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$EVWUDFW−276 �2SHUDWRU 7UDLQLQJ 6\VWHP� LV EHFRPLQJ SRSXODU IRU WKH VDIH DQG HIIHFWLYH RSHUDWLRQ RI FKHPLFDO

SURFHVVHV DQG FRQWURO V\VWHPV� 7KLV SDSHU RXWOLQHV WKH WRWDO KDUGZDUH V\VWHP VXSHUVWUXFWXUH DQG VRIWZDUH PRGXOHV RI

\276 �<RQVHL 2SHUDWRU 7UDLQLQJ 6\VWHP� ZKLFK ZH GHYHORSHG� \276 LV D QHWZRUN EDVHG PXOWL�WUDLQLQJ V\VWHP FRP�

SRVHG RI D ZRUNVWDWLRQ�EDVHG VHUYHU PRGXOH DQG 3&�EDVHG XVHU PRGXOHV� 7KH XVHU PRGXOH KDV D '&6�OLNH XVHU LQ�

WHUIDFH DQG VHQGV GDWD WR 20 �\276 0DQDJHU� RYHU WKH QHWZRUN� 5HOLDELOLW\ DQG VWDELOLW\ DUH HVVHQWLDO IRU WKH VXF�

FHVVIXO GHYHORSPHQW RI GLVWULEXWHG 276� 6WDWH�RI�WKH�DUW WHFKQRORJLHV RI HIILFLHQF\ DQG VWDELOLW\ DUH PDLQO\ FRQVLG�

HUHG LQ WKLV SDSHU� \276 LV VXSHULRU WR RWKHU 276 LQ LWV HDVH RI KDQGOLQJ GLVFUHWH HYHQWV� PDQDJLQJ SURFHVV PRGHOV�

H[SDQGLQJ PRGXOH IXQFWLRQDOLW\ DQG PXOWL�WUDLQLQJ RYHU WKH QHWZRUN� 7KH VWUXFWXUH RI \276 DQG FRUH DOJRULWKP IRU D

PXOWLSOH WUDLQHU RYHU WKH QHWZRUN LV DOVR SUHVHQWHG� $ EDWFK SURFHVV H[DPSOH LV XVHG WR LOOXVWUDWH WKH SURSRVHG

DGYDQWDJHV RI \276�

.H\ ZRUGV� 2SHUDWRU 7UDLQLQJ 6\VWHP� 1HWZRUN %DVHG 0XOWL�7UDLQLQJ� 7UDLQLQJ 6LPXODWRU� 9LUWXDO 5HDOLW\� &KHPLFDO 3UR�

FHVVHV

,1752'8&7,21

7KH VDIH DQG HIILFLHQW RSHUDWLRQ RI FKHPLFDO SURFHVVHV LV EHFRP�

LQJ PRUH LPSRUWDQW EHFDXVH FKHPLFDO LQGXVWULHV DUH PRUH FRPSHWL�

WLYH DQG JRYHUQPHQW VDIHW\ UHJXODWLRQV DUH EHFRPLQJ PRUH VWULFW

>'HVVRQN\� ����� 3DUN DQG0RRQ� ����@� 0DMRU DFFLGHQWV LQ FKHP�

LFDO LQGXVWU\ VXFK DV ILUHV� H[SORVLRQV DQG WR[LF FKHPLFDO UHOHDVHV

DUH PDLQO\ FDXVHG E\ XQVNLOOHG RSHUDWRUV DQG FDUHOHVV RSHUDWLRQV

>1LFKRODV� ����@� 6R V\VWHPDWLFDOO\ WUDLQLQJ SODQW RSHUDWRUV LV DPDLQ

WRSLF LQ WKH DUHD RI WKH SURFHVV VDIHW\ DQG RSHUDWLRQ� 2QH HIIHFWLYH

ZD\ RI WUDLQLQJ RSHUDWRUV LV E\ XVLQJ D YLUWXDO UHDOLW\ VLPXODWRU >6KLHU

HW DO�� ����@�

276 LQFOXGHV D YLUWXDO HQYLURQPHQW VLPLODU WR D UHDO '&6 V\V�

WHP� 2SHUDWRUV XVXDOO\ GR QRW KDYH PDQ\ FKDQFHV WR KDQGOH HPHU�

JHQF\ VLWXDWLRQV� $V D UHVXOW� XVLQJ 276 ZRXOG EH WKH RQO\ HIIHF�

WLYH VROXWLRQ WR DFKLHYH WKRVH H[SHULHQFHV >.DVVLDQLGHV� ����@� 'LI�

ILFXOW RU LPSRVVLEOH VLWXDWLRQV LQ UHDO V\VWHPV FDQ EH JHQHUDWHG WR

PDNH RSHUDWRUV DFTXLUH HPHUJHQF\ KDQGOLQJ H[SHULHQFH� 8VLQJ 276

LV HIIHFWLYH� FKHDS DQG VRPHWLPHV WKH RQO\ ZD\ WR GHYHORS H[FHO�

OHQW SUREOHP�VROYLQJ VNLOOV�

276 DOVR FDQ EH XVHG WR VWXG\ RSHUDWLQJ VHTXHQFHV� FRQWURO VWUD�

WHJLHV DQG RSHUDWLQJ FRQGLWLRQV EHIRUH DQG GXULQJ FRQVWUXFWLQJ UHDO

SODQWV >:KLWH� ����@� &RQVHTXHQWO\� WKLV WHFKQLTXH PDNHV LW SRVVL�

EOH WR XQGHUVWDQG SURFHVV FRQGLWLRQV PRUH SUHFLVHO\� WR LPSURYH WKH

VDIHW\ RI WKH V\VWHP� WR DFTXLUH EHWWHU RSHUDWLQJ WHFKQLTXHV DQG WR

H[SDQG WKH OLIHWLPH RI HTXLSPHQW�

,Q WKH YLHZSRLQW RI PDQDJHPHQW� D SODQW PDQDJHU FDQ UHDOL]H

WKH UHVXOW RI XVLQJ 276 VXFK DV IHZHU DQG VKRUWHU VKXWGRZQV� LP�

SURYHG SURGXFW TXDOLW\� ORZHU PDLQWHQDQFH FRVWV DQG IHZHU HPLV�

VLRQV�

,PSOHPHQWLQJ 276 UHTXLUHV WKH DELOLW\ WR KDQGOH ERWK GLVFUHWH

DQG FRQWLQXRXV G\QDPLF EHKDYLRUV VXFK DV SXPS RQ�RII� YDOYH RSHQ�

FORVH DQG GLVFUHWH SKDVH FKDQJHV� ,W DOVR UHTXLUHV IDVW FRPSXWDWLRQ�

IOH[LEOH LQWHUIDFHV DPRQJ PRGXOHV� HIILFLHQW GDWDEDVH IRU VWRULQJ�

UHWULHYLQJ HPHUJHQF\ VFHQDULRV DQG WKH KLVWRU\ RI SHUVRQDO WUDLQLQJ�

GLVWULEXWHG V\VWHP DUFKLWHFWXUH� PXOWLSOH H[HFXWLRQ� QXPHULFDO VROY�

HUV DQG SV\FKRORJLFDO XQGHUVWDQGLQJ RI ORFDO RSHUDWRUV�

%DVHG RQ WKHVH WHFKQLTXHV� ZH KDYH EHHQ GHYHORSLQJ \276�

ZKLFK LV EHWWHU LQ KDQGOLQJ GLVFUHWH HYHQWV� PDQDJLQJ SURFHVV PRG�

HOV� PXOWL�WUDLQLQJ RYHU WKH QHWZRUN DQG HYDOXDWLQJ WKH RSHUDWRU¶V

FDSDELOLWLHV� 7KH QHWZRUN�EDVHG DUFKLWHFWXUH DOORZV PXOWL�WUDLQHHV¶

OLQN DQG H[HFXWLRQ� 7KHVH DOJRULWKPV DUH PDLQO\ HPSKDVL]HG LQ WKLV

SDSHU� &XUUHQW \276 FDQ WUDLQ DERXW �� SHUVRQV RU PRUH VLPXOWD�

QHRXVO\ DQG DOORZV XVHUV WR DFFHVV WKH V\VWHP DQ\ZKHUH RQ WKH QHW�

ZRUN E\ XVLQJ D VSHFLDO LQWHUIDFH�

*(1(5$/ 23(5$725 75$,1,1* 6<67(06

�� *HQHUDO $UFKLWHFWXUH

$ QXPEHU RI 276V KDYH EHHQ GHYHORSHG DURXQG WKH ZRUOG DQG

DSSOLHG WR QXPHURXV FKHPLFDO SURFHVVHV >%DLQHV� ����� :LOPHU�

����� %DLDJRSDO DQG 5DILDQ�1DLQL� ����@� 7KH V\VWHP DUFKLWHFWXUH

LV YDULRXV GHSHQGLQJ RQ GHYHORSHUV� EXW ZH FDQ FODVVLI\ WKHP E\

WKUHH W\SHV VXFK DV '&6 EDVHG� VLQJOH FRPSXWHU EDVHG� DQG QHW�

ZRUN EDVHG V\VWHP >6WDZDU] DQG 6RZHUE\� ����@� '&6 EDVHG W\SH

LV YHU\ H[SHQVLYH DQG VLQJOH FRPSXWHU EDVHG W\SH UHTXLUHV ORZ LQ�

YHVWPHQW FRVW EXW SURGXFHV SRRU HIIHFWV� (GXFDWLRQDO HIILFLHQF\ DQG

HFRQRPLHV DUHPDMRU FRQVWUDLQWV LQ DGRSWLQJ 276 WR RQHV SODQW� $Q\

W\SH RI WKHVH VROYHU PRGXOHV DQG XVHU PRGXOHV LV D QHFHVVLW\ WR FRQ�

ILJXUH276�

3URFHVV PRGHOLQJ DQG FRPSXWDWLRQ PHWKRGV DUH XVXDOO\ PDLQ
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KLQGUDQFH WR EH RYHUFRPH E\ GHYHORSHUV >0DUTXDUGW� ����@� +RZ

DFFXUDWHO\ LV D SURFHVV WR EH PRGHOHG DQG ZKDW NLQGV RI VROYHUV DUH

WR EH LQFOXGHG LQ WKH V\VWHP ZKROO\ GHSHQG RQ HGXFDWLRQDO REMHF�

WLYHV� HFRQRP\� DQG KDUGZDUH DUFKLWHFWXUH� 0RVW FKHPLFDO SURFHVVHV

DUH GHVFULEHG E\ '$(V �'LIIHUHQWLDO $OJHEUDLF (TXDWLRQV�� 6LQFH

JHQHUDO FKHPLFDO SURFHVVHV DUH KLJKO\ QRQOLQHDU� VXFK HTXDWLRQV

DUH VRPHWLPHV UHSODFHG E\ OLQHDU HTXDWLRQV XVLQJ OLQHDUL]DWLRQ VXFK

DV SRZHU VHULHV WR VSHHG XS WKHLU FRPSXWDWLRQ� 6HOHFWLQJ VROYLQJ

VWUDWHJLHV UHTXLUHV FRQVLGHULQJ WKH VL]H RI SURFHVV DQG KDUGZDUH SHU�

IRUPDQFHV� 7KH ZHOO�GHVLJQHG VXSHUVWUXFWXUH RI 276 LQFUHDVHV WRWDO

WUDLQLQJ SHUIRUPDQFH� DQG QXPHULFDO FRPSXWLQJ WLPH LV XVXDOO\ D

FULWLFDO FRQVWUDLQW LQ UHDO WLPH WUDLQLQJ RI ODUJH�VFDOH SURFHVVHV� 7KH

VHOHFWHG VROYHU LV JHQHUDOO\ EDVHG RQ D VHOI�GHYHORSHG OLEUDU\ RU FRP�

PRQ OLEUDU\ IURP 1HWOLE RYHU WKH ,QWHUQHW RU FRPPHUFLDO G\QDPLF

VLPXODWRUV IRU FKHPLFDO SURFHVVHV� 7R LPSURYH WKH QXPHULFDO FRP�

SXWDWLRQ� ZH KDYH GHYHORSHG \276 ZLWK D SDUDOOHO DQG GLVWULEXWHG

DUFKLWHFWXUH�

\276 �<216(, 23(5$725 75$,1,1* 6<67(0�

\276 �<RQVHL 2SHUDWRU 7UDLQLQJ 6\VWHP� LV D QHWZRUN�EDVHG

V\VWHP LQFOXGLQJ RQH ZRUNVWDWLRQ DQG WKUHH 3&V� )LJ� � VKRZV WKH

KDUGZDUH DQG VRIWZDUH QHWZRUN FRQILJXUDWLRQ LQFOXGLQJ WZR RSHU�

DWRU¶V 3&V� RQH WUDLQHU¶V 3& DQG RQH ZRUNVWDWLRQ ZKLFK GRHV PRVW

RI WKH FRPSXWDWLRQ� 2QH PRUH VHUYHU ZRUNVWDWLRQ FRXOG EH DGGHG

GHSHQGLQJ RQ WKH SURFHVV FRPSOH[LW\ DQG FRPSXWDWLRQ WLPH

�� 7KH 0RGXOHV RI \276

\276 LV FRPSRVHG RI WKUHH PDLQ PRGXOHV � 276 PDQDJHU PRG�

XOH� VROYHU PRGXOH DQG XVHU PRGXOHV� 0RGXOHV H[FHSW WKH VROYHU

KDYH D JUHDW LPSDFW RQ WKH SHUIRUPDQFH RI WKH WRWDO V\VWHP� 1XP�

HURXV IXQFWLRQV DUH LPSOHPHQWHG LQ WKHVH PRGXOHV�

���� 20 �2SHUDWRU WUDLQLQJ V\VWHP 0DQDJHU� 0RGXOH

20 VXSSOLHV YDULRXV IXQFWLRQV WR RSHUDWRUV DQG WUDLQHUV� LQFOXG�

LQJ RYHUDOO SURFHVV H[HFXWLRQ� VWRS� RSHUDWLRQ� SUREOHP GHVFULSWLRQ�

FRQWURO RI WUDLQLQJ VLWXDWLRQV� VFHQDULR H[HFXWLRQ DQG VFHQDULRV FRQ�

VWUXFWLRQ� 20 DOVR DQDO\]HV WKH RSHUDWRU¶V WDVN SURJUHVV DQG FXU�

UHQW VWDWXV RI RSHUDWLQJ PDWXULW\� 7KLV PRGXOH DOVR FRQQHFWV XVHU

DQG VROYHU PRGXOHV DQG WUDQVPLWV GDWD DPRQJ WKHP� 20 FKHFNV

LQWHUIDFHV DPRQJ DOO PRGXOHV DW WKH ILUVW H[HFXWLRQ DQG LQLWLDOL]HV

DOO V\VWHP YDULDEOHV DW WKH WUDLQHU¶V FRQQHFWLQJ�

���� 6ROYHU 0RGXOH

%DVLFDOO\� 276 PXVW EH DEOH WR VLPXODWH YDULRXV SURFHVV FRQGL�

WLRQV� ,W PXVW EH DEOH WR KDQGOH GLVFUHWH HYHQWV VXFK DV YDOYH�SXPS

RQ DQG RII� SKDVH FKDQJH� VWDUWXS DQG VKXWGRZQ RI FRQWLQXRXV DQG

EDWFK SURFHVVHV� )DVW FRPSXWDWLRQ LV YHU\ LPSRUWDQW IRU WKH SURFHVV

UHDO�WLPH VLPXODWLRQ� ,Q WKLV V\VWHP� ZH XVHG D JHQHUDO SXUSRVH G\�

QDPLF VLPXODWRU >5HDG\� ����� %DUWRQ� ����� 2K DQG 3DQWHOLGHV�

����@� J35206 �*HQHUDO 352FHVV 0RGHOLQJ DQG 6LPXODWLRQ��

GHYHORSHG E\ ,PSHULDO &ROOHJH� J35206 KDV DGYDQWDJHV RI HDVLO\

GHVFULELQJ SURFHVVPRGHOV DQG GHDOLQJ ZLWK SURFHVV GLVFUHWH HYHQWV�

���� 8VHU 0RGXOH

)LJ� ��&XUUHQW QHWZRUN FRQILJXUDWLRQ RI \276 �<RQVHL 2SHUDWRU

7UDLQLQJ 6\VWHP��

)LJ� �� 6XSHUVWUXFWXUH RI \276�



��� 6� 3DUN HW DO�

1RYHPEHU� ����

)RU HIILFLHQW HGXFDWLRQ� 276 RIIHUV DQ RSHUDWLQJ HQYLURQPHQW

VLPLODU WR UHDO '&6� \276 LV EDVHG RQ D *8, �*UDSKLF 8VHU ,Q�

WHUIDFH� >*XLOOHUPR DQG0HKGL� ����@ HQYLURQPHQW ZKLFK LV DOPRVW

WKH VDPH DV '&6� 7KH WUDLQHU¶V PRGXOHPDQDJHV WKH JUDSKLF VFUHHQ�

DGMXVWV RYHUDOO SURFHVVHV DQG VXSHUYLVHV RSHUDWRU¶V WUDLQLQJ VFHQDU�

LRV�

7KH VXSHUVWUXFWXUH RI \276 LV VFKHPDWLFDOO\ SUHVHQWHG LQ )LJ� ��

$ G\QDPLF VLPXODWRU DQG WKHUPRG\QDPLF GDWDEDVH FRPSXWH PRVW

SURFHVV G\QDPLF EHKDYLRUV� 1HWZRUN FRPPXQLFDWLRQ DQG J)3,

�J35206 )RUHLJQ 3URFHVV ,QWHUIDFH� DUH XVHG WR WUDQVPLW FDOFX�

ODWHG G\QDPLF VLPXODWLRQ GDWD EHWZHHQ 20 DQG WKH VROYHU�

20 LV GULYHQ DV D SDUHQW SURFHVV WKDW JHQHUDWHV D FKLOG SURFHVV

DQG GULYHV WKH VROYHU� 7KH GDWD VWUXFWXUH LV WKH FRUH RI WKH LQWHUIDFH

EHWZHHQ WZR PRGXOHV DQG RYHUDOO V\VWHP DUFKLWHFWXUH� 7ZR PHWK�

RGV IRU WKH GDWD FRPPXQLFDWLRQ DUH XVHG� XVLQJ ILOH DQG VKDUHGPH�

PRU\� 7KH IRUPHU WDNHV WLPH WR RSHQ DQG UHFRUG GDWD VR LW PDNHV D

WLPH GHOD\� 8VLQJ VKDUHG PHPRU\ IRU SURFHVV GDWD FRPPXQLFDWLRQ

WDNHV OHVV WLPH� EXW LW LV KDUGZDUH GHSHQGHQW� 2XU 20 XVHV VKDUHG

PHPRU\ LQ LWV GHIDXOW�

7KH GDWD WUDQVPLWWHG IURP 20 WR D VROYHU DUH VLPXODWLRQ VWDWXV�

VLPXODWLRQ WLPH LQFUHPHQW� XQLW QXPEHU� WDVN QXPEHU DQG WDVN YDOXH�

7KH FRQFUHWH GDWD RI VLPXODWLRQ VWDWXV DUH VWDUW� SDXVH� UHVWDUW� VWRS

DQG FRQWLQXH VLPXODWLRQ DV XVHU¶V UHTXHVW� 7KH VLPXODWLRQ WLPH LQFUH�

PHQWPHDQV WKH VWHS VL]H RI G\QDPLF VLPXODWLRQ WLPH� 7KH XQLW QXP�

EHU LV D SUHGHILQHG WDVN YDOXH WKDW DQ RSHUDWRU H[HFXWHV� 7KH H[�

DPSOHV RI SUHGHILQHG WDVNV DUH YDOYH RSHQ�FORVH� SXPS RQ�RII� FRQ�

WUROOHU RSHQ�FORVH DQG VHW SRLQW UHLQLWLDOL]DWLRQ� $OO GDWD RI FXUUHQW

VLPXODWLQJ WLPH� PRGHO VWDWXV DQG SURFHVV YDULDEOH YDOXHV FDOFXODWHG

E\ D VLPXODWRU DUH WUDQVIHUUHG IURP D VROYHU WR 20�

7KH VROYHU PRGXOH RIIHUV DQ LQWHUIDFH PHWKRG IRU WKH FRQQHFWLRQ

RI H[WHUQDO XVHU PRGXOHV� 7KH )3, LV GHVLJQHG WR FDOO IXQFWLRQV LQ�

WHUQDOO\� 7KH PDMRU IXQFWLRQV RI )3, DUH 67$57� 3$86(� *(7�

6(1' DQG (1'� :LWK WKHVH IXQFWLRQV� 20 FRQQHFWV WKH VROYHU

PRGXOH� 20 LV D PDLQ VHUYHU PRGXOH LQ 276 V\VWHP DQG VROYHU

FDUULHV RXW WKH FOLHQW¶V UHTXHVW RYHU 20� 20 JHQHUDWHV VKDUHG PH�

PRU\ LQ ZKLFK 20 UHDGV DQG ZULWHV WKH GDWD DQG FUHDWHV D VHPD�

SKRUH ZKLFK LV XVHG WR FRQWURO DFFHVV WR V\VWHP UHVRXUFHV� ,I 1 RS�

HUDWRUV WDNH WUDLQLQJ� WKH LQWHUIDFH JHQHUDWHV 1 VKDUHG PHPRU\ DQG

� 1 VHPDSKRUH�

�� 7KH 'HYHORSLQJ (QYLURQPHQW RI &XUUHQW \276

7DEOH � GHVFULEHV WKH FXUUHQW GHYHORSLQJ HQYLURQPHQW RI WKH WKUHH

PDLQ PRGXOHV RI \276� 20 LV GHYHORSHG LQ WKH 81,; HQYLURQ�

PHQW DQG XVLQJ & DQG&���8VHUPRGXOH LV GHYHORSHG LQ:LQ�� DQG

XVLQJ VHYHUDO YLVXDO WRROV DQG JUDSKLF WRROV� 7KH 6ROYHU J35206

LV H[HFXWHG XQGHU WKH 81,; HQYLURQPHQW� 9LVXDO WRROV RIIHU WKH GH�

YHORSHU DQ HDVH RI GHYHORSLQJ IXQFWLRQV DQG JUDSKLF LQWHUIDFH RI

WKH XVHU WUDLQLQJ HQYLURQPHQW� *HQHUDOO\ VSHDNLQJ� LW LV WKH 81,;

HQYLURQPHQW WKDW LV PRUH UHOLDEOH WKDQ RWKHU HQYLURQPHQWV RQ PXOWL�

XVHU VWDELOLW\ DQG V\VWHP VHFXULW\�

��1HWZRUN %DVHG 0DLQ $OJRULWKP RI 20 IRU 0XOWLSOH 7UDLQ�

HHV

20 �2760DQDJHU� PRGXOH LV WKH FUXFLDO SDUW RI 276 DQG WKLV

PDQDJHV RYHUDOO V\VWHPV E\ FRQQHFWLQJ DOO PRGXOHV� 20 FDQ DF�

FHSW PXOWL�WUDLQHH¶V DQG WUDLQHU�HGXFDWRU�¶V FRQQHFWLQJ DQG LQLWLDOL]H

SURFHVVHV� ,Q 7DEOH ��ZH GHVFULEHPDLQ VRIWZDUH KHDGHUV RI 20 DQG

WKHLU IXQFWLRQV� ZKLFK DUH GHYHORSHG E\ F��� F DQG )2575$1�

*OREDO'HI FRQWDLQV YDULRXV SUHGHILQHG QXPEHUV XVLQJ 2YHUDOO

\276 PRGXOHV VXFK DV WDVN QXPEHU� VLPXODWLRQ VWDWXV� WDVN YDOXH�

XQLW QXPEHU� GDWD VWUXFWXUH IRU D FRPPXQLFDWLRQ EHWZHHQ PRGXOHV�

)ROORZLQJ LV WKH H[DPSOH RI *OREDO'HI�K� 3UHGHILQHG YDOXHV RIIHU

GHYHORSHUV JUHDW DGYDQWDJHV � WKH PLQLPL]LQJ RI FRPPXQLFDWLRQ

GDWD� UREXVW RSHUDWLRQ KDQGOLQJ DQG GRZQVL]LQJ RWKHU PRGXOHV� %XW

ZH VKRXOG SUHGHILQH WKHVH GDWD ZHOO OHVW ZH FKDQJH WKLV V\VWHP VWUXF�

WXUH ODWHU�

,Q WKH LQLWLDO VWDWH� 20 LGHQWLILHV RYHUDOO V\VWHP� WKHQ UHFHLYHV

XVHU¶V LQSXW� ,I FRPSXWDWLRQ LV UHTXLUHG�20FRQQHFWV D VROYHU� FKHFNV

LQSXWV DV WLPH YDULHV DQG H[HFXWHV UHFDOFXODWLRQV� 20 LV ORFDWHG DW

WKH VHUYHU FRPSXWHU� LQLWLDOO\ VWDUWHG E\ WKH WUDLQHU DQG LW FDQ H[HFXWH

DQG TXLW VLPXODWLRQV�

7DEOH �� &XUUHQW GHYHORSPHQW HQYLURQPHQW RI \276

20 PRGXOH 8VHU PRGXOH 6ROYHU PRGXOH

26 81,; :LQ�� 81,;

'HYHORSLQJ

7RRO

&�&��

81,; WRROV

9LVXDO &��

9LVXDO %DVLF

*UDSKLF 6�:

J35206

)XQFWLRQ 0RGXOH FRQQHFWLRQ

8VHU ,QSXW DQDO\VLV DQG H[HFXWLRQ

$XWRPDWLF GDWDEDVH LQLWLDOL]DWLRQ

0DQDJLQJ WRWDO

3URFHVV �VROYHU� EDFNJURXQG SURFHVVLQJ�

*UDSKLF EDVHG XVHU LQWHUIDFH

&RQQHFWLRQ WR 20

&KDQJLQJ XVHU LQSXW WR SUHGHILQHG YDOXH

0DQDJLQJ 7UDLQHU¶V VWDWH �7UDLQHH PRGXOH RQO\�

(YDOXDWLQJ WUDLQLQJ UHVXOW �7UDLQHH PRGXOH RQO\�

'LVFUHWH HYHQW KDQGOLQJ

'$(V 3'$(V VROYLQJ

2SWLPL]DWLRQ

7DEOH �� 7KH PDLQ KHDGHU ILOHV RI 20

0RGXOH )XQFWLRQ

*OREDO'HI�K 7KLV FRQWDLQV 7DVN 1R� 6LPXODWLRQ 6WDWXV 1R��

7DVN 9DOXH� 8QLW 1R�� &RPPXQLFDWLRQ 'DWD

6WUXFWXUHV� HWF�

0HVVDJH'DWD�K 7KLV FRQWDLQVPHVVDJH GDWD IXQFWLRQ IRU FRP�

PXQLFDWLRQ EHWZHHQ 20 DQG 6ROYHU�

6HPD�K 7KLV FRQWDLQV JHQHUDO IXQFWLRQ IRU VHPDSKRUHV

RI VKDUHG PHPRULHV XVHG LQ WKH FRPPXQLFD�

WLRQ EHWZHHQ 20 DQG 6ROYHU�

6KP�K 7KLV FRQWDLQV VKDUHG PHPRU\ PDQDJLQJ OL�

EUDULHV�

6RFN'HI�K 7KLV FRQWDLQV VRFNHW OLEUDULHV IRU FRPPXQL�

FDWLRQ EHWZHHQ 20 DQG 2SHUDWRU�(GXFDWRU�

6ROYHU,QWHUIDFH�K 7KLV FRQWDLQV VROYHU LQWHUIDFH OLEUDULHV IRU WKH

FRPPXQLFDWLRQ EHWZHHQ 20 DQG 6ROYHU�
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0RUH GHWDLOHG H[SODQDWLRQ RI WKH20DOJRULWKP LV WKH IROORZLQJ�

���� ,QLWLDOL]LQJ 7RWDO 6\VWHPV

20 FKHFNV ZKHWKHU HDFK PRGXOH H[LVWV DQG LQWHUIDFHV DPRQJ

PRGXOHV DUH VHW XS ZHOO� *HQHUDOO\ VSHDNLQJ� SURFHVVLQJ KDV D WHQ�

GHQF\ WR FUHDWH D ]RPELH SURFHVV VR ZH VKRXOG SUHYHQW WKLV IURP

RFFXUULQJ E\ WKH LQLWLDO V\VWHP FKHFNLQJ�

���� :DLWLQJ 8VHU¶V &RQQHFWLQJ

20 LV D VHUYHU SURFHVV ZRUNLQJ LQ D ZRUNVWDWLRQ� 6R LW FDQ EH

ZRUNHG E\ EDFNJURXQG SURFHVVLQJ DQG KDV WR ZDLW WLOO D XVHU FRQ�

QHFWV� 20DOZD\V FKHFNV WKH FRQQHFWLQJ VDWH RI D WUDLQHU DQG D WUDLQ�

HH EHFDXVH 20 LV GHVLJQHG IRU PXOWLSOH RSHUDWRUV�

���� 6HOHFWLQJ D 7UDLQLQJ 6HVVLRQ DQG LWV &RQWHQWV

,I VWHS � LV IXOO\ SHUIRUPHG� 20 ZDLWV IRU RSHUDWRU¶V LQSXW DQG

PDNHV KLP�KHU FKRRVH WKH WUDLQLQJ VHVVLRQ DQG LWV FRQWHQWV� 7KHQ

LW UHDGV UHTXLUHG SURFHVV PRGHOV DQG GDWD IURP GDWDEDVH WR LQLWLDO�

L]H DOO WKH V\VWHP YDULDEOHV� 8VXDOO\ WKH V\VWHP UHVRXUFHV � SURFHVV

PRGHOV� YDULDEOHV� VKDUHG PHPRULHV� VHPDSKRUHV DQG GDWDEDVH VWRU�

DJH VSDFH � DUH YHU\ KXJH� 6R 20PXVW FUHDWH WKRVH UHVRXUFHV RQO\

ZKHQ LW LV UHTXLUHG�

���� :DLWLQJ IRU 0HVVDJHV

,I D SURFHVV UHTXLUHV VLPXODWLRQV� 20ZDLWV IRUPHVVDJHV IURP D

WUDLQHU RU D WUDLQHH� $IWHU UHFHLYLQJ PHVVDJHV� 20 DQDO\]HV WKHP

ZKHWKHU WKH\ DUH SURFHVV RSHUDWLRQV RU VRPHWKLQJ HOVH JOREDO GH�

ILQHG YDULDEOHV�

���� +DQGOLQJ 3URFHVV 2SHUDWLRQ

20 DQDO\]HV ZKHWKHU WKH PHVVDJHV DUH RSHUDWLRQ�UHODWHG WDVNV

VXFK DV YDOYH RSHQ DQG SXPS RII RU VLPXODWLRQ�UHODWHG WDVNV VXFK

DV WLPH UHVHW� H[HFXWLRQ� WHPSRUDULO\ TXLWWLQJ DQG UHVWDUWLQJ RI WKH

VLPXODWLRQ� ,I LW LV DQ RSHUDWLRQ�UHODWHG WDVN� 20 VHQGV GDWD WR WKH

VROYHU�

���� :DLWLQJ &DOFXODWHG 'DWD

20ZDLWV WKH FDOFXODWHG GDWD� 20 UHFHLYHV WKHVH GDWD� WKHQ VHQGV

WKH UHVXOWV RI WKH FRPSXWDWLRQ WR WUDLQHU DQG WUDLQHH¶V PRGXOHV�

)LJ� � VKRZV RQH RI \276 SURFHVV VFUHHQV WKDW LV D GLVWLOODWLRQ

FROXPQ DQG FRPELQHG VXEV\VWHP�

�� 7KH &RQQHFWLYLW\ DQG 'DWD )ORZ RI \276

,I D XVHU PRGXOH SURJUDP LV LQ D 3&�FRQQHFWHG QHWZRUN� WKH XVHU

FDQ FRQQHFW WKH 20 DQG FDQ WUDLQ WKH FRXUVH ZLWK RU ZLWKRXW D WUDLQ�

HH� 7KH 20 VHUYHU DOZD\V FKHFNV WKH XVHU UHTXHVWV DQG FUHDWHV QHZ

WUDLQHU UHVRXUFHV� VHOHFWLQJ�FKDQJLQJ WUDLQLQJ VHVVLRQ� FKDQJLQJ SUR�

FHVV VWDWXV� ORDGLQJ�H[FKDQJLQJ REMHFW SURFHVV� HWF� 7KH FRQQHFWLY�

LW\ DQG GDWD IORZ LQ H[HFXWLQJ RI \276 DUH LOOXVWUDWHG LQ )LJ� ��

�� 7UDLQLQJ +LHUDUFK\

7KH WUDLQLQJ SURFHGXUH XVLQJ \276 LQFOXGHV D SURFHVV GHVFULSWLRQ

VHVVLRQ� D QRUPDO RSHUDWLQJ VHVVLRQ DQG IDXOW GLDJQRVLV DQG WUHDWPHQW

VHVVLRQ� $ EHJLQQHU VWDUWV WKH SURFHVV GHVFULSWLRQ VHVVLRQ WR XQGHU�

VWDQG WKH RYHUDOO SURFHVVHV� HTXLSPHQW� $ WUDLQHH FDQ OHDUQ WKH QRU�

PDO RSHUDWLQJ SURFHGXUH LQ WKH VHFRQG VHVVLRQ� $W WKH ODVW VHVVLRQ�

DQ RSHUDWRU UHFRYHUV WKH SURFHVV VWDWXV IURP WKH HPHUJHQF\ VLWXD�

WLRQ� 7KURXJK WKHVH WKUHH VHVVLRQV DQ RSHUDWRU FDQ SUDFWLFH UHSHDW�

HGO\ XQWLO IDPLOLDU ZLWK WKH SURFHVV DQG FDQ GHYHORS H[FHOOHQW SURE�

OHP�VROYLQJ VNLOOV�

���� 3URFHVV 'HVFULSWLRQ 6HVVLRQ

7KLV VHVVLRQ H[SODLQV WKH RYHUDOO SURFHVV GHVFULSWLRQ DW HDFK VWDJH�

VKRZV SLFWXUHV RI HTXLSPHQW DQG LOOXVWUDWHV WKHRUHWLFDO SK\VLFR�FKHP�

LFDO EDFNJURXQG DQG VLPSOH DFWLRQV� 7KLV KHOSV RSHUDWRUV WR XQGHU�

VWDQG FDXVHV DQG HIIHFWV RI VXEV\VWHPV E\ LOOXVWUDWLQJ H[DPSOHV� &RQ�

7DEOH �� $Q H[DPSOH RI WKH GHILQLWLRQ LQ *OREDO'HI

�7$6.GHILQLWLRQ

FRQVW12B7$6.

FRQVW127B81,7B7$6.

FRQVW7$6.B23(1

FRQVW7$6.B&/26(

FRQVW7$6.B21

FRQVW7$6.B2))

FRQVW7$6.B&217,18(

FRQVW7$6.B6:,7&+

���

�3URFHVV 6WDWXV GHILQLWLRQ

FRQVW6,08/$7,21B67$57

FRQVW6,08/$7,21B3$86(

FRQVW6,08/$7,21B5(67$57

FRQVW6,08/$7,21B6723

FRQVW6,08/$7,21B%$&.

����

����

����

����

����

����

����

����

����

����

����

����

����

�7DVN9DOXH GHILQLWLRQ

FRQVW&RQFWB,QGH[�

FRQVW&RQFWB,QGH[�

FRQVW&RQFWB,QGH[�

���

� XQLW GHILQLWLRQ

FRQVW12B81,7

�)HHG7DQN

FRQVW7�����

FRQVW7�����

���

FRQVW3�����

����

����

����

����

�����

�����

�����

�����

)LJ� �� 3VHXGR FRGH RI WKH PDLQ DOJRULWKP�
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VHTXHQWO\� 276 PDNHV LW HDV\ IRU EHJLQQHUV WR XQGHUVWDQG WKH SUR�

FHVV E\ VKRZLQJ G\QDPLF SLFWXUHV DQG HDV\ H[SODQDWLRQV�

���� 1RUPDO 2SHUDWLQJ 6HVVLRQ

2SHUDWRUV OHDUQ QRUPDO RSHUDWLQJ SURFHGXUHV DQG WKHLU ZRUN WR

GR LQ WKLV VHVVLRQ� 7KH\ RSHUDWH '&6 E\ XVLQJ D UHDO�WLPH VLPXOD�

WRU� $V D UHVXOW� WKH RSHUDWRU DFTXLUHV V\VWHP�KDQGOLQJ WHFKQLTXHV

RI VWDUWXS DQG VKXWGRZQ SURFHGXUHV� %\ SUDFWLFLQJ QRUPDO RSHUD�

WLRQV XVLQJ 276� D EHJLQQHU FDQ RYHUFRPH WKH IHDU RI KDQGOLQJ UHDO

'&6 V\VWHPV� 1RUPDO RSHUDWLRQ WUDLQLQJ UHGXFHV D JUHDW GHDO RI

WUDLQLQJ WLPH�

���� )DXOW 'LDJQRVLV DQG 7UHDWPHQW 6HVVLRQ

,Q WKLV VWDJH� DQ RSHUDWRU SUDFWLFHV WKH VHTXHQFHV RI KDQGOLQJ WKH

DEQRUPDO VWDWH E\ GHWHFWLQJ� DQDO\]LQJ� FRUUHFWLQJ DQG UHFRYHULQJ

HUURUV� 7R VXSSO\ HPHUJHQF\ VFHQDULRV� WKH IROORZLQJ WZR PHWKRGV

DUH XVHG� WUDLQHU¶V GLUHFW LQWHUUXSWLRQ DQG LQGLUHFW LQWHUUXSWLRQ E\

SUHSDUHG VFHQDULRV� ,I D SURFHVV LV VHOHFWHG DV D FXUUHQW VWDWH DPRQJ

LQLWLDO VWDUWXS� ILQDO VKXWGRZQ DQG VWHDG\ VWDWH VWDJH� WKH WUDLQHU LQ�

WHUUXSWV WKH RSHUDWRU¶V WUDLQLQJ DQG H[HFXWHV PDOIXQFWLRQV� ZKLFK

PLJKW KDSSHQ LQ UHDO SODQW� 6R DQ RSHUDWRU FDQ SUDFWLFH WKH VHTXHQFH

RI FRSLQJ ZLWK WKLV XQH[SHFWHG GDQJHURXV VLWXDWLRQ� 7KLV VWDJH LV

)LJ� �� $Q H[DPSOH RI D VFUHHQVKRW RI \276�

)LJ� �� 7KH FRQQHFWLYLW\ DQG GDWD IORZ RI \276�
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WKH PRVW LPSRUWDQW IRU WKH HIILFLHQW HGXFDWLRQ XVLQJ 276�

7+( )8785$0$2) 7+( '(9(/230(17 2) \276

6DIHW\ VWDQGDUGV DQG ODZV DUH EHFRPLQJ VWULFWHU� DV D FRQVHTXHQFH�

DOO FRPSDQLHV ZLOO QHHG WR LPSURYH VDIHW\ PHWKRGRORJLHV� 7KH WUDQ�

VLWLRQ IURP VLPSOH VLPXODWLRQ RIPRGHOHG SURFHVVHV WR YDVW DQG JUHDW�

O\ UHDOLVWLF YLUWXDO HQYLURQPHQWV ZLOO WDNH SODFH LQ WKH QH[W �� \HDUV�

:H LQTXLUH LQWR WKH IXWXUH RI 276 ZLWK RXU GHYHORSLQJ \276 DV

WKH FHQWUDO ILJXUH�

�� ,76 DQG ,(6

,76 �,QWHJUDWHG 7UDLQLQJ 6\VWHP� ZKLFK LV WKH LQWHJUDWHG V\VWHP

W\SH KDYLQJ WKH RWKHU VXEV\VWHP EDVHG RQ VLPXODWLRQ ZLWK WUDLQHU�

WUDLQHH PRGXOH� FDQ RIIHU HQJLQHHUV DQG RSHUDWRUV WKH FRQWURO VWUD�

WHJ\ VWXG\� VDIHW\ FRQWURO DQG RSHUDWLRQ� UHVHDUFKLQJ RI RSHUDWLRQ

VHTXHQFH� FRQWURO WXQLQJ� SURFHVV VFKHGXOLQJ� $ EDWFK PDQDJHU LQ�

FOXGLQJ G\QDPLF VFKHGXOHU DQG VDIHW\ DQDO\VLV PRGXOH LV LQFOXGHG

LQ ,76� 7KLV V\VWHP FDQ EH XVHG LQ WKH DUHD RI SURFHVV RSHUDWLRQ�

VFKHGXOLQJ� DQG RSHUDWLQJ RSWLPL]DWLRQ� '\QDPLF VFKHGXOHU� REMHFW�

RULHQWHG GDWDEDVH� VFHQDULR PDQDJHU DQG VDIHW\ DQDO\]HU DUH HVVHQ�

WLDO SDUWV RI ,76� $OVR� ZH SURSRVH WKLV DUFKLWHFWXUH DV )LJ� �� 7KLV

LV FRPSRVHG RI WKUHH PDLQ SDUWV� \276� EDWFK PDQDJHPHQW V\V�

WHP� DQG VDIHW\ DQDO\VLV V\VWHP� 7KLV HQDEOHV XV WR GHFLGH WKH SUR�

FHVV RSHUDWLRQ VWUDWHJ\ LQ DQ DEQRUPDO VLWXDWLRQ ZLWK WKH FRRSHUD�

WLRQ RI EDWFK PDQDJHPHQW PRGXOH DQG 276 PRGXOH� 6DIHW\ DQD�

O\]HU FDQ HYDOXDWH WKH SURFHVV RSHUDWLRQ VHTXHQFHV ZKHWKHU LW LV JR�

LQJ WR WKH GDQJHURXV VLWXDWLRQ RYHU WKH V\PEROLF RSHUDWLRQ FKHFNLQJ�

,(6 �,QWHJUDWHG (QYLURQPHQW 6\VWHP� LV WKH IXWXUH V\VWHP ZLWK

D UHDO ZRUOG HQYLURQPHQW RI D SODQW� ,Q D YLUWXDO SODQW� DQ RSHUDWRU

RU HQJLQHHU FDQ VHH WKH WRWDO SURFHVV� RSHUDWH WKH SURFHVV DQG FDQ

UHDFW WR SURFHVV XSVHWV VXFK DV ILUHV� H[SORVLRQV� DQG HQYLURQPHQWDO

SROOXWLQJ� 7KLV W\SH UHTXLUHV YLUWXDO WRROV� FDVH E\ FDVH VLWXDWLRQ�

F\EHU HQYLURQPHQW DQG KRORJUDSKLF HQYLURQPHQW�

7KH ILQDO IRUP RI WKLV V\VWHP LV D YLUWXDO SODQW LQFOXGLQJ SURFHVV

DQG SODQW HQYLURQPHQW� )LUH� H[SORVLRQ� WR[LF PDWHULDO UHOHDVH DQG

YDVW GLVDVWHU FRXOG EH H[HFXWHG DQG XVHUV FRXOG UHVSRQG WR WKLV VLW�

XDWLRQ� ,GHDV UHSUHVHQWHG E\ XV DUH D W\SH WKDW XVHV WKH F\EHU VSDFH

DQG KRORJUDP � 7KH YLUWXDO HQYLURQPHQW�

7DEOH �� (GXFDWLRQ XVLQJ \276

3URFHVV GHVFULSWLRQ VHVVLRQ 1RUPDO RSHUDWLQJ VHVVLRQ
)DXOW GLDJQRVLV DQG WUHDWPHQW

VHVVLRQ

)XQFWLRQ � 3DUWV RI SURFHVVHV

� 2YHUDOO WXWRULQJ RI WKH WRWDO SURFHVV

� 1RUPDO SURFHVV RSHUDWLQJ

� 6WDUW�XS

� 6KXWGRZQ

� 3URFHVV XSVHW GHWHFWLQJ

� 7UHDWPHQW VHVVLRQ

0HWKRG � �' JUDSKLF

� 0XOWLPHGLD

� 2SHUDWLQJ SURFHGXUH

� 1RUPDO RSHUDWLQJ

� 3URFHVV G\QDPLF UHVXOWV

� 3URFHVV PDOIXQFWLRQ LQLWLDOL]DWLRQ

� 5HDFW WKH RSHUDWLRQ RI RSHUDWRUV

7DUJHW SURFHVVHV � (TXLSPHQW

� 6XEV\VWHP

� 7RWDO SURFHVVHV

� 6XEV\VWHP

� 7RWDO SURFHVV

� 7RWDO SURFHVV

(GXFDWLRQ REMHFWLYH �0DVWHULQJ IXQGDPHQWDO SURFHVV NQRZOHGJH

� 3URFHVV SK\VLFR�FKHPLFDO SURSHUWLHV

� 1RUPDO RSHUDWLRQ

� 7KH FDXVH DQG HIIHFW RI SURFHVV

� '\QDPLF SURFHVV FKDUDFWHULVWLF

� 'HWHFWLRQ

� 'LDJQRVLV

� 5HFRYHU\

� &RSLQJ ZLWK DQ HPHUJHQF\

)LJ� �� 7KH ,76 DUFKLWHFWXUH ZH SURSRVH�
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�� 'LVWULEXWHG DQG 3DUDOOHO &RPSXWDWLRQ

$ KXJH FRPSXWLQJ FDSDELOLW\ LV GHPDQGHG LQ WKH FRQVWUXFWLRQ RI

YLUWXDO SODQWV� ,PDJH SURFHVVLQJ DQG �' YLUWXDO LPDJH IRUPDWLRQ DV

ZHOO DV QXPHULFDO FRPSXWDWLRQ DUH QHFHVVDU\ WR WKH GHYHORSPHQW

RI ,(6� $ VLQJOH VHUYHU OLNH RQH ZRUNVWDWLRQ FDQQRW VXSSRUW WKHVH

IXOO\� 'LVWULEXWHG DQG SDUDOOHO FRPSXWLQJ LV RQH RI WKH DQVZHUV� :H

DUH H[SDQGLQJ RXU VHUYHU V\VWHP WR WKH GLVWULEXWHG DQGSDUDOOHO VHUYHU �

IOH[LEOH FDOFXODWLRQ� WHDULQJ SURFHVV� LQGHSHQGHQW FDOFXODWLQJ RI SK\�

VLFDO SURSHUW\� LPDJH SURFHVVLQJ� $ ZHOO�GHVLJQHG VHUYHU ZLOO FXW

GRZQ FRVW DV D UHVXOW RI WKH UHSODFHPHQW IURP ZRUNVWDWLRQ�EDVHG

VHUYHU WR 3&�EDVHG VHUYHU� )RU WKH SXUSRVH RI DSSO\LQJ WR \276�

WKH WHFKQRORJLHV RI ORFDO DUHD PXOWL FRPSXWLQJ� PHVVDJH�SDVVLQJ

SURJUDPPLQJ� GLVWULEXWHG VKDUHG PHPRU\ V\VWHP RQ WKH QHWZRUN

RI ZRUNVWDWLRQV DQG SDUDOOHO SURJUDPPLQJ DUH EHLQJ VWXGLHG LQ RXU

ODERUDWRU\�

�� )UHH IURP +DUGZDUH &DSDELOLW\

.HHSLQJ SDFH ZLWK WKH DGYDQFHV RI FRPSXWHU VFLHQFH� WUDLQLQJ

SDFNDJHV ZLOO QR PRUH EH KDUGZDUH GHSHQGHQW� 2SHUDWLQJ V\VWHPV

ZLOO EH UHSODFHG E\ WKH QHWZRUN� 6ROYHU DQG RWKHU PRGXOHV ZLOO H[LVW

VRPHZKHUH RQ WKH QHWZRUN� 6RPH RI WKH WUDLQLQJ SDFNDJHV GHVLJQHG

ZLWK WKHVH KDUGZDUH�IUHH ODQJXDJHV DUH LQGHSHQGHQW IURP WUDLQHU

FRPSXWHUV� 7KLV FDQ KHOS ZKROH ZRUOG XVHUV WR FRQQHFW WR WKH VWDWH�

RI�WKH�DUW V\VWHPV HDVLO\ DQG WR FRPH LQ FRQWDFW ZLWK YDULRXV W\SHV

RI GHYHORSHG V\VWHPV� 7KLV ZLOO EH DQ DGYDQWDJH WR WKH V\VWHP PDQ�

DJHU LQ GHYHORSLQJ DV ZHOO DV LPSURYLQJ D GHYHORSHG V\VWHP� 'LV�

WULEXWHG DQG SDUDOOHO FRPSXWLQJ ZLOO EH QR PRUH QHFHVVDU\ LQ WKH

IXWXUH QHWZRUN VXSSRUW F\EHU VSDFH� 7KH RQO\ WKLQJ QHHGHG LV QHW�

ZRUN DQG V\VWHP�

&21&/86,21

276 HQDEOHV RSHUDWRUV WR KDYH FRQILGHQFH LQ RSHUDWLQJ SODQWV

E\ UHPRYLQJ IHDUV LQ KDQGOLQJ EUDQG QHZ HTXLSPHQW DQG E\ VXS�

SO\LQJ VLPLODU FLUFXPVWDQFHV ZLWK '&6�EDVHG UHDO SODQWV� ,W DOVR

JLYHV RSHUDWRUV FKDQFHV RI KDQGOLQJ HPHUJHQF\ VLWXDWLRQV WKDW DUH

GLIILFXOW RU LPSRVVLEOH WR SUDFWLFH LQ UHDO SODQWV� $V D UHVXOW� WKLV LP�

SURYHV DQ RSHUDWRU¶V DELOLW\ WRPDQDJH HPHUJHQF\ VLWXDWLRQV DQG ILQG

HIIHFWLYH RSHUDWLQJ VROXWLRQ VWUDWHJLHV� $GGLWLRQDO DGYDQWDJHV RI XV�

LQJ 276 LQFOXGH ILQGLQJ DQ RSWLPDO RSHUDWLQJ VHTXHQFH� RSWLPDO

FRQWURO SDWK DQG VDIH RSHUDWLQJ SURFHGXUHV� 7R DFTXLUH WKHVH DGYDQ�

WDJHV� ZH KDYH GHYHORSHG \276� DQG LWV VWUXFWXUH DQG PDLQ DOJR�

ULWKPV DUH LOOXVWUDWHG LQ WKLV SDSHU� \276 LV VXSHULRU WR RWKHU 276

LQ LWV HDVH RI KDQGOLQJ GLVFUHWH HYHQWV� PDQDJLQJ SURFHVV PRGHOV�

H[SDQGLQJ PRGXOH IXQFWLRQDOLW\ DQG PXOWL�WUDLQLQJ RYHU WKH QHW�

ZRUN� 3URSRVHG VXSHUVWUXFWXUH DQG PRGXOHV DUH ZHOO GHILQHG DQG

FDQ EH HDVLO\ H[SDQGHG WR WKH QH[W YHUVLRQ RI 276 VXFK DV ,76 DQG

,(6� 2WKHU PRGXOHV OLNH D G\QDPLF VFKHGXOHU� VFHQDULR PDQDJHU

DQG GDWDEDVH DUH EHLQJ GHYHORSHG�0DLQ DOJRULWKPV RI 20 IRU PRUH

HIIHFWLYH PRGXOH FRPPXQLFDWLRQ DUH DOVR SUHVHQWHG� 7KLV DOJRULWKP

LV GHVLJQHG IRUPXOWL�WUDLQHHV DQG LV YHU\ UREXVW IRU WKH WUDLQLQJ VLP�

XODWRU� 7KH IXWXUH RI 276 � GHYHORSPHQW�,76� ,(6 DQG SDUDOOHO�GLV�

WULEXWHG FRPSXWLQJ LV DOVR GHOLQHDWHG� \276 ZLOO EH LPSURYHG FRQ�

WLQXRXVO\ LQ LWV HIILFLHQF\ DQG FRUUHFWQHVV�

$&.12:/('*(0(17

7KLV ZRUN ZDV VXSSRUWHG LQ SDUW E\ WKH .RUHD 6FLHQFH DQG (Q�

JLQHHULQJ )RXQGDWLRQ �.26()� WKURXJK WKH $XWRPDWLRQ 5HVHDUFK

&HQWHU DW 3RKDQJ 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\�

5()(5(1&(6

$QGHUVRQ� 9�� ³&XVWRPL]H 3URFHVV 6LPXODWLRQ 7UDLQLQJ�́ &RPSXWHUV

&KHP� (QJQJ� )HE�� ��� �������

%DLDJRSDO� 6� DQG5DILDQ�1DLQL�0�� ³:RUNVWDWLRQ%DVHG DQG$GYDQFHG

2SHUDWRU 7UDLQLQJ 6LPXODWRU IRU &RQVROLGDWHG (GLVRQ�́ ,((( 7UDQV�

DFWLRQV RQ 3RZHU 6\VWHPV� ����� ���� �������

%DLQHV�*�+�� ³%HQHILW IRU XVLQJ D+LJK�ILGHOLW\ 3URFHVV 6LPXODWLRQ IRU

2SHUDWRU 7UDLQLQJ DQG &RQWURO &KHFNRXW�́ 7DSSL -RXUQDO� -DQ�� ���

�������

%DUWRQ� 3� ,�� ³7KH0RGHOLQJ DQG6LPXODWLRQ RI&RPELQHG'LVFUHWH�&RQ�

WLQXRXV 3URFHVV�́ 3K�'� 7KHVLV� ,PSHULDO &ROOHJH �������

&KRL� <� -�� .ZRQ� 7� ,� DQG <HR� <�.�� ³2SWLPL]DWLRQ RI WKH 6XOIRODQH

([WUDFWLRQ 3ODQW %DVHG RQ 0RGHOLQJ DQG 6LPXODWLRQ�́ .RUHDQ -�

&KHP� (QJ�� ��� ��� �������

'HVVRQN\�<�0�� ³$Q2EMHFW2ULHQWHG$UFKLWHFWXUH IRU &RPELQHG6LP�

XODWLRQ 0RGHOLQJ ZLWK 5HDO�WLPH &DSDELOLWLHV IRU 2SHUDWRU 7UDLQ�

LQJ�́ 3K�'� 7KHVLV� $UL]RQD VWDWH 8QLY� �������

*RWWPDQQ� 2� DQG +ROO� 3�� $XWR� 7HFK� 3UD[ �*HUPDQ\�� ������� ��

�������

*URVVPDQQ� ,� (��&DEDOOHUR� -�$� DQG<HRPDQV�+�� ³0DWKHPDWLFDO3UR�

JUDPPLQJ $SSURDFKHV WR WKH 6\QWKHVLV RI &KHPLFDO 3URFHVV 6\V�

WHPV�́ .RUHDQ -� &KHP� (QJ�� ��� ��� �������

*XLOOHUPR� '� ,� DQG0HKGL� 5�� ³+HXULVWLF 6FHQDULR %XLOGHU IRU 3RZHU

6\VWHP 2SHUDWRU 7UDLQLQJ�́ 3URFHHGLQJV RI WKH ,(((� ������ ���

�������

+DQ� -� 5��0DQRXVLRXWKDNLV� 9� DQG &KRL� 6�+�� ³*OREDO 2SWLPL]DWLRQ

RI&KHPLFDO 3URFHVVHV8VLQJ WKH ,QWHUYDO$QDO\VLV�́ .RUHDQ-�&KHP�

(QJ�� ��� ��� �������

+LPPHOEODX� '�0�� ³$SSOLFDWLRQV RI $UWLILFLDO 1HXUDO 1HWZRUNV LQ

&KHPLFDO (QJLQHHULQJ�́ .RUHDQ -�&KHP�(QJ�� ��� ��� �������

.DVVLDQLGHV� 6� &�� ³$Q ,QWHJUDWHG 6\VWHP IRU &RPSXWHU %DVHG 7UDLQ�

LQJ RI 3URFHVV2SHUDWRUV�́ 3K�'� 7KHVLV� ,PSHULDO &ROOHJH �������

/DJDQHU� )�� ³'\QDPLF 3URFHVV 6LPXODWLRQ 7UHQGV DQG 3HUVSHFWLYH LQ

DQ ,QGXVWULDO &RQWH[W�́ &RPSXWHUV &KHP� (QJQJ� ��� VXSSO�� ����

�������

0DUTXDUGW�:�� ³'\QDPLF 3URFHVV 6LPXODWLRQ5HFHQW 3URJUHVV DQG)X�

WXUH &KDOOHQJHV�́ 3URFHHGLQJV &3& ,9� 7H[DV� �� �������

0F.HQW\� )�� *UDYHO� /� DQG &DPDUHUR� 5�� ³1XPHULFDO 6LPXODWLRQ RI

,QGXVWULDO %RLOHUV�́ .RUHDQ -� &KHP� (QJ�� ��� ��� �������

0RUJDQ� 6�:�� ³,PSURYH 3URFHVV 7UDLQLQJ ZLWK '\QDPLF 6LPXODWLRQ�́

+\GURFDUERQ 3URFHVVLQJ�$SU�� �� �������

1LFKRODV�%�� ³$9LUWXDO:RUOG IRU2SHUDWRU7UDLQLQJ�́ &KHP�(QJ�3URJ��

������� ��� �������

2K� 0� DQG 0RRQ ,�� ³)UDPHZRUN RI '\QDPLF 6LPXODWLRQ IRU &RP�

SOH[&KHPLFDO 3URFHVVHV�́ .RUHDQ-�&KHP�(QJ�� ��� ��� �������

2K�0� DQG 3DQWHOLGHV� &� &�� ³$0RGHOOLQJ DQG 6LPXODWLRQ /DQJXDJH

IRU &RPELQHG /XPSHG DQG 'LVWULEXWHG 3DUDPHWHU 6\VWHPV�́ &RP�

SXWHUV FKHP� (QJQJ� �������� ��� �������

3DUN� 6� <� DQG 0RRQ� ,�� ³'HYHORSPHQW RI DQ 2SHUDWRU 7UDLQLQJ 6\V�

WHP IRU %DWFK &KHPLFDO 3URFHVVHV�́ 3UHSDUHG IRU SUHVHQWDWLRQ DW WKH

$,&K( $QQXDO 0HHWLQJ�&KLFDJR� $QQXDO PHHWLQJ� 1RY� �����

�������

3DUN� 6� <� DQG0RRQ� ,�� ³&KDUDFWHULVWLF DQG'HYHORSPHQW RI2SHUDWRU



1HWZRUN�%DVHG &KHPLFDO 3URFHVV 2SHUDWRU 7UDLQLQJ 6\VWHP ���

.RUHDQ -� &KHP� (QJ��9RO� ��� 1R� ��

7UDLQLQJ 6\VWHP�́ &KHPLFDO ,QGXVWU\ DQG 7HFKQRORJ\� ������ ��

�������

5HDG\� /�$�� ³3URJUDPPLQJ 2SHUDWRU ,QWHUIDFHV ZLWK 9LVXDO %DVLF�́

&RQWURO (QJ�� )HE�� �� �������

6DUJHQW� 5�:�+�� ³6\VWHPV RI'LIIHUHQWLDO�$OJHEUDLF (TXDWLRQV�́ 7HFK�

QLFDO UHSRUW� ,PSHULDO &ROOHJH �������

6KLHU�:�� .HQQHWW� 5� DQG9FODY� (�� 3URFHHGLQJV RI (66 ��� �WK (XUR�

SHDQ 6LPXODWLRQ 6\PSRVLXP� �� �� �������

6WDZDU]� $� &� DQG 6RZHUE\ %�� ³&RVW (IIHFWLYH 2SHUDWRU 7UDLQLQJ�́

&RPSXWHUV FKHP� (QJQJ� ��� ��� �������

:DW]GRUI� 5� 9�� ³'\QDPLF 0RGHOLQJ DQG 6LPXODWLRQ RI %DWFK 3UR�

FHVVHV�́ 7HFKQLFDO UHSRUW� ,PSHULDO &ROOHJH �������

:KLWH� -�5�� ³7KH2SHUDWRU LV WKH 3URFHVV0DQDJHU�́ &RQWURO (QJ�� -DQ��

�� �������

:LOPHU�7� -�� ³4XDOLW\0DQDJHPHQW&HUWLILFDWLRQ IRU WKH1XFOHDU ,QGXV�

WU\�́ 1XFO� (QJ� �8.�� ������ ��� �������


