
�ÊÃÜãØè�ã«ÊÃÜ ô«ã¨ ;�ù«��¼ ,Ãã�¢Ø«ãú

$VK $VXGHK†‡� 0DU\ 'DOU\PSOH‡� DQG ,GD 7RLYRQHQ†

†&DUOHWRQ 8QLYHUVLW\ 	 ‡2[IRUG 8QLYHUVLW\

ĦıžƅźĦĲƅ
.H\ZRUGV� V\QWD[�
OH[LFRQ�
VHPDQWLFV�
FRQVWUXFWLRQV�
/H[LFDO ,QWHJULW\�
WHPSODWHV�
6ZHGLVK� 'XWFK�
/)*� *OXH
6HPDQWLFV

&RQVWUXFWLRQ *UDPPDU KROGV WKDW XQSUHGLFWDEOH IRUP�PHDQLQJ FRP�
ELQDWLRQV DUH QRW UHVWULFWHG LQ VL]H� ,Q SDUWLFXODU� WKHUH PD\ EH SKUDVHV
WKDW KDYH SDUWLFXODU PHDQLQJV WKDW DUH QRW SUHGLFWDEOH IURP WKH ZRUGV
WKDW WKH\ FRQWDLQ� EXW ZKLFK DUH QRQHWKHOHVV QRW SXUHO\ LGLRV\Q�
FUDWLF� ,Q DGGUHVVLQJ WKLV REVHUYDWLRQ� VRPH FRQVWUXFWLRQ JUDPPDU�
LDQV KDYH QRW RQO\ ZHDNHQHG WKH ZRUG�SKUDVH GLVWLQFWLRQ� EXW DOVR
GHQLHG WKH OH[LFRQ�JUDPPDU GLVWLQFWLRQ� ,Q WKLV SDSHU� ZH FRQVLGHU
WKH ZRUG�SKUDVH DQG OH[LFRQ�JUDPPDU GLVWLQFWLRQ LQ OLJKW RI /H[LFDO�
)XQFWLRQDO *UDPPDU DQG LWV /H[LFDO ,QWHJULW\ 3ULQFLSOH� :H VKRZ WKDW
LW LV QRW QHFHVVDU\ WR UHPRYH WKH ZRUGV�SKUDVHV GLVWLQFWLRQ RU WKH OH[�
LFRQ�JUDPPDU GLVWLQFWLRQ WR FDSWXUH FRQVWUXFWLRQDO HϱHFWV� DOWKRXJK
ZH DJUHH WKDW WKHUH DUH LPSRUWDQW JHQHUDOLVDWLRQV LQYROYLQJ FRQVWUXF�
WLRQV RI DOO VL]HV WKDW PXVW EH FDSWXUHG DW ERWK V\QWDFWLF DQG VHPDQWLF
OHYHOV� :H XVH /)*·V WHPSODWHV� EXQGOHV RI JUDPPDWLFDO GHVFULSWLRQV�
WR IDFWRU RXW JUDPPDWLFDO LQIRUPDWLRQ LQ VXFK D ZD\ WKDW LW FDQ EH
LQYRNHG HLWKHU E\ ZRUGV RU E\ FRQVWUXFWLRQ�VSHFLϧF SKUDVH VWUXFWXUH
UXOHV� 3KUDVH VWUXFWXUH UXOHV WKDW LQYRNH VSHFLϧF WHPSODWHV DUH WKXV
WKH HTXLYDOHQW RI SKUDVDO FRQVWUXFWLRQV LQ RXU DSSURDFK� EXW /H[LFDO
,QWHJULW\ DQG WKH VHSDUDWLRQ RI ZRUG DQG SKUDVH DUH SUHVHUYHG� &RQ�
VWUXFWLRQDO HϱHFWV DUH FDSWXUHG E\ V\VWHPDWLFDOO\ DOORZLQJ ZRUGV DQG

7KH DXWKRUV FRQWULEXWHG HTXDOO\ DQG DUH OLVWHG LQ SXUHO\ DOSKDEHWLFDO RUGHU�
7KLV SDSHU LV D UHYLVHG DQG H[SDQGHG YHUVLRQ RI $VXGHK HW DO� ������� )RU KHOSIXO
FRPPHQWV� ZH WKDQN WKH DXGLHQFH DW /)*��� LQ SDUWLFXODU .HUVWL %|UMDUV� 0DULH�
(ODLQH YDQ (JPRQG� 'DJ +DXJ� +HOJH /¡GUXS� DQG 1LJHO 9LQFHQW� :H DOVR WKDQN
WKH DXGLHQFH DW 6(�/)* �� )RU FRPPHQWV RQ HDUOLHU GUDIWV RI WKLV SDSHU� ZH DUH
JUDWHIXO WR (OL]DEHWK &KULVWLH� 5D\ -DFNHQGRϱ� 6WHIDQ 0�OOHU� DQG ,YDQ 6DJ� $Q\
UHPDLQLQJ HUURUV DUH RXU RZQ� /DVWO\� ZH WKDQN WKH HGLWRUV DQG UHYLHZHUV DW -/0�

-RXUQDO RI /DQJXDJH 0RGHOOLQJ 9RO i2� 1R eiπ ������� SS� �²��
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SKUDVHV WR FRQWULEXWH FRPSDUDEOH LQIRUPDWLRQ WR /)*·V OHYHO RI IXQF�
WLRQDO VWUXFWXUH� WKLV LV MXVW D JHQHUDOL]DWLRQ RI /)*·V XVXDO DVVXPSWLRQ
WKDW ´PRUSKRORJ\ FRPSHWHV ZLWK V\QWD[µ �%UHVQDQ� ������

� ƖŬźĸžʃ ĲŬŦžƅźƊĲƅŐŬŦžʃ ĦŦĸ ƅōļ şļƛŐĲŬŦ

7KH REVHUYDWLRQ WKDW XQSUHGLFWDEOH IRUP�PHDQLQJ FRPELQDWLRQV DUH
QRW UHVWULFWHG LQ VL]H IRUPV WKH EDVLV IRU &RQVWUXFWLRQ *UDPPDU �)LOO�
PRUH� ����� )LOOPRUH HW DO�� ����� .D\ DQG )LOOPRUH� ����� *ROGEHUJ�
����� ����� *ROGEHUJ DQG -DFNHQGRϱ� ����� 0LFKDHOLV� ����� 6DJ�
����� %RDV DQG 6DJ� ������� $ PHDQLQJ WKDW LV DVVRFLDWHG ZLWK D
ZRUG RU D SDUW RI D ZRUG PD\ DOVR EH DVVRFLDWHG ZLWK D SKUDVDO
VWUXFWXUH LQ WKH VDPH ODQJXDJH� RU LQ DQRWKHU ODQJXDJH� &RQVWUXF�
WLRQ *UDPPDU WDNHV WKH VWUXFWXUH DQG RUJDQLVDWLRQ RI WKH FROOHFWLRQ
RI OLVWHPHV�FRQVWUXFWLRQV DV FUXFLDOO\ LPSRUWDQW� DQG D FHQWUDO FRQ�
FHUQ LV WKH VWXG\ RI WKH UHODWLRQV DPRQJ FRQVWUXFWLRQV� WKLV FRQWUDVWV
ZLWK 'L 6FLXOOR DQG :LOOLDPV ������� ZKR FRQVLGHU WKH FROOHFWLRQ RI
OLVWHPHV WR EH XQVWUXFWXUHG DQG WKH VWXG\ RI WKH UHODWLRQV DPRQJ OLV�
WHPHV XQLQWHUHVWLQJ� ([DPSOHV VXFK DV ����� LQYROYH FRUUHVSRQGHQFHV
EHWZHHQ SKUDVDO VWUXFWXUHV DQG LGLRV\QFUDWLF PHDQLQJV� WKH V\QWDFWLF
IUDPH RI WKH PXOWL�ZRUG H[SUHVVLRQ LWVHOI� SHUKDSV DORQJ ZLWK VRPH
VSHFLϧFDWLRQV RQ ZKDW ZRUGV DUH SHUPLWWHG� HYRNHV VRPH LQWHUSUHWD�
WLRQ�
��� 7KH ELJJHU WKH EHWWHU� �)LOOPRUH HW DO�� ����� &XOLFRYHU DQG -DFN�

HQGRϱ� �����
��� :KDW·V WKDW NRDOD GRLQJ VOHHSLQJ LQ WKH FRUQHU" �.D\ DQG )LOO�

PRUH� �����
��� 6PLWK\ GUDQN KLV ZD\ WKURXJK XQLYHUVLW\� �-DFNHQGRϱ� �����

*ROGEHUJ� �����
0RVW ZRUGV LQ WKH H[SUHVVLRQV DERYH DUH H[FKDQJHDEOH IRU RWKHU
ZRUGV� VR WKH\ VHHP PRUH ϩH[LEOH WKDQ SURWRW\SLFDO LGLRPV� <HW WKHLU
IRUP DQG DVVRFLDWHG LQWHUSUHWDWLRQ PXVW EH OHDUQHG E\ (QJOLVK VSHDN�
HUV� DV WKHVH FRQVWUXFWLRQV GR QRW� LW LV DUJXHG� IROORZ IURP JHQHUDO
FRPSRVLWLRQDO SULQFLSOHV RI (QJOLVK JUDPPDU� 2Q WKH &RQVWUXFWLRQ

�6HH 6DJ HW DO� ������ IRU D KLVWRULFDO RYHUYLHZ RI &RQVWUXFWLRQ *UDPPDU DQG
IXUWKHU UHIHUHQFHV� 6HH 6DJ ������ IRU DQ LQIRUPDO RYHUYLHZ RI D IRUPDO WKHRU\
RI &RQVWUXFWLRQ *UDPPDU �6LJQ�%DVHG &RQVWUXFWLRQ *UDPPDU��
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*UDPPDU YLHZ� VXFK H[SUHVVLRQV DUH QRW D SHULSKHUDO SDUW RI WKH
JUDPPDU ZKLFK QHHG QRW EH DFFRXQWHG IRU LQ JUDPPDWLFDO WKHRU\� LQ�
VWHDG� WKH\ OLH DW RQH HQG RI D FRQWLQXXP RI VWUXFWXUHV UHODWLQJ IRUPV
WR PHDQLQJV� &RQVWUXFWLRQV DV SDLULQJV RI IRUP DQG PHDQLQJ FDQ EH
ODUJHU RU VPDOOHU WKDQ D ZRUG� DQG FDQ KDYH VWUXFWXUH DQG PHDQLQJ
WKDW LV JHQHUDO RU SUHGLFWDEOH WR D YDULDEOH H[WHQW� )ROORZLQJ RQ IURP
WKLV YLHZ� &RQVWUXFWLRQ *UDPPDULDQV KDYH GHQLHG WKH XWLOLW\ RI D VWULFW
GLYLVLRQ EHWZHHQ ZRUG�LQWHUQDO JUDPPDWLFDO UHJXODULWLHV DQG SKUDVDO
UHJXODULWLHV� RU EHWZHHQ VHPDQWLFDOO\ EOHDFKHG JUDPPDWLFDO VWUXFWXUHV
DQG VWUXFWXUHV ZKLFK FRQWULEXWH VSHFLDOL]HG RU LUUHJXODU PHDQLQJV� $V
D FRQVHTXHQFH� &RQVWUXFWLRQ *UDPPDULDQV KDYH WHQGHG WR HPSKDVL]H
FRPPRQDOLWLHV DFURVV W\SHV RI FRQVWUXFWLRQV UDWKHU WKDQ GLϱHUHQFHV�
DQG WR GH�HPSKDVL]H GLϱHUHQFHV EHWZHHQ ZRUG�OHYHO DQG SKUDVH�OHYHO
FRQVWUXFWLRQV�
$ GLVWLQFWLRQ EHWZHHQ ZRUGV DQG PXOWL�ZRUG H[SUHVVLRQV LV QRW

IXQGDPHQWDO WR &RQVWUXFWLRQ *UDPPDU� DOWKRXJK VXFK D GLVWLQFWLRQ LV
QRW QHFHVVDULO\ LQ SULQFLSOH UXOHG RXW� ,Q IDFW� VRPH DGYRFDWHV RI &RQ�
VWUXFWLRQ *UDPPDU JR VR IDU DV WR FODLP WKDW WKH GLVWLQFWLRQ EHWZHHQ
OH[LFRQ DQG JUDPPDU LV QR ORQJHU XVHIXO� DV LOOXVWUDWHG E\ WKH IROORZ�
LQJ TXRWHV�
>0@RUSKHPHV DUH FOHDU LQVWDQFHV RI FRQVWUXFWLRQV LQ WKDW WKH\
DUH SDLULQJV RI PHDQLQJ DQG IRUP WKDW DUH QRW SUHGLFWDEOH
IURP DQ\WKLQJ HOVH� ,W LV D FRQVHTXHQFH RI WKLV GHϧQLWLRQ WKDW
WKH OH[LFRQ LV QRW QHDWO\ GLϱHUHQWLDWHG IURP WKH UHVW RI JUDP�
PDU� �*ROGEHUJ� ����� ��

,Q &RQVWUXFWLRQ *UDPPDU� QR VWULFW GLYLVLRQ LV DVVXPHG EH�
WZHHQ WKH OH[LFRQ DQG V\QWD[� �*ROGEHUJ� ����� ��

(YHU\ WKHRU\ RI ODQJXDJH KDV WR WDNH D ZRUG WR EH D FRPSOH[
RI SKRQRORJLFDO� V\QWDFWLF� DQG VHPDQWLF VWUXFWXUHV� FRP�
PRQO\� WKH VWRUH RI ZRUGV LV FDOOHG WKH OH[LFRQ� « $VSHFWV
>�&KRPVN\� �����@ WUHDWV WKH OH[LFRQ DV D FRPSRQHQW RI ODQ�
JXDJH GLVWLQFW IURP WKH UXOHV RI JUDPPDU� :RUGV DUH WDNHQ WR
EH WKH ORFXV RI LUUHJXODULW\ LQ ODQJXDJH� ZKLOH UXOHV RI JUDP�
PDU HQFRGH DOO WKH UHJXODULWLHV� :RUGV JHW LQWR VHQWHQFHV E\
EHLQJ LQVHUWHG LQWR V\QWDFWLF GHULYDWLRQV� DW WKH SRLQW ZKHQ
V\QWDFWLF WUHHV DUH EHLQJ EXLOW DQG EHIRUH WUHHV EHJLQ WR EH
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PDQLSXODWHG DQG IHG WR SKRQRORJ\ DQG VHPDQWLFV� « %XW
ZKLOH >WKLV YLHZ RI WKH OH[LFRQ@ ZDV DOWRJHWKHU SODXVLEOH LQ
WKH FRQWH[W RI HDUO\ ZRUN LQ JHQHUDWLYH JUDPPDU� , EHOLHYH
WKDW VXEVHTXHQW GHYHORSPHQWV UHYHDO LW DV DQRWKHU PDMRU PLV�
WDNH WKDW KDV UHPDLQHG LQ WKH EDFNJURXQG DV XQTXHVWLRQDEOH
GRJPD ZLWKLQ WKH PDLQVWUHDP VFKRRO RI WKRXJKW� �-DFNHQG�
Rϱ� ����� ���

,W LV DOVR WHOOLQJ WKDW WKH VHFWLRQ WKDW FRQWDLQV WKLV ODVW TXRWH LV WLWOHG
´$QRWKHU )XQGDPHQWDO 0LVWDNH� 7KH /H[LFRQ�*UDPPDU 'LVWLQFWLRQµ�
$QRWKHU SHUVSHFWLYH RQ WKLV IXQGDPHQWDO LVVXH DULVHV LI ZH DVN

ZKHWKHU WKHUH LV DQ\ QHFHVVDU\ WKHRUHWLFDO GLVWLQFWLRQ EHWZHHQ ZRUGV
DQG SKUDVHV� 0DQ\ OLQJXLVWV DJUHH WKDW ZRUGV DQG SKUDVHV PXVW EH
GLVWLQJXLVKHG �$QGHUVRQ� ����� $URQRϱ� ����� 6DGOHU DQG 6SHQFHU�
����� 6WXPS� ����� %OHYLQV� ������ WKRXJK WKH ZRUG�SKUDVH GLVWLQF�
WLRQ LV GHQLHG E\ VRPH OLQJXLVWV� QRW MXVW VRPH ZRUNLQJ LQ &RQVWUXFWLRQ
*UDPPDU� EXW DOVR WKRVH ZRUNLQJ ZLWKLQ WKH 'LVWULEXWHG 0RUSKRORJ\
SDUDGLJP �+DOOH DQG 0DUDQW]� ����� ����� 0DUDQW]� ����� 6LGGLTL�
������ ZKLFK RWKHUZLVH KDV TXLWH GLϱHUHQW PRUSKRV\QWDFWLF DVVXPS�
WLRQV�
:H EHOLHYH WKDW WKHUH LV D IXQGDPHQWDO UHDVRQ WR PDLQWDLQ WKH

GLVWLQFWLRQ EHWZHHQ ZRUGV DQG SKUDVHV WKDW KDV SUHYLRXVO\ JRQH XQ�
DGGUHVVHG LQ WKH OLWHUDWXUH� 1DWXUDO ODQJXDJH PRUSKRORJ\ PDLQO\ IDOOV
ZLWKLQ WKH FODVV RI UHJXODU ODQJXDJHV �VHH %HHVOH\ DQG .DUWWXQHQ ����
DQG UHIHUHQFHV WKHUHLQ�� HYHQ FKDOOHQJLQJ QRQ�FRQFDWHQDWLYH PRUSKR�
ORJLFDO SKHQRPHQD� VXFK DV FLUFXPϧ[LRQ DQG URRW�DQG�SDWWHUQ PRU�
SKRORJ\� FDQ EH FKDUDFWHUL]HG E\ UHJXODU PHDQV �%HHVOH\ DQG .DUW�
WXQHQ� ����� ������ 7KHUH LV RQH H[FHSWLRQ WR WKLV JHQHUDOLVDWLRQ�
SURGXFWLYH UHGXSOLFDWLRQ FDQ EH FKDUDFWHULVHG RQO\ E\ D PRUH SRZHU�
IXO FRQWH[W�VHQVLWLYH JUDPPDU�� +RZHYHU� PRUSKRORJLVWV KDYH VR IDU
QRW GLVFRYHUHG DQ\ RWKHU SKHQRPHQRQ EHVLGHV UHGXSOLFDWLRQ ZKLFK UH�
TXLUHV JRLQJ EH\RQG UHJXODU ODQJXDJHV� ZRUGV GR QRW FRQWDLQ GHHSO\
QHVWHG GHSHQGHQFLHV RU ORQJ�GLVWDQFH GHSHQGHQFLHV� IRU H[DPSOH� ,W

�%HHVOH\ DQG .DUWWXQHQ ������ �� VKRZ� KRZHYHU� WKDW� LI RQH FDQ DVVXPH
WKDW ´WKHUH DUH RQO\ D ϧQLWH QXPEHU RI ZRUGV VXEMHFW WR UHGXSOLFDWLRQ �QR IUHH
FRPSRXQGLQJ�µ� HYHQ WRWDO UHGXSOLFDWLRQ� H�J� DV LQ 0DOD\� FDQ EH FDSWXUHG E\
UHJXODU PHDQV�
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VHHPV� WKHQ� WKDW QDWXUDO ODQJXDJH PRUSKRORJ\ IDOOV ZLWKLQ WKH UHJX�
ODU ODQJXDJHV� ZLWK RQH H[FHSWLRQ� UHGXSOLFDWLRQ�
1DWXUDO ODQJXDJH V\QWD[ LV IRUPDOO\ YHU\ GLϱHUHQW� LW LV SHUYDGHG

E\ GHSHQGHQFLHV WKDW UHTXLUH DW OHDVW FRQWH[W�IUHH SRZHU WR GHVFULEH�
3DUWHH HW DO� ������ ���ϱ�� SURYLGH D SURRI WKDW (QJOLVK LV QRW D ϧQLWH�
VWDWH ODQJXDJH� XVLQJ QHVWHG GHSHQGHQFLHV DQG WKH 3XPSLQJ /HPPD�
7KH TXHVWLRQ RI ZKHWKHU QDWXUDO ODQJXDJH V\QWD[ IDOOV RXWVLGH WKH
FODVV RI FRQWH[W IUHH ODQJXDJHV KDV EHHQ PRUH GLϫFXOW WR DQVZHU� DQG
HDUO\ DUJXPHQWV IRU WKH LQDGHTXDF\ RI FRQWH[W�IUHH JUDPPDUV IRU QDW�
XUDO ODQJXDJH V\QWD[ ZHUH VKRZQ WR EH ϩDZHG E\ 3XOOXP DQG *D]GDU
������� 6KLHEHU ������ SURYLGHG D GHϧQLWLYH SURRI WKDW QDWXUDO ODQ�
JXDJH V\QWD[ IDOOV LQ WKH FODVV RI PLOGO\ FRQWH[W�VHQVLWLYH ODQJXDJHV
�-RVKL HW DO�� ����� 9LMD\�6KDQNHU DQG :HLU� ������ RQ WKH EDVLV RI
GDWD IURP 6ZLVV *HUPDQ FURVV�VHULDO GHSHQGHQFLHV� ,Q IDFW� KRZHYHU�
FURVV�VHULDO GHSHQGHQFLHV VHHP WR EH WKH RQO\ SKHQRPHQRQ UHTXLULQJ
PRUH WKDQ FRQWH[W IUHH SRZHU IRU QDWXUDO ODQJXDJH V\QWD[� DQG LW PD\
EH WKDW ODQJXDJHV ZLWKRXW FURVV�VHULDO GHSHQGHQFLHV FDQ EH VDWLVIDFWR�
ULO\ FKDUDFWHUL]HG LQ FRQWH[W�IUHH WHUPV�
:KHWKHU QDWXUDO ODQJXDJH V\QWD[ LV PDLQO\ FRQWH[W�IUHH RU IXOO\

FRQWH[W�VHQVLWLYH� WKH VXEVWDQWLDO IRUPDO GLϱHUHQFHV EHWZHHQ PRUSKRO�
RJ\ DQG V\QWD[ UHPDLQ HQWLUHO\ XQH[SODLQHG LI WKH IXOO FRPSXWDWLRQDO
SRZHU RI WKH V\QWDFWLF V\VWHP XQGHUOLHV PRUSKRORJ\� ,I PRUSKRORJ\
KDV WKH IXOO SRZHU RI V\QWD[� ZK\ DUH WKHUH QR FOHDU PRUSKRORJLFDO
HTXLYDOHQWV RI XQERXQGHG RU QHVWHG GHSHQGHQFLHV" ,W LV RI FRXUVH
SRVVLEOH WKDW PRUSKRORJ\ GRHV KDYH WKH IXOO H[SUHVVLYH SRZHU RI
V\QWD[� EXW ZH VLPSO\ KDYH QRW \HW FRPH DFURVV ODQJXDJHV ZLWK XQ�
ERXQGHG PRUSKRORJLFDO GHSHQGHQFLHV� +RZHYHU� WKLV ZRXOG EH VXU�
SULVLQJ� JLYHQ WKDW XQERXQGHG GHSHQGHQFLHV DUH V\QWDFWLFDOO\ SUHYD�
OHQW DFURVV WKH ZRUOG·V ODQJXDJHV� 6LPLODUO\� ZK\ GR ZH IDLO WR ϧQG
UHGXSOLFDWLRQ LQ WKH V\QWD[� LI WKHUH LV QR LPSRUWDQW IRUPDO GLVWLQFWLRQ
EHWZHHQ PRUSKRORJ\ DQG V\QWD[" 7KHVH TXHVWLRQV GR QRW DULVH LI ZH
PDLQWDLQ D WKHRUHWLFDO GLVWLQFWLRQ EHWZHHQ ZRUGV DQG SKUDVHV�
,Q WKLV SDSHU� ZH ZLOO VKRZ WKDW LW LV QRW QHFHVVDU\ WR UHPRYH WKH

ZRUGV�SKUDVHV GLVWLQFWLRQ RU WKH OH[LFRQ�JUDPPDU GLVWLQFWLRQ WR FDS�
WXUH FRQVWUXFWLRQDO HϱHFWV� DOWKRXJK ZH DJUHH WKDW WKHUH DUH LPSRUWDQW
JHQHUDOLVDWLRQV LQYROYLQJ FRQVWUXFWLRQV RI DOO VL]HV WKDW PXVW EH FDS�
WXUHG DW ERWK JUDPPDWLFDO DQG VHPDQWLF OHYHOV� ,Q NHHSLQJ ZLWK PXFK
RWKHU ZRUN LQ /H[LFDO )XQFWLRQDO *UDPPDU �VHH SDUWLFXODUO\ %UHVQDQ�
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����� &KDSWHU ��� ZH EHOLHYH WKDW WKH SURSHU JUDPPDWLFDO OHYHO IRU
FKDUDFWHULVLQJ VLPLODULWLHV DFURVV FRQVWUXFWLRQV LV D OHYHO OLNH /)*·V
IXQFWLRQDO VWUXFWXUH �I�VWUXFWXUH�� ZKLFK UHSUHVHQWV DEVWUDFW V\QWDF�
WLF UHODWLRQV VXFK DV VXEMHFW� REMHFW� DQG DGMXQFW� DV ZHOO DV V\QWDFWLF
IHDWXUHV VXFK DV SHUVRQ� QXPEHU� JHQGHU� FDVH� WHQVH� DQG DVSHFW� ,Q
FRQWUDVW� WKH FRQVWLWXHQW VWUXFWXUH �F�VWUXFWXUH� WUHH HQFRGHV ZRUG
RUGHU DQG SKUDVDO GRPLQDQFH DQG JURXSLQJ� DQG LV WKH OHYHO DW ZKLFK
WKH GLϱHUHQFH EHWZHHQ ZRUGV DQG SKUDVHV LV UHSUHVHQWHG� LQ NHHSLQJ
ZLWK WKH /H[LFDO ,QWHJULW\ 3ULQFLSOH� $V %UHVQDQ ������ ��� REVHUYHV�
´« /)*·V OH[LFDO LQWHJULW\ SULQFLSOH LPSOLHV WKDW ZKLOH PRUSKHPLF
ZRUGV DQG V\QWDFWLF SKUDVHV DUH GLϱHUHQW W\SHV RI IRUPV RI H[SUHV�
VLRQ LQ F�VWUXFWXUH� WKH\ PD\ FDUU\ WKH VDPH W\SHV RI LQIRUPDWLRQ LQ I�
VWUXFWXUH� ,Q RWKHU ZRUGV� WKHVH GLϱHUHQW IRUPV RI H[SUHVVLRQ ³ ZRUGV
DQG SKUDVHV ³ PD\ EH IXQFWLRQDOO\ HTXLYDOHQW �LQ WHUPV RI I�VWUXFWXUH
FRQWHQW��µ
$Q HDUO\ VWDWHPHQW RI /H[LFDO ,QWHJULW\ ZDV SURYLGHG E\ 6LPSVRQ

������ ����
��� /H[LFDO ,QWHJULW\ �6LPSVRQ� ����� ���

1R FRQVWLWXHQW VWUXFWXUH UXOH PD\ RUGHU DQ\ HOHPHQW LQWR RU
RXW RI OH[LFDO FDWHJRULHV VXFK DV 1� $� 9� 7KDW LV� FRQVWLWXHQW
VWUXFWXUH UXOHV DUH EOLQG WR WKH LQWHUQDO VWUXFWXUH RI OH[LFDO FDW�
HJRULHV�

6XEVHTXHQW ZRUN ZLWKLQ /)* KDV DGRSWHG /H[LFDO ,QWHJULW\ DV D IXQGD�
PHQWDO SULQFLSOH GLϱHUHQWLDWLQJ ZRUG�LQWHUQDO VWUXFWXUH IURP SKUDVDO
V\QWD[� DV LQ ���� DQG HVWDEOLVKLQJ ZRUGV DV LQGLYLVLEOH� XQGHFRPSRV�
DEOH XQLWV DW F�VWUXFWXUH DV LQ ����
��� /H[LFDO ,QWHJULW\ �%UHVQDQ DQG 0FKRPER� ����� ����

:RUGV DUH EXLOW RXW RI GLϱHUHQW VWUXFWXUDO HOHPHQWV DQG E\ GLI�
IHUHQW SULQFLSOHV RI FRPSRVLWLRQ WKDQ V\QWDFWLF SKUDVHV�

��� /H[LFDO ,QWHJULW\ �%UHVQDQ� ����� ���
0RUSKRORJLFDOO\ FRPSOHWH ZRUGV DUH OHDYHV RI WKH F>RQVWLWXHQW@�
VWUXFWXUH WUHH DQG HDFK OHDI FRUUHVSRQGV WR RQH DQG RQO\ RQH
F>RQVWLWXHQW@�VWUXFWXUH QRGH�

,Q D VHULHV RI SDSHUV� %RRLM �����D�E� ����� SURYLGHV VXEVWDQWLDO HYL�
GHQFH IRU WKH /H[LFDO ,QWHJULW\ 3ULQFLSOH IURP D &RQVWUXFWLRQ *UDPPDU
YLHZSRLQW� +LV REVHUYDWLRQV DUH DQ H[FHOOHQW ϧW ZLWK WKH /)* YLHZ
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&RQVWUXFWLRQV ZLWK /H[LFDO ,QWHJULW\

RI /H[LFDO ,QWHJULW\� ZKLFK DVVXPHV WKDW V\QWDFWLF UXOHV KDYH DFFHVV
WR FHUWDLQ �I�VWUXFWXUDO� DVSHFWV RI ZRUG�LQWHUQDO VWUXFWXUH� EXW QRW WR
RWKHU �F�VWUXFWXUDO� DVSHFWV�
7KH F�VWUXFWXUH�I�VWUXFWXUH GLVWLQFWLRQ LV FUXFLDO WR WKH /)*�WKHR�

UHWLF XQGHUVWDQGLQJ RI WKH 6WURQJ /H[LFDOLVW +\SRWKHVLV� ZKLFK LV
HVVHQWLDOO\ ZKDW /H[LFDO ,QWHJULW\ FDSWXUHV� 7KH 6WURQJ /H[LFDOLVW +\�
SRWKHVLV VWDWHV WKDW V\QWDFWLF UXOHV RI SKUDVH IRUPDWLRQ FDQQRW DFFHVV
DQ\ SDUWV RI ZRUGV� 7KLV LV D JHQHUDOL]DWLRQ RI WKH:HDN /H[LFDOLVW +\�
SRWKHVLV� ZKLFK VWDWHV WKDW V\QWDFWLF UXOHV FDQQRW DFFHVV GHULYDWLRQDO
PRUSKRORJ\� EXW DOORZV DFFHVV WR LQϩHFWLRQDO PRUSKRORJ\� 0DUDQW]
������ KDV DUJXHG WKDW OH[LFDOLVP LV XQWHQDEOH EDVHG RQ WKH YLHZ
WKDW PRUSKRORJ\ FDQ PDNH FRPSOH[ V\QWDFWLF FRQWULEXWLRQV� WKLV LV WKH
IRXQGDWLRQDO GRFWULQH RI 'LVWULEXWHG 0RUSKRORJ\� +RZHYHU� DOWKRXJK
0DUDQW] ������ KDV RIWHQ EHHQ WDNHQ DV DUJXLQJ DJDLQVW OH[LFDOLVP WRXW
FRXUW� KLV DUJXPHQWV DFWXDOO\ GHSHQG RQ KLV SDUWLFXODU FRQFHSWLRQ RI
V\QWD[� ZKLFK GRHV QRW GLVWLQJXLVK FRQVWLWXHQW VWUXFWXUH IURP IXQF�
WLRQDO VWUXFWXUH�
/H[LFDO ,QWHJULW\ DV D SULQFLSOH RI F�VWUXFWXUH GRHV QRW GLVDOORZ

ZRUGV IURP PDNLQJ FRPSOH[ FRQWULEXWLRQV DW IXQFWLRQDO VWUXFWXUH�
WKLV PHDQV WKDW LW LV SRVVLEOH IRU LQGLYLGXDO� PRUSKRORJLFDOO\ FRPSOH[
ZRUGV WR H[SUHVV WKH VDPH LQIRUPDWLRQ DV PXOWL�ZRUG H[SUHVVLRQV� )RU
H[DPSOH� WKH IXWXUH WHQVH FDQ EH H[SUHVVHG ZLWK YHUEDO PRUSKRORJ\
DV LQ WKH )UHQFK H[DPSOH LQ ���� RU ZLWK D IXWXUH DX[LOLDU\ DV LQ WKH
(QJOLVK H[DPSOH LQ ����
��� ,O

KH
DUULYHUD�
DUULYH�ฏཟཋཟ༬ෞ

¶+H ZLOO DUULYH�·
��� +H ZLOO DUULYH�
,Q ���� WKH IXWXUH WHQVH LV UHDOL]HG GLUHFWO\ RQ WKH PDLQ YHUE� ,Q FRQ�
WUDVW� WKH IXWXUH LV H[SUHVVHG ZLWK WKH PRUSKRORJLFDOO\ LQGHSHQGHQW
DX[LOLDU\ ZLOO LQ ���� VHH $FNHUPDQ DQG :HEHOKXWK ������ DQG $FNHU�
PDQ DQG 6WXPS ������ IRU PRUH GLVFXVVLRQ RI H[DPSOHV RI WKLV W\SH�
7R WDNH DQRWKHU H[DPSOH� WKH 6ZHGLVK VLQJXODU LQGHϧQLWH PDUNHU

LV D GHWHUPLQHU� DV LQ (QJOLVK� UHDOL]HG DV HQ RU HWW GHSHQGLQJ RQ WKH
JHQGHU� +RZHYHU� WKH 6ZHGLVK GHϧQLWH PDUNHU LV D PRUSKRORJLFDOO\
ERXQG VXϫ[ RQ WKH QRXQ� ([DPSOH ��� VKRZV WKH SHULSKUDVWLF LQGHϧ�
QLWH�QRXQ FRPELQDWLRQ� ZKLOH ���� VKRZV WKH VDPH QRXQ ZLWK D GHI�
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LQLWH VXϫ[�
��� (Q

D
YlJ
URDG

NDQ
FDQ
YDUD
EH

P\FNHW
YHU\

OnQJ�
ORQJ

¶$ URDG FDQ EH YHU\ ORQJ�·
���� 9lJHQ

URDG�WKH
KHP
KRPH

YDU
ZDV
P\FNHW
YHU\

OnQJ�
ORQJ

¶7KH URDG KRPH ZDV YHU\ ORQJ�·
7KH SHULSKUDVWLF H[SUHVVLRQV ZLOO DUULYH� HQ YlJ DQG D�WKH URDG DUH FRP�
SDUDEOH WR WKH V\QWKHWLF DUULYHUD DQG YlJHQ� 7KH SHULSKUDVWLF DQG V\Q�
WKHWLF IRUPV DOLNH FRQWDLQ LQIRUPDWLRQ WKDW LV V\QWDFWLFDOO\ UHOHYDQW�
7KH GXDO QDWXUH RI V\QWDFWLF VWUXFWXUH LQ /H[LFDO )XQFWLRQDO *UDP�

PDU �/)*� %UHVQDQ ����� 'DOU\PSOH ����� )DON ����� FDSWXUHV ERWK
WKH FRPPRQDOLWLHV DQG WKH GLϱHUHQFHV EHWZHHQ ZRUGV DQG SKUDVHV� DV
DUJXHG DW OHQJWK E\ 6LPSVRQ ������� 0RKDQDQ ������ ������ %UHV�
QDQ DQG 0FKRPER ������� 0DWVXPRWR ������� %UHVQDQ ������� DQG
PDQ\ RWKHUV� &RQVWLWXHQW VWUXFWXUH UHSUHVHQWV VXUIDFH ZRUG RUGHU DQG
SKUDVDO JURXSLQJ� LQ DFFRUGDQFH ZLWK /H[LFDO ,QWHJULW\� PRUSKRORJL�
FDOO\ ERXQG LQIRUPDWLRQ DERXW WHQVH DQG GHϧQLWHQHVV LV ¶LQYLVLEOH· DW
F�VWUXFWXUH� LQ WKH VHQVH WKDW WKH LQIRUPDWLRQ LV QRW KRVWHG E\ VHSD�
UDWH F�VWUXFWXUH QRGHV� $W IXQFWLRQDO VWUXFWXUH� ZRUGV DQG SKUDVHV FDQ
PDNH VLPLODU RU LGHQWLFDO V\QWDFWLF FRQWULEXWLRQV� DFFRXQWLQJ IRU WKH
VLPLODULWLHV EHWZHHQ ZRUGV DQG SKUDVHV DW WKLV PRUH DEVWUDFW V\QWDFWLF
OHYHO� DV %UHVQDQ ������ SXWV LW� PRUSKRORJ\ FRPSHWHV ZLWK V\QWD[ LQ
FDVHV OLNH ��²���� VSHFLI\LQJ VLPLODU JUDPPDWLFDO VWUXFWXUH E\ GLϱHUHQW
PRUSKRORJLFDO PHDQV� /)*·V GHϧQLWLRQ RI /H[LFDO ,QWHJULW\ HQWDLOV WKDW
LQGLYLGXDO PRUSKHPHV PD\ FRQWULEXWH WR IXQFWLRQDO VWUXFWXUH� ZKLOH
WKH VPDOOHVW XQLW YLVLEOH DW FRQVWLWXHQW VWUXFWXUH LV WKH ZRUG�
$ FRPSDULVRQ RI (QJOLVK WKH URDG DQG 6ZHGLVK YlJHQ VKRZV WKDW

PRUSKRORJ\ FDQ FRQWULEXWH LQIRUPDWLRQ GLUHFWO\ WR WKH I�VWUXFWXUH
ZLWKRXW YLRODWLQJ /H[LFDO ,QWHJULW\ DW F�VWUXFWXUH� /H[LFDO HQWULHV IRU
WKH� URDG� DQG YlJHQ DUH JLYHQ LQ ���²����

���� WKH ' �↑ ෞฏໍཋෞ� = +
���� URDG 1 �↑ ༝༬ෞ� = ¶URDG·

�↑ ໍཟඨෞ༬� = ༼ศ
�↑ ༝ෞ༬༼ໍ� = �
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&RQVWUXFWLRQV ZLWK /H[LFDO ,QWHJULW\

���� YlJHQ 1 �↑ ༝༬ෞ� = ¶URDG·
�↑ ໍཟඨෞ༬� = ༼ศ
�↑ ༝ෞ༬༼ໍ� = �
�↑ ෞฏໍཋෞ� = +
�↑ ศෞໍෞ༬� = යໍ

&�VWUXFWXUHV DQG I�VWUXFWXUHV IRU WKH URDG DQG YlJHQ DUH JLYHQ LQ �����
���� 13

1′

1
YlJHQ




༝༬ෞ ¶URDG·
ෞฏໍཋෞ +
ໍཟඨෞ༬ ༼ศ
༝ෞ༬༼ໍ �
ศෞໍෞ༬ යໍ
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༝༬ෞ ¶URDG·
ෞฏໍཋෞ +
ໍཟඨෞ༬ ༼ศ
༝ෞ༬༼ໍ �




'HVSLWH WKH YHU\ GLϱHUHQW F�VWUXFWXUHV IRU WKH URDG DQG YlJHQ� WKH I�
VWUXFWXUHV DUH DOPRVW LGHQWLFDO� WKH RQO\ GLϱHUHQFH EHLQJ WKDW (QJOLVK
QRXQV GR QRW EHDU JHQGHU� ,Q /)*� V\QWDFWLFDOO\ UHOHYDQW LQIRUPD�
WLRQ FDQ EH FRQWULEXWHG WR WKH I�VWUXFWXUH E\ ERXQG PRUSKRORJ\� HYHQ
WKRXJK WKH LQWHUQDO FRPSOH[LW\ RI ZRUGV LV LQYLVLEOH DW F�VWUXFWXUH�
/H[LFDO ,QWHJULW\ LV WKHUHIRUH PDLQWDLQHG DW F�VWUXFWXUH�
0XOWL�ZRUG FRQVWUXFWLRQV� KDQGOHG VWUDLJKWIRUZDUGO\ LQ &RQVWUXF�

WLRQ *UDPPDU� SRVH D GLUHFW SUREOHP IRU D IUDPHZRUN OLNH /)* WKDW
DGRSWV WKH 6WURQJ /H[LFDOLVW +\SRWKHVLV� 0RVW ZRUN UHIHUULQJ WR /H[LFDO
,QWHJULW\ LQ /)* KDV IRFXVHG RQ WKH LQWHUQDO VWUXFWXUH RI ZRUGV� +RZ�
HYHU� WKH SULQFLSOH LV PRUH JHQHUDO WKDQ WKDW� /H[LFDO ,QWHJULW\ GLFWDWHV
WKDW WKHUH LV D RQH�WR�RQH PDSSLQJ EHWZHHQ IXOO\ LQϩHFWHG ZRUGV DQG
F�VWUXFWXUH QRGHV� ,Q RWKHU ZRUGV� XQLWV VPDOOHU WKDQ D ZRUG FDQQRW
EH LQVHUWHG LQWR F�VWUXFWXUH DQG XQLWV ELJJHU WKDQ ZRUGV FDQQRW EH
LQVHUWHG LQWR F�VWUXFWXUH� (DFK ZRUG LV LQGHSHQGHQW DQG FRUUHVSRQGV
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$VXGHK�'DOU\PSOH�7RLYRQHQ

WR D VLQJOH F�VWUXFWXUH QRGH� 7KLV LV SUREOHPDWLF ZKHQ D SDUWLFXODU
FRPELQDWLRQ RI ZRUGV JLYHV ULVH WR D PHDQLQJ QRQ�FRPSRVLWLRQDOO\ �RU
SHUKDSV VHPL�FRPSRVLWLRQDOO\�� DV KDV EHHQ DUJXHG WR EH WKH FDVH IRU
H[SUHVVLRQV VXFK DV WKRVH LQ ��²���
7KLV SDSHU SURSRVHV WKDW WKH NH\ WR FDSWXULQJ FRQVWUXFWLRQDO HI�

IHFWV LQ /)* LV WKH REVHUYDWLRQ� RXWOLQHG DERYH� WKDW ZRUGV DQG SKUDVHV
FDQ PDNH LGHQWLFDO FRQWULEXWLRQV WR I�VWUXFWXUH� *LYHQ WKH *OXH 6HPDQ�
WLFV DSSURDFK WR FRPSRVLWLRQDO VHPDQWLFV �'DOU\PSOH� ����� �����
$VXGHK� ������ ZKLFK DOORZV WHUPV IRU VHPDQWLF FRPSRVLWLRQ WR EH
VSHFLϧHG EDVHG RQ I�VWUXFWXUHV� WKLV HTXDOO\ PHDQV WKDW ZRUGV DQG
SKUDVHV FDQ PDNH LGHQWLFDO VHPDQWLF FRQWULEXWLRQV� :H SURYLGH D
PHDQV RI H[SUHVVLQJ FRPPRQDOLWLHV LQ IXQFWLRQDO VWUXFWXUH DQG VH�
PDQWLFV DFURVV OLQJXLVWLF XQLWV RI YDULRXV VL]HV WKURXJK WKH PHDQV
RI /)*·V WHPSODWHV �'DOU\PSOH HW DO�� ����� $VXGHK� ������ EXQGOHV
RI JUDPPDWLFDO GHVFULSWLRQV� ZKLFK FDQ EH DVVRFLDWHG ZLWK SDUWV RI
ZRUGV� ZLWK ZRUGV� RU ZLWK SKUDVHV� 7HPSODWHV FDQ EH GHϧQHG LQ
WHUPV RI RWKHU WHPSODWHV� WKXV DOORZLQJ XV WR H[SUHVV VLPLODULWLHV DQG
GLϱHUHQFHV EHWZHHQ FRQVWUXFWLRQV� ZKHWKHU WKH\ DUH H[SUHVVHG E\ D
VLQJOH ZRUG RU D SKUDVH� ,Q WKLV ZD\� ZH DFFRXQW IRU WKH VLPLODULWLHV
EHWZHHQ ZRUGV DQG SKUDVHV ZKLFK KDYH EHHQ D IRFXV RI ZRUN ZLWKLQ
&RQVWUXFWLRQ *UDPPDU� EXW ZLWKLQ D IUDPHZRUN ZKLFK DOVR LQFRUSR�
UDWHV WKH GLϱHUHQFHV EHWZHHQ ZRUGV�SKUDVHV DQG OH[LFRQ�JUDPPDU DV
D IXQGDPHQWDO DUFKLWHFWXUDO SULQFLSOH� :H EHOLHYH WKDW RXU SURSRVDOV
DUH YDOLG QR PDWWHU ZKDW WKHRU\ RI PRUSKRORJ\ LV DGRSWHG� DQG QR
PDWWHU ZKHWKHU WKH WHUP ´OH[LFRQµ UHIHUV WR D OLVW RI ZRUGV� D OLVW RI
PRUSKHPHV� RU D OLVW RI DOO XQSUHGLFWDEOH IRUP�PHDQLQJ SDLUV ZKDWHYHU
WKHLU VL]H�
7KH SDSHU LV VWUXFWXUHG DV IROORZV� ,Q VHFWLRQ �� ZH SUHVHQW WKUHH

VLPLODU FRQVWUXFWLRQV LQ (QJOLVK� 6ZHGLVK� DQG 'XWFK DQG VKRZ WKDW
WKH FRQVWUXFWLRQV DUH H[SUHVVHG GLϱHUHQWO\ LQ WKH GLϱHUHQW ODQJXDJHV�
,Q VHFWLRQ �� ZH SUHVHQW WHPSODWHV DQG VKRZ KRZ WKH\ FDQ EH XVHG WR
H[SUHVV JHQHUDOL]DWLRQV� ,Q VHFWLRQ �� ZH SUHVHQW RXU IRUPDO DQDO\VLV
LQ WHUPV RI /)* ZLWK *OXH 6HPDQWLFV� ,Q VHFWLRQ �� ZH EULHϩ\ FRQ�
VLGHU D IXUWKHU JHQHUDOL]DWLRQ RI WKH WKHRU\ LQ WHUPV RI OLQNLQJ WKHRU\�
ZKLFK FRQFHUQV WKH LQVWDQWLDWLRQ RI JUDPPDWLFDO IXQFWLRQV EDVHG RQ
DUJXPHQW VWUXFWXUH� 6HFWLRQ � LV WKH FRQFOXVLRQ� 7KH SDSHU HQGV ZLWK
D VHW RI IRUPDO DSSHQGLFHV� ZKLFK LQFOXGHV FRPSOHWH *OXH SURRIV IRU
WKUHH H[DPSOHV�
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&RQVWUXFWLRQV ZLWK /H[LFDO ,QWHJULW\

� ĲŬŦžƅźƊĲƅŐŬŦž ļƛŷźļžžļĸ ŐŦ ƖŬźĸž ĦŦĸ
ŷōźĦžļž

:H ϧUVW SUHVHQW RXU YLHZ RI FRQVWUXFWLRQV LQ /)*� $V DQ LOOXVWUDWLRQ
RI RXU YLHZ� ZH H[DPLQH YDULDQWV RI WKH WUDYHUVDO FRQVWUXFWLRQ LQ (Q�
JOLVK� 6ZHGLVK� DQG 'XWFK� VKRZLQJ WKDW GLϱHUHQW SURSHUWLHV RI WKH
FRQVWUXFWLRQ ³ WKH SKUDVDO FRQϧJXUDWLRQ� VRPH FRPELQDWLRQ RI ZRUGV
LQ WKH FRQVWUXFWLRQ� RU ERWK ³ DUH UHVSRQVLEOH IRU LWV PHDQLQJ� 6HF�
WLRQ ��� GLVFXVVHV WKH (QJOLVK ZD\�FRQVWUXFWLRQ� ZKLFK LV VLJQDOOHG E\
WKH SUHVHQFH RI WKH ZRUG ZD\� 6HFWLRQ ��� GLVFXVVHV WKH 6ZHGLVK FRXQ�
WHUSDUW RI WKLV FRQVWUXFWLRQ� WKH 'LUHFWHG 0RWLRQ &RQVWUXFWLRQ� ZKLFK
LV VLJQDOOHG QRW E\ D SDUWLFXODU ZRUG� EXW E\ D VSHFLDO SKUDVDO FRQ�
ϧJXUDWLRQ� )LQDOO\� 6HFWLRQ ��� SUHVHQWV WZR 'XWFK FRQVWUXFWLRQV� WKH
ZHJ�FRQVWUXFWLRQ DQG WKH 7UDQVLWLRQ WR /RFDWLRQ &RQVWUXFWLRQ� WKH ZHJ�
FRQVWUXFWLRQ LV VLPLODU WR LWV (QJOLVK FRXQWHUSDUW� LQ WKDW WKH FRQVWUXF�
WLRQ LV VLJQDOOHG E\ WKH SUHVHQFH RI WKH ZRUG ZHJ� 7KH 'XWFK 7UDQVLWLRQ
WR /RFDWLRQ &RQVWUXFWLRQ LV GLϱHUHQW IURP ERWK (QJOLVK DQG 6ZHGLVK�
LQ WKDW WKHUH LV QR VSHFLDO ZRUG RU SKUDVDO FRQϧJXUDWLRQ WR VLJQDO WKH
FRQVWUXFWLRQ� (DFK RI WKHVH SDWWHUQV LQYROYHV VSHFLϧFDWLRQ RI WKH FRQ�
VWUDLQWV DVVRFLDWHG ZLWK WKH FRQVWUXFWLRQ LQ D GLϱHUHQW ZD\� DVVRFLDWHG
ZLWK D ZRUG RWKHU WKDQ WKH KHDG SUHGLFDWH �(QJOLVK ZD\ RU 'XWFK ZHJ��
DVVRFLDWHG ZLWK D VSHFLDO SKUDVH VWUXFWXUH UXOH �WKH 6ZHGLVK 'LUHFWHG
0RWLRQ &RQVWUXFWLRQ�� RU DVVRFLDWHG ZLWK WKH PDLQ� KHDG SUHGLFDWH RI
WKH FRQVWUXFWLRQ �WKH 'XWFK 7UDQVLWLRQ WR /RFDWLRQ &RQVWUXFWLRQ��

��� 6LJQDOOHG E\ D QRQ�KHDG ZRUG
,W KDV EHHQ DUJXHG WKDW WKH (QJOLVK ZD\�FRQVWUXFWLRQ LQ ���� GHVHUYHV
D FRQVWUXFWLRQDO DQDO\VLV UDWKHU WKDQ D FRPSRVLWLRQDO RQH� VLQFH WKH
FRQVWUXFWLRQ LPSOLHV GLUHFWHG PRWLRQ HYHQ WKRXJK QRQH RI WKH LQGL�
YLGXDO ZRUGV LQ ZD\�H[DPSOHV QHFHVVDULO\ GHQRWH PRWLRQ �-DFNHQGRϱ�
����� ����� *ROGEHUJ� ������� 2XU DQDO\VLV DVVRFLDWHV FRQVWUDLQWV RQ
WKH IRUP DQG PHDQLQJ RI WKH FRQVWUXFWLRQ ZLWK WKH ZRUG ZD\�
7KH DQDO\VLV PXVW FDSWXUH VHYHUDO JHQHUDOLVDWLRQV DERXW WKLV FRQ�

VWUXFWLRQ� 7KH DFWLRQ GHQRWHG E\ WKH YHUE HOERZ GRHV QRW QRUPDOO\
LQYROYH WUDYHUVDO� WKRXJK LQ H[DPSOH ���� WKLV PHDQLQJ LV SUHVHQW�

�0DUDQW] ������ LQIRUPDOO\ VNHWFKHV DQ DOWHUQDWLYH YLHZ RI WKH ZD\�
FRQVWUXFWLRQ� ZKLFK DWWHPSWV WR GHULYH SURSHUWLHV RI WKH FRQVWUXFWLRQ IURP IDFWV
DERXW GLUHFW FRPSOHPHQWDWLRQ DQG VHFRQGDU\ SUHGLFDWLRQ�
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���� 6DUDK HOERZHG KHU ZD\ WKURXJK WKH FURZG�
,Q IDFW� IRU PRVW (QJOLVK VSHDNHUV WKH (QJOLVK ZD\�FRQVWUXFWLRQ

KDV WZR FORVHO\ UHODWHGPHDQLQJV� RQH LQYROYLQJPHDQV DQG RQH LQYROY�
LQJ PDQQHU �-DFNHQGRϱ ����� ���� *ROGEHUJ ����� ���²����� WKRXJK
*ROGEHUJ ������ ���²���� SRLQWV RXW WKDW WKH PDQQHU LQWHUSUHWDWLRQ
LV QRW DYDLODEOH IRU DOO VSHDNHUV� ([DPSOHV ���� DQG ���� ERWK LQYROYH
DQ HYHQW GHQRWHG E\ WKH PDLQ YHUE �ZKLVWOLQJ RU HOERZLQJ� DQG LWV
UHODWLRQ WR D VHFRQG HYHQW RI WUDYHUVDO RI D SDWK� 7KH YHUE HOERZHG LQ
H[DPSOH ���� VSHFLϧHV WKH PHDQV E\ ZKLFK 6DUDK PDQDJHG WR WUDYHUVH
WKH FURZG� WKH WUDYHUVDO ZDV PDGH SRVVLEOH E\ WKH HOERZLQJ DFWLRQ� )RU
WKRVH ZKR DOORZ WKH PDQQHU LQWHUSUHWDWLRQ� WKH YHUE ZKLVWOHG LQ H[DP�
SOH ���� VSHFLϧHV WKH PDQQHU LQ ZKLFK WKH WUDYHUVDO RI WKH URRP WRRN
SODFH� 6DUDK ZKLVWOHG ZKLOH FURVVLQJ WKH URRP�
���� 0HDQV� 6DUDK HOERZHG KHU ZD\ WKURXJK WKH FURZG� �WUDYHUVHG

WKH FURZG E\ PHDQV RI HOERZLQJ�
���� 0DQQHU� 6DUDK ZKLVWOHG KHU ZD\ DFURVV WKH URRP� �WUDYHUVHG

WKH URRP ZKLOH ZKLVWOLQJ�
2XU DQDO\VLV DOORZV XV WR VSHFLI\ ZKDW WKHVH PHDQLQJV KDYH LQ FRP�
PRQ DQG KRZ WKH\ GLϱHU� DV ZHOO DV DOORZLQJ WKH VWDWHPHQW RI FURVV�
OLQJXLVWLF VLPLODULWLHV DQG GLϱHUHQFHV LQ VLPLODU FRQVWUXFWLRQV LQ RWKHU
ODQJXDJHV�
-DFNHQGRϱ ������ ���� DQG RWKHUV KDYH FODLPHG WKDW WKH SRV�

VHVVRU LQ WKH (QJOLVK ZD\�FRQVWUXFWLRQ PXVW EH FRUHIHUHQWLDO ZLWK WKH
VXEMHFW� DQG LQGHHG� LQ DQ RYHUZKHOPLQJ QXPEHU RI FDVHV� WKLV JHQHU�
DOLVDWLRQ KROGV� +RZHYHU� ZH KDYH IRXQG H[DPSOHV ZKLFK FRXQWHUH[�
HPSOLI\ WKLV FODLP��

�$ UHYLHZHU VXJJHVWV WKDW WKH SRVVHVVRU PXVW QHYHUWKHOHVV VRPHKRZ EH
¶OLQNHG· WR WKH VXEMHFW� HYHQ LI FRUHIHUHQFH LV WRR VWURQJ D FRQVWUDLQW� ,I VR� WKH
OLQN QHHG QRW EH QDUURZO\ V\QWDFWLF� DV DOUHDG\ ZLWQHVVHG E\ WKH WRWDO ODFN RI D
SURQRXQ LQ ���� DQG DV IXUWKHU HPSKDVL]HG E\ WKH IDFW WKDW WKH ZD\�SKUDVH PD\
VLPSO\ EH DQ LQGHϧQLWH�
���� 'DLPOHU ERXJKW D ZD\ LQWR WKH &KLQHVH PDUNHW DQG WKHQ UHPRYHG

&KU\VOHU IURP LW�
ZZZ�WKHWUXWKDERXWFDUV�FRP���������
MHHS�H\HLQJ�FKLQHVH�FKHURNHH�SURGXFWLRQ� �UHWULHYHG 0D\ ���
�����

7KHUHIRUH� WKH OLQN EHWZHHQ WKH VXEMHFW DQG WKH SRVVHVVRU LV DW EHVW VRPHWKLQJ
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&RQVWUXFWLRQV ZLWK /H[LFDO ,QWHJULW\

���� +H KDG ERXJKW KLV VRQ·V ZD\ LQWR DQ H[FOXVLYH PLOLWDU\ DFDGHP\
QRUPDOO\ UHVHUYHG IRU WKH JHQWU\ DQG KDG RXWϧWWHG KLP LQ VW\OH�
ZZZ�VDPL]GDW�FRP�KHUR��KWPO �UHWULHYHG 0D\ ��� �����

���� $V DPEDVVDGRU� &KHVWHUϧHOG QHJRWLDWHG %ULWDLQ·V ZD\ LQWR WKH
7UHDW\ RI 9LHQQD LQ �����
ZZZ�DLP���DF�XN�FJL�ELQ�IUDPHV�IXOOGHVF"FROOBLG ����^	`?

LQVWBLG ��

�UHWULHYHG 0D\ ��� �����
)XUWKHUPRUH� WKH QRXQ ZD\ LQ WKH ZD\�FRQVWUXFWLRQ FDQ EH PRGLϧHG
�-DFNHQGRϱ ����� ���� *ROGEHUJ ����� �����
���� ,Q WKHVH ODVW WZHQW\ \HDUV 5LFKDUG 6WUDXVV KDV ϩDPHG KLV PHWH�

RULF ZD\ LQWR RXU NHQ ³ DQG RXW RI LW� �%XFKDQDQ� �����
$Q DQDO\VLV RI WKH FRQVWUXFWLRQ PXVW EH DEOH WR GHULYH D PHDQLQJ IRU
WKHVH H[DPSOHV DV ZHOO� RXU DQDO\VLV GRHV�

��� 6LJQDOOHG E\ D VSHFLDO SKUDVDO FRQϧJXUDWLRQ
7RLYRQHQ ������ GLVFXVVHV WKH 6ZHGLVK 'LUHFWHG 0RWLRQ &RQVWUXFWLRQ
�'0&�� 7KH '0&� ZKLFK LV H[HPSOLϧHG LQ ����� FRQVLVWV RI D VXEMHFW� D
YHUE� D ZHDN UHϩH[LYH �FRLQGH[HG ZLWK WKH VXEMHFW�� DQG D GLUHFWLRQDO
33�
���� 6DUDK

6�
DUPEnJDGH
HOERZHG

VLJ
༼ෞຮฏ

JHQRP
WKURXJK

PlQJGHQ�
FURZG�ෞฏ

∼ ¶6DUDK HOERZHG KHU ZD\ WKURXJK WKH FURZG�·
7KH 6ZHGLVK '0& LV YHU\ VLPLODU LQ PHDQLQJ DQG XVH WR WKH (QJOLVK
ZD\�FRQVWUXFWLRQ� EXW WKH '0& GRHV QRW LQFOXGH DQ\ ZRUG VXFK DV
ZD\ WR ϩDJ WKH FRQVWUXFWLRQ� ,QVWHDG� WKH FRQVWUXFWLRQ LV GLVWLQJXLVKHG
E\ WKH VWULFW UHTXLUHPHQW IRU WKH SUHVHQFH RI FHUWDLQ FRQVWLWXHQWV� UH�
VWULFWLRQV RQ WKH LQGLYLGXDO FRQVWLWXHQWV� DQG SHUKDSV PRVW LQWHUHVW�
LQJO\� E\ D ZRUG RUGHU TXLUN DW RGGV ZLWK WKH UHVW RI 6ZHGLVK JUDPPDU
�7RLYRQHQ� ������ 7KLV ZRUG RUGHU TXLUN LV RQO\ VHHQ LQ '0& H[SUHV�
VLRQV WKDW FRQWDLQ D YHUEDO SDUWLFOH� &RQVLGHU ���D²E��

DNLQ WR ¶EULGJLQJ· �+DYLODQG DQG &ODUN� ������ DOWKRXJK WKH ODWWHU WHUP LV W\S�
LFDOO\ DVVRFLDWHG ZLWK GHϧQLWHV� QRW LQGHϧQLWHV� %ULGJLQJ LV QRUPDOO\ YLHZHG DV
D SUDJPDWLF LQIHUHQFH� :H UHWXUQ WR WKLV LVVXH LQ IRRWQRWH �� EHORZ� DIWHU WKH
IRUPDO DQDO\VLV KDV EHHQ LQWURGXFHG�
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���� D� -RQDV
-�

NQXϱDGH
SXVKHG

VLJ
༼ෞຮฏ

LQ
LQ
L
LQVLGH

PlQJGHQ�
FURZG�ෞฏ

¶-RQDV SXVKHG KLV ZD\ LQWR WKH FURZG�·

E� -RQDV
-�

NQXϱDGH
SXVKHG

LQ
LQ
GLJ
\RX
L
LQVLGH

PlQJGHQ�
FURZG�ෞฏ

¶-RQDV SXVKHG \RX LQWR WKH FURZG�·

9HUEDO SDUWLFOHV LQ 6ZHGLVK �VXFK DV LQ� DUH QRUPDOO\ DGMRLQHG WR WKH
YHUE� DQG PXVW SUHFHGH WKH GLUHFW REMHFW� DV LQ ���E� �7RLYRQHQ� ������
+RZHYHU� LQ WKH '0&� WKH SDUWLFOH PD\ QRW DGMRLQ WR WKH YHUE� LQVWHDG�
LW LV D SDUW RI WKH 33� LQ L PlQJGHQ� DQG IROORZV WKH UHϩH[LYH� IRU H[DP�
SOH VLJ LQ ���D��
7RLYRQHQ ������ FRQVLGHUV WZR GLVWLQFW DQDO\VHV RI WKH '0&� 2QH

SURSRVHG DQDO\VLV LV FRQVWUXFWLRQDO� LQ WKH VHQVH WKDW WKH '0& PHDQ�
LQJ LV DVVRFLDWHG GLUHFWO\ ZLWK D V\QWDFWLF IUDPH� ZH DGRSW DQ DQDO\VLV
RI WKLV VRUW� DV ZH GLVFXVV EHORZ� 7KH RWKHU DQDO\VLV LV SXUHO\ OH[LFDO�
WKH '0& YHUE LV UHODWHG WR DQRWKHU YHUE YLD D OH[LFDO UHGXQGDQF\ UXOH�
7KH '0& YHUE FDUULHV YHU\ GHWDLOHG VSHFLϧFDWLRQV DERXW ZKDW W\SHV
RI DUJXPHQWV LW PXVW WDNH� 7ZR IDFWV GLVIDYRXU WKH VHFRQG DQDO\VLV�
ZKLFK WLHV WKH '0& WR WKH YHUE� ϧUVW� '0& YHUEV FDQQRW SDUWLFLSDWH
LQ DQ\ NLQG RI GHULYDWLRQDO PRUSKRORJ\� 7KH\ FDQQRW EH WXUQHG LQWR
QRXQV RU DGMHFWLYHV� IRU H[DPSOH� 7KH '0& YHUEV FDQ DOVR QRW EH SDV�
VLYL]HG� 6HFRQG� WKH PRVW VWULNLQJ GLVWLQJXLVKLQJ IHDWXUH RI WKH '0&
LV WKH SHFXOLDU ZRUG RUGHU FRQVWUDLQW PHQWLRQHG DERYH� 3UHSRVLWLRQDO
SDUWLFOHV FDQQRW DSSHDU LQ WKH QRUPDO� SUH�REMHFW SDUWLFOH SRVLWLRQ LQ
WKH '0&� 7KLV LV ZKDW GLVWLQJXLVKHV WKH '0& IURP UHVXOWDWLYHV� IRU
H[DPSOH� )RU WKHVH UHDVRQV� ZH SUHIHU DQ DQDO\VLV ZKLFK FRQQHFWV WKH
'0& PHDQLQJ ZLWK D VSHFLϧF SKUDVH VWUXFWXUDO FRQϧJXUDWLRQ�

��� 6LJQDOOHG E\ WKH KHDG
9DQ (JPRQG ������ ����� VKRZV WKDW 'XWFK KDV WZR FRQVWUXFWLRQV
WKDW LQGLFDWH WUDYHUVDO RI D SDWK� 2QH FRQVWUXFWLRQ FRQWDLQV WKH ZRUG
ZHJ ¶ZD\· ����� DQG WKH RWKHU GRHV QRW �����

���� :LM
ZH
ZRUVWHOHQ
ZUHVWOH

RQV
RXUVHOYHV

HHQ
D
ZHJ
ZD\

GRRU
WKURXJK

GH
WKH
PHQLJWH�
FURZG

¶:H DUH ZUHVWOLQJ RXU ZD\ WKURXJK WKH FURZG�·
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���� -DQQHNH
-�

EOXIW
EOXϱV

]LFK
༼ෞຮฏ

XLW
RXW
GH
WKH
EHQDUGH
DZNZDUG

VLWXDWLH�
VLWXDWLRQ

∼ ¶-DQQHNH EOXϱV KHU ZD\ RXW RI WKH DZNZDUG VLWXDWLRQ�·
7KH ZHJ�FRQVWUXFWLRQ H[HPSOLϧHG LQ ���� LV DOVR GLVFXVVHG LQ 9HUKDJHQ
�������
$OWKRXJK WKH WZR 'XWFK FRQVWUXFWLRQV DUH VLPLODU LQ PHDQLQJ� YDQ

(JPRQG ������ ����� VKRZV WKDW WKH\ QHYHUWKHOHVV KDYH GLVWLQFW LQ�
WHUSUHWDWLRQV� 6KH FDOOV WKH W\SH ZLWK ZHJ ���� WKH ¶ZHJ�FRQVWUXFWLRQ·�
DQG WKH W\SH ZLWKRXW ZHJ ���� WKH ¶7UDQVLWLRQ WR /RFDWLRQ &RQVWUXF�
WLRQ· �7/&�� 7KH ZHJ�FRQVWUXFWLRQ GHVFULEHV DQ LQFUHPHQWDO WUDYHUVDO
RI D SDWK E\ PHDQV RI �RU ZKLOH� SHUIRUPLQJ WKH DFWLYLW\ GHQRWHG E\
WKH YHUE� 7KH WUDYHUVDO DQG WKH DFWLYLW\ GHQRWHG E\ WKH YHUE DUH FRLGHQ�
WLϧHG� WKH FRQVWUXFWLRQ GHVFULEHV D VLPSOH HYHQW� 7KH 7/&� RQ WKH RWKHU
KDQG� GHVFULEHV D WUDQVLWLRQ WR D VWDWLYH ORFDWLRQ E\ PHDQV RI SHUIRUP�
LQJ WKH DFWLYLW\ GHQRWHG E\ WKH YHUE� ZLWKRXW QHFHVVDULO\ WUDYHUVLQJ
D SDWK� 7KH WUDYHUVDO DQG WKH DFWLYLW\ GHQRWHG E\ WKH YHUE DUH WZR
VXEHYHQWV WKDW DUH QRW QHFHVVDULO\ FRH[WHQVLYH� )RU H[DPSOH� LQ �����
WKH EOXϫQJ HYHQW FDQ WDNH SODFH DW D SRLQW LQ WLPH SUHFHGLQJ WKH HYHQW
LQ ZKLFK WKH VXEMHFW JHWV RXW RI WKH DZNZDUG VLWXDWLRQ�
:H DUH KHUH LQWHUHVWHG LQ WKH 7/&� DV LW SURYLGHV DQ LQWHUHVWLQJ

FRQWUDVW WR WKH (QJOLVK DQG 6ZHGLVK FRQVWUXFWLRQV LQWURGXFHG DERYH�
8QOLNH WKH (QJOLVK ZD\�FRQVWUXFWLRQ� WKH 7/& GRHV QRW FRQWDLQ D VSH�
FLϧF ZRUG �VXFK DV ZD\� WKDW ¶ϩDJV· WKH FRQVWUXFWLRQ� DQG XQOLNH WKH
6ZHGLVK '0&� WKH 'XWFK 7/& GRHV QRW GLVSOD\ VSHFLDO V\QWD[� WKH ZRUG
RUGHU IROORZV WKH UXOHV RI UHJXODU 'XWFK V\QWD[�� :H SURSRVH WKDW WKH
7/& LQIRUPDWLRQ LV DVVRFLDWHG ZLWK WKH YHUE� 1R PDWWHU ZKLFK YHUE
LV LQFOXGHG LQ WKH FRQVWUXFWLRQ� WKH 7/& UHTXLUHV H[DFWO\ WKUHH DUJX�
PHQWV� D VXEMHFW� D UHϩH[LYH GLUHFW REMHFW DQG D SRVWSRVLWLRQDO REOLTXH�
7KH 7/& FKDQJHV WKH EDVLF DUJXPHQW UHTXLUHPHQWV RI WKH YHUE� DQG LV
LQ WKLV ZD\ FRPSDUDEOH WR SDVVLYHV� FDXVDWLYHV DQG DSSOLFDWLYHV� DOO RI
ZKLFK DOVR KDYH UHODWLRQ�FKDQJLQJ FKDUDFWHULVWLFV� 5HODWLRQ�FKDQJLQJ
SURFHVVHV DUH VWDQGDUGO\ WUHDWHG LQ /)* DV DOWHUQDWLYH ZD\V RI PDSSLQJ

�7KH 33 LQ WKH 'XWFK H[DPSOHV LV D SUHSRVLWLRQDO SKUDVH� QRW D SRVWSRVLWLRQDO
SKUDVH� 'LUHFWLRQDO 33V QRUPDOO\ FRQWDLQ SRVWSRVLWLRQV LQ 'XWFK� ZKLOH VWDWLYH
ORFDWLRQV DUH SUHSRVLWLRQDO 33V� 7KH IDFW WKDW WKH 7/& FRQWDLQV SRVWSRVLWLRQV DQG
QRW SUHSRVLWLRQV IROORZV IURP YDQ (JPRQG·V ������ ����� ��²���� DQDO\VLV RI
WKH 7/& DV DQ H[SUHVVLRQ RI WUDQVLWLRQ WR D VWDWLYH ORFDWLRQ�
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WKHPDWLF UROHV WR V\QWDFWLF UROHV�

��� 6XPPDU\
7KHVH H[SUHVVLRQV IURP 6ZHGLVK� (QJOLVK DQG 'XWFK KDYH LQ FRPPRQ
D FRUH SDUW RI WKHLU PHDQLQJV DQG DOVR WKH IDFW WKDW WKHLU PHDQLQJV DUH
QRW VWUDLJKWIRUZDUGO\ SUHGLFWDEOH IURP WKH PHDQLQJV WKDW WKHLU SDUWV
KDYH LQ RWKHU FRQWH[WV� (DFK RI WKHP KDV EHHQ QRWHG WR EH SUREOHP�
DWLF IRU /H[LFDO ,QWHJULW\� %HORZ� ZH SUHVHQW DQDO\VHV RI WKHVH FRQVWUXF�
WLRQV WKDW FDSWXUH WKH UHOHYDQW GDWD ZKLOH SUHVHUYLQJ /H[LFDO ,QWHJULW\�
7KH 6ZHGLVK '0&� WKH (QJOLVK ZD\�FRQVWUXFWLRQ� DQG WKH 'XWFK ZHJ�
FRQVWUXFWLRQ DQG 7/& KDYH GLVWLQFW V\QWDFWLF UHDOL]DWLRQV� +RZHYHU�
DV KDV EHHQ DUJXHG LQ GHWDLO E\ YDQ (JPRQG ������ ������ 7RLYRQHQ
������ DQG 9HUKDJHQ ������� WKHUH DUH QHYHUWKHOHVV VWURQJ UHDVRQV IRU
WUHDWLQJ WKHP DV GLVWLQFW UHDOL]DWLRQV RI WKH VDPH ¶FRQVWUXFWLRQ·� 7KH
EDVLF VLPLODULW\ OLHV LQ WKHLU PHDQLQJ� DV LV HYLGHQW IURP WKH IDFW WKDW
WKH H[SUHVVLRQV WUDQVODWH LQWR HDFK RWKHU DFURVV WKH ODQJXDJHV� 7KH
H[SUHVVLRQV HQWDLO WUDYHUVDO� HYHQ WKRXJK WKLV VHQVH LV QRW QHFHVVDULO\
FRQWULEXWHG E\ WKH YHUE� 7KH YHUE GRHV QRW QHHG WR EH D PRWLRQ YHUE�
2XU WDVN LV WR FDSWXUH WKH VLPLODULWLHV EHWZHHQ WKH FRQVWUXFWLRQV� ZKLOH
DW WKH VDPH WLPH PRGHOOLQJ WKHLU GLϱHUHQFHV� 7KH FRQVWUXFWLRQV FUX�
FLDOO\ GLϱHU LQ ZKLFK IRUPDO HOHPHQW FDUULHV WKH WUDYHUVDO PHDQLQJ�
:H DVVXPH WKDW WKH WUDYHUVDO PHDQLQJ LV VLJQDOOHG E\ WKH ZRUG ZD\
LQ (QJOLVK� DV WKLV ZRUG LV QHFHVVDULO\ SUHVHQW� 7KH 6ZHGLVK '0& GRHV
QRW FRQWDLQ D VSHFLϧF ZRUG VLJQDOOLQJ WKH FRQVWUXFWLRQ� DOO ZRUGV LQ
WKH 6ZHGLVK '0& DUH H[FKDQJHDEOH� VLQFH HYHQ WKH UHϩH[LYH FKDQJHV
WR DJUHH ZLWK LWV DQWHFHGHQW� ,QVWHDG� WKH FRQVWUXFWLRQ LV ϩDJJHG E\
LWV ZRUG RUGHU� :H WKHUHIRUH DVVXPH WKDW WKH LQIRUPDWLRQ WKDW LV VSH�
FLϧF IRU WKH WUDYHUVDO UHDGLQJ LV WLHG WR D SKUDVH VWUXFWXUH UXOH� )LQDOO\�
WKH 'XWFK 7/& LV QRW DVVRFLDWHG ZLWK D VSHFLϧF ZRUG RU SHFXOLDU ZRUG
RUGHU� :H WKHUHIRUH PDNH WKH DVVXPSWLRQ WKDW WKH FODXVDO KHDG� WKH
YHUE� LV WKH ORFXV RI WKH UHOHYDQW LQIRUPDWLRQ�

� ļŦĲĦŷžƊşĦƅŐŦŇ ŇļŦļźĦşŐžĦƅŐŬŦž ƅōźŬƊŇō
ƅļťŷşĦƅļž

2XU SURSRVDO DOORZV IRU FURVV�OLQJXLVWLF JHQHUDOLVDWLRQV WR EH FDSWXUHG
E\ WKH XVH RI WHPSODWHV WR HQFRGH FRPSOH[ V\QWDFWLF GHVFULSWLRQV DQG
WKH UHODWLRQV DPRQJ WKHP� 7HPSODWHV FDQ EH DVVRFLDWHG ZLWK REMHFWV
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RI YDULRXV VL]HV� IURP SDUWV RI ZRUGV WR SKUDVHV� 7KLV GRHV QRW YLRODWH
/)*·V /H[LFDO ,QWHJULW\ 3ULQFLSOH� DV ZRUGV DUH VWLOO LQWDFW DQG LQGHSHQ�
GHQW DW F�VWUXFWXUH�

��� %DFNJURXQG
$Q /)* WHPSODWH LV QRWKLQJ PRUH WKDQ D QDPHG IXQFWLRQDO GHVFULSWLRQ�
ZKHUH WKH ODWWHU LV D VHW RI HTXDWLRQV WKDW GHVFULEH OLQJXLVWLF VWUXFWXUHV�
)RU DQ\ /)* JUDPPDU GHϧQHG LQ WHUPV RI WHPSODWHV� ZH FRXOG FRQ�
VWUXFW D FRPSOHWHO\ HTXLYDOHQW JUDPPDU ZKLFK GRHV QRW XVH WHPSODWHV�
VLPSO\ E\ UHSODFLQJ HDFK WHPSODWH ZLWK WKH GHVFULSWLRQ WKDW LW DEEUH�
YLDWHV� E\ GRLQJ WKLV� WKH VDPH JUDPPDWLFDO GHVFULSWLRQV ZRXOG EH DV�
VRFLDWHG ZLWK ZRUGV DQG SKUDVHV LQ HDFK RI WKH WZR JUDPPDUV� DQG
WKH JUDPPDUV ZRXOG SURGXFH WKH VDPH F�VWUXFWXUHV DQG I�VWUXFWXUHV
IRU WKH ZRUGV DQG SKUDVHV RI WKH ODQJXDJH� ,PSRUWDQWO\� KRZHYHU� WKH
JUDPPDU ZLWKRXW WHPSODWHV ZRXOG ODFN WKH PHDQV RI H[SUHVVLQJ JHQ�
HUDOLVDWLRQV DFURVV OH[LFDO HQWULHV DQG JUDPPDU UXOHV ZKLFK WHPSODWHV
PDNH DYDLODEOH�
)XQFWLRQDO GHVFULSWLRQV PRVW QRWDEO\ GHVFULEH I�VWUXFWXUHV� EXW

FDQ LQ SULQFLSOH FRQWDLQ GHVFULSWLRQV RI DQ\ OLQJXLVWLF VWUXFWXUH LQ
/)*·V &RUUHVSRQGHQFH $UFKLWHFWXUH �.DSODQ� ����� $VXGHK� ������
$ WHPSODWH DVVRFLDWHV D QDPH ZLWK D JLYHQ IXQFWLRQDO GHVFULSWLRQ�
VXFK WKDW WKH GHVFULSWLRQ FDQ EH LQYRNHG WKURXJKRXW WKH OH[LFRQ� DV
RULJLQDOO\ HQYLVLRQHG �'DOU\PSOH HW DO�� ������ RU� PRUH JHQHUDOO\� DQ\�
ZKHUH LQ WKH JUDPPDU� DV ZH SURSRVH� 7HPSODWHV WKXV QRW RQO\ DOORZ
JHQHUDOLVDWLRQV WR EH FDSWXUHG ZLWKLQ WKH OH[LFRQ� EXW DOVR DFURVV WKH
OH[LFRQ DQG WKH UHVW RI WKH JUDPPDU� ,W LV LQ WKLV VHQVH WKDW WHPSODWHV
FDQ EH FRQVWUXHG DV DQ LPSRUWDQW FRPSRQHQW RI WKH OH[LFRQ²JUDPPDU
LQWHUIDFH�
7HPSODWH GHϧQLWLRQV PD\ FRQWDLQ UHIHUHQFH WR RWKHU WHPSODWHV�

7KLV HϱHFWLYHO\ FUHDWHV D KLHUDUFK\ RI WHPSODWHV� VLPLODU WR WKH SHUKDSV
PRUH IDPLOLDU W\SH KLHUDUFKLHV RI +HDG�'ULYHQ 3KUDVH 6WUXFWXUH *UDP�
PDU �+36*� 3ROODUG DQG 6DJ� ����� ����� *LQ]EXUJ DQG 6DJ� �����
DQG 6LJQ�%DVHG &RQVWUXFWLRQ *UDPPDU �6%&*� 0LFKDHOLV� ����� 6DJ�
����� %RDV DQG 6DJ� ������ +RZHYHU� WKHUH DUH VRPH QRWHZRUWK\ GLI�
IHUHQFHV EHWZHHQ WHPSODWHV DQG W\SHV� )LUVW� W\SH KLHUDUFKLHV UHSUHVHQW
UHODWLRQV EHWZHHQ VWUXFWXUHV� ZKHUHDV WHPSODWH KLHUDUFKLHV UHSUHVHQW
UHODWLRQV EHWZHHQ GHVFULSWLRQV RI VWUXFWXUHV� 7KLV PHDQV WKDW WHPSODWHV
GR QRW DSSHDU LQ WKH DFWXDO VWUXFWXUHV RI WKH WKHRU\� EXW RQO\ LQ GH�
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VFULSWLRQV WKDW WKH VWUXFWXUHV PXVW VDWLVI\� 7KLV FRQWUDVWV ZLWK W\SHV LQ
+36*� ZKHUH HDFK VWUXFWXUH �D GLUHFWHG DF\FOLF JUDSK� LV DVVRFLDWHG
ZLWK D W\SH�
6HFRQG� W\SH KLHUDUFKLHV LQ +36* DQG 6%&* UHSUHVHQW LQKHULWDQFH

LQ DQ DQG�RU VHPLODWWLFH� 7KH GDXJKWHUV RI D W\SH UHSUHVHQW GLVMRLQW
VXEW\SHV �RU�� 0XOWLSOH PRWKHUV IRU D W\SH UHSUHVHQW FRQMRLQHG VXSHU�
W\SHV �DQG�� )RU H[DPSOH� FRQVLGHU WKH IROORZLQJ W\SH KLHUDUFK\ IURP
0DORXI �������
���� substantive

noun relational

c�noun gerund verb
7KH W\SH substantive LV D VXEW\SH RI WKH URRW W\SH head �QRW VKRZQ KHUH��
,WV WZR GDXJKWHUV� noun DQG relational� GLVMRLQWO\ SDUWLWLRQ WKH VXSHU�
W\SH� (DFK RI WKH W\SHV noun DQG relational LQ WXUQ KDV WZR GDXJKWHUV
WKDW GLVMRLQWO\ SDUWLWLRQ WKH W\SH� +RZHYHU� WKH W\SH gerund LV FRPPRQ
WR ERWK DQG FRQVWLWXWHV D FRQMXQFWLRQ RI WKH VXSHUW\SHV� D gerund REMHFW
LV ERWK D noun REMHFW DQG D relational REMHFW�
7HPSODWH KLHUDUFKLHV GR QRW UHSUHVHQW LQKHULWDQFH� EXW UDWKHU LQ�

FOXVLRQ� ,I D WHPSODWH $ GRPLQDWHV D WHPSODWH %� WKHQ WKH GHVFULSWLRQ
WKDW $ ODEHOV DSSHDUV LQ WKH GHVFULSWLRQ WKDW % ODEHOV� 7KH VHPDQWLFV RI
WHPSODWH LQYRFDWLRQ� GHQRWHG E\ WKH SUHϧ[ # LQ D GHVFULSWLRQ� LV MXVW
VXEVWLWXWLRQ� )RU H[DPSOH� JLYHQ WKH �6* WHPSODWH LQ ���� EHORZ� WKH
OH[LFDO HQWULHV LQ ���D� DQG ���E� DUH VWULFWO\ HTXLYDOHQW�
���� �6* := �↑ ༼ཟඨຍ ༝ෞ༬༼� = �

�↑ ༼ཟඨຍ ໍཟ� = ༼ศ
���� D� ODXJKV �↑ ༝༬ෞ� = ¶ODXJK〈༼ཟඨຍ〉·

�↑ ༼ཟඨຍ ༝ෞ༬༼� = �
�↑ ༼ཟඨຍ ໍཟ� = ༼ศ

E� ODXJKV �↑ ༝༬ෞ� = ¶ODXJK〈༼ཟඨຍ〉·
#�6*

,W LV FOHDU IURP WKLV H[DPSOH WKDW D WHPSODWH LV QRWKLQJ PRUH WKDQ
DQ DEEUHYLDWLRQ IRU DQ /)* GHVFULSWLRQ� 7KURXJKRXW WKLV SDSHU� ZH
XVH WKH WHUP ¶KLHUDUFK\· LQ UHIHUHQFH WR WHPSODWHV WR PHDQ ¶LQFOXVLRQ
KLHUDUFK\·� QRW ¶LQKHULWDQFH KLHUDUFK\·�
'HVFULSWLRQV LQ /)* VXSSRUW WKH ERROHDQ RSHUDWLRQV RI FRQMXQF�
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WLRQ� GLVMXQFWLRQ DQG QHJDWLRQ� 7HPSODWHV WKHUHIRUH DOVR VXSSRUW WKHVH
RSHUDWLRQV� )RU H[DPSOH� WKH �6* WHPSODWH FDQ EH QHJDWHG LQ D OH[LFDO
HQWU\�
���� ODXJK �↑ ༝༬ෞ� = ¶ODXJK〈༼ཟඨຍ〉·

¬#�6*
7KH OH[LFDO HQWULHV IRU ODXJKV DQG ODXJKZRXOG WKXV ERWK EH GDXJKWHUV RI
WKH WHPSODWH �6* LQ D WHPSODWH KLHUDUFK\� EHFDXVH ERWK HQWULHV LQFOXGH
WKH WHPSODWH� HYHQ LI RQH QHJDWHV LW DQG WKH RWKHU GRHV QRW�
���� �6*

ODXJK ODXJKV
7KLV HPSKDVL]HV WKH GLϱHUHQFH EHWZHHQ D KLHUDUFK\ WKDW UHSUHVHQWV
LQKHULWDQFH� DV LQ +36* RU 6%&* W\SH KLHUDUFKLHV� YHUVXV D QHWZRUN
WKDW UHSUHVHQWV LQFOXVLRQ� DV LQ /)* WHPSODWH KLHUDUFKLHV� ,W ZRXOG QRW
PDNH VHQVH IRU ERWK ODXJK DQG ODXJKV WR LQKHULW IURP D �6* W\SH RE�
MHFW� EXW ERWK ZRUGV FDQ QHYHUWKHOHVV LQFOXGH WKH GHVFULSWLRQ �ZLWK RU
ZLWKRXW QHJDWLRQ� WKDW LV ODEHOOHG E\ WKH �6* WHPSODWH�
7HPSODWHV FDQ DOVR EH SDUDPHWUL]HG� ZKHUH WKH SDUDPHWHUV DUH

VWDWHG DV DUJXPHQWV WR WKH WHPSODWH� )RU H[DPSOH� WKH WHPSODWH LQ ����
FRXOG EH XVHG LQ WKH OH[LFDO HQWU\ IRU DQ\ LQWUDQVLWLYH YHUE� VXFK WKDW
WKH HQWU\ IRU ODXJKV FRXOG EH UHZULWWHQ DV LQ �����
���� ,175$16�3� := �↑ ༝༬ෞ� = ¶3〈༼ཟඨຍ〉·
���� ODXJKV #,175$16�ODXJK�

#�6*
7KH OH[LFDO HQWU\ IRU ODXJKV LQ ���� LV VWLOO VWULFWO\ HTXLYDOHQW WR WKH RQH
LQ ���E�� EXW WKH WHPSODWHV EULQJ WR WKH IRUH WKH JHQHUDOLVDWLRQ WKDW WKH
RQO\ LGLRV\QFUDWLF LQIRUPDWLRQ LV ZKDW LV FRQWULEXWHG E\ WKH YHUE URRW�
)RU H[DPSOH� WKH HQWU\ IRU \DZQV ZRXOG GLϱHU RQO\ LQ WKH DUJXPHQW WR
WKH SDUDPHWUL]HG ,175$16 WHPSODWH �¶\DZQ· LQVWHDG RI ¶ODXJK·��
7KH TXHVWLRQ SRWHQWLDOO\ DULVHV RI ZKHUH WHPSODWLF LQIRUPDWLRQ

LV VWRUHG LQ DQ /)* JUDPPDU�� 6LQFH WHPSODWHV DUH DEEUHYLDWLRQV IRU
IXQFWLRQDO GHVFULSWLRQV� WKH\ QHHG WR EH DFFHVVLEOH WR DQ\ FRPSRQHQW
RI WKH JUDPPDU WKDW PDNHV XVH RI I�GHVFULSWLRQV� LQ SDUWLFXODU WKH OH[L�
FRQ DQG F�VWUXFWXUH UXOHV� ,Q WKH ;HUR[ /LQJXLVWLF (QYLURQPHQW �&URXFK
HW DO�� ������ WKH VWDQGDUG JUDPPDU GHYHORSPHQW SODWIRUP IRU /)*�

�:H WKDQN RQH RI RXU DQRQ\PRXV UHYLHZHUV IRU UDLVLQJ WKLV SRLQW�
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HDFK JUDPPDU FDQ KDYH D VHFWLRQ WKDW GHϧQHV WHPSODWHV� WKLV FRPSR�
QHQW LV ORDGHG ZLWK WKH OH[LFRQ DQG UXOH FRPSRQHQWV�
/DVWO\� DV ZH ZLOO VHH SUHVHQWO\� WHPSODWH KLHUDUFKLHV QHHG QRW

KDYH D VLQJOH URRW� WKHUH LV QR QHHG IRU D PRVW JHQHUDO WHPSODWH ZKRVH
GHVFULSWLRQ LV LQFOXGHG LQ DOO RI WKH RWKHU WHPSODWHV LQ WKH QHWZRUN�
7HPSODWHV FDQ LQFOXGH UHIHUHQFHV WR RWKHU WHPSODWHV� RU WKH\ FDQ VWDQG
DORQH� DV ZH ZLOO VHH LQ RXU GHϧQLWLRQ RI WKH 7UDQVLWLRQ 7HPSODWH +L�
HUDUFK\�

��� 7KH 7UDQVLWLRQ 7HPSODWH +LHUDUFK\
:H SURSRVH D VLQJOH WKHRU\ RI FRQVWUXFWLRQV WKDW XVHV H[LVWLQJ /)*
PHFKDQLVPV WR FDSWXUH FRPPRQDOLWLHV LQYROYLQJ WKH WUDYHUVDO�UHVXOW
FRQVWUXFWLRQ LQ (QJOLVK� 6ZHGLVK� DQG 'XWFK� 2XU WKHRU\ SUHVHUYHV
WKH LQWXLWLRQ WKDW VLPLODU FRQVWUXFWLRQDO VSHFLϧFDWLRQV FDQ EH DVVRFL�
DWHG ZLWK GLϱHUHQW FRPSRQHQWV RI WKH FRQVWUXFWLRQ� 7KH (QJOLVK ZD\�
FRQVWUXFWLRQ LV GULYHQ E\ OH[LFDO VSHFLϧFDWLRQV IRU ZD\� WRJHWKHU ZLWK
JHQHUDO SKUDVH VWUXFWXUDO IDFWV DERXW (QJOLVK� 6LPLODUO\� WKH 'XWFKZHJ�
FRQVWUXFWLRQ LV GULYHQ E\ OH[LFDO VSHFLϧFDWLRQV IRU ZHJ� 7KH 6ZHGLVK
'0& LV GULYHQ E\ D VSHFLϧF SKUDVH�VWUXFWXUDO FRQϧJXUDWLRQ� 7KH 'XWFK
7/& LV DVVRFLDWHG ZLWK VSHFLϧFDWLRQV RQ WKH YHUEDO SUHGLFDWH�
7KH WHPSODWH KLHUDUFK\ ZH DVVXPH LV UHSUHVHQWHG LQ ������

���� 0($16

'87&+�7/&

75$16,7,21

75$9(56$/

75$9(56$/�0($16

6:(',6+�'0& '87&+�:(* (1*/,6+�:$<

75$9(56$/�0$11(5

0$11(5

7KH WHPSODWH 75$16,7,21 FRQWDLQV PDWHULDO WKDW LV FRPPRQ WR WKH
6ZHGLVK� 'XWFK� DQG (QJOLVK FRQVWUXFWLRQV� LW HQFRGHV LQIRUPDWLRQ
DERXW DJHQF\ DQG FDXVDWLRQ� 0($16 DQG 0$11(5 DUH WZR RWKHU JHQ�
HUDO WHPSODWHV WKDW VSHFLI\ LQIRUPDWLRQ DERXW WKH PHDQV RU PDQQHU
RI WKH HYHQW� 7KH 75$9(56$/ WHPSODWH LV GHϧQHG LQ WHUPV RI WKH PRUH
JHQHUDO 75$16,7,21 WHPSODWH� DV UHSUHVHQWHG E\ WKH OLQH FRQQHFWLQJ

�1RWH WKDW WKLV KLHUDUFK\ LV QRW GLUHFWO\ UHSUHVHQWHG DV D KLHUDUFK\ LQ D JUDP�
PDU� EXW UDWKHU LV D UHSUHVHQWDWLRQ RI WKH LQFOXVLRQ UHODWLRQV EHWZHHQ WKH UHOHYDQW
WHPSODWHV�
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WKHP� ZKLFK PHDQV WKDW 75$9(56$/ LQFOXGHV DOO RI WKH LQIRUPDWLRQ DV�
VRFLDWHG ZLWK WKH 75$16,7,21 WHPSODWH ZKLOH DOVR FRQWULEXWLQJ VRPH
LQIRUPDWLRQ VSHFLϧF WR 75$9(56$/� 75$9(56$/ LQ WXUQ DSSHDUV DV D
SDUW RI WKH GHϧQLWLRQ RI ERWK WKH 75$9(56$/�0($16 WHPSODWH DQG WKH
75$9(56$/�0$11(5 WHPSODWH�
7KH WHPSODWHV 75$9(56$/�0($16 DQG 75$9(56$/�0$11(5 SUR�

YLGH GLϱHUHQW ZD\V RI DGGLQJ LQIRUPDWLRQ WR WKH 75$9(56$/ WHPSODWH�
VXSSO\LQJ WKH LQIRUPDWLRQ WKDW WKH PDLQ YHUE GHQRWHV HLWKHU WKH PHDQV
RU WKH PDQQHU LQ ZKLFK WKH SDWK WUDYHUVDO LV DFKLHYHG� 7KH 6ZHGLVK
'0& KDV WKH PHDQV LQWHUSUHWDWLRQ �7RLYRQHQ� ����� ����� DQG VR
ZH WUHDW LW DV DVVRFLDWHG ZLWK WKH 75$9(56$/�0($16 WHPSODWH� WKH
PDQQHU LQWHUSUHWDWLRQ PD\ EH DYDLODEOH GLDOHFWDOO\� EXW ZH GR QRW
WUHDW WKLV YDULDWLRQ KHUH� 7KH WHPSODWHV 6:(',6+�'0&� '87&+�:(*�
DQG (1*/,6+�:$< FRQWULEXWH DGGLWLRQDO ODQJXDJH�VSHFLϧF LQIRUPDWLRQ
WR WKHVH WHPSODWHV� DV ZH ZLOO VHH� )LQDOO\� WKH '87&+�7/& LV DQRWKHU
ODQJXDJH�VSHFLϧF WHPSODWH ZKLFK GUDZV WRJHWKHU LQIRUPDWLRQ IURP
0($16 DQG 75$16,7,21�
,Q NHHSLQJ ZLWK /)*·V IRFXV RQ W\SRORJLFDO JHQHUDOL]DWLRQV� WKLV

WHPSODWLF DSSURDFK VKHGV OLJKW RQ GLϱHUHQFHV DQG VLPLODULWLHV LQ FRQ�
VWUXFWLRQDO HϱHFWV DFURVV ODQJXDJHV� ,QIRUPDWLRQ WKDW LV VKDUHG DFURVV
FRQVWUXFWLRQV LQ D ODQJXDJH FDQ EH VWDWHG LQ QRQ�WHUPLQDO QRGHV RI
WKH WHPSODWH KLHUDUFK\ DQG LV LQKHULWHG E\ VSHFLϧF FRQVWUXFWLRQDO
WHPSODWHV� 6LPLODUO\� WKH IDFW WKDW JUDPPDWLFDO LQIRUPDWLRQ PD\ EH
VKDUHG E\ FRQVWUXFWLRQV LQ GLϱHUHQW ODQJXDJHV LV FDSWXUHG E\ FDOOV LQ
ODQJXDJH�VSHFLϧF FRQVWUXFWLRQDO WHPSODWHV WR WKH VDPH PRUH JHQHUDO
WHPSODWHV LQ WKH KLHUDUFK\� 7KLV DSSURDFK WR JUDPPDWLFDO YDULDWLRQ LV
RI ORQJ VWDQGLQJ LQ WKH +36* DQG QRZ 6LJQ�%DVHG &RQVWUXFWLRQ *UDP�
PDU WUDGLWLRQV� VHH 3ROODUG DQG 6DJ ������ ��²��� DQG GLVFXVVLRQ LQ
6DJ HW DO� �������
)RU H[DPSOH� WKH (QJOLVK ZD\�FRQVWUXFWLRQ �RQ RQH LQWHUSUHWD�

WLRQ�� WKH 6ZHGLVK 'LUHFWHG 0RWLRQ &RQVWUXFWLRQ� DQG WKH 'XWFK ZHJ�
FRQVWUXFWLRQ DOO VKDUH D PHDQLQJ FRPSRQHQW WKDW FRQFHUQV PHDQV
RI WUDYHUVDO RI D SDWK DQG WKHUHIRUH DOO FDOO WKH 75$9(56$/�0($16
WHPSODWH LQ RXU KLHUDUFK\� 7KH WHPSODWH KLHUDUFK\ WKXV LOOXVWUDWHV
D W\SRORJLFDO VSDFH RI SRVVLELOLWLHV� :H OHDYH LW DQ RSHQ TXHVWLRQ
ZKHWKHU WKHVH SRVVLELOLWLHV DUH PDGH DYDLODEOH WR WKH ODQJXDJH OHDUQHU
LQ 8QLYHUVDO *UDPPDU RU ZKHWKHU WKH KLHUDUFK\ LV VLPSO\ D FRQYH�
QLHQW ZD\ WR GHVFULEH DQG FODVVLI\ WKH UHOHYDQW FRQVWUXFWLRQV WKDW
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FDQ EH REVHUYHG FURVV�OLQJXLVWLFDOO\� )RU FODULW\ RI H[SRVLWLRQ� ZH
KDYH FKRVHQ WR ODEHO WKH WHUPLQDO WHPSODWHV LQ WKH KLHUDUFK\ ZLWK
ODQJXDJH�VSHFLϧF QDPHV� VXFK DV ¶6:(',6+�'0&·� EXW WKH FRQVWHOOD�
WLRQ RI WHPSODWH FDOOV DQG DGGLWLRQDO LQIRUPDWLRQ WKDW LV UHDOL]HG
LQ WKLV WHPSODWH PD\ RI FRXUVH DOVR EH LQVWDQWLDWHG LQ WKLV H[DFW
IRUP LQ RWKHU ODQJXDJHV� 7KHUHIRUH� PRUH DFFXUDWH EXW OHVV XVHU�
IULHQGO\ QDPHV IRU WKH WHUPLQDO WHPSODWHV ZRXOG EH QDPHV OLNH
¶75$9(56$/�0($16�3+5$6$/·� ¶75$9(56$/�0($16�121�+($'�0$5.('·�
¶75$9(56$/�0($16�+($'�0$5.('·� DQG VR IRUWK�

� ņŬźťĦş ĦŦĦşƜžŐž

��� 3KUDVH VWUXFWXUDOO\ ϩDJJHG FRQVWUXFWLRQV
����� 7KH SKUDVH VWUXFWXUH UXOH
7XUQLQJ ϧUVW WR WKH 6ZHGLVK '0&� ZH SURSRVH WKDW WKLV FRQVWUXFWLRQ
LV PRVW HOHJDQWO\ DQDO\VHG ZLWK WKH IROORZLQJ FRQVWUXFWLRQ�VSHFLϧF
SKUDVH VWUXFWXUH UXOH� ZKLFK PDNHV FUXFLDO XVH RI D FDOO WR WKH WHP�
SODWH 6:(',6+�'0&��
���� 9′ → �90�

↑ = ↓
13

�↑ ඨຍ� = ↓
�↓ ༝༬ໍཋྞ༝ෞ� =
༼༝ຮෞྗ�༬ෞฏຮෞྗྃෞ

#6:(',6+�'0&�↑ ༝༬ෞ ฏໍ�

33
�↑ ඨຮ� = ↓

7KH WHPSODWH FDOO DSSHDUV RQ WKH 13 QRGH� 7KLV LV D SDUWLDOO\ DUELWUDU\
GHFLVLRQ� WKH FDOO FRXOG LQVWHDG DSSHDU RQ DQRWKHU QRGH� :H FKRVH
WKH 13� DV ZH VHH WKH UHϩH[LYH DV D VLJQDO RI WKH FRQVWUXFWLRQ� 1RWH�
KRZHYHU� WKDW WKH UHϩH[LYH FKDQJHV DFFRUGLQJ WR WKH SHUVRQ DQG QXP�
EHU RI WKH VXEMHFW� LW LV QRW D ϧ[HG OH[LFDO PDUNHU RI WKH FRQVWUXFWLRQ�
ZKLFK PDNHV LW GLϱHUHQW IURP ZD\�ZHJ� %\ FRQYHQWLRQ� WHPSODWH FDOOV
DUH PDUNHG E\ WKH DW VLJQ ¶#·� 7KH 6:(',6+�'0& WHPSODWH WDNHV D VLQ�
JOH DUJXPHQW� WKH YDOXH RI WKH ༝༬ෞ ฏໍ RI WKH 9′� ZH SURYLGH PRUH
LQIRUPDWLRQ DERXW WKLV WHPSODWH LQ 6HFWLRQ ������

� ,Q VRPH RI WKH OLWHUDWXUH RQ WHPSODWHV �'DOU\PSOH HW DO�� ������ GLVWLQFW DU�
JXPHQWV WR SDUDPHWUL]HG WHPSODWHV DUH VHSDUDWHG E\ VSDFHV� EXW ZH IROORZ WKH
FRQYHQWLRQ RI $VXGHK ������ RI VHSDUDWLQJ DUJXPHQWV WR WHPSODWHV H[SOLFLWO\ XV�
LQJ FRPPDV� 7KXV� LQ WKLV F�VWUXFWXUH UXOH� WKH WHPSODWH WDNHV D VLQJOH DUJXPHQW
�QRW WKUHH�� WKH I�VWUXFWXUH GHVFULEHG E\ �↑ ༝༬ෞ ฏໍ��
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1RWLFH WKDW ฏໍ LV QRW LWVHOI D VHPDQWLF IRUP� EXW UDWKHU SDUW RI
D VHPDQWLF IRUP� WKH DWWULEXWH ฏໍ DQG DUJXPHQW GHVLJQDWRUV VXFK DV
༬ศ� DOORZ UHIHUHQFH WR WKH FRPSRQHQWV RI D VHPDQWLF IRUP �&URXFK
HW DO�� ����� DFFRUGLQJ WR WKH IROORZLQJ SDWWHUQ�
���� >༝༬ෞ ¶ฏໍ〈༬ศ��༬ศ��«〉·@
7KH VSHFLϧFDWLRQV LQ ���D�E� DUH HTXLYDOHQW�
���� D� � f ༝༬ෞ�  ¶HOERZ〈�↑ ༼ཟඨຍ���↑ ඨຍ�〉·

E� � f ༝༬ෞ ฏໍ�  HOERZ
� f ༝༬ෞ ༬ศ��  �↑ ༼ཟඨຍ�
� f ༝༬ෞ ༬ศ��  �↑ ඨຍ�

8VH RI WKH DWWULEXWH ฏໍ WKXV DOORZV UHIHUHQFH WR WKH SUHGLFDWH QDPH
LQ ༝༬ෞ IHDWXUHV� VHWWLQJ VXEFDWHJRUL]DWLRQ DVLGH� 7KH LPSOLFDWLRQV RI
WKLV DUH IXUWKHU GLVFXVVHG LQ VHFWLRQ ��� EHORZ�
:H REVHUYH IRXU LPSRUWDQW SURSHUWLHV RI RXU WUHDWPHQW RI WKH

6:(',6+�'0&� )LUVW� DVVRFLDWLQJ WKH WHPSODWH IRU WKLV FRQVWUXFWLRQ ZLWK
D VSHFLDO SKUDVH VWUXFWXUH UXOH UHϩHFWV WKH IDFW WKDW RQO\ WKLV SDUWLFXODU
FRQϧJXUDWLRQ KDV WKH VSHFLDO PHDQLQJ DVVRFLDWHG ZLWK WKH '0&�
6HFRQG� WKH 13 DQG 33 GDXJKWHUV RI 9′ LQ ���� DUH REOLJDWRU\� 2XU

WKHRU\ DVVXPHV WKDW RSWLRQDOLW\ PXVW EH H[SOLFLWO\ PDUNHG LQ SKUDVH
VWUXFWXUH UXOHV� DV LQ FRPSXWDWLRQDO /)* WUHDWPHQWV �H�J� &URXFK HW DO�
����� DQG LQ FRQWUDVW WR WKHRUHWLFDO SRVLWLRQV WKDW DOORZ JHQHUDOL]HG
RSWLRQDOLW\ �H�J� %UHVQDQ ������ 7KH 90 QRGH LV RSWLRQDO� VLQFH WKH YHUE
QHHG QRW DSSHDU WKHUH� WKH 6ZHGLVK ϧQLWH YHUE DSSHDUV LQ , UDWKHU WKDQ
9�
7KLUG� ZH PXVW H[SOLFLWO\ VWDWH WKH IDFW WKDW WKH 13 LV D VLPSOH[

UHϩH[LYH� VXFK DV VLJ� DQG QRW MXVW DQ\ NLQG RI 13 RU HYHQ D FRPSOH[
UHϩH[LYH �H�J� VLJ VMlOY���
)RXUWK� WKH FRQVWUXFWLRQ UHTXLUHV DQ ඨຮ�༩ཟෞ� SKUDVH� 6LQFH WKH

ඨຮ PXVW EH UHDOL]HG DV D SRVW�REMHFW 33� LW FDQQRW DOVR EH UHDOL]HG DV
D SUH�REMHFW SDUWLFOH� 3RVW�REMHFW SDUWLFOHV DUH SURMHFWLQJ� LQWUDQVLWLYH
SUHSRVLWLRQV �-DFNHQGRϱ� ����� 7RLYRQHQ� ������ 7KH ඨຮ PXVW EH GL�
UHFWLRQDO� ZKLFK ZH FDSWXUH E\ UHIHUULQJ WR D ༝ཋ IHDWXUH LQ VHPDQWLF
VWUXFWXUH� DV LQ ���� EHORZ�

�7KLV LQIRUPDWLRQ FRXOG EH PRYHG LQWR WKH 6:(',6+�'0& WHPSODWH LWVHOI�
:H OHDYH LW RQ WKH SKUDVH VWUXFWXUH UXOH VLPSO\ WR KLJKOLJKW LW�
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����� 7KH 6:(',6+�'0& WHPSODWH
6HPDQWLFDOO\� WKH 6ZHGLVK '0& DQG WKH (QJOLVK ZD\�FRQVWUXFWLRQ LQ�
YROYH DQ HYHQW FKDUDFWHUL]HG E\ WKH PDLQ YHUE LQ WKH FRQVWUXFWLRQ
DQG D VHFRQG HYHQW LQYROYLQJ WUDYHUVDO RI D SDWK� 7KH EDVLF WHPSODWH
75$16,7,21 LV GHϧQHG DV IROORZV�
���� 75$16,7,21 :=

λRλxλeλe′.R(e) ∧ agent(e) = x ∧ cause(e′) = x :
(↑σ ༬ෞຮ)! (↑ ༼ཟඨຍ)σ ! (↑σ ෞྃෞໍཋ�)! (↑σ ෞྃෞໍཋ�)!↑σ

7HPSODWHV HQFRGLQJ V\QWDFWLF LQIRUPDWLRQ DQG H[SUHVVLQJ V\QWDFWLF
JHQHUDOLVDWLRQV DUH GHϧQHG DV VHWV RI IXQFWLRQDO HTXDWLRQV� DV GH�
VFULEHG E\ 'DOU\PSOH HW DO� ������� +RZHYHU� VLQFH RXU FRQFHUQ LV WKH
V\QWD[�VHPDQWLFV LQWHUIDFH DQG PHDQLQJ GLϱHUHQFHV DPRQJ FRQVWUXF�
WLRQV� ZH GHϧQH WKLV WHPSODWH ZLWK D PHDQLQJ FRQVWUXFWRU �'DOU\PSOH�
����� ����� $VXGHK� ����� ������ ZKLFK SURYLGHV SDUW RI WKH FRPPRQ
PHDQLQJ IRU WKH WUDYHUVDO�UHVXOW FRQVWUXFWLRQ LQ (QJOLVK� 6ZHGLVK� DQG
'XWFK��� 7KLV PHDQLQJ FRQVWUXFWRU UHTXLUHV�
� D ༬ෞຮ PHDQLQJ R VSHFLI\LQJ WKH QDWXUH RI WKH HYHQW e� ZKLFK LV
SURYLGHG E\ WKH YHUE LQ WKH FRQVWUXFWLRQ� IRU %LOO HOERZHG KLV ZD\
WKURXJK WKH FURZG� e LV UHTXLUHG WR EH DQ HYHQW RI HOERZLQJ� DQG
VR R LV WKH SUHGLFDWH HOERZ
� D PHDQLQJ x IRU WKH VXEMHFW RI WKH PDLQ YHUE� ZKLFK LV LQWHUSUHWHG
DV WKH DJHQW RI e DQG WKH FDXVHU RI WKH WUDQVLWLRQ HYHQW e′

� WZR HYHQW YDULDEOHV e DQG e′� DVVRFLDWHG ZLWK WKH VHPDQWLF DW�
WULEXWHV� ෞྃෞໍཋ� DQG ෞྃෞໍཋ�� UHSUHVHQWLQJ WKH HYHQW GHQRWHG
E\ WKH YHUE DQG WKH WUDQVLWLRQ HYHQW�

7KLV EDVLF PHDQLQJ LV DXJPHQWHG E\ RWKHU PHDQLQJ FRQVWUXFWRUV LQ WKH
WHPSODWH KLHUDUFK\� 2XU FKDUDFWHULVDWLRQ RI WKH VXEMHFW RI WKH PDLQ
HYHQW DV DQ DJHQW RI WKH HYHQW e DQG D FDXVHU RI WKH WUDQVLWLRQ HYHQW e′

IROORZV *ROGEHUJ ������ ���²����� ZKR FODLPV WKDW WKH PRWLRQ LQ WKH
ZD\�FRQVWUXFWLRQ PXVW EH VHOI�SURSHOOHG� +RZHYHU� -DFNHQGRϱ ������
���� VXJJHVWV WKDW DOWKRXJK WKH PHDQV LQWHUSUHWDWLRQ LV QHFHVVDULO\
WLHG WR GHOLEHUDWH DFWLRQ� WKH PDQQHU LQWHUSUHWDWLRQ LV DOVR FRPSDWL�
EOH ZLWK DFWLRQ WKDW LV QRW GHOLEHUDWHO\ SHUIRUPHG� ([DPSOHV VXFK DV

��7KH VXEVFULSWHG σ·V LQ PHDQLQJ FRQVWUXFWRUV LQGLFDWH PDSSLQJV WR VHPDQWLF
VWUXFWXUH� D OHYHO LQ /)*·V JUDPPDWLFDO DUFKLWHFWXUH �'DOU\PSOH� ����� $VXGHK�
������
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����� ZKLFK KDV D PDQQHU DQG QRW D PHDQV LQWHUSUHWDWLRQ� DUH EHWWHU
FKDUDFWHUL]HG E\ -DFNHQGRϱ� LQ WKLV H[DPSOH� e LV DQ HYHQW RI EOHHGLQJ�
ZKLFK LV QRW DVVRFLDWHG ZLWK DQ DJHQW�
���� %D[WHU·V ZLIH VDLG KHU VRQ EOHG KLV ZD\ LQWR WKH DPEXODQFH

SDLQOHVVO\�
QHZYRLFHV�RUJ����������������� �UHWULHYHG 0D\ ��� �����

7R DFFRXQW IRU WKHVH H[DPSOHV� LW PD\ EH EHWWHU WR UHIHU WR WKH KLJKHVW
WKHPDWLF DUJXPHQW RI WKH PDLQ HYHQW e UDWKHU WKDQ H[SOLFLWO\ UHIHUULQJ
WR WKH DJHQW� :H OHDYH IXUWKHU H[SORUDWLRQ RI WKLV LVVXH IRU IXWXUH UH�
VHDUFK� DQG SURYLVLRQDOO\ HQFRGH WKH UHOHYDQW DUJXPHQW RI WKH PDLQ
HYHQW DV DQ DJHQW�
7KH WHPSODWH KLHUDUFK\ LQ ���� HQFRGHV WKH IDFW WKDW WKH WHP�

SODWH 75$9(56$/ FDOOV WKH WHPSODWH 75$16,7,21� ZLWK WKH HϱHFW WKDW
75$9(56$/ LQFRUSRUDWHV DOO RI WKH LQIRUPDWLRQ LQ 75$16,7,21 DV ZHOO
DV VSHFLI\LQJ VRPH DGGLWLRQDO LQIRUPDWLRQ� 7KH 75$9(56$/ WHPSODWH LV
GHϧQHG LQ �����
���� 75$9(56$/ :=

#75$16,7,21
λPλe′.P(e′) ∧ traversal(e′) :
[(↑σ ෞྃෞໍཋ�)!↑σ] ! [(↑σ ෞྃෞໍཋ�)!↑σ]

7KH ϧUVW OLQH LQ WKH GHϧQLWLRQ RI 75$9(56$/ FRQWDLQV WKH FDOO WR WKH
WHPSODWH 75$16,7,21� PDUNHG DV LQ ���� ZLWK WKH DW VLJQ ¶#·� 7KH VHF�
RQG OLQH DGGV WKH LQIRUPDWLRQ WKDW e′ LV D WUDYHUVDO HYHQW� ,Q WHFKQLFDO
WHUPV� WKLV PHDQLQJ FRQVWUXFWRU EHKDYHV DV D PRGLϧHU RQ WKH SUHGLFD�
WLRQ DVVRFLDWHG ZLWK WKH WUDQVLWLRQ HYHQW�
,Q WXUQ� WKH 75$9(56$/�0($16 WHPSODWH LV GHϧQHG VLPSO\ E\ FDOOV

WR WKH 75$9(56$/ WHPSODWH DQG WKH 0($16 WHPSODWH�
���� 75$9(56$/�0($16 := #75$9(56$/

#0($16
7KH 0($16 WHPSODWH LV JLYHQ LQ �����
���� 0($16 :=

λPλeλe′.P(e)(e′) ∧ means(e′) = e :
[(↑σ ෞྃෞໍཋ�)! (↑σ ෞྃෞໍཋ�)!↑σ] !
[(↑σ ෞྃෞໍཋ�)! (↑σ ෞྃෞໍཋ�)!↑σ]

7KH 0($16 PHDQLQJ FRQVWUXFWRU VSHFLϧHV WKDW WKH HYHQW e UHSUHVHQWV
WKH PHDQV RI DFKLHYLQJ WKH HYHQW e′� :LWK UHVSHFW WR 75$9(56$/�0($16�
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WKH PDLQ YHUE·V HYHQW e LV WKH PHDQV RI DFKLHYLQJ WKH HYHQW e′ RI
WUDYHUVLQJ WKH SDWK� DV LQ DQ (QJOLVK H[DPSOH OLNH 6DUDK HOERZHG KHU
ZD\ WKURXJK WKH FURZG RU WKH 6ZHGLVK HTXLYDOHQW� ZKHUH WKH WUDYHUVDO
WKURXJK WKH FURZG LV DFKLHYHG E\ HOERZLQJ�
7KH 6:(',6+�'0& WHPSODWH� VSHFLϧF WR WKH 6ZHGLVK 'LUHFWHG

0RWLRQ &RQVWUXFWLRQ� LV GHϧQHG E\ UHIHUHQFH WR WKH WHPSODWH
75$9(56$/�0($16� ,W DOVR FDOOV WKH V\QWDFWLF VXEFDWHJRUL]DWLRQ WHP�
SODWH 75$16,7,9(�2%/,48(� WR EH GHVFULEHG LQ 6HFWLRQ ���� DQG SURYLGHV
VRPH DGGLWLRQDO PDWHULDO VSHFLϧF WR WKH 6ZHGLVK FRQVWUXFWLRQ�
���� 6:(',6+�'0&�3)1� :=

#75$16,7,9(�2%/,48(�3)1�
#75$9(56$/�0($16
λQλPλy.∃e.∃e′.∃z.P(e)(e′) ∧
theme(e′) = y ∧ path(e′) = z ∧ Q(z) :
[((↑ ඨຮ)σ ༝ཋ)! (↑ ඨຮ)σ] !
[(↑σ ෞྃෞໍཋ�)! (↑σ ෞྃෞໍཋ�)!↑σ ] !
(↑ ඨຍ)σ !↑σ

7KH DUJXPHQW RI WKH 6:(',6+�'0& WHPSODWH LV FDOOHG ¶3)1· LQ WKLV
GHϧQLWLRQ��� LW LV SDVVHG DV DQ DUJXPHQW WR WKH 75$16,7,9(�2%/,48(
WHPSODWH� ZKLFK LV GHϧQHG LQ ����� %HVLGHV WKH WZR WHPSODWH FDOOV�
6:(',6+�'0& DOVR FRQWULEXWHV D PHDQLQJ FRQVWUXFWRU WR FRPSOHWH WKH
PHDQLQJ RI WKH 6ZHGLVK FRQVWUXFWLRQ� ZKLFK UHTXLUHV WKH IROORZLQJ�

� D PHDQLQJ Q GHSHQGLQJ RQ WKH ඨຮ SKUDVH� VSHFLI\LQJ WKH QDWXUH
RI WKH SDWK WUDYHUVHG� IRU ���� �∼¶6DUDK HOERZHG KHU ZD\ WKURXJK
WKH FURZG·�� WKH SDWK LV UHTXLUHG WR JR WKURXJK WKH FURZG�
� D PHDQLQJ P� FRQWULEXWHG E\ WKH PDLQ YHUE� VSHFLI\LQJ WKH QDWXUH
RI WKH HYHQW e GHQRWHG E\ WKH PDLQ YHUE DQG LWV UHODWLRQ WR WKH
WUDQVLWLRQ HYHQW e′� IRU ���� �∼¶6DUDK HOERZHG KHU ZD\ WKURXJK
WKH FURZG·�� e LV DQ HOERZLQJ HYHQW DQG LV WKH PHDQV HQDEOLQJ WKH
WUDYHUVDO HYHQW e′�
� D PHDQLQJ y IRU WKH REMHFW RI WKH PDLQ YHUE� ZKLFK LV �V\QWDF�
WLFDOO\� UHTXLUHG WR EH D UHϩH[LYH DQG KHQFH WR FRUHIHU ZLWK WKH
VXEMHFW RI WKH PDLQ YHUE� y LV WKH WKHPH RI e′� WKH WUDYHUVDO HYHQW�

��7KH WHPSODWH DUJXPHQW 3)1 LV PHDQW WR EH PQHPRQLF IRU ༝༬ෞ ฏໍ� VLQFH
WKLV ZLOO XOWLPDWHO\ SOD\ WKH UROH RI ฏໍ LQ WKH YDOXH RI D ༝༬ෞ IHDWXUH�
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2XU DQDO\VLV SURGXFHV WKH PHDQLQJ LQ ���� IRU 6DUDK DUPEnJDGH VLJ
JHQRP PlQJGHQ ¶6DUDK HOERZHG ༼ෞຮฏ WKURXJK WKH FURZG·�
���� ∃e.∃e′.∃z.elbow(e) ∧ agent(e) = sarah ∧ cause(e′) = sarah ∧

means(e′) = e ∧ traversal(e′) ∧ theme(e′) = sarah ∧
path(e′) = z ∧ through(z, ιx.[crowd(x)])

$ IXOO SURRI RI WKH GHULYDWLRQ RI WKLV PHDQLQJ LV JLYHQ LQ WKH $SSHQGL[�

��� 9HUE OH[LFRQ DQG EDVLF VXEFDWHJRUL]DWLRQ WHPSODWHV
2XU DSSURDFK HQWDLOV D SRWHQWLDOO\ GHHS FRQVHTXHQFH IRU WKH WKHRU\
RI DUJXPHQW OLQNLQJ DQG VXEFDWHJRUL]DWLRQ� EHFDXVH YHUEV LQ RXU DS�
SURDFK VSHFLI\ GHIDXOW VXEFDWHJRUL]DWLRQ WKURXJK WHPSODWH FDOOV LQ
VXFK D ZD\ WKDW WKH VXEFDWHJRUL]DWLRQ FDQ EH FRQVWUXFWLRQDOO\ RYHU�
ULGGHQ� 7KXV� VXEFDWHJRUL]DWLRQ LV PRYHG WR WKH WHPSODWH FRPSRQHQW�
:H KDYH VHHQ WKDW WKH 6:(',6+�'0& WHPSODWH SURYLGHV D ༝༬ෞ

VSHFLϧFDWLRQ ZLWK VXEFDWHJRUL]DWLRQ IUDPH DQG VHPDQWLF VSHFLϧFDWLRQV
IRU WKH FRQVWUXFWLRQ� 7KLV LQ WXUQ PHDQV WKDW WKH OH[LFDO HQWU\ IRU D YHUE
PXVW VXSSO\ D GHIDXOW ༝༬ෞ DQG VHPDQWLFV ZKLFK FDQ EH RYHUULGGHQ
ZKHQ WKH YHUE LV XVHG LQ D FRQVWUXFWLRQ OLNH WKH ZD\�FRQVWUXFWLRQ���
:H DVVXPH WKDW WKH YHUE HOERZHG�DUPEnJDGH� ZKLFK DSSHDUV LQ ����
DQG ����� LV VSHFLϧHG DV IROORZV�
���� HOERZHG�DUPEnJDGH 9

λe.elbow(e) : (↑σ ༬ෞຮ)

#75$16,7,9(�HOERZ�
λRλxλy∃e.R(e) ∧ agent(e) = x ∧ theme(e) = y�
(↑σ ༬ෞຮ)! (↑ ༼ཟඨຍ)σ ! (↑ ඨຍ)σ !↑σ




7KH ϧUVW OLQH RI WKH HQWU\ VSHFLϧHV WKH YHUE·V VHPDQWLF ༬ෞຮ�ཋໍ�
LQ VHPDQWLF VWUXFWXUH� ZKLFK LW FRQWULEXWHV RQ HDFK RFFDVLRQ RI LWV
XVH� 7KH VHFRQG SDUW RI WKH HQWU\ VSHFLϧHV D GHIDXOW VHPDQWLF FRQ�
WULEXWLRQ DQG VXEFDWHJRUL]DWLRQ LQIRUPDWLRQ� HQFRGHG E\ WKH WHPSODWH

��2XU DQDO\VLV RI WKH 6ZHGLVK '0& DQG WKH (QJOLVK ZD\�FRQVWUXFWLRQ LQYROYHV
UHSODFLQJ UDWKHU WKDQ PRGLI\LQJ WKH GHIDXOW VHPDQWLF IRUP RI WKH PDLQ YHUE
ZLWK WKH VSHFLϧFDWLRQV SURYLGHG E\ WKH FRQVWUXFWLRQ� ,Q WKH DQDO\VLV RI RWKHU
FRQVWUXFWLRQV� LW PD\ EH SUHIHUDEOH WR PRGLI\ WKH VHPDQWLF IRUP YLD UHVWULFWLRQ
�.DSODQ DQG :HGHNLQG� ����� $VXGHK� ����� RU RWKHU RSHUDWRUV� DV SURSRVHG IRU
WKH DQDO\VLV RI FRPSOH[ SUHGLFDWHV E\ %XWW HW DO� ������ �VHH DOVR %XWW DQG .LQJ
���� RQ FDXVDWLYHV��
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75$16,7,9( DQG WKH PHDQLQJ FRQVWUXFWRU LQ WKH WKLUG OLQH� 7KLV PDWH�
ULDO HϱHFWLYHO\ VHUYHV DV D GHIDXOW� EHFDXVH XQOHVV VRPH RWKHU SDUW RI
WKH V\VWHP VSHFLϧHV DQ DOWHUQDWLYH� FRQVWUXFWLRQDO ศฏ WHPSODWH� WKHUH
LV QR ZD\ WR FKHFN &RPSOHWHQHVV DQG &RKHUHQFH DQG WKH VWUXFWXUH
IDLOV�
7KH 75$16,7,9( WHPSODWH WDNHV D VLQJOH DUJXPHQW� KHUH ¶HOERZ·�

7KH GHϧQLWLRQ RI 75$16,7,9( LV VWDWHG ZLWK UHVSHFW WR DQ DUELWUDU\ DU�
JXPHQW 3)1���

���� 75$16,7,9(�3)1� := �↑ ༝༬ෞ� = ¶3)1〈�↑ ༼ཟඨຍ���↑ ඨຍ�〉·
7KH DUJXPHQW 3)1 RI WKH 75$16,7,9( WHPSODWH DSSHDUV LQ SDUHQWKH�
VHV DIWHU WKH WHPSODWH QDPH� DQG DOVR DSSHDUV LQ WKH GHϧQLWLRQ RI WKH
WHPSODWH DV WKH ฏໍ RI WKH VHPDQWLF IRUP WKDW LV WKH YDOXH RI WKH ༝༬ෞ
IHDWXUH� )RU WKH YHUE HOERZ� WKH FDOO WR WKH 75$16,7,9( WHPSODWH SDVVHV
LQ WKH DUJXPHQW ¶HOERZ·� 7KH WHPSODWH FDOO #75$16,7,9(�HOERZ� LV H[�
DFWO\ HTXLYDOHQW WR WKH IROORZLQJ HTXDWLRQ�
���� �↑ ༝༬ෞ� = ¶HOERZ〈�↑ ༼ཟඨຍ���↑ ඨຍ�〉·
:H QRZ WXUQ WR WKH GHIDXOW PHDQLQJ FRQVWUXFWRU IRU HOERZ JLYHQ

LQ ����� UHSHDWHG KHUH�
���� λRλxλy∃e.R(e) ∧ agent(e) = x ∧ theme(e) = y�

(↑σ ༬ෞຮ)! (↑ ༼ཟඨຍ)σ ! (↑ ඨຍ)σ !↑σ
7KLV PHDQLQJ FRQVWUXFWRU UHTXLUHV D ༬ෞຮ R ZKLFK LV VXSSOLHG E\ WKH
YHUE �WKH ༬ෞຮ IRU WKH YHUE elbow LV VSHFLϧHG DERYH DV λe.elbow(e)�� D
PHDQLQJ x IRU WKH ༼ཟඨຍ� DQG D PHDQLQJ y IRU WKH ඨຍ� )RU D VHQWHQFH
OLNH %LOO HOERZHG )UHG� WKH PHDQLQJ WKDW LV SURGXFHG LV� DV GHVLUHG�
���� ∃e.elbow(e) ∧ agent(e) = Bill∧ theme(e) = Fred

:KHQ WKH YHUE HOERZHG LV XVHG LQ WKH WUDYHUVDO FRQVWUXFWLRQ� WKHVH GH�
IDXOW VSHFLϧFDWLRQV DUH RYHUULGGHQ E\ WKH VSHFLϧFDWLRQV LPSRVHG E\
WKH FRQVWUXFWLRQ� DQG WKH VSHFLDO FRQVWUXFWLRQDO VSHFLϧFDWLRQV DUH XVHG
LQVWHDG�

��)RU HDVH RI H[SOLFDWLRQ� ���� VSHFLϧHV DQ DFWLYH VXEFDWHJRUL]DWLRQ IUDPH IRU
WKH YHUE� VLPSOLI\LQJ DZD\ IURP PDSSLQJ WKHRU\ LVVXHV DQG WKH SRVVLELOLW\ IRU
SDVVLYLVDWLRQ RI WKLV YHUE� :H UHWXUQ WR D GLVFXVVLRQ RI WKH LQWHUDFWLRQ RI PDS�
SLQJ WKHRU\ DQG RXU WKHRU\ RI FRQVWUXFWLRQV LQ 6HFWLRQ � EHORZ� ZKHUH ZH SURSRVH
D UHYLVHG 75$16,7,9( WHPSODWH ZKLFK UHIHUV WR DUJXPHQW VWUXFWXUH UROHV UDWKHU
WKDQ JUDPPDWLFDO IXQFWLRQV DQG ZKLFK LQWHUDFWV DSSURSULDWHO\ ZLWK PDSSLQJ WKH�
RU\�
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7KUHH IXUWKHU VXEFDWHJRUL]DWLRQ WHPSODWHV DQG RQH FRQWURO WHP�
SODWH DUH XVHG LQ WKH DQDO\VLV EHORZ�
���� 75$16,7,9(�2%/,48(�3)1� :=

�↑ ༝༬ෞ� = ¶3)1〈�↑ ༼ཟඨຍ���↑ ඨຍ���↑ ඨຮ�〉·
���� 75$16,7,9(�35(',&$7,9(�3)1� :=

�↑ ༝༬ෞ� = ¶3)1〈�↑ ༼ཟඨຍ���↑ ඨຍ���↑ ྗය༝�〉·
���� ',75$16,7,9(�2%/,48(�3)1� :=

�↑ ༝༬ෞ� = ¶3)1〈�↑ ༼ཟඨຍ���↑ ඨຍ���↑ ඨຍθ ���↑ ඨຮ�〉·
���� 2%-�&21752/ := �↑ ඨຍ� = �↑ ྗය༝ ༼ཟඨຍ�
7KH 75$16,7,9(�2%/,48( WHPSODWH LV FDOOHG E\ WKH 6:(',6+�'0&
DQG (1*/,6+�:$< WHPSODWHV� WKH 75$16,7,9(�35(',&$7,9( DQG
2%-�&21752/ WHPSODWHV DUH FDOOHG E\ WKH '87&+�7/& WHPSODWH� DQG
WKH ',75$16,7,9(�2%/,48( WHPSODWH LV FDOOHG E\ WKH '87&+�:(*
WHPSODWH�

��� /H[LFDOO\ ϩDJJHG FRQVWUXFWLRQV
7KH (QJOLVK ZD\�FRQVWUXFWLRQ UHOLHV RQ PDQ\ RI WKH VDPH WHPSODWHV
DV WKH 6ZHGLVK '0&� ,W LV GLϱHUHQW LQ WKDW LW LV FRPSOHWHO\ UHJXODU LQ
WHUPV RI SKUDVDO VWUXFWXUH� VR QR H[FHSWLRQDO SKUDVH VWUXFWXUH UXOH LV
UHTXLUHG� 5DWKHU� ZH DVVXPH WKH VWDQGDUG 9′ UXOH IRU (QJOLVK� ZKLFK
DOUHDG\ SHUPLWV DQ 13 ඨຍෞයཋ DQG D 33 ඨຮ༩ཟෞ� (YLGHQFH WKDW WKH
33 LV DQ DUJXPHQW RI WKH PDLQ YHUE DQG QRW D PRGLϧHU RI ZD\ FRPHV
IURP DGYHUE SODFHPHQW� LW LV SRVVLEOH IRU DQ DGYHUE WR LQWHUYHQH EH�
WZHHQ ZD\ DQG WKH 33� ZKLOH WKLV LV QRW SRVVLEOH LI WKH 33 LV DVVRFLDWHG
ZLWK WKH REMHFW�
���� 6DUDK HOERZHG KHU ZD\ TXLFNO\ WKURXJK WKH FURZG�
���� D� 6DUDK HOERZHG D IULHQG IURP /RQGRQ TXLFNO\�

E� 6DUDK HOERZHG D IULHQG TXLFNO\ IURP /RQGRQ�
7KH ORFXV RI WKH (QJOLVK ZD\�FRQVWUXFWLRQ LV WKH ZRUG ZD\� ZKLFK

UHFHLYHV WKH IROORZLQJ VSHFLϧFDWLRQ�
���� ZD\ 1 �↑ ༝༬ෞ� = ¶ZD\·

λx.way(x) : (↑σ ྃ༬)! (↑σ ༬ෞ༼ཋ༬)
� #(1*/,6+�:$<��ඨຍ ↑� ༝༬ෞ ฏໍ� �

$FFRUGLQJ WR WKLV OH[LFDO HQWU\� ZD\ FRQWULEXWHV D VHPDQWLF IRUP ¶ZD\·
DQG D VWDQGDUG QRXQ PHDQLQJ λx.way(x) RQ HYHU\ RFFDVLRQ RI LWV XVH�
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HYHQ LQ WKH ZD\�FRQVWUXFWLRQ� $V ZH ZLOO VHH� RXU DQDO\VLV HTXDWHV WKH
SDWK VSHFLϧHG LQ WKH (1*/,6+�:$< WHPSODWH ZLWK WKH SDWK GHQRWHG E\
ZD\� 5HWDLQLQJ WKH VWDQGDUG VHPDQWLFV IRU ZD\ DOORZV XV WR SURYLGH D
VDWLVIDFWRU\ DQDO\VLV RI PRGLϧFDWLRQ RI ZD\ DQG VSHFLϧFDWLRQ RI SRV�
VHVVRUV RI ZD\ RWKHU WKDQ WKH VXEMHFW� DV GLVFXVVHG LQ 6HFWLRQ ���� 7KH
UHOHYDQW H[DPSOHV DUH�
���� D� $V DPEDVVDGRU� &KHVWHUϧHOG QHJRWLDWHG %ULWDLQ·V ZD\ LQWR

WKH 7UHDW\ RI 9LHQQD LQ �����
E� ,Q WKHVH ODVW WZHQW\ \HDUV 5LFKDUG 6WUDXVV KDV ϩDPHG KLV

PHWHRULF ZD\ LQWR RXU NHQ ³ DQG RXW RI LW�
7KH (1*/,6+�:$< FRQVWUXFWLRQDO WHPSODWH DSSHDUV LQ SDUHQWKHVHV�
VLQFH LW LV DQ RSWLRQDO FRQWULEXWLRQ RI WKH ZRUG ZD\� ,WV DUJXPHQW LV
��ඨຍ ↑� ༝༬ෞ ฏໍ�� WKLV H[SUHVVLRQ XVHV LQVLGH�RXW IXQFWLRQDO XQFHU�
WDLQW\ WR UHIHU WR WKH I�VWUXFWXUH LQ ZKLFK ZD\ LV DQ ඨຍ� �ඨຍ ↑�� DQG
SDVVHV WKH ༝༬ෞ ฏໍ RI WKDW I�VWUXFWXUH DV DQ DUJXPHQW WR WKH WHPSODWH�
7KH GHϧQLWLRQ RI WKH (1*/,6+�:$< WHPSODWH LV�

���� (1*/,6+�:$<�3)1� :=
#75$16,7,9(�2%/,48(�3)1�
^#75$9(56$/�0($16 | #75$9(56$/�0$11(5`
λYλQλPλx.∃e.∃e′.∃z.P(e)(e′) ∧
theme(e′) = x ∧ path(e′) = z ∧
Q(z) ∧ z= Y(x) :

[(↑ ༼༝ෞය)σ !↑σ]!
[(((ඨຍ ↑) ඨຮ)σ ༝ཋ)! ((ඨຍ ↑) ඨຮ)σ]!
[((ඨຍ ↑)σ ෞྃෞໍཋ�)!
((ඨຍ ↑)σ ෞྃෞໍཋ�)! (ඨຍ ↑)σ]!
(↑ ༼༝ෞය)σ ! (ඨຍ ↑)σ

$V VKRZQ LQ WKH WHPSODWH KLHUDUFK\� ����� WKLV GHϧQLWLRQ FDOOV WKH
75$16,7,9(�2%/,48( WHPSODWH DQG SDVVHV LQ WKH ฏໍ RI WKH PDLQ YHUE�
SURYLGLQJ WKH VHPDQWLF IRUP DQG V\QWDFWLF VXEFDWHJRUL]DWLRQ VSHFLϧ�
FDWLRQ IRU WKH FRQVWUXFWLRQ� 7KH VHFRQG OLQH FRQWDLQV D GLVMXQFWLRQ�
HLWKHU WKH 75$9(56$/�0($16 RU WKH 75$9(56$/�0$11(5 WHPSODWH LV
FDOOHG��� 7KLV LV EHFDXVH WKH (QJOLVK ZD\�FRQVWUXFWLRQ DOORZV HLWKHU
D PHDQV LQWHUSUHWDWLRQ IRU WKH FRQVWUXFWLRQ RU D PDQQHU LQWHUSUHWD�

��6RPH VSHDNHUV GR QRW ϧQG WKH PDQQHU LQWHUSUHWDWLRQ ZHOO�IRUPHG� 2XU DQDO�
\VLV DFFRXQWV IRU WKHLU JUDPPDUV WKURXJK OH[LFDO YDULDWLRQ� WKH (1*/,6+�:$<
WHPSODWH LQ WKH JUDPPDUV RI WKHVH VSHDNHUV FDOOV RQO\ WKH 75$9(56$/�0($16
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WLRQ� 7KH 75$9(56$/�0$11(5 WHPSODWH LV GHϧQHG LQ ���� LQ WHUPV RI
WHPSODWH FDOOV WR WKH 75$9(56$/ DQG 0$11(5 WHPSODWHV�
���� 75$9(56$/�0$11(5 := #75$9(56$/

#0$11(5
7KH 0$11(5 WHPSODWH� GHϧQHG LQ ����� LV VLPLODU WR WKH 0($16 WHP�
SODWH� GHϧQHG LQ ���� DERYH� LQ SURYLGLQJ D PHDQLQJ FRQVWUXFWRU WKDW
LV D PRGLϧHU �UHWXUQLQJ DV LWV RXWSXW WKH VDPH W\SH DV LWV LQSXW�� +RZ�
HYHU� WKH 0$11(5 VSHFLϧHV WKDW D UHODWLRQ 5 LV WKH PDQQHU E\ ZKLFK WKH
HYHQW e′ LV DFKLHYHG� UDWKHU WKDQ VWDWLQJ WKDW RQH HYHQW LV WKH PHDQV
RI WKH RWKHU� 7KH 0$11(5 DQG 0($16 WHPSODWHV WKXV KDYH GLϱHUHQW
W\SHV�
���� 0$11(5 :=

λ* λRλe′.* (R)(e′) ∧ manner(e′) = R :
[(↑σ ༬ෞຮ)! (↑σ ෞྃෞໍཋ�)!↑σ] !
[(↑σ ༬ෞຮ)! (↑σ ෞྃෞໍཋ�)!↑σ]

%HVLGHV WKH WHPSODWH FDOOV LQ WKH ϧUVW WZR OLQHV� WKH (1*/,6+�:$<
WHPSODWH FRQWULEXWHV WKH IROORZLQJ PHDQLQJ FRQVWUXFWRU�
���� λYλQλPλx.∃e.∃e′.∃z.P(e)(e′) ∧

theme(e′) = x ∧ path(e′) = z ∧
Q(z) ∧ z= Y(x) :

[(↑ ༼༝ෞය)σ !↑σ]!
[(((ඨຍ ↑) ඨຮ)σ ༝ཋ)! ((ඨຍ ↑) ඨຮ)σ]!
[((ඨຍ ↑)σ ෞྃෞໍཋ�)!
((ඨຍ ↑)σ ෞྃෞໍཋ�)! (ඨຍ ↑)σ]!
(↑ ༼༝ෞය)σ ! (ඨຍ ↑)σ

7KLV PHDQLQJ FRQVWUXFWRU UHTXLUHV�

� D PHDQLQJ Y IRU WKH ZD\ 13� ZKLFK SURYLGHV DGGLWLRQDO LQIRUPD�
WLRQ DERXW WKH SDWK z WKDW LV WUDYHUVHG
� D PHDQLQJ Q IRU WKH REOLTXH SKUDVH� IRU H[DPSOH ����� 6DUDK HO�
ERZHG KHU ZD\ WKURXJK WKH FURZG� WKLV LV WKH PHDQLQJ RI WKURXJK
WKH FURZG� ZKLFK FKDUDFWHUL]HV WKH SDWK z

� D PHDQLQJ P� FRQWULEXWHG E\ WKH PDLQ YHUE� VSHFLI\LQJ WKH QDWXUH
RI WKH HYHQW e DQG LWV UHODWLRQ WR WKH WUDYHUVDO HYHQW� IRU 6DUDK

WHPSODWH�
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$VXGHK�'DOU\PSOH�7RLYRQHQ

HOERZHG KHU ZD\ WKURXJK WKH FURZG� e LV UHTXLUHG WR EH DQ HOERZLQJ
HYHQW DQG LV WKH PHDQV HQDEOLQJ WKH WUDYHUVDO HYHQW
� D PHDQLQJ x IRU WKH SRVVHVVRU RI ZD\� ZKLFK SOD\V WKH UROH RI WKH
WKHPH RI WKH WUDYHUVDO HYHQW e′���

7KLV DQDO\VLV SURGXFHV WKH PHDQLQJ LQ ���� IRU WKH PHDQV LQWHUSUHWD�
WLRQ RI 6DUDK HOERZHG KHU ZD\ WKURXJK WKH FURZG�
���� ∃e.∃e′.∃z.elbow(e) ∧ agent(e) = sarah ∧ cause(e′) = sarah ∧

means(e′) = e ∧ traversal(e′) ∧ theme(e′) = sarah ∧
path(e′) = z ∧ through(z, ιx.[crowd(x)]) ∧
z= ιy.[way(y) ∧ Rc(sarah, y)]

7KH PDLQ GLϱHUHQFH EHWZHHQ WKLV PHDQLQJ DQG WKH PHDQLQJ RI LWV
6ZHGLVK FRXQWHUSDUW 6DUDK DUPEnJDGH VLJ JHQRP PlQJGHQ LV WKDW WKH
(QJOLVK ZD\�FRQVWUXFWLRQ SURYLGHV D PRUH GHWDLOHG VSHFLϧFDWLRQ RI
WKH SDWK z� :H IROORZ 3DUWHH ����������� DQG 3DUWHH DQG %RUVFKHY
������ LQ WUHDWLQJ WKH JHQLWLYH FRQVWUXFWLRQ DV LQYROYLQJ UHIHUHQFH WR
D XQLTXH LQGLYLGXDO ZKR EHDUV VRPH FRQWH[WXDOO\ VSHFLϧHG UHODWLRQ Rc

WR D SRVVHVVRU� 7KH SRVVHVVLYH SURQRXQ LQ WKH SKUDVH KHU ZD\ LV UH�
VROYHG WR WKH VXEMHFW 6DUDK� DQG WKH PHDQLQJ RI KHU ZD\ LV DQDO\VHG DV
ιy.[way(y) ∧ Rc(sarah, y)]� WKH XQLTXH y WKDW LV D ZD\ DQG WKDW EHDUV WKH
UHODWLRQ Rc WR 6DUDK� 7KLV DQDO\VLV HQDEOHV XV WR WUHDW FDVHV LQ ZKLFK

�� $V PHQWLRQHG LQ IRRWQRWH �� WKH ZD\�SKUDVH PD\ EH DQ LQGHϧQLWH�
���� 'DLPOHU ERXJKW D ZD\ LQWR WKH &KLQHVH PDUNHW DQG WKHQ UHPRYHG

&KU\VOHU IURP LW�
ZZZ�WKHWUXWKDERXWFDUV�FRP���������
MHHS�H\HLQJ�FKLQHVH�FKHURNHH�SURGXFWLRQ� �UHWULHYHG 0D\ ���
�����

7KH DQDO\VLV LQ WKH ERG\ RI WKH SDSHU GRHV QRW FXUUHQWO\ FDSWXUH LQGHϧQLWH
FDVHV� EXW LW FRXOG EH DXJPHQWHG E\ SURYLGLQJ� LQ WKH (1*/,6+�:$< WHPSODWH�
DQ RSWLRQDO H[LVWHQWLDO FORVXUH RYHU WKH WHUP �↑ ༼༝ෞය�σ � WKLV ZRXOG EH VLPLODU
WR KRZ RSWLRQDO REMHFWV RI VHPDQWLFDOO\ WUDQVLWLYH YHUEV OLNH HDW DUH KDQGOHG
LQ WKH DQDO\VLV RI $VXGHK DQG *LRUJROR ������� 7KH UHOHYDQW ϧUVW FRQMXQFW RI
H[DPSOH ���� ZRXOG WKHQ KDYH WKH PHDQLQJ ∃x′.∃e.∃e′.∃z.buy(e) ∧ agent(e) =
daimler ∧ cause(e′) = daimler ∧ means(e′) = e ∧ traversal(e′) ∧ theme(e′) =
x′ ∧ path(e′) = z ∧ into(z, ιx.[chinese�market(x)]) ∧ z = ∃y.[way(y) ∧ Rc(x′, y)]�
,Q VXP� WKH H[DPSOH ZRXOG EH LQWHUSUHWHG VXFK WKDW 'DLPOHU ERXJKW VRPHRQH·V
ZD\ LQWR WKH &KLQHVH PDUNHW �ZKHUH WKH SDWK WUDYHUVDO LV LQWHUSUHWHG PHWDSKRU�
LFDOO\�� 7KH IDFW WKDW WKLV LV OLNHO\ WR KDYH EHHQ 'DLPOHU·V RZQ ZD\ LV D PDWWHU RI
D IXUWKHU� EULGJLQJ�OLNH SUDJPDWLF LQIHUHQFH �+DYLODQG DQG &ODUN� ������
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&RQVWUXFWLRQV ZLWK /H[LFDO ,QWHJULW\

ZD\ LV PRGLϧHG RU SRVVHVVHG E\ DQ LQGLYLGXDO RWKHU WKDQ WKH VXEMHFW
RI WKH FRQVWUXFWLRQ� )XOO SURRIV IRU 6DUDK HOERZHG KHU ZD\ WKURXJK WKH
FURZG DQG &KHVWHUϧHOG QHJRWLDWHG %ULWDLQ·V ZD\ LQWR WKH 7UHDW\ RI 9LHQQD
DUH JLYHQ LQ WKH $SSHQGL[�

��� 7UDYHUVDO FRQVWUXFWLRQV LQ 'XWFK
7KH WHPSODWHV IRU WKH 'XWFK ZHJ�FRQVWUXFWLRQ DQG WKH 7UDQVLWLRQ WR
/RFDWLRQ &RQVWUXFWLRQ DUH DV IROORZV�
���� '87&+�:(*�3)1� :=

#',75$16,7,9(�2%/,48(�3)1�
^#75$9(56$/�0($16 | #75$9(56$/�0$11(5`
λYλQλPλyλx.∃e.∃e′.∃z.P(e)(e′) ∧
theme(e′) = y ∧ path(e′) = z ∧
Q(z) ∧ z= Y(x) ∧ coextensive(e, e′) :

[(↑ ༼༝ෞය)σ !↑σ]!
[(((ඨຍθ ↑) ඨຮ)σ ༝ཋ)! ((ඨຍθ ↑) ඨຮ)σ]!
[((ඨຍθ ↑)σ ෞྃෞໍཋ�)!
((ඨຍθ ↑)σ ෞྃෞໍཋ�)! (ඨຍθ ↑)σ]!
(↑ ඨຍ)σ ! (↑ ༼༝ෞය)σ ! (ඨຍθ ↑)σ

'87&+�:(*� OLNH WKH (QJOLVK ZD\�FRQVWUXFWLRQ� DOORZV HLWKHU D PHDQV
RU PDQQHU LQWHUSUHWDWLRQ DQG IXUWKHU VSHFLϧHV WKDW WKH HYHQW GHQRWHG
E\ WKH PDLQ YHUE DQG WKH WUDYHUVDO HYHQW DUH FRH[WHQVLYH�
���� '87&+�7/&�3)1� :=

#75$16,7,9(�35(',&$7,9(�3)1�
#2%-�&21752/
#75$16,7,21
#0($16
λQλPλx.∃e.∃e′.P(e)(e′)∧ theme(e′) = x ∧Q(x) :
[(↑ ඨຍ)σ ! (↑ ྗය༝)σ]!
[(↑σ ෞྃෞໍཋ�)! (↑σ ෞྃෞໍཋ�)!↑σ] !
(↑ ඨຍ)σ ! ↑σ

'87&+�7/& LQYROYHV D WUDQVLWLRQ EXW QRW QHFHVVDULO\ D WUDYHUVDO� DQG VR
LV GHϧQHG LQ WHUPV RI WKH 75$16,7,21 WHPSODWH� ,W VSHFLϧHV D PHDQV LQ�
WHUSUHWDWLRQ �DQG GLVDOORZV D PDQQHU LQWHUSUHWDWLRQ�� DQG VR LQFRUSR�
UDWHV WKH 0($16 WHPSODWH LQ LWV GHϧQLWLRQ� :H DVVXPH WKDW WKH SUHSR�
VLWLRQDO SKUDVH VHUYHV DV D VHFRQGDU\ SUHGLFDWLRQ RQ WKH REMHFW� VLQFH
YDQ (JPRQG ������ ����� DUJXHV WKDW WKHUH LV QR SDWK WUDYHUVDO LQ WKLV
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FDVH DQG DOVR QRWHV WKDW WKH 7/& EHDUV VRPH VLPLODULWLHV WR WKH UHVXO�
WDWLYH� ,Q /)*�WKHRUHWLF WHUPV� WKLV LQGLFDWHV WKDW WKH 33 LV DQ ྗය༝�
ZKLFK LV ZK\ WKHUH LV D FDOO WR 2%-�&21752/�

� şŐŦŝŐŦŇ

:H QRZ UHWXUQ WR WKH GHϧQLWLRQ RI V\QWDFWLF VXEFDWHJRUL]DWLRQ UHTXLUH�
PHQWV LQ WKH WHPSODWHV WKDW DSSHDU DV GHIDXOWV LQ YHUEDO OH[LFDO HQ�
WULHV DQG DV VSHFLϧFDWLRQV RI VXEFDWHJRULVDWLRQ UHTXLUHPHQWV LQ WKH
ZD\� DQG '0& FRQVWUXFWLRQV� 5HFDOO WKDW IRU VLPSOLFLW\� ZH DVVXPHG
WKDW WKH UHODWLRQ EHWZHHQ VHPDQWLF UROHV DQG JUDPPDWLFDO IXQFWLRQV LV
ϧ[HG E\ WKH FRQVWUXFWLRQ RU E\ LQIRUPDWLRQ LQ WKH OH[LFDO HQWU\ RI D
SUHGLFDWH� )RU H[DPSOH� WKH GHIDXOW VXEFDWHJRUL]DWLRQ IRU D YHUE OLNH
HOERZHG�DUPEnJDGH ZDV JLYHQ E\ WKH 75$16,7,9( WHPSODWH� GHϧQHG LQ
���� DV�
���� 75$16,7,9(�3)1� := �↑ ༝༬ෞ� = ¶3)1〈�↑ ༼ཟඨຍ���↑ ඨຍ�〉·
7KLV LV RYHUO\ LQϩH[LEOH� WKH FRUUHFW DQDO\VLV ZRXOG VSHFLI\ DUJXPHQW
VWUXFWXUH LQIRUPDWLRQ IRU WKH SUHGLFDWH RU FRQVWUXFWLRQ UDWKHU WKDQ D
VSHFLϧF VHW RI JUDPPDWLFDO IXQFWLRQV� DQG ZRXOG DSSHDO WR VRPH YHU�
VLRQ RI 0DSSLQJ 7KHRU\ �%UHVQDQ DQG =DHQHQ� ����� $OVLQD� �����
%XWW� ����� %XWW HW DO�� ����� WR GHULYH WKH V\QWDFWLF VXEFDWHJRUL]D�
WLRQ IUDPH IRU WKH SUHGLFDWH IURP DUJXPHQW VWUXFWXUH� :H VNHWFK KHUH
KRZ WKLV ZRXOG ZRUN IRU WKH OH[LFDO VSHFLϧFDWLRQV IRU WKH YHUE HOERZ�
IROORZLQJ WKH DSSURDFK RI %XWW HW DO� �������
%XWW HW DO� ������ DVVXPH WKH IROORZLQJ SURMHFWLRQ DUFKLWHFWXUH�

���� 9
HOERZ



༬ෞຮ ෞຮඨྎ
ศෞໍཋ > @
ཋෞෞ > @




f 1 :> @
f 2 :> @

s1 :> @
s2 :> @

α
λ

σ

$UJXPHQW VWUXFWXUH LV UHSUHVHQWHG DV DQ DWWULEXWH�YDOXH PDWUL[ UHDFK�
DEOH IURP WKH F�VWUXFWXUH YLD WKH α SURMHFWLRQ� 7KH IDPLOLDU φ SURMHF�
WLRQ LV GHϧQHG DV WKH FRPSRVLWLRQ RI WKH α SURMHFWLRQ WR DUJXPHQW
VWUXFWXUH DQG WKH λ SURMHFWLRQ IURP DUJXPHQW VWUXFWXUH WR I�VWUXFWXUH�
7KH OH[LFDO HQWU\ IRU HOERZHG�DUPEnJDGH FDQ QRZ EH VWDWHG DV���

��7KH YDULDEOH -∗ UHIHUV WR WKH PRWKHU RI WKH F�VWUXFWXUH QRGH WKDW EHDUV WKH
DQQRWDWLRQ� 7KXV� -∗α LQ WKH OH[LFDO UHIHUV WR WKH DUJXPHQW VWUXFWXUH RI WKH PRWKHU
RI WKH WHUPLQDO QRGH HOERZHG�DUPEnJDGH� L�H� WKH DUJXPHQW VWUXFWXUH RI 9�
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&RQVWUXFWLRQV ZLWK /H[LFDO ,QWHJULW\

���� HOERZHG�DUPEnJDGH 9
λe.elbow(e) : (↑σ ༬ෞຮ)


�↑ ༝༬ෞ ฏໍ�  HOERZ
λRλxλyλe.R(e) ∧ agent(e) = x ∧ theme(e) = y :
(↑σ ༬ෞຮ)! (-∗α ศෞໍཋ)λσ!
(-∗α ཋෞෞ)λσ! (↑σ ෞྃෞໍཋ)! ↑σ




,QVWHDG RI VSHFLI\LQJ WKH GHIDXOW JUDPPDWLFDO IXQFWLRQV ༼ཟඨຍ DQG ඨຍ�
WKLV OH[LFDO HQWU\ VSHFLϧHV D GHIDXOW DUJXPHQW VWUXFWXUH FRQWDLQLQJ DQ
ศෞໍཋ DQG D ཋෞෞ� 7KHVH ZLOO EH OLQNHG WR WKH DSSURSULDWH JUDP�
PDWLFDO IXQFWLRQV DFFRUGLQJ WR PDSSLQJ WKHRU\���
7KH (QJOLVK ZD\�FRQVWUXFWLRQ DQG WKH 6ZHGLVK '0& FRQVWUXFWLRQ

FRXOG EH WUHDWHG VLPLODUO\� ZLWK DUJXPHQW VWUXFWXUH UROHV VSHFLϧHG LQ
WKH WHPSODWHV IRU WKH FRQVWUXFWLRQ� DQG WKH PDSSLQJ IURP DUJXPHQW
VWUXFWXUH UROHV WR JUDPPDWLFDO IXQFWLRQV SURYLGHG E\ PDSSLQJ WKH�
RU\� +RZHYHU� WKHVH FRQVWUXFWLRQV GR LQ IDFW VHHP WR EH V\QWDFWLFDOO\
LQϩH[LEOH� DQG FDQQRW XQGHUJR SDVVLYLVDWLRQ RU RWKHU DUJXPHQW DOWHU�
QDWLRQV���
���� %LOO·V ZD\ WKURXJK WKH SDUN ZDV HOERZHG �E\ KLP��
����  %LOO

%LOO
DUPEnJDGHV
HOERZ�༝༼༼

JHQRP
WKURXJK

SDUNHQ
SDUN�ෞฏ

�DY
E\
VLJ�VLJ
VHOI�KLPVHOI

VMlOY��

*LYHQ WKLV� ZH SURSRVH WR OHDYH WKH WHPSODWHV DSSHDULQJ LQ WKRVH FRQ�
VWUXFWLRQV LQ WKHLU FXUUHQW IRUP� VLQFH ZH EHOLHYH WKDW VSHFLI\LQJ SDU�
WLFXODU JUDPPDWLFDO IXQFWLRQV DQG GLVDOORZLQJ DUJXPHQW DOWHUQDWLRQV
VXFK DV SDVVLYH LV WKH ULJKW WUHDWPHQW IRU WKHVH�

� ĲŬŦĲşƊžŐŬŦ

:H KDYH VKRZQ WKDW LW LV QRW QHFHVVDU\ WR HOLPLQDWH WKH ZRUG�SKUDVH
RU OH[LFRQ�JUDPPDU GLVWLQFWLRQV LQ RUGHU WR FDSWXUH FRQVWUXFWLRQDO HI�
IHFWV LQ D SULQFLSOHG PDQQHU� :H GLG VR E\ VKRZLQJ KRZ WKLV FRXOG
EH GRQH LQ WKH FRQWH[W RI /H[LFDO�)XQFWLRQDO *UDPPDU� ZKLFK XSKROGV
WKH 6WURQJ /H[LFDOLVW +\SRWKHVLV WKURXJK WKH /H[LFDO ,QWHJULW\ 3ULQFL�

��6HH $VXGHK DQG *LRUJROR ������ IRU DQ DOWHUQDWLYH UHSUHVHQWDWLRQ RI DUJX�
PHQW VWUXFWXUH�

��7KH MXGJHPHQW IRU WKH 6ZHGLVK H[DPSOH LV IRU WKH '0& LQWHUSUHWDWLRQ� VHH
7RLYRQHQ ������ IRU IXUWKHU GLVFXVVLRQ�
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$VXGHK�'DOU\PSOH�7RLYRQHQ

SOH� /LNH RWKHU /)* ZRUN� RXU DSSURDFK UHWDLQV /H[LFDO ,QWHJULW\ DV D
IRXQGDWLRQDO SULQFLSOH� GXH WR WKH PXOWLIDFHWHG QDWXUH RI JUDPPDWLFDO
UHSUHVHQWDWLRQ LQ /)*� WKH VDPH IXQFWLRQDO VWUXFWXUH DQG VHPDQWLFV
FDQ EH DVVRFLDWHG ZLWK D SDUW RI D ZRUG� D ZRUG� RU D SKUDVH� EXW WKLV
GRHV QRW LPSO\ WKDW ZRUGV DQG SKUDVHV DUH LQGLVWLQJXLVKDEOH DW RWKHU
OHYHOV� :H FDQ FDSWXUH WKH IXQGDPHQWDO GLϱHUHQFHV EHWZHHQ ZRUGV
DQG SKUDVHV WKDW PRWLYDWH /H[LFDO ,QWHJULW\ DW WKH OHYHO RI FRQVWLWXHQW
VWUXFWXUH� ZKLOH DOVR FDSWXULQJ FRPPRQDOLWLHV LQ WKH DEVWUDFW V\QWDFWLF
DQG VHPDQWLF FRQWULEXWLRQV RI ZRUGV DQG SKUDVHV�
2XU DSSURDFK FDSWXUHV WKH LQWXLWLRQV RI &RQVWUXFWLRQ *UDPPDU

LQ DQ /)* VHWWLQJ E\ WKH XVH RI WHPSODWHV� ZKLFK DOORZ IRU JHQHUDOLVD�
WLRQV WR EH H[SUHVVHG E\ QDPLQJ DQG UHXVLQJ JUDPPDWLFDO GHVFULSWLRQV�
:H DFFRPSOLVK WKLV ZLWKRXW LQ DQ\ VHQVH DGPLWWLQJ FRQVWUXFWLRQV DV
ϧUVW�FODVV HQWLWLHV LQ WKH WKHRU\� WKH DELOLW\ WR QDPH DQG UHXVH GHVFULS�
WLRQV DGGV QR QHZ IRUPDO SRZHU RU QHZ IRUPDO REMHFWV WR WKH WKHRU\�
7KRXJK WHPSODWHV ZHUH LQGHSHQGHQWO\ PRWLYDWHG LQ PXFK SUHYLRXV
ZRUN IRU UHDVRQV RI H[SHGLHQF\ LQ JUDPPDU ZULWLQJ� WKH\ QRZ SOD\
D FUXFLDO WKHRUHWLFDO UROH� WHPSODWHV VHUYH DV WKH ORFXV RI JUDPPDWL�
FDO LQIRUPDWLRQ WKDW FDQ EH HLWKHU OH[LFDOO\ RU VWUXFWXUDOO\ LQYRNHG�
DQG WKH\ WKXV IRUPDOL]H RQH DVSHFW RI WKH OH[LFRQ²V\QWD[ LQWHUIDFH�
7KH WHPSODWHV DUH QHYHUWKHOHVV MXVW DEEUHYLDWLRQV IRU JUDPPDWLFDO GH�
VFULSWLRQV� D JUDPPDU ZLWK WHPSODWHV LV H[WHQVLRQDOO\ HTXLYDOHQW WR
WKH VDPH JUDPPDU ZLWK DOO WHPSODWH FDOOV UHSODFHG E\ WKH FRUUHVSRQG�
LQJ WHPSODWH FRQWHQW� $FFRUGLQJ WR WKLV YLHZ� WKHQ� LQ DQ LPSRUWDQW
VHQVH FRQVWUXFWLRQV DUH HSLSKHQRPHQDO�
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&RQVWUXFWLRQV ZLWK /H[LFDO ,QWHJULW\

źļņļźļŦĲļž
)DUUHOO $යນෞ༬ໍ DQG *UHJRU\ 6ཋཟ༝ ������� 3DUDGLJPV DQG 3HULSKUDVWLF
([SUHVVLRQ� $ 6WXG\ LQ 5HDOL]DWLRQ�%DVHG /H[LFDOLVP� LQ /RXLVD 6ຮෞ༬ DQG
$QGUHZ 6༝ෞໍයෞ༬� HGLWRUV� 3URMHFWLQJ 0RUSKRORJ\� S� ���²���� &6/,
3XEOLFDWLRQV� 6WDQIRUG� &$�
)DUUHOO $යນෞ༬ໍ DQG *HUW :ෞඨෞຮཟཋ ������� $ 7KHRU\ RI 3UHGLFDWHV� &6/,
3XEOLFDWLRQV� 6WDQIRUG� &$�
$OH[ $ຮ༼ໍ ������� 3UHGLFDWH &RPSRVLWLRQ� $ 7KHRU\ RI 6\QWDFWLF )XQFWLRQ
$OWHUQDWLRQV� 3K�'� WKHVLV� 6WDQIRUG 8QLYHUVLW\�
6WHSKHQ 5� $ໍෞ༬༼ໍ ������� $�0RUSKRXV 0RUSKRORJ\� &DPEULGJH 8QLYHUVLW\
3UHVV� &DPEULGJH� 8.�
0DUN $༬ໍฏฏ ������� 0RUSKRORJ\ E\ ,WVHOI� 6WHPV DQG ,QϩHFWLRQDO &ODVVHV� 7KH
0,7 3UHVV� &DPEULGJH� 0$�
$VK $༼ཟෞ ������� 5HVXPSWLRQ DV 5HVRXUFH 0DQDJHPHQW� 3K�'� WKHVLV� 6WDQIRUG
8QLYHUVLW\�
$VK $༼ཟෞ ������� 'LUHFW &RPSRVLWLRQDOLW\ DQG WKH $UFKLWHFWXUH RI /)*� LQ
0LULDP %ཟཋཋ� 0DU\ 'ຮ༬ྞ༝ຮෞ� DQG 7UDF\ +ROORZD\ .ໍศ� HGLWRUV� ,QWHOOLJHQW
/LQJXLVWLF $UFKLWHFWXUHV� 9DULDWLRQV RQ WKHPHV E\ 5RQDOG 0� .DSODQ� &6/,
3XEOLFDWLRQV� 6WDQIRUG� &$�
$VK $༼ཟෞ ������� 7KH /RJLF RI 3URQRPLQDO 5HVXPSWLRQ� 2[IRUG 8QLYHUVLW\
3UHVV� 2[IRUG�
$VK $༼ཟෞ� 0DU\ 'ຮ༬ྞ༝ຮෞ� DQG ,GD 7ྃໍෞໍ ������� &RQVWUXFWLRQV
ZLWK /H[LFDO ,QWHJULW\� 7HPSODWHV DV WKH /H[LFRQ²6\QWD[ ,QWHUIDFH� LQ 0LULDP
%ཟཋཋ DQG 7UDF\ +ROORZD\ .ໍศ� HGLWRUV� 3URFHHGLQJV RI WKH /)*�� &RQIHUHQFH� S�
��²��� &6/, 3XEOLFDWLRQV� 6WDQIRUG� &$�
$VK $༼ཟෞ DQG *LDQOXFD *༬ศຮ ������� )OH[LEOH &RPSRVLWLRQ IRU
2SWLRQDO DQG 'HULYHG $UJXPHQWV� LQ 0LULDP %ཟཋཋ DQG 7UDF\ +ROORZD\ .ໍศ�
HGLWRUV� 3URFHHGLQJV RI WKH /)*�� &RQIHUHQFH� S� ��²��� &6/, 3XEOLFDWLRQV�
6WDQIRUG� &$�
.HQQHWK 5� %ෞෞ༼ຮෞྞ DQG /DXUL .༬ཋཋཟໍෞໍ ������� )LQLWH�6WDWH
1RQ�&RQFDWHQDWLYH 0RUSKRWDFWLFV� LQ 3URFHHGLQJV RI WKH )LIWK :RUNVKRS RI WKH
$&/ 6SHFLDO ,QWHUHVW *URXS LQ &RPSXWDWLRQDO 3KRQRORJ\ �6,*3+21������� S� �²���
.HQQHWK 5� %ෞෞ༼ຮෞྞ DQG /DXUL .༬ཋཋཟໍෞໍ ������� )LQLWH�6WDWH 0RUSKRORJ\�
&6/, 3XEOLFDWLRQV� 6WDQIRUG� &$�
-DPHV 3� %ຮෞྃໍ༼ ������� :RUG�%DVHG 0RUSKRORJ\� -RXUQDO RI /LQJXLVWLFV�
������²����
+DQV &� %༼ DQG ,YDQ $� 6ศ� HGLWRUV ������� 6LJQ�%DVHG &RQVWUXFWLRQ
*UDPPDU� &6/, 3XEOLFDWLRQV� 6WDQIRUG� &$�
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*HHUW %ຍ �����D�� &RPSRXQGLQJ DQG 'HULYDWLRQ� (YLGHQFH IRU &RQVWUXFWLRQ
0RUSKRORJ\� LQ :ROIJDQJ 8� '༬ෞ༼༼ຮෞ༬� 'LHWHU .༼ཋྃ༼ນྞ� 2VNDU 3ฏෞฏฏෞ༬�
DQG )UDQ] 5ໍෞ༬� HGLWRUV� 0RUSKRORJ\ DQG LWV 'HPDUFDWLRQ� S� ���²���� -RKQ
%HQMDPLQV� $PVWHUGDP DQG 3KLODGHOSKLD�
*HHUW %ຍ �����E�� &RQVWUXFWLRQ�'HSHQGHQW 0RUSKRORJ\� /LQJXH H /LQJXDJJLR�
�����²���
*HHUW %ຍ ������� /H[LFDO ,QWHJULW\ DV D )RUPDO 8QLYHUVDO� $ &RQVWUXFWLRQLVW
9LHZ� LQ 6� 6යຮ༼ෞ HW DO�� HGLWRUV� 8QLYHUVDOV RI /DQJXDJH 7RGD\� 6WXGLHV LQ
1DWXUDO /DQJXDJH DQG /LQJXLVWLF 7KHRU\� S� ��²���� 6SULQJHU�
-RDQ %༬ෞ༼ໍໍ ������� 0RUSKRORJ\ &RPSHWHV ZLWK 6\QWD[� ([SODLQLQJ
7\SRORJLFDO 9DULDWLRQ LQ :HDN &URVVRYHU (ϱHFWV� LQ 3LODU %༬ඨ༼� 'DQQ\
)ྗ� 3DXO +ศ༼ཋ༬� 0DUWKD 0ය*ໍໍ༼� DQG 'DYLG 3ෞ༼ෞཋ༼ນྞ� HGLWRUV� ,V WKH
%HVW *RRG (QRXJK" 3URFHHGLQJV IURP WKH :RUNVKRS RQ 2SWLPDOLW\ LQ 6\QWD[� 7KH
0,7 3UHVV� LQYLWHG SDSHU SUHVHQWHG DW WKH 0,7 :RUNVKRS RQ 2SWLPDOLW\ LQ
6\QWD[� 0D\ �����
-RDQ %༬ෞ༼ໍໍ ������� /H[LFDO�)XQFWLRQDO 6\QWD[� %ODFNZHOO 3XEOLVKHUV� 2[IRUG�
-RDQ %༬ෞ༼ໍໍ DQG 6DP $� 0යඨ ������� 7KH /H[LFDO ,QWHJULW\ 3ULQFLSOH�
(YLGHQFH IURP %DQWX� 1DWXUDO /DQJXDJH DQG /LQJXLVWLF 7KHRU\� ���������²����
-RDQ %༬ෞ༼ໍໍ DQG $QQLH =ෞໍෞໍ ������� 'HHS 8QDFFXVDWLYLW\ LQ /)*� LQ
.DWDU]\QD 'ྸྎ༬ෞນ� 3DWULFN )༬༬ෞຮຮ� DQG (UUDSHO 0ෞຍ༼�%ນໍ� HGLWRUV�
*UDPPDWLFDO 5HODWLRQV� $ &URVV�7KHRUHWLFDO 3HUVSHFWLYH� S� ��²��� &6/,
3XEOLFDWLRQV� 6WDQIRUG� &$�
&KDUOHV /� %ཟයໍໍ ������� 2UQVWHLQ DQG 0RGHUQ 0XVLF� 7KH 0XVLFDO
4XDUWHUO\� ��������²����
0LULDP %ཟཋཋ ������� 7KH 6WUXFWXUH RI &RPSOH[ 3UHGLFDWHV LQ 8UGX� 'LVVHUWDWLRQV
LQ /LQJXLVWLFV� &6/, 3XEOLFDWLRQV� 6WDQIRUG� &$� UHYLVHG DQG FRUUHFWHG YHUVLRQ RI
���� 6WDQIRUG 8QLYHUVLW\ GLVVHUWDWLRQ�
0LULDP %ཟཋཋ� 0DU\ 'ຮ༬ྞ༝ຮෞ� DQG $QHWWH )༬ໍນ ������� $Q $UFKLWHFWXUH
IRU /LQNLQJ 7KHRU\ LQ /)*� LQ 0LULDP %ཟཋཋ DQG 7UDF\ +ROORZD\ .ໍศ� HGLWRUV�
3URFHHGLQJV RI WKH /)*�� &RQIHUHQFH�
0LULDP %ཟཋཋ DQG 7UDF\ +ROORZD\ .ໍศ ������� 5HVWULFWLRQ IRU 0RUSKRORJLFDO
9DOHQF\ $OWHUQDWLRQV� 7KH 8UGX &DXVDWLYH� LQ 0LULDP %ཟཋཋ DQG
7UDF\ +ROORZD\ .ໍศ� HGLWRUV� 3URFHHGLQJV RI WKH /)*�� &RQIHUHQFH�
0LULDP %ཟཋཋ� 7UDF\ +ROORZD\ .ໍศ� DQG -RKQ 7� 0ྗྎෞຮຮ �������
3URGXFWLYH HQFRGLQJ RI 8UGX FRPSOH[ SUHGLFDWHV LQ WKH 3DU*UDP 3URMHFW� LQ
3URFHHGLQJV RI WKH ($&/�� :RUNVKRS RQ &RPSXWDWLRQDO /LQJXLVWLFV IRU 6RXWK $VLDQ
/DQJXDJHV� ([SDQGLQJ 6\QHUJLHV ZLWK (XURSH� S� �²���
1RDP &༼ນྞ ������� $VSHFWV RI WKH 7KHRU\ RI 6\QWD[� 7KH 0,7 3UHVV�
&DPEULGJH� 0$�

> �� @



&RQVWUXFWLRQV ZLWK /H[LFDO ,QWHJULW\

'LFN &༬ཟය� 0DU\ 'ຮ༬ྞ༝ຮෞ� 5RQ .༝ຮໍ� 7UDF\ .ໍศ� -RKQ 0ྗྎෞຮຮ�
DQG 3DXOD 1ෞྎໍ ������� ;/( 'RFXPHQWDWLRQ� 3DOR $OWR 5HVHDUFK &HQWHU�
3DOR $OWR� &$� 85/
KWWS���ZZZ��SDUF�FRP�LVO�JURXSV�QOWW�[OH�GRF�[OH�KWPO�
3HWHU :� &ཟຮයྃෞ༬ DQG 5D\ -යນෞໍฏฏ ������� 7KH 9LHZ IURP WKH
3HULSKHU\� 7KH (QJOLVK &RPSDUDWLYH &RUUHODWLYH� /LQJXLVWLF ,QTXLU\�
���������²����
0DU\ 'ຮ༬ྞ༝ຮෞ� HGLWRU ������� 6HPDQWLFV DQG 6\QWD[ LQ /H[LFDO )XQFWLRQDO
*UDPPDU� 7KH 5HVRXUFH /RJLF $SSURDFK� 7KH 0,7 3UHVV� &DPEULGJH� 0$�
0DU\ 'ຮ༬ྞ༝ຮෞ ������� /H[LFDO )XQFWLRQDO *UDPPDU� YROXPH �� RI 6\QWD[ DQG
6HPDQWLFV� $FDGHPLF 3UHVV� 1HZ <RUN� 1<�
0DU\ 'ຮ༬ྞ༝ຮෞ� 5RQDOG 0� .༝ຮໍ� DQG 7UDF\ +ROORZD\ .ໍศ �������
/LQJXLVWLF *HQHUDOL]DWLRQV RYHU 'HVFULSWLRQV� LQ 0LULDP %ཟཋཋ DQG
7UDF\ +ROORZD\ .ໍศ� HGLWRUV� 3URFHHGLQJV RI WKH /)*�� &RQIHUHQFH�
0DU\ 'ຮ༬ྞ༝ຮෞ� 5RQDOG 0� .༝ຮໍ� -RKQ 7� 0ྗྎෞຮຮ� ,,,� DQG $QQLH
=ෞໍෞໍ� HGLWRUV ������� )RUPDO ,VVXHV LQ /H[LFDO�)XQFWLRQDO *UDPPDU� &6/,
3XEOLFDWLRQV� 6WDQIRUG� &$�
$QQD 0DULD ' 6යཟຮຮ DQG (GZLQ :ຮຮ༼ ������� 2Q WKH 'HϧQLWLRQ RI
:RUG� 7KH 0,7 3UHVV� &DPEULGJH� 0$�
<HKXGD 1� )ຮນ ������� /H[LFDO�)XQFWLRQDO *UDPPDU� $Q ,QWURGXFWLRQ WR 3DUDOOHO
&RQVWUDLQW�%DVHG 6\QWD[� &6/, 3XEOLFDWLRQV� 6WDQIRUG� &$�
&KDUOHV )ຮຮ༬ෞ ������� 7KH 0HFKDQLVPV RI ¶&RQVWUXFWLRQ *UDPPDU·� LQ
6KHOOH\ $ྗນෞ༬� $QQLH -༼༼ෞ༬� DQG +HOHQ 6ໍศ༼ཋෞ༬� HGLWRUV�
3URFHHGLQJV RI )RXUWHHQWK $QQXDO 0HHWLQJ RI WKH %HUNHOH\ /LQJXLVWLFV 6RFLHW\� S�
��²��� %HUNHOH\ /LQJXLVWLFV 6RFLHW\� %HUNHOH\�
&KDUOHV -� )ຮຮ༬ෞ� 3DXO .ྞ� DQG 0DU\ &DWKHULQH 2·&ໍໍ༬ �������
5HJXODULW\ DQG ,GLRPDWLFLW\ LQ *UDPPDWLFDO &RQVWUXFWLRQV� 7KH &DVH RI /HW
$ORQH� /DQJXDJH� ���������²����
-RQDWKDQ *ໍྸඨཟ༬ศ DQG ,YDQ $� 6ศ ������� ,QWHUURJDWLYH ,QYHVWLJDWLRQV� 7KH
)RUP� 0HDQLQJ DQG 8VH RI (QJOLVK ,QWHUURJDWLYHV� &6/, 3XEOLFDWLRQV� 6WDQIRUG� &$�
$GHOH (� *ຮඨෞ༬ศ ������� &RQVWUXFWLRQV� $ &RQVWUXFWLRQ *UDPPDU $SSURDFK WR
$UJXPHQW 6WUXFWXUH� 8QLYHUVLW\ RI &KLFDJR 3UHVV� &KLFDJR�
$GHOH (� *ຮඨෞ༬ศ ������� &RQVWUXFWLRQV DW :RUN� 7KH 1DWXUH RI *HQHUDOL]DWLRQ
LQ /DQJXDJH� 2[IRUG 8QLYHUVLW\ 3UHVV� 2[IRUG�
$GHOH (� *ຮඨෞ༬ศ DQG 5D\ -යນෞໍฏฏ ������� 7KH (QJOLVK 5HVXOWDWLYH DV
D )DPLO\ RI &RQVWUXFWLRQV� /DQJXDJH� ���������²����
0RUULV +ຮຮෞ DQG $OHF 0༬ໍཋྸ ������� 'LVWULEXWHG 0RUSKRORJ\ DQG WKH
3LHFHV RI ,QϩHFWLRQ� LQ 7KH 9LHZ IURP %XLOGLQJ ��� (VVD\V LQ /LQJXLVWLFV LQ +RQRU RI
6\OYDLQ %URPEHUJHU� S� ���²���� 7KH 0,7 3UHVV� &DPEULGJH� 0$�
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0RUULV +ຮຮෞ DQG $OHF 0༬ໍཋྸ ������� 6RPH .H\ )HDWXUHV RI 'LVWULEXWHG
0RUSKRORJ\� LQ $QGUHZ &༬ໍෞ DQG +HLGL +༬ຮෞྞ� HGLWRUV� 0,7 :RUNLQJ
3DSHUV LQ /LQJXLVWLFV ��� 3DSHUV RQ 3KRQRORJ\ DQG 0RUSKRORJ\� S� ���²����
'HSDUWPHQW RI /LQJXLVWLFV DQG 3KLORVRSK\� 0,7� &DPEULGJH� 0$�
6XVDQ (� +ྃຮໍ DQG +HUEHUW +� &ຮ༬ນ ������� :KDW·V 1HZ" $FTXLULQJ
1HZ ,QIRUPDWLRQ DV D 3URFHVV LQ &RPSUHKHQVLRQ� -RXUQDO RI 9HUEDO /HDUQLQJ DQG
9HUEDO %HKDYLRU� ���������²����
5D\ -යນෞໍฏฏ ������� 7KH %DVH 5XOHV IRU 3UHSRVLWLRQDO 3KUDVHV� LQ 6WHSKHQ
$ໍෞ༬༼ໍ DQG 3DXO .༝༬༼ນྞ� HGLWRUV� $ )HVWVFKULIW IRU 0RUULV +DOOH� S�
���²���� +ROW� 5LQHKDUW DQG :LQVWRQ� 1HZ <RUN� 1<�
5D\ -යນෞໍฏฏ ������� %DEH 5XWK +RPHUHG +LV :D\ LQWR WKH +HDUWV RI
$PHULFD� LQ 6WRZHOO DQG :HKUOL ������� S� ���²����
5D\ 6� -යນෞໍฏฏ ������� 6HPDQWLF 6WUXFWXUHV� 7KH 0,7 3UHVV� &DPEULGJH�
0$�
5D\ 6� -යນෞໍฏฏ ������� /DQJXDJH� &RQVFLRXVQHVV� &XOWXUH� (VVD\V RQ 0HQWDO
6WUXFWXUH� 7KH 0,7 3UHVV� &DPEULGJH� 0$�
7KHR 0� 9� -ໍ༼༼ෞໍ ������� &RPSRVLWLRQDOLW\� LQ +DQGERRN RI /RJLF DQG
/DQJXDJH� S� ���²���� 7KH 0,7 3UHVV�(OVHYLHU� &DPEULGJH DQG $PVWHUGDP�
$UDYLQG .� -༼� .� 9ຍྞ�6ໍນෞ༬� DQG 'DYLG :ෞ༬ ������� 7KH
&RQYHUJHQFH RI 0LOGO\ &RQWH[W�6HQVLWLYH *UDPPDU )RUPDOLVPV� LQ 3HWHU 6ෞຮຮ༼�
6WXDUW 6ෞඨෞ༬� DQG 7KRPDV :༼ྎ� HGLWRUV� )RXQGDWLRQDO ,VVXHV LQ 1DWXUDO
/DQJXDJH 3URFHVVLQJ� S� ��²��� 0,7 3UHVV�
5RQDOG 0� .༝ຮໍ ������� 7KUHH 6HGXFWLRQV RI &RPSXWDWLRQDO
3V\FKROLQJXLVWLFV� LQ 3HWHU :ཋෞຮයນ� 0DU\ 0F*HH :� +DUROG /�
6ෞ༬༼� 5RG -ໍ༼ໍ� DQG 3DXO %ෞໍໍෞཋཋ� HGLWRUV� /LQJXLVWLF 7KHRU\ DQG
&RPSXWHU $SSOLFDWLRQV� S� ���²���� $FDGHPLF 3UHVV� /RQGRQ� DOVR SXEOLVKHG DV
&&/�80,67 5HSRUW 1R� ����� $OYH\�,&/ :RUNVKRS RQ /LQJXLVWLF 7KHRU\ DQG
&RPSXWHU $SSOLFDWLRQV� 7UDQVFULSWV RI 3UHVHQWDWLRQV DQG 'LVFXVVLRQV� &HQWHU IRU
&RPSXWDWLRQDO /LQJXLVWLFV� 8QLYHUVLW\ RI 0DQFKHVWHU� 5HSULQWHG LQ 'DOU\PSOH
HW DO� ������ ���²�����
5RQDOG 0� .༝ຮໍ DQG -�UJHQ :ෞෞນໍ ������� 5HVWULFWLRQ DQG
&RUUHVSRQGHQFH�%DVHG 7UDQVODWLRQ� LQ 3URFHHGLQJV RI WKH �WK 0HHWLQJ RI WKH ($&/�
8WUHFKW� (XURSHDQ &KDSWHU RI WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV�
3DXO .ྞ DQG &KDUOHV -� )ຮຮ༬ෞ ������� *UDPPDWLFDO &RQVWUXFWLRQV DQG
/LQJXLVWLF *HQHUDOL]DWLRQV� 7KH :KDW·V ; GRLQJ <" &RQVWUXFWLRQ� /DQJXDJH�
�������²���
5REHUW 0ຮཟฏ ������� &DWHJRULHV� 3URWRW\SHV� DQG 'HIDXOW ,QKHULWDQFH� LQ
3URFHHGLQJV RI WKH -RLQW &RQIHUHQFH RQ )RUPDO *UDPPDU� +HDG�'ULYHQ 3KUDVH
6WUXFWXUH *UDPPDU� DQG &DWHJRULDO *UDPPDU� S� ���²���� 6DDUEU�FNHQ�
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$OHF 0༬ໍཋྸ ������� 7KH :D\�&RQVWUXFWLRQ DQG WKH 6HPDQWLFV RI 'LUHFW
$UJXPHQWV LQ (QJOLVK� $ 5HSO\ WR -DFNHQGRϱ� LQ 6WRZHOO DQG :HKUOL ������� S�
���²����
$OHF 3� 0༬ໍཋྸ ������� 1R (VFDSH IURP 6\QWD[� 'RQ·W 7U\ 0RUSKRORJLFDO
$QDO\VLV LQ WKH 3ULYDF\ RI <RXU 2ZQ /H[LFRQ� LQ $� 'ཋ༬༼ DQG /� 6ෞศෞຮ�
HGLWRUV� 8QLYHUVLW\ RI 3HQQV\OYDQLD :RUNLQJ 3DSHUV LQ /LQJXLVWLFV� YROXPH ���� S�
���²���� 8QLYHUVLW\ RI 3HQQV\OYDQLD�
<R 0ཋ༼ཟཋ ������� &RPSOH[ 3UHGLFDWHV LQ -DSDQHVH� $ 6\QWDFWLF DQG
6HPDQWLF 6WXG\ RI WKH 1RWLRQ ¶:RUG·� 3K�'� WKHVLV� 6WDQIRUG 8QLYHUVLW\� 6WXGLHV LQ
-DSDQHVH /LQJXLVWLFV VHULHV� &6/, 3XEOLFDWLRQV�.XURLVR 3XEOLVKHUV�
6WDQIRUG�7RN\R� 5HYLVHG DQG FRUUHFWHG YHUVLRQ RI ���� 6WDQIRUG 8QLYHUVLW\
GLVVHUWDWLRQ� 2Q WKH ZRUGKRRG RI FRPSOH[ SUHGLFDWHV LQ -DSDQHVH�
/DXUD 0යෞຮ༼ ������� 6LJQ�%DVHG &RQVWUXFWLRQ *UDPPDU� LQ %HUQG +ෞໍෞ
DQG +HLNR 1༬༬ศ� HGLWRUV� 7KH 2[IRUG +DQGERRN RI /LQJXLVWLF $QDO\VLV� 2[IRUG
8QLYHUVLW\ 3UHVV� 2[IRUG�
7DUD 0ໍໍ ������� $UJXPHQWV LQ +LQGL� 'LVVHUWDWLRQV LQ /LQJXLVWLFV� &6/,
3XEOLFDWLRQV� 6WDQIRUG� &$� UHSULQWHG YHUVLRQ RI ���� 6WDQIRUG 8QLYHUVLW\
GLVVHUWDWLRQ�
7DUD 0ໍໍ ������� :RUGKRRG DQG /H[LFDOLW\� 1RXQ ,QFRUSRUDWLRQ LQ
+LQGL� 1DWXUDO /DQJXDJH DQG /LQJXLVWLF 7KHRU\� ��������²����
%DUEDUD 3༬ཋෞෞ ������������ *HQLWLYHV ³ $ &DVH 6WXG\� LQ -RKDQ YDQ
%ෞໍཋෞ DQG $OLFH ཋෞ༬ 0ෞཟຮෞໍ� HGLWRUV� +DQGERRN RI /RJLF DQG /DQJXDJH� S�
���²���� (OVHYLHU�7KH 0,7 3UHVV� $PVWHUGDP DQG %RVWRQ� DSSHQGL[ WR -DQVVHQ
������� 3XEOLVKHG YHUVLRQ RI ���� PDQXVFULSW�
%DUEDUD 3༬ཋෞෞ DQG 9ODGLPLU %༬༼යෞྃ ������� ,QWHJUDWLQJ OH[LFDO DQG
IRUPDO VHPDQWLFV� *HQLWLYHV� UHODWLRQDO QRXQV� DQG W\SH�VKLIWLQJ� LQ 5RELQ
&༝ෞ༬ DQG 7KRPDV *ນ༬ෞຮྸෞ� HGLWRUV� 3URFHHGLQJV RI WKH 6HFRQG 7ELOLVL
6\PSRVLXP RQ /DQJXDJH� /RJLF� DQG &RPSXWDWLRQ� S� ���²���� &HQWHU RQ
/DQJXDJH� /RJLF� 6SHHFK� 7ELOLVL 6WDWH 8QLYHUVLW\� 7ELOLVL� 85/
KWWS���ZZZ�XQL[�RLW�XPDVV�HGX�aSDUWHH�GRFV�WELOLVL���SGI�
%DUEDUD +� 3༬ཋෞෞ� $OLFH ཋෞ༬ 0ෞཟຮෞໍ� DQG 5REHUW (� :ຮຮ �������
0DWKHPDWLFDO 0HWKRGV LQ /LQJXLVWLFV� .OXZHU� 'RUGUHFKW� FRUUHFWHG VHFRQG
SULQWLQJ RI WKH ϧUVW HGLWLRQ�
&DUO 3ຮຮ༬ DQG ,YDQ $� 6ศ ������� ,QIRUPDWLRQ�%DVHG 6\QWD[ DQG 6HPDQWLFV�
9ROXPH ,� &6/, /HFWXUH 1RWHV� QXPEHU ��� &6/, 3XEOLFDWLRQV� 6WDQIRUG� &$�
&DUO 3ຮຮ༬ DQG ,YDQ $� 6ศ ������� +HDG�'ULYHQ 3KUDVH 6WUXFWXUH *UDPPDU�
8QLYHUVLW\ RI &KLFDJR 3UHVV� &KLFDJR�
*HRϱUH\ .� 3ཟຮຮཟ DQG *HUDOG *ྸ༬ ������� 1DWXUDO /DQJXDJHV DQG
&RQWH[W )UHH /DQJXDJHV� /LQJXLVWLFV DQG 3KLORVRSK\� �����²����
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/RXLVD 6ຮෞ༬ DQG $QGUHZ 6༝ෞໍයෞ༬ ������� 6\QWD[ DV DQ ([SRQHQW RI
0RUSKRORJLFDO )HDWXUHV� <HDUERRN RI 0RUSKRORJ\� S� ��²���
,YDQ $� 6ศ ������� (QJOLVK )LOOHU�*DS &RQVWUXFWLRQV� /DQJXDJH� ���������²����
,YDQ $� 6ศ ������� 6LJQ�%DVHG &RQVWUXFWLRQ *UDPPDU� $Q ,QIRUPDO 6\QRSVLV�
LQ %RDV DQG 6DJ ������� S� ��²����
,YDQ $� 6ศ� +DQV &� %༼� DQG 3DXO .ྞ ������� ,QWURGXFLQJ 6LJQ�%DVHG
&RQVWUXFWLRQ *UDPPDU� LQ %RDV DQG 6DJ ������� S� �²���
6WXDUW 0� 6ෞඨෞ༬ ������� (YLGHQFH $JDLQVW WKH &RQWH[W�)UHHQHVV RI 1DWXUDO
/DQJXDJH� /LQJXLVWLFV DQG 3KLORVRSK\� �����²����
'DQLHO 6༩ ������� 6\QWD[ :LWKLQ WKH :RUG� (FRQRP\� $OORPRUSK\� DQG
$UJXPHQW 6HOHFWLRQ LQ 'LVWULEXWHG 0RUSKRORJ\� -RKQ %HQMDPLQV�
-DQH 6༝༼ໍ ������� $VSHFWV RI :DUOSLUL 0RUSKRORJ\ DQG 6\QWD[� 3K�'� WKHVLV�
0,7�
7LP 6ཋྎෞຮຮ DQG (ULF :ෞ༬ຮ� HGLWRUV ������� 6\QWD[ DQG WKH /H[LFRQ�
YROXPH �� RI 6\QWD[ DQG 6HPDQWLFV� $FDGHPLF 3UHVV� 6DQ 'LHJR� &$�
*UHJRU\ 7� 6ཋཟ༝ ������� ,QϩHFWLRQDO 0RUSKRORJ\� $ 7KHRU\ RI 3DUDGLJP
6WUXFWXUH� &DPEULGJH 8QLYHUVLW\ 3UHVV� &DPEULGJH� 8.�
,GD 7ྃໍෞໍ ������� 7KH 'LUHFWHG 0RWLRQ &RQVWUXFWLRQ LQ 6ZHGLVK� -RXUQDO
RI /LQJXLVWLFV� ���������²����
,GD 7ྃໍෞໍ ������� 1RQ�3URMHFWLQJ :RUGV� $ &DVH 6WXG\ RI 6ZHGLVK 3DUWLFOHV�
.OXZHU $FDGHPLF 3XEOLVKHUV� 'RUGUHFKW�
0DULH�(ODLQH ྃໍ (ศໍ ������� 7ZR :D\�&RQVWUXFWLRQV LQ 'XWFK� 0DVWHU
V
WKHVLV� 8QLYHUVLW\ RI &DQWHUEXU\� &KULVWFKXUFK� 1HZ =HDODQG�
0DULH�(ODLQH ྃໍ (ศໍ ������� 7ZR :D\�&RQVWUXFWLRQV LQ 'XWFK� 0RWLRQ
$ORQJ D 3DWK DQG 7UDQVLWLRQ WR /RFDWLRQ� 9'0 9HUODJ 'U� 0�OOHU� 6DDUEU�FNHQ�
*HUPDQ\�
$ULH 9ෞ༬ศෞໍ ������� 7KH 'XWFK :D\� LQ $ULH 9ෞ༬ศෞໍ DQG -HURHQ 0� YDQ
GH :ෞຍෞ༬� HGLWRUV� 8VDJH�%DVHG $SSURDFKHV WR 'XWFK� S� ��²��� /27� 8WUHFKW�
.� 9ຍྞ�6ໍນෞ༬ DQG 'DYLG :ෞ༬ ������� 7KH (TXLYDOHQFH RI )RXU
([WHQVLRQV RI &RQWH[W�)UHH *UDPPDUV� 0DWKHPDWLFDO 6\VWHPV 7KHRU\�
���������²����
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ĦŷŷļŦĸŐƛ

$ ƅļťŷşĦƅļ ōŐļźĦźĲōƜ

���� 0($16

'87&+�7/&

75$16,7,21

75$9(56$/

75$9(56$/�0($16

6:(',6+�'0& '87&+�:(* (1*/,6+�:$<

75$9(56$/�0$11(5

0$11(5

% ƅļťŷşĦƅļž

���� 75$16,7,21 :=
λRλxλeλe′.R(e) ∧ agent(e) = x ∧ cause(e′) = x :
(↑σ ༬ෞຮ)! (↑ ༼ཟඨຍ)σ ! (↑σ ෞྃෞໍཋ�)! (↑σ ෞྃෞໍཋ�)!↑σ

���� 0($16 :=
λPλeλe′.P(e)(e′) ∧ means(e′) = e :
[(↑σ ෞྃෞໍཋ�)! (↑σ ෞྃෞໍཋ�)!↑σ] !
[(↑σ ෞྃෞໍཋ�)! (↑σ ෞྃෞໍཋ�)!↑σ]

���� 0$11(5 :=
λ* λRλe′.* (R)(e′) ∧ manner(e′) = R :
[(↑σ ༬ෞຮ)! (↑σ ෞྃෞໍཋ�)!↑σ] !
[(↑σ ༬ෞຮ)! (↑σ ෞྃෞໍཋ�)!↑σ]

���� 75$9(56$/ :=
#75$16,7,21
λPλe′.P(e′) ∧ traversal(e′) :
[(↑σ ෞྃෞໍཋ�)!↑σ] ! [(↑σ ෞྃෞໍཋ�)!↑σ]

���� 75$9(56$/�0($16 := #75$9(56$/
#0($16

���� 75$9(56$/�0$11(5 := #75$9(56$/
#0$11(5
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���� 6:(',6+�'0&�3)1� :=
#75$16,7,9(�2%/,48(�3)1�
#75$9(56$/�0($16
λQλPλy.∃e.∃e′.∃z.P(e)(e′) ∧
theme(e′) = y ∧ path(e′) = z ∧ Q(z) :
[((↑ ඨຮ)σ ༝ཋ)! (↑ ඨຮ)σ] !
[(↑σ ෞྃෞໍཋ�)! (↑σ ෞྃෞໍཋ�)!↑σ ] !
(↑ ඨຍ)σ !↑σ

���� (1*/,6+�:$<�3)1� :=
#75$16,7,9(�2%/,48(�3)1�
^#75$9(56$/�0($16 | #75$9(56$/�0$11(5`
λYλQλPλx.∃e.∃e′.∃z.P(e)(e′) ∧
theme(e′) = x ∧ path(e′) = z ∧
Q(z) ∧ z= Y(x) :

[(↑ ༼༝ෞය)σ !↑σ]!
[(((ඨຍ ↑) ඨຮ)σ ༝ཋ)! ((ඨຍ ↑) ඨຮ)σ]!
[((ඨຍ ↑)σ ෞྃෞໍཋ�)!
((ඨຍ ↑)σ ෞྃෞໍཋ�)! (ඨຍ ↑)σ]!
(↑ ༼༝ෞය)σ ! (ඨຍ ↑)σ

���� '87&+�:(*�3)1� :=
#',75$16,7,9(�2%/,48(�3)1�
^#75$9(56$/�0($16 | #75$9(56$/�0$11(5`
λYλQλPλyλx.∃e.∃e′.∃z.P(e)(e′) ∧
theme(e′) = y ∧ path(e′) = z ∧
Q(z) ∧ z= Y(x) ∧ coextensive(e, e′) :

[(↑ ༼༝ෞය)σ !↑σ]!
[(((ඨຍθ ↑) ඨຮ)σ ༝ཋ)! ((ඨຍθ ↑) ඨຮ)σ]!
[((ඨຍθ ↑)σ ෞྃෞໍཋ�)!
((ඨຍθ ↑)σ ෞྃෞໍཋ�)! (ඨຍθ ↑)σ]!
(↑ ඨຍ)σ ! (↑ ༼༝ෞය)σ ! (ඨຍθ ↑)σ
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���� '87&+�7/&�3)1� :=
#75$16,7,9(�35(',&$7,9(�3)1�
#2%-�&21752/
#75$16,7,21
#0($16
λQλPλx.∃e.∃e′.P(e)(e′)∧ theme(e′) = x ∧Q(x) :
[(↑ ඨຍ)σ ! (↑ ྗය༝)σ]!
[(↑σ ෞྃෞໍཋ�)! (↑σ ෞྃෞໍཋ�)!↑σ] !
(↑ ඨຍ)σ ! ↑σ
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& ļƛĦťŷşļž

&�� 6ZHGLVK
���� 6DUDK

6�
DUPEnJDGH
HOERZHG

VLJ
༼ෞຮฏ

JHQRP
WKURXJK

PlQJGHQ�
FURZG�ෞฏ

���� ,3

�↑ ༼ཟඨຍ� = ↓
13

6DUDK

↑ = ↓
,′

↑ = ↓
,0

DUPEnJDGH

↑ = ↓
93

↑ = ↓
9′

�↑ ඨຍ� = ↓
#6:(',6+�'0&�↑ 35(' )1�
�↓ ༝༬ໍཋྞ༝ෞ� = ༼༝�༬ෞฏຮ

13

VLJ

�↑ ඨຮ� = ↓
33

↑ = ↓
3′

↑ = ↓
30

JHQRP

�↑ ඨຍ� = ↓
13

PlQJGHQ
���� 


༝༬ෞ ¶HOERZ〈༼ཟඨຍ�ඨຍ�ඨຮ〉·
༼ཟඨຍ
.
༝༬ෞ ¶6DUDK·

/

ඨຍ

༝༬ෞ ¶SUR·
༝༬ໍཋྞ༝ෞ ༼༝�༬ෞฏຮ




ඨຮ



༝༬ෞ ¶WKURXJK〈ඨຍ〉·
ඨຍ
.
༝༬ෞ ¶FURZG·

/






a




༬ෞຮཋໍ rel> @
ෞྃෞໍཋ� e1> @
ෞྃෞໍཋ� e2> @




t
.
༝ཋ pa> @
/

σ

σ
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&�� (QJOLVK
���� 6DUDK HOERZHG KHU ZD\ WKURXJK WKH FURZG�
���� ,3

�↑ ༼ཟඨຍ� = ↓
13

6DUDK

↑ = ↓
,′

↑ = ↓
93

↑ = ↓
9′

↑ = ↓
90

HOERZHG

�↑ ඨຍ� = ↓
'3

↑ = ↓
'′

↑ = ↓
'0

KHU
�↑ ༼༝ෞය ༝༬ෞ� = ¶SUR·

↑ = ↓
13

ZD\

�↑ ඨຮ� = ↓
33

↑ = ↓
3′

↑ = ↓
30

WKURXJK

�↑ ඨຍ� = ↓
'3

↑ = ↓
'′

↑ = ↓
'0

WKH

↑ = ↓
13

FURZG
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���� 


༝༬ෞ ¶HOERZ〈༼ཟඨຍ�ඨຍ�ඨຮ〉·
༼ཟඨຍ
.
༝༬ෞ ¶6DUDK·

/

ඨຍ



༝༬ෞ ¶ZD\·
༼༝ෞය
.
༝༬ෞ ¶SUR·
/



ඨຮ



༝༬ෞ ¶WKURXJK〈ඨຍ〉·
ඨຍ
.
༝༬ෞ ¶FURZG·

/






a




༬ෞຮཋໍ rel> @
ෞྃෞໍཋ� e1> @
ෞྃෞໍཋ� e2> @




w


ྃ༬ v> @
༬ෞ༼ཋ༬ r> @




t
.
༝ཋ pa> @
/

σ

σ

σ
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