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&RQWHQWV
� ,QURGXFWLRQ �
� 7*' EDVHG YLHZ DERXW FRQVFLRXVQHVV �
��� S�$GLF SK\VLFV DV SK\VLFV RI FRJQLWLRQ DQG LQWHQWLRQ � � � � � � � �
��� S�$GLF OHQJWK VFDOH K\SRWKHVLV DQG FRQVFLRXVQHVV � � � � � � � � � �
��� 6KDULQJ RI PHQWDO LPDJHV � � � � � � � � � � � � � � � � � � � � � � �
��� 6HOI KLHUDUFK\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� %LRV\VWHPV DV PDFURVFRSLF TXDQWXP V\VWHPV �
��� 7KH QRWLRQ RI PDJQHWLF ERG\ � � � � � � � � � � � � � � � � � � � � �
��� 7LPH PLUURU PHFKDQLVP � � � � � � � � � � � � � � � � � � � � � � � �
��� 5HPRWH PHWDEROLVP � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6HQVRU\ RUJDQV DV VHDWV RI VHQVRU\ TXDOLD � � � � � � � � � � � � � � �

� 7KH QHZ SK\VLFV DVVRFLDWHG ZLWK PDQ\�VKHHWHG VSDFHWLPH �
��� 7RSRORJLFDO OLJKW UD\V �0(V� � � � � � � � � � � � � � � � � � � � � � �
��� ,QGXFHG JDXJH nHOG FRQFHSW � � � � � � � � � � � � � � � � � � � � � ��
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� ,QURGXFWLRQ
7*' >�� �� �� �@ EDVHG PRGHO IRU UHPRWH PHQWDO LQWHUDFWLRQV >-�@ UHOLHV RQ WKH
VDPH IXQGDPHQWDO PHFKDQLVP DV WKH PRGHOV IRU PRWRU DFWLRQ� VHQVRU\ SHUFHS�
WLRQ� DQG ORQJ WHUP PHPRU\� 7RJHWKHU ZLWK WKH IUDFWDOLW\ RI FRQVFLRXVQHVV WKLV
LPSOLHV WKDW WKH WHVWV RI WKH PRGHO DUH UDWKHU JHQHUDO� DQG FDQ EH VHHQ WHVWV IRU
7*' LQVSLUHG YLHZ DERXW FRQVFLRXVQHVV DQG ELRV\VWHPV DV PDFURVFRSLF TXDQ�
WXP V\VWHPV� , KDYH FODVVLnHG WKH WHVWV DFFRUGLQJ WR WKH IROORZLQJ FDWHJRULHV�
DOWKRXJK WKHUH LV D FHUWDLQ DPRXQW RI RYHUODS LQKHUHQW WR DQ\ VXFK FODVVLnFDWLRQ�

�� 7*' LQVSLUHG WKHRU\ RI FRQVFLRXVQHVV
�� S�$GLF SK\VLFV DV SK\VLFV RI FRJQLWLRQ DQG LQWHQWLRQ� S�DGLF IUDFWDO VWDVWLV�

WLFV DV D VLJQDWXUH RI LQWHQWLRQDOLW\ DQG EUHDNLQJ RI VHFRQG ODZ�
�� S�$GLF OHQJWK VFDOH K\SRWKHVLV� OLIH DQG FRQVFLRXVQHVV� XQLYHUVDO PHWDEROLF

FXUUHQFLHV DQG FRJQLWLYH FXUUHQFLHV �S�DGLF FRJQLWLYH FRGHV��
�� 6HOI KLHUDUFK\�
�� 6KDULQJ RI PHQWDO LPDJHV�

�� %LRV\VWHPV DV PDFURVFRSLF TXDQWXP V\VWHPV
�� 7KH QRWLRQ RI PDJQHWLF ERG\ DQG IUDFWDO KLHUDUFK\ RI PDJQHWLF ERGLHV�
�� 6HQVRU\ RUJDQV DV VHDWV RI VHQVRU\ TXDOLD�
�� 7LPH PLUURU PHFKDQLVP RI ORQJ WHUP PHPRU\�
�� 5HPRWH PHWDEROLVP�

�� 7KH QHZ SK\VLFV LPSOLHG E\ WKH PDQ\�VKHHWHG VSDFHWLPH
�� 7KH QRWLRQ RI WRSRORJLFDO OLJKW UD\ �0(�� LQ SDUWLFXODU QHJDWLYH HQHUJ\

0(�
�� 7KH QRWLRQ RI LQGXFHG JDXJH nHOG� LQ SDUWLFXODU WKDW RI FODVVLFDO = S nHOG�

� 7*' EDVHG YLHZ DERXW FRQVFLRXVQHVV
��� S�$GLF SK\VLFV DV SK\VLFV RI FRJQLWLRQ DQG LQWHQWLRQ
7KH EDVLF REMHFWLRQ DJDLQVW TXDQWXP PRGHOV RI IUHH ZLOO LV WKDW WKH\ FDQQRW
H[SODLQ SUHFLVHO\ WDUJHWHG LQWHQWLRQ� 7KH\ SUHGLFW RQO\ SUREDELOLW\ GLVWULEXWLRQ
IRU WKH RXWFRPHV RI TXDQWXP MXPSV DQG WKLV PHDQV UDQGRPQHVV�
,Q 7*' LQWHQWLRQV DUH UHSUHVHQWHG DW VSDFHWLPH OHYHO DV S�DGLF VSDFHWLPH

VKHHWV DQG WKH WUDQVIRUPDWLRQ RI LQWHQWLRQ WR DFWLRQ FRUUHVSRQG WR D TXDQWXP
MXPS LQ ZKLFK D S�DGLF VSDFH�WLPH VKHHW WUDQVIRUPV WR D UHDO RQH� 7KH WZR
VSDFH�WLPH VKHHWV KDYH ODUJH QXPEHU RI FRPPRQ UDWLRQDO SRLQWV� $Q HVVHQWLDO
HOHPHQW QHHGHG LV WKH SRVVLELOLW\ RI QHJDWLYH HQHUJ\ VSDFHWLPH VKHHWV �VSDFHWLPH
LV ��' VXUIDFH LQ WKH ��' LPEHGGLQJ VSDFH�� 1HJDWLYH HQHUJ\ 0(V �WRSRORJLFDO
OLJKW UD\V� KDYLQJ SKDVH FRQMXJDWH ODVHU EHDPV DV WKH PRVW SODXVLEOH VWDQGDUG
SK\VLFV FRUUHODWHV DUH HVVHQWLDO�
7KH JHQHUDWLRQ RI S�DGLF 0( ZKLFK WUDQVIRUPV WR QHJDWLYH HQHUJ\ 0( LQ

LQWHQWLRQ�WR�DFWLRQ TXDQWXP MXPS JLYHV IRU D V\VWHP LQYROYHG SRVLWLYH HQHUJ\
DQG DOVR D GHnQLWH PRPHQWXP DV D UHFRLO HmHFW� 7UDQVLWLRQV WR KLJKHU HQHUJ\
VWDWHV GR QRW RFFXU VSRQWDQHRXVO\ VR WKDW WKHUH LV QR EDFNJURXQG PDVNLQJ WKH
LQWHQGHG WUDQVLWLRQ� 7KXV SUHFLVHO\ WDUJHWHG LQWHQWLRQ LV GRLQJ VRPHWKLQJ ZKLFK
GRHV QRW RFFXU DW DOO VSRQWDQHRXVO\ �DQG LV LPSRVVLEOH LQ VWDQGDUG TXDQWXP
SK\VLFV��
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:RUPKROH PDJQHWLF nHOGV FRQVLVWLQJ RI SDLUV RI PDJQHWLF oX[ WXEHV ZLWK
RSSRVLWH WLPH RULHQWDWLRQV WUDQVIRUPHG IURP UHDO WR S�DGLF IRUP DQG YLFH YHUVD
PLJKW EH IXQGDPHQWDO IRU WKH PRWRU DFWLYLWLHV RI WKH PDJQHWLF ERG\� DQG DOORZ
LW WR HDVLO\ WUDQVIRUP LWV ERG\SDUWV WR PHUH WKRXJKWV DERXW ERG\ SDUWV DQG YLFH
YHUVD�
7KH EDVLF SUHGLFWLRQV DUH IROORZLQJ�
D� %UHDNLQJ RI WKH VHFRQG ODZ
,QWHQWLRQ�WR DFWLRQ WUDQVLWLRQV EUHDN WKH VHFRQG ODZ RI WKHUPRG\QDPLFV EH�

ORZ WKH UHOHYDQW S�DGLF WLPH VFDOH DQG WKLV FDQ EH WHVWHG� )RU LQVWDQFH� V\VWHP
QHDU D SRSXODWLRQ LQYHUWHG ODVHU SURGXFLQJ ODVHU EHDP ZLWK D IUHTXHQF\ ZKLFK
FRUUHVSRQGV WR VRPH XQLYHUVDO S�DGLF IUHTXHQF\ I�N T$U0U �  � V:W�X�Y�Y)ZD[�\ � [D] d �� +]
RU WR ]HUR SRLQW NLQHWLF HQHUJ\ RI VRPH LRQV� LQ SDUWLFXODU HOHFWURQ RU SURWRQ
DFWLQJ DV XQLYHUVDO PHWDEROLF FXUUHQF\� PLJKW GUDZ HQHUJ\ IURP WKH ODVHU DQG
EUHDN VHFRQG ODZ� 7KHUH LV H[SHULPHQWDO HYLGHQFH IRU WKH EUHDNLQJ RI VHFRQG
ODZ EHORZ WLPH VFDOH RI �� VHFRQGV� WKLV LV SHUKDSV WKH PRVW LPSRUWDQW ELRORJLFDO
WLPH VFDOH �GXUDWLRQ RI PHPHWLF FRGRQ� >�@�
E� /LYLQJ V\VWHP SURFHVVHV IROORZ LQWHQWLRQDO �S�DGLF� UDWKHU WKDQ UDQGRP

VWDWLVWLFV�
,QWXLWLYHO\ LQWHQWLRQDOLW\ FRUUHVSRQGV WR ORFDO UDQGRPQHVV VXSHUSRVHG ZLWK

ORQJ WHUP GHWHUPLQLVP GXH WR WKH FRQVFLRXV SODQQLQJ� ,QWHQWLRQDO V\VWHP FDQ
GHFLGH WR EHKDYH GHWHUPLVWLFDOO\� S�$GLF IUDFWDO VWDWLVWLFV UHDOL]HV WKLV LQWXLWLRQ
PDWKHPDWLFDOO\� 7KH SRLQW LV WKDW UDWLRQDO VSDFHWLPH SRLQWV ZKLFK DUH YHU\
QHDU WR HDFK RWKHU S�DGLFDOO\ DUH YHU\ IDU IURP HDFK RWKHU LQ UHDO VHQVH DQG YLFH
YHUVD� :KDW LV VPDOO S�DGLFDOO\ LV ODUJH LQ UHDO VHQVH DQG YLFH YHUVD� 7KHUHIRUH
S�DGLF FRQWLQXLW\ IRU D S�DGLF VSDFHWLPH VKHHW LPSOLHV ORFDO FKDRV DQG ORQJ UDQJH
FRUUHODWLRQV IRU WKH UHDO VSDFHWLPH VKHHW UHVXOWLQJ IURP LW LQ LQWHQWLRQ�WR�DFWLRQ
TXDQWXP MXPS� 2QH LPSOLFDWLRQ LV WKDW FRJQLWLYH JURZWK SURFHHGV IURP ORQJ
WR VKRUW WLPH VFDOHV ZKHUHDV SK\VLFDO JURZWK SURFHHGV IURP VKRUW WR ORQJ WLPH
VFDOHV� )RU LQVWDQFH� OHDUQLQJ DQG UHDOL]LQJ D PRWRU DFWLRQ LV OLNH EXLOGLQJ D ��'
VWDWXH E\ VWDUWLQJ IURP D URXJK VNHWFK�
6WDWLVWLFDOO\ LQWHQWLRQDOLW\ GLmHUV IURP UDQGRPQHVV LQ WKH IROORZLQJ PDQQHU�

,I RQH PHDVXUHV WKH VWDWH RI WKH V\VWHP 1 WLPHV GXULQJ WLPH LQWHUYDO 7 DW
HYHQO\ VSDFHG WLPH LQWHUYDOV� UDQGRPQHVV ZRXOG SUHGLFW WKDW WKH IUHTXHQFLHV
IRU GLmHUHQW RXWFRPHV FRQYHUJH WR SUREDELOLWLHV DV 1 JURZV� )RU S�DGLF IUDFWDO
VWDWLVWLFV WKLV GRHV QRW RFFXU DQG UHDO SUREDELOLW\ FRQFHSW IDLOV� PXFK OLNH WKH
DWWHPSW WR PHDVXUH WKH OHQJWK RI IUDFWDO FRDVW RI %ULWDLQ IDLOV� ,Q S�DGLF FDVH
KRZHYHU WKH IUHTXHQFLHV IRU 1 DQG 1 � NS ^ � N � I�� N b �J DQG Q ODUJH HQRXJK
QXPEHU DUH QHDU WR HDFK RWKHU� 2QH FDQ SHUIRUP WKLV LQWHQWLRQDOLW\ WHVW IRU
DQ\ V\VWHP� EH LW PROHFXOH RU PDJQHWRVSKHUH� DQG GHWHUPLQH WKH YDOXH RI S DQG
UHVROXWLRQ GHSHQGHQFH RI WKH VWDWLVWLFV LV WKH VLJQDWXUH RI LQWHQWLRQDOLW\�
7KH WHVWV ZROG LQYROYH LQGHSHQGHQW VHULHV RI PHDVXUHPHQWV ZLWK GLmHUHQW

YDOXHV RI 1 DERXW VDPH V\VWHP GXULQJ VDPH WLPH LQWHUYDO DQG FRPSDULVRQ RI
IUHTXHQFLHV IRU YDULRXV RXWFRPHV� 7KH YDOXH RI S FRXOG EH GHWHUPLQHG�
F� 1XPEHU WKHRUHWLF LQIRUPDWLRQ PHDVXUHV�
7KH QRWLRQ RI S�DGLF SUREDELOLW\ LV EDVHG RQ WKH UHSODFHPHQW RI WKH RUGLQDU\

ORJDULWKP ORJ�[� ZLWK S�DGLF ORJDULWKP ORJ�M[M _ �� ZKHUH M[M _ LV WKH S�DGLF QRUP
RI WKH UDWLRQDO QXPEHU [ �IRU LQVWDQFH� S ^ KDV UHDO QRUP S ^ DQG S�DGLF QRUP
S V ^ IRU SULPH S DQG S�DGLF QRUP � IRU S�DGLF SULPHV GLmHUHQW IURP S�� 7KLV
ORJDULWKP LV DOZD\V ZHOO GHnQHG IRU IUHTXHQFLHV VLQFH WKH\ DUH FHUWDLQO\ UDWLRQDO
QXPEHUV� 7KH FRUUHVSRQGLQJ HQWURS\ FDQ EH DOVR QHJDWLYH DQG LQ WKLV FDVH
WKH LQWHUSUHWDWLRQ LV WKDW WKH HQVHPEOH FDUULHV LQIRUPDWLRQ� 7KLV HQWURS\ FDQ EH
GHnQHG DOVR IRU UHDO HQVHPEOHV DQG WKH YDOXH S FDQ EH GHWHUPLQHG E\ PD[LPL]LQJ

�



WKH YDOXH RI WQH LQIRUPDWLRQ PHDVXUH�
G� 8QLYHUVDO FRJQLWLYH FRGHV�
7KH QRWLRQ RI XQLYHUVDO FRJQLWLYH FRGH HPHUJHG DV D JHQHUDOL]DWLRQ RI WKH

PHPHWLF FRGH DVVRFLDWHG ZLWK WKH VHFRQGDU\ WLPH VFDOH /��� ���� DVVRFLDWHG
ZLWK WKH 0HUVHQQH SULPH 0 � [D]  � � [�] b �� %\ S�DGLF OHQJWK VFDOH K\SRWKH�
VLV S 
 � W � N SULPH RI SRZHU RI SULPH� JLYHV ULVH WR D KLHUDUFK\ RI Q�DU\ S�
DGLF OHQJWK�WLPH�IUHTXHQF\�HQHUJ\��� VFDOHV FKDUDFWHUL]HG E\ WKH VTXDUH URRW RI
SRZHU S ^ 
 � ^ W s � W�X�Y�Y � 7KH DGGLWLRQDO YHU\ QDWXUDO K\SRWKHVLV LV WKDW WKHVH
WLPH VFDOHV FRUUHVSRQG WR GXUDWLRQV RI FRJQLWLYH FRGRQV ZLWK N RU Nb � ELWV GH�
SHQGLQJ RQ ZKHWKHU S ! � W RU S � � W KROGV WUXH� 7KH PRVW JHQHUDO K\SRWKHVLV
LV WKDW DOO YDOXHV RI N T�U0U  QN DUH SRVVLEOH�
,Q WKH FDVH RI ((* VHULHV RI UHVRQDQFH IUHTXHQFLHV GHnQHG E\ S�DGLF WLPH

VFDOHV 7 �Q� N�  � ^ W�ZD[�V � [�] d �� VHFRQGV GHnQLQJ GXUDWLRQ RI FRJQLWLYH FRGRQ DUH
SUHGLFWHG� 7KH GXUDWLRQ RI ELW LV 7 �Q� N� N RU 7 �Q� N� �Nb��� 7KHVH WLPH VFDOHV
LQGHHG FRUUHVSRQG WR IUHTXHQFLHV QHDU RU HTXDO WR ((* UHVRQDQFHV IUHTXHQFLHV�
$OVR WKHLU VXPV DQG GLmHUHQFHV VHHP WR DSSHDU LQ ((* >�� -�@� 7KLV ZRXOG
PHDQ WKDW WKHUH LV HQRUPRXV DPRXQW RI FODVLFDO LQIRUPDWLRQ WUDQVIHUUHG IURP
EUDLQ WR SHUVRQDO PDJQHWLF ERG\ DQG SUREDEO\ DOVR RWKHU PDJQHWLF ERGLHV� VXFK
DV PDJQHWLF 0RWKHU *DLD�
7KH N ELWV ZRXOG FRUUHVSRQG WR N KDUPRQLFV RI WKH IXQGDPHQWDO IUHTXHQF\

VXFK WKDW D KDUPRQLF ZLWK LQWHQVLW\ DERYH FULWLFDO YDOXH UHSUHVHQWLQJ ELW ��
&RJQLWLYH FRGHV FRXOG GHnQH JHQHUDOL]DWLRQV IRU WKH �IHDWXUHV� LQWURGXFHG E\
)UHHPDQ FRQVLVWLQJ RI nHOG SDWWHUQ ZLWK D WHPSRUDO V\QFKURQ\ RYHU D VSDWLDO
UHJLRQ EXW LQYROYLQJ VSDWLDO YDULDWLRQ� 2QH VKRXOG WU\ WR LGHQWLI\ D KLHUDUFK\
RI IHDWXUHV ZLWK GXUDWLRQV JLYHQ E\ S�DGLF WLPH VFDOHV DQG SHUKDSV E\ WKHLU
VXSHUSRVLWLRQV �LQ SDUWLFXODU� VXPV DQG GLmHUHQFHV�
0HPHWLF FRGH ZLWK ��� IXOO ELWV DQG GXUDWLRQ RI PHPHWLF FRGHZRUG RI ��

VHFRQGV LV RQH HVSHFLDOO\ LQWHUHVWLQJ H[DPSOH DQG WKH K\SRWKHVLV WKDW LQWURQLF
SRUWLRQ RI '1$ UHSUHVHQWV PHPHWLF FRGHZRUGV FRQVLVWLQJ RI �� '1$ WULSOHWV
VKRXOG EH WHVWDEOH� 0LFURWXEXODU FRGH ZRXOG EH QDWXUDOO\ EDVHG RQ �� [  
��� FRGHZRUGV DQG ZRXOG EH DVVRFLDWHG ZLWK WKH N  ��� VSDFH�WLPH VKHHWV
DVVRFLDWHG ZLWK WKH (DUWK
V PDJQHWLF nHOG�

��� S�$GLF OHQJWK VFDOH K\SRWKHVLV DQG FRQVFLRXVQHVV
S�$GLF OHQJWK VFDOH K\SRWKHVLV TXDQWLnHV WKH QRWLRQ RI WKH PDQ\�VKHHWHG VSDFH�
WLPH� 3HUKDSV WKH PRVW LPSRUWDQW SUHGLFWLRQV DUH IROORZLQJ�
D� 8QLYHUVDO PHWDEROLF FXUUHQFLHV
7KH GLmHUHQFH RI HQHUJLHV IRU D SDUWLFOH WUDQVIHUUHG EHWZHHQ WZR VSDFH�WLPH

VKHHWV LV DEVRUEHG RU HPLWWHG LQ WKH SURFHVV� $OVR QHJDWLYH HQHUJ\ SKRWRQ FDQ
EH HPLWWHG� ,I WKH HQHUJ\ LV HVVHQWLDOO\ ]HUR SRLQW NLQHWLF HQHUJ\ �QR H[WHUQDO
IRUFHV RU H[WHUQDO IRUFHV DUH VDPH� WKH UHVXOWLQJ SKRWRQV KDYH XQLYHUVDO HQHUJ\
VSHFWUXP GHnQLQJ XQLYHUVDO PHWDEROLF FXUUHQFLHV� �� H9 IRU $73� $'3 LV RQH
RI WKH TXDQWD DQG DVVRFLDWHG ZLWK WKH GURSSLQJ RI SURWRQ�
E� 8QLYHUVDO ((* DQG RWKHU IUHTXHQFLHV�
7KDW ((* UHVRQDQFH IUHTXHQFLHV DUH VXSHUSRVLWLRQV RI S�DGLF IUHTXHQFLHV

DQG WKXV XQLYHUVDO LV D SUHFLVH DQG UHDGLO\ WHVWDEOH SUHGLFWLRQ� 2I FRXUVH� ((*
IUHTXHQF\ UDQJH LV RQO\ D VSHFLDO FDVH� &\FORWURQ IUHTXHQF\ K\SRWKHVLV DVVLJQV
WKHVH IUHTXHQFLHV WR GHnQLWH S�DGLF OHQJWK VFDOHV ZKLFK RQH FRXOG WU\ WR LGHQWLI\
DW WKH OHYHO RI ELRORJLFDO VWUXFWXUHV� %LRV\VWHPV DUH SUHGLFWHG WR FRQWURO WKH
ORFDO PDJQHWLF nHOGV VR WKDW F\FORWURQ IUHTXHQFLHV DUH QHDU WR WKH XQLYHUVDO
IUHTXHQFLHV�
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��� 6KDULQJ RI PHQWDO LPDJHV
7KH QRWLRQ RI HQWDQJOHPHQW JHQHUDOL]HV LQ 7*' IUDPHZRUN� &ODVVLFDO DQG S�DGLF
QRQGHWHUPLQLVPV PDNH SRVVLEOH WLPH�OLNH HQWDQJOHPHQW ZLWK WLPHOLNH VHSDUDWLRQ
EHWZHHQ WZR V\VWHPV� 7KH QHZ YLHZ DERXW VXEV\VWHP IRUFHG E\ WKH WRSRORJLFDO
QRQWULYLDOLW\ RI VSDFHWLPH PHDQV WKDW VXEV\VWHPV RI XQHQWDQJOHG V\VWHPV FDQ
HQWDQJOH� ,Q WKH VWDQGDUG nHOG WKHRU\ FRQWH[W RQH ZRXOG VSHDN DERXW UHVROXWLRQ
GHSHQGHQW QRWLRQ RI HQWDQJOHPHQW� WKH HQWDQJOHPHQW RI VXEV\VWHPV LV QRW YLVLEOH
LQ WKH OHQJWK VFDOH RI WKH V\VWHPV� 7KH QHZ NLQG RI HQWDQJOHPHQW DOORZV IXVLRQ
DQG VKDULQJ RI PHQWDO LPDJHV ZLWK VKDUHG PHQWDO LPDJH UHDOL]LQJ D NLQG RI VWHUHR
FRQVFLRXVQHVV� 7KH FKDOOHQJH ZRXOG EH WR LQYHQW WHVWV IRU WKHVH WZR QHZ W\SHV
RI HQWDQJOHPHQW�
&OHYH %DFNVWHU KDV IRXQG WKDW SODQWV DQG HYHQ EDFWHULD UHDFW WR HPRWLRQDO

UHDFWLRQV DQG HYHQWV OLNH GHDWK RI RWKHU OLIH IRUP >�@� %DFNVWHU VXPPDUL]HV KLV
nQGLQJV XVLQJ WKH QRWLRQ RI SULPDU\ SHUFHSWLRQ� 3ULPDU\ SHUFHSWLRQ FRXOG EH
LQWHUSUHWHG DV VKDULQJ RI PHQWDO LPDJHV� 7KH SK\VLFDO FRUUHODWHV RI SULPDU\
SHUFHSWLRQ �VXFK DV S�DGLF IUHTXHQFLHV� FRXOG EH VWXGLHG IXUWKHU� 2QH FRXOG WHVW
ZKHWKHU HYHQ VR FDOOHG GHDG PDWWHU LV DEOH WR UHDFW LQ D VLPLODU PDQQHU� $ IXU�
WKHU LQWHUHVWLQJ WHVW ZRXOG UHODWH WR WKH SUHVHQFH RI SRVVLEOH �FDXVDO DQRPDOLHV�
PHDQLQJ WKDW WKH UHDFWLRQ RI D V\VWHP FRPHV EHIRUH WKH HYHQW ZLWK UHVSHFW WR
JHRPHWULF WLPH �FRPSDUH ZLWK WKH H[SHULPHQWV RI 5DGLQ DQG %LHUPDQ >�@��

��� 6HOI KLHUDUFK\
7KH SUHVHQFH RI KLJKHU OHYHO VHOYHV� VD\ WKRVH DVVRFLDWHG ZLWK WKH PDJQHWLF
ERG\ RI (DUWK DQG UHFHLYLQJ LQIRUPDWLRQ IURP VHYHUDO EUDLQV� FRXOG H[SODLQ
ZK\ UHPRWH YLHZHU LV DEOH WR DWWDFK ZLWK D FRUUHFW WDUJHW NQRZLQJ RQO\ WKH
FRRUGLQDWHV RI WKH WDUJHW DV QXPEHUV ZLWKRXW DQ\ GLUHFW VLJQLnFDQFH IRU KLP�
+LJKHU OHYHO VHOI ZRXOG HQWDQJOH ZLWK WKH WDUJHW DQG UHPRWH YLHZHU ZLWK D KLJKHU
OHYHO VHOI� $Q DOWHUQDWLYH PHFKDQLVP LV EDVHG RQ VKDULQJ RI PHQWDO LPDJHV� ZKLFK
QHHG QRW EH GLUHFWO\ FRQVFLRXV WR UHPRWH YLHZHU EXW RFFXU VXEFRQVFLRXVO\�
7KH H[SHULPHQWV RI 0DUN *HUPLQH >�@ DUH FRQVLVWHQW ZLWK WKH LGHD WKDW KLJKHU

OHYHO VHOI UHFHLYHV FRQVFLRXV LQIRUPDWLRQ IURP VHYHUDO EUDLQV VR WKDW WKH HYHQW
ZKLFK FDXVHG VXUSULVH ZKHQ LW DSSHDUHG LQ EUDLQ $ IRU WKH nUVW WLPH GRHV QRW
FDXVH VR PXFK VXUSULVH ZKHQ LW RFFXUV LQ EUDLQ %� $OVR WKH XQFRQVFLRXV VKDULQJ
RI PHQWDO LPDJHV H[SODLQV WKH nQGLQJV� 3HUKDSV D YDULDQW RI WKLV H[SHULPHQW
GLVWLQJXLVKLQJ EHWZHHQ WKH WZR RSWLRQV PLJKW EH GHYHORSHG�

� %LRV\VWHPV DV PDFURVFRSLF TXDQWXP V\VWHPV
��� 7KH QRWLRQ RI PDJQHWLF ERG\
7KH QRWLRQ RI PDJQHWLF ERG\ LV RQH RI WKH PRVW UDGLFDO GHYLDWLRQV RI 7*' DS�
SURDFK IURP VWDQGDUG YLHZV RI QHXURVFLHQFH� 0DJQHWLF ERG\ KDV DVWURSK\VLFDO
VL]H DQG DFWXDOO\ GHFRPSRVHV WR D IUDFWDO KLHUDUFK\ RI PDJQHWLF ERGLHV� 6DPH
PHFKDQLVP IRU UHDOL]DWLRQ RI LQWHQWLRQ DV GHVLUHV UHSUHVHQWHG E\ QHJDWLYH HQHUJ\
0(V HQWDQJOLQJ PDJQHWLF ERG\ ZLWK WKH PDWHULDO ERG\ RI WKH SDVW DQG LQGXF�
LQJ QHXUDO DQG RWKHU DFWLYLWLHV DV D UHDFWLRQ� DSSOLHV WR PRWRU DFWLRQ� VHQVRU\
SHUFHSWLRQ� DQG ORQJ WHUP PHPRU\� DQG UHPRWH PHQWDO LQWHUDFWLRQV�
D� /LEHW
V IQGLQJV >��@ SURYLGH VXSSRUW IRU WKLV K\SRWKHVLV� 7KH WLPH RI

EDFNZDUGV UHIHUUDO ������ VHFRQGV IRU KXPDQV� FRXOG FRUUHVSRQG WR S�DGLF WLPH
VFDOH FKDUDFWHUL]LQJ RXU VHQVRU\ PDJQHWLF ERG\� 3��� UHVSRQVH ZRXOG VXJJHVW
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WKDW LW FRUUHVSRQGV WR WKH S�DGLF OHQJWK VFDOH /�N  ����� URXJKO\ ��� FLUFXP�
IHUHQFHV RI (DUWK� 7KH WKHRU\ SUHGLFWV D KLHUDUFK\ RI WKLV NLQG RI WLPH VFDOHV�
)RU LQVWDQFH� DQLPDOV EHORZ KXPDQV LQ FRJQLWLYH KLHUDUFK\ VKRXOG FRUUHVSRQG
WR VKRUWHU S�DGLF WLPH VFDOHV SUHGLFWHG E\ WKH WKHRU\� 7KLV FRXOG EH SHUKDSV
WHVWHG�
E� 0DJQHWLF ERG\ FRQVLVWV RI VXSHUFRQGXFLQJ PDJQHWLF oX[ TXDQWD �QRW

QHFHVVDULO\ WXEHV DV , KDYH EHHQ XVHG WR VD\�� 6XSHUFRQGXFWLYLW\ LQ PDFURVFRSLF
RU HYHQ DVWURSK\VLFDO OHQJWK VFDOHV PLJKW EH WHVWHG VRPHGD\� $GGLQJ LVRWRSH RI
LRQ WR D EUDLQ FRXOG LQGXFH DSSHDUHQFH RI WKH VDPH LVRWRSH LQ WKH EUDLQ RI D
FORVH IULHQG�
F� 0DWWHU FRXOG DSSHDU LQ SODFHV ZKHUH LW VKRXOG QRW EH E\ OHDNLQJ IURP PDJ�

QHWLF oX[ WXEHV WR DWRPLF VSDFHWLPH VKHHWV� 1REHOLVW /DQJPXLU PLJKW KDYH RE�
VHUYHG WKLV HmHFW IRU D FHQWXU\ DJR ZKLOH WU\LQJ XQVXFFHVVIXOO\ WR FUHDWH YDFXXP
>��@� 7KH H[SHULPHQWV RI 6XH %HQIRUG VXJJHVW DOVR VLPLODU OHDNDJH SKHQRPHQD
>��@� ,Q WKH H[SHULPHQWDO SURSRVDO RI /LDQ 6LGRURm RWKHU DQDORJRXV nQGLQJV DUH
PHQWLRQHG� 7KH LUUDGLDWLRQ ZLWK FRKHUHQW OLJKW DW IUHTXHQFLHV FRUUHVSRQGLQJ WR
WKH GLmHUHQFHV RI ]HUR SRLQW NLQHWLF HQHUJLHV FRXOG LQGXFH WKH OHDNDJH� 7KH OLVW
RI WKHVH IUHTXHQFLHV FDQ EH JLYHQ IRU D JLYHQ LRQ VR WKDW WKH WKHRU\ LV WHVWDEOH�
F� 'RHV PDJQHWLF ERG\ PLPLFN WKH VSHFWUXP RI XQLYHUVDO S�DGLF IUHTXHQFLHV"
7KH LGHD RI XQLYHUVDO FRJQLWLYH FRGHV LQVSLUHV WKH K\SRWKHVLV WKDW WKH F\�

FORWURQ IUHTXHQFLHV LQ WKH ORFDO (DUWK
V PDJQHWLF nHOG DQG IRU LWV VFDOHG XS
YDULDQWV GHnQH IUHTXHQFLHV QHDU WR WKH S�DGLF UHVRQDQFHV IUHTXHQFLHV RI ((*�
)RU ELRORJLFDOO\ LPSRUWDQW LRQV WKH F\FORWURQ IUHTXHQFLHV DUH LQGHHG QHDU WR WKH
S�DGLF IUHTXHQFLHV� 7KH GURSSLQJ RI LRQV EHWZHHQ PDJQHWLF oX[ WXEH VSDFH�WLPH
VKHHWV FRUUHVSRQGLQJ WR GLmHUHQW YDOXHV RI S�DGLF SULPH �N T$U0U  ���� ���� ���  
�d��� ��� VHHPV WR H[SODLQ ((* IUHTXHQFLHV DQG WKH IUHTXHQFLHV LQ WKH UDQJH RI
DXGLEOH IUHTXHQFLHV >-�@� 7KH VDPH PHFKDQLVP H[SODLQV DOVR *DULDHY
V nQGLQJV
DERXW UDGLR HPLVVLRQV LQGXFHG E\ ODVHU LUUDGLDWLRQ RI '1$ >��@�
7KH WHVWV ZRXOG LQYROYH D V\VWHPDWLF VWXG\ RI H[LVWLQJ LQIRUPDWLRQ DERXW

QDUURZ ((* EDQGV DQG ORRNLQJ ZKHWKHU WKH VXSHUSRVLWLRQV RI S�DGLF IUHTXHQFLHV
DSSHDU LQ ((*�
G� $ IXUWKHU PHFKDQLVP RI LQWHQWLRQDO DFWLRQ UHODWHV WR WKH PRWRU DFWLYLWLHV

RI WKH PDJQHWLF ERG\� ,I WKH PDJQHWLF nHOG FRUUHVSRQGV WR WKH PDJQHWLF nHOG RI
VXSHUFRQGXFWRU RI W\SH , QHDU FULWLFDOLW\� WKH PDJQHWLF oX[ TXDQWD IRUP FRP�
SOH[ IUDFWDO VWUXFWXUH FRQVLVWLQJ RI QDUURZ VWULSHV VR WKDW PDJQHWLF oX[HV DQG
WKHUHIRUH DOVR F\FORWURQ IUHTXHQFLHV VFDOH OLNH � /�N�� &ULWLFDOLW\ LV REYLRXVO\
LGHDO IRU WKH SURSRVHG UHDOL]DWLRQ RI WKH PDJQHWLF LQWHQWLRQDOLW\�
,QWHQWLRQDO DFWLRQ ZRXOG EH UHDOL]HG LQ WHUPV RI D JHQHUDWLRQ RI ZRUPKROH

PDJQHWLF nHOGV �XVHG WR H[SODLQ VR FDOOHG &RPRURVDQ HmHFW >��� &�@� ZKLFK
LQYROYH WZR SDUDOOHO VSDFH�WLPH VKHHWV FDUU\LQJ RSSRVLWH PDJQHWLF oX[HV DQG
KDYLQJ RSSRVLWH WLPH RULHQWDWLRQV VR WKDW QHW HQHUJ\ ZRXOG EH ]HUR� 7KH SRVLWLYH
HQHUJ\ oX[ TXDQWXP ZRXOG FDUU\ LRQV� 7KH JHQHUDWLRQ RU GLVDSSHDUHQFH RI
WKLV NLQG RI PDJQHWLF oX[ WXEHV PHDQV WKDW QHZ QDUURZ EDQGV DSSHDU WR RU
GLVDSSHDUV IURP ((*� 7KH IUHTXHQFLHV DUH SUHGLFWHG WR EH VXSHUSRVLWLRQV RI
S�DGLF UHVRQDQFH IUHTXHQFLHV�
G� 2QH FRXOG WU\ WR EXLOG FRQFUHWH PRGHOV IRU ZKDW KDSSHQV DW WKH OHYHO RI

PDJQHWLF ERG\ RI EUDLQ LQ WUDQVLWLRQV WR DOWHUHG VWDWHV RI FRQVFLRXVQHVV RU LQ
WKH FKDQJHV RI PRRGV� 7KLV ZRXOG UHTXLUH GHWDLOHG NQRZOHGJH DERXW FKDQJHV RI
FURVV IHDWXUHV RI ((* LQ WKLV NLQG RI VLWXDWLRQV�
H� 7KH SUHVHQFH RI WKH ORFDOO\ VWULSH OLNH PDJQHWLF VWUXFWXUHV FRXOG EH GLUHFWO\

VHHQ LQ WKH GLVWULEXWLRQ RI WKH QHXUDO DFWLYLWLHV RU LQ WKH VWUXFWXUH RI FRUWH[�
2FXODU GRPLQDQFH FROXPQV LQ FRUWH[ LQGHHG GHPRQVWUDWH VWULSH OLNH VWUXFWXUHV
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ZLWK VWULSHV KDYLQJ ZLGWK EHWZHHQ ������� PLFURPHWHUV >��@� 7KLV VWUXFWXUH
LV SUHGLFWHG WR EH IUDFWDO FRQWDLQLQJ VWUXFWXUHV ZLWKLQ VWUXFWXUHV� $OVR FHOO
PHPEUDQHV DQG HQGRSODVPD PHPEUDQHV FDQ EH VHHQ DV RQH KLHUDUFK\ OHYHO LQ
WKLV VWUXFWXUH �S�DGLF OHQJWK VFDOH N  ��� FRUUHVSRQGLQJ WR WKH FHOO PHPEUDQH
WKLFNQHVV��

��� 7LPH PLUURU PHFKDQLVP
7KH EDVLF LGHD RI WLPH PLUURU >-�@ LV WKDW QHJDWLYH HQHUJ\ 0( SURSDJDWLQJ WR WKH
GLUHFWLRQ RI WKH JHRPHWULF SDVW LV UHoHFWHG WRZDUGV IXWXUH DV D SRVLWLYH HQHUJ\
0(� 7KLV PHFKDQLVP LV IXQGDPHQWDO IRU DOO DVSHFWV RI LQWHQWLRQDO EHKDYLRXU�
ZLWK QHJDWLYH HQHUJ\ 0(V UHSUHVHQWLQJ LQWHQWLRQ WUDQVIRUPHG WR GHVLUH�
7KH EDVLF V\VWHP UHFHLYLQJ QHJDWLYH HQHUJ\ 0(V ZRXOG EH D SRSXODWLRQ

LQYHUWHG ODVHU� %HVLGHV RUGLQDU\ ODVHUV PDQ\�VKHHWHG ODVHUV ZLWK XQLYHUVDO IUH�
TXHQFLHV GHWHUPLQHG E\ S�DGLF OHQJWK VFDOH K\SRWKHVLV DUH SRVVLEOH� :KHQ WKLV
NLQG RI V\VWHP UHFHLYHV D QHJDWLYH HQHUJ\ 0(V IURP IXWXUH� LW GURSV GRZQ WR
ORZHU HQHUJ\ VWDWH� 7KH GURSSHG LRQV FDQ DOVR LQGXFH D SKDVH WUDQVLWLRQ LI WKHLU
QXPEHU EHFRPHV ODUJH HQRXJK VLQFH WKH UDWH RI WKH WUDQVLWLRQ LV SURSRUWLRQDO WR
WKH QXPEHU RI SDUWLFOHV DOUHDG\ GURSSHG WR WKH JURXQG VWDWH�
7LPH PLUURU PHFKDQLVP RI ORQJ WHUP PHPRU\ FRXOG DOORZ D UHDOL]DWLRQ DV D

WHFKQRORJ\ IRU FRPPXQLFDWLRQV ZLWK JHRPHWULF SDVW DQG IXWXUH�
D� 0DQ\VKHHWHG VSDFHWLPH LV SRSXODWHG E\ PDQ\�VKHHWHG ODVHUV DQG WKHUH�

IRUH JHQHUDWLRQ RI SKDVH FRQMXJDWH ODVHU EHDPV SURSDJDWLQJ LQWR JHRPHWULF SDVW
FRXOG EH DEVRUEHG E\ WKLV NLQG RI V\VWHP� ,I SRSXODWLRQ LQYHUVLRQ LV LQYROYHG� D
UHSO\ ZRXOG EH JHQHUDWHG DV RUGLQDU\ ODVHU EHDP UHFHLYHG E\ WKH VHQGHU� 7KHUH
DUH FODLPV �GH�OD :DUU FDPHUD >��@� DERXW WKH SRVVLELOLW\ WR WDNH KRORJUDPPLF
SKRWRJUDSKV IURP WKH JHRPHWULF SDVW DQG WLPH PLUURU PHFKDQLVP FRXOG PDNH
WKLV SRVVLEOH�
E� $OVR WKH FRPPXQLFDWLRQ ZLWK IXWXUH FDQ EH LPDJLQHG� )DOOLQJ IRU D PR�

PHQW LQWR D UHDOO\ VFLHQFH nFWLYH PRRG� RQH FRXOG LPDJLQH VHQGLQJ VLJQDOV DW
S�DGLF IUHTXHQFLHV I�Q� N� FRQVLVWLQJ RI N ELWV DQG D GXUDWLRQ GHnQHG E\ WKH
S�DGLF WLPH VFDOH WR WKH JHRPHWULF IXWXUH WR WHOO WKDW KXPDQ NLQG KDV nQDOO\ LQ�
YHQWHG WKH S�DGLF KLHUDUFK\ RI FRJQLWLYH FRGHV� 7KH FLYLOL]DWLRQV LQ IXWXUH ZRXOG
LQ WXUQ VWDUW VHQGLQJ QHJDWLYH HQHUJ\ 0(V ZLWK FRUUHVSRQGLQJ IUHTXHQFLHV WR XV
DQG ZH ZRXOG EH UHFHLYH WKHP XVLQJ SRSXODWLRQ LQYHUWHG ODVHUV�
F� &ULWLFDO V\VWHPV DUH RSWLPDO IRU DFWLQJ DV ERWK UHFHLYHUV DQG VHQGHUV� ZD�

WHU QHDU IUHH]LQJ SRLQW� FDSDFLWRU QHDU HOHFWULF GLVFKDUJH� FHOO PHPEUDQH� DQG
OLYLQJ V\VWHPV LQ JHQHUDO� HWF���� $V D PDWWHU IDFW� HQWLUH 7*' XQLYHUVH LV TXDQ�
WXP FULWLFDO V\VWHP�

��� 5HPRWH PHWDEROLVP
5HPRWH PHWDEROLVP UHOLHV RQ H[DFWO\ WKH VDPH PHFKDQLVP DV WLPH PLUURU PHFK�
DQLVP� 6LQFH WKH QHJDWLYH HQHUJ\ 0(V FDQ JHQHUDWH SKDVH WUDQVLWLRQ JHQHUDWLQJ
SRVLWLYH HQHUJ\ 0(V LQGXFLQJ FODVVLFDO IHHG RI HQHUJ\ WR WKH V\VWHP ZKLFK JHQ�
HUDWHG QHJDWLYH HQHUJ\ 0(� QHJDWLYH HQHUJ\ 0(V FRXOG VHUYH RQO\ D FRQWURO
SXUSRVH� )RU LQVWDQFH� QHJDWLYH HQHUJ\ 0(V JHQHUDWHG E\ '1$ FRXOG JHQHUDWH
HPLVVLRQ RI FRKHUHQW OLJKW IURP PLWRFKRQGULD� 1HJDWLYH HQHUJ\ 0(V ZLWK YHU\
ORZ LQWHQVLWLHV DVVRFLDWHG ZLWK ELRSKRWRQV ZRXOG EH HQRXJK�
7KH RSWLPDO V\VWHP DFWLQJ DV D VHQGHU LV V\VWHP ZKLFK GHVSHUDWHO\ QHHGV HQ�

HUJ\� 6RPH DUHDV RI OHIW FRUWH[ RI V\QHVWKHWHV XWLOL]HG DQRPDORXVO\ ORZ DPRXQW RI
PHWDEROLF HQHUJ\ �WKLV VKRXOG EH LQ IDFW OHWKDO� GXULQJ V\QHVWKHVLD DQG WKLV FRXOG
H[SODLQ WKH PHPRU\ IHDWV DV D E\SURGXFW� 'RJV DUH DEOH WR SUHFRJQL]H ZKHQ
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WKHLU PDVWHUV GHFLGH WR UHWXUQ KRPH� LW ZRXOG EH LQWHUHVWLQJ WR WHVW ZKHWKHU
WKLV LV HDVLHU ZKHQ PDVWHU LV WLUHG RU HYHQ VLFN� ,QVHFWV nQG PRUH HDVLO\ WKH
SODQWV VXmHULQJ GHQXWULWLRQ >��@� LQIUDUHG OLJKW DW QHJDWLYH HQHUJLHV LV SUREDEO\
LQYROYHG DV DOVR LQ FDVH RI GRJV� $OVR WKLV FRXOG EH WHVWHG V\VWHPDWLFDOO\ LQVHFWV
FRXOG EH FKHDWHG XVLQJ SKDVH FRQMXJDWH ODVHU EHDPV DW FRUUHVSRQGLQJ IUHTXHQ�
FLHV� 1RWH WKDW DOVR YLUWXDO ROIDFWRU\ H[SHULHQFHV PLJKW EH LQGXFHG XVLQJ ODVHU
OLJKW DW SURSHU IUHTXHQFLHV�
7KH K\SRWKHVLV FRXOG EH WHVWHG E\ ORRNLQJ ZKHWKHU �VD\� EDFWHULD VXmHU�

LQJ IURP GHQXWULWLRQ FRXOG LQGXFH JHQHUDWLRQ RI SKRWRQV IURP PLWRFKRQGULD RI
D KHDOWK\ SRSXODWLRQ RI EDFWHULD� %HVLGHV WKH OLJKW JHQHUDWHG E\ PLWRFKRQ�
GULD DV D E\�SURGXFW RI PHWDEROLVP� %XHKOHU KDV REVHUYHG LQ OLYH PDPPDOLDQ
PLWRFKRQGULD ZKDW KH FDOOV UHYHUVLEOH H[FLWDWLRQ OLJKW�LQGXFHG HQKDQFHPHQW RI
oXRUHVFHQFH >��@� 7KLV VXJJHVWV WKDW PLWRFKRQGULD FRXOG HmHFWLYHO\ DFW DV SRS�
XODWLRQ LQYHUWHG PDQ\�VKHHWHG ODVHUV� 3RSXODWLRQ LQYHUWHG ODVHU ZLWK SURSHUO\
FKRVHQ IUHTXHQF\ FRXOG UHSODFH WKH PLWRFKRQGULD LQ WKH H[SHULPHQW�
,Q FDVH RI KXPDQ VXEMHFWV LW PLJKW EH DOVR SRVVLEOH WR WHVW WKH �FDXVDO

DQRPDO\� DQDORJRXV WR WKDW LQYROYHG ZLWK /LEHW
V H[SHULPHQWV DERXW DFWLYH
DVSHFWV RI FRQVFLRXV H[SHULHQFH LI LW ZHUH SRVVLEOH WR GHWHUPLQH WKH PRPHQW RI
WLPH ZKHQ WKH V\VWHP VHQGV WKH QHJDWLYH HQHUJ\ 0(V� 7KH V\VWHP ZRXOG UHFHLYH
SRVLWLYH HQHUJ\ SKRWRQV DW VDPH WLPH ZLWKRXW DQ\ WLPH ODSVH� ,I KXPDQ DJHQWV
DUH LQ TXHVWLRQ WKH YDOXH RI WKLV WLPH PLJKW EH SRVVLEOH WR GHWHUPLQH�

��� 6HQVRU\ RUJDQV DV VHDWV RI VHQVRU\ TXDOLD
7KH DVVXPSWLRQ DERXW VHQVRU\ RUJDQV DV VHDWV RI VHQVRU\ TXDOLD >-�@ UHSUHVHQWV
RQH RI WKH PDLQ GLmHUHQFHV EHWZHHQ 7*' DQG VWDQGDUG QHXURVFLHQFH DSSURDFK�
7KH DSSURDFK DYRLGV HOHJDQWO\ WKH SUREOHP ZK\ GLmHUHQW VHQVRU\ SDWKZD\V
ZRXOG JLYH ULVH WR GLmHUHQW VHQVRU\ TXDOLD DQG H[SODLQV WKH GLmHUHQFH EHWZHHQ
LPDJLQHG VHQVRU\ H[SHULHQFH DQG PRWRU DFWLRQ� 3KHQRPHQD OLNH GUHDPV� KDOOX�
FLQDWLRQV� V\QHVWKHVLD� SKDQWRP OLPE� WKH H[SHULHQFHV JHQHUDWHG E\ VWLPXODWLQJ
QHXURQV RI VHQVRU\ SDWKZD\V DQG SURMHFWHG SDLQ� DQG TXLWH JHQHUDOO\� WKH DFWLYH
UROH RI H[SHULHQFHU LQ EXLOGLQJ VHQVRU\ SHUFHSWV DUH REYLRXV FRXQWHU DUJXPHQWV
DJDLQVW WKH LGHD WKDW VHQVRU\ RUJDQV DUH SULPDU\ VHQVRU\ H[SHULHQFHUV �RU IRUP
SDUWV RI WKHP�� %DFN SURMHFWLRQ K\SRWKHVLV DQG WKH LGHQWLnFDWLRQ RI WKH ORQJ
WHUP PHPRULHV DV PXOWLWLPH H[SHULHQFHV DOORZV LQ SULQFLSOH WR RYHUFRPH WKHVH
REMHFWLRQV�
$ VHFRQG LQWHUHVWLQJ K\SRWKHVLV PRWLYDWHG E\ ZKDW KDSSHQV GXULQJ WKH HP�

EU\RQLF GHYHORSPHQW LV WKH QRWLRQ RI VNLQ VHQVH DQG EUDLQ VHQVHV >-�@� 6NLQ
VHQVHV ZRXOG LQFOXGH KHDULQJ DQG WKH K\SRWKHVLV LV WKDW WKH FRUUHVSRQGLQJ VHQ�
VRU\ UHFHSWRUV FDQ HQWDQJOH ZLWK HQYLURQPHQW ZKHUHDV WKH EUDLQ VHQVHV ZRXOG
HQWDQJOH ZLWK EUDLQ RU SRVVLEO\ PDJQHWLF ERG\ WR PDNH SRVVLEOH EDFN SURMHFWLRQ�
7KLV ZRXOG H[SODLQ ZK\ VNLQ VHHPV WR EH LQ VSHFLDO UROH DV IDU DV UHPRWH PHQWDO
LQWHUDFWLRQV DUH FRQVLGHUHG �*65��
, KDYH SURSRVHG WHVWV IRU WKHVH K\SRWKHVLV LQ >-�@ DQG ZLOO QRW UHSHDW WKH WHVWV

KHUH� 6XpFH LW WR VD\ WKDW K\SQRWLFDOO\ LQGXFHG VHQVRU\ H[SHULHQFHV SULYLGH DQ
HVSHFLDOO\ HOHJDQW PDQQHU WR WHVW WKH EDFN SURMHFWLRQ K\SRWKHVLV�
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� 7KH QHZ SK\VLFV DVVRFLDWHG ZLWK PDQ\�VKHHWHG
VSDFHWLPH

��� 7RSRORJLFDO OLJKW UD\V �0(V�
7RSRORJLFDO OLJKW UD\V �0(V� PDVVOHVV H[WUHPDOV� DUH SHUKDSV WKH PRVW FHQWUDO
HOHPHQW LQ 7*' LQVSLUHG WKHRU\ RI FRQVFLRXVQHVV� 7KH\ FRPH LQ VHYHUDO YDULHWLHV�
3RVLWLYH HQHUJ\ 0(V DQG QHJDWLYH HQHUJ\ 0(V �ODVHU EHDPV DQG WKHLU SKDVH
FRQMXJDWHV LQ HP FDVH�� 3RVLWLYH HQHUJ\ 0(V DUH FRUUHODWHV IRU FODVVLFDO VLJQDOV
WR IXWXUH DQG QHJDWLYH HQHUJ\ 0(V FRUUHODWHV IRU HQWDQJOHPHQW ZLWK SDVW DQG
UHSUHVHQW LQWHQWLRQV WUDQVIRUPHG WR GHVLUHV�
7KHUH DUH DOVR LQWHULRU DQG ERXQGDU\ 0(V� 3RVLWLYH HQHUJ\ ERXQGDU\ 0(V

SURSDJDWH ZLWK HmHFWLYH SKDVH YHORFLW\ Y �� F DQG FRXOG FRUUHVSRQG WR ((*
ZDYHV�

�� 7HVWV IRU 0(V LQ JHQHUDO
�� 0(V FDQ FDUU\ OLJKWOLNH YDFXXP ��FXUUHQW ZKLFK JHQHUDWHV FRKHUHQW SKR�

WRQV� 6LQFH FXUUHQW LV OLJKWOLNH LW FUHDWHV D UDGLDWLRQ SDWWHUQ QRW SRVVLEOH WR
SURGXFH E\ WKH FXUUHQWV RI RUGLQDU\ FKDUJHG SDUWLFOHV ZKLFK PRYH DOZD\V ZLWK
VXEOLPLQDO OLJKW YHORFLW\ DQG SURGXFH DOVR RWKHU NLQGV RI UDGLDWLRQ DV D FRQVH�
TXHQFHV� %RVH�(LQVWHLQ FRQGHQVHG SKRWRQV DUH DOVR SUHVHQW DQG ZRXOG UHSUHVHQW
D ODVHU EHDP�
�� 0( ZRXOG UHSUHVHQW FODVVLFDO UDGLDWLRQ nHOG ZKLFK SURSDJDWHV LQ SUHFLVHO\

WDUJHWHG PDQQHU ZLWKRXW ZHDNHQLQJ DQG ZLWKRXW GLVSHUVLRQ� 7KLV FRXOG EH
WHVWHG�
�� %LRSKRWRQV >��@ PLJKW SURYLGH WKH H[SHULPHQWDO SURRI IRU WKH QRWLRQ RI

0(� %LRSKRWRQ LQWHQVLWLHV DUH H[WUHPHO\ ZHDN ZKLFK VXJJHVWV WKDW WKH SK\VLFV RI
0(V LV QRW HDV\ IRU H[SHULPHQWDOLVW� ,Q 7*' EDVHG PRGHO RI ELRSKRWRQV SDLUV RI
SRVLWLYH DQG QHJDWLYH HQHUJ\ 0(V PRYLQJ DORQJ '1$ VWUDQGV DUH XVHG WR H[SODLQ
ELRSKRWRQ JHQHUDWLRQ� 7KHVH 0( SDLUV RI YDQLVKLQJ WRWDO HQHUJ\ FRXOG UHSUHVHQW
WKH UHDOL]DWLRQ RI DQ LQWHQWLRQDO DFWLRQ RI '1$� 0(V FDUU\LQJ QRQYDQLVKLQJ
OLJKWOLNH FXUUHQWV LQGHHG JHQHUDWH FRKHUHQW OLJKW� 1HJDWLYH HQHUJ\ 0(V HQWDQJOH
'1$ ZLWK PLWRFKRQGULD DQG LQ WKLV PDQQHU GUDZ PHWDEROLF HQHUJ\ RU LQGXFH
JHQHUDWLRQ RI SRVLWLYH HQHUJ\ 0(V E\ WKH SURSRVHG VHHG PHFKDQLVP� $V DOUHDG\
QRWLFHG� PLWRFKRQGULD DUH NQRZQ WR JHQHUDWH YLVLEOH OLJKW�

�� 7HVWV IRU ERXQGDU\ 0(V
�� %RXQGDU\ 0(V LQGXFH D OHDNDJH RI LRQV DQG SDUWLFOHV EHWZHHQ YDULRXV

VSDFH�WLPH VKHHWV� 0DWWHU DSSHDUV WR SODFHV ZKHUH LW VKRXOG QRW EH >��� ��@
�� 0RGDQHVH DQG 3RGNOHWQRY >��@ IRXQG WKDW D FDSDFLWRU QHDU FULWLFDOLW\ WR

GLHOHFWULF EUHDNGRZQ LQ ORZ WHPSHUDWXUH DQG VHFRQG SODWH LQ VXSHUFRQGXFWLQJ
VWDWH� JHQHUDWHV UDGLDWLRQ RI XQNQRZQ W\SH� 7KH UDGLDWLRQ LQGXFHV D PRWLRQ RI
WHVW SHQGXOL� 7KHUH LV KRZHYHU QR HQHUJ\ DEVRUSWLRQ VLQFH WKH UDGLDWLRQ LQWHQVLW\
LV QRW ZHDNHQHG�
7KH H[SODQDWLRQ LV WKDW WKH SRVLWLYH HQHUJ\ 0(V JHQHUDWHG DWWDFK DORQJ

WKHLU ERXQGDULHV WR WKH WHVW SHQGXOL IRU VRPH WLPH DQG LQGXFH WKH OHDNDJH RI
DWRPV�LRQV EHWZHHQ VSDFH�WLPH VKHHWV� 7KLV LQGXFHV D UHFRLO HmHFW DW DWRPLF
VSDFHWLPH VKHHW DQG WKH SHQGXOXP PRYHV� %RXQGDU\ 0( ZRXOG SOD\ HVVHQWLDOO\
D UROH RI FRQWUROOHU UDWKHU WKDQ HQHUJ\ SURYLGHU�
7KLV SKHQRPHQRQ FRXOG EH VWXGLHG LQ PRUH GHWDLO LQ DOVR RWKHU V\VWHPV

QHDU FULWLFDOLW\� 1RWH WKDW WKH 5XVVLDQ SV\FKRNLQHVLVW 9LQRJUDGRYD DFWHG RQ
HOHFWURVWDWLF V\VWHP QHDU FULWLFDOLW\ WR GLHOHFWULF EUHDNGRZQ >��@�
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�� 7HVWV IRU QHJDWLYH HQHUJ\ 0(V
�� 3RSXODWLRQ LQYHUWHG ODVHU DW PLUURU IUHTXHQF\ QHDU OLYLQJ V\VWHP SHUKDSV

VXmHULQJ IURP GHQXWULWLRQ PLJKW PDNH SRVVLEOH UHPRWH PHWDEROLVP� 7KH V\VWHP
ZRXOG UHWXUQ WR JURXQG VWDWH HmHFWLYHO\ ZLWKRXW HPLWWLQJ UDGLDWLRQ� �� +] DQG
���� IUHTXHQFLHV LQ LQIUDUHG DUH HVSHFLDOO\ LQWHUHVWLQJ� 3KDVH FRQMXJDWH ODVHU
ZDYHV FRXOG LQGXFH VSRQWDQHRXV ODVHU UDGLDWLRQ LQ SRSXODWLRQ LQYHUWHG V\VWHP
E\ VHUYLQJ DV D VHHG RI SKDVH WUDQVLWLRQ OLNH SURFHVV OHDGLQJ WR WKH JURXQG VWDWH�
�� ,I QHJDWLYH HQHUJ\ 0(V DSSHDU DV ERXQGDU\ 0(V WKH\ FRXOG GULIW WR

WKH GLUHFWLRQ RI WKH JHRPHWULF SDVW DQG WKLV ZRXOG JLYH D VXSHUOXPLQDO HmHFWLYH
SKDVH YHORFLW\ IRU WKHQ� 0R]DUW
V �� FRPPXQLFDWHG ZLWK VXSHUOXPLQDO YHORFLW\
PLJKW EH EDVHG RQ WKLV SKHQRPHQRQ�
�� 1HJDWLYH HQHUJ\ HP 0(V ZLWK IXQGDPHQWDO IUHTXHQFLHV ZKLFK FRUUHVSRQG

WR HQHUJLHV DERYH WKHUPDO HQHUJ\ �DW OHDVW� SUREDEO\ DOVR PRUH JHQHUDOO\� DQG
FRUUHVSRQGLQJ SKRWRQV VKRXOG SURSDJDWH WKURXJK PDWWHU HmHFWLYHO\ ZLWKRXW LQ�
WHUDFWLQJ� 2QO\ SRSXODWLRQ LQYHUWHG ODVHU ZLWK WKH IUHTXHQF\ RI 0( ZRXOG
DEVRUE WKHP� )HLQEHUJ
V �WUDQVSDUHQW FKLFNHQ� H[SHULPHQWV >��@ VXSSRUW WKLV
LQWHUSUHWDWLRQ� 1HJDWLYH HQHUJ\ HP 0(V DUH H[FHOOHQW FDQGLGDWHV IRU WKH 7*'
FRXQWHUSDUW RI �3VL nHOG��

��� ,QGXFHG JDXJH nHOG FRQFHSW
�� &ODVVLFDO = S IRUFH
7*' SUHGLFWV FODVVLFDO = S nHOGV� LQ SDUWLFXODU 0(V ZKLFK DUH KRZHYHU QRW

DFFRPSDQLHG E\ FRXQWHUSDUWV RI SKRWRQV DQG WKXV GLmHU IURP HP 0(V� = S
ERXQGDU\ 0(V DUH LQ NH\ UROH LQ 7*' EDVHG PRGHO RI QHUYH SXOVH JHQHUDWLRQ
DQG N+] QHXUDO V\QFKURQ\ >-�@�
D� 4XLWH JHQHUDOO\� FODVVLFDO = S IRUFHV FUHDWHG E\ QXFOHL ZKLFK DUH FRPSOHWHO\

LRQL]HG = S LRQV �HOHFWURQ DQG SURWRQ KDYH YHU\ VPDOO = S FKDUJHV XQOLNH QHXWULQR
DQG QHXWURQ� DUH VFUHHQHG E\ %( FRQGHQVDWH RI QHXWULQR &RRSHU SDLUV� 7KLV
SUHGLFWV WKDW QHXWULQRV DUH DEVROXWHO\ HVVHQWLDO IRU FRQGHQVHG PDWWHU VWDELOLW\
DQG FDQ WKXV FRQWURO LW� 7KH FODVVLFDO YDQ GHU :DDOV VWDWH HTXDWLRQ LQGHHG
DVVXPHV VKRUW UDQJH UHSXOVLRQ LQ DWRPLF OHQJWK VFDOH DQG FODVVLFDO = S IRUFH
FRXOG SURYLGH LW�
E� $OVR FKHPLFDO VWDELOLW\ IRU PROHFXOHV FRQWDLQLQJ PRUH WKDQ RQH DWRP KHDY�

LHU WKDQ K\GURJHQ DWRP DUH XQVWDEOH DJDLQVW = S IRUFH XQOHVV LW LV VFUHHQHG E\
QHXWULQRV� 3UHVXPDEO\ WKLV NLQG RI PROHFXOHV GR QRW H[LVW LQ YDFXXP� 7KLV OHDGV
WR D YLHZ DERXW SUHELRWLF HYROXWLRQ FRQIRUPLQJ ZLWK EDVLF H[SHULPHQWDO nQGLQJV
>'�@ �VXFK DV WKH DSSHDUHQFH RI PROHFXOHV OLNH &+ [ � 1+ ` � + [ 2 nUVW DQG WKH
LPSRUWDQFH RI WKH PLQHUDO LQWHUIDFHV�� 7KH SRWHQWLDO SUHVHQFH RI ODUJH SDULW\
EUHDNLQJ HmHFWV �FKLUDO VHOHFWLRQ LQ OLYLQJ PDWWHU� ZRXOG JLYH H[WUHPHO\ WLJKW
FRQVWUDLQWV RQ PRGHO EXLOGLQJ� (Q]\PH DFWLRQ LV FKLUDOO\ VHOHFWLYH DQG FRXOG
WKXV UHO\ RQ WKH FRQWURO RI QHXWULQR &RRSHU SDLU GHQVLW\ DQG WKXV RI PROHFXODU
VWDELOLW\� 6WURQJ LVRWRSH HmHFWV DUH H[SHFWHG� ,Q SDUWLFXODU� ' [ 2 FRXOG GLmHU
GUDPDWLFDOO\ IURP + [ 2 DV IDU DV ELRORJ\ LV FRQVLGHUHG VLQFH ' [ 2 ' KDV PXFK
ODUJHU = S FKDUJH WKDQ + �
7KH EDVLF TXHVWLRQ TXHVWLRQ LV KRZ WR FRQWURO DUWLnFLDOO\ WKH GHQVLW\ RI QHX�

WULQR &RRSHU SDLU FRQGHQVDWH UHVSRQVLEOH IRU = S VFUHHQLQJ WR GHPRQVWUDWH WKDW
WKH FODVVLFDO = S IRUFH LV WKHUH� +HUH WKH VWXG\ RI HQ]\PH DFWLRQ PLJKW SURYLGH
FOXHV�
F� &ODVVLFDO = S IRUFH FDQ EH SUHVHQW DOVR LQ DVWURSK\VLFDO OHQJWK VFDOHV DQG

WKH DFFHOHUDWLRQ DQRPDO\ IRU VSDFHFUDIWV REVHUYHG E\ 1$6$ FRXOG EH XQGHUVWRRG
LQ WHUPV RI FODVVLFDO = S IRUFH� 7KH nQGLQJV RI 6KQROO >��@ DERXW YDULDWLRQV RI

��



HOHFWURZHDN DQG FKHPLFDO UDWHV LQ DVWURSK\VLFDO WLPH VFDOHV DUH FRQVLVWHQW ZLWK
WKH K\SRWKHVLV WKDW WLPH YDU\LQJ DVWURSK\VLFDO = S nHOGV DUH LQYROYHG� DQG ZLWK
WKH SUHGLFWLRQ WKDW FODVLFDO = S IRUFH LV IXQGDPHQWDO IRU ELRFKHPLVWU\�
G� 5RWDWLQJ V\VWHPV JHQHUDWH = S PDJQHWLF nHOGV DQG WKHUH LV HYLGHQFH WKDW

WKLV NLQG RI IRUFH LV SUHVHQW LQ URWDWLQJ PDJQHWLF V\VWHPV� 'LmHUHQW GLUHFWLRQV
RI URWDWLRQV VKRXOG JLYH ULVH WR GLmHUHQW = S PDJQHWLF nHOGV >%�@�

�� &ODVVLFDO : nHOGV
$OVR FODVVLFDO ORQJ UDQJHG : a nHOGV� ZKLFK DUH FKDUJHG� DUH LQ SULQFLSOH

SRVVLEOH DQG FRXOG LQGXFH HOHFWURZHDN GHFD\V ZLWK DQRPDORXVO\ KLJK UDWHV E\
VD\ S�Q � Q� S PHGLDWHG E\ FODVVLFDO : nHOG IRU S DQG 1 LQ GLmHUHQW DWRPLF
QXFOHL� $OVR H[RWLF LRQL]DWLRQ E\ H � S � y � S RI DQ HOHFWURQ RI nUVW DWRP
LQGXFHG E\ FODVVLFDO : nHOG JHQHUDWHG E\ HQYLURQPHQW ZRXOG EH SRVVLEOH� /RQJ
UDQJH HQWDQJOHPHQW IRU ZKLFK WZR DWRPV DUH QRW LQ FKDUJH HLJHQVWDWHV FDQ EH
LPDJLQHG DQG WKH GHWHFWLRQ RI WKLV NLQG RI HQWDQJOHPHQW PLJKW EH DWWHPSWHG E\
PHDVXULQJ WKH HP FKDUJH RI VHFRQG DWRP DQG ORRNLQJ ZKHWKHU WKH UHVXOW LV QRW
DOZD\V WKH VDPH �WKH RXWFRPH ZRXOG UHSUHVHQW DWRP $�= LQ VRPH FDVHV DQG WKH
LVRWRSH $�=�� LQ VRPH FDVHV >'�@�

�� &ODVVLFDO FRORU IRUFH
&ODVVLFDO FRORU IRUFH LV DOVR SUHGLFWHG DQG DOPRVW XQDYRLGDEO\ DFFRPSDQLHV

FODVVLFDO HP nHOGV� 6SDFHWLPH VKHHWV KDYH FRORU URWDWLRQDO GHJUHHV RI IUHHGRP
DQDORJRXV WR ULJLG ERG\ GHJUHHV RI IUHHGRP� 7KHVH GHJUHHV RI IUHHGRP DUH FUX�
FLDO LQ WKH 7*' EDVHG PRGHO RI FRORU YLVLRQ� 7*' DOORZV LQ SULQFLSOH D KLHU�
DUFK\ RI QRQ�DV\PWRWLFDOO\ IUHH 4&'�V DQG FRORU FRQnQHPHQW LQ YDULRXV OHQJWK
VFDOHV� 2QH FDQQRW H[FOXGH WKH SRVVLELOLW\ WKDW FRORU FRQnQHPHQW HmHFWV PLJKW
EH LQYROYHG DOVR ZLWK ELRORJLFDOO\ LQWHUHVWLQJ OHQJWK VFDOH� ,Q IDFW� XQGHUVWDQG�
LQJ RI FRORU FRQnQHPHQW UHGXFHV WR WKH VDPH PHFKDQLVP DV XQGHUVWDQGLQJ RI
PDFURWHPSRUDO TXDQWXP FRKHUHQFH� 7KH FKDOOHQJH LV WR LQYHQW FOHDU FXW WHVW IRU
WKH SUHVHQFH RI FODVVLFDO FRORU IRUFHV �YLVXDO FRORUV DUH RI FRXUVH GLUHFW VHQVRU\
SURRI IRU WKHP���

�� 7KH SRVVLELOLW\ RI SXUHO\ JHRPHWULFDO YDFXXP FKDUJH GHQVLWLHV
7*' SUHGLFWV WKH SRVVLELOLW\ RI SXUHO\ JHRPHWULFDO YDFXXP FKDUJH GHQVLWLHV�

,Q IDFW� WKHUH LV HYLGHQFH IRU WKLV NLQG RI GHQVLWLHV DOUHDG\ IURP WKH WLPHV RI
)DUDGD\� 5RWDWLQJ PDJQHW ZDV IRXQG WR JHQHUDWH DQ HOHFWULF nHOG (  Y d %�
7KLV nHOG FRUHVSRQGV WR D QRQYDQLVKLQJ FKDUJH GHQVLW\ ZKRVH VLJQ GHSHQGV RQ
WKH GLUHFWLRQ RI URWDWLRQ� 7KLV ZRXOG PHDQ HQRUPRXV SDULW\ EUHDNLQJ HmHFW
VLQFH WKH FKDUDFWHU RI FKDUJHV UHVSRQVLEOH IRU WKH FKDUJH GHQVLW\ ZRXOG GHSHQG
RQ WKH GLUHFWLRQ RI URWDWLRQ� 7*' H[SODLQV WKH HmHFW DV YDFXXP FKDUJH GHQVLW\
QRW SRVVLEOH LQ 0D[ZHOO
V WKHRU\�
,Q SDUWLFXODU� DQ\ URWDWLQJ V\VWHP JHQHUDWHV = S HOHFWULF nHOG LQ WKLV PDQQHU

DQG WKLV nHOG FDQ JLYH ULVH WR HmHFWLYH DQWLJUDYLW\ HmHFWV� 7KH EHKDYLRXU RI
URWDWLQJ PDJQHWLF V\VWHPV VHHPV WR H[KLELW WKLV NLQG RI HmHFWV >%�@�

�� *UDYLWDWLRQDO HmHFWV
$ JLYHQ V\VWHP IHHGV LWV JUDYLWDWLRQDO oX[ WR VHYHUDO VSDFHWLPH VKHHWV DQG

WKH IUDFWLRQ RI oX[ IHG WR JLYHQ VSDFHWLPH VKHHW H[SHULHQFHV WKH JUDYLWDWLRQDO
nHOG SUHYDLOLQJ DW WKDW VSDFHWLPH VKHHW� ,UUDGLDWLRQ LQGXFLQJ EULGJHV EHWZHHQ
VSDFH�WLPH VKHHWV FRXOG DOWHU WKH GLVWULEXWLRQ RI JUDYLWDWLRQDO oX[HV DQG WKXV
LQGXFH DQRPDORXV JUDYLWDWLRQDO EHKDYLRXU�
7*' SUHGLFWV WKDW FODVVLFDO nHOGV FRXSOH WR JUDYLWDWLRQ ZLWK D FRXSOLQJ FRQ�

VWDQW ZLWK LV DOPRVW �� b VWURQJHU WKDQ WKH 1HZWRQLDQ JUDYLWDWLRQDO FRQVWDQW

��



FKDUDFWHUL]LQJ WKH FRXSOLQJ WR PDWWHU� 7KH JUDYLWDWLRQDO nHOG HQHUJ\ RI FODVVL�
FDO nHOGV FRXOG EH RI VDPH RUGHU RI PDJQLWXGH DV WKH JUDYLWDWLRQDO LQWHUDFWLRQ
HQHUJ\ RI PDWWHU LQ FRQGHQVHG PDWWHU�
&ODVVLFDO JUDYLWDWLRQDO nHOGV GLVWLQJXLVK EHWZHHQ GLmHUHQW VSLQ JODVV GHJHQHU�

DWH FRQnJXUDWLRQV� 6SLQ JODVV GHJHQHUDF\ PDNHV SRVVLEOH PDFURWHPSRUDO TXDQ�
WXP FRKHUHQFH� ,Q WKLV VHQVH JUDYLWDWLRQ LV IXQGDPHQWDO IRU FRQVFLRXVQHVV DOVR
LQ 7*' IUDPHZRUN� 7KH PRGHO RI ORQJ WHUP PHPRU\ LQYROYHV WUDQVLWLRQV IRU
ZKLFK WKH JUDYLWDWLRQDO LQWHUDFWLRQ HQHUJ\ IRU FODVVLFDO nHOGV FKDQJHV DQG JHQ�
HUDWHV XOWUDORZ IUHTXHQF\ �8/)� 0(V ZLWK IUHTXHQFLHV FRUUHVSRQGLQJ WR WLPH
VSDQ RI WKH ORQJ WHUP PHPRU\� 7KH OHQJWK VFDOHV LQYROYHG ZLWK WKH HmHFWV DUH
SUHGLFWHG WR EH EHWZHHQ FHOO PHPEUDQH WKLFNQHVV DQG FHOO VL]H IRU ��' VWUXFWXUHV
DQG EHWZHHQ FHOO PHPEUDQH WKLFNQHVV DQG ��� xP IRU OLQHDU VWUXFWXUHV VXFK DV
PLFURWXEXOL >-�@�
7KH FKDOOHQJH LV WR GHYHORS WHVWV IRU WKH SUHGLFWHG QHZ HmHFWV�

5HIHUHQFHV
>�@ 0� 3LWN�DQHQ ������ 7RSRORJLFDO *HRPHWURG\QDPLFV ,QWHUQDO 5HSRUW +8�
7)7�,5����� �+HOVLQNL 8QLYHUVLW\��
KWWS���ZZZ�SK\VLFV�KHOVLQNL�n�zPDWSLWND�WJG�KWPO �

>�@ 0� 3LWN�DQHQ ������ 7RSRORJLFDO *HRPHWURG\QDPLFV DQG S�$GLF 1XPEHUV�
,QWHUQDO 5HSRUW +8�7)7�,5����� �+HOVLQNL 8QLYHUVLW\��
KWWS���ZZZ�SK\VLFV�KHOVLQNL�n�zPDWSLWND�SDGWJG�KWPO �

>�@ 0� 3LWN�DQHQ ������ 7*' LQVSLUHG WKHRU\ RI FRQVFLRXVQHVV ZLWK DSSOLFDWLRQV
WR ELRV\VWHPV�
KWWS���ZZZ�SK\VLFV�KHOVLQNL�n�zPDWSLWND�FERRN,�KWPO �

>�@ 0� 3LWN�DQHQ ������ *HQHV� 0HPHV� 4XDOLD� DQG 6HPLWUDQFH�
KWWS���ZZZ�SK\VLFV�KHOVLQNL�n�zPDWSLWND�FERRN,,�KWPO �

>�@ '� -� (YDQV HW DO������� ([SHULPHQWDO 'HPRQVWUDWLRQ RI 9LRODWLRQV RI WKH
6HFRQG /DZ RI 7KHUPRG\QDPLFV IRU 6PDOO 6\VWHPV DQG 6KRUW 7LPH 6FDOHV�
3K\V� 5HY� /HWW� ��� ������� 6HH DOVR '� :KLWHKRXVH ������� %HDGV RI GRXEW�
%%& 1HZV�
KWWS���QHZV�EEF�FR�XN�KL�HQJOLVK�VFL�WHFK�QHZVLG V ����������������VWP�

>�@ 3� /� 1XQH] ������� 7RZDUG D 4XDQWLWDWLYH 'HVFULSWLRQ RI /DUJH 6FDOH 1HR�
FRUWLFDO '\QDPLF )XQFWLRQ DQG ((*� %HKDYLRUDO DQG %UDLQ 6FLHQFHV� ���
���� ;;�

>�@ &� %DFNVWHU ������� (YLGHQFH RI D 3ULPDU\ 3HUFHSWLRQ LQ 3ODQW /LIH� ,QWHU�
QDWLRQDO -RXUQDO RI 3DUDSV\FKRORJ\� YRO� ��� QR� �� :LQWHU� S� ��������
5� %� 6WRQH ������ 7KH 6HFUHW /LIH RI <RXU &HOOV� :KLWIRUG 3UHVV� 6XP�
PDU\ RI WKH nQGLQJV RI &OHYH %DFNVWHU DERXW SULPDU\ SHUFHSWLRQ�
6HH DOVR KWWS���IDOXQGDID�QHZHQJODQG�RUJ�0$�VFLHQFH�%DFNVWHUV�KWP �

>�@ '� -� %LHUPDQ DQG '� ,� 5DGLQ ������� $QRPDORXV $QWLFLSDWRU\ 5HVSRQVH
RQ 5DQGRPL]HG )XWXUH &RQGLWLRQV� 3HUFHSWXDO DQG 0RWRU 6NLOOV� ��� SS�
��������
'�- %LHUPDQ DQG '� ,� 5DGLQ ������� $QRPDORXV XQFRQVFLRXV HPRWLRQDO
UHVSRQVHV� (YLGHQFH IRU D UHYHUVDO RI WKH DUURZ RI WLPH�
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KWWS���ZZZ�
SV\�XYD�QO�UHVHGX�SQ�38%6�%,(50$1������WXFVRQ�WXFVRQ��KWPO�

>�@ 0� *HUPLQH ������� 6FLHQWLnF 9DOLGDWLRQ RI 3ODQHWDU\ &RQVFLRXVQHVV�
-RXUQDO RI 1RQ�/RFDOLW\ DQG 5HPRWH 0HQWDO ,QWHUDFWLRQV 9RO�, 1U� ��
KWWS���ZZZ�HPHUJHQWPLQG�RUJ�JHUPLQH,��KWP �

>��@ %� /LEHW� (� :� :ULJKW -U�� %� )HLQVWHLQ� DQG '� .� 3HDUO ������� 6XEMHFWLYH
UHIHUUDO RI WKH WLPLQJ IRU D FRQVFLRXV VHQVRU\ H[SHULHQFH %UDLQ� ���� ����
����

>��@ 1� 0�ROOHU ������� ,UYLQJ /DQJPXLU DQG $WRPLF +\GURJHQ� 1HZ (QHUJ\
7HFKQRORJLHV� ,VVXH ���

>��@ 0� 6XH %HQIRUG ������� 3UREDEOH $[LRQ 'HWHFWLRQ YLD &RQVLVWHQW 5DGLR�
JUDSKLF )LQGLQJV DIWHU ([SRVXUH WR D 6KSLOPDQ $[LRQ *HQHUDWRU� -RXUQDO
RI 7KHRUHWLFV 9RO� ����

>��@ 3� 3� *DULDHY HW DO������� 7KH VSHFWURVFRS\ RI ELRSKRWRQV LQ QRQ�ORFDO JH�
QHWLF UHJXODWLRQ� -RXUQDO RI 1RQ�/RFDOLW\ DQG 5HPRWH 0HQWDO ,QWHUDFWLRQV�
9RO �� 1U ��
KWWS���ZZZ�HPHUJHQWPLQG�RUJ�JDULDHY,��KWP �

>��@ 6� &RPRURVDQ������� 2Q D SRVVLEOH ELRORJLFDO VSHFWURVFRS\� %XOO� RI 0DWK�
%LRO�� 9RO ��� S� ����
6� &RPRURVDQ� 0� +ULVWHD� 3� 0XURJRNL ������� 2Q D QHZ V\PPHWU\ LQ
ELRORJLFDO V\VWHPV� %XOO� RI 0DWK� %LRO�� 9RO ��� S� ����

>��@ 6� :� .XqHU� -� 6� 1LFKROLV� DQG $� 5� 0DUWLQ ������� )URP 1HXURQ WR
%UDLQ� 6LQDXHU $VVRFLDWHV ,QF� 3XEOLVKHUV� 6XWKHUODQG� 0DVVDFKXVHWWV�

>��@ /� 'D\ �ZLWK *� 'HOD:DUU�������� 1HZ :RUOGV %H\RQG WKH $WRP� 9LQFHQW
6WXDUW 3XEOLVKHUV /WG�� /RQGRQ�
0� 6� %HQIRUG � 3� 0RVFRZ � (� 0LWFKHOO (� 3� 0DUFHU� 4XDQWD*UDSK\�
,PDJHV IURP WKH TXDQWXP KRORJUDP� $ &$6<6
���� SUHVHQWDWLRQ E\ 3HWHU
0DUFHU� KWWS���ZZZ�KRPHVWHDG�FRP�QHZYLVWDV�&$6<6zQV��KWPO�

>��@ 7KH LQWHUYLHZ 'U� 3KLO &DOODKDQ RQ 3RZHU RI 3DUDPDJQHWLVP� 1H[XV�
)HEUXDU\�0DUFK �����
KWWS���ZZZ�QH[XVPDJD]LQH�FRP� S� ���

>��@ *� $OEUHFKW�%XHKOHU ������� 5HYHUVLEOH H[FLWDWLRQ OLJKW�LQGXFHG HQKDQFH�
PHQW RI oXRUHVFHQFH RI OLYH PDPPDOLDQ PLWRFKRQGULD� )$6(% -��
6HH DOVR WKH ZHE DUWLFOH$UH PLWRFKRQGULD FDSDEOH RI JHQHUDWLQJ OLJKW SXOVHV"�
KWWS���ZZZ�EDVLF�QRUWKZHVWHUQ�HGX�J�EXHKOHU�UHOLHI�KWP �

>��@ )� $� 3RSS� .� +� /L� DQG 4� *X �HGV�� ������� 5HFHQW $GYDQFHV LQ %LRSKR�
WRQ 5HVHDUFK DQG LWV $SSOLFDWLRQV� :RUOG 6FLHQWLnF� 6LQJDSRUH�1HZ -HUVH\�

>��@ (� 3RGNOHWQRY DQG *� 0RGDQHVH ������� ,QYHVWLJDWLRQ RI KLJK YROWDJH GLV�
FKDUJHV LQ ORZ SUHVVXUH JDVHV WKURXJK ODUJH FHUDPLF VXSHUFRQGXFWLQJ HOHF�
WURGHV�
KWWS���[[[�ODQO�JRY�DEV�SK\VLFV��������� )RU 7*' EDVHG PRGHO RI HmHFW
VHH WKH
FKDSWHU �$QRPDOLHV H[SODLQDEOH E\ PDQ\�VKHHWHG VSDFH�WLPH FRQFHSW� RI
�7*' DQG S�$GLF 1XPEHUV�� KWWS���ZZZ�SK\VLFV�KHOVLQNL�n�zPDWSLWND �
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>��@ &� :RUW] HW DO ������� $Q ,QYHVWLJDWLRQ RI 6RYLHW 3V\FKLFDO 5HVHDUFK� LQ
0LQG DW /DUJH� ,((( 6\PSRVLD RQ WKH QDWXUH RI H[WUDVHQVRU\ SHUFHSWLRQ�
(GLWHG E\ &� 7� 7DUW� +� (� 3XWKRm� DQG 5� 7DUJ� 6WXGLHV LQ &RQVFLRXVQHVV�
+DPSWRQ 5RDGV 3XEOLVKLQJ &RPSDQ\�

>��@ KWWS���ZZZ�XVF�HGX�GHSW�HH�3HRSOH�)DFXOW\�IHLQEHUJ�KWPO �
>��@ 6� (� 6KQROO HW DO ������� 5HDOL]DWLRQ RI GLVFUHWH VWDWHV GXULQJ oXFWXDWLRQV

LQ PDFURVFRSLF SURFHVVHV� 8VSHNKL )LVLFKHVNLNK 1DXN� 9RO� ��� 1R� ��� SS�
����������
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