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7KH ORQJ ODVWLQJ DQG GHPDQGLQJ HQGHDYRXU R
ZLWKRXW WKH FRQWULEXWLRQ RI PDQ\ SHRSOH DQC
,QVWLWXWLRQ Rl 6BWDWH 6FKRODUVKLSV ,.< , ZRXOG

J)LUVW DQG DERYH DOO , ZRXOG OLNH WR WKDQN |
KLV JXLGDQFH DQG VXSHUYLVLRQ GXULQJ DOO WKH
NQRZOHGJH DGYLFH DQG VXJJHVWLRQV ZHUH HVVHQV
GHYHORSPHQW , FRQVLGHU P\VHOI HIWUHPHO\ IRUW X
FKDQFH WR ZRUN ZLWK KLP %HLQJ D JLIWHG SHUVR
XQLTXH DQG VWLPXODWLQJ H[SHULHQEH

, DOVR RZH D VSHFLDO WKDQN \RX WR P\ KXVEDQG
LPSODQWLQJ LQ PH WKH LQWHUHVW IRU DQFLHQW *UH
RQ WKH SKLORVRSKLFDO DQG WHFKQRORJLFDO DVSHF
PH ZKHQ WKHUH ZDV D QHHG IRU EHLQJ FORVH WR PH
ORYH DOO WKH WLPH , ZDV DZD\

0\ SRVWJUDGXDWH VWXGLHY DEURDG ZHUH PDGH SI
*UHHN ,QVWLWXWLRQ Rl 6WDWH 6FKRODUVKLSV ,.< S
7KHLU FRQWULEXWLRQ LV JUDWHIXOO\ DFNQRZOHGJHG

, ZRXOG OLNH WR VD\ DQ LQGLYLGXDO WKDQN \RX
GXULQJ WKHVH \HDUV ZKR PDGH LQ WKHLU RZQ ZzD\
DWWDLQDEOH EXW DOVR D SOHDVDQW H[SHULHQFH
BWDYUDNLV *LDQQLV *RXYDV 6WDYURV )DWRXURV DQ
WR P\ I[ULHQG (UPLQD 7RSLQW]L IRU VKDULQJ ZLWK P}
GRLQJ D 3K' DV ZHOO DV IRU KHU SDWLHQFH WR UHEL
JUDPPDWLFDO DQG VIQWDFWLFDO SHUVSHFWLYH

IDVW EXW QRW OHDVW , ZDQW WR WKDQN P\ SDUHC
ORYH P\ VLVWHUV )RWLQL DQG 0DJGD IRU WKHLU HJ[L
WKH\ RIITHU WR PH DQG P\ IULHQGV .DWHULQD 9LFKI
IULHQGVKLS DQG ORYH $00 RI WKHP DV ZHOO DV P
XQOLVWHG KHUH EXW DUH YHU\ ZHOO UHJLVWHUHG L
RU RWKHU WR WKH FRPSOHWLRQ RI P\ WKHVLV
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, JUDQW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUV
FRSLHG LQ ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UH|
VLQJOH FRSLHV PDGH IRU VWXG\ SXUSRVHV VXE
DFNQRZOHGJHPHQWYV
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7KH DLP RI WKLV WKHVLV LV WR LQYHVWLJDWH WKI
DQG DXWRPDWLF FRQWURO FRQFHSWV DV ZHOO DV W
PDGH WR SODFH WKH HDUO\ IRUPDWLRQ DQG HYROXWI
RI WKHLU FXUUHQW XQGHUVWDQGLQJ 2XU UHVHDUF!
VHDUFKLQJ WKURXJK WKH SULPDU\ VRXUFHV DQG WK
UHODWHG WR VIVWHP PRGHOOLQJ DQG FRQWURO LGH

1RZDGD\V WKH DSSOLFDWLRQ ILHOGV RI V\VWHP
PRVWO\ DVVRFLDWHG ZLWK FRPSOH[ LQGXVWULDO
+RZHYHU WKH HPHUJHQFH RI WKH V\VWHP DQG PRGH
HDUO\ VFLHQWLILF DQG WHFKQRORJLFDO KXPDQ WKR:
DUH WKH FUHDWLRQ DQG WKH VWUXFWXUH RI WKH ZRI
WKH IXQFWLRQV RI KXPDQ ERG\ 2Q WKH RWKHU KDQG
DXWRPDWLF PDFKLQHV WKDW LPLWDWH WKH OLYLQJ E
WKHP LQ WKH +HOOHQLVWLF WLPHV JLYH ELUWK WR
VWXG\ Rl WKH SULPLWLYH DSSHDUDQFH RI VA\VWHP PF
HYROXWLRQ IURP WKH O\WKLFDO SHULRG WR WKH +HO
LQ GHSWK XQGHUVWDQGLQJ RI WKHVH FRQFHSWV E S
KLIKOLJKWLQJ DVSHFWV Rl WKH FXUUHQW DGYDQFHG
DQG FRQWURO PHWKRGV IURP D KLVWRULFDO SHUVSHI
PRUH DQG PRUH FRPSOLFDWHG SUREOHPV



-AUSURAS$XUBRQ

&KDSWHU

,1752'8&7,21



AQWURF XFWLRQ

,1752'8&7,21

2EMHFWLYHYVY DQG 6WUXFWXUH RI WKH 7KHVLV

7KH DLP RI WKLV WKHVLV LV WR LQYHVWLJDWH WK
&RQWURO FRQFHSWV DQG WKHLU HDUO\ DSSHDUDQFH
WKRXJKW 7KH LQWHQWLRQ LV WR FRQWULEXWH WR
VKRZ WKH FRQWLQXLW\ LQ WKHLU GHYHORSPHQW ,Q
VXFK FRPSOLFDWHG FRQFHSWV SUHVHQWY SUREOHPV
OLPLWHG DQG RI IUDJPHQWDU\ QDWXUH WKH LQIR
LQWHOOHFWXDO DQG KLVWRULFDO EDFNJURXQG LV G
QRW DSSHDU LQ D UHFRJQLVDEOH IRUP EXW KDYH W
DPRXQW Rl FRQMHFWXUH XQDYRLGDEO\ HQWHUV LQWR
RULJLQV SUHVHQWY UHPDUNDEOH DGYDQWDJHV 7KH
JHQHUDO IRUP DQG EHDU WKH VXEVWDQFH RI WKF
VSHFLDOLVDWLRQV

$OWKRXJK WKH VWXG\ RI GHYHORSPHQW RI &RQWUF
RI HDUO\ WHFKQRORJ\ KDV EHHQ WKH VXEMHFW RI I
HIDPLQLQJ FRQWURO ZLWKLQ WKH IUDPHZRUN RI GH
FRQFHSWV LV D WDVN WKDW KDV QRW EHHQ DWWHPS)
ILHOG RI 6\VWHPV DQG &RQWURO VXJJHVWV WKDW D
XQGHUVWDQGLQJ RI D SOHWKRUD RI LVVXHV L H WK
RI PRGHOOLQJ WKH IRUPXODWLRQ RI PDWKHPDWLF
PHFKDQLVPV DQG PDFKLQHV DQG WKH HDUO\ DSSHDU
7KH ODWWHU LV WKH FXOPLQDWLRQ RI DOO SUHYLRX
GHYHORSPHQW RI WKH ILHOG IRUPV WKH GLVWLQJXLVEk
SURYLGH D IUDPHZRUN WKDW FRYHUV PRVW DVSHFW
FRQVLGHUDEOH GHSWK RQ VSHFLDOLVHG LVVXHV 7K
LQFOXGH SKLORVRSK\ PDWKHPDWLFV KLVWRU\ OLWF
DQG VR RQ 7KLV FRPHV QDWXUDOO\ GXH WR WKH ID
LGHDV VSUHDG WKURXJK GLIIHUHQW DVSHFWV RI VRFL

>0D\U @ >'UDFKPDQQ @



LAWZGXFWL P

7KH IRFXV RI LQWHUHVW LV RQ WKH VWXG\ RI WKHI
XQGHUHVWLPDWH WKH RWKHU JUHDW FLYLOLVDWLRQV
WUDQVLWLRQ IURP WKH H[SHULHQFH WR WKH VFLHQFF
DUH WKH +RPHUOEM®OBEWWHWK FHQWXU\ % & DQG F
IUDPHZRUN RI WKH *UHHN O\WKRORJ\ ZKLFK LV FRQV
UHVHDUFK )ROORZLQJ ZH SUHVHQW WKH 3UHVRFU
FHQWXULHY WKH VR FDOOHG SK\VLFLVWV ZKR EHFDF
DQG IRUPHG D SK\WVLFDO DFFRXQW RI WKH FRVPRV ZF}
WK DQG WKH WK % & ZKLFK LV FKDUDFWHUL]JHG
JHRPHWULFDO DFFRXQW RI WKH ZRUOG DQG FRQFOXG
WKH VW % & RI WKH TXDQWLWDWLYH DULWKPHWL
XQLYHUVH +RZHYHU WKH TXRWDWLRQ RI HYLGHQFH
RUGHU

7KH FRQFHSWV RI 6\WWHP ORGHOOLQJ DQG &RC
ORGHOOLQJ DQG FRQWURO SURFHVVHV DULVH RXW F
PDQLSXODWH D V\VWHP ,Q RWKHU ZRUGV WKH LQ\
GRPLQDQFH RYHU D VIVWHP LQYROYHV WKH SURFHVYV
LH FUHDWLRQ RI D PRGHO WKDW KDV WKH VDPH IHC
ZHOO DV WKH SURFHVV Rl FRQWUROOLQJ LW 8QGHUYV
DQG REMHFWV OHDGV WR EHKDYLRXUV WKDW DUH GLI
KDV EHHQ D QRWLRQ WKDW KDV WDNHQ VRPH WLPH W
UHDOLVDWLRQ KDV EHHQ WKH REVHUYDWLRQ RI PDQP
PRGHOOLQJ Rl SURFHVVHV DQG SKHQRPHQD RQ WKH
H[SUHVVHV WKH FXPXODWLYH HIIRUW WR VWRUH WKH
&RQFHSWXDOLVDWLRQ DQG FRQFHSWXDO PRGHOOLQJ
PRGHOOLQJ LQ WHUPV RI PDWKHPDWLEV SK\VLFDO OLC
SKHQRPHQD IROORZ 7KH WUDQVODWLRQ RI FRQFHSW:
XQGHUVWDQGLQJ RI EHKDYLRXUV RI WKH EDVLF SURF

1RWH WKDW LQ PDQ\ FDVHV WKH HYLGHQFH WKH DQFLHQW ZULYV

FDXWLRQ EHFDXVH ZH UDQ D ULVN RI D VXSHUILFLDO RU XQVFLH
WKHVLY ZKHUHYHU LW LV FRQVLGHUHG RI YLWDO LPSRUWDQFH
VRXUFHVY DV WKH\ KDYH VXUYLYHG WKURXJK WKH DJHV VLQFH
FHUWDLQ WKHRULHVY WHFKQRORJLHV DQG LQYHQWLRQV



AKLP XHLLRUE

DFKLHYHPHQWY PHFKDQLVPV PDFKLQHV FRQVWUXF
DVVLVWHG E\ WKH GHYHORSPHQWY LQ WKH ILHOGV |
FRPSXWDWLRQDOO\ 7KH UROH RI PDWKHPDWLFV LQ
DQG WRROV IRUPV D PDMRU SDUW RI RXU LQYHVWLJD\
DQG FRQWURO PHFKDQLVPV DV WKH FXOPLQDWLRQ R
XQGHUVWDQGLQJ RI SURFHVVHV WKH DELOLW\ WR TX
OHYHO DQG RQ WKH XVH RI WKH QRWLRQ RI D PDQPD
JRDO

3UHVXPDEO\ WKH FRQFHSWV RI PRGHOOLQJ DQG FI
PDQPDGH V\WWHPV IRU H[DPSOH EXVLQHVV RU LQGX
URERWV DQG VR RQ ZKLFK VKRXOG ZRUN VDIHO\ XC
WKDW SUHVXSSRVH DGYDQFHG PRGHOOLQJ PHWKRGRO
ZKHQ LQYHVWLJDWLQJ WKH RULJLQV RI VIVWHP PRGF
VIVWHPV RU DGYDQFHG ZD\V Rl PRGHOOLQJ DQG FRQW

7KH SULPDU\ LVVXH Rl WKH HDUO\ PDQ LV WR XQGH
RI WKH XQLYHUVH DQG WR REVHUYH DQG VWXG\ WKH
XQLYHUVH WKH QDWXUDO SKHQRPHQD RU WKH OLYLQ
SK\WLFDO V\VWHPV IRU KLP $OWKRXJK WKH HDUO\ U
DZDUH Rl WKH V\VWHP FRQFHSW LWVHOI QHLWKHU ZH
RI D VIVWHP QRU WKH HVWDEOLVKPHQW RI D FRQFUH
GRZQ LQ DQ LQGLUHFW ZD\ WKH EDVLF VWHSV LQ WKH
IRXQGDWLRQV RI WKH V\VWHP FRQFHSW ORUH SUHF]I
IHDWXUHV RI WKH V\VWHP DQG IRUP LWV FRQFHSW E\
WKH SULPDU\ HOHPHQWY DQG WKH PDLQ SDUWV RI W
GLVWLQJXLVKLQJ LW IURP LWV HQYLURQPHQW DQG
G\QDPLFDO SURFHVVHV 6LPLODUO\ WKRXJK WKH DQF
WKH PRGHOOLQJ FRQFHSW RU WKH PRGHOOLQJ PHWK
ZKHQ WU\LQJ WR H[SODLQ WKH SODQHWDU\ PRWLRQ ¢
UHSUHVHQWY WKH XQNQRZQ RU LQ DGYDQFHG FEDVHYV
RWKHU RFFDVLRQV ZKHQ WKH LVVXH XQGHU FRQVLGH
RI WKRXJKW WKH\ LQWURGXFH FRQFHSWXDO PRGHOV
WKDW SOD\ WKH UROH RI WKH PRGHOV RI WKH VHQVL
FRQFHSWV RI PRGHO DQG PRGHOOLQJ HPHUJH



7K FRQFHSW RI FRQWURO RQ WKH RWKHU KDQG
LOQWHQWLRQ RI PDQ WR GRPLQDWH RYHU KLV HQY
XQGHUVWDQGLQJ LQWHUSUHWLQJ DQG PRGHOOLQJ
LFRQWUROY LW 2U LQ RWKHU ZRUGV DIWHU WKH ILU
SKHQRPHQD RU WKH OLYLQJ EHLQJV WKH QH[W VWHS
FRQWURO FRQFHSW LV UHODWHG WR WKH KLJKHU LQW
RQ WKHLU RZQ $IWHU KDYLQJ LQYHQWHG WRROV Wi
GHYLFHV WKDW ZRUN E\ PHDQV RI WKH KXPDQ RU DQ
PDQ LQWHQGY WR FUHDWH PDFKLQHV WKDW ZRUN E\
OLYLQJ EHLQJVY RSHUDWLRQ PDFKLQHV WKDW KDYH
PDFKLQHV $XWRPDWLF PDFKLQHV ZRXOG EH PHDQLC
7KLV LV EHVLGHV WKH IXQGDPHQWDO GLIIHUHQFH EH
RQHV UHVXOWHG DV SURGXFWV RI WHFKQRORJ\ ,Q W
SKHQRPHQD PD\ DFW RQ WKH V\VWHP DQG H[FLWH UHYV
XQGHU WKH FRQWURO RI KXPDQV DQG WKXV WKH\ DU
GLVWLQJXLVKLQJ IHDWXUH RI PDQPDGH V\VWHPV LV
LQGHSHQGHQWO\ DQG WKXV WKHUH LV SRWHQWLDO
DSSURSULDWHO\ VHOHFWLQJ WKH LQSXWV LQ DQ RSHC
WKH DELOLW\ Rl WKH HDUO\ HQJLQHHUV WR FRQVWUXTI
RI IHHGEDFN DQG FRQWURO

$ORQJ ZLWK WKH SXUSRVH RI GHWHFWLQJ WKH HP
PRGHOOLQJ DQG FRQWURO WKLV UHVHDUFK ZRUN L
FRQFHSWV WKURXJKRXW WKH DJHV ,Q SDUWLFXODU
FKDSWHUV FRQFHUQV WKH HYROXWLRQ RI VIVWHP DQ
FKDSWHUV RI 3DUW ,, SUHVHQW WKH HYROXWLRQ RI
6XFK VHJUHJDWLRQ LV FRQVLGHUHG WR EH QHFHVVI
FRQFHSWV QHHG WR EH LQYHVWLJDWHG LQ WKH UHD(
RULJLQV RI FRQWURO KDYH WR EH IRXQG LQ WKH ILHO
LV PDGH PDLQO\ E\ D WKHPDWLF UDWKHU WKDQ D FKU
VWUXFWXUH RI WKH WKHVLV LV WKH IROORZLQJ

3ULPDULO\ &KDSWHU SURYLGHV D UHYLHZ RI WKH
WKH DUHD RI 6\VWHPV ORGHOOLQJ DQG &RQWURO 7K
Rl FRQFHSWV DQG WR H[SUHVV WKH FXUUHQW WKLQN
UHYLHZ LV SURYHQ QHFHVVDU\ LQ RUGHU WR HYDOX



VMILQWSZKLRWW UW At F1"WHU

PRGHOV DQG FRQWURO LGHDV WR SODFH WKH HDUO
XQGHUVWDQGLQJ GHYHORSPHQW DQG DFKLHYHPHQW:
SKLORVRSKHUV SHUFHLYHG WKHVH FRQFHSWV LV QR
XQGHUVWDQGLQJ KHQFH LW GRHV FRQVWLWXWH WKH
&KDSWHU FRYHUV WKH P\WKLFDO SHULRG IURP
+HVLRG 7KH IXQGDPHQWDO LVVXH RI HDUO\ PDQ WR >
WKH DW WKDW WLPH ODEN RI VFLHQFH OHDGV WR WKHI
UHYHDO WKH FRQFHSWLRQ WKDW WKH ZRUOG V\VWH
HYROXWLRQ DQG WLPH ZKLOH DW WKH VDPH WLPH L
XQNQRZQ FUHDWLRQ DQG VWUXFWXUH RI WKH ZRUOG |
7KH IROORZLQJ SHULRG Rl WKH 3UHVRFUDWLF SKLC
SK\WLFDO FRQFHSWLRQ RI WKH ZRUOG LV WKH VXEMH
DQ\ PHWDSK\VLFDO VSHEXODWLRQ WKH LQWURGXFWL
RSSRVLWH TXDOLWLHV EHDULQJ WKH FRQFHSWV RI F
FORVHO\ UHODWHG WR WKH FRQFHSWXDO PRGHOOLQJ
Rl ZKLFK DULVHV WKH ZRUOG WKH IXQFWLRQDO UHC
G\QDPLFDO DVSHFWV VXFK DV WLPH HYROXWLRQ PRW
WKH ILUVW SK\VLFDO ODZV SDYH WKH ZD\ WR WKH V|
SK\WLFDO DSSURDFK WR WKH FRQFHSW RI PRGHOOLQJ
WKH XQNQRZQ V\WWHP RI WKH ZRUOG FRQVLVWV RI
G\QDPLFDO UHODWLRQV DPRQJ WKHP L H LW LV FK
UHYHDOV HDUO\ QRWLRQV DERXW WKH FRQFHSW R V\
WKH\ DSSHDU LQ WKH DQFLHQW *UHHN VRXUFHV LQ V
ZRUOG RU RI WKH KXPDQ ERG\ DV JHQHUDO V\VWHPYV
E\ .DOOLFUDWLGHVY DQG LQ WKH V\WVWHP RI /RJLF R
&KDSWHU
7KH P\WKLFDO DQG SUHVRFUDWLF SHULRGVY VFD\
HYROXWLRQ RI PRGHOOLQJ FRQFHSW DFTXLUHV D SUR
SODWRQLF WKHRU\ Rl ,GHDV WKH GLVWLQFWLRQ RI
FUHDWLRQ Rl FRQFHSWXDO PRGHOV DQG WKH DOJRU
WKH GHILQLWLRQ RI VSHFLILF WRSLFV OHDG WR DG"
PHWKRGRORJLHVY WKDW DUH WKH VXEMHFW RI &KDSWH
,Q DGGLWLRQ WR WKHRUHWLFDO DQG SKLORVRSKL
XQGHUVWDQGLQJ Rl WKH ZRUOG WKH SKLORVRSKHUYV



AKIUU[OL - SQ

RWKHU WRSLFV UHODWHG WR PDWKHPDWLFV DVWUR
FRQWULEXWLRQV WR WKH ILHOG Rl PDWKHPDWLFV V
PHDVXUHPHQW DQG WKH GHYHORSPHQW RI JHRPHWU\
WKH FRUUHVSRQGHQFH EHWZHHQ QXPEHUV DQG PXVL
SURSRUWLRQ DQG DQDORJ\ LQGLFDWH WKH ILUVW VW
ZKLFK DUH FLWHG LQ &KDSWHU 7KH H[DFW QXPHUL
DQG LQFRPPHQVXUDEOH TXDOLWLHV E\ PHDQV RI WK
WKH VI\QWKHVLV RI DULWKPHWLFDO DQG JHRPHWULF
LUUDWLRQDO QXPEHUV E\ $UFKLPHGHV JLYH WKH QF
H[DPLQHG LQ &KDSWHU

&KDSWHU FRQFHUQV WKH SURJUHVV RI PRGHOOLQ.
DVWURQRP\ 7KH HOHPHQWDU\ PHFKDQLFDO PRGHOV
URWDWLQJ ZKHHOV RU WKH KHDYHQO\ ERGLHV DV |
DVWURQRPLFDO PRGHOV RI $ULVWRWOH DQG (XGR[XV
H[DEFW TXDQWLWDWLYH PHFKDQLVP RI $QWLN\WKHUD C
DQG DVWURQRPLFDO PRGHOOLQJ HYROXWLRQ

3DUW ,, FRQFHUQV WKH HYROXWLRQ RI WKH FRQFH
VDPH FUXFLDO SHULRGYV RI WKH GHYHORSPHQW RI *UH
XQGHU FRQVLGHUDWLRQ LV FORVHO\ UHODWHG WR W
VSHFLDO DWWHQWLRQ LV SDLG WR WKH WHFKQRORJLF

7KHUHIRUH RXU SDVVLQJ WKURXJK WKH P\WKLFDO
JHQHUDWLRQ RI P\WKLFDO PRGHOV EXW DOVR WKHVFE
WKH LQWHQWLRQ RI FRQVWUXFWLQJ DXWRPDWLF DQG
DXWRPDWD WKRXJK WKH\ DUH QRW UHDO WHFKQROR.:
WKH KXPDQ YLVLRQ DQG WHFKQRORJLFDO LQWHQWLRC
WKHLU RZQ &KDSWHU HIDPLQHV P\WKLFDO DXWRP
TXRWHV WKH UHIHUHQFHV RI DXWRPDWLF FRQVWUXFV
GHVFULEHV WKH QHFHVVDU\ WKHRUHWLFDO IUDPHZRU!
PHFKDQLVPV LQ WKH +HOOHQLVWLF SHULRG ,Q SDUMW
UDXWRPDWRQY RU UDXWRPDWLFY] LQ DQFLHQW *UHH]
HF\EHUQHWLFVY DV WKH DUW Rl FRQWUROOLQJ D VKLS
D FORVHG ORRS FRQWURO V\VWHP FRQVWLWXWH WKH
FRQWURO ODWHU RQ IORXULVKHG 7KH FXOPLQDWLRQ
DSSURDFK WR DXWRPDWLF PDFKLQHV HQGV LQ &KDSW



AKeZFeLFe UL

WKH UHDOLVDWLRQ RI PDFKLQHVY WKDW QRW RQO\ GR
RI VHOI FRQWUROOLQJ DQG FRQVWLWXWH H[DPSOHV F
VA\VWHPV

J)LQDOO\ &KDSWHU LV D VIQRSWLF FKDSWHU WKD
WKH PDLQ ILQGLQJY LQ WKH VFKHPDWLF IRUP RI D W
VFLHQWLVWY DSSHDU DFFRUGLQJ WR WKHLU FRQWU
PDWKHPDWLFDO PRGHOOLQJ DV ZHOO DV WR WKH FRC(
WKLV FKDSWHU RXWOLQHV WKH IXUWKHU ZRUN DQG
FRPSOHPHQW WKH SUHVHQW UHVHDUFK



RR{A{WHPS$ ®R' DQG FR U8 UR
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&855(17 7+,1.,1* 21 6<67(06 02'(//,1* $1'
&21752/

,QWURGXFWLRQ

([DPLQLQJ WKH HYROXWLRQ RI 6\WVWHPV ORGHOOLQ
LQYROYHV DQ DVVHVVPHQW RI WKH HDUO\ GHYHOR
XQGHUVWDQGLQJ Rl WKHP )RU WKH SXUSRVHV RI WKL
RYHUYLHZ Rl WKH IXQGDPHQWDOV IURP D FRQFHSWX
PDWKHPDWLFV DQG SXWV WKH HPSKDVLV RQ WKH FRQ
EH D ULJRURXV LQWURGXFWLRQ EXW UDWKHU D FRQ
VIVWHPVY ELEOLRJUDSK\ SURYLGHV D ULJRURXV DQG
FRQFHSWV

7KH GLVWLQJIXLVKLQJ IHDWXUH RI WKLV WKHVLV LV
$XWRPDWLRQ FRQFHSWV ZLWKLQ D ZLGHU IUDPHZRUN
PHDVXUHPHQW DQG PRGHOOLQJ ZKLFK LQ WXUQ I
PDWKHPDWLFV SK\VLFV DVWURQRP\ SKLORVRSK\ DQ
VRXUFHV IRU LQIRUPDWLRQ ZKHUHDV P\WKV DUW DQ
DOVR DGGLWLRQDO YDOXDEOH HYLGHQFH B6HWWLQJ X
LQYROYHV H[DPLQDWLRQ RI LVVXHV VXFK DV
f 7KH QRWLRQ RI D VIVWHP DQG LWV IXQGDPHQWDOV
$+ 7KH DFW RI VIVWHPV PRGHOOLQJ
$ 7KH IXQGDPHQWDOV RI FRQWURO

ZKLFK DUH FRQVLGHUHG VXEVHTXHQWO\ LQ D GHVFU
IRUPDO PDWKHPDWLFDO WKDW LV EH\RQG WKH QHHG)
SURYLGHV WKH GHVFULSWLRQ RI WKH NH\ FRQFHSWYV
UHVW RI WKH WKHVLV

>&KHFNDOQG @ >.0LU @ >*RJIJXHQ HW@ ODQG >.DL(
@ >.XR @



ABXSUHQ{ I$SOQ$LQ\ U\Y ¢ ¢IRUQL PDGH QA DQG FRQWURO

7KH 1RWLRQV RI D 6\VWHP

7KH VWXG\ RI SK\VLFDO DQG KXPDQ UHODWHG DFWIL
DQ HVVHQWLDO ZD\ 7KH WHUP pV\VWHPY DV DSSOLH
UHFRJQLWLRQ WKDW PHDQLQJIXO LQYHVWLJDWLRQ R
DFKLHYHG E\ H[SOLFLWO\ DFFRXQWLQJ IRU LWV FRP
EDVLF HOHPHQWYV LQ D FHUWDLQ DQG LWV HQYLUR
IXQGDPHQWDO DQG LW LV IRUPDOO\ GHILQHG DV

'"HILQLWLR® V\VWMF DQ" RUJDQLVDWLRQ LQWHUFR:

ZKLFK LV HPEHGGHG LQ D JLYHQ HQYLURQPHQW .D

7KH DERYH GHILQLWLRQ LV YHU\ JHQHUDO DQG KDV
I 2EMHFWYV
¥ &RQQHFWLYLWLHV SHODWLRQV
I (QYLURQPHQW

7TKHVH HOHPHQWY PD\ EH VI\PEROLFDOO\ UHSUHVHQV

2%-(&76 5(/$7,216+,36

6<67(0
%281'$5,(6 (19,5210 (17

7KH DERYH V\PEROLF UHSUHVHQWDWLRQ KDV WR
FRPSRVLWLRQ zZzD\ UDWKHU WKDQ D PHUH XQLRQ DG
XQGHUVWDQGLQJ ZKDWHYHU LV DVVRFLDWHG ZLWK L
ZKDWHYHU LV OLQNHG WR REMHFWV WKH HIIHFW RI1 U
EDVHG REMHFWYVY DQG ILQEQDOO\ WKH UROH RI HQYLURC
WKH QDWXUH RI SDUDPHWHU YDULDEOHYV OLQNHG WR
WKUHH EDVLF HOHPHQWV WKDW PDNHV D V\VWHP GL
FRQVWLWXHQW SDUWYV

SHPDUN 7KH FRQFHSW RI D VI\VWHP LV UHIHUUHG W

ZH FRQVLGHU LW DV D SK\VLFDO RU PDQPDGH REMH

REVHUYDWLRQ LV HVVHQWLDO VLQFH ODWHU RQ Z¢t

PRGHO



WRUUHQW WKWQ $ WRHG HOORMPUX ER QWUR O

2EMHFWY DQG WKHLU &ODVVLILFDWLRQ
7KH EDVLF FRPSRQHQWYV RI WKH V\VWHP QRWLRQ DL
'"HILQLWLR$QREMMFWD JHQHUDO XQLW DEVWUDFW R
GHILQHG LQ WHUPV RI LWV DWWULEXWHYV DQG WK
.DUFDQLDYV

7KXV ZH FRQVLGHU KHUH REMHFWV WR EH WKH P
REMHFWY WR EH DOPRVW DQ\WKLQJ %\ QRW UHVWUL
ZH DOORZ WKH IUHHGRP WR FRQVLGHU V\VWHPV IURP
WHUPV RI LWV DWWULEXWHV ZKLFK DUH SDUDPHWHL
NQRZOHGJH GHULYHG IURP REVHUYDWLRQV GHILQHV
UHODWLRQVKLSY EHWZHHQ WKHP 7KH UHODWLRQVKLSE
OLQJXLVWLF VWUXFWXUDO DQG VR RQ DQG H[SUHVYV
WKH REMHFW RU WKH HQYLURQPHQW LQ ZKLFK LW KD
RI REVHUYDWLRQV DQG WKH SRVVLEOH UHODWLRQV Et
ZKLFK GHILQH DQ REMHFW

7KHUH DUH GLIITHUHQW W\SHBW RRBFEMN-RAQWE BWRE X PO
UH O D WREEWDAOH U FRILDIBW M H UAKUH) BRE@VLGHUDWLRQ RI RE]
DWRRPSOLHV RXU LQDELOLW\ RU ODFN RI GHVLUH WR
7KH HPHUJHQFH RI REMHFWV ZKLFK DUH WKHPVHOYH)
REMHFWY OHD®V FRP SREMUMWRWM. RQRPSRVLWH REMHFW
D WRSRORJLFDO RUJDQLVDWLRQ RI PRUH SULPLWLYH |
,QGLYLRBEWMWFWY DUH VLPSO\ FKDUDFWHULWVHGD BAL RWXD
REMHFWV LQYROYH ERWK DWWULEXWHY DQG WKHLU U
ZHOO GHILQHG DWWULEXWHV DQG SRVVGEHE®H WRHMDW
RWKHUZLVH WKH\ LRGH WU BLIQMRWESH VRPH GHHSHU D
FODVVLILFDWLRQ RI REMHFWV UHTXLUHV VRPH GHILQI
REMHFW ZKLFK LV JLYHQ EHORZ

'HILQLWLR@®U D JLYHQ REMHRQY LIZAHR DY MM@BWM VEDFH R

REMHEWY VLJQDOV HYHQWV VWUXFWXUHV ZKLFK

WR WKH REMHFW DQG OLQNHG WR WKH REMHEFW LQ

DWWULEXWHV .DUFDQLDV



DQG\OHREH GRQ G HHQWPO G%$TELHU

7KH HVVHQFH RI WKH GHILQLWLRQ LV WKDW IRU H
ERXQGDU\ DURXQG LW WKDW LQFOXGHV DOO VWUXFW
2] FRXUVH WKH FRQVLGHUHG REMHFW PD\ EH UHODW
KRZHYHU DUH FRQVLGHUHG H[WHUQDO VLQFH WKH\ I
HILVWHQFH Rl WKH REMHFWYTV HQYLURQPHQW LV V\QF
DQG WKH JHQHUDO WRSRORJ\ RI WKH V\VWHP LV
LQWHUQDO H[WHUQDO DWWULEXWHV ZKLFK LQ WXUQ
HQYLURQPHQW :H PD\ UHSUHVHQW WKH DERYH DV

JLIXUH 2EMHFW (QYLURQPHQW 5HODWLRQ

,Q WKH DERYH GLDJUDP OLQHV FURVVLQJ WKH ERX
REMHFW WR LWV HQYLURQPHQMPE H &I WREHIHF W VZ DAV Of
FRQQHFWLRQ WR LWV HQYLURQPHQW RWKHUZLVH L |
REMHFW LV FDOOHG A )JUHH REMHFWV PD\ EH VWXGL
HQYLURQPHQW 7KH IDPLO\ Rl HPEHGGHG REMHFWV P|
GLUHFWLRQ WR WKH OLQH FRQQHFWLYLWLHV DQG WK
GLUHFWLRQ LV HTXLYDOHQW WR LQWURGXFWLRQ RI
HIITHFW ,Q WKH DERYH GLDJUDP DUURZV GLUHFWHG
UHIHU U HRE MWHRF IV VRQVS XRIKEFIM WKRVH ZLWK GLUHFWLRQ |
HQYLURQPHQWR DNMHF WD BRUDGI WHGMHWP XOL DQG LQIOXH
DWWULEXWHYV JHQHUDWHG UHVSHFWLYHO\ LQ WKH HQ"
REMHFWV WR WKHLU HQYLURQPHQW SURYLGHV D IXUV
FDODXWRQRPRKY LW KDV QR LQSXWV RU VWLPXOL IUF
FDOQRGQ DFIKHNG WKHUH DUH QR RXWSXWV RU LQIOXHQ



WLQ FLQ\ DQ ¢A¢WHP$ PDFWH LPA DQGH PWPO A ODIWHU

HYROXWLRQ RI WKHLU DWWULEXWHV LV QRW DIIHFWH
RQHV L H LQLWLDO FRQGLWLRQV $Q REMHFW WKD)
REMHFWYV LQ LWV HQYLURQPH@RQ R2EW R BDWR P RDOKANRHWI HR
WKH\ KDYH LQSXWV LQ WKLV FDVH WKH HQYLURQPHC
HYROXWLRQ RI WKH REMHFW YDULDEOB¥W IBXRMLQ /K6 U
DUH RXWSXWV RU LQIOXHQFHV LQ WKLV FDVH WKH
HQYLURQPHQW 6XFK FODVVLILFDWLRQ VWHPV IURP W
XQGHUVWDQGLQJ RI FDXVDOLW\ RU QRWLRQ RI IORZ

2EMHFWV PD\ EH LQ WZR GLVWLQFW VRRIZWM VE K$-REERE M
LWV DWWULEXWHVY DUH QRW FKDQJLQJ DV WLPH FKDC
G\QDPLF"EZKGK LWV DWWULEXWHYV DUH FKDQJLQJ DV D
WKDW WKH WHUP G\QDPLF UHIHUV WR SKHQRPHQD W]
FKDUDFWHULVWLF RI WKH SDWWHUQ DW RQH WLPH EHI
WHUP LV QHDUO\ V\QRQWHR XY REEIK. REKHQ R 7KXW QJH
HG\QDPLFY UHIHUV WR XQIROGLQJ RI HYHQWV LQ D F
GHHSHU FKDUDFWHULVDWLRQ RI REMHFWV XVHV SURS
GHILQHG EHORZ

'"HILQLWLRRQDWWUIREX\WH REMHFW LV DQ DVVLJQDE

LGHQWLILDEOH PHDVXUDEOH FKDUDFWHULVWLF RI \

,Q WKH FXUUHQW FRQWH[W DVVLJQDELOLW\ LPSOLF
ZKHUHDV LGHQWLILDELOLW\ LPSOLHVY FDSDELOLW\ WtE
DWWULEXWHY DQG LWV FRQWULEXWLRQ WR WKH VWU
DELOLW\ WR TXDQWLI\ WKH FRUUHVSRQGHQFH EHWZH
IXQFWLRQV RI WLPH $WWULEXWHY ZKLFK DUH GHWHU
EH UHIHUBBGDWR MMMHIMDY WKRVH GHILQHG RQO\ RQ W
FDOOBDIGLDERWWY WKDW VXFK D FODVVLILFDWLRQ PD\ Gt
WKH OLIHF\FOH RI WKH REMHFW "HWHUPLQLQJ WKH
RXWFRPH RI GLUHFW REVHUYDWLRQV D SULRUL NQRZC
WLPH LQ SDVW

&RQVLGHU DQ REMHFW LQ WKH IUHH PRGH DQG WKH
$O00 YDULDEOHYV HQWHULQJ QRQWULFKS O DF UW ODMDNWR RN
RI WKLV VHW ZKLFK LV FUXFLDO LQ GHILQLQJ WKH REN



HQOAOHPPRGHOM QLB FHQLPL

'HILQLWLRS®\ VXEVHW RI WKH LPSOLFLW VWDWHV ZL
DUH LQGHSHQGHQW LQ VRPH VSHFLILF VHQVH DQG
Rl QRQWULYLDO UHODWLRQW D WMMOHERIE MB{T@H G . DVKH

7TKH QRWLRQ RI WKH VWDWH LV IXQGDPHQWDO IRU !
I[IUHH PRGH DV ZHOO DV WKH HPEHGGHG PRGH "HILCG
FRPSOHWH NQRZOHGJH RI DOO DWWULEXWHV GHILQH
GHVFULELQJ WKH WLPH HYHQW HYROXWLRQ RI DOO R
VHW SURYLGHYVY D PHDVXUH RI FRPSOH[LWALRHQ®WHRRE N

WKH REMHFW
JRU HPEHGGHG REMHFWYV GHVFULEHG DV LQ ILJXUH
ZLWK WKH REMHFW PD\ EH FODVVLILHG DV VKRZQ EHOF

JLIXUH2EMHFW DQG )XQGDPHQWDO 9DULDEOHYV

,Q ILIXUH [ZHD BB YWHKH HOHPH QW VH RS UK N HAW W Wi\
RULJLQDWLQJ IURP WKH HQYLURQPHQW DQG 7 W
HQYLURQPHQW :H PD\ DUUDQJH DOO VXFK YDULDEOF
UHSUHVHQWHG E\ X >ftf @L $f#@> f ! \ DUH UHIHUUEL

WR FRUUHVS\RWRGBWEJOL@I/XW WREHN S APWRHUFW RU V @ |
IURP WKH WKUHH VXE YHFWRRPEBR VVWHHKHHHWNWREMHRE VWDV W |

2EMHFWV |IRU ZKLFK WKH IXO0O VHW RI UHODWLRQV
ZLOO EHUHDOWMMRO WA UPYVY RI WKH FRPSRVLWH YHFWRL
PD\ EH H[SUHVVHG LQ WKH IXQFWLRQDO UHSUHVHQWDYV



,Q WKLV UHODWLRQ *..° GHQRWHV WKH VHW RI DO
FRPSOHWH OLIHF\FOH Rl WKH REMHFW FRPSRVOWH NS
Rl WKH REMHFW $ GHVFULSWLRQ OLNH WKDW RI
LOQSXW RXWSXW VWDWH FRPSRQHQWYV RI .. DQG WK
UHDVRQ WKH GHVFULSWLRQ QBQ RUEZHQW BEH WHOHLSWHE
)RU UHODWLRQDO REMHEWYVY ZKHUH>\p [D\GEH S 2 K MM
[ X FRUUHVSRQG WR VWDWH LQSXW RXWSXW YHFV
UHODWLRQ LQ LQ WKH IRUP

LA [ M KPU ALAXS AL

"KHQHYHU ZH GHILQH VXFK UHODWLRQDO GHVFUL
SDUWLWLRQLQJ RI ... LQWURGXFHV D& URHMHDMND WHR @

GHVFULSWLRQ 1RWH WKDW ~[" AX" "\ GHQRWHFWIRR W

IRU WKH FRPSOHWH OLIHF\FOH RI WKH REWIBMWWH DQQ SV
RXWSXWDWSIRAFHWWHG ZLWK WKH JLYHQ RULHQWDWLRQ

REMHFW PD\ EH LOQWHUSUHWHG [KXVSDR&EDXUFW VWL FRUQH

SDLU RI UHODWKRRK GHILQH JRU DQ REMHFW KDY
GHVFULSWLRQ DV LQ LW PD\ EH SRVVLEOH WR KDY
J vArX 2 0

7KLY UHODWLRQVKLS OLQNV LQ D GLUHFW ZzZD\ L

LQIOXHQFHV HIIHFWYV ZKHQHYHU VXFK UHODWLRQV
FDOIOHISXW RXWSXW UHODWLRQDO

‘H PD\ UHSUHVHQW DV



WS$LQSLQA PRGH =LPA FPGFZLWPO

2%-(&7
X Z y \

JLIXUH ,QSXW 2XWSXW 5HODWLRQDO 2EMHFW

 QWHUFRQQHFWLRQ &RPSRVLWH 2EMHFWV DQG 6

7KH FRQFHSW RI D VIVWHP LPSOLHV WKH RUJDQLVD
JHQHUDO WHUPV WKLV LV ZKDW GHVFULEHV WKH QRV
REMHFWV LQ WKH IRUP GHVFULEHG E\ ILJXUH LQ
WRSRORJ\ RI VWLPXOL DQG LQIOXHQFHV DQG WKLV
SURSHUWLHY ZKLFK LQ JHQHUDO DUH GLIIHUHQW WR
RI REMHFWV KDV WZR PDLQ DVSHFWYV

'HILQLWLRQ RI DQ REMHFW EDVHG ORFDO LQWHUFF

5XOHV IRU LQWHUFRQQHFWLQJ REMHFWV

7KH GHILQLWLRQ RI DQ RULHQWDWLRQ DV GHVFUL
SDUWLWLRQLQJ RI WKH FRPSRVLWH YHFWRU ... DV

>%;\% Q%WYVl[aWX% W

,Q WKH DERYH SDUWLWLRQLQJ ZH WHWMRIH/ VEK 5 DEUHWI
WKHP LQWR PRPSIP@BQWY ZKHUH WKH FRQVWLWXHQW
IROORZLQJ LQWHUSUHWDWLRQ

f \ LV WKH VXE YHFWRU RI 7 WKH HQWULHV RI ZKLFK
f I LV WKH VXE YHFWRU Rl 7 WKH HQWULHV RI ZKLF
f 1 LV WKH VXBVKBDRWRIQREH DUELWUDULO\ DVVLJIQH
+

<LV WKH VXE YHFWRHYRIHWHKGHPASQXW DUH JHQHUDMW
REMHFWY LQ WKH QHLJKERXUKRRG DQG WKXV WKH
VA\VWHP



DUL L\WHP$ D QGFRQLPL G% LDIWWHY

1IRWH WKDW LQ WK& DERY K DOrHHI LUHLSMIDRADH G SFIRPS R Q +

< 7 DRQGPD\ KDYH FRPPRQ HOHPHQWYV ,Q WHUPV RI W
PD\ EH UHILQHG DV VKRZQ EHORZ

JLIXUH2EMHFW RULHQWHG DQG LWV HPEHGGLQJ LQWR WK

7KH YHFWRUV 7 UHSUHVHQW WKH ORFBRBODBRQMKR
YHEWRUV H[SUHVVLQJ WKH FRQQHFWLRQ RI WKH R
LOQWHUFRQQHFWLRQ WRSRO®RJWKH RLERY HLGHQ J BB R HIEG
HPEHGGLQJ ZLWKLQ WKH V\WVWHP DQG WKH JHQHUD
UHSUHVHQWHG LQ ILIJXUH D UHILQHPHQW RI ILIJXUH

+ ,QWHUQDO 6\WWHPUHIMUYRWRHWMH VSDFH ZLWKLQ W
ZKHUH LOQWHUDFWLRQV EHWZHHQ REMHFWY WDNH SC

f *HQHUDO 6\VWHP (QHIHLRQRPHRQWKH HQYLURQPHQW R
GHILQHG E\ WKH H[WHUQDO VSDFH ZLWK UHVSHFW
FRUUHVSRQGVY WR DOO REMHFWV RI WKH V\VWHP



3GZSUHQWW-ZQ$OUXIRQ $GLWHPL P RGHILQ\ DQG HRQOURO A36 X\EWHY
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JLIXUH (PEHGGLQJ RI 2EMHFW ZLWKLQ D VI\VWHP DQG LV

,Q WKH DERYH GLDJUDP ZH LQB WRG XHH MWN RD @/®& H

LQIOXHQFLQJ % REMHFW WKH YDOXHV RI ZKLFK DUH
HQYLURQPHQW WKLV DPRFWAULVWXUEDQHRB DV D

7KH YHB®WRUVB DUH HOHPHDMRE RO WRBWUR ® @HD V)

GLVWXUEDQFH WWHXWVWWWWHHP ZKHUHDV WKH SDLU A%!

YDULDEOHVY WKDW HQWHU LQWR UHODWLRQV ZLWK R
WRSRORJ\ 7KLY LQWHUFRQQHFWLRQ VWUXFWXUH LV
VI\VWHP QRWLRQ DQG LW LV GHILQHG EHORZ

"HILQLWLRQ LH,3LV WKH VHW RI REMHFWV RI W

2kf2L § ]HWKH VHW RI ORFDO LQW EK FIR Q© HWF WH. 5@ LYW
RI DJJUHQBYW RXWSXW LQWHUKEHRMIHFMERY YHFWI

<<a <<? $<7SDQG: GHQRWH WKH VHWV RI YDOXHV RI
LOQWHUFRQQHF WRRMDBSWUNPWWER @Y WK DW

&OHDUO\ WKH QDWXUH RI REMHFWV DQG WKHLU DV\V
LQWHUFRQQHFWLRQ VWUXEWXWUM &BWF KVVQ/RW FRNDUDH LR
VIVWHP OLIHF\FOH PDQROWKODW RV BMKH\ PD\ EH FKDQ.
VIVWHP OLIHF\FOH 7\SLFDO IRUPV Rl LQWHUFRQQHF

JUDSKV MWI H LV WKH VHW RI REMHFWYVY FRQWDLQF



W zZQoDROLDLAMKERS QD DQG HHQWQG LWH

%D * LYV GHILOAGUBYDWKIHR | WKHD QW WWPL R BEWLHPES

OLVWLQJ RI WKH REMHFWYV 7KH QRWLRQ@AR | WIQH HV W }

VA\VWHP H[SUHVVHV WKH %IPWIGRQ KRLIVVRDU XE-HW & B I R H G

DQ RSHUDWLRQ WKDW LV
6 %D )

1 (A G \W LW @ KBEWVRUGHUHG VHW RI YHFWRUV
REMHFW $ DQGXGHORWH E§XS G G [$wS \BSGE S\

\'  9M « Z Z{ ZSWKH GLUHFW VRPH YHFWRUV WKI

VA\VWHP H[SUHVVHG DV LQ PD\ EH UHSUHVHQWHG (
ILIXUH ZKHUH EORFN GLDJUDP QRWDWLRQ LV XV

LOWHUFRQQHRWLRAQH DIIUWH]IBWH RRU V\VWALP DJJUHJ
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JLIXUH 2YHUYLHZ RI D VWUXFWXUHG LOQWHUFRQQHF\



<GX UUHQO W X Q FLQ\ RQ PRFH,LQ\ DQGF QWPO

7KH QDWXUH RI WKH V\VWHP ZH DUH GHDOLQJ ZLWHK
QDWXYHDRG OHDGYV WR VRPH FODVVLI)LFRWLERHRV\W\W
FDOQBEWXU® MYV WKH UHVXOW RI D SK\WLFDO SURFHV\
KXPDQ LQWHUYHQWLRQY WKHMIKHWIBN RI KXPDQ FRQ)
VIVWHP VHUYLQJ D JLYHQ JROGBVIWNWS Q7KW UH HIQLEW K
QDWXUDO RU GHVLJQHG ZKHUH WKWWRXW B RPKWEQD
IXQFWLRQDOLW\ RI WKH V\VWHP ZHOWKDBQBUHIH UV XF
VI\VWHPV UHGEWERPHYIDQ LPSRUWDQW LVVXH

7KH 6\WWHP DQG LWV (QYLURQPHQW
&RPSRVLWH V\WVWHPV PD\ EH FRPELQHG DFFRUGLQJ

LQWHUFRQQHF)W LIR®G WOROSFRIDIRWIKH VDPH OLQHV XVHG IF
DQG LOOXVWUDWHG DV LQ ILIJXUH ‘H VKDOO DVVX
DUH REMHFWV ,1 RU &'\D\W 8 FADKWERH P VEHSDYWHWH DJJUHJID
) WKH LQWHUFRQQHFWLRQ VWUXFWXUH S5HIHUULQJ \
LPSRUWDQW YHFWRUV DVVRFLDWHG ZLWK WKH V\VWH
UHVXOW RI HYHQWYV DQG WKH VHW RI DOO WKHLU YDO
WKH IROORZLQJ VSDFHV

tf [ 6WDWH YHFWRDFBIQREI DO QG W WMKINWRWHPYSDFH

+H

X ,QSXW YBFWRDFBQRGI D OOLY DMORHWM\EXWHR SDFH

+

\' 2XWSXW YHFWRU RU YHRWRGSCRIHPR D U R QLY BAGOAHW
RXWSXWIVSNVFHWHP

+H

G 'LVWXUEDQFH YHMSWRU PDIQIEGA- W BAKM WK WBRED QFH VSI

+H

Z ,QIOXHQFHV: YR/SAWDRH RQOOG QO WY MQHSIXHRIFH VSDFH
\ ,QWHUQDO LS XV DYAHFWRRDM®D EDOWHWY @RDQ L QP SAKKN

+H

7KH YHFUWRIUHVHQWY WKH WRWDO NQRZOHGJH RQ V
LWV FRPSRQHQWY DUH YDULDEOHYV WKDW PD\ EH LGHQ
7KH QDWXUH RI SURSHUWLHV RI WKH VWDWHH SBWREGXF
RI' LOQOWHUDFWLRQ RI WKH FRUUHVSRQGLQJ VWDWH
LOWHUFRQQHFWLRQ WRSRORJ\ 7KHUH DUH FODVVHYV |



PG HUPO.G WHZ

UWKDW LVUWGHILQHWBEKLY H[SUHVVHV WKH WLPH HYROXW
LV UHIHUUHBNWRQD® UHOMXKWLBQRSPD®UHVVRDSHG E\

FRUUHVSRQGLQJ PDSV GHILQHG RQ WKH VXEV\VWHP ¢
7KH YHEWRSUHVHQWY WKH VHW RI DOO H[WHUQDO YDL
RU VXEV\VWHP DQG WKH YDOXHV RI ZKLFK FD\Q EH I
UHSUHVHQWY DOO PHDVXUHPHQWY WKDW FDQ EH SHU
VSDBHDMQGDUH OLQNHG WR WKH LDKHHERPSBO WRIDRIG VS|
. WR LV H[SUHVVHG E\ UHODWLRQWV] PHUSW SAHKEDWA YDHUOH
UHIHUUKGSXR/ DWW HDV X UHRPHIHW PDGFLQ IO\ 7KH QD WX

J KH[SUHVV SDUW RI WKH LOQWHUDFWLRQ RI LQWHUQUL
PDQLIHVW WKH GHVLUH RI WKH V\VWHP GHVLJQHU WR
DV ZHOO DV PHDVXUH LW

7KH LQWHUDFWLRQ RI LQWHUQDO PHFKDQLVP WR
VLIQDOV HYHQW FRPSRQHQWYV 7K HGH[RGNLYMO/ YRH FIW
WKH YDOXHV RI ZKLFK FDQQRW EH DUELWUDULO\ DVVL
PHFKDQLVP 7KH FRXSOLQJ RI GLVWXUEDQFHV WR WKt
GHQRWHO @S UHIHGUWE XWE DYPMHPWEDW WKH GLVWXUE
E\ NQRZQ SURFHVVHV H[SUHVV WKH HPEHGGLQJ RI Wk
LQWHUFRQQHFWHG V\VWHPV DORD WK &LU W X¥WHED B RH

7KH YDULDEOHY WKDW DUH PHDVXUHG H[SUHVV WKt
7KHUH H[LVW KRZHYHU YDULDEOHV ZKLFK PD\ EH PHI
DIIHEFW WKH V\VWHPV RU WKHLU QDWXUH LV FULWLFLE
OLQNHG WR WKH LQWHUQDO P\HFKIDIGIIMPH GL KRR XOMQ AHRY
PD3DQG H[SUHVV WKH V\WWHP LQIOXHQFHV YDULDEO}
LQWHUQDO LQSXWV Y FRQWDLQV LQWHUQDO YDULDEO
REMHFWV RU VXEV\VWHPV DQG WKHLU PRQLWRULQJ P
WKH LQWHUQDO PHFKDQLVP VWDVIKYFHK \L\P DG HUMIGC
FRQQHFWLYDQWEMWRDSI IHFWHG E\ WKH LOQWHUFRQQHFW
LQIOXHQFH PDS



P M\ $WHAHRBIH O NMUEARQWURO

7KH YHFWRUV VSDFHV DQG PDSV GHVFULEHG DERY
RI WKH QRWLRQ RI WKH V\VWHP ZKLFK LV FRPSOHPH
RQ WKH VXEV\VWHPV REMHFWV DQG LQWHUFRQQHF)
VIVWHPV HVSHFLDOO\ WKRVH OLQNHG WR KXPDQ DF
GHVLJQ DQ DGGLWLRQDO GLPHQVLRQ WR WKH QRWLF
VRPH SXUSRVH RU JRDO DVVRFLDWHG ZLWK WKH V\
SXUSRVH JRDO RQ D V\WWHP PD\ EH IRUPDOO\ H[SUF
UXOHV ZKLFK UHSUHVHQW REMHEFWLYHV SHUIRUPE

LQVWUXFWLRQV UHASUHREBQXD/GG DN BDUWRHEH WRWIL\R QVIKG!

WKH VA\VWHP 7KLV UHSUHVHQWV KLJKHU OHYHO [X¢
EHKDYLRXU EXW QRW LQ D GLUHFW VLJQDO RU HYHQ
WKLV LV UHSUHVHQWHG E\ KLJKHU OHYHO JRDOV FUX
PD\ FRQWDLQ UXOHV ZKLFK DIIHFW WKH EHKDYLRXU
WRSRORJ\ RI LQWHUFRQQHFWLRQ WR JXDUDQWHH DC
FKDQJH WKH REMHFWLYHV JRDOV RI WKH V\WWHP RSF
DVSHFWV RI WKH V\VWHP DQG LWV HOHPHQWYV DQG W
OHYHO ,Q JHQHUDO 4 PD\ EH VHHQ DV WKH JRDO V
LOQOWURGXFHV WKH OLIHF\FOH DVSHFWV LQLWLDWHYV
VWLPXODWHV QHHGV IRU FKDQJLQJ FRQWURO VWUDW
PD\ HYHQ UHGHVLJQ WKH V\VWHP ZKHQ GUDVWLF FKDQ
LQLWLDWHG E\ GHPDQGV RI FRPSO\LQJ WR WKH QHZ
DFWLYDWHG DW VRPH SRLQW PD\ LQYROYH GUDVW
VXE SURFHVVHV WKH ORFDO PHDVXUHPHQW FRQWURO
VWUXFWXUH $Q RYHUYLHZ RI WKLV DOWHUQDWLYH YL



AX ZHQWILDWL GRRGPAOLQI DQG FRQWLPL

JLIXUH 6\WVWHP ODSV 2YHUYLHZ



P \LWHP DQG FRQWURO WHQ

6\VWHP %HKDYLRXU '\QDPLFV DQG 6\VWHP 3URSHU

JLIXUH SURYLGHYVY D GHVFULSWLRQ RI WKH V\VWE
UDQJH RI YDOXHV RI LPSRUWDQW YHFWRUV DQG WKH
WHUPV RI PDSV IXQFWLRQV VXFK DV

,QSXW 6WDWHIJUBCGDWLRQVKLS

6WDWH 6WDWH UHGDWLRQVKLS

6WDWH RXWSXW UHODWLRQVKLS

'LVWXUEDQFH 6WDWHIYUHODWLRQVKLS

6WDWH ,QIOXHQFH ;UHODWLRQVKLS

6XFK D GHVFULSWLRQ RI WKH V\VWHP LV Rl FRQFH!
WKH UHODWLRQVKLSY PDSV DQG WKH FRUUHVSRQGLQ
DOVR LQWURGXFHV VDPH HOHPHQWDU\ WRSRORJ\ VLQ
PDSV DUH GHILQHG WKH ODWWHU WRJHWKHU ZLWK W
DV GHILQHG E\ WKH LQWHBBRYDRGHWLRRHPDS)GDPHC
LQIRUPDWLRQ RI WKH V\VEDNR M Q% bDQRAMKRIGX ¥ M E FIODWY
JHQHUDO IDPLO\ RI VIVWHPV PD\ EH LQWURGXFHG E\ F
WKH IXQGDPHQWDO V\WWHP YHFWRUV ZKLFK LQ WXUC
SURSHUWLHYV

‘H FRQVLGHU QRZ V\VWHPV IRU ZKLFK DW OHDVW R
PD\ EH VHW LQ D G\QDPLF PRGH DV D UHVXOW RI LQL)\
YHFWRU LQSXWV GLVWXUEDQGH\D P IBR K G\ QDPH F VV DV
WKH VHW RI DOO SRVVLEOH YDOXHV RI WKH YDULDEC
UHIHUUHG WR DV EHKDYLRU DQG H[SUHVVHV WKH WLP
YDULDEOHV LQNYROWKHGFRPSRVLWH RU LPSOLFLW YHFW
WKHQ LWV EHKDYLRXULPS®L BHWH BRAKGYAQURDLIW W)RDUM H F \
UHODWLRQDO V\VWHPV WKHLU GHILQLWLRQ IROORZV
H[LVW UBODHNL@BE E\

RU HR



P ¢UNOP$ PRGH 8QA DQG FRQWURO IHa

7KLV UHODWLRQVKLS LV VDWLVILHG E\ DOO LPSOLF
WKH V\VWHP $Q RULHQWDWLRQ RQ WKH UHODWLRQDC

YHFWRU LQWR

O >\p [p Xp@p

, Q [ X DUH WKH YHFWRUV LQWHUSUHWHG LQ W
V\VWHPV WKH SDUWLWLRQLQJ RI ... DV LQ PD\ OHL
J [P
\ K [ X

6WWHPV IRU ZKLFK VXFK UHGXFWLRRYYDB&GH RV WILEKK
WKH QRWWR® HR D QEMXIXW WD HBRWRIBRG XFHG DV SDL

LPSOLFLW WUDMHFWRU\ I FRQGLWLRQV DQG
H[SUHVVLRQV

[ S X[

\  FUK

, I WKH UFODMMURQXQLTXHO\ GHILQHG DQG [[ DWGHQ

VDPH LQLWLDO WLPH WKHQ WKH WRIOXDDOH RKE. GI\W L
ZLOO EHVRMDODH GVDQmVRWWEBE®W WLD QWKAVLRQORZLQJ

FRQVLGHU V\VWHPV IRU ZKLFK WKHUH H[LVWV DW OHD
'"HILQLWLRQV\VWMHA WK D UHJXODU VROYDEOH SDUWL

G\QDPLF UHODWLRQV FRQWDLQ H[SOLFL

UHODWLRQV DUH LQGHSHQGHQW RI LQLW
UHIHUUN® DWRLBV

7KH PHDQLQJ RI D G\QDPLF V\VWHP LV WKDW WKH
[ \ LV GHSHQGHG QRW RQO\ RQ WXHEX\WBOYRORE[RL

KLVWRU\ RI WKH V\VWHP VWDWH DV WKLV LV H[SUH\
REMHFWV RU V\VWHPV FKDUDFWHULVHG E\ UHODWLRQ



DQLALMRFSGYXESEHQWPO

RI | DQG WKXV WKH\ DUH RI LQVWDQWDQHRXV QDW
QRWLRQ WKDW HPHUJHV LV WKDW RI WKH HTXLOLEULX

'HILQLWLR®U D G\QDPLFD O $DAWHRI FRQVWDQW YHI

GHILOQHWDWLF HTXILKRLE JLERPXG XWKHQ

[ S X [

JXUWKHUKXRUH WKH HTXLOLEBEXHB(POLYI FDWOH® O EH
FDOBMEGHG

7KH DERYH GHILQLWLRQ FKDUDFWHULVHV WKH HTX

WUDQVLWLRQ 7KLV LPSOLHV WKDW WKHEKLFXL?2KBQLWY
DUH FRQVLGHUHG DV LQSXWYV WR VWDWH WUDQVLWLR

PD\ EH H[WHQGHG \W§ R PW R DHN XRZGBIEU Z PO OMFR EHFR P H
WUDMHFWRU\ UDWKHU WKDQ D FRQVWDQW LQSXW

FKDUDFWHULVHY D IRUFHG WUDMHFWRU\ RI WKH V\V
FRUUHVSRQGLQJ WR D IL[HG LQLWLDO FRQGLWLRQ DQ

,Q WKH IROORZLQJ WKH WUDMHFWRUX WKRMWO O HBEAK

FDOI@QHBE PRWLRQ ZKHUHDV WKDWLBPRUBEH SHRIRIWGRIPIE W
PRWLEBQ LPSRUWDQW TXDOLWDWLYH SURSHUW\ RI WU
WKDW RI VWDELOLW\ ZKLFK FKDUDFWHULVHV WKH EF
HTXLOLEULXP SRLQW ,(QWURGXFLQJ WKLV QRWLRQ U

vLJQ:bO&8 «kQ WHUPV RI VRPH PHWULF LWKRXW DWW
RI VXFK WRSRORJLHV WKH IROORZLQJ QRWLRQV DUH L
D WRXQGHGQHVYVY RI D JHQHUDO YHFWRU

E SHIJLRQ R D [JLAHNK SRR & MK V5

7KH QDWXUH RI WKH V\VWHP GHWHUPLQHV WKDW R
WKH QDWXUH RI VLIQDO VSDFHV %RXQGHGQHVV LV U
WKH YDULDEOHY ZLWK D GRPDLQ RI YDOXHV ZKLFK PI
DQG VR RQ 6LPLODUO\ GHILQLQJ UHJLRQV IRU D SR
IXQFWLRQ 6\VWHP IRU ZKLFK D PHWULF WRSRORJ\ P
ZLOO EH UHPHWWHG WRVOW PV



AXZHQW \NHRS\REZWHPS$

'HILQLWLR®U D PHWWARRUREMEWANPVK D VWDWLF HTXL
SRLQW ZH FRQVLGHU WZR VSKHUHMWRHQUDEGHG

U 54 [ U 4[5 VXFK WKBWYW PD\ FODVVLI\ HTXLOLEU
IROORZLQJ ZD\

, [%ZLOO EHVWIDOWIHGERXQBWGEQ\ [ H4 [ U WKH
WUDMHFWR U\ H 4[] L" IRUDOO WLPH

., [ ZLOO EHDNDRPIOMREWLFDIOIOLWWNEGWDWH ERXQ(
[ S [ A[ DWA FR

.., [ ZLOO EHXGUWOHGIR PDWWHU IKRZ WPBOWHG WK
H[LVW DW OHDVW RQH | H 4 [ W U X¥FKHWMKBIW |

WUDMHFWRU\ HVFDSHV 4 [ L"

7KH DERYH QRWLRQV DUH H[SUHVVLRQV RI WKH VWD
G\QDPLFDO V\WWHPV H[SUHVVLQJ QRWLRQV RI /\DSXQF
JHQHUDO VHWXS KRZHYHU WKH VHOHFWLRQ RI DSS
GHILQLQJ WKH QRWLRQV 6XFK WRSRORJLHV KDYH WR
FKDUDFWHULVWLEV Rl WKH REMHFW XQGHU FRQVLGHI
HIWHQGHG WR D FKDUDFWHULVDWLRX LRI V¥ WL B GOLL @S XR
ZH FRQVLGHU YDULDWLRQV LQ WKH LQLWLDO FRQGLWI
EDVHG RQ WKH LQSXW RXWSXW SURSHUWLHV LV GHILQ
'HILQLWLRQRU D PHWUPRF RREMWKNWBWHP PD\ GHILQH
DOWHUQDWLYH QRWLRQV RI VWDELOLW)\ DV VKRZQ E
., TKH V\WWARPXQWHG ,QSXW %RXQGRG 2XWPSOW V

%,%2 VWDEORU DOO ERXQ@GHG IRQSKWYV WKH IR
RXWSXW WUBPW KAEWRERXQGHG

., T7TKH V\VWRHPDIOW\ VW DEE OW DIROHR/AL B\ ERXQGHG L
X DQG DQ\ | ERXQGHG ZLWKLQ D JLYHQ VHW
WUDMHEWRULKYV X DUH ERXQGHG



7/KH FKDUDFWHULVDWLRQ RI VXFK SURSHUWLHV GHS
VHOHFWHG PHWULF WRSRORJ\ 'LITHUHQW W\SHV RI
PRGHOV UHSUHVHQWLQJ IDPLOLHV VA\VWHPV 7KH QRW
DQ DEVWUDFW zZD\ DLPLQJ WR FRYHU DOO IDPLOLHYV
SURSHUWLHYVY LQ WHUPV RI FULWHULD UHTXLUHV XVH |
DQG LW LV EH\RQG WKH VFRSH RI WKLV ZRUN

JRU IDPLOLHV Rl VROYDEOH SDUWLWLRQLQJ RI

HOL P L[Q DURHP DQG GHULYH D XQLTXHO\\GBIQ®QHG U

WKDW GRHV QRWKHQYROYH PD\ EH UHSUHVHQWH
PDQQHU DV

Uil X

\ ©

DQG WKLV GHVFULSWLRQ/WDR EHH QRU BHKMALHEES XWMR RDAW

DQG 2 LV GHWQ@BGV DU DUKID BBMVEQLSWLRQ RQ LV

QHFHVVDULO\ SURYLGH D FRPSOHWH UHSUHVHQWDWLR

VXFK GHVFULSWLRQV LQ WKH IROORZLQJ ZD\
'"HILQLWLRQ $ VWURQJO\ RULHGWRSOGBMNHFULS)
WKHUH LV D SURFHGXUH RI UHFRQVWUXFWLQJ WKI
2WKHUZLVH LWLRE®® SSHHRWMHOOH G

&RPSOHWHQHVV WKXV UHIHUV WR DELOLW\ WR UF
YDULDEOHV VWDWHV IURP LQSXW RXWSXW RU WUDQYV
VXEK SURSHUW\ UHTXLUHV XVH RI VSHFLILE IHDWXUHV
REMHFWVY 2 LV DGHTXDWH WR GHVFULEH WKH REMHE
ZKLFK WKH LQLWLDO VWDWHH®DI[$@ PSR W\W DHQUWW H B DOW
G\QDPLF EHKDYLRXU WKDW FDQ EH GLVFXVVHG LQ Wt
EHORZ

'"HILQLWLRQ &RQVLGHU WKH VWURQJO\ RULHQV

E\ WKH WUDQVIHU UH O DWIDRQRR QWD @ WA @ LESHDKEB O O H

RXWSXW RI WKHWGRWHMPQRW WHBHQG RQ WKH LQSXW



WLW GHSHQGV RQO\ RQ WKH LQS\WWWKHHZIWG EHWRD
EH FD@OROHGD R/ LFLSDWRU\

&DXVDOLW\ LQ VKRUW LPSOLHV WKDW WKH SDVW
+HQFH LI D UHOD[HG REMHFW LV FDXVDO LWV WUDQVI

\ W 0 fR L L H

7TKH RXWSXW RI D QRQ FDXVDO VA\WVWHP GHSHQGV QF
WKH IXWXUH YDOXH RI WKH LQSXW 7KLV LPSOLHV WKL
LOQSXW WKDW ZLOO EH DSSOLHG LQ WKH IXWXUH )RU
+RZHYHU I|IRU SURFHVVHV LQYROYLQJ KXPDQ RSHUDYV
QRQ FDXvDOLW\ PD\ EH QDWXUDOO\ REVHUYHG SURSHU
7ZR LPSRUWDQW SURSHUWLHV UHODWHG WR WKH

WUDMHFWRULHV LQ UHODDWQSR QD WHR WVKKRIV N SHD[FSHMNH V V L G
WUDQVIHU WKH REMHFW VW DEXHV R R W ZHHBQ RGAR. [3\R HQIM
DELOLW\ WR UHFRQVWUXFW WKH LQLWLDO VWDWH RI W
WUDMHFWRU\ 7KHVH SURSHUWLHV DUH GHILQHG EHOR
'HILQLWLR@RQVLGHU D G\Q@®RUF VREGHPWK VW DWH
RXWSXW WUDMHFWRU\ IDPLOLHV DV LQ X Gt
‘H GHILQH
, 7KH REMHFW UGHDNKREEEYBWY DQ\ WZR $RLQWYV

WKHUH H[LVWYV DX H@%XRAK \WKDHEKW R[U\ DQ(J

WKLV RFFXUV LQ ILQLWH WLPHI[ |RWKKUHRKHMMW)
SURSHUW\ GRHV QRW KROG WUX@R @/ KJHH® FKKHE O HV W

' 7KH REMHFW URIFRQVWHRRMNYPREZOHGIH RI WKH LQ
RXWSXW WUDMHFWRULHY RYHU D ILQLWH WLPH D
WUDMHFWRU\ DQG WKXV DOVR WKH LQLWLDO VYV
V\VWHP LXQARDHFRMQ WU XFWDEOH

7KH FKDUDFWHULVDWLRQ RI WKHVH SURSHUWLHV L¢
FRQVLGHUDWLRQ RI SDUWLFXODU FODVVHV UHSUHVHQV



A%RUQHQW I$ Q$LQ\ UP PD $H $UXI DQG FRQWURDO

6\VWHPV ORGHOOLQJ

7KH ORGHOOLQJ B3UREOHP
6R IDU ZH KDYH FRQVLGHUHG WKH QRWLRQ RI WKH
‘H PDNH WKH LPSOLFLW DVVXPSWLRQ WKDW WKH QRW]
UHDOLW\ DQG VXFK UHDOLW\ PD\ EH XQGHUVWRRG N
REWDLQLQJ D GHVFULSWLRQ RU UHSUHVHQWDWLRQ R
ILQDO SURGXFW LV D PRGHO
'"HILQLWLRQ@ PRGIRO D JLYHQ V\VWHP LV DQ REMHFW
XVHG WR UHSUHVHQW WKH V\VWHP W LV UHDOLW\
ZH FDQ FRPSURPBPMXEGPDBWLFDO PRGHO LV D PRGHO
PDWKHPDWLFDO FRQFHSWYVY VXFK DV GLDJUDPV F
LOQHTXDOLWLHY DQG VR RQ

'HYHORSPHQW RI PRGHOV IRU V\WVWHPV LV D ERPS
PRGHOOHU WKH SHUVRQ GHYHORSLQJ WKH PRGHO DQ
f .QRZOHGJH LQIRUPDWLRQ DQG GDWD DYDLODEOH
f 7KH XVH SXUSRVH RI WKH PRGHO
f 7KH QDWXUH GRPDLQ RI WKH V\VWHP
f 7KH VNLOOV DSSURDFK SKLORVRSK\ DGRSWHG E\ V

$FTXLULQJ NQRZOHGJH RQ D VA\VWHP LV D FRPSOH][ S
LOQWHUSUHWDWLRQ RI GDWD GHYHORSPHQW RI1 XVHI)
LQIRUPDWLRQ LQWR NQRZOHGJH (DFK RI WKH DERY
SURFHVVHV ZKLFK DUH QRW DOZD\V ZHOO GHILQHG :
PRGHOOHU WR YLVXDOLVH ZKLFK UHTXLUHYV LPDJLQDW
GLIILFXOW WR GHILQH DQG HYHQ PRUH WR LPSDUW E\
DQ LQQDWH DELOLW\ WR PDNH MXGLFLRXV JXHVVHV D
VXSSRUWLQJ HYLGHQFH 7KH RYHUDOO SURFHVV RI I
SURFHVV" ZKHUH ODUJH VHWV OHDG WR WKH GHYHOR:
QXPEHU RI VWHSYV .QRZOHGJH PD\ DOVR H[LVW GXH
H[SUHVVHG LQ GLIIHUHQW IRUPV VXFK DV



AGXSPQO ¢Q D ULADQ \WHPE P MO OQ\ DQG FRQWURO

D 6\VWHP VWUXFWXUH DV WKLV PD\ EH PDQLIHVWH
VWUXFWXUH RI VLIJQDO VSDFHV DQG PDSV
O9DULDEOHV RI LPSRUWDQFH SDUDPHWHUV DQG WK
3K\ VLFDO ODZV GHVFULELQJ WKH UHODWLRQVKLS E
&RQVWUDLQWY LPSRVHG RQ V\VWHP RSHUDWLRQ
SURSHUWLHV REVHUYHG RI VA\VWHP G\QDPLF EHKDY

I o mm m

7KH XVH RU SXUSRVH RI WKH PRGHO LV D IDFWRU
ORGHOV XVHG IRU FRQWUROOLQJ WKH V\VWHP KDYH LC
WR WKRVH XVHG IRU SUHGLFWLQJ WKH HYROXWLRQ
YDULDEOHV LQ WKH IXWXUH 7KH SXUSRVH RI WKH PRC
EH QHFHVVDU\ WR XVH DOWHUQDWLYH PRGHOV IRU Gl
IUHTXHQWO\ WKH UHVXOW RI HPSKDVLVLQJ WKH UROH
H[SHQVH RI RWKHUV DV D UHVXOW RI DFKLHYLQJ WKH
ZLWKLQ PDQDJHDEOH OLPLWYV

7KH QDWXUH RU GRPDLQ RI WKH V\VWHP KDV D FUXF
,Q IDFW WKH QDWXUH RI PHDVXUHPHQWY WKH DELO!
NQRZOHGJH UHODWLRQVKLSY EHWZHHQ FRPSRQHQW)
SUREOHP WR VPDOOHU SUREOHPV DUH DIIHEWHG E\ W
GRPDLQ DOVR DIIHFWV WKH W\SH Rl VWDWHPHQWYV ZKk
VIVWHPV KDYH ODZV VWHPPLQJ IURP SK\VLFV FKHPLV
LGHQWLILDEOH VWUXFWXUH ZKLFK DOORZV WKH GHYH
LV QRW WKH FDVH ZLWK WKH IDPLO\ Rl VR FDOOHG uVR
ODZV DORQJ VLPLODU OLQHV WR WKRVH LQ SK\VLFV

7KH GHYHORSPHQW RI WKH PRGHO DV DQ DFW RI HJ\
DQG WKHQ UHSUHVHQWLQJ LW LV DQ DFW WKDW JRHV
E\ KLV RU KHU VNLOOV DQG SKLORVRSKLFDO DSSURDF
PRGHOOHU LQYROYHV TXDQWLILDEOH DVSHFWV WKDW
H[SHULHQFH DV ZHOO DV JHQHUDO XQGHUVWDQGLQJ
LQGLYLGXDO O9LVXDOLVDWLRQ DQG LQWXLWLRQ FDQQI
LQ PDNLQJ LQVSLUHG JXHVVHV E\ GHYHORSLQJ D FRQF
SDUW LQ WKH GHYHORSPHQW RI VXFK D IUDPHZRUN LV
VFLHQWLILF WUXWK 7KH EDVLF DSSURDFKHV ZKLFK
9HPXUL



20GWIGWHP

/IHLEQL]LDQ DSSURDEFK
/IRFNHDQ DSSURDFK
.DQWLDQ DSSURDFK
+HJHOLDQ DSSURDEFK

—H +H+ +H+ +

7KH /HLEQL]LDQ DSSURDFK XVXDOO\ DWWULEXWHG \
WUXWK LV DRBDOMWNEH D V\VWHP FDQ EH GHILQHG F
VI\PEROLF SURFHGXUH 'LWKLQ WKLV DSSURDFK RQH
IRUPDO PDWKHPDWLFDO RU V\PEROLF UHSUHVHQWDW
DSSURDFK LQFOXGH WKH ODZV RI SK\VLFV DQG PDWE
HPSKDVLV LQ FRQVWUXFWLQJ VXFK PRGHOV LV LQ H
DVVRFLDWHG SURSHUWLHV RI WKH V\VWHP 7TKH DUHL
DIIHFWHG E\ WKLV DSSURDEFK 7KH W\SHV RI SUREO
/IHLEQL]LDQ DSSURDFK DUH WKRVH LQYROYLQJ D VL
SUREOHPV LQ ZKLFK WKH XQGHUO\LQJ DVVXPSWLRQV L

7KH /RFNHDQ DSSURDFK GXH WR WKH (QJOLVK HPSL
WKH DVVXPSWIXRVX WNKDMW SHKKULNVP HRSW\CDLAHY WKDW D PRGH
QHFHVVDULO\ HPSLULFDO DQG WKDW WKH YDOLGLW\
DVVXPSWLRQV H[FHSW WKRVH DVVRFLDWHG ZLWK WKt
FRQVLGHUHG DV D GHGXFWLYH SURFHVV WKH /REFNH
6WDWLVWLFDO WHFKQLTXHY DUH UHSUHVHQWDWLYH H

7KH .DQWLDQ DSSURDFK SURGXFHG E\ WKH *HUPDQ
DVVXPSWILWQXWKDW VEIQMWMKHWEBLHYV WKDW H[SHULPH
WKHRUHWLFDO EDVH DUH LQVHSDUDEOH 7KXV FUXFLI
EXLOW ZLWKRXW WKH H[SHULPHQWDO HYLGHQFH DQG
WHOOV ZKDW GDWD WR FROOHFW $ GLVWLQJXLVKLQJ
RQH WR H[DPLQH DW OHDVW WZR GLIIHUHQW UHSUHVH
WKHP ([DPSOHV RI WKH .DQWLDQ DSSURDFK DUH DEXC
DQG LQFOXGH QRUPDWLYH IRUHFDVWLQJ SURJUDP SOI
RQ DPRQJVW WKRVH IURP WKH pVRIW VA\VWHPVY DUHD

7KH +HJHOLDQ DSSURDFK LV GHULYHG IURP WKH G
SKLORVRSKHU +HJHO DQG LW LV WKH FXOPLQDWLRQ R
WR +HJHOfV SKLORVRSK\ LV WKH SUHFHSW WKDW DQ\



YQISWHPL DQG FRQWURO

FDWHJRULHY DQG WKHVH ORJLFDO FDWHJRULHV JHQF
WKW WXWK LV FRQGEOWKWMXDWORFHVY Rl GHWHUPLQLQJ LV
WKH H[LVWHQFH RI D WKHVLYVY DQG DQ DQWLWKHVLV 1
DGHTXDWH JUDVS RI WKH QDWXUH RI WKLQJV XQWLO
WKHLU VHHPLQJ FRQIOLFWV EHFRPH WKH FRQVWLWX
LOWHUHVWLQJ DSSOLFDWLRQ RI WKH +HJHOLDQ DSS
JDPHV XVHG E\ VRPH FRPSDQLHYV

7KH FRQVWUXFWLRQ RI PRGHOV XVHV WKH WKHR
EUDQFKHV RI VFLHQFH 7KH VWUHQJWK RI VFLHQFH 1
PDNLQJ LQWHOOLJHQW REVHUYDWLRQV DQG SUHGLFW
WRROV ZKLFK XQGHUSLQ WHFKQRORJ\ DQG DSSOLFDYV
XVLQJ /HLEQL]LDQ /RFNHDQ .DQWLDQ RU +HJHOLDQ
ZLWK DVSHFWV Rl UHDOLW\ WKDW DUH QRW LPPHGLDW
FHUWDLQ IRUPV RI EHKDYLRXU REVHUYHG LQ D V\VW
WKHRU\ LV WHVWHG DQG IRXQG WR GHVFULEH DGHTX
GHDOV LWODNZEDWBHGEBKDYLRXUDO VFLHQFHV ZKHUFL
DUH UHIHUUHG WR DV pVRIWY VLQFH LW LV GLIILFXOW
DUH VXLWDEOH WR SURYLGH PRUH DSSURSULDWH PH
ORGHOV DUH FRQVWUXFWHG XVLQJ WKHRULHV EXW W
WKHRULHV DQG PRGHOV ,I D PRGHO LQ TXHVWLRQ L
DURXQG ZLWK WKHRU\ LQ D UDWKHU FRQFUHWH zZD\ $
D FRQYHQLHQW IRUP VR WKDW FRQMHFWXUHV PDGH D
WHVWHG $ PRGHO LV PHDQW WR LPSO\ D PDQLIHVWD!
JLYHV WR REVHUYHG IDFWV )DFWV UHPDLQ XQFKDQJH

$Q RYHUYLHZ RI WKH PRGHOOLQJ SUREOHP LV GHYV
UHSUHVHQWY WKH PRGHO DV D SURMHFWLRQ RI WKH
WKURXJK WKH PRGHOOHU LQ D NQRZOHGJH VSDFH GRI



I GQ OQMA Q QZ IH$Q\ DQG FRQWURO $% X\EWHY

JLIXUH7KH SUREOHP RI PRGHOOLQJ ([WUDFWLRQ DQG NQR

$ VI\VWHP PRGHO LV DOVR D V\VWHP EXW LW EHOF
NQRZOHGJH LV UHSRVHG 7KHUH LV D FOHDU GLVWLQ
VLQFH WKH PRGHO LV D SHUFHSWLRQ RI WKH V\VWHP
$ VIVWHP PD\ KDYH D ODUJH QXPEHU RI PRGHOV RI YD

&ODVVLILFDWLRQ RI ORGHOV
ORGHOV FDQ EH FDWHJRULVHG LQWR D YDULHW\ RI
EDVHG RQ GLIITHUHQW FULWHULD 7ZR PDMRU FODVVHYV
s '"HVFULSWLYH PRGHOV
s SUHVFULSWLYH PRGHOV

7KH ILUVW FODVV RI PRGHOV DV WKHLU QDPH LP
GHVFULEH DQ REVHUYHG UHJXODULW\ ZLWKRXW QHFH
IRU WKH REVHUYDWLRQV PDGH 6XFK PRGHOV UHSUH
JHQHUDOLVDWLRQV DQG WKHRU\ EXLOGLQJ DQG DUH
ODQJXDJH 7KH PDMRU DGYDQWDJH RI GHVFULSWLYH |
H[WUHPHO\ ORZ WKHLU PDMRU GLVDGYDQWDJH LV W



A L WZQ+QASPi\¢HPE PRGH¢¢¢Q\ DQG FRQLP L

r

LQWHUQDO DQG FDQQRW EH FRPPXQLFDWHG HDVLO\ :
QRUPDWLYH 1RUPDWLYH PRGHOV LPSO\ WKH HVWDEC
WKXV D QRUPDWLYH PRGHO E\ LWV QDWXUH LV PRUF
WUDQVLWLRQ EHWZHHQ GHVFULSWLYH DQG SUHVFULS
WKH QRWLRQ RI WKH FRQFHSWXDO PRGHO :H PD\ GHV

JLIXUH *HQHUDO &ODVVHV RI ORGHOV

$ FRQFHSWXDV¥ RBRWHOHG IURP GHVFULSWLYH PRGH
IRUPDO PRGHO RI WKH VA\VWHP WKDW SURYLGHV LQIRI
DQRQG RQ WKH VXE SURFHVVHV DV ZHOO DV RQ WKH Y
PRGHOV H[SUHVV WRSRORJ\ VWUXFWXUH RI VLJQDO
SURYLGH LQIRUPDWLRQ RQ EHKDYLRXUDO DVSHFWYV
FRQVLGHUHG DV WKH VLPSOHVW RI WKH SUHVFULSWLY
RU DV WKH SURJHQLWRU RI WKH VXEVHTXHQW SUH
LQIRUPDWLRQ SURYLGHG E\ WKH FIRQPHSOVER CCHERGH G
SUHVFULSWLYH PRGHOV HPSOR\LQJ PDWKHPDWLFDO FF
VWUXFWXUH EXW DOVR EHKDYLRXUDO SURSHUWLHYV
DEVWUDFWLRQ VWUXFWXUH DQG UHSUHVHQWDWLRQ R
HQDEOHV WKH UHDVRQLQJ DERXW WKH V\VWHP $ FOL
ILIXUH



AXZHQWWS$LQ °QA ¢ACWHPS$ PHOkQ* PGFRQLPL A-6u$DMEWHU 6

JLIXUH 1HVWLQJ RI IRUPDO ORGHOOLQJ

7KLV GLDJUDP FODVVLILHV WKH GLIIHUHQW W\SHV |
ILYH OHYHOV RI NQRZOHGJH UHSUHVHQWDWLRQ DQG
DQDO\WLFDO G\QDPLFDO VWUXFWXUDO EHKDYLRXUD
HDFK NQRZOHGJH UHSUHVHQWDWLRQ ZH DUH DEOH
UHSUHVHQWDWLRQ 7KH DGGLWLRQDO OD\HU LQWUR
DQDO\WLFDO G\QDPLFV DQG FRQWDLQV D IDPLO\ RI PR
VXFK PRGHOV DUH EDVHG RQ LGHQWLILEDWLRQ RU G
7KH OD\HUV DERYH FRUUHVSRQG WR IDPLOLHV RI UHD
7KLV VFKHPH PD\ EH XVHG DV D EDVLV IRU GLDJQRV)



PRGHO@QG FRQLP L WHQ

VIVWHP DV ORQJ DV WKH DQDO\WLFDO WRROV WKD\
H[SORUHG

$QRWKHU PDMRU FODVVLILEDWLRQ RI PRGHOV FRQF
DQG MZKLWHY :KLWH PRGHOV DUH EDVHG RQ SK\V
SULQFLSOHVY DQG WKHLU GHYHORSPHQW UHTXLUHV D
SK\WLFDO FKHPLFDO UHODWLRQVKLSY 6XFK PRGHOV
FRQGLWLRQV FRQWDLQ D VPDOO QXPEHU RI SDUDPHMW
SURFHVV ZKHQ H[SHULPHQWDO GDWD DUH QRW DYDLC
EDVHG RQ VWDQGDUG UHODWLRQVKLSY EHWZHHQ LQ
SDUDPHWHUV UHTXLUH OLWWOH NQRZOHGJH RI WKH ¢
VXFK PRGHOV UHTXLUH DSSURSULDWH SURFHVV GDWD
WKH UHDO V\WVWHP VXFK PRGHOV DUH RQO\ YDOLG |
%ODFN PRGHOV FDQ EH WXUQHG LQWR JUH\ RQHV LI
NQRZQ VLPLODUO\ ZKLWH PRGHOV PD\ EH WXUQHG W
QRW NQRZQ DQG WKHLU GHWHUPLQDWLRQ LV OHIW WR

ORGHOV RI VIVWHPV DUH XVHG IRU WKH DQDO\VLV L
IRU GHYHORSLQJ VROXWLRQV 7KH GHYHORSPHQW RI
WKDW LQYROYHV LGHQWLILFDWLRQ RI SDUDPHWHUV
UHVXOWYV

&RQWURO &RQFHSWV DQG 3ULQFLSOHYV

7KH EHKDYLRXU RI VAIVWHP XQGHU H[WHUQDO LQSXV
REMHFWLYHYVY ZKLFK DUH VHW H[WHUQDOO\ E\ WKH GF
WKHVH REMHFWLYHVY DFWLRQV DUH UHTXLUHG DQG Wi
V\VWHP GHVFULEHG EHORZ GLDJUDPPDWLFDOO\ LQ ILJ
DV IROORZV



IXPHQW $LQ FLQA QjA$WHPk PRO+*Q! DQG FRQWURO &%$DILWHU

JLIXUH 2SHQ ORRS FRQWURO FRQILIJXUDWLRQ

2SHQ ORRS FROQWUYRQ D\WWWPRI REBHRARWHQYMALQJ SHI

LQGLFHVY FULWHULD D V& WD RE LYWRFHEBERF RUVHARWVIRIUD M
WDUJHWI YGBHFWRQ D FRQWX R FLKQ®X\D W MFKMR BR QW UR O (¢

] IROORZV WKH VSHFLIIWWHGKHUIHDW QFKH YWRFIYWHYV LQS
YDULDEOHYVY VDWLVI\ WKH FRQVWUDLQ@WDW H& ROBQNGL RALK/HH
VRPH VHQVH

7KH DERYH LV FOHDUO\ D GHFLVLRQXPDRRQJVSW DE
SRVVLEOH LQSXWV KDV WR WDNH LQWR DFFRXQW WKI|
PRGHO XVHG LQ WKH VHOHFWLRQ SURFHVV DQG UHT.
RYHU WKH OLIHF\FOH RI RSHUDWLRQV RI WKH V\VWHP
PDNH WKH DERYH RSHQ ORRS FRQILIJXUDWLRQ UDWKH
FRQILIXUDWLRQ UHIHUUHG WR DV FORVHG ORRS ZKLF

&ORVHG ORRS FROAWWUHRO WKRNWHPW 3RIFREMWEW L § MV

GLVWXUEDGFH ¢4 AWRUW HWK WHEM\NRWU Q RI WKH WHOWLUH:
WR EH DFKLHYHG E\ XVLQJ WKH DOWHUQDWLYH IHHGEL



$IWSLQ MI 21L {\OHP$ PRWIH kQ* D UX H Q UHO

JLIXUH &0ORVHG ORRS RU IHHGEDFN FRQILIJXUDWLT

,Q WKLV ILJXUH WKH GHVLUHG LQSXW LV SURGXF
VIVWHP GHILFRG DR RDKHR QWUROOHU LV XVLQJ DV LQ.
UDQG WKH UHDO PHDVXUHPHQW RI WKH FRPPDQG YDU

HUURU VLJQDO DQG WKLV JHQHUDWHY WKH UHTXLUHG
7KH GHVLJQ Rl WKH FRQWUROOHU LQYROYHV WKH X
VIVWHP DQG PHDVXUHPHQWY WR SURYLGH DOO DY
DVVRFLDWHG ZLWK WKH VI\VWHP ,Q SDUWLFXODU WKL
f B3URYLGLQJ WKH FRQWUROOHU ZLWK D PRGHO RI Wi
f B3URYLGLQJ LQIRUPDWLRQ RQ SHUIRUPDQFH LQGL
SHUIRUPDQFH RSHUDWLRQ
f OHDVXULQJ DOO GLVWXUEDQFHV WKDW FDQ EH Pt
SURYLGH DOO LQIRUPDWLRQ UHJDUGLQJ XQPHDVXUF
f 8VH RI WKH IHHGEDFEN SULQFLSOH WR JHQHUDWH W

7KH XVH RI IHHGEDFN WKDW LV PHDVXUHPHQW RI U
LGHDO UHVSRQVH HQDEOHV WKH RYHUFRPLQJ RI GLIIL
DQG ODFN RI NQRZOHGJH RQ WKH OLIHF\FOH EHKDYLR
FRQILIXUDWLRQ WKH GHVLJQ WDVN QRZ EHFRPHV D S
VI\VWHP WKH FRQWUROOHU 6\VWHPV 7KHRU\ SURYLC
ZKHUHDV &RQWURO 7KHRU\ GHDOV ZLWK WKH VROYDEI
ZKLFK DUH SRVHG LQ WKH FRQWH[W RI VSHFLILF W\S



DQ ¢\ WHPG DQG FUQLLZO G63DILW U

EHKDYLRXU &RQWURO 'HVLJQ XVHV ERWK 6\VWHPV D
GHULYDWLRQ DQG LPSOHPHQWDWLRQ RI FRQWURO VF
REMHFWLYHV
7KH JUHDW DGYDQWDJH RI WKH FORVHG ORRS RU |
KDQGOH PRGHO DQG VLIQDO XQFHUWDLQW\ ORUHRYH
FROQWLQXRXV HIIRUW WR PLQLPLVH WKH HUURU EHWZF
VLIQDO GHVLUDEOH LQSXW 7KH GHVLJQ RI IHHGEDF
HTXLYDOHQW WR WKH FRQVWUXFWLRQ RI D QHZ G\
UHSURGXFWLRQ RI WKH GHVLUDEOH FRQWURO VLJQDO
7KH FRQWURO SUREOHP KDV PDQ\ G\QDPLF REMHFW|
RI RXWSXWV DV ZHOO DV LQWHUQDO YDULDEOHV VWL
DV
¥ 6WDELOLW\ RI WKH FORVHG ORRS V\VWHP
¥ $ELOLW\ WR WUDFN DV\PSWRWLFDOO\ WKH UHTXLUI
¥ $ELOLW\ WR UHMHFW DV\PSWRWLFDOO\ DW WKH V\
XQPHDVXUHG GLVWXUEDQFHYV

T $ELOLW\ WR UHSURGXFH DV FORVH DV SRVVLEOH D
¥ &DSDELOLW\ RI DFKLHYLQJ WKH DERYH XQGHU PRGI
¥ $FKLHYLQJ DOO DERYH VDWLVI\LQJ RSHUDWLRQD

SHUIRUPDQFH

7KH DERYH LV D QXPEHU RI UHTXLUHPHQWYV IRU W
FRQWUROOHU 9HU\ IUHTXHQWO\ WKHUH LV FRQIOLF
WKXV FRQWURO GHVLJQ KDV LQ LWV FHQWUH WKH SUTI
GLOHPPDY 7KH DERYH SUREOHPV HPHUJH LQGLIIHUHC
V\VWHP WKH W\SH R|I DYDLODEOH PRGHOV WKH GLP
GLPHQVLRQV RI UHVSHFWLYH YHFWRUV DQG WKH Ft
LQIRUPDWLRQ DQG FRQWURO VWUXFWXUH

7TKH SUREOHP RI FRQWURO GHVLJQ LV LQ PDQ\ UHYV
OHDVXUHPHQW RI WKH V\VWHP YDULDEOHYV IRU PRQLW
EH D VWUDLJKWIRUZDUG SURFHVYV 7KLV PD\ UHTXLUH
SUREOHPV LQ PHDVXUHPHQW DUH
D OHDVXUHPHQW $FWXDWLRQ RI SK\VLFDO YDULDEOF



oP{*p WHHRS$H O DI FRQLP L

E (VWLPDWLRQ SUREOHP
F 6\VWHP DVSHFWV RI PHDVXUHPHQW DQG DFWXDWLI

7KH ILUVW RI WKH DERYH SUREOHPV LV WKH VWDQ(

XSRQ SK\VLFDO YDULWEDGE VW INRRY® LR W UAKHP FHIQURCDVR
SURFHVVHY  $PRQJVW WKH PHDVXUHPHQW SUREOHP
WKRVH Rl WKH E DQG F W\SH ,Q SDUWLFXODU

(VWLPDWLRQ*SYRE@®MHP\VWHP ZKLFK LV GULYHQ E\
DQG PHDVXUHY DOO SK\VLFDOOWE&RRYXUEKOH PRMXONV XXM PY

7KLY PHDVXUHPHQW V\VWHP SURGXFHV P HD VEXUM RNHKHN

PD\ EH FRUUXSWHG E\ GLVWXUEDQGHWKIRUS QREVHP V
HVWLPDWLQJ WKH WUXH V\VWHP VWDWH WKHQ EHFRPF
VI\IVWHP LV WR EH FRQNMWNIDPDNMEHBK EDABCKBEHWKHVWLPD)
VWDWHV LQ DQ DV\PSWRWLF VHQVH 7KH HVWLPDWR!
VIVWHP PRGHO PHDVXQG GG RXYWRXWRNR QWORDURGXEGBY
HVWLPDWHG VYWDWH RMAWBOO FRQILIJXUDWLRQ LV G
GLDJUDP

JLIXUH 'LDJUDP RI WKH VWDWH HVWLPDWLRQ SUREC

6WDWH HVWLPDWLRQ LV SDUW RI WKH RYHUDOO Sl
ZKHUH FHUWDLQ DVSHFWV RI WKH LQWHUQDO EHKDYL
TXDQWLWDWLYH IXQFWLRQDO FKDUDFWHULVWLFV KD
SDUDPHWHUV FULWLFDO YDOXHV IRU EHKDYLRXU R
FODVVLFDO GXDOLW\ EHWZHHQ WKH FRQWURO DQG H
GXDOLW\ EHWZHHQ 5HDFKDELOLW\ DQG 5SHFRQVWUXFW



DD Py PDFWH|PS DQGFRQWPO

*OREDO LQVWUXP HQ WKHV VRI® FHFURIERIH R | PHDVXUHP
YDULDEOHV IRU DV VA\WVWHP LV D GHVLJQ WDVN WKDW
WUDGLWLRQDO WHFKQLTXHV EDVHG RQ KHXULVWLFV
VHOHFWLRQ RI LQSXW DQG RXWSXW VFKHPHV +RZHYH
VHOHFWLRQ RI VIVWHPV VHWV RI PHDVXUHPHQWYV DC
HITHFW RQ WKH VKDSLQJ RI WKH ILQDO PRIXHCE B@R
LQVWUXPHQW D W LIRUWF DSQULDR/H V V ,Q IDFW WKH
LQVWUXPHQWDWLRQ LV WR PRGLI\ WKH V\VWHP LQW]
SURFHVV LV UHPLQLVFHQW RI DQ HYROXWLRQDU\ SURF
GHVLJQ WDVN LV WKH FRQWURO RI WKH SURFHVV DLP]
VWDQGDUG FRQWURO SUREOHP LV QRW GLIILFXOW W
FRQWURO W\SH FKDUDFWHU FRQWURO RI VIVWHP PRG
VIVWHP GHVLJQ .DUFDQLDV

$ PRUH JHQHUDO FRQILJXUDWLRQ UHSUHVHQWLQJ \
WDVNV WKDW DOVR LQFOXGHV WKH KLJKHU OHYHO VW
VWUXFWXUH LQ D KLHUDUFK\ Rl GHFLVLRQ PDNLQJ IX(
WKH RYHUDOO VXSHUYLVRU\ DQG FRQWURO SUREOHP

)LJI XU *HQHUDO &RQWURO ORGHOOLQJ (VWLPDWLRQ DQG



P{*EWRRIGH G&A HHQWP O WLHU

7KH WUDGLWLRQDO HOHPHQWV LQ WKHQWRI@HARDIWU
PRGHOV RI WKH VGWWIH\PL D@ SUDRRH)YN ,GHQWLILFDWL]
OLQNHG WR PRGHO GHULYDWLRQ EDVHG RQ VWUXFWX!
DQG LW LV D WDVN ZLWKLQ WKH RYHUDOO PRGHOOLQ.
DJJUHJDWH UHSUHVHQWDWLRQ RI WKH RYHUDOO KLJK
WKH FRQWURO DFWLRQ 7KH FRQWUROOHU LQ WKLV t}
ZLWK LQSXWV IURP GHFLVLRQ DQG FRRUGLQDWLRQ
EHKDYLRXU 7KH DERYH VFEKHPH LV W\SLFDO IRU HQJ
ZLWK DSSURSULDWH GHVFULSWLRQV IRU WKH NH\ EC
GHFLVLRQ PHDVXUHPHQW GLDJQRVWLFVY DQG FRQWUF

&RQFOXVLRQ

7KLV FKDSWHU SURYLGHV D WKHRUHWLFDO IUDPH:.
FRQFHSWV RI VIVWHP PRGHOOLQJ DQG FRQWURO W
QRWLRQ RI WKH V\VWHP DQG LWV IXQGDPHQWDOV WK
Rl VIVWHPV PRGHOOLQJ DV ZHOO DV WKH PDMRU FER
FRQVLGHUHG DV QHFHVVDU\ VR DV JRLQJ EDFN DQG
PRGHOOLQJ DQG FRQWURO LGHDV ZH ZLOO EH DEOH
DQG GHYHORSPHQW

7KH IROORZLQJ FKDSWHUV SUHVHQW RXU SDVVLQJ W
WKH DQFLHQW *UHHN SKLORVRSKHUV DQG DWWHPSW
DSSHDUDQFH DQG HYROXWLRQ RI WKHVH FRQFHSW ZLW



DQG [PFTEWL RIPHGGOLQJ

3$57 21(
7+( (92/87,21 2) 7+( &21&(376
2) 6<67(0 $1' 02'(//,1*

&KDSWHU

0<7+6 $1' &21&(376 2) 02'(//,1*



DQG FZLFTEIj RIPRGHGLQD

3$57 21( 7+( (92/87,21 2) 7+( &21&(376 2) 6<67
$1' 02'(//,1*
0<7+6 $1' &21&(376 2) 02'(//,1*

,QWURGXFWLRQ

,Q WKLV FKDSWHU ZH DUH FRQFHUQHG ZLWK WKH P
*UHHN KLVWRULFDO SHULRG ZKHUH ZH ILQG WKH ILUV
H[SUHVVHG LQ WKH ODQJXDJH DQG WKURXJK WKH SH
VRFLDO RUJDQLVDWLRQ DQG SUDFWLFDO WHFKQLTXH
HGXFDWLRQ ZKLFK LV WKH LQFXOFDWLRQ RI D VHW R

3DUWLFXODUO\ WKH *UHHN P\WKV DVVHPEOH HOHF
WHFKQLTXH EXW DOVR RI WKH RWKHU OHGLWHUUD
LQYHQWLRQV DQG WKHLU NQRZOHGJH DQG SURYLGEH
GHYHORSPHQW RI *UHHN VFLHQFH $IWHU DOO WKH
KDSSHQ DFFLGHQWDOO\ EXW RQO\ ZKHQ DQ HDUO\ QF
$ QHFHVVLW\ ZKRVH VFLHQWLILF DQVZHU LV JLYHQ
SKLORVRSKHUV +RZHYHU WKH IXQGDPHQWDO LVVXF
HOHPHQW RU HOHPHQWY WKDW JDYH ULVH WR WKH Z
P\WK ,Q WKH HDUO\ OLWHUDU\ PRQXPHQWV RI WKF
7KHRJRQ\ DQG WKH +RPHULF SRHPV LQ DGGLWLRQ W
JHQHUDO VWUXFWXUH Rl WKH SUHVHQW ZRUOG DV Z}
LQWHUHVW (YHQ WKRXJK DOO WKHVH WRSLFV DUH F|
DQG WKH ZRUOG DSSHDUV DV D ZRUOG Rl DQWKURSRP
UHYHDOV RQ WKH RQH KDQG D SHFXOLDU KLVWRULFL\
PRGHOV UHODWHG WR WKH PRGHOOLQJ FRQFHSW 7

7KH VR FOD®OKWIHG5KDRBRVR&GLHK PDQ\ IUDJPHQWY VXUYLYH .HUQ IUL

TXRWDWLRQ LQ 1HRSODWRQLF ZRUNV DUH D ODWH FRPSLODW
FRPSRVLWLRQ 7KH '"HUYHQL SDS\UXV VKRZV WKDW VRPH GHULYH
IHYHUWKHOHVY QR RWKHU DXWKRU EHIRUH WKH IXO0 &KULVWLLEL
VHHPV KLJKO\ SUREDEOH WKDW WKHLU HODERUDWLRQ LQWR DQ
IRXUWK FHQWXYD $ .LUN



X@QRZQ VI\VWHP DQG WKH P\WK LWVHOI DV WKH H[SOL
QDWXUDO HOHPHQWY RU WKH KXPDQ YDOXHV WDNH WK
P\WKLFDO V\PEROV RU PRGHOV FRQFHUQ HLWKHU WKF
7KH IRUPHU DUH PRVWO\ DVVRFLDWHG ZLWK FRVPRJRC
JHQHVLV RI WKH ZRUOG ZKHUHDV WKH ODWWHU SUR)
7KLY FKDSWHU ZLOO FRYHU ERWK W\SHV RI PRGHOV

‘"\QDPLFDO ORGHOV RI WKH :RUOGYTV &UHDWLRQ

2USKLFV &RVPRJRQLHYV

7KH 2USKLF 7KHRJRQLHVY DUH SRHPV ZKLFK JLYH DQ
DQG WKH RULJLQ RI WKH ZRUOG 7TKHUH VHHP WR KDY
PRVW KDYH QRW VXUYLYHG 7KH 5KDSVRGLF 7KHRJRC
'LVFRXUVH LQ WZHQW\ IRXU 5KDSVRGLHVY RU MXVW WK
7KH 5KDSVRGLHV FRQVLVW RI SDUWYV DQG FRQVWLW
WKHRJRQ\ ,Q WKH HDUO\ WK FHQWXU\ $ & WKH 1HR:
$FDGHP\ RI 3ODWR GHWHFWHG IRXU VHSDUDWH 2USKLF

, '"HULYDWLRQ IURP 1LJKW
$ ILUVW RUSKLF DFFRXQW RI FRVPRJRQ\ LV WKH GHU

'‘DPDVFHX¥ULQFLSLLY % 37KH WKHRORJ\ DVFULEHG
(XGHPXV WKH 3HULSDWHWLF NHSW VLOHQFH DERXW W]
WKH RULUDLIXWRPHWLDD

,, HULYDWLRQ IURP &KURQRYV

$QRWKHU LQWHUHVWLQJ RUSKLF DFFRXQW RI FRVPF
&KURQRV 7LPH

'‘DPDVFHXYULQFLSLLY % 3, WKHVH 2USKLF 5KDSVR
WKH\ DUH NQRZQ WKLV LV WKH WKHRORJ\ FRQFHUQ

DEEUHYLDWLRQ 'LH IUDJPHQWH GHU 'QRIOWR NEGD W IL MHKU D GVBK W/IR
.UDQ] 7KH WK DQG WK HGV DUH SKRWRJUDSKLF UHSULQWYV
.UDQ]



A$D WHA

SKLORVRSKHUV WRRKUHERXSGD BKVRWMWIH RQH RULJ
.LUMW DO

&KURQRV FDXVHV WKH FUHDWLRQ RI WZR QHZ FRQ!
ZRUOG DFTXLUHV WKH ILIXUDWLYH IRUP RI WKH HJJ
D VIPERO RI WKH ZRUOG 7KH VXEVWDQFH RI WKLV FR\

USLWKHU

&KURQRYV 2y (JJ
B &KDRV

JLIXUH'HULYDWLRQ IURPH®QOURQRYVY .LUN

'"HULYDWLRQ IURP :DWHU DQG ODWWHU

$QRWKHU G\QDPLF DFFRXQW RI FRVPRJRQ\ GHWHUP
FRVPLF HOHPHQWY RI ZRUOGYTV FUHDWLRQ

'DPDVFHXYULQFLSLLY % 3 7KH 2USKLF 7KHRORJ\ Z}
WR EH DFFRUGLQJ WR +LHURQ\PXV DQG +HOODQLFXV
IROOREWHU H[LVWHG IURP WKH EHJLQRR @K LEK WD\WW I
ZDV VROLGLILH®W DO .LUN

$ VXPPDU\ RI WKH IXOO GHVFULSWLRQ RI WKLV FR'
ILIXUH

:DWHU SLWKHU
& KRQRX ©&KDRV ! (3] *RG
ODWWHU(BPUWK A(UHEXV

JLIXUH'HULYDWLRQ IURP :DWHWDDQOG ODWWHU .LUN

, 9 '"HULYDWLRQ IURP $LU DQG 1LJKW

IDVWO\ DQRWKHU FDVFDGH SURFHVV IRU FRVPRJR(
SURFHHGVY SURJUHVVLYHO\ WR 7DUWDURY 7LWDQV (JJ

'‘DPDVFUIXMBULQFLSLLYVY % S3(SLPHQLGHV SRVLWHG
SULQFESOHWQG ILIEWURP ZKLFK 7DUWDURYV ZDV SURG



ZKLFK WZR 7LWDQV ZHUH SURGXFHG > @ IURP ZKRV]
EHLQJ > @ IURP ZKLFK DJDLQ RWWHDORIIVSULQJ FD

$LU
2y 7JDUWDURY 2y 7LWDQV 2y (JJ 2y 21IVSULQ
1LIKW

JLIXUH'HULYDWLRQ IURP $LHWQG 1LJKW .LUN

,Q WHUPV RI VA\VWHP UHSUHVHQWDWLRQ WKLV SUF
EORFN GLDJUDP ZKRVH VXEV\VWHPV FRQVWLWXWH W
LWVHOI

$LU

1LIKW
JLIXUH%ORFN GLDJUDP IRU WKH GHULYDWLRQ IURP $L

7TKHVH DERYH PHQWLRQHG SDVVDJHV OD\ HPSKDVL\
WKH ZRUOG HPHUJHG 3DUWLFXODU LQWHUHVW LV JL°
SURFHVV RI ZRUOGTYV IRUPDWLRQ (YHQ WKRXJK WKH\
ZRUOG LWVHOI ZKDW LV QRWHZRUWK\ LV WKH DSSt
FRVPRIJRQ\ DQG WKXV RI D ILUVW PRGHO RI WKH ZRU
HJJ ZzDV FRQVLGHUHG WR EH D UHVHPEODQFH RI WKH F
$FKLOOHV VD4 .HP )U 37TKH DUUDQJHPHQW ZK
DVVLIQHG WR WKH FHOHVWLDO VSKHUH WKH 2USKLF
UHODWLRQ ZKLFK WKH VKHOO KDV LQ WKH HJJ WKH R
$LWKHU GHSHQGY LQ D FLUFOH IURP WKH RXWHU KH
VKHOO HW LW

JLIXUH (JJ DV D PRGHO RI WKH FHOHVWLDO VSKHU



FPEFTERE® RO PD

$ IDPLOLDU HOHPHQW RI JHQHVLVY DW WKDW WLPH |
WKH VKDSH RI LW DUH VLPLODU WR WKH ZRUOG LWVH
PRGHO RI WKH FHOHVWLDO VSKHUH ZKHUH WKH VKHO
DQG WKH FRUH LV WKH XQLYHUVH 7KLV VXEMHFWLY
VLPSOH LW PD\ DSSHDU LW SUHVHQWY DQ HOOLSVR
VKHDWK ZKLFK LV FORVH WR WKH FRQWHPSRUDU\ SHU

$GGLWLRQDOO\ WKH HJJ FRXOG EH FRQVLGHUHG Q
DOVR DV D PRGHO RI LWV FUHDWLRQ 7KH FRQFHSW R
RI LW RQ WKH RWKHU DUH FORVHO\ UHODWHG WR WK
RI HJJ WKH IDFW WKDW LW LV QRW DEVROXWHO\ URX
WKH SURFHVV RI ZRUOGYVY FUHDWLRQ LV VLPXODWHG
ELUGY DQG DQLPDOV

+RPHULF &RVPRJRQ\

$ VLPSOH FRQFHSWLRQ RI WKH QDWXUH RI WKH Z
UHIHUHQFHV LQ +RPHU LV URXJKO\ DV IROORZYV

$URXQG WKH IODW GLVF RI HDUWK RQ WKH KRUL]JRC
HDUWK DQG IORZLQJ EDFN LQWR LWVHOI IURP WKLV D
ZDWHUV Rl 2FHDQXV SDVV WKURXJK VXEWHUUDQHDQ
VRXUFHV RI RWKHU ULYHUYV

,OLDG 3+LP =HXV QRW HYHQ /RUG $FKHORRV HTX

GHHS IORZLQJ 2FHDQXV I|IURP ZKRP LQGHHG DOO UL®
GHHS ZHOOVH®@®Z" .LUN

2FHDQXV ZKLFK LV XQLTXH DQG XQH[SHFWHG LV Wtk

,OLD®® +HUD VSHDNV 3)RU , DP JRLQJ WR VHH V
2FHDQXV EHIHWWHU RI JRGVY DQG PRWKHU 7HWK\V

,OLD® +\SQRV VSHDNV 33$QRWKHU RI WKH HYHU(¢
VHQG WR VOHHS HYHQ WKH VWUHDPV RI ULYHU 2
DOO HIW. LDUN



7KOHY IRUPXODWHY D VLPLODU FRQFHSW DERXW
RULJLQ RI ZRUOGYVY FUHDWLRQ +RPHU LV FORVH WR
SHUFHLYHG E\ WKH 3UHVRFUDWLF SKLORVRSKHUV +F
WKH VWUXFWXUH RI WKH XQLYHUVH DQG JLYHV D GHVI

+HVLRGLF &RVPRJRQ\

+RPHULF SRHPV PLGGOH RI WKH WK FHQWXU\ DQ
WK FHQWXU\ DUH WKH HDUOLHVW OLWHUDU\ PRQXI
FRQFHSWLRQV RI WKH FUHDWLRQ RI WKH ZRUOG 4
+HVLRRRUNV DQGZRLFK LQFOXGHVY DPRQJ RWKHU WKLC
DQG MKKHRIRK\LFK UHFRXQWYV WKH RULJLQ RKMRKIHRQRG)
ZH ILQG D JHQLXV PRGHO RI WKH ZRKDXBAR WHKUWHHQ VWK Q
JRGV DQG WKH KXPDQV +HVLRGYV ILUVW SULQFLSOI
'H HQFRXQWHU KHUH WKH WLPH HYROXWLRQ DQG WKH
+HVLRIGHRJRQ\ 39HULO\ ILUVW RI DOO GLG &KDRV FRI
EURDG ERVRPHG *DLD >HDUWK@ D ILUP VHDW RI DOO
UHFHVV RI EURDG ZD\HG HDUWK DQG (URV ZKR LV ID
OLPEV DQG VXEGXHV LQ WKHLU EUHDVWYV WKH PLQG |
PHQ 2XW RI &KDRV (UHEXV DQG EODFN 1LJKW FDPH |
FDPH $LWKHU DQG 'D\ ZKRP VKH FRQFHLYHG DQG EF
(UHEXV $QG (DUWK ILUVW RI DOO EURXJKW IRUWK VYV
WR FRYHU KHU FRPSOHWHO\ URXQG DERXW WR EH D
7TKHQ VKH EURXJKW IRUWK WDOO ORXQWDLQV ORYHO\
LQ WKH ZRRG\ PRXQWDLQV 6KH DOVR JDYH ELUWK WHF
VZHOO 3RQWRV ZLWKRXW GHOLJKWIXO ORYH DQG \
GHHS HGG\LQJ 2FHDQXV DQG .RLRV DQG .ULRV DC
.LUNW DO

7KH +HVLRGLF GHVFULSWLRQ HYROYHV LQ D FRP!
JHQHUDWLRQ RI DOO WKH HOHPHQWYVY RI WKH ZRUOG Q
GLDJUDP ZH SUHVHQW LQGLFDWLYHO\ VRPH RI LWV VW



DQG FRQFHWLIi R IQLRGHGYQD

(URV
7DUWDUD

(UHEXV $LWKHU
6WHS &KDRYV

= 1LJKW 'D\

+HDYHQ
6WHS *DLD ORXQWDLQV
6HD
2FHDQXV
*DLD
6BWHS ,DSHWRV +\SHULRQ 7KHLD 5
+HDYHQ
&URQXV
&\FORSHYV
*DLD
6BWHS 7KH +XQGUHG DUPV FKLOGUHQ
+HDYHQ
*LDQWYV
+
CKHLD HOLRV 6XQ
6BWHS 6HOHQH ORRQ
+\SHULRQ

(RV 'DZQ

6WHS 1LJKW A 'RRP )DWH 60OHHS 'HDWK 1HPHVLV

5KHD =HXV

6WHS
&URQXV " L HVWLD 'HPHWHU +HUD +DGHYV
8O0\PHOH 3URPHBEBOADQV

6WHS

,DSHW RV (SLPHWKHXYV

JLIXUH 7LPH HYROXWLRQ DQG SURFHVV RI ZRUOGTV IRL



DQ G FRQHHILW$ RIUQRGHGLDLD

,Q +HVLRGYTV FRVPRJRQ\ ZH KDYH D G\QDPLF SURF}
ILUVW SULQFLSOH &KDRV KDV D GRXEOH PHDQLQJ D
\DZQLQJ JDS DQG E LW FRPHVLRNRRDWK P HUGIWH N ZRIV/G
RII' $FFRUGLQJ WR +HVLRG WKH ZRUOG DULVHV IURP
YRLG DIWHU WKH RFEXUUHQFH RI D VEKLVP L H D EL
EDQJ° RXW RI ZKLFK DULVHV WKH *DLD HDUWK DQC
WKH HQHUJ\ UHVSHFWLYHO\ 6FKODJHO VXPPDU
ZD\ Rl FRQVWUXFWLQJ WKH ZRUOG LQ WKH IROORZL
HVHSDUDWLQJ DSDUW IURPY RU UGLIIHUHQWLDWLQJ IL
WKH VH[XDO LQWHUFRXUVH LV WKH PDLQ PRGHO RI Jt

7KH +HVLRGLF PRGHO RI FRVPRJRQ\ LV Rl SDUWLE.
SK\WLFDO H[SODQDWLRQ DFFRUGLQJ WR ZKLFK WKH
FRPH IURP WKH VFKLVP Rl YRLG DQG VHFRQGO\ EHFI
DFFRUGLQJ WR ZKLFK D FRPSOLFDWHG VFKHPD RI WLF
RI WKH SKHQRPHQRQ RI FRVPRJRQ\ LV IRUPHG

‘H FRXOG VXPPDULVH WKH PDLQ SRLQWV RI WKHVH
IROORZLQJ OLQHV D FODULILFDWLRQ RI SKHQRPHQD
VXFFHVVLRQ G SULPDU\ FDXVH DQG H SURFHVV RI |
VSHFLI\ WKH RULJLQV Rl WKH ZRUOG DQG LQWURGXF
XQLYHUVH DQG LWV FUHDWLRQ ,Q WKH VHFRQG VWD.
FRQFHSWLRQ IRU WKH RULJLQ RI WKH ZRUOG VLPLOEL
WKLUG VWDJH +HVLRG RULJLQDWHY D FRPSOLFDWHG
DQDO\WHV WKH SURFHVV DQG WKH WLPH HYROXWLRQ FR

O\WKLFDO ORGHOV RI WKH :RUOGYV 6WUXFWXUH

O\WKV DQG *RGV DV 6\PEROV
O\WK DQG 6FLHQFH DUH WZR FRQFHSWV RSSRVLWLE
O\WK LV WKH V\PERO RI LPDJLQDWLRQ DQG SRHWLF UI

%\ VFLHQWLVWY EHOLHYHG WKDW WKH 3ELJ EDQJ” WKHRU\ Z
WKH XQLYHUVH 7KLV WKHRU\ KROGVY WKDW DOO PDWWHU LQ WKI
VLIH RI D PRGHP K\GURJHQ DWRP WKDW H[SORGHG IRUPLQJ WKH



DQ G FRQFHILIi RIPRGH kQD

RUGHU NQRZOHGJH DQG WUXWK ,V LW SUREDEOH W
GHULYH VFLHQWLILF LQIRUPDWLRQ IURP P\WKV" ,V
SDUWLFXODUO\ LQ *UHHN P\WKV"

*UHHN P\WKV SURYLGH HYLGHQFH HVSHFLDOO\ LQ \
VFLHQWLILF WKHRULHV H[SODLQLQJ WKH FUHDWLRQ
FRQWLQXRXV GHYHORSPHQW DQG RQ WKH RWKHU
UDWLRQDOLVDWLRQ RI WKH SURFHVV RI ZRUOGTV
GHVFULSWLRQV 7KH GRXEOH FKDUDFWHULVWLF RI P\
VLIQLILFDQW SDVW DFKLHYHPHQWY DQG LQYHQWLRQV
DQG QHZ WKHRUHWLFDO LQYHQWLRQV DQG SUHGLFWL
VFLHQFH 7KH RUGHU DQG WKH PHWKRG RI P\WKV DQ
DQG H[SUHVV E\ PHDQV Rl WKHLU WH[WV WKH QDWXUD
WKDW WLPH XQIRUPHG QRWLRQ RI VFLHQFH

7KH P\WKLFDO HSLFV RI +RPHU DQG +HVLRG WKH |
SULPDU\ VRXUFHV RI *UHHN P\WK WKDW SXW WRJHWK
P\WWK ZULWHUV DQG SRHWV QRW RQO\ GLG WKH\ FUH
JHQHDORJ\ EXW DOVR IRUPHG WKH +LVWRU\ FROOHFYV
DQG OHJHQGY 7KH\ EHFDPH WKH JUHDW WHDFKHUYV
PHQWLRQLQJ WKDW +RPHULF SRHPV DUH VWLOO RQH R

*UHHN P\WKV GHULYHG WKHLU VWRULHV IURP UHDO
ZDUV WKDW LQ P\WKV ZHUH GHVFULEHG E\ WKH EDWV
ODWHU FLW\ ZDUV WKDW ZHUH V\PEROLVHG E\ WKH 7U
WKDW ZHUH H[SUHVVHG E\ 2G\VVHXV 7KH IDFW WKD\
GLIIHUHQW ZD\ WKDQ KLVWRU\ GRHVY FRQVWLWXWHYV
VHULRXV FRQVLGHUDWLRQ EHIRUH VRPHRQH FRQVLGH
KXPDQ PLQG )URP DQRWKHU SRLQW RI YLHZ FORVH
FRQVLGHUHG DV UHSUHVHQWDWLRQ RI DFWXDO LQFLC
KDSSHQV DV PRGHOV RI UHDO HYHQWV WKDW LQFOXG
WKH PDQ ZKR FUHDWHVY WKHVH PRGHOV L H WKH PRG

,Q DGGLWLRQ P\WKV LQFOXGHG WKH KXPDQ HIIRU
LQH[SOLFDEOH DW WKDW WLPH DQG WKH KXPDQ LQWI
ZKROH ZRUOG KXPDQ DQG SK\WLFDO )RU H[DPSOH VF
VRPHWKLQJ WKDW ZDV EH\RQG KXPDQ PLQG WKDW ZD



DQGFR QFHO L RIPRGH LQD

ZLWK WKH H[LVWLQJ NQRZOHGJH ZDV EHLQJ DVFULE!
JRGV DSSHDUHG DV V\PEROV Rl WKH QDWXUDO HOHPH
DOO YLUWXHV RI EHDXW\ 9HQXV Rl SRZHU =HX!
$SROOR OXVLF RI DOO PHFKDQLFDO DUWV +HSKDHYV
KXPDQ EXVLQHVV HJ $UWHPLV KXQWLQJ O0DUV zDU
VIPEROLVLQJ VRPHWKLQJ UHDO E\ PHDQV RI D V\PE
$FKLOOHVY VKLHOG ZKLFK LV D VIPERO RI ERWK WKH

7KHVH ILUVW DWWHPSWV WR UHSUHVHQW VRPHWK
VIPERO WR IRUP DQ DQDORJ\ EHWZHHQ D UHDO WKLC
ZKROH ZRUOG RQ D VKLHOG IRUP D UHIHUHQFH WR W
SURFHVV WKDW KXPDQ PLQG IROORZHG DW D WLPH
VFLHQWLILF DVWURQRP\ WR H[SODLQ QDWXUDO SKHQF
DOO WKH TXHVWLRQV DQG TXHULHV ZKHQ WKH pV\VW
D WKH ILUVW DEWLYLW\ ZDV WR XQGHUVWDQG WKH ¢
QDWXUDO ODQJXDJH DQG E WKH VHFRQG DFWLYLW\ Z]
ODWWHU VXEVWDQWLDO DFWLYLW\ OHDGV WR WKH DE
VI\VWHP

7KH +RPHULF ([SODQDWLRQ RI WKH :RUOG 6WUXFW

,Q KLV SRHPV +RPHU RIWHQ DWWHPSWV WR LQWHU

WR SUHVHQW LQ D ILIJXUDWLYH ZD\ WKH PRUSKRORJ\
KHDYHQO\ ERGLHV

¥ 7KH IRUP RI KHDYHQ

$FFRUGLQJ WR KLP WKH KHDYHQ LV D VROLG KHPL\
FLUFXODU GLVF RYHU WKH IODW HDUWK LV WKH YDX
FRYHULQJ LW

2G\VVH\ 3> @ ZKRVH ZDOWRQQHVY DQG YLROHQFH UHI
OXUUD\
,OLDSG, 3 > @ DQG WKH LURQ GLQ ZHQW XS WKURXJK Wt

WKH EUD]JHQ KHDYHQ



JLIXUH+HDYHQ DV D KHPLVSKHULFDO GRPH RYHU WKH

T 7KH VA\PPHWU\ RI +HDYHQ DQG 7DUWDURYV
%HORZ WKH HDUWK LV 7DUWDURY FRYHUHG E\ WK
VI\IPPHWULFDO ZLWK WKH KHDYHQ +DGHV LV VXSSRVHG
DV IDU IURP WKH KHLJKW RI WKH KHDYHQ DERYH DV |
SUHVXPDEO\ LQ WKH KROORZ RI WKH HDUWK(TfV GLVF
,OLDG,, 3 > @ , VKDOO WDNH DQG KXUO KLP LQWF
ZKHUH LV WKH GHHSHVW JXOl EHQHDWK WKH HDUWK
WKUHVKROG RI EURQ]JH DV IDU EHQHDWK +DGHV DV |

JLIXUH7KH VA\PPHWULFDO RUGHU RIKHDYHQ HDUWK +DG]

71ILH O\ WLWROIRRLLE D HZ

JLIXUH 7KH P\WKRORJLFDO ZRUOGYLHZ

KWWS 7ZZZ SHUVHXV WXIWV HG8 *UHHNG6FLHQFH 6AMREGHQWY (OOH
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FP G FRQFHSWV RIPRGHO L UXL

$FKLOOHVY 6KLHOG DV ORGHO RI 1DWXUDO DQG +X
,QOLDWKH SRHW +RPHU GHVFULEHV WKH JRG RI WHF
FRQVWUXFW $FKLOOHVY ZHDSRQV $PRQJ WKH PDQ\ R
WKH DXWRPDWLF WULSRGYV DQG WKH VHOI DGMXVWLQJ
Rl $FKLOOHV 7KLV VKLHOG LV QRW RQO\ D SLHFH
SKLORVRSKLFDO FUHDWLRQ EXW DOVR D PRGHO RI W
+RPHULF GHVFULSWLRQ RI VKLHOG LV ZRUWK WR EH L
RQO\ WKHVH SDUWV WKDW GHPRQVWUDWH WKH VKLHO(

, QLWLDOO\ +RPHU JLYHV WKH WHFKQLFDO GHWDLOV
,OLDS,,, 3)LUVW IDVKLRQHG +HSKDHVWXV D VKL
DGRUQLQJ LW FXQQLQJO\ LQ HYHU\ SDUW $QG URXQG
WKUHHIROG DQG JOLWWHULQJ DQG WKHUHIURP PDGH
JLYH ZHUH WKH OD\HUV RI WKH VKLHOG LWVHOI $QG |
FXULRXV GHYLFHV ZLWK FXQQLQJ VNLOO °

$QG WKH GHVFULSWLRQ EHJLQV ZLWK WKH LPDJHV C
LQ WKH PLGGOH RI WKH VKLHOG +RPHU SODFHV WKH
PRRQ L H WKH SHUFHSWLEOH HOHPHQWY RI WKH QDW

STKHUHLQ KH +HSKDHVWXV ZURXJKW WKH HDUWK WK

DQG WKH XQZHDULHG VXQ DQG WKH PRRQ DW WKH IXC

7KH GHVFULSWLRQ HQGV ZLWK WKH ORFDWLRQ RI W
7TKH HQG RI VKLHOGTV GHVFULSWLRQ FRLQFLGHV ZLWK

JUHDW 2FHDQ
37KHUHLQ KH VHW DOVR WKH JUHDW PLJKW RI WK
ULP RI WKH VWURQJO\ ZURXJKW VKLHOG ~

8S WR WKLV SRLQW WKH +RPHULF P\WKLFDO SHUFH
WKH QH[W PRGHOV



DQ G HRULHHAs RIPRGHGRLXA

J)LIXUH +RPHULF PRGHOV RI WKH HDUWK DQG LWV VXU
D 0ODS RI WKH HDUWK E ORUSKRORJ\ RI WKH HDUWK F

JROORZLQJ +RPHU SODFHV RQ $FKLOOHVY VKLHOG
QRUWK 2ULRQ LQ WKH VRXWK 3OHLDGHV LQ WKH HDV

*$QG WKHUHLQ DOO WKH FRQVWHOODWLRQV ZKHUHZLWK KHDYF

WKH 30HLDGHV DQG WKH +\DGV DQG WKH PLJKW\ 2ULRQ

DQG WKH %HDU WKDW PHQ FDOO DOVR WKH :DLQ

WKDW FLUFOHWK HYHU LQ KHU SODFH DQG ZDWFKHWK 2ULRQ

DQG DORQH KDWK QR SDUW LQ WKH EDWKV RI 2FHDQ ~

2FHDQ

JLIXUH +RPHULF PRGHOV RI WKH KHDYHQO\ YDXOW

$IWHU WKH GHVFULSWLRQ RI WKH QDWXUDO ZRUOC
UHODWHG WR WKH KXPDQ ZRUOG )LUVWO\ FRPH WKH '



VIIWB G FHQFTEWL RIP .OHOOLQ\

LQ SHDFH ZKHUH WKH VRFLDO IXQFWLRQV RI PDUULD
VHFRQG FLW\ LQ ZDU WKDW LQFOXGHV WKH IXQFWLRQ
37KHUHLQ IDVKLRQHG KH DOVR WZR FLWLHV Rl PRUWD
,Q WKH RQH WKHUH ZHUH PDUULDJHV DQG IHDVWLQJV
WKH IRON ZHUH JDWKHUHG LQ WKH SODFH RI DVVHPEC
DQG HDFK zZDV IDLQ WR ZLQ WKH LVVXH RQ WKH ZRUG
%XW DURXQG WKH RWKHU FLW\ OD\ LQ OHDJXHU WZR |
7KH ZDOO ZHUH WKHLU GHDU ZLYHV DQG OLWWOH FKL
DV WKH\ VWRRG WKHUHRQ DQG WKHUHZLWKDO WKH P
7KHQ VHW WKH\ WKHLU EDWWOH LQ DUUD\ DQG IRXJK\
DQG ZHUH HYHU VPLWLQJ RQH DQRWKHU ZLWK EURQ]H
$QG DPLG WKHP 6WULIH DQG 7XPXOW MRLQHG LQ WKH

$IWHUZDUGYV WKH GHVFULSWLRQ RI WKH KXPDQ DJULFXOWX
WKH UHDSLQJ DQG WKH JUDSH KDUYHVW DQG WKH VWRFN EUF
EXOOV DQG VKHHS IROORZV $W WKH HQG WKH GDQFH DQG W
37KHUHLQ KH VHW DOVR VRIW IDOORZ ODQG ULFK WLC
WKDW ZDV WKUHH WLPHV SORXJKHG 30RXJKHUV IXOC
ZHUH ZKHHOLQJ WKHLU \RNHV DQG GULYLQJ WKHP WKI
7KHUHLQ KH VHW DOVR D NLQJ V GHPHVQH ODQG
ZKHUHLQ ODERXUHUV ZHUH UHDSLQJ EHDULQJ VKDUS
7KHUHLQ KH VHW DOVR D YLQH\DUG KHDYLO\ ODGHQ Z
D YLQH\DUG IDLU DQG ZURXJKW RI JROG %ODFN ZHUH
DQG WKH YLQHV ZHUH VHW XS WKURXJKRXW RQ VLOYH
$QG WKHUHLQ KH ZURXJKW D KHUG RI VWUDLJKW KRPF
WKH NLQH ZHUH IDVKLRQHG RI JROG DQG WLQ
DQG ZLWK ORZLQJ KDVWHG WKH\ IRUWK IURP E\UH WR
7KHUHLQ DOVR WKH IDPHG JRG RI WKH WZR VWURQJ D
D JUHDW SDVWXUH RI ZKLWH IOHHFHG VKHHS DQG IRC
7KHUHLQ IXUWKHUPRUH WKH IDPHG JRG Rl WKH WZR V
FXQQLQJO\ ZURXJKW D GDQFLQJ IORRU > @
7KHUH ZHUH \RXWKV GDQFLQJ DQG PDLGHQV RI WKH S|
KROGLQJ WKHLU KDQGV XSRQ WKH ZULVWV RQH RI WKI

(YHQ LI VRPHRQH PDLQWDLQV WKDW VXFK D VKLHOG KDV Q

RQO\ D OLWHUDU\ LQYHQWLRQ LW ZRXOG EH DQ RPLVVLRQ QR



DQG HDQFAEWKk RIPRGHGLQA

KLGHY D ORJLFDO VWUXFWXUH ZKLFK HQDEOHV WKH
PRUHRYHU LQGLFDWHYV KRZ WKH PDQ DW WKDW SHULF
RI WKH QDWXUDO HOHPHQWY OHDGV WR D ODQG SOD
VKRZQ LQ WKH IROORZLQJ ILJXUH

7KHUHIRUH WKH ZKROH GHVFULSWLRQ RI WKH VKLH
PRGHO Rl WKH QDWXUDO ZRUOG WRJHWKHU ZLWK WKH
ZKHUH KH ORRNV RXW WR WKH VXQ WKH PRRQ WKH
VHQVLEOH ZRUOG +H SODFHV WKHUHIRUH WKH HDUW
EHQHDWK LW LV WKH VHD DQG OHIW DQG ULJKW RI LW
LV DOVR DEOH WR REVHUYH WKH VWDUV WKDW KHOS K
DQ RXWHU KRPRFHQWULF FLUFOH %HDU SRLQWV RXW
2ULRQ XQGHUQHDWK LW DQG 30HLDGHV DQG +\DGV R
FRQVWLWXWH WKH KHDYHQ YDXOW ORUHRYHU KH KD
WKH 2FHDQXV WKH HQG RI WKH ZRUOG WR ZKRP KH JL

7KLV LV WKH ILUVW XQLW\ ZKLFK KDV WR GR ZLWK
EHORQJ WKH KXPDQ FLWLHV RQ WKH RQH KDQG D SHI
XQGHU ZDU 7KH WKLUG XQLW\ UHJDUGV WKH KXPDC



FPGF QFTEWWL R IPHF H-, Q A

SORXJKLQJ DQG KDUYHVW $00 WKHVH XQLWLHV DUH
RXWHUPRVW ZUHDWK WKH 2FHDQXV 7KH IROORZLQJ I

2FHDOQ

JLIXUH +RPHULF 6KLHOG DV PRGHO RI QDWXUDO DQG K

:KDW LV WKLV VKLHOG DQG ZKDW GRHV LW V\PEROL
VLPSOH ZHDSRQ ,W LV D FRQGHQVHG H[SUHVVLRQ QR
WKH WHFKQRORJLFDO DQG VFLHQWLILF NQRZOHGJH RI
QDWXUH DQG PDQ VXFK DV FRVPRORJ\ DQG SKLORVR
PDWKHPDWLFV DQG GLDOHFWLF , W LV UHPDUNDEOH
DUH RSSRVLWH KHDYHQ VHD VXQ PRRQ UHSXEOLF
QDWXUDO ZRUOG KXPDQ ZRUOG 7TKH FKRLFH RI VXF
FRQFHSW RI FRQWUDGLFWLRQ 2Q WKH ZKROH WKH LC
D FRQVLGHUDEOH GLVFRYHU\ RI D FHOO DQ HOHPHQW
RU JHQHUDOO\ RI WKH VXEVWDQFH RI WKLQJV 7KLV |
SKLORVRSKLFDO WKRXJKW IURP +RPHU WR $ULVWRWO
DQG PRGHO G\QDPLFDO DQG FRPSOH[ V\VWHPV VXFK D
WKH OLIH LWVHOI



DP L [PFHIRWW R IPRGH LQD

7KH PDLQ IHDWXUHV RI WKH DERYH PRGHO DUH D
WKH SUHVHQW SULQFLSOHV DQG HOHPHQWV RI WK
GLIIHUHQWLDWLRQ DPRQJ WKH VXEVWDQWLDO HOHPH
/IDQG SODQQLQJ VHWWLQJ RI SULQFLSOHYV DQG HOHPH
WKHP G 'HWHUPLQDWLRQ RI FRQWUDGLFWLRQV DQG
EHWZHHQ WKHP

2WKHU QRWHZRUWK\ IHDWXUHV Rl +RPHULF VKLHOG
KLV KHURYV VKLHOG +RPHU DWWHPSWV WR GHWHUPL®
WDNH SODFH DQG HVSHFLDOO\ WKH YHU\ IDEWV RI W
DSSHDUV DV D FLUFXPVWDQFH D GHWDLO RI WKH VKL
ZKROH LV HQFORVHG LQ WKH SDUWLFXODU WKH V\VW
VWUXFWXUH RI $FKLOOHVY VKLHOG FRQVWLWXWH D
'LFKRWRP\ RI 30DWR 7KH ODWWHU IHDWXUH ZLOO |
LOQWURGXFWLRQ RI SODWRQLF PHWKRG

&RQFOXVLRQ

*UHHN P\WKV FRPH LQWR EHLQJ RQO\ ZKHQ KXPDQ W
DWWHPSW D SK\WVLFDO DQG VFLHQWLILF DFFRXQW RI
ZULWWHQ LQ RUGHU WR GHVFULEH WKLQJV QRW DV Wi
7KH\ LQWHUODFH WKH LPDJLQDWLRQ ZLWK WKH KLVWR
UHDO HYHQWYV 2Q WKH RQH KDQG WKH\ FRQVWLWXW|
WKH\ LQYHQW V\PEROV VXFK DV WKH JRGV RU WKH
XQNQRZQ SKHQRPHQD RU WR UHSUHVHQW WKH KXPDC
ZRUGV ZH FRXOG VD\ WKDW WKH\ uDFW{ ERWK DV D PF

7KH QHFHVVLW\ RI XQGHUVWDQGLQJ DQG LQWHUS
UHVHDUFKHUV WR VWXG\ WKH ZRUOG LQ WKH ZD\ WKE
VIVWHP 2U UHYHUVHO\ WKH ZD\ WKH DQFLHQWY KDQf
DQ DSSURDFKLQJ PHWKRG RI FUHDWLQJ D PRGHO WKI
VWUXFWXUH RI WKH V\VWHP D PHWKRG WKDW FRQVW
GHYHORSPHQW RI PRGHOOLQJ 7KH FRQWULEXWLRQ |
FRQFHUQV LQ SDUWLFXODU WKH EUDQFK RI FRQFHSWX
IRUPV RI FRQFHSWXDO PRGHOOLQJ WKDW DUH EDVHG F



D Q G HHQF EWE RIPRR H ,0UX IIKDMEWHY

(YHQ WKRXJK WKH GHYHORSPHQW RI FRQFHSWXDO
ILHOGVY RI 'DWDEDVHV $UWLILFLDO ,QWHOOLJHQFH
(QIJILQHHULQJ LW LQYROYHV D GHHSHU PXFK PRUH SK
WKDQ WKH UHVWULFWHG HODERUDWLRQ RI D FRPSXW
WKH FRQFHSWXDO PRGHOOLQJ LV UHJDUGHG LQ WHUP
DV D PRGHP PHWKRGRORJ\ GHYHORSHG IRU WKH FRQYV
IRXQG LQ WKH YHU\ ILUVW DWWHPSWV RI FRQFHLYLQJ
LQ P\WKV E\ WKH HDUO\ GHVFULSWLRQ RI WKH IRUP R
WKH VWUXFWXUH RI SODQHWDU\ VA\VWHP WKH SURFHV
DV ZHOO DV WKH FRQFHSWLRQ WKH IRUP DQG WKH FI
FUHDWLRQ RI D FRPSOHWH XQLILHG DQG UHDVRQDEC
VWHSYVY RI FRQFHSWXDOLVDWLRQ WKDW LQ WXUQ VHW
PRGHOOLQJ

JXUWKHUPRUH LQ WKH P\WKRORJLFDO SHULRG WK
LVVXH RI GHWHUPLQLQJ WKH SULPDU\ HOHPHQWYV R Z
2FHDQXV WKH +HVLRGLF &KDRV DQG WKH 2USKLF 1L.
SULPDU\ HOHPHQWYVY DQG WKH ILUVW PRGHOV RI WKH
HJJ JLYH D QRWLRQ RI SK\VLFDO PRGHOOLQJ ZKLFK
E\ WKH SUHVRFUDWLF SKLORVRSKHUV D FHQWXU\ ODW!|
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, QWURGXFWLRQ

7KH LGHDV FRQVLGHUHG VR IDU ZKDWHYHU WKHLU
KDYH EHHQ ERXQG XS ZLWK WKH ZKROH EDFNJURXQG
GHYHORSPHQW RI WKH ZRUOG DUH VHHQ SULPDULO\
WK FHQWXU\ % & WKH *UHHN SKLORVRSK\ PDNHV L
PRGHV RI WKRXJKW WDNH SODFH ILUVW LQ ,RQLD L¢
$QD[LPHQHVY DQG +HUDFOLWXV DQG WKHQ LQ WKH *U
3\WKDJRUDV DQG (PSHGRFOHV 7KH R ESMKNY¥MWY RW XWHK G\
LWV ZLGHVW VHQVH 2D QG KNKDANGRN K HE LE/HAF\R P H KWK HD U H
WKDW WKH ZRUOG LV DQ RUGHUHG V\VWHP WKDW \LHO
LQLWLDWH D VHULRXV FULWLFDO LQTXLU\ LQWR WKH
LQJUHGLHQWY FRPSRVLWLRQ VWUXFWXUH DQG RSH
ORFDWLRQ DQG VSHFXODWH DERXW LWV RULJLQ 7KH
HOHPHQW RU PDQ\ DQG ZKDW WKH HVVHQFH RI WKHYV
SK\WLFDO ZRUOGYLHZ VXFK DV 7KDOHV $QD[LPHQHV I
$QD[DJRUDV /HXFLSSXV DQG 'HPRFULWXV D PHFKDQLV

3DUDOOHO WR WKHVH HQGHDYRXUV WR DFFRXQW |
HOHPHQWY DEVWUDFWHG IURP H[SHULHQFH IRU H[DPS
ILUH +HUDFOLWXV WKH\ DOVR DWWHPSW WR H[SOL
FRQFHSWXDOLVDWLRQV DQG WKHRULHV DULVH HLWKF
FRPPRQ H[SHULHQFHV VXFK DV pVHSDUDWLQJ RII
(PSHGRFOHV ulRXV RU OLQGY $QD[DJRUDV DQG PH
LQ WHUPV RI PHFKDQLFDO H[SODQDWLRQV VXFK DV Wi/
3DUPHQLGHV DV ZH ZLOO H[SORUH LQ FKDSWHU

,Q WKLV FKDSWHU ZH ZLOO QRW UHVWULFW RXUVHC
WKH ,RQLDQ SKLORVRSKHUV KDYH IRUPXODWHG :H ZL
WKDW RI $ULVWRWOH $ULVWRWOH UHMHEWY WKH HP:
30DWRQLVWY RQ IRUP +H FRPSRXQGV ODWWHU DQG
LPSRUWDQW IRU WKH XQGHUVWDQGLQJ RI WKH EDVLF F
WKH ZRUOG LV UHDO WDQJLEOH DQG SHUFHSWLEOH



\R PRO WP MI

SULPLWLYH WKDQ WKH IRXU EDVLF HOHPHQWY ZDWHL
TXDOLWLHVY FROG KRW PRLVW GU\ ZKLFK FRQWULE
EXW DOVR WR WKH FUHDWLRQ RI WKH EDVLF HOHPHQYV
IRUPXODWLRQ RI WKH WKHRU\ Rl WKH VHQVLEOH TXDO
RI FDXVDWLRQ /DWHU RQ LQ WKH +HOOHQLVWLF S
H[SODQDWLRQ RI LWV VWUXFWXUH DQG SURFHVVHV O
WKH GHYHORSPHQW RI WKH VFLHQFH RI 3K\WLFV $UF
SK\WLFV DQG WKH WKHRUHWLFDO IUDPHZRUN WKDW D
E\ PHDQV RI KLV ODZV RQ OHYHU DQG K\GURVWDWLFV

7KH KLVWRULFDO HYROXWLRQ RI KXPDQ WKRXJKW
XQGHUVWDQG WKH ZRUOG LWV SDVVDJH IURP P\WKLFI
DQ\ XQDQVZHUHG TXHVWLRQV WR WKH SK\VLFDO HOHF
WR WKH FRQFHSWXDOLVDWLRQ RI HWHUQDO IRUFHV
PRWLRQ DQG RSHUDWLRQ DQG WR WKH GHYHORSPHQW
RXU SHUVSHFWLYH ZLWK WKH SDVV WR SK\VLFDO DQ
FKDSWHU FRYHUV WKH QDWXUH RI ERWK SK\VLEDO D
VSHFLI\LQJ WKH FRUUHVSRQGLQJ PRGHOOLQJ DSSURDF

3K\ WVLFDO ORGHOV RI WKH :RUOG 7TKH )XQGDPHQWD

5HJDUGLQJ WKH PDWWHU RI WKH LQGHSHQGHQFH
SUHVRFUDWLF SKLORVRSKHUV LQ FRPSDULVRQ WR WKtF
DV WR WKH P\WKRSRHWLF ZULWLQJV Rl +RPHU DQG +
RSLQLRQV )RU H[DPSOH &RPIRUG LV FRQYLQFH
RI WKH H[WHQVLYH LQIOXHQFH Rl WKH HDUOLHU P\WK
OLOHVLDQ SKLORVRSKHUV 7KDOHV $QD[LPDQGHU $0Q
SUHVRFUDWLFV LQ JHQHUDO ZKHUHDV GH 6DQWLOOD
s W ZRXOG EH YHU\ ZURQJ WR LPDJLQH RQO\ PHGL
P\WKRJUDSKHUV OLNH +HVLRG > @ :KDW ZH GLVFHU
DQG SURSKHWY EXW OHJLVODWRUV HQJLQHHUV DQG
HDFK 20\PSLDQ JRG KDV KLV RZQ SURSHU GRPDLQ DV
LV UHJDUGHGHBEA D:Q O BDXUEHDULQJ D UHVHPEODQFH WR



\R,P DO KQ\

WKH 3UHVRFUDWLF SKLORVRSKHUV WKDW WKHUH DUH
RWKHU XQGHU FHUWDLQ SULQFLSOHYV

7KH PDLQ REMHFWLYH RI SUHVRFUDWLF SKLORVRSK
WKH IXQGDPHQWDO HOHPHQW RU HOHPHQWV RI WKH
SURGXFHG E\ WKH OLOHVLDQV 7KDOHV $QD[LPDQGHU
WKH XQLYHUVH FDQ EH UHFRJQLVHG DV D QHZ EHJLQC
YDULRXV DQVZHUV WR WKH FHQWUDO SUREOHP RI WK
WKH SHUVRQLILFDWLRQ RU GHLILFDWLRQ ZH VDZ LQ
VRPHWKLQJ SHUPDQHQW SHUVLVWLQJ WKURXJK WKH
WKDW LW FRXOG EH IRXQG E\ DVNLQJ WKH TXHVWLRQ

7KH DQVZHUV WR VXFK D TXHVWLRQ DUH IRXQG Z
SURSHUWLHY DQG FKDUDFWHULVWLFV RI WKH IXQGDP
WKH REVHUYDWLRQ DQG VRPHWLPHV ZLWK WKH H[S
SURYLGH H[SODQDWLRQV DERXW WKH SURFHVVHV RI
GRHV WKH ZRUOG ZRUN"" &RQVHTXHQWO\ WKH SUHVRI
RI XQGHUVWDQGLQJ LQYHVWLIJDWLRQ DQG H[SODLQL
E\ PHDQV Rl WKH QDWXUDO HOHPHQWV KDV DQ LQIO.
PRGHOOLQJ SURFHVVHV 2Q WKH RWKHU KDQG WKH FI
WKH QRWLRQ RI IRUFH IRU H[SODLQLQJ PRYHPHQW DQC
GHYHORSPHQW RI FRQFHSWXDO PRGHOOLQJ

7KH :DWHU E\ 7TKDOHV RI OLOHWXYV

7TKDOHV RIPDOHWXY% & WKH ILUVW *UHHN SKLORVI
RI' VFLHQWLILF WKRXJKW LV WKH RQH ZKR IRUPXODMW
FRPPRQ SK\VLFDO RULJLQ +H LV LQWHUHVWHG LQ DO
DUHDV RI NQRZOHGJH SKLORVRSK\ KLVWRU\ VFLHQFF
DQG SROLWLFV ,Q WKH TXHVWLRQ 3ZKDW LV WKH ZRU
PDGH RI ZDWHU PWHBEREQNKEBHXQGDPHQWDO VXEVWDQF
LV PDGH DQG FRQVLVWYV $W ILUVW VLIKW VXFK D WKl
FDUULHVY RYHUWRQHYVY RI WKH P\WKLFDO FRQFHSWLRQ
WKLQJVY DQG VXUURXQGV WKH ZKROH XQLYHUVH VXF
6KLHOG

2Q WKH RWKHU KDQG PD\ EH 7KDOHV GLVWLQJXL
HOHPHQWY DIWHU VLPSOH REVHUYDWLRQ WKDW JLYH



WR PRGH ,L UXI

REYLRXV FKDQJHV RI ZDWHU LQWR LWV WKUHH VWDWHV VROL
JDVHRXV VWHDP WKH HDVLQHVV WR FRQQHFW FORXGV IRJV
VHD DQG ULYHU DV ZHOO DV WKH IDFW WKDW WKH VHHG Rl HY}
IDFW WKDW OLIH DQG ZDWHU DUH LQWHUOLQNHG FRQVWLWXW!
7KDOHV WR WKH FRQFOXVLRQ WKDW LI WKHUH LV DQ RULJL
VXEVWDQFH ZDWHU LV WKH EHVW JXHVYV
2XU NQRZOHGJH RI 7KDOHVY EHOLHIV GHSHQGYV YLUYV
$ULVWRIWDIS K$VLFVE 8> @ WKHUH PXVW EH VRPH
HLWKHU RQH RU PRUH WKDQ RQH IURP ZKLFK WKH RW
SUHVHUYHG 2YHU WKH QXPEHU KRZHYHU DQG WKH I
QRW DOO DJUHH EXW 7KDOHV WKH IRXQGHU RI WKLV
DQG WKHUHIRUH GHFODUHG WKDW WKH HDUWK LV R
IURP VHHLQJ WKH QDWXUH RI DOO WKLQJV WR EH PRLYV
WKLV DQG OLYLQJ E\ WKLV WKDW IURP ZKLFK WKH\ F
WKLQJV WDNLQJ WKH VXSSRVLWLRQ ERWK IURP WKL
D PRLVW QDWXUH ZDWHU EHLQJ WKH GIWXODO SULQF

7KDOHV IRUPXODWHVY D FRVPRORJLFDO PRGHO ZKHUH WKH X
HDUWK DV D IODW GLVN RU D ZRRGHQ ERDUG IORDWV RQ ZDWH
H[SODQDWLRQ IRU HDUWKTXDNHVY LQ FRQWUDVW ZLWK +HVLRG
FDXVHG E\ WKH JRG RI 3RVHLGRQ $ULVWRWOH UHSRUWYV 7KDO
IROORZYV

SULVWRWOHOR D S2WKHUV VD\ WKDW WKH HDUW

WKLV LV WKH PRVW DQFLHQW DFFRXQW ZH KDYH UHFHI

WKH OLOHVLDQ WKDW LW VWD\V LQ SODFH WKURXJK [

IRU QRQH RI WKHVH UHVWYV E\ QODWXUH RQ DLU EXW F

GLG QRW DSSO\ WR WKH ZDWHU VXSSRUWHWJDWKH HD!

7KDOHV DOVR LQWURGXFHV D G\QDPLFDO FRQFHSWLRQ R
$FFRUGLQJ WR KLP DOO WKH SK\WLFDO FUHDWXUHV FRPH
WUDQVIRUPDWLRQ RI ZDWHU ZKLFK LV SHUFHLYHG QRW DV GHI
WKDW EHDUV HQHUJ\ 7KLY HQHUJ\ ZKLFK LV LQKHUHQW LQ W

HVRXOT 7KH pVRXOT LV D SHUSHWXDOO\ PRYLQJ DQG VHOI PF



7TKDOHVY RSLQLRQ WKDW WKH PDJQHW KDV D VRXO LQ
XQLYHUVH LV IXO0 RIpVRXOVY RI HQHUJ\ VRXUFHV WKD
SULVWIRWOQHPD 2Q WKHD6RXO 37KDOHV WRR WR MXGJ
LV UHFRUGHG DERXW KLP VHHPV WR KDYH KHOG VRXO
WKH PDIJQHW KDV D VRXO LQ LW EHFDXVH LW PRYHV WK

, I WKLV WUDGLWLRQ LV ULJKW ZKLFK PHDQV WKDW
ORGHVWRQH KH PLIJKW EH FRQVLGHUHG DV WKH IRXQGI
7TKDOHVY pZzDWHUY DV WKH IXQGDPHQWDO HOHPHQW
HOHPHQW RI ZRUOGYV VWUXFWXUH EXW DOVR WKH HOF

7KH ,QILQLW\ E\ $QD[LPDQGHU
2WKHU OLOHVLDQV RI WKH VL[WK FHQWXU\ VHHP WR
TXHVWLRQ Rl WKH XQGHUO\LQJ UHDOLW\ RI WKH XQLYH
RI 7KDOHV LV DVFULEHG ZLWK KROGLQJ WKH WKHRU\ W
DQG HOHPHQW RI H[LHOMLQR@WKQQWY DWQ®/ KH LV WKH IL
WKLV QDPH IRU WKH ILUVW SULQFLSOH +H FRQVLGHUYV
SRVVLEOH ZRUOGV WKDW KDYH EHHQ VHSDUDWHG IURP
+LSSRO3WIXV ' $00 3$QD[LPDQGHU VRQ RI
OLOHWXV > @ KH VDLG WKDW WKH SULQFLSOH DQG H
EHLQJ WKH ILUVW WR XVH WKLV QDPH RI WKH PDWHUL
WKDW PRWLRQ ZDV HWHUQDO LQ ZKLFK LW UHVXOWV \
VDLG WKDW WKH PDWHULDO SULQFLSOH RI H[LVWLQJ \
KHDGLQJ Rl WKH DSHLURQ IURP ZKLFK FRPH LQWR EH
WKHP °~ .LUNHUDO

$QD[LPDQGHU LQ RUGHU WR DFFRXQW IRU WKH HQG
WKH ZRUOG DQG DOVR IRU WKH ILUVW SULQFLSOH R
HQGOHVV HQWLW\ XVXDOO\ WUDQVODWHG DV LQILQLW
DSHLURQ IURP ZKLFK HPHUJHVY D VHHG WKDW JLYHV UL\

'H $QLPD 7UDQVODWHK®/WS- BFBRWLWKY X'HQQ HGX LRG WH[WV DU
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6LPSOULRBKWLFYV 3,W LV FOHDU WKDW KH >$QDJLF
FKDQJLQJ RI WKH IRXU HOHPHQWY LQWR HDFK RWKHU
WKH VXEVWUDWXP EXW VRPHWHKEQJ HOVH EHVLGH WK

$QD[LPDQGHUYY DSHLURQ LV WKH PDWWHU IURP ZKLFK WKH
UHWXUQ DQDORJRXV WR WKH ZDWHU IURP ZKLFK DOO WKLQJ
SUHVHQW LQ WKH ZRUOG $QD[LPDQGHU WDNHV WKH OHDS WF
HOHPHQW UDWKHU WKDQ DQ LWHP RI H[SHULHQFH VRPHWKLQJ
GLIILFXOW WR EH GHILQHG +H UHJDUGYVY WKDW VXFK D SULQFL.
WKH VRXUFH RI DOO WKLQJYV FDQQRW EH GHULYHG GLUHFWO\
IURP D FRQFHSW RI ZKDW VXFK D SULQFLSOH KDV WR EH OLNH
VD\ WKDW $QD[LPDQGHU LQWURGXFHY D PDWHULDO LQWHUSUHYV
+RZHYHU IRU WKH H[SODQDWLRQ RI QDWXUDO SKHQRPHQI
VXFK DV WKH ZLQG WKH HYDSRUDWLRQ IURP WKH VHD RU WKE
IRUP WKH FORXGYV $QD[LPDQGHU UHVRUWYV WR WKH H[SHULH
SK\VLFDO HOHPHQWYV
D +LSSROIIWXV 3:LQGV RFFXU ZKHQ WKH ILQHVW Y
VHSDUDWHG RII DQG ZKHQ WKH\ DUH VHW LQ PRWLRQ
H[KDODWLRQ WKDW LVVXHV XSZDUGV IURP WKH WKL
ZKHQHYHU ZLQG EUHDNV RXW DQG FOHDYHV WKH FORYX
E $HWLXV ,,, 320 WKXQGHU OLJKWQLQJ W
W\SKRRQV  $QD[LPDQGHU VD\V WKDW DOO WKHVH W
ZKHQHYHU LW LV VKXW XS LQ D WKLEN FORXG DQG )

ILQHQHVV DQG OLJKWQHVV WKHQ WKH EXUVWLQJ PDI
EODFNQHVV Rl WKH FORXG PDNHV WKH IODVK ~

G $UL\OWMR\M® B E 3)RU ILUVW RI DOO WKH ZKROH
PRLVW EXW EHLQJ GULHG E\ WKH VXQ WKH SDUW WKD
WKH VXQ DQG PRRQ WKH\ VD\ ZKLOH WKDW ZKLFK LV
VHD LV DEWXDOO\ EHFRPLQJ OHVV WKURXJK EHLQJ GU
E\ DOO EHLQJ GIW PO @  .LUN

7KH VWHS RI FUXFLDO LPSRUWDQFH LQ $QD[LPDQGHUSYNV FRYV
WKH FRQFHSW RI RSSRVHG VXEVWDQFHYV 7KH LQWHUDFWLRAQ

+HUDFOLWXVY SKLORVRSK\ DQG UHFXUV DOVR LQ (PSHGRFOHYV



W PRO RUL\

$QD[LPDQGHU HQGV XS LQ WKH WKHRU\ Rl RSSRVLW

FKDQJHV LQ ZKLFK KHDW DQG GURXJKW LQ VXPPHU L

7KHUHIRUH WKH PDLQ RSSRVLWHV LQ KLV FRVPRJRQ\

IODPH RU ILUH DQG PLVW RU DLU +RW DQG FROG D¢

IRUP DQ DGGLWLRQDO SDLU RI FRVPRORJLFDO RSSR

ODUJH VFDOH FKDQJHV LQ WKH QDWXUDO ZRUOG
BLPSOLBIRVLFEY 3> @ DQG KH SURGXFHV FRPLQJ V
DOWHUDWLRQ RI WKH HOHPHQW EXW E\ WKH VHSDUD\
PRWLRQ HWMOUN

,Q WKH SUHYLRXVO\ TXRWHG SDVVDJH $QD[LPDQGI
PRWLRQ ZKLFK LV UHVSRQVLEOH IRU WKH FUHDWLRQ |
JLYHQ UHJDUGLQJ WKH QDWXUH RU WKH RULJLQ RI WK
UHTXLUHG FDXVH IRU WKH FHDVHOHVV WUDQVIRUPDWI
WKDW HYHQ DW WKDW HDUO\ SHULRG RI VFLHQFH WK
GHSHQGHQF\ RI SKHQRPHQD DQG WR WKH HVVHQWLDO
HYROXWLRQ DQG EHKDYLRXU

,Q UHODWLRQ WR WKH +HVLRGLF FRQFHSW RI FKDR
SK\VLFDO DV ZHOO DV D PDWKHPDWLFDO PHDQLQJ ,W
LH WKH LQILQLWH VWUXFWXUH Rl WKH ZRUOG V\VWF
XQLQWHUUXSWHG WLPH L H WKH FRQWLQXDOO\ SURJ

7KH $LU E\ $QD[LPHQHYV
7KH ODVW RI WKH OLOHAOLDQV $0Q& [L PEQWNU WK H
IXQGDPHQWDO HOHPHQW LQ WKH ZRUOG +LV WKHRU\ L
D 'LRJHQHV /DHUWLXV ,, S$QD[LPHQHV VRQ RI (XU
Rl $QD[LPDQGHU VRPH VD\ KH zZDV DOVR D SXSLO RI
PDWHULDO SULQFLSOH ZDV DLU DQG WKH LQILQLWH
E 7KHRSHKSDWWKXSOLFLXP LQ B QB[LPHQHV VRQ RI (XU\
RI OLOHWXV D FRPSDQLRQ RI $QD[LPDQGHU DOVR VI
QDWXUH LV RQH DQG LQILQLWH EXW QRW XQGHILQHG
LGHQWLILHV LW DV DLU DQG LW GLIIHUV LQ LWV VXE!
PDGH ILQHU LW EHFRPHV ZLQG WKHQ FORXG WKHQ Z
HDUWK WKHQ VWRQHV DQG WKH UHVW FRPH LQWR EH



NIDAME XALLFULDQG $H-WN$LFDODIILZDF$ WR PDGH LQA A$I LDIWHU

F +LSSRROGIVWXV 3$QD[LPHQHYV > @ VDLG WKDW LQILQ
IURP ZKLFK WKH WKLQJVY WKDW DUH EHFRPLQJ DQG W
WKLQJV GLYLQH DOO FRPH LOQWR EHLGMWOQG WKH UH

,Q WKH ILUVW |UDJPHQW LW LV VWDWHG WKDW WK
ZKLOH LQ WKH RQHV E\ TKHRSKUDVWXV DQG +LSSRO\W
ZKLFK LV WKH DLU LV WKH RQO\ RQH DQG LW LV LQ
+LSSRO\WXV GHVFULEH DLU DV LQILQLWH EHFDXVH D\
DQG DOWHUV LWV DSSHDUDQFH DFFRUGLQJ WR KRZ P>
JHWV KDUGHU DQG KHDYLHU DFFRUGLQJO\ DV PRUH
SDUHIDFWLRQ DQG FRQGHQVDWLRQ DUH KLV NH\ ZRUG
EHFRPHV ILUVW :DWHU DQG WKHQ (DUWK +H DOVR FF
E\ KHDW DQG FRQGHQVDWLRQ E\ FROG

SOXWGHBKLP TULD . % 8> @ RU DV $QD[LPHQF

ROG OHW XV OHDYH QHLWKHU WKH FROG QRU WKH KR

GLVSRVLWLRQV RI PDWWHU WKDW VXSHUYHQH RQ FKI

FRPSUHVVHG DQG FRQGHQVHG LV FROG ZKLOH WKDW

YHU\ ZRUG LV KRW 7KHUHIRUH KH VDLG WKH GLFWX

UHOHDVHV ERWK ZDUPWK DQG FROG IURP KLV PRXWK

FRPSUHVVHG DQG FRQGHQVHG ZLWK WKH OLSV EXW zZ

HVFDSHVY DQG EHFRPHV ZDUP MWK WDROXJK LWV UDULW\

$QD[LPHQHVY VI\VWHP LV FKDUDFWHUL]HG E\ SURJUF
HIWHQVLRQ Rl WKH FRQFHSWV WKDW DSSHDU LQ SUHY
ILW WR WKH F\FOLFDO WUDQVIRUPDWLRQ RI QDWXUH
$FFRUGLQJ WR 6FKODJHO WKLV W\SH RI H[SC
FRUUHODWLRQV DPRQJ WKH YDULDEOHV PRWLRQ GHQ
RI TXDQWLI\LQJ WKHVH FRUUHODWLRQV )RU H[DPSOH
LQ GHQVLW\ DQG DQ LQFUHDVH LQ WHPSHUDWXUH ZKL
LQ GHQVLW\ DQG D GHFUHDVH LQ WHPSHUDWXUH

$QD[LPHQHVY LQWHUHVW LQ WKH TXDQWLWDWLYH Y
TXDOLWDWLYH FKDQJHV FRXOG EH UHGXFHG WR TXD
TXDOLWDWLYH UHDVRQLQJ VHH DOVR VHFWLRQ Z K
TXDQWLW\ LV ZKHWKHU LW LV LQFUHDVLQJ GHFUHDVLC(



DLU UDUHIDFWLRQ FDXVHV WKH SURGXFWLRQ RI ILL
FDXVHV WKH JHQHUDWLRQ RI ZDWHU DQG HDUWK +H
HIDPSOHV DV WKH RQH RI EUHDWK WKDW LOOXVWUDW
GLIITHUHQFHYVY LQ WHPSHUDWXUH

,Q EULHI RQH FRXOG VD\ WKDW WKH pLQILQLWH I
LQWHUSUHWDWLRQ WR WKH LQILQLW\ E\ $QD[LPDQGH
SK\WVLFDO HOHPHQW RI DLU ZLWK WKH PDWKHPDWLF
$QD[LPHQHVY IXUWKHU DQDO\VLVY RI WKH HYROXWLRQ
QDWXUDO HOHPHQWYV E\ PHDQV RI UDUHIDFWLRQ DQC
LOWHUSUHWDWLRQ WR WKH VWHSV RI WKLV HYROXWLR

7KH )LUH E\ +HUDFOLWXYV
7KH QH[W SKLORVRSKHU LQ VXFFHVVLRQ ZKR WULH
FUHDWLRQ DQG IXQFWLRQ LV +HUDFOLWXV 7O0HSkK &
2YDHFR@ 1DWXUH LQ WKUHH ERRNV GRHV QRW VXUYL
KDYH LQVWHDG LV D FROOHFWLRQ RI PRUH WKDQ L C
FLWDWLRQV E\ DXWKRUV IURP WKH SHULRG R $
SUHVHQWDWLRQ DQG WUDQVPLVVLRQ WKH\ FRPSULVH
GHWHUPLQDWH VHW RI LGHDV
'RZQ WR KLV WLPH WKH SKLORVRSKHUV KDG YLHZHC
Rl ZKLFK WKH PDWHULDO WKLQJV ZHUH WKH EXLI
SKLORVRSK\ RU SK\VLFV DV WKH LQYHVWLJDWLRQ RI Q
HOHPHQW RU PDWHULDO RXW RI ZKLFK WKLV HGLILFH
LQWURGXFHVY DQ DEVROXWHO\ LQQRYDWLYH YLHZ D C
FRQVLGHUV WKH ZRUOG QRW DV DQ HGLILFH QRW DV L
DV D WRWDOLW\ RI DOO HYHQWV FKDQJHV DQG IDF
SULQFLSOHV RI WKLQJV +LV GRFWULQH KDV EHHQ V
IORZV ~ +H GRHV QRW EHOLHYH LQ DQ HYROXWLRQ RI
W 3LV ZDV DQG HYHU ZLOO EH  ZKDW LW LV QRZ +F
FRQWLQXRXVO\ FKDQJHV ZKLOH HYHU UHPDLQLQJ WKH
HPERG\ WKH DEVWUDFW FRQFHSW RI FRQWLQXRXV FK
DQVZHULQJ WKHVH TXHVWLRQV RQO\)RDHA KIHRCHIHR W X9
LQWURGXFHV )LUH DV WKH SULPH HOHPHQW EHFDXVH
JLUH LV IRU KLP QRW WKH HOHPHQW RXW RI ZKLFK WK



\R PRO yQ\

ZDV IRU 7KDOHV EXW WKH LPDJH WKH V\PERO IRU W
UHYHDOLQJ E\
) U 30X WU € K ' 3300 WKLQJV DUH DQ HTXDO H[FKDQJH
IRU DOO WKLQJV DV JRRGV DUH IRU JROG DQG JROG IRU JRRG"
)u &EOHPHQW 6WURP:7KLY ZRUOG RUGHU >WKH VDPH RI D
JRGV RU PHQ PDNH EXW LW DOZD\V ZDV DQG LV DQG VKDOO EF

PHDVXUHV DQG JRLQJ RXW LW HDDO¥ XUHV ~ . LUN

+HUDFOLWXV FRPSDUHV WKH FKDQJLQJ ZRUOG WR D
FRPEXVWLRQ 7KH ZRUOG LV DQ HYHU OLYLQJ ILUH Zt
WKH PPHDVXUHVY RI ILUH H[WLQJXLVKHG LQ VPRNH RU
IRU ILUH WR FRQVXPH LWV QRXULVKPHQW ZLWKRXW D
FRQVXPHG DOUHDG\ ,W LV D SURFHVV Rl HWHUQDO ul
JRRGV IRU JROG 7KLV XQFHDVLQJ SURFHVV RI IOX[ HJ
WR HQHUJ\

$FFRUGLQJ WR +HUDFOLWXV WKH SURFHVV RI FRPE
ILUH DQG YDSRXU RU VPRNH FRUUHVSRQGV WR WKH |
WKHQ LQWR HDUWK DQG WKH FKDQJH EDFN RI HDUW!
ZRUOG WKHUHIRUH DULVHV IURP ILUH DQG LQ DOWHL
IRUP LWVHOI DQHZ RXW RI WKLY HOHPHQW 7KH GLYLV
RSSRVLQJ SKHQRPHQD L H WKH SDWK WR HDUWK
FRQVHTXHQFH RI D ZDU RU VWULIH ZKHUHDV WKH SDW
ILUH LV WKH u8SZDUG 3DWKY DQG LW LV WKH FRQVHT
FRQVWDQWO\ GLYLGLQJ DQG XQLWLQJ KHUVHOI VR W
GHVWUR\ WKH XQLW\ Rl WKH ZKROH

8SZDUG 3DWK )LUH
+DUPRQ\

'RZQZDUG 3DWK

6WULIH
(DUWK

JLIXUH 7KH HWHUQDO WUDQVIRUPDWLRQ RI WKH QDWXUDUC
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BWULIH DQG KDUPRQ\ DSSHDU DV RSSRVLWH IRUFH\
WKLQJV WR WKH 'RZQZDUG 3DWK DQG WKH ODWWHU W
LQ DQ\ SDUWLFXODU VWDWH LV WKH UHVXOW RI D ED
IRUFH LV JDLQLQJ RQ WKH RWKHU JUDGXDOO\ DQG
LQWURGXFHYV 2A6KSHR WLRN FHD DHOQAV@ RQWARF WIHL KHH OLYHV LG
LV VR QRYHO WKDW LW LV QRW HDV\ IRU KLP WR H[SU
VHULHV RI VIPEROV DQG FRPSDULVRQV XQDYRLGDEOH

D )U +LSSSRO\WXV 26HD LV WKH PRVW SXUH DQG

ZDWHU I|IRU ILVKHV LW LV GULQNDEOH DQG VDOXWD
GHOHWHULRXV -

E )U +LSERO\WXV 37KH SDWK XS DQG GRZQ LV RQ
F U ,00 $QWRKDIDH XV $'LVHDVH PDNHV KHDOWK S
KXQJHU VDWLHW\ ZHDULQHVV UHVW ~ DQG

G )U 3V &REWDDEGKSSROQ 3$QG DV WKH VDPH WK

H[LVWV LQ XV OLYLQJ DQG GHDG DQG WKH ZDNLQJ DQ
WKHVH WKLQJV KDYLQJ FKDQJHG URXQG DUH WKRVH
WKHVH HW LM

7KXV +HUDFOLWXV DWWHPSWV WR DQVZHU QRW R(
PDGH RI EXW DOVR WKH YLWDO TXHVWLRQ RI ZKDW Wt
RU KRZ DQG ZK\ WKLV SURFHVV WDNHV SODFH 7KH FF
IXQFWLRQDO HOHPHQW WKDW H[SODLQV WKH PKRZY DG
IXQFWLRQ

$00 WKLQJV FRQVLVW RI RSSRVLWHV XQGHU DQ LQ
SKHQRPHQDOO\ FRPSRVHG DQG KDUPRQLF DQG QR PR\
G\QDPLFDO ,W LV D KDUPRQ\ RI PDQ\ OLYHO\ DQG RSS
WKH ERG\ ZKLFK FRXQWHUDFW EHWZHHQ HDFK RWKH!
+DUPRQ\ QRW LQ WKH PHDQLQJ WKDW LW KDV LQ PXVL
FRQVWUXFWLRQ RI D FRPSOLFDWHG ZKROH LV WKH S
7KLV LGHD RI XQLW\ RI RSSRVLWHV H[SUHVVHV QRWL
G\QDPLFDO KDUPRQ\ LV FORVHO\ UHODWHG WR WKH FF
FORVHG ORRS FRQWURO V\VWHP ZLWK FRQVWDQW LQS>

2Q WKH RWKHU VLGH ZDU RU VWULIH LV WKH DERYH
IRUFH WKDW SURYLGHV WKH HVVHQWLDO FRQIOLFW EH



WR PRGH OWQ\

KDUPRQ\ RI WKH FKDQJLQJ SURFHVV WR EH DFKLHYHG
XQLW\ KDYH DV SUHVXSSRVLWLRQ WKH pRI SROHV DS
YLHZSRLQW LV DQ DGGLWLRQDOO\ HYLGHQFH WR WK
HISODQDWLRQ RI QDWXUH LQ WHUPV RI RSSRVLWHV L
PRGHP TXDOLWDWLYH UHDVRQLQJ WHFKQLTXH &RUUH
LQ +HUDFOLWHDQ DSSURDFK WR WKH SK\WLFDO V\VWH
RFFXUUHG KHUHLQ

'LWXKSSRVLWH 7THQWHRD BREWXVQN HVWDEOLVKHG DV
PHWKRG ZKLFK LV WDNHQ XS ODWHU RQ LQ WKH ZRUN
DULVHV IURP RQH DQG RQH IURP HYHU\WKLQJY DV ZH
VHHGV RI WKH 'LFKRWRP\ OHWKRG RI 3SODWR ZKLFK L)
VWDWHPHQWY WKH EDVLF ODZ RI 'LFKRWRP\ OHWKRG
DEVROXWHO\ XQHTXLYRFDO

7KH )RXU (OHPHQWYV RI (PSHGRFOHYV

7TKH LOQWHUSUHWDWLRQ RI WKH ZRUOG LQ WKH VHQV
HOHPHQWYV SURFHHGYV LQ WKH SHUVRQ RI (PSHGRFOH
GLVWLQJXLVKHG QRW RQO\ DV D SKLORVRSKHU EXW I
DQG PHGLFLQH DQG DV D SRHW DQG VWDWHVPDQ +H
FRQFHSWLRQ RI WKH ZRUOG 7KH ILUVW VWHS WRZDUG
RI KLV SUHGHFHVVRUV ,Q WKH ODUJH H[HWD@QXUDD.
3HGHUVHQ KH VHWYV IRXU TXDOLWDWLYHO\ GLIIH
WKH ZRUOG WKH VR FDOOHG IRXU URRWYV RI ZKLFK DC
FRQFHLYHG WR EH FRPSRVHG

$LU

(DUWK
JLIXUH7KH IRXU URRWY RI (PSHGRFOHV



W P RFWH OWQ\

$FFRUGLQJ WR 'LMNVWHUKXLV WKH\ EHDU
UHYHDO WKH FKDUDFWHULVWLF GLIITHUHQFHV EHWZHFE
WKH JDVHRXV $LU DQG WKH JORZLQJ FRQVXPLQJ )LU
KROG WKH WKUHH SK\WLFDO VWDWHVY RI VROLG OLTX
HQHUJ\ 7KH\ DOVR KROG WKH EDVLF RSSRVLWHV :D
RSSRVLWH WKDW FRQVWLWXWH WKH WHWUDG

SULVWRWDSKSVLFVD " $ SORUHRYHU KH ZD\

WR PDNH WKH PDWHULDBGWHMHPHQWYVY IRXU °~ .LUN

,Q KIWWUDVRREWULQH RI WKH JREHGQRHOHQW\HVFULI
HOHPHQWY QRW RQO\ DV SK\VLFDO PDQLIHVWDWLRQV
HVVHQFHY +H DVVRFLDWHV WKHVH HOHPHQWYV ZLWK
HDUWK ZLWK +HUD ILUH ZLWK +DGHV DQG ZDWHU ZL
1HVWLV LV WKH VRXUFH RI PRLVWXUH DQG ZDWHU
GLVDJUHHPHQW 7KHRSKUDVWXV IRU H[DPSOH VHHP)\
DV ILUH +HUD DV DLU DQG $LGRQHXV L H +DGHV D\

)U $SHWLXV , 3+HDU ILUVW WKH IRXU URRW
OLIH EULQJLQJ +HUD $LGRQHXV DQG 1HVWLV ZKR ZL\
.LUMNW DO

7KLYV FKDUDFWHUL]DWLRQ RI IRXU HOHPHQWY DV JR
KDQG VR DV WR LQGLFDWH ZKDW LV VRXQG LQ WUDGL
RWKHU WR FODLP IRU WKHP SRZHUV DQG SURSHUWLI
ZRUWK\ RI DZH 2Q WKH FRQWUDU\ ZH FRXOG VD\ W
HISODQDWLRQ RI WKH JRGVY DVFULELQJ WR WKHP SK\
ZLWK WKH SULPDU\ PDWHULDO HOHPHQWYV

+RZHYHU WKHVH IRXU GLVWLQFW LQJUHGLHQWYV DC
7TKHUHIRUH (PSHGRFOHV LQWURGXFHV WZRYBGGLWLR
6WUEKHFK LQGXFH WKH IRXU URRWV WR FRQJUHJDWH
HTXLYDOHQW WR WKH 7HQVLRQ RI +HUDFOLWXV RU W]
PRWLRQ /RYH WHQGV WR GUDZ WKH IRXU HOHPHQWYV 1
DJDLQ *LYHQ WKH IRXU URRWYV RI WKLQJV SOXV WKH
RU HQGLQJ LQ WLPH EXW DQ HWHUQDO F\FOLFDO SUR
WR ZKHWKHU WKH HIIHFWV RI ORYH RU VWULIH DUH ¢



ME X $LF DQG $HMESALLFFG DIILZDF$ WR

HOHPHQWY WHQG WR EH EOHQGHG LQ D VLOHQW XQ
'XULQJ WKH UHLJQ RI ORYH VWULIH EHJLQV WR UHD
SURFHVV Rl VHSDUDWLRQ UHFRPPHQFH %HWZHHQ WK
UHLJQV WKHUH DUH WUDQVLWLRQDO VWDJHV FRQVLV
DQG LW LV GXULQJ WKHVH SHULRGY WKDW WKH IRUPD
ZHOO DV WKH JHQHUDWLRQ RI RUJDQLF DQG SODQW C
IROORZV DOVR WKH GRXEOH SURFHVV RI WKH FRPLQJ
ORYH DQG RI WKHLU VHSDUDWLRQ XQGHU WKH LQIOX
GHVFULEHV WKH VKDSH RI WKH XQLYHUVH DV D VSKHU
WR WKH RUSKLF HJJ PRGHO RI WKH ZRUOG E\ UHJDUC
KHDYHQV IRUP DQ HJJ VKDSHG VXUIDFH PDGH RI FU\VW
EXW WKH SODQHWY DUH IUHH 6DUWRQ 6DPE>
FRQWUROOLQJ FRVPRORJLFDO FRQFHSWLRQV RI /RYF
FRQFHSWLRQV Rl WKH DWWUDFWLRQ DQG UHSXOVLRQ |
$ORQJ ZLWK WKH GRFWULQH RI WKH IRXU URRWYV DV
DQG WKH UHODWLRQV DPRQJ WKH URRWY H[SUHVVHG
VLPSOHVW IRUP Rl SDUWV RI WKH RSHUDWLRQ RI WKH
PRGHOOLQJ (PSHGRFOHV FRQWULEXWHV WR WKH GHY|
FRQFHSW RI DQDORJ\ DQG WKH SURFHVV RI UHDVRQI
LQYLVLEOH DLU ZH EUHDWKH DQG WULHV WR H[SODLQ
OLYLQJ RUJDQLVPV LQKDOH DQG H[KDOH WKURXJK WX
ZKLFK PD\ EH GLIIHUHQW IURP DUWHULHV DQG YHLQV
UHFHGHV IURP WKH VXUIDFH GUDZLQJ WKH DLU LQ ZK
UHWXUQV IRUFLQJ WKH DLU RXW ,Q RUGHU WR LOO;
SURFHVV WKDW FDQQRW EH GLUHFWO\ REVHUYHG (F
FRPSDULQJ WKLV SURFHVV WR WKH SURFHVV RI ILOOL
WKHUHIRUH D ZDWHU FORBN DI VK RXVFDRODWG L1 WKH
FOHSV\GUD LV WKUXVW XQGHU ZDWHU ZKLOH D ILQJHU
WKH FRQWDLQHG DLU SUHYHQWV WKH ZDWHU IURP H

&0OHSV\GUD FRQVLVWY RI D KROORZ F\OLQGHU RSHQ DW RQH H(
VPDOO DSHUWXUH DW WKH WLS W LV XVHG WR PHDVXUH WLPH I
WKURXJK WKH VPDOO KROH DW WKH WLS RI WKH FRQH /LNH WKH
PHDVXUHG LQWHUYDO RI WLPH &OHSV\GUD ZLOO EH H[DPLQHG LQ



W PRWIH =LQA

&RQYHUVHO\ WKH IXO0 FORFN WKRXJK LW WXUQV XS
ILQJHU LV NHSW RYHU WKH KROH 7KH SUHVVXUH RI W
SULVWRWBWSLUDWLROK @ 7KHQ ZKHQ WKH IOXLG
WKHQFH WKH EXEEOLQJ DLU UXVKHV LQ ZLWK YLROH:H
DLU LV EUHDWKHG RXW DJDLQ MXVW DV ZKHQ D JlL
SHUIRUDWHG DW WKH ERWWRP@ RI JOHDPLQJ EUDV\
DJDLQVW KHU VKDSHO\ KDQG DQG GLSV LW LQWR WK
HQWHUV WKH YHVVHO EXW WKH EXON RI WKH DLLU
SHUIRUDWLRQV KROGV LW EDFN XQWLO VKH XQFRYH
\LHOGV DQ HTXDO EXON RI ZDWHU HQWHUV ~ B6FKOTL

(PSHGRFOHV ZLWK KLV H[SHULPHQW SURYHV WKHF
(PSHGRFOHV DLU KDV QRW EHHQ GLVWLQJXLVKHG IUR
WR SURYH WKDW WKH YLHZOHVYV DLU LV VRPHWKLQJ W
WKLV IXQGDPHQWDO GLVFRYHU\ RI WKH FRUSRUHDOLYV
SULQFLSOHY DQG DSSOLFDWLRQV RI SQHXPDWLFV Zi
FRQWURO V\VWHPV RI WKH $OH[DQGULDQ SHULRG DV .

(PSHGRFOHVY UHIHUHQFH WR WKH FOHSV\GUD WR C
RWKHU ZRUGV WKH XVH RI VXFK DQ DQDORJ\ GRHV
HI[SHULPHQWDO VLWXDWLRQ WKDW FRQILUPV RU GLVF
H[SHULPHQW LV WR WHVW D WKHRU\ WKH SXUSRVH R
SURFHVV WR LOOXVWUDWH WKH PHFKDQLVP RI DQ X
EHWZHHQ WKH WZR 6FKODJHO 7KH SURFHGXUH
RI' D PRGHO WKDW LV DQDORJRXV ZLWK WKH XQGHU H
SULQFLSOH RQ ZKLFK WKH FRQFHSW RI PRGHOOLQJ LV

7KH 2SSRVLWH 4XDOLWLHV E\ $QD[DJRUDYV

6RPH VLPLODULWLHYV ZLWK (PSHGRFOHVY DSSURJLF
FRVPRORJ\ $QD[DJRUD¥DRI| &ODHPR®HQINVHFRQVLGHUHG
WHDFKHU RI QDWXUDO SKLORVRSK\ DV WKH IRUHUXQ
KLP WKHUH LV QHLWKHU FRPLQJ LQWR EHLQJ QRU
FRPSRVLWLRQV DQG GHFRPSRVLWLRQV +H LV OLNH (
GXDOLVW DQG KLV GXDOLVP LV LIORBEDVHIDRUBWID HAKXDC(
GXDOLVP DSSHDUV DV DQ DWWHPSW WR FRPELQH PDV



SBRFHVV RI HYROXWLRQ DQG JHQHVLV $QD[DJRUDV |
SULPDU\ FDXVH RI SK\VLFDO FKDQJHV 7KH XQLYHUVH
VHHGV WR ZKLFK O0LQG JLYHV RUGHU DQG IRUP +H
GLYLVLEOH DQG WKDW HYHQ WKH VPDOOHVW SRUWLR
OLQG LV D VXEVWDQFH WKDW HQWHUV LQWR WKH FRP
WKHP IURP GHDG PDWWHU $FFRUGLQJ WR KLP WKH .
SRUWLRQ RI WKH PL[HG PDVV LQ ZKLARXMQRQGVKLQJV L
)U 6LPS BKRAVX¥WVLQ 33$QG ZKHQ 0OLQG LQLWLDWHG
WKDW 7ZDV PRYHG OLQG ZzDV VHSDUDWHG DQG DV PXFI
DQG DV WKLQJV PRYHG DQG ZHUH GLYLGHG RIl WKH U
GLYLGLQJIJHW D@N

OLQG LV WKH VRXUFH RI DOO PRWLRQ :H KDYH DJD
DQG PRWLRQ DV LQ +HUDFOLWXV WKLQNLQJ ZKLFK U
$QD[DJRUDVY SKLORVRSK\ KDV WKH PHDQLQJ RI WK}
WUDQVIRUPDWLRQ RI RQH WKLQJ WR DQRWKHU DQG
JUDGXDOO\ VSUHDGLQJ WKURXJKRXW WKH ZRUOG DQ
FLUFXPIHUHQFH DQG WKH KHDYLHVW WR IDOO WRZDU
UHVSRQVLEOH IRU WKH VHSDUDWLRQ ZKLFK LQ WXU
LQLWLDWHG WKH URWDWLRQ UHPDLQV DORQH XOWLPI
HYLGHQW IURP WKH VWDWHPHQW DW WKH HQG RI WKH
EHHQ LPSDUWHGE K 3QURHIE HDIFQV RMR/ RSHUDWH DQG WKF
LWVHOI EHFRPHV @MNVBOGLUHKBFWODUH® FRQVLGHU"
IRUFH Rl OLQG DV WKH LQLWLDWRU DQG WKH FRQWUR
VHSDUDWLQJ RII SURFHVV

JLIXUH 7KH ZLGHQLQJ VSLUDO URWDWLRQ RI WKH ZRUO



, PDFWH IRUXI

+DYLQJ DQDO\WHG WKH UROH RI OLQG LQ WKH FUHD

WR LQWURGXFH WKH SURFHVV RI VHSDUDWLRQ DQG Wt
yU 6LPSBIKRVXFVLQ DQG 3> @ 0LQG FRQWU
ZKROH URWDWLRQ VR WKDW LW EHJDQ WR URWDWH L
IURP D VPDOO DUHD EXW LW QRZ URWDWHV RYHU D
VWLOO $QG DOO WKLQJV WKDW ZHUH WR EH WKRVH
WKDW VKDOO EH O0OLQG DUUDQJHG WKHP DOO LQFC
URWDWLQJ WKH VWDUV WKH VXQ DQG PRRQ WKH DLLU
$QG WKLV URWDWLRQ FDXVHG WKH VHSDUDWLQJ RII
UDUH WKH KRW IURP WKH FROG WKH EULJKW [URP V
.LUNWD O

7KH LGHD RI RSSRVLWH TXDOLWLHYV ZKLFK DUH LQ|
EHFDXVH RI OLQGYV URWDWLRQ FRQVWLWXWHYV WKH E
XQLw\ WKH VR FDOOHG 1RXV URWDWHV DV D PDFKL
VHSDUDWHG RIlI IURP WKH UDUH WKH KRW IURP WKH F
IURP WKH PRLVW 7TKHQ WKH FROG WKH GHQVH WKH
VROLGLI\ LQ WKH IRUP RI (DUWK ZKHUHDV WKH KRW
$LWKHU +HDYHQ ZKLFK HQFLUFOH WKH (DUWK

)U 6LPSOIK\WAVWVMQ 3)RU DLU DQG DLWKHU DUH EF
IURP WKH VXUURXQGLQJ PDVV ZKLFK LV LQILQLWH LQ
)U LELG 37TKH GHQVH DQG WKH PRLVW DQG WKH

WRIJHWKHU KHUH ZKHUH WKH HDUWK QRZ LV ZKLOH
EULIJIKW ZHQW RXWZDUGV WR WKH IXUWKHU SDUW RI W

)U LELG DQG 3S)URP WKHVH WKLQJV DV WKFE
HDUWK LV VROLGLILHG IRU ZDWHU LV VHSDUDWHG R
IURP HDUWK VWRQHV DUH VROLGLILHG E\ WKH FROG
WKDQ ZDWHW 'DQLUN



WR PRGH 0OQ\

+RW

5DUH "Ud

%ULIKW

JLIXUH $QD[DJRUDVY FRVPRORJ\

7KLV FRQFHSW RI 1RXV WKDW SXWV WKLQJV LQ |
HTXLYDOHQW RI WKH JUDYLWDWLRQDO ILHOG WKDW k
WKHQ WDNHQ RYHU E\ WKH SK\VLEFDO ODZV  3K\VLF
$QD[DJRUDVY WKLQNLQJ LQ D PRUH VSHFLILF ZD\ %\ |
UHDOL]LQJ WKH QHHG IRU PRYHUV WR VHW WKLQJV L
1RXV DV WKH SULPH PRYHU ,Q DGGLWLRQ O0LQG EH
FRPSOLFDWHG IXQFWLRQ RI D FRPSOH[ VIVWHP H J
URWDWLRQ DQG FRQWUDGLFWLRQ DQG VHEXUHV WKH
TXDOLWLHV KRW FROG GDUN EULJKW DQG VR RQ F
NHUQHO D SRZHUIXO FRQWUROOHU %HVLGHV WKH PELC
EHLQJY DQG WKH OLIHOHVV WKLQJV LV WKDW WKH IRUI

,Q DGGLWLRQ $QD[DJRUDV RFEXSLHV KLPVHOI ZLWK
ULYHUV VXQ PRRQ DQG VWDUV DQG JLYHV DQ DSSL
IORRGY +H GHVFULEHV WKH VXQ WKH PRRQ DQG W}
ZKRVH SKDVHV KH H[SODLQV QHDUO\ FRUUHFWO\ LV
KH KROGV DUH IUDJPHQWYV RI WKH RULJLQDO PDVV KX
WKH FRVPRYV



WR PDFHOYQ\

+LSSRBHN,XV L% 3> @ 7KH VXQ WKH PRR
DUH UHG KRW VWRQHV ZKLFK WKH URWDWLRQ RI WK
VWDUV DUH FHUWDLQ ERGLHV LQYLVLEOH WR XV Z
PRRQ :H GR QRW IHHO WKH KHDW RI WKH VWDUV EH
PRUHRYHU WKH\ DUH QRW DV KRW DV WKH VXQ EHFE
PRRQ LV EHQHDWK WKH VXQ DQG QHDUHU WR XV 7K
7KH PRRQ KDV QRW DQ\ OLJKW RI LWV RZQ EXW GHUL
UHYROXWLRQ SDVV EHQHDWK WKH HDUWK (FOLSVHV
E\ WKH HDUWK RU VRPHWLPHV E\ WKH ERGLHV EHC
VFUHHQLQJ E\ WKH PRRQ ZHKWQ@DW LV QHZ > @  .LUN

W LV QRWHZRUWK\ WR PHQWLRQ KHUH $QD[DJRUD
PRRQ GRHV QRW VKLQH E\ LWV RZQ OLJKW EXW LW UH
WKDW WKH VXQ DQG WKH PRRQ DUH PDWHULDO ERGLH
ZDV SURVHFXWHG DQG H[LOHG IURP $WKHQV 7KLV
SURVHFXWLRQ RI *DOLOHR PDQ\ \HDUV ODWHU

7KH OLFURFRVP E\ /HXFLSSXV DQG 'HPRFULWXV
IHXFLSSXV RI OLOHWXYV % & DQG 'HPRFULWX
WKH VR FDOOHG DWRPLVWVY DGG DQRWKHU SHUVSH
H[SODQDWLRQ RI WKH ZRUOG 7KHVH WZR RI WKH PRV
UHPDLQ UHODWLYHO\ XQNQRZQ &RQFHUQLQJ /HXFLSS
ZKLOH WKH OLWWOH WKDW KDV VXUYLYHG RI WKH ILIV
PDLQO\ RI HWKLFDO DSKRULVPV +RZHYHU LW LV JHQ
RULJLQDWHG IURP /HXFLSSXV ZKHUHDV 'HPRFULWXV
ZRUNHG LW RXW LQ JUHDWHU GHWDLO
7KH PDLQ FRQFHSW RI DWRPLVP LV WKDW WKH ZRU
DWRPV DQG RI NLQGV RI DWRPV PRYLQJ UDQGRPO\ L
DWRPV DUH KRPRJHQHRXV DV UHJDUGV TXDOLW\ EXV
DUUDQJHPHQW 7KHLU PRWLRQV DQG FROOLVLRQV
YDULDWLRQV LQ WKHLU VSDWLDO SRVLWLRQV DQG FR(
VXEVWDQFHY DQG WKH FRPSOH[ SKHQRPHQD ZH H[SHU|
DQG 'HPRFULWXV JLYH DERXW WKH IRUPDWLRQ RI WK
VPDOOHU ZRUOGV RXW RI YRUWLFHV RU ZKLUOSRROV



'LRIQHV /DHUWLXV ,; ‘. $, 3/HXFLSSXV KROGV
> @ SDUW RI LW LV IXO0 DQG SDUW YRLG > @ +F
UHVROYHG DJDLQ LQWR WKHVH HOHPHQWYV 7KH ZRU
ERGLHV RI DOO VRUWV RI VKDSHV PRYH pE\ DEVFLVVL
WKH\ FRPH WRJHWKHU WKHUH DQG SURGXFH D VLQJ(
DQRWKHU DQG UHYROYLQJ LQ DOO PDQQHU RI ZD\V W
%XW ZKHQ WKHLU PXOWLWXGH SUHYHQWY WKHP IURP
WKDW DUH ILQH JR RXW WRZDUGV WKH VXUURXQGLQ
WRJHWKHUY DQG EHFRPLQJ HQWDQJOHG XQLWH WK
VWUXFWXUH 7KLV VWUXFWXUH VWDQGYV DSDUW OLNI
NLQGV RI ERGLHV DQG DV WKH\ ZKLUO DURXQG RZLQ
VXUURXQGLQJ PHPEUDQH EHFRPHV WKLQ ZKLOH FRQ\
RZLQJ WR FRQWDFW ZLWK WKH ZKLUO 6R WKH HDUWEK
ERUQH WR WKH PLGGOH DELGLQJ WRJHWKHU WKHUH

LQFUHDVHG RZLQJ WR WKH DWWUDFWLRQ RI ERGLHV
WDNHV LQ DQ\WKLQJ LW WRXFKHV 6RPH RI WKHVH ER
WKDW LV DW ILUVW PRLVW DQG PXGG\ EXW DV WKH\
GU\ RXW DQG WKHQ LJQLWH WR IRUP WKH VXEVV
.LUINW DO

7KLY SDVVDJH IRUPDOO\ DWWULEXWHG WR /HXFLS
JHQHUDO YLHZV RI '"HPRFULWXV DOVR JLYHV WKH DFF
VWDJHV 7KH ILUVW VWDJH LV ZKHQ D ODUJH FROOHF
SDWFK RI YRLG DQG WKH VHFRQG VWDJH LV ZKHQ
YRUWH[ DFWLRQ FDXVHV VLPLODU DWRPV WR WHQG
FRQFHQWUDWHG LQ WKH FHQWUH ZKHUHDV WKH VPDC
ILUVW WR IRUPXODWH VXFK D SHFXOLDU LGHD RI LQIL
QHFHVVDU\ IRU WKHVH ZRUOGV WR EH DOLNH 7TKHLU |
LW LV SRVVLEOH RQH ZRUOG WR KDYH VXQ RU PRRQ
HIDPSOH WKH ODFN RI DWRPV WKDW PRYH RXWZDUG
ZLWKRXW KHDYHQO\ ERGLHV

6 XPPDULVLQJ /HXFLSSXV DQG 'HPRFULWXV DVVXPHE
DWRPV ZKLFK DUH WLQ\ LPSHULVKDEOH XQLWV WKDW
TXDOLWDWLYH GLITHUHQWLDWLRQ L H WKH\ GR QRW
RQO\ GLIITHUHQFHV RI D VSDWLDO FKDUDFWHU VXFK L



W PRGHW LPMI

DQG WKRXJK WKH\ UHPDLQ XQFKDQJLQJ WKH\ FDQ PRY
WKH IDFW WKDW WKH\ FDQ EH FRPELQHG WRJHWKHU

PDFURFRVP 7KH DWRPLVWV DUH WKH ILUVW WR FRQV
PLFURFRVP DQG PD\EH ZH GDUH WR VD\ WKH\ DUH W
IRU WKH UDWLRQDOLVDWLRQ Rl WKHVH WZR ZRUOGYV
ZRUOG WR WKH UHDUUDQJHPHQW RI DWRPV LQ YRLG
VRPHKRZ IURP WKH GLOHPPD DERXW WKH QDWXUH R
+HUDFOLWXV DQG 3DUPHQLGHY L H LQ WKH GRFWULC
WKH VWDWH I10X[ RI +HUDFOLWXV WKH UHODWLYH VW
WKH SHUPDQHQFH RI 3DUPHQLGHV IRU PRUH GHWDLOV

1 ZH FRQVLGHU WKH uzZK\f TXHVWLRQV RI DQ HYHQ
‘H PD\ PHDQ 3:KDW SXUSRVH GLG WKLV HYHQW VHUY
FDXVHG WKLV HYHQW" ,Q WKH ILUVW FDVH ZH REWD
ZRUGV DQ H[SODQDWLRQ E\ ILQDO FDXVH ZKHUHDV L
PHFKDQLVWLF H[SODQDWLRQ 7KH PHFKDQLVWLF TXH
NQRZOHGJH

7KH DWRPLVWY DVN WKH PHFKDQLVWLF TXHVWLRC
$FFRUGLQJ WR WKHLU DQVZHU WKH ZRUOG DQG LWV
VRUWLQJ RI DWRPV LQ WKH SULPHYDO YRUWH[ 7KH\ F
PDFKLQHU\ LQ ZKLFK HYHU\WKLQJ WKDW RFFXUV LV W
DWRPV PRYLQJ DFFRUGLQJ WR WKHLU QDWXUH 1R P
ZRUOG /LIH LWVHOI LV UHGXFHG WR WKH PRWLRQV R
WR (PSHGRFOHV DQG $QD[DJRUDV ZKR EHOLHYH WKD
PRWLRQ RI WKH SULPDU\ VXEVWDQFH WKH IRUPHU /
DWRPLVWY OLNH WKHLU HDUO\ SUHGHFHVVRUV WUDQ

'HPRFULWXV VD\V WKDW WKHUH LV DQ LQILQLWH QX
EHJLQQLQJ DQG WKH PDVV RI WKH DWRPV DQG HPSW\ V

+LSSRGHNV XV ' $ : > @ KH 'HPRFULWXV \

WKLQJV WKDW DUH ZHUH LQ FRQVWDQW PRWLRQ LQ W

ZKLFK GLIIHU LQ VL]H ,Q VRPH ZRUOGV WKHUH LV QI

ODUJHU WKDQ LQ RXU ZRUOG DQG LQ RWKHUV PRUH

ZRUOGV DUH XQHTXDO LQ VRPH SDUWV WKHUH DUH F
LQFUHDVLQJ VRPH DW WKHLU KHLJKW VRPH GHFUHD



W P F¢H ¢QA

RWKHUV IDLOLQJ 7KH\ DUH GHVWUR\HG E\ FROOLVL
ZRUOGYV GHYRLG RI OLYLQJ FUHDWXHWWRU SODQWYV R

7KH ZRUOG DFFRUGLQJ WR WKH DWRPLVWY FRQVL)
PRYLQJ PDWWHU WKDW LQ WXUQ FUHDWHYV LQILQLWH
ILUVW SULQFLSOHV RI D SK\VLFDO WKHRU\ PD\ VHHP
DOO ZLWK VXFK D WKHRU\ DQG WKDW WKH JUHDW WKF

3K\VLFV LQ $SULVWRWOH

$ULVWRWOH % & WKH JUHDWHVW EFROOHFW
ILHOGV RI VFLHQFH FRQWLQXHV WKH ,RQLDQ WUDGLYV
PXFK WLPH WR WKH GLVEXVVLRQ RI SK\VLEDO TXHVW
WHUUHVWULDO SDUW RI WKH ZRUOG +H KDV DOVR RF
WR WKH PRRQ DQG EH\RQG WKDW DUH UHODWHG WR
$OWKRXJK LQ PDQ\ FDVHV DVWURQRP\ LV PL[HG ZLWK
GHWHFW $ULVWRWOHYV SK\WLFDO FRQFHSWLRQ DQG
DVWURQRPLFDO YLHZSRLQW WR FKDSWHU

,Q RUGHU WR DYRLG FRQIXVLRQ RQH VKRXOG NHHS
SK\WLFV LV DEVROXWHO\ GLIIHUHQW IURP WKDW RI WK
OHW XV VHH VRPH LQGLFDWLYH SRLQWYV RI YLHZ RI
SK\WLFV LV 6DUWRQ FRQVLGHUV WKDW WKH IR
WKHRU\ Rl PRWLRQ RU RI FKDQJH ZKLOH DFFRUGLQJ V
VLPSO\ D WRWDO FRQWHPSODWLRQ RI WKH QDWXUH W
FDXVDWLRQ DV $ULVWRWOH KLPVHOI GLVFHUQV WKH
IRUPXODWHY D EURDGHU RSLQLRQ +H FRQIXWHV /HL)\
DVVHUWY WKDW WKH WKHPH RI $ULVWRWOH V SK\VLF
WKLQJY DQG WKH UHOHYDQW WR WKHP FRQFHSWV RI J

7KH PDLQ SRLQWV LQ $ULVWRWOHTV FRVPRORJ\ DL
W\SHV Rl QDWXUDO FKDQJHV RU PRWLRQV ERWK LQ \

'LLULQJ , S$ULVWRWOH vy ORS WSFRWL LiF, 6 SPRRWIQ RWH/ HLVHJIDQJ
DUWWSAONSERT ;



WPR H LQA

ZRUOG E WKH DQDO\VLV RI WKH GLITHUHQW NLQGV R
HISODQDWLRQ RI WKH HVVHQWLDO FDXVHV RI WKHVH [

7\SHV Rl &KDQJH 6HQVLEOH 4XDOLWLHV E\ $ULVV
:KLOH WKH ZKROH WUHQG XQWLO QRZ LV WRZDUGYV
WUDQVIRUPDWLRQ RI PDWHULDO HOHPHQWV PRVW
FRQFHQWUDWH PRUH RQ FRQVLGHULQJ WKH HOHPHQW
SDUW RI WKH VWUXFWXUH Rl WKH XQLYHUVH 3ULQFL
EHJLQQLQJ DQG PDLQWDLQV WKH LGHD WKDW WKH
XQLYHUVH DFFRUGLQJ WR KLP LV D JUHDW VSKHUH ZK
DQG D ORZHU WKH WHUUHVWULDO RU VXEOXQDU\ Ul
PRRQ LV VLWXDWHG
$V ZH KDYH DOUHDG\ VHHQ $QD[LPDQGHU LQWURG
VXEVWDQFHV (PSHGRFOHV WKH WKHRU\ Rl WKH IRXU
PRYHUV $ULVWRWOH FRPELQHV WKHVH WKHRULHV DF
IRU WKH FKDQJHV WKDW RFFXU LQ WKH WHUUHVWULD
HYHU\WKLQJ LQ WKH ZRUOG LV FKDUDEWHUL]HG E\ DC
7KH WHUUHVWULDO UHJLRQ ZKLFK FRQVLVWV RI WKF
GHDWK DQG DOWHUDWLRQ $ULVWRWOH GLVWLQJIXLYV
PRWLRQ WKDW LV D PRWLRQ RI DQ REMHFW IURP R(
SRVLWLRQV RI VXQ RU PRRQ E JHQHUDWLRQ RU GHYV
IURP D OHVVHU WR D KLJKHU GHJUHH RI SHUIHEWLRQ
PRWLRQ IURP D KLJKHU WR D ORZHU IRUP VXFK DV G
RI DQ REMHFW UHPDLQV WKH VDPH HYHQ LI LW UHFHL"
DQG G WKH LQFUHDVH RU GHFUHDVH RI TXDQWLW\ RU
SHUVRQ VKULQNV LQ VL]H
$V DFFRUGLQJ WR $ULVWRWOH HYHU\WKLQJ LQ QD!
DVSHFW KH FRQQHFWV DOO FKDQJH DQG PRWLRQ DV
HOHPHQWYV ZLWK KLV K\OHPRUSKLVP IRU GHWDLOV \
PRWLRQ LQYROYH WKH IROORZLQJ SULQFLSOHV D WK
FKDQJH DQG LV WKH VXEMHFW RI WKH FKDQJLQJ DWW
WKH IRUP LV WKH GHILQDEOH TXDOLW\ RU VWUXFWXL
VXQIV LQLWLDO DQG QHZ SRVLWLRQ 7KH PDWHULDO
RQ E\ DQ DSSURSULDWH FDXVH WR UHSODFH DQ LQ



L DU\-EWSLHEDP W$HILXIOLP IILWHDFLWR P VH$Q\

+RZHYHU HYHQ LQ VXEVWDQWLDO FKDQJHV VXFK DV V
PDWWHUY RU WKH EDVLF PDWWHU RI WKH XQLYHUVH W
SHUFHSWLEOH %HFDXVH WKLV EDVLF PDWWHU RI WKH
QRWKLQJ DEVROXWHO\ FRPHV WR EH RU FHDVHV WR
FRQVHUYDWLRQ RI PDWWHU

+DYLQJ IRUPXODWHG WKH YLHZSRLQW WKDW DOO SK
Rl WKH IRXU SULPDU\ HOHPHQWY HDUWK ZDWHU DLL
SULPH PDWWHU DQG WKH SDLU RI FRQWUDU\ TXDOL\
FRPSRVHG +H VWDWHV WKDW WKH PDWHULDO ERGLH\
GHJUHH E\ IRXU IXQGDPHQWDO TXDOLWLHV RU SURSHU
TXDOLWLHV ZKLFK DUH KRWQHVV GU\QHVV FROGQH\
UDLVHG E\ FRPELQDWLRQ RI WKHVH TXDOLWLHV +H D\
WZR Rl WKHVH TXDOLWLHV RU SURSHUWLHV )RXU EL«
GU\ KRW DQG PRLVW FROG DQG PRLVW FROG DQG GU
WKUHH Rl WKHP WR HDFK HOHPHQW LV LPSRVVLEOH
FKDQJHV RI HOHPHQWY FDQQRW EH H[SODLQHG DQG L¢
EH RSSRVLWHY DQG WKXV LQFRPSDWLEOH LQ WKH VD
QRQ RSSRVLWH VHQVLEOH TXDOLWLHV LV VKRZQ LQ WK

(/1(0(176
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JLIXUH SULVWRWHOL VG GMIHRHQTWXO OB LHYV

2WKHU TXDOLWLHV LQ WKLQJV VXFK DV pKHDY\ OLJlI
IURP WKHVH PRUH EDVLF TXDOLWLHYVY +HDY\ IRU H[DP:¢
:DWHU GXH WR WKHLU WHQGHQF\ WR PRYH WRZDUGV W
DGGLWLRQDO FKDUDFWHULVWLF RI $LU DQG )LUH LQ YL
XQLYHUVH 7KHUHIRUH $ULVWRWOH FDOOV OLJKW HY



HHHU\WKLQJ WKDW PRYHV GRZQZDUGV ZKHUH pXS¢Y LV
MGRZQY LV WKH FHQWUH RI WKH XQLYHUVH
'H &DOHR 2Q WKH +HOYHQVD 3%\ DEVROXWHO\ Ol
PHDQ WKDW ZKLFK PRYHV XSZDUGV RU WR WKH H[WUI
ZKLFK PRYHV GRZQzZDUG RU WR WKH FHQWUH ~ 6FKODJ

4XDOLWLHYV
ILIKW

JLIXUHSULVWRWHOLDQ VXFFHVVLYH LOQWHUDFWLRQ EHWZHI

7KH SULQFLSOH RI pKHDY\ OLJKWY RU RI pXSZDUGV C
V\VWHP RI WKH WHUUHVWULDO HOHPHQWY (DUWK LV K
7KH IRUPV XSZDUG DQG GRZQZDUG RI WKH WHUUHVWI
HOHPHQWYVY WHQG WR PRYH DORQJ VWUDLJKW OLQHV H
XQLYHUVH WR WKH FHQWUH RI LW ILUH XSZDUGV IUR
RI'Lw ZDWHU DQG DLU LQ EHWZHHQ WKH FHQWUH DQG

&RQVHTXHQWO\ HDUWK DQG ZDWHU GHVFHQG WRZD!
ERWK HOHPHQWY DUH KHDY\ %XW EHFDXVH HDUWK LV
FHQWUH JHRFHQWULF FRQFHSWLRQ RI XQLYHUVH ZL
RXWVLGH LW 2Q WKH RWKHU KDQG WKH QDWXUH RI1 DI
RI WKH WHUUHVWULDO UHJLRQ EHFDXVH ERWK DUH OL
RFFXSLHV WKH RXWHUPRVW UHJLRQ ZLWK DLU LQ D FR



HOPHQWY IRUP D VHW RI FRQFHQWULF VSKHUHV ILUH R
DQG HDUWK DW WKH FHQWUH DV LW LV VKRZQ LQ WKH

JLIXUH $ULVWRWHOLDQ WHUUHVWULDO FRQFHQWULF VS|

&RQFHUQLQJ WKH FKDQJHOHVV FHOHVWLDO UHJLRQ
ZH MXVW PHQWLRQ WKDW WKHUHLQ WKH ERGLHV PRYH
PRWLRQV DQG WKH\ DUH QRW PDGH RXW RI WKH WHUU
RI DQRWKHU VXEVWDQFH ZKLFK LV WKH LQFRUUXSWLE
WKH $ULVWRWHOLDQ SULQFLSOH WKHUH DUH WZR W\S
WKH FHOHVWLDO ERGLHV LQ FLUFXODU SDWKV DQG W|
7KH UHFWLOLQHDU PRWLRQ LV FRQVLGHUHG DV FRQWU
DQG DQ HQG DV ZHOO DV WKH SRVVLELOLW\ RI UHYHU\
KDV QR EHJLQQLQJ DQG QR HQG DQG WKHUHIRUH QR
UHJDUGHG DV WKH SULPDU\ PRWLRQ EHFDXVH WKH SHL
LV D SHUIHFW WKLQJ 7KH SHUIHFWLRQ DQG XQLTXF
LOWURGXFWLRQ RI WKH ILIWK ZHLJKWOHVV DQG HYHQ

$ULVWR WDOGIH FF K DO 3)RU LI WKH QDWXUDO PRWLRQ LV X
LI GRZzQzDUG ZDWHU RU HDUWK )XUWKHU WKLV FLUFXODU PRW
QDWXUDOO\ SULRU WR WKH LPSHUIHFW DQG WKH FLUFOH LV LC
KWWS FODVVLFV PLW HG8 $ULVWRWOH KHDYHQV O L KWPO
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| PRGHW YUXI

&RQVHTXHQWO\ $ULVWRWOH LQWURGXFHV D SK\VL
VHQVLEOH TXDOLWLHV LQ WKH IRUP RI D JHRPHWULF
GLITHUHQW WKLQJY WKH PDWHULDO HOHPHQWY UHOD\
TXDOLWLHY WKH SURSHUWLHV WKDW FRQVWLWXWH
DSSOLFDWLRQ RI WKHVH SURSHUWLHV LQ WKH WHUULI
LQYHQWLRQ RI D VSKHULFDO PRGHO RI WKH ZRUOG

7\SHV Rl &DXVDWLRQ E\ $ULVWRWOH

$ULVWRWOH FRQVLGHUV HYHU\WKLQJ LQ QDWXUH
GLIIHUHQW HOHPHQWYV )RUP DQG ODWWHU WKH H[WHU
+H JLYHV WR WKHVH WHUPV DQRWKHU PHDQLQJ GLIIHU
LV VDLG WR EHORQJ WR FODVVHV DV D UHVXOW RI LW
UHVXOW RI PDWWHU ODWWHU LV LQ D VHQVH WKH SUL
REMHFW LWV HVVHQWLDO FKDUDFWHU W LV E\ LWV I
GRFWULQH RI FRQVLGHULQJ WKLQJV WR EH FRQVWL
K\OHPRUSKLVP IURP YV KM X*ENAMADQERIUBNRP[BW@MU DQG

%HWZHHQ WKH WZR DVSHFWV RI PDWWHU DQG IRUP
LV WKH SURFHVV RI 3RWHQWLDOLW\ DQG $FWXDOLW
XQGHWHUPLQHG RU XQILQLVKHG LQWR WKH GHWHUPLQ
VWDWHG E\ $ULVWRWOH LQ KLV ZRUN PDWWHU KDV W|
WKDW DFWXDOLVHV WKH PDWWHU 2U LQ RWKHU ZRU
PDWWHU H[LVWV SRWHQWLDOO\ 6FKODJHO

2Q *HQHUDWLRQ DQG &RUUXSWERQY LI D VXEVWDQW

FRPHY WR EH LW LV FOHDU WKDW WKHUH ZLOO ppEHY
RXW Rl ZKLFK LWV FRPLQJ WR EH ZLOO SURFHHG DC
SDVVLQJ DZD\ ZLOO QHFHVVDULO\ FKDQJH

'H *HQHUDWLRQH HW &RUUXSWLRQH 7UDQVODWHG E\,/,, -RDFI
KWWS FODVVLFV PLW HGX $ULVWRWOH JHQHU FRUU L KWPO
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W PRGHW QS

(I WHUQDO TXDOLW\
YRUP

SRWHQWLDOLW\ $FWXDOLW\

ODWWHU
,QWHUQDO TXDOLW\

JLIXUH7KH PDWHULDO HOHPHQWY )RUP DQG ODWWHU DQG WKH
$FWXDOLW\ E\ SULVWRWOH

%URQ]JH PDWWHU IRU H[DPSOH KDV WKH SRWHQW
ZKHUHDV WKH VKDSH RI WKH VWDWXH LV WKH DFWXDOI
7D\ORU WKH LQGLYLGXDO ZKHQ ILQDOO\ GHWHUF
ZKLFK WKH XQGHYHORSHG PDWWHU ZDV WKH 3RWHQW
LOQYROYHG LQ WKHVH FRQWUDVWY RI ODWWHU )RUP
H[SUHVVLRQ LQ $SULVWRWOHYV WKHRU\ RI WKH IRXU FD>

$FFRUGLQJ WR $ULVWRWOH DV LW LV VKRZQ E\ KLV
WKH RQO\ zD\ WR JHW NQRZOHGJH RI D WKLQJ LV WR
SULPDU\ FDXVH RI LW

SRVWHULRU $QDO\WEBEN VXSSRVH RXUVHOYHV WR SR

VFLHQWLILF NQRZOHGJH RI D WKLQJ DV RSSRVHG WR

ZKLFK WKH VRSKLVW NQRZV ZKHQ ZH WKLQN WKDW Zt

GHSHQGV DV WKH FDXVH RI WKDW IDFW DQG RI QR RW
EH RWKHU WKDQ LW LV~

SRVWHULRU $QDO\WHFWKLQN ZH KDYH VFLHQWLILF NQ
NQRZ WKH FDXVH DQG WKHUH DUH IRXU FDXVHV

PDWHULDO FDXVH@ DQ DOQWHFHGHQW ZKLFK QHFH
IRUPDO FDXVH®@ WKH HIILFLHQW FDXVH WKH ILQ

$ULVWRWOH UHIHUV WR WKH IRWMLFDOXVHYV DOVR LQ K

$QDO\WLFD 3RVWHULRUD 7UDQVODWHG E\* 5 * OXUH 0 $
KWWS FODVVLFV PLW HGX $ULVWRWOH SRVWHULRU KWPO
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IMW\ULL: L FP G $H-E XSLLFD FNIUZLF$ WR QP HLLQD

3K\VLFVE D 31RZ WKDW ZH KDYH HVWDEOLVKHG W
SURFHHG WR FRQVLGHU FDXVHV WKHLU FKDUDFWHU I
RXU LQTXLU\ DQG PHQ GR QRW WKLQN WKH\ NQRZ D W
RI ZKLFK LV WR JUDVS LWV SULPDU\ FDXVH 6R FOHI
ERWK FRPLQJ WR EH DQG SDVVLQJ DZD\ DQG HYHU\ NL¢
NQRZLQJ WKHLU SULQFLSOHV ZH PD\ WU\ WR UHIHU Wi
,Q RQH VHQVH WKHQ WKDW RXW Rl ZKLFK D WKLQ
FDOOHG pWFDXVHY HJ WKH EURQJH RI WKH VWDWXH
ZKLFK WKH EURQ]JH DQG WKH VLOYHU DUH VSHFLHV
DUFKHW\SH L H WKH VWDWHPHQW RI WKH HVVHQFH I
WKH RFWDYH WKH UHODWLRQ RI DQG JHQHUDOO\ Q
$JDLQ WKH SULPDU\ VRXUFH Rl WKH FKDQJH RU FRP
DGYLFH LV D FDXVH WKH IDWKHU LV FDXVH RI WKH FK
PDGH DQG ZKDW FDXVHV FKDQJH RI ZKDW LV FKDQJHG
UWKDW IRU WKH VDNH RI ZKLFKY D WKLQJ LV GRQH H .
WK\ LV KH ZDONLQJ DERXW"Y ZH VD\ p7R EH KHDOWK\
ZH KDYH DVVLJQHG WKH FDXVH 7KH VDPH LV WUXH DC
DUH EURXJKW DERXW WKURXJK WKH DFWLRQ RI VRPHW
UHGXFWLRQ RI IOHVK SXUJLQJ GUXJV RU VXUJLFDO
$00 WKHVH WKLQJV DUH pIRU WKH VDNH RI WKH HQG
WKDW VRPH DUH DFWLYLWLHV RWKHUV LQVWUXPHQWYV

7TKHUHIRUH LQ RUGHU WR LQYHVWLJDWH WKH ZRUOC(
WA\SHV RI FDXVDWLRQ L H IRXU H[SODQDWRU\ FRQGL
WKLQJV WKDW H[LVW LQ WKH WHUUHVWULDO ZRUOG 7
ZKLFK D WKLQJ FRPHV WR EH DQG ZKLFK SHUVLVWVY
VWDWHPHQW RI WKH HVVHQFHY WKH WKLUG LV WKH H
FKDQJH RU UHVWY DQG WKH IRUWK LV WKH ILQDO FDX\
LV GRQH 7KH PDWHULDO FDXVH LV WKH PDWHULDO QH
IRUPDO FDXVH LV WKH IRUP LQWURGXFHG LQWR WKLYV
HPHUJHV WKH HIILFLHQW FDXVH LV WKH IRUFH QHFHYV
ILQDO FDXVH LV WKH SXUSRVH RI WKH ZKROH SURFHVV

3K\WVLFD 7UDQVODWHG E\5 3 +DUGLH DQG 5 . *D\H
KWWS FODVVLFV PLW HGX $ULVWRWOH SKYVLFV LL KWP2
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IQU \ M L\ULLLIQ D Q (G WHUERRS PFROG HG LQ\

LV PDGH RI ZRRG PDWHULDO FDXVH LQ D JLYHQ VK|
HIILFLHQW FDXVH IRU WKH SXUSRVH RI SURYLGLQJ VC
VDPH VFKHPH WR EH YDOLG IRU WKH NQRZOHGJH RI Wk
FORVHO\ UHODWHG WR PDWWHU ZKHUHDV WKH IRUPDO
GLIIHUHQW DVSHFWV RI IRUP LWVHOI $ULVWRWOH VD\
RQH WKLQJ ZKLFK LV IRUP 6R WKHVH WKUHH FDXV
SULPDU\ FDXVH 7R JUDVS WKH SULPDU\ FDXVH LV WR J

ORUHRYHU $ULVWRWOH FULWLFLVHV WKH HDUO\ SKL
NLQG RI FDXVH WKH ODWWHU RI D WKLQJ DV WKH
GLVWLQJXLVKHV RQO\ $QD[DJRUDV ZKR UHFRJQL]HV
DVVHUWLQJ WKDW SDUDOOHO WR WKH XQLYHUVDO PDYV
IRU WKH WUDQVIRUPDWLRQV 3&NPLAVH U LU V W@ W OV 2Rl
WZR RWKHU HIILFLWED GFOHOWVBRISL DBRQWDQHLW\ QRW
VXIILFLHQWO\ ZRUWK\ FDXVHV IRU WKH RUGHU LQ WKH
HITHFW ,Q RV HMYBRBEEYDYRY FRQVLGHUHG DV FR RUGL
OLQG LQ SURGXFLQJ WKH SKHQRPHQD RI WKH 8QLYHUV]
LV DQ HYHQW WKDW PLJKW KDYH KDSSHQHG EHFDXVH
H[WHUQDO FDXVH )RU H[DPSOH D VWRQH WKDW IDOOV
KDYH EHHQ WKH ZHDSRQ RI KLV HQHP\ RU LW MXVW UR
VWRQH GRHV QRW GURS LQ RUGHU WR VWULNH WKH PD
DQ HYHQW E\ FKDQFH LV DOVR DQ HYHQW RI DSSDUHC
KXPDQ DFWLYLWLHYV

7KHUHIRUH $ULVWRWOH FRQVLGHUV WKDW DQ\ WKLC
H[WHUQDO TXDOLW\ WKH VR FDOOHG )RUP DQG DQ LC
FRQQHFWHG EHWZHHQ WKHP E\ WKH RSSRVLWH UHODWI
GHILQHV IRXU W\SHV Rl FDXVDWLRQ WKH PDWHULDO
FDXVH VRUWLQJ LQ WKLV ZD\ WKH SDUWLFXODU TXDOL)

$ULVVBRWOQRV D 31RZ WKH FDXVHV EHLQJ IRXU LW LV WK
NQRZ DERXW WKHP DOO DQG LI KH UHIHUV KLV SUREOHPV EDFN W
SURSHU WR KLV VFLHQFH WKH PDWWHU WKH IRUP WKH PRYHU u
FRLQFLGH IRU WKH pZKDWY DQG pWKDW IRU WKH VDNH RI ZKLFKT
WKH VDPH LQ VSHFLHVY DV WKHVH |IRU PDQ JHQHUDWHY PDQ DQC
PRYHPHQW E\ EHLQJ WKHPVHOYHV PRYHG" 3K\VLFD 7UDQVODW
KWWS FODVVLFV PLW HGX $ULVWRWOH 'KYVLFV LL KWPO
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A4DU MI D QG $HMESDISDW P RO LQ\

$UFKLPHGHY DQG 3K\VLFV

7KH HDUOLHVW WKHRULHV RI WKH ,RQLDQ VFKRRO
DUH FORVHO\ DVVRFLDWHG ZLWK NHHQ REVHUYDWLRQ
SKHQRPHQD RQ WKH EDVLV RI SK\VLFDO RU PDWKHPD\
ODZV RI PDWKHPDWLFDO IRUP KDV EHHQ PDGH E\ WKH
FKDSWHU 2Q WKH RWKHU KDQG D FRQVLGHUDEOH G
LV WDNLQJ SODFH LQ WKH $OH[DQGULDQ SHULRG DQG
$UFKLPHGHYV % & D QDWLYH RI 6\UDFXVH PI
LQ WKH ILHOGV Rl JHRPHWU\ DULWKPHWLE SK\VLFV
PDWKHPDWLFDO DQG PHFKDQLFDO LQYHQWLRQV ODW
FRQWULEXWLRQ WR SK\VLFV $PRQJVW KLV SK\VLFDO
VXFK DV WKH ODZ RI EXR\DQF\ DQG WKH ODZV RI OHY
LV EDVHG RQ WKH XVH RI D GLPHQVLRQDO SK\VLFDO
ZKHUHDV WKH ODWWHU RQ SXUH SURSRUWLRQ VLPL
3\WKDJRUDV FKDSWHU $FFRUGLQJ WR 6DPEXUVN\
LH WKH\ DUH ODZV LQ ZKLFK WLPH GRHV QRW DSSHD
W LV XVHIXO WR OLVW KHUH WKH WLWOHV RI KLV
QDWXUH DQG WKH UDQJH RI KLV SK\WVLFDO PDWKHPDW
+ 2Q WKH (TXLOLEUBWRIRNM 30DQGEYV,, LQ ZKLFK KH GH\
OHYHUV DQG RI HTXLOLEULXP
+ 7KH 4XDGUDWXUH RI WKH 3DUDEROD
+ 2Q WKH 6SKHUH DIQMSURL@MLOBRQJ RWKHU WKLQJV KH
RI D VSKHUH DQG WKH YROXPH RI D F\OLQGHU
+ 2Q 6SLDOPOWHLQ KH GHPRQVWUDWHY WKH SURSHUWL]
+ 2Q &RQRLGV DQBKHIMKHWRKBVGHWHUPLQHYV E\ PHDQV
LQWHJUDWLRQ WKH YROXPHV DQG WKH DUHDV RI VF
+ 2Q IORDWLQ®%BRRRGLHVDQG ,, LQ ZKLFK KH GHVFUL
3ULQFLSOH DV ZH ZLOO VHH ODWHU RQ
+ 7KH OHDVXUHPHQAKHRU HL @ LKHF D SUR[LIPOWHY WKH YD
+ 7KH 6DQG S5HRENRQDHALXV ZKHUHLQ KH HVWDEOLVK
QRWDWLRQ



W PRU/H ,PA

t+ 7KH OHWKREWWHU WR (UDWRVWKHQHYV ZKHUHLQ Kt
GLVFRYHULHV ,Q LW $UFKLPHGHV GLVWLQJXLVKHYV
WKH PHWKRG RI GHGXFWLYH SURRI RI WKHRUHPV

t+ $ %YRRN RI /WREDDWODWHG IURP WKH $UDELF ZKL
SURSRVLWLRQVY UHODWHG WR VRPH RI KLV ORVW ZR

D 7KH /HYHUDJH /DZ
$UFKLPHGHVZIQWWKBWILXHOLEULRPWZR3IDRPRNMY GHYH
SULQFLSOH RI WKH OHYHU DQG GHWHUPLQHV WKH FH
SDUDOOHORJUDP WULDQJOH DQG SDUDOOHO WUDSH]
,Q %RRN ,, KH RFFXSLHV KLPVHOI ZLWK WKH ILQGLQ
VHIPHQWYV 7KH OHYHU WKH VLPSOHVW RI GHYLFHYV
HVVHQWLDOO\ D ULJLG EDU WXUQLQJ RQ D IL[HG SLYR'
IRUFHVY ZKLFK KROG LW LQ HTXLOLEULXP DUH LQYHU
WKH SLYRW +XOO 7KH WKHRU\ RI OHYHUV LV ED\
SUFKLPREQHNKH (TXLOLEWARRNR, 330RD/Q\HXMO D W H 3(TXI
DW HTXDO GLVWDQFHY DUH LQ HTXLOLEULXP DQG HT>
HTXLOLEULXP EXW LQFOLQH WRZDUGV WKH ZHLJKW ZK
SRVWXODWH 5,1 ZKHQ ZHLJKWV DW FHUWDLQ GLVW
DGGHG WR RQH RI WKH ZHLJKWV WKH\ DUH QRW LQ
ZHLIJKW WR ZKLFK WKH DGGLWLRQ zZDV PDGH~"
SURSRVLWLRQV 37ZR PDIJQLWXGHYV ZKHWKHU FR
LQFRPPHQVXUDEOH >3URSRVLWLRQ @ EDODQFH DW C
PDJQLWXGHNW RKHQ

%DVHG RQ WKH SULQFLSOH RI WKH OHYHU $UFKLPI
JLYHQ ZHLJKW KRZHYHU ODUJH E\ D JLYHQ IRUFH |
DEVXUGLW\ RI PRYLQJ D KHDY\ ERG\ E\ D VPDOO IRUFH
3 JUHDWHU FLUFOHV RYHUFRPH OHVVHU RQHV ZKHQ WK

+H QRWLFHG WKDW WKH QDWXUH RI WKH FLUFO
LQ WKH OHYHU ERWK IRUFH DQG EXUGHQ PRYH WK
FLUFXPIHUHQFH RI WKH FLUFOH VXLWV WR WKH HVVHC(
ORQJHU WKH DUP RI D OHYHU WKH OHVVHU WKH QHHG



WQLRGH -PD

$FFRUGLQJ WR 30XWDWBRKLPHGHVLWKE {OKH QEHRRN
+ROOLVWHW BRRBWFKLPHGHY ZURWH WR WKH .LQJ RI ¢
ZDV ERWK D UHODWLYH DQG D IULHQG RI KLV DERXW
D WLQ\ IRUFH +LV OHJHQGDU\ ERDVW WR +LHURQ LV |
SRLQW RI VXSSRUW D IXOFUXP WR VWDQG RQ DQG
LQYLWHG KLP WR SXW KLV WKHRUHP LQWR SUDFWLFH
WKUHH PDVWHG IXOO\ ODGHQ VKLS ZKLFK KDG EHHC
KLPVHOI VRPH GLVWDQFH DZD\ DQG ZLWK QR JUHDW H
KDG GHYLVHG IRU WKLV H[SHULPHQW D SHRP\KIS@DNVIRRQ
D WDFNOH ZLWK D ODUJH QXPEHU RI VKHDYHV LQ HDF
30XWDUFKJV UHFRUG WKHUH DUH D IHZ RWKHU UHI
$FFRUGLQJ WR $WKHQDHXV S$UFKLPHGHV PDQDJHG WI
FRPSOH[ VIVWHP RI SXOOH\V EXW E\ WKH XVH RI D ZLQ
$WKHQDHDOWQRVR SKXXWRRRW HUFBMLORVRSKHUV DW
HG & % *XOLFN &DPEULGJH S$UFKLPE
DORQH ZDV DEOH WR ODXQFK WKH VKLS ZLWK WKH DL
RI WKH ZLQGODVV KH ZDV DEOH WR ODXQFK WKH VKL
$UFKLPHGHV ZDV WKH ILUVW WR LQYHQW WKH FRQVW
$UFKLPHGHV WK} WKH. ERRN R| HROMDAVWHU 6KRUW

7KH ODZV RI OHYHUV DUH WKH EDVLV RI RSHUDWLR
FUDQHYV

SOXWD3DRKOWOHOSDUWYWUDQV , OPRWWYV.LRY HHRWH DVODUFHO
+DUPRQGVZRUWK

SURFOXFPHQWDU\ RQ WKH )LUVW %RRN RWUORDL GUEWORPRRWW V
SULQFHWRQ &RQCOHEWVLRRMHGLFDUXRGUHOLTXHDBHU /HLS]LJ
"/ 6LPPV +ROOHWWBO 6KRUMRMHRFKLFKWH 6LFLOLHQV/HBS$DWHU

SS $ PLDFHKURBBRD S 'LMNVWHUKXLV

$WKHQDHXV RI 1DXFUDWLY OLYHG DERXW $ ' ILUVW LQ $¢
'"HLSQRVREROWDOM-QV IUDJPHQWY IURP D JUHDW PDQ\ DQFLHQW
'LMNVWHUKXLYV



W PDGH =RQA

E 7KH %XR\DQF\ /DZ
,Q WKH WQ HNORDLWHQUQWGERHERRNYV $UFKLPHGHV OD\
WKH VFLHQFH RI K\GURVWDWLFV ,Q %RRN , KH SURYF
3ULQFLSOH RI IORDWDWLRQ DFFRUGLQJ WR ZKLFK D E
ORVHV DQ DPRXQW RI ZHLJKW HTXDO WR WKDW RI WKF
FRQGLWLRQ RI VWDELOLW\ RI D ULJKW VHIJPHQW RI D ¢
&RQFHUQLQJ WKH $UFKLPHGHVY SULQFLSOH ZH KDYH
3URSRVLWLRQ 3$Q\ VROLG OLJKWHU WKDQ D IOXLG
LPPHUVHG WKDW WKH ZHLJKW Rl WKH VROLG ZLOO
GLVSODFHG
3URSRVLWLRQ 3, D VROLG OLJKWHU WKDQ WKH 10
ZLOO EH GULYHQ XSZDUGV E\ D IRUFH HTXDO WR WKH
ZHLJKW Rl WKH IOXLGHBUMBMDFHG ~ &RKHQ

7KH $UFKLPHGHVY 3ULQFLSOH FRXOG EH IRUPXODWH
WKDW D VROLG GLVSODFHV LV HTXDO WR WKH EXR\DQ)
HIHUWV RQ WKH VROLG &RQVHTXHQWO\ IRU WKH VRO

WR WKH ZHLJKW RI WKH VRO)% PIKZKIPYXRVDOYWHIRDKNN
IOXLG GLVSODVHWKEQXWDYLWDWLRQDO DFFHOHUDWLRQ
SULQFLY®DH I MOXROLE ZKNUMKH GHQVLW\ RI WKH IOXLG

ODZ RI EXR\DQF\ WKDW ODUJH LURQ VKLSV VDLO RQ ZI
WKH DLU

$UFKLPHGHY GLVFRYHUHG WKLV WKHRU\ ZKHQ 3RQ
PRUH KLV ERG\ VDQN LQWR LW WKH PRUHHEDWG®IU UXQ
%DVHG RQ WKLV SULQFLSOH KH PDQDJHG WR GHWHUP
VROYH WKH SUREOHP RI .LQJ +LHURQYV FURZQ +LHUF
ZKHWKHU RU QRW WKH JROGHQ FURZQ WKDW KH KDG
DGXOWHUDWHG ZLWK D PDVV RI VLOYHU S$UFKLPHGH)\
JROG E\ ZHLJKWLQJ LQ ZDWHU WKH FURZQ LWVHOI DV
WKH FURZQ RQH RI JROG WKH RWKHU RI VLOYHU %\ |

ILWUXQLEVFKLWHERQMWURGXFWLRQ WUDQVODWLRQ RI 0O + OR



R PHGH =LQ\

GLVSODFHG E\ WKH VDPH ZHLJKW RI WKH JROG WKH V|
WKH VSHFLILF JUDYLW\ RI WKH WKUHH

7KH SK\VLFDO ODZV RI $UFKLPHGHV FRQVWLWXWH
DQG SUDFWLFDO IUDPHZRUN XSRQ ZKLFK IORXULVKHYV

&RQFOXVLRQ

7KH VHFRQG VWDJH RI KXPDQ WKRXJKW LV WKH W
SUHVRFUDWLF SK\WLFDO LQWHUSUHWDWLRQ RI WKH ZR
ZRUNV Rl WKH 3UHVRFUDWLFV KDYH VXUYLYHG HLWKH
RI ODWHU ZULWHUV ZKDW LV REYLRXV WKURXJKRXW
PHWDSK\VLFDO VSHFXODWLRQ WKDW FKDUDFWHUL]HG
IXQGDPHQWDO TXHVWLRQV REVHUYH WKH QDWXUH V
ODZV WKDW JRYHUQ WKH QDWXUDO SKHQRPHQD DQG
SULPDU\ HOHPHQWY WKH VWUXFWXUH RI WKH ZRUOG
SKHQRPHQD DQG VLWXDWLRQV $00 WKHVH UHVXOW I
ZRUOGY FUHDWLRQ DQG IXQFWLRQ 3UHVRFUDWLF
LQH[KDXVWLEOH XQGHUO\LQJ VXEVWDQFH RXW RI ZK
WKH RSSRVLWH TXDQWLWLHY DULVH DQG DUULYH DW J
DLU DQG VR RQ 7KH IRXU HOHPHQWV WR ZKLFK WK
HOHPHQWY ZKLFK FRUUHVSRQG WR WKH WKUHH FRQ
ZDWHU DQG JDVHV DLU ZKHUHDV WKH IRXUWK WK
WKH RSSRVLWH TXDQWLWLHV GRPLQDWLQJ WKH GR
(PSHGRFOHV FRXOG EH FRQVLGHUHG DV GHULYDWLYH!
DUH TXLWH D IHZ FDVHV ZKHUH WKH RULJLQ WKH VRX
RU IURP PRUH WKDQ RQH HOHPHQW RU IURP WKH TXI
SURSRUWLRQV RI WKH HOHPHQWY SURYLGLQJ WKH |
LOQWHUDFWLRQ EHWZHHQ IXQGDPHQWDO HOHPHQWYV
$QD[LPDQGHU WKH IRXU URRWV RI (PSHGRFOHV WK
$QD[DJRUDV WKH WKHRU\ RI WKH LQILQLWH QXPEHU\
LQILQLWH YRLG E\ WKH DWRPLVWY DQG WKH VHQV
LOQWHUDFWLRQYV



DQG $H GWXLLFDOFO0 URDH$ WR

$ORQJ ZLWK WKHVH SK\VLFDO PRGHOV UHODWHG W
ZRUOG WKHUH LV WKH LVVXH Rl WKH RSHUDWLRQV W
WKH ZRUOG 7KH FRQFHSWXDOLVDWLRQ RI FRQFHSW
FKDQJH XQDYRLGDEO\ SDUWDNH 7KH HDUO\ SK\VLFLV
WKDW FDXVHV WKH PRWLRQ DQG WKH FKDQJHV KDSS|
IRUPDWLRQ RI SK\WLFDO PRGHOV DGHTXDWH WR H[S
FRQVWLWXWH WKH IRXQGDWLRQ VWRQH IRU SK\VLFV |
$QD[LPDQGHUfV FRVPRORJLFDO RSSRVLWHV RI KRW FI
RIl SURFHVV DUH UHVSRQVLEOH IRU WKH FKDQJHV RF
UDUHIDFWLRQ DQG FRQGHQVDWLRQ FRQFHSWV DV DQ
RI DLU WR TXDQWLWDWLYH UHODWLRQV UHYHDOV VL
UHDVRQLQJ SURFHVV (PSHGRFOHVY IRUFHV RI /RYH L
VHSDUDWLRQ RI WKH IRXU URRWV $QD[DJRUDVY IRL
VHSDUDWLRQ RIl Rl WKH RSSRVLWH TXDOLWLHV WKDW
WKH KHDYHQ +HUDFOLWXVY RSSRVLWH IRUFHV RI 6WU
DFW DV WKH SULPH PRYHU WKH IRXU W\SHV RI FDXVD!
DQG VR RQ +HUDFOLWXVY GHFODUDWLRQ WKDW HYHU
LQKHUHQW PRWLRQ DQG FKDQJH WKDW FKDUDFWHULV
G\QDPLFDO SKHQRPHQD OHDG WR WKH FRQFHSW RI W
DQG VLPXODWH WLPH 7KLV LQ WXUQ UHVXOWV LQ WK
DV PRGHOV RI WKH UHODWLYH PRWLRQ RI VXQ DQG WK
LQ FKDSWHU

7KH SK\WVLFDO LQWHUSUHWDWLRQ Rl WKH ZRUOG UH
RI WKH IXQFWLRQ RI WKH VI\VWHP XQGHU H[DPLQDWLRC
HOHPHQWY RU SDUWV ZKHUHDV WKH IXQFWLRQ LQWR
DQG UHVXOWV 7KHVH HIIRUWV RI XQGHUVWDQGLQJ Z}
REVHUYLQJ ERWK LQ WHPSRUDO DQG VSDWLDO RUGHU
LV D VXEMHFW WKDW SUHYDLOV LQWR WKH ZKROH !
LQWURGXFLQJ WKH ZD\ Rl JHWWLQJ NQRZOHGJH RI D
REVHUYDWLRQV DQG VFLHQWLILF UHVHDUFKHV 7KH P
WKH RWKHU H[SUHVVHV WKH FXPXODWLYH HIIRUW WR
IRUPV Rl DFKLHYHG NQRZOHGJH 7KH FKDUDFWHULVWL
DQG UHSUHVHQWDWLRQ GRPLQDQW LQ WKH WKRXJKW
FRQFHSWXDO PRGHOOLQJ 7KH ORJLF EHKLQG WKLV \



WR 7QROKQD

FRQFHSWXDO PRGHOOLQJ LV GHILQHG DV D SURFHVYV
DFTXLVLWLRQ ZKHUH WKH NQRZOHGJH LV EHLQJ H[WL
RI WKH LQYHVWLJDWHG V\VWHP E WKH VWDJH RI NQ
VHOHFWLRQ DQG WKH FODVVLILFDWLRQ RI WKH DFTXL
SUREOHP FRQFHSWYV WKDW DUH EHVW FDSDEOH WR GH
V\VWHP DQG F WKH VWDJH RI NQRZOHGJH UHSUHVHQ
WKH PDLQ HQWLWLHYV RI WKH SUREOHP WKHLU DWWUL
WKH FRQVWUXFWLRQ RI D IXQFWLRQDO VFKHPD ZKL
FRQFHSWXDO PRGHOOLQJ 7KLV FRQFHSWXDO VFKHPD
EH XVHG DV D UHIHUHQFH IRU WKH HQWLUH GHYHOR
LQGLFDWLYH UHIHUHQFH WR WKH FRQFHSWXDO PRGHC
ZLOO H[SORUH 30ODWRYfV SKLORVRSK\ DERXW PRGHOV

DOJRULWKPV



QRWLRQS

&KDSWHU

($5/< 127,216 2) 7+( 6<67(0



A& DL \ QHWLWPyY RIWS$Hj:$WHP

($5/< 127,216 2) 7+( 6<67(0

 QWURGXFWLRQ

8S WR WKLV SRLOW DQ DQDO\VLV RI VRPH FRVPRJR
ZRUOG DVVRFLDWHG ZLWK WKH FRQFHSW RI PRGHOOLC
ODLG RQ WKH IRUPDWLRQ RI P\WKLFDO FRVPRORJLFI
7KHLU FLWDWLRQ IROORZV WKH FKURQRORJLFDO RUGHFH
ZLOO VWDQG DW WKH DQWLSRGH RI WKHVH PRGHOV D
HVA\VWHPY DSSHDUV IUHTXHQWO\ LQ DQFLHQW *UHHN
ZKDW VA\VWHP LV FDQ EH IRXQG LQ WKH ZRUGV RI WKH
WKH ZD\ WKH DQFLHQW SKLORVRSKHUV DSSURDFK WKEF
ZRUOG WKH QDWXUDO SKHQRPHQD RU WKH KXPDQ EJ
H[SODLQ DQG RU WR PRGHO WKHP EHDUV WKH HDUO\

,Q DGGLWLRQ ZH ZLOO ORRN DW +LSSRFUDWHVTY k
VIVWHP ZKLFK LV IRUPHG E\ KLV QDWXUDOLVWLF DSE
FRQWUDVW WR WKH UHOLJLRXV YLHZV WKDW SUHFHGH
DQG WR KROG WKDW DOO GLVHDVHV DUH QDWXUDO
&KDUDFWHULVWLFDOO\ 3 G b RMFH\(3\LEDDEKRNA H B WMLK/HH KR
DOO GLVHDVH /HW IRRGV EH \RXU OHGLFLQH DQG \RX
PDQ OLYHV D OLIH LQ DFFRUGDQFH ZLWK WKH ODZV R
GRHV KH PDQDJH WR SUHVHUYH KLPVHOI +H FRQVLGH!
FRPSRVHG RI IRXUV KXPRXUV EODFN ELOH \HOORZ El
WKH LPSRUWDQFH RI REVHUYDWLRQ GLDJQRVLV DQG
PRGHO

JROORZLQJ $ULVWRWOHTV LQYHQWLRQ RI /RJLF DV
UDWLRQDO DQG WUDQVPLVVLEOH V\VWHP RI WKRXJKW
KXPDQ NQRZOHGJH DERXW WKH ZRUOG $ULVWRWOH
FRKHUHQW V\VWHP Rl WKRXJKW E\ GHYHORSLQJ D FRF
HTXDOO\ ZHOO DV WKH SURFHGXUH IRU OHDUQLQJ DER
WKRXJKW PDNHV D QHZ UHDOP RI WKRXJKW SRVVLEO]
ORJLFDO FRQVHTXHQFH DQG SURRI 7KH WUHDWLVHV |
DQG SODFH WKLQJV LQ D KLHUDUFKLFDO zZD\ DV IR



UZWLRYWL V

SUHGLFDWLRQV WKH VV\OORJLVP DQG LWV FRUUHFW IL
RU LQGXFWLRQ $V -RQDWKDQ /HDU KDV SXW LW
RIIHU D SUDFWLFDO JXLGH WR DUJXPHQWDWLRQ EXW
VIVWHPV WKHPVHOYHV ~

7KH &RQFHSW RI py6\VWHPY LQ $QFLHQW *UHHN 6RXU

,Q DQFLHQW *UHHN ZULWWHQ VRXUFHV WKH ZRUG
PHDQLQJ RI LW YDULHV DFFRUGLQJO\ ZKHQ UHIHUULC
PHGLFLQH /HW XV FLWH VRPH LQGLFDWLYH LQVWDQFH)

=ED[UBQDWHP D ZKROH FRPSRVHG RI PDQ\ SDUWYV

SODBRQRPLUH 3 > @ DOO JHRPHWULF FRQVWUXFWLI

DOO GXO\ FRQVWLWXWHG PHORGLF SURJUHVVLRQV W
UHYROXWLRQV HW DGDPLOWRQ

,Q SKLORVRSK\ VI\QWKHSRWLWSRO®HH $ULVWRWOH

,Q SROLWLFV RUJDQLVHG JRYHUQPHRIW FRQVWLWXW
,Q PXVLF KDUPRQ\ V\VWHP RI PXVLFDO LQWHUYDOV
3ODIKROHEBYV 3>6RFUDWHY VSHDNV @ ZKHQ \RX KDY
DUH KLJK DQG ZKDW DUH ORZ DQG WKH QXPEHU DQG C

RU SURSRUWDMNRQWHPKBER AMDIGHHG RXW RI WKHP \RX K
VNLOO" -RZHWW YRO

,Q SRHWU\ WKH FRQQHFWLRQ RI PDQ\ O\ULFV LQ D Z}
,Q PHGLFLQH WKH MZKROHY RI ERG\

+LSSRFYOMRHM VPY:KHQ WKH WKURDW LV GLVHDVHG RI
ERG\ DWWHQWLRQ PXVW SDLG WR WKH VHFUHWLRQV
WKHQHUDO BXWWHPWKH\ UHVHPEOH WKRVH RI D KHDOW
QRXULVKLQJ IRRG

(SLQRFILMDQVODWHG E\ $ ( 7D\ORU
7TUDQVODWHG E\ KWIWGFLNVOPEBRPAW PLW HG8 +LSSRFUDWHV DSKRULVI
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IFOU\ QRIRPEJIWS HMXGWHP R!

+LSSRFUBRMVEORRN RI SURJEPRXWLRX PXVW QRW DOORZ \
GHFHLYHG LI VXFK XULQH EH SDVVHG ZKLOH WKH EODG
Rl WKH VW DWH) HORPWERKWWRHHD SDUWLFXODU YLVEXV

7KH *UHHNRZRWUBAYDWHP FRPHV IURP RAKYHL RELQUAN 8 W
PHDQV

(VWDEOLVK XQLWH FRPELQH FRQQHFW FRPSRVH

VROLGLI\ DQG WKLFNHQ

ODLQWDLQ RUGHU IRUP SDUW\ HQJDJH LQWHUZHDY

KDSSHQ H[LVW DQG EH FRKHUHQW

7TKHVH UHIHUHQFHV FRPH WR XV PRVWO\ E\ 30DW
+RZHYHU HYHQ WKH 3UHVRFUDWLF SKLORVRSKHUV Z
ZRUOG L H WKH V\VWHP WKH\ KDYH WR ORRN LQWR
UDWLRQDO LQYHVWLIJDWLRQ FRQWULEXWH WR WKH LC(
7KH\ OD\ GRZQ WKH SULPDU\ FRQGLWLRQV WKDW PXVYV
V\VWHP KDV WR KDYH D UDWLRQDO VWUXFWXUH WR |
ORJLFDOO\ H[SODLQDEOH 7KH\ DVN DERXW WKH LQJUE
DQRG WKH RSHUDWLRQ RI WKH V\VWHP 7TKH\ ZDQW WR
RQH HOHPHQW RU PDQ\ WKH HVVHQFH RI WKHVH HOHP
WKDW WDNH SODFH VR DV WKHVH HOHPHQWV WR UHV
FUHDWLRQ DQG WKH VWUXFWXUH RI WKH ZRUOG V\VWH|

T :KDW LV WKH QDWXUH RI WKH V\VWHP"
T :KDW DUH WKH EDVLF IXQGDPHQWDO SULPDU\ HOHF
T ,Q ZKLFK SDUWV FRXOG WKH VI\VWHP EH DQDO\VHG"

SHIDUGLQJ RQ WKH RWKHU KDQG WKH EHKDYLRXU
DVN

tf +RZ LV WKH V\VWHP EHLQJ JHQHUDWHG DQG ZKD
JHQHUDWLRQ"

7TUDQVODWHG E\ )UDQFLY $GDPV KWWS FODVVLFV LQLW HGX -



AME D U\ QHWHIR®AS VRH P

¥ +RZ GRHV WKH V\VWHP ZRUN"
¥ +RZ GRHV LW SURJUHVV"

ORUH SUHFLVHO\ 7KDOHV LV WKH ILUVW WR LQWUR
WKH EDVLF HOHPHQWVY RI D VIVWHP DQG $QD[LPDQG!
G\QDPLFDO WLPH GHSHQGDQW XQLW\ ZLWK FHDVHOHYV
TXDOLWLHV VXFK DV KRW FROG GU\ PRLVW DQG LQV
WKH LQSXW RI WKH VI\VWHP WKH DV KH FDOOV HWHU
LV UHVSRQVLEOH IRU DOO WKH FKDQJHV $QD[LPHQF
IXQFWLRQDO FRUUHODWLRQV DPRQJ LWV YDULDEOHV
VIVWHP IROORZV D FRQWLQXDOO\ F\FOLFDO WUDQVIRU
DLU )RU +HUDFOLWXV WKH V\VWHP LV D FRORVVDO S
KH IREFXVHV KLV YLHZ PRVWO\ RQ WKH G\QDPLFDO
$QD[DJRUDV DQG WKH DWRPLVWV /HXFLSSXV DQG 'H
FRPSOLFDWHG ZKROH ,Q SDUWLFXODU $QD[DJRUL
GHFRPSRVLWLRQV WKDW FKDUDFWHULVH WKH ZRUOG
EHLQJ RU FHDVLQJ WR EH ,Q WKLV ZD\ KH LQWURGX
WKDW FDQ EH VSOLW LQWR REMHFWV GHFRPSRVLWLR
DJDLQ FRPSRVLWLRQ IRUPLQJ RWKHU V\WVWHPV 7KL
YDULRXV ZD\V WKH VPDOOHVW SDUWV RI ZRUOG WK
PDFURFRVP DFFRUGLQJ WR /HXFLSSXV DQG 'HPRFULWX
DGGLWLRQDOO\ WKH FRQFHSW RI WKH WLPH HYROXWL!
Rl DWRPV EHFRPHVY LVRODWHG LQ D ODUJH SDWFK RI Y
RU YRUWH[ RXW RI ZKLFK WKH V\VWHP Rl ZRUOG DURYV

/IDWHU RQ 30DWR DLPLQJ DW WKH SURSHU GHILQLW
FDQ QDWXUDOO\ EH FRPSRXQGHG LQWR RQH DQG GLYL
WKDW JRHV RQ IURP WKH JHQHUDO WR WKH SDUWLFXO
GHILQLWLRQ FKDSWHU 7KH FRQWULEXWLQJ SRLQW
LV WKH FRQFHSWLRQ WKDW WKH ZKROH L H WKH XQL
WKDW LQWHUUHODWH ZLWK HDFK RWKHU VR DV WR IRL



QRWID Qi

7KH )LUVW '"HILQLWLRQ RI 6\VWHP

7KH ILUVW GHILQLWLRQ RI VA\VWHP FRPHV IURP WKH
S\WKDJRUHDQ .DOOLF®DOLE: Y 6 D OMKIRWIARKHN + DSSLQH\
)DPLO\ GHILQHV ZKDW puV\VWHPY LV DQG H[SODLQV L
VI\VWHP RI GDQFH LQ WKH VLQJLQJ VRFLHWLHYVY E WKH
V\VWHP RI WKH IDPLO\ ZKHUH WKH SHRSOH DUH QH[W
UHODWLRQVKLSV 7KLY GHILQLWLRQ DSSHDUV LQ WEK
6WREDHL 6WREDHL - (FRQYPLFRYV

$Q\ VA\VWHP FRQVLVWYV RI FRQWUDU\ DQG GLVVLPLODU HOHF

RSWLPXP DQG UHWXUQ WR WKH FRPPRQ SXUSRVH

>([DPSOH 7KH GDQFH®@

$Q\ SDUWLFXODU GDQFH FRQVWLWXWHY D VIVWHP LQ WKH VLC
FRPPRQ SXUSRVH DQG HQGV XS LQ D FRPPRQ UHVXOW WK
FRQFRUGDQFH RI VRXQG DQG PRWLRQ

>([DPSOH 7KH FUHZ @

,Q WKH VKLSV WKH VA\WVWHP RI WKH FUHZ LV FRPSRVHG RI FR(
WKDW XQLWH LQ RQH RSWLPXP ZKLFK LV WKH FDSWDLQ DQG
ZKLFK LV WKH JRRG VDLOLQJ

>([DPSOH 7KH IDPLO\ WKH KRXVHKROG @

7KH IDPLO\ H[LVWV DV D VA\VWHP LQ VRFLHWLHYV IRUPHG E\ UH
RI GLITHUHQW SDUWV WKDW XQLWH LQ VRPHWKLQJ RSWLPXP \
WR WKH FRPPRQ WDUJHW ZKLFK LV WKH DOLNH WKLQNLQJ

$FFRUGLQJ WR .DOOLFUDWLGHV D V\VWHP H[LVWYV
VRFLHW\ DQG LV FKDUDFWHUL]J]HG RI WKUHH WKLQJV

,JIOGZRX =UR3DLRX $Y%RNR\LRY -RDQQLV 6WREDHL )ORULOHJLXI
HW 6XSSOHYLW 7KRPDV *DLVIRUG $ 0 9RO ,00 2;21,, ( 7\SRJU

7TUDQVODWHG IURP DQFLHQW *UHHN E\ WKH DXWKRU



QRWILRPESHOHP

7KH SDUWLFXODU DQG GLIITHUHQW HOHPHQWYV L H
VXEVWDQFH IRU H[DPSOH WKH GDQFHUV RI WKH
PHPEHUV RI D IDPLO\

7KH RSWLPXP HOHPHQW WKDW XQLWHYVY DOO WKH R\
FRPSRVHV FR RUGLQDWHYVY DQG LQVWUXFWYV WKH S
DQRG GHFLGHVY RQ WKH VWUXFWXUH RI WKH V\VWHP
FDSWDLQ LQ WKH VKLS WKH KHDG RI WKH IDPLO\
7KH GHVLUHG FRPPRQ SXUSRVH WKH WDUJHW WKD
EHKDYLRXU IRU H[DPSOH WKH FRQFRUGDQFH RI VR
VDLOLQJ DQG WKH ULJKW GLUHFWLRQ RI D VKLS WK

7KXV D FRPSOLFDWHG V\VWH® BR QR LMW R/ MWIWVXYF W
LH WKH ZD\ WKHVH HOHPHQWY FRQQHFW EHWZHHQ W
E QG VR RQ DQG RI WKHKH WRLEBDIGOW B UJHMAUHQFH
WHUPLQRORJ\ DQG ZKRVH IXOILOPHQW GHSHQGV RQ W

JLIXUH $QDO\VLV RI D VIVWHP E\ .DOOLFUDWLGHYV

$ EULHI GHILQLWLRQ RI WKH V\VWHP DFFRUGLQJ WR

WKH IROORZLQJ
$ VAIVWHP LV GHILQHG E\ PHDQV RI LWV HOHPHQWYV

VSHFLILHV VA\VWHPTV IXQFWLRQ



QWL P$

+HYHU WKH V\VWHP DV LW LV GHVFULEHG E\ .DOO
D VLPSOH RSHQ V\VWHP EXW DV D FORVHG ORRS FF
FKDUDFWHULVWLEFV

7KH VA\VWHP FRQVLVWYV RI RSSRVLWH SDUWV L H L

W XQLWHYVY WR WKH RQH RSWLPXP ZKLFK LQ PRGHP

DW WKH RSWLPLVDWLRQ DQG

W UHWXUQV WR WKH FRPPRQ WDUJHW L H LW KR

ZRUGV LW HPERGLHYVY IHHGEDFN ZKLFK UHVXOWYV LC

WKH GHVLUHG EDODQFH DQG KDUPRQ\

&RPSDULVRQ&RQWURO V\VWHP
&RQWUDGLFWLRQ

'"HVLUHG WDUJHW A 5HDO UHVSRQVH
JHHGEDFN
JLIXUH &RQWURO V\VWHP E\ .DOOLFUDWLGHYV

$ SDUWLFXODU GHILQLWLRQ RI FORVHG ORRS FRQW
FRXOG EH WKH IROORZLQJ

$ FORVHG ORRS FRQWURO V\VWHP LV GHILQHG E\ PH

RI WKH RSWLPDO FRQWURO LW DLPV DQG RI WKH |

GHVLUHG WDUJHW

,Q WKH IROORZLQJ OLQHYV .DOOLFUDWLGHYV LQWHUS

WKH KRXVHKROG 6WREDHL - (FRQYPLFRV
,Q VLPSOH ZRUGV HYHU\ IDPLO\ RU KRXVHKROG LV V
LQVWUXPHQW R1 SVDOWUBNW \HWEBWHHKBETX WKRHHWVVEEBHME H
RI PXVLFDO DUXMIM)DNFBWRMRBROQHFWLRQ RWEWKH UHC
DFSM3: A WKH IHHO DQG WKH XVH RI PXVLF >,Q WKH
HTXLS MAGBYUMDWKH FRPSRVLWLRQ RI DOO WKH SDUWYV

7KH VXJIJHVWLRQV RI RSHQ DQG FORVHG ORRS LQWHUSUHWDWLRC(
DXWKRU



HWLRRLS$ RIWIHGX$WHQY

Rl WKH NLQGUHG VRFLHW\ 7ZR RI WKHVH SDUWV WKH PD
JRYHUQHG DQG WKH XVHG DUH ILUVW DQG PD[LPXP ,Q WKH
ILUVW DQG PD[LPXP SDUWV DUH WKH VRXO DQG WKH ERG\

JRYHUQVY DQG XVHV ZKHUHDV WKH ODWWHU LV WKH SDUW WK
RQ WKH RQH KDQG WKH OLIH LV WKH DFTXLUHG RUJDQ RI KXI
WKH ERG\ LV WKH LQKHUHQW DQG UHODWLYH RUJDQ RI VRXO
IDPLO\@ VRPH RI WKH SHRSOH ZKR DUH PHPEHUV RI WKH ID
DUH NQRZQ 5HODWLYHYVY DUH WKRVH WKDW KDYH UHODWLROQ\
WKRVH WKDW KDYH UHODWLRQVKLSY E\ PDUULDJH > @ UHJELC
PD[LPXP@ RI WKH SRVVHVVLRQ WKH\ DUH GLYLGHG LQWR
(VVHQWLDO LV DQ\WWKLQJ WKDW VHUYHV WKH QHHGV RI1 OLI
FRQFHUQV WKH zZzD\ Rl OLIH DQG WKH HPEHOOLVKPHQW RI1 PD!

$FFRUGLQJ WR .DOOLFUDWLGHV LQ WKH H[DPSOH F
RI

7KH SDUWLFXIOARW B UMD QW V

7KH ZD\ WKH\ FRQQ WWFWDWS XR\WMK RWKHU

7KH UHODWLRQ WKDOWFHKD WD EWHUL]HY WKHP

7KH HOHPHQWYVY RI WKH V\VWHP DUH GLYLGHG LQWR
DQG LOQWR WKRVH WKDW DUH XQGHU FRQWURO 8QGR
VI\VWHP WKH FRQFHSW RI FRQWURO DSSHDUV

7KH +ROLVWLF $SSURDFK WR WKH &RQFHSW RI1 6\VW

7TKH QRWLRQ RI VA\VWHP ZKLFK LV ZLGHVSUHDG LQ \
RFFXSLHVY WKH WKRXJKW RI WKH HDUO\ SKLORVRSKHU
LOQOWHIJUDWHG IRUP LQ WKH ILHOG RI PHGLFLQH RQ DF
&RWD % & 2Q WKH RQH KDQG KH DWWHPSWV WR
D UDWLRQDO V\VWHP VHSDUDWHG IURP SKLORVRSK\ U
KH UHJDUGVY WKH KXPDQ ERG\ DV WKH JHQHUDO V\VWF
WKHLU RSHUDWLRQV ILW KDUPRQLFDOO\ +LV PHWKRG
DOO GLVHDVHV DUH QDWXUDO SKHQRPHQD JRYHUQH!
OHGLFLQHYT DV KH LV RIWHQ GHVFULEHG JDWKHUV LC
PDWWHUV FRQQHFWHG ZLWK PHGLFLQH x5S B/HRF WDKML F



QWL Q$ RIWSHSAWHP

&ROOHFPAR S JRFUDWL P ERKWE XWLIKW\ VHYHQ ZRUNV
WHQGHQFLHV RU VXSHUQDWXUDO FDXVHV LV LQFOXG
7KH\ GHDO ZLWK DOPRVW HYHU\ EUDQFK RI PHGLFDOC
WHFKQLFDO DQG QRQ WHFKQLFDO GLVEXVVLRQV 2EY
VRPH zZD\ FRPH WR EH DVVRFLDWHG ZLWK WKH QDPH
KLPVHOI

7KH EDVLF SULQFLSOH ZKLFK LV HVWDEOLVKHG E
DVVRFLDWHG ZLWK WKH QRWLRQ RI VI\VWHP LV WKH
+LSSRFUDWLF 6FKRRO DFFRUGLQJ WR «BLGHPLFV
9, LL 31RWKLQJ DW UDQGRP RYHUORRN QRWKLQJ ~
FOHDU GLIIHUHQWLDWLRQ EHWZHHQ VSHFXODWLRQ D
IURP REVHUYDWLRQ +LV RZQ ZRUGV IRU WKDW DUH
EHOLHYH RQH NQRZV LV DQRWKHU 7R NQRZ LV VFLHQ
LJQRUDQEH ~

7KH YHU\ FKDUDFWHULVWLE RI +LSSRFUDWLEF PHWKFE
EXW LW DLPV DW D WRWDO XQLILHG SLEWXUH RI D GL
SLFWXUH LV EDVHG RQ WKH GLDJQRVLV UHVXOWLQJ IU
WKH IDFWRUV UHJDUGHG DV VLJQLILEDQW 6RPH RI WK
WKH SDWLHQW IHHOV DQG ZKHUH LW LV ORFDWHG ZK}
H[SHULHQFHG WKH SUHYLRXV FRQGLWLRQ RI WKH SDW
DQG KDELWV

7KH +LSSRFUDWLFV E\ WKHLU ULFK H[SHULHQFH DU
LV QRW VLJQLILEFDQW WR REVHUYH FHUWDLQ LQGLED\
FDVH XQGHU FRQVLGHUDWLRQ ZLWK RWKHUV EULQJLQ.
DQG WR FODVVLI\ ZKDW PDUNV DUH W\SLFDO RU HVVHQ
GLIIHUHQFHV RI FDVHV UHVXOWYV LQ JHQHUDOLVDWLRC
WKH GHVFULSWLRQ DQG GHILQLWLRQ RI D GLVHDVH D!
GDWD WKDW SUHVHQWY GLIIHUHQFHV DQG VLPLODULW
RI NQRZOHGJH (YHQ WKRXJK WKH +LSSRFUDWLFV DUH
GLVFXVV LQ D WKHRUHWLEDO ZD\ KRZ DQG ZLWK ZKD
MXVWLILHG WKH\ VHHN WR UHGXFH WR D PLQLPXP WKH

7KH +LSSRFUDWLF PHWKRG ZH FRXOG VD\ HQFORVE
FRQFHSW RQ ZKLFK WKH IROORZLQJ GHYHORSPHQW RI



WD U A QRWLRARWRR$H A6ILDMWWHU

EDVHG 7KH ZKROH SURFHGXUH WKH +LSSRFUDWLFV IR
SUHYLRXV FDVHV DUH QHFHVVDU\ IRU WKH FUHDWLRQ
WKH\ HQG XS ZLWK LV XVHG DV SURJQRVLVY WR D QHZ
RI WKH UHVXOWYV RI H[SHULPHQWYV VR WKDW WR PDNH
7KLY FLUFXODU SURFHVV RI FUHDWLQJ GLDJQRVWLF F
WKH HVVHQWLDO NQRZOHGJH LQ RUGHU WR UHFRJQLYV
WKDW RFFXU LQ HYHU\ GLVHDVH LV VLPLODU WR WKF
FORVHG ORRS FRQWURO V\VWHP pUHWXUQVYT VR DV WI

&RQFHSW RI $QDORJ\

+LSSRFUDWLFV HYROYH WKHLU V\VWHP RI PHGLFLQH
GRFWULQHV RI WKH 3UHVRFUDWLF SKLORVRSKHUV H .
WKH 3\WKDJRUHDQV HJ WKH VLIJQLILFDQFH RI QXPE!
FRQFHSW RI DQDORJ\ 7KH 3UHVRFUDWLFV $QD[LPDQC
WKDW WKH PDQ LV VXEMHFW WR WKH VDPH ODZ DV WK
GLUHFWV WKH FRVPLF HYHQWVY DOVR RSHUDWHV LQ
+LSSRFUDWLFV RQ WKH RWKHU KDQG EHOLHYH LQ DC
PLFURFRVP ,Q WKHLU ZULWLQJVY WKH UHODWLRQ RI F
LPLWDWLRQ RI VLPLODULW\ RU FRUUHVSRQGHQFH
WXUQHG HLWKHU zZD\ L H WKH KXPDQ ERGLHV LPLWE
FRVPRV LPLWDWH KXPDQ RUJDQV %XUNHUW 7K
HOHPHQWY HDUWK DLU ZDWHU DQG ILUH IRUP WKH
KXPDQ ERG\ 7KH QDWXUH RI WKH IRXU HOHPHQWYV VX,
$ULVWRWOH VHQVLEOH TXDOLWLHV GU\ FROG KRW
TXDOLWLHV LQ JURXSV RI WZR FRQVWLWXWHV WKH |
$SSOLHG WR WKH V\WWHP RI PHGLFLQH WKH IRXU TXDO
RI WKH KXPDQ ERG\ L H KRW PRLVW EORRG FRO
\HOORZ ELOH DQG FROG GU\ EODFN ELOH

'KHQ D SHUVRQ LV KHDOWK\ LH LQ D QRUPDO VW
KDUPRQLRXV SURSRUWLRQV :KDW D SK\VLFLDQ KDV W
DEQRUPDO FRQGLWLRQ LV WR UHVWRUH WKH GLVWXU|
DQG KXPRXUV



([FHSW WKH UHODWLRQVKLS RI WKH IRXU KXPRXUV W
DQ DQDORJ\ EHWZHHQ WKH KXPRXUV DQG WKH VHDVR
ZLWK WKH IRXU $JHV RI 0DQ ER\KRRG \RXWK PDQKRR

7KH IROORZLQJ DQDORJLHY DULVH
(OHPHQWWXPRXU 4XDOLWLBNDVRQ $JH RI10DQ
$LU %ORRG +RW ORL¥VSWLQI %R\KRRG
JLUH <HOORZ #RMWH "U\6XPPHU <RXWK
(DUWK % ODFN %IRIDH 'UBXWXPQ ODQKRRG
:DWHU 3KOHJP &ROG ORLWHU 20G $JH

JLIXUH7KH +LSSRFUDWHVY DQDORJLHV

7TKH QRWLRQ RI WKH IRXU HOHPHQWY DQG RI WKH E|
KHDOWK DQG GLVHDVH ZDV DOUHDG\ IDPLOLDU E\ WK|
+RZHYHU WKH EULQJLQJ WRJHWKHU LQ D WKHRU\ WK
RFFXUUHG E\ +LSSRFUOWWYXWDH B IKOIDWRQZRUN R
37TKH KXPDQ ERG\ FRQWDLQVY EORRG SKOHJP \HOORZ ELOH LC
WKLQJV WKDW PDNH XS LWV FRQVWLWXWLRQ DQG FDXVH LWV
WKDW VWDWH LQ ZKLFK WKHVH FRQVWLWXHQW VXEVWDQFHYV
RWKHU ERWK LQ VWUHQJWK DQG TXDQWLW\ DQG DUH ZHOO P
VXEVWDQFHY SUHVHQWY HLWKHU D GHILFLHQF\ RU DQ H[FHV!
QRW PL[HG ZLWK WKH RWKHUV ~ /LQGEHUJ

,Q WKH ERRN RI -DFNVRQ ZH ILQG D SDVVDJH
37TKH QRWLRQ RI KXPRXUV DV VXFK FRPHV IURP HPSLU
WHWUDG WKH GHILQLWLRQ RI KHDOWK DV WKH HTXL
GHILQLWLRQ RI WKH VLFNQHVV DV WKH GLVWXUEDQF
FRQWULEXWLRQV ZKLFK ZHUH WDNHQ XS E\ (PSHGRFO
WKH VHDVRQV HDFK RI WKH IRXU VXEVWDQFHYVY LQ WXU(
(PSHGRFOHDQ %XW WKH FUHGLW IRU FRPELQLQJ DO

5D\PRQG .OLEDQVN\ (UZLQ 3DERWXN\Q DQE NHWDQFXRO\ 6WXGLEF
RI 1DWXUDO 3KLORVRSK1HZHGRUUINR @ DD DG %R RNV S



QHWLP W$ ‘RWH R A LD- ' WHU{

WKHUHE\ FUHDWLQJ WKH GRFWULQH RI KXPRUDOLVP Z
GRXEW WR WKHDIVXUWHRIRD QKR +LSSRFUDWHYV ~
2QH RI WKH ZRUNV LQFOXGHG LQH V8K M KILSI ROFSEMD UR
QRW WR KDYH EHHQ ZULWWHQ E\ D SK\VLFLDQ EXW PRV
ZLWK WKH DUW RI PHGLFLQH DQG LQ SDUWLFXODU ZLW
DQG NQRZQ WR WKH LQYLVLEOH DQG XQNQRZQ
'H $SUWH 9, Il /LWWUp 3 > @ ZKDW HVFDSHV
PDVWHUHG E\ WKH VLJKW RI WKH PLQG IRU ZKDW WKH
OHDP E\ KHDULQJ KH SXUVXHV ZLWK UHDVRQLQJ +H F
FDOPO\ DQG GHOLEHUDWHO\ UDWKHU WKDQ ZLWK UDVK

7KLY SURFHVV RI UHDVRQLQJ IURP WKH YLVLEOH DQ
LV PRVWO\ EDVHG RQ WKH FRQFHSW RI DQDORJ\ W L
DOQDORJLHVY EHWZHHQ WKH IRXU HOHPHQWY RI WKH ZF
ERG\ EXW DOVR E\ WKH VLPLODULWLHV GHULYHG I
+LSSRFUDWLFV EHLQJ DZDUH RI WKH QDWXUDO SKHQ
H[SODLQHG E\ WKH SUHGHFHVVRU SKLORVRSKHUV WI
RSHUDWLRQV RI KXPDQYV ERG\ ,Q PDQ\ FDVHV DQD
LQVWUXPHQWYVY H J WKH H\H LV OLNHQHG WR D ODQWV
GRPDLQ RI SK\VLFV DQG PHFKDQLFV H J WKHUH LV
GUDZLQJ OLTXLG IURP D FRQWDLQHU DQG WKH FXSSL{
HPEU\R DQG LWV GHYHORSPHQW WR WKH JURZWK RI D
UHVSLUDWLRQ WKDW LV IRU WKHP D IRUP RI QXWULYV
HYDSRUDWLRQ L H WKH FRQYHUVLRQ RI ZDWHU LQWR

7KH +LSSRFUDWLFVY GHULYH WKHLU WKHRULHYV HLWKI
HISHULPHQWY PDGH LQ WKH RUGLQDU\ URXWLQH RI OL
JRU H[DPSOH WKH\ PHQWLRQ WZR H[SHULPHQWYV WKD'
PHDQV RI ZKLFK WKH\ FRPH WR WKH FRQFOXVLRQ WK
ZHLIJKWYV 7KH GHWDLOHG GHVFULSWLRQ RI WKHLU HI:
WKHVLYV

7KH RQO\ FRPSOHWH WUDQVODWLRQ LQWR D PRGHP ODQJXDJH )U
+LSSRFUDWLF RROOHOMLAWWUp 2HXYUHV FRPSOQWHV GY +LSSRFUDW
UHSULQWHG



QRLLRQL RIWSHGX$WHPY

$ULVWRWOHYV 6\VWHP RI /RJLF

$ULVWRWOH LV D YHU\ VIVWHPDWLF SKLORVRSKHU L
DUHD RI LQYHVWLJDWLRQ RIWHQ ILQG DSSOLFDWLRQV
ZRUN2BJIDQRQHHN ZRUG IRU pWWRROY KH DQDO\VHV KL
VFLHQWLILF H[SODQDWLRQ DQG RI WKH PHWKRGV IRU
RWKHU ZRUGV LQ WKLV SDUWLFXODU ZRUN KH LQWUR
6D\V 7KXUVWRQ s3$ULVWRWOH LQWURGXFHG WKH
VFKRRO RI VFLHQWLILF LQYHVWLIJDWLRQ DQG H[SHUL
IRXQGDWLRQ WKH ILUVW UHDO XQLYHUVLW\ LQ WKH
PRGHP VFLHQWLILF PHWKRG ZKLFK FRQVLVWV LQ Wt
QDWXUH FROOHFWLQJ IDFWV DQG QRWLQJ SKHQRPH
UHODWLRQV XQWLO WKHVH IDFWV DQG SKHQRPHQD K
DQG LQ VXIILFLHQW FORVH UHODWLRQ VRPH HYLGHQ!
GLVFRYHUHG DPRQJ WKHP DQG WKLV IRUPXODWHG
IRXQGDWLRQ VWRQH RI WKH VFLHQFH XQGHU LQYHVWL.

JURP WKH WLPH RI $QGHRQLW XV RWEKREBHWVOLHVW NQ
$ULVWRWOHIV ZRUNV DQG GRZQZDUGV LW LV FRQVLC
DPRQJ WKH ZULWWHQ DQG WKH SULQWHG ZRUNV RI $UL
DUH QRW VR PXFK D SDUW RI SKLORVRSK\ DV DQ LQV
DFTXLUHG E\ DQ\RQH EHIRUH WKH FRPSUHKHQVLRQ R
+HDWK S$ULVWRWOHTV /RJREJIDQRQWRRID PIRD
UHFRQFLOLQJ DQG EULQJLQJ LQWR DFWLYH FR RSHUDW
DQG WKH /DZV Rl 1IDWXUH ~

$FFRUGLQJ WR $ULVWRWOH WKH NHUQHO RI VFLH
VRPHWKLQJ KH FDOOV 'HPRQVWUDWLRQ (DFK REMHFW
LQGLYLGXDO FKDUDFWHULVWLFV SRVVHVVHV DOVR VR
EH WKH NLQG RI WKLQJ LW LV 7KH VFLHQWLILF NQRZ(
GHPRQVWUDWH WKDW D QHFHVVDU\ SURSHUW\ LV LQ}
EHORQJV WR D VSHFLILF VSHFLHV ZKLFK LV FKDUDFW
RWKHU ZRUGV WKH FRQFHSW RI VFLHQWLILF LQTXLU\
SURFHGXUH RI GHPRQVWUDWLQJ E\ GHGXFWLYH RU
FRQFOXVLRQV IROORZ FHUWDLQ SUHPLVHV $ULVWRWOC



QRWLDPL

LI ZH VSHFLI\ LWV FDXVH LV H[SUHVVHG QRZ E\ KLV YL
RI D FRQFOXVLRQ WKH PHDQ WR H[KLELW WKH UHDVRC
/JHW XV VHH LQ PRUH GHWDLO ZKDW 'HPRQVWUDWLI
VIVWHP E\ DQDO\VLQJ LWV ORJLPNODQRRQY¥UWXUWH PIQ!
WUHDWLVHVY WKDW GHDO HLWKHU ZLWK ZKDW ZH FDOO
VFLHQFH DQG LQ GLDOHFWLF
,Q WKH ILUVW W U HODMWLIV HXWL BEMY YR PDIXQKE® PHQW D O

Rl ZRUGV OD LH RI WKH VLPSOHVW XQLWV RI
WKLQJV WKH\ UHIHU WR 7KH FDWHJRULHV KH FRPHV X

6XEVWDRFHDUWLFEXODU WKLQJ WKDW KDV QR FRQW

4XDQWKWYX PXFKJ WZR IHHW ORQJ

AXDORWKDW PDRIQHUJ FROG L H E\ YLUWXH R

WKLQJV DUH VDLG WR EH RI RQH RU DQRWKHU NLQ

5HODWHLRQ GRXEOH

3ODRBKHUWM J DW SDUN

7LPRDKHG J WRPRUURZ

3RVLVRIRQ@ZKDW SHRVWX.WHVLWWLQJ

+DYLQUJ LV DUPHG

$FW LRDIFWLWLW\ FXWV

%HLQJ DF WG VAIRQJIV LV FXW

$ULVWRWOH LV QRW DOWRJHWKHU H[HPSW IURP WKFE
ZKLFK DVFULEHV WR QXPEHU D SHEXOLDU YLUWXH D
WKDW QXPEHU LV WKH VXLWDEOH QXPEHU IRU D FRP:
RI LQIRUPDWLRQ

7KH QH[W KLJKHU OHYHO RI FRPSOH[LW\ ZKLFK LV
WKH VR 20D @WHEUSBROYDMWIVRY RI WKH VLPSOHVW VHQWH
FRQVWUXFWHG E\ WZR WHUPV QRW DQ\ WZR EXW DQ
VLIJQLILFDQFH E\ LWV RZQ VXFK DV u$00 0 LV 31 RU |

7KH WRSLF Rl WKH WKLUG DQG WXL RRU $/KD @' GNHLIFW |
3RVWHULRU $BDONWWEY HGNQ DRUVAMFRISID\LQ D KLJKHU G
FRPSOH[LW\ WKLV RI $UJXPHQWYV RU 6\OORJLVPV ORU!
6\OORJLVP JHQHUDOO\ ZKHUHDV WKH ODWWHU GHDOYV



QRL*PL RIW$H{{{WHP

VIOORJLVP WKHUH PXVW EH WZR SURSRVLWLRQV LQFO
puo LV 37 VR 36 LV 3? )RU H[DPSOH

6RFUDWHY LV D KXPDQ %HLQJ

$00 KXPDQ EHLQJVY DUH PRUWDO

7TKHUHIRUH O6RFUDWHV LV PRUWDO

7KH WZR WHUPV 6 DQG 3 up6RFUDWHVY DQG pPRUW
SUHGLFDWH RI WKH FRQFOXVLRQ DUH FDOOHG WKH I
UHVSHFWLYHO\ 7KH WKLUG WHUP 0 pKXPDQ EHLQJY D
FRQFOXVLRQ DQG FDOOHG WKH PLGGOH WHUP 7KLV
EHFDXVH LW LV WKH FDXVH RI WKH GHGXFWLRQ 2Q0
GHGXFWLRQ LV SRVVLEOH 7KLV ORJLFDO UXOH LQ VV\
FROQQHFWLRQ RI WZR V\VWHPV

JLIXUH7KH $ULVWRWHODQBW RIORYWHPB YV

7KLV VRUW RI ORJLFDO LQIHUHQFH LV JHQHUDOO\
SUHPLVHV LQ SODFH RI WKH pWKHUHIRUHY

YRU H[DPSOH $00 0 LV 3
6LVO
6LV 3

6XFK LQIHUHQFHV DFFRUGLQJ WR 3DW]LJ DQG

RQO\ LQ WKH DERYH ILJXUH EXW DOVR LQ WKUHH PRUH

, $00 0 LV,3 $00 3 LV D, $O0 0O LV 39 $00 3 LV O
6 LMBBBBBBBB6 L\BBBB 0O LBBBBBBBBO LV 6
6\ 3 6 LV 3 6 LV 3 6 LV 3

W LV REYLRXVLQ WKH DERYH ILIXUHV WKDW WKH PL
EXW GRHV QRW DSSHDU LQ WKH FRQFOXVLRQ ,I 0 VWDC
ILJXUH ,9 DQG , $ULVWRWOH GRHV QRW PDNH DQ\ GL



@R WWRES kX WHP

IRXUWK ILIXUH VR WKH ILIJXUHV ,9 DQG , Rl WKH WUD
RI WKH $ULVW RWHRUW DRERILEF V .1 0 VWDQGV DW V
ERWK SUHPLVHV ZH KMLHRWRBPOIWIERY,, DQG LI DW
EHIJLQQLQJ ZH KDYH WKWH DQDQ\MDLEYV $

2EYLRXVO\ WKHUH DUH QXPHURXV V\OORJLVPV W
FDWHJRULFDO WHUPV DQG ZRUGY 6RPH DUUDQJHPHQ!
QRW 7KH DERYH PHQWLRQHG IRXU ILIJXUHV FRQVWLW X

7KH QH[W WRSLF RI KLJKHU FRPSOH[LW\ WKDQ WKH
YDOLG V\OORJLVP LV D GHPRQVWUDWLRQ +RZHYHU
GHPRQVWUDWLRQ 7KH GLVWLQFWLRQ LV EDVHG RQ W
,Q RUGHU D YDOLG V\OORJLVP WR FRQVWLWXWH D GHF
WUXH VFLHQWLILF H[SODQDWLRQ WKH SUHPLVHV RI W
WKH DERYH H[DPSOH RQH SURYHV WKDW 6RFUDWHV L
LV D KXPDQ EHLQJ DQG DOO KXPDQ EHLQJV SRVVHVV W

&RQFOXVLYHO\ $ULVWRWOH

&RPSRVHV WKH ORJLFDO VWUXFWXUH DQG KLHUD

H[DPLQHV :H FRXOG VD\ WKDW E\ PHDQV RI KLV /

DQDO\VLV RI WKH V\VWHP

'LVWLQJXLVKHV WKH FDWHJRULHV RXW RI ZKLFK W

VA\VWHP DUH PDGH

JRUPXODWHY WKH EDVLF UXOHV RI ORJLF WKH V

UHODWLRQV DPRQJ WKH SDUWLFXODU HOHPHQWYV R|

7KLV DQDO\VLV RI $3ULVWRWOH HQDEOHV WKH GHSLF
RI D ORJLFDO GLJLWDO DOJRULWKP ZKLFK LQ PRGHP
GLIJLWDO SURJUDP

&RQFOXVLRQ

7TKH FRQWULEXWLRQ RI WKH 3UHVRFUDWLF SKLORVR
DFFRPSDQLHG E\ D FRQWULEXWLRQ WR WKH HPHUJHQF!
WKH LQWURGXFWLRQ RI WKH EDVLF FKDUDFWHULVWLFYV
VFLHQWLVWY DSSURDFK WKH XQNQRZQ V\VWHP RI WKH
WKH QRWLRQ RI RUGHU DQG UDWLRQDOLW\ ,Q DGG



QRWLRZ$

VHDUFKLQJ WKH EDVLF HOHPHQWY RU SDUWV RI W
LQWURGXFWLRQ RI WKH QRWLRQ RI G\QDPLFDO EHKDY
UHODWLRQV DPRQJ WKH V\WVWHPYTV YDULDEOHVY DQG W
SURFHVV Rl HYHQWY DQG FKDQJHV FUHGLW WKH V\VWF
7KXV LQ 3UHVRFUDWLFVY WKRXJKW ZH ILQG WKH RUL
VRPH SURPLQHQW VWHSV RI LWV HYROXWLRQ QHYHLU
VXEMHFW RI VWXG\ LV QRW WKH YHU\ FRQFHSW RI V\V
GHILQLWLRQ RI WKH V\VWHP LWVHOI WKDW FRPHV W
$FFRUGLQJ WR KLP D V\WWHP LV GHILQHG E\ WKH GL
REMHFWLYH UHODWHG WR LWV RSHUDWLRQ ZKHUHDV
HOHPHQWY WKH RSWLPDO FRQWURO DQG WKH IHHG
RSHUDWLRQ RI LW 7KH ODWWHU GHILQLWLRQ WKDW E
WKH VI\VWHP D VSHFLILF WDUJHW FRQWULEXWHV WR W
ZLOO EH HODERUDWHG LQ FKDSWHU

7KH IXUWKHU HYROXWLRQ RI V\VWHP FRQFHSW LV
LOQWURGXFHVY WKH QRWLRQ RI WKH JHQHUDO V\VWHP
EHORQJ ,Q KLV WKHRU\ KH DVFULEHV WR WKH V\VW
3UHVRFUDWLE WKDW RI WRWDOLW\ +H FRQFHLYHV W
JHQHUDO V\WWHPV FRPSRVHG RI SDUWLEXODU IXQFWLI
HTXLOLEULXP LQ RQH RI WKHVH IXQFWLRQV UHVXOWYV L
WKH HTXLOLEULXP LV KHDOLQJ 21 ZLGHU LQWHUHV)\
GHYHORSPHQW RI WKH DQDORJLHV EHWZHHQ GLIIHUH
FRQWULEXWLQJ LQ WKLV ZD\ WR WKH FRQFHSW RI DQEC
WKH GHYHORSPHQW RI PRGHOOLQJ

IDVW EXW QRW OHDVW $ULVWRWOH DGGV DQ DGGLW
KLHUDUFK\ +LHUDUFK\ LV WKH GRPLQDQW IHDWXUH LQ
GLVWLQJIJXLVKHV WKH OHYHUV RI FRPSOH[LW\ LQ KL\
FDWHJRULHVY WR VHQWHQFHV WKHQ WR V\OORJLVPV
GHPRQVWUDWLRQV 7KH IROORZLQJ RI WKH VWHSV R k
DQG WKH DUULYDO DW WKH ODVW OHYHO RI GHPRQVW!
WKH FDXVH RU WKH UHDVRQ WKDW H[SODLQV DQ HYHQV



ASRQHTEWXDOUQRGHIR UH DWLWPj DQG PHI$SHGR DA

&KDSWHU

8&21&(378%$/ 02'(/6 5(/$7,216
$1' 0(7+2'2/2*<



, UH=IORUL$ DQG PHWS$RGH HIIL

&21&(378%/ 02'(/6 5(/$7,216 $1' 0(7+2'2/2*<

,QWURGXFWLRQ

&RQFHSWXDO PRGHOOLQJ DV WKH SURFHVV RI EXL
WKH RWKHU W\SHV RI PRGHOOLQJ ,Q WKH SHULRG RI
SURFHVV RI FUHDWLQJ V\PEROV HJ WKH *RGV DV V\I
WKH DJH Rl 3UHVRFUDWLF SKLORVRSKHUV WKH FRQF
WKH NQRZOHGJH DFTXLVLWLRQ DQG RUJDQLVDWLRQ F
PRGHOOLQJ +RZHYHU D GLUHFW WKHRUHWLFDO DQDC
RI PRGHOV DV ZHOO DV D UHSUHVHQWDWLYH H[SUHVV
UHDVRQLQJ PHWKRGRORJ\ WKH VR FDOOHG OHWKRG F
ZRUN

&RQFHUQLQJ WKH LVVXH RI UHDOLW\ DQG LWV SHUF
WKH PDWHULDOLVP RI WKH 3UHVRFUDWLFV DQG PDL
XQLYHUVH +H LV FRQYLQFHG WKDW DOO WKLQJV RI
FRSLHY PRGHOV RI LGHDO SURWRW\SHV V\VWHPV |,
WKH ZRUOG RI WKH VHQVHVY WKH ZRUOG RI LPSHUIH
ZRUOG RI WKH SHUIHFW DQG LPPXWDEOH ,GHDV ZKHU
DQG SKHQRPHQD DUH IRXQG +H LV VRKER L HEBADQBRWR
DQDO\WH WKH W\SHV Rl PRGHOV DQG WKH JHQHUDO S
SHUVSHFWLYH

)XUWKHUPRUH KH LV DEOH WR VHH WKLQJV WKDW F
GLYLGHG LQWR PDQ\ DQG DV D UHVXOW KH SUHVHQMW
GLFKRWRP\ RQ WKH pWDNLQJ BbSDUSHKIREKUG\L Y RG ORI}
WKH HEULQJLQJ W RIWWDKFHREW PSLLORDAHOAY WR WKH PRGHP
PRGHOOLQJ SURFHVV 30DWR FRPPHQFHV KLV PHWKRG
RI WKH SUREOHP DQG FDUULHV RQ E\ LGHQWLI\LQJ W
WKURXJK D VHULHV RI TXHVWLRQV ,Q WKLV ZD\ KH I
OHDGV WR WKH GHILQLWLRQ RI DQ\ VSHFLILF FRQFHSW
WKLV DOJRULWKP IRU H[DPSOH RQ WKH GHILQLWLRQ
VRPH OHVVHU WKLQJ HJ WKH GHILQLWLRQ RI pDQJ
JUHDWHU +H NQRZV WKDW LI JUHDW WKLQJV KDYH W



WHDIDPL D Q GPHW$R HRA

SUDFWLFH RQ VPDOO DQG HDVLHU WKLQJV EHIRUH DW
WKH JUHDW WKLQJV FDWHJRULHV E\ PHDQV RI VPD(
SURFHVV ZKHUH WKH VWXG\ RI DQ XQNQRZQ RU FRPS
E\ PHDQV RI D PRGHO WKDW VLPXODWHYV WKH EHKDYLR

7KH &RQFHSW RI ORGHOOLQJ LQ WKH $QFLHQW *UH&

I1RWLRQV WKDW DUH DVVRFLDWHG ZLWK WKH FRQF
DQFLHQW WH[WV /HW XV ILUVW VLWH VRPH RI WKHP

2MXRIVRPLODU UHVHPEOLQJ VRPHWKLQJYEXMDIQRW W
XRL27WMRIDODULW\ OLNHQHVV UHVHPEODQFH
2SRLFRPSOGHO RU LPDJH UHPHPEUDQFH FRS\ RU UH!
LV VLPLODU WR WKH RULJLQDO
3ODIKMHGUXV E 3> @ VRXOV GR QRW HDVLO\ L
RWKHU ZRUOG > @ RQO\ IHZ URWRLERBQ DGHT
WKHP ~ -RZHWW YRO

OLSHREMH¥RPH RU EH FRQVWUXFWHG DEVROXWHO\ VL
(LGFR;RGRO LPDJH PRGHO SKDQWDVP
3ODMIRYV E 3 > @ ZKHQ ZH DUH GHDG WKH ER
TXLWH ULJKWO\ VDLG WR EH RXU VKDGHV RU LPLEL

6KDGRZ UHIOHFWLRQ

3ODMNRRS KLVAV 3> @ DQG RWKHU SURGXFWYV RI K.
WZRIROG DQG JR LQ SDLUV WKHUH LV WKH WKL
WKH WKLQJ LV FRQFHUQHG@ DQG WKH LPDJ}
FRQFHUQHG @ " -RZHWW YRO
SODKPHGR 3> @ ZKHQ UHDO SKLORVRSKHUYV F
ZLOO EH OHG WR HPIDOWR ;R YU HR@ HRWW\L R Q YRO



, UH VIOLRQ$ DQG PHW$RWIRORA

,ODSG6HRRSAI®WO RU LPDJH (XSDOLQXV RI OHJDUD V
ZRUG VR DV WR GHVFULEH WKH PRGHO KH GHY\
WKH KRPRQ\P DTXHGXFW LQ 6DPRYV
$YD;R\BWURSRUWLRQDWH RU FRQVLVWHQW WR D SURS
VLPLODU
SODWRDHXE 3 > @ ZKHQ DOO WKLQJV ZHUH LQ

LQ HDFK WKLQJ LQ UHODWLRQ WR LWVHOI DQ
RWKHU ~ -RZHWW YRO

$YD;R\ABWRSRUWLRQ HTXDOULPDHR&UD&/LRY 3O0ODWR
5DWH VLPLODULW\ RI UHODWLRQV
SODWWDWHVPD Q3> @ :KHQ \RX UDWHG VRSKL'
SKLORVRSKHU DW WKH VDPH YDOXH WKRXJK WK
PDWKHPDWLFDO SURSRUWLRQ FDQ H[SUHVYV

7KH DERYH PHQWLRQHG UHIHUHQFHYV REYLRXVO\ FR(
FRQFHSWY RI PRGHO DQG PRGHOOLQJ IRWLRQV VXEF
SDUDGLJP XQGHU ZKLFK WKH DUW RI PRGHOOLQJ LV
PHGLDWH DOOXVLRQV WKHUH DUH DOVR PDQ\ LPPHGLI
WKH DUW RI PRGHOOLQJ LWVHOI DV ZLOO EH LOOXVWU

SODWRYYV 7KHRUHWLFDO $SSURDFK WR &RQFHSWXDC

7KH $UW RI ODNLQJ ORGHOV
7KH DUW RI PRGHOOLQJ LV EHLQJ SRVHG E\ WKH *U
UHDOPYV
f 7KH ILUVW RQH KDV WR GR ZLWK WKH %HLQJ V YRW
WKH FRQVWLWXWLRQ ,W DQVZHUV WKH TXHVWLRQ 3:
f 7KH VHFRQG RQH KDV WR\GWR HDYDKHW KZH. Wokd FARKPHL GG\
DQG WKH RSHUDWLRQ ,W DQVZHUV WKH TXHVWLRQ 3

7KLV WH[W LV EDVHG RQ WKH IROORZLQJ ERRN V 30ODWR 30DWI
+ 1 )RZOHU &DPEULGJH 0$ +DUYDUG 8QLYHUVLW\ 3UHVV /RQGR
UHVSHFWLYHO\



76! PFAIWLLFGP RGHLL UH DWLPW$ DQG PHW LRGR RDQ

¥ 7TKH WKLUG RQH KDV WRKGRY.ZH W K WWKH V8 K 1D VGRJQ P L W
RU WKH zZzD\ E\ ZKLFK WKH PRGHO KDV EHHQ FRQV\
MZ K\

2XW RI WKHVH WKUHH XQLWLHV RQO\ WKH ILUVW
IRUPXODWLRQ LQ DQFLHQW WLPHYV 7KH QXPEHUV WK
WKH FRQVWUXFWLRQ RI PRGHOV RI WKH ZRUOGTV VWU
FDOFXOXV GRHV QRW SHUPLW WKH IRUPDWLRQ RI PD\
V\VWHPVY G\QDPLFDO EHKDYLRXU 7KLV IDFW KDV D\
LOWHUSUHWDWLRQ RI WKH G\QDPLFDO EHKDYLRXU R
FDWHJRU\ ZKLFK LV UHODWHG WR WKH FRQVWUXFWLR
SHSXEDQ@®&PDHXNW XV ILUVW FLWH 30ODWRYV UHIHUHQFI
VXEMHFW DQG WKHQ UHPDUN XSRQ WKHP
7LPDHX% $ 3 > @ ZH PXVW JR EDFN WR WKLV TXHV'
ZKLFK RI WKH WZR PRGHOV GLG LWV EXLOGHU IUDPH
VDPH XQFKDQJLQJ VWDWH RU DIWHU WKDW ZKLFK KD\
DQG LWV PDNHU LV JRRG FOHDUO\ KH ORRNHG WR W|
PXVW VHH WKDW KH ORRNHG WR WKH HWHUQDO PRGFH
ZRUOG PXVW QHFHVVDULO\ EH PR YDLNIIDIHM\R YR ID U RPY

&RPIRUG

7TKH QDWXUH RI 3ODWRYfVY HWHUQDO PRGHO LV DV IR
7LPDHX% 3 > @ ZH KDYH QRZ WR VWDWH ZKDW IROO
FUHDWXUH LQ ZKRVH OLNHQHVV KH IUDPHG WKH ZRUO!
FUHDWXUH WKDW UDQNV RQO\ DV D VSHFLHV IRU QR F
EH JRRG /HW XV UDWKHU VD\ WKDW WKH ZRUOG LV
&UHDWXUH RI ZKLFK DOO RWKHU OLYLQJ FUHDWXUHYV
JRU WKDW HPEUDFHY DQG FRQWDLQV ZLWKLQ LWVHOI
WKLV ZRUOG FRQWDLQV RXUVHOYHV DQG DOO RWKHU
YLVLEOH =~ &RPIRUG

3ODWRYTV YLHZ DERXW WKH ZRUOG DV D OLNHQHVYV
LOQWHUHVWLQJ 8S WR QRZ ZH FDPH DFURVV FDVHV ZK
VI\VWHP WKDW KDG WR EH VSHFLILHG $QG WKH VSHFL|



,UHOOSQBD Q GPHWSFOHRIL

RWHQ XQGHUWDNHQ LQGLUHFWO\ WKURXJK D PRGHO
3ODWR QRZ DGGV D IXUWKHU FRQFHSWLRQ L H WKH
OLYLQJ FUHDWXUH PDGH DIWHU WKH OLNHQHVV RI D
DOWKRXJK LQ PDQ\ DUHDV RI VWXG\ WKH FRQVLGHUD
PRGHO WKH ODWWHU LV WKH HYHUODVWLQJ FRQFHSW
HYHQ PRUH WKH FUHDWLRQ DQG H[LVWHQFH RI WKH
PRGHO 3ODWR LQWURGXFHV LQ WKLV ZD\ D FLUFXOD
PRGHO ZKHUH LW LV WULYLDO WR UHFRJQLVH ZKLFK F
DQG WKH YHULILFDWLRQ RI D PRGHO LV HIDFWO\ WKLYV

UHDO V\VWHP WR LWV PRGHO DQG YLFH YHUVD
%

JLIXUH7KH SURFHVV RI PRGHOOLQJ

7KH VWDJH IURP WKH V\WVWHP WR WKH PRGHO $
H[SHULHQFH DQG WKH FRQWLQXRXV DWWHPSW RI VHD
WKH VWDJH % FRQFHUQV WKH VI\QWKHVLV WKH SODC
WKH VWDJH IURP WKH PRGHO WR WKH V\VWHP & FROQ
DQG WKH DSSOLFDWLRQ

$FFRUGLQJ WR 30DWR ZRUOGYV FUHDWLRQ DV D SU
LI WKH GLYLQH FUDIWVPDQ FRSLHV DQ HWHUQDO PRG
GHWHUPLQHV WKH SULQFLSOHV WKH VSHFLILEFDWLRQ\
XQGHU FRQVWUXFWLRQ V\VWHP WKH ZRUOG PXVW IX(
$° WKH SULPLWLYH WKH IXQGDPHQWDO

,BHSXEMIFWR LQWURGXFHV KLV GLVWLQFWLRQ EHW:

SHSXEOLFD; D 3 KHQHYHU D QXPEHU RI LQGLYLGXDO\

ZH DVVXPH WKHP WR KDYH DOVR D FRUUHVSRQGLQJ
FRPPRQ LQVWDQFH WKHUH DUH EHGV DQG WDEOHV L(
LGHDV RU IRUPV RI WKHP RQH WKH LGHD RI D EHG W



LUHDWORZSD Q GPHWS$DGR RA

RI HLWKHU RI WKHP PDNHV D EHG RU KH PDNHV D WDE
LGHD > @ EXW QR DUWLILFHU PDNHV WKH LGHDV WE
FRQFHLYH MXVW VXFK DQRWKHU D FUHDWRU RI DSS
VD\ WKDW ZKDW KH FUHDWHV LV XQWUXH $QG \HW W
FUHDWHY D EHG"

<HV KH VDLG EXW QRW D UHDO EHG > @

‘HOO WKHQ KHUH DUH WKUHH EHGV RQH H[LVWLQJ

7TKHUH LV DQRWKHU ZKLFK LV WKH ZRUN RI WKH FDUSH
D WKLUG > @ %HGV WKHQ DUH RI WKUHH NLQGV D
WKHP *RG WKH PDNHU RI WKH EHG DQG WKH SDLQWF
2] WKH SDLQWHU ZH VD\ WKDW KH ZLOO SDLQW UHLC
ZRUNHU LQ OHDWKHU DQG EUDVV ZLOO PDNH WKHP >
IRUP RI WKH ELW DQG UHLQV" 1D\ KDUGO\ HYHQ WK
PDNH WKHP RQO\ WKH KRUVHPDQ ZKR NQRZV KRZ WR
IRUP > @

7KHUH DUH WKUHH DUWYV ZKLFK DUH FRQFHUQHG ZLYV
ZKLFK PDNHV D WKLUG ZKLFK LPLWDWHV WKHP > @
RI HYHU\ VWUXFWXUH DQLPDWH RU LQDQLPDWH DQG
XVH IRU ZKLFK QDWXUH RU WKH DUWLVW KDV LQWHQC
KDYH WKH JUHDWHVW H[SHULHQFH RI WKHP DQG KH I
EDG TXDOLWLHV ZKLFK GHYHORS WKHPVHOYHV LQ XV}
WKH IOXWH PDNHU ZKLFK RI KLV TOXWHV LV VDWLVIDI
KRZ KH RXJKW WR PDNH WKHP DQG WKH RWKHU ZLOO
NQRZV DQG WKHUHIRUH VSHDNV ZLWK DXWKRULW\ DEI
ZKLOH WKH RWKHU FRQILGLQJ LQ KLP ZLOO GR ZKDW
LV WKH VDPH EXW DERXW WKH H[FHOOHQFH RU EDGQ
FRUUHFW EHOLHI DQG WKLV KH ZLOO JDLQ IURP KLP 2z
FRPSHOOHG WR KHDU ZKDW KH KDV WR VD\ ZKHUHD
-RZHWW YRO

,Q WKLV SDVVDJH 30ODWR UHIOHFWV RQ WKH UHODW
E\ D FDUSHQWHU DQG WKH LGHD RU GHILQLWLRQ RI D |
W\SH RI FUDIWVPDQ LV WKH FDUSHQWHU ZKR PDNHV W
UHDO EHGY D IRUP WKDW KH GRHV QRW FUHDWH RU
WKLQJV &RQYHUVHO\ WKH EDG W\SH LV D SDLQWHU .



, UHDOQ$ DQG PHL$SHFLR RA

DFWXDO EHG LH D JHQHUDWHG WKLQJ DQG SURGX!
RQO\ DQ LPDJH RI DQ LPDJH

+H GLVWLQJXLVKHVY WKUHH W\SHV RI PRGHOV DQG W
D 7KH SULPLWLYH RU WKH IXQGDPHQWDO PRGHO ZKI
E 7KDW RQH PDGH E\ WKH FUDIWVPDQ ZKRVH WDUJH!
F 7KDW PDGH E\ WKH LPLWDWRU ZKR LQWHQGV WR
PRGHO EXW ZLWKRXW DQ\ IXQFWLRQDOLW\

&RUUHVSRQGLQJO\ WKHUH DUH WKUHH GLIITHUHQW I
D 7KH YLHZSRLQW RI WKH XVHU WKH SHUVRQ ZKR
DWWULEXWLRQ DQG WKH XWLOLW\ +H LV WKH RQO\ :
JRRG RU EDG TXDOLWLHV WR WKH PDNHU
E 7TKH YLHZSRLQW RI WKH PDNHU ZKR NQRZV KRZ W|
XQGHU WKH LQVWUXFWLRQV HLWKHU RI WKH 3JRG™ L
FRQVWUXFWLRQ WKLQJ RU RI WKH XVHU +H LV LQ WKF
F 7KH ODVW SRLQW RI YLHZ LV WKDW RI WKH LPLWD)
LPLWDWRU LV RXW RI WKH FLUFOH ZKLFK LV IRUPHG I
RZQ PRGHO ZLWKRXW KDYLQJ LQ PLQG LWV DSSOLFD
GLYLQH DUFKHW\SH +LV DUFKHW\SH LV WKDW RQH
FRQVLGHUV WKH KXPDQ SHFXOLDULWLHV WKH KXPDQ
DFFRUGLQJ WR WKHP )RU H[DPSOH LW LV KXPDQ FKDI
EL) ZKHUHDV WKH IDUDZD\ REMHFW VPDOO L H LW LV
RI' YLVLRQ 7KXV D SHUVSHFWLYH VFKHPD RI DQ REMI
LWVHOI EXW DOVR RI WKH ZzD\ WKDW PDQ VHHV WKH R
WKH DQFLHQW *UHHN SLOODUYV 7TKHLU IRUP ZLGHU G
PRGHO RI WKH zZzD\ WKDW PDQ SHUFHLYHV D KXJH SLO
LPSUHVVLRQ WKDW WKH\ DUH ELJJHU WKDQ LQ UHDOLW

7KH W\SHV Rl PRGHO GHVFULEHG E\ 30DWR DV ZHOO
RXU XQGHUVWDQGLQJ QRZDGD\V DUH UHSUHVHQWHG L



ARQDILIXDOPDF¢HCL UHDO- QE DQG PH¢$R R RA

JLIXUH7\SHV RI PRGHO E\ 30DWR

JLIXUH&RQWHPSRUDU\ W\SHV RI PRGHO

,W LV REYLRXV E\ WKHVH WZR ILJXUHV WKDW WKHUF
WKH SODWRQLF PRGHOV DQG PRGHOV RI WRGD\

7KH $OOHJRU\ RlI WKH &DYH
,Q PDQ\ FDVHV WKH SURFHVV RI PRGHOOLQJ UHODW
DQG PRUH SUHFLVHO\ WR LWV RSHUDWLRQ RI VLPSOLII
DFTXLUH DQ RYHUYLHZ Rl WKH EDVLF FKDUDFWHULVW!
SURFHVV Rl PRGHOOLQJ WKH GRPDLQ LV UHSUHVHQWH}
SLFWXUH RU D GLDJUDP DQG WKH V\WVWHP LV YLHZHG
OLPLWY DQG DSSUR[LPDWLRQV 7KH V\VWHP LV FRQVL
YDULRXV IHDWXUHV DUH FRQVLGHUHG DV DVSHFWV RI
DQG KRPRJHQHLW\ RI SHUVSHFWLYH DQG YLHZSRLQW
IRUPHG 7KLV PRGHO UHSUHVHQWYV HLWKHU SDUWV R
RI WKH V\WWHP DQG WKHLU FRQQHFWLRQV RU VLPX!
FRQQHFWLRQV
7KLV DUW RI UHSUHVHQWLQJ D VIVWHP DQ REMHFW
VRPHWKLQJ UHDO RU QDWXUDO E\ PHDQV RI PRGHO F
PRGHOOLQJ SURFHVV EXW DOVR RQ RWKHU UHPDUND
IRUHPRVW RQ D YHU\ VXEMHFWLYH IDFWRU L H WKH
KLV VFLHQWLILF EDFNJURXQG DQG NQRZOHGJH ,Q D
ZKHWKHU LW LV D WKHRUHWLFDO LQWHUSUHWDWLRQ



AERQFTEWBGPRGVS$ UGD WP$ D Q GPHGLRGR QAOQ

NQRZOHGJH DQG H[SHULHQFH WKH PDWHULDO FRQGLYV
SOD\ DQ LPSRUWDQW UROH DV ZHOO %HFDXVH RI DO
WKH SKHQRPHQRQ ZH ZRXOG OLNH WR PRGHO LV FRQV
KDYH QXPHURXV PRGHOV RI LW (DFK WLPH WKDW RQ
DQRWKHU GLIIHUHQW PRGHO $Q\ PRGHO RI WRGD\ FR
DIWHU GXH WR D FKDQJH LQ RQH RI WKH DERYH SDUDP
/HW XV VHH KRZ 30DWR E\ PHDQV RI DQ DOOHJRU
SDUDPHWHUV LQYROYHV LQ WKH SURFHVV RI PRGHOO
7LPDHRPWVBHSXEGBICDWR LQWURGXFHV FOHDUO\ WKH C
DSSUR[LPDWLRQ RU SURMHFWLRQ RI UHDOLW\ ,Q WK
&DYHY KH JLYHV DQ LQGLFDWLYH GHVFULSWLRQ RQ W
LQWHUUHODWHG WR WKH SURFHVV Rl FUHDWLQJ FRQF#
PRGHOOLQJ
SHSXEOLBF E * > @ +XPDQ EHLQJV KRXVHG LQ D X
KDV D ORQJ HQWUDQFH RSHQ WRZDUGV WKH OLJKW DC
WKH\ KDYH EHHQ IURP WKHLU FKLOGKRRG DQG KDYH
WKH\ FDQQRW PRYH DQG FDQ RQO\ VHH EHIRUH WKHP
WXUQLQJ URXQG WKHLU KHDGV $ERYH DQG EHKLQG W
EHWZHHQ WKH ILUH DQG WKH SULVRQHUV WKHUH LV D
D ORZ ZDOO EXLOW DORQJ WKH ZD\ > @ PHQ SDVVLQ
YHVVHOV DQG VWDWXHV DQG ILIXUHV RI DQLPDOV F
PDWHULDOV ZKLFK DSSHDU RYHU WKH ZDOO > @ 6RF
DQG WKH\ VHH RQO\ WKHLU RZQ VKDGRZV RU WKH VK
WKURZV RQ WKH RSSRVLWH ZDOO RI WKH FDYH > @
VKDGRZV LI WKH\ ZHUH QHYHU DOORZHG WR PRYH WKFE
EHLQJ FDUULHG LQ OLNH PDQQHU WKH\ ZRXOG RQO\ V
DEOH WR FRQYHUVH ZLWK RQH DQRWKHU ZRXOG WKF
ZKDW ZDV DEWXDOO\ EHIRUH WKHP" > @ $QG VXSSRV
ZKLFK FDPH IURP WKH RWKHU VLGH ZRXOG WKH\ QRW
SDVVHUV E\ VSRNH WKDW WKH YRLFH ZKLFK WKH\ KHDL
7R WKHP , VDLG WKH WUXWK ZRXOG EH OLWHUDOO\ Q
“RZHWW YRO

%\ WKLY DOOHJRU\ 3SODWR VWXGLHV WKH SURFHVV R
WKH HUURUV WKDW PD\ EH FRQWDLQHG LQ WKLV PRGHC



L UH DWLRQ$ DQG PHW X]GR RA

$FFRUGLQJ WR 30DWR WKH VKDGRZ LV DQ LQWHUH\
RI PRGHOOLQJ LV GHVFULEHG DV D SURFHVV RI GHS
REMHFWYTV VKDGRZ RQ D ZDOO RU D VFUHHQ

7KH PRGHO LV WKH WUXH LPDJH RI WKH UHDO V\VW
WR GR ZLWK WKH ZD\ Rl GHSLFWLQJ WKH UHDO V\VW
7KH DFFXUDF\ RI WKH PRGHO GHSHQGV ILUVWO\ RC
ZKLFK LV HLWKHU WKH VXQ RU WKH ILUH LQ WKH FD
RI YLHZ Rl WKH VA\VWHP{V H[DPLQDWLRQ RU RQ WKH
W DOVR GHSHQGV RQ WKH DELOLW\ WR FRPSUHKHC
7KH RQH VLGHG YLHZSRLQW RI PRGHOOLQJ SURFHYV
GLVDELOLW\ Rl WKH SULVRQHUV WR PRYH WKHLU OH
$QRWKHU IDFWRU LV WKH H[SHULHQFH DQG WKH HJI
KHUH E\ WKH IDFW WKDW WKH SULVRQHUV ERP LQ W

7TKXV WKH SURFHVV RI PRGHOOLQJ DFFRUGLQJ WR 3
¥ 5HSUHVHQWDWLRQ RI UHDO V\VWHP
¥ '"HWHUPLQDWLRQ RI WKH IDFWRUV WKDW DIIHFW PR
¥ "HWHUPLQDWLRQ RI WKH YLHZSRLQW
¥ 6HFXULQJ PXOWL VLGHG IDFLQJ RI WKH SUREOHP
¥ (VVHQWLDO NQRZOHGJH DQG H[SHULHQFH

OHWKRG RI 'LFKRWRP\ RU 'LYLVLRQ

0DQ\ GLDORJXHV RI 30DWRYV ZRUNV KDYH DV WKHL
VSHFLILF FRQFHSW $FFRUGLQJ WR 30DWR WKH SDUO
LWV GHILQLWLRQ ZKLFK LQ GAXUWU & FRHISEWRERIIOR BRI R
LQWR D XQLIRUP ZKROH D XQLILHG ,GHD %DVHG RC
SULQFLSOH uWKH RQH LV GLYLGHG LQWR WZRY 30DWR
PHWKRG L H WKH 'LFKRWRPRXV OHWKRG 7KH UHDO
NQRZV WR GLYLGH SURSHUO\ DQ LGHD RU D FRQFHSW
ZRUNV DQG LQ SDUWLERSRIKWEG KWKRIXGGDBR FADLPHG
VWHS Rl 30DWRYTV GLDOHFWLF PHWKRG DQG WKH SUHI
DSSOLFDWLRQV Rl WKH PHWKRG R G I6RSKWRWY K H QD W B
RI QHIDWLRQ WKH SURGXFWLRQ RI NQRZOHGJH WKH |



LUHDWLP DQG

OHDGV WR WKH HVWDEOLVKPHQW RI 6FLHQFH HSLVW
SURSHUO\ WKH QRWLRQ RI 6RSKLVW LV XQGHUWDNHC
%HIRUH WKH RYHUDOO IRUPXODWLRQ DQG DSSOLFDW
H[DPSOH RU LQ RWKHU ZRU®W JRH UAV HG M H PPLHIDLERRGR|
ZKLFK KH GHYHORSV WKH SURFHVV DQG WKH VWHSYV
FULWHULRQ D SURSHUW\ WKDW KDV WR EH GHILQHG

VWDUWLQJ IURP ELJJHU ZHOO GHILQHG FDWHJRULHV C
WR WKH SURSHUW\ $V D UHVXOW D JHQHDORJLFDO
VXEMHFW LV FUHDWHG 7KHVH FRQFHSWV DUH FODVV
LQGXFWLYH UHDVRQLQJ SURFHVV D ORJLFDO DOJRU
SDUWLFXODU 7KH SODWRQLF PHWKRG PD\ EH UHJDU
HLWKHU IURP WKH JHQHUDO WR WKH SDUWLFXODU |U]
WKH SDUWLFXODU WR WKH JHQHUDO IURP WKH UHVXO

f ([DPSOH $QJOHWBRSKGIEMBQLWLRQ
$VVXPH WKDW WKH uDQJOHUY LV WKH SDUDPHWHU
EHJLQQLQJ WKH GLYLVLRQ SURFHVV KH GHWHUPLQHYV
SRVVHVVLQJ VRPH VNLOO VRPH DUW 7KLV LV WKH S
EHIJLQV &PWOHDIRKH QH[W BIDWHVYRV\E\ GLFKRWRP\ 0D
LQWRPDQ QRW KDYLIMIEDPDYWDYLQIHBQVRE®W $QJOHU
PDQ KDYLQJ DQ BUS W & DDWHI BUYSGRIGXEQMIRH FRU FUHTE
WKH DUW RI FRQVWUXFW L QQF RXL S MR KKKHDL MW FDIQG H D U (
FRIQLWLRQ 'HFLVLRQ 7KH DUW RI DQJOLQJ EFK®RQJV
DFTXLVLWLYH DUW IGM V RE GHL[FINEROHLYWRIIHFWHG E\
SXUFKD\GH MIQR QZIKKHAKWW DNHYV E\ IRUFH Rl ZRUG RU Gt
Rl WKH DQJOHU LV WKDW RITWKHFRR®XKMWWLV &DVEBILR/!
WKH RSHQ RU YUVIEWHQIRUMBMIGUHW RU KKEGMQQLRU
'"HFLVLRQ 7KH DUW RI WKH DQJOHU+X\Q WKW LR | WKXEGN
LOQWRIIQLYLQJ SUH\ RU DQIGPROOKXIQOHNM \SLRH) 7KH DU
WKH DQJOHU LV WKDW RI| WKHLIYQQRBDSWU KX QW VX.E G& Y WE
ODQG DQLPD® QX QIDVOHU DQLP XX KWDRWILRJ VZLPPLQJ
LH ILVKLQJ 'HFLVLRQ 7KH DUW RI WKH DQJOHU LV
+ :DWHU DQLPDO KXQWLQKLLVFD®BXIUY. G H GMIDGWGI RO K K |



AFPF IWjX] PFGHly UHDWLWPy DQG PHWS$DF R RA

ZKHQ WKH\ DUHKLQFQBWXUHD QWDWHYNWRBP E\ D EORZ
7KH DUW RI WKH DQJOHU LV WKDW RI FDSWXUH E\ VW
VXEGLYLGHG EQWRH OLJIKM RILDKILQHE\ WR UFRK GIDAKM. P
L H KXQWLQJ ZLWK VKDUS SRLQWV EDUELQJ '"HFLV
7KH PRGHO WKDW 30DWR FUHDWHV E\ PHDQV RI WK
IROORZLQJ ILIXUH

JLIXUH3ODWRQLF PRGHO RI WKH 'LFKRWRP\ OHWKRG

$FFRUGLQJ WR WKLV 30DWRQLF PHWKRG RQH NHHS
WLPH WKH OHIW VLGH RI WKH GLYLVLRQ XQH[DPLQHG I
RQO\ WKH ULJKW VXE FDWHJRU\ L H E\ GLYLGLQJ W
VXE FDWHJRULHYVY WR VRPH H[WHQW ZKHUH RQH ULJK)
SDUDPHWHU ; 7KH GHILQLWLRQ RI ; UHVXOWYV E\ p



, UHDWLDQ$ DQG PHL$DFLR RA

FKDUDFWHULVWLFV Rl WKHFULGKWHVXEGUYLXLRQWVKX

HFRPSRXQGLQJY SURFHVV OHDGV WR WKH IROORZLQJ ¢
'HILQLVRQRIQKDOI RI WKH HQWLUH DUW ZDV DFTXLVL
FRQTXHVW RU WDNLQJ E\ IRUFH DQG RI WKLV KDO
ZDV KXQWLQJ DQLPDOV DQG KDOI RI WKLV ZDV KXQ
SDUW RI WKLV ZDV ILVKLQJ DQG RI WKLV KDOI ZI
ZDV ILVKLQJ ZLWK D EDUE DQG RQH KDOI RI WKLV D
ZLWK D KRRN DQG GUDZV WKH ILVK IURP EHORZ XSz
ZH KDYH EHHQ VHHNLQJ DQG ZKLFK IURP WKH QDW
DQJOLQJ RU GUDZLQJ XS

$ VHFRQG H[DPSOH RI WKLY PHWKRG FRQFHUQV WKF
SDUWLFXODU RI WKH 6RSKLVW WKH SURIHVVRU RI ZLV
E\ GHWHUPLQLQJ WKH SULPDU\ FDWHJRU\ DQG WKHQ S|

f ([DPSOH )JLUVW BRSERSMUIWIGHE. QLWLRQ
&DWHJRU\ $&DWEIBPOWQ LV GLYEGHE®OL@WRW KDYLQJ
DQE PDQ KDYLQJHFQVRBW 6RSKLVW LV D PDQ KDYLQ.
$UWV DUH GBRYLSHBGOXPMR YH RAWKHAURIDRMRQYWWXWWLQJ |
DQE DFTXLVLWKNHDWWRI OHDUQLQJ DQG FRJIJQLWLRQ
LV DFTXLVLWLYH DKW DRDWMIRWUYH DU® RV MKEBQYHG
WKDW LV HIIHFWHG E\ JLON VR IKE R 8ZRSEREW WDWH{ V DEJGI R |
ZRUG RU GHHG 'HFLVLRQ 7KH DUW RI WKH BRSKLVW L
FRQTXHVW LV VXHEGLWLIGHRSHWRRULOEKH NOGEUHW IRU
KXQWLQJ 'HFLVLRQ 7KH DUW RI WKH §RSXQWWQLIVLW
VXEGLYLGH®ILQWR QDB HRI OLIHOMWNLBURIQ 7KH DUW
VRSKLVW LV WKDW RI WKH/IOLYQD $ SH\HLV &D0EEURQGH G
KXQWDQEB ZDWHU KKBUWMLRIQ 7KH DUW RI WKH VRSKL)\
KXQWLQJ &DIGIGRKXQWLQJ LV KKE &XQWEHG LRQWRD P H
KXQWLQJ RIKFHRXQWQ®J R Z1HFGVOLQIQPDTKH DUW R WK
WKDW RI WDPH DQLPDOW XK \WDRQP D@D WKQRW\QN LV VX
KXQWLQJ ZLWHQML RKOMHMWHQJ E\ WKH DUHWLRLBE UYXD LB
WKH 6RSKLVW LV RI FDSWXU$UBHRV % B UNVKOQ V LERQN H\J RUX



A%RQFTEWXD QP PWHRIS$G PHWS$SHFLR RA

NL SUILL/@&VHSXE'MXIFRVLRQ 7KH DUW RI WKH 6RSKLVW L\
SULYDWH SDUW L¥X VXHGHMMDEGCEHIUWMHY RV'HELWVYRQ 6RSKI
UHFHLYHV KLUH &DWHJRU\ (PL+LBRH MVKMX\ERNF LRI HG WW
PROQHNIGR SKLDAOHBGF SRVVHVVLQJ IODWWHU\

$UW

JLIXUH 'LFKRWRP\ OHWKRG IRU WKH VW GHILQLWLRQ RI

7TKHUHIRUH WKH GHILQLWLRQ RI WKH VRSKLVWLF |
IROORZLQJ DOJRULWKP ILJXUH

SODWMESKLVW 3 > @ KLV DUuw PD\ EH WUDFHG DV D

DFTXLVLWLYH IDPLO\ ZKLFK KXQWYV DQLPDOV OLYLQ



A PHHILWXDOPRGH UH DWLDQ$ DQG PHGLRGR DJX

SULYDWHO\ IRU KLUH WDNLQJ PRQH\ LQ H[FKDQJH
WKLV LV WHUPHG VRSKLVWU\ DQG LV D KXQW DIWHU
FRQFOXVLRQ °~ -RZHWW YRO

7KH WKLUG H[DPSOH RI WKH '"'LFKRWRP\ PHWKRG GH
VRSKLVW L H ZLWK DQRWKHU SURFHGXUH RU SDWK W

f ([DPSOH 6HFRQG 6RSBERSWIIWRGHH QLWLRQ
&DWHIRKRUMHWQGDUH WKH VDPH 7EBWHIWRURI H[FKDOC

VXEGLYLGHG RQWROHQJR| VHBIGLQURQ 7KH DUW RI WKH

RI VHOOLQJ) &DOWHIRULY VXIEGLYQEHI DORDR TV RZQ SU

DQIG H[FKDQJH RI WKH ZRIFNVLRIQRWKHWWW RI WKH 6R*¢
RI WKH ZRUN RI RWKHUV

JLIXUH 'LFKRWRP\ OHWKRG IRU WKH QG GHILQLWLRQ RI



UH-DWLSLL DQG PH$R RRIIL

&DWHIRUFKDQJH RI WKH ZRUN RI RWHXH UM WD Q/XLE@IL
J H[FKDQJH RI WKHFRNURRKRDQ@WH DUW RI WKH 6RSKLVW
PHUFKDQW +&0WKHIDRUH RI WKH PHUFKD®W ULRRXERBUYW!
ERGDQKS IRRG RI WKHHLVRRQ 7KH DUW RI WKH 6RSKLV\
VRXO &DWHKBRIRRG RI WKH VRXOQMMV WXEHGDL Y \RGHIG GLLY\S {
WUDGH LQ OHRVORQJ 6RSKLVWY{V DUW LV RI7TWDOGBH-QQ
OHDUQLQJ LV VANEGIWDLGH RILYWR NQRZOHGJIJMHQR! YLUW
VDOH RI RWKHU NLQGV RI NQRZOHGJH

‘H GHULYH WKH VHFRQG GHILQLWLRQ RI WKH VRSKL
ILIXUH

SODONRSKLVW 3 > @ 7KHQ WKDW SDUW RI WKH DFTXL

DQG LI HIFKDQJH ZKLFK HLWKHU VHOOV D PDQ V RZQ S

WKH FDVH PD\ EH DQG LQ HLWKHU ZD\ VHOOV WKH N

WHUP VRSKLVWU\"" -RZHWW YRO

7KH IRUWK H[DPSOH RI WKH SODWRQLF PHWKRG KDV
VRSKLVW

+ ([DPSOH 7KLUG 6RSKARSKIWWHIIDQLWLRQ
&DWHJIR UMHMEDUH WKH VDPH 7RHDWHRIRUYLWLYH DUW L
LOQWEAM RI H[FWRDRWHLY HIIHFWHG E\ JLIGVV RK I DI WQU
'HFLVLRQ 7KH DUW RI WKH 6RSKLVW TXHWIXWDW FRIl I\ KKWI
VXEGLYLGH®KH WRP SBIQME WWKH SXJQDFALMORQ 7KH DUW
BRSKLVW LV WKDW R 9X3RDFD RIXFXV&DW WX ECNRQIGO\G L
DQIG FRQWURNFHILWIRQ 7KH DUW RI WKH 6RSKLYW LV R
&RQWURYHUV\ LV VXERUHBHGE ERWWIRYEUWSXWDWLR
'HFLVLRQ 7KH DUW RI WKH 6RSKLVW LNVE&XWIOLWBRQL
VXEGLYLGKHLG UQ@WBRP GLVFXVVLRDQKE FXW XAPRHIBEMDDNF MR
UXOHV Rl DUW WR GLVSXWH 'HFLVLRQ 7KH DUW RI Wi
- $UJXPHQWDWLRQ LVMY X ERGLH L\GRHGN LZIVORY H W R IR QRAW K H
PDNHV PROFLVLRQ 6RSKLVWYIV DUW LV RI PDNLQJ PRQH



aGPHTLWXDLQZFLHL UHDXQ$ FP G PHL$R R*A

JLIXUH 'LFKRWRP\ OHWKRG IRU WKH UG GHILQLWLRQ RI

$QG WKH WKLUG GHILQLWLRQ RI WKH VRSKLVW LV IL

ODWRSKLVWD 3> @ KH LV WKH PRQH\PDNLQJ VSHI|
GLVSXWDWLRXV FRQWURYHUVLDO SXJQDFLRXV FRPE
WKLV ODWHVW WXUQ RI WKH DUJXPHQW ~ -RZHWW

7TKH FRPELQDWLRQ RI WKH WKUHH GLIITHUHQW GHILQ
IROORZLQJ ILIJXUH



L UHD8DQ$ FPGPHWDGR RA

6RSKLVWU\

JLIXUH7KH GHILQLWLRQV RI 6RSKLVWLF

7KH PHWKRG RI 3ODWR FUHDWHV D GXDO VA\VWHP W
FRPSOLFDWH GXDO QXPEHU WR HDFK OHYHO RI WKH G|
XVH WKH V\PEROV RI p29 DQG p Y IRU WKH OHIW DQG W

S3SODWR DSSOLHV WKLV PHWKRG LQ RUGHU WR GLVW
QXPEHUV DUH SURGXFHG E\ D VXFFHVVLYH GLFKRWRF
MHLGHWLFYT QXPEHU W LV VKRZQ EHORZ



L UHtDWL Qi DQG P HWtX[ FOFIIL

8QLW 7ZR 7HWUDG
2
$ $ D 7KH FUHDWLRQ RI HYHQ C
f fR R R R
\
8QLW 7ULDG 3HQWDG
2
$ S
R E 7KH FUHDWLRQ RI RGG ¢
R R

H
JLIXUH(LGHWLF QXPEHUV RI 30DWR

7KH HDFK WLPH FRQVLGHUHG FRQFHSW LGHD RU F
FRPSRQHQWY WKH OLPLWHG DQG WKH XQOLPLWHG %
FDWHJRU\ LW LV GLVFRYHUHG WKDW LW FRQWDLQV RV
ZH FRQWLQXH WKLV SURFHGXUH RI H[DPLQLQJ WKH QH
FRQWDLQ DV ORQJ DV QHZ VSHFLHV DULVH 2QO\ LI W
Rl WKH ODFN Rl QHZ VSHFLHV ZH OHDYH pWKLQJV W
7D\ORU %\ WKLV PHWKRG ZH DVFHUWDLQ WK
VLPXOWDQHRXVO\ RQH DQG XQOLPLWHG PDQ\ DV ZHO
VD\LQJ WKDW WKH DQLPDO FRQFHSW FRQVWLWXWHV D
Rl DQLPDOV LV QRW DGHTXDWH ZH VKRXOG XQGHUWD
KRZ PDQ\ DQG ZKLFK WKH DQLPDOV DUH

1 ZH WU\ WR GHSLFW VFKHPDWLFDOO\ ILJXUH D
PHWKRG ZH ZLOO UHVXOW LQ D W\SH RI D JHQHDORJ
FDWHJRU\ JHQXV WR WKH SDUWLFXODU VSHFLHV 7K
DQG WKH ULJKW VXEFDWHJRULHV UHVSHFWLYHO\ DQG
7KXV HDFK VSHFLHV DW DQ\ FDWHJRU\ OHYHO FDQ EH
GHFLVLRQV WKDW OHDG WR LW RU VLPSOHU E\ D ELQR



A%DQHTEWLLDO QX[-HOL UH DLLAQL DQG PHW$R R RA
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JLIXUH 7KH JHQHDORJLFDO WUHH RI WKH 'LFKRWRP\ OHWKRG
FDWHJRU\ $ JHQXV DQG HQGLQJ WR WKH ILQDO FDWH

$ &DUWHVLDQ DQG D 3RODU IRUP RI WKH GLYLVLRQ |

&0 &/ &$
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WE

JLIXUH &DUWHVLDQ DQG SRODU IRUP RI WKH 'LFKRWRP



&AD"XH « D! PW[ Hk U] DWLRZ$ DQG PHWS$DF R RA

'LFKRWRP\ OHWKRG $FKLOOHVY 6KLHOG

,Q KLV HSLF RI ,O0LDG +RPHU GHGLFDWHYV DOPRVW |
RI $FKLOOHVY VKLHOG E\ +HSKDHVWXV 7KH WHFKQLF
YHUVHVY DQG XQLWH WKH SRHWU\ ZLWK WKH WHFKQRO
RI XQULYDOOHG DUW DQG WHFKQLTXH 7KH VKLHOG L
KXPDQ VLQFH RQ LW QRW RQO\ WKH HDUWK WKH KHI
EXW DOVR WKH KXPDQ FLWLHVY DQG DFWLYLWLHV 7KH
FKDSWHU LW FRQVWLWXWHY D FRPSOHWH PRGHO R
SUHVHQWYV E\ PHDQV RI D PDVWHUO\ ORJLF DQG ODQG
WKH JHRFHQWULF VWUXFWXUH RI RXU VRODU V\VWHP
RI WKH *UHHN DUFKDLF VRFLHW\ ZLWK LWV FLWLHV DC
LW LV SRVVLEOH WR ILQG WKH IXQGDPHQWDO SULQFL
WKH G\QDPLF GLFKRWRP\ PHWKRG WKDW FRQVWLW?
SKLORVRSK\

7TKXV WKH +RPHULF VKLHOG DV LW LV VKRZQ LQ WK
SRODU IRUP RI WKH SODWRQLF GLFKRWRP\ PHWKRG L
SKLORVRSKLFDO DQG VFLHQWLILF LGHDV RI WKH FOD'
VKLHOGYV HOHPHQWYV LQ WKH JHQHDORJLFDO WUHH II
VWUXFWXUH DQG WKH GHVFULSWLRQ RI WKH VKLHOG
PHWKRG DQG SUREDEO\ WKH\ KDYH DQ LQIOXHQFH RQ

6:8 SQLXHL76W

JLIXUH 7KH VWUXFWXUH RI WKH +RPHULF VKLHOG DFFR



UHD.,NQM FPGPH $RUWR FA

$ULVWRWOHY|V /RIJLF DQG 3ODWRTTV 'LYLVLRQ OHWK
2QH FRXOG DUJXH WKDW $ULVWRWOHYV 6\O0ORJLVWL
'LFKRWRP\ OHWKRG RI 30DWR $FFRUGLQJ WR $ULVW]
FRQVWLWXWHYV RQO\ D PHUH IUDJPHQW RI WKH V\OORJ
DUH LIQRUDQW RI 6\OORJLVP +RZHYHU $ULVWRWOH
'LYLVLRQ PHWKRG LQ RUGHU WR GHYHORS KLV VI\OORJ
KLV ZRUN RI
SULRU $QDO\WDFV LW LV HDV\ WR VHH WKDW GLYL
PHWKRG@ LV D VPDOO SDUW RI RXU VIOORJLVWLF PHYV

&RQWLQXLQJ KLV YLHZ RQ WKH SODWRQLF PHWKRG
PHWKRG RI GLYLVLRQ VR DV WR GHWHUPLQH WKH VXE
DQG WR FODVVLI\ LW ZLWKLQ WKH ORJLFDO KLHUDUEK\
LW WULHV WR GHPRQVWUDWH ZKDW QHYHU FDQ EH G
WKH 6XBEMHEW $QDO\WLEFV SWKH GLYLVLRQ PHWKRG E
VIOORJLVP ~ ,QVWHDG RI VHOHFWLQJ D PLGGOH WH
XQLYHUVDO WKDQ WKH B6XEMHFW EXW OHVV XQLYHUVE
RUGHU DQG WDNHV IRU LWV PLGGOH WHUP WKH KLJKH
GHPRQVWUDWHG LW QHYHU GHPRQVWUDWHY EXW DVVX

JRU H[DPSOH IRU WKH GHWHUPLQDWLRQ RI WKH VX
EHJLQV E\ OD\LQJ GRZQ WKDW PDQ LV DQ DQLPDO DQC
LPPRUWDO DQG WKDW LW FDQ EH HLWKHU ORJLFDO RL
WKH SURFHVV RI GLYLVLRQ UHDFKHV WKH LQLWLDO VXE

3ULRU $QDO\WLE® O 3'LYLVLRQ >30DWRfV OHWKRC

LOQWHQWLRQ IRU LW WDNHV WKH XQLYHUVDO DV PLGG

PRUWDO E\ % DQG LPPRUWDO E\ & DQG OHW PDQ Z

VLIJQLILHG E\ ' 7KH PDQ ZKR GLYLGHV DVVXPHV WKD

LPPRUWDO L H ZKDWHYHU LV $ LV DOO HLWKHU % RL

GRZQ WKDW PDQ LV DQ DQLPDO VR KH DVVXPHV $ RI '

FRQFOXVLRQ LV WKDW HYHU\ ' LV HLWKHU % RU & FRQ

LPPRUWDO EXW LW LV QRW QHFHVVDU\ WKDW PDQ V}#

YRO

$QDO\WLFD 3ULRUD 7UDQVODWHG E\' $ - -HQNLQVRQ 0 $



, UH DWLFPE FP G PHW$R$RH O

,Q WKH DERYH PHQWLRQHG H[DPSOH WKH PRVW XQ
PLGGOH RU DV PHGLXP RI SURRI ZKLOH DIWHU DOO \
PDQ LV PRUWDO EXW WKDW PDQ LV HLWKHU PRUWDGC
PRUWDO LV DVVXPHBUERW RO \WERBYWHG 2Q WKH RWKI
WKH VIOORJLVWLF PHWKRG KDV H[DFWO\ WKH RSSRVL!
DQLPDO DQG QRW WR DVVXPH LW

'HVSLWH WKH FULWLFLVP $ULVWRWOHTV VIOORJLVYV
EDVLF PHFKDQLVP Rl WKH SODWRQLF GLYLVLRQ PHWk
FODVVLILHV LQ D ORJLFDO ZD\ WKH VXE GLYLVLRQV R
PHWKRGRORJLFDO VWDUWLQJ SRLQW RI D VIOORJLVP

&RQFOXVLRQ

&RQFHSWXDO PRGHOOLQJ LQ PRGHP WHUPV LV G
NQRZOHGJH DFTXLVLWLRQ VWUXFWXULQJ DQG UHSUH
D IXQFWLRQDO VFKHPD WKDW VHUYHV D SUHGHILQHG V
PRGHOOLQJ DUH 6SHFLILFDWLRQ RI JRDOV DQG REMH
LQSXWV WR WKH SUREOHP VSHFLILFDWLRQ RI WKH UH(
DQG UHSUHVHQWDWLRQ RI HQWLWLHY DQG WKHLU UHO
SUREOHP YHULILFDWLRQ RU YDOLGDWLRQ RI WKH ULJ
JRDOV DQG REMHFWLYHVY DQG PRGLILFDWLRQ RI GHI
REMHFWLYHV

,Q WKLV FKDSWHU ZH ILQG WKH FRQFHSW DQG WKH
ZHOO DV WKH IXQGDPHQWDO HOHPHQWY WKDW FRQWUL
B3ODWRYfV SKLORVRSK\ RQ WKH SURFHVV RI PRGHOOLQJ
DOJRULWKP GHULYHG E\ WKH PHWKRG RI GLFKRWRP\ 3
RI NQRZOHGJH DQG GHYHORSV D WKHRU\ RI pWZRY ZRU
WKH FRS\ WKH PRGHO RI WKLV ZRUOG L H WKH UHD
HYHQ WKLV LGHDO ZRUOG DULVHV WKURXJK KXPDQ PL¢
WKH IRFDO SRLQW LQ KLV WKHRU\ LV WKH SHUFHSW
PRGHOOLQJ LQ RWKHU ZRUGV WKH SURFHVV RI WK
FRPSOLFDWHG ZRUOG V\VWHP WR DQRWKHU VLPSOHU
LQ D GLYHUVH ZD\ 7KH UHDO ZRUOG LV RQ WKH RQ



, UHDIMSQ$ DQGPHL$SHORA

H[DPLQHG WKURXJK PRGHOV WKDW VLPXODWH LWV VWI
PRGHO RI DQRWKHU HWHUQDO ZRUOG DFFRUGLQJ WR
D VIVWHP DV WKH PRGHO RI RWKHU V\VWHPV DOVR UHI
FRPSRVHG RI PDQ\ VXE V\VWHPV ZKHUH WKH UHODWLF
LV D UHODWLRQ RI WKH V\VWHP ZLWK LWV PRGHO

7KH QRWHZRUWK\ SDUW RI 30DWRYV WKHRU\ GLUHF
WKH RULJLQV RI PRGHOOLQJ LV DOVR KLV FODVVLILF
IXQFWLRQDO DQG VHQVLEOH PRGHO RU LQ PRGHP
XQGHUVWDQGLQJ WKH UHDOLW\ WKH ZRUNLQJ PRGHO
XQGHUVWDQGLQJ E\ WKH VLPXODWRU

YROORZLQJ 30DWR LQWURGXFHV WKH 'LEKRWRP\ RU
WKDW DOORZV WKH GHILQLWLRQ RI FRPSOH[ QRWLRQ'
HQFORVHV WKH PDLQ LVVXHV Rl FRQFHSWXDO PRGHO
30DWR VSHFLILHVY WKH REMHFWLYH RI DSSO\LQJ KLV P|
WRSLF +H WULHV WR ILQG WKH JHQHUDO FDWHJRU\ \
LH VSHFLILEFDWLRQ RI WKH JHQHUDO IUDPHZRUN 7
FDWHJRU\ LQWR VXE FDWHJRULHV DQG VSHELHV L H
UHODWLRQV $V D UHVXOW KH GHYHORSYV DQ DOJRULW
DULVHV E\ PHDQV RI ILQLWH VXFFHVVLYH VWHSV DQG
FRQVLGHUDWLRQ GHILQLWLRQ LV JLYHQ E\ WKH FRPE|
PDGH LQ DQ\ VLQJOH VWHS )LQDOO\ D FRQFHSWXDO V
HLWKHU IURP WKH JHQHUDO WR WKH SDUWLFXODU RI
FRQVWLWXWHY D WRSRORJLFDO PRGHO RI WKH JHQH!
VSHFLHVY 7KH SODWRQLF PHWKRG EHDUV VLPLODUL
PRGHOOLQJ DSSURDFKHV WKDW FDQ EH FRPELQHG GHS

,Q WKH FHQWUH RI WKH 30DWRQLF PHWKRG LV WKH
SDUWV 7KLV SURFHVV FDQ EH LQWHUSUHWHG DV DQ
GLYLVLRQ %HWZHHQ WKH JHQHUDO ZKROH DQG WKH
QRWLRQV ZKLFK DSSURDFK JUDGXDOO\ WKH VSHFLH\
WZR GLPHQVLRQDO WDEOH RI QRWLRQV DULVHV ZKLFK
RUGHUHG DQG QXPEHUHG E\ D ELQDU\ QXPHUDWLRQ



\HRP HWQHDODQG PDW$SHPDWLFDOFINEURDF$ W UPGH -0Q A
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, QWURGXFWLRQ

$FFRUGLQJ WR :DOWHU SPDWKHPDWLFDO PRG
VRPH SDUW RI WKH UHDO ZRUOG LQ PDWKHPDWLFDO W
EXW DV PRGHP DV WRPRUURZfV QHZVSDSHU ODWKHPI
SK\WLFDO ELRORJLFDO DQG VRFLDO VFLHQFHV 7KH
FDOFXOXV DOJHEUD JHRPHWU\ DQG QHDUO\ HYHU\
PDWKHPDWLFDO PRGHO LV D PRGHO ZKRVH SDUWV I
FRQVWDQWY YDULDEOHV IXQFWLRQV HTXDWLRQV LQ

1 ZH ZHUH WR FRQVLGHU WKH FKURQRORJLFDO RU
EORFNV FRQWULEXWLQJ WR WKH JHQHVLV DQG GHYH
ZRXOG VWDUW ZLWK 7KDOHV DQG KLV JHQHULE W\SHV
+RZHYHU ZH ZLOO QRW EH SHUVLVWHQW WR WKH
IXQGDPHQWDO VWHSVY Rl WKH HDUO\ PDWKHPDWLFEDO
DQG WKHLU JUHDW SURJUHVV LQ WKH WKHRU\ Rl QXPE
HYROXWLRQ RI WKH FRQFHSW RI DQDORJ\ IURP 7KDC
3\WKDJRUHDQ FRQVLGHUDWLRQ WKDW QXPEHUV GRPL
IRUPDWLRQ RI D PDWKHPDWLFDO YLHZ RI QDWXUH
PDWKHPDWLFDO KDUPRQ\ WKDW LV SUHVHQW LQ QD
SURJUHVVLRQV LQ WKH QRWHV RI WKH PXVLFDO VFDOH
RI D VWULQJ DQG WKH SLWFK RI LWV YLEUDWLQJ QR
GLVWDQFHV WKH KHDYHQO\ ERGLHV KDYH IURP WKH HD
WKH\ DOVR ZRUN RXW WKH FRQFHSW RI DQDORJ\ D F
PRGHOV DQG WKH GHYHORSPHQW RI PRGHOOLQJ

2WKHU PLOHVWRQHV RI HDUO\ PDWKHPDWLFDO WKR
PDWKHPDWLFDO PRGHOOLQJ DUH UHODWHG WR JHRPF
FRQFHSWLRQ Rl WKH EDVLF JHRPHWULFDO ILJXUHV DV
PHDVXUHPHQW RI FRUUHVSRQGHQFH EHWZHHQ QXPEHL
FDOFXOXV E\ $UFKLPHGHV DUH RQO\ VRPH RI WKH PLO
WKLV FKDSWHU



IWWHDF$ WR PRO ODYA

ODWKHPDWLFDO &RQFHSWLRQ RI WKH :RUOG

7KH &RQFHSW RI 1XPEHU

6KRUWO\ DIWHU WKH ,RQLDQ SKLORVRSKHUV DQG W
WKH FRVPRV WKH VR FDOOHG ,WDOLDQ 6FKRRO RI 3\W
KLW XSRQ D GLIITHUHQW LGHD DQG WHFKQLTXH &RQY
PHFKDQLFYVY KHOG WKH NH\ WR VFLHQFH WKHLU 3PRC
PHFKDQLFDO %UXPEDXJK

7KH 3\WKDJRUHDQV LQ RSSRVLWLRQ WR WKH ,RQLD
LQ WHUPV RI WKH EHKDYLRXU RI FHUWDLQ PDWHULDO
GHVFULEH LW H[FOXVLYHO\ LQ WHUPV RI QXPEHUV ,Q
3:KDW LV WKH ZRUOG PDGH RI"" WKH 3\WKDJRUHDQV D
IRUPHU VHH VRPH NLQG RI PDWWHU WR EH WKH EDVL
QXPEHU RU IRUP DV WKH ILUVW SULQFLSOH %RWK VFFk
PDWWHU DQG IRUP XQWLO $ULVWRWOH ZKR LQWURG X
IRUP DV ZH VDZ LQ FKDSWHU 3\WKDJRUHDQVY DVVHL
DOO WKLQJV DQG FDXVHV RI WKH UHDOLW\ LV D UHP
$ULVWRWOH GHFODUHV WKHLU GRFWULQH
$ULVVWORIWDISK$VLFVE D 3@ RQWHPSRUDQHRXVO
SKLORVRSKHUV DQG EHIRUH WKHP WKH VR FDOOHG 3\
XS PDWKHPDWLFV QRW RQO\ DGYDQFHG WKLV VWXG\
WKH\ WKRXJKW LWV SULQFLSOHV ZHUH WKH SULQFLSO
QXPEHUV DUH E\ QDWXUH WKH ILUVW DQG LQ QXP
UHVHPEODQFHV WR WKH WKLQJV WKDW H[LVW DQG FRI
DQG ZDWHU VXFK DQG VXFK D PRGLILFDWLRQ RI QXPE
DQG UHDVRQ DQRWKHU EHLQJ RSSRUWXQLW\ DQG VL
QXPHULFDOO\ H[SUHVVLEOH VLQFH DJDLQ WKH\ VDZ
RI WKH PXVLFDO VFDOHV ZHUH H[SUHVVLEOH LQ QXPEH
LQ WIKIRIOW QDWXUH WR EH PR @OHD® HEX RBHWAP HHHPHG WR
ILUVW WKLQJV LQ WKH ZKROH RI QDWXUH WKH\ VXSSF
HOHPHQWY RI DOO WKLQJV DQG WKH ZKROH KHDYHQ
OF.HRQ

OHWDSK\VLFD 7UDQVODWHG E\: ' 5RVV



JHRPHWULFD FYQG PDWKHPDWLFDODINEZDF L WR PRO WQS

,Q PDWKHPDWLFV WKH 3\WKDJRUHDQV PDNH YHU\
WKHRU\ RI QXPEHUV DQG LQ JHRPHWU\ RI DUHDV DQG
LPDIJLQH QXPEHUV DV IXQFWLRQV RI VSDFH ZKLFK U}
QXPEHU DQG VL]H ORUH SUHFLVHO\ WKH\ GHSLFW Q>
L H SLFWXUH WKH QXPEHUV DV KDYLQJ FKDUDFWHUL\
WKH JHRPHWULFDO ILJXUHV PDGH E\ WKH DUUDQJHPHAQ
S\ WKDJRUHDQ GRW LV XVHG WR SURYLGH D YLVXDO
HI[DPSOH WKH QXPEHUYV DFFRUGLQJ WR WKH

7KLY PHWKRG LV DW RQFH PRUH DEVWUDFW DQG PR
UHODWLRQV EHWZHHQ QXPEHUV DQG OHDGV WR WKH
VR FDOOHG ILIJXUHG QXPEHUYV VXFK DV WKH WULDQJ>
FRUUHVSRQGLQJ GRWV FRXOG EH DUUDQJHG DV WULL
EHFDXVH WKH FRUUHVSRQGLQJ GRWV FRXOG EH L

7ULDQJXODU 6 TXDUH
QXPEHUV QXPEHUV
TR
s iy hh 1 iiiﬁ}%iﬁztii
I S S I3 t '+t ttf +iit
JLIXUH 7ULDQJXODU DQG VTXDUH QXPEHUYV

7KH QXPEHUV HLWKHU DV JHRPHWULFDO GHSLFWLRC
VIXDUH RGG DQG HYHQ PDOH DQG IHPDOH RU DV QXP
ZHUH H[SUHVVHG LQ WHUPVDR"\ W6K HH *DBHG N/ B0 RRK DFERDN \
TXDQWLWDWLYH PRGHOV RI WKH SK\VLFDO PDJQLWXGI
PHDVXUHPHQW

JRU D FRPSOHWH GHVFULSWLRQ RI ILJXUHG O)XRE HFHQWXB\ 4LF
,QWURGXFWLRQ,WR $UZWK@WADLWLRQ RI 0 / 'f2RIJHHWHMO<RUN

7KH ZD\ RlI ZULWLQJ QXPEHUV E\ XVLQJ OHWWHUV Rl WKH DOSKE
VIVWHP LV WKH PRVW FRPPRQ RQH LQ $OH[DQGULD QS$QRHN P W K
.OLQH



9 LIHIHRPHWULFDODQG PD $HPFOHDOFINEPDH$ WR PRGHGWQA

7KH 3\WKDJRUHDQVY GRFWULQH WKDW DOO WKLQJV
QXPEHUV WR EH FRQQHFWHG ZLWK FHUWDLQ TXDOLW!]
SRVVHVV D GLUHFW HPRWLRQDO DQG VSHFLDO PHDQL
VIPEROV Rl TXDQWLWDWLYH UHODWLRQV EXW WKH\ DU
%HORZ DUH VRPH H[DPSOHV RI WKH HPRWLRQDO PHD
I OWHSUHYWEWOEBHQBEH OZD\V PRWLRQOHVYV
f g §UWIBHFDXVH LW LV RVFLOODWLQJ DQG PRELOH
f L DQGPUXVWNVEFH WKH\ DUH WKH ILUVW WZR QXPE!
WKH ILUVW HYHQ DQG WKH ILUVW RGG QXPEHU E\ WK
H Y\PERODVWVPHADXVH LW MRLQV WKH ILUVW HYHQ
7KLV LV WKH uPDOHY PDUULDJH QXPEHU
$ M YZKLFK LV WKH UHVXOW RI WYHWRXOWHS 0O DFHDWAD
QXPEHUYV
L T UHSUMWHOWVYLIKW WLPH VLQFH WKH SHULRG |
LQ KXPDQ DIIDLUV +XWWHQ

++

+H

$FFRUGLQJ WR DQRWKHU LQWHUSUHWDWLRQ

f uL TLV LGHBEWVLRIHG ZLWK

f P TLV LGHQWLQLHR® ZDWKULQJ IHOORZ LV 7ZR KH ¢
RZQ RSLQLRQ

f B 1V LGHQWXMWBMEHIVKI DVW DQG VTXDUH

f g YXJIBDWILDVKH XQLRQ RI WKH ILUVW HYHQ ZLWK W
H TVXJIHVWYV IRIGH POV SMEEHDEYH VHYHQ DORQH ZLWK
QHLWKHU IDFWRUV QRU SURGXFW ~ 7XUQEXOO

$FFRUGLQJ WR D WKLUG LQWHUSUHWDWLRQ
f 80QLW RUVAREROLVHV 0LQG $LWKHU DQG (QHUJ\
'MDO RY ZXRODWWHU IURP pZDWHUY DQG pHDUWK T
AWLPGY p7LPH DV GHLW\Y WKDW LV SDVW SUHVHQW
U$ VHTXHQMHURBIRHMHQWY $UHD 6SDFH L H WKH 3R
H$ JURXS R/INPIEROLVHV WKH ILYH HOHPHQWYV RI ZKLF
ZDWHU DLU ILUH DLWKHU DQG WKH FRUUHVSRQG
RFWDKHGURQ WHWUDKHGURQ DQG GRGHFDKHGURQ

= +H+ +H +H



W P HRWHWW XM

f +DOI D BRMWWKH VL[ NLQGV RI OLYLQJ EHLQJV J
DQLPDOV DQG SODQWV

f $ JURXS Rfl VHSHOVHQWY WKH VHYHQ NQRZQ SODQ
-XSLWHU 6DWXUQ ORRQ DQG 6XQ

f $ JURXS RIWHHLIKWVHQWY WKH HLJKW KHDYHQO\ VS

VRXQGV RI VFDOH DQG KDUPRQ\ Rl WKH ZRUOG

$ JURXS RVOLEROL]HY WKH QLQH FRVPLF VSDFHV RI

'"HFDBM\PEROLVHY WKH XQLYHUVH WKH ZKROH ZRUC

+H

$ORQJ ZLWK WKH HPRWLRQDO PHDQLQJ 3\WKDJRUHEL
WKHP WR JHRPHWU\ 7KH\ GLVFXVV WKH SURSHUWLHYV
ZD\ WKH\ WUDQVIHU WKH HPRWLRQDO PHDQLQJ RI QXP
QXPEHUV DUH
f 7 LV WKH SRLQW
f pTLV WKH OLQH
t LV WKH WULDQJOH DQG
f WMLV WKH WHWUDKHGURQ DQG VR RQ

$QRWKHU 3\WKDJRUHDQ FRUUHVSRQGHQFH LV WKDW
RI SRLQWV RU GRWV QHFHVVDU\ WR GHILQH D OLQH D
f 7 DQG pu 1 DV DERYH
f p IV WKH VXUIDFH DQG
t LV WKH VROLG

'H ILQG VLPLODU FRUUHVSRQGHQFHV ODWHU RQ LQ
UHODWLRQV EHWZHHQ QXPEHUV DQG SODQH JHRPHWUL
Rl KLV UHODWLRQV LV JLYHQ LQ WKH GUDZLQJV RI /HRC



76 XLSWH

JLIXUH/HRQDUGRTV VWXGLHV RQ WKH (XFOLGHDQ UHODWLRQV EF
&RGH[ $SWODOQWN P/ 5HWL

$GGLWLRQDOO\ WKH 3\WKDJRUHDQV LQWURGXFH W

SULQFLSOHV WKH VR FDOOHG WDEOH RI RSSRVLWHV Z
VXFK DV OLPLW DQG XQOLPLWHG RGG DQG HYHQ RQ
LQFOXGHV DOVR SDLUV VXFK DV PDOH DQG IHPDOH J
IROORZV

$ULVVWRIWOB K$VLFVD 3 > @ WKHUH DUH WHQ SUL

>WKH 3\WKDJRUHDQV@ DUUDQJH LQ WZR FROXPQV RI
HYHQ RQH DQG SOXUDOLW\ ULJKW DQG OHIW PDOH C

DQG FXUYHG OLJKW DQG GDUNQHVV JRRG DQG EDG

7TKHUHIRUH DFFRUGLQJ WR WKH 3\WKDJRUHDQV W

DFFRUGLQJ WR WKH VXEMHFW WKH SK\VLFDO PDJQLWXC

OHWDSK\VLFD 7UDQVODWHG E\ : SRVV



\HHPVGULFDODQG PDW$HPDWLFDODILMEPDF L WR PW HOQ A

+DUPRQ\
3\WKDJRUHDQV VHH LQ QXPEHUV WKH NH\ WR XQG
QXPEHUV DV D IXQGDPHQWDO DVSHFW RI UHDOLW\
LQYHVWLIJDWLQJ WKLV UHDOLW\ 2XW RI WKHLU 2QH
EXLOG D ZRUOG 7KLV DULWKPHWLFDO SURJUHVVLR
7H]SD.ZDGGV XS WR WKH SHUIHFW QXPBHMWUZH KDYH D
VHHQ QXPEHU LV D KLJKO\ UHYHUHG V\PERO E\ WKH
FRQVWLWXWH UHVSHFWLYHO\ WKH VHFRQG 3
LQ D WULDQJXODU IRUP ZKHUH WKH QXPEHUV RQ WKH
RI DQG WKRVH RQ WKH RWKHU VLGH VXFFHVVLYH SRZ

(YHQ

JLIXUH7KH ILUVW DQG VHFRQG 3\WKDJRUHDQ WHWU

3\WKDJRUDV XVHV WKH ILUVW WHWUDFW\V LQ GHYHC
VR FDRIOREDQ DQFLHQW LQVWUXPHQW RI RQH VWULQJ
ZLWK D PRYDEOH EULGJH VHW RQ D JUDGXDWHG VFDO
UDWLRV RI WKH OHQJWKYV RI D YLEUDWLQJ VWULQJ DQC
+H SURYHV WKDW
D 7KH UDWLR FRUUHVSRQGVY WR WZR VRXQGV IUF
WKH RWKHU DQG WKH\ DUH SURGXFHG E\ DOWHUQD\
WKH KDOI RI LW RFWDYH

%RHWKLXWWLWXWLRQV G%VLED WKH PRQRFEKRR@ W IPHEBOOHLRP
ZRRGHQ UXOHU E\ ZKLFK ZH PHDVXUH WKH OHQJWK RI VWULQJV |
IRUPV IRU WKLV W\SH RI LOQYHVWLJDWLRQ VR GHILQLWH DQG SUHI
GXELRXVY HYLGHQMNFBO &RKHQ



E 7TKH UDWLR FRUUHVSRQGY WR WZR VRXQGV Z
SHUFXVVLRQ RQ WKH ZKROH VWULQJ DQG WKH R
WKH LQWHUYDO RI ILIWK TXLQW

F 7KH UDWLR FRUUHVSRQGY WR WZR VRXQGV Z]

SHUFXVVLRQ RQ WKH ZKROH VWULQJ DQG WKH
WKH LQWHUYDO RI IRUWK TXDUW

7TKHVH LQWHUYDOV RFWDYH ILIWK DQG IRUWK
KDUPRQLFV RI D VRXQG WKH VHFRQG WKH WKLUG DC
E\ VLPSOH DULWKPHWLFDO SURSRUWLRQV
SSHUIHFW FRQFRUGDQW~’ ORYLQJ IRUZDUG LQ KLV V'
VXFFHVVLYH VHWWLQJ RI LQWHUYDOV RI ILIWK WK H
GLIITHUHQW PXVLFDO VRXQGYV QRWHYV ZKLFK ITRUP LC
ILYH HTXDO LQWHUYDOV WRQHV DQG WZR VPDOOHU

PXVLFDO VFDOH WKH VR FDOOHG 3\WKDJRUHDQ VFCLC

BWULQJV ZKRVH OHQJWKV DUH GLYLGHG DFFRUGLQJ

WKH QRWHV RI WKH RFWDYH ILJXUH
3\WKDJRUDV GRHV QRW UHVWULFW KLPVHOI RQO

)XUWKHUPRUH KH DVFHUWDLQV WKDW

D 7KH QXPEHUV DQG VR RQ FRUUHVSRQG WR
PXVLFDO LQWHUYDOV DQG VWULQJ OHQJWKV ZKLFK
KXPDQ HDU 7KXV WKHUH LV D FRUUHVSRQGHQFH E}l
VWULQJ OHQJWKV RU LQ RWKHU ZRUGV WKHUH LV
SKHQRPHQRQ RI WKH YLEUDWLQJ VWULQJ

E 7KH UHODWLRQVKLS EHWZHHQ QXPEHUV DQG VRXQ(
WKDW MRLQV PDWKHPDWLFV DQG PXVLEF WRJHWKHU
VHULHV DOORZV GLYLVLRQ WKURXJK KDUPRQ\ FRQI
DQRWKHU $FFRUGLQJ WR 3\WKDJRUDV KDUPRQ\ LV
LV SHUFHSWLEOH E\ KXPDQ EHLQJ

F +DUPRQ\ FKDUDFWHUL]JHV WKH ZKROH XQLYHUVH §
DSSOLHG WR QDWXUH E\ PHDQV RI KLV WKHRU\ RI W
RI WKH VSKHUHV +H PDLQWDLQV WKDW WKH QXPHUL
PXVLFDO QRWHV FRUUHVSRQG WR WKH GLVWDQFHV |



IPD $ WR PRR VIO QW\

WKH FHQWUH RI WKH ZRUOG WKH HDUWK 7KXV 3\
PDWKHPDWLFDO PRGHO RI WKH ZRUOG $Q HYLGHQF
+LSSRO\WXV ,,, 33)\WKDJRUDV PDLQWDLQHG WKDW
LQ DFFRUGDQFH ZLWK KDUPRQ\" 6DUWRQ

6WULQJ +DUPRQLFYV

JLIXUH7KH UHODWLRQ EHWZHHQ WKH KDUPRQLFV DQG WKH C

(YHQ WKRXJK DW YDULRXV WLPH YDULRXV V\VWHPV
WKH JHQHUDO SULQFLSOH XQGHUO\LQJ WKHVH V\VWHP
DQG GLVWDQFHV ZLWK WKH QRWHV RI WKH PXVLFDO
KDUPRQ\ RI WKH VSKHUHV LV JLYHQ E\ WKH IROORZLQJ

$OH[DQGHU RI $SKURGLVLDV OHDGHU RI WKH 3HULS

HDUO\ SDUW RI WKH&RBPFHIQ@MXVU\RY 'SULVWRWOH TV

S D 37KH\ >WKH 3\WKDJRUHDQV@ VDLG WKDW V

FHQWUH KDYH WKHLU GLVWDQFHV LQ SURSRUWLRQ DC

VORZO\ WKH VRXQG ZKLFK WKH\ PDNH GXULQJ WKLV F
VORZHU DQG KLJK LQ WKH FDVH RI WKH TXLFNHU WK}



\R PRGHW WQD

RI WKH GLVWDQFHY DUH VXFK WKDW WKHLU FRPELQ
GLVWDQFH RI WKH VXQ IURP WKH HDUWK EHLQJ VD\
$SKURGLWH WULSOH DQG WKDW RI +HUPHV TXDGUXS!
DULWKPHWLFDO UDWLR LQ WKH FDVH RI WKH RWKHU S
KHDYHQV LV KDUPRQLRXV 7KH\ VDLG WKDW WKRVH E
DW WKH JUHDWHVW GLVWDQFH WKDW WKRVH ERGLH
GLVWDQFH DQG WKDW ERGLHV DW LQWHUPHGLDWH C
WKH VL]HV RI WKHIHWRDBLWYV &RKHQ

JLIXUH7KH 3\WKDJRUDVY PRGHO RI WKH XQLYHUVH 7KH UHODWL
IURP WKH HDUWK DQG WKH QXPHULFDO UDWLRYV RI Wt

$ULVWRWOH LQ WKH QH[W IUDJPHQW PHQWLRQV WK
SURGXFHV D KDUPRQ\ QRW DV D WKHRU\ RI 3\WKDJRU
WKLQNHUV

$SULVWRWOH® R 0 " % 3 > @ 6RPH WKLQNEF

WKDW WKH PRWLRQ RI >KHDYHQO\@ ERGLHV RI WKDW

HDUWK WKH PRWLRQ RI ERGLHV IDU LQIHULRU LQ VL]

7TUDQVODWLRQ RI'7 / +HDWK *UHHN $VWURQRP\



WR P RO LQ°

HIITHFW $OVR ZKHQ WKH VXQ DQG WKH PRRQ WKH)\
QXPEHU DQG LQ VL]H DUH PRYLQJ ZLWK VR UDSLG D P
VRXQG LPPHQVHO\ JUHDW" 6WDUWLQJ IURP WKLV DU
WKHLU VSHHGV DV PHDVXUHG E\ WKHLU GLVWDQEH
FRQFRUGDQFHV WKH\ DVVHUW WKDW WKH VRXQG JLY

VWDUV LV D KDHWRD® ~ .LUN

7KXV 3\WKDJRUDV EDVHG RQ KLV H[SHULPHQWYV LC
PRGHO RI WKH ZRUOG LQ ZKLFK WKH GLVWDQFHV EHW
RI WKH ZRUOG DUH GHILQHG E\ VSHFLILF PDWKHPDWLF
LOQWHUYDOV RI WKH YLEUDWLQJ VWULQJ DV D SK\V
PDWKHPDWLFDO UDWLRV IURP ZKLFK WKHVH LQWHUYL
RI WKH ZRUOG

$IWHU 3\WKDJRUDVFD$SULYIWR[HRIRYVDUHQWXP DVWU
PXVLFLDQ GHWHUPIS@SBRYLQD KDVR UR3IJUN +DURK@LVF WOKH
FULWHULRQ RI PXVLFDO KDUPRQ\ LV WKH VXEMHFWLYH
QXPEHUV +H VLPSOLILHV WKH QXPHULFDO SURSRUWL
WKH LQWHUYDO RI WKLUG WHU] ZKLFK FRUUHVSRQG"
RI WKH OHQJWK RI WKH VWULQJ 7KH QHZ PXVLFDO V

QH[W PDWKHPDWLFDO SURSRUWLRMWDEOH7 EH®RZ HWKR

UHODWLRQ RI 3\WKDJRUDVY VFDOH ZLWK $SULVWR[HQ
ORJDULWKPLF RQH
IRWHQWHURBDWKDIJRUD VHULMIWCRHHQRRIDAFIDMKIPLF VFD
&

(
)

*

$
%



9 ILH\HRP HWQFDODQG P FWI$HP DWLFDOFWIIOURDF$ W

IDWHU RQ 3ODWRYLPQDHANH GHDIOHR PRVWO\ GHVFULEF
RI WKH ZRUOG E\ WKH GLYLQH FUDIWVPDQ WKH "HPLXI
LWV ERG\ LW DOVR FRQVLVWYVYV RI VRXO 7TKH ZRUOG
FRUUHVSRQGLQJ WR WKH LQWHUYDOV RI WKH PXVLFDO

7TLPDHXY 3> @ D VRXO KDV SDUW LQ UHDVRQ DQG KI

7KH '"HPLXUJH EHJLQV WKH FUHDWLRQ RI WKH ZRUOC(
VRXO VWXIlI 6DPHQHVV 'LITHUHQFH DQG ([LVWHQFH
WKDW FRQVWLWXWH WKH WZR JHRPHWULFDO SURSRUW
S\WKDJRUHDQ WHWUDFW\V
7TLPDHX% & 3$QG KDYLQJ PDGH D XQLW\ RI WKH WKUHF
LQWR DV PDQ\ SDUWV DV ZDV ILWWLQJ HDFK SDUW EH
([LVWHQFH $QG KH EHJDQ WKH GLYLVLRQ LQ WKLV ZD
WKH ZKROH DQG QH[W D SRUWLRQ GRXEOH RI WKLYV
VHFRQG DQG WKUHH WLPHV WKH ILUVW WKH IRXUWK
WLPHVY WKH WKLUG WKH VL[WK HLIKW WLPHV WKH
WLPHV WKH ILUVW ~ &RPIRUG

7KH SODWRQLF SKLORVRSKHU 7KHRQ RI 6PAQQUKH QC

7HWUDFW\V DQG WKH 'HFDGH HQXPHUDWHVY WHQ WHW
IRXU QXPEHUV DUH VXSSRVHG WR V\PEROLVH GLIIHUHZ
3ODWRQLF LQIOXHQFH

1XPEHUV

ODJQLWXGHV 3RLQW OLQH VXUIDFH WULDQJOH

6LPSOH %RGLHM.UH DLU ZDWHU HDUWK

JLIXUHV Rl 6LPSOH %RGLHV 7HWUDKHGURQ RFWD

/ILYLQJ 7KLQJV 6HHG JURZWK LQ OHQJWK LQ EUHD

BRFLHWLHV 0DQ YLOODJH FLW\ QDWLRQ

J)DEXOWLHYV SHDVRQ NQRZOHGJH RSLQLRQ VHOQ

3DUWV RI /LYLQJ &UHDWXUHV %RG\ DQG WKH WK

7KHRQ RI| &GPAOKIL URRSD.DUMSFDL.RY [39FLSRMY HLo YMNG )ONK]FF
'XSXLV - 3DULYV



WR PRO LQD

6HDVRQV RI WKGSUHRQU VXPPHU DXWXPQ ZLQWHU
$IHV ,QIDQF\ \RXWK PDQKRRG ROG DJH

$00 WKHVH WHQ WHWUDFW\V DUH LQWHUSUHWDWLR
WHQ RI WKHP EHFDXVH LV WKH SHUIHFW QXPEHU
WHWUDFW\V LV IRUPHG IURP WKH ILUVW E\ PXOWLSOL
WKH RGG DQG WKH HYHQ QXPEHUV LW FRQVLVWYV RI W
6LPLODUO\ WR WKH 3\WKDJRUHDQV 30DWR FRUUHO
MHWKH GRXEOH DQG WULSOH LQWHUYDOVY Z

HLWKHU EHWZHHQ HDFK RWKHU RU IURP WKH HDUWK
7TLPDHXV 3 > @ EXW WKH LQQHU UHYROXWLRQ KH
XQHTXDO FLUFOHV VHYHUDOO\ FRUUHVSRQGLQJ ZLW!
Rl ZKLFK WKHUH ZHUH WKUHH LQ QXPEHU " &RPIRU

%\ VXPPDULVLQJ ZH FRXOG VD\ WKDW WKH QXPEHU
SURFHVV RI PHDVXUHPHQW DQG H[SHULPHQW H J ‘
VI\PEROV RI FRQFHSWV DQG FRQVWLWXWHG TXDQWLW
S\ WKDJRUHDQV SDYHG WKH ZD\ WR WKH GHYHORSPHQW

*HRPHWU\ DQG OHDVXUHPHQW DV ORGHOOLQJ 3URFF

7KH VFLHQFH RI ODWKHPDWLFV RI DOO WKH SDUWYV
GLVFRYHUHG 7KH 3\WKDJRUHDQV FRQVLGHUHG DOO F
IRXU SDUWV DULWKPHWLF JHRPHWU\ PXVLF DQG DV\
WKLV IRXUIROG GLYLVLRQ RI PDWKHPDWLFV LV E\ $L
SKLORVRSKHU RI WKH WK FHQWXU\ % &

37KH\ KDYH JLYHQ XV FOHDU NQRZOHGJH DERXW WKH

DQG VHWWLQJVY DERXW JHRPHWU\ DQG QXPEHUV DQG

WKHVH VWXGLHV VHHP MMR BEB VLVWHUV 3 &RKHQ

7KH WHUP pVSKHULFY LQ WKLY FRQQHFWLRQ UHIHUV WR VSKHUI
PRWLRQ RI WKH KHDYHW®MOERGLHVY &RKHQ
'LHOPWDIPHQWH GHU 9RUVRNUDWLNHU



SULWKPHWLF DQG PXVLF VWXG\ TXDQWLW\ ZKHUH
PDIJQLWXGH 5RXVH %DOO 21 TXDQWLW\ RQH NLQ
WR LWV FKDUDFWHU E\ LWVHOI H J HYHQ RU RGG K
RWKHU WKH pUHODWLYHY LV FRQVLGHUHG LQ UHJDLU
GRXEOH RU VPDOO W LV, QHFRGXHELRQ RIR MSKHRW
S\WKDJRUHDQ 1LFRPBBKXV RI'"*HWBRVDXDQWLW\ RQH SDL
LWVHOI QDPHO\ WKDW ZKLFK KDV QR VRUW RI UHODWLR
UHODWLRQ WR DQRWKHU DQG FDSDEOH RI EHLQJ WKRX.
+RFKH Il 6LPLODUO\ D SDUW RI PDIJQLWXGH W
VWDELOLW\ DQG DQRWKHU SDUW WKH pPRYLQJY LQ F
RI 6P\UQD WKH SODWRQLF SKLORVRSKHU DQG PDWKH
NLQG RI TXDQWLW\ L H WKH QXPEHUV PXVLF ZLW
JHRPHWU\ ZLWK PDJQLWXGH DW UHVW DQG DVWURQRF
DQG JHRPHWU\ DUH FRQQHFWHG EHFDXVH PDJQLWXGH
UHSUHVHQWHG E\ QXPEHUV 7XUQEXOO

, W LV DQ RIW UHSHDWHG VWRU\ VLQFH WKH DQWLTX
WR EH IRXQG LQ (J\SWLDQ ODQG PHDVXUHPHQW

SURFOXV 'LORBRFFKKXW DU\ RQ (XFOLSSITV (OHPHQWY @

W >JHRPHWU\@ RZHG LWV GLVFRYHU\ WR WKH SUDF

(J\SWLDQV KDG WR SHUIRUP VXFK PHDVXUHPHQWY EHF

FDXVH WKH ERXQGDU\ RI HDFK SHUWRQBHWOW ODQG WR GL

%HVLGHY WKH HW\PRORJLFDO BHBRSKUSIRP WWKUWH * U
H[DFWO\ WKH ODQG PHDVXUHPHQW 7AKMODRIGG HRQWIK\
WKH QDWXUDO ZRUOG ZKLFK LV WKH RQH WZR DQ
FRUUHVSRQGLQJ JHRPHWULFDO ILIXUHV ERQMNWUWXW H
PHDVXUHPHQW L H WKH WHFKQLFDO DQG PDWKHPD
PDJQLWXGHV 7KLV SURFHVV R|I FRPSDUILSHURRPDJIQL'
SURFHVV RI VLPXODWLRQ DQG FRUUHVSRQGV WR WKt
SURFHVV ZKLFK LV DFFRPSOLVKHG E\ WZR LQVWPPHQ
FRPSDULVRQ SUHVXSSRVHV WKH GHILQLWLRQ RI WKH
GHWHUPLQHG DV DQ DQDORJ\ EHWZHHQ PDJQLWXGHV R
FRQFHSW RI PDJQLWXGH DQG WKH FRQFHSW RI QXPE
3\WKDJRUHDQV DQG ODWHU ZKHQ (XFOLG GHILQHG W]



IPDF$ O PRGH+W QS

TXDQWLW\ DQG LV D VIPERO RI HYHU\WKLQJ WKDW FDC
YROXPH ZKHUHDV pQXPEHUVY DUH WKH UHVXOW RI PH
DQDORJ\

$W WKH SHULRG WKDW JHRPHWU\ LV PHUHO\ DQ H
VFLHQWLILF IRUPXODWLRQ WKH FRQFHSWLRQ RI WKH
WKDW SHULRG PDQ VWXGLHV DQG REVHUYHV WKH Z
REVHUYDWLRQ PDNHV KLP DZDUH RI WKH ILUVW JHRPH
PRGHOV RI WKH SK\VLFDO WKLQJV )RU H[DPSOH WKH
DQG WKH FLUFXODU GLVNV RI VXQ DQG PRRQ KDV DV
ILJXUHV RI OLQH DQG FLUFOH UHVSHFWLYHO\ 6RPHWL
PRGHOV RI SK\VLFDO WKLQJV EXW DOVR V\PEROV RI F
OLQH LV WKH V\PERO RI JHQHVLVY HYROXWLRQ DQG Gl
HQG DQG WKH FLUFOH WKDW KDV QR EHJLQQLQJ DQ
LPPRUWDO DQG WKH GLYLQH

JLIXUH/LQH DQG FLUFOH DV PRGHOV RI KRUL]JRQ DQC

ORUH SUHFLVHO\ WKHVH WZR SULPDU\ WRROV RI J
FUHDWHG WKURXJK WKH IROORZLQJ VLPXODWLRQ SURF
/ILQH

SHFWLOLQHDU SK\VLFDO V\VWHP HJ KRUL]RQ
&RPSUHKHQVLRQ RI WKH PDLQ SURSHUW\ RI LW L
WZR SRLQWYV

&RQVWUXFWLRQ RI DQ LQVWUXPHQW DV WKH WHF
UXOHU

*HRPHWULFDO DEVWUDFW PRGHO ZKLFK LV WKH U

&LUFOH
&LUFXODU SK\VLFDO V\VWHP HJ VXQ GLVN
&RPSUHKHQVLRQ RI WKH PDLQ SURSHUW\ RI LW
FLUFOH KDYH WKH VDPH GLVWDQFH IURP LWV FHQW



HDPHW QFDODQG PDW$ PDWLHDODNEUHDF$ W PRGH 8QA

&ERQVWUXFWLRQ RI DQ LQVWUXPHQW DV WKH WHI
FRPSDVYV
*HRPHWULFDO DEVWUDFW PRGHO ZKLFK LV WKH F

,Q JHQHUDO WKH IROORZLQJ VFKHPD DULVHV

JLIXUH7KH VWHSV RI JHRPHWULFDO PRGHOOLQJ DSS

$QDO\WLV WHFKQLFDO FRQVWUXFWLRQ DQG PDWK
VWHSY WKDW WKH KXPDQ PLQG IROORZV LQ RUGHU W
WKRXJK RQH FRXOG FODLP WKDW VWHS JRHV DIWHU
GHILQLWLRQ RI OLQH RU FLUFOH FRPHV PDQ\ \HDUV O
JHRPHWULFDO PRGHOV FRXOG QRW KDYH KDSSHQHG Z
IDPLOLDU ZLWK WKH EDVLF SURSHUW\ RI OLQH RU FLI
LQVWUXPHQWY WKDW UHSURGXFH WKHVH SURSHUWLHYV

7KH IRUPXODWLRQ RI WKH ILUVW JHRPHWULEDO ILJ.
WKH SURFHVV Rl UHDVRQLQJ ZKLFK LV FDOOHG GHGXI
E\ REVHUYLQJ WKH YHU\ JHQHUDO SURSHUWLHV ZKLF]
RU D[LRPV DQG JRHV RQ E\ GHULYLQJ IURP WKHP ORJ
FLUFXPVWDQFHV ZKLFK FRXOG RFFXU LQ SDUWLFXOI
FKDUDFWHUL]JHV WKH PDWKHPDWLFDO UHDVRQLQJ KD
JHRPHWU\ DQG IRU WKLV UHDVRQ WKH ORJLFDO VWU }
DOO WKH H[DFW VFLHQFHYV

3DUDOOHO WR WKHVH WZR EDVLF JHRPHWULFDO IL
VIXDUH SRO\JRQ DQG SRO\KHGURQ WDNHV SODFH Z|
QDWXUDO ERGLHV 7KH\ DUH WKH 3\WKDJRUHDQV ZK



\HZQHW ULFDODQG P DW$HP DWLP ODIIMP DH$ WR P RO KQ\

VIXDUHV LQ WKUHH GLPHQVLRQV DQG UHVXOW LQ WK
IRXU HWUHJXODU VROLGVY ZKLFK DUH ILIXUHV ZLWK DC
DUH D WKH UHJXODUWHW\EHE! GURMPAXE BH®/ KH  VLGH
RFWDKHBQRQG WKHFRVDEHGKRQDUH WDNHQ WR UHSLU
HOHPHQWYV RI WKH SK\WLEDO ZRUOG WKH FXEH ERXQ
HDUWK WKH WHWUDKHGURQ ERXQGHG E\ IRXU HTXLO

WULDQJOHV ZLWK DLU DQG WKH LFRVDKHGURQ W
GLVFRYHUHG WKH VLGHG SODQH ILIXUHV RU WKH UH.
LQWR D ILIWK UHJXOD GRGHFIDX HBEKRY WDINGHB WR UH!
XQLYHUVH 7KHVH ILYH SRVVLEOH UHJXODU VROLGV Z
NQRZQ DV WKH H3ODWRQLF ERGLHVT

JLIXUH7KH ILYH UHJXODU VROLGY 7HWUDKHGURQ RFWDKHGURQ

W LV QRWHZRUWK\ WKDW ZKLOH LQ WKH SODQH V
SRO\JRQV VXFK DV IRU H[DPSOH WKH SRO\JRQV WKDW
DERXW D FLUFOH LQ WKH VSDFH WKHUH DUH RQO\ ILY
IRU WKLV SKHQRPHQRQ XQGHU WKH LQIOXHQFH R (F
ZDWHU DLU DQG ILUH LV WKDW VLQFH WKHUH DUH
SRVVLEOH IRU WKH UHJXODU ERGLHVY WR EH PRUH +H
WKHVH HOHPHQWYV

SODWRDHXY $ 3*/HW XV QH[W GLVWULEXWH WKH ILJIX

KDYH QRZ GHVFULEHG DPRQJ ILUH HDUWK ZDWHU D

FXELFDO ILJXUH IRU RI WKH IRXU NLQGV HDUWK LV Wk

ERGLHY > @ DQG RI WKH UHPDLQGHU WKH OHDVW PRI

WKH LQWHUPHGLDWH ILJXUH WR DLU $JDLQ ZH VKDC

ODUJHVW WR ZDWHU DQG WKH LQWHUPHGLDWH WR D

DQJOHV WR ILUH WKH QH[W WR DLU WKH WKLUG WR Z

ZLWK WKH IHZHVW IDFHV S\UDPLG PXVW EH WKH PRV

FXWWLQJ HGJHV DQG WKH VKDUSHVW SRLQWV LQ HYHL

EHLQJ FRPSRVHG RI WKH VPDOOHVW QXPEHU RI VLPLOI

VWDQG VHFRQG LQ WKHVH UHVSHFWV WKH WKLUG LI



+ \G Q WULRPDWSBPDWLIODNRWXS$ WR PZ 0 QUA

ZLWK JHQXLQH UHDVRQLQJ DV ZHOO DV SUREDELOLW
FRQVWUXFWHG ZH PD\ WDNH WKH S\UDPLG DV WKH H
RUGHU RI JHQHUDWLRQ RFWDKHGURQ DV WKDW RI [
ZDWHU =~ &RPIRUG

+H bDvvLIJQV WKH WHWUDKHGURQ WR ILUH EHFDXVH
DQRQG PRVW PRELOH RI WKH UHJXODU VROLGYV DQG ILUH
DvVvLIJQV WKH FXEH WR HDUWK EHFDXVH FXEH LV WKH
DvvLIJQV WKH RFWDKHGURQ WR DLU DQG WKH LFRVD
IXQFWLRQ IRU WKH GRGHFDKHGURQ WKH UHJXODU VR
ZLWK WKH FRVPRV DV D ZKROH 7KXV WKH JHRPHWULF
RI WKH QDWXUDO HOHPHQWYV

/IHRQDUGR GD 9LQYL VWXGLHV WKH SODWRQLF VROLG

JLIXUH /IHRQDUGRYV VWXGLHV RQ WKH SOMMWWRRQR VROLGV 'l



7TKDOHV DQG WKH &RQFHSW RI $QDORJ\

7KH DUW RI PRGHOOLQJ DV ZHOO DV DOO WKH DU\
SUHVXSSRVH WKH SULQFLSOH RI VLPLOLWXGH 7KH H
PRGHOOLQJ DQG WKH SULPDU\ DWWHPSWV WR UHSUHYV
D PRGHO OHDGV WR WKLV SDUW RI PDWKHPDWLFV WKI
WKH WKHRU\ RI SURSRUWLRQ DV WKH\ KDYH EHHQ IR
+HURQ

7KDOHV RI OLOHWXV LV FRQVLGHUHG WR EH WKH
PDWKHPDWLFLDQ +H GHVHUYHV VXFK D WLWOH EHFD!
JHRPHWULFDO SURSRVLWLRQV DQG WKH VROXWLRQV F
RI WKH SURSRVLWLRQV ZKLFK KDYH EHHQ DVFULEHG \
GLDPHWHU E WKH DQJOHV RI WKH EDVH RI DQ LVRVFH
DQJOH LQ D VHPLFLUFOH LV D ULJKW DQJOH (XFOLG ,,
LQ VLPLODU WULDQJOHY DUH SURSRUWLRQDO 7KLV OI
UHODWHG WR WKH FRQFHSW RI DQDORJ\ DQG FRQVHTX
VKDOO VHH IXUWKHU GRZQ

/HW XV ILUVWO\ OD\ HPSKDVLV RQ WKH IDFW WKDW
SDUWLFXODU FLUFOH RU WULDQJOH EXW WKH\ DUH D:
LQWURGXFHV WKH QRWLRQ RI WKH SURRI DV D JHQHUL
+H ZzDQWV WR FUHDWH JHQHULF W\SHV RI SURSRVLWLR
FODVV RI FLUFOHV LQ WKH LQILQLWH QXPEHU RI FLU
RULJLQDO DVSLUDWLRQ ,Q RUGHU WR UHDOLVH LW K
SUHYLRXV VHFWLRQ E\ PHDQV Rl ZKLFK LW LV SRV)\
FRQVWUXFWLEOH JHRPHWULFDO PRGHO RI FLUFOH WK
SURSRVLWLRQ LV WUXH IRU WKLV PRGHO LW LV VHFXU

,Q WKLV HIIRUW WR FRQFHLYH VXFK D JHRPHWULFDC
LV LOQKHUHQW :KDW HOVH LV WKLV SURFHVV RI FUH
EHKDYLRXU RI DQ\ UHDO V\VWHP LV DEVROXWHO\ WKH
,QVWHDG RI WU\LQJ WR VWXG\ QXPHURXV UHDO V\VWH
SURGXFH D PRGHO RI WKHP DQG VWXG\ RQO\ WKH EHKD

7KDOHV DOVR LV DVFULEHG ZLWK WZR DSSOLFDWLR
FDOFXODWH WKH GLVWDQFH RI D VKLS DW VHD IURP RE
KRZ WR HVWLPDWH WKH KHLJKW RI D S\UDPLG IURP Wtk



R

FDOFXODWLRQV DUH EDVHG RQ WKH DIRUHPHQWLRQ
KDYH WKHLU VLGHV LQ WKH VDPH SURSRUWLRQV HY
HIWUHPHO\ GLIIHUHQW 7KH IROORZLQJ ILJXUH JL
SURSRVLWLRQ

)RU H[DPSOH DVVXPH WKDW WKH XQNQRZQ KHLJK
LV $2 ,Q RUGHU WR PHDVXUH WKH KHLJKW $% DQG
WKH KHLJKW RI DQ REMHFW LV DQDORJRXV WR WKH
PRGHO RI WKH REMHFW LQ WKH FDVH RI WKH S\UDPF
KHLIJKWo D\Q& LWV VKDGRZ LV $M2

%

JLIXUH *HRPHWULFDO SUHVHQWDWLRQ RI WKH FRQF

%\ WKH JHRPHWULFDO LQWHUSUHWDWLRQ RI WKH
DQG $DUH SURSRUWLRQDO DQG WKXV WKH DULWEk

$% B $0%O
$2 a $[2
%\ WKLV UHODWLRQVKLS DQG VLQFH WKH PDJQL

$,%
PHDVXUHV WK% $EJ°1$\A’/ $%

7KLY SURFHVV LV VKRZQ LQ WKH QH[W ILJXUH



HIIH\Z P HWQFFGDQG PDW HP XWLFD DIIOUFDF L WR PRO LYYS

JLIXUH OHDVXUHPHQW DV PRGHOOLQJ SURFHVYV

$ULVWDUFKXV RI 6DPRV % & LQWURGXFHV D !
LQ KLV \WQ HDKH BH]HY DQG 'LVWDQFHV, R WWKM SXK®DH D Q¢
RXWOLQHV WKH SODQ IRU PHDVXULQJ WKH GLVWDQF}
SUHFLVHO\ KH WULHV WR HVWLPDWH WKH GLDPHWHU |
DQG WKH OXQDU GLVWDQFH IURP WKH (DUWK (YHQ WK
IDFW UHPDLQV WKDW WKDQNV WR KLP LW ZDV PDGH SR
RI WKH 6XQ DQG ORRQ WKH DFWXDO QXPEHU DUH OHVV

+H PHDVXUHVDWKHD W QIOSDUDWHY WKH WZR OLQHV R
PRRQ LV DW TXDUWHU SKDVH DQG KDOI IXOO ILJXUH
DQG WKHUHIRUH WKH UDWLR RI % WR & FDQ EH FDOFX(
PHWKRG DUH RQ WKH RQH KDQG WKH IDFW WKDW WK
LOOXPLQDWHG LV QRW DFFXUDWHO\ GHWHUPLQHG DQ
HUURU LQ WKH PHDIVAKHBBW Q¥R DI PIQUOABDUJH HUURU LQ



\R PHO LQD

VXQ

P QQQ

HDUWK

JLIXUH OHDVXUHPHQW RI VRODU DQG OXQDU GLVWDQFHYV IL
ILQGEHUJ

JRU H[DPSOH $ULVWDUFKXVY YDOXH RI f WUXH Y
GHYLDWLRQ RI WKH DFWXDO YDOXH RI WKLV UDWLR L
DERXW WLPHVY WKH HDUWK WR PRRQ GLVWDQFH D¢
7KHUHIRUH $ULVWDUFKXV PRGHO zZzDV VR VHQVLWLYH
EDVHG ,Q PRGHP WHUP ZH FRXOG VD\ WKDW LW ZDV |
UHODWLYHO\ LPPXQH WR HUURUV LQ WKH LQSXW GD
REVHUYDWLRQV DIIHFWV WKH DFFXUDF\ RI DQ\ FRQFOX

,Q DGGLWLRQ $ULVWDUFKXV FDOFXODWHV WKH GLD
WKH HDUWK ZKHUHDV WKH DFWXDO YDOXH LV DERXW
6XQTV YROXPH WLPHYVY WKH YROXPH RI WKH HDUWK
WLPHV WKH HDUWKfV YROXPH $OWKRXJK WKHUH LV D
VXSHULRU PDVV RI WKH VXQ LV REYLRXV DQG SURED
$ULVWDUFKXV WR WKH GLVFRYHU\ RI WKH KHOLRFHQWL

$ULVWDUFKXVY PHWKRG WKRXJK XQGHWHUPLQHG E
DQG PDWKHPDWLFDOO\ VRXQG DQG UHPDUNDEOH [
WULIJRQRPHWU\ 7KH SK\VLFDO PDJQLWXGHV RI VRODU
PHDVXUHG E\ PHDQV RI WKH JHRPHWULFDO SUHVHQWD
LV DQDORJRXV WR WKH DFWXDO UDWLR RI HDUWK WR
WKH DQDORJ\ RI WKH WULDQJOH RI ILJXUH DQG WKF
FRQVWLWXWH

2Q WKH JHQHUDOLVDWLRQ RI WKLV FRQFHSW RI SUR
FRQFHSW LQ *UHHN PDWKHPDWLFV WKH FRQFHSW RI
VI\VWHPV HQWLUHQG GHMMLRIGQMH O E\WKH WULDQJOHYV E
LV DQDORJRXV WR WKH RWKHU RU D PRGHO RI WKH R
WKHLU GLPHQVLRQV UHPDLQ WKH VDPH HYHQ LI WKHLL



\HHP HLQFDODQG FILQ DH$ WR PRO ZL\

*HRPHWULFDO $QDORJ\ E\ +HURQ RI $OH[DQGULD
+HURQ WKH $OH[DED WVMWDRHO@MND\HK & GRYFWKHHYV
'LRSWDDDVRSRJUDSKLFDO LQVWUXPHQW WKH VR FDOO}
OHYHOOLQJ DQG IRU WKH GHWHUPLQDWLRQ RI DQJC
SUREOHPV +H XVHV GLRSWUD DQG FUHDWHV D JHR
UHFWLOLQHDU WXQQHO WKURXJK D PRXQWDLQ GLJJLC
$FFRUGLQJ WR +HURQ ZH FRQVLGHU OLQH $%U$ DV
$ DV WKH RSHQLQJV WKURXJK ZKLFK WKH UHTXLUHG W

JLIXUH *HRPHWULFDO PRGHO IRU D PRXQWDLQ UHFWLOLQHDU W)

%\ PDNLQJ XVH Rl GLRSWUD LW LV GUDZQ RQ WKH J
ZKHUH (= LV SHUSHQGLFXODUwMWR %( SHUSHQSHG Z OB
DQG VR RQ %( LV VXSSRVHG WR EH H[WHQGHG WR 1 |
OLQHV $1 DQG %1 LV SRVVLEOH WR EH FRPSXWHG EHF
%1l %( =+ . 0% /HW XV FRQVLGHU IRU H[DPSOH WKDW
GUDZQ DQG H[WHQGHG WR WKH SRLQW ( DQG (2 LV
VLPLODUO\ WKH OLQH %$ QD Gi8HYUGH @ GALRE XWOKH) SRR GV
PHDQV RI WKH DQDORJ\ EHWZHHQ VLPLODU WULDQJOH\
LI ZH WDNH D SRLQW H J RQ %( DQG GUDZ 2( D
6 % WKHQ %( LI SURGXFHG ZLOO SDVV WKURXJK
WULDQJXODU $Q3 VR DV Q3 O $3 WKHQ $Q ZLOO LI S
ZH FRPPHQFH WKH WXQQHO RSHUDWLRQV DORQJ OLQH!
GLUHFWLRQ OLQH DORQJ WKHVH GHWHUPLQHG OLQHV



W PROIQA

GHVFULSWLRQ WKH ZRUNHUV VWDUWLQJ VLPXOWDQF
+HURQ WKH 'LRSB®KIRQH

ORVW OLNHO\ +HURQ WULHV WR GHVFULEH WKH PHV
DUFKLWHFW DQG HQJLQHHU (XSDOLQXV RI OHJDUD X\
6DPRV DV SDUW RI D QHZ ZDWHU VXSSO\ VIVWHP IRU
+HURGRWXV DQG UHGLVFRYHUHG LQ 7KH WXQQHC
RSHQLQJV Rl WKH WXQQHO DQG WKH ZRUNHUV PHW L
$FFRUGLQJ WR WKH PHWKRG RI +HURQ WKH GLUHFW]
RSHQLQJV % $ LV GHWHUPLQHG E\ FRQVWUXFWLQJ W
DUH VLPLODU DQG DQDORJRXV EHWZHHQ WKHP DQG F
WULDQJOH %$1 7KH DUFKHRORJLFDO ILQGLQJV RI WKF
FRUUHVSRQG WR WKH JHRPHWULFDO FRQVWUXFWLRQ
ZRUG Q$3$$(,70$ ZKLFK PHDQV LPDJH RU PRGHO VHH

$UFKLPHGHY DQG (DUO\ &DOFXOXV

$UFKLPHGHV KDV EHHQ FDOOHG WKH JUHDWHVW PD
KLV LQWHUHVW LQ WKH ILHOG RI SK\VLFV FKDSWHU
RFFXSLHG KLPVHOI ZLWK DEVWUXVH PDWKHPDWLFDO S
DSSOLHV LWVHO|I WR SUDFWLFDO GDLO\ QHHGV LV LJ¢
GLVFRYHULHV RI $UFKLPHGHV FKDSWHU KH FRQWUL
FDOFXOXV DQG DOJHEUD ZKLFK LQ WXUQ FRQWULEXW!
PDWKHPDWLFDO PRGHOOLQJ

‘H ZLOO VWDUW UHSUHVHQWLQJ $UFKLPHGHVY DFKLF
JHRPHWU\ ZLWK KLV PHWKRG RI H[SUHVVLQJ YHU\ ODL
ZRUNSRQ G 5H FRERGIWD WK ILUVW VHQWHQFHV RI WKLV Z

37KHUH DUH VRPH .LQJ *HORQ >VRQ RI +LHURQ ,,@ 2

VDQG LV LQILQLWH LQ PXOWLWXGH DQG , PHDQ E\ WK

6\UDFXVH DQG WKH UHVW RI 6LFLO\ EXW DOVR WKDW

LQKDELWHG RU XQLQKDELWHG $QG DJDLQ WKHUH D

T 3OXWIDHFKI ODUFHOOXYV



W PROSQD

LQILQLWH \HW WKLQN WKDW QR QXPEHU KDV EHHQ QI
PXOWLWXGH ~ 7XUQEXOO

,Q WKLV ZRUN $UFKLPHGHVY GHYHORSV D V\VWHP R
QXPEHU ZKLFK LQ WKH FXUUHQW QRWDWLRQ ZRXO
FLSKHUV +H DVNV 3+RZ PDQ\ JUDLQV RI VDQG FRXO«
DQVZHU WR VXFK D TXHVWLRQ GHPDQGV ILUVWO\ WKH
WKHQ WKH FDOFXODWLRQ RI KRZ PDQ\ JUDLQV DUH FR
WKH QHFHVVDU\ ZRUGV IRU QXPEHUV DUH DYDLODEOH
KROGYV WKH ZKROH XQLYHUVH ORUH SUHFLVHO\ KH IL
ZRXOG PHDVXUH WKH GLDPHWHU RI D SRSS\ VHHG +H
IURP SRSS\ VHHG WR ILQJHU EUHDGWK DQG WKHQ WR
ILQDOO\ VKRZV WKDW WKH DPRXQW RI VDQG JUDLQV L«
DV WKH $[LRP RI $UFKLPHGHV 7KLV D[LRP LV RI JU
LQIOXHQFH RQ WKH DULWKPHWLFLDQV RI WKH IROORZL

$QRWKHU VXEMHFW RI VWXG\ Rl $UFKLPHGHV LV WK|
LV VKRZQ LQ KLV IDPRXV &DWWOH 3UREOHP 7KRXJK W
Rl *UHHN PDWKHPDWLFV LV$UHWWKRRMWQQRBIGDIQW WKH IR |
$ ZKHUH KH JLYHV D FROOHEWLRQ RI SUREOHPV O
LQGHWHUPLQDWH DQ HDUO\ W\SH RI LQGHWHUPLQDWF
RI $UFKLPHGHY 7KLV SUREOHP OHDGV WR QR GHWHL
XQNQRZQ TXDQWLWLHY FRQQHFWHG E\ VHYHQ HTXDWLF

$UFKLPRSHUYD +HLEHUJ 3&RPSXWH WKH QXPEF
6XQ > @ GLYLGHG LQWR IRXU KHUGV E\ GLIIHUHQFH}
PLON ZKLWH WKH VHFRQG VOHHN DQG GDUN VNLQQHG
GDSSOHG ,Q HDFK KHUG WKHUH ZDV D JUHDW PXOWLW
7KH QXPEHU RI ZKLWH EXOOV ZDV HTXDO WR RQH
GDUN VNLQQHG LQ DGGLWLRQ WR DOO WKH WDZQ\ FR
WR RQH IRXUWK SOXV RQH ILIWK WKH QXPEHU RI
WDZQ\ FRORUHG 7KH QXPEHU RI GDSSOHG EXOOV ZDV
WKH ZKLWH LQ DGGLWLRQ WR DOO WKH WDZQ\ FRORL
FRQGLWLRQV WKH QXPEHU RI ZKLWH FRZV ZDV H[DFW
RI WKH ZKROH GDUN VNLQQHG KHUG WKH QXPEHU RI G
RQH IRXUWK SOXV RQH ILIWK Rl WKH ZKROH GDSSOHG



WR)Z0 LP\ A7G LFWIWWHU

GDSSOHG FRZV ZDV H[DFWO\ HTXDO WR RQH ILIWK SO
KHUG DV LW ZHQW WR SDVWXUH DQG WKH QXPEHU

RQH VL[WK SOXV RQH VHYHQWK RI WKH ZKROH ZKLWH
PLQJOHG ZLWK WKH GDUN VLQQHG WKHLU PHDVXUH

VWRRG XQPRYHG DQG ZKHQ WKH WDZQ\ FRORUHG |
RQHV WKH\ VWRRG LQ SHUIHFWMWWWIULDQJXODU IRUP

/[HW DV FRQVLGHU WKDW ; < = : UHSUHVHQW WK
WDzZQ\ DQG GDSSOHG EXOOV UHVSHFWLYHO\ DQG |
UHVSHFWLYH FRORXUV $FFRUGLQJ WR WKH SUREOHP

,Q DGGLWLRO VTXDUH QXPEHN WQIGDOJIXODU QXPEHU

$UFKLPHGHV UHVWULFWYV KLPVHOI RQO\ WR VKRZ Z
SUREOHP IRU WKH FRPSOHWH VROXWLRQ RI LW DFFR
XS SDJHV HDFK FRQWDLQLQJ QXPEHUYV

$QRWKHU LQYHQWLRQ RI $UFKLPHGHV LV WKH LQWt
SUHFLVHO\ 0BWKEMGZHRYUNOXDWHY WKH UDWLR RI WKH Y
REWXVH DQJOHG FRQRLG DQG WKH ULJKW DQJOHG FF
PHFKDQLFDO SURFHGXUH &RKA® &RQRISGV D QKE\E SIONWU
PHDQV RI D SXUHO\ JHRPHWULFDO SURFHGXUH ,Q W
LQWHJUDWLRQ LQ WKH IRUPHU KH LQVFULEHV DQG FL
ZLWK WZR VHULHV RI F\OLQGHUV DQG LQ WKH ODWW
EDVHG RQ ILJXUH QXPEHUV ZLWK (XGR[XVf PHWKRG R



\W PDO LS\

+LV FKLHI LQWHUHVW ZDV LQ SXUH JHRPHWU\ DQG
RI WKH YROXPH DQG WKH VXUIDFHV RI D F\OLQGHU W]
JUHDWHVW DFKLHYHPHQW 'RZQV 7KLV UDWLR LV
KLV WWHDWKWH6SKHUH [DIGs &0 VAN RRER YW R Q
&LFHUR UHSRUWV WKDW KH DWWDFKHG VR PXFK YD
GLDJUDP UHODWLYH WR LW WR EH HQJUDYHG RQ KLV W

6LPLODU FDOFXODWLRQV VXFK DV WKH UDWLR RI

GLDPHWHU ©OQHRU @XKRHEBHBWRPHWULF DSSUR[LPDWLRQ RI
FKDSWHU

&RQFOXVLRQ

:KLOH WKH P\WKLFDO DQG WKH IROORZLQJ VFLH!
SKLORVRSKHUV UHIHU WR WKH TXDOLWDWLYH LQWHUS
RI 3\WKDJRUDV DQG 30O0DWR FRQWDLQV HOHPHQWV R
ZRUOG $V ZH ZLOO VHH LQ FKDSWHU WKH ODWWHU
WKH H[DFW PHFKDQLFDO PRGHOV RI $UFKLPHGHV DQG
VWHSV IRU WKH PDWKHPDWLFDO GHSLFWLRQ RI D V\VW
WKH GHILQLWLRQ RI WKH FRQFHSW RI DQDORJ\ E WK
D UHVXOW RI WKH FRPSDULVRQ DQG PHDVXUHPHQW SU
F WKH GHYHORSPHQW RI PHWKRGV RI DSSUR[LPDWLR
VWHSV IRU WKH UHSUHVHQWDWLRQ RI LUUDWLRQDO QX

ORUH SUHFLVHO\ SUDFWLFH DQG H[SHULHQFH VXFK
WKHRUHWLFDO IRUP LQ WHUPV RI WKH ILUVW PDWKHP
WKH TXDQWLWDWLYH PRGHOV RI WKH QDWXUDO PDJC(
FRQVLGHU WKH QXPEHUV DV FRQFHSWXDO V\PEROV W
SKHQRPHQD 7KH UHODWLRQVKLSY DQG WKH FRPSDUL\
RI hUDWLRY RU pSURSRUWLRQY RI WKH FRQFHSW RI L

&LFHUR/FXODQDUXP GYVSXWRWQRQKPNVNUDQVODWLRQ RI WKH UH
$SSUHFLDWLRQ RI DQFLHQW DQG PHGLHYDO VFLH®EKDDGHDLSKILC
8QLYHUVLW\ RI 3HQQV\OYDQLD S



W PRO WQ\

SURFHVV RI PRGHOOLQJ 7KLY DQDORJ\ LQ WXUQ UH
PHWKRGY DUH GHYHORSHG H J VWULQJ DQG WKH

TXDQWLWDWLYH PRGHOV RI WKH ZRUOG *HRPHWU\ R
PHWKRG HYROYHV WR DQ HI[DFW WKHRUHWLFDO VFLHQ
DQG WHFKQLFDO LPSOHPHQWDWLRQ OHDGV WR WKI
FRUUHVSRQG WR YDULRXV SK\VLFDO V\VWHPV 7KH DQ
7TKDOHV WR WUDQVIRUP WKH SURFHVV RI PHDVXUHPHQ
ZRUOG GXH WR 3\WKDJRUDV DQG 30ODWR DFTXLUHV
SRO\KHGURQV RQ ZKLFK WKH PDWKHPDWLFDO DFFRXQ



635 XPHQFDOPRS$HSIRQIDQG DIILUPPLDWLHQ A$SDILWHY

&KDSWHU
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 QWURGXFWLRQ

&GRQWLQXLQJ WKH LQYHVWLIJDWLRQ RI WKH EXLOGL(
PDWKHPDWLFDO PRGHOOLQJ DQG LQ DGGLWLRQ WR W
ZLOO VHH KHUH WKH GHYHORSPHQW RI PHWKRGV RI D
LQILQLWH VWHSV IRU WKH UHSUHVHQWDWLRQ RI LUUD
HIDFW QXPHULFDO PDWKHPDWLFDO PRGHOOLQJ

$ VLPSOH H[DPSOH RI DQ H[DFW QXPHULFDO PRGHO
DULVHV IURP WKH JHRPHWULFDO FRQFHSW RI DQDORJ\
UHODWLRQVKLS EHWZHHQ WZR PDJQLWXGHV $ DQG %
WKH QHHG WR VXJJHVW ZD\V WR DSSUR[LPDWH WKHF
PDWKHPDWLFDO WKRXJKW RI WKDW WLPH WR JR D OLW
SKLORVRSK\ LV DFFRPSOLVKHG WKURXJK 30DWR DQG
H[SODLQHG LQ FKDSWHU DOQG WKURXJK =HQR DQG KL
ZKLFK ZLOO EH HODERUDWHG LQ WKLV FKDSWHU ,Q W
(XFOLGTV PHWKRG RI DQWK\A\SKDHUHVLV LQWURGXFHYV
VHTXHQFHY WKDW DSSUR[LPDWH LUUDWLRQDO QXP
DQWK\SKDHUHWLF PHWKRG QRW RQO\ RQ PDJQLWXGH

ILJXUHV UHVXOWLQJ LQ WEH7KMDPORPRRLR QDRWRU RQ
DSSURDFKHV LV WKH FRQFHSW RI DOJRULWKP ZKLFK
PRUH SUHFLVHO\ JHRPHWULFDO DQG QXPHULFDO IRUP
QXPEHUV E\ PHDQV RI XQOLPLWHG DSSUR[LPDWLRQYV

7KH 5DWLR DV DQ (DUO\ 1XPHULFDO ORGHO

7KH DULWKPHWLVHG SDUW RI PDWKHPDWLFV LV FKD
QXPEHU ODWKHPDWLFV LQ ZKLFK WKH LGHD RI QXPEF
VIPERO WR LQFOXGH IUDFWLRQDO TXDQWLWLHV L C
PDQLSXODWLQJ UDWLRYV



0DQ\ FXOWXUHV KDYH GHYHORSHG WKHLU RZQ YHU\
JUHDW SDUW RI %DE\ORQLDQ PDWKHPDWLFV GHDOV
FRPPRQ IUDFWLRQV ZLWK GHQRPLQDWRUV FRQWDLQLC
VHFRQG FHQWXU\ % & DIWHU WKH WLPH RI WKH PHUJI
DULWKPHWLFDO DVWURQRP\ WKH DULWKPHWLVDWLRC(
DVVLXQH®.QH DOO OLQHV EHFRPH HQGRZHG ZLWK D ¢
GHILQHMWYXDUH ZKHQFH DOO WZR GLPHQVLRQDO ILJX
6LPLODUO\ DOO WKUHH GLPHQVLRQDO ILJXUHV DUH DV

(J\SWLDQ PDWKHPDWLFV LV DOVR DULWKPHWLVHG
PDWKHPDWLEFV Rl +HURQ DQG 'LRSKDQWXV DUH D SURI|
%DE\ORQLDQ DULWKPHWLVHG PHWKRG :HVWHUQ PDW}!
EHHQ GRPLQDWHG E\ WKH DULWKPHWLVHG SRLQW R
GHYHORSPHQWY RI WKH QLQHWHHQWK DQG WZHQWLHW

(DUO\ *UHHN ODWKHPDWLFV VHHPV WR EH LQLWLDOC
LWV GLVSRVDO WKH UHFHQW FRQYHQLHQW DOJHEUDL

EHIRUH WKH WLPH RI +HURQ DQG 'LRSKDQWXV I|IRU DC

DQG WKHLU PDQLsxoDWLR?D%VE(@%%DQ\SKWNMDEBOHW

*UHHN PDWKHPDWLFLDQ ZKR UHFRJQLVHG IUDFWLRQ
SQXPHULFDO TXDQWLWLHY" EHORQJ WR WKH DULWK
QRQ DULWKPHWLVHG DSSURDFK PD\ RIWHQ EH VLJQD
WHUPLQRORJ\ RI UDWLR RU ORJRV 7KH PDWKHPDWLFL
D UDWLR RI LQWHJHUV QRW RI SDUWV RI D ZKROH DQ
.OLQH 7KH WZR ZRUGV ORD RDE) DQREIR ORISR WULIRIC
WR GLIIHUHQW NLQGV RI PDWKHPDWLFDO HQWLWLHYV

XVHG DV LI WKH\ ZHUH LQWHUFKDQJHDEOH ORHBNWDQLII
SGLVFRXUVH~ 3*UHDVRQ ~ 3:DUJXPHQW  3:LQIHUHQFH 320
ZK\ WKHVH WZR FRQFHSWV FDPH WR WDNH VXFK DQ H(
7KH /DUDMBULRHVHUYHG PXFK RI WKH WRWDO PHDQLQJ E
GHVLJQDWLQJ QXPHULFDO SURSRUWLRQ DORQH :H FR
WKH IXQFWLRQ RI WZR RU SRVVLEO\ PRUH YDULDEOHYV
PD\ RU PD\ QRW KROG EHWZHHQ IRXU REMHFWYV )RZOH!L



6$XP HULHDOPRU HWLP\DQG DIIOUU[WLQLDWWRQ $GLDOHY 6

7KH UDWLRSRU WRBRADIQLWXGHV $ % UHSUHVHQWYV

DQG % RU LQ JHQHUDO WKH SURFHVV RI WWPQSLWLRQ
W FRQVWLWXWHV WKH PDWKHPDWLFDO PRGHO RU WK
G\QDPLF SURSRUWLRQDO V\VWHP

$ %
y

JLIXUH 5DWLR DV WKH WUDQVIHU IXQFWLRQ R |

7KH 3\WKDJRUHDQV ZRUN RXW WKH FRQFHSW RI DQ
UHJDUG WR QXPEHUV DQG LQWURGXFH RQH PRUH IXQF
DV UDWLR DQG PDWKHPDWLFDO IRUPXOD 7KH\ GLVWL!
RI PHDQV WKH DULWKPHWLF WKH JHRPHWULFKE PIQG W|
WZR QXBPEMH@MV DOVR NQRZQ DV WKH DYHUDJH RI WKH

WHWPVE D@&HLQ DULWKPHWLF SURSRUWLRQ ZKHQ W|

DV ZH JR IURP RQH WR DQRWKHU L H WKH WKLUG H
VHFRQG H[FHHDBDV BNKED (HFGUWWH DULWEKPHWIHBJIPHDQ LV
,Q WKLV SURSRUWLRQ WKH UDWLR RI WKH WZR ODUJH
VPDOOHU WHUPV LV ODUJHU L H

7KH JHRPHWULF PHDQ LV EHLQJ FDOOHG SURSRUW|I
SURSRUWLRQ ZKHQ WKH ILUVW WHUP LV WR WKH VHFR

WHUPV DUH LQ FRQWIl:_QXFRXV SURSRUWLEQ D 7KHDQG V

UDWLR RI WKH WZR ODUJHU WHUPV LV HTXDO WR WKDW

+DUPRQLF SURSRUWLRQ LV WKDW LQ ZKLFK WKH WH!I
VHFRQG E\ D FHUWDLQ SDUW RI WKH ILUVW WKH VHFR(
WKH WKLUG )RU H[DPSOH LQ WKH FDVH RI QXPEHUV

6HH $SUFK\WDV )HUDIPHQMHDOGHU 9RUVRNUDW L NHRW HXQO






$ ZLHULFFGDQGDIIOZDLPDWLWP

%XW WKH WULXPSK ZDV VKRUW OLYHG ,QGHHG RQH

WKHRUHP ZDV WKH GLVFRYHU\ RZRALKK ZDWYDRDLGRH) DB R@)
E\ FRPSDULQJ WKH GLDJRQDO RI D VTXDUH ZLWK WKH
FDQQRW EH H[SUHVVHG DV WKH UDWLR RI WZR LQWI
FRQVWHUQDWLRQ WR WKH 3\WKDJRUHDQV W ZDV D |
7KH\ KDG IHOW WKDW JLYHQ DQ\ WZR VWUDLJKW OLQH
RI' D VTXDUH WKHUH ZRX0mQEMRV RVKHD W QWKH HUDW LR R

WKHVH VHJPHQ%NV ZRXOG EH 2 7 KKOHR JZBMH G HH GO WG K

QDPH pLUUDDORIGBDOFRULM JLYHQ WR MUDWLRVY WKDW

7KH SKHQRPHQRQ RI PDJQLWXGHV WKDW FRXOG QR\
QXPEHUV GLVWXUEHG WKH XS WR WKDW SRLQW SHUIH
JHRPHWULFDO WKLQJV +RZ FDQ D QXPEHU GRPLQDWH
IRU HYHQ WKH PRVW LPPHGLDWH DVSHFW RI WKH XQLY|

$W WKLV SRLQW ZH ZLOO FLWH VHOHFWLYHO\ VRPH
PDWKHPDWLFLDQV DQG SKLORVRSKHUV KDG SHUFHLYH
WKHLU HIIRUWV WR GHDO ZLWK LW

7KH 3\WKDJRUHDQ 7KHRUHP
7KH DULWKPHWLFDO FRUUHODWLRQ RI WKH SODQH
LOWURGXFHYVY WKH SUREOHP RI WKH LUUDWLRQDO QXPI
PRVW LPSRUWDQW PDWKHPDWLFDO GLVFRYHULHV RI1 3
WKHRUHP WV JHRPHWULFDO SURRI LV SUHVHQWHG LQ

JLIXUH *HRPHWULFDO SURRI RI 3\ WKDJRUHDQ WKHRL






: H GLYLGHG DOO QXPEHUV LQWR WZR FODVVHV WKRVH ZKLF
PXOWLSO\LQJ LQWR RQH DQRWKHU ZKLFK ZH FRPSDUHG WR V
RU HTXLODWHUDO QXPEHUYV WKDW ZDV RQH FODVV > @

7KH LQWHUPHGLDWH QXPEHUV VXFK DV WKUHH DQG ILYH DQ
PDGH XS RI XQHTXDO IDFWRUV HLWKHU RI D JUHDWHU PXOV
PXOWLSOLHG E\ D JUHDWHU DQG ZKHQ UHJDUGHG DV D ILJ
VLGHV DOO WKHVH ZH FRPSDUHG WR REORQJ ILIXUHV DQG |
7KH OLQHV RU VLGHV ZKLFK KDYH IRU WKHLU VTXDU
FDOOHG E\ XV OHQIJWKYVY DQG WKH OLQHV ZKRVH VTX
ZHUH FDOOHG SRZHUV RU URRWVYV WKH UHDVRQ RI \
FRPPHQVXUDEOH ZLWK WKH IRUPHU QRW LQ OLQHDU
VTXDUHV $QG D VLPLODU GLVWLQFWLRQ ZDV PDGH DI

7KLV SDVVDJH LV WKH ILUVW XQHTXLYRFDO DQG H[
LQFRPPHQVXUDELOLW\ W LV SUHVHQWHG PRVWO\ [
SUREOHPV UDWKHU WKDQ D SKHQRPHQRQ WKDW SRV
GLIILFXOW\ IRU PDWKHPDWLFLDQV 30DWR KHUH WHO
% & ZKR KDG EHHQ DEOH WR SURYH WKDW WKH ILUV\

DQG DUH LQFRPPHQVXUDEOH ZLWK RQH’ (YHQ
VHSDUDWHO\ ZLWK HYHU\ VTXDUH KH KDG EHHQ XQDEC

% & LQ KLV WXUQ HPEDUNHG RQ LW DQG XQGF&F
LUUDWLRQDOLW\ 7TKH QXPEHUV ZKLFK DUH PDGH XS

DQRWKHW[D DUH FDOOHG 3VTXDUH RU HTXLODWHUDO"
ZKHUHDV WKH QXPEHUV WKDW DBH PDGH XS RI KQHTXI
DUH FDOOHG *REORQJ" QXPEHUV H J [ [

7KH VTXDUH URRW RI HTXLODWHUDO QXPEHUV LV QC
F* D " DQG VR RQ DQG RI REORQJ QXPEHU
URRI WMD[S - RKHDDUHD RI WKH Y TXD WH HUHDS MWK H
RI WKH VTXDUK $ ([ WKMNUHY OHZLMERZHU DQ® W¥XH UD
WKH LUUDWLRQDO QXPEHU



JLIXUH *HRPHWULFDO UHSUHVHQWDWLRQ RI 9

7KXV E\ XVLQJ JHRPHWULFDO ILJXUHV DQG JHRPHW!
SUREOHPV ZKLFK ZHUH QRW VXVFHSWLEOH RI DULWKI
VROYHG $Q LQGLFDWLYH H[DPSOH ZKLFK LQYROYH\
FLUFXPYHQW DQ LUUDWLRQDO QXPEHU OHQRHIHUUHG V
OHQR D G 3> @
BRFUDWHVY GHSLFWV RQ WKH JURXQG D VTXDUH /HWTY
DUH WZR IHHW ORQJ WKHQ WKH DUHD RI $%U$ LV WZLF

$ %

$ U

> @RFUDWHW¥RXOG RQH GUDZ DQRWKHU ILIJXUH GRXEOH WKH
LV ZLWK DOO LWV VLGHV HTXDO OLNH WKLV RQH"

%RXHV

6RFUDWHYDQ\ IHHW ZLOO LWV DUHD EH"

%WRYLIKW

6RFUDWHMVKHO WU\ WR WHOO PH KRZ ORQJ HDFK RI LWV VL
ILJXUH KDV D VLGH RI WZR IHHW :KDW ZLOO EH WKH VLGH RI W
%R\W ZLOO EH GRXEOH 6RFUDWHY REYLRXVO\

6RFUDWH& <RX VD\ WKDW WKH VLGH RI GRXEOH OHQJWK SU

ILIXUH" > @



6 AZWHULP O PRUEROWQKFAP QWA ULY

'XSOLFDWLRQ RI VLGH $% JLYHV $( DQG LI ZH GHSLFW
VTIXDUH $(=+

7KH VTXDUH $(=+ FRQWDLQV IRXU VTXDUHV $%U$ % U
KDV WKH VDPH DUHD DV WKH VTXDUH $%U$ L H IRXL
RI 6RFUDWHY WULHV WR ILQG KRZ ORQJ DUH MWH +WLC
WKRXJKW WKDW WKH GHVLUHG VTXDUHG ZRXOG KDYH
DUHD LV WZLFH WKH DUHD RI $%U$ %XW LI ZH WDNH
$(=+ WKDW DULVHV LV IHHW DQG QRW

6RFUDMWYW GRHV LW FRQWDLQ WKHVH IRXU VTXDUHV
RQH"

% R\<HV

6RFUDMREVELJ LV LW WKHQ" :RQIW LW EH IRXU WLPHV [
%R2l FRXUVH

6RFUDMDIEVLY IRXU WLPHV WKH VDPH DV WZLFH"

%RR2I FRXUVH QRW

6RFUDMKNW KRZ PXFK LV LW"

% R\)RXUIROG

BRFUBWHORXEOLQJ WKH VLGH KDV JLYHQ XV QRW D GR)
6RFUDWH® KRZ ELJ LV WKH VLGH Rl WKH HLJKW IHHW
IRXU WLPHV WKH RULJLQDO DUHD KDVQIW LW"

%RYHYV

6RFUBWEW VLGH KDOI WKH OHQJWK JDYH XV D VTXDUH

%RXHV
6RFUDRRIE $QG LVQTW D VTXDUH RI HLJKW IHHW GRXEC(

%RXHV
6RFUDMWOHV LW QRW KDYH D VLGH JUHDWHU WKDQ WKLV

%RY WKLQN LW ZLOO



6AZLHZD]OPFGH KkQA DQG DINUUM[OQPO P A X\EWHU

6RFUDWHW $0zD\V DQVZHU ZKDW \RX WKLQN 1RZ WI
IHHW ORQJ DQG WKLV RQH IRXU"

%RXHV

6RFUDMHY WKH VLGH RI WKH HLJKW IHHW ILJXUH PX
VKRUWHU WKDQ IRXU"

%R\,W PXVW
6RFUDWHWR VD\ KRZ ORQJ \RX WKLQN LW LV

%RYKUHH IHHW

6LQFH WKH VLGHY RI WKH GHVLUHG VTXDUH RI IHHW DUHD D
WKH ER\ FDPH WR WKH FRQFOXVLRQ WKDW LWV VLGH VKRXO(

LI ZH WDNH KDOI RI $% DQG DGG LW WR $% $JDLQ LW LV D zZU

WKH DERYH VTXDUH LV IHHW DQG QRW
$ %
$ U

BRFUDWHW LV WKUHH IHHW WKLV ZD\ DQG WKUHH WKD
WKUHH IHHW"

%R)W ORRNV OLNH LW

6RFUBWBWKDW LV KRZ PDQ\'

%RILQH

6RFUDMHHYHDY WKH VTXDUH GRXEOH RXU ILUVW VTXDU|
% R{LIKW

6RFUDMKMN ZH KDYHQIW \HW JRW WKH VTXDUH RI HLJKW
%RILR

BRFUDOWHY ZKDW OHQJWK ZLOO JLYH LW" 7U\ WR WHO:
FRXQW LW XS MXVW VKRZ XV RQ WKH GLDJUDP > @
6RFUDWH& 7HOO PH ER\ LV QRW WKLV RXU VTXDUH RI
%RYXHV

FRFUNDWEVYH FDQ DGG DQRWKHU HTXDO WR LW OLNH Wi
%RYXHV

FRFUBWEW WKLUG KHUH HTXDO WR HDFK RI WKH RWK

%RXHV



6A0Q QFDO DQG APD[PFODQ A ODSWHY

BRFUBWBWHKHQ ZH FDQ ILOO LQ WKLV RQH LQ WKH FRF

%RXHV
6RFUDWHY KHUH ZH KDYH IRXU HTXDO VTXDUHV"

%RXHV
6RFUDWBVKRZ PDQ\ WLPHV WKH VL]H RI WKH ILUVW VT X

%RYRXU WLPHV
6RFUDBWBVZH ZzZDQW RQH GRXEOH WKH VL]H <RX UHPHPE

%REYXHV
6RFUOWHAHGRHY WKLV OLQH JRLQJ IURP FRPHU WR FRP!

KDOI"

%RXHV
6RFUBQEWKHVH DUH IRXU HTXDO OLQHV HQFORVLQJ W

%RYKH\ DUH
6RFUDWHWKLQN +RZ ELJ LV WKLYV DUHD"

%RY GRQ W XQGHUVWDQG
6RFUDWHM DUH IRXU VTXDUHV +DV QRW HDFK OLQH F

WKHP"

$FFRUGLQJ WR WKH DERYH GHVFULSWLRQ WKH UHVX

ILIXUH 7KH GLDJRQDOV $% %. ., DQG ,$ IRUP WKH
WZLFH WKH DUHD RHHW6A U $ L H
$ % (

7TKXV WKH VLGH RI D VTXDUH ZKRVH DUHD LV GRXEOH !

KDV IRU LWV OHQJWK DQ HAKUBPWIADD BHQXREHHVIOQWHG
RI WKH LQLWLDO VTXDUH

%RXHV
6RFUBWEWKWRZ PDQ\ VXFK KDOYHVY DUH WKHUH LQ WKLV






6$L0Q QFDOPROSWWLBMI DQ G A D EWHY

[ [ HDFK RI WKHP EHLQJ OHVV E\ RQH V

ZKLFK LQFOXGHV WKH IUDFWLRQV VF RU OHVV E
GLDPHWHUYV RI D VTXDUH WKH VLGH RI ZKLFK LV ILY
FXEHV RI WKUHH [ 1RZ W

UHSUHVHQWY D JHRPHWULFDO ILIJXUH ZKLFK KDV FRC(
JRU ZKHQ \RXU JXDUGLDQV DUH LIJQRUDQW RI WKH C
EULGHJURRP RXW RI VHDVRQ WKH FKLOGUHQ ZLOO Q
RQO\ WKH EHVW RI WKHP ZLOO EH DSSRLQWHG E\ W
XQZRUWK\ WR KROG WKHLU IDWKHUV SODFHV DQG Zk
WKH\ ZLOO VRRQ EH IRXQG WR IDLO LQ WDNLQJ FDUH
PXVLF ZKLFK QHJOHFW ZLOO VRRQ H[WHQG WR J\PQDV
6WDWH ZLOO EH OHVV FXOWLYDWHG °~ -RZHWW Y

,Q WKLV SDVVDJH 30ODWR HQWHUV WKH FRQVWUXFW
SODWRQLF QXPEHU 7KLY SDVVDJH SURPSWV WKH OD
QXPEHUV LQ WKH FRPPHQWDULHYV WKH\ ZLOO EH TXR\

BURFOXV ZKHUH WKH\ GHVFULEH D PHWKRG RI DUULYL
E\ DSSURDFKLQJ LWV YDOXH DOWHUQDWLYHO\ IURP WK
WRR JUHDW 7KRXJK WKH HDUOLHVW PHQWLRQ RI WKL

DZDUH RI WKLV PHWKRG VLQFH KH NQHZ WKEW 2 LV DQ

7KH DERYH GHVFULSWLRQ Rl WKH SODWRQLF QXPEHL
PRGHO RI KXPDQYV IHFXQGLW\ SHULRGYV
7KH GLVWLQFWLRQ EHWZHHQ WKH FRPPHQVXUDEOH
XQGHUWDNHQ DOVR LQ WKH 30DWRQLF ZRUNV RI WKH /
/IDZV G E$WKHQLKHQ QH[W VWHS RI WKH WHDFKHUV |
OHVVRQV LQ ZHLJKWV DQG PHDVXUHV D FHUWDLQ N
GLVJUDFHIXO ZKLFK LV QDWXUDOO\ LQKHUHQW LQ DO
&OLQIKDW LJQRUDQFH GR \RX PHDQ DQG RI ZKDW NLQC
>1iv@
$WKHQLD@ \RX NQRZ ZKDW D OLQH LV" > @ $QG VXU
WKDW WKHVH DUH WZR WKLQJVY DQG WKDW WKH WKLUC
&OLQLDWR



6AFP UL..ROPDGH LQ\DQGFAU [RPFORUY AD-OHU

$WKHQLIRQ \RX QRW WKHQ EHOLHYH WKDW DOO WKHVH DUF
DQRWKEKHW@G \RX EHOLHYH , VXSSRVH WKDW OLQH LV UHDOC
VXUIDFH ZLWK VXUIDFH DQG VROLG ZLWK VROLG"
&OLQLPEEVROXWHO\

SWKHQLBDRW VXSSRVLQJ WKDW VRPH RI WKHP DUH QHLWKHU
FRPPHQVXUDEOH VRPH EHLQJ FRPPHQVXUDEOH DQG VRPH QfF
DOO DV FRPPHQVPEAPLBOHYV UHIDUGY WKH UHODWLRQ RI OLQH
RU RI VXUIDFH DQG OLQH WR HDFK RWKHU GR QRW DOO Z
VRPHKRZ FRPPHQVXUDEOH ZLWK RQH DQRWKHU"

&OLQLORVW FHUWDLQO\

SWKHQLUOXW LI WKH\ FDQQRW EH WKXV PHDVXUHG E\ DQ\ ZzD\ R
DOO ZH *UHHNV LPDJLQH WKDW WKH\ FDQ DUH ZH QRW ULJK)
DQG VD\LQJ WR WKHP 32 PRVW QREOH *UHHNV WKLV LV RQ
ZKLFK ZH VDLG LW LV GLVJUDFHIXO QRW WR NQRZ DOWKRXJ
NQRZLQJ VXFK WKLQJV

7KHUH DUH PDQ\ RWKHU RFFDVLRQV LQ 30DWRYV ZR
VXFK-DYSLDV ODMBUQRPLE $ DQG VR RQ EXW LW FRX
WR DQDO\VH DOO RI WKHP LQ GHWDLOV 7KH QXPEH
HYLGHQFH RI 30DWRYTV FRQVWDQW DWWHPSWV WR VXL
ZKLFK ZDV SUHYLRXVO\ FRQVLGHUHG DV DQ LQVXUPRXC

7KH SKHQRPHQRQ RI LQFRPPHQVXUDELOLW\ DQG HV?¢
WKH GLDJRQDO LV DOVR RQH RI $ULVWRWOHfV IDYRX
FLWHG PRUH WKDQ WKLUW\ WLPHV LQ KLV EXON\ ZRUN
UHIHUHQFHV WR WKLV SKHQRPHQRQ VHH )RZOHU S

7KH &RQFHSW Rl ,QILQLWH

6R IDU LW LV QRWLFHDEOH WKDW WKH DQFLHQW *U
WKHRUHWLFDO PDWKHPDWLFDO FRQFHSWLRQV WKH QX
ILIXUHV DQG PHWKRGV )RU WKHP pFRPSUHKHQVLEOHY

7KLV WH[{W LV EDVHG RQ WKH IROORZLQJ ERRN V 30DWR LQ 7ZH
%XU\ &DPEULGJH 0$ +DUYDUG 8QLYHUVLW\ 3UHVV /RQGRQ :LOO



AKDMOHY 6

DQG FRQVWUXFWHG E\ LQVWUXPHQWY VXFK DV WKH
ZKDWHYHU WKDW FRXOG EH PHDVXUHG ODJQLWXGH
EHWZHHQ HDFK RWKHU 7KH ORJLFDO PDWKHPDWLFD
H[SHULPHQWDO JHRPHWULFDO PHWKRGYV

7KH SKHQRPHQRQ RI LQFRPPHQVXUDEOH PDJQLWXGH
DQ\ FRPPRQ PHDVXUH RU FRXOG QRW EH FRQVWUXFW|

WKH SXUH JHRPHWULFDO LQWHUSUHWDWLRQ RI WKH
PHDVXUHG" 7KH QHFHVVLW\ WR GHDO ZLWK VXFK SUR
JHRPHWU\ UHVXOWHG LQ D QHZ PHWKRG RI VXFFHVVLY
KDV EHHQ H[SUHVVHG E\ UHJUHVVLYH DOJRULWKPV D
LQILQLWH VWHSV RI DOJRULWKPV FORVHO\ UHODWHG W

=HQR RI (OHD SXSLO RI 3DUPHQLGHY HODERUDWHC
UHYHUVH WKH FRQYHQWLRQDO JHRPHWULFDO ORJLF D¢
WKHUH LV QRW DQ\ PRWLRQ WKHUH LV QRW DQ\ PDVV

3DUDGR[HV RI =HQR
7KH SUREOHP RI WKH LQILQLWH OLNH WKH FORVHO\
RQ *UHHN VRLO ,Q WKH ILIWK FHQWXU\ % & EHVL!
LPSRUWDQW SODFH ZKHUH *UHHNV ZHUH HQJDJHG LQ
VWXG\ Rl PDWKHPDWLFV ZDV (OHD ZKLFK ZD¥DIRXQG
% & 7KH PHPEHUV Rl WKH (OHDWLEF V®BK&RO 3
=HQRD % & DQG FHDOLVVX¥W & ZKR IROORZHG ;HQ
ZHUH IDPRXV IRU WKH GLIILFXOWLHV WKH\ UDLVHG LQ
WKH XVH RI LQILQLWH VHULHV VXFK WKH ZHOO NQRZQ
'KDW LV WKH VRXUFH RI WKH FRQFHSW RI LQILQLW\
FRXQWLQJ SURFHVV" :H NQRZ WKDW DQ\ DWWHPSW |
FRXQWLQJ ZRXOG RQO\ HQG LQ RXU RZQ H[KDXVWLRQ
FOHDUO\ GHVFULEHG LQ WKLV)WUUDB$PRQWWIOHH W R 0% DMK
VPDOOHVW EXW DOZD\V VRPHWKLQJ VPDOOHU )RU ZKDV
EHLQJ VXEGLYLGHG" $URXQG LQILQLW\ KDYH JURZQ X
IURP WKH DUJXPHQWY RI =HQR WR WKH DQWLQRPLHV R
=HQR RI (OHD KDYH LQ RQH IRUP RU DQRWKHU ~ VD\V



JURXQGV IRU DOPRVW DOO WKH WKHRULHV RI VSDFH
FRQVWUXFWHG IURP KLV GD\V WR RXU RZQ °

7KH ILUVW WZR $UJXPHQWYV RI =HQR3IRW UHWFRUEBHG
DUH

T 7KH ILUVW' SEKR®REW
37KH ILUVW LV WKH RQH RQ WKH QRQ H[LVWHQFH RI P
LQ ORFRPRWLRQ PXVW DUULYH DW WKH KDOI ZD\ VWD.

I 7KH VHFRQG$BKIRPHAYW QG WKH 7TRUWRLVH
37KH VHFRQG LV WKH VR FDOOHG $FKLOOHV DQG LW D
UXQQHU FDQ QHYHU RYHUWDNH WKH VORZHVW VLQFI
ZKHQFH WKH SXUVXHG VWDUWHG VR WKDW WKH V

L O EXWOHW

7KHVH DUJXPHQWV GHDO ZLWK WKH GLFKRWRP\ R
GLYLVLELOLW\ RI VSDFH LQ WKH ILUVW DUJXPHQW D
ILUVW VWHS WRZDUGV WKH JpRPpWULVDWLRQ RI PHF
DWWULEXWH RI LQILQLWH GLYLVLELOLW\ LV HTXLYDOH
WR LGHQWLI\LQJ GXUDWLRQ ZLWK H[WHQVLRQ ,Q WK}
EHIRUH UHDFKLQJ KLV JRDO PXVW UHDFK WKH PLGSRL
WLPH WR DFKLHYH WKLV +H PXVW DOVR UHDFK WKH
WKLV WRR ZLOO WDNH D ILQLWH WLPH 1RZ ZKDW KDV
7KHUH LV DQ LQILQLWH QXPEHU RI VWDJHV LQ KLV WUL
WKHVH VWDJHV UHTXLUHV D ILQLWH VWDJH %XW WKH
LV LQILQLWH 7KH UXQQHU WKHUHIRUH ZLOO QHYHU L

7KH QRWLRQ WKDW ZKDW KDV EHHQ VDLG RU GRQH F
RI D UDWLRQD @ KHX DBBWLFDWLRQ RI UHSHWLWLRQ JL

D D D FRQVWLWXWHV WKH YHU\ FRQFHSW RI LQILQL
SURWRW\SH RI DOO LQILQLWH SURFHVVHV LV WKH UH
UDGLFDOV DQG WKNHDMMDODKHDWERAWXAHYV IRU WKH GHYHO
LQILQLWH SURFHVV WKH FRQWLQXHG IUDFWLRQV

$Q LQILQLWH SURFHVV LV GHILQHG DV D VHW RI RSH
7KH VLPSOHVW W\SH RI VHTXHQFH WKDW RQH RI JUHD\
WKH JHRPHWULFDO VHTXHQFH +DYLQJ VHOHFWHG DQ\



65 AP HUPRBGBIYLYI FP G WIIOZ [yUQFO FP (G LFIOWHY

QXPEHU IRU UDWLR ZH SURFHHG IURP WHUP WR WHUP

7KH VHULHV JHQHUDWHG E\ D JHRPHWU

JHRPHWULFDO SURJUHVVLRQ 7KH JHRPHWULFDO VHT
L , W IJHQHUDWHYV WKH JHRPHWULFDO SURJUFL

7KH VHFRQG =HUR DUJXPHQW DOVR LQYROYHV D JHF

swDURRRI L% 3 (

$FKLOOHV U
&RPPRQ HQG

6WDUW R
WRUWRLYV W BBBBBBBB

%  %M6% ttt

JLIXUH =HQRYV SDUDGR[ RI $FKLOOHYVY DQG WRL

/HW DVVXPH WKDW $FKLOOHV KBR( IMRHBR DM UWWMK KHWK
VWDUWYV | URFFOWQIGHKORL YW FRYHU WK H N XKIRWOVHLV G LVRAZ
$FKLOOHV UXQV ZKHQ KH DUW®WRRH W KD WARKHN R WADH WALK
SURFHHG WR WKHQSREQWMD OHV DUBIMIKKY DAR UMKRL 8 R LA \Q
SRVLWIIRG VR RQ 7KHUHIRUH LW VHHPV WKDW WKH
SDUDGR[ LV GXH WR WKH LIQRUDQFH RI WKH IDFW WKD
PD\ EH ILQLWH

=HQRYV DUJXPHQWYV IRXQG WKHLU PDWKHPDWLFDO
,Q SDUWLFXODU LQ %RRN ; (XFOLG TXRWHV DQ LQILQL
RI D pJHRPHWULFDO DOJRULWKPY ZKLFK DOORZV WKH
$ 7ZR XQHTXDO PDJQLWXGHV EHLQJ VHW RXW LI IURF

PDIJQLWXGH JUHDWHU WKDQ LWV KDOI DQG IURP WKDV
KDOIlI DQG LI WKLV SURFHVV EH UHSHDWHG FRQWLQX

ZKLFK ZLOO EH OHVV WKDQ WBEHPORBWMNEBJ PDIJQLWXGH \

$

% % % %
¥ ¥ ¥ T ©

JLXUH $SSUR[LPDWLRQ E\ GLFKRWRP\



$FFRUGLQJ WR WKLV SURSRVLWLRQ WKH OHVV PL
VXFFHVVLYH ELVHFWLRQV RI WKH JUHDWHU PDJQLWXG
7KH FRPSOHWH PDWKHPDWLFDO DSSUR[LPDWLRQ RI
E\ WKH DULWKPHWLFDO RU E\ WKH JHRPHWULFDO P}
UHFLSURFDO VXEWUDFWLRQ RU RI DQWK\SKDHUHVLYV E

(XFOLG DQG WKH OHWKRG RI $QWK\SKDHUHVLV

(XFOLG RI $OAODQGULD & LV WKH RQH ZKR XQGHUYV
IRUPXODWLRQ RI JHEBRRAMWEWN VO D\\KIWKH IRXQGDWLRQV
EHWZHHQ JHRPHWULFDO ILIJXUHV DQG QXPEHUYV (OH
QXPEHUV E\ WDNLQJ DGYDQWDJH RI WKH FRQFHSW |
PDWKHPDWLFDO DOJRULWKP WKDW DUH LQWURGXFHG
WKLV SRLQW ZH ZLOO FLWH WKH (XFOLGHDQ GHILQL
QXPEHUV DQG PDIJQLWXGHYVY DV ZHOO DV KLV GHILQLWI

7TKH (XFOLGHDQ 'HILQLWLRQV DERXW ODJQLWXGHYV

ODJQLWXGHYV

f $ PDJQLWXGH LV D SDUW RI D PDJQLWXGH WKH OH\
JUHDWHU

$ 7KH JUHDWHU LV D PXOWLSOH RI WKH OHVV ZKHQ L\

f $ UDWLR LV D VRUW Rl UHODWLRQ LQ UHVSHEW RI
NLQG

+ ODJQLWXGHV DUH VDLG WR KDYH D UDWLR WR RQ
PXOWLSOLHG RI H[FHHGLQJ RQH DQRWKHU

+ ODJQLWXGHV DUH VDLG WR EH LQ WKH VDPH UDWLR
WKH IRXUWK ZKHQ LI DQ\ HTXLPXOWLSOHV ZKDWHY|
DQ\ HTXLPXOWLSOHV ZKDWHYHU RI WKH VHFRQG DQ
DOLNH H[FHHG DUH DOLNH HTXDO WR RU DOLNH |
UHVSHFWLYHO\ WDNHQ LQ FRUUHVSRQGLQJ RUGHU

+ /HW PDJQLWXGHV ZKLFK KDYH WKH(OW®®HGHIWLR Et



.$AUQLHULFDO DQG AEUR[LUUXL LRUE (0" XW IWHU

1XPEHUV

f $ XQLW LV WKDW E\ YLUWXH RI ZKLFK HDFK RI WKH

f $ QXPEHU LV D PXOWLWXGH FRPSRVHG RI XQLWYV

f $ QXPEHU LV D SDUW RI D QXPEHU WKH OHVV RI
JUHDWHU

f %XW SDUWV ZKHQ LW GRHV QRW PHDVXUH LW

f 7KH JUHDWHU QXPEHU LV D PXOWLSOH RI WKH OHV\

f $Q HYHQ QXPEHU LV WKDW ZKLFK LV GLYLVLEOH LQ!

f $Q RGG QXPEHU LV WKDW ZKLFK LV QRW GLYLVLEO
GLQHUV E\ DQ XQLW IYBPMQ HBHHQ QXPEHU

f 1XPEHUV DUH SURSRUWLRQDO ZKHQ WKH ILUVW LV
WKH VDPH SDUWV RI WKH VHFR(@GH®,KDM WKH WKLUC

&RQWLQXLQJ (XFOLG VXEGLYLGHV QXPEHUV LQWR U
LOQOWR FRPPHQVXUDEOH DQG LQFRPPHQVXUDEOH 7KH G

5DWLRQDO QXPEHUYV

f 1XPEHUV SULPH WR RQH DQRWKHU DUH WKRVH ZKL
FRPPRQ PHDVXUH

t $ FRPSRVLWH QXPEHU LV WKDW ZKLFK LV PHDVXUHG

t 1XPEHUV FRPSRVLWH WR RQH DQRWKHU DUH WKRVH
DV D FRPPRQ PHDVXUH

f $ QXPEHU LV VDLG WR PXOWLSO\ D QXPEHU ZKHQ W
LWVHOI DV PDQ\ WLPHV DV WKHUH DUH XQLWV LQ
SURGXKBE®P, GHI

7KH UDWLR RI WZR SULPH QXPEHWY BV (KFOQEGBIUD

WKH LUUDWLRQDOLW\ RU LQFRPPHQVXUDELOLW\ DV IRC

SDWLRQDO LUUDWLRQDO QXPEHUV FRPPHQVXUDEOH

¥ 7KRVH PDJQLWXGHVY DUH VDLG WR EH FRPPHQVXUDE
PHDVXUH DQG WKRVH LQFRPPHQVXUDEOH ZKLFK FDQ



GA\\L ZLFI'FIU\I.QI'[')B@DIIO ;& PDWLPL A X\OHU

¥ 6WUDLJKW OLQHY DUH FRPPHQVXUDEOH LQ VTXDUH
E\ WKH VDPH DUHD DQG LQFRPPHQVXUDEOH LQ VTXCLC
SRVVLEO\ KDYH DQ\ DUHD DV D FRPPRQ PHDVXUH

f :LWK WKHVH K\SRWKHVHV LW LV SURYHG WKDW \
PXOWLWXGH ZKLFK DUH FRPPHQVXUDEOH DQG LQFR
OHQJWK RQO\ DQG RWKHUV LQ VTXDUH DOVR ZLWK
DVVLIQHG VWUDLJKW OLQH EH FDOOHG UDWLRQDC
FRPPHQVXUDEOH ZLWK LW ZKHWKHU LQ OHQJWK DQ
EXW WKRVH ZKLFK DUH LQFRPPHQVXUDEOH ZLWK LV

f $QG OHW WKH VTXDUH RQ WKH DVVLJQHG VWUDLJK
ZKLFK DUH FRPPHQVXUDEOH ZLWK LW UDWLRQDO E;
ZLWK LW LUUDWLRQDO DQG WKH VWUDLJKW OLQHYV
FDVH WKH DUHDV DUH VTXDUHV WKH VLGHV WKHPV
UHFWLOLQHDU ILIXUHV WKH VWUDLJKW OLQHV RQ Z
(OHP GHI

%\ GHILQLQJ DIWHUZDUGV W KH3UWRED WKHKN VI \VARRBR QW
GLFKRWRP\ EHWZHHQ FRPPHQVXUDEOH DQG LQFRPPHQ"

f &RPPHQVXUDEOH PDJQLWXGHYVY KDYH WR RQH DQRWEK
QXPEHU

f ,I WZR PDJQLWXGHYV KDYH WR RQH DQRWKHU WKH U
WKH PDIJQLWXGHYVY ZLOO EH FRPPHQVXUDEOH

I ,QFRPPHQVXUDEOH PDJQLWXGHV KDYH QRW WR RQF
KDV WR D QXPEHU

¥ ,I WZR PDIJQLWXGHV KDYH QRW WR RQH DQRWKHU
QXPEHU WKH PDIJQLWXGHV ZLOO EH LQFRPPHQVXUDE
(OHP SURS +HDWK 7

$GGLWLRQDOO\ (XFOLG IRUPXODWHYVY D WKHRUHP
LQFRPPHQVXUDELOLW\

3] ZKHQ WKH OHVV Rl WZR XQHTXDO PDJQLWXGHV LV ¥
JUHDWHU WKDW ZKLFK LV OHIW QHYHU PHDVXUHV Wk
LQFRPPHQV(OQHPEGBMHRS ,, +HDWK 7



$ YPH QFD¢ DQG DAPFFLPDWL Q

7KH $QWK\SKDHUHWLF 5DWLR

(XFOLG PDNHV DOOXVLRQV WR WKH PHWKRG RI DQ\
RUGHU WR GHILQH WE&HPSULBPBWRGXPEHUYR XQHTXDO QXI
RXW DQG WKH OHVV EHLQJ FRQWLQXDY2O F IO E RN DR\ ¥ G
WrR M;iDDRYR4 DQy [RLBEMKRYRXPEHU ZKLFK LV OHIW QHYHU
XQWLO D XQLW LV OHIW WKH RULJLQDO QXPEHUV ZLOO
DQG VHFRQGO\ LQ WKH DERYH PHQWLRQHG SDVVDJH
(OHP 3URS ,, $ULVWRWOHTV FHOHEUDWHG SDVVDJF
KRZ HDUO\ *UHHN PDWKHPDWLFLDQV KDQGOHG UDWLR
RI DQWK\SKDHUHVLYV

7TRSLFVE 8> @ LW DSSHDUV DOVR LQ PDWKHPDW
D ILIXUH LW VRPHWLPHY GXH WR D GHIHFW LQ GHILQL
SODQH SDUDOOHO WR RQH VLGH GLYLGHV VLPLODUO\
ZKHUHDV LI WKH GHILQLWLRQ EH JLYHQ WKH IDFW DV
DUHDV KDYH WKH VDPH >DQWDQDHUHVLV@ IUDFWLRQ

DQG WKLV LV WKH GHILQLWLRQ RI WKH pvVDPH UDWLRY

7KXV DV VDLG E\ $ULVWRWOH WKLQJV DUH RQ WKt
KDYH W KB MDYDH. SHKFHQ B W\PRORJ\ Rl WKH YZASDGSNBEDW |R
WR pWDNH DZDDYDWRMRRUD/DKH DZD\Y RU pDERQLVKT
LQGLFDWHYVY WKDW WKH PWDNLQJ DZD\Y RU uVXEWUDF
DOWHUQDWHY ZLWK D pWDNLQJ DZD\f RU pVXEWUDFW
XV JLYH D PRUH DQDO\WLF GHVFULSWLRQ Rl ZKDW LW ¢

$FFRUGLQJ WR WKH DQWK\SKDHUHWLF PHWKRG JLY!
D KRZ PDQ\ WLPHV WKH VHFRQG OLQH FDQ EH VXEWU
WLPHV WKH UHPDLQGHU FDQ EH VXEWUDFWHG IURP
UHPDLQGHU RI VHFRQG OLQH FDQ EH VXEWUDFWHG IUF
WKLV JLYHV D VWULQJ RI QXPEHUV SRVVLEO\ LQILQLW
EHWZHHQ WKH WZR WKLQJV DQG ZKLFK LV FDOOHG uD
D SURFHVV RI UHSHDWHG VXEWUDFWLRQ RI RQH WKI
DQWDQDRDRBRWKAS KDAHDUH\ElYv WUDQVODWHG DV pUHFLSU
PRGHP QDPH RI WKH ZKROH SURFHVV DQG WKH DV\
H(XFOLGHDQ DOJRULWKPYTY RU pFRQWLQXHG IUDFWLRQV



AODMEWHU 6

JHQHUDOO\ FRQVWUXHG DV D GLYLVLRQ SURFHVV DQC
XVLQJ WKH UHDO QXPEHUYVY DQG D VRSKLVWLFDWHG JH

W LV QRWHZRUWK\ KHUH WKDW WKH V\VWHPDWLF
WKRVH IRXQG LQ WKH $QWLN\WKHUD DREBBQLVP XVHV
/HW XV HODERUDWH WKH DQWK\SKDHUHWLF PHWKRG
7KH VLPSOH DQWK\SKDHUHVLV LV WKH FRPELQDWLR
LQYHUVLRQ WKH UHFLSURFDO VXEWD@WNQR B DRN VWK H
IRU WZR PDJQLWXGHV $ DQG % ZKHUH %!$ WKH DQWK)

DQWK $298
% $
7KH UHFLSURFDO VXEWUDFWLRQ DULVHV E\ WKH SU
PDJQLWX& HA\HD VIX UHV%DWKBOHY HQG W KH $UDW%R(W LI

$ GRHV QR W%PLH BVRPHIHV %U BNLPHY DQG WKH UHPDLQGHU
% D $ X X $
6LQFH %!$ WKH UDWLR

3$a

ZLOO EH JUHDWHU "WX DR G E\ WKEIGZHOKWDWLER QV

S D2
$

ZKHUHY" 21 LV WKH FRPSDULVRQ WKH UDWLR RI W

ILUVW UHPDLQGHU Q %\ WKBOUH®&DMKLRE W KHAHILADWYF XX
RI UBBWLR

2 2
$SD

7TKH UHSHWLWLRQ RI WKLV SURFHVYVY KDV DV D UHVXO

6BWHS JRU PDIJQLWXGHV B % YXS$WISHIDQ G

6HH 3ULFH S 3, WKLY SODQHWDULXP $UFKLPHGHYVY ZRXOC
Rl JHDUV DUUDQJHG WR PHVK LQ SDUDOOHO SODQHV DQG KH ZR
PDQLSXODWLRQ ZKLFK LV QHFHVVDU\ WR JHW D VHW RI FRUUHFW



ZKHUH S 8N\ 21
$ Y

6WHSXRPSDULVRQ RI WKH PDJQLWXGHV $ DQG X $!X

$ D X RO S X

rUS D[S s
Y Y S
ZKHUH 2S!

6WHS&RPSDULVRQ RI WKH®DJIQLWXGHV X DQG
R DS Y X

RUZYDBSD?
S S $

ZKHUH S °2HWF

7KH UHODWLRQVKLSVY RI WKH VXFFHVVLYH DQWK\SK
EHWZHHQ WKH OHVV DQG WKH JUHDWHU RU PRUH SUH|
JUHDWHU SUHFHGLQJ UHPDLQGHU IRUP WKH QH[W DOJR

S D ?
$
$ oL 2 'KHUH
3L
$ 3B!'L$°33YL DUH UDWLRYV JUHDWHU WKDQ
3L© 2 D G
$ Q
D D LQWHJIHUYV
3Y WKDW FRQVWLWXWH WKH GSLVWULEXWLYH PF

3Y?

7KLY DOJRULWKP OHDGV WR WKH FRQFLVH WHODWL
UDWLRQDO RU LUUDWLRQDO E\ D JURXS RI LQWHJHUYV



D L f#i%
7KLY UHODWLRQVKLS ZKLFK LV WKH UHVXOW RI WK

UDWLIRQWR WKH GLVWULEXWLYH D@QWEBISKDBUWH/EGEL P AQR
WKH V\PEROLVP
S >&82% 1&& @

7TKH WZR (XFOLGHDQ SURSRUWLRQV DERXW DQWK\SKDH
7KH WWMWLRDWLRQDO LI WKH DQWK\SKDHUHWLF D

VR WsKDWV
7KH WSWODIWLRUUDWLRQDO LI WKH DQWK\SKDHUHWLF |

7TKHUHIRUH WKH LUUDWLRQDO QXPEHUV DUH UHODW
DQ DQWK\SKDHUHWLF SURFHVV RI LQILQLWH VWHSV

/IHW XV TXRWH VRPH H[DPSOHV RQ WKH DQWK\SKDHU

([DPSOH 1XPHULFDO IRUP RI WKH DQWK\SKDHUHWLF
)
&RQVLGHU WKH XQHTXDO PDJQLV\SX§)4-|VL$/ DIP® \% H G
IROORZV

6WHS D O DQG &

6WHS O DO DQG



6R > @ RU

/£

7KH UDWLRQDO QXPEHU 2UHVXOWYV DIWHU IRXU DQW

([DPSOH I1XPHULFDO DQG JHRPHWULFDO IRUPV RI WK

UDWLRQDO UDWLR
&RQVLGHU WZR UHFWLOLQHDU VHJPHQWYV 2% DQG 2%

0
DQG WZKLFK DUH FRPPHQVXUDEOH DQG SUL$’I—§)EHWZHH

DULVHV E\ D ILQLWH DQWK\SKDHUHWLF DOJRULWKP 61
DOJRULWKP LV

BWH S D O DQGX
BWH S 2 FLIDQGXL

BWH S 2 DRLG

BWHS DQG

6 W H S\ DQG X

6 R R2U

W LV SRVVLEOH WR UHDFK WKH VDPH UHVXOW JHF
FRPSDULVRQ SURFHVV EHWZHHQ WKH OHVV DQG WKH J
WKH FRPSDULVRQ LQVWUXPHQW DQG JLYHV WKH OLQ
ZKLFK LV VKRZQ LQ WKH IROORZLQJ ILIXUH 7KH WZR X
DUH FRPPHQVXUDEOH VR WKHUH LV D FRPPRQ PHDVXU*}
VWHSV DUH ILQLWH



6WHS7KH FRPSDULVRQ EHWZHHQ WKH VHJPHQWV 2% $
TXRWLHQW D O DQG WKH UHPDLQGHU %S$L X

BWHS7KH UHPDLQGHU %$L R DIWHU WKH FRPSDULVRQ

LOQWHJHU TXRWLHQW DL O DQG WKH UHPDLQGHU 2%L X
6WHS7KH UHPDLQGHU 2%L XL DIWHU WKH FRPSDULVRQ
JLYHV WKH LQWHJHU TXRWLH®® D O DQG WKH UHPDLQC
BWHS’KH UHPDIURGHUWHU WKH FRPSDULVRQ ZLWK WKH
JLYHV WKH LQW H HDWQ & XWRKMH WGIWDR QGHU $ %

BWHS7KH UHPD®»QGBIWSHU WKH FRPSDULVRQ ¥%WK WKH
JLYHV WKH LQWHJHU TXRWLHQW D O DQG WKH UHPDLGC

0
7TKXV WKSH U/QDV\#LR

@
D 129

J)LIXUH /ILQHDU JHRPHWULFDO DQWK\SKDHUHWLF DOJRULWKI

7KH VDPH SURFHGXUH FDQ EH DFFRPSOLVKHG E\ XVI
ZKLFK DSSUR[LPDWHYVY VXFFHVVLYHO\ D UHFWDQJXODU |



GILILILQHQHDOPDGH ILUO DQGDIIO..GPDWLZL

JLIXUH 30DQH JHRPHWULFDO DQWK\SKDHUHWLF DOJRULWKP

7KH JHRPHWULFDO DQWK\SKDHUHWLF DOJRULWKPYV

UDWLRQDO QXPEHU

,QILQLWH $QWK\SKDHUHWLF $OJRULWKPV

,Q FRQWUDVW WR WKH UDWLRQDO QXPEHUV ZKLEK
DQWK\SKDHUHWLF VWHSV WKH LUUDWLRQDO QXPEHL
FRPSXWDWLRQ (XFOLG DQG $UFKLPHGHV LQYHQW VXF

VWHSV IRU WKH FRPSXWDWLRQ RI WRH LUUDWLRQDO Q

7KH $QWK\SKDHUHWLF $OJRULWKP RI WKH ,UUDWL
7TKH LUUDWLRQDO UDWLR 9 LV GHILQHG DV WKH LU

0,
DUHDV LV GRXEOH WKH(*DEQ@ RI WKH :SQWHHU LH 2 2

LW LV VKRZQ WKDWWWHKHUDWRIRY RI WKH GLDJRQDO R
EHFDXVH WKH VTXDUH RI WKH GLDJRQDO LV GRXEOH RI

7TKH FRPSXWDWRRQ®REH UHDOLVHG JHRPHWULFDOO\
VTXDUH ZLWK LWV GLDJRQDO DV ZH KPBOMHGRYV FKULLEH
JHRPHWULFDO IRUP



6$AXPHQFDOPRFWH IQ\ DUX DAEURI[LPD8RQ

JLIXUH*HRPHWULFDO LQWHUSUHWDWLR® Rl WKH LUUDWLRQL

$QRWKHU JHRPHWULFDO LWWRNVSUHOD VELRDS RO\LQJ
SURSRUWLRQ EHWZHHQ WZR VTXDUHV &RQVDLD®KG WKH

WKH GLDZERQBODUW ORRNLQJSIF\E)@J WK HH UPRMQMMRW U XFW D (

JUHDWHU VTXDUH WKH $ % A$W -ZKRDVH VIHRH HW UH% D C
LV VKRZQ WKDW WKH*E@LDIRQDBO RI LW LV

0, o)
7KH UDWLR EHWZHHQ WKH GLDJRQDO Q"‘?GB‘N@“ VLC
00

%HFDXVH RI WKH DQDORJ\ EHWZHHQ WKH VTXDUHV ZH |

%o RF
3L 3p 2 DR% . 3
5

7KH UHGDWLRQLYV RI WKHIIRUIPH WKH XQNQRZQ [
3

FRPSXWBAXQFWLRQ RI LWV RZQ 7KLV NLQG RI UHOD
IHHGEDFN ZKLFK UHVXOWY LQ DQ LQILQLWH SURFHVV



6 A9XUQHULFDOP GHkKUXML FP G FllvQ[ZUQFLWL[P

J)LIXUH 7KH LQILQLWH SURHHVIVI[RI D IHHGEDFN UHC

7KH UHODWLRHQWDLOV WKIH[ UM@® W RRRX |

[ | I la[P RU [ U [

7KLY UHODWLRQ OHDGV WR DQ LQILQLWH DOJRULWK

,Q RXU H[DPSOH SWkKH UKGIDWVRWR WKH LQILQLWH
3

UHODWLRQ ZKLFK DSSURDFKHV WKH H[DFW KD @XH LRI L
QXPEHU RI VWHSYV

3 L 2 1 LH" > @

a3 444

7KH JHRPHWSQUHD/HQWDWLRQ RI WKLV LQILQLWH D
FRPSXWDWLULRRYRIQILQ WKH QH[W ILIJXUH



Z P HULFFG"QRGH GQD DQ G DOPRDP[LWLPY A ODIWWHU

J)LIXUH ,QILQLWH JHRPHWULFDO @QURFHVV RI WKI

7KH DOJRUMWKKPIDWLRVWKH GLDODRGDW WHE YL ®&/HW

UHFXUVLYHUWMSHEFNM Y MO\



UQHYLFDO DQG DIIOZP P DWLR WE

3Y

7KH VXFFHVVLYH DULWKPHWLF DSSUR[LPDWLRQV RI
WKH IROORZLQJ WDEOH

Y 3R >@
9
$ 1w ~
Y
3L > @ O -
L
Y
S 2
Y
S 2
Y
S 2
Y
S
Y
S

,W LV REYLRXV WKDW WKH DSSUR[LPDWLRQV RI WKF

WKH YDOXH RI LQ D KHOLFDO IRUP ZKHUH WKH RGC
WKH HYHQ DUH OHVV WKDQ WKH ILQDO YDOXH






A\XPHULHDO FPG IIOQOOPDIDP

7KH DOJRULWKP VWDUWYV ZLWK LELWLRBE YQIOXHNODYV
DQG KDV LWV VLGH HTXDO WR LWV GLDJRQDO

7KHRQ RI 6P\UQD QG FHQWXU\ $ & HG +LOOHU
SRWHQWLDOO\ FRQWDLQ WULDQJX®RURLQTXROHV DQ
FRUUHVSRQGLQJ WR WKH UHPDLQLQJ ILJXUHV VR DO
ORJBBESHDULQJ LQ QXPEHUV LQ DFFRUGORFRRUELWK Wi
LW LV IURP WKHVH WKDW WKH ILJIXUHV DFTXLUH EDOD
WKH VXSUHPH JHQERBEDRM WKISUWMWQBUBQKYJI SRLQW RI DO
LQ WKH XQLW ZLO® RHRIRXIQE GULKH RIPMOLRVR WKH VLGH
XQLWYV DUH VHW RXW Rl ZKLFK ZH VHW RQH WR EH D
XQLW DV WKH EHJLQQLQJ RI DOO WKLQJV PXVW KDY
GLDJRQDO 1RZ WKHUH DUH DGGHG WR WKH VLGH D G
IRU DV JUHDW DV LV WKH VTXDUH RQ WKH VLGH WDN
GLDJRQDO WDNHQ RQFH 7KH GLDJRQDO WKHUHIRUH E
WKH OHVV 1RZ LQ WKH FDVH RI WKH ILUVW VLGH DQG
ZLOO EH OHVV E\ D XQLW WKDQ WZLFH WKH MTWXDUH RC
OHVV E\ D XQLW WKDQ WZLFH JHW XV DGG WR WKH \
DGG D XQLW WKHUHIRUH WKH >VHFRQG®@ VLGH ZLOO
DGG WZR VLGHV WKDW LV WR WKH XQLW OHW XV Dt
WKHUHIRUH EH WKUHH XQLWV 1RZ WKH VTXDUH RQ W
VIXDUH RQ WKH GLDJRQDO RI WKUHH XQLWV ZLOO EH
VIXDUH RQ WKH VLGH

$JDLQ OHW XV DGG WR WKH VLGH WKH GLDJRQDO |
7R WKH GLDJRQDO RI WKUHH XQLWV OHW XV DGG WZR
1RZ WKH VTXDUH IURP WKH VLGH ZLOO EH ZKLOH \
DQG LV OHVV E\ D XQLW WKDQ WZLFH $IJDLQ LI \F
WKHUH ZLOO EH $QG LI WR WKH GLDJRQDO \RX DC
$QG WKH VTXDUH RI LV JUHDWHU E\ D XQLW WKDQ
DGGLWLRQ JRHV RQ LQ WKH VDPH ZD\ LQ VHTXHQFH W
RQ WKH GLDJRQDO ZLOO EH QRZ JUHDWHU E\ D XQLW ¢
RQ WKH VLGH DQG VXFK VLGHV DQIKH®RWVIJRQDOV DUH E

7KH VTXDUHV RQ WKH GLDJRQDOV DOWHUQDWLQJ R
WKDQ GRXEOH WKH VTXDUHV RQ WKH VLGHV QRZ Ol






6$$ZQHURPDO QA FPEOUHP PDIWP HY

7KXV OHW XV FRQVLGHU WKH KH[DJRQ $%US$(= ZKL
LV 3 DV LW LV VKRZQ LQ WKH IROORZLQJ ILIXUH %\ C
WULDQJXODU $,7$ ZH KDYH

$7 $$ | $ RU S FF FF FF VR S 6 D

JLIXUH 7KH JHRPHWULFDO LOQWHUGKNPBMDWERQ RI WKH LU

7TKH DQWK\SKDHUHWLF PHWKRG JLYHV 9 >0

DSSUR[LPDWLRQV RI 9 DUH VKRZQ LQ WKH QH[W WDEO

Y 3R > @
9
32 ' O@L O

Y

s @ 22 _
Y S > @
Y $ >0 @
Y 3V > @

7KH KHOLFDO DSSUR[EPDWLRGQ@ LVS |



6 AXP HULFDOP ROkQ® DQG DIIOUP [PDIDP LWHU

$UFKLPHGHYV DQG WKH (YDOXDWLRQ RI
$UFKLPHGHV H[WHQGV WKH OLQHDU (XFOLGHDQ D¢

DOJRULWKPV IRU FDOFXODWLQJ WKHQLEND®IRR[LEO DAV
VXFFHVVLYHO\ WKH XSSHU DQG WKH ORZ OLPLWYV RI EF

SDUWLFXODUO\ LQ WKH FDVH RI 9 KH FDOFXODWHYV
, 1 ZH FRQVLGHU WKH IROORZLQJ VTXDUHYV

‘H KDYH [O LH! [OLH 9
$QG [ LH [ LH !\
£2
6LPLODUO\[ DQG [ WKHUHIRUH 2 9 2
[ O DQG WKHUBHIRBH 2

$UFKLPHGHV E\ VXFK D SURFHVVY DSSOLHV WKH DQ
SDUWLFXODU ILIXUHV DQG QRW RQ PDJQLWXGHV DV
DSSUR[LPDWHV WKH GHVLUHG YDOXH E\ PHDQV RI WKH



$UFKLPHGHY DQG WEKH (YDOXDWLRQ RI
%HIRUH WKH H[SORUDWLRQ Rl $UFKLPHQ@HOHWHXWK I
FRQVLGHU D FLUFOH DQG 5 VUXKDYHMFRILYBOLXYI DMXGE \DLL

LYN DQG RI WKH 2HT XDUY H

$UFKLPHGHVY ZKR ZDV DOZD\V LQWHUHVWHG LQ Pt
LQFRPPHQVXUDEOB®®IPEHWWY YDOXH DSSUR[LPDWHO'
ZRUNKH OHDVXUHPHQW RUFKLBHGFMH SURYLGHV LWV
FRPSXWDWLRQ 7KLV ZRUN RI $UFKLPHGHV FRQWDLQV
3URSRVLWLRQ WKH DUHD RI D FLUFOH LV WKH VDPH

VLGHYVY DUH HTXDO UHVS HDREMEL WK\ P RDEVR IR A K Bl GHEXI\F O H

7% $

JLIXUH 7KH DSSUR[LPDWH FDOFXODWLRQ RI WKH FLUFXPIH






AODIWHY

SURSRVLWLRQ 837KH FLUFXPIHUHQFH RI DQ\ FLUFO
GLDPHWHU DQG WKH H[FHVV LV OHVV WKDQ D VHYHQ\

VHYHQW\ ILUVW >SDUWV RQWRH GLPRWVWMHU @ L H 2

/IHW XV VHH KRZ $UFKLPHGHV REWDMWXH \PHVKKRGUI
HIKDXVW.IRQMWQWHG E\ (XGR[XV 7KH EDVLV RI WKLV P
YDULDEOH PDJQLWXGHY ZLOO DSSURDFK D VWDWH RI
GHOLEHUDWHO\ VPDOO ,Q PRGHP WHUPV LW LV D PH
SURFHVVHYV KDYH IRU IRUPXODWLRQ WKH LGHD RI OL
$UFKLPHGHYVY pWUDSVY WKH FLUFXPIHUHQFH RI LW EHW
LQFUHDVLQJ QXPEHU RI VLGHV Rl ZKLFK RQH VHW LV F
LV LQVFULEHG LQ LW +H VWDUWYV ZLWK KH[DJRQV D(
SRO\JRQV RI VLGHYVY DUH UHDFKHG

, I WKH UDGLXV Bl WKHOQF VRKROMUIKH LQVFULEHG SRO\J

A $ 7
DQG WKH KHKUIGW RMKHWHMRUH WEQ DYUHIS RI124% LV

S

JLIXUH $SSUR[LPDWLRQ RI FLUFOHTV FLUFXPIHUHQFH E\ UHJ>

6LPLODUO\ WKH VLGH RI WKH D:H.LUF%PWFKU-ILEKH-IG_JKR\/O\I

KFLU DQG WKHUHIRUHANKH DUWRD RA $WW LV



6AZP AULFDO DQ G DAEPHGPD8RQ &8VG X\LIWHS

$FFRUGLQJ WR WKH DERYH PHQWLRQHW SISRIVW XC

9 U ¢JU
$VWKH VLGHV RI WKH FLUFXPVFULEHG DQG LQVFULE

DQG NQRZLQJ DOUHDG\ WKH YDOXH RI 9 S$UFKLPH
FLUFXPIHUHQFH RI D FLUFQH IWRK LX\QS GHPREWRWHG D
VXFFHVVLYH SHULPHWHUV Rl WKH LQVFULEHG SRO\JR
FLUFXPVFULEHG IRUP DQRWKHU 7KH FLUFXPIHUHQFH
WKDW RI WKH RXWHU SRO\RQ JURZV VKRUWHU 2ZK
FLUFXPIHUHQFH Rl WKH FLUFOH OLHV EHWZHHQ WKH\
FRQWLQXHG LQGHILQLWHO\ WKH WZR VHTXHQFHV ZRX
OHQJWK RI WKH FLUFXPIHUHQFH ,I WKH GLDPHWHU RI

JURP WKH DQWK\SKDHUHWLF SRLQW RI YLHZ )RZOHI
WKH UDWLR RI FLUFXPIHUHQFH WR GLDPHWHU LV OHVV
WKDQ WKUHH WLPHV IROORZHG E\ WKH UDWLR RIl VHY

JUHDWHU WR WKH OHVYV > @ U > @

$FFRUGLQJ WR WKH DQWK\SKDHUHWLF VWHSV DV WK
FRPSDUH JHRPHWULFSOD)\WKK W KGIL [P B ARIRUW K H QFFLHJ FO +
ILIJXUH IRU H[DPSOH E\ PHDQV RI D FRPSDVV Zt
PHDVXUHV WKH FLUEXPIHUHQFH [WLRIOWD DG W KHU H. QX
WKLV UHPDLQGHU PHDVXUHV WKH GLDPHWHU WLPHV
FRPSDULVRQ ZLWK WKH ILUVW RQH JLYHV DQG VR R
JLYHVQW KDW @ DQG WKH VXFFHVVLYH D€
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7KH KHOLFDO DSSUG[LPD@LRQ IOV

6 XPPDULVLQJ S$SUFKLPHGHV LQ E RWK HD ONFKKHD DPW MRKQ
DQWK\SKDHUHVLVY EXW KH DSSOLHV LW RQ SODQH ILJ
PHWKRG RI H[KDXVWLRQ +H UHVXOWY LQ DQWK\SKDE

FRQFHUQ LQ WKH FDVH RI 9 VTXDUHYX QKW SEHREDK JIRQ WV |
VWHS WKHUH LV HLWKHU D SRVLWLYH RU D QHJDWLYH
E\ PHDQV RI LQVFULEHG RU FLUFXPVFULEHG ILJXUHYV

WKH 3\WKDJRUHDQ WKHRUHP IRU FDOFXODWLQJ WKH C
WKH JHRPHWULF DQWK\SKDHUHWLF FRQFHSWLRQ KH LC

&RQFOXVLRQ

7KH GLVFRYHU\ Rl QXPEHUV WKDW DUH QRW LQWH.
QXPEHUV DQG LQ JHQHUDO WKH QHFHVVLW\ WR GHD(
VROYHG E\ SXUH JHRPHWU\ UHVXOWV LQ QHZ PHWKRC
ZHUH EDVHG RQ WKH WKHRUHWLFDO HODERUDWLRQ RI
LQILQLW\ 7KLV WKHRUHWLFDO IUDPHZRUN WKDW ZDV
DQG E\ =HQRfV SDUDGR[HV WKDW DIIRUGHG JURXQGV |
DQG LQILQLW\ SDYHV WKH ZD\ WR WKH (XFOLGHDQ DO



6$4QHULHDO HIIOUPWLPDWLPL

WH $UFKLPHGHDQ V\QWKHVLV RI DULWKPHWLFDO DQG
FRQWULEXWH WR WKH H[DFW PDWKHPDWLFDO DSSUR]

DOVR RI LQFRPPHQVXUDEOH TXD@WDWGHYL YWX WK HD \Q M\
QXPHULFDO PRGHOOLQJ 7KH PHWKRG RI DQWK\SKDHL
DOJRULWKPLF VWHSY GHSHQGLQJ RQ ZKHWKHU WKH F
UHVSHFWLYHO\ 7KH H[DFW YDOXH RI WKH UDWLRQDO
E\ VWHS 7KLV QRWLRQ RI DSSUR[LPDWLRQ UHIHUV D¢
HOVH LV D PRGHO WKDQ DQ DSSUR[LPDWLRQ RI D UHDC
UHOLDEOH PRGHOOLQJ PHWKRGRORJ\ DLPV WKDQ DW !
WKH FUHDWHG PRGHO VR DV WR DSSUR[LPDWH WKH UF
7KH PHWKRG RI DQWK\SKDHUHVLV VLPLODUO\ WR WHEK
DOJRULWKPLF PHWKRG WKDW LQYROYHV SURFHVVHV
GHWHUPLQDWLRQ RI D WDUJHW LV DQDO\VHG LQ D QX
7KLV G\QDPLFDO SURFHVV LQ WKH FDVH RI WKH SODW
WUDQVLWLRQ D WRSRORJLFDO PRGHO RI WKH JHQHU
DQWK\SKDHUHWLF PHWKRG RQ WKH RWKHU KDQG H[D
PDJQLWXGHV IURP D PDWKHPDWLFDO SRLQW RI YLHZ T
WKHLU UDWLR ZKLFK LV DQ DOJRULWKP RI FRQYHUJHQ
WKLV FDVH LW LV HYHQ SRVVLEOH WR FUHDWH D JI
GHWHUPLQDWLRQ RI UDWLRQDO RU LUUDWLRQDO QXP
FRPSDVV DV ZHOO DV WKH FRQVWUXFWLRQ RI FRQYHU
7KH FHQWUDO SRLQW RI DQWK\SKDHUHVLV LV WK
FRQVWUXFWLRQ HYHQ IRU WKH LUUDWLRQDO QXPEHL
DULWKPHWLF LQILQLWH SURFHVV 6XFK D SURFHVV F
PRGHOOLQJ RI VIVWHPV LQ WHUPV RI LQILQLWH VHTXI
DOORZV WKH FDOFXODWLRQ RI DQ XQNQRZQ LUUD
DSSUR[LPDWLRQV LQ WKH VDPH ZD\ DV WKH RXWSX
DSSUR[LPDWHV VXFFHVVLYHO\ WKH FRQVWDQW YDOXH
FORVHG ORRS PDWKHPDWLFDO PRGHO LV FUHDWHG Z

UHODWLIRRY | ] DQG VR RQ DQG VLPXODWHV WKH
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 QWURGXFWLRQ

8S WR WKLV SRLQW WKH GLVFXVVLRQ KDV IRFXVHG
DW QDWXUH DQG WKH EDVLF HOHPHQWY RI WKH XQLYH!
WKH SHULRG RI WKH WK FHQWXU\ % &D @WIGURIS RRARU SIKJL
L H WKH DWWHPSW WR WUHDW QDWXUH DV KXPDQ L(
6 HD SRVHLGRQ DQG VR RQ 7TKH VHFRQG ZRUOGY
SKLORVRSKHUV ZKLFK FRXOG EH FDOOHG WKH SK\VLFI
WKH SK\VLFDO SKLORVRSKHUYV WK WK FHQWXU\ % &
WKH QDWXUDO H[SODQDWLRQ RI WKH ZRUOG 7TKH WK
UubQJLQJ IURP WKH SK\VLFDO WR WKH PDWKHPDWLFDO
ZHUH WKH 3\WKDJRUHDQV ZKR DOPRVW PDGH QXPEH
XQLYHUVH 7KLV YLHZ DWWDLQHG LWV HDUOLHVW V\V
JHRPHWULF DQG DULWKPHWLF IRUP LQ (XFOLG DQG $UF

+RZHYHU WKH PDWKHPDWLFDO DQDO\VLV DQG FRPS
WKH GHYHORSPHQW RI LWV ODZV DQG SURSHUWLHV H
FRQVWUXFWLRQ RI D WHFKQLFDO PRGHO RI D PHFKDC
WKHVH SURSHUWLHV H J WKH FRPSDVV TKHUHIRUH
FRQFHSWLRQ RI WKH ZRUOG FRPH WKH PHFKDQLFDO Y
PRGHOV ZKLFK FRPSOHPHQW WKH IRUHJRLQJ ZRUOGYL
FKDSWHU 7KLY ODWWHU DSSURDFK GHULYHV LWV HC
(QIJILQHHULQJ "RUOGYV VWUXFWXUH DQG RSHUDWLR
WHFKQRORJ\ SOD\V D VLIQLILFPEQWKDRRRARUZKEKEWRLW D (
H[SUHVVHG E\ WKH ZKHHO PRGHO RI| $QD[LPDQGHU WKI
ZKRUOV PRGHO RI 3ODWR

ORUH SUHFLVHO\ WKLV FKDSWHU FLWHV 30ODWRYV F
VI\VWHP RI FRQFHQWULF VSKHUHV FHQWUHG RQ WKH HI

$FFRUGLQJ WR .OHPP ODFRHORPODE ®RIW IXNO PHWKRG DQG WKH
I[URP WKH *USHWHM[ZRUHB RIADILYFRQWULYH D GHFHSWLRQT



FDLP R RIILFFG PDGHIR

PRWLRQV RI WKH SODQHWY WKH LPSURYHG FRVPROTI
$ULVWRWOHTVY FRVPRORJLFDO DQG DVWURQRPLFDO L
SODQHWDU\ PRWLRQV $ULVWRWOHYIV YLHZSRLQW LV V
RU IRU WKH OHDGLQJ FDXVH RU UHDVRQ DV ZH KDYH
VWXG\ WKH QDWXUH $FFRUGLQJ WR 7KXUVWRQ
PDUYHOORXV SURJUHVY LQ WKH PDWHULDO VSLULWXD
DUH WUDFHDEOH WR WKHLU RULJLQ ZLWK $ULVWRWOH
XSRQ ZKLFK WKH PRGHP HQJLQHHULQJ ZDV EXLOW E\
VXFFHVVRUV DV IRU HIDPSOH /HRQDUGR 'D 9LQFL

7KLV FKDSWHU DOVR LQFOXGHV WKH ZRUN RI $UFK
SDUWLFXODUO\ KLV FRQVWPFWLRQ RI D PHFKDQLFDO |
WKDW LQ WXUQ OHDGV WR DQ H[DFW TXDQWLWDWLYH
RI $QWLN\WKHUD

7KH :KHHOV RI $QD[LPDQGHU

,Q WKH ILUVW SODFH $QD[LPDQGHU LV WKH RQH ZI
VFLHQFH $ VWDU PDS D PDS RI WKH ZRUOG DQG I
VWRYHSLSH ZKHHOV RU ULQJV RI ILUH WKDW H[SODLQ
VIVWHP LQ URWDWLRQ DUH DPRQJ WKHP 7KLV ZRUN
DWWHPBWXQGHUVWDQG WKH XQLYHUVH ZLWK WKH D
$QD[LPDQGHU FRPELQHV ERWK WKH PHFKDQLFDO LQJH
DUH REYLRXV LQ KLV FRQVWUXFWLRQ RI WKH ILUVW PC
LQIHUUHG WKDW $QD[LPDQGHUYTV XQLYHUVH KDV LQ WK
WKH 2FHDQXV DQG LQ WKH FHQWUH RQHRRNHIHER B WHKHINV \
ZKLFK WUDQVODWHYV pLQ PRKi# BBUBGOHMRI WKH HDUWK

+HURGRWXV Y Il JLYHV D OLYHO\ GHVFULSWLRQ |
WKH LQYHQWLRQ RI $QD[LPDQGHU WR SURGXFH WKH IL
.LQJ &OHRPHQHV 3D WDEOHW RI EURQ]H RQ ZKLFK WK
VHD DQG ULYHU ZDV HQJUDYHG  +HLEHUJ

$QD[LPDQGHUYYVY ZRUNLQJ PRGHO RI WKH HDUWK RU F
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JLIXUH 7KH ILUVW PDS RI WKH ZRUOG GUDZQ E\ $QD]JL

,Q DGGLWLRQ $QD[LPDQGHU JLYHV WKH ILUVW DVW
KRPHO\ LW PD\ VHHP LW LV WKH DQFHVWRU RI WKH PF
WR EH D GLVN LQ WKH FHQWUH RI WKH ZRUOG VXUUR
7KLV GLVN RI HDUWK LV D F\OLQGHU ZKLFK KHLJKW L
(DFK SLSH DURXQG WKH HDUWK LV PDGH RI D KDUG V|
LQVLGH H[FHSW DW FHUWDLQ RSHQLQJV ZKLFK DUH Z]
7TKH ZKROH V\VWHP KDV D GDLO\ UHYROXWLRQ DQG LQ
RI LWV RZQ ILJXUH ,Q DGGLWLRQ KH DVVLJQV GL



6]‘|F3DFE]@L DWLOL RIHR$P R RALHDOP SFHN

WR KLP WKH VXQYY RSHQLQJ LV WKH VDPH VL]H DV

PDWKHPDWLFDO UDWLR EHWZHHQ WKH GLDPHWHU RI W
WKH GLDPHWHU RI WKH HDUWK ORUH SUHFLVHO\ WKH
ZKHUHDV WKH ZKHHO RI PRRQ LV RU KDW LV |
$QD[LPDQGHUYY DWWHPSW WR ILW DVWURQRPLFDO SK
RQ VRPH PDWKHPDWLFDO UDWLRYV

$ VFKHPDWLF UHSUHVHQWDWLRQ RI $QD[LPDQGHUF
ILIXUH

)DUULQJWRQ JLYHV DQ DQDO\WLFDO GHVFULS
DFFRXQW RI WKH XQLYHUVH @* > @ WKH IRXU HOHPHC
PRUH VWUDWLILHG IRUP HDUWK ZKLFK LV WKH KHDYL



FR PRR ILFDOP RO L

DERYH WKH ZDWHU ILUH HPEUDFLQJ DOO 7KH ILUH K
PDNLQJ WKH GU\ ODQG DSSHDU EXW LQFUHDVLQJ WKt
EUHDNLQJ SRLQW 7KH ILHU\ LQWHJXPHQW RI WKH XQL
RI ILUH HQFORVHG LQ WXEHV RI PLVW FLUFOLQJ URXQC
RI WKH XQLYHUVH 7KH KHDYHQO\ ERGLHV ZH VHH FLU
WXEHV WKURXJK ZKLFK WKH HQFORVHG ILUH JORZV $¢(
RI D KROH *RQH DUH WKH WXEHV RI ILUH RI $QD[LPD
DVSHFW EXW ZKLFK DWWHPSWHG WR VXSSO\ D PHFKDQ

5HJDUGLQJ $QD[LPDQGHUfVY PRGHO RI WKH ZRUOG
PRGHO RI D WZLQQRZHUJV VLHYHY D PRGHO XVHG OD
SUHFLVHO\ KH VD\V 3,Q WKDW ZRUOG HGG\ ZKDW LV
FRPH WR VHSDUDWH RXW DQG WKH IDPLOLDU LPDJH \
KDYH EHHQ WKH :LQQRZHUYV VLHYH URWDWLQJ DQG V
WKH PLGGOH DQG WKH FKDII ZDQGHUV WRZDUG WKH
HWWHSDUDWHG RXWY HDUWK JRLQJ WR WKH FHQWUH |
UHPDLQLQJ LQ EHWZHHQ ~ ,W LV XQOLNHO\ WKDW Z
LQWHUSUHWDWLRQV LV FRUUHFW

,Q FRQWHPSRUDU\ WHUPV WKH PRGHO RI $QD[LPDQ
SULPLWLYH IRUP DV KDYLQJ VLPLODULWLHV ZLWK WKI
IROORZLQJ OLQHV ZH ZLOO JLYH D EULHI GHVFULSW
PRGHOOLQJ WHFKQLTXH 4XDOLWDWLYH UHDVRQLQJ |
VLPSOHU SK\VLFV ZKLFK KHOSV WR XQGHUVWDQG KR
SK\WLFDO V\WWHP RU KRZ WKH\ UHDVRQ WKH IXQFWLR(
PDLQ JRDO RI TXDOLWDWLYH UHDVRQLQJ LV WR SU
XQGHUVWDQGLQJ WKH EHKDYLRXU RI SK\VLEDO V\VWHP
IXWXUH EHKDYLRXU DQG WR H[SODLQ KRZ WKH\ DFKLH
RQ WKH DQDO\VLV Rl WKH VWUXFWXUH RI D SK\VLFDO V
VLWXDWLRQV (DFK SK\VLFDO VLWXDWLRQ LV UHJDUGFH
FRQVLVWV RI PDWHULDOV FRPSRQHQWV DQG FRQGX
EHKDYLRXU RI WKH ZKROH GHYLFH ,W LV SRVVLEOH
FKDUDFWHULVWLF Rl WKH PDWHULDOV ZKHUHDV WKH
FRPSRQHQW WR WKH RWKHU ZLWKRXW FKDQJLQJ DQ\ FI
GHSLFWLRQ RI WKLV TXDOLWDWLYH UHDVRQLQJ SURFH\
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3K\WVLFDO V\VWHP
RU
3K\ WVLFDO VLWXDWLRQ

1
R s

B3K\WLFDO 6LWXDWLRQV

A ? ?.
&RPSRQHQWYV ODWHULDOV &RQGXLWYV

7RSRORJ\ RI QRGHYV
DQG HGJHV

J)LIXUH 4AXDOLWDWLYH UHDVRQLQJ SURFHVYV

7KH FRPSOHWLRQ RI WKLV DQDO\VLVY L H WKH GHV
WKDW FRQVWLWXWH D SK\VLFDO VLWXDWLRQ PDNHYV
EHKDYLRXU RI WKLV SK\WLEFDO VLWXDWLRQ 2Q WKH
UHSUHVHQWHG E\ D WRSRORJ\ RI V\WWHP{V LQJUHC
FRPSRQHQWY DQG HGJHV UHSUHVHQW WKH FRQGXLW
GHVFULEHG E\ YDULDEOHVY WKDW WDNH RQO\ D VPDOC
GHVFULEHG YDOXHV VRPHWLPHV FDXVH ORVV RI LQIRL
QRW DIIHFW WKH ZKROH SURFHGXUH VLQFH WKH PRV
ZKHWKHU LW LV LQFUHDVLQJ GHFUHDVLQJ RU UHPDL
GHVFULEHG E\ DQG UHVSHFWLYHO\ 7KH IXUWKH
LH WKH TXDOLWDWLYH GLIIHUHQWLDO HTXDWLRQV W
WKH ZD\V IRU SUHGLFWLQJ WKH EHKDYLRXU RI D GHYLF
RI WKLV WKHVLV DQG RQ WKH RWKHU LI WKHUH D!
$QD[LPDQGHUYJVY PRGHO WKH\ DUH IRXQG LQ WKH RXWC
LQ WKH GHWDLOHG DQDO\VLV RI LW

/HW DV UHWXUQ WR $QD[LPDQGHUTV PRGHO ,QL\
$QD[LPDQGHU DLPV DW H[SODLQLQJ D SK\VLFDO V\VWH
DV D ZKROH FRPSRVHG RI VLPSOH VLWXDWLRQV DQG H
PDFKLQHV ZRUNLQJ LQ D SDUWLFXODU ZD\ $QD[LPI
HOHPHQWY DQG GHYLVHV DV ZHOO DV LQ WKHLU SODF
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WKH FRPSRQHQWY PDWHULDOV DQG FRQGXLWYV RI W
SUHFLVHO\ WKH ILUH ZKLFK FKDQJHV WKH IRUP RI ZC
UHJDUGHG DV D FRPSRQHQW RI WKH ZRUOG WKH FKDC
ZRUOG DQG WKH IRUPHG WXEHV WKDW WUDQVIHU PD
VA\VWHP ,Q DGGLWLRQ WKH FRQVLGHUDWLRQ RI WKH
WKH LQFUHDVH RI WKH YROXPH RI PLVW JLYHV DOVR LU

7KH %RZ0OV RI +HUDFOLWXYV

+HUDFOLWXV ZLWK KLV DUFKHW\SDO IRUPHRY HPQO®AW
ERGLHY DUH ERZOVDQGOMH® HEWMISVHURFFXUV ZKHQ WK
WXUQV IURP XV
'LRIJHQHYVY /DHUWLXYV ,; " $ , 3+H GRHV QRW
VXUURXQGLQJ LW FRQWDLQV KRZHYHU ERZOV WXUQ
ZKLFK WKH EULJKW H[KDODWLRQV DUH FROOHFWHG D
ERGLHVY %ULJKWHVW DQG KRWWHVW LV WKH IODPH R
ZKHQ WKH ERZOV WXUQ XSZDUGV DQG WKH PRQWKO\ S
JUDGXDOO\ WKWQBIG ~ .LUN

+HUDFOLWXV KHUH GRHV QRW XVH DQ HPSLULFDO
HISODQDWLRQV RI DVWURQRPLFDO SKHQRPHQD EXW
SUREDEO\ EDVHG RQ WKH SRSXODU P\WK RI WKH VXQ |
LQ D JROGHQ ERZO $FFRUGLQJ WR WKLV PRGHO WKH
Rl ILUH QRXULVKHG E\ HIKDODWLRQV IURP WKH VHD
H[SODLQ HFOLSVHVY DQG WKH SKDVHV RI PRRQ DV GXH \

7KH 5LQJV RI 3IDUPHQLGHYV

SDUPHQLGHV RI (OHD XQOLNH WKH SKLORVRSKHUYV |
DV WKH SRLQW RI GHSDUWXUH IRU KLV SKLORVRSKLFD
LWVHOI +H GRHV QRW RIIHU DQVZHUV WR WKH TXHVW
RFFDVLRQDOO\ GHQLHV ZKDW WKH\ DVVHUW ,Q SDUWL



P R G H L

R FKDQJH DQG PRWLRQ L H IRU KLP PRYHPHQW LV L
FRQVLVWVY RI D VLQJOH PRWLRQOHVV DQG XQFKDQJLQ

7KH RQH DQG RQO\ ZRUN RI KLP D SRHP LV GLYLGH
'D\ RI 7TUXWKYT DQG u7KH zZD\ Rl 2SLQLRQ RU WKH :D\ R
FRQFHUQV WKH ORJLFDO SULQFLSOH JRYHUQLQJ WKH
EHLQJY HUFKDQJHY HUPRWLRQY DQG VR RQ +H DUJXHV
WKDW LW FDQQRW EHFRPH ZKDW LW LV QRW L H FKD
SHUPDQHQW DVSHFWV Rl WKH ZRUOG FDQ EH FRQVLGH
H:D\ Rl 2SLQLRQY 3DUPHQLGHV SURYLGHV D FRPSOHPI
HPSLULFDO FRVPRJRQ\ DQG DQRWKHU PHFKDQLFDO
GRFWULQHV RI WKH SUHYLRXV SKLORVRSKHUV WKH Kt
WR $QD[LPDQGHU LQ WKH FHQWUH RI WKH ULQJV RI IL
“XVWLFH DQG 1HFHVVLW\ 7KLV JRGGHVV KHUH SOD\V
FRVPRJRQ\ ZKR DOVR FRQWUROV PDWLQJ DQG JHQH
VHQVLEOH FRQWUDULHV OLJKW DQG GDUNQHVV UDU
PDQLIHVWDWLRQ Rl WKHVH RSSRVLWHV 7KH IROORZLC
3DUPHQLGHVY PRGHO RI WKH ZRUOG

$SHWLXV s 33DUPHQLGHV VDLG WKDW W

DURXQG WKH RWKHU RQH IRUPHG RI WKH UDUH WKH
RWKHUV EHWZHHQ WKHVH FRPSRXQGHG RI OLJKW DQG
DOO OLNH D ZzDOO LV KH VD\V E\ QDWXUH VROLG EH(
OLHV LQ WKH PLGGOH RI WKHP DOO LV VROLG DQG

PLGGOHPRVW RI WKH PL[HG ULQJV LV WKH SULPDU\ FD
EHLQJ IRU WKHP DOO DQG KH PFRRES6YWNUMIHK HRKREME
RI WKH NH\V -XVWLFH DQG 1HFHVVLW\ 7KH DLU KH \
YDSRUL]J]HG RZLQJ WR WKH HDUWKYV VWURQJHU FRPSU
DQG VR LV WKH FLUFOH RI WKH OLON\ :D\ 7KH PRRQ L
$LWKHU LV RXWHUPRVW VXUURXQGLQJ DOO QH[W FR
DQG ObDVW FRPHV WKH UHWRQ RI WKH HDUWK ~ .LUN

,Q DGGLWLRQ 6LPSOLFLXV PHQWLRQV
yU 6LPSOIKIWAVEWQ DQG 37KH QDUURZHU ULQ
ZLWK XQPL[HG ILUH WKRVH QH[W WR WKHP ZLWK QLJI



OMHFWHG DQG LQ WKH PLGVW RI WKHP LMWBK JRGG

W LV ZRUWK PHQWLRQLQJ WKDW 3DUPHQLGHV LQ \
RI WKH ZRUOG UHIHUV WR WKH QRWLRQ Rl FRQWURO
PHFKDQLVP WKDW VWHHUV DQG FRQWUROV HYHU\WKL

7KH PHFKDQLFDO YLHZSRLQW RI 3DUPHQLGHV LV |
GHVFULSWLRQV :H KDYH DOUHDG\ PHQWLRQHG LQ FK
WKHLU FRQFHSWLRQ WKDW WKH UHDOLW\ LV D OLIHOF
YDULRXV SDUWV UHVXOW IURP WKH PHFKDQLFDO VRL
JXUWKHU GRZQ ZH ZLOO H[DPLQH WKH 3\WKDJRUHDQ
PHFKDQLFDO PRGHO RI WKH ZRUOG +RZHYHU RQO\ G
VHH VXFK PRGHOV WR EH FRQVWUXFWHG DV D PDWWH.

S\ WKDJRUHDQ 8QLYHUVH

7KH 3\WKDJRUHDQV LQ RSSRVLWLRQ WR WKH ,RQLI
WHUPV RI WKH EHKDYLRXU RI FHUWDLQ PDWHULDO HOF
RI QXPEHUV :‘H KDYH DOUHDG\ GLVFXVVHG WKHLU GRF
PRVWO\ FRQFHUQHG ZLWK WKH SODQHWDU\ VI\VWHP R
HDUWK LV D VSKHUH LV SUREDEO\ DV ROG DV 3\WKDJR!
VXUIDFH RI WKH VHD LV QRW IODW EXW FXUYHG RU Wk
ILUVW QRWLFHV LWV WRS DQG JUDGXDOO\ WKH UHVW I
RI WKH HDUWK 7KH GRJPD RI VSKHULFDO SHUIHFWLRC
ZKLFK DUH RI VSKHULFDO VKDSH DQG PRYH DORQJ FLL
WKDW QXPEHU FDUULHV VLQFH LW LV WKH VXPPDU\
WKDW DUH RI ZLGHU UHVSHFW VKRXOG FKDUDFWHUL]H
SDVVDJH E\ $ULVWRWOH WKH LPSRUWDQFH WKLV QXPE

$ULVVWRIWOI K$VLFVD 3 > @ DV WKH QXPEHU L\

SHUIHFW DQG WR FRPSURPLVH WKH ZKROH QDWXUH RI
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WKDW WKH ERGLHV ZKLFK PRYH WKURXJK WKH KHDYH
RQO\ QLQH WR PHHW WKLV WKH\ LQYHQW D WHQWK

7TKXV LQ RUGHU WR EH FRQVLVWHQW WR WKHLU GR

WHQWK KHDYHQO\ ERG\ WKH VR FDOOHG FRXQWHU HD

YHULILHG ,Q WKH FHQWUH RI WKHLU SODQHWDU\ V\\

(DUWK PRYHV LQ FLUFXODU RUELW DURXQG WKH FHQW
SULVWRWDHOR DO " % SORVW SHRSOH DO
UHJDUG WKH ZKROH KHDYHQ DV ILQLWH VD\ WKDW W
%XW WKH ,WDOLDQ SKLORVRSKHUV NQRZQ DV 3\WKDJ
FHQWUH WKH\ VD\ LV ILUH DQG WKH HDUWK LV RQH
FLUFXODU PRWLRQ DERXW WKH FHQWUH 7KH\ IXUWKH
RXUV WR ZKLFK WKH\ JLYH WKH QDPH FRXQWHU HDUW!
SODFH EHILWYV WKH PRVW SUHFLRXV WKLQJ EXW ILUH
WKH OLPLW WKDQ WKH LQWHUPHGLDWH DQG WKH F
SHDVRQLQJ RQ WKLV EDVLV WKH\ WDNH WKH YLHZ WKI
WKH VSKHUH EXW UPWKHM ILUH " &RKHQ

JLIXUH 7KH 3\WKDJRUHDQ 8QLYHUVH WKH HDUWK DQG WKFE
SRVLWLRQV $OLF

$ YDULDWLRQ RI WKH 3\WKDJRUHDQ XQLYHUVH LV
SODQHWDU\ VA\VWHP WR WKH 3\WKDJRUHDQ 3KLORODXYV
$HWLXV ,, " D SBKLORODXV SODFHV ILUH
XQLYHUVH DQG FDOOV LW WKH pKHDUWK RI WKH ZRU
JRGVY pubOWDU ERQG DQG PHDVXUH RI QDWXUHY 7KH

OHWDSK\VLFD 7UDQVODWHG E\ : ' 5RVYV



60 HF LDQLFDOUHD RNODQRIHR PR RALPOPU[LHOL

WH XQLYHUVH DW WKH FLUFXPIHUHQFH %XW KH VD\V
DQG DURXQG WKH FHQWUH WHQ GLYLQH ERGLHV GDQF
WKH ILYH SODQHWYV QH[W WKH VXQ WKHQ WKH PRRQ
DQG ILQDOO\ WKH ILUH RI WKH pKHDUWKY ZKWFK KDV
DOA

7KH PHFKDQLFDO YLHZSRLQW RI WKH 3\WKDJRUHDQ"

S3ODWRYV &RVPRORJ\

&RVPRORJ\ RFFXSLHV LQ 30ODWRYV ZRUN D FRQVLGI
FRVPRORJLFDO DQG DVWURQRPLFDO V\VWHP UHPDLQV
VXFFHVVLYH SUHVHQWDWLRQV RI LW DW GLIITHUHQW S
GHYHORSPHQW /HW XV WDNH WKH SODWRQLF GLDORJX

,Q3KDHG&DWR VWDWHV KLV RZQ YLHZ RQ WKH IRUP
S\ WKDJRUHDQV KH FRQVLGHUVY HDUWK WR EH VSKHULFC

& $ 3 > @ 0\ SHUVXDVLRQ DV WR WKH IRUP RI W

LW LV > @ LI WKH HDUWK EHLQJ D VSKHUH LV LQ V

DLWKHU RI DLU RU RI DQ\ RWKHU VXFK IRUFH WR NHH?S

RI WKH VXEVWDQFH RI WKH KHDYHQ LQ DOO LWV SDU!

VXIILFH WR KROG LW IRU D WKLQJ LQ HTXLOLEULXP L

ZLOO QRW KDYH FDXVH WR LQFOLQH PRUH RU OHVV L

ZLWKRXW VXFK LQFOLQDWLRQ ~ +HDWK 7

,(BHSXE®WMIIFFWR GHVFULEHVY D PRUH FRPSOHWH V\VWHF
EOHQGHG ZLWK WKH P\WK RI (U WKH VRQ RI $UPHQLX
WZHOYH GD\V WKDW KLV VRXO ZDV ZDQGHULQJ 3LQW
UHJDUGH P HRKDQLFDO PRGHGE@KRFKNVNKIHSQRUQWB WKH PR\
KHDYHQO\ VSKHUHV E\ PHDQV RI PHFKDQLFDO HOHPHQ
DQG WKH ZKRUO

%RRN ; E G 3 > @ DQG RQ WKH IRXUWK GD\ \

ZKLFK WKH\ VDZ HIWHQGHG IURP DERYH WKURXJK WKH

OLJKW OLNH D SLOODU PRVW OLNH WR WKH UDLQERZ

LV ZKLFK ELQGV WKHR&EDQY H @ RIRHIMWMKHKHWKH ZKROH UH®



60HF$D QLHDOUHD L$DWLRQ RIZ$P R RDLHDOPRF$HLL

/Y WKH XQGHUJLUWKY KROG WRJHWKHU WULUHPHV D
WKH 6SRIQGHFH VVLW\ E\ ZKLFK DOO WKH UHYROXWLRQV
WKHUHRI DUH PDGH RKFOLODEDQWODRGDEIOWDQW DQG
VXEVWDQFHV 1RZ WKH ZKRUO LV DIWHU WKLV IDVKLR
ZKDW KH VDLG ZH PXVW FRQFHLYH RI LW DV LI ZH KDG
RXW WKURXJKLDQY®R WKIURXZOV LQVHR WK &HDQRMEK NU QA
EXW VPDOOHU QLFHO\ ILWWLQJ LW OLNH WKRVH ERJ
DJDLQ ZH PXDWNKKESRXHRUO ILWWHG LQWR WKLV D Il
PRUHRU WKRUOV DUH DOWRJHWKHW HRQK W LVDK QX PE®
VKRZLQJ WKHLU ULPNQISE RUHP DYIFDERRWVWKH VKDIW D
DV Rl RQH ZKRUO ZKLOH WKH VKDIW LV GULYHQ ULJK\
7KH ILUVW DQG RXWHUPRVW ZKRUO KDV WKH FLUFOH
VHFRQG LQ EUHDGWK WKDW RI WKH IRXUWK LV WKLU
VHYHQWK LV ILIWK WKDW RI WKH ILIWK LV VL[WK WK
VHFRQG LV HLJKWK $QG WKH FLUFOH RI WKH JUHDWH
LV EULJKWHVW WKDW RI WKH HLJKWK KDV LWV FRORX
RI WKH VHFRQG DQG ILIWK DUH OLNH HDFK RWKHU DQ(
LV WKH ZKLWHVW LQ FRORXU WKH IRXUWK LV SDOH Ul
7KIBSLQGOH WXUQV URXQG DV D QE&RQM KLY KV R H PR
UHYROYHV WKH VHYHQ LQQHU FLUFOHV UHYROYH VOR.
RI WKHVH WKH HLJKWK JRHV WKH PRVW VZLIWO\ VHF
VHYHQWK DQG VL[WK DQG ILIWK WKLUG LQ WKH VSH
DSSHDUV WR PRYH IRXUWK LQ VSHHG FRPHV WKH WKL
6SLQGOH WXUQV LQ WKH ODS RILHFHVVLW\ ~ +HDWK

7KH PHDQLQJ WKDW LV SRVVLEO\ JLYHQ WR WKH Wi
ODZ WKDW LV VHHQ DV JRYHUQLQJ WKH WKLQJV DQG
EHWZHHQ WKH ULQJV RI 3DUPHQLGHVY PHFKDQLFDO F
+HDWK 7 TXRWHV WKDWSWKH PR 8 RBIQRMWPKH LZUK
DVWURQRPLFEDO HTXLYDOHQW LV REYLRXV (YHQ WKRX
VSKHUHV E\ QDPH KH PHUHO\ VSHDNV RI WKH pILUVV
IRUWK GRZQ WR WKH pHLIJKWY KH JLYHV WKHLU DWWI
HERUURZHG OLJKWYT VR WKDW DQ\RQH ZLWK HYHQ DQ
LQIHU WKDW WKH RXWHUPRVW ZKRUO WKH ILUVW UF
VHEFRQG ZKRUO UHEFNRQLQJ IURP WKH RXWVLGH FDUU



60 HF$DQLHDOUHD $DO0 P RIHR P RORALFDOP RWWHIy

WKH IRXUWK 0DUV WKH ILIWK OHUFXU\ WKH VL[WK 9H
WKH PRRQ 7KH HDUWK DV DOZD\V LQ 30DWR LV DW |
RI WKH LOQOQHUPRVW ZKRUO WKH HLJKWK LV WKH RUE
ZKRUO WKH VHYHQWK LV WKH RUELW RI WKH VXQ DQ

JLIXUH B3ODWRYY SODQHWDU\ VA\VWHP

7KH IDFW WKDW WKH ZKRUOV KDYH EHWZHHQ HDFK
GLIIHUHQFH EHWZHHQ WKH GLVWDQFHV IURP WKH HDL
7KH IDFW DOVR WKDW WKH HLJKWK ZKRUO UHYROYHV |
WKH IL[HG VWDUV ZKLFK LV WKH TXLFNHVW URWDWLRC

,Q7LPDHW¥XH GHYRWHG ZRUN WR WKH VXUYH\ RI WKH
FRPSUHKHQVLYH VWDWHPHQW RI 3ODWRITV FRVPRORJI
30DWR GHSLFWV WKH ZRUOG DV WKH KDQGLZRUN RI
'"HPLXUJH LV PRGHOOLQJ WKH XQLYHUVH IURP WKH SU
XQ IRUPHG PDWHULDO +H LPSRVHV RUGHU DFFRUGLQ.
EDVHG RQ JHRPHWULFDO SULQFLSOHV KH DWWULEXWI
SHUIHFW IRUP WKH VSKHULFDO

7KH GLDORJXH LQFOXGHYV DQ DFFRXQW RI WKH FUHD
GHWDLOHG GHVFULSWLRQ RI WKH PRWLRQV RI WKH VW



OH LFPLHDO UHD FLDWL2 @PREHIR A$D WWHU

UHFRQVWUXFWLRQ RI WKH SK\VLFDO HOHPHQWV DV Zt

SODWRQLF GHVFULSWLRQ DUH
7KH HDUWK LV ORFDWHG LQ WKH FHQWUH RI WKH FC

LQ LWV SHULSKHU\ 7KH ZKROH XQLYHUVH PRYHV XQLI
7LPDHX¥ & 3 > @ DQG DIWHU WKH OLNHQHVV RI WKF
WKHP KHDYHQO\ JRGV > @ GLVWULEXWLQJ WKHP D
DQ DGRUQPHQW FRVPRV IRU LW HPEURLGHUHG RYHL
WZR PRWLRQV RQH XQLIRUP LQ WKH VDPH SODFH DV
DERXW WKH VDPH WKLQJV WKH RWKHU D IRUZDUG f
UHYROXWLRQ RI WKH 6DPH DQG XQLIRUP %XW LQ UHV
HDFK PRWLRQOHVV DQG VWLOO LQ RUGHU WKDW HDF
UHDVRQ FDPH LQWR EHLQJ DOO WKH IL[HG VWDUV OL
DELGH IRU HYHU UHYROYLQJ XQLIRUPO\ XSRQ WKHPVH
DW RQFH RXU QXUVH DQG DV VKH ZLQGV URXQG WKH
JXDUGLDQ DQG PDNHU RI QLJKW DQG GD\ ILUVW DQG
ZLWKLQ WKH KHDYHQ °~ &RPIRUG

7KHUH DUH VHYHQ KHDYHQO\ ERGLHVY WKH SODQHW
IROORZ WKH PRWLRQ RI WKH IL[HG VWDUV 3ODWR C
ORUQLQJ 6WDU DQG WKH VWDU RI OHUFXU\ +HUPHV
7LPDHXY ' 3 > @ LQ RUGHU WKDW 7LPH PLJKW EH E
ORRQ DQG ILYH RWKHU VWDUV MZDQGHUHUVY DV WKI
SUHVHUYH WKH QXPEHUV RI 7LPH +DYLQJ PDGH D ER
WKHP LQ WKH FLUFXLWV LQ ZKLFK WKH UHYROXWLRQ
FLUFXLWYV VHYHQ ERGLHV WKH ORRQ LQ WKH FLUFOH
DERYH WKH (DUWK WKH ORUQLQJ 6WDU DQG WKH RQ!
UHYROYLQJ VR DV LQ SRLQW RI VSHHG WR UXQ WKHI
SRZHU FRQWUDU\ WR KLV ZKHUHE\ WKH 6XQ DQG WKH
DOLNH RYHUWDNH DQG DUH RYHUWDNHQ E\ RQH DQRW



6LGHH LD0O6 DOUHDO $DLLDQ RIZ$PDLRAOHDOPDFWHOL

JLIXUH 7KH FHOHVWLDO VSKHUH DFFRUGLQJ WR 30L

7KHUH DUH WZR UHJXODU UHYROXWLRQV WKDW WD N
WKH IL[HG VWDUV  WKH VR FDOOHG PRYHPHQW RI WK
VHYHQ SODQHWY WKH VR FDOOHG PRYHPHQW RI WKH
WKH SODQHWY LV RSSRVHG DQG LQFOLQHG LQ FRPSDI
7KHUHIRUH HDFK SODQHW H[HFXWHV VLPXOWDQHRXV(
WKH UHYROXWLRQ RI WKH IL[HG VWDUV DQG LWV RZQ
FRUUHODWLRQ RI WKHVH UHYROXWLRQV UHVXOWV LQ
LUUHJXODULWLHYV RI SODQHWDU\ PRWLRQ

7LPDHXW% ' 31H[W KH >WKH 'HPLXUJH@ FOHIW WKH VW

LQWR WZR KDOYHV DQG OD\LQJ WKHP DFURVV RQH DQ

RI WKH OHWWHU ; KH EHQW WKHP LQ D FLUFOH DQG M

DQG HDFK RWKHU DW D SRLQW RSSRVLWH WR WKD

FRPSUHKHQGHG WKHP LQ WKDW PRWLRQ ZKLFK UHYRO

DQG RQH RI WKH H]MUHOHRW KH B DREEHH [\§ WHILR. R PR Y HP H

QDPHG WKH PRYHPHQW RI WKH 6DPH WKH LQWHULRL

UHYROXWLRQ RI WKH FLUFOH RI WKH 6DPH KH PDGH WHF

WKH ULJKW KDQG WKDW RI WKH FLUFOH RI WKH 2WK

WRZDUGV WKH OHIW KDQG DQG KH JDYH WKH PDVWH



60HF$DPFDz 1FiH2 RIFR$PR RALHDOPROG

XQLIRUP IRU KH OHIW WKDW VLQJOH DQG XQGLYLGH
GLYLVLRQV LQWR VHYHQ XQHTXDO FLUFOHV LQ WKH
WULSOH LQWHUYDOV HDFK EHLQJ WKUHH LQ QXPEHU
PRYH LQ RSSRVLWH VHQVHV WKUHH DW WKH VDPH VSl
IURP WKH WKUHH DQG DPRQJ WKHPVHOYHV \HW PRYL

7TKH FXWWLQJ RI WKH FLUFOH RI pP'LITHUHQWY LQWR
RUELWY LQ D VLPLODU ZD\ DV WKH HLJKW ZKRUOV LQ
MGRXEOH DQG WULSOH LQWHUYDOVY DUH WKH WZR VHI
WRIJHWKHU ZLWK WKHLU UHVSHFWLYH VTXDUHV DQG
GLVWDQFHYV RI WKH VHYHQ SODQHWYV HLWKHU IURP WK

3ODWRYV DVWURQRPLFDO GHVFULSWLRQ FORVHV Z
PRGHO DOO WKH FRPSOLFDWHG PRYHPHQWY FDQQRW
7LPDHX®% ' ®*7R GHVFULEH WKH HYROXWLRQV LQ WKH C
MX[WDSRVLWLRQV WKH FRXQWHU UHYROXWLRQV RI W
WKHLU DGYDQFHV WR WHOO ZKLFK RI WKH JRGV FRP
FRQMXQFWLRQV DQG ZKLFK LQ RSSRVLWLRQ DQG LC
EHKLQG RQH DQRWKHU DQG DW ZKDW SHULRGV RI WL
VLJKW DQG DJDLQ UHDSSHDULQJ VHQG WR PHQ ZKR FD
WKLQJV WR FRPH WR GHVFULEH DOO WKLV ZLWKRXW

ZRXOG EH ODERXU VSHQW LQ YDLQ ~ &RPIRUG

&RPIRUG FODLPVY WKDW 30DWR VKRXOG KDYH
FRQVWUXFWLRQ LQ RUGHU WR GHVFULEH LQ VXFK GH\
vD\V 37KDW WKH $FDGHP\ SRVVHVVHG DQ DUPLOODU\ V
ODWHU UHPDUN & WKDW WKH LQWULFDWH PRYHPHC
ZLWKRXW D YLVLEOH PRGHO 3ODWR SUREDEO\ KDG L\
WKDW KH KDG KLPVHOI PDGH D pVSKHUHY WR LOOXVWU

(U°

$uPLOODU\ VSKHUH D VNHOHWRQ VSKHUH PDGH RI JUHDW FL
JUDGXDWHG LQ GHIJUHHV RQH RI WKH FLUFOH PLJKW EH LQ WKH S
LW ZRXOG WXUQ DURXQG WKH D[LV RI WKH ZRUOG



60 HF$DQLFDOUHD $DWLPLRIHFAP RORALHDOPR HL

JLIXUH 7TKH SRWHQWLDO YLVLEOH PHFKDQLFDO P

%UXPEDXJK PHQWLRQV WKH VDPH DVVHUWLRQ
3ODWR GRHV ZULWH DV WKRXJK KH ZDV YLVXDOL]LQJ
WKH SODQHWDU\ RUELWYV RI VFDOHV IRU FDOFXODW
FHOHVWLDO JOREH WXUQLQJ RQ D ILQH SLYRW FL
FRORXUIXO P\WKLFDO YLHZ RI WKH XQLYHUVH LQ FURV

(XGR[XV ,PSURYHPHQWY RQ 30DWRYfV $VWURQRP]|
30DWR GHVFULEHV PDQ\ IHDWXUHV RI WKH FRVPRYV
YDULRXV FLUFOHV RQ WKH FHOHVWLDO VSKHUH DQG F
SODQHWYV +H NQRZV WKH FLUFXLWV RI VXQ DQG PR
UHVSHFWLYHO\ +H DOVR NQRZV WKH SDWKV RI FLUFXI
6DWXUQ +H DOVR XQGHUVWDQGV WKH LUUHJXODULWL
LQ D WKHRUHWLFDO EDVH WKDW WKHVH LUUHJXODULW
XQLIRUP FLUFXODU PRWLRQV +RZHYHU WKH SUDFW
SODQHWDU\ LUUHJXODULWLHYV LV DVFULEHG WR D FR

% &

(XGR[XV FUHDWHV D JHRPHWULFDO PRGHO WKH VR
UHSUHVHQW WKH VWHOODU DQG SODQHWDU\ SKHQRPH
DV D SDLU Rl FRQFHQWULF VSKHUHV 7KH RQH LV WKF
FHQWUH DQG WKH RWKHU LV WKH FHOHVWLDO VSKHUH
WKH ODWWHU WKH VWDUV DUH DIIL[HG DQG DORQJ L\



MAMRSWQR,RALRDOPDGHID

UHPDLQLQJ ILYH SODQHWYV 7KH GDLO\ URWDWLRQ R
ULVLQJ DQG VHWWLQJ RI DOO Rl WKH FHOHVWLDO ER
VSKHUH ZKLOH LW LV JRLQJ WKURXJK LWV GDLO\ URW
VXQ PRRQ DQG WKH UHPDLQLQJ SODQHWYV

J)LIXUH 7KH (XGR[LDQ 3WZR VSKHUH PRGHO"™ RI WKH FR)

7KH UHVXOWLQJ PRWLRQ REVHUYHG IURP WKH IL[
LUUHJXODU PRWLRQ RI WKH SODQHWY DURXQG WKH HF
FHOHVWLDO VSKHUH (XGR[XV OLNH 30ODWR NQRZV
SFRPSOH[LW\" LQ KHDYHQV KH PXVW WUHDW HDFK LUUH
VHULHYVY RI VLPSOH XQLIRUP FLUFXODU PRYHPHQWYV 7]
WR HDFK SODQHW D VHW RI QHVWHG FRQFHQWULF VSK
HDFK VSKHUH RQH FRPSRQHQW RI WKH FRPSOH[ SODQH



60 HH$DQLHFG UHD H MRWLRQ RIHR PR RA LFGPRWIH AKDIWWHU

JLIXUH 7TKH (XGR[LDQ VSKHUHV IRU HDFK RI WKH SODC(

7R WKH RXWHUPRVW VSKHUH (XGR[XV DVVLJQV WKH
WR WKH VHFRQG VSKHUH LQ WKH VHULHV ZKLFK URW
RSSRVLWH GLUHFWLRQ KH DVVLJQV WKH VORZ ZHVW W
ZKHUHDV WR WKH WZR LQQHU VSKHUHV ZKLFK H[SODL
DvvLIJQV WKH UHWURJUDGH PRWLRQ RI HDFK SODQHW
QRW XQGHUJR UHWURJUDGH PRWLRQ RQO\ WKUHH VS
JHRPHWULFDO PRGHO RI WKH SODQHWDU\ PRWLRQV LV
RI &\]LFXV % & D FRQWHPSRUDU\ RI $ULVWRWOH
WKH FRQVWUXFWLRQ RI D SRWHQWLDO PHFKDQLFDO P
VSKHUHVY RU ULQJV ZKLFK PRVW OLNHO\ WKHVH DQ
$ULVWRWOH DGRSWV WKH (XGR[LDQ PRGHO DQG HODER

S$ULVWRWOHTV &RVPRORJ\

$ULVWRWOH FRQWLQXHVY WKH WUDGLWLRQ RI VWXG\
PRGHOV +H WUDQVIRUPV WKH SXUHO\ JHRPHWULFDO
KLV SUHGHFHVVRUV LQWR D PHFKDQLFDO V\VWHP RI
FRQWDFW ZLWK HDFK RWKHU +H DVVXPHV WKDW DO



60 rF$DQLFDOUHDO$DWLWP RIFF$P R D°OFFG P ROk AXOMI 3 d

FRQWLQXRXV V\VWHP RI VSKHUHYV LQVWHDG RI VHSDULI

HDFK SODQHW
+LV WKHRU\ LV JLYHQ TXLWH FOHDUO\ LQ WKH QH[W
OHWDSKWLFV E D 3% XW LW LV QHFHVVDU\ L
WR EH SURGXFHG E\ DOO WKH VSKHUHYVY DFWLQJ LQ FR
RI WKH SODQHWYV RWKHU VSKHUHV IHZHU E\ RQH WKH
RU UHDFW RQ WKH RWKHUV LQ VXFK D ZD\ DV WR UH
SODQHW LQ WKH VDPH SRVLWLRQ >DV LI WKH VSKHUHYV
GLG QRW H[LVW@ IRU RQO\ LQ WKLV ZD\ LV LW SRVVL
PRWLRQ RI WKH SGBOQHYWHQ WIORE KWKWHYWYW HLIJKW >IRU
-XSLWHU@ WKHQ WZHQW\ ILYH PRUH >IRU WKH VXQ \
DQG RI WKHVH RQO\ WKH ODVW VHW >RI| ILYH@ ZKLFK |
GR QRW UHTXLUH DQ\ UHMDW¥WQID YRUSHUKEYHMNAKWKW WEKR E
ZLOO EH VL[ DQG IRU WKH QH[W IRXU ZLOO EH VL[W}
LQFOXGLQJ WKH GHIHUHQW VSKHUHV DQG WKRVH ZKL
KRZHYHU ZH FKRRVH QRW WR DGG WR WKH VXQ DQG F
ZH PHQWLRQHG WKH WRWDO QXPEHU RI WKH VSKHUH

QXPEHU RI WKH VSKHUHV ~ +HDWK 7

$FFRUGLQJ WR WKLV GHVFULSWLRQ WKH GHIHUHQW

3O0DQHWNHUHQW \5SHOHUMMYJ VSKHUHYV
6DWXUQ

“XSLWHU

0ODUV

OHUF XU\

9HQXV

6XQ

ORRQ

7RWDO 7RWDO

$V ZH KDYH DOUHDG\ VHHQ (XGR[XV WUHDWV HDFI
FRPSRVLWH RI D VHULHYV RI VLPSOH XQLIRUP FLUFXODL
WR HDFK SODQHW D VHULHV RI FRQFHQWULF VSKHUHV



FR$P R RALHDOPDGHID

FRPSRQHQW RI WKH FRPSOH[ SODQHWDU\ PRWLRQ (
VSKHUHV QRW DV PDWHULDO ERGLHV EXW DV WKHRUHV
PRWLRQV JHRPHWULFDOO\ LQ WKH VDPH zZD\ DV ZH

ODWLWXGH WKDW ZH GUDZ RQ D PDS $ULVWRWOH RC
DFWXDOO\ HILVWHQW DQG FU\WWDOOLQH EHFDXVH WKI
WR WUDQVPLW WKHLU PRWLRQ IURP RQH VSKHUH WR W
RQH FRQWLQXRXV DQG LQWHUFRQQHFWHG V\VWHP W
SODQHW LQWHUFRQQHFW EHWZHHQ HDFK RWKHU DQG

ZHUH QHVWHG LQ FRQFHQWULF IDVKLRQ WKH LQQHU
ZRXOG WUDQVPLW LWV PRWLRQ WR WKH RXWHUPRVW V
-XSLWHU 7KLV IDFW ZLWK WKH DGGLWLRQDO HIIH]
FRPSOH[LW\ ZKLFK LV HQFRXQWHUHG E\ $ULVWRWOH
EHWZHHQ WKH LQQHUPRVW VSKHUH RI WKH RQH SODQH
QH[W SODQHW -XSLWHU 6LPLODUO\ KH LQVHUWYV D \
VSKHUHV EHORQJLQJ WR HYHU\ RWKHU SDLU RI DGMDF

J)LIXUH $ULVWRWHOLDQ QHVWHG VSKHUHV /LQGE

,Q WKLV ILIJXUH WKH IRXU H[WHUQDO VROLG OLQ
6DWXUQ DQG -XSLWHU IRXU VSKHUHYVY DSLHFH 7TKH W
WKH UHDFWLQJ VSKHUHV $ VLPSOLILHG YHUVLRQ RI W
WKH QH[W PDQXVFULSW RI WKH WK FHQWXU\ $ '



60rF$DQLHDO UHD LLDWLIPRIFR$QLR RALFDOPDGHR

JLIXUH 7KH VLPSOLILHG $ULVWRWHOLDQ FRVPF
3DULV %LEOLRWKqgqTXH 1DWLRQDOH 0 6 /DW IRO

7KH $ULVWRWHOLDQ ILIW\ ILYH SODQHWDU\ VSKHU
FRQVWLWXWH DQ HQRUPRXV FRPSOLFDWHG SLHFH RI F
PRGHOV RI FRQFHQWULF VSKHUHYVY FRQWLQXH WR GRP
WKURXJKRXW WKH SHULRG IURP $ULVWRWOH WR &RSHI
&ODXGLXV 3WROHP\ $ IXOO\ EHOLHYHV LQ W
VI\IVWHP DQG RQO\ PDNHV VRPH UHILQHPHQWY XSRQ LW
WKH FHOHVWLDO VSKHUH +H IRUPXODWHYV D VHULHV
VDPH DLP DV WKRVH RI (XGR[XV L H WR GLVFRYHU
PRWLRQV WKDW ZRXOG H[SODLQ WKH REVHUYHG YDULTCL
7KH PDWKHPDWLFDO WHFKQLTXHV 3WROHP\ HPSOR\V I
LQVWHDG RI VSKHUHYV +H IRUPXODWHYVY PRGHOV WKH
FDVHV RI QRQ XQLIRUP PRWLRQ VXFK DV WKDW RI WK
FRPSOLFDWHG FDVHV WKH VR FDOOHG HSLF\FOH RQ (
FDSDEOH RI PDNLQJ DFFXUDWH TXDQWLWDWLYH IRUHF
UHPDLQ LQ HITHFW XQWLO &RSHUQLFXV FUHDWHV WKH

7KH XS WR WKH WLPH RI $ULVWRWOH JHRFHQWULF
ZKHQ $ULVWDUFKXV RI 6DPRV % & SURSRVH
$ULVWDUFKXV ERWK D PDWKHPDWLFLDQ DQG DVWUR!
REVHUYDWLRQVY DQG LQWURGXFHYV D UHYROXWLRQDU\



60HF$DQLFD UHDO $DW P RIZLPR H\LFDOPROG tLD WU

WKH FHQWUH RI WKH SODQHWDU\ PRWLRQ +LV WKHRL
URWDWLRQ DERXW WKH VXQ RQFH D \HDU DQG D PRYF
KRXUV DV ZHOO DV WR WKH RWKHU SODQHWYV PRYHPH
NQRZQ EHFDXVH RI D UHFRUG IRXQG K} BROB R 5ISEHNFKQ
DQG E\ D UHIHUHQFH RI| 3DIXWIHOH FEFHQ LIOL WKEHRRINVF R |
&RSHUQLFXV DOVR UHFRUGYV ZLWKLQ KLV SXEOLVKHG

ZDV $ULVWDUFKXV ZKR GHYHORSHG WKH VXQ FHQWUH
FRQWHPSRUDULHY GLG QRW DFFHSW KLV SKLORVR!
DVWURQRPLFDO PRGHO VHH DOVR FKDSWHU KDG V)
3WROHP\YV VLPLODU SURSRVDO VRRQ DIWHUZDUGV PD(

$UFKLPHGHYV DV D OHFKDQLFDO (QJLQHHU

$W WKH EHJLQQLQJ RI WKH +HOOHQLVWLF SHULRG
$OH[DQGHU WKH *UHDW D VLJQLILFDQW OHDS LQ WKH
7KH WKHRU\ RULHQWDWHY LWVHOI WRZDUGV SUDFWLF
ZDU DV ZHOO DV RI SHDFHIXO OLIH &RUUHVSRQGLQ.
PDWKHPDWLFDO WKRXJKWYV DUH H[SDQGHG LQ WKH DU
RI RWKHU WHFKQLFDO VFLHQFHV ,Q SDUDOOHO WKH
PDWHULDOLVHG DQG PHFKDQLFDO PRGHOV L H PDFKI
QRW RQO\ GR WKH\ GHSLFW WKH ZRUOG EXW DOVR
KHDYHQO\ ERGLHVY DQG WKH WLPH HYROXWLRQ RI SKH!

7KH SLRQHHU RI WKH HIIRUW WR WXUQ WKHRUHWLE
$UFKLPHGHV RI 6\UDFXVH % & (YHQ WKRXJK K
DQG KH GRHV QRW WKLQN PXFK RI KLV SUDFWLFDO L
NQRZOHGJH DQG FRQVWUXFWV HQJLQHV FRPSRXQG S
VR RQ VHDUFKHV WKH QDWXUDO ZRUOG GLVFRYHUV
K\GURVWDWLFV VHH FKDSWHU DQG LQYHQWV LI QR
RI WKH ZRUOG WKH VR FDOOHG RUUHU\ RU SODQHWDU|

OHFKDQLFDO &RQVWUXFWLRQV RI $UFKLPHGHYV
7KH IRFDO SRLQW RI WKH WKHVLV FRQFHUQV WKH LC
PDWKHPDWLFDO DQG WHFKQRORJLFDO DFKLHYHPHQW\



F LPR HIILHDLUQDGH L

FRQFHSWV RI VIVWHP PRGHOOLQJ DQG FRQWURO +R
OLVW HLWKHU WKH WKHRUHWLFDO DWWDLQPHQWYV RU
WKRXJK GR QRW FRQQHFW GLUHFWO\ WR WKH XQGHU L
LQWHJUDWHG FRQVLGHUDWLRQ RI WKH HUD RU RI WK
7KHUHIRUH DW WKLV SRLQW ZH ZLOO OLVW $UFKLPHG!
DLPLQJ DW JLYLQJ WKH WRWDO IUDPHZRUN RI KLV JHC
HQJLQHHU RU LQ JHQHUDO DV D VFLHQWLVW

s $UFKLPHGHDQ FUHZ RU FRFKOLDV
7TKH ZDWHU VFUHZ RU FRFKOLDV XVXDOO\ UHIHUUHC
OLNHO\ WKH LQYHQWRU RI LW ZDV $UFKLPHGHV ZKHQ
7KLY GHYLFH LV XVHG WR OLIW ZDWHU IF
PLQHV IUHH IURP ZDWHU RU WR FOHDU WKH KROGV RI
HQGV ZRXQG DERXW D VKDIW 7KH VKDIW LV LQFOLQF
URWDWHG WKH ZDWHU WUDYHOV XS WKH SLSH DQG HP

f OLOLWDU\ HQJLQHNRW GG RAVDMFNSIXIWBAUDFXVH ZKHQ
E\ WKH 5RPDQV XQGHU WKH FRPPDQG RI ODUFHOOXV
$PRQJ WKHP WKHUH ZHUH OHQVHV ZKLFK E\ WDN
SURSHUWLHY RI WKH FRQFDYH PLUURU FRQFHQWUDWH
VKLSV DW VHD WKH VR FDOOHG EXUQLQJ PLUURUV F
ZDOOV VKRRW DUURZV ZLWK JUHDW IRUFH DQG IRU FR
PRYHDEOH SROHV SURMHFWLQJ EH\RQG WKH ZDOOV K>
DQG KXJH FUDQHV WKDW JUDSSOH WKH SURZV OLIW W]
$FFRUGLQJ WR 30XWDUFK ZKHQ $UFKLPHGHV SURY!
RI PRYLQJ D JLYHQ ZHLJKW ZLWK D WLQ\ IRUFH E\ PR)
.LQJ ZDV GHHSO\ LPSUHVVHG DQG DVNHG $UFKLPHGHYV
HQJLQHV GHVLJQHG ERWK IRU DWWDFN DQG GHIHQFH
30XWOUWKRI ODUFHOOXVKHQ WKH 5RPDQV ILUVW DWWI

ODQG WKH 6\UDFXVDQV ZHUH VWUXFN GXPE ZLWK WH
UHVLVW WKH RQVODXJKW RI VXFK SRZHUIXO IRUFHYV

SOXWDLUHFKRI ODUWHDQOXY, 6FDPWWUVYRIHIRPH 1LQH GHWQHXLE\ 30)



60HF$FOLLHDOUHD L DWLDQ RIHR PR HALFDOPRGH A XIOHU

HQJLQHV WR EHDU DQG ODXQFKHG D WUHPHQGRXV EI
FRQVLVWHG RI D YDULHW\ RI PLVVLOHV LQFOXGLQJ D
XSRQ WKHLU WDUJHW ZLWK DQ LQFUHGLEOH QRLVH

DIJDLQVW WKLV DUWLOOHU\ DQG WKH VROGLHUV ZHU
WKURZQ LQWR FRQIXVLRQ $W WKH VDPH WLPH KXJH E
WR SURMHFW RYHU WKH 5RPDQ VKLSV VRPH RI WKH
GURSSHG IURP DERYH ZKLOH RWKHUV ZHUH VHL]HG D
OLNH WKRVH RI FUDQHV KDXOHG LQWR WKH DLU E\ P
XSULJKW XSRQ WKHLU VWHPV DQG WKHQ DOORZHG W
VSXQ URXQG E\ PHDQV RI ZLQGODVVHV VLWXDWHG LG
VWHHS FOLIIV DQG URFNV ZKLFK MXWWHG RXW XQGHL
FUHZV 2IWHQ WKHUH ZRXOG EH VHHQ WKH WHUULI\LC
RXW Rl WKH ZDWHU LQWR WKH DLU DQG ZKLUOHG DEF
EHHQ VKDNHQ RXW RI WKH KXO0O DQG WKURZQ LQ GLII
GDVKHG GRZQ HPSW\ XSREWRI ZDOOV ~ )DXYHO

$UFKLPHGHVY 30DQHWDULXP

3DSSXV RI $OH[DQGULD UG F&RMOHFAWL R Q WH KHWVZ\R
$UFKLPHGHY DQG WR WKH SUDFWLFDO DQG WKHRUHWL
OLIH 3DSSXV VWDWHV WKDW WKH RQO\ PHFKDQLFD
FRQVWUXFWLRQ HSILV,SKSDUBR GSKBEUH ODNLQJ ZKLFK
GHVFULEHG WKH FRQVWUXFWLRQ RI VSKHUHV WKDW LF
WKH ILYH SODQHWY 3DSSXV DOVR VWDWHV WKDW $UF
PDNLQJ SODQHWDULD L HLNSKYRWKHBYHRU RRBHIQRWPD
SODQHWDULD LV FRQVLGHUHG DV DQ DUW VLPLODU W
&DSHOOD FHQWXU\ $ "H LEXSKUIMVZBWNORJILDH H
YRO ,, HG $G 'LFN /LSVLDH PHQWLRQV V
DFKLHYHPHQWY DUH WKH DUW RI SRHWU\ ZKLFK LV UH
RI ODQWXD 9LUJLO WKH PXVLF ZLWK LWV UHSUHVHQV

3DSSXOMWKHPDWLFDO &ROQHBEWKRQRI $QWLRFK KDV ZULWWHQ VR
FRPSRVHG RQO\ D VLQJOH ERRN FRQE® UQKHS &R GAKWW K A WPLEREK [RQ LDR
WKDW KH GLG QRW WKLQN LW ZRUWKZKLOH WRWWAH DERXW KLV



60 HF$FP LHDOUHD,¢MDWL 3 RIFRiP R RAOHDOPRUH Yy a RWIeHS

FRQVWUXFWLRQ RI SODQHWDULD VXFK DV WKDW RI $
JLYH LQ WUDQVODWLRQ WKH UHODWLYH WR WKH $UFKL

JURP WKHRU\ WR SUDFWLFH DQG DSSOLFDWLRQ

30 XW DRDF K $ ' 30XWDUFK{V /LYHY9 OBPGFHOOXV
&ORXJK 38 > @ 7KHVH PDFKLQHV KH $UFKLPHGHV K
PDWWHUV RI DQ\ LPSRUWDQFH EXW DV PHUH DPXVHPI
.LQJ +LHURQYY GHVLUH DQG UHTXHVW VRPH OLWWO'L
SUDFWLFH VRPH SDUW RI KLV DGPLUDEOH VSHFXODWL
WKHRUHWLF WUXWK WR VHQVDWLRQ DQG RUGLQDU\ X
WKH SHRSOH LQ JHQHUDO (XGR[XV DQG $UFK\WDV K
IDU IDPHG DQG KLJKO\ SUL]HG DUW RI PHFKDQLFV Zk
LOOXVWUDWLRQ RI JHRPHWULFDO WUXWKV DQG DV F
VDWLVIDFWLRQ RI WKH VHQVHVY FRQFOXVLRQV WRR L
$V IRU HI[DPSOH VR VROYH WKH SUREOHP VR RIWHQ
ILIXUHV JLYHQ WKH WZR H[WUHPHV WR ILQG WKH WZ
PDWKHPDWLFLDQV KDG UHFRXUVH WR WKH DLG RI L
FHUWDLQ FXUYHV DQG VHFWLRQV RI OLQHYV

&ERQVWUXFWLRQ RI PHFKDQLFDO PRGHOV
3 0 XW DRDF K $ ' 30O0XWDUFKITV /LYHY,,,ODHIGH® OXV
&ORXJK 3 > @ RWKHUV DJDLQ UHODWH WKDW DV §

PDWKHPDWLFDO LQVWUXPHQWY GLDOV VSKHUHV DQ
VXQ PLIKW EH PHDVXUHG WR WKH VLJKW VRPH VROG
FDUULHG JROG LQ D YHVVHO VOHZ KLP

, 7KH IRUP DQG WKH IXQFWLRQ RI SODQHWDULXP
7KH IROORZLQJ SDVVDJHV DUH HYLGHQFH RI WKH HJ

SODQHWDULXP PDGH E\ $UFKLPHGHV ZKLFK FRPSRVH
LPLWDWLRQ DQG VLPXODWLRQ RI WKH F\FOLFDO UHYRC

t

SURFOXV 'LDGRFKXW FRPPH®WDU\ RQ WKH ILUVW E
(OHPH@WYV HG * ORUURZ 3 > @ 8QGHU PHFKDQL
HTXLOLEULXP LQ JHQHUDO DQG WKH VWXG\ RI WKH VR
PDNLQJ VSKHUHYVY YDWHG E\ $UFKLPHGHV DQG LQ JHQF
PDWHULDO WKLQJV



1

AFDEPR RIIOFDO PRWOH

JLUPLFXV -XOLXV WK FHQDAWKMWOV LQ KIGV ZRWNR
) 6KXWVFK DQG . =LHIOHU /LSVLDH PHQW
6\UDFXVLDQ ZKR ZLWK KLV PHFKDQLFDO LQYHQWLR
LV WKH RQH ZKR KDV FRQVWUXFWHG D VSKHUH ZK
KHDYHQO\ ERGLHV 7KLV H[HPSODU\ FRQVWUXFWLRC
IDFWDQWLXV UG FIHIDUXP\ QVEDWXWLRQKE ,, 6
%UDQGW 3UDSDH 9LQGRERQDH /LSVLDH 3&F
GHYLVHG IURP KROORZ EUDVV D OLNHQHVYV DQG ILJIXU
VXQ DQG PRRQ WKDW WKH\ VKRXOG HIIHFW XQHTXDC
FKDQJHV IRU HDFK GD\ DV LW ZHUH DQG GLVSOD\ RU
WKH VXQ DQG WKH ZD[LQJV DQG ZDQLQJV RI WKH PR
UHYROXWLRQV DQG WKH ZDQGHULQJV Rl WKH VWDUV
XQDEOH WR IDVKLRQ DQG DFFRPSOLVK ZKDW WKH VNI

ULFH

,Q D SRHP E\ &0DXGLXV =HXV LV SUDLVHG IRU WK
WKDW UHSUHVHQW IDLWKIXOO\ WKH ZRUOG KH KI
P\WKRORJLFDO ZD\ WKH QRWLRQ RI DQ RFFXOW PH
LOQQHU SDUW RI WKH SODQHWDULXP WKDW LV UHVSF
DV ZHOO DV IRU WKH ZKROH PRWLRQ RI LW +HUH L)\
WKH 6\UDFXVLDQ HQJLQHHU LV PDGH RI JODVV (OVH
RI EUDVV &ODXGLXV &ODX&IDUPXQ X PWKRFAUHERW K U\ $
HG 0 30DWQDXHU >/RHE@ YRO ,, :KHQ -RYH ¢
ILIXUHG LQ D VSKHUH RI JODVV KH ODXJKHG DQG VDLC
HITRUW JRQH VR IDU" ,V P\ KDQGLZRUN QRZ PLPLFNHC
6\UDFXVH KDV LPLWDWHG RQ HDUWK WKH ODZV RI W
RUGLQDQFHV RI WKH JRGV 6RPH KLGGHQ LQIOXHQFI
FRXUVHV RI WKH VWDUV DQG DFWXDWHV WKH OLIHOL
UXQV WKURXJK D \HDU RI LWV RZQ DQG D WR\ PRRQ =
EROG LQYHQWLRQ UHMRLFHVY WR PDNH LWV RZQ KHDY

KXPDQ ZLW °~ 3ULFH

,Q $UFKLPHGHVY SODQHWDULXP DFFRUGLQJ WR &L
WKH KHDYHQO\ VSKHUH DUH VLPXODWHG LQ D PRUH
LWVHOI '"®LFBHWRUD GHRUXP HG 5DFNKDP >/RHE@

WKLQN WKLQNHUV PRUH KLJKO\ RI WKH DFKLHYHPHQ



60 HF$DQLFDOUHVM$LDWLDQ AFR$PR RAILHDOPRU-U$

UHYROXWLRQV RI WKH ILUPDPHQW WKDQ RI WKDW RI Q
RI WKH RULJLQDO VKRZV D FUDIWVPDQVKLS PDQ\ WL
ULFH

f B6H[WXV (PSLULFXV QG FHDMGXYU\0®WKHRE) KLROZRUN
HG OXWVFKPDQQ /LSVLDH H[SUHVVHV KLV DG
PRYLQJ PHFKDQLVPV DQG WKH VXUSULVH WKDW VRF
$UFKLPHGHVY SODQHWDULXP ZKHUH WKH VXQ WKH
PRWLRQ $FFRUGLQJ WR 6H[WXV HYHQ PRUH VLJIQL
WKH FUDIWVPDQ ZKR KDV FRQVWUXFWHG LW DQG W
KHDYHQO\ ERGLHV LQ PRWLRQ $ SRVVLEOH H[SODQ
RU KHDYHQO\ ERG\ RI WKLY PRGHO LV VHW LQ PRWLF

+ 7KH HDUWK ZKLFK LV VSKHULFDO WDNHV WKH |

% & $)DVWRUXRGY9,) %RPHU & :LQWHU >/RHE

7TKHUH VWDQGYV D JOREH KXQJ E\ 6\UDFXVLDQ DUW LQ
KHDYHQ DQG WKH HDUWK LV HTXDOO\ GLVWDQW IURP

LWV URXQG VKDSH ~ 3ULFH
$ 7KH IXQFWLRQ RI $UFKLPHGHVY DVWURQRPLFDO PR
D 7XVFXODQ 'LVSXWDWLRA® - ( .LQJ >/RHE@

$UFKLPHGHY IDVWHQHG RQ D JOREH WKH PRYHPHQWYV
MXVW OLNH 3ODWRYV *RGZKRHEXE B VR (WK H HARRIWXGN L@ Q)
FROQWURO VHYHUDO PRYHPHQWYV XWWHUO\ XQOLNH LQ
RXUV SKHQRPHQD FDQQRW WDNH SODFH ZLWKRXW WK
UHSURGXFHG WKH VDPH PRYHPHQWY XSRQ D JOREH ZL
E'H 5H 3XEOLRD HG & : &H\HV >/RHE@ 3
RI JOREH KH VDLG RQ ZKLFK ZHUH GHOLQHDWHG WKH
ILYH VWDUV ZKLFK DUH FDOOHG ZDQGHUHUV RU DV Z
FRQWDLQHG PRUH WKDQ FRXOG EH VKRZQ RQ WKH VR{
GHVHUYHG VSHFLDO DGPLUDWLRQ EHFDXVH KH KDG Wi
VLQJOH GHYLFH IRU WXUQLQJ WKH JOREH WKRVH YD
GLITHUHQW UDWHV Rl VSHHG $QG ZKHQ *DOOXV PRYH
PRRQ zZDV DOzZD\V DV PDQ\ UHYROXWLRQV EHKLQG WKFE
DJUHH ZLWK WKH QXPEHU RI GD\V LW ZDV EHKLQG LW L
KDSSHQHG RQ WKH JOREH DV LW ZRXOG DFWXDOO\ KD!



60HF$DOLFDO s 1 1 R -HOWQR RALHDOPR HL!

WKH VKDGRZ RI WKH HDUWK zZDV DW WKH YHU\ WLPH =
WKLV SRLQW HLJKW SDJHV RI WKH /DWLQ PDQXVFUL:?

&RQFOXVLYHO\ $UFKLPHGHVY PHEKDQLFDO PRGHO |
DFFRUGLQJ WR &ODXGLXV &ODXGLDQXV JOREH RQ Zk
LQVLGH RI LW WKHUH DUH VSKHUHV RU ULQJV WKDW
SODQHWVY DQG LQ WKH FHQWUH RI LW WKH HDUWK L
UHYROYLQJ DURXQG WKH HDUWK DQG WKHLU PRYHPH(
PRWLRQ LV WUDQVPLWWHG WKURXJK D PHEFKDQLFDO V
Rl JHDUV PHVKLQJ LQ SDUDOOHO SODQHV WR JLYH Wi
VHYHQ FHOHVWLDO ERGLHV (YHQ LI WKH GHYLFH RI
VLPSOHVW SRVVLEOH RQH LW ZRXOG VWLOO EH LPSR
SXOOH\V RU DQ\WKLQJ HOVH WR JLYH VR DSSURSULTL
UHJXODU F\FOHV WKDW FRQVWLWXWH WKH PDLQ FRU:
$UFKLPHGHV 3ULFH

% UXPEDXJK GHVFULEHVY WKH SODQHWDULXP
VHOI RSHUDWLQJ PRGHO RI WKH FRVPRV 1 7KH ZKRO}
HIWHUQDO PDQXDOO\ RSHUDWHG OHYHU WKDW LV FR(
UHODWLRQV RI PRWLRQ WUDQVPLVVLRQV DUH VLPLOD!
XQHTXDO DQJXODU VSHHGV RI KHDYHQO\ ERGLHV DV
WKHUHIRUH D IXQFWLRQDO DQG G\QDPLFDO PRGHO R
UHODWLYH SRVLWLRQ RI WKH HDUWK DQG SODQHWYV D
LQ HYHU\ PRPHQW Rl WKH FDOHQGDU \HDU IRU &LFHUI
UHYROXWLRQV EHKLQG WKH VXQ RQ WKH EURQ]H FR
QXPEHU RI GD\V WKDW WKH PRRQ LV EHKLQG WKH VXQ
KDSSHQHG RQ WKH JOREH DV LW ZRXOG DFWXDOO\ KDS

6XFK ZD\V RI WUDQVPLWWLQJ PRWLRQ WKURXJK W
FUHGLWHG SUHVXPDEO\ LQ WKH ZRUNV RI WKH FRQW
HQJLQHHUV FWHVMERRYV 3RDORG6 & DQG FHUWDLQO\
$OH[DQGULD VW FHQWXU\ % & RU VW FHQWXU\ $

+HURQ UHFRQVWUXFWY DQG LPSURYHV HQJLQHV RI
GHVFULEHV JHDULQJ PHFKDQLVPV RI X DHFXDQ |WSHWG |



60 rF$FP LRIAD DWL QR | £0PR RALFDOP RGH?e AAG6 X°WIHU

ZRUWK QRWLFLQJ WKDW WKH SULQFLSOHV HPERGLHC
FRPPRQ ZLWK WKRVH LQ WKH WUDQVPLVVLRQ V\VWHP |

JLIXUH *HDULQJ PHFKDQLVPV E\ +HURQ 7KH XQHTXDO GLDPHWHFE
+HUBRFKDH&V: 6FKPLGW YRO 9 J/LSVLDH

+LVWRULFDO HYLGHQFHV WKDW UHSUHVHQW WKH F
V\VWHPV DUH IRXQG ILUVWO\ LQ WKH PHFKDQLVP RI $
WKH $UDELF ZRUOG 7\SLFDO DUH WKRVH RI D VRODU .
DQG RI' D FDOHQGDU DVWURODEH E\ OXKDPPDG EHQ $EL
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J)LIXUH 6RODU PHFKDQLVP RI JHDUV E\ $0 %LUXQL
ODQXVFULSW RI WK FHQWXU\ %ULWLVK /LEUDU\ &ROO
ORGHP GLDJUDP -9 )LHOG 0 7 :ULJKW



60 HAXZLFDO UHD M$D OUE RI OPR HALFFG PDGHIR

JLXUH &DOHQGDU DVWURODEH E\ 0 EHQ $EL %DUN
&ROOHFWLRQ RI WKH 0OXVHXP RI +LVWRU\ DQG 6FLHQFH
ORGHP GLDJUDP E\ -9 )LHOG DQG 0 7 :ULJKW

7KH $QWLN\WKHUD OHFKDQLVP

7TKH $QWLN\WKHUID PHFKD QLQ/MPZ H[KLELWHG LQ WKH
RI $WKHQV LV WKH ROGHVW DQG PRVW FRPSOH[ VXUY
7KH PHFKDQLVP IUDJPHQWY DUH GLVFRYHUHG VKRUWC(
$QWLN\WKHUD DQG UHFRQVWUXFWHG E\ 'U 3ULFH , W
FDOFXODWLQJ GHYLFH D PHFKDQLFDO PRGHO RI WK
FRPSXWHU ZLWK TXDQWLWDWLYH H[DFW PDJQLWXGH
DUUDQJHPHQW RI PRUH WKDQ WKLUW\ JHDU ZKHHOV
$UFKLPHGHDQ WUDGLWLRQ RI SODQHWDULXP FRQVWUX

‘U 3ULFH ZKR HODERUDWHG DQG UHFRQVWU.
PHFKDQLVP FDQ QRZ EH LGHQWLILHG DV D FDOHQGDU
ZKLFK PD\ KDYH EHHQ PDGH DERXW % & DQG XVHG |
WLPH LW KDG VHYHUDO UHSDLUV W ZDV SHUKDSV P
VFKRRO RI 3RVLGRQLRV RQ WKH LVODQG RI 5KRGHV D
VKLSSHG WR 5RPH DERXW WKH WLPH WAOD W%&& FHAKRH ZC
GHVLIJQ RI WKH PHFKDQLVP VHHPV WR EH YHU\ PXFK 1



60rF$DQLFDLUH RNORORIFR PR R MLPOPRGHLL

GHVLJQ Rl SODQHWDULXP GHYLFHV E\ $UFKLPHGHV )\
DFWLYLW\ WUDQVPLWWHG WR ,VODP ZKHUH VLPLODU
IORZHUHG LQ WKH (XURSHDQ OLGGOH $JHV ZLWK WKH
DQRG UHODWHG PHFKDQLFDO GHYLFHV WKDW ZHUH Fl
SHYROXWLRQV 3HUKDSV WKH PRVW VSHFWDFXODU
LQFRUSRUDWHV WKH YHU\ VRSKLVWLFDWHG GHYLFH R
GLIIHUHQFH EHWZHHQ WZR URWDWLRQV DQG RQH PXV
LV PRUH W\SLFDO RI WKH OHYHO RI *UHFR 5RPDQ PH
WKRXJKW RQ WKH EDVLV RI PHUHO\ WH[WXDO HYLGHQF
HILVWLQJ UHOLF RI VFLHQWLILF WHFKQRORJ\ DQG WK
KDYH IURP DQWLTXLW\ TXLWH FKDQJHV RXU LGHDV DET
FRQWLQXRXV KLVWRULFDO HYROXWLRQ RI RQH RI WKH
PRGHP FLYLOLVDWLRQ °

7KH GHWDLOHG H[DPLQDWLRQ HLWKHU RI WKH RSH
PHFKDQLVP LV RXW RI RXU ILHOG RI UHVHDUFK :H ZLO
WKH PDLQ LGHD RI KRZ WKLV DVWURODEH ORRNV OL
PHFKDQLVP IRUP SK\VLFDO MRLQV ZKLFK VKRZ WKDW V

JLIXUH 6FKHPDWLF GLDJUDP VKRZLQJ WKH IRXU PDLQ IUDJP!

7KH ITlURQW DQG WKH EDFN RI PDLQ IUDJPHQW DQC
JHDU ZKHHOV RI $QWLN\WKHUD PHFKDQLVP DUH VKRZQ



60 rH$DQLHFG UHDOS$DIDP RI OPRLRPFDLPRFLH L

JLIXUH 6FKHPDWLF GLDJUDP RI IURQW DQG EDFN RI PDLQ IUL

7TKH $QWLN\WKHUD PHFKDQLVP KDG D FRPSOH[ QHW
VLPXODWLRQ RI WKH VXQ PRRQ SODQHWYV DQG IL[HG

JLIXUH *HQHUDO SODQ RI DOO JHDULQJ FRPSRVLWH GLDJL

7KLY PHFKDQLVP LV DQ LQYDOXDEOH DUFKDHRORJL
PHFKDQLFDO PRGHO RI WKH ZRUOG WKDW KDV EHHQ IR.



60HF$FPLFDOUHD L$DWLWP RIHR PR RAF G PRGH A YDAWHU

&RQFOXVLRQ

$SDUW IURP WKH FRQFHSWXDO SK\VLFDO DQG PDWHk
VIVWHP WKHUH LV DOVR WKH PHFKDQLFDO GHVFULSW
GR QRW FRQWHQW WKHPVHOYHV ZLWK WKH WKHRUHW
ZRUOG EXW WKH\ SURFHHG WR GHWDLOHG GHVFULSW
FDVHV WR WKH FRQVWUXFWLRQ RI FRPSOLFDWHG P
PRWLRQV 7KH\ UHDOLVH WKDW WKH FRQVWUXFWLRQ
RUGHU WR XQGHUVWDQG WR GHVFULEH DQG HYHQ WR

ORUH SUHFLVHO\ WKH GHYHORSPHQW RI WHFKQLFED
LQ WKH SUHVRFUDWLF SHULRG UHVXOWYV LQ WKH XVH I
RSHUDWLRQ RI WKH ZRUOG VXFK DV WKH PRGHOV RI
PHEFKDQLFDO PRGHO RI $QD[LPDQGHU ZH ILQG DQ
TXDOLWDWLYH UHDVRQLQJ SURFHVYV W LV UHPDUN
$QD[LPDQGHUTV RU 3DUPHQLGHVY PRGHOV DUH FRPS
VIVWHPV VXFK DV ZKHHOV RU WXEHV RU ULQJV 7KL
WKH QRWLRQ RI DQDORJ\ 7KH FRQFHSW RI DQDORJ\ :
D PDWKHPDWLFDO SHUVSHFEWLYH E\ 3\WKDJRUDV 30
DSSOLFDWLRQ LQ WKH FRQVWUXFWLRQ RI WKH PHFKD
UHSUHVHQWLQJ WKH ZRUOG E\ PHDQV RI PHFKDQLFDO
30DWR DQG $ULVWRWOH EXW DOVR GXULQJ WKH IROO!

30DWR JLYHV DQDO\WLFDO GHVFULSWLRQV RI WKH
RWKHU KHDYHQO\ ERGLHY ,Q VRPH FDVHV KH XVHV
PHFKDQLFDO PRGHOV RI WKH XQLYHUVH +LV FRVPRO
IRUFH FRQWHPSRUDU\ UHVHDUFKHUV WR FODLP WKDW
UHDO PHFKDQLFDO FRQVWUXFWLRQ VXFK DV WKH DUP
WKH LUUHJXODULWLHV RI SODQHWDU\ PRWLRQV KH
WKHRUHWLFDO SHUVSHFWLYH +LV WKHRUHWLFDO VRO
PRWLRQV IRXQG LWV DSSOLFDWLRQ LQ WKH pWZR VSKF

,Q FRPSDULVRQ WR WKH LPDJLQDWLYH DQG WHQGHU
KDV D SULRUL FRQFHSWLRQV RI WKH XQLYHUVH WKH F
D SK\VLFLDQ ZKR DVVXPHV DQG IRUHWHOOV DV OLWW
LQGXFHY DQG GHGXFHV $ULVWRWOHYTV H[SODQDWLRQ



HR PR RAFDOPHGH G

DV D UHVXOW WKH V\VWHP RI WKH FRQFHQWULF VS
JHRPHWULFDO WR D PHFKDQLFDO VWUXFWXUH "LIILF
VI\VWHPV LQYROYLQJ HSLF\FOHV DQG HFFHQWULF FLUF
GHYHORSV WKH WKHRU\ RI UHDFWLQJ VSKHUHV L H
LOQQHUPRVW VSKHUH RI D SODQHW DQG WKH RXWHUP
FRXQWHUDFW WKH LQ EHWZHHQ LQIOXHQFH 7KLV WK
VA\VWHP

IDVW EXW QRW OHDVW WKH WXUQ RI WKH WKHRUHMW
WKH UHDOLVDWLRQ RI FRQFHSWXDO PRGHOV LQ D
$UFKLPHGHVY DFKLHYHPHQWY LQ WKH ILHOG RI PHFI
HQJLQHVY VXFK DV WKH VFUHZ DQG WKH ZDU PDFKLQH)\
ZKLFK LV DEOH WR VLPXODWH WKH UHODWLYH SRVLWL
FRLQFLGHQFH RI FRQVWHOODWLRQV LQ HYHU\ PRPHQW
E\ WKH XQHTXDO VSHHGV RI WKH ERGLHYV $OWKRXJ
TXDQWLWDWLYH VLPXODWLRQ RI WKH XQLYHUVH WKH
PRGHO RI WKH XQLYHUVH LV WKH PHFKDQLVP RI $QWLM"
HITRUWYVY WR FUHDWH TXDQWLWDWLYH PHFKDQLFDO P
SRVVLEOH DFFXUDF\
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,(QWURGXFWLRQ

8S WR WKLV SRLQW WKH GLVEXVVLRQ KDV PDLQO\ ¢
VIVWHP DQG PRGHOOLQJ ,W LV WLPH QRZ WR SD\ T
$OWKRXJK WKH RULJLQV RI WKH IRUPHU KDYH EHHQ L
DQG VFLHQFH L H LQ WKH WKHRUHWLFDO XQGHUVWLE
WKH RULJLQV RI WKH ODWWHU DUH PRVWO\ IRXQG LQ V
KXPDQV WR HFRQWUROY DQG PDVWHU WKH QDWXUDO
0LQG FRQWUROOHU RI $QD[DJRUDV WKH PFRQWUDGLF)\
30DWR DUH H[DPSOHV RI WKH HDUO\ WKHRUHWLFDO FR

4XLWH RIWHQ WKH *UHHNV DUH FRQVLGHUHG DV W
SUDFWLFDO DSSOLFDWLRQ 2WKHU RFFDVLRQV VXEK
DVVHUWHG WKDW *HYHQ WKH RULJLQ LI QRW WKH GH)
SHULRG RZHV PRUH WR WHFKQRORJLEFDO DQG HQJLQF
7KDOHV ZH PHHW D JUHDW HQJLQHHU ZKRVH 3WKLQI
HQJDJHG LQ SURMHFWY RI HQJLQHHULQJ ZKHUH WKH
UROH LQ SURYLGLQJ WKH GHWDLOHG WKHRUHWLFDO
VRPHZKHUH EHWZHHQ WKRVH H[WUHPH DVSHFWV E\ IRC
HYROXWLRQ RI *UHHN VFLHQFH DQG WHFKQRORJ\ (YL
DQG FRQFHSWV RI &RQWURO DQG $XWRPDWLRQ ZLOO E
ZLOO H[DPLQH WKH SKLORVRSKLFDO LQWHUSUHWDWLR
DQG FRQWURO LQ WKH FODVVLFDO HUD /DVW EXW QRV
FRQFHSWV LQ WKH VXEVHTXHQW +HOOHQLVWLF SHULR
KDYH EHHQ FUHDWHG DQG SXW LQWR XVH ,Q WKH ZR|
ZH ZLOO ILQG LPSRUWDQW LQYHQWRUV WKDW SXW WKF

+DKQ *KDW GLG 7KDOHV ZDQW WR EH ZKHQ KH JUHZ XS" 2U UH |
DQG 7HFKQRORJ\ RQ WKH RULJLQ R HHWAD\ *U@ MK BIKE R R M RFSIK % 6 F
VHH UHIHUHQFHV
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,Q SDUWLFXODU LQ WKLV FKDSWHU ZH ZLOO SRLC
DXWRPDWLF PDFKLQHV RI WKH P\WKLFDO SHULRG 7K
UHIHUUHG DV WKH ZRUN RI WKH JRGV DQG PRVW OLNH
Rl WKH WHFKQRORJLFDO LQWHQWLRQ WR FRQVWUXFW
WKHPVHOYHV EXW DOVR FRQWURO WKLV PRWLRQ VR
FRQVWUXFWHG IRU 7KH\ IROORZ WKH DQWKURSRFHC
PRGHOV DQG H[SUHVV WKH LQWHQWLRQ RI PDQ WR F
LWVHOI

O\WKLFDO $XWRPDWD

7KH DQFLHQW *UHHN ZULWWHQ VRXUFHV LQFOXGH
WHFKQRORJLFDO ILQGLQJV DQG YLVLRQV RI DGPLUDEC
DPRQJ WKHP GHVFULSWLRQV RI DXWRPDWD QDPHO\ P
LQWHUQDO HQHUJ\ OLNH OLYLQJ EHLQJV 6XFK GHVI
ZLWKLQ WKH *UHHN DQFLHQW P\WK WKH YHUVHV RI \
7KH\ DSSHDU HLWKHU DV SRHWLF DFFRXQW RI UHPDUN
DV LPDJLQDU\ WHFKQLFDO DFKLHYHPHQWY DWWULEXW
HSLFV LQ WKH PLGGOH RI WKH WK FHQWXU\ % & VXF
WKH VDPH ZD\ KH FUHDWHG WKH *UHHN JRGV KH LV W
UDXWRPIODWBIN FHQWDULHY ©DWHURGRWXV LQ KLV +LV
WKH DXWRPDWD Rl RWKHU JUHDW FLYLOLVDWLRQV RI 0

7KH ZRUG pDXDNWRAVDADREHD UV IRU WKH ILUVW WLPH L
,OLDG ,W FRQVWLWXWHY VLPXOWDQHRXVO\ D SRHWLF
EHFDXVH LQ WKH DQFLHQW *UHHN SRHWU\ WKH FRQ
DVFULELQJ KXPDQ DWWULEXWHV WR QDWXUH DQG QDW
FRQVWUXFWLRQ RI DXWRPRWLYH PDFKLQHV RI PDFKL(
ZHUH HTXLSSHG Z[WYVRV UWRX® K DQG KXPDQ DELOLWLHV
PRUH WKDQ D P\WWKLFDO SRHWLFDO LQYHQWLRQ ZKLFK
DQG D PDWHULDOLVHG DVSLUDWLRQ

,Q IDFW WKH KLVWRULFDO HYROXWLRQ RI WHFKQLFI
ILUVW VWDJH FRQFHUQV WKH LQYHQWLRQ RI uWRROVT
VWUHQJWK DQG UDQJH VXFK DV WKH EOXGJHRQ WKH
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KDV WR GR ZLWK WKH LQYHQWLRQ RI uPDFKLQHVY WKL
HIWHUQDO QDWXUDO HQHUJ\ VXFK DV WKH ERZ WKHI
WHFKQRORJLFDO VWDJH LV UHODWHG WR WKH VHOI PR
PDQDJH FRPSOH[ WDVNV RQ WKHLU RZQ E\ PHDQV R|
FRQWURO DQG DGMXVW WKHLU RSHUDWLRQ 6RPH H[D
VKLSV RI (J\SWLDQV GHVFULEHG E\ +HURGRWXV DQG \
$OH[DQGULD

7KH EDENJURXQG RI WKLY WHFKQRORJLFDO HYROXW
0\WK ,Q LWV LQQXPHUDEOH WHFKQRORJLFDO DFFRXQ\
WRROV WKH HDUO\ WHFKQRORJLFDO WUDGLWLRQ E
FRQWHPSRUDU\ WR WKH SRHWV SHULRG LQ WKH WHFK
RU WHFKQRORJLFDO FLYLOLVDWLRQV DQG F WKH WH
ZKLFK DUH DVFULEHG WR WKH WHFKQLFLDQ *RG +HSKD
P\WKV DQG HVSHELDOO\ WKH +RPHULF HSLFV FRQGHQ)\
SDVW FODVVLI\ WKH LQYHQWLRQV DQG WKH WHFKQLFI
DJHV RI WKH IXWXUH

7KH $XWRPDWD RI ,0OLDG

,OLDG LV WKH SRHWLF GHVFULSWLRQ RI D ZDU , W
HSLF SRHP ILOOHG ZLWK DUW LOOXVWULRXV GHVFUL:?
LPDJHV W LV WKH ILUVW ZULWWHQ VRXUFH RI DQFL
EHWZHHQ WKH DUP\ RI $FKDHDQV DQG WKH GHIHQGHU
7KLY FROOLVLRQ LV SHUVRQLILHG LQ WKH IDFH RI WK
FROOLVLRQ WDNHV SODFH XQGHU WKH H[KRUWDWLRQ
SDUWLFLSDWLRQ 7KH WHFKQRORJLFDO DFFRXQWYV LQ
DQG LQ WKHVH GHVFULSWLRQV ZH LGHQWLI\ VRPH RI W

D 7KH DXWRPDWLF JDWHV Rl KHDYHQ
'KHQ +HUD WKH TXHHQO\ JRGGHVV GDXJKWHU RI JU
*UHHNV GXULQJ WKH 7URMDQ :DU
( 3>VKH@ ZHQW WR DQG IUR KDUQHVVLQJ WKH KE
TXLFNO\ SXW WR WKH FDU RQ HLWKHU VLGH WKH FXUY
WKH LURQ D[OH WUHH 21 WKHVH WKH IHOORH YHULO\ |
WLUHV Rl EURQJH ILWWHG D PDUYHO WR EHKROG DQC



vGLUWIDQ MP PD$PA DXWRPDWD a% A .. \L2.

VLGH DQG RQ WKDW DQG WKH ERG\ LV SODLWHG WLJ
ULPV WKHUH DUH WKDW UXQ DERXW LW )URP WKH ERG
HQG WKHUHRI VKH ERXQG WKH IDLU JROGHQ \RNH |
EUHDVW VWUDSV"™ 0XUUD\

$IWHU WKLV DGPLUDEOH GHVFULSWLRQ RI WKH GL
IODPLQJ FDU WRXFKHG WKH KRUVHV ZLWK WKH ODVK V
( 8> @ VHOI ELGGHQ BRRHWDWXVHW}WRPDIRETFG
E\ WKHPVH®&DPHWHG XSRQ WKHLU KLQJHV WKH JDWHV RI

WKHLU NHHSLQJ WR ZKRP DUH HQWUXVWHG JUHDW K
RSHQ WKH WKLFEN FORXG RU VKXW LW WR™ O0XUUD\

+RPHU XVHV KHUH IRU WKH ILUVW WLPH WKH ZRUG
SLFWXUH RI WKH DXWRPDWLF JDWHV RI KHDYHQ ZKLF]
SUHFLVLRQ RU WKH FRPSOHWHQHVV WKDW DSSHDUYV
+RZHYHU LW LQWURGXFHV WKH FRQFHSW RI DXWRPDW
WHFKQLFDO LQWHQWLRQ DQ LPDJLQDU\ WHFKQLFDO

GHWDLOHG GHVFULSWLRQV RI DXWRPDWLF PDFKLQHV V
20\PSXV +HSKDHVWXYV

JLIXUH +HUD DQG WKH DXWRPDWLF JDWHV RI KHDYHQ
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E 7KH DXWRPDWLF WULSRGV
,Q 5KDSVRG\ = ERRNO RI ,Q5DRSRAREHK MX FFPDDUWOH
WKH PRVW LPSRUWDQW DXWRPDWD PDGH E\ +HSKDHWV'
ZKHQ $FKLOOHV GHFLGHG WR WDNH SDUW LQ $FKDHDQ
DVNHG KHU WR ILQG WKH IDPRXV +HSKDHVWXV DQG EH
= $>7KHWLV VSHDNV@ , ZLOO JHW PH WR KL.
+HSKDHVWXV WKH IDPHG FUDIWVPDQ LI VR EH KH ZI1
DUPRXU” 0XUUD\

7TKXV 7KHWLV JRHV WR 20\PSXV DQG PHHWYV +HSKDH
( SVKH IRXQG KLP VZHDWLQJ ZLWK WRLO DV KI

EHOORZV LQ HDJHU KDVWH IRU KH ZDV IDVKLRQLQJ W
ZDOO RI KLV ZHOO EXLOW KDOO DQG JROGHQ ZKHHOV

RI WKHPVHOYHV WKH\ PLIKW HQWPRSWKHRIFTHWUKH DMQ .
KLV ZLVK DQG DJDLQ UHWXUQ WR KLV KRXVH D ZRQGF

7KH WULSRGV ZHUH YDOXDEOH YHVVHOV ZKLFK FI
HIFHSWLRQDO FDVHV 7TKHVH YHVVHOV ZHUH HLWKHU
HLWKHU LQ RIIHULQJ ZDWHU RU ZLQH WR WKH JXHV
FHUHPRQLHYV ,Q +RPHULF GHVFULSWLRQ +HSKDHVWX
VHWWLQJ ZKHHOV EHQHDWK WKHLU EDVH VR WKDW
WKHPVHOYHV 7KLY DWWULEXWH RI VHOI PRWLRQ W]
GHVFULEHVY FHQWXULHV ODWHU E\ KLV PRYLQJ DXWR
VRPHWKLQJ SRVVLEOH WR KDSSHQ W LV UHSUHVHQV
FUDIWVPDQ



JLIJIXUH ORELOH DQG VHOI PRYLQJ WULSRGVY >.DOOLJHURSRX

F 7KH DGDSWLYH EHOORZV

IDWHU RQ +RPHU SUHVHQWYVY +HSKDHVWXV WR ZRUN
3R VD\LQJ KH OHIW KHU WKHUH DQG ZHQW

WKHVH WRZDUG WKH ILUH DQG EDGH WKHP ZRUN $QG
WKH PHOWLQJ YDWV VHQGLQJ IRUWK D UHDG\ EODVW
ODERXUHG KDUG DQG DJDLQ LQ ZKDWVRHYHU ZD\ +HS
RQ $QG RQ WKH ILUH KH SXW VWXEERUQ EURQ]H DQG
WKHUHDIWHU KH VHW RQ WKH DQYLO EORFN D JUHDW
KDPPHU DQG LQ WKH RWKHU WRRN KH WKH WRQJV"~ 0X

7KH EHOORZV ZKLFK ZHUH XVHG E\ WKH PRUWDOV ¢
KXJH PDQXDOO\ RSHUDWHG PDFKLQHV E\ RQH RU WZ
QHFHVVDU\ IRU WKH LQFUHDVH Rl WKH WHPSHUDWXUH
+HSKDHVWXV EHLQJ DORQH DQG ZLWKRXW DQ\ KHOS
GLVSRVDO WZHQW\ EHOORZV WKDW FRXOG ZRUN DXWRI
WKHVH EHOORZV ZHUH DGDSWLYH KH QHHGHG RQO\ W
DXWRPDWLFDOO\ WR RSHUDWH IDVWHU RU PRUH VORZC



WWHQWLFP RIPD G QJ DXWRP DWD

JLIXUH %HOORZV DURXQG D IXUQDFH .DOOLJHURSRXORYV

7KLV LV DQ LQJHQLRXV FRQFHSWLRQ ZLVK DQG GH
LQKHUHQW LQ WKH UHTXLUHPHQW RI ZRUN (YHQ WKH
YLVLRQ 6LQFH +HSKDHVWXV ZRUNV RQ KLV RZQ LW FI
KLV PDUYHOORXV ZRUNV ZLWKRXW SRVVHVVLQJ DXWRP
FRQVWUXFW DXWRPDWLF WULSRGYV WKDW VHUYH WKH *
VLPLODU IRU KLV ZRUNURRP" $QG FRXOG WKH GLYLQH
RQH LQ VRPHWKLQJ HOVH WKDQ WKH WHFKQRORJ\ WKF

G JHPDOH URERWYV
+RPHU FRPSOHWHYV WKH WHFKQLFDO YLVLRQ RI KLV F
WZR PDQOLNH URERWYV
/ 8+H >+HSKDHVWXV@ VSDNH DQG IURP WKH DQ
KDOWLQJ WKH ZKLOH EXW EHQHDWK KLP KLV VOHQGHL
DzD\ IURP WKH WLUH DQG JDWKHUHG DOO WKH WRROV
DQG ZLWK D VSRQJH ZLSHG KLV IDFH DQG KLV WZR KD
VKDJJ\ EUHDVW DQG SXW XSRQ KLP D WXQLF DQG JU
KDOWLQJ EXW WKHUH PRYHG VZLIWO\ WR VXSSRUW Wi
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WKH VHPEODQFH RI OLYLQJ PDLGV ,Q WKHP LV XQGH
VSHHFK DQG VWUHQJWK DQG WKH\ NQRZ FXQQLQJ KD
7KHVH EXVLO\ PRYHG WR VXSSRUW WKHLU ORUG DQG

VDW KLP GRZQ XSRQ D VKLQLQJ FKDLU 0XUUD\

7KH IDEXORXV DFKLHYHPHQWYV RI WKH WHFKQROF
FRQVWUXFWLRQ RI WZR PDQOLNH PDFKLQHVY WZR URE
DQG DUH DEOH WR DVVLVW DQG DFFRPSDQ\ WKH FULS:
LPDIJLQDWLRQ FUHDWHYV DQLPDWH PDFKLQHV 6LQFH
PDFKLQHVY WKDW ZHUH VHOI PRYLQJ DQG HYHQ VHOI
PDFKLQHV WKDW ZHUH OLNH OLYLQJ EHLQJV"

7KH P\WK RI PDQOLNH PDFKLQHVY UHDSSHDUV GXUL(
WKH DQFLHQW .ROFKLV LQ WKH IRUP RI D FRSSHU K\(
JXDUGHG &UHWH DJDLQVW LQWUXGHUV 7KH $UJRQDX
ZDV GHVWUR\HG WKURXJK WKH LOQWHUYHQWLRQ RI OHG

H 7DORV WKH FRSSHU JLDQW
30DWR UHJDUGVY 7DORV DV WKH ODZ NHHSHU RI &Ut
EURQ]JH ODZ WDEOHV ZKLFRLQRVZBY FDUU\LQJ 30DWR
BRSKRFOHV LQ WKH IUDJPHQW 7RH 'DOIG DRO X VD ORL
GHVFULEHV 7DORV DV D EURQ]JH URERW DQG H[SODLQV
37DORV KDG LQ KLV DQNOH D VV\ULQJH >DXSL\\D@ FRYF

7KH P\WKPDNHUV $SROORQLXV 5KRGLXV DQG $SRO
SUIRQDAIWWKIHFIDQFLHQW URERW RI 7DORV LQ PRUH WHEFK:
DOVR FUHGLWHG WR +HSKDHVWXV DQG FRXOG PRYH
PHFKDQLVP 7KLV PHFKDQLVP FRQVLVWHG RI D ORQJ S
WKH PHUFXU\ WKHLWESFBOO /G LG KDY H[WHQGHG IURF
DOQNOHV RI 7TDORV DQG D PHPEUDQH RU D QDLO DW W
LQVLGH JLUH LQVLGH WKH URERW ZDV JLYLQJ LWV L
7DORV DV IROORZV

$SROOR/GREURV\ DQG (SLWRPBXWWLQJ WR VHD IURP W

$UIJRQDXWYV ZHUH KLQGHUHG IURP WRXFKLQJ DW &UH!

PDQ RI WKH %UD]JHQ 5DFH RWKHUV WKDW KH ZDV JLY}H



,QWHQWLRQ RIPD FWQD DXWHP DWX

EUD]HQ PDQ EXW VRPH VD\ WKDW KH ZDV D EXOO +H KDG D V
QHFN WR KLV DQNOHV DQG D EURQ]H QDLO zZzDV UDPPHG KRPFH
7DORYVY NHSW JXDUG UXQQLQJ URXQG WKH LVODQG WKULFH HY
WKH $UJR VWDQGLQJ LQVKRUH KH SHOWHG LW DV XVXDO ZLW
DERXW E\ WKH ZLOHV RI OHGHD ZKHWKHU DV VRPH VD\ VKH
DV RWKHUV vD\ VKH SURPLVHG WR PDNH KLP LPPRUWDO DQG
DOO WKH LFKRU JXVKHG RXW DQG KH GLHG % XW VRPH VD\ W

DQNOH ~ )UD]HU

7KH QRWHZRUWK\ FKDUDFWHULVWLF LQ WKLV GHVFI
UXQV WKURXJKRXW WKH ERG\ RI 7TDORV WKH LFKRU
QHFHVVDU\ LQWHUQDO HQHUJ\ WKDW PRYHV 7DORV (Y
RQO\ YHUEDOO\ H[SUHVVHG LGHDV WKH P\WKPDNHUV (
WKHRUHWLFDO LQWHQWLRQ RI KDYLQJ DXWRPDWD 7
FRQFHLYLQJ DV WKH PDLQ FKDUDFWHULVWLF RI DQ D?
HVRXOY DQG ORRNHG IRU VXFK HQHUJ\ VRXUFHV WI
RSHUDWLRQ

7KH $XWRPDWD RI 2G\VVH\ DQG +HURGRWXVY +LV\

.1 ,OLDG LV WKH HSLF RI ZDU 2G\VVH\ LV WKH HSLF
K\PQ WR WKH YLJRXU DQG EHDXW\ RI $FKLOOHV 2G\V
LOQYHQWLYHQHVV RI LQJHQLRXV 2G\VVHXV $QG LI LQ
DWWULEXWHG WR JRGV LQ 2G\VVH\ WKH\ DUH FRQVLG
KXPDQ ZRUNV HLWKHU RI HSRQ\PRXV RU DQRQ\PRXV
GHYHORSHG FLYLOLVDWLRQV VXFK WKDW RI 3KDHDFLD

D 7KH SDODFH DQG WKH GRJV RI $OFLQRXV

,Q WKH IDU GLVWDQW OHGLWHUUDQHDQ FLW\ 6FKHU
$OFLQRXV 7KH zD\ +RPHU GHVFULEHV WKH SDODFH
GHVFULSWLRQV RI WKH 20\PSLF JRGVY SDODFHYV , W
GRRUVWHSY DQG ZDOOV JROGHQ GRRUV DQG VLOYHU
PHWDOOLF JXDUGV WZR GRJOLNH URERWYV ZHUH VW
$OFLQRXV
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9,, 32Q HLWKHU VLGH RI WKH GRRU WKHUH VWHF
+HSKDHVWXV KDG IDVKLRQHG ZLWK FXQQLQJ VNLOO
$OFLQRXV LPPRUWDO ZHUH WKH\ DQG DJHOHVV DOO W

E 7TKH DXWRPDWLF VKLSV RI SKDHDFLDQV
KHQ 2G\VVHXV DUULYHV DW WKH P\WKLFDO LVODQG
NLQJ $OFLQRXV DGPLUHV WKH JROGHQ DQG VLOYHU Cc
IURP NLQJ $OFLQRXV KLPVHOI WKH IROORZLQJ ZRUGYV
SKDHDFLDQV
9, 3% XW ZKHQ ZH DUH DERXW WR HQWHU WKH
ORIW\ ZzDOO D IDLU KDUERXU OLHV RQ HLWKHU VL
QDUURZ DQG FXUYHG VKLSV DUH GUDZQ XS DORQJ W
WKHLU VKLSV HDFK PDQ RQH IRU KLPVHOI 7KHUH WR
IDLU WHPSOH RI 3BRVHLGRQ ILWWHG ZLWK KXJH VWRQ'}
EXVLHG ZLWK WKH WDFNOH RI WKHLU EODFN VKLSV Z
WKH WKLQ RDU EODGHV )RU WKH 3KDHDFLDQV FDUH (C
RDUV RI VKLSV DQG IRU WKH VKDSHO\ VKLSV UHMRLI

VHD" O0XUUD\

W LV REYLRXV IURP WKH DERYH TXRWDWLRQ WKDW
KLJKO\ GHYHORSHG WHFKQRORJ\ LQ VKLSEXLOGLQJ )
VKLSY ZHUH DXWRPDWLF 7KHVH VKLSV NQHZ KRZ WR
IROORZ WKH GHVLUHG GHVWLQDWLRQ ZLWKRXW UXGGF
$OFLQRXV RIIHUHG VXFK D VKLS WR KLV KRQRXUHG JXF

9,,, 3$QG WHOO PH \RXU FRXQWU\ \RXU SHRSOH

PD\ FRQYH\ \RGLWKHWXHMI WKH FRXRW M EH V8K B HD FALDA

KDYH QR SLORWV QRU VWHHULQJ RDUV VXFK DV RWKH

XQGHUVWDQG WKH WKRXJKWV DQG PLQGV RI PHQ DQG

DOO SHRSOHV DQG PRVW VZLIWO\ GR WKH\ FURVV RYF

FORXG QRU HYHU KDYH WKH\ IHDU RI KDUP RU UXLQ’

$FFRUGLQJ WR WKH DERYH SDVVDJH WKHVH VKLSV
ZHUH WKH VKLSV ZLWK WKH GHVLIQHG UHDVRQ RU
+RZHYHU WKHVH ZLWK DUWLILFLDO UHDVRQ FRQVWU?>
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QRW IURP WKH JRGV 7KH IDFW WKDW WKHVH VKLSV N
ZKHUHYHU SURYLGHG WKDW WKH ILQDO WDUJHW ZDV
JHRJUDSK\ RI DOO WKH VHDZD\V DQG SRVVLEO\ WKH
ZRUOG 7KH LGHD WKDW WKH\ GLG QRW QHHG FDSWD
LOWHQWLRQ WKH YLVLRQ DQG HYHQ WKH LQYHQWLRC
DV DVWURODEHV RU PDFKLQHV WKDW DOORZ WKH DXW
RI WKH VKLS ,W DOVR LPSOLHV WKH NQRZOHGJH RI C
7TDNLQJ DOVR LQWR FRQVLGHUDWLRQ WKDW WKHVH VI
SUHVXSSRVHVY D JUHDW FRQVWUXFWLYH VNLOO LQY
H[SHUWLVH 7KHVH P\WKLFDO VKLSV RI VKLSEXLOGHU"
WKHLU KLVWRULFDO DQFHVWRUV

7KH $XWRPDWLF (J\SWLDQ 6KLSV E\ +HURGRWXYV

7KH P\WK RI WKH DXWRPDWLF VKLSV RI 3KDHDFLLE

GHVFULSWLRQV RI +HURGR W XL V YORKHKHENAHAFURLEGH \E FORIND

WKH FRQVWUXFWLRQ RI VKLSV VSHFLDOL]JHG LQ WKH V
| 37KH ERDWV LQ ZKLFK WKH\ FDUU\ FDUJR DUH PD(
WKH ORWXV Rl & UHQH LQ IRUP DQG LWV VDS LV JXP
ORQJ DQG OD\ WKHP OLNH FRXUVHV RI EULENV DQG |
IHHW ORJV WR ORQJ DQG FORVH VHW VWDNHV DQG KEC
DQG RQ WKH ORJV 7KH\ XVH QR ULEV 7KH\ FDXON WKI
RQH UXGGHU SDVVLQJ WKURXJK D KROH LQ WKH ERDYV
WKH VDLOV RI SDS\UXV’~ *RGOH\

7TKH QRWHZRUWK\ FKDUDFWHULVWLF RI WKHVH VKLS
VDLOV E\ PHDQV RI ZKLFK WKH FDSWDLQ FRXOG FRQW
HTXLSSHG ZLWK DQ LQJHQLRXV PHFKDQLVP RI VWDEL
FRQVLGHUHG DV DQ DXWRPDWLF SLORWLQJ V\VWHP R
WKHLU FRXUVH 7KH ZD\ WKLV PHFKDQLVP ZDV HOLPL
NHHSLQJ WKH VKLS FRXUVH VWDEOH LV VKRZQ LQ WKH
'y 37TKHVH ERDWYV FDQQRW PRYH XSVWUHDP XQOHV\
WRZHG IURP WKH EDQN EXW GRZQVWUHDP WKH\ DUH P

WDPDULVN ZRRG IDVWHQHG WRJIJHWKHU ZLWK PDWWLC
WZR WDOHQWYV ZHLJKW WKH UDIW LV OHW JR WR IORI



FD ¢QWHQIDP DXWRP DWD <2

D URSH DQG WKH VWRQH LV FRQQHFWHG E\ D URSH WF
WKH FXUUHQW WKH UDIW IORDWV VZLIWO\ DQG WRZV
ERDWY DQG WKH VWRQH GUDJJLQJ EHKLQG RQ WKH
VWUDLJKW 7KHUH DUH PDQ\ Rl WKHVH ERDWV VRPH L
*RGOH\

JLIXUH 7KH FRQWURO PHFKDQLVP IRU WKH UHJXODWLRQ F

7KH $XWRPDWD E\ 'DHGDOXV DQG $UFK\WDV
7TKH GDZQ RI WKH FRQVWUXFWLRQ RI WKH ILUVW KL
WHFKQRORJ\ LV QRW FODULILHG ,W LV VDLG WKDW 'DF
FRQVWUXFWHG WKH ILUVW DXWRPRELOH PDFKLQHV + |
DVFULEHG WR WKH HQJLQHHU $UFK\WDV

D 7KH pURERWY E\ 'DHGDOXYV

'DHGDOXV ZKR LV VXSSRVHG WR EH WKH HDUOLHVW
FUHGLWHG ZLWK FUHDWLRQV WKDW FRXOG PRYH RQ WK
DV 30DWR VvVD\V WKH\ KDG WR EH SUHYHQWHG IURP UXQ
WKH PRYLQJ VWDWXHV RI 'DHGDOXV H[SODLQV DOVR Z}
WKHLU GLVSRVDO LQ RUGHU WR EH DEOH WR PRYH E\ W



9 L4 P\W XFDOLQWHQWLRQ RIPD FPA DXWRP DWD a% F\EWH?2

$ULVWVWRWWKH 6RXOE 36RPH DOVR VD\ WKDW WKH VRX:
ZKLFK LW LV SUHVHQW MXVW DV LW PRYHV LWVHOI IF
PDGH KLV HZRRGHQ $SKURGLWHY PRYH E\ SRX
+XPSKHW\DO

'DHGDOXVY QDPH LV FORVHO\ FRQQHFWHG ZLWK WKF
LV VDLG WKDW ZKHQ 'DHGDOXV ZDV WDNHQ SULVRQHU
VRQ ,FDUXV ZKLFK ZHUH DWWDFKHG WR WKHLU ERGL
HDUO\ WHFKQRORJLFDO WKRXJKW DQG GUHDPLQJ (°
DQWLTXLW\ WKHUH LV D UHIHUHQFH RI D PHFKDQLFDO
RQH

E 7KH PHFKDQLFDO GRYH E\ $UFK\WDV
7KH ZRUN RI $UFK\WDNWD RI 7DOWH&WXPKR EHORQJHG
S\WKDJRUHDQ 6FKRRO DQG ZDV D FRQWHPSRUDU\ R 3C
DQEQG UHIHUHQFHYV LQ WKH ZRUNV RI RWKHUV +H DGY
JHRPHWU\ DQG IRXQG D UHPDUNDEOH VROXWLRQ WR W
WKH ILUVW WR DSSO\ JHRPHWU\ WR PHFKDQLFV +H Z
DQG LV UHSXWHG WR KDYH GHVLJQHG DQG FRQVWUX
PHFKDQLFDOO\ SHUKDSV E\ PHDQV RI ZHLJKWYV DQG FR
$XOXV *HOOLXV S$SWWLF33ARQKWWHGCO NQRZQ *UHHNV
SKLORVRSKHU )DYRULQXV D YHU\ DVVLGXRXV DQWLT
$UFK\WDV FRQVWUXFWHG D ZRRGHQ PRGHO RI D GRY
SULQFLSOHVY DQG WKDW WKH GRYH DFWXDOO\ IOHZ V
DQG SURSHOOHG E\ D FXUUHQW RI DLU HQFORVHG DQC
VR LQFUHGLEOH LW LV SUHIHUDEOH WR TXRWH )DYF
TDUHQWXP ZKR DPRQJ RWKHU WKLQJV ZDV D PHFKDC

ZRRG " RRRIDQ



POLQWHQWLRQ PDD QJDXWRPDWD 2

JLIXUH 7KH I10\LQJ GRYH RI $UFK\WDV .DOOLJHURS

$XOXV *HOOLXV UHSRUWYVY DW WKLUG KDQG WKLV V\
WKRXJK KH GRHV QRW EHOLHYH LW 1HYHUWKHOHVV \
RI HDUO\ PDQYV HIIRUWV WR FRQVWUXFW D I10\LQJ PDF
LWVHOI E\ XVLQJ DV LWV PRWLYH HQHUJ\ WKH H[SDQVL
LW ,W VKRXOG KDYH DW LWV GLVSRVDO D VSRXW WKD!
DLU 7KH GLUHFWLRQ RI WKH VSRXW ZDV UHJXODWLQJ
FROQWURO WKHRU\ ZH FRXOG VD\ WKDW LW ZDV DQ RS
ELUG ZzDV WKH V\VWHP DQG WKH VSRXW WKH FRQWURO
PD\ EH VDLG WR EH WKH ILUVW NQRZQ KLVWRULFDO *
V\VWHP ZH GLVSRVH VXUYLYHG GHVFULSWLRQV UHJDUC



91ILH P\WKLFDOLQWHQWLRQ R IPD FWY\ DXWRP DWD 62

&RQFOXVLRQ

2QFH WRROV KDG EHFRPH UHODWLYHO\ FRPPRQ W]
PDFKLQHVY WKDW PRYH E\ WKHPVHOYHV DW D WDVN 7k
D KXPDQ GUHDP DV D YLVLRQ WKDW ZDV GHVFULEHG |
RQzZDUGY XQWLO WKH H[SHUWYV LQ PDFKLQHU\ RI WK
PDFKLQHV WKDW FRXOG PDQDJH FRPSOH[ WDVNYV

,Q WKH IUDPH RI DQFLHQW *UHHN P\WK WKHUH DL
FRQVWUXFWLRQV ZKLFK LPLWDWH DQG VLPXODWH W
GHVFULEHG E\ WKH +RPHULF ZRUG uDXWRPDWDT 7
WHFKQRORJLFDO LQWHQWLRQ WKDW LV XVXDOO\ DVFU
IXQGDPHQWDO IHDWXUHV WKDW LQ WKH IROORZLQJ FH
WHFKQRORJLFDO UHVHDUFK 7KH ILUVW RQH LV WKH
HTXLSSHG ZLWK LQWHUQDO HQHUJ\ DQG WKH RWKHU L
SODQ DV IRU HIDPSOH WKH WULSRGV RI +HSKDHVWXYV
LQ WKH VSHFLILF WDUJHW L H WKH\ KDYH WKH DELO
IXQFWLRQ 7KH ODWWHU LV RI JUHDW LPSRUWDQFH

KDW LV WKH XVH RI DQ DXWRPDWLF PDFKLQH LI LV
LPLWDWH WKH OLYLQJ EHLQJYV ZLWKRXW EHDULQJ WKH
WKH GRYH RI $UFK\WDV" %HLQJ DQ RSHQ ORRS PHF
IHHGEDFN LW IDOOV DIWHU D IHZ PHWHUV ZLWKRXW V|
SRVVLEOH WR DUULYH WR WKH DGYDQFHG WHFKQROR
PHFKDQLVPV ZLWKRXW SDVVLQJ ILUVWO\ IURP WKH
FRQFHSWLRQ RI WKHP" 7KH WKHRUHWLFDO IUDPHZRUI
FRQWURO FRQFHSWYVY DQG PRUH VSHFLILFDOO\ WKH FF
GLVSRVDO WKHVH WZR FKDUDFWHULVWLFV LV WKH VXE



AW$H HWLFDOD \MPDHIW W IHHODF$ D QG [P WZ O

&KDSWHU
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21 7+( &21&(376 2)
)J(("%$&. $1' &21752/



6 4 $H ZHWLHDODMEMEU DFL W -HHGLDF$ DQG FRQWP O A$DMEWHQ

7+( 7+(25(7,&%$/ '"(9(/230(176 21 7+( &21&(376
2) )(("%$&. $1' &21752/

,(QWURGXFWLRQ

JURP WKH HDUO\ WLPHV PDQ HQGHDYRXUV WR XQC
FROOHFWV LQIRUPDWLRQ DERXW WKH EHZLOGHULQJ Y
GUDZV FRQFOXVLRQV DERXW WKHLU UHODWLRQV DQGC
PHDQV RI FRXQWLQJ PHDVXULQJ DQG UHDVRQLQJ KF
HFRQWUROYT WKH ZRUOG 7UDVN +LV GHVLUH V
QDWXUDO IRUFHV OHDGV WR WKH SURGXFWLRQ RI Wk
DXWRPDWD $V LW LV DOUHDG\ VKRZQ HYHQ WKH DQ
H[SUHVVHG LQ WKHLU ZULWLQJV WKH GHVLUH WR FRQ
UHDOLVDWLRQ RI VXFK PDFKLQHV UHTXLUHV WKH H[DF
WKH SUREOHP +RZ FRXOG D PDFKLQH PRYH E\ LWVHOI
FDXVH LWV PRWLRQ" 7KH DQVZHU WR WKHVH TXHVWL
DOUHDG\ PHQWLRQHG IURP WKH P\WKLFDO VSHFXOD\
LOQWHUSUHWDWLRQ 7KH LQWHUQDO VRXUFH RI HQHUJ\
KDG WR EH IRXQG LQWR WKH IXQGDPHQWDO SK\VLFDO
7KH QDWXUH DQG WKH SURSHUWLHY RI WKHVH HOHPHQ

7KH SUHVRFUDWLF DQG WKH FODVVLF SKLORVRSKHL
SHUVSHFWLYH ZLWK WKH UHODWLR @ KELHRYZODH Q WBKH |
ZKLFK FKDUDFWHUL]JHV DQ\ VI\VWHP LQ JHQHUDO ,Q ¢
PRWLRQ KDYLQJ DV SDWWHUQ WKH OLYLQJ EHLQJV Z
RQO\ E\ PRWLRQ EXW DOVR E\ WKH FDSDELOLW\ WR
FDSDELOLW\ WKDW DOORZV WKHP WR DFFRPSOLVK W]
FRPPDQGHYDILE IXQFWLRQLQJ DV RSHQ ORRS FRQWUI
LQWHUQDO SURJUDW|SROLRBBHWDWERBAWLRQLQJ DV FOR\
VIVWHPV ,Q WKH ODWWHU FDVH WKH FRQWURO V\VW
PHDVXUH WKH UHVXOW RI WKHLU DFWLRQV FRPSDUH
WHUPV Rl WKLV FRPSDULVRQ WKHLU EHKDYLRXU +R?Z
ZLWK WKH HITHFW FRQVWLWXWHY D FRQWUDGLFWLRQ C
H[DPLQDWLRQ RI WKH FRQWURO SURFHVV SDVVHV WK



9 IWH WKHRUHWLFDODIIOURDF$ W IHHGODG DQG HFP WURO

GHYHORSPHQW RI WKH GLDOHFWLF ORJLF LQWURGXFH
DQG 30DWR

7KH FRQFHSW Rl 6HOl PRWLRQ DQG $XWRPDWRQ

,Q DQFLHQW *UHHFH WKHUH LV D FORVH UHODWLR
WHFKQRORJ\ 3KLORVRSK\ LQWHUSUHWY WKH DFKLHYH
DFFRPSOLVKHV WKH YLVLRQV RI SKLORVRSK\ DQG WKH
LQ RUGHU IRU WKH P\WKLFDO LQWHQWLRQ RI FRQVW!
SKLORVRSKHUV DQG HQJLQHHUV KDYH WR ZRUN FRPSC
LQWURGXFWQRRPRMKEYD FWHULVWLFDOO\ VD\V WKDW W
ZDV FDUULHG RXW E\ WKH ROG SKLORVRSKHUV DQG H¢
H[DPLQHG WKHP IURP D UDWLRQDO SRLQW RI YLHZ ZKI
WKH H[SHULPHQW

,Q WKH WZR ZRUOGV RI SKLORVRSK\ DQG VFLHQFH I
WKH RWKHU RU RI WKRXJKW DQG DFWLRQ RU RI PLQ
XQLTXH OLQN ,W SDUWLFLSDWHY LQ ERWK GLUHFWL
HQJLQHHUV LQ DQ H[FHSWLRQDO ZD\ 7KH SRHWV GUHI
WKDW DFFRPSOLVK FRPSOH[ WDVNV DQG WKH SKLC
EDFNJURXQG WKDW SDYHV WKH zZD\ IRU WKH IROORZ]
HQJLQHHUV 7KH FRQFHSW RI DXWRPDWLF PDFKLQHYV
*UHHN P\WKV EXW DOVR LQ WKH FODVVLFDO \HDUV
VHOI PRWLRQ DQG DXWRPDWRQ IUHTXHQWO\ ZKLOH W
3UHVRFUDWLFV SDYHV WKH ZD\ IRU WKH GHYHORSPHQW

7KH YXQGDPHQWDO (OHPHQWYV DV 6RXUFHV RI (QH!

7KH PDLQ GLIIHUHQFH EW\W 2HGES DKW FS D BIWADD MK D QHHN
LV WKDW DOWKRXJK WKH ODWWHU RSHUDWH E\ PHDQYV
DQLPDO SRZHU WKH DXWRPDWD KDYH DW WKHLU GLVS
DV DQ LQVHSDUDEOH HOHPHQW RI WKSIWP\ FIK®V* QHRIN RAK
WKH YLWDO SULQFLSOH WKDW JLYHV WKLQJV OLIH EX)\
RI OLOHWXV IRU H[DPSOH VD\V WKDW WKH PDJQHW K
6LPLODUO\ D PHFKDQLVP FRXOG PRYH E\ LWVHOI DQG



W EH ZHWLDFG FW\EURDF$ WR -HHODF$ DQG FRQWURO

WHQJV RQO\ LI WKH PHFKDQLF SURYLGHG LW ZLWK D
SRZHU 7KHUHIRUH WKH ILUVW VWHS LQ WKH LQWHUS
LQWHUSUHWDWLRQ DQG FRQVWUXFWLRQ RI WKLV LQW
LQWHUQDO VRXUFH RI HQHUJ\ WKDW FDQ FDXVH WKH V
DUH IRXQG HYHQ LQ WKH GHVFULSWLRQV RI WKH P\WK
LQQHU SRZHU RI LFKRU LQ WKH FDVH RI JLDQW 7DORYV
9HQXV RI 'DHGDOXV

+RZHYHU WKH IRXQGDWLRQ RI RWKHU VRXUFHV RI
VWHDP SRZHU WKDW DUH XVHG EDVLFDOO\ IURP WKI
DVFULEHG WR WKH 3UHVRFUDWLF SKLORVRSKHUV 7KH
IRXU PDWHULDO HOHPHQWY RI HDUWK ZDWHU DLU DC
WKHP DV SRWHQWLDO HQHUJ\ VRXUFHV LQ WKH FRQVW
WKHLU G\QDPLFV VR DV WR FKRRVH WKHVH HOHPHQWYV
WKH\ FRQVLGHU WKHP DV uDQLPDW MYHDEW K QVQWH BHIN XW
DOORZV WKHP WR WUDQVIRUP DQG WR FDXVH PRWLR
PDWHULDO ZRUOG FRQVWLWXWHYV WKH IRXQGDWLRQ RI
VHOI PRWLRQ RI DXWRPDWD

/JHW XV VHH VRPH H[DPSOHV

f $LU HQHUJ\

‘H KDYH DOUHDG\ FLWHG WKH VHOI PRYLQJ GRYH RI
DV PRWLYH SRZHU WKH HQHUJ\ RI WKH FRPSUHVVHG D
SURSHUWLHYV KDV DV D UHVXOW WKH IRXQGDWLRQ RI W

s JLUH HQHUJ\

,Q PDQ\ UHVSHFWV WKH DELOLW\ WR XVH ILUH FDQ E
HDUO\ WHFKQRORJLFDO GHYHORSPHQW RI PDQNLQG
SQHXPDWLFV WKH ILUH DV DQ HOHPHQW WKDW FDXVF
FRPSUHVVHYVY DQG VHWYVY LQ PRWLRQ D OLTXLG

+HURQHXPDWLFW7R FRQVWUXFW DQ DOWDU VXFK WKD

ILJIXUHV DW WKH VLGH VKD®W ROHU OLEDWLRQV ~ &



. LOWKHRUHWLFDODNEUHDF$ WRIHHROODFO FPG FRQWURO

,Q WKH FDVH RI $HRORSLOH ILUH FDXVHV WKH FUH
WXUQ LV UHVSRQVLEOH IRU WKH UHYROYLQJ PRWLRQ
SQHXPDWLFV % S3ODFH D FDXOGUR@RYRW D HWR KB

DO

JLIXUH 7KH $HRORSLOH E\ +HURQ D G6FKPLGW E C

t :DWHU HQHUJ\
7KH HQJLQHHUV RI DQWLTXLW\ WDNLQJ LQWR DFFR;

FROQVWUXFWHG K\GUDXOLF FRQWURO V\VWHP IRU WKH
+HURQ LQ KLV 3QHXPDWLFVY GHVFULEHV K\GUDXOLF V

FRQVWDQW +HURQ $



9,LHWLHDYHWLHDODIIOZDF$ W IHHODHF FPGFHQWZL

$ )DOOLQJ ZHLJIJKW HQHUJI\

7KH HQJLQHHUV RI +HOOHQLVWLF SHULRG SDUDOC
HQHUJ\ WKDW DUH EDVHG RQ WKH SK\VLFDO HOHPHQW
RI WKH IRXUWK HOHPHQW WKH HDUWK DQG WKH LQWF
PDWWHU WKH JUDYLW\ 7KH SRWHQWLDO HQHUJ\ RI D
HQHUJ\ WKDW VWRUHV D PDVV EHFDXVH RI LWV VSULQ
RI DXWRPDWD )RU H[DPSOH LQ WKH FDVH RI WKH PR
ZHLJKW FRQQHFWHG ZLWK WKH PRWLYH D[OH RI WKH I
WKH PHFKDQLVP

+RZHYHU WKH FRQFHSW RI LQWHUQDO SRZHU KDV H

7KDAMMWURGXFHV D G\QDPLFDO FRQFHSWLRQ RI KLV
ZKLFK DOO WKH SK\VLFDO FUHDWXUHV FRPH LQWR E
ZDWHU :DWHU LV IRU KLP DQ DFWLYH HOHPHQW ,W E
UHODWHG WR WKH FRQFHSW RI PRWLRQ $FFRUGLQJ \
HQHUJ\ VRXUFHV WKDW FDXVH WKH X@QLPMHUY® WIRH PER

D VHH FKDSWHU

$QD[LPD@GNRB RFFXSLHV KLPVHOI ZLWK WKH FDXVH
WKH QRWLRQ RI HWHUQDO PRWLRQ ZKLFK LV UHVS
6LPSOLBKXWLEY VHH FKDSWHU

(PSHGRAQMMURGXFHV WZR DGGLWLRQDO LPPDWHUL
ZKLFK DV DQ HTXLYDOHQW WR WKH 7HQVLRQ RI +HUDH
HOHPHQWYVY LQ PRWLRQ

JLOQOD®WUDFQDRWX\WRGXFHY WKH FRQFHSW Rl FRQWUDG
DQG OLIH $FFRUGLQJ WR KLP DOO WKLQJV FRQVLVW
HYHU\ VIVWHP D G\QDPLFDO KDUPRQ\ GRPLQDWHV DQ
RSSRVLWHV 7KLV FRQFHSW RI WKH G\QDPLF HTXLOLE
IHHGEDFN DQG WKH IXQFWLRQ RI D FORVHG ORRS FRQ\

7KH 7HUPV RIuU$XWRPDWRQY DQG u$XWRPDWLF L
‘H KDYH DOUHDG\ VHHQ WKDW WKH ZRUGV puDXWRPD)
DOQFLHQW ZULWWHQ HSLAVGXEOVWHIR W RPN FRPHU E X



9 WWVKHRUHWLFDODNEZDF$ W \HHODH$ DQG FRQWURO

PDQ\ RWKHU SRHWV ZULWHUV RU SKLORVRSKHUV PLC

DWWULEXWH WR

f JLIHOHVV EHLQJV WKDW KDYH WKH DELOLW\ RI VH
PDFKLQHV VXFK DV WKH DX\WRFDGBNLF JDWKH/ IRX VKR
WULSRGVDG RU WKH DXWRPDWLF LUULJDWL
+HURGRWYRULHV %DE\ORQ DQG 3
HQHXURVSDVWDY (J\SWLDQ VWDWXHV L H PDULRQI
LQ $QFLHQW (J\SWLDQ WRPEV ,, DQG WKH (J\SW
E\ PHDQV Rl DQ DXWRPDWLF FRQWURO V\VWHP ,,
DXWRPDWLF PDFKLQHYV KDYH EHHQ UHSUHVHQWHG L

f +XPDQ EHLQJV WKDW DFW E\ WKHLU RZQ ZLOO H J
KLV RZQ DFFRUG "3®MUAXWRSKDQHYV

f 1DWXUDO DFWLYLWLHV HJ 3221 WKHPVHOYHV DX
FRQWLQXDOO\ E\ GD\ DQ:® WENQ DIKGRD\ WK WL RIEX W R P D W
RI D ULYHU 32WKH ULYHU ULVHV RI LWVHOI ZDWHU\
+HURGRWYAR,ULHYV

f ,QFLGHQWVY WKDW KDSSHQ ZLWKRXW DQ\ H[WHUQDC
VWRU\ Rl WKH VSBPRIPRYRQWBLIPBQRY.QG LV DV IRO
30DAMKR 6WDWHYPDQ

$ULVWRWOH UHIHUV IUHTXHQWO\ WR WKH DXWRPDYV
FRQVWLWXWH DQ DGGLWLRQDO VRXUFH DQG SURRI RI
EHIRUH WKH +HOOHQLVWLF$SMWRLPFOGV R SREIHWE HAVE B 1L VP DO
$XWRPDWD E\ +HURQ RI $OH[DQGULD 5HJDUGLQJ \
LQFRPSUHKHQVLEOH DFKLHYHPHQWY $ULVWRWOH ZUL)

7KLV WH[W LV EDVHG RQ WKH IROORZLQJ ERRN $ULVWRSKDQHYV
YRO (XJHQH 2 1HLOO -U 1HZ <RUN 5DQGRP +RXVH

7KLV WH[W LV EDVHG RQ WKH IROORZLQJ ERRN 7KH +RPHULF
7UDQVODWLRQ E\ +XJK * (YHO\Q :KLWH :RUNV DQG 'D\V &DPEU
IRQGRQ :LOOLDP +HLQHPDQQ /WG

7KLV WH[W LV EDVHG RQ WKH IROORZLQJ ERRN +HURGRWXV ZL
UHIHUHQFHYV

7KLV WH[W LV EDVHG RQ WKH IROORZLQJ ERRN 30DWR 9,,, 7K
8QLYHUVLW\ 3UHVV /RQGRQ



W$HUZHWLP ODIIZD GLWRIHHGLDF$ DQG HDQWQG GILLDIW U

OHWDSK\VIDFV 3)RU DOO PHQ EHJLQ E\ ZRQGHULQJ W|
ZKHQ WKH FDXVH KDV QRW EHHQ LQYHVWLJDWHG DV
DQFLHQW *UHHN WH[W PRYLQJ E\ WKHPVHOYHV @

$ULVWRWOH E\ H[DPLQLQJ WKH FDXVH RI WKH PR)
VSHUP RU VHPHQ GLVWLQJXLVKHVY WKH LQWHUQDO
FRPSDUHV WKH DXWRPRWLYH OLYH VSHUP ZLWK D PHF
PROHFXOHV RI WKH VSHUP ZKHQ WKH\ DUH LGOH KDY
Rl ZKLFK WKH\ PRYH ,W LV SRVVLEOH IRU RQH VSH!
RWKHU LQ WKH VDPH zZD\ DV WKH DXWRPDWD PRYH L
EHLQJ SXVKHG SULPDU\ E\ DQ H[WHUQDO SRZHU
2Q WKH *HQHUDWL®@RRN $QLPBOV 3 > @ ,W LV SR
WKDW $ >VHPHQ@ VKRXOG PRYH % DQG % PRYH & W
VDPH DV ZLWK WKH DXWRPDWLF PDFKLQHV VKRZQ DV
PDFKLQHV ZKLOH DW UHVW KDYH D VRUW Rl SRWHQWL
HQHUJ\@ DQG ZKHQ DQ\ H[WHUQDO IRUFH SXWV WKH
WKH QH[W LV PRYHG LQ DFWXDOLW\ $V WKHQ LQ W
IRUFH PRYHV WKH SDUW LQ D FHUWDLQ VHQVH QRW E
KDYLQJ WRXFKHG RQH SUHYLRXVO\ °~ B5RVV YR(

,Q DGGLWLRQ $ULVWRWOH LQ RUGHU WR H[SODLQ
H[DPSOH WKH DXWRPDWLF SXSSHWV DQG JLYHV DQ DQ
WKDW DUH VLPLODU WR WKRVH RI WKH DQLPDOV

2Q WKH ORWLRQ RE$QLPDYKH PRYHPHQWV RI DQLPE

FRPSDUHG ZLWK WKRVH RI DXWRPDWLE SXSSHWV ZKL

WLQ\ PRYHPHQW WKH OHYHUV DUH UHOHDVHG DQG

DQRWKHU RU ZLWK WKH WR\ ZDJRQ )RU WKH FKLOG

IRUZDUG DQG WKHQ DJDLQ LW LV PRYHG LQ D FLUFO|

GLDPHWHU WKH VPDOOHU DFWV OLNH D FHQWUH RC

$QLPDOV KDYH SDUWV RI D VLPLODU NLQG WKHLU RU

ERQHV WKH ERQHV DUH OLNH WKH ZRRGHQ OHYHUV L

DUH OLNH WKH VWULQJV IRU ZKHQ WKHVH DUH WLJKW

LQ WKH DXWRPDWD DQG WKH WR\ ZDJRQ WKHUH LV QI

ZKHHOV EHFDPH VPDOOHU DQG JUHDWHU E\ WXUQV

PRYHPHQW VHW XS ,Q DQ DQLPDO WKH VDPH SDUW K



WHRAUHWWFDOF\EMEUHDF LW -HHODF$ DQ G FHQWUD O

DQG QRZ VPDOOHU DQG FKDQJLQJ LWV IRUP DV WKF
FRQWUDFW E\ FROG DQG FKDQJH WKHLU TXDOLW\ E

,Q DQ\ FDVH WKDW DQ XQNQRZQ V\VWHP KDV WR EH
HI[DPSOH RU PRGHO WKLV PRGHO KDV WR EH VLF
FRPSUHKHQVLEOH WKDQ WKH XQNQRZQ V\WWHP $OWK
RDHWDSK\VLFV $ULVWRWOH FRQVLGHUV WKH FDXVH
XQLQWHOOLJLEOH KH XVHV H[DFWO\ WKLV H[DPSOH R
WKH PRYHPHQWY RI DQLPDOV WKH PRYHPHQWYV RI OLY
LQ FRPSDULVRQ WR WKH PLUDFOH RI OLIH WKH DXWRH
XQGHUVWDQGDEOH 7KH\ DUH FUHDWHG HLWKHU DV L
WKDW H[SODLQ WKH OLIH LWVHOI

$QRWKHU VLJQLILFDQW UHIHYRIMAVEKRW B UK N WR WHOVH
DSSOLFDWLRQ RI DXWRPDWLF PDFKLQHV HLWKHU LQ W
+H FRQVLGHUV WKDW VXFK D WHFKQRORJLFDO UHYR(
UHYROXWLRQ ZKHUH WKHUH LV QR QHHG RI DVVLVWELC
DXWRPDWLF WRROV WKDW RSHUDWH RQ WKHLU RZQ

3ROLWL 3 LI HYHU\ WRRO FRXOG SHUIRUP LW

NHOHYRGHY DQ H[WHUQDO FRPPDQG RU E\ VHHLQJ

QSRDLRGDYRSHPRYLQWHUQDO SURJUDPPLQJ KDYL

LQWHUQDO IXQFWLRQ D SUHVHQWLPHQW OLNH WK

WULSRGV Rl +HSKDHVWXV ZKLFK WKH SRHW VD\V pHQ\

WKXV VKXWWOHV ZRYH DQG TXLOOV SOD\HG KDUS

PDVWHU FUDIWVPHQ ZRXOG KDYH QR QHHG RI DVVLVW

$ULVWRWOH GLYLGHV WRROV RU PDFKLQHV RU DXW
HIWHUQDO FRPPDREEDG WKRVH WKDW KDYH DW WKHL
SURJUDPRIFGRDLD2SMRE@E O\ E\ WKH VHFRQG FDWHJR
DXWRPDWLF PDFKLQHV WKDW DUH DOVR DEOH WR FRQ\

7KLY WH[W LV EDVHG RQ WKH IROORZLQJ ERRN $ULVWRWOH $L
5DFNKDP &DPEULGJH 0% +DUYDUG 8QLYHUVLW\ 3UHVV J/RQGRQ



W.HRUHWWHDODIIOP DF LWR -pHODFFDQG FHQIDRO

$V LW LV VKRZQ LQ FKDSWHU LQ FRQWHPSRUDU\ '
WKH RSHQ DQG WKH FORVHG ORRS V\VWHPV L H V\V
RI SDUW RI WKH RXWSXW WR WKH LQSXW

, QS XW
2SHQ ORRS V\VWHP BBBB

&ORVBRRS VI\VWHP ,QS)%Y\(,WHPA
I A

9

JHHGEDEN

) LIXH 2SHQ DQG &0ORVHG ORRS V\VWHPYV

7KH FORVHG ORRS V\VWHPV WKH V\VWHPV ZLWK IF
DXWRPDWLF FRQWURO 7KH\ PDNH WKHLU DSSHDUDRQF
+HOOHQLVWLF DJH ZKHQ WKH HQJLQHHUV DQG WKH D
FORVHG ORRS V\VWHP RI DXWRPDWLF FRQWURO LQ WK
7KH H[SORUDWLRQ RI WKH DUW RI PDNLQJ DXWRPDWD
ORRS V\VWHPV ZLOO EH SRVWSRQHG WR WKH QH[W FK
FORVHG ORRS RI IHHGEDFN RI FRQWUDGLFWLRQ KDV
WKRXJKW RI WKH SUHVRFUDWLF DQG FODVVLF SKLORVE

7KH 7TKHRUHWLFDO %DFNJURXQG RI WKH )HHGEDEFN

7KH VHOI PRWLRQ LV RQO\ WKH RQH VLGH RI WKH
ILQDOO\ WR FRQVWUXFW DXWRPDWLF PDFKLQHV  7K¥
PHFKDQLFDO GHYLFHV ZKLFK LV FORVHO\ UHODWHG W

3RUWHU $ SRLQWVY RXW WKDW D FRPPRQ Fl
VIVWHPV WKDW HPERG\ IHHGEDFN LV WKDW ZLWKRXV
ZRXOG EH PRUH XQFHUWDLQ LQ WKH VHQVH RI EHLQJ C
WR PLQLPLVH XQFHUWDLQW\ LV WKH IROORZLQJ 0DGC
XQFHUWDLQW\ RI KLV HQYLURQPHQW +H ZDQWV WR N



W LHRYHWLFFG DNEZDF$ W IHH DFC FYQG FWP IDRO

DQVZHUV E\ FDUU\LQJ RXW H[SHULPHQWY DQG KH XV*
GHFLVLRQV OHDG WR DFWLRQV DQG WKH HIIHFWV RI D
WXUQ SURYLGH LQIRUPDWLRQ FRQFHUQLQJ WKH VXFF
WKH LQYHUVH UHODWLRQ EHWZHHQ HIIHFW DQG FDXVI
KDUPRQ\ HTXLOLEULXP DQG VXFEHVV

7KHUHIRUH WKH DWWHPSWV Rl WKH ILUVW SKLOR\
KRZ RU ZK\ TXHVWLRQV RU LQ RWKHU ZRUGV WR |
HQYLURQPHQW DUH FORVHO\ UHODWHG WR WKH IHHGE
VWUXFWXULQJ NQRZOHGJH GHSHQGY RQ WKH DVVHPEC
,Q DGGLWLRQ WKLV SURFHVV RI WDNLQJ DGYDQWDJH
PDNH WKH ULJKW GHFLVLRQ ZKLFK LQ WXUQ OHDGV W
IHHGEDFN WKDW SURYLGHV LQIRUPDWLRQ LV D FLUFEX
VFKHPDWLFDOO\ LW ZLOO KDYH WKH IRUP RI WKH FLU
ORRS V\WWHPV L H WKH V\WVWHPV ZLWK IHHGEDFN
VLPLODULWLHY ZLWK WKH GLDOHFWLF WKRXJKW WKDW
SKLORVRSKHUV WR WKH &ODVVLFDO \HDUV ,Q WKH
PHWKRG RI 6RFUDWHYV ZH ZLOO VHH WKH PXWXDO Ut
HIIHFW D UHODWLRQVKLS WKDW PLJKW EH GHSLFWHG

7KH 3&\FOH" LQ WKH 'LDOHFWLF 7KRXJKW
,Q WKH HYROXWLRQ RI DQFLHQW *UHHN WKRXJKW W
VWUDLIJKW ORJLF LV WXUQHG RYHU H J WKH NQRZ
FRPELQLQJ WZR UHDVRQDEOH VWDWHPHQWY KH UHV
FLUFXODU VHOI UHIXWDWLRQ ORUH SUHFLVHO\ VWDW
WKH &UHWDQV DUH OLDUV" 7KHUHIRUH LI KH LV D &U
&UHWDQ DQG YLFH YHUVD (SLPHQLGHV IRUPV ZLWK

ORRS ZKLFK UHIXWHV FRQWLQXDOO\ LWVHOI
+HUDFOLWXV DIWHUZDUGY DV WKH IDWKHU RI1 'LI
FRQWUDGLFWLRQ E\ IRUPXODWLQJ SURSRVLWLRQV VX
FKDSWHU 7KH WKRXJKW WKDW FKDQJH LV F\FOLFD(
HIDPSOH KH LV UHIHUULQJ WR WKH FRQWLQXRXV F\FC(
DQG GRZQ DV EHIWRQJ WKHSBRO\WXV 5RU KH VWUHVVH
FRQWLQXRXV WUDQVIRUPDWLRQ RI ZRUOG SURFHVVHYV



14 $SHRUHWLFDODIIOUDDF$ WR -HHG$DF$ DQG HRQWQG

VHD DQG WKH VHD WKH HDUWK ZKLFK LQ WKHLU WXU!

OLYHV OLYHV E\ WKH GHVWUXFWLRQ RI VRPHWKLQJ H¢
)U 8)LUH OLYHV WKH GHDWK RI DLU DQG DLU RI ILUI
WKDW RI ZDWHU =~ *XWKULH

+H FUHDWHVY FRVPRORJLFDO F\FOHV ZKHUH FKDQJF
RSHUDWH DV SDUW RI D XQLW\ VR DV WR SURGXFH KD
DQG KDUPRQ\ RI FRQWUDU\ FRQFHSWV LV JLYHQ LQ W
ZDNLQJ DQG VOHHSLQJ \RXQJ DQG ROG DUH WKH RQ
WUDQVIRUPDWLRQ Rl WKH RQH LQWR WKH RWKHU
)U 3V 30XWDUFK &RQV TQGIRKOW LV LQ XV LV \
WKLQJ OLYLQJ DQG GHDG DZDNH DQG VOHHSLQJ DV
KDYLQJ FKDQJHG EHFRPHV WKH IRUPHU DQG WKLV C
ODWWHU 'DOLOEXU HW

7TKH QRWLRQ RI F\FOH LV DOVR DSSDUHQW LQ Wtk
GLDJQRVWLF PRGHOV DV LW LV VKRZQ LQ FKDSWHU
SUHYLRXV FDVHV DUH QHFHVVDU\ IRU WKH FUHDWLRQ
WKH\ HQG XS LV XVHG DV SURJQRVLV WR D QHZ FDVH
WR UHFRJQLVH DQG HYHQWXDOO\ IRUHWHOO GLIIHUHC

$ULVWRWOH DOVR IRUPXODWHY DQ LQWHUHVWLQJ )
SURSHUWLHYV RI D FORVHG ORRS V\VWHP

'XULQJ LQ KLV UHPDUNDEOH ZRUN RQ $ULVWR\
$ULVWRWOHYTV YLHZ RI XQLYHUVH $ULVWRWOH LQ K
XQLYHUVH LV OLPLWHG RU XQOLPLWHG ILQLWH RU L
$FFRUGLQJ WR KLP LI VRPHWKLQJ LV FKDUDFWHUL]JHG
EH VLPXOWDQHRXVO\ OLPLWHG DQG ILQLWH VR DV WR
H[LVW ZLWKLQ VRPHWKLQJ ILQLWH &RQFHUQLQJ D UH
WR EH GLYLGHG WR LQILQLW\ )RU H[DPSOH LQ WKH
HIWHQGLQJ WKH VHTXHQFH RI QXPEHUV WR LQILQLW\ L
DERXW WKH XQLYHUVH $ULVWRWOH HQGV XS WR WKH
RI RXU NQRZOHGJH DERXW LW L H LW LV WKH ZKRO
WKHRU\ WKH XQLYHUVH DSSHDUV DV D FORVHG ORRS



FRQQHFWHG LQWR D ZKROH 2QO\ XQGHU WKLV FRQVL
RU WLPH FHDVH WR EH PHDQLQJOHVV 2QO\ LQWR D F
FKDUDFWHUL]H VRPH RI WKH SURFHVVHV WKDW RFFEX!
FORVHG ORRS V\WVWHP FRPSOHWH SHUIHFW GHWHUF
WDNLQJ SODFH LQ LW DUH LQILQLWH

+RZHYHU 6RFUDWHV LV WKH RQH ZKR DSSOLHV P
GLDORJXHV DQG GHYHOR S LRIL\H RERD B B W MEK RE VW HW U |

7KH 6RFUDWLF ODLHXWLF OHWKRG

, I WKRVH ZKR KDYH IRUZDUGHG WKH DGYDQFH RI P!
WA\SHV RI WKRVH ZKR ZLWK WKHLU WKRXJKWV RU GL°
VXFK DV *DOLOHR RU 1HZWRQ DQG RI WKRVH ZKRVH
SHUVRQDO DQG PXVW EH PHW LQ WKHLU ZRUNV RU Z
W\SH

6RFUDWHYV % & LV WKH VRQ RI D ZRUNLQJ VF
WKH WHDFKHU RI SODWR OLYHV RQ DV D FKDUDFWHU
KDYH EHHQ LQ QDWXUDO VFLHQFH SK\VLFV DVWUR
 HQRSKRQ D GLVFLSOH RI 6RFUDWHYV

8> @ +H 6RFUDWHV GLG QRW HYHQ GLVFXVV WKDW

IDWXUH RI WKH 8QLYHUVHY DQG DYRLGHG VSHFXODW

SURIHVVRUV KRZ LW ZRUNV DQG RQ WKH ODZV WK

KHDYHQV " 6DUWRQ

%XW HYHQ LI KH KDG H[SUHVVHG DQ LQWHUHVW LQ \
WKLV ZRXOG KDYH KDSSHQHG GXULQJ KLV HDUO\ \HDU
RI KXPDQ OLIH +H ZULWHV QRWKLQJ KLPVHOI EHFEC
NQRZOHGJH LV QRW WKURXJK ERRNV RU OHFWXUHV
TXHVWLRQ DQG DQVZHU +H PDNHV D JUHDW FRQWULE

yHQRSKRQ OHPRUDELOLD , 7TUDQVODWLRQ E\ ( & ODUFKD



F6 sWKHRUHWLFDOD IOURD -L WRMHHGODG DQG FRQWURO

$ULVWRWOH GHVFULEHV DV WKH GLVFRYHU\ RI LQGXF\
GHILQLWLRQV
OHWDSKWLFV E $ > @ WZR WKLQJV PD\ EH IDLUO
LQGXFWLYH UHDVRQLQJ DQG XQLYHUVDO GHILQLWLR(
VWDUWLQJ SRLQW Ri VFLHQWLILF NQRZOHGJH OF.HR

%\ WKLY $ULVWRWOH PHDQV WKDW 6RFUDWHV LV V
JHW EHKLQG SDUWLFXODU H[DPSOHV RI HJ MXVWLF]
ZKDW MXVWLFH RU JRRGQHVV LV +H GRHV LW LQGXFV
DFWLRQV DQG WU\LQJ WR DVFHUWDLQ WKH HOHPHQW\
EHJLQV E\ VHDUFKLQJ IRU D JHQHUDO SULQFLSOH LW
ZKHWKHU LW ILWV WKH IDFWV RU QRW DQG UHWDLQV |

+HLGHO UHSRUWVY WKDW 0\WRQ RQH RI WKH 6
VKRXOG QRW LQYHVWLJDWH IDFWV E\ WKH OLJKW RI
IDFWV $FFRUGLQJ WR 'LRJHQHV /DHUWLXV B6RFUDWHV

'LRIJHQHV /DHUWLXV , FYLLL & 3O0OXWDUFK ORUDO

[[L[ *+H 6RFUDWHV KDG WKH VNLOO WR GUDZ KLV DL

6RFUDWHY KDV GHYRWHG KLV ZKROH OLIH WR WKH
HIWHQVLYHO\ DQG DV YLYLGO\ DV SRVVLEO\ LQ RWKF
GHVFULSWLRQ RI WKH 6RFUDWLF PHWKRG ©6RFUDWHVY
KDV LQ IURQW RI KLP ,Q WKH FDVH RI \RXQJ SHRSOH
WKH ULJKW MXGIJHPHQW ZKHUHDV LQ WKH FDVH RI WK
WKHP WR FKDQJH WKHLU PLQG ,Q ERWK FDVHV KH
GHWHUPLQHG pRXWSXWY ,Q WKH ZRUNV RI 3ODWR 6]
GLDORJXH LQ RUGHU WR VXFFHHG LQ KLV SXUSRVH €
WHUPV VSOLW GLYLVLRQ GLFKRWRP\ RQ WKH RQH KL

O/KH VFLHQWLILF LQYHVWLIDWLRQ ZKLFK OHDGV IURP WKH SDUYV

DQG H[SHULHQFH LV D PHWKRG WKDW LQ PRGHP WHUPV LV FD(

LQGXFWLYH UHDVRQLQJ PHWKRG ZH GLVFRYHU D SURSHUW\ RI D |

Dv PDQ\ WLPH DV IHDVLEOH 7KHQ LW PD\ KDSSHQ WKDW D GHILQ!

REVHUYDWLRQ DQG H[SHULPHQWDWLRQ 7KLV WHQGHQF\ LV WKH I
OHWDSK\VLFD 7UDQVODWHG E\ : ' 5RVYV



AW LHDUHWLHFGDIIOZDF$ WRIHHODF$ DQG FRQWQG

BRFUDWHV VSOLWYV KLPVHOI LQWR WZR 7KH RQH S
GLVEXVVLRQ LV JRLQJ WR HQG L H KH NQRZV LQ DGY
RWKHU SDUW WUDYHOV WKH HQWLUH GLDOHFWLF SDW|
KLV LQWHUORFXWRUV KDYH QR LGHD ZKHUH KH LV OHI
WKH\ KDYH WKH FKDQFH WR UHDOLVH WKDW KH FRQVV
$W WKH EHJLQQLQJ 6RFUDWHV DJUHHV ZLWK KLV SDU
DGPLW DOO WKH FRQVHTXHQFHV RI KLV SRVLWLRQ VR
SRVLWLRQ LV FRQWUDGLFWRU\ 7KURXJK WKLV SURFF
WKHUH LV WKH LQWHUORFXWRU DV KH ZDV EHIRUH W
RWKHU KDQG WKH LQWHUORFXWRU ZKR KDV LGHQWL
WKHLU FRQVWDQW PXWXDO DFFRUG

$FFRUGLQJ WR .LHUNHJDDUG 6RFUDWLF PH
PDVWHU GLVFLSOH UHODWLRQVKLS L H 32WR EH D Wt
VXFK D WKLQJ LV VR RU WR GHOLYHU D OHFWXUH DQ¢
WR EH D OHDUQHU ,QVWUXFWLRQ EHJLQV ZKHQ \RX
\RXUVHOI LQ KLV SODFH VR WKDW \RX PD\ XQGHUVWDQ
XQGHUVWDQGYV LW’ 6RFUDWHV EHLQJ H[DFWO\ WKLV
OHDUQ VRPHWKLQJ IURP KLV LOQWHUORFXWRU SUHWH:
KRZHYHU HYHQ WKRXJK 6RFUDWHY DSSHDUV WR LGHC
HQG RI WKH GLVFXVVLRQ WKH LQWHUORFXWRU LGHQW
KH KDV EHHQ 6RFUDWHY KLPVHOI

BRFUDWHYV DV LW LV REYLRXV LQ WKH 30DWRQLF Z|
XSRQ DQ\ VXEMHFW :H KDYH DOUHDG\ FLWHH®RD SD

D G DV D UHIHUHQFH WR WKH SKHQRPHQRQ RI LQ
FRQVWLWXWHYV DOVR DQ LQGLFDWLYH H[DPSOH RI WK
BRFUDWHY WULHV WR SURYH WKDW ZH GR QRW OHDUQ
RXU PLQG DV D PHPRU\ HYHQ LI ZH GR QRW NQRZ LW
UHFROOHFW LW VWHS E\ VWHS ,Q WKLV H[DPSOH 6RF
\RXQJ ER\ ZKR KDV QR NQRZOHGJH RQ JHRPHWU\ RU D
WKDW WKH ER\ NQRZV LV WKH *UHHN ODQJXDJH $V WK
ER\ LV DEOH WR DQVZHU WKH TXHVWLRQV DQG DV D U]

$W WKH EHJLQQLQJ RI WKH GLVFXVVLRQ 6RFUDWHYV
VLGHV DUH WZR IHHW ORQJ DQG ZDQWV WKH ER\ WR IL



4 W$HF ]JWLFFG DNELZFZ$ W IHHODFF FPG FHQWZG

WKH DUHD RI WKLV VTXDUH" WKH LIQRUDQW RI JHRF
DQVZHU 7KHUHIRUH KH DVNV 3LI LQ RQH GLUHFWLRQ
GLUHFWLRQ RI RQH IRRW WKH ZKROH ZRXOG EH RI W:
WKH ER\ NQRZV WKH DQVZHU DQG LQ WKH QH[W TXHVW
WKHUH DUH WZLFH WZR IHHW  WKH ER\ DOVR NQRZV
HVWLPDWH WKDW WZLFH WZR IHHW LV IRXU %\ VXFK
TXHVWLRQV 6RFUDWHY PDQDJHV WR SURYH KLV LQLW]|
NQRZOHGJH DQG WKH DFTXLVLWLRQ RI LW KDV WR GF
WHDFKLQJ RU WKH OHDUQLQJ RI LW
6XPPDULVLQJ LQ 6RFUDWLF PHWKRG WKDW VR PDV
KLPVHOI uWFRQWUROVY KLV LQWHUOREXWRU DQG HGUL)
HDFK WLPH KLV QH[W TXHVWLRQ E\ PHDQV RI WKH IRU
SHUVSHFWLYH ZH FRXOG UHODWH 6RFUDWHVY PHWKR
FRPSDULVRQ LV EDVHG RQ WKH IROORZLQJ UHDVRQV
f{ ,Q D FRQWURO V\WVWHP WKHUH LV D GHVLUHG RXWS
DFKLHYH 6LPLODUO\ LQ WKH 6RFUDWLF PHWKR(
SUH GHWHUPLQHG LQ 6RFUDWHVY PLQG IURP WKH EH
$f ,Q WKH VIQWKHVLV RI D FRQWURO V\VWHP WKH PD
3ZKDW LV WKH DSSURSULDWH LQSXW RU ZKDW NLQG
UHVXOW LQ WKH GHVLUHG RXWSXW" 6RFUDWHV KD
OHDG KLV LQWHUORFXWRU ZKHUH KH ZDQWYV
f $Q\ FORVHG ORRS FRQWURO V\WVWHP KDV D FRQWUF
SOD\V WKH UROH RI WKH FRQWUROOHU WKDW DW DQ
LQSXW DQG PDNHV WKH DSSURSULDWH FRUUHFWLRQ\
+f (YHQ WKH HQLJPDWLF GHFODUDWLRQ RI 6RFUDWHYV
QRW NQRZ DQ\WKLQJ" L H LW LV WUXH RQO\ WKLV
KLGHV WKH QRWLRQ RI F\FOH ZKLFK LV WKH PDLQ F
VA\VWHPV

6FKHPDWLFDOO\ ZH KDYH



92 WKHRUHWLFDODEURDFK WR-HHF $DF$ FRQG FRQWURO

'"HVLUHG
SHVXOW
6RFUDWHY ,QWHUORFXWRU

JLIXUH 7KH GLDOHFWLF 6RFUDWLF PHWKRG

7KH 7THUP RIP&\EHUQHWLFVY LQ $QFLHQW *UHHN €
7KH LGHD RI FRQWURO LV DW WKH URRW RI F\EHUC
HF\EHUQHWLEVY LV WKH ZRUG IRU WKH VWXG\ Rl FRQW
FRQWUROOHG HLWKHU EHFDXVH ZH FKRRVH WR GR VRP
RUGHU WR GR LW RU EHFDXVH IRU RXU VDIHW\ ZH PL
SXOOLQJ DZD\ IURP VRPHWKLQJ KRW ,Q WKH ZRUG RI
&\EHUQHWLFV 3ZH KDYH GHFLGHG WR FDOO WKH HQW
WKHRU\ ZKHWKHU LQ WKH PDFKLQH RU LQ WKH DQLPC
IRUP IURP WH6HBHBRNIZYVWHHUVPDQ ~ (YHQ WKRXJK LW
WKDW F\EHUQHWLEFV LV D UHFHQWO\ LQYHQWHG VXEMH
DJR
$QD[LPDQGHUYVY FRQFHSWLRQ RI WKH ZRUOG PD\ EH
FRQFHSW RI F\FHUWGHMWMEAXVERUOG LV D SXUSRVHIXO R
FKRRVHV $SHLURQ DV WKH IXQGDPHQWDO HOHPHQW |
HOHPHQWY LV WKH EHJLQQLQJ RI DOO WKLQJV EXW KD
LPPRUWDO DQG VXUURXQGVY DQG VWHHUV DOO WKLQJV
$ULVWRWQHRVE 30oXW WKHUH FDQQRW EH D VRX
OLPLWOHVV IRU WKDW ZRXOG EH D OLPLW IRU LW
XQFUHDWDEOH DQG LQGHVWUXFWLEOH EXW LW LV W
WKLQJV DQG WR HQFRPSDINVSYORYDWIGRWR B VWHHUWDDIC
UHFRJQLVH DORQJVLGH WKH LQILQLWH RWKHU FDXV]
WKH\ LGHQWLI\ LW ZLWK WKH 'LYLQH IRU LW LV uGHD\
VD\V ZLWK WKH PDMRULW\ ROONKH SK\VLFLVWV ~ :LOE



WHRUHWLFDODEURDG WD-HHODG DQG FRQWURO

‘H FRXOG DVVHUW WKDW LQ $QD[LPDQGHUYTV SXUS
HFRQWUROOLQJY PHFKDQLVP WKDW FUHDWHY VWHHL
,QILQLWH RU $SHLURQ

7KHUH LV D VLPLODUO\ UHIHUHQFH WKDW KDV DOL
SDVVDJHV RI $HWLXV DQG 6LPSOLFLXV ZKHUH WKH\
3DUPHQLGHV 7KLV PRGHO LV FRPSRVHG RI PL[HG ULC
SULPDU\ FDXVH RI PRYHPHQW DQG RI FRPLQJ LQWR EHLC
WKH JRGGH V VY WKHDSYMNOHH.U V

7KLV SULPDU\N ULQJ LV WKH pF\EHPHWLVWY L H LW
FRQWUROOHU RI WKH V\VWHP LQ PRGHP WHUPV

3ODWR LV WKH QH[W WR SRLQW RXW WKH FRQFHSV
MF\EHUQHWLFVY DV WKH DUW RI FRQWUROOLQJ D VKLS
ZRUGYV

*RUJLDVY' 3WKH DUW RI F\EHVYIQHSWVAMIYYSEOR WWORQO\ |

OLYHV EXW DOVR RXU ERGLHV DQG RXU JRRGV IURP H]

S5HSXEOLF 3® > @ WKH WUXH F\EHPHWQLNSVY PMVMORWN VK
JLYH KLV DWWHQWLRQ WR WKH WLPH RI WKH \HDU WK
DOO WKDW SHUWDLQV WR KLV DUW LI KH LV WR EH C
EHOLHYH WKDW WKHUH LV DQ\ DUW RU VFLHQFH RI VH

SODWR LQ KLV ZRUN RI 3KDHGUXV GHVFULEHV PLQC
SKDHGUX¥ 3WKHUH DELGHV WKH YHU\ EHLQJ ZLWK
FRQFHUQHG WKH FRORXUOHVV IRUPOHVV LQWDQJL
F\EHPBWAHBWBRB®WKH VRXO ~ -RZHWW YRO

6HFWLRQ 7KH ULQJV RI 3DUPHQLGHYV SDVVDJHV $HWLXV ,,
3K\VLFV DQG
7KLV WH[W LV EDVHG RQ WKH IROORZLQJ ERRNVY 3O0ODWR 30ODWR LQ
.50 /DPE &DPEULGJH 0$ +DUYDUG 8QLYHUVLW\ 3UHVV J/RQGRQ :LO
UHVSHFWLYHO\
7KLY WH[W LV EDVHG RQ WKH IROORZLQJ ERRNV 30ODWR 30ODWR LQ
3DXO 6KRUH\ &DPEULGJH 0$ +DUYDUG 8QLYHUVLW\ 3UHVV /RQGRQ :L



WHRUHWLFDODIILURDF L WR-HHG6DF$ DQ G HRQWP O

$ULVWRWOH LV DOVR RFFXSLHG ZLWK WKH H[DPSOF

GLVWLQJIJXLVKHYVY WKH SDUWLFXODU HOHPHQWYV RI FRQ\
SROLWLREY 3 > @ IRU WKH SDUWLFXODU DUWV LW Z|
WRROV WR EH IRUWKFRPLQJ LI WKHLU ZRUN LV WR EH
KRXVHKROG PXVW KDYH KLV WRROV DQG RI WRROV \
H[DPSOH IRU D KHOPVPDQ WKH UXGGHU LV D OLIHOH\
IRU DQ DVVLVWDQW LQ WKH DUWV EHORQJV WR WKH F
D WRRO IRU WKH SXUSRVH RI OLIH DQG SURSHUW\ J
VODYH LV D OLYH DUWLFOH RI SURSHUW\

7TKXV WKH FRQWURO RI WKH FRXUVH RI D VKLS LV
RQO\ RI OLYH EXW DOVR RI OLIHOHVV WRROV 7KH F\E
ZKR PDQLSXODWHYV WKH OLIHOHVV WRRO RI UXGGHU Z
DFWV DV WKH IHHGEDFN RI WKH V\VWHP WKDW ORFDO
ZLWK WKH GHVLUHG URXWH W LV VKRZQ LQ WKH IROC

$FFRUGLQJ WR 3RUWHU $ 3SIXQGDPHQWDO LQ
FDSDELOLW\ WR UHFRJQLVLQJ FKDQJH SHFRJQLWLRQ
DFFRPSDQLHG E\ D FDSDELOLW\ RI PHDVXULQJ WKH PD
RI  HHGLQJ EDFN WKLV LQIRUPDWLRQ WR D FRQWURO
WKH DSSURSULDWH FRUUHFWLQJ DFWLRQ ,Q RUGHU
PXVW FRQVLGHU D EDVLF TXHVWLRQ :KDW TXDQWLWLH

7KLY WH[W LV EDVHG RQ WKH IROORZLQJ ERRN V $ULVWRWOH $UL\
+ 5DFNKDP &DPEULGJH 0$ +DUYDUG 8QLYHUVLW\ 3UHVV /RQGRQ :LO!



7TKH IRXQGHU RI DFWXDO PHDVXUHPHQWYV LQ DVWL
REVHUYDWLRQ DQG WKH FROOHFWLRQ RI H[SHULPH
% & +LV DSSURDFK WR VFLHQFH LV HVVHQWLI
IURP DFFXUDWH REVHUYDWLRQV DQG WKHQ IRUPV K
+LSSDUFKXV IROORZV WKH PRYHPHQWYVY RI VXQ PRRQ
DQG GHGXFHG IURP KLV UHVXOWY LPSURYHG YDOXHYV
RI WKH HFOLSWLF DQG WKH HFFHQWULFLW\ RI WKH PR
RI WKH VXQ DQG WKH PRRQ IURP WKH HDUWK DUH YD
VSHFLI\LQJ D SRLQW RQ WKH HDUWKSfV VXUIDFH E\ OR
IRXQGHU RI HPSLULFDO VFLHQFH DQG WKH LQYHQWR
SUHFLVH PHDVXUHPHQWY DQG E\ XVLQJ WKH FUXGHVYV
WKRXVDQG VWDUV DFFRUGLQJ WR EULJKWQHVYV ORUF
FUHDWHYV FHOHVWLDO FKDUWYV WKDW SURYLGH WKH H
NHHSLQJ D FRXUVH SRUWHU $ UHJDUGV +LSSDU

&RQFOXVLRQ

7KH UHDOLVDWLRQ DQG FRQVWUXFWLRQ RI DXWRP
ZLWKRXW LQ WKH ILUVW SODFH WKH YLVXDOLVDWLR
S KRZ JRRG LW ZRXOG EH WR KDYH DXWRPDWLF PDFI
FRQFHSWXDO DQG WKHRUHWLFDO IUDPHZRUN FUHDW!
&ODVVLEDO SKLORVRSKHUV 7KH LQWURGXFWLRQ DC
HOHPHQWY E\ WKH 3UHVRFUDWLFV HQVXUH WKH QHFH\
WKH DELOLW\ Rl VHOI PRWLRQ WKDW FKDUDFWHULVHYV
WKH GHYHORSPHQW RI WKH FRQFHSWV RI FRQWUDGL
IRXQGDWLRQ IRU WKH VHFRQG SUHUHTXLVLWH RI DX
FRQWUROOLQJ DQG UHJXODWLQJ WKHLU RSHUDWLRQ
FRQWUROOLQJ D VKLS D FLW\ RU DQ DUP\ OD\V WKH |
$V IRU H[DPSOH WKH GHVLUHG URXWH RI D VKLS LV D
DV WKH UXGGHU WKDW UHJXODWHV WKH GLUHEFWLRQ
ORRNRXW PDQ ZKR PHDVXUHV DQG DVFHUWDLQV WKH
DFWLRQ



$HRYHWLFFGDINEPDF$ W -pHODF Y FP GW[P+-QUI

,Q DGGLWLRQ WKH WHFKQLTXH RI SUHFLVH PHDVXL
QRWLRQ RI DXWRPDWRQ WKH GLVWLQFWLRQ EHWZ!
SURJUDPPHG V\VWHPV WKH GHVFULSWLRQ RI D IXO
PHWKRG DQG HYHQ WKH 'HPRFUDWLF FRQVWLWXWLRC
FLWL]JHQV GHFLGH E\ WKHPVHOYHV DERXW WKH ODZV \
WKDW SDYH WKH zZD\ WR WKH IROORZLQJ DGYDQFHG
HVWDEOLVKPHQW RI WKH FRQWURO WKHRU\



A6 DQ$WPFWLHQ R IDX DPDOD DQG HRHI F QW ¢\$WHP a GKDILWHU

&KDSWHU
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a%P WPLFWLSY R IDXWRPDWD FPGH R$HGORRME [PIDRO¢WA\GWHP $
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,QWURGXFWLRQ

$V ZH KDYH DOUHDG\ VHHQ WKH KXPDQ YLVLRQ RI
ZRUN E\ WKHPVHOYHV LV H[SUHVVHG LQ WKH *UHHN Ol
+RPHU RQZDUG +RZHYHU RQO\ LQ WKH +HOOHQLVW
SUDFWLFDO IRUP ZKHQ WKH H[SHUWV LQ PDFKLQHU\
H[HEFXWH FRPSOH[ PRYHPHQWY RQ WKHLU RZQ )LUVYV
PDWKHPDWLFLDQ DQG HQJLQHHU ZKR VWXGLHG LQ $C
WR WKH DSSOLHG PHFKDQLFV DQG FRQVWUXFWV D S
VFUHZ WKH SODQHWDULXP WKH K\GUDXOLF FORFN |
7KXV KH RSHQV WKH ZD\ WR WKH $OH[DQGULDQ VFK
IDPRXV PHFEKDQLFV IORXULVKHG .WHVLELRV ZKR LV
IHHGEDFN GHYLFH WKDW LV WKH IORDW YDOYH LQ KL\
ZURWH D KDQGER RN FKIXG®IL FBROZBMEWDBNWHUPLQHG WKH
VWXG\ IRU WKH QHZ HQJLQHHUV DQG +HURQ RI $OH
WKH KLVWRU\ RI WHFKQRORJ\ QRW RQO\ EHFDXVH GL(
DFFRPSOLVKPHQWY EXW DOVR EHFDXVH KLV LQYHQWL
HUD

7KHVH HQJLQHHUV XQGHUWDNH WKH WDVN WR UHDO
DUH LQGHSHQGHQW IURP KXPDQ LQWHUIHUHQFH ,Q RL
WDNH DGYDQWDJH RI WKH DYDLODEOH HQHUJ\ VRXUFt
JDVHV WR GHYHORS WKH VFLHQFH RI 3QHXPDWLFV W
PRYHPHQWY DQG WR HVWDEOLVK WKH DW WKDW W]
$XWRPDLRIRHHWYLKH DUW RI PDNLQJ DXWRPDWD ,Q DG
FODVVLI\ WKH SUHYLRXV H[SHULHQFH RI WKH FRQVWU
NQRZOHGJH Rl WKH SUHFHGLQJ SKLORVRSKHUV DQG
LQGHSHQGHQW DQG DXWRPRELOH PDFKLQHV FRXOG
DQVZHULQJ WKLV TXHVWLRQ ZDV WKH SULQFLSOH RI I
IRFXV RXU LQWHUHVW RQ WKH SULPDU\ WHFKQLFDO L
+HOOHQLVWLF SHULRG



ARZ$EPF+P RIDXWRPDWD DQG GF$HG ¢tRRIW FRWKkZ OMX$WHP L

7KH &RQWHPSRUDU\ 1RWLRQV RI )HHGEDFN DQG &R

7KH &RQFHSW RI )HHGEDFN &RQWURO

JHHGEDFN FRQWURO LV WKH EDVLF PHEKDQLVP E\ Z
HOHFWULFDO RU ELRORJLFDO PDLQWDLQ WKHLU HTX
IRUPV WKH FRQGLWLRQV XQGHU ZKLFK OLIH FDQ FRQ\
WHPSHUDWXUH E\ D GHJUHH LV JHQHUDOO\ D VLJQ RI
PDLQWDLQHG WKURXJK PHFKDQLVPV HTXLSSHG ZLWK 1

IHZLV GHILQHV IHHGEDFN FRQWURO DV WKH X\
E\ FRPSDULQJ WKH DFWXDO YDOXHV RI VIVWHP YDULDE
FRQWUROOLQJ D V\VWHP

7KH SKDVHV Rl WKH GHYHORSPHQW RI PDQNLQG WK
DUH D WKH +HOOHQLVWLF SHULRG ZLWK WKH HQJL
SHYROXWLRQ LQ (XURSH ZKLFK zZDV PDUNHG E\ WKH
IXUQDFHV ERLOHUV DQG WKH VWHDP HQJLQH F WKF
FRPPXQLFDWLRQV DQG WKH )LUVW DQG 6HFRQG :RUO
Rl IHHGEDFN FRQWURO V\VWHPV EHFDPH D PDWWHU R
VSDFH DQG FRPSXWHU DJH /HZLV 'H ZLOO IRFX\
ZKHUH WKH QHHG IRU WKH DFFXUDWH GHWHUPLQDWL
DXWRPDWLF PDFKLQHV FRQVWLWXWH WKH SULPDU\ PR\

2SHQ DQG &ORVHG /RRS &RQWURO B6\WWHPYV

,Q DGGLWLRQ WR FKDSWHU ZH ZLOO FLWH KHUH D
FRQWURO V\WVWHPV DQG WKH UHOHYDQW EORFN GLDJL
RSHQ ORRWKHNVWMWHP WKDW FRPPXQLFDWHY ZLWK LW\
LWV HQYLURQPHQW D VWLPXODQW D TXHVWLRQ D ED
JLYHV D UHVXOW DQ DQVZHU WKH VR FDPORGHRBXWBK
VA\VWHPH VA\VWHP WKDW FRPPXQLFDWHY ZLWK WKH HQY
IURP WKH LQSXW WR WKH RXWSXW EXW DOVR E\ PHD
IURP WKH RXWSXW WR WKH LQSXW IURP WKH UHVXOW

,Q DGGLWLRGHRDHORRBOFRW WH ROVWMPA MPKDW LV DEO
LWV RXWSXW WR FRQWURO LW E\ PHDQV RI D FRQWUR
DXWRPDWLRQ 6LPORUHG\ORR SFERQIWVYRWMPVWKPW QR!



DXWRP DWD DQG F RYHGORRW" FRQLP LyXWWHP y

LW FRQWURO LWV RXWSXW E\ XVLQJ D FRQWUROOHU
UHJXODWH LWV LQSXW E\ PHDQV RI WKH IHHGEDFN SUL
RU G\QDPLF FRQWURO RI WKH V\VWHP 7KH EORFN GL
VI\VWHPV DUH VKRZQ LQ WKH IROORZLQJ ILJXUH

2SHQ ORRS FRQWURO V\VWHP

&ORVHG ORRS FRQWURO V\VWHP

&ERQWUROOHG 2XWSX\
3’3 9

JHHGEDFN

JLIXUH 2SHQ DQG FORVHG ORRS FRQWURO V\VW

7KH ILUVW FORVHG ORRS FRQWURO V\WWHP LQ WKH
DXWRPDWLF VWHDP HQJLQH W FDQ PDLQWDLQ W
FRQVWDQW GHVLUHG YDOXH E\ PHDQV RI D IHHGED
JRYHUQRU HYHQ WKRXJK WKHUH DUH FKDQJHV LQ OREL
E\ VHQVLQJ WKH DFWXDO VSHHG DQG DGMXVWLQJ \
DFFRUGLQJO\ 0D\U 7KH LQSXW RI WKH V\WVWHP L
RXWSXW LV WKH VSHHG RI URWDWLRQ RU WKH DQJXOD
WKH LQOHW YDOYH $ SDLU RI FHQWULIXJDO SHQGXC
FRPSRVHV WKH IHHGEDFN PHFKDQLVP 7KH IHHGEDF
UHIHUHQFH LQSXW DQG WKH UHVXOW LV H[SUHVVHG LQ

+RZHYHU WKH VWDJH IRU WKH PDFKLQH HUD KDV
LQJHQLRXV PHFKDQLF K\GUDXOLF RU SQHXPDWLF PD
.WHVLELRV 3KLORQ DQG +HURQ 7KH FOHSV\GUD IRU
FORFN PD\ EH VDLG WR KDYH EHHQ WKH ILUVW DXW
DSSOLFDWLRQ ZDV PDGH



RIDXWRPDWD DQG £¢RWHG ¢RFIW FD 8P O¢\EWHP $

7KH $OH[DQGULDQ (QJLQHHUV

7KH KLVWRULFDO HYROXWLRQ RI DQFLHQW *UHHN D
$OH[DQGULDQ HQJLQHHUV $ QXPEHU RI PHFKDQLFI
$OH[DQGULD IURP WKH QG FHQWXU\ % & RQZDUGV H\
KDG VKRZQ WKH PDQ\ XVHV RI ZDWHU WKH QDWXUDO
SULQFLSOHV

‘H ZLOO ILUVW FLWH VRPH JHQHUDO DQG PRVWO\ E
LPSRUWDQW HQJLQHHUV RI $OH[DQGULDQ HUD DQG DI\
DXWRPDWLRQ

.WHVLELRV
.WHVLELRV LV QRZ SODFHG ZLWKLQ WKH LQWHUYDC
WKH VRQ RI D EDUEHU DQG KDV FRQVWUXFWHG LQ KL
FRXOG EH UDLVHG RU ORZHUHG WR DQ\ KHLJKW UHTXL
W ZDV VXSSOLHG ZLWK D OXPS RI OHDG WKDW ZDV
FRXQWHUZHLJKW ZDV FRQFHDOHG LQ D SLSH DQG DV |
ZDV SURGXFLQJ D VTXHDNLQJ QRLVH ,W RFFXUUHG V
FRXOG EH EXLOW RQ WKLV EDVLV 7KXV WKH ZDWHU
GLIIHUHQW RUJDQ SLSHV QRW E\ PHDQV RI D IDOOLQ.
DVFULEHG WR .WHVLELRV
ILWUXXQBWFKLW,HFWXWHWDQVODWLRQ RI 0 + ORUJDQ
0ODVV 3> @ ZLVKLQJ WR KDQJ D PLUURU LQ KL
RQ EHLQJ ORZHUHG DQG UDLVHG DJDLQ LWV ZHLJK!
FRQFHDOHG FRUG KH HPSOR\HG WKH IROORZLQJ PH
URRI EHDP KH IL[HG D ZRRGHQ FKDQQHO LQ ZKLFK KH
FDUULHG WKH FRUG DORQJ WKH FKDQQHO WR WKH FR
,QWR WKLV D OHDGHQ EDOO DWWDFKHG WR WKH FRU
LQWR WKH QDUURZ OLPLWV RI WKH SLSH LW QDWXUD
IDOO ZDV UDSLG LW IRUFHG WKH PDVV RI FRPSUHVVH(
WKXV SURGXFLQJ D GLVWLQFW VRXQG E\ WKH FRQFXV
VRXQGV DQG WRQHV ZHUH SURGXFHG E\ WKH FRQWDF
ZDV IRUFHG IURP WKH SLSH PDGH XVH RI WKLV SULQ
ZDWHU RUJD®W D@&RKHQ



FX8RPDWD DQG F F HG FDE FFQIDRO¢X$WHP $

+H LV DOVR FUHGLWHG ZLWK KDYLQJ LQYHQWHG V
FDWDSXOW +RZHYHU WKH PRVW SURPLQHQW LQYHQW
DFFRUGLQj WR 'LHOVY LQWHUSUHWDWLRQ LV WKH HI
VHH DQ DQDO\WLFDO GHVFULSWLRQ RI LW LQ WKH IRO(

3KLORQ RI %\]DQWLXP
W LV QRZ JHQHUDOO\ DFFHSWHG WKDW 3KLORQ RI
LQWHUYDO RI D VLQJOH JHQHUDWLRQ L H KH OLYH
W LV QRW NQRZQ ZKHUH KH V S4HD/R KRE/HGKDL B W YQRHK LD
EHHQ LQ WRXFK ZLWK SHUVRQV ZKR KDG NQRZQ .W
UHVHDUFKHUV VXFK DV 8VKHU FRQVLGHU KLP D\
ZLWK EHLQJ WKH DXWKRU RI WKH PRVW LPSRUWDQW W
WKH VR FDMOMG.UM =OM/RKDMQUFDO 6\QWD[LVY L H D
PHFKDQLFDO VFLHQFHV 7KLV PDQXDO FRBQM)DRLOMIGFQ L
WKH RQO\ WKDW KDV VXUYLYHG YLD WKH $UDELF D¢
3QHXPDWLFV 3KLORQ LQFOXGHV VRPH RI WKH PRVW
VIVWHPV VXFK DV VLSKRQV LQWULJXLQJ FORVHG ORI
OHYHOV SQHXPDWLF PHFKDQLVPV RI VLQJLQJ ELUGYV
DQDO\WLFDO GHVFULSWLRQ RI WKH WLWOHV RI 3KLOF
+HOOHQLVWLF FRQFHSWLRQ RI PRGHP VFLHQFH EXW D
$OH[DQGULD ZLOO EH JLYHQ LQ VHFWLRQ WKDW FF
WKH 8QLYHUVLW\ RI $OH[DQGULD

'LHOV +HIPWIONH 7HBKHGAINWLRQ /HLS]LJ
/ILWHUDWXUH RQ 3KLORQHWLELRVDBKEPDRRSD@GDIHQRQ . 2ULC
2 1HXJHEDXHU $ *3KLDRKPIRQ@DXPDMD 5HDOHQF\FORSIGLH
3KLORORSRUHNIN DQG *HUPDQ WUDQV + $EKDYPGDQA®JHQE EHK
SUHXVVLVFKHQ GHU :LYNH@QWKEKMW.@®VVH 1U %HUOLQ
3KLGR®XPDWUPELF YHUVLRQ /H OLYUH GHV DSSDUHLOV S
K\GUDXOLTXHV $UDELF DQG JUHQFK WUDQV Z@WXM®DWLBED X[/DWM
YHUVLRQ /LEHU 3KLORQLV GH LQJHQLLV VSLULWXDOLEXV /DWLQ



-DXWRP DWD DQG GRWHG ¢tRXW FRQWUROWXWWHP $

+HURQ RI $OH[DQGULD

+HURQ RI $OH[DQGULD UHPDLQVY D TXHVWLRQDEOH I
WKH VW FHQWXU\ % & RU LQ WKH VW FHQWXU\ &' +
WHFKQLFDO LVVXHV ZKRVH ZRUN ZDV VDYHG DOPRVW
WKH\ ZHUH LQVSLUHG E\ D QR XWLOLWDULDQ GHOLJK
IRUFH WKDW KDV DIITHFWHG QRW RQO\ WHFKQRORJ\ EX
VKRUW RXU FXOWXUH DW ODUJH 7TKH VWUXFWXUH
OHFKDQLFDO R\ @QWIDDIRQ +RZHYHU LW LV PRUH LQWH.
VWXGLHY DQG WHFKQLFDO LQQRYDWLRQ RQ WKH IROO

OHWULFDDQG,,ZKLFK JLYHV PHWKRGV RI PHDVXUHPH(

%RRN , +HURQ GHDOV ZLWK DUHDV RI WULDQJOHYV

EHWZHHQ DQG VLGHV VXUIDFHV RI FRQHV F\OLC

VR RQ ,Q %RRN ,, +HURQ FRQVLGHUV WKH PHDVXL
GLPHQVLRQDO ILIXUHV VXFK DV VSKHUHV F\OLQGH
DQG LQ %RRN ,,, KH GHDOV ZLWK GLYLGLQJ DUHD
UDWLR

*HRPHWWHPY WR EH D GLIIHUHQW YH UOML\R QER D W& H
HQWLUHO\ RQ H[DPSOHV
6WHUHRPHWYXEMHY WKUHH GLPHQVLRQDO REMHEWYV
Rl WKH VHFR QG OFHKMDERBBH &R DWIXIHQ RQ H[DPSOHYV

2Q WKH 'L/RBIWRUD GHDOV ZLWK WKHRGROLWHY DQG V
RQ DVWURQRP\ JLYLQJ D PHWKRG WR ILQG WKH GLV
7KLV PHWKRG LV EDVHG RQ WKH GLIIHUHQFHV EHWZ
WKH PRRQ LV REVHUYHG DW HDFK FLW\
&DWRSWHWDOEY ZLWK PLUURUV UHIOHFWRUV DQG HOI
OHFKDQLFMWKUHH ERRNV ZULWWHQ IRU DUFKLWHFEWYV
WKUHH GLPHQVLRQDO VKDSHV LQ D JLYHQ SURSRUMW
WKH WKHRU\ RI PRWLRQ FHUWDLQ SUREOHPV RI 6W
%RRN ,, +HURQ GLVFXVVHV OLIWLQJ KHDY\ REMHFW
VFUHZ 7KHUH LV D GLVFEXVVLRQ RQ FHQWUHV RI
H[DPLQHV PHWKRGV RI WUDQVSRUWLQJ REMHFWYV E
FUDQHV DQG ORRNV DW ZLQH SUHVVHYV



8AUSQOUXH IMQW R | O]IRP MD DQ G H R$HG ¢RRIW WAM QOZO!8\LWHP !

%HORSRIHMFAULEHY KRZ WR FRQVWUXFW HQJLQHV R
PDQXVFULSW GUDZLQJV ,W KDV VRPH VLPLODULW
3KLORQ

7KH 3QHXPAOWWRERS$ER@BIWW XGLHY PHFKDQLFDO GHYLF
VWHDP RU ZDWHU SUHVVXUH 7KHVH ERRNV ZLWK
FRQWDLQ GHVFULSWLRQV RI RYHU PHFKDQLVPV
VRPH Rl WKHP LQ PRUH GHWDLO
$XWRPDWRGSRVHEWLEHY WKH DUW RI FRQVWUXFWLQJ
VWULQJV GUXPV DQG ZHLJKWV ZLWK

6RPH Rl KLV UHPDUNDEOH FRQWULYDQFHV LQFOXGF
FRJV VFUHZV VFUHZ WKUHDGV F\OLQGHUV SLVWRQ
PHFKDQLVPV ZLWK SUHFLVHO\ ZRUNHG WXEHV DQG 10
MXJV IURP ZKHUH ZLQH RU ZDWHU FRXOG EH SRXUHG |
ZDWHU IORZHG IRXQWDLQV PHFKDQLFDO ELUGV WKI
VRXQGHG RQ WKH RSHQLQJ RI D GRRU3@HX® VR ERK OR
LV WKH ROGHVW *UHHN ZULWLQJ WKDW KDV EHHQ VD
VIVWHPDWLFDOO\ WKH SUHYLRXV DV ZHOO DV WKH FF
LOQWR PRWLRQ E\ FRPSUHVVHG DLU VWHDP RU ZDWH
PHFKDQLVPV WR UHSURGXFH WKH VRXQGV RI OLYLQJ V
SXEOLF DUHDV DQG WKH DHVWKHWLF SOHDVXUH RI \
DVWRQLVKLQJ WKLQJV LQ WRWDO +HURQ LQFOXG
+HURQYTV DXWRPDWD LV JLYHQ LQ DSSHQGL]
f 7KH DXWRPDWLF OLEDWLRQV DW DQ DOWDU SURGXTF
f 7KH KRW DLU DSSDUDWXV WKDW RSHQHG DQG VKX\
PRPHQW RQ WKH OLJKWLQJ DQG H[WLQJXLVKLQJ RI
f $ SXEOLF DXWRPDWLF IRXQWDLQ ZKHUH ELUGV D
PHDQV RI K\GUDXOLF VLSKRQV PHFKDQLFDO V\VW
SQHXPDWLF PHWKRGV IRU WKH SURGXFWLRQ RI VRX(
f 7KH K\GUDXOLF RU ZD W G LRDUXIMOL OVKH WR WIK®G OZ-D3A
.WHVLELRV ZKLFK KDG DQ DXWRPDWLF PDQXDO RU :



ADQ WQLFWLRQ RI DXWRPDWD DQG HOHG ¢RRIW PWZOLX$WHP

f 7KH DXWRPDWLF ILUH HQJLQH WKDW ZRUNHG OL
FRPEXVWLRQ HQJLQHV $

f $ SULPLWLYH WXUELQH GULYHQ E\ D VWHDP MHW
$HRORSLOH %

f $Q DXWRPDWLF FRLQ RSHUDWHG +RO\ :DWHU GLVSt

2Q WKH RWKHU KDQGXWRPWWR SARUMQRBHVFULEHYV T
PHFKDQLFDO V\WWHPV FDSDEOH RI SHUIRUPLQJ SURJU
LW LV WKH IRUP DQG WKH DUW RI FRQVWPFWLRQ RI T
PRELOH DQG VW DWDRQPRD VORSBYHIMBYHL. YHG FRPSOHW

PDQXVFULSWVY D IDFW WKDW LQGLFDWHY WKH JUHL
ZRUN ,W ZDV VDYHG GXULQJ WKH 5RPDQ DQG %\]|DQW
(XURSHDQ HQJLQHHUV RI WKH OLGGOH $JHV ,W KDV
JUHQFK DQG *HUPDQ DQG KDV EHFRPH WKH EDVLV IF
WKHDWUHV

,Q WKHVH WKHDWUHYV ZKLFK ZHUH ZRUNV RI DUW D
ILJXUHV PDGH PXVLF GDQFHG DQG DFWHG SLHFHV W
VHD UDJHG DQG VKLSV ZHUH VKDWWHUHG RQ WKH UR
KDG WKH IRUP RI WHPSOHV ZLWK ILIXUHV RQ WKHP V>
DQG %DFFKDQWHY WKDW FRXOG GDQFH WR WKH VRXQ
DOWDUV ZKHUH ILUHV JODUHG IORZHUV FURZQHG W
UHJXODU LQWHUYDOV $00 WKHVH KDSSHQHG DXWRPD
ZKLFK FRUUHVSRQGHG WR WKH UHOHYDQW P\WK DQG
UHWXUQHG WR LWXWRPLWLDO SRVLWLRQ



RDXWRP DWD DP F DWHG¢ZIW FDQIUZ O¢ £ CWHXWL 6|X|WW|—6

2Q WKH RWKHU KDQG WKH VWDWLRQDU\ DXWRPDWD
PRGHP WHOHYLVLRQ 2Q D VPDOO SLOODU D WKHDWU
FDSDEOH RI RSHQLQJ DQG FORVLQJ E\ WKHLU RZQ DQ
XQWLO WKH SHUIRUPDQFH LV RYHU $QG WKHVH ILJXUI
UHTXLUHV VR RU DSSHDULQJ DQG GLVDSSHDULQJ IUF
PRYLQJ LQ IOHHW RUGHU GROSKLQV WR EH VZLPPLQJ
PD\ EH K$OPWRBP W LV ZRUWK QRWLFLQJ WKH IDFW WK
WKH P\WK LV DOVR VKRZQ E\ WKH WKHPH WKH VWDWLF
XVXDOO\ WDNHQ E\ WKH DQFLHQW *UHHN P\WKRORJ\ V3
ZKR UHWXUQ IURP WKH 7URMDQ :DU WKH 'LRQ\VLDQ FH
'LRQ\VXV WKH ILIJXUH Rl +HUFXOHV VKRRWLQJ DUURZV



DXWRP DWD DQGF RLHG HDQWUXO¢ ¢ ¢ WHP ! A 6IX\EWHU

+HURQ DIWHU GHVFULELQJ WKH IRUP WKH JHRPHWU
WKHDWUHY H[SODLQV DQDO\WWLFDOO\ WKH FRQVWUXFW
WR IDFH WZR IXQFWLRQDO SUREOHPV D WKH PRWLYH
WKH PRYHPHQWY [/HW XV H[DPLQH WKH VROXWLRQ RI W

([DPSOHV RI 2SHQ /RRS &RQWURO 6\VWHPV

7KH ORWLYH OHFKDQLVP LQ WKH ORELOH $XWRPDW
+HURQ LSXVWRFDWRSRIVHWLEHY WKH PRWLYH PHFKDC
DXWRPDWRQ +H WDNHV DGYDQWDJH RI WKH G\QDPLF
SURYRNHV DOO WKH FRPSOLFDWHG PRYHPHQWYV RI DX\
PRWLYH ZHLJKW $ URSH FRQQHFWV WKH ZHLJKW ZLW
FRQQHFWHG ZLWK WKH ZKHHOV RU WKH RWKHU PRWLYH
ORUH SUHFLVHO\ WKHUH LV D ER[ FRQWDLQLQJ WZR
ILOOHG ZLWK VDQG RU VRPHWKLQJ RI WKH VDPH VRUW
FRQQHFWHG WR WKH ZKHHO D[OH E\ D URSH UXQQLQJ F
FRPSDUWPHQWY WKHUH LV D GLYLEXWRFZDO OKZQWKKHE
DSHUWXUH LV RSHQHG WKH VDQG LV SRXULQJ JUDGHX
ZHLJKW VLQNV DQG SXOOV WKH URSH VR WKDW WKH 2z
PRYLQJ

JLIXUH +LH PRWLYH PHFKDQLVP RI PRELOH DXWRPDWR



DXWRPDWD DQG F Q HG¢FZE FRQWURO¢XGWHQWL

.l WKH WKHDWUH LV WR PRYH IRUZDUG DQG WKHQ UF
ILUVW LQ RQH DQG WKHQ LQ WKH RWKHU GLUHFWLRQ
VWDJH WKH URSH KDV WR EH ORRVH 7KH OHQJWK RI
ZLOO VWD\ XQPRYHG 7KLV LV WKH PRWLYH PHFKDQLV]
WKDW LV DQ RSHQ ORRS FRQWURO V\VWHP

%\ XVLQJ WKH G\QDPLF HQHUJ\ Rl WKH OHDGHQ ZHL
UHTXLUHG LQWHUQDO PRWLYH SRZHU WKH DXWRPDW
SURJUDPPLQJ RI WKH PRYHPHQWY DV ZHOO DV WKHLI
GLIIHUHQW NLQGV RI WKUHDG ZL$XGLRRFYV DKRXIQG WK R Q
D FORFNZLVH ZLQGLQJ WKH RWKHU D FRXQWHU FOREN:
WKDW FDXVH IRUZDUG PRYHPHQW EDFNZDUG PRYHPHC
WKLV ZD\ +HURQ FUHDWHV D WULQLWDULDQ SURJUDP
WKUHH FRQGLWLRQV FRXOG FRUUHVSRQG WR DQG

JLIXUH 7KH SURJUDPPLQJ RI WKH PRYHPHQWY RI WKH PRELO

7TKHUHIRUH WKH DXWRPDWRQ LV SODFHG LQ LWV
LOWHUIHUHQFH LW PRYHV WR DQRWKHU SRVLWLRQ HLW
RQO\ RQH RI WKH SURJUDPPHG PRYHPHQWY WKDW WDN
SHUIRUPDQFH LV VWDJHG E\ WKUHH GLPHQVLRQDO PR
HTXLSPHQWY VXFK DV WKH DOWDU RU WKH WHPSOH
WKHUH FDQ EH D QXPEHU RI YDULDWLRQV EXW WKH RX
'LRQ\VXV VWDQGV EHIRUH DQ DOWDU ZLWK D FXS
FLUFOH RI %DFFKDQWHYVY VWDQGV DURXQG WKH WHPSO



AP $IDXFWLPLR IDXWRPDWD DQG F RGHGLRRME [PWZG

7KHUH LV D VRXQG RI GUXPV DQG F\PEDOV DQG DW RC
ILUH OLJKWV RQ WKH DOWDU PLON RU ZDWHU JXVKH\
IURP KLV FXS WKH DUHD DURXQG WKH IRXU SLOODUYV
%DFFKDQWHY GDQFH LQ D FLUFOH DURXG&EWRPH WHP:
+HURQ H[SODLQV DQDO\WLFDOO\ HYHU\ VLQJOH PHFK
OLJKWLQJ RI ILUHV IRU WKH VI\QFKURQLVHG IORZ RI P
IRU WKH SURGXFWLRQ RI VRXQGVY DQG IRU WKH FURZ
PHFKDQLVPV DUH SDUWLFXODU RSHQ ORRS FRQWURO
FRQVWUXFWLRQ ZLWK D PD]JH RI SLSHV FRUGV RU S
W\SHV VXFK DV VLSKRQV PHFKDQLFDO VZLWFKHV DQ
FROXPQV DQG LQ KLGGHQ WRS DQG ERWWRP FRPSDUW

JRUHUXQQHUV RI WKHVH FRPSOLFDWHG RSHQ ORR
PDQXDOO\ RSHUDWHG K\GUDXOLF V\VWHPV QDPHG uFO
ORRS FRQWURO V\VWHPV

7KH &OHSV\GUD

7KH VWXG\ RI G\QDPLFDO V\VWHPV RI VI\VWHPV WK
FKDQJH OHG WR WKH QHHG RI PHDVXULQJ WLPH 7t
FRQVWLWXWHG D SDWWHUQ IRU WLPH PHDVXUHPHQW
VXQ $ PRGHO RI WKLV PRWLRQ ZDV WKH PRWLRQ R
\YFEMXRYB® RQ D VODE RU D VSKHULFDO VXUIDFH 7K
LQ HTXDO LQWHUYDOV EHWZHHQ WKH VXQULVH DQG
7KH VHFRQG G\QDPLFDO SKHQRPHQRQ SDWWHUQ IRU !
ZDWHU DQG OHG WR WKH FRQVWUXFWLRQ RI K\GUDXO
ZDWHU FORENV ZDV WKH FOHSV\GUD WR ZKLEFK (PSHG
ZDV IROORZHG E\ ZDWHU FORENV RI WKH W\SH RI FOH
ODUNHW RI $WKHQV DQG WKH $PSKLDUDHLRQ RI $WWLF
D VSRXW D SRLQWHU DQG D WDEOH RQ ZKLFK WKH
GLVDGYDQWDJH RI WKHVH ZDWHU FORFNV ZDV WKH ¢
QRQ OLQHDU UHODWLRQ Rl ZDWHU RXWIORZ DQG ZDWH¢
ZHUH FRQVWUXFWHG E\ WKH $OH[DQGULDQ HQJLQHHL
+HURQ KDG DW WKHLU GLVSRVDO D PHFKDQLVP IRU L
VHEXUHG WKH XQLIRUP PRWLRQ RI WKH SRLQWHU DQG



DXWRP DWD

RQ WKH WDEOH DV ZH ZLOO VHH EHORZ <HDUV ODW
UHSODFHG E\ PHFKDQLFDO RQHYV

5HJDUGLQJ FOHSV\GUD LW LV D KROORZ YHVVHO V
VXFK DV &' WKDW LV RSHQ DW WKH XSSHU H[WUHPLW
QXPHURXVY VPDOO KROHYV , VRPHRQH SOXQJHV WKH
WKURXJK WKH KROHV DQG LI DIWHUZDUGYV SOXJV WKH
WDNH DQ DPRXQW RI ZDWHU ZLWKRXW EHLQJ QRWLFHG

7KH *UHHN ZRUG |FOW\FOMPBIFWIWHY VRPHWKLQJ WK
WFE LY6ARSW LV DQ RSHQ ORRS V\VWHP ZKHUH WKH FRQ
PHDQV RI WKH WKXPE +RZHYHU WKH PDLQ XVH RI FO
HLWKHU IRU GRPHVWLF RU IRU SXEOLF XVH LQ WKH FI
DWWHPSW WR PHDVXUH WKH GXUDWLRQ RI VSHHFKHV
SULVWRWSWKHQLDQ &RQVWEWX& DR®U FDVHV DUH WD
WKH FDWHJRULHV GHILQHG LQ WKH ODZ DQG WKH OL\
WKH SRLQW DW LVVXH 'DWHU FORFNV DUH SURYLGH
WKH ZDWHU LV SRXUHG E\ ZKLFK WKH OHQJWK RI WKH
FKRVHQ E\ ORW WR VXSHULQWHQG WKH ZDWHU FORF]!
ZKHQHYHU WKH FOHUN LV DERXW WR UHDG D UHVROXW.

&OHSV\GUD FRQFHUQV WKHUHIRUH DQ RSHQ ORRS F
ZDWHU I10RZ LV WKH RIILFLDO ZKR SODFHV KLV KDQG
UHTXLUHG $QRWKHU XVH RI FOHSV\GUD zZDV WKH DJl

TKEWKHQLDQ &EQ $WLVYWXRWEeR WUDQVODWHG E\ 6LU )UHGHULF *
KWWS FODVVLFV PLW HGX $ULVWRWOH DWKHQLDQ FRQVW KWPO



DXWRPDWD DQGGDWHGGHIW FRQWURO¢XWWHPW

WH RI ILHOGYV 30LQ\ WKH (OGHU 1DWXBDO HQYWRRNZR
;9,,, ZKLFK LV RQ DJULFXOWXUH DQG DJULFXOWXUD!
FOHSV\GUD

IDVW EXW QRW OHDVW FRPHV WKH PLOLWDU\ XVH F
WKH ZDWFKHV IRU VROGLHUV RQ JXDUG $HQHDV 7DFW
JHQHUDO DQG PLOLWDU\ ZULWHU ZKR VWXGLHV WKH S
JLYHV D GHVFULSWLRQ RI PLOLWDU\ QLJKWO\ FOHSV\G
VSOLW LQWR IRXU ZDWFKHV YLJLOV WKUHH KRXUV H
KRXUV OLPLWHG GLITHUHQWO\ WKURXJKRXW WKH \HDU
VR DV WR IROORZ WKH FKDQJLQJ GXUDWLRQ RI KRXUV
EHHQ FRQVWUXFWHG LQ LWV ELJJHVW VL]H VR DV WR F
,WV DGDSWDWLRQ WR WKH FKDQJLQJ GXUDWLRQ RI QL
RQH OLQHG WKH LQQHU VXUIDFH RI WKH FOHSV\GUD ZL\

+RZHYHU WKH FOHSV\GUD DV D FRQWULYDQFH RI
SHUVSHFWLYH WZR ZHDN SRLQWY D WKH FRQWUROOF
IORZ RI ZDWHU ZDV QRW XQLIRUP VLQFH LW ZDV GHSH
FOHSV\GUD 7KH GLVFRYHU\ WKDW WKH RXWIORZ RI L
VTXDUH URRW RI WKH KHLJKW RI WKH OLTXLG DERYH \
7TKHUH DUH WKRXJK SDVVDJHV LQ DQFLHQW ELEOLRJIL
$OH[DQGULDQ HQJLQHHUYV ZHUH DZDUH RI WKH SULQFL
KROH SLHUFHG LQ WKH ERWWRP RI D YHVVHO GHSHQG
L H WKH\ NQHZ WKDW LW LV JUHDWHU DW LWV FRPP}
YHVVHO DUH UHGXFHG $V D UHVXOW WKH\ LQWURGX]|
IRU VHFXULQJ D XQLIRUP I10RZ IRU UHJXODWLQJ DQ
FRQVHTXHQWO\ WKH OLTXLG IORZ 7KH VLSKRQ FRQV
VI\VWHP DQG ZLOO EH H[DPLQHG LQ WKH IROORZLQJ VHF'

/IDWLQ WH[W RI WKH ZRDW RU B O QRRNRID(QOGHU 6HH /2(% /,%5$5<
KWWS WW:7\ XNDQV HGX KLVWRUY LQGH[ HXURSH DQFLHQW URPH

'LHOV 5 S QRWH

7KH DQFLHQW WLPH ZDV QRW GLYLGHG IURP PLGGD\ WR PLGGD\ |
GLYLGHG IURP VXQULVH WR VXQVHW LQWR KRXUV DQG WKH QLJ
WKLV ZD\ WKH KRXUV ZHUH ORQJ GXULQJ VXPPHU ZKLOH WKH ZDW
'"UDFKPDQQ

+XPSKWW\DW SS



IGRUOUXFWW P RIDXWRPDWD DQG FORYHG ORRS FRQWURO ¢XWWHUQ$

([DPSOHV RI &0RVHG /RRS &RQWURO 6\VWHPYV

7KH +\GUDXOLF 6LSKRQ

'XULQJ WKH +HOOHQLVWLF SHULRG YDULRXV SKHQ!
ZHUH SHUFHLYHG DQG NQRZQ LQ D SUDFWLFDO zZD\ D
VXFWLRQ SXPS KDG EHHQ GHYLVHG 7KH WUHDWLVH\
+HURQ UHSUHVHQW GHYLVHV VXFK DV DOWDU ILJXUH\
D FRQVWDQW OHYHO DQG VLQJLQJ ELUGV EDVHG XSR
SQHXPDWLF LQVWUXPHQWY DSSHDUV LQ HYHU\ SRVVL
EHQW VLSKRQ WKH HQFORVHG VLSKRQ DQG WKH VWU

7KH VLSKRQ DQG HVSHFLDOO\ WKH VWUDLJKW VLSKI
FRQWUROWXK RIKWKHH®HDXLG LQWR D YHVVHO VR R/ QRYV
WKDW LV HTXDO WR WKH KHLJKW TRKBPAK HD W IDS KR § X O'\W H
LQFUHDVH RKRNKMWKBHAMHOHU LQWR WKH YHVVHO I WK
WKH KKRRIKMKH VLSKRQ WKH OHJ RI WKH VLSKRQ ILOO!

UDSLGO\ ZUOWIKRD IORZ

TR
I 6LSKRQ 9HVVHO
5
K &RQWUROOHUB\VWHP
JLIXUH %ORFN GLDJUDP RI D YHV\

7KH VLSKRQ FRQVWLWXWHYV KHUH WKH FRQWUROOH
V\VWHP UHJXODWHV WKH ZDWHU OHYHO DQG ILQGV LW

7KH $ODUP &0ORFN RI 30ODWR
7KH K\GUDXOLF FORFNV RI WKH DQFLHQW *UHHNYV ZlI
WR KDYH PDGH ILUVW D QLJKW ZDWHU FORFN XVHG DV
SWKHQDPKDORVRSKHUV DW 'LQQHU F H1% QW VRS K VVWDWL
3ODWR SURYLGHG D VPDOO QRWLRQ RI LWV FRQVWU)



ARQOQLHWLR Q RIDXWRP DWD

QLJKW WKDW zZzDV VLPLODU WR D ZDWHU RUJDQ DOWKRXJK L

+XPSKHW\DO

7KH ZRUNLQJ RI LW KDV EHHQ H[SODLQHG FRQYLQF
ODUJH FOHSV\GUD $$ WKDW ODVWV ORQJHU WKDQ VL]
ZLWK D VWUDLJKW VLSKRQ = 7KH OHYHO RI WKH ZDW
KHLIJKW RI WKH VLSKRQ LQ D GHILQLWH WLPH SHULRG
WKURXJK WKH SLSH Q LQWR DQRWKHU FRQWDLQHU U
RXW WKURXJK D ZKLVWOH 3 WKDW SURGXFHV D VKDUS
SUHGHWHUPLQHG WLPH SHULRG WKH DODUP FORFN F
OHYHO RI ZDWHU LQWR YHVVHO %% LV D FORVHG OR

VLSKRQ

$ORQJ ZLWK WKH VLSKRQV PDQ\ RWKHU PHFKDQLVP
WKH OLTXLG OHYHO LQ WKH K\GUDXOLF FORFNV

$XWRPDWLF &RQWURO Rl )OXLG /HYHO RU )ORZ E\
0OD\U FUHGLWYV .WHVLELRV ZLWK WKH ILUVW NC
XVHG WR FUHDWH D VWHDG\ GULS RI ZDWHU LQWR D F



WRZGWQXLWLUP IDXWZUXLWD DP HR HG¢R\E FRQWURO-X$WHP

RI DQ DFFXUDWH ZDWHU FORFN 7TKH ZDWHU FORFN F
:DWHU IORZV LQWR WKH YHVVHO ./01 WKURXJK WKH VF
3 ZKLFK KROGV D EDU DQG SRLQWHU WKDW PDUNV D .
SRVLWLRQ LW LV SRVVLEOH WR UHDG WKH KRXU 7TKF
FORFN LV WKDW WKH UDWH RI ZDWHU IORZ IURP WKH S
RI D IORDW YDOYH WKDW RSHUDWHVY RQ WKH IHHGEDF
VKRZQ LQ ILIJXUH DQG DV WKH VPDOO WDQN %«
FRQLFDO FDYLW\ 7KH IORDW * ILWV H[DFWO\ WR WKLYV
WXEH $ LV PRUH UDSLGO\ WKDQ WKH IORZ DW ( WKH

IORDW * LV UDLVHG LQWR WKH RSHQLQJ RI WKH SLSH

%&'( DOORZV WKH IORDW WR VLQN DQG DGPLW PRUH ZD

7TKHUHIRUH ZLWK WKLV RXWVWDQGLQJ LQYHQWLRQ
IURP WKH WDQN %&'( LQWR WKH YHVVHO ./01 UHPDLQ

ILWURQLKXYVFKLWHFWXUHX P SHWB ©



AP WQWFWLR Y RIFXR|RBRVBMP EFPGACWHP $ A DMEW U $

YHORFLW\ RI EDU 34 DQG WKH SRLQWHU 7KH EORFN
VI\VWHP LV VKRZQ LQ WKH ILJXUH EHORZ

JLIXUH 5HIXODWLRQ RI ZDWHU OHYHO RU IORZ LQ .WHVL

.WHVLELRVY IORDW YDOYH LV D WUXH VHOI UHJXOD
SULQFLSOH $V WKH ZDWHU SUHVVXUH LQ WKH WDQN
YDOYH WHQGYV WR OHVVHQ FDXVLQJ WKH IORDW WR
IXUWKHU DQG LQFUHDVHV WKH LQIORZ 7KXV WKH W
WLPH LV DXWRPDWLFDOO\ FRPSHQVDWHG IRU E\ WKH
ZDWHU LQ WKH YDOYH WHQGVY WR UHPDLQ FRQVWDQW
WR WUDFH WKH IORZ RI WLPH 5LFKDUGVRQ

$UFKLPHGHV LV DOVR FUHGLWHG ZLWK KDYLQJ FR
WKRXJK WKHUH DUH PDQ\ FRQWURYHUVLDO YLHZV WK
$OH[DQGULDQ HQJLQHHUV  7KH GHVFULSWLRQ RI WKF
IROORZV ,W FRQVLVWYV RI| WK WHIH O/GINVG HZQ W KDZ IDWFHRJS S
IORDMRQQHFWHG WRVWSKOD BHUXPDQG WKLV LQ WXUQ LV
ZKHH®E\ PHDQV RI D URSH ENRQGHUKWHFBFWRRWDLOQ® WZKL

7KH EDURQ &DUUD GH 9DX[ UHSRUWYV L QLWD ED¥U $KILPEIGD WV DIQK B
ELQNDPDW’ MRXUQDO $VHDWLTXH DQG :LHGHPDQQ ( DQG +O
D *HUPDQ WUDQVODW ERKQURG HW$ UFK HPWG FEBD@ G ZKHUH
LW LV JLYHQ WKH GHVFULSWLRQ RI D K\GUDXOLF FORFN DWWULE
DVVHUWY WKDW WKLV FORFN GHVFULEHG LQ WKH $UDELF PDQXVF
*D]D PRUH UHFHQW WKDQ $UFKLPHGHV DQG UHODWHY WKH UH.
'"UDFKPDQQ



DXWRP DWD FP G FORGHFOORFIR HHQWP O¢X WHP !

IURP YHVVUKQV DQG F7 DERWWYKBUHLQ WKBQGURWKH L
PHFKDQLVPV DUH SODFHRIJUDRPHG VR DV WR UHDOLYV
LH IURP WKH VXQULVH \ERRPSOHMHVZKWY WKHW DRDG
YHVDHQJIJXUH EHORZ



AADQ$SWUXFWLDUL RI DXWRPDADDSWARMF R$SHGE¢FRS ¢6 VMSLHF ¢

7KH XQLIRUP GLVSOBEHRQRHRQ WHRW HERDWHG E\ D PH
VLPLODU WR WKDW RI .WHVLELRVIGNEBRFNGIEIXVISLSH
LQ D FRQLFDO FDYLW\ FRQWDLQV IORDW WKDW ILWYV
VDQN LQWR WKH WDQN VR DV WR VKXW RIlI WKH ZDWH
WKH WDQN ILJXUH

JLIXUH 7KH PHFKDQLVP IRU WKH UHIJXODWLR®VWDZDWHU IORZ

6LPLODUO\ WKLV PHFKDQLVP FRQVWLWXWHYVY D FOR
XQLIRUP L H OLQHDU OLTXLG IORZ
$QRWKHU PHFKDQLVP IRU UHIJXODWLQJ WKH OLTXLG

$XWRPDWLF &RQWURO RI )OXLG /HYHO RU )ORZ E\
SKLORQMI2Q ZRQHXPRMWN.FEVHHQ WUDQVPLWWHG E\ WKH

RQH SXEOLVKHG LQ LQ JUHQFK E\ WKH EDURQ &DUL
/DWLQ WUDQVODWLRQ IURP D ORVW $UDELF FRS\ ZDV \
IRRWQRW,H) FKDSWHU Rl WKH H$UDELFY YHUVLR

GHVFULEHV D IORDW UHJXODWRU WR FRQWURO WKH 10
3/HW WKHUH EH PDGH D@ RETKRIQU WERMHHRLVZ FBRO®FHG D
WKH EDVH DQ REORQJ SISRIX® & ISLWESH HRAHZRRERRG WK
FRQWDLQHU PQGNHGWKLV SLHF$QRI R R\GKE MRIMKHU HQ
EDVH DJAXNSSODFHG DROVEKDIFWQW MRIHQUHG WR WKH FXS
FDQDOHDFKHV ERWK @RQWIDALGHUWKH MDU WSKHUH PX\

FRPLQJ IURP LWV ERWWRP DQG RQH HQG RI LW PXVW
WKH RWKHU HQG RI LW PXVW UHDFK WKURXJK WKH UR:



RIFXGRPDWD DQG HOHGORRS FRQ WUROC¢ACWHP$ Y

RQ WKH PRXWK RI WKH MDU D FRYHU TXLWH WLJKW

WUDFH RI DLU FDQ JHW LQ ,Q WKH MDU, M\WKKKHHI DV DI
ILOOHG ZLQHLWRIBHQLSHR WKDW D OLWWOH RI WKLV Z
QH[W LW VWRSY DQG QRWKLQJ RI LW ZLOO IORZ XQOF
LI LW LV WDNHQ WKHUH ZLOO IORZ DJDLQ DV PXFK D
WLPH VRPHRQH GRHV WKDW XQWLO WKH IOXLG LQ WKI

7KLV VA\VWHP Rl 3KLORQ FRQFHUQV D FORVHG ORRS
OLTXLG OHYHO 7KH V\WWHP LV DW LWV HTDXINHHESM XF
FORVHG WKH H® G/ RDW KH BEBSHY LQWR WIKHVFR QWD MXKH

3 WKDW LV FUHDWHG LQ WX RIPGVQ\RWS DB RZ WKH M D

WKH FXS WKURXJK WKH RULILFH RI SLSH . , VRPHRQ
HQG RI WKHLOLGHEH UHOHDVHG WKZAHL S OHEH XJWHHHLMVQV W/KE

ZLQH 3DV PXFK DV ZDV WDNHQ v Z\LRO W Kk®IRZXWKURXJK Wk

7KH EORFN GLDJUDP LV VKRZQ LQ WKH ILIXUH EHOR.



‘DXWRPDWD DQG GRWHG IRRW FPWURO$XWWHP $

K GHVLUHG OHY!
K?DFWXDO OHYHC
T IORZ IURP SL!
NLQWR WHKH FXS

HHUURU
3 SUHVVXUH LQ
JLIXUH %ORFN GLDJUDP RI UHIJXODWLRQ RI IOXLG IORZ E\ 3K

SKLORQTYVY OHYHO FRQWURO V\VWHP LV DOVR DSSO
SKLORQ $UDELF YHUVLRQ FKDSWHU IDWLQ YHUVLR

7KH 2LO /DPS RI 3KLORQ
3KLORQ VKRZV LQ KLV 3QHXPDWLFV DQ RLO ODPS ZL
D FRQWDLQHU DERYH WKH ODPS DQG JUDGXDOO\ ILOO
EHLQJ XQFRYHUHG ,Q WKH /DWLQ YHUVLRQ LW LV GHYV

S6LPLODUO\ PDNH DR KHKU E'HHMYHO VSKHUH FRQVL)
VXUIDFH 2Q WZR VLGHV LW VKDOO &HDQUBRYLBRG ZL)\

ZLWK D SLSH JRLQJ GRZQ YKJUWK RDEHID CL\QRV RVWK HO DR 8
IDVWHQHG KHUPHWLFD OB\ 7\ RVE RWMGRHRSVISE D L WS D WDV
RI WKH ¥RIO\WRFOWHG XQFGH U WHBIFWXEHIMHU WKH DSSUF
PD\ EH H{WHQGHG RQ WKH RXWVLGH LQJWYXH,IDVKLRQ
RQH ILOOVDWEHWHK ZDMMU EHOREZQVWKHBYRXOLG ZLOO |
WKH ®XER] DQG WKURXJK WKH RISEBRVERMKRWDHE HVWRV
YHVVIRPXQWLO LW UHDFKHV WKH PRXWK RI WKH SLSH



AE PEWUX LRIDXWRPDWD DQGHR HG¢tRRS HRQWPOC¢CACWHP$

PRXWK LV FORVHG E\ WKH OMHZUGMO WWKRS R XBW MXRZ
HIDPSOH WKDW WKH IREVXRIGOL @ WKFNYRIW\SHDSHU LV S
RI WKH MHVWAHFRUGLQJ WR WKH TXDQWLWY KO RL® FRQ\
ZLOO JUDGXDOO\ | ORIZ&GHKRIGXOE Gi | TRKRYV SURFHVV LV |
NLQG DQG KDV WKH VDPH PHDQLQJ ~ 0D\U

[ D

JLIXUH 3KLORQYV RLO ODPS ZLWK FRQVWDQW OHYHO

7KH ILOOLQJ RI RLO LV DFKLHYHG E\ D FORVHG ORI
HIDPLQHG LQ WKH SUHYLRXV H[DPSOH

J)LQDOO\ +HURQ LQYHQWYV D WKLUG K\GUDXOLF PHF
OLTXLG OHYHO

$XWRPDWLF &RQWURO Rl )OXLG /HYHO RU )ORZ E\
+HURQ BQHXRDWLFY GHVFULEHV D GHYLFH IRU UHJ)
ZKLFK FDQ EH UHJDUGHG DV D YDULDWLRQ RI .WHV
VLIQLILFDQWO\ LPSURYHG LQ WHFKQLFDO GHWDLOV D
PHDQV RI D PHFKDQLFDO V\VWHP
+HURBQHXPDWLFV:3/HW WKHUH EH D YHVVHO FRQWDLQL
D VSRXW XQGHUQHDWK ZKLFK D JREOHW LV SODFHG
WKH JREOHW DV PXFK VKDOO IDRALUKWR LW [URP WKH

YHVVHO RI\ZLWKH DGBRXW WR ZKLFK DUH DWWDFKHG \
U 4n= INR!;S IDQG EHQHDWK WK Hv VIS RIK\WM. 25 BLG FIH WWPIOHD B X S
EDVLQ SIPROWDLQHG LQ WKH YXMVHRQ Q H FD/Q @ OHH W HD/ W
DQ®:KHQ WKHVH DUUDQJHPHQWYV DUH BBHASHRBMH WIKW



DXWRPDWD DQG GRWHG ZW HRQWP O ¢XWWHP$

EDVLQ D ZLOO IDOO WR WKH ERWWRPVRIUB P DIQI0 RI
I[URW LQWR ERW K MVIK@GY R WKIDDW WKH EDVLQ ZLOO ULV

DIJDLQ XQWLO ZH UHPRYH PRUH OLTXLG IURP WKH JRE
ZH UHPRYH QU TXLG IURP

JLIXUH 5HIXODWLRQ RI IOXLG IORZ E\ +HURQ 6FKPLG

7KH EORFN GLDJUDP EHORZ VKRZV DJDLQ DQ LQJHQL

"KHUH
K GHVLUHG OHYF
K DFWXDO OHYHO
T?AIORZ

H HUURU
HYDOYH RSHQLQ

J)LIXUH %ORFN GLDJUDP RI UHJXODWLRQ RIITOXLG IORZ E\ +HI

+HUR Rl $OH[DQGULD IURP WKH RULJLQDO *UHHN WUDQVODWH{
‘DOWRQ DQG ODEHUO\ /RQGRQ



MRQWWPFWWFP RIDXWRPDWD DQG GRWHG ORRS FR QWIGRIOMMWWHIR)S | |

$GGLWLRQDO H[DPSOHV RI FORVHG ORRS V\VWHPV Z
FDQ EH IRXQG LQ +HURQYV 3QHXPDWLFV 6RPH RI WKF
OHYHO $ WKH DXWRPDWLF FRQWURO RI IOXLG IOF
ZHLIKW %

7KXV WKH GUHDP RI WKH P\WKLFDO SHULRG WKH W
DQG WKH IROORZLQJ +HOOHQLVWLF VFLHQWLILF LQWH
WKHLU RZQ KDYH DW WKHLU GLVSRVDO WKH DELOLW\
RI DXWR PRWLRQ LV DOUHDG\ VXFFHHGHG

(DUO\ &RQWURO &XUULFXOXP LQ $OH[DQGULD

$V LW LV DOUHDG\ UHSRUWHG 3KLORQ RI %\]DQWL X
WKH PRVW LPSRUWDQW WHFKQLFDO KD QG EIRARWN[ [RYIL {UHND
=YY[DIQMFKDQLFDO 6\QWD[LVY L H D FRPSHQGLXP RI |
EHFDPH WKH IRXQGDWLRQ WKH VV\OODEXV IRU WKH
FKDSWHUV GHWHUPLQHG WKH EUDQFKHV RI DSSOLHG V
7KLV PDQXDO FRQWDLQHG QL®®HEKRBMY VKR PRQRLFW K
VXUYLYHG :H NQRZ KRZHYHU WKH WLWOHV RI WKHVH

,QWURGXFWLRQ RQ DSSOLHG DQG DSSUR[LPDWH PD

ORFKOLF®Q WKH WKMHUHOHYDQW WKHRU\ DERXW OHY

ILPHQRSRLHEED WKH EXLOGLQWKH DHDVSRUWRQVWUXF\

HOHPHQWYV RI VWUXFWXUDO VFLHQFH DQG DUFKLWHI

%HORSRLIEEODFDWDWKBWIWMKHRU\ RI VKRRWLQJ NLQHW

RI EDOOLVWLF ZHDSRQV

3QHXPDWKFHVWKHRU\ FRQFHUQLQJ WKH SURSHUWLHYV

WKH FRQVWUXFWLRQ RI FRQWUROOHG SQHXPDWLFE D

$XWRPDWRSR2EVWDAMRPDW LW KMKEDWURINPDNLQJ DXW

WHFKQRORJ\ Rl DXWRPDWD ZKLFK VXPPDUL]JHV DOO

WR WKH FRQVWUXFWLRQ RI DXWRPDWLF PDFKLQHV

7KH WKUHH ILQDO ERRNV FRQFHUQ DSSOLFDWLRQV F

2Q WKH EXLOGLQJ RIIRUWUHVVHYV

2Q EHVLHJILQJ DQG GHIHQGLQJ WRZQV

2Q VWUDWDJHPYV



ARQ WPF8 Q RIDXWRP DWD (D Q GRRDRZHFSA ¢ WHP G A66 X\EWZ 6

7TKH WH[W RI %RRXWOWV VXUDQHG ZKLOH WKH UHVW
$QRWKHU HYLGHQFH RI WKH SURJUDP WKH VWXGH(
6FKRRO RI $OH[DQGULD FRPHV WR XV E\ 3DSSXV

3DSSBEMWKHPDWLFDO9,&ROOHFWWRK® PHFKDQLFLDQV F
VFKRRO WHOO XV WKH VFLHQFH RI PHFKDQLFV FRQVL
7KH WKHRUHWLFDO SDUW LQFOXGHV JHRPHWU\ DULW
SUDFWLFDO SDUW FRQVLVWV RI PHWDO ZRUNLQJ DL
PDQXDO DFWLYLWLHV FRQQHFWHG ZLWK WKHVH DUW
ER\KRRG LQ WKH DIRUHVDLG WKHRUHWLFDO EUDQFKF
DUWV PHQWLRQHG DQG SRVVHVVHV D TXLFN LQWHC
LQYHQWRU Rl PHFKDQLFDO GHYLFHV DQG WKH PRVW F
QRW JHQHUDOO\ SRVVLEOH IRU D SHUVRQ WR PDVWH
WKH VDPH WLPH WR OHDP DOO WKH DIRUHVDLG DUW\
HQJDJLQJ LQ PHFKDQLFDO ZRUN WR PDNH XVH Rl WKR
IRU WKH SDUWLFXODU HQGV IRU ZKLFK WKH\ DUH XVH|

7KH PRVW LPSRUWDQW Rl WKH PHFKDQLFDO DUWYV
XWLOLW\ DUH WKH IROORPDIDQNQREP DAWR R D RRICGH
DQFLHQWY DV PHFKDQLFLDQV :LWK WKHLU PDFKLQ!
RYHUFRPH WKH QDWXUDO WHQGHQF\ Rl ODUJH ZHLJKV
RI WKH PDNHUV Rl HQJLQHV RI ZDU ZKR DUH DOVR |
FDWDSXOWY WR IOLQJ PLVVLOHV RI VWRQH DQG LURGQ
7KH DUW Rl WKH FRQWULYHUV Rl PDFKLQHV SURSHU
ZDWHU OLIWLQJ PDFKLQHV E\ ZKLFK ZDWHU LV PRUH |
7KH DUW Rl WKRVH ZKR FRQWULYH PDUYHORXV GHYLF
E\ WKH DQFLHQWY 6RPHWLPHV WKH\ HPSOR\ DLU !
3QHXPDWRAFWWLPHYV URSHYV DQG FDEOHV WR VLPXODWH
+HURQ LQ KL$XDRRPD@E@OQD@AHE VRPHWLPHV WKH\ XV
IORDWLQJ RQ ZDWHU H J:o JOUREWRIQGRIWREDWIY ZERRKN
HJ +HURQ LQ KLV WUHDWLVH RQ WKDW VXEMHFW ZK
RI WKH VXQ GLDO 7KH DUW RI WKH VSKHUH PC
PHFKDQLFLDQV 7KH\ FRQVWUXFW D PRGHO Rl WKH KH
WKH XQLIRUP FLUFXODU PRWLBQ Rl ZDWHU ~ &RKHQ

$FFRUGLQJ WR WKLV SDVVDJH D VWXGHQW LQ WKF
EHFRPH D PHFKDQLFLDQ KDV WR IROORZ RQ WKH RQ
WKH ILHOGV Rl JHRPHWU\ DULWKPHWLF DVWURQRP\



DXWRP DWD DQ G H REHG ¢RW! FR Q WUR OiX¢WHPE 3G$D MWRU

FRQFHUQLQJ WKH PHFKDQLFDO DUWV EXW IURP WKH
DERYH PHQWLRQHG WHFKQLFDO KDQGERRN RI 3KLORQ
DUWV XQGRXEWHGO\ FRQVWLWXWHY WKH HVVHQWL
PHFKDQLFLDQV :H FRXOG LQIHU IRQ MBPR SERHY FWK Q W
WKH PHFKD QRIFID QOUM/BRW LV SRVVLEOH WR PRYH D O
IRUFH E\ XVLQJ WKHtIOOIRSIRIPAPBEKNVYQHILQJ DQG GHIHQ
FRQFHUQV WKH WKHRU\ Rl FRQVWUXFWLQJ HQJLQHV R
DUH VXLWDEOH IRU WKH VHFRQG P HFK D QLIH»CP DRVINF W K
$XWRPDWRSBRMMAWHVKH QHFHVVDU\ NQRZOHGJH IRU F
DGGLWLRQDO PHFKDQLFDO DUW ZKLFK DFFRUGLQJ W
VWXG\

&RQFOXVLRQ

7KH ILUVW FRPSOH[ PDFKLQHVY SURGXFHG E\ PDQ DU
DWWHPSWV WR VLPXODWH QDWXUH DQG LQ JHQHUDO
WKH ILUVW VWHS LQ WKH UHDOLVDWLRQ RI PDQYV GUH
VHD OLNH D ILVK DQG WR EHFRPH LQ JHQHUDO WKH
DXWRPRELOH LOQGHSHQGHQW DQG VHOI FRQWUROOFEG
HI WUHPHO\ HODERUDWH DXWRPDWLF PDFKLQHYV DQG |
QRzDGD\V DUH WKH PHWKRGLFDO VWXG\ RI WKH DUW
WLPHVY DV ZHOO DV WKH QXPHURXV H[DPSOHV RI RSH
UHSUHVHQWHG LQ WKLV FKDSWHU

2QH PLIJKW DVN ZKHWKHU DXWRPDWLF PDFKLQHV V
EHHQ DFWXDOO\ EHHQ FRQVWUXFWHG RU VLPSO\ GHVF
WKRXJK WKHUH LV QR DUFKDHRORJLFDO HYLGHQFH W
DUFKDHRORJLFDO ILQGLQJV RI WKH VW FHQWXU\ % &
SUDFWLFDO SUHFLVLRQ LQ WKH PHFKDQLFV RI $QWLT
PHFKDQLVP WKDW KDV EHHQ HODERUDWHG LQ GHWDL
$UFKDHRORJLFDO 0OXVHXP RI $WKHQV 7KH RWKHU RQH
VHHQ LQ WKH $UFKDHRORJLFDO OXVHXP RI 'LRQ LQ FHC
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&RQFOXVLRQ

7KLV WKHVLV KDV H[DPLQHG WKH RULJLQV DQG WK

FRQWURO FRQFHSWV ZLWKLQ WKH FRQWH[W RI GHY!

SXUSRVH WKH VWXG\ Rl WKH ZRUNV RI WKH PRVW |

PDWKHPDWLFLDQV DQG HQJLQHHUV $SSHQGL] HL

WKURXJK UHVHDUFKHVY ERRNV DQG DUWLFOHV E\ W}

FRQWULEXWLRQ WR WKH HPHUJHQFH DQG WKH GHYHI

FRQFHSWXDO SK\WLFDO DQG PDWKHPDWLFDO PRGHO!

EHORZ

$+ 7KH XQGHU H[DPLQDWLRQ FRQFHSWV RI V\VWHP
RULJLQV LQ WKH DQFLHQW *UHHN WKRXJKW IURP
VFLHQFH DQG WHFKQLFDO DFKLHYHPHQWV

+ 7KH PDLQ FKDUDFWHULVWLF RI WKLV WKRXJKW LV
WKDW FRPSRVH D SKHQRPHQRQ WKH EDVLF FDXVHV
WKDW FKDUDEWHULVH LW

+ &RQFHSWXDO PRGHOOLQJ SUHFHGHV WKH RWKHU V
FUHDWLRQ RI V\PEROV RI WKH FDWHJRULHV YLUW
KXPDQ DQG WKH QDWXUDO ZRUOG &RQFHSWXDO P
GHVFULEH WKH XQGHUVWDQGLQJ RI WKH ZRUOG DQ
WKLV

$ 7KH SK\WLFDO FRQFHSWLRQ RI WKH ZRUOG IROOR
HZKDW LV WKH ZRUOG PDGH RI LV UDLVHG 7KH S
ZRUOG DUH HLWKHU SK\VLFDO RU FRQFHSWXDO |
HPHUJH RXW RI WKH SK\VLFDO UHDOLW\ DQG DLP DV
DQ DSSURDFK PDQLIHVWY DQ XQGHUVWDQGLQJ WKD
Rl VLPSOHU REMHFWY L H V\WWHPV XQGHU FHUWD|

f 7KH LQWHQWLRQ IRU FODVVLILFDWLRQ DQG WKH \
HOHPHQWY WKDW PDNH XS WKH ZRUOG EXW SUR
RSHUDWLRQV RI WKH ZRUOG VXFK DV WKH RSHUDW



ARQFLX$L UL <

HITRUW WR XQGHUVWDQG WKH UXOHV RI LQWHUDFW
W\SHV RI EHKDYLRXU DVVRFLDWHG ZLWK V\VWHPV

+ 7KH KDUPRQ\ DQG WKH VWULIH RI RSSRVLWHV F
G\QDPLFDO EHKDYLRXU RI V\VWHPV 7KH LQWHUD
IXQFWLRQV DQG TXDOLWLHV UHVXOWV LQ WKH PRW
DQG PDQLIHVWY WKH URRWVY RI G\QDPLF EHKDYLRXL

f 7KH ODZ WKDW WKH RQH LV GLYLGHG LQWR WZR D¢
SDUWLFXODU DQG UHYHUVHO\ 7KH PHWKRG RI Gl
G\QDPLF JHQHDORJLFDO WUHH RI FRQFHSWV DQG V.
JHQXV WR VSHFLHV GHPDQGV D ELQDU\ GLJLWDO
FDQ EH FDWHJRULVHG E\ PHDQV RI WKLV ELQDU\ V
DFTXLUH GHHSHU XQGHUVWDQGLQJ RI WKH FODVVL
SURYLGHV IRXQGDWLRQV IRU D VFLHQWLILF FRQFHS

f 7KH VXFFHVVLYH SURFHVV RI DSSUR[LPDWLQJ D \
ELQDU\ GHFLVLRQ OHDGY WR WKH GHYHORSPHQW R
RI WKH PDWKHPDWLFDO PRGHOOLQJ 1RWLRQV RI P
LQWURGXFHG DQG WKH PDWKHPDWLFDO DOJRULWK
PRGHOV

f 7KH HDUO\ PDWKHPDWLFDO PRGHOV DUH JHRPHWU
PHDVXUHPHQW )XQGDPHQWDO FRQFHSW IRU WKH F
LV WKH FRQFHSW RI UDWLR DQG DQDORJ\ ZKLFK D
TXDQWLWDWLYH GLPHQVLRQ

f{ *HRPHWULFDO PRGHOV DQDORJRXV WR WKH SK\VLF
DPRQJ JHRPHWULFDO ILJXUHV QXPEHUV DQG PDJQL
FRQFHSW RI FRUUHVSRQGHQFH EHWZHHQ GLIIHUHC
VLPSOHU V\VWHPV WR GHVFULEH RYHUDOO EHKDYLR

f+ 7KH QRWLRQ RI D PRGHO DQG LWV YDOLGDWLRQ
LQWURGXFHG 7KH WUXWK LV YHULILHG ZKHQ EHVLC
FULWHULD 7KH QXPEHUV DV WKH UHVXOW RI DQD
FRQVWLWXWH LQIDOOLEOH FULWHULRQ RI WUXWK

$ 1XPEHUV LQ DQFLHQW *UHHFH DUH WKH H[SUHVVL
DQDORJLHVY DQG WKHLU SURSHUWLHY H[SUHVV WKH
SK\WLFDO SKHQRPHQD DQG V\VWHP EHKDYLRXU 7KH



AL2QH X$LDQ

RI WKH UHODWLRQVKLS EHWZHHQ WZR PDJQLWXGI|
PDWKHPDWLFDO FRUUHVSRQGHQFH WKDW OHDGV WHF

f 7KH PHWKRG RI DQWK\SKDHUHVLVY DOORZV WKH
LUUDWLRQDO QXPHULFDO UDWLRV E\ PHDQV RI DQ
VWHSV 7KLV DOJRULWKPLF SURFHVV FDQ EH HLV
FRQVWLWXWHVY D G\QDPLFDO SURFHVV Rl WKH PDW
QXPHULFDO UDWLR 7KH QRWLRQ RI DSSUR[LPDYV
PDWKHPDWLFDO WRROV IRU ZRUNLQJ RXW DSSURJ[LP

+ 7KH H[DFW TXDQWLWDWLYH FRQVLGHUDWLRQ RI
PHFKDQLFDO PRGHOV WKDW FODLP DEFXUDWH V
&RPSOLFDWHG PHFKDQLFDO PRGHOV RI WKH XQLYH
LQWHUSUHWDWLRQ Rl WKH RSHUDWLRQ RI WKH ZRU
WKH VWDJH RI LQWHUSUHWDWLRQ WR WKH VWDJH F
QRW RQO\ PHFKDQLFDO EXW DOVR K\GUDXOLF DQG

f 7KH QRWLRQ RI VIVWHP DV WKLV HPHUJHV LQ QDV
DFWLYLWLHV LV GHILQHG DQG LWV EDVLF HOF
LQWHUUHODWLRQVKLSY EHWZHHQ WKHP DUH VSHFL
IDU DV LWV SRWHQWLDO WR JHQHUDWH EHKDYLRX
LGHQWLILHG

+ 7KH VLJQLILFDQFH RI WKH IXQGDPHQWDOV RI
GHYHORSPHQW RI WKH KROLVWLF DSSURDFK LQ PH
UHVSRQVHV WR GLIIHUHQW FDXVHV DUH LGHQWLI
EHKDYLRXU

f $ORQJ ZLWK WKH TXHVWLRQ pZKDW LV WKH V\VWHI
WKH VI\WVWHP WR LWV HQYLURQPHQW RI WKH LQQHU
DQG LWV JRYHUQRU WKDW OHDGV LW RQ DULVH
H[SDQGHG DQG LV OLQNHG FORVHO\ WR WKH FRQFHS

f 7KH PHFKDQLFDO DQDORJLHV DQG VLPXODWLRQ
LQWURGXFWLRQ RI DXWRPDWD 7KH FRQVWUXFWLR
WKH ZRUNLQJ RXW RI WZR SUREOHPV D WKH SUREC
WKH DXWR PRWLRQ DQG E WKH SUREOHP RI WKH
FRQWURO WKH SURJUDPPLQJ RI WKH PRYHPHQWYV
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1

JURP D SKLORVRSKLFDO SRLQW RI YLHZ WKH FR(
VI\VWHPV WKDW ZRUN XQGHU DQ H[WHUQDO FRPPDC
ORJLF DQG SURJUDPPLQJ DW WKHLU GLVSRVDO

7KH PHWKRGLFDO VWXG\ RI WKH DUW RI PDNLQJ I
GXULQJ WKH +HOOHQLVWLF WLPHV DQG OHDGV W]
DXWRPDWLF PDFKLQHY DV ZHOO DV FORVHG ORRS F
LV PDWHULDOLVHG E\ PHFKDQLFDO RU K\GUDXOLF IF
7KH VLIJQLILFDQFH RI DXWRPDWD DQG WKH DUW RI
RI' D WUDLQLQJ SURJUDP IRU HDUO\ HQJLQHHUV LQ
VXEMHFW WKH GHYHORSPHQW DQG GHVLJQ RI DXWRI

‘H FLWH EHORZ D FRQFLVH WDEOH ZLWK WKH ILQ

FRQVWLWXWHY D TXLFN UHIHUHQFH RI WKH HYROXWLR
IURP WKH P\WKLFDO WR WKH +HOOHQLVWLF SHULRG
DQG VFLHQWLVWY ZKR KDYH FRQGXFHG WRZDUGV W
SDUWLFXODU WKH HDUO\ VWHSV RI VFLHQFH SKLORYV
ILUVW QRWLRQV RI VA\VWHP WKHRU\ WKH GHYHORSE
PDWKHPDWLFDO PRGHOOLQJ DV ZHOO DV ZLWK WKH |
WKDW ZRUN E\ PHDQV RI LQWHUQDO HQHUJ\ DQG KDYH
WKHLU RSHUDWLRQ
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$ VXPPDU\ RI WKH GHYHORSPHQW RI PRGHOOL

&RQFHSWXDA@K\VLFDOODWKHPDWLBHEHPKDQLFD®\VWHPYV &RQWURO
ORGHOOLQXRGHOOLQJORGHOOLQJORGHOOLQJ

6RGV DV  2FHDQXV DV
VA\PEROV RIRULJLQ RI DOO
QDWXUDO WKLQJV
HOHPHQWYV $)LUVW PRGHOV
YLUWXHV RI WKH ZRUOG

$FKLOOHWWUXFWXUH
VKLHOG DV PRGHO
RI KXPDQ DQG
QDWXUDO ZRUOG

6RGV DV  &RVPRJRQ\ DV
VA\PEROV D@GG\QDPLFDO
7KHRJIJRQ\ DMURFHVV
HYROXWLRQRBRKDRY DV WKH
SURFHVV RULJLQ RI

PDWWHU DQG
HQHUJ\

1LIKW
(DUOY e KURQRV
FRQFHSWXDOWRWLRQNWHU
Rl XQLYHU VL YWY SULPDUN
HOHPHQWYV
VA\VWHP 7KH HJJ DV
PRGHO RI WKH
XQLYHUVH

O\WKLFDO
DXWRPDWD

, QWURGXFVWWRIQU DV &UHDWLRQ RI ,QWURGXFWLRQ
Rl DEVWUDFW. PDU\ DEWQMHLF W\SHV RI Rl VAIVWHP
WKRXJKW BORRHQW SURSRVLWLRQV DQDO\VLV E\

Rl UHVXOWV7IORIOBW BKMNDQDORJ\ RI VHDUFKLQJ IRU
LQ Rl WKH HDUMRLPHWULFDO WKH EDVLF
HVWDEOLVKPRRDWLQJ RQXUHV DV D HOHPHQWYV RI D
RI' IDFWV ZDWHU DV PDWKHPDWLFDO VA\VWHP

&RQFHSWHRVPRORJLPBGHOOLQJ SURFHVV
DQDORJ\ RWPRTRIRYV OHDVXUHPHQW DV

PRGHOOLQJ SURFHVV

,QWURGXFWKRERQFHSW
RI WKH ,QIRRLWLQLW\ DV
FRQFHSW SULPDU\

$FFHSWD@PHI RHIQW
WKH PDWHUZBOILRWLRQ RI

PRGHO RI WAKHHUQDO PRWLRQ

ZRUOG DV D G\QDPLFDO
DVSHFW
(DUO\ IRUP RI
TXDOLWDWLYH
UHDVRQLQJ
SURFHVV

OHFKDQLFDQQWURGXFWQWQRGXFW
PRGHO RI VRKHVKH RI WKH ,QILQ
ZRUOG FRQSQDPLEDO DV WKH
Rl URWDW ERKDQRXU JR¥ HUQRU
IODPLQJ ZKSIBIOW RI HARAYDRO OHU

PRWLRQ WKH XQLYHUV
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&RQFHSWXDABK\VLFDOODWKHPDWLBEBKDQLFD®\VWHPV
ORGHOOLQJORGHOOLQJORGHOOLQJ ORGHOOLQJ

&RQWURO

$FFHSWDQFAHHRDLU DV([DPLQDWLRQ RI

WKH SULPDU\ WKH IXQFWLRQDO

ODWHULDOH®WMPHQW FRUUHODWLRQV

FRQFHSWXDOXQFWLRQ@FRQJ WKH

PRGHO RI WK DWLRQYDULDEOHV RI D

ZRUOG DQ@EHWZHHQ WKHNHP

HYROXWLRQDWRXWIXH ,GHQWLILFDWLRQ

FKDUDFWH WR@GH YDULDEOHV

RI LWV HOHRB@®WW L WIDIWWRFHDWHG ZLWK
H[DPLQDWLRQHBEHQWYV ZKLFK
SKHQRPHQDDUH LQWHUDFWLQJ

7KH FRQFHRWH FHQW&QAPBVVLI LFDBVHRRI B )LUVW
Rl QXPEHU ERVPRORJLFDW/HIJRULHR®H VWUL@GHILQLWLRQ RI
RULJLQ RI PRAHHO DQGQXPEHUV PXVLFDO WKH V\VWHP
QDWXUDO ZRWEBQWLRQ RDUPRQ\ DY@VWUXPHEWWKH
WHQWK KHBRHQBVSRQGHRIIRFKRUBWIXDJIRUHDQ
&RUUHVSRERBQIAMKH EHWZHHQ UDWRHFEDQLFEDOOLFUDWLGHV
EHWZHHQ FRXQWHU HDO®PBHUV DQERGHO WKDW
QXPEHUV DQGHODWLRRXQGV GHWHUPLQHV WKH
FRQFHSWYV EHWZHHQ SHODWLRQVXDQWLWDWLYH
SODQHWDUEHWZHHQ SQAMHDDWLRQV
GLVWDQFHD@®® LQHDWEHWZHHQ WKH
UDWLRV RIJQRMHVULFITHQJIJWKYV Rl WKH

ILIXUHV VWULQJ DQG WKH
,QWURGXFSUIVREK FRI WKH

LUUDWLRQDYRXQG

QXPEHUV

&RQFHSW RILUH DV D
FROQWUDGLPRGHR® RI WKH

OHFKDQLFD®\VWHP DV TXH FRQFHS\
PRGHO Rl WRBRVVDO BURFHVV

HJ 6WULAKDRQGQJ ZRUOG

+DUPRQ\ IORZV DQG
"\QDPL FDOG\QDPL FV

FRQFHSWLRQ RI

WKH ZRUOG

(YHU\WKLQJ

IORZV

,QWURGXF\WHKMUDWLRQ
RI WKH FROEMSYRUPDWLRQ
Rl OLQG DVRWRISSRVLWH
SULPDU\ FOXDHOLWLHV
RI SK\VLFDO
FKDQJHV

ZRUOG ZKHRUHHYHQWVFRQWUDGLFW!|
WKH KHDYHJDQJIJHV DOAMKHRUHWLFD
ERGLHV DUSURJUHVVLEBFNJURXQG |
UHSUHVHQVDH® 2V IHHGEDFN
ERZOV ILOOHQWURGXFRQWQRO
ZLWK ILUHRI WKH FRQFHSW

RI D G\QDPLF

HTXLOLEULXP WKDW

GRPLQDWHYV

HYHU\ VAVWHP

OHFKDQLFDO
PRGHO RI WKH
ZRUOG FRQVLVWLQJ
RI ULQJV

6\WWHP RI OLQG DV WK}
PDWWHU DVYRYHUQRU
FRPSOLFDWHR®WUROOHU
ZKROH WKH ZRUOG
,QWURGXFWLRQ

RI GXDOLW\
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&RQFHSWXDABK\VLFDO ODWKHPDWLBEHBKDQLFDG@G\VWHPV
ORGHOOLQIORGHOOLQJORGHOOLQJORGHOOLQJ

&RQFHSWYV RIWURGXFBHRRQLQJ &XH RI

&RQWURO

/RYH DQG 6RVUALKH IRXRQDORJ\

WKDW VHWSWKHD U\
SULPDU\  HOHPHQWYV
HOHPHQWV IDWHU DLU
PRWLRQ ILUH HDUWK DV
,QWURGXWWHRRQULJILQV RI
RI WKH ZRUOG
H[SHULPHQW,
DV D SURFHHGMKHHOHPHQWYV
WR HQKDQHRH) VHDUFK IRU
NQRZOHGIJHSURSHUWLHV

, QWURGXFWLRQ
Rl SDUDGRI[HV

LR®HQWDWLRQ

DQDORJXHV LQ
GHVFULELQJ WKH
SURFHVV RI
UHVSLUDWLRQ

,QILQLWH VHULHV
DQG WKH SUREOHP

UHODWHG WR WKH RI WKHLU
FRQFHSW RI FRQYHUJHQFH
LQILQLW\

&RQWULEXWLRQ WR
VFLHQWLILF
PHWKRG

,QWURGXFWLRQ
RI LQGXFWLYH
UHDVRQLQJ
PHWKRG IRU
IRUPXODWLRQ RI
JHQHUDO
GHILQLWLRQV

8VH RI
VIOORJILVPV ZLWK
IHHGEDFN 7KH
RQO\ WKLQJ ,
NQRZ LV WKDW |,
GRQ W NQRZ
DQ\WKLQJ

ODWHULDO LSMWRFLF WKHRU\

FROQFHSW RIRU WKH

SK\VLFDO Z2RQ3OOCQDWLRQ RI
WKH ZRUOG
VWUXFWXUH

6LPLODULWLHYV

EHWZHHQ PDFUR
DQG PLFURFRVP

&RQFHSW XD GHIQIIYRIRQ

Rl KXPDQ ERBWZHHQ

DV D FRPSOSK\VLFDO
LQWHUDFWHOHPHQWV
VAVWHP RI KXPRXUV LQ WKH
VLPSOHU KXPDQ ERG\
SURFHVVHWRGGTXDOLWLHV
SKHQRPHQD

SWRLHXWLF

2EVWHWULF
PHWKRG DV D
FORVHG ORRS
VA\VWHP

(DUO\ QRWIRR®SRVLWH

Rl PRYHPHQYDWXUH RI
HOHPHQWDWWWHP DV
SDUWLFOHNVQRVHUDFWLQJ
PDWWHU HOHPHQWYV

+ROLVWLF 1RWLRQ RI
DSSURDFK VFRE@HKHLQ Wk
FRQFHSW RALDIFXODU SU
VIVWHP Rl FUHDWLQJ
$VFULSWIGRQJIRIRVWLF
WKH THDW REHOV
WRWDOLW\ WR D
VA\VWHP
'HILQLWLRQ RI
QRWLRQ RI VWDWH
RI KXPDQ ERG\
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&RQFHSWXDGK\VLFDO ODWKHPDWLBEBKDQLFDG\VWHPYV

ORGHOOLQWRGHOOLQJORGHOOLQJORGHOOLQJ

'HILQLWLRQ)RKQGDWLRQ RI

WKH DULWKPHMHQWLILF
JHRPHWULF OBRXDQLFV

KDUPRQLF

SURSRUWLRQ
ODWKHPDWLFDO

VWXG\ RI WKH

KDUPRQLF VFDOHV

AG6ILD EWH. 6

&RQWURO

&RQVWUXFW
RI D IO\LQJ
DXWRPDWLF (
DV DQ RSHQ C
FRQWURO V\V

'HILOQLWLR@RIPRORJLBDOWRQLF WHIXOWURQ'RILQLWLRQORVURGXFW

PRGHO DQGPRGHO RI WRBLGV

PRGHO W\SHWWHP

7KHRU\ RI
,GHDV WKH

HWHUQDO LGHDV DV

FRQFHSWXDO
PRGHOV R
UHDOLW\
3URFHVV RI
FUHDWLQJ D
FRQFHSWXDO
PRGHO
8VH RI WKH
OHWKRG RI
'LFKRWRP\ IRU
FUHDWLQJ
JHQHDORJLFDO
WUHHV RI
UHODWHG
FRQFHSWV
6FLHQWLILF
PHWKRG

PHWKRG RI

'‘LFKRWRP\ DFNRQVLVWLQJ RI

ZRUOG V V\VWHP DVRI F\EHUQHW]I
GLVWLQFWEBD@IWDU\ $OJRULWKPHFKDQLFD@KROH FRPERVWEH DUW

PRGHO

SURFHVV RI ZKRUOV

GLVFUHWH
GHFLVLRQV

TKHRUHWLFDO

VWXG\ RI

LUUDWLRQDO

QXPEHUV

ORGHO RI WHRPHWULFDO
VWHOODU BR&EHO IRU WKH

SODQHWDUNUUHJXODU

SKHQRPHQDSODQHWDU\ PRWLRQV
OHWKRG RI
H[KDXVWLRQ
, QWURGXFWQWQRGXFVALRQLWLRQ ROXWLRQ/RILF DV D ([SODQDWLR
RI WKH /RIRF WKH VH@WWHOHUVW PHFKDQLFD@\VWHP Rl WKH PRWLRQ\

VA\VWHP

FDXVDWLRQ@XDOLWLHV DQG

SHODWLROHPHQWYV

EHWZHHQ PDSWWHRQRPLFDO

DQG IRUP V\VWHP

&ODVVLI| IFROWLR@/LQJ RI

Rl WASHV RVSKHUHV

FKDQJH
6FLHQWLILF
PHWKRGRORJ\

RI PDQ\ SDEFR@WUROOLC

VA\VWHP 6KLS
DUP\ FLW\
&RQVWUXFW
RI DQ DODUP
FORFN DV D
FORVHG ORRS
FRQWURO V\V

TXDOLWLHWDWKHPDWLEDREOHPV WXRKXJIKW DXWRPDWD
&ODVVLI L FIMMHROD FBUIRIFL SOH\DV WKH
RI W\SHV REHWZHHQ

$VFULSWLRQ\RNLQFWLF

WUDQVPLVWIRID IRIDW XEHVRHHQ W KE
PRWLRQ IURPHUDUFK\RSIRQDO RRS

RQH FLUFOWWWRHP

DQRWKHU

&ODVVLILFDWLRQ

RI W\SHV RI

PHFKDQLFDO
EHKDYLRXUV
FDXVDWLRQV

H[WHUQDO
FRPPDQGHG
DQG FORVHG
LQWHUQDO
SURJUDPPHG
FRQWURO V\V
,PDJLQDWLR
RI D IXOO\
DXWRPDW L VH(
VRFLHW\ ZLW]|
VODYHV
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&RQFHSWXDQGK\VLFDO ODWKHPDWLBEBKDQLFD®\VWHPV

ORGHOOLQWRGHOOLQJORGHOOLQJORGHOOLQJ

JRXQGDWLRQ RI
VFLHQWLILF
JHRPHW U\
$QWK\SKDHUHWLF
PHWKRG DV D
JHRPHWULF DQG
DULWKPHWLF
DOJRULWKP IRU WKH
H[DFW HYDOXDWLRQ
Rl UDWLRQDO DQG

LUUDWLRQDO
QXPEHUV
&RQFHSW R&UHDWLRQ RI 'HYHORSPHQW
DQDORJ\ LQVKH ILUVW RI
PHDVXUHPHQNO LRFHQWULF PHDVXUHPHQW
DVWURQRPLFDO PHWKRGRORJLHV
VA\VWHP IRU HYWLPDWLQJ
GLVWDQFHV
EHWZHHQ
SODQHWDU\
REMHFWYV
BWXG\ RI &RQVWUXFWLRQ
K\GUDXOLF DQG Rl PHFKDQLFDO
SQHXPDWLFV PHFKDQLVPV
VA\VWHPV VXFK DV WKH
DXWRPDWLF
PLUURU

y,QYHQWLRQ6RQWKHVLV ,RYHQWLRQ RI
VWDWLF DQBRPHWUL FDQ PSQE PDFKLQHV

K\GURVWDWUEWKPHWLBWOWKH OHYHU DQG

Oobzv

DOJRULWKPWKRMUVFUHZ

8VH RI ODWKRI FRPSXWRRQWRYPUXFWLRQ

RSWLFV RI LUUDWLRRIDD® PHFKDQLFDO
OHFKDQLFWQXPEHUV FHOHVWLDO PRGHO
Oobzv 'LVFRYHU\ REODQHWDULXP

6SHFLILF FDOFXOXV DU

ZHLIKWYV RI

PDFKLQHV

PDWHULDOV

&RQWURO

&RQVWUXFW!
RI D K\GUDXO
PXVLF
LQVWUXPHQW
HTXLSSHG ZLV
FRQWURO
PHFKDQLVP IR
WKH UHJXODV
RI WKH DLU
SUHVVXUH
&RQVWUXFW!
RI D
FRPSOLFDWHC
ZDWHU FORFN
HTXLSSHG ZLV
PHFKDQLVP IR
UHJXODWLQJ
ZDWHU IORZ

&RQVWUXFW
RI D ZDWHU F
HTXLSSHG ZLV
UHJXODWRU |
FRQWUROOLQ
ZDWHU IORZ



&RQFHSWXDGBK\VLFDOODWKHPDWLBEHBKDQLFD®G\VWHPV &RQWURO
ORGHOOLQJORGHOOLQJORGHOOLQJORGHOOLQJ

BWXG\ RI ,QYHQWLRQ
3QHXPDWLF DQG GHYLVH IRU
+\GUDXOLF UHJXODWLQJ

, VA\VWHPV ZDWHU OHYH

/ D FORVHG OR

) FRQWURO
PHFKDQLVP

1 6HOI
UHJXODWHG
ODPS

QG F

% &

6WXG\ RI 6WXG\ RQ &ODVVLI LFDWLRQ ,QYHQWLRQ
3QHXPDWLFJHRPHWULFIRD W®E ILYH RSHQ DQG FO
+\GUDXOLFVWEGHRPHWALPBEOH PDFKLQHV FRQWURO
OHFKDQLFD®HDVXUHPH@NVHOHPHQWYV RI PHFKDQLVPV I

N VA\VWHPV 8VH RI PHFKDQLFDO DXWRPDWLF
JHRPHWU L FDOVW HPV WKHDWUHV

( DQDORJ\ IRU 'HYHORSPHQW
5 PHFKDQLFDORI| JHDU
2 FRQVW U XFWRHFXD QL VPV
1 ZLWK

TXDQWLWDWLYH

DFFXUDF\

&RQVWUXFWLRQ

Rl SQHXPDWLF

K\GUDXOLF DQG
VW F % & PHFKDQLFDO
RU DXWRPDWLF

, VW B ' PDFKLQHV



7KH ZRUN LQ WKLV WKHVLV KDV GHDOW ZLWK D LU
HYROXWLRQ RI VIVWHPVY PRGHOOLQJ DQG FRQWURO |
ZLOO FHUWDLQO\ EHQHILW IURP D PRUH LQ GHSWK HJ
FRXOG SURYLGH DGGLWLRQDO HYLGHQFH DQG DOVR
FRQWULEXWLRQ IURP RQH WR WKH RWKHU 7KH LQIO:
WKH *UHHNV LV ZRUWK H[DPLQLQJ 7KH QHHG IRU VXF
IDFW WKDW DOWKRXJK WKH QRWLRQ RI DXWRPDWD D!
ODUJH QXPEHU RI \HDUV DUH UHTXLUHG IRU VXFK FR(
VHHPVY WKDW PDQ\ RI WKH FRVPRORJLFDO PRGHOV D
PHPRULHV IURP WKH GLVWDQW SDVW DQG HIIHFWV R
E\ WKH IDFW WKDW HYHQ WKRXJK WKH DQFLHQW *UHH
DW OHDVW WKHRUHWLFDOO\ WKH FRQVWUXFWLRQ R
KLIJK SUHVVXUH VWHDP HIDPSOH RI $HRORSLOH \
VWHDP HQJLQH VXFK D JUHDW QXPEHU RI \HDUV ZDV L
KDSSHQ W LV WKXV LQWHUHVWLQJ WR H[SDQG WK}
DQFLHQW *UHHFH DQG WR LQFOXGH RWKHU JUHDW F
HYROXWLRQ RI VFLHQFH DQG WHFKQRORJ\ DV ZHOO D
WR IROORZ DQG LQYHVWLIJDWH WKH GHYHORSPHQW R
SUHVHQW \HDUYV

) XUWKHU ZRUN HQYLVDJHG FRXOG EH WKH XVH RI \
WKDW ZRXOG HQDEOHG WKH GHYHORSPHQW RI D PRUF
OLQHV RI WKH LVVXHVY UDLVHG LQ WKH DERYH WDEOH



HUHQFHWL

5()(5(1&(6
>SOLF @ $OLF #\SDWLD IV +HULWDJH $ +LVWR
6FLHQFH IURP $QWLTXLW\ WR WKH OD\
TSRYRSP [TT KQDELDT

>$SHOW @ $SHOW3BODWRQLVFKK *$XTHNE®@HU /HLS]
%HUOLQ

>$SRVWHO @ $SRVWHMRZDUGV WKH IRUPDO 6WXG\ R
QRQ IRUPDO B8BRHGIMHOGAAQJIV RI WKH &RO

&RQFHSW DQG WKH 5ROH RI WKH ORGH
1IDWXUDO DQG 6RFLDGHBEGEHMQFXEDLYV
&RPSDQ\ +ROODQG

>$SRVWOH @ $SRVWOHSULVWRWOHTV,QBWDGHK\YQEYH L
SUHVYV

>$VLPRY @ $VLPRY $VLPRYV %LRJUDSKLFDO (QF\
6FLHQFH DQG 3PBRFAORIWG /RQGRQ

>%HFNPDQQ @HFNPDQ® +BVWRU\ RKHVIFROHP 3UHV
&RORUDGR

>%HPDO @ %HPDO 6FLHQFH LR*+BVWRUWYV &R /W

>%RZHQ @ %RZHQ $6F&HQFH DQG 3KLORVRSK\ L
*UHHEBIUODQG 3XEOLVKLQJ ,QF

>%UXPEDXJK @UXPEDXJKSQFLBEQW *UHHN *DGJHWV DC
9DLO %DOORX 3UHVV ,QF %LQJKDPWR:

>%UXQR @ %UXQR& 7TKH 7UDGLWLRQ 'RILEUBKQRAR.



>%BXUNHUW @

>&DUWZULJKW

>&HOOLHU

Q@

>&KHFNODQG

>&ODJHWW @

> & R KHHV) D@

>&RKHQ @

>&RPIRUG

>&RPIRUG

>&RPIRUG

@

@

Q@

&R QIJUHVV :DVKLQJIJWRAQ

%XUNHURUH DQG 6FLHQFH LQ $QFLHQW
WUDQVODWHG E\ ( / OLQDU -U +DU
&DPEULGJH ODVVDFKXVHWWYV

&@UWZULJEWRFLPO +LVWRUARRUBPBGLFL
*URXS /LPLWHG /RQGRQ

&HOOLHUSRQWLQXRXV 6\VWEHPULRGHIDW L
9HUODU

@KHFNOD@G/WHPV 7KLQNLQJ 6\WWHPV
‘LOH\ 6RQV /WG

&ODJHWWUHMN 6FLHQFH L@RRNWLTRUW
JLEUDULHV 3UHVV 30DLQYLHZ 1HZ <RL

&RKHQ 5 0 DQG 'W$BRXNUGBH ,%RRN LQ *
6FLHQEHMW DUG 8QLYHUVLW\ 3UHVYV

&RKHQ+XPDQ 5RERWV LQ O\WKHRQIH 6FL
$O0OHQ 8QZLQ /WG J/RQGRQ

&RPIRUG BOOWR DQG 3BRXMQHEEIMN
_HJDQ 3DXO /RQGRQ

&RPIRUG )URP 5HOLJLRQ WRD3KIHWRVRS
%YURWKHUVY 1HZ <RUN

&RPIRUG »HORUH DQG $IW&DPEREGDM |
8QLYHUVLW\ 3UHVYV



NL2IHYHQFHL

>&RPIRUG @ &RPIRUG 3JUIOQFLSLXP 6BSLHQWLDH&
*XWKULH +DUSHU 5RZ 3XEOLVKHUYV

>&RPIRUG @ &RPIRUG 30ODWR{V &RVPRORJ\ WKH 7LI
JLUVW SXEOLVKHG LQ SRXWOHGJH

>'1$]]R W D@ "$]]JR - - +RXSDWHGBEDFN &RQWURO
$QDO\VLV DQ®BIQWKHVOD

>'{$]JRW DL @' $]]JR - - +RXSLMQWDUW &RQWURO 6

$QDO\WVLV DQG 'HVLJQ &RQYHMHQWLRC(
OF*UDZ +LOO

>'DQWI]L) @ 'DQW]LJ 7IRKPIEEHW WKH /DQJXDJIXH R 6F
$0O0HQ 8QZLQ /RQGRQ

>'DXPDV @ 'DXPDV X +LVWRU\ RI 7THFKQRORJ\ DQ
SURJUHVYV 7KURXIROWKHIRHV2ULILQV F

7HFKQRORJLFDO &LYL QGUDM RIXEOLRKF
1HZ <RUN

>'LHOV @ 'LHOV $®@WLNH 7HFKQLN 6LHEHQ 9RUWU
2VQDEUFN 2WWR =HOOHU

>'LMNVWHUKXLVLMBVWHUKXBYXH (OHFKDQL]DWLRQ RI W
SLFWXUH!2[IRUG 8QLYHUVLW\ 3UHVV 2]

S>'LMNVWHUKXLVLM@A@VWHUKXLSUFKLPH®BWHWDQVODWHG E
'LNVKRRP 3ULQFHWRQ 8QLYHUVLW)\ 3UF

>'RZQV @ 'RZQV 5 /IDQGPDUNV LQ 6FLHQFH +LS
&DUYVYRIQEUDULHYV 8QOLPLWHG ,QF / L\



>'UDFKPDQQ @UDFKPDQQS3WHVLELRYV 3KLORQ DQG +t

LQ $QFLHQW 3Q8RPHOGKTFIHQ O0XQNV
ODGLVRQ

>'UDFKPDQQ @UDFKPDQQ3-$NH*OHFKDQLFDO 7HFKQROF

>'XULQJ

>(PO\Q -RQHV

>)DUULQJWRQ

@

>) D X WHAD 0aL

>) L HHO\G DeK

>)RUEHYV

>)RZOHU

@

@

DQG 5RPDQ $QWLTXLW\ $ 6WXG\ RI WK
&RSHQKDJHQ OXQNVJDDUG ODGLVRQ

'XULQJ $SULVWRWHOHYV 'DUVWHOOXQJ
VHLQHV 'HONHQWOEHUJ

$SLRLRLH;TT +DSRYDLDDUM DB (SJUN
ORSFSFR[L.R ,6SXSDFYYX| $SDYD

(@0\Q -RQHWIWH -RQLDQV DGR %W OB & QH
.HJDQ 3DXO /RQGRQ

YOUULQJIWRHHNAGFLHQFH ,WVO9RBDQLQJ I
Q 3HQJIXLQ %RRNYV

J)DXYHO - DQS 'UD\LVWRU\ RI ODWKHE
SHD@RAKH 2SHQ 8QLYHUVLW\

JLHOG -9 :UISIKW\0 **6BUMOFH OXVHXF
IRQGRQ

JRUEHV D6 WKH ODNHU $ +LVWRU\ RI
DQG (QJLQHHEWHADIU 6FKXPDQ /RQGRQ

YRZOHU "MODWKHPDWLFV RI 30DWRYV $F
SHFRQVWWBOMNWIHRIGRQ 3UHVV 2[IRUG



BIUHQFHL

>)UD]JHU @

JUD]JHU 3$SROORGRUXV 7KH /LEUDU\ Z
7UDQVODWQEBRDIP +HLQHPDQQ /WG /R

9ROXPHYV

>*HRUJDNRSRXOGRRUJ@ONRSRMSAOBNVRL (;;UMYHT GH[L.RL (L'

$QFLHQW *UHHNYV ([BDRRWJ B BIGHYWX\AOD\L
SWKHQV

>*HUVKH@VR@ *HUVKHQVRQ ' ( *USIGIDEHBUDYV $QG

>S*MHUWVHOQ

>*RGOH\ @

>*RIXHQ @

>*UDKDP @

>*URWH @

>*XWKULH @

%LUWK RI 6FLHQWOALDLA GHWBRXEOLVKLC
1HZ <RUN

@*MHUWVH®@H '€« ODVVLFV RI 6FLHQFH $ 6

(QGXULQJ 6FLHQWOILDFQ:RADNMEHU 3UHVV
<RUN

*RGOH\ $+HURGRWXV +LVWRULHV ZL\
7TUDQVOEDNMLYRDQU G 8QLYHUVLW\ 3UHVV &l

*RIXHQ - OBWKHPDWLFDO B5HSUHVH(
KLHUDUFKLFDOO\ 2UlIQ QA NMHGD RB/MMCH BYW
"\QDPLFV ,QWHUQDWLRQDO 6\PSRVLXP
.DUJHU %DVHO 1HZ <RUN SS

*UDKDP '$ULVWRWOHIV&W DR HQGRBPIYI
2[IRUG

*URWH * BULZVBORWOHKH Q :LOOLDP &C
DQG 6RQV /RQGRQ

*XWKULH :6RF@&DWHV!I &DPEULGJH 8QLY



41747Fe . 1

>*XWKULH

>+DGRW @

*XWKULH :SKH&UHHN 3KLORVRSKHUV |1
SULVWRWBMHGJIH /RQGRQ

+DGRWKBORVRSK\ DV D :D\ RI/LIH 6SLL
IURP B6RFUDWHV! ¥R DRWHADX@WSXEOLVK
2[IRUG

>+DPLOWR®@ HW+DIPLOWRQ ( DQG7KXQMRMIOMRQHE 'LD

>+DUUH

>+HDWK

>+HDWK

>+HDWK

>+HDWK

>+HDWK

>+HDWK

Q@

RlI 30DWSRWHG E\HEDPLGWR@FHWRQ 8QL
3UHVV

+DUUH BULQFLSOHV RI 6FLGIMAPLIQE V@ L
DQG &R /WG /RQGRQ

+HDWK '4¢'VRPH OLVFRQFHSWLRQV RI

'RFWULQH RQ &DXVIPRISDORBROBEQDO R
3KLORVRSK\ 9RO 9,, 1R

+HDWK ODWKHPDWLFV! B® $VKN VROWO H C
SUHVV 2[IRUG

+HDWK 7 WKAUWHHQ %RRNV Rl (XFOL
'RYHU 3XEOLFDWLRQV ,QF 1HZ <RUN

+HDWK 7 ZRUWNV RI| $UFKLPHGHV (GLWI
I1RWDWLRQ ZLWK ,QWIWURG®KBEWRIBRO& KD BN\
,QF 1HZ <RUN

+HDWK 7T$ULVWDUFKXV RI 6DPRV W
&ERSHUQRFHMJ 3XEOLFDWLRQ ,QF

+HDWK bp7+UVWRU\ RI *UHHN ODWKHPDWL
JURP $SULVWDUFKXV ' WKRHRBKD Q 3WXHN \



(QODQG

>+HLEHUJ @ +HLEHUJ ODWKHPDWLFV DQG 3K\VLFD(
&ODVVLFDO2JORVUIIG BIQLYHUVLW\ 3UHVV

>+HLGHJJHU @*HLGHJJHMDU®\ *UHHN! 2OUEBHQJ 5RZ
3XEOLVKHUV ,QF 1HZ <RUN

>+HLGHO @ +HLGHO +LSSRFUDWLF OHGLFLQH , W
OHWKRBOXPELD 8QLYHUVLW\ 3UHVV 1H

>+HQGOH\ @ +HQGOH\ WDWR 7LPH DQG (GXFDWLR
KRQRXIL6 %UXPE®WDKVH 8QLYHUVLW\ RI
3UHVV

>+HUPDQQ @ +HUPDQQ3KLORVRSK\ Rl ODWKHPDWLFV
6FLH@RHQFHWRQ 8QLYHUVLW\ 3UHVV

>+HVVH @ +HVVH OR®HOV DQG $QDORGKHMA @ BEL
‘DUG /WG /RQGRQ

>+LOOLHU @ +LOOLHUS$SXOMRRDWD DQG OHFKOSKHWO
%RRNV /LPLWHG /RQGRQ

>+RGJHV @ +RGIJHV 7THFKQRORJ\ LQ WKH $@IRIHHD W |
.QRSI 1HZ <RUN

>+ROOLVWWUDBKROWLVWHU 6KRUW * DQ@\VWRHV R)
7HEKQROROXPH 6HYHQWHHQ 0DQVH

>+R VNLQ @ +RVNLQ +0H &DPEULGJH ,OOXVWUDWEL
SVWURG@®P\EULGJH 8QLYHUVLW\ 3UHVYV



NIL7HIHYHQFHL

>+X00 @ +X00 / :+LWWRU\ DQG 3KLORVRSK\ R
,QWURGXEQILFRORYV *UHHQ DQG &R /WG

>+XPSKUHD@ +XPSKUH\ - : 20HVRQ - 3 DQG 6
*UHHN DQG 5RPDQ 7HFKQRCOERXW® 168 Xt
IRQGRQ 1HZ <RUN

>+XVVH\ @ +XVVH\MAH 3UHWRFUPRMNAIRUWK &RPS
ILPLWHG /RQGRQ

>+t XWWHQ @ +XWWHSIRH RULJLQV*REOPIHDFBQZLQ /\
IRQGRQ

>-DFNVRQ @ -DFNVRQ 6HQDQFKROLD DQG 'HSUHV!
+LSSRFUDWLF 7LPHV WRDORIGBQQYHURI
3UHVV 1HZ +DYHQ DQG /RQGRQ

>-DHJHU @ -DHIJHUSULVWRWOH )XQGDPHQWDOV RI
'"HYHORSWHQWVODWHG E\' 5 5RELQVRQ

3UHVV 2[IRUG

>-DVSHUV @ -DVSHUS8KH *UHDW 3KL®DSHBWKHDWW 'D

IRQGRQ
>-RZH@ W “RZHWW %7KH € DORJXHVYRO3ODWRUVYV
SXEOLVKHG LQ $W WKH &O0DUHQGRC

>.DLODWK @ .DLODWKLQHDU MNVYHPHZRRG &OLIIV
SUHQWLFH +DOO ,QF

>.DOOLIJHURSRXDRUOLIBURSRIODIHRV [DL ,RYRSLDS\DLDT

(:; UMYL[ULT 7}x2YRFERYLBPRMXT3]FPRY. A
.DDUDYLFE[ULL $1_YD



INMHIHUHQF L

>.DOPDQ @ .DOPDQ 5 /HFWXUHV RQ &RQWUROO
2EVHUYDEBHQMWNM\R ,QWHUQDWLRQDOH 0
6HPLQDU 1RWHV %RORJQD ,WDO\

>.DUFDQLDVY @DUFDQLBP®RHEDO 3URFHVV ,QVWUXPHQW

SUREOHPVY RI D 6\VWHP DQG &RQWURC
OHDVXUHPHQW 9RO SS

>.DUFDQLDV @DUFDQLDWWHIUDWHG 3URFHVV 'HVLJ
&RQWURO 7KHRU\ '"HVLJQ &FRPVSKAV HWIVP E
,QGXVWU\ 9RO SS

>.DUFDQLDV @DUFDQLD¥RQWURO 3UREOHPV LQ *OF
,QVWUXPHQWDWLRQ $ 6RPSHWWXHD @ K5+l
(QJLQHHULQJ 9RO S

>.DUFDQLDV @DUFDQLDV&RIQFHASWXDO $SSURDFK WR
6\WWHPV ORGHOOLQJ D&IGVHDREIKO5&BR
&RQWURO (QJLQHHULQJ &HQWUH &LW
2FWREHU

>.LHUNHJDDUG .LAUNHJDDBK® % LQW RI 9LHZ RI P\ :RI
SXWKRWDQV LQWUR DQG QRWHYV

>.0Z N % WaD K .LUN * 6 5SDYHQ - ( DQ&IUBFKRI
SUHVRFUDWLF 3&DPRVRGKHUS/QLYHUVLYV

>.0O0HLQ @ .OHLQ*U-HHN ODWKHPDWLFDO 7KRXJKW LC
$OJHEKMB 0 , 7 3UHVV

>.0HLQ @ .OHLQESL-DW 9V 7ULORJ\ 7KHDHWHWXV W



S"H HUHQ=

>.OHPP @

>.0LQH @

>.0LU @

>.0LU @

>.UDQ]EHMOJ

>.UDXW @

>/DVVHUUH

>/HDU @

>/HLWKjXVHU

6WDWHWKMHQ 8QLYHUVLW\ RI &KLFDJR 3

.OHPP )+LXWRU\ Rl :HVWH18Q $THFHQR O
8QZLQ /WG /RQGRQ

.OLQHODWKHPDWLFDO 7KRXJKW IURP $C
7LPHWAO 8 2[IRUG 8QLYHUVLW\ 3UHVV

.OLU *$Q $SSURDFK WR *HQHUDO GB\VWHE
1IRVWUDQG 5HLQKROG 3ULQFHWRQ 1H:

.OLU *7KHSRO\SKRQLF *HQHUDO 6\VWH
7TUHQGVY LQ *HQHUDO GOGAWMHP * 7KKRIU \
&KLFKHVWHU :LOH\ QWHUVFLHQFH 1H

@.UDQ]JEHUJ 0 DQG 3MBNEGRORX LQ :HV
&LYLOLVDWLRQ 7KH (PHUJHQFH RI ORG

(DUO\ 7LPHYO9OWR K 2[IRUG 8QLYHUVLW\

.UDXWSKH &DPEULGJH &RPEODORPRRQOQLEKRHSI
8QLYHUVLW\ 3UHVYV

XR % $&XWRPDWLF &RQVBURIQWLAF W H P
,(QWHUQDWLRQDO

@ /IDVVHUSHVH \ODWKHPDWLFV LQ WKH DJ
+XWFKLQVRQ &R /WG /RQGRQ

/HDU $ULVWRWOH 7KH '"HV L&JHP BMR. BI}G H
8QLYHUVLW\ 3UHVYV

GHLWKDXVHQYHQWRUV RI:RXG H®IHOEG



HUHQFHL

>/HQDUG

>/HY\

>/HZLV

>/LEE\

Q@

@

@

>/[LQGEHUJ

>/LYLQJVWRQH

>/OR\G

>/RVHH

@

@

@

@

>/XHQEHUJHU

>0D\U

@

1LROVRQ /WG /RQGRQ

/JHQDUG'UBDW OHQ RI| 6PAMQGBH 6RQV /V
IRQGRQ

JHY\ * BKH O0\WKV RI&BQIWDRKU 3UHVV
IRQGRQ

/IHZLV )$3$SOLHG 2SWLPDO &RQWURO
SUHQWLFH +DOO

/LEE\ $Q ,QWURGXFWLRQ WR WXH +LVW
+DUUDS &R /WG /RQGRQ

ILQGEHUJ MIRB %HJLQQLQJV RI7ZKNWHU
8QLYHUVLW\ RI &KLFDJR 3UHVV /WG [/}

/ILOLQIJVWRQH 3SRUWUDLWYV RR[BRF&DWI
8QLYHUVLW\ 3UHVV

IOR\G * (..BUL\ *UHHN 6FLHQFH ! 7KDOF
&KDWWR 'LQG XV

IRVHHD KLVWRULFDO ,QWURGXFWLRQ W
6FLHQ@FHRUG 8QLYHUVLW\ 3UHVV

RHQEHUJHU, QWUWRGXFWLRQ WR '\QDPLI
-RKQ :LOH\ 1HZ <RUN

0D\U -KH 2ULJLQV RIl )HHIGEDFN. VKR Q\
7TUDQVODWLRQ 7KH ODVVDFKXVHWWYV |



# 9IpUHQFHL

>0D\U @

>0D\U @

>0F.HQ]JLH @

>0F.HRQ @

>0HVDURW D&

>0RUURZ @

>0XUUuUbD\ @

>0XUUuD\ @

>1DUGR @

>20HVRQ @

0D\U JHHGEDFN OHFKDQLVPV YRO O

&ROOHFWLRQV RI WKH 1DWLRQDO O0X\
7HFKQROBRYKRQJWRQ

0D\U 3KLORVRSKHUV DOELHWQFKL@HVWF
3XEOLFDWLRQV 1HZ <RUN

OF.HQ]JLH $ NMKH ODMRU $FKLHYHPHQWYV
&DPEULGJH 8QLYHUVLW\ 3UHVYV

OF.HRQ 78H %DVLF :RUNV(BLWUHIC/ WA & @H
DQ ,QWURGXFWLRQ E\ 5 O0OF.HRQ 5DQ
<RUN

OHVDURYLF 0 TIHNQDHKUIDUD 6 \ WY WHPV 7K
ODWKHPDWLFDO $RXQEBPMFLBQNYV

ORUURZ 3URFOXV $ &RPPHQWDU\ RQ WK
(XFOLGTV (GHPEPMWRQ 8QLYHUVLW)\ SUF

OXUUD\ $+RPHU 7KH 2G\VVH\ ZLWK DC
7UDQVODMOLRMIP +HLQHPDQQ /WG /RQ
9ROXPHV

OXUUD\ $+RPHU 7KH ,0LDG ZLWK DC
7UDQVODVOIR@P +HLQHPDQQ /WG /RQ

9ROXPHYV

1DUGR*UHHN DQG S5RPDQ@FFHFQAWQRERRNYV |, C
&DOLIRUQLD

20HVRQ*UHBN DQG SRPDQ OHFKDQLFDO



ILIHIHUHQFHE

>2UH @

>3DW]LJ @

>3HGHUVHQ

>3HGHUVHQ

>30XWDUFK

>3RSSHU @

>3RSSHU @

>3RUWHU @

>3RWWHU @

'HYFHV 7KH +LVWRU\SRLYHBKQRORI\7R
SUHVYV

2UH 2\VIMXIRE®U 7KHRU\ DQG®FIrWNZ+LVW
+LOO %RRN &RPSDQ\ ,QF

3DW]JLJ $BLVWRWOHYTV 7KHRU\ RI WKI|

/IRJLFR 3KLORORJLFDO 6WXG\ Rl %RRN $
WUDQVODWHG IURP WKH *HUPDQ E\

3XEOLVKLQJ &RPSDQ\ +ROODQG

@3HGHUVB®XUYH\ Rl WK GBODHHYQLYHU

3UHVV

@3HGHUVHRUO\ 3K\VLFV DQG $VWURQRP\

 QWURGXMPWERQGJIH 8QLYHUVLW)\ 3UHVV

Q30OXWDRBOKXKKWDUFKIYROLYBV- 'U\GHQ HGI

UHYLVHG ZLWK DQ LQWURGXFWLRQ E\
6RQV /WG /RQGRQ

3RSSHU .SIBH 2SHQ 6RFLHW\ DQG LV
SRXWOHGJH .HIDQ 3DXO /WG

3RSSHU SKH /RJLF 4 6FLHQWUIGFHG VFF
&KDSWHU +XWFKLQVRQ /RQGRQ

SRUWHWBK\EHUQHWLFV (QLIFBLO/KLBGLYHUYV
SUHVV

SRWWHU&&KDWDOFWHULVWLFV RI WKH *UF
6RFUDWHYV ID-Q& 30ODWNRHU :HVW 6WUDQ



>3ULFH @ SULFH ' GHDWV IURP WKH *UHHNV 7KFE

OHFKDQLVP $ &DOHQGDU &RPSXWHU I
6FLHQFH +LVWRU\ 3XEOLFDWLRQV 1HZ

>5HDOH @ S5HDOHD *#*LVWRU\ RI $QFLHQW 3KLORVF
2ULJLQV WR 6RFUDWHV! 6WDWH XQLYH!

>5HW W D@ SHwL / DQRG %MHRKHIHBONQERZQ /HRQI
$EUDGDOH 3UHVYV

>5LFKDUGVRQ 5@FKDUGVRQHHGEDFN 7KRXJKW LQ 6RFI
DQG 6\WWHPIVSG@KWRUVLW\ RI 3HQQV\OY
869%

>5LSOH\ @ 5LSOH\ SAHM (OHPHQWY DQG 6WUXFWXU|
6FLHQFHR/®@ :LOH\ ©6RQV ,QF1%2

>5RELQVRQ @5RELQVRQ$ULWWRWOH +HOF NHWQALRKEOL\
&RPSDQ\ ,QF ,QGLDQDSROLYV

>5RQDQ @ 5RQDQ &A$ &DPEULGJH ,00XVWUDWHC(
:RUOG YV BBRIDHPERH GIJH 8QLYHUVLW)\ 3UH\

>5RVV @ 5RVV : SILAMA 4 $ULVWRDMOHODWHG |
(QJOLVK XQGHU WKH HGLWRUVKLS RI
SXEOLVKHG LQ 2[IRUG 8QLYHUVLW\

>5RVV @ 5RVV : 7KH :RUNV RI $ULNOQMINDONHG |
(QJOLVK XQGHU WKH HGLWRUVKLS RI
SRVV 9RO J)LUVW SXEOLVKHG LQ
SUHVV



19 1 UHQFH

>5RVV @ 5RVV :$SULVWRWEKHQ &R /WG

>5RXFH%DOO ®WRXFH %DOOb 6KRUW $FFRXQW RI WKH
ODWKHPDRWHY 3XEOLFDWLRQV ,QF

>5XVVHOO @ 5XVVHOQAVWRU\ RI :HVWHUWORIKHORYAHB |
8QZLQ /WG /RQGRQ

>6DPEXUVN\ @6DPEXUVN\SKKB SK\WLFDO :RUOG RI W
S5SRXWOHGJH DQG .HJDQ 3DXO /WG /RQ(

>6 DQWL OLDQD 6D@WLOODQDMEH *ARULIR Rl 6FLHQWL
‘HLGHQIHOG 1LFROVRQ /RQGRQ

>6DUWRQ @ G6DUWR®QFLHQW 6FLHQFH WKURXJK WK
*UHHMARIYHU 3XEOLFDWLRQV ,QF 1HZ <l

>6DUWRQ @ 6DUWRQHOOHQLVWLF 6FLHQFH DQG WKHF
WKUHH FHQWRUYHHWV3AEOLFDWLRQV ,QF

>6FKODJHO @ 6FKODJHOS BbRP+ 0\WK WR ORGHUQ 0LQG
WKH 2ULJLQV DQG *URZWHK FRAV6RUH/@WQUI
SXEOLVKLQJ ,QF 1HZ <RUN

>6FKPLGW @ 6FKPLGW+HURQV YRQ $OH[DQGULD 'UX
$XWRPDWHQWKHDWHIXFASKQD 9HRIAD DIVIY
* 7XHEQHU /HLS]LJ

>6KRQH @ 6KRQH #+HURQ YRQ $OH[DQGULD 2
OHUPHVVXQJVOHKUHR XN XIQRES WHUIDJDJ Y
* 7THXEQHU /HLS]LJ



NOs IHUHQ FHL
>6LQJHU @ 6LQJHUD @&KRUW +LVWRU\ RI 6FLHQWLIL

2[IRUG 8QLYHUVLW\ 3UHVV /RQGRQ

>S6WHZDUW @ 6WHZDUW7KH 8\WKV REBQDURU 3UHVV
IRQGRQ

>6WUDQGK @ 6WUDQGKDFELQHV $Q ,00 XN WWWMWHGY
+RXVH OLWFKHOO %HD]OH\ ODUNHWLQJ

>6WUDXVV @ 6WUDXWXWRPDWD $ 6WXG\ LQ WKH ,QW
THFKQRORJ\ DQG 3RISXODU &XQMWXHUHV L'

RI &DOLIRUQLD 6DQ 'LHJR

>7TDWRQ @ 7TDWRGQFLHQW DQG OHGLHYDO 6FLHQFF
WR $' 7HDPHV DQG +XGVRQ /RQGRQ

>7D\ORU @ 7D\ORU $$JLVWRWOH( & -DFN /RQGRQ

>7D\ORU @ 7D\ORU 6RFUDWHWYWRZRRG 3UHVV

>7TKXUVWRQ @7KXUVWRQ $5LVWRWOH DQG ORGHUQ
&DVVLHUYTV 0DJD]LQH 9RO ;9 -DQXDU\

>7TRSLQWI]L @ 7RSPW]L%XVLQHVV 3URFHVVHV GB6\WWHP
JRUPDO ORGHOOLSX' THKWMKRGV&LW\ 8QL)
IRQGRQ

>7UDVN @ 7UDVNSKH JWRU\ RI &S\ENGOR WILFWD /L
IRQGRQ

>S7TXUQEXOO @7XUQEXOOMKH :*UHDW O0DWKHI\WEWHOLDQ
&R /WG /RQGRQ



>8 KHU @ 8VKHU & B8LVWRU\ RI OHFKDQLERDIOU, QY
SXEOLFDWLRQV ,QF 1HZ <RUN

>S9HPXUL @ 9HPXQ BORGHOOLQJ RI &RPSOH[ 6\V
,QWURGSFWGROLF 3UHVV 1HZ <RUN

>90DVWRV @ 90DVWRYODWR $ &ROOHFWLRQ RI &
'RXEOHGD\ DQG &RPSDQ\ ,QF 1HZ <RU

>:DOWHU @ :DOWHU «RQFHSWYV RI ODWKHPDWLFD
OF*UDZ +LOO %RRN &RPSDQ\

>:HGEHUJ @ :HGEHUJ 3®DWRYV 3KLORVRSK\ RI O
*UHHQZRRG 3UHVV 3XEOLVKHUV 6WRF

>:KLWILHOG @:KLWILHOMMQGBPDUNV LQ :HVWHUQ 6FL
SUHKLVWRU\ WR WKH $WRWILKNKJIHEUDU\

>:LHGHPDQQ HUMGHRDQQ ( DQGIBIWHBHUFKLPHGHYV
]ZHL DQGHUH 9RUWNFKWYRQIHBUKDUGW
*PE+ +DOOH

> LHQHU @ 'LHQHU&\EHUQHWLFV RU &RQWURO DQG
WKH $QLPDO DQGOWKH DDHWVYQHY

>: L O BHXW DA 'LOEXU - % $KIRHHQ : R O/GV RI1 WKH HD
SKLORVRIBKR PRI KHXYV %RRNV 1HZ <RUN

>:LOOHPV @ :LOOHPV 6WDELOLW\ 7KHRU\ RI "\QDPL
-RKQ :LOH\ 1HZ <RUN

>:LOVRQ @ 'LOVRQ $[[0,QILQLWH LQ! VEKRUGEQLW



HUHQFH{

8QLYHUVLW\ 3UHVYV

>:RORYLFK @ :RORYLFK $XWRPDWLF &RQWDRQG6\WW
&ROOHJH 3XEOLFDWLRQ 1HZ <RUN

>=D GHK D@ =DGHK [/ $ 'HVRH@HD& $6\VWHPV 7KI|
OF*UDZ +LOO 1HZ <RUN

>=HOOHU @ =HOOH®DXWOLQHV RI WKH +LVWRU\ RI *
'RYHU 3XEOLFDWLRQV ,QF 1HZ <RUN



$33(1',&(6
$SSHIL[

+RPHU
+HVLRG
7KDOHYV
$QD[LPDQGHU
$QD[LPHQHV
3\WKDJRUDYV
'HQRSKDQHYV
+HUDFOLWXYV
3DUPHQLGHYV
$QD[DJRUDV
OHOLVVXV
(PSHGRFOHYV
=HQR
IHXFLSSXV
3KLORODXV
6RFUDWHYV
7KHRGRUXV
"HPRFULWXYV
+LSSRFUDWHYV
7KHDHWHWXV
$UFK\WDV

3O0DWR

&KURQRORJLFDO 2UGHU RI

,RQLD OLGGOH RI
$VNUD RI RHRwWLD FD % &
OLOHWXV FD %
OLOHWXV FD %
OLOHWXYV FD %
6DPRYV % &
&RORSKRQ FD %
(SKHVXV % &
(OHD FD %
&OD]RPHQDH FD %
6DPRV FD %
$FUDJDV % &
(OHD FD %
OLOHWXV % &
7DUHQWXP RU &URWRRD %
$SWKHQV % &
&\UHQH % &
$EGHUD % &
&RV % &
$SWKHQV % &
7DUHQWXP RU 7DUDVFD %
$SWKHQV %

&

WK

F

%

SKLORVRSKHUV I

&



(XGR[XV

$ULVWR[HQRYV

&D OOLSSXV

7TKHRSKUDVWXYV

$ULVWRWOH

(XFOLG

$ULVWDUFKXYV

.WHVLELRYV

$UFKLPHGHYV

3KLOR

+LSSDUFKXYV

+HURQ

9LWUXYLXV

&LFHUR

3OXWDUFK

7KHRQ

&ODXGLXV 3WRLHP\

IDHUWLXYV

'LRIJHQHYV

3DSSXV

6LPSOLFLXV

/HRQDUGR GD 9LQFL $QFKLDQR RI

&QLG XV % &
7DUHQWXP FD % &
&\]LF XV FD % &
/IHVERYV FD % &
6WDJLUD % &
$OH[DQGULD FD % &
6DPRYV FD % &
%\]DQWLXP % &
6\UDFXVH % &
%\]DQWLXP BHFRQG KDOI RI
1L FDHD FD % &
$OH[DQGULD VW % & VWS -
YRUPLD RI /DWLR (QG RI VW F %
$USLQXP % &
&KDHURQLD RI %RHRWDD $
6P\UQD FD $
(J\SW FD $
IDHUWH RI &LOLFLD FD
$OH[DQGULD FD $
&LOLFLD FD $
YORUHQFH $

UG

F

%



$SSHQGL] /ILVW RI $XWRPOMXP LODEHHNRRAYDWRSRLHWLI

3QHXPDWLEV %RRN
$ +\GUDXOLF VLSKRQV
7KH EHQW VLSKRQ
7KH VWUDLJKW VLSKRQ
$ VLSKRQ RI XQLIRUP IORZ
$ VLSKRQ RU SDUWO\ XQLIRUP DQG SDUWO\ QRC
$ FR D[LDO VLSKRQ ZLWK YHVVHO
$f 'HYLFHV RI H{WHQVLYH XVH
&OHSV\GUD
7ZR FRPSDUWPHQW FOHSV\GUD RIIHULQJ KRW D
'ULQNLQJ KRUQ ZLWK WZR IOXLGV ZDWHU DQ
RITHUV ZDWHU RU ZLQH RU ZLQH PL[ ZLWK ZDW
$XWRPDWLF IRXQWDLQ
$XWRPDWLF OLEDWLRQV DW DQ DOWDU SURGXF
8QDQLPRXV ERZOV WZR FUDWHUV SODFHG RQ I
FXUYHG VLSKRQ HQGLQJ LQ DQ RXWOHW 2QH R
RWKHU LV HPSW\ :DWHU LV SRXUHG LQWR WKH
PDNHV WKH ZLQH Rl WKH IRUPHU WR IORZ RXW
WLPH DV WKH ZDWHU IORZV DOVR RXW
+ 'HYLFHV SURGXFLQJ VRXQGYV
6LQJLQJ ELUG DXWRPDWRQ
'KLVWOLQJ ELUG DQG RZO DXWRPDWRQ
$XWRPDWLF WUXPSHWLQJ GRRUEHOO IRU D WHF
f +\GUDXOLF DXWRPDWD
&RQVWDQW OHYHO ERZOV HTXLSSHG ZLWK IORTE
ILOOHG ZLWK DV PXFK OLTXLG DV ZDV WDNHQ
$XWRPDWLF FRLQ RSHUDWHG +RO\ :DWHU GLVS
7KH DXWRPDWLF ILUH HQJLQH
'ULQNLQJ DQLPDOV



(J\SWLDQ DXWRPDWD ZLWK ZKHHOV RIIHULQJ
(J\SWLDQ WHPSOHV LV WXUQHG ZKHQ WKH ZRU
KRO\ ZDWHU IORZV RXW RI WKH ZKHHOV DV LW W
$XWRPDWLF YHVVHO RIIHULQJ GLIIHUHQW NLQ
YHVVHO D QXPEHU RI TXHVWV FDQ SRXU HDFK |
DJDLQ

2LO DPS ZLWK VHOI WULPPLQJ ZLEN

6DW\U KROGLQJ D EDJ RI ZLQH ILOOV D EDVLQ Z
6HOI RSHQLQJ WHPSOH GRRUV

+HUFXOHV VKRRWLQJ RII| DQ DUURZ DW D VQDN
$XWRPDWLF ZDWHU RUJDQ

'LQGPLOO SRZHUHG ZDWHU RUJDQ

SQHXPDWLFV %RRN %
7KH IDLUGLNDVYREeMKMOW DOZD\V SRXUV RXW D |

ZDWHU DW D WLPH

'KHQ D ILUH LV OLJKWHG LQ IURQW RI D WHPSO
6LQJLQJ ELUGYV ZLWK LQWHUPLWWHQW YRLFHV
6SKHUHY DUH VXVSHQGHG DERYH KHDWHG DLU
'"HVFULSWLYH PRGHO RI WKH ZRUOG
TKHUPRVFRSH ;DSDT IURP ZKLFK GULSV ZDWH!
$HRORSLOH ZKHUH ILUH FDXVHV WKH FUHDWL!
WXUQ LV UHVSRQVLEOH IRU WKH UHYROYLQJ PR
2LO ODPS DXWRPDWLFDOO\ ILOOHG ZLWK RLO
&RQWDLQHU JLYLQJ RXW D FHUWDLQ PHDVXUH

$XWRPDWLF PHFKDQLVP IRU UHJXODWLQJ WKH
D OHYHU PHFKDQLFDO V\VWHP ILJXUH

,Q TURQW RI D WHPSOH WKHUH LV D FDVNHW Z|
ZKHQ WKH ZKHHO LV WXUQHG WKH YRLFH RI WK
-DU ZLWK VHOIl UHJXODWHG IORZ E\ PHDQV RI D
%DWK VWRYH PLOLDULXP KHDWV ZDWHU E\ E
UHJXODWH WKH RXWOHW RI KRW ZDWHU



6 AMWMEHQGLFHL

$XWRWRSRLHWLFH , ORELOH DXWRPDWD
7KH SURJUDPPLQJ RI WKH PRYHPHQWY RI WKH I
ILIXUH

7KH PRYHPHQW RI WKH DXWRPDWRQ LQ D UHFW
&RPSOH[ KHOLFDO PRYHPHQWYVY RI WKH DXWRPD
7KH PHFKDQLVP RI WKH OLJKWLQJ RI ILUHV RQ '
7KH K\GUDXOLF PHFKDQLVP IRU WKH OLTXLG |
URWDWLRQ RI LGROV

7TKH PHFKDQLVP IRU WKH SURGXFWLRQ RI VRXQ!
7KH PHFKDQLVP IRU WKH ZUHDWKLQJ RI WHPSO|
7KH GDQFH RI WKH %DFFKDQWHYV

$XWRPDWRSRAWBDMWLERQDU\ DXWRPDWD
7TKH PHFKDQLVP IRU WKH RSHQLQJ DQG WKH FO

LQWHUYDOV
7KH PHFKDQLVP IRU WIX®DRRKMHREZRYWNVZRWK VD2
KDPPHUV

7KH PHFKDQLVP IRU WKH FKDQJH Rl WKH VFHQH
7KH PHEKDQLVP IRU WKH FRDVWLQJ RI WKH VKL
7KH PHEFKDQLVP IRU WKH PRYHPHQW RI WKH GR(
7KH PHEFKDQLVP IRU WKH OLJKWLQJ RI WKH WRU
7KH PHFKDQLVP dRXVS$WKPIK DYD

7KH IDOO RI WKH WKXQGHU DQG WKH GLVDSSHD

+HURQV YRQ $OH[DQGULD 'UXFNZHUNRHGERSLGXW R:PD
/HLS]LJ .WHVLELRV 3KLORQ DQG +HURQ $ VWXG\
'UDFKPDQQ $ * .RSHQKDJHQ



¢A¢C¢IRI X$ ,LFDWLF UL

/1,67 2) 38%/,&$7,216

1

6 9DVLOHLDGRXORIGHOOEQQ®ISBBURDFKHY DQG V\VW
LQ WKH ,QWHJUDWHG 2SHUDWLBQRFRHGQ®YVWHEL DO
DQQXDO &RQIHUHQFH Rl ,&,06 12( 6HSWHPEHU

6 9DVLCHR®D GROWRQLF 'LFKRWRP\ DQG WKH (XFOLC
7KH ILUVW &ORVHG /RRS ODWKHEPWWILEDOFKBYRBH I
S5HJHOXQJVWHFKQLN XQG 3URJHVVDXWRPDWLVLHUY?
$XVWULD ,6%1

6 9DVLOHLDGRX ' .DOOLJBWRSRPAO R\RGHO.OUGD QR
LQ DQFLHQW *UHHFH DFW K § AHG $IRW RPCEOD.F D W L R ¢
6 9DVLOHLDGRX ' .DOOLJBWRSRPAO FO\RGHO.0UGD QR
LQ DQFLHQW *UHHFH DKIF 15 \W HGOIRWY $XE 6 DEOJW L R
6 9DVLOHLDGRX ' .DOOLJBWRERPAO F\RGHO OUGD QDR
LQ DQFLHQW *UHHFH JURP OHDVXUHPHQWY WR *H]
RI ODWKHPDWLFDEPREWMIO® UIRU SXEOLFDWLRQ

6 9DVLOHLDGRX ' .DOOLJBWRSHRPAO F\RGHOOUGD QDR
LQ DQFLHQW *UHHEH 7KH 30DWRQLF 'LFKRWRP\ I

OHWKREMHSWHG IRU SXEOLFDWLRQ



