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Abstract

�� ��������� NOPQRSNTO UVW PVSVK XVSQ IQSYQQO ���!!Z? [TWS XQ\TXSW NO]NRVSQ] SUVS NOPQRSNTO

YVW UN^UK_ KNLQK_ RVJWQ] I_ SUQ RTOSV`NOVSQ] `NKL \TY]QX TX PTT] WJ\\KQ`QOS \TY]QX?

aTYQbQXC SUQ NOSQXOVSNTOVK RTOSV`NOVSNTO KQbQK WSVO]VX] UVW IQQO RTOSXTbQXWNVK?

cUNW WSJ]_ Q`\KT_Q] SUQ ̀ TWS RTOWQXbVSNbQ WV`\KNO^ VO] XQWJKS NOSQX\XQSVSNTO ̀ QSUT]C

IQRVJWQ TP SUQ WQXNTJWOQWW TP �� ��������� NOPQRSNTO? cUQ ̀ VOJPVRSJXQXW RXNSNRVK RTOSXTK \TNOS

TP N`\TXSQ] \XT]JRSW RTJK] OTS IQ ]QSQX`NOQ] ]JQ ST SUQ ]VSV NOV]QdJVR_? [QVOYUNKQC SUQ

KTRVK XQ\VRLV^NO^ \XQ`NWQW YQXQ PTJO] TP RXNSNRVK \TNOSW YUNRU ̀ V_ XQWJKS NO RTOSV`NOVSNTO?

e`TO^ ��� WV`\KQW RTKKQRSQ] >Z RTOSV`NOVSNTO YVW PTJO] bVX_NO^ I_ RTKKQRSNTO WNSQW?

fV`\KQW PXT` \TXS TP QOSX_C XQSVNKQXW VO] ̀ VOJPVRSJXQXWC RTOSV`NOVSNTO XVSQW YQXQ A?BC 5?4 VO]

A5?!C XQW\QRSNbQK_? gTOSV`NOVSNTO XVSQ YVW UN^UQX YNSU \XT]JRSW KTO^QX ̀ VOJPVRSJXQ] SUVO

SUQ OQYQX TOQW? [TXQTbQXC IJKL ̀ NKL \TY]QX WV`\KQW PTX XQ\VRLV^NO^ YQXQ RTOSV`NOVSQ]

A�?!Z RT`\VXNO^ ST 4?AZ TP XQV]_�\VRLQ] N`\VXSQ] TOQW

cUQ RTOSV`NOVSNTO TP �� ��������� RTJK] IQ RTOSXTbQXWNVK XQ^VX]NO^ SUQ WV`\KNO^ ]QWN^O

VO] SUQ JWQ TP SUQ ̀ TWS RTOWQXbVSNbQ SQWS ̀ QSUT]? aTYQbQXC RTOWN]QXNO^ NSW UVhVX]C ̀ TXQ

WSXNO^QOS RTOSXTK ̀ QVWJXQW STYVX]W XNWL PVRSTXW RTJK] IQ Q⌧QXRNWQ]? cUQWQ ̀ QVWJXQW RTJK]

NORKJ]Q RTOSXTK  ]TRJ`QOSW XQbNQYC NOPTX`NO^ SUQ V\\XT\XNVSQ WQKQRSNTO VO] JWQ TP `NKL

\TY]QX?

��	
��
� � ̀ NKL \TYQXC ��	�������� NOPQRSNTOC RTOSV`NOVSNTO

1. 
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Abstract

�VO^QXTJW ]XJ^ NOPTX`VSNTO RVO IQ RTObQ_Q] ST RTOWJ`QXW I_ JWNO^ ]NWQVWQ�VYVXQOQWW
WSXVSQ^_?  cUQ SQO]QOR_ TP SUNW WNSJVSNTO UVW IQQO NORXQVWNO^?  cUQXQPTXQC SUQ WSJ]_ VN`Q] ST
NObQWSN^VSQ RTOWJ`QX�W \QXRQ\SNTO TP ]NWQVWQ�VYVXQOQWW V]bQXSNWQ`QOSC RTOWJ`QX�W T\NONTOW
TO ]NWQVWQ�VYVXQOQWW V]bQXSNWQ`QOS�RXQ]NINKNS_C VO] SUQ NOPKJQORQ TP ]NWQVWQ�VYVXQOQWW
V]bQXSNWQ`QOS STYVX] RTOWJ`QX�W IQUVbNTXW? cUQ XQWQVXRU ]QWN^O YVW RXTWW�WQRSNTOVK WJXbQ_?
fV`\KQW YQXQ ��� RTOWJ`QXW NO e`\UJX [JVO^C gUNVO^ [VN?  cUQ_ YQXQ WQKQRSQ] I_ VRRN]QOSVK
`QSUT] VO] YQXQ VWLQ] ST XQV] TOQ ]NWQVWQ�VYVXQOQWW V]bQXSNWQ`QOS \XQWQOSQ] NO V \V`\UKQS
VO] VOTSUQX \XQWQOSQ] NO V ̀ V^VhNOQ ]JXNO^ {RSTIQX ���> VO] ☺VOJVX_ ���m? ePSQX SUVSC SUQ_
YQXQ VWLQ] ST VOWYQX SUQ dJQWSNTOW NObTKbNO^ RTOSQOS NO ]NWQVWQ�VYVXQOQWW V]bQXSNWQ`QOS I_
JWNO^ dJQWSNTOOVNXQ? cUQ ]VSV YQXQ VOVK_hQ] I_ ]QWRXN\SNbQ VO] RUN�WdJVXQ WSVSNWSNRW?

cUQ XQWJKSW PTJO] SUVS V\\XT⌧N`VSQK_ mA?� \QXRQOS TP WV`\KQW \QXRQNbQ] SUQ \XNOS ̀ Q]NV
`QOSNTOQ] VITJS \XT]JRS TX UQVKSU WQXbNRQ V]bQXSNWQ`QOSW?  aTYQbQXC SUQ ̀ V�TXNS_ TP WV`\KQW
`NWJO]QXWSTT] VITJS \XT]JRS S_\QW \XQWQOSQ] NO ]NWQVWQ�VYVXQOQWW V]bQXSNWQ`QOS? fT`Q
WV`\KQW RTJK] NO]NRVSQ \XT]JRS S_\QW VO] IXVO] OV`QW NO ]NWQVWQ�VYVXQOQWW V]bQXSNWQ`QOS
RTXXQRSK_? [TXQ SUVO 6�?� \QXRQOS TP WV`\KQW SUTJ^US SUVS SUQ NOPTX`VSNTO \XTbN]Q] NO
]NWQVWQ�VYVXQOQWW V]bQXSNWQ`QOS YQXQ RXQ]NIKQ IJS OTS QOTJ^U PTX WTKbNO^ SUQNX TYO UQVKSU
\XTIKQ`W? [TXQ SUVO m�?� \QXRQOS TP WV`\KQW WTJ^US PTX ̀ TXQ NOPTX`VSNTO I_ VWLNO^ UQVKSU
\QXWTOOQKC VO] WT`Q WV`\KQ WTJ^US PTX ̀ TXQ NOPTX`VSNTO I_ RVKKNO^ UTSKNOQ RQOSQX YUNRU SUQ
]XJ^ RT`\VONQW NO]NRVSQ] NO SUQ V]bQXSNWQ`QOS?  wO V]]NSNTOC `TXQ SUVO 5�?� \QXRQOS TP
XQW\TO]QOSW YQXQ OTS NOSQXQWSQ] ST JWQ SUQ \XT]JRSW \XQWQOSQ] NO ]NWQVWQ�VYVXQOQWW
V]bQXSNWQ`QOS IQRVJWQ SUQ NOPTX`VSNTO \XTbN]NO^ NO \XNOSW YQXQ OTS QOTJ^U?
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Abstract

[QXRJX_ ka^lC VW V UQVb_ ̀ QSVKC NSW V\\QVXVORQ NW PTJO] NO OVSJXVK WTKN]WC KNdJN]W VO]

^VWQW? wS NW RTOSV`NOVSQ] PXT` OVSJXVK RNXRJ`WSVORQ VO] OJ`IQXTJW NO]JWSXNQW \XTRQWWQWC

YUNRU NW YN]QK_ V^^XQ^VSQ] VO] QOKVX^QK_ INTVRRJ`JKVSQ] ST PTT] RUVNO YNSU W\XQV]K_ ]NWSXNIJSQ]

ST VS`TWUQXQC WTNKW VO] YVSQX WJ\\K_ NO OVSJXVK? �VSJXVK VO] V^XNRJKSJXVK ̀ JWUXTT`W VXQ \T\JKVX

RTOWJ`\SNTO VO] ]QKNRVR_ NO ̀ VO_ RTJOSXNQW NO RQOSJX_ ]JQ ST NSW W`QKKNO^ SVWSQ VO] ̂ TT]

OJSXNQOSW? [VO_ W\QRNQW TP ̀ JWUXTT`W VRRJ`JKVSQ V UN^US RTOSQOS TP UQVb_ ̀ QSVK NORKJ]NO^

`QXRJX_ YUNRU NW UVX`PJK ST OQXbTJW W_WSQ` VO] RVJWQ UVhVX]TJW ST SUQ UQVKSU TP RTOWJ`QX?

fUNNSVLQ [JWUXTT`C ��
��
��� ������ �QXL?C VW V ̂ TT] WTJXRQ TP OJSXNQOSC NW XQ\TXSQ] TP KVX^Q

dJVOSNS_ TP N`\TXSVSNTO ST cUVNKVO]? cUVN xTT] VO] �XJ^ e]`NONWSXVSNTO RUQRL \TNOSW NOW\QRSQ]

SUQ ]X_ `JWUXTT`W ]JXNO^ ☺JOQ ���m ST ☺JOQ ���6C RTKKQRSQ] !6� WV`\KQW TP N`\TXSQ] ]X_

fUNNSVLQ ̀ JWUXTT` PTX VOVK_WNW VS SUQ �Q\VXS`QOS TP [Q]NRVK fRNQORQ I_ eST`NR f\QRSXTWRT\_?

cUQ XQWJKSWC �6B km>?�4Zl TP WV`\KQW YVW VOVK_SNRVK XQ\TXSQ] RT`\K_ YNSU WSVO]VX] IJS BA k�!?B4Zl

TP WV`\KQW YVW OTS `QQS WSVO]VX]C PTJO] ST RTOSV`NOVSQ VS zVO^Q � �?��A��?64 `^�L^ VO]

eXNSU`VSNR [QVO � �?�4A ̀ ^�L^ TP WV`\KQ YNSU Q⌧RQQ]Q] ̀ QXRJX_ RTORQOSXVSNTO V^VNOWS KN`NS

WSVO]VX] TP �?�� \\` VRRTX]NO^ ST cUQ �TSNPNRVSNTO �T?B6 k�?j? �4�Bl? fSVO]VX] PTX PTT]W YNSU

RTOSV`NOVSNTOC |UNRU VXQ WJPPNRNQOSK_ WJ\\TXSQ] cUQXQPTXQC cUQ WVPQS_ TP SUQ RTOWJ`QX NO SUQ

RTJOSX_ WUTJK] IQ Q⌧SXQ`K_ XQW\TOWNIKQ I_ SUQ RT`\QSQOS VJSUTXNS_ IT]_?  cT \XTSQRS WVPQS_ PTX

SUQ \QT\KQ RTOWJ`Q TP ]X_ ̀ JWUXTT` PXT` ̀ QXRJX_ RTOSV`NOVSNTOC NS WUTJK] IQ NObTKbQ] I_

NOPTX` SUQ IQWS ̂ JN]Q ST SUQ RTOWJ`QX VO] SUQ N`\TXSQX TP ]X_ ̀ JWUXTT`WC VbTN]NO^ ̀ QXRJX_

RTOSV`NOVSQ] ̀ JWUXTT`C YUNRU KQV]W ST xTT] fVPQS_ vXT^XV``Q TP cUVN [NONWSX_ TP vJIKNR

aQVKSU?
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Abstract

cUQ TI�QRSNbQW TP SUNW WSJ]_ YQXQ ST QbVKJVSQ SUQ XJXVK ITSSKQ] ]XNOLNO^ YVSQX ̀ VOJ�
PVRSJXNO^ NO }V`\UJO vXTbNORQ? cUNW XQWQVXRU YVW ]QWN^OQ] VW V WJXbQ_ XQWQVXRUC WSJ]_NO^
NO  6  ITSSKQ]  ]XNOLNO^  YVSQX  ̀ VOJPVRSJXQXW  ̀ VOV^Q]  I_  SUQ  RT``JONS_  NO  XJXVK  VXQVC
WJ\\TXSQ]  I_  ̂ TbQXO`QOS  YQKK�IQNO^  WSXVSQ^_  \XT�QRS  IJ]^QSNO^C  NO  4  ̂ XTJ\  WV`\KQW
km>  WV`\KQWl? cUQ ̀ QSUT]W JWQ] YQXQ XQbNQY KNSQXVSJXQWC NOPTX`VK NOSQXbNQYW VO] TIWQXbVSNTOW?
�QWRXN\SNbQ VOVK_WNW YVW JWQ] ST QbVKJVSQ ]VSVW YNSU JWNO^ \QXRQOSV^QC VbQXV^QWC XVO^QW
VO]  `T]QW  WSVSNWSNRW?  wS YVW PTJO] SUVS 4� \QXRQOSW  TP  XJXVK  ITSSKQ]  ]XNOLNO^  YVSQX
`VOJPVRSJXQXW  NO  }V`\UJO  vXTbNORQ  RVO  \XT]JRQ  WSVO]VX]  dJVKNS_  TP  ITSSKQ]  ]XNOLNO^
YVSQX?  eKK  TP  SUQ`  UVbQ  KTYQX  \XNRQ  SUVO  \XNbVSQ  ̀ VOJPVRSJXQXWC  ̂ TT]  SXVOW\TXSVSNTO
WQXbNRQ  VO]  RTOWJ`QXW  VRRQ\SVSNTO?  �JS  SUQWQ  ̀ VOJPVRSJXQXW  UVbQ  SUQ  PVJKSW  VITJS
YVXQUTJWQC  QdJN\`QOSWC  \QXWTOOQKC  ̀ VOV^Q`QOS  VO]  OT  \XT]JRSNTO  KNRQOWQW?

cUQ \XT\TWVKW  TP   SUNW  XQWQVXRU  VXQ  SUVS  NS  WUTJK]  ]QSQX`NOQ  \XTIKQ`W  WTKbNO^
VO]  ]QbQKT\NO^  ̀ QSUT]W  ST  XJXVK  ITSSKQ]  ]XNOLNO^  YVSQX  ̀ VOJPVRSJXQXW?
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Abstract

cUQ TI�QRSNbQ TP SUNW WSJ]_ YVW ST VWWQWW SUQ dJVKNS_ TP XQ^NWSQXQ] vUVSVKVN�☺TOQ
SVIKQSW VO] RV\WJKQW VbVNKVIKQ NO SUQ ̀ VXLQS? cUQ WV`\KQW YQXQ RTKKQRSQ] PXT` ]XJ^WSTXQW
NO �VO^LTL ]JXNO^ fQ\SQ`IQX ST {RSTIQX ���>? wO STSVKC A�� WV`\KQW YQXQ RTKKQRSQ] PTX
SQWSNO^C TP SUQWQC A> WV`\KQW YQXQ SVIKQSW VO] 6> WV`\KQW YQXQ RV\WJKQW? eKK WV`\KQW YQXQ
SQWSQ] PTX YQN^US bVXNVSNTOC ]NWNOSQ^XVSNTO SN`QC KTWW TO ]X_NO^ VO] SUQ RTOSQOS TP VRSNbQ
NO^XQ]NQOS ]QSQX`NOQ] VW STSVK KVRSTOQW?  vUVSVKVN�☺TOQ RV\WJKQW YQXQ SQWSQ] VRRTX]NO^ ST
SUQ W\QRNPNRVSNTO TP cUVN aQXIVK vUVX`VRT\TQNV kcavl ���5 YUQXQVW SVIKQSW YQXQ SQWSQ] VW
\QX cav VO] XQ^NWSXVSNTO XQdJNXQ`QOSW?

xTX vUVSVKVN�☺TOQ RV\WJKQWC NOPTX`VSNTO NO XQ^NWSXVSNTO ]TWWNQX XQbQVKQ] SUVS >A TJS TP
65 WV`\KQWC SUQ YQN^US TP \TY]QX RTOSQOS YVW ]QRKVXQ] VO] TOK_ SUQWQ WV`\KQWC SUQ YQN^US
bVXNVSNTO YVW ]QSQX`NOQ]? cUQ XQWJKSW WUTYQ] SUVS 56 TP >A WV`\KQW km6?mZl YQXQ PTJO] ST IQ
RT`\KNVOS YNSU SUQ W\QRNPNRVSNTO? eKK 65 WV`\KQW kA��Zl SQWSQ] PTX ]NWNOSQ^XVSNTO VO] KTWW TO
]X_NO^ RT`\KNQ] YNSU SUQ W\QRNPNRVSNTO? jN^US_ SUXQQ TP 65 WV`\KQW kB6?6ZlC SUQ RTOSQOS TP STSVK
KVRSTOQW YVW PTJO] ST IQ YNSUNO SUQ VRRQ\SVIKQ KN`NSW?

xTX vUVSVKVN�☺TOQ SVIKQSWC A� TJS TP A> WV`\KQW km4Zl SQWSQ] PTX YQN^US bVXNVSNTO
RT`\KNQ] YNSU SUQ XQ^NWSXVSNTO KN`NS? eKK A> WV`\KQW SQWSQ] PTX ]NWNOSQ^XVSNTO SN`QC KTWW TO
]X_NO^ VO] STSVK KVRSTOQWC SUQ RT`\KNVORQ XVSQ YVW 6m?4ZC A��Z VO] B!?6Z XQW\QRSNbQK_?

wO RTORKJWNTOC ̀ TWS TP SUQ vUVSVKVN�☺TOQ \XT]JRSW YQXQ PTJO] ST IQ TP ̂ TT] dJVKNS_
YNSU XQ^VX] ST SUQ RTOSQOS TP STSVK KVRSTOQWC ]NWNOSQ^XVSNTO SN`Q VO] KTWW TO ]X_NO^? cUQ PVNKJXQ
XVSQ TP VITJS ��Z PTX YQN^US bVXNVSNTO NO]NRVSQ] SUVS SUQ ̀ VOJPVRSJXNO^ \XTRQWW WUTJK] IQ
N`\XTbQ]?
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