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0DQJDQHVH RUJDQRPHWDOOLF FRP�
SRXQGV LQ KRPRJHQHRXV FDWDO\VLV� 3DVW� SUHVHQW� DQG SURVSHFWV�

5HFHQW 'HYHORSPHQWV RI 0DQJDQHVH &RPSOH[HV IRU
&DWDO\WLF +\GURJHQDWLRQ DQG 'HK\GURJHQDWLRQ 5HDFWLRQV�

0DQJDQHVH &RPSOH[HV IRU �'H�+\GURJHQDWLRQ
&DWDO\VLV� $ &RPSDULVRQ WR &REDOW DQG ,URQ &DWDO\VWV�

+RPRJHQHRXV &DWDO\VLV E\ 0DQJDQHVH�
%DVHG 3LQFHU &RPSOH[HV�

&RQFHSWV LQ KRPRJHQHRXV FDWDO\VLV� WKH LQ�
GXVWULDO YLHZ�

$SSOLHG +RPRJHQHRXV &DWDO\VLV



$OXPLQLXP�RUJDQLVFKH 6\QWKHVH LP %HUHLFK ROHILQLVFKHU .RKOHQ�
ZDVVHUVWRIIH�

1HZ DQG .QRZQ &RPSOH[ %RURK\GULGHV
DQG VRPH RI WKHLU $SSOLFDWLRQV LQ 2UJDQLF 6\QWKHVHV�

7KH *ROGHQ $JH RI 7UDQVIHU +\GURJHQDWLRQ�

$V\PPHWULF &DWDO\VLV� 6FLHQFH DQG 2SSXUWXQLWLHV�

$V\PPHWULF &DWDO\VLV� 6FLHQFH DQG 2SSRUWXQLWLHV�

$V\PPHWULF 7UDQVIHU +\GURJHQDWLRQ RI .HWRQHV
ZLWK %LIXQFWLRQDO 7UDQVLWLRQ 0HWDO�%DVHG 0ROHFXODU &DWDO\VWV�

%LIXQFWLRQDO WUDQVLWLRQ PHWDO�EDVHG
PROHFXODU FDWDO\VWV IRU DV\PPHWULF V\QWKHVHV�

&DWDO\WLF DV\PPHWULF WUDQVIHU K\GURJHQDWLRQ
RI NHWRQHV� UHFHQW DGYDQFHV�

([SORLWLQJ 0HWDOঀ/LJDQG %LIXQFWLRQDO 5HDFWLRQV LQ WKH 'HVLJQ RI
,URQ $V\PPHWULF +\GURJHQDWLRQ &DWDO\VWV�

$V\PPHWULF 7UDQVIHU +\GURJHQDWLRQ &DWDO\]HG
E\ &KLUDO 5XWKHQLXP &RPSOH[HV�

%URDGHU� *UHHQHU� DQG 0RUH (IILFLHQW� 5HFHQW
$GYDQFHV LQ $V\PPHWULF 7UDQVIHU +\GURJHQDWLRQ�

0HWDOো/LJDQG %LIXQFWLRQDO &DWDO�
\VLV� $ 1RQFODVVLFDO 0HFKDQLVP IRU $V\PPHWULF +\GURJHQ 7UDQVIHU EHWZHHQ
$OFRKROV DQG &DUERQ\O &RPSRXQGV�

.LQHWLFV
RI $V\PPHWULF 7UDQVIHU +\GURJHQDWLRQ� &DWDO\VW 'HDFWLYDWLRQ� DQG ,QKLELWLRQ
ZLWK 1R\RUL &RPSOH[HV $V 5HYHDOHG E\ 5HDO�7LPH +LJK�5HVROXWLRQ )ORZ105
6SHFWURVFRS\�

4XDQWXP &KHPLFDO &DOFXODWLRQV ZLWK WKH ,QFOXVLRQ RI
1RQVSHFLILF DQG 6SHFLILF 6ROYDWLRQ� $V\PPHWULF 7UDQVIHU +\GURJHQDWLRQ ZLWK
%LIXQFWLRQDO 5XWKHQLXP &DWDO\VWV�



7RZDUG WKH %DODQFH EHWZHHQ WKH 5HGXFWLRQLVW DQG 6\VWHPV $S�
SURDFKHV LQ &RPSXWDWLRQDO &DWDO\VLV� 0RGHO YHUVXV 0HWKRG $FFXUDF\ IRU WKH
'HVFULSWLRQ RI &DWDO\WLF 6\VWHPV�

7ULV�WULSKHQ\OSKRVSKLQH�KDORUKRGLXP�,��

+HWHURJHQHRXV DQG KRPRJHQHRXV FDWDO\VLV IRU WKH K\GURJHQDWLRQ RI
FDUER[\OLF DFLG GHULYDWLYHV� KLVWRU\� DGYDQFHV DQG IXWXUH GLUHFWLRQV�

.LQHWLF VWXGLHV DV D WRRO IRU WKH HOX�
FLGDWLRQ RI WKH PHFKDQLVPV RI PHWDO FRPSOH[�FDWDO\]HG KRPRJHQHRXV K\GUR�
JHQDWLRQ UHDFWLRQV�

5KRGLXP�FDWDO\VHG DV\PPHWULF K\GURJHQDWLRQ
DV D YDOXDEOH V\QWKHWLF WRRO IRU WKH SUHSDUDWLRQ RI FKLUDO GUXJV�

&DWDO\WLF &ো& %RQG )RUPDWLRQ YLD &DSWXUH RI
+\GURJHQDWLRQ ,QWHUPHGLDWHV�

&RPSDULVRQ RI $V\PPHWULF +\GURJHQDWLRQV
RI 8QVDWXUDWHG &DUER[\OLF $FLGV DQG (VWHUV�

&DWDO\WLF
�GH�K\GURJHQDWLRQ SURPRWHG E\ QRQ�SUHFLRXV PHWDOV ঀ &R� )H DQG 0Q� UHFHQW
DGYDQFHV LQ DQ HPHUJLQJ ILHOG�

,QHUW &ঀ+ %RQG 7UDQVIRUPDWLRQV (QDEOHG E\
2UJDQRPHWDOOLF 0DQJDQHVH &DWDO\VLV�

0DQJDQHVH &DWDO\]HG &ঀ+ +DORJHQDWLRQ�

&KHPR� DQG VWHUHRVHOHFWLYH &+ R[LGDWLRQV DQG
HSR[LGDWLRQV�FLV�GLK\GUR[\ODWLRQV ZLWK +�2�� FDWDO\]HG E\ QRQ�KHPH LURQ DQG
PDQJDQHVH FRPSOH[HV�

/DWH�6WDJH
3HSWLGH 'LYHUVLILFDWLRQ E\ 3RVLWLRQ�6HOHFWLYH &ো+ $FWLYDWLRQ�

&DWDO\WLF &ঀ+ DPLQDWLRQ� WKH VWHUHRVH�
OHFWLYLW\ LVVXH�

6HOHFWLYH &DWDO\WLF +\GURJHQDWLRQV RI 1L�
WULOHV� .HWRQHV� DQG $OGHK\GHV E\ :HOO�'HILQHG 0DQJDQHVH 3LQFHU &RPSOH[HV�



+LJKO\ $FWLYH DQG 6HOHF�
WLYH 0DQJDQHVH & 2 %RQG +\GURJHQDWLRQ &DWDO\VWV� 7KH ,PSRUWDQFH RI WKH
0XOWLGHQWDWH /LJDQG� WKH $QFLOODU\ /LJDQGV� DQG WKH 2[LGDWLRQ 6WDWH�

+\GURJHQDWLRQ RI (VWHUV WR $OFRKROV &DWDO\]HG E\ 'HILQHG 0DQJDQHVH 3LQFHU
&RPSOH[HV�

0DQJDQHVH�&DWDO\]HG +\GURJHQDWLRQ RI (VWHUV WR $O�
FRKROV�

0ROHFXODUO\
'HILQHG 0DQJDQHVH 3LQFHU &RPSOH[HV IRU 6HOHFWLYH 7UDQVIHU +\GURJHQDWLRQ RI
.HWRQHV�

(QDQWLRVHOHFWLYH 7UDQVIHU +\GURJHQDWLRQ RI .HWRQHV &DWDO\]HG E\ D 0DQ�
JDQHVH &RPSOH[ &RQWDLQLQJ DQ 8QV\PPHWULFDO &KLUDO 313঒ 7ULGHQWDWH /LJDQG�

$V\PPHWULF 7UDQVIHU +\GUR�
JHQDWLRQ RI .HWRQHV ZLWK :HOO�'HILQHG 0DQJDQHVH�,� 311 DQG 3113 &RP�
SOH[HV�

7RZDUGV SUDFWLFDO HDUWK DEXQGDQW UHGXFWLRQ
FDWDO\VLV� GHVLJQ RI LPSURYHG FDWDO\VWV IRU PDQJDQHVH FDWDO\VHG K\GURJHQD�
WLRQ�

1RQ�3LQFHU�
7\SH 0DQJDQHVH &RPSOH[HV DV (IILFLHQW &DWDO\VWV IRU WKH +\GURJHQDWLRQ RI
(VWHUV�

7UDQVIHU +\GURJHQDWLRQ RI &DUERQ\O 'HULYDWLYHV &DWDO\]HG E\ DQ ,QH[SHQVLYH
3KRVSKLQH�)UHH 0DQJDQHVH 3UHFDWDO\VW�

3UDFWLFDO �DV\PPHWULF� WUDQV�
IHU K\GURJHQDWLRQ RI NHWRQHV FDWDO\]HG E\ PDQJDQHVH ZLWK �FKLUDO� GLDPLQHV
OLJDQGV�

+\GURJHQDWLRQ RI &DUERQ\O 'HULYDWLYHV &DWDO\VHG
E\ 0DQJDQHVH &RPSOH[HV %HDULQJ %LGHQWDWH 3\ULGLQ\O�3KRVSKLQH /LJDQGV�



(IILFLHQW DQG 3UDFWLFDO 7UDQVIHU +\GURJHQDWLRQ RI .HWRQHV &DWDO\]HG
E\ D 6LPSOH %LGHQWDWH 0Qো1+& &RPSOH[�

0DQJDQHVH�&DWDO\]HG +\�
GURJHQDWLRQ RI .HWRQHV XQGHU 0LOG DQG %DVH�IUHH &RQGLWLRQV�

%LIXQFWLRQDO KRPRJHQHRXV FDWDO\VWV
EDVHG RQ ILUVW URZ WUDQVLWLRQ PHWDOV LQ DV\PPHWULF K\GURJHQDWLRQ�

,ULGLXP�&DWDO\]HG $V\PPHWULF +\GURJHQDWLRQ RI 8Q�
VDWXUDWHG &DUER[\OLF $FLGV�

+HWHURDWRPV PRYLQJ SURWRQV� 6\QWKHWLF DQG PHFKDQLVWLF VWXG�
LHV RI ELIXQFWLRQDO RUJDQRPHWDOOLF FDWDO\VLV�

%LIXQFWLRQDO &DWDO\VLV ZLWK /HZLV %DVH DQG ;�+
6LWHV 7KDW )DFLOLWDWH 3URWRQ 7UDQVIHU RU +\GURJHQ %RQGLQJ �Q� 
�� /HZLV %DVH
&DWDO� 2UJ� 6\QWK�

0HFKDQLVPV RI .HWRQH�,PLQH +\�
GURJHQDWLRQ &DWDO\]HG E\ 7UDQVLWLRQ�0HWDO &RPSOH[HV�

7KH UROH RI WKH PHWDO�ERXQG 1ঀ+ IXQFWLRQDOLW\ LQ
1R\RUL�W\SH PROHFXODU FDWDO\VWV�

7KH 0HWDOো/LJDQG %LIXQFWLRQDO &DWDO�
\VLV� $ 7KHRUHWLFDO 6WXG\ RQ WKH 5XWKHQLXP�,,��&DWDO\]HG +\GURJHQ 7UDQVIHU
EHWZHHQ $OFRKROV DQG &DUERQ\O &RPSRXQGV�

1HZ 0HFKDQLVWLF ,QVLJKWV RQ WKH 6HOHF�
WLYLW\ RI 7UDQVLWLRQ�0HWDO�&DWDO\]HG 2UJDQLF 5HDFWLRQV� 7KH 5ROH RI &RPSXWD�
WLRQDO &KHPLVWU\�

&RPSX�
WDWLRQDO LQVLJKWV LQWR WKH FDWDO\WLF UROH RI WKH EDVH SURPRWHUV LQ HVWHU K\GUR�
JHQDWLRQ ZLWK KRPRJHQHRXV QRQ�SLQFHU�EDVHG 0Q�3�1 FDWDO\VW�

&KHPRV�
HOHFWLYH +\GURJHQDWLRQ RI $OGHK\GHV XQGHU 0LOG� %DVH�)UHH &RQGLWLRQV� 0DQ�
JDQHVH 2XWSHUIRUPV 5KHQLXP�

7UDQVLWLRQ PHWDO K\GULGHV DV DFWLYH LQWHUPHGLDWHV LQ K\GURJHQ
WUDQVIHU UHDFWLRQV�



:K\ 'RHV $ON\ODWLRQ RI WKH 1ঀ+ )XQF�
WLRQDOLW\ ZLWKLQ 0�1+ %LIXQFWLRQDO 1R\RUL�7\SH &DWDO\VWV /HDG WR 7XUQRYHU"

$PLQRWULD]ROH
0Q�,� &RPSOH[HV DV (IIHFWLYH &DWDO\VWV IRU 7UDQVIHU +\GURJHQDWLRQ RI .HWRQHV�

&RRSHUDWLYH 0Q�,��FRPSOH[
FDWDO\]HG WUDQVIHU K\GURJHQDWLRQ RI NHWRQHV DQG LPLQHV�

7UDQVIHU
+\GURJHQDWLRQ RI &DUERQ\O *URXSV� ,PLQHV DQG 1�+HWHURF\FOHV &DWDO\]HG E\
6LPSOH� %LS\ULGLQH�%DVHG 0Q , &RPSOH[HV�

















0DWHULDOV 0RGHOOLQJ 8VLQJ 'HQVLW\ )XQFWLRQDO 7KHRU\� 3URSHUWLHV
DQG 3UHGLFWLRQV



(QHUJ\ 'HQVLW\ )XQFWLRQDO 7KHRU\ RI 0DQ\�
(OHFWURQ 6\VWHPV

$SSOLFDWLRQV RI (OHFWURQLF 6WUXFWXUH 7KHRU\

'HQVLW\ )XQFWLRQDO 7KHRU\ RI (OHFWURQLF
6WUXFWXUH�

$E�LQLWLR VLPXODWLRQV RI PDWHULDOV XVLQJ 9$63� 'HQVLW\�IXQFWLRQDO
WKHRU\ DQG EH\RQG�

'HQVLW\ )XQFWLRQDOV IRU ,Q�
RUJDQRPHWDOOLF DQG 2UJDQRPHWDOOLF &KHPLVWU\�

7KH SHUIRUPDQFH RI VHPLORFDO DQG K\EULG GHQ�
VLW\ IXQFWLRQDOV LQ �G WUDQVLWLRQ�PHWDO FKHPLVWU\�

6RPH FRQVLGHUDWLRQV RQ WKH SURSHU XVH RI FRPSXWDWLRQDO WRROV LQ
WUDQVLWLRQ PHWDO FKHPLVWU\�

7RZDUG UHOLDEOH GHQVLW\ IXQFWLRQDO PHWKRGV ZLWKRXW
DGMXVWDEOH SDUDPHWHUV� 7KH 3%(� PRGHO�

$ &RPSUHKHQVLYH 2YHUYLHZ RI WKH ')7�'� /RQGRQ�'LVSHUVLRQ &RU�
UHFWLRQ� 1RQ�&RYDOHQW ,QWHUDFW� 4XDQWXP &KHP� 3K\V�

'HQVLW\�IXQFWLRQDO EDVHG
WLJKW�ELQGLQJ� DQ DSSUR[LPDWH ')7 PHWKRG�

*)1��[7%ঁ$Q $FFXUDWH DQG %URDGO\
3DUDPHWUL]HG 6HOI�&RQVLVWHQW 7LJKW�%LQGLQJ 4XDQWXP &KHPLFDO 0HWKRG ZLWK
0XOWLSROH (OHFWURVWDWLFV DQG 'HQVLW\�'HSHQGHQW 'LVSHUVLRQ &RQWULEXWLRQV�

0ROHFXODU ,QWHUDFWLRQV LQ 6ROXWLRQ� $Q 2YHUYLHZ RI
0HWKRGV %DVHG RQ &RQWLQXRXV 'LVWULEXWLRQV RI WKH 6ROYHQW�

$ UHYLHZ RI PHWKRGV IRU WKH FDOFXODWLRQ RI VROXWLRQ IUHH HQHUJLHV
DQG WKH PRGHOOLQJ RI V\VWHPV LQ VROXWLRQ�



0LFURVROYDWHG WUDQVLWLRQ VWDWH PRGHOV IRU LPSURYHG
LQVLJKW LQWR FKHPLFDO SURSHUWLHV DQG UHDFWLRQ PHFKDQLVPV�

,PSOLFLW 6ROYDWLRQ 0RGHOV� (TXLOLEULD� 6WUXFWXUH�
6SHFWUD� DQG '\QDPLFV�

4XDQWXP 0HFKDQLFDO &RQWLQXXP 6RO�
YDWLRQ 0RGHOV�

8QLYHUVDO 6ROYDWLRQ 0RGHO
%DVHG RQ 6ROXWH (OHFWURQ 'HQVLW\ DQG RQ D &RQWLQXXP 0RGHO RI WKH 6ROYHQW
'HILQHG E\ WKH %XON 'LHOHFWULF &RQVWDQW DQG $WRPLF 6XUIDFH 7HQVLRQV�

&2602�56� $Q $OWHUQDWLYH WR 6LPXODWLRQ IRU
&DOFXODWLQJ 7KHUPRG\QDPLF 3URSHUWLHV RI /LTXLG 0L[WXUHV�

&RQGXFWRU�OLNH 6FUHHQLQJ 0RGHO IRU 5HDO 6ROYHQWV� $ 1HZ $SSURDFK
WR WKH 4XDQWLWDWLYH &DOFXODWLRQ RI 6ROYDWLRQ 3KHQRPHQD�

7KH &2602 DQG &2602฀56 VROYDWLRQ PRGHOV�

6WXGLHV LQ 0ROHFXODU '\QDPLFV� ,� *HQHUDO
0HWKRG�

0ROHFXODU '\QDPLFV 6LPXODWLRQV� 8QGHUVW� 0RO�
6LPXO�

6LPXODWLRQV RI 0ROHFXODU (QVHPEOHV� (VVHQW� &RPSXW� &KHP�
7KHRU� 0RGHO�

$E LQLWLR PROHFXODU G\QDPLFV�
&RQFHSWV� UHFHQW GHYHORSPHQWV� DQG IXWXUH WUHQGV�

$E ,QLWLR 0ROHFXODU '\QDPLFV� &RPSXW� 0HWKRGV &DWDO� 0DWHU�
6FL�

$ UHFHQW GHYHORSPHQW LQ FRPSXWDWLRQDO
FKHPLVWU\� FKHPLFDO UHDFWLRQV IURP ILUVW SULQFLSOHV PROHFXODU G\QDPLFV VLPX�
ODWLRQV�

/RZ0RGH0'ঁ,PSOLFLW /RZ�0RGH 9HORFLW\ )LOWHULQJ $SSOLHG WR &RQ�
IRUPDWLRQDO 6HDUFK RI 0DFURF\FOHV DQG 3URWHLQ /RRSV�



')7�%DVHG 0LFURNLQHWLF 6LPXODWLRQV� $ %ULGJH %HWZHHQ ([SHULPHQW
DQG 7KHRU\ LQ 6\QWKHWLF &KHPLVWU\�

0LFURNLQHWLF PRGHOLQJ LQ KRPRJHQHRXV FDWDO\VLV�

+LHUDUFKLFDO PXOWLVFDOH PRGHO�
EDVHG GHVLJQ RI H[SHULPHQWV� FDWDO\VWV� DQG UHDFWRUV IRU IXHO SURFHVVLQJ�
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&RPSRVLWLRQ� DQG &RQGLWLRQ�'HSHQGHQW .LQHWLFV RI +RPRJHQHRXV (VWHU +\�
GURJHQDWLRQ E\ D 0Q�%DVHG &DWDO\VW�

6XVWDLQDEOH V\QWKHVLV RI SKDUPDFHXWLFDOV� XVLQJ WUDQVLWLRQ�PHWDO
FRPSOH[HV DV FDWDO\VWV�

$SSOLFDWLRQV RI $FFHSWRUOHVV 'HK\GURJHQD�
WLRQ DQG 5HODWHG 7UDQVIRUPDWLRQV LQ &KHPLFDO 6\QWKHVLV�

�G�0HWDO &DWDO\]HG 1� DQG &�$ON\ODWLRQ 5HDFWLRQV YLD
%RUURZLQJ +\GURJHQ RU +\GURJHQ $XWRWUDQVIHU�

)LUVW�5RZ 7UDQVLWLRQ 0HWDO
�'H�+\GURJHQDWLRQ &DWDO\VLV %DVHG 2Q )XQFWLRQDO 3LQFHU /LJDQGV�

&REDOW &RPSOH[HV DV DQ (PHUJLQJ
&ODVV RI &DWDO\VWV IRU +RPRJHQHRXV +\GURJHQDWLRQV�

,URQ &DWDO\VLV LQ 5HGXFWLRQ DQG +\GURPHWDODWLRQ 5HDF�
WLRQV�



5HGXFWLRQ RI 1L�
WUR &RPSRXQGV 8VLQJ �G�1RQ�1REOH 0HWDO &DWDO\VWV�

&RPSDULQJ TXDQWLWDWLYH SUHGLFWLRQ PHWKRGV IRU WKH
GLVFRYHU\ RI VPDOO�PROHFXOH FKLUDO FDWDO\VWV�

$GYDQFHV LQ
6XVWDLQDEOH &DWDO\VLV� $ &RPSXWDWLRQDO 3HUVSHFWLYH�

0DFKLQH
/HDUQLQJ $FFHOHUDWHV WKH 'LVFRYHU\ RI 'HVLJQ 5XOHV DQG ([FHSWLRQV LQ 6WDEOH
0HWDOঀ2[R ,QWHUPHGLDWH )RUPDWLRQ�

0DNLQJ PDFKLQH OHDUQLQJ D XVHIXO WRRO LQ WKH DFFHOHUDWHG GLV�
FRYHU\ RI WUDQVLWLRQ PHWDO FRPSOH[HV�

3UHGLFWLYH DQG PHFKDQLVWLF PXOWL�
YDULDWH OLQHDU UHJUHVVLRQ PRGHOV IRU UHDFWLRQ GHYHORSPHQW�

&RPSXWDWLRQDO $SSURDFK WR 0ROHFXODU &DWDO\VLV E\ �G 7UDQVL�
WLRQ 0HWDOV� &KDOOHQJHV DQG 2SSRUWXQLWLHV�

&KHPLFDO .LQHWLFV DQG 0HFK�
DQLVPV RI &RPSOH[ 6\VWHPV� $ 3HUVSHFWLYH RQ 5HFHQW 7KHRUHWLFDO $GYDQFHV�

&KDOOHQJHV IRU 'HQVLW\ )XQFWLRQDO
7KHRU\�

5HFHQW DSSOLFDWLRQ RI FDOFXODWLRQV RI PHWDO
FRPSOH[HV EDVHG RQ GHQVLW\ IXQFWLRQDO WKHRU\�

1RQHPSLULFDO
'RXEOH�+\EULG )XQFWLRQDOV� $Q (IIHFWLYH 7RRO IRU &KHPLVWV�

/RFDO K\EULG IXQFWLRQDOV� 7KH�
RU\� LPSOHPHQWDWLRQ� DQG SHUIRUPDQFH RI DQ HPHUJLQJ QHZ WRRO LQ TXDQWXP
FKHPLVWU\ DQG EH\RQG�

&RPELQLQJ
:DYH )XQFWLRQ 0HWKRGV ZLWK 'HQVLW\ )XQFWLRQDO 7KHRU\ IRU ([FLWHG 6WDWHV�



7RZDUG WKH %DODQFH EHWZHHQ WKH 5HGXFWLRQLVW DQG 6\VWHPV $S�
SURDFKHV LQ &RPSXWDWLRQDO &DWDO\VLV� 0RGHO YHUVXV 0HWKRG $FFXUDF\ IRU WKH
'HVFULSWLRQ RI &DWDO\WLF 6\VWHPV�

&RQWLQXXP 6ROYDWLRQ 0RGHOV LQ &KHPLFDO
3K\VLFV

,PSOLFLW 6ROYDWLRQ 0RGHOV� (TXLOLEULD� 6WUXFWXUH�
6SHFWUD� DQG '\QDPLFV�

$ 8QLYHUVDO $SSURDFK WR 6ROYDWLRQ 0RGHOLQJ�

7RZDUGV RSHUDQGR FRPSXWDWLRQDO PRGHOLQJ LQ KHW�
HURJHQHRXV FDWDO\VLV�

2SHUDQGR 0RGHOLQJ RI 0XOWLFRPSRQHQW 5HDF�
WLYH 6ROXWLRQV LQ +RPRJHQHRXV &DWDO\VLV� IURP 1RQ�VWDQGDUG )UHH (QHUJLHV
WR 5HDFWLRQ 1HWZRUN &RQWURO�

)UHH�(QHUJ\ 6XUIDFHV IRU /LTXLG�3KDVH
5HDFWLRQV DQG 7KHLU 8VH 7R 6WXG\ WKH %RUGHU %HWZHHQ &RQFHUWHG DQG 1RQ�
FRQFHUWHG � �(OLPLQDWLRQ 5HDFWLRQV RI (VWHUV DQG 7KLRHVWHUV�

&DWDO\WLF +\GURJHQDWLRQ RI &DUER[\OLF
$FLG (VWHUV� $PLGHV� DQG 1LWULOHV ZLWK +RPRJHQHRXV &DWDO\VWV�

+HWHURJHQHRXV DQG KRPRJHQHRXV FDWDO\VLV IRU WKH K\GURJHQDWLRQ RI
FDUER[\OLF DFLG GHULYDWLYHV� KLVWRU\� DGYDQFHV DQG IXWXUH GLUHFWLRQV�

(QJLQHHULQJ &DWDO\VWV IRU 6HOHFWLYH (VWHU +\GURJHQDWLRQ�

&DWDO\WLF 5HGXFWLYH 7UDQVIRUPDWLRQV RI &DUER[\OLF
DQG &DUERQLF $FLG 'HULYDWLYHV 8VLQJ 0ROHFXODU +\GURJHQ�

&DWDO\WLF +\GURJHQDWLRQ RI (VWHUV�
'HYHORSPHQW RI DQ (IILFLHQW &DWDO\VW DQG 3URFHVVHV IRU 6\QWKHVLVLQJ �5��
����3URSDQHGLRO DQG ���O�0HQWKR[\�HWKDQRO�



5HSODFLQJ 3KRVSKRUXV ZLWK 6XOIXU IRU
WKH (IILFLHQW +\GURJHQDWLRQ RI (VWHUV�

%LV�1�KHWHURF\FOLF
&DUEHQH $PLQRSLQFHU /LJDQGV (QDEOH +LJK $FWLYLW\ LQ 5X�&DWDO\]HG (VWHU +\�
GURJHQDWLRQ�

8QSUHFHGHQWHG ,URQ�&DWDO\]HG (VWHU
+\GURJHQDWLRQ� 0LOG� 6HOHFWLYH� DQG (IILFLHQW +\GURJHQDWLRQ RI 7ULIOXRURDFHWLF
(VWHUV WR $OFRKROV &DWDO\]HG E\ DQ ,URQ 3LQFHU &RPSOH[�

,URQ�%DVHG &DWDO\VWV IRU WKH +\GURJHQDWLRQ RI (VWHUV
WR $OFRKROV�

)URP (VWHUV WR $OFRKROV DQG %DFN ZLWK
5XWKHQLXP DQG 2VPLXP &DWDO\VWV�

0DQJDQHVH�&DWDO\]HG (QYLURQPHQWDOO\ %HQLJQ
'HK\GURJHQDWLYH &RXSOLQJ RI $OFRKROV DQG $PLQHV WR )RUP $OGLPLQHV DQG +��
$ &DWDO\WLF DQG 0HFKDQLVWLF 6WXG\�

'LYHUJHQW &RXSOLQJ RI $OFRKROV DQG $PLQHV &DWDO\]HG
E\ ,VRHOHFWURQLF +\GULGH 0Q , DQG )H ,, 313 3LQFHU &RPSOH[HV�

+\GURJHQDWLRQ RI (VWHUV WR $OFRKROV &DWDO\]HG E\ 'HILQHG 0DQJDQHVH 3LQFHU
&RPSOH[HV�

6\QWKHVLV� FRRUGLQDWLRQ EHKDYLRU DQG VWUXFWXUDO IHDWXUHV RI FKLUDO LURQ�,,�
313 GLIHUURFHQH FRPSOH[HV�

'HK\GURJHQDWLYH &RXSOLQJ RI (WKDQRO DQG (VWHU +\GURJHQDWLRQ
&DWDO\]HG E\ 3LQFHU�7\SH <13 &RPSOH[HV�

(VWHU +\GUR�
JHQDWLRQ &DWDO\]HG E\ &11�3LQFHU &RPSOH[HV RI 5XWKHQLXP�

&DWDO\WLF
�GH�K\GURJHQDWLRQ SURPRWHG E\ QRQ�SUHFLRXV PHWDOV ঀ &R� )H DQG 0Q� UHFHQW
DGYDQFHV LQ DQ HPHUJLQJ ILHOG�



1RQ�3LQFHU�
7\SH 0DQJDQHVH &RPSOH[HV DV (IILFLHQW &DWDO\VWV IRU WKH +\GURJHQDWLRQ RI
(VWHUV�

0DQJDQHVH 3LQFHU &RPSOH[HV IRU WKH %DVH�)UHH� $FFHSWRUOHVV 'HK\GURJHQD�
WLYH &RXSOLQJ RI $OFRKROV WR (VWHUV� 'HYHORSPHQW� 6FRSH� DQG 8QGHUVWDQGLQJ�

$ +LJKO\ $FWLYH 0DQJDQHVH &DWDO\VW IRU (QDQWLRVHOHFWLYH .HWRQH DQG
(VWHU +\GURJHQDWLRQ�

0HFKDQLVWLF LQVLJKWV
LQWR WKH QRQ�ELIXQFWLRQDO K\GURJHQDWLRQ RI HVWHUV E\ &R�,,� SLQFHU FRPSOH[HV�
D ')7 VWXG\�

7KHRUHWLFDO LQVLJKWV LQWR
&2 � K\GURJHQDWLRQ WR PHWKDQRO E\ D 0Qঀ313 FRPSOH[�

7KH UROH RI WKH PHWDO�ERXQG 1ঀ+ IXQFWLRQDOLW\ LQ
1R\RUL�W\SH PROHFXODU FDWDO\VWV�

8QUDYHO�
OLQJ WKH 0HFKDQLVP RI WKH $V\PPHWULF +\GURJHQDWLRQ RI $FHWRSKHQRQH E\
>5X;��GLSKRVSKLQH������GLDPLQH�@ &DWDO\VWV�

'LHOHFWULF FRQVWDQW RI PHWK\O DFHWDWH�

0HWKDQRO 'LHOHFWULF &RQVWDQW� 'DWDVKHHW IURP ঈ'RUWPXQG 'DWD %DQN
�''%� ঀ 7KHUPRSK\VLFDO 3URSHUWLHV (GLWLRQ ����উ LQ 6SULQJHU0DWHULDOV
�KWWSV���PDWHULDOV�VSULQJHU�FRP�WKHUPRSK\VLFDO�GRFV�GHFBF�����

(WKDQRO 'LHOHFWULF &RQVWDQW� 'DWDVKHHW IURP ঈ'RUWPXQG 'DWD %DQN
�''%� ঀ 7KHUPRSK\VLFDO 3URSHUWLHV (GLWLRQ ����উ LQ 6SULQJHU0DWHULDOV
�KWWSV���PDWHULDOV�VSULQJHU�FRP�WKHUPRSK\VLFDO�GRFV�GHFBF����

7KHUPRFKHPLVWU\ LQ *DXVVLDQ�

&RQGXFWRU�OLNH 6FUHHQLQJ 0RGHO IRU 5HDO 6ROYHQWV� $ 1HZ $SSURDFK
WR WKH 4XDQWLWDWLYH &DOFXODWLRQ RI 6ROYDWLRQ 3KHQRPHQD�



*DXVVLDQ�� 5HYLVLRQ
&����

7RZDUG UHOLDEOH GHQVLW\ IXQFWLRQDO PHWKRGV ZLWKRXW
DGMXVWDEOH SDUDPHWHUV� 7KH 3%(� PRGHO�

(IIHFW RI WKH GDPSLQJ IXQFWLRQ LQ
GLVSHUVLRQ FRUUHFWHG GHQVLW\ IXQFWLRQDO WKHRU\�

7KH &2602 DQG &2602�56 VROYDWLRQ PRGHOV�

7KH 'HJUHH RI 5DWH &RQWURO� $ 3RZHUIXO 7RRO IRU &DWDO\VLV
5HVHDUFK�

1,67 FKHPLVWU\ :HE%RRN� 1,67 VWDQGDUG UHIHUHQFH GDWDEDVH ���

(IIHFW RI 0HGLXP RQ 5HDFWLRQ 5DWHV LQ +RPRJHQHRXV &DWDO\VLV
ZLWK 0HWDO &RPSOH[HV� +RPRJ� &DWDO� ZLWK 0HW� &RPSOH[HV































0HWDO�OLJDQG FRRS�
HUDWLYH DFWLYDWLRQ RI +; �; +� %U� 25� ERQG RQ 0Q EDVHG SLQFHU FRPSOH[HV�

&DWDO\WLF +\GURJHQDWLRQ RI &DUER[\OLF
$FLG (VWHUV� $PLGHV� DQG 1LWULOHV ZLWK +RPRJHQHRXV &DWDO\VWV�

7KH $%& LQ SLQFHU FKHPLVWU\ ঀ )URP
DPLQH� WR ERU\OHQH� DQG FDUERQ�EDVHG SLQFHU�OLJDQGV�

3LQFHU�7\SH &RPSOH[HV
IRU &DWDO\WLF �'H�+\GURJHQDWLRQ DQG 7UDQVIHU �'H�+\GURJHQDWLRQ 5HDFWLRQV�
5HFHQW 3URJUHVV�

7KH UROH RI WKH PHWDO�ERXQG 1ঀ+ IXQFWLRQDOLW\ LQ
1R\RUL�W\SH PROHFXODU FDWDO\VWV�

&DWDO\WLF +\GURJHQDWLRQ RI (VWHUV�
'HYHORSPHQW RI DQ (IILFLHQW &DWDO\VW DQG 3URFHVVHV IRU 6\QWKHVLVLQJ �5��
����3URSDQHGLRO DQG ���O�0HQWKR[\�HWKDQRO�

3UDFWLFDO 6HOHFWLYH +\GURJHQDWLRQ
RI �)OXRULQDWHG (VWHUV ZLWK %LIXQFWLRQDO 3LQFHU�7\SH 5XWKHQLXP�,,� &DWDO\VWV
/HDGLQJ WR )OXRULQDWHG $OFRKROV RU )OXRUDO +HPLDFHWDOV�

'HYHORSPHQW RI +LJKO\
$FWLYH ,Uঀ313 &DWDO\VWV IRU +\GURJHQDWLRQ RI &DUERQ 'LR[LGH ZLWK 2UJDQLF
%DVHV�



0DQJDQHVH�,��&DWDO\]HG (QDQWLRVHOHFWLYH +\GUR�
JHQDWLRQ RI .HWRQHV 8VLQJ D 'HILQHG &KLUDO 313 3LQFHU /LJDQG�

0DQJDQHVH &RPSOH[HV IRU �'H�+\GURJHQDWLRQ
&DWDO\VLV� $ &RPSDULVRQ WR &REDOW DQG ,URQ &DWDO\VWV�

)LUVW�5RZ 7UDQVLWLRQ 0HWDO
�'H�+\GURJHQDWLRQ &DWDO\VLV %DVHG 2Q )XQFWLRQDO 3LQFHU /LJDQGV�

&DWDO\WLF
�GH�K\GURJHQDWLRQ SURPRWHG E\ QRQ�SUHFLRXV PHWDOV ঀ &R� )H DQG 0Q� UHFHQW
DGYDQFHV LQ DQ HPHUJLQJ ILHOG�

%LIXQFWLRQDO KRPRJHQHRXV FDWDO\VWV
EDVHG RQ ILUVW URZ WUDQVLWLRQ PHWDOV LQ DV\PPHWULF K\GURJHQDWLRQ�

&RRSHUDWLYH $OLSKDWLF 313 $PLGR
3LQFHU /LJDQGV ঀ 9HUVDWLOH %XLOGLQJ %ORFNV IRU &RRUGLQDWLRQ &KHPLVWU\ DQG
&DWDO\VLV�

)XQFWLRQDOLVHG 1�+HWHURF\FOLF &DUEHQH /LJDQGV
LQ %LPHWDOOLF $UFKLWHFWXUHV�

&RPSXWDWLRQDO $QDO\VLV RI 0HVRPHULVP
LQ SDUD�6XEVWLWXWHG PHU�1&1 3LQFHU 3ODWLQXP�,,� &RPSOH[HV� ,QFOXGLQJ LWV 5H�
ODWLRQVKLSV ZLWK +DPPHWW S 6XEVWLWXHQW 3DUDPHWHUV�

2UJDQRPHWDOOLF EHQ]\OLGHQH DQLOLQHV� GRQRUঀDFFHSWRU IHDWXUHV
LQ 1&1�SLQFHU 3W�,,� FRPSOH[HV ZLWK D ���(��>���5�SKHQ\O�LPLQR@PHWK\O VXE�
VWLWXHQW�

0DFKLQH OHDUQLQJ GLK\GURJHQ DFWLYDWLRQ LQ WKH FKHPLFDO VSDFH VXUURXQG�
LQJ 9DVNDঅV FRPSOH[�

'H�
VLJQLQJ LQ WKH )DFH RI 8QFHUWDLQW\� ([SORLWLQJ (OHFWURQLF 6WUXFWXUH DQG 0DFKLQH
/HDUQLQJ 0RGHOV IRU 'LVFRYHU\ LQ ,QRUJDQLF &KHPLVWU\�

$FWLYLW\�
%DVHG 6FUHHQLQJ RI +RPRJHQHRXV &DWDO\VWV WKURXJK WKH 5DSLG $VVHVVPHQW RI
7KHRUHWLFDOO\ 'HULYHG 7XUQRYHU )UHTXHQFLHV�



8QUDYHOLQJ 0HWDO�3LQFHU
/LJDQG (IIHFWV LQ WKH &DWDO\WLF +\GURJHQDWLRQ RI &DUERQ 'LR[LGH WR )RUPDWH�

([SHGLWHG 6FUHHQLQJ RI $FWLYH
DQG 5HJLRVHOHFWLYH &DWDO\VWV IRU WKH +\GURIRUP\ODWLRQ 5HDFWLRQ�

&KHPRV�
HOHFWLYH +\GURJHQDWLRQ RI $OGHK\GHV XQGHU 0LOG� %DVH�)UHH &RQGLWLRQV� 0DQ�
JDQHVH 2XWSHUIRUPV 5KHQLXP�

&DUERQ 'LR[LGH 5HGXFWLRQ WR 0HWKDQRO &DWDO\]HG E\ 0Q�,� 313
3LQFHU &RPSOH[HV XQGHU 0LOG 5HDFWLRQ &RQGLWLRQV�

0LOG DQG 6HOHFWLYH &DU�
ERQ 'LR[LGH +\GURERUDWLRQ WR 0HWKR[\ERUDQHV &DWDO\]HG E\ 0Q�,� 313 3LQFHU
&RPSOH[HV�

0DQJDQHVH�&DWDO\]HG DQWL�6HOHFWLYH
$V\PPHWULF +\GURJHQDWLRQ RI �6XEVWLWXWHG �.HWRDPLGHV�

0DQJDQHVH�&DWDO\]HG (QDQWLRVHOHFWLYH +\GURJHQDWLRQ RI 6LPSOH .HWRQHV 8V�
LQJ DQ ,PLGD]ROH�%DVHG &KLUDO 311 7ULGHQWDWH /LJDQG�

&2� DFWLYDWLRQ E\ PDQJDQHVH SLQFHU FRPSOH[HV
WKURXJK GLIIHUHQW PRGHV RI PHWDOঀOLJDQG FRRSHUDWLRQ�

/XWLGLQH�%DVHG &KLUDO 3LQFHU
0DQJDQHVH &DWDO\VWV IRU (QDQWLRVHOHFWLYH +\GURJHQDWLRQ RI .HWRQHV�

0HFKDQLVP RI &2� K\GUR�
JHQDWLRQ WR IRUPDWHV E\ KRPRJHQHRXV 5X�313 SLQFHU FDWDO\VW� IURP D WKH�
RUHWLFDO GHVFULSWLRQ WR SHUIRUPDQFH RSWLPL]DWLRQ�

&KHPLFDO 1RQ�,QQRFHQFH
RI DQ $OLSKDWLF 313 3LQFHU /LJDQG�

(OHFWURQ�5LFK 313� DQG
311�7\SH 5XWKHQLXP�,,� +\GULGR %RURK\GULGH 3LQFHU &RPSOH[HV� 6\QWKHVLV�
6WUXFWXUH� DQG &DWDO\WLF 'HK\GURJHQDWLRQ RI $OFRKROV DQG +\GURJHQDWLRQ RI
(VWHUV�



5XWKHQLXP 3LQFHU &RPSOH[ &DWDO\]HG
6HOHFWLYH 6\QWKHVLV RI &�� $ON\ODWHG ,QGROHV DQG %LVLQGRO\OPHWKDQHV 'LUHFWO\
IURP ,QGROHV DQG $OFRKROV�

616�/LJDQGV IRU 5X�
&DWDO\]HG +RPRJHQHRXV +\GURJHQDWLRQ DQG 'HK\GURJHQDWLRQ 5HDFWLRQV�

8QH[SHFWHG 'LUHFW +\GULGH 7UDQVIHU 0HFKDQLVP
IRU WKH +\GURJHQDWLRQ RI (WK\O $FHWDWH WR (WKDQRO &DWDO\]HG E\ 616 3LQFHU
5XWKHQLXP &RPSOH[HV�

5HSODFLQJ 3KRVSKRUXV ZLWK 6XOIXU
IRU WKH (IILFLHQW +\GURJHQDWLRQ RI (VWHUV�

1LFNHO�,,� FRPSOH[HV EHDULQJ D SLQFHU OLJDQG FRQWDLQLQJ WKLRDPLGH XQLWV�
&RPSDULVRQ EHWZHHQ 616� DQG 6&6�SLQFHU OLJDQGV�

,URQ�,,� &RPSOH[HV RI D +HPL�
ODELOH 616 $PLGR /LJDQG� 6\QWKHVLV� &KDUDFWHUL]DWLRQ� DQG 5HDFWLYLW\�

+\GURJHQDWLRQ RI HWK\OHQH
FDUERQDWH FDWDO\]HG E\ OXWLGLQH�EULGJHG 1�KHWHURF\FOLF FDUEHQH OLJDQGV DQG
UXWKHQLXP SUHFXUVRUV�

5XWKHQLXP�,,� &RPSOH[HV &RQ�
WDLQLQJ /XWLGLQH�'HULYHG 3LQFHU &1& /LJDQGV� 6\QWKHVLV� 6WUXFWXUH� DQG &DW�
DO\WLF +\GURJHQDWLRQ RI &�1 ERQGV�

/XWLGLQH�'HULYHG 5X�&1& +\GURJHQDWLRQ 3LQFHU &DW�
DO\VWV ZLWK 9HUVDWLOH &RRUGLQDWLRQ 3URSHUWLHV�

5XWKHQLXP &RPSOH[HV %HDULQJ 8QV\P�
PHWULF &1&঒ 3LQFHU /LJDQGV� 0ROHFXODU 6WUXFWXUHV DQG (OHFWURQLF 3URSHUWLHV�

7ULGHQWDWH &DUEHQH &&& DQG &1& 3LQFHU 3DOODGLXP�,,� &RPSOH[HV� 6WUXFWXUH�
)OX[LRQDOLW\� DQG &DWDO\WLF $FWLYLW\�



1�+HWHURF\FOLF
3LQFHU 'LFDUEHQH &RPSOH[HV RI ,URQ�,,�� &�� DQG &�� 0HWDODWHG &DUEHQHV RQ
WKH 6DPH 0HWDO &HQWHU�

6\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI FRPSOH[HV
RI QLFNHO�,,�� SDOODGLXP�,,� DQG SODWLQXP�,,� ZLWK WKH QHZ ELIXQFWLRQDO DPLQ�
RGLSKRVSKLQH OLJDQG +1�&+�&+�&+�30H����

(OHFWURQLF (IIHFWV LQ 3&3�3LQFHU 5X�,,��%DVHG +\GURJHQ 7UDQVIHU &DWDO\VLV�

$FFHSWRU 3LQFHU &KHPLVWU\ RI 5XWKHQLXP� &DWDO\WLF $ONDQH 'HK\GURJHQDWLRQ
E\ �&)� 3&3�5X�FRG��+��

3\ULGLQH�%DVHG 3&3�5XWKHQLXP &RPSOH[HV� 8QXVXDO 6WUXFWXUHV DQG 0HWDOঀ
/LJDQG &RRSHUDWLRQ�

$FFHSWRU 3&3 3LQFHU ,ULG�
LXP�,� &KHPLVWU\� 6WDELOL]DWLRQ RI 1RQPHULGLRQDO 3&3 &RRUGLQDWLRQ *HRPH�
WULHV�

1RQ�SUHFLRXV PHWDO FRPSOH[HV ZLWK DQ DQLRQLF
3&3 SLQFHU DUFKLWHFWXUH�

5HSODFLQJ 3KRVSKRUXV ZLWK 6XOIXU IRU
WKH (IILFLHQW +\GURJHQDWLRQ RI (VWHUV�

&2��WR�0HWKDQRO +\GURJHQDWLRQ RQ =LUFRQLD�
6XSSRUWHG &RSSHU 1DQRSDUWLFOHV� 5HDFWLRQ ,QWHUPHGLDWHV DQG WKH 5ROH RI WKH
0HWDO�6XSSRUW ,QWHUIDFH�

&2� +\GURJHQDWLRQ WR )RUPDWH DQG 0HWKDQRO DV DQ $OWHUQDWLYH WR 3KRWR� DQG
(OHFWURFKHPLFDO &2� 5HGXFWLRQ�

$ UHYLHZ RI WKH FDWDO\WLF K\GURJHQDWLRQ RI FDUERQ GLR[LGH LQWR YDOXH�DGGHG
K\GURFDUERQV�

$ 6WDEOH 0DQ�
JDQHVH 3LQFHU &DWDO\VW IRU WKH 6HOHFWLYH 'HK\GURJHQDWLRQ RI 0HWKDQRO�



7KH )LUVW &RPSOHWH ,GHQWLILFDWLRQ RI D 'L�
DVWHUHRPHULF &DWDO\VWো6XEVWUDWH �$ONR[LGH� 6SHFLHV LQ DQ (QDQWLRVHOHFWLYH .H�
WRQH +\GURJHQDWLRQ� 0HFKDQLVWLF ,QYHVWLJDWLRQV�

$Q 8QH[SHFWHG 3RVVLEOH 5ROH RI %DVH LQ
$V\PPHWULF &DWDO\WLF +\GURJHQDWLRQV RI .HWRQHV� 6\QWKHVLV DQG &KDUDFWHUL]D�
WLRQ RI 6HYHUDO .H\ &DWDO\WLF ,QWHUPHGLDWHV�

'LUHFW 2EVHUYDWLRQV RI WKH 0HWDOো/LJDQG
%LIXQFWLRQDO $GGLWLRQ 6WHS LQ DQ (QDQWLRVHOHFWLYH .HWRQH +\GURJHQDWLRQ�

.LQHWLF +\GURJHQ�'HXWHULXP (IIHFWV LQ
WKH 'LUHFW +\GURJHQDWLRQ RI .HWRQHV &DWDO\]HG E\ D :HOO�'HILQHG 5XWKHQLXP
'LSKRVSKLQH 'LDPLQH &RPSOH[�

0Q�,� DQG )H�,,��31�+�3 &DWDO\VWV IRU WKH +\�
GURJHQDWLRQ RI .HWRQHV� $ &RPSDULVRQ E\ ([SHULPHQW DQG &DOFXODWLRQ�

7KH NH\ UROH RI WKH ODWHQW 1ঀ+ JURXS LQ 0LOVWHLQঅV FDWDO\VW
IRU HVWHU K\GURJHQDWLRQ�

([WHQGHG WLJKW�ELQGLQJTXDQWXP FKHPLVWU\ PHWK�
RGV�

*)1��[7%�$Q $FFXUDWH DQG %URDGO\
3DUDPHWUL]HG 6HOI�&RQVLVWHQW 7LJKW�%LQGLQJ 4XDQWXP &KHPLFDO 0HWKRG ZLWK
0XOWLSROH (OHFWURVWDWLFV DQG 'HQVLW\�'HSHQGHQW 'LVSHUVLRQ &RQWULEXWLRQV�

$ 5REXVW DQG $FFXUDWH 7LJKW�
%LQGLQJ 4XDQWXP &KHPLFDO 0HWKRG IRU 6WUXFWXUHV� 9LEUDWLRQDO )UHTXHQFLHV�
DQG 1RQFRYDOHQW ,QWHUDFWLRQV RI /DUJH 0ROHFXODU 6\VWHPV 3DUDPHWUL]HG IRU $OO
VSG�%ORFN (OHPHQWV � =  �ঀ����



*DXVVLDQ�� 5HYLVLRQ
&����

%DODQFHG EDVLV VHWV RI VSOLW YDOHQFH� WULSOH ]HWD YD�
OHQFH DQG TXDGUXSOH ]HWD YDOHQFH TXDOLW\ IRU + WR 5Q� 'HVLJQ DQG DVVHVVPHQW
RI DFFXUDF\�

*HRPHWULHV RI 7UDQVLWLRQ�0HWDO &RPSOH[HV IURP
'HQVLW\�)XQFWLRQDO 7KHRU\�

3HUIRUPDQFH RI GHQVLW\ IXQFWLRQDOV IRU
ILUVW URZ WUDQVLWLRQ PHWDO V\VWHPV�

8QLYHUVDO 6ROYDWLRQ 0RGHO
%DVHG RQ 6ROXWH (OHFWURQ 'HQVLW\ DQG RQ D &RQWLQXXP 0RGHO RI WKH 6ROYHQW
'HILQHG E\ WKH %XON 'LHOHFWULF &RQVWDQW DQG $WRPLF 6XUIDFH 7HQVLRQV�

7RZDUG UHOLDEOH GHQVLW\ IXQFWLRQDO PHWKRGV ZLWKRXW
DGMXVWDEOH SDUDPHWHUV� 7KH 3%(� PRGHO�

'HQVLW\�IXQFWLRQDO H[FKDQJH�HQHUJ\ DSSUR[LPDWLRQ ZLWK FRUUHFW
DV\PSWRWLF EHKDYLRU�

([WHQVLRQ RI WKH '� GLVSHUVLRQ
FRHIILFLHQW PRGHO�

$FFXUDWH DQG UDSLG SUHGLFWLRQ RI S.D
RI WUDQVLWLRQ PHWDO FRPSOH[HV� VHPLHPSLULFDO TXDQWXP FKHPLVWU\ ZLWK D GDWD�
DXJPHQWHG DSSURDFK�

$ VXUYH\ RI +DPPHWW VXEVWLWXHQW FRQVWDQWV
DQG UHVRQDQFH DQG ILHOG SDUDPHWHUV�
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7KH ,PSDFW RI &RPSXWDWLRQDO 8QFHUWDLQWLHV RQ
WKH (QDQWLRVHOHFWLYLW\ 3UHGLFWLRQV� $ 0LFURNLQHWLF 0RGHOLQJ RI .HWRQH 7UDQV�
IHU +\GURJHQDWLRQ ZLWK D 1R\RUL�W\SH 0Q�GLDPLQH &DWDO\VW�



%H\RQG 1DWXUHঅV &KLUDO 3RRO�
(QDQWLRVHOHFWLYH &DWDO\VLV LQ ,QGXVWU\�

&DWDO\VWV E\ 'HVLJQ� 7KH 3RZHU RI 7KHRU\�

$FFXUDWH 0XOWLREMHFWLYH 'HVLJQ
LQ D 6SDFH RI 0LOOLRQV RI 7UDQVLWLRQ 0HWDO &RPSOH[HV ZLWK 1HXUDO�1HWZRUN�
'ULYHQ (IILFLHQW *OREDO 2SWLPL]DWLRQ�

0DNLQJ PDFKLQH OHDUQLQJ D XVHIXO WRRO LQ WKH DFFHOHUDWHG GLV�
FRYHU\ RI WUDQVLWLRQ PHWDO FRPSOH[HV�

$XWRPDWHG LQ 6LOLFR 'HVLJQ RI +RPRJHQHRXV
&DWDO\VWV�

&RPSDULQJ TXDQWLWDWLYH SUHGLFWLRQ PHWKRGV IRU WKH
GLVFRYHU\ RI VPDOO�PROHFXOH FKLUDO FDWDO\VWV�

+ROLVWLF SUHGLFWLRQ RI HQDQWLRVHOHFWLYLW\ LQ DV\P�
PHWULF FDWDO\VLV�

(QDQWLRVHOHFWLYH 7UDQVIHU +\GURJHQDWLRQ RI .HWRQHV &DWDO\]HG E\ D 0DQ�
JDQHVH &RPSOH[ &RQWDLQLQJ DQ 8QV\PPHWULFDO &KLUDO 313঒ 7ULGHQWDWH /LJDQG�

0DQJDQHVH�,��&DWDO\]HG (QDQWLRVHOHFWLYH +\GUR�
JHQDWLRQ RI .HWRQHV 8VLQJ D 'HILQHG &KLUDO 313 3LQFHU /LJDQG�

,URQ *URXS +\GULGHV LQ 1R\RUL %LIXQFWLRQDO &DWDO\VLV�

$SSOLFDWLRQV RI $FFHSWRUOHVV 'HK\GURJHQD�
WLRQ DQG 5HODWHG 7UDQVIRUPDWLRQV LQ &KHPLFDO 6\QWKHVLV�

0ROHFXODU FDWDO\VWV IRU K\GUR�
JHQ SURGXFWLRQ IURP DOFRKROV�

$SSOLFDWLRQV RI +\EULG ')7�0ROHFXODU 0HFKDQLFV WR
+RPRJHQHRXV &DWDO\VLV�

$GYDQFHV LQ
6XVWDLQDEOH &DWDO\VLV� $ &RPSXWDWLRQDO 3HUVSHFWLYH�



&RPSXWDWLRQDO
6WXGLHV RI 6\QWKHWLFDOO\ 5HOHYDQW +RPRJHQHRXV 2UJDQRPHWDOOLF &DWDO\VLV ,Q�
YROYLQJ 1L� 3G� ,U� DQG 5K� $Q 2YHUYLHZ RI &RPPRQO\ (PSOR\HG ')7 0HWKRGV
DQG 0HFKDQLVWLF ,QVLJKWV�

5DWLRQDO
2SWLPL]DWLRQ RI 6XSUDPROHFXODU &DWDO\VWV IRU WKH 5KRGLXP�&DWDO\]HG $V\P�
PHWULF +\GURJHQDWLRQ 5HDFWLRQ�

$FFXUDF\ RI WKHRUHWLFDO FDWDO\VLV IURP D PRGHO RI LURQ�FDWDO\]HG
DPPRQLD V\QWKHVLV�

$UH FXUUHQW ')7 PHWKRGV VXIILFLHQWO\ UHOLDEOH IRU UHDO�ZRUOG PROHF�
XODU V\VWHPV"

0LFURNLQHWLF PRGHOLQJ LQ KRPRJHQHRXV FDWDO\VLV�

+HWHURJHQHRXV DQG KRPRJHQHRXV FDWDO\VLV IRU WKH K\GURJHQDWLRQ RI
FDUER[\OLF DFLG GHULYDWLYHV� KLVWRU\� DGYDQFHV DQG IXWXUH GLUHFWLRQV�

/DUJH�6FDOH &DUERQ\O 5HGXFWLRQV LQ WKH 3KDUPD�
FHXWLFDO ,QGXVWU\�

$V\PPHWULF &DWDO\VLV� 6FLHQFH DQG 2SSRUWXQLWLHV �1REHO /HFWXUH��

6HOHFWLYH
+\GURJHQDWLRQ IRU )LQH &KHPLFDOV� 5HFHQW 7UHQGV DQG 1HZ 'HYHORSPHQWV�

5HGXFWLRQV E\ WKH $OXPLQR� DQG %RURK\GULGHV LQ 2UJDQLF 6\QWKHVLV�
�QG HGLWLRQ �6H\GHQ�3HQQH� -DFTXHOLQH��

6RGLXP ERURK\GULGH LQ FDUER[\OLF DFLG PHGLD� D SKHQRPHQDO
UHGXFWLRQ V\VWHP�

3LQFHU�7\SH &RPSOH[HV
IRU &DWDO\WLF �'H�+\GURJHQDWLRQ DQG 7UDQVIHU �'H�+\GURJHQDWLRQ 5HDFWLRQV�
5HFHQW 3URJUHVV�

&DWDO\WLF 5HGXFWLYH 7UDQVIRUPDWLRQV RI &DUER[\OLF
DQG &DUERQLF $FLG 'HULYDWLYHV 8VLQJ 0ROHFXODU +\GURJHQ�

$V\PPHWULF +\GURJHQDWLRQ�



&KL�
UDO 5XWKHQDELF\FOLF &RPSOH[HV� 3UHFDWDO\VWV IRU 5DSLG� (QDQWLRVHOHFWLYH� DQG
:LGH�6FRSH +\GURJHQDWLRQ RI .HWRQHV�

&DWDO\WLF +\GURJHQDWLRQ RI (VWHUV�
'HYHORSPHQW RI DQ (IILFLHQW &DWDO\VW DQG 3URFHVVHV IRU 6\QWKHVLVLQJ �5��
����3URSDQHGLRO DQG ���O�0HQWKR[\�HWKDQRO�

%LIXQFWLRQDO WUDQVLWLRQ PHWDO�EDVHG
PROHFXODU FDWDO\VWV IRU DV\PPHWULF V\QWKHVHV�

$V\PPHWULF 7UDQVIHU +\GURJHQDWLRQ RI .HWRQHV
ZLWK %LIXQFWLRQDO 7UDQVLWLRQ 0HWDO�%DVHG 0ROHFXODU &DWDO\VWV ঌ�

&DWDO\WLF DV\PPHWULF WUDQVIHU K\GURJHQDWLRQ
RI NHWRQHV� UHFHQW DGYDQFHV�

2[R�7HWKHUHG 5XWKHQLXP�,,� &RPSOH[ DV D %LIXQFWLRQDO &DWDO\VW IRU
$V\PPHWULF 7UDQVIHU +\GURJHQDWLRQ DQG +� +\GURJHQDWLRQ�

$ +LJKO\ $FWLYH 0DQJDQHVH &DWDO\VW IRU (QDQWLRVHOHFWLYH .HWRQH DQG
(VWHU +\GURJHQDWLRQ�

$ FRPELQHG H[SHULPHQWDO
DQG FRPSXWDWLRQDO VWXG\ WR GHFLSKHU FRPSOH[LW\ LQ WKH DV\PPHWULF K\GURJHQD�
WLRQ RI LPLQHV ZLWK 5X FDWDO\VWV EHDULQJ DWURSLVRPHUL]DEOH OLJDQGV�

0HWDOঀ/LJDQG %LIXQFWLRQDO &DWDO\VLV� 7KH ঈ$F�
FHSWHGউ 0HFKDQLVP� WKH ,VVXH RI &RQFHUWHGQHVV� DQG WKH )XQFWLRQ RI WKH /LJ�
DQG LQ &DWDO\WLF &\FOHV ,QYROYLQJ +\GURJHQ $WRPV�

7KH PHFKDQLVP RI HQDQWLRVHOHFWLYH NHWRQH UH�
GXFWLRQ ZLWK 1R\RUL DQG 1R\RULঀ,NDUL\D ELIXQFWLRQDO FDWDO\VWV�

%RQG $FWLYDWLRQ DQG &DWDO\VLV E\ 5XWKHQLXP
3LQFHU &RPSOH[HV�

$V\PPHWULF 7UDQVIHU +\GURJHQDWLRQ &DWDO\]HG
E\ &KLUDO 5XWKHQLXP &RPSOH[HV�



0HFKDQLVPV RI WKH +��
K\GURJHQDWLRQ DQG WUDQVIHU K\GURJHQDWLRQ RI SRODU ERQGV FDWDO\]HG E\ UXWKH�
QLXP K\GULGH FRPSOH[HV�

$V\PPHWULF K\GURVLO\ODWLRQ� WUDQVIHU
K\GURJHQDWLRQ DQG K\GURJHQDWLRQ RI NHWRQHV FDWDO\]HG E\ LULGLXP FRPSOH[HV�

([SORLWLQJ 0HWDOঀ/LJDQG %LIXQFWLRQDO 5HDFWLRQV LQ WKH 'HVLJQ RI
,URQ $V\PPHWULF +\GURJHQDWLRQ &DWDO\VWV�

+\GULGH 7UDQVIHU 5HDFWLRQV &DWDO\]HG E\
&REDOW &RPSOH[HV�

7KH UROH RI WKH PHWDO�ERXQG 1ঀ+ IXQFWLRQDOLW\ LQ
1R\RUL�W\SH PROHFXODU FDWDO\VWV�

$V\PPHW�
ULF 7UDQVIHU +\GURJHQDWLRQ RI $URPDWLF .HWRQHV &DWDO\]HG E\ &KLUDO 5XWKH�
QLXP�,,� &RPSOH[HV�

8QUDYHOOLQJ WKH
0HFKDQLVP RI WKH $V\PPHWULF +\GURJHQDWLRQ RI $FHWRSKHQRQH E\ >5X;�
�GLSKRVSKLQH������GLDPLQH�@ &DWDO\VWV�

7HUPV IRU WKH 4XDQWLWDWLRQ RI D 0L[WXUH RI 6WHUHRLVRPHUV�

'R WKH 7HUPV ঈ� HHউ DQG ঈ� GHউ 0DNH 6HQVH DV ([SUHVVLRQV
RI 6WHUHRLVRPHU &RPSRVLWLRQ RU 6WHUHRVHOHFWLYLW\"

*DXVVLDQ�� 5HYLVLRQ
&����

8QLYHUVDO 6ROYDWLRQ 0RGHO
%DVHG RQ 6ROXWH (OHFWURQ 'HQVLW\ DQG RQ D &RQWLQXXP 0RGHO RI WKH 6ROYHQW



'HILQHG E\ WKH %XON 'LHOHFWULF &RQVWDQW DQG $WRPLF 6XUIDFH 7HQVLRQV�
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$V\PPHWULF &DWDO\VLV� 6FLHQFH DQG 2SSXUWXQLWLHV�

'HDFWLYDWLRQ LQ +RPRJHQHRXV 7UDQVLWLRQ 0HWDO &DWDO\VLV�
&DXVHV� $YRLGDQFH� DQG &XUH�

$V\PPHWULF 5XWKHQLXP�
&DWDO\]HG +\GURJHQDWLRQ RI 7HUS\ULGLQH�7\SH 1 �+HWHURDUHQHV� 'LUHFW $FFHVV
WR &KLUDO 7ULGHQWDWH 1LWURJHQ /LJDQGV�

&DWDO\WLF 6HOHFWLYH 6\Q�
WKHVLV�

6WUXFWXUHঀ
IXQFWLRQ FKDUDFWHUL]DWLRQ UHYHDOV QHZ FDWDO\WLF GLYHUVLW\ LQ WKH JDODFWRVH R[L�
GDVH DQG JO\R[DO R[LGDVH IDPLO\�

&DWDO\WLF 0HFKDQLVP
RI *DODFWRVH 2[LGDVH� $ 7KHRUHWLFDO 6WXG\�



,ULGLXP
DPLQ\O UDGLFDO FRPSOH[HV DV FDWDO\VWV IRU WKH FDWDO\WLF GHK\GURJHQDWLRQ RI SUL�
PDU\ K\GUR[\O IXQFWLRQV LQ QDWXUDO SURGXFWV�

$PLQRWULD]ROH
0Q�,� &RPSOH[HV DV (IIHFWLYH &DWDO\VWV IRU 7UDQVIHU +\GURJHQDWLRQ RI .HWRQHV�

7UDQVIHU +\GURJHQDWLRQ RI &DUERQ\O 'HULYDWLYHV &DWDO\]HG E\ DQ ,QH[SHQVLYH
3KRVSKLQH�)UHH 0DQJDQHVH 3UHFDWDO\VW�

$V\PPHWULF 7UDQVIHU +\GUR�
JHQDWLRQ RI .HWRQHV ZLWK :HOO�'HILQHG 0DQJDQHVH�,� 311 DQG 3113 &RP�
SOH[HV�

5X�DUHQH��DPLQR
DOFRKRO��&DWDO\]HG 7UDQVIHU +\GURJHQDWLRQ RI .HWRQHV� 0HFKDQLVP DQG 2ULJLQ
RI (QDQWLRVHOHFWLYLW\�

7KH &DWD�
O\VW 3UHFXUVRU� &DWDO\VW� DQG ,QWHUPHGLDWH LQ WKH 5X,,�3URPRWHG $V\PPHWULF
+\GURJHQ 7UDQVIHU EHWZHHQ $OFRKROV DQG .HWRQHV�

7KH 0HWDOো/LJDQG %LIXQFWLRQDO &DWDO�
\VLV� $ 7KHRUHWLFDO 6WXG\ RQ WKH 5XWKHQLXP�,,��&DWDO\]HG +\GURJHQ 7UDQVIHU
EHWZHHQ $OFRKROV DQG &DUERQ\O &RPSRXQGV�

+\GURJHQ
7UDQVIHU WR &DUERQ\OV DQG ,PLQHV IURP D +\GUR[\F\FORSHQWDGLHQ\O 5XWKHQLXP
+\GULGH� (YLGHQFH IRU &RQFHUWHG +\GULGH DQG 3URWRQ 7UDQVIHU�

&OHDYDJH RI 6Lঀ+� %ঀ+� DQG &ঀ+
%RQGV E\ 0HWDOঀ/LJDQG &RRSHUDWLRQ�

.LQHWLF ,VRWRSH (IIHFW (YLGHQFH IRU D &RQFHUWHG
+\GURJHQ 7UDQVIHU 0HFKDQLVP LQ 7UDQVIHU +\GURJHQDWLRQV &DWDO\]HG E\ > S
��0H � &+�& � + � 0H@5X� �1+&+3K&+3K162 � & � + � � S� &+ � ��

0HWDOো/LJDQG %LIXQFWLRQDO &DWDO�
\VLV� $ 1RQFODVVLFDO 0HFKDQLVP IRU $V\PPHWULF +\GURJHQ 7UDQVIHU EHWZHHQ
$OFRKROV DQG &DUERQ\O &RPSRXQGV�

7KH UROH RI WKH PHWDO�ERXQG 1ঀ+ IXQFWLRQDOLW\ LQ
1R\RUL�W\SH PROHFXODU FDWDO\VWV�



9DULDELOLW\ RI /LJDQG S.D GXULQJ
+RPRJHQHRXVO\ &DWDO\]HG $TXHRXV 0HWKDQRO 'HK\GURJHQDWLRQ�

7KH PHFKDQLVP RI HQDQWLRVHOHFWLYH NHWRQH UH�
GXFWLRQ ZLWK 1R\RUL DQG 1R\RULঀ,NDUL\D ELIXQFWLRQDO FDWDO\VWV�

8QUDYHOOLQJ WKH
0HFKDQLVP RI WKH $V\PPHWULF +\GURJHQDWLRQ RI $FHWRSKHQRQH E\ >5X; �
�GLSKRVSKLQH������GLDPLQH�@ &DWDO\VWV�

:K\ 'RHV $ON\ODWLRQ RI WKH 1ঀ+ )XQF�
WLRQDOLW\ ZLWKLQ 0�1+ %LIXQFWLRQDO 1R\RUL�7\SH &DWDO\VWV /HDG WR 7XUQRYHU"

4XDQWXP &KHPLFDO &DOFXODWLRQV ZLWK WKH ,QFOXVLRQ RI
1RQVSHFLILF DQG 6SHFLILF 6ROYDWLRQ� $V\PPHWULF 7UDQVIHU +\GURJHQDWLRQ ZLWK
%LIXQFWLRQDO 5XWKHQLXP &DWDO\VWV�

$V\PPHWULF &DWDO\WLF 0HHUZHLQঀ3RQQGRUIঀ9HUOH\ 5HGXFWLRQ RI
.HWRQHV ZLWK $OXPLQXP�,,,��9$12/ &DWDO\VWV�

+LJKO\ HIILFLHQW 0HHUZHLQঀ3RQQGRUIঀ9HUOH\ UHGXFWLRQV RYHU D UREXVW
]LUFRQLXP�RUJDQRERURQLF DFLG K\EULG�

0HFKDQLVP RI PHHUZHLQ�SRQGRUI�YHUOH\ W\SH
UHGXFWLRQV�

$V\PPHWULF K\GURJHQ WUDQVIHU
UHDFWLRQV SURPRWHG E\ KRPRJHQHRXV WUDQVLWLRQ PHWDO FDWDO\VWV�

5HDOLVWLF 0RGHOLQJ RI 5XWKHQLXP�&DWDO\]HG
7UDQVIHU +\GURJHQDWLRQ�

8QGHUVWDQGLQJ WKH 5ROH RI :DWHU LQ $TXHRXV
5XWKHQLXP�&DWDO\]HG 7UDQVIHU +\GURJHQDWLRQ RI .HWRQHV�

0RGHOLQJ WKH &DWDO\VW $FWLYDWLRQ 6WHS LQ D
0HWDOঀ/LJDQG 5DGLFDO 0HFKDQLVP %DVHG :DWHU 2[LGDWLRQ 6\VWHP�

$Q ,Q�'HSWK 0HFKDQLVWLF 6WXG\ RI 5X�&DWDO\VHG $TXHRXV 0HWKDQRO
'HK\GURJHQDWLRQ DQG 3URVSHFWV IRU )XWXUH &DWDO\VW 'HVLJQ�



+RZ 6ROYHQW $I�
IHFWV &ঀ+ $FWLYDWLRQ DQG +\GURJHQ 3URGXFWLRQ 3DWKZD\V LQ +RPRJHQHRXV 5X�
&DWDO\]HG 0HWKDQRO 'HK\GURJHQDWLRQ 5HDFWLRQV�

0HFKDQLVWLF &RPSOH[LW\ RI $V\PPHWULF
7UDQVIHU +\GURJHQDWLRQ ZLWK 6LPSOH 0Qঀ'LDPLQH &DWDO\VWV�

7KH ,PSDFW RI &RPSXWDWLRQDO 8QFHUWDLQWLHV RQ
WKH (QDQWLRVHOHFWLYLW\ 3UHGLFWLRQV� $ 0LFURNLQHWLF 0RGHOLQJ RI .HWRQH 7UDQVIHU
+\GURJHQDWLRQ ZLWK D 1R\RUL�W\SH 0Q�GLDPLQH &DWDO\VW�

&RPSRVLWLRQ� DQG &RQGLWLRQ�'HSHQGHQW .LQHWLFV RI +RPRJHQHRXV (VWHU +\�
GURJHQDWLRQ E\ D 0Q�%DVHG &DWDO\VW�

*DXVVLDQ�� 5HYLVLRQ
&����

7RZDUG UHOLDEOH GHQVLW\ IXQFWLRQDO PHWKRGV ZLWKRXW
DGMXVWDEOH SDUDPHWHUV� 7KH 3%(� PRGHO�

([WHQVLRQ RI WKH '� GLVSHUVLRQ
FRHIILFLHQW PRGHO�

8QLYHUVDO 6ROYDWLRQ 0RGHO
%DVHG RQ 6ROXWH (OHFWURQ 'HQVLW\ DQG RQ D &RQWLQXXP 0RGHO RI WKH 6ROYHQW
'HILQHG E\ WKH %XON 'LHOHFWULF &RQVWDQW DQG $WRPLF 6XUIDFH 7HQVLRQV�

4XLFNVWHS� )DVW DQG DFFXUDWH GHQVLW\ IXQFWLRQDO FDOFXODWLRQV XVLQJ
D PL[HG *DXVVLDQ DQG SODQH ZDYHV DSSURDFK�



'HQVLW\�IXQFWLRQDO H[FKDQJH�HQHUJ\ DSSUR[LPDWLRQ ZLWK FRUUHFW
DV\PSWRWLF EHKDYLRU�

&RQVWUDLQHG UHDFWLRQ FRRUGL�
QDWH G\QDPLFV IRU WKH VLPXODWLRQ RI UDUH HYHQWV�

$ FRQVLVWHQW DQG DFFXUDWH DE
LQLWLR SDUDPHWUL]DWLRQ RI GHQVLW\ IXQFWLRQDO GLVSHUVLRQ FRUUHFWLRQ �')7�'� IRU
WKH �� HOHPHQWV +�3X�

&DQRQLFDO VDPSOLQJ WKURXJK YHORFLW\
UHVFDOLQJ�

)UHH HQHUJ\ IURP FRQVWUDLQHG PROHFXODU G\QDPLFV�























6ROYHQW�$VVLVWHG .HWRQH 5HGXFWLRQ E\ D
+RPRJHQHRXV 0Q�&DWDO\VW

7KH ,PSDFW RI &RPSXWDWLRQDO 8QFHUWDLQWLHV RQ WKH (QDQ�
WLRVHOHFWLYLW\ 3UHGLFWLRQV� $ 0LFURNLQHWLF 0RGHOLQJ RI .HWRQH 7UDQVIHU +\GURJHQDWLRQ
ZLWK D 1R\RUL�W\SH 0Q�GLDPLQH &DWDO\VW

0HWDO�OLJDQG FRRSHUDWLYH DFWL�
YDWLRQ RI +; �; +� %U� 25�ERQG RQ 0Q EDVHG SLQFHU FRPSOH[HV

&RPSRVLWLRQ�DQG
&RQGLWLRQ�'HSHQGHQW .LQHWLFV RI +RPRJHQHRXV (VWHU +\GURJHQDWLRQ E\ D 0Q�%DVHG
&DWDO\VW

,QWULQVLF '\QDPLFV DQG &RQGLWLRQ 'HSHQ�
GHQFH RI +RPRJHQHRXV (VWHU +\GURJHQDWLRQ 5HYHDOHG E\ 0Q�&1& 3LQFHUV

0DQJDQHVH�
0HGLDWHG &�& %RQG )RUPDWLRQ� $ONR[\FDUERQ\ODWLRQ RI 2UJDQRERUDQHV

2Q WKH PHFKDQLVP RI VROLG�VWDWH SKDVH WUDQVLWLRQV LQ PROHFXODU FU\VWDOV�WKH
UROH RI FRRSHUDWLYH PRWLRQ LQ �TXDVL� UDFHPLF OLQHDU DPLQR DFLGV

7KH 5LFK 6ROLG�6WDWH 3KDVH %HKDYLRU RI O�3KHQ\ODODQLQH� 'LVDS�
SHDULQJ 3RO\PRUSKV DQG +LJK 7HPSHUDWXUH )RUPV

3RO\PRUSKLVP RI WKH TXDVLUDFHPDWH '���DPLQREXW\ULF DFLG�/�QRUYDOLQH


