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7KLV LV DQ RYHUYLHZ SDSHU RI D SURMHFW RQ ¦'HYHORSPHQW RI D

KXPDQ LQWHUIDFH IRU WKH QH[W JHQHUDWLRQ SODQW RSHUDWLRQ§ UXQQLQJ

DV D VXESURMHFW RI WKH 0,7,�IXQGHG +XPDQ 0HGLD SURMHFW� 7KH

JRDOV RI WKH SURMHFW LQFOXGH GHYHORS WKH QH[W JHQHUDWLRQ KXPDQ�

FHQWHUHG LQWHUIDFH IRU SODQW RSHUDWLRQ� :H DGRSWHG DQ RLO�UHILQHU\

SODQW DV D WDVN GRPDLQ DQG KDYH EHHQ GHYHORSHG DQ LQWHUIDFH

V\VWHP FRQVLVWLQJ RI ,QWHUIDFH $JHQW ZKLFK LV UHVSRQVLEOH IRU

PRQLWRULQJ SODQW DQG IRU GLUHFW LQWHUDFWLRQ ZLWK RSHUDWRUV� 9LUWXDO

3ODQW $JHQW UHVSRQVLEOH IRU �' YLUWXDO GLVSOD\ RI WKH SODQW�

6HPDQWLF ,QIRUPDWLRQ 3UHVHQWDWLRQ $JHQW IRU SUHVHQWDWLRQ

VHPDQWLFDOO\ LQWHUSUHWHG LQIRUPDWLRQ EDVHG RQ VRSKLVWLFDWHG

PRGHO RI WKH SODQW� 2QWRORJ\ 6HUYHU IRU VWDQGDUGL]LQJ RI $JHQWV©

XQGHUVWDQGLQJ RI WKH SODQW DQG 'LVWULEXWHG &ROODERUDWLRQ

,QIUDVWUXFWXUH IRU HQDEOLQJ DJHQWV WR SHUIRUP FROODERUDWLRQ�

'HVLJQ SKLORVRSKLHV DQG D SURMHFW RYHUYLHZ LV SUHVHQWHG�

�� ,1752'8&7,21

+XPDQ 0HGLD SURMHFW LV D 0,7,�0LQLVWU\ RI ,QWHUQDWLRQDO 7UDGH

DQG ,QGXVWULHV��IXQGHG QDWLRQDO SURMHFW VWDUWHG LQ -DQXDU\� �����

7KLV LV DQ RYHUYLHZ SDSHU RI D SURMHFW RQ ¦'HYHORSPHQW RI D

KXPDQ LQWHUIDFH IRU WKH QH[W JHQHUDWLRQ SODQW RSHUDWLRQ§ UXQQLQJ

DV D VXESURMHFW RI WKH +XPDQ 0HGLD SURMHFW� ,W LV 0,7,©V LQWHQWLRQ

WKDW UHVHDUFK RQ FRQFUHWH WRSLFV WR UHDOL]H WKH LGHD RI +XPDQ

0HGLD WHFKQRORJ\ VKRXOG EH FRQGXFWHG WR PDNH WKH UHVXOWV YLVLEOH

DQG HDV\�XQGHUVWDQGDEOH UDWKHU WKDQ EDVLF UHVHDUFK DERXW +XPDQ

0HGLD LQ JHQHUDO� 7ZR \HDUV DQG D KDOI KDYH SDVVHG VLQFH LW JRW

VWDUWHG DQG ZH KDYH D ORW RI IUXLWIXO UHVXOWV ZKLFK ZH ZRXOG OLNH WR

VKDUH ZLWK SHRSOH RXW VLGH RI WKH SURMHFW�

7KH SKLORVRSK\ XQGHUO\LQJ WKH SURMHFW LV VXPPDUL]HG DV WKH

FRLQHG WHUP ¦+XPDQ 0HGLD§ ZKLFK VWDQGV IRU WKH DGYDQFHG

IULHQGO\ PHGLD WHFKQRORJ\ IRU KXPDQV XVLQJ WKUHH UHSUHVHQWDWLYH

PHGLD VXFK DV .QRZOHGJH PHGLD� 9LUWXDO PHGLD DQG ¦.DQVHL§

PHGLD� ¦.DQVHL§ LV D -DSDQHVH WHUP ZKRVH URXJK PHDQLQJ LV WKH

VL[WK RU VHYHQWK VHQVH IRU VDWLVIDFWLRQ� FRPIRUW� EHDXW\� VRIWQHVV�

HWF� 7HFKQRORJLFDOO\� WKH KHDUW RI +XPDQ 0HGLD LV DQ LQWHJUDWLRQ

RI WKH DERYH WKUHH NLQGV RI DGYDQFHG LQIRUPDWLRQ WHFKQRORJ\ WR

FRPH XS ZLWK DQ LQQRYDWLYH KXPDQ�FHQWHUHG LQWHUIDFH�

:H VHH IRXU PDMRU WUHQGV RI SDUDGLJP VKLIWV LQ FRPSXWHU

WHFKQRORJ\�

��� )URP &RPSXWHU�FHQWHUHG WR +XPDQ�FHQWHUHG

��� )URP 3URFHVVLQJ�FHQWHUHG WR ,QIRUPDWLRQ�FHQWHUHG

��� )URP )RUP�RULHQWHG WR &RQWHQW�RULHQWHG

��� )URP &HQWUDOL]HG FRQWURO WR 'LVWULEXWHG FRQWURO

7KH ILUVW WZR DUH EDVHG RQ GHHS UHIOHFWLRQ RQ WKH ORQJ KLVWRU\ RI

FRPSXWHU�FHQWHUHG DQG SURFHVVLQJ�FHQWHUHG UHVHDUFK ZKLFK KDYH

QHYHU EHHQ JRRG LQ KXPDQ�FRPSXWHU LQWHUDFWLRQ DVSHFWV� VLQFH

VXFK WHFKQRORJ\ IRUFHV D KXPDQ WR DSSURDFK PDFKLQHV�V\VWHPV RU

DOORZ� DW EHVW� DGGLWLRQ RI DQ DG�KRF LQWHUIDFH RQ WRS RI HDFK

V\VWHP� :H QHHG WR FKDQJH SDUDGLJPDWLFDOO\ WR FRPH XS ZLWK DQ

LQQRYDWLYH DQG HVVHQWLDOO\ EHWWHU KXPDQ LQWHUIDFH WHFKQRORJ\� 7KH

FRQFHSWV RI +XPDQ�FHQWHUHG DQG ,QIRUPDWLRQ�FHQWHUHG

WHFKQRORJLHV DUH NH\ FRQFHSWV RI VXFK DQ HQWHUSULVH� 7KH WUXH

PDQ�PDFKLQH V\VWHPV ZKLFK DUH ZKDW ZH QHHG LQ WKH FRPLQJ

LQIRUPDWLRQ DJH GR UHTXLUH DQ RSHQ DUFKLWHFWXUH LQYROYLQJ KXPDQV

ZKR QHHG FRPSXWHUV WR KHOS WKHP IDFLOLWDWH WKHLU GDLO\ DFWLYLWLHV�

7KH KHDUW RI +XPDQ 0HGLD SURMHFW LV FRPSOLDQW ZLWK WKHVH

SDUDGLJP VKLIWV� PRUH VWURQJO\� LW LV DQ HQWHUSULVH WR SURPRWH VXFK

VKLIWV E\ SURYLGLQJ FRQFUHWH WHFKQRORJLFDO LGHDV WKURXJK WKH

LQWHJUDWLRQ RI .QRZOHGJH PHGLD� 9LUWXDO PHGLD DQG .DQVHL

PHGLD�

7KH WKLUG LV D ELW GLIIHUHQW IURP WKH ILUVW WZR LQ WKDW LW LV UHODWHG WR

DUWLILFLDO LQWHOOLJHQFH�$,� UHVHDUFK ZKHUH VR�FDOOHG IRUP�RULHQWHG

EDVLF UHVHDUFK KDV EHHQ H[WHQVLYHO\ FRQGXFWHG� ,W KDV EHHQ WULYLDO

IURP WKH EHJLQQLQJ WKDW QR LQWHOOLJHQW V\VWHP FDQ IXQFWLRQ ZLWKRXW

D UHDVRQDEOH DPRXQW RI NQRZOHGJH� 1HYHUWKHOHVV� IRUP�RULHQWHG

UHVHDUFK KDV GRPLQDWHG $, UHVHDUFK� &RQWHQW�UHODWHG DFWLYLWLHV DUH

PDLQO\ NQRZOHGJH EDVH FRQVWUXFWLRQ� $OWKRXJK KXJH DPRXQW RI

VXFK DFWLYLWLHV KDYH EHHQ FRQGXFWHG WR GDWH� WKH\ FDQQRW EH VDLG WR

EH ¦5HVHDUFK§� VLQFH WKH\ DUH DG KRF� KHDYLO\ GRPDLQ�VSHFLILF DQG

KDUGO\ DFFXPXODWDEOH� :H GR QHHG FRQWHQW�RULHQWHG ¦5HVHDUFK§ WR

PDNH DQ HVVHQWLDO FRQWULEXWLRQ WR LQWHOOLJHQW V\VWHP EXLOGLQJ� 7KLV

LV UHODWHG WR .QRZOHGJH PHGLD WHFKQRORJ\�

7KH IRXUWK LV UHODWHG WR V\VWHP DUFKLWHFWXUH LVVXHV� ,W LV DQ

LQIUDVWUXFWXUH RI EXLOGLQJ D ODUJH�VFDOH UREXVW V\VWHPV ZKLFK DUH

RIWHQ GLIILFXOW WR EXLOG DQG PDLQWDLQ� 7\SLFDO GLVWULEXWHG FRQWURO

V\VWHPV LQFOXGH D PXOWL�DJHQW V\VWHP LQ ZKLFK DJHQWV FROODERUDWH

ZLWK HDFK RWKHU ZLWKRXW D SULRUL VSHFLILFDWLRQ RI LQWHUDFWLRQ

EHWZHHQ WKHP XQOLNH WKH FRQYHQWLRQDO FHQWUDOL]HG FRQWURO

V\VWHPV� 7KLV SDUDGLJP RI V\VWHP GHVLJQ PDNHV LW HDVLHU WR EXLOG D

ODUJH�VFDOH V\VWHPV SURYLGHG D SRZHUIXO QHJRWLDWLRQ SURWRFRO�

2Q WKH EDVLV RI WKH EDFNJURXQG GHVFULEHG DERYH� ZH GHFLGHG WR

HPSOR\ WKH IROORZLQJ IRXU PDMRU SROLFLHV WR FRQGXFW WKH SURMHFW�

�D� 2SHQ�DUFKLWHFWXUH LQFOXGLQJ KXPDQ RSHUDWRUV UDWKHU WKDQ

FORVHG RQH ZKHUH D V\VWHP WULHV WR VROYH HYHU\WKLQJ E\ LWVHOI�

7KLV SROLF\ LV WKH PRVW VWUDLJKWIRUZDUG GHFLVLRQ PDGH

DFFRUGLQJ WR WKH SURMHFW PLVVLRQ RI EXLOGLQJ D VRSKLVWLFDWHG

KXPDQ LQWHUIDFH IRU SODQW RSHUDWRUV� 7KH LQLWLDWLYH VKRXOG EH



WDNHQ E\ WKH KXPDQ RSHUDWRUV ZKR DUH UHVSRQVLEOH IRU HYHU\

GHFLVLRQ� 7KH UROH RI V\VWHPV LQ VXSSRUW RI WKH SODQW RSHUDWLRQ

KDV WR EH QRW ¦SDVVLYH§ EXW ¦DFWLYH§� %\ DFWLYH VXSSRUW� ZH

PHDQ LQIRUPDWLRQ LV JLYHQ WR WKH RSHUDWRUV QRW RQO\ E\ WKHLU

GHPDQGV EXW DOVR V\VWHP©V VSRQWDQHRXV GHFLVLRQ RQ ZKDW

LQIRUPDWLRQ LV QHFHVVDU\ DQG ZKHQ LW VKRXOG EH SURYLGHG�

6XFK VXSSRUW V\VWHPV VKRXOG KDYH SRWHQWLDOV RI FRSLQJ ZLWK

WKH GLIILFXOWLHV DQG VXFK FDSDELOLWLHV HQDEOHV WKHP WR ZRUN

ZLWK KXPDQ RSHUDWRUV ZKR UHTXLUH DQ LQWHOOLJHQW SDUWQHU

ZKLFK FRXOG DXJPHQW WKHLU FDSDELOLWLHV� 6XFK V\VWHPV

DSSDUHQWO\ KDYH WR SURYLGH KXPDQ RSHUDWRUV ZLWK XVHIXO DQG

WLPHO\ LQIRUPDWLRQ DERXW WKH SODQW LQFOXGLQJ VXVSHFWHG FDXVHV

ZLWK RSHUDWLRQ UHFRPPHQGDWLRQV ZLWK MXVWLILFDWLRQV� )RU WKDW

SXUSRVH� ZH HPSOR\ DQ ,QWHUIDFH $JHQW ZKLFK PRQLWRUV WKH

G\QDPLF VWDWHV RI WKH SODQW DQG QRWLILHV RSHUDWRUV RI

QRWHZRUWK\ HYHQWV DV ZHOO DV FRQYHQWLRQDO PHVVDJHV WR

RSHUDWRUV� ,W FRPSOLHV ZLWK WKH SDUDGLJP VKLIWV ��� DQG ����

�E� ,QWURGXFWLRQ RI RQWRORJLFDO HQJLQHHULQJ WR DYRLG DG KRF

NQRZOHGJH UHSUHVHQWDWLRQ DQG XWLOL]DWLRQ� &RQYHQWLRQDO $,

UHVHDUFK KDV FRQFHQWUDWHG RQ IRUPDO LVVXHV VXFK DV ORJLF�

NQRZOHGJH UHSUHVHQWDWLRQ� IRUPDO UHDVRQLQJ� HWF� +RZHYHU�

WKH UHDO ZRUOG SUREOHPV UHTXLUH VRSKLVWLFDWHG WUHDWPHQW RI

NQRZOHGJH� WKDW LV� WR FRSH ZLWK WKH LVVXHV RI KRZ WR PDNH WKH

NQRZOHGJH EDVH FRQVWUXFWLRQ SULQFLSOHG DQG KRZ WR PDNH WKH

NQRZOHGJH EDVHV UHXVDEOH� 2QWRORJLFDO HQJLQHHULQJ LV

H[SHFWHG WR JLYH D VROXWLRQ WR WKLV� ,W FRPSOLHV ZLWK WKH

SDUDGLJP VKLIW ����

�F� 0XOWL�DJHQW DUFKLWHFWXUH UDWKHU WKDQ FHQWUDOL]HG RQH� 6XFK D

V\VWHP WKDW ZH SODQ WR EXLOG ZLOO QHFHVVDULO\ EHFRPH D ODUJH�

VFDOH V\VWHP ZKLFK LV KDUG WR GHYHORS� FRQWURO DQG PDLQWDLQ�

7KH PXOWL�DJHQW DUFKLWHFWXUH ZLWK GLVWULEXWHG FRQWURO KDV

PDQ\ PHULWV SURYLGHG ZH FRPH XS ZLWK SRZHUIXO

FROODERUDWLRQ SURWRFRO DQG YRFDEXODU\�FRQFHSWV ZKLFK DUH

WZR RI WKH PDMRU UHVHDUFK WRSLFV RI WKH SURMHFW� ,W FRPSOLHV

ZLWK ���

�G� &DVH�EDVHG DQG PRGHO�EDVHG DSSURDFK UDWKHU WKDQ

KHXULVWLFV�EDVHG RQH� 8QOLNH WKH FRQYHQWLRQDO H[SHUW V\VWHPV�

ZH GHFLGHG WR HPSOR\ &DVH�%DVHG 5HDVRQLQJ� &%5 IRU

PRQLWRULQJ WKH SODQW DQG 0RGHO�%DVHG 5HDVRQLQJ� 0%5 IRU

XQGHUVWDQGLQJ WKH SODQW VWDWH ZLWK SUHGLFWLRQ RI SODQW

EHKDYLRU�

7KHVH SROLFHV PDNH WKH V\VWHP XQLTXH DQG GLIIHUHQW IURP

FRQYHQWLRQDO V\VWHPV RI VLPLODU SXUSRVHV� ,W LV QRW DQ H[SHUW

V\VWHP LQ FRQYHQWLRQDO VHQVH� 7KH QH[W VHFWLRQ GLVFXVVHV

PRWLYDWLRQ DQG EDFNJURXQG RI WKH SURMHFW WRJHWKHU ZLWK SURMHFW

RUJDQL]DWLRQ�

�� 63(&,),& 027,9$7,216 $1' 352-(&7
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7KH FXUUHQW VWDWH RI WKH DUW RI WKH SODQW RSHUDWRU VXSSRUW

:H DGRSWHG DQ RLO UHILQHU\ SODQW DV D WDVN GRPDLQ� $IWHU JHQHUDO

LQYHVWLJDWLRQ DQG VHYHUDO LQWHUYLHZV ZLWK GRPDLQ H[SHUWV DQG

SODQW HQJLQHHUV� WKH IROORZLQJ FXUUHQW VLWXDWLRQV RI SODQW RSHUDWLRQ

ZHUH UHYHDOHG�

�D� 2SHUDWRUV KDYH OLWWOH FKDQFHV WR DFTXLUH NQRZ�KRZ RI SODQW

RSHUDWLRQ EHFDXVH RI WKH LQFUHDVH RI UHOLDELOLW\ RI WKH SODQW�

�E� $ SODQW KDV EHFRPH D ODUJH EODFN ER[ WR RSHUDWRUV EHFDXVH RI

LWV JURZWK LQ VL]H DQG DGYDQFHPHQW RI DXWRPDWLRQ�

�F� 7KH KXPDQ LQWHUIDFH DYDLODEOH LV DW EHVW D PXOWLZLQGRZ

V\VWHP RI '&6� 'LVWULEXWHG &RQWURO 6\VWHPV ZKLFK LV WRWDOO\

D SDVVLYH LQIRUPDWLRQ SURYLGHU ZLWK DQ XQFRQWUROOHG DODUP

V\VWHP�

�G� 7KH ZD\ RI LQIRUPDWLRQ SURYLVLRQ LV PRQRWRQH UDWKHU WKDQ

DGDSWLYH WR RSHUDWRUV DQG VLWXDWLRQV�

�H� 0DQ\ NLQGV RI LQIRUPDWLRQ LV DYDLODEOH XSRQ UHTXHVW� EXW DOO

JLYHQ LV XQUHODWHG DQG GLVRUGHUHG� /DFN RI LQWHJUDWLRQ�

�I� $OO WKH RSHUDWRU VXSSRUW V\VWHPV DUH EXLOW IURP VFUDWFK DQG

KHQFH H[SHQVLYH�

�J� 0DLQWHQDQFH RI WKH VXSSRUW V\VWHPV KDV EHFRPH PRUH DQG

PRUH GLIILFXOW DFFRUGLQJ WR WKH JURZWK RI WKH SODQW LQ VFDOH�

7KH JRDO RI RXU SURMHFW LV DSSDUHQWO\ WR UHVROYH WKHVH GLIILFXOWLHV�

$ SODQW VKRXOG EH WUDQVSDUHQW WR WKH RSHUDWRUV� 7KH LQWHUIDFH

FDQQRW EH D VLPSOH WKLQJ ZKLFK H[LVWV EHWZHHQ WKH V\VWHP DQG

RSHUDWRUV� UDWKHU� LW VKRXOG EH D PHGLDWRU ZKLFK DVVLVWV RSHUDWRUV

LQ PDNLQJ DSSURSULDWH GHFLVLRQV E\ JLYLQJ QHFHVVDU\ DQG

VXIILFLHQW LQIRUPDWLRQ DW DSSURSULDWH WLPH EDVHG RQ D GHHS

XQGHUVWDQGLQJ RI WKH SODQW LWVHOI DQG FKDUDFWHULVWLFV RI KXPDQ

SHUFHSWLRQ DQG FRJQLWLRQ� ,QIRUPDWLRQ SURYLVLRQ VKRXOG EH QRW

SDVVLYH EXW DFWLYH� ,QIRUPDWLRQ VKRXOG EH LQWHJUDWHG LQ WKH VHQVH

WKDW DOO SLHFHV RI LQIRUPDWLRQ VKRXOG EH FRQWUROOHG E\ D SULQFLSOHG

PDQQHU DFFRUGLQJ WR DQ H[SOLFLW JRDO RI WKH SURYLVLRQ� ,Q RUGHU WR

HQDEOH WKH LQWHUIDFH WR XQGHUVWDQG WKH SODQW� LW VKRXOG KDYH D

PRGHO RI WKH SODQW DQG KHQFH LW VKRXOG HPSOR\ PRGHO�EDVHG

UHDVRQLQJ� 6XFK DQ LQWHUIDFH QHFHVVDULO\ EHFRPHV D KXJH V\VWHP�

%XW� LW VKRXOG QRW EH GLIILFXOW WR EXLOG� 7KH NQRZOHGJH EDVHV

VKRXOG EH UHXVDEOH IRU EXLOGLQJ VLPLODU V\VWHPV ODWHU RQ� ,W

UHTXLUHV DQ RQWRORJ\ HQJLQHHULQJ WR EXLOG UHXVDEOH NQRZOHGJH

EDVHV� 6XFK D V\VWHP VKRXOG EH IOH[LEOH LQ WKH FDVHV RI EXLOGLQJ

DQG H[HFXWLRQ� ZKLFK VXJJHVWV D PXOWL�DJHQW DUFKLWHFWXUH ZLWK

QHJRWLDWLRQ IXQFWLRQDOLW\�

3URMHFW RUJDQL]DWLRQ

2Q WKH EDVLV RI WKH DERYH REVHUYDWLRQV� ZH HQYLVLRQ D UHVXOWLQJ

RSHUDWRU VXSSRUW V\VWHP DV VKRZQ LQ )LJ� �� ,W FRQVLVWV RI VHYHUDO

GLVSOD\V IRU VSHFLILHG W\SHV RI LQIRUPDWLRQ VXFK DV D YLUWXDO SODQW

ZLWK ZDON�WKURXJK IDFLOLW\� DQ LQWHUIDFH DJHQW ZLWK VSRNHQ GLDORJ

IXQFWLRQV� VRSKLVWLFDWHG PHVVDJH JHQHUDWLRQ EDVHG RQ PRGHO�

EDVHG UHDVRQLQJ� $OO WKH DFWLYLWLHV RI WKH LQWHUIDFH DUH VXSSRUWHG

DQ DGYDQFHG PXOWL�DJHQW DUFKLWHFWXUH ZLWK DQ RQWRORJ\ VHUYHU� 7KH

IROORZLQJ LV WKH RYHUYLHZ RI WKH WRSLF RUJDQL]DWLRQ VHW XS WR

H[HFXWH WKH UHVHDUFK SODQ� )LJ� � VKRZV WKH EORFN GLDJUDP RI WKH

LQWHUIDFH V\VWHP�

��� ,QWHUIDFH DJHQW� ,$
,W LV ORFDWHG EHWZHHQ WKH KXPDQ RSHUDWRUV DQG WKH SODQW WR

PRQLWRU WKH SODQW VWDWHV IRU WKHP� WULJJHUV WKH FROODERUDWLYH

DFWLRQV DPRQJ RWKHU DJHQWV DQG JLYHV PHVVDJHV WR RSHUDWRUV

LQ ERWK WH[W DQG VSHHFK� ,W LV DQ ¦DJHQW§ LQ WKH IROORZLQJ WZR

PHDQLQJV� $Q DJHQW ZKLFK SHUIRUPV PRQLWRULQJ MRE IRU

KXPDQ RSHUDWRUV DQG DQ DJHQW ZKLFK FDQ DXWRQRPRXVO\ ZRUN

ZLWK RWKHU DJHQWV� ,W FRQVLVWV RI WZR PDMRU PRGXOHV� FDVH�

EDVHG UHDVRQLQJ IRU SODQW PRQLWRULQJ DQG VSRNHQ ODQJXDJH

SURFHVVLQJ IRU KXPDQ LQWHUIDFH� 7KH IRUPHU VWRUHV FDVHV RI

WLPH VHULHV RI YDULRXV VHQVRU GDWD RI WKH SODQW WRJHWKHU ZLWK

ODEHOV�QRUPDO� DEQRUPDO� HWF��� GLDJQRVWLF LQIRUPDWLRQ DQG

RSHUDWLRQV GRQH IRU WKH VLWXDWLRQ� $OO WKH LQIRUPDWLRQ LV

LQGH[HG IRU UHWULHYDO DQG ODWHU XVH IRU SODQW PRQLWRULQJ�

GLDJQRVLV DQG RSHUDWLRQ� 7HFKQLTXHV XVHG LQ WKH VSRNHQ

ODQJXDJH SURFHVVLQJ LQFOXGH 'LUHFW 0HPRU\ $FFHVV 3DUVHU�

'0$3 DQG 0HPRU\ 2UJDQL]DWLRQ 3DFNHW� 023� 6SHHFK

LQSXW DQG RXWSXW LV FDUULHG RXW XVLQJ FRPPHUFLDOO\ DYDLODEOH

VSHHFK ERDUGV�

,W HPSOR\V QR KHXULVWLFV RI WKH RSHUDWRUV WR PDNH LW IUHH

IURP WKH GLIILFXOWLHV WKDW FRQYHQWLRQDO H[SHUW V\VWHPV KDG� ,W

FDQ OHDUQ WKURXJK LWV H[SHULHQFH E\ LQFUHDVLQJ WKH FDVH EDVH�



��� 9LUWXDO SODQW DJHQW� 93$
93 LV UHVSRQVLEOH IRU UHDOL]LQJ D ��' YLUWXDO SODQW IRU HDV\

DFFHVV WR DQ\ SRUWLRQ RI WKH SODQW� ,W DOORZV RSHUDWRUV WR

LQVSHFW DQ\ VHQVRU GDWD IRU KLV GHFLVLRQ PDNLQJ DV ZHOO DV

YLUWXDO RSHUDWLRQ RQ GHYLFHV� ,W PDNHV WKH SODQW SK\VLFDOO\

WUDQVSDUHQW E\ YLVXDOL]DWLRQ� 7KH YLUWXDO SODQW KDV EHHQ

FDUHIXOO\ GHVLJQHG WR LPLWDWH WKH UHDO SODQW LQ D JRRG ILGHOLW\

VR WKDW SODQW RSHUDWRUV FDQ HQMR\ KLJKO\ VLWXDWHG FRJQLWLYH

DFWLYLWLHV�

��� 6HPDQWLF LQIRUPDWLRQ SUHVHQWDWLRQ DJHQW� 6,$
7KH PDMRU IXQFWLRQDOLW\ RI 6,$ LQFOXGHV WR SURYLGH VHPDQWLF

LQIRUPDWLRQ RI WKH SODQW EDVHG RQ PXOWL�OD\HUHG ORJLFDO PRGHO

RI SODQW UDWKHU WKDQ UDZ GDWD� *LYHQ FDQGLGDWHV RI FDXVHV RI D

IDXOW IURP ,$� LW LGHQWLILHV WKH PRVW SODXVLEOH RQH ZLWK

UHVWRUDWLRQ RSHUDWLRQ IRU LW� ,$ DQG 6,$ DUH FRPSOHPHQWDU\ WR

HDFK RWKHU LQ WKDW 6,$ UHDVRQV DERXW WKH SODQW XVLQJ PRGHO�

EDVHG PHWKRGRORJ\� ZKLOH ,$ HPSOR\V D &%5 DSSURDFK EDVHG

RQO\ RQ WKH SDVW H[SHULHQFHV� :KHQ ,$ ILQGV D YHU\ VLPLODU

FDVH� WKH GHFLVLRQV GUDZQ IURP LW PLJKW EH KLJKO\ UHOLDEOH� 2Q

WKH RWKHU KDQG� LI LW FDQQRW� &%5 FDQQRW VD\ DQ\WKLQJ XVHIXO�

0RGHO�EDVHG DSSURDFK LV JHQHUDOO\ UREXVW DV IDU DV WKH SODQW

VWDWHV H[LVW ZLWKLQ WKH FRYHUDJH RI WKH PRGHO EXLOW� 7KXV� WKH

WZR FRPSHQVDWH IRU HDFK RWKHU�

��� 2QWRORJ\ VHUYHU� 26
(DFK DJHQW KDV WKHLU RZQ VSHFLDOW\ ZKLFK GLIIHUV D ORW IURP

HDFK RWKHU� ,W LV D PXVW IRU WKHP WR VKDUH PLQLPXP

FRPPLWPHQW RQ XQGHUVWDQGLQJ RI WKH GRPDLQ WR FROODERUDWH

ZLWK HDFK RWKHU� $ VROXWLRQ WR WKLV LV DQ RQWRORJ\� $Q

RQWRORJ\ LV D VKDUHG WKHRU\�V\VWHP RI FRQFHSWV RI WKH WDUJHW

ZRUOG WR VSHFLI\ LWV FRQFHSWXDOL]DWLRQ� 7KH FRQFHSWV DQG

YRFDEXODU\ LQ DQ RQWRORJ\ DUH XVHG DV EXLOGLQJ EORFNV RI WKH

RSHUDWLRQDO PRGHO RI WKH ZRUOG� 7KH RQWRORJ\ VHUYHU� 26

VWRUHV DQ RQWRORJ\ GHYHORSHG IRU WKH WDUJHW RLO�UHILQHU\ SODQW

DQG VHUYHV LW ZLWK DJHQWV� $OO DJHQWV QHFHVVDULO\ FRPPLW WR WKH

VKDUHG XQGHUVWDQGLQJ E\ XVLQJ WKH RQWRORJ\ DQG KHQFH WKH\

FDQ PDLQWDLQ IOXHQW FRPPXQLFDWLRQ� )XUWKHU� 26 KDV D

IXQFWLRQ RI PHVVDJH JHQHUDWLRQ LQ WHUPV RI DSSURSULDWH ZRUGV�

26 LV DOZD\V DVNHG WR JHQHUDWH D PHVVDJH E\ ,$ ZKR ZDQWV WR

VD\ VRPHWKLQJ WR WKH RSHUDWRUV� ,W VHQGV 26 VW\OL]HG PHDQLQJ

UHSUHVHQWDWLRQ ZKLFK VKRXOG EH FRQYHUWHG LQWR QDWXUDO

&57��&57�� &57�� &57��

9LUWXDO SODQW

DJHQW� 93$

,QWHUIDFH DJHQW�

,$

'LVWULEXWHG FROODERUDWLRQ LQIUDVWUXFWXUH� '&,

6HPDQWLF LQIRUPDWLRQ

SUHVHQWDWLRQ DJHQW� 6,$

2QWRORJ\

VHUYHU� 26

3ODQW

VLPXODWRU

6FHQDULR EDVHG

UHQGHUHU

/DUJH VFDOH VFUHHQ

)LJ� � %ORFN GLDJUDP RI WKH HQWLUH LQWHUIDFH V\VWHPV�

3	,' GLVSOD\
'LVSRD\ DGDSWLYH WR WKH

G\QDPLFDO SODQW VWDWH 7UHQG GDWD

,QWHUIDFH $JHQW
0RQLWRULQJEDVHG RQ

&DVH %DVHG UHDVRQLQJ

9LUWXDO 3ODQW 	 ,79
6XSHULPSRVLWLRQ RI YLUWXDO

VSDFH DQG UHDO LPDJH

6HPDQWLF ,QIRUPDWLRQ

SUHVHQWDWLRQ

&DVH GDWD

SUHVHQWDWLRQ

0DLQWHQDQFH

KLVWRU\

3ODQW PRGHO

0HDVXUHPHQWV�

FRQWURO VLJQDOV

ZDUQLQJV

6SHHFK
,�2

6SRNHQ

&RPPDQGV
.QRZOHGJH EDVH

è.QRZKRZé

&DVH EDVH

èH[SHULQFHVé

,QWHJUDWLRQ

'HVLJQ LQIRUPDWLRQ

è�ç	�� VSHFILFDWLRQé

2QWRORJ\ VHYHU

'LVWULEXWHG

&ROODERUDWLRQ

,QIUDVWUXFWXUH

)LJ� � $Q HQYLVLRQHG LQWHUIDFH V\VWHP



ODQJXDJH� -DSDQHVH LQ RXU FDVH� 7KH ZRUG VHOHFWLRQ LV GRQH

FRQVXOWLQJ WKH PRGHO RI WKH WDUJHW SODQW DQG GHILQLWLRQV RI

WHUPV LQ WKH RQWRORJ\�

��� 'LVWULEXWHG FROODERUDWLRQ LQIUDVWUXFWXUH� '&,
7KH LQIUDVWUXFWXUH SHUIRUPV WKH IXQFWLRQV RI D FRPPXQLFDWLRQ

FKDQQHO DQG D QHJRWLDWLRQ IDFLOLWDWRU IRU WKH FRPPXQLFDWLRQ

DPRQJ DJHQWV� 1HHGOHVV WR VD\� '&, DQG 26 DUH FRPSOLDQW

ZLWK WKH DERYH SROLFLHV� 7KH\ PDNH WKH ZKROH V\VWHP UREXVW

LQ UXQWLPH DQG HDV\ WR PDLQWDLQ WKDQNV WR LWV VRSKLVWLFDWHG

QHJRWLDWLRQ SURWRFRO� $Q DJHQW RQO\ KDV WR NQRZ ZKDW MREV

WKH\ ZDQW WR JHW GRQH DQG VHQG D PHVVDJH XVLQJ WKH ORFDO

WHUPV ZKLFK KDYH EHHQ WROG 26 LQ DGYDQFH ZLWKRXW NQRZLQJ

ZKR FRXOG GR WKH MRE� 7KH XQLTXH SRLQW RI '&, LV WKDW LW

LQWURGXFHV 3UR[\ DJHQWV �LQ RXU V\VWHP WKH\ DUH FDOOHG 7DVN

DJHQWV� ZKLFK GR WKH QHJRWLDWLRQ DPRQJ WKHP IRU WKH DJHQWV

WKH\ UHSUHVHQW� 7KHUHIRUH� DGGLWLRQ DQG PRGLILFDWLRQ RI DQ\

DJHQW LV UHODWLYHO\ HDV\�

��� 3ODQW VLPXODWRU
7KH V\VWHP UHTXLUHV UHDO WLPH SODQW RSHUDWLRQ GDWD� $W DQ

DFWXDO SODQW� '&6 �'LVWULEXWHG &RQWURO 6\VWHP� LV LQVWDOOHG

DQG PDQLSXODWHV WKH SODQW GDWD HYHU\ VHFRQG� ,Q WKLV SURMHFW� D

UHDO WLPH G\QDPLF VLPXODWRU LQVWHDG RI D UHDO SODQW LV LQVWDOOHG�

XVLQJ WKH PDWKHPDWLFDO PRGHO UHSUHVHQWLQJ D 7RSSHU �&UXGH

'LVWLOODWLRQ 8QLW�� 7KLV PRGHO FRQVLVWV RI WKH IROORZLQJ PDMRU

HTXLSPHQW DQG LQVWUXPHQWDWLRQ�

'HVDOWHU

3UHKHDW 7UDLQ ��� +HDW ([FKDQJHUV�

3UHIOXVK 'UXP

&UXGH )XUQDFH

&UXGH 7RZHU � �� 7UD\V�

� 6LGH 6WULSSHUV

�� 3,' &RQWUROOHUV

�� 3XPSV

��� $QDORJ ,QGLFDWRUV DQG 0RQLWRUV

�� )LHOG 9DOYHV

$ VHW RI WXQLQJ SDUDPHWHUV VXFK DV 3,' DQG DODUP UDQJH FDQ EH

FKDQJHG DUELWUDULO\� 7KLV PRGHO FDQ SURGXFH HPHUJHQF\

RSHUDWLRQV VXFK DV SXPS GHJUDGDWLRQ DQG IDLOXUH� WXEH

OHDNDJH� YDOYH VWXFN DQG FRQWUROOHU IDLOXUH HWF� $IWHU WKH VHW

YDOXHV RI FRQWUROOHU DUH FKDQJHG RU PDOIXQFWLRQV DUH VHW� WKH

RSHUDWLQJ FRQGLWLRQ ZLOO EH FKDQJHG� 7KLV PRGHO FDQ FDOFXODWH

WKH FKDQJLQJ GDWD LQ HYHU\ VHFRQG DQG VHQG WKH GDWD WR

,QWHUIDFH $JHQW LQ HYHU\ � VHFRQGV�

�� 29(59,(: 2) ($&+ $*(17

,QWHUIDFH $JHQW

,Q SURFHVV SODQW RSHUDWLRQ� DQ RSHUDWRU UHDGV WLPH VHULHV GDWD�

VHQVHV KDSSHQLQJV� LGHQWLILHV D SODQW VWDWH� DQG IRUHVHHV D IXWXUH

VWDWH� $ FRJQLWLYH DJHQW WKDW KDV QR NQRZOHGJH EXW FRPSHWHQFH RI

VLWXDWLRQ DZDUHQHVV ZRXOG EH DEOH WR VHQVH DQRPDO\ RQ EHKDOI RI

DQ RSHUDWRU� LQIRUP KDSSHQLQJV WR WKH RSHUDWRU� DQG KHOS KLP�KHU

LGHQWLI\ WKH FXUUHQW SODQW VWDWH� 7KH FRJQLWLYH DJHQW WKDW OHDUQV

IURP H[SHULHQFH ZRXOG EH DEOH WR JURZ LWV FDSDELOLW\ EHLQJ WDXJKW

E\ RSHUDWRUV� VWDUWLQJ ZLWKRXW NQRZOHGJH MXVW VDPH DV D KXPDQ

QRYLFH ZRXOG EHFRPH DQ H[SHUW�

$V WKH IUDPHZRUN RI DJHQW PHPRU\ DQG LQIHUHQFH PHFKDQLVP� ZH

DGRSWHG FDVH�EDVHG UHDVRQLQJ �&%5�� 6HQVDWLRQ RI DQRPDO\ LV

EXLOW RQ 0HPRU\ 2UJDQL]DWLRQ 3DFNDJH �023�� ,Q WKH PHPRU\�

VQDSVKRWV RI WLPH VHULHV SODQW GDWD PDNH QRGHV DQG DOO RI WKHP DUH

FODVVLILHG LQ YHUVLRQ VSDFH RQ HDFK LWHP RI SODQW GDWD RU DQ

DWWULEXWH� 7KXV� H[DFW VDPH VQDSVKRWV RU VDPH RFFXUUHQFHV LQ

SODQW VWDWHV IDOO LQWR DQ H[DFW VDPH QRGH LQ WKH PHPRU\� DQG

VLPLODU VQDSVKRWV RU VWDWHV IDOO LQWR WKH QHLJKERUKRRG LQ WKH

YHUVLRQ VSDFH�

7KH GHPRQVWUDWLRQ XVLQJ WKH VLPXODWRU RI DQ RLO UHILQHU\ SODQW

SURYHG WKDW WKH DJHQW LV KHOSIXO LQ SODQW RSHUDWLRQ�

9LUWXDO 3ODQW $JHQW

7KH 93$ HQDEOHV WKH RSHUDWRUV WR UHFRJQL]H WKH EHKDYLRU DQG

VWDWHV RI WKH SODQW LQWXLWLYHO\ SURYLGLQJ WKH IROORZLQJ IXQFWLRQV�

��� 7R SUHVHQW LQIRUPDWLRQ WKH\ ZDQW LQ D �' YLUWXDO VSDFH�

��� 7R HQDEOH RSHUDWRUV WR ZDON WKURXJK WKH SODQW IRU LQVSHFWLRQ�
��� 7R FRQWURO WKH DPRXQW RI LQIRUPDWLRQ UHSUHVHQWHG VR DV WR EH

QHLWKHU WRR PXFK QRU WRR OLWWOH�LQ WKLV FDVH� LW LV YLVXDO

LQIRUPDWLRQ��

��� 7R HQDEOH DQ LQWHUDFWLYH LQIRUPDWLRQ SUHVHQWDWLRQ�
��� 7R KHOS RSHUDWRUV SURSHUO\ UHFRJQL]H WKH SURFHVV VWDWH RI WKH

SODQW�

93$ KDV EHHQ LPSOHPHQWHG WR UHDOL]H WKHVH IXQFWLRQV ZLWK WLJKW

LQWHUDFWLRQ ZLWK ,QWHUIDFH $JHQW�

$UFKLWHFWXUH RI 93$

93$ GLVSOD\V YDULRXV LQIRUPDWLRQ LQ �' YLUWXDO VSDFH E\

FRPPDQGV LVVXHG E\ ,QWHUIDFH $JHQW�,$�� )LJXUH � VKRZV WKH

EORFN GLDJUDP RI 93$� ,W GHFRGHV D FRPPDQG IURP ,$ DQG LWV

FRQWHQW FRQWUROV 95 0RGXOH� 2Q WKH RWKHU KDQG� FRQFHUQLQJ

PHVVDJH SUHVHQWDWLRQ� 93$ FUHDWHV DQRWKHU ZLQGRZ RQ WKH 95

'LVSOD\ DQG LQVHUWV FKDUDFWHU VHTXHQFHV LQ LW� $QG WKH HYHQW YLD

'LVSOD\ DQG 95 &RQWURO IURP 95 0RGXOH FDXVHG E\ WKH

RSHUDWRU©V PRXVH PDQLSXODWLRQ LV HQFRGHG WR WKH FRPPDQG DQG

WKHQ WKH FRPPDQG LV WUDQVIHUUHG WR ,$� 7KXV� WKHUH DUH WZR W\SHV

RI LQWHUDFWLYH LQWHUIDFH E\ ERWK FRPPDQGV IURP ,$ DQG RSHUDWRU©V

PDQLSXODWLRQ�

6HPDQWLF LQIRUPDWLRQ SUHVHQWDWLRQ DJHQW

,Q FRQVLGHUDWLRQ RI WKH KXPDQ FKDUDFWHULVWLFV LQ DQ HPHUJHQF\

VLWXDWLRQ� DQ LQIRUPDWLRQ GLVSOD\ LQWHUIDFH V\VWHP VKRXOG

HIILFLHQWO\ LQGLFDWH WKH QHFHVVDU\ LQIRUPDWLRQ

��� WR PDNH RSHUDWRUV QRW WR EH WUDSSHG LQ D FRJQLWLYH QDUURZ

SDWK�

��� WR PDNH XS RSHUDWRUV© FRJQLWLYH UHVRXUFHV �DZDUHQHVV DQG

NQRZOHGJH DERXW SODQW� DQG WR VXSSRUW WKH HIILFLHQW XVDJH RI

WKH UHVRXUFHV� DQG

��� WR VXSSRUW WR RUJDQL]H DQ DFFXUDWH PHQWDO PRGHO RI WKH SODQW

VLWXDWLRQ WKURXJK PXOWL�PRGDO LQIRUPDWLRQ FKDQQHO�

,Q RUGHU WR PHHW WKH UHTXLUHPHQWV PHQWLRQHG DERYH� DQ LQWHOOLJHQW

DJHQW FDOOHG 6HPDQWLF ,QIRUPDWLRQ SUHVHQWDWLRQ $JHQW�6,$� LV

,QWHUIDFH

&RPPDQG

'HFRGH

&RPPDQG

(QFRGH

'LVSOD\ DQG

95 &RQWURO

95 0RGXOH

0RXVH

95

'LVSOD\

)LJ� � $UFKLWHFWXUH RI YLUWXDO SDOQW DJHQW�



GHYHORSHG WR SURYLGH GLDJQRVWLF LQIRUPDWLRQ IURP PXOWLSOH

YLHZSRLQWV� 7KH EDVLF DSSURDFKHV RI WKH 6,$ DUH

�K� PRGHOLQJ DQG XVDJH RI GHVLJQHUV
 LQWHQWLRQV RI WKH SODQW E\ D

IXQFWLRQDO PRGHOLQJ IUDPHZRUN LQ DGGLWLRQ WR WKH LQIRUPDWLRQ

RI SODQW EHKDYLRUV� VWUXFWXUH� DQG RSHUDWLRQ SURFHGXUHV�

�L� JHQHUDWLRQ RI GLDJQRVWLF LQIRUPDWLRQ VXFK DV LGHQWLILFDWLRQ RI

DQRPDO\ FDXVH� GHULYDWLRQ RI SRVVLEOH FRXQWHUPHDVXUHV� DQG

HYDOXDWLRQ RI WKH HIIHFWV RI D FRXQWHUPHDVXUH E\ PRGHO�EDVHG

UHDVRQLQJ� DQG

�M� DSSOLFDWLRQ RI DGDSWLYH LQWHUIDFH FRQFHSW>�@ WR GLVSOD\ WKH

GLDJQRVWLF LQIRUPDWLRQ FRUUHVSRQGLQJ WR WKH LQIRUPDWLRQ

FDWHJRU\ WR ZKLFK RSHUDWRUV VKRXOG SD\ DWWHQWLRQ�

)XQFWLRQDO LQIRUPDWLRQ RI D SODQW ZLOO KHOS RSHUDWRUV XQGHUVWDQG

RYHUDOO SODQW VLWXDWLRQ DQG WKH QHFHVVLW\ RI D UHFRPPHQGHG

FRXQWHUPHDVXUH E\ WKH RSHUDWLRQ PDQXDOV RU WKH 6,$ EHFDXVH LW

H[SUHVVHV WKH UHDVRQ DQG EDFNJURXQG RI WKH H[LVWHQFH RI

FRPSRQHQWV� 7KH UHOHYDQW IXQFWLRQV DQG FRPSRQHQWV ZLWK SODQW

DQRPDO\ RU D UHFRPPHQGHG FRXQWHUPHDVXUH DUH DOVR GLVSOD\HG LQ

D JUDSKLFDO ZD\ ZKLFK RSHUDWRUV FDQ TXLFNO\ XQGHUVWDQG WKH

LQIRUPDWLRQ DV D SDWWHUQ� These advantages will lead the
decrease of mis-operation and can make operators to
monitor effectively the transition of plant condition after
taking a FRXQWHUPHDVXUH.

The SIA is composed of (a) plant model, (b) identification
sub-system of anomaly cause from a set of probable causes
given by the interface agent: IA through GLVWULEXWHG
FROODERUDWLRQ LQIUDVWUXFWXUH� '&,, (c) derivation sub-system of
possible FRXQWHUPHDVXUHV, (d) evaluation sub-system of the
effects of a FRXQWHUPHDVXUH, and (e) display control sub-
system to flexibly indicate diagnostic information depending
on the information to which operators pay attention. The
plant model is based on a functional modeling framework,
Multi-level Flow Modelling (MFM)[2], to express intentional
information of plants, that is, goals and functions as well as
structural information. The plant model also includes the
information such as qualitative relations among goals and
functions, operator actions and component behavior at the
happening of an anomaly. The qualitative reasoning
technique is applied to develop the sub-systems (b) and (c).
An intelligent modular simulation technique[3] is adopted to
generate a simulation code to predict future trend of plant
behavior in the sub-system (d). The current status of the SIA
implementation is as follows:

(1) a graphical interface system is developed to support the
construction of a plant model[4],

(2) algorithms for sub-systems (b) and (c) are
proposed[4,5],

(3) the intelligent modular simulation technique is
implemented, and

(4) a simulation model to predict plant future behavior of a
oil refinery plant is developed and is now under
implementation. The algorithms are applied to a
simplified plant model of the oil refinery plant and are
proved to offer useful diagnostic information.

3ODQW RQWRORJ\ DQG RQWRORJ\ VHUYHU

$Q RQWRORJ\ LV D EDFNERQH RI WKH WDUJHW ZRUOG RI LQWHUHVW>�@� ,Q

RXU V\VWHP� VHYHUDO SODQW RQWRORJLHV DUH VWRUHG LQ 2QWRORJ\ VHUYHU�

26 IRU XVH E\ RWKHU DJHQWV� 7KH PDLQ SXUSRVHV RI 26 LQFOXGH�

��� 7R VWRUH WKH SODQW RQWRORJ\ IRU XVH RI UHSUHVHQWLQJ PHVVDJH

FRQWHQWV

��� 7R EXLOG D VWUXFWXUDO PRGHO RI WKH WDUJHW SODQW VKDUHG E\ RWKHU
DJHQWV

��� 7R JHQHUDWH QDWXUDO ODQJXDJH PHVVDJHV SUHVHQWHG WR RSHUDWRUV
DFFRUGLQJ WR DSSURSULDWH ZRUG VHOHFWLRQ

��� 7R JHQHUDWH H[SODQDWLRQ DERXW EHKDYLRU DQG IXQFWLRQ RI VXE�

FRPSRQHQWV VSHFLILHG�

��� 7R SURYLGH D QHJRWLDWLRQ RQWRORJ\ IRU VPRRWK FROODERUDWLRQ

DPRQJ DJHQWV�

,Q JHQHUDO� WKH PDMRU FRQWULEXWLRQ RI 26 WR WKH ZKROH V\VWHP LV WR

VWDQGDUGL]H FRQFHSWV DERXW WKH WDUJHW SODQW DV ZHOO DV YRFDEXODU\

XVHG E\ DJHQWV� :H EXLOW D SODQW RQWRORJ\ ZKLFK FRQVLVWV RI

VHYHUDO KLHUDUFKLFDO RUJDQL]DWLRQV RI FRQFHSWV VXFK DV RSHUDWLRQ

WDVN RQWRORJ\>�@� SODQW FRPSRQHQWV 	 REMHFWV� DQG EDVLF

DWWULEXWHV 	 RUGLQDU\ DWWULEXWH� 7KH NH\ LVVXH LQ GHVLJQ RI DQ

RQWRORJ\ LV FOHDU GLVWLQFWLRQ EHWZHHQ HVVHQWLDO FDWHJRULHV DQG

SHULSKHUDO RU YLHZ�GHSHQGHQW FRQFHSWV�

7KH RSHUDWLRQ WDVN RQWRORJ\ FRQVLVWV RI DFWLRQ GRQH E\ WKH WDVN

SHUIRUPHU� RSHUDWRUV LQ RXU FDVH� DQG RI WKH UROH ZKLFK GRPDLQ

REMHFWV SOD\ GXULQJ WKH WDVN SHUIRUPDQFH� 7KHUH H[LVW WZR PDMRU

WKLQJV LQ WKH SODQW GRPDLQ� SODQW FRPSRQHQWV�GHYLFHV� DQG SODQW

REMHFWV WR EH SURFHVVHG E\ WKH GHYLFHV� 6XFK GRPDLQ FRQFHSWV DOVR

KDYH UROH FRQFHSWV OLNH WDVN RQWRORJ\� 7R VD\ SUHFLVHO\� PDQ\ RI

WKH GRPDLQ FRQFHSWV DUH UROH FRQFHSWV� 7KH WRS OHYHO FDWHJRULHV RI

SODQW REMHFW DUH YLHZ�LQGHSHQGHQW REMHFW DQG YLHZ�GHSHQGHQW

REMHFW� 7KH IRUPHU LQFOXGHV /3 JDV� JDVROLQH� QDSKWKD� HWF� ZKLFK

DUH FDWHJRULHV SHUVLVWHQW LQ DQ\ VLWXDWLRQ� 7KH ODWWHU LQFOXGHV

WRZHU�KHDG HOHPHQW� OLTXLG� GLVWLOODWH� LQSXW� LQWHUPHGLDWH

SURGXFW� UDZ PDWHULDO� IXHO� HWF� $OO DUH YLHZ� RU FRQWH[W�

GHSHQGHQW�

$QRWKHU NLQG RI GRPDLQ RQWRORJ\ LV QHFHVVDU\ WR EXLOG D PRGHO RI

D SODQW DV DQ DFWLYH DUWLIDFW>�@� 7KDW LV DQ RQWRORJ\ RI IXQFWLRQ 	

EHKDYLRU ZKLFK LV D GRPDLQ�LQGHSHQGHQW� :H EXLOW DQ RQWRORJ\

ZKLFK FRQWDLQV DERXW ��� FRQFHSWV ZKLFK DUH DSSURYHG E\ WKH

GRPDLQ H[SHUWV DQG WKH FRYHUDJH LV DURXQG WKH WRSSHU�QRUPDO

SUHVVXUH IUDFWLRQDWHU � RI D IXOO�VFDOH UHILQHU\ SODQW�

7KH SODQW PRGHO LV EXLOW E\ FRQQHFWLQJ FRPSRQHQWV JHQHUDWHG E\

LQVWDQWLDWLQJ WKH FRUUHVSRQGLQJ FRQFHSWV LQ WKH RQWRORJ\ DQG

PDGH DFFHVVLEOH IURP RWKHU DJHQWV� ,Q WKH FXUUHQW LPSOHPHQWDWLRQ�

WKH PDMRU IXQFWLRQ RI 26 LV ZRUG VHOHFWLRQ LQ WKH PHVVDJH

JHQHUDWLRQ JLYHQ WR RSHUDWRUV� ,Q RUGHU WR PLQLPL]H WKH FRJQLWLYH

ORDG RI RSHUDWRUV LQ PHVVDJH XQGHUVWDQGLQJ� VW\OL]DWLRQ RI WKH

PHVVDJH DQG FDUHIXO ZRUG VHOHFWLRQ LV FULWLFDO� 7KH HIILFLHQW ZRUG

VHOHFWLRQ LV UHDOL]HG WKDQNV WR WKH SODQW RQWRORJ\ LQ ZKLFK ZRUGV

DUH SURSHUO\ GHILQHG ZLWK D ORJLFDO PRGHO RI WKH WDUJHW SODQW� 7KH

DOJRULWKP FRQVLVWV RI WZR PDMRU VXE�DOJRULWKPV� FRQWH[W WUDFLQJ

DQG ZRUG JHQHUDWLRQ� 8VH RI ZRUG LV KLJKO\ GHSHQGHQW RQ WKH

FRQWH[W ZKLFK LV UHSUHVHQWHG DV IRFXVHG GHYLFH LQ RXU DOJRULWKP�

8QGHU DQ LGHQWLILHG FRQWH[W� ZRUG VHOHFWLRQ LV GRQH E\ GHFLGLQJ

RQ HLWKHU XVH RI D GHIDXOW ZRUG DVVRFLDWHG ZLWK HDFK REMHFW RU

JHQHUDWLRQ RI RQH DFFRUGLQJ WR WKH FRQWH[W�

2QWRORJ\ VHUYHU KDV EHHQ LPSOHPHQWHG LQ -DYD DQG /LVS�

(YDOXDWLRQ KDV DOVR EHHQ GRQH DV WR PHVVDJH JHQHUDWLRQ�

$OWKRXJK WKH VFDOH ZDV VPDOO� HLJKW FDVHV ZHUH WHVWHG� WKH UHVXOW

ZDV VXFFHVVIXO� ,W KDV DQ RQWRORJ\ EXLOGLQJ HQYLURQPHQW� FDOOHG

2QWRORJ\ (GLWRU� DQG KDV DQRWKHU IXQFWLRQ� FRQVLVWHQF\ FKHFN RI

WKH PRGHO EXLOW IURP WKH RQWRORJ\�



'LVWULEXWHG FROODERUDWLRQ LQIUDVWUXFWXUH� '&,

'LVWULEXWHG FROODERUDWLRQ LQIUDVWUXFWXUH� '&, LV D FRPSXWDWLRQDO

IUDPHZRUN ZKLFK DOORZV HDFK DJHQW� D FRQVWLWXHQW XQLW RI WKH

IUDPHZRUN� SURFHVVHV LWV RZQ WDVNV LQ D FROODERUDWLYH ZD\ E\

FRPPXQLFDWLRQ ZLWK RWKHU DJHQWV XQGHU D ORRVH FRQWURO RI WKH

IUDPHZRUN� ,W HQDEOHV HDFK DJHQW WR HDVLO\ H[SDQG LWV IXQFWLRQV�

)RU SURFHVVLQJ WDVNV LQ '&, HQYLURQPHQW� LW LV QHFHVVDU\ IRU WKH

IUDPHZRUN WR LQWHJUDWH IXQFWLRQV RI DJHQWV UDWLRQDOO\ IRU

FROODERUDWLRQ� ,Q RWKHU ZRUGV� EDVLF VRIWZDUH LV QHFHVVDU\ IRU

WDNLQJ SDUWLDO FKDUJH D SURFHVV WR VXEV\VWHPV DQG FROOHFWLQJ

UHVXOWV SURFHVVHG E\ WKHP� :H SURSRVH DQ DUFKLWHFWXUH WKDW

LQWHJUDWHV IXQFWLRQV RI VXEV\VWHPV LQ '&, HQYLURQPHQW� 2XU

DUFKLWHFWXUH LV EDVHG RQ D PHWKRG RI DQ DJHQW WHFKQRORJ\� ,W LV

EHWWHU WKDQ WKH FRQYHQWLRQDO RQHV LQ WKDW LW LV HDV\ WR LQFRUSRUDWH

H[LVWLQJ PRGXOHV WR '&, HQYLURQPHQW�

)LUVWO\� ZH FRQVLGHU D FRQFHSW PRGHO IRU FROODERUDWLRQ DQG

LQWHJUDWLRQ� ,Q SUHYLRXV ZRUN� ZH VWXGLHG LQWHJUDWLRQ RI VRIWZDUH

DQG LQIRUPDWLRQ LQ D GLVWULEXWHG HQYLURQPHQW >�@� ,W LV SRVVLEOH IRU

WKH PRGHO WR WDNH SDUWLDO FKDUJH RI D WDVN XVLQJ 7DVN ILHOG DQG 7DVN

DJHQW�3UR[\ DJHQW�� 7DVN DJHQW LV D VRIWZDUH PRGXOH IRU

FRPPXQLFDWLQJ ZLWK RWKHU DJHQWV XVLQJ D FRPPRQ SURWRFRO

LQVWHDG RI DQ DJHQW� DQG KDV IXQFWLRQV RI FRPPXQLFDWLRQ DQG

FROODERUDWLRQ EHWZHHQ DJHQWV� DQG GHPDQGV SURFHVVLQJ WDVNV WR DQ

DJHQW� 7DVN )LHOG LV D FRPPXQLFDWLRQ VSDFH IRU 7DVN DJHQWV ZKLFK

LV FRQWUROOHG E\ &ROODERUDWLRQ VHUYHU GHVFULEHG EHORZ� )RU

FRPPXQLFDWLRQ EHWZHHQ 7DVN DJHQWV� ZH XVH &RQWUDFW 1HW

3URWRFRO >��@ DV D FROODERUDWLRQ SURWRFRO� DQG .40/

�.QRZOHGJH 4XHU\ DQG 0DQLSXODWLRQ /DQJXDJH� >��@ DV D

FRPPXQLFDWLRQ ODQJXDJH� 7DVN DJHQWV GHFLGH RQ D SURFHGXUH DQG

D UROH XQGHU WKH SURWRFRO� ,I 7DVN DJHQWV FDQQRW SURFHVV D WDVN LQ

DQ H[LVWLQJ 7DVN ILHOG� WKH DJHQW GLYLGHV WKH WDVN LQWR VHYHUDO

VPDOOHU VXE�WDVNV� XVLQJ UHODWHG NQRZOHGJH GDWDEDVHV� DQG

SUHSDUHV D QHZ 7DVN ILHOG DQG 7DVN DJHQWV IRU SURFHVVLQJ HDFK

VXE�WDVN�

6HFRQGO\� ZH FRQVLGHU PHFKDQLVPV IRU '&,� &ROODERUDWLRQ VHUYHU

DQG 'LVWULEXWHG FROODERUDWLYH $3,� &ROODERUDWLRQ VHUYHU PDQDJHV

D FROODERUDWLYH SURFHVV WKDW FUHDWHV DQG GHOHWHV 7DVN ILHOGV DQG

7DVN DJHQWV DFFRUGLQJ WR UHTXHVWV IURP DJHQWV LQ D VDPH

HQYLURQPHQW� 'LVWULEXWHG FROODERUDWLYH $3, �$SSOLFDWLRQ

3URJUDP ,QWHUIDFH� LV D PHVVDJH IRUPDW IRU FRPPXQLFDWLRQ

EHWZHHQ DQ DJHQW DQG LWV 7DVN DJHQW LQ 7DVN ILHOG� 7KH $3, VHQGV D

UHTXHVW PHVVDJH DQG D UHVXOW PHVVDJH WR 7DVN DJHQWV LQ 7DVN ILHOG�

7KH $3, KDV WKUHH IHDWXUHV� GDWD H[FKDQJH E\ SDVVLQJ REMHFWV�

DV\QFKURQRXV FRPPXQLFDWLRQ� DQG PDQDJHPHQW E\ D

FROODERUDWLYH SURFHVVLQJ V\VWHP WKDW PDQDJHV ILHOGV DQG 7DVN

DJHQWV� :H XVHG WKH VRIWZDUH DQG D SURWRFRO� 7&3�,3 DV D

FRPPXQLFDWLRQ SURWRFRO IRU EXLOGLQJ D QHWZRUN� -$9$ �-'.

����[� DV WKH VRIWZDUH EXLOGLQJ SURJUDP� +25% DV WKH

FRPPXQLFDWLRQ VRIWZDUH IRU FRQVWUXFWLQJ WKH GLVWULEXWHG

HQYLURQPHQW� +25% >��@ LV 25% FRGHG LQ -$9$ ODQJXDJH� ,Q

RUGHU WR SUHVHUYH IOH[LELOLW\ DQG DOORZ 7DVN DJHQWV DQG ILHOGV WR EH

FRQVWUXFWHG G\QDPLFDOO\� WKH SURJUDP IRU HDFK DJHQW LV VLPSO\ D

FODVV FRGH� 8VLQJ WKH DUFKLWHFWXUH� DJHQWV FDQ SURFHVV WDVNV ZLWK

OLWWOH FRQVLGHUDWLRQ DERXW FROODERUDWLRQ� $OVR H[LVWLQJ SURJUDPV

FDQ MRLQ LQ '&, RQO\ E\ DGDSWLQJ 'LVWULEXWHG FROODERUDWLYH $3,�

:H GHYHORSHG D SURWRW\SH V\VWHP E\ LPLWDWLQJ D KXPDQ LQWHUIDFH

V\VWHP IRU DQ RLO UHILQHU\ SODQ XVLQJ WKH DUFKLWHFWXUH LQ '&, DQG

HYDOXDWHG XVLQJ DQ H[DPSOH RI LQIRUPDWLRQ SUHVHQWDWLRQ E\

PXOWLSOH DJHQWV DQG KDG D VXFFHVVIXO UHVXOW�

�� &21&/86,21

:H KDG DQ LQWHUPHGLDWH WHUP GHPRQVWUDWLRQ LQ WKH 0DUFK LQ ����

ZKHUH DOO WKH VXEV\VWHPV GHYHORSHG WKXV IDU ZHUH SUHVHQWHG

LQGHSHQGHQWO\ H[FHSW ,$ DQG 93$ XVLQJ D IHZ UHDOLVWLF VFHQDULRV

DQG KDG D SRVLWLYH IHHGEDFN WKHQ� 7KH PDMRU LVVXHV WR SXUVXH

LQFOXGH WKH LQWHJUDWLRQ DOO WKH DJHQWV LQWR WKH '&, ZLWK

VRSKLVWLFDWHG D FROODERUDWLRQ SURWRFRO DV ZHOO DV IXOO HYDOXDWLRQ�

:KDW LV ODFNLQJ LQ RXU SURMHFW LV WRSLFV UHODWHG WR KXPDQ IDFWRUV

ZKLFK� IURP WKLV \HDU� ZH SODQ WR VHULRXVO\ LQYHVWLJDWH DQG

LQFRUSRUDWH WKH UHVXOWV LQWR WKH ZD\ RI LQIRUPDWLRQ SUHVHQWDWLRQ�

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

7KLV SDSHU ZDV SUHSDUHG XQGHU DQ (QWUXVWPHQW &RQWUDFW ZLWK WKH

/DERUDWRULHV RI ,PDJH ,QIRUPDWLRQ 6FLHQFH DQG 7HFKQRORJ\

�/,67� IURP WKH 1HZ (QHUJ\ DQG ,QGXVWULDO 7HFKQRORJ\

'HYHORSPHQW 2UJDQL]DWLRQ �1('2� LQ FRQFHUQ ZLWK WKH +XPDQ

0HGLD 5HVHDUFK DQG 'HYHORSPHQW 3URMHFW XQGHU WKH ,QGXVWULDO

6FLHQFH DQG 7HFKQRORJ\ )URQWLHU �,67)� SURJUDP RI WKH 0LQLVWU\

RI ,QWHUQDWLRQDO 7UDGH DQG ,QGXVWU\ �0,7,� RI -DSDQ�

�� 5()(5(1&(6

>�@ 5RXVH� :� %�� 'HVLJQ IRU 6XFFHVV� -RKQ :LOH\ 	 6RQV��

�����

>�@ /LQG� 0�� $SSOLHG $UWLILFLDO ,QWHOOLJHQFH� 9RO� �� 1R� ��

����� ��������

>�@ *RIXNX� $� HW DO� �3URF� ,-&$, 7KLUG :RUNVKRS RQ (QJL�

QHHULQJ 3UREOHPV IRU 4XDOLWDWLYH 5HDVRQLQJ� ����� ������

>�@ *RIXNX� $� HW DO�� 3URF� ,-&$, )RXUWK :RUNVKRS RQ (QJL�

QHHULQJ 3UREOHPV IRU 4XDOLWDWLYH 5HDVRQLQJ������WR DSSHDU�

>�@ *RIXNX� $� HW DO�� 3URF� )LIWK ,QW� :RUNVKRS RQ )XQFWLRQDO

0RGHOLQJ RI &RPSOH[ 7HFKQLFDO 6\VWHPV� ����� ������

>�@ <� .LWDPXUD DQG 5� 0L]RJXFKL� 0HWD�)XQFWLRQV RI $UWLIDFWV�

7KH 7KLUWHHQWK ,QWHUQDWLRQDO :RUNVKRS RQ 4XDOLWDWLYH

5HDVRQLQJ �45����� 6FRWODQG� -XQH ��� �����

>�@ 0�,NHGD HW DO�� $Q RQWRORJ\ IRU EXLOGLQJ D FRQFHSWXDO

SUREOHP VROYLQJ PRGHO� :RUNVKRS 1RWH RI $SSOLFDWLRQV RI

RQWRORJLHV DQG SUREOHP VROYLQJ PHWKRGV� (&$,��� �����

>�@ 5LLFKLUR 0L]RJXFKL� $ VWHS WRZDUGV RQWRORJLFDO HQJLQHHULJQ�

1DWLRQDO &RQIHUHQFH RQ $, RI -6$,� $,�/��� �����

>�@ 7RNXPRWR� 6�� DQG 0DHQDND� $�� $Q $UFKLWHFWXUH IRU

&RRSHUDWLYH 3URFHVVLQJ XVLQJ +LHUDUFKLFDO &RRSHUDWLYH

3URFHVVLQJ )LHOGV� 3URFHHGLQJV RI WKH ��WK $QQXDO

&RQIHUHQFH RI -6$,� �������� �����

>��@ 6PLWK� 5� '�� 7KH &RQWUDFW 1HW 3URWRFRO� +LJK�/HYHO

&RPPXQLFDWLRQ DQG &RQWURO LQ D 'LVWULEXWHG 3UREOHP

6ROYHU� ,((( 7UDQVDFWLRQV RQ &RPSXWHUV� 9RO� &���� 1R����

���������� �����

>��@ )LQLQ� 7�� HW DO��� '5$)7 6SHFLILFDWLRQ RI WKH .40/

$JHQW�&RPPXQLFDWLRQ /DQJXDJH SOXV H[DPSOH DJHQW

SROLFLHV DQG DUFKLWHFWXUHV� 7KH '$53$ .QRZOHGJH 6KDULQJ

,QLWLDWLYH ([WHUQDO ,QWHUIDFHV :RUNLQJ *URXS� �����

>��@ +LUDQR� 6�� +25%� 'LVWULEXWHG ([HFXWLRQ RI -DYD 3URJUDPV�
:RUOG :LGH &RPSXWLQJ DQG ,WV $SSOLFDWLRQV� �����


