
INVITED CENTENNIAL ARTICLE

!"##$%&'"()*%&+)$&,-.#*

!"#$%&'"(#(')$*+!,-.

!"#$%&'(#)'*+,*-%&'.*/01#)0#23*4%(5&167#*8)19#&21':3*"+;)1)7*/'&##'3*4%(5&167#*4<=*>-?3*8@A@

$/)0%$10
B;##63*';1)3*%)6*$+&+C2*(10&+2'&C0'C&#2*%&#*'&%61'1+)%DD:*2'C61#6*

1)*(1)#&%D+7:*'+*C)6#&2'%)6*'.#*'.#&(%D*.12'+&:*+,*(1)#&%D23*%)6*'+*
16#)'1,:*'.#1&*$&+$#&'1#2*2C0.*%2*0.#(10%D*'&%)2$+&'*%)6*#D%2'10*5#.%91+&@*
E#0#)'D:3*'.#*2%(#*&#2#%&0.*%&#%*.%2*5D+22+(#6*1)*(%'#&1%D*201#)0#2*
%)6*$.:2102*;1'.*'.#*%1(*'+*6#217)*%)6*5C1D6*6#910#2*'.%'*%&#*5%2#6*
+)*'.#*$&+$#&'1#2*+,*)%)+F2'&C0'C&#2@*G)D:*'.#*9#&:*#H12'#)0#*%)6*'.#*
$&+$#&'1#2*+,*';##63*';1)23*%)6*.+D#2*(%''#&2*1)*'.12*IC#2'*;.1D#*'.#*
0&:2'%DD1)#*(%'&1H*$D%:2*+)D:*%*(1)+&*&+D#*1)*'.#*0C&&#)'*2#%&0.*,+&*)+9#D*

GHYLFH�PDWHULDOV��7KLV�GHYHORSPHQW�KDV�ODUJHO\�E\SDVVHG�PLQHUDORJLVWV�ZKLOH�SK\VLFLVWV�GLG�QRW�SUR¿W�
,&+(*'.#*%7#FD+)7*#H$#&1#)0#*+,*(1)#&%D+712'2*1)*6#%D1)7*;1'.*2C0.*(%'#&1%D2@

,Q�WKLV�,QYLWHG�&HQWHQQLDO�DUWLFOH��,�ZLOO�¿UVW�GLVFXVV�VRPH�NH\�¿QGLQJV�DQG�DSSURDFKHV�WR�IRVWHU�WKH�
'&%)2,#&*+,*16#%2*1)*5+'.*61&#0'1+)2J*(1)#&%D+712'2*0%)*$+'#)'1%DD:*1)2$1&#*(%'#&1%D*201#)'12'2*;.1D#*'.#*$.:2F
LFV�RI�WKH�¿QH�VWUXFWXUH�RI�WZLQ�ZDOOV�DQG�WZHHG�FDQ�KHOS�PLQHUDORJLVWV�XQGHUVWDQG�PLQHUDO�SURSHUWLHV�LQ�
(C0.*(+&#*6#'%1D*'.%)*.#&#'+*$+2215D#@*<#216#2*'.#*+52#&9%'1+)*'.%'*)+9#D*$.:210%D*$&+$#&'1#2*0%)*2$&1)7*
IURP�PLFURVWUXFWXUHV��PRVW�UHFHQW�ZRUN�DOVR�LQFOXGHV�WKH�G\QDPLFV�RI�PLFURVWUXFWXUHV�XQGHU�H[WHUQDO�
VWUHVV�RU�HOHFWULF�¿HOGV��7KH�G\QDPLFV�LV�YLUWXDOO\�DOZD\V�QRQ�VPRRWK�RU�³MHUN\�´�2QH�RI�WKH�EHVW�VWXGLHG�
MHUN�GLVWULEXWLRQ�LV�WKDW�RI�FROODSVLQJ�SRURXV�PLQHUDOV�XQGHU�VWUHVV��ZKHUH�WKH�PDLQ�IRFXV�RI�UHVHDUFK�LV�
WKH�LGHQWL¿FDWLRQ�RI�SUHFXUVRU�HIIHFWV�DV�ZDUQLQJ�VLJQV�IRU�ODUJHU�HYHQWV�VXFK�DV�WKH�FROODSVH�RI�PLQHV��
ERUHKROHV��RU�HYHQ�UHJLRQDO�HDUWKTXDNHV��7KH�XQGHUO\LQJ�SK\VLFV�LV�WKH�VDPH�DV�LQ�ODUJH�HDUWKTXDNHV�
K;.10.*0%)*5#*(+6#D#6*5C'*)+'*+52#&9#6*1)*D%5+&%'+&:*#H$#&1(#)'2L@*B.#*%7&##(#)'*5#';##)*D%5+&%'+&:*
H[SHULPHQWV�RI�SRURXV�FROODSVH�DQG�ODUJH�VFDOH�HDUWKTXDNHV�JRHV�ZHOO�EH\RQG�HDFK�TXDNH¶V�VWDWLVWLFV�DQG�
LQFOXGHV�ZDLWLQJ�WLPH�GLVWULEXWLRQV�DQG�WKH�2PRUL�ODZ�RI�DIWHU�VKRFNV��7KH�VDPH�DSSURDFK�LV�XVHG�WR�
0.%&%0'#&1M#*.17.F'#0.*(%'#&1%D2*1)*%1&0&%,'*1)6C2'&:*%)6*,C)0'1+)%D*(%'#&1%D2*2C0.*%2*C2#6*1)*#D#0'&+)10*
(#(+&:*6#910#23*,#&&+#D#0'&10*2#)2+&2*%)6*)+)F9+D%'1D#*(#(+&1#2*%)6*,#&&+(%7)#'2@
/#0"-1$*2&N#&&+#D%2'1023*';1)*2'&C0'C&#23*';##6*2'&C0'C&#23*$+&+C2*(1)#&%D23*(%&'#)21'#23*%9%D%)0.#23*

MHUN�G\QDPLFV��QDQR�VWUXFWXUHV��,QYLWHG�&HQWHQQLDO�DUWLFOH

230%4&510243
NC)0'1+)%D*$&+$#&'1#2*%'*'.#*)%)+20%D#3*'.#1&*2'%'102*%)6*6:)%(F

LFV��KDYH�EHHQ�LQYHVWLJDWHG�LQ�PDMRU�UHVHDUFK�LQLWLDWLYHV�LQ�VHYHUDO�
61201$D1)#2*,+&*+9#&*>O*:&@*B.#*&#D#9%)'*)%)+F2'&C0'C&#2*%&#3*1)*+&6#&*
+,*1)0&#%21)7*1)'&C219#)#22*'+*'.#*(%'&1HJ*';##63*K'&%)2,+&(%'1+)FL*
';1)23*%)6*.+D#23*%)6*.%9#*5##)*C2#6*'+*6#9#D+$*6#910#*(%'#&1F
%D2*,+&*1)6C2'&1%D*%$$D10%'1+)2*;.1D#*'.#:*)%'C&%DD:*#H12'*1)*(%):*
(1)#&%D2@*B;##6*%)6*';1)2*1)*,#&&+#D%2'10*(1)#&%D2*6#9#D+$*;.#)*
2'&C0'C&%D*$.%2#*'&%)21'1+)2*+00C&*;1'.*%*D+22*+,*$+1)'*7&+C$*2:(F
(#'&:*#D#(#)'23*;.10.*&#2CD'2*1)*'&%)2,+&(%'1+)*';1))1)7*1)*'.#*
ORZ�WHPSHUDWXUH�SKDVH��6DOMH��������7ZHHG�UHSUHVHQWV�D�³SUHFXUF
VRU´�IRU�WZLQ�ERXQGDULHV�LQ�WKH�ORZ�V\PPHWU\�SKDVH��%UDWNRYVN\�
HW�DO������D������E������F��.KDFKDWXULDQ�������3DUOLQVNL�HW�DO��
!PP>%3*!PP>5Q*4%2'%)*#'*%D@*!PPPL@*R+D#2*1)*$+&+C2*2'&C0'C&#2*+,'#)*
2'#(*,&+(*$.%2#*(1H'C&#2*;.#)*+)#*$.%2#*.%2*5##)*#D1(1)%'#6*
RU�ZKHUH�WKLV�SKDVH�ZDV�D�JDV��DV�LQ�WKH�FDVH�RI�YROFDQLF�HMHFWD�
B.#*#H12'#)0#*+,*(10&+2'&C0'C&#2*;1'.*,C)0'1+)%D*$&+$#&'1#2*.%2*

+$#)#6*%*)#;*&#2#%&0.*,1#D6*1)*$.:2102*%)6*(%'#&1%D2*201#)0#*1)*
;.10.*'.#*,C)0'1+)%D1':*+,*%*6#910#*(%'#&1%D*12*)+*D+)7#&*#H$#0'#6*

WR�EH�SUHVHQW�LQ�WKH�EXON�RI�WKH�PDWHULDO�EXW�ORFDWHG�LQ�LWV�QDQRF
20+$10%DD:*2(%DD*&#71+)2*2C0.*%2*';1)*5+C)6%&1#2@*B.12*%$$&+%0.*
LV�VXPPDUL]HG�DV�³GRPDLQ�ERXQGDU\�HQJLQHHULQJ´�LQ�WKH�SK\VLFV�
OLWHUDWXUH� �6DOMH�������6DOMH� DQG�=KDQJ��������1DQRVWUXFWXUHV�
KDYH�DOZD\V�EHHQ�D�PDMRU�UHVHDUFK�WRSLF�LQ�PLQHUDORJ\��VLPSO\�
5#0%C2#*'.#:*%&#*0+((+)*1)*(1)#&%D2*KN17@*!L*%)6*1'*(%:*5#*$+2F
215D#*'+*&#0+)2'&C0'*'.#*'.#&(%D*.12'+&:*+,*%*(1)#&%D*5:*#H$D+&1)7*
'.#1&*.#'#&+7#)#1'1#2*K#@7@3*BCDD12*!PSOQ*"%916*#'*%D@*!PPTQ*U#&)+)*
DQG�3DWHUVRQ�������7UHSPDQQ�DQG�6W|FNKHUW�������9HUQRQ�������
=KDQJ�HW�DO��������3DOPHU�HW�DO��������6DOMH�DQG�:UXFN��������
R+;#9#&3* 1'*.%2*)+'* 1)2$1&#6*(1)#&%D+712'2* '+*#H'#)6*'.#1&*6%'%*
WR� ILQG�³XQXVXDO´� WZLQ�ERXQGDULHV�ZLWK� IXQFWLRQDOLWLHV� VXFK�DV�
0+)6C0'191':3*'&%)2$+&'3*$+D%&1':3*%)6*(%7)#'12(*KN17@*=L@*/:)'.#'10*
$+&+C2*2'&C0'C&#*K2.+;)*1)*N17@*>L*0+)'%1)2*21(1D%&*,C)0'1+)%D1'1#2*
)#%&*'.#1&*#H'&#(#D:*#H'#)6#6*2C&,%0#2@*/C0.*(%'#&1%D2*%&#*+()1F
SUHVHQW�LQ�KLJK�WHFK�DSSOLFDWLRQV�IURP�FRRNLQJ�SDQV��QDQR�VFDOH�
0.#(10%D*(1H#&23*%)6*)%)+F,1D'#&2*'+*%&'1,101%D*5+)#2@*<#216#2*'.#*
0C&&#)'*,+0C2*+)*'.12*&#2#%&0.*1)*$.:2102*%)6*(%'#&1%D2*201#)0#23*
ZH�ILQG�WKDW�PXFK�RI�WKH�IXQGDPHQWDO�GHVFULSWLYH�ZRUN�KDV�DOUHDG\�
5##)*6+)#*1)*(1)#&%D+7:3*+,'#)*$C5D12.#6*1)*!"#$%&'()*%(#$'+,-
.%/0*+9#&*(+&#*'.%)*,19#*6#0%6#2@

!"#$%&'()*%(#$'+,.%/01)2,+3"#)4551)6'.#/)78797:41);54:

OOO>FOOVWX!TXO=O>Y>V>ZOT@OOX"G[J*.''$JXX6H@6+1@+&7X!O@=!>SX%(F=O!TFTOST* *****>V>

�(�PDLO��HNKDUG#HVF�FDP�DF�XN




