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'HSDUWPHQW RI (OHFWULFDO DQG &RPSXWHU (QJLQHHULQJ

8QLYHUVLW\ RI 7H[DV DW $XVWLQ

$EVWUDFW� 0XOWL�FDUULHU &RGH 'LYLVLRQ 0XOWLSOH $FFHVV �0&�&'0$� WHFKQLTXH ZKLFK

FRPELQHV 2)'0 �2UWKRJRQDO )UHTXHQF\ 'LYLVLRQ 0XOWLSOH[LQJ� DQG &'0$ �&RGH 'LYL�

VLRQ 0XOWLSOH $FFHVV� LV D QRYHO GLJLWDO PRGXODWLRQ DQG PXOWLSOH[LQJ WHFKQLTXH� ,W LV YHU\

VXLWDEOH IRU WKH IXWXUH �UG JHQHUDWLRQ 8QLYHUVDO 0RELOH 7HOHFRPPXQLFDWLRQ 6\VWHP

�8076� ZKLFK GHPDQGV D YHU\ ZLGH UDQJH RI ELW UDWHV IRU FRYHULQJ D ZLGH UDQJH RI DSSOL�

FDWLRQV VXFK DV YRLFH� +'79 HWF�� 7KH 0&�&'0$ V\VWHP LV YHU\ VXLWDEOH WR EH LPSOH�

PHQWHG E\ XVLQJ HPEHGGHG '63 SURFHVVRUV� 3WROHP\ LV D V\VWHP OHYHO GHVLJQ WRRO ZKLFK

FDQ PDS V\VWHP OHYHO GHVLJQ WR HPEHGGHG '63 SURFHVVRUV� 7KLV ZLOO VKRUW WKH V\VWHP

GHVLJQ DQG LPSOHPHQWDWLRQ WLPH IRU HPEHGGHG '63 GHVLJQ� ,Q RXU SURMHFW� ZH PRGHO WKH

FRUH RI 0&�&'0$ FRPPXQLFDWLRQ V\VWHP DV D 6') �6\QFKURQRXV 'DWDIORZ� PRGHO DQG

LPSOHPHQW WKH FRUH RI 0&�&'0$ FRPPXQLFDWLRQ V\VWHP E\ XVLQJ 3WROHP\ 6') GRPDLQ�
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,� ,QWURGXFWLRQ

5HFHQWO\� WKHUH KDV EHHQ FRQVLGHUDEOH LQWHUHVW LQ DSSO\LQJ GLUHFW VHTXHQFH FRGH GLYLVLRQ

PXOWLSOH DFFHVV �'6�&'0$� WHFKQLTXH WR WKH PRELOH FRPPXQLFDWLRQV VXFK DV ,6���� 7KLV

LV SDUWO\ GXH WR LWV PXOWLSOH DFFHVV FDSDELOLW\� UREXVWQHVV DJDLQVW PXOWLSDWK IDGLQJ� DQG

DQWL�LQWHUIHUHQFH FDSDELOLW\� 2Q WKH RWKHU KDQG� WKH PXOWLFDUULHU PRGXODWLRQ VFKHPH� RIWHQ

FDOOHG RUWKRJRQDO IUHTXHQF\�GLYLVLRQ PXOWLSOH[LQJ �2)'0�� KDV GUDZQ D ORW RI DWWHQWLRQ

LQ WKH ILHOG RI UDGLR FRPPXQLFDWLRQV� 7KLV LV SULPDULO\ EHFDXVH RI WKH QHHG WR WUDQVPLW

KLJK GDWD UDWH LQ D PRELOH KRVWLOH HQYLURQPHQW FKDQQHO� 7R FRPEDW WKH SUREOHP� WKH

2)'0 VHHPV WR EH D VROXWLRQ�

7KH FRPELQDWLRQ RI 2)'0 DQG &'0$ ZKLFK LV VR FDOOHG 0XOWL�FDUULHU &'0$ �0&�

&'0$� LV DQWLFLSDWHG D JRRG DSSURDFK WR WKH �UG JHQHUDWLRQ PRELOH FRPPXQLFDWLRQ V\V�

WHP >�@ ZKHUH XVHUV ZLOO JHW DFFHVV WR DQ DUUD\ RI YRLFH� GDWD� DQG YLGHR FRPPXQLFDWLRQ

VHUYLFHV DQ\ZKHUH LQ WKH ZRUOG DW DQ\ WLPH� $OO WKHVH GDWH UDWHV ZLWK GLIIHUHQW TXDOLWLHV RI

VHUYLFHV ZLOO EH YDULDEOH DQG WKH GDWD UDWH ZLOO EH XS WR � 0ELW�V IRU +'79 HWF�

,,� 0&�&'0$ V\VWHP

7KH 0&�&'0$ WUDQVPLWWHU IRU D VLQJOH XVHU LV VKRZQ LQ ILJXUH �� 7KH ELQDU\ GDWD

DUH ILUVW PXOWLSOLHG E\ WKH SVHXGR�QRLVH �31� ELQDU\ VHTXHQFH ZKLFK LV FDOOHG

VSUHDGLQJ FRGH� 7KH ELW GXUDWLRQ 7 RI WKH GDWD LV PXFK ORQJHU WKDQ WKH 31 VHTXHQFH FKLS

GXUDWLRQ � 1RUPDOO\ PD\ EH HTXDO WR ��� ��� ��� RU KLJKHU� $IWHU WKH QHF�

HVVDU\ HQFRGLQJ� WKH VHTXHQFH WKDW FRUUHVSRQGV WR RQH GDWD ELW LV PRGXODWHG LQ WKH EDQG RI
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$ YHU\ HIILFLHQW ZD\ RI UHDOL]LQJ VXFK D PRGXODWLRQ VFKHPH LV WKH ,QYHUVH )DVW )RXULHU

7UDQVIRUP �,))7� ZKLFK LV VKRZQ LQ ILJXUH �� 7KH GLVWDQFH EHWZHHQ VXEFDUULHUV LV HTXDO WR

WKH FKLS UDWH RU LWV PXOWLSOH� 7KLV PRGXODWLRQ LV FDOOHG 2)'0 �2UWKRJRQDO )UHTXHQF\

'LYLVLRQ 0XOWLSOH[�� 7KH FLUFXODU SUHIL[ RU JXDUG WLPH VKRXOG EH LQWURGXFHG IRU HDFK V\P�

ERO LQ RUGHU WR FRPEDW WKH WUDQVLHQWV DQG WKH LQWHUV\PERO LQWHUIHUHQFH FDXVHG E\ WKH FKDQ�

QHO DQG ILOWHUV LQ WKH V\VWHP� 7KH FLUFXODU SUHIL[ FRQVLVWV RI UHSHDWHG VDPSOHV IURP

WKH ,))7 RXWSXW ZKHUH LV WKH OHQJWK RI WKH FKDQQHO LPSXOVH UHVSRQVH RU WKH GHOD\ VSUHDG

PHDVXUHG LQ VDPSOHV� $W WKH RXWSXW RI ,))7 WKH SXOVH VKDSLQJ ILOWHU IROORZHG E\ D PRGXOD�

WRU ZKLFK VKLIWV WKH ZKROH VSHFWUXP WR WKH GHVLUDEOH IUHTXHQF\ EDQG FDQ EH DSSOLHG�

$QRWKHU VROXWLRQ LV WR DSSO\ WKH RIIVHW ,))7 WKDW HOLPLQDWHV WKH QHFHVVLW\ RI WKH DERYH

PHQWLRQHG IUHTXHQF\ VKLIW�
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,Q 0&�&'0$ V\VWHP� VXE�FDUULHU IUHTXHQFLHV DUH XVXDOO\ FKRVHQ WR EH RUWKRJRQDO WR HDFK

RWKHU� L�H�� VXE�FDUULHU IUHTXHQFLHV VDWLVI\ WKH IROORZLQJ FRQGLWLRQ�

���

ZKHUH 7F LV WKH FKLS GXUDWLRQ� DQG DUH WKH L�WK DQG M�WK FDUULHU IUHTXHQFLHV� 7KH

VSHFWUXP RI 0&�&'0$ VLJQDO LV VKRZQ LQ ILJXUH ��

7KH EDVLF VWUXFWXUH RI WKH 0&�&'0$ PRELOH VWDWLRQ UHFHLYHU LV SUHVHQWHG LQ ILJXUH �� 7KH

UHFHLYHU RI WKH EDVHVWDWLRQ FRQVLVWV RI WKH VDPH EORFNV DV WKRVH LQ ILJXUH �� KRZHYHU WKH

RXWSXW RI ))7 DUH IHG WR [ EUDQFKHV �RQH EUDQFK IRU HDFK XVHU�� $Q 1 HTXDOL]HU DQG
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GHVSUHDGLQJ EORFN DUH DSSOLHG LQ HYHU\ EUDQFK WR HTXDOL]H WKH XVHU©V LQGLYLGXDO FKDQQHO

DQG PXOWLSO\ WKH UHFHLYHG VLJQDO E\ WKH XVHU©V XQLTXH 31 FRGH�

7KH HTXDOL]DWLRQ XVXDOO\ XVHV DGDSWLYH HTXDOL]HU RU DGDSWLYH GLVFUHWH PDWFKHG ILOWHU

�$'0)� DW WKH UHFHLYHU LQSXW� ,WV FRHIILFLHQWV DUH FDOFXODWHG DGDSWLYHO\ DFFRUGLQJ WR WKH

DGHTXDWH DOJRULWKP OLNH /06 DOJRULWKP� )RU WKH FRUUHFW RSHUDWLRQ RI WKH DSSOLHG DGDSWLYH

ILOWHU ZH DVVXPH WKH FKDQQHO FKDUDFWHULVWLF UHPDLQV XQFKDQJHG GXULQJ WKH GXUDWLRQ RI WKH

EORFN RI 1 VDPSOHV� 7KH FKDQJHV RI FKDQQHO FKDUDFWHULVWLFV GHSHQG SULPDULO\ RQ WKH YHKL�

FOH©V VSHHG� 7KXV� WKH GXUDWLRQ RI D VLQJOH EORFN PXVW EH PXFK VPDOOHU WKDQ WKH LQYHUVH RI

WKH PD[LPXP 'RSSOHU IUHTXHQF\� +HQFH� WKH XSSHU OLPLW IRU WKH ,))7 RUGHU DSSOLHG LQ WKH

WUDQVPLWWHU LV VSHFLILHG E\ (TXDWLRQ ����

���

ZKHUH LV WKH FKLS UDWH DQG LV WKH PD[LPXP 'RSSOHU IUHTXHQF\�

7KH EHQHILW ZKHQ ZH XVH 0&�&'0$ PRGXODWLRQ VFKHPH IRU �UG JHQHUDWLRQ PRELOH FRP�

PXQLFDWLRQV LV WKDW WKH VSUHDGLQJ FRGH FKLS UDWH LV WKH VDPH DV WKH RULJLQDO GDWD UDWH� ,W LV

XQOLNH WKH '6�&'0$ VFKHPH WKH VSUHDGLQJ FRGH FKLS UDWH LV WKH RULJLQDO GDWD UDWH WLPHV

WKH OHQJWK RI VSUHDGLQJ FRGH� )RU H[DPSOH IRU +'79 FDVH GDWD UDWH ZLOO EH XS WR �0ELWV�V�

,I WKH OHQJWK RI VSUHDGLQJ FRGH LV ��� LQ '6�&'0$ FDVH WKH VSUHDGLQJ FRGH FKLS UDWH ZLOO

EH ��[�0ELWV�V ��0ELWV�V� 7KLV VSUHDGLQJ FRGH FKLS UDWH LV WRR KLJK WR UHFHLYHU V\QFKUR�

QL]H DQG WUDFN WKH VSUHDGLQJ FRGH� 2Q WKH RWKHU KDQG� 0&�&'0$ WKH VSUHDGLQJ FRGH UDWH

LV VWLOO �0ELWV�V� ,W ZLOO PDNH WKH UHFHLYHU HDV\ WR V\QFKURQL]H DQG WUDFN�
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,,,� 0RGHO RI FRPSXWDWLRQ WR LPSOHPHQW 0&�&'0$ V\VWHP

'DWDIORZ LV D QDWXUDO UHSUHVHQWDWLRQ IRU VLJQDO SURFHVVLQJ DOJRULWKPV� $SSOLFDWLRQV DUH

VSHFLILHG E\ D GDWDIORZ JUDSK LQ ZKLFK WKH QRGHV UHSUHVHQW FRPSXWDWLRQV� DQG GDWD WRNHQV

IORZ EHWZHHQ WKHP DORQJ WKH DUFV RI WKH JUDSK�

6\QFKURQRXV GDWD IORZ �6')� LV D VSHFLDO FDVH RI GDWDIORZ PRGHO� ,Q 6') PRGHO WKH QXP�

EHU RI WRNHQV SURGXFHG RU FRQVXPHG LQ RQH ILULQJ RI D QRGH LV FRQVWDQW� 7KLV SURSHUW\

PDNHV LW SRVVLEOH WR GHWHUPLQH H[HFXWLRQ RUGHU DQG PHPRU\ UHTXLUHPHQWV DW FRPSLOH WLPH�

7KXV WKHVH V\VWHPV GR QRW KDYH WKH RYHUKHDG RI UXQ�WLPH VFKHGXOLQJ� DQG KDYH YHU\ SUH�

GLFWDEOH UXQ�WLPH EHKDYLRU�

)LJXUH � VKRZV D VLPSOH 6') JUDSK� ,Q WKLV JUDSK� QRGH $ SURGXFHV WZR WRNHQV DQG QRGH

% FRQVXPHV WKUHH WRNHQV IRU HDFK ILULQJ� ,Q D SHULRGLF 6') VFKHGXOH� WKH ILUVW�LQ�ILUVW�RXW

�),)2� EXIIHU RQ HDFK DUF UHWXUQV WR LWV LQLWLDO VWDWH DIWHU RQH VFKHGXOH SHULRG� )RU HDFK

QRGH [ LQ D SURSHUO\ FRQVWUXFWHG 6') JUDSK� WKHUH H[LVWV D SRVLWLYH LQWHJHU T�[� VXFK WKDW

QRGH [ PXVW EH LQYRNHG DW OHDVW T�[� WLPHV LQ D HDFK SHULRG RI D SHULRGLF VFKHGXOH� )RU WKH

H[DPSOH LQ ILJXUH �� T�$� � DQG T�%� ��

7KH WUDQVPLWWHU RI 0&�&'0$ V\VWHP GHVFULEHG LQ ILJXUH � FRQWDLQV WKH RULJLQDO GDWD

VWUHDP QRGH� VSUHDGLQJ QRGH� ,))7 QRGH� DQG SXOVH VKDSLQJ ILOWHU QRGH� $OO RI WKHVH QRGHV

FRQVXPH DQG SURGXFH FRQVWDQW QXPEHU RI WRNHQV� )RU H[DPSOH WKH RULJLQDO GDWD VWUHDP

QRGH SURGXFHV RQH WRNHQ IRU HDFK ILULQJ� 7KH VSUHDGLQJ QRGH FRQVXPHV RQH WRNHQ DQG SUR�

GXFHV 1 WRNHQ IRU HDFK ILULQJ� 7KH ,))7 QRGH FRQVXPHV DQG SURGXFHV 1 WRNHQV IRU HDFK

� �

)LJXUH �� $ VLPSOH 6') JUDSK
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ILULQJ ZKHUH 1 LV WKH OHQJWK RI WKH ,))7 DOJRULWKP DQG DOVR WKH OHQJWK RI WKH VSUHDGLQJ

FRGH� 6R WKH WUDQVPLWWHU FDQ EH PRGHOHG E\ 6') PRGHO YHU\ SHUIHFWO\�

7KH UHFHLYHU RI 0&�&'0$ V\VWHP GHVFULEHG LQ ILJXUH � FRQWDLQV ))7 QRGH� (TXDOL]HU

QRGH� DQG GHVSUHDGLQJ QRGH� 7KHVH QRGHV DUH DOVR SURGXFH DQG FRQVXPH FRQVWDQW QXPEHU

RI WRNHQV IRU HDFK ILULQJ� 7KHUHIRUH WKH UHFHLYHU FDQ DOVR EH PRGHOHG E\ 6') PRGHO�

,9� 3WROHP\

7KH 3WROHP\ LV D IUHHO\ GLVWULEXWDEOH� H[WHQVLEOH EORFN GLDJUDP HQYLURQPHQW IRU VSHFLI\�

LQJ� VLPXODWLRQ� DQG JHQHUDWLQJ FRGH IRU VLJQDO SURFHVVLQJ DQG FRPPXQLFDWLRQV V\VWHPV�

:KLFK LV GHYHORSHG E\ WKH 8QLYHUVLW\ RI &DOLIRUQLD DW EHUNHOH\�

7KH 3WROHP\ NHUQHO GRHV QRW GHILQH DQ\ PRGHO RI FRPSXWDWLRQ� 7KH VHPDQWLFV RI D GRPDLQ

DUH GHILQHG E\ FODVVHV WKDW PDQDJH WKH H[HFXWLRQ RI D VSHFLILFDWLRQ� 7KHVH FODVVHV FRXOG

LQYRNH D VLPXODWRU� RU FRXOG JHQHUDWH FRGH� RU FRXOG LQYRNH D VRSKLVWLFDWHG FRPSLOHU�

7KH GRPDLQ ZKLFK WKH 3WROHP\ NHUQHO FDQ VXSSRUW LV VKRZQ LV ILJXUH ��
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0XOWLGLPHQVLRQDO 6')

GLVFUHWH�HYHQW

V\QFKURQRXV UHDFWLYH

ILQLWH VWDWH PDFKLQH

)LJ�XUH �� 'RPDLQV DYDLODEOH ZLWK 3WROHP\ ���
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,Q 3WROHP\ WKH IXQFWLRQ EORFNV FDQ EH KLHUDUFKLFDO� WKH ORZHVW OHYHO RI WKH KLHUDUFK\ LV VWDU�

$ KLHUDUFKLFDO EORFN LV D *DOD[\� DQG D WRS�OHYHO V\VWHP UHSUHVHQWDWLRQ LV D 8QLYHUVH� 7KH

IXQFWLRQ EORFNV FDQ EH DOVR PL[LQJ GRPDLQV�

9� ,PSOHPHQWLQJ 0&�&'0$ V\VWHP ZLWK 3WROHP\

$V PHQWLRQHG� WKH 0&�&'0$ V\VWHP FDQ EH PRGHOHG E\ 6') PRGHO� 7KH 6') GRPDLQ

LV RQH RI WKH PRVW PDWXUH LQ 3WROHP\� KDYLQJ D ODUJH OLEUDU\ RI VWDUV DQG GHPR SURJUDPV� ,W

LV D VLPXODWLRQ GRPDLQ� EXW WKH PRGHO RI FRPSXWDWLRQ LV WKH VDPH DV WKDW XVHG LQ PRVW RI

WKH FRGH JHQHUDWLRQ GRPDLQV� $ QXPEHU RI GLIIHUHQW VFKHGXOHUV� LQFOXGLQJ SDUDOOHO VFKHG�

XOHUV� KDYH EHHQ GHYHORSHG IRU WKLV PRGHO RI FRPSXWDWLRQ�

:H XVH KLHUDUFKLFDO GHVLJQ PHWKRGRORJ\� 7KH WUDQVPLWWHU JDOD[\ LV VKRZQ LQ ILJXUH �� ,W

FRQWDLQV VSUHDGLQJ EORFN DQG ,))7 EORFN� 7KH OHQJWK RI VSUHDGLQJ FRGH FDQ EH VHW E\

FKDQJLQJ WKH VSUHDGLQJ JDOD[\ SDUDPHWHU� 7KH OHQJWK RI ,))7 FDQ DOVR EH VHW E\ FKDQJLQJ

WKH ,))7 JDOD[\ SDUDPHWHU� 7KH UHFHLYHU JDOD[\ FRQWDLQV ))7 DQG GHVSUHDGLQJ EORFN� 7KH

VSUHDGLQJ DQG GHVSUHDGLQJ EORFNV DUH DOVR JDOD[LHV ZKLFK FRQWDLQ VHYHUDO VWDUV RU JDOD[LHV�

)LJXUH � VKRZV WKH LPSOHPHQWDWLRQ RI WUDQVPLWWHU DQG ILJXUH � WKH LPSOHPHQWDWLRQ RI

UHFHLYHU�

)LJXUH � WKH LPSOHPHQWDWLRQ RI 0&�&'0$ WUDQVPLWWHU LQ 3WROHP\
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7R YHULI\ WKH WUDQVPLWWHU DQG WKH UHFHLYHU LV ZRUNLQJ SURSHUO\� :H XVH WKH 0&�&'0$

WUDQVPLWWHU DQG UHFHLYHU JDOD[\ WR IRUP D XQLYHUVH DQG DOVR WKH *DXVLDQ ZKLWH QRLVH LV

DGGHG WR WUDQVPLVVLRQ VLJQDO� 7KH XQLYHUVH RI 0&�&'0$ LV VKRZQ LQ ILJXUH ��

9,� &RQFOXVLRQ

,Q WKLV SURMHFW� ZH XVH 6') GRPDLQ WR PRGHO WKH FRUH RI 0&�&'0$ V\VWHP� 3WROHP\ LV

XVHG WR YHULI\ RXU PRGHOLQJ� 7KH UHVXOW VKRZV 6') PRGHO FDQ VXIILFLHQWO\ PRGHO WKH FRUH

RI 0&�&'0$ V\VWHP� ,Q UHDOLW\� WR GHVLJQ D SUDFWLFDO 0&�&'0$ WHFKQRORJ\ EDVHG �UG

JHQHUDWLRQ PRELOH FRPPXQLFDWLRQ V\VWHP� ZH PXVW DOVR GHVLJQ D VLJQDOLQJ V\VWHP ZKLFK

FDQ QDWXUDOO\ EH PRGHOHG E\ )LQLWH 6WDWH 0DFKLQH �)60�� 7KH FRUH RI 0&�&'0$ ZKLFK

LV 6') GRPDLQ ZLOO EH D FKLOG GRPDLQ RI )60 GRPDLQ� 6R ZH QHHG PL[LQJ GRPDLQ GHVLJQ

WRRO OLNH 3WROHP\�

)LJXUH �� WKH LPSOHPHQWDWLRQ RI 0&�&'0$ UHFHLYHU LQ 3WROHP\

)LJXUH �� 8QLYHUVH RI 0&�&'0$
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9,,� 5HIHUHQFH

>�@ 9�0� 'DVLOYD DQG (�6� 6RXVD� ¦3HUIRUPDQFH RI 2UWKRJRQDO &'0$ &RGHV IRU 4XDVL�

6\QFKURQRXV &RPPXQLFDWLRQ 6\VWHPV§� ,((( 6HOHFWHG $UHDV LQ &RPPXQLFDWLRQ� 0D\�

����� Y��� QR� �� SS� ��������

>�@ 6� .RQGR DQG /�%� 0LOVWHLQ� ¦3HUIRUPDQFH RI 0XOWL�FDUULHU '6 &'0$ 6\VWHPV§�

,((( 7UDQV� RQ &RPPXQLFDWLRQ� YRO� ��� QR� �� )HE� ����� SS� ��������

>�@ (�6RXURXU DQG 0� 1DNDJZD� ¦3HUIRUPDQFH RI 2UWKRJRQDO 0XOWL�FDUULHU &'0$ LQ D

0XOWL�SDWK )DGLQJ &KDQQHO§� ,((( 7UDQV� RQ &RPPXQLFDWLRQ� YRO� ��� QR� �� 0DU� �����

SS���������

>�@ /� 9DQGHQGRUSH� ¦0XOWL�WRQH 'LUHFW 6HTXHQFH &'0$ 6\VWHP LQ DQ LQGRRU :LUHOHVV

(QYLURQPHQW§� 3URF� RI ,((( )LUVW 6\PSRVLXP RI &RPPXQLFDWLRQV DQG 9HKLFXODU 7HFK�

QRORJ\� 2FW� ����� SS� ������������

>�@ +DQQD %RJXFND� ¦7UDQVPLVVLRQ DQG 5HFHSWLRQ RI WKH 0XOWL�FDUULHU &'0$ 6LJQDOV LQ

WKH �UG *HQHUDWLRQ 0RELOH &RPPXQLFDWLRQ 6\VWHP§� ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ

3HUVRQDO :LUHOHVV &RPPXQLFDWLRQV� )HE� ����� SS� ��������

>�@ 6KXYUD 6� %KDWDFKDU\\D� 3UDYHHQ .� 0XUWK\� DQG (GZDUG $� /HH� 6RIWZDUH 6\QWKHVLV

IURP 'DWDIORZ *UDSKV� .OXZHU $FDGHPLF 3UHVV� 1RUZHOO� 0$� ,6%1 ��������������

�����


