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,QWURGXFWLRQ

0RGHUQ�FRPPXQLFDWLRQ�SURGXFWV�HPSOR\�D�PXOWLWXGH�RI�WHFKQRORJLHV�WR�FXW�FRVW��XSJUDGH

SHUIRUPDQFH��VSHHG�PDUNHW�LQWURGXFWLRQ�DQG�UHGXFH�VL]H�DQG�PDQXIDFWXUDELOLW\��(QJLQHHUV

ZRUNLQJ�LQ�WKH�ZLUHOHVV�LQGXVWU\�IDFH�D�SDUWLFXODUO\�GLIILFXOW�FKDOOHQJH�GXH�WR�WKH�JURZLQJ

LQWHJUDWLRQ�RI�'63��5)�DQG�DQDORJ�WHFKQRORJLHV��7KH�5)�DQDORJ�HQJLQHHU�LV�DVNHG�WR�OHDUQ�WKH

SRZHU�DQG�IOH[LELOLW\�RI�'63�DQG�VLJQDO�SURFHVVLQJ�DOJRULWKPV��ZKLOH�WKH�'63�HQJLQHHU�LV�IRUFHG�WR

DSSUHFLDWH�WKH�FRPSOH[LW\�RI�WKH�5)�GHVLJQ��7KH�HQJLQHHU�GHVLJQHU�QRW�RQO\�KDV�WR�XQGHUVWDQG�WKH

IXQGDPHQWDOV�RI�HDFK�DUHD��KH�QHHGV�WR�PDNH�FRUUHFW�MXGJHPHQWV�RQ�KRZ�WKHVH�GRPDLQV�LQWHUDFW�

$GGHG�WR�WKLV�FKDOOHQJH�KDV�EHHQ�WKH�ODFN�RI�WRROV�FDSDEOH�RI�SUHGLFWLQJ�WKH�FRUUHFW�EHKDYLRU�RI�WKH

GHVLJQ�LQ�DQ�HIILFLHQW�DQG�XVDEOH�PDQQHU��7KH�DELOLW\�WR�VLPXODWH�'63�FRQFXUUHQWO\�ZLWK�5)�DQDORJ

FLUFXLWU\�LV�D�SRZHUIXO�DGYDQWDJH�IRU�DQ\�GHVLJQHU�GHDOLQJ�ZLWK�WKH�LQWHUDFWLRQ�RI�'63��5)�DQG

DQDORJ�WHFKQRORJLHV�

$�GHVLJQ�HQYLURQPHQW�VXSSRUWLQJ�D�PL[�RI�VLPXODWLRQ�HQJLQHV��VLJQDOV�DQG�PRGHOV�IRU�'63��5)�DQG

DQDORJ�WHFKQRORJLHV�SURYLGHV�JUHDW�YDOXH�IRU�WRS�GRZQ�V\VWHP�VSHFLILFDWLRQ�DQG�ERWWRP�XS�WHVW

DQG�YDOLGDWLRQ��)LJXUH�����,Q�WKLV�HQYLURQPHQW��VLPXODWLRQ�HQJLQHV�LQWHUFKDQJH�GDWD�XVLQJ�D�ZLGH

UDQJH�RI�'63��VLJQDO�SURFHVVLQJ��5)�DQG�DQDORJ�PRGHOV�IURP�SK\VLFDO�WR�IXOO\�EHKDYLRUDO����,Q�WKLV

SDSHU��DIWHU�RXWOLQLQJ�VXFK�DUFKLWHFWXUH��VSHFLILF�H[DPSOHV�IRFXVLQJ�RQ�WKH�PL[HG�VLJQDO�SDWK�LQ�WKH

PRGHUQ�FRPPXQLFDWLRQ�V\VWHP�DUH�SUHVHQWHG�

)LJXUH����&RPPXQLFDWLRQ�V\VWHP�VLJQDO�SDWK�LQFOXGHV�'63��SKRWRQLF��5)�DQG�DQDORJ�WHFKQRORJLHV�
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'HVLJQ�IORZ�SURFHVV

7RS�GRZQ�IORZ

$�VXFFHVVIXO�GHVLJQ�SURFHVV�LQFOXGHV�WRS�GRZQ�VSHFLILFDWLRQ�ZKHUH�EURDG�V\VWHP�UHTXLUHPHQWV�DUH

GHILQHG��,Q�WKLV�SURFHVV��WKH�PDMRU�EORFNV�DUH�LQLWLDOO\�LGHQWLILHG�DQG�WKHLU�NH\�SDUDPHWHUV�DUH

VWDWHG�DORQJ�ZLWK�LQSXW�RXWSXW�FKDUDFWHULVWLFV��1H[W��E\�PHUJLQJ�WKHVH�PDMRU�EORFNV��WKH�LQWHUIDFHV

DUH�UHYLVLWHG�DQG�NH\�GHVLJQ�WUDGHRIIV�DUH�PDGH�EHIRUH�ILQDOL]LQJ�ZKDW�W\SHV�RI�DFWXDO�FRPSRQHQWV

RU�FLUFXLWV�DUH�JRLQJ�WR�EH�XVHG��'XULQJ�WRS�GRZQ�GHVLJQ�IORZ��WKH�XVHU�FDQ�SURWRW\SH�FRQFHSWV

ZLWKRXW�DQ\�QHHG�IRU�EXLOGLQJ�WKH�DFWXDO�GHVLJQ�RU�PDQXIDFWXULQJ�D�FLUFXLW��7KH�RXWFRPH�RI�WKLV

WRS�GRZQ�SURFHVV�LV�D�PRUH�DFFXUDWH�VSHFLILFDWLRQ�ZLWK�ZHOO�GHILQHG�EXLOGLQJ�EORFNV�DQG

LQWHUIDFHV�

%RWWRP�XS�IORZ

$�GHVLJQ�WKDW�IXQFWLRQV�FRUUHFWO\�DV�D�EUHDGERDUG�FRXOG�IDLO�LQ�PHHWLQJ�WKH�UHTXLUHPHQWV�DV�D

SURWRW\SH��8QOLNH�GLJLWDO�GHVLJQ��DQDORJ�DQG�5)�GHVLJQV�DUH�YHU\�VXVFHSWLEOH�WR�IDFWRUV�VXFK�DV

SDFNDJLQJ��SUR[LPLW\�DQG�OD\RXW�LPSUHFLVLRQ��7KHVH�IDFWRUV�PD\�FDXVH�D�GHVLJQ�WR�IDLO�LQ�PHHWLQJ

WKH�VSHFLILFDWLRQV��,Q�WKH�ERWWRP�XS�DQDO\VLV��WKH�GHVLJQHU�LV�LQWHUHVWHG�LQ�WKH�SHUIRUPDQFH�RI�D

GHYLFH�DQG�RU�FRPSRQHQW�LQ�WKH�RYHUDOO�V\VWHP��+H�ZDQWV�WR�NQRZ�ZKHWKHU�KLV�GHVLJQ�PHHWV�RU

H[FHHGV�WKH�UHTXLUHPHQWV�ZKHQ�LQWHUDFWLQJ�ZLWK�RWKHU�SDUWV��$Q�5)�GHVLJQ�HQJLQHHU�ZRXOG�EH

LQWHUHVWHG�LQ�WKH�LPSDFW�RI�KLV�GHVLJQ�QRQOLQHDULWLHV�RQ�WKH�'63�DOJRULWKPV�ZKLOH�DQ�DQDORJ

GHVLJQHU�PXVW�HQVXUH�WKDW�KLV�GHVLJQ�ZRXOG�QRW�GULIW�GXH�WR�DJH��WHPSHUDWXUH�YDULDWLRQ�RU

FRPSRQHQW�WROHUDQFHV��$�GHYLFH�PD\�EH�SDUW�RI�D�FRPSRQHQW�ZKLOH�WKH�ODWWHU�LV�D�SLHFH�RI�D

VXEV\VWHP�RU�V\VWHP��7KH�GHVLJQHU�DW�HDFK�VWDJH�QHHGV�WR�NQRZ�WKH�SHUIRUPDQFH�PHWULFV�RI�WKH

SDUWLFXODU�VWDJH�LQ�WKH�KLJKHU�XS�OHYHO�

2OG�:D\

5HJDUGOHVV�RI�ZKHWKHU�DQ�HQJLQHHU�VSHFLDOL]HV�LQ�'63��5)�RU�DQDORJ��GHVLJQLQJ�LV�QRW�D�WULYLDO�WDVN

ZKHUHYHU�WKHVH�GRPDLQV�LQWHUDFW����:LWKRXW�FR�VLPXODWLRQ��HQJLQHHUV�DUH�IRUFHG�WR�DQDO\]H�WKH

DQDORJ�SRUWLRQ�ZLWK�DQ�DQDORJ�WRRO��WKH�5)�VHFWLRQ�ZLWK�DQ�5)�WRRO�DQG�WKH�'63�SDUW�ZLWK�D�'63

WRRO��7KHQ�WKH�UHVXOWV�PXVW�EH�SRUWHG�IURP�RQH�WRRO�WR�DQRWKHU�PDQXDOO\�DQG�WKH�SURFHVV�FRQWLQXHG

WR�REWDLQ�WKH�GHVLUHG�RXWFRPH��7KH�SUREOHP�EHFRPHV�PRUH�GLIILFXOW�ZKHQ�WKH�DQDORJ��5)�RU�'63

GHVLJQ�QHHGV�WR�EH�PRGLILHG�RU�FKDQJHG��7KLV�LQYROYHV�UHVWDUWLQJ�WKH�SURFHVV�IURP�EHJLQQLQJ�WR

HQG�RYHU�DQG�RYHU�DJDLQ��7KH�SURFHVV�EHFRPHV�D�QHDUO\�LPSRVVLEOH�WDVN��HVSHFLDOO\�ZKHQ�WKH

RYHUDOO�GHVLJQ�LQFOXGHV�IHHGEDFN�ORRSV��,I�WKH�WLPH�XVXDOO\�VSHQW�LQ�SRUWLQJ�WKH�UHVXOWV�RI�RQH�WRRO

WR�DQRWKHU�LV�FLUFXPYHQWHG¦D�FRVWO\�ULVN��JLYHQ�WKH�WLPH�WR�PDUNHW�SXVK¦WKH�GHVLJQHU�KDV�WR�SXW

XS�ZLWK�LQDFFXUDFLHV�DQG�SRVVLEOH�ZURQJ�UHVXOWV�DV�ZHOO�
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1HZ�:D\

,QVWHDG�RI�VWUXJJOLQJ�ZLWK�SRUWLQJ�DQG�GDWD�IRUPDW�FRQYHUVLRQ�IURP�RQH�WRRO�WR�DQRWKHU��WKH

GHVLJQHU�VKRXOG�EH�DEOH�WR�XVH�DQ�HQYLURQPHQW�WKDW�LV�GHVLJQHG�WR�KDQGOH�WKH�SURWRFROV�DPRQJ

YDULRXV�HQJLQHV��VLJQDOV�DQG�PRGHOV�DVVRFLDWHG�ZLWK�'63��5)�DQG�DQDORJ�WHFKQRORJLHV��7KH

GHVLJQHU�ZRXOG�FUHDWH�D�GHVLJQ�IRU�D�JLYHQ�WHFKQRORJ\�VXFK�DV�5)�RU�DQDORJ��HQFDSVXODWH�WKDW

GHVLJQ�DW�WKH�V\VWHP�OHYHO�DORQJ�ZLWK�WKH�UHVW�RI�KLJK�OHYHO�V\VWHP�EORFNV��DQG�VLPXODWH��7KH�UHVW

VKRXOG�EH�WDNHQ�FDUH�RI�E\�WKH�WRRO�

:KDW�LV�&R�6LPXODWLRQ"

$Q�HQYLURQPHQW�WKDW�DOORZV�D�PL[�RI�FLUFXLW�HQJLQHV��5)��DQDORJ��ZLWK�WKHLU�FRUUHVSRQGLQJ�VLJQDOV

DQG�PRGHOV�WR�FR�VLPXODWH�ZLWK�RQH�RU�PRUH�GDWD�IORZ�HQJLQHV�DQG�UHODWHG�VLJQDOV�LV�D�FR�

VLPXODWLRQ�HQYLURQPHQW��6XFK�DQ�HQYLURQPHQW�DOORZV�VXEFLUFXLWV��ZKLFK�PD\�LQFOXGH�PDQ\�DQDORJ�

5)�DQG�'63�PRGHOV��WR�VLPXODWH�FRQFXUUHQWO\��H[FKDQJLQJ�WKHLU�QDWLYH�ZKLOH�UHPDLQLQJ

WUDQVSDUHQW�WR�WKH�XVHU�

Analog

DSP

RF

DSP

)LJXUH����6XEFLUFXLWV�UHSUHVHQWLQJ�DQDORJ��5)�DQG�'63�GHVLJQV�FDQ�EH�FRQQHFWHG�LQ�DQ\�WRSRORJ\�

6LPXODWLRQ��6LJQDO�	�0RGHO�6SDFH

$�W\SLFDO�VLPXODWLRQ�WRRO�KDV�WKUHH�FRPSRQHQWV��VLPXODWLRQ�HQJLQH��FHUWDLQ�VLJQDO�UHSUHVHQWDWLRQ

DQG�D�FROOHFWLRQ�RI�PRGHOV���$�FR�VLPXODWLRQ�HQYLURQPHQW�LV�E\�GHILQLWLRQ�D�FROOHFWLRQ�RI�HQJLQHV�

VLJQDOV�DQG�PRGHOV��1DWXUDOO\��D�KLHUDUFK\�RI�WKH�VLPXODWRUV�RU�D�EDFNSODQH�LV�QHHGHG�WR�PRQLWRU

WKH�H[HFXWLRQ�RI�YDULRXV�HQJLQHV��)XUWKHUPRUH��VLJQDOV�DUH�LQWHUIDFHG�DQG�KHQFH��DSSURSULDWH

FRQYHUWHUV�DUH�QHHGHG�WR�WUDQVIRUP�WKH�VLJQDOV�ZKHQ�UHTXLUHG��7KHUH�DUH�DOVR�LVVXHV�ZLWK

V\QFKURQL]DWLRQ�DQG�VDPSOLQJ�JUDQXODULW\�ZKHQ�WLPHG�VLJQDOV�DUH�XVHG��$GGLWLRQDOO\��PRGHOV

UHODWHG�WR�FHUWDLQ�VLPXODWLRQ�HQJLQHV�VKRXOG�EH�JURXSHG�WRJHWKHU�DQG�EH�GLIIHUHQWLDWHG�GXULQJ�WKH

VLPXODWLRQ�VHWXS�
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(QJLQHV

$W�WKH�PLQLPXP��FR�VLPXODWLRQ�RI�DQDORJ��5)�DQG�'63�UHTXLUHV�DW�OHDVW�RQH�HQJLQH�GHDOLQJ�ZLWK

HDFK�VSHFLILF�WHFKQRORJ\��(DFK�VLPXODWRU�RU�HQJLQH�LV�EDVHG�RQ�D�FHUWDLQ�PRGHO�RI�FRPSXWDWLRQ�

)RU�LQVWDQFH��D�VLPXODWRU�PD\�EH�D�VROYHU�RI�D��SDUWLDO��GLIIHUHQWLDO�RU�LQWHJUDO�HTXDWLRQ�LPSRVLQJ

FHUWDLQ�JOREDO�FRQVWUDLQWV�RQ�WKH�SUREOHP�ERXQGDU\�LQ�VSDFH�RU�WLPH��&LUFXLW�VLPXODWRUV�DUH

GHVLJQHG�WR�VROYH�WKH�.LUFKKRIIªV�YROWDJH�RU�FXUUHQW�ODZ��LQ�IUHTXHQF\��RU�WLPH�GRPDLQ��7KHUH�H[LVW

YDULRXV�PRGHOV�RI�FRPSXWDWLRQ�VXFK�DV�FRQYROXWLRQ��KDUPRQLF�EDODQFH��RU�D�FRPELQDWLRQ�RI�WKHVH

PHWKRGV��ZKLFK�DUH�XVHG�E\�DQDORJ�DQG�5)�VLPXODWRUV�

,Q�WKH�DQDORJ�5)�DUHD��D�63,&(�W\SH�VLPXODWRU�KDQGOLQJ�WKH�WUDQVLHQW�HIIHFWV�LV�D�PXVW��%HFDXVH

63,&(�VLPXODWRUV�FDQQRW�KDQGOH�5)�VLJQDOV�HIILFLHQWO\��D�WLPH�GRPDLQ�FLUFXLW�VLPXODWRU�IRU�WKH�5)

VLJQDOV�LV�QHHGHG�DV�ZHOO��8QOLNH�63,&(��WKH�5)�VLPXODWRU�VDPSOHV�WKH�EDVHEDQG�FRPSOH[�HQYHORSH

RI�WKH�VLJQDO�LQVWHDG�RI�LWV�5)�FDUULHU����,Q�VRPH�DGYDQFHG�5)�FLUFXLW�WRROV�WKH�5)�FDUULHU�LV

VLPXOWDQHRXVO\�FRPSXWHG�LQ�WKH�IUHTXHQF\�GRPDLQ�IRU�HDFK�HQYHORSH�WLPH�VDPSOH�

,Q�WKH�VLJQDO�SURFHVVLQJ�UHDOP�WKH�DSSURSULDWH�HQJLQH�FDQ�EH�EDVHG�RQ�GDWD�IORZ�VHPDQWLFV���'DWD

IORZ�WHFKQRORJ\�LQ�LWV�YDULRXV�IRUPV��V\QFKURQRXV��%RROHDQ��G\QDPLF��HWF���LV�LGHDO�DW�WKH

EHKDYLRUDO�DEVWUDFWLRQ�OHYHO���,Q�D�GDWD�IORZ�VLPXODWLRQ��HDFK�HOHPHQW�ILUHV�RQO\�ZKHQ�VXIILFLHQW

GDWD�LV�DYDLODEOH�IRU�LW�WR�FRQVXPH��$�VFKHGXOH�GHWHUPLQHV�WKH�VHTXHQFH�RI�ILULQJV�EDVHG�RQ�WKH

DYDLODELOLW\�RI�GDWD��7KH�HQJLQH�XWLOL]HV�QXPHULF�W\SH�VLJQDOV�WR�KDQGOH�WKH�'63�DQG�VLJQDO

SURFHVVLQJ�SRUWLRQV�RI�WKH�VLJQDO�SDWK�

6LJQDOV

(DFK�HQJLQH�DGGUHVVHV�RQH�RU�PRUH�VLJQDO�W\SHV��6LJQDOV�DUH�WKH�ODQJXDJH�VLPXODWRUV�XVH�WR

FRPPXQLFDWH��$�VLJQDO�FDQ�EH�SHUFHLYHG�DV�D�FROOHFWLRQ�RI�GDWD�DQG�DWWULEXWHV�YHUVXV�DQ

LQGHSHQGHQW�YDULDEOH����([DPSOHV�DUH�WLPH�ZDYHIRUP�ZLWK�IORDWLQJ�SRLQW�GDWD��WLPH��RU�PXOWL�

GLPHQVLRQDO�GDWD��DQG�QXPHULF�FRXQWHU�RU�LQGH[��$�VLJQDO�FRXOG�EH�SK\VLFDO��WLPH�RU�IUHTXHQF\

VLJQDOV��RU�FRPSOHWHO\�QRQ�SK\VLFDO�

)RU�'63�DOJRULWKP�GHYHORSPHQW��WKH�HQJLQHHU�QHHGV�DFFHVV�WR�D�EURDG�UDQJH�RI�VLJQDOV��LQFOXGLQJ

LQWHJHUV��IORDWLQJ�SRLQWV��DQG�FRPSOH[��DQG�IL[HG�SRLQW�QXPEHUV��ERWK�DV�VFDODUV��YHFWRUV�RU

PDWULFHV��7KHVH�VLJQDOV�DUH�XVHG�IRU�DOJRULWKPLF�GHYHORSPHQW�LQ�WKH�EDVHEDQG�SRUWLRQ�RI�D

FRPPXQLFDWLRQ�V\VWHP��%H\RQG�WKH�DOJRULWKPLF�GHYHORSPHQW��DQG�EHWZHHQ�WKH�'�$�DQG�$�'

FRQYHUWHUV��WKH�GHVLJQHU�QHHGV�WLPH�GRPDLQ�VLJQDOV����,Q�DGGLWLRQ��VLQFH�WKH�DQDORJ�DQG�5)

VLPXODWRUV�GHDO�ZLWK�WLPH�GRPDLQ�VLJQDOV��FRQYHUWHUV�DUH�QHHGHG�WR�WUDQVIRUP�WKH�QXPHULF�VLJQDOV

WR�WLPH�GRPDLQ�ZDYHIRUPV�DQG�YLFH�YHUVD�
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0RGHOV

%RWK�FLUFXLW�DQG�GDWD�IORZ�VLPXODWRUV�XVH�D�YDULHW\�RI�PRGHOV��7KHVH�PRGHOV�KDYH�SDUDPHWHUV

UHIOHFWLQJ�WKH�SK\VLFDO�GLPHQVLRQV�DQG�SURSHUWLHV�RI�D�GHYLFH�RU�FRPSRQHQW��7KHUH�DUH�DOVR

EHKDYLRUDO�PRGHOV�WKDW�DUH�SXUHO\�PDWKHPDWLFDO�RU�DEVWUDFW�LQ�QDWXUH�

'LDJUDP����7KH�FR�VLPXODWLRQ�HQYLURQPHQW�IRU�'63��DQDORJ�DQG�5)�LV�FRPSULVHG�RI�HQJLQHV��VLJQDOV
DQG�PRGHOV�

+RZ�GRHV�LW�ZRUN"

,Q�WKH�FR�VLPXODWLRQ�HQYLURQPHQW�GHVFULEHG�DERYH��FLUFXLW�GHVLJQV�DUH�ILUVW�FUHDWHG�RQ�WKH�FLUFXLW

VFKHPDWLF��7KLV�FLUFXLW�GHVLJQ�FDQ�EH�WHVWHG�XVLQJ�DSSURSULDWH�FLUFXLW�VRXUFHV�DQG�PHDVXUHPHQWV

ZLWK�HLWKHU�WKH�5)�RU�DQDORJ�VLPXODWRUV��2QFH�WKH�FLUFXLW�GHVLJQ�KDV�EHHQ�YHULILHG��SRUWV�WR�EH

LQWHUIDFHG�ZLWK�WKH�VLJQDO�SURFHVVLQJ�GHVLJQ�DUH�LGHQWLILHG�DQG�SODFHG��1H[W��DQ�LQVWDQFH�RI�WKH

GHVLJQ�LV�SODFHG�RQ�WKH�VLJQDO�SURFHVVLQJ�VFKHPDWLF�DQG�FRQQHFWHG�WR�WKH�RWKHU�EORFNV��7KH

FRPELQHG�VFKHPDWLF�GHVLJQ�FDQ�QRZ�EH�VLPXODWHG�

2Q�WKH�VLJQDO�SURFHVVLQJ�SDJH��D�FLUFXLW�VXEQHWZRUN�LV�MXVW�D�FRPSRQHQW�ZLWK�D�FHUWDLQ�QXPEHU�RI

LQSXW�DQG�RXWSXW�SRUWV��7KLV�FLUFXLW�VXEQHWZRUN�LV�SDUW�RI�WKH�VFKHGXOH�GHWHUPLQHG�E\�WKH�GDWD
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IORZ�HQJLQH��,W�ZRXOG�EH�ILUHG�MXVW�OLNH�DQ\�RWKHU�FRPSRQHQW�DFFRUGLQJ�WR�WKH�VFKHGXOH��DQG�DV

PDQ\�WLPHV�DV�UHTXLUHG��(YHU\�WLPH�WKH�FLUFXLW�VXEQHWZRUN�LV�ILUHG��WKH�FLUFXLW�VLPXODWRU�FRQWLQXHV

WR�FDUU\�RQ�WKH�VLPXODWLRQ�EDVHG�RQ�WKH�LQSXW�LW�UHFHLYHV�IURP�WKH�VLJQDO�SURFHVVLQJ�LQWHUIDFH��2QFH

WKH�FLUFXLW�VLPXODWRU�LV�ILQLVKHG�ZLWK�LWV�DQDO\VLV��LW�SDVVHV�WKH�VLPXODWLRQ�UHVXOWV�EDFN�WR�WKH�VLJQDO

SURFHVVLQJ�LQWHUIDFH��7KLV�F\FOH�UHSHDWV�DV�PDQ\�WLPHV�DV�WKH�VFKHGXOHU�UHTXLUHV��7KH�GXUDWLRQ�RI

WKH�FLUFXLW�VLPXODWLRQ�HDFK�WLPH�LW�LV�LQYRNHG�LV�GHWHUPLQHG�E\�WKH�WLPH�VWHS�SURYLGHG�E\�WKH

FRQQHFWLQJ�VLJQDO�SURFHVVLQJ�FRPSRQHQW�

)URP�WKH�FLUFXLW�VLPXODWRU�YLHZSRLQW��WKH�VLJQDO�SURFHVVLQJ�LQSXW�LQWHUIDFH�LV�GHHPHG�DQ�LGHDO

VRXUFH��7KH�PRUH�SRUWV�DW�WKH�LQSXW�LQWHUIDFH�WR�WKH�FLUFXLW��WKH�PRUH�LGHDO�VRXUFHV�WKHUH�ZLOO�EH

IHHGLQJ�WKH�FLUFXLW�VXEQHWZRUN��$W�WKH�RXWSXW�LQWHUIDFH�RI�WKH�FLUFXLW��WKH�UHVXOWV�DUH�VKDUHG�ZLWK

WKH�FRQQHFWLQJ�VLJQDO�SURFHVVLQJ�FRPSRQHQW�

&OXVWHULQJ�LV�WKH�SURFHVV�RI�GHILQLQJ�WKH�ERXQGDULHV�RI�WKH�VLJQDO�SURFHVVLQJ��DQDORJ�DQG�5)

VLPXODWRUV��,QLWLDOO\��WKLV�ERXQGDU\�LV�GHILQHG�E\�FLUFXLW�VFKHPDWLFV��ZKHUH�WKH�DQDORJ�RU�5)

VXEQHWZRUNV�DUH�GHILQHG�DQG�WKHQ�DQ�LQVWDQFH�RI�WKRVH�DUH�PDGH�RQ�WKH�VLJQDO�SURFHVVLQJ

VFKHPDWLF�

$W�HDFK�LQWHUIDFH�ERXQGDU\�EHWZHHQ�VLJQDO�SURFHVVLQJ��DQDORJ�DQG�5)�VLPXODWRUV��WKHUH�QHHGV�WR

EH�DQ�H[FKDQJH�RI�LQIRUPDWLRQ��7KH�VHPDQWLFV�DQG�IXQGDPHQWDOV�RI�VLPXODWLRQ�LQ�HDFK�DSSOLFDWLRQ

DUHD�DUH�TXLWH�GLIIHUHQW���7LPH�VDPSOHV�IRU�VLJQDO�SURFHVVLQJ�DUH�RQH�IL[HG�WLPH�VWHS�DSDUW�

+RZHYHU��ERWK�5)�DQG�63,&(�VLPXODWRUV�UHILQH�WKH�WLPH�DFFRUGLQJ�WR�WKH�YDULRXV�LQWHUQDO�FULWHULD�

7KH�FRPPRQ�VLJQDO�EHLQJ�H[FKDQJHG�EHWZHHQ�VLJQDO�SURFHVVLQJ�GDWD�IORZ�FRPSRQHQWV�DQG�WKH

FLUFXLW�VLPXODWRUV�LV�D�WLPH�GRPDLQ�VLJQDO��+HQFH��DOO�WKUHH�HQJLQHV�GHDO�ZLWK�WKH�QRWLRQ�RI�WLPH

VWHS��7KH�VLJQDO�HQWHULQJ�WKH�FLUFXLW�VXEQHWZRUN�VKRXOG�EH�DZDUH�RI��§WLPH�¨

$SSOLFDWLRQV

)UDFWLRQDO�'LYLGHU

7KH�IUDFWLRQDO�GLYLGHU�SKDVH�ORFNHG�ORRS�LV�D�JRRG�H[DPSOH�RI�WKH�WLJKW�LQWHJUDWLRQ�RI�'63�DQG

5)�DQDORJ�RQ�D�NH\�FRPSRQHQW��L�H���3//��LQ�D�FRPPXQLFDWLRQ�V\VWHP����7KLV�H[DPSOH�VKRZV�KRZ

FR�VLPXODWLRQ�RI�'63�DQG�DQDORJ�HQJLQHV�FDQ�KHOS�WKH�HQJLQHHU�FRQFHSWXDOL]H�DQG�YHULI\�D�PL[HG

'63�DQDORJ�GHVLJQ�EHIRUH�UHVRUWLQJ�WR�D�SURWRW\SH��7KH�H[DPSOH�LQFOXGHV�D�IHHGEDFN�SDWK�EHWZHHQ

WKH�'63�DQG�DQDORJ�SDUW��VKRZLQJ�WKH�YDOXH�RI�FR�VLPXODWLRQ�DV�RSSRVHG�WR�XVLQJ�LVRODWHG�WRROV��,Q

WKLV�H[DPSOH��WKH�3//�LV�FUHDWHG�RQ�WKH�FLUFXLW�SDJH��DQG�WKH�IUDFWLRQDO�V\QWKHVLV�SDUW�LV�FUHDWHG�RQ

WKH�VLJQDO�SURFHVVLQJ�SDJH��7LPH�GRPDLQ�ZDYHIRUPV�DUH�XVHG�IRU�3//�VLPXODWLRQ��ZKLOH�IL[HG�SRLQW

VLJQDOV�ZLWK�DSSURSULDWH�ELWZLGWK�DQG�SUHFLVLRQ�DUH�XVHG�IRU�WKH�IUDFWLRQDO�SDUW��$SSURSULDWH

FRQYHUWHUV�EHWZHHQ�WKH�WZR�VLJQDO�W\SHV�DUH�XVHG�ZKHQ�QHHGHG�
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,Q�D�FRQYHQWLRQDO�3//��IYFR� �1��IUHI�ZKHUH�IYFR�LV�WKH�9&2�IUHTXHQF\���IUHI�LV�WKH�UHIHUHQFH�RU�ORRS

IUHTXHQF\�DQG�1�LV�WKH�LQWHJHU�GLYLGH�UDWLR���,Q�D�IUDFWLRQDO�1�V\QWKHVL]HU��WKH�GLYLGH�UDWLR�LV

SHULRGLFDOO\�WRJJOHG�EHWZHHQ�1�DQG�1�δ1��ZKLFK�DOORZV�D�ILQHU�ORRS�IUHTXHQF\����&RQVHTXHQWO\��WKH

DYHUDJH�GLYLGH�UDWLR�ZLOO�EH�LQFUHDVHG�IURP�1�WR�1�I��ZKHUH��I�LV�WKH�IUDFWLRQDO�SDUW�RI�WKH�DYHUDJH

GLYLGH�UDWLR�DQG�WKH�QHZ�9&2�IUHTXHQF\�UHODWLRQ�LV�IYFR� �1�I��IUHI���7\SLFDOO\��WKH�RYHUIORZ�IURP�DQ

DFFXPXODWRU�LV�XVHG�WR�PRGXODWH�WKH�LQVWDQWDQHRXV�GLYLGH�UDWLR�

7KH�GUDZEDFN�RI�WKLV�QHZ�DSSURDFK�LV�WKH�IUDFWLRQDO�VSXUV�DW�DOO�PXOWLSOHV�RI�WKH�RIIVHW�IUHTXHQF\

��I��IUHI���8VLQJ�D�FRUUHFWLRQ�VFKHPH�FDOOHG�SKDVH�LQWHUSRODWLRQ��IUDFWLRQDO�VSXUV�LQ�WKH�RUGHU�RI�¥��

G%F�KDYH�EHHQ�DFKLHYHG��EXW�WKH�FRPSOH[LW\�DQG�H[SHQVH�RI�LQWHUSRODWLRQ�FLUFXLWU\�PDNHV�WKLV

DSSURDFK�XQGHVLUDEOH�

8VLQJ�D�VLPLODU�DSSURDFK�VXFK�DV�WKH�RQHV�GHVFULEHG�LQ�UHIHUHQFHV�>�@�DQG�>�@��WKH�IUDFWLRQDO

V\QWKHVLV�LV�FRPELQHG�ZLWK�VLJPD�GHOWD�PRGXODWLRQ�WR�DFKLHYH�IUHTXHQF\�V\QWKHVLV�ZLWK�VSXULRXV�

IUHH�RXWSXW�DQG�QHDU�LQILQLWH�UHVROXWLRQ��7KLV�DSSURDFK�KDV�EHHQ�VXFFHVVIXOO\�VLPXODWHG�YLD�FR�

VLPXODWLRQ�RI�'63�DQG�DQDORJ�HQJLQHV�DQG�PRGHOV�

7KH�DQDORJ�SDUW�RI�WKH�GHVLJQ�LV�VKRZQ�LQ�)LJXUH����ZKHUH�D�PRGLILHG�YHUVLRQ�RI�WKH�'(&7��GLJLWDO

(XURSHDQ�FRUGOHVV�WHOHSKRQH��3//�LV�DVVHPEOHG�RQ�WKH�FLUFXLW�VFKHPDWLF�SDJH��7KH�PRGLILFDWLRQ

KDV�WR�GR�ZLWK�D���;�LQFUHDVH�LQ�ORRS�EDQGZLGWK�IRU�EHWWHU�YLVXDOL]DWLRQ�RI�UHVXOWV��7KLV�3//�GHVLJQ

LQFOXGHV��DPRQJ�RWKHU�SDUWV��D�SKDVH�IUHTXHQF\�GHWHFWRU��D�ORRS�OXPSHG�HOHPHQW�ILOWHU��DQG�D�9&2

PRGHO�ZLWK�WKH�GLYLGH�E\�1�SDUW�LQWHJUDWHG�LQ�WKH�PRGHO��7KLV�DQDORJ�GHVLJQ�ZDV�LQLWLDOO\�VLPXODWHG

VWDQG�DORQH��ZLWK�UHVXOWV�LGHQWLFDO�WR�D�FRQYHQWLRQDO�3//�

)LJXUH����3//�GHVLJQ�XVLQJ�DQ�DQDORJ�HQJLQH�DQG�WLPH�GRPDLQ�VLJQDO�

7KH�WRS�OHYHO�GHVLJQ�LQ�)LJXUH���VKRZV�WKH�HQFDSVXODWLRQ�RI�WKH�DQDORJ�3//�DQG�WKH�'63�SRUWLRQ�

ZKLFK�LQFOXGHV�WKH�PXOWLSOH�VWDJH�PRGXODWRU�GLYLGHU�LPSOHPHQWHG�ZLWK�DFFXPXODWRUV���7KH�GHVLUHG

IUDFWLRQ��VXFK�WKDW�IYFR� �1�I��IUHI���LV�VHW�DW�WKH�LQSXW�WR�WKH�PXOWLSOH�PRGXODWRU�GLYLGHU����8VLQJ

PXOWLSOH�VWDJHV�RI�D�V\QWKHVL]DEOH�DGGHU�DQG�GDWD�UHJLVWHU�PRGHOV�ZLWK�WKH�RXWSXW�SUHFLVLRQ�VHW�WR
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���ELWV��WKH�DFFXPXODWRU�RYHUIORZV�DW�WKH�YDOXH��1 ����� �������*LYHQ�D��IUHI� ������0+]��DQG

WKH�QRPLQDO�GLYLGH�UDWLR�RI��������IYFR� ����������*+]��EXW�EHFDXVH�δ1�LV�FKDQJLQJ�ZLWK�WLPH��IYFR
DOVR�FKDQJHV�ZLWK�WLPH��7KH�VLPXODWLRQ�ZDV�VHW�XS�VR�WKDW�DIWHU�����VDPSOHV��WKH�LQSXW�WR��WKH�ILUVW

DGGHU�FKDQJHV�IURP���WR�������7KH�VLPXODWLRQ�UHVXOWV�LQGLFDWH�DSSUR[LPDWHO\�KRZ�ORQJ�LW�WDNHV�IRU

WKH�9&2�WR�WUDQVLWLRQ�IURP�1��IUHI��WR��1�I��IUHI����)LJXUHV���DQG���GHSLFW�WKH�IUDFWLRQDO�GLYLGH�UDWLR

FKDQJH�DQG�IUHTXHQF\�HUURU�YV��WLPH

)LJXUH����7RS�OHYHO�GHVLJQ�ZLWK�3//�HQFDSVXODWLRQ�DQG�WKH�'63�SDUW�XVLQJ�GDWD�IORZ�HQJLQH�DQG

IL[HG�SRLQW�VLJQDO�

)LJXUH����)UDFWLRQDO�LQFUHPHQW�GHOWD1�YHUVXV�WLPH�
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)LJXUH����)UHTXHQF\�HUURU�YHUVXV�WLPH�

RFIC example

)LJXUH���UHSUHVHQWV�DQ�H[DPSOH�RI�KRZ�D�PL[�RI�DQDORJ�5)�DQG�GHGLFDWHG�RQ�FKLS�'63�EORFNV�FDQ

EH�VLPXODWHG��GHVLJQHG��DQG�YHULILHG�XVLQJ�WKH�FR�VLPXODWLRQ�HQYLURQPHQW����7KH�'63����4$0�,�4

GDWD�JHQHUDWRU�FKLS�KDV�EHHQ�GHVLJQHG�DQG�DQDO\]HG�XVLQJ�WKH�GDWD�IORZ�HQJLQH��ZKLOH�WKH�5),&

KDV�EHHQ�GHVLJQHG�XVLQJ�WKH�5)�VLPXODWRU�DORQJ�ZLWK�63,&(�OLNH�VLPXODWRU�

)LJXUH��
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)LJXUH���LV�WKH�'63�SRUWLRQ�RI�WKH�GHVLJQ�VKRZLQJ�WKH�ELW�VRXUFH�VWUHDP�LQWR�VHULDO�WR�SDUDOOHO�

XSVDPSOHU�DQG�ILOWHU�EORFNV�DUH�DOO�LQ�IL[HG�SRLQW�VLJQDO�W\SH��,Q�DGGLWLRQ��WKH�GHVLJQ�LQFOXGHV

FRQWURO�DQG�UHVHW�EORFNV��7KH�RXWSXW�RI�WKH�ILOWHU�LV�WKHQ�FRQYHUWHG�WR�§DQDORJ¨�IRUP�E\�WKH

DSSURSULDWH�FRQYHUWHU�

)LJXUH��

7KH�ELW�WR�V\PERO�VHFWLRQ�LQFOXGHV���ELW�E\WHV�IRU�,�DQG�4�FKDQQHOV��LQ�SUDFWLFH�WKHVH�ZRXOG�EH

PHUJHG�LQWR�RQH�520���7KH�V\PEROV�DUH�WKHQ�XSVDPSOHG�ZLWK�D�UDWH�RI������7KH�URRW�UDLVHG�FRVLQH

ILOWHUV�ZHUH�GHVLJQHG�XVLQJ�D�ILOWHU�GHVLJQ�WRRO�ZLWK�D�UHFWDQJXODU�ZLQGRZ�ZLWK�D�ELW�ZLGWK�RI����

UHVXOWLQJ�LQ�D����WDSV�GHVLJQ�ZLWK�D�VXSSUHVVLRQ�RI����G%�LQ�WKH�VWRS�EDQG�

7KH�,�DQG�4�RXWSXWV�IURP�WKH�ILOWHUV�QHHG�WR�EH�XSFRQYHUWHG�WR�D�IUHTXHQF\�RI���0+]��)RU�D

VDPSOLQJ�UDWH�RI����0+]��WKLV�LPSOLHV�WKDW�WKHUH�DUH���VDPSOHV�SHU�F\FOH�RI�WKH���0+]�VLQH�DQG

FRVLQH�ZDYHIRUPV���8VLQJ����������DQG���UHVXOWV�LQ�WKH�RXWSXW�RI�WKH�XSFRQYHUWHU�DV�LQGLFDWHG�

FRV��� VLQ��� ,�FRV������4�VLQ�

�

� � ,

� � �4

�� � �,

� �� 4

7DEOH��
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7KXV��WR�XS�FRQYHUW�WKH�,�DQG�4�VLJQDOV�WR���0+]�FDUULHU��WKH�,�DQG�4�VLJQDOV�PHUHO\�KDYH�WR�RXWSXW

LQ�WKH�RUGHU�,���4���,�DQG�4���7KLV�LV�GRQH�XVLQJ�D�08;��7KH�V\VWHP�OHYHO�DPSOLILHU�EORFNV�KHUH�DUH

XVHG�RQO\�WR�DPSOLI\�RU�DWWHQXDWH�WKH�VLJQDO�OHYHO�JRLQJ�LQWR�WKH�PRGXODWRU�

7KH�,4�PRGXODWRU�FRQVLVWV�RI�DQ�/2�VRXUFH�DW���*+]�GULYLQJ�WZR�*LOEHUW�FHOOV��8VLQJ�D�:LONLQVRQ

FRPELQHU��WKH�RXWSXWV�RI�WKH�*LOEHUW�FHOO�PL[HUV�DUH�FRPELQHG�DQG�DPSOLILHG�XVLQJ�D���*+]�GRXEOH�

VWDJH�SRZHU�)(7�DPSOLILHU�

7KH�FLUFXLW�LPSOHPHQWDWLRQ�RI�WKH�*LOEHUW�FHOO�PL[HU�ZLWK�WKH�ELSRODU�WUDQVLVWRUV�LV�VKRZQ�LQ�)LJXUH

���7KH���*+]�WZR�VWDJH�RXWSXW�XVHV�1(&�)(7V��)(7V�DUH�XVHG�KHUH�DORQJ�ZLWK�PLFURVWULS

WUDQVPLVVLRQ�OLQHV�DQG�ELSRODU�GHYLFHV�LQ�RUGHU�WR�GHPRQVWUDWH�WKH�GLYHUVH�XVH�RI�FRPSRQHQWV�DQG

HOHPHQWV�LQ�WKH�PL[HG�VLJQDO�FR�VLPXODWLRQ�HQYLURQPHQW�

)LJXUH��

,Q�RUGHU�WR�FRPSDUH�WKH�LQSXW�,�4�GDWD�WR�WKH�RXWSXW�UHFHLYHG�GDWD��WKH�RXWSXW�VSHFWUXP�ZDV

GHPRGXODWHG�EDFN��UHFRYHULQJ�,�DQG�4�GDWD�DQG�FRPSDULQJ�LW�WR�WKH�RULJLQDO�GDWD�ZLWK�UHDVRQDEOH

FRUUHODWLRQ��DV�VKRZQ�VXSHULPSRVHG�LQ�)LJXUH�����,I�WKH�RXWSXW�DPSOLILHU�LV�UHPRYHG�RU�LWV�JDLQ�LV

UHGXFHG��WKH�FRQVWHOODWLRQ�EHFRPHV�PXFK�FORVHU�WR�WKH�QRPLQDO�YDOXHV�ZLWK�LPSURYHG�HUURU�YHFWRU

PDJQLWXGH�DQG�ELW�HUURU�UDWH�



� 3DJH��� ��������

)LJXUH���

Summary

6LPXODWLRQ�RI�EHKDYLRUDO�'63�GHVLJQV�DORQJ�ZLWK�DQDORJ�5)�FLUFXLW�GHVLJQV�LV�FULWLFDO�WR�WKH

VXFFHVV�RI�WKH�LQWHJUDWHG�FRPSRQHQWV��GHYLFHV��DQG�VXEV\VWHPV�XVHG�LQ�PRGHUQ��ZLUHOHVV

DSSOLFDWLRQV��,W�LV�HVVHQWLDO�WR�YHULI\�WKH�LPSDFW�RI�UHDO�ZRUOG�DQDORJ�5)�LVVXHV�RQ�'63�DOJRULWKPV

DQG�YLFH�YHUVD�LQ�D�KLJKO\�LQWHJUDWHG�HQYLURQPHQW�

)RU�GHVLJQV�RI�ORZ�FRPSOH[LW\��LW�LV�SRVVLEOH�WR�XVH�VHSDUDWH�VLPXODWRUV�IRU�WKH�VLJQDO�SURFHVVLQJ

DQG�DQDORJ�5)�SRUWLRQV�DQG�WKHQ�LQWHJUDWH�WKH�UHVXOWV��+RZHYHU��WRGD\ªV�VWDWH�RI�WKH�DUW�GHVLJQV

XVLQJ�D�PL[�RI�DQDORJ�5)�DQG�GHGLFDWHG�RQ�FKLS�'63�EORFNV�UHTXLUH�KLJK�OHYHOV�RI�LQWHJUDWLRQ�DW�WKH

WZR�HQYLURQPHQW�ERXQGDU\��7KH�FR�VLPXODWLRQ�EHWZHHQ�VLJQDO�SURFHVVLQJ�DQG�FLUFXLWV�RIIHUHG�E\

+3�$GYDQFHG�'HVLJQ�6\VWHP�DGGUHVVHV�WKLV�QHHG�
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5HIHUHQFHV

>�@��$GYDQFHG�'HVLJQ�6\VWHP��+HZOHWW�3DFNDUG�&RPSDQ\��+3�((VRI�'LYLVLRQ

>�@�%ULDQ�0LOOHU�DQG�5REHUW�&RQOH\���§$�0XOWLSOH�0RGXODWRU�)UDFWLRQDO�'LYLGHU���,(((�7UDQVDFWLRQV

RQ�,QVWUXPHQWDWLRQ�DQG�0HDVXUHPHQW��-XQH������

>�@�����7HFKQLTXH�(QKDQFHV�WKH�3HUIRUPDQFH�RI�3//�6\QWKHVL]HUV��0LFURZDYHV�	�5)�-DQXDU\������

�������+HZOHWW�3DFNDUG�&RPSDQ\
'DWD�VXEMHFW�WR�FKDQJH
�����32'�$'63$3(5

���������(
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