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$EVWUDFW
7KH FRUUHFWQHVV RI WKH EHKDYLRU RI D IDXOW�WROHUDQW

V\VWHP GHSHQGV DPRQJ RWKHU WKLQJV RQ WKH FRUUHFW GLV�
WULEXWLRQ RI WKH GDWD GHVFHQGLQJ IURP XQUHOLDEOH ,�2
GHYLFHV RYHU WKH PRGXOHV RI WKH IDXOW�WROHUDQW V\VWHP�
WKH VR�FDOOHG LQSXW�SUREOHP� 0RUH JHQHUDOO\� D PDOL�
FLRXVO\ EHKDYLQJ V\VWHP� ZKHWKHU LW LV IDXOW�WROHUDQW RU
QRW� VKRXOG QHYHU GHIHDW D FRUUHFWO\ IXQFWLRQLQJ IDXOW�
WROHUDQW V\VWHP� L�H� D V\VWHP ZKLFK GRHV QRW FRQWDLQ
PRUH IDXOW\ PRGXOHV WKDQ LW LV GHVLJQHG WR WROHUDWH�
7KLV SDSHU SUHVHQWV D QHZ FODVV RI V\QFKURQRXV GH�
WHUPLQLVWLF QRQ�DXWKHQWLFDWHG DOJRULWKPV IRU UHDFKLQJ
%\]DQWLQH DJUHHPHQW RQ GDWD GHVFHQGLQJ IURP RWKHU
�IDXOW�WROHUDQW� GHYLFHV� 7KH DOJRULWKPV DUH EDVHG RQ
YRWLQJ DQG HUURU�FRUUHFWLQJ FRGHV DQG UHTXLUH FRQVLG�
HUDEO\ OHVV GDWD FRPPXQLFDWLRQ WKDQ WKH H[LVWLQJ DOJR�
ULWKPV� ZKHUHDV WKH QXPEHU RI URXQGV DQG WKH QXPEHU
RI PRGXOHV PHHW WKH PLQLPXP ERXQGV�

� ,QWURGXFWLRQ
)DXOW�WROHUDQW V\VWHP �IW�V\VWHP� LQ SUDFWLFH DUH DO�
ZD\V EXLOW IURP D QXPEHU RI GLmHUHQW IDXOW�WROHUDQW
VXEV\VWHPV� HDFK KDYLQJ GLmHUHQW UHOLDELOLW\ UHTXLUH�
PHQWV DQG SURSHUWLHV� 6XFK D V\VWHP FRXOG� IRU H[�
DPSOH� FRQVLVW RI VXEV\VWHPV WKDW DUH GLYLGHG LQWR
WKUHH GLVWLQFW UHOLDELOLW\ OHYHOV� YL]� WKH H[WHUQDO LQSXWV
WKDW DUH EDVLFDOO\ XQUHOLDEOH� D UHOLDEOH UHFRQnJXUDEOH
UHGXQGDQW VWRUDJH V\VWHP DQG D VXSHUYLVRU\ VHUYLFH
ZLWK KLJK UHOLDELOLW\� ,Q DQ\ FDVH D IW�V\VWHP ZLOO EH
EXLOW IURP D IDXOW�WROHUDQW SDUW DQG XQUHOLDEOH LQSXW�
GHYLFHV� &RPPXQLFDWLRQ EHWZHHQ WKHVH VXEV\VWHPV
PXVW EH VXFK WKDW GDWD RULJLQDWLQJ IURP D PDOIXQF�
WLRQLQJ VXEV\VWHP QHYHU FDXVHV WKH UHFHLYLQJ V\VWHP
WR EUHDN GRZQ� 6R WKH LQWHUFRQQHFWLRQ EHWZHHQ WKHVH
IW�VXEV\VWHPV KDV WR EH GRQH YHU\ FDUHIXOO\�

:LWKRXW DSSO\LQJ VSHFLDO SUHFDXWLRQV� EURDGFDVW
IDXOWV �%\]DQWLQH IDXOW� LQ ZKLFK D PDOIXQFWLRQLQJ
VRXUFH VHQGV GLmHUHQW GDWD WR WKH YDULRXV PRGXOHV RI D
UHFHLYLQJ IW�V\VWHP� PLJKW FDXVH D FRUUHFWO\ IXQFWLRQ�

LQJ IW�UHFHLYLQJ V\VWHP WR JR GRZQ� HYHQ LI WKH QXPEHU
RI IDXOWV LQ WKH UHFHLYLQJ V\VWHP LV QRW PRUH WKDQ LW LV
GHVLJQHG WR WROHUDWH�

,Q DQ\ IW�V\VWHP WKH GDWD DUH UHSOLFDWHG� RU HQFRGHG
ZLWK VRPH HUURU�FRUUHFWLQJ FRGH >�@� DQG GLVWULEXWHG
RYHU D QXPEHU RI PRGXOHV VXFK WKDW WKH GDWH FDQ EH
UHFRYHUHG LQ FDVH RQH RU PRUH PRGXOHV IDLO� 6LPLODUO\�
WKH SURFHVVHV �IXQFWLRQV� ZKLFK DFW RQ WKLV GDWD DUH
UHSOLFDWHG DQG GLVWULEXWHG RYHU D QXPEHU RI PRGXOHV
VXFK WKDW WKH GDWD WKDW UHVXOW IURP WKHVH SURFHVVHV
LV DJDLQ IDXOW UHVLOLHQW� 6R LQ D IW�V\VWHP WKH GDWD
UHPDLQV UHFRYHUDEOH �IDXOW UHVLOLHQW� DV ORQJ DV WKH
QXPEHU RI IDXOW\ PRGXOHV GRHV QRW H[FHHG D FHUWDLQ
QXPEHU� +RZHYHU WKLV IDXOW UHVLOLHQFH GHSHQGV RQ WKH
IDFW WKDW WKH LQSXW GDWD IRU WKH UHSOLFDWHG SURFHVVHV LV
IDXOW UHVLOLHQW WRR� 6R DOO FRUUHFW SURFHVVHV PXVW VWDUW
IURP WKH VDPH GDWD� ZKLFK LV QRW JXDUDQWHHG LQ FDVH
RI EURDGFDVW �%\]DQWLQH� IDXOWV�

%URDGFDVW IDXOWV LQ WKH FRPPXQLFDWLRQ EHWZHHQ D
WUDQVPLWWLQJ DQG D UHFHLYLQJ IW�V\VWHP� PD\ EH FDXVHG
E\ SRZHU� GULYHU DQG FORFN IDLOXUHV� 7KH SK\VLFDO SUR�
FHVVHV EHKLQG WKHVH IDLOXUHV DUH VORZ FRPSDUHG WR WKH
GDWD WUDQVPLVVLRQ UDWH DQG WKHUHIRUH DPELJXRXV GDWD
YDOXHV� ZKLFK DUH LQWHUSUHWHG GLmHUHQWO\ E\ WKH UHFHLY�
LQJ PRGXOHV� DUH OLNHO\ WR EH VHQGLQJ E\ WKH WUDQVPLW�
WLQJ V\VWHP�

2QH VKRXOG GLVWLQJXLVK EHWZHHQ WKH SUREDEO\ LQFRU�
UHFW GDWD WKDW LV SURGXFHG E\ D PDOIXQFWLRQLQJ VRXUFH
DQG WKH IDFW WKDW D PDOIXQFWLRQLQJ VRXUFH VHQGV GLI�
IHUHQW GDWD WR WKH YDULRXV PRGXOHV RI D IDXOW WROHUDQW
V\VWHP� 7KH DSSOLFDWLRQ SURJUDPV VKRXOG EH DEOH WR
NHHS XS ZLWK LQFRUUHFW GDWH ZKLOH WKH FRPPXQLFDWLRQ
SURWRFROV EHWZHHQ WKH IW�V\VWHPV PXVW FRSH ZLWK WKH
EURDGFDVW IDXOWV� 7KH ODWWHU ZLOO EH FDOOHG WKH LQSXW�
SUREOHP� 7KH DOJRULWKPV WKDW VROYH WKH LQSXW�SUREOHP
ZLOO EH FDOOHG LQSXW�DJUHHPHQW DOJRULWKPV�

7KH LQSXW�DJUHHPHQW DOJRULWKPV DUH UHODWHG WR� EXW
GLmHUHQW IURP WKH FRQVHQVXV DQG LQWHUDFWLYH FRQVLV�
WHQF\ DOJRULWKPV�



:LWK FRQVHQVXV D VHW RI PRGXOHV LV FRQVLGHUHG� RI
ZKLFK DW PRVW 7 DUH PDOIXQFWLRQLQJ� (DFK PRGXOH
SRVVHVVHV DQ LQLWLDO YDOXH YL� $IWHU FRPSOHWLRQ RI WKH
SURWRFRO� WKH FRUUHFW UHFHLYLQJ PRGXOHV DOO GHFLGH RQ
WKH VDPH YDOXH DQG LI DOO LQLWLDO YDOXHV DUH HTXDO� VD\
Y� WKHQ DOO SURFHVVRUV GHFLGH RQ WKH YDOXH Y�
:LWK LQWHUDFWLYH FRQVLVWHQF\ DJDLQ D VHW RI PRGXOHV LV
FRQVLGHUHG HDFK SRVVHVVLQJ DQ LQLWLDO YDOXH� ,Q WKLV
FDVH� DIWHU FRPSOHWLRQ RI WKH SURWRFRO� DOO PRGXOHV
DJUHH RQ WKH LQLWLDO YDOXH WKH\ WKLQN WKH\ KDYH UHFHLYHG
IURP HDFK RI WKH PRGXOHV� )RU HYHU\ PRGXOH S LW KROGV
WKDW LI S LV FRUUHFW� WKH DERYH PHQWLRQHG DJUHHPHQW
HTXDOV WKH LQLWLDO YDOXH DFWXDOO\ VHQW E\ SURFHVVRU S�
$Q LQWHUDFWLYH FRQVLVWHQF\ �,$&� DOJRULWKP� LQ ZKLFK
RQO\ RQH VRXUFH PRGXOH LV FRQVLGHUHG� LV DOVR FDOOHG D
%\]DQWLQH DJUHHPHQW DOJRULWKP� )RU GHWDLOHG FODVVL�
nFDWLRQ RI FRQVHQVXV DQG ,$& DOJRULWKPV ZH UHIHU WR
>��@� FKDSWHU � DQG >�@�
2SSRVLWH WR WKH FRQVHQVXV DQG ,$& DOJRULWKPV� LQ

ZKLFK RQO\ D VLQJOH IW�V\VWHP LV FRQVLGHUHG� WKH LQSXW�
DJUHHPHQW DOJRULWKPV GHDO ZLWK D V\VWHP FRQVLVWLQJ RI
WZR GLVWLQFW VXEV\VWHP� D SRVVLEO\ IW�WUDQVPLWWLQJ V\V�
WHP� WKH W�V\VWHP� ZKLFK PD\ EH PDOIXQFWLRQLQJ� DQG
D IW�UHFHLYLQJ V\VWHP� WKH U�V\VWHP� 1RWLFH WKDW D IW�
V\VWHP LV IXQFWLRQLQJ FRUUHFWO\ LI LW FRQWDLQV QR PRUH
IDXOWV WKDQ LW LV GHVLJQHG WR WROHUDWH� ,QSXW�DJUHHPHQW
UHTXLUHV WKDW DOO FRUUHFWO\ IXQFWLRQLQJ PRGXOHV LQ WKH
FRUUHFWO\ IXQFWLRQLQJ U�V\VWHP DJUHH RQ WKH YDOXH WKH\
UHFHLYH IURP WKH W�V\VWHP DQG LI WKH W�V\VWHP LV IXQF�
WLRQLQJ FRUUHFWO\ WKLV YDOXH FRUUHVSRQGV WR WKH YDOXH
ZKLFK ZDV DFWXDOO\ VHQG E\ WKH W�V\VWHP�
7KH LQSXW�SUREOHP GHnQHG LQ WKLV ZD\ KDV EHHQ DG�

GUHVVHV IRU nUVW WLPH LQ >�� �@� ,Q WKH FXUUHQW SDSHU D
QHZ FODVV RI LQSXW�DJUHHPHQW DOJRULWKPV LV GHVFULEHG
ZKLFK LQFOXGHV WKH RQHV SXEOLVKHG LQ >�@� EXW DGGL�
WLRQDOO\ FRQWDLQV DOJRULWKPV ZKLFK UHTXLUH FRQVLGHU�
DEO\ OHVV FRPPXQLFDWLRQ� 7KHVH DOJRULWKPV DUH EDVHG
RQ V\PERO�HUURU�FRUUHFWLQJ FRGHV DQG WDNH DGYDQWDJH
RI WKH ,$& DOJRULWKPV GHVFULEHG LQ >�@� 7KH DOJRULWKPV
GHVFULEHG LQ WKLV SDSHU UHTXLUH D ORFN�VWHS V\QFKURQRXV
HQYLURQPHQW DQG DUH QRQ�DXWKHQWLFDWHG�
,Q VHFWLRQ � ZH ZLOO JLYH D SUHFLVH GHVFULSWLRQ RI RXU

V\VWHP PRGHO DQG D GHnQLWLRQ RI WKH LQSXW�DJUHHPHQW
SUREOHP� ,Q VHFWLRQ � D IHZ UHVXOWV RI >�@ QHHGHG LQ
WKLV SDSHU� ZLOO EH VXPPDUL]HG� 7KHUHDIWHU LQ VHFWLRQ
� DQG � WZR FODVVHV RI LQSXW�DJUHHPHQW DOJRULWKPV ZLOO
EH GHVFULEHG DQG LWV SURSHUWLHV ZLOO EH SURYHQ� ,Q VHF�
WLRQ � WKH YDULRXV DOJRULWKPV ZLOO EH FRPSDUHG DQG
GLVFXVVHG�

� 7KH V\VWHP PRGHO
:H FRQVLGHU D IW�V\VWHP FRQVLVWLQJ RI WZR VXEV\VWHPV�
WKH W�V\VWHP DQG WKH U�V\VWHP� 7KH W�V\VWHP WUDQV�

PLWV GDWD WR WKH U�V\VWHP� 7KH W�V\VWHP FRQVLVWV
RI D VHW 1VW RI QW PRGXOHV �M1VWM  QW� DQG WROHU�
DWHV XS WR DQG LQFOXGLQJ 7W IDXOW\ PRGXOHV� 6LPLODUO\
WKH U�V\VWHP LV FKDUDFWHUL]HG E\ 1VU� QU DQG 7U� ,Q
FDVH ZH DUH GHDOLQJ ZLWK D VLQJOH QRQ�IDXOW�WROHUDQW
W�V\VWHP QW  � DQG 7W  �� :H FRQVLGHU RQO\ ORFN�
VWHS V\QFKURQRXV QRQ�DXWKHQWLFDWHG V\VWHPV� VR IDXOW�
WROHUDQFH LV LPSOHPHQWHG E\ PDVNLQJ� 7KHUHIRUH� WKH
QW RXWSXW YDOXHV �V\PEROV� RI WKH W�V\VWHP IRUP D FRGH
ZRUG RI D V\PERO�HUURU�FRUUHFWLQJ FRGH FRQVLVWLQJ RI
QW V\PEROV WKDW DOORZV WKH FRUUHFWLRQ RI 7W HUURQHRXV
V\PEROV DW DUELWUDU\ ORFDWLRQV� >�� �@� ,I WKH W�V\VWHP LV
DQ 1�PRGXODU UHGXQGDQW �105� V\VWHP� WKLV V\PERO�
HUURU�FRUUHFWLQJ FRGH ERLOV GRZQ WR D VLPSOH UHSHWLWLRQ
FRGH FRQVLVWLQJ RI QW LGHQWLFDO V\PEROV� ,Q FDVH RI D
VLQJOH QRQ�UHGXQGDQW W�V\VWHP WKH HQFRGLQJ IXQFWLRQ
LV MXVW D VLPSOH LGHQWLW\ IXQFWLRQ�
/HW [ UHSUHVHQW WKH RULJLQDO GDWD YDOXH DYDLODEOH

LQ WKH W�V\VWHP WKDW KDV WR EH WUDQVPLWWHG WR WKH
U�V\VWHP� 7KHQ HDFK RI WKH QW PRGXOHV LQ WKH U�
V\VWHP SRVVHVVHV RQH V\PERO RI WKH HQFRGHG YHUVLRQ
RI [� 7KHVH QW V\PEROV DUH GHQRWHG DV D IXQFWLRQ
PW RQ WKH PRGXOHV RI WKH W�V\VWHP� 6R PW�LW� ZLWK
LW � 1VW LV WKH V\PERO SRVVHVVHG E\ PRGXOH LW RI WKH
W�V\VWHP� 7KH HQFRGLQJ IXQFWLRQ LV PRGHOHG E\ 7 VXFK
WKDW P�LW�  7 �LW��[� LV WKH V\PERO RI WKH HQFRGHG
YHUVLRQ RI [ ZKLFK LV SRVVHVVHG PRGXOH LW�
6WDUWLQJ IURP WKH PRGHO GHVFULEHG DERYH� ZH GHnQH
LQSXW�DJUHHPHQW DV IROORZV�

'HnQLWLRQ � ,QSXW�DJUHHPHQW LV VDWLVnHG LI�

q ,Q D FRUUHFWO\ IXQFWLRQLQJ U�V\VWHP� L�H� DW
PRVW 7U PRGXOHV DUH PDOIXQFWLRQLQJ� WKH ZHOO�
IXQFWLRQLQJ PRGXOHV GU� HU DOZD\V DJUHH ZLWK HDFK
RWKHU RQ WKH GHFRGHG PHVVDJHV WKH\ FDOFXODWH IURP
WKH GDWD WKH\ UHFHLYHG IURP WKH W�V\VWHP� L�H�
GHF�GU�  GHF�HU��

q ,I WKH W�V\VWHP LV IXQFWLRQLQJ FRUUHFWO\� L�H� DW
PRVW 7W PRGXOHV DUH PDOIXQFWLRQLQJ� WKH DERYH�
PHQWLRQHG DJUHHPHQW VKRXOG HTXDO WKH GHFRGHG
YDOXH [ RI WKH GDWD DFWXDOO\ VHQW E\ WKH W�V\VWHP�
L�H� GHF�GU�  [� (

:LWKRXW SURRI ZH VWDWH WKDW LQSXW�DJUHHPHQW LQ D
ORFN�VWHS V\QFKURQRXV QRQ�DXWKHQWLFDWHG HQYLURQPHQW
FDQ RQO\ EH VDWLVnHG LI QU w �7U � ��
� ,QWHUDFWLYH FRQVLVWHQF\ DOJRULWKPV

ZKLFK DUH EDVHG RQ YRWLQJ DQG HUURU�
FRUUHFWLQJ FRGHV

,$& DOJRULWKPV DUH GHnQHG RQ D VHW1V RI Q IXOO\ LQWHU�
FRQQHFWHG PRGXOHV� 3URYLGHG WKH QXPEHU RI PDOIXQF�
WLRQLQJ PRGXOHV LV DW PRVW 7 � DOO FRUUHFW SURFHVVRUV



GHFLGH RQ WKH VDPH UHVXOW DQG LI WKH VRXUFH D LV FRUUHFW�
WKLV UHVXOW HTXDOV WKH GDWD DFWXDOO\ VHQW E\ WKH VRXUFH�
,W KDV EHHQ VKRZQ WKDW QRQ�DXWKHQWLFDWHG ORFN�VWHS
V\QFKURQRXV DOJRULWKPV RQO\ FDQ H[LVW LI Q w �7 � �
>�@ DQG UHTXLUH DW OHDVW 7 �� URXQGV RI FRPPXQLFDWLRQ
>�@�

7KH LQSXW�DJUHHPHQW DOJRULWKPV GHVFULEHG LQ WKLV
SDSHU DQG WKH ZD\ LQ ZKLFK WKH\ DUH FRQVWUXFWHG KHDY�
LO\ UHO\ RQ WKH ,$& DOJRULWKPV GHVFULEHG LQ >�@� 7KHVH
QRQ�DXWKHQWLFDWHG ORFN VWHS V\QFKURQRXV ,$& DOJR�
ULWKPV DUH EDVHG RQ WKH DSSOLFDWLRQ RI V\PERO�HUURU�
FRUUHFWLQJ FRGHV ZKLFK FRQVLGHUDEO\ UHGXFHV WKH FRP�
PXQLFDWLRQ EHWZHHQ WKH PRGXOHV�

%HFDXVH PDQ\ ,$& DOJRULWKPV H[LVW KDYLQJ WKH
VDPH SURSHUWLHV� FODVVHV $�7� 7��� D�1V� RI ,$& DOJR�
ULWKPV KDYH EHHQ GHnQHG� 7KHVH FODVVHV FRQWDLQ DOJR�
ULWKPV ZKLFK WROHUDWH 7 IDXOW\ PRGXOHV DQG WUDQVPLW
LQ 7�� FRPPXQLFDWLRQ URXQGV DQ LQLWLDO PHVVDJH IURP
WKH VRXUFH D WR DOO PRGXOHV LQ WKH VHW 1V� 1RWLFH WKDW
D � 1V DQG M1VM w �7 � �� $ SDUWLFXODU DOJRULWKP LQ
D FODVV $�7� 7 � �� D�1V� OD\V GRZQ WKH DOJRULWKP LQ
GHWDLO�

7KH 7 �V\PERO�HUURU�FRUUHFWLQJ FRGHV XVHG LQ WKH DO�
JRULWKPV DUH FKDUDFWHUL]HG E\ WKH SDUDPHWHUV �Q� N� E��
LQ ZKLFK Q LV WKH QXPEHU RI V\PEROV LQ D FRGH ZRUG�
N LV WKH QXPEHU RI GDWD V\PEROV DQG E LV WKH QXPEHU
RI ELWV SHU V\PERO� 7KHVH FRGHV GR H[LVW LI N w ��
Qb N w �7 � E w � DQG N w �  � E w ORJ��Qb ��� >�@�
)RU HpFLHQF\ UHDVRQV ZH ZLOO DOZD\V FKRRVH QbN  �7 �
VHH >�@�

,Q DQ DOJRULWKP IURP WKH FODVV $�7� 7 � �� D�1V�
WKH RULJLQDO PHVVDJH LQ WKH VRXUFH PRGXOH D LV HQFRGHG
ZLWK D �Q�� N�� E�� FRGH DQG HDFK RI WKH Q� V\PEROV LV
VHQG WR D GLmHUHQW PRGXOH� QRW EHLQJ WKH VRXUFH PRG�
XOH� 7KH UHFHLYLQJ PRGXOH WUHDWV WKH UHFHLYHG PHVVDJH
LQ WKH VDPH ZD\ DV D VRXUFH PRGXOH GRHV DQG WKXV
HQFRGHV WKH UHFHLYHG PHVVDJH �V\PERO� DJDLQ� ZLWK D
FRGH �Q�� N�� E��� DQG IRUZDUGV WKH UHVXOWLQJ V\PEROV
DJDLQ WR GLmHUHQW PRGXOHV WKDW ZHUH QRW \HW YLVLWHG� ,Q
URXQG 7 �� WKH UHFHLYHG V\PEROV DUH VHQG XQFKDQJHG
WR DOO PRGXOHV ZKLFK GLG QRW \HW UHFHLYH WKH PHVVDJH�

$IWHU WKHVH 7 � � FRPPXQLFDWLRQ URXQGV� LQ HDFK
PRGXOH D GHFLVLRQ�PDNLQJ SURFHVV RI 7 � � GHFLVLRQ
URXQGV LV H[HFXWHG� 'XULQJ WKH GHFLVLRQ�PDNLQJ SUR�
FHVV QR FRPPXQLFDWLRQ EHWZHHQ WKH PRGXOHV WDNHV
SODFH� 6XFFHVVLYHO\ LQ HDFK PRGXOH WKH GHFRGHU IXQF�
WLRQV �Q7 � N7 � E7 � WR �Q�� N�� E�� DUH DSSOLHG RQ WKH UH�
FHLYHG DQG FDOFXODWHG GDWD� ZKLFK nQDOO\ \LHOGV DQ HVWL�
PDWH RI WKH LQLWLDO PHVVDJH LQ WKH VRXUFH� $ SDUWLFXODU
DOJRULWKP WKXV LV FKDUDFWHUL]HG E\ WKH VHTXHQFH RI FRG�
LQJ DQG GHFRGLQJ IXQFWLRQV DSSOLHG E\ WKH DOJRULWKP�
(DFK RI WKHP LV GHQRWHG E\ WKH DSSOLHG FRGH� )RU

H[DPSOH WKH PRVW VLPSOH DOJRULWKP ZLWK 7  � DQG
1  � LV FKDUDFWHUL]HG E\ >�� �� �@�WI��K�� �� �L� � LQ ZKLFK
>Q� N� E@ DQG KQ� N� EL PHDQ HQFRGLQJ DQG GHFRGLQJ ZLWK
D �Q� N� E� FRGH UHVSHFWLYHO\� W PHDQV WUDQVPLVVLRQ DQG
I� PHDQV IRUZDUGLQJ HDFK V\PERO WR � PRGXOHV� 7KH
QXPEHU RI WLPHV DQ HQFRGLQJ� GHFRGLQJ RU IRUZDUGLQJ
LV DSSOLHG LQ WKH V\VWHP LV DGGHG LQ VXEVFULSW�
$ GHWDLOHG GLVFXVVLRQ RQ WKH FRQVWUXFWLRQ RI WKHVH

DOJRULWKPV FDQ EH IRXQG LQ >�� �@�

� ,QSXW�DJUHHPHQW DOJRULWKPV EDVHG
RQ SRVW�REVHUYDWLRQ

/HW D IDXOW�WROHUDQW V\VWHP FRQVLVW RI WZR VXEV\VWHPV
DV GHnQHG LQ VHFWLRQ �� WKH W�V\VWHP ZKLFK PLJKW EH
IDXOW�WROHUDQW DQG WKH U�V\VWHP ZLWK LV IDXOW WROHUDQW�
)DXOW�WROHUDQFH LV LPSOHPHQWHG E\ PHDQV RI PDVNLQJ
UHGXQGDQF\� 7KH W�V\VWHP WUDQVPLWV GDWD WR WKH U�
V\VWHP� :H GR QRW ZDQW VXFK D W�V\VWHP WR FDXVH WKH
UHFHLYLQJ W�V\VWHP WR JR GRZQ� UHJDUGOHVV RI ZKHWKHU
WKH W�V\VWHP LV IXQFWLRQLQJ FRUUHFWO\ RU EHKDYLQJ PD�
OLFLRXVO\�

7KH GDWD LQ WKH W�V\VWHP LV DYDLODEOH LQ WKH IRUP
RI DQ 7W HUURU�FRUUHFWLQJ FRGH ZRUG� VXFK WKDW HDFK
PRGXOH SRVVHVVHV RQH V\PERO RI WKH FRGH ZRUG� 7KH
EDVLF LGHD� EHKLQG WKLV LQSXW�DJUHHPHQW DOJRULWKP LV
WKDW HDFK V\PERO RI WKLV FRGH ZRUG LV HQFRGHG ZLWK
DQ 7U HUURU�FRUUHFWLQJ FRGH� DIWHU ZKLFK HDFK V\PERO
RI WKH FRGH ZRUG WKLV \LHOGV LV VHQW WR D GLmHUHQW PRG�
XOH RI WKH U�V\VWHP� WKH LQSXW�PRGXOHV� 7KHVH LQSXW
PRGXOHV UHOD\ WKH UHFHLYHG GDWD WR DOO PRGXOHV RI WKH
U�V\VWHP E\ PHDQV RI DQ ,$& DOJRULWKP� +HQFH LQ DOO
PRGXOHV RI WKH U�V\VWHP FRGH ZRUGV EHFRPH DYDLODEOH�
ZKLFK DUH WKH HQFRGHG YHUVLRQV RI WKH V\PEROV LQ WKH
W�V\VWHP� 2Q WKHVH FRGH ZRUGV WKH GHFRGHU IXQFWLRQ
RI WKH 7U HUURU�FRUUHFWLQJ FRGH LV DSSOLHG� $IWHU WKDW
WKH FRGH ZRUG RI WKH 7W HUURU�FRUUHFWLQJ FRGH PLJKW
EH GHFRGHG� $JUHHPHQW LV REWDLQHG IURP WKH ,$& DO�
JRULWKP DQG WKH LQoXHQFH RI IDXOW\ LQSXW PRGXOHV LV
PDVNHG E\ WKH 7U HUURU�FRUUHFWLQJ FRGH�
7KH SUHFHGLQJ FRQVWUXFWLRQ ERLOV GRZQ WR WKH IRO�

ORZLQJ GHnQLWLRQ

'HnQLWLRQ � �3RVW REVHUYDWLRQ� /HW WKH REVHUYD�
WLRQ IXQFWLRQ RI WKH W�V\VWHP EH GHQRWHG E\ 7 �b��� WKHQ

q ,Q DOO PRGXOHV LW RI WKH W�V\VWHP WKH PHVVDJHV
P�LW�� P�LW�  7 �LW��[�� DUH HQFRGHG E\ PHDQV
RI D 7U�HUURU�FRUUHFWLQJ FRGH :LW� (DFK RI WKH
UHVXOWLQJ V\PEROV RI D FRGH ZRUG LV VHQW WR D GLI�
IHUHQW PRGXOH DU RI WKH U�V\VWHP� DU � ,QS�LW��
$ PRGXOH DU IRUZDUGV WKLV V\PERO WR DOO PRGXOHV
RI WKH U�V\VWHP E\ PHDQV RI DQ LQWHUDFWLYH FRQVLV�
WHQF\ DOJRULWKP RI WKH FODVV $�7U� 7U��� DU�1VU��



q ,Q HDFK PRGXOH GU WKH LQWHUDFWLYH FRQVLVWHQF\
DOJRULWKPV EULQJ IRUWK GHFLVLRQV GHF��LW� DU�GU�
DERXW WKH YDOXHV P�LW� DU� UHFHLYHG E\ WKH PRGXOHV
DU IURP LW� 2Q WKHVH GHFLVLRQV IRU HDFK LW� nUVW
WKH GHFRGHU IXQFWLRQ :b�

LW
LV DSSOLHG� UHVXOWLQJ LQ

GHFLVLRQV GHF��LW�GU� DQG WKHUHDIWHU RQ WKH ODWWHU
GHFLVLRQV� DJDLQ LQ HDFK PRGXOH GU� WKH REVHUYD�
WLRQ IXQFWLRQ 7 �b�� LV DSSOLHG�

7KH LQGLFDWLRQ ?SRVW�REVHUYDWLRQ� VWHPV IURP WKH IDFW
WKDW WKH REVHUYDWLRQ IXQFWLRQ 7 LV DSSOLHG DIWHU WKH
,$& DOJRULWKPV DUH DSSOLHG�

)LJXUH �� 7KH DOJRULWKP EDVHG RQ SRVW�
REVHUYDWLRQ

7KH DOJRULWKP LV VKRZQ LQ nJXUH �� ,Q WKLV nJXUH
WKH IW�VXEV\VWHPV DQG WKH VHWV ,QS�LW� DUH LQGLFDWHG
E\ ER[HV ZLWK URXQGHG FRUQHUV� PRGXOHV E\ VTXDUH
ER[HV� GLUHFW FRPPXQLFDWLRQV E\ DUURZV DQG IXQFWLRQ
DSSOLFDWLRQV E\ RYDOV� 7KH FRPPXQLFDWLRQV GXH WR WKH
DOJRULWKPV IURP WKH FODVVHV $�7U� 7U � �� DU�1VU� DUH
GHQRWHG E\ �

7KHRUHP � 7KH LQSXW�DJUHHPHQW DOJRULWKP EDVHG RQ
SRVW�REVHUYDWLRQ GHnQHG LQ GHnQLWLRQ � VDWLVnHV WKH
LQSXW�DJUHHPHQW SURSHUWLHV GHnQHG LQ GHnQLWLRQ �� (

3URRI�
/HW WKH U�V\VWHP EH IXQFWLRQLQJ FRUUHFWO\� L�H� WKH
QXPEHU RI PDOIXQFWLRQLQJ PRGXOHV LV DW PRVW 7U�
7KH PHVVDJHV P�LW� DU� UHFHLYHG E\ WKH U�V\VWHP IURP
WKH W�V\VWHP ZLWK LW � 1VW DQG DU � ,QS�LW�� DUH
DOO IRUZDUGHG WR DOO PRGXOHV GU RI WKH U�V\VWHP E\
PHDQV RI DQ LQWHUDFWLYH FRQVLVWHQF\ DOJRULWKP� (DFK
RI WKHVH DOJRULWKPV UHVXOWV LQ HDFK PRGXOH GU LQ D GHFL�
VLRQ GHF��LW� DU�GU� DERXW WKH YDOXH P�LW� DU�� %HFDXVH
WKH U�V\VWHP LV IXQFWLRQLQJ FRUUHFWO\ ZH REWDLQ IURP
WKH SURSHUWLHV RI LQWHUDFWLYH FRQVLVWHQF\ WKDW IRU DOO
LW� DU DQG FRUUHFW GU DQG HU KROGV GHF��LW� DU�GU�  
GHF��LW� DU�HU� �DJUHHPHQW�� 0RUHRYHU� EHFDXVH DU LV
WKH VRXUFH PRGXOH LQ WKH ,$& DOJRULWKP� ZH NQRZ WKDW
LI DU LV FRUUHFW GHF��LW� DU�GU�  P�LW� DU��

/HW GU DQG HU EH WZR FRUUHFWO\ IXQFWLRQLQJ LQ WKH U�
V\VWHP� 7KH PHVVDJHV P�LW� DU� UHFHLYHG E\ WKH PRG�
XOHV DU� ZLWK DU � ,QS�LW�� IURP WKH PRGXOHV LW DUH
WKH V\PEROV RI WKH HQFRGHG PHVVDJH P�LW�� +HQFH� LI
LW DQG DU DUH FRUUHFW WKHQ P�LW� DU�  :LW�DU��P�LW���
,Q WKH GHFLVLRQ PDNLQJ SURFHVV LQ HDFK PRGXOH GU� IRU

HDFK LW� WKH GHFRGLQJ IXQFWLRQ:�b��
LW

LV DSSOLHG RQ WKH
GHFLVLRQV GHF��LW� DU�GU� ZLWK DU � ,QS�LW�� UHVXOWLQJ LQ
GHFLVLRQV GHF��LW�GU�� :H DOUHDG\ FRQFOXGHG WKDW LI DU
LV FRUUHFW� GHF��LW� DU�GU�  P�LW� DU�� 6R LQ FDVH PRG�
XOH LW LV FRUUHFW DQG EHFDXVH DW PRVW 7U PRGXOHV DU LQ
,QS�LW� DUH IDXOW\� ZH REWDLQ GHF��LW�GU�  P�LW�� :H
NQRZ WKDW P�LW�  7 �LW��[�� SURYLGHG LW LV IXQFWLRQLQJ
FRUUHFWO\ DQG WKH W�V\VWHP FRQWDLQV DW PRVW 7W IDXOW\
PRGXOHV� 'XULQJ WKH ODVW VWHS RI WKH GHFLVLRQ PDNLQJ
SURFHVV� LQ HDFK PRGXOH GU RI WKH U�V\VWHP� WKH RE�
VHUYDWLRQ IXQFWLRQ 7 �b�� RI WKH W�V\VWHP LV DSSOLHG RQ
WKH GHFLVLRQV GHF��LW�GU� ZLWK LW � 1VW� EULQJLQJ IRUWK
GHFLVLRQV GHF�GU�� 6R GHF�GU�  [ LI DW PRVW 7W PRG�
XOHV RI WKH W�V\VWHP DUH PDOIXQFWLRQLQJ� �SURSHUW\ �
RI GHnQLWLRQ ���
5HFDOO WKDW GHF��LW� DU�GU�  GHF��LW� DU�HU� IRU DQ\

WZR FRUUHFW PRGXOHV GU DQG HU� ,Q DOO PRGXOHV WKH
VDPH IXQFWLRQV :�b��

LW
DQG 7 �b�� DUH DSSOLHG� +HQFH

IRU WKH UHVXOWV GHF�GU� DQG GHF�HU� WKLV \LHOG PXVW KROG
GHF�GU�  GHF�HU�� �SURSHUW\ � RI GHnQLWLRQ ��
7KLV FRPSOHWHV WKH SURRI RI 7KHRUHP �� (

� ,QSXW�DJUHHPHQW DOJRULWKPV EDVHG
RQ SUH�REVHUYDWLRQ

��� ,QWURGXFWLRQ
7KH SUH�REVHUYDWLRQ PHWKRG LV DQ HpFLHQW DOWHUQDWLYH
WR WKH SRVW�REVHUYDWLRQ PHWKRG� L�H� LW UHTXLUHV OHVV
GDWD FRPPXQLFDWLRQ RQ WKH DFFRXQW RI D OLWWOH PRUH
FRPSOH[ FRGLQJ VFKHPH�
,Q WKH DOJRULWKP EDVHG RQ SRVW�REVHUYDWLRQ� 7KH

REVHUYDWLRQ IXQFWLRQ 7 �b�� LV DSSOLHG DIWHU WKH ,$& DO�
JRULWKPV KDV EHHQ DSSOLHG� �SRVW�REVHUYDWLRQ�� %\
FRPELQLQJ WKH WZR HQFRGLQJ IXQFWLRQV 7 DQG: LQWR D
SURGXFW FRGH ZH DUH DEOH WR FKDQJH WKH RUGHU LQ ZKLFK
WKH GHFRGLQJ IXQFWLRQV :�b�� DQG 7 �b�� DUH DSSOLHG�
LQ VXFK D ZD\ WKDW WKH REVHUYDWLRQ IXQFWLRQ 7 �b�� LV
DSSOLHG LPPHGLDWHO\ DIWHU WKH GDWD KDV EHHQ UHFHLYHG
E\ WKH U�V\VWHP� 7KDW LV EHIRUH WKH ,$& DOJRULWKPV
DUH DSSOLHG� �SUH�REVHUYDWLRQ��

��� 3URGXFW FRGHV
$ SURGXFW FRGH >�@ ZLWK SDUDPHWHUV �QW�QZ� NW�NZ� E� LV
EXLOW IURP WZR OLQHDU FRGHV ZLWK SDUDPHWHUV �QW� NW� E�
DQG �QZ� NZ� E� UHVSHFWLYHO\� 7KH SURGXFW FRGH LV FRQ�
VWUXFWHG E\ DUUDQJLQJ WKH QW�QZ V\PEROV RI D ZRUG RI
WKH SURGXFW FRGH LQ DQ QW d QZ PDWUL[ VXFK WKDW WKH
FROXPQV RI WKH PDWUL[ DUH FRGH ZRUGV RI WKH �QW� NW� E�



FRGH DQG WKH URZV RI WKH PDWUL[ DUH FRGH ZRUGV RI WKH
�QZ� NZ� E� FRGH� 7KH +DPPLQJ GLVWDQFH RI D SURG�
XFW FRGH LV WKH SURGXFW RI WKH +DPPLQJ GLVWDQFHV RI
WKH XQGHUO\LQJ FRGHV� 7KLV SURSHUW\� KRZHYHU� ZLOO QRW
EH XVHG� ,QVWHDG ZH ZLOO XVH LQ RXU LQSXW�DJUHHPHQW
SURWRFRO WZR RWKHU ZHOO�NQRZQ SURSHUWLHV RI SURGXFW
FRGHV� 7KHVH SURSHUWLHV DUH H[SUHVVHG LQ WKH OHPPDV �
DQG � UHVSHFWLYHO\� 7KH SURRIV FDQ EH IRXQG LQ DOPRVW
DQ\ WH[WERRN RQ HUURU FRUUHFWLQJ FRGHV�

/HPPD � $ FRGH ZRUG RI DQ �QW�QZ� NW�NZ� E� SURGXFW
FRGH FDQ EH FRQVWUXFWHG IURP D PDWUL[ RI NWd NZ GDWD
V\PEROV E\ HLWKHU nUVW HQFRGLQJ WKH NZ FROXPQV ZLWK
WKH �QW� NW� E� FRGH DQG WKHUHDIWHU HQFRGLQJ WKH QW URZV�
WKLV \LHOGV� ZLWK WKH �QZ� NZ� E� FRGH� RU DOWHUQDWLYHO\�
E\ nUVW HQFRGLQJ WKH URZV ZLWK WKH �QZ� NZ� E� FRGH DQG
WKHUHDIWHU HQFRGLQJ WKH UHVXOWLQJ QZ FROXPQV ZLWK WKH
�QW� NW� E� FRGH�
$V D FRQVHTXHQFH� GHFRGLQJ FDQ EH DSSOLHG LQ DQ\ RUGHU
WRR� (

/HPPD � $Q �QW�QZ� NW�NZ� E� SURGXFW FRGH WKDW LV
FRQVWUXFWHG IURP D 7W�V\PERO�HUURU�FRUUHFWLQJ FRGH
ZLWK SDUDPHWHUV �QW� NW� E� DQG D 7U�V\PERO�HUURU�
FRUUHFWLQJ FRGH ZLWK SDUDPHWHUV �QZ� NZ� E� DOORZV WKH
VLPXOWDQHRXV FRUUHFWLRQ RI 7W URZV DQG 7U FROXPQV RI
UDQGRP V\PERO HUURUV� (

,Q nJXUH � WKH HQFRGLQJ DQG GHFRGLQJ SRVVLELOLWLHV RI
D 7d: SURGXFW FRGH DUH HOXFLGDWHG� ,Q ZKLFK 7 DQG
: DUH DQ �QW� NW� E� FRGH DQG DQ �QZ� NZ� E� FRGH UH�
VSHFWLYHO\�

)LJXUH �� (QFRGLQJ DQG GHFRGLQJ VHTXHQFHV LQ D
SURGXFW FRGH

��� 7KH DOJRULWKP
$JDLQ ZH VWDUW IURP WKH V\VWHP PRGHO GHVFULEHG LQ
VHFWLRQ �� L�H� W�V\VWHP ZKLFK WUDQVPLWV GDWD WR WKH

IDXOW�WROHUDQW U�V\VWHP� ,Q ERWK WKH W�V\VWHP DQG WKH
U�V\VWHP� IDXOW�WROHUDQFH LV REWDLQHG E\ PDVNLQJ UH�
GXQGDQF\� VXFK WKDW WKH GDWD LQ WKH W�V\VWHP FDQ EH
UHWULHYHG ZLWK DQ REVHUYDWLRQ IXQFWLRQ 7 �b��� ,Q WKLV
FDVH WKH LQLWLDO YDOXH [ FRQVLVWV RI D PDWUL[ RI NW�NZ
V\PEROV� 7KH FROXPQV RI WKLV PDWUL[ DUH HQFRGHG
E\ WKH W�V\VWHP ZLWK WKH 7W�HUURU�FRUUHFWLQJ FRGH 7 �
7KH DOJRULWKP HQFRGHV WKH QZ URZV ZLWK D 7U�HUURU�
FRUUHFWLQJ FRGH :� 7KH ZRUG ] �DQ QW d QZ PDWUL[�
RI WKH SURGXFW FRGH 7d:� WKLV \LHOGV� LV VHQW WR D VHW
,QS RI PRGXOHV RI WKH U�V\VWHP� VXFK WKDW D PRGXOH
DU� DU � ,QS UHFHLYHV D FROXPQ RI ]� L�H� D FRGH ZRUG
RI 7 � (DFK PRGXOHV DU LQ ,QS GHFRGHV WKLV FRGH ZRUG
DQG IRUZDUGV WKH UHVXOW WR DOO PRGXOHV RI WKH U�V\VWHP
E\ PHDQV RI DQ ,$& DOJRULWKP� 2Q WKHVH UHVXOWV WKH
GHFRGLQJ IXQFWLRQ :�b�� LV DSSOLHG�
7KLV OHDGV WR WKH IROORZLQJ GHnQLWLRQ DQG WKHRUHP�

'HnQLWLRQ � /HW WKH LQLWLDO GDWD YDOXH [ LQ WKH W�
V\VWHP FRQVLVW RI NW�NZ V\PEROV� L�H� D PDWUL[ FRQVLVW�
LQJ RI NZ FROXPQV [&�M� RI NW V\PEROV DQG OHW WKH GDWD
LQ WKH W�V\VWHP EH HQFRGHG ZLWK D 7W�HUURU�FRUUHFWLQJ
FRGH 7 � VXFK WKDW HDFK PRGXOH LW SRVVHVV NZ V\PEROV
P�LW� M� ZLWK P�LW� M�  7 �LW��[&�M��� )XUWKHUPRUH�
OHW ,QS EH D VHW RI QZ PRGXOHV LQ WKH U�V\VWHP ZLWK
�7U � � � QZ � QU ZKLFK SURYLGHV IRU WKH FRPPXQL�
FDWLRQ IURP WKH W�V\VWHP�

q (DFK PRGXOH LW LQ WKH W�V\VWHP HQFRGHV WKH ZRUG
�URZ� FRQVLVWLQJ RI NZ V\PEROV P�LW� M� ZLWK D 7U�
HUURU�FRUUHFWLQJ FRGH:� 7KH QZ V\PEROV ]�LW� DU�
ZLWK DU � ,QS� WKLV \LHOGV� DUH HDFK WUDQVPLWWHG
IURP PRGXOH LW WR PRGXOH DU�

q 7KH PRGXOHV DU LQ ,QS HDFK KDYH UHFHLYHG QW V\P�
EROV DQG HDFK DSSO\ RQ WKH UHFHLYHG ZRUG RI QW
V\PEROV WKH REVHUYDWLRQ IXQFWLRQ RI WKH 7�V\VWHP
7 �b��� 7KHUHDIWHU� HDFK PRGXOH DU IRUZDUGV WKH
UHVXOW RI WKH GHFRGLQJ WR DOO PRGXOHV RI WKH U�
V\VWHP E\ PHDQV RI ,$& DOJRULWKPV RI WKH FODVV
$�7U� 7U � �� DU�1VU��

q ,Q HDFK PRGXOH RI WKH U�V\VWHP� WKH GHFLVLRQV
PDGH E\ WKH ,$& DOJRULWKPV IRUP D PDWUL[ RI
QZ d NW V\PEROV RI ZKLFK WKH FROXPQV DUH FRGH
ZRUGV RI WKH FRGH GHnQHG E\ :� 7KH nQDO GHFL�
VLRQ LQ HDFK PRGXOH RI WKH U�V\VWHP LV WKH RXWFRPH
RI GHFRGLQJ WKHVH FRGH ZRUGV� (

7KH DOJRULWKP LV YLVXDOL]HG LQ nJXUH � LQ WKH VDPH
ZD\ DV LQ nJXUH ��
$ VXEV\VWHP ZKLFK LV FRQQHFWHG WR D IDXOW�WROHUDQW

VXEV\VWHP DFFRUGLQJ WR WKH SUH�REVHUYDWLRQ PHWKRG
FDQ QHYHU FDXVH WKH ODWWHU VXEV\VWHP WR JR GRZQ� UH�
JDUGOHVV RI ZKHWKHU WKH VHQGLQJ VXEV\VWHP IXQFWLRQV
FRUUHFWO\ RU QRW� L�H��



)LJXUH �� 7KH DOJRULWKP EDVHG RQ SUH�
REVHUYDWLRQ

7KHRUHP � 7KH ,QSXW�DJUHHPHQW DOJRULWKP EDVHG RQ
SUH�REVHUYDWLRQ GHnQHG LQ GHnQLWLRQ � VDWLVnHV WKH
LQSXW�DJUHHPHQW SURSHUWLHV GHnQHG LQ GHnQLWLRQ �� (

3URRI�
5HFDOO WKDW WKH RULJLQDO PHVVDJH [ LV GLYLGHG LQWR DQ
DUUD\ RI NW�NZ V\PEROV [�L� M� RI E ELWV� LQ ZKLFK NW DQG
NZ DUH WKH QXPEHU RI GDWD V\PEROV RI WKH 7W�HUURU�
FRUUHFWLQJ FRGH 7 DQG WKH 7U�HUURU�FRUUHFWLQJ FRGH :
UHVSHFWLYHO\� )URP WKH ZD\ LQ ZKLFK WKH RULJLQDO PHV�
VDJH [ VXEVHTXHQWO\ LV HQFRGHG ZLWK 7 � : DQG WKHUH�
DIWHU WUDQVPLWWHG WR WKH PRGXOHV RI WKH VHW ,QS� ZH
FRQFOXGH WKDW WKH QW�QZ V\PEROV ]�LW� DU� UHFHLYHG E\
WKH PRGXOHV RI ,QS DUH FRGH ZRUGV RI WKH SURGXFW
FRGH 7d:� ,Q WHUPV RI WKH SURGXFW FRGH� WKHVH V\P�
EROV IRUP DQ QW d QZ PDWUL[� $ PDOIXQFWLRQLQJ PRG�
XOH LW PLJKW FDXVH D GLVWRUWHG URZ LQ WKLV PDWUL[ DQG
D PDOIXQFWLRQLQJ UHFHLYLQJ PRGXOH DU PLJKW FDXVH D
GLVWRUWHG FROXPQ� )URP OHPPD � ZH NQRZ WKDW XS
WR 7W URZV DQG 7U FROXPQV FDQ EH FRUUHFWHG� )URP
OHPPD � DQG � ZH FRQFOXGH WKDW WKH RUGHU LQ ZKLFK
WKH GHFRGLQJ IXQFWLRQV 7 �b�� DQG :�b�� DUH DSSOLHG�
GRHV QRW PDWWHU� )URP OHPPD � ZH NQRZ WKDW WKH
QW V\PEROV ]�LW� DU� UHFHLYHG E\ D PRGXOH DU IRUP D
SRVVLEO\ PXWLODWHG FRGH ZRUG RI WKH FRGH GHnQHG E\
7 � 6R GHFRGLQJ WKHVH FRGH ZRUGV ZLWK 7 �b�� LQ HDFK
PRGXOH DU� ZLOO FRUUHFW DOO HUURQHRXV V\PEROV FDXVHG
E\ PDOIXQFWLRQLQJ SURFHVVRUV LW LQ WKH W�V\VWHP� SUR�
YLGHG WKH ODWWHU FRQWDLQV DW PRVW 7W IDXOW\ PRGXOHV
DQG SURYLGHG D PRGXOH DU LQ IXQFWLRQLQJ FRUUHFWO\�
7KH NW V\PEROV REWDLQHG LQ D PRGXOH DU DIWHU GHFRGLQJ
ZLWK 7 �b�� DUH GHQRWHG E\ T��L� DU�� � � L � NW� +HQFH
LI WKH W�V\VWHP LV IXQFWLRQLQJ FRUUHFWO\ DQG DU LV FRU�
UHFW WKHQ� DFFRUGLQJ WR OHPPD �� T��L� DU�  T�L� DU� LQ
ZKLFK IRU HDFK L WKH V\PEROV T�L� DU� DUH D FRGH ZRUG RI
: ZKLFK FRXOG EH REWDLQHG E\ DSSO\LQJ WKH IXQFWLRQ
: RQ WKH V\PEROV [�L� M� RI WKH RULJLQDO YDOXH [�
(DFK PRGXOH DU FRPPXQLFDWHV WKH V\PEROV T

��L� DU�

ZLWK � � L � NW WR DOO PRGXOHV RI WKH U�V\VWHP E\
PHDQV RI DQ ,$& DOJRULWKP RI WKH FODVV $�7U� 7U �
�� DU�1VU�� 7KLV \LHOGV LQ HDFK FRUUHFW PRGXOH GU
D QXPEHU RI NW�QZ GHFLVLRQV GHF��L� DU�GU� DERXW WKH
V\PEROV T��L� DU� FRPPXQLFDWHG WR GU� )URP WKH SURS�
HUWLHV RI WKH ,$& DOJRULWKPV ZH NQRZ WKDW LI DU LV FRU�
UHFW GHF��L� DU�GU�  T��L� DU� DQG WKXV LI WKH W�V\VWHP
LV DOVR FRUUHFW GHF��L� DU�GU�  T�L� DU�� 6R IRU HDFK L
WKH GHFLVLRQV GHF��L� DU�GU� IRUP D FRGH ZRUG RI: FRQ�
WDLQLQJ DW PRVW 7U HUURQHRXV V\PEROV� 'HFRGLQJ WKHVH
FRGH ZRUGV ZLWK :�b�� GHOLYHUV WKH V\PEROV [�L� M� RI
WKH RULJLQDO YDOXH [�
6R LI WKH W�V\VWHP LV IXQFWLRQLQJ FRUUHFWO\ LQ HDFK FRU�
UHFW PRGXOH GU� WKH nQDO GHFLVLRQ GHF�GU� HTXDOV WKH
RULJLQDO GDWD YDOXH [� �SURSHUW\ � RI GHnQLWLRQ ���

7KH DJUHHPHQW SURSHUW\ RI WKH ,$& DOJRULWKP JXDU�
DQWHHV IRU DQ\ FRUUHFW GU DQG HU WKDW GHF��L� DU�GU�  
GHF��L� DU�HU�� ,Q DOO PRGXOHV WKH VDPH IXQFWLRQ:�b��

LV DSSOLHG DQG WKXV GHF�GU�  GHF�HU�� �SURSHUW\ � RI
GHnQLWLRQ ���
7KLV FRPSOHWHV WKH SURRI RI WKHRUHP �� (

� 6RPH H[DPSOHV RI WKH LQWHUFRQQHF�
WLRQ RI IDXOW�WROHUDQW V\VWHPV

,Q WKLV VHFWLRQ ZH ZLOO HODERUDWH RQ VRPH V\VWHP SD�
UDPHWHUV LPSRVHG E\ WKH LQSXW�DJUHHPHQW DOJRULWKPV�
:H ZLOO SUHVHQW D QXPEHU RI VLPSOH H[DPSOHV RI WKH
LQWHUFRQQHFWLRQ RI IDXOW�WROHUDQW V\VWHPV E\ PHDQV RI
LQSXW�DJUHHPHQW DOJRULWKPV ZLWK 7W  � RU � DQG
7U  � RU �� )RU WKHVH H[DPSOHV WKH QXPEHU RI PHV�
VDJHV� ZKLFK QHHGV WR EH WUDQVPLWWHG LQ RUGHU WR REWDLQ
LQSXW�DJUHHPHQW RQ RQH PHVVDJH� ZLOO EH SUHVHQWHG
DQG WKH DOJRULWKPV EDVHG RQ SRVW� DQG SUH�REVHUYDWLRQ
ZLOO EH FRPSDUHG� 7KH H[DPSOHV ZLOO HOXFLGDWH WKH
ZD\ LQ ZKLFK WKH SDUDPHWHUV DUH FKRVHQ DQG WKH ZD\
LQ ZKLFK WKH DOJRULWKPV DUH FRQVWUXFWHG�

3RVW�REVHUYDWLRQ� �H[DPSOH � LQ WDEOH ��
:H LQWHUFRQQHFW WZR IW�V\VWHPV ERWK EDVHG RQ PDVN�
LQJ DFFRUGLQJ WR WKH ��� ���FRQFHSW >�@� 6R QW  
QU  � DQG 7W  7U  �� 7KH LQLWLDO GDWD YDOXH
[ LQ WKH W�V\VWHP LV HQFRGHG ZLWK D VLQJOH�V\PERO�
HUURU�FRUUHFWLQJ FRGH 7 � ZLWK SDUDPHWHUV �QW� NW� EW��
)URP QW  �� 7W  �� QW b NW w ��7W DQG EW w
ORJ��QWb ��� ZH REWDLQ NW  � DQG EW  � �SUHOLPLQDU\
FKRLFH�� (DFK V\PERO RI WKLV FRGH ZRUG LV HQFRGHG
ZLWK D 7U HUURU�FRUUHFWLQJ FRGH :LW ZLWK SDUDPHWHUV
�QZ�LW � NZ�LW � EZ�LW�� LQ ZKLFK LW LV WKH PRGXOH LQ WKH W�
V\VWHP� &KRRVLQJ GLmHUHQW FRGHV IRU GLmHUHQW LW KDV QR
DGYDQWDJH� )RU HpFLHQF\ UHDVRQV ZH FKRRVH WKH VHWV
,QS�LW� DV ODUJH DV SRVVLEOH� 6R ,QS�LW�  1VU DQG
WKXV D ��� �� �� FRGH : VXpFHV� 7KH GDWD ZRUG RI WKLV



FRGH FRQVLVWV RI WZR V\PEROV RI WZR ELWV� VR WKHVH IRXU
ELWV PXVW FRUUHVSRQG WR D V\PERO RI WKH FRGH 7 � +HQFH
7 PXVW EH D ��� �� �� FRGH� )RU D JHQHUDO PHWKRG IRU
GHWHUPLQLQJ WKH V\PERO VL]H ZH UHIHU WR >�� �@�

,Q WRWDO �� V\PEROV RI � ELWV DUH WUDQVIHUUHG IURP
WKH W�V\VWHP WR WKH U�V\VWHP IRU FRPPXQLFDWLQJ � GDWD
V\PEROV RI � ELWV� 6R SHU VRXUFH PHVVDJHV DQ DPRXQW
RI � PHVVDJHV DUH WUDQVPLWWHG�

7KH IRXU V\PEROV UHFHLYHG E\ HDFK PRGXOH DU LQ
1VU IURP WKH IRXU PRGXOHV RI WKH W�V\VWHP DUH FRP�
PXQLFDWHG WR DOO PRGXOHV RI WKH U�V\VWHP E\ PHDQV
RI DOJRULWKPV RI WKH FODVV $��� �� DU�1VU�� 7KLV FODVV
FRQWDLQV RQO\ RQH DOJRULWKP� ZKLFK LV GHnQHG DV IRO�
ORZV� 7KH PHVVDJH LQ DU LV HQFRGHG ZLWK D ��� �� ��
FRGH� %� (DFK RI WKH V\PEROV RI WKH FRGH ZRUG LV VHQW
WR D GLmHUHQW PRGXOH� ,Q WRWDO �d �d � V\PEROV RI �
ELW DUH FRPPXQLFDWHG LQ WKLV URXQG� 'XULQJ WKH ODVW
URXQG WKH �� V\PEROV DUH IRUZDUGHG XQFKDQJHG WR DOO
PRGXOHV �H[DFWO\ �� RI WKH U�V\VWHP ZKLFK GLG QRW \HW
UHFHLYH WKH PHVVDJH� 7KLV JLYHV �� FRPPXQLFDWLRQ� 6R
LQ WRWDO ��� V\PEROV RI � ELWV DUH FRPPXQLFDWHG LQVLGH
WKH U�V\VWHP IRU FRPPXQLFDWLQJ � GDWD V\PEROV RI �
ELWV� 3HU VRXUFH PHVVDJHV LQ WKH W�V\VWHP� WKLV UHTXLUHV
�� PHVVDJHV WR EH WUDQVPLWWHG LQVLGH WKH U�V\VWHP�

'XULQJ WKH GHFLVLRQ PDNLQJ SURFHVV LQ HDFK PRGXOH
GU nUVW WKH GHFRGHU IXQFWLRQ %�b�� �PDMRULW\ YRWH� LV
DSSOLHG RQ WKH PHVVDJHV UHFHLYHG IURP HDFK PRGXOH DU
�WZHOYH WLPHV LQ HDFK PRGXOH�� 7KHUHDIWHU WKH GHFRGHU
IXQFWLRQ :�b�� LV DSSOLHG LQ RUGHU WR FRPSHQVDWH IRU
IDXOW\ PRGXOHV DU �IRXU WLPHV LQ HDFK PRGXOH� DQG
nQDOO\ WKH GHFRGHU IXQFWLRQ 7 �b�� LV DSSOLHG �RQO\ RQFH
LQ HDFK PRGXOH��

7KH DOJRULWKP LV FKDUDFWHUL]HG E\ WKH FRGHV WKDW
DUH XVHG VXFFHVVLYHO\ IRU FRPPXQLFDWLQJ WKH LQLWLDO
GDWD LQ WKH W�V\VWHP WR DOO PRGXOHV RI WKH U�V\VWHP�
)RU WKH DOJRULWKP LQ WKLV H[DPSOH WKLV VHTXHQFH LV
>�� �� �@�>�� �� �@�W�>�� �� �@��WI���K�� �� �L���K�� �� �L��K�� �� �L�� ,Q
ZKLFK >Q� N� E@ PHDQV HQFRGLQJ ZLWK D �Q� N� E� FRGH�
W PHDQV WUDQVPLVVLRQ RI HDFK V\PERO RI D FRGH ZRUG
WR D GLmHUHQW PRGXOH� I[ IRUZDUGLQJ XQFKDQJHG WR
WKH UHPDLQLQJ [ PRGXOHV DQG KQ� N� EL PHDQV GHFRGLQJ
ZLWK D �Q� N� E� FRGH� )RU HDFK HQFRGLQJ DQG GHFRGLQJ
IXQFWLRQ WKH QXPEHU RI WLPHV WKH IXQFWLRQ LV DSSOLHG LQ
WKH HQWLUH V\VWHP LV JLYHQ LQ VXEVFULSW� 7KH VHTXHQFH
RI FRGLQJ DQG GHFRGLQJ ZKLFK DSSOLHV WR WKH ,$& DO�
JRULWKP LV SXW EHWZHHQ EUDFNHWV ���

3UH�REVHUYDWLRQ� �H[DPSOH �� LQ WDEOH ��
,Q WKLV H[DPSOH WKH VDPH LQSXW�DJUHHPHQW SUREOHP
DV LQ WKH SUHYLRXV H[DPSOH ZLOO EH VROYHG ZLWK DQ
DOJRULWKP EDVHG RQ SUH�REVHUYDWLRQ �VHFWLRQ ��� 6R
QW  QU  � DQG 7W  7U  �� :H FKRRVH ,QS  1VU
IRU HpFLHQF\� 6R WKH SURGXFW FRGH LV EXLOW IURP D

��� �� �� FRGH 7 DQG ��� �� �� FRGH:� 7KH LQLWLDO VRXUFH
PHVVDJH [ WKXV FRQVLVWV RI D � d � DUUD\ RI � ELW�
V\PEROV� L�H� � ELWV� $IWHU HQFRGLQJ ZLWK :� HDFK
PRGXOH LW FRQWDLQV � V\PEROV RI WZR ELW� 7KLV \LHOGV D
WRWDO FRPPXQLFDWLRQ WR WKH U�V\VWHP RI �� V\PEROV RI
� ELWV� RU DQ DPRXQW � PHVVDJHV SHU VRXUFH PHVVDJH�

,Q HDFK PRGXOHV DU RI ,QS WKH GHFRGHU IXQFWLRQ
7 �b�� LV DSSOLHG RQ WKH UHFHLYHG � V\PEROV� ZKLFK UH�
VXOWV LQ WZR V\PEROV RI WZR ELWV� 7KH ODWWHU WZR V\P�
EROV DUH FRPPXQLFDWHG WR DOO PRGXOHV RI WKH U�V\VWHP
E\ PHDQV RI DQ DOJRULWKP RI WKH FODVV $��� �� DU�1VU��
)URP WKH SUHYLRXV H[DPSOH DQG >�@ ZH NQRZ WKDW
WKLV WDNHV � PHVVDJHV SHU PHVVDJH LQ DU� 6R LQ WR�
WDO � d � d � d �  ��� ELWV DUH FRPPXQLFDWHG RU DQ
DPRXQW RI �� PHVVDJHV SHU VRXUFH PHVVDJH�

7KH DOJRULWKP LV FKDUDFWHUL]HG ZLWK WKH VHTXHQFH�
>�� �� �@�>�� �� �@�WK�� �� �L��>�� �� �@�W� I���K�� �� �L���K�� �� �L��
7KH LQSXW�DJUHHPHQW DOJRULWKP EDVHG RQ SUH�

REVHUYDWLRQ WKXV RQO\ QHHGV �� PHVVDJHV WR EH WUDQV�
PLWWHG IRU RQH VRXUFH PHVVDJH� ZKLOH WKH DOJRULWKP
EDVHG RQ SRVW�REVHUYDWLRQ UHTXLUHG �� PHVVDJHV IRU
RQH VRXUFH PHVVDJH�

,Q WDEOH � VRPH PRUH H[DPSOHV RI LQSXW�DJUHHPHQW
DOJRULWKPV EDVHG RQ ERWK SRVW� DQG SUH�REVHUYDWLRQ
DUH SUHVHQWHG IRU YDU\LQJ SDUDPHWHUV QW� 7W� QU DQG 7U�
,Q WKLV WDEOH P�VL]H GHQRWHV WKH PLQLPXP VL]H RI WKH
LQLWLDO YDOXH LQ WHUPV RI ELWV� �PHVV Wb! U JLYHV WKH
DPRXQW RI GDWD WUDQVPLWWHG IURP WKH W�V\VWHP WR WKH
U�V\VWHP LQ WHUPV RI WKH VL]H RI WKH LQLWLDO YDOXH� 6LP�
LODUO\ �PHVV Ub! U JLYHV WKH DPRXQW RI GDWD WUDQV�
PLWWHG LQVLGH WKH U�V\VWHP SHU URXQG RI GDWD H[FKDQJH
GXH WR WKH ,$& DOJRULWKPV DQG �PHVV WRWDO WKH WRWDO
DPRXQW RI GDWD WUDQVPLVVLRQ�

� 'LVFXVVLRQ
7KH SUREOHP RI LQWHUFRQQHFWLQJ IDXOW�WROHUDQW ORFNVWHS
V\QFKURQRXV V\VWHPV LV SULPDULO\ FKDUDFWHUL]HG E\ WKH
ZD\ IDXOW�WROHUDQFH LV LPSOHPHQWHG LQ WKH W�V\VWHP DQG
LQ WKH U�V\VWHPV� L�H� E\ WKH SDUDPHWHUV QW� 7W� QU� 7U
DQG WKH REVHUYDWLRQ IXQFWLRQ 7 � &RPSDULQJ WKH H[�
DPSOHV LQ WDEOH � ZH VHH WKDW IRU WKH VDPH SDUDPHWHUV
DQG 7W ! �� WKH DOJRULWKPV EDVHG RQ SUH�REVHUYDWLRQ
DUH DOZD\V VXSHULRU LQ WHUPV RI FRPPXQLFDWLRQ�
)RU D VLQJOH LQSXW GHYLFH WKHUH LV QR GLmHUHQFH EH�
WZHHQ SUH� DQG SRVW�REVHUYDWLRQ� 9L]�� LQ D QRQ�IDXOW�
WROHUDQW W�V\VWHP� L�H� D VLQJOH V\VWHP� WKH GDWD PD\
EH FRQVLGHUHG DV EHLQJ HQFRGHG ZLWK DQ LGHQWLW\ IXQF�
WLRQ� +HQFH 7 LV D ��� �� E� FRGH� &OHDUO\ WKH GHFRGLQJ
IXQFWLRQ 7 �b�� LV DQ LGHQWLW\ IXQFWLRQ WRR� ,GHQWLW\
IXQFWLRQV RI FRXUVH PD\ EH RPLWWHG LQ WKH VHTXHQFH
RI HQFRGLQJ DQG GHFRGLQJ IXQFWLRQ DQG WKXV WKH DOJR�
ULWKPV EDVHG RQ SRVW� DQG SUH�REVHUYDWLRQ DUH LGHQWL�
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DP� 7W 7U WKRG &RGLQJ DQG GHFRGLQJ VHTXHQFH VL]H Wb! U Ub! U WRWDO
SOH URXQG � UQG �������

� � � � � SRVW >�� �� �@�>�� �� �@�W�>�� �� �@�W I��K�� �� �L��K�� �� �L�K�� �� �L� � � ���� ��

� � � � � SRVW >�� �� �@�>�� �� �@�W�>�� �� �@�W I���K�� �� �L���K�� �� �L�K�� �� �L� � � ���� ��

� � � � � SUH >�� �� �@�>�� �� �@�WK�� �� �L��>�� �� �@�W I���K�� �� �L���K�� �� �L� � � ���� ��

� � � � � SRVW >�� �� �@�>�� �� �@�W�>�� �� �@�W I���K�� �� �L���K�� �� �L��K�� �� �L� � � ����� ��

� � � � � SRVW >�� �� �@�>�� �� �@�W�>�� �� �@��W I���K�� �� �L���K�� �� �L��K�� �� �L� � � ����� ��

� � � � � SUH >�� �� �@�>�� �� �@�WK�� �� �L��>�� �� �@�W I��K�� �� �L��K�� �� �L� � � ���� ��

� � � � � SUH >�� �� �@�>�� �� �@�WK�� �� �L��>�� �� �@�W I���K�� �� �L���K�� �� �L� � � ���� ��

� � � � � SRVW >�� �� �@�>�� �� �@�W�>�� �� �@��W I���K�� �� �L���K�� �� �L��K�� �� �L� � � ����� ��

� � � � � SUH >�� �� �@�>�� �� �@�WK�� �� �L��>�� �� �@�W I���K�� �� �L���K�� �� �L� � � ���� ��

�� � � � � SUH >�� �� �@�>�� �� �@�WK�� �� �L��>�� �� �@�W I���K�� �� �L���K�� �� �L� � � ���� ��

�� � � � � SRVW >�� �� ��@�>�� �� �@�W�>�� �� �@�>�� �� �@��W I����

K�� �� �L
���

K�� �� �L
��
�K�� �� �L

�
K�� �� ��L

�
�� �

�
�������� �����

�� � � � � SRVW >�� �� ��@�>�� �� �@�W�>�� �� �@��>�� �� �@���W I����

K�� �� �L
���

K�� �� �L
���

�K�� �� �L
��
K�� �� ��L

�
�� � ���������� ���

�� � � � � SUH >�� �� �@�>�� �� �@�WK�� �� �L��>�� �� �@�>�� �� �@��W I����
K�� �� �L

���
K�� �� �L

��
�K�� �� �L

�
�� � �������� ���

�� � � � � SUH >�� �� �@�>�� �� �@�WK�� �� �L��>�� �� �@�>�� �� �@��W I����
K�� �� �L

���
K�� �� �L

��
�K�� �� �L

��
�� ��

�
�������� �����

7DEOH �� ([DPSOHV RI LQSXW�DJUHHPHQW SURWRFROV EDVHG RQ SUH� RU SRVW�REVHUYDWLRQ�

FDO LQ FDVH RI D VLQJOH LQSXW GHYLFH�

7KH FODVVHV RI LQSXW�DJUHHPHQW DOJRULWKPV EDVHG RQ
SRVW� DQG SUH�REVHUYDWLRQ HQFRPSDVV DOJRULWKPV WKDW
KDYH EHHQ SXEOLVKHG HDUOLHU� >�� �@� ,Q SDUWLFXODU WKH
H[DPSOHV �� � DQG � DUH SXEOLVKHG HDUOLHU LQ >�@� ,Q
>�@� WKH LGHD EHKLQG WKH LQSXW�DJUHHPHQW DOJRULWKPV
ZDV DV IROORZV� (DFK PRGXOH RI WKH W�V\VWHP VHQGV
LWV GDWD WR �7U � � PRGXOHV RI WKH U�V\VWHP� ,I WKH
W�V\VWHP LV D IDXOW�WROHUDQW V\VWHP� WKH GDWD UHFHLYHG
E\ WKH PRGXOHV RI WKH U�V\VWHP LV GHFRGHG ZLWK WKH
REVHUYDWLRQ IXQFWLRQ 7 �b�� RI WKH W�V\VWHP� )LQDOO\
WKH GDWD LV GLVWULEXWHG WR DOO PRGXOHV RI WKH U�V\VWHP
E\ PHDQV RI DQ ,$& DOJRULWKP� 0XOWL�FDVWLQJ GDWD WR
Q PRGXOHV LV WKH VDPH DV HQFRGLQJ ZLWK DQ �Q� �� E�
FRGH DQG WKHUHDIWHU WUDQVPLWWLQJ HDFK V\PERO RI WKH
FRGH ZRUG WR D GLmHUHQW PRGXOH RI WKH Q PRGXOHV� 6R
WKH H[DPSOHV LQ >�@ FRUUHVSRQG WR DOJRULWKPV EDVHG RQ
SUH�REVHUYDWLRQ LQ ZKLFK IRU WKH IXQFWLRQ : D ��7U �
�� �� E� UHSHWLWLRQ FRGH LV FKRVHQ� :H KDYH VHHQ WKDW
WKH DSSOLFDWLRQ RI SURGXFW FRGHV JLYHV PRUH IUHHGRP
IRU WKH FKRLFH RI : DQG WKXV OHDGV WR PRUH HpFLHQW
DOJRULWKPV�
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