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

0� &RPLQHWWL

$� 0RUHOOR

0� 9LVLQWLQ �5$,�

:LGH 5)��EDQG GLJLWDO +'79
HPLVVLRQ V\VWHPV ��
3HIRUPDQFH RI DGYDQFHG FKDQQHO
FRGLQJ DQG PRGXODWLRQ WHFKQLTXHV 

�� ,QWURGXFWLRQ
2YHU WKH ODVW IHZ \HDUV KLJK��GHILQLWLRQ WHOHYLVLRQ
�+'79� KDV EHFRPH WKH PDMRU DGYDQFH LQ WKH
ZRUOG RI WHOHFRPPXQLFDWLRQV� +'79 WHFKQLTXHV
DUH DOUHDG\ZLGHO\ XVHG LQ HOHFWURQLF ILOP DQG WHOH�
YLVLRQ SURGXFWLRQ� 0RUHRYHU� WKH SHQHWUDWLRQ RI
GLUHFW VDWHOOLWH EURDGFDVWLQJ DQG WKH HYROXWLRQ RI
GRPHVWLF UHFHLYHUV RIIHU QHZ RSSRUWXQLWLHV IRU
+'79VHUYLFHV DGGUHVVHG WR WKH KRPH� ,Q(XURSH�
+'��0$& LV WKH FDQGLGDWH IRU WKH ILUVW +'79 VHU�
YLFHV DW �� *+]� RQ ´QDUURZ 5)��EDQGµ VDWHOOLWH
FKDQQHOV ��� 0+]�� ,Q WKH ORQJHU WHUP� ZKHQ
VRXUFHDQGGLVSOD\ WHFKQRORJLHV LPSURYH� D VHUYLFH
DEOH WR GHOLYHU WKH SLFWXUH TXDOLW\ LQKHUHQW LQ WKH
VWXGLR VWDQGDUG�ZLWK D QXPEHU RI FKDQQHOV SHU VHU�
YLFH DUHD ZKLFK LV KLJKHU WKDQ WKDW DOORFDWHG E\ WKH
:$5&·�� 3ODQ� ZLOO EHFRPH DWWUDFWLYH�

,Q RUGHU WR PHHW WKHVH REMHFWLYHV ´ZLGH 5)��EDQGµ
VDWHOOLWH FKDQQHOV DUH UHTXLUHG� 7KH SRVVLEOH DOOR�
FDWLRQRI DQHZIUHTXHQF\EDQG IRU WKHVH IXWXUH VHU�
YLFHV LV DQ LPSRUWDQW WDUJHW RI WKH:$5&·�� &RQ�
IHUHQFH LQ 6SDLQ� ,Q DFFRUGDQFH ZLWK 5HVROXWLRQ
���� WKLV QHZ IUHTXHQF\ EDQG VKRXOG EH IRXQG LQ
WKH UDQJH���� WR��*+]� DOWKRXJK WKHUH LV DJHQHU�
DO SUHIHUHQFH� DW OHDVW LQ5HJLRQ �� IRU DQ DOORFDWLRQ

7KH SHUVSHFWLYHV RI ZLGH 5)��EDQG
GLJLWDO +'79 HPLVVLRQ V\VWHPV
�:��+'79� YLD VDWHOOLWH LQ WKH
����*+] UDQJH� FDSDEOH RI
SURYLGLQJ QHDU��VWXGLR TXDOLW\� DUH
H[DPLQHG LQ WKH OLJKW RI WKH FXUUHQW
SURJUHVV RQ ELW��UDWH UHGXFWLRQ
DOJRULWKPV EDVHG RQ K\EULG
GLVFUHWH��FRVLQH WUDQVIRUPV �'&7�
DQG RI DGYDQFHG PRGXODWLRQ DQG
FKDQQHO FRGLQJ WHFKQLTXHV�

7KHVH :��+'79 V\VWHPV DUH
HYDOXDWHG� IRU GLIIHUHQW ELW��UDWHV
����� ��� DQG �� 0%LW�V�� LQ WKH
FRQWH[W RI D SRVVLEOH ´FRPPRQ
IUHTXHQF\ DOORFDWLRQµ RI WKH
IUHTXHQF\ UDQJH �������� *+]� WKLV
ZRXOG DOORZ YHU\ HIILFLHQW XVH RI WKH
VSHFWUXP E\ DVVLJQLQJ WKH RYHUDOO
EDQGZLGWK WR DOO VHUYLFH DUHDV� 7KH
V\VWHPV DUH FRPSDUHG E\ FRPSXWHU
VLPXODWLRQV DQG ODERUDWRU\
HYDOXDWLRQV� RYHU D W\SLFDO VDWHOOLWH
FKDQQHO DIIHFWHG E\ FR��FKDQQHO
DQG DGMDFHQW��FKDQQHO LQWHUIHUHQFH�

$Q H[DPSOH IRU D :��+'79
EURDGFDVWLQJ VDWHOOLWH VHUYLFH DW ��
*+] LQ FOLPDWLF ]RQHV . DQG /
FRQILUPV WKH VXLWDELOLW\ RI WKH
SURSRVHG V\VWHPV IRU RSHUDWLRQ LQ
UHJLRQV DIIHFWHG E\ VHYHUH
SURSDJDWLRQ FRQGLWLRQV�

2ULJLQDO ODQJXDJH� (QJOLVK�
0DQXVFULSW UHFHLYHG ���������

0RVW RI WKH PDWHULDO FRQWDLQHG
LQ WKLV SDSHU KDV EHHQ GHYHO�
RSHG XQGHU (67(& &RQWUDFW
���������1/�30� �:��+'79
%66��
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FRYHULQJ WKH IUHTXHQF\ UDQJH ���� WR �� *+]�
SRVVLEO\ RQ D ZRUOG��ZLGH EDVLV� 7DNLQJ LQWR DF�
FRXQW WKH WLPH��VFDOH UHTXLUHG IRU IUHTXHQF\ SODQ�
QLQJ� DIWHU WKH :$5&·��� D ´IXOO GLJLWDO VROXWLRQµ
DSSHDUV DV WKH PRVW DSSURSULDWH IRU WKH LPSOHPHQ�
WDWLRQ RI WKHVH IXWXUH KLJK��TXDOLW\+'79V\VWHPV�

'LJLWDO WHFKQLTXHV DUH QRZ UHFRJQL]HG DV WKH ZD\
RI WKH IXWXUH� $V D UHVXOW RI WKH XVH RI GLJLWDO SUR�
FHVVLQJ DQG LQFUHDVHG GLVSOD\ UHVROXWLRQ� WKH WHOH�
YLVLRQ DQG FRPSXWHU LQGXVWULHV DUH SURJUHVVLYHO\
PHUJLQJ DQG WKH FRPPHUFLDO XVH RI +'79 DQG
GLJLWDO WHFKQRORJ\ LV UDSLGO\ GHYHORSLQJ� )URP D
WHFKQLFDO SRLQW RIYLHZ� WKH UHPDUNDEOHSURJUHVVRQ
ELW��UDWH FRPSUHVVLRQ� GLJLWDO PRGXODWLRQ DQG
FKDQQHO FRGLQJ WHFKQLTXHV� EDVHGRQ VRIW��GHFLVLRQ
9LWHUEL GHFRGLQJ� DUH VXFK WKDW D SURJUHVVLYH FRQ�
YHUVLRQ FDQ EH H[SHFWHG IURP DQDORJXH WR GLJLWDO
WUDQVPLVVLRQ WHFKQRORJ\ RQ FRPPXQLFDWLRQ VDWHO�
OLWH FLUFXLWV XVHG IRU +'79 SURJUDPPH H[FKDQJH
DQG GLVWULEXWLRQ�

+'79 VDWHOOLWH HPLVVLRQ V\VWHPV LQ WKH ����*+]
UDQJH KDYH WR EH GHVLJQHG LQ VXFK D PDQQHU DV WR
HQVXUH WKDW WKH\ FDQ FRSH ZLWK WKH DGYHUVH SURSD�
JDWLRQ FKDUDFWHULVWLFV H[LVWLQJ WKURXJKRXW WKLV SDUW
RI WKH VSHFWUXP� W\SLILHG E\ KLJK DWWHQXDWLRQ GXH
WR UDLQ� ORZ FURVV��SRODU GLVFULPLQDWLRQ �;3'��
JDVHRXV DEVRUSWLRQ� HWF� 7KH DGRSWLRQ RI D GLJLWDO
VROXWLRQ RIIHUV VXSHULRU SHUIRUPDQFH DQG VLJQLIL�
FDQW DGYDQWDJHV RYHU DQDORJXH VROXWLRQV EDVHG RQ
IUHTXHQF\ PRGXODWLRQ� ,Q SDUWLFXODU� GLJLWDO WHFK�
QRORJLHV FDQ JXDUDQWHH�

�� KLJK DQG FRQVWDQW TXDOLW\�

�� UXJJHGQHVV DJDLQVW QRLVH DQG LQWHUIHUHQFH�

�� VSHFWUXP HIILFLHQF\ DQG SODQQLQJ IOH[LELOLW\�

�� UHGXFWLRQ RI WKH VDWHOOLWH SRZHU�

�� IOH[LELOLW\ RI WKH GLJLWDO PXOWLSOH[ IRU GLIIHUHQW
VHUYLFH FRQILJXUDWLRQV�

�� HIILFLHQW DQG LPSDLUPHQW��IUHH HQFU\SWLRQ DQG
VFUDPEOLQJ IRU FRQGLWLRQDO DFFHVV�

)RU D GLJLWDO +'79 VDWHOOLWH HPLVVLRQ V\VWHP� WKH
RYHUDOO VHUYLFH TXDOLW\ GHSHQGV RQ ERWK WKH LQWULQ�
VLF SHUIRUPDQFH RI WKH SLFWXUH FRGLQJ DOJRULWKP
DQG WKH VHUYLFH DYDLODELOLW\� GHWHUPLQHG E\ WKH
PDUJLQ DJDLQVW QRLVH DQG LQWHUIHUHQFH DOORZHG E\
5) FKDQQHO SHUIRUPDQFH� 7KH RSWLPL]DWLRQ RI WKH
V\VWHP WKHQ UHTXLUHV D WUDGH��RII LQ WKH ELW��UDWH DO�
ORFDWLRQ EHWZHHQ ´VRXUFH FRGLQJµ DQG ´FKDQQHO
FRGLQJµ WR DFKLHYH WKH KLJKHVW SLFWXUH TXDOLW\ DQG
VHUYLFH FRQWLQXLW\� ZKLOH HQVXULQJ WKH EHVW H[SORL�
WDWLRQ RI WKH VSHFWUXP UHVRXUFHV�

7KH SUHVHQW DUWLFOH JLYHV WKH UHVXOWV RI DQ LQYHVWL�
JDWLRQ� LQFOXGLQJ FRPSXWHU VLPXODWLRQV DQG ODER�
UDWRU\ HYDOXDWLRQV� LQWR WKH 5)SHUIRUPDQFH RI GLI�
IHUHQW PRGXODWLRQ DQG FKDQQHO FRGLQJ V\VWHPV�
VXLWDEOH IRU :��+'79 %66 LQ WKH ����*+] UDQJH�
6RXUFH FRGLQJ LV QRW D NH\ LVVXH LQ WKLV VWXG\ DQG
D K\EULG GLVFUHWH FRVLQH WUDQVIRUP �'&7� LV DV�
VXPHG DV WKH EDVLF ELW��UDWH UHGXFWLRQ PHWKRG�
7KUHH DGYDQFHG GLJLWDO PRGXODWLRQ DQG FKDQQHO
FRGLQJ WHFKQLTXHV KDYH EHHQ FRQVLGHUHG DQG WKHLU
SHUIRUPDQFH KDV EHHQ FRPSDUHG LQ WHUPV RI SRZHU
UHTXLUHPHQWV� SURWHFWLRQ UDWLRV� FKDQQHO VSDFLQJ
DQG WRWDO QXPEHU RI DYDLODEOH FKDQQHOV� 7KHVH GLJ�
LWDO WHFKQLTXHV DUH HYDOXDWHG LQ WKH FRQWH[W RI D
SRVVLEOH ´FRPPRQ IUHTXHQF\ DOORFDWLRQµ RI ���
0+] EDQGZLGWK� LQ WKH UDQJH ���� WR ��*+]� 7KLV
LQWHUHVWLQJ DSSURDFK ZRXOG DOORZ YHU\ HIILFLHQW
XVH RI WKH VSHFWUXP E\ DVVLJQLQJ WKH ZKROH RI WKH
DYDLODEOH EDQGZLGWK �RQ RQH RU ERWK SRODUL]DWLRQV�
WR DOO VHUYLFH DUHDV�

�� :LGH EDQG +'79 VHUYLFH
UHTXLUHPHQWV

7KH EDVLF UHTXLUHPHQWV RI D :��+'79 VDWHOOLWH
EURDGFDVWLQJ VHUYLFH DUH IRFXVHG RQ WKH DFKLHYH�
PHQW RI KLJK SLFWXUH TXDOLW\ DQG VHUYLFH DYDLODELO�
LW\� $ KLJK��GHILQLWLRQ WHOHYLVLRQ V\VWHP LV GHILQHG
DV ´���D V\VWHP GHVLJQHG WR DOORZ YLHZLQJ DW DERXW
WKUHH WLPHV SLFWXUH KHLJKW� VXFK WKDW WKH TXDOLW\ LV
YLUWXDOO\ RU QHDUO\ WUDQVSDUHQW WR WKH TXDOLW\ RI SRU�
WUD\DO WKDW ZRXOG KDYH EHHQ SHUFHLYHG LQ WKH RULJL�
QDO VFHQH���µ� 7KH VHUYLFH TXDOLW\ IRU WKH :��
+'79 HPLVVLRQ V\VWHP VKRXOG WKHUHIRUH SUHVHUYH
WKH PD[LPXP VWDWLF GHILQLWLRQ SRWHQWLDOO\ DYDLO�
DEOH IURP WKH VWXGLR VWDQGDUG� 7KH PD[LPXP G\�
QDPLF UHVROXWLRQPD\ EH UHGXFHG� EXW LQ D OHVV V\V�
WHPDWLF ZD\� DQG WR D OHVVHU H[WHQW� FRPSDUHG WR
QDUURZ 5)��EDQG V\VWHPV VXFK DV +'��0$& RU
086(�

7KH LQWULQVLF SLFWXUH TXDOLW\ RI D GLJLWDO +'79
V\VWHP GHSHQGV RQ WKH SHUIRUPDQFH RI WKH VRXUFH
FRGLQJ DOJRULWKP DQG RQ WKH WUDQVPLVVLRQ ELW��UDWH�
,Q JHQHUDO� WKH KLJKHU WKH ELW��UDWH WKH ORZHU WKH
SUREDELOLW\ RI SHUFHSWLEOH DUWLIDFWV LQ WKH SLFWXUH
GXH WR WKH YLVLRQ FRGLQJ SURFHVV� 7KH REMHFWLYH LV
WR GHOLYHU WR WKH KRPH D TXDOLW\ ZKLFK� VXEMHFWLYH�
O\� LV YLUWXDOO\ WUDQVSDUHQW WR WKH +'79 VWXGLR
TXDOLW\� WKLV FDQ EH DFKLHYHG E\ WKH K\EULG'&7DO�
JRULWKP� ZLWK PRWLRQ FRPSHQVDWLRQ� DW ��������
0ELW�V IRU WKH FRGLQJ RI WKH YLVLRQ VLJQDO� DOWKRXJK
ORZHU ELW��UDWHV FDQ VWLOO SURYLGH DGHTXDWH SLFWXUH
TXDOLW\ IRU PRVW RI SURJUDPPH PDWHULDO� :LWK WKH
+'79 VRXUFH DQG GLVSOD\ WHFKQRORJ\ FXUUHQWO\
DYDLODEOH� WKH SLFWXUH TXDOLW\ DFKLHYDEOH DW ��
0ELW�V �LQFOXGLQJYLVLRQ� VRXQG� GDWD DQGHUURU FRU�
UHFWLRQ UHGXQGDQF\� LV JHQHUDOO\ YHU\ KLJK IRU D
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ODUJH SHUFHQWDJH RI UHSURGXFHG PDWHULDO� DQG LW
VHHPV DFFHSWDEOH WR PRVW YLHZHUV� 7KH UHVXOWV RI
UHFHQW (%8 VXEMHFWLYH HYDOXDWLRQV >�@ DQG H[SHU�
LPHQWDO +'79 WUDQVPLVVLRQV FDUULHG RXW E\ WKH
5$, RQ WKH RFFDVLRQ RI ´,WDOLD ��µ >�@ FRQILUP WKLV
LPSUHVVLRQ� ,Q WKH SUHVHQW VWXG\ LW LV WKHUHIRUH DV�
VXPHG WKDW QHDU��VWXGLR TXDOLW\ LV DFKLHYDEOH DW D
WRWDO ELW��UDWH RI ��� 0ELW�V� EXW ORZHU ELW��UDWHV
VXFK DV ��� DQG �� 0ELW�V� ZKLFK DUH VWLOO FDSDEOH
RI SURYLGLQJ KLJK��TXDOLW\ +'79� DUH DOVR FRQVLG�
HUHG ZLWK D YLHZ WR LPSURYLQJ WKH RYHUDOO 5) V\V�
WHP SHUIRUPDQFH E\ DOORFDWLQJ SDUW RI WKH ELW��UDWH
WR FKDQQHO FRGLQJ IRU HUURU SURWHFWLRQ� DQG�RU WR LQ�
FUHDVH WKH WRWDO QXPEHU RI FKDQQHOV�

7KH VHUYLFH TXDOLW\ REMHFWLYH IRU FRQYHQWLRQDO
WHOHYLVLRQ V\VWHPV LQ WKH �� *+] EDQG ZDV VHW E\
WKH :$5&·�� WR DFKLHYH ´JRRG TXDOLW\µ IRU ���
RI WKH ZRUVW PRQWK� 7KH VHUYLFH TXDOLW\ IRU :��
+'79 V\VWHPV LV H[SHFWHG WR EH HYHQ PRUH GH�
PDQGLQJ� D TXDOLW\ JUDGH LQ WKH UDQJH IURP ��� WR
� LQ WKH &&,5 ���JUDGH VFDOH� UHIHUUHG WR LQ WKH IRO�
ORZLQJ DV ´+LJK 4XDOLW\µ �+4�� LV VHHQ DV D EDVLF
WDUJHW WR EH DFKLHYHG IRU DW OHDVW ��� RI WKH ZRUVW
PRQWK ZLWKLQ WKH VHUYLFH DUHD� $ VHFRQG IDFWRU� RI
YHU\ FRQVLGHUDEOH LPSRUWDQFH IRU RSHUDWLRQ DW ��
WR �� *+]� LV WKH VHUYLFH RXWDJH WLPH� RU ´WKH SHU�
FHQWDJHRI WLPHGXULQJZKLFKD VHUYLFH LQWHUUXSWLRQ
RFFXUV DV D UHVXOW� IRU H[DPSOH� RI H[WUHPH UDLQ DW�
WHQXDWLRQµ� $Q LGHDO VHUYLFH FRQWLQXLW\ WDUJHW
ZRXOG EH�����RI WKHZRUVWPRQWK� WKLV LV FXUUHQW�
O\ DFKLHYDEOH E\ FRQYHQWLRQDO WHOHYLVLRQ V\VWHPV
DW �� *+]� ,Q WHUPV RI WLPH� �� RI D PRQWK FRUUH�
VSRQGV WR � KRXUV DQG �� PLQXWHV� DQG ���� WR ��
PLQXWHV� $W �� *+] DQ RXWDJH WLPH RI ���� RI WKH
ZRUVW PRQWK PD\ QRW EH DFKLHYDEOH LQ UHJLRQV DI�
IHFWHG E\ KHDY\ UDLQ IDGHV VXFK DV WKH SDUWV RI ,WDO\
LQ FOLPDWLF ]RQH /� �VHH 6HFWLRQ ��� HYHQ LQ WKH FDVH
RI KLJK SRZHU RQ WKH VDWHOOLWH� DFFRUGLQJO\� D VHU�
YLFH DYDLODELOLW\ RI ����� �� KRXUV ��PLQXWHV RXW�
DJH LQ WKHZRUVWPRQWK� LV SURSRVHG DV D UHDVRQDEOH
WDUJHW�

8QOLNH DQDORJXH IUHTXHQF\��PRGXODWHG WHOHYLVLRQ
V\VWHPV� ZKLFK H[KLELW D JUDGXDO WUDQVLWLRQ WR RXW�
DJH� GLJLWDO V\VWHPV DUH QRUPDOO\ FKDUDFWHUL]HG E\
D KLJK EDVLF TXDOLW\ZKLFK LV IDLUO\ FRQVWDQW DV ORQJ
DV WKH HUURU UDWH UHPDLQV EHORZ D WKUHVKROG YDOXH
ZKLFK LV VHW E\ WKH V\VWHP GHVLJQ� +RZHYHU� ZKHQ
WKLV WKUHVKROG LV H[FHHGHG WKH V\VWHP SHUIRUPDQFH
GHWHULRUDWHV UDSLGO\� 0RUHRYHU� WKH HIIHFW RI HUURUV
RQ WKH GLVSOD\HG SLFWXUH GHSHQGV RQ WKH SLFWXUH
FRGLQJ DOJRULWKPDQGRQ WKH HUURU��FRUUHFWLRQ WHFK�
QLTXH �)(&� DGRSWHG LQ WKH +'79 FRGHF� ,I� IRU
H[DPSOH� WKH FRGHF LQFOXGHV D 5HHG��6RORPRQ
FRGH56��������� WKH V\VWHP IDLOXUH FKDUDFWHULVWLF
LV YHU\ VWHHS� ZLWK WKH WKUHVKROG DW D ELW��HUURU UDWLR
�%(5�RI DERXW �������DW WKHGHFRGHU LQSXW� ,Q FRQ�

WUDVW� LI WKH 56��������� FRGH LV XVHG LQ WKH DG�
YDQFHG FKDQQHO FRGLQJ VFKHPHV GHVFULEHG LQ 6HF�
WLRQ ���� WKLV WKUHVKROG EHKDYLRXU LV QRW D
GLVDGYDQWDJH EHFDXVH WKH FDUULHU��WR��QRLVH UDWLR
�&�1� DW ZKLFK WKH VHUYLFH RXWDJH RFFXUV LV VR ORZ
�L�H� � WR � G%� WKDW WKH GLJLWDO GHPRGXODWRU FDQ
EDUHO\ UHFRYHU WKH FDUULHU DQG FORFN V\QFKURQL]D�
WLRQ� 5HFHQW H[SHULPHQWV RQ WKH SHUIRUPDQFH RI
+'79FRGHFV EDVHGRQK\EULG'&7>�@ VKRZV WKDW
D %(5 RI ����� WR ������ LV UHTXLUHG WR HQVXUH KLJK
TXDOLW\ �+4� SLFWXUHV� $ %(5 RI DERXW ������ DIWHU
FRUUHFWLRQ E\ WKH 56��������� FRGH FDQ EH
DFKLHYHG ZLWK D %(5 RI DERXW ������� DW WKH +'79
GHFRGHU LQSXW� DVVXPLQJ VWDWLVWLFDOO\ LQGHSHQGHQW
HUURUV�

)URP WKH DERYH FRQVLGHUDWLRQV WKH:��+'79 VHU�
YLFH TXDOLW\ FDQ EH H[SUHVVHG LQ WHUPV RI %(5 DW
WKH LQSXW RI WKH GHFRGHU �EHIRUH HUURU FRUUHFWLRQ E\
WKH 56 FRGH� DV IROORZV�

�� KLJK��TXDOLW\ SLFWXUHV
�+4�� %(5+4  �������

�� VHUYLFH FRQWLQXLW\
�6&�� %(56&  �������

7KH IROORZLQJ WDUJHWV DUH SURSRVHG IRU WKH
:��+'79 V\VWHP GHVLJQ�

�� KLJK��TXDOLW\ SLFWXUH�
��� RI ZRUVW PRQWK

�� VHUYLFH FRQWLQXLW\�
����� RI ZRUVW PRQWK �LI SRVVLEOH�
����� RI ZRUVW PRQWK �DW OHDVW��

�� 0RGXODWLRQ DQG FKDQQHO
FRGLQJ

7KH PDLQ WUDQVPLVVLRQ UHTXLUHPHQWV RI D GLJLWDO
:��+'79 V\VWHP E\ VDWHOOLWH GHVLJQHG WR RSHUDWH
LQ WKH �� *+] EDQG DUH�

�� UXJJHGQHVV LQ WKH SUHVHQFH RI QRLVH� WKH V\VWHP
PXVW HQVXUH D VXIILFLHQWO\ ODUJH &�1 PDUJLQ
HYHQ ZKHQ RSHUDWLQJ XQGHU VHYHUH SURSDJDWLRQ
FRQGLWLRQV�

�� UXJJHGQHVV DJDLQVW LQWHUIHUHQFH� WKH V\VWHP
PXVW EH DEOH WR RSHUDWH ZLWK ORZ SURWHFWLRQ UD�
WLRV IRU HIILFLHQW H[SORLWDWLRQ RI WKH DOORFDWHG
EDQGZLGWK� 7KLV FDQ EH DFKLHYHG E\ DVVLJQLQJ
DOO RI WKH EDQGZLGWK WR HDFK VHUYLFH DUHD RQERWK
SRODUL]DWLRQV �IUHTXHQF\ UH��XVH��

�� KLJK VSHFWUDO HIILFLHQF\ �ELW��V�+]�� DQG ORZ
VSHFWUXP��VSUHDGLQJ�

�� UXJJHGQHVV DJDLQVW QRQ��OLQHDU GLVWRUWLRQV
�$0�$0� $0�30� LQWURGXFHG E\ WKH VDWHOOLWH
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+'79
FRGHU
�)(&��

+LJK��SRZHU
DPSOLILHU

8S��FRQYHUWHU

'LJLWDO
PRGXODWRU
�)(&��

7UDQVPLWWLQJ HDUWK VWDWLRQ

/RZ��QRLVH
DPSOLILHU

,08;
ILOWHU

7:7$

/RZ��QRLVH
DPSOLILHU

'RZQ��
FRQYHUWHU

'LJLWDO
GHPRGXODWRU

�)(&��

+'79
GHFRGHU
�)(&��

5HFHLYLQJ LQVWDOODWLRQ

9LVLRQ

6RXQG

'DWD

6DWHOOLWH

9LVLRQ

6RXQG

'DWD

'RZQ��OLQN QRLVH
DQG LQWHUIHUHQFH

8S��OLQN
QRLVH

WUDYHOOLQJ��ZDYH WXEH SRZHU DPSOLILHU
�7:7$��

���� 7KH VDWHOOLWH FKDQQHO

$ W\SLFDO VDWHOOLWH WUDQVPLVVLRQ FKDLQ LQFOXGHV WKH
IROORZLQJ EORFNV �)LJ� ���

�� +'79 FRGHU LQFOXGLQJ 56��������� IRUZDUG��
HUURU FRUUHFWLRQ �)(&���

�� GLJLWDO PRGXODWRU LQFRUSRUDWLQJ )(&��

�� WUDQVPLWWLQJ HDUWK VWDWLRQ �XS��FRQYHUWHU DQG
KLJK��SRZHU DPSOLILHU��

�� VDWHOOLWH �ORZ��QRLVH DPSOLILHU� LQSXW PXOWLSOH[
ILOWHU� WUDYHOOLQJ��ZDYH WXEH DQG RXWSXW PXOWL�
SOH[ ILOWHU �/1$� ,08;� 7:7$� 208;� UH�
VSHFWLYHO\��

�� UHFHLYLQJ LQVWDOODWLRQ �ORZ��QRLVH DPSOLILHU�
GRZQ��FRQYHUWHU��

�� GLJLWDO GHPRGXODWRU DQG )(&� 9LWHUEL GHFRGHU�

�� +'79 GHFRGHU LQFOXGLQJ WKH 56��������� GH�
FRGHU �)(&���

7KH FRPSXWHU VLPXODWLRQV SUHVHQWHG KHUH WDNH LQWR
DFFRXQW D VLPSOLILHG WUDQVPLVVLRQ FKDLQ� LQFOXGLQJ
SVHXGR��UDQGRP JHQHUDWRU� FKDQQHO FRGHUV DQG
PRGXODWRUV� OLQHDU XS��OLQN VWDWLRQ� VDWHOOLWH
7:7$� LGHDO GHPRGXODWRU ILOWHUV DQG FDUULHU�FORFN
UHFRYHU\ V\VWHPV� DQG � WR ���ELW VRIW GHFLVLRQ 9LW�
HUEL GHFRGHUV� 2QO\ GRZQ��OLQN QRLVH DQG LQWHUIHU�
HQFH� RULJLQDWHG RQ WKH VDPH VDWHOOLWH E\ RWKHU

FKDQQHOV DQG E\ RWKHU VDWHOOLWHV �VHH 6HFWLRQ ���
KDYH EHHQ FRQVLGHUHG�

���� 'LJLWDO PRGXODWLRQV

6XLWDEOHPHWKRGVRIPRGXODWLRQDUH436.�RIIVHW��
436.� ���36.DQG FRQVWDQW��HQYHORSHPRGXODWLRQ
V\VWHPV VXFK DV PLQLPXP��VKLIW NH\LQJ �06.��
7KHVH GLJLWDO WHFKQLTXHV RIIHU EDQGZLGWK HIILFLHQ�
FLHV RI � WR � ELW��V�+]� LQ WKH 1\TXLVW EDQGZLGWK�
+LJKHU RUGHU� PXOWL��OHYHO V\VWHPV VXFK DV
����36.� 0$06. DQG ��4$0 RIIHU EDQGZLGWK
HIILFLHQFLHV RI DERXW �ELW��V�+]� EXW DUH YHU\ VHQVL�
WLYH WRQRQ��OLQHDUGLVWRUWLRQVDIIHFWLQJ WKHFKDQQHO�
DQG WR QRLVH DQG LQWHUIHUHQFH� 7KH HIIHFWV RI WKH
7:7$ QRQ��OLQHDULWLHV RQ WKH FXUYHV RI %(5 YHU�
VXV (EV�1R IRU YDULRXV GHJUHHV RI 7:7$ RXWSXW
EDFN��RII �2%2� KDYH EHHQ PHDVXUHG RQ 436.�
���36. DQG ��4$0 PRGHPV� XVLQJ D KDUGZDUH
VDWHOOLWH VLPXODWRU� 7KH ��4$0PRGHP KDV EHHQ
WHVWHG ZLWK DQG ZLWKRXW D 7:7$ OLQHDUL]HU� )LJ� �
VKRZV WKH YDOXHV RI (EV�1R� UHTXLUHG IRU
%(5 ������ DV D IXQFWLRQ RI 2%2�

436. FDQ RSHUDWH HIILFLHQWO\ ZLWK WKH 7:7$
FORVH WR VDWXUDWLRQ �2%2 � G%� ZLWK DQ (EV�1R RI
DERXW �� G%� ���36. LV VOLJKWO\ PRUH VHQVLWLYH WR
7:7$ QRQ��OLQHDULWLHV WKDQ 436.� WKH RSWLPXP
SHUIRUPDQFH LV DFKLHYHG ZLWK 2%2 DW DERXW ��� WR
��� G% DQG DQ (EV�1R UDWLR RI ���� G%� ��4$0 LV

 (EV  HQHUJ\ SHU LQIRUPDWLRQ ELW DYDLODEOH DW 7:7$ VDWX�
UDWLRQ
 &�5X� ZKHUH &  7:7$ SRZHU DW VDWXUDWLRQ�
1R��  QRLVH SRZHU GHQVLW\�

)LJXUH �
%ORFN GLDJUDP RI D
W\SLFDO VDWHOOLWH OLQN
IRU :��+'79 %66�
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G%

��4$0
2%2RSW  � G%

��4$0 ZLWK 7:7$
OLQHDUL]HU

2%2RSW  � G%

���36.
2%2RSW  ����

G%

436.
2%2RSW  � G%

YHU\ VHQVLWLYH WR QRQ��OLQHDULWLHV EHFDXVH RI LWV LQ�
KHUHQW DPSOLWXGHPRGXODWLRQ� WKHRSWLPXPRSHUDW�
LQJ SRLQW FRUUHVSRQGV WR DQ 2%2 RI � G%� ZLWK DQ
(EV�1R UDWLR RI ��G%� 7KHXVH RI D7:7$OLQHDUL]�
HU DOORZV RSHUDWLRQZLWK DQ2%2RI DERXW � G%DQG
DQ (EV�1R UDWLR RI ���� G%� 436. LV ZHOO��HVWDE�
OLVKHG IRU LWV UXJJHGQHVV DJDLQVW QRLVH DQG LQWHUIHU�
HQFH DQG IRU WKH VLPSOLFLW\ DQG ORZ FRVW RI WKH GH�
PRGXODWRU� +RZHYHU� D KLJK��TXDOLW\ +'79
VHUYLFH GHPDQGV D ORZ ELW��HUURU UDWLR DQG QHLWKHU
436. QRU ���36. FDQ EH XVHG ZLWKRXW SRZHUIXO
HUURU FRUUHFWLRQ� RWKHUZLVH DQ H[FHVVLYH VDWHOOLWH
SRZHU ZRXOG EH UHTXLUHG�

���� $GYDQFHG FKDQQHO FRGLQJ
WHFKQLTXHV

0RGHUQ WUHQGV LQ VDWHOOLWH GLJLWDO FRPPXQLFDWLRQV
IDYRXU WKH XVH RI ´FRQFDWHQDWHG VFKHPHVµ IRU HUURU
FRUUHFWLRQ EDVHGRQEORFN FRGHV DQG FRQYROXWLRQDO
FRGHV� DVVRFLDWHG ZLWK ´VRIW GHFLVLRQµ 9LWHUEL GH�
FRGLQJ� 7KLV VRSKLVWLFDWHGGHFRGLQJ DOJRULWKP� DO�

UHDG\ XVHG LQ YDULRXV DSSOLFDWLRQV� RIIHUV ODUJH
SRZHU JDLQ� DQG WKLV LV D IXQGDPHQWDO UHTXLUHPHQW
IRU :��+'79 EURDGFDVWLQJ VDWHOOLWHV DW �� *+]�

7KUHH DGYDQFHG PRGXODWLRQ DQG FKDQQHO FRGLQJ
V\VWHPV KDYH EHHQ LQYHVWLJDWHG >�� �@ �VHH )LJ� ���

6\VWHP $��

436. ZLWK UDWH ��� FRQYROXWLRQDO FRGH �)(&��
FRQFDWHQDWHGZLWK D56��������� EORFN FRGH DVVR�
FLDWHG ZLWK WKH VRXUFH �)(&���

6\VWHP $��

436. ZLWK UDWH ��� FRQYROXWLRQDO FRGH �)(&��
FRQFDWHQDWHGZLWK D56��������� EORFN FRGH DVVR�
FLDWHG ZLWK WKH VRXUFH �)(&���

6\VWHP %�

7UHOOLV��FRGHG �UDWH ���� ���36. �8QJHUE|FN PRG�
XODWLRQ� LQ FRPELQDWLRQ ZLWK D 56��������� EORFN
FRGH DVVRFLDWHG ZLWK WKH VRXUFH �)(&���

9LVLRQ

6RXQG

'DWD

6DWHOOLWH
FKDQQHOV

7HUUHVWULDO
FKDQQHOV

6RXUFH
FRGHU

)(&� )(&�

5DWH ���
WUHOOLV FRGH � �36.

PRGXODWRU

436.
PRGXODWRU

��4$0 RU
436.

PRGXODWRU

2XWHU FRGH ,QQHU FRGH 6\VWHPV $� DQG $�

6\VWHP %

)LJXUH �
,QIOXHQFH RI WKH VDWHOOLWH
7:7$ RXWSXW EDFN��RII
RQ WKH SHUIRUPDQFH RI
436.� ���36. DQG
��4$0 PRGXODWLRQV�
�FXUYHV IRU %(5  ������

)LJXUH �
&KDQQHO FRGLQJ DQG
PRGXODWLRQ WHFKQLTXHV
IRU :��+'79�
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$OO WKUHH V\VWHPVPDNH XVH RI VRIW��GHFLVLRQ 9LWHU�
EL GHFRGLQJ LQ WKH UHFHLYHU�

,Q V\VWHPV $� DQG $�� WKH IXQFWLRQ RI WKH LQQHU
FRGH �)(&�� LV FRPSOHWHO\ LQGHSHQGHQW RI WKH
PRGXODWLRQ DQG WKH FRGH UHGXQGDQF\ UHGXFHV WKH
VSHFWUDO HIILFLHQF\ RI WKH V\VWHP ZLWK UHVSHFW WR
XQFRGHG436.PRGXODWLRQ� 7KH UDWH ��� FRQYROX�
WLRQDO FRGH KDV D FRQVWUDLQW OHQJWK RI �� 7KH UDWH
��� FRQYROXWLRQDO FRGH LV REWDLQHG E\ ´SXQFWXU�
LQJµ WKH UDWH ��� FRGH� ,Q WKH V\VWHP % DSSURDFK�
PRGXODWLRQ DQG FRGLQJ FDQ EH FRQVLGHUHG DV D
XQLTXH SURFHVV �WKH UHGXQGDQF\ LV LQKHUHQW WR WKH
VLJQDO��VSDFH FRQVWHOODWLRQ� DQG WKH VSHFWUDO HIIL�
FLHQF\ LV HTXDO WR WKDW RI XQFRGHG436.� 7KH UDWH
��� WUHOOLV FRGH KDV � VWDWHV >�@� ,Q RUGHU WR DFKLHYH
WKHRSWLPXPFRGLQJJDLQ� WKH VRIW��GHFLVLRQ9LWHUEL
GHFRGHUV RSHUDWH RQ ���ELW V\PEROV IRU 436. DQG
RQ ���ELW V\PEROV IRU ���36.�

���� 6\VWHP RSWLPLVDWLRQ

,Q WKH FRQFDWHQDWHG FRGLQJ VFKHPHV DGRSWHG LQ
V\VWHPV $�� $� DQG %� WKH HUURUV DW WKH RXWSXW RI
WKH 9LWHUEL GHFRGHUV DUH QRW VWDWLVWLFDOO\ LQGHSHQ�
GHQW �DV LV WKH FDVH LQ XQFRGHG WUDQVPLVVLRQ RYHU
$:*1 FKDQQHOV� EXW DUH LQVWHDG JURXSHG LQ
EXUVWV� 7KH RFFXUUHQFH RI HUURU EXUVWV ORQJHU WKDQ
WKH HUURU��FRUUHFWLRQ FDSDELOLW\ RI WKH56���������
FRGH� H�J� ��ELWV� KDV D GHVWUXFWLYH HIIHFW RQ WKH GH�
FRGHG +'79 SLFWXUHV� 7KH SHUIRUPDQFH RI WKH
56��������� FRGH LV KHDYLO\ GHSHQGHQW RQ WKH VWD�
WLVWLFDO GLVWULEXWLRQ RI EXUVW OHQJWKV DQG WKLV LV GL�
UHFWO\ UHODWHG WR WKH DYHUDJH ELW��HUURU UDWLR� 7KH
EXUVW��HUURU FRUUHFWLQJ FDSDELOLW\ FDQ EH LPSURYHG
E\ XVLQJ DQ LQWHUOHDYLQJ WHFKQLTXH� WKLV HIIHFWLYHO\
´VXEGLYLGHVµ WKH ORQJ HUURU EXUVWV LQWR VKRUWHU
RQHV� WKXV DYRLGLQJ RYHUORDGLQJ RI WKH 56 FRGH�

 ,Q WKH LQWHUOHDYLQJ SURFHVV� WKH GDWD VWUHDP DW WKH RXWSXW RI
WKH 9LWHUEL GHFRGHU LV ZULWWHQ URZ��E\��URZ LQWR D PDWUL[
PHPRU\ �1 URZV� , FROXPQV�� DQG UHDG FROXPQ��E\��

FROXPQ WR IHHG WKH 56 GHFRGHU�

7KH LQWHUOHDYLQJ GHSWK , PXVW EH FDUHIXOO\ RSWL�
PL]HG DFFRUGLQJ WR WKH EXUVW OHQJWK GLVWULEXWLRQ�
7KH VWDWLVWLFDO GLVWULEXWLRQV RI HUURU EXUVWV DIWHU
9LWHUEL GHFRGLQJ RI FRQYROXWLRQDO FRGHV� ZLWK
UDWHV ��� DQG ���� DQG WUHOOLV��FRGHG ���36. �UDWH
���� KDYH EHHQ HYDOXDWHG E\ FRPSXWHU VLPXODWLRQV
XVLQJ WKH 0RQWHFDUOR PHWKRG� )LJ� � VKRZV� IRU
WKH WKUHH FDVHV� WKH EXUVW��OHQJWK FXPXODWLYH GLVWUL�
EXWLRQ IXQFWLRQ �&')�� L�H� WKH SUREDELOLW\ RI HUURU
EXUVWV VKRUWHU WKDQ P ELWV� DW YDULRXV YDOXHV RI
%(5�

$W %(5 �������� ��� RI WKH EXUVWV KDYH WKH IRO�
ORZLQJ PD[LPXP OHQJWK�

�� V\VWHP $�� �� ELWV

�� V\VWHP $�� �� ELWV

�� V\VWHP %� �� ELWV�

7KH UDWH ��� GHFRGHU RI V\VWHP $� JHQHUDWHV WKH
VKRUWHVW HUURU EXUVWV� 7KH SXQFWXULQJ SURFHVV LQ
V\VWHP$� VLJQLILFDQWO\ LQFUHDVHV WKH EXUVW OHQJWK�
$OWKRXJK PRVW HUURU EXUVWV DUH ZLWKLQ WKH FRUUHF�
WLRQ FDSDELOLW\ RI WKH 56 FRGH� WKH XVH RI D VXLWDEOH
LQWHUOHDYLQJ LV QHFHVVDU\ WR DYRLG SHUIRUPDQFH
GHJUDGDWLRQV�

7KH 9/6, 9LWHUEL GHFRGHUV FXUUHQWO\ DYDLODEOH RQ
WKHPDUNHW RSHUDWH DW DPD[LPXPXVHIXO ELW��UDWH RI
������ 0ELW�V� $V D UHVXOW� SUDFWLFDO KDUGZDUH LP�
SOHPHQWDWLRQV UHTXLUH WZR RU PRUH 9LWHUEL 9/6,
FKLSV ZRUNLQJ LQ SDUDOOHO WR SURFHVV WKH KLJK ELW��
UDWH RI WKH +'79 VLJQDO� ,Q WKLV VLWXDWLRQ WKH EXUVW
OHQJWKV LQFUHDVH� EHFDXVH D EXUVW DW WKH RXWSXW RI
RQH 9LWHUEL GHFRGHU LV PL[HG ZLWK ELWV IURP WKH
RWKHU 9LWHUEL GHFRGHUV� WKH SHUIRUPDQFH RI WKH
FRQFDWHQDWHG 56 FRGH LV WKHUHIRUH LPSDLUHG� 7R
DYRLG WKLV GHJUDGDWLRQ DQ LQWHUOHDYLQJ GHSWK , RI DW
OHDVW � LV UHTXLUHG RU� DOWHUQDWLYHO\� WKH FRQFDWH�
QDWHG GHFRGHUV �9LWHUEL DQG 56�� QHHG WR EH V\Q�
FKURQL]HG DW E\WH OHYHO�

0RGXODWLRQ�
FRGLQJ
V\VWHP

,QWHUOHDYLQJ
GHSWK
�,�

&RGLQJ JDLQ DW
%(5  �����

�G%�

(E�1R DW %(5  
������� EHIRUH 56

FRUUHFWLRQ

5HODWLYH 5)
FKDQQHO EDQG�
ZLGWK ���

436. � 56

6\VWHP $�

6\VWHP $�

6\VWHP %
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7DEOH �
3HUIRUPDQFH RI
PRGXODWLRQ DQG
FKDQQHO FRGLQJ

V\VWHPV�
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436.
5DWH ���

436.
5DWH ���

7UHOOLV FRGH � ���36.
5DWH ���

�&XUYHV IRU %(5  �������� ������ �������� ��������

)LJ� � VKRZV WKH (E�1R UDWLR DV D IXQFWLRQ RI WKH
%(5 SHUIRUPDQFH RI V\VWHPV $�� $� DQG %�
WKURXJK WKH VDWHOOLWH FKDQQHO DQG ZLWKRXW LQWHUIHU�
HQFH� 7KH LPSURYHPHQW DFKLHYHG E\ LQFUHDVLQJ
WKH LQWHUOHDYLQJ GHSWK RQ WKH 56 FRGH LV VKRZQ�
)RU DOO WKUHH V\VWHPV �$�� $� DQG %�� ZLWK
%(5 ������� DW WKH LQSXW WR WKH+'79GHFRGHU� WKH
XVH RI LQWHUOHDYLQJ GHSWKV RI � DQG � LV VXIILFLHQW

WR DFKLHYH D UHVLGXDO %(5 RQ WKH +'79 SLFWXUHV
RI DERXW ����� DQG ������� UHVSHFWLYHO\� :LWK LQWHU�
OHDYLQJ , � WKH FRGLQJ JDLQ LV DSSUR[LPDWHO\
�������� G% KLJKHU WKDQ ZLWK , � �%(5 �������

7DEOH � FRPSDUHV WKH SHUIRUPDQFH RI WKH V\VWHPV�
REWDLQHG E\ FRPSXWHU VLPXODWLRQV LQFOXGLQJ WKH
VDWHOOLWH FKDQQHOZLWK D VDWXUDWHG7:7$DQG*DXV�

)LJXUH �
&XPXODWLYH
GLVWULEXWLRQ IXQFWLRQ RI
HUURU EXUVW OHQJWKV�
DIWHU 9LWHUEL GHFRGLQJ�

fig. 4
CLICK  inside the red box below to download a JPEG image file of this diagram.File size =  41 KB.
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6\VWHP $�

6\VWHP $�

6\VWHP %

,  �

,  �

5DWH ���

� 56

� 56

� 56

,  �

,  �

,  �

,  �

5DWH ���

7UHOOLV FRGH�
���36.

VLDQ QRLVH EXW ZLWKRXW LQWHUIHUHQFH� LW LV DVVXPHG
WKDW WKH ELW��UDWH DW WKH RXWSXW RI WKH +'79 FRGHU�
LQFOXGLQJ WKH 56��������� FRGH �)(&��� LV WKH
VDPH IRU DOO WKUHH FRGLQJ VFKHPHV�

7KH V\VWHPV DUH FRPSDUHG LQ WHUPV RI�

�� FRGLQJ JDLQ ZLWK LQWHUOHDYLQJ , � DQG � DW
%(5 ����� ZLWK UHVSHFW WR 436. �
56����������

�� (E�1R UDWLR UHTXLUHG IRU KLJK��TXDOLW\ +'79
SLFWXUHV �%(5  ������� EHIRUH 56 HUURU FRUUHF�
WLRQ��

�� UHODWLYH 5) FKDQQHO EDQGZLGWK ZLWK UHVSHFW WR
XQ��FRGHG 436.�

,W PD\ EH QRWHG WKDW V\VWHPV $� DQG % SUHVHQW
FRPSOHPHQWDU\ FKDUDFWHULVWLFV� WKH ILUVW RQH JLYHV
WKH KLJKHVW FRGLQJ JDLQ� WKH VHFRQG RQH WKH KLJKHVW
VSHFWUDO HIILFLHQF\�

)LJXUH �
%LW��HUURU UDWLR DV D

IXQFWLRQ RI WKH (E�1R

SHUIRUPDQFH RI
V\VWHPV $�� $� DQG

%� LQ D VLPXODWHG
VDWHOOLWH FKDQQHO�
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3RO� �

3RO� �

'I

/$&, 8$&,

&&,

:DQWHG
FKDQQHO

/$&,� ORZHU DGMDFHQW��FKDQQHO LQWHUIHUHU
8$&,� XSSHU DGMDFHQW��FKDQQHO LQWHUIHUHU
&&,� FR��FKDQQHO LQWHUIHUHU
'I FKDQQHO VSDFLQJ

�� 6\VWHP SHUIRUPDQFH LQ D
FRPSOHWH LQWHUIHUHQFH
HQYLURQPHQW

���� &KDQQHO FRQILJXUDWLRQ DQG
LQWHUIHUHQFH VRXUFHV

7KH WKUHH FKDQQHO FRGLQJ V\VWHPV $�� $� DQG %
KDYH EHHQ FRPSDUHG RYHU D VDWHOOLWH FKDQQHO� LQ WKH
SUHVHQFH RI LQWHUIHUHQFH� LQ WHUPV RI WKH EDVLF 5)
SDUDPHWHUV� &�1 UDWLR UHTXLUHG IRU KLJK��TXDOLW\
SLFWXUHV �+4� DQG IRU VHUYLFH FRQWLQXLW\ �6&�� SUR�
WHFWLRQ UDWLRV UHTXLUHG WR VDIHJXDUG WKHZDQWHG VLJ�
QDO DJDLQVW LQWHUIHUHQFH� FKDQQHO VSDFLQJ �'I� DQG
QXPEHU RI FKDQQHOV �1� WKDW FDQEHDFFRPPRGDWHG
LQ ��� 0+]�

7KUHHXVHIXO ELW��UDWHV �5X� DW WKH+'79FRGHURXW�
SXW �LQFOXGLQJ YLGHR� DXGLR� GDWD DQG )(&�� KDYH
EHHQ FRQVLGHUHG� ���� ���� DQG �� 0ELW�V�

7KLV SHUPLWV DQ LQYHVWLJDWLRQ RI GLIIHUHQW WUDGH��
RIIV EHWZHHQ LQWULQVLF SLFWXUH TXDOLW\ �LQFUHDVLQJ
ZLWK 5X�� UXJJHGQHVV DJDLQVW QRLVH DQG LQWHUIHU�
HQFHV �LQFUHDVLQJ ZLWK )(&� UHGXQGDQF\� DQG
QXPEHU RI+'79FKDQQHOV ZKLFK FDQ EH DOORFDWHG
ZLWKLQ WKH ��� 0+] EDQGZLGWK� ,Q WKH IROORZLQJ
H[DPLQDWLRQ HDFK V\VWHP ZLOO EH LGHQWLILHG E\ LWV
PRGXODWLRQ DQG FRGLQJ IDPLO\ �$�� $� DQG %� DQG
E\ WKH YDOXH RI 5X �H�J� ´$������µ LV WKH UDWH ���
FRQYROXWLRQDO FRGHG 436. DW 5X ��� 0ELW�V��

7KH FKDQQHO PDWUL[ DGRSWHG LQ WKLV VWXG\ LV VKRZQ
LQ )LJ� �� ,W LV FRPSRVHG RI DQ DUUD\ RI FKDQQHOV RI
HTXDO ZLGWKV� VSDFHG E\ 'I� HYHU\ FKDQQHO LV XVHG
RQ HDFK RI WKH WZR SRODUL]DWLRQV >�@� ,Q RUGHU WR
VLPSOLI\ WKH DQDO\VLV� QRJXDUG��EDQGKDVEHHQFRQ�
VLGHUHG DW WKH HGJHV RI WKH ���0+]EDQG WR SURWHFW
RWKHU VHUYLFHV�

,W LV DVVXPHG WKDW WKH HQWLUH ���0+] EDQGZLGWK LV
DVVLJQHG WR HDFK VHUYLFH DUHD� XVLQJ HLWKHU D VLQJOH
SRODUL]DWLRQ RU ERWK SRODUL]DWLRQV �IUHTXHQF\ UH��
XVH�� WKLV SODQQLQJ DSSURDFK LV FDOOHG D ´FRPPRQ
IUHTXHQF\ SODQµ >�@� $OO FKDQQHOV FRYHULQJ D VHU�
YLFH DUHD DUH WUDQVPLWWHG IURP WKH VDPH VDWHOOLWH
DQG KDYH WKH VDPH SRZHU OHYHO� ,Q WKLV FRQILJXUD�
WLRQ WKH LQWHUIHUHQFH FRQWULEXWLRQV FDQ EH FODVVL�
ILHG DV IROORZV�

7\SH $� 7KH XSSHU DQG ORZHU FR��SRODU DGMDFHQW
FKDQQHOV �8$&, DQG/$&,� IURPWKH VDPHVDWHOOLWH
DV WKH ZDQWHG VLJQDO�

7KH SURWHFWLRQ UDWLR LV GHILQHG DV WKH UDWLR EHWZHHQ
WKH SRZHU RI WKHZDQWHG FDUULHU DQG WKH WRWDO SRZHU
RI WKH XQ��PRGXODWHG LQWHUIHULQJ FDUULHUV� 7KH FDU�
ULHU SRZHU RI HDFK $&, LV HTXDO WR WKDW RI WKH
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2436. ���36.

436.

,�%U[�

'I

)LJXUH �
,QWHUIHULQJ SRZHU RI GLJLWDO
VLJQDOV DW WKH VDPH V\PERO UDWH
5V PHDVXUHG LQ WKH UHFHLYLQJ
ILOWHU RI DQ DGMDFHQW FKDQQHO� DV
D IXQFWLRQ RI WKH QRUPDOL]HG
FKDQQHO VSDFLQJ 'I�5V�

5ROO��RII � ���
436.� 2436. � 7:7$ 2%2  � G%
���36. � 7:7$ 2%2  ��� G%

)LJXUH �
&KDQQHOOLQJ VFKHPH IRU
GLJLWDO +'79
WUDQVPLVVLRQ E\
VDWHOOLWH�
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6\VWHP %

6\VWHP $�

6\VWHP $�

ZDQWHG FDUULHU� 7KH $&, SURWHFWLRQ UDWLR LV WKHUH�
IRUH� 35�/$&,� 35�8$&,� � G%�

7\SH %� 7KH VXP RI WKH VLJQDOV VHUYLQJ RWKHU VHU�
YLFH DUHDV �DQG WKH VDPH VHUYLFH DUHD RQ WKH RSSR�
VLWH SRODUL]DWLRQ� LQ WKH FDVH RI IUHTXHQF\ UH��XVH��

35�&&,� LV WKH HTXLYDOHQW FR��FKDQQHO SURWHFWLRQ
UDWLR FRUUHVSRQGLQJ WR D V\VWHP &�1 GHJUDGDWLRQ
d G% DW %(5 �������� 7KLV GHJUDGDWLRQ d DOVR LQ�
FOXGHV WKH FRQWULEXWLRQ RI 7\SH $ LQWHUIHUHQFHV�
7KH &�1 GHJUDGDWLRQ d GHSHQGV RQ WKH WRWDO LQWHU��
IHULQJ SRZHU LQ WKH UHFHLYLQJ ILOWHU�

$OWKRXJK HDFK FRQWULEXWLRQ UHODWLYH WR D VHUYLFH
DUHD LV FRPSRVHG E\1 FKDQQHOV DW WKH VDPH SRZHU
OHYHO� WKH PRVW LPSRUWDQW LV WKH FR��FKDQQHO �&&,�
EHFDXVH WKH $&,V DUH HIILFLHQWO\ ILOWHUHG E\ WKH UH�
FHLYHU� 7KH VXPRI WKH FR��FKDQQHO LQWHUIHUHQFHV LV
LQGLFDWHGDV WKH ´HTXLYDOHQWµ FR��FKDQQHO FRQWULEX�
WLRQ�

7KHQRQ��OLQHDULW\RI WKH VDWHOOLWH7:7$�RSHUDWLQJ
FORVH WR VDWXUDWLRQ� UHJHQHUDWHV WKH VSHFWUXP VLGH��
OREHV DQG WKH DGMDFHQW FKDQQHOV LQWHUIHUH SDUWLDOO\
ZLWK HDFKRWKHU� )LJ� � VKRZV WKH LQWHUIHULQJSRZHU
RI 436.� 2IIVHW��436. DQG ���36. PHDVXUHG LQ
WKH EDQGZLWK %U[ RI WKH UHFHLYLQJ ILOWHU RI DQ DGMD�
FHQW FKDQQHO� IRU GLIIHUHQW YDOXHVRI WKHQRUPDOL]HG
FKDQQHO VSDFLQJ 'I�5V� 'I LV WKH HIIHFWLYH FKDQQHO
VSDFLQJ DQG5V LV WKH V\PERO UDWH RI WKH GLJLWDOPR�
GHP�

,Q WKH UDQJH RI SUDFWLFDO 'I�5V YDOXHV� L�H� IURP ���
WR ���� WKHUH LV RQO\ D VOLJKW DGYDQWDJH� LQ WHUPV RI
LQWHUIHULQJ SRZHU UHGXFWLRQ� LI 2IIVHW��436. LV
DGRSWHG LQVWHDG RI 436.� $FFRUGLQJO\� IRU WKH
SXUSRVH RI WKH VWXG\� 436. KDV EHHQ FKRVHQ IRU
V\VWHP$� DQG$�� LQ YLHZ RI LWV VXSHULRU &�1 SHU�
IRUPDQFH DQG LPSOHPHQWDWLRQ VLPSOLFLW\� )LJ� �
VKRZV WKH &�1 GHJUDGDWLRQ� IRU %(5 ������� DIWHU

 5V 5X�0� ZKHUH 0 � IRU V\VWHP $�� 0 ��� IRU V\VWHP
$� DQG 0 ��� IRU V\VWHP %�
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&�,  �� G%

8QFRGHG 436.

5DWH ���

(E �1R

G%

)LJXUH �
&�1 GHJUDGDWLRQ GXH

WR LQWHUIHUHQFH IRU
V\VWHPV $�� $� DQG %�
DIWHU 9LWHUEL GHFRGLQJ�

�%(5  ��������

)LJXUH �
%(5 SHUIRUPDQFH RI D
GLJLWDO PRGHP RI WKH $�
IDPLO\ LQ WKH SUHVHQFH

RI FR��FKDQQHO
LQWHUIHUHQFH�
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9LWHUEL GHFRGLQJ� YHUVXV WKH FDUULHU��WR��LQWHUIHU�
HQFH UDWLR �&�,�� 7KH LQWHUIHULQJSRZHU �,� KDV EHHQ
PHDVXUHG LQ WKH EDQGZLGWK �%U[� RI WKH UHFHLYLQJ
ILOWHU� 6\VWHP $� JLYHV WKH JUHDWHVW UXJJHGQHVV
DJDLQVW LQWHUIHUHQFH� )RU D &�1 GHJUDGDWLRQ RI �
G% LW FDQ RSHUDWH ZLWK D FR��FKDQQHO &�, UDWLR RI ��
G%� )RU WKH VDPH &�1 GHJUDGDWLRQ� V\VWHPV $�
DQG % UHTXLUH KLJKHU &�, YDOXHV� ���� G% DQG ����
G%� UHVSHFWLYHO\�

7KH HUURU SHUIRUPDQFH RI V\VWHP $� LQ WKH SUHV�
HQFHRIQRLVH DQG LQWHUIHUHQFHKDVEHHQ DVVHVVHGE\
ODERUDWRU\ PHDVXUHPHQWV RQ D SURWRW\SH 436.
PRGHP ZLWK D FRQYROXWLRQDO FRGH �UDWH ���� DVVR�
FLDWHGZLWK9LWHUEL GHFRGLQJ�� RSHUDWLQJ DW D XVHIXO
ELW��UDWH5X ��0%LW�V >�@� 7KH WHVWVZHUH FDUULHG��
RXW ZLWK D PRGHP LQ EDFN��WR��EDFN ,) FRQILJXUD�
WLRQ� QRLVH DQG FR��FKDQQHO LQWHUIHUHQFH ZHUH DGG�
HG DW WKH GHPRGXODWRU LQSXW� 7KH UHVXOWV DUH VKRZQ
LQ)LJ� �� 7KH V\VWHP LV DEOH WR FRSHZLWK FR��FKDQ�
QHO FDUULHU��WR��LQWHUIHUHQFH UDWLRV DV ORZ DV �� G%
ZLWK DQ (E�1R GHJUDGDWLRQ RI DERXW � G% DW
%(5 �������� 7KHVH UHVXOWV DUH LQ JRRG DJUHHPHQW
ZLWK WKRVH REWDLQHG LQ FRPSXWHU VLPXODWLRQV�

���� (YDOXDWLRQ RI EDVLF SODQQLQJ
SDUDPHWHUV

7DEOH � JLYHV WKH SHUIRUPDQFH RI WKH WKUHH V\VWHPV
LQ D FRPSOHWH LQWHUIHUHQFH HQYLURQPHQW� LQ WHUPV
RI�

�� 5X  ELW��UDWH DW WKH RXWSXW RI WKH +'79 FRGHU
�LQFOXGLQJ YLGHR�VRXQG�GDWD DQG 56���������
UHGXQGDQF\��

�� &�1 UDWLRV UHTXLUHG LQ ���0+] IRU KLJK TXDOLW\
SLFWXUHV �+4� DQG IRU VHUYLFH FRQWLQXLW\ �6&��

FRUUHVSRQGLQJ WR %(5  ������� DQG %(5  
�������� DIWHU 9LWHUEL GHFRGLQJ� UHVSHFWLYHO\�

�� FR��FKDQQHO SURWHFWLRQ UDWLRV 35�&&,�� IRU D &�
1 GHJUDGDWLRQ d � G% DW %(5 ������� �

�� FKDQQHO IUHTXHQF\ VSDFLQJ �'I��

�� QXPEHU RI DYDLODEOH FKDQQHOV �1� LQ ��� 0+]
EDQGZLGWK RQ RQH SRODUL]DWLRQ�

7KH IROORZLQJ DVVXPSWLRQV KDYH EHHQ PDGH�

�� UDLVHG��FRVLQH PRGHP ILOWHUV� UROO��RII a ����

�� 7:7$2%2 � G% IRU 436.�2%2 ��� G% IRU
7&���36.� ZLGH��EDQG 208; ILOWHU�

�� LGHDO FDUULHU DQG FORFN UHFRYHU\�

�� � G% LPSOHPHQWDWLRQ PDUJLQ�

�� WRWDO EDQGZLGWK ��� 0+]� QR JXDUG��EDQG�

�� QR XS��OLQN QRLVH RU LQWHUIHUHQFH�

�� 'I�5V QRUPDOL]HG FKDQQHO VSDFLQJ ������

%HFDXVH RI WKH IL[HG YDOXH 'I�5V� WKH &&, SURWHF�
WLRQ UDWLR� IRU HDFK V\VWHP� LV LQGHSHQGHQW RI WKH
XVHIXO ELW��UDWH�

7KHYDOXHVJLYHQ LQ7DEOH �DUH WKHPDLQ V\VWHPSD�
UDPHWHUV UHTXLUHG IRU SODQQLQJ SXUSRVHV� 7KH IRO�
ORZLQJ SUHOLPLQDU\ REVHUYDWLRQV PD\ EH PDGH�

6\VWHP $� RIIHUV WKH ORZHVW VSHFWUDO HIILFLHQF\
�� ELW��V�+]� LQ WKH 1\TXLVW EDQGZLGWK�� EXW LV WKH

 )RU XQFRGHG 436. D GHJUDGDWLRQ RI ��� G% ZDV DFFHSWHG
LQ RUGHU WR RSHUDWH DW 35�&&,� �� G%�

5X 6\VWHP 'I

&KDQQHOV
LQ ��� 0+] 35�&&,�

&�1 UDWLR UHTXLUHG LQ ��� 0+]
��G% LPSOHPHQWDWLRQ PDUJLQ�

0ELW�V 0+] 1 G% +4 �� G% 6& �� G%

��� 436. �
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7DEOH �
6\VWHP SHUIRUPDQFH
WKURXJK D VLPXODWHG
VDWHOOLWH FKDQQHO�
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G%

6\VWHP $�
�5V  5X�

6\VWHP %
�5V  ���[5X�

)LJXUH ��
&R��FKDQQHO SURWHFWLRQ

UDWLR 35�&&,� RI V\VWHPV
$�� $� DQG %� DV D

IXQFWLRQ RI WKH QRUPDOL]HG
FKDQQHO VSDFLQJ� IRU D &�1
GHJUDGDWLRQ RI � G% DQG

%(5  ��������

6\VWHP $�
�5V  ���[5X�

PRVW UXJJHG LQ WKH SUHVHQFH RI QRLVH DQG LQWHUIHU�
HQFH� LW UHTXLUHV WKH ORZHVW &�1 UDWLR DQG D
35�&&,� RI DERXW �� G%�

6\VWHP % RIIHUV WKH KLJKHVW VSHFWUDO HIILFLHQF\
�� ELW��V�+]� LQ WKH 1\TXLVW EDQGZLGWK� EXW UH�
TXLUHV DQ LQFUHDVH RI ��� G% LQ &�1 UDWLR ZLWK UH�
VSHFW WR V\VWHP$� DQG D 35�&&,� RI DERXW �� G%�

6\VWHP $� UHSUHVHQWV D FRPSURPLVH EHWZHHQ WKH
RWKHU WZR V\VWHPV� LW KDV D VSHFWUDO HIILFLHQF\ RI
��� ELW��V�+]� DQG UHTXLUHV D &�1 UDWLR ZKLFK LV �
G% KLJKHU WKDQ V\VWHP$� DQG D 35�&&,� RI DERXW
�� G%�

,I WKH XVHIXO ELW��UDWH RI 5X ��� 0ELW�V LV FKRVHQ
WR HQVXUH WUDQVSDUHQF\ WR VWXGLRTXDOLW\� V\VWHP$�
ZRXOG DOORZ WKUHH FKDQQHOV WR EH DFFRPPRGDWHG
LQ WKH �����0+]EDQGZLGWK �RQ HDFKRI WKH WZRSR�
ODUL]DWLRQV�� V\VWHP $� DOORZV IRXU FKDQQHOV DQG
V\VWHP% VL[ FKDQQHOV� ,I WKH ELW��UDWH LV UHGXFHG WR
5X �� 0ELW�V� ZKLFK VWLOO HQVXUHV KLJK SLFWXUH
TXDOLW\� WKH SRZHU FDQ EH UHGXFHG E\ � G% DQG WKH
PD[LPXP QXPEHU RI FKDQQHOV LV GRXEOHG� 7KLV
ZRXOG SHUPLW WKH RSHUDWLRQ RI VL[ FKDQQHOV ZLWK
V\VWHP $�� QLQH ZLWK V\VWHP $� DQG WZHOYH ZLWK
V\VWHP %� RQ HDFK SRODUL]DWLRQ� ,I ERWK SRODUL]D�
WLRQV DUH DVVLJQHG WR WKH VDPH VHUYLFH DUHD� V\VWHP
$� DSSHDUV DV D YHU\ DWWUDFWLYH VROXWLRQ� EHFDXVH
WKH QXPEHU RI FKDQQHOV SHU VHUYLFH DUHD LV VXIIL�
FLHQWO\ KLJK ���� DQG D JRRG VHUYLFH DYDLODELOLW\
FDQ EH DFKLHYHG �VHH 6HFWLRQ ���

,Q 7DEOH � WKH QRUPDOL]HG FKDQQHO VSDFLQJ 'I�5V LV
VHW DW ����� 7KH UXJJHGQHVV DJDLQVW LQWHUIHUHQFH RI
V\VWHPV $� DQG $� FDQ EH H[SORLWHG WR UHGXFH WKH
FKDQQHO VSDFLQJ� E\ WKLV PHDQV RQH RU WZR PRUH
FKDQQHOV FRXOG EH DFFRPPRGDWHG� RU VXLWDEOH
JXDUG EDQGV FRXOG EH SURYLGHG WR SURWHFW DGMDFHQW
VHUYLFHV IURP RXW��RI��EDQG VSXULRXV HPLVVLRQV�
7KH RSWLPLVDWLRQ RI'I�5V FDQ EH FDUULHG RXW HDVLO\

ZLWK WKH DLG RI WKH FXUYHV RI )LJ� ��� RQFH WKH YDO�
XHV RI 35�&&,� REWDLQHG IURP SODQQLQJ H[HUFLVHV
DUH NQRZQ�

)RU H[DPSOH� DVVXPLQJ WKDW WKH SODQ DOORZV RSHUD�
WLRQZLWK DQ HTXLYDOHQW FR��FKDQQHO FDUULHU WR LQWHU�
IHUHQFH UDWLR &�, ZKLFK LV JUHDWHU WKDQ �� G% DW DOO
WKH WHVW SRLQWV� WKH QRUPDOL]HG FKDQQHO VSDFLQJ RI
V\VWHP$�FRXOG EH UHGXFHG IURP���� WR ����ZLWK
D &�1 GHJUDGDWLRQ d  � G%� 8QGHU WKHVH FRQGL�
WLRQV V\VWHP$����� FRXOG RSHUDWH HIILFLHQWO\ ZLWK
D FKDQQHO VSDFLQJ RI ���� 0+]� PDNLQJ DYDLODEOH
D WRWDO RI �� FKDQQHOV �� [ � XVLQJ ERWK SRODUL]D�
WLRQV� DQG DOORZLQJ� LQ DGGLWLRQ� D JXDUG��EDQG RI
DERXW �� 0+]�

�� $Q H[DPSOH RI ���*+]
:�+'79 %66 �,WDO\�

,Q RUGHU WR DVVHVV WKH IHDVLELOLW\ RI:��+'79%66
DW �� *+]XVLQJ WKH FKDQQHO FRGLQJ WHFKQLTXHV H[�
DPLQHG DERYH� OLQN EXGJHW HYDOXDWLRQV KDYH EHHQ
FDUULHG RXW IRU WKH FDVH RI FRYHUDJH RI ,WDO\� 0RVW
RI WKH WHUULWRU\ LV LQ FOLPDWLF ]RQH.� DOWKRXJK ]RQH
/� ZKLFK LV UHSUHVHQWDWLYH RI WKH PRVW XQIDYRXU�
DEOH SURSDJDWLRQ FRQGLWLRQV LQ (XURSH� LV DOVR FRQ�
VLGHUHG �UHOHYDQW IRU WKH QRUWK��ZHVW RI ,WDO\��

7KH OLQN EXGJHWV KDYH EHHQ HYDOXDWHG IRU WKH IRO�
ORZLQJ FRQGLWLRQV�

�� VDWHOOLWH 7:7$ SRZHU� ��� :

�� UHFHLYHU QRLVH ILJXUH� ��� G%�
FRXSOLQJ ORVVHV � G%

�� GRZQ��OLQN IUHTXHQF\� �� *+]�

�� VDWHOOLWH SRVLWLRQ� ���:

�� VDWHOOLWH ORVVHV �ZDYHJXLGH�
208; ILOWHU�� ��� G%

�� VDWHOOLWH PD[LPXP H�L�U�S�� ���� G%:
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6\VWHP % 6\VWHP $�

6\VWHP $�

�

6DWHOOLWH 7:7$� ��� :
5HFHLYLQJ DQWHQQD� �� FP GLDPHWHU�

*�7  ���� G%�.

�� WHVW SRLQW� RQ WKH ��� G%
VHUYLFH DUHD FRQWRXU

�� UHFHLYHU *�7� ���� G%�.
�GLVK� �� FP� HIILFLHQF\ ����

�� XS��OLQN QRLVH FRQWULEXWLRQ� ��� G%�

7KH YDOXHV RI UDLQ DWWHQXDWLRQ DQG JDVHRXV DEVRUS�
WLRQ KDYH EHHQ FRPSXWHG DV D IXQFWLRQ RI WKH SHU�
FHQWDJH RI WLPH RI WKHZRUVWPRQWK XVLQJ WKHPHWK�
RG RI &&,5 5HSRUW ������ 0RG )� ,Q WKH UHJLRQV
LQ FOLPDWLF ]RQH / WKH ILJXUHV IRU UDLQ DWWHQXDWLRQ
DQG JDVHRXV DEVRUSWLRQ DW ��*+] DUH� �� G% ����
RI ZRUVW PRQWK�� ���� G% ������� DQG ���� G%
�������� 7KH RWKHU SDUWV RI ,WDO\� LQ FOLPDWLF ]RQH
.� DUH OHVV DIIHFWHG E\ WKHVH VHYHUH UDLQ DWWHQXD�
WLRQV� +RZHYHU WKH FRUUHVSRQGLQJ ILJXUHV DUH VWLOO
KLJK� ��� G% ���� RI ZRUVW PRQWK�� ���� G%
������� DQG ���� G% �������� ,Q DQ\ FDVH� RZLQJ
WR WKH OLPLWHG NQRZOHGJH RI WKH UDLQ DWWHQXDWLRQ
VWDWLVWLFV LQ WKLV IUHTXHQF\ UDQJH� WKH UHVXOWV RE�
WDLQHG LQ WKLV H[DPSOH VKRXOG EH XVHG RQO\ IRU
TXDOLWDWLYH FRPSDULVRQV RI WKH SHUIRUPDQFH RI WKH
YDULRXV V\VWHPV� &OHDU��VN\ &�1 PDUJLQV KDYH
EHHQ HYDOXDWHG IRU WKH WKUHH V\VWHPV �$�� $� DQG
%� DV D IXQFWLRQ RI WKH XVHIXO ELW��UDWH 5X� IRU KLJK
TXDOLW\SLFWXUHV �%(5 �������� DQGIRU VHUYLFHFRQ�
WLQXLW\ �%(5 ��������� 7KH FRUUHVSRQGLQJ SHU�
FHQWDJHV RI WLPH LQ WKHZRUVWPRQWK KDYH WKHQEHHQ
GHWHUPLQHG�

7KH LQFUHDVH RI UDLQ DWWHQXDWLRQ EHWZHHQ ��� DQG
����� RI WKH ZRUVW PRQWK LV PXFK KLJKHU WKHQ WKH
GLIIHUHQFH EHWZHHQ &�1+4 IRU XQLPSDLUHG SLF�
WXUHV DQG &�16& IRU VHUYLFH FRQWLQXLW\ �DERXW
� G%�� 7KH PRVW VHYHUH WDUJHW LV WKHUHIRUH WKH
����� VHUYLFH FRQWLQXLW\�

,Q ]RQH .� DW WKH KLJKHVW ELW��UDWH RI ��� 0ELW�V�
V\VWHPV $� DQG $� VDWLVI\ WKH WDUJHW RI KLJK SLF�
WXUH TXDOLW\ IRU ��� RI WKH ZRUVW PRQWK �%(5  
���������ZLWK����FPGLVKHV� 8VLQJ WKH VDPHDQWHQ�
QD� V\VWHP % FRXOG RSHUDWH DW DERXW ��� 0ELW�V�
8VLQJ D UHFHLYLQJ DQWHQQD RI �� FP� V\VWHP $�
FRXOG RSHUDWH DW ��� 0ELW�V� V\VWHP $� DW ��
0ELW�V DQG V\VWHP % DW ��0ELW�V� ,Q ]RQH /� ZLWK
D ����FP GLVK� WKH ��� WDUJHW LV DFKLHYHG E\ V\V�
WHPV $������� $������ DQG %�����

)LJ� ��JLYHV� IRU FOLPDWLF ]RQH.DQGZLWK D����FP
UHFHLYLQJ DQWHQQD� WKH SHUFHQWDJH RI WKH ZRUVW
PRQWK IRU ZKLFK VHUYLFH FRQWLQXLW\ LV JXDUDQWHHG�
DV D IXQFWLRQ RI 5X� 7KH VHUYLFH RXWDJH WLPHV DUH
DOVR LQGLFDWHG� 7KH VHUYLFH FRQWLQXLW\ WDUJHW RI
����� RI WKH ZRUVW PRQWK �%(5  �������� LV
DFKLHYHG E\ V\VWHP $� DW DERXW ��0ELW�V� DQG E\
V\VWHP $� DW �� 0ELW�V� WKLV WDUJHW LV RQO\ DS�
SURDFKHG E\ V\VWHP %���� �DERXW ������� 8QGHU
WKH VHYHUH SURSDJDWLRQ FRQGLWLRQV RI ]RQH /� WKH
DGRSWLRQ RI UHGXFHG ELW��UDWHV �H�J� �� 0ELW�V� RU
ODUJHU DQWHQQD GLDPHWHUV ZRXOG EH QHFHVVDU\�

�� ,QIOXHQFH RI 35�&&,� RQ
VSHFWUXP H[SORLWDWLRQ

7KH WKUHH V\VWHPV $�� $� DQG % KDYH EHHQ HYD�
OXDWHG IRURSHUDWLRQ LQ WKHFKDQQHO FRQILJXUDWLRQRI
)LJ� �� DQG ZLWK D &�1 GHJUDGDWLRQ RI d � G%�

,Q D SODQQLQJ H[HUFLVH� SURWHFWLRQ IURP LQWHUIHU�
HQFH FDQ EH DFKLHYHG E\ IUHTXHQF\ VHSDUDWLRQ RI
WKH FKDQQHOV� E\ FURVV��SRODU GLVFULPLQDWLRQ� E\
JHRJUDSKLFDO VHSDUDWLRQ RI WKH VHUYLFH DUHDV DQGE\
RUELWDO VHSDUDWLRQ RI WKH VDWHOOLWHV� 6\VWHPV WKDW
FDQ RSHUDWH ZLWK ORZ YDOXHV RI 35�&&,� DQG
35�$&,� DOORZ PRUH HIILFLHQW XVH WR EH PDGH RI

)LJXUH ��
6HUYLFH DYDLODELOLW\
LQ FOLPDWLF ]RQH .
LQ ,WDO\� IRU V\VWHPV
$�� $� DQG %� DV D
IXQFWLRQ RI WKH
XVHIXO ELW��UDWH 5X�
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WKH DYDLODEOH VSHFWUXP� 7KH PD[LPXP HIILFLHQF\
LV REWDLQHG ZKHQ LW LV SRVVLEOH WR DVVLJQ WKH RYHUDOO
DYDLODEOH EDQGZLGWK �RQ RQH RU ERWK SRODUL]DWLRQV�
WR WKH VHUYLFH DUHDV� WKLV W\SH RI SODQ LV NQRZQ DV
D ´FRPPRQ IUHTXHQF\ SODQµ >�@� 7KLV DSSURDFK
ZDV QRW SRVVLEOH DW WKH :$5&·�� EHFDXVH RI WKH
XVH RI DQDORJXH )0 V\VWHPV UHTXLULQJ D 35�&&,�
RI �� G% DQG 35�$&,� RI �� G%� ZLWK D FKDQQHO
VSDFLQJ RI ����� 0+]�

$Q LPSRUWDQW IHDWXUH RI WKH FRPPRQ IUHTXHQF\
SODQ LV WKDW WKH FKRLFH RI PRGXODWLRQ SDUDPHWHUV�
ELW��UDWHV DQG FKDQQHO VSDFLQJV FDQ EH OHIW WR WKH
XVHU� WKH RQO\ UHVWULFWLRQ FRQFHUQV WKH PD[LPXP
SHUPLWWHG SRZHU GHQVLW\ QHHGHG LQ RUGHU WR SURWHFW
WKH RWKHU VHUYLFHV IURP LQWHUIHUHQFH� 6HUYLFH DUHDV
DIIHFWHG E\ VHYHUH SURSDJDWLRQ FRQGLWLRQV FDQ
WKHUHIRUH DGRSW YHU\ UXJJHG PRGXODWLRQ DQG FRG�
LQJ VFKHPHV WR SURWHFW WKHPVHOYHV DJDLQVW QRLVH
DQG LQWHUIHUHQFH� DW WKH H[SHQVH RI D UHGXFWLRQ RI
WKH XVHIXO ELW��UDWH �5X� RU RI WKH QXPEHU RI DYDLO�
DEOH FKDQQHOV� )RU H[DPSOH� DVVXPLQJ WKDW 436.
PRGXODWLRQ LV XVHG ZLWK D IL[HG V\PERO UDWH� WKH
XVH RI SXQFWXUHG FRQYROXWLRQDO FRGHVZRXOG DOORZ
WKH FRGH UDWH WR EH FKDQJHG HDVLO\ �H�J� ���� ���� ���
DQG ���� DFFRUGLQJ WR WKH VHUYLFH DUHD� ZLWKRXW
KDUGZDUHPRGLILFDWLRQV LQ WKH436.GHPRGXODWRU
DQG 9LWHUEL GHFRGHU�

3ODQQLQJ H[HUFLVHV KDYH EHHQ FDUULHG RXW >�@ LQ RU�
GHU WR HYDOXDWH WKH QXPEHU RI FKDQQHOV WKDW FDQ EH
REWDLQHG SHU QDWLRQDO VHUYLFH DUHD LQ (XURSH DQG
1RUWK $IULFD� 7KH UHVXOWV LQGLFDWH WKDW D FRPPRQ
IUHTXHQF\ SODQ ZKLFK DVVLJQV DOO WKH EDQGZLGWK
�H�J� ��� 0+]� WR DOO WKH VHUYLFH DUHDV� EXW XVLQJ
RQO\ RQH RI WKH WZR SRODUL]DWLRQV� LV IHDVLEOH ZLWK
D FR��FKDQQHO SURWHFWLRQ UDWLR 35�&&,� RI �� G%
�DVVXPLQJ �� VDWHOOLWH VSDFLQJ DQG WKH :$5&·��
DQWHQQD UDGLDWLRQ SDWWHUQ�� 7KH WKUHH V\VWHPV $��
$� DQG % FDQ WKHUHIRUH RSHUDWH LQ VXFK D SODQQLQJ
VFHQDULR� WKH QXPEHU RI FKDQQHOV DYDLODEOH� 1� LV
JLYHQ LQ 7DEOH ��

,I WKH VDWHOOLWH VSDFLQJ LV UHGXFHG WR ��� DQG DVVXP�
LQJ WKH DGRSWLRQ RI V\VWHPV DEOH WR RSHUDWH ZLWK
35�&&,� RI RQO\ �� G%� IUHTXHQF\ UH��XVH LQ WKH
VDPH VHUYLFH DUHD EHFRPHV IHDVLEOH� GRXEOLQJ WKH
WRWDO QXPEHU RI FKDQQHOV SHU VHUYLFH DUHD� 8QGHU
WKHVH FRQGLWLRQV V\VWHPV $� DQG $� VXIIHU IURP D
&�1GHJUDGDWLRQ G RI DERXW ��� DQG ��� G%� UHVSHF�
WLYHO\� $ WRWDO RI �� DQG �� FKDQQHOV ZRXOG EH DY�
DLODEOH ZLWK V\VWHP $����� DQG V\VWHP $������ UH�
VSHFWLYHO\� 6\VWHP % FRXOG RSHUDWH ZLWK
IUHTXHQF\ UH��XVH� DOORZLQJ �� FKDQQHOV DW 5X ��
0ELW�V� DW WKH H[SHQVH RI D ODUJH &�1 GHJUDGDWLRQ
�DERXW � G%�� ZKLFK FDQ EH RYHUFRPH E\ LQFUHDV�
LQJ WKH VDWHOOLWH SRZHU�

�� &RQFOXVLRQV

$PRQJ WKH REMHFWLYHV RI WKH :$5&·�� &RQIHU�
HQFH LQ 6SDLQ� WKH DOORFDWLRQ RI D VXLWDEOH IUHTXHQ�
F\ EDQG DURXQG �� *+] IRU ZLGH��5) EDQG +'79
VDWHOOLWH HPLVVLRQ V\VWHPV� ZLWK QHDU VWXGLR TXDOL�
W\� LV RI SULPDU\ LPSRUWDQFH� 7R DVVHVV WKH IHDVLELO�
LW\ RI D IXOO\��GLJLWDO VROXWLRQ� SRWHQWLDOO\ RSHQ WR
WKH H[SHFWHG WHFKQRORJ\ HYROXWLRQ RI WKH QH[W FHQ�
WXU\� WKUHH DGYDQFHG FKDQQHO FRGLQJ DQG PRGXOD�
WLRQ V\VWHPV KDYHEHHQ LGHQWLILHG DQG HYDOXDWHG E\
FRPSXWHU VLPXODWLRQV DQG ODERUDWRU\ WHVWV �DW
VFDOHG ELW��UDWHV� XVLQJ D KDUGZDUH VDWHOOLWH VLPXOD�
WRU�

�� 6\VWHP $�� 436. ZLWK UDWH ��� FRQYROXWLRQDO
FRGH�

�� 6\VWHP $�� 436. ZLWK UDWH ��� FRQYROXWLRQDO
FRGH�

�� 6\VWHP % � UDWH ��� WUHOOLV��FRGHG ���36.�

7KHVH V\VWHPV PDNH XVH RI VRIW��GHFLVLRQ 9LWHUEL
GHFRGLQJ LQ WKH UHFHLYHU� DQG LQFOXGH D5HHG��6ROR�
PRQ ��������� FRQFDWHQDWHG EORFN FRGH DVVR�
FLDWHG ZLWK WKH +'79 FRGHU�

7KHPDLQREMHFWLYHRI WKH VWXG\ZDV WR FRPSDUH WKH
5) V\VWHP SHUIRUPDQFH DW GLIIHUHQW ELW��UDWHV
�5X ��� ��� DQG ��� 0ELW�V� LQFOXGLQJ YLGHR�DX�
GLR�GDWD LQIRUPDWLRQ DQG �� )(& UHGXQGDQF\��
ZKHQZRUNLQJ WKURXJK D VDWHOOLWH FKDQQHO LQ D FRP�
SOHWH LQWHUIHUHQFH HQYLURQPHQW� LQ WHUPV RI�

�� QXPEHU RI FKDQQHOV DYDLODEOH LQ D EDQGZLGWK RI
��� 0+] ����� WR �� *+]��

�� VHUYLFH TXDOLW\� LQ WHUPV RI SHUFHQWDJH RI WLPH
�LQ WKH ZRUVW PRQWK� IRU ZKLFK KLJK��TXDOLW\
SLFWXUHV DUH DYDLODEOH DQG VHUYLFH FRQWLQXLW\ LV
DVVXUHG�

:LWK FXUUHQW K\EULG '&7 ELW��UDWH FRPSUHVVLRQ DO�
JRULWKPV� QHDU��VWXGLR TXDOLW\+'79 LV DFKLHYDEOH
DW ��� 0ELW�V� 7KH DGRSWLRQ RI UHGXFHG ELW��UDWHV�
VXFK DV �� DQG ��� 0ELW�V� VWLOO DOORZV KLJK��TXDO�
LW\ +'79� DQG DVVXUHV VLJQLILFDQW LPSURYHPHQWV
LQ WKH 5) V\VWHP SHUIRUPDQFH� WKLV FRXOG EH D SUH�
GRPLQDQW IDFWRU LQ UHJLRQV DIIHFWHG E\ VHYHUH
SURSDJDWLRQ FRQGLWLRQV� VXFK DV FOLPDWLF ]RQH / LQ
QRUWKHUQ ,WDO\�

7KH IROORZLQJ FRQFOXVLRQV FDQ EH GUDZQ�

�� $OO V\VWHPV� $�� $� DQG %� KDYH SURYHG VXLW�
DEOH IRU RSHUDWLRQ LQ D ´FRPPRQ IUHTXHQF\
SODQµ� ZKLFK DOORFDWHV WKH ZKROH ��� 0+]
EDQGZLGWK WR HDFK VHUYLFH DUHD� RQ RQH RU ERWK
SRODUL]DWLRQV �L�H� ZLWK IUHTXHQF\ UH��XVH�� 7KLV
DSSURDFK DOORZV D FHUWDLQ GHJUHH RI IOH[LELOLW\
LQ WKH ILQDO FKRLFH RI WKH V\VWHP DQG RI WKH ELW��
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UDWH� DFFRUGLQJ WR WKH SURSDJDWLRQ FRQGLWLRQV
DQG WKH VHUYLFH UHTXLUHPHQWV� 7KH ILQDO FKRLFH
LV WKHQ D WUDGH��RII EHWZHHQ WKH UHTXLUHG +'79
SLFWXUH TXDOLW\� WKH QXPEHU RI FKDQQHOV DQG WKH
VHUYLFH DYDLODELOLW\�

�� ,Q FRXQWULHV ZKHUH WKH VDWHOOLWH H�L�U�S� LV QRW WKH
OLPLWLQJGHVLJQSDUDPHWHU �ORZ UDLQ DWWHQXDWLRQ�
VPDOO IRRW��SULQW� V\VWHP %� ZLWK IUHTXHQF\ UH��
XVH� UHSUHVHQWV WKH RSWLPXPVROXWLRQ LQ WHUPVRI
WKHQXPEHURI FKDQQHOV DYDLODEOH �L�H���� ��DQG
�� DW ELW��UDWHV RI ���� ��� DQG��0ELW�V UHVSHF�
WLYHO\��

�� ,Q FRXQWULHV DIIHFWHG E\ VHYHUH SURSDJDWLRQ
FRQGLWLRQV �H�J� KLJK UDLQ DWWHQXDWLRQ DQG ORZ
FURVV��SRODU GHFRXSOLQJ� V\VWHPV$�DQG$�DUH
SDUWLFXODUO\ VXLWDEOH RQ DFFRXQW RI WKHLU UXJJHG�
QHVV LQ WKH SUHVHQFH RI QRLVH DQG LQWHUIHUHQFH�
0RUHRYHU� WKH XVH RI ORZ ELW��UDWHV �H�J� ��
0ELW�V� DOORZV D IXUWKHU LPSURYHPHQW RI WKH 5)
V\VWHP SHUIRUPDQFH�

$V DQ H[DPSOH� WKH SHUIRUPDQFH RI WKH WKUHH V\V�
WHPV DW �� *+] KDV EHHQ HYDOXDWHG XQGHU WKH VH�
YHUH SURSDJDWLRQ FRQGLWLRQV RI ,WDO\ �FOLPDWLF
]RQHV . DQG /�� DVVXPLQJ D VDWHOOLWH 7:7$SRZHU
RI ��� :� 7KH UHVXOWV KDYH SURYHG WKH SRVVLELOLW\
RI FRQYH\LQJ XQLPSDLUHG +'79 SLFWXUHV WR YLHZ�
HUV IRU ��� RI WKH ZRUVW PRQWK� XVLQJ ����FP UH�
FHLYLQJ DQWHQQDV�

�� QHDU��VWXGLR TXDOLW\� DW ��� 0ELW�V� FDQ EH
DFKLHYHG LQ FOLPDWLF ]RQH . E\ V\VWHPV $� DQG
$�� DQG LQ ]RQH / E\ V\VWHP $��

�� KLJK��TXDOLW\ +'79 LV IHDVLEOH LQ ]RQH . ZLWK
V\VWHP %������ DQG LQ ]RQH / ZLWK V\VWHPV
$������ DQG %�����

8VLQJ D ����FP UHFHLYLQJ DQWHQQD� V\VWHP $� FDQ
RSHUDWH DW ���0ELW�V IRU ��� RI WKH ZRUVW PRQWK�
V\VWHP $� DW �� ELW�V DQG V\VWHP % DW �� 0ELW�V�

0U� 0DULR &RPLQHWWL JUDGXDWHG LQ SK\VLFV DW 7XULQ 8QLYHUVLW\ DQG MRLQHG WKH 5HVHDUFK
&HQWUH RI5$,��5DGLRWHOHYLVLRQH ,WDOLDQD LQ ����� +H LV QRZ+HDGRI WKH6SHFLDO 7HFKQLTXHV /DER�
UDWRU\ ZKHUH KH LV FRQFHUQHG ZLWK DGYDQFHG GLJLWDO V\VWHPV� +H LV &KDLUPDQ RI (%8 6XE��JURXS
9� �'DWD EURDGFDVWLQJ� DQG RI WKH (%8 7DVN )RUFH ZKLFK SUHSDUHG WKH ZLGHEDQG GLJLWDO +'79
GHPRQVWUDWLRQ LQ 7RUUHPROLQRV GXULQJ WKH :$5&���� &RQIHUHQFH�

0U� &RPLQHWWL LV DQ DFWLYH FRQWULEXWRU WR WKH VWXGLHV RI WKH &&,5 DQG LQ UHFRJQLWLRQ RI WKLV DFWLYLW\
KH ZDV DZDUGHG WKH 'LSO{PH G·+RQQHXU �����

'U� $OEHUWR 0RUHOOR JUDGXDWHG LQ HOHFWURQLF HQJLQHHULQJ DW 7XULQ 3RO\WHFKQLF LQ ���� DQG
WRRN KLV GRFWRUDWH GHJUH LQ ����� +H MRLQHG WKH 5HVHDUFK &HQWUH RI 5$,��5DGLRWHOHYLVLRQH ,WDOLDQD
LQ ���� DQG LV QRZ LQ FKDUJH RI WKH GLJLWDO WUDQVPLVVLRQ JURXS RI WKH 6SHFLDO 7HFKQRORJLHV /DERUD�
WRU\� +H LV HQJDJHG LQ UHVHDUFK RQ GLJLWDO PRGXODWLRQ DQG FRGLQJ WHFKQLTXHV IRU DXGLR� GDWD DQG
WHOHYLVLRQ� DQG KLJK��GHILQLWLRQ WHOHYLVLRQ WUDQVPLVVLRQ DQG EURDGFDVWLQJ YLD VDWHOOLWH�

'U� 0RUHOOR LV D PHPEHU RI VHYHUDO JURXSV LQ WKH (%8 DQG &&,5 DQG KDV DXWKRUHG D QXPEHU RI
WHFKQLFDO DQG VFLHQWLILF DUWLFOHV UHODWLQJ WR KLV VWXGLHV�

0U� 0LFKHOH 9LVLQWLQ JUDGXDWHG LQ HOHFWURQLFV HQJLQHHULQJ DW 7XULQ 3RO\WHFKQLF LQ �����
+H MRLQHG WKH 5HVHDUFK &HQWUH RI 5$,��5DGLRWHOHYLVLRQH LQ ����ZKHUH KH LV LQYROYHG LQ WKH DQDO\�
VLV RI GLJLWDO FRPPXQLFDWLRQV V\VWHPV DQG FRPSXWHU VLPXODWLRQV�
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,Q RUGHU WR VDWLVI\ WKH WDUJHW RI VHUYLFH FRQWLQXLW\
IRU ����� RI WKH ZRUVW PRQWK� SDUWLFXODUO\ XQGHU
WKH VHYHUH SURSDJDWLRQ FRQGLWLRQV RI ]RQH /� D UH�
GXFWLRQRI WKH ELW��UDWH RU DQ LQFUHDVH RI WKH DQWHQQD
GLDPHWHU ZRXOG EH QHFHVVDU\� )RU H[DPSOH� V\V�
WHP $����� FRXOG RSHUDWH VDWLVIDFWRULO\ ZLWK D
�����FP GLVK LQ FOLPDWLF ]RQH / IRU ����� RI WKH
ZRUVW PRQWK� PDNLQJ DYDLODEOH D WRWDO RI �� FKDQ�
QHOV� XVLQJ ERWK SRODUL]DWLRQV�

7KH UHVXOWV RI WKLV LQYHVWLJDWLRQ SURYH WKH IHDVLELO�
LW\ RI :��+'79 %66� DW IUHTXHQFLHV DURXQG ��
*+]� XVLQJ DGYDQFHG PRGXODWLRQ DQG FKDQQHO
FRGLQJ WHFKQLTXHV ZKLFK DUH DOUHDG\ PDWXUH IRU
SUDFWLFDO LPSOHPHQWDWLRQ� 7KHVH WHFKQLTXHV�
EDVHG RQ FRQFDWHQDWHG HUURU FRUUHFWLRQ VWUDWHJLHV
DQG VRIW��GHFLVLRQ 9LWHUEL GHFRGLQJ� DOORZ WKH
EURDGFDVWHUV WR H[SORLW WKH LQKHUHQW IOH[LELOLW\ RI
WKH FRPPRQ IUHTXHQF\ DSSURDFK E\ RIIHULQJ D YD�
ULHW\ RI VROXWLRQV IRU:��+'79 EURDGFDVW VDWHOOLWH
VHUYLFHV� VXLWDEOH IRU D YDULHW\ RI VHUYLFH UHTXLUH�
PHQWV DQG SURSDJDWLRQ FRQGLWLRQV� DQG DEOH WR
FRSH ZLWK WKH WHFKQRORJ\ RI IXWXUH VDWHOOLWHV LQ WKH
����*+] UDQJH�

%LEOLRJUDSK\

>�@ %DUEHUR� 0�� +RIPDQQ� +�� :HOOV� 1�'� � '&7
FRGLQJ DQG FXUUHQW LPSOHPHQWDWLRQ RI
+'79�
$GYDQFHG WHFKQLTXHV IRU VDWHOOLWH EURDGFDVW�
LQJ RI GLJLWDO +'79 DW IUHTXHQFLHV DURXQG ��
*+]� �� &ROOHFWHG SDSHUV RQ FRQFHSWV IRU
ZLGH��EDQG GLJLWDO +'79 VDWHOOLWH EURDGFDVW�
LQJ LQWR WKH ��VW FHQWXU\�
(%8� *HQHYD� )HEUXDU\ �����

>�@ %DUELHUL� *�)�� &RPLQHWWL�0� �([SHULPHQWVRI
SRLQW��WR��PXOWLSRLQW GLJLWDO WUDQVPLVVLRQ
RI +'79 YLD VDWHOOLWH GXULQJ WKH )RRWEDOO
:RUOG &XS ���� LQ ,WDO\�
(%85HYLHZ �� 7HFKQLFDO� 1R� ���� 'HFHPEHU
�����

>�@ &RPLQHWWL� 0�� 0RUHOOR� $�� :LGH 5)��EDQG
GLJLWDO +'79 HPLVVLRQ V\VWHPV� 3HUIRUP�
DQFH RI DGYDQFHG FKDQQHO FRGLQJ DQG
PRGXODWLRQ WHFKQLTXHV�
&&,5 'RF� -,:3 ����������������� 6\GQH\�
1RYHPEHU �����

>�@ 'RVFK�&K� �'LUHFWVDWHOOLWHEURDGFDVWLQJRI
GLJLWDO +'79 LQ WKH �� *+] UDQJH�
$GYDQFHG WHFKQLTXHV IRU VDWHOOLWH EURDGFDVW�
LQJ RI GLJLWDO +'79 DW IUHTXHQFLHV DURXQG ��
*+]� �� &ROOHFWHG SDSHUV RQ FRQFHSWV IRU
ZLGH��EDQG GLJLWDO +'79 VDWHOOLWH EURDGFDVW�
LQJ LQWR WKH ��VW FHQWXU\�
(%8� *HQHYD� )HEUXDU\ �����

>�@ 9LVLQWLQ� 0� � 3HUIRUPDQFH RI 436. ZLWK
UDWHV ��� DQG ��� FRQYROXWLRQDO FRGHV RQ
VDWHOOLWH FKDQQHOV�
5$, 5HVHDUFK &HQWUH� 7HFKQLFDO 5HSRUW 1R�
�����(� $XJXVW �����

>�@ 6WRWW� -�+� � 6DWHOOLWH EURDGFDVWLQJ �� D FRP�
PRQ��IUHTXHQF\ SODQQLQJ DSSURDFK IRU
ZLGH��EDQG +'79�
%%& 7HFKQLFDO 5HSRUW 1R��� � �����

>�@ &RPLQHWWL� 0�� &XFFKL� 6�� 0RUHOOR� $�� 6DFFR�
%�� $Q H[SHULPHQWDO GLJLWDO 79 V\VWHP IRU
6DWHOOLWH 1HZV *DWKHULQJ �61*��
��WK ,QWHUQDWLRQDO 79 6\PSRVLXP� 0RQWUHX[�
-XQH �����

>�@ 0HUWHQV� +� � 6SHFWUXP DQG SODQQLQJ DV�
SHFWV IRU GLJLWDO +'79 %66�
$GYDQFHG WHFKQLTXHV IRU VDWHOOLWH EURDGFDVW�
LQJ RI GLJLWDO +'79 DW IUHTXHQFLHV DURXQG ��
*+]� �� &ROOHFWHG SDSHUV RQ FRQFHSWV IRU
ZLGH��EDQG GLJLWDO +'79 VDWHOOLWH EURDGFDVW�
LQJ LQWR WKH ��VW FHQWXU\�
(%8� *HQHYD� )HEUXDU\ �����

���KRXUV�GD\ +L��9LVLRQ

)ROORZLQJ RYHU WZR \HDUV RI GDLO\ RQH��KRXU H[SHULPHQWDO VDWHOOLWH EURDGFDVWV RI +L��9LVLRQ� WKH -DSD�
QHVH +L��9LVLRQ 3URPRWLRQ $VVRFLDWLRQ EHJDQ WHVW EURDGFDVWV IRU HLJKW KRXUV HDFK GD\� EHJLQQLQJ RQ
��1RYHPEHU����� 7KHEURDGFDVWVDUH FDUULHG LQ DFKDQQHO RQ WKH%6���EVDWHOOLWH UHVHUYHGH[FOXVLYH�
O\ IRU +L��9LVLRQ�

7KH SXUSRVH RI WKH H[SDQGHG WHVW SURJUDPPH LV WR LQFUHDVH DZDUHQHVV RI +L��9LVLRQ DQG WKH $VVRVL�
DWLRQ KRSHV WR FRQWULEXWH� LQ WKLV ZD\� WR WKH HQKDQFHPHQW RI -DSDQHVH FXOWXUH DQG WKH OLYLQJ VWDQGDUG
RI WKH SHRSOH� 7KH $VVRFLDWLRQ UHSUHVHQWV FRPSDQLHV DQG RUJDQL]DWLRQV IURP YDULRXV ILHOGV� LQFOXGLQJ
WKH -DSDQHVH QDWLRQDO EURDGFDVWLQJ RUJDQL]DWLRQ 1+.� -6% �-DSDQ 6DWHOOLWH %URDGFDVWLQJ� DQG FRP�
PHUFLDO EURDGFDVWHUV LQ 7RN\R� 2VDND DQG1DJR\D� 1+. MRLQHG WKH $VVRFLDWLRQ RQ WKH XQGHUVWDQGLQJ
WKDW WKH EURDGFDVWHU·V HIIRUWV WR SURPRWH+L��9LVLRQ GXULQJ WKH HDUOLHU H[SHULPHQWV ZRXOG EH IXOO\ DSSUH�
FLDWHG� DQG WKDW 1+. ZRXOG DVVXPH WKH OHDGLQJ U{OH LQ WKH QHZ $VVRFLDWLRQ�




