OWUXFWXUDO 5HVSRQVH RI
6XEMHFWHG WR "URS :HLJK

$ SDUDPHWULF VWXG\ XVLQJ Q.

ODVWHUYV 7KHVLV LQ WKH ODVWHUYY 3URJUDPPH 6WUXFWXUD

0,&+$(/$ 0817+ (5
-26(),1( 581(%5%$17

'"HSDUWPHQW RI $UFKLWHFWXUH DQG &LYLO (QJLQHHULQJ
'LYLVLBQ RXFWXUDO (QJLQHHULQJ

&RQFUHWH BWUXFWXUHV

&+$/0(56 81,9(56,7< 2) 7(&+12/2*<

*RWKHQEXUJ B6ZHGHQ

ODVWHUYTV 7KHVLV $&;






0$67 (576 7+(6,6 $&;

6WUXFWXUDO 5HVSRQVH RI &RQFUHW
'HLIKW ,PSDFW

$ SDUDPHWULF VWXG\ XVLQJ QXPHULFDO PR
ODVWHUYTV 7KHVLV LQ WKH ODVWHUYV 3URJUDPPH 6WUXF
0,&+$(/$ 0817+ (5
-26(),1( 581(%5%$17

'HSDUWPHQW RI $UFKLWHFWXUH DQG &LYLO |
'LYLVLRQ RI 6WUXFWXUDO (QJLQHHULQJ
&RQFUHWH VWUXFWXUHV
&+$/0(56 81,9(56,7< 2) 7(&+12/2*<
*IWHERUJ 6ZHGHOQ



6WUXFWXUDO 5HVSRQVH RI 4RQFUHWH %HDPV 6 XEMHFWH
$ SDUDPHWULF VWXG\ XVLQJ QXPHULFDO PRGHOOLQJ

ODVWHUYV 7KHVLV LQ WKH ODVWHUfV 3URJUDPPH 6WUX
7THFKQRORJ\

0,&+$(/$ 0817+ (5
-26(),1( 581 (%5%$17

¢ 0,&+%$(/$ 0817+(5 -26(),1( 581(%5$17

((DPHQVDUEHWH $&; , QVWLWXWLRQHQ I|JU $UNLWH?M
6DPKIOOVE\JJQDGVWHNQLN &KDOPHUV 7HNQLVND +|JVNR

'‘"HSDUWPHQW RI $UFKLWHFWXUH DQG &LYLO (QJLQHHULQJ
'LYLVLRQ RI 6WUXFWXUDO (QJLQHHULQJ

&RQFUHWH 6WUXFWXUHYV
&KDOPHUV 8QLYHUVLW\ RI THFKQRORJ\

6 ( *IWHERUJ
6ZHGHQ
7HOHSKRQH

&RYHU
9LVXDOLVDWLRQ RI WKH VWUXFWXUDO UHVSRQVH DW Wi
FRQFUHWH EHDP VXEMHFWHG WR GURS ZHLJKW LPSDFW |

'HSDUWPHQW RI $UFKLWHFWXUH DQG &LYLO (QJLQHHULQ
*[WHERUJ 6ZHGHQ



6WUXFWXUDO 5HVSRQVH RI 4RQFUHWH %HDPV 6 XEMHFWH
$ SDUDPHWULF VWXG\ XVLQJ QXPHULFDO PRGHOOLQJ

ODVWHUYYV 7KHVLV LQ WKH ODVWHU 3URJUDPPH 6WUXFYV
7THFKQRORJ\

0,&+$(/$ 0817+ (5
-26(),1( 581 (%5%$17

'‘"HSDUWPHQW RI $UFKLWHFWXUH DQG &LYLO (QJLQHHULQJ
'LYLVLRQ RI 6WUXFWXUDO (QJLQHHULQJ

&RQFUHWH 6WUXFWXUHYV

&KDOPHUV 8QLYHUVLW\ RI THFKQRORJ\

$%675%&7

$ VWUXFWXUH VXEMHFWHG WR DQ LPSDFW ORDG ZLOO L
VXEMHFWHG WR VWDWLF ORDGLQJ )LQLWH HOHPHQW PR
KDV QRW EHHQ SUDFWLFHG WR WKH VDPH H[WHQW D\
FRQVHTXHQWO\ WKH UHVXOWY DUH QRW DV UHOLDEOH
HOHPHQW DQDO\WVHV RI G\QDPLFDOO\ ORDGHG VWUXFW)
UHVSRQVH RI WKH PRGHO ,Q WKLV WKHVLV GLITHUHQW C
WR GHVFULEH WKH VWUXFWXUDO EHKDYLRXU RI UHLQIRI
ZHLIJKW LPSDFW

$Q DLP RI WKLV SURMHFW ZDV WR GHYHORS DQ DOUHDG\
PRGHO LQ /6 '<1$ $QRWKHU REMHFWLYH ZDV WR HYDOXD
DV D ' )( PRGHO XVLQJ EHDP HOHPHQWYV LQ $EDTXV DQ

'2) V\VWHP DUH DSSOLFDEOH $QRWKHU DLP ZDV WR L
PRGHOV DV ZHOO DV WKH " )( PRGHO WKURXJK SDUDPHW!

%DVHG RQ DQ H[LVWLQJ ' VROLG )( PRGHO D PRUH UF
FRPSDULQJ GLIIHUHQW PRGHOOLQJ WHFKQLTXHV UHJDUC
UHLQIRUFHPHQW DQG LQWHUDFWLRQ EHWZHHQ FRQFUHI
PRGHO WKH $EDTXV PRGHO DQG WKH /6 '<1$ PRGHO ZHU|
WHVW UHVXOWYV 8VLQJ WKHVH YDOLGDWHG PRGHOV SDL
WKH G\QDPLF ORDG DQG WKH EHDP JHRPHWU\ DV ZHOO D'

7KH IXUWKHU GHYHORSPHQW RI WKH /6 '<1$ PRGHO E\ L
DQG D QRQ OLQHDU VWUXFWXUDO EHKDYLRXU RI WKH UH
WKH '2) PRGHO XVHG LQ WKLV WKHVLV LW ZDV IRXQG W
FDOLEUDWHG IRU HDFK VHSDUDWH FDVH DQG WKDW WKH
ZDV OHVV DFFXUDWH ZKHQ WKH PDVV RI WKH GURS ZHLJK
7KLY LQGLFDWHG WKDW WKH WLPH GHSHQGHQF\ RI WKH L
$EDTXV PRGHO EXW QRW LQ WKH '2) PRGHO 7R FRQFC
GHSHQGHQW WUDQVIRUPDWLRQ IDFWRUV LQ WKH '2) P!
FDSWXUH D EHKDYLRXU OLNH WKDW LQ $EDTXV DQG DFK
ORDG FDVHYV

.H\ ZRUGYVY 5HLQIRUFHG FRQFUHWH EHDP LPSDFW OF
) PRGHOOLQJ ERQG VOLS /6 '<1%$ &'30 $EDTXV

&+$/0(56 SUFKLWHFWXUH DQGOODMWNLBUTMIZB®BHMUVYQ I$&;



6WUXNWXUHOO UHVSRQV KRV EHWRQJEDONDU XWVDWWD
(Q SDUDPHWHUVWXGLH XWI|[UG JHQRP QXPHULVN PRGHOO

(I[IDPHQVDUEHWH LQRP PDVWHUVSURJUDPPHW .RQVWUXNMW
0,&+$(/$ 0817+ (5
-26(),1( 581 (%5%$17

, QVWLWXWLRQHQ IJU $UNLWHNWXU RFK 6DPKIOOVE\JJQDG
$YGHOQLQJHQ I|JlU .RQVWUXNWLRQVWHNQLN
%YHWRQJE\JJIQDG

&KDOPHUV 7THNQLVND +|JVNROD

6$00$1)$771,1*

(Q NRQVWUXNWLRQ XWVDWW I|I|U VW|WEHODVWQLQJ UHDJ
EHODVWDG )LQLWD HOHPHQWPRGHOOHULQJ DY G\QDPLV
VWXGHUDWY L VDPPD XWVWUIFNQLQJ VRP VWDWLVNW E}
LQWH OLND WLOOI|lUOLWOLJD ORGHOOHULQJVYDO L LEN
EHODVWDGH NRQVWUXNWLRQHU |IU DYJ|UDQGH I|U GHQ U/
GHWWD DUEHWH DQYIQGVY ROLND QLYnHU DY QXPHUL\
VWUXNWXUUHVSRQVHQ KRV HQ EHWRQJEDON XWVDWW I]|U

(WW VMIWH PHG GHWWD SURMHNW YDU DWW XWYHFNOD H
VROLGD HOHPHQW L /6 '<1$ (Q DQQDQ DYVLNW YDU DWW
VRP HQ ILQLWD HOHPHQWPRGHOO PHG ' EDONHOHI
WYNnIULKHWVJUDGHUVV\VWHP '2) IU WLOOIPSEDUD (W)
NIQVOLJKHWHQ KRV GHVVD PRGHOOHU RFK /6 '<1$ PRGHO

%DVHUDW Sn GHQ EHILQWOLJD ' VROLGD ILQLWD HOHP
PRGHOO JHQRP DWW MIPI|lUD ROLND PRGHOOHULQJVYD
DUPHULQJHQ RFK LQWHUDNWLRQHQ PHOODQ EHWRQJ
$EDTXV PRGHOOHQ RFK /6 '<1$ PRGHOOHQ YDOLGHUDGHYV
WHVWUHVXOWDW 9LGDUH JHQRPI|JUGHV HQ SDUDPHWH!I
PRGHOOHU Gn GHQ G\QDPLVND ODVWHQ VDPW EDONHQ
YDULHUDGHYV

BWYHFNOLQJHQ DY /6 '<1$ PRGHOOHQ Gn YLGKIIWQLQJ
EHWRQJ RFK DUPHULQJ VDPW HQ LFNHOLQMIU VWUXNW XL
JDY WLOOIUHGVWIOODQGH UHVXOWDW )|U '2) PRGHOO!
NDOLEUHUD PRGHOOHQ I|U YDUMH VHSDUDW IDOO R
$EDTXV PRGHOOHQ YDU VIPUH QIU IDOOYLNWHQV PDVVD
'"HWWD LQGLNHUDGH DWW WLGVEHURHQGHW KRV EDONHQ
LQWH L '2) PRGHOOHQ (Q VOXWVDWYV |IU DWW WLGVEF
'2) PRGHOOHQ I|JUPRGOLJHQ VNXOOH J|UD GHW P|MOLJW
HQ PRGHOO VRP NDQ DQYIQGDV I|lU DOOD ODVWIDOO

I\FNHORUG $UPHUDG EHWRQJEDON VW|WEHODVWQlL
)( PRGHOOHULQJ YLGKIIWQLQJ JOLGQLQJVVDPED
$EDTXV '2) PRGHOO

&+$/0(56 SUFKLWHFWXUH DQGOODMWNLBUTMIZBHMUVYQ I$&;



ERQWHQWYV

$%675%$&7 ,
6$00$1)$771,1* .
&217(176 .
35()$&( 9,,
127$7,216 ¥

,1752'8&7,21
DFEFNJURXQG
$LP
OHWKRG
ILPLWDWLRQV
7TKHVLV RXWOLQH

0$7(5,%/ $1' 6758&785%/ 5(63216(
,QWURGXFWLRQ
&RQFUHWH
6WUXFWXUDO UHVSRQVH
JUDFWXUH HQHUJ\
5HLQIRUFLQJ VWHHO
5HLQIRUFHG FRQFUHWH
6WUDLQ UDWH HIITHFWV
6LPSOLILHG PRGHOV Rl VWUXFWXUDO UHVSRQVH
/JLQHDU HODVWLF EHKDYLRXU
,GHDOO\ SODVWLF EHKDYLRXU
(ODVWR SODVWLF EHKDYLRXU

%$6,&6 2) 6758&785%/ '<1$0,&6
 QWURGXFWLRQ
(QHUJ\ PRPHQWXP LPSXOVH DQG ZRUN
'\QDPLF ORDG FDVHV
(ODVWLF UHVSRQVH RI DQ LPSDFW
30DVWLF UHVSRQVH RI DQ LPSDFW

' 6&5(7( 6<67(06
,QWURGXFWLRQ

&+$/0(56 3 UFKLWHFWXUH DQGOSMALBURIIZR&RHMUYL QI&;



6'2) VIVWHP
(TXDWLRQ RI PRWLRQ IRU 6'2) VIVWHP
5HVSRQVH RI D 6'2) VIVWHP VXEMHFWHG WR DQ L
(TXLYDOHQW VWDWLF ORDG
7KH LQIOXHQFH Rl WKH VKDSH RI WKH LPSXOVH
'2) VIVWHP
(TXDWLRQ RI PRWLRQ IRU WKH '2) VIVWHP
,QIOXHQFH Rl WKH UHVSRQVH RI ERG\
7UDQVIRUPDWLRQ LQWR GLVFUHWH V\VWHPYV
%HDP LQWR 6'2) VIVWHP
'URS ZHLJKW LQWR 6'2) VIVWHP
(TXLYDOHQW '2) VA\VWHP

6,03/,),(' $1$/<6(6
 QWURGXFWLRQ
'2) PRGHO
ORGHOOLQJ FKRLFHV IRU WKH EHDP

ORGHOLQJ FKRLFHV IRU WKH GURS ZHLJKW DQG W
EHWZHHQ WKH GURS ZHLJKW DQG WKH EHDP

7UDQVIRUPDWLRQ IDFWRUV IRU WKH V\VWHP
&HQWUDO GLIIHUHQFH PHWKRG

ORGHO LQ $EDTXV XVLQJ ' EHDP HOHPHQWYV
ORGHOOLQJ RI WKH V\VWHP
(OHPHQWV
%RXQGDU\ FRQGLWLRQV
BROXWLRQ PHWKRG
ORGHOOLQJ RI WKH PDWHULDOV
,QWHJUDWLRQ SRLQWYV

/6 '<1$ 02'(//,1* 86,1* ' 62/, (/(0(176
,QWURGXFWLRQ
ORGHOOLQJ RI WKH V\VWHP
(OHPHQWV
BROXWLRQ PHWKRG
ODWHULDO PRGHOV

&RQFUHWH

&+$/0(56 UFKLWHFWXUH DQG RO WWE U DV LIKHNWUNVQ $ &;



SHLQIRUFHPHQW
6XSSRUWY DQG GURS ZHLJKW
, QWHUDFWLRQ EHWZHHQ UHLQIRUFHPHQW DQG FRQF

9$/,'$7,21 $1' ,03529(0(176 2) 02'(/6

,QWURGXFWLRQ

5HIHUHQFH H[SHULPHQWDO SURFHGXUH DQG PDWHU

&RPSDULVRQ RI PRGHOOLQJ WHFKQLTXHV LQ VLPSO
5HVLVWDQFH OLPLW IRU WKH LQWHUDFWLRQ LQ V
,PSOLFLW RU H[SOLFLW VROXWLRQ PHWKRG LQ $I
BWUXFWXUDO EHKDYLRXU RI WKH VSULQJ LQ WKH

9DOLGDWLRQ RI VLPSOLILHG PRGHOV

&RPSDULVRQ RI GLITHUHQW PRGHOOLQJ FKRLFHV LQ
(OHPHQW W\SH IRU WKH UHLQIRUFHPHQW
 QWHUDFWLRQ EHWZHHQ FRQFUHWH DQG UHLQIR!
'DPDJH IRUPXODWLRQ IRU WKH FRQFUHWH
ORGHOOLQJ Rl VWUHVV VWUDLQ UHODWLRQ IRU W

9DOLGDWLRQ RI WKH ILQDO /6 '<1$ PRGHO

6XPPDU\ RI UHVXOWV IURP WKH ILQDO PRGHOV

$'$37,21 72 1(: 7(67 6(5,(6 $1' 3$5$0(75,& 678'<

 QWURGXFWLRQ

$GDSWLRQ RI PRGHOV WR QHZ WHVW UHVXOWYV DQG

3DUDPHWULF VWXGLHV LQ '2) DQG $EDTXV
BWXGLHG FDVHV
&RPSOHWH UHVXOWV IRU RQH VHOHFWHG EHDP
2YHUDOO FRPSDULVRQ RI '2) DQG KDQG FDOFXOTI
2YHUDOO FRPSDULVRQ RI '2) DQG $EDTXV

3DUDPHWULF VWXGLHV LQ /6 '<1$

&RPSDULVRQ EHWZHHQ PRGHOV

),1$/ 5(0%$5.6
&RQFOXVLRQV
)XWXUH VWXGLHV

5()(5(1&(6
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$33(1',; $ 0%$7(5,%/ ,1387 '$7% $
$ ,QSXW GDWD WR WKH '2) PRGHO IRU YDOLGDWLRQ

$ ,QSXW GDWD LQ $EDTXV IRU YDOLGDWLRQ

$ ,QSXW GDWD LQ /6 '<1%$ IRU YDOLGDWLRQ

$ ,QSXW GDWD WR WKH '2) PRGHO

$ ,QSXW GDWD LQ $EDTXV

$ ,QSXW GDWD LQ /6 '<1$% $
$33(1',; % 0$7/$% 6&5,37 )25 7+( '2) 02'(/ %
$33(1',; & 0$7+&%' &$/&8/$7,216 &
$33(1',; ' (9%$/8%$7,21 2) &217%$&7 7+(25<
$33(1',; ( &2035(66,9( '$0%$*( ,1 /6 '<1$ (
$33(1',; ) 5(68/76 )520 3$5%0(75,& 678'< ,1 '2)

$1' $%$486 )

) ,QSXW YDOXHV IRU WKH SDUDPHWULF VWXG\

) 7LPH GLVSODFHPHQW FXUYHV IURP '2) DQG $EDTXV

) 'LVSODFHPHQW DQG HQHUJ\ UDWLRV

$33(1',; * 5(68/76 )520 3$5%$0(75,& 678'< ,1 /6 '<1$ *
* 7LPH GLVSODFHPHQW FXUYHV IURP /6 '<1$%
* &UDFN SDWWHUQV IURP /6 '<1$

$33(1',; + $%$486 6&5,37 ),/( +

$33(1',: , /6 '<1%$ 6&5,37 ),/(
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SUHIDFH

,Q WKLY SURMHFW GLIIHUHQW OHYHOV RI QXPHULFDO PF
VXEMHFWHG WR GURS ZHLJKW LPSDFW KDYH EHHQ VWXG
SUHYLRXV PDVWHU WKHVHV ZLWKLQ D UHVHDUFK SURNM
&RQWLQJHQFLHV $JHQF\ DW WKH GLYLVLRQ RI 6WUXFW
FDUULHG RXW DV D FR RSHUDWLRQ EHWZHHQ 1RUFRQVXC
-DQXDU\ WR -XQH

'H ZRXOG OLNH WR VWDUW WR WKDQN RXU VXSHUYLVRU |
WKRURXJK JXLGDQFH WKURXJK WKH HQWLUH SURMHFW
VXEMHFW :‘H ZRXOG DOVR OLNH WR WKDQN RXU H[DPLQH
DQG FRQVLGHUDWH VXSSRUW ZLWK DQ\WWKLQJ IURP SU
$GGLWLRQDOO\ WKDQNV WR )DELR /R]DQR ZKR KDV VK
(OHPHQW ORGHOOLQJ DQG KHOSHG XV IRUZDUG LQ RXU ZI

'H ZRXOG DOVR OLNH WR WKD®N R R KREBNDXW\WH DSEH /K BIQ
WLPH VSHQW WRJHWKHU GXULQJ WKH VSULQJ

)LQDOO\ ZH DUH SURXG RI ZKDW ZH KDYH DFFRPSOLVKHC(
DQG PDQ\ ODXJKWHU GXULQJ WKLV ILQDO VHPHVWHU RI |

*RWKHQEXUJ -XQH
OLFKDHOD 0OXQWKHU DQG -RVHILQH 5XQHEUDQW

&+$/0(56 3 UFKLWHFWXUH DQGOSMALBURIIZR&RHMUYL QI&; 9,,
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1RWDWLRQV

$SEEUHYLDWLRQV
'2) 7ZR '"HJUHHV RI )UHHGRP

&'0 &HQWUDO '"LITHUHQFH OHWKRG

&'30 &RQFUHWH 'DPDJH 30ODVWLFLW\ ORGHO
) ‘'\QDPLF ,QFUHDVH )DFWRU

) ( JLQLWH (OHPHQW

6'2) 6LQJOH '"HJUHH RI )UHHGRP

*UHHN ORZHU FDVH OHWWHUYV

L, SHGXFWLRQ IDFWRU
\ '"HIRUPDWLRQ RI LPSDFW ]J]RQH

) 6WUDLQ

(o AXRWD Rl GLVSODFHPHQWYV

(e, AXRWD Rl WUDQVIHUUHG HQHUJ\

£, 7UDQVIRUPDWLRQ IDFWRU IRU WKH IRUFH

£ 7UDQVIRUPDWLRQ IDFWRU IRU WKH VWLIIQHVYV
N 7UDQVIRUPDWLRQ IDFWRU IRU WKH PDVYV

ta, 7UDQVIRUPDWLRQ IDFWRU RQ WKH UDWLR EHWZHH
: '"HQV LW\

é 6WUHVYV

i¢ %RQG VWUHVYV

¢ 'LDPHWHU Rl UHLQIRUFHPHQW

A $QJXODU HLIJHQIUHTXHQEF\

Naype +LIJKHVW DQJXODU HLJHQIUHTXHQF\

SRPDQ XSSHU FDVH OHWWHUYV
' <RXQJTV PRGXOXV

"4 (TXLYDOHQW \RXQJJV PRGXOXYV

i .LQHWLF HQHUJ\

( YRUFH

(; &KDUDFWHULVWLF SUHVVXUH ORDG
,PSXOVH

&+$/0(56 3 UFKLWHFWXUH DQGOSMALBURIIZR&RHMUYL QI&; .



-~ N

>
p>2

91
9i0¢

,PSXOVH HTXDO WR WKH PRPHQWXP RI ERG\ LPPH

ORPHQW RI LQHUWLD VWDWH ,
ORPHQW RI LQHUWLD VWDWH ,,
&KDUDFWHULVWLF LPSXOVH

/HQJIWK

ORPHQW FDSDFLW\

(TXLYDOHQW VWDWLF ORDG

5SHVLVWDQFH RI VWUXFWXUH

5HVLVWDQFH OLPLW

(I WHUQDO ZRUN RQ D V\VWHP
,QWHUQDO ZRUN LQ D V\VWHP

6HFWLRQ PRGXOXV IRU HODVWLF UHVSRQVH
6HFWLRQ PRGXOXV IRU SODVWLF UHVSRQVH

SRPDQ ORZHU FDVH OHWWHUYV

7LPHVWHS VFDOLQJ IDFWRU LQ /6 '<1%
:DYH SURSDJDWLRQ VSHHG FRYHU WKLFNQHVYV
'LGWK

&RQFUHWH FRPSUHVVLYH VWUHQJWK
&RQFUHWH WHQVLOH VWUHQJWK
8OWLPDWH VWUHQJIJWK RI UHLQIRUFHPHQW
<LHOG VWUHQJWK

6HOI ZHLJKW RI EHDP

+HLJKW

6WLIIQHVYVY RI D VWUXFWXUH

6HFDQW VWLIIQHVY RI D VWUXFWXUH
(OHPHQW OHQJWK

ODVV

ORPHQWXP

5HODWLYH GLVSODFHPHQW VOLS

7LPH

JRDG GXUDWLRQ

'LVSODFHPHQW

9HORFLW\

&+$/0(56 UFKLWHFWXUH DQG RO WWE U DV LIKHNWUNVQ $ &;



( $FFHOHUDWLRQ

(zn SHYHUVLEOH GLVSODFHPHQW RI D VWUXFWXUH
(grargr 5HYHUVLEOH GLVSODFHPHQW RI D VWUXFWXUH ZLW
(graig ,UUHYHUVLEOH GLVSODFHPHQW RI D VWUXFWXUH Z

(an ,ZUUHYHUVLEOH GLVSODFHPHQW RI D VWUXFWXUH
Gagu 'LVSODFHPHQW RI UHIHUHQFH SRLQW

Ceag 7TRWDO GLVSODFHPHQW RI D VWUXFWXUH

f 9HORFLW\

n

&UDFN ZLGWK
\ S8OWLPDWH FUDFN ZLGWK

(N
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 QWURGXFWLRQ

%YDFNJURXQG

SURWHFWLYH VWUXFWXUHY QHHG WR KDYH WKH DELOLW\ W
FROOLVLRQV $ VXLWDEOH PDWHULDO IRU WKLV NLQG RI VYV
RI LPSRUWDQFH WR KDYH WKH NQRZOHGJH DERXW IDLOX
VWUXFWXUHV VXEMHFWHG WR G\QDPLF ORDGV VLQFH WK
RFFXUULQJ LQ VWDWLFDOO\ ORDGHG VWUXFWXUHYV

([FHVVLYH ILQLWH HOHPHQW PRGHOOLQJ KDV EHHQ SHUIR
FDQ EH FRQVLGHUHG WR JLYH UDWKHU DFFXUDWH UHVXOV
ORDGHG VWUXFWXUHYV KDV QRW EHHQ SUDFWLFHG WR WKH
QRW DV UHOLDEOH 7KH PRGHOOLQJ FKRLFHV LQ QRQOLQF
ORDGHG VWUXFWXUHYVY KDYH VKRZQ WR EH RI KLJK LPSRUWI
&RQVHTXHQWO\ SDUDPHWULF VWXGLHV FDQ LPSURYH WKH

7KHUH LV DQ RQJRLQJ UHVHDUFK SURMHFW ILQDQFHG E\ \
DW WKH GLYLVLRQ RI 6WUXFWXUDO (QJLQHHULQJ &KDOPHI
SUHYLRXV ZRUN ZLWKLQ WKLV SDUW RI WKH UHVHDUFK SUF
WKH PDVWHU WKHVLVY SURMHFWY /RYpQ DQG 6YDYDUVGYyWYV
7KLV WKHVLYVY ZDV FDUULHG RXW DV D FR RSHUDWLRQ EHWZ

$LP

7KH DLP RI WKLV SURMHFW ZDV WR LQFUHDVH WKH XQGHUYV
VWUXFWXUDO EHKDYLRXU RI UHLQIRUFHG FRQFUHWH EHDP
DQG 'DV ZHOO DV DQDO\VHV XVLQJ WZR GHJUHHV RI ITUHHC

$ VSHFLILF TXHVWLRQ WKDW ZDV LQYHVWLJDWHG LQ WKLYV
EH PRGHOOHG HIILFLHQWO\ XVLQJ WKH VLPSOLILHG PHWKF
ZLWK EHDP HOHPHQWY 7R IXUWKHU GHYHORS DOUHDG\ HI|
XVHG LQ SUHYLRXV ZRUN ZDV DQRWKHU SXUSRVH RI WKH S
LOQFUHDVH WKH XQGHUVWDQGLQJ RI KRZ WKH VWUXFWXUD
PRGHOOLQJ FKRLFHV E\ FRQGXFWLQJ SDUDPHWULF VWXG]I
PRGHOV

7KH WKHVLVY SURMHFW ZDV DV D SDUW RI DQ RQJRLQJ UH
0O6F WKHVHV DV ZHOO DV D SUHSDUDWLRQ IRU IXWXUH PDV\

&+$/0(56 UFKLWHFWXUH DQGOODMWNLBUMWIIZBBHMUVYQIE&;



OHWKRG

,Q WKLV SURMHFW D VLPSO\ VXSSRUWHG EHDP VXEMHFWH
ZHLIJKW ZDV VWXGLHG DQG LV GHPRQVWUDWHG LQ )LIJXUH

|

O @)

JLIXUH 7KH VWUXFWXUH VWXGLHG LQ WKLV SURMHFW

7KH ILUVW SDUW RI WKH SURMHFW FRQVLVWHG RI D OLWH!I
G\QDPLFVY 7KH VLPSOLILHG PHWKRGV XVLQJ VLQJOH GHJ
V\VWHPYV ZHUH LQYHVWLIJDWHG WR XQGHUVWDQG KRZ DQ(
SUHYLRXV 06F WKHVLVY SURMHFWY UHJDUGLQJ FRQFUHWH \
VWXGLHG

$ '2) VIVWHP ZzDV DGRSWHG WR DQDO\WH WKH VWUXFWXUL
ZD\ 7KLV ZDV GRQH XVLQJ D QXPHULFDO H[SOLFLW WLPH
OHWKRG &'0 )( DQDO\WHV LQ ' ZHUH SHUIRUPHG XVLQJ SC

)LQLWH HOHPHQW DQDO\VHV XVLQJ ' VROLG HOHPHQWV L
H[ILVWLQJ PRGHOV D PRUH UHILQHG PRGHO ZDV FUHDWEF
WHFKQLTXHYV UHJDUGLQJ HJ FKRLFH RI PDWHULDO SDU
UHLQIRUFHPHQW DQG LQWHUDFWLRQ EHWZHHQ FRQFUHWH

7KH '2) PRGHO WKH $EDTXV PRGHO DQG WKH /6 '<1$% F
FRPSDULVRQ WR WHVWV FDUULHG RXW SUHYLRXVO\ ZLWKL
WKHVH PRGHOV SDUDPHWULF VWXGLHV ZHUH SHUIRUPHG
UHODWHG WR WKH PDVV RI WKH GURS ZHLJKW WKH GURS K
WKH UHLQIRUFHPHQW DPRXQW ZHUH YDULHG 'XH WR WKH

/6 '<1$ PRGHO WKH SDUDPHWULF VWXG\ LQ ' ZDV OLPLWH
GURS ZHLJKW DQG WKH UHLQIRUFHPHQW DPRXQW

ILPLWDWLRQV

,Q WKLV SURMHFW WKH VWXGLHG EHDP LV VLPSO\ VXSSRU\
1R H[SHULPHQWYV ZHUH FRQGXFWHG LQ WKLV SURMHFW EX
ZLWK WHVWYV LQ SUHYLRXV PDVWHU V WKHVLV ZLWKLQ WKH

7KH HOHPHQWYV ZKLFK ZHUH XVHG LQ WKH ' DQDO\VHV RI
RQO\ PDWHULDO PRGHO IRU FRQFUHWH WKDW ZDV XVHG
&'30 ZKLFK LV GHYHORSHW ED3HWHN SURMWEBW ZLWK &KDC(

1R GDPSLQJ IDFWRUV ZHUH LQFOXGHG LQ WKH )( DQDO\VH
ZDV GHHPHG WKH\ ZRXOG KDYH D QHJOLJLEOH HIIHFW LQ W
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/KHVLVY RXWOLQH

,Q WKLV WKHVLV FKDSWHU SUHVHQWY WKH WKHRU\ ZKLF
FKDSWHUV GHVFULEHVY WKH PHWKRG DQG KRZ WKH PRC
,Q FKDSWHU WKH UHVXOWY DUH SUHVHQWHG DQG GLVF)
DUH FRYHUHG LQ FKDSWHU

&KDSWHU 7TKH VWUXFWXUDO EHKDYLRXU RI WKH UHOH"
UHVSRQVH XVHG LQ PDWKHPDWLFDO PRGHOV DUH V
VRPH EDVLF WKHRU\ EHKLQG HIIHFWV RI IDVW ORD

&KDSWHU 7R DQDO\WH LPSXOVH ORDGHG VWUXFWXUHV
DERXW WKH IXQGDPHQWDOV LQ G\QDPLFV ZKLFK L)

&KDSWHU ,Q WKLV FKDSWHU D VLPSOLILHG ZD\ WR GHV
HTXLYDOHQW '2) VIVWHP LV LQWURGXFHG

&KDSWHU ,Q WKLV SURMHFW WZR VLPSOLILHG PHWKRC
VLPSO\ VXSSRUWHG UHLQIRUFHG FRQFUHWH EHDP
'2) VA\VWHP DQG ' )( PRGHO XVLQJ EHDP HOHPHQW
PHWKRGY DUH SUHVHQWHG LQ WKLV FKDSWHU

&KDSWHU 7KH WKHRU\ EHKLQG WKH PRUH GHWDLOHG
'<1$ DUH GHVFULEHG LQ WKLV FKDSWHU
&KDSWHU 7KH PRGHOOLQJ FKRLFHVY LQ WKH VLPSOLILH«

DUH HYDOXDWHG DQG LPSURYHG LQ WKLV FKDSW]
YDOLGDWHG

&KDSWHU SDUDPHWULF VWXGLHY DUH SUHVHQWHG LQ V

&KDSWHU ,Q WKLV FKDSWHU WKH FRQFOXVLRQ RI WKLV
IRU IXWXUH VWXGLHV

&KDSWHU 7KH UHIHUHQFHYV XVHG LQ WKLV WKHVLV DUH
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ODWHULDO DQG 6WUXFWXUDO 5HVSRQ

 QWURGXFWLRQ

TR XQGHUVWDQG WKH OLPLWDWLRQV RI PRGHOV XVHG LQ F
WKH DFWXDO VWUXFWXUDO EHKDYLRXU RI WKH VWXGLHG V
DUH FRQFUHWH UHLQIRUFLQJ VWHHO DQG WKH FRPSRVLW
EULHIO\ WUHDWHG LQ WKH IROORZLQJ VHFWLRQV )XUWKH
LQIOXHQFHG ZKHQ D ORDG LV DSSOLHG IDVW DV LQ WKLV .
ZLOO EH LQWURGXFHG ,Q WKH PDWKHPDWLFDO PRGHOV X
VLPSOLILHG LQWR HODVWLF SODVWLF RU HODVWR SODV!'
FKDSWHU

&RQFUHWH

6WUXFWXUDO UHVSRQVH

+LJK FRPSUHVVLYH VWUHQJWK LV FKDUDFWHULVWLF IRU S
LV PXFK ORZHU %RWK WKH WHQVLOH DQG FRPSUHVVLYH V
FDQ EH VHHQ LQ )LJXUH

J)LIXUH 6FKHPDWLF LOOXVWUDWLRQ RI WKH VWUHVV V
WR XQLD[LDO ORDGLQJ IURP /RYpQ DQG 6YDYDUVG

JUDFWXUH HQHUJ\

7R GHVFULEH WKH SRVW SHDN EHKDYLRXU RI FRQFUHWH L«
$V GHVFULEHG E\ 30RV ) . WIKWH O UBDDFWEKWIHD 6 QS-DUUD P HW H L
KRZ PXFK HQHUJ\ WKDW LV FRQVXPHG RU GLVVLSDWHV Ztk
VSHFLPHQ 7KH XVH RI IUDFWXUH HQHUJ\ DV D SDUDPH
HI[ISHULPHQWDO GDWD WR LQSXW SDUDPHWHUVY LQ HJ D IL
JUDSK IURP D WHVW FDQ EH GLYLGHG LQWR DQ HODVWLF
FUDFN RSHQLQJ FXUYH VHH )LJXUH 7KH DUHD XQGHU \
WKH IUDFWXUH HQHUJ\
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J)LIXUH 6FKHPDWLF SLFWXUH RI KRZ WKH SUH DQG S
GHVFULEHG IURP -RKDQVVRQ

7KLY SDUWLWLRQ LV GRQH VLQFH WKH FUDFN ZLOO ORFI
LQGHSHQGHQW RI VSHFLPHQ VL]H ,I WKH VWUHVV GLVSOD
VWUHVYV VWUDLQ UHODWLRQ RQO\ LW ZRXOG JLYH GLIIHU
WKHUHE\ QRW EH DEOH WR UHSUHVHQW WKH PDWHULDO LW

SHLQIRUFLQJ VWHHO

SHLQIRUFLQJ VWHHO KDV GLITHUHQW VWUXFWXUDO EHKDYL
RU KRW UROOHG WKLV LV GHVFULEHG E\ HJ (QJVWU|P
GHPRQVWUDWHY D PRUH GXFWLOH UHVSRQVH ZLWK D FKD!
KDUGHQLQJ HIIHFW VHH )LJXUH D 7TKH FROG ZRUNHG
EHKDYLRXU DV WKH KRW UROOHG WKLV LV GHPRQVWUD'
SURRI VWUHVV LV XVHG KHUH WR UHSUHVHQW WKH \LHOG \
ZKLFK WKH SODVWLF VWUDLQ DIWHU XQORDGLQJ LV A
VWHHO LV QRUPDOO\ VLIQLILFDQWO\ VPDOOHU WKDQ IRU K

1v

A
IX X
h +
> >
Qr x Qr x
D E
JLIXUH 6WUXFWXUDO EHKDYLRXU RI UHLQIRUFLQJ VWFH

&+$/0(56 UFKLWHFWXUH DQGOODMWNLBUMWIIZBBHMUVYQIE&;



SHLQIRUFHG FRQFUHWH

SHLQIRUFHG FRQFUHWH LV D FRPSRVLWH PDWHULDO ZKHUF
DQG WKH KLJK WHQVLOH VWUHQJWK RI UHLQIRUFLQJ VWH
UHLQIRUFHG FRQFUHWH LV GHVFULEHG E\ (QJVWU|P
J)LIXUH 7TKH UHVSRQVH FDQ EH GLYLGHG LQWR IRXU VWI
UHLQIRUFHPHQW DQG IDLOXUH

A

|
)DLOXUH!'E\\\_{ ,,,,, =

\
\ \ 'XEWLOH
)XOO\ FUDFNHG UHVSROVH

\LHOGLQJ WVWDUWV
\
™~ % ULWWOH

&UDFNLQJ UHVSRQVH
VWDUWV X
)LIXUH 7KH VWUXFWXUDO EHKDYLRXU RI UHLQIRUFHG |

"-RKDQVVRQ

,Q WKH XQFUDFNHG VWDJH WKH UHLQIRUFHPHQW KDV VPIL
PRVWO\ JRYHUQHG E\ WKH FRQFUHWH 7KH UHVSRQVH LV U
LV UHIHUUHG WR DV VWDWH ,

KHQ WKH WHQVLOH VWUHQJIJWK RI WKH FRQFUHWH LV UHD
HDUO\ VWDJHV RI FUDFNLQJ WKH FRQFUHWH EHWZHHQ Wk
VWLIIQHVY WKLV LV FDOOHG WHQVLRQ VWLIIHQLQJ :KHQ
VWLIIQHVY GHFUHDVHV XQWLO WKH VWUXFWXUH FDQ EH UF
KLJK GHJUHH JRYHUQHG E\ WKH UHLQIRUFHPHQW 7KH VW
UHIHUUHG WR DV VWDWH ,, VWLIIQHVYV

,Q WKH WKLUG VWDJH WKH UHLQIRUFHPHQW ZLOO VWDUW
FKDQJHV GUDVWLFDOO\ 7KH VWUDLQ KDUGHQLQJ RI WKH
LQFUHDVHG EH\RQG WKH \LHOG VWUHQJWK RI WKH VWHHO

7KH IDLOXUH RI WKH VWUXFWXUH FDQ EH EULWWOH RU GXF
HJ WKH DPRXQW DQG WKH GXFWLOLW\ SURSHUWLHV RI W
KLQJH ZLOO GHYHORS LI WKH UHVSRQVH RI WKH UHLQIRUFF
FRQILIXUDWLRQ ZLWK UHJDUG WR FURVV VHFWLRQ DQG FR
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6WUDLQ UDWH HIIHFWYV

7KH UDWH Rl ZKLFK D VWUDLQ LV DSSOLHG WR D VWUXFWX
GHVFULEHG E\ HJ -RKDQVVRQ 'KHQ D VWUDLQ LV DS
DQG VWURQJHU $FFRUGLQJ WR -RKDQVVRQ WKH VWUDLQ
YLVFRXV DQG VWUXFWXUDO HIIHFWV VHH )LIXUH

)G\Q)VvwD

1FWV

VW UXFW X 0p-6f—HH
( FIHV

LQHUWLD IR
FRQILQ rHJ%
[
L /
(\YLVFRXY)HIHFWV
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/// ! WUDQVLWLRQ
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2 IRQ

6WUDLQ@DWH >V

J)LIXUH 6WUDLQ UDWHYV IRU ZKLFK YLVFRXV DQG VWUXF
LQ FRPSUHVVLRQ PRGLILHG IURP -RKDQVVRQ

7TKH YLVFRXV HIIHFWV KDYH DQ LPSDFW RQ WKH IRUPDWLR
ORDGLQJ WKH FUDFN SURSDJDWHV WKURXJK WKH PDWHUL
SDWK $W KLJK VWUDLQ UDWHV RQ WKH RWKHU KDQG WKH
XVH Rl WKH VDPH ZHDNQHVVHV ZLWKLQ WKH PDWHULDO
UHVSRQVH

$W KLIKHU vWUDLQ UDWHV WKH VWUXFWXUDO HIIHFWV DU
LOQOHUWLD IRUFHVY WKDW GHYHORSY DW WKH WLS RI WKH FUI
IDVWHU WKDQ LW UHVSRQGYVY D FRQILQHPHQW HIIHFW ZLO
SODLQ vWUDLQ ZKLFK LQFUHDVHV WKH VWUHQJWK RI WKH F

7KH VWUDLQ UDWH HIIHFWV DUH XVXDOO\ WUHDWHG E\ WI
FDOFXODWHG DV WKH UDWLR EHWZHHQ WKH G\QDPLF DQG \

(xia
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7KH ',) IRU FRQFUHWH LQ WHQVLRQ DFFRUGLQJ WR GLIIHUH
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JLIXUH ',)) IRU FRQFUHWH LQ WHQVLRQ IURP GLIIHUHQYV

UDWH PRGLILHG IURP -RKDQVVRQ

SHIDUGLQJ WKH UHLQIRUFHPHQW VWUDLQ UDWH HIIHFWYV (
7TKH <RXQJYV PRGXOXV KRZHYHU LV QRW DIIHFWHG 7KH
GLIIHUHQW WKHRULHV LV VKRZQ LQ )LJXUH

)e\o Ywb

— W 7KHRU

------ Vx 7TKHRUY
— W 7KHRU\ /
I 7

BWUDLQ@DWH >V

J)LIXUH ',) IRU UHLQIRUFHPHQW IURP GLITHUHQW WKHR
PRGLILHG IURP -RKDQVVRQ
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,Q WKLV SURMHFW DQ LPSDFW ORDG ZKLFK UHWXDMWOWLQ D
EH DQDO\WHG 7KLV FDQ EH SODFHG LQ UHODWLRQ WR D V'
DURXQ®QG D EODVW EHWHZHHIQIXUH

FUHHS VWDV HDUWKTX KDUG L EODNW

] L1 L1 I | | |
| ! | | | | | | | ! | |
VWUDLQ@UDWH >V
J)LIXUH 6WUDLQ UDWHV IRU GLITHUHQW NLQG RI ORDGL

6LPSOLILHG PRGHOV RI VWUXFWXUDO UHYV

/ILQHDU HODVWLF EHKDYLRXU

'"HIRUPDWLRQV RI D VWUXFWXUH ZLWK HODVWGFRUHWISH Q VI
VWUXFWXUH LV FRQMUWWDRQWL. HAK B LLLHMLY O DAIPNKK W/ KUHH G WS
FDQ EH GHVFULEHG E\

4:C: L C (

7TKH HODVWLF VWUXFWXUDO UHVSRQVH LV LOOXVWUDWHG L

» X

JLIXUH /ILQHDU HODVWLF VWUXFWXUDO EHKDYLRXU

,GHDOO\ SODVWLF EHKDYLRXU

7KH UHVLVWDQFH LQ DQ LGHDOO\ SODYWLFEWALIDV W KN FHITXDF
WKH VWUXFWXUH LV UHDFKHG 8QWLO WKLV SRLQW QR GH
UHDFKHG WKH UHVLVWDQFH LVQFRW VWD DQICE /I HD GG VLSJ

7TKH UHVLVWDQFH RI WKH PDWHULDO FDQ EH JLYHQ DV

( CLr
e
4a:GLYy, CFr

a
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7TKH UHODWLRQ EHWZHHQ WKH UHVLVWDQFH DQG WKH GLVS

5p

» X

J)LIXUH ,GHDOO\ SODVWLF VWUXFWXUDO EHKDYLRXU

(ODVWR SODVWLF EHKDYLRXU

,Q WKH HODVWR SODVWLF FDVH WKH UHVSRQVH LV D FRP
LGHDOO\ SODVWLF FDVH 7KH UHVLVWDQFH GHYHORSV OLC

FRQvwDQW ,I| WKH UHVLVWDQFH OLPLW LV UHDFKHG WKHI
Qroar

C C ( C Cyns
4L BBAMD R

4y CF (grarzn

7KH WRWDO GLVSODFHPHQW ZLOO EH

Ceacl (orampE (oramn

,Q JLIXUH WKH UHVSRQVH RI DQ HODVWR SODVWLF VYV
ILIXUH WKH XQORDGLQJ RI DQ HODVWR SODVWLF VWUXFW X
5
4
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JLIXUH (ODVWR SODVWLF VWUXFWXUDO UHVSRQVH
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%DVLFV RI 6WUXFWXUDO '\QDPLFV

 QWURGXFWLRQ

7R DQDO\WH LPSXOVH ORDGHG VWUXFWXUHV LW LV LPSR
IXQGDPHQWDOV LQ G\QDPLFV 7KLV VWDUWYV ZLWK EDVLF
EULHIO\ WUHDWHG LQ WKLV FKDSWHU )XUWKHUPRUH WKH
EHWZHHQ WZR ERGLHY DQG WKH FKDUDFWHULVWLFV RI DQ
ZHOO 7KLV FKDSWHU LV EDVHG RQ WKH WKHRU\ GHVFULEH

(QHUJ\ PRPHQWXP LPSXOVH DQG ZRUN
7KH NLQHW'LF IRQHL ERG\ IZ IDIQIG PIRORY LBHILQHG DV

. Llrf
Tt

7KH PRPHQWXPVKH ERG\ LV GHILQHG DV

LLIR

'KHQ DQ H[WHUEBDOFWRVFRIQ D ERFLrIWRPR WYRHUH ZLOO EF
FKDQJH LQ PRPHQWXP GHILQHG DV DQ LPSXOVH

(.
"LLEL,LI FFI L% (::@

L

, ] WKH ERG\ LV LRLWLWROYX PWQUEN\WULWWHQ DV

-LIR

8VLQJ HTXDWLRQV DQG WKH FKDQJH LQ NLQHWLF |

L€

P LT

KHQ WKH IRUFH DFWV RQ WKH ERG\ LW JLYHV ULVH WR I
FKDQJH LQ NLQHWLF HQHUJ\ 7KLV FKDQJH LV HTXDO WR
SHUIRUPHG RQ WKH ERG\ ,Q WKLV FDVH ZKHUH WKH ERG\
WKH ERG\ FDQ EH H[SUHVVHG DV LQ HTXDWLRQ

9 LIFGL'
( " F
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KHQ WKH HIWHUQDO IRUFH ADKN H\R DNGELN Q ODO-\HRP HGIWFD O F
FRPSRQHQW RI WKH IRUFH DFWLQJ LQ WKH GLUHFWLRQ RI
ZRUN LV FDOFXODWHG DVVXPLQJ D GLVSODFHPHQW DORQJ
DUHD XQGHU WKH IRUFH GLVSODFHPHQW FXUYH

+ (:7;@

7KH ERG\ VXEMHFWHG WR DQ H[WHUQDO ZRUN, ZIKOHO UHV
PD[LPXP GLVSODFHPHQW LV UHDFKHG ZKHQ WKH LQWHUQI
HIWHUQDO ZRUN

9, L9,

7KLY FDQ EH YLVXDOL]HG XVLQJ WKH DUHDV XQGHU WKH |
ZRUN DQG UHVLVWDQFH GLVSODFHPHQW FXUYH IRU WKH L
GHVFULEHG LQ 6HFWLRQ LV VLPSOLILHG WR HODVWLF

LQWHUQDO ZRUN LV GHVFULEHG DFFRUGLQJO\ (TXLOLEUL?
VLIH DQG WKHQ WKH ILQDO GLVSODFHPHQW LV UHDFKHG
SODVWLF DQG HODVWR SODVWLF VWUXFWXUH UHVSHFWLYF

XriOSOSO
. L HO soO
X » X
X-IOSOHOXNRW
D E F
JLIXUH (TXLOLEULXP EHWZHHQ H[WHUQDO DQG LQWHU

F HODVWR SODVWLF UHVSRQVH

&+$/0(56 SUFKLWHFWXUH DQG RO WWE U DV LIKHNWUNVQ $ &;



'\QDPLF ORDG FDVHYV

7KHUH DUH WZR LGHDO FDVHV RI G\QDPLF ORDGLQJ FKD
SUHVVXUH ORDG VHH )LIXUH ,Q ERWK FDVHV WKH PD]|
7KH FKDUDFWHULVWLF LPSXOVH KDV DQ LQILQLWHO\ KLJK ¢
DQ LPSXOVH #ROQHWIW RRQWUDU\ D FKDUDFWHULVWLF S
FKDUDFWHULMYWKLEFVSDEMMVNHXUGLWH GXUDWLRQ VHH )LJXUH
EH VRPHZKHUH LQ EHWZHHQ WKHVH WZR FDVHV

INT

=
=

D E

J)LIXUH 7KH WZR LGHDO FDVHV RI G\QDPLF ORDGLQJ
FKDUDFWHULVWLF SUHVVXUH ORDG

,Q WKLV SURMHFW WKH LPSDFW ZLOO EH DVVXPHG WR EH
RI WKH ORDG ZLOO EH WUDQVIHUUHG GXULQJ D VKRUW WLF
VWUXFWXUH WR UHVSRQG 7KH LPSXOVH ORDG LQ WKLV SU
KLJK YHORFLW\ FROOLVLRQ %DVHG RQ &KHQ DQG 0D\
SURMHFW HJ -|QVVRQ DQG 6WHQVHNH WKH ORDG L
VKDSH LOOXVWUDWHG LQ )LIXUH

)

> W

JLIXUH 6LPSOLILFDWLRQ RI WKH H[SHFWHG VKDSH RI W
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$Q LOOXVWUDWLRQ Rl DQ LPSDFW EHWZHHQ WIKHD@GR DU
ERG\ ZLWIK; FDQVEH VHHQ LQ )LJXUH %RG\ KDV DQ
LPSDFW ZKLOH ERG\ LV DW UHVW

%HIRUH YPSDFW

$IWHU LPSOFW

J)LIXUH ,PSDFW EHWZHHQ WZR DUELWUDU\ ERGLHV

, I ERG\ KDVRYBHQ®ER®EG\\ LV DW UHVW WKH NLQHWLF HQHU
DV

| ¢ F§
|t£L \tz

7KH PRPHQWXP RI WKH V\VWHP EHIRUH LPSDFW LV
L, L1k, L~

7KH LPSDFW FDQ EH HODVWLF RU SODVWLF DQG WKH PRPH
RI ZKLFK ,I LW LV HODVWLF WKH NLQHWLF HQHUJ\ LV SUH
ZRUN LV SHUIRUPHG WUDQVIRUPLQJ D SDUW RI WKH NLQH'
DQG RULQ WKH FRQWDFW VXUIDFH EHWZHHQ WKH WZR ERG

(ODVWLF UHVSRQVH RI DQ LPSDFW

$IWHU DQ LPSDFW ZKHUH WKH UHVSRQVH RI ERG\ LV HOD
GHULYHG IURP WKH FRQVHUYDWLRQ RI PRPHQWXP DQG NLQ
LPSDFW ZLOO WKHQ EH

e Flo
Fe | cEl¢ °
DQG WKH YHORFLW\ IRU ERG\ ZLOO EH

oL
"1 El, ¢

&+$/0(56 SUFKLWHFWXUH DQG RO WWE U DV LIKHNWUNVQ $ &;



7KH NLQHWLF HQHUJ\ IRU WKH WZR ERGLHV LV WKHQ

FETTT e E L T

3ODVWLF UHVSRQVH RI DQ LPSDFW

$IWHU D SODVWLF LPSDFW WKH WZR ERGLHV PRYH ZLWK
FRQVHUYDWLRQ RI PRPHQWXP WKH YHORFLW\ RI WKH WZR

C

FeLFe L——
A T

F.
DQRG WKH NLQHWLF HQHUJ\ IRU WKH WZR ERGLHV LV WKHQ

1 L IE 1
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'LVFUHWH 6\VWHPV

 QWURGXFWLRQ

$ FRPPRQ VLPSOLILHG ZzD\ WR GHVFULEH DQ LPSXOVH ORD(
RI lUHHGRP 6'2) V\VWHP 7R LQFOXGH D IDOOLQJ REMHFYV
HISDQGHG WR DQ HTXLYDOHQW WZR GHJUHH RI IUHHGRP
VA\VWHP ITURP RQH WR WZR GHJUHHV RI IUHHGRP LQFUHL
VXEVWDQWLDOO\

7R DQDO\WH D V\VWHP XVLQJ WKH VLPSOLILHG PHWKRG R
LOQYROYHV VLPSOLILFDWLRQV DQG FDQ OHDG WR OHVV DFF
DUH VLPSOH DQG IDVW WKH VLPSOLILHG PHWKRG LV LQ PD

6'2) VIVWHP

(TXDWLRQ RI PRWLRQ IRU 6'2) V\VWHP

$ 6'2) VIVWHP FRQVLVIWVDRUHV IROWNORK D GDPHHH
YLIXUH ,Q WKLV SURMHFW WKRXJK WKH HIIHFW RI WKH
WKH LPSXOVH ORDG(L®BJ D:AWMY MQIRWKAH VA\VWHP LW JLYHV U
Q 7KH ILUVW GHULYDWLYH Rl WKH GLVSODFHPH®WKHELWK U
DFFHOHWRDWLRQLQHG E\ WKH VHFRQG GHULYDWLYH

bw Do
PI| X — p|¥ X
5>$I|Fx 5§
YLJIXUH 6LQJOH GHJUHH RI IUHHGRP V\VWHP IURP -RKEC

8VLQJ 1HZWRQfV VHFRQG ODZ WKH GLIITHUHQWLDO HTXDYV
GHILQHG DV

| CE4:C; L (:1;

7KH UHVLVWDQFH RI WKH VSULQJ YDULHV GHSHQGLQJ RQ
6HFWLRQ

SHVSRQVH RI D 6'2) VIVWHP VXEMHFWHG WR DQ

KHQ 6'2) VI\IVWHP LV VXEMHFWHG WR DQ LPSXOVH WKH GL"
HQHUJ\ EDODQFH GHVFULEHG LQ )LIKWHO $FKRUIBEQH WWR
IRU WKH HI[ WHUQDO ZRUN RQ WKH V\VWHP GHULYHG LQ 6H
LPSXOVH ORDG

€

F
9 LtI
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7KH FRUUHVSRQGLQJ LQWHUQDO ZRUN LQ DQ HODVWLF V\V\

4:cm(mL ((5p
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8VLQJ HTXDWLRQV DQG WKH GLVSODFHPHQW
FDQ EH H[SUHVVHG DV
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ZKHUMYV WKH HLIHQIUHTXHQF\ GHILQHG DV
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