ MZMi MWTR VPM RUW\Ze ZUWfMX
hLUdL i MVWR TLVT TLMPM UR WQ MVRe hVe TQ cWX TLM NPMYUQOR MZMi MWT b
=W TLM TLUR dVRM TLM NPMYUQOR WQWkMiNTe [OdfMT iORT [ M ZQ dVTMX b o LMW

TLUR [OdfMT UR SQOWX TLM [OdfMT dLVUW iORT [ M TPVYMPRMX TQ cWX TLM MZMi MWT
�ORT [ MSQPM TLM MZMi MWT TQ hLUdL TLM UTMPVTQP hVR NPMYUQORZe PMSMPPUW\ b

oM TLMPMSQPM XQ WQT PMdQiiMWX UTMPVTUW\ [VdfhVPXR TLPQO\L TLM dLVUWMX
LVRL TV[ZM b 	QPTOWVTMZe ORM QS [VdfhVPX UTMPVTUQW UR WQT dQiiQWZe WMMXMX b

�5� � '( +.* 0.10 -.�/+1
KLM QWMkTV[ZM VWX TLM ThQkTV[ZM UiNZMi MWTVTUQWR QS ZUWMVP LVRL TV[ZMR RLVPM
V RU\WUcdVWT Vi QOWT QS dQXM b KLM ThQ XU� MP QWZe UW TLMUP [OdfMT YMdTQP QP\Vk



r�

WUlVTUQW b =W TLM SQZZQh UW\ hM VPM TLMPMSQPM PMSMPPUW\ TQ [ QTL UiNZMi MWTVTUQWR
OWZMRR QTLMPh URM WQTMX b

�5� 56 	0+ -.�/+ )0.'(

KLM ZUWMVP LVRL TV[ZM RTQPV\M N QZUdUMR [ QTL XMcWM V [OdfMT dLVUW VR V RM\i MWT
QS V dUPdOZVP XQO[Ze ZUWfMX ZURT dQWTVUWUW\ VZZ dQiNVPTi MWTR UW TLM LVRL TV[ZM b
KLM [OdfMTR dQWRURT QS ThQ NQUWTMPR TLVT XMZUi UT V RMdTUQW QS TLM -.�/+ )0.'( b
KLM TV[ZM dLVUW VZhVeR dQWTVUWR VT ZMVRT QWM MZMi MWT g TLM RMWTUWMZ g hLUdL
SOWdTUQWR VR V NZVdM LQZXMP TQ hLUdL QTLMP dQiNVPTi MWTR i Ve [ M VNN MWXMX b
� RUW\ V RMWTUWMZ NPQYMX TQ [ M V ORMSOZ QNTUi UlVTUQW [ MdVORM TLM RN MdUVZ dVRM
hLMW TLM [OdfMT dLVUW [ MdQi MR MiNTe UR VYQUXMX b KLM NPUi VPe i QTUYVTUQW
SQP UiNZMi MWTUW\ V TV[ZM dLVUW UR TLVT UT i VfMR UT N QRRU[ ZM TQ UTMPVTM QYMP VZZ
MZMi MWTR UW TLM LVRL TV[ZM h UTL V YMPe Ri VZZ Vi QOWT QS QYMPLMVX b

oM UWUTUVZZe LVX RQi M NPQ[ZMi R [ MdVORM hM LVX XMcWMX TLM ThQ NQUWTMPR
h UTLUW V [OdfMT UW V i VWWMP RUi UZVP TQ LQh TLM ��� � �� VWX ��� �� UTMPVTQPR
VPM XMcWMX b KLM N QUWTMP XMRU\WVTUW\ TLM MWX QS TLM [OdfMT VdTOVZZe PMSMPPMX
TQ TLM MZMi MWT �ORT [ MeQWX TLM ZVRT MZMi MWT b KLUR i MVWT TLVT TLM MWX NQUWTMP
QS QWM [OdfMT VWX TLM RTVPT N QUWTMP QS TLM WMpT [OdfMT dQUWdUXMX b oM SQOWX
TLVT TLUR XMcW UTUQW QS V [OdfMT VdTOVZZe NPQXOdMX SMhMP RN MdUVZ dVRMR [OT
LVX TLM �Vh TLVT VddMRR TQ TLM NPMYUQOR [OdfMT hVR PMmOUPMX hLMW XMZMTUW\ V
[OdfMT �R cPRT MZMi MWT b ]QWRMmOMWTZeg UT N MPSQPi MX hQPRM TLVW TLM VZTMPWVTUYM
UiNZMi MWTVTUQW hLMPM [ QTL N QUWTMPR h UTLUW V [OdfMT hMPM UWdZORUYM b oM
WQTMX V w%� \VUW UW N MPSQPi VWdM QW VW UWUTUVZ TMRT QS UWRMPTUQW ORUW\ TLM
UWdZORUYM [OdfMT XMcWUTUQW b

oM XQ WQT VYQUX TLM [OdfMT VddMRR NPQ[ZMi MWTUPMZeg VR UT RLQOZX [ M N QRRU[ ZM
TQ XMZMTM VW MZMi MWT [e ORUW\ VW UTMPVTQP PMSMPPUW\ TQ UT b KLM NPQ[ZMi UR TLVT
UT h UZZ [ MdQi M WMdMRRVPe TQ i QXUSe TLM [OdfMT hLMW TLM MZMi MWT VT TLM RTVPT
QP VT TLM MWX QS TLM [OdfMT dLVUW UR XMZMTMX g VWX TLM PMSMPPMX MZMi MWT XQMR
WQT \UYM XUPMdT fWQh ZMX\M QS hLUdL [OdfMT TLUR MZMi MWT ZUMR h UTLUW b =W ROdL
dVRMR TLM [OdfMT UW mOMRTUQW iORT [ M SQOWX ORUW\ TLM MZMi MWT �R LVRL YVZOM g
TLMPM[e VXXUW\ TQ TLM dQRT QS TLM XMZMTM QN MPVTUQW b

�5� 54 � -9*.2 +

KLM ThQkTV[ZM UiNZMi MWTVTUQW ORMR ThQ `Ka XQO[ZUW\ YMdTQPR SQP UiNZMi MWTk
UW\ TLM ThQ TV[ZMR VR XMRdPU[ MX UW RMdTUQW t b% hUTL TLM MpdMNTUQW TLVT UWRTMVX
QS VZRQ VZZQ dVTUW\ V WMh TV[ZM g TLM MiNTe TV[ZM UR PMRUlMX VWX PMORMX b KLUR
dVW [ M MVRUZe UiNZMi MWTMX [e dVZZUW\ ���� b

j R i MWTUQWMX UW RMdTUQW t b
 hM ORM V 1� .)+ +� )'+(- �9��/'(2 -*++ TQ VZZQ dVTM
TLM [OdfMT YMdTQP UW TLM QWMkTV[ZM UiNZMi MWTVTUQW b
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�5� 56 � .10 +* � .)-9*'+1
oM LVYM UiNZMi MWTMX ThQ OWUYMPRVZ dZVRRMR QS LVRL SOWdTUQW hLUdL LVYM [ MMW
ORMX SQP [ MWdLi VPfUW\ b KLM ��$  ��������������$ UR MmO UYVZMWT TQ TLM PVWk
XQi ZQQfON TV[ZM SOWdTUQW XMRdPU[ MX UW RMdTUQW t b� bt g hLUZM TLM ��  !�$���������$
UR SPQi qt
v b

�5� 54 �.(�9, '�.-'9(

�OM TQ TLM YVPeUW\ PMZUV[UZUTe QS TLM $��� �� SOWdTUQWR VdPQRR XU� MPMWT VPk
dLUTMdTOPMR g hM LVYM UiNZMi MWTMX V NRMOXQ PVWXQi WOi[MP \MWMPVTQP VR
XMRdPU[ MX [e �WOTL qt� v b KLM PVWXQi WOi[MPR VPM ORMX UW TLM LVRLMP SVdk
TQPUMR hLMW Rh UTdLUW\ LVRL SOWdTUQWR b

�5� �,� /+, +( -.-'9( �+: )'+( )'+1
KLUR UR V RLQPT QYMPYUMh QS i URRUW\ NVPTR QS QOP UiNZMi MWTVTUQW b

�5� 56 � �./�.-'9( 9� -0 + 0.10 � �()-'9(
KLM VdTOVZ dVZdOZVTUQW QS TLM LVRL YVZOM UR WQT dOPPMWTZe XQWM UW TLM RTQPV\M
N QZUde dZVRR g hLUdL NPMYMWTR UiNZMi MWTVTUQW QS LVRL SOWdTUQW Rh UTdLUW\ QW
MpNVWRUQW VWX dQWTPVdTUQW b KLUR dQOZX N QTMWTUVZZe [ M RQZYMX [e NVRRUW\ TLM
LVRLMP SVdTQPe TMiNZVTM NVPVi MTMP QW TQ TLM RTQPV\M N QZUdeg VWX VXXUW\ V
���� � ��� NVPVi MTMP TQ TLM RTQPV\M N QZUde UWTMPSVdM g hLUdL hQOZX [ M XMZMk
\VTMX TQ TLM dQWTVUWMX LVRLMP b

�5� 54 �� )/��'(2 -0 + 0.10 �./� +
KLM RTQPUW\ QS TLM LVRL YVZOM UR V TPVXM SQP RN MMX VT TLM dQRT QS RNVdM b =W
TLM dOPPMWT UiNZMi MWTVTUQWR UT UR WQT N QRRU[ ZM TQ RN MdUSe TLVT TLM LVRL YVZOM
RLQO ZX WQT [ M RTQPMX b KLUR UR RO[kQNTUi VZ g VWX hM LVYM XURdORRMX V dQONZM
QS i MTLQXR TLVT hQOZX i VfM UT N QRRU[ ZM TQ WQT RVYM TLM LVRL YVZOM b
=T dQOZX [ M VP\OMX TLVT US TLM fMe ORMX UW V RN MdUcd UWRTVWTUVTUQW QS V LVRL

TV[ZM UR V RUiNZM XVTV TeN M hLUdL UR TLM RVi M RUlM QP Ri VZZMP TLVW TLM RTQPMX
LVRL YVZOM g TLMPM UR WQ [ MWMcT \VUWMX UW RTQPUW\ TLM LVRL YVZOM VWX TLMPMSQPM
TLUR RUTOVTUQW RLQOZX [ M VOTQi VTUdVZZe XMTMdTMX RQ TLVT RTQPUW\ QS TLM Ui V\M
UR [ M ZMST QOT b =T RLQOZX VZRQ [ M N QRRU[ ZM TQ MpNZUdUTZe RN MdUSe US TLM Ui V\M
RLQO ZX ZMST QOT QP UWdZOXMX NPQYUXMX TLM fMe UR WQT V N QUWTMP QP V PMSMPMWdM
TeN M b

KLM XMRU\W QS LQh TQ QNTUQWVZZe ZMVYM QOT TLM LVRL YVZOM LVR WQT [ MMW
ROddMRRSO ZZe dQiNZMTMX b �OP NPQN QRMX RQZOTUQW TQ TLUR NPQ[ZMi UR TQ ORM V
dQWRTPOdTUQW RUi UZVP TQ TLVT ORMX SQP TLM !��������� b j dZVRR RUi UZVP TQ
TLM ����������$ dQOZX [ M ORMX SQP TVfUW\ QOT TLM RTQPMX LVRL YVZOM SPQi V
dQiNVPTi MWT hLMW TLUR UR WMMXMX b



ru

� D � ����GHI��
oM LMPM NPMRMWT VW QYMPYUMh QS QOP [ MWdLi VPf dQWc\OPVTUQW VWX V PMNPMRMWk
TVTUYM RO[RMT QS TLM [ MWdLi VPf PMROZTR b =WdZOXUW\ VZZ [ MWdLi VPfR hQOZX WQT
[ M �ORTUc V[ZM g [ MdVORM TLMPM VPM iOdL TQQ i VWe 	�
sss
 b j ZZ [ MWdLi VPfR
LVYM [ MMW POW h UTL TLM �+(� TQQZ qr� g w
v ORUW\ QOP TLPMM LVRL TV[ZM UiNZMk
i MWTVTUQWR VWX TLM Mp URTUW\ �QQ\ZM VWX `� = LVRL TV[ZM UiNZMi MWTVTUQWR b

� 56 �(� � - �.-.
KLM TLPMM [VRUd LVRL TV[ZM QN MPVTUQWR UWRMPT g ZQQfON VWX XMZMTM VWX VZRQ SQPk
hVPX UTMPVTUQW g LVYM [ MMW [ MWdLi VPfMX h UTL YVPUV[ZM RUlMX RTPUW\R g dLVPVdTMP
VPPVeR QS cpMX RUlM 	ws [eTMR
 g VWX i VdLUWM hQPX RUlMX XVTV 	UWTM\MPR
 b

� VWXQi UWNOT XVTV UR ORMX VR hMZZ VR XVTV VUi MX VT [ MUW\ PMNPMRMWTVTUYM
QS TLM fUWXR QS XVTV TLVT dQOZX [ M ORMX UW PMVZURTUd RMTTUW\ b KLM SQZZQh UW\
ZURTR XMTVUZ TLM fUWX UWNOT XVTV ORMX �
E�I ����

�H��� �VPUV[ZM RUlMX RTPUW\R dQZZMdTMX h UTL TLM �#"��� �WUp NPQ\PVi b
��I�� j ZVP\M hQPX ZURT dQZZMdTMX SPQi �WUp XUdTUQWVPUMR VWX TMpT c ZMR

SPQi ���� ������ ��������$� �#$� �
IH���G ^PUWTV[ ZM URQ���
k w RTPUW\R \MWMPVTMX ORUW\ V NRMOXQ PVWXQi

WOi[MP \MWMPVTQP b
������I�

����� _Oi VW \MWQi M XVTV q
v dQWYMPTMX TQ [UWVPe XVTV [e PMNPMRMWTk
UW\ Vi UWQ VdUXR h UTL t [UTR b

IH���G � VPRV\ZUV PVWXQi WOi[MP dQZZMdTUQWR qt�v b

� 54 �9(: 2�*.-'9(
KLM i MTPUdR TLVT hM LVYM dLQRMW TQ SQdOR QW SQP MVdL QN MPVTUQW SQZZQh SPQi
TLM RN MdUcdVTUQW QS ORV\M NPQc ZMR SPQi RMdTUQW t bwb KLMe VPM TQTVZ MpMdOTUQW
TUi M g PMRN QWRM TUi M 	RTVWXVPX XMYUVTUQW QS MpMdOTUQW TUi M N MP QN MPVTUQW 
 g
Vi QOWT QS i Mi QPe VZZQ dVTMX g dVdLM VddMRRMR g VWX dVdLM i URR PVTUQ b `Qi M QS
TLMRM i MTPUdR PMmOUPMX TLM ^j^ = qwrv MpTMWRUQWR b
< QT VZZ dQi[UWVTUQWR QS TLM SQOP V[ QYM i MWTUQWMX QN MPVTUQWR VWX TLMRM

i MTPUdR i VfM RMWRM b � MVROPUW\ i MiQPe VZZQ dVTUQW SQP VW QN MPVTUQW ZUfM UTk
MPVTUQW UR WQT UWTMPMRTUW\ [ MdVORM TLM Vi QOWT QS i Mi QPe VZZQ dVTMX PMi VUWR
dQWRTVWT b j WOi[MP QS OWhVWTMX i MVROPMi MWTR LVYM TLMPMSQPM [ MMW Mpk
dZOXMX b j XUV\PVi QS TLM VdTOVZ [ MWdLi VPfR POW dVW [ M RMMW UW c\OPM wt b

j ZZ QS TLM [ MWdLi VPf NPQ\PVi R hMPM dQiNUZMX h UTL � "" ORUW\ TLM ���
QNTUi UlVTUQW �V\ b

� 5� � .)0'( +1
KLM SQZZQh UW\ ThQ i VdLUWMR LVYM [ MMW ORMX TQ POW TLM [ MWdLi VPfR b �QTL
i VdLUWMR LVYM V ).)0 + /'( + 1'� + 	QSTMW PMSMPPMX TQ VR �/9)� 1'� + 
 QS %� [eTMR b
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jZZ [ MWdLi VPfR TLVT LVYM [ MMW POW QW V ^MWTUOi � LVYM [ MMW POW QW QWM QS
TLM RTOXMWT RMPYMPR VT �=�� b KLM LVPXhVPM RN MdUcdVTUQWR QS TLMRM i VdLUWMR
VPM UXMWTUdVZ VWX hM h UZZ TLMPMSQPM PMSMP TQ TLMi VR �TLM ^MWTUOi � iVdLUWM�
UW TLM SQZZQh UW\ RMdTUQWR b KLM i VdLUWMR hMPM VZZ POWWUW\ \MWTQQ aUWOp t b% bws g
VWX TLM ]^� RN MdUcdVTUQWR hMPM VR SQZZQh R qw�v �

]^� t p =WTMZ ^MWTUOi � ]^� r bss�_l
�j� t ��

a w ]VdLM wt � k XMdQXMX
µ

�NR MpMdOTUQW TPVdM � w%�� XVTV dVdLM g �khVe
at ]VdLM w �� g �khVe

� 5� 54 ��� ��

KLUR i VdLUWM hVR POWWUW\ \MWTQQ aUWOp t b% b
 hUTL ^j^ = MpTMWRUQWR VWX V
i UWUiOi ViQOWT QS POWWUW\ NPQdMRRMR b ]^� RN MdUcdVTUQWR hMPM SQOWX UW
qwv

]^� w p j��%� t�_l rsss�
�j� � wt ��

a w ]VdLM %� �� XVTV VWX UWRTPOdTUQW dVdLM g tkhVe
at ]VdLM � wt �� g w%khVe

� 5� � +.1�*+, +(-1
�pTMWRUQWR TQ TLM [ MWdLi VPf TQQZ hMPM hPUTTMW TQ RONNQPT ]^� dedZM dQOWT
i MVROPMi MWTR VWX i MiQPe VZZQ dVTUQW b j RN MdUVZ VZZQ dVTQP hVR ORMX SQP TLM
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ZVTTMP MpTMWRUQW b KLM PMROZTR QS [ MWdLi VPf POWR hMPM dQZZMdTMX UW V RMT QS
c ZMR MWV[ZUW\ ZVTMP MpTPVdTUQWR VWX VWVZeRUR [e SQP UWRTVWdM [e ORUW\ �����#� b

� 5� 56 � ', '-.-'9(1
KLM ^j^ = MpTMWRUQWR hMPM WQT VYVUZV[ZM QW TLM ^MWTUOi � VWX TLMPMSQPM RQi M
i MVROPMi MWTR VPM i URRUW\ SPQi [MWdLi VPfR TLVT hMPM POW QW TLUR i VdLUWM b
� QPMQYMP g UT UR WQT N QRRU[ ZM TQ UWRTVWTUVTM TLM �QQ\ZM LVRL TV[ZMR h UTL V
dORTQi VZZQ dVTQP hLMPMSQPM WQ i MiQPe VZZQ dVTUQW XVTV LVR [ MMW \VTLMPMX
SQP TLMRM UiNZMi MWTVTUQWR b

oM LVYM dQWRURTMWTZe ORMX TLM ��$  ��������������$ 	PVWXQi TV[ZM ZQQfON
i MTLQX 
 SQP RTPUW\ XVTV VWX TLM ��  !�$���������$ 	TLM i MTLQX QS qt
 g RMdk
TUQW � v
 SQP UWTM\MP XVTV b
�WZe SQPhVPX UTMPVTUQW LVR [ MMW [ MWdLi VPfMX [ MdVORM WMUTLMP TLM �QQ\ZM

WQP `� = LVRL TV[ZMR RONNQPT PMYMPRM UTMPVTUQW b

� 5� 54 �9.� � .)-9*1
KLM �QQ\ZM LVRL TV[ZMR RMT TLM i VpUiOi ZQVX SVdTQP TQ s b� b KLM `� = LVRL
TV[ZMR ORM V RTPVTM\e TLVT M�MdTUYMZe ZUi UTR TLM i VpUiOi ZQVX SVdTQP TQ wb
oM UWUTUVZZe ORMX V i VpUiOi ZQVX SVdTQP QS � g [OT LVYM ZVTMP dLVW\MX TLUR TQ
w TQ [ M V[ZM TQ dQiNVPM TLM [ MLVYUQP QS QOP UiNZMi MWTVTUQWR [ MTTMP TQ TLVT
QS TLM QTLMP LVRL TV[ZMR b � RUW\ V ZQVX SVdTQP QS w QOP LVRL TV[ZMR hMPM V[ZM
TQ dQiNMTM h UTL TLM QTLMPR UW i QRT QS TLM [ MWdLi VPfR b

� 5� � +1� /-1
KLM PMROZTR QS TLM [ MWdLi VPfR VPM NPMRMWTMX [ MZQh b

� 5� 56 	0*9�20� � -
oM LVYM i MVROPMX TLM TLPQO\LNOT QS QN MPVTUQWR ORUW\ ThQ i MTLQXR � ]^�
TUi M hLUdL UR TLM TQTVZ WOi[MP QS RMdQWXR TVfMW TQ N MPSQPi V \UYMW Vi QOWT QS
QN MPVTUQWR g VWX VZRQ TLM WOi[MP QS ]^� dZQ dfkdedZMR ORMX SQP MVdL QN MPVTUQW b
�OP LVRL TV[ZMR N MPSQPi mOUTM hMZZ QW  � ��$� QN MPVTUQWR VR dVW [ M RMMW QW

c\OPM w� b KLM dLVUWMX LVRL TV[ZM N MPSQPi R NVPTUdOZVPZe hMZZ UW TLUR [ MWdLk
i VPf hLUdL dVW [ M VTTPU[OTMX TQ TLM SVdT TLVT TLM cPRT dQiNVPTi MWT UR fMNT
h UTLUW TLM [OdfMT YMdTQP VWX TLOR i Ve NPMYMWT QWM dVdLM i URR b =WRMPTUQW
QS dLVPVdTMP VPPVeR UR WQT VR Mn dUMWT g NPQ[V[Ze XOM TQ TLM NPUdM QS dQNeUW\
ZVP\MP XVTV [ZQdfR UWTQ TLUR cPRT dQiNVPTi MWT VWX TLM PMROZTUW\ TLPVRLUW\
TLVT TLUR UWTPQXOdMR b j RUi UZVP [ MLVYUQP UR MpLU[UTMX h UTL XMZMTM QN MPVTUQWR
	RMM c\OPM wr
 b
� MdVORM QS TLM dVdLM VddMRR RVYMX [e RTQPUW\ LVRL YVZOMR hM RMM VW UWdPMVRM

UW N MPSQPi VWdM dQiNVPMX TQ TLM dQiNMTUW\ UiNZMi MWTVTUQWR hLMW TLM fMeR
VPM VddMRRMX [e PMSMPMWdM VR QNN QRMX TQ [e YVZOM 	VZRQ XURNZVeMX UW c\OPM w� 
 b
� OdL QS TLM \QQX N MPSQPi VWdM MpLU[UTMX QW UWRMPTUQW VWX XMZMTUQW UR dQWk

WMdTMX TQ TLM N MPSQPi VWdM QS TLM �##��� QN MPVTUQW b =W TLMRM [ MWdLi VPfR
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TLM �##��� QN MPVTUQW h UTLUW TLM  � ��$� QN MPVTUQW UR VZhVeR VW OWROddMRRSO Z
RMVPdL b ]QWYMPRMZeg TLM ������ QN MPVTUQWR VZZ RTVPT [e N MPSQPi UW\ V �##���
QW VW Mp URTUW\ MZMi MWT b � QPM MZMi MWTR h UZZ LVYM TQ [ M TPVYMPRMX QW VYMPV\M
hLMW N MPSQPi UW\ V ZQQfON QS VW MZMi MWT TLVT XQMR WQT Mp URT VR TLM MWTUPM
ZUWfMX ZURT h UZZ LVYM TQ [ M TPVYMPRMX b

KLM �##��� QN MPVTUQW MpLU[UTR TLM [ MRT N MPSQPi VWdM UW TLM dLVUWMX LVRL
TV[ZM VWX TLM hQPRT UW TLM ZUWMVP LVRL TV[ZMR 	RMM c\OPM w�
 b oM [ MZUMYM TLVT
TLUR UR dVORMX [e V XU� MPMWdMR UW TLM i MTLQX [e hLUdL TLM ThQ ZUWMVP LVRL
TV[ZMR VWX TLM dLVUWMX LVRL TV[ZM RMVPdL SQP VW MZMi MWT h UTLUW V [OdfMT b
� STMW ZQQfONR UW TLM dLVUWMX LVRL TV[ZM QddOP h UTLUW TLM [OdfMT YMdTQP QS
hLUdL NVPTR VPM ZUfMZe TQ [ M RTQPMX UW TLM a w QP at dVdLM b KLUR LVRL TV[ZM
VZRQ ORMR V TU\LT UWWMP ZQQN VR XMRdPU[ MX UW RMdTUQW t bwwb� g dVORUW\ SOPTLMP
RN MMXON b KLM ZUWMVP LVRL TV[ZMR UiNZMi MWT V XQO[Ze ZUWfMX ZURT VWX TLMPMSQPM
LVYM QWM i QPM N QUWTMP N MP dQiNVPTi MWT TLVW TLM dLVUWMX LVRL TV[ZM b oM
TLUWf TLVT TLUR i Ve [ M MpLVORTUW\ TLM dVdLM PMRQOPdMR i QPM mOUdfZeg hLUdL
h UZZ dQWTPU[OTM TQ V N MPSQPi VWdM ZQRR b

j R MpN MdTMX g TLM QN MW LVRLUW\ i MTLQXR RO� MP SPQi OWMYMWZe XURTPU[OTMX
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XVTV QW XMZMTUQW 	RMM c\OPM w%
 b

� 5� 54 � +1� 9(1+ -', +
� MdVORM TLM [OdfMTR VPM XMcWMX VR V RMdTUQW QS V dUPdOZVP ZUWfMX ZURT dQWTVUWUW\
VZZ MZMi MWTR g UTMPVTUQW QW TLM ZUWMVP LVRL TV[ZMR MpLU[UTR TLM ZMVRT Vi QOWT QS
YVPUV[UZUTeb =TMPVTUW\ QYMP TLM ZUWMVP LVRL TV[ZMR UR WQT VR SVRT VR UTMPVTUW\ QYMP
TLM dLVUWMXk VWX �QQ\ZM LVRL TV[ZMR hLUdL VZZ [ MWMcT SPQi dVdLM NPMSMTdL g
VR TLMe TPVYMPRM TLM MZMi MWTR UW QPXMP QS UWdPMVRUW\ VXXPMRRMR 	RMM c\OPM wu
 b
	< QTM TLVT TLUR UR WQT TPOM QS TLM dLVUWMX LVRL TV[ZM US TLM dLVUWR VPM ZQW\MP
TLVW QWM MZMi MWT b

	QP TLM �##��� VWX ������ QN MPVTUQWR V LU\LMP ZQVX SVdTQP \MWMPVZZe UWTPQk

XOdMR V LU\LMP Vi QOWT QS YVPUV[UZUTe [ MdVORM TLM ZUWfMX ZURTR [ MdQi M ZQW\MP b
	QP TLM  � ��$� QN MPVTUQW QW TLM ZUWMVP LVRL g TLM UWYMPRM UR TPOM g VR V ZQh
ZQVX SVdTQP UWdOPR [OdfMT RNZUTTUW\ QW V ZVP\MP NPQN QPTUQW QS TLM UWRMPTUQWR b

� 5� 5� � / /9).-'9(
o UTL V i Vp ZQVX SVdTQP ZUi UT QS cYM TLM dLVUWMX LVRL TV[ZM TVfMR ON TLM ZMVRT
i Mi QPeg SQZZQhMX [e TLM QWMk VWX ThQkTV[ZM UiNZMi MWTVTUQWR g PMRN MdTUYMZeb
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KLUR VXYVWTV\M UR ZQRT hLMW XMdPMVRUW\ TLM i VpUiOi ZQVX SVdTQP VR dVW [ M
RMMW QW c\OPM w� b KLM dLVUWMX VWX QWMkTV[ZM UiNZMi MWTVTUQWR WQh ORM V[ QOT
TLM RVi M Vi QOWT QS i Mi QPe QW VYMPV\M b KLM XPQN UW ZQVX SVdTQP V� MdTR TLM
dLVUWMX UiNZMi MWTVTUQW i QPM RMYMPZe [ MdVORM UTR [OdfMTR VPM [U\\MP b
< QTM TLVT TLM QWMkTV[ZM UiNZMi MWTVTUQW VZZQ dVTMR NPMdURMZe TLM RVi M Vi QOWT

QS i Mi QPe N MP MZMi MWT PM\VPXZMRR QS LQh i VWe MZMi MWTR UT dQWTVUWR b j ZRQ g UT
UR hQPTL WQTUW\ TLVT UW TLM ZQhMP ZMST c\OPM TLM dLVUWMX LVRL TV[ZM VNN MVPR TQ
[ M ORUW\ VW Vi QOWT QS i Mi QPe TLVT UR ZUWMVPZe NPQN QPTUQWVZ TQ TLM WOi[MP QS
MZMi MWTR b KLUR [ MLVYUQOP UR dVORMX [e TLM MpNVWX QN MPVTUQW �NOZZUW\ UW� VWX
XMVZZQ dVTUW\ i QRT QS TLM MpTMPWVZZe VZZQ dVTMX dQiNVPTi MWTR hLMW MpNVWXUW\
TLM [OdfMT YMdTQP g VR TLM dLVUWR WVTOPVZZe [ MdQi M RLQPTMP b KLUR XViNMWR TLM
M� MdT QS MpNVWXUW\ TLM [OdfMT YMdTQP g VWX PMXOdMR TLM �RNUfMR� TQ TLM N QUWT
hLMPM TLMe VZi QRT XURVNN MVP b

� D � ���F�����
� 56 � )9,, +(- 9( , +.1�*+, +(- .))�*.)�
=WUTUVZZeg TLM dZQ df dedZM dQOWT i MVROPMi MWTR hMPM UWdZOXMX QWZe SQP i MVk
ROPUW\ YVPUV[ UZUTe UW MpMdOTUQW TUi M N MP QN MPVTUQW b oM TLMW SQOWX TLVT hM
dQOZX MVRUZe ORM TLUR VW VZTMPWVTUYM i MVWR QS i MVROPUW\ TQTVZ MpMdOTUQW TUi M g
SQP hLUdL TLM �]^� TUi M� [ MWdLi VPf hVR QPU\UWVZZe UWTMWXMX b KLUR OWdQYk
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MPMX RQi M ROPNPURUW\ XURdPMNVWdUMR g SQP hLUdL TLM MpVdT PMVRQWR VPM eMT TQ [ M
dQYMPMX b oM XQ g LQhMYMP g LVYM ThQ NQRRU[ ZM LeN QTLMRMR b
� MVROPMi MWTR LVYM UWXUdVTMX TLVT TLMPM VPM QWZe wss XURTUWdT YVZOMR N MP

RMdQWX VYVUZV[ZM SPQi TLM "�#"� �� ReRTMi dVZZ ORMX TQ i MVROPM ]^� TUi M b
jXXUTUQWVZZeg TLM dQOWTMP VddMRRMX [e "�#"� �� UR i VUWTVUWMX [e TLM QN MPVTUW\
ReRTMi �R RdLMXOZUW\ VZ\QPUTLi g hLUdL i Ve QP i Ve WQT [ M XMRU\WMX TQ NPQYUXM
NPMdURM VddQOWTUW\ b
�W TLM QTLMP LVWX g TLM dZQ df dedZM dQOWT i MVROPMi MWTR VPM TVfMW QW V

RUW\ZM QN MPVTUQW [VRUR g hLUdL UWTPQXOdMR ^j^ = dVZZR h UTLUW TLM UWWMP ZQQN QS
TLM [ MWdLi VPf b jW VXXUTUQWVZ POW UR N MPSQPi MX hLMPM QWZe TLM ^j^ = dQXM
UR MpMdOTMX g hLUdL UR RO[TPVdTMX SPQi TLM cPRT g [OT hM RORN MdT TLVT i QPM
RO[TZM M� MdTR i Ve QddOP b �WM QS TLMRM UR TLVT TLM Ri VZZ XMZVe UWTPQXOdMX
[ MThMMW MVdL LVRL TV[ZM QN MPVTUQW i Ve VZZQh dVdLM NPMSMTdL TQ SOWdTUQW
i QPM Mn dUMWTZeg VR TLMPM UR i QPM TUi M SQP TLM a w VWX at dVdLMR TQ SMTdL XVTV b
oM LVYM WQT [ MMW V[ZM TQ XMTMPi UWM US TL UR UR TLM dVRM b

� 54 �( -0 + 1�))+11� � /( +11 9� 9�* �+1'2(
jR MpN MdTMX g UWRMPTUQW TUi M UW TLM ZUWMVP LVRL TV[ZM [VRMX UiNZMi MWTVTUQWR
LVX V YMPe ZQh YVPUV[UZUTeb _QhMYMP g TLM ZQh dQRT QS TLMRM UWRMPTUQWR hVR
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ROPNPURUW\ g MRN MdUVZZe VT V i VpUiOi ZQVX SVdTQP QS wg hLMPM VW MpNVWRUQW
QN MPVTUQW UR TPU\\MPMX QW MYMPe UWRMPTUQW b oM PMZVTM TLUR TQ TLM ZQhMPMX
TLPVRLUW\ dVORMX [e N MPSQPi UW\ \PVXOVZ XVTV dQNeUW\ b
�W TLM QTLMP LVWX g TLM ZQQfON QN MPVTUQWR hMPM OWMpN MdTMXZe RZQh UW [ QTL

TLM ZUWMVP VWX dLVUWMX LVRL TV[ZM UiNZMi MWTVTUQWR b KLM MpVdT dVORM QS TLUR
UR RTUZZ OWfWQhW g [OT hM RORN MdT TLVT TLM ZVP\M RUlM QS QOP dQiNVPTi MWT
RTPOdTOPM dQiNVPMX TQ TLVT QS TLM PUYVZUW\ UiNZMi MWTVTUQWR i Ve MpLVORT
dVdLM PMRQOPdMR i QPM PVNUXZeb 	OPTLMP hQPf RLQOZX [ M XQWM UW TLUR VPMV b

jWQTLMP ROPNPURM g hVR TLM N MPSQPi VWdM QS UTMPVTUQW hLMW WQT ORUW\ V TV[ZM
dLVUW b KLM TV[ZM dLVUW \OVPVWTMMR dQWRTVWT TUi M UTMPVTUQW g [OT TLM dVdLM
[ MWMcT QS VddMRRUW\ TLM MZMi MWTR [e UWdPMVRUW\ i MiQPe VXXPMRRMR XhVPYMR
TLUR VXYVWTV\M b �OP dQiNOTVTUQWR PM\VPXUW\ MpN MdTMX XURTVWdM [ MThMMW WQWk
MiNTe [OdfMTR VZRQ VNN MVP TQ LQZX g VR hM XQ WQT RMM V RU\W Uc dVWT PMXOdTUQW
UW UTMPVTUQW N MPSQPi VWdM UW TLM dLVUWMX LVRL g MYMW hLMW TLM ZQVX SVdTQP UR
LU\L 	VWX TLM dVdLM VXYVWTV\M TLMPMSQPM UR Ri VZZMP
 b

oM dQWdZOXM TLVT TLM RTQPV\M QS LVRL YVZOMR UR RTUZZ V RQOWX QNTUi UlVTUQW g
VR QOP UiNZMi MWTVTUQWR RLQh V Ri VZZMP N MPSQPi VWdM N MWVZTe QW VddMRR [e
PMSMPMWdM VR QNN QRMX TQ VddMRR [e YVZOM TLVW TLM dQiNMTUTQPR b _QhMYMP g
hM LVYM WQT N MPSQPi MX i MVROPMi MWTR QS hLUdL [ MWMcdUVZ M� MdT UR i QPM Ui k
N QPTVWT � KLM PMXOdTUQW UW LVRL SOWdTUQW MYVZOVTUQW TUi M g QP TLM PMXOdTUQW
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UW TLM WOi[MP QS dVdLM i URRMR b j ZRQ g TLM i MiQPe dQWROiNTUQW N MWVZTe UR
RU\WUcdVWT b
	 UWVZZeg TLM RTQPV\M QS TLM cPRT dQiNVPTi MWT h UTLUW TLM [OdfMT YMdTQP TLVT

UR O RMX UW TLM dLVUWMX LVRL UR V \QQX i MiQPe dQWROiNTUQW QNTUi UlVTUQW US
TLM XURTPU[OTUQW UR MYMW g [OT ZQQRMR iOdL QS UTR VXYVWTV\M hLMW [OdfMTR VPM
ZMST MiNTeb =T UR VZRQ YOZWMPV[ZM N MPSQPi VWdMkh URM hLMW TLM MZMi MWT TeN M UR
ZVP\M [ MdVORM QS UWdPMVRMX dQNeUW\ b

� 54 56 �� -�*+ � 9*�
oM LVYM N MPSQPi MX V [PQVX VPPVe QS [ MWdLi VPfR g [OT VXXUTUQWVZ i MVROPMk
i MWTR RLQO ZX [ M XQWM TQ dZMVP ON RQi M OWPMRQZYMX URROMR b

oM MpN MdT TLVT QOP YVPUMX XURTPU[OTUQWR \UYM V SVUPZe PMVZURTUd NUdTOPM QS
PMVZkhQPZX N MPSQPi VWdM g [OT hM XQ WQT YVPe QOP QN MPVTUQW XURTPU[OTUQW g VWX
[ MdVORM QS TLUR g WQWkReWTLMTUd [ MWdLi VPfR RLQOZX VZRQ [ M POW b KLUR hM XUX
WQT XQ [ MdVORM QS TUi M dQWdMPWR b
< Q i MVROPMi MWTR QS dLVUW ZMW\TLR hMPM N MPSQPi MX g VWX QOP VRROiNTUQWR

PM\VPXUW\ dLVUW ZMW\TLR VPM RTUZZ �ORT [VRMX UW TLMQPeb
j R WQTMX V[ QYM g V [ MWdLi VPf RLQOZX VZRQ [ M N MPSQPi MX TQ XMTMPi UWM

hLMTLMP TLM RTQPV\M QS LVRL YVZOMR [ MWMcTR dVdLM N MPSQPi VWdM QP LVRL SOWdk
TUQW MYVZOVTUQW TUi M TLM i QRT b
=W TLUR PMN QPT g hM LVYM VZRQ RO\\MRTMX ThQ NQTMWTUVZ QNTUi UlVTUQWR TLVT hMPM

WQT UiNZMi MWTMX g [OT hLUdL RLQOZX [ M NVPT QS V cWVZ UiNZMi MWTVTUQW b KLM
cPRT QS TLMRM UR MpTMWXUW\ TLM XMRU\W TQ VZZQh SQP ZMVYUW\ QOT TLM LVRL YVZOM
SPQi TLM dQiNVPTi MWT RTPOdTOPM QW Ri VZZ fMe TeN MR b KLUR PMi QYMR V N QTMWTUVZ
LVWXUdVN TLVT QOP UiNZMi MWTVTUQWR RO� MP SPQi UW TLQRM RdMWVPUQR b `MdQWXZeg
hM MpN MdT TLVT fMMNUW\ TLM dLVUWR UW RQPTMX QPXMP hQOZX RU\WUcdVWTZe UWdPMVRM
[ QTL UWRMPTUQW VWX ZQQfON N MPSQPi VWdM UW TLQRM dVRMR hLMPM TLM MZMi MWT UW
mOMRTUQW XQMR WQT VZPMVXe Mp URT UW TLM XVTV RTPOdTOPM b

C� D ���� �F����

KLM NOPN QRM QS TLUR NVN MP hVR TQ NPMRMWT VWX MYVZOVTM V LVRL TV[ZM UiNZMi MWk
TVTUQW SQP TLM ]^_ `Ka b oM LVYM dQYMPMX VWX VXVNTMX TLM WMdMRRVPe TLMQPeg
VWX TLM ThQkTV[ZM YVPUVWT QS ZUW MVP LVRLUW\ LVR [ MMW UWTPQXOdMX g hLUdL SVdUZUk
TVTMR TLM UWTMPMRTUW\ TLMQPMTUdVZ dQWdMNT QS Rh UTdLUW\ [ MThMMW OWUYMPRVZ LVRL
SOWdTUQWR hLUZM MpNVWXUW\ V TV[ZM b

j iQXOZVP XMRU\W LVR [ MMW NPMRMWTMX g hLUdL NPQYUXMR V i QPM VXVNTUYM
VZTMPWVTUYM TQ TLM QWM dOPPMWTZe NPQN QRMX [e `Ka RTVWXVPX g VZZQh UW\ TLM
ORMP TQ SPMMZe dLQQRM TLM N QZUdUMR TLVT [ MRT ROUT LUR QP LMP RN MdUc d VNNZUdVTUQW
PMmOUPMi MWTR g VWX N MPi UTTUW\ V h UXMP YVPUMTe QS UiNZMi MWTVTUQWR b

KLM PMROZTUW\ UiNZMi MWTVTUQW hVR dQiNVPMX TQ TLQRM QS �QQ\ZM VWX TLM
`� = `Ka UW YVPUMX ReWTLMTUd [ MWdLi VPfR g VWX hVR SQOWX TQ [ M dQiNMTUTUYM
[ QTL UW i MiQPe dQWROiNTUQW g N MPSQPi VWdM g VWX PMRN QWRM TUi M i MVROPMk
i MWTR b jXXUTUQWVZ VPMVR QS UiNPQYMi MWT hMPM UWXUdVTMX b
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KLM ZUWMVP LVRLUW\ VZ\QPUTLi R TLVT hM LVYM NPMRMWTMX VPM SQOWX TQ [ M ROk
N MPUQP hLMW UT dQi MR TQ TLPQO\LNOT QW UWRMPTUQWR VWX PMRN QWRM TUi M QW UWRMPk
TUQWR VWX XMZMTUQWR b KLM dLVUWUW\ UiNZMi MWTVTUQW XQi UWVTMR hLMW i MiQPe
dQWROiNTUQW VWX VddOiOZVTMX TLPQO\LNOT UR dQWRUXMPMX b =W dMPTVUW RdMWVPk
UQR TLM QN MW VXXPMRRUW\k[VRMX UiNZMi MWTVTUQWR NPQYM TQ [ M MpdMNTUQWVZZe
Mn dUMWT b oM PMZVTM TLUR VXYVWTV\M TQ UTR dVdLM SPUMWXZUWMRR b

oM RTPQW\Ze [ MZUMYM TLVT V i QXOZVP XMRU\W UR TLM QWZe dLQUdM TLVT NPQYUXMR
QNTUi VZ N MPSQPi VWdM UW XUYMPRM RdMWVPUQR g VR WQ dOPPMWT VZ\QPUTLi R NPQYUXM V
N MPSMdT RQZOTUQW UW VZZ RUTOVTUQWR b KLM ZUWMVP LVRLUW\ VZ\QPUTLi dQONZMX h UTL
TLM TV[ZM dLVUW RTPOdTOPM XQMR LQhMYMP NPQYUXM V \QQX VZZkPQOWX RQZOTUQW g
VWX hQOZX [ M V ROUTV[ZM XMSVOZT VZ\QPUTLi UW ROdL V XMRU\W b oM dQWdZOXM [e
i MWTUQWUW\ TLVT V i QXOZVP XMRU\W XMN MWXR QW V \QQX dQiNUZMP b ]QWRUXMPUW\
TLM UiNPMRRUYM QW\QUW\ NPQ\PMRR UW dQiNUZMP TMdLWQZQ\eg hM XQ WQT dQOWT TLUR
VR V PQVX[ZQdf b
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oM hQOZX ZUfM TQ TLVWf QOP RON MPYURQP &ePfU � VTV� VUWMW SQP [ MUW\ V \PMVT
UWRNUPVTUQW VWX RQOPdM QS UXMVR b
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jNNMWXUp j UR XUY UXMX UWTQ TLM SQOP RMdTUQWR � _VRL TV[ZM dQPM dZVRRMR g RTQPV\M
N QZUdUMR VWX VXVNTMPR g XMdQPVTQPR VWX OTUZUTUMR g QS hLUdL hM h UZZ \UYM V RLQPT
QYMPYUMh LMPM b
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KLMRM VPM TLM dZVRRMR TLVT MWdVNROZVTM TLM RTQPV\M N QZUdUMR b �YMWTOVZZeg UWk
RTVWTUVTUQW QS ���������� hUZZ [ M hPVNN MX UW ��#$��$���	 dZVRRMR b
�$� �� �� KLUR c ZM dQWTVUWR XMcWUTUQWR QS TLM TPVUTR dZVRRMR TLVT VPM ORMX SQP

TLM SQOP XU� MPMWT VRRQdUVTUYM dQWTVUWMPR b
���������� �� ]QWTVUWR TLM LVRL TV[ ZM dZVRR TLVT UR ORMX [e VZZ QS TLM RTQPV\M

N QZUdUMR VWX VRRQdUVTUYM dQWTVUWMPR b
�����$���"�#$� �� _MPMUW XMcWUTUQWR QS LVRLMPR VWX LVRLMP SVdTQPUMR VPM

SQOWX b TLMPM UR VZRQ VW MpViNZM QS V RUW\ZM SOWdTUQW SVdTQPeb
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KLM cZMR UW TLUR RMdTUQW UiNZMi MWT TLM i MiQPe VZZQ dVTUQW RTPVTM\UMR ORMX [e
TLM TLPMM LVRL TV[ZM UiNZMi MWTVTUQWR g VWX TLM XMcWUTUQWR QS TLMUP dQiNVPTk
i MWTR VWX UTMPVTQPR b
� ���$�����  �����#$�����#� "� �� � McWMR V [VRM dZVRR ORMX [e [QTL TLM

QWMkTV[ZM VWX TLM ThQkTV[ZM LVRL TV[ZMR b
#��������� ���$�����  �����#$�����#� "� �� KLM dMWTPVZ NVPT QS TLM QWMk

TV[ZM UiNZMi MWTVTUQW b
��#������� ���$�����  �����#$�����#� "� �� KLM dMWTPVZ NVPT QS TLM ThQk

TV[ZM UiNZMi MWTVTUQW b
� ���$�����  ���"#���$����� �� =W TLUR c ZM TLM [VRUd dQiNVPTi MWT ORMX [e

[QTL QS TLM ZUWMVP LVRL TV[ZM UiNZMi MWTVTUQWR UR XMcWMX b =T UiNZMi MWTR
V XQO[Ze ZUWfMX ZURT SQP [UXUPMdTUQWVZ UTMPVTUQW b

� ���$�����  ���"#���$������ ��$��#$ �� KLUR c ZM dQWTVUWR TLM UTMPVTQP
ORMX [e TLM QWMkTV[ZM VWX TLM ThQkTV[ ZM LVRL TV[ZMR b

"�� �����������#$�����#� "� �� KLUR UR TLM dMWTPVZ NVPT QS TLM dLVUWMX
LVRL TV[ZM XMcWUTUQW b

"�� ���������"#���$����� �� KLUR UR TLM dQiNVPTi MWT ORMX [e TLM dLVUWMX
LVRL TV[ZM b =T UiNZMi MWTR V RUW\Ze ZUWfMX ZURT b

"�� ���������"#���$������ ��$��#$ �� KLM UTMPVTQP ORMX [e TLM dLVUWMX
LVRL TV[ZM b
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j dQZZMdTUQW QS OTUZUTe dZVRRMR b
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����������$ �� KLUR UR TLM OTUZUTe ORMX TQ MpTPVdT TLM fMe NVPT SPQi V  ���$����!��������� b
	QP TLM ��#$��$�������  � �� VWX ��#$��$�������  ��� TQ [ M UiNZMk
i MWTMX g TLUR h UZZ LVYM TQ [ M MpTMWXMX TQ LVWXZM TLM ZURTR QS  ���$����!���������
TLVT TLMRM h UZZ ORM b

"#� ������� ��$��#$ �� KLUR UR V XMcWUTUQW QS TLM MpTMPWVZ UTMPVTQP hLUdL
i VfMR TLM fMe dQWRT b

��#��!��� ��$��#$ �� KLUR UR TLM XMcWUTUQW QS TLM UTMPVTQP TLVT h UZZ [ M ORMX
[e TLM ��#$��$�������  � �� VWX ��#$��$�������  ��� b

���� �� �� ]QWTVUWR V dZVRR TLVT MiOZVTMR V ZURT QS MZMi MWTR h UTLQOT RUlM b KQ
[ M ORMSOZ g UT RLQOZX [ M PMhPUTTMW TQ MiOZVTM V ZURT QS MmOUYVZMWT MZMi MWTR b

$���#� �� KLUR dQWTVUWR V PMZUV[ZM PVWXQi WOi[MP \MWMPVTQP ORMX [e TLM
LVRLMP SVdTQPUMR b
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