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'&7 VRXUFH FRGLQJ DQG FXUUHQW
LPSOHPHQWDWLRQV IRU +'79

�� ,QWURGXFWLRQ

7KLV DUWLFOH GHVFULEHV WKH WHFKQLTXHV XVHG LQ FXU�
UHQW (XURSHDQ LPSOHPHQWDWLRQV RI ELW��UDWH��UHGXF�
WLRQ FRGHFV LQWHQGHG IRU +'79 WUDQVPLVVLRQ DW
ELW��UDWHV UDQJLQJ IURP ��0ELW�V WR ���0ELW�V� $W
WKHVH ELW��UDWHV� WKH UHFHLYHG SLFWXUH TXDOLW\ LV YHU\
FORVH WR WKDW RI WKH VWXGLR RULJLQDO DQG WKLV HQVXUHV
WKDW WKH IXOO LPSUHVVLRQ DQG LPSDFW RI JRRG KLJK��
GHILQLWLRQ SLFWXUHV FDQ EHPDLQWDLQHG DW WKH UHFHLY�
HU�

7KH VRXUFH ELW��UDWH RI VWXGLR��TXDOLW\ +'79 SLF�
WXUHV LV LQ H[FHVV RI ����0ELW�V� )RU GLJLWDO WUDQV�
PLVVLRQ� WKLV ELW��UDWH PXVW EH UHGXFHG E\ D IDFWRU
RI � RU PRUH� )RU VXFK ELW��UDWH��UHGXFWLRQ IDFWRUV�
D FRPELQDWLRQ RI WHFKQLTXHV VXFK DV WUDQVIRUP
FRGLQJ� PRWLRQ��FRPSHQVDWHG LQWHUIUDPH SUHGLF�
WLRQ DQG YDULDEOH��OHQJWK FRGLQJ FDQ EH XVHG� 6\V�
WHPV XVLQJ WKHVH WHFKQLTXHV IRU WKH KLJK��TXDOLW\
FRGLQJ RI FRQYHQWLRQDO��GHILQLWLRQ WHOHYLVLRQ SLF�
WXUHV ZLWKLQ ��0ELW�V KDYH EHHQ GHYHORSHG� DQG D
VWDQGDUG V\VWHP IRU ��0ELW�V FRGLQJKDV EHHQ VSH�
FLILHG E\ ,QWHULP :RUNLQJ 3DUW\ &077�� LQ FRQ�
MXQFWLRQ ZLWK WKH (XURSHDQ %URDGFDVWLQJ 8QLRQ
�(%8� DQG WKH (XURSHDQ 7HOHFRPPXQLFDWLRQV
6WDQGDUGV ,QVWLWXWH �(76,� >�� �� �@� 0XFK RI WKH
ZRUN ZLWKLQ (XURSH UHSRUWHG LQ WKLV SDSHU LV UH�
ODWHG WR WKH GHYHORSPHQW RI �� 0ELW�V V\VWHPV IRU

FRQYHQWLRQDO WHOHYLVLRQ� 6\VWHPV IRU+'79WUDQV�
PLVVLRQ KDYH EHHQ GHYHORSHG ZLWKLQ WKH (XUHND
��� 3URMHFW� WKH 5$&( +,9,76 SURMHFW 1R� ����
DQG E\ WKH ,QVWLWXW I�U 5XQGIXQNWHFKQLN LQ FRQ�
MXQFWLRQ ZLWK 6LHPHQV�

6HFWLRQ � JLYHV D JHQHUDO GHVFULSWLRQ RI ELW��UDWH��
UHGXFWLRQ WHFKQLTXHV XVHG LQ WKH FXUUHQW (XURSHDQ
+'79 FRGHFV� 6HFWLRQ � WKHQ GHVFULEHV� LQ PRUH
GHWDLO� WKH GLIIHUHQW LPSOHPHQWDWLRQ VWUDWHJLHV DQG
ILQDOO\ 6HFWLRQ � UHSRUWV RQ WKHPHDVXUHG SHUIRUP�
DQFH RI D W\SLFDO FRGHF�

)ROORZLQJ D EULHI H[SODQDWLRQ RI WKH
SULQFLSDO ELW��UDWH UHGXFWLRQ
WHFKQLTXHV HPSOR\LQJ GLVFUHWH
FRVLQH WUDQVIRUPV �'&7� ZKLFK DUH
DSSOLFDEOH WR ZLGHEDQG +'79� WKH
DUWLFOH GHVFULEHV WKHLU
LPSOHPHQWDWLRQ LQ WKUHH FRGHFV
FXUUHQWO\ XQGHU GHYHORSPHQW LQ
(XURSH�

7KH SLFWXUH TXDOLW\ DFKLHYHG E\
WKHVH FRGHFV� ZKLFK UHGXFH WKH
JURVV ELW��UDWH RI D VWXGLR��TXDOLW\
+'79 VLJQDO E\ D IDFWRU RI HLJKW� RU
PRUH� LV W\SLILHG E\ WKDW RI WKH
(8��� V\VWHP ZKLFK ZDV WKH
VXEMHFW RI GHWDLOHG SHUIRUPDQFH
WHVWV HDUO\ LQ ����� 7KHVH WHVWV
FRQILUP WKH FODLP WKDW '&7��EDVHG
FRGHFV DUH FDSDEOH RI D
SHUIRUPDQFH ZKLFK LV YLUWXDOO\
WUDQVSDUHQW WR WKH TXDOLW\ DFKLHYHG
LQ WKH VWXGLR�

2ULJLQDO ODQJXDJH� (QJOLVK�
0DQXVFULSW UHFHLYHG �� 1RY� ����
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�� 0HWKRGV RI ELW� UDWH
UHGXFWLRQ

���� 7UDQVIRUP FRGLQJ

,Q WKH WHFKQLTXH RI WUDQVIRUP FRGLQJ D EORFN RI 1
VDPSOHV LV WUDQVIRUPHG WR JLYH 1 FRHIILFLHQWV�
(DFK FRHIILFLHQW UHSUHVHQWV WKH DPSOLWXGH RI D VSH�
FLILF SDWWHUQ ZLWKLQ WKH EORFN� 7KH LQYHUVH WUDQV�
IRUPRSHUDWLQJ RQ WKH1 FRHIILFLHQWV JLYHV EDFN WKH
1 RULJLQDO VDPSOHV� 7KH DLP RI WKH WUDQVIRUP LV WR
WDNH DGYDQWDJH RI WKH FRUUHODWLRQ EHWZHHQ VDPSOHV
ZLWKLQ D EORFN DQG WR FRQFHQWUDWH WKH SLFWXUH LQIRU�
PDWLRQ ZLWKLQ DV VPDOO D QXPEHU RI FRHIILFLHQWV DV
SRVVLEOH� 7KHUH DUH PDQ\ GLIIHUHQW IRUPV RI WUDQV�
IRUP EXW� DPRQJ WKRVH ZKLFK FDQ EH UHDGLO\ LP�
SOHPHQWHG� WKH GLVFUHWH FRVLQH WUDQVIRUP �'&7� LV
FRQVLGHUHG WKHPRVW HIILFLHQW� %LW��UDWH UHGXFWLRQ LV
PRUH HIILFLHQW LI WZR��GLPHQVLRQDO EORFNV DUH XVHG
DQG D FRPPRQ EORFN VL]H IRU WHOHYLVLRQ FRGLQJ LV
� VDPSOHV E\ � OLQHV �WDNHQ HLWKHU IURP D IUDPH RU
D ILHOG� GHSHQGLQJ RQ WKH V\VWHP��

7KH '&7 LV VLPLODU WR WKH GLVFUHWH )RXULHU WUDQV�
IRUP LQ WKDW WKH DPSOLWXGHV RI WKH FRHIILFLHQWV UH�
ODWH FORVHO\ WR WKH DPSOLWXGHV RI WKH VSDWLDO IUH�
TXHQFLHV SUHVHQW LQ WKH EORFN� %LW��UDWH UHGXFWLRQ
LQ WKH '&7 GRPDLQ LV HIIHFWLYH EHFDXVH LQ WKH PD�
MRULW\ RI EORFNV RQO\ D IHZFRHIILFLHQWV KDYH DQDP�
SOLWXGH ZKLFK LV VLJQLILFDQWO\ GLIIHUHQW IURP ]HUR
DQG RQO\ WKHVH FRHIILFLHQWV QHHG EH WUDQVPLWWHG�
)RU W\SLFDO SLFWXUHV� WKH DPSOLWXGHV RI WKH FRHIIL�
FLHQWV DUH VPDOOHU IRU WKH KLJKHU IUHTXHQFLHV� 7KH
DYHUDJH QXPEHU RI VLJQLILFDQW FRHIILFLHQWV YDULHV
IURP EORFN WR EORFN DQG WKHUHIRUH WKH ELW��UDWH JHQ�
HUDWHG SHU EORFN ZLOO LQHYLWDEO\ EH YDULDEOH�

���� &RHIILFLHQW TXDQWL]DWLRQ

$IWHU D EORFN KDV EHHQ WUDQVIRUPHG� WKH WUDQVIRUP
FRHIILFLHQWV DUH TXDQWL]HG� 'LIIHUHQW TXDQWL]DWLRQ
LV DSSOLHG WR HDFK FRHIILFLHQW� DFFRUGLQJ WR WKH VSD�
WLDO IUHTXHQF\ ZLWKLQ WKH EORFN WKDW LW UHSUHVHQWV�
0RUH TXDQWL]DWLRQ HUURU FDQ EH WROHUDWHG LQ WKH
KLJK��IUHTXHQF\ FRHIILFLHQWV EHFDXVH KLJK��IUH�
TXHQF\ QRLVH LV OHVV YLVLEOH WKDQ ORZ��IUHTXHQF\
TXDQWL]DWLRQ QRLVH� $OVR� TXDQWL]DWLRQ QRLVH LV OHVV
YLVLEOH LQ WKH FKURPLQDQFH FRPSRQHQWV WKDQ LQ WKH
OXPLQDQFH FRPSRQHQW�

7KH FRHIILFLHQWV DUH TXDQWL]HG E\ ILUVW GLYLGLQJ
HDFK FRHIILFLHQW E\ DQ DSSURSULDWHZHLJKWLQJ IXQF�
WLRQ IRU WKDW FRHIILFLHQWZKLFK LV GHULYHG IURPVWDQ�
GDUG QRLVH YLVLELOLW\ FXUYHV� 7KH ZHLJKWHG FRHIIL�
FLHQWV DUH WKHQ SDVVHG WKURXJK D IL[HG TXDQWL]DWLRQ
ODZ ZKLFK LV D SLHFHZLVH OLQHDU ODZ ZLWK WKH VSDF�
LQJ RI WKH RXWHU OHYHOV PDGH PRUH FRDUVH LQ RUGHU

WR OLPLW WKH WRWDO QXPEHU RITXDQWL]HGYDOXHV�7KHUH
VHHPV WR EH OLWWOH DGYDQWDJH LQ KDYLQJ D QRQ��OLQHDU
TXDQWL]DWLRQ FKDUDFWHULVWLF H[FHSW IRU WKH LQFOXVLRQ
RI DQ LQFUHDVHG WKUHVKROG DURXQG ]HUR OHYHO� 7KLV
WKUHVKROG LV LQFOXGHG LQ DQ DWWHPSW WRPD[LPL]H WKH
QXPEHU RI FRHIILFLHQWV ZKLFK DUH TXDQWL]HG WR
]HUR�

7KH TXDQWL]DWLRQ SDUDPHWHUV DUH YDULHG WR FRQWURO
WKH DYHUDJH ELW��UDWH� IRU H[DPSOH� E\ DIIHFWLQJ WKH
QXPEHU RI QRQ��]HUR FRHIILFLHQWV� %\ PDNLQJ WKH
TXDQWL]HU PRUH FRDUVH WKH DYHUDJH ELW��UDWH LV UH�
GXFHG� ,Q RUGHU WR DYRLG WKH YLVLELOLW\ RI EORFN
ERXQGDULHV� WKH FRHIILFLHQW UHSUHVHQWLQJ WKH DYHU�
DJH'& OHYHOZLWKLQ WKH EORFN LV DOZD\V FRGHGZLWK
D JLYHQ DFFXUDF\� 7KH TXDQWL]DWLRQ SDUDPHWHUV DUH
KHOG FRQVWDQW IRU D VWULSH RI EORFNV�

4XDQWL]DWLRQ QRLVH LV PRUH YLVLEOH LQ VRPH EORFNV
WKDQ LQ RWKHUV� IRU H[DPSOH LQEORFNVZKLFKFRQWDLQ
D KLJK��FRQWUDVW HGJH EHWZHHQ WZR SODLQ DUHDV� ,Q
VXFK EORFNV� WKH TXDQWL]DWLRQ SDUDPHWHUV FDQ EH
PRGLILHG WR OLPLW WKHPD[LPXPTXDQWL]DWLRQ HUURU�
SDUWLFXODUO\ LQ WKH KLJK��IUHTXHQF\ FRHIILFLHQWV�

���� 9DULDEOH� OHQJWK FRGLQJ

7KH QXPEHUV FRUUHVSRQGLQJ WR WKH TXDQWL]HG FRHI�
ILFLHQWV DUH SDVVHG WR D YDULDEOH��OHQJWK FRGHU
�9/&�� 9DULDEOH��OHQJWK FRGLQJ LV D WHFKQLTXH LQ
ZKLFK WKH QXPEHU RI ELWV DVVLJQHG WR D JLYHQ TXDQ�
WL]HG YDOXH GHSHQGV RQ WKH SUREDELOLW\ RI RFFXU�
UHQFHRI WKDW YDOXH� &RHIILFLHQW YDOXHVZKLFKRFFXU
PRVW IUHTXHQWO\ DUH DVVLJQHG VKRUW FRGHZRUGV DQG
YDOXHV ZKLFK RFFXU OHVV RIWHQ DUH DVVLJQHG ORQJHU
FRGH ZRUGV� ,Q RUGHU WR EH DEOH WR GHFRGH WKH ELW
VWUHDP� LW LV DUUDQJHG WKDW QR VKRUW FRGHZRUG LV WKH
ILUVW SDUW RI DQ\ ORQJHU FRGH ZRUG�

,GHDOO\� WKH OHQJWKV RI WKH FRGH ZRUGV VKRXOG EH
PDWFKHG WR WKH VWDWLVWLFDO GLVWULEXWLRQ RI WKH YDOXHV
WR EH FRGHG� )RU HDFK FRHIILFLHQW LQ D EORFN� H[FHSW
WKH '& WHUP� WKH GLVWULEXWLRQ LV FHQWUHG DURXQG
]HUR DPSOLWXGH DQG WKH GLVWULEXWLRQ EHFRPHVPRUH
SHDNHGDURXQG]HUR IRU WKHKLJKHU��IUHTXHQF\FRHI�
ILFLHQWV� 7KHUHIRUH� IRU RSWLPXPSHUIRUPDQFH� WKH
ZD\ LQ ZKLFK YDULDEOH��OHQJWK FRGHV DUH DVVLJQHG
WR FRHIILFLHQW DPSOLWXGHV VKRXOG YDU\ ZLWK FRHIIL�
FLHQW IUHTXHQF\� $OVR� WKH YDULDEOH��OHQJWK FRGLQJ
FRXOG DGDSW DFFRUGLQJ WR WKH SLFWXUH FRQWHQW�

7KH PRVW FRPPRQ RUGHU LQ ZKLFK WKH FRHIILFLHQWV
RI D EORFN DUH IHG WR WKH9/& LV VXFK WKDW WKRVH FRU�
UHVSRQGLQJ WR ORZHU VSDWLDO IUHTXHQFLHV DUH VHQW
ILUVW� 7KLV KDV WKH HIIHFW WKDW VHYHUDO TXDQWL]HG FR�
HIILFLHQWV LQ VXFFHVVLRQ RIWHQ KDYH ]HUR YDOXH� %\
FRGLQJ WKHVH UXQ OHQJWKV RI ]HURVZLWK D VLQJOH FRGH
ZRUG� D XVHIXO VDYLQJ LQ ELW��UDWH FDQ EH REWDLQHG�
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2WKHU YHU\ HIILFLHQW� YDULDEOH��OHQJWK FRGHV KDYH
EHHQSURSRVHGZKLFK FRGH WKH LQGLYLGXDO ELWV RI UH�
ODWHG FRHIILFLHQWV UDWKHU WKDQ FRGLQJ WKH FRPSOHWH
FRHIILFLHQW DPSOLWXGHV >�@�

$Q H[DPSOH RI D YDULDEOH��OHQJWK FRGH LV WKH RQH
FKRVHQ ZLWKLQ (XURSH IRU WKH �� 0ELW�V FRGLQJ
VWDQGDUG LQZKLFK WKH FRGHZRUGV DUH EXLOW XS IURP
SDLUV RI ELWV� ,I WKH ILUVW ELW RI D SDLU LV D ]HUR WKHQ
WKH FRGHZRUG ILQLVKHV DIWHU WKH QH[W ELW� 7KLV FRGH
LV XVHG WR FRGH FRHIILFLHQW YDOXHV DQG UXQ OHQJWKV
RI ]HURV� $FRGHZRUG LV DOVR UHVHUYHG WR VLJQDO WKDW
WKH EORFN KDV HQGHG �DIWHU WKH ODVW QRQ��]HUR FRHIIL�
FLHQW LQ D EORFN�� 7KH PD[LPXP OHQJWK RI D FRGH
ZRUG LV �� ELWV� 7KLV FRGH VWUXFWXUH KDV WKH DGYDQ�
WDJH WKDW LW LV SDUWLFXODUO\ HDV\ WR GHFRGH ZLWKRXW
DQ\ VLJQLILFDQW ORVV LQ HIILFLHQF\�

$Q RSWLPDO 9/& LV GHVLJQHG E\ PHDVXULQJ WKH
SUREDELOLWLHV RI RFFXUUHQFH RI FRHIILFLHQW DPSOL�
WXGHV DQG WKHQ DVVLJQLQJ FRGH ZRUGV� IRU H[DPSOH
E\ +XIIPDQ·V DOJRULWKP� 6XFK DQ RSWLPXP 9/&
PD\ QRW KDYH D FRQYHQLHQW DQG IDVW GHFRGLQJ DOJR�
ULWKP� ,Q JHQHUDO� WKHELW��UDWH GRHVQRW GHSHQGFULW�
LFDOO\ RQ WKH FKRLFH RI 9/& DQG LQ SUDFWLFH WKHUH
VHHPV WR EH DURXQG ��� YDULDWLRQ LQ ELW��UDWH EH�
WZHHQ WKH EHVW DQG WKH ZRUVW SHUIRUPLQJ FRGHV�

���� 3UHGLFWLRQ PRGHV

,Q RUGHU WR WDNH DGYDQWDJH RI WKH VLPLODULW\ RI RQH
SLFWXUH WR DQRWKHU� WKH FRGLQJ VFKHPHV LQFOXGH
WHPSRUDO SUHGLFWLRQ PRGHV� 7\SLFDOO\� V\VWHPV
KDYH WZR RU PRUH PRGHV IRU SUHGLFWLQJ WKH '&7
EORFNV� W\SLFDO PRGHV DUH�

�� LQWUDILHOG

�� LQWUDIUDPH

�� LQWHUILHOG

�� LQWHUIUDPH �ZLWK RU ZLWKRXW PRWLRQ FRPSHQVD�
WLRQ��

,Q WKH LQWUDILHOG PRGH WKH '&7 RSHUDWHV RQ EORFNV
WDNHQ IURP WKH FXUUHQW ILHOG RI WKH LQSXW SLFWXUH� ,Q
WKH LQWUDIUDPHPRGH WKH EORFNV DUHPDGH XS RI SLF�
WXUH HOHPHQWV WDNHQ IURPDGMDFHQW OLQHV RI DQ LQWHU�
ODFHG SLFWXUH UDWKHU WKDQ D ILHOG� ,Q WKH LQWHUILHOG
PRGH WKH'&7LV DSSOLHG WR EORFNVREWDLQHGE\ WDN�
LQJ WKH GLIIHUHQFH EHWZHHQ WKH FXUUHQW LQWUDILHOG
EORFN DQG D SUHGLFWLRQ RI WKLV EORFN IRUPHG IURP
WKH SUHYLRXV ILHOG �E\ YHUWLFDO DYHUDJLQJ RI WKH DS�
SURSULDWH SUHYLRXV ILHOG OLQHVZLWKRXWPRWLRQ FRP�
SHQVDWLRQ�� ,Q WKH LQWHUIUDPH PRGH� D SUHGLFWLRQ
IRU HDFK EORFN LV GHULYHG IURP WKH SUHYLRXV IUDPH
VXLWDEO\ VKLIWHG E\ DQ DPRXQW FRUUHVSRQGLQJ WR DQ

HVWLPDWH RI WKHPRWLRQ IRU HDFK EORFN IURP WKH SUH�
YLRXV IUDPH WR WKH FXUUHQW IUDPH�

)RU H[DPSOH� WKH &077�� ����0ELW�V FRGHF XVHV
LQWUDILHOG EORFNV DQGKDV WKUHHPRGHVZKLFK DUH WKH
LQWUDILHOG� LQWHUILHOG DQG PRWLRQ��FRPSHQVDWHG LQ�
WHUIUDPH PRGHV� $ EORFN GLDJUDP RI D �� 0ELW�V
FRGHU LV JLYHQ LQ )LJ� �� ,Q VRPH FRGHFV� VXFK DV
WKH ,57�6LHPHQV V\VWHP� WKH FRGLQJ LV EDVHG RQ LQ�
WUDIUDPH EORFNV UDWKHU WKDQ LQWUDILHOG EORFNV�

7KH FRGHU GHFLGHV� RQ D EORFN��E\��EORFN EDVLV RU
RQDJURXS��RI��EORFNVEDVLV�ZKLFKPRGH VKRXOGEH
XVHG WR FRGH HDFK EORFN RU JURXS RI EORFNV� 7KLV
LQIRUPDWLRQ LV VLJQDOOHG WR WKH GHFRGHU� 7KHPRGH
WKDW JLYHV WKH ORZHVW ELW��UDWH DIWHU YDULDEOH��OHQJWK
FRGLQJ VKRXOG EH FKRVHQ� ,Q SUDFWLFH� WKHPHDQ HQ�
HUJ\ RI WKH GLIIHUHQFH EHWZHHQ WKH LQSXW SLFWXUH
DQG WKH SUHGLFWLRQ LV FRPSDUHG IRU HDFK EORFN DQG
IRU HDFK PRGH DQG WKH PRGH ZKLFK JLYHV WKH OHDVW
PHDQ VTXDUH YDOXH LV FKRVHQ� 7KLV PHDVXUH JLYHV
D YHU\ JRRG FRPSDUDWLYH PHDVXUH RI WKH ELW��UDWH
DIWHU WKH9/&� $OWHUQDWLYHO\� WKHPHDQPRGXOXV RI
WKH GLIIHUHQFH FDQ EH XVHG LQVWHDG RI WKH PHDQ
VTXDUH IRU QHDUO\ HTXLYDOHQW UHVXOWV� 3HULRGLFDOO\�
QRQ��SUHGLFWLYH LQWUDILHOG RU LQWUDIUDPH PRGHV
PXVW EH FKRVHQ LQ RUGHU WR UHVHW WKH GHFRGHU� 5H�
VHWWLQJ HQDEOHV WKH GHFRGHU WR UHFRYHU IURP WUDQV�
PLVVLRQ HUURUV RU IURP LQLWLDO UDQGRP DFFHVV WR WKH
WUDQVPLWWHG GDWD VWUHDP�

���� 0RWLRQ PHDVXUHPHQW

7KH PRVW FRPPRQ PHWKRG IRU PHDVXUHPHQW DQG
WKH RQH IRU ZKLFK ,&V DUH DYDLODEOH LV ´EORFN
PDWFKLQJµ� ,Q WKLV WHFKQLTXH WKH FXUUHQW EORFN LV
FRPSDUHG ZLWK DOO SRVVLEOH EORFNV LQ WKH SUHYLRXV
IUDPH� VKLIWHG UHODWLYH WR WKH FXUUHQW EORFN E\ DQ
DSSURSULDWH YHFWRU ZLWKLQ D JLYHQ UDQJH RI YDOXHV�
7KH SUHYLRXV IUDPH EORFN ZKLFK JLYHV WKH EHVW
PDWFK� LQ WKH OHDVWPHDQ VTXDUH VHQVH IRU H[DPSOH�
ZLWK WKH FXUUHQW EORFN LV FKRVHQ DV WKH SUHGLFWLRQ
IRU WKH FXUUHQW EORFN� ,W KDV EHHQ IRXQG WKDW LP�
SURYHGSHUIRUPDQFH FDQEHREWDLQHGE\ VSHFLI\LQJ
WKHPRWLRQYHFWRU WRKDOI��SL[HO DFFXUDF\� )RUQRQ��
LQWHJHU PRWLRQ VKLIWV LW LV QHFHVVDU\ WR HVWLPDWH WKH
SUHYLRXV IUDPH LQIRUPDWLRQ DW D SRVLWLRQ KDOIZD\
EHWZHHQ WKH VDPSOH VLWHV� 7KLV LV W\SLFDOO\
DFKLHYHG E\ VLPSOH OLQHDU LQWHUSRODWLRQ EHWZHHQ
WKH DGMDFHQW VDPSOH YDOXHV�

,Q RUGHU WR OLPLW WKH ELW��UDWH DVVLJQHG WR PRWLRQ
YHFWRUV� D VLQJOH PRWLRQ YHFWRU LV XVXDOO\ DVVLJQHG
WRDJURXSRIEORFNV� UHIHUUHG WR DV D ´PDFUREORFNµ�
$PDFUR EORFN W\SLFDOO\ FRQVLVWV RI WZR OXPLQDQFH
EORFNV DQG WZR FR��SRVLWLRQHG &5 DQG &% EORFNV�
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2XWSXW WR
FKDQQHO

6RXQG

'LVFUHWH FRVLQH
WUDQVIRUPDWLRQ

'&7

&RHIILFLHQW
ZHLJKWLQJ

:

4XDQWL]HU
4

9DULDEOH
OHQJWK FRGHU

0XOWLSOH[HU
9LGHR

IUDPLQJ

/6�%69LGHR
LQSXW

,QWHU ,QWUD

)LHOG

0RWLRQ
FRPSHQVDWLRQ

)UDPH

,QWHU

,QWUD

0RWLRQ
FRPSHQVDWLRQ

4���

:���

)RUZDUG
HUURU

FRUUHFWLRQ

0XOWLSOH[HU

%XIIHU

'&7���

6WRUH

0RWLRQ
HVWLPDWLRQ

���� 9LGHR IUDPLQJ

$OO WKH LQIRUPDWLRQ UHOHYDQW WR WKH YLGHR VLJQDO LV
PXOWLSOH[HG WRJHWKHU EHIRUH EHLQJ ZULWWHQ LQWR D
EXIIHU VWRUH�

7KHUH DUH PDQ\ GLIIHUHQW VROXWLRQV IRU WKH GHWDLOV
RI VXFK D PXOWLSOH[� )RU H[DPSOH� RQH VROXWLRQ LV
WR KDYH D VWULSH��RI��EORFNV��EDVHG VWUXFWXUH DQG
DQRWKHU LV WR KDYH D SDFNHW VWUXFWXUH EDVHG DURXQG
WKH HUURU FRUUHFWLRQ VFKHPH� +RZHYHU� WKHUH DUH
PDQ\ VLPLODULWLHV EHWZHHQ WKH GLIIHUHQW DS�
SURDFKHV� IRU H[DPSOH� FHUWDLQ LQIRUPDWLRQ LV VHQW
RQFH SHU SLFWXUH� VRPH LV VHQW RQFH SHU VWULSH RI
EORFNV RU RQFH SHU SDFNHW RI GDWD DQG RWKHU LQIRU�
PDWLRQ LV VHQW RQ D PDFUR EORFN RU EORFN OHYHO�

,QIRUPDWLRQ WKDW LV VHQWRQFHSHU IUDPH LV W\SLFDOO\�

�� IUDPH V\QFKURQL]DWLRQ ZRUG RU SLFWXUH VWDUW
FRGH�

�� V\VWHP W\SH LQIRUPDWLRQ �H�J� IUDPH UDWH HWF���

�� GHFRGHU V\QFKURQL]DWLRQ LQIRUPDWLRQ �VXFK DV
WLPH FRGH RU EXIIHU OHYHO��

,QIRUPDWLRQ WKDW LV VHQW W\SLFDOO\ RQFH SHU VWULSH RI
EORFNV RU IRU SDFNHWV RI GDWD�

�� VWULSH RU SDFNHW V\QFKURQL]DWLRQ LQIRUPDWLRQ�

�� IXUWKHU GHFRGHU EXIIHU UHV\QFKURQL]DWLRQ LQIRU�
PDWLRQ�

�� TXDQWL]DWLRQ VWHS VL]H LQIRUPDWLRQ IRU WKDW
VWULSH�

�� F\FOLF UHGXQGDQF\ FKHFN LQIRUPDWLRQ WR HQDEOH
FRQFHDOPHQW RI XQFRUUHFWHG HUURUV�

)LJXUH �
%ORFN GLDJUDP
RI D ����0ELW�V
YLGHR FRGHU�
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,QIRUPDWLRQ VHQW RQFH SHU PDFUR EORFN�

�� SUHGLFWLRQ PRGH IRU PDFUR EORFN�

�� PRWLRQ YHFWRU LQIRUPDWLRQ�

�� DGGLWLRQDO TXDQWL]DWLRQ LQIRUPDWLRQ
�LI UHTXLUHG� IRU FULWLFDO EORFNV��

,QIRUPDWLRQ VHQW RQFH SHU '&7 EORFN�

�� WUDQVIRUP FRHIILFLHQWV�

�� HQG��RI��EORFN FRGH �RU HTXLYDOHQW��

9DULDEOH��OHQJWK FRGLQJ LV DSSOLHG WR DOO LQIRUPD�
WLRQ ZKHUH SRVVLEOH� DV ZHOO DV WR WKH WUDQVIRUP FR�
HIILFLHQWV� )RU H[DPSOH� WKHPRWLRQYHFWRU LV FRGHG
DV D FKDQJH LQPRWLRQYHFWRU IURPRQHPDFUREORFN
WR WKH QH[W DQG WKH FKDQJH LQ YDOXH LV FRGHG XVLQJ
D VXLWDEOH 9/&�

���� %XIIHU VWRUDJH

)ROORZLQJ WKH YLGHR PXOWLSOH[HU� WKH YLGHR LQIRU�
PDWLRQ LV UHDG LQWR D EXIIHU VWRUH� %XIIHU VWRUDJH
LV UHTXLUHG DW WKH FRGHU LQ RUGHU WR VPRRWK WKH YHU\
LUUHJXODU GDWD UDWH FRPLQJ IURP WKH'&7DQGYDULD�
EOH��OHQJWK FRGLQJ� 7KH VL]H RI WKH EXIIHU LV W\SL�
FDOO\ RQH RU WZR IUDPHV DW WKH WUDQVPLWWHG ELW��UDWH�
$W WKH GHFRGHU� WKHUH LV D FRPSOHPHQWDU\ EXIIHU
ZKLFK UHFHLYHV WKH WUDQVPLWWHG ELW VWUHDPDQGJLYHV
RXW D YDULDEOH ELW��UDWH DV UHTXLUHG IRU WKH YLGHR GH�
FRGLQJ�

,I WKH ELW��UDWH JHQHUDWHG E\ WKH YLGHR FRGLQJ LV
JUHDWHU WKDQ WKDW SHUPLWWHG E\ WKH FKDQQHO WKHQ WKH
FRGHU EXIIHU ZLOO RYHU��ILOO� 7KHUHIRUH� LQ RUGHU WR
OLPLW WKH LQSXW GDWD��UDWH� WKH FRGHU EXIIHU RFFXSDQ�
F\ LV IHG EDFN WR FRDUVHQ WKH TXDQWL]HU SDUDPHWHUV�
,I WKH EXIIHU LV WHQGLQJ WR XQGHU��ILOO WKHQ WKH TXDQ�
WL]HU LV PDGH PRUH ILQH�

,W LV LPSRUWDQW WKDW WKH GHFRGHU EXIIHU LV SURSHUO\
V\QFKURQL]HGZLWK WKH FRGHU EXIIHU� RWKHUZLVH GDWD
FDQ EH ORVW IURP WKH GHFRGHU EXIIHU� 'HFRGHU EXII�
HU V\QFKURQL]DWLRQ FDQ EH DFKLHYHG HLWKHU E\ VHQG�
LQJ DSSURSULDWH EXIIHU RFFXSDQF\ LQIRUPDWLRQ RU
E\ VHQGLQJ LQIRUPDWLRQ ZKLFK IL[HV WKH UHODWLYH
GHOD\ EHWZHHQ FRGHU LQSXW DQG GHFRGHU RXWSXW�

���� 7UDQVPLVVLRQ PXOWLSOH[

)LQDOO\� HUURU FRUUHFWLRQ LV DGGHG WR WKH GDWD� WKH
GDWD LV HQFU\SWHG �LI UHTXLUHG� DQG WKHQ PXOWL�
SOH[HG WRJHWKHU ZLWK DFFRPSDQ\LQJ VRXQG GDWD
HWF� 7KH IRUP RI WKLV PXOWLSOH[ IRU +'79 V\VWHPV
LV KLJKO\ V\VWHP��GHSHQGDQW DQG ZLOO EH GHVFULEHG
IRU HDFK RI WKH H[LVWLQJ V\VWHPV LQ IROORZLQJ VHF�
WLRQV�

�� &XUUHQWO\ LPSOHPHQWHG
V\VWHPV

7KUHH '&7��EDVHG V\VWHPV IRU WKH FRGLQJ RI
+'79 DW ELW��UDWHV EHWZHHQ �� 0ELW�V DQG ���
0ELW�V DUH EHLQJ XVHG IRU WKH GHPRQVWUDWLRQV RI
KLJK��TXDOLW\ +'79 WUDQVPLVVLRQ� 7KHVH V\VWHPV
KDYH EHHQ GHYHORSHG DQG EXLOW E\ WKH (XUHND ���
FRQVRUWLXP� E\ ,57�6LHPHQV DQGE\ WKH5$&(+,�
9,76 SURMHFW 1R� ����� 'HVFULSWLRQV RI WKH LQGL�
YLGXDO V\VWHPV DUH JLYHQ EHORZ�

���� (XUHND ��� FRGHF

,Q ����� D (XURSHDQ SURMHFW� (XUHND (8 ��� ZDV
ODXQFKHGZLWK WKHPDLQ JRDO RI EXLOGLQJ FRGHFV IRU
FRQYHQWLRQDO DQGKLJK��GHILQLWLRQ WHOHYLVLRQZKLFK
ZRXOG EH VXLWDEOH IRU WKH WUDQVPLVVLRQ RI VLJQDOV RI
FRQWULEXWLRQ TXDOLW\� +RZHYHU� WKH VDPH DOJR�
ULWKPV DQG KDUGZDUH FDQ EH WDLORUHG VXFFHVVIXOO\
IRU XVH LQ RWKHU DSSOLFDWLRQV� LQFOXGLQJ GLVWULEX�
WLRQ�

'LJLWDO
YLGHR

LQWHUIDFH

+'79 YLGHR LQSXW

2XWSXW WR
FKDQQHO

3DFNHW
RUJDQL]DWLRQ

DQG
ODEHOOLQJ

&RQWUROOHU

&RGHU �

&RGHU �

&RGHU �

&RGHU �

)LJXUH �
%ORFN GLDJUDP RI WKH
(8��� +'79 FRGHU�
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7KH V\VWHP DGRSWHG LQ WKH (8 ��� SURMHFW LV EDVHG
RQ WKH K\EULG '&7� 7KH '&7 LV FRPSXWHG RQ
EORFNV RI �[� VDPSOHV� WKH DGRSWHG SUHGLFWLRQ
PRGHV DUH LQWUD��ILHOG� LQWHU��ILHOG DQGPRWLRQ FRP�
SHQVDWHG LQWHU��IUDPH� $ GHVFULSWLRQ RI WKH V\VWHP
PD\EH IRXQG LQ >�@� 7KH%���FRGHKDV EHHQFKRVHQ
DPRQJ WKHSRVVLEOH9/&VVLQFH LW KDV DGLVWULEXWLRQ
RIZRUG OHQJWKVZKLFK LV D JRRGPDWFK WR WKH GLVWUL�
EXWLRQ RI WKH FRHIILFLHQW DPSOLWXGHV DQG SUHVHQWV
RSWLPXP FKDUDFWHULVWLFV IURP WKH SRLQW RI YLHZ RI
LWV KDUGZDUH LPSOHPHQWDWLRQ� ZRUG V\QFKURQL]D�
WLRQ UHFRYHU\ DQG UREXVWQHVV LQ WKH SUHVHQFH RI HU�
URUV >�@�

$ SURWRW\SH RI WKH FRQYHQWLRQDO��GHILQLWLRQ WHOHYL�
VLRQ �&'79� FRGHU RSHUDWLQJ DW �� 0ELW�V ZDV
GHPRQVWUDWHG GXULQJ WKHPHHWLQJRI ,QWHULP:RUN�
LQJ 3DUW\ &077�� KHOG LQ *UDQDGD� 6SDLQ� LQ
0DUFK ����� 7KLV FRGHF LV FKDUDFWHULVHG E\ WKH
SDFNHW VWUXFWXUH RI WKH WUDQVPLVVLRQ PXOWLSOH[
ZKLFK DOORZV PD[LPXP IOH[LELOLW\ LQ WKH VKDULQJ
RI WKH WRWDO ELW��UDWH DPRQJ WKH GLIIHUHQW VHUYLFHV�
L�H� YLGHR� DXGLR DQG GDWD� DQG WKH DGRSWLRQ RI D
ZLGH UDQJH RI WUDQVPLVVLRQ UDWHV ZLWKRXW DQ\ VLJ�
QLILFDQW PRGLILFDWLRQ RI WKH FRGHF LWVHOI�

7KH +'79 FRGHF ZDV GHPRQVWUDWHG IRU WKH ILUVW
WLPH LQ 7XULQ� ,WDO\� LQ0DUFK ����� ,W KDV DPRGX�
ODU VWUXFWXUH ZKLFK DOORZV LPSOHPHQWDWLRQ ZLWK
SUHVHQW��GD\ WHFKQRORJ\� 7KH +'79 SLFWXUH LV
VSOLW LQWR IRXU YHUWLFDO VHJPHQWV�DV LQGLFDWHG LQ
)LJ� �� DQG HDFK RI WKHVH VHJPHQWV LV SURFHVVHG E\
D FRGLQJ XQLW ZKLFK� E\ LWVHOI� LV FDSDEOH RI FRGLQJ
D VLQJOH &'79 VLJQDO� (DFK FRGLQJ XQLW LV FRQ�
QHFWHG WR D WUDQVPLVVLRQ EXIIHU ZKRVH RFFXSDQF\
LQFUHDVHV RU GHFUHDVHV DV D IXQFWLRQ RI WKH FRP�
SOH[LW\ RI WKH SURFHVVHG SLFWXUH VHFWLRQ�

$ VXSHUYLVRU\ XQLW� NQRZQ DV WKH EXIIHU FRQWUROOHU�
PDQDJHV WKH IRXU FRGLQJ XQLWV� 7KH ZHLJKWLQJ
IXQFWLRQ ZKLFK LV DSSOLHG WR WKH EORFNV LQ WKH IRXU
VHJPHQWV WR UHJXODWH WKH TXDQWL]HU LV GHWHUPLQHG
E\ WKH FRQWUROOHU RQ WKH EDVLV RI WKH EXIIHU RFFX�
SDQF\ VR WKDW WKH TXDOLW\ LV FRQVWDQW DFURVV WKH
ZKROH SLFWXUH� (DFK VWUHDP LV SURFHVVHG E\ D FRG�
LQJXQLW DQG WKHRXWSXWGDWD�RUJDQL]HGDVSURSHUO\��
ODEHOOHG SDFNHWV� DUH SURWHFWHG E\ D IRUZDUG��HUURU
FRUUHFWLRQ FRGH �)(&� DQG PXOWLSOH[HG EHIRUH EH�
LQJ WUDQVPLWWHG�

7KH XVH RI SDFNHWV PDNHV WKH LPSOHPHQWDWLRQ RI
WKLV PRGXODU DUFKLWHFWXUH VWUDLJKWIRUZDUG� LQ IDFW�
HDFK FRGLQJ XQLW LV LGHQWLILHG DV D VHSDUDWH GDWD
VRXUFH� VR SDFNHWV UHOHYDQW WR HDFKSLFWXUH VHJPHQW
FDQEH URXWHG� DW WKH UHFHLYLQJ VLGH� WR WKH DSSURSUL�
DWH GHFRGLQJ XQLW�

2Q WKH RFFDVLRQ RI WKH IRRWEDOO PDWFKHV RI WKH
:RUOG&XS ,WDOLD·��� D WHFKQLFDO GHPRQVWUDWLRQ RI
GLJLWDO SRLQW��WR��PXOWLSRLQW WUDQVPLVVLRQ RI
+'79VLJQDO YLD WKH2O\PSXV VDWHOOLWHZDVFDUULHG
RXW LQ ,WDO\ E\5$,��5DGLRWHOHYLVLRQH ,WDOLDQD� 5H�
WHYLVLyQ RUJDQL]HG D FRPSOHPHQWDU\ GHPRQVWUD�
WLRQ LQ 6SDLQ >�@� 7KLV H[SHULPHQW KLJKOLJKWHG WKH
DELOLW\ RI GLJLWDO WUDQVPLVVLRQ V\VWHPV WR SURYLGH
KLJK��TXDOLW\ +'79 SURJUDPPHV WR D VHOHFWHG DX�
GLHQFH RQ WKH RFFDVLRQ RI VSHFLDO HYHQWV RU WR GLV�
WULEXWH� YLD VDWHOOLWH� PRYLHV DQG LQIRUPDWLRQ WR
+'79 WKHDWUHV DQG FLQHPDV� $ WRWDO RI PRUH WKDQ
�� KRXUV RI WUDQVPLVVLRQ ZDV FDUULHG RXW DQGPRUH
WKDQ ������SHRSOH KDG DQ RSSRUWXQLW\ WR HQMR\ WKH
PDWFKHV GLVSOD\HG RQ ZLGH VFUHHQV�

7KH FRGHFV XVHG LQ WKH ,WDOLD ·�� H[SHULPHQWV ZHUH
QRW HTXLSSHGZLWKPRWLRQ HVWLPDWLRQ DQG FRPSHQ�
VDWLRQ� ZKLFK LV SUHVHQW LQ WKH FRGHFV DYDLODEOH DW
WKH HQG RI ����� 7KH (8��� +'79 FRGHU DQG GH�
FRGHU HDFK RFFXS\ D VLQJOH �8 ����LQFK UDFN�

���� ,57�6LHPHQV V\VWHP

������ *HQHUDO SKLORVRSK\

7KH ,57�6LHPHQV V\VWHP >�@ LV EDVHG RQ'&7FRG�
LQJ ZLWK D EORFN VL]H RI ��[�� DQG RQ WHPSRUDO
'3&0 XVLQJ PRWLRQ��FRPSHQVDWHG WHPSRUDO SUH�
GLFWLRQ DV VKRZQ LQ )LJ� �� ,QWUD�LQWHU��IUDPH FRG�
LQJ PRGHV DUH XVHG� LQ FRQMXQFWLRQ ZLWK WKH DSSOL�
FDWLRQ RI WZR GLIIHUHQW W\SHV RI FRGLQJ FRHIILFLHQW
]RQHV LQ WKH WUDQVIRUP GRPDLQ� 0RGH VZLWFKLQJ
DQG SDUDPHWHU DGMXVWPHQW LV FRQWUROOHG E\ D FRP�
ELQDWLRQ RI LQIRUPDWLRQ IURP WKH ORFDO LPDJH FRQ�
WHQW DQG WKH EXIIHU VWDWH� 7KH ZKROH FRGLQJ DOJR�
ULWKP ZRUNV RQ D IUDPH EDVLV�

0RWLRQ��FRPSHQVDWHG SUHGLFWLRQ LV DSSOLHG EH�
WZHHQ IUDPHV� RQ WKH EDVLV RI D IXOO��VHDUFK EORFN��
PDWFKLQJ DOJRULWKP�

������ 0RGH VHOHFWLRQ

7KH QH[W VWHS LV WR VZLWFK EHWZHHQ WKH GLIIHUHQW
PRGHV DQG DGMXVW WKH SDUDPHWHUV IRU ELW��UDWH FRQ�
WURO� $FFRUGLQJO\� DQ ´DFWLYLW\PHDVXUHµ DQG RWKHU
FULWHULD DUH DSSOLHG� WKHVH DUH DOO FRPSXWHG DV VXPV
RI GLIIHUHQFHV LQ WKH VSDWLDO GRPDLQ�

,QWUD�LQWHUIUDPH PRGH�

2Q WKH EDVLV RI WKH GLIIHUHQFH FULWHULRQ� WKH LQSXW
EORFN LWVHOI� RU WKH SUHGLFWLRQ HUURU EORFN� LV FKRVHQ
IRU WKH '&7 FRGLQJ�
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7ZR '&7 ]RQHV DGDSWHG WR WKH LQWHUODFHG VRXUFH
IRUPDW�

$FFRUGLQJ WR WKH ORFDO FULWHULRQ� VZLWFKLQJ EH�
WZHHQ WZR GLIIHUHQW W\SHV RI FRGLQJ ]RQHV IRU WKH
'&7 FRHIILFLHQWV LV FDUULHG RXW� WDNLQJ LQWR DF�
FRXQW WKH VSHFLDO VLWXDWLRQ FRQQHFWHG ZLWK PRWLRQ
LQ DQ LQWHUODFHG VRXUFH IRUPDW� 7KH WZR ]RQH W\SHV
DUH UHODWHG WR VWDWLF DQG PRYLQJ LPDJH FRQWHQW� UH�
VSHFWLYHO\�

4XDQWL]DWLRQ DQG FRHIILFLHQW VHOHFWLRQ�

,UUHOHYDQF\ UHGXFWLRQ LV DSSOLHG E\ DQ DGDSWLYH
FKDQJH RI WKH OLQHDU TXDQWL]HU VWHS VL]H DQG D
WKUHVKROG RSHUDWLRQ WKDW YDULHV ZLWK WKH GLDJRQDO
QXPEHU ZKLFK LV UHODWHG WR WKH VSDWLDO IUHTXHQF\�
,Q WKLV ZD\� WKH DUHD RI WKH FRHIILFLHQW VHW WR EH
WUDQVPLWWHG LV GHILQHG DGDSWLYHO\� 4XDQWL]DWLRQ
DQG WKUHVKROGLQJ SDUDPHWHUV DUH FRQWUROOHG DF�
FRUGLQJ WR ERWK WKH LPDJH EORFN FRQWHQW �DFWLYLW\
PHDVXUH� DQG WKH EXIIHU VWDWH�

7KH VLJQLILFDQW FRHIILFLHQWV LQ D'&7EORFN DUH HQ�
WURS\ FRGHG XVLQJ GLIIHUHQW FODVVHV ZLWK FRUUH�
VSRQGLQJ ELW DVVLJQPHQW PDWULFHV IRU +XIIPDQ

WDEOHV� ,Q HDFK FODVV� RQH +XIIPDQ WDEOH LV DV�
VLJQHG IRU HDFK FRHIILFLHQW� 7KH FODVVLILFDWLRQ RI
WKH EORFN LV EDVHG RQ WKH HQHUJ\ FRQWHQW RI WKH FR�
HIILFLHQWV� $OVR� D FODVV LV UHVHUYHG IRU EORFNV WKDW
DUH QRW FRGHG DW DOO�

,Q WKH GHVLJQ RI WKLV FRGLQJ FRQFHSW� WKH LGHD ZDV
WR SXW WKH PRVW FRPSOH[ RSHUDWLRQV FRPSOHWHO\ RQ
WKH FRGHU VLGH DQG QRW RQ WKH GHFRGHU VLGH� 7KH
FRGLQJ DOJRULWKP LV WKHUHIRUH HVSHFLDOO\ VXLWHG WR
+'79 GLVWULEXWLRQ DSSOLFDWLRQV�

������ 6RXUFH DQG FKDQQHO FRGLQJ

7DNLQJ LQWR DFFRXQW WKH WLPH DYDLODEOH IRU WKH HYDO�
XDWLRQ RI WKH FRGLQJ DOJRULWKP� WKH GHILQLWLRQ DQG
GHYHORSPHQW RI KDUGZDUH FRPSRQHQWV DV ZHOO DV
SRVVLEOH FKDQJHV WR LPSURYH WKH FRGLQJ DOJRULWKP�
LW ZDV GHFLGHG WR EXLOG WKH FKDQQHO FRGHU DQG WKH
VRXUFH FRGHU LQ VRIWZDUH DV D ILUVW VWHS�

7KH FRGLQJ RI +'79 VRXUFH VLJQDOV� WKH DSSOLFD�
WLRQ RI DQ HUURU��FRUUHFWLRQ DOJRULWKP� WKH PXOWL�
SOH[LQJ RI SLFWXUH� VRXQG DQG GDWD DV ZHOO DV DOO
WDVNV IRU WKH FKDQQHO FRGLQJ ZLOO EH FDUULHG RXW RQ
DQ +'79 SLFWXUH SURFHVVLQJ V\VWHP �)LJ� ���

'LVFUHWH FRVLQH
WUDQVIRUPDWLRQ

'&7

4XDQWL]HU
4

0RWLRQ
HVWLPDWLRQ

9DULDEOH
OHQJWK FRGHU

0XOWLSOH[HU

9LGHR
LQSXW

2XWSXW WR
FKDQQHO

%XIIHU

,QWUD�LQWHU '&7 &RHIILFLHQW

VHOHFW

4XDQWL]HU

SDUDPHWHUV

9DULDEOH OHQJWK

FRGHU WDEOHV���]RQHV

VFKHPH &ODVV

$QDO\VLV DQG FRGHU FRQWURO

/RRS
ILOWHU

9HFWRU FRGHU

)UDPH
PHPRU\

'&7���

4���

)LJXUH �
%ORFN GLDJUDP RI WKH
,57�6LHPHQV
DGDSWLYH '&7 FRGHU�
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7HOHWH[W
GDWD
ILOH

3LFWXUH
VHTXHQFH

ILOH

6RXQG
FRGHU

6RXQG
VHTXHQFH

ILOH

&KDQQHO FRGHU
�* ��� IUDPLQJ�

0XOWLSOH[HU
�79 FRQWDLQHU�

)RUZDUG HUURU
FRUUHFWLRQ

&RGHU DQG IUDPLQJ

3LFWXUH
FRGLQJ

DOJRULWKPV

6DWHOOLWH
PRGXODWRU
����36.�

,QWHUIDFH
����� �� ��� 0ELW�V

'� UHFRUGHU
)HHGHU��OLQN

3LFWXUH SURFHVVRU

6RXQG SURFHVVRU

'� UHFRUGHU

7KH GDWD WR EH VHQW WR WKH GHFRGHU LV FRPELQHG WR
IRUP VWULSHV RI EORFNV FRQWDLQLQJ�

�� VHOHFWHG FRHIILFLHQWV� ZKLFK DUH 9/&��FRGHG
DQG RUJDQL]HG LQ TXDGEORFNV�

�� FRQWURO SDUDPHWHUV IRU HDFK TXDGEORFN�

�� RQH PRWLRQ YHFWRU IRU HDFK OXPLQDQFH EORFN�

�� EXIIHU VWDWH IRU HDFK VWULSH RI EORFNV�

�� D XQLTXH QXPEHU IRU HDFK VWULSH RI EORFNV�

�� D VWULSH V\QFKURQL]DWLRQ ZRUG�

,Q RUGHU WR PLQLPL]H WKH GLVWXUEDQFHV FDXVHG E\
XQFRUUHFWHG WUDQVPLVVLRQHUURUV� HDFKTXDGEORFN LV
DOORFDWHG LWV RZQ V\QFKURQL]DWLRQ ZRUG DQG D
XQLTXH TXDGEORFN QXPEHU� &RPSXWHU VLPXODWLRQV
VKRZHG YHU\ VDWLVIDFWRU\ EHKDYLRXU RI WKHVH DU�
UDQJHPHQWV�ZRUNLQJ LQ FRQMXQFWLRQZLWK WKHQXP�
EHULQJ V\VWHP IRU VWULSHV RI EORFNV� LQ WKH SUHVHQFH
RI XQFRUUHFWHG WUDQVPLVVLRQ HUURUV�

9LGHR GDWD �������� NELW�V� DQG DQFLOODU\ GDWD
������ NELW�V� DUH PXOWLSOH[HG WRJHWKHU DQG WKH
PXOWLSOH[HG GDWD LV SURWHFWHG E\ D QRQ��LQWHUOHDYHG
��������� 5HHG��6RORPRQ HUURU��FRUUHFWLQJ FRGH�

7KH GDWD LV WKHQ FRPELQHG ZLWK WKH VRXQG GDWD XV�
LQJ WKH ´79 FRQWDLQHUµ� DV GHVFULEHG LQ &&,55HF�
RPPHQGDWLRQ ���� OHDYLQJ DQRWKHU ��� NELW�V DV D
VHUYLFH FKDQQHO� 7KH 79 FRQWDLQHU RXWSXW UDWH LV
��� ��� NELW�V DQG ILWV LQ D FKDQQHO IUDPH RI WKH
3OHVLRFKURQRXV 'LJLWDO +LHUDUFK\ �3'+� ZLWK D
WUDQVPLVVLRQ UDWH RI ������� NELW�V DFFRUGLQJ WR
&&,77*���� DVZHOO DV LQ D FKDQQHO IUDPHDFFRUG�
LQJ WR &&,77 *���� IRU WKH 6\QFKURQRXV 'LJLWDO
+LHUDUFK\ �6'+�� )XUWKHUPRUH� GLUHFW PDSSLQJ
LQWR 6'+��EDVHG FKDQQHOV LV SRVVLEOH�

'DWD IRU WUDQVPLVVLRQ LV UHFRUGHG RQ D '� GLJLWDO
YLGHR UHFRUGHU� 'XULQJ D VDWHOOLWH WUDQVPLVVLRQ� WKH
´SLFWXUHVµ SOD\HG EDFN IURP WKH '� WDSH FDUU\LQJ
WKH FKDQQHO GDWD LV FRQYHUWHG LQWR D VLQJOH ���
0ELW�V GDWD VWUHDP �&0,� ZKLFK FDQ EH IHG WR WKH
PRGXODWRU RI WKH VDWHOOLWH XS��OLQN�

)(&
GHFRGHU

�

$X[LOLDU\ GDWD

'08;

'DWD
IURP

FKDQQHO
FRGHU

� 3URJUHVVLYH��
WR��LQWHUODFHG
FRQYHUWHU

6WULSH EORFN
GHFRGHU

�9/&� '&7����

'3&0
GHFRGHU
<� &5� &%

6WULSH �

6WULSH Q

6WULSH ��

08;

'

$

<

&5 �&%

5
*
%

)LJXUH �
%ORFN GLDJUDP RI WKH
,57�6LHPHQV FRGLQJ

DQG WUDQVPLVVLRQ
VFKHPH�

)LJXUH �
,57�6LHPHQV

SLFWXUH GHFRGHU�
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������ 6RXUFH GHFRGHU

,Q RUGHU WR UHGXFH WKH SURFHVVLQJ VSHHG IRU WKH
KDUGZDUH GHFRGHU� WKH GHFRGHU LV VSOLW LQWR WZHOYH
SDUDOOHO GHFRGHUV ZRUNLQJ RQ VXFFHVVLYH VWULSHV RI
EORFNV �)LJ� ��� (DFK VXE��GHFRGHU KDV LWV RZQ
EXIIHU VWRUH� 6RPH IRUP RI LQWHUZRUNLQJ LV QHFHV�
VDU\ EHWZHHQ WKHVH GHFRGHUV WR FDUU\ RXW PRWLRQ
FRPSHQVDWLRQ DQG ILOWHULQJ LQ WKH '3&0 ORRS�
7KH ,57�6LHPHQV GHFRGHU RFFXSLHV D VLQJOH ��8
����LQFK UDFN�

���� +,9,76 FRGHF

7KH +,9,76 FRGHF LV EDVHG RQ WKH XVH RI VL[ VXE��
FRGHUV DQG VXE��GHFRGHUV RSHUDWLQJ LQ SDUDOOHO RQ
DGMDFHQW VWULSHV RI +'79 EORFNV DV VKRZQ LQ
)LJ� �� (DFK VXE��FRGHF LV EDVHG RQ WKH �� 0ELW�V
'&7 V\VWHP VKRZQ LQ )LJ� �� 3UHYLRXV��IUDPH LQ�
IRUPDWLRQ LV SDVVHG EHWZHHQ DGMDFHQW VXE��FRGHUV
�DQG DGMDFHQW VXE��GHFRGHUV� IRU PRWLRQ HVWLPD�
WLRQ DQG FRPSHQVDWLRQ SXUSRVHV� ZLWKLQ HDFK VXE��
FRGHU�

6RPH IRUP RI SDUDOOHOLVP LV QHFHVVDU\ LQ RUGHU WR
UHGXFH WKH SURFHVVLQJ VSHHG IRU LQGLYLGXDO IXQF�
WLRQDO EORFNV ZLWKLQ WKH FRGHF DQG WKLV SDUWLFXODU
IRUP RI VWULSH��EDVHG SDUDOOHOLVPZDV FKRVHQ LQ RU�
GHU WKDW WKH WUDQVPLWWHG ELW��VWUHDP VKRXOG DSSHDU
WKH VDPH DV LI WKH FRGHU ZDV LPSOHPHQWHG ZLWK D
VLQJOH '&7 ORRS RI WKH IRUP VKRZQ LQ )LJ� �� ,Q
WKLV FDVH� WKH ELW��VWUHDP LV D VXLWDEO\ VFDOHGYHUVLRQ
RI WKDW GHILQHG IRU WKH(XURSHDQ VWDQGDUG ��0ELW�V
'&7 V\VWHP ZKLFK KDV D VWULSH��EDVHG PXOWLSOH[
VWUXFWXUH� 7KHQ� DQ+'79FRGHUZRUNLQJZLWK DQ\
QXPEHU RI VXE��FRGHUV LQ SDUDOOHO VKRXOG EH FRP�
SDWLEOH ZLWK D GHFRGHU RSHUDWLQJ ZLWK D GLIIHUHQW
QXPEHU RI VXE��GHFRGHUV LQ SDUDOOHO� 7KLV JLYHV
IOH[LELOLW\ LQ WKH GHVLJQ RI IXWXUH LPSOHPHQWDWLRQV
RI WKH FRGHF DQG HQVXUHV FRPSDWLELOLW\ EHWZHHQ
GLIIHUHQW JHQHUDWLRQV RI HTXLSPHQW�

+'79 VWULSH Q &RGHU �

+'79 VWULSH Q � � &RGHU �

+'79 VWULSH Q � � &RGHU �

+'79 VWULSH Q � � &RGHU �

+'79 VWULSH Q � � &RGHU �

+'79 VWULSH Q � � &RGHU �

+'79 VWULSH Q � � &RGHU �

+'79 VWULSH Q � � &RGHU �

+'79 VWULSH Q � � &RGHU �

+'79 VWULSH Q � � &RGHU �

(DFK VXE��FRGHU DQG VXE��GHFRGHU KDV LWV RZQEXII�
HU VWRUH DQG RQH VWULSH RI +'79 LQIRUPDWLRQ LV
UHDG IURPHDFK FRGHU EXIIHU LQ WXUQ DQG WUDQVPLWWHG
WR WKH FRUUHVSRQGLQJ VXE��GHFRGHU EXIIHU� 7R HQ�
VXUH WKDW DOO VXE��FRGHFV RSHUDWH ZLWK WKH VDPH
TXDQWL]DWLRQ SDUDPHWHUV� WKH LQGLYLGXDO EXIIHU RF�
FXSDQF\ YDOXHV LQ WKH FRGHU DUH PRQLWRUHG DQG DQ
HTXLYDOHQW WRWDO EXIIHU RFFXSDQF\ LV FDOFXODWHG�
7KLV WRWDO EXIIHU RFFXSDQF\YDOXH LV XVHG WRFRQWURO
WKH TXDQWL]DWLRQ SDUDPHWHUV IRU DOO WKH VXE��FRGHUV�
6\QFKURQL]DWLRQ RI WKH VXE��GHFRGHUV LV PDLQ�
WDLQHG E\ VHQGLQJ LQIRUPDWLRQ DW WKH VWDUW RI HDFK
VWULSH� JLYLQJ WKH WLPLQJ RI WKH LQSXW YLGHR VLJQDO�
7KLV DOORZV WKH GHFRGHU WR FRQVWUXFW D YLGHR WLPH�
EDVH ZLWK D UHODWLYH GHOD\ ZKLFK LV DSSURSULDWH IRU
WKH HIIHFWLYH EXIIHU VL]H DQG WKH WUDQVPLVVLRQ UDWH�

7KH YDULDEOH��OHQJWK FRGLQJ VFKHPH XVHG LQ WKH
FXUUHQW LPSOHPHQWDWLRQ RI WKH +,9,76 +'79 FR�
GHF LV QRW EDVHG RQ WKH %� FRGH �DV GHILQHG IRU XVH
LQ �� 0ELW�V FRGHFV� EXW RQ DQ DULWKPHWLFDOO\��
FRPSXWHG 9/& �$&9/&� >�@� ,Q WKLV FRGH WKH
VWUXFWXUH DQG WKH OHQJWKV RI WKH LQGLYLGXDO FRGH
ZRUGV FDQ EH FRPSXWHG UHDGLO\ IURP D VHW RI HLJKW
SDUDPHWHUV� 7KLV DOORZV WKH 9/& WR DGDSW DFFRUG�
LQJ WR WKH FRRUGLQDWHV RI WKH FRHIILFLHQW EHLQJ
FRGHG� DFFRUGLQJ WR WKH '&7 FRGLQJPRGH DQG DF�
FRUGLQJ WR OXPLQDQFH RU FKURPLQDQFH FRPSR�
QHQWV� �� GLIIHUHQW FRGH WDEOHV DUH XVHG DQG WKH
PD[LPXP OHQJWK RI FRGH ZRUG LV �� ELWV�

7KH IRUPDW IRU WKH LQIRUPDWLRQ VHQW IRU HDFK EORFN
RI FRHIILFLHQWV LV DV IROORZV�

�� QXPEHU RI QRQ��]HUR FRHIILFLHQWV�

�� WKH UHODWLYH DGGUHVVHV RI WKHVH QRQ��]HUR FRHIIL�
FLHQWV�

�� WKH 9/&V RI WKHVH FRHIILFLHQWV�

$OO LQIRUPDWLRQ LV FRGHG XVLQJ RQH RI WKH ��
$&9/& WDEOHV� 7KLV FRGH XVHV WKH QXPEHU RI FR�
HIILFLHQWV GDWD UDWKHU WKDQ DQ ´HQG RI EORFNµ FRGH
WR GHWHUPLQH WKH ERXQGDU\ EHWZHHQ EORFNV� $OVR�
WKH UHODWLYH DGGUHVVLQJ RI WKH FRHIILFLHQWV LV HTXLY�
DOHQW WR UXQ��OHQJWK FRGLQJ RI WKH ]HUR FRHIILFLHQWV�

7KH EORFNV DUH JURXSHG WRJHWKHU LQ PDFUR EORFNV
FRQVLVWLQJ RI WZR OXPLQDQFH EORFNV DQG WKH WZR
FR��VLWHG FKURPLQDQFH EORFNV� 2QH PRWLRQ YHFWRU
LV WUDQVPLWWHG SHU PDFUR EORFN� 7KH UDQJH RI WKH
PRWLRQ YHFWRU LV � �� SL[HOV KRUL]RQWDOO\ DQG � �
ILHOG OLQHV YHUWLFDOO\� 7KH PRWLRQ YHFWRU LV PHD�
VXUHG WR KDOI��SL[HO DFFXUDF\�

7KH LQIRUPDWLRQ IRU D VWULSH RI EORFNV LV JURXSHG
WRJHWKHU DQG SUHFHGHG E\ D XQLTXH VWULSH V\QFKUR�
QL]DWLRQ ZRUG� 7KH VWULSH V\QFKURQL]DWLRQ ZRUG LV
IROORZHG E\ TXDQWL]HU VWHS VL]H LQIRUPDWLRQ DQG
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GHFRGHU WLPHEDVH WLPLQJ LQIRUPDWLRQ� $ ����ELW
F\FOLF UHGXQGDQF\ FKHFNZRUG LV WUDQVPLWWHG DW WKH
HQG RI HDFK VWULSH LQ RUGHU WR GHWHFW DQ\ UHVLGXDO
WUDQVPLVVLRQ HUURUV� ,I DQ HUURU LV GHWHFWHG DW WKH
GHFRGHU WKHQ WKH ZKROH VWULSH LV FRQFHDOHG DW WKH
GHFRGHU RXWSXW XVLQJ WKH FRUUHVSRQGLQJ VWULSH
IURP WKH SUHYLRXV IUDPH�

7KH YLGHR GDWD LV SURWHFWHG E\ D GRXEOH LQWHUOHDYHG
��������� 5HHG 6RORPRQ HUURU FRUUHFWLQJ FRGH
DQG PXOWLSOH[HG WRJHWKHU ZLWK D ���� NELW�V VRXQG
FKDQQHO LQWR D ´79 FRQWDLQHUµ ZKLFK LQ WXUQ LV
PDSSHG LQWR D ���������0ELW�V *�����FRPSDWLEOH
ELW��VWUHDP VXLWDEOH IRU D VWDQGDUG SOHVLRFKURQRXV
WUDQVPLVVLRQ FKDQQHO� 7KH79FRQWDLQHUKDV D WRWDO
ELW��UDWH RI ������� 0ELW�V DQG LV GHVLJQHG WR EH
FRPSDWLEOH ZLWK IXWXUH V\QFKURQRXV ´6'+µ
EURDGEDQG WUDQVPLVVLRQ QHWZRUNV�

7KH +,9,76 +'79 FRGHU DQG GHFRGHU HDFK
RFFXS\ D VLQJOH �8 ����LQFK UDFN�

�� 0HDVXUHPHQW RI
SHUIRUPDQFH

$OO WKUHH V\VWHPV GHVFULEHG DERYH DUH EDVHG RQ
FRPSDUDWLYHO\ VLPLODU DOJRULWKPV DQG WKH SLFWXUH
TXDOLWLHV REWDLQHG DUH OLNHO\ WR EH VLPLODU IRU DOO WKH
V\VWHPV DFURVV D UDQJH RI ELW��UDWHV� 7KH SLFWXUH
TXDOLW\ ZDV PHDVXUHG IRU WKH (8 ��� V\VWHP DQG
WKH UHVXOWV DUH GHVFULEHG KHUH�

7KHPDLQPHWKRGXVHG WRRSWLPLVH DQGHYDOXDWH WKH
EDVLF SLFWXUH TXDOLW\ RI ELW��UDWH��UHGXFWLRQ FRGHFV
LV WKH XVH RI VXEMHFWLYH DVVHVVPHQW� 8QIRUWXQDWHO\�
WKLV LV GLIILFXOW� DW SUHVHQW� LQ WKH FDVH RI+'79VLJ�
QDOV EHFDXVH WKHUH DUH WHFKQRORJLFDO OLPLWV LQ WKH
SUHVHQW VRXUFH DQG GLVSOD\ HTXLSPHQW ZKLFK DUH
VXFK WKDW WKH FRGHF FDSDELOLWLHV FDQQRW EH IXOO\ H[�
HUFLVHG� 0RUHRYHU� LW LV GLIILFXOW DQG WLPH��FRQ�
VXPLQJ WR VHW XS D VHULHV RI VXEMHFWLYH WHVWV EHFDXVH
DW OHDVW WZR GLJLWDO 975VZRXOG EH UHTXLUHG WR HGLW
WKH WHVW VHTXHQFHV WR EH SUHVHQWHG�

0U� +� +RIPDQQ VWXGLHG FRPPXQLFDWLRQV HQJLQHHULQJ DW WKH 7HFKQLFDO 8QLYHUVLW\ RI 0XQLFK�
+H MRLQHG WKH ,QVWLWXW I�U 5XQGIXQNWHFKQLN LQ ����� ZRUNLQJ LQLWLDOO\ LQ WKH ILHOG RI KRORJUDSK\ DQG
RSWLFDO FRPPXQLFDWLRQ� +H KDV DOVR EHHQ LQYROYHG LQ VWXGLHV RI ELW��UDWH UHGXFWLRQ WHFKQLTXHV� WHOH�
WH[W DQG WKH GLJLWDO SURFHVVLQJ DQG WUDQVPLVVLRQ RI FRQYHQWLRQDO DQG KLJK��GHILQLWLRQ WHOHYLVLRQ� ,Q
���� KH ZDV DSSRLQWHG WR OHDG WKH SLFWXUH SURFHVVLQJ DQG WUDQVPLVVLRQ VHFWLRQ RI WKH ,57� DQG VLQFH
���� KDV EHHQ KHDG RI WKH 79 V\VWHPV DQG SV\FKR��RSWLFV VHFWLRQ�

0U� +RIPDQQ LV DPHPEHU RI VHYHUDO QDWLRQDO DQG LQWHUQDWLRQDO VWXG\ JURXSV ZRUNLQJ RQ GLJLWDO WHOH�
YLVLRQ�

0U� 0DU]LR%DUEHURREWDLQHG DGHJUHH LQ HOHFWULFDO HQJLQHHULQJ DW 7XULQ3RO\WHFKQLF LQ �����
,Q ���� KH MRLQHG WKH 5HVHDUFK &HQWUH RI 5$,��5DGLRWHOHYLVLRQH ,WDOLDQD LQ 7XULQ� ZKHUH KLV UHVHDUFK
LQWHUHVWV LQFOXGH GLJLWDO YLGHR DQG DXGLR V\VWHPV� +H LV DPHPEHU RI (%86SHFLDOLVW *URXSV 9��5'%
DQG9��+'79ZKLFK DUH HQJDJHG LQ VWXGLHV RI GLJLWDO YLGHR FRGLQJ DQG WUDQVPLVVLRQ V\VWHPV IRU FRQ�
YHQWLRQDO DQG KLJK��GHILQLWLRQ WHOHYLVLRQ� +H LV DOVR 6SHFLDO 5DSSRUWHXU RI &077��� GHDOLQJ ZLWK WKH
VHFRQGDU\ GLVWULEXWLRQ RI GLJLWDO WHOHYLVLRQ DQG +'79 VLJQDOV�

,Q ����0U�%DUEHURZDV DZDUGHG WKH*ROG0HGDO RI WKH ,QWHUQDWLRQDO 7HOHYLVLRQ 6\PSRVLXPDW0RQ�
WUHX[ IRU KLV FRQWULEXWLRQV WR GLJLWDO WHOHYLVLRQ WUDQVPLVVLRQ� LQFOXGLQJ +'79� EDVHG RQ GLVFUHWH��
FRVLQH WUDQVIRUP WHFKQLTXHV�

'U�1�'�:HOOV JUDGXDWHG IURP&DPEULGJH8QLYHUVLW\ LQ ����DQG WKHQ VWXGLHG IRU KLV GRFWRUDWH
DW 6XVVH[ 8QLYHUVLW\� +H MRLQHG WKH %%& LQ ���� DQG KDV ZRUNHG IRU PDQ\ \HDUV LQ WKH ILHOG RI LPDJH
FRGLQJ DQG ELW��UDWH UHGXFWLRQ IRU WHOHYLVLRQ WUDQVPLVVLRQ�
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&'79

5HQDWD

0RELOH

'LVN

.LHO +DUERXU

2YHUDOO

+'79 VWXGLR IRUPDW ������������
9LHZLQJ GLVWDQFH� �+ IRU +'79� �+ IRU &'79

$ IDOOEDFN VROXWLRQ LV WR FDUU\ RXW WKH WHVWV LQ WKH
&'79 GRPDLQ DQG WR H[WUDSRODWH WKH UHVXOWV IRU
+'79� )RU WKLV SXUSRVH� WKH&'79SLFWXUH LV FRQ�
VLGHUHG DV D ZLQGRZ RI WKH +'79 SLFWXUH DQG WKH
YLHZLQJ GLVWDQFH LV DUUDQJHG WR EH WKUHH WLPHV WKH
KHLJKW RI WKH YLUWXDO +'79 SLFWXUH� L�H� VL[ WLPHV
WKDW RI WKH &'79 PRQLWRU�

,Q -DQXDU\ ����� VLPXODWLRQV RI WKH ILQDO (8���
V\VWHP� LQFOXGLQJPRWLRQ FRPSHQVDWLRQ�ZHUH FDU�
ULHG RXW E\ WKH5$,XVLQJ&'79VHTXHQFHV DQG WKH
UHVXOWLQJ TXDOLW\ZDV HYDOXDWHG E\ WKH5$, DQG5H�
WHYLVLyQ >�@�

7KH SURFHGXUH IRU WKH VXEMHFWLYH DVVHVVPHQWV ZDV
WKH GRXEOH��VWLPXOXV FRQWLQXRXV��TXDOLW\ VFDOH
PHWKRG GHVFULEHG LQ &&,5 5HFRPPHQGDWLRQ
������� 7KH PHWKRG LV F\FOLF DQG WKH DVVHVVRU LV
SUHVHQWHGZLWK D VHULHV RI VHTXHQFH SDLUV� 7ZRYHU�
VLRQV RI WKH VDPH WHVW VHTXHQFH DUH SUHVHQWHG� RQH
RI HDFK SDLU PLJKW RU PLJKW QRW FRQWDLQ DQ LPSDLU�
PHQW� 7KH REVHUYHUV DUH DVNHG WR MXGJH WKH RYHUDOO
SLFWXUH TXDOLW\ RI WKH WZR YHUVLRQV E\ LQVHUWLQJ WZR
PDUNV RQ D SDLU RI FRQWLQXRXV VFDOHV RQ WKH WHVW UH�
SRUW� 7KH VFDOHV DUH ��� PP KLJK DQG DUH FRQVLG�
HUHG DV FRQWLQXRXV LQWHUYDO VFDOHV� IURP � WR ����
6FRUHV DUHPHDVXUHG IRU ERWK WKH WDUJHW DQG WKH UHI�
HUHQFH VWLPXOXV RI HDFK SDLU� )RU HDFK SDLU� WKH GLI�
IHUHQFHV EHWZHHQ WKH UHIHUHQFH DQG WKH SURFHVVHG
VHTXHQFH DUH FDOFXODWHG� 7KH GLIIHUHQFH VFRUHV
�PD[LPXPYDOXH ���� LQGLFDWH WKH LPSDLUPHQW EH�
WZHHQ WKH FR��GHFRGHG VLJQDO DQG WKH UHIHUHQFH VLJ�
QDO� ORZHU YDOXHV FRUUHVSRQG WR KLJKHU TXDOLW\�
&&,55HSRUW ���� LQGLFDWHV ���DV D OLPLW RITXDO�
LW\ IRU GLVWULEXWLRQ SXUSRVHV ���� FRUUHVSRQGV WR
DERXW � JUDGH LQ WKH &&,5 ILYH��JUDGH LPSDLUPHQW
VFDOH��

7KH RUGLQDWHV RI)LJ� � VKRZ WKH DYHUDJH RI WKH GLI�
IHUHQFH VFRUHV JLYHQ E\ DOO WKH REVHUYHUV IRU HDFK
FRPELQDWLRQ RI ELW��UDWH DQG VHTXHQFH� $OO WKH VH�
TXHQFHV H[FHSW WKRVH IRU ´5HQDWDµ ZHUH WDNHQ
IURP WKH &&,5 OLEUDU\ WDSH GHVFULEHG LQ &&,55H�
SRUW ����� ZKLFK DUH LQGLFDWHG LQ 5HSRUW ���� DV
EHLQJ DSSURSULDWH IRU XVH LQ WKH EDVLF TXDOLW\ DVVHV�
VPHQW RI FRGHFV IRU FRQWULEXWLRQ FLUFXLWV�

7KH HYDOXDWLRQV DUH IRU FRPSUHVVLRQ UDWLRV UDQJ�
LQJ IURP �� WR �� L�H� IURP ���� WR ���� ELW�SHO� 7KH
UHVXOWV ZHUH REWDLQHG IRU &'79 VLJQDOV FRGHG
ZLWK UDWHV IURP ���� WR �� 0ELW�V� LQFOXGLQJ WKH
RYHUKHDG IRU HUURU SURWHFWLRQ� DXGLR DQG DX[LOLDU\
GDWD DW D YLHZLQJ GLVWDQFH RI � WLPHV WKH PRQLWRU
KHLJKW�

7KHVH UHVXOWV FDQEH H[WHQGHG WR+'79LI� DVQRWHG
HDUOLHU� WKH &'79SLFWXUH LV FRQVLGHUHG DVZLQGRZ
RI WKH +'79 VFUHHQ VHHQ DW D GLVWDQFH RI �+� 7KH
FRUUHVSRQGLQJ ELW��UDWHV ZRXOG UDQJH IURP �� WR
��� 0ELW�V IRU WKH LQWHUODFHG IRUPDW DW �� +]�
ZLWK���� OLQHV�IUDPH DQG ���� SHOV�OLQH�

�� &RQFOXVLRQV

7KLV DUWLFOH KDV GHVFULEHG WKH PHWKRGV XVHG LQ WKH
FXUUHQW JHQHUDWLRQ RI (XURSHDQ '&7��EDVHG
+'79 ELW��UDWH��UHGXFWLRQ FRGHFV JLYLQJ KLJK��
TXDOLW\ SHUIRUPDQFH DW ELW��UDWHV EHWZHHQ ��
0ELW�V DQG ���0ELW�V� 5HVXOWV KDYH EHHQ UHSRUWHG
JLYLQJ WKH SLFWXUH TXDOLW\ DVVHVVPHQW IRU D UDQJHRI
SLFWXUH PDWHULDO� 7KHVH UHVXOWV VKRZ WKDW VXFK ELW��
UDWH��UHGXFWLRQ V\VWHPV FRXOG UHDOLVWLFDOO\ EH XVHG
IRU D KLJK��TXDOLW\ +'79 EURDGFDVWLQJ VHUYLFH�

)LJXUH �
5HVXOWV RI SLFWXUH
TXDOLW\
PHDVXUHPHQWV RQ WKH
(8��� +'79 FRGHF�



��(%8 7(&+1,&$/ 5(9,(: 6SULQJ ����
%DUEHUR HW DO�

%LEOLRJUDSK\

>�@ &&,5 5HFRPPHQGDWLRQ ���� 7UDQVPLVVLRQ
RI FRPSRQHQW��FRGHGGLJLWDO79VLJQDOV IRU
FRQWULEXWLRQ��TXDOLW\ DSSOLFDWLRQV DW WKH
WKLUG KLHUDUFKLFDO OHYHO RI &&,77 5HFRP�
PHQGDWLRQ *����

>�@ 3URSRVHG PRGLILFDWLRQ RI 'UDIW 1HZ 5HFRP�
PHQGDWLRQ $7�&077
'RFXPHQW &077�������� 0DUFK �����

>�@ 'UDIW (76 ��� ���� 1HWZRUN $VSHFWV� 'LJL�
WDO FRGLQJRIFRPSRQHQW WHOHYLVLRQVLJQDOV
IRU FRQWULEXWLRQ TXDOLW\ DSSOLFDWLRQV LQ WKH
UDQJH ������ 0ELW�V�
(76,� -XQH �����

>�@ %DUEHUR� 0�� &XFFKL� 6�� 6WURSSLDQD� 0� � $
ELW��UDWH��UHGXFWLRQV\VWHP IRU+'79 WUDQV�
PLVVLRQ�
,((( 7UDQV� RQ &LUFXLWV DQG 6\VWHPV IRU
9LGHR 7HFKQRORJ\� QR� �� �����

>�@ %DUEHUR� 0�� &XFFKL� 6�� +HUQDQGR %DL�
ORQ� -�/�� $ IOH[LEOH DUFKLWHFWXUH IRU D +'79
FRGHF EDVH RQ '&7�
�UG ,QWHUQDWLRQDO :RUNVKRS RQ +'79� 7XULQ�
�����

>�@ %DUELHUL� *�)�� &RPLQHWWL� 0�� ([SHULPHQWDO
SRLQW��WR��PXOWLSRLQW GLJLWDO +'79 WUDQV�
PLVVLRQ YLD�VDWHOOLWH GXULQJ WKH )RRWEDOO
:RUOG &XS �����
(%8 5HYLHZ� 7HFKQLFDO 1R� ���� 'HFHPEHU
�����

>�@ +RIPDQQ� +�� 7HQJOHU� :�� $ FRGHF IRU WKH
GLVWULEXWLRQ RI GLJLWDO +'79 VLJQDOV YLD
EURDGFDVWLQJ VDWHOOLWHV DQG GLJLWDO QHW�
ZRUNV�
�WK ,QWHUQDWLRQDO :RUNVKRS RQ +'79 DQG EH�
\RQG� 7XULQ� �����

>�@ 6XEMHFWLYH DVVHVVPHQWV WR HYDOXDWH WKH
(XUHND����� +'79 FRGHF DW YDULRXV ELW��
UDWHV� ,WDO\ 6SDLQ�
'RFXPHQW &077���� � 0DUFK �����

(%8 3XEOLFDWLRQV

7KH DUWLFOHV RQ +'79 VRXUFH DQG FKDQQHO FRGLQJ LQ WKLV LVVXH
RI (%8 7HFKQLFDO 5HYLHZ DUH WDNHQ IURP D �����SDJH EURFKXUH
SXEOLVKHG E\ WKH (%8 WR DFFRPSDQ\ WKH 8QLRQ·V GHPRQVWUDWLRQ
RI GLJLWDO +'79 VDWHOOLWH EURDGFDVWLQJ WHFKQRORJLHV GXULQJ WKH
:$5&·��� 7RUUHPROLQRV� )HEUXDU\ �����

&RSLHV RI WKH EURFKXUH� HQWLWOHG

$GYDQFHG WHFKQLTXHV IRU VDWHOOLWH EURDGFDVWLQJ RI GLJLWDO
+'79 DW IUHTXHQFLHV DURXQG �� *+]

PD\ EH REWDLQHG IURP (%8 3XEOLFDWLRQV� 3ULFH FDWHJRU\ ´'µ�

$Q RUGHU IRUP IRU (%8 3XEOLFDWLRQV ZLOO EH IRXQG RQ SDJH �� RI
WKLV LVVXH�




