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F � � � � � � � � � � � � � DGSRVLWLRQ JUDPPDU FKDUDFWHU LPSRVHG E\ WKH DGSRVLWLRQ
G � � � � � � � � � � � � JHQHULF JUDPPDU FKDUDFWHU RI WKH JRYHUQRU
I � � � � � � � � � � � � � XQGHUVSHFLILHG RU JHQHULF YHUEDQW JUDPPDU FKDUDFWHU
Iv
x � � � � � � � � � � � � YHUEDQW JUDPPDU FKDUDFWHU �v LQGLFDWHV YDOHQF\� x VDWXUDWLRQ�
←−
I � � � � � � � � � � � � XQDFFXVDWLYH YHUEDQW �DOZD\V PRQRYDOHQW�
−→
I � � � � � � � � � � � � XQHUJDWLYH YHUEDQW �DOZD\V PRQRYDOHQW�
I2 � � � � � � � � � � � � ELYDOHQW YHUEDQW JUDPPDU FKDUDFWHU
I3 � � � � � � � � � � � � WULYDOHQW YHUEDQW JUDPPDU FKDUDFWHU
I4 � � � � � � � � � � � � WHWUDYDOHQW YHUEDQW JUDPPDU FKDUDFWHU
I5 � � � � � � � � � � � � SHQWDYDOHQW YHUEDQW JUDPPDU FKDUDFWHU
L � � � � � � � � � � � � � OLVWHQHU �W\SH RI DFWDQW�
λ � � � � � � � � � � � � � JHQHULF SUDJPDWLF FKDUDFWHU
O � � � � � � � � � � � � VWDWLYH JUDPPDU FKDUDFWHU �H[WUD�YDOHQF\ RU JHQHULF�
Ox � � � � � � � � � � � VWDWLYH JUDPPDU FKDUDFWHU �x LQGLFDWHV WKH DFWDQW YDOXH�
O1 � � � � � � � � � � � VWDWLYH JUDPPDU FKDUDFWHU �ILUVW YDOHQF\�
O2 � � � � � � � � � � � VWDWLYH JUDPPDU FKDUDFWHU �VHFRQG YDOHQF\�
O3 � � � � � � � � � � � VWDWLYH JUDPPDU FKDUDFWHU �WKLUG YDOHQF\�
O4 � � � � � � � � � � � VWDWLYH JUDPPDU FKDUDFWHU �IRXUWK YDOHQF\�
Ox � � � � � � � � � � � VWDWLYH JUDPPDU FKDUDFWHU �H[WUD YDOHQF\�
Q � � � � � � � � � � � � H[WUD LQ�YDOHQW DFWDQW LQ WKH FRQVWUXFWLRQ �DV Ox�
R � � � � � � � � � � � � UHFHLYHU �D W\SH RI DFWDQW�
S � � � � � � � � � � � � � VSHDNHU �D W\SH RI DFWDQW�
W � � � � � � � � � � � � IRXUWK LQ�YDOHQW DFWDQW LQ WKH FRQVWUXFWLRQ �DV O4�
X � � � � � � � � � � � � ILUVW LQ�YDOHQW DFWDQW LQ WKH FRQVWUXFWLRQ �DV O1�
←−
X � � � � � � � � � � � � XQDFFXVDWLYH DFWDQW �DOZD\V IRU

←−
I �

−→
X � � � � � � � � � � � � XQHUJDWLYH DFWDQW �DOZD\V IRU

−→
I �

Y � � � � � � � � � � � � VHFRQG LQ�YDOHQW DFWDQW LQ WKH FRQVWUXFWLRQ �DV O2�
←−
Y � � � � � � � � � � � � QRQ�SURPLQHQW VHFRQG LQ�YDOHQW DFWDQW �LQ JRYHUQPHQW�
−→
Y � � � � � � � � � � � � SURPLQHQW VHFRQG LQ�YDOHQW DFWDQW �LQ GHSHQGHQF\�
Z � � � � � � � � � � � � � WKLUG LQ�YDOHQW DFWDQW LQ WKH FRQVWUXFWLRQ �DV O3�



ChapterOne

Introduction

7KLV ERRN SUHVHQWV D IUDPHZRUN WR XQGHUVWDQG KRZ ODQJXDJH LV VWUXFWXUHG²LQ
SDUWLFXODU DW D PRUSKRORJLFDO DQG V\QWDFWLF OHYHO²DQG KRZ ODQJXDJH WDNHV LWV
SODFH LQ WKH JHQHUDO KXPDQ FRJQLWLRQ� �

:H FRQVLGHU WKDW WKH VWXG\ RI ODQJXDJHV VKRXOG EH LQWHUWZLQHG WR WKH UHVHDUFK
LQ WKH ILHOG RI FRJQLWLYH VFLHQFHV RQ RQH KDQG DQG ZLWK WKH H[SUHVVLYH SRZHU RI
FRQVWUXFWLYH PDWKHPDWLFV RQ WKH RWKHU KDQG� ,Q IDFW� FRQVWUXFWLYH PDWKHPDWLFV
DOORZV D IXOO�EORRGHG FRPSXWDWLRQDO GHYHORSPHQW RI QDWXUDO ODQJXDJH JUDPPDU
GHVFULSWLRQ� ZLWKRXW LQYRNLQJ LGHDOLVWLF LQWHUSUHWDWLRQV� ,Q RWKHU ZRUGV� HYHU\
FRQFHSW RI RXU IUDPHZRUN SRVHV RQ D VROLGPDWKHPDWLFDO JURXQGZKHQ LQWHUSUHWHG
LQ D FRJQLWLYH ZD\�

$ SUHOLPLQDU\ FODULILFDWLRQ LV QHHGHG� $V WKH PDLQ DUHD RI LQYHVWLJDWLRQ
ZLWKLQ WKLV ERRN LV QDWXUDO ODQJXDJH JUDPPDU� ZH ZLOO XVH WKH WHUP µODQJXDJH¶ WR
UHIHU WR QDWXUDO ODQJXDJHV²VXFK DV (QJOLVK� &KLQHVH� RU 8UGX²LQ JHQHUDO WHUPV
LI WKH FRQWH[W LV FOHDU HQRXJK WR DYRLG DPELJXLW\� 2WKHUZLVH� ZH ZLOO VSHFLI\ LI
ZH DUH WDONLQJ DERXW QDWXUDO RU IRUPDO �DUWLILFLDO� ODQJXDJHV� $QDORJRXVO\� WKLV
NLQG RI FRQYHQWLRQ ZLOO EH IROORZHG IRU RWKHU FRPPRQ WHUPV ZKLFK DUH XVHG
ERWK E\ OLQJXLVWV DQG PDWKHPDWLFLDQV LQ YHU\ GLIIHUHQW ZD\V� VXFK DV µJUDPPDU¶�
µV\QWD[¶ RU µVHPDQWLFV¶� �

7KLV FODULILFDWLRQ LV QHHGHG EHFDXVH WKLV ERRN LV DGGUHVVHG ERWK WR SHRSOH
EHORQJLQJ WR WKH KXPDQLWLHV²VXFK DV PRVW OLQJXLVWV DUH� EXW DOVR SHGDJRJLVWV
LQYROYHG LQ ODQJXDJH OHDUQLQJ LVVXHV²DQG SHRSOH EHORQJLQJ WR KDUG VFLHQFHV�
DERYH DOO� PDWKHPDWLFLDQV� EXW DOVR ORJLFLDQV� FRPSXWHU VFLHQWLVWV DQG QDWXUDO
ODQJXDJH HQJLQHHUV� :H EHOLHYH WKDW WKH VR�FDOOHG µWZR FXOWXUHV¶²HYHQ WKUHH� DV
UHFHQWO\ SRVHG E\ .DJDQ ������²VKRXOG DW OHDVW GLDORJXH RQH ZLWK WKH RWKHU LI
QRW SXW LQ FRQIOXHQFH IRU PXWXDO LPSURYHPHQW�

7KLV LV WKH PDLQ UHDVRQ ZK\ ZH GHFLGHG WR SXW WRJHWKHU FRQFHSWV DQG UHVXOWV
RI RXU LQYHVWLJDWLRQ� DV WKH\ DUH DW WKH VDPH WLPH OLQJXLVWLF DQG IRUPDO LQ QD�
WXUH� ,Q RWKHU ZRUGV� WKHUH LV QR GHGLFDWHG FKDSWHU WR WKH IRUPDO PRGHOOLQJ � RU
WR OLQJXLVWLF GHVFULSWLRQ� VLPSO\ EHFDXVH WKH LQVLJKWV ZH KDYH RQ RQH VLGH KDYH
DQ LPPHGLDWH DQG GLUHFW HIIHFW WR WKH RWKHU VLGH� DQG ZULWLQJ LQ VXFK D VHSDUDWH
ZD\ ZRXOG OHDG WR XQQHFHVVDU\ LQWULFDFLHV LQ RUGHU WR OHW WKH UHDGHU XQGHUVWDQG
RXU OLQH RI UHDVRQLQJ�
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2I FRXUVH� ZH GR QRW SUHWHQG WR UHLQYHQW WKH ZKHHO� RXU ZRUN LV ZHOO URRWHG
ERWK LQ WKH OLQJXLVWLF DQG PDWKHPDWLFDO WUDGLWLRQV RI WKHLU RZQ� 7KH VHTXHO RI WKLV
FKDSWHU LV GHYRWHG WR FODULI\ ZKDW DUH RXU VWDUW SRLQWV DQG KRZ WKH\ DUH UHODWHG
�RU QRW� ZLWK RWKHU ZRUNV LQ WKH ILHOGV�

��� 7KH DGSRVLWLRQDO SDUDGLJP

,W LV ZRUWK QRWLFLQJ WKDW WKH WHUP µFRQVWUXFWLYH¶ LV XVHG LQ GLIIHUHQW DQG FRPSOH�
PHQWDU\ ZD\V ZLWKLQ WKH ERRN� ,Q WKLV VHFWLRQ� ZH H[SODLQ µFRQVWUXFWLYH¶ UHIHU�
ULQJ WR FRQVWUXFWLYH PDWKHPDWLFV� 7KH IXQGDPHQWDO FRQFHSW RI WKLV ERRN LV WKH
DGSRVLWLRQ� ZKLFK LV OLQJXLVWLFDOO\ D JHQHUDOLVDWLRQ RI FRQMXQFWLRQV� SUHSRVLWLRQV�
SRVWSRVLWLRQV� DQG VR RQ²EURDGO\ VSHDNLQJ� OLQNLQJ ZRUGV� 7KH DGSRVLWLRQDO
SDUDGLJP ZDV WKH PDLQ UHVXOW RI WKH 3K' GLVVHUWDWLRQ E\ *REER �������

6LQFH WKHQ� ZH SXW RXU ZRUN D VWHS IRUZDUG� DQG WKLV ERRN LV WKH SUHVHQWD�
WLRQ RI WKH UHVXOWV RI WKDW HIIRUW� ,Q IDFW� QRZ DGSRVLWLRQV²WKH FRUQHUVWRQHV RI
WKH DGSRVLWLRQDO SDUDGLJP²DUH GHVFULEHG LQ WKH VSLULW RI FRQVWUXFWLYH PDWKHPDW�
LFV� DQG WKDW¶V ZK\ WKH IUDPHZRUN LV FDOOHG µFRQVWUXFWLYH DGSRVLWLRQDO JUDPPDUV¶
�&RQVWUXFWLYH $G*UDPV IRU VKRUW��

&RQVWUXFWLYH PDWKHPDWLFV �%ULGJHV DQG 5LFKPDQ� ����� LV� V\QWKHWLFDOO\� D
ZD\ WR GHYHORS WKH PDWKHPDWLFDO WKRXJKW WKDW VWULFWO\ SUHVHUYHV WKH LQIRUPDWLRQ
FRQWHQW RI DQ\ VWDWHPHQW� 3UHFLVHO\� GLVMXQFWLYH DQG H[LVWHQWLDO VWDWHPHQWV DUH
UHTXLUHG WR LQGLFDWH ZLWQHVVHV IRU WKHLU WUXWK� IRU H[DPSOH� ∃x.P(x) FDQ EH SURYHG
LQ VRPH WKHRU\ T LI DQG RQO\ LI ZH FDQ H[KLELW VRPH YDOXH v VXFK WKDW P(v) KROGV�
L�H�� LW ORJLFDOO\ GHVFHQGV IURP T � 6R� VRPH IRUPV RI ORJLFDO WKLQNLQJ DUH QRW
DFFHSWHG� H�J�� WKH /DZ RI ([FOXGHG 0LGGOH� VLQFH WKH\ LQWURGXFH XQMXVWLILHG
LQIRUPDWLRQ� LQ IDFW� LI P∨¬P LV DQ D[LRP� LW GRHV QRW LQGLFDWH ZKHWKHU WKH ILUVW
RU WKH VHFRQG GLVMXQFW KROGV DQG WKHUH LV QR JXDUDQWHH WKDW VXFK DQ LQIRUPDWLRQ
FDQ EH UHFRYHUHG IURP WKH WKHRU\ T � DQG� LQ JHQHUDO� LW FDQQRW �7URHOVWUD DQG
6FKZLFKWHQEHUJ� ����� 7URHOVWUD� ������

7KH WHUP µJUDPPDUV¶ UHIHUV WR WKH IDFW WKDW WKH PDWKHPDWLFDO VWUXFWXUH LV RQH�
ZKLOH WKH LQVWDQWLDWLRQV DUH PDQ\ DV QDWXUDO ODQJXDJHV DUH� :H ORRN DW GLIIHUHQW
VKDGRZV �L�H�� QDWXUDO ODQJXDJHV�� HDFK RQH ZLWK LWV GLIIHUHQW VKDSH� ZKLOH WKH VXQ
LV DOZD\V WKH VDPH �WKH VWUXFWXUH�²VHH &KDSWHUV � DQG � IRU GHWDLOV�

%HIRUH SURFHHGLQJ� LW LV LPSRUWDQW WR H[SODLQ KRZ ZH GHDO ZLWK WKH µVKDG�
RZV¶� L�H�� WKH GLYHUVLW\ RI QDWXUDO ODQJXDJHV²LQ RWKHU ZRUGV� WKH SUREOHP RI
OLQJXLVWLF XQLYHUVDOV DQG W\SRORJ\� )URP D SK\ORJHQLF SRLQW RI YLHZ� ZKLOH HY�
HU\ VSHFLHV VHHPV WR XQGHUVWDQG WKHLU PHPEHUV� RQO\ KXPDQV GHYHORSHG GLIIHUHQW
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ODQJXDJHV²DFWXDOO\� PRUH WKDQ ������ )XUWKHUPRUH� IURP DQ RQWRJHQHWLF SRLQW
RI YLHZ� HYHU\ FKLOG EXLOGV KLV RZQ OLQJXLVWLF UHSHUWRLUH DFFRUGLQJ WR WKH HQYLURQ�
PHQW KH LV JURZQ XS LQWR� QRW KLV HWKQLF RULJLQ� DQG WKHUH DUH VRPH UHJXODULWLHV LQ
WKH GHYHORSLQJ RI ODQJXDJH VNLOOV� IURP EDE\ XWWHUDQFHV WR DGXOW�OLNH UHSUHVHQWD�
WLRQV� $FFRUGLQJ WR 7RPDVHOOR ������� WKH PRVW ULJRURXV DQG SODXVLEOH WKHRU\ RI
ODQJXDJH WKDW FKDUDFWHULVHV DGXOW OLQJXLVWLF FRPSHWHQFH LQ FKLOG�IULHQGO\ WHUPV
LV URRWHG ERWK LQ FRJQLWLYH DQG VRFLDO VNLOOV� )URP WKH FRJQLWLYH VLGH� WKH WKHRU\
RI PLQG KDV VKRZQ XV WKDW RXU DELOLW\ WR FRPPXQLFDWH LV EDVHG RQ �D� LQWHQWLRQ�
UHDGLQJ� L�H�� WKH DELOLW\ RI LQIHUULQJ ZKDW WKH OLVWHQHU LV H[SHFWLQJ IURP XV� EH\RQG
WKH OLWHUDO PHDQLQJ RI ZKDW WKH VSHDNHU VDLG� �E� SDWWHUQ�ILQGLQJ� L�H�� WKH DELOLW\
WR FDWHJRULVH RXU VHQVLELOLD LQ D PDSSLQJ LQWR WKH PLQG� )URP WKH VRFLDO VLGH� ZH
OHDUQ WKH LQWHQWLRQDO DFWLRQV RI RWKHU KXPDQV E\ LPLWDWLRQ�

7KHVH XQLYHUVDOV RI OHDUQLQJ �LQWHQWLRQ�UHDGLQJ� SDWWHUQ�ILQGLQJ DQG LPLWD�
WLRQ� DSSOLHG WR RXU LQQDWH OLQJXLVWLF DELOLW\ DUH WKH IXQGDPHQWDO HOHPHQWV RI OLQ�
JXLVWLF FRQVWUXFWLRQV²V\QWKHWLFDOO\� SDWWHUQV RI XVDJH RI IRUP�PHDQLQJ FRUUH�
VSRQGHQFHV WKDW FDUU\ WKH PHVVDJHV EH\RQG WKH JLVW RI WKH ZRUGV WKDW WRRN SDUW LQ
WKH FRQVWUXFWLRQ LWVHOI� 7KLV IDFW OHDGV XV WR DQRWKHU XVH RI WKH WHUP µFRQVWUXFWLYH¶
ZLWKLQ WKLV ERRN�

/LQJXLVWLF FRPPXQLFDWLRQ LV V\PEROLF� DQG V\PEROV DUH ³VRFLDO FRQYHQWLRQV
E\ PHDQV RI ZKLFK RQH LQGLYLGXDO DWWHPSWV WR VKDUH DWWHQWLRQ RU PHQWDO VWDWH
WR VRPHWKLQJ LQ WKH RXWVLGH ZRUOG´ �7RPDVHOOR� ����� ��� 6\PEROV DUH XVHG LQ
SDWWHUQHG ZD\V� DQG WKHVH SDWWHUQV JLYH IRUP WR OLQJXLVWLF FRQVWUXFWLRQV� +HQFH�
FRQVWUXFWLRQV DULVH E\ WZR GLIIHUHQW IRUFHV� E\ WKH PHDQLQJ RI WKHLU SDUWV� DQG
E\ WKH IUHTXHQF\ RI XVH RI WKH SDWWHUQ LWVHOI� 7KLV VSHFLHV�XQLTXH SURFHVV RFFXUV
RYHU WLPH DQG LV FDOOHG JUDPPDWLFDOL]DWLRQ� �

7KH UHVXOWV RI WKLV FXOWXUDO DQG KLVWRULFDO SURFHVV DUH QDWXUDO ODQJXDJH JUDP�
PDUV� DQG WKDW LV ZK\ ZH KDYH PRUH WKDQ RQH� 7KHUHIRUH� JUDPPDUV VKRXOG EH
LQYHVWLJDWHG DV D UHVXOW RI WKH SURFHVV RI JUDPPDWLFDOL]DWLRQ� QRW DV VWDWLF� PRQR�
OLWKLF HQWLWLHV� 0RVW SX]]OLQJ OLQJXLVWLF SKHQRPHQD FDQ EH HQOLJKWHQHG LQ WHUPV
RI WKH JUDPPDWLFDOL]DWLRQ SURFHVV� DV ZH ZLOO H[SODLQ WKURXJKRXW WKLV ERRN� ,Q
IDFW� WKH IUHTXHQF\ RI SDWWHUQ�XVDJH OHDGV WR ORRVH �KLGH� XQQHFHVVDU\ LQIRUPD�
WLRQ� WKDW¶V ZK\ KLJKO\ IUHTXHQW ZRUGV DUH XVXDOO\ VKRUW LQ WHUPV RI V\OODEOHV�

(DFK JUDPPDU LV PDGH RI FRQVWUXFWLRQV� SURYLGLQJ XV WKH OLQJXLVWLF GDWD
WR EH DQDO\VHG� &RQVWUXFWLRQV EHLQJ FHQWUDO� RXU ZRUN FDQ EH SXW LQWR UHODWLRQ
ZLWK WKH HDUO\ VWDJHV RI WUDQVIRUPDWLRQDO JUDPPDU �&KRPVN\� ����� ����� DQG
WR WKH ZRUNV RI FRJQLWLYH OLQJXLVWV SURSRVLQJ FRQVWUXFWLRQDO DQDO\VHV� VXFK DV
7RPDVHOOR ������� *ROGEHUJ ������ ������ DQG &URIW �������

0RVW RI RXU OLQJXLVWLF REVHUYDWLRQV GHULYH IURP WKH ZRUNV E\ FRJQLWLYH OLQ�
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JXLVWV� 7KH PDLQ OLPLW RI WKHVH DQDO\VHV OLHV LQ WKH IDFW WKDW WKH\ DUH FRQVWUXF�
WLRQDO LQVWHDG RI FRQVWUXFWLYH� 7KDW LV� WKH\ WDNH FRQVWUXFWLRQV DV SULPLWLYHV� UH�
MHFWLQJ LQ WRWR DQ\ IRUPDOLVP� ZKLFK LV VHHQ DV LQHYLWDEO\ µ&KRPVN\DQ¶ LQ QDWXUH�
0DWWKHZV ������ DOUHDG\ REVHUYHG�

>«@ IRU PRUH RI WKH SDVW ILIWHHQ \HDUV� GHVSLWH RFFDVLRQDO GLVSDUDJHPHQW
IURP RQH VLGH RU DQRWKHU� HDFK VFKRRO KDV LQ SUDFWLFH KDG OLWWOH UHDVRQ WR
UHIHU WR WKH RWKHU� ,W LV ZRUWK QRWLQJ� IRU H[DPSOH� WKDW &URIW¶V UHFHQW LQ�
WURGXFWLRQ WR 7\SRORJ\ DQG 8QLYHUVDOV ������ FLWHV QR ZRUN E\ &KRPVN\�
�0DWWKHZV� ����� ���

7KH VLWXDWLRQ LV HYHQ JHWWLQJ ZRUVH� DV H[HPSOLILHG E\ WKH PRVW UDGLFDO FRQ�
VWUXFWLRQDO DSSURDFK� ZKLFK VWDWHV WKDW WKHUH LV QR OLQJXLVWLF FDWHJRU\ WKDW LV ERWK
IRUPDO DQG XQLYHUVDO� DV DVVHUWHG E\ �&URIW� ����� ���

2I FRXUVH� DEDQGRQLQJ XQLYHUVDO FDWHJRULHV DQG UHODWLRQV OHDGV WR D YHU\
GLIIHUHQW YLHZ RI 8QLYHUVDO *UDPPDU� 8QGHU WKH DOWHUQDWLYH YLHZ� 8QLYHU�
VDO *UDPPDU GRHV QRW FRQVLVW RI DQ LQYHQWRU\ RI XQLYHUVDO FDWHJRULHV DQG
UHODWLRQV DYDLODEOH WR DOO VSHDNHUV� >«@ 7KH IRUPDO VWUXFWXUHV LQ JUDPPDUV
DUH ODQJXDJH�SDUWLFXODU� DQG XQLYHUVDOV RI ODQJXDJH PXVW EH VRXJKW HOVH�
ZKHUH� >«@ ,Q SULQFLSOH� WKDW DSSHDUV WR EH WKH GLUHFWLRQ WKDW &KRPVN\DQ
JHQHUDWLYH JUDPPDU KDV KHDGHG� JHQHUDO FRQVWUDLQWV RQ V\QWDFWLF VWUXFWXUH
EXW D SUROLIHUDWLRQ RI V\QWDFWLF FDWHJRULHV� ,Q SUDFWLFH� KRZHYHU� WKH V\Q�
WDFWLF FDWHJRULHV DUH DVVXPHG WR EH FURVV�OLQJXLVWLFDOO\ YDOLG� DQG WKH VDPH
FDWHJRULHV �RU D VXEVHW WKHUHRI� DUH SRVLWHG RI HYHU\ ODQJXDJH� 7KLV SUDFWLFH
DOVR KROGV IRU RWKHU IRUPDO V\QWDFWLF WKHRULHV�

:H FODLP WKDW D IRUPDOLVP LV SRVVLEOH ZLWKRXW QHJOHFWLQJ WKH XVDJH�EDVHG
UHVXOWV RI FRJQLWLYH OLQJXLVWV� 7KH SUREOHP LV LQ WKH JHQHUDO SHUVSHFWLYH� 0RVW
FRJQLWLYH OLQJXLVWV DUH µPD[LPDOLVWV¶� L�H�� WKH\ FRQVLGHU VHPDQWLFV DQG V\QWD[
LQGLVVRFLDEOH� DQG WKHUHIRUH VHPDQWLFV LV SXW DW WKH FHQWUH RI DQDO\VLV� ZKLOH V\Q�
WD[ LV SXW DW WKH SHULSKHU\²WUDGLWLRQDOO\� PRVW UHVXOWV LQ FRJQLWLYH OLQJXLVWLFV DUH
GHYRWHG WR WKH VHPDQWLF OHYHO� LQ SDUWLFXODU WKH DQDO\VLV RI PHWDSKRUV �/DNRII�
����� IRU H[DPSOH�� &RQYHUVHO\� LQ ZKDWHYHU �OLQJXLVWLF� IRUPDOLVP� WKH DOJH�
EUDLF UXOHV DUH LQVHQVLWLYH WR WKH PHDQLQJV RI WKH HOHPHQW WKH\ DOJRULWKPLFDOO\
FRPELQH� DQG KHQFH OLQJXLVWLF PHDQLQJ LV SXW DW WKH SHULSKHU\ RI WKH V\VWHP� WKH
�PRUSKRV\QWDFWLF� UXOHV EHLQJ WKH FRUH�

1RQHWKHOHVV� ZH WDNH LQWR DFFRXQW WKH FULWLTXH RI ODWHU &KRPVN\DQ GHYHORS�
PHQW �&KRPVN\� ����� ����� WKDW FRQVWUXFWLRQV FDQQRW EH GLVUHJDUGHG DV HSLSKH�
QRPHQD� ZKLOH WKH HDUOLHU &KRPVN\DQ PRGHOV VKRZHG WKDW WKH IRUPDOLVDWLRQ RI
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FRQVWUXFWLRQV LV QRW RQO\ SRVVLEOH EXW DOVR IHDVLEOH �*ROGEHUJ� ����� ��� $IWHU
DOO� &KRPVN\ LV D OHDGLQJ ILJXUH LQ WKH &RJQLWLYH 5HYROXWLRQ� DORQJ ZLWK *HRUJH
0LOOHU� 0DUYLQ0LQVN\� $OOHQ 1HZHOO DQG +HUEHUW 6LPRQ �� ZH FODLP WKDW DW OHDVW
SDUW RI &KRPVN\¶V ZRUN FDQ EH SXW LQ WKH VWUHDP RI FRJQLWLYH OLQJXLVWLFV� LI ZH
GR QRW UHMHFW IRUPDOLVDWLRQ DV D ZKROH� $W WKH VDPH WLPH� ZH EHOLHYH WKDW DQRWKHU
ZD\²QRW EDVHG RQ FRQVWLWXHQWV²WR IRUPDOLVH JUDPPDUV LV SRVVLEOH DQG ZRUWK
DWWHQWLRQ� SDUWLFXODUO\ IRU FRJQLWLYH OLQJXLVWLFV� �

,Q VXP� LW¶V QR PRUH WKH WLPH RI WKH ³OLQJXLVWLF ZDUV´ �+DUULV� ������ ZH
FODLP WKDW ERWK DSSURDFKHV DUH YDOLG� DV WKH\ WDON DERXW GLIIHUHQW DVSHFWV RI WKH
VDPH SKHQRPHQRQ� L�H�� QDWXUDO ODQJXDJH JUDPPDUV� WKH &KRPVN\DQ DSSURDFK
LV WRS�GRZQ� GHGXFWLYH� EHFDXVH LW ORRNV IRU UHJXODULWLHV EH\RQG WKH YDULHW\ RI
ODQJXDJHV� ZKLOH FRJQLWLYH OLQJXLVWV WU\ WR H[SODLQ YDULHW\ RQ D XVDJH�EDVHG SHU�
VSHFWLYH� IROORZLQJ D GDWD�GULYHQ� LQGXFWLYH DSSURDFK� 2XU DLP LV WR WDNH WKH
EHVW SUDFWLFHV IURP ERWK DSSURDFKHV� ZLWKRXW DGKHULQJ WR DQ\ µ&KXUFK¶� +HUH ZH
RIIHU D VWURQJ� JHQHUDO� H[SOLFDWLYH IRUPDOLVP ZLWK D ORW RI H[DPSOHV WDNHQ IURP
GLIIHUHQW ODQJXDJHV RI WKH ZRUOG� ZLWK D VSHFLDO UHJDUG WR (QJOLVK�

2XU IRUPDOLVP WDNHV LQWR DFFRXQW WKH UHVXOWV RI OLQJXLVWLF W\SRORJ\� $UH WKHUH
DQ\ ODQJXDJH XQLYHUVDOV" 7KH FURVV�DQDO\VHV RI JUDPPDUV PDGH E\ W\SRORJLVWV
VKRZHG XV WKDW JUDPPDU FDWHJRULHV� DULVHQ LQ *UHHN DQG 5RPDQ FRQWH[W IRU HGX�
FDWLRQDO SXUSRVHV²L�H�� WHDFKLQJ DQG OHDUQLQJ RI *UHHN DQG /DWLQ DV ZULWWHQ ODQ�
JXDJHV²FDQQRW EH IRUFHG DV VXFK LQWR QDWLYH ODQJXDJHV RI PRVW SDUW RI $IULFD�
6RXWKHDVW $VLD� WKH $PHULFDV DQG $XVWUDOLD� 6KRXOG ZH ORRN WKURXJK WKH 3UR�
FUXVWHDQ OHQV RI 6WDQGDUG $YHUDJH (XURSHDQ WR WKRVH ODQJXDJHV" &HUWDLQO\ QRW�
7RPDVHOOR ������ WDNHV D UDGLFDO FRQFOXVLRQ� FODLPLQJ WKDW QR XQLYHUVDOV RI IRUP
H[LVW� LQ SDUWLFXODU QR OLQJXLVWLF V\PEROV� QR V\QWDFWLF FRQVWUXFWLRQV DQG QR JUDP�
PDWLFDO FDWHJRULHV� ,I OLQJXLVWLF V\PEROV KLJKO\ GHSHQG RQ WKH VRFLR�FXOWXUDO FRQ�
WH[W ZLWKLQ WKH\ HPHUJH �EXW ZKDW DERXW WKH ZRUG PDPD"� DQG W\SRORJLFDO VWXG�
LHV KDYH VKRZQ WKDW WKH YDULHW\ RI V\QWDFWLF FRQVWUXFWLRQV LV UHDOO\ LPSUHVVLYH�
QHYHUWKHOHVV WKLV YDULHW\ VKRXOG KDYH D FRPPRQ� FRJQLWLYH EDVLV²DQG *UHHQ�
EHUJ¶V UHVXOWV LQ V\QWDFWLF W\SRORJ\ FDQQRW EH GLVUHJDUGHG VR HDVLO\� 7RPDVHOOR
FODLPV WKDW WKH RQO\ ODQJXDJH XQLYHUVDOV WKDW H[LVW DUH WKH RQHV RI FRPPXQLFDWLRQ
DQG FRJQLWLRQ� EHLQJ LQ SDUWLFXODU WKH SUHVHQFH RI H[SUHVVLRQV RI UHIHUHQFH DQG WKH
SUHVHQFH RI SUHGLFDWLRQ� 0RUHRYHU� WKH\ KDYH QR FRXQWHUSDUW LQ WHUPV RI OLQJXLV�
WLF XQLYHUVDOV RI IRUP� :H FODLP H[DFWO\ WKH RSSRVLWH� WKH PHFKDQLVPV XQGHU�
O\LQJ WKH FRQVWUXFWLRQV DUH WKH OLQJXLVWLF FRXQWHUSDUWV RI WKH FRJQLWLYH DELOLW\ RI
SDWWHUQ�ILQGLQJ DQG LQWHQWLRQ�UHDGLQJ� ZKLFK OHW WKH VSHDNHU DQG WKH OLVWHQHU²LQ
WKH VLPSOHU� GHIDXOW FDVH²WR EXLOG XS WKH OLQJXLVWLF UHSUHVHQWDWLRQ ZLWKLQ WKHLU
MRLQW DWWHQWLRQDO IUDPH� 7KH EHVW DFFRXQW RI WKH DWWHQWLRQ IRFXV DV D FRJQLWLYH OLQ�
JXLVWLF DELOLW\ ZH KDYH IRXQG LQ OLWHUDWXUH LV WKH WUDMHFWRU\�ODQGPDUN DV\PPHWU\



� &KDSWHU 2QH

E\ /DQJDFNHU ������ ����� ������ RI ZKLFK ZH ZLOO JLYH D IRUPDO LQWHUSUHWDWLRQ
LQ WHUPV RI LQIRUPDWLRQ SURPLQHQFH²VHH &KDSWHU ��

$WWHQWLRQ VKRXOG EH GLUHFWHG VRPHZKHUH LQ RUGHU WR IXQFWLRQ SURSHUO\� ZH
FODLP WKDW IRXU JUDPPDU FKDUDFWHUV DUH XQLYHUVDO� EHLQJ WKH H[SUHVVLRQV RI UHI�
HUHQFH� SUHGLFDWLRQ� DQG WKHLU UHVSHFWLYH PRGLILHUV²UHVSHFWLYHO\� DGMXQFWV DQG
FLUFXPVWDQWLDOV� :KRUI ������ DQG 7HVQLqUH ������ GLG FRPH WR WKH VDPH FRQ�
FOXVLRQ� HYHQ LI VWDUWLQJ IURP GLIIHUHQW EDVHV� ,Q SDUWLFXODU� WKH ZRUN E\ 7HVQLqUH
������ ZDV WKH VWDUW RI WKH VR�FDOOHG 'HSHQGHQF\ *UDPPDUV� ZKLFK ZDV UDUHO\
SXW LQWR UHODWLRQ ZLWK FRJQLWLYH OLQJXLVWLFV� � :H GHHSO\ DQDO\VHG WKDW FODVVLF
ZRUN WKURXJK WKH OHQV RI PRGHUQ IRUPDOLVPV DQG ZH KDYH IRXQG WKDW PRVW� LI
QRW DOO� GHULYHG ZRUNV KDYH WDNHQ WKH FRQFHSWV RI GHSHQGHQF\ DQG YHUEDO YD�
OHQF\ IURP 7qVQLHUH� EXW� DW WKH VDPH WLPH� FRPSOHWHO\ GLVUHJDUGLQJ KLV XVH RI
JUDPPDU FKDUDFWHUV� �

0RUHRYHU� ZH UHWDLQ WKH FRQFHSW RI µSUHSRVLWLRQDO V\VWHP¶� ERUURZHG IURP
3HQQDFFKLHWWL¶V DQDO\VLV RI %U¡QGDO ������� HDFK QDWXUDO ODQJXDJH JUDPPDU KDV
D UHODWLYHO\ VPDOO VHW RI SUHSRVLWLRQV �RU RWKHU NLQG RI DGSRVLWLRQV� ZKRVH IXQFWLRQ
LV GHWHUPLQHG E\ WKH UHVXOW RI WKH RSSRVLWLRQ ZLWK WKH RWKHU SUHSRVLWLRQV LQ WKH
JUDPPDU LWVHOI� ,Q IDFW� HYHQ JHQHWLFDOO\ FORVH ODQJXDJHV²VXFK DV )UHQFK DQG
,WDOLDQ²VKRZ D FRQVLGHUDEOH GLIIHUHQFH LQ WKH XVH RI WKHLU SUHSRVLWLRQV EHFDXVH
WKH\ EHORQJ WR GLIIHUHQW SUHSRVLWLRQDO V\VWHPV �3HQQDFFKLHWWL� ����� ������

7KH FHQWUDO UROH JLYHQ WR DGSRVLWLRQV²EURDGO\� SUHSRVLWLRQV� SRVWSRVLWLRQV RU
LQ�SRVLWLRQV� GHSHQGLQJ RQ WKH VSHFLILF ODQJXDJH²OHDG WR DQRWKHU IXQGDPHQWDO
JUDPPDU FKDUDFWHU� DGSRVLWLRQV� 7KLV JUDPPDU FKDUDFWHU FROOHFWV WKH µVWUXFWXUDO
PRUSKHPHV¶ RI D ODQJXDJH� %HFDXVH RI LWV VRPHZKDW WHFKQLFDO QDWXUH� LW KDV EHHQ
QHJOHFWHG IRU D ORQJ WLPH� 7KH QDPH µDGSRVLWLRQDO SDUDGLJP¶ IROORZHG QDWXUDOO\�

7KH DGSRVLWLRQDO SDUDGLJP ZDV ILUVW GHYHORSHG LQ *REER ������� ZKLFK H[�
WHQGV 3HQQDFFKLHWWL¶V ZRUN LQ DQ RULJLQDO ZD\� $GSRVLWLRQV EHFRPH D PRUH DE�
VWUDFW� JHQHUDO HOHPHQW LQ RUGHU WR XQGHUVWDQG JUDPPDU VWUXFWXUHV� ,Q SDUWLFXODU�
]HUR�PDUNHG DGSRVLWLRQV²VLJQHG WKURXJK DQ HSVLORQ �ǫ�²SXW ZRUG RUGHU SKH�
QRPHQD LQ WKH VDPH UHDOP RI PRUSKRORJ\� 7KXV PRUSKRORJ\ DQG V\QWD[ DUH
FODULILHG WKURXJK D XQLILHG PRGHO DQG D XQLTXH PHFKDQLVP²ZLWK VRPH VSHFLDO
IHDWXUHV RI WKHLU RZQ� 6HPDQWLFV DQG SUDJPDWLFV DOVR KDYH WKHLU SODFH LQ WKH
PRGHO� ZKLOH SKRQHWLFV DQG SKRQRORJ\ KDYH QRW� �

$ UHPDUN PDGH E\ DQ DQRQ\PRXV UHYLHZHU RQ WKH OLQJXLVWLF IRXQGDWLRQV RI
WKH DGSRVLWLRQDO SDUDGLJP ZDV WKDW WKH PRGHO ZDV WHVWHG RQO\ LQWR QRPLQDWLYH�
DFFXVDWLYH JUDPPDU FDVHV� :H KDYH WDNHQ WKLV UHPDUN YHU\ VHULRXVO\� DQG WKH
SUHVHQW ERRN ILOOV WKLV JDS� SURYLGLQJ D QHZ FRQVWUXFWLYH DGSRVLWLRQDO JUDP�
PDU PRGHO ZKLFK WDNHV LQWR DFFRXQW ERWK QRPLQDWLYH�DFFXVDWLYH DQG HUJDWLYH�
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DEVROXWLYH JUDPPDUV� 2XU UHIHUHQFH IRU HUJDWLYLW\ XQGHU D WKHRUHWLFDO SRLQW RI
YLHZ LV WKH ZRUN E\ 'L[RQ ������� ZKR QRWHV LQ WKH DSSHQGL[ WKDW� VXUSULVLQJO\�
WKHUH DUH IHZ WKHRUHWLFDO PRGHOV ZKLFK JLYHV DQ H[SODQDWLRQ RI HUJDWLYLW\� EH�
FDXVH WKH WKHRU\ ³ZRXOG KDYH WR UHFRJQLVH WKDW WKHUH DUH WKUHH EDVLF V\QWDFWLF�
VHPDQWLF SULPLWLYHV �$� 6 DQG 2� UDWKHU WKDQ MXVW WZR �µVXEMHFW¶ DQG µREMHFW¶�
KRZHYHU WKHVH DUH GHILQHG´� VHH �'L[RQ� ����� �����

&RQVWUXFWLYH DGSRVLWLRQDO JUDPPDUV VROYH WKLV SUREOHP LQ WHUPV RI LQIRUPD�
WLRQ SURPLQHQFH� DV H[SODLQHG LQ WKH QH[W FKDSWHUV� )XUWKHUPRUH� ZH DGKHUH WR WKH
XQDFFXVDWLYH K\SRWKHVLV� RULJLQDOO\ SURSRVHG E\ 3HUOPXWWHU ������� ZKLFK JLYHV
D FOHDU DQG FRQYLQFLQJ OLQJXLVWLF DFFRXQW RI WKH SUREOHP� HYHQ LI WKH 5HODWLRQDO
*UDPPDU �SVHXGR�IRUPDOLVP LV QRW FRQYLQFLQJ� ��

)LQDOO\� QR DJUHHPHQW LV SRVVLEOH RQ D ILQLWH� IL[HG OLVW RI WKH XQLYHUVDO W\SHV
RI VHPDQWLF UROHV²FDOOHG LQ D &KRPVN\DQ SHUVSHFWLYH µWKHWD�UROHV¶²VLPSO\ EH�
FDXVH WKH\ GHSHQG RQ WKH FRQVWUXFWLRQV WKH\ EHORQJ WR� ,Q RWKHU ZRUGV� VHPDQWLF
UROHV DUH FRQVWUXFWLRQ�GHSHQGHQW DQG KHQFH ODQJXDJH�GHILQHG� DQG VR WKHLU OLVW LV
RSHQ DQG XQGHILQHG� DW OHDVW IRU WKH SXUSRVHV RI WKH SUHVHQW ERRN� ��

)RU H[DPSOH� LI D FRQVWUXFWLRQ GHDOV ZLWK IRRG� VXFK DV ; HDW < LW KDV PXFK
PRUH VHQVH WR FDOO ; Eater LQVWHDG RI Agent� IROORZLQJ WKH WHQHWV RI FRJQLWLYH
OLQJXLVWLFV� DV WKH VHPDQWLF UROHV EHORQJLQJ WR WKH VHPDQWLF IUDPH RI food DFWL�
YDWHG E\ D FRQVWUXFWLRQV VXFK DV ; HDW < VKRZ GLVWLQFWLYH FKDUDFWHULVWLFV LQ WKH
GLVWULEXWLRQDO DQDO\VLV RI WKH FRUSXV LQ GLIIHUHQW ODQJXDJHV²H�J�� (QJOLVK� *HU�
PDQ� DQG %HQJDOL �&URIW� �����² ZKLFK FDQQRW EH H[SODLQHG ZLWK D VXLWDEOH
GHJUHH RI SUHFLVLRQ E\ WKH PRUH XVHG GLFKRWRP\ Agent YV� Patient�

)RU H[DPSOH� WKH (QJOLVK FRQVWUXFWLRQ <�HDWLQJ ;� H[HPSOLILHG E\ RLO�HDWLQJ
PLFUREHV� VWDWHV WKDW < LV WKH Food DQG ; LV WKHNon-human eater� SURWRW\SLFDOO\
KDYLQJ WKH VHPHPH animal� VR RLO�HDWLQJ URERW LV DOVR DFFHSWDEOH� ZKLOH ILVK�
HDWLQJ FKLOG LV QRW� VLQFH FKLOG LV QRW D Non-human eater� ��

:KDW LW LV LPSRUWDQW WR XQGHUOLQH KHUH LV WKDW WKH SURGXFWLYLW\ RI FRQVWUXF�
WLRQV²L�H� KRZ PXFK ; V DQG <V FDQ YDU\ ZLWKLQ WKH VFRSH RI WKDW SDUWLFXODU
FRQVWUXFWLRQ²LV ERXQG WR WKH FRQVWUXFWLRQ LWVHOI�

7KH DLP RI VHPDQWLF UROHV LV H[DFWO\ WR UHSUHVHQW WKLV GHJUHH RI IUHHGRP�
ZKLFK FDQ EH ]HUR DW WKH OLPLW� DV LQ WKH FDVH RI FRPSOHWHO\ JUDPPDWLFDOL]HG LG�
LRPDWLF H[SUHVVLRQV²VXFK DV NLFN WKH EXFNHW� ZKHUH HDFK OH[LFDO LWHP FDQQRW
EH PRYHG SDUDGLJPDWLFDOO\²RU YHU\ KLJK� VXFK DV /HW¶V ;�� ZKHUH WKH RQO\ FRQ�
VWUDLQW DSSOLHG WR ; LV LWV JUDPPDU FKDUDFWHU� LQ SDUWLFXODU WKH QHHG WR EHORQJ WR
WKH FODVV RI (QJOLVK YHUEV�



� &KDSWHU 2QH

��� 7KH IRUPDO PRGHO

,Q WKH ILHOGV RIPDWKHPDWLFDO DQG FRPSXWDWLRQDO OLQJXLVWLFV WKHUH DUHPDQ\ QDWXUDO
ODQJXDJH JUDPPDU IRUPDOLVPV FXUUHQWO\ XQGHU LQYHVWLJDWLRQ� ,Q SDUWLFXODU� RXU
IRUPDOLVP FDQ EH SXW LQWR WKH UHDOP RI WKH VR�FDOOHG µFDWHJRULDO JUDPPDUV¶²L�H��
UHSUHVHQWDWLRQV RI QDWXUDO ODQJXDJH JUDPPDUV LQ WHUPV RI FDWHJRULHV� 7KLV OLQH RI
UHVHDUFK LV IDU IURP EHLQJ QHZ� EHLQJ URRWHG LQ WKH ZRUNV E\ $MGXNLHZLF] �������
&KXUFK ������� %DU�+LOOHO ������� DQG /DPEHN ������� ��

2XU IRUPDO PRGHO LV LQWHQGHG DV D JXLGLQJ UHIHUHQFH IRU WKH GHYHORSPHQW RI
OLQJXLVWLF FRQFHSWV� ,Q WKLV VHQVH� LW VKRXOG EH XQGHUVWRRG DV D µZHDN¶ PRGHO
ZKLFK SURYLGHV HQRXJK LQVLJKW WR XQGHUVWDQG WKH FRPSOH[LWLHV RI QDWXUDO ODQ�
JXDJHV EXW QRW \HW HQRXJK SRZHU WR WUHDW WKHP LQ D FRPSXWDWLRQDO IDVKLRQ� 7KH
IXOO GHWDLOV RI WKH IRUPDO PRGHO DUH SUHVHQWHG LQ PDWKHPDWLFDO WHUPV LQ $S�
SHQGL[ %� WKH UHDGHU LV UHIHUUHG WR WKDW SDUW IRU WKH IRUPDO GHWDLOV�

:KHQ WKH IRUPDO PRGHO LV DSSOLHG WR DQ\ QDWXUDO ODQJXDJH� D SDUVHU� L�H�� D
FRPSXWHU SURJUDP ZKLFK DOORZV WR UHFRJQLVH WKH H[SUHVVLRQV EHORQJLQJ WR WKH
JUDPPDU� FDQ EH QDWXUDOO\ GHULYHG� GXH WR WKH FRQVWUXFWLYH QDWXUH RI WKH IRUPDO
UHSUHVHQWDWLRQ� ��

7KH VWDUWLQJ SRLQW LV WR FRQVLGHU DQ\ OLQJXLVWLF H[SUHVVLRQ DV D IRUPDO REMHFW�
UHSUHVHQWHG DV DQ DGSRVLWLRQDO WUHH �DGWUHH� IRU VKRUW� RQ PRUSKHPHV� 7KH SUHFLVH
VWUXFWXUH RI VXFK WUHHV LV H[SODLQHG LQ WKH IROORZLQJ FKDSWHUV� IRU WKH PRPHQW
EHLQJ� ZH MXVW QHHG WR NQRZ WKDW HDFK RI WKHP UHSUHVHQW D XQLTXH SLHFH RI WH[W LQ
VRPH QDWXUDO ODQJXDJH� 0RUHRYHU� D WUHH UHSUHVHQWV D µXQLTXH LQWHUSUHWDWLRQ¶ RI
WKH FRUUHVSRQGLQJ WH[W� L�H�� D XQLTXH ZD\ WR XQGHUVWDQG WKH JUDPPDU FKDUDFWHUV
RI HDFK HOHPHQW LQ WKH WH[W �WKH FRQFHSW RI µJUDPPDU FKDUDFWHU¶ ZLOO EH GLVFXVVHG
DQG H[SODLQHG LQ GHWDLO LQ &KDSWHU ��� )RU H[DPSOH� OHW¶V WDNH WKH ,WDOLDQ VHQWHQFH�

������ /D YHFFKLD SRUWD OD VEDUUD�

([DPSOH ����� FDQ EH XQGHUVWRRG LQ WZR FRPSOHWHO\ GLIIHUHQW ZD\V� WKH ROG
ODG\ EULQJV WKH EDU RU WKH ROG GRRU EDUV KHU� ,Q WKH ILUVW LQWHUSUHWDWLRQ� OD YHFFKLD
�WKH ROG ODG\� FRXQWV DV D QRXQ DQG SOD\V WKH UROH RI WKH ILUVW DFWDQW� SRUWD �EULQJV�
FRXQWV DV WKH ELYDOHQW YHUE� OD VEDUUD �WKH EDU� DJDLQ FRXQWV DV D QRXQ� SOD\LQJ
WKH UROH RI WKH VHFRQG DFWDQW� ,Q WKH VHFRQG LQWHUSUHWDWLRQ� OD YHFFKLD SRUWD �WKH
ROG GRRU� LV JURXSHG DV WKH ILUVW DFWDQW� ZKLOH VEDUUD �EDUV� DFWV DV WKH ELYDOHQW
YHUE� )LQDOO\� WKH SURQRXQ OD �KHU� LV D VWLOO XQUHVROYHG DQDSKRULF SODFH�PDUNHU
RI D QRXQ� SOD\LQJ WKH UROH RI WKH VHFRQG DFWDQW�

7KH WZR LQWHUSUHWDWLRQV FRUUHVSRQG WR WZR VLPLODU EXW GLVWLQFW DGWUHHV ��� DV
VKRZQ LQ )LJXUH ���� %RWK LQWHUSUHWDWLRQV DUH IXOO\ DFFHSWDEOH DV WKH DPELJXLW\
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)LJXUH ���� 7KH WZR LQWHUSUHWDWLRQV RI OD YHFFKLD SRUWD OD VEDUUD

VWDQGV LQ WKH SDUVHU RI WKH ,WDOLDQ ODQJXDJH� ,Q IDFW� WZR FKDLQV RI FRQVWUXFWLRQV
HTXDOO\ YDOLG DQG VHPDQWLFDOO\ SODXVLEOH FDQ JHQHUDWH WKH UHVSHFWLYH DGSRVLWLRQDO
WUHHV� $OVR LQ (QJOLVK WKHUH DUH VRPH NQRZQ H[DPSOHV RI VHQWHQFH ZKHUH WKHUH
LV PRUH WKDQ RQH YDOLG V\QWDFWLF UHODWLRQVKLS� IRU H[DPSOH�

������ 7LPH IOLHV OLNH DQ DUURZ DQG IUXLW IOLHV OLNH D EDQDQD�

ZKHUH µIOLHV¶ FRXQWV DV D YHUE LQ WKH ILUVW RFFXUUHQFH DQG DV SDUW RI WKH QRXQ LQ
WKH VHFRQG RQH�

%\ FRQWUDVW� WKHUH DUH FDVHV ZKHUH WKHUH LV RQO\ RQH DGSRVLWLRQDO WUHH EXW WKHUH
LV PRUH WKDQ RQH VHPDQWLF LQWHUSUHWDWLRQ�

������ Ê OD URVVD GL 0DUDQHOOR�

([DPSOH ����� FDQ EH LQWHUSUHWHG DV 6KH¶V WKH UHG�KDLUHG JLUO FRPLQJ IURP
0DUDQHOOR� DQ ,WDOLDQ WRZQ LQ WKH (PLOLD�5RPDJQD UHJLRQ� DV ZHOO DV LW¶V WKH
)HUUDUL FDU� PHDQLQJ WKH IDPRXV VSRUW FDU SURGXFHG LQ 0DUDQHOOR�

,Q WKLV FDVH� ZH KDYH WZR GLIIHUHQW PHDQLQJV IRU WKH VDPH WH[W� XQGHU WKH
VDPH V\QWDFWLF LQWHUSUHWDWLRQ� WKH DGWUHH ZLOO EH WKH VDPH �)LJXUH �����

$GWUHHV DUH EXLOW IURP VRPH EDVLF EULFNV YLD D IHZ VWDQGDUG FRQVWUXFWLRQV�
&RUUHFWO\ LGHQWLI\LQJ WKH EULFNV DQG WKH EDVLF FRQVWUXFWLRQV LV WKH PDLQ REMHFWLYH
RI WKLV ERRN� %XW� OHW¶V VXSSRVH WR KDYH WKHP� WKHQ� ZH FDQ JHQHUDWH WKH ZKROH
ODQJXDJH DQG� YLFH YHUVD� ZH FDQ FKHFN LI D SLHFH RI WH[W LV V\QWDFWLFDOO\ FRUUHFW
E\ DVNLQJ LI WKHUH LV D FRUUHVSRQGLQJ DGWUHH� 0RUHRYHU� ZH ZRXOG VD\ WKDW D SLHFH
RI WH[W LV V\QWDFWLFDOO\ DPELJXRXV LI LW DGPLWV PRUH WKDQ RQH FRUUHFW DGWUHH� ��
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)LJXUH ���� 7KH DGSRVLWLRQDO WUHH RI Ê OD URVVD GL 0DUDQHOOR

,Q PDWKHPDWLFDO WHUPV� DGWUHHV DQG FRQVWUXFWLRQV EHWZHHQ WKHP IRUP D VWUXF�
WXUH $G7UHH ZKLFK LV D FDWHJRU\ ��� VHH 0DF /DQH ������ DQG %RUFHX[ �������
$ PDWKHPDWLFDO FDWHJRU\ LV DQ DOJHEUDLF VWUXFWXUH FRPSRVHG E\ WZR FODVVHV� WKH
REMHFWV DQG WKH DUURZV� DUURZV OLH EHWZHHQ WZR REMHFWV� WKH VRXUFH RU GRPDLQ�
DQG WKH WDUJHW RU FRGRPDLQ� $OVR� D FDWHJRU\ VWDWHV WKDW WKHUH DUH GLVWLQFW DUURZV�
WKH LGHQWLWLHV� RQH IRU HYHU\ REMHFW A DQG VXFK WKDW WKH VRXUFH DQG WKH WDUJHW DUH A�
0RUHRYHU� D FDWHJRU\ LV HTXLSSHG ZLWK D SDUWLDO RSHUDWLRQ DOORZLQJ WR FRPSRVH
WZR DUURZV ZKHQHYHU RQH KDV WKH GRPDLQ ZKLFK LV WKH WDUJHW RI WKH RWKHU RQH�
&RPSRVLWLRQ LV UHTXLUHG WR EH DVVRFLDWLYH DQG LGHQWLWLHV DFW DV RQH H[SHFWV ZLWK
UHVSHFW WR FRPSRVLWLRQ�

,QWXLWLYHO\� WKHUH LV DQ DUURZ f IURP A WR B ZKHQHYHU ZH FDQ FRQVWUXFW WKH B

WUHH VWDUWLQJ IURP WKH A WUHH DSSO\LQJ WKH FRQVWUXFWLRQ f � :H GR DOORZ FRPSOH[
FRQVWUXFWLRQV REWDLQHG E\ VHTXHQWLDOO\ FRPSRVLQJ VLPSOHU RQHV� LI f DQG g DUH
FRQVWUXFWLRQV VXFK WKDW f (A) = B DQG g(B) = C� WKDW LV� LI f PDSV A LQWR B� DQG
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g FRQVWUXFWV C IURP B� WKHQ g ◦ f LV WKH FRQVWUXFWLRQ ZKLFK PDSV A LQWR C E\
GRLQJ g DIWHU f � ��

:H REVHUYH WKDW� FDOOLQJ M WKH IUHH PRQRLG RYHU WKH DOSKDEHW RI PRUSKHPHV
RI VRPH QDWXUDO ODQJXDJH� L�H�� WKH VHW RI DOO SRVVLEOH �ILQLWH� VHTXHQFHV RI PRU�
SKHPHV REWDLQHG E\ MX[WDSRVLWLRQ� WKH IXQFWLRQV PDSSLQJ WKH WUHHV LQ$GWUHH LQWR
WKH VHTXHQFHV RI M FRPSUHKHQG WKH WH[WXDO UHQGHULQJV RI DGSRVLWLRQDO WUHHV� ,I
ZH UHVWULFW RXU DWWHQWLRQ WR FRQWUDYDULDQW IXQFWRUV� L�H�� WKH IXQFWLRQV SUHVHUYLQJ
WKH LGHQWLFDO WUDQVIRUPDWLRQ DQG WKH UHYHUVH FRPSRVLWLRQ RI DGSRVLWLRQDO WUHHV�
ZH JHW D FODVV RI IXQFWLRQV ZKLFK LV FDOOHG SUHVKHDYHV RYHU M� 5HTXLULQJ WKDW
D SUHVKHDI PDSV PRUSKHPHV LQ WKH DGWUHH LQWR WKHPVHOYHV LQ WKH PRQRLG� ZH
JHW H[DFWO\ WKH OH[LFDOL]DWLRQV RI DGWUHHV� ,Q RWKHU ZRUGV� WKHUH LV D VXEFODVV
RI SUHVKHDYHV ZKLFK GLUHFWO\ FRUUHVSRQGV WR WKH WH[WV WKH DGWUHHV UHSUHVHQW DQG
ZKLFK HQFRGHV WKH WUDQVIRUPDWLRQV WKDW FRQVWLWXWH WKH JUDPPDU� ,W LV WKLV VSDFH
RI SUHVKHDYHV ZKLFK LV JHQHUDOO\ XQGHUVWRRG DV WKH VXEMHFW RI OLQJXLVWLFV�

,W LV SRVVLEOH DQG IUXLWIXO WR LQWHUSUHW WKH EDVLF FRQVWUXFWLRQV RI &DWHJRU\ 7KH�
RU\� H�J�� QDWXUDO WUDQVIRUPDWLRQV� OLPLWV DQG FROLPLWV� HWF�� LQ WKH IUDPHZRUN ZH
KDYH MXVW LQWURGXFHG� %XW LW UHTXLUHV D EHWWHU XQGHUVWDQGLQJ RI WKH EDVLF EORFNV RI
WKH$G7UHH FDWHJRU\� 6R� ZH VWRS KHUH LQ RXU DQDO\VLV� DW OHDVW XQWLO WKH IROORZLQJ
FKDSWHUV ZLOO LQWURGXFH WKH UHTXLUHG HOHPHQWV�

$V D VLGH HIIHFW RI WKLV LQWHQGHG PRGHO RI LQWHUSUHWDWLRQ� LW IROORZV WKDW ZKDW�
HYHU FRQVWUXFWLRQ RYHU DGWUHHV ZKLFK LV EXLOW E\ FRPELQDWRULDOO\ FRPSRVLQJ WKH
IXQGDPHQWDO FRQVWUXFWLRQV� LV DQ DUURZ� /LIWLQJ WKH VWUXFWXUH RI WKH $G7UHH FDWH�
JRU\ LQWR WKH VSDFHV RI SUHVKHDYHV� ZKLFK LV D FDWHJRU\� ZH FDQ UHDVRQ LQ D ODUJHU
DQG ULFKHU HQYLURQPHQW� ZKHUH WKH IXOO SRZHU RI PDWKHPDWLFDO PHWKRGV FDQ EH
DSSOLHG� LQ IDFW� WKH SUHVKHDYHV VSDFH LV D *URWKHQGLHFN WRSRV �0DF /DQH DQG
0RHUGLMN� ����� -RKQVWRQH� ������ RQH RI WKH ULFKHVW PDWKHPDWLFDO VWUXFWXUHV ZH
FDQ GHDO ZLWK� ��

$V ZH KDYH VXJJHVWHG� FDWHJRULDO PDWKHPDWLFV JLYH D VHW RI HOHJDQW WRROV WR
EXLOG QDWXUDO ODQJXDJH JUDPPDUV EHFDXVH LW SURYLGHV D WUDQVSDUHQW DFFRXQW RI WKH
FRUUHVSRQGHQFH EHWZHHQ WKH V\QWDFWLF DQG WKH VHPDQWLF FRPELQDWRULFV²LQ RWKHU
ZRUGV� KRZ PHDQLQJ LV UHIOHFWHG LQWR FROORFDWLRQ DQG ZRUG RUGHU SKHQRPHQD�
K\SRWKHVLV SXW DW ILUVW E\ 0RQWDJXH ������ LQ +LQWLNND HW DO� �������

)URP D PDWKHPDWLFDO SRLQW RI YLHZ� IRUPDOLVPV EDVHG RQ FDWHJRULHV� �� XVX�
DOO\ HPSOR\ VRPH YDULDQW RI WKH /DPEHN FDOFXOXV� EHFDXVH LW FRUUHVSRQGV WR D
QRQ�FRPPXWDWLYH� VXEVWUXFWXUDO YDULDQW RI OLQHDU ORJLF� 6R� /DPEHN FDOFXOXV� DV
ZHOO DV GHULYHG IRUPDOLVPV� LV EDVHG RQ D ORJLFDO V\VWHP ZKHUH ZH KDYH OLPLWHG
UHVRXUFHV� DOORZLQJ WR PRGHO� H�J�� WKDW D SKUDVH PD\ FRQWDLQ DW PRVW RQH YHUE�
DQG FRQQHFWLYHV DUH QRW FRPPXWDWLYH� PRGHOOLQJ WKH RUGHULQJ RI HOHPHQWV LQ D
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SKUDVH� $Q LPSRUWDQW UHVXOW DERXW SXUH FDWHJRULDO JUDPPDUV LV �3HQWXV� �����
WKDW VKRZV KRZ WKHLU JHQHUDWLYH SRZHU LV WKDW RI FRQWH[W�IUHH JUDPPDUV DQG WKXV
LQDGHTXDWH IRU WKHRULHV RI QDWXUDO ODQJXDJH V\QWD[� WKLV UHVXOW DSSOLHV RQO\ WR
FDWHJRULDO JUDPPDUV ZKLFK KDYH D QDWXUDO FRPSXWDWLRQDO FRXQWHUSDUW GHILQHG DV
DQ H[WHQVLRQ RI WKH λ�FDOFXOXV� L�H�� ZKHUH FRPSRVLWLRQ UXOHV DUH IXQFWLRQDO DS�
SOLFDWLRQV� 8QIRUWXQDWHO\� OHDYLQJ WKH VLPSOH DQG VDIH ZRUOG RI λ�DEVWUDFWLRQ
DQG DSSOLFDWLRQ LQ IDYRXU RI PRUH VRSKLVWLFDWHG UXOHV DOORZV IRU DQ H[SODQDWLRQ
RI PRUH FRPSOH[ OLQJXLVWLF SKHQRPHQD� EXW DW WKH SULFH RI KDYLQJ PRGHOV ZKRVH
EHKDYLRXU LV IDU IURP EHLQJ ZHOO�XQGHUVWRRG� ,Q IDFW� WKH\ KDYH EHHQ QHDUO\ DEDQ�
GRQHG IRU WKH DXWRPDWLF SURFHVVLQJ RI QDWXUDO ODQJXDJHV�

$ PRGHUQ IRUPDOLVP FXUUHQWO\ XQGHU GHYHORSPHQW LV WKH &RPELQDWRU\ &DWH�
JRULDO *UDPPDU �&&*� E\ 6WHHGPDQ DQG %DOGULGJH ������� D OH[LFDOL]HG JUDP�
PDU IRUPDOLVP ZKLFK FDQ EH SDUVHG LQ QRQ�GHWHUPLQLVWLF SRO\QRPLDO WLPH� ,W LV
HVSHFLDOO\ XVHG LQ WKH ILHOG RI VWDWLVWLFDO SDUVLQJ� /LQJXLVWLF FDWHJRULHV DUH DV�
VLJQHG WR ZRUGV E\ WKH OH[LFRQ� H�J�� DQ LQWUDQVLWLYH YHUE KDV WKH FDWHJRU\ S \NP

ZKLOH D WUDQVLWLYH YHUE KDV WKH FDWHJRU\ (S \NP)/NP� 8QGHU D WKHRUHWLFDO OLQ�
JXLVWLF SRLQW RI YLHZ� D &&* LV FRQVWLWXHQW�GULYHQ� L�H�� LW UHWDLQV WKH DGYDQWDJHV
DQG OLPLWV RI WKH &KRPVN\DQ V\QWDFWLF SHUVSHFWLYH ZH SXW LQWR TXHVWLRQ KHUH� VR
ZH FDQ¶W XVH &&*V DV VXFK� 8QGHU D PDWKHPDWLFDO SRLQW RI YLHZ� D JUDPPDU
LV D VHW RI LQIHUHQFH UXOHV FRQWUROOHG E\ WKH OLQJXLVWLF FDWHJRULHV� LQWHUSUHWHG DV
IXQFWLRQDO VSDFHV� VHH YDQ %HQWKHP ������� VXFK UXOHV FDQ EH LQIHUUHG E\ VXLWDEOH
WHFKQLTXHV IURP PDFKLQH OHDUQLQJ �0DQQLQJ DQG 6FK�W]H� ������ HVVHQWLDOO\ XV�
LQJ VWDWLVWLFDO PHDVXUHV� $OVR� WKH SUREDELOLVWLF DSSURDFK LV XVHG WR FRSH ZLWK WKH
IDFW WKDW QRQ�GHWHUPLQLVWLF SRO\QRPLDO SUREOHPV FDQQRW EH HIILFLHQWO\ VROYHG� DV
IDU DV PRGHUQ PDWKHPDWLFV NQRZV� ��

5DQWD ������ SURSRVHV D IRUPDO IUDPHZRUN IRU ZULWLQJ JUDPPDUV DQG OLQ�
JXLVWLF WKHRULHV²IROORZLQJ WKH PRWWR VHQWHQFHV�DV�SURRIV� )URP D PDWKHPDWL�
FDO SRLQW RI YLHZ� LW LV EDVHG RQ 0DUWLQ /|I 7\SH 7KHRU\� VHH �0DUWLQ /|I� ������
XVLQJ WKH &RTXDQG¶V DOJRULWKP IRU W\SH FRQVWUXFWLRQ�SDUWLDO SURRI GHULYDWLRQ �&R�
TXDQG� ������ 6R� LW LV XOWLPDWHO\ EDVHG RQ D GHSHQGHQW�W\SH� SUHGLFDWLYH YDULDQW
RI WKH λ�FDOFXOXV�

7KHUH DUH WZR DGYDQWDJHV LQ WKLV OLQH RI UHVHDUFK� ILUVW� WKH *UDPPDWLFDO
)UDPHZRUN LV D SLHFH RI VRIWZDUH ZKLFK FDQ EH XVHG IUHHO\ DQG LW KDV D JURZ�
LQJ XS FRPPXQLW\ �5DQWD� ������ VHFRQG� LW PLJKW EH XVHG IRU LPSOHPHQWDWLRQ
UHJDUGOHVV RI WKH OLQJXLVWLF WKHRU\ EHKLQG� +RZHYHU� VRIWZDUH LPSOHPHQWDWLRQ LV
RXW RI WKH VFRSH RI WKH SUHVHQW ERRN� ZKLFK LV GHGLFDWHG WR OLQJXLVWLF DQDO\VLV�

'\QDPLF 6\QWD[ LV EDVHG RQ WKH SURJUDP RI /DEHOOHG 'HGXFWLYH 6\VWHPV�
ZKLFK DLPV WR EULQJ VHPDQWLFV EDFN LQWR V\QWD[ �.HPSVRQ HW DO�� ������ /D�
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EHOOHG IRUPXODH DQG GHGXFWLYH V\VWHPV DUH FRQQHFWHG ZLWK DOJHEUDLF IUDPHV DQG
W\SH ORJLFDO JUDPPDUV� ,Q IDFW� /DEHOOHG 'HGXFWLYH 6\VWHPV KDYH EHHQ ILUVW LQ�
WURGXFHG E\ *DEED\ ������ DV DQ DOJRULWKPLF ZD\ WR FRQWURO SURRI GHYHORSPHQW
XVLQJ ODEHOV IURP VRPH VLPSOH DOJHEUD ZKRVH RSHUDWLRQV DUH XVHG WR PRGHO WKH
SRWHQWLDO DSSOLFDWLRQ RI LQIHUHQFH UXOHV�

8QOLNH &KRPVN\DQ JUDPPDUV� LQ '\QDPLF 6\QWD[ WKH WUHHV UHSUHVHQW WKH
VWUXFWXUH RI WKH VHQWHQFHV ILUVW DV WKH UHVXOW RI D JURZWK REWDLQHG E\ D SDUVLQJ
VWULQJV XWWHUHG LQ FRQWH[WV²WKLV LV WKH VHQWHQFH¶V µG\QDPLFV¶� $V LW ZLOO EH FOHDU
LQ WKH VHTXHO RI WKLV ERRN� ZH IROORZ WKH K\SRWKHVLV SRVHG E\ '\QDPLF 6\Q�
WD[ WKDW �PRUSKR�V\QWD[ LV WKH PHFKDQLVP IRU FRQVWUXFWLQJ UHSUHVHQWDWLRQV RI
FRQWHQW� +RZHYHU� WKHUH DUH LPSRUWDQW GLIIHUHQFHV� QDPHO\ WKH XVH RI OLQJXLVWLF
FRQVWUXFWLRQV²EDVHG RQ FRJQLWLYH OLQJXLVWLFV UHVXOWV²LV IRUPDOO\ UHVROYHG LQ D
WRWDOO\ GLIIHUHQW ZD\� 0RUHRYHU� ZKLOH '\QDPLF 6\QWD[ PDNHV XVH RI +LOEHUW¶V
HSVLORQ FDOFXOXV LQ RUGHU WR VROYH TXDQWLILHG QRXQ SKUDVHV� RXU IRUPDO EDVHV DUH
FRPSOHWHO\ GLIIHUHQW�

��� :KDW LV LQ WKLV ERRN"

7KH DLP RI WKH SUHVHQW ZRUN LV IRXQGDWLRQDO� ,Q SDUWLFXODU� ZH ZDQW WR JLYH
WKH ULJKW KLQWV WR XQGHUVWDQG QDWXUDO ODQJXDJH JUDPPDUV ZLWKLQ WKH DGSRVLWLRQDO
SDUDGLJP� )RU XV� µXQGHUVWDQGLQJ¶ PHDQV ERWK KDYLQJ LQVLJKWV DERXW WKH IXQF�
WLRQLQJ RI UHDO�ZRUOG XVDJH RI D JLYHQ QDWXUDO ODQJXDJH²LQ WHUPV WKDW DUH FRPSD�
UDEOH ZLWK RWKHU ODQJXDJHV DV ZHOO²DQG KDYLQJ LQVLJKWV DERXW ZKDW LV VWUXFWXUDO
LQ D JLYHQ QDWXUDO ODQJXDJH� LQ FRQVWUXFWLYH PDWKHPDWLFDO WHUPV� ,Q SUDFWLFH�
WKHUH DUH QR GLVWLQFW ³OLQJXLVWLF YV� PDWKHPDWLFDO´ LQVLJKWV� UDWKHU� WKH MRLQW OLQ�
JXLVWLF DQG PDWKHPDWLFDO DSSDUDWXV VKRXOG EH UHJDUGHG DV WKH WZR VLGHV RI WKH
VDPH FRLQ�

8QGHU D GLIIHUHQW SHUVSHFWLYH� WKLV ERRN LV IRXQGDWLRQDO DV KHUH WKH UHDGHU
FDQ DFTXLUH DOO WKH LQVWUXPHQWV QHFHVVDU\ IRU WKH IRXQGLQJ RI &RQVWUXFWLYH /LQ�
JXLVWLFV� L�H�� DQ DSSOLFDWLRQ RI FRQVWUXFWLYH PDWKHPDWLFV WR WKH UHDOP RI OLQJXLV�
WLFV²EURDGO\� WKH VWXG\ RI QDWXUDO ODQJXDJHV� :KHQ IRXQGDWLRQV DUH SRVHG� PDQ\
EXLOGLQJ GHWDLOV DUH VWLOO WR EH GHILQHG� ,Q WKLV ERRN� ZH LQGLFDWH ZKLFK GHWDLOV�
LQVWDQWLDWLRQV� VSHFLILF SKHQRPHQD DUH QRW FRYHUHG� LQ RUGHU WR KHOS WKH UHDGHU
VHH SRVVLEOH IXUWKHU GLUHFWLRQV RI WKLV ZRUN� VWDQGLQJ RQ WKH VROLGLW\ RI WKH IRXQ�
GDWLRQV SRVHG KHUH�

$ FUXFLDO SDUW RI WKH IRXQGDWLRQV DUH WKH LQVWUXPHQWV IURP &DWHJRU\ 7KHRU\�
LQ SDUWLFXODU� WKH LQWXLWLRQV DERXW VKHDYHV DQG *URWKHQGLHFN WRSRORJLHV²WKH LP�
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SDWLHQW UHDGHU LV LQYLWHG WR UHDG $SSHQGL[ % DW ILUVW�

7KH FKRLFH RI WKH PDWKHPDWLFDO LQVWUXPHQWV DSW WR UHSUHVHQW WKH UHVXOWV RE�
WDLQHG ZLWKLQ WKH DGSRVLWLRQDO SDUDGLJP ZDV OHDG E\ WZR VLPSOH FULWHULD� H[SUHV�
VLYHQHVV DQG QDWXUDOQHVV� )URP WKH SRLQW RI YLHZ RI H[SUHVVLYHQHVV� LW LV HDVLHU WR
REWDLQ PRUH JHQHUDO UHVXOW ZLWK DQ HOHJDQW IRUPDOLVP WKDQ QDUURZHU UHVXOWV ZLWK
D OHVV SRZHUIXO IRUPDOLVP� DQG WRSRV�WKHRU\ LV WKH VWURQJHVW� JHQHUDO� HOHJDQW DQG
EURDG IRUPDOLVP EHORQJLQJ WR FRQVWUXFWLYH PDWKHPDWLFV ZH KDYH QRZDGD\V�

2Q WKH RWKHU KDQG� WKH UHSUHVHQWDWLRQ RI OLQJXLVWLF SKHQRPHQD LQ FRQVWUXF�
WLYH PDWKHPDWLFDO WHUPV VKRXOG EH QDWXUDO� ,Q RWKHU ZRUGV� WKH PDWKHPDWLFDO
FRQVWUXFWV ZH XVH VKRXOG KDYH D GLUHFW DQG LPPHGLDWH FRXQWHUSDUW LQ OLQJXLVWLF
WHUPV� LQ WKDW ZD\� UHDGHUV LQWHUHVWHG RQO\ LQ WKH OLQJXLVWLF VLGH FDQ VWLOO IROORZ WKH
LQWXLWLRQ RI WKH PRGHO� ZLWKRXW EHLQJ IRUFHG WR XVH DEVWUDFW WRROV ZKRVH OLQJXLVWLF
QDWXUH LV QRW FOHDU� 1HYHUWKHOHVV� ZH LQYLWH HYHQ UHDGHUV QRW XVHG WR PDWKHPDWL�
FDO IRUPDOLVPV WR JLYH D FKDQFH WR RXU IRUPDO PRGHO� LQ UHDGLQJ WKH ZKROH ERRN
LQ WKH RUGHU RI SUHVHQWDWLRQ� HYHQ $SSHQGL[ %� :H DUH FRQILGHQW WKDW²DIWHU WKH
UHDGLQJ DQG XQGHUVWDQGLQJ RI WKH PDLQ WH[W²WKH $SSHQGL[ ZLOO EH UHDGDEOH ZLWK
SURILW DQG LQWHUHVW WR DOO UHDGHUV�


