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*5D1,( DQG *5D13$� ,QIHUHQFH DQG HYDOXDWLRQ RI HQKDQFHU�PHGLDWHG
JHQH�UHJXODWRU\�QHWZRUNV�DSSOLHG�WR�VWXG\�PDFURSKDJHV

$XWKRUV

$U\DQ .DPDO
���� &KULVWLDQ $UQROG
�� $QQLTXH &ODULQJERXOG�� 5LP 0RXVVD�� 1LOD +� 6HUYDDV��
0DNVLP .KROPDWRY�� 1HKD 'DJD�� 'DULD 1RJLQD�� 6RSKLD 0XHOOHU�'RWW�� $UPDQGR
5H\HV�3DORPDUHV���� *LRYDQQL 3DOOD���� 2OJD 6LJDORYD���� 'DULD %XQLQD�� &DUROLQH 3DEVW����
-XGLWK�%��=DXJJ���

�(XURSHDQ 0ROHFXODU %LRORJ\ /DERUDWRU\� 6WUXFWXUDO DQG &RPSXWDWLRQDO %LRORJ\ 8QLW�
+HLGHOEHUJ��*HUPDQ\�
�)DFXOW\ RI %LRVFLHQFHV� &ROODERUDWLRQ IRU -RLQW 3K' 'HJUHH EHWZHHQ (0%/ DQG +HLGHOEHUJ
8QLYHUVLW\��+HLGHOEHUJ��*HUPDQ\
�&XUUHQW DGGUHVV� 'HSDUWPHQW RI %LRFKHPLVWU\ DQG 0ROHFXODU %LRORJ\� &RPSOXWHQVH
8QLYHUVLW\�RI�0DGULG���������0DGULG��6SDLQ
�&XUUHQW�DGGUHVV��,QVWLWXWH�RI�&RPSXWDWLRQDO�%LRORJ\� +HOPKROW]�&HQWHU�0XQLFK��*HUPDQ\
�'HSDUWPHQW RI 0HGLFLQH 9� +HPDWRORJ\� 2QFRORJ\ DQG 5KHXPDWRORJ\� 8QLYHUVLW\ +RVSLWDO
+HLGHOEHUJ��+HLGHOEHUJ��*HUPDQ\�
�0ROHFXODU�0HGLFLQH�3DUWQHUVKLS�8QLW��8QLYHUVLW\�RI +HLGHOEHUJ��+HLGHOEHUJ��*HUPDQ\�

$EVWUDFW

$PRQJ WKH ELJJHVW FKDOOHQJHV LQ WKH SRVW�*:$6 �JHQRPH�ZLGH DVVRFLDWLRQ VWXGLHV� HUD LV
WKH LQWHUSUHWDWLRQ RI GLVHDVH�DVVRFLDWHG JHQHWLF YDULDQWV LQ QRQ�FRGLQJ JHQRPLF UHJLRQV�
(QKDQFHUV KDYH HPHUJHG DV NH\ SOD\HUV LQ PHGLDWLQJ WKH HIIHFW RI JHQHWLF YDULDQWV RQ
FRPSOH[ WUDLWV DQG GLVHDVHV� 7KHLU DFWLYLW\ LV UHJXODWHG E\ D FRPELQDWLRQ RI WUDQVFULSWLRQ
IDFWRUV �7)V�� HSLJHQHWLF FKDQJHV DQG JHQHWLF YDULDQWV� 6HYHUDO DSSURDFKHV H[LVW WR OLQN
HQKDQFHUV WR WKHLU WDUJHW JHQHV� DQG RWKHUV WKDW LQIHU 7)�JHQH FRQQHFWLRQV� +RZHYHU� ZH
FXUUHQWO\ ODFN D IUDPHZRUN WKDW V\VWHPDWLFDOO\ LQWHJUDWHV HQKDQFHUV LQWR 7)�JHQH UHJXODWRU\
QHWZRUNV� )XUWKHUPRUH� ZH ODFN DQ XQELDVHG ZD\ RI DVVHVVLQJ ZKHWKHU LQIHUUHG UHJXODWRU\
LQWHUDFWLRQV DUH ELRORJLFDOO\ PHDQLQJIXO� +HUH ZH SUHVHQW WZR PHWKRGV� LPSOHPHQWHG DV
XVHU�IULHQGO\ 5 SDFNDJHV� *5D1,( �*HQH 5HJXODWRU\ 1HWZRUN ,QIHUHQFH LQFOXGLQJ
(QKDQFHUV� IRU EXLOGLQJ HQKDQFHU�EDVHG JHQH UHJXODWRU\ QHWZRUNV �H*51V� DQG *5D13$
�*HQH 5HJXODWRU\ 1HWZRUN 3HUIRUPDQFH $QDO\VLV� IRU HYDOXDWLQJ *51V� *5D1,( MRLQWO\
LQIHUV 7)�HQKDQFHU� HQKDQFHU�JHQH DQG 7)�JHQH LQWHUDFWLRQV E\ LQWHJUDWLQJ RSHQ FKURPDWLQ
GDWD VXFK DV $7$&�6HT RU +�.��DF ZLWK 51$�VHT DFURVV D VHW RI VDPSOHV �H�J�
LQGLYLGXDOV�� DQG RSWLRQDOO\ DOVR +L�& GDWD� *5D13$ LV D JHQHUDO IUDPHZRUN IRU HYDOXDWLQJ
WKH ELRORJLFDO UHOHYDQFH RI 7)�JHQH *51V E\ DVVHVVLQJ WKHLU SHUIRUPDQFH IRU SUHGLFWLQJ
FHOO�W\SH VSHFLILF GLIIHUHQWLDO H[SUHVVLRQ� :H GHPRQVWUDWH WKH SRZHU RI RXU WRRO�VXLWH E\
LQYHVWLJDWLQJ JHQH UHJXODWRU\ PHFKDQLVPV LQ PDFURSKDJHV WKDW XQGHUOLH WKHLU UHVSRQVH WR
LQIHFWLRQ DQG FDQFHU� WKHLU LQYROYHPHQW LQ FRPPRQ JHQHWLF GLVHDVHV LQFOXGLQJ DXWRLPPXQH
GLVHDVHV� DQG LGHQWLI\ WKH 7) 385$ DV SXWDWLYH UHJXODWRU RI SUR�LQIODPPDWRU\ PDFURSKDJH
SRODULVDWLRQ�
$YDLODELOLW\�

� *5D1,(� KWWSV���ELRFRQGXFWRU�RUJ�SDFNDJHV�UHOHDVH�ELRF�KWPO�*5D1,(�KWPO

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 31, 2022. ; https://doi.org/10.1101/2021.12.18.473290doi: bioRxiv preprint 

https://bioconductor.org/packages/release/bioc/html/GRaNIE.html
https://doi.org/10.1101/2021.12.18.473290
http://creativecommons.org/licenses/by-nc-nd/4.0/


�

� *5D13$� KWWSV���JLW�HPEO�GH�JUS�]DXJJ�*5D13$

,QWURGXFWLRQ

(QKDQFHUV DUH JHQRPLF ORFDWLRQV WKDW SOD\ DQ LPSRUWDQW UROH LQ FHOO�W\SH VSHFLILF JHQH
UHJXODWLRQ� DQG DQ LQFUHDVLQJ QXPEHU RI GLVHDVHV DUH OLQNHG WR LPSDLUHG HQKDQFHU IXQFWLRQ
������ 7KLV LV SDUWLFXODUO\ REYLRXV IRU FRPPRQ JHQHWLF WUDLWV DQG GLVHDVHV IRU ZKLFK
JHQRPH�ZLGH DVVRFLDWLRQ VWXGLHV �*:$6� KDYH OLQNHG RYHU ������� JHQHWLF YDULDQWV ZLWK
RYHU ������ WUDLWV DQG GLVHDVHV� \HW WKH YDVW PDMRULW\ RI WKH GLVHDVH�DVVRFLDWHG JHQHWLF
YDULDQWV OLH LQ QRQ�FRGLQJ UHJLRQV IDU IURP SURPRWHUV ���� WKXV OLNHO\ DIIHFWLQJ HQKDQFHUV DQG
KDYLQJ�D�UHJXODWRU\�UROH�

$PRQJ WKH ELJJHVW FKDOOHQJHV LQ WKH SRVW�*:$6 HUD LV WKH LQWHUSUHWDWLRQ RI WKHVH
GLVHDVH�DVVRFLDWHG JHQHWLF YDULDQWV LQ QRQ�FRGLQJ JHQRPLF UHJLRQV� )RU PRVW
GLVHDVH�DVVRFLDWHG JHQHWLF YDULDQWV LQ UHJXODWRU\ UHJLRQV LW LV VWLOO XQFOHDU ZKDW JHQHV WKH\
WDUJHW� 7KLV LV IXUWKHU FRPSOLFDWHG E\ WKH FHOO� DQG FRQGLWLRQ�VSHFLILF DFWLYLW\ RI JHQH
UHJXODWRU\ HOHPHQWV� ZKLFK LV OLNHO\ FRQIHUUHG E\ WUDQVFULSWLRQ IDFWRUV �7)V� WKDW UHJXODWH WKH
VSHFLILF HOHPHQWV� 2Q WKH RQH KDQG� D UHFHQW VWXG\ SRLQWV DW WKH LPSRUWDQFH RI VWXG\LQJ 7)V
IRU XQGHUVWDQGLQJ JHQHWLF YDULDQWV DVVRFLDWHG ZLWK DXWR�LPPXQH GLVHDVHV ���� ZKLFK LV
FRUURERUDWHG E\ WKH IDFW WKDW WUDQV�H[SUHVVLRQ TXDQWLWDWLYH WUDLW ORFL �H47/V�� ZKLFK DUH OLNHO\
WR DFW YLD 7)V� WHQG WR EH PRUH HQULFKHG LQ GLVHDVH�DVVRFLDWHG YDULDQWV WKDQ FLV�H47/V ����
2Q WKH RWKHU KDQG� LW LV FUXFLDO WR LQFOXGH SXWDWLYH HQKDQFHUV IRU SUHGLFWLQJ WKH IXQFWLRQ RI
7)V LQ FHOO�IDWH GHWHUPLQDWLRQ ������ (QKDQFHU�PHGLDWHG JHQH UHJXODWRU\ QHWZRUNV
UHFRQVWUXFWHG IURP VLQJOH FHOO 51$ DQG $7$&�VHT SURILOLQJ LQ WKH IO\ EUDLQ KDYH OHG WR D
EHWWHU XQGHUVWDQGLQJ RI WKH UHJXODWRU\ GLYHUVLW\ DFURVV WKH GLIIHUHQW QHXURQDO FHOO W\SHV ����
:H KDYH SUHYLRXVO\ VKRZQ WKH SRZHU RI XVLQJ HQKDQFHU�EDVHG DQDO\VHV WR XQGHUVWDQG
GLVHDVH PHFKDQLVPV LQ SXOPRQDU\ DUWHULDO K\SHUWHQVLRQ ���� 7KXV� IRU LQWHUSUHWLQJ
GLVHDVH�DVVRFLDWHG JHQHWLF YDULDQWV� RU HQKDQFHUV LQ JHQHUDO� LW ZLOO EH FUXFLDO WR MRLQWO\
LQYHVWLJDWH�7)�DFWLYLW\��HQKDQFHUV�DQG�JHQH�H[SUHVVLRQ�LQ�D�FHOO�W\SH�VSHFLILF�PDQQHU�

6HYHUDO DSSURDFKHV KDYH EHHQ SURSRVHG WR LQIHU EL�SDUWLWH 7)�JHQH QHWZRUNV IRU H[DPSOH
EDVHG RQ FR�H[SUHVVLRQ LQ EXON ������ RU VLQJOH FHOO GDWD ���±���� EDVHG RQ SDUWLDO
LQIRUPDWLRQ GHFRPSRVLWLRQ ����� WLPH�FRXUVH GDWD ����� RU GDWD FXUDWLRQ ���±���� $W WKH VDPH
WLPH� PHWKRGV IRU LQIHUULQJ HQKDQFHU�JHQH OLQNV KDYH EHHQ SURSRVHG H�J� XVLQJ FR�YDULDWLRQ
RI SHDNV ���±���� RU WDUJHWHG SHUWXUEDWLRQV RI HQKDQFHUV IROORZHG E\ VHTXHQFLQJ ��������
+RZHYHU� RQO\ IHZ DSSURDFKHV MRLQWO\ LQIHU 7)�HQKDQFHU DQG HQKDQFHU�JHQH OLQNV ����� DQG
IRU QRQH RI WKHP D FRPSXWDWLRQDO WRRO LV FXUUHQWO\ DYDLODEOH� 7KXV� ZH FXUUHQWO\ ODFN WRROV WR
LQIHU QHWZRUNV WKDW HQDEOH WKH VWXG\ RI FRQWH[W�VSHFLILF LQWHUDFWLRQ EHWZHHQ 7)V� UHJXODWRU\
HOHPHQWV��DQG�JHQHV�

$Q LPSRUWDQW VWHS LQ UHJXODWRU\ QHWZRUN UHFRQVWUXFWLRQ LV WR HYDOXDWH WKHLU ELRORJLFDO
VLJQLILFDQFH� &RPPRQ DSSURDFKHV IRU DVVHVVLQJ UHJXODWRU\ LQWHUDFWLRQV LQFOXGH
EHQFKPDUNLQJ WKHP DJDLQVW QHWZRUNV IURP VLPXODWHG GDWD RU DJDLQVW NQRZQ ELRORJLFDO
QHWZRUNV ���±���� 7KH GUDZEDFN RI VLPXODWHG QHWZRUNV LV WKDW WKH\ DUH EDVHG RQ PDQ\
DVVXPSWLRQV RI WKH VWUXFWXUH RI D ³WUXH´ ELRORJLFDO QHWZRUN� %HQFKPDUNLQJ DJDLQVW WUXH
ELRORJLFDO QHWZRUNV� ZKLOH YHU\ LPSRUWDQW IRU DVVHVVLQJ NQRZQ FRQQHFWLRQV� W\SLFDOO\ VXIIHUV
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IURP D VWURQJ OLWHUDWXUH ELDV ����� ORZ FRPSOH[LW\ RI WKHVH ³WUXH´ FLUFXLWV DQG D OLPLWHG UDQJH
RI FRQQHFWLRQV DQG FHOO W\SHV� DQG DUH WKXV QRW ZHOO�VXLWHG IRU DQ XQELDVHG HYDOXDWLRQ RI
*51V� ,Q JHQHUDO� HDFK QHWZRUN LQIHUHQFH PHWKRG ZLOO KDYH LWV RZQ ELDV DQG VKRUWFRPLQJV�
DQG SHUIRUPDQFH ZLOO GHSHQG RQ WKH EHQFKPDUNLQJ GDWDVHW ���±���� 7KXV� WKHUH LV D QHHG
IRU DQ XQELDVHG DSSURDFK WR DVVHVV WKH ELRORJLFDO UHOHYDQFH RI LQIHUUHG DQG FXUDWHG
UHJXODWRU\�LQWHUDFWLRQV�DV�ZHOO�DV�WKH�UHJXORQ�RI�LQGLYLGXDO�7)V�

+HUH ZH SUHVHQW D WRRO�VXLWH IRU EXLOGLQJ DQG HYDOXDWLQJ HQKDQFHU�EDVHG JHQH UHJXODWRU\
QHWZRUNV �H*51V� FDOOHG *5D1,( �*HQH 5HJXODWRU\ 1HWZRUN ,QIHUHQFH LQFOXGLQJ (QKDQFHUV
� KWWSV���ELRFRQGXFWRU�RUJ�SDFNDJHV�UHOHDVH�ELRF�KWPO�*5D1,(�KWPO� DQG *5D13$ �*HQH
5HJXODWRU\ 1HWZRUN 3HUIRUPDQFH $QDO\VLV � KWWSV���JLW�HPEO�GH�JUS�]DXJJ�*5D13$��
UHVSHFWLYHO\� *5D1,( MRLQWO\ LQIHUV 7)�HQKDQFHU DQG HQKDQFHU�JHQH LQWHUDFWLRQV EDVHG RQ
FRYDULDWLRQ RI EXON 51$�VHT H[SUHVVLRQ DQG FKURPDWLQ DFFHVVLELOLW\ �$7$&�VHT� RU &K,3�VHT
IRU DFWLYH KLVWRQH PDUNV �H�J� +�.��DF� DFURVV ELRVDPSOHV� *5D13$ DVVHVVHV WKH
ELRORJLFDO UHOHYDQFH � RI DQ\ *51 � XVLQJ D PDFKLQH OHDUQLQJ IUDPHZRUN DQG LGHQWLILHV 7)V
WKDW SUHGLFW FHOO�W\SH VSHFLILF H[SUHVVLRQ UHVSRQVH WR SHUWXUEDWLRQV� :H GHPRQVWUDWH WKDW
*5D1,( LQIHUV ELRORJLFDOO\ PHDQLQJIXO H*51V LQ PDFURSKDJHV� XVLQJ &K,3�VHT IRU
YDOLGDWLQJ 7)�HQKDQFHU OLQNV DQG H47/ GDWD IRU YDOLGDWLQJ WKH HQKDQFHU�JHQHV OLQNV� :H
IXUWKHU GHPRQVWUDWH WKH FHOO�W\SH VSHFLILF QDWXUH RI *5D1,(�LQIHUUHG H*51V IRU
PDFURSKDJHV� 7�FHOOV DQG $0/ EDVHG RQ FHOO�W\SH VSHFLILF *5D13$ HYDOXDWLRQ DQG
SUHGLFWLRQ RI FHOO�W\SH VSHFLILF 7) NQRFN�RXW �.2� GDWD LQ PDFURSKDJHV� 8VLQJ *5D1,(
IROORZHG E\ *5D13$� ZH LGHQWLI\ 385$ DV SXWDWLYH 7) GULYLQJ WKH SUR�LQIODPPDWRU\
SRODULVDWLRQ RI PDFURSKDJHV� ZKLFK ZH FRUURERUDWH ZLWK RUWKRJRQDO SKRVSKRSURWHRPLFV
GDWD� DQG ZH FRQILUP HDUOLHU REVHUYDWLRQV IURP PLFH WKDW 0%'� GULYHV WKH DQWL�LQIODPPDWRU\
SURJUDP LQ PDFURSKDJHV� )XUWKHUPRUH� ZH ILQG HQKDQFHUV LQ WKH PDFURSKDJH H*51V
HQULFKHG IRU DXWRLPPXQH GLVHDVH YDULDQWV� ZKLFK *5D1,( OLQNV WR XSVWUHDP 7)V DQG
SXWDWLYH WDUJHW JHQHV� )LQDOO\� ZH SURYLGH D FRPSUHKHQVLYH UHVRXUFH RI FHOO�W\SH VSHFLILF
*51V�IRU�WKUHH�RWKHU�FHOO�W\SHV��KWWSV���DSSV�HPEO�GH�JUQ���

5HVXOWV

2YHUYLHZ�DQG�FRQFHSWXDO�GHVFULSWLRQ�RI�WKH�*5D1,(�DOJRULWKP

7R LQWHUSUHW JHQHWLF DQG HSLJHQHWLF YDULDWLRQ LQ UHJXODWRU\ �HQKDQFHU DQG SURPRWHU� UHJLRQV�
KHUH GHILQHG E\ $7$&�VHT SHDNV DQG KHUHDIWHU UHIHUUHG WR DV �SHDNV�� ZH GHYHORSHG
*5D1,(� DQ 5�%LRFRQGXFWRU SDFNDJH IRU MRLQWO\ LQIHUULQJ 7)�HQKDQFHU�SURPRWHU DQG
HQKDQFHU�SURPRWHU�JHQH LQWHUDFWLRQV IURP WKH VDPH GDWD LQ D FRQWH[W�VSHFLILF PDQQHU�
&RQFHSWXDOO\� WKH VRIWZDUH LV EDVHG RQ DQ DSSURDFK ZH KDYH GHYLVHG IRU D UHFHQW VWXG\ LQ
ZKLFK ZH LQYHVWLJDWHG HQKDQFHU�PHGLDWHG GLVHDVH PHFKDQLVPV RI SXOPRQDU\ DUWHULDO
K\SHUWHQVLRQ ���� %ULHIO\� *5D1,( ILUVW LGHQWLILHV 7)�SHDN DQG SHDN�JHQH OLQNV� DQG WKHQ
LQWHJUDWHV�WKHP�LQWR�DQ�H*51�

7KH 7)�SHDN OLQNV DUH EDVHG RQ VWDWLVWLFDOO\ VLJQLILFDQW FR�YDULDWLRQ RI 7) H[SUHVVLRQ DQG
SHDN DFFHVVLELOLW\ DFURVV VDPSOHV �H�J� LQGLYLGXDOV� UHFRPPHQGHG PLQLPXP QXPEHU
a������� WDNLQJ LQWR DFFRXQW SUHGLFWHG 7) ELQGLQJ VLWHV� 7R REWDLQ WKHP� *5D1,( FDOFXODWHV
DOO SDLUZLVH FRUUHODWLRQV EHWZHHQ 7) H[SUHVVLRQ OHYHOV �51$�VHT� DQG SHDN VLJQDO
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�$7$&�&K,3�VHT�� VWUDWLILHG E\ ZKHWKHU RU QRW WKH SHDN FRQWDLQV D SXWDWLYH ELQGLQJ VLWH RI WKH
7)� )RU HDFK 7) LW WKHQ XVHV WKH GLVWULEXWLRQ RI DOO SHDNV WKDW GR QRW FRQWDLQ LWV SXWDWLYH
ELQGLQJ VLWH DV EDFNJURXQG WR FDOFXODWH DQ HPSLULFDO IDOVH GLVFRYHU\ UDWH �)'5� IRU DVVHVVLQJ
WKH VLJQLILFDQFH RI 7)�SHDN OLQNV �)LJ� 6��� ,Q RXU SUHYLRXV ZRUN ZH KDYH GHPRQVWUDWHG WKDW
QHJDWLYH 7)�SHDN FRUUHODWLRQV LQGLFDWH WKH 7) DFWV DV WUDQVFULSWLRQDO UHSUHVVRU ZKLOH SRVLWLYH
FRUUHODWLRQV LQGLFDWH DQ DFWLYDWRU UROH� WKXV DOORZLQJ WKH FODVVLILFDWLRQ RI 7)V LQWR DFWLYDWRUV
DQG UHSUHVVRUV ����� $V D TXDOLW\ FRQWURO �4&� LQ *5D1,( ZH UHFRPPHQG FRPSDULQJ WKH
QXPEHU RI UHDO 7)�SHDN OLQNV WR WKRVH REWDLQHG IURP DQ H*51 LQIHUUHG IURP UDQGRPL]HG
GDWD� 7KLV LV LPSOHPHQWHG LQ *5D1,( E\ SHUPXWLQJ VDPSOH ODEHOV� SHDN ODEHOV DQG PRWLI
ODEHOV�DQG�LQIHUULQJ�DQ�H*51�IURP�WKDW��UXQ�DXWRPDWLFDOO\�LQ�WKH�VWDQGDUG�ZRUNIORZ��

6LPLODUO\� SHDN�JHQH OLQNV DUH EDVHG RQ VLJQLILFDQW FR�YDULDWLRQ RI SHDN DFFHVVLELOLW\ DQG
JHQH H[SUHVVLRQ DFURVV VDPSOHV �)LJ� �$� )LJ� 6��� )RU WKLV� *5D1,( FDOFXODWHV WKH
FRUUHODWLRQ EHWZHHQ WKH H[SUHVVLRQ RI D JHQH DQG SHDN VLJQDO RI DOO SHDNV ZLWKLQ DQ
DGMXVWDEOH� GHILQHG GLVWDQFH RI LWV WUDQVFULSWLRQ VWDUW VLWH �766� GHIDXOW LV ���NE�� *5D1,(
DOVR DOORZV WKH XVH RI FKURPDWLQ FRQIRUPDWLRQ GDWD� VXFK DV +L�&� WR GHILQH ZKLFK SHDN�JHQH
SDLUV ZLOO EH WHVWHG ZLWKLQ D �' SUR[LPLW\ �)LJ� 6��� 6LQFH FKURPDWLQ DFFHVVLELOLW\ LQ
UHJXODWRU\ HOHPHQWV LV JHQHUDOO\ DVVRFLDWHG ZLWK DFWLYH JHQH UHJXODWLRQ DQG WUDQVFULSWLRQ� ZH
RQO\ H[SHFW SRVLWLYH FRUUHODWLRQV IRU IXQFWLRQDO SHDN�JHQH OLQNV� 1RWDEO\� WKH VDPH LV VWLOO WUXH
HYHQ IRU UHSUHVVRU�ERXQG HOHPHQWV� ZKHUH ELQGLQJ RI D UHSUHVVRU OHDGV WR ORVV RI ERWK
DFFHVVLELOLW\ DQG WUDQVFULSWLRQ ����� 1HJDWLYH FRUUHODWLRQV KDYH QR FOHDU ELRORJLFDO PHDQLQJ
DQG WKHUHIRUH PD\ LQGLFDWH UHPDLQLQJ EDWFK HIIHFWV RU UDQGRP QRLVH� :H WKHUHIRUH
LPSOHPHQWHG WKH DVVHVVPHQW RI SRVLWLYH YHUVXV QHJDWLYH SHDN�JHQH FRUUHODWLRQV DV D 4&
PHWULF LQ *5D1,( WR MXGJH WKH VLJQDO�WR�QRLVH UDWLR LQ WKH GDWD� DQG E\ GHIDXOW RQO\ UHWDLQ
SRVLWLYH HQKDQFHU�JHQH OLQNV� ,Q DGGLWLRQ� FRPSDULQJ WKHVH 4& PHWULFV ZLWK SHUPXWHG GDWD LV
UHFRPPHQGHG��LPSOHPHQWHG�LQ�*5D1,(��VHH�DERYH��

*5D1,( WKHQ FRPELQHV WKHVH WZR W\SHV RI HGJHV WR FUHDWH D WULSDUWLWH 7)�HQKDQFHU�JHQH
H*51� EDVHG RQ WKUHH XVHU�GHILQHG WKUHVKROGV� IDOVH GLVFRYHU\ UDWH �)'5� RI 7)�HQKDQFHU
HGJHV� )'5 RI HQKDQFHU�JHQH HGJHV� DQG PD[LPXP GLVWDQFH EHWZHHQ HQKDQFHU DQG
WUDQVFULSWLRQ�VWDUW�VLWH��766��

7KH ZKROH IUDPHZRUN LV LPSOHPHQWHG LQ D XVHU�IULHQGO\ 5�%LRFRQGXFWRU�SDFNDJH� ,Q DGGLWLRQ
WR WKH H*51 UHFRQVWUXFWLRQ IXQFWLRQ� *5D1,( FRPSULVHV D VHW RI HDV\�WR�XVH IXQFWLRQV IRU
JHQHUDWLQJ DQG YLVXDOLVLQJ QHWZRUN VWDWLVWLFV� LGHQWLI\LQJ QHWZRUN FRPPXQLWLHV� SHUIRUPLQJ
VXEQHWZRUN�VSHFLILF *HQH 2QWRORJ\ �*2� HQULFKPHQW DQDO\VLV� DQG YDULRXV 4& SORWV� $Q
H[WHQVLYH�GRFXPHQWDWLRQ�LV�DYDLODEOH�DW��KWWSV���JUS�]DXJJ�HPEO�FRPPXQLW\�LR�*5D1,(��

$SSOLFDWLRQ�RI�*5D1,(�IRU�JHQHUDWLQJ�FHOO�W\SH�VSHFLILF�H*51�LQ�PDFURSKDJHV

0DFURSKDJHV DUH ODUJH ZKLWH EORRG FHOOV RI WKH LQQDWH LPPXQH V\VWHP WKDW FDQ EH IRXQG LQ
HVVHQWLDOO\ DOO WLVVXHV DQG SOD\ D UROH LQ LQIODPPDWRU\ GLVRUGHUV� *HQHWLF YDULDQWV DVVRFLDWHG
ZLWK VHYHUDO DXWR�LPPXQH DQG RWKHU GLVHDVHV DUH HQULFKHG IRU HQKDQFHUV DFWLYH LQ
PDFURSKDJHV �������� *LYHQ WKDW LQIODPPDWRU\ FRQGLWLRQV DUH XQGHUO\LQJ PDQ\ FRPPRQ
GLVHDVHV� PDFURSKDJHV SUHVHQW DQ LPSRUWDQW FHOO W\SH ZLWKLQ ZKLFK GLVHDVH�DVVRFLDWHG
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YDULDQWV PDQLIHVW WKHLU HIIHFW� 7KXV� PDFURSKDJHV SUHVHQW DQ LGHDO FHOO W\SH IRU DSSO\LQJ DQG
WHVWLQJ�WKH�H*51�IUDPHZRUN�

:H REWDLQHG MRLQW 51$� DQG $7$&�VHT GDWD IRU �LQGXFHG SOXULSRWHQW VWHP FHOO� L36&�GHULYHG
PDFURSKDJHV IURP ����� LQGLYLGXDOV LQ IRXU FRQGLWLRQV �QDLYH� LQWHUIHURQ JDPPD
�,)1�Ȗ��SULPHG� LQIHFWHG �ZLWK 6DOPRQHOOD�� DQG ,)1�Ȗ�SULPHG�LQIHFWHG� ���� �)LJ� �%�� )RU
HDFK RI WKHVH� ZH XVHG *5D1,( XVLQJ 7) ELQGLQJ VLWHV SUHGLFWLRQV EDVHG RQ +2&202&2
Y���DQG�3:06FDQ�DV�GHVFULEHG�LQ �����

7R DVVHVV WKH *5D1,( LQIHUUHG H*51V DQG WR GHILQH UHDVRQDEOH GHIDXOW YDOXHV IRU WKH WZR
7)�SHDN DQG SHDN�JHQH )'5 WKUHVKROGV� ZH VRXJKW WR REWDLQ LQGHSHQGHQW PROHFXODU
HYLGHQFH� 6LQFH PROHFXODU JURXQG WUXWK GDWD IRU 7)�SHDN�JHQH OLQNV GRHVQ¶W H[LVW� ZH
GHFLGHG WR HYDOXDWH ERWK W\SHV RI OLQNV LQGHSHQGHQWO\ XVLQJ FHOO�W\SH VSHFLILF &K,3�VHT GDWD
IRU WKH 7)�SHDN OLQNV DQG FHOO�W\SH VSHFLILF H47/ GDWD IRU WKH SHDN�JHQH OLQNV� 6SHFLILFDOO\�
ZH REWDLQHG PDFURSKDJH�VSHFLILF &K,3�VHT GDWD IURP 5H0DS ���� �+DPPDO HW DO� ������
DQG TXDQWLILHG WKH HQULFKPHQW RI *5D1,(�LQIHUUHG 7)�ERXQG SHDNV DPRQJ &K,3�VHT SHDNV
XVLQJ $7$&�SHDNV WKDW FRQWDLQ WKH 7) PRWLI DV EDFNJURXQG �VHH 0HWKRGV�� )RU WKH QDLYH�
WKH SULPHG DQG WKH LQIHFWHG PDFURSKDJH H*51V� WKLV UHYHDOHG D VLJQLILFDQW HQULFKPHQW IRU
&K,3�VHT VLJQDO IRU )'5 ���� ZKLFK VWHDGLO\ GHFUHDVHG ZLWK LQFUHDVLQJ )'5 �)LJ� �&� )LJ�
6��� 7KH SULPHG�LQIHFWHG H*51 GLG QRW VKRZ DQ\ VLJQLILFDQW HQULFKPHQW� )RU WKH JHQH�SHDN
OLQNV ZH XVHG PDFURSKDJH�VSHFLILF FLV�H47/V WR DVVHVV WKH HQULFKPHQW RI H47/ OLQNV LQ WKH
*5D1,( OLQNV RYHU D GLVWDQFH�PDWFKHG VHW RI FRQWURO OLQNV DW YDULRXV )'5V� 7KLV UHYHDOHG D
VWHDG\ GHFUHDVH RI WKH RGGV UDWLR ZLWK LQFUHDVLQJ )'5 IRU DOO IRXU H*51V �)LJ� �'� )LJ� 6���
%DVHG RQ WKHVH UHVXOWV� ZH FKRVH ��� DV GHIDXOW IRU 7)�SHDN )'5 DQG ��� DV GHIDXOW IRU
SHDN�JHQH�)'5�DQG�ZH�H[FOXGHG�WKH�SULPHG�LQIHFWHG�H*51�IURP�DQ\�IXUWKHU�DQDO\VLV�

8VLQJ WKHVH GHIDXOW SDUDPHWHUV ZH REWDLQHG DQ H*51 IRU HDFK RI WKH WKUHH FRQGLWLRQV
FRPSULVLQJ EHWZHHQ �� WR ��� 7)V� ���� WR ���� HQKDQFHUV� ���� WR ���� JHQHV �)LJ� �(�
)LJ� 6�$�&� 7DEOHV � DQG 6��6��� )RU DOO H*51V ZH REVHUYHG PXFK IHZHU VLJQLILFDQW
FRQQHFWLRQV ZKHQ UXQQLQJ *5D1,( RQ GDWD ZLWK SHUPXWHG VDPSOH ODEHOV� SHDN ODEHOV DQG
PRWLI ODEHOV �)LJ� 6�$�'�� VLJQLI\LQJ WKDW WKH\ SDVV WKH 4& IRU 7)�SHDN OLQNV� 6LPLODUO\� IRU
WKH SHDN�JHQH OLQNV� ZH ILQG WKDW DOO H*51V VKRZ PRUH VLJQDO IRU SRVLWLYH �H[SHFWHG VLJQDO�
WKDQ IRU QHJDWLYH �QRLVH� FRUUHODWLRQV� DQG WKDW WKH VLJQDO�WR�QRLVH UDWLR GHFUHDVHV ZLWK
SHDN�JHQH GLVWDQFH XQWLO QR VLJQDO LV OHIW IRU UDQGRP SHDN�JHQH SDLUV �)LJ� 6�$�'�� ,Q
DGGLWLRQ� ZH REVHUYHG D VLJQLILFDQW HQULFKPHQW IRU WKH 7)�SHDN�JHQH OLQNV IRU EHLQJ FHOO�W\SH
VSHFLILF DFWLYH HQKDQFHUV EDVHG RQ &$*( GDWD ���� �)LJ� �)�� IXUWKHU FRUURERUDWLQJ WKDW
*5D1,(�LQIHUV�ELRORJLFDOO\�PHDQLQJIXO�H*51V�

$V SDUW RI *5D1,(� 7)V DUH FODVVLILHG DV DFWLYDWRUV RU UHSUHVVRUV EDVHG RQ ZKHWKHU WKH OHYHO
RI 7) 51$ LV SRVLWLYHO\ RU QHJDWLYHO\ FRUUHODWHG ZLWK WKH DFFHVVLELOLW\ VXUURXQGLQJ LWV PRWLIV
DV RULJLQDOO\ SURSRVHG LQ �%HUHVW HW DO� ������ :H REVHUYHG D VOLJKWO\ ODUJHU QXPEHU RI 7)V
FODVVLILHG DV DFWLYDWRUV WKDQ DV UHSUHVVRUV ������ IROG�� \HW DFWLYDWRUV WHQG WR EH FRQQHFWHG
ZLWK PRUH SHDNV UHVXOWLQJ LQ RYHU ���IROG PRUH SHDNV EHLQJ OLQNHG WR DQ DFWLYDWRU WKDQ D
UHSUHVVRU �)LJ� 6�$�'� 7DEOH ��� 1RWDEO\� LQ DOO H*51V� RQO\ DERXW ������ RI WKH SHDNV DUH
OLQNHG WR WKHLU FORVHVW JHQH 766 �)LJ� �*�� DQ REVHUYDWLRQ WKDW LV FRQVLVWHQW ZLWK SUHYLRXV
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REVHUYDWLRQV LQ SXOPRQDU\ DUWHULDO HQGRWKHOLDO FHOOV ��� DQG L36& GHULYHG FDUGLRP\RF\WHV
�����

2Q DYHUDJH� D JHQH LV OLQNHG WR ��� �QDLYH�� ��� �LQIHFWHG� DQG ��� �SULPHG� SHDNV� RI ZKLFK
��� �QDLYH�� ��� �LQIHFWHG� DQG ��� �SULPHG� DUH 7)�ERXQG DQG WKXV SDUW RI D *5D1,( H*51
�)LJ� �+� )LJ� 6��� 7KLV GLVFUHSDQF\ VXJJHVWV WKDW ZH DUH VWLOO PLVVLQJ VRPH 7)�SHDN
LQWHUDFWLRQV �VHH OLPLWDWLRQV�� 7KH PDMRULW\ RI 7)V DUH FRQQHFWHG WR YHU\ IHZ JHQHV� \HW D
KDQGIXO RI 7)V DUH FRQQHFWHG WR RYHU �� JHQHV� DV H[HPSOLILHG IRU WKH H*51 IURP QDLYH DQG
WKH LQIHFWHG PDFURSKDJHV �)LJ� �,�� ZKLFK LV LQ OLQH ZLWK WKH W\SLFDOO\ VFDOH�IUHH VWUXFWXUH RI
*51V ����� 7KH PRVW FRQQHFWHG 7)V GLIIHU EHWZHHQ WKH LQIHFWHG DQG WKH QDLYH H*51 DQG
LQFOXGH PDQ\ ZHOO�HVWDEOLVKHG PDFURSKDJH 7)V VXFK DV ,5)�� 1)N%�� DQG 5(/% �������
DQG DOVR OHVV ZHOO HVWDEOLVKHG 7)V VXFK DV 0%'�� )26/� DQG 15)�� ZKLFK KDYH EHHQ
LPSOLFDWHG LQ PDFURSKDJH ELRORJ\ LQ PRUH UHFHQW VWXGLHV LQ PLFH SURYLGH HYLGHQFH IRU D UROH
RI�0%'���15)��)26/��LQ�PDFURSKDJHV ���±����

7R GLYH LQWR WKH ELRORJLFDO SURFHVVHV FDSWXUHG E\ H*51V� *5D1,( SURYLGHV IXQFWLRQDOLWLHV
IRU LGHQWLI\LQJ VXEQHWZRUNV� RU FRPPXQLWLHV �XVLQJ /RXYDLQ FOXVWHULQJ E\ GHIDXOW� DV
LPSOHPHQWHG LQ WKH LJUDSK SDFNDJH LQ 5 ������ DQG SHUIRUPLQJ *2 WHUP HQULFKPHQW RQ WKHP�
,Q OLQH ZLWK D VFDOH�IUHH DUFKLWHFWXUH RI WKH QHWZRUNV ZH W\SLFDOO\ REVHUYH D IHZ ODUJH
FRPPXQLWLHV DQG D ORQJ WDLO RI YHU\ VPDOO DQG LVRODWHG QRGHV IRU HDFK H*51 �)LJ� 6���
$PRQJ WKH FRPPXQLWLHV �)LJ� 6�$� RI WKH QDLYH PDFURSKDJH H*51� RQH LV HQULFKHG IRU *2
WHUPV UHODWHG WR SURLQIODPPDWRU\ SURFHVVHV �UHVSRQVH WR ,/��� FKHPRWD[LV� UHVSRQVH WR
,)1�Ȗ� DQG RQH IRU DQWL�LQIODPPDWRU\ SURFHVVHV �DQJLRJHQHVLV� F\WRVNHOHWRQ UHRUJDQLVDWLRQ�
SRVLWLYH UHJXODWLRQ RI RVWHREODVW GLIIHUHQWLDWLRQ� )LJ� �-�� WKXV UHFDSLWXODWLQJ WKH SRWHQWLDO RI
QDLYH PDFURSKDJHV WR SRODULVH LQWR HLWKHU 0� �SUR�LQIODPPDWRU\� RU 0� �DQWL�LQIODPPDWRU\�
FHOO VWDWHV ����� :H ILQG WKH 0��SKHQRW\SH FOXVWHU UHJXODWHG E\ 1)N%��� DQG 5(/� ZKLOH WKH
0��SKHQRW\SH FOXVWHU LV UHJXODWHG E\ 7($'��� DQG *$7$�� $PRQJ WKH FRPPXQLWLHV RI WKH
LQIHFWHG PDFURSKDJH H*51 �)LJ� 6�'�� RQH ZDV HQULFKHG IRU SURLQIODPPDWRU\ SURFHVVHV�
RQH IRU SKDJRF\WRVLV UHODWHG SURFHVVHV� DQG RQH IRU FKHPRWD[LV �)LJ� �.�� WKXV
UHFDSLWXODWLQJ WKH PRVW LPSRUWDQW IDFHV RI PDFURSKDJH IXQFWLRQ �������� ����� 1RWDEO\� HDFK
RI WKHVH IXQFWLRQDO FRPPXQLWLHV ZDV UHJXODWHG E\ D VSHFLILF VHW RI 7)V� ,5)� IRU WKH
SURLQIODPPDWRU\ FRPPXQLW\� 0%'�� 1)5�� DQG (79� IRU WKH SKDJRF\WRVLV� DQG 0(&3� IRU
WKH�FKHPRWD[LV�

$V XWLOLW\ HYDOXDWLRQ RI WKH *5D1,( H*51V� ZH FRPSDUHG WKH *2 WHUPV WKDW ZHUH HQULFKHG
IRU HDFK RI WKH 7) UHJXORQV WR WHUPV HQULFKHG LQ ³UDQGRPLVHG UHJXORQV´ �VDPH JHQHV
UDQGRPO\ JURXSHG LQWR VHWV RI WKH VDPH VL]H� VHH 0HWKRGV�� 7KHVH UDQGRPLVHG UHJXORQV
ZHUH HQULFKHG LQ OHVV VSHFLILF *2 WHUPV XQUHODWHG WR PDFURSKDJH ELRORJ\ FRPSDUHG WR WKH
UHDO�UHJXORQV��)LJ��6���

,Q VXPPDU\� WKHVH UHVXOWV GHPRQVWUDWH WKDW *5D1,(�LQIHUUHG H*51V FDSWXUH PROHFXODU
HYLGHQFH IURP H47/V� &K,3�VHT DQG &$*( GDWD� DQG DUH XVHIXO IRU LQYHVWLJDWLQJ 7)�GULYHQ
ELRORJLFDO�SURFHVVHV�LQ�D�FHOO�W\SH�VWDWH�VSHFLILF�PDQQHU�
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&RQFHSWXDO GHVFULSWLRQ RI *5D13$� DQ DSSURDFK IRU HYDOXDWLQJ WKH ELRORJLFDO
UHOHYDQFH�RI�*51V�DQG�7)V

7R HYDOXDWH WKH ELRORJLFDO UHOHYDQFH RI *51V DQG HVWLPDWH WKH FRQWH[W�GHSHQGHQW
LPSRUWDQFH RI VSHFLILF 7)V� ZH SURSRVH D WHVW EDVHG RQ WKH SUHPLVH WKDW FHOO�W\SH VSHFLILF
*51V VKRXOG FDSWXUH 7)�GULYHQ JHQH H[SUHVVLRQ UHJXODWLRQ LQ D FHOO W\SH VSHFLILF PDQQHU�
:H GHYLVHG D PDFKLQH OHDUQLQJ DSSURDFK� *5D13$ �*HQH 5HJXODWRU\ 1HWZRUN
3HUIRUPDQFH $QDO\VLV�� WKDW HYDOXDWHV KRZ ZHOO WKH ELSDUWLWH 7)�JHQH FRQQHFWLRQV RI DQ
H*51 FDQ SUHGLFW FHOO�W\SH VSHFLILF GLIIHUHQWLDO JHQH H[SUHVVLRQ DQG DW WKH VDPH WLPH
LGHQWLILHV�WKH�7)V�WKDW�DUH�LPSRUWDQW�IRU�WKH�SUHGLFWLRQ�

*5D13$ UHTXLUHV GLIIHUHQWLDO 51$ H[SUHVVLRQ GDWD IRU WKH FHOO W\SH IRU ZKLFK WKH *51 ZDV
FRQVWUXFWHG WKDW LV LQGHSHQGHQW IURP WKH GDWD XVHG WR JHQHUDWH WKH *51� ,W WKHQ WUDLQV D
UDQGRP IRUHVW UHJUHVVLRQ PRGHO WR SUHGLFW D GLIIHUHQWLDO H[SUHVVLRQ YDOXH SHU JHQH� EDVHG RQ
WKH 7)�WDUJHW JHQH FRQQHFWLRQV IURP WKH *51 LQ D ���IROG FURVV YDOLGDWLRQ VHWWLQJ �VHH
PHWKRGV� )LJ� �$�� 7R DVVHVV WKH VSHFLILFLW\ RI WKH QHWZRUN� LW DOVR WUDLQV D VHSDUDWH PRGHO
EDVHG RQ UDQGRPL]HG HGJHV RI VLPLODU VWUXFWXUH DQG FRPSDUHV WKH REWDLQHG SUHGLFWLRQV
�XVLQJ 5�� $835& DQG $852&�� $ SHUIRUPDQFH JUHDWHU WKDQ ���� �5�� IRU WKH UDQGRP
QHWZRUNV LQGLFDWHV WKDW HYHQ XQVSHFLILF 7)�JHQH FRQQHFWLRQV FDQ SUHGLFW GLIIHUHQWLDO
H[SUHVVLRQ DQG WKXV VHUYHV DV D QHWZRUN VSHFLILFLW\�FRQWURO� /DVWO\� WR DVVHVV RYHUILWWLQJ�
*5D13$ WUDLQV WKH VDPH UDQGRP QHWZRUN RQ FRPSOHWHO\ UDQGRP GLIIHUHQWLDO H[SUHVVLRQ GDWD
�XQLIRUP GLVWULEXWLRQ EHWZHHQ ��� WR ��� VHH 0HWKRGV�� $ SHUIRUPDQFH JUHDWHU WKDQ ���� IRU D
UDQGRP QHWZRUN WR SUHGLFW UDQGRP YDOXHV LQGLFDWHV WKDW WKH PRGHO LV RYHUILWWLQJ� 1RWDEO\�
*5D13$ FDQ EH DSSOLHG WR DVVHVV DQ\ *51 WKDW FRQWDLQV 7)�JHQH FRQQHFWLRQV DQG PD\ EH
XVHG�WR�EHQFKPDUN�*51V�FRQVWUXFWHG�XVLQJ�YDULRXV�PHWKRGV��VHH�EHORZ��

,Q�VKRUW��RXU�VWUDWHJ\�LV�EDVHG�RQ�WKH�IROORZLQJ�VWHSV�
�� 2EWDLQ�GLIIHUHQWLDO�H[SUHVVLRQ�GDWD�IRU�FHOO�W\SHV�PDWFKLQJ�WKH�*51V
�� )RU HDFK FHOO W\SH� WUDLQ D UDQGRP IRUHVW UHJUHVVLRQ PRGHO ����IROG FURVV YDOLGDWLRQ�

WR SUHGLFW D GLIIHUHQWLDO H[SUHVVLRQ YDOXH SHU JHQH EDVHG RQ 7)�JHQH OLQNV IURP WKH
H*51�

�� &RPSDUH WKH SHUIRUPDQFH RI PRGHOV OHDUQHG RQ UHDO DQG UDQGRP 7)�JHQH OLQNV� DQG
7)�JHQH�OLQNV�IURP�RWKHU�FHOO�W\SHV��FURVV�YDOLGDWLRQ�5���

�� ,GHQWLI\�LPSRUWDQW�7)V�IRU�WKH�JLYHQ�GLIIHUHQWLDO�H[SUHVVLRQ�UHVSRQVH

)XUWKHUPRUH� JLYHQ D SUHGLFWLYH *51 DQG VSHFLILF GLIIHUHQWLDO H[SUHVVLRQ GDWD� *5D13$
HVWLPDWHV WKH LPSRUWDQFH RI HDFK 7) WRZDUGV WKH SUHGLFWLRQ� ZKLFK SURYLGHV FDQGLGDWH GULYHU
7)V IRU D VSHFLILF H[SUHVVLRQ UHVSRQVH� 7KH FDOFXODWLRQ RI 7) LPSRUWDQFH LV EDVHG RQ WKH
LQ�EXLOW LPSRUWDQFH IXQFWLRQ LQ WKH 5 SDFNDJH UDQJHU WKDW TXDQWLILHV LPSRUWDQFH RI IHDWXUHV LQ
UDQGRP IRUHVW PRGHOV EDVHG RQ KRZ PXFK WKHLU H[FOXVLRQ DIIHFWV SUHGLFWLRQ DFFXUDF\�
*5D13$ LV LPSOHPHQWHG DV D XVHU�IULHQGO\ 5�SDFNDJH
�KWWSV���JLW�HPEO�GH�JUS�]DXJJ�*5D13$� DQG GRFXPHQWDWLRQ LV DYDLODEOH DW
�KWWSV���JUS�]DXJJ�HPEO�FRPPXQLW\�LR�*5D13$���
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*5D13$�HYDOXDWLRQ�RI�WKH�PDFURSKDJH�H*51V

7R HYDOXDWH WKH SUHGLFWLYH SRZHU RI WKH PDFURSKDJH H*51V DQG LGHQWLI\ WKH 7)V GULYLQJ D
VSHFLILF H[SUHVVLRQ UHVSRQVH� ZH REWDLQHG 51$�VHT GDWD IRU QDLYH DQG 6DOPRQHOOD�LQIHFWHG
PDFURSKDJHV IURP ����� DQG FDOFXODWHG WKH GLIIHUHQWLDO H[SUHVVLRQ XVLQJ '(6HT� ����
�0HWKRGV�� )RU HYDOXDWLRQV� ZH JHQHUDOO\ H[FOXGHG VDPSOHV WKDW ZHUH XVHG IRU WKH H*51
UHFRQVWUXFWLRQ�

*5D13$ HYDOXDWLRQ RI WKH IRXU PDFURSKDJH H*51V ZLWK WKHVH GDWD UHYHDOHG WKDW WKUHH RI
WKHP SHUIRUP ZHOO LQ SUHGLFWLQJ WKH GLIIHUHQWLDO H[SUHVVLRQ YDOXHV �UHJUHVVLRQ� PHDVXUHG DV
5� ����������� )LJ� �%�&� )LJ� 6������ DQG GLUHFWLRQ RI FKDQJH �FODVVLILFDWLRQ� DV PHDVXUHG
E\ WKH DUHD XQGHU WKH SUHFLVLRQ�UHFDOO DQG UHFHLYHU RSHUDWLQJ FXUYHV �$835&� ����������
$852&� �������� )LJ� 6������� UHVSHFWLYHO\� 7KH SHUIRUPDQFH RI WKH FRUUHVSRQGLQJ
UDQGRPLVHG QHWZRUNV ZDV ����� 5� IRU WZR RI WKHP �)LJ� �%�&� )LJ� 6������� 7KH H*51 IRU
SULPHG�LQIHFWHG PDFURSKDJHV ZDV XQDEOH WR SUHGLFW DQ\ GLIIHUHQWLDO H[SUHVVLRQ �)LJ�
6������� ZKLFK LV LQ OLQH ZLWK WKH IDLOHG &K,3�VHT YDOLGDWLRQ �)LJ� 6�� DQG VKRZV WKH
FRQFRUGDQFH RI *5D13$ HYDOXDWLRQ ZLWK PROHFXODU HYLGHQFH� 7KH VLJQLILFDQW GLIIHUHQFH
EHWZHHQ WKH UDQGRPLVHG DQG WKH DFWXDO QHWZRUNV VKRZV WKDW WKH H*51V LQGHHG FDSWXUH
ELRORJLFDOO\�UHOHYDQW�OLQNV�EHWZHHQ�7)V�DQG�JHQHV�

H*51V�EXLOW�IURP�VLQJOH�FHOO�W\SHV�VKRZ�FHOO�W\SH�VSHFLILF�SUHGLFWLRQV

:H QH[W DVVHVVHG WKH FHOO�W\SH VSHFLILFLW\ *5D1,(�LQIHUUHG H*51V� 7R WKLV HQG� ZH
REWDLQHG GDWDVHWV LQ GLIIHUHQW FHOO W\SHV ZLWK PDWFKHG 51$ DQG FKURPDWLQ DFFHVVLELOLW\ GDWD
IRU SULPDU\ KXPDQ &'�� 7�FHOOV ���� DQG IURP DFXWH P\HORLG OHXNDHPLD �$0/� ���� DQG �����
:H UDQ *5D1,( XVLQJ WKH VDPH SDUDPHWHUV DV GHVFULEHG DERYH DQG REWDLQHG DGGLWLRQDO
H*51V�IRU�SULPDU\�&'���7�FHOOV��7DEOH�6���DQG�IRU�$0/��7DEOH�6���

7R DVVHVV WKHLU FHOO�W\SH VSHFLILF SUHGLFWLRQ SRZHU� ZH UDQ *5D13$ RQ WKH QDLYH
PDFURSKDJH� WKH 7�FHOO� DQG WKH $0/ H*51V� DQG FRPSDUHG WKHLU SHUIRUPDQFH WR SUHGLFW
GLIIHUHQWLDO H[SUHVVLRQ LQ HDFK RI WKH WKUHH FHOO W\SHV� 6SHFLILFDOO\� ZH TXDQWLILHG GLIIHUHQWLDO
H[SUHVVLRQ EHWZHHQ UHVWLQJ DQG OLSRSRO\VDFFKDULGH �/36� VWLPXODWHG IROOLFXODU &'�� 7�FHOOV
�GDWD IURP ������ EHWZHHQ WZR VXEW\SHV RI $0/ �*35���KLJK YV *35���ORZ� GDWD IURP
������ DQG EHWZHHQ QDLYH YV VDOPRQHOOD�LQIHFWHG PDFURSKDJHV �GDWD IURP ������ :H IRXQG
WKDW WKH H*51 WKDW PDWFKHV WKH UHVSHFWLYH FHOO W\SH OHG WR WKH EHVW SUHGLFWLRQ �)LJ� �'��
:KLOH 7�FHOOV DQG PDFURSKDJHV ZHUH RQO\ SUHGLFWLYH LQ WKHLU RZQ FHOO W\SH� WKH $0/ H*51
ZDV WR D VPDOOHU H[WHQW DOVR SUHGLFWLYH IRU WKH PDFURSKDJH UHVSRQVH� 6LQFH $0/ FHOOV DQG
PDFURSKDJHV DUH ERWK IURP WKH P\HORLG OLQHDJH WKLV FRXOG LQGLFDWH VRPH VKDUHG UHJXODWRU\
DUFKLWHFWXUH EHWZHHQ WKHP� 1RWDEO\� ZH IRXQG WKDW WKH 5� YDOXHV FDQ EH ERRVWHG E\ DGGLQJ
JHQH VSHFLILF IHDWXUHV� VXFK DV WKH H[SUHVVLRQ YDULDWLRQ DFURVV LQGLYLGXDOV� LQ OLQH ZLWK RXU
SUHYLRXV ZRUN ���� �)LJ� 6���� $V ZH DUH KHUH PRVWO\ LQWHUHVWHG LQ HYDOXDWLQJ 7)�JHQH OLQNV�
*5D13$�GRHVQ
W�DGG�JHQH�VSHFLILF�IHDWXUHV�E\�GHIDXOW�

8VLQJ WKH 7)�LPSRUWDQFH HVWLPDWLRQ LPSOHPHQWHG LQ *5D13$� ZH REVHUYHG WKDW DPRQJ WKH
WRS � LPSRUWDQW 7)V PRVW DUH XQLTXH IRU RQH FHOO W\SH �)LJ� �(� ZLWK WKH H[FHSWLRQV RI ,5)��
ZKLFK ZDV LPSRUWDQW LQ $0/ DQG PDFURSKDJHV� DQG 63�� LPSRUWDQW IRU ERWK $0/ DQG
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7�FHOOV� 1RWDEO\� WKH ,5)� UHJXORQV �GHILQHG DV DOO JHQHV FRQQHFWHG WR D 7)� LQ $0/ DQG
PDFURSKDJHV KDG RQO\ �� JHQHV �DQG QR VLQJOH HQKDQFHU� LQ FRPPRQ� ZKLOH HDFK LQFOXGHG
KXQGUHGV RI QRQ�RYHUODSSLQJ JHQHV �)LJ� �)�� 6LPLODUO\� WKH 63� UHJXORQV RI 7�FHOOV DQG $0/
ZHUH DOPRVW PXWXDOO\ H[FOXVLYH� 7KLV VXJJHVWV D KLJKO\ FHOO�W\SH VSHFLILF UHJXORQ
FRPSRVLWLRQ�RI�,5)��DQG�63��

$V DQ RUWKRJRQDO YDOLGDWLRQ RI WKH FHOO�W\SH VSHFLILFLW\ RI WKH 7) UHJXORQV IURP *5D1,(
H*51V� ZH FRPSDUHG WKH UHJXORQV ZLWK GLIIHUHQWLDO H[SUHVVLRQ GDWD XSRQ 7) NQRFNRXW �.�2�
LQ WKH VDPH FHOO W\SH� :H REWDLQHG GDWD IRU RQH RU WZR RI WKH WRS ILYH LPSRUWDQW 7)V LQ HDFK
FHOO W\SH� 1).%� LQ PDFURSKDJHV ����� ,5)� LQ $0/ ���� DQG ,5)� DQG ,5)� LQ 7�FHOOV �����
7KH JHQHV GRZQUHJXODWHG XSRQ 7) .�2 ZHUH VLJQLILFDQWO\ HQULFKHG LQ WKH 7) UHJXORQV RI WKH
UHVSHFWLYH FHOO W\SHV �)LJ� �*�� 1RWDEO\� JHQHV GRZQUHJXODWHG XSRQ ,5)� .�2 LQ $0/ ZHUH
VSHFLILFDOO\ HQULFKHG IRU WKH ,5)� UHJXORQ LQ $0/� GHVSLWH WKH IDFW WKDW ,5)� LV DOVR DQ
LPSRUWDQW 7) LQ PDFURSKDJHV �)LJ� �(�� 7KLV VXJJHVWV WKDW WKH FHOO�W\SH VSHFLILFLW\ RI WKH
*5D13$ SUHGLFWLRQV LV QRW RQO\ GHSHQGHQW RQ GLVWLQFW VHWV RI 7)V GULYLQJ WKH UHVSRQVH� EXW
DOVR RQ WKH JHQHV WKH 7) UHJXODWHV LQ WKDW FHOO W\SH� KLJKOLJKWLQJ WKH LPSRUWDQFH RI FHOO
W\SH�VSHFLILF�H*51V�

7R YDOLGDWH WKH FHOO�W\SH VSHFLILFLW\ RI HQKDQFHUV LQ *5D1,( ZH REWDLQHG FHOO�W\SH VSHFLILF
HQKDQFHU PDSV IURP )$1720� XVLQJ &$*( GDWD IRU 7�FHOOV DQG PDFURSKDJHV �����
4XDQWLI\LQJ WKHLU RYHUODS ZLWK HQKDQFHUV IURP 7�FHOO DQG PDFURSKDJH H*51V UHYHDOHG D
VWURQJHU VLJQLILFDQW HQULFKPHQW DPRQJ WKH HQKDQFHUV IURP WKH VDPH FHOO W\SH DV FRPSDUHG
WR�RSSRVLWH�FHOO�W\SHV��)LJ���+��

7KH H*51V FRQQHFW 7)V WR JHQHV WKURXJK DFWLYH UHJXODWRU\ UHJLRQV� FRPSULVLQJ ERWK
SURPRWHUV DQG HQKDQFHUV� 7KH SUHGLFWLYH HYDOXDWLRQ VHWXS DOORZHG XV WR FRPSDUH WKH
UHODWLYH LPSRUWDQFH RI SURPRWHU �L�H� ���NE IURP 766� DQG HQKDQFHU OLQNV �!��NE IURP 766�
LQ GLIIHUHQW H*51V� 7R GR VR� ZH GLYLGHG WKH JHQH�SHDN SDLUV LQWR WHQ JURXSV EDVHG RQ WKHLU
GLVWDQFH WR WKH 766 DQG UDQ *5D13$ IRU HDFK JURXS VHSDUDWHO\� 7KH SURPRWHU�RQO\ H*51V
IURP LQIHFWHG DQG SULPHG PDFURSKDJHV VKRZHG OLPLWHG RU QR SUHGLFWLYH SRZHU �)LJ� 6����
7KLV KLJKOLJKWV WKH LPSRUWDQFH RI HQKDQFHUV DQG LV LQ OLQH ZLWK D UHFHQW VWXG\ WKDW
GHPRQVWUDWHG WKH LPSRUWDQFH RI FRQVLGHULQJ HQKDQFHUV IRU SUHGLFWLQJ WKH FHOO�IDWH SRWHQWLDO
RI�7)V ����

$SSOLFDWLRQ�RI�*5D13$�WR�FRPSDUH�*5D1,(�H*51V�ZLWK�RWKHU�*51�PHWKRGV

1RWDEO\� *5D13$ LV DSSOLFDEOH WR DVVHVV DQ\ W\SH RI ELSDUWLWH 7)�JHQH QHWZRUN DQG FDQ EH
XVHG PRUH JHQHUDOO\ WR DVVHVV WKH XWLOLW\ RI D *51 IRU XQGHUVWDQGLQJ FHOOXODU UHVSRQVH WR
VSHFLILF SHUWXUEDWLRQV� +HUH ZH XVHG LW WR HYDOXDWH WKH SHUIRUPDQFH RI VHYHUDO SUHYLRXVO\
SXEOLVKHG 7)�JHQH *51V WKDW GUDZ OLQNV EHWZHHQ 7)V DQG JHQHV EDVHG RQ GLIIHUHQW
DSSURDFKHV� 'R5RWK($� ZKLFK XVHV PDQXDO FXUDWLRQ FRPELQHG ZLWK D GDWD�GULYHQ DSSURDFK
LQFOXGLQJ FR�H[SUHVVLRQ WR GUDZ 7)�JHQH OLQNV ����������� &K($�� ZKLFK XVHV &K,3�VHT
H[SHULPHQWV IURP (1&2'(� 5H0DS� RU OLWHUDWXUH WR GUDZ 7)�JHQH OLQNV ����� 5HJ1HW� D
FXUDWHG QHWZRUN LQWHJUDWLQJ 7)V DQG PL51$V ����� DQG 755867� ZKLFK LV D FXUDWLRQ RI
7)�JHQH OLQNV EDVHG RQ 3XE0HG LQGH[HG DUWLFOHV ����� :H DOVR LQFOXGHG DQ HQKDQFHU�EDVHG
*51�LQIHUUHG�ZLWK�$1$16(�IURP�PDFURSKDJH�GDWD�
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7KH FHOO�W\SH PDWFKHG *5D1,( H*51V DQG 'R5RWK($ $%& VKRZHG JRRG SUHGLFWLRQ IRU DOO
GDWDVHWV WHVWHG� 7KH 755867� 5HJ1HW DQG &K($� QHWZRUNV VKRZHG VOLJKW SUHGLFWLYH SRZHU
IRU PDFURSKDJHV� ZKLOH WKH RQO\ RWKHU HQKDQFHU�EDVHG QHWZRUN $1$16( VKRZHG YHU\ SRRU
SHUIRUPDQFH DFURVV DOO FHOO W\SHV �)LJ� �$�� 7KXV� *5D1,( QHWZRUNV RXWSHUIRUPHG PRVW
RWKHU�QHWZRUNV�DQG�ZDV�RQ�SDU�ZLWK�WKH�KLJKO\�FXUDWHG�'R5RWK($�

7R IXUWKHU FRPSDUH FHOO�W\SH VSHFLILFLW\� ZH DVVHVVHG WKH RYHUODS EHWZHHQ WKH 7)�UHJXORQV
LGHQWLILHG LQ WKH QHWZRUNV ZLWK UHDVRQDEOH SUHGLFWLYH SRZHU DQG WKH JHQHV GRZQUHJXODWHG
XSRQ .�2 RI WKH VDPH 7) �GDWD LQWURGXFHG LQ )LJ� �*�� 2YHUDOO� WKH FHOO�W\SH PDWFKHG
*5D1,( H*51V RXWSHUIRUPHG DOO RWKHU QHWZRUNV LQ WHUPV RI UHFDOO �)LJ� �%�� 2I QRWH� WKH
DEVROXWH UHFDOO ZDV UDWKHU VPDOO� OLNHO\ RZLQJ WR WKH IDFW WKDW 7) .�2 KDV D ORW RI LQGLUHFW
GRZQVWUHDP HIIHFWV WKDW DUH QRW FDSWXUHG E\ WKH GLUHFW PHFKDQLVWLF OLQNV RI H*51V� *5D1,(
DOVR RXWSHUIRUPHG DOO RWKHU QHWZRUNV LQ WHUPV RI SUHFLVLRQ LQ $0/� :KLOH 'R5R7K($
DFKLHYHG WKH KLJKHVW SUHFLVLRQ IRU ,5)� DQG ,5)� .�2 LQ 7�FHOOV� WKH UHFDOO ZDV VPDOOHU�
2YHUDOO� WKLV FHOO�W\SH VSHFLILF 7) .�2 HYDOXDWLRQ KLJKOLJKWV WKH LPSRUWDQFH RI XQELDVHG DQG
FHOO�W\SH�VSHFLILF�H*51V�

0DFURSKDJH H*51V UHYHDO GLVWLQFW VHW RI 7)V GULYLQJ UHVSRQVH WR GLIIHUHQW W\SHV RI
LQIHFWLRQ

:H QH[W KLJKOLJKW WKH ELRORJLFDO LQVLJKWV WKDW *5D1,( DQG *5D13$ FDQ SURYLGH� 6SHFLILFDOO\�
ZH HPSOR\HG WKHP IRU VWXG\LQJ GLIIHUHQW W\SHV RI SUR�LQIODPPDWRU\ �0�� UHVSRQVH RI
PDFURSKDJHV WR EDFWHULDO LQIHFWLRQV DV ZHOO DV D PRUH 0��OLNH UHVSRQVH RI EUHDVW FDQFHU
DVVRFLDWHG PDFURSKDJHV� :H REWDLQHG GDWD IURP SUHYLRXVO\ SXEOLVKHG VWXGLHV WKDW
PHDVXUHG WKH H[SUHVVLRQ UHVSRQVH RI PDFURSKDJHV LQIHFWHG ZLWK 0\FREDFWHULXP
7XEHUFXORVLV �07%� ����� /LVWHULD PRQRF\WRJHQHV ����� 6DOPRQHOOD 7\SKLPXULXP ���������
DQG VWLPXODWLRQ ZLWK ,)1�Ȗ ����� DQG D VWXG\ WKDW FRPSDUHG WXPRXU DVVRFLDWHG PDFURSKDJHV
ZLWK WLVVXH�UHVLGHQW PDFURSKDJHV IURP EUHDVW FDQFHU WLVVXH ����� 7KH VWXGLHV DUH TXLWH
GLYHUVH�LQ�WKHLU�VHW�XS��7DEOH����

7R XQGHUVWDQG KRZ PDFURSKDJHV UHVSRQG WR WKHVH GLVWLQFW SHUWXUEDWLRQV� ZH HPSOR\HG
*5D13$ XVLQJ WKH XQLRQ RI WKH QDLYH DQG LQIHFWHG H*51V �)LJ� 6��� 7DEOH 6��� ZKLFK
VKRZHG JRRG SUHGLFWLRQV IRU DOO FRQGLWLRQV �)LJ� �$�� DQG GHWHUPLQHG WKH LPSRUWDQW 7)V IRU
HDFK UHVSRQVH� 2QH RI WKH ZHOO�XQGHUVWRRG UHVSRQVHV RI PDFURSKDJHV LV WKH ,)1�Ȗ
PHGLDWHG DFWLYDWLRQ RI WKH 1).% IDPLO\ RI LQGXFLEOH WUDQVFULSWLRQ IDFWRUV ����� ,Q OLQH ZLWK WKLV�
ZH ILQG 1)N%� DV RQH RI WKH PRVW LPSRUWDQW 7)V XSRQ ,)1�Ȗ VWLPXODWLRQ �)LJ� �%�� 7KH
1)N%� UHJXORQ ZDV HQULFKHG IRU *2 WHUPV UHODWHG WR FKHPRNLQH VLJQDOOLQJ DQG WD[LV �)LJ�
6��� DQG VWURQJO\ XSUHJXODWHG LQ UHVSRQVH WR ,)1�Ȗ �)LJ� �&�� GHPRQVWUDWLQJ WKH DELOLW\ RI
*5D13$ WR LGHQWLI\ ELRORJLFDOO\ PHDQLQJIXO 7)V� 7R DVVHVV WKH UREXVWQHVV RI *5D13$ ZH
FRPSDUHG WKH 7) LPSRUWDQFH SUHGLFWLRQV DFURVV WZR LQGHSHQGHQW GDWDVHWV IURP 6DOPRQHOOD
LQIHFWHG PDFURSKDJHV� ZKLFK UHYHDOHG YHU\ VLPLODU SURILOHV GHVSLWH GLIIHUHQFHV LQ WKH
H[SHULPHQWDO VHW�XS �)LJ� �%� L36&�GHULYHG YV PRQRF\WH�GHULYHG PDFURSKDJHV� DQG WLPH
SRLQWV ��K DQG �K SRVW LQIHFWLRQ�� WKXV KLJKOLJKWLQJ WKH UREXVWQHVV RI *5D13$ DV ZHOO DV WKH
ELRORJLFDO�FRQJUXHQFH�EHWZHHQ�WKH�H[SHULPHQWV�
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,Q FRQWUDVW� 7)�LPSRUWDQFH SURILOHV ZHUH KLJKO\ YDULDEOH DFURVV FRQGLWLRQV �)LJ� �%�� OLNHO\
UHIOHFWLQJ GLIIHUHQW UROHV RI PDFURSKDJHV �0� YV 0�� DQG WKHLU YDULDEOH GHIHQFH PHFKDQLVPV
WULJJHUHG E\ WKH SDWKRJHQV ����� %UHDVW�FDQFHU DVVRFLDWHG PDFURSKDJHV VKRZHG WKH PRVW
GLVWLQFW SURILOH ZLWK 7($'��7($'� DV LPSRUWDQW 7)V� *2 DQDO\VLV RI WKH 7($'��� UHJXORQ
UHYHDOHG D VWURQJ HQULFKPHQW IRU DQJLRJHQHVLV� RVWHREODVW GLIIHUHQWLDWLRQ DQG (5. VLJQDOOLQJ
DPRQJ�RWKHUV��)LJ���'���LQ�OLQH�ZLWK�D�PRUH�0��OLNH SKHQRW\SH �������

7KH PRVW LPSRUWDQW 7) IRU SUHGLFWLQJ WKH UHVSRQVH WR 6DOPRQHOOD LQIHFWLRQ ZDV ,5)��
IROORZHG E\ 0%'� DQG =%7�� �)LJ� �%�� ,5)� LV D NQRZQ SUR�LQIODPPDWRU\ LQWHUIHURQ
UHVSRQVH IDFWRU� DVVRFLDWHG ZLWK WKH SUR�LQIODPPDWRU\ �0�� SRODULVDWLRQ RI PDFURSKDJHV
����� ZKLFK ZH FRQILUPHG LQ RXU GDWD XVLQJ JHQH�VHW HQULFKPHQW DQDO\VLV RI WKH ,5)� UHJXORQ
�)LJ� 6���� /HVV LV NQRZQ DERXW 0%'� DQG =%7�� LQ PDFURSKDJHV� DOWKRXJK 0%'� KDV
EHHQ OLQNHG WR LQWHVWLQDO LQIODPPDWLRQ LQ PLFH ���� DQG ZLWK DQ 0� PDFURSKDJH SURJUDPPH
LQ SXOPRQDU\ ILEURVLV ����� ,Q OLQH ZLWK WKLV� WKH 0%'� UHJXORQ ZDV GRZQ�UHJXODWHG LQ
UHVSRQVH WR LQIHFWLRQ �)LJ� �(� 6��� EXW XSUHJXODWHG LQ EUHDVW FDQFHU DVVRFLDWHG
PDFURSKDJHV �)LJ� �)�� VKRZLQJ WKH RSSRVLWH SDWWHUQ WR WKH ,5)� UHJXORQ �)LJ� �(�)�� :H
IXUWKHU ILQG DQ HQULFKPHQW RI WKH 0� JHQH VHW DPRQJ WKH 0%'� UHJXORQ LQ EUHDVW�FDQFHU
DVVRFLDWHG PDFURSKDJHV �)LJ� 6���� 7KH 0%'� DQG =%7�� UHJXORQV VKRZ VLJQLILFDQW
RYHUODS �)LJ� �)� S ���H���� K\SHUJHRPHWULF WHVW� DQG JHQHV MRLQWO\ UHJXODWHG E\ WKHP DUH
HQULFKHG IRU WHUPV UHODWHG WR UHVSRQVH WR PHWDO LRQV �)LJ� �*�� 7KH XVH RI ]LQF DQG FRSSHU
LRQV LQ PDFURSKDJH GHIHQFH VWUDWHJLHV LV ZHOO GRFXPHQWHG ������� DQG JLYHQ WKDW WKH =%7��
DQG 0%'� DUH RQO\ LPSRUWDQW IRU SUHGLFWLQJ UHVSRQVH WR SDWKRJHQV� DQG QRW IRU SUHGLFWLQJ
UHVSRQVH WR ,)1�Ȗ VWLPXODWLRQ �)LJ� �%�� ZH VSHFXODWH WKDW =%7�� DQG 0%'� PD\ MRLQWO\
LQGXFH D PDFURSKDJH�LQWULQVLF PHFKDQLVP WR FRXQWHUDFW WR[LF PHWDO LRQV� SRWHQWLDOO\ DLPHG
DW�RYHUFRPLQJ�WKH�WR[LF�HIIHFWV�RI�LWV�RZQ�ZHDSRQV�

*5D13$�LGHQWLILHV�385$�DV�SXWDWLYH�SURLQIODPPDWRU\�7)�LQ�PDFURSKDJHV

$PRQJ WKH 7)V WKDW DUH OHVV ZHOO NQRZQ IRU WKHLU UROH LQ PDFURSKDJHV ZH ILQG 385$ IRU
PDQ\ RI WKH LQIHFWLRQ VHWWLQJV� ,Q OLQH ZLWK D SUR�LQIODPPDWRU\ UROH RI 385$ ZH IRXQG *2
WHUPV DVVRFLDWHG ZLWK FKHPRWD[LV DQG ,)1�J UHVSRQVH HQULFKHG DPRQJ JHQHV LQ LWV UHJXORQ
�)LJ� �+�� *HQH VHW HQULFKPHQW DQDO\VLV �*6($� IRXQG WKH 0� JHQH VHW VLJQLILFDQWO\
HQULFKHG DPRQJ WKH 385$�UHJXODWHG GLIIHUHQWLDOO\ H[SUHVVHG JHQHV LQ 6DOPRQHOOD �)LJ�
6���� )XUWKHUPRUH� WKH H[SUHVVLRQ RI JHQHV LQ WKH 385$ UHJXORQ IROORZHG WKH VDPH SDWWHUQ
DV WKH UHJXORQ RI WKH SUR�LQIODPPDWRU\ 1)N%�� XSUHJXODWHG XSRQ 6DOPRQHOOD LQIHFWLRQ �)LJ�
�,��

7R IROORZ�XS RQ D SRWHQWLDO UROH RI 385$ LQ 0� SRODULVDWLRQ ZH REWDLQHG SKRVSKRSURWHRPLFV
GDWD WKDW ZDV FROOHFWHG XSRQ VWLPXODWLQJ PDFURSKDJHV ZLWK /36 DQG ,)1�Ȗ WRZDUGV WKH 0�
SKHQRW\SH ����� 7KLV UHYHDOHG D VSHFLILF LQFUHDVH LQ SKRVSKRU\ODWLRQ RI 7KU��� XSRQ /36
,)1�Ȗ �)LJ� �-�� IROORZLQJ D VLPLODU SDWWHUQ DV WKH SKRVSKRU\ODWLRQ SDWWHUQ RI 1)N%� �)LJ�
�.�� 1RWDEO\� WKH LQIHFWLRQ�UHVSRQVLYH SKRVSKRVLWH LQ 385$ LV ORFDWHG LQ WKH 3XUĮ UHSHDWV
UHJLRQ� ZKLFK LV LPSOLFDWHG LQ '1$ ELQGLQJ DQG FUXFLDO IRU 385$ IXQFWLRQ �����
3KRVSKRU\ODWLRQ RI '1$�ELQGLQJ UHJLRQV KDV EHHQ DVVRFLDWHG ZLWK DFWLYDWLRQ RI RWKHU 7)V

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 31, 2022. ; https://doi.org/10.1101/2021.12.18.473290doi: bioRxiv preprint 

https://sciwheel.com/work/citation?ids=9935884&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=12298797,3943634&pre=&pre=&suf=&suf=&sa=0,0
https://sciwheel.com/work/citation?ids=4778235&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=10612717&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=11890759&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=6701730,11732137&pre=&pre=&suf=&suf=&sa=0,0
https://sciwheel.com/work/citation?ids=12694742&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=6871743&pre=&suf=&sa=0
https://doi.org/10.1101/2021.12.18.473290
http://creativecommons.org/licenses/by-nc-nd/4.0/


��

����� VXJJHVWLQJ WKDW DFWLYDWLRQ RI 385$ LV SHUKDSV LPSRUWDQW IRU 0� SRODULVDWLRQ� SURYLGLQJ
IXUWKHU�HYLGHQFH�IRU�LWV�UROH�LQ�PDFURSKDJHV
�SUR�LQIODPPDWRU\�UHVSRQVH�

2YHUDOO� WKHVH UHVXOWV KLJKOLJKW WKH XVH RI *5D13$ LQ FRQMXQFWLRQ ZLWK FHOO�W\SH VSHFLILF
H*51V IRU LQYHVWLJDWLQJ WKH ELRORJLFDO IXQFWLRQV WKDW DUH UHJXODWHG E\ D 7) LQ D VSHFLILF FHOO
W\SH�

0DFURSKDJH�VSHFLILF H*51V DUH HQULFKHG LQ ILQH�PDSSHG *:$6 YDULDQWV DQG
LPPXQH�UHODWHG�WUDLWV

7KH VWUHQJWK RI WKH H*51 IUDPHZRUN LV WKDW ZH FDQ VSHFLILFDOO\ LQYHVWLJDWH WKH UROH RI JHQH
UHJXODWRU\ HOHPHQWV VXFK DV HQKDQFHUV� ZKLFK DUH HQULFKHG IRU GLVHDVH�DVVRFLDWHG JHQHWLF
YDULDQWV ���� :H WKHUHIRUH VRXJKW WR H[SORUH WKH PDFURSKDJH H*51V WR OHDUQ DERXW JHQH
UHJXODWRU\ PHFKDQLVPV XQGHUO\LQJ DVVRFLDWLRQV RI JHQHWLF YDULDQWV ZLWK FRPPRQ FRPSOH[
WUDLWV�DQG�GLVHDVHV�

)LUVW� ZH WHVWHG ZKHWKHU WKH SHDN UHJLRQV VSHFLILF WR WKH WKUHH PDFURSKDJH H*51V WKDW
*5D13$ LGHQWLILHG DV SUHGLFWLYH LQ DW OHDVW RQH LQIHFWLRQ VHWWLQJ �QDLYH� SULPHG� LQIHFWHG�
ZHUH HQULFKHG LQ KHULWDELOLW\ IRU ��� *:$6 WUDLWV �7DEOH 6��� :H DSSOLHG VWUDWLILHG OLQNDJH
GLVHTXLOLEULXP VFRUH UHJUHVVLRQ �6�/'6& ����� DQG FRPSDUHG WKH H*51 SHDNV WR DOO SHDNV
LGHQWLILHG LQ PDFURSKDJHV �VHH 0HWKRGV�� 1RWDEOH HQULFKPHQWV LQFOXGH +E$�F
PHDVXUHPHQW� D PHDVXUH IRU GLDEHWHV VHYHULW\� ODUJH DUWHU\ VWURNH DQG KHDUW IDLOXUH IRU WKH
QDLYH H*51� DGROHVFHQW LGLRSDWKLF VFROLRVLV DQG QRQLVFKHPLF FDUGLRP\RSDWK\ IRU WKH SULPHG
H*51 DQG UKHXPDWRLG DUWKULWLV �5$� DQG V\VWHPLF OXSXV HU\WKHPDWRVXV �6/(� IRU WKH
LQIHFWHG H*51 �)LJ� �$�� 6/( DQG 5$ DUH ERWK GULYHQ E\ DFWLYDWHG PDFURSKDJHV ������� DV
D UHVXOW RI NQRZQ �IRU 6/(� RU K\SRWKHVLVHG �5$� XSUHJXODWLRQ RI ,)1�Ȗ VLJQDOOLQJ ���±����
,QWHUHVWLQJO\� ZH ILQG HQULFKHG KHULWDELOLW\ IRU WKHVH WUDLWV LQ WKH SHDNV IRU WKH ,)1�Ȗ SULPHG
H*51� EXW QRW IRU HLWKHU QDLYH RU LQIHFWHG H*51V� *LYHQ WKLV DVVRFLDWLRQ� ZH DOVR DVVHVVHG
WKH KHULWDELOLW\ HQULFKPHQW RI WKH UHJXODWRU\ HOHPHQWV DQG JHQHV FRQQHFWHG WR WKH 7)V WKDW
DUH SDUWLFXODUO\ LPSRUWDQW IRU SUHGLFWLQJ WKH UHVSRQVH RI PDFURSKDJHV WR ,)1�Ȗ �1)N%����
5(/%� ,5)��� ,QIODPPDWRU\ ERZHO GLVHDVH �VSHFLILFDOO\ XOFHUDWLYH FROLWLV� FRPHV RXW DV WKH
WRS HQULFKHG WUDLW �)LJ� 6���� ZKLFK LV LQ OLQH ZLWK WKH NQRZQ UROH RI ,)1�Ȗ LQ WKLV GLVHDVH �����
/LWHUDWXUH�HYLGHQFH�IRU�RWKHU�WUDLWV�LV�VXPPDULVHG�LQ 7DEOH�6���

1H[W� ZH ]RRPHG LQ WR D VSHFLILF VHW RI ILQH�PDSSHG *:$6 YDULDQWV DVVRFLDWHG ZLWK
DXWRLPPXQH GLVHDVHV ZLWK D NQRZQ OLQN WR PDFURSKDJHV� $FURVV DOO WKUHH PDFURSKDJH
H*51V ZH IRXQG LQ WRWDO �� XQLTXH ILQH�PDSSHG YDULDQWV WKDW ZHUH ORFDWHG LQ WKH UHJXODWRU\
UHJLRQV �� LQ WKH QDLYH� � LQ LQIHFWHG� DQG � LQ WKH SULPHG H*51�� 7KH LQIHFWHG DQG SULPHG
H*51V ZHUH VLJQLILFDQWO\ HQULFKHG IRU FRQWDLQLQJ ILQH�PDSSHG YDULDQWV �)LJ� �%��
,QYHVWLJDWLQJ WKH 7)V UHJXODWLQJ WKH ILQH�PDSSHG DXWR�LPPXQH GLVHDVH HQKDQFHUV� ZH ILQG
WKH NQRZQ LPPXQH UHVSRQVH 7)V 1).%���� 5(/% DQG ,5)�� EXW DOVR 0%'�� =%7�� DQG
385$ �)LJ� �&�� ZKLFK ZH LGHQWLILHG DV LPSRUWDQW 7)V IRU SUHGLFWLQJ UHVSRQVH WR LQIHFWLRQ�
2QH JHQH OLQNHG WR D ILQH�PDSSHG 613 WKDW LV UHJXODWHG E\ 0%'� DQG =%7�� LV )$0��%�
,QVSHFWLRQ RI )$0��% H[SUHVVLRQ LQ V\QRYLDO WLVVXH LQ D FRKRUW RI 5$ SDWLHQWV FRPSDUHG WR
KHDOWK\ FRQWUROV ���� UHYHDOHG D PLVUHJXODWLRQ XSRQ GLVHDVH RQVHW� SURYLGLQJ DGGLWLRQDO
HYLGHQFH�WKDW�)$0��%�LV�LQGHHG�WKH�JHQH�WDUJHWHG�E\�WKH�ILQH�PDSSHG�613��)LJ���'��
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2QH RI WKH ILQH�PDSSHG 613V LQ 6/( LV UV�������� ORFDWHG LQ DQ HQKDQFHU UHJXODWHG E\
63� DQG 1).E� WKDW LV OLQNHG WR WKH QRQ�FRGLQJ 51$ 0$/$7� DQG WKH JHQH FDWKHSVLQ :
�&76:� LQ WKH SULPHG PDFURSKDJH H*51� %RWK JHQHV DUH RYHU ��NE IURP WKH ILQH�PDSSHG
613 DQG WKHUH DUH VHYHUDO RWKHU JHQHV LQ WKH ORFXV WKDW DUH QRW OLQNHG WR WKH HQKDQFHU LQ
TXHVWLRQ �)LJ� �(�� 0$/$7� KDV EHHQ LPSOLFDWHG LQ 6/( WKURXJK VHYHUDO VWXGLHV �����
VXJJHVWLQJ WKDW WKH ILQH�PDSSHG 613 PD\ WDUJHW 0$/$7�� :KLOH &76: H[SUHVVLRQ LQ
O\PSKRF\WHV KDV EHHQ OLQNHG WR DXWRLPPXQH GLVHDVHV �H�J� ���� �� LWV UROH LQ PDFURSKDJHV LV
PXFK OHVV VWXGLHG� <HW &76: NQRFNGRZQ LQ PDFURSKDJHV UHSRUWHGO\ LQFUHDVHG
0\FREDFWHULXP WXEHUFXORVLV VXUYLYDO LQ PDFURSKDJHV ����� VXJJHVWLQJ LW GRHV SOD\ DQ
LPSRUWDQW IXQFWLRQ LQ WKH SUR�LQIODPPDWRU\ PDFURSKDJH UHVSRQVH� 2YHUDOO� WKH PDFURSKDJH
H*51V SURYLGH WKH SXWDWLYH WDUJHW JHQHV RI �� ILQH�PDSSHG *:$6 ORFL� RIWHQ OLQNLQJ WR
JHQHV�WKDW�DUH�RYHU���NE�DZD\�IURP�WKH�613��7DEOH ���)LJ��6����

'LVFXVVLRQ

3KHQRW\SLF YDULDWLRQ DFURVV LQGLYLGXDOV KDV WZR PDMRU VRXUFHV� 2Q WKH RQH KDQG LW LV JHQHWLF
YDULDWLRQ WKDW FDQ OHDG WR YDULDWLRQ LQ PROHFXODU SKHQRW\SHV WKDW LPSDFW RQ FRPSOH[ WUDLWV� 2Q
WKH RWKHU KDQG� SKHQRW\SLF YDULDWLRQ FDQ DULVH IURP YDULDWLRQ LQ WKH HQYLURQPHQW WKDW FDQ EH
ORQJ�OLYHG �HSLJHQHWLFV� RU VKRUW�OLYHG �VLJQDOOLQJ�� 7KXV� WR XQGHUVWDQG PHFKDQLVPV
XQGHUO\LQJ SKHQRW\SLF YDULDWLRQ �LQFOXGLQJ GLVHDVH SKHQRW\SHV�� LW LV FUXFLDO WR VWXG\ WKH
LQWHUSOD\ EHWZHHQ JHQHWLF YDULDQWV� HSLJHQHWLF PDUNV DQG H[WULQVLF FHOOXODU VLJQDOOLQJ� +HUH
ZH SUHVHQW *5D1,( DQG *5D13$� D WRRO�VXLWH WKDW SURYLGHV D IUDPHZRUN IRU MRLQWO\
DQDO\VLQJ�WKHVH�WKUHH�OD\HUV�DQG�LQYHVWLJDWLQJ�WKHLU�ELRORJLFDO�UHOHYDQFH�

*5D1,( LV D IOH[LEOH DQG XVHU�IULHQGO\ 5�%LRFRQGXFWRU SDFNDJH IRU EXLOGLQJ HQKDQFHU�EDVHG
*51V� ZKLOH *5D13$ LV D VHSDUDWH DQG LQGHSHQGHQW 5 SDFNDJH IRU HYDOXDWLQJ WKH
ELRORJLFDO UHOHYDQFH �L�H� SUHGLFWLYH SRZHU� RI DQ\ JHQHUDO 7)�JHQH QHWZRUNV� *5D1,(
UHTXLUHV 51$�6HT DQG RSHQ FKURPDWLQ GDWD VXFK DV $7$&�6HT RU &K,3�6HT IRU KLVWRQH
PRGLILFDWLRQV �H�J� +�.��DF� DFURVV D UDQJH RI VDPSOHV �PRVWO\ WHVWHG LQ D FRKRUW RI DW OHDVW
����� LQGLYLGXDOV�� DORQJ ZLWK 7)%6 GDWD �WKDW FDQ HLWKHU EH REWDLQHG IURP WKH SDFNDJH RU
SURYLGHG E\ WKH XVHU� WR JHQHUDWH FHOO�W\SH VSHFLILF H*51V� ,W SURYLGHV D UDQJH RI TXDOLW\
FRQWURO SORWV DQG IXQFWLRQDOLWLHV IRU GRZQVWUHDP DQDO\VHV VXFK DV LGHQWLILFDWLRQ RI
FRPPXQLWLHV ZLWKLQ WKH QHWZRUN� DQG *2 HQULFKPHQW DQDO\VHV� $ GHGLFDWHG ZHEVLWH
DFFRPSDQLHV WKH SDFNDJH DQG LV DXWRPDWLFDOO\ XSGDWHG ZKHQHYHU D QHZ SDFNDJH YHUVLRQ
EHFRPHV�DYDLODEOH�

*5D13$ UHTXLUHV D ELSDUWLWH 7)�JHQH QHWZRUN DQG JHQH�VSHFLILF GLIIHUHQWLDO H[SUHVVLRQ
YDOXHV DV LQSXW� DQG DVVHVVHV LWV SUHGLFWLYH SRZHU� $V D GRZQVWUHDP IXQFWLRQDOLW\ LW SURYLGHV
TXDQWLILFDWLRQ RI 7) LPSRUWDQFH IRU GULYLQJ D VSHFLILF GLIIHUHQWLDO H[SUHVVLRQ UHVSRQVH�
1RWDEO\� WKH SXUSRVH RI *5D13$ SUHGLFWLRQV LV WR DVVHVV WKH 7)�JHQH FRQQHFWLYLWLHV� DQG
ZKLOH LQFOXGLQJ DGGLWLRQDO JHQH�VSHFLILF IHDWXUHV PD\ LPSURYH SUHGLFWLRQ SHUIRUPDQFH� DV
VKRZQ LQ ����� LW ZRXOG QRW KHOS LQ WKH DVVHVVPHQW RI *51V� $Q DGGLWLRQDO DGYDQWDJH RI
*5D13$ LV ZH FDQ GLUHFWO\ FRPSDUH GLIIHUHQW *51V DQG JHW D TXDQWLWDWLYH DVVHVVPHQW RI
WKHLU SHUIRUPDQFH IRU D SHUWXUEDWLRQ RI LQWHUHVW� ZLWKRXW WKH QHHG IRU D �JURXQG�WUXWK� QHWZRUN
WR�HYDOXDWH�WKHLU�HGJHV�DQG�FRQQHFWLYLWLHV�
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&RPSDUHG WR PRVW RI WKH DYDLODEOH *51V UHFRQVWUXFWLRQ DSSURDFKHV� *5D1,( LQIHUV
HQKDQFHU�EDVHG UHJXODWRU\ QHWZRUNV WKDW RQO\ FDSWXUHV 7)�JHQH OLQNV PHGLDWHG E\
HQKDQFHUV� 7KLV KDV VHYHUDO DGYDQWDJHV� ILUVW� ZH VKRZHG WKDW DW OHDVW IRU PDFURSKDJHV�
SDUWV RI WKHLU H[SUHVVLRQ UHVSRQVH WR LQIHFWLRQ FRXOG RQO\ EH SUHGLFWHG ZKHQ XVLQJ HQKDQFHU
FRQQHFWLRQV� 6HFRQG� LQFOXGLQJ HQKDQFHUV LQ 7)�GULYHQ *51V DOORZV WKH LQYHVWLJDWLRQ RI
PHFKDQLVPV XQGHUO\LQJ *:$6 WUDLWV WKDW DUH GULYHQ E\ VSHFLILF 7)V� DQG IDFLOLWDWHV
LQWHUSUHWDWLRQ RI �ILQH�PDSSHG� WUDLW�DVVRFLDWHG 613V� 7KLUG� VLQFH HQKDQFHUV WHQG WR EH
KLJKO\ FHOO�W\SH VSHFLILF ����� H*51V DUH OLNHO\ PRUH FHOO W\SH VSHFLILF WKDQ 7)�JHQH
QHWZRUNV� )LQDOO\� E\ UHTXLULQJ D FRUUHODWLRQ EHWZHHQ WKH H[SUHVVLRQ OHYHO RI D 7) DQG WKH
DFFHVVLELOLW\ RI WKH SHDN� LQ DGGLWLRQ WR WKH PRWLI SUHVHQFH� WKH *5D1,( DSSURDFK
FLUFXPYHQWV WKH LQKHUHQW OLPLWDWLRQ RI 7) ELQGLQJ VLWH SUHGLFWLRQV� ZKLFK FDQQRW GLVWLQJXLVK
EHWZHHQ 7)V ZLWK VLPLODU ELQGLQJ PRWLIV ����� 7KLV ZLOO H[FOXGH PDQ\ 7)�HQKDQFHU OLQNV WKDW
KDYH WKH 7) PRWLI \HW VKRZ QR FRUUHODWLRQ ZLWK WKH 7) H[SUHVVLRQ OHYHO DQG DUH WKXV OLNHO\
IDOVH SRVLWLYH ELQGLQJ VLWHV LQ WKH JLYHQ FHOO W\SH� *5D1,( EHDUV FRQFHSWXDO VLPLODULW\ ZLWK D
PHWKRG SXEOLVKHG HDUOLHU ���� � KRZHYHU WKH GDWD RI WKLV ZRUN DUH QRW DYDLODEOH DQ\PRUH DQG
WKH�VRIWZDUH�LV�QHLWKHU�PDLQWDLQHG�QRU�FDQQRW�EH�GRZQORDGHG�XVHG�

H*51V FRQVLVW RI 7)V DQG WKHLU UHVSHFWLYH GRZQVWUHDP HQKDQFHU�SURPRWHU DQG JHQH
WDUJHWV� ZKLFK PHDQV ZH FDQ ]RRP LQ WR QHWZRUN FRPPXQLWLHV WKDW FDSWXUH VSHFLILF
SDWKZD\V RU IXQFWLRQV� )RU H[DPSOH� ZH VKRZHG WKDW ZKHQ ZH GLYLGH WKH QHWZRUN LQWR
FRPPXQLWLHV� HDFK FRPPXQLW\ LV HQULFKHG LQ GLVWLQFW 7)�GULYHQ ELRORJLFDO SURFHVVHV� 7KH
PRGXODULW\ RI WKH H*51 DOVR VKRZHG WKDW 1).%�� 1).%�� 5(/% DQG ,5)�� WKH 7)V
LPSRUWDQW IRU SUHGLFWLQJ WKH PDFURSKDJH UHVSRQVH WR ,)1�Ȗ SULPLQJ� DQG WKHLU FRQQHFWHG
UHJXODWRU\ HOHPHQWV DQG JHQHV ZHUH VSHFLILFDOO\ HQULFKHG IRU KHULWDELOLW\ RI *:$6 WUDLWV WKDW
DUH FRPPRQO\ OLQNHG WR ,)1�Ȗ VLJQDOOLQJ� ,Q FRQWUDVW WR RWKHU DSSURDFKHV IRU LQWHUSUHWLQJ
WUDLW�DVVRFLDWHG YDULDQWV WKDW DUH VROHO\ EDVHG RQ HSLJHQHWLFV VXFK DV WKH DFWLYLW\ E\ FRQWDFW
PRGHO ����� RU SXUHO\ EDVHG RQ JHQHWLFV� VXFK DV H47/V ��� RU YDULDEOH FKURPDWLQ GRPDLQV
����� H*51V E\ *5D1,( FDSWXUH 7)�SHDN�JHQH OLQNV EDVHG RQ YDULDWLRQ GXH WR JHQHWLF�
HSLJHQHWLF� RU 7)�DFWLYLW\ GLIIHUHQFHV DFURVV LQGLYLGXDOV� WKXV LQWHJUDWLQJ WKHVH WKUHH OD\HUV LQ
RQH IUDPHZRUN� ,Q VXP� H*51V FDQ EH XVHG WR LGHQWLI\ WKH WDUJHW JHQHV RI LQGLYLGXDO 7)V
�UHJXORQV�� WR SLQSRLQW WKH FHOO�W\SH VSHFLILF UHJXODWRU\ UHJLRQV WKDW FRQQHFW WR D 7)� DQG WR
LQYHVWLJDWH�JHQHWLF�YDULDWLRQ�LQ�WKH�WULSDUWLWH�7)�UHJXODWRU\�HOHPHQW�JHQH�JUDSKV�

&RPSDULQJ H*51V DFURVV FHOO W\SHV UHYHDOHG WKDW IRU VRPH 7)V �H�J� ,5)�� WKH UHJXORQV DUH
KLJKO\ FHOO�W\SH VSHFLILF� 2QH H[SODQDWLRQ IRU WKLV FHOO�W\SH VSHFLILF UHJXORQV LV WKDW 7)V PD\
KDYH GLIIHUHQW FR�ELQGLQJ 7) SDUWQHUV GHSHQGLQJ RQ WKH FHOO W\SH� ,QGHHG� LQ RXU SUHYLRXV
ZRUN ZH IRXQG WKDW 7)V UHJXODWH GLVWLQFW ELRORJLFDO SURFHVVHV GHSHQGLQJ RQ WKHLU FR�ELQGLQJ
SDUWQHUV �������� $Q DOWHUQDWLYH H[SODQDWLRQ IRU FHOO�W\SH VSHFLILF UHJXORQV LV WKDW GLIIHUHQW FHOO
W\SHV�PD\�GLIIHU�LQ�WKHLU�FKURPDWLQ�SRWHQWLDO �����

$PRQJ WKH QRWDEOH REVHUYDWLRQV IURP DSSO\LQJ *5D1,( DQG *5D13$ WR VWXG\ WKH JHQH
H[SUHVVLRQ UHVSRQVH LQ PDFURSKDJHV ZDV WKDW VRPH 7)V� LQFOXGLQJ 0%'�� ZHUH VSHFLILFDOO\
LPSRUWDQW RQO\ IRU SUHGLFWLQJ UHVSRQVH WR EDFWHULDO LQIHFWLRQ� DQG QRW IRU ,)1�Ȗ VWLPXODWLRQ�
6LQFH ,5) WUDQVFULSWLRQDO SURJUDPV DUH JHQHUDOO\ PRUH UHODWHG WR D YLUXV UHVSRQVH� 0%'� LV
SHUKDSV QHHGHG LQ WKH EDFWHULDO VSHFLILF UHVSRQVH� LQGLFDWLQJ WKDW ZH FDQ SRWHQWLDOO\ XVH
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WKHVH QHWZRUNV WR LGHQWLI\ 7)V LPSRUWDQW IRU UHVSRQVHV WR GLIIHUHQW W\SHV RI SDWKRJHQV� 7KH
REVHUYDWLRQ WKDW *5D13$ LGHQWLILHG GLVWLQFW VHWV RI LPSRUWDQW 7)V IRU WKH GLIIHUHQW UHVSRQVHV
PD\ UHIOHFW WKDW PDFURSKDJHV XVH VHYHUDO VWUDWHJLHV WR ILJKW LQIHFWLRQV� LQFOXGLQJ
SKDJRF\WRVLV IROORZHG E\ GHJUDGDWLRQ PHFKDQLVPV� VWDUYDWLRQ RI SDWKRJHQV� DQG UHFUXLWLQJ
RWKHU SOD\HUV LQ WKH LPPXQH V\VWHP ����� $QRWKHU REVHUYDWLRQ LV WKDW WKUHH RI LPSRUWDQW 7)V
IRU SUHGLFWLQJ WKH UHVSRQVH WR LQIHFWLRQ DQG EXW QRW WR ,)1�Ȗ DUH NQRZQ WR ELQG PHWK\ODWHG
'1$� 0%'� ����� 0(&3� ����� 15)� ����� 5HFHQW UHSRUWV SURYLGH HYLGHQFH IRU D
SDWKRJHQ�LQGXFHG JOREDO '1$ PHWK\ODWLRQ DOWHUDWLRQ ���� GRZQVWUHDP RI 1)N%�VLJQDOOLQJ�
DQG LW ZDV VKRZQ WKDW 0%'� LQKLELWV ,)1�Ȗ E\ VHOHFWLYHO\ ELQGLQJ WR PHWK\ODWHG UHJLRQV LQ
WKH 6WDW� SURPRWHU LQ RWKHU FHOO W\SHV ����� 2XU UHVXOWV DUH FRQVLVWHQW ZLWK D
SDWKRJHQ�UHVSRQVH PHFKDQLVP WKDW LV SDUWLDOO\ PHGLDWHG E\ '1$ PHWK\ODWLRQ� ZKLFK PD\
PRGXODWH WKH LPSDFW RI '1$�PHWK\ODWLRQ VHQVLWLYH 7)V DQG GHPRQVWUDWHV WKH OHYHO RI QRYHO
ELRORJLFDO�LQVLJKWV�WKDW�FDQ�EH�JDLQHG�ZLWK�*5D1,(�DQG�*5D13$�

/LPLWDWLRQV�RI�*5D1,(�
�� $V ZLWK DOO QHWZRUN LQIHUHQFH WRROV� LW LV LPSRUWDQW WR NHHS LQ PLQG ZKDW DQ HGJH

PHDQV� ,Q WKH FDVH RI *5D1,(� WKH 7)�SHDN DQG SHDN�JHQH OLQNV DUH EDVHG RQ
FR�YDULDWLRQ DFURVV ELRORJLFDO VDPSOHV �LQ WKLV VWXG\ YDULDWLRQ DFURVV LQGLYLGXDOV��
7KHUHIRUH� LW ZLOO PLVV OLQNV ZKHQ HLWKHU RI WKH QRGHV �7) H[SUHVVLRQ� SHDN
DFFHVVLELOLW\� RU JHQH H[SUHVVLRQ� LV QRW YDULDEOH DFURVV VDPSOHV� )RU LQVWDQFH� LI
VDPSOHV DUH LQGLYLGXDOV� *5D1,( PD\ PLVV KRXVH�NHHSLQJ DQG GRVDJH�VHQVLWLYH
JHQHV��7)V��DQG�HQKDQFHUV�

�� ,I *5D1,( LV UXQ ZLWK $7$&�VHT GDWD� WKH OLPLWDWLRQV RI $7$&�VHT DSSO\� L�H�
DFFHVVLELOLW\ PD\ QRW DOZD\V UHIOHFW DFWLYLW\� *HQHUDOO\ ZLWK $7$&�VHT GDWD SURPRWHU
DFFHVVLELOLW\ LV RIWHQ QRW VWURQJO\ FRUUHODWHG ZLWK JHQH H[SUHVVLRQ ZKHQ FRQVLGHULQJ
FHOOV LQ ZKLFK WKH JHQH LV JHQHUDOO\ DFWLYH� 7KHUHIRUH� *5D1,( ZLOO OLNHO\ PLVV VRPH
SURPRWHU�JHQH FRQQHFWLRQV� )XUWKHUPRUH� LW ZLOO QRW GHWHFW 7)V WKDW GR QRW DIIHFW
DFFHVVLELOLW\�

�� $V ZLWK PRVW 7)�LQIHUHQFH EDVHG WRROV� *5D1,( UHOLHV RQ WKH DYDLODELOLW\ RI D 7)
ELQGLQJ VLWH ZLWKLQ D SHDN� 7KHUHIRUH LW ZLOO PLVV 7)� IRU ZKLFK ELQGLQJ VLWHV DUH
XQNQRZQ� DQG 7)V ELQGLQJ HYHQWV WKDW GR QRW UHO\ RQ WKH 7) PRWLI �H�J� FRRSHUDWLYH
ELQGLQJ��

�� 7) H[SUHVVLRQ LV QRW DOZD\V SUHGLFWLYH RI D 7)
V UROH LQ WUDQVFULSWLRQDO UHJXODWLRQ� 7R
FLUFXPYHQW WKLV� *5D1,( RIIHUV WKH RSWLRQ RI XVLQJ 7) PRWLI DFFHVVLELOLW\ DV DQ
HVWLPDWH RI 7) DFWLYLW\� 7KLV LQ WXUQ KDV WKH FDYHDW WKDW FRQQHFWLRQV ZLOO EH EDVHG RQ
7)�PRWLIV��ZKLFK�FDQ�EH�YHU\�VLPLODU�DFURVV�7)V��

�� 6LQFH *5D1,( LV DVVRFLDWLRQ�EDVHG LW FDQQRW SHU VH GLVWLQJXLVK GLUHFW IURP LQGLUHFW
HIIHFWV� 7KLV LV SDUWLFXODUO\ LPSRUWDQW ZKHQ UXQQLQJ LW RQ VDPSOHV WKDW DUH KLJKO\
YDULDEOH �H�J� GLIIHUHQW FHOO W\SHV�� ,W PD\ WKHQ EHFRPH GLIILFXOW WR DVVHVV ZKHWKHU WKH
YDULDWLRQ LQ SHDN DFFHVVLELOLW\ LV GULYHQ E\ WKH 7) IRU ZKLFK LW KDV D PRWLI� RU E\ VRPH
RWKHU PHFKDQLVP� :H UHIHU WKH XVHUV WR WKH 4& LPSOHPHQWHG LQ *5D1,( WR MXGJH WKH
H[WHQW�RI�VXFK�DQ�H[LVWLQJ�EDWFK�HIIHFW�

�� 7KH 5� YDOXHV IURP *5D13$ DUH RIWHQ ORZ� HYHQ LI WKH\ DUH EHWWHU WKDQ WKRVH IRU
UDQGRP QHWZRUNV� VXJJHVWLQJ WKDW WKH H*51V DUH QRW SLFNLQJ XS DOO WKH VLJQDO LQ WKH
GDWD� $GGLQJ JHQH�VSHFLILF IHDWXUHV H�J� IURP ���� PD\ VXEVWDQWLDOO\ LPSURYH WKHP LI
GHVLUHG�
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$FNQRZOHGJHPHQWV

:H WKDQN $QQD 0DWKLRXGDNL IRU SURRIUHDGLQJ DQG IRU QDPLQJ *5D1,( DQG *5D13$� 0DUWLQD
0XFNHQWKDOHU� 2ULDQD 0DUTXHV DQG &KULVWLQD 0HUWHQV IRU GLVFXVVLRQV DERXW PDFURSKDJH
ELRORJ\� 0�.� LV IXQGHG E\ WKH (XURSHDQ 8QLRQ¶V +���� 06&$�,71 3URMHFW (1+3$7+<�
JUDQW DJUHHPHQW QXPEHU ������� $�&� LV IXQGHG E\ WKH (XURSHDQ 8QLRQ¶V +RUL]RQ ����
06&$� JUDQW DJUHHPHQW QXPEHU ������� $53 KDV EHHQ JUDQWHG E\ WKH 5HJLRQDO
3URJUDPPH RI 5HVHDUFK DQG 7HFKQRORJLFDO ,QQRYDWLRQ IRU <RXQJ 'RFWRUV 8&0�&$0
�35��������������

'HFODUDWLRQV

:H�GHFODUH�WKDW�QRQH�RI�WKH�DXWKRUV�KDYH�DQ\�FRPSHWLQJ�LQWHUHVWV�
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)LJXUH �� 2YHUYLHZ� DSSOLFDWLRQ DQG YDOLGDWLRQ RI *5D1,(� $� 6FKHPDWLF RI WKH H*51
FRQVWUXFWLRQ E\ *5D1,(� LQFOXGLQJ WKH 7) WR SHDN �OHIW� DQG SHDN WR JHQH �ULJKW� OLQNV
�GHWDLOHG ZRUNIORZ LQ )LJ� 6��� %� 'DWDVHWV XVHG IRU PDFURSKDJH H*51 FRQVWUXFWLRQ DQG
HYDOXDWLRQ� &� 9DOLGDWLRQ RI WKH H*51 7)�SHDN OLQNV ZLWK &K,3�VHT GDWD� (QULFKPHQW RI
&K,3�VHT SHDNV RYHUODSSLQJ D *5D1,(�LQIHUUHG 7)�ERXQG SHDN �VDPH 7)� DUH VKRZQ IRU
GLIIHUHQW 7)�SHDN )'5V LQ WKH QDLYH PDFURSKDJH H*51� %DFNJURXQG� SHDNV WKDW FRQWDLQ WKH
PRWLI IRU WKH UHVSHFWLYH 7) EXW DUH QRW VLJQLILFDQWO\ OLQNHG �VHH )LJ� 6� IRU RWKHU H*51V�� '�
9DOLGDWLRQ RI WKH H*51 SHDN�JHQH OLQNV ZLWK PDFURSKDJH H47/V� 3ORWV VKRZ WKH HQULFKPHQW
RI H*51 OLQNV RYHUODSSLQJ DQ H47/ RYHU UDQGRPO\ VDPSOHG GLVWDQFH�PDWFKHG SHDN�JHQH
OLQNV IRU GLIIHUHQW SHDN�JHQH )'5V LQ WKH QDLYH PDFURSKDJH H*51 �VHH )LJ� 6� IRU RWKHU
H*51V�� (� )RUFHG�GLUHFWHG YLVXDOL]DWLRQ RI WKH QDLYH PDFURSKDJH H*51 �VHH )LJ� 6� IRU
WKH RWKHU H*51V�� 7KH FRORUV FRUUHVSRQG WR WKH LGHQWLILHG FRPPXQLWLHV� )� (QULFKPHQW RI
PDFURSKDJH�VSHFLILF )$1720� &$*( HQKDQFHUV DPRQJ WKH PDFURSKDJH H*51 SHDNV� *�
)UDFWLRQ RI H*51 SHDNV FRQQHFWHG WR WKH FORVHVW JHQH �EODFN� YV RWKHU �JUH\� JHQHV IRU WKH
PDFURSKDJH H*51V� +� 1XPEHU RI SHDNV OLQNHG WR D JHQH VKRZQ DV KLVWRJUDP IRU H*51
SHDNV �WRS� DQG DOO SHDNV �LQFOXGLQJ QRQ�7) ERXQG� ERWWRP� IRU WKH QDLYH PDFURSKDJH GDWD
�VHH )LJ� 6� IRU RWKHU H*51V�� 0HDQ QXPEHU RI SHDNV LQGLFDWHG LQ WKH SDQHOV� ,� 1XPEHU RI
JHQHV FRQQHFWHG WR HDFK 7) IRU WKH QDLYH PDFURSKDJH H*51 �WRS �� 7)V DUH ODEHOOHG�� -�.�
*2 HQULFKPHQW IRU VHOHFWHG FRPPXQLWLHV IURP WKH QDLYH �-� DQG LQIHFWHG �.� PDFURSKDJH
H*51 �VHH 7DEOH 6� IRU WKH IXOO WDEOH RI HQULFKPHQWV DFURVV FRPPXQLWLHV IRU DOO PDFURSKDJH
H*51V��
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��

)LJXUH �� 2YHUYLHZ DQG DSSOLFDWLRQ RI *5D13$� $� 6FKHPDWLF RI WKH JHQHUDO *51
HYDOXDWLRQ DSSURDFK *5D13$� %� 2XWSXW RI *5D13$ LV VKRZQ DV WUXH YV SUHGLFWHG ORJ�
IROG�FKDQJHV IRU WKH PDFURSKDJH H[SUHVVLRQ UHVSRQVH WR VDOPRQHOOD LQIHFWLRQ� 3UHGLFWLRQV
DUH EDVHG RQ WKH QDLYH PDFURSKDJH H*51 �VHH )LJ� 6�� IRU WKH RWKHU PDFURSKDJH
H*51V�� &� 2XWSXW RI *5D13$ LV VKRZQ DV GHQVLW\ GLVWULEXWLRQ RI 5� IRU WHQ UDQGRP IRUHVW
UXQV IRU WKH QDLYH PDFURSKDJH H*51 SUHGLFWLQJ GLIIHUHQWLDO H[SUHVVLRQ XSRQ VDOPRQHOOD
LQIHFWLRQ� DORQJ ZLWK WKH WZR UDQGRPLVHG FRQWUROV� '� *5D13$ HYDOXDWLRQ RI H*51V IRU
QDLYH PDFURSKDJHV �OHIW�� $0/ �PLGGOH� DQG 7�&HOOV �ULJKW� RI GLIIHUHQWLDO H[SUHVVLRQ IURP
PDFURSKDJHV LQIHFWHG ZLWK 6DOPRQHOOD YV QDLYH �WRS�� WZR VXEW\SHV RI $0/ �PLGGOH�� DQG
UHVWLQJ YV VWLPXODWHG 7�FHOOV �ERWWRP�� 5HG OLQHV LQGLFDWH WKH ORJ� IROG�FKDQJH �YHUWLFDO OLQH�
DQG S�YDOXH �KRUL]RQWDO OLQH� WKUHVKROGV IRU JHQHV LQFOXGHG LQ WKH *5D13$ DQDO\VLV� (� 7RS �
PRVW LPSRUWDQW 7)V IRU HDFK RI WKH H*51V LQ '� EDVHG RQ SUHGLFWLRQ LQ WKH VDPH FHOO�W\SH�
)� 2YHUODS RI 63� �OHIW� DQG ,5)� �ULJKW� UHJXORQV EHWZHHQ H*51V IURP GLIIHUHQW FHOO W\SHV
�RQO\ H*51V ZLWK DW OHDVW RQH FRQQHFWLRQ WR WKH UHVSHFWLYH 7) DUH VKRZQ�� *� (QULFKPHQW
�RGGV UDWLR � 25� RI 1).%�� ,5)�� ,5)� DQG ,5)� WDUJHW JHQHV LGHQWLILHG LQ FHOO�W\SH VSHFLILF
NQRFN�RXWV �.�2� URZV� LQ WKH PDWFKLQJ PDFURSKDJH� $0/ DQG 7�FHOO H*51 UHJXORQV
�FROXPQV�� 1XPEHUV LQ FHOOV LQGLFDWH� ��JHQHV LQ UHJXORQ DQG GRZQ LQ 7) .�2� � ��JHQHV LQ
UHJXORQ�� $VWHULVNV LQGLFDWH VLJQLILFDQFH RI WKH HQULFKPHQW �16� QRQ�VLJQLILFDQW� 
� S�DGM�
������ 



� ��������� +� (QULFKPHQW RI 7�FHOO DQG PDFURSKDJH�VSHFLILF )$1720� &$*(
HQKDQFHUV DPRQJ WKH 7�FHOO DQG PDFURSKDJH H*51 SHDNV� 7KH QXPEHUV LQVLGH WKH WLOHV DUH
%+�DGMXVWHG S�YDOXHV� 7KH PDFURSKDJH H*51 LV WKH XQLRQ EHWZHHQ WKH LQIHFWHG� QDLYH DQG
SULPHG�H*51V�
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��

)LJXUH �� (YDOXDWLRQ RI *5D1,( H*51V DQG RWKHU *51 DSSURDFKHV� $� *5D13$
HYDOXDWLRQ RI ILYH *5D1,( H*51V �PDFURSKDJH QDLYH � SULPHG � LQIHFWHG� $0/� DQG 7�FHOOV��
DQRWKHU HQKDQFHU�EDVHG H*51 LQIHUUHG ZLWK $1$16( ���� DQG SXEOLFO\ DYDLODEOH 7)�JHQH
QHWZRUNV EDVHG RQ GDWD FXUDWLRQ �'R5RWK($ $%& DQG DOO ���� �� &K,3�VHT GDWD �&K($�
HQFRGH� OLWHUDWXUH� DQG 5H0DS ������ PDQXDO FXUDWLRQ �755867 ���� DQG 5(*1(7 ���� ��
*51V DUH HYDOXDWHG E\ *5D13$ IRU WKHLU SHUIRUPDQFH LQ SUHGLFWLQJ WKH GLIIHUHQWLDO
H[SUHVVLRQ RI UHVWLQJ YV VWLPXODWHG IROOLFXODU 7�FHOOV� *35�� KLJK YV ORZ $0/� DQG QDLYH YV
6DOPRQHOOD�LQIHFWHG PDFURSKDJHV� 1XPEHUV LQ VTXDUHV LQGLFDWH 5� YDOXHV� %�
3UHFLVLRQ�5HFDOO HYDOXDWLRQ RI WKH 1).%�� ,5)�� ,5)� DQG ,5)� UHJXORQ IURP WKH QHWZRUNV
LQ $� IRU LGHQWLI\LQJ JHQHV GRZQ�UHJXODWHG XSRQ .�2 RI WKH UHVSHFWLYH 7)� )RU *5D1,(
H*51V �SXUSOH�� WKH SHUIRUPDQFH RI FHOO�W\SH PDWFKLQJ QHWZRUNV LV VKRZQ� RWKHU QHWZRUNV
DUH�WKH�VDPH�DFURVV�DOO�DQDO\VHV�
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)LJXUH �� $SSOLFDWLRQ RI *5D1,( DQG *5D13$ WR LQYHVWLJDWH PDFURSKDJH ELRORJ\� $�
*5D13$ HYDOXDWLRQ RI WKH XQLRQ RI WKH QDLYH DQG LQIHFWHG PDFURSKDJH H*51V
�QDLYH�LQIHFWHG H*51� UHDO OLQNV� DQG WKH FRUUHVSRQGLQJ UDQGRPL]HG FRQWURO QHWZRUN
�UDQGRP OLQNV� DFURVV HLJKW H[SHULPHQWDO VHWWLQJV RI PDFURSKDJH SHUWXUEDWLRQV� %� 7)
LPSRUWDQFH SURILOHV IRU HDFK RI WKH HLJKW LQIHFWLRQ VHWWLQJV IURP $� 7KH WRS � PRVW SUHGLFWLYH
7)V LQ DQ\ RI WKH VHWWLQJV DUH GLVSOD\HG� 7)V GLVFXVVHG LQ WKH WH[W DUH LQGLYLGXDOO\ ODEHOOHG
DQG FRORUHG� &� 'LVWULEXWLRQ RI ORJ� IROG�FKDQJHV IRU JHQHV LQ WKH 1).%� UHJXORQV IURP WKH
QDLYH�LQIHFWHG H*51 �GDUN EOXH� DUH VKRZQ IRU ,)1�Ȗ VWLPXODWLRQ YV QDLYH PDFURSKDJHV
DORQJVLGH WKH UHVSRQVH RI DOO JHQHV �JUH\�� '� *2 HQULFKPHQW RI WKH 7($'� UHJXORQ� (�)�
'LVWULEXWLRQ RI ORJ� IROG�FKDQJHV RI 6DOPRQHOOD LQIHFWLRQ YV QDLYH PDFURSKDJHV �(� DQG IRU
EUHDVW�FDQFHU DVVRFLDWHG PDFURSKDJHV �)� DUH VKRZQ IRU JHQHV LQ WKH ,5)� �EOXH� DQG
0%'� �RUDQJH� UHJXORQV DORQJVLGH WKH UHVSRQVH RI DOO JHQHV �JUH\�� *� 7KH RYHUODS
EHWZHHQ WKH 0%'� DQG =%7�� UHJXORQV DUH VKRZQ DV 9HQQ 'LDJUDP �OHIW�� (QULFKHG *2
WHUPV IRU WKH JHQHV LQ WKH LQWHUVHFWLRQ DUH VKRZQ DV OROOL SORW �ULJKW�� +� *2 HQULFKPHQW RI WKH
385$ UHJXORQ� ,� 'LVWULEXWLRQ RI ORJ� IROG�FKDQJHV RI 6DOPRQHOOD LQIHFWLRQ YV QDLYH
PDFURSKDJHV IRU JHQHV LQ WKH 1).E� �EOXH� DQG 385$ �JUHHQ� UHJXORQ DORQJVLGH WKH
UHVSRQVH RI DOO JHQHV �JUH\�� -�. 1RUPDOLVHG PDVV VSHFWURPHWU\ LQWHQVLW\ YDOXHV �\�D[LV� IRU
SKRVSKRVLWHV GHWHFWHG RQ 385$ �JUHHQ� -� DQG 1).%� �EOXH� .� LQ PDFURSKDJHV FXOWXUHG LQ
WKH SUHVHQFH RI 0� SRODULVLQJ VWLPXOL �,)1�Ȗ DQG /36� IRU LQGLFDWHG WLPH SRLQWV �[�D[LV��
/LQHV�VKRZ�LQGLYLGXDO�SKRVSKRVLWHV�GHWHFWHG�RQ�HDFK�UHVSHFWLYH�7)�
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)LJXUH �� $SSOLFDWLRQ RI *5D1,( IRU LQYHVWLJDWLQJ WUDLW�DVVRFLDWHG 613V� $� +HULWDELOLW\
HQULFKPHQW LV VKRZQ IRU WKH QDLYH� SULPHG DQG LQIHFWHG PDFURSKDJH H*51V� 7KH S�YDOXH LV
DGMXVWHG ZLWKLQ HDFK WUDLW� %� 7KH HQULFKPHQW RI ILQH�PDSSHG *:$6 YDULDQWV ZLWKLQ WKH
QDLYH� SULPHG� DQG LQIHFWHG H*51V LV VKRZQ DV RGGV UDWLRV� 
� S�YDOXH ������ Q� QXPEHU RI
613V� &� 7KH WULSDUWLWH 7)�HQKDQFHU�JHQH QHWZRUN LQYROYLQJ DOO ILQH�PDSSHG *:$6 YDULDQWV
IRU DXWRLPPXQH GLVHDVHV� '� 1RUPDOL]HG H[SUHVVLRQ OHYHO RI )$0��% LV VKRZQ DV ER[SORW
IRU KHDOWK\ FRQWUROV DQG IURP V\QRYLDO WLVVXH RI SDWLHQWV VXIIHULQJ IURP HDUO\ �JUHHQ� DQG
HVWDEOLVKHG �\HOORZ� UKHXPDWRLG DUWKULWLV �5$�� 'DWD IURP ����� (� 7KH JHQRPLF FRQWH[W RI WKH
ILQH�PDSSHG� 6/(�DVVRFLDWHG YDULDQW UV������ LQ D $7$&�VHT SHDN �UHG ER[� DV JHQH
WUDFNV� LQFOXGLQJ RWKHU SHDNV SUHVHQW LQ WKH LQIHFWHG PDFURSKDJH H*51 �EOXH ER[HV�� DQG
SHDN�JHQH OLQNV IURP WKH LQIHFWHG PDFURSKDJH H*51 �DUFV�� *HQHV WDUJHWHG E\ WKH SHDN
RYHUODSSLQJ�ZLWK�UV��������UHG��DUH�FRORUHG�LQ�UHG�
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7DEOHV

7DEOH����6XPPDU\�RI�WKH�H*51V�GHVFULEHG�LQ�WKH�PDLQ�WH[W

H*51 ��7)V��DFWLYDWRUV�
UHSUHVVRUV�

��SHDNV ��JHQHV ��FRQQHFWLRQV�7)�
HQKDQFHU�JHQHV

0DFURSKDJH�QDLYH��QDLYH� ������������ ���� ���� ����

0DFURSKDJH�,)1�Ȗ�SULPHG
�SULPHG�

������������ ���� ���� �����

0DFURSKDJH�LQIHFWHG�ZLWK
6DOPRQHOOD��LQIHFWHG�

����������� ���� ���� ����

0DFURSKDJH�,)1�Ȗ�SULPHG
DQG�LQIHFWHG
�SULPHG�LQIHFWHG�

����������� ���� ���� �����

$0/ ���������� ���� ���� ����

3ULPDU\�&'���7�FHOOV ����������� ���� ���� ����

7DEOH �� 1HWZRUN VWDWLVWLFV IRU WKH YDULRXV H*51V EDVHG RQ GHIDXOW SDUDPHWHUV �7)�SHDN
)'5 ���� SHDN�JHQH )'5 ���� SHDN�JHQH GLVWDQFH � ���NE� DFWLYDWRU�UHSUHVVRU VWULQJHQF\
WKUHVKROG�EDVHG�RQ�WKH���WK�SHUFHQWLOH�
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7DEOH����'LIIHUHQWLDO�H[SUHVVLRQ�H[SHULPHQWV�IRU�WKH�GLIIHUHQW�LQIHFWLRQ�VHWWLQJV

&HOO�W\SHV 7UHDWPHQW &RPSDULVRQ 5HIHUHQFH

0RQRF\WH�GHULYHG
PDFURSKDJHV�IURP
KHDOWK\�GRQRUV

/LVWHULD�PRQRF\WRJHQHV 8QLQIHFWHG�YV���KRXUV�SRVW
LQIHFWLRQ ����

6DOPRQHOOD�7\SKLPXULXP

0\FREDFWHULXP
7XEHUFXORVLV�VWUDLQ
UHVLVWDQW�WR�%'4
WUHDWPHQW

8QLQIHFWHG�YV���K�SRVW
LQIHFWLRQ

����
8QLQIHFWHG�YV���K�SRVW
LQIHFWLRQ

L36&�GHULYHG
PDFURSKDJHV

6DOPRQHOOD�W\SKLPXULXP

8QLQIHFWHG�YV��K�SRVW
LQIHFWLRQ

����
��K�,)1�Ȗ�SULPHG�YV���K
,)1�Ȗ�SULPHG����K�SRVW
LQIHFWLRQ

,QWHUIHURQ�JDPPD
VWLPXODWLRQ

QDLYH�YV���K�,)1�Ȗ�J
WUHDWPHQW

7XPRXU�DVVRFLDWHG
DQG�WLVVXH�UHVLGHQW
PDFURSKDJHV�IURP
KXPDQ�EUHDVW�WLVVXH

7XPRU�YV�WLVVXH�UHVLGHQW
7XPRXU�YV�UHVSHFWLYH
WLVVXH�UHVLGHQW
PDFURSKDJHV

����

7DEOH �� 'LIIHUHQWLDO H[SUHVVLRQ VXPPDU\ IRU WKH GLIIHUHQW LQIHFWLRQ GDWDVHWV � FHOO W\SHV� WKHLU
WUHDWPHQWV�DQG�WKH�FRPSDULVRQV�XVHG�IRU�WKH�GLIIHUHQWLDO�H[SUHVVLRQ�DQDO\VHV�
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7DEOH �� 3UHGLFWHG WDUJHW JHQHV RI ILQH�PDSSHG *:$6 DXWRLPPXQH YDULDQWV XVLQJ
PDFURSKDJH�H*51V��
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7DEOH�� )LQH�PDSSHG *:$6 YDULDQWV IRU DXWRLPPXQH GLVHDVHV JHQHUDWHG XVLQJ SUREDELOLVWLF
LGHQWLILFDWLRQ RI FDXVDO 613V �3,&6� VHH 0HWKRGV� IRU KJ�� EXLOG RYHUODSSLQJ ZLWK WKH SHDNV
RI�PDFURSKDJH�H*51V�
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0HWKRGV

'DWDVHWV�XVHG�LQ�WKLV�VWXG\�

)RU DOO GDWDVHWV� ZH SHUIRUPHG 3&$ DORQJ ZLWK PHWDGDWD LQVSHFWLRQ LQ WKH 3&$ VSDFH WR
HYDOXDWH ZKHWKHU VDPSOHV VKRXOG EH GLVFDUGHG DV RXWOLHUV� ,I ZH GLG� ZH JLYH GHWDLOV LQ WKH
UHVSHFWLYH�SDUDJUDSK�

([SUHVVLRQ�DQG�FKURPDWLQ�DFFHVVLELOLW\�GDWD�IRU�L36&�GHULYHG�PDFURSKDJHV
:H XVHG D SXEOLFO\ DYDLODEOH GDWDVHW �(53������� IRU QDLYH DQG SULPHG PDFURSKDJHV
�L36&�GHULYHG� LQ WZR FRQGLWLRQV� XQLQIHFWHG DQG ��K LQIHFWHG ZLWK 6DOPRQHOOD IURP ����� ,Q
WRWDO ZH REWDLQHG ��� 51$�VHT SURILOHV IURP �� GLIIHUHQW LQGLYLGXDOV� RI ZKLFK ��� DOVR KDG
$7$&VHT GDWD DYDLODEOH �KWWSV���]HQRGR�RUJ�UHFRUG����������;���3;8]D61�� 7KH VDPSOHV
DUH VSOLW LQWR IRXU JURXSV� SULPHG� SULPHG�LQIHFWHG� QDLYH DQG QDLYH�LQIHFWHG IRU ZKLFK ��
����� �� ����� �� ����� �� ���� SDLUHG 51$�$7$& �RQO\ 51$�VHT� VDPSOHV ZHUH DYDLODEOH
UHVSHFWLYHO\� 7KH GDWD DOVR FRQWDLQHG PHWDGDWD DQG SHDN FRRUGLQDWHV� 7KH SDLUHG VDPSOHV
ZHUH XVHG WR UHFRQVWUXFW WKH H*51V ZLWK *5D1,( �VHH EHORZ�� 7KH XQSDLUHG 51$�VHT GDWD
ZHUH�XVHG�IRU�HYDOXDWLRQ�RI�WKH�H*51V�ZLWK�*5D13$��VHH�EHORZ��

([SUHVVLRQ GDWD IRU PDFURSKDJHV LQIHFWHG ZLWK /LVWHULD 	 6DOPRQHOOD �*(2 DFFHVVLRQ
QXPEHU� *6(������� 3DL HW DO JHQHUDWHG H[SUHVVLRQ GDWD RQ FXOWXUHG PRQRF\WHV REWDLQHG
IURP 3%0&V RI KHDOWK\ GRQRUV� IRU ZKLFK ZH GRZQORDGHG WKH UDZ FRXQWV GDWD ����� 0DWXUHG
PDFURSKDJHV ZHUH GLYLGHG LQWR WKUHH JURXSV� ��� FRQWUROV DQG LQIHFWHG E\ WKH ��� /LVWHULD DQG
��� 6DOPRQHOOD EDFWHULD� UHVSHFWLYHO\� :H XVHG WKH 51$�VHT GDWD FROOHFWHG � KRXUV DIWHU
LQIHFWLRQ�ZLWK�/LVWHULD�DQG�6DOPRQHOOD�UHVSHFWLYHO\�IRU�HDFK�RI�WKH����VDPSOHV�

([SUHVVLRQ GDWD IRU PDFURSKDJHV LQIHFWHG ZLWK 7XEHUFXORVLV �*(2 DFFHVVLRQ QXPEHUV�
*6(������� *6(�������� *LUDXG�*DWLQHDX HW DO FROOHFWHG WZR GDWDVHWV RQ WKH HIIHFW RI
EHGDTXLOLQH �*6(������� DQG ILYH RWKHU GUXJV �*6(������� WUHDWPHQW IRU 0\FREDFWHULXP
WXEHUFXORVLV LQIHFWLRQ LQ 0RQRF\WH�GHULYHG PDFURSKDJHV IURP KHDOWK\ GRQRUV ����� 7KH
*6(������ VHULHV FRQVLVWV RI �� FRQWURO DQG �� 0� WXEHUFXORVLV�LQIHFWHG VDPSOHV� ZKLFK
DUH ODWHU GLYLGHG LQWR IRXU JURXSV� XQWUHDWHG � '062 WUHDWPHQW �FRQWURO� � WZR YDULDQWV RI
EHGDTXLOLQH WUHDWPHQW ���� RU � PLFURJ�P/�� 'LIIHUHQWLDO H[SUHVVLRQ DQDO\VLV UHYHDOHG WKDW
GLIIHUHQFHV FDXVHG E\ WUHDWPHQW DUH QRW VXEVWDQWLDO� VR ZH FRQVLGHUHG WKH WUHDWPHQW DV D
FRQWUROOLQJ YDULDEOH� 7KH *6(������ VHULHV FRQVLVWV RI �� FRQWURO DQG �� 0�
WXEHUFXORVLV�LQIHFWHG VDPSOHV� ZKLFK DUH ODWHU GLYLGHG LQWR JURXSV FRUUHVSRQGLQJ WR WKH
WUHDWPHQW ZLWK LVRQLD]LG �,1+�� ULIDPSLFLQ �5,)�� HWKDPEXWRO� S\UD]LQDPLGH �3=$� RU DPLNDFLQ
�$0.�� DQG FRQWURO JURXS� :H FRQVLGHUHG WUHDWPHQW DV D FRQWUROOLQJ YDULDEOH IRU WKH
GLIIHUHQWLDO�H[SUHVVLRQ�DQDO\VLV�

([SUHVVLRQ�DQG�FKURPDWLQ�DFFHVVLELOLW\�GDWD�IRU�&'���7�FHOOV
3DLUHG 51$� DQG $7$&�VHT GDWD ZHUH REWDLQHG IURP ����� )RU 51$�VHT� SURFHVVHG FRXQW
ILOHV ZHUH REWDLQHG IURP *6(������� )RU $7$&�VHT� UDZ VHTXHQFLQJ ILOHV ZHUH REWDLQHG
IURP *6(������ DQG SURFHVVHG DQG TXDOLW\�FRQWUROOHG ZLWK DQ LQ�KRXVH 6QDNHPDNH
SLSHOLQH�DV�SUHYLRXVO\�GHVFULEHG �����
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([SUHVVLRQ�GDWD�IRU�UHVWLQJ�YV�/36�VWLPXODWHG�&'���7�FHOOV �*6(�������
51$�VHT ZDV REWDLQHG IURP ����� ZKLFK PHDVXUHG H[SUHVVLRQ LQ UHVWLQJ DQG VWLPXODWHG
VXEVHWV RI &'��SRVLWLYH 7�FHOOV� :H XVHG RQO\ WKH QDLYH 7�FHOOV IRU GLIIHUHQWLDO H[SUHVVLRQ
DQDO\VHV�

([SUHVVLRQ�DQG�FKURPDWLQ�DFFHVVLELOLW\�IRU�$0/
:H REWDLQHG UDZ 51$�VHT GDWD IRU �� $0/ SDWLHQWV IURP ����� 3URFHVVHG DQG
TXDOLW\�FRQWUROOHG�$7$&�VHT�GDWD�DQG�SHDNV�IRU�WKH�VDPH�SDWLHQWV�ZDV�REWDLQHG�IURP �����

([SUHVVLRQ�GDWD�IRU�7)�.�2V
:H REWDLQHG FHOO�W\SH VSHFLILF NQRFN�RXW �.�2� GDWD IRU 7+3� GHULYHG PDFURSKDJHV
�1).%�� ����� WKH KXPDQ $0/ FHOO OLQH 09���� �,5)�� ����� DQG SURFHVVHG GLIIHUHQWLDO
H[SUHVVLRQ GDWD IURP SULPDU\ KXPDQ &'�� 7 FHOOV �,5)� DQG ,5)�� ����� )RU WKH 1.%� DQG
,5)� GDWDVHWV� UDZ VHTXHQFLQJ ILOHV ZHUH REWDLQHG IURP *6(������ DQG *6(������
UHVSHFWLYHO\� DQG GDWD SURFHVVLQJ DQG TXDOLW\ FRQWURO ZDV SHUIRUPHG ZLWK DQ LQ�KRXVH
6QDNHPDNH�SLSHOLQH�DV�GHVFULEHG�SUHYLRXVO\ �����

0DFURSKDJH�SKRVSKRSURWHRPLFV�GDWD
3URFHVVHG TXDQWLWDWLYH SKRVSKRSURWHRPLFV GDWD IURP SRODULVLQJ 7+3��GHULYHG PDFURSKDJHV
ZDV�REWDLQHG�IURP �����

'LIIHUHQWLDO�H[SUHVVLRQ�DQDO\VLV��VHH�DOVR�7DEOH���

'LIIHUHQWLDO H[SUHVVLRQ DQDO\VLV ZDV SHUIRUPHG ZLWK '(6HT� ���� IRU DOO GDWDVHWV� W\SLFDOO\
XVLQJ WKH FRQWUDVW EHWZHHQ WUHDWPHQW DQG QR WUHDWPHQW RU GLVHDVH DQG FRQWURO� 7KH GHVLJQ
IRUPXOD JHQHUDOO\ XVHG ZDV WKHUHIRUH ³aFRQGLWLRQ´� XQOHVV RWKHUZLVH VWDWHG� 'DWDVHW�VSHFLILF
GHWDLOV RI WKH GLIIHUHQWLDO H[SUHVVLRQ DQDO\VLV GDWDVHWV DUH GHVFULEHG EHORZ� $V LQSXW IRU
*5D13$� ZH JHQHUDOO\ XVHG VKUXQNHQ ORJ� IROG�FKDQJHV DV LPSOHPHQWHG LQ OIF6KULQN IURP
'(6HT� ZLWK WKH DSHJOP PHWKRG ���� XQOHVV RWKHUZLVH LQGLFDWHG� HYHQ WKRXJK LV QRW D VWULFW
UHTXLUHPHQW�RI�*5D13$�WR�XVH�DQ\�SDUWLFXODU�WUDQVIRUPDWLRQ�

L36&�GHULYHG PDFURSKDJHV LQIHFWHG ZLWK 6DOPRQHOOD IURP ����� 'LIIHUHQWLDO H[SUHVVLRQ ZDV
FDOFXODWHG XVLQJ RQO\ WKH 51$�VHT GDWD WKDW ZDV QRW XVHG IRU H*51 UHFRQVWUXFWLRQ� :H
TXDQWLILHG GLIIHUHQWLDO H[SUHVVLRQ IRU WKH IROORZLQJ FRQWUDVWV� QDLYH YV LQIHFWHG� QDLYH YV
,)1��Ȗ SULPHG� ,)1�Ȗ SULPHG YV ,)1�Ȗ SULPHG�LQIHFWHG� 7KH IRUPXOD XVHG LQ '(6HT� ZDV
³aFRQGLWLRQ´�

0DFURSKDJHV LQIHFWHG ZLWK /LVWHULD DQG 6DOPRQHOOD IURP ����� :H DQDO\VHG WKH GLIIHUHQWLDO
H[SUHVVLRQ EHWZHHQ FRQWURO VDPSOHV� OLVWHULD�LQIHFWHG VDPSOHV DQG VDOPRQHOOD�LQIHFWHG
VDPSOHV VHSDUDWHO\� 1R VDPSOHV ZHUH UHPRYHG� ,QIRUPDWLRQ RQ WKH GRQRU ZDV XVHG DV D
FRYDULDWH��XVLQJ�WKH�GHVLJQ�IRUPXOD��³aSDWLHQW���FRQGLWLRQ´�

0DFURSKDJHV LQIHFWHG ZLWK 7XEHUFXORVLV IURP ����� :H FDOFXODWHG GLIIHUHQWLDO H[SUHVVLRQ
EHWZHHQ PRQRF\WH�GHULYHG PDFURSKDJHV IURP KHDOWK\ GRQRUV LQIHFWHG ZLWK WXEHUFXORVLV
YHUVXV FRQWURO VDPSOHV� 'DWDVHWV *6(������ DQG *6(������ ZHUH DQDO\]HG VHSDUDWHO\�
EXW ZLWK D FRPPRQ GHVLJQ IRUPXOD� $OWKRXJK WKHUH ZHUH DOVR PXOWLSOH WUHDWPHQWV� WKH
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H[SUHVVLRQ YDULDQFH ZDV DOPRVW H[FOXVLYHO\ GULYHQ E\ WKH GLIIHUHQFH LQ GLVHDVH VWDWXV� :H
WKHUHIRUH DGGHG WKH WUHDWPHQW DV D FRYDULDWH WR WKH GHVLJQ IRUPXOD �³aSDWLHQW � WUHDWPHQW �
FRQGLWLRQ´�� EXW RQO\ LQYHVWLJDWHG GLIIHUHQWLDO H[SUHVVLRQ EHWZHHQ LQIHFWHG PDFURSKDJHV DQG
FRQWUROV� 2QH FRQWURO DQG RQH LQIHFWHG VDPSOH IURP WKH *6(������ VHULHV ZHUH UHPRYHG
IURP�WKH�DQDO\VLV��DV�WKH\�ZHUH�FOHDU�RXWOLHUV�LQ�WKH�3&$�SORW�

&'���IROOLFXODU�7�FHOOV�UHVWLQJ�YV�/36�VWLPXODWHG
:H TXDQWLILHG GLIIHUHQWLDO H[SUHVVLRQ EHWZHHQ &'��SRVLWLYH IROOLFXODU7�FHOOV LQ UHVWLQJ YV
VWLPXODWHG�FRQGLWLRQ ������7KH�GHVLJQ�IRUPXOD�XVHG LQ�'(6HT�LV�³aFRQGLWLRQ´�

$0/�VXEW\SHV
'LIIHUHQWLDO H[SUHVVLRQ ZDV FDOFXODWHG XVLQJ GDWD IURP ���� DQG FRPSDULQJ VDPSOHV ZLWK
KLJK OHXNDHPLD VWHP FHOO EXUGHQ �*35���KLJK� YV ORZ OHXNDHPLD VWHP FHOO EXUGHQ
�*35���ORZ VDPSOHV� EDVHG RQ LPPXQRSKHQRW\SLQJ DV GHILQHG LQ ����� 7KH GHVLJQ IRUPXOD
ZDV� ³a*35��VWDWXV´� :H GLG QRW XVH VKUXQNHQ ORJ IROG�FKDQJHV DV LQSXW IRU *5D13$ EXW
ZH�YHULILHG�WKDW�UHVXOWV�DUH�TXDOLWDWLYHO\�XQFKDQJHG�ZKHQ�GRLQJ�VR�

7XPRXU�DVVRFLDWHG�DQG�WLVVXH�UHVLGHQW�PDFURSKDJHV�IURP�KXPDQ�EUHDVW�WLVVXH
5DZ 51$�VHTXHQFLQJ GDWD ZDV REWDLQHG IURP *6(������ ����� DQG SURFHVVHG LQ WKH VDPH
ZD\ DV GHVFULEHG IRU H[SUHVVLRQ GDWD IRU 7) .�2V� :H REWDLQHG GLIIHUHQWLDOO\ H[SUHVVHG
JHQHV EHWZHHQ WLVVXH UHVLGHQW DQG WXPRXU DVVRFLDWHG PDFURSKDJHV XVLQJ WKH GHVLJQ
IRUPXOD�³aFRQGLWLRQ´�

*5D1,(��&RQVWUXFWLRQ�RI�H*51V

7KH�IROORZLQJ�LV�QHHGHG�DV�LQSXW�IRU�*5D1,(�
�� 5DZ RU SUH�QRUPDOL]HG FKURPDWLQ DFFHVVLELOLW\ GDWD �H�J�� $7$&�VHT� '1DVH�6HT RU

KLVWRQH�PRGLILFDWLRQ�&K,3�VHT�GDWD�VXFK�DV�+�.��DF�
�� 5DZ�RU�SUH�QRUPDOL]HG�51$�VHT�FRXQWV
�� 3UH�FRPSLOHG OLVWV RI 7)%6 SUHGLFWLRQV SHU 7) �ZH SURYLGH SUHGLFWLRQV IRU KXPDQ DQG

PRXVH�7)%6�WKDW�ZHUH�GHULYHG�DV�GHVFULEHG�LQ �����
�� 7$'�GRPDLQV��RSWLRQDO�

)RU DOO GDWDVHWV LQ WKLV VWXG\� ZH XVHG WKH VDPH GHIDXOW SDUDPHWHUV ZKHQ FRQVWUXFWLQJ WKH
H*51V�DV�GHVFULEHG�EHORZ�

*5D1,( LV FRQFHSWXDOO\ EDVHG RQ WKH SURFHGXUH GHVFULEHG LQ ��� DQG KDV WKH IROORZLQJ PDLQ
VWHSV�
��� 3URFHVV�FKURPDWLQ�DFFHVVLELOLW\�DQG�51$�VHT�GDWD
%RWK $7$&�VHT DQG 51$�VHT PD\ EH UDZ FRXQWV RU SUH�QRUPDOL]HG FRXQWV� ,I UDZ FRXQWV DUH
SURYLGHG IRU 51$�VHT� E\ GHIDXOW ZH TXDQWLOH QRUPDOL]HG WKH 51$�6HT FRXQW GDWD LQ RUGHU WR
PLQLPL]H WKH HIIHFWV RI RXWOLHU YDOXHV WKDW PD\ RWKHUZLVH KDYH D ODUJH LQIOXHQFH RQ WKH
UHVXOWLQJ FRUUHODWLRQV� )RU FKURPDWLQ DFFHVVLELOLW\ GDWD� ZH HPSOR\ D VL]H IDFWRU QRUPDOL]DWLRQ
DV LPSOHPHQWHG LQ '(6HT� ����� +RZHYHU� WKH XVHU FDQ GHILQH ZKLFK W\SH RI QRUPDOL]DWLRQ
VKDOO EH XVHG IRU HLWKHU GDWD� $GGLWLRQDO ILOWHUV IRU H[FOXGLQJ SDUWLFXODU FKURPRVRPHV �H�J��
VH[ FKURPRVRPHV� RU JHQHV � SHDNV ZLWK ORZ FRXQWV FDQ RSWLRQDOO\ EH XVHG� 7KH ODWWHU LV
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LPSOHPHQWHG E\ UHPRYLQJ JHQHV � SHDNV LI WKH DYHUDJH FRXQWV DFURVV DOO VDPSOHV DUH EHORZ
D�VSHFLILHG�WKUHVKROG����E\�GHIDXOW��

��� 2YHUODS�7)�ELQGLQJ�VLWHV�ZLWK�$7$&�6HT�SHDNV
%DVHG RQ WKH SURYLGHG OLVW RI SXWDWLYH 7)%6 SHU 7) �VHH ���� IRU GHWDLOV�� ZH RYHUODS DOO
7)%6 IURP DOO 7) ZLWK WKH RSHQ FKURPDWLQ SHDNV DQG UHFRUG IRU HDFK SHDN DQG 7) ZKHWKHU
DW OHDVW RQH SXWDWLYH 7)%6 LV ORFDWHG ZLWKLQ WKH SHDN� 7KLV ELQDU\ 7)�SHDN ELQGLQJ PDWUL[ LV
XVHG�LQ�VXEVHTXHQW�VWHSV�

��� ,GHQWLI\�VWDWLVWLFDOO\�VLJQLILFDQW�7)���SHDN�FRQQHFWLRQV
7R LGHQWLI\ VWDWLVWLFDOO\ VLJQLILFDQW 7)�SHDN FRQQHFWLRQV ZH LPSOHPHQW D FHOO�W\SH VSHFLILF
GDWD�GULYHQ DSSURDFK� ,Q EULHI� ZH ILUVW FDOFXODWH WKH 3HDUVRQ FRUUHODWLRQ FRHIILFLHQWV EHWZHHQ
WKH H[SUHVVLRQ OHYHO RI HDFK 7) DQG WKH RSHQ FKURPDWLQ VLJQDO RI HDFK SHDN DFURVV DOO
VDPSOHV�
:H WKHQ XVH DQ HPSLULFDO )'5 SURFHGXUH WR LGHQWLI\ VWDWLVWLFDOO\ VLJQLILFDQW 7)�SHDN
FRQQHFWLRQV� )RU WKLV� IRU HDFK 7)� ZH VSOLW WKH SHDNV LQWR WZR VHWV� $ IRUHJURXQG VHW
FRQWDLQLQJ WKH SHDNV ZLWK D SXWDWLYH 7)%6 DQG D FRUUHVSRQGLQJ EDFNJURXQG VHW FRQVLVWLQJ RI
SHDNV ZLWKRXW SXWDWLYH 7)%6 EDVHG RQ WKH 7)�SHDN ELQGLQJ PDWUL[ FDOFXODWHG DERYH� :H
WKHQ GLVFUHWL]H WKH 7)�SHDN FRUUHODWLRQ U LQWR �� ELQV LQ VWHSV RI ���� UDQJLQJ IURP ��� ������
«� �� «� � DQG FDOFXODWH D ELQ�VSHFLILF )'5 YDOXH XVLQJ WZR GLIIHUHQW GLUHFWLRQV �SRVLWLYH� OHIW
WR ULJKW IURP �� WR �� QHJDWLYH� ULJKW WR OHIW IURP � WR ���� )RU HDFK ELQ �FRUUHODWLRQ WKUHVKROG� N�

ZH FDOFXODWH WKH HPSLULFDO )'5 DFFRUGLQJ WR WKH IRUPXOD � ZLWK DQGՍՎՌ՚
Փ
� ࡦ �

ՖՎ՘
Փ

ՖՎ՘
Փ
�Ֆ՜՘࡟�

Փ
ՖՎ՘

Փ

GHQRWLQJ WKH WRWDO QXPEHU RI 7)�SHDNV LQ WKH EDFNJURXQG DQG IRUHJURXQG� UHVSHFWLYHO\�Ֆ՜՘
Փ
�

IRU ZKLFK �GLUHFWLRQ SRVLWLYH� DQG �GLUHFWLRQ QHJDWLYH�� 7R PDNH WKH QXPEHUV՚� ࡬ �Փ� ՚� ࡩ �Փ
IURP IRUHJURXQG DQG EDFNJURXQG FRPSDWLEOH� ZH QRUPDOL]H EHIRUHKDQG E\ WKHLU UDWLRՖՎ՘

Փ

�L�H�� � ZLWK DQG GHQRWLQJ WKH WRWDO QXPEHU RI 7)�SHDNV LQ WKHՖՎ՘
Փ
� ࡦ �ՖՎ՘

Փ
� ࡢ � Ֆ՜՘ՖՎ՘ Ֆ՜՘ ՖՎ՘

IRUHJURXQG�DQG�EDFNJURXQG��UHVSHFWLYHO\�

��� $FWLYDWRU�UHSUHVVRU�7)�FODVVLILFDWLRQ��RSWLRQDO�
2SWLRQDOO\� WKH 7) FODVVLILFDWLRQ DV GHVFULEHG LQ ���� FDQ EH UXQ DQG LV IXOO\ LQWHJUDWHG LQ
*5D1,(� ,W SURGXFHV D FODVVLILFDWLRQ RI 7)V LQWR SXWDWLYH DFWLYDWRUV� UHSUHVVRUV� RU
XQGHWHUPLQHG� %ULHIO\� LW FRPSDUHV WKH GLVWULEXWLRQ RI FRUUHODWLRQV IRU SHDNV ZLWK SXWDWLYH
ELQGLQJ VLWHV �IRUHJURXQG� DJDLQVW DOO RWKHU SHDNV �L�H�� EDFNJURXQG� DQG FODVVLILHV 7)V
GHSHQGLQJ RQ ZKHWKHU WKH FRUUHODWLRQV RI SXWDWLYH WDUJHWV DUH VLJQLILFDQWO\ PRUH SRVLWLYH WKDQ
�DFWLYDWRU�� PRUH QHJDWLYH WKDQ �UHSUHVVRU�� RU LQGLVWLQJXLVKDEOH IURP �XQGHWHUPLQHG� WKH
EDFNJURXQG�

��� ,GHQWLI\�VWDWLVWLFDOO\�VLJQLILFDQW�SHDN�JHQH�FRQQHFWLRQV
1H[W� ZH DGG SHDN�JHQH FRQQHFWLRQV WR RXU QHWZRUN� :H LGHQWLI\ KLJKO\ FRUUHODWHG
SHDN�JHQH SDLUV EDVHG RQ WKHLU 3HDUVRQ FRUUHODWLRQ DQG WKH DVVRFLDWHG S�YDOXH �XVLQJ
FRU�WHVW LQ 5� EHWZHHQ WKH QRUPDOL]HG 51$�VHT IRU WKH H[SUHVVLRQ RI D JHQH DQG WKH
FRUUHVSRQGLQJ�RSHQ�FKURPDWLQ�SHDN�
*5D1,( RIIHUV WZR RSWLRQV WR GHFLGH ZKLFK SHDN�JHQH SDLUV WR WHVW IRU FRUUHODWLRQ� LQ
DEVHQFH RI DGGLWLRQDO WRSRORJLFDOO\ DVVRFLDWLQJ GRPDLQ �7$'V� GDWD IURP +L�& RU VLPLODU
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DSSURDFKHV LW XVHV D ORFDO QHLJKERUKRRG�EDVHG DSSURDFK ZLWK D FXVWRP QHLJKERUKRRG VL]H
�GHIDXOW� ���NE XS� DQG GRZQVWUHDP RI WKH SHDN� WR VHOHFW SHDN�JHQH SDLUV WR WHVW� ,Q WKH
SUHVHQFH RI 7$' GDWD� RQO\ SHDN�JHQH SDLUV ZLWKLQ D 7$' DUH WHVWHG� 7KH XVHU KDV
IXUWKHUPRUH WKH FKRLFH WR VSHFLI\ ZKHWKHU RYHUODSSLQJ 7$'V VKRXOG EH PHUJHG RU QRW� :H
RIIHU WZR RSWLRQV RI ZKHUH LQ WKH JHQH WKH RYHUODS ZLWK WKH H[WHQGHG SHDN PD\ RFFXU� DW WKH
�¶�HQG�RI�WKH�JHQH��WKH�GHIDXOW��RU�DQ\ZKHUH�LQ�WKH�JHQH�
*5D1,( DOVR UHFRUGV DGGLWLRQDO SURSHUWLHV IRU HDFK SHDN�JHQH SDLU VXFK DV WKHLU GLVWDQFH DV
ZHOO DV JHQH W\SH 	 VWDWXV DV DQQRWDWHG E\ *HQFRGH� %\ GHIDXOW� RQO\ SURWHLQ�FRGLQJ DQG
OLQF51$ JHQHV DUH NHSW LQ WKH H*51� EXW WKLV FDQ EH FXVWRPL]HG WR LQFOXGH RWKHU JHQH
W\SHV�

4XDOLW\�FRQWUROV
:H LPSOHPHQWHG D UDQJH RI TXDOLW\ FRQWUROV IRU WKH GLIIHUHQW VWHSV WR DVVHVV VLJQDO YV QRLVH
LQ RXU H*51� 7KH SDFNDJH RSWLRQDOO\ RIIHUV 3&$ SORWV IRU ERWK WKH 51$�VHT DV ZHOO DV RSHQ
FKURPDWLQ GDWD� DQG XSRQ DYDLODELOLW\ RI DGGLWLRQDO PHWDGDWD WKDW FDQ EH SURYLGHG� WKH 3&$
GDWD FDQ DOVR EH FRORUHG DFFRUGLQJO\� 7KLV IDFLOLWDWHV WKH GHWHFWLRQ RI EDWFK HIIHFWV DQG RXWOLHU
VDPSOHV�WKDW�PD\�LQWURGXFH�XQZDQWHG�YDULDWLRQ�
)RU DVVHVVLQJ 7)�HQKDQFHU OLQNV� DV GHVFULEHG LQ WKH PDLQ WH[W� ZH HPSOR\ D
SHUPXWDWLRQ�EDVHG DSSURDFK LQ DGGLWLRQ WR WKH UHDO GDWD IRU FRPSDULVRQ E\ IXOO\ UDQGRPL]LQJ
WKH�7)�SHDN�PDWUL[�
)RU DVVHVVLQJ HQKDQFHU�JHQH OLQNV ZH EDVH RXU TXDOLW\ FRQWUROV RQ WKH DVVXPSWLRQ WKDW SHDN
DFFHVVLELOLW\ DQG JHQH H[SUHVVLRQ LV SRVLWLYHO\ FRUUHODWHG� 7KXV DVVHVVLQJ WKH DPRXQW RI
VLJQDO �L�H� VPDOO S�YDOXHV� RI SRVLWLYH FRUUHODWLRQV YV QHJDWLYH FRUUHODWLRQV VHUYHV DV D SUR[\
IRU VLJQDO WR QRLVH� :H WKHQ DVVHVV WKH VLJQDO WR QRLVH LQ RXU UHDO QHWZRUN YV D VHW RI UDQGRP
SHDN�JHQH OLQNV� 6SHFLILFDOO\� ZH H[SHFW WKDW SRVLWLYH FRUUHODWLRQV RXWQXPEHU QHJDWLYH LQ WKH
UHDO QHWZRUN� DQG QRW LQ WKH UDQGRPL]HG QHWZRUN� :H DOVR H[SHFW WKDW ZLWK LQFUHDVLQJ
GLVWDQFH�WKH�IUDFWLRQ�RI�SRV�YV�QHJ�FRUUHODWLRQV�JHWV�VPDOOHU�

/DVWO\� ZH DOVR SHUIRUP WKH VDPH SURFHGXUH IRU UDQGRPL]HG SHDN�JHQH FRPELQDWLRQV WR
HPSLULFDOO\ PRGHO WKH EDFNJURXQG GLVWULEXWLRQ� )RU WKLV� DIWHU VHOHFWLQJ DOO SHDN�JHQH SDLUV�
WKH VDPSOH ,'V IURP WKH 51$�6HT GDWD DQG WKH SHDN ,'V IURP $7$&�VHT DUH VKXIIOHG DQG
WKH VDPH SURFHGXUH DV GHVFULEHG DERYH LV UXQ� :H LQFOXGH D QXPEHU RI 4& SORWV DV SDUW RI
WKH�RXWSXW�

��� )LOWHU�*51�FRQQHFWLRQV�DQG�FDOFXODWH�SHDN�JHQH�)'5
/DVWO\� ZH RIIHU D YDULHW\ RI RSWLRQV WR FRPELQH DQG ILOWHU 7)�SHDNV DQG SHDN�JHQHV WR GHULYH
WKH IXOO *51 IRU VXEVHTXHQW DQDO\VHV� )RU H[DPSOH� ERWK W\SHV RI FRQQHFWLRQV FDQ EH
ILOWHUHG E\ WKHLU )'5V RU E\ WKHLU FRUUHODWLRQ� SHDN�JHQH OLQNV FDQ IXUWKHU EH ILOWHUHG E\ WKHLU
GLVWDQFH� JHQH W\SH� DQG RWKHU FULWHULD� %\ GHIDXOW� ZH UHWDLQ RQO\ SHDN�JHQH SDLUV WKDW DUH
SRVLWLYHO\ FRUUHODWHG� $IWHU DSSO\LQJ DOO ILOWHUV IRU WKH SHDN�JHQH OLQNV� PXOWLSOH WHVWLQJ
DGMXVWPHQW LV SHUIRUPHG XVLQJ %HQMDPLQL�+RFKEHUJ� 7KH GHIDXOW WKUHVKROGV IRU 7)�SHDN DQG
SHDN�JHQH�OLQNV�DUH�)'5�������DQG�)'5��������UHVSHFWLYHO\�
/DVWO\� ZH SURYLGH KHDWPDSV DQG ER[SORWV WKDW FRPSDUH WKH FRQQHFWLYLW\ IRU WKH UHDO DQG
UDQGRP�H*51V�

0ROHFXODU�HYDOXDWLRQ�RI�*5D1,(�7)�SHDN�OLQNV�XVLQJ�&K,3�VHT
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:H REWDLQHG PDFURSKDJH�VSHFLILF &K,3�VHT GDWD IURP 5H0DS ���� ���� IRU DOO 7)V WKDW
ZHUH SUHVHQW LQ DQ\ RI WKH *5D1,( LQIHUUHG H*51V �&(%3$� &(%3%� )26� *$%3$� *),��
,5)�� ,5)�� /</�� 0<%� 15�+�� 33$5*� 581;�� 67$7�� 67$7�� 9'5�� )RU WKHVH 7)V ZH
GHWHUPLQHG WKH RYHUODS RI *5D1,( LQIHUUHG 7)�OLQNHG SHDNV �LQGHSHQGHQW RI ZKHWKHU WKH\
DOVR DUH OLQNHG WR D JHQH� ZLWK WKH UHVSHFWLYH &K,3�VHT SHDNV �ZLWKLQ ��NE� DQG FDOFXODWHG
WKH HQULFKPHQW RYHU WKH EDFNJURXQG VHW RI $7$&�VHT SHDNV WKDW MXVW FRQWDLQHG WKH 7) PRWLI
XVLQJ )LVKHU¶V H[DFW WHVW� :H H[FOXGHG WZR 7)V �63,� DQG &7&)� WKDW KDG PRUH WKDQ ��N
FRQQHFWLRQV LQ *5D1,( DW ��� RU ��� )'5 WKUHVKROGV EXW QR FRQQHFWLRQV DW ORZHU )'5
WKUHVKROGV�

0ROHFXODU�HYDOXDWLRQ�RI�*5D1,(�SHDN�JHQH�OLQNV�XVLQJ�H47/�GDWD
:H GRZQORDGHG FLV�H47/ GDWD IURP WKH H47/ FDWDORJXH �KWWSV���ZZZ�HEL�DF�XN�HTWO��
DFFHVVHG RQ 0D\ �WK ������ VHOHFWLQJ DOO VL[ GDWDVHWV ZLWK H47/V LQ PRQRF\WHV RU
PDFURSKDJHV� :H FRPELQHG WKH H47/V IURP DOO GDWDVHWV DQG ILOWHUHG WKH DVVRFLDWLRQV WR
KDYH D SHUPXWDWLRQ�EDVHG )'5 � ���� 2QO\ *51 SHDNV WKDW KDUERXU DW OHDVW RQH H47/ 613
LQ WKHVH GDWDVHWV FDQ EH HYDOXDWHG� )RU HYHU\ SHDN� ZH RYHUODSSHG WKH H47/ 613V� DQG
FRXQWHG D SHDN�JHQH OLQN DV YDOLGDWHG LI DQ\ H47/ 613 DIIHFWHG WKH VDPH JHQH DV SUHVHQW
LQ WKH *51� 7R WHVW ZKHWKHU WKH RYHUODS EHWZHHQ SHDN�JHQH OLQNV DQG H47/ LV HQULFKHG DV
FRPSDUHG WR D UDQGRP EDFNJURXQG� ZH DOVR YDOLGDWHG OLQNV EHWZHHQ WKH *51 SHDNV DQG
UDQGRPO\ VDPSOHG GLVWDQFH�PDWFKHG JHQHV EDVHG RQ ��NE ELQV� :H UHSHDWHG WKH UDQGRP
EDFNJURXQG VDPSOLQJ �� WLPHV DQG FDOFXODWHG WKH RGGV UDWLR EHWZHHQ YDOLGDWHG *51 OLQNV
DQG YDOLGDWHG EDFNJURXQG OLQNV� :H FDOFXODWHG WKH HQULFKPHQW RI YDOLGDWHG OLQNV E\ H47/
RYHUODS�IRU�D�UDQJH�RI�SHDN�JHQH�)'5�WKUHVKROGV�LQ�HDFK�RI�WKH�IRXU�PDFURSKDJH�*51V�

0ROHFXODU�HYDOXDWLRQ�RI�*5D1,(�7)�SHDN�JHQH�OLQNV
:H REWDLQHG WKH WUDFNV RI KXPDQ HQKDQFHUV LGHQWLILHG XVLQJ &$*( GDWD IURP )$1720�
WKDW ZHUH GLIIHUHQWLDOO\ H[SUHVVHG LQ 7�FHOOV DQG PDFURSKDJHV ����� 7UDFN FRRUGLQDWHV ZHUH
WUDQVODWHG WR *5&K�� XVLQJ 8&6& OLIW2YHU WRRO ����� :H TXDQWLILHG WKH RYHUODS RI *5D1,(
H*51 HQKDQFHUV �SHDNV OLQNHG WR D 7) DQG D JHQH� DQG WKH UHVSHFWLYH FHOO�W\SH VSHFLILF
�PDFURSKDJH LQ )LJ� �)��+ DQG 7�FHOO LQ )LJ� �+� &$*( SHDNV DQG WHVWHG IRU WKH DVVRFLDWLRQ
RI H*51 SHDNV �YV DOO RWKHU SHDNV ZLWKLQ ���NE RI D 766� DQG FHOO�W\SH VSHFLILF &$*(
HQKDQFHUV�XVLQJ�)LVKHU¶V�H[DFW�WHVW�

8WLOLW\�HYDOXDWLRQ�RI�*5D1,(�H*51�UHJXORQV�XVLQJ�*2�WHUP�VSHFLILFLW\
7R DVVHVV WKH VSHFLILFLW\ RI WKH WRS *2 WHUPV HQULFKHG IRU WKH SUHGLFWLYH 7)V >)LJ� 6�$@� ZH
UDQGRPLVHG WKH 7)�JHQH FRQQHFWLRQV DQG UHFDOFXODWHG WKH HQULFKPHQW� 0DQXDO LQVSHFWLRQ
VXJJHVWHG WKDW WKH UHWXUQHG WHUPV IRU WKH UDQGRP QHWZRUN DUH PRUH JHQHUDO DQG RIWHQ
XQUHODWHG WR PDFURSKDJH ELRORJ\� 7R TXDQWLI\ WKH VSHFLILFLW\� ZH SORWWHG WKH GLVWULEXWLRQ RI WKH
QXPEHU RI JHQHV DQQRWDWHG WR HDFK UHWXUQHG *2 WHUP IRU WKH UHDO QHWZRUN� DQG IRU ILYH
SHUPXWHG QHWZRUNV >)LJ� 6�%@� IROORZLQJ WKH UDWLRQDOH WKDW PRUH JHQHUDO WHUPV ZRXOG KDYH
PRUH�JHQHV�DVVRFLDWHG�ZLWK�WKHP�LQ�WKH�GDWDEDVH�

'RZQVWUHDP�DQDO\VHV�LPSOHPHQWHG�LQ�*5D1,(
7KH�IROORZLQJ�IXQFWLRQDOLWLHV�DUH�DYDLODEOH�ZLWKLQ�WKH�*5D1,(�SDFNDJH�
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� 'HVFULSWLYH VWDWLVWLFV SHUWDLQLQJ WR WKH VWUXFWXUH RI WKH JUDSK� VXFK DV WKH QXPEHU RI
QRGHV DQG HGJHV DQG WKHLU W\SHV� WKH GLVWULEXWLRQ RI QRGH GHJUHHV� DQG WKH WRS QRGHV
ZLWK�UHJDUG�WR�GHJUHH�FHQWUDOLW\�DQG�HLJHQYHFWRU�FHQWUDOLW\�

� &RPPXQLW\ LGHQWLILFDWLRQ� IRU ZKLFK WKH SDFNDJH VXSSRUWV PXOWLSOH DOJRULWKPV
�ORXYDLQ� ZDONWUDS� OHDGLQJ HLJHQYHFWRU� IDVW JUHHG\� DQG RSWLPDO�� 7KH FRPPXQLWLHV
FDQ EH VXSSOHPHQWHG ZLWK GHVFULSWLYH VWDWLVWLFV VLPLODU WR WKRVH SUHYLRXVO\ GHVFULEHG�
EXW�VSHFLILF�WR�HDFK�LQGLYLGXDO�FRPPXQLW\�

� (QULFKPHQW DQDO\VHV LQ WKUHH GLIIHUHQW IODYRXUV� D JHQHUDO HQULFKPHQW DQDO\VLV IRU WKH
ZKROH QHWZRUN� D FRPPXQLW\�EDVHG HQULFKPHQW DQDO\VLV� RU D 7)�EDVHG HQULFKPHQW
DQDO\VLV�

*5D13$��3UHGLFWLRQ�PRGHO

)RU WKH SUHGLFWLRQ PRGHO� ILUVW ZH QHHG WR FRPSXWH WKH GLIIHUHQWLDO H[SUHVVLRQ UHVXOWLQJ IURP
D SHUWXUEDWLRQ EHWZHHQ WZR GLIIHUHQW FRQGLWLRQV� IRU ZKLFK ZH XVHG '(6HT�� :H GHILQH '(�M�
DV�WKH�GLIIHUHQWLDO�H[SUHVVLRQ�YDOXH�IRU�WKH�MWK *HQH�
6HFRQG��ZH�QHHG�WR�GHILQH�WKH�*51�DV�D�PDWKHPDWLFDO�IXQFWLRQ�

%DVHG RQ WKLV� ZH FRQVWUXFW PDWUL[ � D UHODWLRQ PDWUL[ EHWZHHQ JHQHV DQG 7)V ZKHUH HDFKՆ
URZ LV D JHQH DQG HDFK FROXPQ LV D 7)V� 7KHUH LV D � LQ WKH FHOO IRU D JHQH DQG 7) LI DQG
RQO\�LI�WKH\�DUH�FRQQHFWHG�WKURXJK�WKH�*51�

)LQDOO\� ZH XVH 5DQGRP )RUHVW �5)� 5HJUHVVLRQ EDVHG RQ WKH IROORZLQJ IRUPXOD WR SUHGLFW D
GLIIHUHQWLDO�H[SUHVVLRQ�YDOXH�IRU�HDFK�JHQH L EDVHG RQ�LWV�FRQQHFWHG�7)V �Ն

ՑŜ՜Վ

ԲԳ�ȴ�Դ
ȳ
ഈՆ

ՂԴ՛
ഉ

5) KDV EHHQ LPSOHPHQWHG XVLQJ WKH ³UDQJHU´ SDFNDJH LQ 5� 7R DYRLG RYHUILWWLQJ ZH XVH
���IROG FURVV YDOLGDWLRQ� QR K\SHU�SDUDPHWHU WXQLQJ RQ WKH UDQGRP IRUHVW ZDV SHUIRUPHG� :H
PHDVXUH�SHUIRUPDQFH�E\�DVVHVVLQJ�WKH�FURVV�YDOLGDWLRQ�5��

*5D13$��&RQVWUXFWLRQ�RI�WKH�UDQGRPL]HG�QHWZRUN�WR�DVVHVV�HGJH�VSHFLILFLW\

7R DVVHVV WKH HGJH�VSHFLILFLW\ RI RXU QHWZRUN GXULQJ WKH UDQGRP IRUHVW UHJUHVVLRQ ZH
FRQVWUXFWHG D UDQGRPL]HG FRQWURO QHWZRUN EDVHG RQ WKH VWUXFWXUH RI WKH DFWXDO *51� ,W KDV
WKH VDPH QXPEHU RI HGJHV ZLWK WKH VDPH GHJUHH GLVWULEXWLRQ IRU 7)V ZLWK RQO\ WKH JHQH
ODEHOV SHUPXWDWHG VR WKH FRQQHFWLRQ EHWZHHQ 7)V DQG JHQHV DUH UDQGRPL]HG� 7KH
GLIIHUHQWLDO H[SUHVVLRQ YDOXHV DUH XQFKDQJHG� ,Q FDVH ZH XVH DQ\ ZHLJKLQJ PHWKRG IRU WKH
HGJHV� WKH VDPH PHWKRG ZLOO EH DSSOLHG IRU HDFK HGJH RI WKH UDQGRPL]HG YHUVLRQ WR
UHFDOFXODWH�ZHLJKW�LI�QHHGHG�

*5D13$��5DQGRP�VLJQDO�JHQHUDWLRQ�WR�DVVHVV�RYHUILWWLQJ

7R FRQWURO IRU RYHU�ILWWLQJ LQ WKH UDQGRP IRUHVW UHJUHVVLRQ� ZH XVHG WKH UHDO QHWZRUN VWUXFWXUH
DQG DVVLJQHG UDQGRPO\ JHQHUDWHG YDOXHV WR JHQHV LQVWHDG RI WKHLU GLIIHUHQWLDO H[SUHVVLRQ
YDOXH� 7KH UDQGRP YDOXHV DUH FKRVHQ IURP D XQLIRUP GLVWULEXWLRQ ZLWK PLQLPXP DQG
PD[LPXP RI �� DQG � UHVSHFWLYHO\� $Q\ SUHGLFWLRQ YDOXH IRU WKLV QHWZRUN LV D FRQVHTXHQFH RI
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RYHUILWWLQJ� 7KH UHDVRQ ZH XVHG D XQLIRUP GLVWULEXWLRQ LV WKDW ZH ZDQW WR FKHFN RYHUILWWLQJ DQG
ZH�GRQ¶W�ZDQW�WKH�GLVWULEXWLRQ�WR�EH�OLNH�DQ\�GLIIHUHQWLDO�H[SUHVVLRQ�GLVWULEXWLRQ�

%HQFKPDUNLQJ�DJDLQVW�RWKHU�QHWZRUNV���WRROV

'RURWKHD� 'RURWKHD >��@ LV D UHVRXUFH FRQWDLQLQJ 7)�WDUJHW LQWHUDFWLRQV� 7KH FRQQHFWLRQV DUH
WDJJHG E\ D FRQILGHQFH OHYHO EDVHG RQ WKH QXPEHU RI VXSSRUWLQJ HYLGHQFH� 7KH FRQILGHQFH
OHYHOV DUH IURP $ FRQVLGHUHG WR EH KLJKO\ UHOLDEOH WR %�' UHVHUYHG IRU FXUDWHG DQG�RU
&K,3�VHT LQWHUDFWLRQV DQG WKH ORZHVW FRQILGHQFH OHYHO (� IRU FRQQHFWLRQ ZLWK RQO\
FRPSXWDWLRQDO�VXSSRUW�

755867� 755867 ���� LV D GDWDEDVH RI WUDQVFULSWLRQDO UHJXODWRU\ QHWZRUNV IRU KXPDQV DQG
PLFH� ,W KDV EHHQ FRQVWUXFWHG XVLQJ WH[W�PLQLQJ IROORZHG E\ PDQXDO FXUDWLRQ� 755867 Y�
UHJXODWRU\ QHWZRUN IRU KXPDQV FRQWDLQV ��� 7)V� ���� JHQHV DQG ���� UHJXODWRU\ OLQNV� :H
GLG�QRW�XVH�DQ\�ZHLJKLQJ�IRU�WKH�HGJHV�DV�LW�ZDV�QRW�SURYLGHG�E\�755867�Y��

&K($�� &K($� ���� DUH 7)�WDUJHW JHQH OLEUDULHV FRQWDLQLQJ WDUJHWV GHWHUPLQHG E\ &K,3�VHT
H[SHULPHQWV IURP (1&2'(� 5H0DS DQG SXEOLFDWLRQV� ,W DOVR FRQWDLQV FR�H[SUHVVLRQ
FRQQHFWLRQV�EDVHG�RQ�51$�VHT�GDWD�IURP�UHVRXUFHV�OLNH�*5([�DQG�$5&+V��

$1$16(� $1$16( ��� LV HQKDQFHU�EDVHG FHOO W\SH VSHFLILF QHWZRUN WKDW FDQ SUHGLFW NH\
WUDQVFULSWLRQ IDFWRUV LQ FHOO IDWH GHWHUPLQDWLRQ� :H XVHG $1$16( PDFURSKDJH VSHFLILF
QHWZRUN�ILOWHUHG�E\�����SUREDELOLW\�IRU�LWV�OLQNV�

$VVHVVLQJ�WKH�FHOO�W\SH�VSHFLILFLW\�RI�QHWZRUN�PRGHOV

,Q RUGHU WR DVVHVV FHOO�W\SH VSHFLILFLW\ RI QHWZRUN PRGHOV� ZH FKHFN WKHLU SHUIRUPDQFH RQ
GLIIHUHQW '( GDWD IURP RWKHU FHOO�W\SHV� ,Q WKLV DQDO\VLV� ZH XVHG QDLYH PDFURSKDJHV� QDLYH
7�FHOO DQG $0/ DQG HYDOXDWHG WKHLU SHUIRUPDQFH IRU '( GDWD IURP *35���SRVLWLYH YV
*35���QHJDWLYH $0/� UHVWLQJ YV VWLPXODWHG &'� SRVLWLYH IROOLFXODU 7�FHOO �LQ �� GLIIHUHQW
VXEFHOO�W\SHV� DQG QDLYH�PDFURSKDJHV YV ��K LQIHFWHG ZLWK 6DOPRQHOOD� :H ILOWHUHG JHQHV
XVLQJ�����DGMXVWHG�S�YDOXH�DQG���DEVROXWH�ORJ�IROG�FKDQJH�WKUHVKROGV�

(QULFKPHQW�RI�UHJXORQV�DPRQJ�7)�.�2�GDWD
:H REWDLQHG FHOO�W\SH VSHFLILF NQRFN�RXW �.�2� GDWD IRU 7+3� GHULYHG PDFURSKDJHV
�1).%�� ����� WKH KXPDQ $0/ FHOO OLQH 09���� �,5)�� ����� DQG SULPDU\ KXPDQ &'�� 7
FHOOV �,5)� DQG ,5)�� ����� 'LIIHUHQWLDO H[SUHVVLRQ DQDO\VLV ZDV SHUIRUPHG XVLQJ '(6HT�
����� FRPSDULQJ DOO .�2 FRQGLWLRQV WR WKHLU QRQ�WDUJHWLQJ FRQWUROV� $OO JHQHV VLJQLILFDQWO\
GRZQUHJXODWHG XSRQ 7) .�2 �DGMXVWHG S�YDOXH � ���� DQG IROG�FKDQJH � ��� ZHUH FRQVLGHUHG
DV 7) WDUJHWV� (QULFKPHQW DQDO\VLV RI 7) WDUJHWV LQ WKH FHOO W\SH VSHFLILF UHJXORQV IURP WKH
PDFURSKDJH� $0/ DQG 7�FHOO H*51V ZDV SHUIRUPHG XVLQJ )LVKHU
V H[DFW WHVW DV
LPSOHPHQWHG LQ WKH *HQH2YHUODS SDFNDJH LQ 5� (QULFKPHQWV ZLWK DW OHDVW ILYH RYHUODSSLQJ
JHQHV�DQG�)LVKHU¶V�H[DFW�S�YDOXH�������ZHUH�FRQVLGHUHG�VLJQLILFDQW�
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&DOFXODWLQJ�YDULDEOH�LPSRUWDQFH�PHDVXUHV

:H XVHG WKH SHUPXWDWLRQ DSSURDFK WR PHDVXUH YDULDEOH LPSRUWDQFH XVLQJ WKH ³UDQJHU´
SDFNDJH LQ 5� 7KLV DFFXUDF\�EDVHG DSSURDFK XVHV WKH RXW�RI�EDJ VDPSOH WR FDOFXODWH WKH
LPSRUWDQFH RI D VSHFLILF YDULDEOH� 7KH LPSRUWDQFH LV EDVHG RQ WKH GLIIHUHQFH LQ WKH SUHGLFWLRQ
DFFXUDF\ RI RXW�RI�EDJ VDPSOH DQG WKH SUHGLFWLRQ DFFXUDF\ RI RXW�RI�EDJ VDPSOH ZKLOH LWV
YDULDEOHV�KDYH�EHHQ�UDQGRPO\�VKXIIOHG�ZKLOH�DOO�RWKHU�YDULDEOHV�NHSW�WKH�VDPH�

9LVXDOL]DWLRQ��6KLQ\�$SS�

:H SURYLGH D ZHE DSSOLFDWLRQ EDVHG RQ D 6KLQ\ $SS IRU LQWHUDFWLYH YLVXDOL]DWLRQ RI WKH
H*51V�IRU�GLIIHUHQW�FHOO�W\SHV��KWWSV���DSSV�HPEO�GH�JUQ���

*HQH�VHW�HQULFKPHQW�DQDO\VLV

3UH�UDQNHG JHQH VHW HQULFKPHQW DQDO\VLV �*6($� UDQNLQJ EDVHG RQ ORJ� IROG�FKDQJH� ZDV
SHUIRUPHG XVLQJ WKH %LRFRQGXFWRU�5 SDFNDJH IJVHD ����� 7KH 0� PDFURSKDJH VLJQDWXUH
JHQH�VHW�ZDV�REWDLQHG�IURP �����

*:$6�HQULFKPHQW

:H WHVWHG LI WKH PDFURSKDJH *51V ZHUH HQULFKHG IRU JHQHWLF KHULWDELOLW\ RI *:$6 WUDLWV
XVLQJ VWUDWLILHG OLQNDJH GLVHTXLOLEULXP VFRUH UHJUHVVLRQ �6�/'6&� ����� ��� *:$6 VXPPDU\
VWDWLVWLFV WKDW LQFOXGHG SDUWLFLSDQWV RI (XURSHDQ GHVFHQW ZHUH GRZQORDGHG IURP WKH *:$6
&DWDORJ ����� KDUPRQL]HG DQG FRQYHUWHG WR WKH /'6& IRUPDW DV GHVFULEHG RQ WKH /'6&
*LWKXE UHSRVLWRU\ �KWWSV���JLWKXE�FRP�EXOLN�OGVF�� :H UHPRYHG VXPPDU\ VWDWLVWLFV ZLWK IHZHU
WKDQ ������ LQGLYLGXDOV DQG IHZHU WKDQ ������� 613V� EHFDXVH WKRVH VWXGLHV ZHUH OLNHO\
XQGHUSRZHUHG� OHDYLQJ ��� WUDLWV� :H FUHDWHG SHDN VHWV IRU HDFK RI WKH WKUHH PDFURSKDJH
*51V E\ H[WUDFWLQJ WKH HQKDQFHU UHJLRQV WKDW ZHUH SUHVHQW LQ WKH *51V DIWHU ILOWHULQJ IRU
SHDN�JHQH GLVWDQFH� 7)�SHDN )'5 DQG JHQH GLIIHUHQWLDO H[SUHVVLRQ HIIHFW VL]H� :H XVHG ��
VHWV RI JHQHUDO JHQRPLF IHDWXUHV �GRZQORDGHG IURP
KWWSV���DONHVJURXS�EURDGLQVWLWXWH�RUJ�/'6&25(�� IROORZLQJ ����� DQG D SHDN VHW EDVHG RQ DOO
PDFURSKDJH HQKDQFHUV ZLWKLQ ���NE RI JHQHV DV EDFNJURXQG UHJLRQV� $GGLQJ WKHVH UHJLRQV
DV D EDFNJURXQG HQVXUHV WKDW WKH LGHQWLILHG HQULFKPHQWV DUH QRW GXH WR WKH JHQHUDO
HQULFKPHQW RI KHULWDELOLW\ LQ �PDFURSKDJH� HQKDQFHUV QHDU JHQHV� EXW VSHFLILFDOO\ LQ WKH
HQKDQFHUV WKDW DUH SDUW RI WKH *51V� :H FDOFXODWHG WKH KHULWDELOLW\ HQULFKPHQW S�YDOXHV DQG
FRUUHFWHG�WKHP�IRU�PXOWLSOH�WHVWLQJ�ZLWKLQ�HDFK�WUDLW�

*2�HQULFKPHQW�RI�*51V

7KH JHQHUDO HQULFKPHQW DQDO\VLV ZDV UXQ XVLQJ WRS*2 �Y�������� ZLWK WKH IRUHJURXQG EHLQJ
WKH JHQHV LQ WKH ILOWHUHG *51� DQG WKH EDFNJURXQG EHLQJ WKH JHQHV ZLWKLQ D SUHGHILQHG
���NE QHLJKERUKRRG RI WKH SHDNV LQ WKH *51� ,Q PRUH VSHFLILF HQULFKPHQW DQDO\VHV VXFK DV
WKRVH IRU WKH WRS WUDQVFULSWLRQ IDFWRUV� ZKLFK DUH UDQNHG E\ WKHLU SUHGLFWLYH FDSDFLW\� WKH
IRUHJURXQG LV VHOHFWHG EDVHG RQ WKH JHQHV D JLYHQ 7) LV FRQQHFWHG WR ZLWKLQ WKH QHWZRUN�
6LPLODUO\� LQ FRPPXQLW\�EDVHG HQULFKPHQW DQDO\VHV� WKH IRUHJURXQG LV VLPSO\ WKH JHQHV WKDW
DUH FODVVLILHG WR D JLYHQ FRPPXQLW\� 7R FDOFXODWH WKH HQULFKPHQW� D )LVKHU WHVW LV XVHG
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DORQJVLGH WKH ZHLJKW�� DOJRULWKP� ZKLFK LV D PL[WXUH RI WKH ³HOLP´ DQG WKH ³ZHLJKW´ DOJRULWKPV
LQWURGXFHG E\ ����� WR DFFRXQW IRU WKH *2 KLHUDUFK\� $GGLWLRQDOO\� WHUPV ZLWK OHVV WKDQ �
VLJQLILFDQWO\ DQQRWDWHG JHQHV ZHUH RPLWWHG IURP WKH UHVXOWV LQ WKH ILJXUHV� )RU WKH VDNH RI
EHWWHU YLVXDOL]LQJ WKH HQULFKHG WHUPV� WKH ILJXUHV DUH OLPLWHG WR WKH WRS WHQ HQULFKHG WHUPV SHU
FDWHJRU\��7KH�IXOO�OLVW�RI�HQULFKHG�WHUPV�FDQ�EH�IRXQG�LQ 7DEOHV�6��DQG�6��

,GHQWLI\LQJ�WDUJHWV�IRU�ILQH�PDSSHG�*:$6�613V�XVLQJ�H*51V

)LQH�PDSSHG *:$6 YDULDQWV IRU DXWRLPPXQH GLVHDVHV ZHUH JHQHUDWHG XVLQJ SUREDELOLVWLF
LGHQWLILFDWLRQ RI FDXVDO 613V �3,&6� DOJRULWKP� 7KHVH YDULDQWV ZHUH GRZQORDGHG IURP L�
SUHYLRXVO\ SXEOLVKHG OLVW DQG OLIWHG WR WKH KJ�� EXLOG ���� DQG LL� GDWD SRUWDO XQGHU WKH
ILOHQDPH ³3,&6��*:$6FDW������������W[W�J]´ IURP KWWSV���SLFV��XFVI�HGX IRU WKH KJ�� EXLOG�
:H NHSW DOO YDULDQWV ZLWK D 3,&6 SUREDELOLW\ RI JUHDWHU WKDQ ���� :H LGHQWLILHG WKHLU WDUJHW
JHQHV E\ RYHUODSSLQJ WKHVH YDULDQWV ZLWK WKH SHDNV IURP GLIIHUHQW PDFURSKDJH H*51V DQG
WKHQ XVLQJ WKH SHDN�JHQH OLQNV IURP WKH UHVSHFWLYH H*51V WR DVVLJQ WKH WDUJHW JHQHV �)LJ�
�&���7KH�IXOO�OLVW�FDQ�EH�IRXQG�LQ 7DEOH���
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��� 6WRQH�0��/L�-��*UDFH�0F&DOOD�6��)RWXKL�6LDKSLUDQL $��3HUL\DVDP\�9��6KLQ�-��5R\�6�
,GHQWLI\LQJ�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�PHWKRGV�IRU�FRPSXWDWLRQDO�QHWZRUN�LQIHUHQFH�IURP
VLQJOH�FHOO�51$�VHT�GDWD��ELR5[LY�������������������

%LEOLRJUDSK\

�� &ODULQJERXOG�$��=DXJJ�-%��(QKDQFHUV�LQ�GLVHDVH��PROHFXODU�EDVLV�DQG�HPHUJLQJ
WUHDWPHQW�VWUDWHJLHV��7UHQGV�0RO�0HG�������1RY������������±���

�� .DUQXWD�-0��6FDFKHUL�3&��(QKDQFHUV��EULGJLQJ�WKH�JDS�EHWZHHQ�JHQH�FRQWURO�DQG
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