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7KH SURFHVV RI SURWRW\SLQJ LV SDUW RI HYHU\ VFLHQWLILF LQTXLU\� SURGXFW GHVLJQ� DQG OHDUQLQJ
DFWLYLW\� 7KH QHZ HFRQRPLF UHDOLWLHV UHTXLUH WKH UDSLG SURWRW\SLQJ RI PDQXIDFWXUHG DUWLIDFWV
DQG UDSLG VROXWLRQV WR SUREOHPV ZLWK QXPHURXV LQWHUUHODWHG HOHPHQWV� 7KLV� LQ WXUQ� UHTXLUHV
WKH IDVW� DFFXUDWH VLPXODWLRQ RI SK\VLFDO SURFHVVHV DQG GHVLJQ RSWLPL]DWLRQ XVLQJ NQRZOHGJH
DQG FRPSXWDWLRQDO PRGHOV IURP PXOWLSOH GLVFLSOLQHV �PXOWL�SK\VLFV DQG PXOWL�VFDOH PRGHOV� LQ VFLHQFH
DQG HQJLQHHULQJ� 7KXV� WKH UHDOL]DWLRQ RI UDSLG PXOWLGLVFLSOLQDU\ SURWRW\SLQJ LV WKH QHZ
JUDQG FKDOOHQJH� ,Q WKLV DSSOLFDWLRQ VFHQDULR WKH QDWXUDO FRPSXWDWLRQDO UHVRXUFH LV D
´FRPSXWDWLRQDO JULGµ WKDW FRQQHFWV WKH QHHGHG GLVWULEXWHG KDUGZDUH DQG VRIWZDUH UHVRXUFHV
XVHG WR VLPXODWH WKH HOHPHQWV RI WKH DUWLIDFW� 2XU UHVHDUFK JRDO LV WR DGGUHVV WKLV DSSOLFDWLRQ
VFHQDULR LQ WKH FRQWH[W RI SDUDOOHO FRPSXWLQJ� FOXVWHU FRPSXWLQJ �/$1 EDVHG FRPSXWDWLRQDO
JULGV�� DQG ,QWUDQHW�,QWHUQHW FRPSXWDWLRQDO JULGV� ,Q WKLV GRFXPHQW� ZH GHVFULEH WKH LQLWLDO
GHVLJQ RI D JHQHULF 036( IUDPHZRUN EDVHG RQ D QHWZRUN RI FRPSXWDWLRQDO DJHQWV DVVXPLQJ
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D QHW�FHQWULF UXQ�WLPH VXSSRUW HQYLURQPHQW� 0RUHRYHU� ZH SUHVHQW WKH UHDOL]DWLRQ RI WKLV
IUDPHZRUN IRU GHVLJQLQJ D SURWRW\SH 036( �*DV7XUEQ/DE� IRU VXSSRUWLQJ VLPXODWLRQV
QHHGHG IRU WKH GHVLJQ RI HIILFLHQW JDV WXUELQH HQJLQHV�
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,W LV SUHGLFWHG WKDW LQ WKH QH[W FHQWXU\� WKH DYDLODEOH FRPSXWDWLRQDO SRZHU ZLOO HQDEOH DQ\ RQH ZLWK
DFFHVV WR D FRPSXWHU WR ILQG DQ DQVZHU WR DQ\ TXHVWLRQ WKDW KDV D NQRZQ RU HIIHFWLYHO\ FRPSXWDEOH
DQVZHU� 7KH UHFHQWO\ SURSRVHG FRQFHSW RI SUREOHP VROYLQJ HQYLURQPHQWV �36(V� >��@>��@ SURPLVHV
WR FRQWULEXWH WRZDUG WKH UHDOL]DWLRQ RI WKLV SUHGLFWLRQ IRU SK\VLFDO PRGHOLQJ DQG WR SURYLGH VWXGHQWV�
VFLHQWLVWV� DQG HQJLQHHUV ZLWK HQYLURQPHQWV WKDW DOORZ WKHP WR VSHQG PRUH WLPH GRLQJ VFLHQFH DQG
HQJLQHHULQJ UDWKHU WKDQ FRPSXWLQJ�

7KH SUHGLFWHG JURZWK RI FRPSXWDWLRQDO SRZHU DQG QHWZRUN EDQGZLGWK VXJJHVWV WKDW FRPSXWDWLRQDO
PRGHOLQJ DQG H[SHULPHQWDWLRQ ZLOO EH RQH RI WKH PDLQ WRROV LQ ELJ DQG VPDOO VFLHQFH� ,Q WKLV VFHQDULR�
FRPSXWDWLRQDO PRGHOLQJ ZLOO VKLIW IURP WKH FXUUHQW VLQJOH SK\VLFDO FRPSRQHQW GHVLJQ WR WKH GHVLJQ RI
D ZKROH SK\VLFDO V\VWHP ZLWK D ODUJH QXPEHU RI FRPSRQHQWV WKDW KDYH GLIIHUHQW VKDSHV� REH\
GLIIHUHQW SK\VLFDO ODZV DQG PDQXIDFWXULQJ FRQVWUDLQWV� DQG LQWHUDFW ZLWK HDFK RWKHU WKURXJK
JHRPHWULF DQG SK\VLFDO LQWHUIDFHV� )RU H[DPSOH� WKH DQDO\VLV RI DQ HQJLQH LQYROYHV WKH GRPDLQV RI
WKHUPRG\QDPLFV �JLYHV WKH EHKDYLRU RI WKH JDVHV LQ WKH SLVWRQ�F\OLQGHU DVVHPEOLHV�� PHFKDQLFV �JLYHV
WKH NLQHPDWLFV DQG G\QDPLF EHKDYLRUV RI SLVWRQV� OLQNV� FUDQNV� HWF��� VWUXFWXUHV �JLYHV WKH VWUHVVHV DQG
VWUDLQV RQ WKH SDUWV� DQG JHRPHWU\ �JLYHV WKH VKDSH RI WKH FRPSRQHQWV DQG WKH VWUXFWXUDO FRQVWUDLQWV��
7KH GHVLJQ RI WKH HQJLQH UHTXLUHV WKDW WKHVH GLIIHUHQW GRPDLQ�VSHFLILF DQDO\VHV LQWHUDFW LQ RUGHU WR
ILQG WKH ILQDO VROXWLRQ� 7KH GLIIHUHQW GRPDLQV VKDUH FRPPRQ SDUDPHWHUV DQG LQWHUIDFHV EXW HDFK KDV
LWV RZQ SDUDPHWHUV DQG FRQVWUDLQWV� :H UHIHU WR WKHVH PXOWL�FRPSRQHQW EDVHG SK\VLFDO V\VWHPV DV
PXOWL�SK\VLFV DSSOLFDWLRQV �03$V�� 7KH UHDOL]DWLRQ RI WKH DERYH VFHQDULR� ZKLFK LV H[SHFWHG WR KDYH
VLJQLILFDQW LPSDFW LQ LQGXVWU\� HGXFDWLRQ� DQG WUDLQLQJ� ZLOO UHTXLUH WKH GHYHORSPHQW RI QHZ
DOJRULWKPLF VWUDWHJLHV DQG VRIWZDUH IRU PDQDJLQJ WKH FRPSOH[LW\ DQG KDUYHVWLQJ WKH SRZHU RI WKH
H[SHFWHG +3&& UHVRXUFHV� LW ZLOO UHTXLUH 36( WHFKQRORJ\ WR VXSSRUW SURJUDPPLQJ�LQ�WKH�ODUJH DQG
UHGXFH WKH RYHUKHDG RI +3&& FRPSXWLQJ� 7KH PDLQ UHVHDUFK WKUXVW LQ WKLV DUHD VKRXOG EH WR LGHQWLI\
WKH IUDPHZRUN IRU WKH QXPHULFDO VLPXODWLRQ RI PXOWL�SK\VLFV DSSOLFDWLRQV DQG WR GHYHORS WKH HQDEOLQJ
WKHRULHV DQG WHFKQRORJLHV QHHGHG WR VXSSRUW DQG UHDOL]H WKLV IUDPHZRUN LQ VSHFLILF DSSOLFDWLRQV� 7KH
036( LV WKH VRIWZDUH LPSOHPHQWDWLRQ RI WKLV IUDPHZRUN� ,W LV DVVXPHG WKDW LWV HOHPHQWV DUH
GLVFLSOLQH�VSHFLILF SUREOHP VROYLQJ HQYLURQPHQWV� 7KH 036( GHVLJQ REMHFWLYH LV WR DOORZ WKH QDWXUDO
VSHFLILFDWLRQ RI PXOWL�SK\VLFV DSSOLFDWLRQV DQG WKHLU VLPXODWLRQ ZLWK LQWHUDFWLQJ 36(V WKURXJK
PDWKHPDWLFDO DQG VRIWZDUH LQWHUIDFHV DFURVV QHWZRUNV RI FRPSXWDWLRQDO UHVRXUFHV� ,Q WKLV GRFXPHQW�
ZH GHVFULEH D VRIWZDUH DUFKLWHFWXUH IRU 036(V DQG LWV LPSOHPHQWDWLRQ IRU DQ 03$ UHODWHG WR WKH
VLPXODWLRQ RI JDV WXUELQH HQJLQHV�

7KLV GRFXPHQW LV RUJDQL]HG DV IROORZV 6HFWLRQ � GHILQHV WKH FRQFHSWV RI 36( DQG 036( DQG UHYLHZV
WKH DVVRFLDWHG UHVHDUFK LVVXHV� 6HFWLRQ � SUHVHQWV WKH JDV WXUELQH HQJLQH 03$� 6HFWLRQ � GLVFXVVHV DQ
036(� UHIHUUHG WKURXJKRXW DV *DV7XUEQ/DE� IRU WKH VLPXODWLRQ RI JDV WXUELQH HQJLQHV� ,Q VHFWLRQ ��
ZH GHVFULEH WKH DSSOLFDWLRQ VRIWZDUH LQIUDVWUXFWXUH LQ WKH *DV7XUEQ/DE SURWRW\SH� ,Q VHFWLRQ �� ZH
GHVFULEH WKH DUFKLWHFWXUDO FRPSRQHQWV IRU D JHQHULF 036( IUDPHZRUN� DORQJ ZLWK LVVXHV SHUWDLQLQJ
WR WKH *DV7XUEQ/DE LQVWDQWLDWLRQ RI WKLV 036( IUDPHZRUN� :H FRQFOXGH RXU GLVFXVVLRQ LQ 6HFWLRQ
�� ZLWK DQ DQDO\VLV RI WKH RYHUDOO 036( IUDPHZRUN DUFKLWHFWXUH DQG WKH PDMRU FKDOOHQJHV LQ YDOLGDWLQJ
WKLV DUFKLWHFWXUH DQG LWV SULQFLSOH REMHFWLYHV WKURXJK WKH LPSOHPHQWDWLRQ RI WKH *DV7XUEQ/DE
SURWRW\SH�
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,Q WKH IROORZLQJ ZH GHILQH WKH 36( DQG 036( FRQFHSWV� DQG UHYLHZ WKH DVVRFLDWHG UHVHDUFK LVVXHV�

6(&7,21 ���� 36(V $1' 036(V

'RPDLQ 6SHFLILF 36(V� (YHQ LQ WKH HDUO\ ����V� VFLHQWLVWV KDG EHJXQ WR HQYLVLRQ SUREOHP�VROYLQJ
FRPSXWLQJ HQYLURQPHQWV QRW RQO\ SRZHUIXO HQRXJK WR VROYH FRPSOH[ SUREOHPV� EXW DOVR DEOH WR
LQWHUDFW ZLWK XVHUV RQ KXPDQ WHUPV� 7KH UDWLRQDOH RI RXU UHVHDUFK LV WKDW WKH GUHDP RI WKH ����V ZLOO
EH WKH UHDOLW\ RI WKH ��VW� +LJK SHUIRUPDQFH FRPSXWHUV FRPELQHG ZLWK EHWWHU DOJRULWKPV DQG EHWWHU
XQGHUVWDQGLQJ RI FRPSXWDWLRQDO VFLHQFH KDYH SXW 36(V ZHOO ZLWKLQ RXU UHDFK�

:KDW DUH 36(V" $ 36( LV D FRPSXWHU V\VWHP WKDW SURYLGHV DOO WKH FRPSXWDWLRQDO IDFLOLWLHV QHHGHG WR
VROYH D WDUJHW FODVV RI SUREOHPV� 7KHVH IDFLOLWLHV LQFOXGH DGYDQFHG VROXWLRQ PHWKRGV� DXWRPDWLF
VHOHFWLRQ RI DSSURSULDWH PHWKRGV� XVH RI WKH DSSOLFDWLRQ GRPDLQ
V ODQJXDJH� XVH RI SRZHUIXO JUDSKLFV�
V\PEROLF DQG JHRPHWU\ EDVHG FRGH JHQHUDWLRQ IRU SDUDOOHO PDFKLQHV� DQG SURJUDPPLQJ�LQ�WKH�ODUJH�
7KH VFRSH RI D 36( LV WKH H[WHQW RI WKH SUREOHP VHW LW DGGUHVVHV� 7KLV VFRSH FDQ EH YHU\ QDUURZ�
PDNLQJ WKH 36( FRQVWUXFWLRQ YHU\ VLPSOH� 1HYHUWKHOHVV� HYHQ ZKDW DSSHDUV WR EH D PRGHVW VFRSH FDQ
EH D VHULRXV VFLHQWLILF FKDOOHQJH� )RU H[DPSOH� ZH KDYH FUHDWHG D 36( IRU ELRVHSDUDWLRQ DQDO\VLV
>��@>��@� 7KLV KDV D QDUURZ VFRSH� EXW LV VWLOO D FRPSOH[ FKDOOHQJH DV ZH LQFRUSRUDWH ERWK D
FRPSXWDWLRQDO PRGHO DQG DQ H[SHULPHQWDO SURFHVV VXSSRUWHG E\ SK\VLFDO ODERUDWRU\ LQVWUXPHQWV� :H
DUH DOVR FUHDWLQJ D 36( FDOOHG 3'(/DE IRU SDUWLDO GLIIHUHQWLDO HTXDWLRQV �3'(V� >��@� 7KLV LV D IDU
PRUH GLIILFXOW DUHD WKDQ ELRVHSDUDWLRQ DQG WKH UHVXOWLQJ 36( ZLOO EH OHVV SRZHUIXO �OHVV DEOH WR VROYH
DOO WKH SUREOHPV SRVHG WR LW�� OHVV UHOLDEOH �OHVV DEOH WR JXDUDQWHH WKH FRUUHFWQHVV RI UHVXOWV�� EXW PRUH
JHQHULF �PRUH DEOH WR SDUVH WKH VSHFLILFDWLRQV RI PDQ\ 3'( PRGHOV�� 1HYHUWKHOHVV� 3'(/DE ZLOO
SURYLGH D TXDQWXP MXPS LQ WKH 3'( VROYLQJ SRZHU GHOLYHUHG LQWR WKH KDQGV RI WKH ZRUNLQJ VFLHQWLVW
DQG HQJLQHHU�

:KDW DUH WKH 36( UHODWHG UHVHDUFK LVVXHV WR EH DGGUHVVHG" $ VXEVWDQWLYH UHVHDUFK HIIRUW LV QHHGHG WR OD\ WKH
IRXQGDWLRQV IRU EXLOGLQJ 36(V� 7KLV HIIRUW VKRXOG EH GLUHFWHG WRZDUGV L� D 36( NHUQHO IRU EXLOGLQJ
VFLHQWLILF 36(V >��@� LL� D NQRZOHGJH EDVHG IUDPHZRUN WR DGGUHVV FRPSXWDWLRQDO LQWHOOLJHQFH LVVXHV IRU
3'( EDVHG 36(V >��@>��@� LLL� LQIUDVWUXFWXUH IRU VROYLQJ 3'(V >��@>��@>��@>��@>��@� DQG LY� SDUDOOHO
3'( PHWKRGRORJLHV >��@>��@>��@>��@>��@>��@ DQG YLUWXDO FRPSXWDWLRQDO HQYLURQPHQWV >��@>��@>��@�

036(V IRU SURWRW\SLQJ RI SK\VLFDO V\VWHPV� ,I 36(V DUH VR SRZHUIXO� ZKDW WKHQ LV DQ 036(" ,Q VLPSOH
WHUPV� DQ 036( LV D IUDPHZRUN DQG VRIWZDUH NHUQHO IRU FRPELQLQJ 36(V IRU WDLORUHG� IOH[LEOH
PXOWLGLVFLSOLQDU\ DSSOLFDWLRQV� $ SK\VLFDO V\VWHP LQ WKH UHDO ZRUOG QRUPDOO\ FRQVLVWV RI D ODUJH QXPEHU
RI FRPSRQHQWV WKDW KDYH GLIIHUHQW VKDSHV� REH\ GLIIHUHQW SK\VLFDO ODZV DQG PDQXIDFWXULQJ�GHVLJQ
FRQVWUDLQWV� DQG LQWHUDFW WKURXJK JHRPHWULF DQG SK\VLFDO LQWHUIDFHV� 0DWKHPDWLFDOO\� WKH SK\VLFDO
EHKDYLRU RI HDFK FRPSRQHQW LV PRGHOHG E\ D 3'( RU 2'( V\VWHP ZLWK YDULRXV IRUPXODWLRQV IRU WKH
JHRPHWU\� 3'(� 2'(� LQWHUIDFH�ERXQGDU\�OLQNDJH DQG FRQVWUDLQW FRQGLWLRQV LQ PDQ\ GLIIHUHQW
JHRPHWULF UHJLRQV� ,W LV GLIILFXOW WR LPDJLQH FUHDWLQJ D PRQROLWKLF VRIWZDUH V\VWHP WR DFFXUDWHO\ PRGHO
VXFK D UHDO SUREOHP ZLWK FRPSOLFDWHG DUWLIDFWV VXFK DV WKH WXUER HQJLQH� ZKLFK KDV OLWHUDOO\ KXQGUHGV
RI RGG VKDSHG SDUWV DQG D GR]HQ SK\VLFDO SKHQRPHQD� 7KHUHIRUH� RQH QHHGV DQ 036(
PDWKHPDWLFDO�VRIWZDUH IUDPHZRUN ZKLFK� ILUVW� LV DSSOLFDEOH WR D ZLGH YDULHW\ RI SUDFWLFDO SUREOHPV�
VHFRQG� DOORZV IRU VRIWZDUH UHXVH LQ RUGHU WR DFKLHYH ORZHU FRVWV DQG KLJK TXDOLW\� DQG� ILQDOO\� LV
VXLWDEOH IRU VRPH UHDVRQDEO\ IDVW QXPHULFDO PHWKRGV� 0RVW SK\VLFDO V\VWHPV DQG PDQXIDFWXUHG
DUWLIDFWV FDQ EH PRGHOHG DV D PDWKHPDWLFDO QHWZRUN ZKRVH QRGHV UHSUHVHQW WKH SK\VLFDO FRPSRQHQWV
LQ D V\VWHP RU DUWLIDFW� (DFK QRGH KDV D PDWKHPDWLFDO PRGHO RI WKH SK\VLFV RI WKH FRPSRQHQW LW
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UHSUHVHQWV DQG D VROYHU DJHQW IRU LWV DQDO\VLV� ,QGLYLGXDO FRPSRQHQWV DUH FKRVHQ VR WKDW HDFK QRGH
FRUUHVSRQGV WR D VLPSOH 3'( RU 2'( SUREOHP GHILQHG RQ D UHJXODU JHRPHWU\�
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:KDW DUH WKH PDWKHPDWLFDO QHWZRUN PHWKRGRORJLHV UHTXLUHG" :KDW DUH WKH UHVHDUFK LVVXHV" 7KHUH H[LVW PDQ\
VWDQGDUG� UHOLDEOH 3'(�2'( VROYHUV WKDW FDQ EH DSSOLHG WR WKHVH ORFDO QRGH SUREOHPV� ,Q DGGLWLRQ�
WKHUH DUH QRGHV WKDW FRUUHVSRQG WR LQWHUIDFHV �H�J� 2'(V� REMHFWLYH IXQFWLRQV� UHODWLRQV� FRPPRQ
SDUDPHWHUV DQG WKHLU FRQVWUDLQWV� WKDW PRGHO WKH FROODERUDWLQJ SDUWV LQ WKH JOREDO PRGHO� 0RUHRYHU�
WKH DQDO\VLV RI DQ DUWLIDFW FKDQJHV WKURXJK WLPH� WKXV VRPH RI WKH LQWHUIDFHV DSSHDU DQG GLVDSSHDU
GXULQJ WKH DQDO\VLV VHVVLRQ� 7R VROYH WKH JOREDO SUREOHP� ZH OHW WKHVH ORFDO VROYHUV FROODERUDWH ZLWK
HDFK RWKHU WR UHOD[ �L�H�� UHVROYH� WKH LQWHUIDFH FRQGLWLRQV� $Q LQWHUIDFH FRQWUROOHU RU PHGLDWRU DJHQW
FROOHFWV ERXQGDU\ YDOXHV� G\QDPLF�VKDSH FRRUGLQDWHV� DQG SDUDPHWHUV�FRQVWUDLQWV IURP QHLJKERULQJ
VXEGRPDLQV DQG DGMXVWV ERXQGDU\ YDOXHV DQG G\QDPLF�VKDSH FRRUGLQDWHV WR EHWWHU VDWLVI\ WKH
LQWHUIDFH FRQGLWLRQV� 7KHUHIRUH� WKH QHWZRUN DEVWUDFWLRQ RI D SK\VLFDO V\VWHP RU DUWLIDFW DOORZV XV WR
EXLOG D VRIWZDUH V\VWHP WKDW LV D QHWZRUN RI FROODERUDWLQJ ZHOO�GHILQHG QXPHULFDO REMHFWV WKURXJK D
VHW RI LQWHUIDFHV� 6RPH RI WKH WKHRUHWLFDO LVVXHV RI WKLV PHWKRGRORJ\ KDYH EHHQ DGGUHVVHG LQ >��@� >��@
DQG >��@ IRU WKH FDVH RI FROODERUDWLQJ 3'( PRGHOV� 7KH UHVXOWV REWDLQHG VR IDU YHULI\ WKH IHDVLELOLW\
DQG SRWHQWLDO RI QHWZRUN�EDVHG SURWRW\SLQJ�

:KDW DUH WKH VRIWZDUH PHWKRGRORJLHV IRU LPSOHPHQWLQJ WKH PDWKHPDWLFDO QHWZRUN" :KDW DUH WKH UHVHDUFK LVVXHV" $
VXFFHVVIXO DUFKLWHFWXUH IRU 36(V UHTXLUHV KHDY\ UHXVH RI H[LVWLQJ VRIWZDUH ZLWKLQ D PRGXODU� REMHFW
RULHQWHG IUDPHZRUN FRQVLVWLQJ RI OD\HUV RI REMHFWV� 7KH NHUQHO OD\HU LQWHJUDWHV WKRVH FRPSRQHQWV
FRPPRQ WR PRVW 36(V RU 036(V IRU SK\VLFDO V\VWHPV� :H REVHUYH WKDW WKLV DUFKLWHFWXUH FDQ EH
FRPELQHG ZLWK DQ DJHQW�RULHQWHG SDUDGLJP DQG FROODERUDWLQJ VROYHUV >��@ WR FUHDWH 036( DV D
SRZHUIXO SURWRW\SLQJ WRRO� 036(V PXVW H[SORLW DQG EXLOG RQ WKH QHZ WHFKQRORJLHV RI FRPSXWLQJ� %\
WKH WLPH 036(V DUH RSHUDWLRQDO� WKH DGYDQFHV LQ FRPSXWLQJ SRZHU DQG WKH FRPPXQLFDWLRQ
LQIUDVWUXFWXUH ZLOO DOORZ XELTXLWRXV KLJK SHUIRUPDQFH FRPSXWLQJ� L�H�� HYHU\ ZKHUH E\ HYHU\ RQH� 7KH
GHVLJQV IRU 036( PXVW EH DSSOLFDWLRQ DQG XVHU GULYHQ� $Q 036( PXVW VLPXOWDQHRXVO\ PLQLPL]H WKH
HIIRUW DQG PD[LPL]H WKH VROXWLRQ SRZHU GHOLYHUHG WR UHVHDUFKHUV� HQJLQHHUV DQG VFLHQWLVWV� VWXGHQWV�
DQG WUDLQHHV� :H VKRXOG QRW UHVWULFW RXU GHVLJQ MXVW WR XVH WKH FXUUHQW WHFKQRORJ\ RI KLJK
SHUIRUPDQFH FRPSXWHUV� SRZHUIXO JUDSKLFV� PRGXODU VRIWZDUH HQJLQHHULQJ� DQG DGYDQFHG DOJRULWKPV�
:H VHH 036( DV GHOLYHULQJ SUREOHP VROYLQJ VHUYLFHV RYHU WKH 1HW� 7KLV YLHZSRLQW OHDGV QDWXUDOO\ WR
FROODERUDWLQJ DJHQW�EDVHG PHWKRGRORJLHV� 7KLV� LQ WXUQ� OHDGV WR YHU\ VXEVWDQWLDO DGYDQWDJHV LQ ERWK
VRIWZDUH GHYHORSPHQW DQG TXDOLW\ RI VHUYLFH DV IROORZV� :H HQYLVLRQ WKDW D XVHU RI 036( ZLOO UHFHLYH
DW KLV ORFDWLRQ RQO\ WKH XVHU LQWHUIDFH� 7KXV� WKH 036( VHUYHU ZLOO H[SRUW WR WKH XVHU
V PDFKLQH DQ
DJHQW WKDW SURYLGHV DQ LQWHUDFWLYH XVHU LQWHUIDFH EXLOW RQ WRS RI WKH VWDQGDUG VHUYLFHV RI WKH 1HW� 7KH
EXON RI WKH VRIWZDUH DQG FRPSXWLQJ LV GRQH DW WKH VHUYHU
V VLWH XVLQJ VRIWZDUH WDLORUHG WR D NQRZQ
DQG FRQWUROOHG HQYLURQPHQW� 7KH VHUYHU VLWH FDQ� LQ WXUQ� UHTXHVW VHUYLFHV IURP VSHFLDOL]HG UHVRXUFHV
LW NQRZV� H�J�� D FRPPHUFLDO 3'( VROYHU� D SURSULHWDU\ RSWLPL]DWLRQ SDFNDJH� D ���� QRGH
VXSHUFRPSXWHU� DQ DG KRF FROOHFWLRQ RI ��� ZRUNVWDWLRQV� D GDWDEDVH RI SK\VLFDO SURSHUWLHV RI
PDWHULDOV� (DFK RI WKHVH UHVRXUFHV LV FRQWDFWHG E\ DQ DJHQW IURP WKH 036( ZLWK D VSHFLILF UHTXHVW
IRU SUREOHP VROYLQJ RU LQIRUPDWLRQ VHUYLFH� $JDLQ� DOO WKLV FROODERUDWLRQ LV EXLOW RQ VWDQGDUG QHWZRUN
VHUYLFHV� $OO RI WKLV FDQ EH PDQDJHG ZLWKRXW LQYROYLQJ WKH XVHU �LI V�KH VR GHVLUHV�� ZLWKRXW PRYLQJ
VRIWZDUH WR DUELWUDU\ SODWIRUPV� DQG ZLWKRXW UHYHDOLQJ VRXUFH FRGHV�

:KDW DUH WKH GHVLJQ REMHFWLYHV RI DQ 036( IRU SK\VLFDO V\VWHP GHVLJQ" :KDW DUH WKH UHVHDUFK LVVXHV" 7KHVH
PDWKHPDWLFDO QHWZRUNV FDQ EH YHU\ ELJ IRU PDMRU DSSOLFDWLRQV� )RU D UHDOLVWLF WXUELQH VLPXODWLRQ� WKHUH
DUH SHUKDSV ��� PLOOLRQ YDULDEOHV DQG PDQ\ GLIIHUHQW WLPH VFDOHV� 7KLV SUREOHP KDV YHU\ FRPSOH[
JHRPHWU\ DQG LV YHU\ QRQ�KRPRJHQHRXV� 7KH DQVZHU �D GDWD VHW WKDW DOORZV RQH WR GLVSOD\ DQ
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DFFXUDWH DSSUR[LPDWH VROXWLRQ DW DQ\ SRLQW� LV �� JLJDE\WHV LQ VL]H DQG UHTXLUHV DERXW �� WHUDIORSV WR
FRPSXWH� 7KLV GDWD VHW LV PXFK VPDOOHU WKDQ WKH FRPSXWHG QXPHULFDO VROXWLRQ� 7KH QHWZRUN RI 3'(
VROYHUV PLJKW KDYH ������ VXEGRPDLQV DQG ������ LQWHUIDFHV� $ VRIWZDUH QHWZRUN RI WKLV W\SH LV D
QDWXUDO PDSSLQJ RI D SK\VLFDO V\VWHP DQG VLPXODWHV KRZ WKH UHDO ZRUOG HYROYHV� 7KLV DOORZV WKH XVH
RI WKH VRIWZDUH SDUWV WHFKQRORJ\ �REMHFW�RULHQWHG SURJUDPPLQJ� WKDW LV WKH QDWXUDO HYROXWLRQ RI WKH
VRIWZDUH OLEUDU\ LGHD� ,W DOORZV VRIWZDUH UHXVH IRU HDV\ VRIWZDUH XSGDWH DQG HYROXWLRQ� WKLQJV WKDW DUH
H[WUHPHO\ LPSRUWDQW LQ SUDFWLFH� 7KH UHDO ZRUOG LV VR FRPSOLFDWHG DQG GLYHUVH WKDW ZH EHOLHYH LW LV
LPSUDFWLFDO WR EXLOG PRQROLWKLF� XQLYHUVDO VROYHUV IRU VXFK SUREOHPV� :LWKRXW VRIWZDUH UHXVH� LW LV
LPSUDFWLFDO IRU DQ\RQH WR FUHDWH RQ KLV RZQ D ODUJH VRIWZDUH V\VWHP IRU D UHDVRQDEO\ FRPSOLFDWHG
DSSOLFDWLRQ� (DFK QHZ DXWRPRELOH QRUPDOO\ UHVXOWV LQ D QHZ VRIWZDUH V\VWHP� 5HFUHDWLQJ VXFK D
V\VWHP FRXOG HDVLO\ WDNH VHYHUDO PRQWKV RU \HDUV� ,Q FRQWUDVW� WKH H[HFXWLRQ WLPH WR SHUIRUP WKH
UHTXLUHG FRPSXWDWLRQ PLJKW RQO\ EH D IHZ GD\V� 1RWLFH WKDW VXFK D SK\VLFDO FKDQJH XVXDOO\
FRUUHVSRQGV WR UHSODFLQJ� DGGLQJ� RU GHOHWLQJ D IHZ QRGHV LQ WKH QHWZRUN ZLWK D FRUUHVSRQGLQJ
FKDQJH LQ LQWHUIDFH FRQGLWLRQV� 7KHVH DUH VLPSOH PDQLSXODWLRQV RQ D QHWZRUN� ZKLFK GR QRW DIIHFW WKH
UHVW RI WKH V\VWHP DQG FDQ WKXV EH HDVLO\ GRQH� ,Q WKLV DSSOLFDWLRQ� HDFK SK\VLFDO FRPSRQHQW FDQ EH
YLHZHG ERWK DV D SK\VLFDO REMHFW DQG DV D VRIWZDUH REMHFW� ,Q DGGLWLRQ� WKLV PDWKHPDWLFDO QHWZRUN
DSSURDFK LV QDWXUDOO\ VXLWDEOH IRU SDUDOOHO FRPSXWLQJ DV LW H[SORLWV WKH SDUDOOHOLVP LQ SK\VLFDO V\VWHPV�
2QH FDQ KDQGOH LVVXHV OLNH GDWD SDUWLWLRQ� DVVLJQPHQW� DQG ORDG EDODQFLQJ RQ WKH SK\VLFV OHYHO XVLQJ
WKH VWUXFWXUH RI D JLYHQ SK\VLFDO V\VWHP� 6\QFKURQL]DWLRQ DQG FRPPXQLFDWLRQ DUH FRQWUROOHG E\ WKH
PDWKHPDWLFDO QHWZRUN VSHFLILFDWLRQV DQG DUH UHVWULFWHG WR LQWHUIDFHV RI VXEGRPDLQV� ZKLFK UHVXOWV LQ D
FRDUVH�JUDLQHG FRPSXWDWLRQDO SUREOHP� 7KLV LV HVSHFLDOO\ VXLWDEOH IRU WRGD\
V PRVW DGYDQFHG SDUDOOHO
VXSHUFRPSXWHU DUFKLWHFWXUHV� 7KH QHWZRUN DSSURDFK DOVR DOORZV KLJK VFDODELOLW\� 5HDOL]LQJ WKLV 036(
WHFKQRORJ\ UHTXLUHV UHVHDUFK DGYDQFHV ERWK LQ WKH JHQHUDO VWUXFWXUH DQG LPSOHPHQWDWLRQ DUHD DQG LQ
PRUH VSHFLILF DUHDV IURP WKH WDUJHW DSSOLFDWLRQV� )RU H[DPSOH� ZH PXVW GHVLJQ DQG FUHDWH WKH WRROV
WKDW DOORZ WKH 036( DJHQWV WR FROODERUDWH RYHU WKH 1HW� :H PXVW FUHDWH D IOH[LEOH DQG JHQHUDO
PHWKRGRORJ\ IRU LQWHUIDFLQJ ODUJH DQG KHWHURJHQHRXV VRIWZDUH V\VWHPV� )ROORZLQJ ZH SURSRVH D
VRIWZDUH IUDPHZRUN IRU 036(V VXSSRUWLQJ 3'( EDVHG DSSOLFDWLRQV DQG UHDOL]H LW IRU D PXOWL�SK\VLFV
DSSOLFDWLRQ UHODWHG WR WKH VLPXODWLRQ RI JDV WXUELQH HQJLQHV�

6(&7,21 �� 7+( *$6 785%,1( (1*,1( 08/7,',6&,3/,1$5< $33/,&$7,21

7KH JDV WXUELQH HQJLQH LV DQ HQJLQHHULQJ WULXPSK� ,W KDV PRUH WKDQ ����� SDUWV ZLWK URWDWLRQDO VSHHGV
WR ������ USP IRU D[LDO DQG ������ USP IRU UDGLDO IORZ FRPSRQHQWV� )RU DLUFUDIW DSSOLFDWLRQV� LW
RSHUDWHV ZLWK PDQHXYHU ORDGV RI XS WR ��J� ZLWK IORZ SDWK SUHVVXUHV DQG WHPSHUDWXUHV WR ��
DWPRVSKHUHV DQG ���� )� 7KH H[WUHPH FRPSOH[LW\ DQG KLJK²SHUIRUPDQFH UHTXLUHPHQWV RI DLUFUDIW
JDV WXUELQHV DUH LOOXVWUDWHG LQ )LJXUH �� 7KH LPSRUWDQW SK\VLFDO SKHQRPHQD WDNH SODFH RQ VFDOHV IURP
������� PLFURQV WR PHWHUV� $ FRPSOHWH DQG DFFXUDWH VLPXODWLRQ RI DQ HQWLUH HQJLQH LV HQRUPRXVO\
GHPDQGLQJ� LW LV XQOLNHO\ WKDW WKH UHTXLUHG FRPSXWLQJ SRZHU� VLPXODWLRQ WHFKQRORJ\ RU VRIWZDUH
V\VWHPV ZLOO EH DYDLODEOH LQ WKH QH[W GHFDGH� 7KH SULPDU\ JRDO RI WKH *DV7XUEQ/DE UHVHDUFK SURMHFW LV
WR DGYDQFH WKH VWDWH�RI²WKH�DUW LQ YHU\ FRPSOH[ VFLHQWLILF VLPXODWLRQV DQG WKHLU YDOLGDWLRQ�
6SHFLILFDOO\� ZH FRQVLGHU VLPXODWLQJ WKH FRPSUHVVRU�FRPEXVWRU�WXUELQH FRXSOLQJ LQ D JDV WXUELQH
HQJLQH >��@� )RU WKLV ZH SODQ WR GHVLJQ DQG LPSOHPHQW D 036(� UHIHUUHG DV *DV7XUEQ/DE� WR VWXG\
FRPSOH[ SK\VLFDO SKHQRPHQD VXFK DV VWDOO� VXUJH DQG WXUELQH EODGH IDWLJXH� )LJXUH � SUHVHQWV DQ
DEVWUDFWLRQ RI D 03$ DQG WKH FRUUHVSRQGLQJ VRIWZDUH LQIUDVWUXFWXUH UHTXLUHG� 7KH KDUGZDUH
LQIUDVWUXFWXUH DVVXPHG IRU WKHVH VLPXODWLRQV DQG WKH LPSOHPHQWDWLRQ RI 036( FRQVLVWV RI D
FRPSXWDWLRQDO JULG LQYROYLQJ D 63��� �� 3& FOXVWHU UXQQLQJ 6RODULV� DQG 6*, 2ULJLQ ���� ZLWK ��
&38V� ,Q WKLV VWXG\ ZH ZLOO XWLOL]H WKH DJHQW V\VWHP *UDVVKRSSHU WKDW LV 0$6,) �0RELOH $JHQW 6\VWHP
,QWHURSHUDELOLW\ )DFLOLWLHV 6SHFLILFDWLRQ� VWDQGDUG FRPSOLDQW DQG UXQV RQ WKH WRS RI &25%$ >��@�
'HWDLOV RI WKLV LPSOHPHQWDWLRQ IROORZ�
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)LJXUH �� 9LHZ RI D JDV WXUELQH VKRZLQJ VRPH RI LWV GHWDLO� VRPH RI LWV RSHUDWLRQDO FKDUDFWHULVWLFV� DQG WKH HQJLQHHULQJ

PHWKRGRORJLHV LQYROYHG LQ LWV GHVLJQ� VLPXODWLRQ DQG FRQVWUXFWLRQ

6(&7,21 �� *$6785%1/$% � $ 352727<3( 036( )5$0(:25. )25 *$6 785%,1(

(1*,1( 6,08/$7,216

,Q WKLV VHFWLRQ ZH GHVFULEH WKH GHVLJQ RI D 036( IUDPHZRUN WKDW FDQ EH XVHG WR VLPXODWH FRPSOH[
PXOWL�SK\VLFV SKHQRPHQD JRYHUQHG E\ 3'( QHWZRUN PRGHOV LQ JHQHUDO DQG WKH UHTXLUHPHQWV RI WKH
*DV7XUEQ/DE 036( LQ SDUWLFXODU >��@� $ QHWZRUN RI GLVWULEXWHG PDFKLQHV LV DVVXPHG DV WKH
KDUGZDUH LQIUDVWUXFWXUH� 7KH 3'( VLPXODWLRQV DUH RIWHQ GHILQHG RQ JHRPHWULF GRPDLQV� 7KXV� WKH
QDWXUDO JHRPHWULF ERXQGDULHV RU DUWLILFLDO JHRPHWULF ERXQGDULHV FDQ EH XVHG WR VSOLW WKH SUREOHP DQG
WKH XQGHUO\LQJ VLPXODWLRQ LQWR PDQ\ VPDOOHU VXE�SUREOHPV� (DFK VXE�SUREOHP ZRXOG WKHQ EH VROYHG
LQGHSHQGHQWO\� ZLWK PHGLDWRU LQWHUDFWLRQV DORQJ WKH ERXQGDULHV IRU LQWHUIDFH UHOD[DWLRQ� 7KXV� WKH
036( IUDPHZRUN IRU 3'( VLPXODWLRQV PXVW VXSSRUW GRPDLQ GHFRPSRVLWLRQ ZLWK JHRPHWULF REMHFWV�
XVDJH RI D QHWZRUN RI 3'( VROYHU DJHQWV� DQG LQWHUIDFH UHOD[DWLRQ� 2XU GHVLJQ JRDO LQ *DV7XUEQ/DE
036( LV WR LGHQWLI\ H[LVWLQJ VRIWZDUH VROYHUV WKDW FDQ VXSSRUW WKLV SDUDGLJP DVVXPLQJ WKDW WKH
DSSOLFDWLRQ FRPSXWDWLRQDO UHVRXUFHV FRQVLVW SULPDULO\ RI ´OHJDF\µ FRGH�
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)LJXUH �� )XQFWLRQDO YLHZ RI D PXOWLGLVFLSOLQDU\ 36(� 7KH FRPSXWDWLRQV �DQG WKH PDMRU GDWD H[FKDQJH� DUH FRQFHQWUDWHG
LQ WKH QHWZRUN RI VROYHU �36(� DQG PHGLDWRU DJHQWV� 7KH VROYHU DJHQWV FRPPXQLFDWH ZLWK WKH UHFRPPHQGHU RQHV WKURXJK
TXHULHV WR REWDLQ ´DGYLFHµ RQ FRPSXWDWLRQDO SDUDPHWHUV� 7KH XVHU LQWHUDFWV ZLWK WKH V\VWHP WKURXJK WKH JOREDO DQG ORFDO
XVHU LQWHUIDFH� ZKLFK VHQG TXHULHV DQG UHFHLYH UHSOLHV IURP WKH YDULRXV DJHQWV�

6(&7,21 ���� )81&7,21$/ 63(&,),&$7,216 2) *$6785%1/$%

,Q WKH FDVH RI 3'( VLPXODWLRQV� WKH 036( IUDPHZRUN XVHU LQWHUIDFH LV GULYHQ E\ WKH XQGHUO\LQJ
JHRPHWULF PRGXODULW\ RI WKH SUREOHP� 7KH JHRPHWU\ LV DVVXPHG WR KDYH D URRW QRGH IRU WKH WDUJHW
REMHFW DQG WKH XVHU LV DOORZHG WR VXEGLYLGH LW LQ PXOWLSOH ZD\V� UHVXOWLQJ LQ D KLHUDUFK\ RI JHRPHWULFDO
REMHFWV� 7KH LQWHUIDFH ZRXOG DOORZ XVHU�DFFHVV WR UHOHYDQW GDWD DVVRFLDWHG ZLWK WKH JHRPHWULF REMHFWV
DW HYHU\ OHYHO�

7KLV JHRPHWULF GRPDLQ GHFRPSRVLWLRQ RI WKH WDUJHW VLPXODWLRQ REMHFW GHILQHV D QHWZRUN RI 3'(
SUREOHPV� 2Q HDFK VXEGRPDLQ� D 3'( SUREOHP PRGHOV WKH SK\VLFV RQ WKDW JHRPHWULF REMHFW
�GRPDLQ�� (DFK VXEGRPDLQ KDV VRPH QHLJKERUV DQG SRVVLEO\� VRPH IL[HG ERXQGDULHV� ,I HDFK
QHLJKERUKRRG FRQQHFWLRQ LV UHSUHVHQWHG E\ DQ DUURZ� ZH JHW DQ DEVWUDFWLRQ RI D QHWZRUN RI 3'(
SUREOHPV� 6LQFH WKH 3'(V RQ HDFK GRPDLQ DUH XVXDOO\ QRW WKH VDPH� WKHVH UHSUHVHQW D FRPSRVLWH
3'( SUREOHP� 7KH 036( IUDPHZRUN PDSV WKH QHWZRUN RI 3'( SUREOHPV UHVXOWLQJ IURP D XVHU�
VSHFLILHG SDUWLWLRQLQJ� RQWR D VHW RI FRPSXWDWLRQDO DJHQWV RQ D SUH�VSHFLILHG FROOHFWLRQ RI PDFKLQHV�
7KLV UHVRXUFH DOORFDWLRQ ZLOO EH GRQH LQ DQ RSWLPDO PDQQHU WR PLQLPL]H WKH FRPPXQLFDWLRQ
RYHUKHDUG EHWZHHQ FRPSXWDWLRQDO DJHQWV RI QHLJKERULQJ VXEGRPDLQV� +RZHYHU� WKH 036(
IUDPHZRUN LQWHUIDFH ZRXOG DOORZ WKH XVHU WR PDQLSXODWH WKLV PDSSLQJ WR DFKLHYH D FXVWRP UHVRXUFH
DOORFDWLRQ�
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8QGHU WKH DVVXPSWLRQ WKDW DQ\ VLQJOH 3'( SUREOHP RI WKH FRPSRVLWH SUREOHP FDQ EH VROYHG H[DFWO\�
WKH LQWHUIDFH UHOD[DWLRQ PDWKHPDWLFDO WHFKQLTXH ZLOO EH XVHG WR VROYH WKH FRPSRVLWH 3'( SUREOHP�
7KH LQWHUIDFH UHOD[DWLRQ PHWKRGRORJ\ LV EDVHG RQ WKH LWHUDWLRQ VKRZQ LQ )LJXUH �� $Q
LPSOHPHQWDWLRQ RI WKLV PHWKRGRORJ\ LV OLVWHG LQ
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$SSHQGL[ % IRU WKH JDV WXUELQH HQJLQH VLPXODWLRQ 036(�

,Q WKH *DV7XUEQ/DE 036(� WKH LQLWLDO WDUJHW REMHFW ZRXOG EH WKH HQWLUH JDV WXUELQH HQJLQH� 7KXV� D
VLPXODWLRQ LQ WKH *DV7XUEQ/DE 036( FRQVLVWV RI D XVHU�VSHFLILHG VHW RI JHRPHWULFDO REMHFWV WKDW
SDUWLWLRQ WKH HQJLQH DQG D FRUUHVSRQGLQJ QHWZRUN RI 3'( VROYHU DJHQWV WKDW FROODERUDWH WR ILQG D
VROXWLRQ IRU WKH FRPSRVLWH 3'( SUREOHP� 7KH JHRPHWULFDO REMHFWV WKDW SDUWLWLRQ WKH HQJLQH PD\ EH
KLHUDUFKLFDO� UHVXOWLQJ LQ D FRUUHVSRQGLQJ VHW RI KLHUDUFKLFDO FRPSXWDWLRQV LQ DQ DV\QFKURQRXV
VLPXODWLRQ SURFHVV�

)LJXUH �� ,QWHUIDFH UHOD[DWLRQ LWHUDWLRQ�

6(&7,21 ���� (1$%/,1* 7(&+12/2*,(6 	 62)7:$5( ,1)5$6758&785(

8WLOL]LQJ H[LVWLQJ WHFKQRORJ\ DQG OHJDF\ VRIWZDUH LV DQ LPSRUWDQW JRDO LQ WKH GHVLJQ RI WKLV 036(
IUDPHZRUN DQG LWV SURWRW\SH LPSOHPHQWDWLRQ� *DV7XUEQ/DE� 7KH 036( IUDPHZRUN LV EXLOW DFURVV
WKUHH PDLQ DUFKLWHFWXUDO FRPSRQHQWV � WKH XVHU LQWHUIDFH OD\HU� WKH PLGGOHZDUH� DQG WKH FRPSXWDWLRQDO VRIWZDUH
LQIUDVWUXFWXUH OD\HU� 7KH ,5,6 ([SORUHU DSSOLFDWLRQ EXLOGHU DQG YLVXDOL]DWLRQ V\VWHP >��@ ZLOO EH XVHG IRU
WKH 036( IUDPHZRUN XVHU LQWHUIDFH DQG WKH PLGGOHZDUH FRPSRQHQW ZLOO EH EDVHG RQ WKH
*UDVVKRSSHU PRELOH DJHQW SODWIRUP >��@� 7KH FRPSXWDWLRQDO LQIUDVWUXFWXUH LV GHSHQGHQW XSRQ WKH
036(·V WDUJHW FODVV RI VLPXODWLRQ SUREOHPV� 7KLV FRPSXWDWLRQDO DSSOLFDWLRQ VRIWZDUH LQIUDVWUXFWXUH LV
GLVFXVVHG LQ VHFWLRQ �� )LJXUH � GHSLFWV WKHVH DUFKLWHFWXUDO OD\HUV DQG WKHLU PDMRU FRQVWLWXHQWV IRU WKH
*DV7XUEQ/DE 36(�

6(&7,21 ���� *5$3+,&$/ 86(5 ,17(5)$&(

7KH ,5,6 ([SORUHU V\VWHP LV D WRRONLW IRU GDWD YLVXDOL]DWLRQ DQG XVHV D GDWDIORZ SDUDGLJP� $Q
LQWHUIDFH LV EXLOW E\ FUHDWLQJ UHTXLVLWH PRGXOHV DQG ZLULQJ WKHP WRJHWKHU YLD ([SORUHU·V PDS HGLWRU�
7KH UHVXOWLQJ ´PDSµ PD\ EH VDYHG IRU UHXVH RU HGLWHG RQ WKH IO\ XVLQJ PRGXOHV OLVWHG LQ WKH 0RGXOH
/LEUDULDQ� 7KH 0RGXOH /LEUDULDQ FRQWDLQV PRGXOHV DQG PDSV RUJDQL]HG LQWR FDWHJRULHV�

*XHVV WKH VROXWLRQ YDOXHV� GHULYDWLYHV� HWF�� RQ DOO WKH LQWHUIDFHV

6ROYH HDFK 3'( H[DFWO\ ZLWK ERXQGDU\ FRQGLWLRQV VHOHFWHG IURP WKH JXHVVHV

&RPSDUH WKH VROXWLRQ YDOXHV DFURVV HDFK LQWHUIDFH DQG LPSURYH WKHP XVLQJ

D UHOD[DWLRQ IRUPXOD WR EHWWHU VDWLVI\ DOO WKH LQWHUIDFH FRQGLWLRQV�

&RQYHUJHG"1R

<HV
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7KH FRQQHFWLRQV LQ DQ ([SORUHU PDS GHSLFW WKH IORZ RI GDWD EHWZHHQ PRGXOHV DQG DFW DV PRGXOH
WULJJHUV� 0RGXOHV KDYH LQSXW SRUWV DQG RXWSXW SRUWV� LQWHUDFWLYHO\ FRQWUROODEOH SDUDPHWHUV DQG WKH
DELOLW\ WR H[HFXWH RQ GLIIHUHQW PDFKLQHV RQ D QHWZRUN� $ PRGXOH LV DFWLYDWHG ZKHQ DOO LWV LQSXW SRUWV
DUH WULJJHUHG� ,5,6 ([SORUHU DOORZV PRGXOHV ZULWWHQ LQ &�&�� WR LVVXH VFULSWLQJ FRPPDQGV WKURXJK
D VFULSWLQJ $3,� 7KH 6.0 ODQJXDJH ZLWK /LVS�OLNH V\QWD[ LV XVHG WR FUHDWH WKHVH VFULSWV IRU WKH
([SORUHU FRPPDQG LQWHUIDFH�

0ROGLQJ WKH SURSRVHG 036( IUDPHZRUN GHVLJQ LQWR ,5,6 ([SORUHU
V GDWDIORZ VWHHULQJ SDUDGLJP
DORQJ ZLWK LWV YLVXDO SURJUDPPLQJ LQWHUIDFH ZLOO EH D VLJQLILFDQW LPSOHPHQWDWLRQ FKDOOHQJH� 6HOI�
FRQWDLQHG� FRPSDFW PRGXOHV ZLWK WKH UHTXLVLWH� ZHOO�GHILQHG GDWD IORZ LQWHUIDFHV ZLOO KDYH WR EH
LPSOHPHQWHG WR DFKLHYH D VHDPOHVV 36( LQWHUIDFH�

)LJXUH �� 0DMRU FRPSRQHQWV RI WKH *DV7XUEQ/DE 036(�

7KH ,5,6 H[SORUHU LQWHUIDFH ZLOO SURYLGH DFFHVV WR DOO WKH 036( IUDPHZRUN FRPSRQHQWV WKDW DUH
SRWHQWLDOO\ XVHU�VWHHUDEOH� LQFOXGLQJ SUREOHP VSHFLILFDWLRQ DQG VROXWLRQ YLVXDOL]DWLRQ� 7KH
*DV7XUEQ/DE SURWRW\SH LPSOHPHQWDWLRQ ZLOO XWLOL]H WKH 7UXH*ULG VRIWZDUH WRRO >��@ IRU SUREOHP
VSHFLILFDWLRQ DQG ,5,6 ([SORUHU·V GDWD YLVXDOL]DWLRQ V\VWHP IRU SRVW�VLPXODWLRQ VROXWLRQ DQDO\VLV� 7KH
7UXH*ULG GRPDLQ VSHFLILFDWLRQ WRRO ZLOO EH LQFRUSRUDWHG LQWR WKH IUDPHZRUN DV D VHOI�FRQWDLQHG
([SORUHU PRGXOH� 7KH ,5,6 ([SORUHU XVHU LQWHUIDFH ZLOO ODXQFK WKH FRPSXWDWLRQDO PRGXOH� ZKLFK
LQWHUDFWV ZLWK WKH XQGHUO\LQJ *UDVVKRSSHU DJHQW SODWIRUP� *UDVVKRSSHU·V JUDSKLFDO PRQLWRULQJ WRRO
ZLOO EH XVHG ZLWKLQ WKH FRPSXWDWLRQDO PRGXOH WR YLHZ DQG PRQLWRU WKH XQGHUO\LQJ DJHQW LQWHUDFWLRQV
LQ WKH VLPXODWLRQ SURFHVV IRU SRVVLEOH FRPSXWDWLRQDO VWHHULQJ� 2QFH WKH FRPSXWDWLRQDO PRGXOH
FRPSOHWHV LWV VLPXODWLRQ WDVN� FRQWURO ZLOO EH UHWXUQHG WR WKH ([SORUHU LQWHUIDFH IRU WKH VROXWLRQ
YLVXDOL]DWLRQ DQG DQDO\VLV SKDVHV� 7KH ,5,6 ([SORUHU EDVHG XVHU LQWHUIDFH IRU WKH 36( IUDPHZRUN LV
GHVFULEHG LQ GHWDLO LQ 6HFWLRQ ��

6(&7,21 ���� 0,''/(:$5(

7KH 036( IUDPHZRUN ZLOO XVH WKH *UDVVKRSSHU 'LVWULEXWHG $JHQW (QYLURQPHQW �'$(� DV
PLGGOHZDUH WR IDFLOLWDWH WKH DJHQW�EDVHG FRPSXWDWLRQDO VLPXODWLRQ SDUDGLJP� 7KH *UDVVKRSSHU
PRELOH DJHQW SODWIRUP LV 0$6,) FRPSOLDQW �WKH ILUVW PRELOH DJHQW VWDQGDUG RI 20*�� DQG LV EXLOW RQ
WRS RI D GLVWULEXWHG SURFHVVLQJ HQYLURQPHQW� ,W LV LPSOHPHQWHG LQ -DYD WR DFKLHYH SODWIRUP
LQWHURSHUDELOLW\ DQG RIIHUV D UDQJH RI FRPPXQLFDWLRQ SURWRFROV IRU UHPRWH LQWHUDFWLRQ �,,23� 50, RU

8VHU

,QWHUIDFH

,5,6 ([SORUHU
7UXH*ULG

0LGGOHZDUH

*UDVVKRSSHU
$JHQW
3ODWIRUP

&RPSXWDWLRQ

&RPSRQHQW

.LYD
$/(�G
3HOOSDFN
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SODLQ VRFNHW FRQQHFWLRQV�� 7KH '$( LV FRPSRVHG RI UHJLRQV� SODFHV� DJHQFLHV DQG GLIIHUHQW W\SHV RI DJHQWV
WKDW PD\ EH HLWKHU VWDWLRQDU\ RU PRELOH� $JHQFLHV DUH WKH DFWXDO UXQWLPH HQYLURQPHQWV IRU WKH DJHQWV
DQG KHQFH DW OHDVW RQH DJHQF\ VKRXOG EH UXQQLQJ RQ HDFK KRVW PDFKLQH� $ SODFH SURYLGHV D IXQFWLRQDO
JURXSLQJ ZLWKLQ DQ DJHQF\� 5HJLRQV IDFLOLWDWH WKH PDQDJHPHQW RI WKH GLVWULEXWHG FRPSRQHQWV ZLWK D
UHJLRQ UHJLVWU\ XVHG WR PDLQWDLQ LQIRUPDWLRQ DERXW DOO FRPSRQHQWV LQ D VSHFLILF UHJLRQ�

'XULQJ WKHLU OLIHF\FOH� *UDVVKRSSHU DJHQWV PD\ EH LQ RQH RI WKH IROORZLQJ VWDWHV� DFWLYH� VXVSHQGHG RU
GHDFWLYDWHG� *UDVVKRSSHU DJHQWV PD\ EH HLWKHU PRELOH RU VWDWLRQDU\� 8QOLNH WUDGLWLRQDO PRELOH FRGH WKDW
XVXDOO\ IHDWXUHV UHPRWH H[HFXWLRQ �ZKHUH WKH SURJUDP LV VHQW EHIRUH H[HFXWLRQ�� PRELOH DJHQWV FDQ
PLJUDWH GXULQJ H[HFXWLRQ� ,QWHJUDWLQJ PRELOH DJHQW WHFKQRORJ\ DQG FOLHQW�VHUYHU RU SHHU�WR�SHHU
FRPPXQLFDWLRQ WHFKQRORJ\ \LHOGV PDQ\ SRVVLEOH DJHQW LQWHUDFWLRQ VFHQDULRV�

� 5HPRWH FRPPXQLFDWLRQ
� &OLHQW DJHQW PLJUDWLRQ WR D WUDGLWLRQDO VHUYHU
� 6HUYHU DJHQW PLJUDWLRQ WR D WUDGLWLRQDO FOLHQW
� 'XDO SHHU DJHQW PLJUDWLRQ WR DQ LQWHUPHGLDWH ORFDWLRQ SOXV ORFDO FRPPXQLFDWLRQ
� 6LQJOH SHHU DJHQW PLJUDWLRQ WR D FRQYHQLHQW LQWHUPHGLDWH ORFDWLRQ SOXV UHPRWH

FRPPXQLFDWLRQ

'XH WR WKH LPSRUWDQFH RI OHJDF\ FRGH XVDJH DQG WKH SUREOHPV LQKHUHQW WR OHJDF\ FRGH PLJUDWLRQ� WKH
036( IUDPHZRUN ZLOO XWLOL]H D FRPELQDWLRQ RI WKHVH LQWHUDFWLRQV�

7KH *UDVVKRSSHU FRPPXQLFDWLRQ VHUYLFH SURYLGHV WKH PHDQV IRU ORFDWLRQ WUDQVSDUHQW� LQWHU�DJHQW
FRPPXQLFDWLRQ ZLWK PXOWL�SURWRFRO IDFLOLWLHV VXFK DV ,,23� 50, DQG 7&3�,3 VRFNHWV� +RZHYHU� LW
GRHV QRW VSHFLI\ WKH ZD\V RI FRPPXQLFDWLRQ ZLWK D VSHFLILF DJHQW ODQJXDJH� 50, DQG VRFNHW
FRQQHFWLRQV FDQ EH PDGH VHFXUH ZLWK 66/ �6HFXUH 6RFNHW /D\HU� SURWHFWLRQ� $GGLWLRQDOO\�
*UDVVKRSSHU PDNHV XVHV ;���� FHUWLILFDWHV WR HQVXUH FRQILGHQWLDOLW\� LQWHJULW\ DQG SURSHU
DXWKHQWLFDWLRQ� )RU DFFHVV FRQWURO� *UDVVKRSSHU XVHV WKH -'. ��� VHFXULW\ PHFKDQLVPV� *UDVVKRSSHU
SURYLGHV D SHUVLVWHQFH PHFKDQLVP IRU DJHQWV DQG RIIHUV D VWDQGDUG DUUD\ RI FRPPXQLFDWLRQ PRGHV ²
V\QFKURQRXV� DV\QFKURQRXV� G\QDPLF DQG PXOWLFDVW�

7KH 036( IUDPHZRUN ZLOO LQLWLDOO\ XVH 50, DQG SODLQ VRFNHWV IRU LWV DJHQW LQWHUDFWLRQV� $ SURSULHWDU\
ODQJXDJH EDVHG RQ HLWKHU ;0/ RU DQ H[LVWLQJ DJHQW FRPPXQLFDWLRQ ODQJXDJH ZLOO EH XVHG IRU DJHQW
FRPPXQLFDWLRQ� 6HFXULW\ LVVXHV LQ WKH 036( IUDPHZRUN ZLOO EH DGGUHVVHG DW DOO OHYHOV DQG WKH
UHDOL]DWLRQ RI WKH 036( VHFXULW\ IUDPHZRUN ZLOO LQFOXGH WKH PHFKDQLVPV DYDLODEOH LQ *UDVVKRSSHU�

6(&7,21 �� *$6785%1/$% $33/,&$7,21 62)7:$5(

7KH FRPSXWDWLRQDO LQIUDVWUXFWXUH LQ WKH 036( GHWHUPLQHV LWV WDUJHW FODVV RI SUREOHPV� 7KH SURSRVHG
036( IUDPHZRUN SURYLGHV WKH DUFKLWHFWXUH DQG PRGHO LQIUDVWUXFWXUH IRU DQ DJHQW�EDVHG VLPXODWLRQ
036( DQG IDFLOLWDWHV D VWUDLJKWIRUZDUG LQFRUSRUDWLRQ RI FRPSXWDWLRQDO FRGH WR *DV7XUEQ/DE� 7KH
036( IUDPHZRUN GHVLJQ WDNHV LQWR FRQVLGHUDWLRQ WKH SRVVLELOLW\ RI OHJDF\ FRGH LQ WKH FRPSXWDWLRQDO
FRPSRQHQW� DV LQ WKH FDVH RI *DV7XUEQ/DE� 7KH LQWURGXFWLRQ RI OHJDF\ FRGH LQIXVHV D FHUWDLQ OHYHO RI
LQWUDFWDELOLW\ LQWR WKH FRPSXWDWLRQDO DJHQW GHVLJQ VLQFH ZH FDQQRW DVVXPH WKDW OHJDF\ VRIWZDUH FDQ EH
LQVHUWHG ZLWKLQ D PRELOH DJHQW�

7KH FRPSXWDWLRQDO VRIWZDUH LQIUDVWUXFWXUH LQ *DV7XUEQ/DE ZLOO FRQVLVW RI $OH�'� .LYD��9� DQG
3(//3$&. FRGH PRGXOHV DQG LQWHUIDFH UHOD[DWLRQ FRGH LPSOHPHQWHG LQ HLWKHU &�&�� RU -DYD�
$/(�' LV DQ DGYDQFHG &)' VRIWZDUH PRGXOH WDUJHWHG WR JDV WXUELQH VLPXODWLRQ� ,W LV ODUJH� ZLWK



����

DERXW ������� OLQHV RI FRGH� .,9$��9 LV DQ DGYDQFHG FRPEXVWLRQ�VLPXODWLRQ SDFNDJH ZLWK DERXW
������� OLQHV RI FRGH� 3(//3$&. LV D YHUVDWLOH 36( IRU 3'( SUREOHPV� HQFDSVXODWLQJ PDQ\ 3'(
VROYHUV DQG JUDSKLFDO VXSSRUW WRROV� ,W KDV PRUH WKDQ D PLOOLRQ OLQHV RI FRGH�

$/(�'� .,9$��9 DQG PRVW RI 3(//3$&.·V 3'( VROYHUV DUH LPSOHPHQWHG LQ )RUWUDQ� 7KHUH DUH
WZR DSSURDFKHV WR LQFRUSRUDWH WKLV OHJDF\ )RUWUDQ FRGH LQWR WKH 36( IUDPHZRUN·V -DYD�EDVHG DJHQW
VWUXFWXUH�
�� ,QVHUWLQJ WKH )RUWUDQ�EDVHG FRGH ZLWKLQ -DYD ZUDSSHUV DV VWDWLRQDU\ DJHQWV� 7KLV FDQ EH DFKLHYHG

ZLWK -1, �-DYD 1DWLYH ,QWHUIDFH�� )LJXUH � LOOXVWUDWHV WKH HQFDSVXODWLRQ WHFKQLTXH ZLWKLQ D
VWDWLRQDU\ DJHQW�

�� ,QVHUWLQJ WKH )RUWUDQ�EDVHG FRGH ZLWKLQ &�&�� ZUDSSHUV DV VHUYHUV� 7KH\ FDQ WKHQ EH DFFHVVHG
DV ORFDO VHUYHUV E\ FOLHQW DJHQWV� )LJXUH � LOOXVWUDWHV WKH OHJDF\ FRGH HPEHGGHG VHUYHU DQG WKH
FOLHQW DJHQW LQWHUDFWLRQ�

$Q LPSOHPHQWDWLRQ RI D -DYD ZUDSSHU DURXQG D OHJDF\ OLQHDU VROYHU LV OLVWHG LQ $SSHQGL[ &�

)LJXUH �� $QDWRP\ RI D OHJDF\ FRGH HPEHGGHG VWDWLRQDU\ DJHQW�

7KH DGYDQWDJH RI WKH ILUVW DSSURDFK LV WKDW LW ILWV HOHJDQWO\ LQWR WKH SURSRVHG FRPSXWDWLRQDO VFHQDULR�
+RZHYHU� WKH OHJDF\ FRGH·V LQKHUHQW LQWHUIDFH UHTXLUHPHQWV PD\ FRPSOLFDWH WKH XVH RI -1, DQG UHVXOW
LQ D YHU\ UHVWULFWHG ZUDSSHU� )XUWKHUPRUH� LI WKH ZUDSSHU EHFRPHV YHU\ ODUJH DQG LQYROYHV
FRPSOLFDWHG SURJUDPPLQJ ZLWK PDQ\ )RUWUDQ� & DQG -DYD FRGH LQWHUDFWLRQV� WKLV ZRXOG QRW EH LQ WKH
EHVW WKH EHVW DSSURDFK� 7KH VHFRQG RSWLRQ ZRXOG WKHQ EH HDVLHU WR LPSOHPHQW� DOEHLW LQWURGXFLQJ
DGGLWLRQDO QHFHVVLWLHV VXFK DV D FRPPXQLFDWLRQ SURWRFRO EHWZHHQ WKH OHJDF\�FRGH�ZUDSSHG VHUYHUV
DQG FOLHQW DJHQWV� +HQFH� FKRRVLQJ D VSHFLILF DSSURDFK VKRXOG EH GRQH RQ D FDVH�E\�FDVH EDVLV�
GHSHQGLQJ RQ WKH OHJDF\ VRIWZDUH� %RWK DSSURDFKHV VKRXOG RSWLPL]H PHPRU\ DQG EDQGZLGWK XVDJH
ZLWK DWWHQWLRQ WR SHUIRUPDQFH DQG UREXVWQHVV� 7KH 036( IUDPHZRUN GHVLJQ WR DOORZ OHJDF\ FRGH
LQFRUSRUDWLRQ EDVHG RQ HLWKHU RI WKHVH WZR DSSURDFKHV�

6WDWLRQDU\ $JHQW :UDSSHU

-DYD :UDSSHU

& :UDSSHU

-1,

/HJDF\ )RUWUDQ &RGH

6HUYHU

& ZUDSSHU

/HJDF\ )RUWUDQ &RGH

&OLHQW

$JHQW
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)LJXUH �� 7KH &OLHQW�6HUYHU DSSURDFK IRU OHJDF\ FRGH HQFDSVXODWLRQ�

6(&7,21 �� $5&+,7(&785$/ 29(59,(: 2) 7+( 352326(' 036( )5$0(:25.

,Q WKLV VHFWLRQ� ZH SUHVHQW DQ RYHUYLHZ RI WKH DJHQWV DQG RWKHU FRPSRQHQWV FRQWDLQHG LQ WKH 036(
IUDPHZRUN� :H GLVFXVV WKH RYHUDOO JHQHULF DUFKLWHFWXUH �)LJXUH �� DQG LQFOXGH GHWDLOV LQ WKH FDVH RI D
VSHFLILF 036( �*DV7XUEQ/DE� LPSOHPHQWHG XVLQJ WKLV IUDPHZRUN�

7KH JUDSKLFDO XVHU LQWHUIDFH RI WKH 36( IUDPHZRUN PDLQO\ FRPSULVHV WKH SUREOHP VSHFLILFDWLRQ�
GLVSDWFKHU DQG FRPSXWH PRGXOHV� 7KHVH ZLOO EH LPSOHPHQWHG DV ,5,6 ([SORUHU PRGXOHV� 7KH
GLVSDWFKHU DQG FRPSXWH PRGXOHV LQWHUDFW ZLWK VSHFLILF DJHQWV LQ WKH XQGHUO\LQJ *UDVVKRSSHU
SODWIRUP� 7KHVH DJHQWV HQDEOH WKH DFWXDO VLPXODWLRQ FRPSXWDWLRQV LQ WKH 36(�

*8,

)LJXUH �� 7KH 036( IUDPHZRUN DUFKLWHFWXUH�

(QDEOLQJ 6HUYLFHV /D\HU� 7KH *UDVVKRSSHU GLVWULEXWHG DJHQW HQYLURQPHQW UXQV RQ DOO WKH KRVWV RI
WKH QHWZRUNHG FRPSXWDWLRQDO JULG� (DFK KRVW DJHQF\ KDV DQ DFWLYH 'DWD%DVH $JHQW �'%$� DQG DQ

'DWDEDVH $JHQWV

'LVSDWFKHU 0RGXOH

6LPXODWLRQ &RQWUROOHU $JHQW

&RPSXWH $JHQWV 0HGLDWRU $JHQWV

/HJDF\ &RGH
$JHQWV

,QWHUIDFH
&RGH $JHQWV

&RPSXWH 0RGXOH

3UREOHP 6SHFLILFDWLRQ 0RGXOH

*UDSKLFDO
8VHU
,QWHUIDFH

&RPSXWDWLRQDO
/D\HU

(QDEOLQJ
6HUYLFHV
/D\HU

5HVRXUFH
$JHQWV
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DFWLYH 5HVRXUFH $JHQW �5$�� 7KH\ DUH LPSOHPHQWHG DV VWDWLRQDU\ *UDVVKRSSHU DJHQWV� 7KH '%$ DJHQW
ZLOO FRQWURO WKH ORFDO GDWDEDVH RQ WKH KRVW� ,W ZLOO KDYH VROH UHVSRQVLELOLW\ RI DXWKHQWLFDWLQJ GDWD HQWU\�
XSGDWH DQG UHWULHYDO UHTXHVWV� ,Q DGGLWLRQ� WKLV DJHQW PD\ KDYH WKH FDSDELOLW\ WR UHVSRQG WR SURSHUO\
DXWKHQWLFDWHG +773 SURWRFRO UHTXHVWV� HQDEOLQJ :HE�EDVHG GDWD UHWULHYDO DQG YLVXDOL]DWLRQ� 7KH GDWD
LQ WKHVH GDWDEDVHV ZLOO EH VWRUHG LQ DQ ;0/ IRUPDW EDVHG RQ D SURSULHWDU\ '7' �'RFXPHQW 7\SH
'HILQLWLRQ�� 6XFK D VSHFLILFDWLRQ ZLOO RQO\ EH DSSOLFDEOH WR PHWD�GDWD� )RU LQVWDQFH� WKH OLQHDU V\VWHP
HOHPHQWV ZRXOG QRW EH VWRUHG LQ ;0/�IRUPDW� ,QVWHDG� D SRLQWHU �85, ² 8QLYHUVDO 5HVRXUFH
,GHQWLILHU� WR WKH OLQHDU V\VWHP GDWD ZLOO EH VSHFLILHG LQ ;0/�IRUPDW� 7KXV� WKH 36( IUDPHZRUN GRHV
QRW LPSRVH DQ\ UHTXLUHPHQWV RQ WKH OLQHDU V\VWHP GDWD LWVHOI� DQG LW PD\ EH VWRUHG LQ DQ\ IRUPDW
GHWHUPLQHG E\ WKH XQGHUO\LQJ OHJDF\ FRPSXWDWLRQDO VRIWZDUH� $ OLQHDU V\VWHP VWRUHG LQ WKLV IRUPDW LV
OLVWHG LQ $SSHQGL[ '� 7KH 5$ DJHQW ZLOO PRQLWRU H[HFXWLRQ SHUIRUPDQFH DQG JDWKHU ORFDO PDFKLQH
ORDG DQG QHWZRUN FRQJHVWLRQ LQIRUPDWLRQ� ,W ZLOO PDLQWDLQ D ORFDO UHVRXUFH GDWDEDVH DORQJ ZLWK RWKHU
UHTXLVLWH ORJV� 7KH ORFDO 5$ ZLOO V\QFKURQL]H LWV UHVRXUFH LQIRUPDWLRQ ZLWK UHVRXUFH DJHQWV RQ RWKHU
KRVWV� 7KXV� HDFK 5$ ZLOO KDYH DFFHVV WR G\QDPLF QHWZRUN LQIRUPDWLRQ VXFK DV ORDG� FRQJHVWLRQ DQG
PDFKLQH UHDFKDELOLW\� 7KH ORFDO 5$ PD\ EH TXHULHG IRU WKH ODWHVW UHVRXUFH GDWD RU LW PD\ EH LQVWUXFWHG
WR SURYLGH XSGDWHV WR VSHFLILF UHPRWH DJHQWV� 7KH XSGDWH IUHTXHQF\ FDQ EH SHULRGLF RU WULJJHUHG E\
WKH RFFXUUHQFH RI FHUWDLQ 5HVRXUFH &KDUDFWHULVWLF HYHQWV �5& HYHQWV�� VXFK DV WKH ORFDO KRVW SURFHVVRU ORDG
UHDFKLQJ D SDUWLFXODU OHYHO� 7KH 5$ PD\ PDLQWDLQ WKH UHVRXUFH GDWDEDVH DV SDUW RI WKH ORFDO GDWDEDVH
LQ FRQMXQFWLRQ ZLWK WKH '%$ DJHQW� 7KH UHOHYDQW 5& HYHQWV DUH OLVWHG LQ $SSHQGL[ (� 7KLV HYHQW
PRGHO IRU UHVRXUFH PRQLWRULQJ ZLOO IDFLOLWDWH WKH LQFRUSRUDWLRQ RI YDULRXV UHVRXUFH PDQDJHPHQW WRROV
DQG WHFKQLTXHV LQ WKH XSSHU OD\HUV RI WKH DUFKLWHFWXUH� )RU LQVWDQFH� WKH FRPSXWH OD\HU PD\ XVH WKH
UHVRXUFH FKDUDFWHULVWLF HYHQWV WR LPSOHPHQW D UDQJH RI ORDG EDODQFLQJ PRGHOV�

8VHU ,QWHUIDFH /D\HU� $V GHVFULEHG LQ VHFWLRQ �� WKH 3UREOHP 6SHFLILFDWLRQ �36� PRGXOH ZLWK WKH
HPEHGGHG 7UXH*ULG WRRO ZLOO EH XVHG WR VSHFLI\ WKH URRW GRPDLQ DQG LWV GHFRPSRVLWLRQ� 7KH
IRUPDWWHG RXWSXW IURP WKLV PRGXOH ZLOO EH GLUHFWHG WR WKH GLVSDWFKHU PRGXOH� 7KH GLVSDWFKHU ZLOO
GLVWULEXWH WKH SDUWLWLRQHG GDWD WR WKH ORFDO GDWDEDVHV RI VHOHFWHG KRVWV RQ WKH DYDLODEOH FRPSXWDWLRQDO
JULG� ,W ZLOO KDYH WKH FDSDELOLW\ �L�H�� D VHW RI DOORFDWLRQ DOJRULWKPV� WR VHOHFW WKH SK\VLFDO KRVW ORFDWLRQV
IRU HDFK VXEGRPDLQ FRPSXWDWLRQDO DJHQW DQG WKH PHGLDWRUV EDVHG RQ LQIRUPDWLRQ SURYLGHG E\ WKH
ORFDO UHVRXUFH DJHQW� 7KLV DOORFDWLRQ ZLOO DWWHPSW WR RSWLPL]H QHWZRUN FRQQHFWLYLW\ DQG KRVW ORDG� 7KH
GLVSDWFKHU ZLOO KDYH D JUDSKLFDO LQWHUIDFH WR GLVSOD\ LWV DFWLRQV� DOORZLQJ WKH XVHU WR RYHUULGH LWV
GHFLVLRQV RU PRGLI\ WKH DOORFDWLRQ DOJRULWKP SDUDPHWHUV� 8SRQ VXFFHVVIXO FRPSOHWLRQ RI WKH GDWD
GLVWULEXWLRQ� WKH GLVSDWFKHU PRGXOH ZLOO JHQHUDWH D KRVW DOORFDWLRQ WDEOH DV LWV RXWSXW� 7KH GLVSDWFKHU
PRGXOH PD\ DOVR EH ZLUHG LQ DQ ([SORUHU PDS IRU RWKHU GDWD GLVWULEXWLRQ WDVNV� )RU LQVWDQFH� LW FRXOG
EH XWLOL]HG IRU D GLVWULEXWHG� FROODERUDWLYH VROXWLRQ DQDO\VLV VHVVLRQ� 7KH RXWSXW IURP WKH GLVSDWFKHU
PRGXOH ZLOO XVXDOO\ EH GLUHFWHG WR WKH FRPSXWH PRGXOH �&0�� 7KH &0 ZLOO FRQWURO WKH ODXQFK DQG
H[HFXWLRQ RI WKH FRPSXWDWLRQDO DJHQWV� ,W ZLOO PRQLWRU WKH VLPXODWLRQ SURFHVV XQWLO WKH XVHU�VSHFLILHG
VWRSSLQJ FRQGLWLRQ LV UHDFKHG� 7KH RXWSXW RI WKH &0 ZRXOG EH WKH VLPXODWLRQ SUREOHP VROXWLRQ�
)LJXUH � LOOXVWUDWHV WKLV PRGXOH DQG WKH RWKHU PDLQ ,ULV ([SORUHU PRGXOHV RI WKH 36( IUDPHZRUN LQ D
ZLUHG PDS�

&RPSXWDWLRQDO /D\HU� 7KH SULPDU\ ´ZRUNHUVµ ZLWKLQ WKH &0 DUH WKH &RPSXWH $JHQWV �&$� DQG
0HGLDWRU $JHQWV �0$�� 7KH &$� ZKHQ DFWLYDWHG� UHVLGH RQ HDFK WDUJHW KRVW ZLWK D VLQJOH DJHQW SHU
GRPDLQ SDUWLWLRQ� ,W LV IHDVLEOH� DOWKRXJK QRW GHVLUDEOH� IRU D KRVW DJHQF\ WR KDYH PRUH WKDQ RQH
DFWLYH FRPSXWH DJHQW GXULQJ D VLPXODWLRQ SURFHVV �LPSO\LQJ PRUH WKDQ RQH GRPDLQ SDUWLWLRQ KDYLQJ
EHHQ DVVLJQHG WR WKH KRVW�� 7KH FRPSXWH DJHQWV DUH LPSOHPHQWHG DV PRELOH *UDVVKRSSHU DJHQWV� 7KH

3UREOHP
6SHFLILFDWLRQ
0RGXOH

'LVSDWFKHU
0RGXOH

&RPSXWH
0RGXOH

9LVXDOL]DWLRQ
0RGXOH
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)LJXUH �� ,ULV ([SORUHU PRGXOH PDS IRU WKH 36( IUDPHZRUN LQWHUIDFHV

PHGLDWRU DJHQWV� ZKHQ DFWLYDWHG� PD\ UHVLGH RQ D WDUJHW KRVW ZLWK D GRPDLQ SDUWLWLRQ RU RQ DQ
LQWHUPHGLDWH KRVW LQ FORVH SUR[LPLW\ WR WZR WDUJHW KRVWV ZLWK QHLJKERULQJ GRPDLQ SDUWLWLRQV� 7KH
PHGLDWRU DJHQWV DUH DOVR LPSOHPHQWHG DV PRELOH *UDVVKRSSHU DJHQWV� $IWHU GHVFULELQJ WKH &0 LQ
GHWDLO� ZH ZLOO GLVFXVV WKH DUFKLWHFWXUDO WHFKQLTXH WKDW PDNHV WKH FRPSXWH DQG PHGLDWRU DJHQW
PRELOLW\ SRVVLEOH� HYHQ ZKHQ WKH VLPXODWLRQ FRPSXWDWLRQ KDV WR EH SHUIRUPHG E\ OHJDF\ FRGH�

7KH FRPSXWH PRGXOH UHDOL]HV LWV WDVN E\ ODXQFKLQJ D 6LPXODWLRQ &RQWUROOHU $JHQW �6&$�� 7KLV DJHQW
FRQWUROV WKH HQWLUH FRPSXWDWLRQDO VLPXODWLRQ SURFHVV E\ PRQLWRULQJ WKH GLVWULEXWHG FRPSXWH DJHQWV
DQG PHGLDWRU DJHQWV RQ HDFK KRVW� 7KH VLPXODWLRQ FRQWUROOHU LQWHUDFWV FORVHO\ ZLWK WKH UHVRXUFH
DJHQWV RQ WKH WDUJHW KRVWV WR HQVXUH WKH G\QDPLF LQWHJULW\ RI WKH VHOHFWHG FRPSXWDWLRQDO JULG� 7KLV
LQWHUDFWLRQ PD\ EH HLWKHU YLD SHULRGLF XSGDWHV RU YLD 5& HYHQW RFFXUUHQFHV� )RU LQVWDQFH� LI D
SDUWLFXODU KRVW FRQQHFWLRQ GHWHULRUDWHV� WKH VLPXODWLRQ FRQWUROOHU DJHQW PD\ LQVWUXFW WKH
FRUUHVSRQGLQJ FRPSXWH DJHQW WR FRQWLQXH LWV FRPSXWDWLRQ DIWHU PLJUDWLQJ WR DQRWKHU KRVW� ,I
QHFHVVDU\� WKH VLPXODWLRQ FRQWUROOHU ZLOO LQIRUP WKH RWKHU UHOHYDQW FRPSXWH DJHQWV DQG PHGLDWRU
DJHQWV RI WKH PLJUDWLRQ� +RZHYHU� VLQFH WKH *UDVVKRSSHU HQYLURQPHQW VXSSRUWV ORFDWLRQ WUDQVSDUHQW
FRPPXQLFDWLRQ IRU LWV PRELOH DJHQWV� GHSHQGLQJ RQ WKH DJHQW FRPPXQLFDWLRQ LPSOHPHQWDWLRQ� VXFK
QRWLILFDWLRQ PD\ QRW EH UHTXLUHG� )XUWKHUPRUH� IRU KLJKO\ FRPSXWH LQWHQVLYH VLPXODWLRQV� WKH
VLPXODWLRQ FRQWUROOHU PD\ HPSOR\ ORDG�EDODQFLQJ WHFKQLTXHV WR UHGLVWULEXWH WKH RQJRLQJ
FRPSXWDWLRQV DPRQJVW WKH SURFHVVRUV RQ WKH FRPSXWDWLRQDO JULG� 7KH FRPSXWH DQG PHGLDWRU DJHQW
PRELOLW\ PDNHV WKLV RSHUDWLRQ SRVVLEOH ZLWKRXW GLVUXSWLQJ RU UHVWDUWLQJ WKH VLPXODWLRQ FRPSXWDWLRQV�
:H SURSRVH D WZR�WLHUHG DJHQW�ZUDSSHU DUFKLWHFWXUH WR IDFLOLWDWH FRPSXWH DQG PHGLDWRU DJHQW
PRELOLW\ ZLWKLQ WKH 36( IUDPHZRUN� 7KH DFWXDO OHJDF\ FRGHV �LI DQ\� IRU WKH FRPSXWH DJHQW ZLOO EH
HQFDSVXODWHG ZLWKLQ D /HJDF\ &RGH $JHQW �/&$�� 7KH DFWXDO OHJDF\ FRGHV �LI DQ\� IRU WKH PHGLDWRU DJHQW
ZLOO EH HQFDSVXODWHG ZLWKLQ DQ ,QWHUIDFH &RGH $JHQW �,&$�� 7KLV VHFRQG WLHU RI ZUDSSHUV ZLOO H[LVW
WUDQVSDUHQWO\ ZLWKLQ WKH 36( IUDPHZRUN� 7KXV� DOO RWKHU DJHQWV LQ WKH IUDPHZRUN ZLOO LQWHUDFW VROHO\
ZLWK WKH FRPSXWH DQG PHGLDWRU DJHQWV DQG QRW WKH /& DQG ,& DJHQWV� 7KH /& DQG ,& DJHQWV ZLOO
FRPPXQLFDWH RQO\ ZLWK WKHLU FRUUHVSRQGLQJ FRPSXWH DQG PHGLDWRU DJHQWV� 7KH SRVVLEOH DJHQW
LQWHUDFWLRQV ZLWKLQ WKH 36( IUDPHZRUN DUH VFKHPDWLFDOO\ GHSLFWHG LQ )LJXUH �� $OWKRXJK ZH UHIHU WR
WKHVH VHFRQG WLHU FRPSRQHQWV DV DJHQWV� WKHLU DFWXDO LPSOHPHQWDWLRQ PD\ EH LQ WKH IRUP RI OHJDF\
FRGH HPEHGGHG VHUYHUV �DV GHVFULEHG LQ DERYH�� )RU FODULW\� ZH ZLOO FRQWLQXH WR UHIHU WR WKHP DV
DJHQWV� LUUHVSHFWLYH RI WKHLU SRVVLEOH LPSOHPHQWDWLRQ WHFKQLTXH�

$ FRPSXWH DJHQW PD\ EH UHTXLUHG WR PLJUDWH WR DQRWKHU KRVW IRU ORDG EDODQFLQJ SXUSRVHV� ,Q WKLV
HYHQW� WKH VLPXODWLRQ FRQWUROOHU GLUHFWV LW WR XVH D GLIIHUHQW /& DJHQW� 6LQFH RQO\ WKH FRPSXWH DJHQW
FDQ SK\VLFDOO\ PLJUDWH� LW UHTXHVWV WKH /& DJHQW WR VWRS FRPSXWDWLRQ RI WKH FXUUHQW LWHUDWLRQ� ,W WKHQ
PLJUDWHV ZLWK WKH ODVW FRPSOHWHG LWHUDWLRQ GDWD WR LWV QH[W ORFDWLRQ� 7KH FRPSXWH DJHQW WKHQ VWDUWV WKH
QH[W LWHUDWLRQ FRPSXWDWLRQ ZLWK WKH QHZ /& DJHQW ZLWK LWV VDYHG ´ ODVW FRPSOHWHG LWHUDWLRQµ GDWD� 7R
PDNH VXFK PRELOLW\ SRVVLEOH� WKH FRPSXWH DJHQW LV UHTXLUHG WR DOZD\V VDYH WKH ODVW FRPSOHWHG
LWHUDWLRQ GDWD� 7KH PHGLDWRU DJHQW PLJUDWLRQ LV DOVR DFKLHYHG LQ D VLPLODU PDQQHU�
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$ FRPSXWH DJHQW PD\ EH UHTXLUHG WR PLJUDWH WR DQRWKHU KRVW IRU ORDG EDODQFLQJ SXUSRVHV� ,Q WKLV
HYHQW� WKH VLPXODWLRQ FRQWUROOHU GLUHFWV LW WR XVH D GLIIHUHQW /& DJHQW� 6LQFH RQO\ WKH FRPSXWH DJHQW
FDQ SK\VLFDOO\ PLJUDWH� LW UHTXHVWV WKH /& DJHQW WR VWRS FRPSXWDWLRQ RI WKH FXUUHQW LWHUDWLRQ� ,W WKHQ
PLJUDWHV ZLWK WKH ODVW FRPSOHWHG LWHUDWLRQ GDWD WR LWV QH[W ORFDWLRQ� 7KH FRPSXWH DJHQW WKHQ VWDUWV WKH
QH[W LWHUDWLRQ FRPSXWDWLRQ ZLWK WKH QHZ /& DJHQW ZLWK LWV VDYHG ´ ODVW FRPSOHWHG LWHUDWLRQµ GDWD� 7R
PDNH VXFK PRELOLW\ SRVVLEOH� WKH FRPSXWH DJHQW LV UHTXLUHG WR DOZD\V VDYH WKH ODVW FRPSOHWHG
LWHUDWLRQ GDWD� 7KH PHGLDWRU DJHQW PLJUDWLRQ LV DOVR DFKLHYHG LQ D VLPLODU PDQQHU�

7KH /& DQG ,& DJHQW DYDLODELOLW\ RQ WKH FRPSXWDWLRQDO JULG KRVWV ZLOO EH UHFRUGHG DV SDUW RI WKH
UHVRXUFH LQIRUPDWLRQ LQ WKH 36( IUDPHZRUN� 7KXV� WKH /& DQG ,& DJHQW ORFDWLRQV ZLOO EH FRQVLGHUHG
E\ WKH DOORFDWLRQ DOJRULWKPV RI WKH GLVSDWFKHU PRGXOH ZKHQ DVVLJQLQJ WKH SDUWLWLRQHG GRPDLQV WR WKH
FRPSXWDWLRQDO JULG KRVWV� 7KLV LQIRUPDWLRQ ZLOO DOVR EH DYDLODEOH WR WKH ORDG EDODQFLQJ DOJRULWKPV LQ
WKH VLPXODWLRQ FRQWUROOHU DJHQW� 7KH /& DQG ,& DJHQWV PD\ QRW EH DYDLODEOH RQ DOO WKH KRVWV RI WKH
FRPSXWDWLRQDO JULG� ,Q VXFK D VLWXDWLRQ� LI D FRPSXWH DJHQW PLJUDWLRQ ZHUH WULJJHUHG E\ ORDG
EDODQFLQJ UHTXLUHPHQWV RU QHWZRUN FRQJHVWLRQ� WKH DJHQW ZRXOG EH PRYHG WR D ORFDWLRQ ZLWK DQ
DYDLODEOH /& DJHQW LQ FORVH SUR[LPLW\�

)LJXUH �� 36( IUDPHZRUN DJHQW LQWHUDFWLRQV�

5$

'%$

6&$&$ 0$/&$ ,&$

'%$  'DWDEDVH $JHQW
5$  5HVRXUFH $JHQW
6&$  6LPXODWLRQ &RQWUROOHU

$JHQW
&$  &RPSXWH $JHQW
0$  0HGLDWRU $JHQW
/&$  /HJDF\ &RGH $JHQW
,&$  ,QWHUIDFH &RGH $JHQW
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,Q VXPPDU\� ZH GHVFULEH DQ DJHQW�EDVHG IUDPHZRUN WR EXLOG SUREOHP VROYLQJ HQYLURQPHQWV IRU ODUJH
VFDOH VLPXODWLRQ WDVNV� 7KLV IUDPHZRUN GHVLJQ LV EDVHG RQ WKH JHRPHWULF PRGXODULW\ DSSURDFK IRU WKH
VLPXODWLRQ FRPSXWDWLRQV�

7KH 036( IUDPHZRUN XVHV WKH ,5,6 ([SORUHU V\VWHP DV LWV IURQW�HQG DQG WKH *UDVVKRSSHU $JHQW
3ODWIRUP DV LWV PLGGOHZDUH LQIUDVWUXFWXUH� :H KDYH SURSRVHG D OD\HUHG DUFKLWHFWXUH IRU WKH
IUDPHZRUN� 7KLV GHVLJQ LQFRUSRUDWHV WKH H[WHQVLELOLW\ IHDWXUHV RI WKH ([SORUHU V\VWHP DQG WKH PRELOH
DJHQW IHDWXUHV RI WKH *UDVVKRSSHU SODWIRUP� 7KH 036( IUDPHZRUN PD\ EH H[WHQGHG DW WKH XVHU
LQWHUIDFH OHYHO E\ ZLULQJ DGGLWLRQDO PRGXOHV EDVHG RQ WKH ([SORUHU PRGHO� )XUWKHUPRUH� WKH
IUDPHZRUN PD\ EH H[WHQGHG DW WKH HQDEOLQJ VHUYLFHV DQG FRPSXWDWLRQDO OHYHOV E\ LQVHUWLQJ QHZ
PRELOH RU VWDWLRQDU\ DJHQWV WR SHUIRUP DGGLWLRQDO VHUYLFHV RU FRPSXWDWLRQV�

7R IDFLOLWDWH OHJDF\ FRGH LQFRUSRUDWLRQ� ZH SURSRVH D WZR�WLHUHG DJHQW�ZUDSSHU DUFKLWHFWXUH IRU WKH
FRPSXWDWLRQDO DJHQWV LQ WKH 36( IUDPHZRUN� 7KLV GHVLJQ DOORZV WKH XVH RI PRELOH DJHQWV ZLWK OHJDF\
FRPSXWDWLRQDO FRGH� SURPRWLQJ UREXVWQHVV DQG EHWWHU SHUIRUPDQFH IRU WKLV FODVV RI VLPXODWLRQ
SUREOHPV�

2SWLPXP UHVRXUFH XVDJH DQG PDQDJHPHQW LV DQ LPSRUWDQW JRDO IRU D GLVWULEXWHG 36(� :H IDFLOLWDWH
WKHVH WDVNV ZLWK WKH 5HVRXUFH &KDUDFWHULVWLF HYHQW PRGHO LQ WKH HQDEOLQJ VHUYLFHV OD\HU� 7KLV GHVLJQ
IHDWXUH HQDEOHV WKH LPSOHPHQWDWLRQ RI ORDG EDODQFLQJ WHFKQLTXHV DQG RSWLPL]DWLRQ DOJRULWKPV IRU
PHPRU\ DQG EDQGZLGWK XVDJH�

7KH 036( IUDPHZRUN GHVLJQ GRHV QRW VSHFLI\ WKH XQGHUO\LQJ GDWDEDVH WHFKQRORJ\� 7KXV� WKH
LPSOHPHQWDWLRQ PD\ LQFOXGH DQ RII�WKH�VKHOI GDWDEDVH V\VWHP RU D FXVWRP�GHVLJQHG GDWDEDVH� ,Q
HLWKHU FDVH� WKH GDWDEDVH V\VWHP QHHGV WR KDYH DQ $3, WKDW DOORZV LQWHUDFWLRQ ZLWK WKH 036(
IUDPHZRUN·V GDWDEDVH DJHQWV�

7KH *DV7XUEQ/DE 036( LV D UHDOL]DWLRQ RI WKH DJHQW EDVHG 036( IUDPHZRUN IRU WKH VLPXODWLRQ RI
JDV WXUELQHV� 7KH ODUJH ERG\ RI OHJDF\ FRGH QHHGHG IRU WKLV VLPXODWLRQ FDQ EH HDVLO\ LQFRUSRUDWHG
ZLWKLQ WKH 036( IUDPHZRUN XVLQJ WKH WZR WHFKQLTXHV RXWOLQHG LQ 6HFWLRQ �� $ VXLWDEOH ORDG
EDODQFLQJ DOJRULWKP FDQ EH LPSOHPHQWHG ZLWKLQ WKH VLPXODWLRQ FRQWUROOHU DJHQW IRU EHWWHU GLVWULEXWHG
SHUIRUPDQFH RI WKH KLJKO\ FRPSXWH LQWHQVLYH VLPXODWLRQV� 7KH JUDSKLFDO XVHU LQWHUIDFH FDQ EH WDLORUHG
DSSURSULDWHO\ ZLWK VXLWDEOH SUREOHP VSHFLILFDWLRQ PRGXOHV WKDW LQFOXGH WRROV VXFK DV 7UXH*ULG DQG
0HVK79� 7KH *DV7XUEQ/DE 036( LPSOHPHQWDWLRQ PD\ FRQWDLQ D OLEUDU\ RI ([SORUHU PRGXOHV IRU
VXFK SUREOHP VSHFLILFDWLRQ WRROV� LQFOXGLQJ DGGLWLRQDO PRGXOHV IRU GLIIHUHQW VROXWLRQ YLVXDOL]DWLRQ
WRROV� 7KLV ZRXOG HQDEOH WKH VFLHQWLVW WR FXVWRPL]H WKH *DV7XUEQ/DE XVHU LQWHUIDFH ZLWK VXLWDEOH SUH�
DQG SRVW�SURFHVVLQJ PRGXOHV IRU HDFK WDUJHW JDV WXUELQH VLPXODWLRQ SUREOHP�

7KH SURSRVHG 036( IUDPHZRUN DUFKLWHFWXUH LV VFDODEOH� HQDEOLQJ LW WR EH XVHG WR EXLOG YHU\ ODUJH
VFDOH� GLVWULEXWHG SUREOHP VROYLQJ HQYLURQPHQWV IRU VFLHQWLILF VLPXODWLRQV� ,W LV DOVR YHUVDWLOH DQG
VLPSOH HQRXJK WR EH XVHG WR UDSLGO\ EXLOG SURWRW\SH SUREOHP VROYLQJ HQYLURQPHQWV WR DQDO\]H DQG
YDOLGDWH PDWKHPDWLFDO WHFKQLTXHV IRU LQWHUIDFH UHOD[DWLRQ� 7KXV� LW ZRXOG EH D XVHIXO HQYLURQPHQW
WRZDUGV DGYDQFLQJ WKH VWDWH�RI�WKH�DUW LQ VLPXODWLQJ FRPSOH[ SK\VLFDO SKHQRPHQD�
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6RIWZDUH DYDLODELOLW\ RQ WKH KDUGZDUH SODWIRUPV XQGHU FRQVLGHUDWLRQ LPSRVHV FHUWDLQ UHVWULFWLRQV RQ
WKH GHVLJQ�

62)7:$5( 62/$5,6 ;�� 6*, :,1�� 27+(5

.,9$��9 ; ; ;

$/(�' ; ;

3(//3$&. ; ; 6XQ26�

,5,6 ([SORUHU ; ; /LQX[

7UXH*ULG ; ; ; 6XQ26�

*UDVVKRSSHU ; ; ; 6XQ26�� /LQX[
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)XQFWLRQ 1DPH 3XUSRVH ,QSXW

5HDG,QWHUIDFH3RLQWV 5HDGV LQWHUIDFH SRLQWV IURP D ILOH IRU ERWK
VROYHUV �OHIW DQG ULJKW��

ILOH IRUPDW �� [ \ ]

5HDG,QWHUSRODWLRQ3RLQWV 5HDGV LQWHUSRODWLRQ SRLQWV IURP D ILOH IRU
HDFK LQWHUIDFH SRLQW�

ILOH IRUPDW �� [ \ ]

5HDG,QWHUIDFH9DOXHV 5HDGV WKH YDOXHV RI D IXQFWLRQ DQG LWV
GHULYDWLYHV IRU HDFK LQWHUIDFH SRLQW�

ILOH IRUPDW �� X X[ X\ X]

5HDG,QWHUSRODWLRQ9DOXHV 5HDGV WKH YDOXHV RI D IXQFWLRQ DQG LWV
GHULYDWLYHV IRU HDFK LQWHUSRODWLRQ SRLQW�

ILOH IRUPDW �� X X[ X\ X]

,QWHUSRODWH &DOOV WKH GH%RRU LQWHUSRODWLRQ IXQFWLRQV WR
FUHDWH DQG HYDOXDWH WKH SRO\QRPLDOV IRU HDFK
LQWHUIDFH SRLQW XVLQJ WKH LQWHUSRODWLRQ SRLQWV
DQG WKH YDOXHV RI WKH DSSURSULDWH IXQFWLRQV�

$SSO\5HOD[DWLRQ ,PSOHPHQWDWLRQ RI WKH UHOD[DWLRQ PHWKRG LQ
WKH GUDIW RI �,QLWLDO ,QWHUIDFH 5HOD[DWLRQ 7ULDO
IRU $/(�'��
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:KHQ HLJKW SRLQWV DUH XVHG WR FRQVWUXFW WKH LQWHUSRODQW� WKH 093 OLEUDU\ JLYHV SRO\QRPLDOV ZLWK
GHJUHH XS WR VHYHQ IRU DOO WKUHH YDULDEOHV �[� \ DQG ]�� +RZHYHU� PRVW RI WKH FRHIILFLHQWV RI WKH
PRQRPLDOV DUH DOPRVW ]HUR �H���� DQG RQO\ WKH FRHIILFLHQWV RI [� \� ] DQG WKH FRQVWDQW WHUP DUH ODUJH
HQRXJK� $OWKRXJK WKLV LV GHSHQGHQW RQ WKH GDWD XVHG IRU WKH WHVWV� WKH QXPEHU RI SRLQWV WR EH XVHG
IRU WKH LQWHUSRODWLRQ QHHG WR EH GHFLGHG�

,I X� X[� X\ DQG X] DUH SURYLGHG IURP WKH VROYHUV� LW LV QRW FOHDU LI WKH PHGLDWRU VKRXOG ILQG
LQWHUSRODQWV IRU WKH DERYH IXQFWLRQV RU LI LW ZLOO GLIIHUHQWLDWH WKH LQWHUSRODQW RI X WR ILQG WKH
LQWHUSRODQWV RI X[� X\ DQG X]�
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voidApplyRelaxation(interf) 
  Interface **interf; 
{ 
  InterfacePointPtr ipcurrent; 
  double u, ux, uy, uz; 
 
  /* 
   * update the values of the left solver points 
   */ 
  ipcurrent = (*interf)->ipl; 
  while (ipcurrent != NULL) { 
    ipcurrent->u = (ipcurrent->u + ipcurrent->v)/2. +  
  (*interf)->relaxparam[0] *  
  (ipcurrent->ux*ipcurrent->nx - ipcurrent->vx*ipcurrent->nx + 
   ipcurrent->uy*ipcurrent->ny - ipcurrent->vy*ipcurrent->ny + 
   ipcurrent->uz*ipcurrent->nz - ipcurrent->vz*ipcurrent->nz); 
    fprintf(stderr, "new value at point ( %lf %lf %lf ) = %lf\n", 
  ipcurrent->x, ipcurrent->y, ipcurrent->z,ipcurrent->u); 
    ipcurrent = ipcurrent->next; 
  } 
  (*interf)->iplcurrent = ipcurrent; 
  
  /* 
   * update the values of the right solver points 
   */ 
  ipcurrent = (*interf)->ipr; 
  while (ipcurrent != NULL) { 
    ipcurrent->u = (ipcurrent->u + ipcurrent->v)/2. +  
  (*interf)->relaxparam[0] *  
  (ipcurrent->ux*ipcurrent->nx - ipcurrent->vx*ipcurrent->nx + 
   ipcurrent->uy*ipcurrent->ny - ipcurrent->vy*ipcurrent->ny + 
   ipcurrent->uz*ipcurrent->nz - ipcurrent->vz*ipcurrent->nz); 
    fprintf(stderr, "new value at point ( %lf %lf %lf ) = %lf\n", 
  ipcurrent->x, ipcurrent->y, ipcurrent->z,ipcurrent->u); 
    ipcurrent = ipcurrent->next; 
  } 
  (*interf)->iprcurrent = ipcurrent; 
 
} 
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void Interpolate(interf, sol) 
  Interface **interf; 
  SolverType sol; 
{ 
  InterfacePointPtr ipcurrent; 
  FILE *fp; 
  double *xyz, *bounds; 
  double *x; 
  MVPOLY *poly; 
  long int ier, incx; 
   
  if (sol == LEFT) { 
    ipcurrent = (*interf)->ipl; 
  } else { 
    ipcurrent = (*interf)->ipr; 
  } 
 
  if ((fp = fopen("POLYNOMIALS","a")) == NULL) { 
    fprintf(stderr,"interface: can't open POLYNOMIALS file \n"); 
    return ; 
  } 
 
  x = (double *) calloc(3, sizeof(double)); 
 
  /*  
   * for each interface point compute the interpolant function and its  
   * value using its interpolation points  
   */ 
  while( ipcurrent != NULL) { 
    xyz = ipcurrent->xyz;  
    bounds = ipcurrent->bounds; 
  /* 
   * create the polynomial for the current point  
   */ 
    ier = mvpint(3, 1, ipcurrent->nip, xyz, 4 , 1, bounds, &poly); 
    if (ier != 0 ) { 
      fprintf(stderr, "Error:: creation of multivariant polynomial didn't 
end properly.\n"); 
      return; 
    } 
  /* 
   * print the polynomial in a file to check the coefficients 
   */ 
    ier = mvpwrt(fp, poly); 
    if (ier != 0 ) { 
      fprintf(stderr, "Error:: printing of multivariant polynomial didn't 
end properly.\n"); 
      return; 
    } 
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   /* 
    * evaluate the polynomial on the interface point  
    */ 
     
    x[0] = ipcurrent->x; 
    x[1] = ipcurrent->y; 
    x[2] = ipcurrent->z;  
    ier = mvpval(x, 1, poly,  &(ipcurrent->v)); 
    if (ier != 0 ) { 
      fprintf(stderr, "Error:: evaluation of multivariant polynomial 
didn't end properly.\n"); 
      return; 
    } 
    fprintf(stderr,"Evaluation of poly at (%lf, %lf, %lf ) == %lf 
\n",x[0], x[1], x[2], ipcurrent->v); 
 
   /* 
    * deallocate the space of the polynomial 
    */ 
     
    ier = mvfree(&poly); 
    if (ier != 0 ) { 
      fprintf(stderr, "Error:: deallocation of multivariant polynomial 
didn't end properly.\n"); 
      return; 
    } 
 
    /* 
     * move to the next point 
     */ 
 
    ipcurrent = ipcurrent->next; 
  } 
 
  /* 
   * some neccessary things 
   */ 
 
  x = NULL; 
  if (sol == LEFT) { 
    (*interf)->iplcurrent = ipcurrent; 
  } else { 
    (*interf)->iprcurrent = ipcurrent; 
  } 
 
  fclose(fp); 
} 
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/*  
 * Java driver for the itpack fortran library.  
 * Calls the native C method, ItpackWrapper, to access the fortran routines. 
 * All matrices are stored in column-major order in arrays. 
 */ 
 
public class ItpackDriver { 
 
    /* Constants */ 
 
    public static final int JCG = 1; 
    public static final int JSI = 2; 
    public static final int SOR = 3; 
 
    public static final float ZETA = (float) 0.000005; 
    public static final float CME = (float) 0.0; 
    public static final float SME = (float) -1.0; 
    public static final float FF = (float) 0.75; 
    public static final float OMEGA = (float) 1.0; 
    public static final float SPECR = (float) 0.0; 
    public static final float BETAB = (float) 0.25; 
    public static final int ITMAX = 100; 
    public static final int ISYM = 0; 
    public static final int L1TIME = 0; 
    public static final int IADAPT = 1; 
    public static final int ICASE = 1; 
    public static final int IDGTS = 0; 
 
 
    /* Variable Members */ 
 
    int module; 
    int iparm[]; 
    float rparm[]; 
    float r1unkn[]; 
 
    /* Static code block to load the native libraries */ 
 
    static { 
  System.loadLibrary ("ItpackWrapper"); 
    } 
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   /* Native methods */ 
     
   public native  
  int ItpackWrapper(int module, int i1neqn, int i1mneq,  
     int i1ncoe, int[] i1idco, float[] r1coef,  
     float[] r1bbbb, float[] r1unkn, int[] iparm,  
     float[] rparm, int ier); 
 
 
   /* Constructor */ 
     
   public ItpackDriver(LinearSystemParser parser, int itpackModule) 
   { 

 int ier = 0; 
 int i1neqn, i1mneq, i1ncoe; 
 int i1idco[]; 
 float r1coef[]; 
 float r1bbbb[]; 
 
 // parse XML format input file 
 i1neqn = parser.getNeqn(); 
 Indexer ndxr = new Indexer(i1neqn); 
 r1coef = parser.getCoef(); 
 i1idco = parser.getIdcoef(); 
 r1bbbb = parser.getRhs(); 
 r1unkn = new float[i1neqn]; 
 iparm = new int[12]; 
 rparm = new float[12];   
 i1mneq = i1neqn; 
 i1ncoe = i1neqn; 
 module = itpackModule; 
 
 setParams(ITMAX, 5, -2, ISYM, IADAPT, ICASE, IDGTS, L1TIME, ZETA, 
    CME, SME, FF, OMEGA, SPECR, BETAB); 
  
 // call the itpack c wrapper (native) method 
 int ret = ItpackWrapper(module, i1neqn, i1mneq, i1ncoe, i1idco,  
    r1coef, r1bbbb, r1unkn, iparm, rparm, ier); 
 if (ret == 0)  
     System.out.println("itpack c wrapper successfully executed"); 
 else { 
     System.out.println("itpack c wrapper error = " + ret); 
     return; 
 } 
 System.out.println("ier = " + ier); 
 System.out.println("iterations = " + iparm[0]); 

    } 
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    /* Set parameters */ 
    public void setParams(int itmax, int outputLevel, int nb, int isym, 
     int iadapt, int icase, int idgts, int l1time, 
     float zeta, float cme, float sme, float ff,  
     float omega, float specr, float betab) 
   { 

 iparm[0]  = itmax; 
 iparm[1]  = outputLevel; 
 iparm[2]  = 0; 
 iparm[3]  = 7; 
 iparm[4]  = isym; 
 iparm[5]  = iadapt; 
 iparm[6]  = icase; 
 iparm[7]  = 0; 
 iparm[8]  = nb; 
 iparm[9]  = 0; 
 iparm[10] = l1time; 
 iparm[11] = idgts; 
 rparm[0]  = zeta; 
 rparm[1]  = cme; 
 rparm[2]  = sme; 
 rparm[3]  = ff; 
 rparm[4]  = omega; 
 rparm[5]  = specr; 
 rparm[6]  = betab; 
 rparm[8]  = (float) 0.0; 
 rparm[9]  = (float) 0.0; 
 rparm[10] = (float) 0.0; 
 rparm[11] = (float) 0.0; 

   } 
 
    
   /* Accessor Methods */ 
   public float[] getSoln() { return r1unkn; } 
 
 
   /* Main driver */ 
   public static void main (String args[])  
   { 

 // check arguments 
 if (args.length == 0) { 
     System.err.println("Usage: java LinearSystemParser input_file"); 
     System.exit(1); 
 } 
 
 // read in the linear system 
 LinearSystemParser parser = new LinearSystemParser(args[0]); 
 ItpackDriver driver = new ItpackDriver(parser, itpackModule); 
 
 // output solution vector 
 System.out.println("solution vector :"); 
 float[] soln = driver.getSoln(); 
 for (int i = 0; i < parser.getNeqn(); ++i) 
     System.out.println("  " + soln[i]); 

    } 
} 
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/* 
 *  C wrapper for the itpack (pellpack version) modules 
 *  --------------------------------------------------- 
 * 
 *  To solve:  a*x = b 
 *     where matrix a is stored in the ellpack format. 
 *     
 *  module : itpack module to be called [ 1=jcg, 2=jsi, 3=sor, 4=ssorcg, 
 *           5=ssorsi, 6=rscg, 7=rssi ] 
 *  i1neqn : no. of eqns 
 *  i1mneq : row dimension of r1coe & i1idco in ellpack program 
 *  i1ncoe : max no. of nonzeros per eqn 
 *  i1idco : coef identity (column numbers) matrix (dim: i1mneq x i1ncoe) 
 *  r1coef : nonzero of coef matrix (dim: i1mneq x i1ncoe) 
 *  r1bbbb : rhs (dim: i1neqn) 
 *  r1unkn : solution array (dim: i1neqn) 
 *  iwksp  : integer workspace array (dim: i1neqn)  
 *  i1kwrk : 2 * i1mneq 
 *  r1work : real workspace array (dim: depends on the itpack module) 
 *  iparm  : integer parameters (dim: 12) [ itmax/iter, level, ireset, 
 *           i1outp, isym, iadapt, icase, nwksp, nblack, iremov, itime,  
 *           idgts ] 
 *  rparm  : real parameters (dim: 12) [zeta, cme, sme, ff, omega, specr, 
 *           betab, tol, time1, time2, digit1, digit2 ] 
 *  ier    : output error condition level 
 * 
 *  --------------------------------------------------- 
 *  Return Codes: 
 *  0 = successful C wrapper execution 
 *  1 = unsuccessful for unspecified reason 
 *  2 = itmax (iparm[0]) set to zero 
 *  3 = nblack (iparm[8]) is invalid for rscg/rssi modules 
 */ 
 
#include "ItpackDriver.h" 
 
#define  ind(i,j,n)   ((j*n)+i) 
 
JNIEXPORT jint JNICALL  
Java_ItpackDriver_ItpackWrapper(JNIEnv * jenv, jobject this, jint module,  
    jint i1neqn, jint i1mneq, jint i1ncoe,  
    jintArray i1idco_j, jfloatArray r1coef_j,  
    jfloatArray r1bbbb_j, jfloatArray r1unkn_j,  
    jintArray iparm_j, jfloatArray rparm_j, 
    jint ier) 
{ 
    int* iwksp; 
    float* r1work; 
    int i, j, i1kwrk, dim, itmax=100, nb, l; 
    jint *i1idco, *iparm; 
    jfloat *r1coef, *r1bbbb, *r1unkn, *rparm; 
 
    printf("ItpackWrapper function\n"); 
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    /* Handle Arrays */ 
    i1idco = (*jenv)->GetIntArrayElements(jenv, i1idco_j, 0); 
    r1coef = (*jenv)->GetFloatArrayElements(jenv, r1coef_j, 0); 
    r1bbbb = (*jenv)->GetFloatArrayElements(jenv, r1bbbb_j, 0); 
    r1unkn = (*jenv)->GetFloatArrayElements(jenv, r1unkn_j, 0); 
    iparm = (*jenv)->GetIntArrayElements(jenv, iparm_j, 0); 
    rparm = (*jenv)->GetFloatArrayElements(jenv, rparm_j, 0); 
 
 
    /* Allocate workspaces */ 
    iwksp = (int *) calloc(i1neqn, sizeof(int)); 
    i1kwrk = 2 * i1mneq; 
    itmax = iparm[0];         
    if (!itmax) return 2; 
    l = iparm[4] ? 4 : 2; 
    nb = iparm[8]; 
    if ((module >= 6) && (nb < 0)) return 3; 
    switch (module) { 
    case 1: dim = 5*i1neqn + l*itmax; break; 
    case 2: dim = 3*i1neqn; break; 
    case 3: dim = 2*i1neqn; break; 
    case 4: dim = 7*i1neqn + l*itmax; break; 
    case 5: dim = 6*i1neqn; break; 
    case 6: dim = 2*i1neqn + 3*nb + l*itmax; break; 
    case 7: dim = 2*i1neqn + nb; break; 
    } 
    iparm[7] = dim; 
    r1work = (float *) calloc(dim, sizeof(float)); 
 
     
    /* Call the Itpack module fortran routines */ 
    switch (module) { 
    case 1: q5i2m1_(&i1neqn, &i1mneq, &i1ncoe, i1idco, r1coef, r1bbbb, 
               r1unkn, iwksp, &i1kwrk, r1work, iparm, rparm, &ier); 
          break; 
    case 2: q5i3m1_(&i1neqn, &i1mneq, &i1ncoe, i1idco, r1coef, r1bbbb, 
               r1unkn, iwksp, &i1kwrk, r1work, iparm, rparm, &ier); 
          break; 
    case 3: q5i1m1_(&i1neqn, &i1mneq, &i1ncoe, i1idco, r1coef, r1bbbb, 
               r1unkn, iwksp, &i1kwrk, r1work, iparm, rparm, &ier); 
          break; 
    } 
 
 
    /* Release memory allocated to the primitive arrays */ 
    (*jenv)->ReleaseIntArrayElements(jenv, iparm_j, iparm, 0); 
    (*jenv)->ReleaseFloatArrayElements(jenv, r1bbbb_j, r1bbbb, 0); 
    (*jenv)->ReleaseFloatArrayElements(jenv, r1unkn_j, r1unkn, 0); 
    (*jenv)->ReleaseFloatArrayElements(jenv, rparm_j, rparm, 0); 
    (*jenv)->ReleaseIntArrayElements(jenv, i1idco_j, i1idco, 0); 
    (*jenv)->ReleaseFloatArrayElements(jenv, r1coef_j, r1coef, 0); 
 
    return (jint) 0; 
} 
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<?xml version="1.0"?> 
 
<LinearSystem name="test05"> 
  <neqn> 10 </neqn> 
  <sparseMatrix name="coef" rows="10" cols="6" type="float"> 
    <file line="1">  
         file://nuwan.cs.purdue.edu/DB/LinearSystems/05/mat.data   
    </file> 
  </sparseMatrix> 
  <sparseMatrix name="idcoef" rows="10" cols="6" type="int"> 
    <file line="12"> 
         file://nuwan.cs.purdue.edu/DB/LinearSystems/05/mat.data  
    </file> 
  </sparseMatrix> 
  <array name="rhs" size="10" type="float"> 
    <r> 0.526460266E+02 </r> 
    <r> 0.467939034E+02 </r> 
    <r> 0.751092529E+02 </r> 
    <r> 0.582886505E+02 </r> 
    <r> 0.567966385E+02 </r> 
    <r> 0.653487778E+02 </r> 
    <r> 0.682942581E+02 </r> 
    <r> 0.380436096E+02 </r> 
    <r> 0.418298378E+02 </r> 
    <r> 0.470281410E+02 </r> 
  </array> 
</LinearSystem> 
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��� +/�� /RDG DYHUDJH DERYH ���

��� +/�� /RDG DYHUDJH DERYH DOHUW OHYHO

��� +/�� /RDG DYHUDJH UHWXUQHG WR DFFHSWDEOH

��� +0�� 0HPRU\ XVDJH DERYH ���

��� +0�� 0HPRU\ XVDJH DERYH DOHUW OHYHO

��� +0�� 0HPRU\ XVDJH UHWXUQHG WR DFFHSWDEOH

��� +3�� 1XPEHU RI UXQQLQJ SURFHVVHV DERYH DOHUW OHYHO

��� +3�� 1XPEHU RI UXQQLQJ SURFHVVHV UHWXUQHG WR DFFHSWDEOH

��� +6�� +RVW VKXWGRZQ DOHUW

��� +1�� 6SHFLDO DOHUW

��� +1�� +RVW SHUIRUPDQFH OHYHO DFFHSWDEOH
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(YHQW ,' (YHQW 'HVFULSWLRQ

����� 1%���� $YHUDJH KRSV WR EDVH VHUYHU DERYH DOHUW OHYHO

����� 1%���� $YHUDJH KRSV WR EDVH VHUYHU DW DFFHSWDEOH OHYHO

����� 1%���� 3LQJ UHVSRQVH WLPH WR EDVH VHUYHU DERYH DOHUW OHYHO

����� 1%���� 3LQJ UHVSRQVH WLPH WR EDVH VHUYHU DW DFFHSWDEOH OHYHO

����� 1%���� +RVW GLVFRQQHFWLQJ IURP QHWZRUN

����� 1%���� +RVW QHWZRUN FRQQHFWHG

����� ² ����� 18��� ² 18���� 1HLJKERU KRVW ���� XQUHDFKDEOH

����� ² ����� 15��� ² 15���� 1HLJKERU KRVW ���� UHDFKDEOH

����� � ����� 16��� ² 16���� 5HVSRQVH WLPH WR QHLJKERU KRVW ���� DERYH DOHUW OHYHO

����� � ����� 1)��� ² 1)���� 5HVSRQVH WLPH WR QHLJKERU KRVW ���� EHORZ DOHUW OHYHO


