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,QDXJXUDO 'LVVHUWDWLRQ
]XU (UODQJXQJGHU 'RNWRUZ-UGH

GHV )DFKEHUHLFKYV
*HUPDQLVWLN XQG . XQVWZLVVHQVFKDIWHQ
GHU 3KLOLSSV 8QLYHUVLWIWODUEXUJ

YRUJHOHJIJW YRQ
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DXV5DOHLJK 1RUWK &DUROLQD 86%

ODUEXUJDQ GHU /DKQ



9RP )DFKEHUHLFK *HUPDQLVWLN XQG .XQVWZLVVHQVFKDIWHQ GH
DOV 'LVVHUWDWLRQDQJHQRPPHQDP YHEUXDU
7DJGHU'LVSXWDWLRQ 0lU]

*XWDFKWHU

BURI '"U ,QD %RUQNHVVHO 6FKOHVHZVN\
3URI 'U 'U -RDNLP 1LYUH
B3URI 'U 5LFKDUG/HZLYV



IRU'U (OLIDEHWK +DOODQG'U 'HQLVH'HOOD 5RVVD
ZKRNQHZ WKDW , FRXOGQHYHU OHDYHODQJXDJH FRPSOF



O[cfgod]\ Je]flk

QXQF HVW ELEHQGXP

+RUDFH

$GLVVHUWDWLRQLY VRPHKRZOLNHDFKLOG2\RXVSHQG\HDUYV ZF
JOLQJWKURXJKWKHGD\WR GD\ DQG WKHQ VXGGHQO\ LW-VWLP
LQWR WKHZRUOG $QGPXFKOLNHDFKLOG LWWDNHVDYLOODJH

, ZRXOG OLNH WR WKDQRRWREG P RDRMFAIUIEN HV VH O IRAKIOHY HZV N\
JXLGDQFHDQG VXSSRUW DV ZHO ORDWR PDIG @BWLINR/GIZEB HD GH UV
NLQGO\FRQVHQWHG WRUHYLHZLQJVXFKDQLQWHUGLVFLSOLQDU
YLVHG DQG WDXJKW PHGXULQJP\FRGHVSULQWVLQ8SSVDOD DQ
X0

7KIBDUEXUJ 8QLYHUVLW)\ 5HVHD U PRKKLFIDGIHKPW KO 58 DG XLHUWHQ]H
*HLVWHV XQG 6R]JLDOZLVVHQVFKDIWHQ NLQGO\VXSSRUWHG PH \
WZR ZHHN VWD\LQ 8SSVDOD DQG D FRQIHUHKQH B\S B HDH Q YWILW MR
JURXS DW 8SSVDODBQE HVSHIFWBR/MXKORZBQE NLQG HQRXJK WR KR)
PHIRUWKRVHWZR ZHHNVDQG WDNHWLPHIURP WKHLUEXV\VFKHG
ELQLQJDVSHFWV RI GHSHQGHQF\ SDUVLQJ ZLWK SV\FKROLQJXLYV
KHOSIXODQG SDWLHQW ZLWK P\DW WLPHV YHU\EDVLF TXHVWLRQ

/DUJH SDUWV RI WKH ZRUN SUHVHQWHG KHUH DUH EDVHG RQ ZRU
WLF ODERUDWRULHV RI3KLOLSSYV 8QLYHUVLWIWODUEXUJDQG -R¥
DQGZRXOG QRWKDYHEHHQSRVVLEOHZLWKRXW WKHVXSSRUW RI
WDQWYV ,Q SDUWLFXODU $ Q2RO GG IENRY\Y B MHYBHRWD )UDQN

IRUWKHLU KHOS DQG VXS SR U \WEDGEHO RHDWRLF HIIRUW LQ DQQRW
QDWXUDO VWRU\IRUVHYHUDO GLITHUHQW SV\FKROLQJXLVWLF Wk

,ZRXOG DOVR OLNH W BDWKEXQERRYKHWGIRH QW DQG SDVW ZKR MRLQ
GD\ WR GD\ MR\V DQG VW U X J.JDHVQR4 HDF D IGHP @ | KDILDRPKIGX U N
$OH[DQGHU BDEIHQH )UHRQVHOLQD .DQRKORRHY )UDXYLVND
.UHW]VFKPBRUD ODIIRQUHWPLLOQRGHIOLN U (K gD BH W KR RIDE V

6DV VHQKIDIBIMK 7DX@ER QD : H L %o

7TRUDQ]JLVND .UHWID/FFKFBHFLDOO\WKDQNIXOIRUKHUKHOSIXODG
IHVVLRQDODQGDFDGHPLFDVZHOODVWKHLQVLIKWIXO GLVFXVVI
$ORQJ ZDWR %Y URXUBPQ]LVND FRQWULEXWHGLQYDOXDEOHIHHGED

LY



$FNQRZOHGJHPHQWYV

WKHRU\ DQG,ZRXOG OLNH WR WK D QNREFONG R M\M RAMEHI B RRVHK H L U K|
WLPHV YLFWLP DQG WKH VRPHWLPHY FDXVH RI P\$XH XUREHV ZDV
$QUHDMEI SURIRXQGO\VKDSHG P\LQWHOOHFWRIVEDQ $ SGDWVRQD
ZDVDOZD\VDJRRGVRXQGLQJERDUGRQWHFKQRORJ\DQG D VRXU
VLRQ

$OH[DQGHU*WHID ) WBIMINED UD *+ O GRIIUQQH V DQIEXDQ]LVND
.UHW]VFKPDG GUDIWV Rl WKLY GLVVHUDWLRQ DW YDULRXV VWD
WKH\ KHOSHG PH LPSURYH WKH FODULW\ Rl P\ SUHVHQWDWLRQ D
W\SRV DQG PRUHWKDQD IHZXQJUDPPDWLFDO VHQWHQFHYV

,ZRXOG QRW KDYH VXUYLYHG WKHVWUHVVHV RIJUDGXDWH VFEKRR
IJULHQGM.YHU 6FKR®IMDHIIH[DQGHU "W XS \-DQG WKHLU UHVSHFWL
VLIJQLILFDQWIRGFKKHIUMMD UXZDQ 'U|JH QpHPXGBXKUH WKDW , QHYH
WRRN P\WVHOI WRR VHULRXVO\DQG ZHUH DOZDDPWWRHHIQ UQRKSL ULV
OHJDQ )DUAHXQMRO D I IREUE R ODSRI) M D 0DAMEEH Q Q D K YO0 \MHZ L V H
ZDWFKHG RXW IRU PH IURP ERWKUEDD I QECIDQOD DQBDW VZLP
EXGGRKDQQHV MPXYGUHG VRXOLQ RIILFDOO\EHLQJDQ XQRIILFL
DOZD\VWKHUH ZLWK D VRIWZD%HWWS Q B SFERIUOMHDAPEQGRG JXLGH
PHWKURXJKWKH WULD O V*RIIHEXD HODXF W D WH. 6 KYAO@\ VXSSRUWHG P
HQGHDYRUV ZLWK OR$B DR 3WERBJERWH QX HY WR EH WKH EHVW IULH
KRSHIRU

$XFKPHLQHU GHXWVFKHQ )DPL®HH @l PKNGH3LL RIOEBUQUMLEK Z L H

LKUHQHLJHQHQB6RKQDXIJHQRPPHQ PLFKLPPHUZLOONRPPHQJH
GDVVHLQ +HLPDWVIHUQHU W GRWIGBBAKQYBERKDXD®KDXWG *HRUJ)
KDEHQHEHQIDOOV DXIPLFKDXIJHSDVVW PLFKJXWHPSIDQJHQ X

)LQDOO\ , ZRXOG OLNH WR WKDQN P\ SDUHQWYV DQG IDPLO\ IRU SX
PLY DGYHQWXUHYV ,KRSHWKDW WKLVILQDOO\FOHDUV XS ZKDW .

3KLOOLS 0 $OGD\
ODUEXUJ -DQXDU\



g fI]flk

9[cfgod]\_Je]flk an

)& Afljg\m[lagf *
7TKHH[WHQGHG $UJXPHQW '"HSHQGHQF\ORGHO H$'0
&XH EDVHG 3URFHVVLQJ
%H\RQG %HKDYLRU 1HXURFRJQLWLRQ
7TKH*RDO RIORGHOLQJ
OHFKDQLVPVDQG3URSHUWLHYV
/IHYHOV RI $EVWUDFWLRQ
7TKH1HZ 6 WDWLVWLFVY 3DUDPHWHU (VWLPDWLRQDQGOL[HC
7TRZDUGV D ORUH 3UHFLVH)RUPXODWLRQ RIWKH $FWRU +HX

*& Dggcaf_"gj9j_melflk LYI?]I KIm-<gf]2 ?j]]\aflkk Yf\ 1 ] 9[Ig]j
KIjYI]_q )*

'"HSHQGHQF\3DUVLQJ

'"HSHQGHQF\3DUVLQJDVD &RJIJQLWLYH5HSUHVHQWDWLRQ

7UDQVLWLRQ EDVHG 3DUVLQJ

$)LUVW SWWHPSW
BURSHUWLHV RI $SSURSULDWH )HDWXUHORGHOV
1RQ 7TUDGLWLRQDO 'HSHQGHQF\6WUXFWXUHV
BUHOLPLQDU\5HVXOWYV

5HYLHZDQG 2XWORRN

+& <aklaf[lIflkk YK Y Fme]ja[Yd ImYflalq *
%ULHI6XPPDU\RIOHWKRGVDQG5HVXOWYV
ODWKHPDWLFDO )RUPDOLVPV
S5HVXOWV
JXWXUH 'LUHFWLRQV
5HOHYDQFH
SXEOLFDWLRQ

,& <][akagfk$ <][akagfk2 ImYflargaf_ ;m] ;gfljaZzmlagfk
%ULHI 6XPPDU\RIOHWKRGV DQG5HVXOWYV
5HOHYDQFH
3XEOLFDWLRQ

YL



&RQWHQWV

-& FYImjYd Klgjalk2 Flo H]jkh][lan]k gf =JHKk Yf\ 1 ] Jgd] g~ >jlim]f[q O/
%ULHI6XPPDU\RIOHWKRGV DQG 5HVXOWYV
OHWKRGV
5HVXOWYV
5HOHYDQFH
3XEOLFDWLRQ

& L'] Flo Gd\ L af_2 E]egjq$ Eg\]dk$ Yf\ HjJ\a[lagf )*0

$ 1THXURFRPSXWDWLRQDO 3URSRVDO
6XSSRUWLQJ$VVXPSWLRQVDQG +\SRWKHVHV
&HQWUDO 3URSRVDO
,PSOLFDWLRQV

'LYHUJHQFH IURP ([LVWLQJ 7KHRULHYV

5HODWLRQVKLS WR3UHYLRXV &RPSXWDWLRQDO :RUNRQ W|

5HYLHZDQG 2XWORRN

/& ;gf[dmkagf )+ 1/
razdag_jYh'q )+1
9& Fgf%Jlhda[YZd] DGG J]lkmdlk ), -
$ $PELIJXRXYV
$ SURPLQHQFH /DEHOV
$ *UDPPDWLFDO 5HODWLRQ /DEHOV
$ 8QDPELJXRXYV
$ B3URPLQHQFH/DEHOV
$ *UDPPDWLFDO 5HODWLRQ /DEHOV
=zal\lkklYllda[ ] N]jka[ ]jmf_ )-)
KmeeYjq af =f_dak" )-*
RmkYee]frYkkmf_ af \]mIk[ ]] KhjY[] )-+
;mjja[mdme NalY] =f_dak"! ) -,
;mjja[mdme NalY] <]mlk["! )-.

YLL



‘HFDQQRW GHVFULEH KRZWKHPLQG
PDGH ZLWKRXW KDYLQJJRRG ZD\V W
GHVFULEH FRPSOLFDWHG SURFHVVF
FRPSXWHUV QR ODQJXDJHV ZHUH JF
WKDW 3LDJHW WULHG DOJHEUD DQC
WULHG GLDJUDPV RWKHU SV\FKROR
XVHG ODUNRY &KDLQV DQG PDWULFH
QRQH FDPHWRPXFK %HKDYLRULVW
SURSHUO\ KDG FHDVHG WR VSHDN D
/JLQIJXLVWV IORFNHG WR IRUPDO V\Q\
PDGH SURJUHVV IRUD WLPH EXW UHL
OLPLW WUDQVIRUPDWLRQDO JUDPF
WKHFRQWHQWYV RI WKH UHJLVWHUYV
VSHDN EXW KDV QR ZD\WR GHVFULE
FRQWUROV WKHP 7KLV PDNHV LW KD
VD\KRZ VXUIDFHVSHHFKUHODWHV \
XQGHUO\LQJGHVLIJQDWLRQDQG LQ\
EDE\ DQG EDWK ZDWHU VLWXDWLRGC
LGHDV IURP $, UHVHDUFK EHFDXVH W
ZHWHQG WR VHHN SURFHGXUDO GHYV
ILUVW ZKLFKVHHPVPRUHDSSURSU
PHQWDO PDWWHUYV

ODUYLQ OLOQXVNEF 0LQG DQG
OHDQLQJ



)& Afljg\mJ[lagf

'LUPVVHQ ZLVVHQ ZLU ZHUGHQ ZL\

'DYLG +LOEHUW

, Q XWDVDQG +LOO\DUG GLVFRYHUHG D FRPSRQHQW RI WKH K
(53 WKDW ZRXOG FRPH WR GRPLQDWH WKH VWXRUWH WXPIRQ ODQ.
WKLUWN\HDUV ODWHU ZH VWLOO ODFND VWDQGDUG WKHRU\RI W
WKH 1 6LPLODU SUREOHPV H[LVWIRUWKHRWKHUPDMRU FRPSR
VXFKDV WKH 3

+RZFDQLWEHWKDWDZHOO FKDUDFWHUL]J]HG UHOLDEOHH[SHULI
WKHRU\" 3DUW RI WKH SUREOHP LVWKDW RXUFXUUHQW WKHRULH
IDOVLILDEOH 3UHVHQWHG ZLWK D FKDOOHQJHIRUD IDYRULWH W
ZHDYLQJFRPSOLFDWHG QDUUDWLYHV 6RPHRIWKLV VWRU\WHOUC
ILHOGGHDOLQJZLWKFRPSOH[SKHQRPHQD OLNHFRJQLWLYHQHXI
HQRXJKWRPDNHWKHHGXFDWHG JXHVVHVY QHFHVVDU\IRU PRUH S
RIWKLVLVUHODWHG WR WKHW\SHV RIVWDWLVWLFDODQGDQDO\

JURPUHDFWLRQWLPHV WR H\HWUDFNLQJWR ((*DQG 105, DOO RIW
LQ WKH VWXG\RIKXPDQ VHQWHQFH SURFHVVLQJ GHOLYHU TXDQW
VLRQLQDWOHDVWRQHGLPHQVLRQ <HW WKHPDMRULW\RIWUDG
PHWKRGV DQG WKHRU\ORRN IRUTXDOLWDWLYH HYHQ FDWHJRUL
VLRQLVUHGXFHG WR "JUHDWHU WKDQu "OHVV WKDQu RU HTXDO
XQDEOHWRDGHTXDWHO\GLVFULPLQDWHPRGHOVDQG WKHLU SU}
SUHFLVH SUHGLFWLRQV LI ZH ZDQW D SUHFLVH GHVFULSWLRQ RI C
WLWDWLYHPRGHOV DUH SUHFLVH

7KLV GLVVHUWDWLRQ SUHVHQWV D ILUVW DWWHPSW WKURXJK D C
WRZDUGV TXDQWLI\LQJ DQG UHILQLQJD PRGHO RI KXPDQ ODQJXE
DVKRUWLQWURGXFWLRQ WR WKHPRGHO LQ TXHVWLRQ WKH H[W
H$'0 %YRUQNHVVHO 6FKOHVHZVN\DQG6FKOHVHZVN\ DQG
VRSKLFDO \HWLPSRUWDQWFRQVLGHUDWLRQVFRQFHUQLQJWKH
7KHFKDSWHU FRQFOXGHV ZLWK D EULHI RXWOLQHRIWKHUHPDLQ

7KH VLQJOH PLQGHG IRFXVRQ WKLVRQHFRPSRQHQW KDV OHG 6WHYH G6PDOO \
SXEOLVKHG LQ WKHRXRQ MH)LRIWMKPW



L (OQWURGXFWLRQ
)&)& L 11p!1f\]\ 9] _melfl <]h]f\]f[q Eg\]d ]9<E!

TUDGLWLRQDO QRWLRQV RIODQJXDJH VWHPPLQJIURP D SKLORO
\HDUV ROSLFDOO\LQYROYH FRQFHSWV VXFK DV "VXEMHFWUH RU "R
WLRQV EDVHG XSRQ PRUSKRV\QWDFWLF PDUNLQJ +RZHYHU HYH
MHFWpu TXLFNO\UHYHDOV LWVHOI DV DQJORFHQWULF DQG EUHDN
SUHVHQW LQ WKH ZRUOG:V PRUH WKDQ ODQJXDJHV 7UDGLWL
WLYHFDVH DJUHHPHQW ZLWK WKH YHUE HYHQ FDQRQLFDO ZRUG
(QIOLVKLQIRUPHG E\FODVVLFDO ODQJXDJHV $QG LIZHFRXOG U
ZLWK QRPLODWLYH DFFXVDWLYHDOLJQPHQW LD DXIHWNHDFORKWRIXW |
FRPSOH[WKHVLWXDWLRQLVIURPDFURVY OLQJXLVWLF SHUVSHF

ORUHRYHU ZKHQ ZH FRQVLGHU WKDW WKH VXSSRVHG JRDO RI VHC
VLRQ L H WKHH[WUDFWLRQRIPHDQLQJ WKHQWKHFODVVLFDOV
H[DPSOHV OLNHWKH SDVVLYH YRGHRRQGWJ DOH\G I YWH\DXAE WIHHEENH/F
EHVWDVLQJOHFXHIRUWKHVHPDQWLFUHODWLRQVDFWXDOO\FR
RIVWXGLHV LQ WKH VGHPRQVWUDWLQJWKDW V\QWD[ZDV QRW
LQWHUSUHWDWLRQ FURVV OLQJXLVWLFDOO\ ODF:KLQQH\DQG %!
SHWLWLRQEHWZHHQ SURFHVVLQJFXHV %DWHV OF1HZ HWDO
ODF:KLQQH\DQG %DWHYV %DWHV DQG ODF:KLQQH\ 7KL
DVWKHSUHGHFHVVRU WR WKHHS$'0 DQG DV VXFK ZDUUDQWV D FC

)&)&)& :m]%ZYK]\ Hjg[lkkaf_

&XHV LQ WKH &RPSHWLWLRQ ORGHO LQFOXGH WUDGLWLRQDO PRL
DJUHHPHQW DQG ZRUG RUGHU DV ZHOO DV PRUH VHPDQWLF DQG H
WXUHV VXFK DV DQLPDF\DQG VWUHVV 7KHLQWHUDFWLRQ RIWKH
WKH ODQJXDJH VSHFKH FWHEIRMWOE Y HR QD KIRZLKMHO SI X0 WKH FXH
DFWXDOO\LVLQ GHWHUPLQLQJDQLQWHUSUHWDWLRQ ODF:KLQ
OLGLW\LQWXUQ EXISPYDVEIBWRBWEXH DSSOLFDELOLW\uLQODEF:|
DQG .OLHJO FXHDUIQH® KREZLUGUWUPDWLYH D FXHLV )RUH[DPSOH F
FDVH LQ *HUPDQ LV RIWHQ DPELJXRXV DQG WKXV QRW DOZD\V DYI
FDVH PDUNLQJ SURYLGHV ZKHQ SUHVHQW IRU D VLQJOH SRVVLE
WKXV KDV VWURQJ FXH UHOLDELOLW\\HW ZHDNHU FXHDYDLODEL
OLGLW\DQG WKXV FXH VWUHQJWK VHHQ LQ WKH QLJK GHWHUPLC
PDUNLQJLQ *HUPDQ

36eLQL RIWHQFLWHGDV WKHILUVWJUDPPDULDQ ZURWHKLVJUDPPDURIG6DQ

(UJDWLYH ODQJXDJHVY HQFRGH WKH VROH DUJXPHQW RI LQWUDQVLWLYH YHU
SDWLHQW OLNHDUJXPHQW RIWUDQVLWLYH YHUEWKH(MNQUOOM& KHBHKHGDWGEY
ZHZRXO GKBWLOOHG KLP3KLP GLHG

H J VHPDQW LLAMOFARQNRW G X PW:VRIDM. Q L R B



,QWURGXFWLRQ

7KHLQIRUPDWLRQ IURP GLIIHUHQW FXHV LV FRPELQHG DFFRUGLC
\LHOG D SUREDELOLVWLFLQWHUSUHWDWLRQ ,Q*HUPDQ IRUH[D!
WHUSUHWDWLRQLQWKHSUHVHQFHRIDPELJXRXVFDVHPDUNLQJ:
ZRUG RUGHUV +RZHYHU DQLPDF\FDQ FKDQJH WKLV 'LGWHUSUHW
*DEHO OHFNWHW LHWXK IRUN OLFNHG WKH FRZ-EXW PRUSKRV\QWD
VWHDG LQWHUSUHWHG FRUUHFWO\ZLWKRXW UHTXLULQJIRUNV W
ODF:KLQQH\ %DWHV DQG .OLHJO DQG .HPSHDQGODF:KLQQH)
JHVW D SDUWLDO RUGHULQJ IRUWKH FRUH FXHV DQLPDF\ PRUSK
ODQJXDJHV

%\VHSDUDWLQJLWVHOIIURPVWULFW QRWLRQVRI V\QWD[p WKH
PRQLRXV DFFRXQW RIODQJXDJH SURFHVVLQJDQG FURVV OLQJXL
SHWLWLRQORGHOLVDSXUHO\SV\FKROLQJXLVWLFRQHEDVHGRQ
H[SOLFLW RIIOLQH MXGJHPHQWY $VVXFK LWLVVXVFHSWLEOH W
DQG FDQQRW LQIRUP XVDERXW WKH SUHFLVHWLPHFRXUVHQRU W
RIVHQWHQFH SURFHVVLQJ

)&)&*& :]1qgf\ :]'Ynagj2 FImjg[g_falagf

7KHH[WHQGHG $UJXPHQW 'HSHQGHQF\ORGHO H$'0 LVD QHXURFF
QHXURELRORJLFDOO\ JURXQGHG PRGHO RI FURVV OLQJXLVWLF
OLNH WKH &RPSHWLWLRQ PRGHO HVFKHZV WUDGLWLRQDO QRWL
DQG XVHV KROLVWLF FXH EDVHG SURFHVVLQJ %RUQNHVVHO D
6FKOHVHZVN\DQG 6FKOHVHZVN\ ,Q SDUWLEXODU WK
LQWHUSUHWDWLRQ EDVHG RQ WKH 'DFWRUp SDUWLFLSDQW L H
IRU WKH VWDWH RI DIIDLUV EHLQJ GHVFULEHG FI 9DQ 9DOLQ
3ULPXV 6LPLODU WR WKH FXHV RI WKH &RPSHWLWLRQ OR
IHDWXUHV ZLOO EH PRUH LPSRUWDQW IRU DFWRU LGHQWLILFDW|
WR RWKHUV H J FDVH PDUNLQJLQ *HUPDQ -DSDQHVH RU +LQGL
SDUWLFXODUODQJXDJH VRPHDFWRU UHODWHG IHDWXUHV ZLOO
%DWHV OF1HZ HW DO ODF:KLQQH\ %DWHV DQG .OLHJO
%RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\

%DVHG RQ WKH UHVXOWYV RI HOHFWURSK\VLRORJLFDO VWXGLHV L
ODQJXDJHV WKH H$'0 SRVLWY WKDW WKH KXPDQ ODQJXDJH FRP
WR LGHQWLI\ WKH DFWRU SDUWLFLSDQW DV TXLFNO\DQG XQDPE!
KHQGLQJ D VHQWHQFH $FFRUGLQJO\ LI VHYHUDO FDQGLGDWH
WKH DFWRU UROH ZLWK PHDVXUDEOH QHXURSK\VLRORJLFDO UHS
DQG 6FKOHVHZVN\ $0GD\ 6FKOHVHZVN\ DQG %RUQNHVVHO €
QRQ SURWRW\SLFDO DFWRUV 3 HYHQ LQ LQWUDQVLWLYH FRQVW
LGHQWLI\ ZKLFK LV UHIOHFWHG DFFRUGLQJO\LQ HOHFWURSK\VL
BEFKOHVHZVN\

$FWRULGHQWLILFDWLRQLY EDVHG WR VRPH H[WHQW RQ WKH VHC
%RUQNHVVHO 6FKOHVHZVN\DQG 6FKGOGBWKANL YV SURWRWD S H DMK



,QWURGXFWLRQ

Stage 1
Stage 2
2a 2b
Stage 3
-
Non-predicating: :  Compute
(NP) prominence "semantic" P600
Word category :
identification / Generalised
Basic constituent mapping Wellformedness
structuring : [N400|
Predicating: : Compute A A

(V) linking

................. "Plausibility”

processing

A
Lexical / associative World knowledge /
semantic processing Social cognition /
T ST R TRRUIRNN 7 Emotional environment
Discourse
environment
JLIXUH 7TKHH$'OEHIRUHLWV QHXURDQDWRPLFDOIRUPXODWLF

IURP % RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\

HQFRPSDVVERWKWKHODQJXDJH VSHFLILFFXHVRIWKH&RPSHWL
GHU DVZHOODV GRPDLQ JHQHUDOIHDWXUHYV H J DQLPDF\ FHUYV
WR ELRORJLFDO PRWLRQ ILUVW SHUVRQ DQG VLQJXODU %RUQN
'HFDOO WEH R P LFXHHY FE-RIW B WK EBIXYVH WKH\UHQGHU D UH I H
VDOLHQW LQ D OLQJXLVWLF VHQVH EXW DOVR EHFDXVH WKH\ DUH
JURXQGLQ D SHUFHSWXDO VHQVH HJ DORQH DQLPDWHHQWLW
XUDOLVWLF VFHQH OLNH D ILHOBFW R UGS V RAMBKIKFAS B\ DWW Ri P HD
VHQVH DQ LQQDWH SURSH U VBURIPW @ K QK i U HDQSN RISI® W\ R1 DQ D |
PHQW:-VUHDOL]DWLRQLQDJLYHQ FRQWH[W FI JUHQ]JHO 6FKOHYV]

(DUOLHU YHUVLRQV RI WKH H$'0 SURSRVHG D WKUHH VWDJH FD
EUHDNLQJ SURFHVVLQJXSLQWR LQLWLDO FKXQNLQJDQG PRU
WLRQ RI SURPLQHQFH RQ URXJKO\ WKH OH[LFDO OHYHO EXW LQF
EHWZHHQ DUJXPHQWY DQG VHQWHQFH VFDOH SURFHVVLQJ |
IRUPHGQHVYVY SUDJPDWLF DQG ZRUOG NQRZOHGJH )LJIXUH Fl

%RUQNHVVHO 6FKOHVHZVN\ DQG 6FKOHVHZVN\ %RUQNH



,QWURGXFWLRQ

VHZVN\ ,QIRUPDWLRQ IORZV LQ D FDVFDGH IURP RQH VWDJ}
EHFRPHVDYDLODEOH 7KXVHYHQDWWKHVWDUWRIDQLQLWLDOC
WKHDPELJXRXV PRUSKRORIJLFDOLQIRUPDWLRQLV SDVVHG DORQ
ZRUGYV SURFHVVLQJLVLQFUHPHQWDO DW HYHU\ VWHS ZLWK LQ
WKH SUHYLRXVY SURFHVVLQJ VWDJH EHLQJ SDVVHG DORQJ WR WK
SURSDIJDWHG LQ D FRQWLQXRXV PDQQHU DORQJ VHTXHQWLDO \}
UHIOHFWV WKHFRQWLQXLW\RISURFHVVLQJLQWKHEUDLQ 7KHF
IRXQG LQ 6WDJH &SRPEROWPABGRRHQHWKIH FRUH DUJXPHQWY FRPS
WKHDFWRUUROH

IDWHUUHYLVLRQVRIWKHH$'OKDYHIRFXVHGRQ QHXURELRORJ\D
WKHVWDJH EDVHGDUFKLWHFWXUHRIWKHHDUOLHUIRUPV )LJXU
6FKOHVHZVN\ IRQHWKHOHVV WKH DFWRU VWUDWHJ\ UHPDI
ZLVH SUHYLRXV FRPSXWDWLRQDO DVVXPSWLRQV DUH QRZ JURX
KLHUDUFKLFDO RUJDQL]DWLRQ ZKLFK OHDGV WR D WLPH VSDFH
FHVVLQJ VWHSVY DUH SHUIRUPHG IXUWKHU DZD\ IURP WKH SULPD
WKH PRGHO DUH WKH QHXURDQDWRPLFDO VWUHDPY EDVHG RQ P
SURFHVVLQJ IORZ DQG LQIRUPDWLRQ SURSDJDWLRQ ([SDQGLQJ
PDWHV WKDW IRXQG DGLYLVLRQ RIODERUEHWZHHQ WKH GRUVD (
"ZKDWpDQG "ZKHUHp RU KRZp WKHGRUVDODQG YHQWUDO VWU
IHUHQW W\SHV RI PDQLSXODWLRQV 'H:LWWDQG5DXVFKHFNHU
%RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\ %RUQNHVVHO
LQ SUHVYV 7KH GRUVDO VWUHDP LV RUGHU VHQVLWLYH DQG WK
HUDWLRQV VXFK DV WKRVH EDVHG RQ ZRUG RGHU ZKLOH WKH YF
DQRG WKXV SHUIRUPVY FRPPXWDWLYH RSHUDWLRQV VXFK DV UHOD\
JXPHQWV RUWKH IRUPDWLRQ RI GHSHQGHQFLHY H J DVVRFLDW
%RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\ %RUQNHVVH
DO LQ SUHVV %RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\LQ
WR EH ELGLUHFWLRQDO L H ERWK ERWWRP XSDQG WRS GRZQ L
FURVV WDON LV SRVVLEOH EXW WKH GDWD QHFHVVDU\IRU D IXO
SRLQWV DUH QRW \HW DYDLODEOH 7KHVWUHDPV FRQYHUJH LQ W
WHJUDWLYH HYDOXDWLYH FRQWURO VWHS LY SHUIRUPHGLQDQG
%URFD:-V $UHD

, QDOORILWYV LWHUDWLRQVY WKHH$'0O0GHSHQGVY KHDYLO\RQ WKH
RIWKHPRGHO ZKHUH WKH WKHRU\LVPRVWGHYHORSHG ,QGHHG
DFFXUDWHO\GHVFULEHG E\%URXZHU )LW] DQG +RHNV DV 'D
SUHWDWLRQ UDWKHU WKDQDIXOO\IOHGJHG PRGHO RIVHQWHQF
UHYLVLRQV SURYLGH D SDUVLPRQLRXV LI VRPHZKDW XQGHUVSHF
KHQVLRQ $ SUHFLVH TXDQWLWDWLYHIRUPXODWLRQ RIWKHDFV
LPSHUDWLYH DQG WKDWLVWKHFHQWUDO WDVNRIWKHPRGHOLC



,QWURGXFWLRQ

(A)
(B)
time
DORSAL POST.TEMPORAL/ :
PARIETAL
prosodic syntactic actor
segmentation| | structuring "| computation :
| integrate/
................................................................................E. evaluate
7| [control]
phoneme | AE-schema .| AE-schema :
identification | activation | unification :
ANT. : FRONTAL
VENTRAL TEMPORAL :

)LIXUH

7TKHQHZHU H$'0 ZLWK QHXURDQDWRPLFDO VWUHDPV
IURP %RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\




,QWURGXFWLRQ
)&*& L] ?2gYd g™ Eg\]daf_

7TKHHYROXWLRQ RI WKH &RPSHWLWLRQ ORGHO DQG WKHH$'0 SUR®
WKHUROHRIWKHRU\DQG PRGHOLQJ?3WKH\ERWKIHDWXUH D VLPI
SURFHVVLQJ FRPSHWLWLRQ \HWGLIIHULQVLJQLILFDQW ZD\V E
DOGLQWKHOHYHORIGHVFULSWLRQ VRXJKW 3RSSHU VXIIH
VKRXOG EHEDVHG RQIDOVLILDELOLW\ DVLWLVLQJHQHUDOLPS
LVLPSRVVLEOH WR WHVW HYHU\ VLQJOH SRVVLEOH GDWXP 7KL\
9LHQQD &LUFOH D IHZ\HDUV EHIRUH /DNDWRYV /DNDWRV DQG 0X
SDQGHG WKLV QRWLRQ LQWRFRIQWH Y WEK $ BR DQDLAPFPRKMW DEOH "KDU
QRQ UHYLVDEOH EHOLHIV ZKRVHIDOVLILFDWLRQ UHQGHUV WKH
WLYHEHOWMRIUHYLVDEOH EHOLHIV RUPXWDEOH GHWDLOV OR
UHVHDUFK SURJUDPPH :KLOH WKH SURWHFWLYH EHOW VKRXOG
GDWD LW VKRXOG QRQHWKHOHVY EH ZHOO GHILQHG DQG DV VSHI
RWKHUSRVW KRFIOH[LELOLW\DUHRIWHQ V\PSWRPDWLFRIDODF
DQGG6LPRQVRKQ :DIJHQPDNHUV HW DO *HOPDQDQG/RNHQ

6LPLODUO\ LPSOHPHQWDWLRQ GHWDLOV IRUFRPSXWDWLRQDOC
WKH SURWHFWLYH EHOWDQG QRW WKH KDUG FRUH )RU H[DPSOH
"SDVW WHQVH GHEDWHu RI V SVIFKROLQJXLVWLFV ZDV WKDW W
PHOQWDWLRQGHWDLOVDQGRWKHUSDUWVRIWKHSURWHFWLYHEH
FRUH FI $OGD\ $ FRPSXWDWLRQDO LPSOHPHQWDWLRQLV QR
RIWHQ XQGHUVSHFLILHG ZLWKRXW D FRPSXWDWLRQDO LPSOHPH
6HLGHQEHUJDQG -RDQLVVH $QGHYHQ FRPSXWDWLRQDOO\ L
VXUSULVLQJIOH[LELOLW\YLDIUHH SDUDPHWHUV FI +RZHV /HZL

JURP WKLY SHUVSHFWLYH WKH&RPSHWLWLRQORGHODQG WKH HS?
KDUG FRUHV LQ FRPPRQDQG WKXV FRXOG SRWHQWLDOO\EHORQJ
JUDPPH \HWWKH\EHORQJWRGLVWLQFW VXEUHVHDUFK SURJUDF
HISODQDWRU\JRDOV 7KHH$'0OVWULYHV WR SXWIRUWKD SDUVLPI
RIODQJXDJH DOEHLWFXUUHQWO\UHVWULFWHG WR ODQJXDJH FR
ORGHOUHVWULFWVLWVHOIWRDSV\FKREHKDYLRUDOPRGHORIOL
WKHRYHUODSDOORZVIRUPDQ\UHVXOWV WR EHWUDQVIHUUHG IL
WKHRWKHU FI ODUUDQG 3RJJLR

)&*&)& E][ Yfakek Yf\ Hjghljla]k

,Q WKLY YHLQ LWPDNHV VHQVH WR GLVWLQJXLVKREHRAKDHHQ PHFI
QLYY D SURFHVV RURSHUDWLQJ SULQFLSOH ZKLFKSSHRBEQHV WKH
HUMAPRUH HSL SKHQRPHQRORJLFDO %RWKPHFKDQLVPVDQG SU
UHVHDUFK SURJUDPPH EHORQJLQJWR LWV KDUG FRUH RUDXJ[LO

7KH % ULWLVKHAVSHIOUFKQAWVRNUDBEPWLRQDOON\XVHG HYHQ LQ WH[WV ZLWK $PHUL
XVHGLQ WKHQDUURZVHQVHPHDQW E\/DNDWRYV



,QWURGXFWLRQ

IOH[LEOH EHOW $ZHOO GHILQHG PHFKDQLVP LV VXIILFLHQW IRU
IDOVLILHG ENIDOVLINLQJ WKRVH SURSHUWLHYV +RZHYHU D WKHR
RI SURSHUWLHVDQG DWWHPSWLQJ WR GHULYH D PHFKDQLVP IRU
&RPSHWLWLRQORGHODQG WKHH$'OWKXV KDYHPDQ\VLPLODU SU
ILFDWLRQ RIWKHLU DGPLWWHGO\ UHODWHG PHFKDQLVPYV

$ PRGHO WKDW GLITHUVLQ LWV PHFKDQLVPIURP WKHSURSRVHG W
WHOO XV VRPHWKLQJDERXW WKH SUR S HUWH IHW \SHUR\EHR VLHAG LBA WHKD>
DEOHWR XVHPRGHOV WKDWHHFHD KU H WKAH\FRWY VAKUIOHUE IR XV HIXO
JUDPPDWLFDO UHODWLRQV OLNH "VXEMHFWuDQG "REMHFWH WR C
WKXV PRGHOV ZKLFKKDYHVHYHUDO XVHIXO SURSHUWLHV PDQ\R
XVHLQODQJIJXDIJHHGXFDWLRQ EXWZKRVHXVHIXOQHVVLVPXFKP
RIDVLQJOHFURVV OLQJXLVWLFDOO\YDOLGDFFRXQW RIKXPDQ O

)&*&*& D]n]dk g~ 9ZkljY[lagf

,Q GLVFXVVLQJ ZKLFKPRGHOV DUH XVHIXO IRU H[SORULQJ WKH SL
SURJUDPPH LW RIWHQ PDNHVY VHQVH WR GLVWLQJXLVK EHWZHHQ
WKH GLIIHUHQFH LQ IXQGDPHQWDO PHFKDQLVP RIIHUHG E\D PRG
RIGHVFULSWLRQ ,Q QHXURVFLHQFH 0DUUDQG 3RJJLR SURS
IRUDQLQIRUPDWLRQ SURFHVVLQJV\VWHP SUHVHQWHG KHUH U]

+DUGZDWH FRQFUHWH SK\VLFDO UHDOL]DWLRQDQGLPSOHPH
WKHIXQFWLRQLQJRILWY DWRPLFFRPSRQHQWY H J QHXURQ
OHFKDQLMPYWORZ OHYHO PHFKDQLVPVDQG IXQGDPHQWDO RSH
SURFHVVLQJ H J PHPRU\ H[HFXWLYHIXQFWLRQ HWF ZKLF}
WLRQV RI WKH SK\WLFDO SULPLWLYHV H J EUDLQ QHWZRUNV
$OJRULWKRDYOJRULWKPV XVHG WRVROYHWKHLQIRUPDWLRQ S
DUH FDUULHG RXW ZLWK WKH ORZ OHYHO PHFKDQLVPV

&RPSXWDWHRXDWXUHRIWKHLQIRUPDWLRQ SURFHVVLQJSURE
DQG ZK\y VRPHZKDW VLPLODUWRWUDGLWLRQDO EODFN ER

BUHYLRXV YHUVLRQV RI WKH H$'0 SULPDULO\DGGUHVVHG WKH XS
HDFKLWHUDWLRQ WKHH$'OKDVDWWHPSWHGWRDGGUHVVDGGLV
&RIQLWLYH QHXURVFLHQFH DV D ZKROH LV VWLOO D ORQJ ZD\ IU
WKHPHFKDQLVWLFDQG SK\VLFDO OHYHOV LQ SDUW GXH WR WKH
DQGLQ SDUWGXHWRHWKLFDO FRQVWUDLQWY 'HVSLWH WKHLU

‘>$@ WKHRU\ FDQ EH YDOXDEOHHYHQ LI LW GRHVQ-W FRUUHVSRQG WR WKH Ut
DERXW WKHRULHV WKDW GR FRUUHVSRQG WR WKHUHDO ZRUOG p 6RXUFH KW
LQ GHIHQVH RI SXUH WKHRU\
KWWS JUDYLWRQV ZRUGSUHVV FRP ZK\ L VWXG\ D WKHRU\ WKDW |
2U DVWKHVD\LQJDWWULEXWHG WR*HRUJH %R[JRHV "$0O0PRGHOVDUH ZURQ
S WLVLQWHUHVWLQJWR QRWHWKDW WKHRULJLQDOWH[WH[SOLFLWO\GHILQH
7UL /HYHO +\SRWKHVLV ZLWK WKHPLGGOH WZR OHYHOV FROODSVHG FI 'DZ
VRPHZKDW FRQIXVLQJH[DPSOHLQYROYLQIJWKUHHOHYHOVRISURFHVVLQJIR



,QWURGXFWLRQ

&RPSHWLWLRQORGHOEHILQWRGLYHUIJHDWWKHFRPSXWDWLRQL
FRPSUHKHQVLRQDVGHHSO\LQWHUWZLQHGZLWKDQRWKHU GRPD
QDPHO\LGHQWLINLQJDFWRUV ZKLOHWKH&RPSHWLWLRQORGHO I
SUREOHP RIODQJXDJHFRPSUHKHQVLRQ

, Q WKLY VHQVH WKHDFWRU KHXULVWLFLVY D GHVFULSWLRQ DW D
\HW RQH WKDW VHHPV WR PDS ZHOO RQWR ORZHU OHYHOV :KLOH
SURSRVHGDOJRULWKPVDUHDFWXDOO\LPSOHPHQWDEOHRQ WKH
LH WKDWDQHXUROLQJXLVWLFWKHRU\RIODQJXDJHFRPSUHKH
SRVVLEOH O0DUUDQG 3RJJLR HPSKDVL]H WKH LPSRUWDQFH
DWERWKWKHFRPSXWDWLRQDODQG DOJRULWKPLF OHYHOV ,Q W
RQ FRPSXWDWLRQDO DQG DOJRULWKPLF DVSHFWYV ZKLFK DUH EF
SUHFLVLRQRI ((* $VVXFK ((* DQGLQ SDUWLFXODU (53 VHUYHVEL
ZKLOH RIIOLQH PHDVXUHYVY VXFK DV MXGJHPHQWY DQG UHDFWLRQ
EODFN ER[GHVFULSWLRQ RIWKHFRPSXWDWLRQDO SUREOHP

)&+& L] F]lo KlYlakla[k$ HYjYe]l]j =klaeYlagf Yf\
Eap]\%=-][lk Eg\]dk

BUHFLVH FKDUDFWHUL]DWLRQV KDYH WUDGLWLRQDOO\EHHQ D S
JXDJHVFLHQFHV +XPDQ EHKDYLRULV QRWRULRXVO\FRPSOH[ DQ
RYHU WUDGLWLRQDO VWDWLVWLFDO PHWKRGY EDVHG RQ QXOO
HJ $129% GHOLYHUDELQDU\®*DQG KHQFH TXDOLWDWLYH 3 GHFL
WKLVDSSURDFK ZKLFKGHVHUYH*DQGKDYHUHFHLYHG3®ERRNYV R
RQSDUDPHWHU HVWLPDWLRQ KDV EHHQ SURSRVHG XQGHU WKH E|
HW DO &XPPLQJ 2GGO\HQRXJK SDUDPHWHU HVWLPD'
RI'VRPHRI WKHROGHVW VWDWLVWLFDO WHFKQLTXHV H J UHJUF
FRPSXWDWLRQDOO\ LQWUDFWDEOH ZLWK WKH QXPHULFDO WHFK
WZHQWLHWK  FHQWXU\ HVSHFLDOO\ZKHQ DGDSWHG IRUODUJH GL
7TKXV $129% DFRPSXWDWLRQDOO\HDV\VSHFLDQVHDNHRFDIRHUH V)
WREHSUHIHUUHG WR H[SOLFLW WHVYWHWD QRE DL UHDRGHWHE B RIWW L P D

5HFHQWO\ OLQHDUPL[HG HIITHFWVPRGHOVKDYHEHFRPHSRSXOD
WLFVFLHQFHY GXHLQSDUWWRQHZ IDVWHUDQGHDVLHU WR XV&I
FRPSXWLQJSRZHU %DD\HQ 'DYLGVRQ DQG %DWHYV -DHJHU

DO .OLHJO ODVVRQ DQG5LFKWHU %DUU HW DO % DL
HOVDOORZKLHUDUFKLFDO PRGHOLQJRIVXEMHFWDQGLWHP HIIF
PDQLSXODWLRQ RU HTXLYDOHQWO\ H[WHQG OLQHDU UHJUHVVL
WLRQ DORQJPXOWLSOHD[HV VLPXOWDQHRXVO\ VXEMHFWYV LWH
7KHZRUN SUHVHQWHG KHUHLVEDVHGH[WHQVLYHO\RQ WKH DSSC
ERWKWUDGLWLRQDO JHQHUDOL]J]HG OLQHDUPRGHOVDQG WKHL!
WRVXSSRUWLQJ SDUDPHWHUHVWLPDWLRQ UHJUHVVLRQPRGHO"



,QWURGXFWLRQ

FRYDULDWHYV ZKLFKLQ WXUQ HQDEOHV PRGHOLQJPRUHRIWKHY
JXDJH XVH

)&,& LgoYj\k Y Egj] Hj][ak] >gjemdYlagf g~ 1] 9[lg]j
@]mjaklal

SDUDPHWHUHVWLPDWLRQWKXVIJLYHVXVDPHWKRGRIKDUGHQLQ
DVZHOO DV ILUPLQJXSLWV SURWHFWLYHEHOWVRWKDW LWV SDU
([SORUDWLRQ RI WKH SDUDPHWHUDQG SURSHUW\VSDFH UHTXLUI
RSPHQWRIPRGHOV \HWPDQ\PRGHOVDUHZRHIXOO\ XQGHUVSHFI
DQXPEHURITXDQWLWDWLYHPRGHOLQJDSSURDFKHV DUHH[SORI
WKH TXDOLW\ RI WKH WKHRU\ ,Q &KDSWHU ZH H[DPLQH WKH VW
RSWLPDOLW\RIWKHDFWRU KHXULVWLFFRPSDUHG WR WKH VXEMEFE
LRURIDGHSHQGHQF\ SDUVHU DQG MXVWLI\ WKH XVH RIGHSHQG
PDQ\SURSHUWLHV ZLWK KXPDQODQJXDJHFRPSUHKHQVLRQ &KD:
WLILFDWLRQRI SURPLQHQFHDQG GLVWLQFWQBWWUIRRK ((* GDWD
TXDOLWDWLYHUHVXOWVLQWKHOLWHUDWXUH ZKLOH&KDSWHU
WKHIUHH SDUDPHWHUV LQ WKHH$'O E\HVWLPDWLQJ WKHIHDWXU
6XEVHTXHQWO\ WKHIHDVLELOLW\RIVWXG\LQJWKHHOHFWURSK!
KHXULVWLFLQD QDWXUDO VWRU\FRQWH[WLVY GHPRQVWUDWHG L
QHZ XQSXEOLVKHG PDWHULDO ZKLOH &KDSWHUV DQG LQWUF
RUFXUUHQWO\XQGHU SHHUUHYLHZ 7KLV GLIIHUHQFHLVDOVRUF
WLYH FKDSWHUYVY 5HYLHZFKDSWHUV FRQVLVWRIDEULHIVXPPDU
RILWVUHOHYDQFHDV ZHOODV D VKRUWHQWU\RQP\FRQWULEXW
E\WKHPDQXVFULSWLQLWVHQWLUHW\ )LQDOO\ &KDSWHU UHYL
WKLY FRPSUHKHQVLYHDSSURDFKDQG SUHVHQWV DQ RXWORRN



*& Dggcaf_ ~gj9) me]flk L YI ?]lI
Kim- <gf]2 ?j]]\af]kk YT\ | ]
O[lgj] KIJYI] g

$OO0OPRGHOVDUHZURQJ EXWVRPHEL
XVHIXO

*HRUJH %R

$V PHQWLRQHG LQ WKH ,QWURGXFWLRQ WKH WUDGLWLRQDO JUL
FURVV OLQJXLVWLFDOO\D WHQXRXV FRQFHSW DW EHVW 1RQHW
RIVXFFHVV DV D PRGHO ERWKLQ WHUPV RI OLQJXLVWLF GHVFUL
SDUVLQJ DQG FRPSUHKHQVLRQ VWUDWHJLHYV &OHDUO\ WKH VX
HUWLHY WKDW FDSWXUH FHUWDLQ DVSHFWV RI OLQJXLVWLF UHD
OLNHVXEMHFW YHUE DJUHHPHQWDQG WKHUH VHHPVWREHHYHQ
VXEMHEW LQLWLDO ZRUG RUGHU FI &RPULH

7KH SUHIHUHQFH IRUVXEMHFW LQLWLDO FRQILJXUDWLRQV FDQ E
VSHFWLYHHIBGUYRULWKP RUDQDOJRULWKP ZKLFKPDNHV ORFDOO
LQFUHPHQW +RZHYHU JOREDO RSWLPDOLW\ L H WKHFRUUHFW
HQWLUHW\ GRHV QRW QHFHVVDULO\IROORZIURP ORFDORSWLPD
VHQWHQFH

SHWHU VDK «
SHWHU DPEDIZXRX UG

$W WKLV SRLQW WKHLQSXWFRQVLVWV RIDQRXQ ZLWK DPELJXR)
DIJUHHVLQ QXPEHUZLWKWKHQRXQ 7KHUHDUHWKXVWZRSRVVLE
WKH VHHU RUWKHVHHQ

SHWHU VDK PLFEK
SHWHU DPEDIZXRXWHUG

SHWHU VDK LFK
SHWHU DPEDIZXRXW UG



/IRRNLQJIRU $SUIXPHQWYV 7KDW *HW 6WXII'"RQH *UHHGLQHWV

TKHLQSXWLV WKXV ORFDOO\ XQGHUVSHFLILHG :HFDQDYRLG D S
ZHDNHQLQJ WKH UHTXLUHPHQW IRULQFUHPHQWDO SURFHVVLQJ
WR VXSSRUW WKLV 3D ZLGH UDQJH RI VWXGLHVY UHSRUW DQ 1 f
DPELJXRXV YHUE QRPLQDWLYHFRQILIXUDWLRQV IRUD SDUWLEF?>
VHZVN\ DQG %YRUQNHVVHO 6FKOHVHZVN\ <HW REMHFW LQLYV
ZLWK REMHFW H[SHUlHQPHHQYHUEY OLNH

SHWHU JHITOOWLHQIHULQ
SHWHU DPEOHORMMKHUBIHU | 120
SHWHU JHITOOWHAQJHULQ
SHWHU DPEODHCRMMWMKWHUGIHU | '$7

7KLV LV VWLOO EURDGO\ FRPSDWLEOH ZLWK D VXEMHFW EDVHG k
LQFUHPHQWDOLW\NUHTXLUHPHQW LIWKHLQLWLDODUJXPHQWLV
WHUSUHW LWDVDVXEMHFW RWKHUZLVHLIWKHLQLWLDODUJXPH
YHUE LQWHUSUHW LW DV DQ REMHFW $OWKRXJK PRUH ZHDNO\ L
DFFRXQW LWLVQRQHWKHOHVVUHDVRQDEOHLQLWVDVVXPSWLR
DWLYH VI\OWDFWLFWKHRU\ ZKHUH WKHVXEMHFW FRQFHSW RQO\
WR WKHYHUE +RZHYHU ZKHQZHFRQVLGHU WKDW YHUE ILQDO FR
SURSRVDORI"ZDLW IRUWKH YHUEu TXLFNO\EHFRPHV XQWHQDEO
HYLGHQFHDOVRLQGLFDWHVY WKDWHYHQ XQDPELJXRXV REMHFW |
GLVSUHIHUUHG HJ LQFUHDVHG 1 DPSOLWXGHRQWKHVHFRQG
JULVFKDQGG6FKOHVHZVN\ FI. %WRUQNHVVHO $IJUHHG\ VXEI
IDLOWREHJOREDOO\RSWLPDOLQDQXPEHURIVLWXDWLRQV $VL
WREHDIXQGDPHQWDO SURSHUW\RIWKHKXPDQODQJXDJH V\VWHI
DVVXPSWLRQRIVXEMHFW FHQWULFLW\ GHVSLWHLWYV XVHIXOQH

'LWKLQ WKH IUDPHZRUN RI WKH H$'0 WKH DFWRU KHXULVWLF R
GULYHQ SURFHVVLQJ ZDVLQWURGXFHGLQ & KDSWHU DV DQDOW
LQJ ,IZHFRQVLGHU WKH SUHYLRXV H[DPSOHV WKHQ ZH VHH D PF
DGHFUHDVLQJ SURPLQHQFH UDQNLQJ DFURVV WKH VHQWHQFH 'V
VXEMHFW RI &KDSWHU

JRU WKH REMHFW H[SHW UHQEHULFHOEBNWR ILQG D FOHDU "DFWRU
RI DIJHQF\ 3 DUJXDEO\ WKH VWLPXOXV KDV FDXVDGBWQRSHUWLHV
WKLQJ ZKLOH WKH H[SHULHQFHU VXIIHUV RU HQGXUHYV DQ HPRYV
WKH DFWRU DUH PRGHOHG RQ WKH SURWRW\SH RI WKH VHOI DQG
RI WKH SHUFHSWLRQ DFWLRQ ORRS FI %RUQNHVVHO 6FKOHVH.
%RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\ LQ SUHVV VH

OLW fWR SOHDVH: EXW XVHGLQWKHVHQVHRITfWROLNH:- RQO\ZLWK WKH OLN
LH YHUEV ZKRVHREMHFWV DUHVXEMHFW WR D RHH R\DOHD VB WY H ([ DPSOHV LQ



/IRRNLQJIRU $SUIXPHQWYV 7KDW *HW 6WXII'"RQH *UHHGLQHWV

A. Compute prominence

Actor Undergoer
sem.

dependency
control (x.y)
experience {x.y)
cause (x,y)

controlled
target of sentience
causally affected

control

sentience
causation

NOM/ERG ACC/NOM
15t position 2nd position
+animate -animate
+definite/specific -definite/specific
+1st/2nd person -1st/2nd person
JLIXUH 5HSURGXFHG ZLWK SHUPLVVLRQ IURP %Y RUQNHVVHO |
DQG6FKOHVHZVN\ DQG3ULPXV ,QWKLVVHQVH HPRWLRQI

DUHPRUH SURPLQHQW WKDQ WKHVWLPXOXV FI )LIJXUH BULPX

7KHODEHO 'DFWRUVWUDWHJI\pLVWKXVDFRQYHQLHQW VKRUWKD
RQLWVPRVWFRPPRQYDULDQW DQG SRWHQWLDOO\LWVHYROXW!
DFWLRQ ORRS FI %RUQNHVVHO 6FKOHVHZVN\ 6FKOHVHZVN\ HW
IRUPXODWLRQV SURSRVHGD FRPSOHPHQWDU\UROHIRUWKHDFW|
EXWRQWRORJLFDOO\ WKLV UROHLVY FRPSOHWHO\GHSHQGHQW R
WR WKHDFWRU FI %RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN
ODWLRQVRIWKHH$'OUHPRYHG WKHH[SOLFLW XQGHUJRHU FDWH.
6FKOHVHZVN\ EXWZHFDQ VWLOO XVH WKH WHUP DV D FRQYH
DFWRU VWUDWHIJ\DV WU\LQJ WR HVWDEOLVK WKH GHSHQGHQF\ U
J)LIXUH 7KLY SUHGLFWV WKDW WKLY GHSHQGHQF\UHODWLRQ
DEO\GHWHUPLQHGLQD JUHHG\IDVKLRQLQ YHUE ILQDO FRQVWU:
PRUSKRORJ\ WKDQ WKHVXEMHFW FHQWULFFRQVWUXFWLRQV

7TKHFHQWUDO JRDO RI WKLY GLVVHUWDWLRQLYVY VSHFLILFDWLRQ '
WLYHPRGHOLQJ 7KHFODLPHGJOREDORSWLPDOLW\RIWKHDFWI
VWUDWHI\LQ DIJUHHG\ VI\VWHP PXVW WKHQ EH GHPRQVWUDWHG
GLIITHULQJJUHDWO\LQ LWV PHFKDQLVPIURP KXPDQ ODQJXDJH FR
YLGHV D XVHIXOPRGHO IRUH[SORULQJWKH SURSHUWLHV RI WKH
WKHZRUGV RI6HLGHQEHUJDQG -RDQLVVH LW-VWLPH WR VKF
WKDW ZHWXUQWRGHSHQGHQF\SDUVLQJ



/IRRNLQJIRU $SUIXPHQWYV 7KDW *HW 6WXII'"RQH *UHHGLQHWV

3XQFWXDWLRQ

3UHGLFDWH

BUHSRVLWLRQDO &RPSOHPHQW
2EMHFW
$WWULEXV€¥§?E E

N
5227 (FRQRPLF QHZV KDG OLWWOH HIIHFW RQ ILQDQFLD

YLIXUH '"HSHQGHQF\VWUXFWXUH IRUDQ (QJOLVK VHQWHQFF

*&)& <]h]f\]f[g HYjkaf _

, QWKHFRPSXWDWLRQDOOLQJXLVWLFVOLWHUDWXUH "GHSHQGH
QLTXHVIRUPDSSLQIJD VHQWHQFHWRDKLHUDUFKLFDO VWUXFW X
GHQF\JUDPPDU D V\QWDFWLF WUDGLWLRQ JRLQJEDFNFHQWXUL
SOLFDWLRQLQ GHVFULSWLYH OLQJXLVWLFV 1LYUH OXFK OL
VHYHUDO GLITHUHQW WKHRUHWLFDO IUDPHZRUNV ZLWK GLIITHUHQ
EXW DOO VKDUH D FRUH DVVXPSWLRQ XRQUW®G\WILE NRPWHKE6 WXV F
PHWULFDO UHODWLRQVKLGM EHWZHOILMKHP BVQUKXEXDO LQ PRG]
OLQIJXLVWLFV WKLV VWUXFWXUH WM EHWHS)LEIXHE W H GZD.WIX WRR
FORVHU WR WKH KR D& 6 WOKOHHGRGKIHFORVHU WR WEHMSIHHUGLIS®WU\ FL
‘HUHSUHVHQW WKLV WUHH ZLWKDUURZV IURP HDRRALIQH DGR RMKANHYV
URRWWRZDUGV WKHOHDYHV (DFKDUFLVJLYHQDODEHOLQGLFD
ZKLFKIJHQHUDOO\GHVFULEHVIXQFWLRQDO UHODWLRQVKLSYV
HJ "VXEMHFWp "REMHFWpRU 'DWWULEXWHpPp 7KLV GLIIHUVIURP
UHSUHVHQWDW LRKQU IDYHEK VAN WBID RU L H VZIRUIDWIKIE WL R QD O
FDWHJRULHV 1LYUH FI J)LIXUH $OWKRXIKWKHW\ISHRILQI
GLIITHUV LWLVLQJIJHQHUDO SRVVLEOHWRFRQYHUW EHWZHHQ WK

JRU RXU SXUSRVHV WKH UHSUHVHQWDWLRQ RIITHUHG E\GHSHQG'
WDJHV )XQFWLRQDO UHODWLRQVKLSV VXFK DV VXEMHFW DQG D
ZLWK D IRUP WR PHDQLQJ PDSSLQJWKDQ GR VWUXFWXUDO RQHV
LV WKH JRDO RI ODQJXDJH FRPSUHKHQVLRQ DQ H[SOLFLW HQFRG
DGYDQWDJHRXV IRUD PRGHO RI KXPDQ ODQJXDJH SURFHVVLQJ ,
LQLWLDO DFFRXQW RIGHSHQGHQF\SDUVLQJDVDPRGHORIODQJ)>

JRUFRPSXWDWLRQDO UHDVRQV ZHLQWURGXFHDQDUWLILFDO URRW ZKLFK S
KHDG
1% 7KHUHLVDULYDOWUDGLWLRQ ZKLFKGUDZV WKHDUURZVLQWKHRWKHUC
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(FRQRPQIFZ\KDGOLWMOHRW I L QD Q PIDIJN HW V

J)LIXUH S3KUDVH VWUXFWXUHIRUDQ (QJOLVKVHQWHQFH D

*&*& <]h]f\]f[q HYjkaf_Yk Y :g_falan] Jlhjlk]flYlagf

$ IXUWKHUDGYDQWDJHRIGHSHQGHQF\UHODWLRQVKLSV LV WKDW
SDUDPHWHUL]HG KLHUDUFKLFDO HRDG{DWIRID RV IO QK X D HIY K Q I
LQ)LIJXUH GLUHFWO\HQFRGHV ZKLFK ZRUGV PRGLI\ZKLFK RWK
MRLQHG WR WKH PRGLILHG YHUEDO FRPSOHPHQWYV VXEMHFWV R
FRPSOHPHQWY DUHGLUHFWO\DGMRLQHG WR WKH YHUE FRPSOH]
HWHUV LQDIXQFWLRQDO FRPSXWDWLRQDO VHQVH WR D QRXQ S
EHKDYLRU PHDQLQJ DQGVLPLODUO\YHUEDO FRPSOHPHQWYV SD
PHQW VWUXFWXUH

7TKLVFRPSXWDWLRQDO SHUVSHFWLYH ZKLOHVLPSOH KDV VHYHL
)LUVW WKHUH LV QR QHHG IRUD VWURQJ VHSDUDWLRQ RI YHUEV
JHQHUDO WKHZRUGFDWHJRU\HPHUJHVIURPDJLYHQ SDUDPHW |
VXEMHFWDQG REMHFW RUDFWRUDQG XQGHUJRHU SDUDPHWHUYV
ZRUGEHLQJXVHGDVD SDUDPHWHURIDIXQFWLRQDO YHUELVDAQR
VXPSWLRQVRIWKHH$'OUHIJDUGLQJWKHIOH[LELOLW\RIZRUG FDW
DQG6FKOHVHZVN\ LQSUHVV DVZHOODV QHXUROLQJXLVWLF |
GRHVQRWQHFHVVDULO\GLVWLQJXLVKEHWZHHQ ZRUGFDWHJRUL
9LJOLRFFR HW DO IRU ((* )HGHUPHLHU HW DO IRU D |
IRUD GLVVHQWLQJRSLQLRQ 6KDSLURDQG &DUDPD]]D

,WVHHPVDELWUHGXQGDQW WR VD\ ">VI\QWDFWLF@ GHSHQGHQFLHV HQFRGH F
UDWKHULPSRUWDQW SRLQW
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ORUHRYHU WKLVUHSUHVHQWDWLRQ FDSWXUHV WKHQRWLRQRI"~
EHGGLQJLVD OHYHO RIGHWDLO WKDW FDQ RSWLRQDOO\EH UHPF
WDWLRQ WKHDGMHFWLYHV DQG WKHQRXQVDUHDW WKHVDPH O
IRFXVRQFRUHDVSHFWV RIFRPSUHKHQVLRQZLWK QDWXUDO ODQ.
VRWKDWGHHSHUHPEHGGLQJVDUHLIJQRUHG DQG VXFFHVVLYHO)
WKHWKHRU\EHFRPHV PRUHGHYHORSHG

)LQDOO\ WKH FRPELQDWLRQ RI SDUDPHWHUL]DWLRQ DQG OHYHC
FKLFDO HQFRGLQJRIUWMKYHDHKOMHER® UHSUHVHQWLQJ WKH HYDOXEC
UDPHWHUL]HG E\LWV GHSHQGHQWYV ,Q RW K H UFZRDAND @IX EW U H H \
ZD\ WKDW FDSWXUHV WKH PRVW HVVHQWLDO GHWDLOV DV EHLQJ
WUHH DQG WKXV PRUH UHFHQWO\HYDOXDWHG 7KLV FKXQNLQJP|
HOV RIODQJXDJH SURFHVVLQJEDVHG RQ FRQWHQW DGGUHVVDEC
DQG 9DQ '\NH ZLWK WKH JURZLQJFKXQNV UHSUHVHQWLQJ DF
DQG DWWDFKPHQW GH S RIKLQIQ B WGP RHEDAREADHOL W\ HITHF WV ZK
FUHDVLQJ GLVWDQFH EHWZHHQ D QRXQ DQG LWV YHUE FDQ LQFUF
UHDFWLYDWLRQ YLD UH HYDOXDWLRQ GXULQJQHZDWWDFKPHQW

7KHGHSHQGHQF\UHSUHVHQWDWLRQLV WKXV HVSHFLDOO\ZHOO"
UHVHQWDWLRQ RIODQJXDJH JRUDPRGHORIODQJXDJH SURFHVV
SDUVHU DOVR FRQVWUXFW LWV UHSUHVHQWDWLRQV LQ D FRPSDL
DOO\WKDW WKH SDUVHUEHDEOHWR OHDUQDQG QRW UHTXLUH W
GDWD GULYHQ ,Q WKHGHSHQGHQF\WUDGLWLRQ WUDQVLWLRQ
TXLUHPHQWYV

*&+& LjYfkalagf%ZYk]\ HYjkaf_

$WUDQVLWLRQVEDEBW B DBUAHWHQ VKLIW UHGXFHSDUVHU ,Q RWKH
SDUVHUV WDNH D ORFDO SHUVSHFWLYH WR SDUVLQJ H[DPLQLQJ |
XVHLWLPPHGLDWHO\ H J E\ FRPEL QHGXEREWM MRMKHIOUHLYQ R B\G L Q% X
LQSXWDQGVHHLIWKHVLWXDWRRE SAQGRIDHFY DMYVLQJI WKHUH DL
VLEOH UH GXFIVDLQRER K W\WWWB FKPHQW ZKLFK FRUUHVSRQG UHVSHI
LQJWKH QHZLQSXW WR H[LVWLQJLQSXW DV HLWWHD QWMNMDLRRY D
DUH OHDUQHG LQ D VXSHUYLVHG ZD\ E\ W UPDU DRQED\W IQHR & B MLIVGE R Q
GDWD $OWKRXJK ODQJXDJH OHDUQLQJLQ KXPDQV LV DUJXDEON\ (
OHDUQHUV GR UHFHLYHLPSOLFLW IHHGEDFN DV WR ZKHWKHU RU (
SUHWDWLRQ

+HUHDQGLQWKHIROORZLQJ "HYDOXDWHpPDQG LWV GHULYDWLYHV DUHPHDQ
HYDOXDWLRQp ZKHUHE\D FRPSXWDWLRQLV FDUULHG RXW
IRWHWKDWWKLVGRHVSURYLGHIRUDFHUWDLQ FRUUHODWLRQZLWKWKHQRW
SURFHVVLQJ DV SXW IRUWK LQ WKH 6\QWDFWLF B3UHGLFWLRQ /RFDOLW\ 7KHR
IRFDOLW\7KHRU\ '/7 *LEVRQ KRZHYHU WKHGHSHQGHQFLHVLQ GHS!
GLITHUHQW IURP WKH FRPELQHG VIQWDFWLF UHIHUHQWLDO GHSHQGHQFLHYV ¢
*LEVRQ GHILQHV ORFDOLW\YLD SKUDVH VWUXFWXUDO GLVWDQFH
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&UXFLDOO\ DOWKRXJKWKHUHKDYHEHHQVRPHUHFHQWHIIRUWV
UHSDLU VWUDWHJILHV +RQQLEDO *ROGEHUJ DQG -RKQVRQ |
SDUVHUV DUHIRUFHG WRIROORZWKURXJKRQWKHLU GHFLVLRQV
LQWRJDUGHQ SDWKLQJLQWKHVDPHZD\KXPDQVDUH3DORFDOO\
RXW WR EH ZURQJ 1HLWKHU WUDQVLWLRQ EDVHG SDUVHUV QRU
FDQHVFDSHZKHQ WKH\KDYHJRQH IDUHQRXJKDORQJWKHZURQJ
KRZHYHU WKHKXPDQ ODQJXDJH SURFHVVHU LV FDSDEOH RI UHFR
SDUVHU FDQQRW HVFDSH LWV SUHYLRXV FKRLFHV HYHQLILW FD(
OHDG WR VHOI FRQWUDGLFWLRQ VXFKDVWZRVXEMHFWY /RFDC
QDO RXWSXW DV ZHOO DV SRWHQWLDO FRQVHTXHQFHV RI LQLWLD
VKRXOG FRUUHODWH ZLWK WKH FRPELQHG ORFDO DQG JOREDO R
VWUDWHJILHV VXFKDV WKHVXEMHFW DQG DFWRU VWUDWHJILHYV

SDUH WKH RSWLPDOLW\RIWKH VXEMHFW DQG DFWRU VWUDWHJLF
WUDQVLWLRQ EDVHG GHSHQGHQF\ SDUVHU WUDLQHG RQ ODEHO
GHUJRHUV RUVXEMHFWV DQG REMHFWV

*&,& 9 >ajkl 9ll]ehl

,Q WKHIROORZLQJ ZH SUHVHQW DQ LQLWLDO H[SORUDWLRQ RI'W
GHSHQGHQF\SDUVHUWUDLQHG RQWUDGLWLRQDO VXEMHFW REWN
SURPLQHQFH EDVHG ODEHOV :HXVHG WKHODOW3DUVHU 1LYUH!
GDWD GULYHQ WUDQVLWLRQ EDVHG S DIHDIWXUHWRI®MBIVEBH VSH
LQSXWIHDWXUHY WKDW WKHRUDFOHLVWUDLQHGDQG RSHUDWH"

JRUWKHWUDLQLQIJDQG WHVW VHWYV ZH XVHG VWLPXOLIURP WKH
RI % RUQNHVVHO ZKLFKIROORZHG EURDGO\VSHDNLQJD [ [
$0%,*8,7<[9(5%7<3( 6XEMHFW REMHFWDQGREMHFW VXEMHFW ZI
YHUE ILQDO FRQILIXUDWLRQ $0OOVHQWHQFHV ZHUHJOREDOO\ X
DIJUHHLQIJZLWKWKHYHUELQQXPEHU KRZHYHU WKHVHQWHQFHYV
HLWKHU ORFDOO\FDVHDPELJXRXV RUORFDOO\XQDPELJXRXV ,Q
WHQFHV LWZDV SRVVLEOHWRGHWHUPLQLVWLFDOO\DVVLJQJUD
EXWLQDPELIXRXVVHQWHQFHVWKLVZDVQRWSRVVLEOHXQWLOMW
GDWLYH H[SHULHQFHU YHUEV ZHUH XVHG WKXV WKHPDWLF UROF
VIQWD[LQ KDOIRIWKH VHQWHQFHYVY $Q H[DPSOH RI WKHIRXUDPE

LQ

*HVWHRXQ G H ]| KO V
<HVWHADG/DN RO &V KD W

D O0DBL@IHULIGROHY
ODUVYDQJHUVROORZ 6*

TODULDIROORZV VLQJHUYV -
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E ODBLOJHULGRO@HAQ
ODUYDQJHUVYROORZ 3/

16LQJHUVIROORZODULD

F 0DWBLOJHULHI D W
ODUVDQJHUBSOHDVH 6*

1f0DULD SOHDVHVVLQJHUYV - L H 6LQJHUV OLNHODULD

G ODBLPIJHULIHAIBQOHQ
ODUVYDQJHUBOHDVH 3/

1T6LQJHUV SOHDVHODULD - L H TODULD OLNHVVLQJHUYV -

JRU WKLV ILUVW DWWHPSW WKH SDUVHU ZDV WUDLQHG DQG WHV!
SDUWLFXODU OH[LFDO UHDOL]DWLRQ RI WKH H[SHULPHQWDO FR
PRGHO VHHEHORZ ([SHULPHQWDO VWLPXOL ZHUH XVHG EHFDX
DYDLODEOH DQGDVLQJOHLWHP VXIILFHG EHFDXVH SV\FKROLQJ.
WREHIHDWXUHPDWFKHGDQG WKXVHDFKDGGLWLRQDOLWHPLQYV
VHW $ODUJHUWUDLQLQJVHWFDQEHHPXODWHGLQDUHVWULFW
WUDLQLQJLWHUDWLRQV

*&, &)& Hjghljlalk g~ 9hhjghjaYIl] >]YImj] Eg\]dk

YHDWXUHV LQ ODOW3DUVHU DUH VSHFLILHGRQGWHVYWWRNWKBERQS
WLDOO\ SURFHVVHGWRMHBORU U,HYSRQGY WR PHPRU\LQ D FRJQLW
ZLWK PRVW UHFHQW HOHPHQWY PRVW HDVLO\DFFHVVLEOH ,WHP
PD\DGGLWLRQDOO\EH DGGUHVVHG E\LQGH[RU E\ WKHLU GHSHQ
OLQHDUDQG JUDSK SRVLWLRQ EXWDUFVPD\RQO\EHPDGH EHW:?
RIWKH VWDFNDQG LQSXW EXIIHU ,Q WHUPV RI FRJQLWLYHDUFKL
EHLQJ DEOH WR LQWHJUDWH WKH QHZ LQSXW ZLWK WKH PRVW UH
HLWKHU WKH GLUHFWO\ SUHFHGLQJ HOHPHQW RUD PRUH FRPSOH
IURP UHFHQW LQSXW

$OWKRXJKODOW3DUVHU VXS SR URXW QEBHIND KIHRIDG! (ORER R RIGKHDRS Q
UDOODQJXDJHSURFHVVLQJEHFDXVH ODIRRMN EHEWX FRKHHNG R Q G\
WR PHPRU\DQG LV FXUUHQWO\DQ XQGHUVSHFLILHG SRUWLRQ RI
WLRQ VHHPV WR EH WKH DYDLODELOLW\RIDOO IHDWXUHV IRU WK

ILUVWLQ ILUVW RXW
ODVWLQ ILUVW RXW
3DUDIRYHDO SUHYLHZLQ UHDGLQJ VRPHZKDW YLRODWHY WKLV SULQFLSOH E\
SXW DQG WKLV LV UHIOHFWHG LQ GLITHUHQW HOHFWURSK\VLRORJLFDO HIIHI
6FKOHVHZVN\ DQG 6FKOHVHZVN\ .UHW]VFKPDU JRUD PRGHO RI FRPS
PD\WKHUHIRUHPDNHVHQVHWRDOORZD OLPLWHG ORRN DKHDG ZLWK UHGXF\
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IRUERWK WKH QH[W HOHPHQW LQ WKH VWDFNDQG WKH GHSHQGH (¢
FRUUHVSRQGVWRIXOODYDLODELOLW\IRUWKHPRVWUHFHQWO\ S
DELOLW\IRUUHFHQWO\SURFHVVHG HOHPHQWVY DQG FR DFWLYDW
DQG 9DQ '\NH PRGHO

JRUWKHFXUUHQWH[SHULPHQW QRIHDWXUHV ZHUHVSHFLILHG EF
DVZHOO DV WKHFXUUHQW LQSXW :KLOH WKLV DUJXDEO\FULSSO
VHULRXVY SUREOHP IRU VXFK VKRUW VLPSOH VHQWHQFHYV QDPHC
YHUEDQG WKHQ SHUIRUPHG JOREDOO\LQIRUPHG SURFHVVLQJ

*& &*& Fgf%LjY\alagfYd <]h]f\]f[q KIjm[Imj]k

,QDGGLWLRQWR WKHUHVWULFWLRQV WR WKHIHDWXUHPRGHO L
FHVVLQJ DOVR SUHVHQWYV DQRWKHU VHW RI FRQVWUDLQWYV IRU V
JUDPPDWLFDO RU SURPLQHQFH UHODWLRQV L HWKH H[DFW GHS
YHUEDQG QRPLQDO DUJXPHQWY ,Q SDUWLFXODU LWLV XQOLNH
ZDLWV IRUWKH YHUE WR SURFHVV WKH QRXQV ZKLFKLPSOLHV W
WR FDWHJRUL]JHWKH QRPLQDO DUJXPHQWYV LPPHGLDWHO\ 7KLV F
QRPLQDO DUIJXPHQW RUWKHYHUELQ YHUE PHGLDO FRQVWUXFW |
WXUH WKDW UHIOHFWV WKLY DQGDOORZVIRULPPHGLDWH LQFUH
IHUUHG

7KH VROXWLRQ XVHG KHWHXPKIOAK 2 HONMD/QEPKKYY WKH VXEMHFW R
SURPLQHQW DUJXPHQW WR WKH YHUEDQG WKH REMHFW RU OHVYV
DUJXPHQW 7KXV ZKHQD YHUE LV HQFRXQWHUHG D VXEMHFW RU
EHLPPHGLDWHO\ LQWHJUDWHG ZKLFK URXJKO\FRUUHVSRQGV W
VLRQVRIWKHH$'0 %RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN
DGGLWLRQDO QRXQLVHQFRXQWHUHG WKHUHODWLRQVKLS EHW 2
OLVKHG ZKLFKURXJKO\FRUUHVSRQGV WR &RPSXWH 3URPLQHQFI
%RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\ 7KH FRUUHF
WKHVHQWHQFHVLQ LVSUHVHQWHGLQ )LJXUH

*&,&+& HjldaeafYjqg J]kmdlk

THVWLQJZDVFRQGXFWHG XVLQJD PLIWXUHRIWKHOHDYH RQH R
VHOI YHULILFDWLRQ ,Q ERWK FURVYV DQG VHOI YDOLGDWLRQ W
DERYH RQHLWKHUODEHOVHW GHVSLWHKLJKO\FRQVWUDLQHC
SHUIRUPDQFHIRUWKHVXEMHFW ODEHO ZLWKDQ H[WUHPH VHQVL
WLRQ IRUERWKUHODWLYHDQGDEVROXWH SHUIRUPDQFH )RU H]J
KDYLQJQRFDVHPDUNLQJLQFUHDVHG DFFXUDF\FRPSDUHG WR HC
FRPSDWLEOH ZLWK ERWK QRPLQDWLYHDQG GDWLYH FDVHV GHSH
LQH[FHVVRI SHUFHQWDJH SRLQW GLIIHUHQFH
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BUHGLFDWH BUHGLFDWH
6 XEM

2EMHFW VV3URPLQHQW

5227 0DULD 6I1QJHULQQIRQ7I0FRQAIMD 6IQJHULQQHQ IROJW

BUHGLFDWH 3UHGLFDWH
6 XEM

2EMHFW /HVV 3URPLQHWAWH 3URRLQHQW

5227 0DULD 6IQJHULQQHQ27HDOION 6I1QJHULQQHQ JHIIOOW

BUHGLFDWH BUHGLFDWH

2EMHFW /HVV 3URPLQHWAWH 3URRLQHQW

5227 0DULD 6IQJHULQQKBQR2TROUHDO 6IQJHULQQHQ IROJHQ

BUHGLFDWH BUHGLFDWH
ORUH 3UR

HQW

2EMHFW HVV3URPLQHQW

5227 0DULD 6IQJHULQQHG2JHODODBQ6IQIJHULQQHQ JHIDOOHC

J)LIXUH $UIXPHQW YHUE FKDLQGHSHQGHQF\VWUXFWXUHIRU
XPQXVHVWKHWUDGLWLRQDOJUDPPDWLFDO UHODWLRQV
XVHV WKH SURPLQHQFH ODEHO VHW

7TKLVVHQVLWLYLW\WRIHDWXUHVSHFLILFDWLRQDOVRUHYHDOHDC
LPHQWDO GHVLJQ 7KH SDUVHU ZDV WUDLQHGDQG WHVWHG RQ Wi
JXLVWLF H[SZHWKRDQWD Q\ G L VOXEF B BPWRKXF/Q MX-OUWLW VXEMHFWY GR
GHYHORSHGDQRSWLPDOVWUDWHI\IRUWKHH[SHULPHQW LQVWH
SUHWDWLRQIRUWKHVXEMHFW ODEHO ZDV SRVVLEOHE\RQO\H[DF
WHQFHLQWHUSUHWDWLRQ IRUWKHDFWRU ODEHODGGLWLRQDO!
7KH GLVDGYDQWDJH RI WKLY DGGLWLRQDO FRPSOH[LW\LV DOVR
IRUDGGLWLRQDO WUDLQLQJ LWHUDWLRQVZLWKWKHDFWRU VWU

7KLV VXJIJHVWYV WKDW WKH DGYDQWDJH RI WKH DFWRU VWUDWH J\
DFFXVDWLYH ODQJXDJHV DULVHV LQ SDUW IURP GLVWULEXWLRC
DOO FRPELQDWLRQVDUHHTXDOO\OLNHO\ WKHQ WKHUH LV QR SX
VWUDWHJI\DQG WKHUH PD\HYHQ EH D VOLJKW GLVDGYDQWDJH )
WKH DFWRU VWUDWHJ\ GRHV KDYH D IHZ DGYDQWDJHYV LW LV D
LW KDV FURVV OLQJXLVWLF DSSOLFDELOLW\ LQ D ZD\ WKDW "V
DSSO\LQJ GHSHQGHQF\ SDUVLQJ WR ODQJXDJHV VXFK DV +LQGL
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KLIJIK XQODEHOHG DFFXUDF\ EXW D VRPHZKDW GLVDSSRLQWLQJ
:KLOHD GDWD GULYHQ SDUVHU PD\EH DEOH WR OHDUQ HUJDWLY'}
DV QRPLQDWLYH DFFXVDWLYH DOLJQPHQW OHDUQLQJ ERWK V\\
GLIILFXOW 3URPLQHQFH EDVHG ODEHOV HYHQ LI DSSOLHG WR I
WKDQ XVHG KHUH PD\RIIHUD ZD\WR UHVROYH WKLV SUREOHP

J)LQDOO\ RQHWUDLQLQJ WHVWLQJUXQEDVHGRQDIHDWXUHVHW
WKHVWDFN L H ZLWKDGGLWLRQDOPHPRU\ \LHOGHGPRUH SURP
ZLWK WKHDFWRU VWUDWHI\DFKLHYLQJDQ DJJUHJDWH DFFXUDF)
VFRUHG RQO\ ORUHLQWHUHVWLQJO\ WKHSDUVHU WHQGHG \
WLRQVDV KXPDQVGR WKHUHVXOWVIURPOHDYH RQH RXWWHVW
LQ $SSHQGL[$ 8VLQJVXEMHFW ODEHOV WKH SDUVHU GRHV LQG
ZKLOH XVLQJ DFWRU ODEHOV LWGRHV GHYHORS D SUHIHUHQFH I
QXPEHURIPLVWDNHVIRUD SDUVHZLWKDFWRU ODEHOVIROORZV
HQFHV RIKXPDQ WHVW VXEMHFWY WKDQ GRHVY WKH QXPEHU IRU D ¢

8QIRUWXQDWHO\ WKHVHLQWHUHVWLQJ UHVXOWYV PXVW EH UHJD
8VLQJ D VQDSVKRW Rl WKH WHVWLQJ HQYLURQPHQW LQFOXGLQ.
SURGXFWVY WDNHQDIWHU WKHVHWHVWY FRQVLVWHQWO\\LHOGV
WHVWLQJDJDLQ XVLQJD FOHDQ FKHFNRXW IURP YHUVLRQ FRQWU
ZHKDYH QRWEHHQ DEOH WR ILQG WKH VRXUFH RI WKH GLVFUHSDC
WKDW VXFK UHVXOWY PD\DJDLQ EH SRVVLEOH QDPHO\WKHPLVW
FORVHO\PDWFK WKHELDVHV IRXQG LQ WKH OHDYH RQH RXW WUD
UHSOLFDWLRQDWWHPSWV GR )RUH[DPSOH LQWKHQRQ UHSOLF
LQJDQ REMHFW LQLWLDO FRQVWUXFWLRQ UHVXOWHG LQ D SUHIF
LQ WHVWLQJ EXW WKLV W\SH RI H[SHFWHG ELDV LV QRW DOZD\V
7KHUHSOLFDWLRQ DWWHPSWV DOVR GHPRQVWUDWHG D VXVSLFL
ORZHU WKDQ FKDQFH ZKLFK ZDV LQVHQVLWLYH WR UHPRYLQUJ C
IHDWXUH PRGHO VXJJHVWLQJD SUREOHP ZLWK WKH UHSOLFDWLR

*&-& J]lna]Jo Yf\ Gmldggc

,Q WKLV FKDSWHU ZHH[DPLQHG WKH XVHRIWUDQVLWLRQ EDVHG
WLRQDOPRGHO RIKXPDQODQJXDJH SURFHVVLQJ )ROORZLQJDG
RI'WKHVH SDUVHUV ZH XVHG WKHP WR WHVW WKH OHDUQDELOLW
EDVHG RQWUDGLWLRQDOJUDPPDWLFDO UHODWLRQV VXEMHFW I
XQGHUJRHU ZLWK PL[HG UHVXOWYV 7KH SHUIRUPDQFH RI HDFK V'
IHDWXUHPRGHO VSHFLILFDWLRQWKHRUDFOHZDV WUDLQHGRQ I
WKHDEVHQFHRIGLVWUDFWRUV WKHSDUVHUGHYHORSHGDQHI[S
RFFDVLRQV :KLOH WKLV FKDOOHQJHV WKHVXSUHPDF\RIWKH WU

LH WKHFRUUHFW GHSHQGHQF\UHODWLRQVKLSY DUFV ZHUH HVWDEOLVKHG
VKLS ODEHOV
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QRWHVWDEOLVKWKHRSWLPDOLW\RIWKHDFWRUKHXULVWLFHLW
PD\SURYLGHD VROXWLRQ WRLVVXHVUHODWHG WR SDUVLQJVSO

JXUWKHU ZRUN PXVW IRFXVRQ GHYHORSLQJDQDGHTXDWH WUDLC
RI QDWXUDO ODQJXDJH FDQ EH WDNHQ LQWR DFFRXQW DV D "IXO
LOQWURGXFHV ELDV IRU UDUH FRQVWUXFWLRQV DQG WKXV UHGXF
$GGLWLRQDOO\ ZKLOHVRPHQHFHVVDU\SURSHUWLHV RIWKHRUD
WKHUH LV VWLOO DJUHDW GHDO OHIW XQGHUVSHFLILHG ([SORU
PRGHOVRQODUJHUWUDLQLQJFRUSRUDZLOO SURYLGHLQVLJKW 1
WR RSWLPL]JHGHFLVLRQPDNLQJ



+& <aklaf[lf]kk YKY Fme]ja[Yd
ImYflalq

$Q\RQH ZKR FDQQRW FRSH ZLWK
PDWKHPDWLFV LY QRW IXOO\KXPDQ
EHVWKHLV D WROHUDEOH VXE KXPD
KDVOHDUQHG WR ZHDU VKRHV EDW!
QRW PDNHPHVVHV LQ WKH KRXVH

SREHUW +HLEBHQRXJK )RU /RYH

$ NH\HOHPHQW RIWKHSURSRVHGDFWRUKHXULVWLFLVFRPSHWL
DFWRUUROH ,QPHWDSKRUDQGLQ SUDFWLFH FRPSHWLWLRQLYV
SHWLWRUVDUHFORVHO\PDWFKHG ZKLFKOHDGV WR WKH SURSRYV
HITLFLHQW ZKHQ WKH FRP S HGWWW\RARQVBEYWH P D HLAP B BIOOHVHZV N\ DQ

VHZVN\ 4XDQWLIN\LQJ GLVWLQFWQHVV LV WKXV D QHF
WKHDFWRUKHXULVWLF
,Q $0GD\ 6FKOHVHZVN\ DQG %YRUQNHVVHO 6FKOHVHZVN\ 4

UDWLRQ RI GLITHUHQW SRVVLELOLWLHV IRUTXDQWLI\LQJ SURPLC
EDVLF FRQFHSWV IURP DWQ BBR \V G UHREJMOFRALY FKDSWHU ZH LQWUF
WKHIRUPDOLVPV XVHG LQ WKDW SXEOLFDWLRQ VXPPDUL]H WKH 1
DWLRQVIRUIXWXUHUHVHDUFK

+&)& :ja]® KmeeYjg g™ E]I"g\k Yf\ J]kmdIKk
+&)&)& EYIl JeYla[Yd >gjeYdakek

,QGHYHORSLQJD FRPSXWDWLRQDO PRGHO IRUSURPLQHQFH ZH I
FRGHWKHVHWRISURPLQHQFH IHDW XIUHDVWM R U HD YHH MOADBRIDGUMHNWLH-GE S C
OLVW RI QXPHULFDO HQFRGLQJV IRU SURPLQHQFH IHDWXUHV ,Q
DVD GLPHQVLRQ LYSOFOILEGHEQHKH QXPEHU RI IHDWXUHV ZH DUH
PRGHO 'LVWLQFWQHVV FDQ WKHQ EHFRQFHLYHG RIDV "GLVWDQ
FRUUHVSRQGV WRHMWKUHRLFSHW KRH BD W L F V

JRUD YHFWR G MSIDFHG RYHU WK H UHD® YHEVERIWWY D PHWULF LV DIXQFWLRQ
wilw =*xVDWLVI\LQJWKHIROORZLQJSURSHUWLHV
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L T EYT YHYFE]lja[l Yk AfI]j~1j1f[]

,QSDUWLFXODU WKH 0B QX DWW @PHVWAPMWR UHIOHFWD QDWXUD
N

RIGLVWDQFHLQ SURPLQHQFHVSDFH DVLW SURYLGHV D PHDVXUI
ODS FRUUHODWHYV LQY H U \LKOW HZU VR @/G EIA) RWHRQ WHUDWXUH RQ
PHPRU\ FI OF(OUHH "-RQLGHVHWDO JHZLV DQG 9DVLVKWK
9DQ '\NH DQG WKXV ODQKDWWDQ GLVWDQFH\LHOGV D PHDV X
EXWLQYHUWHG IURP LQWHUIHUHQFH

<gl Hjg\m[l Yk Hjgeaf]f][]

$ NH\IHDWXUH RIWKHH$'0 DQG WKH &RPSHWLWLRQORGHO LV Wt
RISURPLQHQFHIHDWXUHY :HFDQFRQFHSWXDOL]J]HWKLVDVDGL\
VPDOO GLIITHUHQFHV LQ KHDYLO\ ZHLJKWHG IHDWXUHV VWUHW FK
WKHLU OHVV VWURQJO\ZHLJKWHG IHDWXUHV 7KLV GLVWRUWLRQ
VSDFH WLPHE\KHDY\REMHFWV SXWIRUWKE\JHQHUDO UHODWLY
WKH GLVWRUWLRQ DORQJ WKH IHDWXUH ZHLJKWLQJ ZRUNYV DV DC
ZKLFKILWVLQZHOO ZLWKUHFHQW VXJIJHVWLRQVIURP FRPSXWDW
WUDFWRUQHWZRUNYV SURYLGHD QHXURELRORJLFDOO\SODXVLEC
SURFHVVHV 'HFR 5RO0OV $OEDQWDNLV HWDO 'HFR 5RO0V
+HHNHUHQ HW DO

7KLV QRWLRQ FDQ EH HIWHQGHG WR "UHSXOVRU KLOOV p ZKLFK
FRQILIXUDWLRQV $QH[DPSOHLVWKHVWDWH  SURGXFHGE\DQLQ
WDWLRQRIDVXEVHTXHQW QRPLQDWLYH®WKHDFWRUKHXULVWLF
XQWHQDEOHDFWRUDVVLIQPHQW 7KHVLIJQRIDIHDWXUH:-V ZHLJ
WRURUDUHSXOVRU ZKLOHLWV PDIJQLWXGHLQGLFDWHY LWV VW|

7KH GRW SURGXFW RI WKH ZHLJKW YHFWRU ZLWK WKH IHDWXUH 'Y
ZHLIKWHG IHDWXUHV LV WKXV D PHDVXUH RI WKH VWUHQJWK RI |
UHVSRQGV WR D PHDVXUH RI SURPLQHQFH RUFRPSDWLELOLW\ ZL
PHDVXUH KDV WKHLQWHUHVWLQJ SURSHUW\RIEHLQJHTXLYDOHC
GLVWDQFH

,GHQW4AW\ LIDQG RQO\LI
B\PPHWUY& =+ ‘0
7ULDQJOH ,QMAXDPO LW\ « ‘6’

7RIJHWKHU WKHVHLPSO\DIRXUWK SURSHUW\
1RQ QHJDWAaY L*W\

$v D PHWULF LV QRQ QHJDWLYH E\GHILQLWLRQ LWLV QR ORQJHU DFFXUDWH
VXFKQHDUPLVVHV ZH XVHWKHHYHU\GD\WHUP "GLVWDQFHuUDQGUHVHUYHW
IRUPDO FULWHULD
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T<u»E2T<pu»° y & <132y &<l3,
N N
y &<13y213,
N
1< |,1»E2p_»°

$GGLQRIJLQDSSURSULDWHDEVROXWHYDOXHVLIQVWRWKHODVW ¢
PHWULF

=d]e]floak] <a-]jlf[] Yk F]l ?2Yaf af 9[lgj >]YImj]k

&RPSDULQJWKHODQKDWWDQPHWULF ZKLFKODFNVDQ\QRWLRQ
IHUHQFHLVVRPHZKDW XQIDLUZKHQERWKPHDVXUHVDUHVXSSRV
GHSHQGHQW SURFHVV $VVXFK ZHXVHWKHVLIJQHGODQKDWWDQ
ZHLJKWV DV D WKLUG GLVWLQFWQHVV PHDVXUH %\VHWWLQJDOC
ZD\WR HVWDEOLVK WKHHIIHFWRI ZHLJKWLQJ 7KLV PHDVXUH LV F
GLIIHUHQFHDQG WKXV PHDVXUHV WKH QHW JDLQLQ DFWRU FRPSI

+&)&*& J]kmdlk

'LWK WKH DERYH PDWKHPDWLFDO IRUPDOLVPV ZH ZHUH DEOH WR
PHQWDWLRQRI&RPSXWH 3URPLQHQFH VHH &KDSWHU  ZKLFK ZH
UHGXFHSDUVHUWRSURYLGHPHDVXUHVIRUWKHVWLPXOLXVHG L
LPHQW XVHG YHUE PHGLDO VHQWHQFHV PDQLSXODWLQJZRUG RU(
RQWKHILUVW 13 DQG WKHW\SHRIERWK 13V SURQRXQ YV IX00 1
ZDV WKLUG SHUVRQ VLQJXODU ZKLOHIRU WKH VHFRQG 13 WKH S|
'LVDPELJXDWLRQIRUWKHDPELJXRXVFRQGLWLRQDOZD\VRFEXUL
WKH YHUE 7KLV H[SHULPHQWDO PDQLSXODWLRQLV NQRZQ WR HC
HIITHFW ZKLFKDOORZV XVWRWHVW WKH SURSRVHG PHDVXUHV LQ

8VLQJPL[HG HIIHFWVPRGHOV ZHH[DPLQHG WKH SUHGLFWLYHSR
1 DQGODWH SRVLWLYLW\WLPHZLQGRZV ,QERWKWLPHZLQGRZ
PHDVXUH VLJQHG GLITHUHQFH RIGRW SURGXFWYV SURYLGHG WK
IHDWXUH FKDQJH VLIQHGHOHPHQWZLVHGLIIHUHQFH DJDLQ WK
PRGHO ODQKDWWDQ PHWULF WKH ZRUVW ORGHO ILWV LQ WKH 1
EHWWHU WKDQ PRGHO ILWV LQ WKH ODWH SRVLWLYLW\WLPH ZLC
GLFDWLQJ WKDW WKH 1 LV DPRUH GLUHFW PHDVXUH RI DFWRU
%RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\ ORUHRYHU
WKHODWH SRVLWLYLW\HIIHFWLVLQ SDUWWDVN UHODWHG +DX:¢
DQG %RUQNHVVHO 6FKOHVHZVN\ ZKLFKZDV VXSSRUWHG E\' W
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LOPRGHOILWZLWKWKHLQFOXVLRQRIUHDFWLRQWLPHIRUWKHO
1 PRGHO

+&)&+& >mimj] <aj][lagfk

5HFHQWO\ J)UHQ]J]HO 6FKOHVHZVN\ DQG %YRUQNHVVHO 6FKOHVHZ
HOHFWURSK\VLRORILAA® R UHSIHFERIRRAUSEK QY OHWHPH RUUHIHUHQW
GLVWLQFWIURP WKH HOHFWUR SK\V L RRORIR IF@ DI WHFD OH VDM MRLA
LQDVHQWHQFHFRQWH[W ,QFRUSRUDWLQJVXFKOH[LFDO GDWD 1
WKHQLPSURYHLWVILWWRWKH ((*GDWD 7KLVFRXOGEHGRQHHL
SRUDWLQJDFWRU SURWRW\SLFDOLW\YDOXHV GHULYHGIURP DQF
LQGLYLGXDOOHYHO DOORZLQJHDFKWHVWVXEMHFW WRUDWH W

$OWKRXJK ZH DUH DEOH WR JURXQG RXU FKRLFH RI PHWULE DQG \
RQ WKHLU DEVWUDFW SURSHUWLHYV LW PD\QRQHWKHOHVV EH ZR
IRUIXWXUH ZRUN ,Q SDUWLFXODU WKHODKDODQRELV GLVWDQF
WKRXJKW RI DV WKH JHQFHRIDHOM WDRVKLIRIXRU GLPHQVLRQV VKRZV VI
SURPLVH 7KHODKDODQRELV GLVWDQFHFDQEHFRQFHSWXDOL]H
WDQFHIURP WKHFHQWHURIPDVV RIDQ REMHBW HRWPHTKILY EVORIQ W
VSDFH WKLV FRXOG EH XVHG WR PHDVXUH WKH GLVWDQFH IURP D
EXWLRQ UHSUHVHQWLQJDOO DFWRU DUJXPHQWY 1HXURFRJQLV
LQGLYLGXDO -VH[SHULHQFH ZLWKDFWRUDUJXPHQWY ,QWHUPVR
IURPDFRUSXV $VDVWDQGDUGL]JHG PHDVXUH WKHODKDODQREL
PHDVXUH RIDFWRU SURWRW\SLFDOLW\WKDW DFFRXQWYV IRU WKH
LRXV SURPLQHQFH VFDOHV $V D FRUROODU\ WKH ODKDODQREL\
GLVVLPLODULW\PHDVXUHEHWZHHQ WZR DUJXPHQWYV

7KH ODKDODQRELYV GLVWDQFH KDV WZR SRWHQWLDO SUREOHPV C
EDVHG SXUHO\RQ GLVWULEXWLRQDO FKDUDFWHULVWLFV LQVWH
LQVWHDGRIFXHYDOLGLW\ $VWKHODKDODQRELVGLVWDQFHLV LU
LQGHHG VWDQGDUGL]HG (XFOLGHDQ GLVWDQFH LV DVSHFLDO FI
GLUHFWLRQDOLW\LV QRW DV WULYLDO DV VLPSO\UHPRYLQJDEV
QRW RQO\WKH VLJQ SUHYHQWLQJLVVXHV ZLWK QRQ QHJDWLYLV
VTXDUH URRW EXW DOVR PDQ\ FK D UDKEHVEXUEWVTLXA/ORN W KXHDRHMWULR
OHVVRID SUREOHP DVZHFRXOGVLPSO\LQWHUSUHW GLUHFWLRC
$GGLWLRQDOO\ PDQ\RIWKHGHVLUDEOH SURSHUWLHV RI WKH 0D
ULF LQWHUSUHWDWLRQ DULVH IURP D ZHLJKWLQJ WKDW LV LQFFR
&RPSHWLWLRQORGHODQG H$'0

:HDUH XVLQJWKHWHUP "GLVWDQFHu KHUHEHFDXVHZHDUHEHLQJVRPHZKDW |
LQIWKHGLVWDQFHEHWZHHQD GLVWULEXWLRQDQGDSRLQW EXW WKHODKD (
WKHULJRURXV VHQVH

$ FOHDUH[DPSOHRIWKLVLVYWKHGLIITHUHQFHEHWZHHQ WKHPHDQDQG WKHPH
RIWKHFHQWHURIDGLVWULEXWLRQ EDVHG RQ WKH (XFOLGHDQDQGODQKDWYV
272Z MRKQP\OHVZKLWH FRP QRWHERRN PRGHV PHGLDQV DQG PHDQV
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,Q WKLV SDSHU ZH SUHVHQWHG IRUWKHILUVW WLPH D FRPSXWDW
KHXULVWLF :HGHPRQVWUDWHG WKDW DV SUHGLFWHG E\ WKH H$
SHUIRUPV XQZHLJKWHG LQWHUIHUHQFH PRGHOV VXFK DV WKRVH
OLWHUDWXUH 2Q WKH EDVLV RIWKHPDWKHPDWLFDO IRUPDOLVP
FRPSXWDWLRQDO QHXURVFLHQFH ZH GHYHORSHG WKH QRWLRQ |
XVHIXO IRUPDOLVP IRUWKHDFWRUKHXULVWLF ZKLFK KDV VLQFH
%RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\ DQG VXJJIHV)
VXEVHUYH D QXPEHU RI VXE FRPSXWDWLRQV QHFHVVDU\ IRU ODC
WKLV ZRUNVHUYHVDVDIUDPHZRUNIRUWHVWLQJDFWRUSURWRW
WKHUHFHQW ZRUN IURP )UHQ]JHO 6FKOHVHZVN\ DQG %RUQNHVVF

+&+& HmZda[Ylagf

H]]j%J]na]o]\ 9jla@d]0 $OGD\ 0 6FKOHVHZVN\ DQG, %RUQNHVVI
"7RZDUGV D &RPSXWDWLRQDO ORGHO RI $FWRU EDVHG /|
,QLHXURLQIRUP®WLFY '2, v [

:gf~]j1f[1 3 0 $OGD\ 0 6FKOHVHZVN\ DQG, %RUQMNRIDWH 6 FKOH
D&RPSXWDWLRQDO ORGHO RI $FW R U3RNWHEU/ B QB X Bl DHWERGP S W |
1IHXURELRORJ\RI/DQJXDJH &RQIHUHQFH 6DQ 6HEDVWLDQ

Eq;gfljazmlapRU WKLY SDSHU ,GHYHORSHGD PDWKHPDWLFDO PRC
RQGRWSURGXFWVDQG PHWULFVSDFHVDQG SURYLGHGD FRP
FOXGLQJD EDVLF VKLIW UHGXFH SDUVHU IRUDSSO\LQJ WKH W
GDWD 8VLQJWKDWLPSOHPHQWDWLRQ ,DQDO\|HGDQH[LVWL
IDFWRULDO PHWKRGV DV ZHOO DV XVLQJPL[HG HIIHFWV PRGH
LFDO UHDOL]DWLRQV RIGLVWLQFWQHVVDQG ZURWH ODUJH S|
FXVVLRQDVZHOODVDOORIH[SHULPHQWDO PHWKRGV UHVXO
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Towards a Computational Model of Actor-Based Language
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Abstract Neurophysiological data from a range of typo- modulations of electrophysiological activity engendere
logically diverse languages provide evidence for a crosslanguage processing. To this end, we present an EEG
linguistically valid, actor-based strategy of understandingpn word order processing in German and use linear m
sentence-level meaning. This strategy seeks to identify theffects models to assess the effect of the various dis
participant primarily responsible for the state of affairsmetrics. Our results show that a weighted metric, w
(the actor) as quickly and unambiguously as possible, thugkes into account the weighting of an actor-identify
resulting in competition for the actor role when therefeature in the language under consideration outperf
are multiple candidates. Due to its applicability acrossan unweighted distance mems. We conclude that aci
languages with vastly different characteristics, we haveompetition effects cannot be reduced to feature ov
proposed that the actor strategy may derive from moréetween multiple sentence participants and thereby t
basic cognitive or neurobiological organizational princi-notion of similarity-based interference, which is promir
ples, though it is also shaped by distributional properties ofn current memory-based models of language proces
the linguistic input (e.g. the morphosyntactic coding stratefinally, we argue that, in addition to illuminating the unc
gies for actors in a given language). Here, we describé/ing neurocognitive mechanisms of actor competition
an initial computational model of the actor strategy andpresent model can form the basis for a more compre
how it interacts with language-specific properties. Specifsive, neurobiologically plausible computational mode
ically, we contrast two distance metrics derived from theconstructing sentence-level meaning.

output of the computational model (one weighted and one

unweighted) as potential measures of the degree of conkeywords Computational modelLanguage processing
petition for actorhood by testing how well they predict Emergence Ambiguity resolution: Actor identification
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. o O The roughly 6000 languages of the world present a di
Cognitive and Brain Sciences, Leipzig, Germany

set of grammars and input forms for the single proces
mechanism of the human brain. Fundamental differenc
word order, different means of encoding different part
morphosyntax and broad variation in dropped / elided
ments are just some of the variation with which the b
must cope; the complexity of a language is matched
exceeded by the complexity of language diversity. In |
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of the extreme variance between the languages of the-
and their respective grammars, less syntax-bound lan
processing strategies have been proposed.
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Neurophysiological data from a range of typologically they are encountered is crucial for the way in which 1
diverse languages provides evidence for a comprehensi@re combined. For example, in German, the order in w
and processing heuristic based on the notion of “actorfwo noun phrases are encountered in an NP-NP-V seq
the participant primarily responsible for the state of affairschanges the likelihood for one being interpreted as
(Bornkessel-Schlesewsky and Schlesew2B§9. The role  actor argument as opposed to the other. In time-indepe
of actor, while correlating strongly with certain parts of mor- computation, by contrast, the order of encountering twc
phosyntax in some languages, is a language independements A and B will not influence the way in which tr
construct and is orthogonal teaditional notions of gram- are combined. For example, a plausibility-based heu
mar (Bornkessel-Schlesewsky and Schlesewgkl33. which computes the most plausible combination of a
Here, we present a computational implementation of thenents and the verb (e.g. given “apple” and “eat”,
heuristic as well as a quantitative comparison with EEG dataeading that the apple is the undergoer of the eating
from an experiment primarily manipulating word order andrather than the actor) is independent of which eleme
its related ambiguities. We show that the actor heuristic i€ncountered first. These time-independent computatiol
not just an interesting, qualitative theoretical construct, butimplemented in terms of schema unification (see belov
rather a quantifiable and testable model. Indeed, we showa brief description of scheata and the ventral strear
that the quantification of the actor heuristic is a reliable,Thus, time-dependent versus time-independent corr
effective predictor of ERP data. tions could also be described as “sequence-deper

versus “sequence-independent” operations.
Processing in both streams is organized in a hiere
Neurophysiological Model and Language Processing cal manner in accordance with theurobiological principl
Strategy of hierarchical processing (Felleman and Van Esk@al,
Rauscheckefl998 Rauschecker and Sca009 DeWitt
Before turning to the computational model that is the focusand Rauschecke?012 and classic assumptions reg:
of the present paper, we will briefly describe the empiricaling the structure of complex cognitive models (Sir
neurocognitive model on which it is based. This discus-1962 Newell 1990. This means that, as information flo
sion will serve primarily to introduce the critical notion of along the streams, the represitns that are processed
competition for the actor role, which will be central to the assumed to become increasingly complidr. the follow-
computational model to be introduced later. Having intro-ing, we will refer to the successive points of informat
duced actor competition, we will briefly summarize the processing within the hierarchy as “processing steps
empirical evidence in support of it. convenience, though this is clearly a cognitive term
does not directly reflect the underlying neurobiolog
The Extended Argument Dependency Model (eADM) organization.
and Actor-Centered Comprehension In afirst step (ignoring preceding aspects of phonolog
processing and segmentation), the processing systenm
The extended Argument Dependency Model ((e)ADM;tifies word categories and uses these to build a consti
Bornkessel 2002 Schlesewsky and Bornkess&l004  structure (“syntactic structuring” within the postero-do
Bornkessel and  Schlesewsky2006 Bornkessel- stream). Crucially, and in contrast to the assumptions o
Schlesewsky and SchlesewskR@08 2009 2013h is a  er comprehension models (Friederi&02 Hagoort2005
neurobiologically motivated, neurocognitive model of Vosse and KempeR000), this structure does not determ
language comprehension with an explicit focus on crosssentence interpretation: this accomplished via a separ
linguistic diversity. In other words, the model aims to mechanism, as we shall seleostly. A second function ¢
account for language processing in typologically diverseategory processing in this step is to classify the cu
languages and to explain which aspects of the processingput element in terms of its function, e.g. whether i
architecture are universal and which are language-specificteferential (“nouny”) or predicating (“verby”).

The eADM posits that language processing is orga-
hized in a Cgscadeq, hieraical fashior! and procef—:ds mough the model is hierarchically organized, itis not 1
along two major functional-neuroanatomical streams in th%Iar in theytraditional Fodorian sense (Fod®83. Firstly, ’due to th
brain. One of these, the postero-dorsal stream, engages dfiscaded nature of processing, a particular processing step neex
time-dependent computations, while the other, the anterdully complete before the next step is initiated. Sedly, from a neurc
ventral stream, engages in time-independent computatiorl?éological perspective, connections within each pathway are inhe

. bidirectional such that top-down modulations of information proc
(Bornkessel-Schlesewsky and Schlesewgy.3). Time- ing are always possible. Nevertheless, we assume that there

dependent computation refers to the notion that, in th@symmetry in the directionality of information flow based on the t
combination of two element#\ and B, the order in which of hierarchical organization.

@ Springer
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In a second step, sentencedeinterpretive mechanisms system uses the features +self and +animate as ct
set in. In the postero-dorsal stream, the system determindéise identification of actor participants (see below fc
sentence meaning from an timn-based perspective by summary list of actor features). Furthermore, in line \
assessing who or what is primarily responsible for the statéhe notion that the self-as-actor perspective involves s
of affairs being described, i.e. here, the actor heuristic memthers as individuals (i.e. other “selves”), an optimal a
tioned above comes into play. The antero-ventral streanis individuated (i.e. definite and specific). Finally, ac
by contrast, constructs a schema-based representation lafod correlates with particular morphosyntactic featt
sentence-level meaning via the unification of “actor-eventvhich are partly cross-linguistically applicable (in par
schemata”. For reasons of brevity, we will not go into detailsular: occurring as the firsargument in a sentence) &
with respect to the properties of these schemata or their unpartly language-specific (e.g. nominative case mark
fication, and focus instead dhe “actor computation” step Thus, the different features vary in applicability across
posited as part of the postero-dorsal stream. For a detailegliages; they also vary in their language-specific weigh
discussion of actor-event schemata, the interested readeg. their importance to identifying actor participants i
is referred to Bornkessel-Schlesewsky and Schlesewskyarticular language (cf. also MacWhinney and Béit889
(2013h. Bates et al2001). We have posited that language-partic

The notion of “actor compation” within the postero- cues to actorhood (e.g. the importance of morpholo
dorsal stream is based on the assumption that a linguistitase marking in a language such as German) are aci
actor is a “stable, language-independent category, possia their high degree of co-occurrence with the unive
bly rooted in the human ability to understand goal-directedactor features based on the first person model (Bornke
action” (p. 250) (Bornkessel-Schlesewsky and Schlesewsk$chlesewsky and SchlesewsR9133. Thus, prototypice
20133. The fact that humans are generally attuned to thisctor features derived from tiself-as-actor perspective :
category as opposed to others could be due to basic evased to bootstrap other, language-specific (morphosy
lutionary demands. In the words of Lesligd05: “Agents  tic) features of actor participants—a view that is sirr
are a class of objects possessing sets of causal propertiesthat adopted by emergentist models of other lingL
that distinguish them from other physical objects” and “ascategories such as parts of speech (C2611).

a result of evolution, we have become adapted to track Linguistic prominence features related to ac
these sets of properties and to efficiently learn to interpreidentification

the behaviour of these objects in specific ways” (p. 122)
By tracking (potential) actors, i.e. those entities that appe
suited to bringing about changes in the environment (e.
warranting a fight-or-flight response), we can interpret the,
world around us and make predictions about upcoming’
events (see also Frith and Frig®10. In accordance with

this assumption, it has been demonstrated that the human
attention system appears to have developed a special sen-
sitivity towards humans and non-human animals (i.e. good The degree to which arguments are good competito
potential actors) as opposed to other categories (New et ahe actor role is defined by two points: (a) their own
2007. In this way, the actor-centered comprehension strattotypicality in terms of the defining actor features and
egy posited by the eADM essentially views a sentence as arorrelating prominence features (see above), and (k
instruction to conceptualize a particular scenario in whictexistence and prototypicality of further competitors. Tl
an actor is engaged in a certain event or state of affairs. an initial argument is preferentially analyzed as an ¢

How are actor participants identified during languageeven if it is not highly prototypical (e.g. if it is inanimaté
comprehension? In this regard, we have proposed that
the prototypical actor may be modeled on the first per-
son (i.e. the self as an acting agent, see Toma&¢ly
HaggfardZ_OOQ. According to Dahl_, t_his “self-as-a_ctor” per 2| this regard, the assumptions of the eADM differ from those o
spective is tied to humans perceiving conspecifics as bein ompetition Model (e.g. Bates et 41982 2001, MacWhinney an

“like myself, individuals who can perceive the world and gates 1989, which assumes that a strong cue for the undergoe
act upon it” (Dahl2008 p. 149). Thus, in order to under- (e.g. accusative case in a language such as German or Hungari
stand the environment around us, we use the self as a modep!l intents and purposes, exclude an argument from being cons
for other animate entities (and particularly other humans)? Potental actor. The eADM, by contrast, posits that a sole arg.

. ) R ; . is always considered for the actor role no matter how bad a can
which in turn serve as a model for inanimate entities. INtjs—unless there is a second, more optimal candidate (for discu

view of these considerations, the language comprehensiage Bornkessel-Schlesewsky and Schlesevskppea).

+ self

+ animatef human

+ definite#+ specific

+ 1st position (correlates with actorhood cross-lin
stically; (Tomlin1986)

+ nominative (correlates with actorhood in nominat
accusative languages with morphological case)
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Once a second argument—a competitor—is encounterednd negative ERP deflections in general—result fro
however, the relative actor prototypicality of the argumentsnmismatch between top-down and bottom-up informe
is crucial in determining whaer the actor preference for sources within the two processing streams (for prop:
the first argument can be ma#ined or whether it needs to that the N400 depends on an integration of top-down e»
be revised. tations and bottom-up input, see (Federm&i@d7, Lotze

In accordance with the model architecture in Fig. et al. 2011). Crucially, as scalp ERPs are macrosci
increased competition for the actor role (including theresponses which typically result from the mixing of n
need to revise a previous actor choice) correlates witliple underlying sources, the claim is not that an N
increased activation in the posterior superior temporal suleffect elicited by actor competition results from activa
cus and the temporo-parietal junction as part of the posterahanges in only a single locus within a stream. Rath
dorsal stream (Bornkessel et @005 Grewe et al.2006 is likely due to the summed reaction of top-down/bott
Bornkessel-Schlesewsky and Schlesew8k9 and the up integration within multiple processing steps within k
anterior temporal lobe as part of the antero-ventral strearstreams (e.g. “actor computaiti” within the postero-dors
(Magnusdottir et al2012 for discussion, see Bornkessel- stream and “actor-event schema unification” within
Schlesewsky and Schlesewsk§13h. In neurophysiologi- antero-ventral stream). In addition, since we posit tha
cal terms, it is reflected in increased amplitude of the N4O(otion of top-down/bottom-up integration can be gent
event-related brain potential (Bornkessel-Schlesewsky anided to other language-related negativities (e.g. left-ant
Schlesewsky2009 20133. We assume that the N400— negativity (LAN) effects, which result, for example, frc

Fig. 1 Model architecture for
the latest version of the extended
Argument Dependency Model,
eADM (adapted from
(Bornkessel-Schlesewsky and
Schlesewsky®013h)). Panel A
provides a basic overview of the
model’s neuroanatomical
assumptions: the ventradglid
line) and dorsaldashed ling
streams are assumed to emanate
from primary auditory cortex
(PAC) and to perform
information processing in a
hierarchically organized manner.
Thus, in spite of the fact that the
streams are inherently
bidirectional, there is an
asymmetry in the directionality
of information flow on account
of the hierarchical organization.
Panel B shows the assumed
structure of hierarchical
processing within the two

streams B.
time
DORSAL POST. TEMPORAL /
PARIETAL :
prosodic syntactic compute :
: . prominence :
segmentation structuring :
(actor) . integrate /
B R R R R R C R RCRERCRCRERCREREREE w1 evaluate
d [control]
phoneme AE-schema AE-schema :
identification activation unification :

ANT. | FRONTAL
VENTRAL TEMPORAL
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subject-verb agreement errors in which the expectation for The processing system attempts to identify the act
a particular agreement morpheme is not met), latency and role as quickly and unambiguously as possible.
topography of the negativity response are assumed to vary .

; P T Corollaries:
depending on the loci within the streams giving rise to the
mismatch and the timing of their activation (Sassenhagen
etal.2013.

When actor competition is behaviorally relevant (e.g.
when participants perforran acceptability judgment task
and actor competition affesthow acceptable a sentence
is deemed to be), it gddlyonally engeljglgr.s allate positiv ang et al.2009 and Hindi (Choudhary et al010,
ERP response. In this view, late positivities in Ianguaget : ) - .

o Y . hus corroborating previous findings of a “subject-i
processing (“P600" effects) are viewed as members of the o .
. X preference” in European languages (e.g. Dutch: Fr
domain-general P300 family (Coulson et 2098 Roehm - :
(1987, German: Schriefers et al1999, Schlesewsk
et al. 2007 Kretzschmar2010. Recently, Sassenhagen
. o ) - et al. 000, Bornkessel et al.2004h, amongst ott
et al. 013 linked this idea to a neurobiological model of rs; Italian: de Vincenzi1991), Penolazzi et al.2005)
the P300, the Locus Coeruleus-Norepinephrine (LC/NE-P3) ™’ ) o Y \ X
. . . } mportantly, the empirical findings from non-Indo-Euro
model (Nieuwenhuis et a005. According to this model, . .
o . an languages (Chinese and Turkish) support the as:
the P300 results from activation of the Locus Coeruleus (i.e- . . .
. . - tion of an actor-first rather thmaa subject-first preferenc
the brain stem source for noradrenergic projections to the. .
. . Y S Since they rule out explanations based solely on fo
cortex) following the detectio of subjectively significant .
. : . . subject features such as agreement. They further st
events. This results in a releasf norepinephrine, thereby

. . - . ] hat the actor-first preference cannot be reduced to ¢
increasing neural responsivity to a particular stimulus an S
. . 3 ; . ural simplicity or frequency (see Wang et a0Q9 for
influencing the behavioral response to it. From this per- g )
. R . a summary). The finding of aactor-first preference ew:
spective, late positivities in language processing reflect a : -
. S .. In an ergative language (Hindi) further demonstrates
systemic neuromodulator release facilitating the application ) .
- S . need to assume an actor-first as opposed to a subjec
of decision processes rather than linguistic processing per

se. In support of this view, Sassenhagen et2411Q found preferencé.

that an N400 — late positivity scalp ERP pattern engen-. The prefgrgnce for prototyplcal actors shows. up
. . similarly ubiquitous way: When an argument that is un
dered by semantically anomalous versus plausible words i

. . uously the actor in a transitive (two participant) rela
a highly constrained sentence context could be decomposeog Y . o ( P pa )
IS" non-prototypical because it is inanimate, different

using independent component analysis (ICA) and single- ;
trial analyses. Results revealed that, while N400 effect _uages consistently show an N400 effect (for a compre

. - . L Sive review, see (Bornkessel-Schlesewsky and Schlest
were timelocked to critical stimulus onset, positivity effects ) . . .
2009). For an illustration, consider the following exam
were response-locked.

In summary, actor competition is reflected in N400—Iate]crom Frisch and Schiesewskg03:

positivity patterns in electrophysiological studies, though,

The processing system prefers actor-initial orders
The processing system pee§ prototypical actors.

Evidence for this generalization stems from electrop
iological studies in a number of typologically varied |
%x/ages, including Turkish (Demiral et &008, Chines:

as described above, the two components of this biphas'{q) a. Paul fragt sich,  welchen Forster
response are functionally distinct and, in principle, indepen- Paul asks himself, [which forester|scc
dent of one another. In addition, the presence or absence of der Zweig
the late positivity effect is conditioned by the experimental [the twig]xoM - - -
environmentand task. b. Paul fragt sich, welchen Angler

. L . Paul asks himself, [which angler
Evidence for the Actor Heuristic and for Competition der Jiger 3 gler]acc

for the Actor Role [the hunter|xon - .-

The eADM’s notion of competition for the actor role is
supported by a rqnge Of, Cross Imgwsﬁc Stu_dles on se EIn an ergative language such as Hindi, the actor argument in ¢
tence comprehension, which have provided evidence for thgiive (two-participant) event is not morphosyntactically “privileg

following generalization regarding online-processing: in the sense that it does not agree with the verb, for example.

it does not qualify for grammatical subjecthood in the same way

Cross-linguistic generalization regarding actor iden- transitive actor in a non-ergative language such as German, Du

e . . Italian. The results from Hindi thus provide strong converging sug
tification in online language processir@ornkessel-

for the assumption that the actor preference is interpretive rathe
Schlesewsky and Schlesewsk09: grammatical in nature.
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In example (1), the initial accusative—as a very poor(Bornkessel-Schlesewsky and Schlesew28$33, which,
actor candidate—leads the processing system to expeas described in detail above, arise when multiple candi
to encounter a better actor candidate as a second argwithin a clause bear actor features. Since interference
ment. When this expectation is contradicted by the featuretypical form (i.e. as conceptualized within the WM lite
of an inanimate second argument (1a), which is also ature) is based exclusively on femé overlap, it predicts th
atypical actor, an N400 effearises in comparison to a the degree of competition for the actor role should be a1
control condition with an animate second argument (1b)tion of the number of actor features shared by the argun
Thus, as described in the preceding section, the N40®&hile the specific weighting foa feature within a languay
effects arises from a mismatch between top-down inforshould be irrelevant. More directly: feature overlap is ar
mation (the expectation) and bottom-up information (theor-nothing measure for indidual features because eitl
features of the second argument). In addition to Germatwo entities overlap in a given feature or not. By conti
(Frisch and Schlesewsk®001;, Roehm et al.2004 and a second potential conceptualization of the degree of
English (Weckerly and Kutad999, this effect has been competition is that it goes beyond similarity-based inte
shown in Mandarin Chinese (Philipp et aD08 and Tamil  ence in the classical sense and rather also takes into a
(Muralikrishnan et al2008. the importance of a particular feature for actor recogn

in the language under consideration. From this perspe

the degree of actor competition should be proportion
Why a Computational Model of Actor Competition? the difference in prominence (i.e. goodness of fit to the ¢

role) between arguments with individual features weig
As is apparent from the preceding section, the actor-baseatcording to their language-specific importance.
comprehension strategy is well described in qualitative By means of the computational implementation in
terms. In formalizing this strategy with an implementedduced in the next section, we will calculate explicit met
model, we pursue a twofold aim. Firstly, from the computa-for the two alternative conceptions of actor competi
tional implementation of the actor strategy, we aim to gairoutlined above and will test these against data fro
quantitative predictions that can be tested against empiricaleurophysiological experiment on sentence processing
data. This will allow for the predictions of the eADM to be  In this way, we endeavor to use the computational inr
tested in a more stringent manner and for cross-linguisticmentation of the actor strategy not only as a mear
similarities and differences to be expressed in more explicitleriving more precise (quantifiable) predictions, but als
terms. shed further light on the how the strategy is neurocognit

Secondly, these quantitative predictions can be used tnplemented.
illuminate the basic procesgj mechanisms underlying the
actor strategy. In particular, we aimed to compare two alter-
native conceptualizations of actor competition: unweightedComputational Implementation
similarity-based interference and weighted competition.

Similarity-based interference is a notion that features promiThe present implementation focuses on the core
nently in contemporary approaches to working memonyculation of actor competition for referential eleme
(WM), which emphasize the status of WM as the activatedtalled Compute Prominence in previous versions of
portion of long-term memory rather than as a separate buffe@@ADM (Bornkessel-Schlesewsky and Schlesew2k09
(for overviews, see McElree2006, Jonides et al.2008;  Bornkessel and Schlesews@p06. For convenience, w
for approaches to language-processing based on this noticimilarly use the existing terminology “Stage 1” to re
see Lewis et al.2006), Lewis and Vasishthi2005). Accord-  to the initial chunking and analysis step and “Stage 2
ingly, memory retrieval is cazeptualized not as the result of refer to the sentence-level érpretative mechanisms of 1
a (serial) search, but of a content-addressable pointer mecbecond step. A brief summary of the current software in
anism based on so-called nieval cues. These cues (for mentation can be found in the Technical Notes at the e
example, case, number or otHeatures) provide the rel- this article (p. 29).

evant information requirecbtaccess the item in question. The computational implementation does impose
Retrieval becomes more effortful when cues overlap (i.erestriction that the neurocognitive model upon which
apply to several items in memory), a phenomenon termebased does not: Stage 1 completes in full before Ste
“similarity-based interference”. begins. This is however not as detrimental to the app

Similarity-based interference appears well suited as aation as it may initially seerhecause Stage [Zrocesse
potential mechanism underlying actor competition effecteeach constituent incrementally in the original seque
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order. Furthermore, both incremental and final full pro-not further processed by Stage 1. The further ambigui

cessing results for Compute Prominence are computed arnide pronominal system between the 3rd person fem

optionally displayed. dative and the second person plural nominative is ab
The completion of Stage 1 in its entirety before Stage Zesolved by verbal agreement, but as there are no d

is unfortunately not capable of modeling cases where addin this experiment, this special case is not processec

tional, disambiguating information becomes available. Inther and is implemented hyass (a syntactic placehold

German, this primarily happens in noun phrases via gerin Python similar tovoid ) in the branch construct.

der (indefinite NPs) and number (definite NPs) information

available on the first non-article adjective or head nounStage 2

(Disambiguation via verb agement is also possible, but

this is an interaction with the computation for predicat-Implementation of Stage 2 was restricted to the func

ing elements—Compute Linking in previous versions of theCompute Prominence, which provides in non-headma

eADM—and is not currently modeled for non verb-final languages the most important parts of the actor he

word orders.) However, none of these forms of disamtic in single-sentence processifigzurthermore, Compu

biguiation occur in the present experimental manipulationProminence remains largely unchanged in recent and ft

Nonetheless, processing of ambiguities remains a majglanned updates to the eADM.

focus of present and future research. In implementing Compute Prominence, we view
hierarchies as dimensioria (a subspace of) Euclide
Stage 1 n-space, whera is the number of hierarchies. The pro

nence of an individual argument is thus a vector, with «
The initial chunking and morphological analysis in Stage lcomponent being a scalar representing the prominenct
is performed here only in a restricted fashion. The full com+espect to a particular hierarchy. The hierarchies witt
plexity of German phrase structure would be a non-trivialcorresponding values for various linguistic features in
undertaking and lies outside the scope of this paper ancurrent implementation are given in Table The “addi-
its focus on the actor heuristic (Stage 2) and an apprdional” featureNUMBER derives from another prototypic
priate computational implementation. However, a sufficienfeature of the self-as-actasiew: singular correlates wi
implementation of Stage 1 to parse the stimuli from anstronger individuation. Negative values are used to act
EEG/ERP experiment with their relatively rigid structure ispenalize a particular prominence component in the
possible. calculation. That is, negativealues indicate a feature tt
In the present experiment (see sectidBE'G Experi  strongly correlates with a poarctor candidate (designat
ment), it suffices to process inflection carried via pronounsin the computational model by the feature +dép).
and articles. In German, the article carries the majority of For now, we make the a priori assumption that «
the morphological burden in noun phrases. The head nous a singular feature with multiple levels cf. (Kempe
inflects for number and can carry an additional marker foMacWhinney1999. However, it is possible that “case”
dative in the plural; however, this information was redun-merely a convenient moniker for a set of strongly cc
dant in the present experiment, where neither dative ndating binary features such asnom and+ acc. Ambigu
plurals were use8.In the pronominal system, there exist ity would then be encoded by setting all individual ¢
a few ambiguities, especially between the nominative andeatures to the same value, etgacc,+ nom for an ambigt
accusative 3rd person for neutra and feminina as well as ity between nominative and accusative. This latter appr
the plural. This ambiguity could potentially be resolved byis the typical one found in NLP and has the interes
agreement with the verb; however, it also presents a generidature that individual cases can carry different, indi
test case for the heuristic implemented by Compute Promidal weights (see below). For exampleacc may be
nence. The ambiguity is thusarked as such and otherwise much stronger indicator of a particular role assignment
+nom.

4This restriction exists primarily to simplify the implementation in

a single Python program (see Technical Notes); to better model the

waterfall data flow, coroutines could be used or Stage 1 and Stage %Of course, contextual effects also play a role in normal languagy
could be split into two programs connected by Unix pipes. 7For the purposes of the present paper,+dep may simply be cons
SFurthermore, the article also carries number information, albeit witra convenient label for a poor actor candidate. For an in-depth d
a small ambiguity that is resolved through further adjectives or thesion of + dep and a motivation in terms of a previous version of
marking on the head noun. eADM, see (Bornkessel and Schlesewgkp6
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Table 1 Prominence hierarchies and the corresponding scalar vaboth arguments and the values are compared, with the
ues for the various features as used in the current implementation ‘ﬁrominent argument being assigrédep (i.e. designated
Compute Prominence . 9

the actor argument) and the less prominent argumdep:
Feature Hierarchy In the special case of an Objeekperiencer verb, promi
ence values for the case hierarchy are inverted: the «

Person: First 1> Other= 0 . hierarchy is multiplied by -1, thus reversing the orienta
Case: Nominative: 1> Dative= 0> Accusative=S1 gy ch that the accusative andidatoutrank the nominative
Animacy: Animate= 1> Inanimate= 0 A sample sentence set for the EEG experiment usec
Position: Early= 1> Late= 0 as well as an analysis for a single condition of that se
Number: Singular 1> Plural= 0 given in Table and3.

Definiteness: Definite= 1 > Indefinite= 0

Distinctness/Actor Competition

Similarly, other features with multiple levels are encoded )
binarily according to theimost prominent tendency. The use of vectors to represent prominence data also ¢
+ PERSON is actually+ 1sT. PERSON and not a multi- for several other calculations to be made. The magn

tiered variable. Extending this to accommodate the secorfdf the Projection of an argument's prominence vecto
person would only require the addition of a further field in € Prominence vector for an idealized actor or under
the prominence vector. As all functions in the implemen-IS @ index for the prototypicality of a particular argum
tation are written to handle vectors of arbitrary length, thisSimilarly, the scalar product of the two argument vec
would require no changes to the core code. However, thg0résponds inversely with distinctness.

question remains open for the model development, whether Distinctness is more broadly the distance between
representation as multiple fields or as a variable with mor@@UMents in actor-space. It thus provides a measul
degrees of freedom is the sensible choice. Multiple variable{'¢ degree of competition for the actor role: when
allow for learning the weights (and hence the impact) of dis{inCtness is low, multiple arguments bear actor feature:
tinct levels separately; however, this potentially allows forc@mPpetition for the actor role is high; when distinctnes
unlikely combinations of multiple levefs A final consid- ~ high. actor features accumulate on only a single argu
eration in the weight encoding is the use of fuzzy logic for@nd competition for the actor role is low. Various met
the boolean values. For example, an ambiguous noun phra@® Provided (selectable as command line options ir
could be assigned values between zero and one to indicdfgPlementation here) for theistance measurement. 1
some form of probability for a given analysis. A plant could Manhattan metrit? reflects the summed distance betw
be assigned an animacy value of 0.25 (alive and able tgidividual features. This is the default in the model
die but largely not capable of independent action), an ani[eflects an |nIU|t|ye notlpn of distinctness. Furthermore
mal could be assigned a value of 0.8 (alive and capable dflanhattan metric provides a general measurement o
independent action, but not sentient) and a human a valjdr® overlap and thus correlates inversely with traditi
of 1.0 (alive, willful and sentient). Furthermore, this corre-notions of interference—theewer features that overle
sponds with animacy hierarchies seen in the languages mterfere, the larger the Manhattan distance. The Eucli
the world, with similar ordering, but language-specific cut-Met

d! is also provided and reflects a more contint
off points between levels (Silverstell976. Such gradience Nnotion of distinctness. Finally, the difference in Euclid
adds a flexibility to the use of binary features at the cost of?@gnitude of the two ye(itors |s"prOV|d(_3d as a m
making the prominence encoding somewhat less sparse. 'eflecting the difference in “alute” (unweighted scale

The language-specific relative weights are also storefrominence. This magnitude difference also reflects
in a vector in the same space. The scalar (dot) produ&wect‘lonahty of the prominence ;hlﬂ—the prominenct
of the weight vector with the prominence vector yields aNP1 is subtracted from the prominence of NP2. Thus,
scalar value for the total pminence. This value is then IS More prominentif and only if the magnitude differenc
compared with a threshold value to determine-ifiep is
assigned immediately. Compute Prominence is applied to

9%n the case of a single argument, e.g. intransitivity, the distin

measure is not performed and the model depends solely on the 1

old comparison. The present experiment included only monotran
8This is perhaps an advantage—in languages where inclusive argentences.

exclusive first person are morphologically distinct, this could be repre1%d(x,y) = |y; S xi|

sented by the interaction aflst. Person anl 2nd. Person. This added i

complexity nonetheless introduces its own cost and brings languag€d(x,y) = (vi S xi)?
i

specific features deeper into the model.
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positive. The selected metric is outputted (in batch modetheir relationship to one another is cenftalChanging th
see Technical Notes) as the fiedist . For the data here, precise values will of course change the coefficients ir
this is the Manhattan metric, and sbst is equal to fitted mixed linear model, but will not change the propel
i INP2 SNP|. of the model as a whol¥®
Distinctness as distance in actor space is calculated on In terms of the research questions introduced abowi
the raw prominence vectors without the weight distortionmain aim of the present pap&r to compare the distinc
This has the simultaneous advantage and disadvantage thmatss measuratist andsdiff — as predictors of empiric
the distance is language independeniVeighted distance neurophysiological data. Whiltist provides a good me
is given by the fieldsdiff ~ (in the batch mode output) and sure of similarity-based interferencsdiff  implement:
is calculated as the difference of the weighted, scalar promihe alternative, weighted notion of distinctness.
nencesw -NP2Sw-NP1= ,w-NP2S ,w;-
NPZ;, wherew is the language specific weight vector. Since
the weighted scalar prominences are calculated by the d&EG Experiment
product of the weight and feature vectors, this is equiva-
lent to the weighted, signed Manhattan distahtBaseline  We tested the effectiveness of the model parameters &
weights were based on previous work done in German iglictors of neurophysiological activity using data from
the framework of the Competition Model cf.(Kempe andEEG experiment on word order processing in German.
MacWhinney1999 MacWhinney et al1984). The quali- The experiment manipulated actor competition by v
tative ordinal scales were converted to quantitative intervaihg actor-undergoer order and case-marking ambigui
scales via a simple order of magnitude mapping: for aransitive sentences with a noun phrase (NP1) — verb —
featuref 1 ranked more strongly than another featfizce  phrase (NP2) structure. In particular, it examined sente
f1 = 10f, (see StevenslP5]) for the classification of which—due to locally ambiguous case information—v
scales). If a feature is considered a much stronger cue thanitially compatible with an actor-first reading but st
another, then two orders of magnitude of separation wasequently required a reinterpretation as undergoer-ir
assumedf 1 = 100 ». Thus, we have the following order- These are cases where actor competition is particularly
ing: case= 1000> position, person = 100> animacy, They were compared with locally ambiguous sentenc
number= 10>definiteness = 1.14 The exact numerical which the actor-first preference was borne out and corr
values have no empirical meaning in their own right. Rathetion for the actor role was thus considerably less pronou
as well as with unambiguously case-marked sentences
cially for present purposes, the relative prominence o
two arguments—and hence their relative degree of

12| as far as all features are treated equally—some languages may rg{ototyplcallty—y@s also nmapulated in .olrder to |n.dut
take advantage of certain features, e.g. English largely does not u§Bore subtle variations of actor competition. To this «

case. NP1 was either realized as a non-pronominal NP or
13 This follows very straightforwardly from the definition and standard 3rd person pronoun and NP2 was either realized as a
properties of the dot product: pronominal NP or a 1st person pronoun. Recall from se

“The Extended Argument Dependency Model (eADM)
w-NP2Sw-NP1= wi -NP2 S w; -NPJ Actor-Centered Comprehensibithat optimal actorhoo

i i is assumed to be modeled on the first person w
w; - (NP2 S NP1)

i —
= w-(NP25 NP1) 15This follows from the notion of an actor space—we can expar
contract the space by a constant multiplehwiit changing the inhere

14ps noted by an anonymous reviewer, the EEG experiment presentgdfoperties of it. Specificallycv - cw = c(v - w).

below does not include any number or animacy contrasts. This howtSubject to the constraints of the effects this has on precisiol
ever does not present any great problem for the data at hand: due tepresentation on the computing machine in question. Theoret
properties of the metrics at hand, the non contrasting features sinwe could divide all of these values by 1000 (the maximum we
ply cancel out and do not even introduce tiddal parametric levels  given here), giving us coefficients ¢, 1], which would reflect thei
into the respective prominence metrics. These features remain in thempact in the notation of probability theory. This is a very inter
models present because their presence does not detract from the caimg approach, as the deterministic impact of case would rece
parisons in question and avoids an experiment-specific model. Ongrobability) coefficient of one—certainty. However, this all too ¢
subtle disadvantage does come into play here though: the fit of thidy leads to the assumption that there is necessarily a single f¢
weights for these two features is not tested. Especially our ranking ofvhich, when unambiguous, is singularly deterministic in its ir
position relative to animacy may prove problematic and, as sucte morence. Or, in the particular case of German, that the impact of ¢
explicit testing, manipulation and determination of model weights isalways deterministic—clearly, this is not the case as all too ofter
planned for future research. morphological marking is ambiguous=01000 is still 0.
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Table 2 Stimulus design in the EEG experiment. Every condition appeareebftr lexical item

Initial Ambiguous NP1-Type NP2-Type Sentence(Example)

Actor Yes Noun Noun Die Bettlerin beaingte den Kommissar auf der Stre
Undergoer Yes Noun Noun Die Bettlerin badgte der Kommissar auf der Stra
Actor No Noun Noun Der Bettler bedrangte den Kommissar auf der Stri
Undergoer No Noun Noun Den Bettler badgte der Kommissar auf der Straf3
Actor Yes Noun Pronoun (1sg) Die Blerin bedeingte mich auf der Stral3e.
Undergoer Yes Noun Pronoun (1sg) DiettBerin bedeingte ich auf der Stral3e.

Actor No Noun Pronoun (1sg) Der Bker bedeingte mich auf der StraR3e.
Undergoer No Noun Pronoun (1sg) Dentar bedangte ich auf der StralRe.

Actor Yes Pronoun (3sg) Noun Sie bedgte den Kommissar auf der Stral3e.
Undergoer Yes Pronoun (3sg) Noun Sie lzedyte der Kommissar auf der Stral3e.
Actor No Pronoun (3sg) Noun Er bedrangte den Kommissar auf der Stral3e.
Undergoer No Pronoun (3sg) Noun Ihn baxlgte der Kommissar auf der Stral3e.
Actor Yes Pronoun (3sg) Pronoun (1sg) Sie ledjté mich auf der Stral3e.

Undergoer Yes Pronoun (3sg) Pronoun (1sg) Siedregte ich auf der Strale.

Actor No Pronoun (3sg) Pronoun (1sg) Er banlyte mich auf der Straf3e.

Undergoer No Pronoun (3sg) Pronoun (1sg) Ihn bBadté ich auf der Stralle.

The base sentence (first example) translates to “The beggar hassled the commisshergréet.” The gender of NP was varied for the ambig
condition; the person of NP2 was varied for the NP2-type condition. Abbreviations: 8sigd person singular, 1sg first person singular

the eADM. Accordingly, 1st person pronouns are optimalsentences. These were subdivided into two lists of
actors, 3rd person pronouns (which are not 1st person, beentences each (30 from each condition and 8 from
nevertheless highly individuated) are somewhat less optiexical set). The critical sentences for each list were pse
mal actors and non-pronominal noun phrases are somewhandomly interspersed with 240 filler sentences. Fi
less optimal again. By manipulating person rather than more

commonly examined actor features such as animacy, t

h%ble 3 Summarized analysis for the sentenée Bettlerir

present study therefore allodies to test the effectiveness pegringte den Kommissar auf der StraREhe beggar hassled t
of our computational implementation of actor computa-commissioner in the street”

tion (Compute Prominence) as well as the self-as-actolg
perspective. €

Participants

Thirty-seven monolingually raised native speakers of Geryymber

man (20 women; mean age: 25.9 years, range: 20—4Qqfiniteness

years) participated in the EEG study after giving writ- poition
ten informed consent. Participants were right-handed as

assessed by a German version of the Edinburgh handedness, inence
inventory (Oldfield1971). The majority of the participants
were students at the Free University Berlin at the time O(N

the experiment. Two additional participants were excluded
due to technical problems or a failure to complete boti]vIetriCS
experimental sessions.

Materials

The critical sentence types used in this study are show,
in Table 2. Sixty sets of the conditions shown in Talite
were constructed, thus resulting in a total of 960 criticalor weighting, fordist , signdist

@ Springer

ature NP1 NP2 Weig
Case 0 S1 1000
Animacy 1 1 10
Person 0 0 100
1 1 10
1 1 1
1 0 100
Simple 5 2
eighted 121.0 39790
dist 2
signdist +2
sdiff $11000

Blease note that the order of operation in computing the metrics
ters: sum the pairwise differences (with absolute values, no weig

andsdiff , respectively)
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were also declarative main clauses of German but did naereferenced to linked mastoids offline. In order to e
contain case or word order ambiguities. Eighty of the fillerinate slow signal drifts, a 0.3-20 Hz band-pass filter
sentences were ungrammatical due to a case or agreemamiplied to the raw EEG data. Trials containing EEG or E
violation and 60 were semantically implausible, thus ensurartifacts were excluded from the final data analysis
ing that participants needed to take into account both thEOG rejection criterion was 4Q@V). For display purpose
grammaticality of the sentences and their plausibility wheronly, the grand average ERPs were smoothed with ar
performing the acceptability judgement task (see below)low-pass filter.
The filler sentences were the same across the two lists. List
presentation was counterbateed across participants, with EEG Data Analysis
each participant reading the sentences from one list once.

In an initial step, we performed a standard data ar
Procedure sis for language-related event-related brain potential (I

studies. Thus, average ERPs were calculated per ¢
Participants were seated in a dimly lit, sound-attenuatetlon, electrode and participant from the onset of the
booth, approximately 1 meter in front of a 17 inch computerical second noun phrase to 1000 ms post onset, t
screen. Sentences were meted visually in a phrase-by- grand averages were computed over all participants
phrase manner (i.e. noun phrases were presented togetlileen computed a repeated-measures ANOVA with
as chunks). Each trial began with the presentation of #actors word order (actor-initial versus undergoer-init
fixation asterisk (presentation time: 300 ms, followed byambiguity (NP1 ambiguous between actor and unde
an inter-stimulus-interval, I1SI, of 200 ms). Single wordsversus unambiguously marked), NP1-Type (definite r
were presented for 400 ms and phrases for 500 ms, withhrase versus 3rd person pronoun), NP2-Type (de
an ISI of 100 ms in each case. Following the presentanoun phrase versus 1st person pronoun) and region of
tion of the sentence-final word or phrase, there were 50@st (ROI). Lateral regions of farest were defined as ft
ms of blank screen, after which a question mark signalledows: left-anterior (F3, F7, FC1, FC5); left-posterior (C
to participants that theghould judge the acceptability of
the preceding sentence usitgo hand-held push-buttons.
They were instructed that their judgement should be based
both on form and content (i.e. also take into account the
plausibility of the sentence). Assignments of the left and
right buttons to “yes” and “no” responses were counterbal-
anced across participants. Following the judgement or after ™
the maximal reaction time of 2000 ms had expired, there
was an inter-trial interval (blank screen) of 1000 ms before 1
presentation of the next sentence began. The experiment
was conducted in two sessions, separated by approximatejx__,.
a week. In each session, a ficipant read 8 blocks of "1
45 sentences each, with blocks separated by short breaks:
Sessions lasted approximately 3 hours including electrode _
preparation.

EEG Recording and Preprocessing ;”

The EEG was recorded from 25 Ag/AgCl electrodes fixed -
at the scalp by means of an elastic cap (Easy Cap GmbH, LE_QGHdi .
Herrsching, Germany). AFZ served as ground. Electrodes OUNN (n737)

s : ) : = OUPN (n=37)
were positioned according to the international 10-10 system. —— SuNN (n=37)
The electrooculogram was monitored by means of elec- SUPN (n=37)

trodes placed at the outer canthi of both eyes (horizontal
EOG) and above and below the participant’s right eye (verti-
cal EOG). EEG and EOG channels were amplified by mean&id- 2 Grand average ERPs triggered at the onset of NP2 fc
of  Refa ampifier (Twente Mécal Systems, Enschede, jre D501 S 519072 3un w efie e, e o
The Netherlands) and digitized with a sampling rate ofword order,0 = object (undergoer) itial; U = unambiguousA =
250 Hz. Channels were referenced to the left mastoid butmbiguousN = Noun,P = pronoun, for NP1 & NP2 respectively

@ Springer
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CP5, P3, P7); right-anterior (F4, F8, FC2, FC6); right-(Akaike 1974) and Bayesian Information Criterion (Bl
posterior (CP2, CP6, P4, P8). A single ROI was used fo(Schwarz1978) provide further tools for comparing mc
the midline sites (FZ, FCZ, CZ, CPZ, PZ). For analysesls, based on log-likelihood (fit) penalized by the numb:
involving more than one degree of freedom in the numeraparameters (overfitting). The absolute value of these s
tor, significance values were wected when sphericity was is not meaningful in itself, but the general rule when c
violated (Huynh and Feldt970. This analysis was used to paring two models is “smaller is better”. In the followil
identify regions in which the effects were most pronouncedAIC and BIC are shown in the model summaries, w
for the subsequent analysis using linear mixed effects modnly AIC with log-likelihood and degrees of freedom for
els, in which we tested the effectivity of the distinctnessfixed factor is shown in the model comparisons, since
metrics as predictors of language-related electrophysisologomparison of non-nested models always involved mc
ical activity. with the same number of parameters. For nested
Linear mixed effects models provide a tool capable ofels, 2-statistics (based on likelihood ratio tests) are
handling the random variation introduced by intersubjecshown.
differences and lexical effects (Baayen et2008, which
are not modeled in the current implementation. Further-
more, they allow continuous predictors such as the acta¥lodel Performance and Prediction: Results
metrics here, while ANOVA-based analyses do not. Using
the R packagdme4 (Bates et al.2013, we calculated Behavioral Data
models using subject and item as random factors, and the
various distinctness measures as fixed factors. For the raithe results of the rating task showed that particip
dom factors, we used the maximal random-effect structurpidged all conditions to be highly acceptable (lov
common to all models, i.e. random slopes grouped per dishean acceptability ratings were 86 % for the ambigt
tinctness measure, as models without random slopes ammdergoer-initial condition with two non-pronominal nc
anti-conversative (Barr et &2013.17-18 As an exact estima-
tion of p-values in mixed effects models is not straightfor-
wardly possible due to difficulties in estimating the degrees
of freedom, we follow Baayen et al2Q08 in consider-
ing an absolute-value exceeding 2 as an indication of 44
significance at the 5 %- level. ‘
Intermodel comparisons are also not completely straight-
forward, especially in the case of non-nested models. Most
importantly, log-likelihood tests and the associatedsta-
tistic (i.e. the parallel to traditional ANOVA, even called
via the functionanova() in R) are only valid for nested ‘
models!® To compare non-nested models, we turn to infor"]
mation-theoretic criteria (cf. Burnham and Ander&f02
p. 88). In particular, Akaike Information Criterion (AIC,

1"The models resolved for ambiguity in the P600 time window have
only random intercepts, as models with random slopes failed to_|A ,
converge. i
18Higher order interactions were excluded for three reasons. First,
comparing models which differ in random-effect structure is less
straightforward than those which differ in only fixed-effect struc-
ture. (Even for the fixed effects, the comparison between non nested Legend: .
models requires information-theoretic criteria, see main text.) Second, OANN (n=37) W
models with higher order interactions in the random-effects structure " OAPN (n=37)
did not always converge and due to the aforementioned complexi- ~ zﬁg:\\“ E::;;;
ties of comparing random-effects structures, it is not clear which of

several higher-order models to choose from. Finally, computational

complexity increases extremely quickly with random effect complex-

ity. Limiting the random-effects structure to the maximal common oneFjg. 3 Grand average ERPs triggered at the onset of NP2 fc
provides an acceptable balance between estimation accuracy, eases@ibiguous corition and NP2 anoun with definite article. The conc

4

comparison, and computer time. tion codes reflect the 2 2x 2x 2 design: S subject (actor) initic
19 Models in which the parameters for one model form a proper subsetord order,O = object (undergoer) itial; U = unambiguousA =
for the parameters of the other. ambiguousN = Noun,P = pronoun, for NP1 & NP2 respectively
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phrases and 89 % for the ambiguous, undergoer-initial corsecond noun phrase was a first person pronpun (0.22).
dition with NP1 a pronoun and NP2 a non-pronominal nouriThe interaction ofAMBIGUITY and NP1-TYPE was dut
phrase; all other conditions showed an acceptability of 93 %o longer RTs for unambiguous sentences in which
or higher). We refrain from analyzing the ratings statisti-was realized as a non-pronominal NP as opposed to i
cally in order to avoid interpreting ceiling effects. Most person pronoun (mean RTs of 443 ms and 431 ms, re
importantly for present purposes, they demonstrate that patively; F (1, 36) = 8.53,p < 0.006).
ticipants found the sentences acceptable and that they wereIn summary, reaction times were longer when sente
able to correctly reanalyze the ambiguous undergoer-initialequired a reanalysis towards an undergoer-initial orde
sentences (which should otherwise have been judged aspected from the perspectivean actor-first preference-
unacceptable). but this effect was only observable when the disambigu
The analysis of the reaction times (restricted to sensecond noun phrase was a non-pronominal third perso
tences correctly judged as “acceptable”) revealed an intewhen it was a first person pronoun. This finding provi

action of AMBIGUITY, WORD-ORDERNd NP2-TYPE
(F(1,36) = 495p <

AMBIGUITY and NP1-TYPE (F(1,36) = 845p <

converging support for the assumption that first persc

0.03) and an interaction of a strong cue for actorhood, which can attenuate the b

ioral reanalysis effect (for previous findings showing -

0.006). Resolving both interactions by ambiguity showedstrong cues for the target rdad can attenuate reanaly

anWORD-ORDERNP2-TYPE interaction only for locally
ambiguous(F (1,36) = 1158 p < 0.002 but not for

effects in behavioral data, though they are still obsen
electrophysiologically, see Bornkessel et20041).

unambiguous sentencgs> 0.15). For the ambiguous sen-

tences, the interaction was due to longer reaction times fdvleasures

undergoer-initial as opposed to actor-initial sentences when

the second noun phrase was non-pronominal / third persofhe output from the implementation includes the sele
(mean RTs of 473 ms for undergoer-initial and 439 ms fodistinctness metric as well as the scalar (weighted)
actor-initial sentences; (1,36) = 16,77,p < 0.0003), ference in prominence for each item and condi
while there was no effect of actor-undergoer order when thé.e. for each experimentaltiswulus). Additionally, the

OUNP (n=37) OANP (n=37)

OUPP (n=37) - OAPP (n=37)
—— SUNP (n=37) —— SANP (n=37) s
.............. SUPP (n=37) e SAPP (n=87) 0.5 1.0

yus

Fig. 4 Grand average ERPs triggered at the onset of NP2 for th&ig. 5 Grand average ERPs triggered at the onset of NP2 fc
unambiguous corition and NP2 a first person pnoun. The condi- ambiguous coritlon and NP2 a first person pnoun. The conditio
tion codes reflect the 8 2x 2 x 2 design:S= subject (actor) initial  codes reflect the & 2 x 2 x 2 design:S = subject (actor) initic

word order,0 = object (undergoer) itial; U = unambiguousA =
ambiguousN = Noun,P = pronoun, for NP1 & NP2 respectively

word order,0O = object (undergoer) itial; U = unambiguousA =
ambiguousN = Noun,P = pronoun, for NP1 & NP2 respectively

@ Springer
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implementation also outputs prominence scores calculated400
for NP1 and NP2. We duplicate this data for all subjects and
enter it into the dataframe for EEG data. Based on visuaiVe begin with the parametric time window “N400”. He
inspection and significance d&ng via repeated measures we first generated the most basic models using only the
analyses of variance (ANOVAs)ve restricted the analysis tinctness measures as fixed effects. However, we not
to a subset of the data. neithersdiff nordist explicitly encode the experime
First, the time window for the N400 was found to be tal parameter ambiguity, i.e. the degree of evidence ft
about 300-500ms post stimulus onset for the pronouns, arattor or non-actor analysis of the first argument base
about 100ms later (400—600ms post onset) for the nounmorphological case marking, the strongest cue to actot
(cf. Fig. 2 & 3 vs. Fig.4 & 5). A similar effect was found in German. In German, there are two possible ways of c
for the late positivity (P600) time window: 600-800ms postministically resolving locally ambiguous case marking:
onset for the pronouns and 700-900ms post onset for thiae elimination of possibilities by another unambiguol
nouns. As such, the time windows were parameterized imarked argument and (b) agreement with the verb.
the model: “N400” vs “P600", with the exact time win- however, generally accepted in the psycholinguistic
dow reflecting whether the target stimulus was a noun or aeurolinguistic literature thagentence processing proce
pronoun. This difference in latency is not unexpected: bottincrementally, i.e. the prossing system uses strate¢
frequency and length are known to influence the latencyo resolve local ambiguities even in the absence of
of exogenous ERP components. Pronouns being highlgvidence for one or the other reading in the input (Mar
frequent and short (a classic example of Zipf's Law; (ZipfWilson 1973 Crocker1994). In this experiment, ambigui
1935 1949 Manning and Schtze 2000) thus elicit a resolution was provided via (a) on the second argur
somewhat earlier effect. This is predicted by the cascadedhich means that the initial ambiguity affects both wt
architecture of the eADM: for shorter words, the informa- predictions the language system is able to make initially
tion that is necessary for progsing to proceed to the next how much new information becomes available at NP
step accrues more quickly. thus makes sense to see how ffarameter ambiguity inte
Our choice of relatively traditional windows for the N400 acts with our distinctness measures. Bdiff  (Table4),
and late positivity should thus not be taken as reflections likelihood ratio test reveals a significant improven
of an a priori assumption about the ontological latency ofTable 5). Similarly, we find an improvement fodist
these components. As previously mentioned, the decisiv@able 6), albeit a smaller one (Tablé). The comparisc
attribute of a component is its polarity; latency is to somebetween the models with ambiguity, which are show
extent an indication of the amount of processing necessary
to reach the computational step reflected by a particular
component. Amplitude is meaningful as a vague correlate ofable 4 Summary of model fit fosdiff ~ (weighted distinctness) a
processing power needed at a particular step; however, daabiguity in the N400 window
to well-kngwn issues with eql_JivaIent dipoles, _cancellgtionmear mixed model fit by maximum likelihood
etc., amplitude of scalp EEG is not a monotonic function ot
processing effort. AlC BIC logLik deviance
Furthermore, the ANOVA performed across five regions3gs191 395291  S197584 395169
of interest (four quadrants and midline) revealed the strong-
est effects and interactions in the left posterior ROI, and forRandom effects:

simplicity and computability, we restrict our model fitting Groups Name Variance  Std.Dev.
to this ROI. The relevant ANOVA results are summarized initem (Intercept)  0.18 0.42
the Appendix (Table82 and33).2° c(sdifff 23808  0.00015
subj (Intercept) 1.2 1.1
c.(sdiff) 2.66508  0.00016
Residual 17 4.1

20More rigorous methods are available for dynamically determining
the time window and topographical distribution of components. MarisFixed effects:
(2009 and Maris and Oostenvel@@07) propose the necessary meth- Estimate Std. Error  t value

ods for non parametric method testing and determination of the effeCtﬁnterce 9 12 0.19 6
in time and space (topography). Issues of computational triéittas P ' '

well as data set size (different (sub)sets of data have to be used f@mbiguityunambig 0.5 0.031 16
determining the spatiotemporal distribution and testing it) reaffirmedc.(sdiff) $0.00039 4605 $9.8

our decision against introducing too many non-iiadal methods for ambiguityunambig:c.(sdiff)  0.00038 2865 15
this initial computational model.
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Table 5 Statistics for models in the N400 time window based onsttiiéf  metric, showing the effect of ambiguity with interaction

Df AlC logLik Chisq Chi Df Pr¢& Chisq)
sdiff: mean ~ c.(sdiffy+ ... 9 395675 $19782897
sdiff.ambiguity: mean ~ ambiguity * c.(sdiff} ... 11 395190 $19758442 489.11 2 <2.26516 ***

(Random effect structure elided. See page 12)

Tables4 and 6 for sdiff anddist , respectively, show Footnote 13, p. 9). Intuitively, this measurement is the
thatsdiff  provides a better fit to the data. change in prominence features—a negative value indi

Examining the models more closely, we see that the intefewer prominence features, while a positive value indic
action between ambiguity ardist was not significant. In more positive features. As with the other distance meas
light of this missing interaction witlist , we can also con- the parameter ambiguity improves model fit significar
sider using ambiguity as a simple model parameter that do&ellingly, the minimally adequate model fa@igndist
not interact with our distinctness measures. In this caseyith ambiguity (Tablell) does not differ from the min
we find a significant improvement fafist (Table8) over mally adequate model faltist (Table 12); see Tablel3
the model without any ambiguity, and, moreover, the modefor a direct comparison between the minimally adeq
with interaction does not differ significantly from the one models for all 3 predictors.

without (Tables9 and10). Holding ambiguity constant to examine the interac
It thus appears that the interaction with ambiguity wasn more depth, we can again compadiff  anddist
particular tosdiff . We find that they do not differ for unambiguous senten

At this point, it is important to note thadiff  differs  however,sdiff  performs substantially better thatist
from dist not only in its weighting, but also in its use and evensigndist as a model predictor for ambic
of “directionality” by being a signed value. We can also ous sentences (Tabled). This is immediately apparent
calculate a signed version dfist , termedsigndist ,  Figs.6-10.
by the sum of the pairwise differences: (NP2 S Itis clear thatdist behaves roughly the same, reg:
NP3). This is the same as the Manhattan metric withoutess of ambiguity, whilesigndist and sdiff  interac
absolute value signs osdiff  with all weights equal with ambiguity—directionality clearly plays a role in t
to one (via associativity of addition and subtraction, seeambiguous condition. We even see that the slope ir

ambiguous condition fodist is actually in the opposi
Table 6 Summary of model fit fordist (feature overlap) and direction of the other two predictors.
ambiguity in the N400 window In Figs. 7 and 8, we can observe some differel
betweersigndist  andsdiff , in particular that the col
fidence interval is broader faigndist , which indicate
AlC BIC logLik deviance a poorer fit. When we visualize the data in three dimens
395140 395240  $197559 395118 as contour plots instead of as two subplots, the differ
becomes even clearer (Fig8.and 10). Color indicate
height, variation in color thus means variation in hei
i.e. slope. Level curves, like in a topography map, indi

Linear mixed model fit by maximum likelihood

Random effects:

Groups Name Variance Std.Dev. T
itemn (Intercept)  0.18 043 the ovt;e_rall shape ?jf t.he Iafndscag_e. The fladt cg!fc;rlng.n
o (dist) 0.057 0.24 unambiguous con itions osign I.S'[ and sdi is
. indicative of the amount of variation being very smal
subj (Intercept) 1.2 11 . e . .
) comparison to the variation by the ambiguous condi

c.(dist) 0.12 0.35 .
. Moreover, sdiff ~ shows a much more nuanced bet

Residual 17 4.1

ior in the ambiguous condition thagigndist —this is
clearly visible in the spang between contour lines a
their respective heights (difference between neighb
colors in the figures). The combination of weightedr

Fixed effects:
Estimate Std. Error  tvalue

(Ims,rce_i’t) b 10'326 0610936 67'62 and direction is much more telling about the processir
ambiguityunambig ) ) ’ ambiguities than direction alone.
c.(dist) 0.24 0.07 35

Thesdiff model for the N400 time window reveal

ambiguityunambig:c.(dist) 50012 0.036 5033 strong negative correlation betwesdiff and mean ER
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Table 7 Statistics for models in the N40O time window based ondise metric, showing the effect of ambiguity with interaction

Df AlC logLik Chisq Chi Df Pr¢& Chisq)
dist: mean " c.(dist} ... 9 395188 $19758502
dist.ambiguity: mean ~ ambiguity * c.(dist) ... 11 395139 §19755887 52.31 2 4.37812 *+*

(Random effect structure elided. See page 12)

amplitude, especially in thensbiguous condition (cf. sign further, necessary granularity to the model. Direction

of thet-statistic in Tablel5, gradient direction in Fig8). provides information about the direction of change, w
The decrease in the mean reflects the negativity in theveightedness contributes additional information abou

ERP response, while the increase in prominence reflec@mount of change.

an undergoer-first word order. Feigndist , we see a From the models tested, the best is then the one

weaker, yet similar effect. Fafist , we see a positive cor- sdiff  interacting with ambiguity for its fixed effec

relation with ERP amplitudedfst is non negative per (Tablel3).

definition, but the models used centered values): the more Finally, in an additional post-hoc test, we can com

features that don’t overlap, the greater the mean, and hencggiff  to a traditional, unweighted syntactic measure—

the smaller the negativity. In the unambiguous conditionsa subject as opposed to an actor strategy—using new

the correlation between mean ERP amplitude saiff rics,syndist andsynsigndist , which are restricted
is not significant (Tablé.6); however, we again see that the the feature®ERSON NUMBER andCASE. The unweightec
sign remains negative. ness follows from the all-or-nothing principles of agreen

Additionally, the interaction of signedness and weight-and case marking—either a verb and a noun agree o
edness insdiff  expresses itself twofold. Signednessdon’t/a noun is either nominative or it isn't. As is evid
is a form of directionality and leads to a better gradientin Table17, even under these experimental circumstar
structure, and this becomespecially important when the without global ambiguity, where the deterministic c
correct directionality is not initially clear, namely in the marking of German provides fa clear syntactic analys
ambiguous condition. This provides for the similarity in the prominence-based model fares better. Neverth
structure betweesdiff andsigndist  that we see in since cues to actorhood and subjecthood show consid:
Figs. 7 and 8 in contrast to the level structure afist overlap in the present experimental design, this resul
(Fig. 6). The weightedness cgdiff  then contributes a only be taken as a tentative initial indication that an a

based strategy outperforms a subject-based strategy
Table 8 Summary of model fit fordist (feature overlap) and the two are tested against each other via computa
ambiguity in the N400 window (without interaction) modelling.

Linear mixed model fit by maximum likelihood Late Positivity (P600)

AlC BIC logLik deviance
395138 395229 197559 395118  Visual inspection of the ERP data (Figd-5) suggests
secondary effect in the form of a late positivity, whict

line with previous findings on undergoer-initial ambigu
sentences in German (Haupt et 2008. As in the N40(

Random effects:

Groups Name Variance Std.Dev.

item (Intercept) 0.18 0.43 time window, the models including ambiguity as an a
c.(dist) 0.057 0.24 tionql fi.xed fagtor pgrform far bett.er than' thoge with

subj (Intercept) 12 11 am_blgwty. Similarlydist s_hows_ no mteraqtlon_wnh amt
c.(dist) 012 035 guity (Tablesl8and19), while sdiff andsigndist do

Residual 17 a1 (Tables20, 21, 22 and23).

In accordance with the revse in polarity over
biphasic reaction, we also see a reverse in effect ¢

Fixed effects: . . S
tion: whereas a more highly positivediff  correlatec

Estimate Std. Error tvalue . L. .
(Intercept) 13 0.19 6.6 with a decreased mean (negativity) in the N400 i
ambi u: unambi 0'26 6036 7'2 window, it correlates with an increased mean (positivity
NIy 9 ' ) ' the P600 time window. Similarlgist now correlates wit
c.(dist) 0.24 0.067 35

a decreased mean (negativity, or here, lack of a positi
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Table 9 Statistics for models in the N400 time window basedi@t metric, showing the effect of ambiguity without interaction

Df AlIC logLik Chisq Chi Df Pr¢& Chisq)
dist: mean ~ c.(disty ... 9 395188 $19758502
dist.ambiguity.naint: mean ~ ambiguity+ c.(dist)+ ... 10 395137 $19755892 52.20 1 5.00813 ***

(Random effect structure elided. See page 12)

This is reflected in the respectivestatistics (Tabled8, 20  between the two components comprising the biphasic

and22): their signs have reversed. tern observed here. While the N400 is assumed to r¢
A direct comparison of the minimally adequate modelsactor competition per se (including its resolution), the
for each predictor can be found in Tal2é. positivity is assumed to index the behavioral reorient:

Following the smaller effect size of the late positivity, induced by subjectively significant (task-relevant) eve
the models do not differ by much. (The apparent trivialln the present study, sentences requiring a reanalysis
advantage fodist in AIC stems from it having fewer actor-first preference entailedsh a reorientation since t
degrees of freedom, i.e. a smaller overfitting penalty.) Howdegree of actor competition was relevant for participe
ever, upon resolving the interaction, we again see a greateompletion of the judgement task. As this explanation
differentiation in the ambiguous but not in the unambigu-supposes that (in contrast to the N400 effect) the posi
ous conditioR? (Tables25-28). In the ambiguous condi- effect is reaction-locked ragh than stimulus-locked, v
tions, sdiff  outperformsdist —as in the N400 time computed an additional analysis in which we included I
window. rithmically transformed meareaction times per participz

This is also clearly reflected in Figl, 12and13where  and condition into the mixed effects models as contini
the gradience reflected inghunambiguous condition differs predictors. While both models are greatly improved
from the unambiguous condition fediff  but notdist including average reaction time by subject for each
(see also Figsl4 and 15 for a comparison o$igndist dition (i.e. single-subject averages) as a factor (TaBR
andsdiff  split by ambiguity). Interestingly, the difference and 30), the improvement is much greater (many or
in variance in the mean is overall less in both condi-of magnitude) for the late positivity window, as would
tions: this is reflected by theamrower confidence intervals expected for an effect of task.

(Figs. 11-13) and in the visibility of the color gradient for

the unambiguous condition fediff  (Fig. 15). The latter

is indicative of the variance in the ambiguous conditionDiscussion

being comparable enough to the unambiguous condition

that the same scale provides the necessary resolution féve have presented a computational model that impler
both conditions. The reversal in effect direction is alsothe actor strategy in language comprehension. The pi
apparent in the reversal of the color schemes for the contotiions of the model were tested against the results ¢
plots. empirical study using event-related brain potentials (EF

While the effect in the P600 time window is smaller than Specifically, we examined the predictive capacity of
in the N400, the general trend is nonetheless clear: increasetktrics for computing argument distinctness (i.e. de
prominence of the second argument compared to the firgtf competition for the actor role): the unweighted diste
leads to an increase in the mean amplitude in the later timmeasuredist  (the Manhattan metric) and the weigh
window. More succinctly, we see a positivity in the P600scalar difference measusiff . While both measure
time window for an object-initial word order. Taken together proved to be statistically significant predictors of N40O -
with the N400 for the object-initial word order, we have a positivity amplitudesdiff  provided better model fits th:
biphasic pattern for object-initial sentences. dist . This was apparent particularly in ambiguous

As discussed in sectionThe Extended Argument tences, which, in some caseslled for a reanalysis towar
Dependency Model (eADM) and Actor-Centeredan undergoer-initial order. Moreover, though this was
Comprehensiah the eADM posits a functional distinction the primary focus of the present study, the current re

provide an initial indication that thediff  metric of acto

21The slightly better performance dist in this comparison of the computation provides a better fit to the electrophysic

unambiguous coritions is twofold: (1) it has fewer degrees of freedom ;
and hence a smaller overfitting penalty in the AIC measure, and (chal data than a metric based purely on cues to syn

the positive-only nature afist lines up with the directionality of the Ubj?CFhOOd- They further Show that the N400 and
positivity (but not the negativity). positivity responses can be dissociated in that the lat
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Table 10 Statistics for models in the N400 time window baseddist metric, comparing the modelling of ambiguity with and katt
interaction

Df AIC logLik Chisq Chi Df Pr¢& Chisq)
dist.ambiguity.naint: mean ~ ambiguity+ c.(dist)+ ... 10 395137 $19755892
dist.ambiguity: mean ~ ambiguity * c.(dist) . .. 11 395139 $19755887 0.11 1 7.41801

(Random effect structure elided. See page 12)

tied more closely to participants’ behavioral reactions tharianguage processing (e.g. Lewis et 2006 Lewis 200Q
the former. In the following, we will first discuss the evi- Lewis and Vasisht2005 McElree et al2003. By contrasl
dence supporting a weighted as opposed to an unweightediff takes into account the language-specific weigt
distance metric and the architural consequences arising of the actor-related featurefor German, this weightir
from this result, before turning to implications for the places particular emphasis on the function of unambig
functional interpretation of the N400 and late positivity in case marking, which is the dominant cue to actor as
language processing tasks. We will then describe how thisent when it is available (MacWhinney et dl984). In
initial computational model of the actor strategy might serveaddition, it allows for coalitions of features to form to o\
to advance the development of a neurobiologically plausibleome “deficient” (ambiguous) case marking (Bates €
model of actorhood computation. Finally, we will describe1982. The strong role of case as well as well the sug
some future directions resulting from this work. mentary role of coalitions of weaker cues is most obv

in comparing the ambiguous and unambiguous conditi
Evidence for and Consequences of a Weighted Distance ~ The predictive power ofdiff comes not only fror
Metric its weighting, but also from its directionality, which ser

to model the incremental demands of language pro
As mentioned in sectionDistinctness/Actor Competitidn  ing, including the development (and possible fulfillme
dist (the Manhattan metric) roughly corresponds withof expectations. In relation to the current experiment
“feature overlap” or traditional notions of similarity-based directionality of thesdiff =~ measure (negative or positi\
interference, such as those in memory-based models eksentially reflected the degree to which the parser’s e

tations about the prominence of the second argument

met. Whensdiff  was positive, the second argument
Table 11 Summary of model fit fosigndist ~ (directed, net change more prominent than the first, thus requiring a revisio
in prominence features) and ambiguity in the N400 window the initial actor analysis of the first argument. This 1
reflected in a biphasic N400 - late positivity pattern
was already observed in previous studies on actor-rean

Linear mixed model fit by maximum likelihood

AlC BIC logLik deviance in German (Haupt et al2008. As noted in sectio
395396 395496 §197687 395374 “Evidence for the Actor Heuristic and for Competition
the Actor Rolé we interpret the negativity as an ind
Random effects: of actor competition (leading to reanalysis of the in
Groups Name Variance Std.Dev. actor-first preference in this case) and the late positivi
item (Intercept) 0.17 0.42 reflecting a behaviorally significant categorization of
c.(signdist) 0.015 0.12 sentences as less well-formechi§ categorization reflec
subj (Intercept) 1.2 11
c.(signdist) 0.015 0.12
Residual 17 41 Table_ 12 Statist?cs fc_)r the minimally r_;\dequate models for €
unweighted predictor in the N400 time window
Fixed effects: Df AIC logLik
Estimate Std. Error t value - - ] N
(Intercept) 12 0.19 6.1 dlst.am?lgu@.nqnt: . 10 395137 S19755892
ambiguityunambig 0.5 0.031 16 rnea-n ambllgulltyf c.(dis+ .. .
¢.(signdist) 502 003 568 5|gnd|st~.amb|gw‘ty: o 11 395395 S19768689
ambiguityunambig: 0.2 0.019 11 mean ~ambiguity * ¢.(signdist ...

c.(signdist
(sig ) (Random effect structure elided. See page 12)
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Table 13 Statistics for the minimally adequate models for each pre- 2 3 4 5 6
dictor in the N400 time windowsdiff ~ andsigndist  interact with ; - T8 e e
ambiguity,dist does not - ambiguity : ambig |[ambiguity : unamb|g
Df AIC  logLik ’

dist.ambiguity.naint: 10 395137 S$19755892

mean ~ ambiguityt c.(dist)+ ...
sdiff.ambiguity: 11 395190 S19758442

mean ~ ambiguity * c.(sdiffy ...
signdist.ambiguity: 11 395395 519768689 .

mean ~ambiguity * c.(signdist) ... 054 I |
(Random effect structure elided. See page 12) 2 3 4 5 6

dist

th tivated Hioni fth d ti Fig. 6 Mean EEG in the N400 time window as a functiondiét
€ unmotivated positioning ot the undergoer argument in ?centered and its interaction with ambiguitfpashed linesndicate the

position that linearly precedes that of the actor. 95 % confidence interval

Crucially, however, the advantagesdiff  overdist
as a predictor of language-processing related neurophysio-
logical activity cannot be reduced to the directionality Ofdist and ambiguity can be removed from the model w
the sdiff ~ metric. This was shown by the comparison of gt affecting model fit. Thus, in unambiguous sentence:
the two basic metrics with a directional (Signed) VerSiOﬂdata show a Sma”, late pos|t|v|ty for actor- as oppose
of dist , signdist . For locally ambiguous sentences, undergoer-initial sentences. We posit that this could ¢
model fits involvingsdiff  were better than those involv- pe explained in terms of predictability in online proce
ing bothdist andsigndist , thus attesting to the fact ing. Specifically, unambiguous initial accusative mart
that both directionality and feature Weighting contribute tO(sen’[ences with very Strong|y nega’[igdiff ) allows for
the advantage fosdiff . Both N400 and late positivity comparatively more prediction: in contrast to an initial ni
amplitude for a revision of thactor-first preference were inative, it is apparent that the construction is transitive
modulated by NP2 prominence (i.e. depending on whethefat a second argument is required (Bornkessel &08i4a
NP2 was a first person pronoun or a definite noun phrase)plff et al. 2008. Accordingly, unambiguous nominatiy
and the magnitude of this modulation was predicted mornjtial (actor-initial) engender a slightly increased late |
accurately by the more fine-grained, weighgetiff ~met-  itivity at the less predictable NP2 in comparison to t
ric than by the unweightedist ~andsigndist ~ metrics.  accusative-initial counterparts. Interestingly, we obse

An additional divergence between theiff  anddist no such effect in the earlier time window. This supp

measures is apparent in the model fits for the late positivityhe perspective that the N400 reflects competition for
time window. Here,sdiff  showed directionally oppo-

site effects for ambiguous and unambiguous sentences: in
the ambiguous cases, more positseiff  correlated with 2 0 2
higher positivity amplitude (as described above), while, for
unambiguous sentences, more positbeff  correlates

with decreased positivity amplitude. By contradist 204 T F
does not differentiate between ambiguous and unambiguous A
sentences, as demonstrated tgy/ftct that the interaction of 1.54

arﬁbiguity : amBig amt‘Jiguity‘: unarﬁbig

Table 14 Statistics for models in the N400 time window with NP1 1.01
ambiguous

Df  AIC logLik 051 I
dist: mean ~ c.(distr ... 9 197520 $9875107 2 0 2 ‘ ‘ ‘
sdiff: mean ~ c.(sdiff)+ ... 9 197353  $9866750 signdist
signdist: mean ” c.(signdist) ... 9 197477 59872961 Fig. 7 Mean EEG in the N400 time window as a function
signdist (centered and its interaction with ambiguityDashec
(Random effect structure elided. See page 12) linesindicate the 95% confidence interval
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-2000 0 2000 IS T T
sdiff ' ambiguous unambiguous

ambiguity
Fig. 8 Mean EEG in the N400 time window as a functionsuoliff
(centered and its interaction with ambiguit{pashed linesndicate the
95 % confidence interval

Fig. 10 Mean EEG in the N400 time window as a functionsolff

(centered and its interaction with ambiguity. The colors indicate
“height”, i.e., arange of (predicted) values of the mean EEG; the
is given by the contour curves. Colors that are closer togethetifgt

actor role more directly than the late positivity. In un&u,n_vs._da_trk blug indicate finer differences. More color indicates m
biguous sentences, competition is relatively low due to th&anation

strong weighting of unambiguous case marking informa-

tion in German. Hence, no effects on N400 amplitude weréimes for the behavioral task than the amplitude of
observed in these sentence types. The late positivity, by400.

contrast, reflects a behaviorally relevant well-formedness Overall, our findings suggest that the neural im
categorization, which can, in part, be envisaged as depementation of actor competition is best modeled b
dent on how predictable a particular element is within ayeighted— rather than an unweighted—measure of th
given sentence context. This result emphasizes the qualiteance between the arguments in terms of actor features
tive difference between the N400 and late positivity effectsindicates that actor competition cannot be wholly redi
in spite of their tight interrelationship within the overall to similarity-based interference—at least in the sens
biphasic response. Such a difference is further supported ymilarity-based interference as it is currently assume
the finding that the amplitude of the late positivity effect existing memory-based models of sentence processing
showed a substantially stronger correlation with reactiortially, similarity-based interference is a property of men

Mean Table 15 Summary of model fit fosdiff ~ (weighted distinctness)
the N400 window, with NP1 ambiguous
Linear mixed model fit by maximum likelihood
AlC BIC logLik deviance
- 5 - 197353 197429 598668 197335
Rz N 9
T o A NG
.% \ .,55 Random effects:
i Groups Name Variance Std.Dev
o~ item (Intercept) 0.21 0.46
c.(sdiff) 9.3608 0.0003
N — subj (Intercept) 1.1 1.1
T T B -
ambiguous unambiguous c.(sdiff) 1107 0.00033
ambiguity Residual 17 4.1
Fig. 9 Mean EEG in the N400 time window as a function of _. d eff )
signdist  (centeredl and its interaction with ambiguity. The colors F1Xed effects:
indicate the “height”, i.e., a range of (predicted) values of the mean Estimate Std. Error tvalue
EEG; the value is given by the contour curves. Colors that are closefintercept) 1.2 0.19 6.2
together (e.g. light vs. dark blue) indicate finer differences. More COIOrc.(sdiff) £0.00039 7&05 &5.6

indicates more variation
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Table 16 Summary of model fit fosdiff ~ (weighted distinctness) in
the N400 window, with NP1 unambiguous

Table 18 Summary of model fit fordist
ambiguity in the P600 window

(feature overlap) ar

Linear mixed model fit by maximum likelihood Linear mixed model fit by maximum likelihood

AlC BIC logLik deviance AlC BIC logLik deviance
197470 197546 598726 197452 403101 403193 §201541 403081
Random effects: Random effects:
Groups Name Variance Std.Dev.  Groups Name Variance Std.D¢
item (Intercept) 0.21 0.46 item (Intercept) 0.066 0.26
c.(sdiff) 2.5608 0.00016 c.(dist) 0.068 0.26
subj (Intercept) 15 1.2 subj (Intercept) 12 1.1
c.(sdiff) 3.3608 0.00018 c.(dist) 0.15 0.39
Residual 17 4.1 Residual 19 4.4
Fixed effects: Fixed effects:
Estimate Std. Error t value Estimate Std. Error tvalue
(Intercept) 17 0.21 7.9 (Intercept) 0.47 0.18 2.6
c.(sdiff) $5.96506 3.8605 $0.16 ambiguityunambig $0.093 0.038 S24
c.(dist) $0.51 0.075 $6.9

models assuming a direct access to memory representa-
tions via a content-addressable pointer mechanism ratheée possible to assume a weighting of retrieval cues. If
than a memory search: “The digihg property of a content- were the case, the current findings could potentially als
addressable retrieval process is that information (cues) in treubsumed under models based on the notion of simil:
retrieval context enables direct access to relevant memotyased interference in memory retrieval. Nevertheless
representations, without the need to search through extraneould like to stress once again that this assumption of
ous memory representations” (McEIr2@06 p. 163). Thus, ture weighting is not incorporated in any current mo
since different types of cues serve to specify the “parts’of this type.
making up the pointer address, they are not weighted—
just as in a street address the name of the street, say, Relation to Previous Work on Computer-Implemented
not weighted differently to the house number or the postModels
code. It is therefore the qualitative overlap between cues
that leads to similarity-based interference and weighting of/osse and Kemper2008 conducted a similar comput
the cues has no obvious role in a memory retrieval mechsupported study using experimental stimuli from a pi
anism of this type. While, to the best of our knowledge,ous experiment on scrambling (non canonical word ol
these characteristics apply to all existing models of languageffects with different verb classes in German, e.g.
processing drawing on the assumption of direct memoryences where actorhood features do not as clearly aligr
access and similarity-based interference (McCEIB®®6G  syntactic subjecthood (Bornkessel and Schlesew2€idf.
Lewis et al.2006 Lewis and Vasishtt2005 Martin and  The model presented is based primarily on morphosy
McElree 2008, we cannot exclude that it may in principle tic features—sentence topology (especially importan
German data, but also used to model information s

Table 17 Statistics comparing the predictors for a (unweighted) syn-tural alternations in word order), the related linear w
tactic subject and (weighted) actor-prominence features in the N406rder, and lexical features (including word category)

time window

Df AIC logLik

synsigndist.ambiguity: 11 39529%19763541
mean ~ ambiguity * c.(synsigndist) ...
sdiff.ambiguity:

mean ~ ambiguity * c.(sdiff} ...

11 395190519758442

(Random effect structure elided. See page 12)

frames (related to valency in traditional linguistics). Ir
is processed via “unification(see also Kempen, this issu
whereby trees are successwassembled and attached
one-another to build a single, unified tree / represent.
for the sentence. Processimifficulty is represented L
cycles required to attach items in the correct configura
e.g. a single nominative argument in agreement witt
verb is readily attached, whereas a non agreeing nour
pair requires more effort to attach.
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Table 19 Statistics for models in the P600 time window baseddist metric, comparing the modelling of ambiguity with and katt
interaction

Df AIC logLik Chisq Chi Df Pr¢& Chisq)
dist.ambiguity.naint: mean ~ ambiguity+ c.(dist)+ ... 10 403101 $20154073
dist.ambiguity: mean ~ ambiguity * c.(dist) . .. 11 403101 $20153969 2.09 1 1.48801

(Random effect structure elided. See page 12)

In this way, Vosse and Kempen’s model is similar to theresults to current approaches to the N400 and late pos
model presented here: both allow for a particular type ofn turn.
competition for attachment to a representation / f8l&he With regard to the N400, many researchers have rec
models differ however in which features are modeled as weltome to favor a lexically-based interpretation of
as their ability to model the entire time-course. Crucially,component. According to this perspective, modulat
Vosse and Kempen'’s model primarily models late positiv-of N400 amplitude do not reflect the computation
ities (although they acknowledge that “certain negativitieamnessage-level meaning, but can rather be reduced -
might find their origin in parser dynamics as well”) and fails effort required to retrieve a word from semantic men
to predict that subsequent studies have consistently showKutas and Federmei@000. Effort is conditioned, in par
a biphasic N400 - late positivity pattern following a reanal-by intrinsic properties of the word such as its frequency
ysis towards an undergoer-initial order in sentences witlalso by its degree of preactian given the preceding se
accusative verbs rather than only a positivity (Haupt et altence and discourse context (Lau et24l08 Brouwer et al
2008. 2012 Stroud and Phillip2012. These assumptions c
However, it is important to point out that the aim of the explain why N400 amplitude is modulated by single-w
present study was not to pit an actor-based interpretatiopredictability (e.g. DeLong et aR005 and also why, il
strategy against a subject-cemte interpretation strategy. English and Dutch, “semantic reversal anomalies” (i.e.
Rather, based on the empirical motivation for an actor stratences such as “The hearty meals were devouring ...",
egy in our own previous search (see sectiorEVidence and OsterhouR005 engender only late positivity effec
for the Actor Heuristic and for Competition for the Actor but not N40O0 effects.
Rol€’), it sought to examine the predictive capacity of vari-
ous computational metrics designed to implement the actor
heuristic. Thus, while the current findings provide an ini-
tial indication that a computational model based on anrple 20 Summary of model fit forsdiff ~ (weighted distinctnes
an actor-centered rather than sdijcentered interpretation and ambiguity in the P600 window
strategy shows a superior fit to electrophysiological find-" ) _ ) .
. . . Linear mixed model fit by maximum likelihood
ings on human sentence comprehension (see the improve-
ment of sdiff  over synsigndiff in both time win-  ac BIC logLik deviance
dows (Tablesl7, and31), the present experimental design 4093740 403841 $201859 403718
included a considerable degree of overlap between the
features relevant to the two strategies. Thus, a direct cCOMPrandom effects:

tational test of an actor-firstrategy against a subject-first 55 Name Variance  Std.Dev.
strategy in situations where the two diverge more strongly,, (Intercept)  0.06 0.24
remains to be carried out in future research. c.(sdiff) 15808  0.00012
ubj (Intercept) 1.2 1.1
Implications for the Interpretation of the N400 and Late ¢.(sdiff) 13&08  0.00011
Positivity ERP Responses Residual 19 44

The present findings have interesting and potentially IMPOre, 4 effects:

tant implications for the interpretation of language-related

. ; . Estimate Std. Error  tvalue
ERP responses. In this section, we will therefore relate ou&mercept)

0.72 0.18 4
ambiguityunambig 3506 0.033 S18
22\josse and Kempen2009 describe their parsing framework as a c.(sdiff) 0.00053 3.4805 15

“dynamic model of syntactic parsing based on activation and inhibitoryambiguityunambig'c (sdiffy $0.00059 2.6605 323
competition.” - ) )
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Table 21 Statistics for models in the P600 time window based orstli# , comparing the modelling of ambiguity with and ttut interactiol

Df AlIC logLik Chisq Chi Df Pr@ Chisq)
sdiff.ambiguity.naint: mean ~ ambiguity+ c.(sdiff)+ ... 10 404244 §20211237
sdiff.ambiguity: mean ~ ambiguity * csgliff ) + ... 11 403740 $20185903 506.68 1 < 2.2e516 *+

(Random effect structure elided. See page 12)

Table 22 Summary of model fit fosigndist  (directed, net change than nominative) case. In terms of preactivation, this w
in prominent features) and ambiguity in the P600 window entail preactivating accusaé case forms—either in terr
of full-form lexical entries or of abstract, but neverthe
lexically stored, grammatical information. (But note 1

Linear mixed model fit by maximum likelihood

AlC BIC logLik  deviance this explanation presupposes a rather specific view of
403875 403976 5201927 403853 cal organization.) Crucially, however, it is not clear how
explanation might extend to the additional modulatio

Random effects: the actor-reanalysis effect via person / pronominality.
Groups Name variance  Std.Dev.  system has no way of predicting whether the second
item (Intercept) 0.059 0.24 phrase will be a first person pronoun or a non-pronon
c.(signdist) 0.015 0.12 NP (since there is no expectation to encounter an actor

subj (Intercept) 1.2 1.1 ment at this point, one could not make the argument
c.(signdist) 0.0082 0.091 a first person argument is more highly expected sin

Residual 19 4.4 is a more prototypical instantiation of an actor argum
Thus, it is not clear how a purely lexically-based acct

Fixed effects: of the N400 might account for the present findings (for
Estimate  Std. Error tvalue ther examples of problematic results for this class of M

(Intercept) 0.72 0.18 4 models, see Lotze et 82011 Bornkessel-Schlesewsky
ambiguityunambig 306 0.033 518 al. 201% Bourguignon et al2012). Rather, our data suggt
c.(signdist) 0.31 0.028 11 that the N400O—as one instance of a broader class of ne
ambiguityunambig:c. (signdist)$ 0.36 0.02 818 ity responses—reflects at least certain aspects of integ

between the current input and the input previously enc
tered. While top-down factors such as predictability, wi
While this lexical view of the N40O is rather appeal- can plausibly be translated into the notion of lexical

ing and is able to account for a wide range of findingsactivation, play an important part in determining N
in the language-related ERP literature, it does not sufamplitude, bottom-up properties of the current input i
fice to explain the present findings. Firstly, consider themust also be taken into account.

basic finding of an increaseld400 whenever a reanalysis ~ With regard to the late positivity, the close relati
towards an undergoer-initial order was required. This coulghip between positivity amplitude and behavioral respc
be explained by the lexical view under the assumption tha{reaction times) provides converging support for accour
following the actor interpretation of the first noun phrasethis component which posit a general (task-related) e
and the subsequently encountered transitive verb, the proation rather than a specific linguistic function (e.g. ree
cessing system expects to encounter a second noun phrasis or effortful combinatorial analysis, Hagoo2003
marked for (or at least compatible with) accusative (ratheKuperberg2007). In addition to the account advocated h

Table 23 Statistics for models in the P600 time window based onsigedist , comparing the modelling of ambiguity with and tvitut
interaction

Df  AIC logLik Chisq Chi Df Pr@ Chisq)
signdist.ambiguity.nont: mean ~ ambiguity+ c.(signdist)+ ... 10 404211 520209555
signdist.ambiguity: mean ~ambiguity * c.(signdist).. . 11 403875 520192673 337.66 1 < 2.2e516 *

(Random effect structure elided. See page 12)
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Table 24 Statistics for the minimally adequate models for eachTable 26 Statistics for models in the P600 time window with N
predictor in the P600 time window: the models do not differ by much unambiguous

Df AIC logLik Df  AIC logLik
dist.ambiguity.naint: 10 403101 $20154073 dist: mean ~ c.(dist} ... 5 200678 510033417
mean ~ ambiguityt c.(dist)+ ... sdiff: mean ~ c.(sdiffy+ ... 5 200976 510048328
sdiff.ambiguity: 11 403740 $20185903 signdist: mean ~ c.(signdist) . .. 5 200981 510048595
mean ~ ambiguity * c.(sdiff} ...
signdist.ambiguity: 11 403875520192673 (Random effect structure elided. See page 12)

mean ~ ambiguity * c.(signdist} . ..

(Random effect structure elided. See page 12)

Table 27 Summary of model fit fosdiff ~ (weighted distinctness)

such a view has been proposed most prominently from th€ P800 window, with NP1 ambiguous

perspective of the conflict monitoring hypothesis (e.g. KolK| jnear mixed model fit by maximum likelihood
et al. 2003 van de Meerendonk et a009. According
to this proposal, late positivity effects in language processA!C BIC logLik deviance
ing reflect the detection of conflicting information and an 202103 202179 $101042 202085
ensuing check of the input for errors in previous process-

ing steps. Evidence for this perspective stems, for exampl&andom effects:

from the finding that late positivities can be observedGroups Name Variance Std.Dev
in response to various types of conflicts including ortho-item (Intercept) 01 0.32
graphic errors (Vissers et a2006 and that, while both c.(sdiff) 1.16807 0.00034
weak and strong semantic conflicts induce N400 effectssubj (Intercept) 1.1 1

only strong conflicts engender an additional late positivity c.(sdiff) 2.2607 0.00047
(van de Meerendonk et @010. The conflict monitoring  Residual 19 4.4

hypothesis can therefore also account for the observation
that a reanalysis of the actor-first preference engenders latéxed effects:

positivity effects (in addition to N400 modulations): here, Estimate Std. Error tvalue
conflict is high in comparison to sentences with an actor{intercept) 0.72 0.18 4
initial word order. More precisely, in contrast to the N40QO, ¢ (sdiff) 0.00053 9.2805 5.7

which is observable for all visually presented words (cf. the
description in the very first study Kutas and Hillyat880),
but can be described as an effect in certain contexts, the
late positivity belongs more to the class of relative effects,T ble 28 S ¢ model fit fosdi ihted disti
occurring primarily in contrast to a condition with less t:e ;600 Wz‘nrgg"varzvi‘:h”’:l‘;leur:;%%iéuouéwe'g ted distinctness)
(resolvable) conflict in experiments with a conflict-focused
task (e.g. acceptability judgments) (Sassenhagen2048  Linear mixed model fit by maximum likelihood
Frenzel et al201% Hahne and Friederid002).

However, a crucial difference between the conflict mon-A1© BIC logLik deviance
itoring account and the present approach is that, accord90977 201019 5100483 200967
ing to the conflict monitoring view, the late positivity

Random effects:

Groups Name Variance Std.Dev
Tablg 25 Statistics for models in the P600 time window with NP1 item (Intercept) 0.1 0.32
ambiguous )

subj (Intercept) 14 12

Df AIC logLik Residual 19 4.3

dIS-t: mean ~C.(dISt-')' 9 202377 ?10117975 Fixed effects:
s.d|ff: mean c.(ﬂsd|ff)-\L - 9 202102 %10104226 Estimate Std. Error tvalue
signdist: mean ~ c.(signdist) . .. 9 202396 S10118933 (Intercept) 012 02 058

c.(sdiff) $6.46505 1.2605 S$5.6

(Random effect structure elided. See page 12)
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Fig. 11 Mean EEG in the P600 time window as a functiondast Fig. 12 Mean EEG in the P600 time window as a function
(centered and its interaction with ambiguit{pashed linesndicate the  signdist (centered and its interaction with ambiguityDashec
95 % confidence interval linesindicate the 95 % confidence interval

reflects a (domain-general) reanalysis of the input (conTowards a Neurobiologically Realistic Computational
flict resolution) (van de Meerendonk et &009 while  Model of Actor computation

we posit that conflict resolution is reflected in the N400.

Evidence for the N400 as the locus of conflict resolutionThe present results demonstrate thatdtidf measure i
stems from the observation that recent studies examining promising candidate for a neurocognitively plausible
reanalyses of the actor-first preference have consistentiyalization of actor competition, as it is a valid predicto
found N400 effects, with additional late positivities depend-neurophysiological activity related to sentence compre
ing on the behavioral relevance of the object-initial ordersion. In addition, we propose that this metric can be vie
(Bornkessel et al2004h Haupt et al.2008. Specifically, as a first step towards a computational formalization o
when the object-initial order was licensed by the presencaeurobiological model described in sectiofhe Extende
of an object-experiencer verb and therefore did not call foArgument Dependency Model (eADM) and Actor-Cente
a behavioral reorientation (i.e. judgement of the sentence @omprehensich Specifically, we suggest that the insig
unacceptable), only an N40O0 effect was observed but no latgleaned from the present work may further our undersi
positivity. The present results provide converging supporing of how linguistic categories posited within the eADN
for this perspective, since conflict resolution in the senseuch as the actor role—are recognized and process
of a reanalysis should be more closely tied to the conflicta neurobiologically plausible manner and how we m
inducing feature in the input rather than to the behavioral
response. Thus, the observation that the amplitude of the late
positivity correlated considably more strongly with the ) ) -
reaction times for the judgment task is expected under the ambiguity : ambig
assumption that the N400 reflects (input-related) conflict ;|
resolution, while the late positivity reflects the behavioral
consequences of the conflict (and its resolution) in the given
task environment?

-2000 0 2000
ambiguity : unambig

mean

23Note that an explanation along these lines can also account for the
dissociation between mild and strong conflicts observed by van de
Meerendonk et al.2010. As it appears plausible to assume that only
the strong conflicts were registered as behaviorally significant, our T T o
account derives the finding of a late positivity for these conflicts, while -2000 0 2000
no such effect was observed for mild conflicts. This explanation leads sdiff
to the testable prediction that, with different task instructions (e.g. a

judgment task emphasizing that even mild implailisies should be ~ Fig. 13 Mean EEG in the P600 time window as a functiorsdfff
classified as such), van de Meerendonk et 201Q's mild conflict (centeredland its interaction with ambiguit{pashed linesndicate the
stimuli should also engender a late positivity. 95 % confidence interval
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Mean 2004 Basten et al2010. In an attractor network, de«
sions can be modeled via attractor states in a neural ne
which are associated with (stable) high firing rates. W
state “wins” during decision making is determined by
currentinput and the initial stochastic firing behaviour of
network. Based on the overarching (language-indeper
importance of the actor category (see secti@vitience
for the Actor Heuristic and for Competition for the Ac
Role’), it has been proposed that an attractor netv
for actor categorization exists independently of langi
(Bornkessel-Schlesewsky and Schlesew&0133. This
network is universal, as it reflects the general human al
ambiguous unambiguous to recognize goal-directed action. The stable firing pat
ambiguity inherent to this network are plausibly based on sets of
features that co-occur in donmageneral actor recognitic
Fig. 14 Mean EEG in the P600 time window as a function of Ag the |inguistic actor category overlaps to a certain de
signdist  (centeredl and its interaction with ambiguity. The colors _ . .
indicate the “height”, i.e., a range of (predicted) values of the mearYV'th these general features (€.g. via the featuresmaN,
EEG; the value is given by the contour curves. Colors that are closetrANIMATE and +1ST. PERSON), there is a propensity fi
together (e.glight vs. dark blugindicate finer differences. More color actor recognition via the general attractor network. \
indicates more variation regard to more language-specific features (e.g. case
ing), the system will learn that these correlate with
envisage the relation between linguistic and non-linguisti¢gemaining (domain-general) actor features such that, i
categories. mature system, they also push the network towards the
Our proposal builds on the suggestion that, in viewrecognition attractor stafé. Crucially, an important cor
of its cross-linguistic ubiquity, actor could be modeledsideration pertains to the degree of evidence for a ce
as an attractor category (Bornkessel-Schlesewsky angkcision—e.g. the classification of a certain event pa
Schlesewsky®0133. Recent work in computational neuro- pant as an actor—that the current input offers. Tt
science has shown that attractor networks provide a neurgnetric can be viewed as a measure that captures this
biologically plausible means of modeling decision-makingof evidence.
processes (Deco et @009 Deco et al.2013), both for Weighted, directed measures, suchsdiff , provide
complex value-based choiceswsll as for perceptual clas- the means to quantify the effects of attractor basins. In
sifications (“perceptual desion-making”; Heekeren et al. the physical metaphor behind attractor basins also pro
insight into why sdiff  functions better thardist or
Mean signdist  (Fig. 16). The proximity of an attractor is give
by dist , but not whether it is a positive or negative atti
tor (true attractor vs. repulsor, or hill vs. basin; see Ei.
This is a decent first approximation, but quickly fails
more rolling landscapes, e.g. in languages with free
order, where it is not clear which argument will come fi
The directionality ofsigndist ~ provides a better appro
imation, modeling attraction and repulsion, but the
approximation comes from the strength of the attractor
steepness of the sides of the basin / hill or equivale
the height and depth; see Fi@8). This is exactly whe
sdiff ~does—the weightedness distorts the actor s
creating stronger and weaker attractors (Fif). In this
sense, deterministic case manftiand garden path senten
are examples of attractor basins that are too deep to e:

signdist

sdiff

ambiguous unambiguous
ambiguity

Fig. 15 Mean EEG in the P600 time window as a functiorsdiff N

(centeredl and its interaction with ambiguity. The colors indicate the 24This proposal of a tight interrelationship between domain-ge
“height”, i.e., arange of (predicted) values of the mean EEG; the valuand linguistic actor features is supported by the recent observatic
is given by the contour curves. Colors that are closer togethetlighy.  properties of an ideal actor may depend—at least to some degre
vs. dark blug indicate finer differences. More color indicates more the characteristics of one’s native language (Fausey 2040 Fause
variation and Boroditsky2011).
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Table 29 Statistics for the minimally adequate (stimulus-based) models in the N400 timewvoaopared to their extension via reaction t
(RT)

Df AlC logLik Chisq Chi Df PrE Chisq)
sdiff.ambiguity: mean ~ ambiguity * c.(sdiff} ... 11 395190 519758442
sdiff.ambiguity.rt: mean ~ ambiguity * c.(sdiffy log(rt) + ... 12 395172  $19757402 20.80 1 <5.106506 ***

(Random effect structure elided. See page 12)

where the language system becomes trapped at the bottdBRPs as examined here are macroscopic response
of a well, or perhaps, to use another meaning of the wordtypically) multiple underlying sources and therefore ¢
“space”, in a black hole. not be directly compared tthe cascade of activity th
Finally, though we have focused on the actor role hereis assumed to proceed througtdividual regions alon
we propose that the notion of attractor basins could béhe antero-ventral and postero-dorsal streams. Accord
used to formalize the entirerqressing architecture shown latencies of language-related ERP components such
in Fig. 1. Specifically, attractors could be used to modelN400 likely do not reflect the absolute timing of informat
the categories assumed at every processing step within tipeocessing (see Bornkessel-Schlesewsky and Schles
cascade (e.g. phonemes, actor-event schemata etc.). TH13h. Nevertheless, assuming that our proposal re
could further help to address an issue that is conspicuouslipg the basic relationship begeen evidence for an attrac
missing from the current model implementation, namely theand duration of the processing step in question is col
need to provide an estimate of the timing of the differentboth the direct neuronal responses and the neurophys
processing steps and, accordingly, of the neurophysiologicédal responses measured by means of scalp EEG reco
responses elicited by them. At present, the model only speshould be quantifiable as some function of the degre
ifies the relative order of information processing but offersevidence for the respective attractor category.
no quantifiable timing estimates. However, combining the
assumption of cascaded, hieghically organized process-
ing steps and the attractor notion opens up a possible avenkeature Directions and the Role of Neuroinformatics
for such a quantification. As noted in sectioftie Extended
Argument Dependency Model (eADM) and Actor-Centeredin the experiment presented hesdiff showed the adva
Comprehensidh cascaded processing is based on the idetage of a weighted, directed dfinctness measure o
that, once a sufficient degree of information has accruedsimple (unweighted) interference measures. Nonethi
processing can proceed to the next step. Drawing upon theorphological case and ambiguities involving the s
attractor notion, we can positahthe faster the system rec- dominated the most important prominence variation:
ognizes that information is relevant for a particular attractorfuture work, we aspire to test the metric against a w
the faster processing at the step relevant to that attractor withnge of stimuli, including globally ambiguous senter
be. Accordingly, the formalizéon of actor space presented and generally more naturalistic language. On accou
here could be used as the basis for estimating processitige modular nature of the implementation, any EEG da
latency as well as amplitude and, in our view, should als@ould be processed and aywed, either via adapting
carry over to other linguistic categories. Of course, tim-constructing a suitable front-end (Stage 1) parser o
ing estimates will not be trivial given the different levels manually tagging the stimuli appropriately for Stage 2
of neuronal responses that need to be considered here: m®re work is done in this direction of quantifying linguis
mentioned in sectionThe Extended Argument Dependency differences in the brain, it becomes increasingly impo
Model (eADM) and Actor-Centered Comprehensiagtalp  to have diverse test data,pegially if learning is to b

Table 30 Statistics for the minimally adequate (stimulus-based) models in the P600 timewaatopared to their extension via reaction t
(RT)

Df AlIC logLik Chisq Chi Df Pr¢ Chisq)
sdiff.ambiguity: mean ~ ambiguity * c.(sdiff} ... 11 403740 520185903
sdiff.ambiguity.rt: mean ~ ambiguity * c.(sdiff) log(rt) + ... 12 403505 $20174085 236.36 1 <2.26516 ***

(Random effect structure elided. See page 12)
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Table 31 Statistics comparing the predictors for a (unweighted) syn- dist
tactic subject and (weighted) actor-prominence features P600 time
window

Df AIC logLik

synsigndist.ambiguity: 11 40406% 20202165 feature overlap is measured,
~ I . . but no directionality
mean ~ ambiguity * c.(synsigndist) . ..
sdiff.ambiguity: 11 403740520185903
mean ~ambiguity * c.(sdiffy ...

Prominence

prediction is hard

(Random effect structure elided. See page 12)

simulated at some point. To this end, itis crucially important
that databases of EEG data for diverse stimuli from typo-
logically varied languages are available, similar to the cor-
pora and treebanks used by researchers in natural langua
processing. A general model of language comprehension is

the goal, not a model for particular dataset. Fig. 17 Attractor basins in actor space as measuredlisy . The
directionality of distortion is lost, making prediction difficult

Argument

Call for Data (Banks) frequency estimates, estimates of syntactic frequenc

To this end, we would like to see databanks of neuroanatoma-ny syntactic peculiarities (e.g. non canonical word ord

. . . o . .etc. The EEG data should preferably be stored in an
ical and neurophysiological data similar to the “treebanks . .

. ) . o format, or at least in a format for which there are ¢
common in computational linguistics and natural language

processing research. Such databanks should provide a vé;lg le (r))rltlegdlné a‘?r?e an\elﬁrt;;z;seélagi Aoé] esgfft\:,:?efm

idated, state-of-the-art atysis with traditional methodolo- a Zp Data shyould nort) be filtered. rereferenced or othg

gies, e.g. ANOVA (including standardized ROIs and/or sin- ge. . ' L
rﬁnanlpulated offline before storage so as to not limit ar

gle electrodes as a factor, with grand-average ERP) as we . . } .
: . TS . Sis by alternative techniques (time-frequency analysis,
as parametric labeling of relevant linguistic information—

" . etc.). Instead, the measurerh@arameters (sampling ra

cloze probability of each word, morphosyntactic features ) remea ( pling ra

. ) . . teference electrode, equipment manufacturer), experi
thematic relations, known important semantic features (e.q. . L

: . al setup (presentation mode and aspects pertaining th

animacy and ideally other features that are expressed mor-

phosyntactically in any of the world’s languages), Iexicaland anonymized subject data (age, sex, etc.) as w

signdist
prominence distorts the space
into attractor basins
feature overlap is measured,
with directionality
[V} ()
o 1)
C C
[ CD
£ £
g prominence g prediction works,
a a i i
distorts the but lacks fine gradience
space into
respulsor
hills
Argument Argument

Fig. 16 Attractor basins in actor space. Prominence can be viewed aBig. 18 Attractor basins in actor space as measuredigpdist
a distortion of actor space. The curvature of actor space then pulls drhe gradience of distortion is lost, leading to only qualite
pushes actorhood towards a particular argument predictions
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sdiff That is, we would like to see a similar dataset of EEG/f!
recording of natural stories with a maximal task of a
comprehension questions taken offline after the main e
iment (Whitney et al.2009 but with fully tagged inpu
Computational linguists use more than sets of simple,
structed sentences to test their data and so should we
models need to be able to handle the full complexit
human language in its actual use and not just in our it
ized laboratory conditions. These more complex inputs
present us the chance to move beyond sentence-proc
models towards language-processing models.

The existence of large, standardized datasets alsc
vides for a proving ground for newer methodologies.
example, although time-frequency analysis, principal ¢
ponent analysis (PCA) and independent component an
(ICA) have been used in recergars to differentiate certe
subtleties not readily apparent from traditional ERP-b

Fig. 19 Attractor basins in actor space as measuredstyf . analyses, the world of EEG-data is still dominated by E

Both directionality and gradience of the distortion is preserved, thua_h. is al t tainl lated t t iust th |
enabling accurate prediction. The distortion here is to scale for th IS IS almost certainly related 1o not just the comple

sentencdie Bettlerin bedahgte den Kommissar auf der Straggee ~ Of these new methods, but also their unclear relatior
Table3) to ERP results. A standard dataset provides exactl
playground necessary to demonstrate and test new me
experimental task, handedness of the test subject and taslogies and their relationship to old ones.
interface layout, should be stored as metadata. Optionally,
the number of channels could be stored as well; however,
this is not necessary. Channel names should be standardizBglef Technical Notes on Implementation
to the 10-10/10-20 system terminology. Behavioral data
should be linked not just as metadata, but also as a propghe present implementation is in Python 3.2. A prev
dataset unto itself. (Relaihal databases provide a conve-version was written and tested in Python 2.7; howevel
nient way to do this.) Only then, can we truly test our modeldmplementation of Stage 1 and necessity of using non A
of sentence comprehension, i.e. our “parsers”, with the samencoding for German sentence data motivated the st
rigor that has been standard in other computational discihe 3.x series of Python with its much more extensive
plines for years now—uwith lots of large, standardized testscode support. File and directory manipulations were
Vosse and Kemper2008 took an important first step tested on POSIX compatible platforms.
in this direction, analyzing data from another experiment; There are options to set the baseline weights all eqt
however, it appears important to go beyond comparisongne (no weighting) or to a priori estimated weights base
of modeling output with the published, summarized dataprevious work done in German (Kempe and MacWhir
As discussed by Arbib et althis issug, it is important  1999. A further correction (fran empirical data) can the
to remember that summary data implies the existence dfe applied to the individual baseline weights via additi
non summarized data, i.e. more complete data. As ongptions.
researcher’s noise is another’s signal, even the most basic To test the weight configuration, a set of poter
filtering removes important data; the usual presentation ofonstructions in German is provided in a form dire
means and ANOVA leads even more to be desired. Thgrocessable by Stage 2. A test mode operating p
BrainMap database is an excellent start for fMRI data, bubn these preanalyzed inputs is one of three mode
it only makes the want of a coparable database for EEG operation.
data more striking. Recenteinds in Open Access and pre-  The other modes are a batch mode for generating
registration point to such databases as being the way of thfictions about experimental stimuli and an interactive n
future. We need data sharing beyond rebuttal and as confer demonstrations of the model, as well as a mode ¢
mon proving ground beyond the current experiments hangle of processing Stage 1 output vectors, either as i
crafted to show off a particular model feature. experimental conditions from a file or interactively. Both
Beyond the traditional, well pameterized experimental batch and interactive modes use a limited version of Ste
data, we would ideally also like to see a complementary seeaturing a small parser customized for the experime
of data acquired in a less structured, free-task environmenguestion (seStage ).

weighting creates
asymmetric distortion

prediction works,
and has a fine, gradient sensitivity

Prominence

Argument
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More detailed documentation can be found with theas the necessary input files is available to the publ
publicly available source code (see below). https://bitbucket.org/palday/ginnungagap-code/

Information Sharing Statement . ) )
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Appendix

Table 32 ANOVA for the N400 window

ANOVA:
Effect DFn DFd F p .05 ges
2 roi 4.00 144.00 14.47 0.00 * 0.(
3 wordOrder 1.00 36.00 19.60 0.00 * 0.(
4 ambiguity 1.00 36.00 19.11 0.00 * 0.(
5 npltype 1.00 36.00 5.61 0.02 * 0.C
6 np2type 1.00 36.00 54.44 0.00 * 0.
7 roi:wordOrder 4.00 144.00 5.51 0.00 * 0.
8 roi:ambiguity 4.00 144.00 7.51 0.00 * 0.
9 wordOrder:ambiguity 1.00 36.00 21.84 0.00 * o
10 roi:npltype 4.00 144.00 13.25 0.00 * 0.(
11 wordOrder:npltype 1.00 36.00 0.57 0.45 (
12 ambiguity:npltype 1.00 36.00 0.75 0.39 (
13 roi:np2type 4.00 144.00 55.78 0.00 * 0.(
14 wordOrder:np2type 1.00 36.00 0.35 0.56 (
15 ambiguity:np2type 1.00 36.00 0.17 0.68 (
16 npltype:np2type 1.00 36.00 0.17 0.68 (
17 roi:wordOrder:ambiguity 4.00 144.00 2.58 0.04 * C
18 roi:wordOrder:npltype 4.00 144.00 1.04 0.39 (
19 roi:ambiguity:npltype 4.00 144.00 0.53 0.72 (
20 wordOrder:ambiguity:npltype 1.00 36.00 1.30 0.26
21 roi:wordOrder:np2type 4.00 144.00 12.10 0.00 * (
22 roi:ambiguity:np2type 4.00 144.00 4.53 0.00 * C
23 wordOrder:ambiguity:np2type 1.00 36.00 6.40 0.02 * |
24 roi:npltype:np2type 4.00 144.00 1.21 0.31 (
25 wordOrder:npltype:np2type 1.00 36.00 1.99 0.17
26 ambiguity:npltype:np2type 1.00 36.00 0.23 0.63
27 roi:wordOrder:ambiguity:npltype 4.00 144.00 0.61 0.66
28 roi:wordOrder:ambiguity:np2type 4.00 144.00 2.68 0.03 *
29 roi:wordOrder:npltype:np2type 4.00 144.00 0.35 0.84
30 roi:ambiguity:npltype:np2type 4.00 144.00 4.03 0.00 *
31 wordOrder:ambiguity:npltype:np2type 1.00 36.00 2.88 0.10
32 roi:wordOrder:ambiguity:npltype:np2type 4.00 144.00 0.91 0.46
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Table 32 (continued)

Sphericity Corrections:

Effect w p p<.05
2 roi 0.37 0.00 *
7 roi:wordOrder 0.20 0.00 *
roi:ambiguity 0.28 0.00 *
10 roi:npltype 0.22 0.00 *
13 roi:np2type 0.33 0.00 *
17 roi:wordOrder:ambiguity 0.22 0.00 *
18 roi:wordOrder:npltype 0.32 0.00 *
19 roi:ambiguity:npltype 0.07 0.00 *
21 roi:wordOrder:np2type 0.19 0.00 *
22 roi:ambiguity:np2type 0.23 0.00 *
24 roi:npltype:np2type 0.12 0.00 *
27 roi:wordOrder:ambiguity:npltype 0.22 0.00 *
28 roi:wordOrder:ambiguity:np2type 0.06 0.00 *
29 roi:wordOrder:npltype:np2type 0.14 0.00 *
30 roi:ambiguity:npltype:np2type 0.32 0.00 *
32 roi:wordOrder:ambiguity:npltype:np2type 0.12 0.00 *
Table 33 ANOVA for the N400 time window resolved in the Left-Posterior Region of Interest
ANOVA:
Effect DFn DFd F p g .05 ges
2 roi 4.00 144.00 24.10 0.00 * 0.1
3 wordOrder 1.00 36.00 25.71 0.00 * 0.
4 ambiguity 1.00 36.00 31.79 0.00 * 0.
5 npltype 1.00 36.00 0.16 0.69 0
6 np2type 1.00 36.00 93.33 0.00 * 0
7 roi:wordOrder 4.00 144.00 7.46 0.00 * 0.
8 roi:ambiguity 4.00 144.00 5.01 0.00 * 0.
9 wordOrder:ambiguity 1.00 36.00 37.31 0.00 * o
10 roi:npltype 4.00 144.00 0.27 0.89 0
11 wordOrder:npltype 1.00 36.00 0.11 0.74 (
12 ambiguity:npltype 1.00 36.00 2.62 0.11 (
13 roi:np2type 4.00 144.00 3.44 0.01 * 0
14 wordOrder:np2type 1.00 36.00 0.87 0.36 (
15 ambiguity:np2type 1.00 36.00 1.98 0.17 (
16 npltype:np2type 1.00 36.00 1.42 0.24 (
17 roi:wordOrder:ambiguity 4.00 144.00 9.99 0.00 * C
18 roi:wordOrder:npltype 4.00 144.00 0.74 0.56 (
19 roi:ambiguity:npltype 4.00 144.00 2.76 0.03 * C
20 wordOrder:ambiguity:npltype 1.00 36.00 0.23 0.63
21 roi:wordOrder:np2type 4.00 144.00 0.72 0.58 (
22 roi:ambiguity:np2type 4.00 144.00 1.82 0.13 (
23 wordOrder:ambiguity:np2type 1.00 36.00 0.50 0.48
24 roi:npltype:np2type 4.00 144.00 0.20 0.94 (
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Table 33 (continued)

Effect DFn DFd F p B .05 ges
25 wordOrder:npltype:np2type 1.00 36.00 5.24 0.03 * 0.00
26 ambiguity:npltype:np2type 1.00 36.00 0.86 0.36 0.00
27 roi:wordOrder:ambiguity:npltype 4.00 144.00 1.71 0.15 0.00
28 roi:wordOrder:ambiguity:np2type 4.00 144.00 1.85 0.12 0.00
29 roi:wordOrder:npltype:np2type 4.00 144.00 0.53 0.72 0.00
30 roi:ambiguity:npltype:np2type 4.00 144.00 0.07 0.99 0.00
31 wordOrder:ambiguity:npltype:np2type 1.00 36.00 0.89 0.35 0.00
32 roi:wordOrder:ambiguity:npltype:np2type 4.00 144.00 1.89 0.11 0.00
Sphericity Corrections:
Effect w p p<.05
2 roi 0.48 0.00 *
7 roi:wordOrder 0.20 0.00 *
roi:ambiguity 0.24 0.00 *
10 roi:npltype 0.15 0.00 *
13 roi:np2type 0.53 0.01 *
17 roi:wordOrder:ambiguity 0.34 0.00 *
18 roi:wordOrder:npltype 0.23 0.00 *
19 roi:ambiguity:npltype 0.13 0.00 *
21 roi:wordOrder:np2type 0.17 0.00 *
22 roi:ambiguity:np2type 0.32 0.00 *
24 roi:npltype:np2type 0.20 0.00 *
27 roi:wordOrder:ambiguity:npltype 0.21 0.00 *
28 roi:wordOrder:ambiguity:np2type 0.41 0.00 *
29 roi:wordOrder:npltype:np2type 0.12 0.00 *
30 roi:ambiguity:npltype:np2type 0.15 0.00 *
32 roi:wordOrder:ambiguity:npltype:np2type 0.14 0.00 *
Table 34 ANOVA for the P600 window
ANOVA:
Effect DFn DFd F p .05 ges
2 wordOrder 1.00 36.00 23.01 0.00 * 0.
3 ambiguity 1.00 36.00 30.55 0.00 * 0.
4 npltype 1.00 36.00 0.01 0.93 0.(
5 np2type 1.00 36.00 9.65 0.00 * 0.(
6 wordOrder:ambiguity 1.00 36.00 20.21 0.00 * o
7 wordOrder:npltype 1.00 36.00 1.96 0.17 (
8 ambiguity:npltype 1.00 36.00 0.23 0.64 C
9 wordOrder:np2type 1.00 36.00 4.41 0.04 * C
10 ambiguity:np2type 1.00 36.00 0.01 0.93 (
11 npltype:np2type 1.00 36.00 1.31 0.26 (
12 wordOrder:ambiguity:npltype 1.00 36.00 0.50 0.48
13 wordOrder:ambiguity:np2type 1.00 36.00 5.17 0.03 *
14 wordOrder:npltype:np2type 1.00 36.00 2.01 0.17
15 ambiguity:npltype:np2type 1.00 36.00 0.03 0.86
16 wordOrder:ambiguity:npltype:np2type 1.00 36.00 3.00 0.09
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Table 35 ANOVA for the P600 time window resolved in the Left-Posterior Region of Interest

ANOVA:

Effect DFn DFd F p .05 ges
2 wordOrder 1.00 36.00 28.20 0.00 * 0.
3 ambiguity 1.00 36.00 26.00 0.00 * 0.
4 npltype 1.00 36.00 0.00 1.00 0.(
5 np2type 1.00 36.00 85.25 0.00 * 0.:
6 wordOrder:ambiguity 1.00 36.00 43.74 0.00 * 0
7 wordOrder:npltype 1.00 36.00 0.56 0.46 (
8 ambiguity:npltype 1.00 36.00 1.33 0.26 C
9 wordOrder:np2type 1.00 36.00 2.09 0.16 (
10 ambiguity:np2type 1.00 36.00 2.88 0.10 (
11 npltype:np2type 1.00 36.00 1.30 0.26 (
12 wordOrder:ambiguity:npltype 1.00 36.00 0.50 0.48
13 wordOrder:ambiguity:np2type 1.00 36.00 0.15 0.70
14 wordOrder:npltype:np2type 1.00 36.00 7.45 0.01 *
15 ambiguity:npltype:np2type 1.00 36.00 0.85 0.36
16 wordOrder:ambiguity:npltype:np2type 1.00 36.00 0.00 0.95

Table 36 Summmary statistics for the accuracy in trials

Summary statistics:

wordOrder ambiguity npltype np2type N Mean SD FL
o A N N 37.00 0.86 0.13 0.01
o A N P 37.00 0.93 0.08 0.01
(¢} A P N 37.00 0.89 0.11 0.01
(0] A P P 37.00 0.94 0.06 0.01
O u N N 37.00 0.95 0.06 0.01
(e} U N P 37.00 0.94 0.04 0.01
(e} U P N 37.00 0.98 0.02 0.01
o u P P 37.00 0.96 0.02 0.0:
S A N N 37.00 0.97 0.04 0.01
S A N P 37.00 0.97 0.04 0.01
S A P N 37.00 0.98 0.02 0.01
S A P P 37.00 0.98 0.04 0.0:
S U N N 37.00 0.97 0.04 0.01
S U N P 37.00 0.97 0.04 0.01
S U P N 37.00 0.98 0.03 0.01
S U P P 37.00 0.99 0.02 0.0:
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Table 37 Summmary statistics for reaction time in trials

Summary statistics:

wordOrder ambiguity npltype np2type N Mean SD FL
O A N N 37.00 484.45 197.41 16.(
o A N P 37.00 435.32 164.68 16.(
(0] A P N 37.00 482.62 184.68 16.(
O A P P 37.00 433.66 157.27 16.
O u N N 37.00 465.44 167.91 16.(
O u N P 37.00 437.66 155.49 16.1
O u P N 37.00 442.40 161.16 16.1
O U P P 37.00 424.94 142.27 16.
S A N N 37.00 436.50 147.15 16.(
S A N P 37.00 427.92 146.34 16.!
S A P N 37.00 442.69 149.04 16.1
S A P P 37.00 427.23 151.57 16.
S u N N 37.00 438.67 151.13 16.(
S u N P 37.00 433.64 149.12 16.
S U P N 37.00 437.05 151.31 16.
S U P P 37.00 420.69 127.54 16.
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Abstract

It has been suggested that, during real time language comprehension,
the human language processing system attempts to identify the argument
primarily responsible for the state of a airs (the actor) as quickly and
unambiguously as possible. However, previous work on a prominence
(e.g. animacy, de niteness, case marking) based heuristic for actor identi-
cation has su ered from underspeci cation of the relationship between
di erent cue hierarchies. Qualitative work has yielded a partial ordering
of many features (e.g. MacWhinney, Bates, and Kliegl 1984), but a pre-
cise quanti cation has remained elusive due to di culties in exploring
the full feature space in a particular language. Feature pairs tend to
correlate strongly in individual languages for semantic-pragmatic reasons
(e.g., animate arguments tend to be actors and actors tend to be mor-
phosyntactically privileged), and it is thus di cult to create acceptable
stimuli for a fully factorial design even for binary features. Moreover, the
exponential function grows extremely rapidly and a fully crossed factorial
design covering the entire feature space would be prohibitively long for a
purely within-subjects design.

Here, we demonstrate the feasibility of parameter estimation in a short
experiment. We are able to estimate parameters at a single subject level
for the parameters animacy, case and number. This opens the door for
research into individual di erences and population variation. Moreover,
the framework we introduce here can be used in the eld to measure
more exotic languages and populations, even with small sample sizes.
Finally, pooled single-subject results are used to reduce the number of
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free parameters in previous work based on the extended Argument Depen-
dency Model (Bornkessel and Schlesewsky 2006; Bornkessel-Schlesewsky
and Schlesewsky 2009; Bornkessel-Schlesewsky and Schlesewsky 2013;
Bornkessel-Schlesewsky and Schlesewsky in press; Alday, Schlesewsky, and
Bornkessel-Schlesewsky 2014).

Multimedia:  OpenSesame experiment and Python support scripts; sam-
ple stimuli; R scripts for analysis

Keywords: computational model; language processing; emergence; ambi-
guity resolution; actor identi cation; prominence; individual di erences

Introduction

Parameter underspeci cation is a critical issue in modern linguistic models
with too many parameters typically dismissed to the periphery of qualitative
description and performance. The return on investment for working out the
precise mechanistic and quantitative details of a model often seems too poo
especially in light of the many levels of linguistic variation: language > dialect
> jdiolect (inter-speaker) > intra-speaker. Yet, it is exactly these parameters
and how they can vary that is interesting when discussinglanguageinstead of a
language

Even well-formulated psycholinguistic and neurolinguistic models often su et
from underspeci cation with many parameters omitted and many more nevet
empirically estimated. Implemented computational models su er less from the
underspeci cation problem, but still have many issues with free parameter:
(Howes, Lewis, and Vera 2009) and researcher degrees of freedom (Simm:
Nelson, and Simonsohn 2011). Previously, we presented a computational moc
of language processing based on the interaction of weightggrominence features
(Alday, Schlesewsky, and Bornkessel-Schlesewsky 2014). While our mod
provided a good t for event-related potential data (i.e. electrical brain activity
time-locked to a critical word within a sentence) which has a very poor signa
to-noise ratio, we nonetheless relied on a somewhat problematic conversion
ordinally scaled data to ratio-scaled data using simple logarithmic scaling. Ir
the following we present a framework for empirically quantifying the parameters
of well-de ned computational models based on competition and constraint
satisfaction, focusing on the class of prominence-based models.

Using a small experiment and a basic statistical technique, we demonstrate the
it is possible to estimate parameters at the single subject level in less than half &
hour and perhaps a good cup of co ee. The ease of this approach opens the dt
to quantitative study of interindividual variation and linguistic settings in which
only small samples of speakers are accessible (e.g. less-researched langu
clinical populations).
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Prominence, the Extended Argument Depen-
dency Model (eADM) and Actor-Centered Com-
prehension

Before turning to the parameter estimation approach that is the focus of the
present paper, we will brie y describe the empirical neurocognitive model or
which it is based. This framework will provide two critical concepts for the
parameter estimation: prominence (the independent variable) and the actor role
(the dependent variable).

The extended Argument Dependency Model (eADM) is a neurocognitive, anc
more recently neurobiologically grounded model of cross-linguistic language cot
prehension which places particular emphasis on the role of the actor participant
(Bornkessel and Schlesewsky 2006; Bornkessel-Schlesewsky and Schlesewsky
Bornkessel-Schlesewsky and Schlesewsky 2013; Bornkessel-Schlesewsky and ¢
sewsky in press) The actor, a term taken from Role and Reference Grammi
(Van Valin 2005) and termed Proto-Agent in other approaches (Dowty 1991
Primus 1999), refers to the event instigator / participant primarily responsible
for the state of a airs being described. Based on the results of electrophysioloc
cal studies across a range of typologically diverse languages, the eADM pos
that comprehension is actor-centered in the sense that the human languag
comprehension system endeavours to identify the actor participant as quickl
and unambiguously as possible while comprehending a sentence. Accordingly,
several candidates are available, they compete for the actor role and actor comg
tition has measurable neurophysiological repercussions (Bornkessel-Schlesew
and Schlesewsky 2009; Alday, Schlesewsky, and Bornkessel-Schlesewsky 20

Actor identi cation in language processing is based both on domain-genere
features (e.g. animacy, certain movement parameters such as autonomous and/
biological motion, similarity to the rst person etc.) and on language-speci c fea-
tures such as case marking or word order. In accordance with language-extern
observations regarding the importance of actor entities for mechanisms suc
as attentional orienting (New, Cosmides, and Tooby 2007) or social cognitiol
(U. Frith and Frith 2010), the eADM assumes that the actor can be viewed as
a cognitive and neurobiological attractor category, with domain-general actor
features allowing for the bootstrapping of language-speci ¢ actor characteris
tics during language development (Bornkessel-Schlesewsky and Schlesewsky
press). Clearly, individual actor-related features will be more important for actor
identi cation in certain languages as opposed to others (e.g. case marking i
German, Japanese or Hindi versus English) and, within a particular language
some actor-related features will be weighted more strongly than others (Bate
et al. 1982; Bates and MacWhinney 1989; Bates, Devescovi, and Wulfeck 20(
MacWhinney, Bates, and Kliegl 1984).

In this regard, parameter estimation i.e. estimating the weighting of individual
actor-related prominence features in a given language becomes a centr
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modelling problem. In the following, we introduce an initial, empirically-based
framework for parameter estimation that is exible, based on open sourc
software components and thus freely distributable and requires only a minima
time commitment from test subjects (i.e. native speakers of a given language). W\
thereby intend to establish a basis for examining (a) inter-individual di erences
in parameter weightings, and (b) lesser-studied languages for which only a smz
number of speakers is available to participate in linguistic experiments.

Previous Computational Work

Alday, Schlesewsky, and Bornkessel-Schlesewsky (2014) presented the rst com
tational implementation of actor competition, with a strong focus on distinctness
(similarity / distance in the space of prominence features) as a predictor of mea
EEG signal in time windows previously associated with actor competition. Due
to high variance in EEG data both inter- and intra subject mixed e ect
models with crossed random factors for subjects and items were used. Moreov
the dependent variable was not a single o ine behavioral measurement but rathel
an online measure of brain activity. The independent variables were di erent
notions of distance, i.e. di erent mathematical ways of combining prominence
features and weights into a single distinctness score. While models involvir
neurophysiological data are arguable much closer to the actual biological realit
of language processing, they measure processes at a level where the corres
dence between conscious intuition and subconscious computation is far fro
clear. As such, while the parameter estimation used here is of utmost importanc
for continued work on such models, the results of the two approaches are n
directly comparable but rather complementary.

Individual Experimentation

Robust parameter estimation must apply at the single subject (i.e. individual
native speaker) level for several reasons. Language comprehension in a gi'
language arguably involves a strategy space rather than hard-and-fast, de
terministic processing strategy (see Howes, Lewis, and Vera (2009), for a mc
general cognitive perspective). Thus, by estimating inter-individual variability,
we can establish an estimate of the breadth of the strategy space. Seconc
under certain circumstances (e.g. languages with few remaining or availab
speakers, clinical populations, children) it may not be possible to obtain date
from a large pool of participants. Hence, the framework described here aims 1
provide a rst step towards parameter estimation for individual participants,
using the actor competition / prominence feature approach of the eADM as
a test case. Of course, the approach is in principle applicable to any type ¢
linguistic feature / model parameter.
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Experiment

In order to maximize the portability and availability of individual parameter
estimation, the experiment is restricted in equipment and duration. The experi-
ment is programmed in OpenSesame (Math6t, Schreij, and Theeuwes 2012),
freely available, Open Source software package written in Python for cognitivi
science experiments that runs on Windows, Mac OS X and Linux. No furthe|
equipment is required for the experiment itself. Similarly, the other parts of
the proposed toolchain (R, Python and various packages for them) are all fre
software and available on all three platforms.

The much harder restriction is the duration of the experiment. While many
psycholinguistic and neurolinguistic experiments last several hours per tes
subject, we restricted ourselves to a run time of between 30 and 40 minutes. Th
clearly restricts the number of trials available, which forces a tradeo between
fully factorial exploration of di ering conditions and the number of trials per
condition. In the provided example experiment, the stimulus preparation script
load_data.py generates the fullest factorial design allowed by its inputs (foi
our current sample stimuli, [ANIMACY x CASE x NUMBER] x [NP1, NP2], a
total of 16 conditions, including violations) across all items and takes a randon
sample to generate 200 trials (see Tablé).

Table 1. Sample stimuli. All sentences began withGestern wurde
erzahlt ("Yesterday, it was told'). Due to case syncretism in the
German plural, all plural nouns were ambiguous and thus encoded
in the subsequent models as being the average of nominative and
accusative. The active task for the rst sentence is_ hat/haben
angeremeplt ('_s has/have bumped into’), with the two nouns
placed on either side (left-right placement was random.) Because
the article in German carries most case information and some
number information, it was omitted in the task.

dass die Pfarrer die Magier angerempelt haben
that the pastors the magicians bumped-into  have
dass den Wirt den Einbrecher eingeladen hat.
that the host.ACC the thief.ACC invited has
dass die Burostihle der Kellner gespendet hat.
that the oce chairs the waiter.NOM donated has
dass die Zaune die Tischler bedauert haben
that the fences the carpenters regretted have
dass die Raume der Veranstalter eingeschaltet hat.
that the rooms the organizer.NOM turned-on. has.
dass den Bauer der Obdachlose gerettet hat.
that the farmer.ACC the homeless person.NOM saved has
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This leads to an extremely sparse sample which will di er from run to run. The
variation is in and of itself interesting, as it gives some indication of minimal
learnability requirements.

The task for the experiment is a comprehension question, asking either for th
actor or the undergoer (Who did X? / Someone did X to whom? or passive

variants of the same)! For the syntactically ambiguous or ungrammatical
sentences, this task attempts to force the subject to arrive at some interpretatior
of the sentence (as would happen in normal conversation). This serves as

explicit task somewhat similar to traditional acceptability judgements. The
task is also timed with a moderately hard timeout of 4 seconds, which shoul
push the subject to answer more intuitively and less metalinguistically. The
answer is encoded as having assigned actorhood to the rst or the second P
(cf. Bates et al. 1982; MacWhinney, Bates, and Kliegl 1984; Li, Bates, an
MacWhinney 1993; Kempe and MacWhinney 1999). Correctness is not ¢
valid measure across conditions because the ambiguous and ungrammati
conditions lack a canonical answer. Moreover, the interesting question is ho
the prominence heuristic allows for decision under uncertainty. The respons
time is also recorded, under the assumption that prominence features misaligne
with their weightings and the actor prototype will lead to higher reaction times.

Parameter Estimation

Ultimately, the computational problem presented by the actor strategy is classi -
cation. The language system must assign actorhood to a single argument and,
order to do that, depends on classifying an individual argument's probability of
being an actor. Probabilitistic classi cation into two groups is a well-researchec
problem with many methods available. The simplest method, based on th
general linear model, is probit regression (Bliss 1934).

The dependent variable in probit regression is a probabilisitic binary classi cation,
while the independent variables are the feature encoding$. The model weights
correspond to the coe cient estimates, allowing direct extraction of the weights
and easy interpretation. Although the better known logistic regression yields
similar results and has coe cients that are slightly easier to interpret (as an
odds ratio), probit regression has several advantages for modelling the role
prominence features: Logistic regression is more di cult to implement in a

in initial tests, it seems that test-subjects felt more comfortable when only active or passive
guestions were presented. The results for one volunteer who completed both the mixed and
pure passive variants were similar, resulting in the same rankings. However, the two trial runs
are not directly comparable because each run used a di erent subset of the possible stimuli.

2Currently, the features are encoded as binary pairs with 1 for marked/more prominent
and 0 for less prominent. For many things, a discrete scale seems unnatural, and the model
can accommodate continuous scales on [0,1] without modi cation. This is currently used for
ambiguous case marking, encoded as 0.5.

3The model coe cients in logit regression correspond to changes in the odds ratio for the
dependent variable per unit change in the independent variable. In probit regression, the
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Bayesian framework, which is a disadvantage for planned future work utilizing
estimates from several sources (i.e. work involving non- at priors and pooling;
More importantly, probit regression is the better model for the dichotomization
of a continuous variable. Prominence is a continuous variable, but the acto
strategy is a dichotomization strategy,” and probit regression is thus better
suited.”

For a transitive relationship, there are two arguments each carrying their own se
of prominence features. While it is possible that the weights for the features ar
position dependent (i.e. that there is an interaction term for argument position
by prominence), we make the simplifying assumption that this is not the case
Accordingly, we can collapse the two sets of features into a single set of pairwi
di erences, thus reducing the number of parameters to be estimated. Thi:
also makes the work more compatible with the types of models used in Alda
Schlesewsky, and Bornkessel-Schlesewsky (2014), where the weights actu
applied to the pairwise di erences. Here we use NP1 - NP2 to model expectation
NP1 - NP2 < 0 means that a more prominent argument comes in a later position
which is known to be dispreferred (preference for initial actors).

Due to the sparseness of the data, we also exclude interaction terms betwe
features.

Sample Analysis

Actor Identi cation Sample analysis scripts and data sets collected frol
graduate students are included in the supplementary materials. In the following
we present the results fromsample01a°

For our regression, a 1 encodes an initial actor, while a 0 encodes an initi
undergoer. Because of the mutual exclusivity of the actor-undergoer relation, w
do not need to encode the other argument. We chose one to correspond to initi
actor so that more prominence would correlate positively with more actorhooc
Table 2 provides the results of the regression withsampleOla

While the exact meaning of the estimates in probit regression is di cult, the
relationship in the size of the estimates is straight forward. Case clearly ha

coe cients represent change in the z-score of the dependent variable per unit change in the
independent variable. The errors in logistic regression follow the logistic function, while the
errors in probit regression follow the normal distribution. This leads to the tipping behavior
of emergent binary categories from a continuous scale. Both methods depend on a logarithmic
link function.

4Indeed, the currently postulated processing model assumes that the threshold for this
dichotomization is dynamic, adapting to contextual demands.

5To our knowledge, no psycholinguistic study has utilized probit regression. However,
logistic regression, which is generally better known, and its mixed-e ect extension have been
proposed as a more appropriate way to analyze categorical responses, cf. (Jaeger 2008) and
others.

6The number refers to the test subject, while the a refers to the task (active question,
i.e. name the actor). Other possible codes are p (passive question, i.e. name the undergoer)
and b (both types of questions randomly mixed).
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Estimate Std. Error z value  Pr(>|z])

(Intercept) 0.2878 0.2064 14 0.163
animacy 0.6269 0.167 3.8 0.0001743
case 1.3480 0.2318 5.8  6.014e-09
number  -0.4678 0.1596 -2.9  0.003381
index 0.0005 0.001767 0.3 0.7614

Table 2: AIC: 215.6 Deviance: 205.6 Null Deviance: 263.7 Results of probit
regression for actor-initial order. The large residual deviance reflects the great
variety of items, including syntactic und semantic violation conditions.

the strongest estimate, which fits well given that unambiguous case marking is
known to work deterministically in German. Case also has the least amount of
variance relative to its influence — this is reflected in the large z-score. Animacy
has the next highest estimate and z-score, with both about half as large as
for case. Number has the estimate and z-score with the smallest magnitude.
Interestingly, the sign is also reversed for number. This could reflect the late
disambiguating nature of number agreement in the verb final sentences. Index
(i.e. trial number within the experiment) has a very small estimate and z-score,
which indicates that the test subject was unable to develop and apply a strategy
during the course of the experiment.”
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Figure 1: Actor Identification by Feature

This is also clear graphically. Figure | presents the likelihood of choosing an
initial actor based on the difference in prominence. High initial prominence

"This of course says nothing about whether the test subject developed one beforehand while
looking at an example run.

75
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followed by low initial prominence — the high end of the scale — increases the
odds of assigning actorhood to the first argument. (Shaded regions indicate the
95% confidence interval; the number of samples of each condition is shown as a
rug plot.) The strength of a cue is reflected in the slope of the individual lines.
The preference for an initial actor can also be clearly seen here. At 0, i.e. at a
tie in prominence between the two arguments, all features show a preference for
an actor-initial interpretation. Despite the low power from a short, unbalanced
design, a clear ranking is visible.
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Figure 2: Convergence of Estimates

The emergence of such a clear ranking is also interesting for exploring the
learnability of the actor strategy. Figure 2 shows the convergence of the parameter
estimates by recomputing the model for the first n trials, starting with trial 25.
Despite the low statistical power in such an experiment, the parameter estimates
quickly sort themselves into a clear ranking. Figure 3 shows how this learning
would look in terms of language processing, displaying the identification curve
as in Figure 1, but after 50, 100, 150 and 200 trials. Again, after 50 trials,
the strength of case is established, but the strength of the next strongest cue,
animacy, is established after twice as many (100), and the third strongest cue
settles down between 150 and 200 trials (1.5-2x as many as animacy), suggesting
perhaps a rank-power law in cue strength (such as in Zipf’s Laws).

Although we did not model separate interaction terms here, it is nonetheless
interesting to consider how the model handles interaction. For this, we used
the model to predict outputs for the grid of animacy x case, treating both
as semi-continuous measures. Figure 4 shows the contour for this simulation
holding constant index = 1 and number = 0 (plural). Darker tones indicate a

76
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Figure 3: Effect of Estimate Precision on Actor Identification by Feature

higher probability of initial actor interpretation.® Using a physical metaphor,
we can view the darker tones as being valleys and the lighter tones as being hills.
Actorhood works as an attractor, with the ideal attractor basin being an initial,
animate, nominative argument. However, even an inanimate initial nominative
is more likely to be interpreted as an actor than an animate initial accusative —
the basin slopes more sharply along case than along animacy.

Figures and models for four test subjects can be found in the appendix.

Estimate Std. Error tvalue  Pr(>[t|)

(Intercept)  863.2570 57.57 15 2.618e-34
animacy  -48.1050 44.68 -1.1 0.283
case -66.2133 56.59 -1.2 0.2434
number  -16.8376 42.74 -0.39 0.694
index -1.8386 0.4956 -3.7  0.0002706

Table 3: AIC: 2973.8 Adjusted R?: 0.1 Residual standard error: 402.7 on

195 degrees of freedom, F'(4,195) = 3.96, p = 0.0041. Results of linear regression
model for reaction time.

8Because the calculated model includes index and number as independent variables, they
have to be nominally set. Index has little effect and so the choice is completely arbitrary: 1 is
reasonable because it reflects a neutral state (not influenced by the odd experimental context)
and is the smallest valuable possible. Similarly, the effect for number was quite small and the
choice is again arbitrary. Number = 0 (plural) reflects the base state.

10
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nominative > accusative

accusative > nominative ambiguous or unreliable
Case

Figure 4: Individual Actor Space

11
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Reaction Time The reaction time model shows the same general trend in th
magnitude of the various estimate$ but much higher variance. This variance
leads to poort-values. Index has a very small e ect here roughly 2ms reductior
in reaction time for each successive item. This re ects a training e ect, where
the test subject adapts to the experimental conditions and task. Although this
e ect is statistically highly signi cant, the magnitude is quite small.

The high degree of variance in the reaction time (related to the complexity o
the task) and the limited power of such a small experiment leads to promising
yet not reliable results. Training has a signi cant e ect on test subject ability:
a roughly 400ms reduction over the course of the experiment. Over a larg:
experiment, we expect that this e ect would reach some natural asymptote a:
the test subjects become comfortable with the task and that the accompanyin
reduction in the variance would lead to largert-values.

More research is required in order to investigate how best to integrate reactio
time into the parameter estimation.

Comparison to Previous Work

Df AIC BIC  logLik
model.apriori 11 395190 395291 -197584
model.emp 11 395223 395324 -197600
model.pooled 11 395252 395352 -197615

Table 4: Comparison of sdi performance for a priori weights, weights from
sampleO1a and all samples. Models tted to the EEG data in the N400 window
(Alday et al, 2014).

Using the model estimates collected here, it is possible to compare empi
cal weights with the a priori estimates presented in Alday, Schlesewsky, an
Bornkessel-Schlesewsky (2014). More precisely, the weight of a given feature
given by e , where is the coe cient in the probit model. The exponentiation is
necessary because the probit link function is logarithmic. We can also compute
mixed e ects model over the four subjects tested thus far and extract the xed-
e ect relevant coe cient for the pooled weightings. A comparison of the apriori ,
single-subjectempirical and pooled models of the best distinctness measut
(sdi, Alday, Schlesewsky, and Bornkessel-Schlesewsky 2014) is presented
Table 4. Critically, although two di erent sets of test subjects were used, the
models are all extremely similar in their t. The t-score for the distinctness
metric was also similar.

9The reversed sign re ects that increased prominence aligns better with general expectations
(actor preference) and thus reduced reaction times.

12
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Better Data through Openness

An exciting aspect of estimating model parameters based on individual pe
formance in a quick experiment is the possibility of making science accessih
available and touchable to everyone, which should open the door for exploratio
of areas where data acquisition has been di cult, such as the study of indi
vidual di erences and less-researched languages. This depends on the softw
and underlying methodology being freely accessible, free to modify and free
distribute. All software used here is licensed under the GNU Public Licens
(GPL). For the portions we wrote, we encourage you to fork us onBitbucket :
bug xes and improvements are of course welcome, but example stimuli fc
di erent languages, sample data and alternative analyses would contribute fa
more towards our and the broader community's understanding of language.

Future Plans

Our own future plans for the software include a more integrated tool chain
Currently, the user has to install several programs (Python + several extensions
OpenSesame, R), but it should be possible to move core features into ti
OpenSesame experiment. The user would perhaps no longer have acces:
more advanced features (for which she would need some programming know-h
anyway), but a core set of features for spontaneously testing a single-subje
would t into a single OpenSesame experiment le pool. As part of this, we are
currently implementing a framework for combining the estimated parameters
with an existing computational framework and providing an animation of how
sentence processing in an individual works. All models are wrong, includin
ours, but some are useful (Box and Draper 1987) and the most useful are tt
ones everybody can see and tinker with.

More Data, Less Uncertainty

The framework presented here shows that parameter estimation is possib
even with few trials from a single subject. With minimal equipment and quick
parameter estimation, it is now possible to gather data from more languages, an
we have another tool to remove our Indo-European blinders. At the other end o
the spectrum, model t may be poorer with a few test subjects than with a single
subject, if the variance between subjects is large. This would be an interestin
result within itself, indicating the size of the strategy space for a single languag
(population). More data from more languages and more individuals will helg
us to better understand both the cognitive mechanisms underlying language i
general and the speaker-level adaption to a particular language.

13
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Appendix: Figures for Four Subjects

feature

|;| animacy

case

number

Probability of actor—initial interpretation
o o o
N (%2 ~
(6] o (6]
1 1 1

Prominence: NP1 — NP2

Figure 5: Actor Identification by Feature
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Figure 8: Individual Actor Space
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-& FYImjYd Klgjalk2 Flo H]jkh][lan]k
gf =JHKk Yf\ 1°'] Jgd] g~ >j]lim]f[q

6FLHQFHLV WKHEHOLHILQ WKH LJQ}
H[SHUWV

5LFKDUG )H\QPDQ

2QH NH\ DGYDQWDJH RI SURPLQHQFH EDVHG SURFHVVLQJ FRPSE
EDVHG SURFHVVLQJLVY WKH SDUVLPRQLRXV DFFRXQW RI WKH URO
JXLVWLF LQIRUPDWLRQ 7KHGRPDLQRIV\QWDFWLPAWVKEWHFEWYV L\
UHTXLULQJ D VHSDUDWH PHFKDQLVP IRU LQWHJUDWLQJ FRQWH]
ODQJXDJH SURFHVVLQJ ZKLOHWKHGRPDLQRIWKHDFWRUUROH I
‘H WKHUHIRUH H[SHFW WKDW WKH DFWRU KHXULVWLF ZLOO SDUYV
FRQVWUDLQHG FRQWH[W +RZHYHU WKHKLJKWHPSRUDO UHVRO}
UHVXOWLQJ H[WUHPH WHPSRUDO VHQVLWLYLW\ EHFRPHV SUREO
DQG FRQYHQWLRQDO ZLVGRP VWDWHY WKDW LW LV QRW SRVVLEO|
DVHWWLQJ ,Q$0GD\ 6FKOHVHZVN\ DQG %RUQNHVVHO 6FKOHVH
WKH IHDVLELOLW\ RI DQDO\]LQJ ((* GDWD IURP DQ H[SHULPHQW Z
WKH1 DVDWHVWFDVHDQG UHSRUWHG UHVXOWY FRPSDWLEOH
FRQWUROOHG H[SHULPHQWDO FRQGLWLRQV

-&)& :ja]® KmeeYjg g™ E]Jl 'g\k YT\ J]kmdlk

-&)&)& E]l g\k

((* GDWD ZHUH FROOHFWHG IURP WHVW VXEMHFWYV ILYH RI ZKL]
DQDO\VLV \LHOGLQJ WHVWVXEMHFWYV 3DUWLFLSDQWY DQVZH U
SHULPHQW WR FRQWURO IRUDWWHQWLYHQHVV QRDGGLWLRQDO

7TKLVLVDVOLIKWRYHUVLPSOLILFDWLRQ EXWLWILWVLQZHOOZLWKWUDGLWL
DUHEDVHG RQIRUPDO VIQWD[DQGJUDPPDWLFDO UHODWLRQV L H WKH VWU
VWUDWHJ\WR ,QSDUWLFXODU LWLVQRWFRLQFLGHQFHWKDW WKHFHQWUD
FRQYHUVDWLRQuDQG WKDW WKHIRFDO SRLOQWRIDUHVHDUFKDUHD LV FDOO
GRIXQFWLRQDVDFDWDSKRULFGLVFRXUVHGHYLFH LQGLFDWLQJWRSLFDOL
%RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\ $ FOHDRKQDKWIS/OH RI WKL
ODUNRDU\ ZDV KLWEQWKKRXJIJK WKH XQGHUO\LQJ SK\VLFDO HYHQW VHPDQWLFV |
SUDJPDWLF XVDJHLV QRW
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VWLPXOXVZDVDXGLWRULO\SUHVHQWHG XVLQJDUHFRUGLQJIUR|
RID PLQXWHVWRU\DGDSWHGIURPDQRXWRIFRS\ULJKW VKRUW

7KH ((* GDWD ZHUH VXEVHTXHQWO\ FOHDQHG RI HOHFWULFDO QR
PRYDODQG,&$ :LQNOHU +DXIH DQG7DQJHUPDQQ DQG KLJK
VLQJOH WULDO PHDQ DPSOLWXGH LQ WKH WLPH ZLQGRZ ZDV H[W!
MHFW WLPH ORFNHG WR WKH VWDUW RI FRQWHQW ZRUGV )RU Wt
UHVWULFWHG WR WKHWLPHZLQGRZ PVSRVWRQVHW D W\SLF
WKH1 LVRQHRIWKHPRVWH[WHQVLYHO\VWXGLHGODQJXDJH UH
WREHD YHU\UREXVW HIITHFW FI .XWDVDQG)HGHUPHLHU 1RC
KHUHDUH  TXLWHJHQHUDODQG VKRXOGDSSO\HTXDOO\ZHOO WR

-&)&*& J]lkmdlk

$QDO\WVLYV ZzDV SHUIRUPHG XVLQJ OLQHDU PL[HG HIIHFWV PRGHO
SDULHWDO PLGOLQH HOHFWURGHV &] &3] DQG 3] $VDQLQLWLI
FDOFXODWHG IRU ERWK FRUSXV I[UHTXHQF\ DQG UHODWLYH IUHT
UHODWLYH IUHTXHQF\ PRGHO ZDV LPSURYHG E\ LQFOXGLQJ RUG
FRYDULDWH 5HODWLYHIUHTXHQF\ZLWKRUGLQDO SRVLWLRQ\LH
%RWKIUHTXHQF\PRGHOV VKRZHG WKH ZHOO HVWDEOLVKHG HIIH
ZLWKLQFUHDVLQJIUHTXHQF\

L°]1Jgd] g7 >j]im]f[q

%DVHGRQWKHVLPLODULW\EHWZHHQWKHEHVWPRGHOVIRUFRU S
IUHTXHQF\VHHPVWREHD G\QDPLFHQWLW\ ,QOLQHZLWKILQGLQ.
PHQWRIH[SHFWDWLRQV RUODFNWKHUHRI ZHVXJJHVWHG WKDYV
%D\HVLDQ VHQVH ,QSDUWLFXODU FRUSXVIUHTXHQF\UHIOHFWYV
WLYH SULRU ZKLOHUHODWLYHIUHTXHQF\UHIOHFWV D ORFDOO\F
EHFRPHVDYDLODEOH WKHLQIRUPDWLYHQHVV RIWKHORFDO SUL
LOQWHUDFWLRQ EHWZHHQ UHODWLYHIUHTXHQF\DQG RUGLQDO SR

Hjgeaf]f[] >]YImj]k

$GGLWLRQDOO\ LQ OLQH ZLWK SUHYLRXV ILQGLQJV RQ WKH 1

"HFNHUO\DQG .XWDV SKLOLSSHWDO DVZHOODV WKH LQ
SRVLWLRQ FI )ULVFKDQG 6FKOHVHZVN\ ZKLFK DOVR PDWFK
IRUSURFHVVLQJORZ SURPLQHQFH UHIHUHQWY )LQDOO\ FRPEL(
LQJWKHGLITHUHQW IUHTXHQF\PHDVXUHV RUGLQDO SRVLWLRQD
IRUVWLPXOXV GXUDWLRQ ZLWK RYHUDOO LPSURYHG PRGHO ILW
WKHGLITHUHQW SURPLQHQFHIHDWXUHV LQWHUDFWHG GLITHUHQ!
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L' ] FYImj] g~ 1] =JH

7KHUHSOLFDWLRQRIUHVXOWV IURP WKH OLWHUDWXUH XVLQJD I
FRQWH[W SUHVHQWY D FKDOOHQJH IRU WKH XVXDO SHUVSHFWLY
'KLOH PRVW WKHRULHV RI WKH (53 GR QRW H[SOLFLWO\DVVXPH Wt
WLHY WUDGLWLRQDO VWULFWO\FRQWUROOHG H[SHULPHQWDO F
GDWD ZLWK IDLUO\ ZHOO GHILQHG ZDYHIRUPV WKDW JLYH WKH L
SKDVHV :HDUJXHWKDW (53VLQVWHDG UHIOHEFW FRQWLQXRXV LQ
OLNHDSSHDUDQFHLQWUDGLWLRQDO H[SHULPHQWYV UHVXOWV [U]
UDSLG VHULDO YLVXDO SUHVHQWDWLRQ RUIL[HG OHQJWK DXGLW
WKHQ DUJXHWKDWFRPSRQHQW ODWHQFLHV UHIOHFW QRW RQO\S
EXWDOVRWKHWLPHVFDOH XSRQ ZKLFK WKH\RSHUDWH $V D VSHI
1 LQGH[PLVPDWFKHV EXW WKHLU SDUWLFXODU VHQVLWLYLW\
7KH1 001LVVHQVLWLYHWRPLVPDWFKHY SHUFHSWLEOH RQ D
SK\WLFDO SURSHUWLHV RI WKH VWLPXOXV ZKLOH WKH 1 RSHUL
UHVSRQGLQJ WR VLQJOH ZRUOGV DQG LV WKXV VHQVLWLYH WR V
LQGLYLGXDO ZRUGV $VLPLODUDUJXPHQWDSSOLHVWR3 DQG 3

SOWKRXIKFRXQWHULQWXLWLYH WKLV SHUVSHFWLYHLVY FRPSDW
SK\WVLRORJ\ ,WDOVRILWVLQZHOO ZLWK WKHUHFHQW VXJJHVWL
ZRUN WKDW KXPDQ ODQJXDJH FRPSUHKHQVLRQ DULVHV IURP D G
TXDOLW\EHWZHHQ KXPDQV DQG RWKHU SULPDWHYV %RUQNHVVH (
LQSUHVV DVLQFUHDVLQJTXDQWLW\FRXOG OHDG WRDGGLWLRC
DQGKHQFHPRUHKLHUDUFKLFDO FRPSOH[LW\

-&*& J]d]nYf[]

, QWKLVSDSHU ZHGHPRQVWUDWHG WKHIHDVLELOLW\RIDQDO\]L
IURP D PRUHHFRORJLFDOO\YDOLG VHWWLQJWKDQ SUHYLRXVO\V
ZLWKH[LVWLQJUHVXOWYV KDVWZRLPSOLFDWLRQV WKH SURSR

WKHULJRUV RIFRQWUROOHG H[SHULPHQWDO PDQLSXODWLRQ
PRGHLQWKHEUDLQGLVWLQFWIURP QDWXUDOu QRUPDOODQJXEL
WRPRUHFRPSUHKHQVLYHVWXGLHVRIODQJXDJH DWVFDOHpu LQF
FRQWH[WYV

8VLQJULFKHU FRQWH[WV VKRZHG D G\QDPLFLVP IRUWKH HIIHFW
KDG QRWEHHQDSSDUHQW $GGLWLRQDOO\WKHUROHRISURPLQ
VXUDEOHLQD QDWXUDOLVWLFHQYLURQPHQW ZKLFKVXJIJHVWV YV
WKH UHVXOW RIH[SHULPHQWDO PDQLSXODWLRQ 7KLV LQ WXUQ I
QHQFH IHDWXUHV DQG WKHLU LQWHUDFWLRQV ZLWK RQH DQRWKI
ELWDVLPSRUWDQW DV WKHLULQGLYLGXDO HIIHFWV LQ D ZD\ QR
GHVLIQV
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)LQDOO\ WKLV PDQXVFULSW SURSRVHV D QHZ SHUVSHFWLYH RQ
ZKLFK ZKLOH FRPSDWLEOH ZLWK H[LVWLQJ QHXURELRORJLFDO W
XVXDO LOQOWXLWLRQDERXWWKHQDWXUHRILQGLYLGXDO FRPSRQF

-&+& HmZzZda[Ylagf

H]]j%J]na]o]\ 9jlaf@]0 $OGD\ 0 6FKOHVHZVN\ DQG, %RUQNHVVI
VXEPLWWHG “~(OHFWURSK\VLRORJ\5HYHDOV WKH 1HXUDO '\(
/IDQJXDJH 3URFHVVLQJ (YHQW 5HODWHG 3RWHQWLDOV 5HIOH!
,Q-RXUQDORI1HXURVFLHQFH

:gf~]j1f[]k 3 0 $OGD\ $ 1DJHOV$ FHWRILO GHQWLILFDWLRQLQ 1DWXU
LWDWLYH'LVWLQFWLRQV LQ WKH 1 HXRMDN SATHVHVQRA K 5 VD RVUWUKHH
URELRORJ\RI/DQJXDJH &RQIHUHQFH $QQDSROLV

3 0 $OGD\ - 6DVVHQKDJHQ DQG, %RUGQNB¥NXHQJIEWKB HRHIZ V
JHQFHRIOHDQLQJLQWKH %UDLQ GXUBRYVWBHW SWBH B R B\GR\W
 QWHUQDWLRQDO &RQIHUHQFH RQ &RJQLWLYH 1HXURVFLHQF}

3 0 $OGD\ - 6DVVHQKDJHQ DQG, %YRUQNKV U B G LAIKXBOMX/HHEZ WV F
, QFUHPHQWDO 7TH[W 3URFHVVLQJ &RUUHODWH ZBIRVKV:RRWG (QW |
SUHVHQWHG DW WKH6RFLHW\IRU1HXURELRORJ\RI/DQJXDJH

Eq;gfljazmlapRU WKLV SDSHU , H{WHQGHG DQ H[LVWLQJ H[SHULP
IURPDGGLWLRQDO WHVW VXEMHFWY GHYHORSHG WKH QHFHYV
LQJPRGHUQ VWDWLVWLFDODQGVLIJQDO SURFHVVLQJPHWKRC
ZURWH WKHPDMRULW\RIWKHILQDO PDQXVFULSW
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6mHH iBIH2+i " QT?vbBQHQ;v "2p2 Hbi?2 M2m™~ H/vM KB+b Q7 M im™~ H
2p2Mi@ 2H i2/ TQi2MiB Hb "2~2+i +QMiBMmQmb KQ/2H mT/ i2b
_MMMBM; iBHR2i"QT?vbBQHQ;vQ7 M im>HH M;m ;2 T°Q+2bbBM;

. 12,62# ™ m v kyR8

mi?Q S?BHHBT JX H/ vUVJii?B ba+?H2b2rbFv U#V AM "Q MF2bb
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{HB iBQMb M/ //"2bb2b,
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*QM~B+i Q7 AMh22bmi?Q b /2+H "2 MQ +QM~B+ib Q7 BMi2 2biX
+FMQrH2/;2K2MRbrQmH/ HBF2 iQ i? MF 6°'BixB JBH/2 7Q" ?2° ?2HT Bl
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#bi® +i

_2+2Mi /p M+2b BM bi iBbiB+ H +QKTmiBM; ? p2 K /2 Bi TQbbB#H?2
i /BiBQM H 7 +iQ°B HK MBTmH iBQMb- i?mb HHQrBM; BMp2biB; iB
2KTHQV KQ 2 M im> HBbiB+ M/ 2+QHQ;B+ HHv p HB/ /2bB;:MbX IbBNMN
"2:°2bbBQM- r2 /2KQMbi' i2 i?2 72 bB#BHBiv Q7 2t KBMBM; 2p2Mi@
M2m® H/vM KB+b Q7 m/BiQ'vH M;m ;2 T°Q+2bbBM; BM M im™ HBbiB-
7°QK i?2 HBi2  im 2 b T'QQ7 Q7 +QM+2Ti- /2bTBi2 i?2 H ;2 p ‘B #B
biBKmH iBQMX h?Bb bm;;2bib M2r T2 ' bT2+iBp2 QM 1_Sb- M K2Hv
+QMiBMmQmb KQ/2H mT/ i2b U+7X 6°BbiQM- kyy8V BMbi2 / Q7 b2"|
T°Q+2bb2bX
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AMi*Q/m+iBQM

AM "2 H@HB72 bBim iBQMb- i?2 ?2mK M #° BM Bb "QmiBM2Hv +QM7 QI
b2MbQ v BMTmiX am+? M im> HbiBKmH iBQM /Bz2 b bi" BFBM;Hv 7°QK
bm#D2+ib "2 T°2b2Mi2/ rBi? +QMi " QHH2/- BKTQp2'Bb?2/ M/ Q7i2M B
rQ’/bv M/ Q7i2M T2 ' 7Q K "iB}+B Hi bFbX ++Q ' /BM;Hv- +Q;MBiBp2 M
iQr /b KQ'2 M im® HBbiB+ 2tT2'BK2Mi HT * /B;Kb U> bbQM M/ >QM2
biBKmHB U2X;X KQpB2b-M im™ HbiQ B2bV "2 T 2b2Mi2/ rBi?Qmi M 2
aFBTT2  2i HX- kyyNc q?BiM2v 2i HX- kyyNc G2"M2" 2i HX- kyRRc "
> MF2 2i HX- kyR9VX

AM bTBi2 Q7 #2BM; mM+QMi QHH2/- M im™ HBbiB+ biBKmHB ? p2 #22
T ii2°"Mb Q7 # BM +iBpBivU> bbQM 2i HX- kyRyVX >Qr2p2 - i?2v Hb
/i M HvbBb U2X;X > bbQM M/ >QM2AWRY RR HIGXHBIDD M2 H T BM 2¢
“2b2 "+?22°br2'2BMpBi2/iQ /2p2HQT MQp2H M HvbBb i2+?MB[m2b 7Q"
M im® HBbiB+ biBKmH iBQMVX hQ / i2-i?2 /Bb+mbbBQM Q7 i?2b2 +? H
/'i M/-BMi?2 K DQ Biv Q7 + b2b- QM pBbm H biBKmH iBQMX L im" H
+QMi" bi-;Bp2 'Bb2iQ M //BIBQM H M/ mMmMB[m2 b2i Q7 T"Q#H2Kb-T °
rBi? ?B;? i2KTQ  H 2bQHmMIiBQMbm+? b 1H2+i'Q2M+2T? HQ; T?v U1
*QMbB/2" i?2 + b2 Q7 HM;m ;2 T°Q+2bbBM;, BM +QMi" bi iQ ivTB+ H-
biQ'vQ /B HQ;m2 +QMi BMb rQ /b i? ip 'vp biHvBM H2M;i?- biBKm
"2 T iB+mH "Hv b2MbBiBp2 #2+ mb2 Q7 i?2B bmT2 # i2KTQ™ H "2b(
iBK2 Q7 m/BiQ'vbiBKmHBBb H 2 /v 2pB/2Mir?2M 2pQF2/ 2H2+i QT?v
i /BiBQM H- +QMi'QHH2/ bim/B2b i?22M/Q;2MQmb +QKTQM2Mib b?2¢
/Bbi'B#miBQM Ub22 7Q" 2t KTH2 qQHz 2i HX- kyy3- r?2°2 i?2 b K2 b
M/ pBbm H KQ/ HBiB2bVvX 11: M/ J1: bim/B2b rBi? M im™ HBbiB+ biBK
M im®> HBbiB+ pBbm HKQ/ HBivUb2;K2Mi2/-" TB/@b2°B HpBbm HT 2
"2 IBM; +QK#BM2/ rBi? 2v2@i° +FBM;- 2X;X E"2ixb+?K ~2i HX UkyRjV

'Bp2M +m "2Mi/ i M HvbBb i2+?MB[m2b-i?2b2 /BbiBM+iBp2 T QT2 iE
HBKBi iBQMb QM Qm" #BHBiv iQ +QM/m+i M/ BMi2 T 2i M im" HBbIB
b22FBM; iQ //°2bb [m2biBQMb "2H i2/iQ iBK2 +Qm b2 BM7Q K iBQM I
Q7 KBHHBb2+QM/bX >2°2-r2 T 2b2Mi M2r M HvbBb i2+?MB[m2 i? i

2z2+ib KQ/2HBM;X q2 7m i?2  T°QpB/2 M BMBiB H/2KQMbi'  iBQM Q7 i
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o« mM/BiQ ' BHvV T '2b2Mi2/ M im™ HBbiB+ biBKmHB mbBM; 2H2+i"QT?vbBQF

. Ji2°B Hb M/ K2i?Q/b

s S "iIB+BT Mib

5s 6B7iv@b2p2M "B;?2i@? M/2/- KQMQHBM;m HHv * Bb2/- :2°K M M iBp2 t
se /2Mib i i?2 IMBp2'bBiB2b Q7 J “#m'; M/ Q7 J BMx T "iB+BT i2/ BM i?:
5o BM7Q K2/ +QMb2MiX h? 22 bm#D2+ib r2°2 2HBKBM i2/ /m2 iQ i2+?MBH
s M/ QM2 7Q 2t+2bbBp2 v rMBM;- H2 pBM; iQi H Q7 8k bm#D2+ib UK2
ow i?2IM H M HvbBbX

sy 1tT2 ' BK2Mi H biBKmHmb M/ T Q+2/m 2

s S 'iB+BT Mib HBbi2M2/ T bbBp2HVviQ biQ'v ' Qm;?Hv kj KBMmi2b BM F
sk biQ'v "2+Q /BM;- bHB;?iHv KQ/B}2/ p2°bBQM Q7 i?2 :2°'K M MQp2HH «
si 2/ #v i BM2/ K H2 M iBp2 bT2 F2° Q7 :2°K M-r b T°2pBQmbHvV mb2
g9 HX UKkyyNVX am#D2+ib r2°2 BMbi ' m+i2/iQ #HBMF b HBiiH2 b TQbbt
gs 12Mb2 mT 7°'QK /Bb+QK7Q iX 7i2° i?2 m/BiQ'v T'2b2Mi iBQM- i2bi bn
se [M2biBQMM B 2iQ +QMi'QH 7Q" ii2MiBp2M2bbX

e 11: "2+Q /BM; M/ T 2T Q+2bbBM;

s 11: /i rb 2+Q°/2/ 7' QK kd ;f ;*H 2H2+i°Q/2b }t2/ BM M 2H biB+ + T
sn 2 K MvV mbBM; " BM KT KTHB}2  U"" BM S'Q/m+ib :K#>- :BH+?BM;
ey TH2/ i 8yy >x-"272°2M+2/iQ i?2 H27i K biQB/ M/ 2@ 272 °2M+2/iQ H
e }iBM;-i?211:/i r2°2} bi+H2 M2/ Q7 HBM2 MQBb2- M/ i?2M miQK i
e« UGJBMFH2" 2i HX- kyRRVX h?2 A* /2+QKTQbBiBQMr b T2 7Q K2/ pB

ej }HiI2°2/ i R>x M/ /QrMb KTH2/iQ Ryy>x US HK2" 2i HX- kyydV M/ # +
eo ?B;?2@T bb }Hi2 2/ i yXR >xX am#b2[m2MiHv- i?2 Q' B;BM H /i r2°2

es D2;K2Mib 2ti® +i2/ T2  i2bi bm#D2+i- iBK2 HQ+F2/iQ i?2 QMb2i Q7 +Q
ee 2KQp2 bHQr bB;M H /"B7ib b i® /BiBQM H # b2HBMBM; K F2b HBiiH?2
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M im> HBbiB+ biBKmHB U+7X 6° MF 2i HX- kyR8-r?Q HbQ 7QmM/ i? i
#2ir22M i?2 T'2@biBKmHmb M/ +QKTQM2Mi iBK2 rBM/QrbVX

i M HvbBb

6Q  i?Bb BMBiB H2tTHQ  iQ'vbim/v-r27Q+mb QM i?2 L9yy 2p2Mi@ "2}
[2~2+iBQM rBi? +2Mi"Q@T 'B2i HK tBKmK M/ T2 FH i2M+vQ7 TT°Q
b?QmH/ TTHviQ Qi?2°1_S +QKTQM2Mib b r2HHX

h?2 L9yy Bb r2HH bmBi2/ iQ i?2 Tm TQb2b Q7 i?2 T°2b2Mi bim/v- bBM
KQbi "2b2 “+?2/ 1_S +QKTQM2Mi BM i?2 M2m Q#BQHQ;v Q7 H M:m ;2

T2+2Mi "2pB2rVX Hi?Qm;? i?2 2t +i M2m"Q+Q;MBiBp2 K2+? MBbKUE
[2# i2-Bi+ M#2 # Q /Hv /2b+ B#2/ b #2BM; b2MbBiBp2 iQ K MBTmH iE
Emi b M/ 62/2°K2B2 - kyyy- kyRRc > ;QQ i- kyydc G m 2i HX- kyy3c G
KQbi +H2 "Hv BM i?2 b2MbBiBpBiv Q7 i?2 L9yy iQ rQ /7' 2[m2M+v- +H(
#mi HbQ iQ K MBTmH iBQMb Q7 KQ 2 +QKTH2t HBM:mBbiB+ +m2b bm-
+ b2 M/ i?2 BMi2 +iBQM Q7 i?2b2 7 +iQ b U"Q " MF2bb2H M/ a+?H2b:
a+?H2b2rbFv- kyyNVX AKTQ'i MiHv 7Q" i?2 2t KBM iBQM Q7 M im" HB
p vT  K2i'B+ HHv rBi? KQ/mH iBQMb Q7 i?2b2 +m2b- i?mb K FBM; Bi
# b2/ QM +QMIiBMmMQmb T 2/B+iQ°b M/ +iBpBiv~m+im iBQMb QM i'B
_Q2?K 2i HX- kyRjca bb2M? ;2M 2i HX- kyR9VX

JQ 2 "2+2MiHv- "2b2 "+?22 b ? p2 ii2KTi2/iQ [m MiB7v 2tT2+i iBQM mb
i?72Q°v- bm+? bbm T 'Bb HX h?2b2 ? p2 2MDQv2/ bQK2 bm++2bb b T
;mBbiB+b U> H2- kyyRc G2pv- kyy3V M/ ? p2 #22M b?QrM iQ +Q "2H i
biBKmHB U2 Hb2Mi2M+2bi F2M 7' QK M 2v2@i~ +FBM; +Q TmbV T 2b

q2 2t KBM2/ bBM;H2 i'B HK2 M KTHBim/2BMi?2 iBK2 rBM/Qrjyy@8yyt
2z2+i UEmi b M/ 62/2°K2B2 - kyRRCc +7X 6° MF 2i HX- kyR8VX hQ bBK
M/ BM i2 Kb Q7 +QKT 2?2MbB#BHBiv- QMHV / i 7 QK i?2 2H2+i Q/2b °
+2Mi'Q@T "B2i H/Bbi'B#miBQM Q7 i?2 L9yyX . i 7 QK i?2b2 2H2+i Q/:
KQ/2Hb USBM?2B Q M/ " i2b- kyyyV
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ai iBbiB+ H J2i?Q/b

JBt2/ 2z2+ib KQ/2Hb T 2b2Mi b2p2  H /p Mi ;2 Qp2 i  /BiBQM H “2T2
“iBQM T 2b2Mi2/ ?22°2X 6B bi- i?2v vB2H/ [m MiBi iBp2 "2bmHib- 2biB
/BiBQMb BMbi2 / Q7 K2 2Hv i?2 bB;MB}+ M+2 Q7 i?2 /Bz2 2M+2X a2-
[m MiBi iBp2 M/ [m HBi iBp2 BM/2T2M/2Mi p "B #H2b- HHQrBM; mb i
rBi?Qmi "2HVBM; QM /B+?QiQKBxXx iBQM M/ i?2 bbQ+B i2/ HQbb Q7 TQ
i?72v "2 #2ii2° #H2iQ ++QKKQ/ i2 mM# H M+2//2bB;Mb i? Mi  /BiBQN

K DQ iQTB+ Q7 /2# i2BMi?2 TTHB+ iBQM Q7 KBt2/KQ/2HbiQ Thv+?2C
Q7i?2° M/QK2z2+ibX q?BH2" v2M2i HX UKkyy3V 2+QKK2M/7Q r “/b:

bi "iBM; 7°QKi?2 KBMBK HBMi2 +2Tib@QMHV bi' m+im 2-" ""2i HX Ul
i72 K tBK H™ M/QK@2z2+i bi'm+im>2- M/ " "7 UkyRjV i F2b i?Bb bm;;2
BM+HmHEBWIiI2  +iBQMbX AM T +iB+2-" " 2i HX UkyRjVvdb bm;;2biBQ

T M/QK 2z2+ibi'm+im™2b "2 +QbiHviQ +QKTmi2 M/ Q7i2M 7 BH iQ +Q
# +Fr "/ b2H2+iBQM T°'Q+2/m 2 bm;;2bi2/ #v " *° 2i HTQi2MiB HHv H2
Ub22 7Q 2iBDHH2 M/i?Bb +QKK2MIm: " i2b- mi?Q Q7 iRRTW VM2 +F ;
QM i?2 K BHBM; HBbi 7Q" i?2 _bT2+B HBMi2 2bi ;"QmT 7Q" KBt2/ KQ/
KBt2/ KQ/2H HBi2' im 2 Bb iQ 7QHHQr i?2 > M/QK@2z2+i bi'm+im-2 i?
Ub22 7Q" 2t KTGRIirPRRBX

>2'2-r2mb2 KBMBK HKQ/2H rBi? bBM;H2 M/QK@2z2+ii2 ' K7Q"i?
h?Bb Bb 2[mBp H2Mi iQ bbmKBM; i? i HH bm#D2+ib "2 +i i?2 b K2 r
#mi K v ? p2/Bz2 '2Mi 6# b2HBM26 +iBpBivX h?Bb Bb TH mbB#H2 bhb
r2 7Q+mb H2bb QM BMi2 'BM/BpB/m Hp "B iBQM M/ BMbi2 / 7Q+mb QN
2z2+ib + Qbb bm#D2+ibX 6m i?2°KQ 2-i?Bb Bb MQi BM pBQH iBQM Q7
/IB'2+i2/+QM} K iBip2B2bX h?2 "2/m+2/ " M/IQK@2z2+i bi'm+im 2 ~2/mH+
iQ 2biBK i2- r?B+? URV ;"2 iHVv BM+ 2 b2b i?2 +QKTmi iBQM H i +i #B
HHQrb mbiQ 7Q+mb i?2 "2H iBp2Hv HQr TQr2 Q7 i?Bb 2tT2'BK2Mi H t
g2 QKBi ~ M/QK 2z2+ii2°'K 7Q" 6Bi2K6 b i?2'2 "2 MQ 6Bi2Kb6 BM i?z
?22°2X " M/QK 2z2+i 7Q° 6H2t2K26 Bb HbQ MQi TT QT B i2 #2+ mb:
iBK2b U2X;X- 6 HB6-i?2 M K2 Q7 i?2 iBiH2 +? ~ +i2°V- K Mv H2t2K2b
Qp2'T ° K2i2'Bx iBQMX

LQ T " K2i2  7Q  2H2+i"Q/2 r b BMi'Q/m+2/ BMiQ i?2 KQ/2H b i?Bb rQ
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ree BM+°2 b2/ +QKTmi iBQM H +QKTH2tBivX h?2i?°22 2H2+i°'Q/2b mb2/
rke HH ? p2 +Q "2H i2/ p Hm2b-r?B+? K2 MbKQ 2/ i M/i?mb KQ 2 T 2+t

rie AMQ /2 iQK F2i?2KQ/2Hb M/i?2B }ibKQ 22 /BHV +QKT * #H2rBi?
rka TBi? J tBKmMK GBF2HB?QQ/ 1biBKI1iBGUW BBHKRXH BX?SBM?2B " Q M/ " i2b
riv 20 HX- kyy3VX 6Q° bBKTH2' KQ/2Hb-r2 T°2b2Mi i?2 7mHH KQ/2H bmK
ry bm#D2+i p "B M+2 M/ HH 2biBK i2/ +Q2{+B2Mib 7Q" i?2 }t2/ 2z2+ib-
Rk T'2b2Mi hvT2@AA2pib/ 7Q° "2 / #BHBivX hvT2@AA q H/ i2bib ? p2 M
rik 2t KTH2 i?2 /IBb?o¥bB@M2p2M bbmKBM; i? i i?72B° "2bmHib vB2H/ M

rRii + Mmb2 i?22KiQ ;2i "Qm;? BKT 2bbBQM Q7 i?2 Qp2° HH 2z2+i bi ' m+im
ris b2p2° HbBKBH " KQ/2Hb-2X;X //IBM; Q° "2KQpBM; bBM;H2 i2 " K-r2 ;Z

ris 6Q° 1?22 KQ/2H bmKK “BRjb> 22UBK2rX- i?2 2biBK i2 Q7 i?2 +Q2{+B2Mi Bt
rRie b i?222°7°Q  BM i?2 2biBK i2V b #2BM; BM/B+ iBp2 Q7j <2 HB#2BM?2 lm Bl
riag. 2biBK i2b-r?B+? K v#2 M BM/B+ iQ Q7 HQr TQr2  Q Q7 ;2M2° HHv i
Rz HX Ukyy@jyv>mbd TT QtBK iBM; i?2 8W@bB;MB}+ M+2 H2p2HXV 6Q" i?
e P@P HmM2b b "Qm;? BM/B+ iBQM Q7 "2HB #BHBiv Q7 i?2 2biBK i2 +°Q
roy +Q2{+B2Mi BMi?2 KQ/2H U2X;X bBM;H2 6KQ T?QHQ;v67 +iQ BM i?2
ror H2p2Hb, 6mM K#B;mQmb MQKBM iBp26 M/ 6mM K#B;mQmb ++mb iBp
rok 2M+Q/2/ b T i Q7 i?2 BMi2 ' +2Ti i2'KXV h?Bb rBHH #2+QK2 +H2 “2° rE
roi T”2HH@FMQrM KQ/mH iQ Q7 i?2 L9yy, 7°2[m2M+v Q7 rQ /BMi?2 H M;

w _2bmHib

e SQQ7 Q7 *QM+2Ti, 6 2[m2M+v

ree AM M im> H biQ v +QMi2ti- i’ /BiBQM H1_S K2i?Q/QHQ;v rBi? p2 ;B
res 7Q Kb i? i TT2 " mMBMi2 T 2i #H2 Q  2p2M 7mHH Q7 'iB7 +ibX 6 QK
rsa i?Bb Bb MQibm T BbBM; i HHX aQK2BM7Q K iBQM Bb T 2b2Mi #27Q"
rov  MQMMV-r?B+? H2 /biQ 1 _Sbi? ib22KiQ b?Qr M 2z2+ip2 v +HQb2iC
rey HQM:;2  i? M Qi?2 b- r?B+? H2 /b iQ bK2 "BM; Q7 i?2i /BiBQM H +QK
rern M/ 11?2 H2p2H Q7 p2  :2bX h?2b2 T ' Q#H2Kb "~ 2R+tPB+R\bPBDIB#M 2L E
rec UCMM; 2i HX- KyyRV 7Q° bBM;H2 T "iB+BT Mi7Q BMBiB H ++mb iBp:
sy MQKBM iBp2b U6 'Bb+? M/ a+?H2b2rbFv- kyyRV M/ i?mb b?QmH/ 2M;?2
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iBQM Q7 i?21_SbB:M HK v MQM2i?2H2bb #2 /2i2+i #H2 BM i?2 L9yy il
i72 M2r BM7Q K iBQM p BH #H2 ii?2 i'B;;2  TQBMiX b T 'QQ7 Q7 +¢
i72 r2HH@2bi #HBb?2/ 2z2+i Q7 7°2[m2M+v QM L9yy KTHBim/2 Ub22 |
i?72 "2bmHib Q7 r?B+? 2 BMAX2b2Mi BM h #H2

*Q Tmb 6 2[M2M+v

h?2 7°2[m2M+v Q7 Q' / BM i?2 H MM T.@b b7 i 20BBMMQrM iQ +Q "2H
KTHBim/2 M/ BMi2  +irBi? +HQx2 T Q# #BHBiv Ub22 Emi b M/ 62/2°
HQ; "Bi?KB+ 7 2[m2M+v +H bb2b 7 QK i?2 G2BTxB; ¢Q?i b +® ixmi2 # M
bK HH- #mi "2HB #H2 2z2+i UQMHvV @yXe te T23 BM [M2 Mywy+ B Kb r Bivh
Bb 2t +iHvV r? i i?2 HBi2  im 2 T°2/B+ib 7 2[m2M+v Bb MQi /QKBM Mi E
/BbiBM+i "QH2 U. K# +?2° 2i HX- kyyec +7X Emi b M/ 62/2 K2B2 - ky

JQ'2Qp2 - +Q ' Tmb7'2[m2M+vBb BMb2MbBiBp2iQ +QMi2ti bBi 2T 2b:
BM/2t- BX2X i?2 Q' /BM H TQbBIiBQM BM i?2 biQ'v-iQ i?2 +Q Tmb 7 2[m
h #HX h?Bb H +F Q7 BKT Qp2K2Mi "2~2+ib i?2 +QMi2ti BMb2MbBiBpB
K2 bm 2 MQi /2T2M/2Mi QM i?2 biQ v +QMi2tiX U ii?2 b2Mi2M+2 H2p:
TQbBIiBQM TH vb KQ/mH i2b i?2 "QH2 Q7 7 2[m2M+- 2X;X 0 M S2ii2M
BMi?2 biQ'v p2° ;2bQmii?Bb KQ/mH iBQM +'Qbb i?2 2MiB 2 biQ vX ¢
2z2+ib #mi HQM;2° M im® HBbiB+ biBKmHB "2 MQiX\BN?®BBB i D Q2pR
? p2 "Qm;?Hv i?2b K2bHQT2 "2; "/H2bb Q7 BM/2tX

_2H iBp2 6 2[m2M+v

h?2 "2H iBp2 7°2[m2M+v Q7 rQ'/ BM biQ'v Bb HbQ FMQrM iQ +Q"°
S2ii2M 2i HX- RNNR- r?B+? 7QmM/ "2T2iBiBQM T BKBM; 2z2+i 7Q" r
Bb b22M BM/B 2+iHv BM "2T2iBiBQM T 'BKBM; Ur?B+? Bb 2bb2MiB HH
i72Q 2iB+ bm T Bb H-r?B+? + M #2 b22M b "2}M2K2Mi Q7 “2H iBp2 7
BM+Q 'TQ  iBM; BM/2t/Q2b BKT Qp2i?2 "2H iBYX W 22XV +Q KXJ /RO /T h
BM h #B22H iBp2 7 2[m2M+v r b /BpB/2/ BMiQ +H bb2b mbBM; i?2 b K2
TTHB2/ 2t+HMbBp2HV iQ i?2 bK HH2  6+Q Tmbo Q7 i?2 biQ vX AMi2 2
7°2[m2M+v ? b bK HH2 2biBK i2/ p Hm2 i? M i?2 K BM 2@p+H™MQ> BM/
KQ 2 "2HB #H2 2biBK i2 M/ +H2 "2 2z2+iX h?Bb BMi2"  +iBQM Bb pBb
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Ry X h?2 K BM 2z2+i 7Q° "2H iBp2 7 2[m2M+v ? b #@i® Hhi 2 i2° N b PRK 2 2K B

reo 6 2[M2M+v Bb .vM KB+

ras aQK2r? i bm T BbBM;Hv- i?2 KQ/2H 7Q" "2H iBp2 7 2[m2M+v rBi? BM/
rie KQ/2H 7Q° +Q Tmb 7 2[8V2M+WQUIB#H2 " v2bB M T2 bT2+iBp2 QM i?2 °
raa U?2°2, 7°2[m2M+vV- i?Bb "2bmHi Bb H2bb TmxxHBM;X 6 QK " v2bB |
ris MMBpP2 b HHv TTHB+ #H2 #mir2 FHv BM7Q K iBp2 T'BQ" QM i?2 rQ /-
rav HQ+ HT'BQ QM i?2rQ /X h?Bb Bb +H2 "Hv b22M BM i?2 BMi2" +iBQM r
riy BM7Q K iBp2M2bb /Q2b MQi BKT Qp2 Qp2 i?2+Qm b2 Q7i?2biQ v-#m
rve KQ/2H Bi "2T 2b2Mib Bb bvKTiQiB+ HHv TT Q +2?2/X h?mb- U+Q Tmb"
rc +QMi*B#mMiBQM BM  "B+? +QMi2ti- r?BH2 Bi i2M/b iQ /QKBM i2 BM KQ
my #2+QK2b KQ'2 ++m’ i2 KQ/2H Q7 i?2 rQ H/- BX2X KQ'2 BM7Q'K iB
mie BM+ 2 b2bX *Q Tmb 7 2[m2M+v Bb i?mb BM bQK2 b2Mb2 M TT QtBK i
rue 1?22 +QMi2ti Q7 M p2° ;2bT2 F2 6b HB72iBK2 Q7 H M;m ;2 BMTmiX

rve AM i?Bb b2Mb2-r2 + M b v i? i 7 2[m2M+v Bb /vM KB+ M/ MQi bi iB
rnd 122 #b2M+2 Q7 HQ+ H +QMi2ti- 7°2[m2M+v Bb + H+mH i2/ ++Q /BM; i
rns bmMK iQi HQ7H M;m ;2 BMTmiX qBi? BM+'2 bBM; HQ+ H +QMi2ti- M °
ran /212" KBM2/- BM+°2 bBM;Hv +mi /QrM 7°QK i?2 ;HQ# HH M;m ;2 BMTmi
wy HQ+ H +QMi2tiVX 6 QK i?Bb T2 bT2+iBp2- Bi Bb H2bb bm T 'BbBM; i?
wr 2H iBp2 7°2[m2M+v Qp2  iBK2 vB2H/b *2bmHib i? i "2 M2 "Hv b ;QQ/
ke 2Z22+1 Q7 +Q°Tmb 7°2[m2M+vX 6°2[m2M+v Bb M TT QtBK iBQM 7Q" 21
ki 2tT2+i iBQM i? i Bb #2ii2° T °2/B+i2/ 7°QK i? i +QMi2tii? M7 QK ;2M2°

we h?22 T 2b2Mi TT Q +?, 2t KBMBM; +QKTH2t BM~m2M+2b rE

we h?2 "2bmHib 7Q  7°2[m2M+v BM #Qi? Bib 7Q Kb "2 MQibm T BbBM; BN
we LQM2i?22H2bb-BiBbT2 2 ThbQK2r? ibm T BbBM;i? iBiBb TQbbB#H?2
ws M/ MQBbv 2MpB QMK2MiX S i Q7 i?2 T'Q#H2K rBi? i?2RBDA D7 iP2B RN
ws QM L9yy U M/ 1_S BM ;2M2° HV KTHBim/2 2 K Mv- BM+HmM/BM; 7 2[m
wn b2Mi iBQM UiBK®QRBL?22 B H MmK#2  bQ i2/ #v Q i?Qy @ 2Bb-HMM ; RT®
wy +QHQ - Q  2[mBp H2@i HRb\QY M?i@2 QMHvV bQK2 Q7 i?2KX aQK2 ?BMi Q
wr 1?2 i°2M/b #2ir22M i'B Hb i?2 HBKBi2/ +Q?2 '2M+2 Q7 p2 iB+ H bi'BTz
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BM; iQ Q i?Q;" T?B+ H2M:i?X IMbQ i2/-i?2 bi'BT2b "2 :°2 iHv /BKBMI
r?2M r2 UbBKmHi M2QmbHvVV bQ i #v Qi?2 p "B #H2b- #mi Qm" #BHBIi"
Bb “2bi B+i2/X

7m’i?2° +QKTHB+ iBQM Bb i?2 BM+HmMbBQM Q7 +QMiBMmQmb T 2/B+
iBbiB+ Hi2+?MB[m2b "2 #2bi bmBi2/ 7Q° + i2;Q°B+ HT 2/B+iQ b-r”’
HBM2 ivT2b Q  2p2M bm#THQibX gBi? +QMiBMmQmb T 2/B+iQ b-i?Bb
r2 /B/ MQi BM+HmM/2 M 1_S BK ;2 Q7 7°'2[m2M+v iQ ++QKT Mv i?2 KQ/
T2'bT2+iBp2 biQi?2i'm26b? T26 Q7 1_SbX h?2 b? "THv /2}M2/1_S
iBQM H 2tT2°'BK2Mib "2 bBKTHv H2p2H +m 'p2b BM KmHiIiB/BK2MbBQ

iQTQ;" T?B+ K TX >Qr2p2°-2p2M KQmMi BMi? i TT2 'b b b2°'B2b
K TrBHH i2M/iQ #2 D ;;2/ M/ +" ;;vr?2M pB2r2/ BM Bib 7mHH KmHIiB/B
Q7 p2° ;2bQM irQ@/BK2MbBQM H TB2+2 Q7 T T2 X

AMi?2;: T?B+ HT 2b2Mi iBQMQ7i?21_S-r2? p2?2H/ QMHVirQUKQ T
+QMbi Mi M/ bQ'i2/ HQM; MQi?2 /BK2MbBQM UbiBKmHmb H2M;i?V-
Qi?2 BM~m2M+2b ;" T?B+ HHVX >Qr2p2 - i?2KBt2/@2z2+ib KQ/2Hb "2
bBKmHi M2QmbHv- BM+HmM/BM; +QMiBMmQmb /BK2MbBQMb HBF2 72|
T 2b2Mi b M 1_S rBi?Qmi "2bQ iBM; iQ K2i?Q/b HBF2 /B+?QiQKBX iB(
7Q° bBKBH * #mi +QKTH2K2Mi v TT'Q +? mbBM; +QMiBMmMQmb@ Bl
;> T?B+ H 2T 2b2Mi iBQMb Q7 1_Sb ? p2 /B{+mHiv /BbTH VvBM; KQ 2 +

PM2 TT'Q +? BbiQ TB+F }t2/ iBK2@rBM/Qr- 7 22BM; mT i?2 2Q BxQN\
r?B+? }ib r2HH rBi? i?2 2TQ+?@# b2/ 2;°2bbBQM TT ' Q +? mb2/ 2?2 2X
iBK2 TQBMi "2 HbQ H2p2H +m p2b i T "iB+mH "~ iBK2 M/ T QpB/2 +H
iBK2- #mi "2 H2bb mb27mH 7Q" 2tTHQ BM; i?2 iBK2 +Qm b2 Q7 i?2 1_
iQ bim/vi?2 KQ/mH iBQM Q7 i?21_S BM ;Bp2M 2TQ+? pB KQ 2 +QKTI
BM M im > HbiQ v +QMi2tiX h?2 BKTHB+ iBQMb Q7 i?Bb T2 bT2+iBp2
/Bb+mbb2/ KQ 2 7TmHHV #2HQrX

MBK +v-* b2 J "FBM; M/ gqQ /P /2"

AM //BiBQMiQ 7°2[m2M+v b "2H iBp2Hv # bB+-rQ ' /@H2p2H T QT2"i
H2p2H +m2biQ b2Mi2M+2 BMi2 T 2i iBQM MBK +v-+ b2 K "FBM; M/ rt
Qm’ K2i?Q/QHQ;v Bb HbQ bmBi2/ iQ 2t KBMBM; M2m™ H +iBpBiv "2H
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2tT 2bb2/ 2p2MibX Sbv+?QHBM;mBbiB+ bim/B2b mbBM; #2? pBQ"  H |
TH v M BKTQ'i Mi "QH2 BM /2i2°'KBMBM; "2 H@iBK2 b2Mi2M+2 BMi2 1
T "iB+BT Mi BM i?2 2p2Mi #2BM; /2b+ " B#2/c ?mK M Bb KQ 2 HBF2H"
K2MiBQM2/ 2 "Hv " i?2°i? MH i2BM b2Mi2M+2 2i+XV M/-?22M+2- 2t
biBKmHmb U2X;X " i2b 2i HX- RN3kcJ +g?BMM2v 2i HX- RN39VX 1H2+
iQi?Bb +H BK-rBi? MBM+ 2 b2/ L9yy KTHBIim/27Q /BbT 272 "2/ v2i.
MBK +v 2z2+ib BM 1M;HBb?- *?BM2b2 M/ h KBH gq2+F2'Hv M/ Emi b-
++mb iBp2@BMBiB Hb2Mi2M+2b BM b2p2° HH M;m ;2bBM+HmM/BM; :2
kyyjc S?BHBTT 2i HX- kyy3c qQHz 2i HX- kyy3c "Qm ;mB;MQM 2i HX-
2i HX-BM T '2bbVX b 7m’i?2 2tTHQ iBQM-r2 2t KBM2i?272 bB#BH
biQ v +QMi2tiX

6Q i?72 7QHHQrBM; M Hvb2b-r2 7m’i?2° "2bi"B+i2/i?2i'B HbiQ 7TmHF
Q7 p2'#b i? i r2°2 BM i?2 MQKBM iBp2 Q" ++mb iBp2 + b2 U"Qm;?Hv «
BM/B 2+i Q#D2+ibVX h?Bb K i+?22b T 2pBQmb rQ ' F KQbi +HQb2Hv M/
Bb MQi [mBi2 b /2p2HQT2/ UBX2X-r? i Bbi?2 "QH2 Q7 MBK +v BM T
BM/B+ i2b T°272 "2/ UBX2X- MBK i2- BMBiB HTQbBIiBQM- Q™ mM K#B
UBX2X-BM MBK i2- MQM@BMBIiB HTQbBIiBQM-mM K#B;mQmb ++mb i
+H bbB}+ iBQM 7Q° K#B;mQmb + b2 K "FBM;X

g2 #2;BM rBi? KQ/2H 7Q  i?2b2 HBM;mBbiB+ +m2b M/ i?2B  BMi2 eXi B
+QKT "BbQM-r2 BM+HmM/2 i?2 g H/ i2bib 7Q" i?d&Xb@® BKTIR2 KQ/2H BiMkK
b22 K BM2z2+i7Q° MBK +v, MBK i2fT 272 "2/ Bb KQ 2 TQbBiBp2-Q
BM MBK i2f/BbT 272 "2/X aBKBH "Hv-r2b22K BM2z2+ib7Q #Qi?ivT2
rBi? M2; iBpBiv 7Q° mM K#B;mQmb MQKBM iBp2 f T°272 "2/ M/ T
f/BbT 272 7°2/- r?B+? i} bi b22Kb iQ +QMi” /B+i T'2pBQmb 2pB/2M+
M2; iBpBivX h?Bb bQK2r? ibm T'BbBM; "2bmHi Bb [mMmB+FHv 2tTH BM2
TQbBiBQM- r?B+? b?Qrb M2; iBpBiv 7Q  i?2 /BbT 272" 2/ BMBiB H@
2z2+i7Q UQ/BM HVTQbBIiBQMBbMQibm T'BbBM; 7Q :2°K M/ i -r?2
U+7X J +g?BMM2v 2i HX- RN39V i?2 "QH2 Q7 TQbBiBQM Bb /'Bp2M K

h?2 g H/ i2bib b?Qr bBKBH ~ "2bmHib rBi? i?2 +m BQmb 2t+2TiBQM i?
"2bmHi Q7 i?2 bi*2M;i? Q7 TQbBiBQMob BMi2® +iBQM rBi? KQ ' T?QHQ
BMi2  +iBQMb 6 #bQ #06 bQK2 Q7 i?2 2z2+iX >@r2BM-H2AZBRIM /i 2Dbiil? 2" 2
+QKTH2i2HV "2KQpBM; ;Bp2M i2°'K M/ i?mb HH Q7 Bib BMi2  +iBQ)



1DWXUDO 6WRULHV 1HZ3HUVSHFWLYHVRQ (53VDQG Wk

o Bi #2+QK2b +H2 " i? i TQbBiBQM +?B2p2b bB;MB}+ M+2 pB Bib BMi2"
ws K BM 2z2+ib BM i?2 T'2b2M+2 Q7 BMi2" +iBQMb Mvr v- i?Bb Bb MQi F

we AM/2t M/ *Q Tmb 6 2[m2M+v, *Qp "B i2b- MQi +QM7QmM/L

e 2 HDbQ +QMbB/2°2/ KQ 2 2ti2MbBp2 KQ/2Hb rBi? i?2 +Qp "B i2b BMIQ
s 1?2 "2bmHib 7Q° i?2 KQ/2H +QKT "BbQM, BM+HmM/BM; BM/2t M/ +Q Tr
wn g H/ i2bib 7Q  i?Bb KQ 2 2ti2MbBp2 KQ/2¥ "2 b?2QrM BM h #H2

ksy AM i?2 7TmHH KQ/2H- r2 }M/ K BM 2z2+ib 7Q° BM/2t- +Q " Tmb 7°2[m2M
ksk MQ HQM;2° M 2z2+i 7Q° MBK +vX h?Bb + M #2 2tTH BM2/ #v i?2 "2H
ksk 7 2[m2M+v UBM i?Bb biG voE2p/<HAGbYV- M/ bQ i?2 p "B M+2 2tTH BN
ksji #bQ #2/ BMiQ i?2 7°2[m2M+v i2 KX h?2 BMi2® +iBQM #2ir22M KQ T?Q
kse KQ'T?QHQ;v M/ TQbBiBQM BMi2" +i rBi? TQbBiBQM BM/BpB/m HHv |
ks 1?2°22@r v BMi2® +iBQM #2ir22M i?2 HBMXmBOQIRQpM2KQ6B2QAHQ ;v |
kse  1?7°22@r v BMi2® +iBQM rBi? +Q TmhVK 2 [irRiBOMUBBYmMi22°2 "2 MmK
ksa BMi2® +iBQMb #2ir22M KQ ' T?QHQ;v Q TQbBIiBQM-#mir2 pQB/ BMi2"1
kea 2 +QKT iB#H2 rBi? "2bmHib BM i?2 HBi2® im 2X

v QT G2M ;i ?

iy .M2 iQ +QMp2 ;2M+2 Bbbm2b- Bir b MQi TQbbB#H2 iQ +'2 i2 K tBKm
wwe BM/2t- +Q°Tmb 7°2[m2M+v- M/ HH i?2 HBM;mBbiB+ +m2b- #mi i?2 KQ/
kwe H2M;i? b +Qp "B i2b 7Q  i?72 TTQKBM2M+2 72 im 2b b? QR XbBXBbH ;" B
wj b p HB/Biv +?2+F i? ii?2 2z2+ib 7Q  i?2 HBM;mBbiB+ +m2b "2 MQi K
kve T°QT2IB2b Q7 1?2 biBKmHmMbX

ws 6 2[m2M+v Bb .vM KB+- _2/mt

we 2 + M HbQ 2t KBM2 i?2 BMi2 TH v #2ir22M HBM:mBbiB+ +m2b M/ i?2
ws b?QrM BM R¥HR2 iQ +QMp2 ;2M+2 Bbbm2b-Bir b MQi TQbbB#H2 iQ BN
ws i1?Bb KQ/2H- #mi MQM2i?2H2bb b2p2° H BMi2 2biBM; T ii2 Mb 2K2";2X

wnw h?22°2 "2 K BM 2z2+ib 7Q" #Qi? ivTI2b Q7 7°2[m2M+v b r2HH b KQ T?2¢
wy 7°2[M2M+v BMi2  +irBi?2 +?2 Qi?2 X h?2BMi2  +iBQM #2ir22M KQ T?Q
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b MBMi2 +iBQM #2ir22M MBK +v M/ KQ 'T?QHQ;v M/ i?°22@r v Bl
AMi2 2biBM;Hv- i?2°2 TT2 'biQ #2 /BpBbBQM BM i?2 BMi2" +iBQMb
*Q Tmb 7°2[m2M+v BMi2  +ib rBi? TQbBiBQM- KQ ' T?QHQ;v- M/ rBi?
“2H iBp2 7°2[m2M+v BMi2  +ib rBi? MBK +v M/ rBi? MBK +v M/ KQ"
TQbBiBQM BM i?°22@r v BMi2" +iBQMbX h?2°2 "2 HbQ ?B;?2°@Q /2"
M/i?2 T'"QKBM2M+2 72 im 2bX

.Bb+mbbBQM

q2 ? p2 T°2b2Mi2/ M2r TT Q +?2iQ M HvxBM; 2H2+i'QT?vbBQHQ;B+ }
BbiB+ m/BiQ v biBKmHmbU M im™ HbiQ 'vVX ai BFBM;Hv-i?2 +m "2M
}M/BM;b 7°QK i> /BiBQM H- ?B;?Hv +QMi"QHH2/ bim/B2bX h?Bb Bb bQl
DBii2> BM M im® HBbiB+ biBKmHBX h?2 rQ /b i?2Kb2Hp2b ? p2 /Bz2"2
+QmbiB+ 72 im 2bc KQ 2Qp2'-i?2 T? b2b ? p2 /Bz2 '2Mi H2M;i?b- r?
2tT2'BK2MibX h?Bb H2 /b iQ i?2 BM7Q K iBQM + ““B2/ #v i?2 +QmbiB-
M/ mMmM2p2MHv /Bbi'B#mi2/ BM iBK2X u2i- r2 biBHH b22 +H2 ~ 2z2+ib
Q//b rBi? i° /BiBQM H MQiBQMb Q7 1_Sb b bm++2bbBp2- B7 Q++ bBQ
UT2'?2 Tb bQK2r? i T > HH2HV T Q+2bbBM: bi ;2bX AM i?2 7QHHQIBM:
7Q  i?2 BMi2 T 2i iBQM Q7 1_S 2bTQMb2b BM +Q;MBiBp2 M2m Qb +B2
2MpB QMK2Mi M/ #2vQM/X

AKTHB+ iBQMb 7Q  1H2+i'QT?VvbBQHQ:B+ H 2b2 +? BM
*QKTQM2Mib b PM:QBM:; S°Q+2bb2b

AM +Q;MBiBp2 M2m ' Qb+B2M+2 "2b2 "+?-1_Sb 2 Q7i2Mi'2 i2/ b /Bb+
mH+QKTQM2Mib rBi?BM i?2 2H2+i ' QT?vbBQHQ:B+ H bB:M H U2X;X i%
bK HH b2H2+iBQM Q7 2t KTH2bV "2BMi2 T 2i2/ bBM/2tBM; T "iB+mH
+H2 “Hv /2}M2/ iBK2b rBi?BM i?2 Qp2" HH iBK2 +Qm b2 Q7 T'Q+2bbB
‘2pB2rBMi?2H M;m ;2/QK BMVX >Qr2p2'-1_S /i "2+Q°/2/BM "2bTQl
+? HH2M;2 i?Bb i /BiBQM H pB2r, BM +QMi  bi iQ 1_Sb BM bim/B2b :
U _aoSV- +QKTQM2Mib MQ HQM;2" TT2 ° b r2HH /2}M2/ T2 Fb /m 'BM;
TTHB2b 2[m HHv iQ i?2 2 "Hv 2tQ;2MQmb +QKTQM2Mib M/ iQ 2M/Q;2N
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i G2i mb }'bi +QMbB/2" i?2 2tQ;2MQmb +QKTQM2MibX h?2 7 +ii? ii?2t
iy m/BiQ'vbiBKmH iBQM Qi?2 i? M i biBKmHmMb QMb2i/Q2bMQiK2 Mi?
iR 1?72b2 2 "Hv +QKTQM2Mib /Q MQii F2TH +2H i2"BMi?2 biBKmHmb- #m
ik 2MQm;? iQ #2 pBbm HHv /BbiBM+i 7°QK Qi?2" bB;M Hb BM i?2 11:X h?
5w _a0S H2 /biQi?2 # mMTiM2bb Q7 i?2 +QKTQM2Mib- #mi +QMiBMmQmb
js H2 /b iQ +QMiBMMQmb KQ/mH iBQM Q7 i?21_Sr p27Q K rBi?Qmii?2

js JQ 2 T'2+Bb2Hv- i?2 "2H2p Mi +QMiBMmBiv Bb MQi i? i Q7 i?2 biBKmt
e + "B2bX AM H&06i2-M HBM7Q K iBQM 7Q° ;Bp2M T '2b2Mi iBQM mMBi
e 1?22 KV #2 +2i BM H i2M+B2b BMpQHp2/ BM T Q+2bbBM; i?Bb BM7C
s BM7Q 'K iBOQM U2X;X #BM/BM; iQ;2i?2  KmHIBKQ/ H bT2+ib Q7 +QM+2
in’ T bb2b i?2°Qm;?i?2 T°Q+2bbBM; bvbi2K- Bi Bb p BH #H2 BM Bib 2MiB"
oy +iBpBiv+Q "2bTQM/BM;iQi?Bb~QQ/ Q7 M2rBM7Q K iBQM 2bmHiBM;
ok KQMMi Q7 2ti2°M HBM7Q K iBQM Bb i® MbKBii2/ Qp2  iBK2 UBMbi2 / Q
ok rv bi?2 BM+QKBM; BM7Q K iBQM T2 +QH i2b +QMiBMmMQmbHV i? Qr
jsi M/ i2KTQ" HHv H2bb r2HH /2}M2/ KQ/mH iBQMb Q7 i?2 1_SX AM bmK
9 Q7 1_S +QKTQM2Mib b bK HH KQ/mH iBQMb Q' H ;2 T2 Fb Bb 2bm
s Q7 BM7Q 'K iBQM T 'Q+2bb2/X AM bim/B2b 2KTHQVBM; pBbm H T 2b2M
jse ""BMF M/> ;Q0Q i- kyy9c qQHz 2i HX-kyy3VQ 2KTHQVBM; Qi?2  bBKB
jsa T°2b2Mi iBQM-1_Sbi?mb "2~2+ii?2 bi12 QHBK Qb WBIND+ HV B MW/Qr B
jos T'QpB/2 BM7Q 'K iBQM #Qmi BM+ 2K2Mi HBiv #2HQr i?2 H2p2H Q7 mM

v h?Bb T'QTQb H ++Q /b r2HH rBi? T '2/B+iBp2 +Q/BM;@# b2/ TT ' Q -
sy r?B+? 1_S "2bTQMb2b bm+? b i?2 KBbK i+? M2; iBpBiv UJJLV "2~2+i
isr DIBKmHmMb M/ KQ/mH iBQM Q7 iQT@/QrM T 2/B+iBQMb f /DmbiK2Mi Q
sk 20 HX- kyyNVX S 2/B+iBp2 +Q/BM; TQbBib i? i i?2 #° BM +QMbi MiHv
jsi 7 QK i?2 2ti2°M HrQ H/iQ T 2/B+iBQMb #Qmi i?2 bi i2 Q7 i?2rQ H/ /2
s THBD?2/ #v K2 Mb Q7 ?B2° "+?B+ HHv Q ; MBb2/ 7Q°r °/ M/ BMp2 b2
jss #v ?B2° "+?B+ HHv Q°; MBb2/ +Q iB+ H M2irQ " FbX ii?2 HQr2bi H2p2}
jse BMTmi M/ Mv "2bmHiBM; KBbK i+? UT 2/B+iBQM 2°"Q'V Bb T°QT ; i2,
s +QMM2+iBQMb U#QiiQK@mT / Ti iBQMV-i?2 2#v BMBiB iBM; KQ/2H m
g3 1?2 +m " 2Mi H2p2H M/ i?2 H2p2H #2HQr UiQT@/QrM KQ/mH iBQMVX 6
jsn JIJL7Q  /2pB MibiBKmHB rBi?BM b2°'B2b Q7 bi M/ /b 2~2+ib M ii2Mr
ey 1?27 1?2 Mi?2 ;2M2° iBQM Q7 M //BiBQM H KBbK i+? "2bTQMb2 iQ i?
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iQ KQ/2H /DmbiK2Mi M/ i?2 KBMBKBxXx iBQM Q7 T 2/B+iBQM 2 °Q" 7Q
++Q /BM:Hv- /Bb TT2 > M+2 Q7 i?2 JJLX M TT'Q +?2 HQM; i?2b2 H
i?72 TT "2Mi /Bb+"2T M+v #2ir22M 1_S "2bTQMb2b BM i® /BiBQM H M/
b2iiBM;b- +QMiBMmQmb biBKmH iBQM BM +QMDmMM+iBQM rBi? "B+? +
mT/ i2 M/ / Ti iBQM-T “iB+mH "Hv7Q 2 "Hv b2MbQ'v bT2+ib Q7 T°Q
iBQM Q7 1_S +QKTQM2MibX AM Qi?2  rQ ' /b-i?2 T 2/B+iBQM 2 'Q b M
KQ'2 T"QMQmMM+2/ BM BbQH i2/ biBKmHB i? M BM biBKmHB 2M+QmMi2

*QMiBMmMQmb *QKTQM2Mib- *QMiBMmMQmb S Q+2bbBM;- N

g2 T'QTQb2i? ii?Bb +QMiBMmMQmb- bm#bvK#QHB+ BM+ 2K2Mi HBiv +
TM;2 Q7 biBKmHmMb@HQ+F2/ +QKTQM2Mib bm+? b i?2 Lkyy M/ L9yyX
Q7 i?2JJL QmiHBM2/ #Qp2 + M #2 bi"~ B;?i7Q r "/Hv 2ti2M/2/iQ i?2b2
"2~2+i bBKBH T biBKmHmMmb@ "2H i2/ T°'Q+2bbBM; K2+? MBbKb b i?2 JJ
KQ/mH iBQMV-#mi i/Bz2 2MiH2p2Hb Q7 i?2 T ' Q+2bbBM; ?B2" “+?2v U7
2i HX- kyyNVX h?Bb pB2rBb MQi 2MiB 2Hv M2r, 2 "Hv "2b2 "+? +QM+2°
Birb K2K#2 Q7 i?2Lkyy 7 KBHvUEmMi b M/62/2°K2B2 - kyRRV-Km+?
r?2i?2 i?2 Seyy #2HQM;b iQ i?2 Sjyy 7 KBHv UPbi2 '?2Qmi 2i HX- RNN¢
HX- RNN3ca bb2M? ;2M 2i HX- KyR9VX h?2 MQiBQM Q7 +QMiBMmQm
++QmMi 7Q  bm+? +QKTQM2Mi 7 KBHB2b- "2H i2/iQ i?2B  i2KTQ" H °
UkyRkV6b bm;;2biBQMi? ii?2 7 2[m2M+v # M/b BM +Q iB+ H Qb+BHH |
bi'm+im 2BMbT22+? T°Q+2bbBM;-r2+ M+QMbB/2 bBKBH "1 _S +QKT
i?72 iBK2 "2bQHmMIBQM Q7 /Bz2 2Mi biBKmHmMb 72 im 2b U.Q;BH 2i HX
kyyec Q2?K 2i HX- kyydVX AM i?Bb pB2r-i?2 JJL M/ Lkyy 2 bBKBH °
72 im2bQ7i?2biBKmHmb i HQr2 H i2M+v #2+ mb2i?2v "2~2+i bBKB
?B2° "+?vX h?Bb H2 /biQ ?B;?2 i2KTQ  H 2bQHmMIiBQM #mi bK HH2"
i?72 7°2[m2M+v Q7 i?2 Qb+BHH iBQM mM/2° +QMbB/2° iBQMX h?Bb T2"
JIJL2z2+ib7Q K MBTmH iBQMb KQ 2ivTiB+ HiQL9yy2tT2 ' BK2Mib U+7
bm+? b SmMHp2 KCHH2" 2i HX- kyyRc J +:72;Q" 2i HX- kyRkc a?iv Qp
Q7 H ";2@b+ H2 biBKmHmb +? M;2 U2X;X + i2;Q'v2 "Q BM .BFF2" 2i
2t+22/BM;Hv T°2+Bb2 M/ + Mi?mb #2 7 HbB}2/ [mMmB+FHvX JQ 2Qp2 - |
b+ H2b Bb +QKT iB#H2 rBi? i?2 "2+2Mi T°'QTQb Hi? ii?2 K2+? MBbKb 7
/[Bz2 ' 2M+2 7" QK MQM?mK M T BK i2bBM[m MiBiv ™ i?2 i? M[m HBivl
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M/ Bb +QKT iB#H2 rBi? i?2 ++QmMi i? ii?2 M2m™  H bT2+ib Q7 2 "Hv
iBK2 b+ H2b U6°'B2/2°B+B- kyy8VX JQ 2 +QKTH2t T'Q+2bbBM; "Bb2b
"2T2 02/ M/ 2tT M/2/ + Qbb KmHIBTH2 iBK2 b+ H2bX

*QM+HmMbBQM

q2? p2/2KQMbi® i2/i?272 bB#BHBivQ7 bim/vBM;i?22H2+i"QT?vbBQH
biBKmHmbX h?2 "2THB+ iBQM Q7 r2HH@FMQrM 2z2+ib b2 p2/ b T Q(
KQ 2 +QKTH2t BMi2® +iBQMb TQbbB#H2 BM "B+? +QMi2ti bm;;2bi2/ M
"Q#mbi K MBTmH iBQMb i }t2/ H i2M+v 7°QK biBKmHmb QMb2i BM bT
BMrQ'/ M/ T? b2 H2M;i?X h?Bb bm;;2bibi? i1_S "2bTQMb2b b?QmH/
M/ MQi /Bb+ 2i2-v2i Qp2 H TTBM; r p27Q KbX

272 2M+2b

V2M _- . pB/bQM .- " i2b . Ukyy3V JBt2/@2z2+ib KQ/2HBM; rBi? + Qb
Bi2KbX CQm'M H Q7 J2KQ v M/ G M:;m ;2 8N,jNy 9RkX

".CUKYRjV _ M/QK 2z2+ibbi'm+im 27Q  i2biBM; BMi2~ +iBQMb BM |
Sbv+?QHQ;v 9X

"7 .C-G2pv _-a+?22T2°'b*-hBHv >C UkyRjV _ M/QK 2z2+ibbi'm+im 2
E22T Bi K tBK HX CQm™M HQ7 J2KQ'v M/ G M;m ;2 e3,k88 kd3X

"i2b 1- J+L2r a-J +gq?BMM2v "- .2p2b+QpB - aKBi? a URN3kV 6mM+iB
+2bbBM;, + Qbb@HBM;mBbiB+ bim/vX *Q;MBiBQM RR,k98 kNNX

"QHF2 "J-""QQFb J1-*H "F*C-:2 M;2 ag- SQmHb2M C_- ai2p2Mb J>>-
HBM2 " KBt2/ KQ/2Hb, T  +iB+ H mB/27Q 2+QHQ;v M/ 2pQHmiBQM:

"Q"MF2bb2H A- a+?H2b2rbFv J UkyyeV h?2 2ti2M/2/ “;mK2Mi /2T2M/2M
iQb2Mi2M+2 +QKT 2?2MbBQM + Qbb H M;m ;2bX Sbv+?QHQ;B+ H _2¢

"Q 'MF2bb2H A- a+?H2b2rbFv J- 6°B2/2 'B+B . UkyyjV *QMi2tim H BM7
bvMi +iB+ BMi2:" iBQM, h?2 "QH2 Q7 BMi2 @ pbX BMi~ @b2Mi2MiB H T°
G2 "MBM;-J2KQ v M/ *Q;MBiBQM kN,keN kN3X
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ors "Q MF2bb2H@a+?H2b2rbFv A-a+?H2b2rbFvJ UkyyNV h?2 "QH2 Q7 T°Q
orn ?2MbBQM Q7 i MbBiBp2 +QMbi'm+iBQMb, + ' Qbb@HBM;mBbiB+ TT C

oy "Q MF2bb2H@a+?H2b2rbFv A- a+?H2b2rbFv J- aK HH aG- _ mb+?2+F:
or H M;m ;2 BM T'BK i2 m/BiBQM, *QKKQM +QKTmi iBQM HT QT2 'iB2bX

sk "QM ;mMB;MQM L- . " m’v Cl- 0 HQBb .- ai2BM? m2" E UKkyRkV .2+QKTQb
i M/ 2tT2°'B2M+2°b, M 1_S bim/vX L2m Q#BQHQ;v Q7 H M;m ;2 kyRy
ko Rkk,RdN R3NX

s " 2MM M C-LB u->bbQMI-J H +? ->22;2".C-SvHFF M2M G UkyRkV
ske Mi2'BQ T i2KTQ  HHQ#2 /m'BM; M im™ HbiQ v HBbi2MBM;X " BM M/ (

owa ""BMF . p M /2 ->;QQ°1 S Ukyy9V h?2 BM~m2M+2 Q7 b2K MiB+ M/ by
ows B+ Hb2H2+iBQM M/ BMi2;" iBQM BM bTQF2M@rQ / +QKT 2?2MbBQM
ov L2Mm Qb+B2M+2 Re,Rye3 Ry39X

sy *QM Qv "_-aBM;2° ".- :mMimT HHB Ca- _ K /;2 SC- > t#v Co UkyRjV Al
sir +QiIB+ H M iQKv mbBM; 7TmM+iBQM H+QMM2+iBpBivX L2m " QAK ;2 3R

sk *QmMHbQM a- EBM; Cqg- Emi b JURNN3V 1tT2+ii?2 mM2tT2+i2/, 1p2MiG
oij 1 +iB+ pBQH iBQMbX G M;m ;2 M/ *Q;MBiBp2 S°'Q+2bb2b Rj,kR 83X
oo *MKKBM;b -12TQMB2M _-EQvVv K -a Vv;BM -hQrMb2M/ C- .B+F 6 Uky

s 7Q°rQ /b M/ M im > HbQmM/bX "> BM _2b2 +? RRR8,Nk RydX

se . K# +?2°J-EHB2;H ->Q7K MMJ-C +Q#b JUkyyeV 6 2[m2M+v M/ T 2
o0 TQi2MiB Hb /m BM; "2 /BM:X " BM _2b Ry39,3N RyjX

9s .BFF2 a-_ # ;HB iB >- SVHFF M2M G UkyyNV a2MbBiBpBiviQ bvMi t B

sin. .Q;BH :-6"2b2 A-> B/2" >- _°?K .- gqQFm 2F q Ukyy9Vv gq?2°'2 M/ ?Qr /Q
99y +2bbBM; i F2 TH +2 M/ r?v Bb #Q+ 6b "2 Q7i2M BMpQHp2/X +QQ°
sor T Q+2bbBM;X G M;m ;2 M/ KQiQ AMi2;" iBQM 3N,jjd j98X

ook 6° MF aG- Pii2M GC-: HHB :- oB;HBQ++Q : UkyR8V h?2 1 _S "2bTQMb2 i
99j #V rQ /b BM b2Mi2M+2bX "° BM M/ G M;m ;2 R9y,R RRRX

0ss 6°B2/2°B+B . Ukyy8V L2m QT?vbBQHQ;B+ HK "F2'b Q72 "HVvH M;m ;.
sss h"2M/b BM *Q;MBiBp2 a+B2M+2b N,93R 933X
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s9e 6°B2/2°'B+B . UKyRRV h?2 # BM # bBb Q7 H M;m ;2 T'Q+2bbBM;, 6 C
99¢ NR,Rj8d RjNkX
993 6 Bb+? a- a+?H2b2rbFv J UkyyRV h?2 L9yy "2~2+ib T'Q#H2Kb Q7 i?2K i

oon 6°BbiQM E Ukyy8V i?22Q°vQ7+Q iB+ H 2bTQMb2bX S?BHQbQT?B+ H I
sy a+B2M+2b jey,3R8 3jeX

ook © "B/Q JA- EBHM2 CJ- ai2T? M E1- 6 BbiQM EC UkyyNV h?2 KBbK i+?
ook K2+? MBbKbX *HBMB+ HL2m QT?vbBQHQ;v Rky,98j 9ejX

sy B m/ @G-SQ2TT2H . UKyRKV *Q'iB+ H Qb+BHH iBQMb M/ bT22+?2 T°
oo TH2b M/ QT2 iBQMbX L im2L2m Qb+B2M+2 R8,8RR 8RdX

9gs :MMi2 h*-aiQr2 G - IJmH/2 : URNNdAV g?2M bvMi t K22ib b2K MiB+bX S

e > ;QQ°I S UkyydV h?2 K2KQ 'v- mMB}+ iBQM M/ +QMi"QH UJI*V KQ/2H
osga TQMI"QHBMH M;m ;2 T Q+2bbBM;X Sbv+?QHQ;v S 2bbX

6ss > H2 C UkyyRV T Q# #BHBbiB+2 "H2vT b2 b Tbv+?QHBM;mBbiB+ K
son Q7 1?72 MQ i? K2 B+ M +2 Ti2 Q7 i?2 bbQ+B iBQM 7Q  +QKTmi iBQM
ey R 3L *G 6yRX ai’'Qm/b#m ;-S -la, bbQ+B iBQM 7Q  *QKTmi iBQM H
ser > MF2 J- " mK; "iM2" 6C- A#2 S- E mH2 6_- SQHHK MM a- aT2+F P- wk
sk "2bQHMIBQM d@i2bH 7J_A /i b2i 77QK +QKTH2t M im" H biBKmH iBC(
ses RX

ses > bbQM I- >QM2v *C UkyRkV 6mim 2 i'2M/b BM M2m " QBK ;BM;, L2m ™ H
ses +QMi2tibX L2m " QBK ;2 ek,Rkdk Rkd3X

see > bbQMI-J H +?2 ->22;2" .C UkyRyV _2HB #BHBiv Q7 +Q iB+ H +iBpB
sed *Q;MBiBp2 a+B2M+2b R9,9y 93X

ses > bbQM I- LB” u- G2pv A- 6m? 'K MM :- J H +? _ Ukyy9V AMi2 ' bm#D2+i
sen /M"BM; M im> HpBbBQMX a+B2M+2 jyj,Rej9 Re9yX

say > bbQM |- u M; 1- o HHBM2b A- >22;2° .C- _m#BM L Ukyy3V ?B2° “+?\
sar ?MK M +Q7i2tX h?2CQm M HQ7 L2m Qb+B2M+2 k3,k8jN k88yX

sak >°"#27; h- EQTiD2pbF D @h KK J- E HHBQBM2M S UkyRjV h?2 M2m Q1
9aj /I MM+iBQM "2 M HvbBb BM br2/Bb?X G M;m ;2 M/ *Q;MBiBp2 S'Q+2bb!
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>mixH2 6-"" mMJ-0aJG@>- 1M;Ho->Q7K MM J-. K# +?2° J-G2/2" >
iQ i?72 "2 HrQ H/, o HB/ iBM; }t iBQM@ "2H i2/ # BM TQi2MiB Hb 7Q"
RRdk,Rk9 RkNX

CmM; h@S-J F2B; a- q2bi2 }2H/ J- hQrMb2M/ C- *Qm +?2bM2 1- a2DM(
Bx iBQM Q7 bBM;H2@i°B H 2p2Mi@ 2H i2/ TQi2MiB HbX >mK M "" BM J

E'2ixb+?K " 6- SH2BKHBM; .- >Qb2K MM C-6Cbb2H a-"Q"MF2bb2H@a+
iBp2 BKT 2bbBQMb /Q MQi KB Q"  QMHBM2 2 /BM; 2zQ i, *QM+m’ " 2Mi
Q7 #QQFb M/ /B;Bi HK2/B X SGQa PM2 3,28eRd3X

Emi bJ-62/2"K2B2" E. UkyyyV 1H2+i"QT?vbBQHQ;v "2p2 Hb b2K MiB+ |
h>2M/b BM *Q;MBiBp2 a+B2M+2b 9,9ej 9dyX

Emi bJ-62/2"K2B2  E. UKyRRV h?B’ivv2 b M/ +QmMiBM;, 6BM/BM; Kz
2p2Mi@ 2H i2/ # BM TQi2MiB HU1_SVX MMm H 2pB2r Q7 Tbv+?QHQ

G m16- S?BHHBTb *- SQ2TT2H . Ukyy3V +Q iB+ H M2irQ F 7Q " b2K I
_2pL2m Qb+B N,Nky NjjX

G2 M2  u->QM2v *C- aBH#2 i GC-> bbQM I UkyRRV hQTQ;  T?B+ K TTE
rBM/Qrb mbBM; M "7 i2/biQ'vX h?2CQm'M HQ7L2m Qb+B2M+2 jR,k!

G2pv _ Ukyy3V 1tT2+i iBQM@# b2/ bvMi +iB+ +QKT 2?2MbBQMX *Q;MI

GQix2 L- hmM2 a- a+?H2b2rbFv J- "Q MF2bb2H@a+?H2b2rbFv A UkyR
H2tB+ H@b2K MiB+ BMi2;" iBQM, hQT@/QrM M/ 7Q K@# b2/ #QiiQK@
L2m " QTbv+?QHQ;B 9N,j8dj j83kX

J +* HHmK _*-w? M;a-S 2 +?2 " EC-_m+F2" .. UkyykVPMi?2T" +iB+2(
p "B #H2bX Sbv+?QHQ;B+ HJ2i?Q/b d,RN 9yX

J +:72;Q° GC- SmMHp2 ' KCHH2" 6-* bi2'2M J p M- a?ivQp u UkyRkV IHi"
Lim2*QKKmMB+ iBQMb j,dRRX

J +q?BMM2v "- " i2b 1- EHB2;H _ URN39V *m2 p HB/Biv M/ b2Mi2M+2 B
Ai HB MX CQm™M HQ7 02°# HG2 "MBM; M/ 02 # H"2? pBQ  kj,Rkd R8
Jm®> HBF'Bb?M M _- a+?H2b2rbFv J- "Q MF2bb2H@a+?H2b2rbFv A UBI

;m ;2 +QKT2?22MbBQM "2 "Q#mbi, *QMi2tim H +m2b KQ/mH i2 #mi /Q |

Pbi2'?2Qmi G- J+FBMMQM _- "2"bB+F J- *Q 2v o URNNeV PM i?2 H M;n
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syi 1Q bvMi +iB+ MQK HB2b, Ab i?2 bvMi +iB+ TQbBiBp2 b?B7i K2K#2" (
syo L2m Qb+B2M+2 3,8yd 8keX

sys S HK2 ' C - E'2mix@.2H; /QE-_ Q".-J F2B; a UkyydV JQ/2HBM; M/ 2b
gye TBi? MQM@ ™ /B HHv bvKK2i'B+ M/ bF2r2/ /2MbBiB2bX AM, S°'Q+22/B
sya QM BM/2T2M/2Mi +QKTQM2Mi M HvbBb U. pB2b J1- C K2b *C- #/ HH
sysa G2+im 2 MQi2b BM +QKTmi2 b+B2M+2X aT ' BM;2  "2"HBM >2B/2H#2 ;>

oyv S?BHBTT J- "Q MF2bb2H@a+?H2b2rbFv A- "Bb M; q- a+?H2b2rbFv J (
ory iIBK2 +QKT 2?22MbBQM Q7 K M/ "BM +?BM2b2, 1pB/2M+2 7°QK m/BiQ v
sre G M:m ;2 Ry8,RRk RjjX

srk SBM?2B Q C- " i2b . UkyyyV JBt2/@2z2+ib KQ/2Hb BM a M/ a@SGlaX a

sri SMHp2 'KCHH2  6- EmMD H h- a?ivQp u- aBKQH C- hBBiBM2M >- HFm
sre _C- L i M2M _ UkyyRV J2KQ'v i®  +2b 7Q  rQ'/b b "2p2 H2/ #v i?2 KB
8RS8 R9,eyd eReX

sre SMHP2 KCHH2  6- a?iv Qp u-> mF P UKkyyNV IM/2 bi M/BM; BM M BMtL
sre K2+? MBbiB+ H M;m ;2 +B +mBibBMi?2#° BMX "° BM M/ G M;m ;2 RR

srs _Q27?K .- "Q"MF2bb2H@a+?H2b2rbFv A- a+?H2b2rbFv J UkyydV h?2 BM
srn +? 7 +i2°'BbiB+b Q7 H M;m ;2 "2H i2/1_S +QKTQM2MiX *? Qb M/ *QK~

sy _Q2?K .- aQ” +2 -"Q MF2bb2H@a+?H2b2rbFv A UkyRjV S Q+2bbBM; -
sk [2M+2 7Q° 2M ' B+?2/ +QKTQbBIBQM b QTTQb2/iQ BM/2i2°KBM +vX G
skk Rkd9X

ski a bb2M? ;2M C-a+?H2b2rbFvJ-"Q " MF2bb2H@a+?H2b2rbFv AUKyR9V
ske i B H M Hvb2b "2p2 Hi? ii?2 H i2 11: TQbBiBpBiv 7QHHQrBM; HBM;m
sks HB;M2/X """ BM M/ G M;m ;2 Rjd,kN jNX

ske a+?H2b2rbFv J-"Q MF2bb2H A-6"Bb+? aUkyyjVh?2M2m QT?vbBQHQ;E
ska IM/2 bi M/IBM; H M;m ;2 3e,RRe Rk3X

ss @?iv Qp u- "miQ'BM - LBFQH 2p -ai'Q; MQp h UkyR9V miQK iB+ m
sv Q7 +Q iB+ H KQiQ bvbi2Kb BM bTQF2M rQ / +QKT 2?22MbBQMX S Q+ L

siy aFBTT2 CA- :QH/BM@J2 /Qr a-Lmb# mK >*- aK HH aG UkyyNV :2bim":
siR ;m ;2 mM/2 bi M/IBM;X *m > "2Mi "BQHQ;v RN,eeR eedX
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aKBi? LC-Emi b JUKyR9 V _2;°2bbBQM@# b2/ 2biBK iBQM Q7 1_Sr p:z
+?2QT?vbBQHQ;VvX

aKBi? LC- Emi b J UkyR9#V _2;°2bbBQM@# b2/ 2biBK iBQM Q7 1_Sr p
+Q "2+iBQM- M/ T +iB+ H+QMbB/2" iBQMbX Sbv+?QT?vbBQHQ;VvX
oM S2ii2M *- Emi b J URNNYV AMi2" +iBQMb #2ir22M b2Mi2M+2 +QMi2
# BM TQi2MiB HbX J2KQ'v M/ *Q;MBIiBQM 9,j3y jNjX

oM S2ii2M *- Emi b J- EHm2M/2" _-JBi+?BM2" J- J+Ab + > URNNRYV ¢
2z2+i rBi? 2p2Mi@ "2H i2/ TQi2MiB HbX CQm™ M H Q7 *Q;MBiBp2L2m Q
g2+F2'Hv C- Emi b J URNNNV M 2H2+i"QT?vbBQHQ;B+ H M HvbBb Q7
"2H iBp2 b2Mi2M+2bX Sbv+?QT?vbBQHQ;v je,88N 8dyX

g?BiM2v *- >m#2° q- EH MM C- q2Bb a- E* +? a- EB +?2 h UkyyNV L2
/Im"BM; m/BiQ'vbiQ ' v+QKT 2?2MbBQMX L2m QAK ;2 9d,jey jeeX
gBMFH2 A-> m72a-h M;2°K MMJUkyRRV miQK iB++H bbB}+ iBQM Q

"2KQp HBM 11: bB;M HbX "2? pBQ " H M/ " BM 6mM+iBQMb d,jyX

qQHz a- a+?H2b2rbFv J- >B Qi MB J- "Q MF2bb2H@a+?H2b2rbFv A Uky
T Q+2bbBM; "2pBbBi2/, 1H2+i"QT?vbBQHQ;B+ H 2pB/2M+2 7°QK C T M
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h #H2 R, amKK v Q7 KQ/2H }i 7Q  U+Q TmbV 7 2[m2M+v +H bb BM i?2 iBK2 rBM/
QMb2i mbBM; HH +QMi2Mi rQ /bX
GBM2 " KBt2/ KQ/2H }i #v K tBKmK HBF2HB?QQ/

A* "A* HQ;GBF /2pB M+2
kykRN89 kykRNNe @RYyRyYyNdj kykRNO9e

a+ H2/ "2bB/m Hb,

JBM RZ J2/B M iz Jt
@jjXye @yX8j y yX8j j3X9]j
_ M/QK 2z2+ib,
:QmThb L K2 o0 B M+2 ai/lX.2p
bm#D UAMIiI2 +2TiV yXRy yXjR
_2bB/m H RjyXyR RRX9y

LmK#2 Q7 Q#b, kekjNk- ;"QmTb, bm#D- 8kX
6Bt2/ 2z2+ib,

1biBK i2 ai/lX 1°°Q" ip Hm2
UAMi2 +2TiV y X8 yXyd8 eXe
7°2[X+H bbyXy8N yXyy98Rj

kd
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h #H2 k, *QKT "BbQM Q7 KQ/2Hb 7Q° U+Q TmbV 7 2[m2M+v +H bb rBi? M/ rBi?
AM+HmM/BM; BM/2t /Q2b MQi bB;MB}+ MiHv BKT Qp2 KQ/2H }iX

.7 A* "A* HQ;GBF /2pB M+£27 S U%V
KX7 2] 9 kykRN89 kykRNN8 @RYyRyNdj KkykRNO9e
KX7 2[XBM/2t e kykRN89 kykkyRd @RyRyNdR kykRN9k jXd9 k

k3



1DWXUDO 6WRULHV 1HZ3HUVSHFWLYHVRQ (53VDQG Wk

h #H2 j, *QKT 'BbQM Q7 KQ/2Hb 7Q" "2H iBp2 7 2[m2M+v +H bb rBi? M/ rBi?Qmi
+Hm/BM: BM/2t bB;MB}+ MiHv BKT Qp2b KQ/2H }iX

.7 A* "A* HQ;GBF /2pB M+$27 S U%V
KX 2H 9 kykky3j kykkRk8 @RYyRRyjd kykkyd8
KX "2HXBM/2t e kykkyd3 kykkR9R @RYRRYyjj kykkyee 3XeR k

kN



1DWXUDO 6WRULHV 1HZ3HUVSHFWLYHVRQ (53VDQG Wk

h #H2 9, amKK v Q7 KQ/2H }i 7Q" "2H iBp2 7°2[m2M+v +H bb M/ BM/2t UQ /BM H
jyy 8yyKb 7°QK biBKmHmb QMb2i mbBM; HH +QMi2MirQ /bX h?2 BMi2® +iBQM i2
i?72 K BM 2z2+i7Q° BM/2t Bb MQi [mBi2 "2HB #H2X
GBM2 " KBt2/ KQ/2H }i #v K tBKmK HBF2HB?QQ/
A* "A* HQ;GBF /2pB M+2
kykkydN kykkR9R @RYyRRYyjj kykkyed
a+ H2/ "2bB/m Hb,

JBM RZ J2/B M iz Jt
@jjXyd @yX8j y yX8j j3X9
_ M/QK 2z2+ib,
:'QmThb L K2 o B M+2 ai/X.2p
bm#D UAMi2 +2TiV yXRy yXjR
_2bB/m H RjyXyd RRX9y

LmK#2 Q7 Q#b, kekjNk- ;"QmThb, bm#D- 8kX
6Bt2/ 2z2+ib,

1biBK i2 ai/X 1°°Q° ip Hm2
UAMIiI2 +2TiV y X8R yXRd i
BM/2t yXyyyjR YyXYYyyRBRX3
T2HXT7 2[X+H yXR9 yXykd 8Xj
BM/2t,"2HX7 2[X+HyBb kxX¥B2 kX9

iy



1DWXUDO 6WRULHV 1HZ3HUVSHFWLYHVRQ (53VDQG Wk

h #H2 8, *QKT 'BbQM Q7 #2bi KQ/2Hb 7Q  +Q Tmb M/ 2H iBp2 7°2[m2M+vX "Q
.7 A* "AK HQ;GBF

KX7 2] 9 kykRN89 kykRNN8 @RYyRyNd]
KX '2HXBM/2t e kykkyd3 kykkR9R @RYyRRYjj

iR



1DWXUDO 6WRULHV 1HZ3HUVSHFWLYHVRQ (53VDQG Wk

h #H2 e, amKK v Q7 KQ/2H }i 7Q° HBM:mBbiB+ +m2b U MBK +v- KQ ' T?QHQ;v- H
LOYyy@HBF2 2z2+ibX .2T2M/2Mi p "B #H2 "2 bBM;H2@i'B H K2 Mb BM i?2 iBK2 rl
QMb2i mMbBM: QMHvV bm#D2+ib M/ U/B 2+iV Q#D2+ibX 6Y& BM/B+ i2b T 272 2/
mM K#B;mQmb MQKBM iBp2V M/ 6@6 BM/B+ i2b /BbT 272 "2/ UBX2X- BM MBK i
++mb iBp2VX JQ T?QHQ;v HbQ ? b M //BiBQM H 6M2mi> HO H2p2H 7Q° K#B;m:

GBM2 " KBt2/ KQ/2H }i #v K tBKmK HBF2HB?QQ/

A* "A* HQ;GBF /2pB M+2
8jy9ks8 8jy88j @ke8RNN 8jyjNd
a+ H2/ "2bB/m Hb,
JBM Rz J2/B M jz Jt
@RRX3d @yX89 y yX89 RkXN9
_ M/QK 2z2+ib,
T QmThb L K2 o B M+2 ai/lX.2p
bm#D UAMiI2 +2TiV y Xky yX99
_2bB/m H Rk8XNN RR Xkk

LmK#2 Q7 Q#b, eNRy3- ;°QmTb, bm#D- 8kX
6Bt2/ 2z2+ib,

1biBK i2 ai/X 1°°Q° ip Hm2
UAMi2 +2TiVyX8N yXRR 8X9
MBK +vY yXj9 yXRd k
KQ ' T?QHQ;v@ yXe Yy XR] 9Xe
KQ ' T?QHQ;vY yXNj yXjj kX3
TQbBiBQMY yXRd yXR8 RXR
MBK +vY,KQ ' T?QHQyX@gke yXkd/XyNe
MBK +vY,KQ ' T?QHQ;vyX3 yX93 RXd
MBK +vY, TQbBiBQMXRR yXkjyXxX93
KQ'T?QHQ;v@, TQbBIiB®MY yX93 yX9R
KQ ' T?QHQ;vY, TQbBIiBQMY R X9 yX9j iX9
MBK +vY,KQ ' T?QHQ;v@, TOBEBQMY yXe8 R
MBK +vY,KQ ' T?QHQ;vY, TQbBIiBQMY y XN yXeR RX8

ik



1DWXUDO 6WRULHV 1HZ3HUVSHFWLYHVRQ (53VDQG Wk

h #H2 d, hvT2@AA g H/ i2bib 7Q " i?2 KQ/2H T 2b2Mi2/ BM h #H2

2 .7 S'U&xV

MBK +v eX9e R yXyRR
KQ'T?QHQ;v jjXedO0:00&
TQbBIiBQM NXRYy R yXyyk88
MBK +v,KQ ' T?QHQ ;v yXee k yXdkR
MBK +v, TQbBiBQM yXRR R yXdo9
KQ ' T?QHQ;v, TQbBiBQM< EBDXkk k
MBK +v,KQ T?QHQ;v, TQbBIiBQM jXdR k yXR8d

i



1DWXUDO 6WRULHV 1HZ3HUVSHFWLYHVRQ (53VDQG Wk

h #H2 3, JQ/2H +QKT "BbQM 7Q  HBM;mBbiB+@+m2 # b2/ KQ/2Hb rBi? BM/2t

7 A "A*  HQ;GBF /2pB M+2 .7 S U%V
T QK RO 8jyoks 8jys8s8j @ke8RN3 8jyjNd
T QKXBM/2t ke 8jyjNk 8jyejy @ke8Rdy 8jyj9y 0:0@eX9] Rk
T QKX7 2[XBM/2t 8y 8jyk3R 8jydj3 @keS8yNy 8jyBRGBR RS8NXR3 k¢

i9



1DWXUDO 6WRULHV 1HZ3HUVSHFWLYHVRQ (53VDQG Wk

h #H2 N, hvT2@AA q H/ i2bib 7Q  i?2 KQ/2H +QK#BMBM; BM/2t- U+Q TmbV 7 2
2 7 s uzv

BM/2t eX39 R yXyy3Nk
7°2[X+H bb 88Xy6:001R
MBK +v yXyR R yXNRN
KQ'T?QHQ ;v jNXjk0:006
TQbBIiBQM 9Xyd R yXy9j3

BM/2t,7°2[X+H bb yX3y R yXjdR
BM/2t, MBK +v RXNe R yXReR
7°2[X+H bb, MBK +v RXRN R yXkde
BM/2t,KQ T?QHQ;vVv kXd8 k yXk8j
7 2[X+H bb,KQ ' T?QHQ;v RRXyj k yXyyoy9
MBK +v,KQ ' T?QHQ ;v yXde k yXe38

BM/2t,TQbBiBQM 3X38 R yXyykNj
7 2[X+H bb, TQbBiBQM ORMXNk R

MBK +v,TQbBiBQM yXRj R y X dkk
KQ 'T?QHQ;v,TQbBiBQM< kW9R  k
BM/2t,7 2[X+H bb, MBK +v yX8y R yX93R

BM/2t,7 2[X+H bb,KQ ' T?QHQ;vV 8Xy3 k yXyd3d X
BM/2t, MBK +v,KQ ' T?QHQ;vV dXek k yXykkR
7°2[X+H bb, MBK +v,KQ ' T?QHQ ;v 8X93 k yXye98 X
BM/2t,7 2[X+H bb, TQbBiBQM 9X9d R yXyj98
BM/2t, MBK +v, TQbBiBQM eXyR R yXyR9k
7°2[X+H bb, MBK +v, TQbBiBQM RXkN R yXk8e
BM/2t,KQ ' T?QHQ;v, TQbBiBQM RXNO9 k yXjd3
7°2[X+H bb,KQ'T?QHQ;v, TQbBIiBQM RRXdN k yXyykds8
MBK +v,KQ ' T?QHQ;v, TQbBIiBQM e XNj k YyXYjRj
BM/2t,7 2[X+H bb, MBK +v,KQ T?@HQAQ ReXdj k

BM/2t,7 2[X+H bb, MBK +v, TQbBiBQM kX9d R yXRRe
BM/2t,7 2[X+H bb,KQ ' T?QHQ;v, TQbBiBQM yXe9 k yXdk8
BM/2t, MBK +v,KQ T?QHQ;v, TQbBIiBQM yXde k yXe38

7°2[X+H bb, MBK +v,KQ'T?QHQ;v, TQbBiBQM NX8y k yXyy3e
BM/2t,7 2[X+H bb, MBK +v,KQ ' T?QHQ;v, TQbBiBQM RXRS8 k y X

i8



1DWXUDO 6WRULHV 1HZ3HUVSHFWLYHVRQ (53VDQG Wk

h #H2 Ry, hvT2@AA g H/ i2bib7Q  i?2 KQ/2H +QK#BMBM; Q' i?Q;  T?B+ H2M;i?- U-
+m2bX

2 .7 S'u&v

Q i?QXH2M jXR9 R yXyde8 X
7°2[X+H bb NX3e R yXyyReN
MBK +v  yXRd R yXe3

KQ ' T?QHQ;v 99Xg&:.001k
TQbBIiBQM 3XjN R yXyyjdd

Q iI?QXH2M,7 2[X+H bb yXye R yX3R
Q i?QXH2M, MBK +v RX9N R y X kkk
7°2[X+H bb, MBK +v yXjy R yX839

Q i?QXH2M,KQ T?QHQ:v eXy9 k yXy93N
7 2[X+H bb,KQ T?QHQ:;v RyXdy k yXyyo9do

MBK +v,KQ T?QHQ;v kX3e k y XKkjN

Q i?QXH2M,TQbBiBQM kXyd R yXR8
7 2[X+H bb,TQbBiBQM eXyj R yXyRO9R
MBK +v,TQbBiBQM kXje R yXRkS8

KQ'T?QHQ;v, TQbBiBQM< (B0XN9 k
Q i?QXH2M,7 2[X+H bb, MBK &0801 R8XNd R
Q i?QXH2M,7 2[X+H bb,KQ ' T?QHQ;V eXN?9 k YyXYjRR
Qi?7QXH2M, MBK +Vv,KQ 'T?QHQ;V 9Xdy k yXyN8R X
7°2[X+H bb, MBK +v,KQ ' T?QHQ ;v jXeN k yXR83
Qi?QXH2M,7 2[X+H bb, TQbBIiBQM RyXjN R yXyyRkc
Q'i?7QXH2M, MBK +v, TQbBiBQM e X8k R yXyRyd

7°2[X+H bb, MBK +v, TQbBiBQM RXjk R yXk8R
Qi?7QXH2M,KQ ' T?QHQ;v, TQbBIiBQM 8XjR k yXydyk
7 2[X+H bb,KQ ' T?QHQ;v, TQbBiBQM kXNe k yXkk3
MBK +v,KQ ' T?QHQ;v, TQbBIiBQM kXey k y Xkdk

Q i?QXH2M,7 2[X+H bb, MBK +v,KQJC@MHQ:v 9NXy9 k
Q i?QXH2M,7 2[X+H bb, MBK +v,TQM®IBQM j9Xjk R
Q i?QXH2M,7 2[X+H bb,KQ T?QHQ;v,TQbBiBQM yX89 k y
Q i?QXH2M, MBK +v,KQ ' T?QHQ;v,TQbBiBQM 8XN9 k yXy8
7 2[X+H bb, MBK +v,KQ T?QHQ;v,TQbBiBQM 3X8e k yXyR]j
Q i?QXH2M,7 2[X+H bb, MBK +v,KQ T?QHQ;v,TQbBiBQM 3X9d k

je



1DWXUDO 6WRULHV 1HZ3HUVSHFWLYHVRQ (53VDQG Wk

h #H2 RR, hvT2@AA q H/i2bib7Q i?2 KQ/2H +QK#BMBM; HBM;mBbiB+ +m2b rBi? {
2 .7 S U&xv

T2HX772[X+H bb jX3e R yXy9NS8
7°2[X+H bb 9yX<8001R

MBK +v yXR8 R yXdyk
KQ'T?QHQ;v jdXyB80:00k
TQbBiBQM RXNK R yXRee

T2HXT7 2[X+H bb,7 2[X+H bb NXjR R yXyykk3
"2HX7 2[X+H bb, MBK +v RyX8Kk R YyXYYRR3
7°2[X+H bb, MBK +v yXyy R yXNN3
T2HX7 2[X+H bb,KQ'T?QHQ;Vv kX9j k yXkNe
7°2[X+H bb,KQ ' T?QHQ;v< (FORIX89 k
MBK +v,KQ T?QHQ;vV dXed k yXykRd

T2HX7 2[X+H bb, TQbBiBQM yXke R yXeyd
7 2[X+H bb, TQbBIiBQM RyXRKk R yXyyR9e
MBK +v, TQbBiBQM yXijd R yX89R

KQ'T?QHQ;v, TQbBiBQM< (BIXRd k
T2HX7 2[X+H bb,7 2[X+H bb, MBXO0tv RjXkd R
T2HX7 2[X+H bb,7°2[X+H bb,KQ'T?QHQ;v RjX93 k yXyyRR:
T2HXT7 2[X+H bb, MBK +v,KQ ' T?QKQ1v k9X3j k
7 °2[X+H bb, MBK +v,KQ ' T?QHQ;Vv 9Xe3 k yXyNe8 X

T2HX72[X+H bb,7 2[X+H bb, TQbBIiBQM yXRe R yXe33
T2HX7 2[X+H bb, MBK +v, TQbBiBQM yXyj R yX3e9
7°2[X+H bb, MBK +v, TQbBiBQM y XjN R yX8j9

T2HX772[X+H bb,KQ ' T?QHQ;v, TEWRIBQM RdXNd k
7 2[X+H bb,KQ ' T?QHQ;v, TQbBIiBQM RyX3k k yXyy99d
MBK +v,KQ ' T?QHQ;v, TQbBiBQM 3Xj3 k yXyR8R
T2HX7 2[X+H bb,7 2[X+H bb, MBK +v,KQ ' T?QHQ;v RjXe9 k yXyy
T2HX7 2[X+H bb,7°2[X+H bb, MBK +%,C@bBiBQM k8Xed R
T2HX772[X+H bb,7 2[X+H bb,KQ'T?QHQ;v, TQbBIiBQM kX N8 k y
"2HX7 2[X+H bb, MBK +v,KQ ' T?QHQ;v, TQbBiBQM jX38 k yXR
7°2[X+H bb, MBK +v,KQ ' T?QHQ;v, TQbBIiBQM RjXde k YXYYRY]

jd



& L']FloGd\ L af_2 E]egjq$
Eg\]dk$ Yf\ Hj]\a[lagf

:KHUHDV 1HZWRQ FRXOG VD\ ",1, KD?
VHHQ D OLWWOHIDUWKHU WKDQ RWEk
EHFDXVH,KDYHVWRRGRQ WKH VKR’
RIJLDQWYV p,DPIRUFHG WR VD\ "7R
ZHVWDQG RQHDFKRWKHU-VIHHW pu

5LFKDUG +DPPLQJ

7TKHUHVXOWV IURP &KDSWHU VXJIJHVWD QHZ SHUVSHFWLYHRQ V
LQGLFHV RI FRQWLQXRXV SURFHVVHVY PRGXODWHG E\LQIRUPDWL
WLRQDO QRWLRQV RI (53VDV VXFFHVVLYH LIRYHUODSSLQJHYHQ
VXJIJHVWHG LQ $OGD\ 6FKOHVHZVN\ DQG %RUQNHVVHO 6FKOHVI
ODUJHO\FRPSDWLEOHZLWKWKHQRWLRQRISUHGLFWLYHFRGLQJ
ZH XVH WKLY SHUVSHFWLYHWR UHIRUPXODWHD UHFHQW VXJJHVYV
6FKOHVHZVN\ LQSUHVV DQGWKXV SURYLGHDVXJJHVWLRQRIWK
FI ODUU-VOHYHOVRIGHVFULSWLRQLQ &KDSWHU LQGH[HGE\O

.&)& 9 Flmjg[gehmlYlagfYd HjghgkYd

$OWKRXJK WKHVH VXJJHVWLRQV DUH WR D OLPLWHG H[WHQW LQI
FLSOHV VXJJHVWHG LQ UHFHQW IRUPXODWLRQV RI WKH H$'0 %R
VHZVN\ LQ SUHVV DQG D PDWKHPDWLFDO IRUPDOLVP EHOLHY|
VLEOH )ULVWRQ WKH\ DUH IRUPXODWHG LQ FRPSXWDWL
VKRXOG QRW EH WDNHQ DV KDYLQJD RQH WR RQHPDSSLQJWR EU
JRDOLV SURYLGHDQRWKHU SHUVSHFWLYHDQG WKXV LQVLJIJKW RCG
KDYHH[DPLQHG WKURXJKRXW WKLV GLVVHUWDWLRQ

,QWKHVHQVHRID/DNDWRVLDQ UHVHDUFK SURJUDPPH VHH &KD S
SRVDO WKHIROORZLQJ VHPL KDUGFRUH

.&)&)& Kmhhgjlaf_9kkmehlagfk Yf\ @qhgl ]k]k

+\SRWKHWRQWLQXLW\RISURFHVVLQJ LQ DHDWRDRSR X VDDW K R\Y H f
FRQWLQXRXV SURFHVV ,QIRUPDWLRQLY SURFHVVHG DV VRRQDV



7KH1HZ20G 7KLQJ OHPRU\ ORGHOV DQG3UHGLFW

WLRQ LV LPPHGLDWHO\SDVVHG DORQJWKH SURFHVVLQJ SLSHOL(
%RUQNHVVHO 6FKOHVHZVN\VXEPLWWHG %RUQNHVVHO 6FKOHV}

,Q RWKHU ZRUGYV QHXURFRPSXWDWLRQ LV LQFUHPHQWDO LQ WK
SRVDOLVVLPLODUWRWKHFDVFDGLQJDUFKLWHFWXUHSURSRVHC
VHZVN\ DQG KDV SUHYLRXVO\EHHQ GHVFULEHG DV QRQ VWUL

&RUROS®DHWUVDUFK\ WLPH VFDOHKREBEDROREGBG OPMHQF\RIDQ (53
UHIOHFWV QRWRQO\LWYVY SODFHLQ WKHSURFHVVLQJVWUHDP EXYV
VFDOHRILQIRUPDWLRQDQG OHYHO RI KLHUDUFKLFDO RUJDQL]DV
DQG %RUQNHVVHO 6FKOHVHZVN\VXEPLWWHG %RUQNHVVHO 6FK

JRUH[DPSOH WKH 1 DQG 1 UHIOHFW VLPLODU SURFHVVHYV EXV
ZLWK LQFUHDVLQJO\ FRPSOH[ LQIRUPDWLRQ HJ LQGLYLGXDO
FI'' %RUQNHVVHO 6FKOHVHZVN\ DQG 6FKOHVHZVN\ $OGD\ 61
6FKOHVHZVN\VXEPLWWHG DQGDVLPLODUSURSRVDOKDVEHHQ
&RXOVRQ .LQJ DQG .XWDV E D 6DVVHQKDJHQ 6FKOHVHZVN\

7KLY FRUUHVSRQGHQFH LY QRW VWULFW GXH WR WKH WZR
SURFHVVLQJ VWUHDPV FI %RUQNHVVHO 6FKOHVHZVN\ DQG 6FK

DQG 6HFWLRQ EHORZ ORUHRYHU D VLQJOH LQIRUPDWIL
VFDOH PD\KDYHLPSOLFDWLRQV WKDW DUHILUVW SUREOHPDWLF
WLPHVFDOHYV

,Q $O0GD\ 6FKOHVHZVN\ DQG %YRUQNHVVHO 6FKOHVHZVN\ VXEP
FRUUHVSRQGHQFH LV FRPSDWLEOH ZLWK UHFHQW SURSRVDOV V
LQ ODQJXDJH SURFHVVLQJ HJ SKRQHPH SURVRGLF ZRUG SUR\
WR WKH GLYLVLRQ RI RVFLOODWRU\ UK\WKPV LQ WKH EUDLQ LQ
3RHSSHO %RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\ LQ ¢
6FKOHVHZVN\ IRUUHODWHG FRQVLGHUDWLRQV RQWKHVFDO!
LWPD\EHWKHFDVHWKDW WKHDSSDUHQW GLYLVLRQRISURFHVVI
E\UDQN RUGHULQJ HVSHFLDOO\ IRU HDUO\ FRPSRQHQWYV PD\ EH
IURPWKHLQWHUDFWLRQ RIWKHVHPRUHIXQGDPHQWDO DVSHFWYV

7TKHUHLVRQHFULWLFDO GLITHUHQFHEHWZHHQ WKHSURSRVDO KHUHDQG WKD
WLYHFROOHDJXHY QDPHO\WKDW ZHDUH QRW VXJIJHVWLQJWKDW WKH 3 LV I
LGHOQWLW\K\SRWKHVLY 5DWKHU ZHDUHFODLPLQJWKDW SRVLWLYLWLHV U]
\HW WHPSRUDOO\DQG KLHUDUFKLFDOO\ GLVWLQFW SURFHVVHV $V VXFK Wk
GLVWLQFWFRPSRQHQW ZLWK GLVWLQFW QHXUDO JHQHUDWRBRRHW VLPLODU
SROHWWHUPRIFRQYHQLHQFHUHIOHFWLQJFOXVWHUVRIHPHUJHQW SKHQR
DV VXJJHVWHG E\ &RXOVRQ 6DVVHQKDJHQ DQG WKHLU UHVSHFWLYHV FROOH
SOHV 6LPLODUO\ LWLVHTXDOO\SUREOHPDWLF WR VSHDNRI "WKHp 1 ERW
LHY GHPRQVWUDWLQJ GLVWLQFW JURXSV RI 1 OLNH FRPSRQHQWY 5RHKP F
6FKOHVHZVN\ DQG6FKOHVHZVN\ 'UJJH 6FKOHVHZVN\ DQG %RUQNHVVHO
I XND .QRHIHUOH 8S8UEDFK DQG .XWDV 7TKHGLIITHUHQFHLQ QRPHQFODYV
WKDW VFDOS (53 SDWWHUQV OLNHO\UHIOHFW D G\QDPLF PL[WXUH RI QHXUDO
DQG6FKOHVHZVN\LQ SUHVV



7KH1HZ20G 7KLQJ OHPRU\ ORGHOV DQG3UHGLFW

.&)&*& :]fljYd HjghgkYd

&RPELQLQJWKHVHDVVXPSWLRQV ZLWK FKDUDFWHUL]J]DWLRQV RI
HUDWXUH ZHDUULYHDWWKHIROORZLQJSDUVLPRQLRXV DFFRXQ

+\SRWKHMIHMVKURFRPSXWDWLRQDO EDVLV RI FRKRIQHYGRHHBHRRR S|
(53 FRPSRQHQWV UHODWHG WR ODQJXDJHFDQEHEURDGO\GLYLG
WKH OLQH RI WKHHIIDMWS @ VUKL FDWLYH RI QHXURFRPSXWDWLRQ
SKHQRPHQD ZKLFKDUH EHVW WHUPHG "PRGHO DBBRNEWDWLWR QHI\R U
DUHLQGLFDWLYHRIQHXURFRPSXWDWLRQDO SURFHVVHV UHODW
SV\FKRORJLFDOPRGHOVZRXOGEHWHUPHG "HYDOXDWLRQuURU G}
DQG6FKOHVHZVN\LQ SUHVV %URXZHU )LW] DQG +RHNV

Hjl\a[lan] ;g\af_

(VSHFLDOO\WKHQHJDWLYLW\ UHODWHG SRUWLRQRIWKLV SURSF
RISUHGLFWLYHFRGLQJ )ULVWRQ DQGDVVXFK ZHEHJLQ ZLV

SUHGLFWLYH FRGLQJ SRVLWYV WKDW EDVLF QHXUDO FRPSXWDWL
HISHFWDWLRQ PD[LPLIDWLRQDSSURDFKWRDQHPSLULFDODQG k
WRQ ,QSDUWLFXODU "WKHuUPRGHOLVDFWXDOO\DFROOHFW
VXEPRGHOV LQ )ULVWRQ:-VDFFRXQW FRUWLFDODUHDYV KDYHGL
WR RWKHU PRGHOV URXJKO\ FRUUH9% SR W& DQJIRUWE WEKGIH@RIWL R Q
JHQHUDWLYHDQG SURMHFWY LWV SUHGLFWLRQV EDFNZDUGV L
SUHGLFWLRQVDUH SURMHFWHG IRUZDUGY L H IURPERWWRP WR
DUHFRPSDUHG DJDLQVW VHQVRU\LQSXWDQG WKHUHVXOWLQJH
KDV D WZR IROG HIIHFW LWIHQHUDWHY DGGLWLRQDO SUHGL
FXUUHQW VHW RI SUHGLFWLRQV ZKLFK DUH WKHQ SURSDJDWHG
LH WKHVRXUFHRIWKHPLVPDWFK DQG LWVXEVHUYHV DQ DG
JHQHUDWHDGGLWLRQDO HUURUV UHVXOWLQJLQDF\FOLF DOPR
WKHHQWLUHPRGHO KLHUDUFK\

JROORZLQJWKLV SHUVSHFWLYH )ULVWRQDQGFROOHDJXHV )UL)\
WKHPLVPDWFK QHIJDWLYLW\ 001 DQHDUO\ (53 FRPSRQHQW ZKLF
DULVHVIRU PLVPDWFKHGUWRQHV GXULQJXQDWWHQGHG OLVWH

$QRUGHULQIJLQPDWKHPDWLFDO WHUPVLVDUHODWLRQVXFKDV 'OHVV WKDQ}
aRQDVBSODUWLDOIRU®MDWOD WKHIROORZLQJKROG

5HIOH[La LW\
$QWLV\PPHaAMWDQGa | WKHQ
7UDQVLWh Y DW)Ga - W K|HQ-~

7KLY FRUUHVSRQGV WR WKH XVXDO LQWXLWLRQ RIRSHUDWLRQV OLNH "OHV
WKDQ >RUHTXDO WR@u EXW GRHVY QRW UHTXLUH WKDW DQ RUGHULQJ H[LVW
UHVWULFWLRQ WKDW WKH RUGHU LV GH I|LaQHRYI&R UI R Y HDEDIG D MUKRHIQHDHHPH QW YV L
KDYWBWDO RUGHU
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SDUWLFXODU WKH 001 UHIOHFWYV WKH ODUJH HUURU IRU D GHYLE
WLQXRXV PRGHO UHILQHPHQW RQ WKH VWDQGDUG WRQHV 7KXV
GHYLDQFH RI WKH PLVPDWFKHG WRQH DQG PRUH WKH FRQWUDVW
KHQFHH[WUHPHO\SUHGLFWDEOHVWDQGDUG WRQHV DQG DV VXF
DQDWWHQXDWLRQ RIWKHHUURUVLIJQDO IRUWKHRWKHU WRQHV

,Q$O0GD\ 6FKOHVHZVN\ DQG %RUQNHVVHO 6FKOHVHZVN\ VXEPLYV
WR H[SODLQ WKH DEVHQFH RI HDUO\ SHUFHSWXDO FRPSRQHQWYV
FRQWLQXRXV PRGXODWLRQRIWKH (53 LQD QDWXUDOLVWLFFRQV
DVHULHV RI"SHDNVp

F]_Ylanalalk

JROORZLQIJDQG HIWHQGLQJ WKLV SUHGLFWLYH FRGLQJ SHUVSHF
IOHFW "PRGHO DGDSWDWLRQu LQ WKHVHQVHRILQGH[LQJ WKH DI
WLRQV RUHTXLYDOHQWO\ LQGH[LQJWKHH[WHQW RIWKHPLVPD
XSLQIOXHQFHV FI /DX 3KLOOLSV DQG 3RHSSHO /IRW]H HW D
VKDUHV VRPH VLPLODULWLHVY WR WKHPRGHO SURSRVHG E\/DX 3l
QRWDVVXHHSWRRAWILNPEROLF OHYHOV EXWUDWKHU D G\QDPLF LQ
VXEVI\PEROLFLQIOXHQFHV

,Q WKLV VHQVH ZHFDQDOVR VD\WKDW QHJDWLYLWLHV UHIOHFW
GHUVWDQG WKDW DWPRGHMHQ WO WXBWYWHSUHVHQWDWLRQV H J O
VXFKDVWKHVHPDQWLFILHOGRIDZRUG UHIOHFWLQ WKH %D\HVL
PDOO\LQIRUPDWLYHSULRU FI "JUHTXHQF\LV '\QDPLFpLQ $OGD\
6FKOHVHZVN\ VXEPLWWHG ZKLFKFDQ EH G\Q,PSPD®OFRGDSW H
DFWLYDWHG UHSUHVHQWDWLRQV DUH FRQWLQXRXVO\XSGDWHG
ODWRU\ FRQWH[W

,Q WKLY VHQVH WKLV DFFRXQW LV VLPLODU WR DFWLYDWLRQ ED
-RQLGHV HWD@G LOGHHG QHIJDWLYLWLHV KDYHEHHQ VKRZQ WR FF

LQJPHPRU\ 9RJHO DQG ODFKL]DZD IXFNDQG 9RJHO $FWL
RIZRUNLQJPHPRU\KDYHDOVR EHHQ DSSOLHG WR ODQJXDJH SURI
XODWHG E\ FXHLQWHUIHUHQFH /HZLVDQG 9DVLVKWK JHZLV

+RZHYHU DV $OGD\ 6FKOHVHZVN\ DQG %RUQNHVVHO 6FKOHVHZ\
WKH ODFN RI'HDWXUH ZHLJKWLQJLQ VXFK ZRUNLQJPHPRU\DFFR
,QWKH %D\HVLDQ SUHGLFWLYHFRGLQJIUDPHZRUN WKLV FDQ EH
ODWHG PDUJLQDO FRQGLWLRQDO GLVWULEXWLRQVIRUWKHSUL

7KLV LV VXSHUILFLDOO\ VLPLODU WR SURWRW\SH EDVHG PRGHOV RI VHPDQWL
PRGHOV RIVXFKSKHQRPHQD DUH QRW QHFHVVDULO\HDVLO\PDSSHG RQWR D (
JULVWRQ GLVFXVVHV D SRVVLEOHQHXUDOPHFKDQLVPIRUVKRUWDQG ORC
URWUDQVPLWWHUVDQG SK\VLRORJLFDO FKDQJHV ZKLFKLVODUJHO\FRPSDW
VIQWKHVLV RIH[LVWLQJUHVHDUFK EXWH[DPLQLQJWKLV FODLPDQGLWVLPS
WKLV GLVVHUWDWLRQ
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,QRWKHU ZRUGV ZH FDQ DOVR G H WRLRREWH\ DFE® HRMEGDLSW D M/ IHRIGY D\
WKH G\QDPLFV RIPDNLQJLQIRUPDWLRQDYDLODEOHIRUIXUWKHU
WKLY KDVEHHQ EHVW GHVFULEHG DV D SDWWHUQ RIVSUHDGLQJD
DUFKLWHFWXUHDQGLVYEURDGO\FRPSDWLEOH ZLWK WKH G\QDPL
GHUPHLHU DQG WURXZHU )LW] DQG +RHNV 7TKH DPSOL
FRUUHODWHY VXEMHFWWRDOO WKHXVXDOLVVXHVFRQFHUQLQJ
ODWLRQ HWF EURDGO\ZLWK WKH FRVW RI PHPRU\DFFHVV L H
PXVWEHDFWLYDWHG RUHTXLYDOHQWO\ WRZKLFKDPRGHO PXV

$W WKLV SRLQW D PHWDSKRU ZLOO KHOS SUHVHQW D FRPSDULVR
ODWHG SHUVSHFWLYHVY :HFDQ XQGHUVWDQG '"VSUHDGLQJDFWLY
LQZDWHU 3 WKHULSSOHV DUH ODUJHVW FORVHVW WR WKH SRLQW
GHILQLWHO\ZLWK GHFUHDVLQJVWUHQJWK ORUHRYHU OLNHD V\
FDQUHVXOWLQRVFLOODWRUVEHKDYLRU ZKLFKFDQHLWKHU HQK
LOWHUIHUHQFH RUGHFUHDVH LW QGHNVAHWU XKW HGH H QW KU HHRURHIHX
ERG\RIZDWHU LV D VLPSOH V\PPHWULF UHVHUYRLU DQG VR WKH
LQWHUIHUHQFH SURSDJDWHVLQDVPRRWK V\PPHWULF ZD\ ,Q ZH
RIZDWHU LV D ODNH ZLWKDQ XQHYHQ ERWWRPDQG MDJJHG FRDV'
YHORSPHQWDO GHPDQGY DQG VR WKHHIITHFW RID VLQJOH FXH UFE
VWDEOH DWWUDFWRU DQG VRPH XQVWDEOH UHSXOVRU FRQILJ

,QVXPPDU\ WKHQHXURFRPSXWDWLRQDOPHFKDQLVP SURSRVHG
JHQHUDOL]DWLRQRIVHYHUDO FXUUHQW WKHRULHV UHODWHG EU
DFWLYDWLRQ

Hgkalanala]k

$VLQ &KDSWHU ZH FiD QDOXEMWONRP SXSWDWLRQDO VHQVH L H LQ
IXQFWLRQHYDOXDWLRQ ZKH¥FBD®OMWQKHIRRY\HHOR Z L WIKO X H MX G J P
FDXVHH[HFXWLQJDPRGHO UHYHDOV DVSHFWMWBIERRD IPVDW LIQN W F
ILWVLQWR WKLY VFKHPHEHFDXVHHYDOXDWLRQRIWHQ OHDGV WR
LFDODFWLRQFRRUGLQDWHG E\WKHPRWRU V\VWHP DQG UHDOL]H
WKHVHQVHRI WKRXJKWp ZKHWKHU VXEFRQVFLRXV RUFRQVFLR:
PRGHOVLQWR EHKDYLRU

%RUQNHVVHO 6FKOHVHZVN\DQG 6FKOHVHZVN\ LQ SUHVV EXLO
6DVVHQKDJIHQ 6DVVHQKDJHQ B6FKOHVHZVN\ DQG %RUQNHVV
DEURDGO\FRPSDWLEOH YLHZ QDPHO\WKDW SRVLWLYLWLHV UHI
YDWLRQDOO\ VLIJQLILFDQW HYHQWVp &RPELQLQJRXU FRPSXWD)
ELRORJLFDORQH HYDOXDWLRQFRXOG SRWHQWLDOO\YLHZHG D\
IRUFHG XSGDWHV LQ WKH SUHGLFWLYH FRGLQJIUDPHZRUN

WLV TXLWHIHOLFLWRXV WKDW LQWHUIHUHQFHpKHUHUHIHUV ERWK WR WKH S
HQDLQ ZRUNLQJPHPRU\UHVHDUFK
7KLV ZRXOG DOVR FRQYHQLHQWO\ H[SODLQ WKH HDUO\ SRVLWLYLW\IRXQG LQ
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7KLV SURSRVDO LV LQ OLQH ZLWK SUHYLRXV SURSRVDOV IRU W

'RQFKLQ 'RQFKLQ DQG &ROHYV "VWLPXOXV HYDOXDWLRZC
'RQFKLQ "HYHQW FDWHJRUL]DWLRQu .RN IRU WKH 3 Fl
FRPSRVLWLRQM %URXZHU )LW] DQG +RHNYV "HYHQW VWUXF

EXWZH QRWH WKDW PDQ\RI WKHVH SURSRVDOV DUH QRW FRP
GHWDLOV $OWKRXJIK ZH DVVXPH WKDW GHFLVLRQ PDNLQJ H[KI
LH DQDOO RU QRWKLQJ UHVSRQVH XSRQ UHDFKLQJ D FHUWDLC
OLNH QHIJDWLYLWLHVY FRQWLQXRXV PRGXODWLRQV RI WKH (53 V
HLWKHU E\DFFXPXODWHG VLIJQDO FKDQJH L H "GULIWu RUE\D
WKHLPPHGLDWH SURFHVVLQJZLQGRZ FI 2-&4RQQHOO 'RFNUHH I
WKH ODWWHU DUHUHDGLO\DSSDUHQW DV (53 HITHFWV WKRXJK 2
KDYHGHPRQVWUDWHGD "FRQWLQXRXVRGGEDOOuGHVLIJQIRUQR
ZRUGV VORZ SRVLWLYH GULIWYV PD\ UHIOHFW FRQWLQXRXV UHIL
UHIOHFWV DEUXSWUH HYDOXDWLRQDVVRFLDWHG ZLWKH J GHFI

$W WKLV SRLQW DQDGGLWLRQDO PHWDSKRU PD\KHOS KLJKOLJK!
DWLRQV UHIOHFWHG E\SRVLWLYLWLHV FRPSDUHG WRX\BKH. RYG D W
PHDQVLQ VRPHVHQVH WR DWW H P SWWKR D Q § DHSLS W R 8 UTDEHW MR R G H
XSGBWDIQV FKDQJLQJWKH FXUUHQW PRGHO

+LHUDUFKLFDOUHJUHVVLRQPRGHOLQJSURYLGHVDFRQYHQLHQ\
WR WKH JURXS YDULDQFHRUHUURUWHUPY UDQGRPHIIHFWYV Z
"ELISLFWXUHpPRIDJIJLYHQPRGHO L H ZKHWKHU WKH FKRLFHRIHF
DQGGHSHQGHQW YDULDEOH WDUJHW LVDSSURSULDWH

.&)&+& Aehda[Ylagfk

,Q WKHIROORZLQJ ZH SUHVHQW LQ EULHIDIHZ SRVVLEOHLPSOLI
SDUWLFXODU WKHSURSRVHGDUFKLWHFWXUHVWURQJO\VXJJHV

&RUROQGDMHGLFWLRQLYV SYHHGEWWYBWLERBQWVHG SURFHVVHV LQ SURI
RIVSUHDGLQJDFWLYDWLRQIURP D SULRUVWLPXOXVDQG WKH UFE
DFWLYDWLRQUHIOHFWY PRGHO XSGDWHV LQD SUHGLFWLYHFRGL

&RUROQ@BXURFRPSXWDWLRQDO LPSOHPHQWDWLRQ RI "WRS GRZC
LQJ'RS GRZQLQIOXHQFHVUHIOHFWEDFNSURSDJDWLRQ ZKLOHE
DIDWLRQRIDFWLYDWLRQDORQJWKHSURFHVVLQJVWUHDP FI )

FKDQJHV DUHLQIRUPDWLYHHQRXJKWRIRUFHPRGHO UHVWUXFWXULQJ ZKLF
UHVWUXFWXULQJVXEVHTXHQWO\GHFUHDVHY SUHGLFWLRQ HUURU DQG WKX!
7KLV DOVR H[SODLQV WK HHI ENMFQU¥RIR ES RWDVIUWE RQWAH[WV %RUQNHVVHO 6FKOH
PDU HW DO %HFDXVHWKHUH LV QRLPPHGLDWH FOHDQDQVZHU WKH SR
ODWLRQ WKH (53 VLIJQDODQG QRWDVDFODVVLFDO SHDN\FRPSRQHQWYV VHH
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$OWKRXIKVSHFLILFSUHGLFWLRQVDUHRIWHQVHHQDV GLVWLQF\
PHPRU\DFFRXQWV WKLV LVQRWQHFHVVDU\LQ RXUYLHZRIVSUH
WKHPHWDSKRURID VWRQH GURSSHG LQWR ZDWHU VHH 6HFWLRC
DWVWURQJ IRFDODFWLYDWLRQE\DQDSSURSULDWHO\FRQVWUI
ULSSOHVRIDFWLYDWLRQDUH VKDSHGDQGJXLGHGE\HQYLURQP!
WLRQVWKDWDUHHFRORJLFDOO\VDOLHQW VXFKDVWKRVHUHTXI
ODVWLQJEHFDXVHWKHWDVNFUHDWHY D SRVLWLYHIHHGEDFN OF

&RUROODWRDWFKHV DUHDQ HBLSRBYRRHQHFODPWHG SKHQRPHQD D
UHVXOWRILQVXIILFLHQW SUH DFWLYDWLRQ L H DIDLOHG SUHG!

7KHVH FRUROODULHVY DUHODUJHO\ GLUHFW LPSOLFDWLRQV RI)U
FDWLRQRILWKHUH ZKHUH SUHGLFWLYHFRGLQJ SHUPHDWHYV WK
LPSOLFDWLRQV DUH DOVR FRPSDWLEOH ZLWK UHFHQW VXUSULVL
HW DO VXIIHVWLQIWKDW PDWKHPDWLFDOLQIRUPDWLRQ WK
WREHWWHUTXDQWLI\WKLVY SURSRVDO ,QGHHG )ULVWRQ )ULVW
XVHYHH HDUWDDHXURELRORJLFDOO\SODXVLEOH PIDQWXIFURHDHW LF D O
HQHUJ\LVDIXQFWLRQRIHQWURS\

.&*& <an]j_]f[] "jge =paklaf_L ]gja]k

7KHLGHDV SUHVHQWHG KHUH DUH QRW QHZ DV ZH KDYH HPSKDVL
RIWKHZRUNFRQGXFWHG KHUH ZDV GRQHLQ SDUDOOHO WR ZRUN |
EULHIO\HPSKDVL]LQJRQHNH\GLIIHUHQFH ,Q SDUWLFXODU 6DV’
WKDW WKHUH LV D EDVLF ELSKDVLF SDWWHUQ FRQVLVWLQJ RI D
DQG LQ SDUWLFXODU WKDW QHJDWLYLWLHVUHSUHVHQW "LQFRQ
VWUHDPVpPDQG SRVLWLYLWLHY WKH WUDQVLWLRQLQJRIWKH FR
WKHHYDOXDWLRQRIWKHLQFRQJUXHQW HYHQW

2XUWKHRU\GLIITHUVIURP WKLY ODWWHUSURSRVDOLQLWVJUDGH
UHYHDOHG E\ ((*LVQRWDOORUQRWKLQJ MOEZRBVER¥RAIQKIDW L
HQFDOEHLWRIWHQ YHU\VPDOO EHFDXVHHYHU\PRGHO KDV VRPH
3RVLWLYLWLHV LQGHHG UHIOHFW WKH RQJRLQJ HYDOXDWLRQ RI
VKDUS GLITHUHQFH DQG SHDN\ QDWXUH RI (53 FRPSRQHQWYV REVH
RI H[SHULPHQWDO PDQLSXODWLRQ DQG GLVFUHWH QDWXUH RI V\
GHVLJQV FI $0GD\ 6FKOHVHZVN\ DQG %RUQNHVVHO 6FKOHVHZ
FRQJUXHQW VWLPXOXV DQLQFRQJUXHQWVWLPXOXV GRHVLPSR\

JUHHHQHUJ\LQWKHUPRG\QDPLFVLVWKHHQHUJ\DYDLODEOHLQ SK\VLFDO V\V\
ODWLRQV RI WKLV SULQFLSOH LQ WKH SK\VLFDO VFLHQFH ZLWK GLIITHUHQW U|
DQG SUHVVXUH +HOKRPOW]IRUFRQVWDQW WHPSHUDWXUH DQG YROXPH HW
DOVRKDVDVWDWLVWLFDORULQIRUPDWLRQ WKHRUHWLFLQWHUSUHWDWLRG
VDPSOLQJVRPHGDWD JLYHQDJHQHUDWLYHPRGHOW )ULVWRQ

(YHQ .XWDV DQG +LOO\DUG DGRKGE CEXW LWRADMERWWKEYHQVH RIGLIITHULQJ
EHWZHHQ FRQGLWLRQV IRUFHUWDLQ FRQWUDVWYV
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ZKLFKLVFOHDUO\VHHQLQH[SHULPHQWDOPDQLSXODWLRQV ZKL
IRUFRQWLQXRXVHYDOXDWLRQ DUHDEVRUEHG LQWR WKH EDFNJ!
VWDWHPHQWY DUH WUXH LI ZH UHM W HUEFRAW KHBHRIPRBIRIHH O MWL P HQ W L

.&+& J]dYlagfk ah lg HjJnagmk ;gehmlYlagfYd Ogjc g
"] 9[1gj @]mjaklal

,QOLIKWRIWKHVHFRQVLGHUDWLRQV ZHFDQFRQVLGHU ZKDW WK
RIWKLYGLVVHUWDWLRQ WKHDFWRUKHXULVWLF

,Q SDUWLFXODU LGHDO DFWRUV WHQG WR HOLFLW UHGXFHG 1 V
1 DPSOLWXGH IRUREMHFW LQLWLDO FRQVWUXFWLRQV )ULVFI
1 IRULQDQLPDWHV :HFNHUO\DQG .XWDYV HWF 2QH SRVVL
EDVHG DFFRXQW FI IUHTXHQF\DV D SULRU $0GD\ 6FKOHVHZVN
LQ SUHVV ®* DQLPDWHV DUH PRUH IUHTXHQW WKDQ LQDQLPDWHYV
FRPPRQ WKDQ LQLWLDO DFFXVDWLYHV 3 EXW LW LV SRVVLEOH WR
%RUQNHVVHO 6FKOHVHZVN\ DQG )ULHGHULFL ORUHRYHU
W KZK\EXW RQO\ SXVKHV LW GRZQ D OHYHO 3 ZK\ DUH WKHVH FRQIL
7KH DFWRU KHXULVWLF JURXQGV LWVHOI LQ HQYLURQPHQWDO G
VDWLVI\LQJDQVZHUWR WKH ZK\p SDUW EXWKRZGRHV WKDW LQ I
7KHDFWRU DVDQHVVHQWLDO FDWHJRU\LQ ODQJXDJH SURFHVVI
HYHQ GHIDXOW VWDWH VHH DOVR G HIDX\QWERASHM YRIWAL QW DRQ |
DUJXPHQW DZD\ IURP DFWRUKRRG WDNHV HQHUJ\ FI DWWUDFWR
7KXV SURPLQHQFH WHQGV WR FRUUHODWH LQYHUVHO\ZLWK PDUN

SRVLWLYLWHVDUHVRPHZKDWPRUHFRPSOLFDWHG )RUOHVV IUH
WKDW DUH QRQHWKHOHVYV ZHOO IRUPHG WKH\FRXOG VLPSO\ UH|
LH UH RULHQWDWLRQ QHFHVVDU\WRDFFRPRGDWH XQXVXDO LC
WKHLGHD WKDW SRVLWLYLWLHV DOVR FRUUHODWH ZLWK DWWHQ
DQGHJ QRQ FDQRQLFDO ZRUG RUGHUV DUH RIWHQ XVHG WR GU
VWDQFHYVY "(UURQHRXVpPLQSXW ERWKV\QWDFWLFDQGVHPDQWLI
LQJRIDWWHQWLRQDQG WKXVDOVRHOLFLWY DODWHSRVLWLYLW

, QWHUPV RI WKH SDUVLQJ ZRUN IURP &KDSWHU ZH H[SHFW 1 C
FRQILIXUDWLRQV ZKHUH WKH SDUVHU VKRZVY UHGXFHG DFFXUDF\
GLUHFWLRQ EHFDXVHWKHLQFUHDVHG FRPSHWLWLRQUHIOHFWYV
IDWH SRVLWLYLWLHVY VKRXOG EH UHIOHFWHG LQ "GRXEOH DWWD
SDUVHU JHQHUDWHV WZR DFWRU RUWZR XQGHUJRHU DWWDFKPH
DWWDFKPHQW 7KLVIROORZVIURPWZRPDMRUILQGLQJV FRQFHU
WLFpHUURUV ZKLFKZLOOREYLRXVO\PLVOHDG WKHSDUVHUDQG
WURXEOHHVFDSLQJ) ZHFDQH[SHFWDWWDFKPHQW HUURUV DV D
LH ODFNRIDFDQRQLFDOWUHHUHSUHVHQWDWLRQ ,QVHYHUHF
HOHPHQWV EHLQJ FRHUFHGLQWR WUHH IRUPE\DQDWWDFKPHQW
HUURUV VXFKDVVHPDQWLF UKNKDNVD®OEBR@WRHILHN WHH%URXZE
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)LW] DQG +RHNV EXW1 % 7XQHHWDO WKH SDUVHU ODF N
RU UH RULHQWDWLRQuPHFKDQLVPV WR FRUUHFW D SUHYLRXV P
GLDQ NQRW E\D GRXEOH DWWDFKPHQW 7KH SURSRVHG FRUUHVS!
LQDU\DQG KDV QRW EHHQ H[SOLFLWO\WHVWHG DQG DVVXPHV PR
EHKDYLRUDQG HOHFWURSK\VLRORJ\WKDQ ZHDVVXPHG LQ &KDSV

.&,& J]na]Jo Yf\ Gmldggc

, QWKLY FKDSWHU ZHRXWOLQHG D SDUVLPRQLRXV QHXURFRPSXV
SRQHQWV DQG VKRZHG WKDW LW VXEVXPHV PDQ\ SUHYLRXV PRGF
WLFXODU ZHFODLP WKDW WKHUHDUHWZR ODUJHFRPSRQHQW JU
GLFDWLYH RI GLVWLQFW FRPSXWDWLRQDO RSHUDWLRQV 7KLV S
GHEDWHV UHODWHG WR WKH HOHFWURSK\VLRORJ\ RI ODQJXDJH
RULOO IRUPHG HJ 'RHV WKH 3 EHORQJWR WKH 3 IDPLO\" 'F
1 IDPLO\" :KLFK QHXURFRJQLWLYH SURFHVYVY GRHV WKH 1 LQG
TXHVWLRQV UHJDUGLQJWKH XQGHUO\LQJ QHXURELRORJLFDO LP:
SK\VLRORJ\ )XUWKHU UHVHDUFK VKRXOG IRFXV RQ VXSSO\LQJ W
HYHQ QHXURSK\VLRORJLFDO GHWDLOV



/& ;gf[dmkagf

'DVWHKHLFKQXQ LFKDUPHU 7KRU
8QGELQVRNOXJDOVZLH]XYRU

"-RKDQQ :ROI1JDQJ YBRXVR HW K H

7KH ZRUN SUHVHQWHG KHUH XQDEDVKHGO\ ERUURZHG WRROV P|
UDQJHRIILHOGV

'HVWDUWHRBPZAOXNWKDWLRQDD@MGE QIXRVAHEWKH SRVVLELOLW\RI XV
IXO SDUVLQJ WHFKQLTXH WR H[DPLQH WKH RSWLPDOLW\ RI YDULI
JXDJH VA\VWHP &KDSWHU $QLQLWLDODSSOLFDWLRQ RI WKH WK
ZLWK D UHVWULFWHG WUDLQLQJ VHW \LHOGHG VRPHZKDW GLVDS
JUHDW VHQVLWLYLW\WRFHUWDLQIUHH SDUDPHWHUV L H IHDWX
ZLOOEHUHTXLUHG WR GHWHUPLQH VHQVLEOH YDOXHV IRU WKHV
WKHQHFHVVLW\RIODUJHUWUDLQLQJFRUSRUDIRUIXWXUHUHVH
SURPLVLQIJLQWKHLUKXPDQ OLNHSHUIRUPDQFHFKDUDFWHULVW
PD\\HWKDYHPRUHLQVLIJKWV WRRIITHUDQG WKDW WKHHIIRUW UH"
SRUDPD\EHZRUWKWKHLQYHVWPHQW

8VLQJWKHWRRIDWROOJHEUD DQBHJSHDRYLGBIG\D MLPSOH \HW ULJR
PDOLVP IRU L GNDRKIRRIPQ DXABRVDEWLYH SWYWYEKIRDRBURPLQHQFH

DQGGLVWLQFWQHVYV &KDSWHU "HFRQQHFWHG WKHVHPHDVXU
YLGHGD TXDQWLWDWLYHDFFRXQWRIWKHLQIOXHQFHRISURPLQ
ZH GHPRQVWUDWHG WKH FRPSDWLELOLW\RI WKLV PDWKHPDWLFL
DWWUDFWRU EDVLQVDVDIXQGDPHQWDO SURFHVVLQJPHFKDQLYV

7TKHGHYHORSPHQW RI WKLV PDWKHPDWLFDO PRGHO XQIRUWXQDV
SDUDPHWHUV EXW VXJJHVWHG D ZIDAH WRHNWV\WR AMRIGHMWEGIVDRE CBH/ L Q J
WRHVWLPDWHSDUDPHWHUVHYHQDWWKHVLQJOH VXEMHFWOHY !
EDFNLQWR WKHPRGHOV IURP &KDSWHU VKRZHG WKH SUHYLRXYV |
EDVHGRQIDYRUDEO\FKRVHQ SDUDPHWHU YDOXHYV

BUHYLRXV DWWHPSWV WR DQDO\]H ((* GDWD IURP QDWXUDOLVWL
LOQWHUDFWLRQ RIKLIKWHPSRUDO VHQVLWLYLW\RI((*DQG WKH O
RGV ,QVSLUHG E\RXUVXFFHVVLQ &KDSWHU ZHGHPRQVWUDWH
LQDULFK QDWXUD O LK/IWALUFDFRFE W HD K DS BGHNV 7KLYV DSSURDFK
JHVWHG WKDW WKH XVXDO LQWXLWLRQDERXW (53 FRPSRQHQWYV E



&RQFOXVLRQ

ORUHRYHU H[DPLQLQIJWKHFRPSOH[LQWHUDFWLRQVRISURPLQH
SKDVL]HG WKHLPSRUWDQFHRIDJUDGHG KROLVWLFSHUVSHFWL"
DFDWHJRULDO SDUDPHWULFYLHZ

)LQDOO\ WKLV ODVW DWWHPSW LQVSLUHG D QHXURFRPSXWDWL|
QHQWYV EDVHG RQ WZR IXQGDPHQWDO PHFKDQLVPV PRGHO XSGD
WKDW PRUH FRPSOLFDWHG SURFHVVHV VXFK DV SUHGLFWLRQ DQ
VLF SURSHUWLHV RIWKHVHWZR IXQGDPHQWDO PHFKDQLVPV $WYV
KHXULVWLF ILWFOHDQO\ZLWKLQ WKLV IUDPHZRUN

7RIJHWKHU WKHVH DSSURDFKHV SUHVHQW D PDQ\ IDFHWHG H[SO
WKHDFWRUKHXULVWLFDQGLWY QHXURFRJQLWLYHLPSOHPHQWLE
KHUH ZHUH UHYROXWLRQDU\ EXW HDFK PRGHO UHYHDOHG QHZ L
LQ LWV IDLOXUHV 7KH FRPSOH[LW\RIODQJXDJH IDU H[FHHGV DO
PRGHOV FDQ GHHSHQ RXU XQGHUVWDQGLQJ DQG WKH PRUH VSHF
TXDQWLWDWLYH LWLV RUWKHPRUHIXOO\FRPSXWDWLRQDOO\ LI
&RPELQLQJVLPSOHPRGHOV IURP PXOWLSOH DSSURDFKHV DOOR:
IDVWHU

$WWKHEHILQQLQJRIWKLVY GLVVHUWDWLRQ ZHVXJIJHVWHG WKD
WR WKH IXWXUH /RRNLQJEDFN ZH ZHUH QRW DOZD\V H[SOLFLWO
SURYLGHG IRUFRPSXWDWLRQDOO\VXSSRUWHG PHWKRGV DQG PR
WLRQ IRUIXWXUHTXDQWLWDWLYHZRUN ZLWKHDFKLPSOHPHQWI
DQG XQGHUVSHFLILFDWLRQV 7KHWUDQVLWLRQIURP TXDOLWDW
ZLOO WDNHWLPH ,QPDQ\ZD\V ZHGR QRW\HW NQRZ ZKDW "TXDQV
XODU SUREOHP GRPDLQ %XWZHZLOO QHYHUNQRZLIZHGR QRW YV
ZHOO WKHQZH MXVWKDYHRQHPRUHGDWD SRLOQWWRZRUN ZLWK



aZdag _jYh g

$0GD\ 3 0 "5HIJXODULVLHUXQJVWHQGHQ]HQ LQ GHU OR
6SUDFKHQuU 0$ WKHVLV 3KLOLSSV 8QLYHUVLWIW ODUEXUJ

$0GD\ 3 0 $ 1DJHOSFMMRDOGHQWLILFDWLRQLQ1IDWXUDOBWRUL
LQWKHI1IHXUDO %DVHV RIBFOMNRIUHNEGQWHG YHWDWKHHMXURELROF
&RQIHUHQFH $QQDSROLYV

$OGD\ 3 0 - 6DVVHQKDJHQ DQG, %R UDHHVIVG 6L 6 8 B WHEK\UHHANRI\, C
PHQWDO 7H[W 3URFHVVLQJ&RUUHODWH ZLV8R VRAUHU(® WHN-BQ W B
DWWKH6RFLHW\IRUIHXURELRORJ\RI/DQJXDJH &RQIHUHQFH $

2 E7UDFNLQJ WKH (PHUJHQFH RIOHDQLQJLQ WKH %UDLQ GXUL
3RVWHU SUHVHQWHG DW WKH ,QWHUQDWLRQDO &RQIHUHQFHRQ
EDQH

$OGD\ 3 0 0 6FKOHVHZVN\ DQG, %RUQRENVED Ib&RO 8XWDWLR
ORGHORI$FWRU EDVHG /D QRXYDHERPISUHBEWE GLIROWKH 1HXURE
JXDJH &RQIHUHQFH 6DQ 6HEDVWLDQ

2 "7JRZDUGV D &RPSXWDWLRQDO ORGHO RI $FWRU EDVHG /DC
1IHXURLQIRUP®SLFY '2, v [

2 LQ SUHVV “'LVFRYHULQJ3URPLQHQFHDQG LWV 5ROH LQ /DQJ>
'LIIHUHQFHV $SBIURNXENWLE'2DQJIXDUGLQJIYDQ

2 VXEPLWWHG ~(OHFWURSK\VLRORJ\5HYHDOVWKHI1HXUDO'\QD
JXDJH3URFHVVLQJ (YHQW 5HODWHG 3BRWHQWLD®RXIHIDEFW &R
RI1THXURVFLHQFH

%DD\HQ 5 + ' - 'DYLGVRQ DQG' 0 %DWHYV "OL[HG HIIHFW)
5DQGRP (IIHEFWV IRU 6 X EMHEXM\ND®®R,VOHP R W\, MRS /DO I XD JIH

%DUU ' - "$QDO\]LQJ J9LVXDO :RUOG:- (\HWUDFNLQJ 'DWD X
JUHVVLRAXUQDO RIOHPRU\DQ&SIDQ3IXDJIH, M MPO

2 "5DQGRP (IITHFWV 6WUXFWXUH IRU 7HVWLQJ ,QWHUDFWLRQ
HOVWURQWLHUV LQ 3VAEKRORJ\ISV\J

%DUU ' - HWDO "5DQGRP (IITHFWV H6WUXFWXUHIRU &RQILUPI
 WOD[LPDQRXUQDORIOHPRU\D®% /D& JXD2,H M MPO

%DVWHQ 8 HW DO "+RZWKH %UDLQ ,QWHJUDWHY &RVWYV DG
LQJ WBQYRFHHGLQJV RIWKH IDWLRQD®$FDGHP\RIBFLHQFHYV
%DWHVY ( DQG % ODF:KLQQH\ "&URVV OLQJXLVWLF5HVHDUF
/IDQIJXDJH 3URFBVREGHGLQJIJVRIWKH:RUOG &RQIHUHQFHRQ %DV
6DQ 6HEDVWLDQ %DVTXHS5HJLRQDO *RYHUQPHQW



%LEOLRJUDSK\

%DWHV ( 6 OF1HZ HW DO ")XQFWLRQDO &RQVWUDLQWYV R
OLQJXLVWLFE&RNURQEWSB® 2

%RUQNHVVHO "7KH $UJXPHQW 'HSHQGHQF\0ORGHO $ 1HXU
FUHPHQWDO ,QWHUSUHWDWLRQuU 3K'WKHVLV 8QLYHUVLW\RI 3
%RUQNHVVHO , DQG O 6FKOHVHZVN\ “"7KH ([WHQGHG $UJXP
1HXURFRJQLWLYH $SSURDFK WR 6HQWHQFH &RPBBEKROAVYLRQ $F
FDOSHYLHES 2

%RUQNHVVHO , 0 6FKOHVHZVN\ DQGS$ ' JULHGHULFL “*UT
(YLGHQFHIURP 2QOLQH3URFHVVLQJ&R)QHWMEOMERUG 2UGHUN
%RUQNHVVHO 6FKOHVHZVN\ , ) .UHW]VFKPDU HW DO “7K

O9DULDWLRQLQ (OHFWURSK\VLRORJLFDO $FWLYHBWDGRWIQXE 6HQ\
/IDQJXDJH )LUVW 1HXURELRORJ\RI/DQJXDJH &RQIHUHQFH 1/&
IDQJXDJH &RQIHUHQFH SS 2 ‘2, M EDQGO
%RUQNHVVHO 6FKOHVHZVN\ , DQG 0O 6FKOHVHZVN\ "7TKH 5F
WLRQLQWKHS5HDO 7LPH &RPSUHKHQVLRQRI7UDQVLWLYH &RQV
SURDFKDPDQOXDJIJHDQG/LQJIJXLVWSLFY &RPSDVV M [

[

2 "5SHFRQFLOLQJ 7LPH 6SDFH DQG )XQFWLRQ $ 1HZ 'RUVDO
BHQWHQFH &RPSUHNKHQI\QLBRQG /INBIXDPH '2, M EDQGO
2 " RPSHWLWLRQ LQ $UJXPHQW ,QWHUSUHWDWLRQ (YLGH(

/IDQJXDJH&RPGHWLQJ ORWLYDWLRQV (& EY DIF PODF IXQ® @M D JH
ODOFKXNRY DQG( ORUDYFVLN 2[IRUG 2[IRUG 8QLYHUVLW\3UH
2 LQ SUHVV “7KH $UJXPHQW 'HSHXWHRELRORIMN @Q /FEQ I XD JH
+LFNRNDQG6 6PDOO $FDGHPLF3UHVV &KDS ‘2, %
%RUQNHVVHO 6FKOHVHZVN\ , 0 6FKOHVHZVN\ HWDO LQ SUHV
JXDJHLQ 3ULPDWH $XGLWLRQ &RPPRQ &RPHQYBND ML &R.DIL SVLR/SH
HQFV M WLFV

%RUQNHVVHO 6FKOHVHZVN\ , DQGO 6FKOHVHZVN\ "$Q $0W
PDQWLF3 p(IIHFWVLQ/DQJXDJHUERPSHHKHDWVER RHY LQHZV

‘2, M EUDLQUHVUHY

%URXZHU + + )LW] DQG - +RHNYV “*HWWLQJ 5HDO DERXW €
LQJWKH)XQFWLRQDO5ROHRIWKH 3 L Q%@IQDSIHHVEHFOPUSAKH K H Q
SsS 2

&RPULH % "$OLJQPHQW RI &DVH 0D UN Z®& 8 RR W)OGE0$ MWRXMV3K IU
/IDQJXDJH 6WUXFMEXEBHY ZQOL\®IMW DQG 0 +DVSHOPDWK OXQLFK
'LJLWDO /LEUDU\

&RXOVRQ 6 - : .LQJ DQGO .XWDV D "(53VDQG'RPDLQ6SHF
+RUVHIDQUXDJHDQG &RJIJQLWSESH 3BRFHVVHV

2 E "([SHFWWKH8QH[SHFWHG (YHQW UHODWHG %UDLQ 5HVS
ODWLROVQJX®JIJHDQG &RIQLWESH 3URFHVVHYV



%LEOLRJUDSK\

&UHSDOGL ' HWDO "$ 30DFHIRU1RXQVDQGD30DFH IRU 9H
URFRJQLWLYH 'DWD RQ *UDPPDWUPDRQ BFQOG VY QUSKEFIWY i, Q

‘2, M EDQGO

&XPPLQJ * 8QGHUVWDQGLQJ7KH1HZ6WDWLVWLFV (IIHFW6L]JHV
$QDOOKOWLYDULDWH $SSOLFDWLRQV 6HULHV 7D\ORUDQG )UDC
2 "7KH 1HZ 6WDWLVWLFV 3 K\WK@G R RIZRID OOGBL HQ F M2,

'DZVRQ 0 8QGHUVWDQGLQJ &ROQEWINEGRBXEQENKLQJ
'HFR * ( 7 5ROOV / $OEDQWDNLV HW DO "% UDLQ OHF
DQG 5HZDUG UHODWHG 'HRIWRLRMHPDNIQQIHXURELRQRJ\

M SQHXURELR

'HFR * ( 7 5ROOV DQGS5 5RPR "6WRFKDVWLF \QDPLFV DV
WLRQAURJUHVV LQ 1HXSBE 2RO RJ\ M SQHXURELR
'"H:LWW , DQG - 3 5DXVFKHFNHU "3KRQHPH DQG :RUG 5HFR
9HQWUDO 6 WALHRFMHGQQJV RI WKH 1DWLRQDOQ $FODGHR\RI 6FLHQ]
SQDV
'RQFKLQ ( "X US ULV H3& 6KIRSSM \WH REOIDI\ 2 ‘2,
M W E [
'RQFKLQ ( DQG O * + &ROHV "V WKH 3 &RPSRQHQW D 0

WH[W 8SGDWHE KUY LRUDO DQG EUDAS) VFLHQFHYV
6 ;
'RZW\ "7TKHPDWLF3URWR 5ROHYV DDRIXDIMHEYW 6HOHFWLR

'UJJH $ 0 6FKOHVHZVN\ DQG, YRUQEHSVHDESCFKQOQHVHEZY R /H[LF
VRFLDWLRQDQG 30D XRVBMHIU 3W RQHAKWHHIG DW WKH $UFKLWHFEFW X
IRU/DQJXDJH3URFHVVLQJ $0/D3 &RQIHUHQFH 5LYD GHO *DUGTI

JHGHUPHLHU . ' HWDO "%UDLQ5HVSRQVHVWR1IRXQV 9HUE
LQ &RQWHAWRL® SS 2 ‘2, EUDLQ

JLGOHU ) HW DO "6WDWLVWLFDO5HIRUP LQOKHGLRRLQYH 3V\F
QDO RIBGRFLR (BBQRPLFV2, M VRFHF

JUDQN 6 / HW DO “7KH (53 5HVSRQVH WR WKH $PRXQW RI ,
"RUGVLQBHQWHQFHYPQGQ /DSSXDJIH'2, M EDQGO

JUHQ]HO 6 0 6FKOHVHZVN\ DQG, %RUQNHVVHO 6FKOHVHZVN\
JH[LFDOL]HG 3RWHQF\WR $FW DQG , G H Q WLRIQFVDIWHLLRVQL Rl 3WK I KSFE@V

'2, ISV\J
JULHGHULFL $ "7RZDUGV D 1HXUDO %DVLV RIBKGEWRU\ 6 H
LQ &RIJQLWLYHSSLHQFHY, 6
2 "7KH %UDLQ %DVLV RI/DQJXDJH 3URFHVVLQIKIVURR 6 WUXF\
ORJLFDO 5HWSISHZV 2 ‘2, SK\WUHY
JULVFK 6 DQGO 6FKOHVHZVN\ "7KH1 5HIOHFWV 3UREOHP
LQJu LIQXURSHSRB W 2
JULVWRQ . "$ 7TKHRU\RI &R WBWLPROBHENBRMYAVRPQWDFWLRQ'

6RFLHW\ % %LRORJLFBGG6FLHQFRAYV UVWE



%LEOLRJUDSK\

JULVWRQ . "7KH )UHH HQHUJ\ BULQFLSOH DUFRXGX ERLGH W
&RIQLWLYHG6FRSHQFHV '2, M WLFV

JULVWRQ . DQG6 .LHEHO "BUHGLFWLYH&RGL@KXQBHUWKH
VRSKLFDO 7TUDQVDFWLRQV RI WKH5R\DO 6RFLHWA % 9%, RORJLFL

UVWE

*DUULGR 0 , HWDO "TKHOLVPDWFK1HJDWLYLW\ $5HYLHZ |
,Q&OLQLFDO 1HXURSKSVLRORJV?, M FOLQSK

*HOPDQ $ DQG ( /RNHQ "7TKH *DUGHQ RI )RUNLQJ 3DWKV :K\

&DQ %H D 3UREOHP (YHQ :KHQ 7KHUH LV 1R ")LVKLQJ ([SHGLWLR
5HVHDUFK +\SRWKHVLV ZDV 3RVLWHG $KHDG RI 7LPHp ,Q

*LEVRQ ( "/LQIXLVWLF FRPSOH[LW\ /RFDO&RWJI®RLWLRWQDFW |
sSs 2 '2, 6
2 "7KH'HSHQGHQF\/RFDOLW\7KHRU\ $'LVWDQFH EDVHG 7KF

LW\p,P@JH /DQJIXD(GH RAYDAIQDVKLWD $ ODUDQW] DQG: 2-1HLC
0$ 0,73UHVV SS 2
*LUDXG $ / DQG' 3RHSSHO " RUWLFDO 2VFLOODWLRQV DQ
&RPSXWDWLRQDO 3ULQFLSAMWXQE 28 MU BWBBRWRH, Q2

QQ
+DXSW ) 6 HWDO "7KH 6WDWXV RI 6XEMHFW22EMHFW 5HD Q|
KHQVLRQ $UFKLVRKEM®OHRI 0BPRU\ DRSS /PQJI XD JH M MPO

+HHNHUHQ + HWDO "$*HQHUDO OHFKDQLVP IRU3HUFHSWXI
PDQ %UDU@WXWYH SS 2 ‘2, QDWXUH

+RQQLEDO 0 < *ROGEHUJ DQGO -RKQVRQ “"$1RQ ORQRWR
6\WWHP IRU'HSHQGHQBURFHWICLQUV®RI WKHE6HYHQWHHQWK &RQ
WLRQDO 1DWXUDO /DVOMKPLUBWHBQQRQEZRPSXWDWLRQDO /LQJXL\
+RZHV $ 5 / /HZLV DQGS$ 9HUD "5DWLRQDO $GDSWDWLRQ
&RQVWUDLQWY ,PSOLFDWLRQV IRU 7HVWLQJFKHFRBDHRV RABRJQ
5HYLHZ SS 2 ‘2, D

-DHJHU 7 ) "&DWHJRULFDO 'DWD $QDO\VLV $ZD\IURP $129$%
DQG 7RZDUGV /RJLW OL[HRXURGBMVYIPHPMRU\ DQS$DQPXDJIH

‘2, M MPO

-RQLGHV - HWDO "7TKHOLQG DQG %UDSQERNBRBHWLHIVP OH |
SsS 2 '2, DQQXUHY SV\FK

.HPSH 9 DQG % ODF:KLQQH\ "3URFHVVLQJRIORUSKRORJLF!
5XVVLDQ DQG *HDO@DQRIHD QG &RIQLWEEH 3BRFHVVHYV

.OLHJO 5 0 ( - ODVVRQ DQG ( 0 5LFKWHU “$ /LQHDU O]
RI ODVNHG 5HSHWLWLBQVXWDICPRAJIQ LSBL R Q2 ‘2,

.OLHJO 5 3 :HL HWDO “(ISHULPHQWDO (IITHFWV DQG ,QGL

OL[HGORGHOV (VWLPDWLQJWKHS5HODWLRQVKLSEHWZHHQ 6SDYV
LQ 9LVXDO $WWHRGWRBYUV,QQ 3VAEKRORJI\ISV\J



%LEOLRJUDSK\

.QRHIHUOH 3 7 3 S8UEDFK DQGO0O .XWDV ""LITHUHQW OHFKTE
YHUVXV 9HUE?DFWLRQ &RQJUXHQFH (IITHFWV (YLGHQFHIURP (53
WLRQ@fFW)D 3V\FKRGRBJILFD ‘2, M DFWSV\

.RN $ "2Q WKH 8WLOLW\RI 3 $PSOLWXGH DV D OHDVXUH RI
BVIFKRSK\VLRIIERJ\ 2 ‘2, 6

.UHW]VFKPDU ) "7TKH (OHFWURSK\VLRORJLFDO 5HDOLW\ RI

9DOLGLW\RI/DQJXDJH UHODWHG (53VLQ 1IDWXUDO 5HDGLQJu <
ODUEXUJ

.UHW]VFKPDU ) , %RUQNHVVHO 6FKOHVHZVN\ DQGO 6FKOHVH:
JRYHDO1 V'LVVRFLDWHG6SUHDGLQJ $FWUHXWRERBSBRW&RQWH
SS 2 ‘2, 15 E H F o

. XWDV 0 DQG. ' )HGHUPHLHU "7KLUW\ <HDUV DQG &RXQW L
1 &RPSRQHQWRIWKH (YHQW 5HODWH® ®2XDQG 3 R MWHOQRN BY OF K 5
RJ\  SS 2 ‘2, DQQXUHY SV\FK

. XWDV 0 DQG6 $ +LOO\DUG "5HDGLQJ 6HQVHOHVYV 6HQWHC
BHPDQWLF ,QFROBUNQWNu 35 2

. XWDV 0 * OF&DUWK\ DQG ( 'RQFKLQ "$XIJPHQWLQJOHQWD(

DVDOHDVXUHRIGB6WLPXOXV GBWFRLORPFWLRIB7LPHU ,Q

IDNDWRV ,7KH OHWKRGRORJ\ RI 6FLHQW IS DP BEH VG DH B | 13YUHRU U DW
SUHVYV

IDNDWRV , DQG $ OXYUUWYHLVPDQG WKH *RRPWKIRAIQRBRQOHIGUH
VLW\3UHVV

IDX () & 3KLOOLSV DQG ' 3RHSSHO "$ &RUWLFDO 1t
'H FRQVWUXFWLQJ WBEWXWWHPSHQYLHZY 1HX3RVFEPHQFR,
QUQ
/IHZLY 5 |/ DQG 6 9DVLVKWK "$Q $FWLYDWLRQ %DVHG OR(
LQJ DV 6NLOOHG OHPRWPBHWWIHWYD&ERH. HQFH '2,
\% FRJ B
/IHZzLV 5 / 6 9DVLVKWK DQG- $ 9DQ '\NH "&RPSXWDWLRQ

OHPRU\LQ 6HQWHQFH &RPEBUUHKXGFHWQVQRBUIQIQNLEH 6FPHQFHV
‘2, M WLFV

IRW]H 1 HWDO "OHDQLQJIXO 3K\VLFDO &KDQJHV OHGLDWH /
7RS 'RZQDQG)RUP EDVHG %RWWRP 8S,QIRUPDWLRIBRXUFHV |
URSV\FKRGRBJLD 2 ‘2, M QHXURSV\FKRORJLD

IXFN 6 - DQG( . 9RJHO "9LVXDO :RUNLQJOHPRU\&DSDFLW\
1HXURELRORJ\WR ,QGLYLGXBQ QVIHYRFGIMMISYEH 6 FALHQFHV
‘2, M WLFV

ODF:KLQQH\ % DQG ( % DMK\ WHRBWV OLQJIXLVWLF 6WXRBGPRI 6HQWHC
EULGJH 8QLYHUVLW\3UHVV

ODF:KLQQH\ % ( %DWHV DQG5 .OLHJO "&XH9DOLGLW\DQC
(QJOLVK *HUPDQ DQRXWODQRQUHUWEDO /HDUQLQIHBQG IHUEDO %



%LEOLRJUDSK\

ODKDODQRELV 3 & "2Q WKH *HQHU D O I3WHRG HN/OMQ VHRIL @/ B W
IDWLRQDO ,QVWLWXWH®RS6FLHQFHV RI,QGLD
ODUU ' DQG 7 3RJJLR "JURP 8QGHUVWDQGLQJ&RPSXWDWLR
&LUFX LW \OH PRV
OF(OUHH % "$FFHVVLQJ BKIFBQW KRIORWAVRI /DUQLQJI DQG 0
(G E\% + 5RVV 9RO 6DQ 'LHJR $FDGHPLF3UHVYV
OH\HU : 6 HWDO "6DQV NUWKIHW PISWMHUD @ XMW WHHU RI ,QGLD
1ILYUH - "3DUVLQJ,QGLDQ /DQJXDUIRKNHH GNKQID/VARW VKBV, B Dt |
7RROV &RQWHVW ,QGLDQ/DQIXDJIH HSHQGHQF\3DUVLQJ
2 ""HSHQGHQF)\ 3DDYLRDJH QQG /LQIXLVSE.FVRZRPMDVV

M ; [
1ILYUH - HWDO "ODOW3DUVHU $/DQJXDJH ,QGHSHQGHQW €
GHQF\3DUVLDWXUQO /DQJIJXDJH (RSLQHHULQJ
2.&8RQQHOO 5 * 3 0 'RFNUHH DQG6 3 .HOO\ "$6XSUDPRGD!
6LJQDO WKDW '"HWHUPLQHV 3HUFHSWXDWXHHALVHLRQRVIFQ HRP B Q\
SS 2 ‘2, QQ

3KLOLSS 0 HWDO "7KH5ROHRI$QLPDF\LQ WKH5HDO 7LPH &
&KLQHVH (YLGHQFHIURP $XGLWRU\ (Y H Q % WbHLODIHGS/® Q DX RJIFR
Ss 2 ‘2, M EDQGO

3RSSHU . /RJLN GHU ) OWRKAEKLGEH F N
3ULPXV % &DVHV DQG 7KHPBWQFHB® QLKLY P H\H U
5DXVFKHFNHU - 3 DQG6 . 6FRWW "0DSVDQG 6WUHDPV LQ V
PDQ3ULPDWHY ,00XPLQDWH +X P DI® 8\SHHF KHBYURESSMVH @A |, Q
‘2, QQ
5RHKP ' HWDO "JUDFWLRQDWLQJ/DQJXDJH&RPSUHKHQVLF
WLFV RI WKH +XPDHX(UR5 HS RIBWN 2
6DVVHQKDJHQ - "(YRNHG 3BRWHQWLDOV GXULQJ/DQJXDJH 3
FDO 3KHQRPHQDpH 3K'WKHVLV 3KLOLSSV 8QLYHUVLWIW ODUEXL
6DVVHQKDJHQ - 0 6FKOHVHZVN\ DQG, %RUQNHVVHO 6FKOHVH
SRWKHVLV5HYLVLWHG 6LQJOH WULDO $QDO\WVHV5HYHDO WKDW
JXLVWLFDOO\'HYLDQW ODWHULD O %W BDHRQLR/Q BEXB $BOLIQHG
‘2, M EDQGO
BFKXPDFKHU 3 % "7KH+HSDWLWLV &DOOHG « (OHFWURSK\VI
&RPSRVLW[[BOULPHQWDO 3UDJP®VELFVOEHEDRWWUPWYG 0 6WHLQI
-RKQ %HQMDPLQV SS 2
BHLGHQEHUJ 0 6 DQGO ) -RDQLVVH 7 U BIQRSZ/ \QVE IRKH @ R\G HDH! ¢
HQFHVSS 2 ‘2, 6
6KDSLUR . DQG$ &DUDPD]]D "7KH5HSUHVHQWDWLRQ RI *UL
%UDLQUWH®GY LQ &RIQLWIYH 6FLHQ@FEHV 6

6LPPRQV - 3 / ' 1HOVRQ DQGS8 6LPRQVRKQ ")DOVH 3RVL
FORVHG )OH[LELOLW\LQ 'DWD & ROOHFWLRQ DQG $QDO\VLV $00
FDQWRVMEKRORJLFDO 6BLHQFH '2,



%LEOLRJUDSK\

7XQH 6 HWDO "&URVV OLQJXLVWLF 9DULDWLRQLQ WKH 1H
PDQWLF 3URFHVVLQJ (YLGHQFH IURP $QRPDOLHVIIHWM WKH %R U
URSV\FKRGRBJLD? ‘2, M QHXURSV\FKRORJLD

7\OHU / . HWDO "1IHXUDO SURFHVVLQJRIQRXQVDQG YHUE
SKRORIJYWHXQ@RSV\FKRORILD ‘2, M QHXURSV\FKRORJLD

9DQ 3HWWHQ & DQG % - /XND "3UHGLFWLRQ GXULQJ/DQJXE
&RVWYV DQG (53 &R P, R\QHQMWIL R@DO -RXUQDOSMI 3VEFKRSK\VLR
‘2, M LMSV\FKR
9DQ 9DOLQ 5 ([SORULQJWKH 6\QWD[ BPPQMWALAY XDPIEULIGH 8Q
YHUVLW\3UHVV
9LJOLRFFR * HW DO "1IRXQV DQG 9HUEV LQ WKH %UDLQ $5H
SK\WLRORJLFDO 1HXURSV\FKRORJUADAQURYGELPRFHIDIG®/%GR B MK
S5HYLHZVSS 2 "2, M QHXELRUHY
9RJHO ( . DQGO * ODFKL]DZD “IHXUDO $FWLYLW\3UHGLFW
9LVXDO :RUNLQJOHPRUABWSDFISV\p 2,Q
‘DJHQPDNHUV ( - HWDO "$Q $JHQGD IRU 3XBHIOY RO ILUPD
WLYHV RQ 3V\FKRORSISFD® 6 FLHQFH
'HFNHUO\ - DQG 0 .XWDV "$Q (OHFWURSK\VLRORJLFDO $Q°EC
WKH 3URFHVVLQJRI2EMHFW 3MOIKWRSKMBLERIDRED FH2Y , Q
6
‘KLWQH\ & HW DO "1IHXUDO &RUUHODWHV RI 1DUUDWLYH 6K
SUHKHQVURIXURQPDSIH 2
'LQNOHU , 6 +DXIH DQGO 7DQJHUPDQQ "$XWRPDWLF &ODV
&RPSRQHQWV IRU $UWLIDFW 5HPRYKDYILE YD 6 ID@® BYDPLQ )XQFW
'ROSHUW ' 0 "& RPSXWDWLRQDO $SSURDHF®E V MREORNDR W & R

6FLHQFHI\G 2 '2, 6 :



9& KJ]d][II\D]YNn]%Gf]%Gml J]lkmdIk #
Y Fgf%J]hda[YZd] >]YImj] Eg\]d



$ 1RQ 5HSOLFDEOH/225HVXOWYV
9&)& 9eZa_mgmk

9&)&)& Hjgeaf]f[]DYZ]dk

9[lan] N]jZk

GZb][I%=ph]jalf[]j N]jZk



$ 1RQ 5HSOLFDEOH/225HVXOWYV

9&)&*& ?jYeeYla[Yd%J]dYlagf DYZ]dk

9[lan] N]jZk

GZb][I%=ph]jalf[]j N]jZk



$ 1RQ 5HSOLFDEOH/225HVXOWYV

9&*& MfYeZa_ mgmk

9&*&)& Hjgeaf]f[] DYZ]dk

9[lan] N]jZk

GZb][I%=ph]jalf[]j N]jZk



$ 1RQ 5HSOLFDEOH/225HVXOWYV
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+LHUPLW YHUVLFKHUHLFK GDVVLFKGLHYRUJHOHJWH 'LVVHUWD

AXDQWLW\DQG 4XDOLW\ 1RWD=HUR 6XP *DPH $FRPSXWDWLR
HIDPLQDWLRQRIKXPDQ ODQJXDJH SURFHVVLQJ

VHOEVW XQG RKQH IUHPGH +LOIH YHUIDVVW NHLQHDQGHUHDOV
+LOIVPLWWHO EHQXW]W HLQVFKOLH%OLFK GHV :RUOG :LGH :HE >
XQG 'DWHQVDPPOXQJHQ DOOH YROOVWIQGLJRGHU VLQQJIHPI%
JHNHQQ]JHLFKQHW VRZLHGLH 'LVVHUWDWLRQLQ GHUYRUOLHJHQ
NHLQHU DQGHUHQ LQ RGHU DXVOIQGLVFKHQ +RFKVFKXOH DQOI\
RGHU]XDQGHUHQ 3U*IXQJV]ZHFNHQ HLQJHUHLFKW KDEH

ODUEXGHQ )HEUXDU
2UW 'DWXP SQWHUVFKULIW



KmeeYjq af =f _dak"

4AXDQWLILFDWLRQRIH[LVWLQIJWKHRULHVLVDJUHDW FKDOOHQJI
RIODQJXDJHLQ WKHEUDLQ :KLOHTXDQWLILFDWLRQ LV QHFHVVI
WKHRULHVY LW GHPDQGV QHZ PHWKRGVDQG QHZ SHUVSHFWLYHYV
WDU\ PHWKRGV ZHUHLQWURGXFHG WR SURYLGHD TXDQWLWDWLY
HIWHQGHG $UJXPHQW '"HSHQGHQF\ORGHO IURP %RUQNHVVHO 6FK

JLUVW DFRPSXWDWLRQDOPRGHORIKXPDQODQJXDJHFRPSUHKH ¢
RIGHSHQGHQF\SDUVLQJ 7KLVPRGHO SURYLGHGDQLQLWLDO FR
QLVPVIRUKXPDQODQJXDJHSURFHVVLQJ WKHWUDGLWLRQDO "VX
LFDO UHODWLRQVY DQG WKH DFWRUu VWUDWHJ\EDVHG RQ SURPI
, QLWLDO UHVXOWY VKRZHG DQ DGYDQWDJH IRUWKHWUDGLWLRQ
WH[W KRZHYHU WKH DFWRUuPPRGHO GHPRQVWUDWHG EHKDYLRL
WR KXPDQ EHKDYLRUWKDQ WKDW RIWKH VXEMHFWuPRGHO

1H[W DFRPSXWDWLRQDO TXDQWLWDWLYHLPSOHPHQWDWLRQ RI
WXUHFRPSDULVRQEHWZHHQPHPRU\XQLWVZDV XVHGWRFRPSDU
HOVIURP WKH OLWHUDWXUH RQ WKHEDVLV RI ((*GDWD 7KH "DFW
EHVWPRGHO VKRZLQJD EHWWHUJOREDOILWDV ZHOODV EHWWH

%XLOGLQJ XSRQ WKHVXFFHVV PRGHOLQJ ((*GDWD WKHIHDVLELC
IURP HPSLULFDO GDWD ZDV GHPRQVWUDWHG %RWK WKH SURFHG
VRIWZDUH ZHUH LQWURGXFHG DQGDSSOLHG DW WKHOHYHO RILQ
FDOO\HVWLPDWHG SDUDPHWHUV WKHPRGHOVIURP WKH SUHYLR
DIDLQDQG\LHOGHG VLPLODU UHVXOWY WKXVUHLQIRUFLQJWKH

,QDILQDO H[SHULPHQW WKHIHDVLELOLW\RIDQDO\]LQJ ((* GDWD
XOXV ZDV GHPRQVWUDWHG ZKLFK FRQYHQWLRQDO ZLVGRP VD\V
JHVWHG D QHZ SHUVSHFWLYHRQ WKH QDWXUH RI HYHQW UHODW
FRQWUDGLFW H[LVWLQJWKHRU\\HW QRQHWKHOHVV JRHV DJDLQ\
SHUVSHFWLYHDVDEDVLV DSUHOLPLQDU\DWWHPSWDW D SDUVL
RIFRJQLWLYH (53 FRPSRQHQWY ZDV GHYHORSHG



RmkYeel]fAYkkmf_ af\]mlk[ ]j
KhjY[ ]

'LH4XDQWLILILHUXQJ VWHOOW |I*UGLH 7KHRULHELOGXQJLQ GHU
IRUGHUXQJXQGHLQHJUR%H&KDQFHGDU '"HQQGLH4XDQWLIL]JLH!
YRQ SUIILVHQ 7TKHRULHQ MHGRFK YHUODQJW VLH QHXH OHWKRGH
=ZHFN ZXUGHQ YLHU NRPSOHPHQWIUH 9HUVXFKH LP 5DKPHQ GHV
GHQF\ORGHO YRQ %RUQNHVVHO 6FKOHVHZVN\XQGG6FKOHVHZVN\

,P HUHLFK GHU NRJQLWLYHQ ORGHOOLHUXQJ ZXUGH HLQ FRPS
VFKOLFKHQ 6SUDFKYHUVWHKHQV DQKDQG HLQHV "HSHQGHQF\ 3
HOOLHUXQJ GLHQW GHP 9HUJOHLFK GHU 2SWLPDOLWIW GHU /|
6SUDFKYHUDUEHLWXQJVPRGHOOV 6XEMHNW 6WUDWHJIJLH XQG
(UJHEQLVVH JHLIWHQ JHZLVVH 9RUWHLOH I*U KHUN|PPOLFKH ORC
8PJHEXQJ 'HQQRFK ]JHLJWH VLFK GDV ORGHOO I*U GLH $FWRU 6W
GHPOHQVFKHQIKQOLFKHU DOV GDVORGHOO I*UGLHG6XEMHNW 6W

P %HUHLFK GHU (OHNWURSK\VLRORJLH ZXUGH DQKDQG YRQ ((*
TXDQWLWDWLYH ,PSOHPHQWLHUXQJ GHU $FWRU 6WUDWHJILH DO
]ZLVFKHQ *HGIFKWQLVHLQKHLWHQ PLWDQGHUHQ JHGIFKWQLVED
YHUJOLFKHQ 'LH $FWRU 6WUDWHJILH HUZLHV VLFK DOV GLH HL(
EHVVHUHQ $QSDVVXQJVRZRKOLQ GHU JOREDOHQ )RUP DOV DXFK

$XIEDXHQG DXI GHP HUIROJUHLFKHQ ORGHOOLHUXQJVYHUVXFK P|
GHU HPSLULVFKHQ 3DUDPHWHUVFKIW]XQJ I+U GLH IUHLHQ 3DUDP
HOO JH]JHLJW (LQH 9RUJHKHQVZHLVH XQG [XJHK|ULJH 6RIWZDUF
VXFKVSHUVRQHQEDVLV ZXUGHQ HLQJHI*KUW $QKDQG GHUHPSLU
GHQGLHORGHOOHDXV GHP ((* ([SHULPHQWHUQHXWEHUHFKQHW
JHQ 9HUVXFK ODVVHQ VLFK PLW GHQ QHXHQ 3DUDPHWHUQ EHVWIW

P OHW]WHQ ([SHULPHQW ZXUGH GLH ODFKEDUNHLW GHU $XVZH!I
'DWHQ LQ HLQHU QDW+UOLFKHQ 8PJHEJXQJ QDFKJHZLHVHQ ZHO
EHWUDFKWHW ZXUGH $XV GLHVHU $XVZHUWXQJ HUJDE VLFK HLQ
HUHLJQLVNRUUHOLHUWHU 3RWHQ]LDOH (.3V GLHEHVWHKHQGH
GHU JIQJLIJHQ ,QWXLWLRQ $XIEDXHQG DXIGLHVHQ hEHUOHJXQJF
|+UHLQH QHXURFRPSXWDWLRQHOOH 7KHRULH NRJQLWLYHU (.3 .R



,mjjafmdme NalY] =f _dak !

=\m[Ylagf

VLQFH 'U SKLO 3K'" HTXLYDOHQW /LQJXLVWLFV 3KLOL
ODUEXUJ

0$/LQIJXLVWLFVRI*HUPDQ 3KLOLSSV 8QLYHUVLWIW
%6 ODWKHPDWLFV +RQRUV 8QLYHUVLW\RI1RWUH'D

%$*HUPDQ /DQJXDJHDQG /LWHUDWXUH ZLWK +RQRU
1RWUH'DPH GX /DF

HmZda[Ylagfk

3 0 $OGD\ WR DSSHDU "%H &DUHIXO :KHQ $VVXPLQJ WKH 2EYLI
BODFHPHQW RI WKH KHDG WKDW PLQLPL]JHVRQOLQHPHPRU\ DFR
/IDQJXDJH '\QDPLFVDQG &KDQJH

3 0 $OGD\ 0 6FKOHVHZVN\ DQG , %RUQNHVVHO 6FKOHVHZVN
3URPLQHQFHDQGLWV5ROHLQ/DQJXDJH3URFHVVLQJ $Q,QGLYL
JLQIXLVWLF'@DQJXDUGLQJYDQ

3 0 $O0GD\ 0 6FKOHVHZVN\ DQG, %RUQNHVVHO 6FKOHVHZVN)
SXWDWLRQDO ORGHO RI $FWRU EDVHG /DIGIMXIRIHQERPSDWKFAQ VL
ss oz 2, Vv [

3 0 $O0GD\ "3URYLQFHRQD+LOO 6RXWK7\URODVDOLUFRFR
,Q,GHD]VARU (XURSH $Q ,QWHUGLVFLSOLQDU\GsFESURBIFEKHR YRUR S
% &LHV]\QVND DQG( )UDQFR )UDQNIXUWDPODLQ 3HWHU/DQJ

;9f~1j1f[] Hjlk]lflYlagfk

3 0 $O0GD\ - 6DVVHQKDJHQ DQG, %RUGNHFNHQJWKID PHHEZNND F |
OHDQLQJLQWKH %UDLQ GXULQJ B3RW XWHOSEMAR B\QRVRIP S D MKW IQN LR\
&RQIHUHQFHRQ &RJQLWLYH 1HXURVFLHQFH ,&21 %ULVEDQH



&XUULFXOXPI9LWDH (QJOLVK

3 0 $O0GD\ - 6DVVHQKDJHQ DQG , %RUQNHXYMHO 66LRQDNWHEZHNN ¥
,QFUHPHQWDO 7H[W 3URFHVVLQJ &RUUHODWH ZLWRVRMHI (QWUR
SUHVHQWHG DW WKH 6RFLHW\IRU1IHXURELRORJ\RI/DQJXDJH &RC

- 6DVVHQKDJHQ DQG 3 GHOM@IXELOLW\RI*DPPD $FWLYLW\ GXULQJ
WLRIRVWHU SUHVHQWHG DW WKH 6RFLHW\ IRU WKH 1HXURELROR
'LHJIR

3 0 $OGD\ 0 6FKOHVHZVN\ DQG, %R UQNRIZD/H®V CF&KRMS ML B W\L R
ORGHO RI $FWRU EDVHG /DQBRNVMMHEIRPSHWKEQYWIGROW WKH 1HXU
/IDQJXDJH &RQIHUHQFH 6DQ 6HEDVWLDQ

3 0 $OGD\ HW DBFWRD ,GHQWLILFDWLRQ LQ 1DWXUDO 6WRULHYV
WKH 1HXUDO %DVHV RI $FADRW SHADMWGO\EH B MWXWKM 1HXURELROR
&RQIHUHQFH $QQDSROLYV



,mjjafmdme NalY] <]mlk][ !

OmkZad\mf _

VHLW SURPRWLRQLP)DFK/LQJXLVWLN 3KLOLSSV 8QLYHU
0$*HUPDQLVWLVFKH/LQJXLVWLN 3KLOLSSV 8QLYH!I

%6 ODWKHPDWLFV +RQRUV WKHRUHWLVFKH ODWKHF
RI1TRWUH 'DPHGX/DF

%% *HUPDQ /DQJXDJH DQG /LWHUDWXUH ZLWK +RQI
6SUDFKH XQG /LWHUDWXU PLW DXVJH]JHLFKQHWHU
S8QLYHUVLW\RI1RWUH'DPHGX/DF

Nlji-]flda[ mf_]f

3 0 $0GD\ WR DSSHDU “%H &DUHIXO :KHQ $VVXPLQJ WKH 2EYL]
30ODFHPHQW RI WKH KHDG WKDW PLQLPL]JHV RQOLQH PHPRU\ D FR
/IDQJXDJH '\QDPLFVDQG &KDQJH

3 0 $OGD\ 0 6FKOHVHZVN\ DQG , %RUQNHVVHO 6FKOHVHZVN
3URPLQHQFHDQGLWV5ROHLQ/DQJXDJH3URFHVVLQJ $Q,QGLYL
ILQIXLVWLEF'2DQJXDUGLQJYDQ

3 0 $OGD\ 0 6FKOHVHZVN\ DQG, %RUQNHVVHO 6FKOHVHZVN!
SXWDWLRQDO ORGHO RI $FWRU EDVHG /DIGIXNIRIHQERPSDWK A VLI
ss 2 ‘2, Vv [

3 0 $OGD\ "3URYLQFHRQD+LOO BRXWK7\URODVDOLUFRFR
,Q,GHDIVARU (XURSH $Q ,QWHUGLVFLSOLQDU\GSESURBDIFEKHR RUR S
% &LHV]\QVND DQG( JUDQFR )UDQNIXUWDPODLQ 3HWHU/DQJ

LY mf_]f

3 0 $O0GD\ - 6DVVHQKDJHQ DQG, %RUQNHWFWHQ BWKOHRFHBAYND!
RIOHDQLQJLQ WKH %UDLQ GXUL Q J3AMWWKXHD ©UBIW R Q WELRIRISA Bl K HERH/U



&XUULFXOXPI9LWDH '"HXWVFK

WLRQDO &RQIHUHQFH RQ &RJQLWLYH 1HXURVFLHQFH ,&21 %ULYV

3 0 $OGD\ - 6DVVHQKDJHQ DQG , %R UQNHXWB® 6BLEIKQDHNHZNW ¥
,QFUHPHQWDO 7H[W 3URFHVVLQJ &RUUHODWH ZLVBRVRWHE (QW UR
SUIVHQWLHUWDXI GHU 6RFLHW\IRU 1HXURELRORJ\RI/DQJXDJH &

- 6DVVHQKDJHQ DQG 3 G HOWIARLOLW\RI*DPPD $FWLYLW\GXULQJ
WLRB&RVWHU SUIVHQWLHUW DXI GHU 6RFLHW\IRU WKH 1HXURELRO
'LHJR

3 0 $OGD\ 0 6FKOHVHZVN\ DQG, %R UQRRNYVH®VLFERMSI KNI P ML R
ORGHO RI $FWRU EDVHG /DQ3RDWHEBRREVHRWQHWURQD X! GHU 1HXL
/IDQJXDJH &RQIHUHQFH 6DQ 6HEDVWLDQ

3 0 $OGD\HW D®FWRUWE,GHQWLILFDWLRQLQ 1IDWXUDO 6WRULHV
1IHXUDO %DVHV RI $FWRB UM ODIVIHX PHOOWXUB X1 GHU 1HXURELROF
&RQIHUHQFH $QQDSROLYV
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