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KHRGXVW (QLW BU S8 IWMHG LBPR EOIRRRU PX O DIWQBHQQ HU D @ X H V
BV UXFW HWKB YLREE)X QFWLRQ
& DVVLILFRORXRIPDIWR FHVVHV
7TD[RQRP\ RI % XVLQHVV 3URFHVVHYV
SHVHDURERKXV
7KH FRQVXOWLQJ IR FP YW\H SWWRXGWH P
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RQWURQFH®PWGI LQFLSO HV
KHQWHJIUD®WBU SUORBEDID JQRVWQEWREDROQWUROODELO LW\
D '"HVFULSWLRQ RI WKH QWHJUDWHG 2SHUDWLRQV
E ORGHOOLQJ &0ODVVHV LQ 3URFHVYVY 2SHUDWLRQV
F 2UJDQLVDWLRQDO ,VVXHV RI WKH QWHJUDWHG 2SHUDWLRQ
G *OREDO &RQWURO DQG OHDVXUHPHQW ,VVXHV
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6\VWHP &RQFHSWVY DQG 6RUP DO ,GGRGHOOLQA Q 8 / OIR U ,GDV ¢QHB6!

QWURGXFWLRQ
ORGHO OMQXRMV KEHQHUWOLQHYREOHP
*HQHWIHW KRGRAREDHWLQ HWR FHWRKWH O ®RG'HF LV PRODQN LQ J
BUW XD O LW D3W\LWYLH V
AXDOLWDWLYH 5HDVRQLQJ
+LVWRU\ RI TXDOLWDWLYH UHDVRQLQJ
AXDOLWDWLYH UHDVRQLQJ E\ )RUEXYV
AXDOLWDWLYH VLPXODWLRAQ
%DVLF FRQFHSWYV
6HPL 4XDQWLWDWLYH 5HDVRQLQJ
2WKHU UHSUHVHQWDWLRQV

/JLQNLQJ 3HWUL 1HWV ZLWK 4XDOLWDWLYH 5HDVRQLQJ
3HWUL 1HWV DV 4XDOLWDWLYH PRGHOV
$GYDQFHYV

(IDPSOH

'"HDOLQJ ZLWK FRPSOH[ VIVWHPYV

&RPPHQWY RQ 4XDOLWDWLYH 5HDVRQLQJ

2UGHU RI PDJQLWXGH UHDVRQLQJ

%DVLF &RQFHSWYV

$VVLIQPHQWY &RQVWUDLQWYV DQG 5XOHV
0 5HDVRQLQJ

5HODWHG ZRUN +2

&RPPHQWY RQ 2UGHU RI 0DJQLWXGH 5HDVRQLQJ ,00
DUW X)QFWLREADOVRQDLQ®XO W LO JORE@R GHO OLQJ
7KH VLIQLILFDQFH RI)XQFWLRQDO .QRZOHGJH
/LQNLQJ 4XDOLWDWLYH 5HDVRQLQJ ZLWK )XQFWLRQDO 5HDVR
7KH )XQFWLRQDO 5HSUHVHQWDWLRQ
OXOWLOHYHO )ORZ ORGHOOLQJ
&RQFHSWV RI *RDOV DQG )XQFWLRQV
ORGHOOLQJ XVLQJ WKH 0)0 PHWKRGRORJ\
JORZ 6WUXFWXUHYV
7TRROV
&RPPHQWY RQ OXOWLOHYHO )ORZ ORGHOOLQJ
BUW, RDGULYBHW KRGRORJLHYV
ORGHOOLQJ WKH LQWHQWLRQDO VWUXFWXUH RI D EXVLQHVYV S
S5HGHVLIJQLQJ WKH SURFHVYV
$ GLIIHUHQW DSSURDFK RQ *RDO 'ULYHQ % XVLQHVV ORGHOOL
'"ULYLQJ % XVLQHVYVY ORGHOOLQJ ZLWK *RDOV
&RPPHQWY RQ *RDO GULYHQ PHWKRGRORJLHYV
Buw DAHVLOHQV ZR U NV
&DXVDO QHWZRUNYV
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%D\HVLDQ QHWZRUNYV
%XLOGLQJ PRGHOV £
ORGHOOLQJ WULENYV
(IDPSOH
-XQFWLRQ WUHHYV
&OXVWHU WUHHYV
-XQFWLRQ WUHHYV
$FWLRQV
&RPPHQWV RQ %D\HVLDQ QHWZRUNYV

&QFOXVLRQ
&21&(378$/ 02'(//,1* $1' 7+( 62)7 6<67(06 $3352$&+

QWURGXFWLRAQ
RHRIWVWHBYSURD FK
7KH GHYHORSPHQW RI 6RIW 6\VWHPV $SSURDFK
$ ELUGTV H\H YLHZ RI &KHFNODQG OHWKRGRORJ\
7KH XVH RI1 +$5'< LQ WKH PRGHOOLQJ RI 6RIW 6\VWHPYV
*XLGLQJ 6RIW 6\VWHPV PRGHOOLQJ WKURXJK &RPPRQ.$'6
*HQHUDO FRPPHQWY RQ WKH 6RIW 6\VWHPV $SSURDFK
RQFHSWORMGAHO OLQJ
7KH PLQG DQG WKH RULJLQV RI FRQFHSWXDO PRGHOOLQJ
%DVLF FRQFHSWYV
'UDZLQJ WKH FRQFHSWXDO PRGHO IRU WKH FRQVXOWLQJ ILUI
*HQHUDO FRPPHQWVY RQ &RQFHSWXDO ORGHOOLQJ
2QWRORJLHY DQG &RQFHSWXDO ORGHOOLQJ

&QFOXVLRQ
6<67(0 '<1$0,&6

QWURGXFWLRQ
Y% VILFRQF HBWAW W H'RQD PLF YV
BVLWRQBHJIDWHWHH ED F N
HWKRGRD®GE@BSSURDFKHYV
$ VWUXFWXUHG DSSURDFK WR 6\VWHP '"\QDPLFV
,QIOXHQFH 'LDJUDPV
"LVFXVVLRQ RQ 6LPXODWLRQ
5HSUHVHQWLQJ GHOD\V LQ PRGHOV
2SWLPLVDWLRQ LQ 6\VWHP "\QDPLFV
([DPSOH
7LPH LQ 6\VWHP '"\QDPLFV
HAVWREXLO GRARQILGHQEEWHW HRQD PLERGHO V

BUDPHWWWLPDWPBR @ HPQDPLFRGHO O LQJ

YL



@QFDWIQG MG- - LQWM LLIHWORFK MRU IGXLLQHLL

¥VXPSWLRQV

RROV

'UDZLGKB'PRGHEBW KHRQVXOMUWPSUREOHP
6LPXODWLQJ WKH PRGHO

HQHUFDRC®P PH RWYGBVW HPQDPLFYV

KHSLVF UWWPPHR G ROW KHR Q VX OIWWPSU REO HP

'\QDPLF 3URJUDPPLQJ ,PSOHPHQWDWLRQ
& QFO XVLRQ

52/( %$6(" 02'(/6 52/( $&7,9,7< ',$*5$06

QWURGXFWLRQ
VL ER QFHSW YV
5HSUHVHQWLQJ DOWHUQDWLYH FRXUVHVY RIDFWLRQ
5HSUHVHQWLQJ FRQFXUUHQW WKUHDGV RIDFWLRQ
,QWHUDFWLRQV
ORGHO EXQVLQHWRFHVVHYV
*HWWLQJ WKH B3ELJ SLFWXUH IRU WKH FRQVXOWLQJILUPYV S
'UDZL@KES'IRWKHRQVXOMU®SUREOHP
*HQH UDBPPHQRQWB $'V

&R QFOXVLRQ
3(75, 1(76

QWURGXFWLRQ
% VLER QFHERWHWUIH W V
ORGHOOLQJ ZLWK 3HWUL 1HWYV
6 XEFODVVHYVY RI 3HWUL QHWYV
([DPSOHV DQG $SSOLFDWLRQV
(IWHQVIRRIGHW UHW V
HJIK HY BHON Q H WGV K HURJ @@V KFHR G H O RLUBXIVLQHWR FHV VHV
ORGHOOLQJ EXVLQHVYVY SURFHVVHYV
7ULJIJHULQJ
FOODOVRLHAWQHW V
RROV
'"UDZLYXBHWQHWRGHRWKRHRQVXOMUPSUREOHP
*HQHUKROPHQRQW. JK/HY HBAW QH W V
HW UHWDVQ & KRHW KWW KR GR O RJLHV

&QFOXVLROQ
&21&/86,216 ,'($6 )25 )8785( :25.
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AXDOLWDMIYRQLQJ
2V2GHUODJIQLW BHEDHVR QLQJ
XOWLO)YRHAOR G HO O LQ J
H\HVLOHQV ZR U NV

BVW HRQDPLFV

bW OBSUER JU DRPW KGILVF UW WPMR G HO

BwUdHwvVv
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)LIXUH (QWHUSULVH DV DQ LQWHUFRQQHFWLRQ RBEBBBBHVV SUR
)LIXUH 6\WWHPLF YLHZ RI EXVLQHVV SURFHVV DV DQ LQWHUFRQQ
JRDO REBBBBWREBEBBBBBBBBBEBBBBBEBBBBBBEBBBEBBBBEBEBBBBBEBBBBBBBBE
)LIXUH (IWHQGHG GHVFULSWLRQ RI D EENEBBNEBBBRBEBBBEEEBB |
)LIXUH (PEHGGLQJ DQG )UDFWDO 5HSUHVHQ\BEBBRREBREBBEBGBBY HU
)LIXUH ,QWHUUHODWLRQVKLSY Rl WKH HOHPHQWY RI D EXVLQHVYV
)LIXUH (PEHGGLQJ RI WKH IHDW X UB-B\B [RB DB B@G B 2 WB/R BBBEBEB\E B BSE
)LIXUH +HUDOO GHVFUL SB/BIBABE@ 5-BIB\E R B BRBEBBEE B BBBBBBBBBBBBB
)LIXUH 7KH WKUHH W\SHV R| EXMBBBIXBBEBREEBBEBEBRBBBBBBBBBI
)LIXUH 35 $ $TV %XVLQHVV 3URFBBBEBEBREBBBBBB-BBBBB@BBBBBBBBBI
)LIXUH 2EMHFW (QY BBBGEBEBBBRB6PREF3EBEBEBEBBBBBEBBBBBBBE
)LIXUH 2EMHFW RULHQWDWLRQ DQG WKH BEBBEBWBBBBEBBEBEBB |
)LIXUH 2EMHFWV LQWHUDFWLRQ EBWHKBIBGEBBEBR B8 BB RBB B BifRBB/AB3E
YLIXUH &RPSRVLWH R B BIBIE-R\B B/BIBRB-B/AEEE BBHEREEBEBEBBBBBBBBBE
)LIXUH 7KH 6\WVWHP DGBBBBBEBBREBRRAFP-EEEEBEBBBBBBBBBBBBBBE
)LIXUH 6\VW HBFB BB BIR/BYfE HHiYB BBEBBEBBBBEBBEBBEBBBBBBEBBBBBBBBBBBBBI
)LIXUH 2SHQ ORRE BRAREBRBRBBBHEEREBEBBBEBBEBBEBBEBBBBBBBBBBBBB
)LIXUH &ORVHG /RRS RU BRBEBBBEBEEEBRBEBEBBEMREEBBBBBBBBBB
)LIXUH 'LDJUDP RI WKH V WHEBBH BB/B\BIBFBB\E BE 6 BBBR EBBEFEBBEBBBBBI
)LIXUH *HQHUDO &RQWURO ORGHOOLQJ (VWBMBBSEBREGBBBGHERRU
YLXUH )XQFWLRQV IRU 2SHUBWERBEBRBBBREBE B BEBBERWYBBBBBB]
YLIXUH 2YHUDOO 2SHUD\SBREGBBBBBBBBEBRBEBEBEBBBEBBBBBBBBBBBBB
)LIXUH ORGHO 1HVWLQJ LQ 3BREBRNRBESRECBRIREBBEBBBBBBEEBBBBBE
)L J XU *HQHULF )XQFWLRQ 0RGH® ZR BB BB\S B B BB 68 W BIXEFRBBBIE B B
)LIXUH &RQFHSWXDO ORGHOOLQJ DQG 'HYHO BBSBHBEG % BB B®EBIB6\V W\
)LIXUH ORGHOOLQJ DW TXDQWLWDWLYH OH Y3-B®\B RE EEBABBBEBW LR
)LIXUH 4XDOLWDWLYH PRGHOV DUH DEVWUDFWBBRBEBBBBBHBUHQ
)LIXUH 4XDOLWDWLYH VWHS UHVSRQVHV IRU D VIVWHP RI WZR IL
>'DOOH OROOBBBBBBBBBB@BBBBEBBEBEBEBBB B R ERERBRBHRBHRBBBB E
)LIXUH 7KH 6XSSO\ DQG 'HP D @G BBB.BB-B\BBB.XRBBRREBEEBEBEBBBBB
ILIXUH '"HILQLQJ DQG SHUWXUELQJ WKH 6XSSO\ DREBEBEDQG FXUY
YLIXUH 7KH UHIHUHQFH VWDWH 5 DQG WKH SHUWXUEHG VROXWL
UHVSRQGLQJ WR LQFUHD \B-B® BB)BE>BRBBBBBBBBEBBBBBEBBBEBBBBBBBBBI
)LIXUH &RQWURO RIIRFXV RBDBBEHEBBHBREEBBXEEBEEBBEBBBBBBE
7D@H 3ULPLWLYH UHODWLRQV RI WKH BBBBBBBGBERBBBBBEBBRBB

7D@H 0 UHODWLRQV UHSUHVHQWLQJ UHODW LEREE\B BVEKEDBB DUH FF

O



&ROQRK &L :MHWOLRF/ SRU | XZuUEDL6 3URFF

>0DYUR 6WIBSRBBBB3BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI

)LIXUH 'LPHQVLRQV RI UHSUHVHEBRB®RBBBBE®)HBBBGGBB@BBBB
)LIXUH *RDOV DQG IXQFWLRQV R| [BEBBBERBBBAMKREBEBBBEBBB BB
)LIXUH 5HODWLRQV EHWZHHQ JRDOV IXQFWLRQV DQG HTXLSPH
BBBBBBBBBBBBBBEBBEBBEBBEBBEBBBBBBBBBBBBBBEBBBBEBBEBBBBEBBBBBBBB
)LIXUH JORZ VWUXFWXUHV IRU WKH BB BB\BBBEG KHDB/BBEB B B\B\E B B
7DEOH (OHPHQWDU\ $FB\B\S BIBoSABBRBRWB BB B BB BBBBMBEBEEBBBBBB
)LIXUH 0)0 PRGHO RI WKH FHQW U BB EBIHBBLEBE BBBEBB B B B BLBBE® B B
JLIXUH 5XOHV H[SUHVVHG DV DFWLYLWB EBBEHBBEBBBBGEBBBEBE
)LIXUH ,VVXH $UIJXPHQWDWLRQ PRGHO VXSSRUWLQJ UHGHVLJQ
><X O0\ORSBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBEBBBBBBBBBBBI
)LIXUH 7KH 3URFHVV OHWD 0BBEBBBBBBRKO HW DO @

)LIXUH ,QWHJUDWLRQ RI WKH IXQFWLRQDOBBEEBBBBQWR WKH 3
)LIXUH BHULDO FRQQHFWLRQ :KHQ % LV LQVWDQWLDWHG LW E
>-HQVHBBBBBBBBBBBBBBEBBEBBEBBEBBEBBEBBEBBEBBBBBBBBBBBBEBBBBBBBB B!
)LIXUH 'LYHUJLQJ FRQQHFWLRQ ,1$ LV LQVWDQWLDWHG LW EC
>-HQVHBBBRBBBBBBBBBBEBBEBBEBEBEBBBBEBBEBBEBBBBEBBBBBBBBBBBBBBB!
)LIXUH &RQYHUJLQJ FRQQHFWLRQ ,1$ FKDQJHV FHUWDLQW\ L\
SDUHQWV >BB@BIBGBBBBBBBEBBEBBEBBEBBBBBBBBBBBBBEBBEBBEBBEBBBBBBB
YLIXUH $ %D\HVLDQ QHWZRUN DQG D FRUUHVSRQGLQJ FOXVWHL
>-HQVHBBBBBBBBBBEBBEBBEBBEBBBBBBBBBBEBBBEBBEBBEBBBBBBBBBBBBBBB!
YLIXUH ([IDPSOHV RIVLQJO\ FRQQHFWHG DQG BROWBS8O\ FRQQH|
)LIXUH $ VLQJO\ FRQQHFWHG '$* DQG LWV MXQFWLRQ JUDSK %
VHSDUDWRU ) RQH JHWV D M B8 B BERKB B/REHEB B:B-BEBBEBEBBEBBEBBBBBBB
)LIXUH &RQVWUXFWLRQ RI D MXQFWLRQ WUHBBRRBBBBEER®\ FR
)LIXUH $ '$* WKH PRUDO DQG WULDQJXODWHG JUDSKV 7KHILO
>-HQVHBBBBBBBBBBEBBEBBEBBEBBEBBEBBEBBBBBBBBEBBBBEBEBBEBBEBBBBBBBBB!
)LIXUH 7KH MXQFWLRQ JUDSK IRU WKH WULDQJXODWHG JUDSK |
GBBBBBBBBBBBBEBBEBBEBBEBBBBEBBBBBBBBBBEBBBBEBBBBEBBEBBBBEBBBBBBBB
)LIXUH 7KH DGYLFH WUDQVIHU VIVWHP DW WKHBBBBEBIVW OHYHC
)LIXUH 7KH DGYLFH WUDQVIHU V\VWHP H[SDQGHBBEBBBRBRQGLYL
YLIXUH 7KH SURFHVV &DUU\ RXW ZRUN LV EURNBRBBBBBB WR VX
)LIXUH 7KH WRS OHYHO RI WKH % LG 0BDRDRBPBHERB B/B'B W B PB 5B BG
)LIXUH 5HSUHVHQWLQJ WKHBBS BRBEKXBBBY RI DQ HQ WLW\
YLIXUH 7KH JOREDO FRQFHSWXDO PRG BG BR B B\ERB FEREBBEB\E BG B
JLIXUH 3DUW Rl WKH FRQFHSWXDO PRGHO RIILJXBBBBB®KDW LC
JLIXUH BWUXFWXULQJ WHIB BBBBBBBEBREBEXHVWLRQ

YLIXUH 7KHILYH VWDJHVBBBBRRDFKEBRBREGBBEBBEBBEBBBBBBBB!
Y)LIXUH 7KH LQTXLU\ SURFH GERJSB B 6 BB B B/HPE B RIFPEFBBBBBBBBBE

JLIXUH 7KH LQIOXHQFH GLDJUDP RI WKH BBIEB/BBB 6 BBBB/E BG B B B\F



IL My & -'RUPDL:R GHOItQA :G/F/ *RU IkX{L

)LIXUH 7KH GLDJUDP RI UHODWLRQVKLS EHWZHHQBBIYHOV UDW
)LIXUH 7KH GLIIHUHQW W\SHVBBBEBBBHBBBSBRREGBEBBBBBBBBBBB
)LIXUH ,QIOXHQFH GLDJUDP RI WKH PDQDJHPHQW YTV UDWLRQDOH
>5LVFK 7UR\ BBBBRBBBG®BBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBB
)LIXUH 5HYLVHG ORRS GLDJUDP ZLWK WKH XQDQWLFLSDWHG VL
SURGXFW OLQH EUHDGWK BBIBEEB BBBHB\BBHGBMBEBEEEEBEBBBBBBBBBB!
)LIXUH 7KH RYHUDOO V\VWHP G\QDPLFV P RBBEBIEBB B\BEH B REB/ X (
)L J XU 7KH 6' PRGHO IRU WKH HTXLY BBBRRE BERBNXDBBEWBAMB E BR
)LIXUH 7KH 6' PRGHO IRU WKH KBBBBB A BR BEBBRBBYXOWDQW
)LIXUH 'LVWULEXWLRQ RI &RQVXOWDQWYV WR VXRBBUYLVRUV DQ
)LIXUH $ VOLGHU IRU WKEBSBRBRBWRBHBBSE BB FREBBBBBBBBB
)LIXUH $ ILUVW DWWBBBBBWRBBRBE B/BISH PREB-BB BB BEBBBBEBBBBBB
)LIXUH 7KH SHUVR G BBIEBEBBBBBBBBBBEBBEBBEBEBBBBBBEBBBBBBBB
7DEOH 7DEOH RI YDOXHBBRBBBEBEBEBBEBBEBBEBBBBBBBBBEBBBBBBBBBI
)LIXUH 7KH EHV VB EDB/BE B EBRIBBBBEBEBEBEBBBBBBBBBBBBBBBE
)LIXUH $ FORVHU VBR BRBEBGBSE NEBERIBBBEBBEBEBBBBBBBBBBBBBB
)LIXUH 7KH JUDSK RI KLULQJ ZKHQ PD@SRBBE BBIBBBBBBBGBBBE
)LIXUH 7KH JUDSK RI WKH IRXU OHYHOV RI UHVRXUWUFBB/ ZKHQ PL
7D HO 7DEOH RIYDOXHV ZKHQ PDQSREBRBGBBBBE B B BEB BIEXDEB/A Bl
)LIXUH 7KH JUDSK RI WKH IRXU OHYHOV RI UHVRXBBHB ZKHQ PIL
)LIXUH 7KH JUDSK RIKLULQJ ZKHQ PD@SBBBBEAR FUHSDQF\ LV
)LIXUH 7KH FRQWURO HTXLYDOHQW IRBBBBBWEBBBBEREE6 BEREB
)LIXUH 7UDQVLWLRQ JUDSK IRU D GHW H UBPR BB B/B\BLEFBIR. B)E_B\BHB B/BV |
)LIXUH 7KH VWDWH EHIRRBIB B BFEBBE R/BE B8 BB BERBBEBEBBBBBBBBE
)LIXUH 7KH VWDWH DIWHU D BB®B BBBIRBBPBHEEB RRBRG B BBEBEBB
)LIXUH 7KH VWDWH DIWHU D FD B BBHBIRBBEBER/SB B §BW KB BB\B E B BB
)LIXUH 7KH VWDWH EHIRUH B BB BR EEB BBBB W BB B E)EBBBGWB BB BE
)LIXUH 7KH HTXLYDOHQW VWDWH BB\B B/KBB B ®%BDRBB RE BB 5HEBB
)LIXUH 7KH VWDWH DW WKHBEBBBRB®WEKBBESBB B/BB B BLIEBBBBEG B/B BB
)LIXUH 7KH HTXLYDOHQW BB\B BBB\E K B BBBE®BBIEEREEEBEBEBBBBBE
)LXUH $ VXPPDU\5%' IRU WKH FRBBFEBBARBRBIRRFERBBBREGHEBBBB
YLIXUH 7KH 5%$' IRU WKHB BB BDBEEBEBEEBREABEBEBEBEBBEBBBBBBBB
)LIXUH 7KH 5%' IRU WKH ([W HBLBB@BBG BEFR@E\BEG\E BHB\B\E B REBE BB BB B
)LIXUH 7KH 5%' IRU WKH -X GBRB B REFEEB\BB®G\E BBB\BAE BREBBBBBBBBB
)LIXUH 7KH 5$' IRU WKBBSBGE R 6 B/HEBRB BFBGBEBEBEBBBBBBBBB
)LIXUH 7KH 5%' IRU WKH 6HRRBRRBSRBOEEBBEEBBBBEEGEBBBBBBB
)LIXUH 7KH 5$' IRU WKH FRQFEBB\BEBBIRRFBRBBBBBE6EBBBEBBBBE

)LIXUH &RQFXUUHQF\ 7KHVH WZR WUDQVLW BFB@BB EBRBBBBBLQ L

[L



ARQFHSW{ DQG IRUP DO OAuUMRGHOLLQFI 8 W/ O R U LI

JLVXUH &RQIOLFW 7UDQVLWLRQV | DQG WN DUH LQ FRQIOLFW

SL GLVDEOLQJ WKH RWKHUBRBBB®BEBRRKBBRBBBEBBBRQBBEBBBBBBBBE

)LVXUH $Q H[DPSOH BBBBBBBWBEBBEERRDBEBBBBEBBBBBBBBBBBBE
)LVXUH $Q H[DPSOH MBB EFEBBBIBG BABBEBEBBB
)LVXUH $Q H[WHQGHG IUHH FKRLFH QHW EXW QRWBBBBHBH FKRLF

3z2 "WL WICsS®L DQG SL2® S ¥ {ESWSBBBBBBBBBBBBBBBBBBBBBBBBBI

)LVXUH 7KH SURGXFHU FRQVXPHU SUREOHP BPEREBBBGBBBBB D 3
)LVXUH $ 3(57 FKDUW RI WKH FRQVW U X PB\EBRBG BrBIBB KRXE/BIB B/BBYB B
)LVXUH $ 3HWUL QHW UHSUHVHQWDWLRQ RI| VBBHBBBBBBRBBEB/ RI|
)LVXUH 7KH EDVLF DFWLYLWLHV SULPLWLYHV BBBBBBBBBRZ PD
YLVXUH 7KH IRXU W\SHV R| WUEBBBBBE@B BBBBG BEHBB 5BDB/BB B B® B
)LVXUH $Q H[DPSOH LQGLFDWLQJ WKH WULBBEBBBB EFPEEKDER VP
YLVXUH 7KH FRPSOHWH 3HWUL 1HW PR GiB6 BBIB\BE B BBBEBBGWEBE
YLVXUH ,QWURGXFLQJ FOBGABBEBBGBRRBHAEXBBEBBEBBBEBBBBBBBB
)LVXUH *HQHUDO GHVFULSWLRQ BBBBEBBFRBEBBERBRBIBBBBP TV S|
)LVXUH 'UDZLQJ WKHB\BBEB BREBBBIB B/B B B B BBBBBB

)LVXUH &ODVVLILFDWLRQ RI WKH YDULRXV PHWKRGRORJLHV DF
BBBBBBBBBBBBEBBEBBEBBEBBBBEBBBBBBBBEBEBEBBEBBEBBEBBEBBBBBBBBBBBBE
)LVXUH &ODVVLILFDWLRQ RI WKH YDULRXVY PHWKRGRORJLHV DF}
DQG LQ WKH ZLGHU HIIRUW RI GHSOR\PHQW R | FRREEBEB/B8BB5 6 BB@ G BB L
)LVXUH 1HVWLQJ RIBEBBPBBBRBBEBBB@BEBEEBBEBEBBBBBBBBBBB]
)LVXUH DSSHQGL] BWULFW LQWHUSUHWDWLRQ ERB BB BBI® DWLR
)LVXUH DSSHQGL] &RQVWUDLQHG VWULFW LQWHUSUHWDWLRQ R

BEBBEBBBEBBBEBBBBBBBBBBEBBBEBBEBBEBBEBBEBBEBBBEBBBEBBBBBBBBBB

J)LVXUH DSSHQGL] ,QWHUYDOV XVHG LQ WKH KHXULVWLF LQWHU:
WRS QRQ H[KDXVWLYH LQWH UNBDEBREBRBPBBEEBBE\EEBRBEBE@BEBBBBB!
J)LVXUH DSSHQGL] 0)0 FRQFHSW YV BBEB® SBEAEREBBE B BB EBB B BB B BB
JLVXUH DSSHQGL] 7KH V\P BBEG 5RBIBEHBBIB\BEEE BEGBRWERRHBBBBBBB
JLVXUH DSSHQGL] 7KH VIPERO KB BBBRRBEEBBRBBBBEEBBWRER RKB/B
J)LVXUH DSSHQGL] 7KH V\PERO XV HB® BRB\B BPEOEEBIB-EPE-BEB\E BB @ B B/ARE
YLVXUH DSSHQGL] $ ZD\ WR LOQWURGXFH XQGLUHFWBBBJHODWLR
)LVXUH DSSHQGL] 7KH JHQHUDO VLWXDWLRQ IRU QRLV\ RU TL

LQKLELWHG BBHBGBBGBB@BBBBBBBBBBEBBEBBEBBEBBEBBEBBEBBBBBBBBBBBBB
)LVXUH DSSHQGL] $ &V LQGKRSHQGHRQW BRLYHE $-HQBHQ @
BBBBBBBBBBBBBBB

J)LVXUH DSSHQGL] $° DQG $ DUH GLYRUFHGIURP $ DQG $ E\

>-HQVHG@ BBBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBB



ALIYWHUQ ARQFHSW{ D - F TAOA HWOZGV MRU 3XLLQHzz 3UF

J)LIXUH DSSHQGL][ 7KH DQDO\VLV Rl WKH SUREOHP Rl WKH FHQWL
(IWHQVLRQ PHWKREB B8B\BBBB@BBBBEBBBEBBBBBBBBBBBBBBBBB
)LIXUH DSSHQGL] 7KH GLDJUDP RI PDQDJHP HBB\B BBEEXBB/D B B/ B
)LIXUH DSSHQGL] RO VS \B\VE (BFBERMBXB/B B BB BB BBBBBBBBB
JLXUH DSSHQGL] $ 3HWUL QHW JUDSK HTXLYTHOHHUBRBE WEH VW
)LIXUH DSSHQGL] $ PDUNHG 3HWUL QHW WR LOOXVWUDWH WKH |

HQDEOHG >3HVHBLBVBRE)BB®B BB BBBBBBBBBBBBBBBBBBBBBBBBBB

JLIXUH DSSHQGL] 7KH PDUNLQJ UHVXOWLQJ IBEBBBLBB BB WUDQVL

JLIXUH DSSHQGL] 7KH PDUNLQJ UHVXOWLQJ) IBRBBRBG B B/EBRVL

[LLL



GRQFHSWG D- 'RUP- :RGHOLLUXM :-HAURKNF IRU -6XLLC

$&.12:/("*(0(176

7KLV WKHVLV ZRXOG QRW KDYH FRPH DERXW ZLWKF
FULWLFLVP DQG HQFRXUDJHPHQW RI PDQ\ FROOHDJX
LPPHDVXUDEOH GHEW WR P\ VXSHUYLVRU 3URIHVVRU 1
WKH ZD\ IURP P\ DGPLVVLRQ WR WKH 'HSDUWPHQW RI (
(QJLQHHULQJ WR WKH FRPSOHWLRQ RI P\ WKHVLV +H |
FRQVWUXFWLYH FULWLEFLVP EXW DOVR KLV SURELQJ
NQRZOHGJH RI VIVWHPV WKHRU\ KDYH OHG PH WR WKH
DQG SDVVLRQ LQ UHOHQWOHVVO\ SURYLQJ WR KLV VW
KDYH WDXJKW PH WKDW LWV QRW WKH ILQDO GHVWLQI

2Q0\ UHFHQWO\ KDG , WKH SULYLOHJH RI ZRUNL
DFDGHPLF 'U *HRUJH +DOLNLDV ZKRVH NQRZOHGJH L
SURJUDPPLQJ KDV LQWURGXFHG PH WR LQYDOXDEOH
WKH GHYHORSPHQW RI P\ UHVHDUFK

0\ UHVHDUFK DV ZHOO DV P\ OLIH DFWLYLWLHV ZR.
WKH VXSSRUW RI P\ ORYLQJ IDPLO\ )LUVW P\ SDUHQ
VXSSRUW ZKHQ WKH QHHG ZDV WKHUH 0\ VLVWHU 1L
FRQYHUVDWLRQV ZH KDG GXULQJ GLIILEXOW DQG IUXV!
1ILVWD]DNLV ZKR ZLWKRXW KLV VXSSRUW ORYH LQW
ZRXOG QRW KDYH EHHQ SRVVLEOH , ZLOO DOZD\V E
HQFRXUDJHPHQW ZKHQHYHU GLVLOOXVLRQPHQW WRRN

0\ FROOHDJXHV DW WKH &RQWURO (QJLQHHULQJ &F
Rl &LW\ 8QLYHUVLW\ KDYH JLYHQ PH DQ HQMR\DEOH Z|
PH LPPHQVHO\ WR RYHUFRPH WHFKQLFDO SUREOHPV D
1DPHV PD\ EH XQOLVWHG KHUH EXW DUH YHU\ ZHOO Ul
WR 7DQLD ZKR KDV SDWLHQWO\ VKDUHG ZLWK PH WKH
ORQJ ODVWLQJ UHVHDUFK

6SHFLDO DFNQRZOHGJHPHQW LV GXH WR &ROLQ (
*RRFK :HEVWHU IRU KLV VXSSRUW DQG DGYLFH KLV
VWDQGDUG ZRUN KLV JXLGDQFH LQ GHYHORSLQJ SUH\
RWKHU ZD\V 6SHFLDO WKDQNV WR 7DVRV .\SULDQLGLYV

[LY



6XLWHP R&HR 0 6R ORXVLQAWMY

PH WR XQGHUVWDQG WKH FRQVXOWLQJ ILUPYV SUREO
PRGHO 5DQLD 9UHWWRX 30DQHW (UQVW <RXQJ DQ
<RXQJ ZKR SURYLGHG YDOXDEOH GDWD IRU P\ UHVHDL

)LQDOO\ WKDQNV DUH GXH WR 30DQHW (UQVW
‘HEVWHU /RQGRQ IRU WKH ILQDQFLDO VXSSRUW WKDW

[Y



&RQFHSWV D GHWOLQII \\LHWOLRGV IRU M X LQH ! 3

'(&/$5$7,21

7KH 8QLYHUVLW\ /LEUDULDQ RI WKH &LW\ 8QLYHUVLW\
ZKROH RU LQ SDUW ZLWKRXW DQ\ UHIHUHQFH WR WKH
FRSLHY PDGH IRU VWXG\ SXUSRVHVY VXEMHFW WR QRU

[YL



$ XYWHP &GRQFHSWy DQG GGR uOL GLRGL MARU GGXLUQRLL MGUH

$%675%&7

7KH PDMRU TXDOLW\ EUHDNWKURXJK RI WKH
PDQDJHPHQW WKDW EXVLQHVV DQG PDQXIDFWXULQJ St
DQG RUJDQLVDWLRQDO SHUIRUPDQFH 7KLV WKHVLV L
PRGHOOLQJ RI EXVLQHVV SURFHVVHV 21 VSHFLDO LQW
WKURXJK DQ LQWHUGLVFLSOLQDU\ DSSURDFK WKDW F
DQG LQIRUPDWLRQ WHFKQRORJ\ 7KH RYHUDOO HIIRUW
SXUHO\ FRQFHSWXDO OHYHO RI GHVFULELQJ D EXVLQH
GHFLVLRQ PDNLQJ DQG GULYLQJ WKH DQDO\VLV DZD\ |
GHEDWH 7KH H[WHQGHG UHYLHZ DQG SUHVHQWDWLRQ
JLYHQ KHUH VHUYH DV D JXLGH WR WKHLU EDVLF FRQ
VWXG\ WKH PDQDJHPHQW RI WKH KXPDQ UHVRXUFHYV
XVHG LQ WKLV WKHVLVY WR HQDEOH WKH HYDOXDWLRQ
KDYH EHHQ SURGXFHG DV ZHOO DV VLPXODWLRQ UH
DGYDQWDJHY DQG WKH LQIRUPDWLRQ JDLQHG 7KURXJ
UHTXLUHPHQWY IRU PRGHOOLQJ DQDO\VLV DQG GHFL\
DFTXLUHG

3DUWLFXODUO\ WZR YHU\ LPSRUWDQW WHFKQL
'\QDPLFV DQG 3HWUL QHWV SURYLGH WKH DQVZHUV ZK|
QRW RQO\ TXDOLWDWLYH EXW DOVR TXDQWLWDWLYH
PDWKHPDWLFDO QRWDWLRQ DQG WKH SOHWKRUD RI I
YHULILFDWLRQ DQG SHUIRUPDQFH DQDO\VLV RI WKF
VLPXODWLRQ VRIWZDUH SDFNDJHV ZHUH XVHG EDVHG
LV EDVHG RQ 6\WWHP '"\QDPLFV DQG $0OSKD 6LPS EDVH
SURGXFHG LQ WKH FDVH VWXG\ GHSLFWV SHUIHFWO\ W
QHWV LV QRW WKH WRWDO EXVLQHVV PRGHOOLQJ VR
PHWKRGV VXEFK DV 6\WWHP '\QDPLFV DQG GLVFUHWH W
7KH IHDVLELOLW\ RI DOO WKHVH PRGHOOLQJ WHFKQLT:
XVH WKHP DOWHUQDWHO\ WR VDWLVI\ WKH UHTXLUHPH



&KDSWHU

,1752'8&7,21



,1752'8&7,21

'HYHORSLQJ PRGHOV RI EXVLQHVV SURFHVVHV LV
UHVHDUFK $W D VXLWDEO\ KLJK OHYHO RI DEVWUDFWLI
DQG WLG\ %XW ZKDW KDSSHQV ZKHQ VRPHRQH WULHV \
SURFHVVHV DUH FRPSOH[ PXGGOHG DQG PHVV\ LQ D
LQGHHG EH D QHDW KLHUDUFK\ 7KHUH KDYH EHHQ D QX
HDUO\ V WKDW KDYH PDGH SHRSOH UHFRJQLVH WKD\
SURFHVVHV DUH ZKDW WKH HQWHUSULVH LV DERXW >&!
>)RU @ ,Q (XURSH SDUWLFXODUO\ WKH HPHUJHQFH
VHULHV RI VWDQGDUGVY KDV OHG WR DQ LQFUHDVHG FF
EXVLQHVV LQ D ZD\ WKDW HQVXUHV TXDOLW\ LQ WKH S
FXVWRPHUV >2X0G @ 7KH FXUUHQW GHVLUH IRU JUH
UHGXFWLRQ DQG VKRUWHU F\FOH WLPHV WRJHWKHU Z
DQG VDIHW\ GHPDQG DQ LQWHJUDWHG DSSURDFK HQFR]|
OHYHO VWUDWHJ\ WR EXVHAWHD® RSGIUDBGERWLRQDUFH
VWDQGDUGLVDWLRQ NH\ SURFHVVHV VKRXOG EH GHIL
UHSHDWDEOH PHDVXUDEOH DQG LPSURYDEOH

2QFH D PRGHO RI D EXVLQHVV SURFHVV LV GHYHO
H[SORUH WKH SURSHUWLHVY RI WKH SURFHVV LWVHOI D
IRU H[DPSOH 3ZKDW LV WKH DYHUDJH F\FOH WLPH"" 32
WKLV SURFHVV GHDGORFN"" DQG RI TXDOLWDWLYH QDV
PDGH DW WKH ULJKW OHYHO LQ WKH RUJDQLVDWLRQ"" F
LQYROYHG WKH RSWLPXP" >2XO0G @ 7KLV NLQG RI D
XQGHUVWDQGLQJ DQG WKXV LPSURYHV WKH RUJDQLVI
WKH RUGHULQJ RI DFWLYLWLHY LQFUHDVH RU GHFUHDYV
IXQFWLRQV WR DOLJQ WKHP EHWWHU ZLWK WKH SURFH)
VR RQ >2X0OG @ >YDQ GHU $DOVW +HH @

7KH FXUUHQW SUDFWLFH RI WUHDWLQJ EXVLQHV
LQGHSHQGHQWO\ ZLWKRXW WDNLQJ LQWR DFFRXQW W
WHVWLQJ IRU WKH HYDOXDWLRQ RI DOWHUQDWLYHV LV
WR VDWLVIDFWRU\ UHVXOWV >.DUF @ 7KH QHHG IRU
WUDGLWLRQDO ERXQGDULHY EHWZHHQ WHFKQLFDO DQGC



FKDSWHU -VYLWURGXFWLRQ

REUDWLRQDO DQG GHVLJQ LVVXHV LV EHFRPLQJ YHU\
DEOH WR UHVSRQG WR VXGGHQ FKDQJHV LQ PDUNHW GF
EH DEOH WR SURSDJDWH KLJK OHYHO GHFLVLRQV WKL
ORZHVW OHYHO DQG LQ WXUQ EH DEOH WR SHUFHLYH

7KH VWXG\ Rl HQJLQHHULQJ DQG WHFKQRORJLFDO
E\ WKH XVH RI D VIVWHPYV IUDPHZRUN ZKLFK ZKHQ VX
HQDEOHV WKH HPHUJHQFH RI DQDO\VLV DQG GHVLJQ P
EHHQ HPSOR\HG DW WKH UGHVLJQ RI WKH V\VWHPY] VWD
GHFLVLRQ PDNLQJ VWUDWHJILHV IRU WKH ILQDO V\VWHP
RQ SDUDGLJPV OLQNHG WR SK\WLFDO RU HQJLQHHULQ
PDWKHPDWLFDO PRGHOV WKDW SHUPLW WKH GHYHORSF
DQG VI\QWKHVLVY GHVLJQ ODMRU FKDOOHQJHV HPHUJH
ZLWK QHZ SDUDGLJPV ZKHUH WKH ULFK PRGHOOLQJ Wi
DOZD\V DSSO\ +HQFH GHYHORSLQJ D VXFFHVVIXO FR
PHWKRGVY IRU WKHVH DOWHUQDWLYH DUHDV LV DQ LPS
IRUPDO DSSURDFK UHTXLUHV WKH GHILQLWLRQ RI D JH
FRQFHSWXDO W\SH DQG VHOHFWLRQ GHYHORSPHQW
VXSSRUW DQDO\VLVY DQG GHVLJQ

7KH DUHD RI EXVLQHVV SURFHVVHV KDV EHHQ DOU
EHQHILW IURP D XQLI\LQJ V\VWHP IUDPHZRUN DQG GHS
> DUF @ HWHK@RGDUO\ DWWHPSWYV LQ GHYHORSLQJ VX
FKDUDFWHULVHG E\ WZR WUHQGV 7KH ILUVW UHIHUUF
KDV SURYLGHG XVHIXO FRQFHSWXDO PRGHOV RI SUREC
PHWKRGVY 7KH VHFRQG WUHQG LV H[SUHVVHG E\ PDW
DEVWUDFW PDWKHPDWLFDO VHWWLQJ PRWLYDWHG E\
WR WKH VSHFLILFV RI FODVVHV RI VI\VWHPV DUH GLIILF
ZKLFK KDYH EHHQ VXFFHVVIXOO\ DSSOLHG WR FODVVHYV
OXOWLOHYHO )ORZ ORGHOOLQJ DQG 3HWUL 1HWV SU]
DQDO\VLYV DQG GHVLJQ 1HYHUWKHOHVV WKH\ WRR OD
ZKLFK WKH DQDO\WLF FDSDELOLWLHV RI IRUPDO PRGH
IRUPDO PHWKRGRORJLHV

,Q WKLV WKHVLV D JHQHUDO V\WVWHPLF IUDPHZRU
RI LPSRUWDQW LVVXHV DULVLQJ LQ WKH DQDO\VLV I



GKDSWHU IQWURGXFWLRQ

LQWURGXFHG ,Q DGGLWLRQ LW KDV WKH DELOLW\ WR
WRROV )XUWKHUPRUH FRQWURO WKHRU\ FRQFHSWV DU
7KH DLP RI WKLV UHVHDUFK LV WR FRQVLGHU WKE
EXVLQHVV SURFHVVHV DQG XQGHUVWDQG WKH V\VWHPL]
DLP HQFRPSDVVHV WKH VSHFLILEFDWLRQ Rl PRGHOOLQJ
DVSHFWV RI EXVLQHVV SURFHVVHV $OVR LW LQFOXGH)
DVSHFWV ZKLFK PD\ DIIHFW WKH GHYHORSPHQW RI D |
PDNLQJ DQG UHGHVLJQ RI EXVLQHVV SURFHVVHV ORUH
WKLV WKHVLV LQFOXGH
D 7KH GHYHORSPHQW RI D JHQHUDO FRQFHSWXDO V\
DQDO\VLY DQG GHFLVLRQ PDNLQJ SUREOHPV IRU JHC
LQWHJUDWLQJ IRUPDO DQDO\VLYV PHWKRGV RI GLIIHUH
E 7KH XQGHUVWDQGLQJ RI UHTXLUHPHQWY IRU PRGHO
EXVLQHVV SURFHVVHV 7KH DQDO\VW VKRXOG DW DOC
QHHG WR EH DFKLHYHG WKH PHVVHQWLDO EXVLQHV
FHQWUDO VXEMHEW PDWWHU RI WKH EXVLQHVV WKHL
ZKLFK GULYH WKH SURFHVV PRGHOOLQJ H[HUFLVH ><X
F $ UHYLHZ DQG HYDOXDWLRQ Rl JHQHULF PHWKRGRC
PRGHOOLQJ RI EXVLQHVV SURFHVVHV 7KHLU EDVLF |
ORJLF DUH H[SODLQHG
G 7KH DSSOLFDWLRQ RI EXVLQHVV RULHQWHG PHWKR(
PDQDJHPHQW SUREOHP DQG WKHLU HYDOXDWLRQ 6StF
RI FRQFHSWV DQG DVSHFWV Rl FRQFHSWXDO PRGHOO
LQ WKH FRQWH[W RI WKLV DSSOLFDWLRQ
H 7KH GHPRQVWUDWLRQ RI WKH XVH RI TXDQWLWDWLY
PDNLQJ
| 7KH FODVVLILFDWLRQ RI PRGHOOLQJ PHWKRGRORJ
PRGHOOLQJ DFWLYLW\ 7KHVH DIWHU DOO GHILQH W
RU G\QDPLF TXDQWLWDWLYH RU TXDOLWDWLYH GHVF
7KH ZLGHU WKHRUHWLFDO DQG WHFKQRORJLFDO KRUL]
LVVXHV WKDW DUH EH\RQG WKH VFRSH RI WKH FXUUHQ'
L 7KH GHYHORSPHQW RI WKH JHQHULF IRUPDO FDE
IUDPHZRUN



FKDSWHU A'TUQWURDXGLR Q

LL 7KH LQWHJUDWLRQ RI JHQHULF IRUPDO DQDO\VL

IUDPHZRUN
LLL 7KH FUHDWLRQ RI D V\VWHPYV IUDPHZRUN DQ

VXSSRUW EHKDYLRXUDO DVSHFWV DQG WKHLU UHS

$ GLVWLQFWLYH IHDWXUH Rl WKH UHVHDUFK LV W
DQ LQWHUGLVFLSOLQDU\ DSSURDFK WKDW FXWV DFU
LQIRUPDWLRQ WHFKQRORJ\ 7KH RYHUDOO HIIRUW ZLO
FRQFHSWXDO OHYHO RI GHVFULELQJ D EXVLQHY\WD GURF
@ >%URQRZVNL @ %XVLQHVV SURFHVV PRGHOV S
PRGHOOHU ZDQWV WKHP WR EH DQG KLV KHU YLHZSR
JRDOV REMHFWLYHV YDU\ &RPSOHWHQHVV DQG UHOH"
PRGHO LV 3ULJKW LI LW KHOSV WR UHYHDO WKLQJV R
RXWFRPHV RU FDQ EH DGMXVWHG WR WHVW SURSRVHC
WKH ORQJ WHUP WKH XQGHUVWDQGLQJ JDLQHG FRXO
IRFXV RQ WKRVH DVSHFWV ZKLFK HQDEOH WKH SURS
FRQWURO VWUDWHJILHYV WKURXJK WKH GLIITHUHQW OH)Y
SUHUHTXLVLWH RI WKH RYHUDOO HIIRUW WR GHYHOR
LQWHJUDWHG HQWHUSULVH

,Q WKLV WKHVLV ZH LGHQWLI\ RXU PRGHOV DV PF
LQFOXGHV VWUXFWXUDO DQG EHKDYLRXUDO DQDO\VL\
SURFHVV PRGHOV ZKLFK SURYLGH D PHGLXP IRU KXPD
SURFHVV DQG WKH SURFHVV VXSSRUW PRGHOV ZKLF
SDFNDJH UXQV WR VXSSRUW WK H V6 UDEF HVARL@QHUH@® O 3%
@ >0RRUH %UHQ @ DQG >$EGHO +DPLG @ ,Q WK
WR UXQ DQG WHVW GLIIHUHQW SROLF\ VFHQDULRV
SUHGLFW RXWFRPHV ZKHQ VXGGHQ FKDQJHV RFFXU DC
SURFHVV %XVLQHVV SURFHVV PRGHOOLQJ OHDGV WR |
SURFHVVY DQG WR SRVVLEOH HQKDQFHPHQWYV RI LW %X
&KDPS\ @ >2X0OG @

6R IDU WKH FXUUHQW WUHQG IRU EXVLQHVV FRQ
WKH SURFHVVHV WKDW WKH RUJDQLVDWLRQ HQFRPSD\
7KH DQDO\VLV RI WKH EXVLQHVV SUREOHPV LV GRQH L
WKH FRQVXOWDQWYV H[SHULHQFH $OWKRXJK LW KDV
&KHFNODQG FDPH XS ZLWK KLV pu6RIW B6\WWHPVY PHV



&/RWHU &AQOURGXFWX

SURFHVVHV >&KHFN @ FRQVXOWDQWY VWLOO UHO\
JUDSKLFDO YLHZ RI WKH SUREOHP 2QO0\ &RQFHSWXDC
GDWDEDVH GHYHORSHUV DQG VRIWZDUH HQJLQHHUV k
IXUWKHU E\ LQWURGXFLQJ D IRUPDOLVDWLRQ RI WKH P
DQG >/RXF =LF @ %XW VWLOO WKHUH DUH D ORW
WR SURYLGH FOLHQWV ZLWK D ULJRURXV PRGHO RI
VWUXFWXUDO LVVXHV DUH WRR LPSRUWDQW WR EH RPL
7KLV UHVHDUFK ZRUN DWWHPSWV WR SURYLGH T
FRQFHSWXDO OHYHO WR D IRUPDO RQH D EULHI JXLG
EXVLQHVV SURFHVV 3DUWLFXODU HPSKDVLV LV JLYH
H[HUFLVH ZKLFK DIWHU DOO GHILQH WKH GHVFULSWL
TXDQWLWDWLYH RU TXDOLWDWLYH GHVFULSWLRQ )LJX
WR SURYLGH JXLGHOLQHV RQ ZKR WR LQWHUYLHZ ZKI
VHUYH DV D TXLFN UHIHUHQFH WR WKH FRQVXOWDQW
WHFKQLTXHYV DQG RI FRXUVH ZH GR QRW FODLP ZH H
DQG WKHQ PDNH XVH RI WKHP DW GLIIHUHQW VWDJH
PRGHOOLQJ WHFEKQLTXHV LV PDGH LQ )LJXUH 7KH |
EXLOG PRGHOV RI EXVLQHVV SURFHVVHV +LVWRULFDC
WKH LQLWLDO DWWHPSW RI WKH PRGHO GHYHORSHU W
WKH SURFHVV XQGHU REVHUYDWLRQ (OLFLWDWLRQ RI
DQG REMHEFEWLYHV RI WKH PRGHOOLQJ HIIRUW DQG
PHQWLRQHG LQ WKLV WKHVLVY UHO\ WR GULYH WKH GH
&RQFHSWXDO ORGHOOLQJ DGGV WR WKH UHSUHV
VHPDQWLF PRGHOV WKDW FDQ VXSSUHVV DOO WKH LI
HVVHQWLDO RQHV 7KH DEVWUDFWLRQ PHFKDQLVPV
FODVVLILFDWLRQ DQG JHQHUDOLVDWLRQ +RZHYHU
&RQFHSWXDO PRGHOOLQJ SURYLGHV D PRGHOOLQJ V.
$GGLWLRQDO PRGHOOLQJ WHFKQLTXHV SURYLGH EHKD
KRZ DQG ZKHQ FKDQJHV RFFXU WR HQWLWLHV DQG U
'LDJUDPV SURGXFH H[WUHPHO\ GHWDLOHG TXDOLWDW
HQKDQFH FRPPXQLFDWLRQ 3HWUL 1HWV DUH YHU\
SURFHVVHV ZKHUH DV 6\WWHP '"\QDPLFV FDQ RYHUFRF
LQWHUOLQNLQJ RI WKH HQWLWLHY DQG SURFHVVHV LQ



WU WI\QWURGXFWS8

LV YDIJXH 7KH LQWHJUDWHG IUDPHZRUN VKRZQ EHOR
UHSHUWRLUH RI D EXVLQHVV SURFHVV PRGHOOHU

6WDWLF
'"HVFULSWLRQ

JLIXUH &ODVVLILFDWLRQ RI WKH YDULRXY PHWKRGRORJLHV DFFR

7KH HYDOXDWLRQ RI WKH YDULRXV PRGHOOLQJ W
WKHLU DSSOLFDWLRQ WR D YHU\ VSHFLILF SUREOHP
PDQDJHPHQW LQ D FRQVXOWLQJ ILUP RU LQ RUGHU W
UHVRXUFH DOORFDWLRQ VR WKDW WKH FRPSDQ\ LV DI
SURMHFWY 7KH EHKDYLRXU RI VXFK D V\VWHP LV WLP
QDWXUH EDVHG RQ DQ LQIRUPDWLRQ IHHGEDFN V\VWH
FUHDWLRQ RI SROLFLHV GHFLVLRQV DQG DFWLRQV 7K
LQIRUPDWLRQ DQG UHVRXUFHV 7KHUH LV D QHHG WR
RUJDQLVDWLRQV QRW RQO\ WR IRUHFDVW WKH UDPLI
FKDQJHV EXW DOVR WR JLYH GHFLVLRQ PDNHUV LQIR
SROLF\ FKRLFHV ,Q WKLV WKHVLVY WKH GHYHORSPHQMW
DSSOLFDWLRQ RI WKH SURSRVHG IUDPHZRUN )LJXUH
XQGHUVWDQGLQJ RI UHTXLUHPHQWY IRU PRGHOOLQJ DC
SURFHVVHV 7KH DGYDQWDJHV DQG WKH OLPLWDWLRQ\
KDYH EHHQ DGGUHVVHG DQG WKH W\SH RI PRGHOV WKD
LV GLVFXVVHG +RZHYHU WKH LQWHQWLRQ RI WKL\



FKDSWHU BV IQWURGXFWLRQ

PMKRGRORJLHV IRU EXVLQHVV SURFHVVHV UDWKHU W
VHUYH WKH QHHGV RI D UHDO FRPSDQ\

7KH VWUXFWXUH RI WKLV WKHVLV LV WKH IROORZL
LVVXHV ZKHQ GHDOLQJ ZLWK WKH PRGHOOLQJ RI E
%HIRUHKDQG WKH SUREOHP DUHD LV VSHFLILHG DQ
DSSURDFK WKDW GHSOR\V TXDOLWDWLYH DQG TXDQW
SRLQWHG RXW )XUWKHU LPSRUWDQW LVVXHV VXFK D
GHILQLWLRQ RI EDVLF PRGNKQPWRHRKIDR @RRIEW X FDXHKH D \
FRQVLGHUHG 7KH FKDSWHU FRPSOHWHYV ZLWK WKH QI
ZKLFK WKH HYDOXDWLRQ RI WKH GLIIHUHQW PRGHOOLQ

&KDSWHU SURYLGHV D JHQHUDO FRQFHSWXDO Il
LVVXHV VXFK DV EDVLF REMHFWV SURFHVVHVY WRSRO
DQG EHKDYLRXUV IRU REMHFWV DQG V\VWHPV $GGLWL
HTXLOLEULXP DQG RSHQ FORVH ORRS FRQWURO SUREC
D GHVFULSWLRQ Rl WKH ,QWHJUDWHG 2SHUDWLRQV GF
GLVFXVVLRQ RQ WKH RUJDQLVDWLRQDO DQG PHDVXUHF

&KDSWHU OLVWV VRPH RI WKH PRGHOOLQJ PHWK
LVVXH $ IDLUO\ GHWDLOHG DFFRXQW RI WKH SRWHQW
5HDVRQLQJ *RDO GULYHQ PHWKRGRORJLHV DQG %D\
PRGHOOLQJ DSSURDFKHV DUH UHIHUUHG KHUH WR LQY
OLQNV WR WKH PDQLSXODWLRQ RI WKH EXVLQHVV SUF
IROORZ IRUP D GHWDLOHG DFFRXQW RI VRPH RWKHU P|
ORGHOOLQJ WKH 6RIW 6\WVWHPV $SSURDFK 6\WWHP "\QI
ODVW EXW FHUWDLQO\ QRW OHDVW 3HWUL 1HWYV

,Q &KDSWHU WKH DELOLW\ RI WKH 6RIW B6\VW
GLVSDUDWH DSSURDFKHV WR D SURFHVV LV RXWOLQHG
DV RI &RQFHSWXDO ORGHOOLQJ DUH SUHVHQWHG D
GHYHORSPHQW RI WKH FRQFHSWXDO PRGHO RI WKH
HODERUDWHG DQG WKH SRZHU Rl FRQFHSWXDO PRGHO)

&KDSWHU SURYLGHV D YHU\ GHWDLOHG SUHVHQV
PHWKRGRORJ\ 7KH FKDSWHU LV VWUXFWXUHG DV IRO
FRQFHSWV RI 6\WWHP '"\QDPLFV DQG WKH LQIOXHQFH R
WKH EHKDYLRXU RI WKH PRGHO LV JLYHQ 7KHQ PRY
6\WWHP "\QDPLFV ZH H[WHQG WKH GLVFXVVLRQ RQ L



FKDSWHU GUYLWURGXFWLRQ

WHFKITXH WKH UROH RI RSWLPLVDWLRQ LQ 6\WWHP '\C
GHDOLQJ ZLWK WLPH +DYLQJ SUHVHQWHG WKH JHQHUI
FRPH XS ZLWK VRPH FULWHULD RI TXDOLW\ WKDW D 6\V
GZHOO RQ WKH DVVXPSWLRQV PDGH ZKHQ XVLQJ WKI
VXPPDU\ Rl WKH YDULRXV WRROV WKDW DUH EDVHG RC
FRQVXOWLQJ ILUPYV SUREOHP LV GUDZQ %\ XVLQJ WI
VFHQDULRVY WKH SRZHU DQG WKH IOH[LELOLW\ RI W}
FRQWDLQV D SDUDJUDSK RQ WKH SRVVLEOH PDQLSXOI
HTXDWLRQV DQG RSWLPDO FRQWURO )LQDOO\ WKH O
XVLQJ 6\WWHP '\QDPLFV LQ WKH PRGHOOLQJ RI FRPSOH

&KDSWHU SUHVHQWY WKH 5ROH $FWLYLW\ 'LD.
FRQFHSWV +HUH WKH IRFXV Rl WKH PRGHOOLQJ SURF
RI WKH SURFHVV EHLQJ PRGHOOHG DQG FRPSXWDWLRQ
LV WKHQ XVHG WR PRGHO WKH FRQVXOWLQJ ILUPYV
GLVDGYDQWDJHV RI XVLQJ 5%'V WR PRGHO EXVLQHVV S

7KH MRXUQH\ WR ILQGLQJ D PRGHOOLQJ WHFKQLT
RQH WKDW LV DEOH WR SURYLGH TXDQWLWDWLYH DQG
DQG VWDWLF GHVFULSWLRQ RI WKH SUREOHP GHSHQG
3HWUL 1HWV RQ &KDSWHU 3HWUL 1HWV LV D JUDSK
GHVLJQHG WR GHVFULEH DQG VWXG\ V\VWHPV FKI
DVIQFKURQRXV GLVWULEXWHG SDUDOOHO QRQGHYV
PDWKHPDWLFDO WRRO 3HWUL 1HWV FDQ EH XVHG WR
DQG RWKHU PDWKHPDWLFDO PRGHOV DV ZHOO DV VLP
1HWV SURYLGH D YLVXDO PRGHOOLQJ WHFKQLTXH ZK
G\QDPLF DQG FRQFXUUHQW DFWLYLWLHV RI VIVWHPV |
RI 3HWUL 1HWV 31V VXLWDEOH IRU WKH UHSUHVHQ
EXVLQHVV SURFHVVHV ,W ZLOO EH VKRZQ WKDW LW L\
QHW 7KLV VSHFLDO FODVV RI 31V LV FDOOHG +LJK /H"
FODVVLFDO 3HWUL QHW PRGHO LQWURGXFHG E\ 3HWU]
DQG 3KLHUDUFK\" 7KHVH H[WHQVLRQV DOORZ IRU WKEF
EXVLQHVV SURFHVVHY DQG DW WKH VDPH WLPH LQKH!
QHW VXFK DV WKH JUDSKLFDO DQG SUHFLVH QDWXUH
WKH DEXQGDQFH RI DQDO\VLVY PHWKRGV 7KH DSSOLF



FKDSWHU -VQWUR GXFW¢RQ

ILUPTVY SUREOHP LV DOVR GLVFXVVHG DQ DFFRXQW R
SURYLGHG

)LQDOO\ &KDSWHU SURYLGHV WKH RSSRUWXQLW\
SRLQW RXW WKH RSHQ LVVXHV DQG FKDOOHQJHV 7KH (
UHVHDUFK SURJUDPPH EH\RQG WKLV WKHVLV

7TKHUH DUH DOVR D QXPEHU RI DSSHQGLFHV LQ Wtk
VHPDQWLFY DQG WKH FDSDELOLWLHYV RI VRPH RI WKH F
JLYHQ 7KH DSSHQGL[ RQ 6\VWHP '"\QDPLFV DOVR LQFO>
IRUPHG GXULQJ WKH PDQLSXODWLRQ RI WKH FRQVXOW
VRIWZDUH $GGLWLRQDOO\ DQ DSSHQGL[ ZLWK WZR O
PRGHO GHYHORSHG LQ &KDSWHU LV LQFOXGHG



&KDSWHU

352%/(0 $5($ %86,1(66 352&(66(6 $1°
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, QWURGXFWLRQ

(YHU\ RUJDQLVDWLRQ ZKHWKHU LW LV D ILUP R
QXPEH®JURFHWYXBW LW FDUULHV RXW LQ RUGHU WR DF
H[DPSOH KDQGOLQJ RUGHUV IRU JRRGV UHFUXLWLQJ
VXFK SURFHVV LV VRPH NLQG RI DFWLYLW\ ZLWKLQ
PDFKLQHV ZRUN WRJHWKHU WR DFKLHYH VRPH GHVLUH

1RZDGD\V FRPSDQLHV DUH DWWHPSWLQJ WR PDQ
EHWZHHQ VWUDWHJLF YLVLRQ DQG RSHUDWLRQDO H[H]
WRROV DQG WHFKQLTXHV 7KHVH WRROV DQG WHFKQLT
KRZ SURFHVVHV DUH H[HFXWHG WRGD\ DV ZHOO DV D |
SURFHVVHV IRU QHZ EXVLQHVV LQLWLDWLYHV

6RPH RI WKH HPHUJLQJ LVVXHV ZKHQ GHDOLQJ Z
SURFHVVHV DUH SUHVHQWHG LQ WKH IROORZLQJ SD.
VSHFLILHG DQG WKH QHHG IRU DQ LQWHUGLVFLSOLQD
TXDQWLWDWLYH PHWKRGVY DQG WHFKQLTXHV LV FOHI
QDUUDWLYH GHVFULSWLRQ RI WKH FDVH VWXG\ RQ
PRGHOOLQJ PHWKRGRORJLHV ZLOO EH EDVHG 7KH D
FRQFHSWXDO V\VWHP IUDPHZRUN ZLWKLQ ZKLFK WKH
PDNLQJ FDQ EH DGGUHVVHG

%XVLQHVYVY 3URFHVVHV

$ EXVLQHVV ISWURNNWOWLDOO\ WKDW FKDLQ RI DF
SODFH WR DFKLHYH D FRUSRUDWH JRDO $Q H[DPSOI
HTXLSPHQW IURP LQLWLDO GHFLVLRQ WR EX\ WKURX!J
DQG VXEVHTXHQW S$iDVPHE@ V& H BL&IUR EX V L Q N YT XSHUOFEFHHNV R
OLQNHG IXQFWLRQDO OHYHO DFWLYLWLHV>+ZIKRFEKUWDN
&KDPS\ @ GHILQH D EXWRIOHOMNWF®WRPHR VDIFW LY LWLHYV
NLQGV RI LQSXW DQG FUHDWHY DQ RXWSX¥W YWKDW Q@



&_/LWHU 3URO HP DUHD ,GXLLQHWLQ E3WRFHLLHL

VXEVHTXHQW GHILQLWLRQ RI D SURFHVV LV DOVR FOR
SURFHVV DV GHILQHG VBHFIDYAQRUGE ULMQD RI ZRUN DFEW
DQG SODFH ZLWK D EHJLQQLQJ DQG DQ HQG DQG FOH
VWUXFWXUH+RUHDFAWH PXVW HPSKDVLVH WKH IDFW WKDW
SURFHVV VSHFLILEDOO\ GRHV QRW DGGUHVV WKH ZD\
RXWSXWV LW GHVFULEHV ZKDW WKH SURFHVV GRHV Q
YLHZ EXVLQHVVWHKIHRBPEWLNVYWUHY ZKLFK D FRPPHUFLE
LQ RUGHU WR FDUU\ RXW LWV EXVLQHVV
$V ZH FDQ VHH D EXVLQBNWLSWRFGVR LQYRONE D\
PRUH WKDQ RQH SHUVRQ RU PDJRKLIM FIREFEERI-BIE/R/UDW I
DEFWLYLW\ $QGDDJBRBREGVV @DV
6LPSO\ E\ PRGHOOLQJ WKH SURFHVV RQH GLVFRY]
$ :KDW WKH RUJDQLVDWLRQ LV WU\LQJ WRRIFORUHYH :
WKH SURFHVV
f :KDW FRQVWUDLQWY WKH RUJDQLVDWLRQ SXWV RQ
RSHUDWH WXKHEXVLQHVV
f KDW LQGIR MGXDGBKLHYH WKH JRDOV
+RZ SURFHVVHV DRO KL YDGBG RYHU
+RZ LQGLYLGXDONQMHWHRLFIRIUNR FRVWODERUDWLYHO\
MRE GRQH
7KHUHIRUH WKH VHW RI EXVLQHVV SURFHVVHV L¢
ZKDW WKH RUJDQLVDWLRQ GRHV $00 RUJDQLVDWLRQ
HIILFLHQF\ ZLWK ZKLFK WKHLU EXVLQHVV SURFHVVHV F
KLIJKOLJKWVY WKH IDFW WKDW WKHUH DUH FRPSHOOL
KLHUDUFKLFDO RUJDQLVDWLRQDO VWUXFWXUHV WR
SURFHVVHV LV UHFRJQLVHG 7KHVH UHDVRQV LQFOXGH
+ WKH DELOLW\ WR GHOLYHU D EHWWHU VHUYLFH WR
f WKH FUHDWLRQ RI LQFUHDVHG IOH[LELOLW\ RI RSHL
+ LPSURYHG MRE VDWLVIDFWLRQ E\ SURYLGLQJ D JRE
WUDQVIRUPDWLRQ WR IODWWHU PRUH HIIHFWLYH VW
7KURXJKRXW WKH WKHVLV ZH ZLOO DGRSW WKH
SURFHVV

+H  +



$ L L XLLQA & 6 poopHgyuw

'HILQLWLRQ EXVLQ$IVV BUWRFHWHW RI LQWHUOLQNHG DF
HVWDEOLVKPHQW ZKLFK DUH RUJDQLVHG DURXQG D F
IXQFWLRQDOLW\ WR WKH RYHUDOO V\VWHP

7KH DERYH GHILQLWLRQ RI WKH EXVLQHVV SURFH\
YLHZSRLQW RI VHHLQJ DQ HQWHUSULVH DV DQ RUJDQL
DFKLHYH D VHW RI JRDOV $ EXVLQHVV SURFHVV LV WKH
HOHPHQW LQ WKLV V\VWHP DQG WKH HQWHUSULVH LV W
EDVLF HOHPHQWY $ UHSUHVHQWDWLRQ RI WKH HQWHUS

YJLIXUH (QWHUSULVH DV DQ LQWHUFRQQHFWLRQ RI EXVLQHVV S

,Q WKLV VHWXS DQ HOHPHQWDU\ EXVLQHVV SURFH
HOHPHQW DQG WKH HQWHUSULVH LV UHSUHVHQWHG DV
DUH GULYHQ E\ WKH JHQHUDO JRDO WKH REMHFWLYHV
WKH LQJUHGLHQWY RI WKH JHQHUDO V\VWHP  SURFHV
FKDSWHU ZKHUH D XQLI\LQJ LQWURGXFWLRQ WR JHQH
PHQWLRQLQJ KHU HQ S\MKADW QWVKHHU SWHHWWH G LQ WKH VWDQG
DOVR H[WHUQDO QRQ DVVLJQDEOH HRKW\SMWNIXFKVFDV
GHOLYHUDEOHV DV ZHOO DV REVHUYDWLRQV RI LQW
LQGLFDWRUVWRDGW VREDMBN WOYRVXVHG LQ WKH VWDQGDU

7KH LPSRUWDQW IHDWXUH RI WKH DERYH VHWXS
HQWHUSULVH WKH EXVLQHVV SURFHVVHV DUH RUJDQLV
LOQWHUFRQQHFWHG HOHPHQWVY ZLWK D VLPLODU VWU }
UHSUHVHQWHG LQ DQ LQSXW RXWSXW FRQILIXUDWLRQ T
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JLIXUH 6\WVWHPLF YLHZ RI EXVLQHVV SURFHVV DV DQ LQWHUFRQQHFWL
JRDO REMHFWLYH

,Q WKLV ILJXUH ZH VHH WKDW WKH EDVLF HOHPHQV
DV DFWLYLWLHV $&7 DQG LQWHUSUHWHG LQ WKH VWD
LQWHUFRQQHFWLRQ DQG FRQQHFWLYLWLHV DUH IXQGD
DQG LWV SURFHVVHV 7KH\ H[SUHVV D QDWXUDO JUDSK
SK\WLFDO V\VWHPV GHVFULSWLRQ LV QRW DOZD\V IL[HG
REMHFWLYHV 7KH PDQ EDVHG QDWXUH RI VXFK V\VWHP\
FKDUDFWHU IURP WKH HQJLQHHULQJ V\VWHPV ZKHUH L
FLUFXPVWDQFHVY H[FHSWLRQV DUH IDXOWV DQG VWU
RSHUDWLRQDO FRQGLWLRQV )URP WKLV YLHZSRLQW
ELRORJ\ JHQHWLFV ZKHUH H[WHUQDO VWLPXOL PD\ OHL
$ PRUH GHWDLOHG YLHZ RI WKH EXVLQHVV SURFHV
VWUXFWXUH LV JLYHQ EHORZ LQ )LJXUH +HUH ZH
LQWHUDFWLRQV LQ WKH 1UDPHRRQ SR ZNMUZREY HEQWKW B A O
SHRSOH RI DQ RUJDQLVDWLRQ I$QWW K & DQHYW W HPK D@ G
OHYWRHUH DUH MRE GHILQLWLRQV RUJDQLVDWLRQDO V\
DQG PDQDJHPHQW V\VWHPV DQG DQ\ RWKHU FRQFHSV
UHODWLRQV EHWZHHQ SHRSOH URKH WVE B BIBKHHRYQML LW WV
DFWLYLWLHYV RU DFWLRQV ZKLFK WUDQVIRUP VHYHUDO
OH Y HORIEW WHK\WM L ¥KiH ORENHKOF WLYHV RI1 DQ RUJDQLVDWLRQ
WKH LPSURYHPHQW LQ WKH FULWLFDO PHDVXUHV RI SHL
VSHHG IURP WKH RUJDQLVDWLRQDO DV ZHOO DV WKH FC



3 PLW

2EMHFWLYHV 2EMHFWLYH
/[HYHO

FQSXW SURFHVYV A 283WRBRMVYV

/[HYHO

-RE "HILQLWLRQV
2UJDQLVDWLRQDO 6WUXFWx@WHUQDO 6I\VWHP
%HOLHIV 9DOXHYV 6WUXFWXUH /HYHO

OHDVXUHPHQW ODQDJHPHQW 6\VWHP ,17(51%/ 0(&+$1,60

ODQSRZHU
3HRSOH /HYHO

JLIXUH (IWHQGHG GHVFULSWLRQ RI D EXVLQHVYV SURFHYV

7KH DERYH IUDPHZRUN SURYLGHV DQ DGGLWLRQD
RI WKH EXVLQHVYV SURFHVV E\ LQWUYRGROL O\ R K QULEVRRN
WR WKH FRQWHQW RI WKH YDULRXV DFWLYLWLHV DV
FODVVLILH®RPHGXKUDOLDKHHUOD\HU L H ,QWHUQDO 6
OHYHO BR\WLWRBUBMHULQJ WR SHRSOH L H WKH 0D
QDWXUDO KLHUDUFK\ DVVRFLDWHG ZLWK WKLV FRQIL
VWUXFWXUH RI FRQQHFWLYLWLHV RI WKH EXVLQHVV S
FRQVLGHULQJ EXVLQHVVY SURFHVVHV ZKHUH WKH KXPDC
ER[ UHIHUUHG WR B® RSKWH BQBIJRDWKH DEWLYLWLHV R
DQG LWVHOI FDQ DOVR EH D EXVLQHVV SURFHVV %\ D
RI D EXVLQHVV SURFHVV ZHI WD WHVRHHFKHR SRRV HR/Y R7 K
LV YLHZHG DV WKH RYHUDOO VHW RI DOO LQWHUQDO Y
DQG LV IXQGDPHQWDO LQ GHILQLQJ WKH WLPH HYROX
IXQFWLRQ RI LQSXWV DQG REMHFWLYHV JRDOV 7KH
PHFKDQLVP RI D EXVLQHVV SURFHVV ZLOO EH FRQVLG
IRU GHVFULELQJ HYROXWLRQ DQG EHKDYLRXU ZLOO EH

7KH RYHUDOO HPHUJLQJ SLFWXUH RI WKH HQWHUS
Rl DQ HPEHGGHG RUJDQLVDWLRQ RI SURFHVVHV FRQ
RUJDQLVDWLRQ DW HYHU\ OD\HU 7KH GLVWLQJXLVKLG
HOHPHQWY RI HYHU\ OD\HU KDYH D IUDFWDO VWUXFW
KLJKHU RU D ORZHU OHYHO 8QGHUVWDQGLQJ VXFK VV



6KXQWHU 3 L LXLLQ HLL TAURFHLLMIKLXQ|G

XS PHFKDQLVPV IRU XQGHUVWDQGLQJ EHKDYLRXU WL
GHYHORSLQJ VSHFLILFDWLRQVY DQG UHTXLUHPHQWYV Il
XQGHUSLQV VXFK LQYHVWLJDWLRQV
7KH HPEHGGHG IRUP RI WKH RYHUDOO RUJDQLVL
KLHUDUFKLFDO RUJDQLVDWLRQ LV GHVFULEHG LQ )LJXI
(;7(1'(" (17(535,6( 58/(6 *2%$/6 675%$7(*,(6 ,13876 2873876
(17(535,6(6 5(/$7,216 ,1)/8(1&(6

(17(535,6(675%7(*< *2$/6 2%-(&7&9(6 ,13876 2873876
%86,1(66 352&(66(6 25*$1,6%7,21 &211(&7,9,7,(6

%86,1(66 352&(¢66/6 2%-(&779(6 ,13876
2873876 $&7,9,7,(6 25*$1,6%$7,21 &211(&7,9,7,(6

$&7,9,7<2%-(&7,9(6 ,13876 2873876
$&7,216 6(48(1&,1* &211(&7,9,7,(6

7$6.66,03/( 23(5%$7,216

Y)LIXUH (PEHGGLQJ DQG )UDFWDO 5HSUHVHQWDWLRQ RI WKH

7KH ILJXUH VXPPDULVHV WKH HPEHGGLQJ DQG WKH Jt
RYHUDOO HQWHUSULVH DQG LWV SURFHVVHV ,Q WKLV C
VWDQGDUG ZD\ DV SUHYLRXVO\ GLVFXVVHG

7KH LPSRUWDQW GLVWLQJXLVKLQJ IHDWXUH RI VX]
VWUDWHJI\ REMHFEWLYHV DQG JRDOV LQ WKH VKDSLQJ
ZHOO DV LQ WKH VKDSLQJ RI RUJDQLVDWLRQ DQG FRQC
FHUWDLQO\ GR DIIHFW WKH IRUFHV LPSRVLQJ VSHFLILF
GLIIHUHQW DUHDV LQFOXGLQJ HFRQRPLF IRUFHV VR
JRYHUQPHQWDO DQG OHJDO IDEFWRUV DV ZHOO DV \
>3RK &KHZ @ 7KH VWXG\ RI VXFK IUDPHZRUNV LV |
EHKDYLRXU DQG WKH HYROXWLRQ RI EHKDYLRXU DQ
HQWHUSULVHYV $ GLDJUDPPDWLF UHSUHVHQWDWLRQ F
>+DPPHU &KDPS\ @



FXWHU 3UR//P DUHD IkXkLQHkk MAURFH{{H{ DQG p

&XVWRPHU &RPSHWLWRHFKQRORJIJLFD@VVHVVPHQW RI

1HHGV $FWLRQV (QYLURQPHQWD®@DSDELOLWLHV
)DFWRUV A
L A A
6WUDWHJ\

%XLQHMRFHVVHYV

,QWHUQDO &DSDELOLWLHYV
J)LIXUH ,QWHUUHODWLRQVKLSY RI WKH HOHPHQWY RI D EXVLQ

YLIXUH FDQ EH H[SODLQHG DV IROORZV

$ 7KH H[WHUQDO IRUFHV FXVWRPHU QHHGV FRPS]
HQYLURQPHQWDO IDFWRUV DQG LQWHUQDO IDFWRL
LQIOXHQFH WKH IRUPXODWLRQ RI WKH RUJDQLVDWLF
GHVLJQ RI WKH EXVLQHVV SURFHVVHV

$ 7KH EXVLQHVV SURFHVVHV WKHQ LQWHUDEW ZLWK
SHRSOH RUJDQLVDWLRQDO VWUXFWXUH PDQDJHPHC
EHOLHIV DQG LQIUDVWUXFWXUH WR GHWHUPLQH WK

%XVLQHVYVY 3URFHVYVY 5H HQJLQHHULQJ %35

"KHQ WDONLQJ DERXW EXVLQHVV SURFHVVHV LW
UHIHU HYHQ EULHIO\ WR WKH ODWHVW WUHQG FKDULIL
WXUQ WR KHOS IURP FRQVXOWDQWY WR PRGHOOLQJ
DQDO\WH EXVLQHVYV JRDOV DQG LPSURYH WKH HIILFLHGC

,QGHHG WKH SUDFWLFH RI %XVLQHVYVY 3URFHVV 5H
KDW LV QHZ LV WKH MDUJRQ RI %XVLQHVYV 5H HQJLQHI



&KDSWHU BUR//P DUHD % XLLQHLL IAURFH||HL DQG W

SRSXODULVHG E\ OLFKDHO +DPPHU DQ 0,7 FRPSXWH
PDQDJHPHQW FRQVXOWDQW >3RK &KHZ @ (YHU VLQ
WKHUH KDV EHHQ DQ H[SRQHQWLDO LQFUHDVH LQ WKI
ZRUNLQJ LQ WKLV ILHOG

7KHUH DUH PDQ\ DQG GLIIHUHQW GHILQLWLRQV RI
GLIIHUHQW GHILQLWLRQV DQG FDPH XS ZLWK D GHILQL
XQGHUVWDQGLQJ RI WKH SURFHVVHV DV GHVFULEHG |
UHGHVLJQ UH SODQQLQJ RI HDFK RI WKH IRXU OHYHOV
IRU %35 >3RK &KHZ @ FDQ EH UHZRUGHG DV IROORZ\

'"HILQLWLR@®XVLOHVV 5H HQJL)HMRWOD UH SODQQLQJ

PDQSRZHU LQWHUQDO V\VWHP DQG VWUXFWXUH DQG !
H[WHUQDO IRUFHV LQ RUGHU WR DFKLHYH VRPH REM
DFKLHYH JLYHQ FXUUHQW FRQGLWLRQV RI DQ RUJDQLV

SH HQJLQHHULQJ LV D SURFHVV WKDW UHTXLUHV LC
DQG RI LWV EXVLQHVYV SURFHVVHV 7KH UHIHUHQFH WF
QRW EH SURYLGHG VLQFH WKLV LV QRW WKH VFRSH
LOQWHUHVW LV WKH 3URFHVY /HYHO DV PHQWLRQHG LQ

7KH ,QGXvVvwULDO (QWHUSULVH 3DUDGLJP 3UREOHP
LVVXHYV

7KH VWXG\ Rl EXVLQHVV SURFHVVHV DQG RI WKH
JHQHUDO LQWHUHVW WR ERWK LQGXVWULDO DQG QRC
&RPPHUFLDO HWF B5HJDUGLQJ DSSOLFDWLRQV DQG V¢
ZLWK WKH FDVH Rl WKH ,QGXVWULDO (QWHUSULVH ZK
LQWHUUHODWLRQVKLS EHWZHHQ *HQHUDO %XVLQHVV
SUREOHPV IRU SURFHVVHV DQG SURGXFWV 7KH VWUR(
'HVLJQ LVVXHV RI WKH ,QGXVWULDO (QWHUSULVH PDNH
LQGLFDWHG EULHIO\ E\ WKHHWD@®RZLQJ GLDJUDP >.DUF



3/DRWH 3!REOHP UDXJ)HLIIQIB.tRFHOI-FEQQWHPHUFMLUXA

JLIXUH (PEHGGLQJ RI WKH IHDWXUHV RI DQ ,QGXVWULDO (¢

7KH VWXG\ RI EXVLQHVV SURFHVVHV IURP WKH WHF
FRPSOH[ DQG GHPDQGV D PXOWLGLVFLSOLQDU\ DSSUR
PDQDJHPHQW DQG LQIRUP DHW FO® WHF RYRORL\HZ. RUPFVK |

XQGHU VWXG\ LV JLYHQ LQ )LIXUH ZKHUH WKH LGt
D JLYHQ %XVLQHVV 3URFHVV DUH

L BURFHVV OHDVXUHPHQWV

LL 'DWD ORGHOOLQJ DQG 'DWD ODQDJHPHQW

LLL ,7 DSSOLFDWLRQV DQG 6LPXODWLRQ

LY *HQHULF ORGHOOLQJ DQG 6XSSRUW OHWKRGRORJ
Y ODQDJHPHQW .QRZOHGJH ODQDJHPHQW DQG 'HFL\

SURFHVV OHDVXUHPHQWY DUH HVVHQWLDO DV Wk
GDWDEDVH DQG IRU WKH H[WUDFWLRQ RI NQRZOHGJF
V\VWHP 'DWD PDQDJHPHQW DQG ,7 DSSOLFDWLRQV IR
VI\VWHP WKDW VXSSRUWV WKH PRQLWRULQJ WKH PD(
EXVLQHVV SURFHVVHV

7KH DQDO\WVLV RI WKH SURSHUWLHYVY EHKDYLRXU R
E\ WKH *HQHULF ORGHOOLQJ OHWKRGRORJLHV ZKLFK L
GHYHORSLQJ WRROV DQG WHFKQLTXHV IRU PDQDJHPHQ

,Q J)LIXUH ZH FRQVLGHU EXVLQHVV SURFHVVH!
PDOQXIDFWXULQJ V\VWHPV EXW RXU UHVXOWYV PD\ ZH¢
FRQVXOWDQF\ FRPSDQLHV 7KH IDFW WKDW LQGXVWULI
PDUNHW HQYLURQPHQW LPSOLHV WKDW UHTXLUHPHC



I_|><WHU

3 URMA DUKWBX{LQHL{ 3URFH-{HLoBRG

HITLFLHQF\ JUHDWHU IOH[LELOLW\ LQ SURGXFWLRQ UL
WKH VDPH WLPH RSHUDWLQJ XQGHU VWULFWHU HQYL!
PRUH SURPLQHQW I WKH IXQGDPHQWDO DVSHFWV RI
WKHQ VXFK VHW RI ITUHTXHQWO\ FRQIOIHWD@J U® TKEW
EXVLQHVV OHYHO UHTXLUHPHQWY KDYH WR EH UHDGL
FULWHULD DQG WKH ODWWHU WR GHVLJQ RU UHGHVL.
WHFKQLFDO LVVXHV RI GHVLIJQ DQG RSHUDWLRQDO D
EXVLQHVV OHYHO DQG WKHLU UROH LQ WKH EXVLQH
HVWDEOLVKHG 7KLV SURSHUW\ H[SUHVVHV WKH QRWLI
WKH GLIITHUHQW OD\HUV RI WKH KLHUDUFK\ ZKLFK D
LQGXVWULDO HQWHUSULVH

3URFHVV 2SHUDWLRQV
*HQHULF ORGHOOLQJ
6XSSRUW OHWKRGRORJLHV

JLIXUHB ° 2YHUDOO GHVFULSWLRQ RI WKH SUREOHP

6WUXFWXUH %HKDYLRXU DQG )XQFWLRQ

7TKHUH LV TXLWH D ORW RI DPELJXLW\ ZXGQRWIWR R
EHKDYDRKGNUXFOLREH D VRIW VI\VWHP VXFK DV D EXVLQ



F)(WHU 3IREOHP 'D)U/ED@HLBIRFHyy(BI(ﬁ p &yyXHy

WHUPV RI JRDOV IXQFWLRQV EHKDYLRXU DQG SK\VLF
D FOHDU XQGHUVWDQGLQJ RI ZKDW HDFK RI WKHVH FRC
6WUXFMWDGIHFDWHY WKH DUUDQJHPHQW DQG UHOD\
GHYLFH PRGHO >.HXQHNH @ >.XLSHUV @ GHVFULEH\
FROOHFWLRQ RI FRQWLQXRXV SDUDPHWHUV DQG FRQV\
ZRXOG UHSUHVHQW WKH VWUXFWXUH RI WKH V\VWHP >
%HKDYLRXGHVFULEHG LQ WHUPV RI FKDQJHV WR
TXDOLWDWLYH TXDQWLW\ VSDFHV )ROORZLQJ >.XLSHL
GLIIHUHQWLDO HTXDWLRQ ZRXOG SURYLGH WKH EHKDY
EHKDYLRXU VSHFLILHV KRIXQFWINRDBFRWEPX®XMGWKH R
EHKDYLRXU LV WKH FDXVDO VHTXHQFH RI WUDQVLWLRQ
6RPH GHILQH IXQFWLRQ WR EH HTXLYDOHQW WR
VWDWH WKDW IXQFWLRQ H[SUHVVHV DQ LQWHQWLRQ R
EHKDYLRXU >&KDQGU @ LQ D UHFHQW SURSRVDO R
WKDWQBWRBRR®EH DQ REMHFW LV DQ HIIHFW LW KDV RQ
UHFHQWO\ GHILQHG LQ >.HXQHNH @ WKDW WKH IXQF
BRWKH I X QFSHARQLHY WKH UHVXOW RU JRDO RI D FRPSI
GHILQLWLRQ LQ DEVWUDFW V\VWHP WHUPV Rl DOO WKH
W LV ZRUWK VWUHVVLQJ RXW WKDW RXU PRGHO\
FRQFHQWUDWH RQ G\QDPLF EHKDYLRXU ,®IW®@QIRU
LGHQWLILHY WKUHH SHUVSHFWLYHV WKH GDWD RU
SHUVSHEWLYH DQG WKH EHKDYLRXUDO SHUVSHFWLYH
PDQLSXODWHG E\ WKH V\VWHP &RQFHSWXDO PRGHO(
IXQFWLRQDO SHUVSHEWLYH IREXVHV RQ WKH WUDQVI
6\WVWHP "\QDPLFV RIIHU WKLV DVSHFW  ZKLOH WKH EH
WKLQJV KDSSHQ 3HWUL 1HWV LV SUREDEO\ RQH RI W
WKH HPSKDVLV LV RQ WKH EHKDYLRXUDO SHUVSHEWL"
VPRRWK UXQQLQJ RI WKH SURFHVV UDWKHU WKDQ WK
WKUHH SHUVSHFWLYHV GHILQHG DERYH DUH QRW LQG
QDWXUDO QHVWLQJ DQG WKH\ DUH WKXV LQWHUUHODW



&KDSWHU 3UF ] % XLLQHLL £3URFHLL®y|XBIG

&ODVVLILFDWLRQ RI EXVLQHVYVY SURFHVVHV

ILWHUDWXUH SURYLGHV XV ZLWK DQ DEXQGDQW \
%URDGO\ SURFHVVHV FDQ EH VSOLW LQWR WZR JURXSV
YROXPH SURFHVVHV DQG IOH[LEOH G\QDPLF SURFHVVFH
FDQ YDU\ PDUNHGO\ EHWZHHQ REFXUUHQFHV HJ
>*X00D /LQGO @ >3RUWHU O0LOODU @ SRLQW RX\
FDQ EH FRQVLGHUHG DV RQH RI WKUHH W\SHV
D 3URGXFWLRQREWWBW\SURGXFHVY UHVXOWV VXFK DV L
E &R RUGLQDWLRRLDFWASH.WRQWUROV WKH SHUIRUPDQF

ZLWKRXW GLUHFWO\ DGGLQJ YDOXH WR WKH SURGXFW
F ,QIRUPDWLRQ 6WRAKLYJWBWMLFRWUHVSRQGY WR WKH U
UHOHYDQW LQIRUPDWLRQ DQG LV OLQNHG WR WKH 'DV
>&URHW D@ GHYHORS D JHQHULF VHW RI 6WUDWH
SURFHVVHV DQG D GHFLVLRQ VXSSRUW V\VWHP WR U}
LPSURYLQJ WKH UHZDUGV ,Q DOO HLJKW PDMRU EXV
WD[RQRP\ VHHPV WR UHSUHVHQW WKH PDLQ EXVLQHVV
QHFHVVDU\ WKDW HYHU\ ILUP KDYH DOO WKH HLJKW SU
GHYHORSHG LV SUHVHQWHG EHORZ

7TD[RQRP\ RI %XVLQHVV 3URFHVVHV

.QRZOHGJH RI ODUNMKHWR REIKMBWHW\RI WDNLQJ SUHOLPL
SURGXFW PDUNHW DQDO\VLQJ LW WR ILQG WKH WDUJ
WKLV DXGLHQFH WKURXJK SURGXFW SURPRWLRQ IRU V

&XVWRPHU 2UGHU WR VBKRFEHYRNHKBY RUCGHUZKLFK D FXV
UHFHLYHG DQG DOO RI WKH QHFHVVDU\ SDSHU ZRUN
ILOOHG

&XVWRPHU URFHVYV URFHVVHG
2UGHUV y WKH 2UGHU y 2UGHU



&KDSWHU 30 L % XLLQUWRAHZLHQ -DQG HPHUWMLQ:® Of{L

&RQFHSW WR 6XFFHVVIWKHHNR QY BHGHR/QJIRDI D SURGXF
LPSURYHPHQW LGHD LQWR D FRPSOHWH VHW RI YHUL

'"HVLJQ RU 6XFFHVVIXO
&RQFHSW S5HGHVLJQ y'HVLIQ RU
BURGXFW S5HGHVLJQ

8QSULFHG 3URGXFWWRR HRRSIOOBIUDPKY RI WKH GLUHF\
XVHG WKDW DGG FRVW WR D SURGXFW WR GHWHUPLQ

8QSULFHG 3ULFH )LQDO
3URGXFW | 3URGXFW y3ULFH
'"HWDLOV

1HHG IRU 5HVRXUFM\NK NV BDERPINQWRI DFTXLULQJ DOO J

SURGXFWLRQ DQG VHQGLQJ SD\PHQW WR WKH VXSSO

1HHG IRU ,QYRLFH 3D\PHQW WR
5HVRXUFHV 2UGHU . 3D\ IRU

SHVRXUFHYV " SHWXRIFHV
y *RRGV 6HUYLFHYV

5Dz ODWHULDO WR 6KLSSHG 3URGXFW WKH FRQYHU'
SURGXFW ZKLFK LV WKHQ SDFNDJHG VWRUHG DQG V

5Dz AODNH JLQLVKHGD RN 6WRUHG 6KAS WKH 6KLSSHG
ODWHULDBWRGXFBWRGXFWWRUH BURGXEZW3URGXFW BURGXFW
WR &XVWRPHU

6KLSSHG 3URGXFW WR 3KRHUWRBHFWHIFIHEROOHFWLQ
SURGXFWYV WKDW KDYH EHHQ VKLSSHG WR D FXVWRPFE

6KLSSHG &ROOHFW 3D\PHQW
BURGXFW y 3D\PHQW IRU y 5HFHLYHG
WR &XVWRPHU 3URGXFW

&XVWRPHU IHHGEDFN WRWGRHSBYRNFHG RXKBRRHW WR D

RU DIWHU D VDOHgxssruw WR

&XVWRPHU D FXVWRPHU 6HUYLFHG

YHHGEDFN y EHIRUH RU y &XVWRPHU
DIWHU VDOH

>&&UREZW D@ KDYH DOVR GHYHORSHG D GHFLVLRQ
FDOOHG '3/ ZKLFK FRQWDLQV ERWK GHWHUPLQLVWLF |
FRQFHSWV RI GHFLVLRQ WUHH DQDO\VLY DQG LQIOXHQ
EXVLQHVV SURFHVVHYVY FDQ EH UDQNHG LQ WKH RUGHU
$PHULFDQ SURGXFWLYLW\ DQG 4XDOLW\ &HQWHUT



&KDSWHU 3 URHPLDUH®DLLQHL{ 3 URFG LKL

&OHDULQJKRXVH >$34& @ KDV DOVR FRPH RXW ZLW

JUDPHZRUN ZKLFK SUHWW\ PXFK DJUHW\D@ LW K HW KOHD \Z

GLYLGH SURFHVVHV LQWR W2BHODWLJ F BDVHERWNKHHV

ODQDJHPHQW 6XSSRUWOIUREHBVYRSRVHY DQRWKHU ZD\

SURFHVVHV LQWR WKUHH EURDG W\SHV VHH )LIXUH

+ &RUH SURMHKWMHFMRQFHQWUDWH RQ VDWLVI\LQJ H[WH
DGG YDOXH LQ D zZD\ SHUFHLYHG E\ WKH FXVWRPHU
FXVWRPHU UHTXHVW

$ 6XSSRUW SUWRKH\WYRQFHQWUDWH RQ VDWLVI\LQJ LQW
DGG YDOXH WR WKH FXVWRPHU LQGLUHFWO\ E\ VXSS
PLJKW DGG YDOXH WR WKH EXVLQHVV GLUHFWO\
HQYLURQPHQW

+ ODQDJHPHQW SWRHHFREBFHUQ WKHPVHOYHV ZLWK PD(
RU WKH VXSSRUW SURFHVVHV RU WKH\ FRQFHUQ Wk
OHYHO

ODQDJHPHQW
SURFHVVHYV

L+ WT

JLIXUH a 7KH WKUHH W\SHV RI EXVLQHVV SURFHVV >

)LQDOO\ WKH 35,08 SURMHFW PDWFKHV RXU YLt
IXQFWLRQDOLW\ DQG FDWHJRULVHV SURFHVVHV E\ DC
FODVVLILFDWLRQV RI EXVLQHVV SURFHVV >35,0%$ @

f 3HRSOH SURFHVVHV WKHVH WDNH SODFH ZKHQ D P
REMHFWLYHV DQG NH\ SHUIRUPDQFH LQGLFDWRUV W
GHWDLOV RI WKHVH EXVLQHVV SURFHVVHV FKDQJH I
7KH\ UHTXLUH YHU\ OLWWOH ,7 VXSSRUW IRU WKH
LQIRUPDWLRQ DV LQSXW



&KDSWHU 3UF ] % XLLOQHLL % URPHU%HDAMQIGLLL]HL

1

&RPSXWHU SURFHVVHV WKHVH FDQ EH IXOO\ DXWRPD
RSHUDWH D FRPSXWHULVHG V\VWHP 7KH FRPSXWHU \
SUHYHQW VHQVLWLYH LQIRUPDWLRQ EHLQJ JLYHQ WR
EDFN XS DQG WUDQVDFWLRQ ORJJLQJ ZLOO EH UHTXL
LQIRUPDWLRQ

6KDUHG SURFHVVHV WKLV WKLUG VHW RI EXVLQHVV
WKH IXQFWLRQDOLW\ RI WKH EXVLQHVV SURFHVV DQ
VI\VWHP

35,0 SURMHFW DOVHEXM)AWHRG XFHUW MKW KIDGVHU L[ KLJK
SURFHVVHYVY 7KH SURFHVVHVY DUH LQ WKUHH SDLUV 7K}t
ZKLFK ORRNVY DW WKH VKRUW WHUP LVVXHV DQG WKH LQ
DwW WKH ORQJHU WHUP VWUDWHJILF GLUHFWLRQ 7KH SUF

t
t
t

BURGXFWY DQG 3URFHVVHYV
&DVK DQG )LQDQFH
BURGXFWLRQ DQG ODLQWDLQDQFH

JLIXUH 35,081V %XVLQHVYV 3URFHVV ORGHO >35,0% @

SHVHDUFK )RFXV

7KH IRFXV RI WKLV ZRUN LV RQ WKH PRGHOOLQJ |

VIVWHP DQG LQVRHWHVAE® ML ZH PHDQ D V\WWHP ZK



I;(WHU 3 8 8 DUHD L X LQHLL 3URFH--H- DQG !

KXPDQ DFWLYLW\ RU KXPDQ MXGJHPHQW VXFK DV DQ
ZLOO WU\ WR H[SORUH WKH DELOLWLHV DV ZHOO DV \
WHFKQLTXHV DQG PHWKRGRORJLHV 2XU DLP LV WR H
FKRRVH WKH RQHV WKDW EHWWHU VXIILFH WR EH LQF
SURFHVV PRGHOOHU 7KH DERYH ZRUN UHTXLUHV D XC
QDWXUH IRU WKH VWXG\ Rl (QWHUSULVH DQG %XVLQHV
IRU WKH GHYHORSPHQW RI FRQWURO DQG GLDJQRVWLF
SDUWLEXODUV RI D EXVLQHVV SURFHVYV

$ VSHELILF FDVH VWXG\ KDV EHHQ FKRVHQ WR
DQDO\VLY DQG WKH HYDOXDWLRQ RI WKH GLIIHUHQW
IUDPHZRUN ZLOO WDNH SODFH 7KH +XPDQ 5HVRXUFH C
ILUP LV VWXGLHG KHUH 7KLV V\VWHP EDSWXUHV WKH
Rl WKH ILUPYV ZRUNIRUFH 6XFK DFWLRQV DUH QRW FIL
WKH FRPSDQ\fV HVWLPDWHG WXUQRYHU ZKLFK LV D
&RQVXOWDQF\ VHUYLFHV DUH G\QDPLF LQ QDWXUH DQ
VIVWHP ,Q VIVWHP PRGHOV YDULDEOHV DUH RUJDQLYV
UHODWLRQVKLSY 7KH EHKDYLRXU RI VXFK V\VWHPV L
EHWZHHQ WKH FUHDWLRQ Rl SROLFLHVY LPSOHPHQWDMW

7KH XQGHUVWDQGLQJ RI WKH G\QDPLFV DQG JH
VWUXFWXUHV DQG SDWWHUQV RI EHKDYLRXU RI WKH
FUXFLDO WR EHLQJ DEOH WR SODQ DQG PD[LPLVH VHU
ZHOO DV WR RSWLPLVH WKH XVH RI WKH H[LVWLQJ \
UHFUXLWPHQW SROLFLHV 7KH JHQHUDO FRPSRQHQW:
VIVWHP FRQVLVWY RI IHHGEDFN UHODWLRQVKLSV LQYR
WKH GHPDQG RI VHUYLFHV DQG WKH DELOLW\ WR PF
PDQDJHUV DQG SODQQHUV LV WR LGHQWLI\ DQG XQ
FUHDWLQJ D PRGHO RI WKH SDUWLFXODU V\VWHP V
WHFKQLTXHV ZH FDQ GHULYH D UHFUXLWPHQW SROLF
QRZ SRVVLEOH WR ILOO WKH JDS ZKHUH RXU MXGJHP
VKRZLQJ WKH ZD\ LQ ZKLFK WKH NQRZQ VHSDUDWH V
XQH[SHFWHG DQG WURXEOHVRPH RYHUDOO V\VWHP UH



&KDSWHU 3UREOHP BXWHIQHO 3URFHYyyHl, QRG W

7KH FRQVXOWLQJ ILUPTV SUREOHP D FDVH VWXG\

7KH PDQDJHPHQW RI D FRQVXOWDQF\ ILUP KDV E
VHHPLQJ LQDELOLW\ RYHU WKH SDVW IHZ \HDUV WR
VHUYLFHV 7KH ILUP DOVR VHHPV QHYHU WR KDYH WK}
DQG MXQLRU FRQVXOWDQWY WR RIIHU D EDODQFHG V.
EXVLQHVYV

,Q WKH FDVH XQGHU VXUYH\ ZH DVVXPH WZR GL
LQW HER@WX O W D 8 WWH BRQBIOW KiKH LQWHUQDO FRQVXOWD
GRZQ WR RWKHU OHYHOV DFFRUGLQJ WR ZRUNLQJ HJS
IURP WKH LQWHUQDO FRQVXOWDQWYV ILUVW WKH ILUF
WLPH RI VXSHUYLVLRQ WUDLQLQJ EHIRUH XOKIRWU D
FRQVXOWDQWY 7KLV LV FDOOHG DQ *RULHQWDWLRQ
WHFKQLFDO DV ZHOO DV VRFLDO GLPHQVLRQV >$EGHO
KLUHG SHUVRQQHO RIWHQ UHTXLUH FRQVLGHUDEOH
RUJDQLVDWLRQYV XQLTXH PL[ Rl VRIWZDUH SDFNDJH\
HWVRFLDO RULHQWDWLRQY @ LW UHIHUV WR WKH SUR
DORQJ LQ WKH RUJDQLVDWLRQ ZKDW WKH NH\ QRUPV
EHKDYH ZLWK UHVSHFW WR RWKHUV LQ WKH RUJDQLVI
EH DW VSHFLILHG WLPHV ZKDW WR ZHDU ZKDW WR FD
D TXHVWLRQ KRZ FDUHIXOO\ WR GR WKH MRE DQG H
OHDUQHG RYHU WLPH" >6FKHLQ @ +HUH ZH DVVXF
VXSHUYLVHV MXQLRUV IRU D SHULRG RI \HDUV EHIF
-XQLRU FRQVXOWDQWY UHFHLYH VXSHUYLVLRQ E\ FRQ"
$W WKH HQG RI WKH WUDLQLQJ D SURSRUWLRQ RI W
UHDVRQV WKH UHVW EQVFROMQPD WXBDODRIHHELPH IRU SU
FRQVXOWBQWRWOWROWDQWY LV \HDUV GXULQJ ZKLFK
OHDYH WKH ILUP

BHQLFRRQVXOWDQWY WHQG WR VWD\ ZLWK WKH ILU
VHQLRU FRQVXOWDQWVY TXLW IUDFWLRQ LV WKH ORZH
JRU HYHU\ MXQLRU FRQVXOWDQWYV D TXDOLILHG FI
VXSHUYLVRUV DQG MXQLRU FRQVXOWDQWY DUH DEOH
SURGXFWLYH FRPSDUHG WR WKH UHVW RI WKH TXDO



&DSNHU 3JRW"LHP IMXHDQHLL 3URFHYWQHDBMLQWM

VXSHUYLVRUV &RQVXOWDQWYVY DQG VHQLRU FRQVXOW
VXSHUYLVRUV RU ZRUNLQJ RQ SURMHFWV

7KH FRQVXOWDQF\ ZRUNIRUFH RI WKH ILUP DOVR
ZKR DUH HPSOR\HG IRU D VKRUW SHULRG RI WLPH 7KH
WKH ILUP GHSHQG RQ WKH PDUNHW GHPDQG IRU FRQV)
DQQXP +HUH LW LV DVVXPHG WKDW H[WHUQDOV DUH
WKH FRPSDQ\ RQO\ ZKHQ WKH SURMHFW ILQLVKHV 2Q
QXPEHU RI TXDOLILHG FRQVXOWDQWY RU WKHLU HTX
WKH DFWXDO QXPEHU RI HTXLYDOHQW FRQVXOWDQWYV
SURMHFWY XQGHUWDNHQ MREV WHQG WR WDNH ORQJF
FRPSDQ\ VWDQGDUG SUDFWLFH WKDW HDFK SURMHFW
FRQVXOWDQWY ZKR DUH QRW DW WKH VDPH WLPH DFWI

7KH SUHGLFWLRQ RI H{WHUQDO GHPDQG RI FRXU
RI REWDLQLQJ QHZ SURMHFWYV LV JRYHUQHG E\ DQ H[R
WKDW JURZV VORZO\ DQG WHQGV WR ULVH DQG IDOO L
QXPEHU Rl SURMHFWYV FXUUHQWO\ EHLQJ ZRUNHG RQ
JRYHUQ WKH QXPEHU RI FRQVXOWDQWY H[WHUQDO DQ
KDYH 7KH GLVFUHSDQF\ EHWZHHQ WKDW DQG WKH DFV
UHFUXLWPHQW UDWH )LQDOO\ WKH FRPSDQ\ LV DVVX
VWDII RQ WKH JURXQGV RI UHGXQGDQF\ KHQFH MXQL
GLVFUHSDQF\ LV SRVLWLYH RU LQ RUGHU WR FRYHU W

&RQFOXVLRQ

ORGHP EXVLQHVV LV WDNLQJ SODFH DJDLQVW I
FKDQJH 7KH NH\V WR FRPSHWLQJ LQ WRGD\fV HQY
IOH[LELOLW\ :KDW WKLV PHDQV LQ RWKHU ZRUGV L
EXVLQHVV SURFHVVHV YHU\ FORVHO\ WR XQGHUVWDQ
SURFHVVHV FDQ EH RSWLPLVHG ‘H KDYH VHHQ WKDW
DFWLYLWLHYV WKDW DFKLHYH D EXVLQHVYV UHVXOW DQ
SURFHVVHV 7KH PDLQ IRFXV RI WKLV UHVHDUFK ZRUN
EHVW SRVVLEOH ZD\ DQG WKDW ZRXOG LPSO\ PRYLQ.
PRGHOOLQJ WR D IRUPDO OHYHO RI NQRZOHGJH UHSUFE



FKDSWHU IAUREOHP DUHD Y'D LQH £EAURFHWHHS$ DQG

7TKH GLVWLQJXLVKLQJ IHDWXUH RI WKH FXUUHQW
JHQHULF VA\VWHP WKHRUHWLF I UDPHZRUN DQG UHODWH
SDUWLFXODUV RI WKH FRUUHVSRQGLQJ SURFHVV ©6XF
VSHFLILFDWLRQ GHYHORSPHQW RI WKH ,7 'DWD ,QIRU
DFKLHYHG E\ UHO\LQJ RQ D YDULHW\ RI JHQHULF EHKD
SDUWLFXODU VXESURFHVVHV E\ UHFRJQLVLQJ WKH VL
FRQQHFWLYLWLHV E\' XVLQJ DQ LQWHJUDWHG IUDF
'"HFLVLRQ ODNLQJ 2EVHUYDWLRQ ORQLWRULQJ (YDO:
DVSHFWVY 7KH RYHUDOO HIIRUW LV D PXOWLGLVFLSOL
RYHUDOO SUREOHP DUHD DQG WKHQ GHYHORS FRQF
VXESURFHVVHV



&KDSWHU

$ 6<67(06 $3352%$&+ ,1 7+( &217(:7 2)
*(1(5%$/ 352&(66(6



&KDSWHU WWHPLSSUFK LQ WKH FRHQHUW OSURFHyYyYHL

$ 6<67(06 $3352%&+ ,1 7+( &217(:7 2) *(1(5$%
352&(66(6

LQWURGXFWLRQ

7TKH VWXG\ RI EXVLQHVYV SURFHVVHV LV DQ LQW
YDULRXV GLVFLSOLQHV VXFK DV ILQDQFH SV\FKRORJ)\
RSHUDWLRQDO UHVHDUFK DQG PDWKHPDWLFDO PRGH
GHFLVLRQ PDNLQJ $V VXFK LW UHTXLUHV D KROLVW
IUDPHZRUN 7KH GHYHORSPHQW RI D V\VWHPV IUDPHZF
DFWLYLW\ >7DN 7TDNDK @ >0HV @ >*RJ @
GHYHORSPHQWY KDYH EHHQ LQIOXHQFHG SUHGRPLQ
SbDubGLJP DQG DV D UHVXOW WKH\ IDLOHG WR FRSH Z
EXVLQHVV SURFHVVHV GDWD V\VWHPV ELRORJLFDO V
JHQHUDO V\VWHP IUDPHZRUN LV ZHOO EH\RQG WKH VF
DWWHPSW WR LGHQWLI\ WKH DUHDV DQG LVVXHV ZKHU
DQG PRGLILFDWLRQV WR FRSH ZLWK WKH FKDOOHQJH
EXVLQHVYVY SURFHVVHV %3 LV PDGH KHUH

JURP DQRWKHU SHUVSHFWLYH WKLV FKDSWHU DL
EH XVHG LQ WKH IROORZLQJ FKDSWHUV 7KH HIIRUW ZL
DQG LWV EDVLF DVVRFLDWHG FRQFHSWV )LQDOO\ D !
OLQNHG WR EXVLQHVV SURFHVVHV VXFK DV FRQWUR
SURYLGHG

7KH QRWLRQ RI D V\VWHP

7KH GHILQLWLRQ RI D VIVWHP JLYHQ KHUH LV UL
PDQ\ SDUDGLJPV LQFOXGLQJ WKH WUDGLWLRQDO HQJI

'"HILQLWLRQ V\VWH® DQ LQWHUFRQQHFWLRQ RUJDQL\
HPEHGGHG LQ D JLYHQ HQYLURQPHQW



@\OXII BB M\JWHPk DSSURDFK LQ WKH FRQWH[W R*JH

6XFK D GHILQLWLRQ LV YHU\ JHQHUDO FOEMHRKWNYV

FRQQHFWUMDWYWARSRORHQY IDURNWHPMQ EH V\PEROLFDO
DV

6<67(0 6 2%-(&76 7232/2*< 2) 5(/$7,216 (19,5210(1"

5HPDUN 7KLV GHILQLWLRQ RI D VIVWHP LV VXLWDEOH
GRHV QRW PDNH XVH RI QRWLRQV VXFK DV FDXVDOLW
JRDO EHKDYLRXU DQG VR RQ 4XLWH D IHZ V\VWHPV
WKH\ KDYH WR EH LQWURGXFHG DV DGGLWLRQDO SURS

W VKRXOG EH QRWHG WKDW WKH QRWLRQ RI D
IXQGDPHQWDO QRWLRQV WKDW DUH WKH UHVXOW RI R
WKLY QRWLRQ LV DEVWUDFW DQG PD\ WDNH FRQFUHWF
LV LQWURGXFHG :H FRQVLGHU ILUVW WKH PHDQLQJ F
GHILQLWLRQ

7KH QRWLRQ RI 2ZEMHFWYV

, Q WKLVREMHMUMMWMNVFRQVLGHUHG WR EH WKH PRVW S
WKHP WR EH DOPRVW DQ\WKLQJ %\ QRW UHVWULFWLQ
DOORZ IUHHGRP WR FRQVWUXFW DQ\ W\SH RI VA\VWHP V

'HILQLWLRQREMHYSW® JHQHUDO XQLW DEVWUDFW RU SK
DWWULEXWHYV DQG WKH SRVVLEOH UHODWLRQV EHWZH

‘

$V VXFK DQ REMHFW LV GHILQHG LQ WHUPV RI D
VHOHFWHG FKDUDFWHULVWLFV DQG RI WKH UHODWLRC
ZzD\ D IRUP RI RUJDQLVDWLRQ RU D GHJUHH RI NQR.
DWWULEXWHY PD\ EH IXQFWLRQDO OLQJXLVWLF VWU
WKDW VWHPV IURP SDVW KLVWRU\ RI WKH REMHFW R
RSHUDWLQJ 7KXV D FROOHFWLRQ RI REVHUYDWLRQV
DUH FRQVLGHUHG LQ RUGHU WR GHILQH DQ REMHFW

7TKHUH DUH GLIITHUHQW W\SHV RI REMHFWV WKDW



¥ DWRPLF YHUVXV FRPSRVLWH

f QHXWUDO YHUVXV UHODWLRQDO

7TKH FRQVLGHUDWLRQ RWRBIMFSFOLWYV ZRXBKLQDELOLW\ RL
GHFRPSRVH WKHP LQWR VLPSOHU HOHPHQWYV TKH |
WKHPVHOYHVY LOQWHUFRQQHFWLRQV RI RWKHU PRUH
FRPSRYRWAM XWRP@WHFWY DUH VLPSO\ FKDUDFWHULVHG
UHODWERVVQIHFWY LQYROYH ERWK DWWULEXWHY DQG WK
RI ULFKHU QDWXUH WKDW PD\ DOVR EH LGHQWLILHG E\

'"HILQLWLRQ JRU D JLYH® QRE.M R BDW HWWH GWHMO HR IL R
VLIQDOV HYHQWV VWUXFWXUHV ZKLFK DUH FRQVLGH
DUH OLQNHG WR WKH REMHFW LQ WHUPV Rl UHODWLRQ

7KH HVVHQFH RI WKLV GHILQLWLRQ LV WKDW IRU
REMHFW WKDW LQFOXGHV DOO VWUXFWXUHV DQG DW
REMHFW XQGHU FRQVLGHUDWLRQ PD\ EH UHODWHG WR
WR EH H[WHUQDO 7KH H[LVWHQFH RI WKH REMHFWV:
LPDJLQDU\ ERXQGDU\ DQG VXFK FURVVLQJV LQGLFDW
REMHFWVY LQ LWV HQYLURQPHQW 7KLV SURYLGHV D

LOQWHUFRQQHFWLRQ RI LW ZLWK WKH RWKHU REMHFW\
EH LQGLFDWHG E\ WKH IROORZLQJ )LIJXUH

A 2%-(&7

JLIXUH82EMHFW (QYLURQPHQW 5HODWLRQ

7KH OLQNLQJ RI REMHFWV WR DQ HQYLURQPHQW
L HDXWRQRPRENEHGRBHKBHFWXWRQRRRMMFW KDV QR OL
HQYLURQPHQW DQG WKXV LWV DWWULEXWHY EHGGBG V
REMHFW KDV DFWLYH OLQN WR LWV HQYLURQPHQW DQ
VWLPXOL HYHQWV $Q DXWRQRPBYK FRE MW®WD MVODL E X
WLPH GHSHQGWQWHDRWKHUZLVH 7KH WRSRORJ\ RI WK



FKDSWHU A-O VIVWHPV DSSURDFK LQ WKH FRQWH[W R

HQYLUR®HIHQWW MX® LQWHUFRQQ@KEW VRVQU X M X-E®BPLDH E
HYROYWQPH RU HYHQW GHSHQGHQW DQG LQWURGXF
HPEHGGHG REMHFWV &OHDUO\ DQ REMHFW PD\ IXQF\
DFWLYH RU VWR®ALFOOVEH YMHEP WR UHIHU WR WKH GL!
DQ REMHFW 7KH FKDUDFWHULVDWLRQ RI REMHFWV XV}
GHILQHG EHORZ

'HILQLWLRQ DWW WREXWB REMHFW LV DQ LGHQWLILDEO
FKDUDFWHULVWLF Rl WKH REMHFW

‘

,Q WKH FXUUHQW FRQWH[W LGHQWLILDELOLW\ LP
ZLWK WKH REMHFW ZKHUHDV PHDVXUDELOLW\ UHTXLU
RI YDOXHV RU IXQFWLRQV $WWULEXWHYV ZKLFK DUH C
VWDWLF PRGH ZL®DUBERHEHEYWKREY HDWKDW DUH GHILQ
HPEHGGHG PRGH YDOODDERWW OVKHDA&V VXFK D FODVVLILFI
WKH GLITHUHQW VWDJHV RI WKH OLIHF\FOH RI WKH REN
DQ REMHFW PD\ EH WKH RXWFRPH RI GLUHFW REVHUYD
RI HISHULPHQWY DW VRPH WLPH LQ WKH SDVW

‘H VKDOO GHQRWH DQ REMHPMWEM FPWUCHESRBQGL!

SDUDPHWHUYVY DQG YDULDEQO@HWR $8H/ XL QXK M K H (R-EEIWDHTF
DXWRQRPRXV PRGHUHZSBDPNRERIWEH VWDQGDUG PDWK
RI WKH WHUP9 ‘R QWKKIH/ VW HW\ EH WULYLDO LGHQWLW\ P

WKLV VHW ZLOCh EHDGBQURMW HGXEAG DM ONBRMHL R Q/\K B/ UV - R
5 %PD\ EH GHILQHG ZKHQ WKH REMHFW LV FRQVLGHU
WKLV LV GHRRWMQG ENHIBIXW R GRPR X VV U MG B HROQVE VH W
9 %RQ ZKLFK WKHUH DUH QR WULYLD®SOHB DWW QRQNW.
GHQRWHG E\ 7KH VXEVHW RI QRQWULYLDO UHOL

SURYLGH VRPH IRUP RI LG®%QWUWW\D ER/U Q¥ KIH RR EWIBI IEYAL
JXDUDQWHHYV VRPH IRUP RI LQOGHSHQGHQFH PRIHWKH |

PD\ IXUWKHU FODVVLI\ DV IROORZV



&8 whu A LwhPSSkbL LQ WKH FRQWH[W RMJHQHUI

'"HILQLWLRQ $ @ O WYZKULIFKE OBIWHRQRQWULYLDO UHOD)
ZKHQ WKH REMHFW LV LQ WKH D XKWRH®R® IR Q/GR RGHH W H €
GHQRWH® BQ\ VXEVHW RUWK WKH DGGLWLRQDO SURSH

DUH LQGHSHQGHQW LQ VRPH DOJHEUDBF%VAHO@WOH EBQ

UHIHUVWOGRM VKH ODWWHU DUXH GHQRWHG E\

‘

6XFK D GHILQLWLRQ LV LQWXLWLYH DQG UDWKHU
DQ DSSURSULDWH PDWKHPDWLFDO IRUPDOLVP LV UHTX
VXFK DV
L 'HILQLWLRQ RI LQGHSHQGHQFH RI YDULDEOHV DQ
LL (ISUHVVLRQ RI GHSHQGHQW YDULDEOHV LQ WHUT
&OHDUO\ IRU JHQHUDO G\QDPLFDO V\VWHPV DQG OLQH
DOJHEUDLF VHWXS LV DGHTXDWH IRU DGGUHVVLQJ WK
PRUH JHQHUDO IUDPHZRUN LV QHHGHG

7KH VHW RI LPSOLFLW VWDWHY H[WHQGHG VWDW
PD\ EH RUGHUHG LQWR D YHFWRU IRUP 6XFK [WHSUHYV

[BXWHVSHFWLYHO\ DQG% "N % SURYLGH DQ HJ[S

UHSUHVHQWDWLRQ RI WKH FRUUHVSRQ®@GREKWKHOHPHWQ W
DVVRFLDWHG VHW RI YDOXHV LQGH[HG &b Q/JHRN AR HHY
SDUWLFXODU YDULDEOH 7KH RU®GHVHG RWHRBI BO Q%JCLC

DQG LW LV FDIORMBI G%WKH FRUUHVSRQGLQJ %W[BBBFHN IR

GHQRWHG UHVISHFWAYH®\DEAG VKDOOL ESO LHHWHQG GG D
VWD W HUWHS/CBAHHF Wi YAHKO RSDFH =% H[SUHVVHY DOO NQRZ

REMHFW DW D JLYHQ WLPH DQG IRU D VHW RI HYHQWYV
GRHV QRW QHFHVVDULO\ LPSO\ PLQLPDOLW\ LQGHS
FRQWDLQHG 1RWH WKDW IRU WKH DERYH VSDFHV WKH

l1EF ;EF =EF E
$Q LPSRUWDQW FODVVLILFDWLRQ R |SRARM HWFK\HY MH\

9 % 'XULQJ WKH REMHFW{V OLIHF\FOH FHUWDLQ YDU
DSSHDU WRIJHWKHU ZLWK WKH SRVVLEOH FKDQJLQJ RI



7KHUH DUH WZR H[WUHPH FDVHV DVVRFLDWHG ZLWK W
GLVDSSHDUDQFH RI DOO YDULDEOHYV DW [ HDBRMYMWKE L(
REMHFW 7KH VHFRQG FKDUDFWHULVHYVY WKH HPHUJHQF
DVVRFLDWHG ZLWK LW HPHBUOHRWWKNM RY¥ MHAW) UHIHQU |
RI' D SURFHVV REMHFWY PD\ KDYH YDULDEOHV GLVDSS
IROORZLQJ GHILQLWLRQ

'"HILQLWLRQ % $ QR B EMKHFW LWEXHDY GLQBPLMQV IL[H

WKURXJKRXW WKH REMHFWIIVY[O®RWRHWAH VAL OOV EAH GO
HYROYLQJ

‘

SHPDUN 7KH DERYH GHILQLWLRQ LV PRWLYDWHG
HYROXWLRQ WKURXJKRXW LWV OLIHF\FOH ,QGHHG [
FDUGLQDOLW\ DQG VRPH RI WKHP PD\ EH ERUQ RU GLH
IDFW WKDW B %¥YHDIHBWLQVRFDUGLQDOLW\ LPSOLHV WKD

LOWHUFRQQHFWLRQ WRSRORJ\ RI REMHFWYV PD\ DOVR
WKDW WKH LQWHUFRQQHFWLRQ WRSRORJ\ LV DOVR VXE

7KH UHODWLRQ@V % HIDQHBERI®@FW SURYLGH D FKDU
DQ H[SOLFLW zZzD\ 2EMHFWYV IRU ZKhFRQWIOH QX OMWUB k
QRQWULYLDO HOHPHOQWWIEHMBIEAHVFDOOH WKH LPSOLF

HILVWHQFH RI QRQWULYLDO UHODWLRQV DPRQJVW WK|
IXQFWLRQDO IRUP DV

IV L %

JRU WUDGLWLRQDO G\QDPLFDO V\VWHPV WKH DERYH
LOQWHUSUHWDWLRQ )RU PRUH JHQHUDO REMHFWYV W]
DOJHEUDLF VHWXS ZLWKLQ ZKLFK VXFK UHODWLRQV PLC

7KH HPEHGGLQJ RI DQ REMHFW WR DQ HQYLURQPF

EH SDUWLWLRQHG DV



&KDSWHU B u- +MLWHPL DSSURDFK LQ WKH FRQWH[W RM

ZKHW® Y %GHQRWH YHFWRHQHHDBO HYNGQIBXWSXWWH G L (

UHVSHFWLYHO\ WKDW LV YDULDEOHYV IHHGLQJ WKURX.
REMHFWY UHVSHFWLYHO\ WKDW H[SUHVV WKH LQWHUI

ORFD[OOGHQRWH WKH LQWHUQDO YDULDEOHV RU H[WH(
ZUW<Y%DOUH PDQLIHVWRWDRQMWRRMWMKKREMHFW WKDW LV
REMHFW LV HPEHGGHG LQ LW%WPHDQWHHBROBPWQWLRKQH & HDF

& ? E E?
ZKHUH GHQRWHV WIOR FYlHFF VWRI D VRRIEN PRIQ IV VZ [pRUV/H DWKSH
UHPDLQLQJ YDULDEOHV ZKLFK DUH QRW RIHRFHR/W D UEBT
LEQSXWV WR RWKHUYREMHEMW\SDOWIL\WDRIONG DV

<t WIER
ZKHUWHAV D YHFWRU ZLWK YDULDEOHV DXYRWLDWHGWAR

ZLWK YDDUBEWHYULOD QG VU BQHIRGHE® DAMKSX\GWILQLWLR
SDUWLWLRQLQJ RI WKH LPSOLFLW YHFWRU DV G

HPEHGGLQJ RI WKH REMHFW WR WKH HQYLURQPHQW
UHIHUUHRU DN QMWKIHW KRIQREMHFW ZLWK UHVSHFW WR LWV
LV GHVFULEHG GLDJUDPPDWLFDOO\ DV

u ?
\ L
!
Y M
JLIXUH 2EMHFW RULHQWDWLRQ DQG WKH REMHFWY{V HPEHG

7KH VSDFHV FRUVYWYV YR QUYWRWRUV ZLOO EH G

9% 9% 8% E:UHWSHFWLYHO\ DQG UHIHUUHG DV
9% LQSXW LQIOXHQFH VSDFH
% RXWSXW LQIOXHQFH VSDFH



8% FRQWURO LQSXW VSDFH
<% RXWSXW PHDVXUHPHQW VSDFH

9% LQWHUQDO LQSXW VSDFH
DQG FKDUDFWHULVH WKH QDWXUH RI WKH REMHFWV HF

$Q LOQOWHUHVWLQJ FODVV Rl UHODWLRQDO REMHFW
PD\ OHDG WR H[SOLFLW RULHQWHG UHODWLRQV RI WKH

\% SE E. €

e © 910

'"HILQLWLRQ $ U BOIRWLRIQIDFK REMHEWSOLFLW UHOI
H[SUHVVHG LQ WKH IRUP VWURQJD\ CRQGEHQFDHOBIHW & L O C
UHIHUWH® @VIHU DQWL FR WUDQVIHU UHODWLRQV

W LV ZRUWK QRWLQJ WKDW LI WKH REMHFW HQYL
RULHQWDWLRQ LV SDUWLDOO\ VWUXFWXUHGBWRPH IUH

, I KRZHYHU WKH HQYLURQPHQW LV QRW H[SOLFLWO\ C
PD\ EH WKH UHVXOW RI VSHFLILF GHVLJQ RI LQSXW R:
GHILQHG ,Q WKH FDVH ZKHUH RQO\ PD\ EH H[SOLFL
ZHDNO\ RULHQWHG

2EMHFWYVY KDYH EHHQ LGHQWLILHG ZLWK WKH VHW
ZLWK WKHP )RU D JLYHQ YDULDEOH RI DQ REMHFW [
DQRG RU HYHQWYVY 7KH WLPH DQG SRVVLEOE HKDHYERR XY R
WKH YDULDEOH DQG LW LV D QRWLRQ WKDW H[WHQGV V
ZLWK WKH REMHFW 5HODWLRQV RQ DQ REMHFW ZKLF¥
FDOEHKDYLRXUD®QHEHODW URI@QHUDO WKH\ FRPSULVH D
UHODWLRQV GHILQHG RQ DQ REMHFW VXFK UHODWLR
HYROXWLRQ RI DQ REMHFW

7KH QRWLRQ RI &RPSRVLWH 2EMHFWYV

7KH HVVHQFH RI D V\VWHP LV WKH RUJDQLVDWLRC
JHQHUDO WHUPV WKLV LV ZKDW GHVFULEHV WKH QRY\



&KDSWHU - O £JLWHPL DSSURDFK LQ WKH FRQWH[W R \

REMHFWYVY LQ WKH IRUP GHVFULEHG E\ )LJXUH LQW
WRSRORJ\ RI LQIOXHQFHVY DQG WKLV SURGXFHV FRPSR
JHQHUDO DUH GLITHUHQW WR WKRVH RI FRQVWLWXHQ
PDLQ DVSHFWYV

L 'HILQLWLRQ RI DQ REMHFW EDVHG ORFDO LQWH!I
LL 5XOHV IRU LQWHUFRQQHFWLQJ REMHFWYV

7KH GHILQLWLRQ RI DQ RULHQWDWLRQ DV GHVFUI
SDUWLWLRQLQJ Rl WKH LPSOLFLW YHFWRU .. DV

aw W W W

DQG VXFK D SDUWLWLRQLQJ OHDGV WR WKH IROORZLQ.

'"HILQLWLRQ *LYHQ DQ RULHQWDWLRQ RVWRH LPSC

ZH GHILQH

L 7KH>SDXONVRIHWKHU ZLWKYWKRM UH@EDWKRRQKH LPSC
YHFWRU .. LV GHIEOQOH® @R WIOKFHW REMHIBW ILQHV WK

PHDV XU HDRHR ¥ X WKRQ W URO R MWW KHWEMH FW
LL 7KH Z3BDLWRIHWKHU ZLWK S\aRH %H @ PWMK RMQRH LP S
YHFWRU .. LV GCOWHIHGR @WHKWHRQ H R2 %V 6EHR EQIHWF W
WKREKW SXW FRQQ H MVICR QRVMIUXFXNWK EBRQQHFWLRQ VWU >
LLL TKH[YoMWARNRWKHU ZLWKZLWYX WHGOIDMPLISROQ\WFLW YHF

WHKIDPWHUQDORVWWHXFREKMHFW

‘

$Q RULHQWHG REMHFW HQWHUV UHODWLRQV ZI
HQYLURQPHQW DV D VKHOO LQ WKH zZD\ GHVFULEHG EH

&21752/ 0($685(0(17
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JLIXUH 2EMHFWYV LOQOWHUDFWLRQ ZLWK HQYLURQPHQW |



&KDSWHU - 0O y\yWHUQY DSSURDFK LQ WEHRFRHQLHIW R I

7KH YHRWRUNVUH HOHPHQWKEDRO BRFEEDYVROHPHQWWKDWX F

ZLOO EH GHILQHG ODWHU ZKHUHDV WKH SDLU Z% \%

HOQOWHU UHODWLRQV ZLWK RWKHU REMHFWY DQG WKXV
WKDW LV GHILQHG EHORZ

'HILQLWLRQ &RQVLGH®WQEB VHW KR ILQBMKFRQQHFW
DOG:IBHWVKH FRUUHVSRQGLQJ VSDFHV RI

9 )M S estt <[ < F1:$<«GHQRWH WKH DJIJUHIDMHHO QED F H \
Z H

Y MYL 2 YA- 9L «<2<¢«YS Z >ZL ZS- L <2 Z¢

WKHQ ZH GHIQWH WDAR Q Q HF WQR @ D/SNXPKPW X W

W LV FOHDU WKDW WKH QDWXUH RI REMHFWV D
QDWXUH Rl WKH LQWHUFRQQHFWLRQ VWUXFWXUH 6XF
WKH\ PD\ FKDQJH DV D UHVXOW RI GLVFUHWH HYHQWV
REMHEWY DUH HYROYLQJ DQG RU WKH VWUXFWXUH PD\
HYROYR@XHUZLVH WKHMPH®O (EROFDQDOHEWHUFRQQF
DSSHDU LQ PDQ\ DUHDV RI HQJLQHHULQJ DQG QRQ HQ.
WR IDXOWV UHGHVLJQ RI SURFHVVHV FKDQJHV RI

LQWHUFRQQHFWLRQ VWUXFWXUH DUH WKRVH GHILQHG
VWUXFWXUH ZH PD\ QRZ GHILQH D FRPSRVLWH REMHEW

'HILQLWLRQ "% GSYHBH DQ RUGHUHG VHW EH REMHF
LOQWHUFRQQHFWLRQ VWUXFWXUH GHILQHG RQ WKHP
%D "L %MZLOO EH DOVRDGHQRMHSD QX ZLOO EH FDO
DJJUHJDWRIREKH PMMW ,1 GHQRWHYV WKH DEWLRQ RI
%D WKHQ WKH UHVXORMRPBR REWM HRERIREH @ QOHGY UHSU
E\



&KDSWHU DSSURDFK LQ WRKWH © RIQWRI{WL 6 H L

$ FRPSRVLWH REMHFW PD\ EH UHSUHVHQWHG LQ
DQG DV LW LV LQGLFDWHG E\ )LJXUH S BRFEIR/SYRYILW I
WKHUH LV D JRDO IXQFWLRQDOLW\ DVVRFLDWH® KH W

DJJUHJDWLRQ RI WKH FRIGIHSWS RIDIB L Q Bl H{BABRBEXW WK
UHODWLRQ LV LQ JHQHUDO GLIIHUHQW WKDQ WKRVH

LV DIIHFWHG E\ WKH) FEASBYGWQR FRQXWHRO DQG PHDV
W KD W

Q3 3100 $283\8 \ %LS S\ %S S Q
7KH VHW RI| YDULHSEMOHV LLE@DSA H[WHUQDO IRU WK

REMHFWVY EXW WKH\ PD\ RU PD\ QRW B Q& HWKW\KHVKHC
EHFRPH LQWHUQDO IRUSWWKH RPIRDEWH\WREQWHULQJ V
E\) DUH ADFOMB®GHUHDV WKRVH) QRWH DU HH 8\W KSSEIDV Y H

YDULDEOHY HQWHU UHODWLRQV DQG WKXV EHFRPH |
YDULDEOHVY UHPDLQ XQDIIHFWHG DQG WKXV H[WHUQDO
QHXWUDO FRPSRQHQWWHIRP WiISH UWHHABY FWIe HO\ ZH

YHFWRUZV ZKLFK DUH HI WHUQDO WR WKH FRPSRVLWH R
YSH[SUHVYVY YDULDEOHVY WKDW DUH H[WHUQDOO\ VSHFL
I[URP DQRWKHU SURFHYHM[SDGET@WERBRREXEWYV RI VRPH S

PD\ RU PD\ QRW EH PHDVXUDEOH FRPSOHWHO\ 7KH F
DV VKRZQ EHORZ

XgAP + «vVix©A \g \geviEiglg

| &20326,7( 2%-(&7
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JLIXUH &RPSRVLWH REMHFW UHSUHVHQWDWLRQ



WU Qw FUDU/ LQ WKH FRQWHI[W MR

7KH UHODWLHLBEGPVS W5NDVVRFLDWHG ZLWK WKH FRP

VKDSHG E\ WKH ) QXN MWKD WKIHR Q J R @HDDOIMEH WREMWH AW H U |

EHKDYLRXUV RI WKH FRUUHVSRQGLQJ YHFWRUV DUH L
RQ WKH DJJUHJDWH REMHFW 7KH UROHWMWWKM EQ WH.
GHWHUPLQLQJ WKH QDWXWH RI WKH FRPSRVLWH REMHF
7KH QDWXUH RI WKH SURFHVV ZH DUH GHDOLQ
SURSHUWDI\G PIHDGY WR WKH IROORZLQJ JHQHUDO FOI
D 1DWXUDO PDSV
E 'HVLJQ PDSV
F )YOH[LEOH PDSV
6XFK D FODVVLILFDWLRQ LV QRW UHODWHBXWRWRKW k
SURFHVV WKDW OHDGV WR WKH IRUPDWLRQ RI WKH F
RFFXUULQJ DV D UHVXOW RI SKHQRPHQD EH\RQG WKH
DV XQLTXH VROXWLRQV WR GH YKLE KSIMR X @QB® X FK DNV B
WKH SURSHUWUHVERVRQG WKH FRQWURO RI DQ\ GHVI
PRGLILFDWLRQ RI WKHP FDQQRW EH DGGUHVVHG GXH \
LQFOXGHV SK\WLFDO FKHPLFDO ELRORJLFDO SURFHYV
LQIOXHQFHG E\ KXPDQ LQWHUDFWLRQ 7KH FUXFLDO
DFFHVVLELOLW\ Rl WKH VWUXFWXUH WKDW LV DELOLYV
$ QXPEHU RI SURFHVVHY DUH HQWLUHO\ PDQPDGH DQC
LV WKH VXEMHFW RI D GHVLJQ SUFRHWRISAX FKQ 8DISWV ]
UHODWHG WR WKHLU V\QWKHVLV DUH VLJQLILEDQW
GHVLJQHG ZKHUH WKHUH LV VRPH DELOLW\ WR PRGL
DOWHULQJ WKH RULJLQDO IXQFWLRQDOLW\ SXUSRVH
IOH[LEQG IRU VXFK SURFH\ZVYMK IUHBGHWHWQRQEFERQVWUDL
LVVXH XQGHU FRQVLGHUDWLRQ

7KH VA\VWHP DQG LWV HQYLURQPHQW

&RPSRVLWH REMHFWYVY PD\ EH FRPELQHG DFFRUC
RYHUDOO LQWHUFRQQBDRVELRW®LW RBHRIDARM\WR WKH GHIL
PD\ EH UHSUHVHQWHG LQ D JHQHUDO 6RUP* DX VKRIZY



I><WHU B @ DGLWHPL DSSURDFK LQ WKH FRQWH[W R

GHQRWHV WKH DJJUHJDWH RI SU R FHW/NG W K& VMM WRRIP Q
LQWHUFRQOBBQYE RMKRRSRORJI\[BIQG < A LV WKWWDWWMH F

YHFWRKIHUHDV XY KFMLRWX A\ \S L\ DUH UHVSHFW

LOQSXW DQG RXWSXW YHFWRUV ZKLFK DUH H[SUHVVFE

VXESURFHVVHV [ THHSYH¥FWRWY WKH FRPSOHWH NQRZ

PHFKDQLVP RI WKH VI\VWHP DQG LWV FRPSRQHQWYV HIS
GRZQ WR WKH REMHFW OHYHO
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JLIXUH 7KH 6\VWHP DQG LWV (QYLURQPHQW

7KH LQWHUFRQQHFWLRQ WRSRORJ\ LV LQV WU XKHQWD
VSDFH RI DOP LWD O N HMVBBI\G HRYSDIKH VI\VWHP DQG LV Gt

7KHUH H[LVW UHODWLRQV EHWZHHQ WKH VWDIMHYGRI W
UHIHUUHLG WW WIHO U HEBW DRPYSPOEVFULEHY WKH HYR
EHKDYLRXU DQG LW LV DIIHFWHG E\ WKH EHKDYLRXU |
WKH WRSRORJ\ Rl ) QI/GIG MR FRWERDYJ RI WKH LQWH
HQYLURQPHQW

7KH YHEWRISUHVHQWY WKH VHW RI DOO H[WHUQ
REMHFWV DQG SURFHVVHV LQ WKH V\VWHP WKURXJK V
DVVLIJQHG H[WHUQDOO\ 7IKQ¥XYWH PWRWRKLHD ¥ SH HF 0RQ MDH
L“ZLOO EH GHQRWEGUHIHQSK® MEPEBDUDNSUHVHQWYV

PHDVXUHPHQWY SHUIRUPHG RQ REMHFRXWRER KW RKHYWRN



& SLHU M / LLWXP 6 HKLQKHRQWHIJWQHUDO SURFHLLHI

VSDFH RI DOYO WD O KR ®RVRHIES ENV U RDHW 8XVE 7BMMDFRXSOLQ

RI8 WR DQG& AVWRSUHVVHG UHVSHFVIISYHD\ B BB VXKIHF
PDSBLVWLQFWLYHO\ 7KH QDWKUSUBQG SRS HRIMWLKN E
LQWHUQDO PHFKDQLVP DQG WKH HQYLURQPHQW DQG P
WR FRQWURO LQIOXHQFH WKH V\VWHP EHKDYLRXU DV

7KH LQWHUDFWLRQ RI LQWHUQDO PHFKDQLVP ZLW
VLIQDO HYHQW FRPSRQHQ®BYH S KH VHIGWAW QIS XWHE WRK
EHKDYLRXU RI WKH VI\VWHP VWDWHV +RZBBRDD QRKH EYH
DUELWUDULO\ DVVLIJQHG EXW DUH SUHGHWHUPLQHG E
WDNH YDOXHV IURP D VHW RI VLIQDOV HYHQWV ZKLF
EH XQNQRZQ :H VKDGDVWXH BRIHBMKUR HEFWRUYV DQG
YDOXHIV LR/l GHQRW IP®@ GE\U H | FBULWMGX LDEVD Q FIKIH VBB XSO L Q J

GLVWXUEDQFHV WR WKH LQWHUQDO PHFKDOQQWGP LW IGV
UHIHUGH& WX ED QRW P IVMKDW WKH GLVWXUEDQFHV JHQ
H[SUHVV WKH HPEHGGLQJ Rl WKH JLYHQ V\VWHP LQ D Z
DQG WKH\ ZLOOORD G HQH WLV BVEDQFHV

7KH YDULDEOHV WKDW DUH PHDVXUHG H[SUHVV
VIVWHP 7KHUH H[LVWV KRZHYHU D YHFWRU RI YDULI
PHDVXUHG DQG ZKLFK DIIHFW RWKHU V\VWHPV WKH\

RWKHU V\VWHPV 7TKHVH DA HZKHRXR WIHIE0 EE HDQUYEHKFHDEF H (

YHFWRG WKH VHW RI YDOXHY D/QOG VB DESHDEHNERIHVWN\GWE
LQIOXHTKHH¥RXSOMDR RILV H[SUHVVHG B\ DQGHIOND WV RED
WKHIOXHQFHWBSPLQLQJ WKH QD WMNUXLRHW K RPDSH G .
VIVWHP DV ZHOO DV RI WKH HQYLURQPHQW ZLWKLQ ZK

$ VHW RI HIWHUQDOO\ LPSRVHG UXOHV ZKLFK U
LQGLFHVY FRQVWUDLQWY RSHUDWLRGROFLDY® ZXP\WLR

UHIHUUHG RBBHUWWHRR D ON RWHH W \VWHP 7KLV UHSUHV]
IXQFWLRQDOLWLHY ZKLFK DIIHFW WKH V\VWHP EHKDY
ZD\ 7KH IXQFWLRQDOLW\ RI WKH V\VWHP DV WKLV |
FUXFLDOO\ GHSHQGV RQ WKH QDWXUH RI ... VHW 7KH
EHKDYLRXU RI LQGLYLGXDO SURFHVVHV PD\ DOWHU
JXDUDQWHH DQ DOWHUQDWLYH RSHUDWLRQDO VFKHPF



F)(WHU KWHP{surRDmK WKkH FREWQH WL SURFHG

VIVWHP RSHUDWLRQ 7KLV VHW LV OLQNHG WR WKH
HOHPHQWY DQG WKHLU IXQFWLRQDOLW\ DUH GHILQHG
DV WKH JRDO VHWWLQJ JRYHUQRU RI WKH V\VWHP ZK
LPSRVH DOWHUQDWLYH RSHUDWLRQDO PRGHV JRDOV
VIVWHP $Q RYHUYLHZ RI WKLV VI\VWHP LV JLYHQ LQ )L.

JLIXUH 6\VWHP 2YHUYLHZ

6\VWHP %HKDYLRXU '\QDPLFV DQG 4XDOLWDWLYH 6

'H FRQVLGHU WKH VLPSOLILHG V\VWHP GHVFULSW
RXU DWWHQWLRQ WR WKH VSDFHV I ;) IDARGG WKt
U ;8 K<2,; 2XU LQWHUHVW KHUH LV WR H[DPLQH D I
IDPLO\ RI VA\VWHPV ZKLFK LV FKDUDFWHULVHG E\ SUR
LEQSXWYV DQG RXWSXWV DVVRFLDWHG ZLWK WKH V\VV
UHIHUUHG WR WKH WRWDOLW\ RI YDULDEOHV HQDE«
SURSHUWLHYV ZKLFK LQ WXUQ DOORZ WKH LQWURGXFW



&/WHU I.QWI-[ngK LQ WKH FRQWH[W RM R

7KH EHKDYLRXU RI D YDULDEOH LV WKH VHW RI |
REWDLQHG XQGHU D JLYHQ LQLWLDO YDOXH DQG H[SUF
YDULDEOHV 7KH EHKDYLRXU RI WKH LPSOUWASO LWV
EHKDYLHRRSOLFLW WRIDMHPOWRURQDO RBMHUFWRLWKH |XC

f
HIIWVHV D UHODWLRQ WKDW KROGV WUXH IRU DOO LI

ZLWK WKH REMHFW $Q RULHQWDWLRQ RQ WKH UHODW

( % - PD\ OHDG WR UHGXFWLRQ RI LQWR

\B% 2 L VE!

6XFK RULHQWDWLRQVRQYDREBHH BEH IWKHRGVBIAWE R YRR QW
RXWSXW WLHDMHERWRIRGXFHG DV SDUWLWLRQLQJV RI L
DQG FDQ EH VROYHG DQG SURGXFH WKH H[SU

2% 23E 2% T ( %A\

\ % vy EH [E
ZKH$Ho DWH XQLTXHO\ GHILQHG DQG [% DWGWHRARHVHY LY
WLPH WKHQ WKH VROYDEOWHRX@R g WHSZRNIORDE B E B OR
VWDWH WL@EED VRORKS XW WRIIBQVLWURQVIHUIXQFWLRQ

,Q WKH IROORZLQJ ZH VKDOO FRQVLGHU REMHFW
OHDVW D UHJXODU VROYDEOH RULHQWDWLRQ 6XFK V\\

'"HILQLWLRQ % RU RBEMWHW ... ZLWK D UHJXODU VRC
EH FD®\QBEBLIFUHODWLRQV FRQWDLQ H[SOLF
ZLOO EHVWDWALHG

7KH PHDQLQJ RI D G\QDPLFDO REMHFW RU V\VWH]I
WUDMH[PW RULWHY GHSHQGH QW XQRW DRMHRIRWRQY \W EXKW DO\

KLVWRU\ RI WKH REMHFW VWDEWH 2mMV WWKKH WR WX HHJ SKIBA(

REMHFWYV RU V\VWHPVY DUH FKDUDFWHULVHG E\ UHODV
IURP WKH LQLWLDO FRQGLWLRQ [% DQG WKXV WK



& 6 KDSWD = LV\VWHPV DBISURDWKH FRQWH[W RMJHQHUDO®

G\QDPLFDO REMHFWV V\VWHPV D FUXFLDO QRWLRQ L\
EHORZ

'"HILQLWLRQ JRU D6 GRQDFLFWRIPMHFW SDLU RI FRQ
'J ) GHILGHAXLIDQHEULURP [[%6

LV F E!';E
JXUWKHURPRAJH WKH HTXLOLEULMNMAH BIQGRIEH EWOLAOH® EH
FDOBMGHG

‘

7KH DERYH GHILQLWLRQ FKDUDFWHULVHV WKH HTX
WUDQVLWLRQ 7KLV LPSOLHV WKDP® LHZKIL K ZKIHED ARKIKN\H
FRQVLGHUHG DV LQSXWV WR VWDWH WUDQVLWLRQ UHVX
WUDMHFWRU\ WKDW UHVX% W VZLWROP BN WD CARSKWRIH. DH/
ZKHQ A WKH UHVXOWLQJ PRWLRQ DV GHMWHRHEGEG E

PRWLR@Q LPSRUWDQW TXDOLWDWLYH SURSHUW\ RI WUDMI
RI VWDELOLW\ ZKLFK FKDUDFWHULVHV WKH EHKDYLR
HTXLOLEULXP SRLQW ,QWURGXFLQJ WKLV QRWLRQ UHT.
WKH VSD&FEH&ZKLFK PD\ EH JHQHUDO VHWYV %RXQGHGQH)

SUREOHP IRU HDFK Rl WKH YDULDEOHV ZLWK D GRPDLC
VLIJQDOV VHTXHQFHV HYHQWY JHQHUDO VHWV 6LPLC
WKH GHILQLWLRQ RI D GLVWDQFH IXQFWLRQ 2EMHFWV
EH GHILQHG RQ ; W PHWIREMEBERWRDOWOM®HPY )RU VXF
GHILQH

'"HILQLWLRQ JRUYD PHWWWHPEMHAWK D VWDWLF |
[ ZH FRQVLGHU WZR VSKHUHYV UFFHQWU HGODW ¥y XEKWK U
WKDWS5 :H PD\ FODVVLI\ HTXLOLEULD LQ WKH IROORZLQJ
L [T ZLOO \EWMDRDHD BIRRIR®HBQN [ 2 H 4 | Uu WKH IU

[% 3V LV *A;LVIA IfU WLPH
LV + O PD/ORPFWRWLFDOO\LWYWDEWH ERXQGHG

LV 3V LV f W! ER/ DV



FKDSWHU L\{WWHB{URPEKU FRQW HJWo SURFHyyHYy

LLL [ ZLOOXPN WDBO®MH ® DWW HU LKVRY HVOFHDFOMOH G W K H L
OHDVW RQH [% H 4[J U VXFK ' WWRMW [TBRRWH VWB B M

[% 810 [IO HVEDSHV 4 [ "
7KH DERYH QRWLRQV DUH H[SUHVVLRQV RI WKH
VWDELOLW\ Rl G\QDPLFDO V\VWHPV H[SUHVVLQJ QRWL
WKLV PRUH JHQHUDO VHWXS KRZHYHU WKH VHOHFWL]I
LQ GHILQLQJ WKH QRWLRQV 6XFK WRSRORJLHV KDYH \
FKDUDFWHULVWLFV Rl WKH REMHFW XQGHU FRQVLGHU
HIWHQGHG WR D FKDUDFWHULVDWLR%R BWD[ELE LY 5 R\

ZH FRQVLGHU YDULDWLRQV LQ WKH LQLWLDO FRQGLWL
EDVHG RQ LQSXW RXWSXW SURSHUWLHYV LV GHILQHG E!

'HILQLWLRQ JRU ®» RHUWUYLFWRPMHEWH PD\ GHILQ!

QRWLRQV Rl VWDELOLW\ DV VKRZQ EHORZ

L 7KH V\%WR KB GHG6,RSKGHG 2 X W KXW WAIBE QM DIE O H
IRU DOO ERXQXGHDBQGQBRXWV % WKH IRUFHG R

\ FU% XM ERXQGHG
LL 7KH VWRWAPOLOR W/ WIDFEESOMDIEIOIRU DQ\ ERXO GRG LQ ¢
DQ\ [L ERXQGHG ZLWKLQ D JLYHQ VHW  WKH

3E €l E 2D %E /E f DUH ERXQGHG

‘

7KH FKDUDFWHULVDWLRQ RI VXFK SURSHUWLHV G
WKH VHOHFWHG PHWULF WRSRORJ\ '"LIITHUHQW W\SHV
PRGHOV UHSUHVHQWLQJ IDPLOLHV RI VA\VWHPV 7KH QF
DQ DEVWUDFW ZzZD\ DLPLQJ WR FRYHU DOO IDPLOLHV
SURSHUWLHYV LQ WHUPV RI FULWHULD UHTXLUHV XVH |
DQG LW LV EH\RQG WKH VFRSH RI WKLV ZRUN

JRU IDPLOLHV RI VROYDEOH SDUWLWLRQLQJV RI

WR HOLPRIQRWH DQG GHULYH D XQLTXHO\\GWBIQQ@HG



DSSURDF

XBWKDW GRHV[QRWH@YROYH PD\ EH UHSUHVHQWH

PDQQHU DV
U% [% X %

\ % ESE
DQG WKLV GHVFULSWLRQ KRYJD MR WHHWBIESHGWDR X W S X
2E LV GHILQWEDDWIBU AKHO BWVRQLSWLRQ RQ LW

QHFHVVDULO\ SURYLGH D FRPSOHWH UHSUHVHQWDWLF
VXFK GHVFULSWLRQV LQ WKH IROORZLQJ ZD\

'"HILQLWLRQ $ VWURQJIO\ RULHG®GRMSO B WWRKUHLLEWV L I
SURFHGXUH RI UHFRQVWUXFWLQJ WKH UHODWLRQVKL:
FDOIOQHFRPSOHWH

‘

&RPSOHWHQHVV WKXV UHIHUV WR WKH DELOLW
LQWHUQDO YDULDEOHVY VWDWHV IURP LQSXW RXWS)
SUHVHQFH RI VXFK SURSHUW\ UHTXLUHV XVH RI VSHFL
FRPSOHWH REMHPWNWTXDWH WR GHVFULEH WKH REMH!

2EMHFWV IRU ZKLFK WKH LQLWLDOUWWDRHS UPISRUWDE

IHDWXUH RI WKH G\QDPLF EHKDYLRXU WKDW FDQ EH G
LV GHILQHG EHORZ

'"HILQLWLRQ &RQVLGHU WKH VWURQJO\ RULHQWH
WUDQVIHU UHODWLRQF DX VIR O Q WHHE IFFRANBRIEBX W S X W

VIVWHP DB/RWYVPBIRW GHSHQG RQ WKWRMQ &X\8 HIDH\O RH®'

LQSXW DSSOLHG EHMGWKBQGLWOA WWPBIRIOFERVEBOO!
DQWLFLSDWRU\

‘

&DXVDOLW\ LQ VKRUW LPSOLHV WKDW WKH SDV\

+HQFH LI D UHOD[HG REMHFW LV FDXVDO LWV WUDQV
\ % @ ff! - (1®©

7KH RXWSXW RI D QRQ FDXVDO V\VWHP GHSHQGV QRW

IXWXUH YDOXH RI WKH LQSXW 7KLV LPSOLHV WKDW L



8A/DJ\A(J LMHP DSSURQFWKH FRQWH[W RM AHQHUD S

LQSXW WKDW ZLOO EH DSSOLHG LQ WKH IXWXUH )RU
+RZHYHU IRU SURFHVVHV LQYROYLQJ KXPDQ RSHUDWEF
FDXVDOLW\ PD\ EH D QDWXUDOO\ REVHUYHG SURSHUW\

7ZR LPSRUWDQW SURSHUWLHY UHODWHG WR WK
WUDMHFWRULHY LQ UHODWLRQHMWRKWRKH WEDFEHWVV L Q J D)
WKH REMHFW VWDWH EHWZHHQ WZR SRLQWV RI ; E\ VI

UHFRQVWUXFW WKH LQLWLDO VWDWH RI WKH REMHFW |
7KHVH SURSHUWLHYV DUH GHILQHG EHORZ

'"HILQLWLRQ 7 &RQVLGHYW RWG\VYMMHP REMHAIFWK VW I
WUDMHFWRU\ IDPLOLHV DV LQ X%OHGDPHQHRU I
L 7KH REMHFWURD RPK\EVBHPY BEQ DQ\ [Wo4 P S R WDRAHW H

HILVWV DQ LQ X¥\WH & XDK WK\ R/U \
[% S % X% [% [ %
DQG WKLV RFFXUV LQ ILQLWH[WLPI#RU, ZMKHUW K-L[V VSN

GRHV QRW KROG WUXH WKRQWHHDWKMWEHPHZLOO EH |

LL 7KH REMHFW HAR YQYWUKIRNVRRZOHGJH RI WKH LQS
WUDMHFWRULHY RYHU D ILQLWH WLPH DOORZV WKH
WKXV DOVR WKH LQLWLDO VWDWH RI WKH V\VWI
XQUHFRQVWUXFWDEOH

‘

7KH FKDUDFWHULVDWLRQ RI WKHVH SURSHUWLHYV
FRQVLGHUDWLRQ RI SDUWLFXODU FODVVHVY UHSUHVHQ

&ERQWURO &RQFHSWYV DQG 3ULQFLSOHYV

7KH EHKDYLRXU RI D VI\VWHP XQGHU H[WHUQDO L
FHUWDLQ REMHFWLYHV WKDW DUH VHW H[WHUQDOO\
DFKLHYH WKHVH REMHFWLYHYVY DFWLRQV DUH UHTXLUFE
JRU WKH V\VWHP GHVFULEHG GLDJUDPPDWLFDOO\ LQ
GHILQHG DV IROORZV



&/VD®/HU M®HWDGIS FK LQ WKp FRQWH[W RMJHQHUDO

JLIXUH 2SHQ ORRS &RQILIXUDWLRQ

2SHQ /RRS &4RQWURO 3UREOHP S*LYHUB WVHYWRQ R |
SHUIRUPDQFH LQGLFHV FULWHUIDD I MAWX B E BEBRH H\HM
UHIHUHQFH RUUWBHBYHWQ YN AARRW X ROX K SAKKAD W HW WHR UF |
YDULDEOH NRHOFORRY WKH VSHFLIIUHGBK HH HDUWH QVKHH  YWHRAFDAN
DQRG PHDVXUHG YDULDEOHYY D/M@G&V MWK H WSKIHU IIRREPDWY B B L 0
RSWLPLVHG LQ VRPH VHQVH

7KH DERYH LV FOHDUO\ D GHFLVLRQ PPRIRQQYV$ URQ

SRVVLEOH LQSXWV KDV WR WDNH LQWR DFFRXQW WKt
PRGHO XVHG LQ WKH VHOHFWLRQ SURFHVV DQG UHT>
RYHU WKH OLIHF\FOH RI RSHUDWLRQV RI WKH V\VWHP
PDNH WKH DERYH RSHQ ORRS FRQILIJXUDWLRQ UDWKFE
IROORZLQJ FRQILIXUDWLRQ UHIHUUHG DV FORVHG ORI

&ORVHG /RRS &RQWURO 3UREOHP S*IFRHQY WWKHL Q/\k
GLVWXUEDQFH YHFWRU G DQG WDUJHW YHFWRU U WKH
DFKLHYHG E\ XVLQJ WKH DOWHUQDWLYH IHHGEDFN FR
WKLV FRQILIXUDWLRQ WKH GHVLUHG LQSXW LV SURC
VIVWHP GHI LSRG DRIOWKHR QWUROOHU LV XVLQJ DV LQS
U DQG WKH UHDO PHDVXUHPHQW RI WKH FRPPDQG YDL
HUURU VLJQDO DQG WKLV JHQHUDWHY WKH UHTXLUHG

7KH XVH RI IHHGEDFN WKDW LV PHDVXUHPHQW R
ZLWK LGHDO UHVSRQVH HQDEOHV WKH RYHUFRPLQJ
XQFHUWDLQW)\ DQG ODFN RI NQRZOHGJH RQ WKH OLIH
FORVHG ORRS FRQILJXUDWLRQ WKH GHVLJQ WDVN
VIQWKHVLYV GHVLJQ RI D QHZ VIVWHP WKH FRQWUROO



&KDSWHU Y\LWHPL DSSURDFK L QHWKUD &F RUDRWHYWHR |

FRQFHSWYVY DQG WRROV ZKHUHDV &RQWURO 7KHRU\ GH
&RQWURO 3UREOHPV ZKLFK DUH SRVHG LQ WKH FRQW
UHSUHVHQW V\VWHP EHKDYLRXU &RQWURO '"HVLJQ XVF
GHDOV ZLWK WKH GHULYDWLRQ DQG LPSOHPHQWDWLF
RYHUDOO FRQWURO REMHFWLYHV

72 %( '(6,%1("

JLIXUH &ORVHG /RRS RU IHHGEDFN FRQILIJXUDWLR

OHDVXUHPHQW RI WKH V\VWHP YDULDEOHV IRU PI
PD\ QRW EH D VWUDLJKWIRUZDUG SURFHVV DQG WKLV
GHVFULEHG EHORZ

(VWLPDWLRQ 3UREOHP *LYHQ WKH V\VWHP ZKLF
YHFWRU X PHDVXUH DOO SK\WLFDOO\ SRVVLEOH RXW
V\VWHP 7KLV PHDVXUHPHQW V\VWHP SURGXFHV PHDYV
EXW WKH\ PD\ EH FRUUXSWHG E\ GLVWXUEDQFHV RU
HVWLPDWLQJ WKH WUXH V\VWHP VWDWHV WKHQ EHF
G\QDPLFDO V\VWHP LV WR EHVRARE@DMBEWF WU G XBHOO HE
RI WKH WUXH VWDWHYV LQ DQ DV\PSWRWLF VHQVH 7K
DERXW WKH V\VWHP PRGHO PHDVXUHG RXWSXWV ] DQ
WKH HVWLPDWHG WAV BRWHIUDIDWRRIQILIXUDWLRQ LV GHQ

6WDWH HVWLPDWLRQ LV SDUW RI WKH RYHUDOO S
ZKHUH FHUWDLQ DVSHFWV RI WKH LQWHUQDO EHKDYL
TXDQWLWDWLYH IXQFWLRQDO FKDUDFWHULVWLFV KD
SDUDPHWHUYVY FULWLFDO YDOXHV IRU EHKDYLRXU R |
GXDOLW\ EHWZHHQ WKH &RQWURO DQG (VWLPDWLRQ
EHWZHHQ SHDFKDELOLW\ DQG 5 HFRQVWUXFWDELOLW\ [



&KDSWHU = $JywHPy / M D@ E RlQ wiRi MW H QURBH3 ©H k

JLIXUH 'LDJUDP RI WKH VWDWH HVWLPDWLRQ SURE

$ PRUH JHQHUDO FRQILIJXUDWLRQ UHSUHVHQWLQJ
WDVNV DQG KLJKHU VWUDWHJILHV HPEHGGLQJ RI D
KLHUDUFK\ RI GHFLVLRQ PDNLQJ IXQFWLRQV LV GHVFL

JLIXUH *HQHUDO &RQWURO ORGHOOLQJ (VWLPDWLRQ DQG ¢

7KH DGGLWLRQDO HOHPHQWYV LQ WE&HWDWRRADWUE
PRGHOV Rl WKH VHAMNPRRDQIDWERHVY ,GHQWLILFDWLR
OLQNHG WR PRGHO GHULYDWLRQ EDVHG RQ VWUXFWX!
DQG LW LV D WDVN ZLWKLQ WKH RYHUDOO PRGHOOLQJ
DJJUHJDWH UHSUHVHQWDWLRQ RI RYHUDOO KLJKHU

KLHUDUFKLHY DQG SURGXFHV WKH KLJKHU OHYHO R
FRQWURO DFWLRQ 7KH FRQWUROOHU LQ WKLV H[WHQ



F)eDU D V\VWHPV DSSURDFK L(b_lQIFI-UD?LQV\SiL[J\/RE,k

LQSXWYV IURP '"HVLJQ DQG &RRUGLQDWLRQ DV ZHOO D\
7KH DERYH VFKHPH LV W\SLFDO IRU HQJLQHHULQJ
DSSURSULDWH GHVFULSWLRQV IRU WKH NH\ EORFNV |
PHDVXUHPHQW GLDJQRVWLFV DQG FRQWURO RI JHQHU

7KH , QWHJUDWHG (QWHUSULVH *OREDO 'LDJC
&RQWUROODELOLW\

7TKH VWXG\ RI PXOWLFRPSRQHQW DQG PXOWL
PHWKRGRORJLHYVY IRU PDQDJLQJ FRPSOH[LW\ DQG WKL
GHVLJQ SXUSRVHV 7KH GLVFXVVLRQ RI WKH LVVXHV
SbubGLJP :H VKDOO XVH KHUH WKH SDUDGLJP RI ,QW
LQGXVWULDO HVWDEOLVKPHQW LQ WKLV FDVH D FRQW
GHVFULEHG EHORZ >.DUF @ )ROORZLQJ WKLV ZH S
LVVXHV

D 'HVFULSWLRQ RI WKH QWHJUDWHG 2SHUDWLRQV

7KH RSHUDWLRQ RI SURGXFWLRQ RI WKH W\SHV

,QGXVWULHV UHOLHV RQ WKH IXQFWLRQDOLWLHV ZKLI

DFWLYLWLHV PD\ EH JURXSHG DFFRUGLQJ WR FHUWI

>0R UBDW LD@

D (QWHUSULVH 2UJDQLVDWLRQ /D\HUV

E ORQLWRULQJ IXQFWLRQV L H PHDVXUHPHQW DV

XSSHU OD\HUYV

F &RQWURO IXQFWLRQV VHWWLQJ JRDOV WR ORZHU ¢
1RWH WKDW WKH SURFHVV XQLW ZLWK LWV DVV

DFWXDWRUV LV WKH SULPDU\ VRXUFH RI LQIRUPDWL

GHILQLWLRQ RI GLDJQRVWLFV FDQ WDNH SODFH DW \

QDWXUH DUH GLVWULEXWHG DORQJ WKH GLIIHUHQW C

SUREOHPV 7KH IXQFWLRQV VKRZQ LQ )LIJXUH DUH



&OLDQWRU A {\k/P$ DSSURDIFQ WLZ FRQWH[W R*JHQHUDOSU

2SHUDWLRQV 30DQQLQJ 7KLV UHIHUV WR DFWLYLYV
DFTXLVLWLRQ FXVWRPHU RUGHUV UHVRXUFH SODQ¢
BURGXFWLRQ 6FKHGXOLQJ 7KLV LV FRQFHUQHG ZlI
RSHUDWLRQV UXQV DQG LQYROYHV WKH FRPELQDWLTF
WKH UHTXLUHG W\SH TXDOLW\ Rl HQG SURGXFWYV IUR
/IRDG $OORFDWLRQ 7KLV LQYROYHV WKH VHWWLQJ
SODQWV RI WKH RYHUDOO SURGXFWLRQ XQLW VXFK
FRQVWUDLQWYV
7KH DERYH WKUHH DEWLYLWLHV DUH NQRZQ DV |
ZLWK JHQHUDO LVVXHV RI SURGXFWLRQ $V VXFK WKH
FRPPHUFLDO DFWLYLWLHVY DSDUW IURP FRQWLQXRXV
IXQFWLRQV DUH VWURQJO\ FRQQHFWHG ZLWK WKH WHF
5HFLSH 6HWWLQJ ,QLWLDOLVDWLRQ &RUUHFWLRQ
DFWLYLWLHYV DQG GHDOV ZLWK WKH FR RUGLQDWLRC
VHW Rl FRQGLWLRQV UHTXLUHG IRU SURGXFLQJ WKH
7KH DERYH DFWLYLW\ LV WHNKQHED QS HDWIBWNL RIGH M-
VHW RI WHFKQLFDO SURFHGXUHV UHTXLUHG WR SUR
SURFHGXUH LV GHWHUPLQHG LQ D JHQHUDO ZD\ D SUL
VHWWLQJ Rl SDUDPHWHUV DQG WKLV LQYROYHV VRPH
RI WHFKQLFDO VXSHUYLVRU\ FRQWURO IXQFWLRQV LQ)\
4XDOLW\ $QDO\WLV DQG &RQWURO 7KLV LQYROYH)\
LPSRUWDQW TXDOLW)\ YDULDEOHY DQG DWWULEXWH)
ZKHQ SURGXFW TXDOLW\ GHYLDWH IURP WKH VHW VYV
6WDWH $VVHVVPHQW 21l 1IRUPDO +DQGOLQJ DQG OI
OLQNHG WR WKH HVWLPDWLRQ RI WKH DFWXDO 3VW
LQIRUPDWLRQ ,Q FDVH RI GHWHFWLRQ RI RIl QRUPD
LPSOHPHQW SURFHGXUHV WR UHPHG\ WKH VLWXDW
(PHUJHQF\ 6KXW 'RZQ 6\WWHPV SURYLGH (PHUJHQF\
DFWLYLWLHY DUH OLQNHG WR PDLQWHQDQFH DQG
DFWLYLWLHYV



&KDSWHU A\ VGLWHPL DSSURDFK LQ WKH FRQWH[W R 1 J
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2Q OLQH OHDVXQHPHQWYV
2SHUDWLRQ 'DWD %DVH

‘LUHFW 2EVHUYDWLRQV
‘LUHFW ,QWHUYHQWLRQ

YJLIXUH )XQFWLRQV IRU 2SHUDWLRQV RI 3URFHVV 3C

6XSHUYLVRU\ FRQWURO DQG 2SWLPLVDWLRQ , QW F
RSHUDWLRQV TXDOLW\ DQDO\VLV VWDWH DVVHVVPH
FRPLQJ IURP WKH KLJKHU EXVLQHVV OD\HUV RI WKH
DFFRXQW WKH RSHUDWLRQDO FRQVWUDLQWY SK\VLEF
HQYLURQPHQW HWF WR SURGXFH DQ RSWLPDO SROLF
DFWLYLW\ SURGXFHVY DV RXWSXW WKH RSWLPDO VHW
SURFHVYV

,GHQWLILFDWLRQ 3DUDPHWHU (VWLPDWLRQ 'DWD 5|
FRQWURO DFWLYLWLHYVY UHTXLUH PRGHOV DQG UHOHY
RI VXFK PRGHOV 3DUW RI WKH VXSHUYLVRU\ DFWLYI
WHDP LV WKH VHOHFWLRQ RI WKH GDWD WKHLU YD
PRGHO SDUDPHWHUVY 6XFK DQ DFWLYLW\ SURYLGH



&KDSWHU MVWHPY DSSURKDHFKERQWH[W RI DHQHUDLSL

PRGHO EDVHG GLDJQRVWLFV 7KLV DUHD LV SDUW
ODQDJHPHQW
7KH DERYH DFWLYLWLHY DUH RI VXSHUYLVRU\ QD
WKH UROH RI WKH SURFHVV RSHUDWRU LV WR VXSHU
DXWRPDWHG SDUW RI WKH SK\VLFDO SURFHVV LV UHIH
5HIXODWLRQ (QG 3RLQW DQG BHTXHQFH &RQWURO
ORRSV XVXDOO\ HPEHGGHG LQ WKH 3URFHVV &RQ\
VIVWHPVY L H '& 'LUHFW LQWHUYHQWLRQ RQ WKH
LQFOXGHG KHUH
(PHUJHQF\ 3URWHFWLRQ 7KLV UHIHUV WR WKH (PHU
3URFHVV ,QVWUXPHQWDWLRQ DQG ,QIRUPDWLRQ 6\
IRU RQ OLQH OHDVXUHPHQWY &UHDWLRQ RI WKH 6\V
2EVHUYDWLRQV 'DWD 6WRULQJ DQG ODQDJHPHQW
W LV DSSDUHQW WKDW WKH FRPSOH[LW\ Rl RSH!
KLJK $ GRPLQDQW DSSURDFK DV IDU DV RUJDQLVLQJ
6BWUXFWXUHLWJID&HVMRZHYHU RWKHU IRUPV RI RUJDQLV
PRPHQW >0DF)DUODQH @ EXW WKHLU IXO0 SRWHQ
FRQWH[W RI SURFHVV V\VWHPV 7KH VWXG\ RI VIVWHP"
RUJDQLVDWLRQDO IRUP WKDW LV DGRSWHG +HUH ZH
RUJDQLVDWLRQ BWURGSLJIJP >0HV

E ORGHOOLQJ &ODVVHV LQ 3URFHVYV 2SHUDWLRQV

7KH VWXG\ RI ,QGXVWULDO 3URFHVVHV KDV DV PD
RI 3URFHVVHY DQG E 2SHUDWLRQ RI 3URFHVVHV )R
PRGHOV RI GLITHUHQW W\SH ZKLFK DUH WXQHG WR WK
GHVLIJQ SKDVH 7KH ERUGHUOLQHVY EHWZHHQ WKH IDP
'"HVLIJQ ORGHOV '0 DUH QRW DOZD\V YHU\ FOHDU DQG
XVHG IRU VRPH IXQFWLRQV ORGHOV OLQNHG WR GHVL
RSHUDWLRQV DUH HLWKHU RII OLQH RU RQ OLQH ,
OLQNHG KRZHYHU LQ DXWRPDWHG SURFHVVHV RQ O
XSGDWLQJ RI RIl OLQH PRGHOV DQG WKXV WKH XVXDC
PRGHOV WHQGV WR EHFRPH EOXUUHG )RU SURFHVV W)



&KDSWHU "LV\LWHP{ DSSURDFK LDQH @ biDPRWRH MYV R HN

LOQWR WZR PDLQ IDPLOLHV UHIHUUHG DV OLQH DQG
PRGHOV DUH XVHG IRU GHWHUPLQLQJ GHVLUHG SURFH
SRLQWV IRU UHIJXODWRU\ FRQWURO HWF ZKHUHDYV VX
PRGHOV L H SDUDPHWHU YDOXHV RU WKH\ DUH XVHG

$QRWKHU PDMRU FODVVLILFDWLRQ RI PRGHOV DUF
PRGHOV >5LMQVGRUS @ :KLWH PRGHOV DUH EDVHG R
SULQFLSOHVY DQG WKHLU GHYHORSPHQW UHTXLUHV D
SK\WLFDO FKHPLFDO UHODWLRQVKLSY ©6XFK PRGHOV
FRQGLWLRQV FRQWDLQ D VPDOO QXPEHU RI SDUDPHWI
GHVLIJQ ZKHQ H[SHULPHQWDO GDWD LV QRW DYDLODEQO
RQ VWDQGDUG UHODWLRQVKLSY EHWZHHQ LQSXW DQG
UHTXLUH OLWWOH NQRZOHGJH RI WKH SURFHVYV DQG D
UHTXLUH DSSURSULDWH SURFHVV GDWD DQG WKH\ DU
DYDLODEOH %ODFN PRGHOV FDQ EH WXUQHG WR JUH\
RI SURFHVYVY YDULDEOHV K\EULG :KLWH EODFN PRGHO
LV ZKLWH ZKHUHDV GLIILFXOW SDUWV VXFK DV FKHPL
PRGHOV

F 2UJDQLVDWLRQDO ,VVXHV RI WKH ,QWHJUDWHG 2S

7KH RYHUDOO SUREOHP RI 3URFHVV 2SHUDWLRC
FKDUDFWHULVHG E\ D KLJK GHJUHH RI FRPSOH[LW\
FRPSOH[LW\ LV WKURXJK DJJUHIJDWLRQ PRGXODULVDW
DQG WKLV LV ZKDW FKDUDFWHULVHVY WKH RYHUDOO 23:
DEOH WR OXPS D VHW RI FRPSRQHQWY VXEV\VWHPYV
FRPSRVLWH VWUXFWXUH DV D VLQJOH REMHFW ZLWK
HITHFWLYHO\ LOWHUDFW ORGXODULVDWLRQ UHIHUV WF
DFKLHYH D FRPSRVLWH IXQFWLRQ WDVN $JJUHJDWLR
FRPSRVLWLRQ RI VXEV\VWHPVY VHW RI VXEV\VWHPV W
PRWLYDWHG E\ WKH QHHGV RI GHVLJQ RI VA\VWHPV
+LpUDUFKLVDWLRQ RQ WKH RWKHU KDQG LV UHODWHG
DVSHFWV Rl WKH HQWLUH V\VWHP DQG LW LV PRWLY



&KDSWHU WBXKkWHP$ DSSURDFK RQJMW®H UMDROBWH[MWH LLHL

LQIRUPDWLRQ FRPSOH[LW\ 7KH SURGXFWLRQ V\VWHP P
DQG WKXV QRWLRQV RI FRPSOH[LW\ DUH QDWXUDOO\ D
+LpUDUFKLVDWLRQ KDV WR GR ZLWK LGHQWLILFDV
ZHOO DV UHGXFWLRQ RI HIWHUQDOO\ SHUFHLYHG FRPS
OD\HUV $W WKH KLJKHVW OHYHO RI WKH KLHUDUFK\
SURGXFWLRQ SURFHVV DV DQ HFRQRPLF DFWLYLW\ DW
DV IDU DV GHVFULSWLRQ RI WKH SURFHVV EHKDYLRXU
SURFHVV LQ WHUPV RI VHW RI LQWHUDFWLQJ SODQW Vt
WKDW LQWHUDFW LQ VXFK D ZD\ VR DV WR JLYH DQ RENM
OHYHO RI GHVFULSWLRQ :H FDQ GHVFULEH KRZ WKH
IXQFWLRQV DUHD ZRUNV LI DOO WKH SURGXFWLRQ X
LQWHUDFW $W WKLV OHYHO RI GHVFULSWLRQ ZH ZLC
GHVFULELQJ WKH SDUWLFXODU IXQFWLRQV RI GLIIHUH
GRZQ ZH DUH FRQFHUQHG ZLWK VSHFLILFDWLRQ RI GHV
D SODQW VHFWLRQ DQG VR RQ ZH FDQ PRYH GRZQ WR F
FULWHULD DQG IXUWKHU GRZQ WR G\QDPLF SHUIRUPEL
KLHUDUFK\ WKH LQWHUDFWLRQV EHWZHHQ V\VWHPV R
UHGXFHG OHYHO RI FRPSOH[LW\ DW WKH OHYHO SH
KLpPUDUFKLVDWLRQ LPSOLHV D UHGXFWLRQ RI H[WHUQD
SURFHHG XS WKH KLHUDUFK\ WLOO WKH WRS OHYHO
7KH QDWXUDO ZD\ WR VSHFLI\ WKH GLIITHUHQW W\S
OLQN WKHP ZLWK WKH RSHUDWLRQDO IXQFWLRQV DQC

JLIXUH DQRG WU\ WR LGHQWLI\ D FOHDUHU VWUDWL
VLPSOHU UHSUHVHQWDWLRQ RI WKH RYHUDOO RSHUDW
JLIXUH ZKLFK LV DQ HIWHQVLRQ RI D VWDQGDUG S|

LQFRUSRUDWHY DOO IXQFWLRQV GHVFULEHG LQ )LJX
FKDUDFWHULVHG E\ GLIIHUHQW DFWLYLWLHVY DQG KD
>9DVLO @

OHYHBWQJQDOV 'DWD /HYHO S3K\WVLFDO YDULDEOHYV
'‘DWD 6WUXFWXUHYV

OHYHO PDU\ BURFHVV &RQWURO 7LPH UHVSRQVHV \

OHYH®@DPLF OXOWLYDULDEOH &RQWURO /ILQHDU 1
PRGHOV



A/DSWH Lipwe M\ UFOL LQ O KR FRQWHRWHL{HS

OHYM®SHUYLVRU\ &RQWURO /HYHO 3URFHVV 2SWLPL
ORGHOV 63& OXOWLYDULDWH )LOWHULQJ (VWLPDWL
3URFHVV 6WDWH $VVHVVPHQW ORGHOV +HXULVWLFV 1

OHYBODQW 2SHUDWLRQ DQG /RJLVWLFV 1RQOLQHEL
2YHUDOO 30DQW 2SHUDWLRQDO 5HVHDUFK ORGHOV
SHWUL 1HWV /DQJXDJHV $XWRPDWD

OHYHMOREDO 3URGXFWLRQ 30DQQLQJ /HYHO 3URGXEFV
(FRQRPLF ORGHOV 2SHUDWLRQDO 5HVHDUFK *DPH 7KH

OHYH®BXVLQHVV /HYHO (QWHUSULVH %XVLQHVV
JRUHFDVWLQJ 6WUXFWXUDO *UDSK ORGHOV (FRQRPLF

7KH RYHUDOO UDQJH RI PRGHOV PHQWLRQHG DERYH PI
FODVVHV >5LMQVGRUS @
ORGHOV IRU /RIJLVWLF DQG 5HFLSH )XQFWLRQV
£ ORGHOV IRU 4XDOLW\ DQG 5HIJIXODWRU\ &RQW
045&3,

LLLORGHOV IRU WKH 6XSHUYLVRU\ )XQFWLRQV 06)

LY ORGHOV IRU 'DWD SHFRQFLOLDWLRQ 0'5

$ IXQGDPHQWDO SUREOHP LQ PRGHOOLQJ LV XQC
IXQFWLRQDO PRGHOV DUH GHULYHG DV ZHOO DV KRZ \
SUREOHP)BPYFWKRQDO ORGHO 'HULYDWLRQ 7B GG LQMIK W
W\SHV RI PRGHOV LQ WKH DERYH JURXSLQJV DUH LQ
GHWDLOHG PRGHOV RQ WKH XQLW OHYHO DUH VLPSOL
OHYHO DQG WKHQ RQ WKH SURGXFWLRQ VLWH EXVLC
ORGHO FRPSRVLWLRQ DFFRPSDQLHG E\ VLPSOLILFDWL
VSHFLILHG DERYH 7KH ODWWHU FODVVLILFDWLRQ LV L
+LHUDUFK\ LPSOLHVY D QHVWLQJ RI PRGHOV

7KH GLDJUDP LQ )LIJXUH LQGLFDWHY WKDW D\
WKH ULFKHVW SRVVLEOH PRGHO LQ WHUPV RI VLJQDO
PRYH XS LQ WKH KLHUDUFK\ WKH FRUUHVSRQGLQJ P
JHQHUDO VLQFH WKH\ WKHQ UHIHU QRW WR D XQLW EX
RI HIWUDFWLRQ RI WKH VLPSOHU PRGHOV LV VRPH IF
PRGHOV DUH REWDLQHG E\ XVLQJ SODQW WRSRORJ\
SURMHFWLRQ GHSHQG RQ WKH SDUWLFXODU IXQFWLI



&KDSWHU L\LWHQW&URN UDW SURFHG6LHL

DOzD\V ZHOO XQGHUVWRRG 7KHVH PRGHOV DOWKRXJ
UHODWHG VLQFH WKH\ GHVFULEH VHFWLRQV RU DVSHF
RI' VXEV\VWHPYVY DUH UHIOHFWHG RQ VLPSOHU EXW ZL

VWUDLJKWIRUZDUG ZD\ 7KLV KV EAKDONW @ZH RPAD\XQHAWAUR QV
()0

OH YH ,

OH 9 H ,

OH YH ,

OH YH ,

OHYHO

OHYHO

JLIXUH 2YHUDOO 2SHUDWLRQDO +LHUDUEFK\

&203$1U ) LQ DQF ODL 0 , FURHFRQRP ,F 0ORGHOV
3/$177 2 SHUDWORQ DO 5 HVHDUFK ORGHOV
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&KDSWHU vwHURSSURDEFK: rrREWMHQHUD SURF

G *OREDO &RQWURO DQG OHDVXUHPHQW ,VVXHV

7KH KLHUDUFKLFDO PRGHO RI WKH 2YHUDOO 3URF
GLITHUHQW QDWXUH H[SUHVVLQJ IXQFWLRQDOLWLHV
LOWHUOLQNHG DQG HDFK RQH RI WKHP LV FKDUDFWHU
DQ LQSXW RXWSXW GHVFULSWLRQ RI HDFK RI WKH VXE
WKH YDULDEOHV LQYROYHG LQ WKH SDUWLFXODU SU
OLQNLQJ ZLWK RWKHU SURFHVVHV 6XFK D PRGHO L

IXQFWLRQDOLWLHYVY GHVFULEHG LQ )LJXUH DQG FDC
QDWXUH RI WKH VSHFLILF SURFHVV :H PD\ DGRSW D
IXQFWLRQV DV VKRZQ LQ )LJXUH ZKHUH XL XS

YDULDEOHV RI WKH IXQFWLRQ PRGHO FDOOHG V\VWH
FRQWUROOHG YDULDEOHYV WKDW FDQ EH PHDVXUHG D(
GT bDUH WKH H[RJHQRXV YDULDEOHV ZKLFK FDQQRW
LQIOXHQFH RI H[WHUQDO WR WKH SDUWLFXODU 1X(
GLVWXUEDQFHY $ PRGHO GHVFULELQJ WKH UHODWLHF
HISUHVVHG DV \ + X G ZKHUH + H[SUHVVHV D UHC
YDULDEOHV DQG LW LV FDOOHG DQ LQSXW RXWSXW
PDMRU SUREOHP DQG LQYROYHV D QXPEHU RI LVVXHV

L JRU D JLYHQ IXQFWLRQ HVWDEOLVK D FRQFHSWXEL
KLHUDUFK\

YLIXUH *HQHULF )XQFWLRQ ORGHO ZLWK ,QWHUQDO

LL 'HILQH WKH YHFWRU RI LOQWHUQDO YDULDEOH ] D
GHWHUPLQH LWV UHODWLRQVKLSV WR LQSXW RXW
WKDW ZH PD\ SRVVHVV DERXW WKH IXQFWLRQLQJ |



LL (VWDEOLVK WKH UHODWLRQVKLSY WKDW H[LVW EH
ZLWK SUREOHPV Rl WKH RSHUDWLRQDO KLHUDUEFK\
LY 'HILQH WKH DSSURSULDWH IRUPDO PRGHO XVL
PRGHOOLQJ PHWKRGRORJLHV WR SURYLGH DOQ
IXQFWLRQDO PRGHO
7KH DERYH JHQHULF VWHSV DUH SURYLGLQJ DQ
PDQ\ GHWDLOHG PRGHOOLQJ WDVNV 7\SLFDO SUREOH
Rl YDULDEOHV WR LQSXWV RXWSXWV GLVWXUEDQFHYV
Rl IRUPDO GHVFULSWLRQ IRU + GHILQLWLRQ RI SF
FODVVLILFDWLRQ RI LQWHUQDO YDULDEOHV LV FRPSO
UHODWLRQVKLSY EHWZHHQ VXFK YDULDEOHV VXFK Ul
DQG H[SOLFLW RULHQWHG IRUPV UHVSHFWLYHO\ DV

,03/,&,7
25,(17(

7TKH QDWXUH RI YDULDEOHY DQG WKH W\SH RI SUR
WKH QDWXUH RI WKH ) * IXQFWLRQV 7KLV PRGHO V
)] X G FDQ EH SURSDJDWHG IURP KLJKHU WR ORZHU
WKH PRGHOOLQJ H[HUFLVH H[SUHVVHG DV DQ DWWHP:
RI WKH LQWHUIDFH RI KLJKHU OHYHO RSHUDWLRQ W
00X \ G ] LQ ZLOO] VAW NIH HIRGIEO DO HBW LR Q
RSHUDWLRQDO VWDJH L H ORJLVWLFV VFKHGXOLQJ
G\QDPLF SURFHVV FRQWURO VWDWH DVVHVVPHQW PI
WKH LQWHUQDO YHFWRU ] DQG WKXV DOVR RI WKl
GLPHQVLRQDOLW\ DQG QDWXUH RI ] GHSHQGV RQ
FRQVLGHUDWLRQ 'HVFULELQJ WKH UHODWLRQVKLS EH
LPSRUWDQW SUREOHP DQG LPSOLHV DQ XQGHUVWDQG!
FORVHO\ UHODWHG WR WKH SUREOHP PHQWLRQHG EHI
)JXQFWLRQ PRGHOV 7KH IXQGDPHQWDO VKHOO RI WK
GHVFULEHG LQ )LJXUH

1RWH WKDW WKH YHFWRU UHIHUHQFH LPDJH OM
L O VWDJH LV GHILQHG DV D IXQFWLRQ RI WKH LWK \
WKH RQH GHVFULEHG DERYH LV JHQHUDO DQG FDQ E



KLHRKDDFDO QHVWLQJ )XUWKHUPRUH VXFK D VFKHPH F
EHWZHHQ PRGHOV DVVRFLDWHG ZLWK IXQFWLRQV DW
XSZbuGVvV WR EXVLQHVV OHYHO DFWLYLWLHY DQG GRZ
SURGXFWLRQ 6WDJH

L VWDJH
ORGHO

JLIXUH IHVWLQJ RI PRGHOV LQ WKH RSHUDWLRQ

7KH IDFW WKDW HDFK VWDJH PRGHO LQ WKH KLH
RWKHUV PDNHV WKH RYHUDOO V\VWHP RI K\EULG QDV
VI\VWHPV >$3QWUBOGN CGLWHU .RKQ @ LV FUXFLDO LQ W
SUREOHPV GHILQHG RQ WKH RYHUDOO SURFHVV KLHUL
KDV EHHQ FRQFHUQHG ZLWK WZR W\SHV RI PRGHOV W
LV WKDW ZH KDYH D PXOWLOD\HU K\EULG VWUXFWXUH
IXQGDPHQWDO SUREOHPV
L *OREDO &RQWUROODELOLW\ BUREOHP
LL *OREDO 2EVHUYDELOLW\ BUREOHP

7KH ILUVW UHIHUV WR WKH IXQGDPHQWDO LVVX
SRVVLEO\ JHQHUDWHG DV WKH VROXWLRQ RI D GHFLV
ZLWKLQ WKH H[LVWLQJ FRQVWUDLQWY DW HDFK RI WKI
OHYHO ZKHUH ZH KDYH WKH SK\WLFDO SURFHVV SUI
JOREDO FRQWRIJR ODOMEHWQWWLYHO\ PD\ EWHHDNMEHWQD WV R
KLJK OHYHO VWVKEWRDEIMWIRYHW WKH KLHUDUFK\ 7KLV RSHQ
RI' D PXOWLOHYHO K\EULG WKHRU\ DQG LW FDQ WDNH
WKH SDUWLFXODU VWDJH PRGHO 7KH *OREDO &RQW



F XwHu KKkWHP{ DSSURDFK LQ WKH FRQWH[W RM Ji

FHQWUDO LQ WKHWRSYERRSPRDMKHM LQ WKH VWXG\
RUJDQLVDWLRQV VXFK DV WKH SURFHVV RSHUDWLRQYV

7KH VHFRQG SUREOHP UHIHUV WR WKH SURSHUW
DVSHFWV RI EHKDYLRXU RI WKH SURGXFWLRQ OD\H
PHDVXUHPHQWY RU HVWLPDWLRQ VXESURFHVVHV ZKLF
DJOREDO REVSIWRSHEULELWQG LV UHODW HRBR ®HRO WETHY HDQ
GLDJQRWWRWVFDQ SUHGLFW HYDOXDWH FHUWDLQ DVS
PDQXIDFWXULQJ SURFHVV W LV DVVXPHG WKDW WKH
FRQWDLQHG DW DOO VWDJHV RI WKH PRGHO DSDUW I|UI
PHDVXUHPHQW SURYLGHY WKH DYDLODEOH LQIRUPDWL
LQWLPDWHO\ PROYMHRPSWBRRWRK LQ WKH VWXG\ RI KLHUL
7KH PHDVXUHPHQWY GLDJQRVWLFV GHILQHG RQ WKH S
VSHFLILFE SURSHUW)\ IXQFWLRQDO PRGHOV TXDOLW\
JOREDO REVHUYDELOLW\ DELOLW\ WR REVHUYH DOO W
OLQNHG WR WKH TXDOLW\ Rl WKH UHVSHFWLYH IXQFWL

 QWHJUDWLRQ RI 2SHUDWLRQV UHTXLUHV VWXG\
)XQFWLRQDO ORGHO *OREDO 'HULYDWLRQ DQG ,QWHU
ORGHOV *OREDO &RQWUROODELOLW\ DQG *OREDO 2E
7KHVH SUREOHPV KDYH OLQNV EHWZHHQ WKHPVHOYH)\
FKDOOHQJLQJ SUREOHP WKRWHND\ 255H WH\\B2RDHTK HDWIHI Q
SUREOHPV KDYH EHHQ KDUGO\ DGGUHVVHG IURP WKH
H[FHSWLRQ WKH UHFHQW ZRUN RQ K\EULG V\VWHPV Z
LVVXHV UDLVHG LQ WKH DERYH SUREOHPV 21 FRXUVH
D SK\WWLFDO V\VWHP SURFHVV (VWDEOLVKLQJ WKH
GHVLUDEOH JRDOV DQG (QJLQHHULQJ 'HVLJQ 2EMHFW
LW LV UHIZSHHIBN DRQV 'HVL2Q ,GWRBOMPH :KHQ RSH
REMHFWLYHV FDQQRW EH UHDOLVHG RQ WKH H[LVWL
3URFHVV 5HGHVLJQ DULVHV DQG WKLV LV D SUREOH!
3URFHVV 2SHUDWLRQV DQG ,QWHJUDWLRQ RI 'HVLJQ
ZLWKLQ WKH FXUUHQW IUDPHZRUN

,Q VXPPDU\ WKH DUHD RI ,QWHJUDWLQJ 2SHU|
IXQGDPHQWDO SUREOHPV RI WKH 6\WWHPV ORGHOOL
ZKLFK PD\ EH GHVFULEHG DV



FKDSWHU ¢ el Qf BSSURDFKz qwH{w RMIHQHUDO

2 3 DRUPXODWLRQ RI LQGLYLGXDO 3URFHVV IXQFWLRQ
SUREOHPVY SDUWLFXODU SUREOHP DVSHFWYV
23 6WXG\ Rl DOWHUQDWLYH IRUPV Rl RUJDQLVDWLRC
2SHUDWLRQV DQG %XVLQHVV HQYLURQPHQW
23 OXOWLPRGHOOLQJ DVSHFWV RI WKH ,QWHJUDWHG
PXOWLOHYHO +\EULG 6\VWHPV
2 3 *OREDO &RQWUROODELOLW\ RI WKH ,QWHJUDWHG
SROLFLHV VWUDWHJILHV
2 3 *OREDO 2EVHUYDELOLW\ Rl SURGXFWLRQ SURFHVYV
23 ,QWHJUDWLQJ GHVLJQ DVSHFWV Rl DOWHUQDWLYH
23 ,QWHUIDFLQJ 2SHUDWLRQDO LVVXHV DQG (QJLQF
SURFHVYV

2 30 LQYROYHV WKH IRUPXODWLRQ RI LQGLYLG)
FRQWURO IUDPHZRUN ZKHUHDV 2 3 GHDOV ZLWK Wi
UDWKHU WKDQ WKH WUDGLWLRQDO +LHUDUFK\ DGRSWH
DOUHDG\ GLVFXVVHG 7KH WHUP *H[WHQGHG RSHUDWI
PDQXIDFWXULQJ SURGXFWLRQ RSHUDWLRQV ZH DOVR
HQYLURQPHQW

&RQFOXVLRQ

7KLV FKDSWHU HQFDSVXODWHV WKH EDVLF WHUF
JHQHUDO SURFHVVHV FDQ EH EXLOW 7KH HIIRUW KD\
HOHPHQWDU\ FRQFHSW RI REMHFW DV WKH IXQGDPHQW
REMHFWYV V\VWHPV DQG WKHLU LQWHUFRQQHFWLRQV
LQ )LIXUH ZH KDYH LQFOXGHG D VSHFLDO VHW RI
RSHUDWLRQDO VHW LQ RUGHU WR LQWURGXFH REMH
LQGLFHVY WR WKH GHVFULSWLRQ RI WKH V\VWHP 7KLV
WKH LVVXHV HPHUJLQJ IURP WKH PRGHOOLQJ RI EXVLQ

7KH GLVFXVVLRQ FRQWLQXHV RQ WKH G\QDPLF LC
V\VWHP DV ZHOO DV RQ WKH PDMRU FRQWURO FRQFHS
2SHUDWLRQV LV SUHVHQWHG KHUH WR DGGUHVV WKH



e A zZWQW yo DSSWURDEKw + W RFHYyyHy

VIVWHPV DV ZHOO DV WKH QHHG WR ILQG DSSURSULDW
FRPSOH[LW\



&KDSWHU

*(1(5,& 0(7+2'2/2*,(6 )25 %86,1(66
352&(66(6 02'(//,1* $1' '(&,6,21
0$.,1* $ 5(9,(:



&KDSWHU fu 1 Y . Q- 8EHFLKLRQ BMDBWWLUXM

*(1(5,& 0(7+2'2/2*,(6 )25 %86,1(66 352&(66(6
02'(//,1* $1' '(&,6,21 0$.,1* $ 5(9,(:

,QWURGXFWLRQ

'HYHORSLQJ D EXVLQHVV LQIRUPDWLRQ DQG GHFL
GHVLJQ WDVN LQ ZKLFK WKH ILQDO VSHFLILEDWLRQV F
RI PRGHOOLQJ DQG DQDO\VLYV DUH FKDUDFWHULVHG E\
WKH PRGHOOLQJ RI G\QDPLF EHKDYLRXU RI GLIIHUHC
XQGHUGHYHORSHG DQG GHFLVLRQ PDNLQJ LV PRVWO\
FRQFHSWXDO VFKHPH GHVFULELQJ WKH RYHUDOO Sl
LQIRUPDWLRQ V\VWHP GHSHQGY ODUJHO\ RQ WKH DELO
XQGHUVWDQG DQG PDQLSXODWH UHOHYDQW NQRZOH
GHVFULELQJ WKH G\QDPLF DVSHFWV RI EHKDYLRXU FRP

7KLV ODUJH QXPEHU RI DSSURDFKHVY PHWKRGROF
EHHQ GHYHORSHG KDYLQJ LQ PLQG HWS® HDRL | 1) B HOTSXSHALVF (
WKHLU WHFKQRORJ\ GLIIHUV EXW WKHUH LV D FRPPRQ
DOWHUQDWLYH DSSURDFKHVY ,QWHJUDWLQJ WKHVH PH
LQWHUSUHWLQJ WKH VSHFLDO IHDWXUHV LV DQ LPSR
VIVWHPV' DQG EXVLQHVV W\SH SUREOHPV

7KLV FKDSWHU OLVWV VRPH RI WKH PRGHOOLQJ
UHOHYDQW WR WKH EXVLQHVV SURFHVV LVVXH $ IDLI
AXDOLWDWLYH B5HDVRQLQJ )XQFWLRQDO 5HDVRQLQJ
%D\HVLDQ 1HWZRUNV ZLOO EH SURYLGHG 7KHVH PRGH
VXJIJHVWLQJ IXUWKHU ZRUN RQ WKHLU FDSDELOLWLH!
EXVLQHVV SURFHVV PRGHOOLQJ

ORGHOOLQJ ,VVXHV RI WKH *HQHUDO %XVLQHVV 3UR

7KH PRGHOOLQJ RI WKH HQWHUSULVH LV FOHDUO
LQFOXGHY WZR NH\ DVSHFWYV L WKH SURFHVV RI FDS
WKH HQWHUSULVH DQG LL WKH VXEVHTXHQW PDQLSX
LQWR D 3IRUPDO” GHVFULSWLRQ



&KDSWHU 4H RWlOb.jHirLyy MAURFHyYyyHy ,GGRGHOOLQD DQG G-G HFLLL

7KH ILUVW DFWL¥RWFHS WXIRD@REGHD AVQD SUHUHT
WKH GHYHORSPHQW RI VXEVHTXHQW IRUPDO PRGHOV

DFWLYLW\ RI GHYHORSLQJ DQ LQIRUPDWLRQ DQG GHFL
LPSRUWDQFH RI ILUVW GHYHORSLQJ PRGHOV WKDW DU

SDUWLFXODU SURFHVYV
5SHVWULFWHG

YLQLWH
B8QERXQGHG 6WDWLF
"\QDPLF

YLIXUH &RQFHSWXDO ORGHOOLQJ DQG 'HYHORSPHQW RI WKF

7TKH GHYHORSPHQW RI IRUPDO PRGHOV LV FRQVL
DFKLHYHG WKURXJK D VHULHV RI WUDQVIRUPDWLRQV
GHFLVLRQ PDNLQJ REMHFWLYHV )LJXUH LV EDVHG
FRQFHSWXDO PRGHOOLQJ LQ WKH GHYHORSPHQW RI| VF
HW D@ KDYH DGGHG WKH '"HFLVLRQ ODNLQJ (QJLQH 'O
LPSRUWDQW WDVN 7KH SXUSRVH RI PRGHOOLQJ RI WK
G\QDPLF EHKDYLRXU RI WKH SURFHVYV DQG UHSUHVHQ
GHFLVLRQ PDNHU WR UHDVRQ DERXW WKLV NQRZOHGJ
PRGLI\ WKH PRGHO DFFRUGLQJO\

JRUPDO PRGHOV DUH FRQFHUQHG ZLWK WKH DEVW
RI WKH REVHUYHG SURFHVV LQ D ZzD\ WKDW HQDEOHYV
IHDWXUH RI FRPSOH[ V\VWHPV LV WKDW HDFK KDV VWL
PLIKW EH TXLWH REYLRXV DV LQ WKH PDQDJHULDO |
REYLRXV DV IRU H[DPSOH LQ WKH YDOXH VWUXFWXUL
HITHFWLYH WR GHDO ZLWK V\VWHPV ZKRVH VWUXFWXU



& KDSWHU MHW 2M/HG WV- XGLQHGG QG G HFLGLRQ

*HQHULF PHWKRGRORJLHV IRU EXVLQHVV SURFHYV
'HFLVLRQ PDNLQJ

6RPH Rl WKH PHWKRGRORJLHY UHOHYDQW WR WKF
' &RQFHSWXDO ORGHOOLQJ >0\0RS O@7KLV LV DQ D
DVSHFWV RI WKH SK\WLFDO DQG VRFLDO ZRUOG IR
FRPPXQLFDWLRQ 6XFK GHVFULSWRRONSXBD ORNFEE PDI
UHTXLUH WKH DGRSWLRQ RI D IRUPDO RO WRX® OZ RRE
&RQFHSWXDO PRGHOOLQJ KDV DQ DGYDQWDJH RYHU \
QRWDWLRQV LQ WKDW LW LV EDVHG RQ D IRUPDO QR\
VHPDQWLFV RI WKH DSSOLFDWLRQ" ,W DOVR KDV I
PDWKHPDWLFDO QRWDWLRQV EHFDXVH LW VXSSRUWV
XVHIXO IRU KXPDQ FRPPXQLFDWLRQV 7KH GHYHORS!
EHQHILWHG IURP FRQWULEXWLRQV IURP ILHOGV VXFK
BRIWZDUH (QJLQHHULQJ >/RXF  =LF @ DQG &KHPLFL
RI WKH ZRUN LQ WKHVH ILHOGV KDV SURJUHVVHG DOF
VLPLODULWLHV H[LVW DPRQJVW WKHVH PRGHOV
LL 6RIW 6\WWHPV 7KHRU\ $ QXPEHU RI HIIRUWV WR
WKHRU\ WR QRQ HQJLQHHULQJ SUREOHPV KDYH EHH(
> 0LU @ >9HPXUL @ >6N\W @ DQG >&KHFN @
IRUPXODWLRQ EXW ODFN PDWKHPDWLEFDO ULJRXU DQG
VLIQLILFDQW DW WKH FRQFHSWXDO OHYHO RI PRGHO
DFFRXQW RI VRIW VA\VWHPV WKHRU\ DQG WKHLU OLQN W
LLL 6\WWHP '"\QDPLFV $SSURDFK )RU V\VWHPV ZLWK
JRUUHVWHU PHWKRGRORJ\ >)RU @ UHIHUUHG DV 6\V\
Rl DQ\ SK\VLFDO LQVLJKW WKDW ZH SRVVHVV DERXW
PRGHO 7KH FODVV Rl PHWKRGVY KHUH LQFOXGHV FRQF
GLDJUDPV >&R\OH @ VWUXFWXUH GLDJUDPV >.DUF
LOQWHUFRQQHFWHG IHHGEDFN ORRSV FDQ HDVLO\ SUF
WKHUHIRUH VLPXODWLRQ FDQ JUHDWO\ LQFUHDVH RXU
GZHOOV PRUH RQ WKH SRWHQWLDO RI 6\VWHP '\QDPLFV
LY 5ROH EDVHG PRGHOV ,Q VRPH EXVLQHVV DQG VR
HPSKDVLV LV SODFHG RQ WKH RUJDQLVDWLRQDO SH



& KDSWHU &MH! DORTLHW XRWQHL ITAUF Q- AW HFLLLRQ <OAMD/LQA A £A

5$'V >2X0G @ >2X0OG @ WKH PDLQ XQLW RI SURFH\
D QXPEWBRPYWG WKHUH LV D GLRWILYARMWER\ND EH VORFHDQ@
VLQJOH UROH DQG W KLROWWH D B WH/IYIRMY W IQW RDIYGIOWEH SD |
VHYHUDO UROHV ,QWHUDFWLRQV UHSUHVHQW WKRVH
WKHLU DFWLRQV )RU IXUWKHU DQDO\VLV UHIHU WR FK
9V BWUXFWXUDO OHWKRGRORJLHV 2QH RI WKH VLPSO}
EDVLF IRUP RI NQRZOHGJH LV WKDW H[SUHVVLQJ SK
(VWHQWLDOO\ WKHVH DUH PRGHOV H[SUHVVLQJ WRSF
FRPELQH WRSRORJLFDO WRJHWKHU ZLWK VRPH RWKHU
WKH PRVW FRPPRQ PRGHOV EXW WKH FODVV LV PXFK
%D\HVLDQ 1HWZRUNV >-HQVHQ @ FDXVH DQG HIIHFV
%RQG JUDSKV HWF 6WUXFWXUDO PRGHOOLQJ LV ZHOO
WRROV RI JUDSK WKHRU\ B6XFK PRGHOOLQJ LV VLJQLIL
EDVHG RQ EHKDYLRXU 6HH FKDSWHU IRU IXUWKHU GL
9L 4XDOLWDWLYH 3K\WLFV 4XDOLWDWLYH SK\VLFV DL
EHKDYLRXU RI SK\VLFDO V\VWHPV DQG WKXV VHHNV W
SK\WLFDO ZRUOG 7KH DSSURDFK IRU DQDO\VLQJ WKH

TXDOLWDWLYH VWUXFWXUDO GHVFULSWLRQ RI WKH U
H[SHUW UHDVRQLQJ DERXW VFLHQWLILF DQG HQJLQHF
VWDWXV PD\ EH IRXQG LQ >.XLSHUV @ 7KH DUHD XV}
LQ WKH VWXG\ RI SUREOHPV Rl SURFHVV HQJLQHHULQ
EHWZHHQ QXPHULFDO DQG TXDOLWDWLYH GDWD LV HT]
DUHD LV SULPDULO\ D WRSLF ZLWKLQ $, DQG FRQWI
TXDOLWDWLYH VLPXODWLRQ

YLL )XQFWLRQDO ORGHOOLQJ *LYHQ WKH DELOLW)\
YDULRXV VXEV\VWHPV DQG NQRZLQJ WKH FRQQHFWLYL
WRJHWKHU DQ DFFRXQW RI WKH IXQFWLRQ RI VXEV\VV
VWUXFWXUH 7KLV OHDGV WR IXQFWLRQDO PRGHOOLQ
WKH IXQFWLRQ JHQHUDOO\ IXQFWLRQDO VSHFLILFDW
WKH LQWHQWLRQV IRU ZKLFK WKH SURFHVV LV XVHG

PRGHOV PD\ UHTXLUH WKH DEVWUDFWLRQ RI EHKDYLR}
VXESURFHVVHV DUH VSHFLILHG 7KLV DEVWUDFWLRQ
RUJDQLVDWLRQ Rl UHSUHVHQWDWLRQ RI WKH UHODWL
RI 3URFHVV &RQWURO D PHWKRG FDOOHG OXOWLOHY



&0OLDS8 WMHW/RGRORIOLH{ °RU IKX{LWWH{k MAURFHk{H{ A»<MRFLHOOLQ® DQ

GHYHORSHG DLPLQJ WR KDQGOH LVVXHV RI UHSUHVHC
LQGXVWULDO sODQWYV 7KH PDLQ LGHD EHKLQG WKLV
FRQFHSWV WR UHSUHVHQW D SODQW DW PXOWLSOH
PDLQVWUHDP GHYHORSPHQW FRPHV KRZHYHU IURP
HQJLQHHULQJ
lYLL2 *RDO GULYHQ PHWKRGRORJLHV 2QH VWHS WR D
EXVLQHVYVY SURFHVVHV LV WR GHYHORS PRGHOV WKDW
NQRZOHGJH WKDW LV QHHGHG IRU XQGHUVWDQGLQJ
%XVLQHVYV PRGHOOLQJ DQG JRDO PRGHOOLQJ FDQ EH
VXFFHVVLYHO\ GHFRPSRVH DQG VDWLVI\ VLQJOH PRGH
DSSURDFK WKDW XVHV JRDOV DV PHDQV WR GULYH DQ
>< X O\ORS @

7KH GLIITHUHQW PRGHOOLQJ DQG DQDO\VLV PHWI
PHDQV RI PRGHOOLQJ VSHFLILF DVSHFWV RI WKH RY
>DUHW D@ ZH ILQG D IDU PRUH H[SDQGHG YLHZ RI WK
FDQ EH DSSOLHG 6SHFLI\LQJ H[DFWO\ ZKDW LV WKH U]
WR WKH RYHUDOO SUREOHP DQG KRZ GLIIHUHQW D
PHWKRGRORJLHY WKDW FRYHU WKH QHHGYV RI ODUJHU

3DUW , 4XDOLWDWLYH 3K\VLFV

4AXDOLWDWLYH 5HDVRQLQJ

AXDOLWDWLY HE XSIHDGAR WKH FRQFHSWXDOO\ XQLILH
IRU EXLOGLQJ DQG VLPXODWLQJ TXDOLWDWLYH PRGHO
WKRVH VI\VWHPV LV LQFRPSOHWH >.XLSHUV @
4XDOLWDWLYWHPRIEWM®WU DEOH WKDQ WUDGLWLRQ
LQFRPSOHWH NQRZOHGJH DE R4V G RWY /W Q X RXMUDKIVE
WR ILQG DOO SRVVLEOH EHKDYLRXUV FRQVLVWHQW Z
SURPLVLQJ WHFKQLTXH IRU GHVLJQ DQG DQDO\VLV ¢
VIVWHPV WV SXUSRVH LV WR H[SODLQ SURFHVV RE)
GHVFULSWLRQV WR EHKDYLRXUDO GHVFULSWLRQV 4X
SDUWLDO FRQFOXVLRQV IURP LQFRPSOHWHW Q@ZQWGJ



GOLDSWHU IAXyLQHyy MAURFHyYYHYy uGGRGHOO@QJWLG AGG HFL)

GUDZV RQ D ZLGH UDQJH RI PDWKHPDWLFDO PHWKRGV
WUDFWDEOH LQFOXGLQJ WKH XVH RI SDUWLDO TXDQWL

TKNWUXRWXUN\VWHP LV GHVFULEHG LQ WHUPV RI
SDUDPHWHUV DQG FRQ¥%WHKDYIQRXUHYFRQEHCKH® WHUPV
SRVLWLRQ DQG GLUHFWLRQ LQ TXDOLWDWLYH TXDQWLYV

+LVWRU\ RI TXDOLWDWLYH UHDVRQLQJ

BHYHUDO UHVHDUEFKHUV KDYH LQWURGXFHG GRPD
WKHLU H[SHUW V\VWHP WR HQKDQFH LWV SHUIRUPDQFF
DQG >3DQ 7HQHQ @ 2WKHU LQYHVWLJDWRUV KDYH
TXDOLWDWLYH UHDVRQLQJ DERXW SK\WLFDO V\VWHPV
AXDOLWDWLYH 3K\VLFV EBVHG HR Q H&RIQ | O ¥HE@ROW D@ L Y
BURFHVV EKHBBUEXV 4X@OIDMBWLYH 6LPXKODWILBEUY6,0@
> XLSHUV @ >.XLSHUV @

>GH.OHHU %URZQ @ FRQFHQWUDWH RQ PRC
FRPSRQHQWY DQG WKHQ GHULYH WKH EHKDYLRXU RI |
WKHLU FRQQHFWLYLW\ WR FRQVWUDLQ WKH EHKDYLRX
FRQWULEXWHG WR WKLV DSSURDFK >)RUEXV @ FRQF
WKDW DUH DFWLYDWHG ZKHQ WKH DSSURSULDWH FRQ
%RWK GH.OHHU DQG %URZQ DQG )RUEXV GHYHORS OLE
FRPSRQBQMRQIOXHRBHYGH.OHHU % SRRF H DQIESVDWIGH L U
LQIOXHREHMRUEXV @

4XDOLWDWLYH UHDVRQLQJ E\ )RUEXYV

2QH SDUW RI WKH SUREOHP LV WR UHSUHVHQW K
,QFUHPHQWDO 4XDOLWDWLYH ,4 FDOFXOXV FDQ KDQ!
TXDQWLW\ E\ RQH BI'IREKWIRYDOXHRUUHVSRQGLQJ WR
SGHFUHDVLQJ " S3FRQVWDQW" RU (LQGHWHUPLQDWH" L
GHULYDWLYH $OWKRXJK WKLV DSSURDFK LV YHU\ XVH



& LODSWHU fUHLLLIX LQ H IAUW Q- MEHFLGLRQ 91 D/LQA , I H

WR GHGXFH WKH OLPLWY¥XRIOS KWANWHI¥@ DSMR EM VIVGIRO X G H'
FDOFXOXV EXW DOVR LQFRUSRUDWHY QRWLRQV RI UDW

$ SDUDPHWHU RI D SK\VLFDO V\VWXIDR) \BLBXOD DMV IUW S
ZLOO KDYH WKUHH FRRO®RQ M Q DIXGIGDMWHKH ODVW WZR VS
KRZ WKH TXDQWLW)\ LV FKDQJLQJ WKH ,4 YDOXH FRUUH
UDWH FRUUHVSRQGVY WR WKH DPRXQW RI WKH FKDQJH
UHSUHVHQW D SDUWLFXODU NLQG Rl SDUDPHWHU DUH
TXDQWLW\ VSDFH

$ FRQWLQXRXDFSVAR MHAMWMR XJK WLPH WR YDU\ RQH F
VSHFLILFDWLRQ RI D SBSRHHFRYD GDWLRRQW SBED@WLW\ FR
DQIQIOXHBRMWK SUHFRQGLWLRQV DQG TXDQWLW\ FRQGL
EH DFWLRUHFRE @ WL MXRVH IDFWRUV WKDW DUH H[WH
VRPHRQH RSHQLQJ RU FRRYWQW D FRROECVAN BRKGIVO LP LWV \
GHGXFHG ZLWKLQ WKH SUHVHQW WKHRU\ VXFK DV IRL
WZR ERGLHV WR EH XQHTXDGHGRNWKROY BERZHWHR) R
DIIHEFWHG E\ WK H. (BOKFBFN VDKHG FRQWULEXWLRQV WR
FKDQJHV 5HODWLRQV FRQFHUQ DPRXQWY DQG UDWHV
FRQWULEXWLRQ WR WKH ,4 YDOXH IRU D TXDQWLW\
FKDQJLQJ UHTXLUHV VXPPLQJ DOO RI WKH LQIOXHQFH\
DFWLQJ DW RQFH

'LVFRQWLQXRXV FKDQJHV DQPSWR ERILFHW VRIFFHHU [
ERXQGDU\ FRQGLWLRQV 7KH SRLQWYV DUH FKRVHQ DFF
SURFHVVHV WKDW FDQ DIIHFW WKDW SDUDPHWHU )RU
D IOXLG FRXOG EH

7 LFH 2 7 ERLOLQJ

ZKHUH WHPSHUDWXUHV DW 7 LFH DQG EHORZ FRUUHV
7 ERLOLQJ DQG DERYH FRUUHVSRQG WR WKH JDVHRXYV
EHLQJ D OLTXLG

7KH SUHFRQGLWLRQV DQG TXDQWLW\ FRQGLWLRC
SURFHVVHV DUH RSHUDWLQJ ZLOWKLRW W KSH) R/EMAXD W L R @V
WKH LQIOXHQFHYV RQ DOO DIIHFWHG TXDQWLWLHV DQG
WKH QHLJKERXULQJ SRLQWYV ZLWKLQ WKH TXDQWLW\ V¢
SURFHVV PD\ HQG WKHUH DQG RWKHUV EHJLQ 7KXV W



& KDSWHU MHW RALH{ .XjLQHjy 3 v Q- ! HFLKLRQ

LQYROYLQJ OLPLW SRLQWV EHFRPHV WKH ZD\V WKH
>)RUEXV @

AXDOLWDWLYH VLPXODWLRQ

7KH SXUSKDOIRVYDWLYLH WVLR XWHDWIRRR IURP SK\VLFDC(
EHKDYLRXUDO GHVFULSWLRQV DQG WR H[SODLQ SURFI
PRGHO 7KH SRZHU RI TXDOLWDWLYH VLPXODWLRQ LV
IURP LQFRPSOHWH NQRZOHGJH RI WKH SURFHVV 'LIIF
ODQJXDJH IRU H[SUHVVLQJ VXFK PRGHOV $ UHSUHVHQ
DEVWUDFWLRQ RI GLITHUHQWLDO HTXDWLRQV PDNHV L
FRQVWUDLQWY RU SDUDPHWHU YDOXHV WKDW ZRXOG ¢
PRGHO IURP EHLQJ IRUPXODWHG 7KH 46 0 DOJRULWKP
> XLSHUV @ VWDUWYV ZLWK D PHFKDQLVP PRGHO H[SU
DQG SUHGLFWV WKH SRVVLEOH TXDOLWDWLYH EHKDYL
SRUWUD\V WKLV OHYHO RI DEVWUDFWLRQ

3K\VLFDO y $SFWXDO
6\VWHP %HKDYLRXU

1XPHULFDO RY
$QDO\WLFDO 6ROXWLRQ

4AXDOLWDWLYH 6LPXOKDWILREUDO
FRQVWUDLQWYV '"HVFULSWLRQ
JLIXUH ORGHOOLQJ DW TXDQWLWDWLYHVW®B®HOV RI DEVWUI

%DVLF FRQFHSWYV

7KH EDVLF FRQFHSWV RI TXDDAMNWDWIYEPDH DN VR X
TXDOLWDWLY/MW MDWBEXH YHQ LQ WKH $SSHQGL[ $QRWKHU



GLHUHQWLDOZKTXKBRWIHRSUHVHQWY WKH VWUXFWXUH RI
FRQWLQXRXYV YDULDEOHVY WKDW FKDUDFWHULVH WKH \
FRQVWUDLQWY RQ WKH YDOXHV WKRVH YDULDEOHV F
HTXDWLRQ PRGHO DGHTXDWHO\ GHVFULEHV WKH VWU X
SUHGLFWHG E\ WKH VROXWLRQ WR WKH GLITHUHQWLDC
RI WKH SK\VLFDO V\VWHP 7KH VWUHQJWK RI WKH OD!
IURP WKH H[SUHVVLYH SRZHU WR VWDWH PRGHOV WKI
ZRUOG DQG WKH LQIHUHQWLDO SRZHU WR GHULYH SUF

$ GLIIHUHQWLDO HTXDWLRQ LV DQ DEVWUDFWLRQ F
DEVWUDFWLRQV RI GLHAXDOHQWWLGY HH GXDIW URIQW RO H
WKHLU EHKDYLRXUV DUH DEVWUDFWLRQV RI 2'(V 2UG|
VROXWLRQV VHH )LJXUH

3K\WVLFDO 6\VWHP y$FWXDO %HKDYLRXU

'LITHUHQWLDO (TXDWLRQ A&RQWLQXRXV )XQFWLRQV

4XDOLWDWLYH ORGHO A4XDOLWDWLYH %HKDYLRXU

JLIXUH 4XDOLWDWLYH PRGHOV DUH DEVWUDFWLRQV RI GLIITHUH(

JRU DQ H[WHQVLYH DQG YHU\ GHWDLOHG LQWURG
VLPXODWLRQ UHIHU WR >.XLSHUV @ $OVR VHH WKF
WLPELWKLQ RQH SRVVLEOH EHKDYLRXU LV UHSUHVHQ!
GLVWLQJIXLVKHGKWLPXUSRIDWWLPH LV HLWKHU DW RU
SRLQWV $00 WKH WLPH SRLQWYV DUH JHQHUDWHG DV [
7KH SUHGLFWHG EHKDYLRXUV DUH XTHV/W WY % B8 BE W
VKRZQ LQ )LIJXUH

7KH TXDOLWDWLYH VLPXODWLRQ SURFHHGV E\ G
TXDOLWDWLYH YDOXH SHUPLWWHG WR HDFK SDUDPH
FRPELQDWLRQV RI TXDOLWDWLYH WUDQVLWLRQV DQG |



& KDSWHU MH W I TRU IkXLLQH{{ UH , Q- azHFLyWRQ All,D/LQ\ M A H

2XW S W 2XWSXW \

L1) L 1)
) 9,

%HKDYLRU
0.1) 7 7 2 0,1) 7
1RPDO 72 7 1RUPDO 72 7
1) 1)
; R R R 9

%HKDYLRU 7 7 7
0,1) 2 0,1) . 2
1RUPDO 7 7 7 1RUPDO 727 7

JLIXUH 4XDOLWDWLYH VWHS UHVSRQVHV IRU D VI\VWHP RI WZ

>'DOOH W CO@H

6HPL 4XDQWLWDWLYH 5HDVRQLQJ

BHPL TXDQWLWDWYYWKHWHHDYDORQLRI FRPELQLQJ LQFR
DQG TXDOLWDWLYH NQRZOHGJH 7KHUH DUH D QXPE
LQFRPSOHWH NQRZOHGJH RI TXDQWLWLHV LQFOXGL
GLVWULEXWLRQ IXQFWLRQV IX]]\ VHWVY DQG RUGHU RI

RQ WKH XVH RI ERXQGLQJ LQWHXEBNVL BPHG ZHE® H Q@ KH L
NQRZOHGJH RI D UHDO QXPEHU [ H

UDQJH $OEE @ HOE XEER XE

4 |RU 4XDOLWDWLYH 4XDQWLWDWLYH LV WKH
LPSOHPHQWHG DV DQ H[WHQVLRQ WR 46,0 >.XLSHUYV
SURSDJDWLRQ >.XLSHUV @ DQG LQWHUYDO DULWKP
LQWHUYDO ERXQGY RQ YDOXH GHQRWLQJ WHUPYV

7KH 4 DOJRULWKP LV JLYHQ LQ >.XLSHUV @ ,W
UHILQHPHQW GHILQH D VHW RI SRVVLEOH VROXWLRQ
JXDUDQWHH WKDW WKH VROXWLRQ OLHV ZLWKLQ WKH
ZLWK 4 LV QRW GHSHQGHQW RQ WKH VL]H RI WKH SD!
QXPEHU RI GLVWLQFW TXDOLWDWLYH EHKDYLRXUV SUH



& KDSWHU JHQHULAWS ROR WIGLBjL@H] M AWRFHyyHy LW\ RGHOOLQA DQ- ! HFLjLRQ

4 ILQGV DSSOLFDWLRQV ERWK LQ GLDJ@RMW D
FRPSRQHQW LQ WKH ZDWHU WDQN H[DPSOHV >6LPPRQV
0,0,& DSSURDFK WR PRQLWRULQJ DQG GLDJQRVLV R
>'YRUDN .XLSHUV @ >'YRUDN .XLSHUV @ DQG >
WDVN RI XQLI\LQJ D JLYHQ VHW RI TXDQWLWDWLYH DVV
UHO\LQJ RQ 0,0,& WR PDQDJH WKH VHW RI SRVVLEOH LG

2ZWKHU UHSUHVHQWDWLRQV

$ VRSKLVWLFDWHG FDOFXOXV IRU VHPL TXDQWLW
PDJQLWXGH UHODWLRQV KDV DOVR EHHQ GHYHORS
>0DYUR 6WHSK @ >0DYUR BWHSK @ >0XUWK\
7KH GLDJQRVWLEF V\VWHRW (T3@ DB IBIXHHY NQRZOHGJIH
PDJQLWXGH UHODWLRQV ><LS @ DSSOLHV RUGHU RI
SDUWLDO GLIIHUHQWLDO HTXDWLRQ PRGHOV

)X]]\ UHSUHVHQWDWLRQV IRU LQFRPSOHWH NQRZO
LQ FRQMXQFWLRQ ZLWK TXDOLWDWLYH EHKDYLRXUV :
>9HVFRQL B5REOHV @ 'T$PEURVLR PHQWLRQV WZR \
BURFHVV MORWHRIVOHB[O H DPEQJIJXLW\ +H SURSRVHV DQ H
UHSUHVHQWDWLRQV LQ RUGHU WR FDSWXUH PRUH LQI
DQG WKHUHIRUH VROYH WKHVH SUREOHPV +LV H[WHQ
UHSUHVHQWDWLRQV WR SHUPLW EFDSWXUH RI SDUW
OLQJXLVWLF GHVFULSWLRQV RI LQIOXHQFH VHQVLWL"
LQIOXHQFH UHVROXWLRQ DQG F OLQJXLVWLF FKDU
RUGHULQJ UHODWLRQVKLSYV

>1IRUGIY. ND@ KDYH GLVEXVVHG WKH H[WHQVLRQ RI
IX]]\ PDWKHPDWLFV DQG >6KHQ /HLWFK @ >6KH
LPSOHPHQWHG WKLV H[WHQVLRQ

)LQDOO\ TXDOLWDWLYH DQG VHPL TXDQWLWDW
GLVWULEXWLRQV KDYH EHHQ LQYHVWLJDWHG E\ >:HOOF



&G/DS WH &MHQHIGGHW/RGRORA/HY %RU GGXyLQHyy MAURFHyyHy uGGRGHOOLQA DQ -

/LQNLQJ 3HWUL 1HWV ZLWK 4XDOLWDWLYH 5HDVRQLQJ

7KH VLPXODWLRQ RI D FRQWLQXRXV RU D GLVFULI
EDVLFDOO\ LQ WZR ZD\V TXDQWLWDWLYHO\ DQG TXDC
DQ H[DFW GHVFULSWLRQ Rl WKH UHODWLRQVKLSV EHW
VIVWHP IXQFWLRQLQJ LQ WHUPV HJ RI DOJHEUDLF
AXDOLWDWLYH VLPXODWLRQ RQ WKH RWKHU KDQG HI[S
FRQQHFWLRQV EHWZHHQ WKH TXDQWLWLHY >GH.OHHU
> XLSHUV @ 21 FRXUVH VXFK D GHVFULSWLRQ GRHYV
TXDQWLWDWLYH DQDO\WLYV KRZHYHU LW SHUPLWV WR
KDQGOH V\VWHPV WKDW DUH QRW FRPSOHWHO\ NQRZQ
FODVVHV RI VIVWHPV UDWKHU WKDQ QXPHULFDO VROX\
QRQ OLQHDU V\VWHPV KRPRJHQHRXVO\

2QH RI WKH GLVDGYDQWDJHV RI TXDOLWDWLYH
DPELJXLW\ JLYHQ D TXDOLWDWLYH PRGHO RI D V\VWH
WKDQ RQH TXDOLWDWLYH EHKDYLRXU FDQ JHQHUDOO\ ¢
FKRLFH RI WKH TXDQWLW\ VSDFH XVHG WR UHSUHVHQ
$QRWKHU GLVDGYDQWDJH RI TXDOLWDWLYH DQDO\VLV
VLPSOH PDWKHPDWLFDO WRROV IRU FDUU\LQJ RXW WKF

>)DQQL *LXD @ SURSRVH D VLPSOH zZD\ RI DYR
TXDOLWDWLYH VIVWHP ZLWK LWV GLVFUHWH TXDQWLW
VIVWHP '(6 >5DP :RQK @ LH DV G\QDPLF V\VWH
RQO\ DW GLVFUHWH SRLQWV LQ WLPH LQ DJUHHPHQW
HYHQWY LWV EHKDYLRXU PD\ EH GHVFULEHG E\ XVLQ
QHWV KDYH EHHQ XVHG LQ TXDOLWDWLYH VLPXOTC
>2NXGD 8VKLR @ 7KHVH DXWKBODRMADDHQEBRWPDG W
DVVRFLDWHG WR D VWDWH YDWUD B SFHRNVAKHY 8 RQIGHY W R LI
D ODQGPDUN

>)DQQL *LXD @ PRGLI\ WKH DSSURDFK RI 2NXG
DSSURDFK RI >)DQQL *LKXW D@ DRGVW)DWRH\ DVVXPF
PDUNLQRW SODFH RI D QHW PD\ EH DVVRFLDWHG WR
WUDQVLWLRQ PD\ UHSUHVHQW PRUH WKDQ RQH ODQGHF
WKH EHKDYLRXU RI WKH SK\VLFDO V\VWHP LV FRPSOHYV



& KDSWHU JHQHUHMOLRGR/\LH| IRU T QyLQH j IAUF \LG GGzHFLYLRQ

7KLY DOORZV RQH WR XVH VRPH RI WKH VWDQGDUG 3F
SURSHUWLHYV RI WKH PRGHO >0XUDWD @ >3HWHUVRQ

>)DQQL *LXD @MV DSSURDFK KDV WKH SRVVLELC
VI\VWHP ZKRVH EHKDYLRXU LV GHVFULEHG E\ ERWK FRC(
bv b PHUH GLVFUHWH HYHQW V\VWHP LQ WKH IROORZL
WKH FRQWLQXRXV WLPH EHKDYLRXUV LV JLYHQ G6HF
FDSWXUHG E\ GLVFUHWH HYHQW PRGHOV )LQDOO\ D
GLVFUHWH HYHQW EHKDYLRXUV LV EXLOW XVLQJ 3HWUL

3HWUL 1HWV DV 4XDOLWDWLYH PRGHOV

7KH TXDOLWDWLYH YDOXH RI HDFK YDULDEOH LV
VXEVHW RI SODFHV LQ WKH 3HWUL QHW 7KXV ZH KDY
VWDWHY DQG PDUNLQJV >)DQQL *LXD @ 7KH LQLWLE
LQLWLDOO P RUNLKQH QHW

7KH ILULQJ RI D WUDQVLWLRQ ZLOO UHSUHVHQW
IURP RQH TXDOLWDWLYH YDOXH WR DQRWKHU 7KH VH"
E\ DOO VHTXHQFHV Rl WUDQVLWLRQV R ILUDEOH IURP V

$V ZH DOVR NQRZ WKH FKDQJH RI YDPXHVRRIW HQ|
GHSHQGHQW RQ WKH YD®XHKXM DL@QRWKH BHRWQHL DBAW P |
WKDW FKDQJHV WKH PDUNLQJ RI WKH SODFHV DVVRFLI
WKH SODFHV BPVKRFLOMGRY¥FRI RIPD\ EH UHSUHVHQWH ¢
LH F\FOHV LQ WKH QHW JUDSK FRQWDLQLQJ RQO\ RQ

>)DQQL *LXD @ SUHVHQW WZR GLIIHUHQW PR
TXDQWLW)\ VSDFHV ' DQG "~ Q Q' )RU HI
JLYH JHQHUDO FRQVWUXFWLRQ DOJRULWKPV WR GHUL)
RI TXDOLWDWLYH HTXDWLRQV

7KHUH DUH VRPH DGYDQWDJHV LQ XVLQJ 3HWUL
EHKDYLRXU RI D VIVWHP )LUVW WKHUH LV VLPSOH DC
PDUNLQJ RI WKH QHW DQG WKH VWDWH RI WKH V\VWH
VIVWHP FDQ EH VWXGLHG DV VHTXHQFHV Rl UHDFKDEO
7KLUG WKH PDWKHPDWLFDO SURSHUWLHV RI 3HWUL
FKDUDFWHULVWLFV Rl WKH VI\VWHP EHKDYLRXU ZLWKR



&GOODMMWHUJHQHOKM>/RGRIRFMLWWL MRU MIXyLQHzL M AURFHyyHy TI@RGHOOLQA DQG

QHW VWUXFWXUHYVY PD\ EH XVHG WR UHSUHVHQW WKH V
FKRLFH RI WKH YDULDEOH TXDQWLW\ VSDFH

$GYDQFHV

4 >%HUOHDQW @ >%HUO XLSHUV @ >
>0%HUO . XLSHUV @VWHISQAGN YH@WHKPSHRIOMWDWLQJ QH:
DQ H[LVWLQJ VHTXHQFH Rl VWDWHY LQ D VLPXODWLRQ
WKH WLPH VWHSV LQ WKH VLPXODWLRQ

6WHS VL]H UHILQHPHQW FDQ RQO\ UXQ ZLWKLQ
JXDUDQWHHG WR WHUPLQDWH ZKHQ WKH ODEHO VHW\
QXPEHU RI HOHPHQWYV

4 GHPRQVWUDWHY DQ HIIHFWLYH PHWKRG RI RE)
RQ VHPL TXDQWLWDWLYH VLPXODWLRQ WUDMHFWRULH
VLIQLILFDQW LPSURYHPHQW LQ TXDQWLWDWLYH LQIHU

([DPSOH

7KH IROORZLQJ H[DPSOH LV WDNHQ IURP >.XLSHL
SUREOHP LQ HFRQRPLFV $ SDUDGLJP RI FRPSDUDWLY
DERXW WKH LQW HX%BBQMERMPBHINEHYH @V VKRZQ LQ )LJIX

JLIXUH 7KH 6XSSO\ DQG 'HPDQG FXUYHV >.XLSHUYV



&KDSWHuMHQHULF RFMAH GAXPI—&JEJRFHGGHLGQQ— I HFLLLRQ P D/ Q D A 3 HO

7KH KRUL]JRQWDO D[LV Rl WKH JUDSK UHSUHVHQV
FRPPRGLW\ DQG WKH YHUWLFDO D[LV UHSUHVHQWV W
VXSSO\ DQG GHPDQG FXUYHV UHSUHVHQW WKH ORFL
GHPDQG SURFHVVHV UHVSHFWLYHO\

7KH VXSSO\ FXUYH LQFUHDVHV PRQRWRQLFDOO\
FRPPRGLW\ LQFUHDVHY SURGXFHUV ZLOO WHQG WR L
GHPDQG FXUYH RQ WKH RWKHU KDQG GHFUHDVHV
LQFUHDVHV FRQVXPHUV ZLOO WHQG WR EX\ IHZHU DPHR
RI WKH HTXLOLEULXP FXUYHV DUH LQIOXHQFHG E\ HJ[I
PDWHULDO WR WKH SURGXFHU RU SHUFHLYHG GHVLU
VXGGHQ FKDQJH LQ H[RJHQRXV IDFWRUV FDQ PRYH WK
FXUYHV (DFK SURFHVV LQGHSHQGHQWO\ FKDQJHV SUI
RUGHU WR UHWXUQ WR HTXLOLEULXP 7KHLU MRLQW H
WR WKH LOQWHUVHFWLRQ RI WKH VXSSO\ DQG GHPDQG |

7KLV PRGHO FDQ EH H[SUHVVHG E\ WZR TXDOLWDYV

6XSSOXDQWLW\ 0 ~SULFH ;6)

'"HPDQTXDQWLW\ULEH

ZKHW&) UHSUHVHQWY WKH DJJUHJDWH &8 [WUHHBQIHO/ HQX\
SH[WHUQDO GHPDQG IDFWRUV’ 7KH 4'( LPSOHPHQWDW

DQG )LIJXUH VKRZV WKH UHVSRQVH RI WKLV V\VW
VXSSO\ IDBWRUYV

> ZT >@?SULFH® ODYEOQANLW @

GHILQH 4Y(XSSO\ GHPDQG

TXDQWLWSDFHV

SULFH LQI

TOQWLW\ LQI

;6) LQI S HIWHUQDO VXSSO\ IDFWRUV’
") LQI SHIWHUQDO GHPDQG IDFWRUV”~
6WHUP LQI SULFH ;6)

'"WHUP LQI SULFH ;")

FRQVWUDLQWYV
FRQVWDQW ;6)
FRQVWDQW ;')
PXOW 6WHUP ;6) SULFH
PXOW 'WHUP ;') SULFH
0 6WHUP TXDQWLW\ LQI LQI VXSSO\ FXUYH XSZDUC
02 '"'WHUP TXDQWLW\ LQI  LOQI GHPDQG FXUYH GRZQZ

LQGHSHQGHQW ;6) ;")



&ROODQWBHQHULF

MAURFHYyHj uGGRGHOOLQA D@(QPNHFLyLRQ

GHIXQ LQFUHDVH ;6)

OHW UHVXOW 46(RP TGH VXSSO\ GHPDQG
LQLWLDO YDOXSIWLFH LQI VWG
TXDQWLW\ LQI VWG
;6) LQI VWG
) LQI VWG
SHUWXUE ;1 6)
5 FDU UHVXOW UHIHUHQFH VWDWH
6 FDGU UHVXOW SHUWXUEHG VWDWH

46($ WDEOH 6 UHIHUHQFH 5
TVLP GLVSOD\ 6 UHIHUHQFH VWDWHVs

YLIXUH '"HILQLQJ DQG SHUWXUELQJ WKH 6XSSO\ DQG 'HPDQG F
1) 1) 1)
: t F 67
R 32 R 67
5 72 5 72 5 #
35,8&( :6) 67(50
1) 1) 1)
4 0 o)
40 ' v '
5 72 5 72 D 72
48%$17,7< ) '7(50

! LQFUHDVH [VI

46(~ R1 6833/< '(0$1' >YDU@ YDOXHV ZUW 6

YDU 6
35,&(
48%$17,7<
;6)
")
67(50
'7(50

JLIXUH 7KH UH BH DHGF W KKV O OMUHW X'2BRG WKOBIXGKLISFS@\ DQG 'HPDQG

UHVSRQGLQJ WR LORUSBYWG @
'"HDOLQJ ZLWK FRPSOH[ V\VWHPV

ODQ\ FRPSOH[ V\VWHP PRGHOV KDYH WRR PDQ\ V
PDQ\ SRVVLEOH VXFFHVVRU VWDWHY WR EH WUDFWD
JOREDO OLPLW K\SRWKHVHV JURZV H[SRQHQWLDOO\ ZL
DUH ITUHTXHQWO\ IDFHG ZLWK ODUJH V\VWHPV FRQVLYV
DSSHDU LQWUDFWDEOH WR FXUUHQW TXDOLWDWLYH U]



& 8 JHQHULF W3yL QHjj McAUdwm cRewLjurQ

7KHUHIRUH WKHUH LV D QHHG WR GHILQH D YDOL
FRPSOH[ VIVWHP LQWR D FROOHFWLRQ RI WUDFWDEOH
GLVWLQJXLVKLQJ FORVHO\ UHODWHG PHFKDQLVPV ZL
WLPH VFDOH DES@IUDFEWIRRQ® FRPSOH[ VIVWHP PDGH XS
PHFKDQLVPYV
7LPH 6FDOH $EVWUDFWLRQ 3ULQFLSOH ,I D FRPSOH]
HTXLOLEULXP PHFKDQLVPV WKDW RSHUDWH DW ZLGHO\
PHFKDQLVP FDQ YLHZ D IDVWHU RQH DV EHLQJ LQVWD
FRQVWDQW
$ GLVFLSOLQH IRU VKLIWLQJ WKH IREXV RI DWWHC
EHHQ GHYHORSHG E\ >.XLSHUV @ 7KH WZR GLUHFWI
PHFKDQLVP UHTXLUH GLIIHUHQW PHWKRGYV
f )DVWHU WR 60RZHU *LYHQ DQ LQLWLDO SHUWXUE
VLPXODWLRQ SUHGLFWV WKH UHVXOWLQJ HTXLOLEU
VKLIWV DWWHQWLRQ WR WKH QH[W VORZHU RQH 7KF
ZLWK WKH VORZHU PHFKDQLVP FDQ EH WUHDWHG DV
PHFKDQLVP

f 60RZHU WR )DVWHU $IWHU D VORZHU PHFKDQLYV
HQYLURQPHQW LW SURYLGHV IRU D IDVWHU PHFKDQI
IDVWHU PHFKDQLVP E\ GHILQLWLRQ PXVW KDYH WL
ZD\ WR HTXLOLEULXP 7KXV WKH IDVW PHEKDQLVP L\
FDQ EH GHULYHG IURP WKH YDOXHV RI VKDUHG Y
> XLSHUV @

YLIXUH VKRZV WKH SDWWHUQ RI FRQWURO IRU
8SZDUG DUURZV LQLWLDWH G\QDPLF VLPXODWLRQ WR [
LQLWLDWH SURSDJDWLRQ WR D PRUH FRPSOHWH GHVI
(DFK EHDG UHSUHVHQWY D TXDOLWDWLYH VWDWH VR
SURSDJDWLRQ RI DQ HTXLOLEULXP VWDWH SURGXFHV
DWWHQWLRQ WDNH SODFH LQ WKH VHTXHQFH VKRZQ
PHFKDQLVP SURYLGHV YDOXHV IRU LQLWLDOLVLQJ D V

7KH ILQDO VWDWH Rl WKH VHFRQG VLPXODWLRQ LV
VWDWH IRU WKH IDVWHVW PHFKDQLVP 7KHQ YDOX
DYDLODEOH WR LQLWLDOLVH WKH VORZHVW PHFKDQLVF



URHyyHY

WLPH VORZ
PHGLXP

IDVW

JLIXUH &RQWURO RI IRFXV RI DWWHQWLRQ >.XLSH

JRUPDOO\ WKH DOJRULWKP LV DV IROORZV $IWH
LGHQWLILHYVY WKH IDVWHU PHFKDQLVPV WKDW VKDUH Y
SURSDJDWHV WKH VKDUHG YDOXHV WR GHWHUPLQH WK
2QFH WKLV LV GRQH WKH VORZHU PHFKDQLVPV VKDUL
YDOXHV RI YDULDEOHV VKDUHG ZLWK WKLV PHFKDQLYV
ZKLFK LW LV VLPXODWHG 7KH SURFHVV UHSHDWYV UHF)>

6RPH RWKHU UHODWHG ZRUN HQYFD@& TCHYGWKHUHLR VY I
ZKR KDYH GLVFXVVHG D YDULHW\ RI DQDO\WLF DQG Q.

DQG SDUWLDO GLIITHUHQWLDO HTXDWLRQV WR GHWHUF
VFDOHV

&RPPHQWYVY RQ 4XDOLWDWLYH 5HDVRQLQJ

7KH SXUSRVH RI TXDOLWDWLYH VLPXODWLRQ LV W
EHKDYLRXUDO GHVFULSWLRQV DQG WR H[SODLQ SURF
PRGHO ,WV SRZHU OLHV RQ LWV DELOLW\ WR \LHOC
NQRZOHGJH RI WKH SURFHVV $ UHSUHVHQWDWLRQ OD
RI GLITHUHQWLDO HTXDWLRQV PDNHV LW SRVVLEOH W|
SDUDPHWHU YDOXHV WKDW ZRXOG SUHYHQW D TXDQW
EHLQJ IRUPXODWHG

>)RUEXYV O@1MVv IDLUO\ ZHDN IRUPDOLVDWLRQ
DPRXQWYV ,4 YDOXHV DQG UDWHV DQG WKH EDVLF FF
EHHQ SUHVHQWHG 7KH FRQFHSWXDO IUDPHZRUN RQ
WKHLU UHVHDUFK ZRUN FRXOG SRVVLEO\ DV ZHOO EF
PRGHOOLQJ EXVLQHVV SURFHVVHYVY 7KLV LVVXH FRXOG



&KDSWHU MHW  -6XGLQHGG MAUYW - HFLGLRQ :OD /A- [

4XDOLWDWLYH PRGHOOLQJ DQG VLPXODWLRQ DUH
VROYHUV IRU WKH PDMRU WDVNV Rl PRGHO EDVHG UH
SODQQLQJ DQG H[SODQDWLRQ 6R IDU WKH PHWKE
UHSUHVHQWDWLRQ DQG UHDVRQLQJ ZLWK LQFRPSOHW
EDWKWXEV DXWRPRELOHV UHIULJHUDWRUV HOHEWUL
SK\WLRORJ\ Rl WKH ERG\ ERWDQ\ DQG VR RQ
AXDOLWDWLYH VLPXODWLRQ VKRZV SURPLVH EXMW
IXQFWLRQDO DQG TXDQWLWDWLYH LQIRUPDWLRQ LQ |
GHYHORSHG DQG FRQWLQXH WR EH GHYHORSHG WR F
PHWKRGVY IRU GHFRPSRVLQJ ODUJH SUREOHPV EDVH
WLPH VEDOHV IRU SUHGLFWLQJ EHWWHU WKH EHKDYL
DSSURDFK WR VLPXODWLRQ DQG IRU LQFUHDVLQJ Wt
UHWDLQLQJ WKH LQKHUHQW DGYDQWDJHV RI TXDOLWD
+RZHYHU DSSOLFDWLRQV RI H[SHUW V\VWHPV I
FRPSOHWH ZHOO GHILQHG PDWKHPDWLFDO PRGHOV G
VIVWHPV ,Q WKHVH FDVHV LW LV VWLOO SRVVLEOH W|
XVHIXO FRQFOXVLRQV E\ FDSWXULQJ WKH XQGHUO\LQ.
E\ HQDEOLQJ UHDVRQLQJ IURP SDUWLDO NQRZOHGJH T
UHOLHYLQJ WKH SUREOHPVY HQFRPSDVVHG LQ WKH PRG

2UGHU RI PDIJQLWXGH UHDVRQLQJ

AXDOLWDWLYH UHDVRQLQJ >%REURZ @ LV D Z
PHWKRG IRU GHDOLQJ ZLWK TXDOLWDWLYH PRGHOV L
FRQVWUDLQV WKHP WKURXJK TXDOLWDWLYH FRQVWUL
UHDVRQLQJ HIIRUW SDUWLFXODUO\ LQ HQJLQHHULQJ
LQKHUHQW LQ WKH TXDOLWDWLYH YDOXHYV QRU
>)RUEXV @ LQFOXGHG WKH LQHTXDOLW\ UHODWLRQV
UHVROYHG WKH DPELJXLWLHV 4XDOLWDWLYH UHDVRQ
LQGLYLGXDO SDUD P HVHIODW HERNGM KR W/ HRH) S\DKUD PHW H U V

4XDOLWDWLYH UHDVRQLQJ LQWHQWLRQDOO\ QI
SDUDPHWHUV EHFDXVH LW WDUJHWV UHDVRQLQJ DW I
FRQVWUDLQWY DOO WKH ZD\ WR TXDOLWDWLYH FRQ



&KDSWHU J RoRIOLRY IXWGLQHGG IAUF LQLlc oMW HFLGLRQ <0OGDLLQA A\

NQRZOHGJH WKDW WKH FRQVWUDLQWY FRQWDLQHG $¢
DQ\ LQIRUPDWLRQ PRUH DFFXUDWH WKDQ VLJQV UHPDL
7KHUHIRUH LW LV GHVLUDEOH WR LQWURGXFH DQ
YDOXHV WR DFKLHYH PRUH H[SUHVVLYH2BREHWRI DQ
PDJQLWXBGNRQLQJ RIIHUV H[DFWO\ WKH QHFHVVDU\ LQYV
W LV EDVHG RQ WKH UHSUHVHQWDWLRQ RI WKH
SDUDPHWHUV RI D VIVWHP ,W FDSWXUHV WKH VHPL T
VWDWHPHQWY RI WKH NLQG 3$ LV PXFK VPDOOHU WKDQ
0 >5DLPDQ H@& P@®IXBWURGXFHG WKH )2* )RL
PD*QLWXGH V\WWHP ZLWK WKUHH EDVLF UHODWLRQYV
+f $1H % $ LV QHIJOLJLEOH LQ UHODWLRQ WR %
f $9R % $ LV FORVH WR % DQG KDV WKH VDPH VLJQ
I $ &R % $ KDV WKH VDPH VLJQ DQG RUGHU RI PDJQL\
7KH )2* V\VWHP KDG UXOHV RI UHDVRQLQJ LQ
FODVVLFDO TXDOLWDWLYH YDOXHV DGGLWLRQ DQG
LQWXLWLYHO\ WKLV ZD\ Rl UHDVRQLQJ ZDV OLNH XV
TXDQWLWLHV ZLWK D YDULDEOH OHYHO RI SUHFLVLRQ
8QIRUWXQDWHO\ )2* KDV VHYHUDO GLVDGYDQWDJ
W GRHV QRW SURYLGH FRQFUHWH LQWHUSUHWDWLF
, WV VHW RI UXOHV DSSHDUV DUELWUDU\ DQG LW LV
W GRHV QRW DOORZ LQFRUSRUDWLRQ RI SDUWLDO -
W FRQFHQWUDWHYV VLIJQV DQG PDJQLWXGHV LQ VLQ.
W UHTXLUHV WKH H[SOLFLW XVH RI QHJDWLRQ D¢
UHODWLRQV WR H[SUHVV HYHQ YHU\ VLPSOH DQG IUHT

%DVLF &RQFHSWYV

$YDULRBDOBMO@ UHIHUV WR D VSHFLILF SK\VLFDO T
GLPHQVLRQV EXW XQNQR@ DR Q@@L PDO DD ®)RHD $Y DU LD
NQRZQ VLJQ DQG YDOXH 9DULD E OH\D @WIAWDKINDG PDE K
TXDQWLW\ WKHUH DUH OLQNV HDFK UHSUHVHQWLQJ
LQWH U U HQFRIYBVDEQV DOO WKH RUGHU RI PDJQLWXGH



&GOLDSWH /MHQHWML®W/ 8 AIR U L XjLQH{{ MAUF , QG GGW HFL{LRQ : D/ A - A

WZR TXDQWLWLHYVY DQG LQIRUPDWLRQ RQ ZKHUH VXFK
WKH\ FDQ EH XVHG

2UGHU RI PDIJQLWXGH UHODWLRQV UHODWH WKH
ZLWKRXW UHIHUHQFH WR WKHLU VLIJQ 7KXV WKHUH
PDIQLWXGHYV VR WKDW UHDVRQLQJ ZLWK VLJIJQV FDQ E
UHDVRQLQJ SULQFLSOHV >0DYURSUBWIHSKYHGA FIZKE H HE
UHODWLRQVY DPRQJ TXDQWLWLHY VHH WDEOH

20 UHODWLRIHUEDO H[SODQDWLRQ
U[ o] $ © % $ LV PXFK VPDOOHU WKDQ %

U $ 0% $ LV PRGHUDWHO\ VPDOOHU WKDQ %
] $a 0% $ LV VOLIKWO\ VPDOOHU WKDQ %

U $ a % $ LV HI[DFWO\ HTXDO WR %

uv $ la %LV VOLIJKWO\ ODUJHU WKDQ %

§] V$ I % LV PRGHUDWHO\ ODUJHU WKDQ %

U 2 $ a 0% LV PXFKODUJHU WKDQ %

7TEOH SULPLWLYH UHODWLRQV RI WKH 2 0 IRUPDOLVP >(

‘H DFFHSWRPSRXIGI®DWLRQ DQ\ LPSOLFLW GLVMXC(
VXFFHVVLYH SULPLWLYH UHODWLRQV )RU H[DPSOH Wi
WKDQ %~ ZRXOG EI$ OHSUH¥BMWHG DE¥FWHSK @ 7KHU]I

FRPSRXQG UHODWLRQVOHKHWEHHABRDWY LRQVHDNM G WKLYV
H[ISUHVVLYHQHVV ZLWKRXW GLVMXQFWLRQ RU QHJDWLI
WR H[SUHVV TXDQWLW\ VSDFH SDUWLDO RUGHULQJ DQ
PRUH LQIRUPDWLRQ RQ WKH VHPDQWLFV RI >0@ UHOD

&ODVVLFDO FRPPRQVHQWH UHODWLRQV
/IHVV WKDQ

/HVV WKDQ RU HTXDO VR
*UHDWHU WKDQ

*UHDWKIUQ RU HITXDO WR a
(TXDO WR 22
$SSUR[LPDWHOYHTXDO WR



& KDSWHBB B BB ARFLH{ ILRU IsX{LQHKk{ YR Q- HFL{LRQ

1
/HVV WKDQ RU DSSUR[LPDWHO\®HTxDJ WR a

*UHDWHU WKDQ RU DSSUR[LPDWHO\ HTXDO WR
I a
OXFK OHVV WKDQ ©

OXFK JUHDWHU WKDQ a

7TDEOH 0 UHODWLRQV UHSUHVHQWLQJ UHODWLRQV WKDW L
>0DYUR 6WHSK @

$VVLIQPHQWY &RQVWUDLQWY DQG 5XOHV

$VVLIQPBIQMVY¥VROYHG  DOJHEUDLF UHODWLRQV W
SURGXFH UHODWLRQV DPRQJ RWKHU TXDQWLWLHV )RU
$ % &H[S( )
$ % & H[S ' ( % )
7KH ULJKW KDQG VLGH RI B3 UHWWAIRZPHRGMW EFD OQHM GD L
DOJHEUDLF H[SUHVVLRQ >0DYUR BWHSK @ ,W FDQ
QXPHULFDO FRQVWDQWYV KN VOHI D/RKER® \OLIGHN R DO M
HTXDWLRQ WKH GHVWLQDWLRQ LV D YDULDEOH DQG
YDULDEOH LH $ ZKLOH LQ HTXDWLRQ WKH GHV
SURGXFHV UHODWLRQV IRU WKDW OLQN L H UHODWLR
7KH VIVWHP DWWHPSWV WR FRQYHUW DOJHEUDLF
DFFHSWDEOH IRUP E\ PDSSLQJ UDWLRV Rl FRPSDWLEO
&RQVW DNHQYWWVROYHG DOJHEUDLF UHODWLRQV [
$ ) % &H[S (L

7KHUH DUH WZR ZD\V LQ ZKLFK WKH 20 FDQ XVH

>0DYUR 6WHSK @
f 7KH ILUVW ZD\ LV WR VLPSO\ VXEVWLWXWH YDOXH
FRQVWUDLQW 7KHQ WR DFFHSW RU UHMHFW DVVXPS
f 7KH VHFRQG ZD\ LV WR IRUP D VHW RI DVVLJQPHQ
REYLRXV ZD\V ,Q WKLV IDVKLRQ FRQVWUDLQW y



& KDSWHU &MHQHUMW OORGRIR\WHO M?U I<XLL@6LQ-IAL.EFHFLLLRQ << D/LQA o<Ww

)LQDOO\ 0 DOORZV XQVWUXFWXUHG NQRZOHG
KLJKO\ HPSLULFDO QDWXUH LWW R&WIHY S B HQWMEX @ & VR IUFF
YRU H[DPSOH

1$ © BQYG %UWKISQ

2 0 5HDVRQLQJ

7KH EDVLF VWUDWHJ\ Rl 2 0 LV GHSWK ILUVW GD
SRWHQWLDO QHZ IDFW LV ILUVW FKHFNHG IRU UHGXQC
LQIHUHQFHY UHJDUGOHVV RI ZKHWKHU WKH XVH RI LW
2 0 XVHV IRU IXUWKHU UHDVRQLQJ WKH IROORZLQ
f )JURP WKH FRQMXQFWLRQ Rl UHODWLRQV ZLWKLQ WK
f J)URPVWAFRHWQBUDQVSEWRSHWWLHY RI 2 0 UHODWLRQ)\
LQIHUUHG
f )JRU UHODWLRQV EHWZHH QQX PHDULLD W QLY IRES\VDLYR®/Q C
f :KHQ D UHODWLRQ DFWXDOO\ LWV OLQDSSDIQF VEO h
UXOBVH LQYRNHG $SSO\LQJ DQ DVVLJQPHQW FDQ
PDJQLWXGH DV ZHOO DV WKH VLJQ RI D YDULDEOH
7KH VHDUFK PRGH IRU 2 0 LV RSSRUWXQLVWLF IR
ZD\V WR LQGXFH VHDUFK IRU D SDUWLFXODU UHODWLR
UHODWH WZR SDUWLFXODU TXDQWLWLHV 7KHQ WKH
FRQVWUDLQWY DQG DVVLJQPHQWY :KHQHYHU RQH RI
VIVWHP XVHV WKH RWKHU RQH DV ZHOO )RU $I[D@SOH
* LV D WDUJHW DQG WKH FRQVWUDLQW LV JLYHQ 2
g * y o xg & * H[B
LQ ZKLFK WKHs WDRBFXWWLQOKH FRQVWUDLQW LQ WXUQ \
$  x Ay & * H[S(= ) O+
ZKLFK LV FDSDEOH Rl SURGKXPIQ®B) UHODWLRQV EHWZHH
$OWHUQDWLYHO\ WKH XVHU PD\ VWDWH WKDW
TXDQWLWLHV VKRXOG EH H[DPLQHG 7KHQ WKH V\VWH
HDFK Rl WKH VHYHQ SULPLWLYH UHODWLRQV DQG FKI



GAOLDSWRU &MHQHULF LAMHWKRGR RFALHG M RU -6XGLQHGG M AURFHGGHG LGA RG

NQRZOHGJH )RU H{DPPG® WDV ZWWHK WDUJHW $WEKHKH DVVX]
$ *$ a *$ * $!'&$ F * DPG* * DUH FUHDWHG

SHODWHG ZRUN

%XLOGLQJ DSSUR[LPDWH PRGHOV LV QRW MXVW >
XQGHUVWDQGLQJ RI WKH UHOHYDQW LVVXHV LQ D GLI
GHULYDWLRQ RI VLPSOHU HTXDWLRQV IURP PRUH JHQ
PDQ\ DUHDV RI VFLHQFH 7KH UHDO SUREOHP LV WR U
JHQHUDO ZLWK VR PDQ\ YDULDEOHV OLQNHG WRJHWK
LQWHUSUHWDWLRQ ><LS @ 5HOHYDQW ZRUN LQ HTX
VW\OHV RI RUGHU RI PDJQLWXGH UHDVRQLQJ

5DLPDHMWLPBWOHRDQ @ LV EDVHG RQ WKH QRWLF
VFDOHV 7KH LQWXLWLRQ LV WKDW DQ RUGHU RI PDJQ
D TXDQWLW\ 7KH FROUNH XYD@WHSBHILQHG DV D VHW F
FRQWDLQV WKH 2D XD GND®EBYH VDLG WR EH HTXDO
PDJQLWXGH Bl SMK}BEVHRWHUODS 7ZR S UMAPRLOVQSRK MFDO

DUH SURYLGHG WKH\ FDQ EH XVHG WR EXLOG XS ILQ
PDIJQLWXGH HTXDOLW\ XQG®RW MWWPHB@QIMEMAX Q MW LRREH
VXEVWLWXWH HTXDOV IRU HTXDOV ZKLFK FRPSOLFDWF

>0XUW K\ @ LQWURGXFHV D IRXU OHYHO TXDQW
SDLPDQYV LQILQLWHVLPDO UHODWLRQV DQG DOJRULW
WKH XVH Rl ORJDULWKPLF VFDOHVY LQ DSSUR[LPDWLRQ

RI'D TXDOWLR/\EH ORJK_J_ ZKHUH BVIKKH SRKRRE.GHPRG MVEHC

IDVW EXW QRW OHDVW ><LS @ KDV SURGXFHG
$20 ZKLFK LV EDVHG RQ WZR GRPDLQ LQGHSHOQ
DSSUR[LPDWLRQV DQG DV\PSWRWLF RUGHU RI PDJQLW
LV KHXULVWLF DQG H[SORUDWRU\ +LV DSSURDFK GL
DVSHFWV )LUVW ZKHUHDV DOO WKH SUHYLRXV ZRUN
PRGHOV VSHFLILHG E\ DOJHEUDLF RU GLIIHUHQWLDO H
SURJUDPV WR KDQGOH V\VWHPV RI QRQ OLQHDU SDUW



&KDSWHU MHQH4ALFHW /R FIORE R ® [GHMAHIE L \L - HFLGURLD / A MA

WKH SURJUDP LV EDVHG RQ D WKHRU\ RAQFWPRPEBWORRWLF
DSSOLHVY WR DOJHEUDLF HTXDWLRQV DQG 2'(V DV ZHOO

&RPPHQWY RQ 2UGHU RI ODJQLWXGH 5HDVRQLQJ

20 LV FDSDEOH RI KDQGOLQJ GLYHUVH IRUPV RI I
RUGHU Rl PDJQLWXGH UHODWLRQV UXOHV DVVXPSWLE
'LWK D IRUPDOLVDWLRQ RI RUGHU RI PDJQLWXGH UHD
>0DYUR 6WHSK @
$+ 3UHYLRXVO\ LQIRUPDO QRWLRQV DQG PHWKRGV FI
FRQFUHWHO\

$ 2UGHU RI PDJQLWXGH FDQ EH SHUIRUPHG E\ FRPSXW

f $YDLODEOH TXDQWLWDWLYH NQRZOHGJH FDQ EH
NQRZOHGJH

$ :KHQ NQRZOHGJH EDVHG V\VWHPV DUH HPSOR\HG
LQGLVSHQVDEOH EHFDXVH LW FDQ DFETXLUH DQG
NQRZOHGJH WKDW H[SHUWYV UHO\ RQ

2 0 KDV EHHQ VR IDU DSSOLHG WR GLIIHUHQW SL
DV WKH GHVLJQ RI SURFHVV IORZVKHHWYV >'RXJODV (
FRQWURO VWUXFWXUHV IRU FKHPLFDO SURFHVVHV >
.UDPHU @ WKH H[SODQDWLRQ RI SURFHVV EHKDYLRXI
RI ELRFKHPLFDO V\VWHPV >0DYUR HW DO @

7KH PRGHOV UHTXLUHG IRU GHDOLQJ ZLWK WKF
QHFHVVDULO\ G\QDPLF RQHV DQG TXDQWLWDWLYH G\¢
DQG FXPEHUVRPH WR XVH 2UGHU RI PDJQLWXGH UH
PRGHOOLQJ RI VIVWHPV VXFK DV WKH RQHV DSSHDULC
XVHG WR DSSOLFDWLRQV WKDW FHQWUH DURXQG DFV
PRGHOV ,W SURYLGHV XV ZLWK WKH DELOLW\ WR GL)\
GRPLQDQW IDFWRUYV



&GOWDSWHU &MHQHULF VvRALHLLIX LQ H IAUF 0Q QG IzHFT TRQ ,IMD/LQA ILH

3DUW ,, )XQFWLRQDO 5HDVRQLQJ DQG OXOWLOHYHO

SHSUHVHQWLQJ NQRZOHGJH RI KRZ WKLQJV ZRUN
DQ LPSRUWDQW SUREOHP LQ GLIIHUHQW ILHOGV RI U
IRFXVHG RQ GHWHUPLQLQJ DQ DSSURSULDWH UHSUHVI
DIJUHHPHQW RQ ZKDW HVVHQWLDO LQIRUPDWLRQ WKHYV]
+HUH WKH IRFXV LV RQ WKH GHVFULSWLRQ R
UHSUHVHQWDWLRQ WKDW RUJDQLVHV NQRZOHGJH EDVFH

7KH VLIJQLILFDQFH RI )XQFWLRQDO .QRZOHGJH

$V ZH KDYH DOUHDG\ VHHQ WKH FRQQHFWLRQ W]
FDXVHG GLVDJUHHPHQWY DERXW WKH GHILQLWLRQ RI
> HXQHNH @ ZKR IXQPWRHR/Q WKHDYL PMKHY LWV LQWHQC
IXQFWLRQDO VSHFLILFDWLRQ GHVFULEHV WKH GHYLFH
LQWHUHVW DW WKH GHYLFH PRGHO

)XQFWLRQV DUHEDKBRYHENREREGLQJ WR >.HXQHNH
UHSUHHKQ@WDRXWKH FDXVDO VHTXHQFH RI WUDQVLWL
VWUXRAVQGCULEDWHY WKH DUUDQJHPHQW DQG UHODWLRQ
PRGHOQFWLRQDO VWUWXXFWXWIEHFDXVH LQ RUGHU WR X
RI D GHYLFH WKHUH LV RIWHQ QHHG WR GHFRPSRVH W
IXQFWLRQV

JLQNLQJ 4XDOLWDWLYH 5HDVRQLQJ ZLWK )XQFWLR

SHVHDUFKHUV ZLWKLQ TXDOLWDWLYH UHDVRQLQ.
EHKDYLRXU IURP VWUXFWXUH >GH.OHHU %WURZQ @
UHODWLRQ EHWZHHQ IXQFWLRQ DQG EHKDYLRXU KDV E
GHDOW ZLWK H[SOLFLWO\

,Q TXDOLWDWLYH VLPXODWLRQ GHYLFH NQRZOHG
RI WDVNV EHJLQQLQJ ZLWK D VWUXFWXUDO GHVFU
EHKDYLRXUDO UHSUHVHQWDWLRQ WR IXQFWLRQDO UH!¢



&KDSWHU .MHQHKQMHWOLRGRORIOLHG IRU LL$ LQH MGURFH H : R--/ D - H&A R Q

NLQGV RI EHKDYLRXU FDQ DULVH JLYHQ WKH VWUXFW
%URZQ @ WU\ WR PDNH LPSOLFLW DVVXPSWLRQV F
DJUHHV ZLWK WKHLU YLHZ DQG LQ DGGLWLRQ UDWK}
GHWHUPLQH LPSOLFLW DVVXPSWLRQV DQG SURJUHVYV
H[SOLFLWO\ GHWHUPLQLQJ ZKDW WKH ILQDO UHSUHVHC

> HXQHNH @ KDV UHFRJQLVHG WKH QHHG RI PDN
GHYHORSLQJ FRQFHSWV IRU WKH UHSUHVHQWDWLRQ
IXQFWLRQV 7KLV SURYLGHV D FRQVWUXFWLYH OLQN E
7KHVH OLQNV DUH IXUWKHU VWUHQJWKHQHG E\ WKH
>:RRGV @ +H PDQDJHV WR JHQHUDWH RUGLQDU\ GL
NQRZOHGJH

7KH )XQFWLRQDO 5HSUHVHQWDWLRQ

> HXQHNH @ SURSRVHV D UHSUHVHQWDWLRQ E
&KDQG @ WAKHWSKBHILHY D GHYLFHYV FRPSRQHQWV [
WKHXQFWLRHFLILHY WKH UHVXOW RU JRDO RI D GHYLF
ILQDBMRDYVBKBLILHY KRZ JLYHQ D VWLPXOXV WKH IXC
'Q D IXQFWLRQDO UHSUHVHQWDWLRQ D GHYLFH
FRPSRQHQWY 7KXV HYHU\ FRPSRQHQW LV DVVRFLDW
IXQFWLRQ ZH KDYH WR NQRZ WKH JRDO KRZ WKH JRE
DFKLHYHPHQW LV GHVLUHG
'H FDQ HQKDQFH D IXQFWLRQDO UHSUHVHQWDWLF
IXQFWLRQV L H E\ VSHFLI\LQJ W\SHV RI IXQFWLRQV >
W\SHY PHQWLRQHG EHORZ LQGLFDWHV GLIIHUHQW
FDSDELOLWLHY DQG H[SHFWDWLRQV 7KH IXQFWLRQ W
+ 7RODNW DFKLHYHV D VSHFLILF SDUWLDO VWDWH ,W
IXQFWLRQ LV HLWKHU WR DFKLHYH D VSHFLILF V
7RODNH GRRU ORFNHG RU WR DFKLHYH D YDOXH R
WKDW WKH GHYLFH PDQLSXODWHY IRU H[DPSOH 7ROl
$ 7RODLOQWMWMLIFKLHYHV DQG VXVWDLQV D GHVLUHG V
JHQHUDO PDLQWHQDQFH LPSOLHV WKUHH LPSRUWD
D UDQJH ZLWKLQ ZKLFK D YDULDEOH LV H[SHFW



&KDSWHU MHQHULF OOGO/RGLGRFML3$ *RUEWOQHKW \.RFRE$SSEGW HFLJLRQ <,GD/LQ?

SRWHQWLDO IRU QHHGHG DGMXVWPHQWY WR NHHS
ODLQWHQDQFH EHKDYLRXUV DUH QRW VLPSOH OLQH
VWDWH UDWKHU WKH\ LQYROYH FRQWLQXRXV F\FO
GHVLUHG VWDWH

f 7R3UHYWQNMHHSY D VIVWHP RXW RI DQ XQGHVLUDEO
EHWZHHQ 7RODLQWDLQ DQG 7R3UHYHQW IXQFWLRQV
JLYHQ V\WWHP 7R3UHYHQW IXQFWLRQV SURYLGH VK
RSHUDWLRQV IRU QRUPDO DQG FRQWLQXRXV PDLQWH

f 7R&RQWWRIQYHV D V\VWHP WKH SRZHU WR UHJXOD!
UHODWLRQVKLS 7R FRQWURO VRPHWKLQJ RU VRP]
UHODWLRQVKLS EHWZHHQ WKH GHYLFHYV DFWLRQ DG
SRVVHVV VSHFLILF NQRZOHGJH RI KRZ WR SURYLGH
FRPSRQHQWY WR SURYLGH WKH H[DFW RXWSXW GHVL

7KLV UHSUHVHQWDWLRQ VHHPV HVSHFLDOO\ DSSU

LQYROYHV GHWHUPLQLQJ ZKLFK FKDQJH LQ VWUXFWXU

ILQG IXUWKHU GHWDLOV RQ KRZ IXQFWLRQD D@ QRTO H

>&KDQW D@

OXOWLOHYHO )ORZ ORGHOOLQJ

OXOWLOHYHO )ORZ ORGHOOLQJ 0)0 GLIIHUV IURP
HVSHFLDOO\ PRGHOOLQJ WHFKQLTXHV EDVHG RQ ODZV
JRDOV DQG IXQFWLRQV ZKLFK WUDGLWLRQDOO\ DUH
XVHG ZLWKLQ WKH KXPDQ VFLHQFHYV

$QRWKHU LPSRUWDQW DVSHFW RI 0)0 LV WKH Ul
PXOWLSOH RI GHVFULSWLRQV RQ GLIIHUHQW OHYHOV
FRQWH[W GHSHQGHQW EHFDXVH WKH\ UHODWH WR V)
VSHFLILFDOO\ DGGUHVVHG LQ 0)0 >/LQG @

$ VIVWHP LV GHVFULEHG LQ WHUPV RI JRDOV IXQ]
DORQJ WKH PHDQV HQG D[LV $W WKH VDPH WLPH HE
RQ GLIIHUHQW OHYHOV Rl GHFRPSRVLWLRQ DORQJ WKH



& KDSWHU HQBMQRI H ARALHL ARU ¢ XWRPBH HBMRLOK MLOHFRORQ LIO ODMLQ\ A

0)0 SURYLGHV D V\WVWHPDWLF DSSURDFK LQ FRS
SUREOHPV ZKHUH WKH PRGHOV WHQG WR EH YHU\ FR
OHYHO RI GHWDLO LQWURGXFHV VR PDQ\ XQNQRZQ IC
PRGHOV RI UHODWLRQV EHWZHHQ JRDOV DQG UHVRX
DGHTXDWH

>'XQFNHU @ GHVFULEHV H[SHULPHQWV LQ ZKLF
GLIILEXOWLHYV LQ VROYLQJ SUREOHPV WKDW UHTXLU]
SUREOHP LV WKH GLIILFXOW\ Rl FKDQJLQJ WKH SHUFHE
FKDQJLQJ SUREOHP VROYLQJ JRDOV $QG SUREOHPV
PDQ PDGH V\VWHPV :H FDQ ILQG DSSOLFDWLRQ RI 0)0
LQWHUIDFHV LQ >$JJHU @ >-HQVHQ @ >2VPDQ @

&RQFHSWYV RI *RDOV DQG )XQFWLRQV

7KH FRQFHSWV RI JRDO DQG IXQFWLRQ DUH IXQG
NQRZOHGJH RI PDQ PDGH V\WWHPV 7KHVH FRQFHSWV }
UROH ZLWKLQ ELRORJ\ DQG HVSHFLDOO\ LQ XQGHUVW
>1DJHO @ DQG >:RRGJHU @

7KH IROORZLQJ GHILQLWLRQV RQ WKH FRQFHSWV
FRPPRQO\ DJUHHG
*RDO DVFUWVBMWREY® WKH RXWFRPH RU JRDO WRZDUG
RUJDQLVP V\VWHP RU RI LWV SDUWV DUH GLUHFWHG



&KDSWHU 'MARU ITWLjLQH|{ UH |, QG zHFLVLRQ <O DKLUXM A - iNH

)XQFWLRQ DGAMDVBMM. ZEDW UROH DQ RUJDQLVP  V\VWE
RQH RU VHYHUDO JRDOV RQ WKH EDVLV RI LWV VWU}
IXQFWLRRAXHNYDYOVR XVHG ZLWKLQ WKH VRFLDO VFLHQFH

'H VKRXOG QRWH WKDW WKHVH GHILQLWLRQV HP:
QRW LQKHUHQW SURSHUWLHV RI VIVWHPV VXFK DV SK)\
7KH\ DUH SURSHUWLHV DVFULEHG WR V\VWHPV DQG FD
WKH HQYLURQPHQW RU FRQWHQW RI ZKLFK WKH V\VW]
FODULILHVY WKH FRQFHSWV RI JRDOV DQG IXQFWLRQV L

0
*RDOV 0

&RPSRQHQWYV

Y)LIXUH *RDOV DQG IXQFWLRQV RI D FLUFXODWLRQ V\

ORGHOOLQJ XVLQJ WKH 0)0 PHWKRGRORJ\

7KH DLP RI 0)0 LV WR RIIHU D V\VWHPDWLF EDYV
ZKROH SDUW GHFRPSRVLWLRQV LQ WKH PRGHOOLQJ R
PHDQV HQGYVY GLVWLQFWLRQ LV XVHG WR UHSUHVHQW
E\ LWV IXQFWLRQV DQG LWV SK\WLFDO FRPSRQHQWYV
FRPSRQHQWYVY FDQ DW WKH VDPH WLPH EH JLYHQ
GHFRPSRVLWLRQ

KHQ EXLOGLQJ 0)0 PRGHOV WKH LQLWLDO VWHS
VI\VWHP EHFDXVH IXQFWLRQDO GHVFULSWLRQV KDYH C



&KDSWHU dH RGRORTLHjXIRLQWLL MAURFHKkH{ ,GGR-" LQ\ @G GE@GHFLLLRQ G

JRDO FRQWH[W >/LQG @ >/LQG @ JLYHV H[DPSOF
GLPHQVLRQV RI WKH 0)0 UHSUHVHQWDWLRQV E\ XVLQ
FHQWUDO KHDWLQJ V\VWHP VHH WKH DERYH PHQWLRQ

W FDQ EH VHHQ WKDW WKH SK\WVLFDO SDUWV F
GLIIHUHQW IXQFWLRQV DQG WKDW WKH IXQFWLRQV FR(
7KH IXQFWLRQV DUH DVFULEHG WR WKH V\VWHP ZLWK
RI SPDLQWDLQ ZDWHU OHYHO ZLWKLQ VDIH OLPLWV’ LV
FLUFXODWLRQ FLUFXLW LV WR WUDQVSRUW WKH ZDWH
WDQN $V ZH FDQ VHH WKH IXQFWLRQV KHUH GHVEFULE
DUH XVHIXO IRU WKH DFKLHYHPHQW RI YDULRXV SXU
PHDQLQJIXOO\ VHSDUDWH WKH DVFULSWLRQ RI WKH |
IXQFWLRQDO DVFULSWLRQV DUH GHSHQGHQW RQ D SL
>/ILQG @

7KH SULQFLSOHV RI WKH ZKROH SDUW GHFRPSR
FRPSRQHQWY DUH DOVR LOOXVWUDWHG LQ >/LQG @
WKH H[DPSOH FRXOG DJJUHJDWH LQWR D VXSHURUGL
VIVWHP VKRXOG RSHUDWH SURSHUO\" )XUWKHUPRUI
GHFRPSRVH WKH IXQFWLRQ RI WUDQVSRUWLQJ HQHUJ
FKDLQ Rl WZR WUDQVSRUW IXQFWLRQV HDFK GHVFUL
EHWZHHQ WKH EXUQLQJ DLU JDV PL[WXUH DQG WKH S
ZDWHU LQ WKH ERLOHU )LQDOO\ DQRWKHU ZD\ RI GH
FLUFXODWLRQ FLUFXLW LQWR WKH SXPS WKH ERLOHU

,Q RWKHU ZRUGV ZKROH SDUW UHODWLRQV DUH
DQ HQWLW\ Rl VRPH FDWHJRU\ ZLWK VXE HQWLWLHV RI
UHODWLRQV DQG FUHDWH KLHUDUFKLFDO VWUXFWXUH
WKH UHODWLRQ EHWZHHQ WKH JRDOV DQG WKH DV
DFKLHYHPHQW 7KH\ DUH GLYLGHG LQWR WZR PDLC
DFKLHY DRGCEWRIG LWHRIWLRQV VHH >/LQG @

YLIXUH VKRZV WKH UHODWLRQV EHWZHHQ JRDC
FHQWUDO KHDWLQJ VI\VWHP >/LQG @



&AOLDSWH G X LQH MAUF Q HFLLIRR X A

* L O * *

JLIXUH 5HODWLRQV EHWZHHQ JRDOV IXQFWLRQV DQG HTXL

ZKHUH

*RDOV

*LO ODLQWDLQ URRP WHPSHUDWXUH ZLWKLQ GHILQHG OLPLWV

*  OLQLPLVH KHDW ORVVHYV

*  2SWLPLVH IXHO FRPEXVWLRQ

*  _HHS ZDWHU WHPSHUDWXUH EHORZ ERLOLQJ SRLQW

*  _HHS ZDWHU LQYHQWRU\ EHORZ XSSHU OLPLWV

)XQFWLRQV

), (QHUJ\ VXSSO\ ) 6WRUDJH RI IXHO ) $LU JDV SDWK LQ Wk
ERLOHU ) &LUFXODWLRQ RI ZDWHU ) 7UDQVIHU Rl KHDW IUJ
WHPSHUDWXUH ) /XEULFDWLRQ RI WKH FLUFXODWLRQ SXPS )
OXEULFDWLRQ RLO DQG ), :DWHU VXSSO\

&RPSRQHQWYV

&0 )XHO RLO WDQN & 2LO SXPS & $LU EORZHU & &KLPQ
&LUFXODWLRQ SXPS & G5DGLDWRU & 7HPSHUDWXUH UHJXODWRL

IXEULFDWLRQ RLO SXPS & ([SDQVLRQ WDQN & :DWHU YDOYH
$OVR LQ RUGHU WR PDNH WKH GLDJUDP ZH KD

ZKLFK HDFK UHSUHVHQWY D JURXS RI FRPSRQHQWYV
$0 &O DQG &

$ & & DQG &
$ & & DQG &
$ & & DQG &
$ & & DQG &,2
$ &O0O DQG &

$ $ & DQG &



&KDSWHU YMHQHUWBGOLRGRLRALHL IRU -6XkLQHLj IFAURFHk{HL <OGRGHOLLQJ DQG IW

7KH UHODWLRQV ZKLFK LQ WKH GLDJUDP DUH L
GLIIHUHQW REMHFWY DUH RI GLIIHUHQW W\SHV >/LQG
EHKDYLRXUDO LQWHUDFWLRQV EHWZHHQ WKH FRPSRQ
DFKLHYHG >/LQG @ 7KH VHPDQWLF DQG SUDJPDWL
GLVFXVVHG LQ WKH ZRUN RI >/LQG @ >/DUVHQ @ DQ

$V >/LQG @ PHQWLRQV LQ KLV ZRUN E\ VWXG\L
VRPH JHQHUDO REVHUYDWLRQV RI WKH QDWXUH RI1 0)0
DQG ZKROH SDUW GHFRPSRVLWLRQV OHDG WR D PXOW
WKH VDPH V\VWHP OLQNHG WR PDQ\ WR PDQ\ UHODWL
)XUWKHUPRUH HDFK SODQW JRDO RU VXEJRDO ZLOO L
RI WKH WZR W\SHV RI GHFRPSRVLWLRQ 7KLV LV EHFDX
D FRQWH[W RI JRDOV

JORZ 6WUXFWXUHYV

7KH EDVLF FRQFHSWV RI OXOWLOHYHO )ORZ ORGH
7KHUH RQH ILQGV WKH GLIIHUHQW W\SHV RI IORZ IXQFV
ZKHQ EXLOGLQJ IORZ PRGHOV (DFK IORZ IXQFWLRQ UH
ZLWK VRPHWKLQJ HOVH LQ RUGHU WR PDNH VHQVH $
ULJKW >/DQB8Z \@VN UGHWIXQHHVFRQWH[WV ZLWKLQ ZKLFK
IXQFWLRQV JHW WXKRHZ W W HEBERFIRHEGLQJO\ D JUDSK FRC
ZKLFK DUH EDVLF IORZ IXQFWLRQV )ORZ VWUXFWXUH\
30HDVH UHIHU WR WKH $SSHQGL[ IRU D GHWDLOHG OL)\
DUH IROORZHG LW LV QRW D JXDUDQWHH WKDW WKH P

8VLQJ WKH H[DPSOH ZLWK WKH FLUFXODWLRQ FL!
>/LQG @ SUHVHQWV VRPH IORZ VWUXFWXUHV )RU IX
SOHDVH UHIHU WR >/LQG @ VHH )LIXUH



&KDSWHU &SHQHULF <<MHW/RGR RALHj !RU IsX{LQHKQGUWNHFLjLRQ <L uDELQ\

(QHUJ\ Q' &

SURGXFWLRQ

7kWHU

FLUFXODWLRQ

: DWHU
VXSSo\

JLIXUH JORZ VWUXFWXUHV IRU WKH FHQWUDO KHDWLQ.

>/LQG @ FDUULHV RQ E\ L QMQHRFGXFW Q I EMHKEDIF RH
LQIOXHQFHG E\ >9RQ:ULJKW @ $FFRUGLQJ WR KLV DS
DQG QRW FKDQJH WKDW DUH SRVVLEOH UHJDUGLQJ D J
FRQFHSWHRHQWEZKLPKWYH XQGHUVWRRG WR EH DQ DF
HOHPHQWDU\ FKDQJH 7KH FRQGLWLRQV IRU HDFK W\
>9RQ:ULJKW @ DQG DUH VXPPDULVHG LQ WDEOH

&RQGLWIRQDQDWLROFWLRQ[SODQDWLRHNXOW ([RODQDWLRQ

Rl DFWLRQ DFWLRQ

37aS SH[LVWV EXW ®&DRYKHVV PDLQWDLGHS SUHPDLQV
XQOHVV PDLQWDLQHG

aS7aS SGRHV QRW HE.¥YW7BQS LYV SURGXFH&LS7S S KDSSHQV

GRHV QRW KDSSHQ
XQOHVV SURGXFHG
37S SHILVWV DQG ¢ HPRISQRY LV GHVWUR\STGa S SYDQLVKHV
XQOHVV GHVWUR\HG
aS7S SGRHV QRW HIL¥IW &£36M V VXSSUHVYyHG S SUHPDLQV
KDSSHQV XQOHVYV DEVHQW
VXSSUHVVHG

7DEOH (OHPHQWDU\ $FWV >9RQ:ULJKW @

)LEQDOO\ WKH UHVXOWLQJ 0)0 PRGHO RI WKH FH(
EHORZ VHH )LJXUH



WRFH H

|
$ \
RGXFWLRQ

IL
V( FEY UZY

A 7

:DWHU
R LUH XLD WLRQ $

JLIXUH 0)0 PRGHO RI WKH FHQWUDO KHDWLQJ V\VWHF

7TRROV

/ILQG KDV GHYHORSHG DQ REMHFW RULHQWHG PR
$EVWUDFWLRQV LQ RUGHU WR LPSOHPHQW 0)0 PRGHO
DSSOLFDWLRQV EDVHG RQ 0)0 >/LQG @ S$EVWUDFWL
UHSUHVHQWLQJ EDVLF PRGHOOLQJ FRQFHSWV VXFK D\
VXSSRUW WKH EXLOGLQJ RI PRGHOV OLNH 0)0 WKDW
EHHQ SURYLGHG ZLWK D JUDSKLF LQWHUIDFH IRU GLU
LQWHUIDFH FDOOHG *UDFH >2VPDQ @ HQDEOHV WK
RSHUDWLRQV RQ LFRQV DQG SURYLGHY DGYDQFHG IDF
OHYHOV RI D PRGHO

0)0 KDV EHHQ DSSOLHG LQ WZR PDMRU &RPPLVVLF
&(& SURMHFWV ZLWKLQ WKH (635,7 , DQG ,, IUDPHZR
([SHUW 6\WWHP %XLOGHU (635,7 , D PRGHO RI D 'DQ
SURWRW\SH 0)0 EDVHG GLDJQRVLV V\VWHP ZDV GHYH
%6 6+,3 .QRZOHGJH %DVHG 6\WWHPV 2QERDUG 6KLSV
WKH GHYHORSPHQW RI JHQHULF 0)0 PRGHOV L H PRG



&AOLDSWHU MHQHULF /pg L QLQ@H L- HFLGLRQ <L DELQA A 3 H

DSSOLFDWLRQV $ & LPSOHPHQWDWLRQ RI D VXEVH
GHYHORSHG >-RUJHQVHQ @

>/DUVVRQ @ KDV GHYHORSHG LQ KLV 3K' SURMFE
VWHULOLVDWLRQ SODQW 7KH PRGHO KDV EHHQ GHYHO
WLPH H[SHUW V\VWHP VKHOO *

)LQDOO\ H&DVMBIQKDYH GHYHORSHG D GLDJQRVW
PDEFKLQHU\ XVLQJ WKH UHDO WLPH H[SHUW V\VWHP 3(
JRU ([SHUWV\VWHPV &RQVWUDLQHG LQ UHDVRQLQJ 7LPI
VIVWHP RI D FRPSOH[ SURFHVV SODQW ZLWK 3(5)(&7
IORZ PRGHO Rl WKDW SODQW LQ WKH 3(5)(&7 PRGHOOLC

&RPPHQWYV RQ OXOWLOHYHO )ORZ ORGHOOLQJ

ORGHO EXLOGLQJ LV NQRZQ WR EH D FRPSOH[ WDV
7KH PDLQ SUREOHP LV KRZ WR VHOHFW WKH SURSHU O
XVHIXO IRU WKH VHOHFWHG GHFLVLRQ WDVN ,Q WKH
IRUPXODWH D VWUDWHJI\ IRU EXLOGLQJ D PRGHO 7KH V
WKDW LW LV LPSRVVLEOH WR DVFULEH IXQFWLRQV WR
WKH V\VWHP

$Q 0)0 PRGHO LV D FRPSOH[ RI LQWHUFRQQHFWH
PRGHO LV PXOWLOHYHO EHFDXVH LW FRPSULVHV VHYH
IORZ EHFDXVH HYHU\ IXQFWLRQDO DEVWUDFWLRQ LV G
0)0 PRGHO JLYHV RQH VRPH LQVLJKW LQ WKH V\VWHP I
EHWZHHQ WKH UHVRXUFHV LQ WKH V\WWHP SURYLGHG
IREXV RQ WKH RUJDQLVDWLRQDO VWUXFWXUH RI WKH V

7KH GHYHORSPHQW RI DQ 0)0 PRGHO LV D KLJKO\ |
Rl WKH 0)0 UHSUHVHQWDWLRQ LV WKDW LW SURYLGHYV
FUXFLDO WR VROYLQJ FRPSOH[ SODQQLQJ DQG GLDJQ
DSSOLFDWLRQ LV LQ WKH SODQQLQJ RI KXPDQ PDFKLQ
ODUJH VFDOH GHFLVLRQ SUREOHPV VXFK DV WKH RQF
DQG ELRORJ\ 0)0 PHWKRGRORJ\ LV DGHTXDWH IRU FF
LQFOXGH VWUDWHJILF RU WDFWLFDO GHFLVLRQV DERXMW



&KDSWHU &M PHULF -XjPHkBaURFHLLHO()M HFLGLRQ <OMDKWW/A 3

3buw ,,, *RDO GULYHQ OHWKRGRORJLHV

3HRSOH DUH EHJLQQLQJ WR UHDOLVH WKDW QHZ W
DXWRPDWH H[LVWLQJ EXVLQHVV SURFHVVHV EXW V|
UHVWUXFWXULQJ WKHVH SURFHVVHV WR PHHW QHZ
>+DPPHU @ DQG >9HQNDW @ 2QH VWHS WR D PRU
EXVLQHVV SURFHVVHV LV WR GHYHORS PRGHOV WKDW
NQRZOHGJH WKDW LV QHHGHG IRU XQGHUVWDQGLQJ DC

%XVLQHVYV PRGHOOLQJ DQG JRDO PRGHOOLQJ FDQ
ZKLFK VXFFHVVLYHO\ GHFRPSRVH DQG VDWLVI\ VLQJC
LQWURGXFH DQ DSSURDFK WKDW XVHV JRDOV DV PHIE
PRGHOOLQJ SURFHVV

ORGHOOLQJ WKH LQWHQWLRQDO VWUXFWXUH RI D

6R IDU ZRUNIORZ PRGHOV ZKLFK VKRZ WKH IORZ ¥
XQLW WR DQRWKHU KDYH EHHQ FRPPRQO\ XVHG WR G
DGYDQWDJHVY DUH WKDW WKH\ DUH LQWXLWLYH DQG HE
WR SURWWHCHVWE®&BIW XQGHUOLH ZRUN DFWLYLWLHV DQG
WKH 3ZK\V’ WKH LQWHQWLRQV PRWLYDWLRQV DQG
>+DPPHU @ ,Q RUGHU WR KDYH D GHHSHU XQGHUV
RS HUD WHW HQRHLRIQOWLRQ RI RUIJDQLVDWLRQDO ZRUN
PRGHO

%XVLQHVV SURFHVVHV FDQ EH SUHVHQWHG E\ ZD\
DPRQJ DFWRUV DFWRUV GHSRD®™BRROH HDRKD WWVERKGEY | R
SHUIRUPHGEVRRMRHAH IXUQLVKHG

,Q WKHLU ZRUN ><X O0\ORS @ LQWURGXFH D PR
RI WZR PDLQ FRPSRWQRIQ WS HEREBHDFGHVFULEHY DQ RUJ
QHWZRUN Rl LQWHUGHSHQGHQFNVNXHD $BIDIP HDQRWEBW R ¢
FDSWXUHV WKH DUJXPHQWY DERXW WKH UHODWLYH Pl
YDULRXV LVVXHRDRIF RIFEHVEEGRYLGH UHSUHVHQWDW.L
PHDQV HQG UHODWLRQVKLSV LQ WKH IUDPHZRUN ORU



&KDSWHU &MHQHULF VLIX$LQHS$S IAUF o 'LG 8B8EHFL$LRQ <OLMD/LQA A £1)

$QSFWRU '"HSH®GH®BHO LV D JUDSK ZKHUH HDFK QRGH
DQG HDFK OLQN EHWZHHQ WZR DFWRUV LQGLFDWHV WK
REMHFW LQ RUGHU WKDW WKH IRUPHU PD\ DFKLHYH VRI
GHSHQDB@ROG WKH DFWRU ZKR GW SSHEEHOHRIESM XE R/Q DW RBEX Q
WKH GHSHQGHQF\ UHODWLROWVKIOQSGKPPQWUHY LV FDOOHC

>< X O0\ORS @ UHFRJQLVH IRXU WRPKVGRISBRSHQ
WKH GHSHQGHU GHSHQGY RQ WKH GHSHQGHH WR EULC
WDVN GHSHMGHGMSHQGHU GHSHQGY RQ WKH GHSHQGH
NLQG RI GHSHQGHQF\ VSHFLILHV KRZ WKH WHNVMRNX UFRH JF
GHSHQGW®H\ GHSHQGHU GHSHQGV RQ WKH GHSHQGHH I
UHVRXUFH LV XVXDOO\ WKH ILQLVKHG SURGXFW RI1 VREF
VRIW JRDO GHSHQGH AU WR JRDO GHSHQGHQF\ DSD
FRQGLWLRQ WR EH DFKLHYHG LV QRW VKDUSO\ GHILC
GHSHOGHU DQG GHSHQGHH

7KH PRGHO DOVR DOORZV GLIIHUHQW GHJUHHV R
DUH WKUHH OHYHOV RI GHSHQGHQFLHV 2SHQ &RPI
><X O0\ORS @

$IWHU DQ $FWRU 'HSHQGHQF\ PRGHO KDV H[SOLF
UHDOLVH WKDW WKHUH DUH PRUH WKDQ RQH ZD\ RI WR
UXOH FDQ HDVRQUYEBYH RVMHHEKXK DWVYLQJ D JRDO ,Q WKLV PI
UXQ@M H[SUHVVHG LQ WHUPV RI DWW ULE X \WR DIOWW D QEDXM!
WR DFWLYLW\ DQG LQ WKLV ZD\ ZH DOORZ WKH DFWLYL
ZKR ZDQWV WR KDYH WKLV JRDO PHW $OVR LQVWHDG
ZH DOWOXEZI RDWVZHOOEWWDINVRMDVWRZLQJ >&URIW /HIN @
OHDG WR D VHDUFK IRU DQ DFWLYLW\ WKDW PDWFKH'
DFWLYLW\ ZLWKRXW LQYROYLQJ VHDUFK )LJXUH

'KHQ RUJDQLVLQJ D EXVLQHVYVY SURFHVV WKH REMF
RI ODERXU DPRQJ RUJDQLVDWLRQDO PHPEHUV L H D
7KH NLQGV RI UXOHV WKDW DUH PRVW UHOHYDQW IRU
UH HQJLQHHULQJ DUH WKHUHIRUH WKRVH WKDW OHDG
><X O0\ORS @ )RU H[DPSOH LQ )LIJXUH WKH WKL
SRUGHUHG LWHP "~ LV E\ ZD\ RI D JRDO GHSHQGHQF\



$FWLYLW\ RIGHU%\+LRQH LO9HP
JRDQ@2RUGHUHG LWHP

LXMLIJWLDO YHQG
XKOD VN SODFHI

eps)
-
O
T
N

$FWLYLW\ EX\ LWHP

JRDO KLX LWHP
WXEJRDO RUGHUHG LWHLQ
VXEWDVN SD\:KHQOQYR
$FWLYLW\ RUGHU9LD%XLFKDVLQJ6SHFL$OL
JRDO ! RUGHUHG LWHP
JRDO'WS GHSHQGXP RUGHUHG LWHUD
JLIXUH 5XOHV H[SUHVVHG DV DFWLYLW\ GHVFULSWLRQ'

SHGHVLIQLQJ WKH SURFHVV

7KH $FWRU 'HSHQGHQF\ ORGHO LV FRQFHUQHG ZL
HQDEOH D JRDO WR EH DFKLHYHG 1HYHUWKHOHVV W]
JRDO PLJKW EH DFKLHYWXH :HUDGRSIW BPWGRQ WR VXS
UHDVRQLQJ DERXW SURFHVV UHGHVLJQ 7KLV LV D Qt
UHDVRQV DUJXPHQWYV 7KH ,$ PRGHO LV D UHDVRC
UHODWLRQVKLSY DPRQJ D VHW RI LVVRBWOV >/HN X H&
SXUVXHG XQWLO DFFHSWDEOH VROXWLRQV DUH IRXQG
,VVXHV DUHFWQWDWENGWIRZ DIFGV RWWHU LVVXHV &F
EH HISRKNHWQWBDWIKKH O0\ORS @ DO WR WV WVIRFKHHG GLHFDR
WKDW D FRQWULEXWLRQ LV VWURQJ HQRXJK WR DGGU
Rl UHODWLRQVKLSY EHWZHHQ LVVXHV QRGHV WKH ,$
DFFRUGLQJ WR WKH W\SH RI LQIRUPDWLRQ WKH\ FDUU\
+ WKH GLUHFWLRQ RI WKH FRQWULEXWLRQ IURP :
DUURZKHDGY WKDW SRLQW IURP WKH VROXWLRQ WR:
$f WKH VHQVH RI WKH FRQWULEXWLRQ ZKHWKHU W
QHJDWLYH RQH



I_K JHQHULF ,IMHW/RF/WLRALHS$ MDU LWIX$LHBBHIPIFLLRQ LI DKLQA 8 O IpH

f WKH H[WHQW RU GHJUHH Rl WKH FRQWULEXWLRQ
EHWZHHQ HQRXJK FRQWULEXWLRQ YHUVXV QRW HOQR
FDOWXS$S DWWE9 FRQQRWLQJ DERYH DQG EHORZ

+ KRZ PXOWLSOH OLQNV FRQWULEXWH WRZDUGV D QR
OLQNV LQGLFDWLQJ MMKHRERPELRQHIRXEMHFVWLQH DUF
VHSDUDWES HIIHFW

$ VXEOLQN UHSUHVHQWY D SRVLWLYH FRQWULEXWL

HQRXJK WR VD\ WKDW WK N X DONKDYGEREB®W HF\H\WD SRVLW

WKDW LV HQRXJK WR B3GGOHYWM WEELFPMHV7WHKDW VHY

WRJHWKHU PDNH HQRXJK RI D FRQWSLEXWN R Q GN R DMGD

HDFK Rl WKH LQGLYLGXDO FRQWULEXWLRQV DPRQJ VHY

EXW QRW XOH®NVGN WKIH LV XVHG WR LQGLFDWH WKDW R

ZD\ EXW WKH VHQVH Rl WKH FRQWULEXWLRQ LV QRW N

JRRGV DFTXLVLWLRQ SURFHVV

JLIXUH ,VVXH $UIXPHQWDWLRQ PRGHO VXSSRUWLQJ UHGHVLJ
>< X O\ORS @

7KH QHWZRUN RI DUJXPHQWV LV DOZD\V G\QDPLF]
GHVLJQ SURFHVV 1RGHV ZLOO KDYBVRIQHLEH IR XEGHER WG
RWIXQNQRZQVKDW LQGLFDWHV WKH GHFLVLRQ VWDWXV
SURSDJDWHG RYHU WKH QHWZRUN WKURXJK D SURFHG X



&KDSWHU dH RALHz IKQ{LQH®S$ - &EH Q D/QU A WH HL

$GLIIHUHQW DSSURDFK RQ *RDO 'ULYHQ %XVLQHVV (

>-DF +ROW @ EHOLHYH WKDW WKH UROH RI1 JRD
RI D WRS GRZQ VDWLVIDFWLRQ WR FHQWUDO FULWHUL
SURFHVY *RDOV KDYH WR EH XVHG WR HVWLPDWH
DOWHUQDWLYHYV DQG WKXV KHOS WR JXLGH WKH GHYH¢
WKH WR EH EXLOW LQIRUPDWLRQ V\VWHP

7TKHUHIRUH WKH\ LOWURGXFH DQ DSSURDFK ZKLFK
PDQDJH WKH EXVLQHVYV PRIRHGIO VQWUHSBIRE R GWHAY HCR SHG
(635,7 SURMHFW 1$785( 1RYHO $SSURDFKHV
SHTXLUHPHQWYV (QJLQHHULQJ FRPELQHVY WKH GHFLVL
REVHUYDWLRQV RI >6XFKPDQ @ DQG WKH H[SHULHQFH

7KH FHQWUDO FRQFHSWgWRIQW KR QB QEER R QMW
YJLIXUH 1

JLIXUH 7KH 3URFHVYV OHNMWD D@®GHO E\ >3RKO

f . QWHQMH\RRULEHV WKH JRDOV WR EH UHDFKHG LQ D F
RIIHUV WKH UDWLRQDOH RI SURGXFW WUDQVIRUPDWL

f BURGXMWDQ\ NLQG RI GRFXPHQW 6SHDNLQJ RI EXVL
GHVFULELQJ WKH GLIIHUHQW SHUVSHFWLYHV RQ WKH

f &RQWHRWELQHV VLWXDWLRQV DQG LQWHQWLRQV 7]
FRQWHI[W



& KDSWHU JHQHULF : G/F8 RIOLHG ARU XGLQHLdAUIRB HFLGLRQ

&KRLFH FRROWIW SRVVLEOH FKRLFHV WKH GHYHORSH
FRQFHUQLQJ WKH IRUPHU SUR PHNXRME®GRK HFRW URIQY S R
WR WKH BRWWURDMW LY HV
([HEXWLYHGRRGWWOVWHVXOW LQ WUDQVIRUPDWLRQV
30DQ FRGWIHQMVD FHUWDLQ RUGHU LQ D VHW RI DQ\ |
DQG SURFHVV DEVWUDFWLRQV FDQ EH GHILQHG
$FFRUGLQJ WR >-DF +ROW @ WKH EDVLF LGHD
SURGXFW WKH HQYLVDJHG JRDOV DQG GLIIHUHQW NLQ
UHJDUGHG DV D JHQHUDO IUDPHZRUN ZKLFK FRPELQH\
PDNLQJ )LJXUH VKRZV REYLRXVO\ WKDW RQO\ WKH
LH EXVLQHVV PRGHOOLQJ FDQ EH UHJDUGHG DV JRDO

3U RGXFW LOLXDW3aSQWHQWLRQ

((HFXWLYH
&RQWH[W

SOSO0

IXQFWLRQDO P

EXVLQHVV IXQGLRIL

VWUXHPYI

©0 JDQL[DILRQDO EXVLOHVY HYHO OE , gQQ
QX00 ! VWP

)LXUH ,QWHJUDWLRQ RI WKH IXQFWLRQDO YLHZ E\ LQWR W

*RDOV DUH XVHG WZRIROG DQG WKXV DUH LQVWDQ
DUH VWHSZLVH WUDQVIRUPHG IURP DEVWUDFW JRDOV
DUH QRW RQO\ WKH VWDUWLQJ SRLQW RI GHYHORSPI
REMHFWLYHVY WR EH UHDFKHG LQ FHUWDLQ VLWXDWL]
WUDQVIRUPDWLRQ 7KXV DMN)RNFH QMMWRQQVWIRKDVELD WIHE D
EH UHJDUGHG BNR®PHWERIWMKMRQFUHWHO\ JRDOV FDQ
WR HYDOXDWH WKH EHQHILWY DQG VKRUWFRPLQJV RI F



&KDSWHU &MHQHWBIWF/GR/DOH{ IRU IkX{/QHkk UH QG G-zHFLYLRQ

'ULYLQJ %XVLQHVYVY ORGHOOLQJ ZLWK *RDOV

ORGHOOLQJ JRDOV DV LQWHQWLRQV KDV WZR EHQHI
$ )JLUVW WKH PRGHOOLQJ SURFHVV LV QRW RQO\ JXLG
PRGHO EXW E\ WKH YLVLRQV DQG REMHFWLYHV RI WK1
f B6HFRQG GHFLVLRQDO DVSHFWV Rl WKH GHYHORSPF
FRPPRQ PRGHO 7KHUHIRUH ZH FDQ DQV ZRHHV WAKWH P
FXUUHQW VWDWH IXOILO DOO UHTXLUHPHQWYV RU GR
GHYHORSPHQW SURFHVV"

%XVLQHVV PRGHOOLQJ IRFXVHV RQ VWUXFWXUDO L
GLIIHUHQW SHUVSHFWLYHV DUH GHILQHG JUDSKLFDO
PRGHOOLQJ LV D WUDQVIRUPDWLRQ SURFHVV EXW >-I
HYDOXDWLRQ RI VLWXDWLRQV DQG SURGXFWV FDQ DOV
D SDUW&RRMFKH FRIRZHIMGJH DERXW WKH JRDOV DQG H\
WKH IRXQGDWLRQ RI GHFLVLRQ PDNLQJ ZLWKLQ WKH P
SURFHHG LQ WKH PRGHOOLQJ SURFHVV

%XVLQHVV PRGHOOLQJ LQ WKLV FDVH LV VXSSRUW
ZKLFK LV ZHOO VXLWHG ZKHQ GHDOLQJ ZLWK ORWV RI
WKDW FDQ KDUGO\ EH IRUPDOLVHG HJ WKH JRDOV
DUUDQJH WKH IRXQGDWLRQ Rl WKH GHFLVLRQ LQ D ZL
GHSHQGHQFLHV EHFRPH FOHDUHU

&RPPHQWYV RQ *RDO GULYHQ PHWKRGRORJLHV

$ PHWKRGRORJ\ IRU GHVLJQLQJ DQG UH GHVLJQLQJ
IXQFWLRQDO JRDOV DQG UXOHV WKH $' PRGHO ZLWK
FRUUHODWLRQ UXOHV WKH ,$ PRGHO LQWR D VLQJOF
DSSURDFK LQWHQWLRQDO FRQFHSWV VXFK DV JRDO
FKDUDFWH USHVAHWBMMHDRMQ W FWRUV KDYH RI HDFK RWKHUT
FRQFHSW Rl LQWHQWLRQDO GHSHQGHQF\ RQH LV DEO
SURFHVV ZLWKRXW DVVXPLQJ WKDW DFWRUV EHKDYH C

$FWRUV FDQ DFW IUHHO\ ZLWKLQ WKH FRQILQHV RI
LQ WKH $' PRGHO LQGLFDWH WKH GLIITHUHQW W\SHV R



sexpswiu  /MHQHULF 1+ xLQH UF Q - ' HFL$LRQ

UHODWLRQVKLSY DPRQJ DFWRUV $FWRUV PD\ YLRODW
SURYLGH D VIVWHPDWLF DSSURDFK IRU DUULYLQJ DW V
JRU ILQHU GLIIHUHQWLDWLRQ DPRQJ DOWHUQDW
GLPHQVLRQV ><X O0\ORS @ RYHUOD\ RQ WRS RI DQ $
WKH ,$ PRGHO +HUH D TXDOLWDWLYH DUJXPHQWDMW
W\SLFDOO\ *QRQ IXQFWLRQDO’~ RU 3VRIW  QDWXUH RI
FKDUDFWHULVWLFV Rl WKLV OHYHO Rl UHDVRQLQJ DUH
SURGXFH FRQWULEXWLRQV WRZDUGV JRDOV 7KH PHYV
WKHUHIRUH WKH GHYHORSPHQW RI DOJRULWKPV IRU 3
DGHTXDF\ Rl WKH VHW Rl PRGHOOLQJ FRQFHSWV PLJK\
$V WR WKH DSSURDFK VXJJHVWHG E\ >-DF +ROW
VRXUFH Rl WKH ZKROH GHYHORSPHQW SURFHVV EXW
GXULQJ WKH GHYHORSPHQW SURFHVV 7KXV WKH UH
HYDOXDWHG DJDLQVW JRDOV *RDOV DUH XVHG DV FL
GHYHORSPHQW SURFHVV 7KH JRDOV DUH XVHG DV G
SHUVSHEWLYHV Rl WKH EXVLQHVV PRGHO DUH WKH VXE

3DUW ,9 %D\HVLDQ 1HWZRUNYV

%D\HVLDQ QHWZRUNV KDYH DWWDFKHG D JUHDW
V &RQWUDU\ WR PRVW RWKHU H[SHUW V\VWHP WHEK
DV ZHOO DV SUDFWLFDO H[SHULHQFH LV UHTXLUHG LQ
E\ %D\HVLDQ QHWZRUNV >-HQVHQ @
7KH IHYSMUW VAMWHIPRRQVWUXFWHG LQ WKH ODW!
GHFLVLRQ PDNLQJ FKDUDFWHULVHG E\ UHSHDWHGO\ G
FDOOXGH EDVHBRQWWMNEYRRO HG JHQEDRPEHUHQFH7KKHVWHP
NQRZOHGJH EDVH LV D VHW RI SURGXFWLRQ UXOHV DQ
REVHUYDWLRQV WR FRPH XS ZLWK FRQFOXVLRQV RQ W
$ zZD\ WR LQFRQFHRIWDILIQONOH EDVHG V\VWHPV LV
SURGXFWLRQ UXOHV WR WKH IRUPDW

LFRQGLWLRQ ZLWKHEFW VEDWEWAHUWDLQW\ [ ZKHUF



1IRUPDWLYH H[SHWW DQVIMOHPNUQDWLYH WR UXOH EI

GHDO ZLWK UHSHDWHG GHFLVLRQ PDNLQJ RQ DOPRVW

IRU QRUPDWLYH VA\VWHPV GLIIHU IURP UXOH EDVHG V\V

f LQVWHDG RI PRGHOOLQJ WKH H[SHUW PRGHO WKH

f LQVWHDG RI XVLQJ D QRQFRKHUHQW XQFHUWDLQW\
SUREDELOLW\ FDOFXOXV DQG GHFLVLRQ WKHRU\

f LQVWHDG RI UHSODFLQJ WKH H[SHUW VXSSRUW KLP

&DXVDO QHWZRUNYV

$ FDXVDO QFRVMARWNYY RDWLDME@E R SHWHRWHG OL
EHWZHHQ YDULDEOHV PDWKHPDW LGIDWHOR W M/ KIRDVB 6 X F
WDONLQJ DERXW WKH UHODWLRQV LQ D GLUHFWHG JUL
WKHUH LV [$ OBIN MRMAKBRLRE D BGLVSD UHIW,Q D
FDXVDO QHWZRUN D YDULDEOH UHSUHVHQWYV D VHW R
H[DFWO\ RQH RI LWV VWDWHV ZKLFK RQH PD\ EH XQNOQ
5HDVRQLQJ DERXW XQFHUWDLQW\ DOVR KDV D T
DQG FRPELQDWLRQ RI FHUWDLQW\ QXPEHUV :KHQHYH
EHORZ VWDWHG UXOHYV
(YLGHQFH PD\ EH WUDQNP LGV if QUAKHRX RMKB VWDV
YDULDEOH LQ WKH FRQQHFWLRQ LV NQRZQ :KHQ WK
W K D W QAW D\Q M 1 B WHH G

~

< S <

JLIXUH 6HULDO FROQWHEQMRDQWKIDWHG LW EORBNQBR®P XQLFLC
>-HQVHQ @

(YLGHQFH PD\ EH W U BEQ WML WHIG PREMHARVWL QL YV L Q\
JLIXUH

YJLIXUH 'LYHUJLQJ FRQQHFWLRQ ,I LV LQVWDQWLDWHG LW EC
>-HQVHQ @



BRFH{H{

.1 QRWKLQJ LVS$NKRESW ZRPW PD\ EH LQIHUUHG IUR
SDUMRWY WKHQ WKH SDUHQWYV DUH LQGHSHQGHQW
LQIOXHQFHV W §HWKHON Y KOIWSDRIHQWY EHFRPH GHSH(
PD\ RQO\ EH WUDQVPR®WHE LMPK URRXGEMBRWMIR @' KH YD
WKH FRQQHFWLRQ RU RQH RI LWV GHVFHQGDQWYV KD\

Y)LIXUH &RQYHUJLQJ FRQQHFWLRQ ,IA FKDQJHV FHUWDLQW\ LW
>-HQVHQ @

(YLGH®®HD YDULDEOH LV D VWDWHPHQW RI WKH
VWDWHPHQW JLYHV WKH H[DFW KOVUD®Y HGRIQWKH RAVDKH D B
F D O\DRH @&/

'HILQLWLRQ 7ZRD@BUQDE FBHXVDO QWWIRWINWBHGD OO SD
EHWZHBI@OVKHUH LV DQ L QWHWPHKG WK\D W YL WLKCHELO H
WKH FRQQHFWLRQ LV VHULD®LRUNGRZIQUJLQJ DQG W}
RU
WKH FRQQHFWLRQ LV PRXRYHD QLRI DQ G BDWEMXGDQ W
HYLGHQFH
7KH FRQFHSWV RI FDXVDO QHWZRUN DQG G FRQQF
>9HUPD @

%D\HVLDQ QHWZRUNYV

6R IDU QRWKLQJ KDV EHHQ VDLG DERXW WKH TXD¢

7KH EDVLF FRQFHSW LQ WKH %D\HVLDQ WUHDWPHQW
FRQGLWLRQDG FIRRENLMICRQDO SUREDELOLW\ VWDWHPH
*LYHQ WKH HYHQW % WKH SUREDELOLW\ RI W

7KH QRWDWLRQ IRU WKH3 $W®BWHPGNRV [CRARYWHKHVH |

SUREDELOLWLHVY WKH ZHOO NQRZQ %D\HVJUXOH VWDQ



&KDSWHU & NEIEQIMKIREGIR tREA Y LQHY i MABRAMRIGHOCGL-GWAF DIQIEQ U - (

3%:3 A A
3%

JRU PRUH GHWDLOV RQ WKH SURSHUWLHV RI F
>-HQVHQ @

&DXVDO UHODWLRQV DOVR KDYH IMWUXIBQ@MW DW L
H[SUHVVHG E\ DWWDFKLQJ QAPENUDQWERWERVBLNQ RY
IROORZLQJ

$ VHY\D BIL DIEQ@G \D G/IHIMH RW HEGI W ZHHY YDULDEOHV

(DFK YDULDEOH KDV D ILQLWH RI PXWXDOO\ H[FOXVL
7KH YDULDEOHY WRJHWKHU ZG MK BW H GG D B Y$FON IF G) WD
$ GLUHFWHG JUDSK LV DF\FOLFSLRWKBQWXEK QK DO

$ 5 -
7R HDFK $DALMDKE GBUHQW®RHUH LV DWWDFKHG D FRQC
WD BO$H? % A % Q

2QH Rl WKH DGYDQWDJHV RI %D\HVL® ¥ HSHDW DRWNR
IRU D SURRI Rl WKDW $VBI&GDADX GL WHISQ UDGVHIA LQ D %L
ZLWK HYHGERO@MHUHG $ WMKHD 3 ¥RKHY PHDQV WKDW RQH

VHSDUDWLRQ WR UHDG RIIl FRQGLWLRQDO LQGHSHQGHC

%D\HVLDQ QHWZRUNV KDYH D ORQJ KLVWRU\ LQ V)
WKH\ ZHUH LQWURGXFHG WR WKH ILHOG RI H[SHUW V
>6SLHJ .QLOO -RQHYV @

%XLOGLQJ PRGHOV

%D\HVLDQ QHWZRUNV FUHDWH D YHU\ HIILELHQW
GRPDLQV ZLWK LQKHUHQW XQFHUWDLQW\ +RZHYHU PI
FDOFXODWLRQV LV D WHGLRXV MRE EXW IRUWXQDMW
FDOFXODWLRQ MRE LV DYDLODEOH

7KH ILUVW WKLQJ WR KDYH LQ PLQG ZKHQ RUJD
GHFLVLRQ VXSSRUW V\VWHP LV WKDW LW LWV SXUSRVF
ZKLFK DUH QRW REVHUYDEOH RU RQO\ REVHUYDEOH D
FDORWMRWKHVLVKHYKHERWKHVLY HYHQWV KDYH WR EH



& KDSWHU JHQHULF ,GGHWOLRGRORFILH{ *RU IKWL{LQHk{ M AURFHk{H{ \\MRGH.LQA

YDULDEOHV HDFK RI WKHP LQFRUSRUDWHY DQ H[KDX!
7KDW LV IRU HDFK YDULDEOH SUHFLVHO\ RQH RI LWV F

7KH QH[W WKLQJ WR KDYH LQ PLQG LV WKDW LQ
HVWLPDWH RQH VKRG®ORW SD\RYR GHE BREOHWBVN LV WR
W\SHV RI DFKLHYDEOH LQIRUPDWLRQ ZKLFK PD\ UHYH
K\SRWKHVLV YDULDEOH 7KLV LV DOVR GRQIHR UERDAW\RE
YDULDEG®AN WKDW D SLHFH RI LQIRUPDWLRQ FRUUHVSF
DQ LQIRUPDWLRQ YDULDEOH 7\SLFDOO\ WKLV LQIRUP]
LQIRUPDWLRQ YDULDEOH LV LQ D SDUWLFXODU VWDWH

$IWHU WKDW LW LV WLPH WR FRQVLGHU WKH FDX
WKLY VWDJH WKHUH LV QHHG WR ZRUU\ DERXW KRZ
QHWZRUN DQG SDUWLFXODUO\ ZKLFK HYHQWYV KDYH
9DULDEOHV LQ D PRGHO ZKLFK DUH QHLWKHU K\SRWK
DUH FPBOGHBWLQJ SDXYDROPOHWKHVH YDULDEOHV ZLOO
FRQGLWLRQDO SUREDELOLWLHVY DQG WKHUHE\ DOVR
>-HQVHQ @

ORGHOOLQJ WULFNYV

, I RQH LV EXLOGLQJ D PRGHO RYHU D GRPDLQ
GHFLVLRQV EDVHG RQ HVWLPDWHYVY RQH VKRXOG EH LC
HVWLPDWH DW OHDVW DV ZHOO DV WKH H[SHUWV 7KI
ZLWKRXW SUREOHPV DQG WKHUH DUH VRPH PHWKRG\
3OHDVH UHIHU WR WKH $SSHQGL[ IRU D GHWDLOHG OL\

([DPSOH

7KH IROORZLQJ H[DPSOH LV WDNHQ E\ >-HQVHQ ¢
FXVWRPHU DSSOLHV IRU D PRUWJDJH RQ D KRXVH W]
JLYLQJ LQIRUPDWLRQ RQ YDULRXV HFRQRPLF DQG SHU
HVWLPDWH WKH SUREDELOLW\ WKDW WKH EDQN ZLOO

IROORZLQJ W\SH RI MRE \HDUO\ LQFRPH RWKHU ILQD



FDUV LQ WKH IDPLO\ VL]H DQG DJH RI WKH KRXVH SUL
DGGUHVVHYV GXULQJ WKH ODVW ILYH \HDUV QXPEHU
GLYRUFHVY DQG QXPEHU RI FKLOGUHQ QRW OLYLQJ LQ
,Q SULQFLSOH HDFK VORW LQ WKH IRUP UHSUHVH
WKH YDRR@HEOEDARNY'HYHU WKH LQIRUPDWLRQ FDQ EH S
GHVFULELQJ WKH HFRQRPLF SRWHQWLDOV RI WKH DSS
WKH DSSOVIYFDQW DQRG YDULDEOHYVY GHVFULELQJ WKH
SDUHQWY FDQ EH GLYRUFHG E\ WKUHH YDULDEOHYV

“XQFWLRQ WUHHYV

>-HQNWQD@ LQWURGXFHV DQ DOJRULWKP IRU SUR
QHWZRUNV 7KH DOJRULWKP GRHV QRW ZRUN GLUHFWC
FDOMXGFWLROLWKIKMM D WUHH RI FOXVWHUV RI YDULDEC
FOLTEH¥VDXVH WKH\ DUH FOLTXHV LQ D WULDQJXODW
FRQVWUXFWHG RYHU WKH QHWZRUN (DFK FOLTXH KRC
YDULDEOHV DQG +8*%* 1 SURSDJDWLRQ FRQVLVWYV RI D
7KH +8*,1 DOJRULWKP \LHOGV WKH H[DFW XSGDWHG SU

&OXVWHU WUHHV

$ FOXVWHRYBWUWM B WUHH RI FOXVWS8 UK H IQRISUHLD BT
VXEVH®\D ®G WKH XQLRQS8RI$DWOHRRGHWQVXQGLUHFEWH
F\FOHV 7KH OLQNV \DHED OMMER®/Q ABQXILWW RI WKH LQ
DGMDFHQW QRGHV (DFK QRGH DQG VHSDUDWRU KR
FRQILJXUDWLRQV RI LWV YDULDEOH VHW VHH )LIXUH

JLIXUH $ %D\HVLDQ QHWZRUN DQG D FRUUHVSRQGLQJ FOXVWH
>-HQVHQ @



&KDSWHU &MHW Ak X{LQH{{ MAUF Q- HFLLLRQ P A

1RZ @HEH D %D\HVLDQ8Q$ WQRRNW HRLY MU H H%AR U U H \
LV FRQVWUXFWHG LQ WKH IROORZLQJ zZD\

IRUP D IDPLO\ RI QRGHV VX§ K WK WDSRHGMR MKW DV LI
OHDVW RQH QR®DBIY MXMFK WKDW
RUJDQLVH WKH QRGHV DV D WUHH ZLWK VHSDUDWRU
RUJDQLVH WKH WUHH
JLYH DOO QRGHV DQG VHSDUDWRUV D WDEOH RI RQF
IRU HDFK YDULDEOHA F KRR QMW BS[DYENY.DA DRYBH PXROGUH. S

3"$ ? SDR®VWDEOH

-XQFWLRQ WUHHV

+HUH ZH VKDOO JLYH D PHWKRG IRU FRQVWUX
GLUHFWHG DF\FOLFVIUWID®K FRBDIOWEWH®&GDSK \RX JHW E
WKH GLUHFWLRQV RI WKH OLQNV LV D WUHH VHH )LJX
HDV\ WR FRQVWUXFW MXQFWLRQ WUHHV

JLIXUH (I[IDPSOHV RI VLQJO\ FRQQHFWHG DQG PXOWLSO\ FR

JRU HDFK $DXULWSKOH A\RX IRUP WKBDF®XWWHU

%HWZHHQ DQ\ WZR FOXVWHUV ZLWK D QRQ HPSW\ LQ
LQWHUVHFWLRQ DV D VHSDUDW RIXQFRH. R GIUGAHISPI D W\
FRQVLVW RI D VLQJOH YDULDEOH DQG LI WKH MXQFWL
WKH F\FOH FRQWDLQ WKH VDPH YDULDEOH 7KHUHIRUH
WKH F\FOH DQG E\ UHPRYLQJ OLQNV XQWLO \RX KDY}
YLIXUH



Y)LIXUH $ VLQJO\ FRQQHFWHG '$* DQG LWV MXQFWLRQ JUDSK

VHSDUDRVRU JHWV D MXQFWLRQ WUHH >-HQVHQ @

JRU DOO BDWKBEB HVX VW IERFR Q@ WABLEMMHAMHA $D Q
LOOXVWUDWH WKLV RQ D JUDSK E\ KDYLQJ D OLQN EH
DSSHDU LQ WKH VDPH FOXVWHU 7KLV PHDQV WKDW ZF
SDLU RI YDULDEOHV ZLWK D FRPPRQ FKLOG DQG GURS
UHVXOWLQJ JUDSKUIDO RO @& KLKHIUDSK RQH FDQ UH
FRQVLGHU QDPHO\ WKH FOLTXHV LQ WKH JUDSK VHH )

Y)LIXUH &RQVWUXFWLRQ RI D MXQFWLRQ WUHH IRU D VLQJO

,Q FDVH WKH MXQFWLRQ JUDSK FRQWDLQV F\FOHYV
VROYHG E\ DGGLQUOWMKHR WRK HDROFOUHD3D JUDSK 7KH JHQH!



&KDSWHU JHQHULF RALH@GMH IAUF <O- ! HFLGLRQ :0D/QD

WKH PRUDO JUDSK LV WKDW DQ\ F\FOH ZLWK PRUH WKL
WKLV FDVH WKH WUDB® JKX0Q D@ HE DQG WKHUF
HI[IDPSOH RI WKH SURFHVV IURP '$* WR MXQFWLRQ WUHH

JLIXUH $ '$* WKH PRUDO DQG WULDQJXODWHG JUDSKV 7KH ILC
>-HQVHQ @

J)LIXUH 7KH MXQFWLRQ JUDSK IRU WKH WULDQJXODWHG JUDSK LQ

,Q +8*,1 SURSDJDWIWRRD@>-WRMHRDLTXHV LQ WKH MX
KDYH MRLQW SUREDELOLW\ WDEOHV DWWDFKHG WR WK
QXPEHU Rl VWDWHV RI WKH YDULDEOHV 6R WKH VL]H
WKH FOLTXH 7KHUHIRUH D JRRG WULDQJXODWLRQ LV |
EH PRUH SUHFLVH \LHOGLQJ VPDOO SUREDELOLW\ WDE
7KH FRQFHSWV Rl WULDQJXODWHG JUDSKV DQG M
DQG UHGLVFRYHUHG ZLWK YDULRXV QDPHV ,Q >%HUW
SURJUDPPLQJ HWQ® @%XWWIWKHP IRU GDWDEDVH PDQD.
VSHDNV DERXW WULDQJXODWHG JUDSKV DQG >7DU
PHWKRGV DQG YHU\ HIILFLHQW PHWKRGV IRU WHVWLQJ



&KDSWHU HuwHMHWIHWKR B DORIDWRFHYRHY | IERGHOOWPIMLIROW: 8 z - . ©

$SFWLRQV

$ %D\HVLDQ QHWZRUN VHUYHV DV D PRGHO IRU D
LQ WKH PRGHO UHIOHFW FDXVDO LPSDFW EHWZHHQ
FRPSXWHU PRGHOV LV WR XVH WKHP ZKHQ WDNLQJ
SURYLGHG E\ WKH QHWZRUN DUH XVHG WR VXSSRUW V
WZR NLQGV RI| GHWHWMR GWBDIMERIOY GHFLVLRQV

$ WHVW GHFLVLRQ LV D GHFLVLRQ WR ORRN IRU
PRGHO DQG DQ DFWLRQ GHFLVLRQ LV D GHFLVLRQ WR
EH PRUH SUHFLVH LW VKRXOG E B WSHIEMDNPG O KD W HVHF L
DQG DQ DFWLRQ DVSHFW ZKLFK DUH KDQGOHG GLII
QHWZRUNV

$FWLRQV VKRXOG DOVR EH GLYLGWGS UYQ/DOR QN ZRF
ZKLFK IRUFH D FKDQJH RI VWDWH IRU §RPHL @YU UXYEH®
DFWLRIQAZKLFK WKH LPSDFW LV QRW SDUW RI WKH PRGF
FDQ RQO\ IROORZ WKH GLUHFWLRQ RI WKH FDXVDO OLC

'HFLVLRQ SUREOHPYV DUH WUHDW HGV L Q LIV I KKWM B L
YDULRXV GHFLVLRQV VKRXOG EH HYDOXDWHG RQ W
FRQVHTXHQFHV 38VHIXOQHVV' LV PHDXWUGEGWR Q/GODQKP
VHYHUDO NLQGV RI XWLOLWLHY DUH LQYROYHG LQ WKF
D FRPPRQ XQLW 7KLV DVVXPSWLRQ LV WUHDWHG LQ V
IRU H[DPSOH >/LQGOH\ @ DQG >:LQWHU (GZDUGV ¢

/HW D BHQD VHW RI PXWXDOO\ HFFORGLYHEH F

GHWHUPLQLQJ YDULDEOHV :KDW LV UHTXLUHG LQ RU
EHWZHHQ WKI$ DEXDRQMVLQVDEOHH®GELGI *WKH XWLOL
FRQILJXUDWLRQ RI DFWLRQ DQG GHWHUPLQLQJ YDULDE

>-HQVHQ @ JLYHV H[DPSOHV DQG GHVFULEHV W
LQWHUYHQLQJ DEWLRQV DUH WUHDWHG WKURXJK XWLC
7KH VWUXFWXUH WKDW >YRQ 1HX8H FLORUWRIE X W& GHDNHHU ;
LQIOXHQFH BHDBUBBRSRVHG DV DQ DOWHUQDWLYH WF
ODWKHVRQ @ OHWKRGV IRU VROYLQJ PXOWLSOH G
GLDJUDPV DUH FRQVWUXFWHG E\ >6KDFKWHD@ X H>6
+8*,1 SURSDJDWLRQ IRU VROYLQJ LQIOXHQFH GLDJUDP



&KDSWHU &MHXHULH <LGHW/RGROR!LH{ *RU IkXkLQHkk M AURFHkkHk <IWOF

&RPPHQWY RQ %D\HVLDQ QHWZRUNYV

%D\HVLDQ QHWZRUNV LV D IRUPDO PRGHOOL
VXSSRUW V\VWHPV RU H[SHUW V\VWHPV :H KDYH
QHWZRUN WKHRU\ DQG ZH KDYH DGGUHVVHG WK
WKHRU\

%D\HVLDQ QHWZRUNV FUHDWH D YHU\ HIILF
GRPDLQV ZLWK LQKHUHQW XQFHUWDLQW\ 7KH DU
ZLGH DJULEXOWXUH FRPSXWHU YLVLRQ FRPSXV
DUH RQO\ VRPH RI WKH DUHDV ZKHUH RQH ILQG
DFWLYLWLHV 7R WKHYHO | ZG BMMQ DG WKR] IRUHFIL
WKH SODQH RI QRUWK HDVWKMUQ @%RPEBG/D GRL FKE
DXWRPDWLF %D\HVLDQ QHWZRUN FRQVWUXEFWLRQ

7KH OLQN RI %D\HVLDQ QHWZRUNV ZLWK LQ
WKBWRXOG PD\ DV ZHOO EH XVHG LQ WKH FUHDW
FRXOG SURYLGH XV ZLWK PRGHOV IRU EXVLQHVYV
LQIRUPDWLRQ DQG DELOLW\ WR GHFLGH RQ ZKHW

&RQFOXVLRQ

&KDSWHU KDV SURYLGHG WKH UHDGHU ZL\
PRGHOOLQJ WHFKQLTXHV $00 WKHVH VXFFHHG L
EHKDYLRXU GHVSLWH WKH GLYHUVLW\ LQ WKHLU
PRGHOOLQJ PHWKRGYV SUHVHQW VLJQLILEFDQW FR]|
EHHQ FUHDWHG DQG DSSOLHG WR VHUYH WKH P
VIVWHPV WKHLU FDSDELOLWLHV VXJJHVW WKDW |
PHWKRGY DUH XVHG LQ WKH PDQLSXODWLRQ RI E.
$V LW KDV EHHQ SUHVHQWHG 4XDOLWDWLYH
WKHRUHWLFDO IUDPHZRUN IRU GHYHORSLQJ DQC
ZKHUH NQRZOHGJH RI WKRVH V\WVWHPV LV LQFRP
LQYROYHV VI\VWHPV OLNH WKHVH ZKHUH ZHOO G
LGHD ZRXOG EH WR LQFOXGH WKH IRXU SDUWV
DQG LQIOXHQFHV LQ WKH VSHFLILFDWLRQ RI D



&KDSWHU dH IRU IKXLLQHL{ M G xMLG GGW HFL LRQ <O OD/LQ\ A\ OG

DQG XVH WKHP WR HQULFK WKH PRGHO GHULYHG E\
SUHFRQGLWLRQV DQG TXDQWLW\ FRQGLWLRQV PXVW |
SUHFRQGLWLRQV ZLOO EH WKRVH H[WHUQDO IDFWRUYV
SURMHFWYV 7KH TXDQWLW\ FRQGLWLRQV ZLOO EH WKR
SUHVHQW WKHRU\ VXFK DV IRU H[DPSOH UHTXLULQJ
ZRUNIRUFH DQG WKH HTXLYDOHQW ZRUNIRUFH WR EH S
ZLOO KROG EHWZHHQ TXDQWLWLHV DIIHFWHG E\ WKF
FRQWULEXWLRQV WR WKH ZD\ D TXDQWLW\ FKDQJHV

6LPXODWLRQ RI EXVLQHVV SURFHVV PRGHOV FRX
5HDVRQLQJ $V ZH NQRZ VLPXODWLRQ RI D FRQWLQXR
DFKLHYHG EDVLFDOO\ LQ WZR ZD\V TXDQWLWDWLY
VLPXODWLRQ HQWDLOV DQ H[DFW GHVFULSWLRQ RI
TXDQWLWLHY LQYROYHG LQ WKH V\VWHP IXQFWLRQLQJ
GLIIHUHQFH HTXDWLRQV 4XDOLWDWLYH VLPXODWLRQ
WKDW H[SUHVV TXDOLWDWLYH FRQQHFWLRQV EHWZHHC
GRHV QRW FRQWDLQ DV PXFK LQIRUPDWLRQ DV LQ D T
WKH H[SUHVVLRQ RI LQFRPSOHWH NQRZOHGJH DQG SU
VIVWHPV UDWKHU WKDQ QXPHULFDO VROXWLRQV RI HD|
QRQ OLQHDU V\WVWHPV 8QIRUWXQDWHO\ LW IDLOV WR
FDUU\LQJ RXW WKH VLPXODWLRQ

>)DQQL *LXD @ KDYH SURSRVHG D VLPSOH ZD\ F
D TXDOLWDWLYH VI\VWHP ZLWK LWV GLVFUHWH TXDQWL
VIVWHP L H DV G\QDPLF V\VWHP LQ ZKLFK WKH VWD
WLPH LQ DJUHHPHQW ZLWK XQH[SHFWHG RFFXUUHQFH
EH GHVFULEHG E\ XVLQJ 3HWUL QHW PRGHOV )LUVYV
FRQWLQXRXV WLPH EHKDYLRXU LV JLYHQ 6HFRQGO\ V
E\ GLVFUHWH HYHQW PRGHOV )LQDOO\ D PRGHO WKD
HYHQW EHKDYLRXUV LV EXLOW XVLQJ 3HWUL QHWV 7KI
3HWUL 1HWV D PHWKRG WKDW ZLOO EH WKRURXJKO\
5HDVRQLQJ DLGLQJ WKH VLPXODWLRQ RI VRIW V\VWHP

2UGHU Rl PDJQLWXGH UHDVRQLQJ HQKDQFHV 4XD(
WKH UHODWLRQV EHWZHHQ WKH SDUDPHWHUV DFKLHY
HIITHFWLYH UHDVRQLQJ 2Q WKH RWKHU KDQG O0XOWlL
PRGHOOLQJ D VWHS IXUWKHU E\ LQWURGXFLQJ IXQFWL



&KDSWHU : W/-R/LH-RU LAXULLQH Q- HFLGLRQ <OAD/PQW

LV EDVHG RQ FRQFHSWV RI JRDOV DQG IXQFWLRQV ZK
QDWXUDO VFLHQFHV EXW XVHG ZLWKLQ WKH KXPDQ VF
LQ FRSLQJ ZLWK ODUJH VFDOH GHFLVLRQ SUREOHPV Z|
DQG XQPDQDJHDEOH EHFDXVH WKH OHYHO RI GHWDLO L

7KH PRGHO ZKLFK GHULYHV LV PXOWLOHYHO EHF
DEVWUDFWLRQ DQG LW LV DERXW IORZ EHFDXVH HYHL
WHUPV RI IORZ VWUXFWXUHV 7KH 0)0 PRGHO VXFFHHC
VIVWHP DV LW UHSUHVHQWVY WKH LQWHUGHSHQGHQF\
SURYLGHG IRU JRDO DFKLHYHPHQW %XVLQHVV SURFH\
WKH FRQFHSWV RI 0)0 LQ RUGHU WR SURGXFH D IXQF\
FUXFLDO WR VROYLQJ FRPSOH[ GLDJQRVLV SUREOHPYV
OLQN EHWZHHQ 0)0 DQG *RDO GULYHQ PHWKRGRORJLHV

7KH ODWWHU FDSWXUH WKH LOQWHQWLRQDO GLPHQ
XQGHUVWDQGLQJ RI KRZ D EXVLQHVV SURFHVV RSHU
VWUXFWXUH ZKLFK VKRZV WKH UHODWLRQVKLSV RI DF
JRDOV 7KLV KDV WZR EHQHILWV )LUVW WKH PRGHC
VWUXFWXUDO DVSHFWV RI WKH EXVLQHVV PRGHO EXW
WR EH EXLOW 6HFRQG GHFLVLRQDO DVSHFWV RI WKH
WKH FRPPRQ PRGHO 3HUKDSV D FRPELQDWLRQ RI 5RC
PHWKRGYV ZRXOG SURYLGH D SRZHUIXO WRRO IRU WKH
FDSWXUH WKH UROHV WKHLU FRPSRQHQWYV DFWLYLW
HIWHUQDO HYHQWV ZKLOH WKH ODWWHU ZRXOG GZH
RUJDQLVDWLRQDO VWUXFWXUH

IDVW EXW QRW OHDVW %D\HVLDQ QHWZRUNV FU
EXLOGLQJ PRGHOV RI GRPDLQV ZLWK LQKHUHQW XQFEH
ZLWK LQIOXHQFH GLDJUDPV EHDUV WKH DVSLUDWLRQ \
FUHDWLRQ RI PRUH SRZHUIXO VRIW PRGHOV 7KH\ FRXC
SURFHVVHV ZKLFK DUH HQULFKHG ZLWK PRUH LQIRUPEL
SURFHVV VKRXOG WDNH SODFH



&KDSWHU

&21&(378%$/ 02'(//,1* $1' 7+( 62)7
6<67(06 $3352$&+



&KDSWHU &RQFHSWXDO MAOMRGH O OCAL\QVAW HDRQ\G >WUKRD W K

&21&(378%/ 02'(//,1* $1' 7+( 62)7 6<67(06
$3352%$&+

, QWURGXFWLRQ

7KH VRIW V\VWHPV DSSURDFK LV D YLDEOH DSSUR
LW SURYHV YHU\ XVHIXO LQ LGHQWLI\LQJ ORRVHO\ VSH
DQDO\VLV RI uVRIW V\WVWHPVY] %\ pVRIW V\VWHPVY] ZI
DFWLYLW\ RU KXPDQ MXGJHPHQW VXFK DV WKH DF
> LQJVWRQ @ 7KH VRIW VI\VWHPV DSSURDFK RIIHUV W
DSSURDFKHV WR D SURFHVV KRZHYHU LW ODFENV JXLC
ORW RI WLPH WR SURGXFH D GHWDLOHG PRGHO

&RQFHSWXDO PRGHOOLQJ LV XVHG LQ RUGHU \
FRPPXQLFDWLRQ EHWZHHQ DQDO\WWYV DQG HQG XVHUV
DQG VSHFLILFDWLRQ YHULILFDWLRQ >/RXF =LF @
VIVWHP GHYHORSPHQW ,W LV FRQFHUQHG ZLWK WKt
UHTXLUHPHQWY RI WKH LVVXH RI UHVHDUFK OHDGL
UHTXLUHPHQWY VSHFLILEFDWLRQ RI WKH GHVLUHG V\VW
PRGHOOLQJ FRQFHSWV DQG JXLGHOLQHV UHODWHG V
VWUXFWXUH DQG WKH EHKDYLRXU RI D VIVWHP

'Q WKLV FKDSWHU WKH PDLQ FRQFHSWV RI WKHV
DQG WKHLU OLQNDJH LV GLVEXVVHG 7KH GHYHORSP

FRQVXOWLQJ ILUPYVY SUREOHP LV HODERUDWHG DQG \
VRRQ DIWHU

7KH 6RIW 6\VWHPV $SSURDFK

7KH GHYHORSPHQW RI 6RIW 6\VWHPV $SSURDFK

7KH VRIW VA\VWHPV DSSURDFK ZDV GHYHORSHG LQ
EDVHG RQ WKH ZRUN RI 3HWHU &KHFNODQG DW /DQFI
HVVHQFH RI KLV DSSURDFK LV WR LGHQWLI\ RQH RU PR
PRGHO RQO\ WKRVH EXVLQHVV SURFHVVHV WKDW DU
UHVHDUFKHU FDOOV WKLV LGHQWLILFDWLRQ RI D 3UH



&KDSWHU &HRQFHSLXQWM DQG WKH &RMAO &G\LWHP$ A\C

UHSUHVHQWLQJ SURFHVVHV DV QRGHV LQ D GLDJUDP
WR DQRWKHU XVLQJ DUURZV ,Q FDVH RI FRPSOH[ SUF
SURFHVVHV LQ VHSDUDWH GLDJUDPYV

$Q H[DPSOH RI VXFK PRGHOOLQJ LV VKRZQ EHC
>&KHFNODQG @ 7KH V\VWHP LV FRQFHUQHG ZLWK D
SURYLGLQJ KLV FOLHQW ZLWK WKH W\SH RI UHSRUW
SUHOHYDQW § VIVWHP LV FKRVHQ WR EH WKH FRQVXOW
Rl DGYLFH IURP RQH SDUW\ WR WKH RWKHU DOO WK
LJQRUHG 7KH UHVXOWLQJ V\VWHP LV VKRZQ EHORZ

SHTXHVW
IRU
DGYLFH
IURP 6DWLVIDFWRU\
EOLHOW DGYLFH
© 7%%8J$u WUDQVIHUUHG IURP
FRQVXOWDQW WR
G\VWHP FOLHQW IRU DQ
(ISHUWLVH RI DJUHHG IHH
FRQVXOWDQW
J)LIXUH 7KH DGYLFH WUDQVIHU V\VWHP DW WKH KLJKHVW OH!
SHTXHVW IRU DGYLFH ([SHUWLVH RI
IURP FOLHQW FRQVXOWDQW
6DWLVIDFWRU\ DGYLFH
WUDQVIHUUHG WUDP
FRQVXOWDQW WR FOLHQW
IRU DJUHHG IHH
JLIXUH 7KH DGYLFH WUDQVIHU VA\VWHP H[SDQGHG LQWR LQGL

([SHUWLVH Rl ([SHUWLVH RI
FRQVXOWDQW FRQVXOWDQW

JLIXUH 7KH SURFHVV &DUU\ RXW ZRUN LV EURNHQ GRZQ WR



& KDQWH &RQFHSWXDO PEE££RLOMBRNNIMAGBLMMEWEIPRXFOL

,Q KLV DSSURDFK &KHFNODQG LGHQWLILHV D QX
HDFK SURFHVV 7KHVH DWWULEXWHVY DUH

f $FWRU ZKR RU ZKDW QRUPDOO\ SHUIRUPV WKH DF
&XVWRPHU ZKRP WKH DFWLRQ LV LQWHQGHG WR E|
2ZQHU ZKR KDV WKH DXWKRULW\ RYHU GHFLVLRQV
(QYLURQPHQW WKH HQYLURQPHQW LQ ZKLFK WKH \
'RUOGYLHZ WKH XQGHUO\LQJ DVVXPSWLRQV ZKLEK
7KH VRIW V\VWHPV DSSURDFK UHTXLUHV UHSUHVHC
LQGLYLGXDO SURFHVVHV ZKLFK DUH FDUULHG RXW I
DWWULEXWHY DWWDFKHG WR LQGLYLGXDO SURFHVV
GDWD IORZV EHWZHHQ SURFHVVHV

WKH DELOLW\ WR KDYH PRUH WKDQ RQH GDWD IORZ
WKH DELOLW\ WR EUHDN GRZQ D VLQJOH SURFHVV L
%\ LGHQWLI\LQJ D UHOHYDQW V\VWHP GHERPSF
VXESURFHVVHV DQG ILQDOO\ LGHQWLI\LQJ NH\ DWWUL
UHSUHVHQWDWLRQ RI D SDUWLFXODU EXVLQHVV SURF
LGHQWLILHG &KHFNODQGYV DSSURDFK FRQWLQXHV ZL
UHOHYDQW V\VWHP 7KLV LV DFKLHYHG E\ SUHVHQWLC
SURFHVV DQG WKHQ LWHUDWLYHO\ UHILQLQJ WKH PRG
PHHWLQJY DQG LQWHUYLHZV 7KLV LWHUDWLYH SURFH\
WKH PRGHO UHSUHVHQWY WKH LGHDO SURFHVVHV RI W

—H +H+ +H

H + +H +H +H

$ ELUGYV H\H YLHZ RI &KHFNODQG OHWKRGRORJ\

&KHFNODQGYV PHWKRGRORJ\ LV D SURFHVV RI LC
VWDJHV ZKLFK SDVVDJH WKURXJK LV XVXDOO\ LWHUD
WKDW HYHU\ SUREOHP H[LVWV LQ D SDUWLFXODU FRC
GLITHUHQWO\ E\ GLITHUHQW SHRSOH 7KH VWDJHV RI W]
7DVN 7R DVVHPEOH D UHSUHVHQWDWLRQ RU SLFWXL
TXDQWLWDWLYH RU IDFWXDO DQG TXDOLWDWLYH DQG
7DVN 7KH DQDO\VW VHHNV JHQHUDO SDWWHUQV RU
FKDUDFWHULVWLFV RI WKH VLWXDWLRQ



8u ARQFHSWXDL WERGHLOLQFM DQG WKH A

7DVN 6HDUFK IRU VA\VWHPLF ZD\V RI YLHZLQJ WKH V
I[UXLWIXO ZD\ Rl YLHZLQJ WKH SUREOHP VLWXDWLRQ I
ZKLFK PLIJKW EHDU RQ VLJQLILFDQW DVSHFWV RI LW
7DVN '"HULYH WKH FRQFHSWXDO PRGHO WKDW FRQWL
QRWLRQDO V\VWHP ZRXOG ORJLFDOO\ KDYH WR SHUIRU
7DVN &RPSDUH WKH FRQFHSWXDO PRGHO ZLWK ZKD
SUREOHP VLWXDWLRQ

7TKH WHFKQLTXH IRU EXLOGLQJ FRQFHSWXDO PR
SULQFLSOHV $ PRGHO RI D KXPDQ DFWLYLW\ VA\VWHP Z
WRIJHWKHU 7KH EDVLF ODQJXDJH XVHG IRU PRGHO FRC
DQRDO\WVWIV VSHDNLQJ ODQJXDJH 7KH PRGHO ZLOO FF
QHFHVVDU\ IRU WKH V\VWHP WR EH WKH RQHUR®WHG
GHILQLWIHR®LP LV WR EXLOG IX®&DIARXW WY LW\ LRR GWHKA R/
SDUWIKRZWDY EH LQFOXGHG LQ VXEVHTXHQW PRUH GH\
HI[SDQVLRQ RI WKH ILUVW OHYHO PRGHO >&KHFNODQG
VLPSO\ WKH SURGXFW RI FRPELQLQJ JUDSKLFV DQG QD
GHSLFW DOO UHOHYDQW LQIRUPDWLRQ

7KH XVH Rl +$5'< LQ WKH PRGHOOLQJ RI 6RIW 6\VW

+$5'< LV D GLDJUDPPLQJ WRRO ZKLFK VXSSRUWYV |
ZKRVH VKDSHV VL]HV DQG DWWULEXWHY DUH GHILQHC
EH PDQLSXODWHG LQ GLIIHUHQW ZD\V LQ DGGLWLR
SURJUDPPLQJ ODQJXDJH ZKLFK DOORZV WKH GHILQLW
FDUU\ RXW RQH RU PRUH GLDJUDP PDQLSXODWLRQV
SURGXFH JUDSKLFDO VXSSRUW WRROV IRU D YDULHW\
VI\VWHPV DSSURDFK +%$5'< SURYLGHV WKH IROORZLQJ |
f 3URFHVVHYV WKH\ DUH SUHVHQWHG DV QRGHV RQ
WKH SURFHVV
I $WWULEXWHYV HDFK SURFHVV QRGH KDV LWV RZQ |
RI QDPHG DWWULEXWHYV IRU ERWK QRGHYV DQG DUFV



&KDSWHU &RQFHSWXDO OAOGRGHOOLQA DQG WKH GGRAW &!¢

+f 'DWD IORZV EHWZHHQ SURFHVVHYVY DUH UHSUHVHQ
SURFHVV QRGHV :H FDQ SXW ODEHOV RQ WKH DU!
WUDQVIHUUHG
¥ ([SDQVLRQ RI D SURFHVV LQWR VXESURFHVVHV +$
RlI 3 H[SDQVLRQ®™ FDUGV VR WKDW WKH pSDUHQWY SUI
DQG DOO WKH VXESURFHVVHV WKH QHZ FDUG PLJKW
$Q H[DPSOH RI PRGHOOLQJ D VRIW V\VWHP E\ X
> LQJVWRQ @ +HUH WKH FRPPHUFLDO VDOHV SURFI
PRGHOOHG 7KURXJK LQWHUYLHZV RI H[SHULHQFHG L
ELJJHVW DUHDV RI XQFHUWDLQW\ LQ WKLV SURFHVV
SURSRVDO IRU EXVLQHVYVY DQG LQ WKH HVWLPDWLRQ R
7TKHUHIRUH LW ZDV GHFLGHG WKDW WKH SUHOHYDQW’
LQ ZKLFK WKH VDOHV SURFHVYV ZDV UHSUHVHQWHG DV
UHVRXUFLQJ RI SURSRVDOV IRU EXVLQHVV B3ELGV’ 1
ODQDJHPHQW VA\VWHP UHSUHVHQWHG JUDSKLFDOO\ ZL\

BUHYLRXV

SURSRVDOASUHVHQW GLVFXVV D

U ZRUN SURSRVDO ZLWK
EWDU LQIRUPDWLRQ f\p g g gpBBBBB ,QIRUPDWLRQ DERXW SURVSHFW DW DQ
ORLNEWOY L aURVSHEWPERXW SURVSHG Y Q Q DSSURSULDWH OHYHO RI
DFWLYLWLHV WRQH\ $XWZUWW\ B ,QIRUPDWLRQ UI[IXW SWR S FW GHWDLO

EOHHGYV DQG 7QLILJ

73URVSHFW1IV
UUWDUHHW
BODLNHWUYJ

VRXUFHV P JXUWKHU LQIR

- bl
BUHGLFWHBGLFWHG DERXW SURVSH w

ILQDP UHWRXUFLQR

2 7THFKQLFDO
3HUIRUP SODQQHG DSSOLFDWLRQ IRFL

DFWLRQV E7
"HVLUDELOLW\ RI 3 & XUUHQW SURSRVDO
ZRUNLQJ ZLWK W?L
FOLHQW

YXUWKHU
DFWLRQV

,QIR WR
FROOHFW
&XUUHQW
SURSRVDO
B ,QIR WR
FSOOH;W 30DQ VHWLRQ JXUOKHU LQIR
IXUWKHU WL L +KQL® SURVSHFW

2
FRQWUDF\1/ &XUUHQW SURSRVDO

6,*1(" &2175%&7

&XUUHQW SURSRVDO

JLIXUH 7KH WRS OHYHO RI WKH %LG ODQDJHPHQW V\VW



& KDQWH GRQFHSWRIDO @XM DQG WKH 6 RIW 6WMLOHPL /

*XLGLQJ 6RIW 6\VWHPV PRGHOOLQJ WKURXJK &RPP

7KH &RPPRQ.$'6 PHWKRHW D@ HOLYPIEHHQ GHYHOF
HIIRUW WR SURYLGH VRPH DGGLWLRQDO JXLGDQFH WR
D VHULHV RI PRGHOV ZKLFK UHSUHVHQW WKH DQDO\
VIVWHP RU H[SHUW V\WVWHP &RPPRQ.$'6 SURYLGHV L
VWUXFWXUHV PRGHOV WKDW UHSUHVHQW WKH UHDV]
WDVN ZKLFK DUH XVHG DV D VWDUWLQJ SRLQW IRU W
SDUWLFXODU SURMHFWYVY 7KLV OLEUDU\ KDV EHHQ XVH
> LQJVWRQ @ 6RPH W\SLFDO WDVN W\SHV LQ ZKLF
GLDJQRVLV FRQILIXUDWLRQ DQG GHVLJQ ORUH Gt
&RPPRQ.$'6 DUH SURYLGHG LQ >.LQJVWRQ @

*HQHUDO FRPPHQWYVY RQ WKH 6RIW 6\VWHPV $SSURI

7KH VRIW V\VWHPV DSSURDFK RIIHUV KRSH RI LQ\
GHILQHG SUREOHP E\ LGHQWLI\LQJ DQG IRFXVLQJ RQ
7KURXJK WKH SURFHVV Rl PRGHOOLQJ D UHOHYDQW
SURGXFH WKH LGHDO V\VWHP DUH V\QWKHVLVHG DQG
WKH HQG RI WKLV DQDO\VLV VWDQG D UHDVRQDEO\ JF
PDNLQJ 6RIW 6\WWHPV D YHU\ JRRG LQLWLDO VWHS L
DFWLYLW\ 7KLV PHWKRGRORJ\ WDFNOHV ERWK WKH
DQDO\VLV DQG VI\QWKHVLYVY LQYROYHG LQ FRQFHLYLQJ
LGHDV OLNH WKH FRQFHSW RI VIVWHP WR JHQHUDWH
LQ FRQMXQFWLRQ ZLWK D SURFHVV RI LQTXLU\ DQG
GLVFXVVLRQ RI WKH LPSOLFDWLRQV RI DEVWUDFW LG]|
DOVR KHOSV WR LGHQWLI\ XQVWDWHG DVVXPSWLRQV
ZKHQ GHILQLQJ DFWRUV FXVWRPHUV RZQHUV HQYLL
VKRZQ LQ WKH IROORZLQJ WKLV DSSURDFK DLGV WKH
LV WKH ILUVW VWDJH LQ WKH FRQFHSWXDO PRGHOOLQ.
2QH RI WKH PDLQ GLVDGYDQWDJHV RI WKH VRIW
SHUPLWV PXOWLSOH LQSXWV DQG PXOWLSOH RXWSXW
ZKLFK RXWSXWV GHSHQG RQ ZKLFK LQSXW V >.LQJVW



& KDSWHU &R QFM D Q&GROGE\GWHQLG $SSURDEFK

OLPLWDWLRQ LV E\ EUHDNLQJ GRZQ DQ\ SURFHVV ZLWEk
HDFK SURFHVV DW WKH ORZHVW OHYHO KDV RQO\ RQH
LV WKH ODFN RI JXLGDQFH RQ VHOHFWLRQ RI D UHOF}
PRGHO &KHFNODQG KDV SURYLGHG D OLWWOH JXLGEC
>&KHFNODQG 6FKROHV @ EXW WKLV QHHGV WR EH H|
7KH HYHU LQFUHDVLQJ FRPSOH[LW\ DQG VL]H RI E
KLIJIK OHYHO FRQFHSWV DQG IRUPDO WHFKQLTXHV VR
OHYHOV RI DEVWUDFWLRQ SDUWLFXODUO\ QRZDGD
UHVWUXFWXULQJ EXVLQHVYV FDQ RQO\ EH PRGHOOHG E
RI LWV FRPSRQHQWV >/HR .DUF @ 7KHUHIRUH WK

FRSH ZLWK DOO WKHVH LVVXHV KDV DULVHQ DQG WKD
KDV WDNHQ SODFH

&RQFHSWXDO ORGHOOLQJ

7KH PLQG DQG WKH RULJLQV RI FRQFHSWXDO PRGF

7TKH VXEMHFW RI KRZ WKH KXPDQ PLQG ZRUNV DV
WRROV PDFKLQHU\ LW HPSOR\V LQ RUGHU IRU WKH
LOQWULQVLF VXEMHFW RI LQWHUHVW IRU PDQ\ VFLHQW
WKHUH DIWHU DOO D VSHFLILF 3IRUPDO” SURFHGXUH
SRVVLEO\ FRQFHLYH" +RZ FRXOG ZH GHVFULEH WKH Y
VHQVHVY VHQW WR WKH EUDLQ DQG WKH LQVWUXFWLR
KRZ LV WKH LQSXW WR WKH EUDLQ FKDQJHG WR DQ RX
DUJXHV WKDW WKH V\PEROV ZLWK ZKLFK WKH EUDLC
HOHFWULFDO DQG WKDW WKH VLIQV ZKLFK LW HPSOR)
ODQJXDJH WKDW IROORZV SUHFLVH UXOHV MXVW DQ\ F
ZULWH RXW ORJLFDO DQG PDWKHPDWLFDO DUJXPHQW
FDQQRW EH UHSUHVHQWHG LQ WKH IRUP RI D ORJLFCL
DI[LRPV E\ PDNLQJ IRUPDO GHGXFWLRQV IURP WKHP LQ
WKH HVWDEOLVKPHQW RI D QHZ D[LRP LV VLPSO\ D IUH
WKH ORJLFDO SURFHVVHV DQG WKDW WKH ODQJXDJH
WKH IRUP DQG WKH OLPLWDWLRQV RI RXU PRGHO



BWULFWO\ VSHDNLQJ LI ZH DUH WR UHJDUG FRC
SKLORVRSKLFDO DSSURDFK DQG QRW MXVW DV D PR
FRQVWUXFWLRQ RI GDWDEDVHV ZH FDQ ILQG LWV RUL
FRQFHLYH WKH ZRUOG :KDW LV RI LPPHQVH LQWHUHVW
*LDOHFWLF DQG 'LFKRWRPRXIV3QFWR RS RHIWKRG @ >
LQWURGXFH D ®*IRUPDO’” JXLGDQFH IRU UHDVRQLQJ 30l
ZRUNV EXW LW LV LQ WKH 6RSKLVW ZKHUH LW LV H[SO
DQ\ FDVH ZKHUH WKH FRPSRVLWLRQ RI D VDWLVIDFWRU
SDUDPHWHU ; WR GHILQH DQG WKHQ ZRUNV WKURXJK D

6WDUW ZLWK D ELJJHU DQG PRUH IDPLOLDU FDWHJRI
,QYHQW D GLYLVLRQ RI FDWHJRU\ $ LQWR WZR PDLC
KDV D IHDWXUH Rl ; ZKLOH FDWHJRU\ & KDV QRW &I
DQG & LV WKH OHIW RQH

$

F %

.HHS RQ WKH SURFHGXUH E\ OHDYLQJ HDFK WLPH
(ODERUDWH RQO\ WKH ULJKW VXE FDWHJRU\ E\ GLY
FDWHJRULHVY WR VRPH H[WHQG ZKHUH RQH ULJKW
SDUDPHWHU ; 7KH GHILQLWLRQ RI ; UHVXOWYV |IURP \
VXEGLYLVLRQV
7KH DERYH PHQWLRQHG SURFHGXUH LV LQVWLJDW
JRDO RU REMHFWLYH WKDW ZLOO JXLGH WKH UHVHDUF
SHUFHLYHV WKH LVVXH RI VWXG\ DQG IXUWKHU GHILQ
PHWKRG WKH GHILQLWLRQ RI WKH LQLWLDO SDUDPHW
WKH JRDO FRQFHSWV ZKHQ GLYLGLQJ D FDWHJRU\ LQV
EH UHOHYDQW DQG ZKDW QRW LV D PDWWHU RI WKH 1
HODERUDWLRQ RI WKH TXHVWLRQ LV EH\RQG WKH VFR:
WKDW FRQFHSWXDO PRGHOOLQJ DV SHUFHLYHG LQ F
PRGHOOLQJ SURFHVV E\ LOWURGXFLQJ WKH RYHUDO!
LGHQWLI\LQJ WKH UHOHYDQW HQWLWLHVY DQG WKHLU
TXHVWLRQV DQG GLVFXVVLRQV L H LOQWHUYLHZV DPI



&KDSWHU &RQFHSW\OPDK)LLI].DXMWLOH &&RAWG 6 BUW B PKL

%DVLF FRQFHSWYV

&RQFHSWXDO PRGHOOLQJ WDNLQJ LQWR FRQVLG!
H[FOXVLYHO\ DERXW WKH GHYHORSPHQW RI D FRPSXW
LQYROYHV D GHHSHU PXFK PRUH SKLORVRSKLFDO DQ
XOWLPDWH WDVN LV WR JHQHUDWH DQ LQIRUPDWLRQ
EURDGHU HQYLURQPHQW KHQFH LW LV HVVHQWLDO V
ZLWK WKH RWKHU FRPSRQHQWY Rl WKH RUJDQLVDWLR
QHYHU EH FRPSXWHULVHG 7KH EXVLQHVV PRGHOOLQ!J
IUDPHZRUN DGRSWHG E\ WKH REMHFW RULHQWHG Pl
FRQFHSWXDO PRGHOOLQJ DQG V\VWHPV DQDO\VLV

'Q WKH IROORZLQJ OLQHV VRPH RI WKH PDLQ FRG
EH ODLG RXW VWDUWLQJ IURP WKH PDLQ FRQFHSW X0 C
VFKHPRBIQFH WKLV XQLTXH FHQWUDO GHVFULSWLRQ RI
VI\VWHP ZLOOFRIQ FHDSVOXIBOPEFKW PO D\V D NH\ UROH DV
DV D UHIHUHQFH IRU WKH HQWLUH GHYHORSPHQW SU
SURGXFHG WKURXJK D QXPEHU RI WDVNV 7KH JXLGHC
FKRRVLQJ WKH PRVW DSSURSULDWH WDVN GHSHQGLC
KHOSLQJ WKH PRGHOOHU WR PDNH GHFLVLRQV LQ RWk
DQG WKH EHKDYLRXU R| BRQVWSHW X B8 P\RE HVDXOW & JVSKIHR |

'"HILQLWLRQ ., 7KH FRQFHSWXDO PRGHOOLQJ SURFH
(OLFLWLQJ WKH NQRZOHGJH LW LQYROYHV WKH DF
RI D VIVWHP LQFOXGLQJ WKH XQGHUVWDQGLQJ RI W
ILQDOO\ WKH VHOHFWLRQ DQG FODVVLILFDWLRQ RI |
JRUPDOLVLQJ WKH NQRZOHGJH LW LQYROYHV WKH
NQRZOHGJH +HUH WKH PRGHOOHU LV DVNHG WR ILC
H[SUHVVLQJ LQ D IRUPDO ZD\ WKH GHVLUHG V\VWHP
SHSUHVHQWLQJ WKH NQRZOHGJH LW LQYROYHV \
DWWULEXWHVY DQG UHODWLRQV LQ DQ HDV\ WR FRP
UHFWDQJXODU ER[HV

DQG OHDGV WR WKH FRQVWUXFWLRQ RI D IXQFWLRQD

JRDOV



oML 1U &Friso®ORGH LWXM DQGW/H GGRAW GGW|

7KH EDVLF LVVXHV LQ WKH DERYH PHQWLRQHG SUF
6SHFLILFDWLRQ RI JRDOV DQG REMHFWLYHV  VHWW
EXLOGLQJ D PRGHO Rl WKH SUREOHP GULYHV WKH Z|
7KLV LV D YHU\ LPSRUWDQW LVVXH RI WKH SURFHVYV
XVHG DV D UHIHUHQFH WR YDOLGDWH WKH UFRUUHFW
6SHFLILFDWLRQ Rl WKH *UHOHYDQW  IUDPHZRUN RI
SUHOHYDQW ' V\WVWHP DV LW DSSHDUV LQ WKH 6RIW

7KH HVVHQFH LV WR LGHQWLI\ RQH RU PRUH SUREOH
RQO\ WKRVH EXVLQHVV SURFHVVHV WKDW DUH UHOHY
'HILQLWLRQ RI HQWLWLHY DQG WKHLU UHODWLRQYV

DQG WDFLW >1RQ 7DNHXFKL @ WKH PRGHOOHU |
WKH SUREOHP DQG LGHQWLI\ WKHLU UHODWLRQV

VIVWHPDWLF LW FDQ EH H[SUHVVHG LQ VFLHQWLIL
YDULHW\ Rl RWKHU IRUPV ,W FRQVLVWV Rl WZR FRP
7KH ODQJXDJH LV XVHG WR H[SUHVV DQG FRGH N
HIWHUQDOLVHG NQRZOHGJH ,W LV SRWHQWLDO N
LQIRUPDWLRQ LV FRPELQHG ZLWK FRQWH[W DQG HI[S
NQRZOHGJH 7DFLW NQRZOHGJH RQ WKH RWKHU K
H[SHULHQFH VXFK DV SHUVSHFWLYH DQG LQIHUHQWL
LQVLIKWY KXQFKHV LQWXLWLRQV DQG VNLOOV W
IRUPDOLVH PDNLQJ WKHP GLIILFXOW WR FRPPXQLF
NQRZOHGJH LV GHHSO\ LQJUDLQHG LQWR WKH FR(
LPDJLQDWLRQ RI WKH ZRUOG DQG LQWR KLV KHU HI[S
NQRZOHGJH

SHSUHVHQWDWLRQ RI HQWLWLHY DQG UHODWLRQV!
VFKHPD IRU WKH SUREOHP WKH ZD\ WKLV VFKHPD L
LQ WKH IROORZLQJ SDJHV

9DOLGDWLRQ RI WKH GHULYHG VFKHPD DV IDU DV JF
PRGHOOHU FKHFNV ZKHWKHU WKH FRQFHSWXDO VF
H[SUHVVHV LQ IXO0 WKH UHTXLUHPHQWYV LQIRUPDOO
ODLQWHQDQFH RI WKH VFKHPD VLQFH XVHU UHTX
H[LVWLQJ FRQFHSWXDO VFKHPD KDV WR FKDQJH LQ
VDWLVI\ QHZ REMHFWLYHV



7KH DFWLYLW\ Rl FRQFHSWXDO PRGHOOLQJ LV D S
VXEVHTXHQW IRUPDO PRGHOV ,QLWLDOO\ LW ZDV XVH
DFWLYLW\ RI GHYHORSLQJ DQ LQIRUPDWLRQ DQG GHFL
LPSRUWDQFH RI ILUVW GHYHORSLQJ PRGHOV WKDW DU
SDUWLFXODU SURFHVV ,WV SXUSRVH GLG QRW GLIIHU
LV WR GHYHORS DQ DFFXUDWH PRGHO RU JUDSKLFDO |
QHHGY DQG EXVLQHVV SURFHVVHV 1HYHUWKHOHVYV
UHVWUXFWXULQJ EXVLQHVV FDQ RQO\ EH PRGHOOHG E\
RI LWV FRPSRQHQWYV

,Q WKH SDVW SURJUDPPLQJ ODQJXDJHV DUWLILF
KDYH FRQWULEXWHG LQGHSHQGHQWO\ WR WKH GHYHO|
GHVLJQ W\SLFDOO\ HPSKDVLVHG VWDWLF SURSHUWLH
DSSURDFK ZDV UDGLFDOO\ GLIIHUHQW  JLYLQJ F
>5RO0DQG &DXYHW @ 7KH REMHFW RULHQWHG
VWUXFWXUH DQG EHKDYLRXU PRGHOOLQJ DQG LW VXF
REMHFW FRQFHSW DOORZV WKH PRGHOOHU WR FRQFH!
FROOHFWLRQ RI REMHFWV DQG WKHLU LQWHUDFWLRQ\
V\VWHREMHFRMHVHPHUJHQFH Rl REMHFW RULHQWHG FRQF
RI VSHFLILF DSSURDFKHV ZKLFK GLYHUJH RQ KRZ WR
7KURXJKRXW WKLV WKHVLVY ZH KDYH DGRSWHG WKH GI
&DXYHW @ WKDW EDVHV WKH LGHQWLILFDWLRQ
HQWLW\ UHODWLRQVKLS PRGHO +HUH WKH REMHFW FF

$QQWIPPYQ EH DQ\WKLQJ FRQFUHWH RU DEVWUDFW
EXVLQHVV SUREOHP $Q HQWLW\ PD\ EH D WDQJLEOH R!
LW PD\ EH DQ DFWLYLW\ OLNH DQ DSSRLQWPHQW RU D
FRVW FHQWUH RU DQ RUJDQLVDWLRQDO XQLW $Q\ OH]
FODVVLI\ RU RWKHUZLVH H[SUHVV D DSV\R S B BXNURE XO/Q-
FDQQRW H[LVW LQ WKHLU RZQ WKH\ DUH RQO\ RI LQV
HQW(IQWLW\LFWOPNUOHG WKH VHW RI LQGLYLGXDO HQWL
DQG FRPPRQ SURSHUWLHY DSSO\ $Q HQWLW\ FODVV LV

6XSSOLHUV



&KDSOH &RQFHSWXDO OLORG/MLQFAWNMIWHPKIA GSL

TKBWWULEXWHWKBDYYRSRVLWLRQ HVWDEOLVKLQJ D GR
$Q DWWULEXWH FODVV LV UHSUHVHQWHG E\ DQ RUWKR.

6833/,(5
1$0(

(QWLWLHV GR QRW H[LVW LQ LVRODWLRQ EXW |
UHODW LRQNV®LSVHPSRUDU\ RU SHUPDQHQW DVVRFLDWLF
EHWZHHQ DQ HQWLW\ DQG DQ DWWULEXWH 7KHUH DUF
PDQ\ WR PDQ\ DQG RQH WR RQH >&KHQ @ 7KLV GHQ
UHODWLRQVKLSY L H WKH QXPEHU RI WLPHV DQ HQ
LQYROYHPHQW 2QH WR RQH GHQRWHVY WKDW DW DQ\ V
RQO\ RQH YDOLG UHODWLRQVKLS 2QH WR PDQ\ GHQRMW
HQG FDQ KDYH RQO\ RQH YDOLG UHODWLRQVKLS 0DQ\
H[DPSOHV RI WKH GLIIHUHQW W\SHV RI UHODWLRQVKLS

7KH UWR RQH UHODWLRQVKLSY $ S
WR RQO\ RQH VXSSOLHU

7KH pWR PDQ\ UHODWLRQVKLSY
PDQ\ SXUFKDVH RUGHUYV

7KH pRQH WR PDQ\ UHODWLR!



&KDSWHU ARQFHSWXD O LL RFOL-OLWXM DQMILWKRDFLL

%RWK UHODWLRQVKLSY PHQWLRQHG SUHYLRXVO\
E\ D VLQJOH OLQH ZLWK D GRXEOH DUURZKHDG DW RQH
,Q ptPDQ\ WR PDQ\ UHODWLRQVKLSVY PXOWLSOH RFFXL
RFFXUUHQFH RI DQRWKHU 8VXDOO\ ZH FRQYHUW WKL
PDQ\Y puPDQ\ WR RQHY UHODWLRQVKLSY LQ RUGHU WR
'KHQHYHU WKHUH LV D RQH WR RQH UHODWLRQVKLS E
FODVV WKHQ HDFK LQVWDQWLDWLRQ RI WKH DWWULE)>
FODVV ,Q WKLV FDVH WKH DW®HQ®WXMLEK WFHODYVY\ 24@®HE
LQ WKH GLDJUDP

6XSSOLBENSSOLAEKSSOLHU
QDPH DGKWY

BBBBBBBBBBBBBBBBBBBBBBBBB

JLIXUH 5HSUHVHQWLQJ WKH DWWULEXWHYV RI DQ F

,Q JLIXUH ZH GR QRW GHQRWH WKH GLIIHUHQW W\
FODVV 6XSSOLHU DQG WKH WZR DWWULEXWH FODVVHV
D OHVV GHWDLOHG ZD\ WR GHSLFW WKH FRQFHSWXDO F

(IWHQVLRQV RI DQ HQWR RS OFHJ DHVYWRKE FOOUHD W KX D
FUHDWHG WKURXJK DQ DEVWUDFWLRQ PHFKDQLVP T
FRPSOH[ RU VLPSOH UHODWLRQVKLSY DQG DWWULLE
UHSUHVHQWHG DV VKRZQ EHORZ

6LPLODBRPSOH[ DWW WDICEOPWEMWUDFWLRQ RI DWWULEXWI
VLPSOH DQG LV UHSUHVHQWHG DV

7KH FROOHFWLRQ RI DOO DWWULEXWH FODVVHV VLPSC
LV FDOPEWIWKH/ WDWH VSDFH

+HQFH DQ\ VA\VWHP FRQVLVWV Rl HQWLWLHV DQG
VRPH LQLWLDO SRLQW RI WLPH KDYH LWV VWDWH P
GHVWUXFWHG ZKHQ QHHGHG ,Q WKLV ZD\ WKH IRO
ZKHUH REMHFWV DUH ERUQ FRQVWUXFWHG OLYH



>/HR .DUF @ (YHU\ WLPH DQ HQWLW\ LV FRQVWUX
VAIVWHP LV HIWHQGHG E\ WKH QHZ HQWLW\ VWDWH VSDI
GHVWUXFWHG ,Q WKLV WKHVLV ZH DUH LQWHUHVWHG
VIVWHPV ZKLFK HQWLWLHV FDQ SHUIRUP DOO DFWLRQ'
DW SDUWLFXODU SRLQWV RI WLPH ,Q RWKHU ZRUGV
HYROXWLRQ L H WR NHHS WKHLU KLVWRU\ DQG FRQ\
RQO\ SRLQWV Rl WLPH UHODWHG WR DQ HQWLW)\ DUH
GHVWUXFWLRQ DQG WKH WLPH SRLQWV RI FRQVWUXFW
HYROXWLRQ ZLOO EH UHDOLVHG E\ FUHDWLQJ DQG Gt
XVLQJ RWKHU HQWLW\ FODVV PXOWLSOH LQKHULWDQFH!

'H FDQ DVVRFLDWH ZLWK HDFK VLPSOH RU FRPSOH
UHSUHVHQWY WKH SHULRG RI WLPH GXULQJ ZKLFK DQ |
EH SWLPH VWDPSHG" L H WKH\ FDQ EH DVVRFLDWHG
VWDUW DQG WKH HQG RI WKH YDOLGLW\ RI WKH UHOD
YDU\LQJ REMHFW ZKHWKHU HQWLW\ RU UHODWLRQVKI
HQWLWLHY RU UHODWLRQVKLSY DSSHDU LQ WKH FRQF
DVVXPHG WKDW WKHVH KDYH H[LVWHG IURP WKH V\VWH
YDU\LQJ REMHFWV DV VKRZQ EHORZ

(QWLW\ FODVV ZLWK WLPH &RPSOH[ HQWLW\ FODVV ZLWK WLPH 5HODWLRC

,Q WKHLU ZRHW D@ ISHRXLGH D VLPLODU FRQFHSW RI W
WKDW VXSSRUWY UHDVRQLQJ DERXW FDOHQGDU DV ZH(
D FRPSOH[ DWWULEXWH VKRXOG EH DOLYH RQO\ LI \
UHVSHEWLYHO\ DUH DOLYH

1IRUPDOLYDWLR®HS E\ VWHS SURFHVV IRU DQDO\V
HQWLWLHY DQG DWWULEXWHV 7KLV SURFHVV UHJURX!
SURSHUWLHVY DQG VXFK WKDW WKH UHODWLRQVKLSYV
QRUPDOLVDWLRQ JXLGHOLQHV FDQ EH UHJDUGHG QRW
FDQ FDSWXUH D SDUW RI WKH VHPDQWLFV RI WKH UHD
XQGHVLUDEOH UHODWLRQV DQG WR FRQYHUW WKHP L
UHIHU WR >2SHQ @



&OL DSWHU &RQFHSWXDO PLOORV/-1TWXM D Q GGBISH RIBIRAW & GL

'UDZLQJ WKH FRQFHSWXDO PRGHO IRU WKH FRQV X(

7KH ILUVW VWDJH LQ WKH DQDO\VLV RI GDWD LV
ZLOO QRW QRUPDOO\ UHYHDO DOO WKH HQWLWLHV QH
$WWULEXWHV VKRXOG EH DVVRFLDWHG ZLWK HDFK HQ
HQWLW\ DQ DWWULEXWH UHDOO\ EHORQJV WR ORUHRY
SDUWLFXODU LWHP RI GDWD VKRXOG EH FODVVLILHG C
RWKHU HQWLW\ 1RUPDOLVDWLRQ LV D WHFKQLTXH ZKL

%HORZ ZH SUHVHQW WKH ILQDO IRUP RI WKH FF
SUREOHP :H KDYH DOUHDG\ DSSOLHG WKH WKUHH SKD\
D 5HPRYH DOO UHSHDWLQJ JURXSV IURP HQWLWLHV
E (QVXUH WKDW DOO WKH QRQ LGHQWLI\LQJ DWWULE X

RQ WKH ZKROH Rl WKH LGHQWLILHU IRU WKH HQWLW\
F (QVXUH WKDW DOO QRQ LGHQWLI\LQJ DWWULEXWHYV

LQGHSHQGHQW
'H KDYH DOVR DYRLGHG WR UHSUHVHQW WKH UHODWLR
FODVVHV IRU WKH VDNH RI NHHSLQJ RXU PRGHO VLPSO
WKDW HPSOR\HHV FRQVLVW RI FRQVXOWDQWY VHQLF
-XQLRU FRQVXOWDQWY DUH QRW FRQVLGHUHG HPSOI
HPSOR\PHQW SURFHVV (PSOR\HHV SDUWLFLSDWH LQ
)LQDOO\ ZH DOVR VXSSRVH WKDW GLIIHUHQW GHSDU\
GLIIHUHQW NLQG RI SURMHFWYV

7KH HQWLWLHV IRU WKH FRQFHSWXDO PRGHO DV
EHORZ 1RWH WKDW HQWLWLHY DUH LQ EROG DQG WKH
&203%$1<

&RPSDQ\
&RPSDQ\ QDB UHVYV
(03/72<((

(PSOR\HHBOR\HK.RPSDQLX
(PSOR\H®DPH DGGUHVWHDUV gﬁg



&KDSWHU &rrsoxow 1Q M DEBRWEIIMSWRPL AGSSUR
-81,25

-XQLRU &RPSDQMPDEFHU
U

WLYH
QDPH QDPH RMHEWV

(03/2<0(17 352&(66

-XQLRUGBWDILH QDQuH

ZKHUH E\ VWDJH QDPH ZH PHDQ WUD
67 (

&RPPHQFHPHQW
6WDJH QROHRYPSOR\HEDWH

2 5./29%"'

HSDUWPHQW 1XPEHU RI
DFWLYH SURL

352-(&7

URMH
3URMHF\N(3)DPH (FPV%OR\HHXQLRU

:25.)258&(

(PSOR\HH 1XPEHU RAPEHU RBURMHFW
HPSOR\HMYQLRUV

,Q JLIXUH D JOREDO FRQFHSWXDO PRGHO IRU \
7KLV KDV EHHQ GHULYHG E\ FRPELQLQJ DOO WKH GLIIH
DQG DOO WKH UHODWLRQVKLSYV EHWZHHQ WKHP $0OC
DWWULEXWHY DUH WKHQ UHPRYHG (YHU\ UHODWLRQVI
DW WKH ILIJXUH ZH VHH WKDW WKH FRPSD®\F UED WK U
QXPEHU Rl MXQLRU FRQVXOWDQWY DQG WKH UHFUXL!
FRQVXOWDQF\ VHUYLFHYD V-X QW RUR RIRRS/XRWBQWVSURF
LQYR@YZHRVVWDJIHYV 7KHVH DUH WKH WUDLQLQJ SURFHYV



8KDS WpL &R QLM DQG WKR a GARWALU /&ROWG F

WKH HPSOR\PHQW SURFHVV LV ILQDOO\ FRPSOHWHG M
ZRUNIRUFH FRQVLVWYV R HP XQFRS\HUHSMDBIBIS FMWXQ LRKN QX
ZKLFK IRUPV WKH ILUPfV ZRUNORDG $V LW ZDV P
GHSDUWPHQWY LQ WKH FRQVXOWLQJ ILUP XQGHUWDNH

YLIXUH SURYLGHV WKH UHDGHU ZLWK WKH IXQF
DWWULEXWHV WKHVH DUH LQGLEDWHG E\ 2 DUURZV )
DGGUHVV DQG D VSHFLILF QXPEHU RI \HDUV LQ WKH
QXPEHU 21 FRXUVH QRWKLQJ LV LPSOLHG DERXW WKF
'RUNIRUFH HQWLW\ WKH QXPEHU RI HPSOR\HHV DQG W
ERWK (PSOR\HH DQG -XQLRU DQG WKLV FDQ EH VKR
ZKLFK VKRZV WKDW ERWK (PSOR\HH DQG -XQLRU IR

LPSRUWDQW WR DSSUHFLDWH WKH GLIIHUHQFH EHWZEL
EHWZHHQ HQWLWLHY LH LW UHODWHY RQH FROOHFW

1RWH DOVR WKDW VRPH Rl WKH DWWULEXWHV KDY
SXUSRVHV )RU H[DPSOH &RPSDQ\ QDPH DV DQ DWWU
-XQLRU LV UHGXQGDQW VLQFH WKH LQIRUPIKWNRIG FDQ
UHFUNHWSHFWLYHO\ )LQDOO\ LQ WKH SURFHVV RI DC
LGHQWLILHG )RU H[DPSOH LQLWLDOO\ D PDQ\ WR PD
(PSOR\HH DQG 3URMHFW VWRRG L H DQ HPSOR\HH LV
D SURMHEW LV XQGHUWDNHQ E\ PDQ\ HPSOR\HHV :H F
LQWR WZR RQH WR PDQ\ UHODWLRQVKLSV E\ LQWURG
:RUNORDG UHTXLUHV PDQ\ HPSOR\HHV DQG LW FRQVL\
HPSOR\HH GHDOV ZLWK WKH ZRUNORDG DQG HDFK SUR!



&KDSWHU &RQFHSWXDO ,MRGL OOL IX\ D QB® SYKHREAE KW 6\ LWF

YJLIXUH 7KH JOREDO FRQFHSWXDO PRGHO IRU WKH FRQVXC

,Q FDVH ZH ZDQWHG WR UHSUHVHQW WKH UHODWL
FODVVHVY DQG WKH DWWULEXWH FODVVHVY DV ZHOO DV



&KDSWHU &RQFHSWXDO O RGHOOLQ\ DQG WKH &GRM W &GLI

ZRXOG HQG XS ZLWK ZKDW LV GHSLFWHG LQ )LJXUH

PRGHO LQ )LJXUH EHFDXVH RXU PRGHO JURZV H
FRPSOLFDWHG

J)LIXUH 3DUW RI WKH FRQFHSWXDO PRGHO RI ILIXUH WKDW

$vV RQH FDQ VHH DWWULEXWH FODVVHV OLNH (PSOR\H

IRUPHG WKURXJK DQ DJJUHJDWLRQ RI DWWULEXWH FOI
&LW\ QDPH

*HQHUDO FRPPHQWYV RQ &RQFHSWXDO ORGHOOLQJ

&RQFHSWXDO PRGHOOLQJ JLYHV RQH WKH RSSRUW
FRYHULQJ XS WKH IXQGDPHQWDO HVVHQFH RI RQHV E>
FRPPXQLFDWLQJ LQIRUPDWLRQ EHWZHHQ WKH GHVLJQ
FDSWXUH NQRZOHGJH DERXW WKH XQLYHUVH RI GLVF
ODQJXDJH RI FRQFHSWXDO PRGHOOLQJ DQG UHSULQW



FXVHU 8EQFHSOXD LQFM DQG WKH GGLMLWRPG6 AGSS

GHYHORSHU WR UHDVRQ DERXW WKLV NQRZOHGJH FRP
IRU YDOLGDWLRQ DQG VSHFLI\ WKH DOORZDEOH VWUX
EDVH >7KWMRGB

7ZR DEWLYLWLHV VHW FRQFHSWXDO PRGHOOLQJ L
WKH SUREOHP XVLQJ GHVFULSWLRQV H[SUHVVHG LQ Q
PLQG IROORZV VXEVHTXHQWO\ LQ RUGHU WR FRQFHLY
SFRPSRQHQWY’~ ZKLFK ZLOO DFWXDOO\ OHDG WR DQ DI
YHU\ LQWULJXLQJ UHVHDUFK LVVXH ,W LV LQGHHG UHF
GHVFULSWLRQ RI WKH SUREOHP WR WKH VHFRQG DFW!|
DFWLYLW\ Rl DEVWUDFWLRQ LQ RWKHU ZRUGV WR HI[S
GHILQLQJ WKH FRQWHQWY DQG VWUXFWXUH RI WKH D
ZKDW LV FRQVLGHUHG DV DQ HQWLW\ DQG RI WKH ZD
FRPSOH[ DQG FRQWXVLQJ SURFHVV &RQFHSWXDO PRG
JXLGHOLQHV IRU WKH VHOHFWLRQ RI HQWLWLHV HOLF
JRDOV DQG REMHFEWLYHV Rl WKH PRGHOOLQJ HIIRUW
EODQN SLHFH RI SDSHU

&RQFHSWXDO ORGHOOLQJ KDV EHHQ XVHG E\ WKFE
3URJUDPPLQJ /DQJXDJHV DQG 6RIWZDUH (QJLQHHULQJ
WKH FUHDWLRQ RI VHPDQWLF PRGHOV WKDW FDQ V)
HPSKDVLVH RQO\ WKH HVVHQWLDO RQHV 7KLV LV FDUI
VXFK DV DJJUHJDWLRQ JURXSLQJ FODVVLILFDWLRQ
WKRXJK WKHVH FRQFHSWXDO PRGHOV KDYH VXFFHH(
PRGHOOLQJ IOH[LELOLW\ DQG HIILFLHQF\ WKHLU GLVD
IDU RQ WKH VWDWLF DVSHFW RI VIVWHPV L H RQ WKE
VXSSRUW IRU WKH EHKDYLRXU RI VI\VWHPV

%HKDYLRXU UHIHUV WR VWDWH WUDQVLWLRQV
UHVHDUFK RQ VHPDQWLF PRGHOV KDV OHG WR WKH HJ[
EHKDYLRXUDO PRGHOV 7KHVH SURYLGH D FRQFHSWX
ZKHQ FKDQJHV RFEFXU WR HQWLWLHY DQG UHODWH ZL\
ZRUOG H[WHUQDO HYHQW WULJJHUV WKH H[HFXWLRQ
HITHEFWV Rl WKH HYHQW RQ WKH V\VWHP DQG SURGXFL
QRWLRQ RI WKH HQWLW\ VWDWH VSDFH LW LV HDV\ WF
7KHUH LV D PRGHOOLQJ DSSURDFK LQ WKH FRQFHS\
RSHUDWLRQDO®5ROODRBFK &DXYHW @ WKDW KDV EHI



& KDSWHU &RQFHS QFM DQG WKH GGRAW GGLMLWRPL G

GDWDEDVH QRWLRQV DQG LQFRUSRUDWHY WKH EHKDYL
DQ HYHQW LV GHHPHG DV D FRQWURO PHFKDQLVP R
1IDWXUDOO\ WKLV DSSURDFK LQYROYHV WKH VSHFELILF
FRQFHSWXDO VEFKHPD 7HFKQLTXHV KDYH EHHQ GH
LQFRQVLVWHQF\ DQG LQFRPSOHWHQHVYV LQ EHKDYLRXL
PRGHOV PDNH XVH RI WRROV IRU FKHFNLQJ WKH VSH
GHULYLQJ IURP ILQLWH VWDWH PDFKLQHV >/RXF =1
VSHFLILFDWLRQ DV D K\SRWKHWLFDO PDFKLQH WKDW J
LQSXW 7KHVH WHFKQLTXHV DUH VXSSRUWHG E\ QRWDW
VWDWH WUDQVLWLRQ PDWULFHV 3HWUL 1HWV DUH SUR
WKH\ DUH SDUWLFXODUO\ VXLWDEOH WR GHVFULEH DQ
SURFHVV VIQFKURQLVDWLRQ LV UHTXLUHG

$OVR WLPH LV D YHU\ LPSRUWDQW VXEMHFW LQ
LQWLPDWHO\ WLHG WR WKH GHVFULSWLRQ RI WKH G\QE
LQ WKH WLPH PRGHOOLQJ DUHD KDV LQFUHDVHG GUDP
IRXF @ HMHR@® DQG LQ WKLV WKHVLV ZH KDYH GH
LQWURGXFWLRQ RI WKH WLPH GLPHQVLRQ LQ WKH P
KLVWRULFDO LQIRUPDWLRQ IRU WKH PRGHOOHG GRPI
H[SUHVVLQJ WHPSRUDO UHTXLUHPHQWYV DQG ILQDOO\
WKURXJK WLPH LQ D QDWXUDO ZD\

,Q WKH FRQVXOWLQJ ILUPYV SUREOHP FRQFHSW
LGHQWLI\ WKH PDLQ HQWLWLHV Rl WKH SUREOHP DQ
DWWULEXWHY 7KH FRQFHSWXDO PRGHO ZLOO WKHUHIF
VRPH PRUH IOH[LEOH DQG SRZHUIXO PHWKRGRORJLHV
3HWUL 1HWV $W WKH PRPHQW ZH DUH QRW LQ SRVLWL
SROLF\ WKH FRQVXOWLQJ ILUP VKRXOG DGRSW

2QWRORJLHYVY DQG &RQFHSWXDO ORGHOOLQJ

6R IDU ZH KDYH VHHQ WKDW WKH SURFHVV RI F
FRPPXQLFDWLRQ DQG WKH LQWHUDFWLRQ RI SHRSOH D
DQG GLYHUVH EDFNJURXQG FRQWH[WV $V D UHVXOW

GLIIHULQJ RU RYHUODSSLQJ FRQFHSWV DQG PHWKRG



& KDSWHU GRQFHSWXDL ,GGRGHLLLQIO DQG$WISH REDGFKM W G G ¢

YDU\LQJ YLHZSRLQWY DQG DVVXPSWLRQV UHJDUGLQJ
PDWWHU $OVR GLIILFXOWLHV DULVH LQ LGHQWLI\LQJ
DQG XVHUV DUH IUHTXHQWO\ OHG WR UH LQYHQW WKH
WR UHFRJQLVH WKH LP$RDWHDE K GNVUKDMWDL @6 ) IX Q FWL
XQLI\LQJ IUDPHZRUN IRU WKH GLIITHUHQW YLHZSRLQWYV
LPSRUWDQW HQWLWLHY DWWULEXWHVY SURFHVVHV DC
LQWHUHVW >8VFK *UXQ @

,Q VRPH FDVHV WKH WHUP RQWRORJ\ GHQRWHV W
PRGHOOLQJ LH LW LV D FRQFHSWXDO VFKHPD EXW
RQWRORJ\ LV E\ IDU D KLJKO\ LQWHUGLVFLSOLQDU\ DS!
EHVLGHVY WKH EDVLF WRROV RI ORJLF DQG FRPSXWHU
GLVWLQFWLRQV RI SKLORVRSK\ DQG WKH FKDOOHQJLQJ

'HILQLWLRQRQWRB®BMWKH VKDUHG XQGHUVWDQGLQJ RI
XQGHU ZRRPRHBWXDO LWQWRRQHG &RQFHSWXDOLVDWLF
SDUWLFXODU GRPDLQ LQ RWKHU ZRUGV LW LV D VHW
GHILQLWLRQV DQG WKHLU LQWHU UHODWLRQVKLSV

7TKHUH DUH RI FRXUVH GLIITHUHQW W\SHV RI RQWF
LPSOLFLW FRQFHSWXDOLVDWLRQ UHVLGLQJ LQ VRPHR(
FRQFHSWXDOLVDWLRQ DQG WKDW LV ZKHUH LW RYH
FRQFHSWXDO PRGHOOLQJ >8VFK *UXQ @ LGHQWLI\
WKH GHJUHH RI IRUPDOLW\ EXW ZH ZLOO GHDO ZLWK K
RQWRORJ\ L H H[SUHVVHG ORRVHO\ LQ QDWXUDO OD!
DQ DUWLILFLDO IRUPDOO\ GHILQHG ODQJXDJH 2QWROI
V\VWHP DFFRUGLQJ WR WKHLU GHJUHH RI IRUPDOLW\
IDFLOLWDWH WKH SURFHVV RI LGHQWLI\LQJ WKH UHTX
FRPSRQHQWV RI WKH V\WVWHP ZKLOH LQ D IRUPDO I
GHFODUDWLYH VSHFLILFDWLRQ RI WKH V\VWHP

>8VFK *UXQ @ SUHVHQW WZR DSSURDFKHV F
LQIRUPDO DSSURDFK LQFOXGHY WKH IROORZLQJ VWHS\
f LGHQWLI\ SXUSRVH DQG VFRSH



&/ LWHU &RQFHSWXDO uOORG OOGWNMM H\QWHMP/y GSSURDFOL

f RQWRORJ\ FDSWXUH LQFOXGLQJ WKH SURGXFWLRQ
WKH WHUPV RI WKH RQWRORJ\ DQG DJUHHPHQW RQ W

f RQWRORJ\ FRGLQJ LQFOXGLQJ WKH LGHQWLILFDWLF
RQWRORJ\
f LQWHJUDWLQJ H[LVWLQJ RQWRORJLHV

$+ HYDOXDWLRQ
GRFXPHQWDWLRQ
7KLV PRUH ULJRURXV DSSURDFK WR WKH GHYHORS

PHWKRG IRU ZRUNLQJ ZLWK WKH GLIIHUHQW VWDJHV R
LV Rl VLIJQLILFDQW LPSRUWDQFH LQ WKLV WKHVLV $
PRWLYDWHG E\ VFHQDULRY L H SUREOHPV HQFRXQWH
QRW DGHTXDWHO\ DGGUHVVHG $ PRWLYDWLQJ VFHQD!
VROXWLRQV WR WKH VFHQDULR SUREOHPV DQG WKHYV
VHPDQWLFV IRU WKH REMHFWV DQG UHODWLRQV WKDW
FRQFHSWXDO VFKHPD 7KLV FRLQFLGHV ZLWK WKH LG}
LQ WKH FRQFHSWXDO PRGHOOLQJ SURFHVV 6RRQ DIWF
WKH UHTXLUHPHQWY IRU WKH V\VWHP 7KHVH DUH FDO«
WKH\ DUH QRW \HW H[SUHVVHG LQ WKH IRUPDO ODQJXD
WKH LQIRUPDO FRPSHWHQF\ TXHVWLRQV DQG WKH PRV
MXVWLILEDWLRQ IRU WKH QHZ RU H[WHQGHG RQWROR,
SHRSOH PD\ KDYH SULRU LQIRUPDO RQWRORJLHV HI[S
VWDJH ,Q WKDW FDVH IRU HYHU\ REMHFW DWWULEXW
WKHUH VKRXOG ILUVW EH DQ LQIRUPDO FRPSHWHQF\
FRQVWUDLQWY GHILQHG ZLWK WKH REMHFW >8VFK  *U

$ FRPSHWHQF\ TXHVWLRQ LV VWUXFWXUHG DV VHH
VHW RI DVVXPSWLRQV FRQVWUDLQWY DQG D VHW RI V
WKH TXHVWLRQ $ VHQWHQFH LV WKHQ IRUPHG WR
LQYHVWLIJDWH WKH UDWLRQDOH IRU WKH TXHVWLRQ
TXHVWLRQ

,Q WKLV ZD\ RQH PDQDJHV WR VSHFLI\ WKH UHTXI
WKH LQIRUPDO FRPSHWHQF\ TXHVWLRQV SHRSOH FDQ
LQIRUPDO WHUPLQRORJ\ IRU WKH RQWRORJ\ 7KH ILUV
WKH RQWRORJ\ LV WR LGHQWLI\ WKH REMHFWV LQ W

++



UHSUHVHQWHG E\ FRQVWDQWYV DQG YDULDEOHV LQ W
UHODWLRQV DPRQJ REMHFWY DUH GHILQHG XVLQJ SUH(
IRUPDO GHVFULSWLRQ RI REMHFWV SURSHUWLHV RI
>8VFK *DLQ @ SURYLGH D YHU\ DQDO\WLFDO GHVFU
RQWRORJ\ EXW D IXUWKHU HODERUDWLRQ LQWR WKH P

+RZ GR ZH XVH WKH VROXWLRQ WR WKH TXHVWLRQ"
5DWLRQDOH

*LYHQ LQSXW GDWD
$VVXPSWLRQV
&RQVWUDLQWYV
4XHU\

:KDW GR ZH QHHG WR NQRZ LQ RUGHU WR DQVZHU WKH TXHVWLRQ"
'"HFRPSRVLWLRQ

JLIXUH 6WUXFWXULQJ WKH FRPSHWHQF\ TXHVWLR

7KH DLP LQ WKLV SDUW RI WKH FKDSWHU LV W
RQWRORJLHV ZLWK WKH SURFHVV RI FRQFHSWXDO |
GHYHORSPHQW WLPH DQ RQWRORJ\ FDQ SOD\ DQ LPSF
DQG FRQFHSWXDO PRGHOOLQJ SKDVH VLQFH LW SURP
FDQ VSHHG XS WKH PRGHOOLQJ SURFHVV WKURXJK WK
WKH SURFHVV RI FRQVWUXFWLQJ RQWRORJLHV DVVLV
PRGHOOLQJ SURFHVV DQG SRLQWV RXW WKH GULYLQ.
XQGRXEWHGO\ WKH VSHFLILFDWLRQ RI JRDOV DQG R
PRWLYDWLQJ VFHQDULR

&RQFOXVLRQ

7TKURXJK WKLV FKDSWHU DQG HVSHFLDOO\ WKUR
PRGHOOLQJ SURMHFW ZH KDYH VHHQ WKDW WKH 6RIW
PRGHOOLQJ EXVLQHVV SURFHVVHV DQG SDUWLFXODUO
DV WKH RQHV ZH ILQG LQ WKH DQDO\VLV RI VRIW V\VW
DQG LPSURYLQJ SUREOHP VLWXDWLRQV UDWKHU WKD
SURYLGHV VLIJQLILFDQW KHOS ZKHQ LOO GHILQHG SUF
JHQHUDWHG DUH FOHDU LQIRUPDWLYH DQG FDQ EH X



GOD SWHU &EFH@CL WLRGH.LQWM DQG WOZ a6!RAW 6LMLWHP 6

VWDJHV RI WKH SURMHFW >.LQJVWRQ @ S8QIRUWXQD!
PRGHO JXLGDQFH LV YHU\ OLPLWHG XQOHVV D SURFH'
EDVHG UHDVRQLQJ DQG LQ WKLV FDVH WKH &RPPRQ.$'
6RIW 6\WWHPV DSSURDFK SURYHV RXW WR EH WKH VW
FRQFHSWXDO VFKHPD EHFDXVH WKH ILUVW VWDJH RI V
RQ LW
&RQFHSWXDO PRGHOOLQJ KDV DQ DGYDQWDJH

GLDJUDPPDWLF QRWDWLRQV LQ WKDW LW LV EDVHG R
SFDSWXUH WKH VHPDQWLFV RI WKH DSSOLFDWLRQ  ,W
PDWKHPDWLFDO QRWDWLRQV EHFDXVH LW VXSSRUWYV
XVHIXO IRU KXPDQ FRPPXQLFDWLRQ 7KH SURFHVV R
HPSRZHUHG E\ WKH XVH Rl RQWRORJLHV ZKLFK VXSSR!
ZLWK GLVSDUDWH EDFNJURXQG FRQWH[WV DQG DVVLV
VSHFLILFDWLRQV IRU D SDUWLFXODU SUREOHP 2QH |
FRPSULVHV WKH VWDUWLQJ SRLQW DQG WKH EDVLV |
JUDSKLFDO GHVFULSWLRQ RI WKH V\VWHP ,Q WKH IRC
DQDO\VLV FDQ EHFRPH PRUH SRZHUIXO E\ XVLQJ FRQFF
1HWV



&KDSWHU

6<67(0 '<1%$0,&6



6<67(0 '<1%$0,&6

,QWURGXFWLRQ

'XULQJ WKH fV IRUPDO DQDO\VLV RIWHQ L
VWDWLVWLEFDO WHFKQLTXHYV KDG EHHQ DSSOLHG WR S
WKH UXQQLQJ RI LQGXVWULHYV DQG EXVLQHVV ILUPV |
0,7 LQ WKH ODWH TV E\ 3URIHVVRU -D\ : )RUUHVWH
GHYHORSPHQW RI D QXPEHU RI PRGHOV RI LQGXVW
PDWKHPDWLFDO WHFKQLTXHV LQ &RQWURO 7KHRU\ GR
WKH\ WHQG WR EH PXFK PRUH FRPSOLFDWHG WKDQ F
6\WVWHP '"\QDPLFV WR GHVFULEH D SOHWKRUD RI 6RIW &
LQWHOOHFWXDO ZRUN KDV EHHQ WR GHILQH WKH VWL
ODQJXDJHV WR HQDEOH WKH FDOFXODWLRQV LQ 6\VWE
HDVLO\

6LQFH J)RUUHVWHUYV SLRQHHULQJ VWHSV 6\VWHF
HQRUPRXV UDQJH Rl UHDO SUREOHPV E\ GHIHQFH DQD
VHYHUDO FRXQWULHV 7RSLFV LQFOXGH FRPEDW PRG|
GHVLJQ HTXLSPHQW VXSSRUW PDQDJHPHQW DQG PDQ\
FDQ EH FRQVLGHUHG DV WKH EUDQFK RI PDQDJHPHQW
DQG FRQWUROODELOLW)\ RI PDQDJHG V\VWHPV

7KLV FKDSWHU LV VWUXFWXUHG DV IROORZV )LU)
Rl 6\WWHP '\QDPLFV DQG WKH LQIOXHQFH RI SRVLWL
EHKDYLRXU Rl WKH PRGHO LV SURYLGHG 7KHQ PRYL
6\WVWHP "\QDPLFV WKH GLVEXVVLRQ RQ WKH LQIOXHQF
WKH UROH RI RSWLPLVDWLRQ LQ 6\WWHP '"\QDPLFV DQ¢
WLPH LV HWHQGHG +DYLQJ SUHVHQWHG WKH JHQHUD
FRPH XS ZLWK VRPH FULWHULD RI TXDOLW\ WKDW D 6\\
GZHOO RQ WKH DVVXPSWLRQV PDGH ZKHQ XVLQJ WK
VXPPDU\ Rl WKH YDULRXV WRROV WKDW DUH EDVHG R(
FRQVXOWLQJ ILUPYV SUREOHP LV GUDZQ %\ XVLQJ
VFHQDULRY WKH SRZHU DQG WKH IOH[LELOLW\ RI WKI
ZLWK WKH GHYHORSPHQW RI D GLVFUHWH WLPH PRGH



&KDSWHU

LPSOHPHQWDWLRQ WKURXJK XVH RI G\QDPLF SURJUDP|
WZR DSSURDFKHYV SUHVHQWHG KHUH

%DVLF FRQFHSWV RI 6\VWHP '"\QDPLFYV

JRUUHVWHU KDV GHILQHG 6\WWHP '\QDPLFV DV
LQIRUPDWLRQ IHHGEDFN FKDUDFWHULVWLFV RI >PDQD
WKH GHVLJQ RI LPSURYHG RUJDQLVDWLRQDO IRUP D
'ROVWHQKROPH KDV HODERUDWHG D ELW PRUH RQ Wtk
TXRWHV WKDW LW LV D ULJRURXV PHWKRG IRU TXDOLYV
Rl FRPSOH[ VIVWHPV LQ WHUPV RI WKHLU SURFHVVHV
DQG VWUDWHJILHVY ZKLFK IDFLOLWDWHY TXDQWLWDWL"
GHVLJQ RI VIVWHP VWUXFWXUH DQG EHKDYLRXU >:ROV
'"\QDPLFV LV DERXW ,W XVHV TXDQWLWDWLYH PHDQV V
VRFLR WHEKQLFDO V\VWHP\8RIDQEGRWKFHLWYVUWKSR QDY LV
GHWHUPLQHV KRZ D VWUHDP RI GHFLVLRQV ZLOO EH P|
RI LQIRUPDWLRQ >)RU @

6\WVWHP '\QDPLFV EXLOGV RQ WKH PHQWDO GDW!
ZULWWHQ DQG QXPHULFDO GDWD 6\WWHP '\QDPLFV W
JLYHV SUHFLVH DQVZHUV ZKHUH WKH FDVH VWXG\ DSSI
LQWHUSUHWDWLRQ RI D JLYHQ VHW RI DVVXPSWLRQV |
IRUFHG LQWR WKH RSHQ PDQ\ PRGHOOLQJ DQG DQDO\V
WKDW DUH FRPPRQ LQ ILHOGV XVLQJ TXDQWLWDWLYH
KXPDQ EHKDYLRXU DV D FRPSRQHQW >6WDUU @ 7KH!
SXUSRVH FDXVDOLW\ VHOHFWLQJ D PHDQV RI YDOLG
YDULDEOH VHOHFWLRQ DQG DJJUHJDWLRQ UHVSRQV
DQDO\VLV

7KH PHWKRGRORJ\ KDV D IXQGDPHQWDO LQWHUL
SUREOHPV DQG D ZLOOLQJQHVV WR FUHDWH GHILQH |
QHFHVVDU\ IRU PRGHO FRQVWUXFWLRQ 7KH FRQFHS\
LQFOXGH >6WDUU @

D $ IRFXV XSRQ GHVFULSWLYH EHKDYLRXU RYHU FRC
UHYHUVDOV RVFLOODWLRQ



&KDSWHU AXGWHP

E ,GHQWLILFDWLRQ RI D VI\VWHP ERXQGDU\ VXFK WKI
JHQHUDWHG LQWHUQDOO\ IURP IHHGEDFN ORRSV FR
HOHPHQWYV

F $ VSHFLILHG IRUPDW IRU LGHQWLI\LQJ DQG GHSLFW
GLVFUHSDQFLHY OHYHOV UDWHV DQG IORZV

G $ PRGHO EXLOGLQJ DWWLWXGH WKDW DWWHPSWV W
EHOLHYHG WR LQIOXHQFH WKH EHKDYLRXU RI LQWHU
IRXQGDWLRQ LQ DFFHSWHG WKHRU\ RU HPSLULFDO GI

H ,GHQWLILFDWLRQ RI EHKDYLRXU FKDUDFWHULVWLF
UHVSRQVH SDWWHUQV JHQHUDWHG E\ FRPSXWHU VLP;

$ YLWDO SULQFLSOH RI 6\VWHP '"\QDPLFV LV WR LQ

WR VLJQLILEFDQWO\ LQIOXHQFH EHKDYLRXU LQWR WKH

6\WVWHP '\QDPLFV LV DOVR SUREOHP FHQWUHG RU EHWYV

GHILQLWLRQ LV FULWLFDOO\ LPSRUWDQW

SRVLWLYH DQG QHJDWLYH IHHGEDFN

,Q DOO PDQDJHG V\VWHPV L H WKHVH XSRQ ZKLI
SUHVHQFH RI IHHGEDFN ORRSV LV PDQGDWRU\ 7KHUH
JRDO VHHNLIDMARRS YVURQW K SURERVFLWIYAHKAB RRISVHUHQF T
EHWZHHQ WKH WZR W\SHV RI ORRS DUH TXLWH FUXFLDO

&HQWUDO KHDWLQJ V\VWHPV DLUFUDIW DXWRSLC
ZKLFK VHHN WR DFKLHYH D WDUJQWJDRRIFND @ Q/AHIHDNGHD J
IHHGEDFN ORRS 7KH HVVHQWLDO LGHD RI QHJDWLYH IH
EHWZHHQ WKH GHVLUHG DQG DFWXDO VWDWHV RI WKH
LQIOXHQFH RI WKH V\VWHPfV SROLFLHV VR DV WR H
GLVFUHSDQF\ DURVH LW VKRXOG EH VPRRWKO\ HOLPLC
IHYHUWKHOHVY WKHUH DUH FDVHV LQ ZKLFK WKH RV
EHFDXVH WKH SROLFLHV DUH QRW ZHOO GHVLJQHG
FRQVHTXHQFHY LQ WKH V\VWHP

SRVLWLYH IHHGEDFN RQ WKH RWKHU KDQG DFWYV
JRU HI[DPSOH WKH VWDWH RI WKH V\VWHP VXFK DV R
ODUJHU DV LQWHUHVW SD\PHQW DFWV DV WKH UDWH |



TXH FRPPRQ LQ PDQDJHG V\WWHPV LQ DQ HQJLQHHL
XQGHVLUDEOH DQG LV GHVLJQHG RXW

OHWKRGRORJ\ DQG $SSURDFKHYV

$ VWUXFWXUHG DSSURDFK WR 6\VWHP "\QDPLFYV

8VXDOO\ ZKHQ DSSO\LQJ WKH 6\WWHP '\QDPLFV I
GRZQ WR ILYH VWDJHV >&R\OH @ 7KH ILUVW VWDJH
RXW ZKLFK SHRSOH FDUH DERXW LW DQG ZK\ 8VXDOO\
UDUHO\ ULJKW DQVZHUV DUH SURGXFHG DW WKLV VWD
WKH V\VWHP E\ PHDQV RI DQ LQIOXHQFH GLDJUDP WC
UHIHUUHG WR DV D 3FDXVDO ORRS GLDJUDP  LQGLFDW|
LV WKH FDXVH RI WKH V\VWHPTV G\QDPLF EHKDYLRXU
IRUPDO PDQLSXODWLRQ RI WKH SUREOHP WKDQ WKH R
3RVLWLYH DQG QHJDWLYH VLJQV DUH DVVLJQHG WR W
LQGLFDWH WKH W\SH Rl LQWHUDFWLRQ

6WDJH WKUHH LQWURGXFHV 3TXDOLWDWLYH DQDO
WKRURXJKO\ DW WKH LQIOXHQFH GLDJUDP LQ WKH KR!
7KLV LV XQGRXEWHGO\ D PRVW LPSRUWDQW VWDJH Z|
WR IXUWKHU DQDO\VLVY WKLV LV WKH PHDQLQJ RI WKH
VHHQ LQ )LJXUH ,Q WKLV VWDJH WKH DQDO\VW G
WKHRULHV 7KH IRUPHU DULVH IURP H[SHULHQFH ZLWK
WKH YLHZV Rl H[SHULHQFHG SHRSOH LQ WKH V\VWHP V

.l TXDOLWDWLYH DQDO\VLYV GRHV QRW SURGXFH H
SUREOHP ZRUN SURFHHGV WR VWDJH IRXU ZKLFK LV \
,Q HIITHFW WKH LQIOXHQFH GLDJUDP DQG WKH VLPXOD\
VDPH PRGHO RQH ZULWWHQ LQ DUURZV DQG ZRUGV
FRGH 7KLV SURSHUW\ LV RI IXQGDPHQWDO LPSRUWDQ
VRPH SRZHUIXO SUDFWLFDO FRQVHTXHQFHV ZKLFK DU
UHYLVLRQ DQG H[SDQVLRQ RI D PRGHO 6LQFH HTXDWL
HDVLO\ EH UHYLVHG DV EHWWHU XQGHUVWDQGLQJ GHY



& KDSWHU 5XVWHPuLDPLFL

6WDJH , 3UREOHP 5HFRJQLWLRQ
ZKR FDUHV DQG ZK\

6 WDJH BUREOHP 8QGHUVWDQGLQJ DQG 6\VWHP "HVFULSWLRQ
,QIOXHQFH 'LDJUDPV

6 WDJH 4XDOLWDWLYH $QDO\VLV
EULJKW LGHDV DQG SHW WKHRULHV

6WDJHLPXODWLRQ ORGHOOLQJ
VSHFLDO FRPSXWHU VLPXODWLRQ ODQJXDJHYV

ORGHO WHVWLQJ

6 WDJH B3ROLF\ 7THVWLQJADQG 'HVLJQ

6HQVLWLYLW\ WHVWLQJ

$ ([SORUDWRU\ ORGHOOLQJ DQG LQVLIKWYV
3ROLF\ '"HVLJQ E\ 6LPXODWLRQ ,GHDV

DVVHVVPHQW E\ MXGJHPHQW

REMHFWLYH IXQFWLRQ

REXVW

% 3ROLF\ '"HVLJQ E\ 2SWLPLVDWLR

ROLFLHV

JLIXUH 7KH ILYH VWDJHYVY DSSURDFK >&R\OH @

6LPLODUO\ LW LV HDV\ WR HI[WHQG D PRGHO DQG
WKLV SURSHUW\ RI 6\VWHP "\QDPLFV E\ EXLOGLQJ VPD
WKHP WR H[SDQG LQ D FRQWUROOHG IDVKLRQ UDWKH!I
WKH RXWVHW ,Q DGGLWLRQ WKH IDFW WKDW WKH PR(
RQH WR XVH ZKLFKHYHU IRUP LV PRVW FRQGXFLYH WR
7KLY VWDJH DOVR LQFOXGHV WKH WHVWLQJ DQG WKH
WKH PRGHO LV 3YDOLG" PHDQLQJ ZHOO VXLWHG WR D

6WDJH ILYH LV ZKHUH UHVXOWY EDVHG RQ TXDQ\
VWDJH $ WKH HPSKDVLV LV KHDYLO\ RQ H[SORULQJ W
SUHGLFWLQJ SUHFLVH GHWDLOV 7KH V\VWHP LV WHVW
LW LV SRVVLEOH WR GHYHORS DQ H[WUD VHW RI| HTXC
WKH HVVHQFH RI ZKDW WKH V\VWHP LV WU\LQJ WR DFK
DQG XVH WKHP WR H[SORLW WKH SRZHU RI RSWLPLVDW

$FFRUGLQJ WR >$QGHU SLFEKDU @ G6\WWHP "\C
WUDGLWLRQ RI WKH VFLHQWLILF PHWKRG *URVVO\



&KDSWHU 6LILWHP \ULDPLFL

UHVHDUFK FRPSULVHVREMHRL DAWMYRIQ KB RMBHHWIRNQI R U P D\
DQ H[SHULPHQW WR W H\DW UN IK@RIIKREKRAN I [HFR YIS PNIRINIR Q
H[SHULPHQWDO UHVXOWV ZLWK WKRVHILRUWRBGIOMKHG E\
K\SRW KHVULNWXBRRVWKH EHIJLQQLQJ RI WKH VHTXHQFH

23UREOHP UHFRJQLWLRQ
&RQFHSWXDO 6\VWHP FRQFHSWXDOLVDWLRQV
20RGHO UHSUHVHQWDWLRQLQAWHN
ORGHO EHKDYLRXU
7HFKQLFDO ORGHO HYDOXDWLRQ
SROLF\ DQDO\VLV

BEBEREHO XVH
)LIXUH 7KH LQTXLU\ SURFHGXUH LQ 6\WWHP "\QDPLFV

,QIOXHQFH 'LDJUDPV

7KH LQLWLDO 6\VWHP "\QDPLFVY UHSUHVHQWDWLR
>$QGHU SLFKDU @ FDOO WKH SDWI\WHHQWHRP RIGHMIH .
SUREOHP ZKLFK KHOS WR PRUH IRFXVHG VXEVHTXHQW
LGHQWLI\ YDULDEOHVY WKDW PXVW XOWLPDWHO\ EH LQ W
HIITRUW DW D ZRUNDEOH OHYHO RI DJJUHJDWLRQ )URP
FRPHY DQ H[FHSWLRQDOO\ SRZHUIXO VWUDWHJ\ DLGLQJ

7R YHULI\ WKLV WKH FRPSOHWHG GLDJUDP IRU WK
VWXGLHG WDNHQ IURP >&R\OH @ 7KH RZQHU RI WKH K
WKH WKHUPRVWDW EXW WKH DFWXDO WHPSHUDWXUH PD
LV DXWRPDWLFDOO\ WXUQHG RQ DQG KHDW VWDUWYV 10
$IWHU D GHOD\ GXH WR WKH OHQJWK RI WKH SLSHV KHEL
TXDQWLW\ RI KHDW DOUHDG\ WKHUH 'HSHQGLQJ RQ WKt
VHQVHG DV WHPSHUDWXUH DQG ZKHQ WKH WHPSHUDWXU
RI KHDW VWRSV :'H DOVR VXSSRVH WKDW WKLV LV DQ C
JHWV WRR ZDUP WKH V\VWHP VWDUWV WR VXEWUDFW KF

7KH VLPSOH WULFN LQ GHVLIJQLQJ D JRRG GLDJUDP
$V VHHQ VRPHWKLQJ IORZVY DQG UHFRJQLVLQJ ZKDW I10OF



&KDSWHU 1 6LMi WH EMQDPLF{

PRGHO VHH )LJXUH 2] FRXUVH WKHUH DUH UXOH\
DOORZ XV WR GHYHORS DQ LQIOXHQFH GLDJUDP

+HDW WR 7HPSHUDWXU?
6\VWHP

%DW?2 RI /RWV RI +HDW &RQYHUVLRQ )DFWRU

JLIXUH 7KH LQIOXHQFH GLDJUDP RI WKH FHQWUDO KHDWLQJ \

,QIOXHQFH GLDJUDPV DUH D YLWDO WRRO LQ 6\
GLIIHUHQW PHWKRGV IRU EXLOGLQJ WKHVH GLDJUDPV
f 7KH OLVW H[WHQVLRQ PHWKRG

f 7KH HQWLW\ VWDWH WUDQVLWLRQ PHWKRG DQG

f 7KH FRPPRQ PRGXOHV PHWKRG

$00 WKH DERYH DUH WKRURXJKO\ GHVFULEHG LQ >&R\C

'LVFXVVLRQ RQ 6LPXODWLRQ

6LPXODWLRQ PRGHOV PD\ EH FRQVWUXFWHG IRU
$PRQJ WKHVH SXUSRVHV DUH
v 7HVWLQJ D WKHRU\ RI VIVWHP EHKDYLRXU
v 3URMHFWLQJ WKH JHQHUDO EHKDYLRXU RI D V\!
v )RUHFDVWLQJ VSHFLILF V\VWHP SDUDPHWHUYV
'HVLIQLQJ SROLFLHV WR DIIHFW V\VWHP EHKDYI



$00 WKH XVHV RI VLPXODWLRQ PRGHOV KDYH RQH FKEL
WKH IXWXUH EHKDYLRXU RI WKH V\VWHP ,QIRUPDWLR
GHILQH WKH UHODWLRQVKLS LQ WKH PRGHO ZKLFK LV
'\QDPLFVY PRGHOV JHQHUDOO\ FRQWDLQ D UHODWLYH(
IXWXUH 1RQ OLQHDU UHODWLRQVKLSY LQFOXGHG LQ
IXQFWLRQV RIWHQ SDUWO\ GHSHQG RQ KLVWRULFDO G
RI WKH IXWXUH VKDSH Rl WKH UHODWLRQVKLS )XWXU]I
WKDW KDYH QRW QHFHVVDULO\ RFEXUUHG LQ WKH SDV\

%\ XVLQJ VLPXODWLRQ D VHW RI HTXDWLRQV LV
VIVWHP 7KLV DOORZV WKH HTXDWLRQV WR UXQ IRUZD
PLUURU WKH EHKDYLRXU RI WKH UHDO V\VWHP DV LW U
LQ WLPH VWHS VLPXODWLRQ LV WKDW WKH PRGHO WD
(DFK VWHS LV TXLWH VKRUW VR WKDW WKHUH PLJKW
DOZD\V GHQRWHG E\ '7 7KHUH DUH DOVR WZR W\SHYV
VWDRMHWKH V\VWHP ZKLFK LQ 6\WWHP OBDDRRMVVE B R QXL
UHSUHVHQWY WKH SK\VLFDO IORZV LQ WKH V\VWHP Z
FDOOBWHKHUH LV DOVR D WKLUG VDVS[H ORTDWDHIN. DIEWHH WA
PRYHPHQWY DFURVV WLPH VWHSV OHYHOV DUH WKE
DX[LOLDULHV DUH LQWHUPHGLDWH VWDJHV E\ ZKLEK
WKHUHIRUH DOVR H[LVW DW WKH WKUHVKROGV EHWZI
YLIXUH

1(9(! .2

re o - 5$7( ./
5$7( -.

WLPH

7KH 3DVW 12: 2 fy7KH )XWXUH

JLIXUH 7KH GLDJUDP RI UHODWLRQVKLS EHWZHHQ OHYHOV

7TKH IXQGDPHQWDO HTXDWLRQV RI 6\VWHP '"\QDPLF

[/ /THYHO . /IHYHO - '7 SDWH-.

DQG



& AOLDSWH B6\YWHP AzLMQDPLFG®6

5 5DWH ./ I /HYHO . $X[LOLDU\ . 3DUDPHWHUYV

7KH ILUVW IXQGDPHQWDO HTXDWLRQ FRSHV ZLWK WKH
WKH -. WLPH VWHS 7KH VHFRQG LV WKH LQIRUPDWLRQ

5HSUHVHQWLQJ GHOD\V LQ PRGHOV

'HOD\V DUH DQ H[WUHPHO\ VLJQLILFDQW IHDWXUH
UHSUHVHQWLQJ WKHP LQ TXDQWLWDWLYH PRGHOV LV C
UHSUHVHQW D GHOD\ E\

,1)y/2: ' 1 287)/2:
‘H DGG &217(176 bv D OHYHO YDULDEOH DQG ZH KDYH
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% 7ZR )LUVW 2UGHU 'HOD\V &DVFDGHG WR *LYH G 6HFRQG 2U(
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? ?
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& 7KUHH )LUVW 2UGHU 'HOD\V *LYH D 7KLUG 2UGHU 'HOD\

YJLIXUH 7KH GLITHUHQW W\SHV RI GHOD\V >&R\OH



7TKH ILUVW W\SH RILGNOWDRHEHRN A ORHIBO\ RQH OHYF
VWRUH WKH FRQWHQWYV 7KLV GHOD\ FDQ EH TXLWH
>&R\OH)RU RWKHU SUREOHPV WKH ILUVW RUGHU GHOI
wWuUuDLQLQJ RI VFLHQWLVWY PXVW WDNH DW OHDVW WKU
VRPH ZLOO EHFRPH SURGXFWLYH TXLFENO\ ZKLOH RWHK
PRGHOOHG E\ 3SFDVFDGLQJ" DV PDQ\ ILUVW RUGHU GH(
RUGHU RI GHOD\ ,Q 6\VWHP "\QDPLFV B8l $QOL@QHNE HAJ

2SWLPLVDWLRQ LQ 6\VWHP '"\QDPLFYV

W ZRXOG EH KLJKO\ GHVLUDEOH WR KDYH VRPFE
SDUDPHWHU YDULDWLRQV XS WR D FHUWDLQ QXPEHU I
IRXQG LQ WKH VHW RI H[SHULPHQWYV 7KHUHIRUH RQH
SDUDPHWHUV WR EH FRQVLGHUHG DQG WKH QXPHULFD
WKH UHVXOW ZKLFK LV PRVW UHZDUGLQJ LQ WHUPV |
'\QDPLF RSWLPLVDWLRQ FRPHV YHU\ FORVH WR SURYL
SRVVLELOLWLHV RI WKH V\VWHP $Q LPSRUWDQW DV
GHYHORSPHQW RI PHDVXUHV RI VI\VWHP SHUIRUPDQFH

7R GHYHORS DQ REMHFWLYH IXQFWLRQ RQH IRUP.
WR PHHW WKH WDUJHW IDFWRUV 7KH REMHFWLYH IXQ
Lv D PDWKHPDWLFDO DUWHIDFW WR JXLGH WKH RSWLI
DQG ZKDW LV QRW >&R\OH @ 7KH XOWLPDWH FKRL
LPSOHPHQW UHVXOWY GHULYHG IURP RSWLPLVDWLRQ
FDUHIXOO\ 2SWLPLVDWLRQ PLIJKW NHHS WUDFN RI KI
IRXQG EXW RQH KDV WR EH H[WUD FDUHIXO ZKHQ F
JHWWLQJ VPRRWK G\QDPLF EHKDYLRXU LV QRW DOZD\\
GR ZLWK ZKDW WKH FRPSDQ\ LV UHDOO\ WU\LQJ WR DF

,W LV YHU\ LPSRUWDQW WR ZULWH D VLPSOH PRG
REMHFWLYH IXQFWLRQ ZLWK YHU\ VLPSOH LQSXWV 7K
WKH REMHFWLYH IXQFWLRQ LV QRUPDOO\ RQO\ IRUPXC
UHYLVHG DQG H[SHULPHQWHG ZLWK



FKDSWHU -A\QDPLF

(IDPSOH

7KLY H[DPSOH GHVFULEHV D VWXG\ RI WKH ILQH S
IRUHVW SURGXFWV FRPSDQ\ PDGH E\ >5LVFK 7UR\ 6
WR KHOS WKH FRPSDQ\ VROYH D WKRUQ\ EXVLQHVV S
DSSOLFDWLRQ RI 6\VWHP "\QDPLFV PHWKRGRORJ\

3 *9, LV D GLYHUVLILHG IRUHVW SURGXFWYV FRP!
GROODUV SHU \HDU 7KH FRPSDQ\ GRXEOHG LWV WRWI
WKDQ GRXEOHG LWV VDOHV 7KH FRPSDQ\ KDV VHYHUD
YDULHW\ RI SXOS DQG SDSHU SURGXFWV 2YHU WKH \lI
VHYHUDO WKHPHV )LUVW YHUWLFDO LQWHJUDWLRQ P
RI UHVRXUFHVY O6HFRQG YHUWLFDO LQWHJUDWLRQ PX
*9, SXUFKDVHV IDFLOLWLHVY FORVH WR WKH HQG XVH P
MXVWLI\ D SXUFKDVH RQH VWHS XSVWUHDP 7KLUG *
SXUFKDVH H[LVWLQJ FDSDFLW\ DQG RYHUKDXO LW Zk
WKURXJK WKH FRPPRGLW\ SDSHU PDUNHWYVY WKH ILUP
WKDW HYHQWXDOO\ DOORZHG LW WR EXLOG VHYHUDO
EXVLQHVVY RXW RI WKH FRPPRGLW\ SDSHU PDUNHW °
VWUDWHI\ ZKHQ LW SXUFKDVHG 2ZHQV 3DSHU D PDQX
SXUFKDVH GLG WKRXJK UHSUHVHQW D FRQWLQXDWLR
IRU XSJUDGH $OPRVW LPPHGLDWHO\ *9, EHJDQ D VLJ
PRGHUQLVDWLRQ *9,1V ODUJH FDSLWDO RXWOD\ UDLV
JHQHUDWH DQ DFFHSWDEOH UHWXUQ RQ LWV LQYHVWI
FRPSRXQGHG E\ WKH ILQDQFLDO FRQGLWLRQ RI WKH P
VXVWDLQLQJ ORVVHV RI VHYHUDO PLOOLRQ GROODUYV
2ZHQV *9, KDV ORVW VRPH VKDUH LQ WKH ILQH SDSHU

7TKH SURFHVV ZDV LQLWLDOO\ IRFXVHG RQ XQGH
XVLQJ ILUP OHYHO GDWD FDXVDO ORRS GLDJUDPV DQ
GUHZ RQ PXOWLSOH GDWD VRXUFHV LQFOXGLQJ REVHL
GbwD ,QWHUQDO LQWHUYLHZV ZHUH FRQGXFWHG ZL
PDUNHWLQJ ([WHUQDO LQWHUYLHZV DGGUHVVHG DOO
WKH GRZQ VWUHDP YDOXH FKDLQ

7KH PDLQ TXHVWLRQ ZDV ZKDW KDG EHHQ WKH P
HQWHU WKH VSHFLDOLW\ SDSHU PDUNHW 7KHUH ZHUF



& AL ¢LL AWXVOHBMQDPLF

WR PRYH LQWR VSHFLDOLWLHV )LUVW 2ZHQV EHOLHYF
SULFHV ZLWKRXW D FRUUHVSRQGLQJ LQFUHDVH LQ F
2ZHQV ZRXOG EH DEOH WR SHQHWUDWH VSHFLDOLW\ P
VXIILFLHQW WR UXQ LWV PDFKLQHVY FORVH WR IXO0O XW

J)LIXUH FDSWXUHVY WKH FDXVDO UHODWLRQVI
DVVXPSWLRQV GHVFULEHG SUHYLRXVO\ %DODQFLQJ C
DYHUDJH SULFHV® DVVXPSWLRQ E\ PRYLQJ LQWR VSHF
WKH SURGXFW OLQH" WKH DYHUDJH SULFH UHFHLYH
VXIILFLHQW VDOHV YROXPH2WRWDO UHYHQXHV ZRXOC
HVWDEOLVKLQJ D FRQQHFWLRQ EHWZHHQ SURILWDELC
FUHDWHG D EDODQFLQJ ORRS WR UHVWRUH SURILWDEL
EHOLHYHG WKDW DV EUHDGWK URVH WKH\ ZRXOG EH I
DQRG SURILWDELOLW\ 7KH WKLUG QHJDWLYH ORRS %
SURILWDELOLW\ LQFUHDVHYVY ZLWK SXOS FRQVXPSWLRC
WRWDO SDSHU VDOHV SXOS FRQVXPSWLRQ DOVR JURZ\
UHVWRUH SURILWDELOLW\

SHLQIRUFLQJ ORRS 5 FDSWXUHV WKH HIIHFW Rl J
YDULDEOH FRVWV $V EUHDGWK JURZV XQLW YDULDEC
OHQJWK HWF UDLVLQJ WRWDO FRVWYV DQG UHGXFLC
RYHU % % ORZ SURILWDELOLW\ ZRXOG FDXVH VWLOO
KLIKHU FRVWYV %DODQFLQJ ORRS % UHIOHFWV 2ZHQ)\
UHDFKHVY FDSDFLW\ VODFN WR GHYHORS DQG SURGX
H[SDQVLRQ LQWR QHZ VSHFLDOLW\ VHIPHQWY FRPHV W

$OWKRXJIK DV >5LVFK 7UR\ 6WHU @ VWDWH |
UHSUHVHQW WKH DVVXPSWLRQV RI 2ZHQVY PDQDJHPHQ
H[SOLFLWO\ DZDUH RI WKLV IHHGEDFN VWUXFWXUH 7
LQFUHDVH WKH EUHDGWK RI LWV SURGXFW OLQH E\ PR
VSHFLDOLW\ SDSHU XQWLO HLWKHU SURILWDELOLW\ .
7KH\ H[SHFWHG WKH EDODQFLQJ ORRSV % % WR GRP
ZRXOG VRRQ ULVH DV WKH FRPSDQ\ PRYHG WR VSHF
EUHDGWK %XW ZKLOH WKH UHVXOWY RI WKH QHZ VWL
UHVXPHG

JLIXUH VKRZV ZKDW WKH DXWKRUV EHOLHYH I
XQGHUO\LQJ V\VWHP 2ZHQV IDFHG DV LW WULHG WR HJ:



&KDSWHU sxLwir LMQDPLFL

7RWDO

JLIXUH ,QIOXHQFH GLDJUDP RI WKH PDQDJHPHQWYfYVY UDWLRQDOH |
>5LVFK 7UR\ 6WHU @

JLIXUH 5HYLVHG ORRS GLDJUDP ZLWK WKH XQDQWLFLSDWHG VL
SURGXFW OLQH EUHDGWK >5LVFK 7UR\ 6WHU @



&KDSWHU 6X LWHP \QDU\XF{

7KH UHYLVHG VWUXFWXUH GLIIHUV IURP WKH PDQDJHP
VRPH RI WKH FDXVDO FRQQHFWLRQV LQ WKH DFWXDC
VWURQJHU WKDQ 2ZHQVY PDQDJHPHQW EHOLHYHG 6HF
FRQWHPSODWHG LQ PDQDJHPHQWfV PHQWDO PRGHO

7LPH LQ 6\VWHP "\QDPLFV

6\VWHP "\QDPLFV LV LOQOWHQVHO\ DIIHFWHG E\ WKH
VFLHQWLVWY ZKHQ LW FRPHV WR WKH FRQFHSWLRQ F
FROQWURYHUVLHV DERXW 6\VWHP '"\QDPLFV DUH GLUH]
FRQFHSW 2QH RI WKHVH LVVXHV DQG SHUKDSV WKI
LUUHYHUVLELOLW\ 6\VWHP '\QDPLFV PRGHOV DW OHDYV
SURGXFH H[DFWO\ WKH VDPH WUDMHFWRU\ LQ UHYHU
PRGHOV FKDQJH EXW WKH\ GR QRW HYROYH >3HUHO

6\VWHP '"\QDPLFV PRGHOV FDQ EH FRQVWUXFWHG
IXQFWLRQ RI WKH V\VWHPfV SDVW KLVWRU\ 7KLV WDF
TXDOLW\ RI HYROXWLRQDU\ SURFHVVHV EXW VWLOO [
VRFLDO V\VWHP 3HUKDSV WKH PDLQ UHDVRQ IRU WK
EHKDYLRXU PRGHV IURP PRGHOV LV EHFDXVH WKH LU
GLIITHUHQFH LQ WKH VKRUW UXQ

7HVWV IRU EXLOGLQJ FRQILGHQFH LQ 6\WWHP '\QDP!

&RQILGHQFH LQ 6\VWHP '"\QDPLFV PRGHOV FDQ EH
WHVWYV WKDW LQFOXGH WHVWYVY RI PRGHO VWUXFWXU
LPSOLFDWLRQV 7KHUH LV QR VLQJOH WHVW WKDW VH
PRGHO $FFRUGLQJ WR >)RU 6HQJH @ FRQILGHQFH
YDOLGLW\ RI WKH V\VWHP EHFDXVH WKHUH FDQ EH QI
ZKLFK D PRGHO UHSUHVHQWY UHDOLW\ 7KHUH LV QR F
$ 6' PRGHO LV MXVW WHVWHG DJDLQVW D GLYHUVLW\ R
DQG FRQILGHQFH LV GHYHORSHG DV WKH PRGHO ZLWK\



&KDSWHU 6LILWHP AELMQDPLFL

6WUXFWXUH YHULILFDWLRQ WHVW 9HULI\LQJ VWUX
PRGHO GLUHFWO\ ZLWK VWUXFWXUH RI WKH UHDO V\
PD\ LQFOXGH UHYLHZ Rl PRGHO DVVXPSWLRQV ZKLF
DVVXPSWLRQV WR GHVFULSWLRQV RI GHFLVLRQ PDN
IRXQG LQ UHOHYDQW OLWHUDWXUH
SDUDPHWHU YHULILFDWLRQ WHVW 3DUDPHWHU YF
SDUDPHWHUV WR NQRZOHGJH RI WKH UHDO V\VWHP
FRQFHSWXDOO\ DQG QXPHULFDOO\ WR UHDO OLIH
YHULILFDWLRQ DUH LOQWHUUHODWHG %RWK WHVWYV \
PRGHOV VKRXOG VWULYH WR GHVFULEH UHDO GHFLVL
((WUHPH FRQGLWLRQV WHVW I NQRZOHGJH DERXW
UHVXOW LV DOPRVW DOZD\V DQ LPSURYHG PRGHO LQ
LV HITHFWLYH IRU WZR UHDVRQV )LUVW LW LV D SRZ
VWUXFWXUH &RQVLGHULQJ H[WUHPH FRQGLWLRQV F
VHFRQG UHDVRQ IRU XWLOLVLQJ WKH H[WUHPH FRQG
PRGHO IRU DQDO\VLQJ SROLFLHVY WKDW PD\ IRUFH D
UHJLRQV RI EHKDYLRXU
%RXQGDU\ DGHTXDF\ WHVW 7KLV WHVW FRQVLGHU\
VDWLVI\ D PRGHOfV SXUSRVH W LQYROYHV GHYHOF
SURSRVHG PRGHO VWUXFWXUH WR D SDUWLFXODU LV
6RPH RWKHU WHVWYV DUH WKH VWDWLVWLFDO WHYV
PRGHOV 7KHUH LV DOVR DQRWKHU IDPLO\ RI WHVWYV W
HYDOXDWH WKH DGHTXDF\ RI PRGHO VWUXFWXUH WKUR
VWUXFWXUH
%HKDYLRXU UHSURGXFWLRQ WHVWYVY 7KH\ H[DPLQH
PDWFKHV REVHUYHG EHKDYLRXU RI WKH UHDO V\V
LQFOXGH V\PSWRP JHQHUDWLRQ IUHTXHQF\ JHQHUD
DQG EHKDYLRXU FKDUDFWHULVWLF
%HKDYLRXU SUHGLFWLRQ WHVWYVY 7KH\ DUH DQDOR
KHUHDV EHKDYLRXU UHSURGXFWLRQ WHVWYV IRFXYV
EHKDYLRXU SUHGLFWLRQ WHVWV IRFXV RQ IXWXUH
LQFOXGH SDWWHUQ SUHGLFWLRQ DQG HYHQW SUHGL
%HKDYLRXU DQRPDO\ WHVW ,Q FRQVWUXFWLQJ DQG
EHKDYH OLNH WKH UHDO VA\VWHP XQGHU VWXG\ EXW



&AOXLSWHU 6LMLWHP A... LI

DQRPDORXV IHDWXUHV RI PRGHO EHKDYLRXU ZKLFK
Rl WKH UHDO V\VWHP 2QFH WKH EHKDYLRXUDO DQRP
VWUXFWXUH UHVSRQVLEOH IRU WKH EHKDYLRXU RQ
DVVXPSWLRQV
)DPLO\ PHPEHU WHVW 7KLV WHVW SHUPLWV D UHSHI
FRQWH[W RI GLIIHUHQW VSHFLDO FDVHV WKDW IDOO
PRGHO
6XUSULVH EHKDYLRXU WHVW :KHQ XQH[SHFWHG EH
PXVW ILUVW XQGHUVWDQG FDXVHV RI WKH XQH[SHF)
FRPSDUH WKH EHKDYLRXU DQG LWV FDXVHV WR WKR
WHVW WKH PRGHO EXLOGHU JDLQV FRQILGHQFH LQ W
(IWUHPH SROLF\ WHVW 7KLV WHVW LQYROYHV DOWH
DQ H[WUHPH ZD\ DQG UXQQLQJ WKH PRGHO WR GHWH
ZD\ ZH GLVFRYHU WKH UHVLOLHQFH RI D PRGHO WR |
%RXQGDU\ DGHTXDF\ EHKDYLRXU WHVW 7KLV WHYV
LQFOXGHYV WKH VWUXFWXUH QHFHVVDU\ WR DGGUHVV
%HKDYLRXU VHQVLWLYLW\ WHVW 7KLV WHVW IRFXV
FKDQJHV LQ SDUDPHWHU YDOXHV 7KH WHVW LV W\SL
GLIIHUHQW SDUDPHWHU YDOXHV DQG DQDO\VLQJ WKH
)LQDOO\ >)RU 6HQJH @ SUHVHQW D QXPEHU R
DWWHPSW WR YHULI\ WKDW UHVSRQVH RI D UHDO V\VW
WKH UHVSRQVH SUHGLFWHG E\ D PRGHO 7KH WHVW
LPSOLFDWLRQV DUH ZKHQ FKDQJHV DUH PDGH LQ ERXC
6\WWHP LPSURYHPHQW WHVW 7KLV WHVW FRQVLGI
EHQHILFLDO DIWHU ZRUNLQJ ZLWK D PRGHO ZKHQ LF
EHKDYLRXU $OWKRXJK LW LV D YHU\ LPSRUWDQW WFH
ZLOO QRW EH WULHG XQWLO WKH PRGHO IURP ZKLFk
FRQILGHQFH IRU WKH LPSOHPHQWDWLRQ H[SHULPHQ
WLPH IRU UHDEFWLRQ LQ PRVW VRFLDO V\VWHPV P
LPSURYHPHQW WHVW DFFXPXODWH VORZO\ 7KLV WH\
&KDQJHG EHKDYLRXU SUHGLFWLRQ WHVW 7KLV WHYV
EHKDYLRXU RI WKH V\WVWHP ZLOO FKDQJH LI D JRYHU
WHVW FDQ EH PDGH E\ FKDQJLQJ SROLFLHV LQ D P
UHVXOWLQJ EHKDYLRXUDO FKDQJHV



%RXQGDU\ DGHTXDF\ SROLF\ WHVW 7KLV WHVW H
ERXQGDU\ ZRXOG DOWHU SROLF\ UHFRPPHQGDWLRQV
B3ROLFY VHQVLWLYLWY WHVW 3ROLF\ VHQVLWLYLW)
UREXVWQHVYV RI PRGHO EHKDYLRXU EXW LW DOVR
UHFRPPHQGDWLRQV PLIJKW EH LQIOXHQFHG E\ XQFHU
7KH DFFHVVLELOLW\ Rl WKH ZKROH WHVWLQJ SU
VXFFHVV LQ 6\VWHP '"\QDPLFV PRGHOOLQJ ,1 IXOO0\ HJ
DYDLODEOH WR D PXOWLSOLFLW\ RI HYDOXDWRUV VKR.
LQ ZKLFK WKHUH LV ZLGHO\ VKDUHG FRQILGHQFH

SDUDPHWHU HVWLPDWLRQ LQ 6\VWHP '"\QDPLFV PRGHF}

6\VWHP "\QDPLFV PRGHOOLQJ RIIHUV DQ DWWUDF
>*UDKDP @ OD\V RXW WKH PDLQ WHFKQLTXHV RI DQ
PRGHOOMWKH HVWLPDWLRQ +H SWUBIFHWHRUVH[SOLFDWH
FRQVLGHUDWLRQV LQYROYHG LQ HVWLPDWLQJ SDUDP
FDWHIJRULVHY HVWLPDWLRQ WHFKQLTXHV DQG FKDUD
HDFK FDWHJRU\

$FFRUGLQJ WR >*UDKDP @ LQ 6' PRGHOV GDWD
EHORAKH OHYHO RI DJJUHJDWLRQ BWHRRG BOG YHIDU L DKEHD H
VWUDLJKWIRUZDUG LI 3KRXVLQJ XQLWV™ LV D YDULDE
ZRXOG EH WKH DFWXDO QXPEHU RI KRXVLQJ XQLWV LQ
EHORKH OHYHO RI DJJUHJDWLRQ LV LQIRUPDWLRQ RQ
PLIKW FRUUHVSRQG WR WKH PRGHO YDULDEOHV RQO\

$00 IDFWXDO NQRZOHGJH DERXW VA\VWHP UHFRUG
H[SHULHQFH IDOOV LQWR WKH FDWHJRU\ RI XQDJJU
DEXQGDQW VRXUFH RI NQRZOHGJH DERXW UHDO V\VW
XQDJJUHIJDWH GDWD RFFXUV ZKHQ WKH PRGHOOHU FL
WKDW DUH DJJUHJDWHG WR WKH SRLQW ZKHUH WKH
YDOXHV FDQQRW EH UHOLDEO\ REVHUYHG >*UDKDP C
UHDO OLIH PHDQLQJ DQG WR HVWLPDWH WKHP WKH
WKH PHQWDO PRGHO RI WKH EHKDYLRXU RI WKH V\
REVHUYDWLRQV



7KHHUH LV D ZLGH UDQJH RI VSHFLILF HVWLPDWLRQ
WR DG KRF FRPSXWDWLRQV 21 SDUWLFXODU LQWHUH)
YDOXHV DQG VORSHV VSHFLI\LQJ WKH QRUPDO SRLQW
H[WUHPH DQG QRUPDO SRLQWV 7KH PDLQ SLWIDOO L
IRUPXODWLQJ DQ HTXDWLRQ DQG LWV SDUDPHWHUV LC
SDUWLFLSDQWY LQ WKH V\WVWHP FDQQRW UHOLDEO\ F
FKDUDFWHULVWLF RI WKH UHDO V\VWHP
(VWLPDWLRQ XVLQJ D PRGHO HTXDWLRQ (VWLPDWLRC
DJJUHJDWH VWDWLVWLFV WKDW FRUUHVSRQG WR PRGF
SDUDPHWHUV ZLWK GDWD DW WKH OHYHO RI DJJUHJ
FRPSXWDWLRQV UHTXLUH WZR DVVXPSWLRQV DFEXUDF
WKH GDWD 6XFK DVVXPSWLRQV DOZD\V PDNH WKLQJV F
(VWLPDWLRQ XVLQJ PXOWLSOH HTXDWLRQV (VWLPDWL
PDQLSXODWLQJ VHYHUDO HTXDWLRQV WR FRPSXWH D
PXOWLSOH HTXDWLRQ HVWLPDWLRQV LV WKH VDPH D
WHFKQLTXHV DVVXPH WKH DFEXUDF\ Rl WKH HTXDWLRC
WKDW VHHPV WR WURXEOH PXOWLSOH HTXDWLRQ HVWI
EHKDYLRXU DQG PRGHO EHKDYLRXU FDQ LQ IDFW EH D\
EHLQJ HVWLPDWHG 7KH SUREOHP LV WKDW WKH XQUH
EHHQ GXH QRW WR WKH LQDSSURSULDWH SDUDPHWHU
VRPH RWKHU SDUDPHWHU YDOXH EHLQJ DZU\ $QRWKH
WKHLU XVH RI GDWD DW WKH OHYHO RI DJJUHJDWLRQ R

7KHUHIRUH WR VXP WKLQJV XS HVWLPDWLRQ
DJJUHJDWLRQ RI PRGHO YDULDEOHYV UHOLHV RQ REVHL
DUH UHSUHVHQWHG LQ WKH DJJUHJDWH E\ PRGHO YI
WHFKQLTXH LV VWUXFWXULQJ WKH PRGHO RQ D OHYHO
ZLWKLQ WKH V\VWHP WR UHOLDEO\ WUDQVODWH WKHLU
WZR FDWHJRULHV VKDUH SLWIDOOV )LUVW XVH Rl GI
YDULDEOHVY GLPLQLVKHV WKH DELOLW\ WR YDOLGDWH
VIVWHPDWLF HUURUV ZKHQ DVVXPSWLRQV DUH YLF
WKHRUHWLFDOO\ GHOLYHU JUHDWHU DFFXUDF\ EXW LQ
VHQVLWLYH WR PLQRU YLRODWLRQV RI DVVXPSWLRQV \



FKDSWHU 6\LWHP AK LMQDPLFL

$VVXPSWLRQV

7KH HVVHQWLDO DLP RI 6\VWHP '\QDPLFV LV WR DI
WKH VWDQGDUGY RI FRQWUROODELOLW\ DQG G\QDPLF
HQJLQHHULQJ V\VWHPV %XW LQ RUGHU WR DFKLHYH W
EH WDNHQ LQWR DFFRXQW VR DV WR JXDUDQWHH FRC
VLPSOLILFDWLRQ RI UHDOLW\ RQH QHHGV WR HQVXUH
DUH LQ WKH PRGHO FRQFHSWXDO PRGHOOLQJ FDQ SOL
GHYHORSPHQW 7KH NH\ VWHS LV WR PDNH VRPH DV
SUREOHP VXEVHTXHQWO\ PDNLQJ VXUH WKDW WKRVH
)RU H[DPSOH LQ PRVW FDVHV LW LV DVVXPHG DV D U,
VKRXOG EH DERXW WZR RU WKUHH WLPHV WKH ORQJHYV

,Q IRUPXODWLQJ PRGHOV V\VWHP G\QDPLFLVWYV
FDQQRW EH GLUHFWO\ REVHUYHG LQ DYDLODEOH GDWI
RI RQH YDULDEOH RQ DQRWKHU ZKHQ DOO RWKHU YD!
FRQVWDQW 6LQFH DOO RWKHU YDULDEOHV DUH UD
K\SRWKHVLVHG FDXVDO UHODWLRQVKLS PD\ QRW PDWI
WZR YDULDEOHV ,Q WKLV VHQVH WKH UHODWLRQVKL
WHFKQLTXH RI FRQVLGHULQJ H[WUHPH FRQGLWLRQV
EHWZHHQ PRGHOV DQG UHDOLW\ ORUHRYHU WKH SUI
VWDWLVWLEDO PRGHOOLQJ PRWWR WKDW RQH VKRXOC
GDWDEDVH IRU ZKLFK WKH\ ZHUH GHULYHG

IDVW EXW QRW OHDVW WKH RPLVVLRQ RI H[RJHQ
WKDW PRGHO EHKDYLRXU DULVHV IURP IHHGEDFN ORF
XQGHUVWDQGLQJ WKH FDXVHV RI EHKDYLRXU DUH FDS\
WKHVH YDULDEOHV HQDEOHV VLPXODWLRQ WHVWLQJ V
FDXVDO H[SODQDWLRQ RI REVHUYHG EHKDYLRXU ,I W
EHKDYLRXU WKH DEVHQFH RI H[RJHQRXV YDULDEOHYV
PRGHO PDWFKHV UHDOLW\ VLPSO\ EHFDXVH RI LWV HJ
VWUXFWXUH



& KDSWHU Bs LMLWHP M+L QLWF u!

7TRROV

6RPH RI WKH VRIWZDUH WRROV IRU VIVWHP WKLQN
&260,& DQG &26026 DUH DQ LQWHJUDWHG HQYLUR
DQDO\VLY DQG RSWLPLVDWLRQ RI VIVWHP G\QDPLFV
RQ D :RUNEHQFK FRQFHSW DQG FDQ EH UXQ RQ DQ
:,1'2:6 ORGHO EXLOGLQJ LV VXSSRUWHG E\ D JUDSKL
LQ ZKLFK WKH XVHU EXLOGV LQIOXHQFH GLDJUDPV RC
YDULDEOHV DV UHTXLUHG /HYHO HTXDWLRQV DUH ZU
DUH FUHDWHG RQ WKH VFUHHQ E\ WKH PRGHOOHU X\
PHWKRGV IRU RSWLPLVDWLRQ
'<1$02 LV D PDLQIUDPH RU ,%0 3& EDVHG VLPXODWLF
LQ ORJLVWLFV SURMHFW PDQDJHPHQW DQG RWKHU
WKH XVHU WR FUHDWH ODUJH PRGHOV YLD D WH[W H
HLWKHU EXLOW LQ VXFK DV 7$%/( RU GHILQDEOH L
FDQ EH LPSRUWHG IRU GLVSOD\
'<60$3 DFFHSWV PRGHOV IURP D VRXUFH ILOH (TX
RUGHU DQG YDULDEOH QDPHV PD\ EH XS WR FKE
GLPHQVLRQDO DQDO\VLV DQG LQFOXGHV WKH XVXI
IXQFWLRQV 8S WR UXQV FDQ EH SHUIRUPHG LQ DG
ODXQFKHG LQWHUDFWLYHO\ IURP WKH ,&( ,QWHUDFW
(,67TRRO.LW LQWHJUDWHYV D JUDSKLFDO XVHU FRQI
PRGHOV GDWDEDVHV DQG VSUHDGVKHHWYV W LV C
PDFKLQHV $ QXPEHU RI SHWURFKHPLFDO DQG SKDUI
ZKR XVH WKH WRRO
7KH L7KLQN VRIWZDUH FRPHV LQWR WZR YHUVLRQ'
YHUVLRQ LV GHVLJQHG WR HQDEOH SHRSOH WR FR
SLHFLQJ WRJHWKHU VWRFNV IORZV FRQYHFWRUV D
7KH SDFNDJH VXSSRUWV PXOWL YDULDEOH VHQVL!
FDSDELOLW\ 7KH $XWKRULQJ YHUVLRQ RI WKH VRIW.
DFFHVVLEOH VWDQG DORQH /HDUQLQJ (QYLURQPHQV
7KH 67(//$ DQG L7KLQN DUH ODFLQWRVK EDVHG *UDS



&KDSWHU 6\LWHP \QDPLFG

LQWHUDFWLYH PRGHO GHYHORSPHQW 7KH\ DUH ZLG
PRGHOOLQJ

7KH 3RZHUVLP VRIWZDUH LV D :,1'2:6 EDVHG JUD
PRGHOOLQJ SDFNDJH ,W VXSSRUWV ERWK IORZ GLD
XQGHUO\LQJ HTXDWLRQV FDQ EH HQWHUHG ZKHQ

(TXDWLRQV DUH FUHDWHG ZLWK WKH DLG RI D OLE!
HGLWRU IRU GUDZLQJ JUDSK IXQFWLRQV 6LPXODWL
QXPEHUV RU JUDSKV ,W VXSSRUWV WKH FUHDWLR
VLPXODWRUV" DV ZHOO DV PXOWLGLPHQVLRQDO DUL
6$ LV D SRZHUIXO VLPXODWLRQ LQWHUIDFH EHVW >
6$ FRQWDLQV PDQ\ XQLTXH IHDWXUHV DQG FDQ UHD
67(/1$

IDVW EXW QRW OHDVW 9HQVLP LV D SRZHUIXO VL
LQWHUIDFH DQG LQQRYDWLYH FDSDELOLWLHV IRU °
PRGHOV ZLWK KLVWRULFDO GDWD ,W VXSSRUWV FC
GLDJUDPV ,\RFXPROME HNRR SIYO®@XWRRQM WR JHQHUDW
UHSUHVHQWDWLRQV RI PRGHO VWUXFWXUH DQG LQF
VRIWZDUH VXSSRUWV VXEVFULSWV VSHFLDO YDULD
LQWHUIDFH FDQ EH XVHG WR FUHDWH VSHFLDO SXU
FRUSRUDWH DQG GHIHQFH LQGXVWU\ DSSOLFDWLRQ"
PRGHOOLQJ DW 0,7

‘'UDZLQJ WKH 6' PRGHO IRU WKH FRQVXOWLQJ ILUPY’

,Q WKLV SDUW RI WKH FKDSWHU ZH IRFXV RQ W
ODQDJHPHQW 6\WWHP RI D FRQVXOWDQF\ ILUP 7KL
DVVLPLODWLRQ WUDQVIHU DQG DWWULWLRQ RI WKH |
RXW LQ D YDFXXP EXW DUH GULYHQ E\ WKH FRPSDQ
LQGLFDWLRQ RI WKH GHPDQG IRU VHUYLFHV 7KH U]
G\QDPLFV RI WKLV V\VWHPV\MW BP F®& FERIBHHENQ \$L GHI W D
GLVFXVVLRQ RI WKH PRGHOTV VWUXFWXUH DV ZHOO D\

,Q SDUWLFXODU WKH PRGHO FDQ EH XVHG WR Wi
MXQLRU FRQVXOWDQWY FRQVXOWDQWY VHQLRU FRC



GHPQG IRU FRQVXOWLQJ VHUYLFHV YDULHV 7KH PRG
GHFLVLRQ VXSSRUW WR DQVZHU ZKDW LI TXHVWLRQV
WKLQNS PRGHOOLQJ SURJUDP LV XVHG KHUH WR GHPFR
YDULDEOHV ZLWKLQ WKH V\VWHP DV ZHOO DV WR VLPX

7KHUH DUH IRXU EDVLF LFRQV LQ WKH ,WKLQN OI
W KHNV REQG | &WKHAKH IRUPHU V\PEROLVHG E\ D UHFWDQJ
DFFXPXODWLRQV $FFXPXODWLRQV RFEFXU LQ DOO IXQF
+XPDQ 5HVRXUFHV IRU H[DPSOH RQH ILQGV EXLOG XS\
DV ZHOO DV IUXVWUDWLRQ DQG FRPPLWPHQW $V IRU
SHVRXUFH IORZV LQFOXGH KLULQJ TXLWV DQG WUDLQI
IRU JHQHUDWLQJ FKDQJH RYHU WLPH RU G\QDPLFV &F
ODQJXDJH 7KHVH DUH UHSUHVHQWHG E\ FLUFOHV DQ
VWRENV FRQYHUWHUV GR QRW DFFXPXODWH 7KH IL
&RQQHFWRUV OLQN VWRENV WR FRQYHUWHUV VWRENYV
UHJXODWRUV VWRFNV WR IORZ UHJXODWRUV

$IWHU KDYLQJ SDUVHG WKH QDUUDWLYH L H WK
LQ &KDSWHU ZH GHWHFW WKH PDLQ HQWLWLHV Zk
&RQVXOWDQWY DQG ([WHUQDOV DV ZHOO DV WKH SK\V
WKHVH DUH LQFOXGHG LQ WKH GLDJUDP VHH )LIXUH
SROLF\ DUHD E\ ZKLFK WKH V\VWHP FDQ EH PDQDJHG
PRGHO VWDQGVY UHFUXLWPHQW LV JRYHUQHG RQO\ E\
VL]H Rl WKH ZRUNIRUFH LQFOXGLQJ MXQLRUV DQG V>
TXDOLILHG SHRSOH FRQVXOWDQWY DQG VHQLRU FRQV
DQG VXSHUYLVH WKHP ZKLFK KDV DQ HIIHFW RQ WKH
DFWLQJ DV VXSHUYLVRUV

7TKH (TXLYDOHQW &RQVXOWDQW :RUNIRUFH LV VK

YDULDEOHVY DQG RQH SDUDPHWHU )LJIXUH 7TKH S
EHFDXVH WKH ILUP ZDQW WR FDOFXODWH ZRUNIRUFH L
LQ )LIXUH WKHUH LV QR LQGLFDWLRQ RI KRZ WKHF

YDULDEOH W LV KRZHYHU HYLGHQW LQ WKH (TXDWL
UHODWLRQVKLS EHORZ KROGYV

HTXLYDOHQWBFRQVXOWDQWBZRUNIRUFH ([WHPD/&RQVXOWDQWY FRQBDYDLODEOF
FWV SURGXFWLYLW\BRI-XQB BVXS -XQLRUB&RQ FRQBVXSHUYLVLQJ-XQLRU VHQLR



& KDSWHU 6\LWHP \ULDPLFL

FRQ DYDLODEOH IRU SURMHFW

TXLWWLQJ IUDF

-Z U &RQ VHQLRU FRQ DYDLODEOH IRU SURMHFWV

FRQ DYDLODEOH IRU SURMHFWV

SURGXFWLYLWVXS MXQ

HTXLYDOHQW FRQVXIWDQW WDRUSIFUF
FRQ VXSHUYLVLQJ XUWRU

VHQLRU RRQ VXSHUYLVLQJ MXQLRU

JLIXUH 7KH RYHUDOO VA\VWHP G\QDPLFV PRGHO IRU WKH FR

$ GHWDLOHG DFFRXQW ZLWK DOO WKH PDWKHPDYV
LQLWLDO YDOXHV XVHG IRU WKH SDUDPHWHUV LQ RXU
PDQLSXODWLRQ RI WKLY PRGHO ZH WULHG WR PDNH X\
H[SHULHQFH JDLQHG WKURXJK YDULRXV FDVH VWXGLI
ZRXOG EH >$EGHO +DPLG O@ 1YV ZRUN $QQXDO ILIXUH
E\ WKH *UHHN FRPSDQ\ RI FRQVXOWDQWYV 3/$1(7 6 $ 7KI
LV RI FRXUVH DQ LWHUDWLYH SURFHVV ,QWHUYLHZV
KDYH DQG FRQWLQXH WR KHOS LQ EHWWHU VNHWFKLQJ



“XQLRU &RQ i RU FRQ DYDLODEOH IRU SURMHEWV

FRQ DYDLODEOH IRU SURMHFWV
9

SURGXFWLYLW\ RI MXQ VXS

VHQLRU FRQ VXSHUYLVLQJ MXQLRU

JLIXUH 7KH 6' PRGHO IRU WKH HTXLYDOHQW FRQVXOW

$IWHU LQWHUYLHZLQJ VRPH VHQLRU FRQVXOWDQW
WKH GHPDQG IRU FRQVXOWDQF\ VHUYLFHV ZRXOG EH
SUREOHP E\ PHDQV RI WXUQRYHU LQVWHDG RI FRXQWL
DQQXDOO\ 3/%$1(7 DLP WR EH DEOH WR UDLVH WKH DYH
LV ZK\ LQ WKH IXQFWLRQ GHILQLWLRQ RI WKH DYHUDJ
DQQXP 7XUQRYHU LV WKHQ HDVLO\ WUDQVODWHG WR F

UHTXLUHGMQDQPRQWKYV 7TXUQRYHU DYHUDJHBFKDUJLQJBUL

DQG WKH ODWWHU LQGLFDWH WKH 5HTXLUHG QXPEHU |
EHWZHHQ WKDW DQG WKH DFWXDO QXPEHU RI HPSOI
&RQVXOWDQW :RUNIRUFH FRQVWLWXWHY D FRPSRQHQ\

+LULQJ WDNHV SODFH LQ WZR OHYHOV RI FRQVX(
&RQVXOWDQWY 7KHUH LV D FRPSDQ\ VWDQGDUG SUDF
LOQOWHUQDO FRQVXOWDQWY WKDW WKH ILUP KDV UHPD
YDOXH 7KLV UDWLR LV FDOOHG KHUH WKH ([WHUQDO -
SHUVRQQHO DW WKH WZR GLIITHUHQW OHYHOV 7KH K
PDQSRZHU GLVFUHSDQF\ DV ZHOO DV E\ WKH WRWDO
YDULRXYV OHYHOV )LJXUH DOZD\V FDOFXODWHG LG



&.KDSWHU 6XLWHP AULDPLFL

UDWLR RI VHQ VXSHUYLVRUV WR MXQLRU

JLIXUH 7KH 6' PRGHO IRU WKH KLULQJ RI -XQLRU &RC

7TKH HTXDWLRQ GHVFULELQJ WKH KLULQJ RI -XQLRU &R
KLULQJ

PDQSRZHUBGLVFUHSDQF\ SURGXFWLYLW\BRIBMXQB BVXS HIWHPDOBKLULQJBUDWL
FRQBTXOWWLQJ UDWLRBRIBFRQBVXSHUYLVRUV-R -XQLRU

UDWLRBRIBFRQBVXSHUYLVRUVMRMXQLRU SURGXFWLYLO\BRIMXQB BVXS
VHQLRUBTXLWWLQJ UDWLRBRIBVHQBVXSHUYLVRUV-R-XQLRU

UDWLRBRIBVHQBVXSHUYLVRUVMRMXQLRU SURGXFWLYLW\BRIMXQB BVXS TXLWWI

ZKHUH DV RQH FDQ VHH TXLWWLQJ DW WKH YDULRXV C
GXH WR WKH PXOWLSOLFDWLRQ ZLWK WKH SURGXFWL)
LV PXOWLSOLHG E\ WKH SURGXFWLYLW\ HIWHPDO
HITHFWLYH FRQVXOWDQWY WKDW DUH UHTXLUHG 7KH |
RQ WKH KLULQJ RI WKH -XQLRUV DQG «ViLobsfyWXuno O\
HIWHPDOBKLULQJEUDMERWK LEHLQJ UHFUXLWHG -XQLRUV XQGHU
VXSHUYLVLRQ 7KH GHWHUPLQDWLRQ RI WKH DPRXQW F
HPSOR\HHV LV W\SLFDOO\ EDVHG RQ RUJDQLVDWLRQ@DO
WKHUH DUH QR SURSRVHG IRUPXODV LQ WKH OLWHUDYV
VWXGLHG 7KHUH DUH KRZHYHU UXOHV RI WKXPE DQ
SHUFHQW RI DQ H[SHULHQFHG HPSOR\HHYV WLPH SH



FRPIPWPHQW ,Q RXU PRGHO ZH KDYH VLPSOLILHG Wk
TXDOLILHG FRQVXOWDQWY RYHU MXQLRUV ZKR DFW I
IRUPXOD DSSOLHV WR 6HQLRU &RQVXOWDQWY ZKR DOV

FRQ DYDLODEOH IRU SURMHFWYV

&RQVXOWDQWYV

JLIXUH 'LVWULEXWLRQ RI &RQVXOWDQWYVY WR VXSHUYLVRUV I

6LPXODWLQJ WKH PRGHO

,Q WKH ,QWHUIDFH /HYHO RI WKH ,WKLQN VRIWZDU
DQG HYDOXDWH GLIITHUHQW SROLF\ VFHQDULRVY WKDW
UHFUXLWPHQW 7KH LQWHUDFWLYH PRGHO VLPXODWRU
KRZ WKH V\VWHP LV PRUH OLNHO\ WR SHUIRUP LQ UHYV
ULVN DQG FRVW RI UXQQLQJ UHDO FRQVXOWLQJ SUDF
'HYLFH DOORZV PRGHO XVHUV WR DGMXVW FRQVWDQW °
JUDSKLFDO IXQFWLRQ UHODWLRQVKLSV ZLWK QXPHULF

SURPR WLPH MXQ WR FRQ

W R Q

JLIXUH $ VOLGHU IRU WKH SURPR WLPH MXQ WR F

7TDNLQJ WKH SURPR WLPH IURP MXQLRU FRQVXOWDQWYV
WLPH IURP FRQVXOWDQWY WR VHQLRU WR EH \HDUV |
IUDFWLRQ DQG VHQLRU TXLW IUDFWLRQ WR EH

HTXDO WR DQG H[WHUQDO FRQVXOWDQWY KLULQJ U



& KDSWHU 6 LLLWHP\QDPLFL

MXQLRU FRQVXOWDQWY RYHU WKH \HDUV WKDW WKF
EOXH OLQH DQG VR GRHV WKH QXPEHU RI HIWHUQDOV

-XQLRU &RW? &RQVX+DQWM 60QWHU &RQ (IWHPD? &RQV XVDQW

* UDSK S 3HUVRQQHO WLPH VHULHV 2EW

JLIXUH $ ILUVW DWWHPSW WR UXQ WKH PRGHO

/R JHW D EHWWHU YLHZ RI WKH EHKDYLRXU RI RXU PR
EDU JUDSK VHH )LJXUH DV ZHOO DV ZLWK D GHWD
YDULDEOHYVY RI LQWHUHVW 7DEOH

-XQLRU &RQ IF &RQVXOWDQWV *DU &RR (WIHPVW &RQVXOWDQWV

EwM3 2UDSK 3L 3HUVRQQHO EDU © 2FW

JLIXUH 7KH SHUVRQQHO EDU JUDSK



DSWHU b \QDPL F{

7TDEOH SURYLGHVY WKH UHDGHU ZLWK WKH VXPPHG H
LOWHUHVW IRU VHYHQ FRQVHFXWLYH \HDUV 6HQLRU &R
VHYHQ \HDUV DQG WKLV QXPEHU LV FRQVLGHUHG DV C
ODQSRZHU GLVFUHSDQF\ UHPDLQV SRVLWLYH WKURXJKR
WKDW WKH LQFUHDVH LQ GHPDQG LQFUHDVH LQ WXUQR
DYDLODEOH IRU SURMHFWYV

,Q WKLV PRGHO WKH SURSRUWLRQ RI SHRSOH PRY
PDQDJHPHQW FRQWURO LQIOXHQFHG E\ FLUFXPVWDQFH
FRXUVH VXJIJHVWV WKH LGHD WKDW ZKLOH WKH FRQVX
WR PDNH SHRSOH UHGXQGDQW WKHUH LV QR UHDVRC(
WUDLQLQJ VXSHUYLVLRQ RU ZRUN DW D SDUWLFXODU OF
RI WKRVH LQGLYLGXDOV 3HUKDSV PDQDJHPHQW VKRXO(
SURSRUWLRQ ZRXOG FHDVH WR EH D SDUDPHWHU DQG
PDQSRZHU GLVFUHSDQF\ )RU H[DPSOH WKH FRPSDQ\ FI
ZRUNIRUFH 7KXV EHIRUH DGGLQJ QHZ SURMHFW PHP|
FRQWHPSODWH WKH SURMHFW HPSOR\PHQW WLPH IRU Wi

P
..FeW ITHULVFH 5XQ +VWR

X R D QH&BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBU D
QIULDL w

-XURU &RU

&R UWS5LWHPWL L D

QLXU &RQ
(VWHUQD &FP[jIFDF{\
WRQYD+DE < IRU W
VYWNZ FWYQ IR 6
KLULQJ )
XWHUTLMLQLQJ
SURPRWLQJ WR FRQ
7XPRXU 6 © s
¢avt©VDIJD ZFOGRUH WHD
ZIJXWHG PDQQZOKM w" 8 w w
WHTXLUHG QR RI F RDWX V W L
H M X W PRO WL V) ©
QXPSRXLWU ULLVFUWSDQF\ ©

7TEOH 7DEOH RI YDOXHV IRU )LIJXUH

6LQFH DIWHU DOO WKH ZKROH VWXG\ RI WKH SUR
WKH FRPSDQ\ GHDOV ZLWK WKH LQFUHDVLQJ WXUQRYHU
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RQH QHHGV WR UDQ GLIITHUHQW FDVH VWXGLHV VR DV +
VRIWZDUH RIIHUV D YHU\ KHOSIXO WRRO FDOOHG VHOQ\
LQSXW D GLITHUHQW YDOXH LQ WKH SDUDPHWHU RI LQW
WLPHV DV WKH GLITHUHQW YDOXHV RI WKH SDUDPHWHU
WKH EHVW FDVH VFHQDULR IRU RXU SUREOHP )LJXUH
JXDUDQWHH D VPDOO PDQSRZHU GLVFUHSDQF\ L H W I
WKH EHVW SRVVLEOH ZD\ DQG WKLV LV ZKHUH H[WHUQ
MXQLRUV VXSHUYLVRUV LV DQG WKH H[WHUQDO K
FKDQJHG WKH SHULRG RI WUDLQLQJ IURP WR \HDUV |
PRUH EXW WKH QXPEHU RI VHQLRU FRQVXOWDQWYV ZRXC(
WKH SUHGLFWLRQV DQG WKH SUHYLRXV H[SHULHQFH RI

JLIXUH 7KH EHVW FDVH VFHQDULR

$ FORVHU WR UHDOLW\ VFHQDULR )LJXUH ZR
IUDFWLRQ LV GHFUHDVHG WR SURGXFWLYLW\ LV
HIWHUQDO KLULQJ UDWLR LV ,Q WKLV FDVH PDQSRZ
WKH FRPSDQ\ VHHPV WR EH LQ D ELW RI D GLIILFEXOW\
QXPEHU RI VHQLRU FRQVXOWDQWY LV ZHOO DURXQG



6XLWHPDPLF{

P &Mw (UWZLDL &OMLWW pol U "

JLXUH $ FORVHU WR UHDOLW\ VFHQDULR

7KH UROH RI PDQSRZHU GLVFUHSDQF\ LV FULWLFDC

KLUH QHZ SHUVRQQHO ODQDJHPHQW FRXOG IDFH WKUHE

D

JLUVW WKH PDQSRZHU GLVFUHSDQF\ EHWZHHQ WKH
DQG WKH (TXLYDOHQW FRQVXOWDQW ZRUNIRUFH DF\
ZRXOG UHVXOW LQ D PRGHO WKDW ZRXOG JLYH LQIRU
LV UHTXLUHG WR VLPSO\ FRPSHQVDWH IRU WKH DQQ:
YHULI\ WKH FDVH PDQSRZHU GLVFUHSDQF\ LV VHW WHE
SURGXFHG ,Q WKLV FDVH KLULQJ LV YHU\ VPDOO )l
DURXQG MXVW WR FRYHU WKH RYHUDOO TXLWWLQ
RXWSXW L H HTXLYDOHQW FRQVXOWDQW ZRUNIRUF
\HD U

$ VHFRQG PRUH FRPPRQ VLWXDWLRQ LV ZKHUH
HTXLYDOHQW LV IRXQG WR EH ODUJHU WKHQ WKH FXU
WKLV FDVH QHZ VWDII ZLOO EH DGGHG WR WKH ILUP
SURMHFWY 7KLV RI FRXUVH WDNHV WLPH :KLOH VREF
ZLWKLQ D VKRUW SHULRG RI WLPH IURP ZLWKLQ WKH
WKH ILUP DUH VHHNLQJ VSHFLDO VNLOOV ZLOO QRW I



6 XzWHRJLDPLFz

"WOZPJ]
I\
2
IWIWQ
S 3HUVRQQHO WLPH VHULHV <HDUV obDU
JLIXUH 7KH JUDSK RI KLULQJ ZKHQ PDQSRZHU GLVFUHSD
-XQLRU &RQ E&RQVXIWVPV  wuL.u.. zy ([WHU&RQVXOWDQWV

JLIXUH 7KH JUDSK RI WKH IRXU OHYHOV RI UHVRXUFHVY ZKHQ P



F

W U ALMIiOHBPrLF:

I- UWKLQN 6 2

JLOH JGLW ,QWHUIDFH JXQ +HOS

+ $/1/
oODU 7DEOH SL $//
<HDUV ,QLWLDO
_XQLRU &RQ
&RQVXOWDQWYV
6HQLRU &RQ
([WHUQDO &RQVXOWDQWYV
FRQ DYDLODEOH IRU SURMHFWYV
VHQLRU FRQ DYDLODEOH IRU SURMHFWYV
KLULQJ
MQLRU TXLWWLQJ
SURPRWLQJ WR FRQ
7XUQRYHU
DYHUDJH FKDUJLQJ UDWH
HTXLUHG PDQPRQWKYV
HTXLUHG QR RI FRQVXOWDQW HTXLYD
HTXLYDOHQW FRQVXOWDQW ZRUNIRUFH
PDQSRZHU GLVFUHSDQF\

KLULQJ H[WHUQDOV

7DEH 7DEOH RI YDOXHV ZKHQ PDQSRZHU GLVFUHSDQF\ HT

$ WKLUG DQG ILQDO SRVVLELOLW\ LV ZKHUH WKH 5H
WKDQ WKH (TXLYDOHQW FRQVXOWDQW ZRUNIRUFH | C
SHRSOH UHGXQGDQW RU QRW DFFRUGLQJ WR KRZ EL
DQ LQVWDQWDQHRXYVY SURFHVV 7KHUH LV D QHHG IRU
DQG 7DUHN $EGHO +DPLG GHDOV ZLWK VLWXDWLRQV
@ DQG >$EGHO +DPLG @ ZKHUH KH GHYHORSV L
GLVWULEXWLRQ Rl SHUVRQQHO LQ D SURMHFW 1HJ
PHPEHUV ZLOO EH WUDQVIHUUHG RXW RI WKH SURWNV
DSSHDUV WR EH 3VWUXJJOLQJ ZLWK WLPH" %HORZ
LQGLYLGXDO OHYHOV RI FRQVXOWDQWY DUH GHSL
GLVFUHSDQF\ LV QHJDWLYH IRU VRPH \HDUV 7KH )L.
PRGHO EHKDYHV DV H[SHFWHG DQG IRU WKH \HDUV
KLIKO\ UHGXFHG RU HYHQ JHUR KLULQJ IRU WKH \HDU



&/ &LMLWdbuoLFs

JLIXUH 7KH JUDSK Rl WKH IRXU OHYHOV RI UHVRXUFHVY ZKHQ F
PDQSIUXMHU GLVF UHSDLFY KLULQJ
*UDIS S 3HUVRQQHO WLPH VHULHV <HDUV Tovu
JLIXUH 7KH JUDSK RI KLULQJ ZKHQ PDQSRZHU GLVFUHSD

6XFK D IRUPDO PRGHO RI WKH +XPDQ 5HVRXUFHV F
LQ WKH XQGHUVWDQGLQJ RI WKH SURFHVV WKURXJK LW
EHKDYLRXU 6LQFH WKH 6\VWHP "\QDPLFV PRGHO LV DE
DQVZHU ZKDW LI TXHVWLRQV RQH FRXOG IXUWKHU LQF



& KDSWHU VEQMLWHP AWALMQDP LFI

VLFNQHVYVY DQG LQVXUDQFH LVVXHVY SURMHFW GHOD\V
UHDOLW\ VFHQDULRV RU HYHQ WU\ WR DOORFDWH VW
DQRG FOLHQW VHUYLFH GHOLYHU\ 7KH ODWWHU ZRXOC
'"HYHORSPHQW VHFWRU ZKHUH QHZ EXVLQHVV LV GHY
ZRUN SHUIRUPHG LQ WKH 6HUYLFH '"HOLYHU\ VHFWRU °
GHYHORSPHQW RI RSWLPLVDWLRQ PHWKRGV DQG WKH L
IHWV LQ GHDOLQJ ZLWK SUREOHPV VXFK DV WKH G
PDQDJHPHQW ZRXOG GHILQLWHO\ DGG WR WKH EHWW]
ILUPV ZLWK D PRUH SRZHUIXO WRRO ,W ZRXOG DOVR K
WLPH DV VWDWHG LQ SDUDJUDSK E\ FDSWXULQJ V
DGGLWLRQ 6' FRXOG KHOS SHRSOH WR GHYLVH VW
PDQDJHPHQW RI WKH FRPSDQ\ LQFOXGLQJ WUDLQLQJ D

*HQHUDO FRPPHQWYV RQ 6\VWHP '"\QDPLFV

6\WWHP '"\QDPLFV KDV SURYHQ RXW WR EH D YHU\ |
WKH LVVXH LQ TXHVWLRQ $V DOUHDG\ VWDWHG LW KEC
Rl SUREOHPV GHDOLQJ ZLWK WKH EURDG RYHUDOO E
LQIOXHQFH LWV RZQ HYROXWLRQ LQWR WKH IXWXUH
SUREOHPV RI G\QDPLF QDWXUH FRXOG HYHQ FRPSOF
DSSURDFKHV ZKLFK DUH PRUH FORVH WR VWDWLF SUR
IDFHG ZLWK D EODQN SLHFH RI SDSHU RQ ZKLFK D PRG
WR RWKHU V\VWHP PHWKRGRORJLHV VXFK DV WKH 6RI
KDV QR IL[HG IRUP 7KH VDYLQJ JUDFH LV WKDW DOO V|
IORZV RI VRPHWKLQJ DQG JHWWLQJ WKH SK\VLFV ULJ
SUREOHP DQG JHWWLQJ D JRRG PRGHO 7KH DGYLFH
HPSKDVLVHG ZKHQ WKH LQIOXHQFH GLDJUDPV ZHUH GL
IORZ LV SHUKDSV WKH QHDUHVW WKLQJ 6\WWHP "\QI
VWUXFWXULQJ DQG XQGHUVWDQGLQJ SUREOHPV

7KH PDLQ DGYDQWDJH RI XVLQJ 6\WWHP '\QDPLFV
WZR HTXLYDOHQW IRUPV  WKH LQIOXHQFH GLDJUDP
SRVVLEOH WR FRPPXQLFDWH HDVLO\ DQG HIIHFWLYHC
SUREOHP 3DUWLFXODUO\ WKH VLPXODWLRQ WHFKQLT>



WHU aGLLyW@IPDULDPLFZ

WKDW FDQ DIWHUZDUGVY EH WHVWHG WKURXJK D QXP
VWUXFWXUH RI WKH V\WVWHP PLJKW HYHQ EH UHGHVLJ
HIITHFWLYH 7KLV H[WHQVLYH IUHHGRP WR UHGHVLJQ
'\QDPLFV QRW RQO\ D SUDFWLFDO SURSRVLWLRQ EXW
XVHIXO SROLF\ JXLGHOLQHV IRU SUREOHPV RI JUHDW S
WKLY PHWKRGRORJ\ ILQGV PDQ\ DSSOLFDWLRQV ZKHQ
REMHFWLYHV Rl WKH SUREOHP GXH WR WKH IDFW WKDYV
VHFRQGY RQ D 3& PDLQWDLQLQJ WKH FRQVWDQW FOI
SHULRGYV

IHYHUWKHOHVVY RQH RI WKH GLIILEFXOWLHVY WKDYV
GXULQJ WKH WHVWLQJ RI GLIIHUHQW SROLF\ VFHQDULI
ZLWK VRFLR HFRQRPLFV V\VWHPV ZKLFK PRVW RI W]
OLQHDULWLHY )XUWKHUPRUH VRFLR HFRQRPLF V\VWH
ORRSV RU EDGO\ EHKDYHG QHJDWLYH ORRSV FDSDEO
QRUPDO RSHUDWLQJ UDQJH ZLWKLQ ZKLFK DQ HQJLQH
(YHQ IXUWKHU VRFLR HFRQRPLF V\VWHPV FDQQRW DO:
VHSDUDWH IURP WKH HQYLURQPHQW WKDW FDXVHV WK
6\WVWHP '"\QDPLFVY PRGHOV RI V\VWHPV OLNH WKDW
LQWXLWLYH EHKDYLRXU LQ ZKLEFK WKH UHVXOW RI D S|
RU HYHQ RSSRVLWH WR ZKDW ORJLF PLJKW LQLWLDOO\

)LQDOO\ LQ WKH FDVH RI PRGHOOLQJ SURFHVVH!
RXWSXWV WKH PRGHO ZH GHULYH LV DQDORJXH WR FK

P5[ Q5 PRQH\ 2Z0RVVHV SURGXFWYV
SURGXFWYV SRRGHU¥VDW FXAVRWRQH\
ZKHB®D Q%S DUH WZR NLQG RV DIPW VIBPOMHAAVWOAVH DADGNVLVILHG

SOHDVH UHIHU WR >/H)HYUH @ IRU PRUH GHWDLOYV

VXFK FKHPLFDO UHDFWLRQV VLPSO\ DQG LQWXLWLYHO
GHULYHG LQ SK\WWLRORJ\ ELRFKHPLVWU\ HFRORJ\ V
VFLHQFHY FRPSOH[ 6' 6\VWHP '"\QDPLFV PRGHOV DUH
D UHVXOW PDQ\ SHRSOH EXLOG RYHUVLPSOLILHG PRG}
PHWDSKRUV ORWLYDWHG E\ WKLV IDFW >/H)HYUH @
S.LQHWLF %RQG *UDSKV .*% ~ >/H)HYUH @ KDV HODE!
LOQFRUSRUDWLQJ KLV PXOWL OHYHO GLDJUDPV LQWR W



& KDSWHU 6\VWHP LMQD UQ OF

>&R\OH @ 7KLV LV DQ LQWHUGLVFLSOLQDU\ GHYHORE
DQG SURJUHVVLYHO\ UHILQHVY WKHP XVLQJ QRW RQO\ W
FDXVDO ORRS FKDUWY DQG V\VWHPDWLF IDFWRU GLVFR

7KH GLVFUHWH WLPH PRGHO RI WKH FRQVXOWLQJ IL

$V DOUHDG\ VWDWHG LQ WKH (TXDWLRQV /HYHO |
BHFWLRQ WKH PDWKHPDWLFDO PRGHO FDQ EH GHVFL
HTXDWLRQV ,Q WKLV SDUDJUDSK D IRUPDO GLVFUHWI
IRU WKH 3VRIWQHVV" RI WKH HTXDWLRQV DOUHDG\ G
PDWKHPDWLFDO WKHRU\ FDQ VXSSRUW D IDU PRUH UL,
WKH QDUUDWLYH RI WKH FRQVXOWLQJ ILUPYV SUREOHF
OHYHOV Rl FRQVXOWDQWY DUH BVWXRH G& RIQREK O WELIRWV
BHQLRU FRGVXOW® QWKW ([WHUQDO ,AR QV XOOONIRQBWA X P H |
FRPSDQ\ KLUHV RQO\ MXQLRU DQG H[WHUQDO FRQVXO
SURMHEWYVY 7KH KLKALQLVRD HQBRHWGBOMKLULQJ RI LQWHUC
WKH GHPDQG IRU\ FREVHBWBEWNG LQ XQLWV RI FRQV
G\QDPLFV DUH GHVFULEHG E\ WKH IROORZLQJ VHW RI H

3 D
XN Q XN

F$U O && ( -N8N
&N +N &N \*N -N
6N? N 6N N &NB]J
(N RAN (N X
J:N LV WKH HTXLYDOHQW FRQVXOWDQW NRIMUNGRUF

S LV WKH UHODWLYH SURGXFWLYLW\ RI MXQLRU FRQ\
FRQVXOWDQWY ZKR VXSHUYLVH MXGLRUDVXKIPGIH ARR N
FRQVWDQW WKHQ

N (N P N&N O N 6N SAG N NN HN &N | N
ZKLFK LQGLFDWHY WKDW LQ WKH PDWKHPDWLRNIRO H[SU
WKH FRQVXOWDQW NRQ 8 HD SRR SROW XR@DQWY DUH ZR
DQG WKH\ DUH WKHUHIRUH SURGXFWLYH 7KH UH\



&KDSWHU b LMQDPLFL

ZKRVH SURSRUWLRQV DUH ¢B QL& WE WIHDF @/ ¥ B B M WDHUWH/
VXSHUYLVRUY DQG DUH DW WKH VDPEH WLPB NRUNLQJ

DFFRXQWYV IRU WKH UHGXFHG SURGXFWLYLW\ RI MXQLT
W\A\SHV (TXDWLRQ FDQ IXUWKHU EH H[SUHVVHG DV

ZN (N LN &N N 6NT N -N
ZKHOIN P N SH NTN O NSI ND@®& SG N
,Q HTXDWLRQ © LV WKH H[WHUQDO KLULQJ UDW
,Q HTXDWDRMLVY WKH MXQLRU FRQVXOWD QMWL H U RZRARKY IS

UHPDLQLQJ TXLWWIOQ B BURPR™WY QKH FRQVXOWDQWYV JU
DW WWLAHH  VWHPDHQLQJ TXLWWLQJGHIRRWWY QW KH N X (

FRQVXOWDQW SURPRVWLRY WBRHDBHWBU RDGGRPRWLQJ
FRQVXOWDQW OHYHON LQ® WRKXDWHRIQRU FRQVXOWDQWYV
WLRHZKLHOHILY WKH FRQVXOWDQW WR VHQLRU FRDRDWXOWI
WKH GHOD\ RI SURPRWLQJ IURP FRQVXOWDQWRWR VHQ
LQGLFDWHVY WKH H[WHUQDO FRQWXOWDQWV JURZWK SD

,Q WKLV PRGHO LW LV DVVXPHG WKDW WKH FRQV:
UHGXQGDQW LQ FDVH WKH GHPRRID QRNDIHR BEED\ QR
QHJDWLYH )XUWKBI@ERUWHDOV& QRQ QHJDWLYH LQWHJF
HPSOR\HHV

(TXDWLRQV DQG FDQ DOVR EH WUD
PDWUL[ IRUP
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7KLV PD\ EH ZULWWHQ PNRO$ N RWY S EWICRKDVY WK
VWDWH VSDFH UHDO[NMDWALRKB RIVWKH PREWOWH YHFWRL

7KH RSWLPDO UHFUXLWPHQW SROLF\"DR W&HLWXBK R

WKBWWUDFNV WKH 3SGHPDQG VLJQDO’ "E\ PLQLPLVLQJ

P
- PP<?\N :N?

N

,Q RWKHU ZRUGYV RQH WULHV WR PLQLPLVH WKH VXP F
IRU SURMHFWY DQG WKH HTXLYDOHQW FRQWXWMWHOQW Z
SHULRGV 1RWH WKDW WKLV SHUIRUPDQFH LQGH[ SODF
QHIJDWLYH GHYLDWLRQV I URP WKH GHPDQG OHYHO DW
WKH ILUPYV RYHU UHVRXUFLQJ DQG XQGHU UHVRXUFLQ.

%HIRUH FRQFOXGLQJ WKLV VHFWLRQ RQ GHVFULEL
SUREOHP LW LV LQWHUHVWLQJ WR GHSLFW WKH FRQVX
IRUP ZKLFK LV QRWKLQJ HOVH EXW D FORVHG ORRS V\\

JLIXUH <7KH FRQWURO HTXLYDOHQW IRUP RI WKH FRQVXOWLQJ

$V FDQ EH VHHQ IURP WKH DERYH GLDJUDP WKH F
IHHGEDFN FRQWUROOHU 7KH LQSXWV RI WKH FRQWURO

\N LL WKH PHDVJNXNUH®&LEXWSXWKH V\VWHP NVL WV DWVKHH Y

QXPEHU RI WKH FRQVXOWDQWY HPSOR\HG DW YDULR
LQGH[ FRQVWUDLQWY WKDW WKH FRPSDQ\ ZLVKHV W
HIFHHGLQJ GHDGOLQHV IRU SURMHFW FRPSOHWLRQ PL
UHVRXUFHV VXEFRQWUDFWRUV HWF 7TKH RYHUDOO R



WDOO DV SRVVLEOH" LH WR PDWFK WKH FRPSDQ\YV ¥
FORVHO\ DV SRVVLEOH RYHU WKH VSHFLILHG WLPH KR
7KH GLVFUHWH WLPH PRGHO GHVFULEHG DERYH
IRUZDUG LQ WLPH DQG KHQFH VHUYH DV D 3SUHGLFWI
7TKHVH VLPXODWLRQV FRXOG EH XVHG WR HYDOXDWH |
SROLFLHV RU GLIITHUHQW DYHUDJH ZDLWLQDWGP3HYV RV
PHHWLQJ IXWXUH SURMHFW GHPDQG RU RQ WKH IXW
HPSOR\HHVY $OWHUQDWLYHO\ WKH PRGHO LV VXLWDEO
SUREOHPV LQ RUGHU WR GHWHUPLQH WKH SEHVW" SRO
XVLQJ G\QDPLF SURJUDPPLQJ RU DQRWKHU RSWLPDO F|
7KH SUHVHQW IRUPXODWLREGHWRHWKHX}EVYW KB HHPI I IEHM- M
GLITHUHQW KLULQJ SROLFLHVY DUH DVVXPHG WR EH H
DIIHFWLQJ RSWLPDWLEPHFENHRQWKHVY GHRPH QG IRU SURMF
&RQVLGHU WKH IROORZLQJ WZR H[WUHPH VFHQDULRYV
HDAMLPH SHULRG EHFRPHYVY NQRZQ RQO\ DW WKH EHJLQ
ZKROH SURMHFW GHPIPOQOWLB8HRIHOHRRBYHUVWXKYDLODEOH
WKHUSWULRG &OHDUO\ WKH ILUVW SUREOHP LV HDV\
FRQWUDVW WKH VHFRQG SUREOHP IGAQDRQP R XM HF R)FRI
HIDPSOH LW LV FRQFHLYDEOH WKDW WKH RSWLPDO
H[FHHG SURMHFW GHPDQG RYHU WKHVH SHULRGV WR
RYHU WKH ODWHU SHULRGV QRWH WKDW WKH HPSOR\I
RI WKH V\VWHP LQFOXGLQJ ZDLWLQJ WLPH LQWHUYL

FRQVWUDLQWY RQ WKH PDJQUIN X G RDWEH WK G WRERWDL R

SURMHFW GHPDQG RYHU WKH HQWLUH KRUL]JRQ LV IXO¢
FRQWRIRD QRW WKFHHRSWLPDO FRVW ZKHQ WKH GHPDQG
EHFRPHV RQO\ NQRZQ DW WKH EHJLQQLQJ RI WKH FR
EHWZHHQ WKHVH WZR RSWLRDO XHR RW \L QU R B PBIRY HR/Q/Y
FKDUDFWHULVWLF RI WKH PRGHO DQG WKH SURMHFW G

2QH FRXOG LQ SULQFLSOH SURGXFH D PRUH FRPS
UHDOLVWLF DVVXPSWLRQ WKDW IXWXUH SURMHFW GF
NQRZQ RQO\ SUREDELOLVWLFDOO\ ,Q WKLV FDVH WKF
IXQFWLRQ LV D UDQGRPSHBWAHPERO DEWROMWWH GHYLDWL



KRL]RQ '"HYHORSLQJ VXFK D FRPSOH[ PRGHO KRZHY]
WKHVLY DQG LV RQO\ PHQWLRQHG KHUH DV LQVWLJDW

‘'\QDPLF 3URJUDPPLQJ ,PSOHPHQWDWLRQ

JROORZLQJ WKH GLVFXVVLRQ RQ WKH IRUPXODWL
FRQVXOWLQJ ILUPYV SUREOHP D ILUVW UDWKHU VLPS
VLPXODWHG LQ ODWODE 7KH PDLQ LGHD EHKLQG WK
LPSOHPHQWDWLRQ RI D FRQFHSWXDOO\ VLPSOH PDW
3URJUDPPLQJ >%HUWV @ WR RSWLPLVH WKH SHUIRUP
WHFKQLTXH GHDOV ZLWK D YHU\ ZLGH FODVV RI SUREO
7KH RXWFRPH RI HDFK GHFLVLRQ PD\ QRW EH IXOO\ SU
WKH QH[W GHFLVLRQ LV PDGH 7KH REMHFWLYH LV WR
H[SUHVVLRQ Rl ZKDW LV FRQVLGHUHG DV D GHVLUDEOF

,Q RXU FDVH WKH G\QDPLF SURJUDPPLQJ '3 D
SUREOHPV LV DSSOLFDEOH )RU IXUWKHU DQDO\VLV RI
UDPLILFDWLRQV RI WKH SUHVHQFH RI XQFHUWDLQW\ W
QRZ D GHWHUPLQLVWLF SURE CHRRX\NEEREDQE B VD \D\DR ALD AWM

WUDQVLWLRNWRAMWNIIYWMRAKXY D ILQLWH VWDWH GHWE
FDQ EH HTXLYDOHQWO\ UHSUHVHQWHG E\ D JUDSK VX
QRGHVY FRUUHVSRQG WR VWDWHV WHKNODWBFVYNFRWUH'
EHWZHHQ VWDWHY DW VXFFHVVLYHNNWDJBWY\DRFE DR &

LW 7KHUH LV DOVR DQ DWWGHGLWR WK PIUDPBE QREH
VWDMWHW VW WKH WHUPLQDO 10 RGHR DYRBRVWT X H
FRUUHVSRQG WR SDWKV RULJLQDWLQJ DW WKH LQLWLI
RQH RI WKH QRGHV FRUUHVISROGERDJ YLR ZLIQH W QD G RAN
LWV OHQJWK WKH GHWHUPLQLVWLF SUREOHP LV HTXI
LQLWLDO QRGH RI WKH JWD%K WRVWKEB W HUZALGDQRQPRK

f &\ FRVW RI WUDQVLWWRR) IMWBN/ BIW D W H H

t+f F WHUPLQDO ERWWG6RI VWDWH
WKH '3 DOJRULWKP WDNHV WKH IRUP
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J)LIXUH 7UDQVLWLRQ JUDSK IRU D GHWHUPLQLVWLF ILQLW

7TKH RSWLPDO ¥IRQG®& HVXDOV WKH OHQIJWKWMRNKH
W -NVIDFWXDOO\ WKH RSWLPD@WLRRVW PRYHWM WWR VQJI W

JR 7KH UHEXUVLRQV LPSOHPHQWLQ@3H®IOHR D PO SR U QW K
RSWLPDOLW\ ZKLFK VWDWHV WKDW DQ\ VXE SDWK DO
RSWLPDO
5HWXUQLQJ WR WKH SUHVHQW SUREOHP WZR 0DW
LQ WKH $SSHQGL[ KDYH EHHQ GHYHORSHG LQ RUGHI
FRQVXOWLQJ ILUPXBKDWMIAQHR/UXSRYRXOWDQWY SHU Sk
LV D VXEURXWLQH GHILQLQJ WKH VWDWH WUDQVLWLRQ
W R VKRZQ LQ WKH SUHYLRXV SDUDJUDSK DUH LP
[ QHEZV REWDLQHG FRUUHVSRQ [ IREIGIWR WKKHH FRRIGNV VYR D!
LQ DGGLWLRQ WKH RXVWEMWR ¥FDOEXPOWHG L H WKH H
FRQVXOWDQW OHYHO FRUUHVSRQGLQJ WR WKH ROG V
RSWLPLVDWLRQ SUREOHP XVLQJ WKH '3 DOIMKHWKP

VWDWH VBDRH VHW\W DUH ILUVW FDOFXODWHG UHFEXUVI
WLPH 7KHVH DUH WKH 3UH NFARRBELOH/ SRW O WHI WHRV D AV S



FXVHU 6 XLWHE XQDPLFL

LQSXWNV O OPD[’ DQG WKXV FRQWGLQWRWFMR WO H ZFO)
DGGLWLRQDO LQIRUPDWLRQ LV DOVR XMORHDHIL @IVWARK H

VWDNWH QG WKH FRUUHVSRONLQN 3SIBIPW L VK HF R¥Y WHEX U

LPSOHPHQWHG VWDUWLQJ1IDRB WHRFWHGPQ Q@ DED RNZ®H
SURGXFLQJ WKH RSWLPDO 3FRVW WR JR° DVVRFLDWHG

RSWLPDO $RRWZDUG VZHHS LV ILQDOO\ HPSOR\HG XVL¢

GHULYH WKH RSWLPDO FRQWURO VHTXHQFH
7KH SURJUDPV ZHUH WHVWHG VXFFHVVIXOO\ IRL
SUREOHPV RI ORZ XUWRIRNVNLRQPW IDNAXUWKHU YHULILFD
DOJRULWKP LV LPSOHPHQWHG FRUUHFWO\ WKH IROOI
,QLWLDOO\ IRU DQ DUELWUDU\ LQLWLDO VWDWH YH
XN ZPD[ W K HN WV V\DBRVEH R X WISSIWRWG XFHG E\ WKH VWDV

IXQFWLRQ ZHUH REWDLQHG 6XEVHTXHQWO\ WKH SURM
RXWSXW VANXHOQERYB WM@®MG WKH '3 ODWODE URXWLQH Z

H[SHFWHG WKH SURJUDP SURGXFHG JHUR RSWLPDO FR
IRXQG WR EH LGHQWLFDO ZLWK WKH RULJLQDO FRQWUF
‘H FRQFOXGH WKLV VHEWLRQ E\ PDNLQJ WKH IROO
f 7KH LPSOHPHQWHG PRGHO LV GHWHUPDRDQNEWLF Wl
\ A N ANDQEHNRMUH FRQVWDQWY OLQRU PRGLILED\
DOJRULWKP WR DFFHSW WLPH YDU\LQJ SDUDPHWHUYV
RI WKH SUREOHP $OWKRXJK HTXDWLRQV GHILG
QRQ OLQHDULWLHYV DUH LQWURGXFHG LQ WKHLU |
FRUUHVSRQG WR SHRSOH DQG PXVW WKHUHIRUH EH C
f 7KH GLVFUHWH WLPH PRGHO DV GHYHORSHG LQ WK
WR GHULYH RSWLPDO SROLFLHV IRU KLULQJ SURPR
ZKHQ LQIRUPDWLRQ RQ IXWXUH GHPDQG IRU SURMHF!
IRU SURMHFWYV LV QRW H[DFWO\ NQRZQ VWRFKDVWL
VWLOO EH DSSOLHG E\ LQWURGXFLQJ VWDWLVWLEDC
PRGHO PD\ ZHOO VHUYH DV D VWDUWLQJ SRLQW IR
UHDOLVWLEF IRUPXODWLRQV RI WKH SUREOHP
f $OWKRXJK WKH SURJUDPV ZHUH WHVWHG VXEFHV\
LPSOHPHQWDWLRQ RI PHGLXP ODUJH VFDOH SUREOHF



PHPRU\ OLPLWDWLRQV DQG VORZ H[HFXWLRQ WLPH
SODWIRUP XVHG ODWODE ZKRVH FDSDELOLWLHV |
FDOFXODWLRQV DUH UHTXLUHG $OWKRXJK LPSOHPH
FRPSXWHU ODQJXDJH ZRXOG FHUWDLQO\ LPSURYH W
DOJRULWKPVY DUH XOWLPDWHO\ UHTXLUHG 7KLV PHD
LVVXHVY WKH QXPEHU RI QRGHV FDQ EHFRPH H[WUH
ZLWK WKDW PDQ\ QRGHV FDQ HDVLO\ EHFRPH D GDXC(
UHTXLUHG IRU SURFHVVLQJ ,QGHHG WKH QDWXUH Kk
WKDW WKH VROXWLRQ EHFRPHV YHU\ VLPSOH RQFH
HQXPHUDWHG DQG WKH UHDO LVVXH LV KRZ WR V
FRPSOHWH HQXPHUDWLRQ RI DOO QRGHV >%HUWYV
LPSOHPHQWDWLRQ RI WKH '3 DOJRULWKP VHH >%HUW
¥ 7KH FKRLFH RI DQ DSSURSULDWH FRVW IXQFWLRQ 1
VROXWLRQ REWDLQHG XOWLPDWHO\ GHSHQGV RQ W|
HTXDO SHQDOW\ RQ HLWKHU SRVLWLYH RU QHJDWLYF
LQDSSURSULDWH D QHJDWLYH GHYLDWLRQ LPSOLHYV
WLPH 7KLY FRXOG EH DGGUHVVHG E\ GHILQLQJ D FR

- PLQIN_ ZKHUH
N

VR DV WR DYRLG KDYLQJ WKH VDPH SHQDOW)\ LQ DOO
DQG ZKHQ ZH DUH QRW $Q DOWHUQDWLYH IRUPXOD
FRQVXOWDQWY DV UHVRXUFHV WR WKH SUREOHP DQ
H[WHUQDOV ,Q WKDW FDVH WKH DOJRULWKP ZRXOG
RUGHU WR PLQLPLVH WKH FRVW Rl H{IWHUQDO FRQVXC

&RQFOXVLRQ

6R IDU ZH KDYH VHHQ ZKDW 6\VWHP "\QDPLFV LV Il
PDQDJHPHQW VFLHQFH LWV PDLQ SURFHVVHV DQG KR.
'"HVSLWH LWV RULJLQ LQ EXVLQHVYV PDQDJHPHQW 6\V\
VRFLDO SUREOHPV DQG WKLV KDV SURYHG WR EH D IH!



DS WH U IM\LDP LF$

HFRORJ\ ELRORJ\ DQG RWKHU VHPL TXDQWLWDWLYH
VXFFHVVIXO LQ WKHVH ILHOGV EHFDXVH LWV PDLQ YDL
HDVLO\ PHDVXUDEOH LQ WKHVH GRPDLQV $OVR WKH
EDFNJURXQG RI 6\WWHP '"\QDPLFV LV VR VLPSOH WKDYV
HYHU\ERG\ ZLWKRXW H[WHQVLYH WUDLQLQJ )LQDOO\
UHSUHVHQW DQ\ VHW RI ILUVW RUGHU GLIIHUHQWLI
FXPEHUVRPH ZD\V

7KH IXQGDPHQWDO SXUSRVH RI 6\WWHP '\QDPLFV
TXDOLW\ Rl GHVLJQ DQG KHQFH SHUIRUPDQFH LQ PDQ
D PDQDJHG V\VWHP VR DV WR
$+ ORGHO WKH ZD\V LQ ZKLFK LWV LQIRUPDWLRQ DFYV

LQWHUDFW WR JHQHUDWH G\QDPLF EHKDYLRXU

f 'LDJQRVH WKH FDXVHV RI IDXOW\ EHKDYLRXU
7KH DERYH DQDO\VLV ZDV PDGH REYLRXV WKURXJK WKF
SUREOHP ZKHUH ZH LGHQWLILHG WKH NH\ FRPSRQHQW
VWUXFWXUH RI LW E\ PHDQV RI LQIOXHQFH GLDJUDP
EHKDYLRXU LV JHQHUDWHG LQFUHDVH LQ PDUNHW GHP
FRQVXOWDQW ZRUNIRUFH DQG UXQ YDULRXV SROLF\
SRVVLEOH EHKDYLRXU RI WKH PRGHO :H FRXOG KDYH
PHWKRGV EXW WKLV ZRXOG H[FHHG WKH VFRSH RI WKI
QXPEHU Rl PRGHOOLQJ PHWKRGRORJLHV IRU EXVLQHV)
SHUIHFW PRGHOOLQJ VROXWLRQ IRU WKH KXPDQ UHVF
VXFK D IRUPDO PRGHO RI WKH KXPDQ UHVRXUFHV P
XQGHUVWDQGLQJ Rl WKH SURFHVV WKURXJK ERWK LWV
EHKDYLRXU

7KH GHYHORSPHQW RI D GLVFUHWH WLPH PRGHO
HTXDWLRQ HGLWRU RI ,WKLQN DQG WKH XVH RI WKH
EURNHQ QHZ JURXQG RI UHVHDUFK LQ WKH DUHD RI V]
SUHYLRXV SDUDJUDSK VKRZV WKDW LW LV SRVVLEOH W
WKH XVH Rl PDWKHPDWLFDO WRROV )XUWKHU ZRUN
VWDWHPHQW

6\WVWHP '\QDPLFV VKDUH WKH VDPH DLP ZLWK WKH
WKDW LV WR FDSWXUH NQRZOHGJH DERXW D VSHFLILF



&KDSWHU \QDP LFL

DV WR HQDEOH WKH VI\VWHP GHYHORSHU WR UHDVRQ D
VWUXFWXUHV DQG WUDQVLWLRQV DQG FRPPXQLFDWH
YDOLGDWLRQ ,Q RXU YLHZ WKHVH WZR PHWKRGRORJL
EH QR GHILQLWLRQ Rl WKH SUREOHP XQGHUVWDQGLQ
DQG VWUXFWXULQJ RI WKH DFTXLUHG NQRZOHGJH

PHWKRGRORJ\ 7KH ODWWHU RIIHUV D PRUH VWUXFWXU
WKH ILUVW WZR VWDJHV RI 6\WWHP '\QDPLFV DSSURDFK
VHUYH WR PRYH WKH DQDO\VLV D ELW IXUWKHU '\QDF
PDQLSXODWHG ZLWK 6' ZKHUH IORZV LQFRUSRUDWH W
WKH WLPH VWDPSHG UHODWLRQVKLSY EHWZHHQ REM
RSWLPLVDWLRQ PHWKRGV DGG WR WKH SRZHU RI GHDC
6' FDQ IXUWKHU EHQHILW IURP WKH SRZHUIXO PDFKLQF
ILHOGV RI DSSOLFDWLRQ DUH QRZ RQO\ OLPLWHG E\ WK



&KDSWHU

52/( % $6 (° 02'(/6 52/ ( $&7,9,7<
', $*5%06
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 QWURGXFWLRQ

1RZDGD\V WKHUH DUH VWLOO TXLWH D IHZ RUJDC
WKH\ RSHUDWH SURFHVVHV HYHQ WKRXJK WKH\ NQRZ
LQWR IXQFWLRQV DQG ZKDW HDFK Rl WKRVH IXQFWLRC
WKHVH SURFHVVHV LQGLYLGXDOV DQG JURXSV FDQ |
RUJDQLVDWLRQ SURPRWLQJ LQ WKLV ZD\ D PRUH ERC

2QH Rl WKH PHWKRGV XVHG WR PRGHO RUJDQLVD\
'LDJUDPV 5%$'V ZKLFK UHSUHVHQW WKH ZKROH RI D S
LW $ 5$' VKRZV WKH UROHV WKHLU FRPSRQHQW DFW
ZLWK H[WHUQDO HYHQWY ,W FRQFHQWUDWHY RQ WKH
EHLQJ PRGHOOHG DQG GRHV QRW FRQVLGHU WKH 3FR
EHHQ SUHSDUHG D QXPEHU RI TXHVWLRQV FDQ EH D
SURFHVV LW GHVFULEHV 21 FRXUVH QR SURFHVV PRG
SURFHVV SUREOHP LW FDQ RQO\ DFW DV D VRUW RI
SXUSRVH RI D SURFHVV PRGHO LV WR UHYHDO WKH SL
SRWHQWLDO ZD\V RI DWWDFNLQJ WKH WURXEOH

,Q WKH IROORZLQJ SDJHV RI WKLV FKDSWHU WK
VXPPDU\ Rl WKH EDVLF FRQFHSWV RI 5%'V DQG WKHQ
FRQVXOWLQJ ILUPYV SUREOHP )LQDOO\ WKH FKDSWH
5$'V WR PRGHO EXVLQHVV SURFHVVHYV

%DVLF &RQFHSWYV

7KH NH\ FRQFHSWV VRXJKW LQ WKLV SURFHVV PF
WKH QHHGVY Rl WKH SURFHVV PRGHOOHU UROAKLE KWK |
DUH FRPSRIYAMBLYRIWLAKN SURGXFH DEGWRBHUEYVZKLRK
FRPPXQLFDWH FR RUGLQDWH /GG FROERERV DWH WKU

$URQ@AYROYHV D VHW RI DFWLRQV WKDW DUH JHC
RU JURXS ZLWKLQ WKH RUJDQLVDWLRQ (DFK UROH LQ
RI D VKDGH® ,EORWKLQ HDFK UROH WKAHWLIHY DW HHY QIXPE|



&KDSWHU N"ROR - DLRG ,ILRWOGV OARN (

EGN ER[HV + 7KH OLWWOH "VEQGQHF DA BB HGK VP BRIOH
EXW WKDW ZH DUH QRW FRQFHUQHG ZLWK KRZ

2Q0H URQBVADID@YRWWHU UROH L H VWDUW D QHZ
LV LQGLFDWHG E\ D VIXDUH ZLWK D FURVV LQVLGH L\
VIPERO WR UHSUHVHQW WKH *HQGLQJ  RI D UROH LQVW

$QLQWHUBRWER®Q UROHV LV VKRZQ DV D ZKLWH E
D KRULJRQWDO OLQH WR D ZKLWH ER[ LQ DQRWKHU U
DQQRWDWHG LQ D ZD\ WKDW PDNHV FOHDU ZKDW LV KI
DQ\ JUDPV HQWLWLHV SDVV GXULQH QWKMVWHXWMHQDFM LF
JLYHV WR DQ\WKLQJ ZKLFK LV WKH VXEMHFW PDWWHU
DQ\ QXPEHU RI SDUWIWHVJFBBELYWHLROO OV HIITHFWLYHO\
ZKHQ DOO WKH SDUWLFLSDWLQJ UROHV DUH UHDG\ IRU
ZKDWHYHU GHWDLO LV DSSURSULDWH WR WKDW PRGHO

,Q VRPH VLWXDWLRQV LW LV XVHIXO WR VKRZ ZK
OHDG RU LV UHVSRQVLEOH IRU PDNLQJ LW KDSSHQ :H
LQWHUDFWLRQ LQ WKH *GULYLQJ UROH" 6

7KH YHUWLFDO OLQHV EH WWDRERDBW WHKRPAHAWK H HL
FDQ EH LQ 8QGHUVWDQGLQJ RI D 5%' LV JUHDWO\ HQK
WKDQ MXVW UHSUHVHQWLQJ 3IORZ° IURP RQH DFWLYLW
LGHD WKH DFWLYLW\ VWDUWV WKH PHWKRG VWDW]
UHSUHVWQWM HWW JWRME LWLRQKH FRQGLWLRQ RI WKH
FDXVH WKH DFWLYLW\ WR VWDUW MMA

SHSUHVHQWLQJ DOWHUQDWLYH FRXUVHV RI DFWLR

$W VRPH SRLQWV LQ WKH SURFHVV ZKDW KDSS!
FRQGLWLRQ RU VWDWH 6XFK DOWHUQDWLY H DRF/RIX UV |
UHILQHBEQWDPSOH FDQ EH IRXTRQWOXPWRQMW FDIS\D DO H
ZRUNL®VLQJ WKH WRNHQ VFKHPH ZH FDQ WKLQN RI D
FDVH UHILQHPHQW WKDW FRUUHVSRQGV WR WKH SUHG
GLUHFWLRQV GHSHQGLQJ RQ WKH VWDWH RI WKLQJV )



8u

JRW % DL- : R// 3R/ -F WLX AUDPYy

&RQVXOWDQW
VWD\V

JLIXUH 7KH VWDWH EHIRUH D FDVH UHILQHPHQW

&RQVXOWDQW
VWD\V

JLIXUH 7KH VWDWH DIWHU D FDVH UHILQHPHQW LQ

:RUN RQ SURMHFWYV

.V WKH FRQVXOWDQW \ Q
FDSDEOH WR REBABBBBBB&B
R ZRUNLQJ"?- 9

FRQVXOWDQW %

GRQVXOWDQW
TXLWV

VWD\V

JLIXUH 7KH VWDWH DIWHU D FDVH UHILQHPHQW LQ W

,PPHGLDWHO\ DIWRUNWKH SIUERADYEMN D WRNHQ RQ
OLQH OHDGIRUN FRRQVSW REBMHFAMNV ER[ DV VKRZQ LQ )LJIXU

UHILQHPHQW VD\V WKDW LI ,W KMK B GRRZAUX ©N\R DV K\VH FDUSHD

ZRUNLOVUM"\HV WKLV LV HTXLYDOHQW WR )LJXUH ZLV



/U ,&R/ O,6DLRG ILMRF// R/ $FWLYLW

VWDWH OLQH ZKLOVW LI WKH DQVZHU LV QR LW LV H
RWKHU VWDWH OLQH 7KH WZR ZD\ FDVH UIHZIDQ HFDNGW .
UHILQHPHQWV

SHSUHVHQWLQJ FRQFXUUHQW WKUHDGV RI DFWLRC

7KHUH PLJKW EH D SRLQW DW ZKLFK D UROH FDQ \
DFWLYLW\ WKDW FDQ EH FTDUWW LLHH3 ERXWIHERVG BX iU Bl Q WX
WKUHDGV Rl FRQFXUUHQW DFWLYLW\ GHSHQGLQJ RQ |
WKH ZRUN Rl WKH UROH $Q H[DPSOH RRIDV@\WDBIEMVDE P
YLIXUH ZKHUH D FRQVXOWDQW FDUULHV RXW WZR
WKUHDG WKH FRQVXOWDQW VXSHUYLVHV MXQLRU FRQV

JLIXUH 9 7KH VWDWH EHIRUH D WZR ZD\ SDUW UHILQ}

8VLQJ WRNHQV RQFH DJDLQ RQH FDQ WKLQN RI W
UHILQHPHQW EHFRPLQJ D QXPEHU RI WRNHQV HDFK RI
SDUW UHILQHPHQW ,Q )RURPRWH WR KFIRNFBEKO\Y DOR\P S O
DQG WKHUH LV D VWDWH WRNHQ3R®PRNH W NRQY XQ
EHIRUH WKH SDUW UHILQHPHQW 7KLV VWDWH LV HQWI
ZKHUH WKH WRNHQ EHIRUH WKH SDUW UHILQHPHQW KL
SDUW WKUHDGV



/'y

Y)LIXUH

JLIXUH

YLIXUH

R/ (DL- :8/ J“ -F8XL-:

‘RUN RQ SURMHFWYV

7KH HTXLYDOHQW VWDWH DW WKH VWDUW RI1 W

7KH VWDWH DW WKH HQG RI WKH SDUW UHI|

‘RUN RQ SURMHFWYV

7KH HTXLYDOHQW DIWHU WKH SDUW UHILQH



A/DSWH (/ (Dz- :RF// 3R/ -FWLXLW\ UuDPZ

,Q WKH UHSUHVHQWDWLRQ LQ )LJXUH WKH WKUHDG\
SRLQW DIWHU WKH SDUW WKUHDGYVY KDYH JRQH WKHLU \
KHQFH WKHUH ZLOO EH D WRNHQ VLWWLQJ RQ WKH VWI
HTXLYDOHQW WR WKH VWDWH VKRZQ LQ )LJXUH ZKH
UHSODFHG E\ D VWDWH OLQH LPPHGLDWHO\ DIWHU WKH

 QWHUDFWLRQV

$ 5$' DOZD\V VKRZV VWULFW RUGHULQJ 7KH UXOF
LQWHUDFWLRQ FDQQRW EHJLQ XQWLO WKH SDUWLFLSE

DQG WKDW ZKHQ WKH LQWHUDFWLRQ ILQLVKHV WKH\ E
>2X0G @

ORGHOOLQJ EXVLQHVYV SURFHVVHYV

7TKHUH DUH WLPHV ZKHQ WKH SURFHVV EHLQJ PRG
WKHUHIRUH EH GUDZQ WR WKH OHYHO RI GHWDLO RQ D
HVSHFLDOO\ ZKHUH DQ HQWLUH EXVLQHVV LV EHLQJ P
KRZ ODUJH SURFHVVHYVY VKRXOG EH FDSWXUHG DQG KRZ
SHRSOH ZLOO ZDQW WR EH DEOH WR YLHZ D SURFHVYV
IURP D KLJK OHYHO ZKHUH WKH EURDG EUXVK SHUVSH
ORZ OHYHO ZKHUH WKH PLQXWLDH RI WKH SURFHVV FI
RITHUV H[DFWO\ WKLV IHDWXUH L H RQH FDQ PRGHC
FKRRVH
%HFDXVH RUJDQLVDWLRQDO SURFHVVHV WHQG WR
WKDQ KLHUDUFKLFDO SURFHVVHV 5%$'V PDNH XVH RI
QXPEHU RI SURFHVVHYVY PLJKW KDYH 7KHVH DUH
&RPSRVLIPDIRQSURFHVVHY GR QRW RSHUDWH HQWLUH:(
WKHUH DUH SRLQWYV DW ZKLFK WKH\ LQWHUVHFW RU

(QFDSVXOMQH.RQU RFHVYV LV LQ VRPH ZD\ DQ 3H[SDQVL
RWKHU



FKDSWHU WURIuUH LQDLDFL <BRB/EWLYRLMD LDAUDPM

$SFWLYDRMIHRRQGURFHVV VWDUWY DQRWKHU ZKLFK WKH
PHVKLQJ VXEVHTXHQWO\

YRU DQ H[WHQVLYH DFFRXQW RI WKHVH WKUHH UH¢
LPSRUWDQW WR SRLQW RXW KHUH LV WKDW 5$' PHWKR
VWDQGLQJ 5%$'V ZKLFK DUH DW WKH VDPH WLPH VKR
6RPHWLPHY WKH JRDO ZLOO EH WR EULQJ SHRSOH L
VLPSOLILHG YHUVLRQ RI D PRGHO FDQ KHOS 2WKHU WI
DQ\WKLQJ H[WUD LQ IDFW LW FDQ JHW LQ WKH zZD\ RI
SURFHVV XQGHU VWXG\ $ PRGHO FDQ WKHUHIRUH EH U

E\ SEXQGOLQJ" SURFHVV HOHPHQWY LQWR D VLQJOH
E\ FRPELQLQJ UHODWHG UROHYV
E\ VLPSO\ LJQRULQJ *XQLPSRUWDQW  UROHV RU LQW

*HWWLQJ WKH 3ELJ SLFWXUH” IRU WKH FRQVXOWLQ

$ 5" LV QRW RQO\ VXLWDEOH DW WKH GHWDLOHG
WKH 3ELJ SLFWXUH" RI ZKDW D SURFHVV GRHV )LJXUH

+5 0ODQDJHU

JLIXUH $ VXPPDU\ 5%' IRU WKH FRQVXOWLQJ ILUPYV SU



(YHQ LQ VXFK D ELJ SLFWXUH WKH 5% SUHVHUYH
WKH ZD\ UROHV LQWHUDFW ZLWK RQH DQRWKHU +HL
ODQDJHU KDV LQWHUDFWLRQV ZLWK WKH ([WHUQDO DG
LQWHUDEFW ZLWK WKH &RQVXOWDQWYV DQG 6HQLRU &F
LQWHUDFWLRQV ZLWK WKH 6HQLRU &RQVXOWDQWV 1R
SURFHVV RU ZKDW LV DFWXDOO\ GRQH %\ QR PHDQV
Rl VXPPDULVLQJ 7KH DLP LV WR PRGHO WKH SUREFH
PHEKDQLVP

‘'UDZLQJ WKH 5%' IRU WKH FRQVXOWLQJ ILUPYV SURE

,Q WKLV SDUDJUDSK WKH HIIRUW ZLOO OLH RQ XV
RUGHU WR PRGHO WKH FRQVXOWLQJ ILUPYV SUREOHP
FKDSWHU  7KH ILUVW WDVN LV WR LGHQWLI\ WKH URC
WKH GLIIHUHQW DUHDV RI UHVSRQVLELOLW)\ IRU VRPI
SUHYLRXVO\ LQ WKH )LIJXUH WKHUH DUH ILYH PDLQ
+XPDQ 5HVRXUFHV 0DQDJHU UHYLHZV WKH GHPDQG IR
PRQWKYV VHH )LIXUH ‘H XVH WKH HYHQW DUURZ
7KH HYHQW DUURZ LV D FRPPRQO\ XVHG QRWDWLRQ WR
LQ D UROH LQ WKH SURFHVV ZH DUH PRGHOOLQJ RU V
ODQDJHU WKHQ PDNHV VXUH WKDW WKH FRPSDQ\ SHUVI
1 WKH DQVZHU WR3HUKIRQRUHOG MBDMOAFRLHQMHQ KH LV\
FRPPHQFHPHQW RI WKH KLULQJ SHULRG

+5 0ODQDJHU

3HUVRQQHO VL

([ WHUQDOV
,QWHUYLHZ IRU
HIWHUQDO
SRVLWLRQ

JLIXUH 7KH 5%' IRU WKH +5 0ODQDJHU UROH



FKDSWHU 3R/0DO- <LMRNRE £MROR BBV FWLXLW\ N

+HUH WKH DVVXPSWLRQ LV WKDW WKH DFWLYLW
HIWHUQDO DQG MXQLRU FRQVXOWDQWVY OHYHOV 7K
O0DQDJHU UROH DQG DV VHHQ LQ )LJXUH WKH OLI
SUHWW\ VLPSOH $IWHU EHLQJ KLUHG DQ H[WHUQDO
SURMHFW ILQLVKHY KH OHDYHV WKH FRPSDQ\ 7KH OL
WKH 5% FRQWLQXHV EXW WKH UHDGHU LV QRW LQ WKL

7KH 5$%' IRU WKH -XQLRU &RQVXOWDQWY UROH L
LOQWHUHVWLQJ LQ WKH ZD\ -XQLRUV LQWHUDFW ZLWK

6HQLRU &RQVXOWDQWY VHH )LIJXUH $IWHU EHLQ
SURMHFWYVY ZKLOH DW WKH VDPH WLPH KH UHFHLYHV VX
FRQVXOWDQWY 7KH WLFN QH[W WR WKH QDPH RI W

SUH H[LVWLQJ LQVWDQFH

+50DQDJHU

JLIXUH 7KH 5$' IRU WKH ([WHUQDO &RQVXOWDQWYV

'KHQ WKH HYDOXDWLRQ WLPH IRU MXQLRU FRQVXOW
FRPSDQ\ RU DUH SURPRWHG WR IXOO0O\ IOHGJHG FRQV)
HYDOXDWLRQ

7KH QHZO\ SURPRWHG FRQVXOWDQWYV EHJLQ WR Z
LQ SURMHFWY 1RWH WKH SDUW UHILQHPHEH¥RIPG )L.
FRQVXEWEHQWY GRZQ LQWR WYRSNHSDVHDMERNRWRQ G \
SURMHRWYH WZR DFWLYLWLHVY DUH MRLQHG ODWHU RQ
DFWLYLW\ 7ZR VXFFHVVLYH FDVH UHILQHPHQWYVY IROO]
FRQVXOWDQWY WR FDUU\ RQ ZRUNLQJ LQ FDKID EIOUHP WI
FDUU\ RQ ZRUNH®J"WKH VHFRQG FDVH UHILQHPHQW D€



&.KDSWHU M*“- 6DL- :R // £dR/ $ FWLYLW\ ,ELDIUDP $

SBPRWHRYHV WKH FRQVXOWDQW WR D KLJKHU OHYHO V

D QR EULQJVY KLP EDFN WR ZKDW KH KDV DOUHDG\ EHH
RQ SURMHFWYV

+5 0DQDJHU

-XQLRUYV

%HFRP H KLUHG &RQVXOWDQWYV
6HQLRUV A"RXW ZRUN ZKLOH VXSHUYLVHG

S5HFHLYH VXSHUYLVLRQ

DOXDWLRQ WLP H DUULYHV
3DVV"

/HDYH WKH FRPsDQ\ SURPRWH WR &RQV

%HFRPH &RQV

JLIXUH 7KH 5%' IRU WKH -XQLRU &RQVXOWDQWYV U{

-XQLRUYV &RQVXOWDQWYV

%HFRPH &RQV

6XSHUYLVH MXQLRUV

VXSHUYLVH

&DSDEOH WR FDUU\ RQ ZRUNLQJ"

/HDYH

6HQLRUV 3URPRWH WR
VHQLRU

%HFRPH 6HQLRU

JLIXUH 7KH 5%$' IRU WKH &RQVXOWDQWY UROH



7KH 6HQLRU &RQVXOWDQWYV 5$' LV TXLWH VLPLOTL
WKHUH LV RQO\ RQH FDVH UHILQHPHQW G6HQLRU FRQV
GHFLGH WR OHDYH DQG SXUVXH RWKHU FDUHHU SURVS

6HQLRUV &RQVXOWDQWYV

%HFRPH 6HQLRU

JLIXUH 7KH 5%$' IRU WKH 6HQLRU &RQVXOWDQWYV U:

7KH RYHUDOO 5%' IRU WKH ZKROH SURFHVV FDQ El
RUGHU DQG FRQFXUUHQF\ EHWZHHQ DFWLYLWLHYV DQG
KDQGV RI WKH DQDO\WW WR FRPH XS ZLWK D PRUH VXPI

-XVW E\ HIDPLQLQJ WKH LQSXWYV DQG RXWSXWYV R
LOWHUDFWLRQV RQH FDQ EXLOG WKH EDVLV IRU D GD
5% KDV EHHQ SUHSDUHG D QXPEHU RI TXHVWLRQV FDC
WKH SURFHVV LW GHVFULEHVY 7KRVH LQYROYHG LQ PRC(
ZKLFK PLIJIKW KHOS WKHP WR XQGHUVWDQG RU LPSURY&



&KDSWHU RWH DGHWO :ORGHE R H$FWLYLW\ AELD\

JLIXUH 7KH 5%$' IRU WKH FRQVXOWLQJ ILUPTV SURE(



&KDSWHU H-/ D!M :RF// H-/ -F8XoBWWMELD

*HQHUDO &RPPHQWV RQ 5%$'V

7KH 5ROH $FWLYLW\ 'LDJUDPV DUH LQWXLWLYH¢
FRQFHQWUDWH RQ SHRSOH DQG RQ ZKDW SHRSOH GR
PDFKLQHU\ IRU ZRUNLQJ ZLWK SURFHVVHV OHW DORGC
GUDZLQJ SLFWXUHV RI WKH SUREOHP $V >2X0G @ PH
PRGHOOLQJ ZH FRQFHQWUDWH XQDVKDPHGO\ RQ ZKDW
GR LW ZLWK ~ 2QFH D SURFHVV PRGHO L H D GHVFL
EXVLQHVV RU SODQV WR GR LWV EXVLQHVV LV JLYHQ
QHHGV RI WKH SURFHVV FRPPHQFHYV

$V VWDWHG HQWLWLHY DUH WKH VXEMHFW PDWW
FUHDWHG RU FRQVXPHG E\ WKH DFWLYLWLHV LQ WKH
UHSUHVHQWHG LQ WKH IRUP RI GDWD WKDW SHRSOH
GDWDEDVH V\WWHP LV JRLQJ WR EH EXLOW WKHQ LW
DXWRPDWHG IURP WKH SRLQW RI WKH HQWLWLHV WKL
VXSSRUWV WKH PRGHOOLQJ RI UDWKHU KLHUDUFKLFD
WKHUH LV XVXDOO\ QRW D YHU\ QHDW KLHUDUFK\ RI DF
WRRO IRU EXLOGLQJ PRGHOV IRU EXVLQHVV SURFHVVH
GDWDEDVHV

5ROH $FWLYLW)\ 'LDJUDPV DOVR VHHP WR HQFRPS
1IHWV :KHQ LQ D SUHYLRXV SDUDJUDSK WKH ZD\ D
PRYHPHQW RI WKH WRNHQ WKURXJK WKH QXPHURXV DI
3HWUL 1HW HPHUJHG :H VKRZHG WKH VWDWH RI DQ
DSSURSULDWH VWDWH OLQHV 7KH SRVLWLRQ RI WKRYV
WKH UROH LQVWDQFH $FWXDOO\ D 5% FDQ EH UHFRJ(
HIWHUQDO HYHQWY DQG LQWHUDFWLRQV DV WUDQVLW
IORZ DURXQG WKH QHW ZLWK WKH WUDQVLWLRQV WDI
WKH WUDGLWLRQDO ZD\

,Q FDVH RI ORRNLQJ WR ILQG D UHGXFHG WLPH \
KHOS $V VHHQ LQ &KDSWHU D SURFHVV LV SHUFHLY
VWRENV 7KHVH IORZV IRUP D QHWZRUN WKDW FDQ L
SDWKV RI PDWHULDOV 6RIWZDUH WRROV IRU DQLPDWL
GHSHQGHQW RQ VWRFN OHYHOV RQ H[WHUQDO YDULD



&L/DSWH £#R/ %D6D- 7LORW/OL R/ $ FWLY LW\ ,MELD

WLPH DQG HYHQ RQ HDFK RWKHU LQ WKLV ZD\ RQH HQ
DOORZLQJ WKH DQDO\WW WR GHWHUPLQH WKH F\FOH W
HVSHFLDOO\ LI WKH HIIRUW LV WR XQGHUVWDQG WKE
>2X0G @ $ 5%' FDQ HDVLO\ EH FRQYHUWHG LQWR D¢
VWRFNV DQG DFWLYLWLHV DQG LQWHUDFWLRQV LQ\
UHILQHPHQWY EHFRPH VSOLW IORZV ZKRVH UDWHV VXF
MRLQW LQ ZKLFK WKH PDWHULDO LV UHSOLFDWHG RQ F

8VXDOO\ 5%$' PRGHOV FRQWDLQ D JUHDW DPRXQW
DFFXUDWH TXDOLWDWLYH PRGHO %XW WKLV NLQG RI
TXDQWLWDWLYH PRGHO VXFK DV WKH RQH 6\WWHP '\(
TXDQWLWDWLYH PRGHO RQH ZLOO QHHG WR FROOHFW
WKDW DIIHFW WKH EHKDYLRXU RI WKH SURFHVV DV
FRQVXOWDQWY OHDYH WKH FRPSDQ\ VWDII SURGXFWL
FRQVXOWDQWY DQG WKH DQQXDO FKDQJH LQ WXUQRYH

W LV TXLWH REYLRXV WKDW D TXDQWLWDWLYH P
RXWVLGH WKH VRUW RI PRGHO D 5% SURGXFHV 6WLC
PRGHOV DV WZR FRPSOHPHQWDU\ WRROV IRU WKH DC
EHWZHHQ WKHP (DFK PRGHO KDV LWV RZQ WKLQJV WR
DOWHUQDWHO\ WR VDWLVI\ WKH QHHGV RI WKH FOLHQV

&RQFOXVLRQ

7KH QDWXUH RI WKH EXVLQHVYV FDQ FKDQJH $ SUI
RQH VHW RI PDUNHW FRQGLWLRQV FDQ EHFRPH TXLV
FKDQJH 5ROH $FWLYLW\ 'LDJUDPV PRGHO RUJDQLVD)
UHYHDOLQJ DQG FRPPXQLFDWLYH 5%$'V DOORZ WKH L
EHWZHHQ WKH SURFHVV DQG WKH RUJDQLVDWLRQ WKF
FDQ EH XVHG DW D YDULHW\ RI OHYHOV KDYLQJ D
XQGHUSLQQLQJY 7KHLU PRGHOV SURYLGH D VWHS E\
UHYHDOLQJ WKH URRWYV RI WKHLU SUREOHPV DQG RI
WURXEOH +HQFH 5%$'V DUH D VXSHUE WRRO IRU Kl
LPSURYHPHQW RI EXVLQHVV SURFHVVHYV



&KDSWHU

3(75, 1(76



FKDSWHU SHWUL <8L

3(75, 1(76

,QWURGXFWLRQ

3HWUL 1HWV KDYH EHHQ GHYHORSHG IURP WKH |
>3HWUL @ ,Q KLV UHVHDUFK 3HWUL zZDV SDUWLFXOD
FDXVDO UHODWLRQVKLSY EHWZHHQ HYHQWY 6LQFH WK
LQFUHDVHG FRQVLGHUDEO\ 3HWUL 1HWV LV D JUDSKI
GHVLJQHG WR GHVFULEH DQG VWXG\ V\VWHPV FKEC
DVIQFKURQRXV GLVWULEXWHG SDUDOOHO QRQGHW
PDWKHPDWLFDO WRRO 3HWUL 1HWV FDQ EH XVHG WR \
DQG RWKHU PDWKHPDWLFDO PRGHOV DV ZHOO DV VLPX
1HWV SURYLGH D YLVXDO PRGHOOLQJ WHFKQLTXH ZK|
G\QDPLF DQG FRQFXUUHQW DFWLYLWLHV RI V\VWHPYV
GLYHUVH FRPPXQLFDWLRQ SURWRFROV UHDO WLPH
PDQXIDFWXULQJ V\WWHPV FRPSXWHU V\WVWHPV SURG
GLVWULEXWHG LQIRUPDWLRQ V\VWHPV DQG DGPLQLVW
ZKHUH 3HWUL 1HWV KDYH EHHQ DSSOLHG

,Q WKLV WKHVLV ZH IRFXV RQ D VSHFLILF FODVV
UHSUHVHQWDWLRQ YDOLGDWLRQ DQG YHULILEFDWLRQ
QRW GLIILFEXOW WR PDS D SURFHVV RQWR D 3HWUL QHYV
/JHYHO 3HWUL 1HWV DQG DUH EDVHG RQ WKH FODVVLEFEL
DUH H[WHQGHG ZLWK 3FRORXU’ 3WLPH’  DQG :KLHUDU
UHSUHVHQWDWLRQ DQG VWXG\ Rl FRPSOH[ EXVLQHVV S
WKH DGYDQWDJHV RI WKH FODVVLFDO 3HWUL QHW VX
UREXVW PDWKHPDWLEDO IRXQGDWLRQ DQG WKH DEXQC

,Q WKH IROORZLQJ SDJHV WKH PDLQ FRQFHSWV R
WRROV IRU DQDO\VLYV DUH RXWOLQHG 7KH UHDGHU L
HIWHQVLRQV RI 3HWUL QHWV EXW WKH GLVFXVVLRQ L
DQG WKHLU PRGHOOLQJ SRZHU WR GHDO ZLWK EXVL
VLPXODWLRQ WRROV WKDW PDNH XVH RI 3HWUL QHWYV L
QHWV LQ WKH PRGHOOLQJ RI WKH FRQVXOWLQJ ILUPTV
IRU WKH DSSOLFDWLRQ LV $OSKD 6LPS GHYHORSHG E\



FKDSWHU SHWUL HW

WKH SRZHU RI 3HWUL QHWYV DV ZHOO DV D GLVFXVVL]
PRGHOOLQJ WHFKQLTXHY DOUHDG\ PHQWLRQHG FRQFO

%DVLF &RQFHSWV RI 3HWUL 1HWYV

7KH FODVVLFDO 3HWUL QHW LV D GLUHFWHG ELSD
SODFRV DQGDQVLWLRQV'LDHFWRI®HFW WKH QRGHV EX
EHWZHHQ WZR QRGHV RI WKH VDPH W\SH DUH QRW DO
ZHLJKWV SRVLWLYH LQWHJHUV ZKHUH D ¢ ZHNJKWHG
SDUDOOHO DUFV 7KH VWUXFWXUH RI D QHW LV VWDWL
FDQ EH GHVFULEHG LQ WHUPV RI VIVWHP VWDWH DQG
WKH G\QDPLFV RI D PBHWNRYDXFMAX UK WKH DVVLIQPHQV
LQWHJHU WR HDFK SODFH )RU H[DPSWKH LUPDEZMDYN\L Q J
WKDMW PDUNRGVRNWRY DQG SLFWRODFGOGRBY$IQDSE
IRUPDO GHILQLWLRQ RI D 3HWUL QHW LV JLYHQ EHORZ

'HILQLWLR@HWULWBW WXSOH7 ) 0 ZKHUH
3 A32M%® 32D ILQLWH VHW RI SODFHV
7 ~Wi3vv A LV D ILQLWH VHW RI WUDQVLWLRQV
) H 3[ 7A87[3 LV D VHW RI DUFV IORZ UHODWLRQ
) 1A $tf LV D ZHLJKW IXQFWLRQ
0 33~A 3t LV WKH LQLWLDO PDUNLQJ
31 7DQ®HB?-7"
$ 3BHWUL QHW ¥WIUX)FRDWHKRXW DQ\ VSHFELILFE LQLWLDO
1 $ 3HWUL QHW ZLWK WKH JLYHQ LQ@WLDO PDUNLQJ LV

$ SOBEN FDOMSEVD B DD AKMUDQYVMWKHRUH H[LVWV D G
| URPWR3 O SAH/ F D CRXMGS OWR $ OVIUMUM L WIKRH@ H H[LVWV D G
IURBPWSR:H X¥MVR GHQRWH WKH VHW RI LWBKMW GROW B W\ F
W $fSDQG "f KDYH VLPLGSD ULV HDKH Q/HAW HR1J WS DYVDWLR
LQSXW SODFH 1RWH WKDW LQ WKH FRQWH[W RI ZRUNI



FKDSWHU SHWUL <MHK

RWKHU ZHLJKWYV DSDUW IURP RQ WKH DUFV EHFDXVH
$DOVW @

7KH VWDWH RU RWKHUZLVH WKH PDUNLQJ LV WK
DQG ZLOO EH SUHVHEQWHG ®V IRODRZW QRWDWLRQ PHELC

ZLWK WZR WRISH QWK UE H BRAMIOR WE&EN PQE RH WRNHQ

7KH QXPEHU RI WRNHQV PD\ FKDQJH GXULQJ WKH H[HF
G\QDPLF FRPSRQHQWYV LQ D 3HWUL QHW WKH\ FKDQJt
IR R ZILWUQJ>0XOBWD @
$ WUD@NV WIDR@ QDEEHG DFK L SSRWFROBDBHQYV DW OF
WRNHQ
$Q HQDEOHG WUDQVILMWILHEG SHRGRQPRQQUQRWMWKHU R
DFWXDOO\ WDNHV SODFH
.1 WU DWIV.UW I R\OWAKRHQRK@HWRNHQ IURP ISDRFND Q@GS X W
SURGXFQHV WRNHQ IRU IOFIK RXWSXW SODFH
$ WUDQVLWLRQ ZLWKRXW D@RXQBKW SD@FHRQR C
ZLWKRXW DQ\ RXWSXWQSIOW B E QSAL WD REGHGE3 G [IOF W WD Q VL
LV FDWHIHGRRS ERWK DQ LQSXW WO G HRWWILS XOWM VS QD FWL
SXUH LW KDV QR VHOI ORRSV RY GH@MWD\OXH W | LMVVDR GF
DUH OfV )RU D GHWDLOHG GHVFULSWLRQ RQ WKH
>-HQVHQ @ DV ZHOO DV WR WKH $SSHQGL]
%HORZ ZH PHQWLRQ D QXPEHU RI GHILQLWLRC(
HLYRFDEXODU\Y RI 3HWUL QHWVBV 7+HD@FH D QL Y BOQWIZ BIE€ W/

KDYH WKH IROORZLQJ QRWDWLRQV

+ 0[20 WUDOWMIMVHEDEOHR G DLAG VMDA HV XOWY LQ VW
£ 0[20 WKHUH LV W/ XFKDYKDWLR Q
t 0 WKH 1LULDJWNT XAHOEBIG V | URP WWRV EOVOB W H

K QL
LHO[aAO & 10Q

$+ 0['0Q WKHUH LV D ILULQJ VHOKM®OH ZKLFK OHDGYV



WHU SHWUL HW\

'"HILQLWLRQ O0QLY WUBWHKDERPH QRWDWLRQLII WKHUH

LV D ILULQJIDVWTWH® VI F KVOEIDW 2 10 Q

YHZ GHVBYLBWRRWUL QHWV FRQFHQWUDWH VLPSO\
&RPSXWLQJ 6XUYH\V WXWRULDOV E\ >%DHU @ DQG >3
IRU FRQWLQXHG LQWURGXFWLRQ %DVLF GHILQHWMLRQV
DO @ >+ROW  &RPP @ >+DFN @ >+DFN @ >.t
>S0XUDWD @

ORGHOOLQJ ZLWK 3HWUL 1HWYV

3HWUL QHWV DUH XVHG PDLQO\ IRU PRGHOOLQJ
LQGHSHQGHQW FRPSRQHQWYVY DV FRPSXWHU KDUGZDUH
VIVWHPV 3HWUL QHWV FDQ PRGHO WKH RFFXUUHQFH R
DQG LQ SDUWLFXODU WKH IORZ RI LQIRUPDWLRQ RU RW
QHW YLHZ FRQFHQWUDW HW RQWARRGE DALIRRQFRQFHS WV

(YHQWYV DUH DFWLRQV ZKLFK WDNH SODFH LQ WK
FRQWUROOHG E\ WKH VWDWH RI WKH V\VWHP 7KH VWDV
FRQGLWLRQV ZKLFK RRORBUWER@PUWE WRWGXE HYHQW WR R
PD\ EH QHFHVVDU\ IRU FHUWDLQ FRYGHRRGGVWWREKR C
HYHQW 7KH RFFXUUHQFH RI WKH HYHQW PD\ FDXVH W
PD\ FDXVH RWKI$BRWR FRIQBIERBMRIRP H WU XH

,Q D 3HWUL QHW FRQGLWLRQV DUH PRGHOOHG E\
WUDQVLWLRQV 7KH LQSXWV RI D WUDQVLWLRQ DUH Wi
DQG WKH RXWSXWV DUH WKH SRVW FRQGLWLRQV 7KH |
ILULQJ RI WKH FRUUHVSRQGLQJ WUDQVLWLRQ 7KH KR
WRNHQ LQ WKH SODFH FRUUHVSRQGLQJ WR WKH FRQGL
WKH HQDEOLQJ WRNHQV UHSUHVHQWLQJ WKH KROGLQ
WRNHQV ZKLFK UHSUHVHQW WKH KROGLQJ RI WKH SRV\

2QH SRLQW DERXW 3HWUL QHWV DQG WKH V\VWH
SDUDO RBRIQFXUWH@FHYHQWY ZKLFK DUH ERWK HQDEO
PD\ RFEFXU LQGHSHQGHQWO\ VHH )LIXUH 7KHUH L



S3HWUL 18V

XQOHVV LW LV UHTXLUHG E\ WKH XQGHUO\LQJ V\VWEFE
VIQFKURQLVDWLRQ LV QHHGHG LW LV HDV\ WR PRGHO

LGHDO IRU PRGHOOLQJ V\WWHPV Rl GLVWULEXWHG FR
FRQFXUUHQWO\ LQ WLPH

<2 2R

JLIXUH &RQFXUUHQF\ 7KHVH WZR WUDQVLWLRQV FDQ ILUH L

$QRWKHU SRLQW LV ZKHQ WZRFRQIDIRHGH \WBB QML
W[ M )LIXUH DUH LQ FRQIOLFW DQG RQO\ RQH FDC
WRNHQ LQ WKH VKDUHG LQSXW DQG GLVDEOHV WKH RW

R

YJLIXUH &RQIOLFW DOWRNM. WQRRRQIOLFW VLQFH ILULQJ HLWKHU ZLO

sW GLVDEOLQJ WKH RWKHU WUDQVLWLRQ >3HWHUVRQ

$IWHU PRGHOOLQJ VI\VWHPV ZLWK 3HWUL QHWYV LV
ZKDW ZH FDQ GR ZLWK WKH PRGHOV $V ZH DOUHDG\ F
QHWV LV WKHLU VXSSRUW IRU DQDO\VLV RI PDQ\ SUR
FRQFXUUHQW V\WWHPV 7KHUH DUH WZR W\SHV Rl SUR
QHW PRGHO
L 7KRVH ZKLFK GHSHQG RQ WKH HHKDWLIDRX B DO NLIURIS

LL 7TKRVH WKDW DUH LQGHSHQGHQW RVWWKXFWJUW
SURSHUWLHYV



FKDSWHU 6 3 HWUL 9 MG L

,Q WKLV WKHVLVY ZH DUH PRUH LQWHUHVWHG LQ
DQRDO\WLV SUREGHPVYVWR XNERWH3DZINWKUDQ HQRLWLDO
6RPH EDVLF SURSHUWLHV IRU 3HWUL QHWY DUH

'HILQLWLRQ FLGHWUYH) HMR U HYHU\ UMHDBROGE®HUHUW I
WUDQWWWHRE 1OV DHDOFBEWHEOH KURR HWDEOHYV

'"HILQLWLRQ 7 31IHMWARIX QEMG IRU HYHU\ UHDFKDEOH \
SOBAMKH QXPEHU RUWRRHIGMH GQ

'HILQLWLRQ 9 $VIHWRQL MHRRQQYREUWHBGHU\ SDLU RI Q
SODFHV DQG WUDQVLWLRQV [ DQGM WKHUH LV D GLUF

SHDFKDELOLW\ LV D IXQGDPHQWDO EDVLV IRU VWX
V\VWHP 7KH ILULQJ RI DQ HQDEOHG WUDQVLWLRQ ZLO
DFFRUGLQJ WR WKH WUDQVLWLRQ UXOH GHVFULEHG LC
UHSUHVHQW EXIIHUV IRU VWRULQJ LQWHUPHGLDWH G
SURSHUW\ JXDUDQWHHYV WKDW WKHUH ZLOO EH QR RYH
VHTXHQFH LV WDNHQ ORUHRYHU WKH FRQFHSW RI OL\Y
DEVHQFH RI GHDGORFNV LQ RSHUDWLQJ V\VWHPV

JRU DQ RYHUYLHZ RI WKH PDQ\ DQDO\VLV PHWKRCGC
VKRXOG UHIHU WR >0XUDWD @ DQG >-HQ @ 7KHVI
PHWKRG WKH PDWUL[ HTXDWLRQ DSSURDFK RU WKH G
SURYH SURSHUWLHY VDIHW\ SURSHUWLHYVY LQYDULDC(
FDOFXODWH SHUIRUPDQFH PHDVXUHV UHVSRQVH WLPH
,Q WKLV ZzD\ WKH XVHU LV DOORZHG WR WHVW DQG HYI

6 XEFODVVHV RI SHWUL QHWYV

7TKHUH DUH D QXPEHU RI NH\ VWUXFWXUHYV FKDU
SHWUL QHWYV >0XUDWD @

SYWDWH RIVFRQQRUGLQDU\ 3HWUL QHWK D/\X FH{ D/F KMDON R
LQSXW SODFH DQG H[DFWO\ RQH RXWSXW SODFH L H



WHU 3GUL ILE

JLIXUH $Q H[DPSOH RI D VWDWH PDFKLQH
6WDWH PDFKLQHV DGPLW QR V\QFKURQLVDWLRQ

$PDUNHG IMDBX RUGLQDU\ 3HW UL SQKIW \HY{ BIK WMOK\DRVQ H [
WUDQVLWLRQ DQG H[DFWO\ 8Q@H RS WRXANOW BOHBV L W L F

JLIXUH $Q H[DPSOH RI D PDUNHG JUDSK
ODUNHG JUDSKV DGPLW QR FRQIOLFWYV

$UHH FKRLFHDQHRW GLQDU\ 3HWUL QHW VXFK WKDW H
XQLTXH RXWJRLQJ DUF RU D XQLTXH LQFRPLQJ DUF W
IRU DO S S QS @ | S a_

$&8[WHQGHG IUHHVFE® LFHGQE WU\ 3HWUL QHW VXFK Wk

3L +tGS © I 3L S ¥ IRUDOO S S H 3

J)LIXUH $Q HIWHQGHG IUHH FKRLFH QHW EXW:QRW DDRQUHH FKRLFI

3 e ~w2 BL 10O DQGs EXWILE s =2 o

%RWK IUHH FKRLFH QHWYV DQG H[WHQGHG IUHH FKRL
WKDWMPRIG VKDUH D FRPPRQ LQSXW SODFH WKHQ W
RQH LV HQDEOHG DQG WKH RWKHU LV GLVDEOHG ,Q
DERXW ZKLFK WUDQVLWLRQ WR ILUH >0XUDWD @
FRQIXVLRQ

)LOQD OMM\PPRWULF FRWKHU QHW W.EeRB@RWD VLY DQ RUG
SHWUL QHW VXFK WKDW



FKDSWHU 3HWUL IOHI

3?7 & IS? FSLR[S? ASULDOO 3! !
$V\PPHWULF FKRLFH QHWY DOORZ DV\PPHWULF FRQIX

,Q WKLV WKHVLVY ZH ZLOO RQO\ EH GHDOLQJ ZLWK
D JRRG FRPSURPLVH EHWZHHQ H[SUHVVLYH SRZHU DQG

([DPSOHV DQG $SSOLFDWLRQV

‘H SUHVHQW DV DQ H[DPSOH RI PRGHOOLQJ E\ PHD
FRQVXPHU SUREOHP +HUH WKH SURGXFHU SURFHVV |
EXITHU WKH FRQVXPHU ZDLWV XQWLO DQ REMHFW LV S.
LW 7KLV FDQ EH PRGHOOHG DV VKRZQ LQ )LJXUH 7K
WRNHQ UHSUHVHQWY DQ LWHP ZKLFK KDV EHHQ SURGX

J)LIXUH 7KH SURGXFHU FRQVXPHU SUREOHP PRGHOOHG DV

6RPH RWKHU LQWHUHVWLQJ H[DPSOHV RI WKH DSS
>'LMN @ ZKHUH ZH VHH WKH GLQLQJ SKHWRD/@S KHWWX S
WKH UHDGHUV ZULWHUV SUREOHP

$OVR 3IVWBRH-KDHDMWH ORQJ EHHQ XVHG LQ WKH SODC
ODUJH SURMHFWYV $ 3(57 FKDUW LV D JUDSKLFDO UHSL
WKH YDULRXV DFWLYLWLHV ZKLFK PDNH XS D ODUJH SLU
DFWLYLWLHYVY VRPH DFWLYLWLHV PXVW EH FRPSOHWH
DFWLYLWLHY DUH UHSUHVHQWHG JUDSKLFDOO\ E\ D QR
WR VKRZ SUHFHGHQFH UHTXLUHPHQWY >3HWHUVRQ @

7TKHVH FKDUWV VKRZ WKH VDPH W\SH RI VFKHGXO
FDQ HDVLO\ FRQYHUW D 3(57 FKDUW WR D 3HWUL QH



3KDSWHU 3HWUL IOH

UHSUHVHQWHG E\ D SODFH ZKLOH WKH SUHFHGHQFF
WUDQVLWLRQV 7KH H[WUD DGYDQWDJH RI 3(57 FKDU
LQIRUPDWLRQ $Q H[DPSOH RI D 3(57 FKDUW DQG LWV
JLIXUH

&KHPLFDO V\VWHPV DUH DQRWKHU H[DPSOH RI D V
3HWUL QHWV ZKHUH FKHPLFDO HTXDWLRQV DUH PRGHC
E\ SODFHV >0HOG +ROW @ KDYH VXJIJHVWHG WKDYV
3HWUL QHWV DQG TXHXLQJ QHWZRUNV ZKHUH WKH TX
WKH MREV E\ WRNHQV FDQ DOVR EH PRGHOOHG ZLW
DSSOLFDWLRQV LV RQO\ OLPLWHG E\ WKH LPDJLQDWLR
RI WKH 3HWUL QHW PRGHO 6HH DOVR >0XUDWD @
$DOVW @ >YDQ GHU $DOVW @ DQG >YDQ GHU $DOVV

JLIXUH $ 3(57 FKDUW RI WKH FRQVWUXFWLRQ JLIXUH 3
RI D KRXVH W/B&A 3(57 FKDUW RI ILIJXUH >3HWHUYV



LSwWDU 3HWUL I aW

((IWHQVLRQV RI 3HWUL 1HWYV

,Q WKH FDVH RI FRPSOH[ VIVWHPV WKH 3HWUL QH\
GLIILFXOW WR EH DQDO\WHG ,Q VXFK FDVHV KLJK OH
SUHGLFDWH WUDQVLWLRQ QHWV DBY WKHWEDVRE FRORS
WR H[SUHVV PRUH FRPSOLFDWHG UHTXLUHPHQWV 7KH
KLJK OHYHO 3HWUL QHWV DUH
f ,Q FRORXUHG 3HWULWQYSEKLFWRNH QBRGRK@GFD U\

LQIRUPDWLRQ WR UHSUHVHQW VWUXFWXUHG REMHFW
f )JRUPDO H[SUHVVLRQV RU LQVFULSWLRQV FRQWDLQL
LQSXWV RU RXWSXWV RI D WUDQVLWLRQ DUH DWW
LQIRUPDWLRQ FDQ EH LQVSHFWHG DQG PRGLILHG ZK
FRQGLWLRQV RQ WUDQVLWLRQ ILULQJ RQ WKH EDVLYV
$ VSHFLDO VHW RI| FRO RXIGIBN BHBWIHWQ HAKQUHY WK
PRGHO LPSOHPHQW EXVLQHVV UXOHV DQG FRPSDQ\ SR
VIVWHPV 7KHLU SULPLWLYHV DUH DQ H[WHQVLRQ RI F
GHYHORS D SURFHGXUH WR DXWRPDWH DQG IRUPDOLVFE
WR D UXOH VSHFLILFDWLRQ ODQJXDJH $Q XSGDWHG 3
W\SHV RISOQRGHENLFK UHSUHVHQW SDERMNVR Y B UHED DR WW )
UHSUHVHQW UXOHV RRPBRXQIGF WDRORKWDRGVHVHQW P
VXE QHWYV

$ 3HWUL QHW PRGHO HQULFKHG E\ FRQWURO S
WUDQVLWLRQV DQG UHMDHHG ® BRW UV QHMAUWBHEG DV

8QWLPHG 3HWUL QHWV GR QRW LQFOXGH DQ\ QRW
RQO\ WKH ORJLFDO EHKDYLRXU RI V\VWHPV E\ GHVFL
EHWZHHQ HYHQWV 7KH LQWURGXFWLRQ RI D WLPLQJ
SHUIRUPDQFH VFKHGXOLQJ RU UHDO WLPH FRQWURO S
WLPH WLPH GHOD\V FDQ EH LQWURGXFHG HLWKHU E\
SODFHV DQG RU ZLWK WUDQVLWLRGWDB B GN WKXY ZHIWE
S 731RU DWRPWVLWLRQ WLPHGBWSHAWQMW®\ W 731

.1 WKH WLPLQJ RI WUDQVLWLRQV LV QRW GHWH
SUREDELOLW\ GLVWULEXWLRQ IXQFWLRQ 3') RI D UD
BWRFKDVWLF ®HWKH GBWN Rl RQH SKDVH VWRFKDVWLI



FKDSWHU SHWUL 3HW

LPPHGLDWH WUDQVLWLRQV [UHIQ}UDOQ LJHWER WWRFKD YW
*631 7KH XVH RI VWRFKDVWLF 3HWUL QHWV LV OLPLWH
SUREDELOLWLHVY DUH QRW QDWXUDOO\ H[SUHVVLEOH
WUDQVLWLRQV

)XUWKHUPRUH WKHUH KDV EHHQ D WHQGHQF\ WR
WR PDNH LW HDVLHU WR XVH 7KHUH KDYH EHHQ VHY
VXJIJHVWHG H[WHQVLRQ RRGWW $DE@RMWW WDR Q\§ FIOX G HV H
7KH ILULQJ UXOH LV PRGLILHG WR DOORZ D WUDQVLW
PDUNLQJ GRHV QRW KDYH DOO RI WKH SODFHV ZKLFK
PDUNHG )RU H[DPSOH LI A" " LV D $BROMWWU B HQHP SAM!
DW DOO WLPHV LI " LV PDUNHGS SXRMWQ D DNORN M@ NFIDQD
UHPRYHG DQG YLFH YHUVD >3HWHUVRQ @

>IRH @ LQWURGXFHG D GIFIGIXHOW 2 WHHQING R QW
WUDQVLWLRQ FDQ ILUH LI DQG RQO\ LI H[DFWO\ RQH R
KDYH JHUR WRNHQV $ VLPLODU H[WHQVLRQVZDWPKHYVG E
$ VZLWFK LV D VSHFLDO WUDQVLW VR QWHK\DKDE XABHAN D €
WZR RXWSXWV HREH BPEWODHE&E WKH RWKHU ODEHOOF}
WUDQVLWLRQ ILUHV ZKHQ LW LV HQDEOHG :KHHLLW ILU
WKH VZLWFK LQSXW LV HPSW\ RU D WRNHQ LV SXW LQ \
IXOO0 7KXV ILULQJ D VZLWFK WUDQVLWLRQ ZLOO UHVX«
RQ WKH VWDWH RI WKH VZLWFK

)LQDOO\ RQH OLPLWDWLRQ RI FODVVLF 3HWUL 1H
WHVWLQJ L H WKH DBE®HWRHHWRNMIQWWLOQR D QVKDERX
>ORRUH %UHQ @ >3DWLO @ 7KH PRVW FRPPRQ HJ\
LVQKLELWEBQ DQRVELWRU DU FR® QB FMWWWVBIQ\GE @/E RKY X D O
GHSLFWHG DV D OLQH ZLWK D KROORZ FLUFOH DW WK
GLVDEOHV DVAKBIDQW KW LISIBRRW 3 PP\ WRNHQV LQ LW |
WKH LQKLELSVRARMYKH WRWHQV DUH QRW FRQVXPHG DOR

ORUH GHWDLOV DERXW WKH GLIITHUHQW W\SHV
>'LFHWDW B@



3pWUL ILGI

+LJK OHYHO 3HWUL QHWYV DQG WKHLU UROH LQ W
SURFHVVHYV

$V ZH KDYH VHHQ VR IDU WKH FODVVLFDO 3HWU

VWDWHY HYHQWV FRQGLWLRQV V\QFKURQLVDWLRQ

EXVLQHVV SURFHVV FRQVLVWY RI D SDUWLDOO\ RUGH L

SURFHVV RQWR D 3HWUL HMW VD @/ HH HQBH) /DY ND VM

WUDQVLWLRQV DQG SUHFHGHQFH UHODWLRQV DUH PR(

UHDVRQV IRU FKRRVLQJ 3HWUL QHWYV DV D PRGHOOLQJ

QHWV KDYH >YDQ GHU $DOVW @

f )JRUPDO VHPDQWLFV FODVVLFDO 3HWUL QHWV DQG
KLHUDUFK\ KDYH EHHQ GHILQHG IRUPDOO\ WKURXJK
WR D PRGHO RI D EXVLQHVV SURFHVV ZKLFK LV XQD
FRQVWUXFWLRQ LV FOHDU QR PRUH PXOWLSOH LQWI
LGHQWLILHG WKURXJK DQ DEXQGDQFH RI DQDO\VLV !
G\QDPLF SURSHUWLHV VXFK DV GHDGORFNV >YDQ GH
HYDOXDWH DOWHUQDWLYH SURFHVVHV XVLQJ VWDQG

f *UDSKLFDO QDWXUH 3HWUL QHWY DUH LQWXLWL)
FRPPXQLFDWLRQ EHWZHHQ WKH XVHUV

$f ([SUHVVLYHQHVV 3HWUL QHWV VXSSRUW DOO WKH
SURFHVV

25 POLWO

,2WHUDWLRQ

JLIXUH 7KH EDVLF DFWLYLWLHY SULPLWLYHV LQ ZRUNIORZ



&KDSWHU SHWUL IMH)\

ORUHRYHU DV ZH ZLOO IXUWKHU VHH WKH IDFW W]
DOORZV IRU WKH PRGHOOLQJ RI PLOHVWRQHV DQG LF
+RZHYHU D PDMRU ZHDNQHVV RI 3HWUL QHWYV LV \
QHW EDVHG PRGHOV WHQG WR EHFRPH WRR ODUJH IRU
ORUHRYHU WKH FODVVLFDO 3HWUL QHW GRHV QRW DO
VROYH DOO WKHVH SUREOHPV 3HWUL QHWV KDYH EHHC
E ZLWK WLPH WR PRGHO GXUDWLRQV DQG F ZLWK KL
D([WHQVLRQ ZLAXKWRGGRWHQ WRNHQV UHSUHVHQW REN
WKH PRGHO KHQFH ZH ZDQW WR EH DEOH WR UHSUF
DQ HPSOR\HH LV PRGHOOHG E\ D WRNHQ LQ WKH FR
ZDQW WR UHSUHVHQW DWWULEXWHY VXEFK DV WKH HP
WKH HPSOR\HH DQG KLV DGGUHVV ,Q D FRORXUHG 3|
UHIHUUHG DV HFRORXUY 7KLV IUDPHZRUN SURYLGH
PRGHOOLQJ SRZHU Rl WKH FRQFHSWXDO PRGHOOLQ.
HQWLW\ UHODWLRQVKLS PRGHO 7UDQVLWLRQV GHVF
WKH HLQSXW WRNHQVY DQG WKH YDOXHV RI WKH pl
SUHFRQGLWLRQV ZKLFK WDNH WKH FRORXUV Rl WRNH
E(IWHQVLRQ Z%WKQWLWPRIGXFLQJ D WLPLQJ FRQFHSW LQ
Rl 3HWUL QHWV ZH DUH FDSDEOH WR GHVFULEH WKH
XVHU FDQ QRZ PRGHO GXUDWLRQV DQG GHOD\V 7LP
DQG RU WUDQVLWLRQV 7KH GHOD\ RI D SURGXFHG W
DQ LQWHUYDO RU D SUREDELOLW\ GLVWULEXWLRQ
F(IWHQVLRQ ZLWKKKQHRPRGHRROLQJ D UHDO V\VWHP PR
ODUJH DQG FRPSOH[ 7KLV LV WKH UHDVRQ ZH H[W
FRQVWUXNWE \PMRIBKED BMLFK LV DQ DJJUHJDWH RI SO
DQG VXEV\WWHPV 7KH XVHU FDQ QRZ FKRRVH WKH C
VIVWHP $W RQH OHYHO ZH JLYH D VLPSOH GHVFUL:
OHYHO ZH FDQ VSHFLI\ D PRUH GHWDLOHG EHKDYLR>
FRPSOH[ VIVWHPV LQWR VPDOOHU VXEV\VWHPV
$ 3HWUL QHW H[WHQGHG ZLWK FRORXLJK ORH HDC
SHWUL @QBWQ @ RQH FDQ ILQG LQWHUHVWLQJ H[DPSO



FKDSWHU SHWUL 9 H/

ORGHOOLQJ EXVLQHVYV SURFHVVHV

3HWUL QHWV ZKLFK PRGHO EXVLQHVV SURFHVVH
>YDQ GHU $DOVW @ )LUVW RI DOO WKHYSIX&ZBX KD
FRUUHVSRQG WR WKH EHJLQQLQJ DQG WHUPLQDWLRQ |
BHFRQGO\ D 3HWUL QHW ZKLFK UHSUHVHQWYV D EXVLQ
FKRLFH 3HWUL QHW 7KLUAGRNUIHR WV KFD¥FEKGWEHD Q V& MULHRFQN
WRMBOO WKHVH WKUHH UHTXLUHPHQWY DUH LQFOXGH

'HILQLWLRQ 93% 3HWUDVOBWHW %XVLQHV VL3 URFG G X |

RQO\ LI

L KDV WZR VSHFERIXOBEBFHW D VRXUFH BQDFB 1
VLQN SGDFH

LL 31LV D IUHH FKRLFH 3HWUL QHW

LLL 1 ZH DG GWW R/ B3 @KW K RIERR) @ HIWW \# /S O\IRF HD Q G
W A WKHQ WKH UHVXOWLQJ 3HWUL QHW LV VWUF

$ %3 QHW UHTXLUHG WR EH D IUHH FKRLFH RQH E
VHQVLEOH EXVLQHVYV SURFHVV WKDW YLRODWHV WKLV
VSOLWV $1' MRLQV 25 VSOLWV DQG 25 MRLQV LV IUHH
VHTXHQWLDO URXWLQJ FRQGLWLRQDO URXWLQJ DQG L
YLRODWLQJ WKH IUHH FKRLFH SURSHUW\ $QRWKHU UHLI
LQ D QRQ ITUHH FKRLFH 3HWUL QHW WKH FKRLFH RI FRC(
RUGHU LQ ZKLFK WKH SUHFHGLQJ WDVNV DUH H[HFXWHFE
LOQGHSHQGHQW RI WKH RUGHU 7KH ODVW UHTXLUHPHQ
VWURQJO\ FRQQHFWHG VW DMWHWH WK VK RDRQG HBHF KG MWUUHDR
SODPAMRY IWPDNLQJ VXUH WKDW DOO WDVNV LQ WKH QH\
FDVHV 1HYHUWKHOHVV HYHQ LI WKHVH WKUHH UHTXLI
FRQVWUXFW D SURFHVYV ZLWK SRWHQWLDO GHDGORFNYV

7TKHUH LV KRZHYHU D IRXUWK SURSHUW\ ZKLFK VK
DQ\ FDVH WKH SURFHGXUH ZLOO HYHQWXDOO\ WHUP|
WHUPLQDWHYV WKHUHR D & DORON RY KU SO DOFHHY DUH HP
FDOONRBXDIGHOHVV>YDRSEHWS$SDOVW @



FKDSWHU 3VW <8V

'"HILQLWLRQ 7 $ SURFH%GX QH W RBG HAVRE)ESC QG RQO\

LI

L JRU HYHWUUHNDWHXWHOH IURP VWDWH WKHUH H[LV'
I[URP VWDWH )RR YOMD\W H

LL I 0 IR
LLL RALYWHKH RQO\ UHD RKDEWKH DIWREHDWWWRR H W R N
JRUPDOO\
LY POL 100! 0 R

7KH VRXQGQHVV SURSHUW\ UHO®% @QWAMMR IWUWKWHW C
UHTXLUHPHQW LQ GHILQLWLRQ LPSOLHVY WKDW VWD
DOzZzD\V SRVVLEOH WR UHDFK WKHRVWWDR/\N HAHN K/ HFRH) C
UHTXLUHPHQW VWDWHY WKDW WRH ®RPHQHW RDVWR N HM® L
EH HPSW\ ‘H FDQ XVH WKH FRYHUDE®OG LQHW VRSB GV K X
WKLY GHFLVLRQ LV UHDOO\ GLIILFXOW WR EH PDGH ZKF
>YDQ GHU $DOVW @ WKLV VRXQGQHVV SURSHUW\ L\
SUHVHQWHG WR YHULI\ WKLV SURSHUW\ LQ SRO\QRPLDC

7ULJJHULQJ

,Q UHDO SURFHVVHV ZH RIWHQ VHH D WDVN EHLC
WKLY GRHV QRW LPSO\ WKDW WKH WDVN LV H[HFXWHG
H[HFXWHG E\ DQ HPSOR\HH WKHQ WKH HPSOR\HH KDV
KH LV VLEN RU DZD\ RQ KROLGD\V WKH WDVN ZLOO QR!
Rl 3BHWUL QHWV LV WKDW WKH\ BODR®RURDGWDW NQF QG |
H[HFXWULRID WDVN 7KHUHIRWHI L IVKNLERQAHSGK RHG  7UL.
HIWHUQDO FRQGLWLRQ ZKLFK OHDGV WR WKH H[HFXWL
7KH WDVN LQVWDQFH LV H[HFXWHG WKH PRPHQW WKH !
FDQ RQO\ EH WULJJHUHG LI WKH FRUUHVSRQGLQJ FDVH
RI WKH WDVN 7DVNV DUH GLYLGHG LQWR IRXU GLIIH
WULJJHULQJ WKDW VHWV WKHP LQWR DFWLRQ



FKDSWHU SHWUL IOH\

$XWRPDWLF D WDVN LV WULJJHUHG WKH PRPHQW LW
XVHG IRU WDVNV ZKLFK DUH H[HEXWHG E\ DQ DSSOL
LQWHUDFWLRQ
8VHD WDVN LV WULJJHUHG E\ D KXPDQ SDUWLFLSDQW
VHOHFW DQ HQDEOHG WDVN WR WDNH SODFH
OHVVDDH) H[WHUQDO HYHQW WULJJHUV DQ HQDEOHG
H[WHUQDO HYHQWY DUH WHOHSKRQH FDOOV ID[ PHV\
7LPHD FORFN WULJJHUV WKH HQDEOHG WDVN LQVWD
SUHGHILQHG WLPH )RU H[DPSOH WKH WDVN uSURPR\
LV WUDSSHG LQ D VSHFLILF VWDWH IRU PRUH WKDQ
2Q0\ IRU DXWRPDWLF WDVNV GR WKH HQDEOLQJ D

FRLQFLGH ,Q RUGHU WR LQGLFDWH WKH GLITHUHQW W
VKRZQ EHORZ

-%/
DXWRPDWLF PHVVDJH

(08

XVHU ‘ WLPH

JLIXUH 7KH IRXU W\SHV RI WULJJHULQJ >YDQ GHU $

,Q RUGHU WR SUHVHQW WKH XVH Rl WKHVH V\PERC
JLYH DQ H[DPSOH RI DQ H[SOLFLW UHSUHVHQWDWLRQ
FKRLFH LQ )LJXUH +HUH ZH VHH WKDW LQ ERWK SU
$ LV IROORZHG E\ VW&KRHUHEHEQWLIRD IRUVW SURFHVV GHIL
FKRLFH EHWZHHMWRE WZAR WBVONINWH DV SRVVISEOH $I
WD VAND/BGFRPSHWH ZLWK RQH DQRWKHU DJDLQVW WKH V
WDVNV L H ERWK DUH HQDEOHG DQG RQO\ RQH RI W
PHVVDJH UHTXIBUBIGU LRBVWBDNNRUH VRPHR @ WKBMWW YV H |
HIHFXWHG RWEHVUKHVWHFRQG SURFHVV GHILQLWLRQ W
HIHFXWBRQ WBVYN VHOHFWHG WKHQ WKH DUULYDO RI \
LQIOXHQFH ,l & L% PDHUOHRAW EB XWKIBQWR E\SDVV

7R PRGHO WKLV VLWXDWLRQ ZH FDQQRW XVH DQ
RQH WKH 5ROH $FWLYLW\ GLDJUDPV 5$%R USEBRWLQRW7K



WHU 3HWUL <@H

YJLIXUH $Q H[DPSOH LQGLFDWLQJ WKH WULJJHULQJ PHFKDQ

PDGH GXULQJ WKH H[WFHHWURGURII WDIYVN 7KH FKRLFH LV
E\ WKH HQYLURQPHQW RI WKH EXVLQHVV SURFHVV ZKL
F SHWUL QHWYV DOORZ IRU WKH H[SOLFLW UHSUHVHQWD

$QDO\VLV RI 3BHWUL QHWYV

$V ZH KDYH VHHQ 3HWUL QHWY DUH FDSDEOH RI PI
%XW PRGHOOLQJ E\ LWVHOI LV RI OLWWOH XVH W LV (
RUGHU WR XQGHUVWDQG LWV EHKDYLRXU EHWWHU $ E
GHVLJQ PD\ SURYH FDWDVWURSKLF ZKHQ LPSOHPHQWH
VHUYLFH OHYHOV +HQFH LW LV FUXFLDO WKDW WKH E
SURGXFWLRQ 7KH DQDO\WVLV WHFKQLTXHV WKDW DUH
IROORZLQJ FDWHJRULHYV
9DOLGDWLRQ WHVWLQJ ZKHWKHU WKH SURFHVV EHK
O9HULILFDWLRQ LQYHVWLIJDWLQJ WKH FRUUHFWQHVV
SHUIRUPDQFH DQDO\VLV LQYHVWLJIJDWLQJ WKH DELC
ZLWK UHVSHFW WR WKURXJKSXW WLPH VHUYLFH DQG
9HU\ EULHIO\ ZH FDQ VD\ WKDW YDOLGDWLRQ D
LQWHUDFWLYH VLPXODWLRQ ZKHUH WKH XVHU KDV WKI
ZKHQ D QXPEHU RI ILFWLWLRXV FDVHV DUH SURFHVVH(



FKDSWHU 3G ®

SURSHUWLHVY WR EH SURYHG HYHQ LI WKH\ PLIJKW Et
PRGHOOHG V\WWHP W LV XVHIXO ZKHQ ZH ZLVK WR
GHVFULEHG ZLWK D QHW LQ DQ HQYLURQPHQW ZKLFK L

9HULILFDWLRQ DQG SHUIRUPDQFH DQDO\VLV DUH L
DQDO\VLV WHFKQLTXHV )RU H[DPSOH OLQHDU DOJ}
DSSURDFK FDQ EH XVHG WR YHULI\ PDQ\ SURSHUWLH\
LQYDULDQWY DQG QRQ UHDFKDELOLW\ &RYHUDELOLW\
PDUNLQJ DQG WKH WUDQVLWLRQ ILULQJY PRGHO FKH
WHFKQLTXHV FDQ EH XVHG WR DQDO\VH WKH G\QDPLF
>-HQ @ 6LPXODWLRQ DQG ODUNRY FKDLQ DQDO\VL
HYDOXDWLRQ :H ZLOO QRW HODERUDWH IXUWKHU RQ
EH\RQG WKH VFRSH RI WKLV WKHVLV 2QH SRLQW LV FU
WKHVH PDWKHPDWLFDO DQDO\VLY WHEKQLTXHV PDNH 2
>YDQ GHU $DOVW @ EHWZHHQ WKH GHVLJQ RI WKH E.
SURFHVV DQG SODFH WKHP KLJK LQ WKH OLVW RI DOO

WKLV WKHVLV IRU EHLQJ WKH PRVW DGYDQFHG VWU.
PRGHOOLQJ PHWKRG

7TRROV

'KHQ HYDOXDWLQJ D EXVLQHVV SURFHVV LW LV Y
WKH NH\ SHUIRUPDQFH PHDVXUHV VXFK DV UHVSRQVH
UDWHYV RI UHVRXUFHVY ORVW RI WKH 3HWUL QHW EDVH
IDFLOLW\ WKDW HYDOXDWHV WKH SHUIRUPDQFH RI D S
DUH TXLWH D IHZ ZRUNIORZ PDQDJHPHQW SURGXFWV W
6RPH RI WKHP DUH

$/3+$ 6LPSOSKDWHFK ,QF D JHQHUDO SXUSRVH

VLPXODWLRQ WRRO WKDW DOORZV RQH WR FRQVWU
LFRQV DQG GDWD IRUP ZLQGRZV 7KH FODVV RI 3HWU
DQG FRORXUHG QHWV $/3+$$69 Z FDQ EH XVHG WR

LQFOXGLQJ WLPLQJ DQG VL]ILQJ ZRUNORDG TXHXLQ.
V\VWHP GHVLJQ DQG HYDOXDWLRQ 6RPH DUHDV RI D
EXVLQHVYVY SURFHVVHV GHVLJQ DQG DQDO\VLV RI F



& QDS WHU SHWUL +RW

HYDOXDWLRQ RI VHUYLFH GHOLYHU\ IDFLOLWLHV V
HYDOXDWLRQ RI KDUGZDUH VRIWZDUH V\VWHPV DQG
WKLV WKHVLVY WR VLPXODWH WKH FRQVXOWLQJ ILUPY
&26% 6RIWZDUH /H\ &26% 6ROXWLRQV 3XOOKHLP *HUP
LQWHUUHODWLQJ FRPSRQHQWY DQG VXSSRUWV GH
FODVVLILFDWLRQ Rl UHVRXUFHV LQ WHUPV RI UROH
WRRO D ZRUNIORZ FOLHQW DSSOLFDWLRQ WKDW RII
DGPLQLVWUDWLRQ DQG PRQLWRULQJ WRRO ZKLFK F
H[HFXWH FKDQJHV GHWHFW SUREOHPV DQG FROOH
$DOVW @ &RBWIKRARRKRG LQ PRGHOOLQJ FRPSOH[ SU
VXSSRUW YHULILFDWLRQ LW LV GLIILEXOW WR XVH I
'HVLJQ&BHWD 6RIWZDUH LV D KLHUDUFKLFDO 3HWUL
SURYLGHV WKH XVHU ZLWK D JUDSKLFDO LQWHUIDF!
OHYHO 3HWUL QHWV

([SHF®%DNNHQLVW ODQDJHPHQW &RQVXOWDQWYV 'LH
XVHG WR PRGHO DQG VLPXODWH SURFHVVHV PRGHO
7KH ODQJXDJH ([6SHFW FRQVLVWVY RI WZR SDUWV D
7KH IXQFWLRQDO SDUW LV XVHG WR GHILQH W\SH\
RSHUDWLRQV RQ WKH YDOXH RI D WRNHQ ,Q WKH G\
SODFHV DV ZHOO DV WKHLU LQWHUDFWLRQ DUH VSt
ZLWK ([6SHFW WKH SURFHVV LV DQLPDWHG DQG NH\
WKURXJKSXW WLPH RI D SURMHFW DQG RFFXSDWLRQ
FDSDEOH WR LQWHUYHQH ZKLOH WKH VLPXODWLRQ |
FKDQJLQJ WKH YDOXHV RI WKH WRNHQV KHQFH FKD(
WKH SURFHVV DQG LWV EHKDYLRXU $V D UHVXOW
HYDOXDWHG DQG WKH WRRO VXSSRUWY DOVR WKH P
DGGLQJ WRNHQV UHVXOWYV LQ WKH FKDQJH RI WKH
'HVLJQ&31 SURYLGH DQDO\WLY WRROV DQG UHSRUWL
,1&20( 3URPDWLV ,QIRUPDWLN *PE+ &R .* SURYLGH
WRRO &RPSXWHU $LGHG 6RIWZDUH (QJLQHHULQJ ED
3HWUL QHWYV

3$&( *URVVHQEDFKHU (OHNWURQLN $* LQFOXGHV D 3
BURFHVV HEDYHU*HPLQL ,QQRYDWLRQ VXSSRUWV :
PRGHOOLQJ



FKDSWHU SHWUL WL

BURORGHBURORGHO &RUS LV D WRRO IRU SURFHVV P
ODVW IRXU VR)I82D U H3$RRRBOWRFHVIVGBRYRGH GDQ
EH XVHG WR GRFXPHQW DQ H[LVWLQJ SURFHVV DQG
DQDO\WH QHZ SURFHVV FRQFHSWV $GGLWLRQDOO\
SURWRW\SHY DQG GHWDLOHG GHVLJQV RI QHZ SURFH
352726 3D0OODV $WKHQD 30DVPROHQ WKH 1HWKHUOTL
%XVLQHVV 3URFHVV 5HHQJLQHHULQJ WRRO ,W LV |
PRGHOOLQJ DQG DQDO\VLQJ EXVLQHVV SURFHVVHYV
'RIODQLQGKRYHQ 8QLYHUVLW\ Rl 7THFKQRORJ\ WKH 1}
3HWUL QHW EDVHG ZRUNIORZ DQDO\WVHU WKDW FDQ D
D ZRUNIORZ ,W PDNHV XVH RI VWDQGDUG 3HWUL QH\
LPSRUWDQFH RI WKH VRXQGQHVV SURSHUW\ ,I WKH S
XVHU LV JXLGHG LQ GHWHFWLQJ WKH VRXUFH RI WKH
HUURU :RIODQ GHWHFWV FRQVWUXFWV ZKLFK YLRO]
LQYDULDQWY GHWHFWV XQERXQGHG SODFHV DQG UH
7KH OLVW RI VRIWZDUH WRROV EDVHG RQ 3HWULI
FRPPHUFLDO DQG DFDGHPLF ZRUOGV JURZV HYHQ PRU
UHSRUWHG 'HWDLOHG GHVFULSWLRQV DQG FRQWDFW
WRROV FDQ EH IRXQG RQ WKH ,QWHUQHW 7KH &HQWUH
&5,0 :HE DG&XWHWS ZZEDFWRMPDLQHVB6HUYLFHV */ 3(7
0( KWPO DQG WKH 'HSDUWPHQW RI &RPSXWHU 6FLHQF
'$,0, :HE DGG&WNWS/ ZZZ GDLPL DRIEN)WHDWQLRINO\G :LG
VLWHY GHYRWHG WR 3HWUL 1HWV DQG WKHLU WRROV

‘UbZLQJ WKH 3HWUL QHW PRGHO IRU WKH FRQVXOWL

,Q WKLV SDUW RI WKH FKDSWHU ZH IRFXV RQ WKH
ODQDJHPHQW 6\VWHP RI D FRQVXOWDQF\ ILUP 7KLV WL
RI WKH G\QDPLFV RI WKH V\VWHP LV D 3HWUL 1HW PR
SODWIRUP $ GHWDLOHG GLVFXVVLRQ RI WKH PRGHOTYV
SURYLGHG

$/3+$%$6 'z LV D GLVFUHWH HYHQW VLPXODWLRQ WR
FRQVWUXFWHG JUDSKLFDOO\ XVLQJ LFRQV DQG GDWD |



FKDSWHU SHWWJ L

KLHUDUFKLFDOO\ DOORZLQJ RQH WR EXLOG PRGHOV IR
ERWK 7KH WRRO DOVR SURYLGHV D ULFK DVVRUWPHQ\
VWDWLVWLFDO FROOHFWLRQ DQG UHSRUWLQJ FDSDELC
XVHG WR HYDOXDWH WKH GHVLJQ RI D QHZ V\VWHP RU
H[LVWLQJ VI\VWHP 7KH JUDSKLFDO GHYHORSPHQW HQYL
WR VHH RU ZULWH D OLQH RI FRGH
ORGHO GHYHORSPHQW LV DFFRPSOLVKHG WKURXJ
LQWHUIDFH 7KH XVHU FUHDWHY D PRGHO E\ DUUDQJLC
DUHD (DFK LFRQ UHSUHVHQWY RQH RI WKH IXQGDPHQ!
SODFHV WUDQVLWLRQV DUFV DQG ER[HV 'RXEOH FOlI
IRUP WKDW DOORZV RQH WR GHILQH WLPLQJ UXOHV GH
DQG RWKHU SDUDPHWHUV WKDW GHILQH WKH FKDUDFW
LV EDVHG IX0O0\ RQ WKH H[WHQGHG 3HWUL 1HWV WKH
WUDQVLWLRQV GHFLVLRQ UXOHV DW SODFHV DWWULE!
DQG ER[ QRGHV ORUH DQDO\WLFDOO\ DOO WKH DERYF
1HWV DV IROORZV
f 7LPLQJ UXOHV DW WUDQVLWLRQV 7KHUH DUH WKUHE
ZKHUH WLPH RI SURFHVV LV IL[HG DW RQH YDOXH LL
UDQGRPO\ GLVWULEXWHG DFFRUGLQJ WR XVHU VSHF
FRQVWUXFWHG ZKHUH WLPH RI SURFHVV LV EDVHG
UHSUHVHQW WKH WLPH UHTXLUHG WR FRPSOHWH D
SHUIRUPDQFH DQDO\VLYV
f 'HFLVLRQ UXOHV DW SODFHV 7KHUH DUH WKUHH W\S
WRNHQV IORZ DORQJ WKH DUF ZLWK WKH KLJKHVW S
IORZ DORQJ WKH DUFV DFFRUGLQJ WR DVVLJQHG SUR
PHW DQG LLL FRQVWUXFWHG ZKHUH WRNHQV IORZ
UXOH 7KHVH UXOHV UHVROYH FDVHV RI FRQIOLFWL(
WRNHQV RXW RI SODFHV
f $WWULEXWHV RQ WRNHQV 7KHVH H[WHQG WKH PRG
GHVFULSWLRQ DQG DQDO\VLV RI D VIVWHP PRUH FRPEC
f $UF W\SHV 7KHUH DUH WKUHH W\SHV RI DUFV L W
LV XVHG ZKHQ WKHUH LV QR UHVRXUFH FRQVWUDLQW



FKDSWHU SHWUL <8L

ZKHQ WKH SUHVHQFH RI DQ REMHFW RU FRQGLWLRC

RFFXUULQJ
$ %R[ QRGHV 7KH\ DUH XVHG WR JURXS RU FOXVWtE

SDUWLEXODU VXEV\WWHPV DQG IXQFWLRQV

8VLQJ WKH GHVFULSWLRQ RI WKH SUREOHP DV
FRQVWUXFWLRQ RI RXU PRGHO SURFHHGV WKURXJK D
WUDQVLWLRQV HYHQWVY DUH LGHQWLILHG DQG JUDSH
ORFDWLRQV Rl VWDWHY DUH VRRQ DGGHG WR WKH PR
IRXU PDLQ MEXIIHUVY] L H WKH -XQLRUV WKH &RQVX
FRQVXOWDQWY VHH )LIXUH 6WDQGDUG DUFV DUH
WKURXJK WKH V\VWHP 7ZR LPSRUWDQW SODFHV DUH
L 3URMHFWYV ZKHUH D puPDFKLQHY JHQHUDWLQJ WRNH
LL 1HZFRQ ZKHUH D TXHXH Rl UHDG\ WR EH KLUHG FF
VIVWHP 7KH PRGHO DVVXPHV HTXDO SUREDELOLW)\ IRU
GLIIHUHQW W\SHV RI FRQVXOWDQWY WKRXJK WKHLU S
IDFWRU MXQLRU FRQVXOWDQWY DUH RQO\ KDOI DV ¢
FRQVXOWDQWY ,QLWLDO SRSXODWLRQ IRU DOO WKH S
WKH QXPEHU RI -XQLRUV LV WKH QXPEHU RI &RQVX
SHRSOH DQG ILQDOO\ WKH QXPEHU RI ([WHUQDOV LV
FRQVXOWLQJ FRPSDQ\ KLUHV  SHRSOH RQ DYHUDJH St
WKH ZKROH KLULQJ ZRUN WUDQVIHU DWWULWLRQ SUR
FRQVXOWDQWY LV H[SOLFLWO\ GHVFULEHG
8VLQJ $/3+$ 6UDTV PRGHOOLQJ FDSDELOLW\ )LJ

PDQLSXODWHG VR DV WR FRQVWUXFW D FRQFLVH PRGH
WKH WZR PDLQ SODFHV L H 3URMHFWYV DQG 1HZBFRQ
WKH XQQHFHVVDU\ GHWDLOV RI SURMHFWYVY XQGHUWDN
DV WKH SURFHVV RI WKHLU DWWULWLRQ DUH FO
7\SHBRIB&RQVXOWDQWBZRUNLQJ 7UDQVLWLRQV 3URPB
VWLOO YLVLEOH LQ WKLV UHSUHVHQWDWLRQ RI WKH
$/3+$$6 Z RQFH PRUH )LJXUH UHGXFHV WR )LJXUH
UHDGHU WKDW WKH FRPSDQ\ XQGHUWDNHY SURMHFWV
GHPDQG
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J)LIXUH 7KH FRPSOHWH 3HWUL 1HW PRGHO RI WKH FRQVX(

7KH DUFV FRQQHFWLQJ WKH ER[HV UHSUHVHQW LQIRUPEL
SURFHVVHV WKH QDWXUH RI HDFK XQGHUO\LQJ SURFHV
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JLIXUH *HQHUDO GHVFULSWLRQ RI WKH FRQVXOWLQJ IL



&KDSWHU 3 ]WUL <MHWL

$/3+$%$69P DOVR RIIHUV DQRWKHU LQWHUHVWLQJ YLH
VKRZQ LQ )LIJXUH ,Q DGGLWLRQ WR GLVSOD\LQJ WK
PRGHO WUHHV FDQ EH XVHG WR QDYLJDWH WKURXJK
UHSUHVHQWDWLRQV RI WKH SUREOHP PDNH LW HDVLHL
V\VWHP 9LVXDO GLVSOD\ RI WKH PRGHOfV ORJLF HD
YDOLGDWLRQ

JLIXUH 'UDZLQJ WKH WUHH RI WKH V\VWHP

6RRQ DIWHU WKH DSSURSULDWH GDWD WLPLQJ UX
DVVLIQPHQWY DQG RWKHU SDUDPHWHUV WKDW GHILQ
LOQVHUWHG LQ WKH GDWD HQWU\ IRUPV RI WKH YDULRX
HYDOXDWH WKH SHUIRUPDQFH RI WKH V\VWHP WKURXJ
PHQWLRQHG WKH SODFH FDOOHG 3URMHFWV FRQWDLQ
WUDQVIRUPHG LQWR PDQ KRXU XQLWYV LUUHVSHFWLYHC
+HQFH D UHJXODU IORZ RI SURMHFWY WKDW VWHDGLO\
LV DVVXPHG )XUWKHUPRUH LW LV DVVXPHG WKDW WK}
VWHDG\ IORZ RI KLULQJV SHU \HDU 7KHVH DUH GLVYV
FRQVXOWDQWY DFFRUGLQJ WR WKH UDWLR



FKDSWHU S3HWUL IOH

'KHQ FDUU\LQJ RQ ZLWK WKH VLPXODWLRQ WKH
YDOXDEOH DQQXDO LQIRUPDWLRQ RQ WKH QXPEHU RI |
UHVSHEWLYH OHYHOV RI FRQVXOWDQF\ DV ZHOO DV RQ
FDSDEOH Rl GHDOLQJ ZLWK L H SURMHFWV WKH FRP
GXULQJ RQH VLPXODWLRQ UXQ WKH IROORZLQJ UHVXO
\HDU SHULRG WKH FRPSDQ\fV ZRUNIRUFH LQFUHDVHG
IROORZV ([WHUQDO FRQVXOWDQWYV -XQLRU FRQVX(
FRQVXOWDQWYV W LV IDLUO\ HDV\ I[URP WKLV SRLQ
KLULQJ SDWWHUQV VR DV WR FORVHO\ PDWFK WKH UH
KLULQJ SDWWHUQ WKDW KDV EHHQ IROORZHG LQ WKLV
KLULQJV SHU \HDU FDQ HDVLO\ EH PRGLILHG VR DV W
SHU \HDU WR WKH H[WHQW RI FUHDWLQJ D FRPSOF}
)XUWKHUPRUH $/3+$$6 Z RIIHUV RQH WKH DELOLW\ WI
DGGLQJ GHOHWLQJ LFRQV WR H[SORUH DOWHUQDWLY!
H[SORUH SDUDPHWULF YDULDWLRQV

$OWKRXJK 3HWUL 1HWV KDYH SURYHQ D XVHIXO Pl
UHVRXUFHV DQG LQIRUPDWLRQ HIIHFWLYHO\ RQH FDQ
Rl 3HWUL 1HWV WR SURYLGH RSWLPLVDWLRQ UXQV DQ
KDV WR FRPSURPLVH ZLWK D WULDO DQG HUURU ORJLF
VHWXS XQGHU WHVW

*HQHUDO &RPPHQWYV RQ +LJK /HYHO 3HWUL QHWYV

3HWUL QHWV DUH ZHOO VXLWHG WR PRGHO IORZV
LQ D XQLI\LQJ ZD\ ORGHOOLQJ WKHVH IORZV E\ WRNHQ
UHSUHVHQWY D PHGLXP WKURXJK ZKLFK VRPHWKLQJ LV
IDFW WKDW IORZV DUH UHSUHVHQWHG JUDSKLFDOO\ V
WRNHQV ZKLOH WKH VLPXODWLRQ LV UXQQLQJ PDN
FRPSUHKHQVLEOH H[SOLFLW DQG DW WKH HQG RI WK
D PRGHOOHG V\VWHP FDQ EH XVHG DV D VSHFLILEDW
FRQVWUXFW RU DV D SUHVHQWDWLRQ RI D V\VWHP ZK

+LJK OHYHO 3HWUL QHWV LV D PRGHOOLQJ ODQJX
FRPPXQLFDWLRQ V\QFKURQLVDWLRQ DQG UHVRXUFH V



FKDSWHU SHWUL HW\

FKDUDFWHULVHG E\ VRPH YHU\ LPSRUWDQW SURSHUWL
PRGHOOLQJ ODQJXDJH IRU WKH GHVLJQ VSHFLILEFDWLR
VIVWHPV 7KHLU PDLQ SURSHUWLHY DUH WKHLU JUDSK
%XVLQHVV ORJLF FDQ EH UHSUHVHQWHG E\ D IRUPDO I
WKH EDVLF VWUXFWXUH RI D FRPSOH[ KLJK OHYHO 3HV
LQGLYLGXDO SURFHVVHV LQWHUDFW ZLWK HDFK RWKH
UHVROYHV DQ\ DPELJXLW\ DQG FRQIOLFW RYHU WKH
SURFHGXUHV 7KLV ODVW SURSHUW\ LV ZKDW PDNHV
PHWKRGRORJ\ ZKHQ FRPSDUHG ZLWK WKH RWKHU PH
FKDSWHUV ,W LV WKH RQO\ PHWKRGRORJ\ ZKLFK V.
VHPDQWLFV IRUPLQJ LQ WKLV ZD\ WKH IRXQGDWLRQ R
KDYH VHHQ WKHUH LV DQ DEXQGDQFH RI IRUPDO DQDC
KLJK OHYHO 3HWUL QHWYV FDQ EH SURYHG UHDFKDEI
LQYDULDQWY UHGXFWLRQV DQG FKHFNLQJ IRU VWUXF)

2QH YHU\ LPSRUWDQW DVSHFW RI 3HWUL QHWV L
PRGHOOLQJ WHFKQLTXHV 5ROH $FWLYLW\ 'LDJUDPV C
VWDWH RI D FDVH FDQ EH PRGHOOHG H[SOLFLWO\ LQ T
DUH HYHQW EDVHG L H WUDQVLWLRQV DUH PRGHO
VXEVHTXHQW WUDQVLWLRQV DUH VXSSUHVVHG 7KH
GHVFULSWLRQ VHHP WR EH RI XWPRVW LPSRUWDQFH 7
GLVWLQFWLRQ EHWZHHQ WKH HQDEOLQJ RI D WDVN D
VKRZQ WKURXJK WKH FRQFHSW RI WULJJHULQJ WKDW
WKDW WKH WDVN ZLOO EH H[HFXWHG LPPHGLDWHO\ $
FRUUHVSRQGLQJ FDVH LV LQ D VWDWH WKDW HQDEOH
H[DPSOH ZH DVVXPH WKDW WKH WDVN LV H[HFXWHG V
DV WKH UROH LQVWDQFH LV LQ WKH WULJJHULQJ FRQG
SHUIRUPHG LPPHGLDWHO\ DIWHU D WDVN KDV EHHQ FR!
VWDWH RI WKH V\WVWHP 7KURXJK D VWDWH EDVHG G
SRVVLELOLW\ Rl FRPSHWLWLYH WDVNV )LJXUH D F
VLPSO\ UHPRYLQJ DOO WKH WRNHQV DQG WULJJHUV WK

7KH WHUP VWDWH EDVHG VLPSO\ GHQRWHV WKDW VWDWHYV DUH PRG
LQFRUSRUDWHY VWDWH WUDQVLWLRQV L H HYHQWYV



FKDSWHU 3GUL <MGL

)XUWKHUPRUH KLJK OHYHO 3HWUL QHWVY DOORZ I
WKH HQDEOLQJ FRQGLWLRQV DQG WKH HIIHFWV RI DQ L
0DQ\ RWKHU JUDSKLFDO GHVFULSWLRQ ODQJXDJHV IR
'"\QDPLFV ZRUN ZLWK JUDSKV WKDW RQO\ GHVFULEH
GHWDLOHG EHKDYLRXU LV VSHFLILHG VHSDUDWHO\ $0O
YDULHW\ Rl VRIWZDUH WRROV WKDW VXSSRUW WKH GUL
QHWV 7KURXJK VLPXODWLRQ XVHUV JDLQ LQVLJKW DQ
LV RIWHQ DV LPSRUWDQW DV WKH UHVXOWV WKDW WKH

/IDVW EXW QRW OHDVW DQRWKHU LQWHUHVWLQJ S
KLHUDUFKLFDO QDWXUH 7KLV PHDQV WKDW RQH FDQ F
E\ UHODWLQJ VPDOOHU QHWV WR HDFK RWKHU LQ D
VWUXFWXUH ODUJH VSHFLILEDWLRQV +LHUDUFK\ FRQV
'"\QDPLFV PHWKRGRORJ\

3HWUL 1HWV DQG WKH RWKHU PHWKRGRORJLHV

R IDU WKH YDULRXV PHWKRGRORJLHV IRU PRGHC
SUHVHQWHG H[WHQVLYHO\ 7KH ZKROH UHVHDUFK HIIR!
PRVW HOHPHQWDU\ DFWLYLWLHVY GHSOR\HG LQ WKH H
UHDFKHG WKH SRLQW ZKHUH ZHOO VWUXFWXUHG ZHO
EXVLQHVV SURFHVVHV FRXOG EH GHYHORSHG $V )LJX
DSSURDFK IRUPV KLVWRULFDOO\ DQG FRQFHSWXDOO\
GHYHORSHU WR JDWKHU GDWD DQG VWUXFWXUDO LQIR
7KH HVVHQFH RI WKLV HIIRUW LV WR LGHQWLI\ RQH RU
WR PRGHO RQO\ WKRVH EXVLQHVV SURFHVVHV WKDW [
FUHDWH WKH 3UHOHYDQW  V\VWHP (OLFLWDWLRQ RI N
REMHFWLYHV Rl WKH PRGHOOLQJ HIIRUW DQG RQ WKH\
WKLV WKHVLVY UHO\ WR GULYH WKH GHYHORSPHQW R E
WKH 6RIW 6\WWHPV DSSURDFK LV LWHUDWLYH WKH PF
SDUWLFLSDQWY DJUHH WKDW WKH PRGHO UHSUHVHQW)\
DLP LV WR WDFNOH ERWK WKH LQWHOOHFWXDO SUREO
LQYROYHG LQ FRQFHLYLQJ LGHDV IRU FKDQJH 7KH PR
WKH SURGXFW RI FRPELQLQJ JUDSKLFV DQG QDWXUDO



&KDSWHU 3 ]WUL <MHWL

DO UHOHYDQW LQIRUPDWLRQ ,W LV D VWDWLF DQG SXl
SURFHVYV

&RQFHSWXDO PRGHOOLQJ DV EHHQ XVHG E\ WKH IL
6RIWZDUH (QJLQHHULQJ DGGV WR WKH UHSUHVHQWDW
PRGHOV WKDW FDQ VXSSUHVV DOO WKH LUUHOHYDQW Gt
7KH DEVWUDFWLRQ PHFKDQLVPV XVHG DUH DJJUHJDW
JHQHUDOLVDWLRQ

6WDWLF
'"HVFULSWLRQ

JLIXUH &ODVVLILFDWLRQ RI WKH YDULRXVY PHWKRGRORJLHV DFFR

$W WKLV SKDVH RI WKH GHYHORSPHQW WKH PDLQ H
LOWHUUHODWLRQVKLSY LQ D SURFHVV DUH LGHQWLILHG
UHDVRQ DERXW WKH EXVLQHVV SURFHVV FRPPXQLFDWEF
VSHFLI\ WKH DOORZDEOH VWUXFWXUHV DQG WUDQVLWI
QHLWKHU 6RIW 6\VWHPV DSSURDFK QRU &RQFHSWXDO P
IRU WKH EHKDYLRXU RI VIVWHPV $GGLWLRQDO UHVHDUF
SURGXFHG VR IDU VR DV WR FUHDWH EHKDYLRXUDO |



FKDSWHU SHWUL ILG

IRUPDOLVP IRU H[SUHVVLQJ KRZ DQG ZKHQ FKDQJHV RI
DQRWKHU

7KH PRGHOOLQJ SURFHVV QRZ PRYHV WR WKH G\Q
EXW RQFH DJDLQ WKH SDWK WR IROORZ GLIIHUV GHSFH
ZLVKHV WR H[WUDFW IURP KLV KHU PRGHO )RU DQ LQV
WKH SURFHVV ZKHUH HQWLWLHY DUH DJDLQ WKH VXENMN
OLHV RQ WKH GHVFULSWLRQ RI ZKDW SHRSOH GR UDWK
$FWLYLW\ 'LDJUDPV 5%$'V PHWKRGRORJ\ VXLWV LWV S
IOH[LEOH LQ PRGHOOLQJ QRW YHU\ QHDW KLHUDUFKLH
PRGHOOLQJ IDLOHG WR DGGUHVV DQG WKXV SURYL
TXDOLWDWLYH PRGHO ZKHUH LWV EHKDYLRXU LV VWX
WRNHQ DURXQG WKH QXPHURXV DFWLYLWLHV $ ULFKHU
EHQHILW IURP PRGHOOLQJ WKH LQWHQWLRQDO GLPHQ\
PHWKRGRORJLHY LQWURGXFH D PRGHOOLQJ IUDPHZRU
EHKLQG HYHU\ EXVLQHVVJBPWWYLW\E XMHDWE&LRBWLY LW
DOORZV WKH DFWLYLW\ WR EH VHOHFWHG DV D FDQC
GLVWLQFWLYH FKDUDFWHULVWLFV RI WKLV DSSURDFK
FRUUHODWLRQ UXOHV WKDW SURGXFH FRQWULEXWLRQV

6\WVWHP "\QDPLFV 6' RQ WKH RWKHU KDQG DUl
SUREOHPV RI G\QDPLF QDWXUH L H ZLWK WKH RYHUD
FDQ LQIOXHQFH LWV RZQ HYROXWLRQ LQWR WKH IXWX!
HDVLO\ FRPSOHPHQW RWKHU PDQDJHPHQW VFLHQFH D
VWDWLF SUREOHPV DV 5%$'V DUH IRU H[DPSOH ,| WKH D
D UHGXFHG WLPH WR SURFHVV 6\WWHPV '\QDPLFV FDQ
Rl IORZV Rl PDWHULDO EHWZHHQ VWRFNV 7KHVH IOR
IHHGEDFN ORRSYV DQG DOWHUQDWLYH SDWKV RI PDWHU
IRUPV WKH LQIOXHQFH GLDJUDP DQG WKH HTXDWL
FRPPXQLFDWH WKLV SURYLGHV D TXDOLWDWLYH GHVFEL
ZKHQ EXLOGLQJ PRGHOV DQG WKDW PDNHV 6' PHWKRGF
WRROV IRU VLPXODWLQJ 6' PRGHOV DOORZ IORZ UDWH)
RQ H[WHUQDO YDULDEOHVY RQ WKH SDVVDJH RI WLPH
LQ WKLV ZD\ WKH DQDO\WW FDQ GHWHUPLQH WKH F\F
GHVFULSWLRQ RI WKH PRGHO 7KLV LV D PXFK ULFKHU
5$'V HVSHFLDOO\ ZKHQ WU\LQJ WR XQGHUVWDQG WKH



FKDSWHU SHWUL <8L

$ 58' FDQ HDVLO\ EH FRQYHUWHG LQWR DQ 6' PRGHO
IDEWRUV ZKLFK DUH VWULFWO\ RXWVLGH WKH VRUW F
'LDJUDPV DQG 6\WWHP '\QDPLFV DUH WKXV WZR FRP!
GHYHORSHU WR XVH GHVSLWH VRPH DSSDUHQW RYHUO
3HWUL 1HWV SURYLGH D YHU\ DFFXUDWH FRQFHS\
DQG ZKHQ FKDQJHV RFFXU WR HQWLWLHV $V ZLWK 5$"
WULJIJHUV WKH H[HEXWLRQ RI D QXPEHU RI SURFHVVHV
RQ WKH V\VWHP DQG SURGXFHV D VWDWH WUDQVLWLR(
WKH ORJLF RI 3HWUL 1HWV E\ DFNQRZOHGJLQJ WKH
LQGLFDWLRQ RI WKH PDUNLQJ Rl WKH UROH LQVWDQFH
WR GHVFULEH DQ LQWHQGHG V\WWHP EHKDYLRXU ZKH
UHTXLUHG 3DUWLEXODUO\ +LJK OHYHO 3HWUL QHWV °
DQG TXDQWLWDWLYH LQIRUPDWLRQ WKXV DOORZLQJ
LK\EULGY QDWXUH $OVR DV D PDWKHPDWLFDO WRRO
HTXDWLRQV DOJHEUDLF HTXDWLRQV DQG RWKHU PDW
PRGHOV 7KHLU IRUPDOLVP RIIHUV D SOHWKRUD RI DQD
EHKDYHV DV H[SHFWHG YDOLGDWLRQ FKHFN WKH FRU
LQYHVWLIJDWH WKH DELOLW\ RI WKH SURFHVV WR PHH!
WLPH VHUYLFH DQG UHVRXUFHV PDQDJHPHQW SHUIRU
3HWUL 1HWV DUH H[WUHPHO\ JRRG DW PRGHOOLQ.
GHWHEW XVLQJ DOO WKH DEXQGDQFH RI DQDO\VL)\
ERWWOHQHFNY DQG SUREOHPV LQ GHVLJQ LQ JHQHUDO
WKH PRVW DGYDQFHG PRGHOOLQJ WHFKQLTXH IRU EXV
DQG RI WRROV IRU EHKDYLRXUDO DQG VWUXEWXUDO
KHOSIXO KLQWV IRU WKH UH HQJLQHHULQJ RI D SURF
SURFHVVHV LV GLYHUVH DQG FRPSOLFDWHG :KHQ WKH
WKH UHODWLRQVKLSY EHWZHHQ WKH YDULRXV HQWLWL
LW RIWHQ KDSSHQV LQ WKH FDVH RI EXVLQHVV SURF
RYHUFRPH IX]]JLQHVV DQG SURSRVH D EHWWHU LQWH!
LQYROYHG 7KLV LV EHFDXVH 6\WWHP '\QDPLFV LQFRUS
1HWV IDLO WR DGGUHVV 1HYHUWKHOHVV UHVHDUFK
UHTXLUHV GLIIHUHQW WRROV DQG PHWKRGV VR DV W
6\WVWHP '"\QDPLFV DQG 3HWUL 1HWV 7KHUH LV QR VXFK
(DFK PRGHO GHULYLQJ IURP D GLIIHUHQW PRGHOOLQJ



FKDSWHU 3HWUL 1@H

HQG XVHUV KHQFH WKH DQDO\WW VKRXOG XVH WKHP
FOLHQW

&RQFOXVLRQ

3HWUL QHWV DUH GHVLJQHG WR PRGHO V\VWH]
FRPSRQHQWY ORVWO\ WKH\ DUH VXLWHG WR PRGHO
VAVWHPV ZKLFK H[KLELW SDUDOOHO HYROXWLRQV DQ
VIQFKURQLVDWLRQ DQG VKDULQJ SKHQRPHQD 8VLQJ
FRQIOLFW DQG PXWXDO H[FOXVLRQ LQ D V\VWHP LV
SUREOHPV DULVH ZKHQ WKH V\VWHP WR EH PRGHOOHG
PRGHOV ZLOO EH ODUJH DQG GLIILFXOW WR DQDO\VH
SURSRVHG DQG WKLV WKHVLV FRQVLGHUV WKH XVH RI
WLPHG FRORXUHG 3HWUL QHWV DV WKH DSSURSULD
SURFHVVHYV
ORGHOOLQJ D VIVWHP XVLQJ 3HWUL 1HWV KDV PDQ
f WKH RYHUDOO EHKDYLRXU LV HDVLHU WR XQGHUVWI
RI WKH UHSUHVHQWDWLRQ VFKHPH 3HWUL QHWV DU
VXSSRUWYV D ZHOO GHILQHG V\QWD[ DQG VHPDQWLFV
WKH IRUPDO DQDO\VLVY PHWKRGV
f WKH\ FDQ EH LQWHUDFWLYHO\ H[HFXWHG DQG DQDO
DQ DEXQGDQFH RI IRUPDO DQDO\WLYV WHFKQLTXHV E\
QHWV FDQ EH SURYHG UHDFKDELOLW\ JUDSKV LQ
UHGXFWLRQV DQG FKHFNLQJ IRU VWUXFWXUDO SURS
f WKH\ FDQ EH VIQWKHVLVHG XVLQJ ERWWRP XS DQG \
3HWUL QHWV DUH XVHG PDLQO\ IRU PRGHOOLQJ
LQGHSHQGHQW FRPSRQHQWYV DV FRPSXWHU KDUGZDUH
VIVWHPV 7KH\ SURYH RXW WR EH D VXLWDEOH PHW
VWUXFWXUHG SURFHVVHV EXW UHVHDUFK VKRZV WKD\
6\WWHP "\QDPLFV DQG RSWLPLVDWLRQ WHFKQLTXHV L«
VWUXFWXUHV



&KDSWHU

&21&/86,216
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X&21&/86,216 ,GHDV IRU IXWXUH ZRUN

*HQHUDO DSSURDFK RI WKH WKHVLV

,Q WKLV WKHVLV D WKRURXJK LQYHVWLJDWLRQ R
WKH PRGHOOLQJ RI EXVLQHVV SURFHVVHV KDV EHHQ SkH
WRROV DQG PRGHOOLQJ DVSHFWV WKDW QHHG WR EH V
QXPEHU RI RSHQ LVVXHV 7KH LPSRUWDQW UROH WKDW
EHHQ H[SOLFLWO\ VWUHVVHG RXW LQ WKH WKHVLV LQ
LQ DQ RUJDQLVDWLRQ HVVHQWLDOO\ GHILQHV ZKDW W
GHSHQG IRU WKHLU FRPSHWLWLYHQHVV RQ WKH HIILFL
RSHUDWH ,Q DGGLWLRQ XVLQJ D SURFHVV YLHZ KLJKC
UHDVRQV IRU PRYLQJ IURP WUDGLWLRQDO KLHUDUEKI
ZKHUH WKH LPSRUWDQFH RI EXVLQHVV SURFHVVHV LV U
+ WKH DELOLW\ WR GHOLYHU D EHWWHU VHUYLFH WR F
+ WKH FUHDWLRQ RI LQFUHDVHG IOH[LELOLW\ Rl RSHUI
+{ LPSURYHG MRE VDWLVIDFWLRQ E\ SURYLGLQJ D JRD(
WUDQVIRUPDWLRQ WR IODWWHU PRUH HIIHFWLYH VWU
>S6WHY @ TXRWHV 3 $ SDUDOOHO PD\ EH GUDZQ
GHVLJQLQJ D QHZ FKHPLFDO SODQW RU D SDVVHQJHU M
WKH FRPSOH[LW\ RI WKH WDVN GHVLJQ FDQQRW EH OF
%HIRUH HYHQ D SURWRW\SH LV EXLOWLPRXRRSWAHU P
EHKDYLRXU RYHU D ZLGH UDQJH RI FRQGLWLRQV 0DQTE
DQDO\WH WKH RXWFRPHV Rl VLPXODWLRQV DQG WR GL\
DUH SURSRVHG PRUH VLPXODWLRQV DUH FRQGXFWHG
GHVLJQ WHDP OHDUQV DERXW U RODUXERQEGKLGY WHEHPW
EHKDYLR&R IDU WKH FOXVWHU RI SUREOHPV RYHUVKDG
SURFHVVHV KDV EHHQ VHHQ DV RQH SUREOHP ZKRVH V
D HQLFHY SLFWXUH Rl WKH SUREOHP DQG WKHQ GHFLV
RQ KHXULVWLFV DQG LQWXLWLRQ Rl WKH SHRSOH LQYR
VLPSOH YHUEDO GHVFULSWLRQ Rl WKH SURFHVV WR LW
PDWKHPDWLFDO QRWDWLRQ KDV EHHQ DGGUHVVHG
3DUWLFXODUO\ WKLV UHVHDUFK ZRUN SURYLGHG
FRQFHSWXDO OHYHO WR D IRUPDO RQH HQDEOLQJ GH



FKDSWHU &DRWLFLPLR QL

DZDIURP H[SHULHQFH DQG LQWXLWLRQ 3DUWLEXODU H
WKH PRGHOOLQJ H[HUFLVH ZKLFK DIWHU DOO GHILQH

RU G\QDPLF TXDQWLWDWLYH RU TXDOLWDWLYH GHVFUI
YDULRXV PRGHOOLQJ WHFKQLTXHV DQG WKHQ PDNH XV
7KH FODVVLILFDWLRQ RI WKHVH PRGHOOLQJ WHFKQLT)
FODULILHV WKH SURFHVV Rl KRZ WR EXLOG PRGHOV RI
FRQFHSWXDOO\ VSHDNLQJ 6RIW 6\WWHPV IRUP WKH LQL
JDWKHU GDWD DQG VWUXFWXUDO LQIRUPDWLRQ IRU WK
NQRZOHGJH LV EDVHG PDLQO\ RQ WKH JRDOV DQG REMt¢
WKHVH ZLOO DOO WKH PHWKRGRORJLHVY PHQWLRQHG LQ
RI EXVLQHVV PRGHOV &RQFHSWXDO ORGHOOLQJ DGGYV

FUHDWLQJ VHPDQWLF PRGHOV WKDW FDQ VXSSUHVV DO
WKH HVVHQWLDO RQHV 7KH DEVWUDFWLRQ PHFKDQL)
FODVVLILFDWLRQ DQG JHQHUDOLVDWLRQ

*58$3+,&8/
'(6&5,37,21
2) 7+(
352%/(0

JLIXUH &ODVVLILFDWLRQ RI WKH YDULRXY PHWKRGRORJLHV DFFRL
LQ WKH ZLGHU HIIRUW RI GHSOR\PHQW RI FRQFHSWXDO DQG T>

+RZHYHU QHLWKHU 6RIW 6\VWHPV DSSURDFK QRU
PRGHOOLQJ VXSSRUW IRU WKH EHKDYLRXU RI V\VWHP
SURYLGH EHKDYLRXUDO PRGHOV WKDW DUH DEOH WR |



FKDSWHU &ARQFOXLLRQL

HQWLWLHY DQG UHODWH ZLWK RQH DQRWKHU 5ROH $F\
TXDOLWDWLYH UHSUHVHQWDWLRQV RI WKH SURFHVV D
YHU\ JRRG DW PRGHOOLQJ ZHOO VWUXFWXUHG SURFH
RYHUFRPH IX]]JLQHVV DQG SURSRVH D EHWWHU LQWHL
LQYROYHG ZKHQ WKH GHVFULSWLRQ RI WKH SUREOHP |
PHQWLRQHG WHFKQLTXHV LV LQVWLIJDWHG E\ WKH DP
FRPSOH[LW\ OHYHO RI WKH SUREOHP

7KH HYDOXDWLRQ RI WKH YDULRXV PRGHOOLQJ W
WKHLU DSSOLFDWLRQ WR D YHU\ VSHFLILF SUREOHP W
D FRQVXOWLQJ FRPSDQ\ 7KLV LV D SUREOHP RI UHVRX
DEOH WR PHHW WKH LQFUHDVLQJ GHPDQG IRU SURMHEW
RQ DQ LQIRUPDWLRQ IHHGEDFN V\VWHP 7KHUH DUH W
SROLFLHV GHFLVLRQV DQG DFWLRQV ,Q WKLV WKHVLYV
LQWURGXFHG DQG WKH DSSOLFDWLRQ RI WKH SURSRVH
ZLWK WKH XQGHUVWDQGLQJ RI UHTXLUHPHQWYV IRU PRC
EXVLQHVV SURFHVVHV 7KH DGYDQWDJHV DQG WKH OL
WHFKQLTXHV KDYH EHHQ DGGUHVVHG DQG WKH W\SH
VXLWDEOH WR SURYLGH LV GLVEXVVHG 7KLV H[SORU
RUJDQLVDWLRQV QRW RQO\ WR IRUHFDVW WKH UDPL
FKDQJHV EXW DOVR WR JLYH GHFLVLRQ PDNHUV LQIR
SROLF\ FKRLFHV

,Q DGGLWLRQ DQ DOWHUQDWLYH SKLORVRSK\ L
SURFHVVHV KDV EHHQ SUHVHQWHG LQ WHUPV RI XVt
QRWLRQV :H KDYH LQWURGXFHG D FRQFHSWXDO DEVW
JHQHUDO V\WWHPV ZKLFK LV QHYHUWKHOHVV VXLWDE
WKH DQDO\VLV DQG GHVLJQ RI EXVLQHVV SURFHVVHYV
WR VXSSRUW GHFLVLRQ PDNLQJ $IWHU DOO SURFHVV
WKH UDGLFDO FKDQJHV LPSOLHG E\ SURFHVV HQJLQHHL
RIXQGHUVWPDIQBUQDQLVDWLRQDO EHKDYLRXU GHULYHG
JRUUHVWHU >)RU @ KDV UHFHQWO\ SURSRVHG WKH I
Rl FRUSRUDWHBWYHU WKRPSHBRWSRIWBRWWKH WLPH LW L\
RI WKH RUJDQLVDWLRQ ZKLFK LV GHIHFWLYH XVXDOOC
SURFHVVHV 7KH WKHVLV LQVWLJDWHVY D QHZ DSSURD
%35 LQGLFDWLQJ WKDW %35 LV GULYHQ E\ WKH LQW



FKDSWHU ARQFOXGORQS$

GHORBFNV LQ WKH GHFLVLRQ PDNLQJ SURFHGXUH ZKHQ
HPSRZHUV %35 ZKLFK WLOO UHFHQWO\ ZDV VLPSO\ Si
RI LPSURYHPHQW DQG FUHDWLRQ RI EXVLQHVV SURFH
TXDOLW\ DQG HFRQRPLFDO FULWHULD ,Q IXWXUH ZRU]I
EXVLQHVV SURFHVV UH HQJLQHHULQJ ZKHUH D GLVWL
VWUXFWXUH UHGHVLJQ DQG UHGHVLIJQ RI WKH GHFLVLR

7ZR YHU\ LPSRUWDQW PRGHOOLQJ WHFKQLTXHV KI
‘KHQ SURFHVVY PRGHOV DUH JHDUHG WR GHOLYHULQJ T
WRWDO WLPH WR SURFHVV D SURMHFW RU WKH SHUFH
"\QDPLFVY DQG 3HWUL QHWYV SURYLGH WKH DQVZHUV 6\V
GHVFULEH SURFHVVHV LQ WHUPV RI UDWHYV DQG DFFXF
IHHGEDFN ORRSV 6\VWHP '"\QDPLFVY EDVLF WKHVLV LV
ORRSVY FDQ HDVLO\ SURGXFH FRXQWHU LQWXLWLYH EF
JUHDWO\ LQFUHDVH WKH XQGHUVWDQGLQJ RI VXFK V\V\
FRQWLQXRXV TXDQWLWLHY RI UDWHYVY DQG OHYHOV LV
PRGHO WKURXJK GLVFUHWH HYHQW VLPXODWLRQ $QG
LQ WKLV WKHVLV TXLWH XQLTXH 3HWUL QHWYV KDYH VR
ZRUNIORZ V\VWHPV IOH[LEOH PDQXIDFWXULQJ V\VWH|
V\VWHPVY DQG PDQ\ RWKHUV EXW WKHUH KDV QRW EH
KXPDQ UHVRXUFHV PDQDJHPHQW SUREOHP EHIRUH 7K
PRGHOV IRU SURFHVVHV VXFK DV WKH RQH LQYHVWL.
PDWKHPDWLFDO QRWDWLRQ DQG WKH SOHWKRUD RI DC
EHKDYHVY DV H[SHFWHG YDOLGDWLRQ ZKHWKHU LW LV
UHTXLUHPHQWY ZLWK UHVSHFW WR WKURXJKSXW WLP
SHUIRUPDQFH DQDO\VLYV

%RWK PRGHOOLQJ PHWKRGRORJLHV KDYH SURYLGH
UHVHDUFK RQ EXVLQHVV SURFHVVHV IXUWKHU DKHDG
DQ\ RI WKHVH PHWKRGRORJLHVY DV WKH WRWDO EXVLC
EXVLQHVV SURFHVVHV LV GLYHUVH DQG FRPSOLFDWHG
PRGHOOLQJ PHWKRGRORJ\ KDV LWV RZQ WKLQJV WR W
XVH WKHP DOWHUQDWHO\ WR VDWLVI\ WKH QHHGV RI Wtk

'XULQJ WKLV UHVHDUFK HIIRUW EXVLQHVV PRGH
ZKHUH EXVLQHVYVY SURFHVVHVY DUH PRGHOOHG E\ DQ RSH
ZLWK VRPH HQYLURQPHQW LQ FDVH 3HWUL QHWYV LV X



FKDSWHU FRQFOXVLRQV

SRMLEOH WR GHWHUPLQH ZKDW D EXVLQHVV SURFHVV
LQWHUDFWLRQV ZLWK WKH HQYLURQPHQW L H LQSX\
WKH SULPH REMHFWLYHV 1HYHUWKHOHVV WKH VWXG
VIVWHP VHHPV WR EH D IDU PRUH LQWULJXLQJ DQG FK
WKH PDWKHPDWLFDO GLVFUHWH WLPH HTXDWLRQV GH
SURYLGHG DQG D G\QDPLF SURJUDPPLQJ DOJRULWKP Z
IRU WKH VLPSOLILHG FDVH RI WKH SUREOHP 7KH VWX
SROLF\ DFWV DV D IHHGEDFN FRQWUROOHU 7KH LQSX

GHPDQG IRUNURMHWWN PHOMXUKGFRXWSWKWH V\VWHP{V

DW WLPHI WKH QXPEHU RI WKH FRQVXOWDQWY HPSOF
SHUIRUPDQFH LQGH[ FRQVWUDLQWY WKDW WKH FRPS
HIDPSOH QRW H[FHHGLQJ GHDGOLQHV IRU SURMHFW
HPSOR\LQJ HIWHUQDO UHVRXUFHV VXEFRQWUDFWRUYV
HUURU VLJQDO 3DV VPDOO DV SRVVLEOH” L H WR PD
SURMHFW GHPDQG DV FORVHO\ DV SRVVLEOH RYHU V
PRUH HIILFLHQW QXPHULFDO DOJRULWKPV DUH XOWLI
FRPSOH[LW\ LVVXHV 2SWLPLVDWLRQ WHFKQLTXHV DU
WKXV GULYLQJ WKH DQDO\VLV DzZD\ IURP H[SHULHQFH
DOVR DQ LPSRUWDQW GLUHFWLRQ IRU UHVHDUFK
)LQDOO\ WR VXPPDULVH WKH PDLQ FRQWULEXWLI
$Q LOQOWURGXFWLRQ RI D FRQFHSWXDO V\VWHPLF D
VXLWDEOH WR DGGUHVV D QXPEHU RI LVVXHV DULVL
SURFHVVHV
$Q HIWHQGHG UHYLHZ DQG HYDOXDWLRQ RI YDULR>
WKDW DUH UHOHYDQW WR WKH PRGHOOLQJ RI EXVLC
SUHVHQWHG DQG SRVVLEOH H[WHQVLRQV IRU VRPH [
&ODVVLILFDWLRQ RI PRGHOOLQJ PHWKRGRORJLHV L
DUH FDSDEOH WR SURYLGH &UHDWLRQ RI D QDWX
FRQFHSWXDO OHYHO RI GHVFULELQJ D SURFHVV WR
PHWKRGV
'"HYHORSPHQW RI YDULRXV PRGHOV IRU WKH SDUWI
LOQOWHJUDWHG IUDPHZRUN



FKDSWHU &ARQFOX LRQ

6SHFLILFDWLRQ RI UHTXLUHPHQWYV IRU D V\VWHPYV
EXVLQHVYV SURFHVVHYVY &RPSOH[LW\ DQG TXDQWLW\ R
VSHFLILF PRGHOOLQJ WHFKQLTXH

,GHQWLILFDWLRQ RI QHHGV IRU IXWXUH ZRUN

)XWXUH :RUN

JURP WKH VA\VWHPDWLF UHYLHZLQJ RI PDQ\ LVVXHYV
WR GHYHORS D QHZ FRQFHSWXDO IUDPHZRUN E\ ZKLFK
WKH VDPH WLPH SURYLGH WKH GHVLIJIQHU ZLWK D SRZHL
EH DEOH WR PRGHO WKH EXVLQHVV SURFHVVHV 7KH Q
EDVLV IRU PRGHOOLQJ EXVLQHVV SURFHVVHV OLQNLC
SURYLGLQJ D PHDQV RI LQWHJUDWLQJ DEVWUDFW QR
DFKLHYHG 6RPH RWKHU FKDUDFWHULVWLFVY WKH PRC
>2X0G @
¥ WKH PRGHOV VKRXOG EH GLDJUDPPDWLF UDWKHU WE

WR FRPSUHKHQG DQG PDQLSXODWH
f WKH PRGHOOLQJ QRWDWLRQ VKRXOG KDYH IRUPDO
WKDW LW FDQ EH DQDO\VHG DQG SRVVLEO\ HQDFWHC

T LW VKRXOG EH SFRRPEAEHIHWYR KDQGOH

W LV DOVR LQWHUHVWLQJ WR LQYHVWLJDWH ZKH
WKDW FRPELQHYV VRPH RI WKH DGYDQWDJHYV RI WKH DO
DQG SURGXFHV PRGHOV WKDW VXIILFH WKUHH FULW
FKDQJHDEOH DQG HIHFXWDEOH 6XEVHTXHQWO\ WKI|
VSHFLILFV RI WKH PHWKRGRORJ\ DOVR KDV WR EH DGGL

JXUWKHUPRUH WKHUH LV D QHHG IRU IXUWKHU IR
6\VWHP '\QDPLFV VR DV WR WHVW WKHLU DELOLW\ WR
SURFHVVHYVY 7KH HYDOXDWLRQV SURYLGHG LQ &KDSWH!
RI WKH WHFKQLTXHV WR PRGHO D YHU\ VLPSOLILHG YF
FDVH VWXG\ KRZHYHU WR GDWH WKH WHFKQLTXHV KL
PHGLXP VLIHG EXVLQHVV SURFHVVHV 2QH RI WKH OLP
VWXG\ LV WKDW PXFK RI WKH LQIRUPDWLRQ JDWKHUH
7TKURXJK WKLY UHVHDUFK ZRUN LW KDV EHHQ YHULILH



FKDSWHU /IRPU ZG RZG

FDQ EH HIIHFWLYHO\ DSSOLHG WR UHDO EXVLQHVV SUR
VWXGLHV ZRXOG JUHDWO\ LQFUHDVH RXU FRQILGHQFH |

W LV DOVR YHU\ GLIILFXOW WR GLUHFWO\ FRPSE
QRWDWLRQV DW FRSLQJ ZLWK UHDO EXVLQHVV SURFHV
LQKHUHQW GLIIHUHQFHV LQ WKH WHFEKQLTXHV IURP GLI
‘H EHOLHYH WKDW ZLWK D UHDVRQDEOH QXPEHU RI F
LGHQWLI\ DQ\ FRUUHODWLRQ Rl WKH DOWHUQDWLYH QR

$QRWKHU SRVVLEOH DUHD RI UHVHDUFK LV WKH H]
LQFRUSRUDWH PRUH UHDOLVWLF LQIRUPDWLRQ 2QH FR
PRGHO E\ PDNLQJ WKH PRUH UHDOLVWLE DVVXPSWLRQ \
PRGHO SDUDPHWHUV LV NQRZQ RQO\ SUREDELOLVWLF
VWRFEKDVWLF DQG WKH FRVW |XQ F W[SRHFW¥PER U DEE R P X1
GHYLDWLRQV RYHU D ILQLWH KRUL]JRQ 'HYHORSPHQW
WR GHDO ZLWK YDULRXV RSWLPLVDWLRQ LVVXHV LV DO

,Q WKLV WKHVLV D FODVVLILEDWLRQ Rl PHWKRGR
PRGHOOLQJ GHVFULSWLRQ RI WKH SUREOHP TXDOLWI
G\QDPLF GHVFULSWLRQ KDV EHHQ SURYLGHG $Q DOW
WKH FODVVLILFDWLRQ RI SURFHVVHV DQG WKH XQGH!
PRGHOOHG E\ ZKLFK WHFKQLTXHYV

IDVW EXW QRW OHDVW WKH VSHFLILFDWLRQ RI V
ODNLQJ (QJLQH UHTXLUHV D FODVVLILEFDWLRQ RI IRUPD
FODVVLILFDWLRQ LV JLYHQ EHORZ 7KH GLDJUDP LV WD
FODVVLI\ WKH GLIIHUHQW W\SHV RI GLDJQRVWLF UHDVF
WR WKDW VR DV WR UHSUHVHQW WKH IRXU GLIIHUHQW
IDPLOLHV RI IRUPDO PRGHOV 7KHVH OHYHOV DUH VW
SDWWHUQ PDWFKLQJ )URP HDFK NQRZOHGJH UHSUHVH
KLJKHU OHYHO RI UHSUHVHQWDWLRQ 7KH OHYHOV DE
GHHS DQG VKDOORZ W\SH PRGHOV

21 WKH IRXU OHYHOV ZH FDQ HQWHU ZLWK NQRZ
NQRZOHGJH DW WKH VDPH RU DQ\ RWKHU OHYHO (YHU
PRGHOV 7KH IDFW WKDW NQRZOHGJH DW D JLYHQ OHY}
ORZHU OHYHO LPSOLHV WKDW PRGHOV DUH UHODWHC
PHFKDQLVPV DUH QRW \HW ZHOO XQGHUVWRRG



eFKDSWHU S&ARQFO X$L RC

7KH V\VWHP FDQ WKHUHIRUH EH PRGHOOHG DV
LOQOWHUFRQQHFWHG VHW RI DFWLYLWLHYV ZKLFK PD\ EH
7TKH SURFHVV RI PRGHOOLQH&FRWBENRBW XD RIRGIMAH U 7 W
UHSUHVHQWY WKH PLQLPXP QHFHVVDU\ VHW RI DFWLYL
VIVWHP PXVW GR >:LOVRQ @

$ SRVVLEOH IXWXUH ZRUN KHQFH FRXOG EH WKH
RYHUDOO GHVFULSWLRQ RI WKH PHFKDQLVP WKH GHV
DURXQG WKH GLIITHUHQW OHYHOV RI UHDVRQLQJ DV
UHDVRQLQJ WR ZKLFK HDFK RI WKH PHWKRGRORJLHV F



5()(5(1&(6

>$EGHO +DPLG

>$EGHO +DPLG

>$ E UD MHWR 0@

>$JIJHU @

>$PVWHUGDP

HHUHQFHZ

$EGHO +DPLG 7 . 37KH '\QDPLFV RI 6R
6WDIILQJ $ 6\WWHP '\QDPLFV 9%DVHC
$SSURDHEK 7UDQVDFWLRQV RQ B6RIWZDUH
9RO 1R Ss YHEUXDU\

$EGHO +DPLG 7KH .G\QDPLFV RI VRIW
GHYHORSPHQW SURMHFW PDQDJHPHQW
G\QDPLFV SHUVSHFWLYH 3K' GLVVHUW
ODQDJHPHQW 0,7 -DQXDU\

$EUDPVRQ % - %URZQ : (GZDUGV $
'LQNOHU 3+DLOIPGHU $ %D\HVLDQ V\V\
VHYHUH ZHDMWKHUDWLRQDO -RXUQDO RI

$JIJHU *WBDIWVN 'HVLJQ DI 6M IREWO OUHGH |
WKH 6,3 SURMHFW

@ VWHUGDP - 3(VWLPDWLQJ RUGHU IUJ
3URF'"OW :RUNVKRS RQ 4XDOLWDWLYH
3K\VLFDO R&AVRMDHPVVODQG :$

>$QGHU SLFKBQGH@VHQ ' ) DQG * 3 OS5LFKDUGVR

>$Q G U HDW \D@Q

SHGDJRJ\ RI 6\WWHP,0s@WKIGAVHY LQ WK
ODQDJHPHQW BROHQFHYV

$QGUHDVVHQ 6 ) 9 -HQVHQ 6 . $QGt
M UXOIl 0 :ROGE\H $ 6RUHQVHQ $ 5F
"HQVHQ 3081,1 DQ H[SHUWRESXWWHWLVW
DLGHG HOHFWURP\RJUDSK\ D Q8 W[$&WwW
HG (OVHYLHU 6FLHQFH SS



>$Q W VDN @@V

>$34& @

>%DFN[ @

>%DHU @

>%DHU @

HIHZQFHS$

$QWVDNOLVY 3 : .RKQ $ 1HURGH DQC
S+\EULG 6\WVWHPWXUH 1RWHV LQ &RPSXW
6SULQJHU 9HUODJ

SURFHVV &ODVVLILFCWYRQRBEBBHEZ\REI &'
, QWHUQDWLRQDO %HQFKPDUNLQJ &OHDL
ZLWK $ $QGHUVRQ &R 6 & &LWHC
‘HE

KWWR 27272 D'DF RUHE E 'XEV QXE YV

%DFN[ $ & 3 0 3*(QJLQHHULQJ $VSHF
$SSOLFDWLRQV RI ORGHO %DVHG &RQW
6\WWHP 7KHRAWD\YV RQ &RQWURO 3HUVS
7KHRU\ DQG ,WV $SSDUFRRWHR®WDWQ DQG
:LOOHPV HGV SS %LUNKDXVHU %

%DHU - 3% VXUYH\ RI 6RPH 7KHRUHW
OXOWLSUR&ERMIMNAWLIQJ 8ROYH\YR O SS
ODUFK

%DHU - 320RGHOOLQJ IRU 3DUDOOHO &
BWXGIURFHHGLQJV RI WKH 6DJDPRU
&RQIHUHQFH RQ 3DUDOOHO HJBRFHVVLQJ
$XJ

>% HHWD @ %HHUL & 5 )DJLQ ' ODLHU DQG 0 <D
GHVLUDELOLW)\ RI| DF\FO{RXGQ WD RO V\N KV
$VVRFLDWLRQ IRU &RPSXRQQJ QMRFKLQH
SS

>%HQQHWW @%HQQHWW 6 : 3$SSUR[LPDWLRQ LQ PD\

BURFHHGLQJWGHOWWOH :$



HIHURQFHY

>%HUL XLSHUMHU@HDQW ' DQGWWLGILJILSWKN JIDS I
TXDOLWDWLYH WR QXFHBKRDLG6DWL BXGHR
$, $UWLILFLDO ,QWHOOLJHQFH /DE
6FLHQFHVY 8QLYHUVLW\ RI 7H[DV

>%HUL . XLSHUMHU@HDQW ' DQG % - .XLSHUV 3&RPE
QXPHULFDO VLPXODSHRQW LWKYDIQFHYV
AXDOLWDWLY%H BXOWLIFQJY DQG 3 6WUXV\
3UHVV &DPEULGJH 0%

>%HUL XLSHUWMHU@HDQW ' DQG % - XLSHUV s
TXDQWLWDWLYH VLPXODWLRWQWLBWFLG®I (
,QWHOOQRBQFHSS

>%HUOHDQW @ HUOHDBQYWEDELOLWLHY RI TXDOLWDWLY
SUREDELOLW)\ GLVWULHEKKNLEDPWD B IRISWK
$, $UWLILFLDO ,QWHOOLJHQFH /DE
6FLHQFHV $XVWLQ 7H[DV

>%HUW WULRYYHU@HOH 8 DRQGVHULRWVWF&LQDPLF SURJL
IRQGRQ $FDGHPLF

>%HUWYV @ %YHUWVHNDWDPLF 3URJUDPPLQJ 'HWHU
DQG 6 WRFKDVMWMHQOMRIGFHHOVD OO 86%

>%HUWYV TVLWAWHUWYHNDYVY ' 3 DQG1HXUR GVQRR/ILMNC
SURJUDPBWEHQD 6FLHQWLILF %HOPRQW

>%HUWYV 7TVLWAWHUWD/HNDV 3 DQG 3-DUDOUGMDOWWDION
GLVWULEXWHG FRPSXWDWLR®WKHPMHULI

6FLHQWLILF %HOPRQW 0$

>%REURZ @ %YREURZXDOLWDWLYH SHDVRQLQJ DERXW



0,7 3UHVV &DPEULGJH O0ODVV

>%RUFK @ %RUFKDUGW * 38QGHUVWDQGLQJ FD]
SK\VLFDO MVWRFHFHGLQJV WK 1DWLRQD
RQ $UWLILFLDO &DMWEHOGLUH QES 0,7 3U

>%URQRZVNL @URQRZVNL - 37KH /RJLBDRI DVKG WK®C
6FLHQFH RI 0ODQ&RXOVRQ DQG & 5 5RJI
&KDUOHV ( OHUULOO 3XEOLVKLQJ &RPS

>&HOLHU @ &HOOLHU&RRQRWLQXRXV 6\VW HRSW IORGHD O
9HUODJ 1HZ <RUN

>&KDQW D @ &KDQGUDVHNDUDQ % - : 6PLWK DQ
ORGHOV DQG WKHLU 5HODWMWLQLFWRO
,QWHOOLJHQFHRQ @HGIFLQH

>&KDRQW D@ &KDQGUDVHNDUDQ % - -RVHSKVRQ
3)XQFWLRQDO 5HSUHVHQWDWLRQ DV D
*HQHUDMIRRRQ ,((( ,QW &RQI B6\WWHPV
&\EHUQIIS\WLFV

>&KHFN 6FKRAQKMFN@DQG 3 DERGW 66VWRIOMVOHWKRGH
$SFWLROQH\

>&KHFN @ &KHFNODBQOWWBPYV 7KLQNLQJ O6\VWHI\PV 3U

>&KHQ @ &KHQ 3 3 6 37KH (QWLW\ 5HODWLRQV#

8QLILHG 9LHZ $RI0'DWDQVDFWLRQV RQ 'L
6\V W HFRO 1R SS ODUEK



>&KHQY D@

>&KXQJ @

> & R X HW\R D®

>&R\OH @

>&R\OH @

>&R\OH @

>&URIW /HIN

>'{f$PEURVLR

HOHUHQFH{

&KLQ 5 & < * : +HGVWURP DQG )
3@ RQVLGHUDWLRQV RQ VROYLQJ SUREOH
OXOWLSOH 7LPHS8F®OBWNELOO DQG %
HGV  $FDGHPLF 3UHVV 1HZ <RUN

&KXQJ .5HSUHVHQWLQJ DQG 8VLQJ 1RC
SHTXLUHPHQWY IRU ,QIRUPDWLRQ 6\VWI
3URFHVV 2ULHQVBHKG $BISHWRIDFK'HSW R &
6FL 8QLY RI 7RURQWR -XQH

&RXUWRLYV 3 ) +H\PDQV DQG ' 3DUC
&RQWURO ZLWK p5HD GIRPP K OIF® W LIRIQVH
WKH $82R0 1R SsS 2FW

&R\OH BD®DJHPHQW 6\VWHRK QQ DLPALKV
BRQV &KLFKHVWHU

&R\OH 56\VWHP "\QDPLFV ORGHOOLQJ I
DSSURKRSPDQ +DOO

&R\OH 5 * 3 7KH RSWLPLVDWLRQ RI GH
(XURSHDQ -RXUQDO RI| 2SHOPWLRQDO
SS

&@RIW : % DQG / 6% FRINRZ2ADWHG
SHSUHVHQWDWLRQ RI 2IILFH :RUN 2|
SHSUHVHQWDWLRQ ODQDJHPHQW D

IDPHUVGRUI HG (OVHYLHU SS

@$PEURVLR % 3([WHQGLQJ WKH 0D
AXDOLWDWLYH 3URFRIAFHHGKORW\ WK 1DV
&RQI RQ $UWLILFLBDQ QWMWOAORLIERFBARUJ
.DXIPDQQ SS



>'Tf$PEURVLR

>'DJX¥XNW D@

>'DJIXH

>'DOOH HW CO@H

>'DYHQ

6KRUW

>GH.OHHU

>GH.OHHU

HWHURQFHS$

@$PEURVLR % 3([WHQGLQJ WKH PDWKH
SURFHVV WKWRILFLDO ,QWHOOLJHQFH
ORGHOQLQBH\ ,QWHUVFLHQFH 1HZ <RUN

'‘DIXH 3 SDLPDQ DQG 3 'HYqV 371
'KHQ ORGHOOLQJ LBURFHHRXEDH $$%,
SS

'‘DIXH 3 331XPHULF UHDVRQLQJ ZLWK
PDJQLWIXGRIF WK 1DWLRQDO &RQI R
, QWHOO&DREBHGJH 0$ 0,7 3UHVYV

'DOOH OROOH ' 7 7 ) (GJDU DQG
3S4AXDOLWDWLYH PRGHOOLQJ DQG VLP
VI\VWH®RPSXW &KHP 9R@IUUJ SS

'DYHQSRUBWRIFHVY ,QQRYDWLRQ 5HHQJL
WKURXJK ,QIRUPDW ERQ YIHFE& QRORIQ H V V
3UHVV %RVWRQ 0%

'"®@YHQSRUW 7 DQG - 6KRUW 37KH
(QJLQHHULQJ ,QIRUPDWLRQ 7HFKQRO
3URFHVV 5HGRVQJQDQDJHPHSBN 5HYLHZ

GH.OHRKRWXVYDO DQG 7THOHRORJLFDO 5HD
5HFRIQLOWALRBQ 75 6HSWHPEHU

GH .OHHU - 3+RZ RLWWKXLVFVYDDR UNWVHO (
9RO SS



>GH.OHHU

>GH.OHHU

>'LFHWWNW B@

>'LMN @

>'RXJBWVD @

>'RXJODV @

>'RXJODV @

>'XQFNHU

HHUHQFHL®

NWURAHQOHBU - DQG - 6 %URZQ 3$ TXDOL\

RQ FRQIOXUHWEHWLDO ,QRWHOOLISQFH

WURBAHRQOHAU - DQG - 6 %URZQ 30HQWDO

OHFKDQLVPV DQG WK IR GEWX VAL BNIRGO \
WKHLU $FTXLYLWQBBUVRQ HG /DZUHQF
$VVRFLDWHY +LOOVGDOH 1 - SS

'LFHVDUH ) * +DUKDODNLV 0 - 3URW
) 9HUQDBGDWWLFH RI 3HWUL QHWV LQ
&KDSPDQ +DOO

‘LMNVWUD ( S3&RRSHUDWLQJ 6HTXH
SURJUDPPLQJ /DQIXDHAX\V HGLWRU
SS

'RXJODV - 0 O ) ODORQH DQG 0 )
LOQWHUDFWLRQ EHWZHHQ VHSDUDWLRQ
SURFHVV V\QRPSKWLY &KHP 9/AQJ

SS

'RXJODV - 0 323URFHVV 2SHUDELOLW\
SUHOLPLQDU\3URFHNW &RRXAVURO S

'RXJODV &R@PFHSWXDO 'HVLJQ RI &KHPLFI
OF*UDZ +LOO 1HZ <RUN

"XQFNHU . 32Q SUREOHP VROYLQJ
PRQRJUDSKV™ 9RO 1R

>'YRUDN XLSHYNUDK® ' DQG % .XLSHUV 30RGHO EDV



IBRUHQFHi

'"\QDPLF 6\VWRFV ,, WK ,QW -RLQW &RQI
,QWHOOLJHQFH /RV&$$OWRV &$ ORU
.DXIPDQQ SS

>'YRUDN .XLSHYRUD® ' DQG % .XLSHUV 33URFHVV
GLDJQRVLV D PRGHO,(EDV[ISG UMWBOURDFK
1R SS

>'YRUDN @ 'YRUDN ORQLWRULQJ DQG 'LDJQRVLV R

'"\QDPLF 6\VWHPV 8VLQJ B6HPLTXDQWLW
3K ' 'LVVHUWDWLRQ 'HSW RI &RPSXWH
RI 7H[DV $XVWLQ 7H[DV

>)DQQL *LXD )@QQL $ DQG $ *LXD 3$ IRUPDO P}
UHSUHVHQWLQJ TXDOLWDW I3YUHRFH T XTBW L |
,0$&6 6\PS ODWKHPDWLFDO ORGHOOLC
SS 9LHQQD $XVWULD )HE

>)DQQL *LXD )@QQL $ DQG $ *LXD 3 LVFUHWH (YHQ
AXDOLWDWLYH ORGHOW(8VAUIDIQY¥PWW L RIY}
RQ 6\WVWHPV 0DQ DQG &\EHUQHWLFV
9RO 1R SS '"HFHPEHU

>)D GHL D@ )DQQL $ $ *LXD DQG ' < [HH 33HV
TXDOLWDWLYH PRGHORBEQJ RI,U{\VVMWPV

&RQI 6\VWHPV 0@ &\EHUQ6DQ $QWRQI
2FW

>)HQWRQ ) OO)H@WRQ 1 DOEWHPNVNOLHRQVWUXFWLRQ D
$ PDWKHPDWLFDO DQG @R3IUPIZO +IlLIDP H

, QWHUQDWLRQDO 6RIWZDUH (QJLQ 6HU

>)RU 6HQJH )YRUUHVWHU - : DQG 3 0 6HQJH 37]



>)RU @
>)RU @
>)RU @
>)RUEXV
>)RUEXV
>*LQ *RJ
>*RJ @
>*RJ @

Q@

Q@

HIHUHQFH{

FRQGHQFH LQ 6\VWHP '\D,Df ILAWXBRBY A Q
WKH ODQDJHPHQWL6FLHQFHV

JRUUHVWHU - : 36\VWHP "\QDPLFV )XW)>
7,06 6WXGLHV LQ WKH ODQ®RHPHQW ©6F
SS

YRUUHVWHUG X-VWULDOO)\D BB HIMY

JRUUHVWHU - 37KH &(2 DV 2UJDQLVD
OF.LQVH\ 4XORWHUO\

JRUEXV . 34XDOLWDWLYH UHDVRQLQJ D
3URF ,QWHUQDWLRQDO MRLQW FRQIH
LQWHOOLJHQEBOLIBUQLD SS

JRUEXYV . ' 24XDOLWDWL $H WIUIRFFLHWY
,QWHOO®QRHQFHSS

*LQDOL 6 *RIXHQ - $ FDWHJRU

*HQHUDO 6\VWHPVY 'HYHORSPHQWYV DQG

Rl 1$72 FRQIHUHQFH KHOG LQ %LQJKDPS
@ 1HZ <RUN 30HQXP 3UHVV SS

*RIXHQ - $ S0DWKHPDWLFDO UHSI
KLHUDUFKLFDOO\ RUJD QGOWRE®D O/ \GAW WPV
'"\QDPLFV ,QWHUQDW L&IQIDD®O K\N SRMLYXLPO O |
.DUJHU %DVHO 1HZ <RUN SS

*RIXHQ - $ S6\VWHPV DQG PLQLPDC
SURFHHGLQJV , ( ( ( &4RQIHUHQFH RQ '"HFL
SS



HLHUHQ FHy

>*ROG &KDUQ*RO@PDQ 5 DQG ( &KDUQLDN 3$
FRQVWUXFWLRQ RI ,EMOWUHDQYBRMERRQYV "
3DWWHUQ $QDO\VLY DQG OBPKLQHRQWH
SS

>*ROXPELF @ *ROXPELF $DJRULWKPLF JUDSK WKHRU\
JUDSKRQGRQ $FDGHPLF

>*UDKDP @ *UDKDP $ . 33DUDPHWHU HVWLPDWLRQ
PRGHOQGI0®IJBWXGLHY LQ WKH ODQDJHPH
9RO

>*URV] B5ROO0 *URV] * DQG & 5ROODQG 38VLQJ $UW
7HFKQLTXHV WR )RUPDOLVH WKH ,QIRUI
3URFBUYRFHHGLQJV RI WKH ,QW &RQIHU
DQG ([SHUW 6\WWHPSS$SSOLFDWLRQV

>*XDULQR @ *XDULQR 1 3)RUPDO RQWRORJ\ FRQFl
NQRZOHGJH UHSRXVYRDWRWtERBDQ &RP
6 WXGRLRIY SS

>*XDULQR @ *XDULQR 1 3)RUPDO 2QWRORJ\ DQG ,Q
LQRUPDO 2QWRORJ\ LQ ,QIRUPDWLRQ 6\
RI WKH VW ,QWHUQDWLRQDO ®FOQUHQR QF
HG  ,26 3UHVV SS

>*X0O0D /LQGL*Xa@®D - $ DQG 2 , /LQGODQG 30RGH
'RUN IRU :RUNIORZ OBQRBHRBQ®JV R
$GYDQFHG ,QIRUPDWLRQ 6\WWHPV (QJLQ
/JHEFEWXUH 1RWHV LQ &RR®XWHUsSELE QHL
9HUODJ SS

>+DFN @ +DFN O 3*HFLVLRQ 3UREOHPV IRU 3HW



>+DFN @

>+DPPHU @

HHUrQFH{

$GGLWLRQ SRPBHPWDODWLRQ 6WUXFWXUHYV
SURMHFOWUY¥OFKXVHWWYV

+DFN 0 323HWUL 1HR/RPAFBIRWODIHRG 6WUXF
*URXS OHPR SURMBNWDBE&VHWWYV

+DPPHU 0 3*5HHQJLQHHULQJ :RUN 'R Q
2EOLWHDOWIHUG % XVLQEYV 5HYLHXO\
$XIXVW

>+DPPHU &KDRDPPAU 0 DQG - 5BKHDBPBSQHHULQJI W

>+HFNHU @

>+HPSHO @

>+ROW &RPP

>+ RIDW D@

&RUSRUDWLRQ $ ODQLIHVWR HRDW KW LQF
&ROOLQV 3XEOLVKHUV 1HZ <RUN

+HFNHUPDQ ' 3&DXVDO LQGHSHQGHC
DFTXLVLWLRQ DGQ@GREBHGLOIVHRI WKH
FRQIHUHQFH RQ XQFHUWDLQW\'LQ DUW
+HFNHUPDQ DQG $ O0ODPGDQL HGV
.DXIPDQQ SS

+HPSHO & * 37KH /RJLF Rl )XQFWLR
6\PSRVLXP RQ 6RFLRQBJLUPMI H/EKORUVFURV
5RZ 3HWHUVRQ DQG &RPSDQ\ 1HZ <RUN

+ROW $ DQG ) &RPPRQHU 3(YHQWYV
5HFRUG RI WKH SURMHFW 0$& &RQIHUH
6\VWHPV DQG 3DUDODHGRXRPSXWDWLRQ

+ROW $ + 6DLQW 5 6KDSLUR DQG ¢
UHSRUW RI WKH ,QIRUPDWLRQ 6\VWH
7HFKQLFDO B5HSRUW 5$%RPH $LU
'HYHORSPHQW &HQWHU 1- 6HSW



HHUHQFH$

>+RUQ @ +RUQ &DXVDO $0 ORGHOV 6WHSV 7RZDL
+HPLVSKHUH 3XEOLVKLQJ &RPSDQ\ 1HZ

>+RZDUG ODWKRYBQG ® $ DQG - ( ODWKHVRQ 3,QI¢
SHDGLQJY RQ WKH SULQFLSOHV DQG DS
DQDOWLY +RZDUG DQG - ( ODWKHVRQ
&$ 6WUDWHJILF 'HFLVLRQV *URXS SS

>-DF +ROW -@®FREV 6 DQG 5 +ROWHQ 3*RDO '
ORGHOOLQJ 6XSSRUWLQJ 'HFLVLRQ
,QIRUPDWLRQ 6\WVWHPMJRAMHGRSQPW QRN \
&RQIHUHQFH RQ 2UJDQLVDWLRQDO &F
&22&67 OLOSLWDV &$ $XJ

>-HQ @ -HQVH@RORXUHG 3HWUL 1HWV %DVLF F
PHWKRGYV DQG SIRIDFWLBBOLXQWMH U 9HUOD.

>-HQNWQD® "HQVHQ ) 9 . * 20HVHQ DQG 6
DOJHEUD RI %D\HVLDQ EHOLHI XQLYHUYV
V\V W HLIRMY Z R ORI Ss

>-HOQNW QD@ “HQVHQ ) ) 9 -HQVHQ DQG 6 [ '
LQIOXHQFH GLDJUDPV3WRFMMQEQILR @ IW
WK FRQIHUHQFH RQ XQFHUWDLGW)\ LQ C
/ GH ODQWDUDV DQG ' 3RROH HGV 5
.DXIPDQQ

>-HQVHQ @ -HQVHQKH ,QWHUIDFH 'HVLIGHBRGW WL
IURP WKH 6,3 SURMHFW

>-HQVHQ @ -HQVHQ $Q 9QWURGXFWLRQ WR %D\HVI
6SULQJHU 9HUODJ (QJODQG



HOHUHYL FH

>-RUJHQVHQ @RUJHQVHOHGHUALF 0)0 PRGHOV IRU XVH
GLDJQRVLV RI VKLS V\V®HKP W KH-DFAKL Q
7HFKQLFDO 8QLYHUVLW\ RI 'HQPDUN ,Q
&RQWURO

>-RZHWW @ -RZHWWKHA'LDORJXHV RIRUGGCDWRLYHUVL
3UHVV 9RO

>, Z D WDW LD@ ,ZDVDNL < 5 )LNHV 0 9HVFRQL DQG ¢
3+RZ WKLQJV DUH VXSSRVHG WR ZRUN
NQRZOHGJH LQ GIURFH GWKV,QMD -RLQW &
$UWLILFLDO ,QDVHODWHRQF&S ORUJDQ .D:
SsS

>.DUH @ .DUFDQLDV 1 36\WWHPV DQG &RQWURDO
3URGXFWLRQ DQG 'HVLJQ RSIHSREXW WRU LD
(635,7 THWZRUN ,&1®R6r 12

>.DUF @ .DUFDQLDV 1 3*OREDO 3URFHVV ,QVWU.
SUREOHPV RI D 6\VWHPV DQG &RQWURO
OHDVXUHBRQW SS

>.DUF @ .DUFDQLDV 1 3*7KH ,QWHJUDWLRQ 3UF
ODQXIDFWXULQJ 6\VWHPV3DREBH&REQW IR
RI$63 %RUGHDX[ )JUDQFH 6HS

>.DBIAVD @ .DUFDQLDV 1 0O 1HZE\ DQG , /HRQWDU
WKH LQWHJUDWHG EXVLQHVY DQG RSHU
SURFHVVHV $ V\VWHP V3 UEDRMHHGG IDBISMAU ARE
$6,1 &RQIHUHQFH %UHPHQ -XQH

> HOOHU @ .HOOHU &5 3**HQHUDOLVHG 3HWUL 1HWYV
OSHULILFDWHRRQ@Q.FDO 5HS&BWW RI (OHFWUL



HXQHNH

HXQHNH

.LQJVWRQ

LQJVWRQ @

LQJVWRQ @

.UHLVYV

HHUHQFHL

(QJLQHHULQJ 3ULQFHWRQ 8QLYHUVLW\

. HXQHNH $ 0 *HYLFH UHSUHVHQWDWLI
RI IXQFWLRQDO,(NQRIOH®WI H’ $SULO

HXQHNKHDBKLQH 8QGHUVWDQGLQJ RI "H\
([SODQDWLRQ RI 'LDJQR\KWLFVERGQED XZKE
BWDWH 8QLYHUVLW\ &ROXPEXV

LQJVWRQ - . & 3:0%$7( &UHDWLQJ DI
PRGHO IRU FUHGLW USWNWDWVHWMPWQV
%ULWLVK &RPSXSMHRE BRELHMW\QLYHUVLW

LQJVWRQ - . & 35H HQJLQHHULQJ ,C
0$7( XVLQJ &RPPR@SHBEW 6\WVWHPV % U
&RPSXWHU SBPFEHWGJH SQLYHUVLW\ 3UHV

LQJVWRQ - . & 30RGHOOLQJ %XVLQH
WKH 6RIW 6\VWHPYWSEBURBERQDO 6\PSR
WKH ODQDJHPHQW RI ,QGXVWULDO DQG
,60,&.1 &RPSLHJQH )UDQFH 2FWREHL
DYDLODEOH I$,BP 7%5,$,-D@XDU\

.OLU %Q-DSSURDFK WR *HQHUDDQ6\VWH
1RVWUDQG 5HLQKROG 3ULQFHWRQ 1HZ

.OLU * - 37TKH SRO\SKRQLF *HQHUDO ¢
7TUHQGY LQ *HQHUDO 6\WMWWHPWV 7KHRU\

&KLFKHVWHU :LOH\ QWHUVFLHQFH 1HZ

.UHLVV  + SBUREOHPV ZLWK GLIIHU



OXOWLSOH 7LRH SFBOBD¥VNELOO DQG %
HGV $FDGHPLF 3UHVV 1HZ <RUN

>XLSHUV %HUOHBAWY @% DQG %YHUOHDQW 38V

> XLSHUV @

> XLSHUV @

> XLSHUV @

> XLSHUV @

> XLSHUV @

>/DUVHQ @

>/DUVVRQ @

TXDQWLWDWLYH NQRZOHGJHUWRFTXWR LW
1IDWLRQDO &RQI RQ $UWLILFLDO ,QWHOO!

XLSHUV % 3&RPPRQVHQVH UHDVRQLQ
GHULYLQJ VWUXFWXBUHWUIRF LBHK PO'MW R R O
9RO SS

XLSHUV % 37KH OLPLWV RIBURBOLWIOWL
QW -RLQW &RQI $UWLILRLDHQJOBHNO O
Ss

.XLSHUV % S4XDOLWDWBYM LI VEIPX® L
,(QWHOORRBQFHSS

XLSHUV % S3$EVWUDFWLRQ E\ 7LPH 6F
6LPXDONWIRFHHGLQJIVS$$ S,

XLSHUV 4XBOLWDWLYH S5HDVRQLQJ OR
6LPXODWLRQ ZLWK ,QFRPBOHWWBHVQRZO
&DPEULGJH 0%

/IDUVHQ ORGAHOOLQJ VWDUW XS WDVNV
PRGHOV ,QWHUDFWLYH SODQQLQJIRU L
FRQWURO RI| FRE5&46[3 SOBQW )LQDO 5t
SURMHFW (' ,63 .

IDUVVRQ .QRZOHGJH EDVHG PHWKRGV |
VI\VWBKY' WKHVLV /XQG ,QVWLWXWH RI
RI $XWRPDWLF &RQWURO 6ZHGHQ



HMUHUHQFH {

>/DXULW]HQ @QDXULW]JHQ*UBPSKLFDO CRIRWGY 8QLYHUVL
3UHVV

>/HH @ IHH 6,%</ $ 4XDOLWDWLYH 'HFLVLRQ
6\WWHP $UWLILFLDO ,QWHOOLJHQFH |
JURQWIBHUYQVWRQ HG 0,7 3UHVV 0%
-XQH

>/H)gYUH @ /H)qYUH - 3%RQG *UDSKV DUH QRW WKH
WKH ZRUOG EXW %RQG .LQHWLF *UDSK
BURFHHGLQJV RI WKH UG ,QWHUQDWLRQ
*UDSK ORGHOOLQJ DL XM PXBNWHRQ 9RC
1R O SS 6&6 3XEO 6DQ 'LHJR &DOL

>/H)gYUH @ /H)gqgYUH - 3$SSOLFDWLRQV RI .LQHWL
&RUSRUDWH DQG 3URGXFWLRQ 0DQDJI
3 RPPDQGH GHV V\WWgPHV LQGXVWULH(
,0$&6 6\PSRVAXP

>/HR .DUF @HRQWDULWLY , DQG 1 .DUFDQLDV 3%
6\VWHPV 7KHRU\ 'DWD ORGHOOLQJ DQG

2EMHFW 2ULHQWHG@URFWHRIGRIVRR1 $6)
%UHPHQ -XQH

>/HYW D@ /HY\ ) * 7KRPSVRQ DQG - :LHVW 3,Q
&ULWLFDO 3D\WIGXOMHWKD® 6FKHGXHIKQJ
DQG * / 7KRPSVRQ 3UHQWLFH +DOO S

>/LQG ODUFXV/L@ ' DQG %6 \PBROKW '\QDPLFV DQG &F

$Q QWURGOFRPEIRGIH 8QLYHUVLW\ 3UHV'

>/ILQG @ /ILQG HW DB+XPDQ ODFKLQH ,QWHUIDFH IF



>/ILQG @
>/ILQG @
>/ILQG @
>/ILQG @
>/ILQG @
>/LQGOH\
>/RXF  =LF

>0F/HO @

@

(Y& v

EPHG RQ OXOWLOHYHO QGRZXWRSHDDD |
OHHWLQJ RQ &RJQLWLYH 6FLHQFH $SS
&RQWERKQD ,WDO\ 2FW

/ILQG SHSUHVHQWLQJ *RDOV DQG )XQFW
6\WWHPWSRUW SUHVHQWHG LQ WKH 7HF
'HQPDUN ' 1RY

ILQG 0 S3$EVWUDFWLRQV '"HVFULSWLR
XVHSHSRUW ,$&6 THFKQLFDO 8QLYHUV

'HQPDUN

/LQG )RQFWLRQDO DUFKLWHFWXUHV IRU

DQG FRQWURO ,QWHUDFWLYH 30DQC
6XSHUYLVLRQ DQG &RQW & RS 5% QARSRITO H |
)LQDO UHSRUW SURMHFW (" ,63 "

/ILQG 0 20RGHOOLQJ *RDOV DQG )XQF
L QGXVWULDBS SDABIGWM WLILFLIR®D ,QWHO
SS

/ILQG 0 36WDWXV DQG &KDOOHQJIHV
&RQWURKD)$& 6\PSRVLXP RQ "\QDPLFV D
Rl &KHPLFDO 5HDFWRUV 'LVWLOODWLR
BURFHVVHV '€&26HOVLQJRU -XQH

ILQGOH\0DNLQJ 'HFLWVQRQWLHZ <RUN

@RXFRSRXORV 3 D&QBQBHSM/KDOLORGHC

'DWD %DVHV DB&Q&$BEOH\ DQG 6RQV &K
(QJODQG

OF/HOODQ 7 3'DWD ORGHOOLQJ )LQGL



HHUHQFHYy

'LVSDWFK &RPSXWLQJ DQG 1HWZRUN 6H
$OEHUWD $SULO
KWW'"' Z7ZZ LVODQGQHW FRP aWPF KWPO L

>0DF)DULDQH @®@F)DUODQH $ * - 3 QIRUPDWLRQ
&ERQWWR®D\V RQ &RQWURO 3HUVSHFWLY
WV $SSOLFDWIRGVOWHOPDQ DQG - & :L(

SS O WLUNKDXVHU %HUOLQ
>0DF)DUODQH O0@®DF)DUODQH ' & 3+RORQLF ODQXIDFW:;
&ERQWLQXRXYV SURFHVVLQJ &RQFHSW

SHTXLUHBBEQWY¥RUWXJIDO

>0DYUR BWHSKDYURYRXQLRWLY 0 / DQG * 6WHSKDQI
ZLWK 2UGHUV Rl O0DJQLWXGH DQG $SSU
SURFHHGLQJ\S$$$,

>0DYUR  6WHSKDYURYRXQLRWLY 0 / DQG * 6WHSKDC
2UGHU RI ODJQLWXGH 5HDVRQLQJ LQ 3L
&RPS &KHP ORIRJ SS

>0DYHR D@ ODYURYRXQLRWLV 0 / * 6WHSKDQRSF
BWHSKDQRSRXORV  32UGHU RI 0DJQLWX
UHDVRQLQJ LQ WKH PRGHOOLQJ RI EL
$,&K( $QQ0 O0OWJ $PHULFDQ ,QVWLW
(QJLQHHHWZA <RUN

>0HLG +ROW OMOGPDQ - DQG $ +ROW 33HWUL 1HWYV
- XULPHWULFY¥R®RXUQLRD SS 'HF
>0HV @ OHVDURYLF 0 ' 3$ PDWKHPDWLFDO W

6\VWHPVUHQXGV LQ *HQHUDO BVWHPV 7K
.OLU &KLFKHVWHU :LOH\ QWHUVFLHQFFE



>0LOQH

>0RRUH

>0RRUH

>0RRUH

HHUHQFH$

OHVDURYLF O " DQG$ EVWWDMBW DY W F
7TKHRBSULQJHU

OLOQH 5 36WUDWHJLHM( IRUDQMD J®RRVL
6\WWHPV 0DQ D Q G9REH®IRHW L B\8

@ORKDPPHG - DQG 5 6LPPRQV 324XDOLWI
VHPLFRQGXFWRUWUBEHHEBRLWIRQSSS,
3UHVV &DPEULGJH 0$ SS

ORRUH 5,QWHUYDO $SQBQWLFH +DOO
(QJOHZRRG &OLIIV 1-

ORRUH 5 ( B30HWKRGV DQG $SSOLFD\V\
SULWKPHEWKEBLHY LQ $SSOLHG&G $ODWKHP
SKLODGHOSKLD

%UHQORFRAWH . ( DQG - ( %UHQQDAQ 33 H

>0RUBDW LD@

>0XUDWD

>0XUDWD

6LPXODWLRQ 3IURKFWROLDOV RI WKH 1
&RPSXWHU 6LPXODWIERQ &RUHRBUBQBH/ *
%LUWD HGV SS &DQDGD -XO\

ORUDUL 0 < $UNXQ DQG * BWHSKDQR
WKH 6\QWKHVLV RI &RQWURO 6WUXF
3URFHY\MHY-RXUDRD® 9RO 3DUWYV ,

oxubwpb 7 33HWUL 1HWV ODUNHG *U
6\VWHP 7KKHRU&LUFXLWY DQG 6\VWHPYV
1HZVO HBWRWHOO 1R SS

OXuUDWD 7 S3BHWUL QHWYV SURSHUW
DSSOLFBWRRQWRO SS $SU



>0XUW K\

>0\ORSND @

>0\ORS

>1DJHO

>1D\DN

HHUHQFHG

OXUWK\ 6 34XDOLWDWLYH UHDVRQLQJ I
SBURFHHGLQJWW$$S3IDXO 01

0\ORSRXORV - |/ &KXQJ DQG % 1L[R(
DQG 8VLQJ 1RQ )XQFWLRQDO S5HTXLUHI

2ULHQWHG $8FURIFXV 6RIVBRJQJ
1R -XQH

O\ORSRXORV - B3&RQFHSWXDO ORGHOO
&RQFHSWXDO ORGHOOLQJ DQCH@LWIMHGoD\
E\3 /RXFRSRXORV DQG 5 =LFDUL SS

1DJHO ( ®*$ )RUPDOLVDWLRORJRF )XQF
ZLWKRXW OHWDSK\\AFV )UHH 3UHVV

1IDXJKWR/EH -6RIW 6\WWHPV $SSURDFK 6
$QDO\WLYV $Q LOQWURGMFWRUQ BXQLGHI UV
3UHVV 3RUWVPRXWK

1D\DN 3 3 332UGHU RI PDJQLWXGH
DOJRULWKRHFWHHGLQJYV WK ,QWHUQDWLRQ
AXDOLWDWLYH$S5S5HDVRQLQJ

.RKQ @HURGH $ DQG : .RKQ 30RGHOV IRU

$XWRPDWD WRSRORJLHVY FRQWUROODE]
*URVVPDQ $ 1HURGH $ 3 5DYQ DQG
+\EULG 6\\BVBHPV 6SULQJHU 9HUODJ 1

1RH - 3$ 3HWUL 1HW ORGBOREHWEHQ&"&
$&0 6,236 :RUNVKRS RQ 6\WWHP 3H!
(YDOXDIWWL B $SULO



HHUHULFHG

>1RQ 7DNHXFKRQD@&D , DQG 7DNMHXORZOHGJIH &UHD
&RPSDQ\ +RZ -DSDQHVH &RPSDQLHV &UH
Rl ,QQRYDMRR® 8QLY 3UHVV

>2FKDUG @ 2FKDUG 5 $ 322Q DQ DSSURDFK WR
7KHRU\7UHQGV LQ *HQHUDO (®NVWHPV 7k
.OLU &KLFKHVWHU :LOH\ ,QWHUVFLHQE!

>2NXGD 8VKLR2NXXGD . DQG 7 8VKLR 33HWUL QHW
VLPXODIWIRFQ ,$67(' ,QW 6\PS ([SHUW
7KHRU\ $SSOIRRD WQ RHQO/HV 'HF

>2NXGD 8VKLR2NXYGD . DQG 7 8VKLR 3*+LHUDUFKI
VLPXODWLRQ IRU ODUJH $BBOHFQGWIIRQ)
RI $SUWLILFLDO ,QWHOOLJYHGFHYVN(QDQGH
5 $ $GH\ HGV $PVWHUGDP (OVHYLHU

>2SHQ @ ODGGLVRHD PO $ &RQFHSWXDO ORGHOO
ORGHOQ@KHBJ2SHQ 8QLYHUVLW)\ 3UHVV

>2VPDQ @ 2VPDQ 76H ,QWHUIDFH HSEVWUIDWRR WKH
SURMHFW ,QVWLWXWH RI $XWRPDWLF &

>2VPDQ @ 2VPDQ *WBDSKLFDO FRQWURO H®KLURQPH
WKHVLY 7HFKQLFDO 8QLYHUVLW\ RI 'l
$XWRPDWLF &RQWURO 6\VWHPV

>2X0G @ 2X0G 0%%VLQHVV 3URFHVVHV ORGHOOL
IRU 5H HQJLQHHULQJ DRI, PSORY H BRQW
&KLFKHVWHU (QJODQG

>4XLG @ 2XO0OG 0 $ 33URFHVV ORGHOOLQJ :K\
6RIWZDUH $VVLVWDQFH IRU %XVLQHVV



>2\HO

>3DQ 7HQHQ

>3DUV

>3DWLO

>3HDUO

>3HDUO

>3HDUO

6X0O

Q@

HHUHQFHW

6SXUU 3 /D\]JHOO / -HQQLVRQ DQG 1
‘LOH\ &KLFKHVWHU

.UDPHU2\H@ H\H DQG 0 $ .UDPHU 34XDOLYV

RI SURFHVSURGEDQWAK ,) $& :RUOG &RQJ
& R Q WWUHR® SS

3Q - < DQG - 0 7HQHQEDXP 33 , ( 6
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IRUPDOEVPWLFKHOLY & (OOLV DQG * |



*IHUHQFHS

SS

>9DUDO XUVRDU@O\D 3 DQG $ WEMHWKDQINQW 6\VV
ORGHOV DQG $SSSUWILFDW URIHWIOD J

>9DVLO @ 9DVLOHLDGRX 6 DQG 1 .DUFDQLDV 30F
DQG 6\WWHP 7KHRUHWLF ,VVXHV LQ WKF
RI ,QGXVWULDO 38BRRAHG@YBYVY RI $6,
&RQIHUHHOIBMW

>OHQNDW @ 9HQNDWUDPD@GXFHG %XVLQHVV 5HFRQ
7KH &RUSRUDWLRQ RI WKH Vv ,QIRU
DQG 2UJDQLVDWLRQDO BUDORURRRD WHR (
SS

>9HUPD @ 9HUPD 7 6 3&DXVDO QHWZRUNYV )
HISUHVVLBHRHAWHWUGLQJV RI WKH UG ZR
XQFHUWDLQW\ LQ DUWSILFLDO LQWHOOL.

>9HUPXUL @ 9HUPXULORBHOOLQJ RI &RPSOH[ 6\VW
LOQWURGKFMWAHRRLF 3UHVV 1HZ <RUN

>9HVFRQL BS5REDHWR@L 0 DQG - 5REOHV 3)X]]\ GLDJQ
SURFHV3WRF WK (XURSHDQ &RQI RQ
 QWHOOLRKQFH OH\ DQG 6RQV &KLFKHV

>9 HV R) D@ 9HVFRQL O < ,ZDVDNL 5 )LNHV DQG ¢
38&)5/ $ ODQJXDJH IRU VSHFLI\LQJ WKH F
RI HQJLQHHUHG3UBHRMHEBHWJIV WK 1DV
&RQIHUHQFH RQ $UWLI&DPEO L GQMHOSL JI
0,7 3UHVV



kv HU HQF H{

>YRQ1IHXP ORWRQ 1®@XPDQQ - DQG 7KHRUNIRQVWPHY

DQG HFRQRPLF:EGHKD YIHRZXYRUN

>9RQ:ULJKW @RQ:ULJKWI1IRUP DQG DFWLRQ $ ORJLF

1HZ <RUN S5RXWOHGJH .HIDQ 3DXO

HOOPDQ @ :HOOPDQ 0 3 3)XQGDPHQWDO FRQFHS

SUREDELOLVW L$UVWIHWARWNVORBIOOLIHQ
SS

:LHO HQW D@ 'LHOLQJD % : YDQ GH 9HOGH * 6FlI
$NNHUPR@BWHUWLVH ORGHO 'HILQLWLRQ
&RPPRQ.$'6 3URMHFW 5HSRUW 8QLYHUV
-XQH

:LOOLDPV @ :LOOLDPV % 34XDOLWDWLYH DQDO\VL"
$UWLILFLDO JRMOHOOE3IHQFH

'LOVRQ @ 'LOVRQ 6WWWHPV &RQFHSWV OHWKRGF
$SSOLFDWGRHLGBLWLRQ -RKQ :LOH\ 6RQ\

6HSWHPEHU

'LQWHU (GZDUGBGWHU@GHOGW ' DQWBFLVKERDDQ@WO\VLYV
EHKDYLRXUD®@DPEVMHBUHKEQLYHUVLW)\ 33Ul

'ROVW @ 'ROVWHQKR®@PHWHP )(QTXLU\ $ B\WWHP "\
ORGHOOLQJ $SSURDERH) BRQV &KLFK
':RRGJHU @ :RRGJHU %LRORJLFDO 3UEQEWSGBQ® VWX

.HIDQ 3DXO 1HZ <RUN

‘RRGV @ 'RRGV (7KH K\EULG SKHQR¥HQDNVWHKWRW \



VHU *QFH

THFKQLFDO 8QLYHUVLW\ RI 1RUZD\ ,QV!
S\EHUQHWLFYV

>:\P @ ‘\PRUH $ ORGHO EDVHG V\VWH&56HQJILQF
3UHVV /RQGRQ

><LS @ <LS . 0 30RGHO VLPSOLILFDWLRQ E\ D
PDIJQLWXGH WHIMRORIDIO ,AGWBOOLJHQF
SS

><LS @ <LS . 0 °3:0RGHO VLPSOLILFDWLRQV LQ

BURFHHGLQJVD®SELQIJWRQ '&

><X O0\ORS @X ( 6 . DQG - O\ORSRXORV 38VLQJ *I
OHWKRGV WR 6XSSRUW 5HDVRQLQJ LQ
SHHQJLQHBHREBBGLQJV RI WKH WK $QQX
&RQIHUHQFH RQ 69QRMHP 65F8HQFH

><X 0\ORS @X ( DQG - O0\ORSRXORV 3$Q $FWRU 'H
RI 2UJDQLVDWLRQDO :RUN 'LWK $SSO
3URFHVV 5HHQJIQRIHUL@RQIHUHQFH
2UJDQLVDWLRQDO &RPSXWLQ@L®GSWWHRPA
&DOLI 1RY

><X @ <X ( 30RGHOOLQJ 2UJDQLVDWLRQV IRU
SHTXLUHPHQWV 3QRIEGHIBWIQIY RI )LUVW
6\PSRVLXP RQ S5HTXLUHPH®BY (QJLQHE
&DOLIRUQLD

>=DGHK @ =DGHK [/ 3)X]] QMHIPDODWLRQ DOIREO&RQWU |
SS



$33(1',;

4 XDOLWDWLYH S5HDVRQLQJ
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$ PRGHO LV D VPDOO ILQLWH GHVFULSWLRQ RI
FRQVWUXFWHG IRU WKH SXUSRVH RI DQVZHULQJ SDUWL!
$ TXDQWV.VD\ UHDO YDOXHG DWW UDBXW BYURD YOH § KDWULH
WKH 3QDWXUDO MRLQWY"  WKDW EUHDN D FRQWLQXRXV
UHJLRQV $ ODQGPDUN YDOXH LV D V\PEROLF QDPH IR
QXPHULFDO YDOXH PD\ RU PD\ QRW EH NQRZQ )RU H[D
UHJLRQV IRU WKH WHPSHUDWXUH Rl ZDWHU LV GHILQHG
$EVROXWH=HUR )UHH]LQJ %RLOLQJ R
$ TXDOLWDWLW H LYDIOKWH HTXDO WR D ODQGPDUN YDOXH
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UHODWLRQV ZLWK WKH ODQGPDUN YDOXHV LWV TXDOL
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WKH QHJDWLYH QXPEHUV RQ WKH UHDO OLQH 7KLYV
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SRVVLEOH DQG WZR QRWDWLRQV ZKHQ VLJQV DUH XVH
DUH PDWKHPDWLFDOO\ HTXLYDOHQW V\QWDFWLF VXJD!I
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JRU HI[DPSOH FRQVLGHUPNXAKHWPHL QIHDNQRZZWKDW
PLV SRVLWLYH DRG>FE QWD QW FDQ WUDQVIRUP WKLV |

D FRQIOXHQFH WR GUDZ VHYHUDO XVHIXO TXDOLWDWLY

f )RUFH DQG DFFHOHUDWLRQ DUH LQ WKH VDPH GLUHF
>@ >PD?>P?>DD@

f $ FKDQJH WR HLWKHU IRUFH RU DFFHOHUDWLRQ UH\V
GLUHFWLRQ
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f 3HUWXUEDWLRQV WR IRUFH DQG DFFHDHAARWURIQ ZL

LQ WKH VDPH GLUHFWLRQ
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$OWKRXIK FRQIOXHQFHY DUH VLPLODU LQ PDQ\ ZD
ZH KDYH GHILQHG WKHP WKH\ DUH QRW VWULFWO\ LGH
FRQVWUDLQW VXFK DV
0O DPRXQW OHYHO
PHDQV WKDW VRPH PRQRWRQLF IXQFWLRQ H[LVWV VX
NQRZ YHU\ OLWWOH DERXW EXW ZH GR NQRZ WKDW LW
7KH FRUUHVSRQGLQJ FRQIOXHQFHYV DUH
> HYH?@OPRXQQ@@W OHYHO GW? ?G DPRXQW GW?
ZKLFK VD\ WKDW WKH VLJQ RI WKH PDJQLWXGH DQG Wl
DPRXQW W PXVW DOZD\V EH LGHQWLFDO 7KH\ GR QRW
UHODWHG E\ D IXQFWLRQ 7KXV REVHUYDWLRQV RI W
OHYHO W DW RQH WLPH GR QRW QHFHVVDULO\ VXSSRU
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W
H H" H H

JLIXUH DSSHQGL] 6WULFW LQWHUSXYDWDW LR @ VRHSKKH @HODW

7R VDQFWLRQ WKH V\PPHWU\ RI WKH UHODWLRQV

$ 'a %W a $
$ 2 WBWOS$

ZH LPSRVH WKHUH D QBEWLRQIPBOO\ WR VDQFWLRQ Wt
IR | % !

$ % © % RS$!a%
ZH IXUWKHW LPSR®¥BIGHU WKLV VWULFW LQWHUSUHWDYV
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JLIXUH >0DYUR 6WHSK @

J)LIJXUH DSSHQGL] L &RQVWUDLQHG VWP LEW-IHDYWHRI S UBWBSW R QER |

7KH WROHUDQFHLSDOBIPHWKOYW SHFLILHG EHFDXVH

SDUWLFXODU HQJLQHHULIKDG HDF-RWLM Y VWN KA KGIDYDABXW B®IPR
ZLOOLQJ WR UHJDUG DV 3PXFK VPDOOHU WKDQ



:H IXUWKHKHXGRSWLE LOQMBWS UH®WODWHRO WKH ER X!
WKH LQWHUYDOV ZLWK UHJLRQV DQG ZH FRQVWUXFW W
HIKDXVWLYH LQWHUYDOV DQG D VHW RI RYHUODSSLQJ F

J)LIXUH DSSHQGL] ,QWHUYDOV XVHG LQ WKH KHXULVWLF LQWHUSU
WRS QRQ H[KDXVWLYH LQWHUYDOV >0DYUR 6WHSK

‘H WKHQ DGRSW WKH DERYH LQIHUHQFH FRQYHQWL
LQIHUHQFH VWHS DVVXPH WKH DQWHFHGHQW UHODWLI
DOORZ WKH FRQVHTXHQW UHODWLRQV WR GHQRWH F
FRQVHTXHQWY DUH XVHG DV DQWHFHGHQWY DW D OD!
WKHUHLQ OLHV WKH SRZHU DQG WKH ULVN )RU WKH F
RQO\ WR WKH HQG SRLQWV RI WKH FRPSRXQG LQWHUYI
BWHSK @
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OXOWLOHYHO )ORZ ORGHOOLQJ

%DVLF 0)0 )XQFWLRQ &RQFHSWV

‘H XVH WKH PHWKRGRORJ\ RI 0)0 WR SURRNPLOGML QR |
PRGHO GHVFULEHV ZKDW WKH V\WVWHP VKRXOG GR LQ |
GHVFULEHV WKH DFWXDO EHKDYLRXU RI WKH V\VWHPV
DEVWUDFWLRQV RI UHDOLW\ EXW WKH\ UHSUHVHQW WZ
GLIIHUHQW DEVWUDFWLRQV

$QRUPDMRGMHO LV IRFXVLQJ RQ WKH UROHV RU IXQF
WKH VI\VWHP LQ IXOILOOLQJ UHTXLUHPHQWY WR WKH Z
QDWXGHVBUPRGIHCH LV IRFXVLQJ RQ WKH SDUWV RI WKt
WKH PHFKDQLVPV RU EHKDYLRXUV LUUHVSHFWLYH RI
IXQGDPHQWDO GLIIHUHQFH LV WKH DSSOLFDWLRQ RI G
LQIRUPDWLRQ RXW RI WKH FRPSOH[LW\ Rl WKH UHDO VL

7KH 0)0 PHWKRGRORJ\ GLVWLQJXLVKHV EHWZHHC
FRQFHSWV RQH JURXS LV UHODWHG WR WKH UHSUHVHC
IORZ IXQFBNQBQWKH RWKHU JURXS LV GHDOLQJ ZLWK W
IXQFWLRQV DUH UHDOLVHG LQ WHUPV RI SK\VWLFDO F
IXQFWLRQDO HOHPHQWY XVHG IRU EXLOGLQJ 0)0 PRGH
PHDQV HQG UHODWLRQ DQG WKH FRQGLWLRQ UHODWLF
IXQFWLRQ FDQ EH FRQGLWLRQDO RQ RWKHU SODQW VW
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)XBWLRQV

$DUW IURP WKH PDVV DQG HQHUJ\ IORZ IXQFWLRQ
LQ >/LQG @ WKHUH DUH DOVR WZR RWKHU W\SHV RI
LQIRUPDWLRQ IOWEKDWQFWR R@EWH BRY OWERQDRIEF W R U
IXQFWLRQV 7KH EDVLV IRU WKH PRGHOOLQJ RI GHFLVI
GHYHORSHG E\ >5DVPXV @ 7KH V\PERO XVHG WR UHS
EHORZ &RQQHFWLRQV ZLWK REVHUYDWLRQ DQG DFWRU

*RDO
2EVHUYDWLRQ $FWLRQ
JLIXUH DSSHQGL] 7KH VIPERO RI GHFLVLRQ IXQFWL

$QRWKHU W\SH R RUQBPWLRDW LIRQDKBLHKQ BWH RQWH G
UHSUHVHQW WKH IXQFWLRQV RI VIVWHPV ZKRVH SXUS
VIVWHP RU WR HQVXUH WKDW JRDOV DUH PHAXSBRMWLU
IXQFWLRQV DQG WKH RWKHU PDWBJRBX@WYXQPWLRQV L

$ VXSSRY®FWLRQ UHSUHVHQWY WKH SURSHUW\ F
FRQGLWLRQV QHFHVVDU\ WR DOORZ DQRWKHU V\VWHP \

&="
JLIXUH DSSHQGL] 7KH VAIPERO XVHG IRU VXSSRUW [IX(

7KH URPBHQRUHAMQWWLRQV LV WR SURYLGH FRQQ
GLIIHUHQW IXQFWLRQDO OHYHOV LQ WKH PRGHO )RFX\
ZH FDQ FKDUDFWHULVH D PDQDJHPHQW IXQFWLRQ DV W
WR EH DFKLHYHG L H WR PDLQWDLQ D JLYHQ WHPS
UHVRXUFHV WKH HQHUJ\ IORZ IXQFWLRQV DYDLODEOH
IXQFWLRQ LV LQ WKLV ZD\ WR HQWHU LQWR D UHODWL
SODQW UHVRXUFHV +RZHYHU WKH UHSUHVHQWDWLRQ

UHODWLRQ EHWZHHQ D UHTXLUHPHQW JRDO DQG D QF
VWUXFWXUDO LQIRUPDWLRQ
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JLIXUH DSSHQGL] 7KH VAPERO XVHG IRU PDQDJHPHQW

5SXOHV

5XOH

$ IORZ VWUXFWXUH LQFOXGHV RQO\ IXQFWLRQV RI W
LQIRUPDWLRQ WKH\ PXVW QRW EH PL[HG

5XOH

7UDQVSRUW DQG EDUULHU IXQFWLRQV KDYH WZR OLQN)
5XOH

%DUULHU IXQFWLRQV VKRXOG RQO\ EH OLQNHG ZLWK H
5SXOH

7UDQVSRUW IXQFWLRQV VKRXOG RQO\ EH OLQNHG ZLW
IXQFWLRQV

5XOH

BWRUDJH DQG EDODQFH IXQFWLRQV FDQ KDYH DQ\ QXP]
5XOH

BWRUDJH DQG EDODQFH IXQFWLRQV VKRXOG RQO\ EH O
5XOH

6RXUFH DQG VLQN IXQFWLRQV KDYH RQO\ RQH OLQN
5XOH

BRXUFH IXQFWLRQV VKRXOG RQO\ EH OLQNHG ZLWK WU
RI IORZ LV DZD\ IURP WKH VRXUFH

5XOH

6LQN IXQFWLRQV VKRXOG RQO\ EH OLQNHG ZLWK WUDC
RI IORZ LV WRZDUGV IURP WKH VLQN



SHWXOL[

%D\HVLDQ 1HWZRUNYV

ORGHOOLQJ OHWKRGYV

$ B8QGLUHFWHG UHODWLRQV

W PD\ KDSSHQ WKDW WKH PRGHO PXVW FRQWDL
YDULBEQ®HVED\ EXW LW LV QHLWKHU GHVLUDEOH QRU
WKHP ,Q WKDW FDVH FKIDH QP RGBKDVQF DWDIDSHG LY DQ DF\
ZLWK ERWK GLUHFWHG DQG QRQ GLUHFWHG OLQNV ZKt
RQO\ QRQ GLUHFWHG OLQNV FKDLQ JUDSKV DUH WUH
GLIILEFXOW\ PD\ EH RYHUFRPH E\ XVL® $RQ @RHWERQBB

WKH UHODWLRQ LQ QXPEHUV IURELWK @ ZWODQM®D WBHNZ YL
OBW %EHR: SDUHQWWH BLIXUH
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AV SSHQGLI

JLIXUH DSSHQGL] 7KH JHQH U DAMW/ IWAKX¥D S RED BRWD QR IPWRBRW WKH |

LQKLELWHG >-HQVHQ @

%\ DVVXPLQJ *QRLV\ RU" WKH QXPEHU RI SUREDEL
ZLWK WKH QXPEHU RI SDUHQWY 1RWH WKDW WKH FRPS
QRLV\ BQGIW RI FDXVHV VKDOO EH RQ LQ RUGHU WR KI

KDYH UDQGRP LQKLELWRUV ZKLFK DUH PXWXDOO\ LQGH
>3HDUO @

& &DXVDO LQGHSHQGHQFH
JHW & &QEH D OLVW RI| YDULDEOHYV $D QIORR H ZKIL\FKH B

WR VSBFEBEIR?& O RQHLIJKW KDYH D YHU\ ODUJH NQRZ

DKHDG RI KLP 8VXDOO\ LW ZLOO RQO\ EH SRVVLEOH
s8 7F

6R QRZ OH&/@EH WKH S &H Q&QD BB XVDOO\ LAGHSHQ
WKH IROORZLQJ KROGV IRU HDFK SDUHQWDMR @ R$R N UDIWP
LV LQ WEBB QOGN WH VWDWH RPVKHY WKBPIQSHBEWRSEOLW\ C
DIWHUZDUGV LW DARQGFWLP@MRQH ,| ZH DG&?DRFLOLDU\

WKH FRQGLWLRQ LV UHIOHFWHG LQ WKH FRQGLWLRQDO

>-HQVHQ @ 7KH PRGHOOLQJ RI FDXVDO LQGHSHAQC
>+HFNHU @

JLIXUH DSSHQ® L[V LQGHSH& GH&WHR0D &QLYHQ &IQGGHQVHQ @



A SSHQGL]

' 'LYRUFLQJ

1RLV\ RU DV ZHOO DV FDXVDO LQGHSHQGHQFH UH
XVH ZKHQ WKH VSDFH RI SDUHQW FRQILJXUDWLRQV LV
VSHFLDO FDVHV RI D PRUH GIHQRHUURLELM HAFHK K. X X F DO
LQ 081,1 >$QGHM D@V HQ

7KH VHW RI SDUHQWY GLYRURHG IUK® WKHRDUHQ

%E\ LQWURGXFLQJ D PHGLDWLQJ YDOLDEHOBIED SDNHQW.
% VHH )LJXUH

JLIXUH DSSHQBI@Q® DUH GLYRUBHDBQI®RR LQWURGXFLQJ YDULDEOH & >

,I DOO YDULDEOHV LQ )LJIXUH DUH WHUQDU\
GLVWULEXWLRQV EHIRUH GLYRUFLQJ DQG RQO\ GLVW
RXW WR UHTXLUH ILYH VWDWHYV WKH VDYLQJ LV FRQVLC
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6\VWHP "\QDPLFV

OHWKRA EXLOGLQJ LQIOXHQFH GLDJUDPV

7KH OLVW H[WHQVLRQ PHWKRG
$Q LQIOXHQFH GLDJUDP LV D OLVW RI IDFWRUV LQ
VLIJQV VKRZLQJ WKH UHODWLRQVKLSY EHWZHHQ WKHP
UDWKHU REYLRXV LGHD RI VWDUWLQJ ZLWK D VPDOO
GLDJUDP HPHUJHYV

J)LJXUH DSSHQGKH DQDO\VLV Rl WKH SUREOHP Rl WKH FHQWUDO KHE
(IWHQVLRQ PHWKRG >&R\OH

,Q WKH ILUVW H[WHQVLRQ ZH ZULWH GRZQ WKH QT
DQG LPPHGLDWHO\ LQIOXHQFH WKH YDULDEOH LQ WKH
DQG VLJQV 7KH VHFRQG H[WHQVLRQ FRQWLQXHV WKH
LPPHGLDWH LQIOXHQFHV RQ WKH YDULDEOHV LQ WKH
WHUPLQDWHY ZKHQ D SDUDPHWHU RU DQ H[WHUQDO IR
VHH OLQNV UXQQLQJ IURP ULJKW WR OHIW DQG WKHYV
PHWKRG LV D JRRG PHWKRG IRU VWDUWLQJ ZRUN RQ
VWDJHV RI GHYHORSLQJ VNLOO LQ LQIOXHQFH GLDJUDT
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PRGHOOLQ®IR NHHS RQHYV XQGHUVWDQGLQJ RI WKH PR
SUREOHP DKHDG RI LWV VL]H

7KH HQWLW\ VWDWH WUDQVLWLRQ PHWKRG

,Q WKLV PHWKRG ZH ILUVW RQW D\QLWGCH GW RIE QMK
IRU HDFK RI WKHP ZH ZULWH DWE®@KDLEGR WHME SRV VR E Q/H
FDQ EH 7KHQ ZHORZERMAK\PBROHFDXVH WKH VWDWH WF
DQG WR FKHFN IRU WKH FRQQHFWLRQV EHWZHHQ IORZV
LGHQWER QWUHR®ROAL QDWHY WKDW GULYH WKH V\VWHP D
DQBFWLRQ LRIQ®XNWHKHHFHARQWUROOLQJ IORZ UDWHV

)RU H[DPSOH LI ZH FRQVLGHU WKH IROORZLQJ QDL

$ ILUP RI PDQDJHPHQW FRQVXOWDQWY UHFUXL)

EHWZHHQ WKH QXPEHU RI TXDOLILHG FRQVXOWDQWYV
QHHGHG WR FRSH ZLWK WKH GHPDQG IRU WKH ILUPYTV V
SHFUXLWVY XQGHUJR D SURWUDFWHG WUDLQLQJ SHUL!
FRQVXOWDQWY :KHQ WKH\ FRPSOHWH WKHLU WUDLQ
4XDOLILHG FRQVXOWDQWY WHQG WR VWD\ ZLWK WKH IL
WR JR LQWR LQGXVWU\ DV PDQDJHUV 6RPH RI WKH TXD
KDYH WR EH XVHG WR VXSHUYLVH WKH WUDLQHHV RQ \
WKHVH VXSHUYLVRUV DUH QRW DYDLODEOH IRU IHH HD!I
WR ZRUN RQ DVVLJQPHQWVY 7KH WRWDO QXPEHU RI T:
QHHGV LV GULYHQ E\ WKH GHPDQG IRU FRQVXOWDQF\ V

%\ XVLQJ WKH HQWLW\ VWDWH WUDQVLWLRQ PHWK

J)LIJXUH DSSHQGL] 7KH GLDJUDP Rl PDQDJHPHQW FRQVXOWD

7TKH FRPPRQ PRGXOHV PHWKRG
ODQDJHG VA\VWHPV FRQWDLQ FRPPRQ PRGXOHV RI
GLITHUHQW SUREOHPV 2QFH RQH KDV OHDUQHG WR UHI

GLDJUDPV EHFRPHV TXLWH HDV\



2Q WKH TXHVWLRQ RI ZKLFK LV WKH ULJKW PHWK
WKDW DQ H[SHULHQFHG 6\VWHP '\QDPLFV PRGHOOHU
IRUPDOO\ UDWKHU D FRPELQDWLRQ RI WKH WKUHH F
IXQGDPHQWDO SRLQW LV WKDW WKH GLDJUDP VKRXOG

ZLWKLQ D V\VWHP EHFDXVH LW LV WKDW LQWHUSOD\
RZQ IXWXUH EHKDYLRXU



7KH FRQVXOWLQJ ILUPYV SUREOHP ODWKHPDWLFDO F
IAUWKOQN
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,1,7-XQLRUB&RQ
SURPRMLPH-XQBWRBFRQ
7XUQRYH583+7,0(

DYHUDJHBFKDUJOQJBUDWH *5$3+ 7,0)

UHTXLUHGBPDQPRQWKYV 7XUQRYHU DYHUDJH BFKDUJLQJBUDWH

H 7THFWLYHBPDQ\HDU

UHTXLUHGBQRBRIBFRQVXOWDQWBHTXLYDLHQW UHTXOUHGBPDQPRQWKY HIOWHFWLYHBPDQ\HD
,1,7 ([ WHPDOB&RQVXOWDQWV

,1,7 &RQVXOWDQWYV

UDWLRBRIBFRQBVXSHUYLVRUV-R -XQLRU

FRQBVXSHUYLVLQIJBMXQLRU &RQVXOWDQWV UDWLRBRUBFRQBVXSHUYLVRUVBWR -XQLRU
FRQBDYDLODEOHBIRUBSURMHFWYV &RQVXOWDQWY FRQBVXSHUYLVLQJB-XQLRU

,1,7 6HQLRU &RQ

VHQLRUBFDQBVXSHUYLVLQJ-XQLRU 6HQLRUB&RQ UDWWRBRIBVHQBVXSHU<LVRUV-R -XQLRU
VHQLRUBFRQBDYDLODEOHBIEUBSURMHFWY 6HQLRUB&RQ VHQLRUBFRQBVXSHUYLVLQJIJMXQORL
SURGXFWIYLW\BRI-XQB BVXS

HTXLYDLHQWBFRQVXOWDQWBZRUNIRUFH

(IWHUQDOB&RQVXOWDQWY FRQBDYDLODEOHBIRUBSURMHHWY VHQLRUBFRQBDYDLODELHBIRUBSU
BRI-XQB BVXS -XQLRUB&RQ FRQBVXSHLYLVLQJ-XQLRU VHQLRUBFRQBVXSHQULVLQJ-XQLRU
PDQSRZHUBGLVFUHSDQF\

UHTXLUHGBQRBRIBFRQVXOWDQWBHTXLYDOHQW HTXLYDOHQWBFRQVXOWDQWBZRUNIRUFH HTXLY
RUNIRUFH

H[OHUQDOBKLQQJBUDWLR

MXQLRUBTXLWBIUDFWLRQ

MXQLRUBTXLWWLQJ -XQLRUB&RQ MXQLRUBTXLWBIUDFWLRQ

FRQBTXLWWLQJBIUDF

FRQBTXLWWLQJ &RQVXOWDQWY FRQBTXLIILQJBIUDF

VHQLRUBTXLWBIUDF

SURPR-LPHB FRQ-RBVHQLRU

SURPRWLQJBWRBVHQLRU &RQVXOWDQWY SURPR-LPHBFRQ-RBVHQLRU

VHQLRUBTXLWWLQJ 6HQLRUB&RQ VHQLRUBTXLWBIUDF

H[WHPDOBTXLWWLQJ-UDF

TXLWWOQJBH[WHUQDOV ([WHPDOB&RQVXLWDQWYV pHILWHUQDOBTXLWWLQJBIUDF

KLULQJ
PDQSRZHUBGLV FUHSDQF\ SURGX FWLYLW\BRI-XQB BVX S H[WHUQ DOBK LQQ JBUDWLR S UR G
VXS MXQLRUBTXLWOLQJ FRQBTXLWWOQJ UDWLRBRIBFRQBVXSHUYLVRUVMRMXQLRU UDWLDE
UV-R -XQWR U-SURGXFWLYLW\BRI-XQB BVXS VHQLRUBTXLWWLQJ ; UDWLRBRIBVHQBVXSHUYL

UDWLRBRIBVHQBVXSHLYLVRUVMRMXQLRU SURGXFWWYLW\BRIMXQB BVXS TXLWWLQJBH[WHPL
SURPRWLQJBWRBFRQ -XQLRUB&RQ SURPRBWLPH-XQBWRBFRQ
KLULQJBH[WHPDOV H[WHUQDOBKLULQJBUDWLR KLULQJ

AN 5817,0( (48%7,216

-XQLRUB&RQ W -XQURUB&RQ W GO KLULQJ SURPRWLQJB-RBFRQ MXQLRUBTXLWWLQJ G
(I WHUQDOB&RQVXOWDQWYV W (I WHUQDOB&RQVXOWDQWY GW KLUPJBH[WHPDOV TXLWWLQ
&RQVXOWDQWYV &RQVXOWDQWV Gw SURPRWLQJBWRBBFRQ SURPRWLQJ-RBVHQLRU FR
6HQLRUB&RQ W 6HQLRUB&RQ W GW SURPRWLQJ-RBVHQLRU VHQLRUBTXLWWLQJ Gw
7XUQRYHU *5$3+ 7,0(

QR QR

DYHUDJHBFKDUJLQJBUDWH *5$3+ 7,0(

UHTXOUHGBPDQPRQWKY 7XUQRYHUV DYHUDJHBFKDUJOQJBUDWH
UHTXLUHGBQRBRIBFRQVXOWDQWBHTXLYDOHQW UHTXLUHGBPDQPRQWKYV HIIHFWLYHBPDUU\HDU
FRQBVXSHWYLVPJ-XQLRU &RQVXOWDQWYV UDWLRBRIBFRQBVXSHUYLVRUV-R-XQLRU
FRQBDYDLODEOHBIRUBSURMHFWY &RQVXOWDQWY FRQBVXSHUYLVLQJBMXQLRU
VHQLRUBFRQBVXSHUYLVLQJ-XQLRU 6HQLRUB&RQ UDWLRBSIBVHQBVXSHUYLVRUVBWR-XQLRU
VHQLRUBFRQBBDYDLODEOHBIRUBSURMHFWY 6HQLRUB&RQ VHQLRUBFRQBVXSHUYLVLQJ-XQLRU
HTXLYDOHQWBFRQVXOWDQWBZRUNIRUFH

(IFWHUQDOB&RQVXOWDQWY FRQBDYDLLDEOHBIEUBSURMHFWY VHQLRUBFRQBDYDLODEOHBIRUBS LU
RI LXQ VXS -XQLRU &RQ FRQ VXSHUYLVLQJ MXQLRUV VHQLRU FRQBVXSHWYLVLQJ-XQLRU
PDQSRZHUBGLVFUHSDQF\

UHTXLUHGBQDBRIBFDQVXOWDQWBHTXLYDOHQ HTXLYDOHQWB&*QVXOWDQWBZ*UNIRUU H HTXLYDOHQ
RUNIRUFH

MXQLRUBTXLWWLQJ -XQLRUM'RQ-XQLRUBTXLWBIUDFWLRQ

FRQBTXL WLQJ &RQVXOWDQWY FRQBTXLWWLQJBOUDF

SURPRWLQJBWRBVHQLRU &RQVXLWDQWV SURPRBWLPHBFRQBWRBVHQLRU
VHQLRUBTXLWWLQJ 6HQLRUB&RQ VHQLRUBTXLWBIUDF

TXLWWLQJBH[WHUQDOV ([WHUQDO &RQVXOWDQWYV H[WHUQDO TXLWWLQJBIUDF

KLULQJ

PDQSRZHUBGOVFUHSDQF\L SUDGXU WLYLW\BRUMLMQB BVXS H GHPDOBKLQQJBUD+R SURGL-FW
VXSMXQLRUBTXOWWLQJ PURDQVEOTRBLRN BVARY RWXWSBHMR MX QLRU UDWORBRIBFRQBVXSHWYOVR

UV-R - XQLRU SURG X FWLYLW\BRI-XQB6 BV XS V HQLRUBT XLWWLQ J UDWL RBRIBV HQBVXSH
vV UDWLRBRIBVHQBVXSHUYLVRUVMRMXQLRU SURGXFWuUYLW\BRIMXQB ZVXS TXLWWLQJBH[WHPI
SURPRWUQJBWRBFRQ -XQLRUB&RQ SURUQR-LPH-XQ-RBFRQ

KLULQJBH[WHUQDOV H[WHUQDO-LLULQJBUDWLRaKLULQ]J

L -

]
OLFURVRIW :RU-GU7KHV



ODWODE SURJUDPV IRU WKH GLVFUHWH WLPH PRGHO

&KHFN VWDWH WUDQVLWLRQ

IXQFWLRQ >[BQHZVAG@ WHBWUDQVLWLRQ [BROG X SDUDP
IXQFWLRQ >[BQHZ\AM@DWHBWUDQVLWLRQ [BROG X SDUDP

,1387 YDULDEOHYV

[BROG ROG VWDWH YHFWRU

X FRQWURO LQSXW QXPEHU RI MXQLRUV KLL
WKLV SHULRG LQWHJHU LQ UDQJH X XBPD][

SDUDP YHFWRU RI PRGHO SDUDPHWHUYVY ERWK WLPH

DQG WLPH LQYDULDQW

287387 YDULDEOHYV
[BQHZ QHZ VWDWH YHFWRU

4 RXWSXW YDULDEOH HTXLYDOHQW ZRUNIR
FRQVXOWDQW OHYHO

'HFRGH SDUDPHWHUYV

DOSKD SDUDP -XQLRU FRQVXOWDQWYV JURZWK SDUDPHWHU
EHWD SDUDP &RQVXOWDQWY JURZWK SDUDPHWHU

JDPPD SDUDP -XQLRU ! &RQVXOWDQWY SURPRWLRQ SDUDPH!
GHOWD SDUDP 6HQLRU FRQVXOWDQWY JURZWK SDUDPHWHU
HSVLORQ SDUDP &RQVXOWDQWY ! 6HQLRUV SURPRWLRQ SDUDP
RPHJD SDUDP (IWHUQDO FRQVXOWDQWY JURZWK SDUDPHWHL
PX SDUDP 1XPEHU RI SURPRWLRQ WLPH SHULRGV -XQLF
&RQVXOWDQWYV

ODPEGD SDUDP 1XPEHU RI SURPRWLRQ WLPH SHULRGV &RQV>
| BHQLRUV

Q SDUDP JUDFWLRQ RI ([WHUQDOV -XQLRUV KLUHG G
WKLV SHULRG Q O

P SDUDP SHUFHQWDJH RI FRQVXOWDQWYV ZRUNLQJ R
SURMHFWV

O SDUDP SHUFHQWDJH RI VHQLRUV ZRUNLQJ RQO
SURMHFWV

G SDUDP UHODWLYH SURGXFWLYLW\ IDFWRU RI MXQLRU\
S SDUDP SURGXFWLYLW\ IDFWRU RI VXSHUYLVRUYV

MXQLRUVBPD[ SDUDPPD[LPXP QXPEHU RI MXQLRUV HPSOR\HG VDW
MXQLRUV

FRQVXOWBPD[ SDUDP PD[LPXP QXPEHU RI FRQVXOWDQWVY HPS
VDWXUDWH FRQVXOWDQWYV

VHQLRUVBPD[ SDUDPPD[LPXP QXPEHU RI VHQLRUV HPSOR\HG VDYV
VHQLRUV

HIWHUQBPD[ SDUDP PD[LPXP QXPEHU RI H[WHUQDOV HPSOI
VDWXUDWH H[WHUQDOV
XBPD[ SDUDP PD[LPXP QXPEHU RI MXQLRUV WKDW FDQ EH

IRU DQ\ SHULRG
LQWHJIJHU LQ UDQJH XBPD] MXQLRUVBPD]

&+(&. FRPSDWLELOLW\ RI LQSXWYVY SDUDPHWHUYV

>U[ F[@ VL]H [BROG
LI Ffa _ Ul a PX ODPEGD VWDWH VL]H LQFRPSDWLELOLW\
GLVS HUURU LQ VWDWH WUDQVLWLRQ



[BQHZ >@ Z >@
UHWXUQ
HQ G

LI XBPD[ ! MXQLRUVBPD]
GLVS HUURU LQ VWDWHBWUDQVLWLRQ
[BQHZ >@ Zz >@

UHWXUQ

HQG

LI X _ X ! XBPD[ _ X a URXQG X _ PX _PX a URXQG PX
ODPEGD _ODPEGD a URXQG ODPEGD

GLVS HUURU LQ VWDWHBWUDQVLWLRQ
[BQHZ >@ Zz >@

UHWXUQ

HQG

LI Q _Q!o _ P _P! _ ! _ G _ G ! Os
’ S !

&KHFN WKDW IUDFWLRQV DUH EHWZHHQ DQG
GLVS HUURU LQ VWDWHBWUDQVLWLRQ
[BQHZ >@ Z >@
UHWXUQ

HQG

IRUL OPXO
FKHFN WKDW FXUUHQW DQG SDVW QXPEHU RI MXQLRUV L
LOQWHJHUV MXQLRUVBBPD]
LI [BROG L _[BROG L ' MXQLRUVBPD] _ [BROG L
URXQG [BROG L
GLVS HUURU LQ VWDWHBWUDQVLWLRQ
[BQHZ >@ Z >@
UHWXUQ
HQG
HQG

IRUL PX PX ODPEGD
FKHFN WKDW FXUUHQW DQG SDVW QXPEHU RI FRQVXOWDQW
LQWHJIHUYV FRQVXOWBPD]
LI [BROG L _[BROG L ! FRQVXOWBPD[ _ [BROG L
URXQG [BROG L
GLVS HUURU LQ VWDWHBWUDQVLWLRQ
[BQHZ >@ Z >@
UHWXUQ
HQG
HQG

LI [BROG PX ODPEGD _ [BROG PX ODPEGD I VHQLRUVE
[BROG PX ODPEGD a URXQG [BROG PX ODPEGD
FKHFN WKDW FXUUHQW QXPEHU RI VHQLRUV DUH SRVLWLYH

VHQLRUVBPD]

GLVS HUURU LQ VWDWHBWUDQVLWLRQ

[BQHZ >@ Z >@

UHWXUQ
HQG

LI [BROG PX ODPEGD _ [BROG PX ODPEGD I H[WHUQ ¥
[BROG PX ODPEGD a URXQG [BROG PX ODPEGD
&KHFN WKDW FXUUHQW QXPEHU RI H[WHUQDOV DUH SRVLWL)
H[WHUQBPD]
GLVS HUURU LQ VWDWH WUDQVLWLRQ



[BQHZ >@ Z >@
UHWXUQ
HQ G

J)LQG FXUUHQW QXPEHU RI -XQLRUV &RQVXOWDQWY 6HQLRUV DC

MXQLRUV [BROG
FRQVXOWDQWY [BROG PX
VHQLRUV [BROG PX ODPEGD
HIWHUQDOV [BROG PX ODPEGD

JLQG FXUUHQW RXWSXW L H HTXLYDOHQW ZRUNIRUFH DW FRQ
GXULQJ FXUUHQW SHULRG

HOP SHUFHQWDJH RI VXSHUYLVLQJ FRQVXOWDQWYV

l OO0 SHUFHQWDJH RI VXSHUYLVLQJ VHQLRUV
VXSHUBFRQVXOWDQWY URXQG H FRESNOWDQWY FRQVXOWDQWYV
QRQBVXSHUBFRQVXOWDQWY FRQVXOWDQWY VXSHUBFRQVXOWDQW
FRQVXOWDQWYV

VXSHUBVHQLRUV URXQG | VHQLRUYV VXSHUYLVLQJ VHQLRUV
QRQBVXSHUBVHQLRUV VHQLRUV VXSHUBVHQLRUV QRQ VXSHUYLYV

Z H[WHUQDOV QRQBVXSHUBFRQVXOWDQWY QRQBVXSHUBVHQLR

S G MXQLRUYV S VXSHUBFRQVXOWDQWY VXSHUBVHQLRUV F X
DFWXDO ZRUNIRUFH DW FRQVXOWDQW SHULRG OHYHO

)LQG QHZ VWDWH YHFWRU

[BQHZ JHURYV PX ODPEGD LQLWLDOLVH QHZ VWDWH YHFWRU
QHZBMXQLRUV URXQG DOSKD MXQLRUV X QHZ MXQLRUV

[BQHZ O PLQ QHZBMXQLRUV MXQLRUVBPD] VDWXUDWH MXQLRL
LI PX !

[BQHZ PX [BROG PX GHOD\HG VWDWH MXQLRUYV
HQG

QHZBFRQVXOWDQWY URXQG EHWD FRQVXOWDQWY URXQG JDPPD [

[BQHZ PX PLQ QHZBFRQVXOWDQWY FRQVXOWBPD] VDWXUDWH
LI ODPEGD !

[BQHZ PX PX ODPEGD [BROG PX PX ODPEGD GHOD\HG
FRQVXOWDQWYV
HQG

QHZBVHQLRUV URXQG GHOWD VHQLRUV URXQG HSVLORQ [BROG P}
[BQHZ PX ODPEGD PLQ QHZBVHQLRUYV VHQLRUVBPD] VDWXUDW

QHZBH[WHUQDOV URXQG RPHJD H[WHUQDOV URXQG Q X
[BQHZ PX ODPEGD PLQ QHZBH[WHUQDOV H[WHUQ PD] VDWXUD\

HQRG RI VWDWH WUDQVLWLRQ P



WSRQGL][

‘"\QDPLF SURJUDPPLQJ RYHU ILQLWH KRUL]RQ
'SL
‘"\QDPLF 3URJUDPPLQJ RYHU ILQLWH KRUL]RQ

(QFRGH SDUDPHWHUYV
SDUDP JHURYV

DOSKD

SDUDP O DOSKD -XQLRU FRQVXOWDQWY JURZWK SDUDPHWHU
EHWD

SDUDP EHWD &RQVXOWDQWY JURZWK SDUDPHWHU

JDPPD

SDUDP JDPPD -XQLRU ! &RQVXOWDQWY SURPRWLRQ SDUDPH
GHOWD

SDUDP GHOWD 6HQLRU FRQVXOWDQWY JURZWK SDUDPHWHU
HSVLORQ

SDUDP HSVLORQ &RQVXOWDQWYVY ! 6HQLRUV SURPRWLRQ SDUDF
RPHJD

SDUDP RPHJD (IWHUQDO FRQVXOWDQWY JURZWK SDUDPHWH !
PX O

SDUDP PX 1XPEHU Rl SURPRWLRQ WLPH SHULRGV -XQL
&RQVXOWDQWYV

ODPEGD O

SDUDP ODPEGD 1XPEHU RI SURPRWLRQ WLPH SHULRGV &RQV
I BHQLRUV

Q

SDUDP Q JUDFWLRQ RI ([WHUQDOV -XQLRUV KLUHG G
WKLV SHULRG Q O

P

SDUDP 02 P SHUFHQWDJH RI FRQVXOWDQWY ZRUNLQJ |

SURMHFWYV

SDUDP SHUFHQWDJH RI VHQLRUV ZRUNLQJ RQC
SURMHFWYV

G

SDUDP G UHODWLYH SURGXFWLYLW\ IDFWRU RI MXQLRU
S

SDUDP S SURGXFWLYLW\ IDFWRU RI VXSHUYLVRUV

MXQLRUV PD]

SDUDP MXQLRUV PO[LPXP QXPEHU RI MXQLRUV HPSOR\HG VDW
MXQLRUV

FRQVXOW PD]
SDUDP FRQVXOWBPD] PD[LPXP QXPEHU RI FRQVXOWDQWYV
VDWXUDWH FRQVXOWDQWYV

VHQLRUV PD][



SDUDP VHQLRUVBPD] PD[LPXP QXPEHU RI VHQLRUV HPSOR\H(
VHQLRUV

H[WHUQBPD]|
SDUDP H[WHUQBPD] PD[LPXP QXPEHU RI H[WHUQDOV
VDWXUDWH H[WHUQDOV

XBPD]
SDUDP XBPD] PD[LPXP QXPEHU RI MXQLRUV WKDW FDQ
IRU DQ\ SHULRG

LOQWHJHU LQ UDQJH XBPD] MXQLRUVBPD
6WDWH YHFWRU LQLWLDO FRQGLWLRQV
[2 ]JHURVY PX ODPEGD LQLWLDOLVH VWDWH YHFWRU

MXQLRUYV

GHOD\HG MXQLRUV
FRQVXOWDQWYV
GHOD\HG FRQVXOWDQWV
VHQLRUV

H[WHUQDOV

NPNDNNDNDDN

*HQHUDWH VWDWH WUDQVLWLRQV IRU LQGLIPOMNHGI FRQWURO
XBLQG > @ FRQWURO VHTXHQFH

@ VWDWHBWUDQVLWLRQ [ XBLQG O SDUDP
oc@ VWDWHBWUDQVLWLRQ [

>[ Z O XBLQG SDUDP

>[ Z @ VWDWHBWUDQVLWLRQ [ XBLQG SDUDP

>[ Z @ VWDWHBWUDQVLWLRQ [ XBLQG SDUDP

>[ Z @ VWDWHBWUDQVLWLRQ [ XBLQG SDUDP

>[ Z @ VWDWHBWUDQVLWLRQ [ SDUDP QHHG RQO\ Z
'HPDQG YHFWRU

Uu>z2 zZ0 zZz Z Z Z @

&RQWBO JHURV XBPD[ O PX ODPEGD
IRU X XBPDJ

>[BQHZ z@ VWDWHBWUDQVLWLRQ [2 X SDUDP

&RQWBO X PX ODPEGD [BQHZ VWDWH [O

&RQWBO X O PX ODPEGD X FRQWURO X2

&RQWBO X O PX ODPEGD DEV Zz U FRVW _Z U _
HQG

QUO VL]H &RQWBO
&RQWB ]JHURV XBPD[ O QUO PX ODPEGD
IRUL O QUO
[ &RQWBO L PX ODPEGD
IRU X XBPDJ
>[BQHZ Z@ VWDWHBWUDQVLWLRQ [ X SDUDP

&RQWB L2 XBPD[ O X O PX ODPEGD [BQHZ VWDWH
&RQWB L2 XBPD[ O X O PX ODPEGD X FRQWURO XO
&RQWB L XBPD[ O X O PX ODPEGD DEV Z U FR
,Z0 UO_
HQG
HQG

QU VL]H &RQWB
&RQW JHURV X PD[ QU PX ODPEGD



MSSHQGL]

IRUL O QU
[ &RQWB L PX ODPEGD
IRU X XBPD]
>[BQHZ z@ VWDWHBWUDQVLWLRQ [ X SDUDP

&RQWB L XBPD[ O X O PX ODPEGD [BQHZ VWDWH
&RQWB L2 XBPD[O X OPX ODPEGD X FRQWURO X
&RQWB L XBPD[ O X O PX ODPEGD DEV Z U FR
Z U _
HQG
HQG

QU VL]H &RQWB
&RQWB ]JHURV XBPD[ O QU PX ODPEGD
IRU L O QU
[ &RQWB L PX ODPEGD
IRU X XBPD]
>[BQHZ Z@ VWDWHBWUDQVLWLRQ [ X SDUDP

&RQWB L XBPD[ O X O PX ODPEGD [ QHZ VWDWH |
&RQWB L XBPD[ O X O PX ODPEGD X FRQWURO X
&RQWB L XBPD[ O X O PX ODPEGD DEVZ U FR
Z U _
HQG
HQG

QU VL]H &RQWB
&RQWB ]JHURV XBPD[ O QU PX ODPEGD
IRU L O QU
[ &RQWB L PX ODPEGD
IRU X XBPD]J
>[BQHZ Z@ VWDWHBWUDQVLWLRQ [ X SDUDP

&RQWB L XBPD[ O X O PX ODPEGD [BQHZ VWDWH
&RQWB L XBPD[ O X O PX ODPEGIFRQXURO X
&RQWB L XBPD[ O X O PX ODPEGD DEV Z U FR
Z U _
HQG
HQG
7HUPLQDO FRVW SHULRG [ ![ 7KLV GHSHQGV RQO\ RQ [ DQG

ILFWLWLRXV LQSXW VD\
QU QU XBPD[ O VWDWH GLPHQVLRQ RI [
WHUPLQDOBFRVW JHURV QU
IRU L O QU

[ &RQWB L PX ODPEGD

[BQHZ Z@ VWDWHBWUDQVLWLRQ [ SDUDP JHW Z

WHUPLQDOBFRVW L DEV Z U Z U _
HQG

'3 UHFXUVLRQV

IRU L O QU
WHPS &RQWB L PX ODPEGD RQHV XBPD[ O &RQWB L
XBPD[ O L XBPD[ O PX ODPEGD
>SPLQBFRVW LQGH[@ PLQ WHPS
&RQWB L PX ODPEGD PLQ FRVW
&RQWB L PX ODPEGD LQGH]

HQG

IRU L O QU
WHPS &RQWB L PX ODPEGD RQHV XBPD[ O &RQWB L
XBPD[ O L XBPD[ O PX ODPEGD



BBASSHQFOW

>SPLQBRRYQGH[@ PLQ WHPS

&RQWB L PX ODPEGD PLQBFRVW

&RQWB L PX ODPEGD LQGH]
HQG

IRU L O QU
WHPS &RQWB L PX ODPEGD RQHV XBPD[ O &RQWB L
XBPD[ O L XBPD[ O PX ODPEGD
>PLQBFRVW LQGH[@ PLQ WHPS
&RQWB L PX ODPEGD PLOQBFRVW
&RQWB L PX ODPEGD LQGH]
HQG

IRU L O QUO
WHPS &RQWBO L PX ODPEGD RQHV XBPD[ O &RQWB L
XBPD[ O L XBPD[ O PX ODPEGD
>PLQBFRVW LQGH[@ PLQ WHPS
&RQWBO L PX ODPEGD PLQBFRVW
&RQWBO L PX ODPEGD LQGH]
HQG

5HFRQVWUXFW RSWLPDO SROLF\ DQG VWDWH WUDQVLWLRQ
>RSWLPDOBFRVW L2@ PLQ &RQWBO PX ODPEGD

XBVWDUB L O RSWLPDO SROLF\ X2
>[BVWDUBO ZzZBVWDUBB @ VWDWHBWUDQVLWLRQ [2 X VWDU SDUDP

LO &RQWBO L2 PX ODPEGD
XBVWDUBO LO O RSWLPDO SROLF\ XO
>[BVWDUB ZBVWDUBO@ VWDWHBWUDQVLWLRQ [BVWDUBO XBVWDU

L &4RQWB L2 QUO LOPX ODPEGD
XBVWDUB L O RSWLPDO SROLF\ X
>[BVWDUB zZzBVWDUB @ VWDWHBWUDQVLWLRQ [BVWDUB XBVWDUB

L &RQWB L ? QU L2 QUOL PX ODPEGD
XBVWDUB L RSWLPDO SROLF\ X
>[BVWDUB zZBVWDUB @ VWDWHBWUDQVLWLRQ [BVWDUB XBVWDUB

L &RQWB L 2 QU L2 QU L O QUO L PX ODPEGD
XBVWDUB L O RSWLPDO SROLF\ X
>[BVWDUB zZzBVWDUB @ VWDWHBWUDQVLWLRQ [BVWDUB XBVWDUE

HQG RI GSO P



SHWUL 1HWYV

$ 3BHWUL 1HW LV FRPSRVHSOR F HBX 8 HADBW V L\ L\RHOWV
DQQSKWFWLRQGRPWEXPFWLRRH LQSXW DQG RXWSXW |
WUDQVLWLRQV DQG SODFHW DKMDSOSQEW | WRIRFWRWI D Q

FROOHFWLRQ RI SODFHWQSXW SROBRFEIQNDW UWRNLWLRQ

IXQFVELRWY D PDSSLQJ |URPEIR VD UDRO/Q MR DR @ GRR ZS)0 D ¥ H

W KREK W S X W RS| OMDKEHH W UDHOW U WY IQRHQV SW B X FWDAM B H&ELQIBG E\
SODFHV WUDQVLWLRQV LQSXW IXQFWLRQ DQG RXW
VWUXFWXUH LV JLYHQ EHORZ $V ZH FDQ VHH D 3HWU
WXSOH VHH )LIXUH
& 3 72
3 ~3[ 3 30 3A3

7 AW[ W 8 8

P 0 W O AS S S
. W A3 3 3° W AS
P ~S W AS
P Ag W AS S
JLIXUH DSSHQGL] $ SHWUL QHW VWUXFWXUH

$ SODFHYV DQ LQSXW SODRMW LRSI ED W U D @8/ LDRX
RXWSXW S@DFHAMIM LQSXWV DQG RXW S XE\DVIRR | SIOKHF WU

ZKHUH EDJ LV D JHQHUDOLVDWLRQ RI VHWV ZKLFK DO
LQ LW 7KH XVH RI EDJV UDWKHU WKDQ VHWV I|IRU WK}
SODFH WR EH PXOWLSOH LQSXW RU PXOWLSOH RXWSX\

EH DQ LQSXW WLSOLYOD® HR XW\@ XWU B QWALWY DRQR X W S XW R
S ISI[LV DQ LWHIXW RI

$ 3HWUL RXHOWLYVDGRKH LW DOORZV PXOWLSOH DU
JUDSK WR DQRWKHU 7KH 3HWUL QHW JUDSK HTXLYDOH
LV VKRZQ LQ )LIJXUH



W
JLIXUH DSSHQGRH®WUL QHW JUDSK HTXLYDOHQW WR WKH VWUXFWXU

$Q H[DPSOH RI D PDUNHG 3HWUL QHW DQG WKH ZKROH
YLIXUHV

JLIXUH DSSHQGL] $ PDUNHG 3HWUL QHW WR WJ ¥ UMW H WKH

HQDEOHG >3HWHUVRQ @

S
JLIXUH DSSHQGL] 7KH PDUNLQJ UH\WESMNQ—J]UI‘IUHR@ IL@LQJ WI
,Q )LIXUH ZH FDQ VHH WWWW R®O\DWHDKQYDRE

7UDQVMWUNVRQRW HQDEOHG EHFDXVH WKBURULV' QRKWKRK
DUH ERWK LQSXW\W IRQWMA D QWDWHRMQDEOHG HDFK RI W
$VVXPH WKDW WKHUW WY D QK/ILW PRIQQV WKDW D WRNHQ L\



DG LV GHSRVLWHG LQ HDFK R XWEHX KD WHWRIQH | MUR IQH QU
SODFHQG RQH $RDW LGXUH VKRZV

JLIXUH DSSHQGL]J 7KH PDUNLQJ UHWY{$IHVQHUVREO ILOLQJ WI

,Q WKLV PDUNHG 3HWWID @GDAV W K I§ DEWHEGY DV ERD | ZHH
KDYH WKH PDUNHG 3HWUL QHW VKRZ® KDV )UHARRYHG \
WRNH@®QG KDV GHSRVLVBHGR @B HP RERNHIEG LMPZR PRUH L¢
VLQFH LW LV D PXOWLSOH RXWSXW Rl WUDQVLWLRQ

WKHUH H[LVWV DW OHDVW RQH HQDEOHG WUDQVLWLR!
H[HFXKROLRWYQV



H&LIMWB M- 1F-LR

/1,67 2) 38%/,&$7,216

7RSLQW]L ( 1 .DUFDQLDV DQG ( 1LVWD]DNLV 36\
'HFLVLRQ ODNLQJ 3URFHVV RI D +XPDQ 5HVRXUFHV 0DC
DSSHDU VKRRZDMHGUE EDVHG DQG ,QWHOOLJHSMEHBDV
LVVXH RI WABMXBRKXY QMOLQIRUPDWLFY DQG &RQWURO

7RSLQW]L ( DQG 1 .DUFDQLDV 326\WWHPV DQG '\QDP
&RQVXOWLQJI$ERPSOW%] 6HSWHPEHU %RUGHDX]

ODQGHUV & DQG ( 7RSLQW]L 3, FHEHUJV 3XEV DQG
.QRZOHGJH OD@DJBRPHIIW 9RO , VV XH JHEUXDU\

ORGHOOLQJ OHWKRGRORJLHV IRU %HKDYLRXUDO $VSHF
OHWKRGRGAGRIOMHY, BURMHFW 5HSRUW (635,7 SURMHFW
$XJ

,PSOHPHQWDWLRQ RI .QRZOH@G2HL (L DIDRWHFW H\WMBRG W
SURMHFW' O0DUFK

.QRZOHGJH WUDQVIRUPDWLR®D2OW SBWURMBRWSBRRERYW
SURMHFW! ODUFK

SHUIRUPDQFH (YDOXDWLRQ DWW :NE7 *RURAEM H:HE VIHSR U W
SURMHFW: ODUFK



