KERALA AGRICULTURAL UNIVERSITY
PROCEEDINGS
KAU — Edn- New lecture schedule of B. Tech. (Biotechnology) degree programme— Approved-
Orders issued.

DIRECTORATE OF EDUCATION
No. Acad.B2/2022/101/12636 (ii) Vellanikkara, Dated: 27.10.2022

Read: - 1. Minutes of 64'" meeting of the Board of Studies, Faculty of Agriculture, ltem 5/64
2. Minutes of the 138" meeting of Academic Council held on 22.07.2022

ORDER

A proposal to approve the lecture schedule of B.Tech (Biotechnology), as
recommended by the 64" meeting of the Board of Studies (Faculty of Agriculture) held on
07.07.2022 has been placed before the 138" meeting of the Academic Council held on
22.07.2022

In consonance with the decision of the 138" Academic Council, the following orders
are issued.

The lecture schedule of B.Tech. (Biotechnology), recommended by the 64" meeting
of Board of Studies (Faculty of Agriculture) is approved.

The approved lecture schedule of B.Tech. (Biotechnology) is available in website
www.kau.in.

//By order of the Academic Council//

Dr.5.GOPAKUMAR
DIRECTOR OF EDUCATION

To

Deans of Faculty/ Deans of all colleges under KAU/ Director, DIS
The Controller of Examinations

Academic Officers of all colleges under KAU

Jr. Programmer, (Acad), KAU (for publishing in the website)

BwoN R

Copy to: PS to VC/PA to Registrar/Steno to Director of Education) Professor
(Acad)/Joint Registrar (Acad)/Section Officer Acad B, Acad C/SF /Spare.

//Forwa rder//
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% 7THFK %LRWHFKQRORJ\

%$*5 %DVLF DJURQRP\ DQG SURGXFWLRQ WHFKQRORJ\ RI F

81,7 ,

)XQGDPHQWDOV DQG 'HILQLWLRQ RI DJULFXOWXUH DQG DJUR(
IDFWRUV WLOODJH DQG WLOWK REMHFWLYH DQG SULQFLSC
SODQWLQJ PHWKRGVY FURS JHRPHWU\

8QLW ,,

6RLO IHUWLOLW\ DQG SURGXFWLYLW\ &RQFHSW RI HVVHQWL
)XQFWLRQV DQG GHILFLHQF\ VIPSWRPV ODQXUHV DQG IHUWLC

8QLW ,,,
,UULJDWLRQ SULQFLSOHV DQG PHWKRGV RI LUULJDWLRQ :|
PRQRFXOWXUH DQG PXOWLSOH FURSSLQJ LQWHU PL[HG UH
8QLW 9
&XOWLYDWLRQ SUDFWLFHV IRU LPSRUWDQW ILHOG FURSV U]
JUDP JURXQGQXW JLQJHOO\ DQG FDVVDYD 3RVWKDUYHVW Y

SUDFWLFDO

,GHQWLILFDWLRQ RI FURSYV VHHGY DQG SODQWLQJ PDWHULL
IHUWLOL]J]HUV 6WXG\RI SULPDU\ VHFRQGDU\ WLOODJH LPSOl
RSHUDWLRQV )HUWLOL]HU UHFRPPHQGDWLRQV DQG FDOFX(
EURDGFDVWLQJ SODFHPHQW IROLDU DSSOLFDWLRQ DQG IH
SRSXODWLRQ 6HHG WHVWLQJ * JHUPLQDWLRQ WHVW YLDEI
LPSOHPHQWY DQG LPSOHPHQWY IRU VSHFLDO RSHUDWLRQV 6\
VHHG EHG SUHSDUDWLRQ LQ 5LFH 6WXG\ RI ZHHGV LQ FURSYV
<LHOG DWWULEXWHY DQG \LHOG HVWLPDWLRQ RI ILHOG FURS
6WXG\ RI :HWODQG HQYLURQPHQW DQG LGHQWLILFDWLRQ RI |
IHUWLOL]J]HUV 3UDFWLFLQJ QXUVHU\ VHHG EHG SUHSDUDWLRC

IHFWXUH 6FKHGXOH
7TKHRU\

$JURQRP\ =+ GHILQLWLRQ DQG VFRSH DQG SULQFLSOHV
&ODVVLILFDWLRQ RI FURSV 2QWRJHQLF DJUDULDQ ER

6SHFLDO FODVVLILFDWLRQ RI FURSV
J)DFWRUV DIIHFWLQJ FURS JURZWK

OHWKRGV RI VRZLQJ SODQWLQJ GLUHFW VHHGLQJ EUF
GULOOV DQG RWKHU LPSOLPHQWY WUDQVSODQWLQJ

7LO0DJH GHILQLWLRQ REMHFWLYHV + W\SHV RI WLOOI

7LO0ODJH LPSOHPHQWY SORXJKV KDUURZV FXOWLYDWF

&URS QXWULWLRQ 6RLO SURGXFWLYLW\ DQG IHUWLO

DQG GHILFLHQF\ V\PSWRPV RI PDMRU DQG VHFRQGDU\ QXWULH
ODQXUHVY DQG IHUWLOL]HUV *+ FODVVLILFDWLRQ RUJD

JHUWLOL]JHUV DQG IHUWLOL]JHU XVH ODQDJHPHQW RI IHU
%LRORJLFDO QLWURJHQ IL[IDWLRQ #+ ELRIHUWLOL]JHUV
‘HHGV + GHILQLWLRQ *+ FODVVLILFDWLRQ &URS *+ ZHHG D

RI FURS ZHHG FRPSHWLWLRQ
HHG FRQWURO PHWKRGV = SK\VLFDO FXOWXUDO ELROR
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,ZUULIJDWLRQ GHILQLWLRQ DJULFXOWXUDO ZDWHU PDQD
PDQDIJHPHQW UDLQIHG DJULFXOWXUH DQG LUULJDWHG DJULF
OLG WHUP H[DDPRQDWLRQ

:DWHU UHVRXUFHV VXUIDFH DQG JURXQG ZDWHU UHVRX!

XVH RI ZDWHU K\GURORJLF F\FOH YLUWXDO ZDWHU LQWHJIUI
6RLO PRLVWXUH FRQVWDQWY FODVVLILFDWLRQ RI VRLO
VFEFKHGXOLQJ

OHWKRGV RI LUULIJDWLRQ VXUIDFH LUULJDWLRQ IORR
DQG VXUJH LUULIJDWLRQ OLFUR LUULJDWLRAQ

&URSSLQJ VI\VWHPV PRQRFXOWXUH DQG PXOWLSOH Fl
PXOWLWLHU FURSSLQJ

, QWHJUDWHG IDUPLQJ V\VWHPV LQ .HUDOD
&XOWLYDWLRQ SUDFWLFHV IRU LPSRUWDQW ILHOG FURS
&EXOWLYDWLRQ SUDFWLFHV IRU LPSRUWDQW 3XOVHV * &F

&EXOWLYDWLRQ SUDFWLFHV IRU LPSRUWDQW 7XEHU FUR
&EXOWLYDWLRQ SUDFWLFHV RI LPSRUWDQW RLO VHHG FUF

SUDFWLFDO

9LVLW WR FURS PXVHXP DQG LGHQWLILFDWLRQ RI IL
,GHQWLILFDWLRQ RI VHHGY DQG SODQWLQJ PDWHUL

,GHQWLILFDWLRQ RI PDQXUHY DQG IHUWLOL]JHUV

JHUWLOL]HU UHFRPPHQGDWLRQV DQG FDOFXODWLRQV

OHWKRGV RI IHUWLOL]J]HU DSSOLFDWLRQV EURDGFDVWL
IHUWLJIJDWLRQ

&RPSXWDWLRQ RI VHHG UDWH DQG SODQW SRSXODWLR

HO
DO\

6HHG WHVWLQJ + JHUPLQDWLRQ WHVW YLDELOLW\ WHYV
,GHQWLILFDWLRQ DQG VWXG\ RI WLOODJH LPSOHPHQW
9LVLW WR ZHWODQG RI &R$ 9HOOD\DQL DQG VWXG\ RI .

SUDFWLFLQJ QXUVHU\ VHHG EHG SUHSDUDWLRQ LQ 5LF|
,GHQWLILFDWLRQ Rl KHUELFLGHY DQG KHUELFLGH FDOFX

<LHOG DWWULEXWHY DQG \LHOG HVWLPDWLRQ RI ILHOG FU

6XJIJHVWHG 5HDGLQJ

.$8 >. HUDOD $JULFXOWXUDO 8QLYHUVLW\@ SDFENDJE
SHFRPPHQGDWLRQV &URSYV WK (G .HUDOD $JULFXOWXUDO
SHGG\ < DQG 5HGG\ * + 6 SBULQFLSOHV RI $JURQR

%DODVXEUDPDQL\DQ 3 DQG 3D MFQEDSHYDRQG 3UDFWLF
$JURQRPIURWLRY ,QGLD /WG -RGKSXU

%UDG\ 1 & DQG :HOK® BEDWXUH DQG 3URWKWMLHV3RDBERR
(GXFDWLRQ 'HOKL

*XSWD 2 3HHG ODQDJHPHQW 3ULQF:BIORBLRYG,3GDB WL

-RGKSXU
$FTXDDK * BULQFLSOHV RI &URS 3URGXFWLRQ 7KH
SUHQWLFH +DOO

&KDQGUDVHNDUDQ % $QQDGXUDL $ 7BIQW BHRRDNVRIQGD
$JURQRPHZ $IJH QWHUQDWLRQDO 3 /LPLWHG 3XEOLVKHUV
5HGG\ 6 53ULQFLSOHV RIDIWDRQARPXEOLVKHUV

%$+% %DVLF JRRORJ\ 7TKHRU\

81,7 ,QWURGXFWLRQ WR =RRORJ\ 6WUXFWXUH DQG IXQFWLR
EHWZHHQ SURNDU\RWLF DQG HXNDU\RWLF FHOO &HOO GLYLV
RI ELRPROHFXOHV 7\SHV RI VLPSOH DQG FRPSRXQG WLVVXHYV
81,7 %LQRPLDO 1RPHQFODWXUH &ODVVLILFDWLRQ DQG JHQH
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RUJDQL]DWLRQ Rl YDULRXV V\VWHPV RI D PDPPDO GLJHVWLY
DQG UHSURGXFWLYH /DZV RILQKHULWDQFH OXOWLSOH DOOH
DQG WKHLU LQKHULWDQFH

SUDFW/LBAMX G\ RI DQLPDO FHOO VWUXFWXUH DQG FHOO GLYL\
FRPSRXQG WLVVXHV *HQHUDO VXUYH\ RI DQLPDO NLQJGRP X
LQ YHUWHEUDWHY 'HPRQVWUDWLRQ RI PDPPDOLDQ DQDWRP\

IHFWXUH 6FKHGXOH

, QWURGXFWLRQ WR =RRORJ\
6WUXFWXUH DQG IXQFWLRQV RI FHOO DQG FHOO RUJDQHO

'LITHUHQFH EHWZHHQ SURNDU\RWLF DQG HXNDU\RWLF FHOO
6WUXFWXUH DQG IXQFWLRQ RI ELRPROHFXOHYV 7\SHV
%LQRPLDO 1RPHQFODWXUH

OLGWHUP ([DPLQDWLRQ
&ODVVLILFDWLRQ DQG JHQHUDO VXUYH\ RI DQLPDO NLQJ
)XQFWLRQDO RUJDQL]DWLRQ RI YDULRXV V\VWHPV RI D |
UHVSLUDWRU\ H[FUHWRU\ QHUYRXV DQG UHSURGXFWLYH
/IDZV Rl LQKHULWDQFH
OXOWLSOH DOOHOLVP EORRG JURXSV

*HQHWLF GLVRUGHUV LQ KXPDQ DQG WKHLU LQKHULWDRQF
SUDFWLFDO 6FKHGXOH
6WXG\ RI DQLPDO FHOO VWUXFWXUH DQG FHOO GLYLVLRQ

+LVWRORJLFDO SUHSDUDWLRQ RI VLPSOH DQG FRPSRXQG
*HQHUDO VXUYH\ RI DQLPDO NLQJGRP XS WR SK\OD LQ LQ
'"HPRQVWUDWLRQ RI PDPPDOLDQ DQDWRP\
%ORRG JURXSLQJ

SUDFWLFDO H[DP

6XJIJHVWHG S5HDGLQJV

%KDWLD .1 7\DJL 03 7UXHPDQYV (OHPHQWDU\ %LROF
&RPSDQ\

'KDPL 36 ODKLQGUX 5& $ 7H[W %RRN Rl %LRORJ\ IRU
%&20 JRRG VFLHQFH DQG SURFHVVLQJ 7KHRU\
81,7 ,

'HILQLWLRQ )RRG DQG QXWULWLRQ )RRG SURGXFWLRQ DQG |
GHILFLHQFLHV Rl FDORULHV SURWHLQV YLWDPLQV DQG PLFU
GLHW 5'$

81,7 ,,

&DXVHV RI IRRG VSRLODJH 3ULQFLSOHV RI SURFHVVLQJ DQG
WHPSHUDWXUH GU\LQJ DQG GHK\GUDWLRQ FKHPLFDOV DQG |
DQG LRQL]LQJ UDGLDWLRQV

81,7 ,,,

3RVW KDUYHVW KDQGOLQJ DQG WHFKQRORJ\ RI IUXLWV YHJH
YRRG VDIHW\ DGXOWHUDWLRQ DQG IRRG ODZV 6WDWXV RI IR]

SUDFWLFDO

3K\ VLFDO DQG FKHPLFDO TXDOLW\ DVVHVVPHQW RI FHUHDOYV
9DOXH DGGHG SURGXFWYV I[URP FHUHDOV PLOOHWYV IUXLWV
SURFHVVLQJ XQLWYV

(@]
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6XJIJHVWHG 5HDGLQJV

SRWWHU 11 +RWFKNLVV -+ JRRG 6FLHQFH &KDSPDQ DQC

+DQGERRN RI )RRGV DQG 1 XWULWLRQ *DQHVK DQG &R 3Y
6ZDPLQDWKDQ O JRRG 6FLHQFH &KHPLVWU\ DQG ([SHULPFL
RI WKH ,&%$5 )LIWK '"HDQVY &RPPLWWHH 5HSRUW RI WKH ,&%$5 )L
OLFNLH $ O9DFODYLN (OL]DEHWK : &KULVWLDQ (VVHQV
$FDGHPLF 30HQXP 3XEOLVKHUV 1HZ <RUN

% (&2 (FRQRPLFV DQG PDUNHWLQJ 7TKHRU\
81,7 ,

(FRQRPLFV = 7THUPV DQG GHILQLWLRQV 'HPDQG DQG VXSSO\
BURGXFW $JULFXOWRUH L@ DONHWQ@O+*'@HILQLWLRQ ODUNH)
PDUNHWLQJ 5ROH RI PDUNHWLQJ ODUNHWLQJ IXQFWLRQV &
YDULRXV FKDQQHOV 6XSSO\ &KDLQ PDQDJHPHQW 3ULFH VS
PDUNHWLQJ RI DJULFXOWXUDO 83UR G,¥H/ LED MLV Q@ IQWHH/O (ARLLD

RI SURMHFW UHSRUWY %DQNLQJ VWUXFWXUH LQ ,QGLD 3URF
SUDFWLFDO

THFKQR HFRQRPLF SDUDPHWHUYV IRU SUHSDUDWLRQ RI SURMH
ELRWHFKQRORJ\ DJULFXOWXUDO SURGXFWV DQG YDOXH DGG
&DOFXODWLRQ RI SULFH VSUHDG 9LVLW WR GLIITHUHQW PDUN
67& $QDO\WVWLV RI LQIRUPDWLRQ RQ SULFHV &RPSXWDWLRQ R
7TKHRU\

/IHFWXUH VFKHGXOH

(FRQRPLFV OHDQLQJ VFRSH DQG VXEMHFW PDWWHU
%DVLF FRQFHSWV *RRGV DQG VHUYLFHV GHVLUH ZD
'HPDQG PHDQLQJ GHPDQG VFKHGXOH DQG GHPDQG FX

6XSSO\ ODZ RI VXSSO\ VXSSO\ VFKHGXOH VXSSO\ FX

SURGXFWLRQ /DQG /DERXU FDSLWDO DQG RUJDQL]DWLRQ
JRUPV RI EXVLQHVYV RUJDQL]DWLRQ

IDWLRQDO LQFRPH OHDQLQJ DQG LPSRUWDQFH FLUFXOD
DFFRXQWLQJ DQG DSSURDFKHYVY WR PHDVXUHPHQW

ODUNHWLQJ + GHILQLWLRQ ODUNHWLQJ SURFHVV 5ROH
DIJULFXOWXUDO SURGXFH

*UDGLQJ DQG 6WDQGDUGL]DWLRQ W\SHV RI JUDGLQJ TX
LOQWHUQDWLRQDO TXDOLW\VWDQGDUGYV

ODUNHWHG DQG ODUNHWDEOH VXUSOXV ODUNHWLQJ FKD

PDUNHWLQJ FKDQQHO IDFWRUV DIIHFWLQJ OHQJWK
OHDQLQJ GHILQLWLRQ DQG W\SHV RI PDUNHW LQWHJUDYV

ODUNHWLQJ HIILFLHQF\ GHILQLWLRQ 7\SHV IDFWRUV DI
DVVHVVPHQW PHWKRGY Rl HYDOXDWLQJ HIILFLHQF\

ODUNHWLQJ PDUJLQV DQG FRQFHSWV RI PDUNHWLQJ PD!
OLG 7HUP ([DPLQDWLRQ

ODUNHWLQJ FRVWV IDFWRUV DIIHFWLQJ FRVW RI PDUNHW
FRPSXWDWLRQ RI SULFH VSUHDG

&RQFHSW RI QWHUQDWLRQDO 7UDGH DQG LWV QHHG Wl
DGYDQWDJH /HRQWHLITY SDUDGR]

*$77 DQG :72 $IJUHHPHQW RQ $JULFXOWXUH $R$

$30& 5HIXODWHG ODUNHWYV ‘LUHFW ODUNHWLQJ

&RQWUDFW IDUPLQJ 6XSSO\ &KDLQ ODQDJHPHQW 9DOXH
WD

ODUNHWLQJ ODQDJHPHQW ODUNHW VHJPHQ WLRQ ED
PL[ 3V RI ODUNHWLQJ

G
QV
UY
Uy
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SURGXFW 3URGXFW OLIH F\FOHV 3URGXFW OLIH F\FOH
+LVWRU\ RI $JULFXOWXUDO )LQDQFLQJ LQ ,QGLD = 7DFFI

5%, $FW £ 6RFLDO &RQWURO *1DWLRQDOL]DWLRQ *)RUPDWLRC
6RXUFHV RI $JULFXOWXUDO FUHGLW * QRQ LQVWLWXWLR
&RPPHUFLDO %DQNV /HDG %DQN 6FKHPH 6HUYLFH $UHD $SSU!
7\SHV RI SURMHFWYV 3KDVHV LQ 3URMHFW F\FOH , Q°

%DVLF JXLGHOLQHV IRU 3UHSDUDWLRQ RI '"HWDLOHG SUF
7\SHV Rl ,QVXUDQFH 6:27 DQDO\VLYV

SUDFWLFDO 6FKHGXOH
THFKQR HFRQRPLF SDUDPHWHUV IRU SUHSDUDWLRQ RI S

SBURMHFW $SSUDLVDO
SUHSDUDWLRQ RI " HWDLOHG B3URMHFW 5HSRUW IRU YDULR:

YDOXH DGGHG SURGXFWYV

JLHOG YLVLW IRU GHQWLILFDWLRQ RI PDUNHWLQJ FKDC
&DOFXODWLRQ RI ODUNHWLQJ FRVW ODUNHWLQJ PDUJL(
&RPSXWDWLRQ RI ODUNHWHG DQG PDUNHWDEOH VXUSOX
9LVLW WR $IJULFXOWXUDO RQOLQH PDUNHWLQJ DJHQFLH
$GYHUWLVHPHQW + OHWKRGV IRU WKH DGYHUWLVHPHQW

VWUDWHJ\ IRUDGYHUWLVLQJ D QHZ SURGXFW
6RXUFHV RI $JULFXOWXUDO 3ULFHV LQ ,QGLD

&RQVWUXFWLRQ RI ,QGH[ 1XPEHUV
&3, DQG :3, FRPSXWDWLRQ LQ ,QGLD

7UHQGV LQ *'3 JURZWK LQ ,QGLD

%DQNLQJ 6WUXFWXUH LQ ,QGLD

9LVLW WR )&, &:& 6:& 3UDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG S5HDGLQJV
$FKDU\D 66 $JJDUZDO 1/ $IJULFXOWXUDO ODUNHWLQJ
,%+ 3XEOLVKLQJ &RPSDQ\ 3YW /WG
$KXMD +/ $GYDQFHG (FRQRPLF 7KHRU\ 6 &KDQG DQG
&KDQGUD 3 SURMHFWY 3UHSDUDWLRQ $SSUDLVDO , |
‘HZHWW .. ORGHUQ (FRQRPLF 7KHRU\ 6 &KDQG DQG &

*XSWD 5" /HNKL 5. (OHPHQWDU\ (FRQRPLF 7KHRU\ .LC
.RWOHU 3 DQG $UPVWURQJ * SULQFLSOHV RI ODUNHWV

6DPSDWK OXNKHUMHH ORGHUQ (FRQRPLF 7KHRU\ 1HZ

% (1* (OHFWURQLFV DQG LQVWUXPHQWDWLRQ LQ ELRWHFK(
81,7 ,

(OHFWURQLFV 31 MXQFWLRQ GLRGH GLRGH IRUZDUG DQG UH
$SSOLFDWLRQ RI 31 MXQFWLRQ GLRGH VXFK DV KDOI ZDYH I.
YROWDJH PXOWLSOLHU FLUFXLW &RQVWUXFWLRQ DQG ZRUNL
DQG GHVLJIQ RI YDULRXV ELDVLQJ PHWKRGV RI 131 WUDQVLYV
PRGHO DQG DQDO\VLV RI VPDOO VLJQDO 131 WUDQVLVWRU ZI
JHQHUDOL]J]HG LQVWUXPHQWDWLRQ V\VWHP 7UDQVGXFHUYV
WKHUPRPHWHU DQG WKHUPRFRXSOH OLQHDU GLVSODFHPHQW
XVLQJ WKH VWUDLQ JDXJH

81,7 ,,

BULQFLSOHYVY DQG ZRUNLQJ RI ODERUDWRU\ HTXLSPHQW 7D
/IDPLQDU DLU IORZ $XWRFODYHV S+ PHWHU )HUPHQWHUV 7
*HO HOHFWURSKRUHVLV "JHO HOHFWURSKRUHVLYVY JHO GRE
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GULHUV O\RSKLOL]HUV 6SHFWURSKRWRPHWHUV *HQH SXOVH
F\FOHUV 5HDOWLPH 3&5 '1%$ VIQWKHVL]HU '1$ VHTXHQFHU
FRQWUDVW DQG LQYHUWHG

SUDFWLFDO

7R IDPLOLDUL]H ODERUDWRU\ HTXLSPHQW DQG LWV HTXLS
&KDUDFWHULVWLFV RI D 31 MXQFWLRQ GLRGH 7R VWXG\ KDOI
&OLSSHU &ODPSHU DQG 9ROWDJH PXOWLSOLHU FLUFXLW 7R
WUDQVLVWRU IRU FRPPRQ HPLWWHU FRQILIJIXUDWLRQ 7R GHYV
WUDQVLVWRU IRU FRPPRQ HPLWWHU FRQILIXUDWLRQ 7R DQD
DQG WHVW D ELDVLQJ FLUFXLWYV IRU &( WUDQVLVWRU 7R VW
VHQVRU 7R PHDVXUH GLVSODFHPHQW ZLWK WKH DYDLODEOH

JHFWXUH VFKHGXOH

(OHFWURQLFV 31 MXQFWLRQ GLRGH GLRGH IRUZDUG DQC
HOHPHQW

$SSOLFDWLRQ RI 31 MXQFWLRQ GLRGH VXFK DV KDOI ZDYH
DQG YROWDJH PXOWLSOLHU FLUFXLW

&RQVWUXFWLRQ DQG ZRUNLQJ Rl ELSRODU WUDQVLVWRU C
ELDVLQJ PHWKRGV RI 131 WUDQVLVWRU ZLWK FRPPRQ HPLWW|

$& PRGHO DQG DQDO\VLV RI VPDOO VLJQDO 131 WUDQVLV
&RQFHSW RIJHQHUDOL]HG LQVWUXPHQWDWLRQ V\VWHP

7UDQVGXFHUV IRU WKH PHDVXUHPHQW Rl WHPSHUDWXUH X

OLGWHUP ([DPLQDWLRQ
OLQHDU GLVSODFHPHQW PHDVXUHPHQW XVLQJ /9'7 )RUFH
SULQFLSOHYVY DQG ZRUNLQJ RI ODERUDWRU\ HTXLSPHQW 7
/IDPLQDU DLUIORZ $XWRFODYHV S+ PHWHU )HUPHQWHUV 7H
SULQFLSOHY DQG ZRUNLQJ RI ODERUDWRU\ HTXLSPHQW
HOHFWURSKRUHVLY JHO GRFXPHQWDWLRQ JHO GULHUYV
SBULQFLSOHYVY DQG ZRUNLQJ RI ODERUDWRU\ HTXLSPHQW

GULHUV O\RSKLOL]HUV 6SHFWURSKRWRPHWHUV *HQH SXOVH!
SULQFLSOHV DQG ZRUNLQJ RI ODERUDWRU\ HTXLSPHQW 3I

SULQFLSOHYV DQG ZRUNLQJ RI ODERUDWRU\ HTXLSPHQW 7
VIQWKHVL]JHU '1$ 6HTXHQFHU
SULQFLSOHV DQG ZRUNLQJ RI ODERUDWRU\ HTXLSPHQW OL
LOQYHUWHG

SUDFWLFDO 6FKHGXOH

7R IDPLOLDUL]H ODERUDWRU\ HTXLSPHQW DQG LWV HTXLS

FHQWULIXJH HWF JRUZDUG DQG UHYHUVH 9, &KDUDFWHULYV
7R VWXG\ KDOI ZDYH IXO0O ZDYH DQG EULGH UHFWLILHU XV
PXOWLSOLHU FLUFXLW

7R GHWHUPLQH LQSXW 9 , &KDUDFWHULVWLFV V Rl ELSRO
FRQILIXUDWLRQ

7R GHWHUPLQH RXWSXW 9 , &KDUDFWHULVWLFV V Rl ELSR
FRQILIXUDWLRQ

7R DQDO\WH D ELDVLQJ FLUFXLW IRU &( WUDQVLVWRU

7R GHVLJQ DQG WHVW D ELDVLQJ FLUFXLW IRU &( WUDQVL

7R VWXG\ WKH PHDVXUH RI WHPSHUDWXUH XVLQJ WKH DYI
7R PHDVXUH GLVSODFHPHQW ZLWK WKH DYDLODEOH VHQV

VHQVRU
3UDFWLFDO ([DPLQDWLRQ
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6XJIJHVWHG S5HDGLQJV

(GZzDUG :LOOLDP *ROGLQJ )UHGHULFN &KDUOHV :LGGLV

OHDVXULQJ ,QVWUXPHQWYVY 3LWPDQ
*XSWD -% %DVLF (OHFWURQLFV 6 . .DWDULD 6RQV
ODOYLQR (OHFWURQLFV 3ULQFLSOHY 7DWD OF*UDZ +1

ODQKDV 3 7TKDNUDO 6 'LIJLWDO (OHFWURQLFV 6 . .|
6KDUPD 6DQMD\ (OHFWURQLFYVY "HYLFHV &LUFXLWV 6

%(1* 5HQHZDEOH HQHUJ\ DQG JUHHQ WHFKQRORJ\ 7KH
&ODVVLILFDWLRQ RI HQHUJ\ VRXUFHV FRQWULEXWLRQ RI
J)DPLOLDUL]DWLRQ ZLWK ELRPDVV XWLOL]J]DWLRQ IRU ELRIXHO
ZLWK W\SHV RI ELRJDV SODQWYV DQG JDVLILHUV ELRJDV ELR
WKHLU XWLOL]J]DWLRQ DV ELR HQHUJ\ UHVRXUFH LQWURGXFW
)DPLOLDUL]DWLRQ ZLWK VRODU HQHUJ\ JDGJHWV VRODU FR
HQHUJ\ VRODU GU\LQJ VRODU SRQG VRODU GLVWLOODWLRC
LOQOWURGXFWLRQ RI ZLQG HQHUJ\ DQG WKHLU DSSOLFDWLRQ

SUDFWLFDO

(QHUJ\ LQSXW LQ DJULFXOWXUDO SURGXFWLRQ ELRJDV SO
%LRPDVV JDVLILHU 6WXG\ RI SURGXFWLRQ SURFHVV RI ELRGL
VWXG\ RI EULTXHWWLQJ VRODU ZDWHU KHDWLQJ VRODU FRR
GUuULHUV VRODU SKRWRYROWDLF FHOO FKDUDFWHULVWLFV V)

JHFWXUH VFKHGXOH
6RXUFHV Rl HQHUJ\ &ODVVLILFDWLRQ UHQHZDEOH DQG C
3URSHUWLHV RI GLITHUHQW W\SHV Rl UHQHZDEOH HQHUJ\
(QHUJ\ IURP ELR PDVV + W\SHV %LRJDV SURGXFWLRQ DQG
7\SHVY DQG FRQVWUXFWLRQ RI ELRJDV SODQWYV
$JULFXOWXUDO ZDVWHV SULQFLSOHV RI FRPEXVWLRQ S\l
7\SHV Rl JDVLILHUV SURGXFHU JDV DQG LWV XWLOL]DWLR
%BULTXHWWHY W\SHV Rl %ULTXHWWLQJ XVHV RI EULTXHW:!
6RODU HQHUJ\ + VRODU FROOHFWRUV |ODW SODWH DQG |
6RODU DLU KHDWHUV VRODU VSDFH KHDWLQJ DQG FRROLC
BRODU HQHUJ\ DSSOLFDWLRQV VRODU HQHUJ\ JDGJHWV V
6RODU JUDLQ GU\HUV VRODU UHIULJHUDWLRQ V\WWHP VRC
6RODU SKRWRYROWDLF VIVWHPVY VRODU ODQWHUQ VROD
BRODU SXPSLQJ V\VWHPV
'LQG HQHUJ\ W\SHV RI ZLQGPLOOV
&RQVWUXFWLRQ GHWDLOV DQG DSSOLFDWLRQ RI ZLQGPL(
ILTXLG ELRIXHOV %LRGLHVHO DQG HWKDQRO IURP DJULF.
GLHVHO

SUDFWLFDO VFKHGXOH
(VWLPDWLRQ RI HQHUJ\ LQSXW LQ DIJULFXOWXUDO SURGXF
6WXG\ RI ELRJDV SODQW #* IL[HG GRPH W\SH
6WXG\ RI ELRJDV SODQW = IORDWLQJ GRPH W\SH
'"HVLJQ RI ELRJDV SODQW
6WXG\ RI D ELRPDVV JDVLILHU
6WXG\ RI SURGXFWLRQ SURFHVV RI ELR GLHVHO
6WXG\ RI WKH SURGXFWLRQ SURFHVV RI ELRIXHO

00



6WXG\ RI EULTXHWWLQJ

6WXG\ RI VRODU ZDWHU KHDWLQJ V\VWHP
6WXG\ RI VRODU FRRNHUV

9LVLW WR VRODU HQHUJ\ SODQWYV

6WXG\ RI VRODU SXPSLQJ VI\VWHP

6WXG\ RI VRODU GU\HUV
6RODU GU\LQJ H[SHULPHQW
'HVLJQ RI VRODU GULHUYV
6WXG\ RI VRODU SKRWRYROWDLF FHOO FKDUDFWHULVWLF
9LVLW WR D ZLQG IDUP
SUDFWLFDO ([DPLQDWLRQ
6XJIJHVWHG 5HDGLQJV

.XPDU 6 .XPDU 9 DQG 6DKX 5 . )JXQGDPHQWDOV RI
.DO\DQL 3XEOLVKHUV 1HZ '"HOKL
ODWKXU $1 DQG 5DWKRUH 1 6 %LRJIDV SURGXFWLRC

+LPDQVKX 3XEOLFDWLRQ 'HOKL

2MKD 7 3 DQG $ 0 OLFKDHO 3ULQFLSOHV RI $JULFXOWXU
1HZ '"HOKL

5DL * ' 1RQ &RQYHQWLRQDO (QHUJ\ 6RXUFHV .KDQQT

5DWKRUH 1 6 .XUFKDQLD $ . 3DQzDU 1 / 5HQHZD
3UDFWLFH +LPDQVKX 3XEOLFDWLRQV

6XNKDWPH 6 3 DQG 1D\DN - . BRODU (QHUJ\ 3ULQFL
WRUDJH 7DWD OF *UDZ +LOO (GXFDWLRQ 3YW /WG 1HZ 'HO

7LZDUL * 1 DQG *KRVKDO O . SHQHZDEOH (QHUJ\ 5H\

$SSOLFDWLRQV 1DURVD 3XE +RXVH 'HOKL

%(;7 (ITHFWLYH FRPPXQLFDWLRQ DQG SHUVRQDOLW\ GHYH
81,7 ,

&RPPXQLFDWLRQ VNLOOV OHDQLQJ DQG SURFHVV RI FRPPXQ
RI FRPPXQLFDWLRQ /HYHOV DQG W\SHV Rl FRPPXQLFDWLRQ
JLVWHQLQJ DQG QRWH WDNLQJ :ULWLQJ VNLOOV 2UDO SUF
,QGH[LQJ IRRWQRWH DQG ELEOLRJUDSKLF SURFHGXUHV 5F
WHFKQLFDO DUWLFOHV 6XPPDUL]J]LQJ DEVWUDFWLQJ ,QGL
SUHVHQWDWLRQ 3XEOLF VSHDNLQJ *URXS GLVFXVVLRQ D
FRQIHUHQFHV

81,7 9RLFH PRGXODWLRQ EDVLFV DQG WKHLU XVDJH IRU PHD(
HITHFWLYH OHDGHU B6WUHVV DQG FRQIOLFW PDQDJHPHQW
SULRULWL]LQJ DQG EDODQFLQJ &RVPRSROLWDQ FXOWXUH I
ERG\ ODQJXDJH 5ROH RI WHDP ZRUN

3UDFWLFDO

ILVWHQLQJ DQG QRWH WDNLQJ ZULWLQJ VNLOOV RUDO SUHV
IRRWQRWH DQG ELEOLRJUDSKLF SURFHGXUHYVY 5HDGLQJ DQG |
SUHFLVH ZULWLQJ VXPPDUL]JLQJ DEVWUDFWLQJ ,QGLYLGXDC
JURXS GLVFXVVLRQV DQG LQWHUYLHZV $WWLWXGH PDQDJHP
&UHDWLQJ D SHUVRQDO YLVLRQ VWDWHPHQW RI OLIH 9RLFH
DQG PRYHPHQWY O5DSSRUW EXLOGLQJ 9LGHR UHFRUGHG SUD
7THDP ZRUN H[HUFLVHV 7LPH PDQDJHPHQW

PR



IHFWXUH VFKHGXOH 7KHR U\

&RPPXQLFDWLRQ OHDQLQJ DQG SURFHVV RI FRPPXQLFDW
ORGHOV RI FRPPXQLFDWLRQ+* DQ DQDO\VLV RI PRGHOV RI
‘HDYHU 6FKUDPP DQG FRPPXQLFDWLRQ IORZ PRGHO
JHYHOV RI FRPPXQLFDWLRQ LQWHUSHUVRQDO LQWUDSHI
FRPPXQLFDWLRQ
2UJDQL]DWLRQDO FRPPXQLFDWLRQ+GHILQLWLRQV ,PSRU\
&RPPXQLFDWLRQ VNLOOV FRQFHSW PHDQLQJ DQG W\SH"
QRQ YHUEDO FRPPXQLFDWLRQ
QLQJ DQG QRWH WDNLQJ :ULWLQJ VNLOOV 2UDO S|
GLDU\ DQG ODE UHFRUG LQGH[LQJ IRRW QRWH DQ
LQJ DQG FRPSUHKHQVLRQ RI JHQHUDO DQG WHFKQLF
QJ
GXDO DQG JURXS SUHVHQWDWLRQV ,PSURPSWX SLU

o
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OLGWHUP ([DPLQDWLRQ

*URXS GLVFXVVLRQ DQG LQWHUYLHZV 2UJDQL]LQJ VHPLQ

9RLFH PRGXODWLRQ EDVLFV DQG WKHLU XVDJH IRU PHDQI

/JHDGHUVKLS = 7\SHV $WWULEXWHV RI DQ HIIHFWLYH OHD
DJULFXOWXUDO H[WHQVLRQ

7LPH PDQDJHPHQW PHDQLQJ DQG LPSRUWDQFH 7LPH OR
DQG EDODQFLQJ

6WUHVV PDQDJHPHQW PHDQLQJ GHILQLWLRQ DQG LPSR!
BWUHVV PDQDJHPHQW VWUDWHJILHV

&RQIOLFW PDQDJHPHQW FRQFHSW PHDQLQJ DQG VWUDW

1RQ YHUEDO FRPPXQLFDWLRQ + 7\SHV Rl QRQ YHUEDO FRI
FRPPXQLFDWLRQ

7HDP ZRUN + OHDQLQJ 3URFHVV ,PSRUWDQFH ,PSURYLQ.

%DUULHUV LQ FRPPXQLFDWLRQ DQG RYHUFRPLQJ WKH ED
,PSRUWDQFH 3URVDQG FRQV

SUDFWLFDO VFKHGXOH

SUDFWLFDO H[HUFLVHV RQ OLVWHQLQJ DQG QRWH WDNLQJ
G R

J
3UDFWLFDO H[HUFLVHV RQ ZULWLQJ DQ UDO SUHVHQWD
3UHSDUDWLRQ RI ILHOG GLDU\ DQG ODE UHFRUGV

3UDFWLFH VHVVLRQV RQ LQGH[LQJ DQG ELEOLRJUDSKLF S

SHDGLQJ DQG FRPSUHKHQVLRQ RI JHQHUDO DQG WHFKQLF
SUDFWLFH VHVVLRQ RQ SUHFLVH ZULWLQJ VXPPDUL]JLQJ I
SUHVHQWDWLRQV

9LGHR UHFRUGHG PRFN JURXS GLVFXVVLRQV DQG LQWHU
UDFWLFDO VHVVLRQ RQ DWWLWXGH PDQDJHPHQW

BHWWLQJ DQG DFKLHYLQJ D VKRUW WHUP JRDO &UHDWL
9RLFH PRGXODWLRQ 3UDFWLFDO H[HUFLVH RQ QRQ YHU
3UDFWLFDO H[HUFLVHV RQ WHDP ZRUN
3UDFWLFDO VHVVLRQ RQ WLPH DQG VWUHVYV PDQDJHPHQ!

LQ FRQILGHQFH OHYHO

3UDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV



$SSOHEDXP 5 / $QDDWRO .. ( +D\V (5 -HQVDQ 22
)XQGDPHQWDOFRQ HSWV LQ KXPDQ FRPPXQLFDWLRQ +D!

%DUXQ . 0 3HUVRQDOLW\ "HYHORSPHQW DQG 6RIW 6N
&DUQHJILH 'DOH +RZ WR :LQ J)ULHQGV DQG ,QIOXHQFF
BFKXVWHU

&RYH\ 6BWHSKHQ 5 7KH 6HYHQ +DELWV RI +LJKO\ 6XFF

YOHVFKH 5 +RZ WR ZULWH VSHDN DQG WKLQN PRUH
<RUN

"RVHSK ( + DQG $0DQ * 7KH &UDIW Rl 6FLHQWLILF ¢
ZULWLQJ HGLWLQJ DQG SXEOLVKLQJ s

IHZLV $ %H\RQG WKH IDFWV JXLGH WR WKH DUW RI |
'"HOKL

5D\ * / (IWHQVLRQ FRPPXQLFDWLRQ DQG ODQDJHPHQV

6SLW]EHUJ % %DUJH . ORUUHDOH 6KHUZ\Q 3 +XPDQ &R
_.QRZOHGJH : DENLDRWW K

9HUPD .& 7KH $UW RI &RPPXQLFDWLRQ .DOSD]
% (:7 +XPDQ HWKLFV 7KHRU\ 81,7

8QLYHUVDO KXPDQ DVSLUDWLRQV +DSSLQHVV DQG SURVSH
GHILQLWLRQ VLJQLILFDQFH DQG VRXUFHV )XQGDPHQWDO YD
YLROHQFH (WKLFV SURIHVVLRQDO HQYLURQPHQWDO ,&7 6
FLWL]HQV GHYHORSPHQWDOO\ FKDOOHQJHG DQG JHQGHU
81,7 ,6SLULWXDOLW\ SRVLWLYH DWWLWXGH DQG VFLHQWLILF
DQG UHVSRQVLELOLWLHY 5RDG VDIHW\ +XPDQ UHODWLRQV D
FRQIOLFW 6HQVLWL]DWLRQ DJDLQVW GUXJ DEXVH DQG RWKH L
6:27 $QDO\VLVY ODQDJHPHQW RI DQJHU DQG VWUHVV

7TKHRU\ 6FKHGXOH
&RXUVH RULHQWDWLRQ DQG YLVLW WR OLEUDU\
J)DPLOLDUL]DWLRQ RI KXPDQ HWKLFV WHUPLQRORJLHYV
$QQRWDWHG ELEOLRJUDSK\
8QLYHUVDO KXPDQ DVSLUDWLRAQ

Y
+XPDQ YDOXHV DQG HWKLFV &RQF
)XQGDPHQWDO YDOXHV 5LJKW FRQG

XF
(WKLFV SURIHVVLRQDO HQYLURQPH QWDO
6HQVLWL]DWLRQ WRZDUGYV RWKHUV SDUWLFX
JHQGHU
OLG 7HUP ([DPLQDWLRQ
6SLULWXDOLW\ SRVLWLYH[MNWLWXGH[NNSVFLHQWLHF
7HDP ZRUN DQG YROXQWHHULQ
5LJKWV DQG UHVSRQVLELOLWL
5RDG VDIHW\
+XPDQ UHODWLRQV D
ORGHUQ FKDOOHQJHV
H

HYLOV 'HYHORSLQJ S
ODQDJHPHQW RI DQJHU DQ

DS
HSW GH

—

J
O HV
QG IDPLO\ KDUPRQ\

DQG YDOXH FRQIOLFW 6HQVLWL]LC
UVRQDO FRGH RI FRQGXFW 6:27 $C
\%

Q
R
G VWUHVV

6XJIJHVWHG 5HDGLQJV

*DXU 55 6DQJDO 5 %DJDULD *3 $ )RXQGDWLRQ &R?>
SURIHVVLRQDO (WKLFV ([FHO %RRNYV
ODWKXU 66 (GXFDWLRQ IRU 9DOXHV (QYLURQPHQW

,QWHUQDWLRQDO



6KDUPD 5% +XPDQ 9DOXHV DQG (GXFDWLRQ $[LROI
5 /DOO %RRN 'HSRW

6KDUPD 53 ©6KDUPD O 9DOXH (GXFDWLRQ DQG 3URII
SXEOLVKHUYV

6ULYDVWDYD 6 +XPDQ 9DOXHV DQG 3URIHVVLRQDO

6ULYDVWDYD 6 (QYLURQPHQWDO 6FLHQFH 6 . .DWD

7TULSDWKL $ 1 +XPDQ 9DOXHV 1HZ $JH ,QWHUQDWLF
% (;7 (QWUHSUHQHXUVKLS GHYHORSPHQW DQG EXVLQHVV F

81,7 ,

&RQFHSW Rl HOQWUHSUHQHXU (QWUHSUHQHXUVKLS GHYHORS
6:27 DQDO\VLVY DQG DFKLHYHPHQW PRWLYDWLRQ (QWUHSUHQ
IRU HOWUHSUHQHXUVKLS GHYHORSPHQW B6HWWLQJ XS RI D
IDFWRUV LQIOXHQFLQJ HQWUHSUHQHXUVKLS &RQVWUDLQWV
81,7 ,"HILOQOLWLRQ RI EXVLQHVV 9DOXH FKDLQ FRQFHSW LQ E>
RI ,QGLDQ EXVLQHVV ,PSRUWDQFH RI DJULEXVLQHVV LQ ,QG
DJULEXVLQHVV *RYHUQPHQW DV D UHJXODWRU\ ERG\ LQ DJ
,QGLDQ DJULEXVLQHVV

81,7 ,DQDJHPHQW 'HILQLWLRQ LPSRUWDQFH DQG IXQFWLRC
PDQDJHPHQW 30DQQLQJ 'HILQLWLRQ VWHSV LQ SODQQLQ.
RUJDQL]LQJ DQG RUJDQL]DWLRQ 'HYHORSLQJ OHDGHUVKLS V
VNLOOV 'HYHORSLQJ RUJDQL]DWLRQDO DQG PDQDJHULDO \
PDQDJHPHQW DQG WRWDO TXDOLW\ PDQDJHPHQW 3URMHFW ¢

SUDFWLFDO

SUHSDUDWLRQ RI YLDEOH SURMHFW SURSRVDO RU EXVLQH)\
VXFFHVVIXO HQWUHSUHQHXUV &DVH VWXGLHV RI VXFFHVV
SUHSDUDWLRQ RI FRPSOHWH PDUNHWLQJ SODQ RI VHOHFWHG
PDQDIJHPHQW 9LVLWV WR LQGXVWULDO DQG DJUL EXVLQHVY
SURMHFW UHSRUW IRU YDULRXV EXVLQHVV YHQWXUHYV
IHFWXUH 6FKHGXOH

&RQFHSW RI HQWUHSUHQHXU DQG HQWUHSUHQHXUVKLS
$VVHVVPHQW RI HQWUHSUHQHXUVKLS VNLOOV 6:27 DQI

&KDUDFWHULVWLFV RI HOWUHSUHQHXU DQG HQWUHSUH
*RYHUQPHQW SROLF\ DQG SODQ IRU HQWUHSUHQHXUV!
HOQOWUHSUHQHXULDO YHQWXUH

(QYLURQPHQWDO IDFWRUV LQIOXHQFLQJ HQWUHSUHQH?>
&ERQVWUDLQWY LQ VHWWLQJ XS RI DJUR EDVHG LQGXVW
'"HILQLWLRQ RI EXVLQHVYVY YDOXH FKDLQ FRQFHSW LQ E>
E

6WDNHKROGHUV LQ EXVLQHVV VWDJHV RI ,QGLDQ EXV
,PSRUWDQFH RI DJULEXVLQHVV LQ ,QGLDQ HFRQRP\ RS
DJULEXVLQHVYV

OLGWHUP

)DFWRUV WUDQVIRUPLQJ ,QGLDQ $JULEXVLQHVV *RYHU(
DIJULEXVLQHVYV
ODQDJHPHQW  'HILQLWLRQ OHYHOV RI PDQDJHPHQW LF
30DQQLQJ 'HILQLWLRQ VWHSV LQ SODQQLQJ W\SHV RI
2UJDQL]LQJ OHDQLQJ RI RUJDQL]JLQJ DQG RUJDQL]DW
JHDGHUVKLS '"HILQLWLRQ DQG W\SHV GHYHORSLQJ O
(QOFRGLQJ DQG GHFRGLQJ FRPPXQLFDWLRQ VNLOOV
'HYHORSLQJ RUJDQL]DWLRQDO DQG PDQDJHULDO VNLOC
111



6 XSSO\ FKDLQ PDQDJHPHQW DQG WRWDO TXDOLW\ PDQI
SURMHFW SODQQLQJ IRUPXODWLRQ DQG UHSRUW SUHS

SUDFWLFDO VFKHGXOH

SUHSDUDWLRQ RI YLDEOH SURMHFW SURSRVDO RU EXVLQ
UHSDUDWLRQ RI SURMHFW UHSRUW IRU YDULRXV EXVLQHVYV "
SUHSDUDWLRQ RI FRPSOHWH PDUNHWLQJ SODQ RI VHO

VXFFHVVIXO HQWUHSUHQHXUYV
&DVH VWXGLHV RI VXFFHVVIXO HQWUHSUHQHXUV DQDO\\
&DVH VWXGLHYVY UHODWHG WR SURMHFW PDQDJHPHQW

9LVLWYV WR LQGXVWULDO DQG DJUL EXVLQHVV KRXVHV
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

+DUROG .RRQW] +HLQ] :HLKULFK (VWHQWLDOV RI
3HUVSHFWLYH QG (G 7DWD OF *UDZ +LOO 3XEOLVKLQJ 3YW /
OXNHVK 3DQGH\ 'HHSDOL 7HZDUL 7KH $JULEXVLQF
1DQGDQ + )XQGDPHQWDOV Rl (QWUHSUHQHXUVKLS

3KLOLS .RWOHU .DYLQ /DQH .HOOHU $EUDKDP .RVK\ Ol
ODQDJHPHQW $6RXWK $VLDQ 3HUVSHFWLYH 3HDUVRQ (GXFD!

SRRUQLPD &KDUDQWLPDWK (QWUHSUHQHXUVKLS 'H
(QWHUSULVH 3HDUVRQ (GXFDWLRQ

6WHSKDQV 3 5REELQV O0ODU\ &RXOWHU ODQDJHPHC
%+25 SBURGXFWLRQ WHFKQRORJ\ IRU KRUWLFXOWXUDO FUR

81,7 , +tRUWLFXOWXUH GHILQLWLRQ LPSRUWDQFH GLYLVLR
,PSRUWDQFH RI +RUWLFXOWXUH LQ ,QGLD DQG .HUDOD 6H[XI
30DQWLQJ V\VWHPV 30DQW JURZWK UHJXODWRUV LQ KRU\)
SUHSDUDWLRQ DQG PHWKRGV RI DSSOLFDWLRQ

81,7 ,,PSRUWDQFH DQG VFRSH RI ITUXLW FXOWLYDWLRQ &
UHTXLUHPHQW 6LWH VHOHFWLRQ DQG OD\RXW 3URGXFWLR(
%DQDQD 3DSD\D 3LQHDSSOH *XDYDDQG 6DSRWD

81,7 ,,, ) ORULFXOWXUH ,PSRUWDQFH &ODVVLILFDWLRQ RI 2U!
IROORZLQJ IORZHU FURSV £ 5RVH -DVPLQH 7XEHURVH $QWK

81,7 ,9 ,PSRUWDQFH RI YHIHWDEOH FXOWLYDWLRQ IRU QXWU
WHFKQRORJ\ RI IROORZLQJ YHIJHWDEOH FURSV 7RPDWR &K
&XFXPEHU 3XPSNLQ &RZSHD 2NUD $PDUDQWKXV

81,7 930DQWDWLRQ FURSV LPSRUWDQFH FODVVLILFDWLRQ SU
FURSV &RFRQXW 5XEEHU &DVKHZDQG &RFRD 6SLFHV [P
WHFKQRORJ\ RI WKH IROORZLQJ FURSYVY +% ODFN 3HSSHU 6PDO
$URPDWLF 30DQWYVY ,PSRUWDQFH &ODVVLILFDWLRQ YDULHW
XVHWOWRH YHUD 3LSHWIORQIMWMVKZDIDQGD /HPRQJUDVV 9HWLYH

SUDFWLFDO

,GHQWLILFDWLRQ RI GLIITHUHQW IUXLW YHJHWDEOHV RUQDP
iio



PHGLFLODUREIMGLF SODQWY 3URSDIJDWLRQ EXGGLQJ OD\HULQJ
SURSDJDWLRQ RI YDRURI3V SRVMWNAXRWRPPBUFLDO QXUVHULHYV

/IHFWXUH 6FKHGXOH 7KHRU\

+RUWLFXOWXUH GHILQLWLRQ LPSRUWDQFH GLYLVLRQ I

,PSRUWDQFH RI KRUWLFXOWXUH LQ ,QGLD DQG .HUDOD
6H[XDO DQG $VH[XDO PHWKRGV RI 30DQW SURSDJDWLRQ

30DQWLQJ VA\VWHPYV
30DQW JURZWK UHJXODWRUV LQ KRUWLFXOWXUH
DQG PHWKRGYV RIDSSOLFDWLRQ
,PSRUWDQFH DQG VFRSH RI

QDW X

I[UXLW FXOWLYDWLRQ FODVVL

3URGXFWLRQ
SURGXFWLRQ
BURGXFWLRQ
BURGXFWLRQ
3URGXFWLRQ
BURGXFWLRQ

,PSRUWDQFH RI

S3URGXFWLRQ
3URGXFWLRQ
SURGXFWLRQ
3URGXFWLRQ
SURGXFWLRQ

WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\

WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\

IORULFXOWXUH FODVVLILFDWLRQ RI

RI PDQJR

RI EDQDQD

RI SDSD\D

RI SLQHDSSOH

RI JXDYD

RI VDSRWD

RUQ
RI URVH

RI MDVPLQH

RI WXEHURVH

RI PDULJROG

RI DQWKXULXP DQG RUFKLGV

,PSRUWDQFH RI YHIHWDEOH FXOWLYDWLRQ IRU QXWULWL

BURGXFWLRQ
3URGXFWLRQ
SURGXFWLRQ
3URGXFWLRQ
3URGXFWLRQ
SURGXFWLRQ

WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\

R
R
R
R
R
R

WRPDWR

FKLOOL

EULQMDO

VOQDNH JRXUG DQG ELWWHU
FXFXPEHU DQG SXPSNLQ
FRZSHD RNUD DQG DPDUDQ

SODQWDWLRQ FURSV LPSRUWDQFH DQG FODVVLILFDWLRQ

SURGXFWLRQ
3URGXFWLRQ
SURGXFWLRQ

WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\

6SLFHV LPSRUWDQFH DQG

3URGXFWLRQ
3URGXFWLRQ
BURGXFWLRQ
3URGXFWLRQ
SURGXFWLRQ
BURGXFWLRQ

WHFKQRORJ\
WHFKQRORJ\
WHFKQRORJ\

RI FRFRQXW

RI FDVKHZ DQG FRFRD
RI UXEEHU
FODVVLILFDWLRQ

RI EODFN SHSSHU

Rl vPDOO FDUGDPRP

Rl JLQJHU DQG WXUPHULF

V$ 8 RKQ@REOCREUR K P L

WHEFHQ FORRDBD\XBPY KZDJDQGKD
WHFKQRORJ\ RI OHPRQ JUDVV DQG YHWLYHU

SURGXFWLRQ
SUDFWLFDO

WHFKQRIORJIR Rl PLQW DQG

6HHG 3URSDJDWLRQ YHJHWDWLYH SURSDJDWLRQ EXGGL(
,GHQWLILFDWLRQ DQG IDPLOLDULVDWLRQ ZLWK IUXLW FUI
SURSDJDWLRQ RI IUXLW FURSV %DQDQD DQG 3LQHDSSOH
ID\HULQJ LQ 6DSRWD DQG *XDYD

9LVLW WR RUFKDUG



,GHQWLILFDWLRQ DQG IDPLOLDULVDWLRQ RI RUQDPHQWD ¢
SURSDJDWLRQ RI LPSRUWDQW IORZHU FURSY DQG RUQDPFE
,GHQWLILFDWLRQ DQG IDPLOLDULVDWLRQ RI YHIJHWDEOHV
SURWUD\ YHIJHWDEOH VHHGOLQJ SURGXFWLRQ

9LVLW WR YHJHWDEOH VHHG SURGXFWLRQ XQLW
,GHQWLILFDWLRQ DQG IDPLOLDULVDWLRQ RI SODQWDWLR
9LVLW WR FRFRQXW VHHGOLQJ SURGXFWLRQ XQLW
3URSDJDWLRQ RI FDVKHZ

3URSDJDWLRQ RI %ODFN 3HSSHU

3URSDJDWLRQ RI *LQJHU DQG 7XUPHULF
,GHQWLILFDWLRQ DQG IDPLOLDULVDWLRQ RI PHGLFLQDO I
3URSDJDWLRQ RI PHGLFLQDO DQG DURPDWLF SODQWYV
9LVLW WR D FRPPHUFLDO QXUVHU\

6 XJIJHVWHG UHDGLQJV

%KDWWDFKDUMHH 6 . HG $GYDQFHV LQ 2UQDPHQWD
3XEOLVKHUV -DLSXU

%RVH 7 . DQG OLWUD 6 . JUXLWV Rl ,QGLD + 7URSL
1D\DSUDNDVK SXEOLFDWLRQV &XOFXWWD

%RVH 7. 3DUWKDVDUDWK\ 9 $ DQG &KDWWRSDGK\D\ 3

1D\DXG\RJ 3XEOLFDWLRQ .RONDWD ,QGLD

&KDGKD ./ B5HGG\ % 0 & DQG 6LNKDPRQ\ 6 ' 3LQHLI

)DURRTL $ $ DQG 6UHHUDPX % 6 &XOWLYDWLRQ RI
8QLYHUVLWLHV SUHVV ,QGLD 3YW /WG +\GHUDEDG S

*RSDODNULVKQDQ 7 5 9HJHWDEOH &URSV 1HZ ,QGLI

+DUWPDQQ +7 DQG .HVWHU ' ( 30DQW SURSDJDWLRC
+DOO 1HZ 'HOKL

+DJUD 3 DQG 6RP 0 * 7HFKQRORJ\ IRU YHIJHWDEOF
1D\D 3URNDVK &DOFXWWD

“RKQ 3 - $ KDQG ERRN RQ 3RVW+DUYHVW PDQDJHPHQ
3XEOLVKLQJ +RXVH 'HOKL

3HWHU . 9 DQG +D]UD 3 +DQGERRN RI YHJHWDEOH)

3HWHU . 9 %DVLFV Rl +RUWLFXOWXUH 1HZ ,QGLD 3XEOL

3HWHU . 9 30DQWDWLRQ FURSV 1DWLRQDO %RRN 7U

5DGKD 7 DQG ODWKHZ / JUXLW &URSV 9RO +RU
,QGLD 3XEOLVKLQJ$JHQF\ 1HZ 'HOKL
IHOSPQG%DZD *6 DQG OXNKRSDGK\D\ $ YORULFXOWXUH

5DYLQGUDQ 3 1 (G %ODFN 3HSSHU 3LSHU QLJUXP /

5DYLQGUDQ 3 1 DQG ODGKXVXGDQDQ . - (GV &DUGE
&58& 3UHVV

5DYLQGUDQ 3 1 DQG %DEX .1 (GV *LQJHU 7KH *H

5DYLQGUDQ 31 %DEX .1 DQG 6LYDUDPDQ . (GV 7
&58& 3UHVV

6LGKX 6 6 2UQDPHQWDO +RUWLFXOWXUH 1HZ ,QGLD

6XGKHHU .3 DQG ,QGLUD 9 3RVW+DUYHVW 7HFKQRC

,QGLD 3XEO $JHQF\
o



"HEVWHU & & DQG %DQRNQLOO : - SXEEHU -RKQ :LOF

%0, & )XQGDPHQWDOV RI PLFURELRORIJ\ 7KHRU\
81,7 ,

+LVWRU\ RI OLFURELRORJ\ LWV DSSOLHG DUHDV OLFURRUJDQL
RI GLVHDVHVY DQG SURWHFWLRQ ,QWURGXFWLRQ WR HXNDL
HXNDU\RWHV [IXQJL DOJDH DQG SURWR]RD ODMRU JURXSV RI
$UFKDHEDFWHULD 5LFNHWWVLDY DQG &KODP\GLD 3UHVHUYD
DW QDWLRQDO DQG LQWHUQDWLRQDO OHYHO

81,7 ,%DFWHULDO JURZWK OHWDEROLVP LQ EDFWHULD $73
DXWRWURSK\ UHVSLUDWLRQ IHUPHQWDWLRQ 9LUXVHV %DF
O\WWRJHQLF F\FOHV YLURLG SULRQV

81,7 ,QLFURELDO JURXSV LQ VRLO OLFUREHV LQ ELRWLF DQG
WUDQVIRUPDWLRQ RI FDUERQ QLWURJHQ DQG 6XOSKXU
PLFURRUJDQLVPV LQ DJULFXOWXUH ELRIHUWLOL]JHUV PLFUI
OLFUREHV LQ FRPSRVWLQJ DQG ELRGHJUDGDWLRQ OLFURELR

SUDFWLFDO
OLFURVFRSH DQG RWKHU LQVWUXPHQWY LQ D PLFURELRORJL
DQG DVHSWLF PHWKRGV IRU LVRODWLRQ LGHQWLILFDWLRQ

E\ VWDLQLQJ PHWKRGV (QXPHUDWLRQ RI EDFWHULD E\ SRXU
/IHFWXUH 6FKHGXOH
, QWURGXFWLRQ WR OLFURELRORJ\ DSSOLFDWLRQV

+LVWRU\ RI OLFURELRORJ\ *HUP WKHRU\ RI GLVHDVHYV DQC(
OLFURRUJDQLVPV DQG WKHLU UROH LQ IHUPHQWDWLRQ

SURNDU\RWLF FHOO
ODMRU JURXSV RI HXNDU\RWHV 1XQJL DOJDH DQG SURWF

ODMRU JURXSV RI SURNDU\RWHV * $FWLQRP\FHWHYV &\DQ
DQG &KODP\GLD

3UHVHUYDWLRQ RI PLFURRUJDQLVPV OLFURELDO UHSRVL

%DFWHULDO JURZWK

OHWDEROLVP LQ EDFWHULD $73 JHQHUDWLRQ FKHPRDX\
IHUPHQWDWLRQ

9LUXVHV %DFWHULRSKDJHV VWUXFWXUH DQG SURSHUMW

OLGWHUP ([DPLQDWLRQ

OLFURELDO JURXSV LQ VRLO
OLFUREHV LQ ELRWLF DOQG DELRWLF VWUHVVHG HQYLUR
OLFURELDO WUDQVIRUPDWLRQ RI FDUERQ QLWURJHQ DQ

%LRORJLFDO QLWURJHQ IL[DWLRQ

3ODQW PLFUREH LQWHUDFWLRQ %HQHILFLDO PLFURRUJL
OLFURELDO SHVWLFLGHYV

OLFUREHV LQ FRPSRVWLQJ DQG ELRGHJUDGDWLRQ 0
OLFURELRORJ\ RI IRRG

SUDFWLFDO

8VH DQG FDUH RI PLFURVFRSH + IRFXVLQJ

J)DPLOLDUL]DWLRQ ZLWK LQVWUXPHQWY JODVVZDUH DQG |

UHSDUDWLRQ RI PHGLD * QXWULHQHWE URWIK 4 HIVWWVW H Q V
WHFKQLTXHYV

(YDOXDWLRQ RI DVHSWLF WHFKQLTXHV ZLWK QXWU

L E
(YDOXDWLRQ RI DVHSWLF WHFKQLTXHYV ZLWK QXWULHQW D
(QXPHUDWLRQ RI EDFWHULD *+ SRXU SODWH DQG VSU S
3XULILFDWLRQ RI EDFWHULD E\ VWUHDN SODWH PHW

N 7z



S3UHVHUYDWLRQ RI EDFWHULDO FXOWXUHYV

,GHQWLILFDWLRQ RI EDFWHULD +*+ VWDLQLQJ WHFKQLTXHV
*UDP VWDLQLQJ

(QGRVSRUH VWDLQLQJ

OHDVXUHPHQWY RI EDFWHULDO FHOOV XVLQJ PLFURPHWH!

)DPLOLDUL]DWLRQ RI ELRIHUWLOL]JHUV DQG ELRFRQWURO

OLFURELRORJLFDO VWXG\ RI ZDWHU

3UDFWLFDO ([DPLQDWLRQ
6XJJHVWHG 5HDGLQJV

%URFN 7' OLOHVWRQHV LQ OLFURELRORJ\ ,QILQLW\ %

3HOF]DU 0- &KDQ (&6 .UHLJ 15 OLFURELRORJ\ &RQF
OF*UDZ +LOO

6WDLQLHU 5< ,QJUDKDP -/ :KHHOLV 0/ 3DLQWHU 35
ODFOLOODQ

7TDXUR 3 .DSRRU .. <DGDY .6 ,QWURGXFWLRQ WR OLF
%0, & OLFURELDO JHQHWLFYV 7TKHRU\
81,7 ,

OLFURRUJDQLVPV DV WRROV IRU JHQHWLF VWXGLHV *HQHWLF
RI' UHSUHVHQWDWLYH JURXSV RI EDFWHULD IXQJL DQG YL
SHFRPELQDWLRQ DQG FKURPRVRPDO PDSSLQJ &RPSOHPHQWD
81,7 % DFWHULDO SODVPLGV 6WUXFWXUH OLIH F\FOH PRGH RI 1
TUDQRIHIHQHWLF PDWHULDO LQ EDFWHULD &RQMXJDWLRQ W
EDFWHULRSKDJH 7 ODPEGD DQG O ILQH VWUXFWXUH RI Jt
W\SHV PXWDJHQV '1$ GDPDJHDQG UHSDLU 7UDQVSRVDEOH
81,7 ,&4RQFHSW DQG DSSOLFDWLRQ RI UHFRPELQDQW '1$ WHFKQFR
PLFUREWDOLQV ZLWK UHVSHFW WR LQGXVWU\ DJULFXOWXUH I

SUDFWLFDO

&RQMXIDWLRQ DQG WUDQVIRUPDWLRQ LQ EDFWHULD 6SRQW
89 PXWDJHQHVLYV LQ IXQJL DQG EDFWHULD &RPSOHPHQWDWL
UHSOLFD SODWLQJ WHFKQLTXH ,VRODWLRQ RI JHQRPLF '1$%$ 1|

,GHQWLILFDWLRQ RI SODVPLG E\ HOHFWURSKRUHVLYVY DQWLE
IHFWXUH VFKHGXOH
,(QWURGXFWLRQ WR PLFURELDO JHQHWLFV

SURNDU\RWH JHQRPH
(XNDU\RWH JHQRPH
9LUDO JHQRPH

5HSOLFDWLRQ RI SURNDU\RWLF '"1$%

5HSOLFDWLRQ RI HXNDU\RWLF '1%

5HSOLFDWLRQ RI YLUDO '1$%

OLFURRUJDQLVPV DV WRROV IRU JHQHWLF VWXGLHV
*HQHWLF YDULDELOLW\

*HQHWLF DQDO\VLV RI EDFWHULD
*HQHWLF DQDO\VLV RI IXQJL
*HQHWLF DQDO\VLV RI YLUXV

&KURPRVRPH PDSSLQJ
*HQH PDSSLQJ E\ UHFRPELQDWLRQ

*HQH PDSSLQJ E\ FRPSOHPHQWDWLRQ LQWHUJHQLF
*HQH PDSSLQJ E\ FRPSOHPHQWDWLRQ LQWUDJHQLF
%DFWHULDO SODVPLGYV

%DFWHULRS HV 6WUXFWXUH OLIH F\FOH PRGH RI L

—

N oA



HQJLQHHULQJ
OLGWHUP ([DPLQDWLRQ

*HQHWLFV RI EDFWHULRSKDJH 7 ODPEGD DQG 0 ILC
PRGH RI LQIHFWLRQ

7UDQVIHU RI JHQHWLF PDWHULDO LQ EDFWHULD &RQM:

7UDQVIRUPDWLRQ
7UDQVGXFWLRQ
OXWDWLRQ W\SHV

OXWDJHQV
'1$ GDPDJH DQG UHSDLU
TUDQVSRVDEOH HOHPHQWYV
SHIXODWLRQ RI JHQH H[SUHVVLRQ /DF RSHURQ
<HDVW JHQHWLFV

5DQGRP VSRUH DQDO\VLY DQG 7THWUDG VSRUH DQDO\VL
&RQFHSW DQG DSSOLFDWLRQ RI UHFRPELQDQW '1$ W
8VH RI JHQHW WRROV WR LPSURYH WKH PLFURELD

LF
DJULFXOWXUH DQG KHDOWK

SUDFWLFDO VFKHGXOH

6SRQWDQHRXV PXWDWLRQ E\ JUDGLHQW SODWH WHFKQLTXH
&KHPLFDO PXWDJHQHVLV LQ IXQJL

89 PXWDJIJHQHVLV LQ IXQJL &KHPLFDO PXWDJHQHVLYV LQ EDI
&RQMXIJDWLRQ LQ EDFWHULD

7UDQVIRUPDWLRQ LQ EDFWHULD &RPSOHPHQWDWLRQ
,VRODWLRQ RI JHQRPLF '1$ IURP ( FROL
'VRODWLRQ Rl SODVPLG

&XULQJ RI SODVPLG

,GHQWLILFDWLRQ RI SODVPLG E\ HOHFWURSKRUHVLYV
,GHQWLILFDWLRQ RI SODVPLGY E\ DQWLELRWLF SODWHYV
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJ

%LUJH ($ %DFWHULDO DQG %DFWHULRSKDJH *HQHWLF
*DUGQHU -( 6LPPRQV 0- B6QXVWDG '3 3ULQFLSOHV RI
JHZLQ % *HQH 9ROV 9, ,: -RKQ :LOH\ 6RQV

ODOR\ $ )ULHGIHOGHU ' OLFURELDO *HQHWLFV 1DUR
6FDLIH - /HDFK ' *DOL]J]L $ *HQHWLFV Rl %DFWHULD

*HQHWLFV RI %DFWHULD $FDGHPLF 3UHVYV

&RXUVHV LQ (OHFWLYH ,9 OLFURELDO DQG (QYLURQPHQWDO

ELRWHFKQRORJ\
7TKHRU\

81,7 OLFURELDO ELRWHFKQRORJ\ VFRSH DQG WHFKQLTXHV

*HQH WUDQVIHU PHFKDQLVPV LQ PLFUREHV TUDQVIRUPD
UHFRPELQDWLRQ *HQHWLF YDULDELOLW\ LQ PLFURRUJDQL\
PLFURELDO VWUDLQV ZLWK UHVSHFW7 W R LRMEXY @Q\UI\R DROEW L
ELRGHIJUDGDWLRQ RI SROOXWDQWYV ELRGHIJUDGDWLRQ RI
%LRWHFKQRORJLFDO WUHDWPHQW RI ZDVWHZDWHUU VHZDJF
HWKDQRO DFLGV FLWULF DFLG DFHWLF DFLG VROYHQWYV

VWUHSWRP\FLQ WHWUDF\FOLQH DPLQR DFLGV O\WLQH JOXV

iid



VIQWKHWLF YDFFLQHY 3UDFWLFDO ,VRODWLRQ DQG SUHVHU
OLFURELDO IHUPHQWDWLRQ SURGXFWLRQ RI SURWHLQV DQC(
OLFURELDO ELRPDVV SURGXFWLRQ XWLOL]DWLRQ RI SODQ\
SURGXFWLRQ RI VHFRQGDU\ PHWDEROLWHY IURP PLFUREHYV

IHFWXUH 6FKHGXOH
OLFURELDO %LRWHFKQRORJ\ 6FRSH DQG WHFKQLTXHV
,QGXVWULDOO\ LPSRUWDQW PLFURRUJDQLVPV
*HQHWLF YDULDELOLW\ LQ PLFURRUJDQLVPV
7TUDQVIRUPDWLRQ WUDQVGXFWLRQ FRQMXJDWLRQ DQG U
%LRWHFKQRORJLFDO WRROV WR LPSURYH WKH PLFURELD(
DJULFXOWXUH %LRWUDQVIRUPDWLRQ DQG ELRGHJUDGDYV
LRGHIJUDGDWLRQ RI OLIQRFHOOXORVHY DQG DJULFXOW

OLGWHUP ([DPLQDWLRQ

%LRWHFKQRORJLFDO WUHDWPHQW RI ZDVWH ZDWHU VHZ
7\SHV Rl )HUPHQWDWLRQ
OLFURELDO *URZWK

IXWULWLRQDO UHTXLUHPHQWYV

SURGXFWLRQ RI OHWDEROLWHY SULPDU\ DQG VHFRQGDU\
DOFRKROV

,QGXVWULDO SURGXFWLRQ RI RUJDQLF DFLGV FLWULF D
VROYHQWY JO\FHURO DFHWRQH EXWDQRO

,QGXVWULDO SURGXFWLRQ RI DOQWLELRWLFV SHQLFLOOL

SURGXFWLRQ RI DPLQR DFLGV O\WLQH JOXWDPLF DFLG
6LQJOH FHOO SURWHLQV

SHFRPELQDQW DQG VI\QWKHWLF YDFFLQHYV
3UDFWLFDO 6FKHGXOH
&URZGHG SODWH WHFKQLTXH

SXULILFDWLRQ RI FXOWXUHYV
SUHVHUYDWLRQ RI FXOWXUHYV
$QWLELRWLF VXVFHSWLELOLW\ WHVW

,VRODWLRQ RI \HDVW
,VRODWLRQ RI ODFWLF DFLG EDFWHULD
,VRODWLRQ RI FHOOXORVH GHJUDGHUYV IURP VRLO

6ROLG VWDWH IHUPHQWDWLRQ PXVKURRP FXOWLYDWLRQ
$OFRKROLF IHUPHQWDWLRQ JUDSH ZLQH
JHUPHQWHU

SURGXFWLRQ RI ELRIHUWLOL]JHUV XVLQJ IHUPHQWDWLRQ
6LQJOH FHOO SURWHLQ SURGXFWLRQ
SURGXFWLRQ DQG DVVD\ RI PLFURELDO FHOOXORVH DQG ¥

SURGXFWLRQ RI ODFWLF DFLG

SURGXFWLRQ RI DQWLPLFURELDO PHWDEROLWHYV
&RPSRVWLQJ

OLFURELDO FHOO LPPRELOL]DWLRQ
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

*OD]H $1 1LNDLGR + OLFURELDO %LRWHFKQRORJ\ )X
OLFURELRORJ\ QG (G &DPEULGJH 8QLYHUVLW\ 3UHVV
ORKDSDWUD 3. THIW %RRN RI (QYLURQPHQWDO %LRWF

+RXVH 3YW /WG



% (/0 %LR 3URVSHFWLQJ RI PROHFXOHY DQG JHQHYV 7TKF
81,7 ,

&RQFHSWYV DQG SUDFWLFHV RI ELRSURVSHFWLQJ 7UDGLWLRQ
,VRODWLRQ V\QWKHVLV DQG SXULILFDWLRQ RI QHZ ELRDFWLY
, QWHOOHFWXDO SURSHUW\ ULJKWYVY PHFKDQLVPV DQG WKH O
ELRDFWLYH SULQFLSOHYVY ZLWK QRYHO DQWLELRWLF LQVHFWL
81,7 ,BULQFLSOHV RI WKH &RQYHQWLRQ RQ %LRORJLFDO 'L
ELRWHFKQRORJ\ '"HYHORSPHQW DQG PDQDJHPHQW RI ELROR
VIVWHPDWLF LQIRUPDWLRQ RQ OLYLQJVSHFLHVY DQG V\VWHPV
81,7 , LRSURVSHFWLQJ RI PLFURRUJDQLVPVY DQG WKHLU FRP
IRU QHZ PHGLFLQHYV S GHQWLILFDWLRQ DQG FROOHFWLRQ RI
DSSURDFKHV G6FUHHQLQJ IRU SDUWLFXODU ELR DFWLYLWLHYV
WHFKQRORJ\ '"HYHORSPHQW RI WHFKQLTXHV IRU ODUJH VFDO
SURGXFW DQG LWV PDUNHW DYDLODELOLW\ DQG DFFHVVLELO!

JHFWXUH VFKHGXOH
&RQFHSWV DQG SUDFWLFHV Rl ELRSURVSHFWLQJ 7UDGLW

SURVSHFWLQJ ,VRODWLRQ V\QWKHVLV DQG SXULILFDWLR(
FOLQLFDO DQG ILHOG WULDOV  QWHOOHFWXDO SURSHUW

3DWHQWLQJ RI QHZ JHQHYV DQG RU ELRDFWLYH SULQFLS
DQWL WXPRXU SURSHUWLHV

3ULQFLSOHV RI WKH &RQYHQWLRQ RQ %LRORJLFDO 'LYHL
ELRWHFKQRORJ\

'HYHORSPHQW DQG PDQDJHPHQW RI ELRORJLFDO HFROR.

LQIRUPDWLRQ RQ OLYLQJ VSHFLHV DQG V\VWHPV
OLGWHUP ([DPLQDWLRQ

%LRSURVSHFWLQJ RI PLFURRUJDQLVPV DQG WKHLU FRPS
ELRGLYHUVLW\ IRU QHZ PHGLFLQHV

,GHQWLILFDWLRQ DQG FROOHFWLRQ RI PDWHULDO E\ UD((

6FUHHQLQJ IRU SDUWLFXODU ELR DFWLYLWLHYV (OXFLGD
WHFKQRORJ\

'"HYHORSPHQW RI WHFKQLTXHV IRU ODUJH VFDOH LQGXVW
DQG LWV PDUNHW DYDLODELOLW\ DQG DFFHVVLELOLW\ WR WK

6XJIJHVWHG 5HDGLQJV

ORKDSDWUD 3. 7TH[W %RRN RI (QYLURQPHQWDO %LRWF
+RXVH 3YW /WG

6KDUPD 3*' (FRORJ\ DQG (QYLURQPHQW WK (G 5DVW
% (/0 OROHFXODU HFRORJ\ DQG HYROXWLRQ 7TKHRU\

81,7 DROHFXODU (YROXWLRQ &RQFHSW PROHFXODU GLYHUJF
GRPHVWLFDWLRQ (YROXWLRQ RI HDUWK DQG HDUOLHU OLII
VWUDWHIJLHY DQG PROHFXODU FRGLQJ 1HZ DSSURDFKHV WR
S5LERVRPDO 51%$ VHTXHQFLQJ OROHFXODU WRROV LQ SK\ORJH!
81,7 ,BURWHLQ DQG QXFOHRWLGH VHTXHQFH DQDO\VLV 2UL
GXSOLFDWLRQ DQG GLYHUJHQFH *HQRPH HYROXWLRQ FRPSR
FKURPRVRPH UHDUUDQJHPHQWY DQG UHSHWLWLYH VHTXHQFH
81,7 ,$SSOLFDWLRQ RI PROHFXODU JHQHWLFVY DQG JHQRPLFV
JHQHWLF GLYHUVLW\ SK\ORJHQ\ LQEUHHGLQJ TXDQWLWDW
S5SHIXODWLRQV RI JHQH H[SUHVVLRQ



/IHFWXUH VFKHGXOH
OROHFXODU (YROXWLRQ &RQFHSW DQG GHILQLWLRQ

PROHFXODU GLYHUJHQFH DQG PROHFXODU FORFNV 6SHFL
(YROXWLRQ RI HDUWK DQG HDUOLHU OLIH IRUPV 3ULPLW
PROHFXODU FRGLQJ 1HZ DSSURDFKHV WR WD[RQRPLFC
5LERVRPDO 51$%$ VHTXHQFLQJ OROHFXODU WRROV LQ SK\ORJH
SURWHLQ DQG QXFOHRWLGH VHTXHQFH DQDO\VLV 2ULJLC
DQG GLYHUJHQFH

OLGWHUP ([DPLQDWLRQ

*HQRPH HYROXWLRQ FRPSRQHQWYV RI JHQRPHV ZKROF

UHDUUDQJHPHQWY DQG UHSHWLWLYH VHTXHQFH HYROXWLRQ
$SSOLFDWLRQ RI PROHFXODU JHQHWLFYVY DQG JHQRPLFV \

$VVHVVPHQW RI JHQHWLF GLYHUVLW\ SK\ORJHQ\ LQEUH

WRROV OXWDWLRQV 5HJXODWLRQV RI JHQH H[SUHVVLRQ
6XJIJHVWHG 5HDGLQJV

%HHEHH 7 5RZH * $Q QWURGXFWLRQ WR OROHFXODL
8QLYHUVLW\ 3UHVV

%WURZQ 7% *HQRPH *DUODQG 6FLHQFH 3XEOLVKLQJ

&DUYDOKR *5 $GYDQFHV LQ OROHFXODU (FRORJ\ ,26
% (/0 )XQGDPHQWDOV RI PROHFXODU SKDUPLQJ DQG ELRSK

81,7 ERQFHSW RI PROHFXODU SKDUPLQJ DQG SURGXFWLRQ F
FXOWXUH PDQXIDFWXULQJ DQG PLFURELDO IHUPHQWDWLRQ )
SXULILFDWLRQ DQG SURFHVVLQJ ,QGXVWULDO IHUPHQWDWL]I
ELRSKDUPDFHXWLFDOV LPPRELOL]DWLRQ WHFKQLTXHYV

81,7  WLRSKDUPDFHXWLFDO DQDO\WLFDO WHFKQLTXHV %LRE
SURGXFWLRQ RI VSHFLILF YDFFLQHY DQG WKHUDSHXWLF SURYV
IURP PLFUREHY DQG SODQWYV 3URGXFWLRQ RI UHFRPELQDQW
RQH DQG WZR GLPHQVLRQDO JHO HOHFWURSKRUHVLV $I1ILC
FXOWXUH DQG LPPRELOL]DWLRQ WHFKQLTXHYV 9LVLW WR ELR

/IHFWXUH 6FKHGXOH

,LQWURGXFWLRQ WR PROHFXODU SKDUPLQJ SURGXFWLRQ

LWV DSSOLFDWLRQV
OLFURELDO IHUPHQWDWLRQ

JHUPHQWDWLRQ DQG FHOO FXOWXUH SURFHV\WLGWHUP 3U
(I[IDPLQDWLRQ

,QGXVWULDO IHUPHQWDWLRQ %DWFK DQG FRQWLQXRX)

3URGXFWLRQ RI ELRSKDUPDFHXWLFDOV ,PPRELOL]D\

%LRSKDUPDFHXWLFDO DQDO\WLFDO WHFKQLTXHYV

%LRSKDUPD GUXJ GLVFRYHU\ DQG GHYHORSPHQW

3URGXFWLRQ RI VSHFLILF YDFFLQHY DQG WKHUDSHXWLF

SUDFWLFDO VFKHGXOH

,VRODWLRQ SXULILFDWLRQ RI SURWHLQV IURP PLFUREHYV

SURWHLQV LQ SURNDU\RWHYV
$QDO\WVLV RI SURWHLQV E\ RQH DQG WZR GLPHQVLRQDO

$IILQLW\ FKURPDWRJUDSK\ ,PPXQREORWWLQJ
&HOO FXOWXUH DQG LPPRELOL]DWLRQ WHFKQLTXHV

9LVLW WR ELRSKDUPDFHXWLFDO LQGXVWU\
SUDFWLFDO ([DPLQDWLRQ

s s A



6XJIJHVWHG 5HDGLQJV

%URZQ 7% *HQH &ORQLQJ DQG '1$ DQDO\VLV $Q ,QWU
3XEOLVKLQJ

.LUNRV\DQ $ .DXIPDQ 3% SHFHQW $GYDQFHV LQ 30D«

3ULPURVH 6% 7Z\PDQ 50 3ULQFLSOHV RI *HQH 0DQLS

'LOH\ 6RQV

% (/0 JRRG ELRWHFKQRORJ\ 7TKHRU\
81,7 ,

JRRG LRWHFKQRORJ\ ,QWURGXFWLRQ KLVWRU\ DQG LPSRU
SURFHVVLQJ S5HFHQW GHYHORSPHQWY ULVN IDFWRUV DQG VI
SURFHVVY )RRG DQG EHYHUDJH IHUPHQWDWLRQ $OFRKROLF D
VXSSOHPHQWYV

81,7 ,,

, QGXVWULDO XVH RI PLFURRUJDQLVPV FRPPHUFLDOO\ H[SORI
SHQLFLOOLXP $FHWREDFWHU %LILGREDFWHULXP /DFWRFRFF
IHUPHQWHG SURGXFWV 3UHELRWLFV DQG SURELRWLFV *HQF
LPSURYHPHQW %LRDFWLYH SHSWLGHV /DEHOOLQJ RI *0 |
PDLQWHQDQFH RI ELRWHFKQRORJLFDOO\ LPSRUWDQW PLFUR
VKDNHUV %DWFK DQG FRQWLQXRXV FXOWXUHY 8VH RI IHUPH
'"HWHFWLRQ RI *0 IRRG 9LVLW WR IRRG SURFHVVLQJ LQGXVWL

IHFWXUH 6FKHGXOH
,QWURGXFWLRQ WR )RRG ELRWHFKQRO
+LVWRU\ DQG LPSRUWDQFH RI1 )R L
$SSOLFDWLRQ RI ELRWHFKQROR I
SHFHQW GHYHORSPHQWY ULVN ID D
JRRG VSRLODJH ,PSRUWDQW )DFWRUV LQ OL
OLFURELDO VSRLODJH RI )RRG

JRRG SUHVHUYDWLRQ 3ULQFLSOHV DQG PHWKRGYV RI IRR
%HYHUDJH )HUPHQWDWLRQ

000

R
VVLQJ

W\ UHJIX
LDO )RR

o
m-—Xx
=S-0
DO m

<
W)

mIT

OLGWHUP ([DPLQDWLRQ

$OFRKROLF DQG QRQDOFRKROLF EHYHUDJHYV

JRRG DGGLWLYHV DQG )RRG VXSSOHPHQWYV
,QGXVWULDO XVH RI PLFURRUJDQLVPV LQ IRRG

&RPPHUFLDOO\ HI[ISORLWHG PLFUREHV 6DFFKD
IDFWREDFLOOXYV SHQLFLOOLXP $FHWREDF
IDFWRFRFFXV DQG 6WUHSWRFRFFXV
'‘DLU\ IHUPHQWDWLRQ DQG IHUPHQWHG SURGXFWYV
SUHELRWLFVY DQG SURELRWLFV

*HQHWLF HQIJLQHHULQJ IRU IRRG TXDOLW\ DQG VKHOI OL
*HQHWLFDOO\ ORGLILHG )RRGV /DEHOOLQJ RI *0 IRRGV

SUDFWLFDO 6FKHGXOH

'LITHUHQW FXOWXUH PHGLD DQG WKHLU SUHSDUDWLRQ
,VRODWLRQ RI ODFWLF DFLG EDFWHULD IURP PLON DQG PL
,VRODWLRQ RI PLFURRUJDQLVPV IURP IHUPHQWHG ULFH GI

,VRODWLRQ RI DFHWLF DFLG EDFWHULD IURP IHUPHQWHG [U.
,VRODWLRQ RI LVRODWLRQ RI VSRLODJH PLFURRUJDQLVPYV

7 7



IHUPHQWHG EHYHUDJH
JHUPHQWHUV %DWFK DQG FRQWLQXRXV FXOWXUHYV "H\

D
"HWHFWLRQ RI SDWKRJHQV LQ IHHG "HWHFWLRQ RI *0 IF
9LVLW WR IRRG SURFHVVLQJ LQGXVWU\

SUDFWLFDO ([DPLQDWLRQ

6 XJIJHVWHG UHDGLQJV

%LEHN 5D)XQGDPHQWDOV RI )RRG&OBEVIRELRORJ
JUDJLHU :& :HVWKRIRR& OLFURELR®RG 7DWD OF*UDZ +LC(

+ XL <+ .KDFKDWRXULDQV ** JRRG LRWHFKQRORJ\
6KHWW\ . 3DOL\DWK * 3RPHWWR $ IHYLQ 5( JRRG
3UHVYV
% (/0 *UHHQ ELRWHFKQRORJ\ 7KHRU\

81,7 ,

*UHHQ ELRWHFKQRORJ\ 'HILQLWLRQ FRQFHSW DQG LPSOLFD
JURZWK SURPRWLQJ UKL]JREDFWHULD 3URGXFWLRQ RI ELRI
HQKDQFHPHQW WKURXJK ELRWHFKQRORJLFDO LQWHUYHQWL
,GHQWLILFDWLRQ DQG PDQLSXODWLRQ RI PLFUR RUJDQLVPV
*02V IRU ELRUHPHGLDWLRQ DQG SK\WRUHPHGLDWLRQ WKHLU
VRLO DLU DQG ZDWHU SROOXWDQWV

81,7 ,,

&DUERQ VHTXHVWUDWLRQ OHWKDQRJHQLF PLFUREHV IRU PF
GHJUDGDWLRQ *HQHWLF (QJLQHHULQJ IRU LQFUHDVLQJ FURS
QLWURJHQ IL[DWLRQ DQG QXWULHQW XSWDNH HIILFLHQF\ 0
'HYHORSPHQW RI GLVHDVH UHVLVWDQW DQG SHVW UHVLVWDQ

SUDFWLFDO

,GHQWLILFDWLRQ DQG HIILFLHQF\ DVVD\V RI PLFUR RUJDQLV
, VRODWUPFLRIOXV WRRGLFGIOMHQWLYURZWK SURPRWLQJ UKL]R
ELRIHUWLOL]JHUV ELRSHVWLFLGHV DQG ELRIXHO $VVD\V IRU

JHFWXUH VFKHGXOH
,QWURGXFWLRQ WR *UHHQ ELRWHFKQRORJ\ 'HILQLWLRQ FR

%LR SHVWLFLGHV
30DQW JURZWK SURPRWLQJ UKL]REDFWHULD

SURGXFWLRQ RI ELRIXHOV ELRGLHVHO DQG ELRHWKDQRO
ELRWHFKQRORJLFDO LQWHUYHQWLRQV *HQHUDWLRQ RI DOW
,GHQWLILFDWLRQ DQG PDQLSXODWLRQ RI PLFUR RUJDQL"
SRO\PHUYV *02V IRU ELRUHPHGLDWLRQ DQG SK\WRUHPHGL
6WUDWHJILHV IRU GHWHFWLRQ DQG FRQWURO RI VRLO SR
FRQWURO RI DLGVBROP® X\WP Q@MW LR Q
6WUDWHJILHY IRU GHWHFWLRQ DQG FRQWURO RI ZDWHU S
OHWKDQRJHQLF PLFUREHV IRU PHWKDQH UHGXFWLRQ 0
*HQHWLF (QJLQHHULQJ IRU LQFUHDVLQJ FURS SURGXFWL
QLWURJHQ IL[DWLRQ DQG QXWULHQW XSWDNH HIILFLHQF\
ODUNHU IUHH WUDQVJHQLF GHYHORSPHQW VWUDWHJLHV
'HYHORSPHQW Rl GLVHDVH UHVLVWDQW DQG SHVW UHVL\

SUDFWLFDO VFKHGXOH
,VRODWLRQ DQG HIILFLHQF\ DVVD\V RI FHOOXORO\WLF PLF

iid



DVVD\V Rl OLJQRO\WLF PLFUR RUJDQLVPYV ,VRODWLRQ DQ
PLFURRUJDQLVPV
,VRODWILRQ ®ROXV WMKXULQJLHQVLYV
,VRODWLRQ Rl QLWURJHQ IL[HUV IURP UKL]JRVSKHUH VRLO
. VRODWLRQ Rl SKRVSKDWH VROXELOL]HUV IURP UKL]RVSK
SURGXFWLRQ RI ELRIHUWLOL]JHUV

SURGXFWLRQ RI ELRSHVWLFLGHYV
SURGXFWLRQ RI ELRIXHO

$vVVD\V IRU UHPRYDO RI RLO VSLOODJH
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

.LUNRV\DQ $ .DXIPDQ 3% 5HFHQW $GYDQFHV LQ 30D
. XPDU $ (QYLURQPHQWDO %LRWHFKQRORJ\ 'D\D 3XEO
OXUUD\ '& *UHHQ %LRWHFKQRORJ\ 'RPLQDQW 3XEOLYV

%3+7 SRVWKDUYHVW WHFKQRORJ\

7KHRU\

,QGLDQ IUXLW DQG YHJHWDEOH SURFHVVLQJ LQGXVWU\ ,PSF
PDWXULW\ ULSHQLQJ DQG VHQHVFHQFH LQ IUXLWV DQG YFH
3RVWKDUYHVW ORVVHV 3UH DQG SRVWKDUYHVW IDFWRUV FL
WHFKQLTXHV 3UH FRROLQJ JUDGLQJ DQG VRUWLQJ RWK
WUHDWPHQWY ZD[LQJ FXULQJ HWF 6WRUDJH V\VWHPV DQ
*RYHUQPHQW SROLFLHV UHJXODWLRQV DQG VSHFLILFDWLRQ)\
3ULQFLSOHVY DQG PHWKRGV Rl SUHVHUYDWLRQ GU\LQJ DQG C
E\ LRQL]LQJ UDGLDWLRQV FKHPLFDO PHWKRGV DQG IHUPHQ\
WHFKQLTXHV 3RVWKDUYHVW WHFKQRORJ\ RI FRFRQXW $UHF
FDVKHZ SHSSHU FDUGDPRP JLQJHU WXUPHULF FKLOOLHV -
IORZHUV ,QGXVWULDO ZDVWH XWLOL]DWLRQ 3UDFWLFDO *HQ
DQG YHJHWDEOH SURFHVVLQJ XQLW )66$%, VWDQGDUGYV $QD«
PDWHULDO DQG SURGXFW TXDOLW\ 766 $FLGLW\ VXJDUV D\
DQG YHJHWDEOH SURGXFWV MDPV MHOOLHV SLFNOHV FDQG
&RPPHUFLDO SURGXFWLRQ Rl SURFHVVHG SURGXFWV 3UHSDL
(VWLPDWLRQ RI VSLFH HVVHQWLDO RLOV VROYHQW H[WUDF
GLIIHUHQW SURFHVVHG SURGXFWYV IURP VSLFHV DQG SODQWD
VSLFHV 9LVLW WR SURFHVVLQJ XQLWV RI KRUWLFXOWXUDO F

/IHFWXUH VFKHGXOH

6WDWH RI ,QGLDQ IUXLW DQG YHJHWDEOH SURF

H
PDQDIJHPHQW RI IUXLWYV YHIJHWDEOHY DQG RWKHU K
JUXLWYV DQG YHIHWDEOHYV WKHLU FKHPLFDO S

3K\ WLRORJ\ RI PDWXULW\ ULSHQLQJ DQG VH F

SRVWKDUYHVW ORVVHY 3UH DQG SRVWKDUYHVW
YHIHWDEOHYV

SRVWKDUYHVW PDQDJHPHQW WHFKQLTXHV IRU IUXLWV DQ
DQG VRUWLQJ RWKHU RSHUDWLRQV ZDVKLQJ VDQLWL]DWLRQ

6WRUDJH V\VWHP DPELHQW ORZ WHPSHUDWXUH PRGLILF

iin



VIVWHPV VWRUDJH GLVRUGHUYV
3DFNDJLQJ WHFKQRORJ\ ZKROHVDOH DQG UHWDLO SDFND.
GLVDGYDQWDJHV FRQVXPHU SDFNDJLQJ
*RYHUQPHQW SROLFLHV UHJXODWLRQV DQG VSHFLILFDW
ODUNHWLQJ VIVWHPV ([SRUW SURPRWLRQ DJHQFLHV DQG WKHF
SURGXFWYV
*HQHUDO SULQFLSOHV DQG PHWKRGV RI SUHVHUYDWLRQ
3ULQFLSOHV Rl SUHVHUYDWLRQ E\ UHPRYDO RI ZDWHU
GHK\GUDWLRQ *PHWKRGYV 3ULQFLSOHV Rl SUHVHUYDWLRC
SDVWHXUL]DWLRQ =+ VWHULOL]DWLRQ 6WHSVLQ FDQQLQJ DQC
3ULQFLSOHV Rl SUHVHUYDWLRQ E\ LRQL]LQJ UDGLDWLR
PHWKRGY 5ROH RI VXJDU EULQH DFLG DQG RWKHU FKHPLFD
3ULQFLSOHV RI SUHVHUYDWLRQ E\ IHUPHQWDWLRQ $OFRKI
5HFHQW DGYDQFHV LQ IRRG SUHVHUYDWLRQ WHFKQLTXHV
3RVWKDUYHVW WHFKQRORJ\ RI FRFRQXW 3RVWKDUYHVW
WHFKQRORJ\ RI 2LO SDOP 3RVWKDUYHVW WHFKQRORJ\ RI
3RVWKDUYHVW WHFKQ \ Rl &RIIHH
J

RORJ
SRVWKDUYHVW WHFKQRORJ\ RI &RFRD FDVKHZ
SRVWKDUYHVW WHFKQRORJ\ RI VSLFHVY JHQHUDO DVSHFW

SRVWKDUYHVW WHFKQRORJ\ RI SHSSHU
SRVWKDUYHVW WHFKQRORJ\ RI FDUGDPRP
SRVWKDUYHVW WHFKQRORJ\ RI JLQJHU WXUPHULF FKLOI

SRVWKDUYHVW WHFKQRORJ\ RI 7UHH VSLFHV
SRVWKDUYHVW WHFKQRORJ\ RI HVYVHQWLDO RLO \LHOGLQ.
SRVWKDUYHVW WHFKQRORJ\ RI FXW IORZHUV

,QGXVWULDO ZDVWH XWLOL]J]DWLRQ
SUDFWLFDO VFKHGXOH

*XLGHOLQHV IRU HVWDEOLVKLQJ IUXLW DQG YHIJHWDEOH S
SUHOLPLQDU\ SURFHVVLQJ RI IUXLWYV

"HWHUPLQDWLRQ RI WRWDO VROXEOH VROLGYV
SUHSDUDWLRQ RI ITUXLW EHYHUDJHV VTXDVK V\UXS 576 E

&DVKHZ DSSOH SURFHVVLQJ
SUHSDUDWLRQ RI TUXLW MDP
SUHSDUDWLRQ RI JXDYD MHOO\

*UDSH ZLQH SUHSDUDWLRQ
SUHSDUDWLRQ RI SLFNOH
7TRPDWR SURFHVVLQJ

'"HWHUPLQDWLRQ RI DFLGLW\
(VWLPDWLRQ RI VXJDUV

&RPPHUFLDO SURGXFWLRQ RI XQIHUPHQWHG EHYHUDJHYV
:KLWH SHSSHU SURGXFWLRQ E\ WUDGLWLRQDO WWLQ
'"HWHUPLQDWLRQ RI YRODWLOH RLO ORGLILHG

(VWLPDWLRQ RI ROHRUHVLQ LQ VSLFHYV
9LVLW WR SURFHVVLQJ XQLWV RI KRUWLFXOWXUDO F

SURGXFWYV IURP VSLFHVY DQG SODQWDWLRQ FURSYV
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

-RKQ 3 - $ KDQG ERRN RQ 3RVW +DUYHVW PDQDJHPHC
SXEOLVKLQJ +RXVH 'HOKL
.DGHU $ $ SRVWKDUYHVW 7THFKQRORJ\ RI +RUWLFXOYV

S
OLWUD 6 . SRVWKDUYHVW 3K\WVLRORJ\ DQG 6WRUDJH



1,,5 %RDUG JRRG 3DFNDJLQJ THFKQRORJ\ +DQGERRN

&RQVXOWDQF\ 6HUYLFHV S
3DQGD + +DQGERRN RQ 6SLFHV DQG &RQGLPHQWV &
(IWUDFWLRQ $VLD 3DFLILF %XVLQHVV 3UHVV ,QF 3
5DMDUDWKQDP 6 DQG 5DPWHNH 5 6 $GYDQFHV LQ SU
WHFKQRORJLHV RI IUXLWYV DQG YHJHWDEOHV 1HZ ,QGLD 3XEO
5DQJDQQD 6 +DQGERRN RI $QDO\VLV DQG 4XDOLW)\ &
3URGXFWV 7DWD OF *UDZ +LOO 3XEOLVKLQJ &RPSDQ\ 1HZ 'H
6DGDVLYDP 6 DQG ODQLFNDP $ %LRFKHPLFDO PHWKR

SXEOLVKHUYV S
6DUDVZDWK\ 6 3UHHWL -/ %DODVXEUDPDQ\DQ 6 6XU
SRVWKDUYHVW PDQDJHPHQW RI KRUWLFXOWXUDO FURSV

6KDUPD 6 . 3RVWKDUYHVW PDQDJHPHQW DQG SURFF
,QVWDQW 1RWHV 1HZ ,QGLD 3XEOLVKLQJ $JHQF\ 1HZ 'HOKL

BULYDVWDYD 53 DQG 6DQMHHY .XPDU JUXLW DQG Y}
3UDFWLFHVY ,QWHUQDWLRQDO %RRN 'LVWULEXWLQJ &RPSDQ\

6XGKHHU .3 DQG ,QGLUD 9 3RVW+DUYHVW 7HFKQRC
,QGLD 3XEO $JHQF\

9HUPD /5 DQG -RVKL 9 . 3RVWKDUYHVW WHFKQRO

*HQHUDO FRQFHSWYVY DQG SULQFLSOHV 9RO , .

%3%7 , QWURGXFWLRQ WR ELRWHFKQRORJ\ 7TKHRU\
81,7 ,

+LVWRU\ GHILQLWLRQV FRQFHSWV VFRSH DQG LPSRUWDQFH
PHGLFDO HQYLURQPHQWDO LQGXVWULDO ODULQH $JULFXOV
1IDQRELRWHFKQRORJ\

81,7 ,,

,QWURGXFWLRQ WR UHFRPELQDQW '1$ WHFKQRORJ\ DQG LWV
PRGLI\LQJ HQJ\PHV JHQH FORQLQJ ,QWURGXFWLRQ WR JHQF
'1$ VHTXHQFLQJ *HQHWLF WUDQVIRUPDWLRQ DQG WUDQVJH
JXLGHOLQHV

SUDFWLFDO

2ULHQWDWLRQ WR WKH ODERUDWRULHY JODVV KRXVHV VFUH
JXLGHOLQHV IRU ZRUNLQJ LQ %LRWHFKQRORJ\ ODERUDWRULH
ELRWHFKQRORJ\ 6HOHFWLRQ RI FKHPLFDOV GLIIHUHQW JU
VFLHQWLILF QRWDWLRQV XVHG LQ ODERUDWRULHYV

/IHFWXUH VFKHGXOH
+LVWRU\ RI ELRWHFKQRORJ\

'"HILQLWLRQV FRQFHSWV RI %LRWHFKQRORJ\
6FRSH DQG LPSRUWDQFH RI %LRWHFKQRORJ\

30DQW %LRWHFKQRORJ\ OLFURSURSDJDWLRQ KDSORLG
VHFRQGDU\ PHWDEROLWH SURGXFWLRQ JHQHWLFDOO\ PRGLIL

OLFURELDO ELRWHFKQRORJ\ %LRIHUWLOL]JHUV ELRSHVW

$QLPDO %LRWHFKQRORJ\ GLDJQRVLV DQGYEMMHDVH PDQ
IHUWLOL]DWLRQ JHQHWLF PRGLILFDWLRQ HWF

OHGLFDO %LRWHFKQRORJ\ YDFFLQHV GLDJQRVWLF WRR
FHOO FXOWXUH WLVVXHHQJLQHHULQJ HWF

(QYLURQPHQWDO ELRWHFKQRORJ\ ZDVWH PDQDJHPHQW

s s oz



SURGXFWLRQ HWF
,QGXVWULDO %LRWHFKQRORJ\ HQ]J\PHV SK\WRFKHPLFDO
ODULQH %LRWHFKQRORJ\ GLVHDVH GLDJQRVLV DQG PDQ

PDQLSXODWLRQ SORLG\PDQLSXODWLRQ FU\RSUHVHUYDWLRC
$JULFXOWXUDO DQG )RRG %LRWHFKQRORJ\ ELRIRUWLIL!

VWUHVV WROHUDQW SODQWYV HWF
1IDQRELRWHFKQRORJ\ VIOWKHVLY RI QDQRSDUWLFOHV S

,QWURGXFWLRQ WR UHFRPELQDQW '1$ WHFKQRORJ\ DQ

S9HFWRUV FORQLQJ DQG H[SUHVVLRQ YHFWRUV
'1$ UHVWULFWLRQ DQG PRGLI\LQJ HQ]J\PHYV

OLG 7HUP ([DPLQDWLRQ
*HQH FORQLQJ VWHSY DSSOLFDWLRQV
,QWURGXFWLRQ WR JHQRPLFYVY DSSOLFDWLRQV

, QWURGXFWLRQ WR SURWHRPLFV DSSOLFDWLRQV 0
'1$ VHTXHQFLQJ SULQFLSOH GLIIHUHQW PHWKRGV

*HQHWLF WUDQVIRUPDWLRQ DQG WUDQVJHQLF RUJDQL
LQWURGXFWLRQ GDWDEDVHV WRROV DSSOLFDWLRQ
%LRVDIHW\ JXLGHOLQHV

SUDFWLFDO VFKHGXOH
2ULHQWDWLRQ WR WKH ODE JODVV KRXVHV VFUHHQ K
*HQHUDO JXLGHOLQHV IRU ZRUNLQJ LQ ELRWHFKQRORJ
)DPLOLDUL]DWLRQ ZLWK EDVLF HTXLSPHQWYV XVHG LQ |
FKHPLFDOV GLIITHUHQW JUDGH

% XIITHU SUHSDUDWLRQ
&DOFXODWLRQV DQG VFLHQWLILF QRWDWLRQV XVHG L(
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

%URZQ 7 $ *HQRPHV QG HG 1HZ <RUN :LOH\ /LVV

3UDYH 3 )DXVW 8 6LWWLJ : 6XNDWVFK ' $ %DVLF %
*XLGH 9&+ 9HUODJVJHVHOOVFKDIW

3UDYH 3 )DXVW 8 6LWWLJ : )XQGDPHQWDOV RI %LR\
9HUODJVJHVHOOVFKDIW 5HQQHEHUJ 5 %LRWHFKQRORJ\ |
% 3% 7 OROHFXODU ELRORJ\ 7KHRU\

81,7 ,

+LVWRU\ RI PROHFXODU ELRORJ\ &HQWUDO GRJPD RI OLIH 6
DQG IXQFWLRQ

'1$ UHSOLFDWLRQ WUDQVFULSWLRQ *HQHWLF FRGH DQG WUL
QXFOHDU DQG RUJDQHOOH JHQRPHV *HQH UHJXODWLRQ LQ
FRQFHSW

81,7 ,,

,(QWURGXFWLRQ WR PLFURELDO JHQHWLFV FRQMXJDWLRQ WL
ELRORJ\ 5ROH RI HQ]J\PHV LQ PROHFXODU ELRORJ\ 3ULQF
(OHFWURSKRUHVLV 3&5 DQG K\EULGL]DWLRQ EDVHG PROHFXC
SUDFWLFDO

3UHSDUDWLRQ RI EDFWHULDO FRPSHWHQW FHOOV DQG WUDQ
DQLPDO '1$ OHDVXUHPHQW RI QXFOHLF DFLG FRQFHQWUD\

s s A



HOHFWURSKRUHVLYV '1$ DPSOLILFDWLRQ XVLQJ 3&5 PROHFXO

IHFWXUH 6FKHGXOH
+LVWRU\ RI PROHFXODU ELRORJ\ &HQWUDO GRJPD RI O

6WUXFWXUH RI '1$ DQG 51% *HQH VWUXFWXUH DQG IXQF
'1$ UHSOLFDWLRQ

TUDQVFULSWLRQ
*HQHWLF FRGH DQG WUDQVODWLRQ
6WUXFWXUH RI SURNDU\RWLF DQG HXNDU\RWLF QXFOHDL

UHIJXODWLRQ LQ SURNDU\RWHYV
IDF RSHURQ FRQFHSW

WUS RSHURQ FRQFHSW
OLG 7HUP ([DPLQDWLRQ

, QWURGXFWLRQ WR PLFURELDO JHQHWLFV &RQMXJD'
WUDQVIRUPDWLRQ DQG WUDQVGXFWLRQ 7RROV LQ P
5ROH RI HQJ\PHV LQ PROHFXODU ELRORJ\ 3ULQFLSOI

(OHFWURSKRUHVLV
3&5 DQG K\EULGL]DWLRQ EDVHG PROHFXODU PDUNHUV 7~

SUDFWLFDO 6FKHGXOH

SUHSDUDWLRQ RI EXIITHUV DQG UHDJHQWYV UHTXLUHG IRU F

EDFWHULDO FXOWXUHY DQG LQRFXODWLRQ
SUHSDUDWLRQ RI EDFWHULDO FRPSHWHQW FHOOV 7UDC(
,VRODWLRQ DQG SXULILFDWLRQ RI SODQW '1% ,VROD'
OHDVXUHPHQW RI QXFOHLF DFLG FRQFHQWUI

OHDVXUHPHQW RI QXFOHLF DFLG FRQFHQWU
'"HVLIJQLQJ RI SULP
S3RO\PHUDVH FKDLQ UHDFWLRQ DQG FKHFENLQJ WKH DPSO

SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJ

$OOLVRQ /BPXQGDPHQWDO OROHERBDUYORERORUWGXFDWLRQ
OLOOHU +% 'LWKHIRRYXHF&EODU %LRORJ\ THFKQLTXHV $ &0OD)\

PDQXDPDOVHYLHU
.UHX]JHU + ODVVOHROHFXODU %LRORJ\ DQG %LRWHFKQROI
7HDFK#BOV3IUHVV

/IRGLVK + %HUN $ .DLVHU &$% .ULHJHU O YUHWYVFK
6FRWW 03
OROHFXODU &HO® %URPRDQ

6DPEURRN - 5XVYROHFXODU &ORQLQJ $ /DERYOG VRGO

6SULQJ +DUERU /DERUDWRU\ 3UHVYV
6 XUJ\FNL 66DVLF 7THFKQLTXHV LQ ®ORWHFIHWD Y HAULARIARIHL Gt
O9RHW ' 9RHW -* 3WYWOQWGND PEHMQWDOV RI QG RKEKH A EZVIWRW\N
:LOH\
:DONHU -0 5DSOHDVR®GHFXODU %LRORJ\ DQMK WGRWKHKQF

5R\DO 6RFLHW\ RI &KHPLVWU\

:DWVRQ - %DNHH 7% %HOO 63 *DQQ 9$ROHFKXQBUO
%LRORJ\ RI WKKH ((GI@BHDUVRQ (GXFDWLRQ ,QWHUQDWLRQDO
%3%7 5HFRPELQDQW '1$ WHFKQRORJ\ 7TKHRU\

81,7 ,



SHFRPELQDQW '1$ WHFKQRORJ\ 5HVWULFWLRQ HQGRQXFOHD)
SODVPLGV FRVPLGV SKDJHPLGV %$&V 3%$&V <$&V WUDQVS
YHFWRUV ELQDU\ SODQW YHFWRUV FR LQWHJUDWLQJ YHFWR
81,7 ,,

&RPSHWHQW FHOOV *HQH LVRODWLRQ DQG FORQLQJ *HQHWL
3UHSDUDWLRQ RI SUREHV 6RXWKHUQ EORWWLQJ 1RUWKHUQ
DPSOLILFDWLRQ

SUDFWLFDO

2ULHQWDWLRQ WR UHFRPELQDQW '1$ ODE SUHSDUDWLRQ RI VWF
*HQRPL$ LVRODWLRQ 4XDOLW\ DQG TXDQWLW\ GHWHUPLQDWL
$IJDURVH JHO HOHFWURSKRUHVLV 6'6 3%$*( 3&5 *HQHWLF WL

UHFRPELQDQW '1$ FORQHV LQ
( FROL

/IHFWXUH VFKHGXOH
5HFRPELQDQW '1$ WHFKQRORJ\ '"HILQLWLRQ PHFKDQLVP
SHVWULFWLRQ HQGRQXFOHDVHYV 7\SHV DQG XVHV PRGH
2WKHU HQJ\PHV UHTXLUHG LQ U'1$ WHFKQRORJ\ '1$%$ OLJI

SHFWRUV SODVPLGYV FRVPLGV SKDJHPLGV %$&V &KDUI
9HFWRUV 3%&V <$&V WUDQVSRVRQ YHFWRUV

9HFWRUV ([SUHVVLRQ YHFWRUV VKXWWOH YHFWRUV ELQ
&RPSHWHQW FHOOV *HQH LVRODWLRQ DQG FORQLQJ

OLG 7THUP ([DPLQDWLRQ

*HQHWLF WUDQVHROPADWLRQ RI
*HO HOHFWURSKRUHVLYV
SUHSDUDWLRQ RI SUREHYV

6RXWKHUQ EORWWLQJ SUREH SUHSDUDWLRQ SXULILFD
IRUWKHUQ EORWWLQJ

"HVWHUQ EORWWLQJ

3&45 DQG JHQH DPSOLILFDWLRQ

SUDFWLFDO VFKHGXOH
2ULHQWDWLRQ WR UHFRPELQDQW '1$ ODE )DPLOLDUL]L

3UHSDUDWLRQ RI VWRFN VROXWLRQV DQG EXIIHUV
30DVPLG '1$ LVRODWLRQ *HQRPLF '1$ LVRODWLRQ
4XDOLW\ DQG TXDQWLW\ GHWHUPLQDWLRQ RI '1$ $JDURVH
GLJHVWLRQ RI '1$ $JDURVH JHO HOHFWURSKRUHVLYV
6'6 3$*(
3&5
*HQHWLF WUDQVAROPDWLRQ RI

6FUHHQLQJ RI UHFRPELQBROW '1$ FORQHV LQ
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJ
%URZQ 7$*HQHWLFV $ OROHF XD UGS SIWRDFHK\ 7KRUQH\
6LQJHU 0 %HUHOHV *H@BRRNHUVLW\ 6FLHQFH %RRNV
'LQQDFNHU (JURP *HQHV WR &ORQHV ,QWURGXPMKLRQ
(G 3DQLPD 3XEOLVKHUV
':DWVRQ -' =BEOGRPELQDQWG'{6é 3DQLPD 3XEOLVKHUYV



%3%7 3O0DQW WLVVXH FXOWXUH 7TKHRU\
81,7 ,

+LVWRU\ RI SODQW WLVVXH FXOWXUH +LVWRULFDO EHQFKPI
WRWLSRWHQF\ &RQFHSW RI DVHSWLF FXOWXUH SUDFWLFHYV
GLITHUHQW PDFUR DQG PLFUR QXWULHQWY YLWDPLQV SODQYV
JURZWK UHJXODWRUV PRGH RI DFWLRQ HIIHFWV RQ LQ Yl
WHFKQLTXHYV

81,7 ,,

O9DULRXV SODQW FHOO WLVVXH DQG RUJDQ FXOWXUH WHFKC
VXVSHQVLRQ QXUVH URRW PHULVWHP ,Q YLWUR GLIIH
HPEU\RJHQHVLY OLFURSURSDJDWLRQ ,Q YLWUR JUDIWLQJ
gYXOH RYDU\ FXOWXUH 3URWRSODVW FXOWXUH DQG VRPDW
1,7 ,,,

$SSOLFDWLRQV OLFURSURSDJDWLRQ $QWKHU DQG PLFURVS
PXWDJHQHVLYVY 3URGXFWLRQ RI VHFRQGDU\ PHWDEROLWHYV ¢
UHVFXH LQ ZLGH K\EULGL]DWLRQ (QGRVSHUP FXOWXUH 3UF
6RPDWLF K\EULGL]DWLRQ F\EULGV DV\PPHWULF K\EULGV ,Q

3UDFWLFDO
*RRG ODERUDWRU\ SUDFWLFHV OHGLD SUHSDUDWLRQ DQG V
(VWDEOLVKPHQW RIFDOOXV FHOO VXVSHQVLRQ FXOWXUHV 0
PXOWLSOLFDWLRQ URRW LQGXFWLRQ +DUGHQLQJ DQG WUD
FXOWXUH ORQLWRULQJ RI JURZWK DQG GLIIHUHQWLDWLRQ |

$QWKHU SROOHQ FXOWXUH 6XVSHQVLRQ FXOWXUHY DQG SUF
/IHFWXUH VFKHGXOH

+LVWRULFDO EHQFKPDUNV RI SODQW FHOO DQG WLVVXH F X(
6FRSHDQG ,PSRUWDQFH $SSOLFDWLRQV RI 30DQW WLVVXH F
&EXOWXUH PHGLD FRPSRQHQWY DQG PRGLILFDWLRQV '
QXWULHQWYVY &DUERQ DQG HQHUJ\ VRXUFHV 2UJDQLF VXSSOl

S+ RI PHGLXP DQG WKHLU UROHYV
06 EDVDO PHGLXP DQG GLIITHUHQW W\SHV RI PHGLXP
6WHULOL]DWLRQ WHFKQLTXHV 7\SHV RI VWHULOL]DWLRQ

9DULRXV W\SHV RI FXOWXUH FDOOXV VXVSHQVLROQ
SULQFLSDO W\SHV PHWKRGRORJ\ DQG DSSOLFDWLRQV

,Q YLWUR GLIIHUHQWLDWLRQ 2UJDQRJHQHVLV DQG VR
W\SHV PHWKRGV DQG LPSRUWDQFH DQG DSSOLFDWLRQV

30DQW JURZWK UHJXODWRUV $X[LQV DQG &\WRNLQLQ
FXOWXUH DQG UHJHQHUDWLRQ

$SSOLFDWLRQV OLFURSURSDJDWLRQ $QWKHU DQG PL

RPDFORQDO YDULDWLRQ &RQFHSW 3ULQFLSOH OHWKRC

)DFWRUV DIIHFWLQJ DQG FDXVHV RI 6RPDFORQDO YDULDW
'PSRUWDQFH DQG DSSOLFDWLRQV Rl 6RPDEGRGIN® YDULD)
(IDPLQDWLRQ

,Q YLWUR PXWDJHQHVLYVY &RQFHSW W\SH RI PXWDJHQ PF
FRQILUPDWLRQ PHULW GHPHULWY DQG DSSOLFDWLRQV

SURGXFWLRQ RI VHFRQGDU\ PHWDEROLWHY &RQFHSW W\
6\QWKHWLF VHHGV &RQFHSW 3ULQFLSOH OHWKRG IDFWRUYV
$SSOLFDWLRQV

,Q YLWUR IHUWLOL]DWLRQ (PEU\R UHVFXH LQ ZLGH K\EUL
GHPHULWYV ,PSRUWDQFH $SSOLFDWLRQV

(QGRVSHUP FXOWXUH &RQFHSW SULQFLSOH PHWKRG LI

s A



LVRODWLRQ FXOWXUH DQG UHJHQHUDWLRQ FRQFHSW 3UL

PHWKRGYV FXOWXUH FRQGLWLRQV ,PSRUWDAQF
$SSOLFDWLRQV

6RPDWLF K\EULGL]DWLRQ FRQFHSW PHWKRGV RI VRPDWL
UHJHQHUDWLRQ PHULWY GHPHULWY DQG $SSOLFDWLRQV
&\EULG DQG DV\PPHWULF K\EULG FRQFHSW PHWKRGRORJ\

,Q YLWUR JHUPSODVP FRQVHUYDWLRQ FU\RSUHVHUYDWLF
SUDFWLFDO VFKHGXOH
*RRG ODERUDWRU\ SUDFWLFHYV

UHSDUDWLRQ RI VWRFNYV
OHGLD SUHSDUDWLRQ DQG VWHULOL]DWLRQ
6XUIDFH VWHULOL]DWLRQ RI H[SODQWYV
(VWDEOLVKPHQW RI FDOOXV FHOO VXVSHQVLRQ FXOWXUH

OLFURSURSDJDWLRQ (VWDEOLVKPHQW RI H[SODQW VKRR\
OLFURSURSDJDWLRQ VRPDWLF HPEU\RJHQHVLYV

(PEU\R FXOWXUH $QWKHU DQG SROOHQ FXOWXUH
+DUGHQLQJ RI WLVVXH FXOWXUH UDLVHG SODQWY DQG W|I
3URGXFWLRQ RI VIQWKHWLF VHHGYV
3UDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV
%KRMZDQL 6 6 5D]GB@DOW.7LVVXH &XOWXUHKOVKMRHUY C
%KRMZDQL 6 6 'DGWRQW 7LVVXH &XOWXUHG6SQL@WURC
'L[IRQ 5 $ *RQ]DOHY¥OBPQH &HOO &XOWXUH B[BRADGWLFD
8QLYHUVLW\ SUHVV
+HOJDVRQ & ' OLO®BVLR &HOO &XOWHXUHG3URWRER GBW H
'HEHUJK 3 & =LPPHUPDLGURSYRSDIDWLRQ 7HFKQRORJ)
$SSOLFD@WXRKU $FDGHPLF
*HRUJH () +DOO 0 $ .CBHOLDNQW 3URSDJDWLRQ E\ 7LVV
UG (G 9ROXPH 6SULQJHU 6FLHQFH 9%XVLQHVV OHGLD

%3%7 , QWURGXFWRU\ ELRLQIRUPDWLFV 7TKHRU\
81,7 ,

,QWURGXFWLRQ WR ELRLQIRUPDWLFVY 'HYHORSPHQW DQG VFI
FRPSXWHUV LQ ELRLQIRUPDWLFVY 2SHUDWLQJ V\VWHPV KDUG

81,7 ,,

3uLpbDU\ GDWDEDVHV 1XFOHRWLGH VHTXHQFH GDWDEDVHV *
6HFRQ®&DWDEDVHYV 6ZLVV3URW 7U(0%/ FRQVHUYHG GRPDLQ GDW
‘DWD %DQNOO03%06 6&23 &%$7+ )LOH IRUPDWV *HQ%DQN (0%/ )
$61 0/

81,7 ,,,
,QWURGXFWLRQ WR VHTXHQFH DOLJQPHQW DQG LWV DSSOLFLC
FRQFHSW RI ORFDO DQG JOREDO DOLJQPHQW $OJRULWKPV
PHWKRGY 1HHGOHPDQ+ :XQVFK DQG G6PLWK+:DWHUPDQ 7F
3K\ORJHQ\ ,QWURGXFWLRQ WR %/$67 DQG )$67$

3UDFWLFDO
%DVLF FRPSXWLQJ ,QWURGXFWLRQ WR 81,; /,18: 1XFOHR
*HQ%DQN '"'%- 8QLJHQH 3URWHLQ LQIRUPDWLRQ UHVRXUFH
GDWDEDVHV 3'% 00'% 6HDUFK (QJLQHV (QWUH] $56$ 656
LQWHUSUHWLQJ UHVXOWV OXOWLSOH VHTXHQFH DOLJQPHQMW

s AA



SURWHLQV XVLQJ 5DVPRO
JHFWXUH VFKHGXOH
,QWURGXFWLRQ WR ELRLQIRUPDWLFV 'HILQLWLRQ DQG +
'H

YHORSPHQW DQG VFRSH RI ELRLQIRUPDWLFV
$SSOLFDWLRQV RI FRPSXWHUV LQ ELRLQIRUPDWLFV
2SHUDWLQJ V\VWHPV

+DUGZDUH DQG 6RIWZDUH
,QWHUQHW Z2ZZ UHVRXUFHV )73

%LRORJLFDO 'DWDEDVHYV DQG WKHLU FODVVLILFDWLRQ =
GDWDEDVHV *HQ%DQN (0%/
SBURWHLQ VHTXHQFH GDWDEDVHY 6HFRQGDU\ GDWDEDVH\

GDWDEDVH 3IDP
6WUXFWXUH GDWDEDVHV 3URWHLQ 'DWD %DQN 3'% 00'9

6BWUXFWXU 5 HODWHEDYHVL QIRUPDWLRQ IURP WKHVH GDW
*HQEDQN (0%/ )DVWD 3'% )ODW ILOH $61 0/
OLGWHUP ([DPLQDWLRQ
,OQWURGXFWLRQ WR VHTXHQFH IDQIUJ QPWHID I PR BXIOMM DSIS (
DOLJQPHQW
&RQFHSW Rl ORFDO DQG JOREDO DOLJQPHQW
$OJRULWKPV 'RW ODWUL[ PHWKRG G\QDPLF SURJUDPPLQ
6PLWK+:DWHUPDQ DSSOLFDWLRQ RI WKHVH DOJRULWKPV LQ ¢
7RROV RI 06$ &OXVWDO: 7&RIIHH 8VH Rl WKHVH WRROV
VHTXHQFHV 6DYH RXWSXW ILOH LQ SK\OLS IRUPDW
3K\ORJHQ\ WHUPLQRORJLHV LQ SK\ORJHQ\ DSSOLFDWLR!
,QWURGXFWLRQ WR %/$67 DQG )$67$ 'LIIHUHQW %/$67 3U
WHUPV Rl QXFOHLF DFLG DQG SURWHLQ VHTXHQFH 6LJQLILFD

SUDFWLFDO
7R OHDUQ %DVLFV FRPSXWHU RSHUDWLQJ 6\VWHP

7R VWXG\ 81,; /,18; RSHUDWLQJ V\VWHPYV
7R VWXG\ WKH 3ULPDU\ QXFOHRWLGH GDWDEDVH (0%/
7R VWXG\ WKH 3ULPDU\ QXFOHRWLGH GDWDEDVH *HQ%DQ

7R VWXG\ WKH SURWHLQ SULPDU\ GDWDEDVH 8QLJHQH
7R VWXG\ WKH BURWHLQ LQIRUPDWLRQ UHVRXUFH 6ZLVV3U
7R VWXG\ WKH SURWHLQ VHFRQGDU\ GDWDEDVHYVY 8QLSUR
7R VWXG\ WKH SURWHLQ 6WUXFWXUDO GDWDEDVHV 3'% (
7R VWXG\ WKH LQIRUPDWLRQ UHWULHYDO 6\VWHP XVLQJ \
%/$67 DQDO\VLV RI XQNQRZQ QXFOHRWLGH VHTXHQFH
%/$67 DQDO\VLV RI XQNQRZQ SURWHLQ VHTXHQFH OXOWLS
SUHGLFWLRQ RI SULPDU\ VWUXFWXUH RI SURWHLQ 7UDQV
SUHGLFWLRQ RI SULPDU\ VWUXFWXUH RI SURWHLQ DPLQR
HITLFLHQW HWF 6HFRQGDU\ VWUXFWXUH SUHGLFWLRQ F
RWHLQ 6HFRQGDU\ 6 WUXFWXUH 3UHGLFWLRQ 6HUYHU
6HFRQGDU\ VWUXFWXUH SUHGLFWLRQ RI SUR\
7THUWLDU\ VWUXFWXUH SUHGLFWLRQ RI SURWHLQ VH!
OROHFXODU YLVXDOL]DWLRQ RI
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

%D[HYDQLV $' 2XHOOHWWH %)) %LRLQIRUPDWLFV $
JHQHV DQG SURWHLQV -RKQ :LOH\ DQG 6RQV
ORXQW ': %LRLQIRUPDWLFV 6HTXHQFH DQG *HQRPH $C

LRQJ - (VVHQWLDO %LRLQIRUPDWLFV &DPEULGJH 8QL

7oA



%3%7 30DQW JHQHWLF WUDQVIRUPDWLRQ 7KHRU\
81,7 ,

+LVWRU\ RI SODQW JHQHWLF WUDQVIRUPDWLRQ *HQHUDWLRC
WUDQVIRUPDWLRQ $JUREDFWHULXP PHGLDWHG %LROLVWLFV
LQ SODQWD PHWKRGV

81,7 ,,

6HOHFWLRQ DQG FKDUDFWHUL]DWLRQ RI WUDQVJHQLF SODQ\
T57 3&5 6RXWKHUQ IRUWKHUQ (/,6% DQG :HVWHUQ WHF
WUDQVIRUPDWLRQ IRU TXDOLW\ \LHOG ELRWLF DQG DELRW
DQG UHJXODWRU\ I[UDPHZRUN

SUDFWLFDO

3UHSDUDWLRQ RI VWRFN VROXW LR Q%J URBHDSFDAHDWALLXFPCB/ARX RE-R B B \b K\
PDSSIRJJSODVPLG &RQVWUXFWLRQ RI ELQ®IUREDFFIRL IDNES L
&RQILUPDWLRQ RI WUDQV IR WP R EDEMFNUH X IFD MYGHEEHIBEEL B@\G  E L
SODQW WUDQVIRUPDWLRBOFWRORQ\FKHEWXGH]DWLRQ

+LVWRU\ RI SODQW JHQHWLF WUDQVIRUPDWLRQ

*HQHUDWLRQ Rl JHQH FRQVWUXFW DQG PDLQWHQDQFH
*HQHWLF WUDQVIRUPDWLRQ PHWKRGV $JUREDFWHULXP PH
*HQHWLF WUDQVIRUPDWLRQ PHWKRG %LROLVWLFV

*HQHWLF WUDQVIRUPDWLRQ PHWKRG HOHFWURSRUDWLRQ
PHWKRGYV

VHOHFWDEOH DQG UHSRUWDEOH PDUNHU JHQHV LQ WUDQV.
OLGWHUP H[DPLQDWLRQ

OROHFXODU FKDUDFWHUL]DWLRQ RI WUDQVJHQLF SODQW
1IRUWKHUQ (/,6%$ DQG :HVWHUQ WHFKQLTXHV

$SSOLFDWLRQ RI JHQHWLF WUDQVIRUPDWLRQ IRU TXDOL

%LRVDIHW\ DVSHFWV Rl WUDQVJHQLF SODQWY DQG UHJXOI

SUDFWLFDO 6FKHGXOH

SUHSDUDWLRQ RI VWRFN VROXWLRQV
BUHSDUDWLRQ RI FRPSHWHQW FHOOV RI $JUREDFWHULXP

3UHSDUDWRRRPBHWHQW FHOOV

5HVWULFWLRQ PDSSLQJ Rl SODVPLG VLQJOH GLJHVWLRQ |
%DFWHULDO WUDQVIRUPDWLRQ PHWKRG

&RQILUPDWLRQ Rl WUDQVIRUPHG EDFWHULDO FRORQLHV X

ILJDWLRQ

7UDQVIRUPDWLRQ RI ELQDU\ YHFWRU LQWR $JUREDFWHUL

ELROLVWLF SODOW WUDQVIRUPDWLRQ

*XV DVVD\ RI WUDQVJHQLF SODQWYV

SUDFWLFDO H[DPLQDWLRQ

6XJIJHVWHG S5HDGLQJV

*UHHQ 6DPEURRN OROHFXODU &0RQLQJ $ /DERUDWR
6SULQJ +DUERU /DERUDWRU\ 3UHVV

*ULHUVRQ ' 30DQW *HQHWLF (QJLQHHULQJ 6SULQJHU

3ULPURVH 6% 7Z\PDQ 50 3ULQFLSOHV RI *HQH 0DQ|
*HQRPLFV WK(G %ODFN :HOO 3XEOLVKLQJ

6DPEURRN - 5XVVHO ' OROHFXODU &0ORQLQJ $ /DERU

+DUERU /DERUDWRU\ 3UHVYV
i1o



6WHZDUW 1& -U 30DQW %LRWHFKQRORJ\ DQG *HQHWL
$SSOLFDWLRQV -RKQ :LOH\ 6RQV ,QF

%3%7 LRSK\VLFV 7TKHRU\
81,7 ,

AXDQWXP PHFKDQLFV (OHFWURQLF VWUXFWXUH RI DWRPV 7
%URJOLH ZDYHV 3KDVH DQG JURXS YHORFLW\ 6RPH EDVLF FR
ZDYH HTXDWLRQV 3DUWLFOH LQ D ERYD @RmMO@E XA AHFKUIPR.GDE
(QWKDOS\ (QWURS\ 6WDWLVWLFDO DQG WKHUPRG\QDPLF Gt
(TXLOLEULXP WKHUPRG\QDPLF 1HDU HTXLOLEULXP WKHUPR
SRWHQWLDO 7KHUPRG\QDPLF DQDO\VLV RI PHPEUDQH WUDQV

81,7 ,,

+\GUDWLRQ RI PDFURPROHFXOHYVY 5ROH RI IULFWLRQ 'LIIXV
9LVFRVLW\ 5RWDWLRQDO GLIIXVLRQ /LIJKW VFDWWHULQJ VP
VSHFWURVFRS\ &LUFXODU GLFKURLVP &' DQG RSWLFDO LU
VSHFWURVFRS\ ,QIUDUHG VSHFWURVFRS\ 5DPDQ VSHFWUR
VSHFWURVFRS\ /LIJKW PLFURVFRS\

81,7 ,,,

(OHFWURQ RSWLFV 7UDQVPLVVLRQ HOHFWURQ PLFURVFRSH
SUHSDUDWHKHHRQ/ SHFLPHQ IRU HOHFWURQ PLFURVFRS\ ,PDJH U}
7XQQHOLQJ HOHFWWR® PEABR¥HRBHFURVFRSH &U\WWDOV DQG
SRLQW JURXS DQG VSDFH JURXSV *URZWK RI FU\VWDOV RI EL
IHFWXUH 6FKHGXOH

AXDQWXP PHFKDQLFV
(OHFWURQLF VWUXFWXUH RI DWRPV

7KH ZDYH SDUWLFOH GXDOLW\ ZDYH OHQJWK RI GH %URJC
3KDVH DQG JURXS YHORFLW\

6RPH EDVLF FRQFHSWV RI TXDQWXP PHFKDQLFV
6FKURGLQJHUYV ZDYH HTXDWLRQV 3DUWLFOH LQ D ER]
AXDQWXP PHFKDQLFDO WXQQHOLQJ

YHQe°ODZ RI WKHUPRG\QDPLFV (QWKDOS\ (QWURS\
6WDWLVWLFDO DQG WKHUPRG\QDPLF GHILQLWLRQ RI HQW!
+HOPKROW] IUHH HQHUJ\ (TXLOLEULXP WKHUPRG\QDPLF
*LEEV IUHH HQHUJ\

&KHPLFDO SRWHQWLDO
7TKHUPRG\QDPLF DQDO\VLYVY RI PHPEUDQH WUDQVSRUW

+\GUDWLRQ RI PDFURPROHFXOHV
SROH RI IULFWLRQ 'LIIXVLRQ 6HGLPHQWDWLRQ
7TKH XOWUDFHQWULIXJH

O9LVFRVLW\
SRWDWLRQDO GLIIXVLRQ

OLG 7HUP ([DPLQDWLRQ
/JLJKW VFDWWHULQJ VPDOO DQJOH [ UD\ VFDWWHULQJ
S8OWUDYLROHW DQG YLVLEOH VSHFWURVFRS\

&LUFXODU GLFKURLVP &' DQG RSWLFDO URWDWRU\ GLVS
YOXRUHVFHQFH VSHFWURVFRS\

,QIUDUHG VSHFWURVFRS\

5DPDQ VSHFWURVFRS\

(OHFWURQ VSLQ UHVRQDQFH
105 VSHFWURVFRS\

/I[LIJKW PLFURVFRS\

el

=1



(OHFWURQ RSWLFV
7UDQVPLVVLRQ HOHFWURQ PLFURVFRSH 7(0

6FDQQLQJ HOHFWURQ PLFURVFRSH 6(0
SUHSDUDWLRQ RI WKH VSHFLPHQ IRU HOHFWURQ PLFURVEF
(OHFWURQ GLIIUDFWLRQ

7XQQHOLQJ HOHFWURQ PLFURVFRSH $WRPLF IRUFH PLFU
&U\VWDOV DQG V\PPHWULHV FU\WWDO V\VWHPV SRLQW J
*URZWK RI FU\VWDOV RI ELRORJLFDO PROHFXOHYV

; UD\ GLITUDFWLRQ
6XJIJHVWHG 5HDGLQJV

&KDQJ 5 3K\WLFDO &KHPLVWU\ |IBQLW KM MR VEFRHIFHY % RR
*ODVHU%LRSK\§SBVYQJHU

3DWWDEKL 9 *DXARBRBKWYWDEWRVD 3XEOLVKLQJ +RXVH
5RGQH\ &RWWHILRDOVLFV $Q -BRWQRGARAWLRRQV
6ULYDVWDYDOOBPHQWDU\ %LRSK\VLF\ WRVDQIXEREXRKRWQR QI

%3%7 $QLPDO ELRWHFKQRORJ\ 7KHRU\
81,7 ,

+LVWRU\ DQG GHYHORSPHQW RI DQLPDO ELRWHFKQRORJ\ %DVLF
HPEUBRRWHFKQRORJ\ RRF\WH FROOHFWLRQ DQG PDWXUDWLR
&U\RSUHVHUYDWLRQ RI RRF\WH VSHUP DQG HPEU\RV (PEU\R

81,7 ,,

%UHHGV Rl OLYHVWRFN DQG WKHLU FKDUDFWHULVWLFV 0DU!
DQLPDO JHQRPLFV 5)/3 5$3' 665V 47/ 613 675 OLWRFKRQGL
DQG LWV HQYLURQPHQW 5XPHQ PLFUREHV PDQLSXODWLRQ RI
,QWURGXFWLRQ WR QXWULJHQRPLFV OLON ELRPH O0ODQLSXO!
$SSOLFDWLRQ RI ELRWHFKQRORJ\ LQ PHDW DQG PHDW SURGXH

8117 11

*HQRPH DQG SURWHLQ EDVHG GLDJQRVWLFV RI LPSRUWDQW
ODVWLWLYV %OXH WRQJXH 1HZFDVWOH GLVHDVH ,QWURGXF
NLOOHG YDFFLQHY FHOO FXOWXUH EDVHG YDFFLQHV UHFRP

SUDFWLFDO
%DVLF FHOO FXOWXUH WHFKQLTXHVY RRF\WH DVSLUDWLRQ IU|
IHUWLOL]DWLRQ 3&5 EDVHG GHWHFWLRQ RI DQLPDO SDWKRJF

ORFDOL]DWLRQ RI SURWHLQ PDUNHU LQ WLVVXHV FHOOV
+ PHDW VSHFLHV LGHQWLILFDWLRQ E\ 3&5(',7

/IHFWXUH VFKHGXOH
+LVWRU\ DQG GHYHORSPHQW RI DQLPDO ELRWHFKQRORJ\
%DVLF WHFKQLTXHV LQ DQLPDO FHOO FXOWXUH RRF\WH F
,Q YLWUR IHUWLOL]DWLRQ &U\RSUHVHUYDWLRQ RI RRF\WH
WHFKQRORJ\

%UHHGV RI OLYHVWRFN DQG WKHLU FKDUDFWHULVWLFV
ODUNHU DVVLVWHG EUHHGLQJ RI OLYHVWREN
,QWURGXFWLRQ WR DQLPDO JHQRPLFV 5)/3 5%$3' 665V SR

 QWURGXFWLRQ WR DQLPDO JHQRPLFV 47/ 613 675 OLW
5XPHQ DQG LWV HQYLURQPHQW 5XPHQ PLFUREHV PDQLS
XWLOL]DWLRQ RIIHHG



OLGWHUP ([DPLQDWLRQ

, QWURGXFWLRQ WR QXWULJHQRPLFV OLON ELRPH ODQLSES
WRROV
$SSOLFDWLRQ RI ELRWHFKQRORJ\ LQ PHDW DQG PHDW SUR

*HQRPH DQG SURWHLQ EDVHG GLDJQRVWLFV RI LPSRUWD

*HQRPH DQG SURWHLQ EDVHG GLDJQRVWLFV RI LPSRUWD
WRQJXH 1HZFDVWOH GLVHDVH

,QWURGXFWLRQ WR YDFFLQRORJ\ +LVWRU\

7\SHV Rl YDFFLQHVY OLYH DWWHQXDWHG YDFFLQHV NLC

HFRPELQDQW YDFFLQHYV
XJIJHVWHG 5HDGLQJV

$EHUOH (OWRQ ' )RUUHVW -RKQ & *HUUDUG 'DYLG ( OLO
OHDW 6FLHQFH WK (G .HQGDOO +XQW 3XEOLVKLQJ

U
6

/IDZULH /HGZDUG /DZULHTV OHDW 6FLHQFH WK (G :
'H 2XWOLQHV RI 'DLU\ 7THFKQRORJ\ 2[IRUG 8QLYHUVLW\ 3

6KDUPD %' OHDW DQG OHDW 3URGXFWV 7HFKQRORJ\
THFKQRORJ\ -D\SHH %URV OHGLFDO 3XEOLVKHUV

9DUQDP $ -DQH 3 OLON DQG OLON 3URGXFWV T7HFKC

OLFURELRORJ\ 6XWKHUODQG 6SULQJHU 6FLHQFH %XVLQHVV

%3%7 OROHFXODU JHQHWLFV 7KHRU\
81,7 ,

BWUXFWXUHV SURSHUWLHY DQG PRGLILFDWLRQ RI '1$ OROHTF
PXWDWLRQ DQG UHFRPELQDWLRQ &HQWURPHUH DQG WHORF
DQG SURFHVVLQJ RI 51$DQG SURWHLQV 5HJXODWLRQ RI JHQ]
81,7 ,,

SHSHWLWLYH '1$ VHTXHQFHY DQG WUDQVSRVDEOH HOHPHQW)
IDFWRUV + WKHLU FODVVLILFDWLRQ DQG UROH LQ JHQH H[SUH
51$V 51%$ LQWHUIHUHQFH DQG LWV DSSOLFDWLRQV

/IHFWXUH VFKHGXOH

6WUXFWXUHV SURSHUWLHY DQG PRGLILFDWLRQ RI '"1$ (
OHFKDQLVPV RI '"1$ UHSDLU

OHFKDQLVPV RI '1$ PXWDWLRQ DQG UHFRPELQDWLRQ .
'1$ SDFEFNDJLQJ
6\QWKHVLY DQG SURFHVVLQJ RI 51% 6 0Q\E KHWULPR/ DQG !
([DPLQDWLRQ
5HIJXODWLRQ RI JHQH H[SUHVVLRQ OXWDWLRQV DQG '1$ L
7UDQVSRVDEOH HOHPHQWYV
3URPRWHUV DQG WKHLU LVRODWLRQ
7UDQVFULSWLRQ IDFWRUV + WKHLU FODVVLILFDWLRQ DQ

FRQWURO RI JHQH H[SUHVVLRQ
6PDOO 51V 51%$ LQWHUIHUHQFH DQG LWV DSSOLFDWLRQ

6XJIJHVWHG 5HDGLQJV

$OOLVRQ /PXQGDPHQWDO 0RO HFXKD\DHO REBORGXFDWLRQ

%URZQ 7$*HQHWLFV $ OROHF XD UGS SIWRDFHK\ 7KRUQHYV
/JHZLQ % *HQHV-RQHV %DUWOHWW /HDUQLQJ

7URSS %(3ULQFLSOHV RI 0RORBXYD UYBIURMORHIWW /HDUQLQ
7URSS %(0ROHFXODU %LRORJ\ *MW®H\N W-RRGHRW H4OQUMW O H W



%3%7 IDQRELRWHFKQRORJ\ 7KHRU\
81,7 ,

,QWURGXFWLRQ WR QDQRWHFKQRORJ\ &RQFHSWV DQG 7HUPI
1DQRV\VWHPV PROHFXODU PRWRUV ELRVHQVRUV DQG RWKHL

81,7 ,,

6HOl DVVHPEO\ Rl PROHFXOHV IRU QDQRWHFKQRORJ\ DSSOLF
QRYR GHVLJQHG QDQRVWUXFWXUHV DQG PDWHULDOV '1$ 1D
GHVLJQ V\QWKHVLVY DQG WKHLU DSSOLFDWLRQV $SSOLFDWL
SUDFWLFHV QDQR IHUWLOL]HUV QDQRSHVWLFLGHY QDQRELR
FRQWDPLQDWHG VRLOV VKHOI OLIH Rl DJULFXOWXUDO DQ
WKHUDSHXWLFV

/IHFWXUH VFKHGXOH

,QWURGXFWLRQ WR QDQRWHFKQRORJ\ OLOHVWRQHV LC
SURSHUWLHYV

2YHUYLHZ RI
7RS GRZQ DO
HV

nIT
cc
r
o0

FK Rl QDQRSDUWLFC
&KDOOHQJ HV DVVRFLDWHG ZLWK

&RQFHSWV DQG 7THUPLQRORJ\ VW Rl WHUPV XVHG LQ

1DQR %LR ,QWHUIDFH ,QWURGXFWLRQ FROORLGDO IRL
SK\WVLFRFKHPLFDO LQWHUDFWLRQV

'"HVLJQLQJ RI QDQRELRLQWHUIDFH

%LRFRPSDWLEOH RU ELRDGYHUVH RXWFRPHYV DQG DSSC
%LRORJLFDO EDVHG 1DQRV\VWHPV _OWURGXFWLRQ %X
OROHFXODU PRWRUV ,QWURGXFWLRQ /LIH LV ORWLRQ

$SSOLFDWLRQV RI PROHFXODU PRWRU LQ 1DQRWHFKQR
%LRVHQVRUV '"HILQLWLRQ FRPSRQHQWYV 3ULQFLSOHYV
8VLQJ $QWLERGLHV LQ %LRVHQVRUV ,PPXQRDVVD\V &I

OLFUR DQG 1DQRVHQVRUV DQG $SSOLFDWLRQV RI 2SWIL
2WKHU GHYLFHV 7\SHV L VROLG VWDWH GHYLFHV &02:
OROHFXODU GHYLFHVY HOHFWURFKHPLFDO HOHFWURPH

6HOI DVVHPEO\ RI PROHFXOHV IRU QDQRWHFKQRORJ\ DSSOI
DVVHP&WOU $VVHPEO\ E\ OROHFXODU QWHUDFWLRQV LQWHUPF
DQG VRPH H[DPSOHV RI VHOI DVVHPEO\
OLGWHUP ([DPLQDWLRQ

(IWHUQDOO\ 'LUHFWHG 6HOI $VVHPEO\ HOHFWULF DQG PD
IORZ ODUJH DPSOLWXGH RVFLOODWRU\ VKHDU /$26 FRPELQ
%LRPLPHWLFV %LRPLPHWLF 'HVLJQ RI OROHFXOHV B6RP
$VVHPEO\ LQ QDQRWHFKQRORJ\ %LRPLPHWLF 1DQRPDWHULD
%LRPLPHWLF 1DQRHQJLQHHULQJ 1DQR HQJLQHHULQJ F

SUHVHQWLQJ FHOOV 6\QWKHWLF %LRPLPHWLF %ORRG &HOOV
%LRWHPSODWLQJ GHILQLWLRQ PHFKDQLVP PDWHULDO
SHUVSHFWLYHV

GH QRYR GHVLJQHG QDQRVWUXFWXUHYVY DQG PDWHULDO
1DQRILEHUYV
'1$ 1DQRWHFKQRORJ\ ,QWURGXFWLRQ +LVWRU\ '1$ QL
&DSDELOLWLHV SRVVLELOLWLHY DQG OLPLWDWLRQ RI
'1$ RULJDPL $SSOLFDWLRQV RI '1$ QODQRWHFKQRORJ\
1DQR PDQLSXODWLRQV ,QWURGXFWLRQ 7\SHV $)0 670
PDQLSXODWLRQ $SSOLFDWLRQV
110



ODWHULDO GHVLJQ T7HFKQLTXHYV
I1IDQRPDWHULDO V\QWKHVLV 3K\WWLFDO PHWKRG PH
PHOW PL[LQJ 9DSRXU SK\VLFDO YDSRXU GHSRVLWLRQ OD\

GHSRVLWLRQ LRQ LPSODQWDWLRQ
&KHPLFDO PHWKRG FROOLGH VRO JHO PHWKRG
%LRORJLFDO PHWKRG Rl QDQRPDWHULDO VI\QWKHVLV *

SODQW H[WUDFWYV

$GYDQWDJHY DQG GUDZEDFNV RI HDFK PHWKRG
$SSOLFDWLRQV DSSOLFDWLRQ RI QDQRWHFKQRORJ\ LC

'HIHQVH DQG (QJLQHHULQJ 'RPHVWLF DSSOLDQFHV LQ FRVPFE
6XJIJHVWHG S5HDGLQJV

+RUQ\DN */ ORRUH - - 7LEEDOWMXQGDPHQWDON RI
1IDQRWHFRGRBRHVV

‘LH < 7KH 1DQRELRWHFKQRGRJIIUHDWGERRN

. XONDUQL 61DQRWHFKQRORJ\ 3ULQRLSOKKFOLYE LD AW
'"HOKL

OXUW\ % 6 6KDQNDU 3 5DM % SHBYWKERRN RKXUGD)\
1DQRVFLHQFH DQG 1685QRWHIFKQRORJ\

&KDWWRSDGK\D\ . . %D QDVWWRIGIX BWILRQ WR 1DQRVFL
IDQRWHFK®RGREOLFDWLRQ

*RRGVKHOO %LRQDQRWHFKQRORJ\ /HRK® OWVOIRARP QD W X
3XEOLFDWLRQV

SHLVQHU ' %YLRQDQRWHFKQRORJ\ &5@GREDHVEURVSHFWYV

“HVXV 0 )XHQWH 1DMKEORWHFKQRORJ\ ,QRUJDQ

QDQRSDUWLFOHYV 9V 2UJIDVHYLEDWQRSDUWLFOHV
SRROH & 3 DQG 2ZRYWWRGXFWLRQ WR LOMRWMWHKQ RO
VFLHQFH HGLWLRQ

7ULYHGL 31BQRELRWHBRQRWRI\N 3XEOLVKHUV
5DPVGHQ (VVHQWLDOV RI 1DE8RWNFKIXEORWKLQJ $S6
(PLOLR $ *ULIILWK -6LOPMUSBQDQRSDUWLFOHY DSSOLF
IDEULFDWLRQ DQG GHVLJQ RI PH6SBDQJBQG ELRVHQVLQJ GHY
<XELQJ;LH 7KH 1DQRELRWHFKQRORJ\ +DQGERRN &

%3%7 *HQRPLFV DQG SURWHRPLFV 7TKHRU\
81,7 ,

,QWURGXFWLRQ WR *HQRPLFV )XQFWLRQDO *HQRPLFV DQG 3U
Rl JHQRPH DQDO\VLV %$& DQG <$& OLEUDULHV 3K\VLFDO |
VHTXHQFLQJ *HQRPH DQDO\VLV DQG JHQH DQQRWDWLRQ *HC
+XPDQ &RPSDUDWLYH *HQRPLFV 2UWKRORJRXV DQG 3DUDO
3K\ORJHQHWLF IRRW SULQWLQJ

81,7 ,,

)XQFWLRQDO JHQRPLFV 'LIIHUHQWLDO JHQH H[SUHVVLRQ W]
'LIIHUHQWLDO GLVSOD\ 6%$*( 51$VHT 5HDO WLPH 3&5(',7
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, QWURGXFWLRQ WR SURWHRPLFV $QDO\VLV RI SURWHRPH 1
'HJUDGDWLRQ &KURPDWRJUDSKLF WHFKQLTXHV +3/& *& 0D\
3RVW 7UDQVODWLRQDO PRGLILFDWLRQV

/IHFWXUH 6FKHGXOH

L, QWURGXFWLRQ WR *HQRPH DQG *HQRPLFV WHUPLQRORJ)\
&HQWUDO GRJPD 6WUXFWXUH RI JHQRPLFV L H )XQFWLRQD
i10



&RPSDUDWLYH ZHRRLFXHY LQ JHQRPH DQDO\VLV '1$ PLFURCEL

WHFKQRORJ\ +LJK WKURXJKSXW VHTXHQFLQJ
6RXWKHUQ K\EULGL]DWLRQ ([SUHVVHG VHTXHQFH WDJ '1$ VH

F'1$ OLEUDU\ FRQVWUXFWLRQ DQG GHYHORSPHQW RI %$&

*HQH VHTXHQFLQJ 3ULQFLSOHV DQG W\SHV RI VHTXHQFLC

*HQRPH PDSSLQJ DQG GLIIHUHQW PHWKRGV RI PDSSLQJ 3
GLITHUHQW WHFKQLTXHV LQYROYHG LQ SK\VLFDO PDSSLQJ

*HQH VHTXHQFH DQDO\VLY DQG DQQRWDWLRQ E\ XVLQJ D¢

&DVH VWXG\ *HQRAFHROURMHFWYV

&DVH VWXGLHV *HQRPH 3URMHFWY $UDELGRSVLV %RYLC

&DVH VWXG\ *HQRPH 3URMHFWYVY +XPDQ JHQRPH SURMHF
DQG WHFKQLTXHVLQYROYHG LQ LW DQG 6\QWHQ\

2UWKRORJRXV DQG 3DUDORJRXV VHTXHQFHV  *HQH 2UGH

,QWURGXFWLRQ WR )XQFWLRQDO JHQRPLFV

$QDORJ\ IRU JHQH H[SUHVVLRQ DQG LQYROYHG WHFKQLT
F'1$ $)/3

3U)LQFLSOH DQG W\SHV RI PLFURDUUD\V DQG LWV DSSOLFI

)XQFWLRQDO DQDO\VHV RI JHQRPH E\ 'LIIHUHQWLDO GLVS
WLPH 3&5 3ULQFLSDO SURFHGXUH DQG DSSOLFDWLRQV RI 6

OLGWHUP ([DPLQDWLRQ

SULQFLSOH SURFHGXUH DQG DSSOLFDWLRQV RI 5HDO WLF
L QWURGXFWLRQ WR SURWHRPH DQG SURWHRPLFV WHUPLQ

SURWHLQ LVRODWLRQ WHFKQLTXHV L H &KURPDWRJUDSKLF W
SURWHLQ 3XULILFDWLRQ WHFKQLTXHV IURP FUXGH H[WUD|

SURWHLQ VHSDUDWLRQ E\ 1DWLYH 3%$*( 6'6 3$*( ' 3$*( DC
SURWHLQ VWDLQLQJ WHFKQLTXHV L H VLOYHU VWDLQLQJ &
7HEKQLTXHV Rl SURWHLQ GLJHVWLRQ L H (GPDQQ 'HJUDGDWL|
SURWHLQ DQDO\VLV E\ ODVV 6SHFWURPHWU\ 0$/', 72) /&06

SBULQFLSOHY DQG SURFHGXUH RI 0%$/', 72)
SHSWLGH ILQJHUSULQW DQDO\VLYV

oObvvV 6SHFWURPHWULF  GHQWLILFDWLRQ RI SBURWHLQV O
SURWHLQ LGHQWLILFDWLRQ 3HSWLGH PDVV ILQJHUSULQW
7\SHV 3RVW 7UDQVODWLRQDO PRGLILFDWLRQV OHWK\OD)\

PRGLILFDWLRQV RI WKH KLVWRQHVY DQG RI &S* PHWK\ODWLRQ
$SSOLFDWLRQ RI JHQRPLFV DQG SURWHRPLFV LQ FURS G

6XJIJHVWHG 5HDGLQJV

%UDQGHQ & 7RR]H - O ,(QWURGXFWLRQ WR 3URWHLQ
&RQQRU '2 +DPHV %' SURWHRPLFV OHWKRGV ([SUH
SUDFWLWLRQHUYV

SHQQLQIJWRQ 6 5 'XQQ 0 - SURWHRPLFV IURP SUR
%,26 6FLHQWLILF 3XEOLVKHUV /WG

6LQJHU 0O %HUJ 3 *HQHV *HQRPH 8QLYHUVLW)\ 6FL

TURSS %( OROHFXODU %LRORJ\ *HQHV WR 3URWHLQV
%3%7 ,PPXQRORJ\ 7TKHRU\

81,7 ,

+LVWRU\ DQG VFRSH RI LPPXQRORJ\ &RPSRQHQWV RI LPPX(

,PPXQRJOREXOLQ VWUXFWXUH DQG IXQFWLRQV OROHFXODU R

DQWLERGLHY $QWLERG\ GLYHUVLW\ DQWLJHQV KDSWHQV D
il



DQG WROHUDQFH

81,7 ,,
$OOHUJLHYVY DQG K\SHUVHQVLWLYH UHVSRQVH ,PPXQRGHILFLF
,PPXQRORJLFDO DSSOLFDWLRQ LQ SODQW VFLHQFH PRQRFOR

GLDIJQRVWLFV
SUDFWLFDO

SUHSDUDWLRQ RI EXIIHUV DQG UHDJHQWYV 3UHFLSLWDWLI
,PPXQREORWWLQJ LPPXQRHOHFWURSKRUHVLV DQG IOXRUHV
LQFOXGLQJ (/,6% YDULDQWY ZHVWHUQ EORWWLQJ 5DLVLQJ R
SUHVHUYDWLRQ RI DQWLVHUD *+ VHSDUDWLRQ ILOWUDWLRQ D
IHFWXUH 6FKHGXOH

+LVWRU\ DQG VFRSH RI LPPXQRORJ\
&RPSRQHQWYV RI LPPXQH VI\VWHP RUJDQV WLVVXHYV DQG F

,PPXQRJOREXOLQ VWUXFWXUH DQG IXQFWLRQV

OROHFXODU RUJDQL]DWLRQ RI LPPXQRJOREXOLQV DQG FOI
DOQOWLJHQV KDSWHQV

OLG 7HUP ([DPLQDWLRQ
DQWLJHQV DQWLERG\ LQWHUDFWLRQV
,PPXQR UHJXODWLRQ DQG WROHUDQFH
$OOHUJLHY DQG K\SHUVHQVLWLYH UHVSRQVH

,PPXQRGHILFLHQF\
O9DFFLQHYV
,PPXQRORJLFDO WHFKQLTXHV

,PPXQRORJLFDO DSSOLFDWLRQ LQ SODQW VFLHQFH
PRQRFORQDO DQWLERGLHYV DQG WKHLU XVHV
OROHFXODU GLDJQRVWLFV

SUDFWLFDO 6FKHGXOH
SUHSDUDWLRQ RI EXIITHUV DQG UHDJHQWYV SUHFLSLWDMW
,PPXQREORWWLQJ
,PPXQRHOHFWURSKRUHVLY DQG IOXRUHVFHQW DQWLERG\
(/,6$ YDULDQWYV
HVWHUQ EORWWLQJ
5DLVLQJ RI DQWLVHUD LQ ODERUDWRU\ DQLPDOV
&ROOHFWLRQ DQG SUHVHUYDWLRQ RI DQWLVHUD +* VHSD!
SUDFWLFDO ([DPLQDWLRQ
6XJIJHVWHG S5HDGLQJV

OXUSK\ . -DQHZD\TV ,PPXQRVEBGI(BORDUODQG 6FLHQFH 7D\C
*URXS
2ZHQ -$ 3XQW - .XE\ - .X&KXDBRRQOBWKI(G

© + JUHHPDOQ

%3%7 %LRVDIHW\ DQG ,35 LQ ELRWHFKQRORJ\ 7KHRU\
81,7 ,

,QWURGXFWLRQ WR ,QWHOOHFWXDO 3URSHUW\ FRQFHSWV DC
,QGLDQ /HJLVODWLRQV IRU WKH SURWHFWLRQ RI YDULRXV W\
SURFHVV ODWHULDO WUDQVIHU DJUHHPHQWYV

81,7 ,,

%LRGLYHUVLW\ GHILQLWLRQ LPSRUWDQFH DQG JHRJUDSKLFI
ELRGLYHUVLW\ PDLQWHQDQFH RI HFRORJLFDO ELRGLYHUVLYV

7w s



GLYHUVLW\ &DUWDJHQD 3URWRFRO RI ELR VDIHW\ DQG ULVN
UXOHVY DQG UHJXODWLRQV DQG UHJXODWRU\ IUDPH ZRUN IRU

IHFWXUH VFKHGXOH
L, QWURGXFWLRQ WR QWHOOHFWXDO 3URSHUW\ FRQFHS

, QWHUQDWLRQDO WUHDWLHYV IRU SURWHFWLRQ RI ,31V
,QGLDQ /HIJILVODWLRQV IRU WKH SURWHFWLRQ RI YDULF
3SDWHQW VHDUFK

SDWHQW ILOLQJ SURFHVYV
ODWHULDO WUDQVIHU DJUHHPHQWYV
%LRGLYHUVLW\ GHILQLWLRQ LPSRUWDQFH DQG JHRJUDSH

SRSXODWLRQ ELRGLYHUVLW\
OLG 7THUP ([DPLQDWLRQ

ODLQWHQDQFH RI HFRORJLFDO ELRGLYHUVLW\ KRW VSRW
GLYHUVLW\

&DUWDJHQD 3URWRFRO RI ELR VDIHW\ DQG ULVN PDQDJH
JXLGHOLQHYV

5XOHV DQG UHJXODWLRQV DQG UHJXODWRU\ IUDPH ZRUN

6XJIJHVWHG 5HDGLQJV
6LQIJK %' %LRWHFKQRORJ\ ([SDIG DL BXEIOIRWXKXHUYV

*RHO ' DQG 3DUDSEKDULERVDIHW\ DRXHDUWVRGWE&XKFDOWLRQ ,Q(
$KXMD 9 . /DZ 5SHODWLQJ 7R ,QWHOOHHFWXO®G [RWVRSHUW\ 5L

KWWS SDWHQWRIILFH QLF LQ
ZZZ ZLSR RUJ
ZZZ GEWLQGLD QLF LQ ZZZ GEWELRVDIHW)\ QLF LQ

%3%7 &RPSXWDWLRQDO ELRORIJ\ 7TKHRU\
81,7 ,

, QWURGXFWLRQ WR FRPSXWDWLRQDO ELRORJ\ :HE EDVHG VH
(QVHPEOH 8&6& JHQRPH EURZVHU 0800(5 %/$67= 6HTXHQFH
81,7 ,,

SURWHLQ LQWHUDFWLRQ GDWDEDVHV %,1" ',3 *5," 675,1* 3
SUHGLFWLRQ )ROG 5HFRIJQLWLRQ WKUHDGLQJ +RPRORJ\ P
3)$0 OHWKRGV IRU FRPSDULVRQ RI ' VWUXFWXUHV RI SURWH

8117 11
SK\ORJHQHWLF DQDO\VLV (YROXWLRQDU\ PRGHOV WUHH FRC

WUHH PHWKRGV 3+</,3 GHQGURVFRSH 0(*$ '1$ EDUFRGLQJ C
SUDFWLFDO

$SSOLFDWLRQ RI *HQRPH EURZVHUV LQ JHQRPLF UHVHDUFK (
GDWDEDVHYV :RUNLQJZLWK SURWHLQ VWUXFWXUDO FODVVLIL
WRROV 3+</,3

/IHFWXUH VFKHGXOH

 QWURGXFWLRQ WR FRPSXWDWLRQDO ELRORJ\ 'HILQLWL
‘HE EDVHG VHUYHUV DQG VRIWZDUH IRU JHQRPH DQDO\VLV
DQG PHWKRGV Rl JHQRPH DQDO\VLV :HE EDVHG VHUYHUV IRU JH
5HVRXUFHV &REBOHFWHR®Q/RIWZDUH IRU JHQRPH DQDO\VLV '1$
(*DVVHPEHU 7RROV DW VHUYHU JHQRPHWRROV RUJ
(QVHPEO 3URFHVVLQJ \RXU GDWD $FFHVVLQJ (QVHPEO G
JHQRPH EURZVHU DQDO\VLV WRROV DW VHUYHU
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0800(5 $QDO\VLV JHQRPH GDWD XVLQJ WKLV WRRO FRPSRQHC
%/$67ERU DQDO\WVLY JHQRPH VHTXHQFHVY PHWKRGY DQG RXWS

WR VXEPLW GDWD WKURXJK %DQN,7 DQG 6HTXLQ WRROV
SURWHLQ LOQWHUDFWLRQ GDWDEDVHV S QWURGXFWLRQ DC

%,1' 7R TXHU\ YLHZ DQG VXEPLW UHFRUGV )XQFWLRQDO $0O
6WDWH RI 7KH 'DWDEDVH 7KH -',3 9LVXDOL]DWLRQ 7RRO 675,
QDPH VHDUFK SURWHLQ PXOWLSOH VHTXHQFHV 35,'( 6XEPLYV

BULQFLSOHV RI SBURWHLQ VWUXFWXUH SUHGLFWLRQ 3ULP
RQOLQH WRROV IRU WKH SURWHLQ VWUXFWXUH SUHGLFWLRQ

JROG 5SHFRIJQLWLRQ WKUHDGLQJ ,QWURGXFWLRQ GHILQ
DQG LWV DSSOLFDWLRQV

+RPRORJ\ PRGHOLQJ OHWKRGV DQG WRROV IRU KRPROR.
GDWD

OLGWHUP ([DPLQDWLRQ

6&23 &$7+ 3'% 3526,7( 3)$0 ,QWURGXFWLRQ WR WKHYV
LQIRUPDWLRQ IURP WKHVH GDWDEDVH DQG SDWWHUQ VHDUFK

OHWKRGV IRU FRPSDULVRQ RI ' VWUXFWXUHV RI SURWH
LOQGHSHQGHQW PHWKRGY 6XSHULPSRVLWLRQ EDVHG YV VXS
EDVHG PHDVXUHV RI SURWHLQ VWUXFWXUH VLPLODULW\ 5RR'

SK\ORJHQHWLF DQDO\VLV ,PSRUWDQFH GLIITHUHQW OHW
DSSOLFDWLRQ ZLWK ELRORJLFDO GDWD

(YROXWLRQDU\ PRGHOV ORGHOV IRU '1$ DQG SURWHLQ
FKDLQV '"HULYLQJ WKH G\QDPLFV RI VXEVWLWXWLRQ (UJRGL
OHQJIJWKYV -& PRGHO -XNHV DQG &DQWRU . PRGHO .L

7TUHH FRQVWUXFWLRQ PHWKRGV 6WDWLVWLFDO HYDOXD\

3+</,3 GHQGURVFRSH 0(*$% LQWURGXFWLRQ DQG LWV X
'L$ EDUFRGLQJ GDWDEDVH %2/' +RZ WR DFFHVV WKH GDWDED

6XJIJHVWHG S5HDGLQJV

&UHLJKWRQ 7( 3URWHLQV B6WUXFWXUHV DQG OROH
JUHHPDQ

'RYBWHNHO OLFURDUUD\ %LRLQIRUPDWLFV VW (G

ORXQW %LRLQIRUPDWLFV 6HTXHQFH DQG *HQRPF
+DUERU /DERUDWRU\ 3UHVYV

ODOFROP &DPSEHOO $ /DXULH - +H\HU 'LVFRYHU|
%LRLQIRUPDWLFV QG (G %HQMDPLQ &XPPLQJV

6HWXEDO -RDR OHLGDQLV -RDR ,QWURGXFWLRQ WR

3:6 IXEOLKRYD Q\

%3%7 %LRSURFHVV HQJLQHHULQJ LQ ELRWHFKQRORJ\

81,7 2YHUYLHZ Rl ELRSURFHVV HQJLQHHULQJ &RQFHSW RI PD
JURZWK VWRLFKLRPHWU\ DQG HOHPHQWDO EDODQFH HOHFW
FRQFHSW ,VRODWLRQ SUHVHUYDWLRQ PDLQWHQDQFH DQG \
81,7 ,3ULQFLSOH RI PLFURELDO QXWULWLRQ IRUPXODWLRQ
LQIOXHQFLQJ WKH FKRLFH RI YDULRXV FDUERQ DQG QLWURJ
DOQWLIRDP DJHQWY PHGLXP RSWLPL]DWLRQ OLFURELDO JURZ
SURGXFWLRQ NLQHWLFV LQ %DWFK &RQWLQXRXV DQG )HG ED
81,7 ,,6WHULOL]DWLRQ FRQFHSW DQG PHWKRGV 7\SH RI 6W
OLTXLGV &RQWLQXRXV KHDW VWHULOL]DWLRQ RI OLTXLGV 6
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RI GHSWK ILOWHU DQG HVWLPDWLRQ RI LWV HIILFLHQF\ %L
SDUDPHWHUV 7\SHV Rl ELRUHDFWRUV &675 $LUOLIW )OXLG
DQG QRQ LGHDO UHDFWRUV

81,7 ,5ROH RI GLIIXVLRQ LQ %LRSURFHVVLQJ &RQYHFWLYH F
2[\JHQ XSWDNH LQ FHOO FXOWXUHV )DFWRU DIIHFWLQJ FH
ELRUHDFWRUV OHDVXUHPHQW RI YROXPHWULF R[\JHQ WUDC
ELRUHDFWRU &RQFHSW RI VFDOH XS DQG VFDOH GRZQ LQ ELI
81,7 9HUPHQWDWLYH SURGXFWLRQ RI 3HQLFLOOLQ 6WUHSW]
2UJDQLF VROYHQWY DFHWRQH HWKDQRO EXWDQRO 2UJDQI
(Q]\PHV 3URWHDVHV /LSDVHV DQG DOSKD DP\ODVH $PLQR D
O\VLQH

SUDFWLFDO

,VRODWLRQ RI 3 XUH FXOWXUH ODLQWHQDQFH DQG 3UHVHUYI
GLITHUHQW PHWKRG ORQRG .LQHWLFV LQ EDWFK FXOWXUH
SURGXFWLRQ E\ )XQJL (WKDQRO SURGXFWLRQ DQG LWV HVW
7TKHUPDO GHDFWLYDWLRQ NLQHWLFV ./D GHWHUPLQDWLRQ LQ
6WXG\ RI SDUWV RI ELRUHDFWRU 6WXG\ RI FRQWLQXRXV FXO

IHFWXUH VFKHGXOH
2YHUYLHZ RI ELRSURFHVYVY HQJLQHHULQJ
&RQFHSW RI PDWHULDO EDODQFH 7\SHV RI PDWHULDO EI
*URZWK VWRLFKLRPHWU\ DQG HOHPHQWDO EDODQFH HOHFV
\LHOG FRQFHSW

,VRODWLRQ SUHVHUYDWLRQ PDLQWHQDQFH DQG VFUHH(
PLFUREL

H
BULQFLSOH RI PLFU DO QXWULWLRQ
JRUPXODWLRQ RI FXOWXUH PHGLD VHOHFWLYH PHGLD

J)DFWRUV LQIOXHQFLQJ WKH FKRLFH RI YDULRXV FDUERQ
SUHFXUVRUV DQG DQWLIRDP DJHQWYV PHGLXP RSWLPL]DWLRQ
OLFURELDO JURZWK NLQHWLFV JURZWK VXEVWUDWH XW

&RQWLQXRXV DQG )HG EDWFK SURFHVVHYV
6WHULOL]DWLRQ FRQFHSW DQG PHWKRGV
7\SH RI 6WHULOL]DWLRQV

%DWFK KHDW VWHULOL]DWLRQ RI OLTXLGV
&ERQWLQXRXV KHDW VWHULOL]DWLRQ RI OLTXLGV
6WHULOL]DWLRQ RI DLU OHWKRGV OHFKDQLVP

'HVLIQ RI GHSWK ILOWHU DQG HVWLPDWLRQ RI LWV HIILF
%LRUHDFWRUV FRPSRQHQWYV DQG FRQWURO RI SURFHVV
7\SHV Rl ELRUHDFWRUV &675 $LUOLIW )OXLGL]JHG EHG

&RQFHSW RI LGHDO DQG QRQ LGHDO UHDFWRUYV
5ROH RI GLIIXVLRQ LQ %LRSURFHVVLQJ
OLG 7HUP ([DPLQDWLRQ

&RQYHFWLYH PDVV WUDQVIHU

*DV OLTXLG PDVV WUDQVIHU

2[\JHQ XSWDNH LQ FHOO FXOWXUHYV

J)DFWRU DIIHFWLQJ FHOOXODU R[\JHQ GHPDQG

2[\JHQ WUDQVIHU LQ ELRUHDFWRUYV

OHDVXUHPHQW RI YROXPHWULF R[\JHQ WUDQVIHU FRHIILF
2[\JHQ WUDQVIHU LQ ODUJH ELRUHDFWRU

&RQFHSW RI VFDOH XS DQG VFDOH GRZQ LQ ELRUHDFWRL

JHUPHQWDWLYH SURGXFWLRQ RI $QWLELRWLFV 3HQLFLOC
$SQWLELRWLF JHUPHQWDWLYH SURGXFWLRQ RI 2UJDQLF VI
JHUPHQWDWLYH SURGXFWLRQ RI 2UJDQLF DFLGV ODFWLF
JHUPHQWDWLYH SURGXFWLRQ RI (QJ\PHV 3URWHDVHV |
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JHUPHQWDWLYH SURGXFWLRQ RI $PLQR DFLGV [/ JOXWD

3UDFWLFDO VFKHGXOH
,VRODWLRQ RI 3XUH FXOWXUH
ODLQWHQDQFH DQG 3UHVHUYDWLRQ RI ,QGXVWULDO LPSRUWLE
ORQRG .LQHWLFV LQ EDWFK FXOWXUH

&DUERK\GUDWH IHUPHQWDWLRQ WHVW
$QWLELRWLF SURGXFWLRQ E\ )XQJL
(WKDQRO SURGXFWLRQ DQG LWV HVWLPDWLRQ

OHGLD 6WHULOL]DWLRQ LQ WKH %LRUHDFWRU
7TKHUPDO GHDFWLYDWLRQ NLQHWLFV ./D GHWHUPLQD

(VWLPDWLRQ RI ODFWLF DFLG LQ FXUG
6WXG\ RI SDUWV RI ELRUHDFWRU
6WXG\ RI FROQWLQXRXV FXOWXUH

SUDFWLFDO ([DPLQDWLRQ
6XJIJHVWHG 5HDGLQJV

-0 /HH %LRFKHPLFDO (QUHQWHBHQRIDOO

0 6KXOHU DQG ) % DRISURFHVYV (QUHWHHUBILQIO O

- 6D[HQD ODPWD %DXQWERERUDWRIDYVYIDQEXDO RI OLFURELR
WLRFKHPLVWU\ DQG O6GRFROHEXNDOLO U 63ROV KH UV

(OHFWLYH , 3ODQW %LRWHFKQRORJ\ % (/% &RPPHUFLDO P

7TKHRU\
81,7 ,

+LVWRULFDO EHQFKPDUNV Rl SODQW FHOO DQG WLVVXH FXOW
BWHULOL]DWLRQ WHFKQLTXHYV 9DULRXV W\SHV RI FXOWXUH |
GLIIHUHQWLDWLRQ 2UJDQRJHQHVLVY DQG VRPDWLF HPEU\RJH
HITHFWV RQ LQ YLWUR FXOWXUH DQG UHJHQHUDWLRQ

81,7 ,,

$SSOLFDWLRQV OLFURSURSDJDWLRQ $QWKHU DQG PLFURVS
PXWDJHQHVLVY 3URGXFWLRQ RI VHFRQGDU\ PHWDEROLWHYV 6
UHVFXH LQ ZLGH K\EULGL]DWLRQ (QGRVSHUP FXOWXUH 3UF
6RPDWLF K\EULGL]DWLRQ F\EULGV DV\PPHWULF K\EULGV ,Q

SUDFWLFDO

(VWDEOLVKPHQW RI FDOOXV FHOO VXVSHQVLRQ FXOWXUHV
([SODQW HVWDEOLVKPHQW VKRRW PXOWLSOLFDWLRQ URR\
ORQLWRULQJ RI JURZWK DQG GLIIHUHQWLDWLRQ RI FHOOV ©6H
FXOWXUH 6XVSHQVLRQ FXOWXUHYV DQG SURGXFWLRQ RI VHFER

IHFWXUH 6FKHGXOH

+LVWRULFDO EHQFKPDUNYVY RI SODQW FHOO DQG WLVVXH F

,QWURGXFWLRQ 6FRSH DQG ,PSRUWDQFH
$SSOLFDWLRQV RI 30DQW WLVVXH FXOWXUH

&EXOWXUH PHGLD FRPSRQHQWY DQG PRGLILFDWLRQV 'LIIH
QXWULHQWYVY &DUERQDQG HQHUJ\ VRXUFHV 2UJDQLF VXSSOH
3K RI PHGLXP DQG WKHLU UROHYV

06 EDVDO PHGLXP DQG GLITHUHQW W\SHV RI PHGLXP

6WHULOL]DWLRQ WHFKQLTXHV 7\SHV RI VWHULOL]DWLRQ

O9DULRXV W\A\SHV RI FXOWXUH FDOOXV VXVSHQVLRQ QXUV
PHWKRGRORJ\ DQG DSSOLFDWLRQV

n



, Q YIONURUHQWLDWLRQ 2UJDQRJHQHVLY DQG VRPDWLF HP
PHWKRGY DQG LPSRUWDQFH DQG DSSOLFDWLRQV
30DQW JURZWK UHIJXODWRUV $X[LQV DQG &\ @WRNWQRQV W
FXOWXUH DQG UHJHQHUDWLRQ
$SSOLFDWLRQV OLFURSURSDJDWLRQ $QWKHU DQG PLFURYV

&RQFHSW 3ULQFLSOH OHWKRGYV
J)DFWRUV DIIHFWLQJ DQG FDXVHV RI 6RPDFORQDO YDULDW

,PSRUWDQFH DQG DSSOLFDWLRQV RI 6RPDFORQDO YDULD\)
,Q YPWWRIJHQHVLY &RQFHSW W\SE RRY¥AMBIHMHDV LPH WKRHG.\

FRQILUPDWLRQ PHULW GHPHULWY DQG DSSOLFDWLRQV
OLGWHUP ([DPLQDWLRQ
BURGXFWLRQ RI VHFRQGDU\ PHWDEROLWHY &RQFHSW W\

6\QWKHWLF VHHGYV &RQFHSW 3ULQFLSOH OHWKRG IDFW
,Q YUWUWRLOL]DWLRQ (PEU\R UHVFXH LQ ZLGH K\EULGL]D\
GHPHULWYV ,PSRUWDQFH $SSOLFDWLRQV

(QGRVSHUP FXOWXUH &RQFHSW SULQFLSOH PHWKRG LF

SURWRSODVW LVRODWLRQ FXOWXUH DQG UHJHQHUDWLRC
LVRODWLRQ FXOWXUHPHWKRGY FXOWXUH FRQGLWLRQV ,PS

6RPDWLF K\EULGL]DWLRQ FRQFHSW PHWKRGV RI VRPDWLF
UHJHQHRBWILWREY GHPHULWY DQG $SSOLFDWLRQV

&\EULG DQG DV\PPHWULF K\EULG FRQFHSW PHWKRGRORJ

,Q YUOWURSODVP FRQVHUYDWLRQ FU\RSUHVHUYDWLRQ PH

SUDFWLFDO VFKHGXOH

(VWDEOLVKPHQW RI FDOOXV FHOO VXVSHQVLRQ FXOWXUH)
OLFURSURSDJDWLRQ * ([SODQW HVWDEOLVKPHQW VKRRW [
KDUGHQLQJ DQG DIWHUFDUH RI WLVVXH FXOWXUHG SODQWOH
ORQLWRULQJ RI JURZWK DQG GLITHUHQWLDWLRQ RI FHOO\
2YDU\ FXOWXUH

6WXG\ RI $QWKHU FXOWXUH 6WXG\ RI SROOHQ FXOWXUH
6XVSHQVLRQ FXOWXUHV 3URGXFWLRQ RI VHFRQGDU\ PHWD!
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG UHDGLQJV

%KRMZDQL 66 5D]GIODQEW 7LVVXH &XOWXUH(OAKHRUWHUD QG

'"HEHUJK 3& =LPPHUPODLFBRSURSDJDWLRQ 7HFKQRORJ\ DC
$SSOLFODWIZRIQ $FDGHPLF

&KDZOD + 6 ,QWURGXFWLRQ WR 30DQW %LRWHFKQRORJ\

'"H\ . XPDU . 30DQW 7LVVXH &XOWXUH 1HZ &HQWUDO %RRN

% (/% (SLIJHQHWLFV DQG JHQH UHJXODWLRQ 7KHRU\
81,7 ,

'1$ PHWK\ODWLRQ DQG KLVWRQH PRGLILFDWLRQV '1$ PHWK\C
PRGLILHUV (SLIJHQHWLF FKDQJHV LQ UHVSRQVH WR H[WHUQD
5ROH RI '1$ PHWK\ODWLRQ LQ SODQW GHYHORSPHQW PXWDQV

81,7 ,,

, QWURGXFWLRQ WR VPDOO 51%$V +LVWRU\ ELRJHQHVLV ,Q \
PHWK\ODWLRQ RI KHWHURFKURPDWLQ E\ KHW DVVRFLDWHG \
FODVVHV RI VL51%$V 5ROH LQ HSLJHQHWLFVY -DFRE ORQRG PR



3UDFWLFDO
,Q VLOLFR VWXG\ Rl VWUXFWXUDO FRPSRQHQWV RI KLVWRQH
,Q VLOLFR SUHGLFWLRQ RI VL51$V DQG PL51$V 6PDOO 51$V |
VPDOO 51$V RQ Q\ORQ PHPEUDQH PL51$ WDUJHW ILQGLQJ 'H
ODEHOOHG SUREHV %LVXOSKLWH VHTXHQFLQJ IRU PHWK\ODYV
51$V LQ GHYHORSPHQWDO SKDVHYV
JHFWXUH 6FKHGXOH
'1$ PHWK\ODWLRQ DQG KLVWRQH P
PHWK\O ELQGLQJ SURWHLQV DQG K
(SLJHQHWLF FKDQJHV LQ UHVSRQ
Q

5ROH RI '1$ PHWK\ODWLRQ LQ SOD
PXWDQW FDVH VWXGLHV

RGLILFDWLRQV '1$ PF
LVWRQH PRGLILHUV
VH

WR HIWHUQDO VWLP
W GHYHORSPHQW

OLG 7HUP ([DPLQDWLRQ
,QWURGXFWLRQ WR VPDOO 51%$V +LVWRU\ %LRIJHQH\
,Q VLOLFR SUHGLFWLRQV

WDUJHW JHQH LGHQWLILFDWLRQ
PHWK\ODWLRQ RI KHWHURFKURPDWLQ E\ KHW DVVRFLDW!|

*HQH UHJXODWLRQ E\ VPDOO 51% 2WKHU FODVVHV RI VL518$
-DFRE ORQRG PRGHO 51$ HGLWLQJ

*HQRPH LPSULQWLQJ
SUDFWLFDO 6FKHGXOH

,Q VLOLFR VWXG\ RI VWUXFWXUDO FRPSRQHQWYV RI KLVWR

SODQWYV ,Q VLOLFR SUHGLFWLRQ RI VL51%$V DQG PL51$V
6PDOO 51$V HOHFWURSKRUHVLV XVLQJ 3%$*(
%ORWWLQJ RI VPDOO 51$V RQ Q\ORQ PHPEUDQH PL51S

'"HWHFWLRQ RI VPDOO 518V XVLQJ IOXRUHVFHQW ODEHOQOC
PHWK\ODWLRQ
T57 3&5 IRU TXDQWLWDWLYH DQDO\VLV RI VPDOO 51%V LC
SUDFWLFDO ([DPLQDWLRQ
6XJIJHVWHG 5HDGLQJV

*UHHQ 6DPEUBROHFXODU &0RQLQJ $ /WWKR(WEDWRO\,0D,Q XD
&ROG 6SULQJ +DUERU /DERUDWRU\ 3UHVV

ORKDQSXULD 3 .XPDU 9 ODKDMDQ O ORKDPPHDG +
6LOHQFLQJ 7KHRU\ 7HFKQLTXHV DQG $SS O LIFRDMDLKRRL\H QFHHY H W
3XEOLVKHUV

% (/% 2PLFV LQ SODQW ELRWHFKQRORJ\ 7TKHRU\

81,7 SBWUXFWXUH RI JHQRPHV $UDELGRSVLV ULFH WRPDWR
YDULDWLRQV '"1$ PDUNHU V\VWHPV +\EULGL]DWLRQ EDVHG OL
VA\VWHP 5$3' $)/3 &%$36 6&%5 665V 'l$ OLFURDUUD\ EDVHG
$SSOLFDWLRQV RI '1$ PDUNHUV '"1$ FKLSVY DQG WKHLU XVH L
51$L LQ IXQFWLRQDO JHQRPLFV 6LWH GLUHFWHG PXWDJHQF

7TUDQVSRVRQ WDJJLQJ 7UDQVLHQW JHQH H[SUHVVLRQ 9,*6 [
WHFKQR&IRILIMR LOQIRUPDWLFY LQ SURWHRPLFV 3URWHLQ
PRGHOLQJ FU\WWDOORJUDSK\ DQG 105 SURWHLQ PLFURDU
LQWHUDFWLRQ )5(7 \HDVW WZR K\EUI8GA,DQ G SISO LEPMWARRI
JHQRPLFV DQG SURWHRPLFV LQ DJULFXOWXUH KXPDQ KHDOW
HOXFLGDWLQJ PHWDEROLF SDWKZD\V



SUDFWLFDO

*HQRPLF '1$ LVRODWLRQ $QDO\WLV RI JHQRPH XVLQJ PDUN
UHVRXUFHV 7%$,5 *UDPHQH ODL]JHGE 3K\WR]RPH &HUHDOGE
VHSDUDWLRQ 6'6 3%$*( 3$*( GRFXPHQWDWLRQ DQG DQDO\VLV
" VWUXFWXUH PRGHOLQJ +RPRORJ\ PRGHOLQJ

/IHFWXUH 6FKHGXOH

*HQRPLFV DQG LWV GLYHUVLILFDWLRQV
6WUXFWXUH RI JHQRPHV $UDELGRSVLV ULFH
6WUXFWXUH RI JHQRPHVY WRPDWR SLJHRQ SHD ZKHDW

$VVHVVLQJ JHQRPLF YDULDWLRQV '1$ PDUNHU V\VWHPV
+\EULGL]DWLRQ EDVHG ODUNHU V\VWHP =+ 5)/3
3&5 EDVHG PDUNHU V\VWHP 5%$3' $)/3 &%36 6&%$5 665V

'1$ OLFURDUUD\ EDVHG 613 GHWHFWLRQ WHFKQLTXHV
'1$ FKLSVY DQG WKHLU XVH LQ WUDQVFULSWRPH DQDO\VLYV

OLGWHUP ([DP

OXWDQWYV LQ IXQFWLRQDO JHQRPLFV

51$L LQ IXQFWLRQDO JHQRPLFV
6LWH GLUHFWHG PXWDJHQHVLV
7UDQVSRVRQ WDJJLQJ

7UDQVLHQW JHQH H[SUHVVLRQ 9,*6 DQG )$&6 EDVHG
TDUIJHWHG JHQRPH HGLWLQJ WHFKQRORJLHYV
%LR LQIRUPDWLFYV LQ SURWHRPLFV 3URWHLQ ' VWUXFWX

; UD\ FU\VWDOORJUDSK\ DQG 105 3URWHLQ PLFURDUUD\
$SSOLFDWLRQV RI ODVV 6SHFWURPHWU\ 3HSWLGH PDVV |
PRGLILFDWLRQV

SURWHRPH DQDO\VLYVY ,QWHUDFWRPHY DQG SURWHRPLF L
)5 (7 <HDVW WZR K\EULG VA\VWHP DQG &R LPPXQRSUHFLSLW
$SSOLFDWLRQV RI JHQRPLFY DQG SURWHRPLFV LQ DJULF)

SURWHRPLFV LQ KXPDQ KHDOWK $SSOLFDWLRQV RI JHQRP
OHWDERORPLFV DQG LRQRPLFV IRU HOXFLGDWLQJ PHWDE

SUDFWLFDO 6FKHGXOH
SUHSDUDWLRQ RI UHDJHQWYV IRU '1$ DQG 3URWHLQ LVROD!
*HQRPLF '"1$ LVRODWLRQ
$QDO\WLV RI JHQRPH XVLQJ PDUNHUV
6SHFLDOL]HG FURS EDVHG JHQRPLF UHVRXUFHV 78%$,5 *UD

&HUHDOGE &LWUXVGE PL5EDVH
SURWHLQ LVRODWLRQ DQG VHSDUDWLRQ 6'6 3%*(

3$*( GRFXPHQWDWLRQ DQG DQDO\VLYV '3%*( IRU SURWF

3URWHLQ FKDUDFWHUL]DWLRQ WKURXJK +3/&
SURWHLQ ' VWUXFWXUH PRGHOLQJ +RPRORJ\ PRGHOLQJ
)LQDO 3UDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

&RQQRU '2 +DPHV %' SURWHRPLFV OHWKRGV ([SUHVV
SUDFWLWLRQHUV

3HQQLQJWRQ 6 5 'XQQ O - S3URWHRPLFV IURP SURWHL
6FLHQWLILF 3XEOLVKHUV /WG

6LQJHU 0 %HUJ 3 *HQHV *HQRPH 8QLYHUVLW)\ 6FLH

7URSS %( OROHFXODU %LRORJ\ *HQHV WR 3URWHLQV
9HUPD 36 $JDUZDO 9. &HOO %LRORJ\ *HQHWLFV OROHF

(FRORJ\ 6 &KDQG &RPSDQ\3YW /WG

iT0



% (/% 3ULQFLSOHY DQG DSSOLFDWLRQV RI SODQW JHQHWLT

7TKHRU\

81,7 ,

*HOQOH WUDQVIHU PHWKRGV 'LUHFW DQG ,QGLUHFW ODUNHU I
9HFWRUV IRU SODQW WUDQVIRUPDWLRQ PROHFXODU FKDUDF\
3&5 6RXWKHUQ 1RUWKHUQ DQG ZHVWHUQ DQDO\VLV %LRDYV
23/]|:I07HFWLRQ RI WUDQVJHQLF HYHQWYV IRU WDUJHW WUDLW
*HQHWLF HQJLQHHULQJ RI FURS SODQWYV IRU XVHIXO WUDLW)\
JHQH VLOHQFLQJ VA\VWHPV %LRVDIHW\ FRQFHUQV DQG UHJ>
WUDQVJIJHQLF SURGXFWYV *02V WUDQVJHQLF SODQWYV IRU Wt
IDUPLQJ RI SODQWV IRU DSSOLFDWLRQV LQ PHGLFLQH V\VWHF

SODQWYV 6XFFHVVIXO FDVH VWXGLHYV
SUDFWLFDO

*HQH LVRODWLRQ DQG JHQH FORQLQJ *HQH FRQVWUXFWYV DC
JHQHWLF WUDQVIRUPDWLRQ 3DUWLFOH JXQ PHGLDWHG JHQF
385 VFUHHQLQJ Rl SXWDWLYH WUDQVJHQLF SODQWV 5DLVL
FRQGLWLRQV

/IHFWXUH VFKHGXOH 7KHR U\
&RQFHSW RI SODQW JHQHWLF WUDQVIRUPDWLRQ QXFOHDI
DSSOLFDWLRQV *HQH WUDQVIHU PHWKRGV 'LUHFW

*HQH WUDQVIHU PHWKRGYV ,QGLUHFW
ODUNHU IUHH WUDQVIRUPDWLRQ PHWKRGYV
,Q SODQWD WUDQVIRUPDWLRQ

9HFWRUV IRU SODQW WUDQVIRUPDWLRQ
PROHFXODU FKDUDFWHUL]DWLRQ RI WUDQVJHQLF SODQW
DQRQG ZHVWHUQ DQDO\VLYV

%LRDVVD\V ZLWK WUDQVJHQLF SODQWYV
(YDOXDWLRQ DQG VHOHFWLRQ Rl WUDQVJHQLF HYHQWYV

*HQHWLF HQJLQHHULQJ RI FURS SODQWYV IRU XVHIXO WUI
RI FURS SODQWYV IRU XVHIXO WUDLWYV DELRWLF VWUHVV

*HQHWLF HQJLQHHULQJ RI FURS SODQWYV IRU XVHIXO WUI
YDFFLQH HWF

2YHU H[SUHVVLRQ LQGXFLEOH WLVVXH VSHFLILF H[SUHYV

*HQH VLOHQFLQJ V\VWHPV
%LRVDIHW\ FRQFHUQV DQG UHJXODWRU\ PHFKDQLVPV
&RPPHUFLDOL]DWLRQ RI WUDQVJHQLF SURGXFWV DQG *02

7UDQVJHQLF SODQWV IRU WKH SURGXFWLRQ RI ELRSKDUI
OROHFXODU IDUPLQJ RI SODQWYV IRU DSSOLFDWLRQV LQ |
+HWHURORJRXV SURWHLQ SURGXFWLRQ LQ WUDQVJHQLF

SUDFWLFDO VFKHGXOH

*HQRPLF '1$ LVRODWLRQ
'"HVLJQLQJ SULPHUYV

/ILIDWLRQ RI JHQH LQ VXLWDEOH FORQLQJ YHFWRU % D
&RQILUPDWLRQ RI UHFRPELQDQW FORQHYV
E

7UDQVIHU RI JHQH FRQVWUXFW WR ELQDU\ YHFWRUV DQG
BUHSDUDWLRQ RI FRPSHWHQW FHOOV RI $JUREDFWHULXP
JUHH]H WKDZ PHWKRG Rl JHQHWLF WUDQVIRUPDWLRQ RI $

iT0



3DUWLFOH JXQ PHGLDWHG JHQHWLF WUDQVIRUPDWLRQ
+LVWRFKHPLFDO *86 DVVD\V 3&5 VFUHHQLQJ RI SXWDWLY
XQGHU FRQWDLQPHQW DQG ILHOG FRQGLWLRQV
SUDFWLFDO H[DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

%KRMZDQL 66 'DQWX 3. 30DQW 7LVVXH &XOWXUH $C

%URZQ 7% *HQH &ORQLQJ '1$ $QDOD\VLV $Q ,QWURG
%ODFNZHOO 3XEOLVKLQJ

*ULHUVRQ 30DQW *HQHWLF (QJLQHHULQJ B6SULQJHU
&URS ,PSURYHPHQW 8WLOL]LQJ %LRWHFKQRORJ\ &5& 3UHVV

3ULPRVH 6% 7Z\PDQ 50 3ULQFLSOHV RI *HQH 0DQLSX

:LOH\ %ODFNZHOO 3XEOLVKLQJ

(OHFWLYH ,, $QLPDO %YLRWHFKQRORJ\ FRXUVHV %(/% 3U

FXOWXUH
7TKHRU\ 81,7 ,

+LVWRU\ LPSRUWDQFH DQG GHYHORSPHQW RI DQLPDO FHOC
DQLPDO FHOO FXOWXUH 6WHULOL]DWLRQ SURFHGXUHV IRU
PHGLD JURZWK VXSSOHPHQWY VHUXP IUHH PHGLD DQG RWKH
81,7 ,,

'LIIHUHQW FHOO FXOWXUH WHFKQLTXHV LQFOXGLQJ SULPDU\
VXVSHQVLRQ FXOWXUH RUJDQ FXOWXUH HWF &RPPRQO\ XV
9(52 61 & 7KHLU RULJLQ DQG FKDUDFWHULVWLF JURZWK
RI FHOOV &KDUDFWHUL]DWLRQ DQG PDLQWHQDQFH RI FHOO C
81,7 ,,,

&U\RSUHVHUYDWLRQ DQG UHYLYDO RI FHOOV +\EULGRPD Wi
2YHUYLHQVRIFW FHOO FXOWXUH 6WHP FHOO FXOWXUH DQG LWV
DQG WKHLU PIUICFW PFRQ®/

%DVLF HTXLSPHQW XVHG LQ DQLPDO FHOO FXOWXUH ODERUD)
DQG SODVWLF ZDUHV IRU FHOO FXOWXUH 3UHSDUDWLRQ RI P
WHFKQLTXH RI FKLFNHQ HPEU\R ILEUREODVW &XOWXUH DQG
DVVD\ E\ WU\SDQ EOXH G\H H[FOXVLRQ PHWKRG ,VRODW
&U\RSUHVHUYDWLRQ RI SULPDU\ FXOWXUHV DQG FHOO OLQ
PDPPDOLDQ FHOOV

JHFWXUH VFKHGXOH

+LVWRU\ DQG LPSRUWDQFH RI DQLPDO FHOO FXOWXUH
'HYHORSPHQW RI DQLPDO FHOO FXOWXUH WHFKQLTXHV 3U

&HOO /LQH DQG ORQROD\HU FXOWXUHV
6XVSHQVLRQ FXOWXUHV ,PPRELOL]JHG &XOWXUHV

&XOWXUH RI 3ULPDU\ &KLFN (PEU\R )LEUREODVWYV &()

JRUPXODWLRQV RI OHGLD DQG 6ROXWLRQV 7UDQVIHU RI &

SUHVHUYDWLRQ RI &XOWXUHG &HOOV E\ )UHH]LQJ

%DVLF UHTXLUHPHQWY IRU DQLPDO FHOO FXOWXUH &KRLTF
6 XEFXOWXUH

6HOHFWLRQ RI PHGLXP *DV SKDVH &XOWXUH V\VWHP 6XE

6WHULOL]DWLRQ SURFHGXUHV IRU FHOO FXOWXUH ZRUN

DVVHPEO\
ioi



6WHULOL]DWLRQ RI UHDJHQWY DQG PHGLD :DWHU %66 6

'LITHUHQW W\SHV RI FHOO FXOWXUH PHGLD ,QWURGXFWLI
&RPSOHWH PHGLD 6\QWKHWLF PHGLD

2WKHU FHOO FXOWXUH UHDJHQWY DQG JURZWK VXSSOHPI
HIWUDFWV &RQGLWLRQ PHGLXP $QWLELRWLFV DQG $QWLP\FI

'LITHUHQW FHOO FXOWXUH WHFKQLTXHV LQFOXGLQJ SULP|
3ULPDU\ FXOWXUH 'LVDJJUHJDWLRQ RI FHOOV

,QLWLDWLRQ RI SULPDU\ FHOO FXOWXUH ([SODQW FXOWX

6XEFXOWXUH Rl FHOOV DQG VHFRQGDU\ FXOWXUH FHOO C
&RQWLQXRXV FHOO OLQHV VXVSHQVLRQ FXOWXUH 2UJDQ FX

OLGWHUP ([DPLQDWLRQ
&RPPRQO\ XVHG DQLPDO FHOO OLQHV &+2 +H/D %+.
RULJLQ DQG FKDUDFWHULVWLF
*URZWK NLQHWLFV RI FHOOV LQ FXOWXUH PRQROD\HU DQG
'LITHUHQWLDWLRQ RI FHQOY&XRYRMMSE HR @ VRD JWHK/H

&HOO OLQHDJH FHOO VWUDLQ ODUNHUV RI GLITHUHQWLD
&KDUDFWHUL]DWLRQ DQG PDLQWHQDQFH RI FHOO OLQHYV

OLFURVFRS\ DQG &KURPRVRPH FRQWHQW
'1$ DQDO\VLV 51$ DQG SURWHLQ H[SUHVVLRQ DQWLJHQLI

$SSOLFDWLRQV RI DQLPDO FHOO FXOWXUHV %DVLF DSSC
IOX[ *HQRPLFV 3URWHRPLFV &HOO FHOO LQWHUDFWLRQ HWE
$SSOLHG DSSOLFDWLRQ &HOO SURGXFWV ,PPXQRORJ\ 3}
7TR[LFRORJ\ HWF &U\RSUHVHUYDWLRQ DQG UHYLYDO RI FHO

SULQFLSOHYV
OHWKRGRORJ\ IRU FU\RSUHVHUYDWLRQ 9LWULILFDWLRQ C

+\EULGRPD WHFKQRORJ\ +LVWRULFDO EDFNJURXQG DQG F
PHWKRGV 6FDOLQJ XS LQ VXVSHQVLRQ 6FDOLQJ XS LQ PRQR
%LRUHDFWRUV &RQWUROOHG ELRUHDFWRU 6WLUUHG $LU
)OXLGL]HG EHG UHDFWRU ODUJH VFDOH ELRUHDFWRU :DYH E
2YHUYLHZ RI LQVHFW FHOO FXOWXUH &HOO JURZWK &KDU

FXOWXUH &HOO OLQH GHYHORSPHQW DQG LWV DSSOLFDWLRQ
6WHP FHOO FXOWXUH DQG LWV DSSOLFDWLRQ 'HULYDWLR

3URSDJDWLRQ RI PRXVH DQG KXPDQ HPEU\RQLF VWHP FHO

&RPPRQ FHOO FXOWXUH FRQWDPLQDQWY DQG WKHLU PDC
FRQWDPLQDWLRQ ORQLWRULQJ RI FRQWDPLQDWLRQ 'LVSR\
FRQWDPLQDWLRQ &URVV FRQWDPLQDWLRQ

SUDFWLFDO VFKHGXOH

6WXG\ RI EDVLF HTXLSPHQWY XVHG LQ DQLPDO FHOO FXOW
SUHSDUDWLRQ RI ZDVKLQJ SDFNLQJ DQG VWHULOL]DWLRQ
SUHSDUDWLRQ RI PHGLD DQG ILOWUDWLRQ IRU FHOO FXOWXU
SUHSDUDWLRQ RI FKLFNHQ HPEU\R ILEUREODVW 6XEFXOWX!
,VRODWLRQ DQG SUHSDUDWLRQ RI O\PSKRF\WH FXOWXUH
O9LDELOLW\ DVVD\ E\ WU\SDQ EOXH G\H H[FOXVLRQ PHWKRG
'1$ IUDJPHQWDWLRQ DVVD\
SBUHSDUDWLRQ RI LOQRFXOXP IRU YLUXV LVRODWLRQ 9LUXYV
&U\RSUHVHUYDWLRQ RI FHOOV &E\WRSDWKLF HITHFW VWDL

SUHSDUDWLRQ RI EXIITHUV DQG UHDJHQWYV IRU FHOO FXOW X!
(IWUDFWLRQ RI '1$ E\ &KHOD[ PHWKRG

AXDQWLWDWLRQ RI QXFOHLF DFLG $PSOLILFDWLRQ RI1 ) Jt
57 3&5

ioi



SUDFWLFDO H[DPLQDWLRQ
6XJIJHVWHG 5HDGLQJV

%XWOHU 0 $QLPDO &HOO FXOWXUH 7HFKQRORJ\ *DI
JUHVKQH\ 5, &XOWXUH RI $QLPDO &HOOV $ PDQXDO
DSSOLFDWLRQV WK (G -RKQ :LOH\ 6RQV
% (/% $QLPDO JHQRPLFV 7KHRU\
81,7 ,

*HQRPH RUJDQL]DWLRQ LQ HXNDU\RWHY 6DWHOOLWH '1$ 9
GHWHUPLQDWLRQ &KURPRVRPDO EDVLV RI VH[ GHWHUPLQDW
HQYLURQPHQWDO VH[ GHWHUPLQDWLRQ &KURPRVRPDO
I1RQGLVMXQFWLRQ DQG $QHXSORLG\ 3RO\SORLG\ ,QGXFHG 3F
5SREHUWVRQLDQ 7UDQVORFDWLRQV 3RVLWLRQ (IIHFW &KURP|
HYROXWLRQ

81,7 ,,

OROHFXODU ODUNHUV ODUNHUV *HQHWLF ODUNHUV 5%$3' 675
(67 613 $QDO\WVLV NDU\RW\SLQJ 6RPDWLF FHOO K\EULGL]I
WHFKQLTXH ODMRU +LVWRFRPSDWLELOLW\ &RPSOH[ &RQFHSE
LPPXQH UHVSRQVH 4XDQWLWDWLYH WUDLW /RFL ODUNHU $V\
$SSOLFDWLRQ LQ $QLPDO 6FLHQFHYV *HQRPLF 6HOHFWLR
OHWKRGRORJLHV RI HFRQRPLF 6HOHFWLRQ OLWRFKRQGULDO
$SSO\LQJ '1$ PDUNHUV IRU EUHHG FKDUDFWHUL]DWLRQ

SUDFWLFDO

(IWUDFWLRQ RI JHQRPLF '1$ IURP SHULSKHUDO EORRG $QDO\
JHO HOHFWURSKRUHVLY &KHFNLQJ WKH TXDOLW\ TXDQWLYV
DQDO\VLV 6DQJHU 6HTXHQFLQJ GDWD DQDO\VLV ([WUDFWLR
IURP 3%0& 4XDOLW\ FKHFNLQJ RI WRWDO 51% F'1$ VIQWKHVL

IHFWXUH 6FKHGXOH

*HQRPH RUJDQL]DWLRQ LQ HXNDU\RWHYV
6DWHOOLWH '1$ 9175V IDPLOLHV /,1( 6,1(

6H[ GHWHUPLQDWLRQ &KURPRVRPDO EDVLV RI VH[ GHWHU
GHWHUPLQDWLRQ
HQYLURQPHQWDO VH[ GHWHUPLQDWLRQ

&KURPRVRPDO DEHUUDWLRQV (XSORLG\
&KURPRVRPDO 1RQGLVMXQFWLRQ DQG $QHXSORLG\

3RO\SORLGY ,QGXFHG 3RO\SORLG\ 6\QGURPHYV
6WUXFWXUDO DEHUUDWLRQV 5REHUWVRQLDQ 7UDQVORF

&KURPRVRPDO ORVDLFV
&KURPRVRPDO DEHUUDWLRQVY DQG HYROXWLRQ

OLG 7HUP ([DPLQDWLRQ
OROHFXODU ODUNHUV ODUNHUYV
*HQHWLF ODUNHUV 5$3' 675
'1$ ILQJHUSULQWLQJ
66&3 5)/3 613 (67
613 $QDO\VLYV

NDU\RW\SLQJ

6RPDWLF FHOO K\EULGL]DWLRQ

5DGLDWLRQ K\EULG PDSV

), 6+ WHFKQLTXH

ODMRU +LVWRFRPSDWLELOLW\ &RPSOH[ &RQFHSW DQG L'

iol



LPPXQH UHVSRQVH
4AXDQWLWDWLYH WUDLW /RFL

ODUNHU $VVLVWHG 6HOHFWLRQ &RQFHSW /LQNDJH (TXL!
6FLHQFHYVY *HQRPLF 6HOHFWLRQ &RQFHSW /LQNDJH 'LVHTX
6HOHFWLRQ OLWRFKRQGULDO '1$ DQDO\VLYVY DQG LWV DSSOL

$SSO\LQJ '1$ PDUNHUV IRU EUHHG FKDUDFWHUL]DWLRQ
SUDFWLFDO 6FKHGXOH

((WUDFWLRQ RI JHQRPLF '"1$ IURP SHULSKHUDO EORRG
HOHFWURSKRUHVLYV

$QDO\VLV RI '1$ E\ SRO\DFU\ODPLGH JHO HOHFWURSKRUHYV
'1$

&KHFNLQJ WKH TXDQWLW\ RI JHQRPLF '1$%$

SHVWULFWLRQ GLIHVWLRQ DQDO\VLYV

6DQJHU 6HTXHQFLQJ GDWD DQDO\VLV
(IWUDFWLRQ RI PLWRFKRQGULDO '1%

(IWUDFWLRQ RI 51% IURP 3%0& 4XDOLW\ FKHFNLQJ RI WRYV
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

%URZQ 7$*HQRPHWK (G :LOH\ %ODFNZHOO

'DOH -: 6FKDQW] 09 3JOPMWHQHVY WR *HQRPHV &RQFH
$SSOLFDWLRQV RI 1K/ EIK@QHR\O RER Q V

*UHHQ 6DPEURRNHFXODU &ORQLQJ $ /WWKRWEDVIRO\,0DQXP
&ROG 6SULQJ

5HHFH 5-$QDO\VLV Rl *HQHVLOHNQRPHYV

% (/% (PEU\R WUDQVIHU WHFKQRORJLHV 7KHRU\
81,7 ,

+LVWRU\ DGYDQWDJHV OLPLWDWLRQV DQG VFRSH RI HPEU)\
GHWHFWLRQ LQ DQLPDOV OHWKRGRORJ\ Rl VXSHU RYXODWLR
IRU LQ YLWUR IHUWLOL]DWLRQ ,9) (PEU\R JUDGLQJ DQG F
PRGXODWLRQ IRU HQKD®FHRPHQW RI IHFXQGLW\

'LITHUHQW PHWKRGV Rl JHQH WUDQVIHU DQG WKHLU OLPLWDW
PHWKRGY SURGXFWLRQ RI WUDQVJHQLF OLYHVWRFN E\ QXFO
VRFLDO UHWKIIFRXY DQG HQYLURQPHRQGIP® O & OKKRIA D (RDIBIRFRH/

VSHFLHV &KDBDMHRPHEULRWNIFRQYWHP FHOOV DQG DSSOLFDWLRQV
SUDFWLFDO

'HPRQVWUDWLRQ RI HVWUXV GHWHFWLRQ PHWKRGV (VWU X
FROOHFWLRQ IURP VODXJKWHUKRXVH RYDULHV *UDGLQJ RI R
DQG SUHSDUDWLRQ RI VHPHQ VDPSOHV ,Q YLWUR IHUWLOL]L
SURFHGXUHV *UDGLQJ DQG FXOWXUH RI HPEU\RV (PEU\R VH]
(PEU\R IUHH]LQJ $

IHFWXUH VFKHGXOH

+LVWRU\ DGYDQWDJHV OLPLWDWLRQV DQG VFRSH RI HPE

LWV GHWHFWLRQ LQ DQLPDOV
OHWKRGRORJ\ RI VXSHU RYXODWLRQ

OHWKRGRORJ\ RI 2YXP SLFN XS 238

BUHSDUDWLRQ RI VSHUP IRU LQ YLWUR IHUWLOL]JDWLRQ ,
OLFURPDQLSXODWLRQ DQG LPPXQR PRGXODWLRQ IRU HQK

OLG 7HUP ([DPLQDWLRQ
'LITHUHQW PHWKRGV RI JHQH WUDQVIHU DQG WKHLU OLPL

ol



(PEU\R VH[LQJ E\ GLITHUHQW PHWKRGYV
SURGXFWLRQ RI WUDQVJHQLF OLYHVWRFN E\ QXFOHDU WL

3URGXFWLRQ RI WUDQVJHQLF OLYHVWRFN B5HJXODWRU\ |
HQYLURQPHQWDO &ORQLQJ RI GRPHVWLF DQLPDOV
&RQVHUYDWLRQ RI HOQGDQJHUHG VSHFLHYV
&KDUDFWHUL]DWLRQ RI HPEU\RQLF VWHP FHOOV DQG DSS

SUDFWLFDO 6FKHGXOH

'HPRQVWUDWLRQ RI HVWUX
(VWUXV VIQFKURQL]DWLRQ
BXSHURYXODWLRQ

2RF\WH FROOHFWLRQ IURP VODXJKWHUKRXVH RYDULHV

RYDULHYV &ROOHFWLRQ DQG SUHSO YIWURQRIIVWRRQ VD
&ROOHFWLRQ RI HPEU\RV XVLQJ QRQ VXUJLFDO SURFHGX

*UDGLQJ DQG FXOWXUH RI HPEU\RV
(PEU\R VH[LQJ E\ GLITHUHQW PHWKRGYV

(PEU\R VSOLWWLQJ
(PEU\R IUHH]LQJ
3UDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV
*RUGRQ ,5HSURGXFWLYH 7THFKQRORJ4%Y LQ )DUP $QLPDO
+DIH] (6( 5HSURGXFWLRQ LQYLPIPQFRWWOMOOLDPV :LC

V GHWHFWLRQ PHWKRGYV

P S
UH

% (/% TUDQVJIJHQLF DQLPDO SURGXFWLRQ 7KHRU\
81,7 ,

+LVWRU\ Rl WUDQVJHQHVLYVY ,VRODWLRQ RI JHQH SUHSDUDWLRQ
SURGX&WORQXP FKORULGH PHGLDWHG WUDQVIHFWLRQ OLSRIF
QDQR GHOLYHU\

81,7 ,,
SBURGXFWLRQ RI JHQH NQRFNRXWYV &UH OR[ JLQF ILQJHU QXF
FKLPHULF DQLPDOV JHQH VLOHQFLQJ E\ OHQWLYLUXV VA\VWHF

8117 11

BWHP FHOO WHFKQRORJ\ ,VRODWLRQ DQG FKDUDFWHUL]DWLR
PHVHQFK\PDO LQGXFHG SOXULSRWHQW VWHP FHOO ,QWURG
FHOOV LQ WUDQVJHQHVLY DQG DQLPDO FORQLQJ

81,7 ,9

)XQGDPHQWDO DVVD\V RI WUDQVJHQLF SURGXFWYV FRQILUPD
WUDQVJIJHQLF SURGXFWYVY OLNH LVRODWLRQ RI WUDQVJHQLF S
RI WUDQVJHQLFV LQ SURGXFWLRQ RI GLVHDVH UHVLVWDQFH
DVVRFLDWHG ZLWK WUDQVJHQLF DQLPDO SURGXFWLRQ

/IHFWXUH VFKHGXOH

+LVIRWUDQ'

. VRODWLRQ RI JHQ

H
SUHSDUDWLRQ RI JH
OHWIRWUDQDQL SUR
WUDQVIHFWLRQ E

F(OHFWURCOLFURLC

QLe)
> T
M T
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1DQRGHOLYHU\ 3K\VLFR FKHPLFDO SURSHUWLHV R

3DUWLWLRQ FRH
FRQGLWLRQV 3HQHWUDQW FRQFHQWUDWLRQ 3K\V
GHO V\\WFKDUDF (QKDQF Rl WUDCSHUPH

SK\WVLRORJLFDO DQG SDWKRORJLFDO FRQGLWLRQ R
OD\HU /LSL K\GUDWLRQ 6NLQ WHPSHUDWXUH UHJL

Q &X
G

PHWDE LSHQHVWKU W VN
3URGXFWLRQ RI JHQH NQRFNRXWV &RQV
WDUJHWLQJ LQ HPEU\R GHULYHG VWHP (6 FHOOV
LQ)
&l OF &RQGL JH WDUJ &l &D. UHFRPEL 8V L
FRQGLWLRQDO JH
*HQHURIFRQGLNQRFPRXXV W &l:0R V\V)
&KURPR (QJLQF8VL W &l:OR 6\VW &1 O WHFK(
IRU WDUJHWHG
UHFRPE RWUDQ
=LQF ILQJHU QXFOHDVF%HQHILWY 7DUJHW
OHGLDWHCG *HQRPH (
&5,635 :KDW LV &5,635" 7KUHH W\SHV RI &5,635 *HQ
$SSOLFDWLRQ 7DUJHWLQJ (IILFLHQF\ DQG 211 WDUJH
7DUJHWLQJ (IILFLHQF\ $
OLGW ([DPLQE
7$/(1':KL L WUDQV DFWI Ol HIIH QXFO 7$/(1)
2YHUYLHZ R
gag%xaﬂNUDWHJ\IRUFHHFLHQW/DQG VG HALYRF PRG!
3URG) RFKLP DQLF &XO RHPEU\VW (6 FH V
211VSULQJ GHUL
JHUPOLQH FKLPHUD LV HLWKHU GHULYHG IURP WKH
&KDUDFW )OXRU ODE RFFPHPEU 7UDF Ft
FRQWULEXWLRQ WR
RIIVSULQJ 8VH RI EHWD JDODFWRVLGDVH JHQH E
JHQH 7UDQVJFRQWULEXWLRQ 7KH ILQDO SURRI WK
FH
*H(VLOH E OHQV V\VV 9HF\ IF VRP Ft JH
WKHUDS\ $GY
'LVDGYLROHQV
OHFKD R51$LQWHL51$ SDW WULJE W LQWUR
LQWR FHOOV R
GRXVWU 51¢ GV51
6W Pk WHFKC VRO R VW FFOL IUI GLIIFVRXI

PEU
OHVHQFK\PDO VWHP FHOO DQG LWV SURGXFWLRQ IL
,QG> SOXL&KDUDFWHUL FFOL
,QWURGXFWLRQ WR DQLPDO FORQLQJ 'HILQLWLRQ
VSOLWWLQJ 6SHFLDO FORQLQJ E\ VRPDWLF FHOO

FORQLQJ LQHIILFLHQW" $UH FORQ SURJHQ\ KHDOWK

VDIH" ,V LW WKH VDPH" ,V WKH SURJHQ\ RI F
\H/BW 2WKHU UHJXODWRU\ DXWKRULWLHY FRQILGHQ'

$SSOLFDWLRQ RI VWHP FHOOV LQ WUDQVJHQHVLYV
DSSOLFDWLRQ RI FXO VWHP FHOOV &RPPHUFLDO EH
VWHP FHOOV FORQLQJ WHFKQR(LPL

)XQGDPHQWDO DVVD\V RI WUDQVJHQLF SURGXFWYV
EORWWLQJ OLQNHG LPPXQRVRUEHQW DVVD\ (/,6%
PXWDJHQLFLW\ DVVD\V 8VH RI WUDQV LQ WKH GHW
FH

ion



&RQILUPDWLRQ RI LQWHJUDWLRQ RI WUDQVJHQH %
RI WK TXDQWLWDWLYH 3&5 T 3&5 WR GH
UDQVJHQH )OXRUH

6.

DQSURC ,VRORWUDQSURIUIPL
*H JI 6WDI % 6WDIRH[SUH &KDUDFW

m
<
T

o
O

) DQ

$SSOLFDWLRQ RI WUDQVJHQLFV LQ SURGXFWLRQ RI
FDUFLQRJHQHVLYV $ WUDQVJHQLFV ,PSURYHG JUR.
OREVWHU ,PSURYHG VL]H RU DSSHDUDQF

QXW O FKROH 'LVHUHVL
%gm?SURGJELRUH‘%LRPFUHVIPRG WK F D

$SSOL R7UDQ\ ORGH( 'UY» '"HYHOR: 'LVH ORGF
"HVFULSWLRQ

GHWFGLV FDXVD WKHGHYHO

ORGHOV WR GHWHUPLQH GLVHDVH FDXVDWLRQ RU W
FDQ QHXLFDU GLVI$O]KHLPH

&DUFLQRWHY 7KUGLITFW\:RWUDQVWIKD EH
HPSOR\HG LQ WK

RWUDQPL IFFDUFLQF WH)

5HJXO LVVDVVR ZL WUDQ DQL SURGX 3ULQ]

LQFOXGH (VWD

VWDCIFVDIHIXDUG KHID(DQLKHID(ZHO

"HYHO FO WHFFVWDCD(DVVH\VJXLGH SURY |

VRXQG VFLHQW

HYDO DVVR UL

&RQV)D(LQYR VWDNHD(W JHQ SXELW
GHYHORSPHQW RI UHJXODWL

XSRQ H[LVWLQJ UHJXODWLRQV DQG WHFKQLFDO VW
GLYF D(FHQYLUF

6XJIJHVWHG 5HDGLQJV

5DPDGDVV $3QLPDO %LRVBHFKQRO&KRQFHSWYV D®G 'HYHOF
3XEOLVKHUV

5DQJD 0 0$QLPDO %LRWSIRKRER®RRJ\

6LQJK % '%WLRWHFKQRORJ\ H[S DI DQL 8KIEIO]RQKH UV

6LQJK % *DXWDP 6 . &KDNWERRN Bl $QLPDO %LRW
7KH (QHUJ\ DQG 5HVRXUFHV ,QVWLWXWH 7(5,

(OHFWLYH ,9 %LRLQIRUPDWLFV FRXUVHV % (/% SURJUDPF
7TKHRU\ 81,7 ,

,QWURGXFWLRQ 2SHUDWLQJ VI\VWHPV SURJUDPPLQJ FRQFHS
ODQJXDJHV FRPSLOHU DQG LQWHUSUHWHU &RPSXWHU QXPE}
+H[DGHFLPDO

81,7 ,,

& IDQJXDJH +LVWRU\ FRQVWDQW YDULDEOHVY DQG LGHQWLIL
RSHUDWRUYV GDWD LQSXWDQG RXWSXW FRQFHSWYV 'HFLVLRC
ORRS ZKLOH ORRS DQG GR ZKLOH ORRS $UUD\V DQG IXQFWL
DULWKPHWLF RSHUDWLRQV DBUDBWLPBPM®&G ILOH KDQGOLQJ LQ &

ioo



81,7 ,
3(5/ /IDQJXDJH ,QWURGXFWLRQ YDULDEOHV DUUD\V VWULQJ
EORFNVVW®RREVRSHUDWRUV DQG PDQLSXODWRUV SDWWHUQ P
BHTXHQFH KDQGOHPRQQYVWBUDWLQJ VWULQJ DUUD\ DQG KDVK

81,7 ,,

6KHOO 3URJUDPPLQJ &RQFHSWV DQG W\SHV RI 81,; VKHOO |/
DQG LWHUDWLRQ DULWKPHWLF RSHUDWLRQV FRQFHSWYV RI D
VKHOO VFULSWLQJ

IHFWXUH VFKHGXOH

L, QWURGXFWLRQ WR 2SHUDWLQJ 6\VWHP

&KURQRORJLFDO HYHQWYV LQ WKH GHYHORSPHQW RI RSHUL

2SHUDWLQJ 6\VWHP 2YHUYLHZ 'HILQLWLRQV RI OHPRU\ GH

2SHUDWLQJ 6\VWHP W\SHV DQG 6HUYLFHV

2SHUDWLQJ 6\VWHP SURSHUWLHY DQG 3URFHVVHV SQWURC(

L QWURGXFWLRQ WR DOJRULWKPYV DQG IORZ FKDUWYV , Q
&RPSLOHU DQG LQWHUSUHWHU

&RPSXWHU QXPEHU IRUPDW 'HFLPDO %LQDU\ 2FWDO DQ
LOQWHUFRQYHUVLRQ RI QXPEHU V\VWHP

& IDQJXDJH +LVWRU\
&RQVWDQW YDULDEOHY DQG LGHQWLILHUYV

OLGWHUP H[DPLQDWLRQ
&KDUDFWHU VHW ORJLFDO DQG UHODWLRQDO RSHUDWRU
'"HFLVLRQ PDNLQJ LI VWDWHPHQW LI HOVH VWDWHPHQW

ORRS
$UUD\V DQG )XQFWLRQV
J)LOH KDQGOLQJ
3URJUDPV UHODWHG WR DULWKPHWLF RSHUDWLRQYV $
,QWURGXFWLRQ WR 5
,QWURGXFWLRQ WR 3\WKRQ

SUDFWLFDO VFKHGXOH

S3URJUDPV XVLQJ VLPSOH VFDODU DQG DUUD\ YDULDEOHYV
7R WUDQVFULEH '1$ VHTXHQFH WR 51$ WR FRQFDWHQDWH VH

VHTXHQFH 7R UHYHUVH WUDQVFULEH 51%$ WR '1$ VHTXHQFH
SURJUDPVY EDVHG RQ FRQGLWLRQDO VWDWHPHQWY DQG OR

7R VHDUFK PRWLIV LQ "1$ RU SURWHLQ 7R FRXQW QXFOHRW
7R UHSRUW SHUFHQWDJH RI K\GURSKRELF DPLQR DFLG LQ J
*& FRQWHQW RI VHT.

7TR'VHDUFK D PRWLI LQ '"1$ DQG 3URWHLQ VHTXHQFH XVLQJ UF
VSHFLDO YDULDEOHV p T LI UHTXLUHG 7R IRFXV XVLQJ IRO

SURJUDPYV
2SHQ DQG XQOHVYV FDOOV GR XQWLO ORRS IRUHDFK C
6KLIW HWF

3URJUDPV EDVHG RQ 6XEURXWLQHV 7R ZULWH D VXEURX
3DVVLQJ DUJXPHQWYV WR VXEURXWLQH 8VLQJ 3DVV E\ YDOXH
'"HEXJJHUV 3URJUDPV OLNH VWDUWLQJ D GHEXJJHU
VHWWLQJ EUHDNSRLQWY 8VDJH RI uXVH ZDUQLQJVY DQG pXxV
RI UDQGRPL]DWLRQ
7R ZULWH D SURJUDP WR VLPXODWH '1$ PXWDWLRQ 7R ZUL

ioo



EHWZHHQ SDLUV RI UDQGRP '1$ VHTXHQFH
,QWURGXFWLRQ WR KDVK GDWDW\SH

7R'ZULWH D SURJUDP WR PDQDJH *HQHWLF FRGH DQG UHGXQC
&RGH 7R ZULWH SURJUDP WKDW WUDQVODWH '1$ LQWR SURW
DQG H[WUDFW WKH VHTXHQFH GDWD 7R UHDG '1$ VHTXHQFH IL
WKH IRUPDWWHG RXWSXW 7R ZRUN ZLWK UHDGLQJ IUDPHV (
LQ DOO VL[ UHDGLQJ IUDPHV
'RUNLQJ ZLWK 5HVWULFWLRQ O0DSV DQG 5HJXODU ([SUH\
5(%$6( GDWDILOH DQG FUHDWLQJ D VXEURXWLQH WR PDNH L
UHVWULFWLRQ HQJ\PHV
'RUNLQJ ZLWK *HQ%DQN ILOHV
7R SURJUDP IRU VHSDUDWLQJ $QQRWDWLRQ IURP VHTXHQFH
SDUVLQJ DQQRWDWLRQ XVLQJ DUUD\V 7R SURJUDP IRU SDUVI
"RUNLQJ ZLWK 3'% ILOHV
7RO SURJUDP WR H[WUDFW VHTXHQFH IURP 3'% ILOH 7R SUR
LQIRUPDWLRQ IURP 3'% ILOH ([DPSOHV +(/,; 6+((7 7851 UHF
'RUNLQJ ZLWK %/$67 RXWSXW 3DUVLQJ %/$67 RXWSXW

$OLJQPHQW 7R XVH %,23(5/ PRGXOH
*HWWLQJ 6WDUWHG ZLWK 6KHOO 3URJUDPPLQJ
+RZ WR ZULWH VKHOO VFULSW O9DULDEOHV LQ VKHOO +RZ V

5XOHV IRU 1DPLQJ YDULDEOH QDPH %RWK 8'9 DQG 6\VWHP 9C
8'9 8VHU GHILQH: YDULDEOHYV
*HWWLQJ 6WDUWHG ZLWK 6KHOO 3URJUDPPLQJ 6KHOO $ULYV
6KHOOV EDVK VWUXFWXUHG /DQJXDJH &RQVWUXFWYV 'k
FRPPDQG WHVW FRPPDQG RU > H{SU @ LI HOVH IL 1HVWE

6FULSWYV IRU ORRS 1HVWHG IRU ORRS :KLOH ORRS
THWWLQJ 6WDUWLQJ ZLWK DZN

BHTXHQFH PDQLSXODWLRQV XVLQJ VKHOO VFULSWLQJ
6XJIJHVWHG 5HDGLQJV

%DODJXUXVDP\ SURJUDPPLQJ LQ $16, & 7DWD OF*UDZ
ODVWHULQJ 3HUO IRU %LRLQIRUPDWLFV 2Y5HLOO\ OHGLD
7RP &KULVWLDQVHQ %ULDQ ' )R\ /DUU\ :DOO -RQ 2UZDQ\

2195HLOO\ OHGLD
.DQHWNDU <DVKDYDQW /IHW 8V & %3% 3XEOLFDWLRQV

% (/% %LRLQIRUPDWLFVY WRROV DQG ELRORJLFDO GDWDED\
81,7 ,

, QWURGXFWLRQ %LRORJLFDO GDWD W\SHV FROOHFWLRQ FO
%LRORJLFDO GDWDEDVHV UHWULHYDO V\VWHPV G6HTXHQFH DC
81,7 ,,

%LRORJLFDO GDWDEDVHYV 1XFOHRWLGH GDWDEDVH SURWHLC(
PHWDEROLF SDWKzZD\ GDWDEDVH OLWHUDWXUH GDWDEDVH F
GDWDEDVH ZLWK VSHFLDO UHIHUHQFH WR %7,61(7 GDWDEDVH

81,7 ,,,
%LRLQIRUPDWLFV 7RROV &RQFHSW RI DOLJQPHQW VFRULQJ |
PHWKRGY PXOWLSOH VHTXHQFH DOLJQPHQW SK\ORJHQHWLF

3UDFWLFDO
1&%, ([SDV\ 6ZLVV3URW (%, 6HDUFK HQJLQHV (175(= DQG 6
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XVLQJ DOO %/$67 YDULDQWYV OXOWLSOH VHTXHQFH DOLJQPHQ
DQDO\VLV E\ 3+</,3 0(*$

JHEWXUH VFKHGXOH
 QWURGXFWLRQ

%LRORJLFDO GDWD W\SHV
FROOHFWLRQ FODVVLILFDWLRQ VFKHPD RI ELRORJLFDO G

%LRORJLFDO GDWDEDVHYVY UHWULHYDO V\VWHPV 6HTXHQ
%LRORJLFDO GDWDEDVHYV
I1XFOHRWLGH GDWDEDVH

SURWHLQ GDWDEDVH

VWUXFWXUDO GDWDEDVH

JHQRPH GDWDEDVHYV

PHWDEROLF SDWKzZzD\ GDWDEDVH OLWHUDWXUH GDW

OLG 7HUP ([DPLQDWLRQ
FKHPLFDO GDWDEDVH
JHQH H[SUHVVLRQ GDWDEDVH
FURS GDWDEDVH ZLWK VSHFLDO UHIHUHQFH WR %7,61(7 ¢
&RQFHSW RI DOLJQPHQW VFRULQJ PDWULFHYV

DOLJQPHQW DOJRULWKPYV KHXULVWLF PHWKRGYV PXO\
SK\ORJHQHWLF DQDO\VLV
PROHFXODU YLVXDOL]DWLRQ WRROV

3UDFWLFDO 6FKHGXOH
18%,
([SDV\

6ZLVV3URW (%,
BHDUFK HQJLQHV (175(= DQG 656

3HUIRUP ORFDO DOLJQPHQW XVLQJ DOO %/$67 YDULDQW\
&OXVWDO:
7 &RIIHH
SK\ORJHQHWLF DQDO\VLV E\ 3+</,3
0(*$
3UDFWLFDO ([DPLQDWLRQ
6XJIJHVWHG 5HDGLQJV
%D[HYDQLV $' 2XHO®HWMMHR®WPDPWLFYV $ SUDFWLFDO JXL
JHQHV DQG -RKROW:HDBV DQG 6RQV
ORXQW ': %LRLQIRUPDWLFV B6HTXHQ F & RDEG6*HQRPH+ HPQE B
'LRQJ - (VVHQWLDO %L RDPRUFDIWLFYLYHUVLW\ 3UHVV

% (/% 6WUXFWXUDO ELRLQIRUPDWLFV 7TKHRU\
81,7 ,

,QWURGXFWLRQ WR VWUXFWXUDO GDWDEDVHV RI PDFURPRO
6WUXFWXUBFRGOPRORWHLQ VWUXFWXUH FODVVLILFDWLRQ 5DP
GHWHUPLQDWLRQ GPRIRMXIREG VS OURWIOMY ILQJHUSULQW DQG SURW
81,7 6WUXFWXUDO IHDWXUHV RI 51%$ 51%$ VHFRQGDU\ VWUXFW?
SUHGLEFEWELRQWUXFWXUH SUHGLFWLRQ %DVLFV RI SURWHLQ
PROHFXODU FKDSHURQV 6HFRQGDU\ VWUXFWXUH SUHGLFWLF
DQG IROGLQJ EDVHG WHUWLDU\ VWUXFWXUH SUHGLFWLRQ
WHFKQLTXHVY ,QWURGXFWLRQ WR PROHFXODU G\QDPLFV DQG
DQG +00 6WUXFWXUH YLVXDOL]DWLRQ DQG FRPSDULVRQ PHW
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SUDFWLFDO

SURWHLQ VWUXFWXUDO FODVVLILFDWLRQ GDWDEDVHYV ' 6
5SDPDFKDQGUDQ 30RW G6WUXFWXUDO YLVXDOL]DWLRQ WRROV
SUHGLFWLRQ 5%$602/ &Q ' &+,0(5% 6:,663'% YLHZHU &3+ 02"
(DVI\IORGHOHU 3URFKHFN *520%$& 6%$1-,91, %+$*,5%$7+ $

/IHFWXUH VFKHGXOH
,ZQWURGXFWLRQ WR VWUXFWXUD
, QWURGXFWLRQ WR VWUXFWXUD

6WUXFWXUH RI DPLQR DFLGYV
SURWHLQ VWUXFWXUH FODVVLILFDWLRQ
SDPDFKDQGUDQ SORW

([SHULPHQWDO VWUXFWXUH GHWH
([SHULPHQWDO VWUXFWXUH GHWH
6WUXFWXUDO IHDWXUHV RI 518%

51$ VHFRQGDU\ VWUXFWXUH SUHGLFWLRQV
51%$ IROGLQJ
6PDOO 51%$ SUHGLFWLRQ

BWUXFWXUH SUHGLFWLRQ %DVLFV RI SURWHLQ IROGLQJ
OLG 7HUP ([DPLQDWLRQ
SURWHLQ [ROGLQJ SUREOHP

OROHFXODU FKDSHURQYV
6HFRQGDU\ VWUXFWXUH SUHGLFWLRQ [PH WHRWS MRIDEE @D J
H

EDVHG WHUWLDU\ VWUXFWXUH SU
BWUXFWXUH YDOLGDWLRQ WR
(QHUJ\ PLQLPL]DWLRQ WHFKQLT

,(QWURGXFWLRQ WR PROHFXODU G\QDPLFV DQG VLPXODWL
ODUNRY FKDLQ DQG +00
6WUXFWXUH YLVXDOL]DWLRQ DQG FRPSDULVRQ PHWKRGYV

SUDFWLFDO VFKHGXOH
SURWHLQ VWUXFWXUDO FODVVLILFDWLRQ GDWDEDVHYV

"6WUXFWXUDO GDWDEDVHYVY VHDUFKLQJ DQG UHWULHYDO
YLVXDOL]DWLRQ WRROV
7RROV IRU SURWHLQ VHFRQGDU\ DQG WHUWLDU\ VWUXFW X
&+,0(5%
6:,663'% YLHZHU &3+
02'(//(5 6:,66 ORGHO

(DVI\IORGHOHU 3URFKHFN

*520%$& 6%$1-,91, %+$*,58$7+

SUDFWLFDO ([DPLQDWLRQ
6XJIJHVWHG 5HDGLQJV

$ ODOFROP &DPSEHOO /DXUMARYHUH\ MU *HQRPLFV 3URYV
%LRLQIRUPDWLFV
%HQMDPLQ &XPPLQJV

$00DQ +LQFKNAGHI®LQJ IRU :%EBLQQHUYV
QUHLJKWRQ3IYRWHLQV 6WUXFWXUHV DQ6€ 0BOHFRXQDU 3U

ORXQW ': %LRLQIRUPDWLFV 6HTXHQF&RDIEG6HQARPH+ DY B
BHWXEDO -RDR OHLGOWURGRBR/LRQ WR &RPSXWDWLRQTL
3:6 3XEOLVKLQJ &RPSDQ\

O GDWDEDVHYV
O GDWDEDVHYV

U
U

% (/% SKDUPDFRJHQRPLFV 7KHRU\
81,7 ,



‘U

FOLQLFDO DSSOLF

VWUXFWXUDO FKDQJHV DF

SKDUPDFRJHQRPLFV
+XPDQ *HQRPH 3URMHFW JHQHWLF GLVHDVHYVY SHUVRQDOL]JHG
SUHGLFWLRQ RI

GUXJ GHVLJQLQJ
OLFURVDWHOOLWHYV IRU VWXG\LQJ JHQHWLF YDULDWLRQV

%DVLF FRQFHSWYV RI

SKDUPDFRSKRUH GHYH¢
DFWLYH VLWH RI SURWHLQV XVLC

LQWHUDFWLRQV
'RENLQJ XVLQJ +(: DQG $872'2&.

'‘UXJ UHFHSWRU LQWHUDFWLRQV 6WUXFWXUDO E
'"HWHFWLRQ RI

'UXJ '"HVLIJQ 6WXG\ RI LPSRUWDQW GUXJ WDUJHWYV DQG WKHLU Y
RI $0SURSHUWLHYVY &RPSXWDWLRQDO WRRO IRU WR[LFLW\ SU

GHVLJQLQJ
PROHFXODU UHSUHVHQWDWLRQ XVLQJ 60,/(6 &KHPVNHWEFK

5HFHSWRU /LJDQG
&KLPHUD 90

3UDFWLFDO
LQVSLUDWLRQ
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'HWH RDF\VIRSUR'XV YDU
VRIWZDUHYV
%LRDYD XV ORO,QV
3UDFWLFDO ([DPL QDWLRQ
6XJIJHVWHG 5HDGLQJV
+LQFKNOLIIHORIGHOLQJ IRU : %@ BLQWEDWNZHOO 3XEOLVKLQ
YRONHUV * 6LSSO : B5RJQDQOROHAHMWHUORGHOLQJ %D

BULQFLSOHY DQGMBLIESBSITHHDWLRQV
*XSWD 6 AXDQWXP %HR GR H\

ILVD % &RPELQDWRULDO /LEUDU\ 68 WKRIEIM DOP® SDRWRFI

% (/% OHWDERORPLFV DQG V\VWHP ELRORIJ\ 7TKHRU\
81,7 ,

OHWDERORPLFV RYHUYLHZ PDMRU PHWDEROLF SDWKZD\V
SKRVSKRU\ODWLRQ DPLQR DFLG IDWW\ DFLG DQG QXFOHRW
OHWDEROLF IOX[ DQG PHWDEROLF SURILOLQJ &DWDO\WLF P
OHQWRQ NLQHWLFV &RQIRUPDWLRQDO FKDQJH DOORVWHULF
6LJQDO WUDQVGXFWLRQ ,QWHU DQG LQWUD FHOOXODU FRPP
FRPSRQHQWY RI VLJQDO SDWKZD\V * SURWHLQ -DN VWDW U]

81,7 ,,

6LIJQDO )ORZ 3DWKZD\ WR QHWZRUNV VPDOO VFDOH V\VWH
FRPSOH[ GLVHDVHV V\VWHP SKDUPDFRORJ\ $VVHPEOLQJ ODI
FRPSXWDWLRQDO DQDO\VLV RI ODUJH GDWD VHWYV EXLOGLQ
ELRORJLFDO V\VWHP WLPH DQG VSDFH

3UDFWLFDO

OHWDEROLF SDWKZD\ GDWDEDVHV .(** %5(1'$ %LRVLOLFR 3
6ZLVV ' 3$*( ( 3&5 &UHDWLQJ QHWZRUNV XVLQJ & WRVFDSH
DQQRWDWLRQ XVLQJ *2 $*5,*2 3$17+(5 %/$67 *2

6XJIJHVWHG 5HDGLQJV

%HUJ -0 7\PRFJNR -/ 6WU\HU / %LRFKHPLVWU\ WK (G
JHUVKW $ BWUXFWXUH DQG OHFKDQLVP RI SURWHLQ VFLH
.OLSS ( +HUZLJ 5 .RZDOG $ :LHUOLQJ & /HKUDFK + 6\\V
&RQFHSWV LPSOHPHQWDWLRQ DQG $SSOLFDWLRQ :LOH\ 9&+
9DLG\QDWKDQ 6 +DUULJDQ ** 5R\WWRQ *RRGDFUH OHWE

VIVWHP ELRORJ\ 6SULQJHU
9RHW ' 9RHW - %LRFKHPLVWU\ UG (G -RKQ :LOH\ DQG 6

% (/% &RPSXWDWLRQDO OHWKRGV IRU 'DWD $QDO\VLYV 7
81,7 ,

,QWURGXFWLRQ WR 81,; /,18; RSHUDWLQJ VI\VWHP .QRZOHGJ!I
WHFKQLTXHV ODFKLQH OHDUQLQJ DQG SDWWHUQ UHFRJQLWL
QHWZRUNV 6XSSRUWIYHEWRU PDFKLQHYV

3ULQFLSDO FRPSRQHQW DQDO\VLV $129$ $029%$ DQG GLIIHUH
3UHGLFWLRQ DOJRULWKPV DQG 3K\ORJHQ\ DOJRULWKPV %DVI

SUDFWLFDO
*HQH SUHGLFWLRQ )*(1(6+ 5 VWDWLVWLFDO SDFNDJH LQVWD

—_
=]
-



FRPPDQGHU 5 VWXGLR 5. :DUG $QDO\VLV RI JHQH H[SUHVVL

IHFWXUH 6FKHGXOH
,QWURGXFWLRQ WR 81,; /,18;
.QRZOHGJH GLVFRYHU\ DQG
ODFKLQH OHDUQLQJ DQG
KLGGHQ PDUNRY PRGHOV
SUWLILFLDO QHXUDO QHWZ
6 XSSRUW YHFWRU PDFKLQHYV

0]
T
c
O

WLQJ VI\VWHP
LQLQJ WHFKQ
UHFRJQLWLR

LTXHV
QV

wm
pu) )
cC =
=
I
cO
O g

OLG 7THUP ([DPLQDWLRQ
3ULQFLSDO FRPSRQHQW DQDO\VLV

$129%
$029%$ DQG GLIITHUHQW FOXVWHULQJ PHWKRGYV

*HQH 3BUHGLFWLRQ DOJRULWKPV DQG 3K\ORJHQ\ DOJRULYV

SUDFWLFDO 6FKHGXOH

*HQH SUHGLFWLRQ )*(1(6+

5 VWDWLVWLFDO SDFNDJH LQVWDOODWLRQ DQG FRQILJXU
5 VWXGLR

5. :DUG

$QDO\WLV RI JHQH H[SUHVVLRQ XVLQJ 5 *18 3633
6FLODE
4WL3ORW

BUDFWLFDO ([DPLQDWLRQ
6XJIJHVWHG 5HDGLQJV
*DUHWK -DPHV 'DQLHOD :LWWHQ 7UHYRU$®DVWLH 5RE
, QWURGXFWLRQ WR 6WDWLVWLFDOSARHOWQHQYJ ZLWK $SSOLFD\
ODWKXU . 6X@WDWLVWLFDO %LR(GMRYPBWLFV ZLWK 5

% 3% * %DVLF JHQHWLFV 7KHRU\
81,7 ,

+LVWRU\ RI *HQHWLFV OHQGHOYfV SULQFLSOHV DQG UHGLVFR’
IXQFWLRQ &KURPRVRPH WKHRU\ RI LQKHULWDQFH 6H[ OLQNH
6H[ GHWHUPLQDWLRQ DQG VH[ GLITHUHQWLDWLRQ

81,7 ,,
OXOWLSOH DOOHOLVP /LQNDJH DQG FURVVLQJ RYHU *HQH JH
DQG HXNDU\RWHV ([WUD FKURPRVRPDO LQKHULWDQFH OXW
LQKHULWDQFH ,QWURGXFWLRQ WR +XPDQ JHQHWLFV *HQHWL

SUDFWLFDO
/ILIH F\AFOH LQ PRGHO SODQWYV DQG DQLPDOV PLFURVFRS\
VHIUHIJDWLRQ 'LK\EULG FURVVHV LQGHSHQGHQW DVVRUWEF
OLQNHG LQKHULWDQFH OXOWLSOH DOOHOLVP '"HWHFWLRQ DC
IHFWXUH 6FKHGXOH
+LVWRU\ RI *HQHWLFV OHQGHOTV
S5HGLVFRYHU\ RI OHQGHOYV SULQFLS

&HOO GLYLVLRQ OLWRVLYV
OHLRVLV
&KURPRVRPH VWUXFWXUH

JXQFWLRQ RI FKURPRVRPH
&KURPRVRPH WKHRU\ RI LQKHULWDQFH

inT

SULQFLSOHYV
OHV



6H[ OLQNHG VH[ OLPLWHG DQG VH[ LQIOXHQFHG LQKHUL

GLIIHUHQWLDWLRQ
OLGWHUP
OXOWLSOH DOOHOLVP
/ILQNDJH DQG FURVVLQJ RYHU *HQH JHQH LQWHUDFWLF
*HQHWLF DQDO\VLVY LQ SURNDU\RWHYV *HQHWLF DQDC
(IWUD FKURPRVRPDO LQKHULWDQFH OXWDWLRQV

+DUG\ :HLQEHUJ ODZ
AXDQWLWDWLYH LQKHULWDQFH
 OWURGXFWLRQ WR +XPDQ JHQHWLFV
*HQHWLF EDVLV Rl HYROXWLRQ

SUDFWLFDO

/LIH F\FOH LQ PRGHO SODQWYV
/JLIH F\FOH LO PRGHO DQLPDOV
OLFURVFRS\

OLWRVLYV

OHLRVLV

ORQRK\EULG FURVVHV VHJUHJDWLRQ

'LK\EULG FURVVHVY LQGHSHQGHQW DVVRUWPHQW
7TULK\EULG FURVVHV LQGHSHQGHQW DVVRUWPHQW *

SUREDELOLW\ DQG XVH RI &KL VTXDUH 6H[ OLQNHG LQ
OXOWLSOH DOOHOLVP

"HWHFWLRQ DQG HVWLPDWLRQ RI OLQNDJH
SUDFWLFDO H[DP

6XJIJHVWHG 5HDGLQJV

*XSWD 3. *HQHWLFV WK HG 5DVWRJL 3XEOLFDWLRQ)\

,QEDVHNDU 3 &HOO %LRORJ\ DQG *HQHWLFV 3DQLPD

OLJODQL *6 %DVLF *HQHWLFV 1DURVD 3XEOLVKLQJ K

5XVVHOO 3- L*HQHWLFV 3HDUVRQ 1HZ ,QWHUQDWLRC
3HDUVRQ

‘:DWVRQ -' %DNHH 7$ %HOO 63 *DQQ $ /HYLQH O J/RVLF

RI WKH *HQH WK (G 3HDUVRQ (GXFDWLRQ ,QWHUQDWLRQDO

% 3% * &HOO ELRORJ\ DQG F\WRJHQHWLFV 7KHRU\
81,7 ,

2ULJLQ DQG HYROXWLRQ RI FHOO ,QWURGXFWLRQ WR PLFUR
HXNDU\RWLF FHOOV OHPEUDQH VWUXFWXUH DQG IXQFWLRQ
PDWUL[ 6WUXFWXUDO RUJDQL]DWLRQ DQG IXQFWLRQ RI LQV
1XFOHXV PLWRFKRQGULD HQGRSODVPLF UHWLFXOXP *ROJL
YDFXROHV &HOO JURZWK FHOO F\FOH DQG LWV FRQWURO &t}

81,7 ,,

,QWURGXFWLRQ DQG KLVWRU\ OLWRVLV DQG PHLRVLV 6WUX
FKURPRVRPH ODQGPDUNV 6SHFLDOL]HG FKURPRVRPHV 'LIIH
EDQGLQJ * EDQGLQJ & EDQGLQJ 5 EDQGLQJ ,Q VLWX K\EULC
81,7 ,,,

&KDQJHV LQ FKURPRVRPH QXPEHU DQHXSORLG\ PRQRVRP\

SRO\SORLG\ DXWRSRO\SORLG\ DQG DOORSRO\SORLG\ OHWKR
DEHUUDWLRQV RI FKURPRVRPHVY GHOHWLRQV GXSOLFDWLRQ

iAo



RQ FKURPRVRPHV *HQRPH DQDO\VLV

SUDFWLFDO

BUHSDUDWLRQ RI FKURPRVRPH VWDLQV 3ROOHQ IHUWLOLW\
SODQW DQLPDO FHOOV 3UHSDUDWLRQ RI NDU\RW\SHV & * ED!
K\EULGL]DWLRQ OLFURSKRWRJUDSK\

IHFWXUH 6FKHGXOH
2ULJLQ DQG HYROXWLRQ RI FHOO
L, QWURGXFWLRQ WR PLFURVFRS\ £+ OLJKW PLFURVFRS\ I

FHOOXODU VWUXFWXUH RI SURNDU\RWLF DQG HXNDU\RWLF FH
OHPEUDQH VWUXFWXUH DQG IXQFWLRQ SODVPD PHPEU

6WUXFWXUDO RUJDQL]DWLRQ DQG IXQFWLRQ RI LQWUDF
I1XFOHXV PLWRFKRQGULD HQGRSODVPLF UHWLFXOXP *ROJL |
YDFXROHV
&HOO JURZWK FHOO F\FOH DQG LWV FRQWURO &HOC
, QWURGXFWLRQ DQG KLVWRU\ OLWRVLY DQG PHLRVLV
OLG 7THUP ([DPLQDWLRQ
6WUXFWXUH RI FKURPDWLQ &KURPRVRPH VWUXFWXUH D(
FKURPRVRPHYV 'LITHUHQWLDO VWDLQLQJ RI WKH FKURPRYV
5S EDQGLQJ
,Q VLWX K\EULGL]DWLRQ ),6+ *,6+
&KDQJHV LQ FKURPRVRPH QXPEHU DQHXSORLG\ PRQRWV
+DSORLG\ DQG SRO\SORLG\ DXWRSRO\SORLG\ DQG DOOR:
SURGXFWLRQ 6WUXFWXUDO DEHUUDWLRQV RI FKURPRVRF
WUDQVORFDWLRQV

/IRFDWLQJ JHQHV RQ FKURPRVRPHYVY *HQRPH DQDO\VLV

SUDFWLFDO 6FKHGXOH

OLFURVFRSHVY DQG W\SHYV
SUHSDUDWLRQ RI FHOO IRU F\WRORJLFDO VWXGLHYV

6WXG\ RI XOWUDVWUXFWXUH RI SODQW DQLPDO FHOO
THFKQLTXHV IRU SUHSDULQJ VTXDVK DQG VPHDU VOLGHYV

,GHQWLILFDWLRQ RI PLWRWLF VWDJHV
SUHSDUDWLRQ RI PLWRWLF VOLGHV RI SODQW FHOOV
,GHQWLILFDWLRQ RI PHLRWLF VWDJHV

UHSDUDWLRQ RI PHLRWLF VOLGHV RI SODQW FHOOV
ROOHQ IHUWLOLW\
UHSDUDWLRQ RI NDU\RW\SHV

*EDQGLQJ RI WKH FKURPRVRPHYV
*HQRPLF LQ VLWX K\EULGL]DWLRQ
OLFURSKRWRJUDSK\

SUDFWLFDO H[DPLQDWLRQ

3
3
3
&

6XJIJHVWHG 5HDGLQJV

%HFNHU . +DUGLQ 7KH :RUOG RI &HOO WK (G 3HI
&KDUOHV % 'LVFXVVLRQV LQ &\ WRJIJHQHWLFV 3UHQV
*XSWD 3. &S\WRIHQHWLFVY 5DVWRJL SXEOLFDWLRQV
KXVK *6 &S\WRIJHQHWLFV RI $QHXSORLGV $FDGHPLF

ODKDEDO 5DP )XQGDPHQWDOV RI F\WRJHQHWLFV DQ
ifn



<DR 6KDQ )DQ OROHFXODU &\ WRJHQHWLFV 3URWRF
IRGLVK + %HUN $ .DLVHU &$ .ULHJHU 0 %UHWVFKHU $
OROHFXODU &HOO %LRORJ\ : + )UHHPDQ
6DGDYD '( &HOO %LRORJ\ 2UJDQHOOH 6WUXFWXUH
3XEOLVKHUV

% 3% * %LRGLYHUVLW\ DQG ELRSURVSHFWLQJ 7TKHRU\
81,7 ,

&RQFHSWV RI ELRGLYHUVLW\ ELRUHVRXUFH DQG ZLOGOLIH P
H[ VLWX FRQVHUYDWLRQ :LOG OLIH FRQVHUYDWLRQ SURMHFW
XWLOL]DWLRQ 7KUHDWV WR ELRGLYHUVLW\ :&8 5HG GDWD E
EXUHDXV RI JHQHWLF UHVRXUFHYV

81,7 ,,

6XVWDLQDEOH GHYHORSPHQW 'LYHUVLILFDWLRQ RI FURSSLC
9XOQHUDELOLW\ DQG H[WLQFWLRQ RI IORUD DQG IDXQD (
*HUPSODVP EDQNV (QYLURQPHQWDO LPSDFW DVVHVVPHQW E
DQG OHJLVODWLRQ

81,7 ,,,

7KUHDWV WR ELRGLYHUVLW\ KDELWDW ORVV SRDFKLQJ RI Zl
HQGHPLF VSHFLHV RI ,QGLD

81,7 ,9

&RQFHSWV DQG SUDFWLFHV Rl ELRSURVSHFWLQJ 7UDGLWL
FRPSRXQGV IURP PLFUREHV EDFWHULD DFWLQRP\FHWHV DQ
DQG DQWLFDQFHU DJHQWY SODQW JURZWK SURPRWLQJ EDF\
%LRDFWLYH &RPSRXQGV IURP ODULQH DQG $QLPDO 6RXUFH

PHGLFLQHYV UDQGRP DQG HWKQR ERWDQLFDO DSSURDFK SOL
IHFWXUH 6FKHGXOH

&RQFHSWV RI ELRGLYHUVLW\ ELRUHVRXUFH DQG ZLOGOLI
VLWX DQG H[ VLWX FRQVHUYDWLRQ
'LOG OLIH FRQVHUYDWLRQ SURMHFWYV LQ ,QGLD
SURWHFWLRQ RI ELRGLYHUVLW)\ IRU LWV VXLWDEOH XWLC
7KUHDWV WR ELRGLYHUVLW\
&8 5HG GDWD ERRN

%LRGLYHUVLW\ KRWVSRWYV LQ ,QGLD
IDWLRQDO EXUHDXV RI JHQHWLF UHVRXUFHYV
6 XVWDLQDEOH GHYHORSPHQW

'LYHUVLILFDWLRQ RI FURSSLQJ V\VWHP
'LYHUVLW\ RI LQGLJHQRXV OLYHVWREFEN
9XOQHUDELOLW\ DQG HIWLQFWLRQ RI IORUD DQG IDXQD

(QGDQJHUHG VSHFLHV LQ YDULRXV HFRV\VWHPV
*HUPSODVP EDQNYV
(QYLURQPHQWDO LPSDFW DVVHVVPHQW DQG ELRVDIHW\

 QWURGXFWLRQ WR UHJXODWRU\ DJHQFLHV DQG OHJL\
OLGWHUP ([DPLQDWLRQ

7TKUHDWV WR ELRGLYHUVLW\ KDELWDW ORVV SRDFKLQJ

(QGDQJHUHG DQG HQGHPLF VSHFLHV RI ,QGLD
&RQFHSWV DQG SUDFWLFHV RI ELRSURVSHFWLQJ
7UDGLWLRQDO DQG PRGHUQ ELRSURVSHFWLQJ

%LRDFWLYH FRPSRXQGV IURP PLFUREHV EDFWHULD DFW
DQWLYLUDO FRPSRXQGY DQG DQWLFDQFHU DJHQWYV

ifno



30DQW JURZWK SURPRWLQJ EDFWHULD
3KDUPDFRORJLFDO SRWHQWLDO RI PXVKURRPV
%LRDFWLYH &RPSRXQGV IURP ODULQH DQG $QLPDO 6RXU

PHGLFLQHYV 5DQGRP DQG HWKQR ERWDQLFDO DSSURDFK
6XJJHVWHG 5HDGLQJV

'DV 0. &KRXGKXU\ %3 $ 7H[W ERRN RQ 30DQW 1RP
&RQVHUYDWLRQ .DO\DQL 3XEOLVKHUV

+RSVHWWL %% 9HQNHWDVKZDUODUX 0 7UHQGV LQ
ODQDJHPHQW 9RO 'D\D 3XEOLVKLQJ +RXVH

6LQJK 03 6LQJIK %6 30DQW %LRGLYHUVLW\ DQG 7D]
'"HOKL

.ULVKQDQ 6 DQG %KDW ' - 30DQW DQG )XQJDO %LRC

%YURDGZD\ %RRN &HQWUH ,QGLD 3
5HGG\ 6 5 DQG &KDU\D 0 $

%LRSURVSHFWLQJ O6FLHQWLILF 3
%X00 $ 7 HG OLFURE

'& S
FK

OLFURELDO 'LYHUVLW

U VW HG

6
XEOLVKH

LDO 'LYHUVLW\ DQG %LRSUR\
LRGLYHUVLW\ ORGHOV

,2JRU 3 HG SHVHDU LQ %

S

% 3% * , QWURGXFWLRQ WR DJULFXOWXUDO ERWDOQ\ TKH

81,7 30DQW NLQJGRP DQG IHDWXUHV RI HDFK JURXS ORUSKRC
VWHP OHDI IORZHU DQG LQIORUHVFHQFH 3ROOLQDWLRQ DQ
PRQRFRW VHHG VHHG JHUPLQDWLRQ

81,7 ,7\SHV RI LQIORUHVFHQFH 7\SHV RI IORZHUV (VVHQWLDC
JHOQHWLF FRQVHTXHQFHY DGDSWDWLRQV IRU SROOLQDWLRQ
FURSYV

81,7 ,,30DQW WD[RQRP\ VA\VWHPV RI FODVVLILFDWLRQ &KDU
LPSRUWDQW FURS IDPLOLHYVY 3RDFHDH )DEDFHDH ODOYDFHDH
SUDFWLHMPBULSWLRQ RI RQH SODQW VSHFLHV IURP HDFK FU
PRGLILFDWLRQV RI URRW VWHP OHDI IORZHU 7\SHV RI LQIC
DQG IUXLWYV 6WUXFWXUH RI PRQRFRWDQG GLFRW URRW VWH
LQ PDMRU FURSYVY S5LFH YHJHWDEOHV |UXLWYV

IHFWXUH 6FKHGXOH 7KHRU\

3ODQW NLQJGRP DQG IHDWXUHV RI HDFK JURXS ORUSKEF
ORUSKRORJ\ RI IORZHU DQG LQIORUHVFHQFH
ORGLILFDWLRQV DQG IXQFWLRQV RI URRW

ORGLILFDWLRQV DQG IXQFWLRQV RI VWHP
ORGLILFDWLRQV DQG IXQFWLRQV RI OHDI

ORGLILFDWLRQV DQG IXQFWLRQV RI IORZHU DQG LQIORUF
JUXLW W\SHYV
6WUXFWXUH RI GLFRW VHHG
6WUXFWXUH RI PRQRFRW VHHG
6HHG JHUPLQDWLRQ
OLGWHUP

7\SHV RI LQIORUHVFHQFHV

7\SHV RI IORZHUV

(VVHQWLDO ZKRUOV RI IORZHU
ORGHV RI SROOLQDWLRQ
*HQHWLF FRQVHTXHQFHYV
$GDSWDWLRQV IRU SROOLQDWLRQ

ino



‘'LITHUHQFHYVY EHWZHHQ VHOI DQG FURVV SROOLQDWHG FU
6\VWHPV RI FODVVLILFDWLRQ
&KDUDFWHULVWLFY DQG HFRQRPLF LPSRUWDQFH RI LPSR

&KDUDFWHULVWLFV DQG HFRQRPLF LPSRUWDQFH RI LPSR
ODOYDFHDH
BRODQDFHDH

&EXFXUELWDFHDH DQG RWKHU IDPLOLHYV
SUDFWLFDO

'"HVFULSWLRQ RI RQH SODQW VSHFLHV IURP HDFK FURS IDF

6WXG\ RI PRUSKRORJ\ DQG PRGLILFDWLRQV RI URRW
6WXG\ RI PRUSKRORJ\ DQ GLILFDWLRQV RI VWHP
6WXG\ RI PRUSKRORJ\ D LILFDWLRQV RI OHDI

G
6WXG\ RI PRUSKRORJ\ D GLILFDWLRQV RI IORZHU
7\SHV RI LQIORUHVFHQF

G PR
G PR
G PR

Q
Q
H
%
w
w

6WUXFWXUH RI YDULRXV W\SHV RI VHHGY DQG IUXLWYV
6WUXFWXUH RI PRQRFR DOG GLFRW URR
6WUXFWXUH RI PRQRFR DQG GLFRW VWHP DQG OHDI

JORUDO ELRORJ\
ORGH RI UHSURGXFWLRQ LQ PDMRU FURSV 5LFH
ORGH RI UHSURGXFWLRQ LQ PDMRU FURSY YHJHWDEOHYV

FURSV IUXLWYV
3UDFWLFDO ([DP

6XJIJHVWHG 5HDGLQJV

%HQGUH $ .XPDU $ 7THIWERRN RI BUDFWLFDO %RWDQ
SXEOLFDWLRQV
WHQGUH $0 3DQGH 3& ,QWURGXFWLRQ WR %RWDQ\ ¢

$ &ODVV %RRN RI %RWDQ\ WK (GLWLRQ 2[IRUG 8QLYHUV

% 3% * %DVLFV DQG PHWKRGV RI SODQW EUHHGLQJ 7TKH
81,7 ,

+LVWRU\ DLPV DQG REMHFWLYHV RI 30DQW EUHHGLQJ 5ROH
UHSURGXFWLRQ

VH[XDO DVH[XDO DSRPL[HV O6LJQLILFDQFH LQ SODQW EUHH
FRQVHTXHQFHYV GLIITHUHQFHV EHWZHHQ VHOI DQG FURVV SRC
XWLOL]DWLRQ

81,7 ,,
OHWKRGV Rl EUHHGLQJ ,QWURGXFWLRQ DQG $FFOLPDWL]DWLF
OLQH WKHRU\ JHQHWLF EDVLV SXUH OLQH VHOHFWLRQ +\
K\EULGL]DWLRQ OHWKRGV RI KDQGOLQJ VHJUHJDWLQJ JHQH!
FURVV PHWKRG +HWHURVLV LQEUHHGLQJ GHSUHVVLRQ YD
SROOLQDWHG FURSVY OHWKRGV RI EUHHGLQJ YHJHWDWLYHO!
EUHHGLQJ :LGH K\EULGL]DWLRQ DQG LWV VLJQLILFDQFH LQ F
81,7 ,,,

$SSOLFDWLRQ Rl JHQHWLF F\WRJHQHWLF DQG ELRWHFKQRO
YHJHWDEOHVY DQG FRFRQXW PDMRU EUHHGLQJ DFKLHYHPHQW

81,7 ,9
&ODVVHV RI VHHG 3ULQFLSOHV RI VHHG SURGXFWLRQ DQG VF



SUDFWLFDO

(PDVFXODWLRQ DQG K\EULGL]DWLRQ WHFKQLTXHV (VWLPDWL
(VWLPDWLRQ RI KHULWDELOLW\ 6WXG\ RI PHIDVSRURJHQHVL
F\FOH RI DQ DQJLRVSHUPLF

SODQW +\EULGL]DWLRQ WHFKQLTXHVY DQG SUHFDXWLRQV WHE
WHFKQLTXHYV LQ ULFH SXOVHV YHIJHWDEOHY DQG FRFRQXW
TXDboOoLw\ VHHG YLDELOLW\ VHHG YLJRXU VHHG KHDOWK WHYV

/IHFWXUH VFKHGXOH
+LVWRU\ DLPV DQG REMHFWLYHV RI 30DQW EUHHGLQJ 5R
ORGHV RI UHSURGXFWLRQ VH[XDO DVH[XDO DSRPL[HV ¢

| SROOLQDWLRQ JHQHWLF FRQVHTXHQFHV GLIIHUHQFHV EH
QG FURVV SROOLQDWHG FURSYV

*HUPSODVP UHVRXUFHY DQG WKHLU XWLOL]DWLRQ
OHWKRGV RI EUHHGLQJ ,QWURGXFWLRQ DQG $FFOLPDW

6HOHFWLRQ ODVV VHOHFWLRQ -RKDQQHVHQYV SXUH OLQ!
+\EULGL]DWLRQ $LPV DQG REMHFWLYHV W\SHV RI K\EUL

OHWKRGV RI KDQGOLQJ VHJUHIDWLQJ JHQHUDWLRQV 3
PHWKRG
+HWHURVLYVY LQEUHHGLQJ GHSUHVVLRQ YDULRXV WKHRULFE
FURSV

OHWKRGV RI EUHHGLQJ YHJHWDWLYHO\ SURSDJDWHG FU
OLGWHUP ([DPLQDWLRQ
OXWDWLRQ EUHHGLQJ

3ORLG\ EUHHGLQJ
'LGH K\EULGL]DWLRQ DQG LWV VLIJQLILFDQFH LQ FURS L
$SSOLFDWLRQ RI JHQHWLF F\WRJHQHWLF DQG ELRWHEFK:

SXOVHV YHJHWDEOHVY DQG FRFRQXW PDMRU EUHHGLQJ DFKL
&ODVVHV RI VHHG 3ULQFLSOHV RI VHHG SURGXFWLRQ D¢

R
D

U
L

SUDFWLFDO 6FKHGXOH

(PDVFXODWLRQ +\EULGL]DWLRQ WHFKQLTXHV LQ YDULRX
(VWLPDWLRQ RI KHWHURVLY DQG LQEUHHGLQJ GHSUH

(VWLPDWLRQ RI KHULWDELOLW\
6WXG\ RI PHIDVSRURJHQHVLY DQG PLFURVSRURJHQHYV
JHUWLOL]DWLRQ DQG OLIH F\FOH RI DQ DQJLRVSHUPLF
JORUDO ELRORJ\ HPDVFXODWLRQ K\EULGL]DWLRQ Wt
YDULHWLHY K\EULGV LQ ULFH
JORUDO ELRORJ\ HPDVFXODWLRQ K\EULGL]DWLR
UHOHDVHG YDULHWLHY LQ FRZSHD JUHHQ JUDP EODEFN JUDP
JORUDO ELRORJ\ HPDVFXODWLRQ K\EULGL]DWLRQ WHFK
FXFXUELWYV
JORUDO ELRORJ\ HPDVFXODWLRQ K\EULGL]DWLRQ WHFK
FKLOOL EULQMDO WRPDWR
JORUDO ELRORJ\ HPDVFXODWLRQ K\EULGL]DWLRQ WH
YDULHWLHYVY K\EULGV LQ %KLQGL
JORUDO ELRORJ\ HPDVFXODWLRQ K\EULGL]DWLRQ WH

YDULHWLHY K\EULGV LQ FRFRQXW
6HHG TXDOLW\ VHHG YLDELOLW\ 6HHG YLJRXU DQG VI
9LVLW WR VHHG SURGXFWLRQ SORWYV

SUDFWLFDO ([DPLQDWLRQ

ino



6XJIJHVWHG 5HDGLQJV

$00DUG 5: 3ULQFLSOHV RI 30DQW %UHHGLQJ -RKC

3KXQGDQ 6LQJK (VVHQWLDOV Rl 30DQW %UHHGLQJ

6LQJIK %' 30DQW %UHHGLQJ 3ULQFLSOHV DQG OHW

&KRSUD 9/ %UHHGLQJ )LHOG &URSV 2[IRUG DQG ,%

BOHSHU '$ 3RHKOPDQ -0 %UHHGLQJ )LHOG &URSV
% 3 % * OROHFXODU PDUNHU WHFKQRORJ\ 7KHRU\

81,7 ,

7\SHV RI PROHFXODU PDUNHUV 5)/3 3&5 EDVHG PDUNHUV O
$)/3 613 DQG WKHLU YDULDQWY 8VHV RI PROHFXODU PDUN
JHQRW\SLQJ DQG JHQH PDSSLQJ ODSSLQJ SRSXODWLRQV )
DQDO\VLYV /LQNDJH PDSV 3K\VLFDO PDSYV

81,7 ,,

$SSOLFDWLRQ RI PROHFXODU PDUNHUV $VVHVVLQJ JHQHWLF
EUHHGLQJ IRU DFFHOHUDWHG LQWURJUHVVLRQ RI WUDLW WU
KHDOWK $VVRFLDWLRQ ZLWK JHQHWLF EDVHG GLVHDVHV 3D\

SUDFWLFDO

'1$ HHIWUDFWLRQ DQG 3&5 DPSOLILFDWLRQ DQG HOHFWURSKRU
PDUNHUV 5%$3' 665 *HO VFRULQJ DQG GDWD DQDO\VLV IRU
&RPSDUDWLYH DQDO\VLV RI SODQW JHQRPHV XVLQJ PROHFXC
PROHFXODU PDUNHUV O0DSSLQJ PDMRU JHQHV XVLQJ PROHEF
&RPSDULVRQ DFURVYVY PDSSLQJ SRSXODWLRQV *HQHWLF GLYI
DYDLODEOH VRIWZDUH O6FKHPH RI XVLQJ PROHFXODU PDUNHL
JHQHVY )RUH JURXQG VHOHFWLRQ %DFNJURXQG VHOHFWLRQ
PDUNHUV IRU GHWHFWLQJ *02V OROHFXODU PDUNHUV IRU GF
OROHFXODU PDUNHUV IRU SDWHUQLW\ GHWHFWLRQ LQ SODQ
VWXGLHVY FDVH VWXGLHYV

/IHEFWXUH 6FKHGXOH 7KHRU\

7\SHV RI PROHFXODU PDUNHUV 5)/3
3&45 EDVHG PDUNHUV OLNH 5%$3' 6&%$5 665 676 &%$36 $)/3

RIPROHFXODU PDUNHUV
$SSOLFDWLRQ DV D JHQHWLF WRRO IRU JHQRW\SLQJ DQG JI

ODSSLQJ SRSXODWLRQV ) '+ 5,/V 1,/V %XONHG VHJUHJL
ILQNDJH PDSV 3K\VLFDO PDSV

OLGWHUP ([DPLQDWLRQ

$SSOLFDWLRQ RI PROHFXODU PDUNHUV $VVHVVLQJ JHQH
ODUNHU DVVLVWHG EUHHGLQJ IRU DFFHOHUDWHG LQWUR.
+XPDQ DQG DQLPDO KHDOWK $VVRFLDWLRQ ZLWK JHQHMW
JRUHQVLF VWXGLHYV

SUDFWLFDO VFKHGXOH
'1$ HITWUDFWLRQ DQG 3&5 DPSOLILFDWLRQ DQG HOHFWL

+\EULGL]DWLRQ EDVHG PDUNHUYV
3&5 EDVHG PDUNHUV 5%$3' 665
*HO VFRULQJ DQG GDWD DQDO\VLV IRU WDJJLQJ DQG Sk

&RPSDUDWLYH DQDO\VLV Rl SODQW JHQRPHV XVLQJ PR«
*HQHWLF PDS FRQVWUXFWLRQ XVLQJ PROHFXODU PDUN
0DSSLQJ PDMRU JHQHV XVLQJ PROHFXODU PDUNHUYV
47/ PDSSLQJ LQ SODQWYV

7 oa N



&RPSDULVRQ DFURVYV PDSSLQJ SRSXODWLRQ

*HQHWLF GLYHUVLW\ DQDO\VLV XVLQJ GLIITHUHQW PDUN
6FKHPH RI XVLQJ PROHFXODU PDUNHUV WR LQWURJUHYV
JRUH JURXQG VHOHFWLRQ %DFNJURXQG VHOHFWLRQ L

OROHFXODU PDUNHUV IRU GHWHFWLQJ *02V

OROHFXODU PDUNHUV IRU GHWHFWLRQ RI GLVHDVHV LQ

OROHFXODU PDUNHUV IRU SDWHUQLW\ GHWHFWLRQ LQ
R

PROHFXODU PDUNHUV IRU IRUHQVLF VWXGLHV FDVH VW
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

+XJHV 6 ORRG\ $ 385 OHWKRGV ([SUHVV 5R\DO &
3UDFWLWLRQHUV

30DQW %UHHGLQJ DQG *HQHWLFV (OHFWLYHYV (OHFWLYHYV , 3

% (/* OROHFXODU %YUHHGLQJ RI FURS SODQWYV 7TKHRU\

81,7 ,

3ULQFLSOHV RI 30DQW %UHHGLQJ * %UHHGLQJ PHWKRGV IR
EUHHGLQJ /LPLWDWLRQV Rl & RQYHQWLRQDO EUHHGLQJ 3ULQ
+ 7TKUHH SRLQW WHVW FURVYV DQG OLQNDJH PDSSLQJ + 'HYHOR
DQG '+ OLQHV DQG WKHLU XWLOLW\LQ WKH OLQNDJH PDSSLQJ

81,7 ,,

obssLQJ PDMRU JHQH RI LQWHUHVW DQG VWUDWHJILHYV * )LQH
VDWXUDWHG OLQNDJH PDS DQG KLJK UHVROXWLRQ PDS + PDS
SRSXODWLRQV = )LQH PDSSLQJ RI JHQHYV 47/ £+ 47/ LVRODWLRC

81,7 ,,,
613V JHQRW\SLQJ PHWKRGRORJLHV * 6HTXHQFLQJ JHQRPH IRL
IRU WKH 613V PDUNHU GHYHORSPHQW + 613 DQDO\VLV IRU PDM
WUHQGV LQ JHQRW\SLQJ PHWKRGV

81,7 ,9

ODUNHU $VVLVWHG VHOHFWLRQ *+ JRUHJURXQG DQG EDFNJURX
+ ODUNHU DVVLVWHG S\UDPLGLQJ + ODUNHU DVVLVWHG UHFXU
VSHFLILF WUDLWV ZLWK H[DPSOHV +* &RPPHUFLDO DSSOLFDWL

81,7 9
/DUIJHW WUDLWYV LPSURYHPHQW LQ PDMRU FURSYV WKURXJK PF

EUHHGLQJ
SUDFWLFDO

*HQRW\I\SLQJ DQG SKHQRW\SLQJ GDWDVHWYV IRU /LQNDJH PDSS
'LVWR DQG 47/ 0ODSSLQJ VRIWZDUHV VXFK DV :LQ47/ FDUWRJ
7$66(/ VRIWZDUH S/LQN VRIWZDUH 8VH RI JHQH EDVHG DQG
VHOHFWLRQ IRU WDUJHW WUDLWYV LQ WDUJHW FURSV

+ ODUNHU DVVLVWHG GHWHFWLRQ RI WKH WUDQVJHQH *HQH

6DUNHU DVVLVWHG GHWHFWLRQ RI WKH WUDQVJHQH 'LYHUVL'
/IHFWXUH VFKHGXOH
SULQFLSOHYV RI 30DQW %YUHHGLQJ

%YUHHGLQJ PHWKRGV IRU VHOI DQG FURVYVY SROOLQDWH

+HWHURVLYVY EUHHGLQJ

ILPLWDWLRQV RI &RQYHQWLRQDO EUHHGLQJ
SULQFLSOHYVY RI JHQHWLF OLQNDJH ZLWK VXLWDEOH F

s N 7



PDSSLQJ
'"HYHORSPHQW RI PDSSLQJ SRSXODWLRQ = )V 5,/v 1,

LQ WKH OLQNDJH PDSSLQJ VWXGLHV
obsSsSLQJ PDMRU JHQH RI LQWHUHVW DQG VWUDWHJILHV

)LQH PDSSLQJ RI WKH WDUJHWHG JHQRPLF UHJLRQV X\
UHVROXWLRQ PDS

ODS EDVHG FORQLQJ
47/ PDSSLQJ XVLQJ VWUXFWXUHG SRSXODWLRQV
J)LQH PDSSLQJ RI JHQHYV 47/

47/ LVRODWLRQ DQG GHYHORSPHQW RI JHQH EDVHG PL

OLGWHUP H[DPLQDWLRQ

613V JHQRW\SLQJ PHWKRGRORJLHV

6HTXHQFLQJ JHQRPH IRU 613 LGHQWLILFDWLRQ
1*6 SODWIRUPV XVHG IRU WKH 613V PDUNHU GHYHORSP
613 DQEDO\VLV IRU PDMRU JHQH GLVFRYHU\

'$U7 PDUNHUV
SHFHQW WUHQGYV LQ JHQRW\SLQJ PHWKRGYV
ODUNHU $VVLVWHG VHOHFWLRQ

JRUHJURXQG DQG EDFNJURXQG VHOHFWLRQ 0%$6 |
ODUNHU DVVLVWHG S\UDPLGLQJ

ODUNHU DVVLVWHG UHFXUUHQW VHOHFWLRQ

7TUDQVJHQLF EUHHGLQJ

0$6 IRU VSHFLILF WUDLWV ZLWK H[DPSOHV * &RPPHUFL

7DUJHW WUDLWYV LPSURYHPHQW LQ PDMRU FURSV WKI
LQ PROHFXODU EUHHGLQJ

SUDFWLFDO VFKHGXOH

*HQRW\SLQJ DQG SKHQRW\SLQJ GDWDVHWY IRU /LQNDJF
ODSPDNHU 0DS 'LVWR DQG 47/ 0DSSLQJ VRIWZDUHV VXFK DV :
613 PDUNHU GDWD DQDO\VLYV
7$66(/ VRIWZDUH
S/LQN VRIWZDUH
8VH RI JHQH EDVHG DQG FORVHO\ OLQNHG PDUNHUV IRU

WDUJHW FURSYV
ODUNHU DVVLVWHG GHWHFWLRQ RI WKH WUDQVJHQH

*HQHWLF GLYHUVLW\ DQDO\VLYVY XVLQJ PROHFXODU PDUN'
'LYHUVLW\ DQDO\VLV XVLQJ 83*0%
SUDFWLFDO H[DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

1DJDW 7 /RU] + :LGKROP -0 %LRWHFKQRORJ\ LQ $.
6SULQJHU

7ULYHGL 3& 30DQW %LRWHFKQRORJ\ 5HFHQW $GYD

- 6 %DO JUXLW *URZLQJ .DO\DQL 3XEOLVKHUV

. XPDU 1 %UHHGLQJ RI +RUWLFXOWXUDO FURSV 3UL
3XEOLVKLQJ $JHQF\

. /| &KDGD +DQGERRN RI +RUWLFXOWXUH ,&$5

. XPDU - 3UDVDG +DQGERRN RI JUXLW 3URGXFWLRQ

BFKQHOO 5- 3UL\DGDUVKDQ 30 *HQRPLFV RI 7TUHH &

6LQJK -LWHQGHU %DVLF +RUWLFXOWXUH .DO\DQL 3

6LQJK 5DQMLW JUXLWYVY 1DWLRQDO %RRN 7UXVW
iol



6SDQJHQEHUJ * OROHFXODU %UHHGLQJ RI )RUDJH &
SXEOLVKHUYV

O9LFWRU 5D\ *DUGHQ )UHGHULFN &KDUOHV %QDIRUG +H!
)JXQGDPHQWDOV RI )UXLW 3URGXFWLRQ OF *UDZ %RRN &

%3(1 )XQGDPHQWDOV RI FURS SURWHFWLRQ 7KHRU\
81,7 ,

,PSRUWDQFH DQG VFRSH RI SODQW SDWKRORJ\ &RQFHSW RI
SODQW GRYRIDWB®FH DQG JHQHUDO FKDUDFWHUV RI IXQJL ED
SK\WRSODVPDV 6YLWKVSODVFDVRLGY DOJDH SURWR]RD DC
3DWKRJHQHVLV GXH WR REOLJDWH DQG IDFXOWDWLYH SDUD'
QHFHVVDU\ IRU GHYHORSPHQW RI GLVHDVH HSLGHPLFV 6XU)\
SULQFLSOHV RI SODQW GLVHDVH PDQDJHPHQW FKHPLFDOV IR
DQG QHZ JHQHUDWLRQ IXQJLFLGHVY DQWLELRWLFV SODQW
SURWHFWLRQ HTXLSPHQW ,QWHJUDWHG 'LVHDVH PDQDJHPH
LPSRUWDQW GLVHDVHV Rl PDMRU FURSV

81,7 ,,

,QVHFWYVY WKHLU JHQHUDO ERG\ VWUXFWXUH ,PSRUWDQFH F
LOQVHFWY 3URGXFWLYH LQVHFWY SDUDVLWRLGY DQG SUHGD
*HQHUDO V\PSWRPV RI LQVHFWTV DWWDFN 3ULQFLSOHV DQG
SHVW ODQDJHPHQW FRQFHSW %LRWHFKQRORJ\ IRU SHVW PDQ

SUDFWLFDO

)DPLOLDUL]DWLRQ ZLWK JHQHUDOL]HG LQVHFWIV ERG\ VWUXI
FKDUDFWHUV RILPSRUWDQW RUGHUV RI LQVHFWYV

$FTXDLQWDQFH ZLWK XVHIXO LQVHFWY SUHGDWRUV SDUDVL
$FTXDLQWDQFH WR SODQW SDWKRORJ\ ODERUDWRU\ HTXLSPF
EDFWHULD 'HPRQVWUDWLRQ RI .RFKfV SRVWXODWHY 6WXG\
DQG PHWKRGV RI WKHLU HYDOXDWLRQ 'LDJQRVLV DQG LGHQW
RLOVHHGY SXOVHV VXJDUFDQH ITUXLWDQG YHIJHWDEOHYV FUI

/IHFWXUH VFKHGXOH

,PSRUWDQFH DQG VFRSH RI SODQW SDWKRORJ\ &RQFHSYV
+LVWRU\ RI 30DQW 3DWKRORJ\

IDWXUH DQG FODVVLILFDWLRQ RI SODQW GLVHDVHYV
,PSRUWDQFH DQG JHQHUDO FKDUDFWHUYV RI IXQJL EDFW
,PSRUWDQFH DQG JHQHUDO FKDUDFWHUV RI QHPDWRGH

YLURLGY DOJDH SURWRI]RD

,PSRUWDQFH DQG JHQHUDO FKDUDFWHUV RI SKDQHURJDF
SDWKRJHQHVLYVY GXH WR REOLJDWH DQG IDFXOWDWLYH SI

ODULDELOLW\ LQ SODQW SDWKRJHQV
J)DFWRUV RI GHYHORSPHQW RI GLVHDVH HSLGHPLFV
6XUYLYDO DQG GLVSHUVDO RI SODQW SDWKRJHQV

%DVLF SULQFLSOHV RI SODQW GLVHDVH PDQDJHPHQW
&KHPLFDOV IRU SODQW GLVHDVH PDQDJHPHQW FRQWDEFYV
$QWLELRWLFYVY SODQW GHIHQVH DFWLYDWRUV DQWLYLUI

3O0DQW SURWHFWLRQ HTXLSPHQWYV
, QWHJUDWHG 'LVHDVH PDQDJHPHQW FRQFHSWYVY DQG PHW

ol



* ODQDIJHPHQW RI LPSRUWDQW GLVHDVHV RI PDMRU FU

OLGWHUP H[DPLQDWLRQ

,QVHFWYVY WKHLU JHQHUDO ERG\ VWUXFWXUH VHJPHQWL
,PSRUWDQFH RI LQVHFWV LQ $JULFXOWXUH

,QVHFWYVY GLYHUVLW\
(FRQRPLF FODVVLILFDWLRQ RI LQVHFWYV
SURGXFWLYH LQVHFWY KRQH\ EHH VLONZRUP

SDUDVLWRLGY DQG SUHGDWRUYV
&RQFHSWYV LQ SRSXODWLRQ EXLOG XS RI LQVHFWYV

(FRQRPLF OHYHOV
&DWHJRULHV RI SHVWYV
*HQHUDO V\PSWRPV RI LQVHFWTV DWWDEFN

BULQFLSOHV RI LQVHFW SHVWYV PDQDJHPHQW OHWKRG\
,QWHJUDWHG 3HVW ODQDJHPHQW FRQFHSW
%LRHFRORJ\ DQG PDQDJHPHQW RI LPSRUWDQW SHVWV R

SUDFWLFDO VFKHGXOH
)DPLOLDUL]DWLRQ RI VIPSWRPV RI LPSRUWDQW IXQJDO G
)DPLOLDUL]DWLRQ RI VIPSWRPV RI LPSRUWDQW EDFWHUL
LPSRUWDQW GLVHDVHV RI PDMRU FURSYV

)DPLOLDULVDWLRQ ZLWK GLITHUHQW SO Q SURWHFWLRQ
)DPLOLDULVDWLRQ RI GLITHUHQW ELRFRQWURO DJHQWYV DC
J)DPLOLDUL]DWLRQ ZLWK JHQHUDOL]HG LQVHFWY{V ERG\ VW

,GHQWLILFDWLRQ RI LPSRUWDQW LQVHFW SHVWYV RI PDM
Rl GDPDJH

$FTXDLQWDQFH ZLWK XVHIXO LQVHFWY SUHGDWRUV SDU
SUDFWLFDO HI[DPLQDWLRQ

6XJIJHVWHG S5HDGLQJV

$JULRV *1 30DQW 3DWKRORJ\ $FDG 3UHVYV
$WZDO $6 'KDOLZDO *6 $JULFXOWXUDO 3HVWYV RI 6RX
.DO\DQL 3XEOLVKHUV
'KDOLZDO *6 $URUD 5 BULQFLSOHV RI ,QVHFW 3HVYV
$IJULFXOWXUH 7THFKQRORJ\ ,QIRUPDWLRQ &HQWUH
'KDOLZDO *6 6LQJK 5 &KKLOODU %6 (VVHQWLDOV RI
SXEOLVKHUV
/WGOHKURWUD 56 $JJDUZDO $ 30DQW 3DWKRORJ\ WK (C
6LQJK + +RXVH KROG DQG .LWFKHQ *DUGHQ 3HVWYV 3
SXEOLVKHUV
6LQJK 56 30DQW 'LVHDVHV WK (G 2[IRUG , %+ 3XE
6LQJK 56 L QWURGXFWLRQ WR 3ULQFLSOHV RI 3ODQW :
6WDNPDQ (& +DUUDU -* SULQFLSOHV RI 30DQW 3DWK
7DUU 6%- 7KH 3ULQFLSOHV RI 30DQW 3DWKRORJ\ OFO
9DQGHU 30DQN -( BULQFLSOHV RI 30DQW ,QIHFWLRQ
(OHFWLYHV %(/3 OROHFXODU GLDJQRVLV RI SODQW SDWKR

7TKHRU\ 81,7 ,

,QWURGXFWLRQ WR SODQW SDWKRJHQV *= IXQJL EDFWHULD
DSSOLFDWLRQV RI PROHFXODU GLDJQRVWLF WHVWY 1XFOHL
SDWKRJHQLF RUJDQLVPV $SSOLFDWLRQ Rl UHVWULFWLRQ H¢
SDWKRJHQV 3RO\PHUDVH FKDLQ UHDFWLRQ 3&5 DQG LWV YD

ioo



UHDFWLRQ 57 3&5 LVRWKHUPDO DPSOLILFDWLRQ /$03
DPSOLILFDWLRQ 1%$6%%$ O5HDO 7LPH 3&5 '1$ SUREHV 6RXWKH
EDVHG DVVD\V 6'6 3$*( :HVWHUQ %ORW 'RW EORW (/,6%
DQG ODWHUDO IORZ GHYLFH

81,7 ,,

$GYDQWDJHV RI OROHFXODU GLDJQRVWLFV RI SODQW SD\
VHURGLDJQRVWLFV '1$ DUUD\ WHFKQRORJ\ 3URWHLQ DUUD\
'"HYHORSPHQW DQG YDOLGDWLRQ RI GLDJQRVWLF WHVWYV

SUDFWLFDO

SUHSDUDWLRQV RI EXITHUV DQG UHDJHQWYV &ROOHFWLRQ RI S
IXQJDO EDFWHULD SK\WRSODVPD YLUXYV ((WUDFWLRQ RI Q>
VSHFLPHQV S5HVWULFWIGRQHN@Q/ERQXPQB8DWEDO\VLYV XVLQJ DJI
3RO\PHUDVH FKDLQ UHDFWLRQ IRU GHWHFWLRQ RI SDWKRJHQ
YLUXVHV 5&% IRU '1$ YLUXVHV 3&5 EDVHG GHWHFWLRQ RI SOI
/IDWHUDO IORZ DVVD\ (/,6%

JHFWXUH VFKHGXOH
 QWURGXFWLRQ WR SODQW SDWKRJHQV * IXQJL EDFWHUL

6LIJQLILFDQFH RI GHWHFWLRQ LQ SODQW GLVHDVH PDQDJI
*HQHUDO FKDUDFWHULVWLFV RI IXQJL EDFWHULD YLUXVE
&KDUDFWHULVWLFVY DQG SURSHUWLHYV RI IXQJL &KDUDFW
&KDUDFWHULVWLFY DQG SURSHUWLHYV RI 9LUXV YLURLGV DQ
*HQHVLY LPSRUWDQFH DQG VFRSH RI PROHFXODU SODQ\
PROHFXODU GLDJQRVWLF WHVWYV
6WXG\ RI EDVLF WHFKQLTXHV OLNH (OHFWURSKRUHVLV ,PF
K\EULGL]DWLRQ 3&5 5%$3' 5)/3
'"HWHFWLRQ DQG GLDJQRVLV RI SODQW SDWKRJHQV E\ YD

OLGWHUP ([DPLQDWLRQ
(OHFWURQ PLFURVFRS\ ,6(0

'HVWHUQ %ORW 'RW EORW (/,6$ DQG ODWHUDO IORZ GHY

SURWHLQ EDVHG DVVD\V 6'6 3$*( 1XFOHLF DFLG EDVHC
SDWKRJHQLF RUJDQLVP 3RO\PHUDVH FKDLQ UHDFWLRQ 3&5

5SHYHUVH WUDQVFULSWDVH SRO\PHUDVH FKDLQ UHDFWLRC
3&5 4XDQWLWDWLYH 3&5 5HDO 7LPH 3&5 '1$ 3UREHYV

, VRWKHUPDO DPSOLILFDWLRQ EDVHG PHWKRGV RI GHWHF!
$PSOLILFDWLRQ /$03 5ROOLQJ &LUFOH $PSOLILFDWLRQ 5&%

/$03 5&% 1XFOHLF DFLG VHTXHQFH EDVHG DPSOLILFDWLF

6RXWKHUQ EORWWLQJ 1RUWKHUQ EORWWLQJ

SRVW $PSOLILFDWLRQ 7THFKQLTXHV '1$ OLFURDUUD\ '1$% P|

'1$ 51%$ SUREH EDYVYRI VKDEXYDEML]DWLRQ ,6+ WHFKQLTXH

VLWX K\EULGL]DWLRQ ),6+

$SSOLFDWLRQ RI UHVWULFWLRQ HQGRQXFOHDVH DQDO\V
$GYDQWDJHV RI OROHFXODU GLDJQRVWLFV RI SODQW SDWKRJ

GLDJQRVWLFV VHURGLDJQRVLYV
'1$ DUUD\ WHFKQRORJ\ 3URWHLQ DUUD\ WLVVXH DUUD\
%LRVHQVRUV DQG QDQRWHFKQRORJ\

'"HYHORSPHQW DQG YDOLGDWLRQ RI GLDIJQRVWLF WHVWYV
SUDFWLFDO VFKHGXOH

SUHSDUDWLRQV RI EXIITHUV DQG UHDJHQWYV

fon



,GHQWLILFDWLRQ RI GLVHDVHVY EDVHG RQ HIWHUQDO V\
SUHSDUDWLRQ RI PHGLD

,VRODWLRQ Rl SODQW SDWKRJHQLF IXQJL
. VRODWLRQ Rl SODQW SDWKRJHQLF EDFWHULD
(VWDEOLVKPHQW RI'.RFKY{V SRVWXODWHYV

OHFKDQLFDO WUDQVPLVVLRQ RI SODQW YLUXVHYV
&ROOHFWLRQ RI SODQW VDPSOHV IRU PROHFXODU GHW
IXQJDO EDFWHULD SK\WRSODVPD YLUXV
6'6 3%*(

SURWHLQ EDVHG GHWHFWLRQ RI SODQW SDWKRJHQV E\
((WUDFWLRQ RI QXFOHLF DFLGV '1$ IURP WKH ILHOG VS
((WUDFWLRQ RI QXFOHLF DFLGV 51% IURP WKH ILHOG VS
SRO\PHUDVH FKDLQ UHDFWLRQ IRU GHWHFWLRQ RI SDW
57 3&5 IRU GHWHFWLRQ RI 51% YLUXVHYV

IHVWHG 3&5

6HURORJ\ EDVHG GHWHFWLRQ RI SODQW SDWKRJHQV LC
6HURORJ\ EDVHG GHWHFWLRQ RI SODQW SDWKRJHQV LC

SUDFWLFDO HI[DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

'"HEQDWK 0 3UDVDG *%.6 ORQNHXQODAJ 'LDIQRVWLFV 3URPL
SRVVLELEOBHWIOHWHWU 6FLHQFH % XVLQHVY OHGLD

6LQIJK %' WLRWHFKQRORJ\ H[SDIQ DL S8KEIO|IRVQYIWMH UV

9LOMRHQ *- 1HO /+ &URZOMWKAXWDODPY 'LDIQRVWEFUIESI KD QGET
6FLHQFH BHGLEHVYV

:LOVRQ . DONHWEQFLSOHY DQG 7THFKQLTXHV RI %LRFKH
%LRORDPEULGJH 8QLYHUVLW\ 3UHVV

% (/3 OROHFXODU GLDIJQRVWLFV 7TKHRU\
81,7 ,

SULQFLSOH DQG DSSOLFDWLRQV RI PROHFXODU GLDJQRVWLF WH
SDWKRRHQIDQLVPV $SSOLFDWLRQ RI UHVWULFWLRQ HQGRQ.:
SDWKRJHQV 3RO\PHUDVH FKDLQ UHDFWLRQ 3&5 DQG LWV YD
UHDFWLRQ 57 3&5 LVRWKHUPDO DPSOLILFDWLRQ /$03

DPSOLILFDWLRQ 1$6%$ 5HDO 7LPH 3&5 '1$ BUREHV 6RXWKH
EDVHG DVVD\V 6'6 3$*( :HVWHUQ %ORW 'RW EORW (/,6%$ DQG

81,7 ,,
$GYDQWDJHV RI OROHFXODU GLDJQRVWLFV RYHU FRQYHQWLF

WHFKQRORJ\ 3URWHLQ DUUD\ WLVVXH DUUD\ %LRVHQVRUV C
RI GLDIJQRVWLF WHVWYV

SUDFWLFDO

SUHSDUDWLRQV RI EXITHUV DQG UHDJHQWYV &ROOHFWLRQ RI |
GHWHFWLRQ RI SDWKRJHQV EDFWHULD YLUXV ([WUDFWLRQ
VSHFLPHQV 5HVWULFWLRQ HQGRQXFOHDVH GLJHVWLRQ DQ(
3RO\PHUDVH FKDLQ UHDFWLRQ IRU GHWHFWLRQ RI SDWKRJH
GHWHFWLRQ RI 51% YLUXVHV 3&5 EDVHG GHWHFWLRQ RI PHD
PHDWV 3&5 EDVHG GHWHFWLRQ RI SDWKRJHQV LQ PLON HJJV

ioo



6XJIJHVWHG 5HDGLQJV

'HEQDWK 0 3UDVDG *%.6 %LVHQ 36 OROHFXODU 'LDJQF
6SULQJHU 6FLHQFH %XVLQHVV OHGLD

6LQJK %' %LRWHFKQRORJ\ H[SDQGLQJ +RUL]JRQV .DO\DQL
9LOMRHQ *- 1HO /+ &URZWKHU -5 OROHFXODU 'LDJQRV!
6FLHQFH %XVLQHVV OHGLD

':LOVRQ . :DONHU - 3ULQFLSOHYVY DQG 7HFKQLTXHV RI ¢
%LRORJ\

&DPEULGJH 8QLYHUVLW\ 3UHVYV

/IHFWXUH VFKHGXOH 7KHR U\

,QWURGXFWLRQ WR SDWKRJHQLF PLFUREHV *= IXQJL EDFWL
+LVWRU\ RI| GHWHFWLRQ LQ GLVHDVH PDQDJHPHQW
6LIJQLILFDQFH RI GHWHFWLRQ LQ GLVHDVH PDQDJHPHQW
*HQHUDO FKDUDFWHULVWLFV RI IXQJL EDFWHULD YLUX

&KDUDFWHULVWLFVY DQG SURSHUWLHYV RI IXQJL

ioo



&ODVV FRQWG
&KDUDFWHULVWLFVY DQG SURSHUWLHYV RI EDFWHULD
&ODVV FRQWG

&KDUDFWHULVWLFYVY DQG SURSHUWLHYV RI 9LUXV YLURL
&ODVYV FRQWG

*HQHVLYVY LPSRUWDQFH DQG VFRSH RI PROHFXODU GLDJ
SBULQFLSOH DQG DSSOLFDWLRQV RI PROHFXODU GLDJQF
6WXG\ RI EDVLF WHFKQLTXHYVY OLNH (OHFWURSKRUHVLYV

K\EULGL]DWLRQ 3&5 5$3' 5)/3
'HWHFWLRQ DQG GLDJQRVLV Rl SODQW SDWKRJHQV E\ Y
WHFKQLTXHV

(OHFWURQ PLFURVFRS\ ,6(0
"HVWHUQ %ORW 'RW EORW (/,6%$ DQG ODWHUDO IORZ G
SURWHLQ EDVHG DVVD\V 6'6 3$%*(

OLGWHUP ([DPLQDWLRQ
1XFOHLF DFLG EDVHG GLDJQRVWLFV IRU GHWHFWLRQ R

SRO\PHUDVH FKDLQ UHDFWLRQ 3&5 DQG LWV YDULDQW
SHYHUVH WUDQVFULSWDVH SRO\PHUDVH FKDLQ UHDFWL
I1HVWHG 3&5 OXOWLSOH[ 3&5

LR 3&5 4XDQWLWDWLYH 3&5
5HDO 7LPH 3&5 '1$ 3UREHV

,VRWKHUPDO DPSOLILFDWLRQ EDVHG PHWKRGV RI GH\
,VRWKHUPDO $PSOLILFDWLRQ /$03 5ROOLQJ &LUFOH $PSOLII
/1$03 5&8$%

&ODVV FRQWG

1XFOHLF DFLG VHTXHQFH EDVHG DP

BRXWKHUQ EORWWLQJ 1RUWKHUQ EORWWLQJ
1$ 0

SRVW $PSOLILFDWLRQ 7THFKQLTXHV ' LFURDUUD\ '1$%$
'1$ 51$ SUREH EDVRGVIOVEXD\WL]DWLRQ ,6+ WHFKQLTXH
VLWX K\EULGL]DWLRQ ),6+

$SSOLFDWLRQ RI UHVWULFWLRQ HQGRQXFOHDVH DQDO)
$GY DQWDJHVRIOROHFXODUGLDJQRVWLFVRISODQM/S

'1$ DUUD \WHFKQRORJ\ SURWHLQ DUUD\ WLVVXH DUUD
%LRVHQVRUV DQG QDQRWHFKQRORJ\
'"HYHORSPHQW DQG YDOLGDWLRQ RI GLDJQRVWLF WHVW

SOLILFDWLRQ 13%$6%

SUDFWLFDO

3UHSDUDWLRQV RI EXIIHUV DQG UHDJHQWYV
,GHQWLILFDWLRQ RI GLVHDVHY EDVHG RQ H[WHUQDO V\
3UHSDUDWLRQ RI PHGLD
VRODWLRQ RI SDWKRJHQLF IXQJL
,VRODWLRQ RI SDWKRJHQLF EDFWHULD
&RQILUPLQJES\NKRJHQLFLW\
OHFKDQLFDO WUDQVPLVVLRQ RI SODQW YLUXVHYV
&ROOHFWLRQ RI SODQW VDPSOHV IRU PROHFXODU GHW
IXQJDO EDFWHULD SK\WRSODVPD YLUXV
6'6 3%*(

SURWHLQ EDVHG GHWHFWLRQ RI SODQW SDWKRJHQV E\
(IWUDFWLRQ RI QXFOHLF DFLGV '"1$ IURP WKH ILHOG VS

(IWUDFWLRQ RI QXFOHLF DFLGV 51% IURP WKH ILHOG VS
3RO\PHUDVH FKDLQ UHDFWLRQ IRU GHWHFWLRQ RI SDW
3&5 SURGXFW DQDO\VLVY XVLQJ DIJDURVH JHO HOHFWUR:
57 3&45 IRU GHWHFWLRQ RI 51% YLUXVHYV

1HVWHG 3&5

~
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6HURORJ\ EDVHG GHWHFWLRQ RI SODQW SDWKRJHQV LC
6HURORJ\ EDVHG GHWHFWLRQ RI SODQW SDWKRJHQV LC

6XJIJHVWHG 5HDGLQJV

'HEQDWK 0 3UDVDG *%.6 %LVHQ 36 OROHFXODU 'LI
3RVVLELOLWLHYV 6SULQJHU 6FLHQFH 9%XVLQHVV OHGLD

6LQJIK %' %LRWHFKQRORJ\ H[SDQGLQJ +RUL]JRQV .D

9LOMRHQ *- 1HO /+ &URZWKHU -5 OROHFXODU 'LI
6SULQJHU 6FLHQFH %XVLQHVV OHGLD

:LOVRQ . :DONHU - 3ULQFLSOHY DQG 7HFKQLTXF

OROHFXODU %LRORJ\
&DPEULGJH 8QLYHUVLW\ 3UHVV

% (/3 OROHFXODU YLURORJ\ DQG YDFFLQH SURGXFWLRQ
81,7 ,

SURSHUWLHYV RI YLUXVHYV &ODVVLILFDWLRQ RI YLUXVHV 9LUX
YLUXVHV DVVD\ WHFKQLTXHV IRU GHWHFWLRQ TXDQWLILFD
LOWHUDFWLRQV 9LUDO LQIHFWLRQV ,PPXQH UHVSRQVHV WR
DQG ELR VHFXULW\ SULQFLSOHYV

81,7 ,,

URSHUWLHYV RI DQ LGHDO YDFFLQH &ODVVLILFDWLRQ RI YDF
YLUXVHV 1HZJHQHUDWLRQ YDFFLQHV VXEXQLW V\QWKHWLF
GHOLYHU\ VA\VWHPV 1RYHO LPPXQRPRGXODWRUV DQG YDFFLC
SUHSDUDWLRQ 6WDELOL]J]HUV SUHVHUYDWLYHV DQG YHKLFO

VXUYHLOODQFH DQG VHUR PRQLWRULQJ
SUDFWLFDO

3URFHVVLQJ RI FOLQLFDO VSHFLPHQV IRU LVRODWLRQ RI YLL
HPEU\RQDWHG HJJV +DUYHVWLQJ RI YLUXV B6WXG\ Rl F\WRSD
RI 7&," +HPDJJOXWLQDWLRQ DQG +HPDJJOXWLQDWLRQ ,QKlI
$*,' DQG (/,6%
JHFWXUH VFKHGXOH
S3URSHUWLHV RI YLUXVHYV
&ODVVLILFDWLRQ RI YLUXVHYV
9LUXV UHSOLFDWLRQ &HOO WUDQVIRUPDWLRQV &XOWLYL
GHWHFWLRQ TXDQWLILFDWLRQ
,PSRUWDQW $QLPDO YLUXVHV 9LUXV +RVW LQWHUDFWLR
,PPXQH UHVSRQVHV WR YLUXVHV ,QWHUIHURQ DQG RWKHI
LQFLSOHYV
GWHUP ([DPLQDWLRQ
3URSHUWLHV RI DQ LGHDO YDFFLQH &ODVVLILFDWLRQ R
DWWHQXDWLRQ RI YLUXVHV
1HZ JHQHUDWLRQ YDFFLQHV VXEXQLW V\QWKHWLF U'1$%$
$GMXYDQWY DQG YDFFLQH GHOLYHU\ VIVWHPV 1RYHO L
XVLQJ QDQRWHFKQRORJ\
9DFFLQH SUHSDUDWLRQ 6WDELOL]JHUV SUHVHUYDWLYHYV
YDFFLQHV 6HUR VXUYHLOODQFH DQG VHUR PRQLWRULQJ

SuU
oL

SUDFWLFDO VFKHGXOH
SURFHVVLQJ RI FOLQLFDO VSHFLPHQV IRU LVRODWLRQ RI°
&XOWLYDWLRQ RI YLUXVHV LQ FHOO FXOWXUHV DQG HPEU'
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+DUYHVWLQJ RI YLUXV
6WXG\ RI F\WRSDWKLF HIITHFWYV
TLWUDWLRQ RI YLUXVY DQG HVWLPDWLRQ RI 7&,"'

+HPDJJOXWLQDWLRQ DQG +HPDJJOXWLQDWLRQ ,QKLELWL
'HWHFWLRQ RI YLUXV E\ 617 $*,” DQG (/,6$%

'"HWHFWLRQ RI YLUXV E\ $*,'
'"HWHFWLRQ RI YLUXV E\ (/,69%
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

-RKQ &4DUWHU - 6DXQGHUYV 9 9LURORJ\ 3ULQFLSOHV

ORUURZ :-: 6KHLNK 1$ 6FKPLGW &6 'DYLHV '+ 9DFFLC
SUDFWLFH -RKQ :LOH\ ©6RQV

6KDUPD 6 $GODNKD 6 7THIWERRN RI 9OHWHULQDU\ OLF!
3YW /WG

6WHSKHQVRQ - :DUQHV 5 'LDIJQRVWLF 9LURORJ\ 3UR)
OHGLD
% 3 +< &URS SK\VLRORJ\ 7KHRU\
81,7 ,

30DQW SK\WLRORJ\ LWV VFRSH LQ DJULFXOWXUH 2VPRVLV L
DQOG WUDQVSLUDWLRQ 6WRPDWDO PHFKDQLVPV 3K\WLRORJLF
PLQRU HOHPHQWV

$EVRUSWLRQ DQG WUDQVORFDWLRQ RI PLQHUDOV

81,7 ,,

&RQFHSWV Rl SKRWRV\QWKHVLY SKRWRUHVSLUDWLRQ UHV:
'\QDPLFV RI JURZWK 6WUHVV SK\VLRORJ\ 1LWURJHQ DQG 6XC
7KHLU ELRV\QWKHVLV DQG SK\WLRORJLFDO UROHV VHHG J
YHUQDOL]DWLRQ

81,7 ,9
&HOO PHPEUDQH WUDQVSRUW ,QWURGXFWLRQ WR FHOO VLJOQ
3UDFWLFDO
'HPRQVWUDWLRQ RI SURFHVVHV RI GLIIXVLRQ RVPRVLV LP
WUDQVSLUDWLRQ 'HILFLHQF\ VIPSWRPV RI QXWULHQWV LQ F
DQG TXDOLWDWLYH HVWLPDWLRQ RI SODQW SLIJPHQWYV ([SHU
RI SODQW JURZWK UHJXODWRUV RQ SODQW JURZWK DQG VHH
5HODWLYH ZDWHU FRQWHQW DQG SODQW ZDWHU SRWHQWLDO
JHFWXUH VFKHGXOH 7KHRU\

,QWURGXFWLRQ WR 30DQW 3K\VLRORJ\ + LWV LPSRUWDQFH |

$EVRUSWLRQ RI ZDWHU 'LIIXVLRQ DQG RVPRVLV :DWHU
,PSRUWDQFH RI ZDWHU SRWHQWLDO + $FWLYH DQG SDVVLYH )
BWRPDWDO FRPSOH[ + 7TUDQVSLUDWLRQ + :DWHU XVH HIILFLF
+ ,QWURGXFWLRQ WR PLQHUDO QXWULWLRQ RI SODQWV &OTL
RI PDMRU DQG PLQRU HOHPHQWYV LQ SODQWYV

$EVRUSWLRQ DQG WUDQVORFDWLRQ RI PLQHUDOV 1LWUR
RI PLQHUDO QXWULHQWV

+ 3KRWRV\QWKHVLV + 5HDFWLRQV RI SKRWRV\QWKHVLV + (C
DEVRUSWLRQ E\ SODQWYV
+ /LJKW UHDFWLRQV &\FOLF DQG QRQ F\FOLF SKRWRSKRVSKF
SDWKZD\V DQG WKHLU VLJQLILFDQFH
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+ 2YHUYLHZ RI 5SHVSLUDWLRQ 3DWKZD\V $73 VIQWKHVLYV
SKRWRV\QWKHWLF HIITLFLHQF\ Rl & & DQG &%$0 SODQWYV
J)DFWRUV DIIHFWLQJ SKRWRV\QWKHVLV+7UDQVORFDWLRQ RI
3K\ WLRORJLFDO DVSHFWV Rl JURZWK DQG GHYHORSPHQW
JURZWK

OLGWHUP ([DPLQDWLRQ
,PSDFW RI DELRWLF VWUHVV RQ SODQWV +#+'HYHORSPHQWTL
KHDW VDOW DQG IORRGLQJ WROHUDQFH LQ SODQWV
30DQW JURZWK UHJXODWRUV * 2FFXUUHQFH WUDQVS]
SK\WLRORJLFDO UROHV
6HHG JHUPLQDWLRQ OHWDEROLF FKDQJHV GXULQJ VHF
JHUPLQDWLRQ
6HHG 'RUPDQF\ + 7\SHV Rl GRUPDQF\ + $GYDQWDJHV GLVD
5HPHGLDO PHDVXUHV IRU EUHDNLQJ VHHG GRUPDQF\
HQHVFHQFH DQG DEVFLVVLRQ * &0DVVLILFDWLRQ RI VH
FKDQJHV WKDW RFFXU GXULQJ VHQHVFHQFH 3UHYHQWLRQ R
UHODWLRQVKLS ZLWK VHQHVFHQFH
3HUFHSWLRQ RI SKRWRSHULRGLF VWLPXOXV * %LRORJLI
9HUQDOL]DWLRQ
&HOO PHPEUDQH WUDQVSRUW+ &HOO VLJQDOOLQJ LQ SOD

SUDFWLFDO VFKHGXOH

'"HPRQVWUDWLRQ RI SURFHVVHV RI GLIIXVLRQ
'"HPRQVWUDWLRQ RI RVPRVLY DQG SODVPRO\VLYV

'HPRQVWUDWLRQ RI GLIIXVLRQ DQG LPELELWLRQ
([SHULPHQW RQ DVFHQW RI VDS DQG ZDWHU SRWHQWLD
OHDVXUHPHQW Rl WUDQVSLUDWLRQ UDWH

(VWLPDWLRQ RI 5 HODWLYH :DWHU &RQWHQW
,GHQWLILFDWLRQ RI GHILFLHQF\ VAPSWRPV RI QXWULHC
'"HWHFWLRQ RI'1l 3 . GHILFLHQFLHV LQ SODQWYV E\ 5DSI

30DQW JURZWK DQDO\VLV
(VWLPDWLRQ RI SKRWRV\QWKHWLF SLIPHQWYV
OHDVXUHPHQW RI &2 IL[DWLRQ E\ SODQWYV

5SDGLDQW HQHUJ\ 5DGLDWLRQ DQG LWV PHDVXUHPHQW
([SHULPHQW RQ UHVSLUDWLRQ

(VWLPDWLRQ RI 3UROLQH

([SHULPHQW RQ WKH HIIHFW RI SODQW JURZWK UHJXOD
([SHULPHQW RQ WKH HIIHFW RI SODQW JURZWK UHJXOD

(VWLPDWLRQ RI SODQW KRUPRQHV %LRDVVD\V ([SHUL
SUDFWLFDO HI[DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

%KDWLD .1 3UDVKDU $1 30DQW 3K\VWLRORJ\ 7UXHF
6DOLVEXU\ )% SRVV &: 30DQW 3K\WLRORJ\ :RUGV
6ULYDVWDYD +1 30DQW 3K\WLRORJ\ 3UDGHHS 3XE(
7DL] / DQG =HLJHU ( 30DQW 3K\VWLRORJ\ WK HGL

6XQGHUODQG 0% 86%

*DUGQHU ) 3 3HDUFH 5 % DQG OLWFKHOO 5/ 3
6FLHQWLILF SXEOLVKHUV -RGKSXU

1RJJOH *5 DQG )ULW] * - ,(QWURGXFWRU\ 30DQYV
+DOO 3XEOLVKHUV 1HZ -HUVH\ 86%
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%6%& SULQFLSOHV RI DQDO\WLFDO FKHPLVWU\ 7TKHRU\
81,7 ,

BULQFLSOHV RI $QDO\WWLFDO FKHPLVWU\ 6FRSH DQG $SSOLF
H[SUHVVLRQV RI 6WDQGDUG VROXWLRQV 1RUPDO ORODU OR
/IDZ RI HTXLYDOHQW SURSRUWLRQV 2KPV ODZ %HHU /DPEHUV

81,7 ,,

, QWURGXFWLRQ WR 9ROXPHWULF DQDO\VLV $FLGLPHWU\ $O

SRWHQWLRPHWULF WLWUDWLRQYV 3UHFLSLWDWLRQ UHDFWLR

81,7 ,,

L QWURGXFWLRQ WR LOQVWUXPHQWDO PHWKRGV RI DQ

6SHFWUDO PHWKRGV RI $QDO\WLV &RORULPHWU\ 6SHFWURSK

6SHFWURVFRS\

J)ODPH SKRWRPHWU\ DWRPLF DEVRUSWLRQ VSHFWURSKRW
obPSV PXOWL HOHPHQW ODPSV HOHFWURGHOHVYV GLVE

81,7 ,9
&KURPDWRJUDSK\ SDUWLWLRQ FROXPQ SDSHU 7KLQ *DV *
LQVWUXPHQWDWLRQ DQG DSSOLFDWLRQ LQ %LRWHFKQRORJ\

SUDFWLFDO

SUHSDUDWLRQ RI VWDQGDUG VROXWLRQV TXDOLWDWLYH UHLEL
$FLGLPHWU\ $ONDOLPHWU\ 5HGR[ UHDFWLRQV &RPSOH[RPHW
)DPLOLDUL]DWLRQ ZLWK S+ DQG (& PHWHU PHDVXUHPHQW RI
)DPLOLDUL]DWLRQ ZLWK VSHFWURSKRWRPHWHU\ DWRPLF DE\

SODVPD VSHFWURPHWU\
J)DPLOLDUL]DWLRQ ZLWK FROXPQ SDSHU 7KLQ *DV *DV /LTXI

/IHFWXUH 6FKHGXOH

SULQFLSOHV RI $QDO\WLFDO &KHPLVWU\ 6FRSH DQG $S¢

SUHSDUDWLRQV DQG H[SUHVVLRQV RI 6WDQGDUG VROXWLR:
EDVLF FRPSXWDWLRQV

/IDZV */DZ RI HTXLYDOHQW SURSRUWLRQV 2KPV ODZ DS
UHODWHG WR ELRWHFKQRORJ\

%HHU /DPEHUWY ODZ 3O0ODQFN V /DZ 1HUQVW HTXDWLRQ
UHODWHG WR ELRWHFKQRORJ\

L, QWURGXFWLRQ WR YROXPHWULF DQDO\VLV $FLGLPHWU\

&RPSOH[RPHWU\ SRWHQWLRPHWULF WLWUDWLRQV

SUHFLSLWDWLRQ UHDFWLRQV* *UDYLPHWU\

L, QWURGXFWLRQ WR LQVWUXPHQWDO PHWKRGV RI DQDO\V
ELRWHFKQRORJ\

OLGWHUP

SRWHQWLRPHWU\ 1THUQHVW (TXDWLRQ HTXLSPHQW DQG I
PHWKRGRORJ\ DQG DSSOLFDWLRQV
6SHFWUDO PHWKRGV RI $QDO\WLV 3ULQFLSOH /DZV UHO

PHWKRGRORJ\ DQG DSSOLFDWLRQV
6SHFWURSKRWRPHWU\ (PLVVLRQ VSHFWURVFRS\ SULQFL

JODPH SKRWRPHWU\ SULQFLSOHV PHWKRGRORJ\ DQG DS:
$WRPLF DEVRUSWLRQ VSHFWURSKRWRPHWU\ SULQFLSOF
FDWKRGH ODPSV PXOWL HOHPHQW ODPSV HOHFWURGHOHVYV C
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L QWURGXFWLRQ WR &KURPDWRJUDSK\ 3ULQFLSOHV W\SH
PHWKRGRORJ\ DQG DSSOLFDWLRQYV

*DV  /LTXLG &KURPDWRJUDSK\ SULQF
H

LSO PHWKRG
+3/& 3ULQFLSOHV DQG LQVWUXPHQWDWL FLS

HV o)
RQ SULQ H

ROF
OHV
SUDFWLFDO VFKHGXOH
, QWURGXFWLRQ WR TXDQWLWDWLYH HVWLPDWLRQ
SUHSDUDWLRQ RI VROXWLRQV IRU VWDQGDUG FXUYHV
,QGLFDWRUYV DQG VWDQGDUG VROXWLRQV IRU DFLG ED"

S9ROXPHWULF DQDO\VLVY DFLG EDVH WLWUDWLRQV
S9ROXPHWULF DQDO\VLV R[LGDWLRQ UHGXFWLRQ
S9ROXPHWULF DQDO\VLVY FRPSOH[RPHWULF WLWUDWLRQ

3RWHQWLRPHWULF WLWUDWLRQV
&ROOHFWLRQ RI 3URFHVVLQJ RI HQYLURQPHQWDO VDPS
DQDO\VLV

SRWHQWLRPHWU\ PHDVXUHPHQW RI S+ RI VRLO VDPSOH
&RQGXFWRPHWU\ £+ OHDVXUHPHQW Rl (& VRLO VDPSOHYV
SBULQFLSOHY DQG IDPLOLDULVDWLRQ RI YLVLEOH XOWL
SULQFLSOHY DQG IDPLOLDULVDWLRQ RI YLVLEOH XOWL

FRQWG
3ULQFLSOHYV DQG IDPLOLDULVDWLRQ RI IODPH SKRWRP]|
3ULQFLSOHV DQG IDPLOLDULVDWLRQ DWRPLF DEVRUSW
,QGXFWLYHO\ FRXSOHG SODVPD VSHFWURPHWU\

&KURPDWRJUDSKLF WHFKQLTXHV
&KURPDWRJUDSKLF W FKQLTXHV FRQWG
SUDFWLFDO H[DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

9RJHO $/ $ THWERRN RI 4XDQWLWDWLYH ,QRUJDQ]
'RQDOG 0 :HVW )XQGDPHQWDOV RI $QDO\WLFDO &KHPLVW

<RUN
'RXJODV $ 6NRRJ 'RQDOG 0O :HVW ) -DPHV +ROOHU 6

YXQGDPHQWDOV RI $QDO\WLFDO &KHPLVWU\ &HQJDJH /}
HQQHWK +HOULFK 21 ILFLDO OHWKRGV RI $QDO\VLYV
&KHPLVWYV

%69%& *HQHUDO ELRFKHPLVWU\ 7TKHRU\
81,7 ,

L QWURGXFWLRQ DQG LPSRUWDQFH &HOO VWUXFWXUH %LR
QXFOHLF DFLGV VWUXFWXUH IXQFWLRQV DQG SURSHUWLHYV
6WUXFWXUH DQQR ERPROGIRRLEZIDAWWWWHP $FLGV EDVHV DQG EXIII
ELRPROHFXOHV 9LWDPLQV DQG KRUPRQHYV

81,7 ,,

%LRHQHUJHWLFVY OHWDEROLVP EDVLF FRQFHSW *O\FRO\VLV
2[LGDWLYH SKRVSKRU\ODWLRQ )DWW\ DFLG R[LGDWLRQ *H(
%LRV\QWKHVLY FDUERK\GUDWHY OLSLGV SURWHLQV QXFO

8117 11
6HFRQGDU\ PHWDEROLWHY 7HUSHQRLGVY DONDORLGV SKHQ
SKDUPDFHXWLFDO LQGXVWULHYV
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SUDFWLFDO

AXDOLWDWLYH WHVWYV IRU FDUERK\GUDWHY DPLQR DFLGV SL
FKDUDFWHUL]DWLRQ RI OLSLGV E\ 7/& '"HWHUPLQDWLRQ RI D
((IWUDFWLRQ TXDQWLWDWLYH HVWLPDWLRQ DQG VHSDUDWLR
RI SKHQROV '"HWHUPLQDWLRQ RI I[UHH DPLQR DFLGV DQG SUR

IHFWXUH VFKHGXOH

5HYLHZ RI ELRFKHPLVWU\ LOWURGXFWLRQ *+ %LRPROHFXO|
&KDUDFWHUL]DWLRQ RI ELRPROHFXOHV WHFKQLTXHYV
30DQW FHOO RUJDQHOOHV VWUXFWXUH DQG IXQFWLRQ R

&DUERK\GUDWHY +FODVVLILFDWLRQ *+tSURSHUWLHY DQG JF
,PSRUWDQW VXJDUV VWUXFWXUH =+
,PSRUWDQW VXJDU VWUXFWXUH FRQWLQXHG

$PLQR DFLGV DQG 3URWHLQV +FODVVLILFDWLRQ VLJQLILF

FRQWG $PLQR DFLGV DQG 3URWHLQV +FODVVLILFDWLRQ
IXQFWLRQV

BWUXFWXUH IXQFWLRQ DQG SURSHUWLHV RI QXFOHLF DFL

&RQWG B6WUXFWXUH IXQFWLRQ DQG SURSHUWLHV RI QXF

/ILSLGV FKHPLVWU\ FODVVLILFDWLRQ SURSHUWLHYV

&RQWG OLSLGV FKHPLVWU\ FODVVLILFDWLRQ SURSHUWL

)DWW\ DFLGV +&ODVVLILFDWLRQ UHDFWLRQ
6WUXFWXUH DQG UROH RI ZDWHU LQ ELRORJLFDO V\VWHP

FRQWG 6WUXFWXUH DQG UROH RI ZDWHU LQ ELRORJLFD
(Q]\PHV FKHPLVWU\ 1RPHQFODWXUH +FODVVLILFDWLRQ |
DIIHFWLQJ DFWLYLW\
OLG ([DPLQDWLRQ

$FLGVY EDVHV DQG EXIIHUV RI OLYLQJ V\VWHP DQG S. RI E
9LWDPLQV '"HILQLWLRQ FODVVLILFDWLRQ VRXUFH

)DW DQG ZDWHU VROXEOH YLWDPLQV VWUXFWXUH DQG X
+RUPRQH FODVVLILFDWLRQ DQG VLIJQLILFDQFH

OHWDEROLVP = EDVLF FRQFHSWV + SULQFLSOHV PHWDER
OHWDEROLVP RI FDUERK\GUDWHYV * JO\FRO\VLV

SHVSLUDWLRQ *+ FLWULF DFLG F\FOH *+ SHQWRVH SKRVSKD
S8WLOL]DWLRQ RI RWKHU PRQRVDFFKDULGHY DQG SRO\VDF

2[LGDWLYH SKRVSKRU\ODWLRQ IDWW\ DFLG R[LGDWLRQ
%LRV\QWKHVLY RI 6WUXFWXUDO &DUERK\GUDWHYV

JRUPDWLRQ RI JOXFRVH VXFURVH DQG VWDUFK
LRV\QWKHVLV RI )DWW\ $FLGV DQG 3URWHLQ
LRV\QWKHVLV RI OLSLGYV

%LRV\QWKHVLY RI QXFOHLF DFLGV

6HFRQGDU\ OHWDEROLWHY &ODVVLILFDWLRQ 3URSHUWLH
%LRFKHPLVWU\ VLJQLILFDQFH RI VHFRQGDU\ PHWDEROLW
8VHVY DQG DSSOLFDWLRQV RI VHFRQGDU\ PHWDEROLWHYV

SUDFWLFDO VFKHGXOH

6HSDUDWLRQ RI ELR PROHFXOHV E\ (OHFWURSKRUHVLYV

4XDOLWDWLYH WHVWYV IRU &DUERK\GUDWHYV
ORQR DQG 'LVDFFKDULGHV 7HVWYV
SRO\WDFFKDULGHYV 4XDOLWDWLYH 7THVWYV

(VWLPDWLRQ RI SHGXFLQJ DQG 1RQ UHGXFLQJ VXJDUV LQ
(VWLPDWLRQ RI 6WDUFK

AXDOLWDWLYH 7HVW Rl 3URWHLQV DQG $PLQR DFLGV £3UH
&RORXU UHDFWLRQV RI $PLQR DFLGV
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(VWLPDWLRQ RI
(IWUDFWLR

QO R
(VWLPDWLRQ R
AXDOLWDWLYH

&KURPDWRJUDSKLF WHFKQLTXHV RI VHSDUDWLRQ RI %LRF
&KDUDFWHUL]DWLRQ RI /LSLGV E\ 7/&
(VWLPDWLRQ RI )DWW\ $FLGV E\ */&

"HWHUPLQDWLRQ RI SKHQRO
4AXDQWLWDWLYH HVWLPDWLRQ RI VXJDU E\ SDSHU FKURPD
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

$PLQR DFLGV 3URWHLQV E\ FRORULPHWU)
| RLO

| Y)DW FRQVWDQWYV

7HVWV IRU RLOV

%HUJ -0 7\PRF]NR -/ 6WU\HU / LRFKHPLVWU\ WK ((
6WXPSI 3. 2XWOLQHV RI %LRFKHPLVWU\ WK (G -RKQ :L
*RRGZLQ 7: OHUFHU (, ,QWURGXFWLRQ WR 30DQW %
<RUN 3HUJDPDQ 3UHVYV
OXUUD\ 5. 'DYLG %% %RWKDP .0 .HQQHOO\ 3- +DUSH
WK (G /DQJH OHGLFDO %RRNV OF *UDZ +LOO
1HOVRQ '/ &R[ 00 /IHKQLQJHU 3ULQFLSOHV RI %L/
C3XEOLOVKHUV 3UHQWLFH +DOO :LOVRQ . :DONHU - 3

DQG OROHFXODU %LRORJ\ WK (G &DPEULGJH 8QLYHUVLW\ 3

%6%$& (QYLURQPHQWDO VWXGLHY DQG GLVDVWHU PDQDJHP

(QYLURQPHQWDO VWXGLHVY OXOWLGLVFLPGRYMDQFBW XDW X G B OL
5HQHZDBE®@H QRQ UHQHZDEOH UHVRXUFHV 1DWXUDO UHVRXUF
UHVRXUFHV 8VH DQG RYHU H[SORLWDWLRQ GHIRUHVWDWLR
DQG WKHLU HIIHFWV RQ IRUHVW DQG WULEDO SHRSOH E :DW
DQG JURXQG ZDWHU IORRGV GURXJKW FRQIOLFWV RYHU ZT
UHVRXUFHV 8VH DQG H[SORLWDWLRQ HQYLURQPHQWDO HIIHF
VWXGLHV G )RRG UHVRXUFHV :RUOG IRRG SUREOHPV FKDC
HITHFWV RI PRGHUQ DJULFXOWXUH IHUWLOL]JHU SHVWLFLGH
(QHUJ\ UHVRXUFHV *URZLQJ HQHUJ\ QHHGY UHQHZDEOH DQ
DOWHUQDWH HQHUJ\ VRXUFHV &DVH VWXGLHV | /DQG UHVR)
LQGXFHG ODQGVOLGHV VRLO HURVLRQ DQG GHVHUWLILFDWL
UHVRXUFHV (TXLWDEOH XVH RI UHVRXUFHV IRU VXVWDLQDEO
BWUXFWXUH DQG IXQFWLRQ RI DQ HFRV\WWHP 3URGXFHUV FI
HFRV\WWHP (FRORJLFDO VXFFHVVLRQ )RRG FKDLQV IRRG ZI
WV\SHV FKDUDFWHULVWLF IHDWXUHV VWUXFWXUH DQG IXQFW
E *UDVVODQG HFRV\WWHP F 'HVHUW HFRV\VWHP G $TXDWLF
RFHDQV HVWXDULHV %LRGLYHUVLW\ DQG LWV FRQVHUYDWL
HFRV\WWHP GLYHUVLW\ DQG ELRJHRJUDSKLFDO FODVVLILFDW
XVH SURGXFWLYH XVH VRFLDO HWKLFDO DHVWKHWLF DQG
ORFDO OHYHOV ,QGLD DV D PHJD GLYHUVLW\ QDWLRQ +RW
KDELWDW ORVV SRDFKLQJ RI ZLOGOLIH PDQ ZLOGOLIH FRQIC
&RQVHUYDWLRQ RI ELRGLYHUVLW\ ,Q VLWX DQG ([ VLWX FF
3ROOXWLRQ GHILQLWLRQ FDXVH HIIHFWV DQG FRQWURO PH|
SROOXWLRQ G ODULQH SROOXWLRQ H 1RLVH SROOXWLRQ

| 7KHUPDO SROOXWLRQ J 1XFOHDU KD]DUGV 6ROLG :DVWH
PHDVXUHV Rl XUEDQ DQG LQGXVWULDO ZDVWHV 5ROH RI DQ L
DQG WKH (QYLURQPHQW )URP 8QVXVWDLQDEOH WR 6XVWDLQ
HQHUJ\ :DWHU FRQVHUYDWLRQ UDLQ ZDWHU KDUYHVWLQJ .
,VVXHV DQG SRVVLEOH VROXWLRQV FOLPDWH FKDQJH JORE

ion



QXFOHDU DFFLGHQWY DQG KRORFDXVW GLHV :DVWHODQG U
(QYLURQPHQW 3URWHFWLRQ $FW $LU 3UHYHQWLRQ DQG &RC
FRQWURO RI 3ROOXWLRQ $FW :LOGOLIH 3URWHFWLRQ $FW
HQIRUFHPHQW Rl HQYLURQPHQWDO OHJLVODWLRQ 3XEOLF DZ
+XPDQ 3RSXODWLRQ DQG WKH (QYLURQPHQW SRSXODWLRQ .
H[SORVLRQ )DPLO\ :HOIDUH 3URJUDPPH (QYLURQPHQW DQG
(GXFDWLRQ +,9 $,'6 :RPHQ DQG &KLOG :HOIDUH 5ROH RI ,QIF
DQG KXPDQ KHDOWK 'LVDVWHU ODQDJHPHQW 1DWXUDO 'LVDV
WKHLU W\SHV DQG HIIHFWV )ORRGV GURXJKW F\FORQH H
HUXSWLRQV +HDW DQG FROG ZDYHV &OLPDWLF FKDQJH

GHSOHWLRQ 0DQ ODGH 'LVDVWHUV 1XFOHDU GLVDVWHUV FK
ILUH FRDO ILUH IRUHVW ILUH RLO ILUH DLU SROOXWLRQ Z
SROOXWLRQ URDG DFFLGHQWV UDLO DFFLGHQWY DLU DFFL(
PLJUDWH QDWXUDO GLVDVWHU DW QDWLRQDO DQG JOREDO C
&RQFHSW RI GLVDVWHU PDQDJHPHQW QDWLRQDO GLVDVWHU
UROH RI 1*2V FRPPXQLW\ * EDVHG RUJDQL]DWLRQV DQG P
DGPLQLVWUDWLRQ $UPHG IRUFHV LQ GLVDVWHU UHVSRQVH '

SUDFWLFDO

SROOXWLRQ FDVH VWXGLHV &DVH 6WXGLHV )LHOG ZRUN 9L
DVVHWYV LRLOYHHMUV JUDVVODQG KLOO PRXQWDLQ YLVL!
VLWHBUEDQ 5XUDO ,QGXVWULDO $DULGWYWXQNB FWNVXELRIGVFRP®
HFRV\VWHPV SRQG ULYHU KLOO VORSHV HWF &ROOHFWLEK
SK\WLFDO FKHPLFDO DQG ELRORJLFDO DQDO\VLV RI VRLO DQC
R[\JHQ GHPDQG %2' LQ HIIOXHQW VDPSOH 'HWHUPLQDWLRQ
HITOXHQW VDPSOH (VWLPDWLRQ RI GLVVROYHG R[\JHQ LQ HIIC
VROLGYVY 7'6 LQ HIIOXHQW VDPSOHV (VWLPDWLRQ RI VSHFLH
DQG KHDY\ PHWDOV LQ JURXQG ZDWHU $QDO\VLV RI WHPSRI
WLWUDWLRQ (VWLPDWLRQ RI SHVWLFLGH FRQWDPLQDWLR
HQYLURQPHQWDO YDULDEOHYV VRLOV FRQGLWLRQV 9LVLW W
PHDVXUHYV 9LVLW WR 6RFLDO 6HUYLFH 2UJDQL]DWLRQ (QYLL

IHFWXUH VFKHGXOH

(QYLURQPHQWDO VWXGLHVY OXOWLGLVFLSOLQDU\ QDWXUH
VHIPHQWY RI HQYLURQPHQW

1DWXUDO 5HVRXUFHVY 5HQHZDEOH DQG QRQ UHQHZDEOH
HQHUJ\ DQG ODQG UHVRXUFHV )RUHVW UHVRXUFHV 8VH D
UHVRXUFHV 8VH DQG RYHU XWLOL]J]DWLRQ RI VXUIDFH DQG JU

OLQHUDO UHVRXUFHV 8VH DQG H[SORLWDWLRQ )RRG UHYV
UHVRXUFHV UHQHZDEOHDQG QRQ UHQHZDEOH HQHUJ\ VRXUF
/IDQG UHVRXUFHV ODQG GHJUDGDWLRQ VRLO HURVLRQ D
FRQVHUYDWLRQ RIQDWXUDO UHVRXUFHV f (TXLWDEOH XVH R
(FRV\VWHPV 'HILQLWLRQ FRQFHSW VWUXFWXUH DQG IXC
FRQVXPHUV DQG GHFRPSRVHUV
(FRORJLFDO VXFFHVVLRQ IRRG FKDLQV IRRG ZHEV DQG H
IHDWXUHV VWUXFWXUH DQG IXQFWLRQV RI IRUHVW JUDVVOD
ODNHV ULYHUV RFHDQV HVWXDULHV
%LRGLYHUVLW\ £+ GHILQLWLRQ DQG FODVVLILFDWLRQ %L
RI ELRGLYHUVLW\ FRQVXPSWLYH XVH SURGXFWLYH XVH VRF
%LRGLYHUVLW\ DW JOREDO QDWLRQDO DQG ORFDO OHYHO\
KDELWDO ORVV SRDFKLQJ RI ZLOGOLIH PDQ ZLOGOLIH FRQIC

ioo



&RQVHUYDWLRQ RI ELRGLYHUVLW\ ,Q VLWX DQG ([ VLWX FR(
(QYLURQPHQWDO 3ROOXWLRQ GHILQLWLRQ FDXVH HIIHF\
SROOXWLRQ 6RLO SROOXWLRQ ODULQH SROOXWLRQ 1RLV}
OLG 7HUP ([DPLQDWLRQ
6ROLG :DVWH ODQDJHPHQW FDXVHV HIIHFWV DQG FRQWU
5ROH RI DQ LQGLYLGXDO LQ SUHYHQWLRQ RI SROOXWLRQ
6RFLDO ,VVXHV DQG WKH (QYLURQPHQW )URP 8QVXVWDL(
(QYLURQPHQWDNG HHWR QR SRVVLEOH VROXWLRQV FOLPDWH FKEC
OD\HU GHSOHWLRQ QXFOHDU DFFLGHQWV DQG KRORFDXVW G
(QYLURQPHQW 3URWHFWLRQ $FW $LU 3UHYHQWLRQ DQG .
DQG FRQWURO RI3ROOXWLRQ $FW :LOGOLIH 3URWHFWLRQ $
HQIRUFHPHQW RI HQYLURQPHQWDO OHJLVODWLRQ 3XEOLF DZ
+XPDQ 3RSXODWLRQ DQG WKH (QYLURQPHQW SRSXODW
SRSXODWLRQ H[SORVLRQ )DPLO\ :HOIDUH 3URJUDPPH
(OYLURQPHQW DQG KXPDQ KHDOWK +XPDQ 5LJKWV 9DOX
&KLOG :HOIDUH 5ROH RI ,QIRUPDWLRQ 7HFKQRORJ\ LQ (QYLU!
'LVDVWHUV 1DWXUDO 'LVDVWHUV QDWXUH W\SHV DQG H
ODQGVOLGHY DYDODQFKHV YROFDQLF HUXSWLRQV +HDW DC
6HD OHYHO ULVH R]JRQH GHSOHWLRQ
0DQ ODGH 'LVDVWHUV 1XFOHDU GLVDVWHUV FKHPLFDO G
FRDO ILUH IRUHVW ILUH RLO ILUH DLU SROOXWLRQ ZDWH
SROOXWLRQ URDG DFFLGHQWV UDLO DFFLGHQWV DLU DFFLC
'LVDVWHU ODQDJHPHQW (IIHFW WR PLWLJDWHWH QDWXL
,QWHUQDWLRQDO VWUDWHJI\IRU GLVDVWHU UHGXFWLRQ
&RQFHSW RI GLVDVWHU PDQDJHPHQW QDWLRQDO GLVE
DUUDQJHPHQWY UROH RI 1*2V FRPPXQLW\ +tEDVHG RUJDQL]D
ORFDO DGPLQLVWUDWLRQ $UPHG IRUFHV LQ GLVDVWHU UH
RUJDQL]DWLRQV

3UDFWLFDO VFKHGXOH
9LVLW WR D ORFDO SROOXWHG VLWH &ROOHFWLRQ SURF
VDPSOHV
HWHUPLQ

DWLRQ RI S+ DQG HOHFWULFDO FRQGXFWLYLW\ |
([WUDF LRQ
HG
DW

QG HVWLPDWLRQ RI WR[LF KHDY\ PHWDOV L
RI SK\VLFDO SURSHUWLHV RI SROOXWHG

WKH SROOX

O

'"HWHUPLQDW

"HWHUPLQDWL Rl &KHPLFDO 2[\JHQ '"HPDQG &2' LQ HIIO

'"HWHUPLQDWLR RI GLVVROYHG R[\JHQ LQ HIITOXHQW SRC

"HWHUPLQDWLRQ RI WRWDO GLVVROYHG VROLGV 7'6 DQG
VDPSOHYV

(VWLPDWLRQ RI QLWUDWH DQG FKORULQH FRQWHQW LQ JU
'HWHUPLQDWLRQ RI FDUERQDWHY DQG ELFDUERQDWHV LQ

"HWHUPLQDWLRQ RI WRWDO KDUGQHVV RI ZDWHU VDPSOH"
SHVWLFLGH UHVLGXH DQDO\VLV FROOHFWLRQ RI VDPSO
HIWUDFWLRQ DQG FOHDQ XS SURHGXUHV RI SHVWLFLGH UHVL

(VWLPDWLRQ RI SHVWLFLGH UHVLGXHV E\ JDV OLTXLG FKL

 GHQWLILFDWLRQ RI SODQW VSHFLHV LQ DQ HFRV\VWHP %

JLHOG YLVLW WR D ORFDO DUHD WR GRFXPHQW HQYLURQF
PRXQWDLQ HWF

3ROOXWLRQ FDVH VWXGLHV 9LVLW WR D ORFDO SROOXWH
9LVLW WR 6RFLDO 6HUYLFH 2UJDQL]JDWLRQ (QYLURQPHQ
HFRV\WVWHPV SRQG ULYHU KLOO VORSHV HWF VWXG\ RI FRF

H
Q
Q RI LRFKHPLFDO 2[\JHQ 'HPDQG %2' LQ
Q
Q
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SUDFWLFDO ([DPLQDWLRQ
6XJIJHVWHG 5HDGLQJV

$KOXZDOLD 9 . DQG ODOKRWUD 6 (QYLURQPHQWDO 6FLH{
%DQMHUML 6 . (QYLURQPHQWDO &KHPLVWU\ 3UHQWL
+RGJHV | (QYLURQPHQWDO 3ROOXWLRQ QG (GQ +RO
*XSWD $ . OHWKRGV LQ (QYLURQPHQWDO $QDO\VLV :DW|
E\ $*52%,26QGLD -RGSXU
.DW\DO . DQG 6DWDNH 0 (QYLURQPHQWDO 3ROOXWL
'"HOKL
IDUFKHU : 3K\WLRORJLFDO 30DQW (FRORJ\ 6SULQJHL
/IRRPLV 56 DQG &RUQHU ' - &URS (FRORJ\ 3URGXFW
$JULFXOWXUDO 6\WWHPV &DPEULGJH 8QLYHUVLW\ 3UHVV
3DQGH\ 6 1 DQG OLVUD 6 3 (QOYLURQPHQW DQG (FROR.
3XURKLW 6 6 (OYLURQPHQWDO 3ROOXWLRQ &DXVHV
$*52%,26 ,QGLD -RGSXU
%6%$ & (Q]\PRORJ\ DQG HQ]\PH WHFKQRORJ\ 7KHRU\

81,7 ,

&ODVVLILFDWLRQ DQG QRPHQFODWXUH RI HQ]J\PHV *HQHUD
FRIDFWRUV SURVWKHWLF JURXSY OHWDOORHQ]J\PHV ,VRODW
HQJ\PH DQG LOQWHUQDWLRQDO XQLWV &ULWHULD IRU SXULW\

81,7 ,,

(QJ\PH NLQHWLFV HIIHFW RI S+ WHPSHUDWXUH GHWHUPLQD!'
DFWLYLW\ (QJ\PH LQKLELWLRQ FRPSHWLWLYH QRQ FRPSF
VFKL]RPHUV DQG LVRVFKL]RPHUV 5LER]J\PHV ,PPRELOL]DWLR
ELRWHFKQRORJ\ LQGXVWU\ HQYLURQPHQW DJULFXOWXUH I

SUDFWLFDO
, VRODWLRQ SXULILFDWLRQ DQG DVVD\ RI HQJ\PHV '"HWHU]I
WHPSHUDWXUH RI HQ]J\PHV 7KHUPRVWDELOLW\ RI HQJ\PHV $F

'"HWHUPLQDWLRQ RI NLQHWLF SDUDPHWHUV RI HQ]J\PHV ,PPRE
IHFWXUH 6FKHGXOH

(Q]\PRORJ\ +LVWRULFDO $VSHFWV 'LVFRYHU\ Rl HQJ\PH
GHILQLWLRQ VRXUFH FODVVLILFDWLRQ JHQHUDO FKDUDFWH
JHRORJLFDO F\FOHV

7HUPLQRORJLHV LQ HQ]J\PRORJ\ = &RIDFWRUV FRHQ]\PH
PRQRPHULF DQG ROLJRPHULF HQ]J\PHV $FWLYDWLRQ HQHUJ\ I
VSHFLILF DFWLYLW\ FRPPRQ IHDWXUHV RI DFWLYH VLWHV HC

OHFKDQLVP RI HQ]J\PH DFWLRQ ORFN NH\ PRGHO LQGXF
TXDQWXP WXQQHOOLQJ PRGHO GLIIHUHQFHV IDFWRUV DIIHF

,QWHUQDWLRQDO XQLRQ RI %LRFKHPLVWV ,8% QRPHQFO
IXQFWLRQV * VSHFLILF UROH LQ ELRFKHPLFDO F\FOHV 2[L

+\GURODVH /\DVH ,VRPHUDVH /LIJDVH
6SHFLILFLW\ 7\SHV FODVVLILFDWLRQ DEVROXWH VSH
VSHFLILFLW\

OHFKDQLVP RI HQJ\PH FDWDO\VLV 5HDFWLRQ OHFKDQ
,QYHVWLIJDWLRQV 6SHFLILF HQ]J\PHV
6WUXFWXUH RI HQ]J\PHV 6WUXFWXUDO )HDWXUHV 3ULPD
GHWHUPLQDWLRQ %LRSK\WLFDO DQG PROHFXODU
OHWKRGV RI HQ]J\PH DVVD\ GLIITHUHQW VXEVWUDWHV D

ioo



HQJ\PHV 'HK\GURJHQDVH 8UHDVH SKRVSKDWDVH FHOOXORYV
, QVWUXPHQWDWLRQ IRU HQJ\PH DFWLYLW\ DVVD\ 89 9l
IDPEHUWY ODZ 3DUWV VHOHFWLRQ RI ZDYHOHQJWKV DQG
6SHFWURVFRS\
,VRODV{/LRQ SXULILFDWLRQ FKDUDFWHUL]DWLRQ DQG DV
IRU SXULW
(Q]\PH NLQHWLFV OLFKDHOLW B QG&GOWEBBDWR ER QM WHFGM Q
9 PDDQGP .
OLFKDHOLV + OHQWHQ V FRQVWDQWYV IRU GLIITHUHQW VXEVWU
.LQHWLF PRGHOV IRU HQ]J\PHV 7UDQVLHQW VWDWH NLQHW
NLQHWLFV

J)DFWRUV DIIHFWLQJ HQ]J\PH DFWLYLW\ S+ WHPSHUDWXUH
 HQRELRWLFVY LPSDFW RQ WKHDFWLYLW\ RI HQJ\PHV
,QKLELWRUV 7\SHV &RPSHWLWLYH DQG QRQ FRPSHWLWL
PHWKRGYV
,VRHQ]J\PHV VFKL]RPHUV DQG LVRVFKL]J]RPHUV S5LER]\PHV W
=\PRIHDOAMG WKHLU DFWLYDWLRQ SURWHDVHV DQG SURWKURP|
HQJ\PH FDWDO\VLVY W\SHV (OHFWURVWDWLF EDVH IRU HQ]\

2 4XDOLWDWLYH GHVFULSWLRQ RI FRQFHUWHG DQG VHTXHC(
VLWH UHDFWLYLW\
(QJ\PH UHJXODWLRQ 3URGXFW LQKLELWLRQ IHHGEDFN FRQ
(Q]\PH LPPRELOL]DWLRQ OHWKRGV RI LPPRELOL]DWLRQ RI
HQFDSVXODWLRQ WHFKQLTXHYV OHFKDQLVP RI DFWLRQ RI LPP
UHDFWRUYV
, QGXVWULDO DSSOLFDWLRQ RI HQJ\PHV + OHGLFLQH DJULF
SKDUPDFHXWLFDOV %LRVHQVRUV HQJ\PH (OHFWURGHYV
%LRDIILQLW\ 6HQVRUV
&RPPHUFLDO HQ]J\PH FRFNWDLOV LVRODWLRQ DQG SXUL!

3UDFWLFDO 6FKHGXOH

OHWKRGV RI LVRODWLRQ DQG SXULILFDWLRQ RI PDMRU HQ
DQG PHGLD

'HWHUPLQDWLRQ RI OLFKDHOLY OHQWHQV FRQVWDQWV =*/L

(I'THFW RI S+ RQ HQ]J\PH DFWLYLWLHV
7TKHUPDO VWDELOLW\ DQDO\VLV (IIHFW RI WHPSHUDWXUH

(IN'1HFW RI KHDY\ PHWDOV RQ HQ]J\PH DFWLYLWLHYV $VV
$QDO\WVLV RI ,PPRELOL]HG (Q]J\PHV
%LR SK\VLFDO PHWKRGV IRU VWUXFWXUDO FKDUDFWHUL]L

THFKQLTXHV IRU WKH VWXG\ RI FDWDO\VLV RI HQ]J\PHV
SUDFWLFDO HI[DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

%LVVZDQJHU + 3UDFWLFDO (Q]\PRORJ\ QG (G :LOH\ ¢
&RRN 3) &OHODQG :: (Q]\PH .LQHWLFV DQG OHFKDQL)
&RUQLVK %RZGHQ $ )XQGDPHQWDOV RI (Q]\PH .LQHWL
3ULFH 1& B6WHYHQV / )XQGDPHQWDOV RI (Q]\PRORJ\

&DWDO\WLF 3URWHLQV UG (G 2[IRUG 8QLYHUVLW\ 3UHVV

%67% %DVLF PDWKHPDWLFV 7TKHRU\
81,7 ,

&RPSOH[ QXPEHUV 3URSHUWLHV RI UHDO QXPEHUV FRPSOH]
GLYLVLRQ VTXDUH URRW RI FRPSOH[ QXPEHUV FXEH URRW\
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WKHRUHP 7KHRU\ RI HTXDWLRQV B6ROXWLRQ RI D TXDGUDW
HTXDWLRQ UHODWLRQ EHWZHHQ URRWY DQG FRHIILFLHQWV
ZLWK JLYHQ URRWYV

81,7 ,,

*HRPHWULF VHULHVY QWK WHUP RI *3 VXP RI Q WHUPV DQG |
PHDQ +DUPRQLF VHULHV KDUPRQLF PHDQ S$ULWKPHWLF JHF
™ 3DUWLDO IUDFWLRQV /RIJDULWKPV %LQRPLDO WKHRUHP |
WHUP WHUPV LOQGHSHQGHQW RI [

8117 11

7TULIJRQRPHWU\ 7ULJRQRPHWULF UDWLRV DOOLHG DQJOHV J
VXEWUDFWLRQ IRUPXODH 3URGXFW DQG VXP IRUPXODH O0XO\
SURMHFWLRQ IRUPXODH $UHD RI D WULDQJOH

7KHRU\
5H 1XPE D(WkSURS
&RPS QXPEDQG SU RFRPEQXPEWKDGGLPXOWLS
§TX UFRFRPSQXPEDQG H[LFX URRXQ DQG
"F ORLY WKHI7KH RHTXD'6RO>RITXDG HTXD
HTXDWLRQ UHGXFLEOH WR
TXDGHTXLC ZL H[DP!
5HOLEHW UR D(FRHIIL QDVRUR D(IRUPIRTXDG
HTXLZLJLYHQ D(H[DP!
*HRPFVHLQ WFR* 2VXR(WHD(LQILQXP RWH R
* 3 JHRPHWULF
$ULWFSURJU FRPFUDD(Q WFERD$ 3 +DUP
SURJUHVVLRQ QWK WHUP
R+ ¢D(KDUP PHIDQG $UL JHRPIVH!
6SHFLDO VMUMH V"D LHWHF
3DUWLDO IUDFWLRQV SURSHU DQG LPSURSHU IUDFW
XSRQ QDWXUH R
IDF'RGHQRP
/IRIJDUIDQCSURSIH[DP!
OLGWHUP ([DPLQDWLRQ
%LQFWKHRUSRVILQW DQCH[SDQPLG WF
WHUPV LQGHSHQGHQW RI [ %LQRPH[D® 7KHRUF
7ULJRQI7ULJRQIUD\SURS RWULJRGUD
7ULJRQIUD RDO DQJJUDRWULJRCIXQF
7ULJRQRPHWULF IXQFWLRQV RI VXP \DQG GLII
GLIIH IRUP;3UR D(VXIRUP
0XOVD(V, PXO'\DQJVL FRVD(SURM IRUP
&RRUC*HRPFS$U RIWUL
6XJIJHVWHG 5HDGLQJV
1&(57 ODWKHPDWLFV RI &0DVV ;, 1&(57 ,QGLD
6KDUPD 5 ODWKHPDWLFV RI &0DVV ;, 'KDQSDW 5DL :
%67 % %DVLF VWDWLVWLFV 7KHRU\

81,7 ,

'"HILQLWLRQ RI VWDWLVWLFV LWV XVH DQG OLPLWDWLRQV
FXPXODWLYH IUHTXHQF\ FXUYH OHDVXUHV RI FHQWUDO WHC
ioi



'"HILQLWLRQ DGGLWLYH DQG PXOWLSOLFDWLYH ODZ IRU WZR
,QWURGXFWLRQ WR VDPSOLQJ 6DPSOLQJ WHFKQLTXHV

81,7 ,,

7THVWV RI VLIQLILFDQFH 1XOO K\SRWKHVLV DOWHUQDWH K\S
OHYHO RI VLIJQLILFDQFH DQG FRQILGHQFH LQWHUYDO 61' WH"
WHVW 6WXGHQWIV W WHVW IRU PHDQV RI VLQJOH VDPSOH W
81,7 ,,,

&KL VTXDUH WHVW LQ [ FRQWLQJHQF\ WDEOH <DWHTYV FRL
GLDJUDP DQG .DUO 3HDUVRQYV FRHIILFLHQW RI FRUUHODWL|
UHJUHVVLRQ DQG LWV SURSHUWLHYV $QDO\VLV RI YDULDQFH
$QDO\WVLV RI /IDWLQ 6TXDUH "HVLJQ

SUDFWLFDO

&RQVWUXFWLRQ RI ITUHTXHQF\ GLVWULEXWLRQ WDEOHV DQG
OHDQ PHGLDQ PRGH 6WDQGDUG GHYLDWLRQ 9DULDQFH DQ
JURXSHG GDWD 61' WHVW IRU PHDQV 6WXGHQW{YV W WHVW )
puT DQG LWV WHVWLQJ )LWWLQJ RI UHJUHVVLRQ HTXDWLRQV

IHFWXUH 6FKHGX

T

0%%

"'D(OLPLW)UHTX GLVWL
>

FXLU
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R

W PHIPHG D(PR(CTXDL
Vv

R
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7H RVLJSLI W ED'R61'i=W IFPHL D¢
FRUUFFRHIIL
&RPSX\VR6WXC W IFR(VDP D(W.VDP PHD
LWHVW IRU WZR

DUL
&FVTXW
&RPSX\VR&RUUFFRHIIIlp D(L W RVLJIQLI
J)LW RUHJUIHTXD D(W RUHJUIFRHIIL
$QDCRI YDl R(ZCDQG ZLC DQ|
$QDCR&5' 5% D(/6"

3UDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV
JUHXG -( 3HUOHV %0 ORGHUQ (OHPHQWDU\ 6WDWLVW
.DSRRU 9. SUREOHPV DQG 6ROXWLRQV LQ 6WDWLVWLF
6QHGHFRU *: &RFKUDQ :* 6WDWLVWLFDO OHWKRGV

%67$ ,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7HFKQRORJ\
81,7 ,

, 7 DQG LWV LPSRUWDQFH ,7 WRROV ,7 HQDEOHG VHUYLFHV C
IXQGDPHQWDOV +DUGZDUH DQG VRIWZDUH ,QSXW DQG RXWS
81,7 ,,

JHDWXUHV RI PDFKLQH ODQJXDJH DVVHPEO\ ODQJXDJH KLJI
GLVDGYDQWDJHV 3ULQFLSOHV RI SURJUDPPLQJ DOJRULWKP

81,7 ,,,
2SHUDWLQJ V\VWHPV 26 GHILQLWLRQ EDVLF FRQFHSWV
2SHUDWLQJ 6\WWHPV /RFDO DUHD QHWZRUN /$1 :LGH DUHD
"HE +70/ DQG ,3

81,7 ,9

,QWURGXFWLRQ WR 06 2IILFH :RUG ([FHO 3RZHU 3RLQW $>
FODVVLILFDWLRQ DQG FKRLFH RI $9 DLGV &ULWHULD IRU
FRQIHUHQFLQJ &RPPXQLFDWLRQ SURFHVV %HUORYV PRGHO

SUDFWLFDO

((HUFLVHV RQ ELQDU\ QXPEHU V\VWHP $OJRULWKP DQG IORZ
3RLQW ,QWHUQHW DSSOLFDWLRQV ZHE EURZVLQJ FUHDWLR(
XVLQJ 06 ([FHO +DQGOLQJRI DXGLR YLVXDO HTXLSPHQW 30OC
FKDUWV RYHUKHDG WUDQVSDUHQFLHV DQG VOLGHV 2UJDQL]

/IHFWXUH VFKHGXOH

,V'FE)FQ(LPSRU , WR ,"HQD VHU DQG LPSR

&RPSXWHU IXQGDPHQWDOV +DUGZDUH &HQWUDO 3URFH\
SBULFD(BHFRQGDU 5%$0 D520 ,Q¢DQG 2 '"HYL
6RIWZDUH &DWHJRULHY 6\WWHP 6RIWZDUH DQG $SSOLFD

s A A
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*XUYLQGHU 6LQJK 5DFKKSDO 6LQJK 6DOXMD .. ) XQC
SURJUDPPLQJ DQG ,QIRUPDWLRQ 7THFKQRORJ\ .DO\DQL 3XEOL"

+DUVKDZDUGKDQ 3 %DO 3HUO 3URJUDPPLQJ IRU %LRL
(GXFDWLRQ

.XPDU $ &RPSXWHU %DVLFV ZLWK 2IILFH $XWRPDWLRQ
3YW /WG

5DMDUDPDQ 9 $GDEDOD 1 )XQGDPHQWDOV RI &RPSX\
%67% %LRPDWKHPDWLEFV 7TKHRU\
81,7,

5ROOHYV WKHRUHP /DJUDQJHYV WKHRUHP 7D\ORUJV DQG 0D
GLIIHUHQWLDWLRQ (XOHUfVY WKHRUHP RQ KRPRJHQHRXV IXQF
PLQLPD RI RQH YDULDEOHV WZR RU PRUH WKDQ WZR YDULDE
SHGXFWLRQ IRUPXODH GHILQLWH LQWHJUDOV

DQG LWV DSSOLFDWLRQV

81,7,,

BROXWLRQ RI RUGLQDU\ GLITHUHQWLDO HTXDWLRQ RI ILUVW
GHWHUPLQDWLRQ RIYROXPH RI EORRG DQG GUXJ GLVWULEXW
HTXDWLRQ RI ILUVW RUGHU DQG WKHLU DSSOLFDWLRQV WR SLU
RUGHU DQG WKHLU DSSOLFDWLRQV WR VLPSOH ELRORJLFDO ¢
DQG WUDQVFHQGHQWDO HTXDWLRQV

SUDFWLFDO

7XWRULDOV RQ 7D\ORUYV DQG ODFODXULQfV H[SDQVLRQV GL
WKHRUHP &KDQJH RI YDULDEOH WRWDO GHULYDWLYH LPSOL
IXQFWLRQV IXQFWLRQV ZLWK WZR PRUH WKDQ WZR YDULDEC
UHGXFWLRQ IRUPXODH GHILQLWH LQWHJUDOV DQG WKHLU !
'HWHUPLQDWLRQ Rl YROXPH Rl EORRG DQG GUXJ GLVWULEXW|
OLQHDU GLIIHUHQWLDO HTXDWLRQ RI KLJKHU ROGHU DQG WK
PHWKRGYV

IHFWXUH VFKHGXOH
SRO WKHI/DJUD WKHIE7D\O DQG ODF'VHI
'LITHUHQ GHILCRIGLIIHUFRHIILSURS RGLIIHUH
S3DUGLIIHUH GLIITHUH ZL PR WFERCYDUL WF
GLIITHUH H)
(XOIWKH RKRPRJHIXQF FKD RYDUL
-DFRIPD[LDQG P RR(YDULWZIPR WItWZR YD
(LI YDCD(HL.YHF RIPDW5HGXIIRUP
"HILCLQWIDQCDSSOL
OLGWHUP ([DPLQDWLRQ
II:)Lél(EIURIUHTXD DQG VIRRUGIGLIIHUHTXCRIL GHJ
$SSOL R GLIIHU HTXD IF W GHWHUI R YRO R
EORRG DQG GUXJ
GLVWU (SLGIPRG
gLRPGXOV\ GLIITHULHTXDWIL RUD(WKHLU DSV SUH(
/L%GLIIHLHTXD RKLJ RUD(WKDSSOL VVLP
ELRO SURE
IXPHUPHW IFVROYLQJ DQG WUDCHTXD'



7TXWFR 7D\O D(ODFOD H[SDQ
'LITHUHCD(3DUGLIIHUH (XOIWKH
&KD RYDULWFGHULYDWLIXQF
OD[L D(PLQ RVLCYDUIIXQFVIXQF'ZL W
PRUH WKDQ WZR
YDUL
&RPSXVRUHGXIRUP
"HILCLQWIDQG SURS
(SLGFPRG SUH(PRG '"HWHUP R YRO R
EORRG DQG GUXJ
GLVWL
2UGL GLIITHUHTXLCRIL RU
/ILQ GLIIHUHTXLE RKLJ RO D(WKDSSOL V
ELRO SURE
IXPHUPHW
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

*UHZDO %6 +LJKHU (QJLQHHULQJ ODWKHPDWLFV .KDQ
SDVWRJL 6. %LRPDWKHPDWLFV .ULVKQD 3UDNDVKDQ
6ULYDVWDYD $& ©6ULYDVWDYD 3. (QILQHHULQJ ODWK
3YW /WG
6ULYDVWDYD $& ©6ULYDVWDYD 3. (QIJILQHHULQJ ODWK
/WG
%67% %LRVWDWLVWLFV 7KHRU\
81,7 ,

5DQGRP YDULDEOHYVY H[SHFWHG YDOXH DQG LWV YDULDQFH
&RQGLWLRQDO SUREDELOLW\ %D\HYV WKHRUHP DQG LWV DS
SRLVVRQ 1RUPDO ([SRQHQWLDO DQG *DPPD SUREDELOLW\ GL

81,7 ,,

5DQGRP PDWLQJ SRSXODWLRQV +DUG\ :HLQEHUJ /DZ ,QWUR
FKDLQVY 7UDQVLWLRQ SUREDELOLW\ PDWUL[ Q VWHS WUDQ\
PRGHOV 6HQVLWLYLW\ DQG VSHFLILFLW\

8 1 ) 7 11
&KL VTXDUH WHVW WHVWLQJ KHWHURJHQHLW\ XVH LQ JHQH\
DQG LWV HVWLPDWLRQ $QDO\VLV Rl YDULDQFH 2QH ZD\ DG

$QDO\VLV RI FRYDULDQFH (VWLPDWLRQ DQG VLJQLILFDQFH R
3UDFWLFDO

([SHFWHG YDOXH DQG YDULDQFH RI GLVFUHWH DQG FRQWLQX
1RUPDO ([SRQHQWLDO DQG *DPPD 3UREDELOLW\ GLVWULEXW
WUDQVLWLRQ SUREDELOLW\ PDWUL[ LQ ODUNRY &KDLQV &DO
DQG OLQNDJH XVLQJ &KL VTXDUH WHVW 2QH ZD\ DQG WZR ZD\
7HVWLQJ RI KHULWDELOLW\

JHFWXUH VFKHGXOH

5D%(YDUL HI[SH YD D(L YDUL SURELGLVWLR
UDQ YDUL

&ROQGL SURED %D\ WKH D(L DSSOL

, VBQLIF%LQR SRLYSURELGLVWU D(WE

WUR
RS
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6XJIJHVWHG S5HDGLQJV

%LVZDO 3& SUREDELOLW\ DQG 6WDWLVWLFV 3+, /HDI
.DSV 0 /DPEHUVRQ : LRVWDWLVWLFV IRU $QLPDO 6
1DUD\DQ 3 %KDWLD 9. ODOKRWUD 3. +DQGERRN RI 6W

9
$JULFXOWXUDO 6WDWLVWLFV 5HVHDUFK ,QVWLWXWH 1HZ 'HO
3DO1 6DKDGHE 6DUNDU BWDWLVWLFV + &RQFHSWYV
/JHDUQLQJ 3YW /WG

%67% $IJULFXOWXUDO LQIRUPDWLFV 7TKHRU\
81,7 &RPSXWHU )XQGDPHQWDOV += JHRPSERQMICRDW DFOAHMMR URL

81,7 1XPEHU V\VWHPV = 1XPEHU UHSUHVHQWDWLRQV &RQYH
81,7 &RPSXWHU 3URJUDPPLQJ *HQHUDO &RQFHSWV 'REXPH(
'"HEXJJLQJ SURJUDPV (UURUV ,QWURGXFWLRQ WR 9LVXDO 9
VWDQGDUG LQSXW RXWSXW RSHUDWLRQV O9DULDEOHV DQG :
FRQWURO ,QEXLOW DQG 8VHU GHILQHG IXQFWLRQYV
H $JULFXOWXUH FRQFHSWV GHVLJQ DQG GHYHORSPHQ
IRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQRORJLHV ,7 LQ L
UPDWLRQ RI GHYHORSPHQW SURJUDPV PRQLWRULQJ DQG F
,7 &RPSXWHU PRGHOV LQ DJULFXOWXUH IRUHVWU\ VWDWL
PRGHOV FRQFHSWV VWUXFWXUH LQSXWV RXWSXWV ILOHV O
XQGHUVWDQGLQJ SODQW SURFHVVHV VHQVLWLYLW\ YHULILF
WKH FRPSXWDWLRQ RI ZDWHU DQG QXWULHQW UHTXLUHPHQW\
VIVWHPV IRU $JUL LQSXW PDQDJHPHQW 6PDUWSKRQH PRELOI

SULFH SRVWKDUYHVW PDQDJHPHQW
81,7 *HRVSDWLDO WHFKQRORJ\ FRQFHSWV WHFKQLTXHV FRI

81,7
L R
I P

o
= Aor
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DJUL LQIRUPDWLRQ 'HFLVLRQ VXSSRUW V\VWHPV WD[RQRP\
DSSOLFDWLRQV LQ DJULFXOWXUH IRUHVWU\ '66 $JULFXOW
,QIRUPDWLRQ 6\VWHPV IRU VXSSRUWLQJ )DUP GHFLVLRQV 3UtL
FDOHQGDUV XVLQJ ,7 WRROV

SUDFWLFDO

6WXG\ RI FRPSXWHU FRPSRQHQWY DFFHVVRULHV SUDFWLFH
GLIIHUHQW RSHUDWLQJ VI\VWHPV VXFK DV :LQGRZV 8QL[ /LQX
, QWURGXFWLRQ RI YDULRXV SURJUDPPLQJ ODQJXDJHV VXFK D
FRPSRQHQWY +DQGV RQ SUDFWLFH RQ ZULWLQJ VPDOO SURJL
FUHDWLQJ HGLWLQJ DQG SUHVHQWLQJ D VFLHQWLILF GREXP#
DUW WRROV JUDSKLFV WHPSODWHY GHVLJIJQV 06 (;&(/ &UF
ZULWLQJ H[SUHVVLRQV FUHDWLQJ JUDSKVY DQDO\VLV RI VFI
&UHDWLQJ 'DWDEDVH SUHSDULQJ TXHULHV DQG UHSRUWYV

,QWURGXFWLRQ WR :RUOG :LGH :HE ::: DQG LWV FRPSRQH
SUHVHQWDWLRQ DQG PDQDJHPHQW DJULFXOWXUDO LQIRUPD
6LPXODWLRQ ORGHOV &60 '66%7 &URS ,QIR &URS6\VW :RIRV)
DQG VWXG\ RI PRGHO RXWSXWV FRPSXWDWLRQ RI ZDWHU DQ
,7 WRROV 8VH RI VPDUW SKRQHV DQG RWKHU GHYLFHV LQ

LQIRUPDWLRQ ,QWURGXFWLRQ RI *HRVSDWLDO 7HFKQRORJ
LPSRUWDQW IRU $JULFXOWXUH +DQGV RQ SUDFWLFH RQ SUHSE

IHFWXUH 6FKHGXOH 7KHRU\

&RPSXWHU FKDUDFWHULVWLFV HYROXWLRQ JHQHUDWLR(

&RPSXWHU KDUGZDUH + LQSXW GHYLFHV ZLWK H[DPSOHV

&RPSXWHU KDUGZDUH &HQWUDO 3URFHVVLQJ 8QLW $
BHFRQGDU\ VWRUDJH GHYLFHV

&RPSXWHU VRIWZDUH + 6\WVWHP VRIWZDUH 26 GHYLFH G
BURJUDPPLQJ ODQJXDJHV

1XPEHU V\WVWHPV + FKDUDFWHU UHSUHVHQWDWLRQ $6&,
&RQYHUVLRQV IURP GHFLPDO WR ELQDU\ DQG YLFH YHUVD
&RQYHUVLRQ IURP GHFLPDO WR RFWDO DQG YLFH YHUVD GH
LQWHJHUV DQG IORDWLQJ SRLQW QXPEHUV

&RPSXWHU 3URJUDPPLQJ DOJRULWKPV IORZFKDUWV L
VWDQGDUG LQSXW RXWSXW RSHUDWLRQV 6PDOO SURJUDPV L
H[SUHVVLRQV DQG LQ EXLOW IXQFWLRQV

&RPSXWHU 3URJUDPPLQJ 3URJUDPPLQJ LQ & & WR GLVSC
FRQGLWLRQV )25 ORRS :+,/( ORRS 3URJUDP GHEXJJLQJ

3URJUDPPLQJ LQ & & UUMRVGMMSIOIDQ) SURFHVVLQJ 6XE Sl
IXQFWLRQV

‘RUOG :LGH :HE ::: &RQFHSWV DQG FRPSRQHQWV &RPP

VPDUWSKRQHYVY VRFLDO PHGLD WH[W PHVVDJLQJ DXGLR YLGEF
OLG WHUP H[DPLQDWLRQ

 QWHUQHW DQGI 338 DEXOWKREYLQJ H -FRRQFHBMWA + GHVHLIY
GHYHORSPHQW

*HRVSDWLDO WHFKQRORJ\ FRQFHSWV WHFKQLTXHV FRP:
DJUL LQIRUPDWLRQ

6PDUW SKRQH DSSOLFDWLRQV LQ DJULFXOWXUH IRU II
PDQDJHPH@MBSOLFDWLRQ IRU WKH FRPSXWDWLRQ RI ZDWHU

i6oo



FRPSXWHU FRQWUROOHG GHYLFHV DXWRPDWHG V\VWHPV IR

'HFLVLRQ 6XSSRUW 6\WVWHPV * WKHLU FKDUDFWHULVWL
IUDPHZR@DWVLILFDWLRQ DQGUDBSS%O0WKDAMFRMH\GWPUNHP 6RLO QI
6\WWHRRPSRQHQ®$SSOLFDWLRQRU. YXSIURBWQ QX YBIUP GHFLVLF

$SSOLFDWLRQ RI LQQRYDWLYH ZD\V WR XVH LQIRUPDWLRC
DIJULFXOWX SIS SRUANYWURQ RI 06 2IILFH 6XLWH 06 :RUG 06 ([F
$FFHVV )HDWXUHV RI :RUG 3URFHVVLQJ (OHFWURQLF 6SUHD
3DFNDJHV

&RQFHSW Rl 'DWDEDVH DQG ,QIRUPDWLRQ PDQDJHPHQW
(IWUDFWLQJ UHVXOWYV IURP GDWDEDVH

3UHVHQWDWLRQ SDFNDJHV )HDWXUHV RI SUHVHQWDWLRC

H $JULFXOWXUH FRQFHSWV GHVLJQ DQG GHYHORSPHQW
LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQRORJLHV ,7 LQ L
IRUPDWLRQ RI GHYHORSPHQW SURJUDPV PRQLWRULQJ DQG H

&RPSXWHU ORGHOV LQ DJULEXOWXUH IRUHVWU\ VWDWLYV
PRGHOV FRQFHSWV VWUXFWXUH LQSXWV RXWSXWV ILOHV C
XQGHUVWDQGLQJ SODQW SURFHVVHV VHQVLWLYLW\ YHULILF
3UDFWLFDO VFKHGXOH

&RPSXWHU &RPSRQHQWYV %RRWLQJ DQG 6KXW 'RZQ )XQ
FRPPDQGV LQ /LQX[ FUHDWLQJ UHQDPLQJ GHOHWLQJ PRYLQ
IXQFWLRQV

,QVWDOODWLRQ RI & SURJUDP 6PDOO SURJUDPV LQ & &

2SHUDWRUV ([SUHVVLRQV WR GLVSOD\
6PDOO SURJUDPV LQ & & WR VKRZ WKH XVH RI LQ EXLOYV

BURJUDPPLQJ LQ & & WR GLBHSXB\QFARZ RD F\R O WIRDRQ |
XVLQJ ,)« 7+(1 FRQGLWLRQV )25 ORRS :+,/( ORRS

3URJUDP GHEXJJLQJ

3URJUDPPLQJ LQ &&uuwwevw&mq Su FHVVLQJ

6XE SURJUDPV XVHU GHILQHG IXQFWLRQV
s6 06 :RUG &UHDWLQJ D GRFXPHQW + 7TH[W HGLWLQJ SDUD.

06 :RUG 'RFXPHQW /D\RXW 9LHZ DQG 5HYLHZ +HDGHUV

7DEOHV FUHDWLRQ DQG IRUPDWWLQJ ,PDJH LQVHUW DG

06 :RUG ODLO OHUJH

06 ([FHO %DVLF RSHUDWLRQV PDWKHPDWLFDO FDOFXOD
6SUHDGVKHHWV

06 ([FHO DOLJQPHQW RI URZV FROXPQV DQG FHOOV XVI
H[SUHVVLRQV WKURXJK WKH )RUPXOD 7RRO %DU

06 ([FHO + ,QEXLOW )XQFWLRQV 6WDWLVWLFDO IXQFWLR

SDFNV &RUUHODWLRQDQG 5HJUHVVLRQ
06 (([FHO &UHDWLQJ *UDSKYV

06 ([FHO = :ULWLQJ ODFURV /LQNLQJ VKHHWYV
06 $FFHVV &UHDWLQJ 'DWDEDVH FUHDWLQJ WDEOHYV
06 $FFHVV VWUXFWXULQJ ZLWK GLIITHUHQW W\SHV RI1 |

L
06 $FFHVV '"HYHORSLQJ TXHULHVY DQG UHODWHG ILOHV
06 $FFHVV +t*'HYHORSLQJ TXHULHY DQG UHODWHG ILOHV
UHODWLRQVKLSYV
06 $FFHVV £ IRUPV FRPER ER[ DQG UHSRUWYV

06 3RZHU3RLQW 3UHSDUDWLRQ RI VOLGHV IRU SUHVHQW

06 3RZHUSRLQW=* LQFOXGLQJ WH[W WDEOHV EXOOHWYV

06 3RZHU3RLQW + DQLPDWLRQV WUDQVLWLRQV UHFRUG

06 3RZHU3RLQW K\SHUOLQNV DXWRPDWLQJ WKH SUHVHC
100

H
Z
|



(PDLO VHWWLQJ XS DQ HPDL
,QWHUQHW + WDEV EURZVLQJ ,QFRJQLW

R1
6PDUWSKRQH $SSV + FURS PDQDJHPHQW VR
6PDUWSKRQH $SSV + VRLO PDQDJHPHQW
6PDUWSKRQH $SSV SHVW DQG GLVHDVH PDQDJHP

6RLO ,QIRUPDWLRQ 6\VWHPV * XVLQJ IUHH V
6RLO ,QIRUPDWLRQ 6\VWHPV + XVLQJ IUHH V
&URS 6LPXODWLRQ ORGHOV &60 XVLQJ VWDQGDUG

uJd

, QWURGXFWLRQ RI JHRVSDWLDO WHFKQRORJ\ IR
$SSOLFDWLRQV RI '"HFLVLRQ 6XSSRUW 6\VWHP LQ D
$SSOLFDWLRQV RI ([SHUW 6\VWHP LQ $JULFXOWXUH

O FRPSRVLQJ
J L

6XJIJHVWHG 5HDGLQJV

%DODJXUXVZDP\ ( SURJUDPPLQJ ZLWK $16, & 7DWD
&DSURQ + [/ &RPSXWHUV WRRO IRU DQ LQIRUPDWLRQ

&RPSDQ\ ,QF 1HZ <RUN
'DWH & - ,QWURGXFWLRQ WR 'DWDEDVH 6\VWHP $GGlI
*RWWIULHG % 3URJUDPPLQJ ZLWK & B6FKDXP 2XWOLQ

ODOYLQR $ 3 DQG %URZQ - $ 'LILWDO &RPSXWHU (Ol
I1RUWRQV 3 , QWURGXFWLRQ WR FRPSXWHUV WK (G 7
3DUHNK 5 BULQFLSOHYV RI OXOWLPHGLD 7DWD OF*UDZ
QG &RURQHO & '‘DWDEDVH 6\VWHPV 'HVLJQ
WK (G 7KRPVRQ /HDUQLQJ
FKDUW] $ .RUWK + ) DQG 6XGDUVKDQ 6 'C
OF*UDZ +LOO

9DXJKDQ 7 OXOWLPHGLD ODNLQJ LW :RUN OF*UDZ +L

6WXGHQW 5($'< ,Q KRXVH 6NLOO '"HYHORSPHQW ORGXOHYV

([SRVXUH WR SODQW WLVVXH FXOWXUH ODERUDWRU\ DQG HT;
SURGXFWLRQ RI SODQWLQJ PDWHULDOV YLUXV LQGH[LQJ WL
ILGHOLW\ WHVWLQJ XVLQJ PROHFXODU PDUNHUV KDUGHQLQ
*HQHWLF WUDQVIRUPDWLRQ WHFKQLTXHYV DQG VFUHHQLQJ RI

%653 $QLPDO ELRWHFKQRORJ\

%DVLF WHFKQLTXHV LQ DQLPDO FHOO FXOWXUH 3ULQFLSOI
FKHPLFDOO\ GHILQHG DQG VHUXP IUHH PHGLD IRU FHOO FX
SUHVHUYDWLRQ DQG FKDUDFWHUL]DWLRQ RI DQLPDO FHOOV
FDQFHU FHOOV WHVWLQJ RI DQWLFDQFHU GUXJV FHOO FXOW

%653 %LRLQIRUPDWLFV

8VH RI NH\ GDWDEDVHV RI JHQHVY DQG SURWHLQV VHTXHQFH

GHVLIQLQJ 3URWHLQ VWUXFWXUH SUHGLFWLRQ DQG DQDO\V

*HQH RQWRORJ\ GDWDEDVH

DQG SDWKzZzD\V 613 GDWDEDVHV 6RIWZDUH DQG ZHE UHVRXUI

'RZQVWUHDP DQDO\VLV RI PDVV VFDOH GDWD OROHFXODU QH
iod



LQWHUDFWLRQV QF51%$ GDWDEDVHV WUDQVFULSWLRQ IDFWR

%653 OLFURELDO DQG HQYLURQPHQWDO ELRWHFKQRORJ\

O0DVV SURGXFWLRQ RI ELRIHUWLOL]JHUV DQG ELRFRQWURO D
PDUNHWLQJ Rl ELRIHUWLOL]JHUV DQG ELRFRQWURO DJHQWYV
PXOWLSOLFDWDRBQKR]JLXP %HDXYDDNWH /ABROQUIAPGIQXP XVLQJ
LQRFXOXP (VWLPDWLRQ RI FRVW DQG UHWXUQV FDSLWDO UH
VKHHW LQFRPH DQG FDVK IORZ VWDWHPHQW ,GHQWLILFDWLF

%653 SBURMHFW )RUPXODWLRQ H[HFXWLRQ DQG 3UHVHQWDL

6WXGHQWYV WR LGHQWLI\ UHOHYDQW SUREOHP IDFHG E\ IDUPH
ELRWHFKQRORJLFDO DSSURDFK DQG IRUPXODWH WKH SURN
REMHFWLYHV UHYLHZ RIOLWHUDWXUH PHWKRGRORJ\ WLPH

%653 (QWUHSUHQHXULDO GHYHORSPHQW LQ ELRWHFKQRO

OLFURSURSDJDWLRQ '1$ ILQJHUSULQWLQJ *HQHWLF SXULW\
VHOHFWLRQ +DSORLG SURGXFWLRQ 'DWDEDVH ODQDJHPHQW
SURWHLQ SURGXFWLRQ $QLPDO FHOO FXOWXUH DQG PDLQW
%LRSURFHVV HQULFKPHQW %LRUHPHGLDWLRQ %LRIXOHV HW

7TKH VWXGHQWY ZLOO EH DWWDFKHG IRU DQ ,QWHUQVKLS ZL
LQGXVWULHY LQYROYHG LQ ELRWHFKQRORJ\ DFWLYLWLHV 7K
LQVWLWXWH $IWHU FRPSOHWLRQ RI WKH LQWHUQVKLS WKH\
WKH DFWLYLWLHV WKH\ SHUIRUPHG GXULQJ WKH LQWHUQVKL:E

6WXGHQW 5($'< ,Q KRXVH 6NLOO 'HYHORSPHQW ORGXOHV )RX

$FWLYLW\ ZLWKLQ HDFK QRGXOH ODUNV '"LVWULEXWIL

$SWWHQGDQFH
OLG WHUP $VVHVVPHQW

BUDFWLFDO $VVLIJQPHQWYV
YLC([D IF3UDF6N $VVHV

6 WXERO WPEFPRWLBYRMHEW )RUPXODWLRQ ([MFXWLRQ DQG 3U

SDUDPHWHU ODUNV|'LVWULEXWLRQ

PX(CD(,PSOHPH

HOF&ROQ(D( LVFL
D(&UHD

BWXGHQW 5($'< (QWUHSUHQHXULDO 'HYHORSPHQW LQ %LRW!
| 3DUDP [ 0DU 'LVWUL |




3UR 30DCDQG U

3UHVH

SHJIXC

ORQVSVVHV

2XW 'HOL

7THFKi 6N "HYHOR

(QWUHSID(%XVIIHWZR 6NI

SHS ULV

)LC3UHVH

1RQ &UHGLW &RXUVHV

% (*/ &RPSUHKHQVLRQ DQG FRPPXQLFDWLRQ VNLOOV LQ (Q

SUDFWLFDO

ILVWHQLQJ &RPSUHKHQVLRQ /LVWHQLQJ WR VKRUW WDONYV
FRPPHUFLDO DQG JHQHUDO LQ QDWXUH 2UDO &RPPXQLFDWL
&RQYHUVDWLRQ SUDFWLFH &RQYHUVDWLRQ UDWH RI VSHHFFk
SROLWHQHVV OS5HDGLQJ VNLOOV UHDGLQJ GLDORJXHV UDSLC
UHDGLQJ VNLOOV ORFN ,QWHUYLHZV WHVWLQJ LOQLWLDWLYH
*URXS 'LVFEXVVLRQV

3UDFWLFDO VFKHGXOH
JLVWHQLQJ FRPSUHKHQVLRQ + 6KRUW WDONV = /HFWXUHV
2UDO FRPPXQLFDWLRQ * 3KRQHWLFV VWUHVV LQWRQDWL
&RQYHUVDWLRQ 5DWH RI VSHHFK + &0DULW\ RI YRLFH * ¢
FRQYHUVDWLRQ
5HDGLQJ VNLOOV + 5HDGLQJ GLDORJXHV * 5DSLG UHDGL(
UHDGLQJ VNLOOV ORFN LQWHUYLHZV * 7HVWLQJ LQLWLD

,(QWHOOHFWXDO DELOLW\ *URXS GLVFXVVLRQ
SUDFWLFDO ([DPLQDWLRQ

6XJIJHVWHG 5HDGLQJV

/IHZLV 1 RUG 3RZHU ODGH (DV\ *R\DO 3XEOLVKHUV 1
ORKDQUDM - /IHW 8V +HDU 7KHQ 6SHDN 6DMH 3XEOLYV
SLONHU 6 7KH 6HQVH RI 6 W\OH 7KH 7KLQNLQJ 3HUVR
VW &HQWXU\ 3HQJXLQ 3XEOLVKHUV 1HZ <RUN
6WUXQN : DQG :KLWH ( % 7KH (OHPHQWYV RI 6 W\OH |
%166 166 162 1& 1&&

SUDFWLFDO

&RXUVH DLPV DW HYRNLQJ VRFLDO FRQVFLRXVQHVYV DPRQJ VYV
YL] ZRUNLQJ WRIJHWKHU FRQVWUXFWLYH DQG FUHDWLYH VR
GHPRFUDWLF OHDGHUVKLS GHYHORSLQJ VNLOO LQ SURJUDPF
HPSOR\PHQW UHGXFLQJ WKH JDS EHWZHHQ HGXFDWHG DQG X
GHVLUH WR KHOS VHFWLRQV RI VRFLHW\

SUDFWLFDO VFKHGXOH

,QWURGXFWLRQ DQG EDVLF FRPSRQHQWYV RI 166 2ULHQWTL
166 SURJUDPPHY DQG DFWLYLWLHYV

8QGHUVWDQGLQJ \RXWK

&RPPXQLW\ PRELOL]DWLRQ VRFLDO KDUPRQ\ DQG QDWLRC
S9ROXQWHHULVP DQG VKUDPGDQ

&LWL]J]HQVKLS FRQVWLWXWLRQ DQG KXPDQ ULJKWYV



Y)DPLO\ DQG VRFLHW\
PSR UM/cg DQG UROH RI \RXWK OHDGHUVKLS

/JLIH FRPSHWHQFLHV \RXWK GHYHORSPHQW SURJUDPPHYV
+HDOWK J HQH[MNBVDQLWDMMRQ \RXWK KHDOWK OLI

<RXWK[MQ \RJD
9RFDWLRQDO VNLOO GHYHORSPHQW LVVXHV UHODWHG H(
'LVDVWHU PDQDJHPHQW

(QWUHSUHQHXUVKLS GHYHORSPHQW
JRUPXODWLRQ RI SURGXFWLRQ RULHQWHG SURMHFW GRF
5HVRXUFH PRELOL]DWLRQ

$GGLWLRQDO OLIH VNLOOV DFWLYLWLHY GLUHFWHG E\ W
SUDFWLFDO ([DPLQDWLRQ

% 3 (' 3K\ VLFDO HGXFDWLRQ DQG \RJD SUDFWLFHYV

3UDFWLFDO
'HILQLWLRQ DQG OHDQLQJ RI 3K\VLFDO )LWQHVV )LUVW $LG
9ROOH\EDOO )RRWEDOO 6KXWWOH %DGPLQWRQ &ULFNHW
&RQFHSW RI <RJLF 3UDFWLFHV $VDQD 3UDQD\DPD OHDQLQJ I

3UDFWLFDO VFKHGXOH
'"HILQLWLRQ DQG OHDQLQJ RI 3K\WLFDO )LWQHVV 9DOXHYV
&RPSRQHQWYV RI KHDOWK UHODWHG 3K\VLFDO )LWQHVV DQG $
+HDOWK EHQHILWV RI 3K\WLFDO $FWLYLW\ +\SR NLQHWLF OL
PDQDJHPHQW
J)LUVW $LG 7UHDWPHQW /DFHUDWLRQ = %OLVWHUV + &R
+ 'LVORFDWLRQ DQG &UDPSV + %DQGDJHV = 7\SHV Rl %DQGDJ!I
2SWLRQDO $Q\ WZR LV WR EH RIIHUHG DFFRUGLQJ WR WK
7UDFN )LHOG
L &RQGLWLRQLQJ ZDUPLQJ XS MRJJLQJ + IUHH KDQG H[HUF
GRZQ

LL 6WDUWLQJ DQG ILQLVKLQJ WHFKQLTXHYV
LLL -XPSV ORQJ MXPS WULSOH MXPS DQG KLJK MXPS
LY 7KURZV BKRW SXW GLVFXV WKURZ MDYHOLQ WKURZ KDF

Y THFKQLTXH RI 5SHOD\ 5DFH 9DUL
Yy *HQHUDO FRPSHWLWLRQ 5XOHV

PHWKRGV RI EDWRQ H

RXV

Rl WUDFN DQG ILHOG HYH(
*DPHV %DVNHWEDOO

L +ROG SDVVLQJ *+ FKHVW SDVV ERXQFH SDVV EDVHEDOO S
LL 'ULEEOLQJ KLJK GULEEOH ORZ GULEEOH ]JLJ]DJ GULEEO
LLL 6KRRWLQJ OD\XSV IUHH WKURZ DQG MXPS VKRW

Ly ORYHV WZR PDQ WKUHH PHQ ZHDYH

Y 7DFWLFV 2IIHQFH GHIHQVH SLYRW DQG VFUHHQLQJ
9ROOH\EDOO
L 3DVVLQJ RYHU KHDG DQG XQGHU DUP

L. 6HUYLFH VLPSOH VHUYLFH WHQQLYVY VHUYLFH
LLr /LIW YHUWLFDO OLIW DUFK OLIW DQG VKRUW OLIW
Ly 6PDVK DQG EORFN

JRRWEDOO

L .LFNV NLEFNLQJ ZLWK WKH LQVLGH RI WKH IRRW NLFNLQJ

ZLWK WKH RXWHU LQVWHS Rl WKH IRRW
LL +HDGLQJ IURP VWDQGLQJ IURP UXQQLQJ IURP MXPSLQJ

LLr 7KURZ LQ
iol



LY )HLQWLQJ ZLWK WKH ORZHU OLPE ZLWK WKH XSSHU SDL
Y 7DFNOLQJ VLPSOH EORFN WDFNOLQJ VOLGH WDFNOLQJ
YL *RDONHHSLQJ &ROOHFWLRQ RI EDOOV 'LYLQJ

YLL %DOO FOHDUDQFH .LFNLQJ WKURZLQJ DQG GHIOHFWLQJ
L *ULS + IRUHKDQG DQG EDFN KDQG

LL 6HUYLFH + ORQJ VHUYLFH DQG VKRUW VHUYLFH

LLL /RE 8QGHUKDQG DQG RYHU KHDG

LY 2YHUKHDG VWURNHV + GURS VKRW DQG VPDVK

Y 7DFWLFV VLQJOHV DQG GRXEOHV

&ULFNHW

L O9HUWLFDO EDW VWURNHV )URQW IRRW VWURNHY )URQW I
VWURNHYV %DFN IRRW GHIHQVH %DFN IRRW GULYH

LL %RZOLQJ 7\SHV RI %RZOLQJ %DVLFV *ULS UXQ XS GHOL
LLL )LHOGLQJ GHIHQVLYH ILHOGLQJ DWWDFNLQJ ILHOGLQJ

Ly &DWFKLQJ GLIITHUHQW W\SHV RI FDWFKHYV
Y 7TKURZLQJ GLIITHUHQW W\SHV RI WKURZV
YL :LFNHW NHHSLQJ EDVLF VWDQFH FROOHFWLRQ DQG VWXP

+tHDOWK 5HODWHG 3K\VLFDO )LWQHVV 7THVW &R

THVW WHPYV W H +HDOWK 5SHODWHG &RPSR
L \ZNQH PLOH UXP P PXOWDWOWRIMHNVEOQUHIVWRU\ HQGXUDAC
LL$EGRPLQDO VLW XSV VHF OXVEXORVNHOHWLEL
LL6WDQGLQJ EURDG MXPSER( OXVFXORVNHOHWDO
\L 6HDWHG PHGLFLQH EDOCI%RV}/KURZV NJ OXVFXORVN]

Y| +0}—I(I)_JKW DQG ZHLIJKW % RBROGDYRREQRWVILWLROQ
0

<RJD 3UDFWLFHV &RQFHSW RI <RJLF 3UDFWLFHV = .LQGV F
.UL\D %DQGKD 0XGUD 'K\DQD

$VDQD 'HILQLWLRQ 6FRSH DQG /LPLWDWLRQ RI $VDQDV
$VDQDV + 56HOD[DWLYH $VDQDV &XOWXUDO $VDQDV + 6WHS E\
OHDVXUHV DQG 3UHFDXWLRQV

3UDQD\DPD OHDQLQJ + GLIIHUHQW 3KDVHV LQ 3UDQD\DP|
. XPEKDND 5HWHQWLRQ DQG 5HFKDND ([KDODWLRQ +* %UHDYV

$SSOLFDWLRQ RI %DQGKDV LQ 3uUDQD\DPD + 6DIHW\ OHDVXUHYV
OHDQLQJ DQG &RQFHSWV RI OHGLWDWLRQ

SUDFWLFDO ([DPLQDWLRQ

%675 (GXFDWLRQDO WRXU , $00 ,QGLD

7R IDPLODULVH WKH VWXGHQW ZLWK FURSY DQG RWKHU UHVL
,QVWLWXWHV $JUR ,QGXVWULHV *RYW DQG SULYDWH RUJDQ
WKH VWXGHQWY WR YDULRXV QDWLRQDO KHULWDJH PRQXPHQ
GD\V GXUDWLRQ



%675 (GXFDWLRQDO WRXU ,, $00 .HUDOD

BWXG\ WRXU RI RQH ZHHN GXUDWLRQ LQ WKH GLIIHUHQW GL\
ZLWK WKH DFWLYLWLHV RI GLIITIHUHQW UHVHDUFK VWDWLRQV F
LOQVWLWXWHY JRYHUQPHQW DQG SULYDWH RUJDQLVDWLRQV I



