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%DVLF FRPSRQHQWYV RI D PRELOH UDGLR V\VWEF
SHODWLRQVKLS EHWZHHQ QXPEHU RI LOQWHUPR
SURGXFWY DQG QXPEHU RI WUDQVPLVVLRQ
IUHTXHQFLHYV

6SHFWUDO GLVWULEXWLRQ RI WKH LOQWHUP
SURGXFWY GXH WR WZR WUDQVPLVVLRQ IUHTX
&RUURVLYLW\ YDOXHVY REWDLQHG IURP WRZH

D 7TUDQVPLVVLRQ 5RXWH
6PDOO 6LIJQDO LQSXW RXWSXW QRQ OLQHDULW
/IDUJH 6LJQDO LQSXW RXWSXW QRQ OLQHDULW\

(QHUJ\ EDQG VWUXFWXUHV IRU PHWDO
VHPLFRQGXFWRU DQGLQVXODWRU

JRXU W\SHV RI SK\VLFDO GHIHFW LQ WUDQVLWL
PHWDO R[LGH

1L2 DQG 7L VKRZLQJ FU\WVWDO GHIHFWYV

%DQG HQHUJ\ GLDJUDP RIU LPSXUH VHPLFRQGX
5SDGLDWLYH WHVWLQJ

&RQGXFWLYH WHVWLQJ

%ORFN GLDJUDP RI 3,03 WHVWLQJ V\VWHP

7RS YLHZ RI WKH WHVW MLJ

6LGH YLHZ RI WKH WHVW MLJ

7RS YLHZ RI WKH OLG RI WKH WHVW MLJ
,QVLGH YLHZ RI WKH OLG RI WKH WHVW MLJ
7RS YLHZ RI D7 SLHFH SRZHU FRPELQHU

7RS YLHZ RI WKH 7 SLHFH DQG WKH VDPSOH
FODPSLQJ EROW

JURQW YLHZ RI WKH 7 SLHFH SRZHU FRPELQHU
,QVHUWLRQ RI WKH 7 SLHFH LQWR WKH WHVW N
,QVHUWLRQ RI WKH PHWDO SLHFH

JURQW YLHZ DQG VLGH YLHZ RI WKH PHWDO
SLHFH

6LGH YLHZ RI WKH WHVW MLJ ZLWK OLG LQ SOD



'LPHQVLRQV RI WKH WHVW MLJ
'LPHQVLRQV RI WKH OLG RI WKH WHVW MLJ

'LPHQVLRQV RI D7 SLHFH DQG DQ DVVRFLDWHG
PHWDO SLHFH

&ERQQHFWLRQ RI WKH WHVW HTXLSPHQWYV
$ FORVH XSYLHZ RI WKH WHVW FHOO FRQQHFW

96:5 PHDVXUHPHQW VHWXS IRU WKH 3,03
PHDVXUHPHQW VA\VWHP

'& FXUUHQW

YROWDJH FKDUDFWHULVWLF PHDV)
IRU WHVW VDPS

OH

$& LPSHGDQFH PHDVXUHPHQW IRU WHVW VDPSC
$ F\OLQGULFDO VDPSOH

$ MRLQW VDPSOH

$ VWHHO I10ODW VDPSOH

&RUURVLRQ VHWXS IRU WHVW VDPSOH

([SHULPHQWDO UHVXOWYVY VKRZLQJ WKH GRP

LQE
VRXUFH RI HUPRGXODWLRQ LQWHUIHUHQFF
DJH FKDUDFWHULVWLF RI D FRI
QH HQG RQO\
DUDFWHULVWLF RI D

H
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JH FKDUDFWHULVWLF RI D FRL
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(IMMTHFW RI GLITHUHQW FRSSHU SODWLQJ WKLFNC
IHUURPDIJQHWLF ,QWHUPRGXODWLRQ ,QWHUIH!
&LUFXLW PRGHOV RI D FRUURGHG VXUIDFH
FRUURGHG MRLQW

&EXUUHQW YROWDJH FKDUDFWHULVWLF RI D IRU
ELDVHG GLRGH

&EXUUHQW YROWDJH FKDUDFWHULVWLF RI D UHY
ELDVHG GLRGH

&XUUHQW FUHHS SKHQRPHQRQ
&LUFXLW PRGHO RI D FRUURGHG MXQFWLRQ

&XUYH ILW RI WKH FXUUHQW YROWDJH FKDUDF\
RI D FRUURGHG MRLQW

&XUYH ILW UHVLGXDO

&XUYH ILW RI WKH FXUUHQW YROWDJH FKDUDF'
RI D FRUURGHG MRLQW

&XUYH ILW UHVLGXDO
JLHOG PHDVXUHPHQW VHWXS
"HDWKHU GDWD JUDSK
"HDWKHU GDWD JUDSK

JUHTXHQF\ GLVWULEXWLRQ RI ,0,
GU\ ZHDWKHU GDWD

&XUYH ILW RI WKH ,0, TUHTXHQF\ GLVWULEXWLF
&XUYH ILW UHVLGXDO

&EXPXODWLYH IUHTXHQF\ GLVWULEXWLRQ RI ,0.
GU\ ZHDWKHU

JUHTXHQF\ GLVWULEXWLRQ RI ,0,

ZHW ZHDWKHU GDWD

&EXPXODWLYH ITUHTXHQF\ GLVWULEXWLRQ RI ,0,
ZHW ZHDWKHU

6FDWWHUGLDJUDP RI ,0, DQG ZLQGVSHHG
SHJUHVVLRQ RI ,0, DQG DYHUDJH ,0, YV
ZLQGVSHHG

6FDWWHULQJ GLDJUDP RI ,0, YV VLWH WHPSHU
GU\ ZHDWKHU GDWD

SHJUHVVLRQ RI ,0,b, DQG DYHUDJH ,0, YV VLWH
WHPSHUDWXUH

5 HODWLRQVKLS EHWZHHQ ,0, DQG OLTXLG
FRQGXFWLYLW\



5HODWLRQVKLS EHWZHHQ ,0 DQG OLTXLG
SHUPLWWLYLW\

5HODWLYH SHUPLWWLYLW\ R ZDWHU YV
IUHTXHQF\

SHODWLYH SHUPLWWLYLW\ R LFH YV D
I[UHTXHQF\

&LUFXLW PRGHO RI D IOH[LQJ OLQHDU MRLQW
&LUFXLW PRGHO RI D IOH[LQJ QRQ OLQHDU MRI
THVW VHWXS IRU WKH IOH[LQJ MRLQW FLUFXLW

&LUFXLW PRGHO RI WKH FRQWDFW PHFKDQLFD
UHOD\ RQ LWV RZQ

$OWHUQDWLYH OLQHDU HOHFWULFDO SDWK IRL
LQGXFHG UDGLR IUHTXHQF\ FXUUHQW
,0, R GLITHUHQW PHWDO SODFH

(I "THFW Rl JUDSKLWHBEDVHG FRDWLQJ RQ ,O0,
(IMHFW RI FRSSHU SODWLQJ RQ ,0, UHGXFWLRQ
ODWHG VDPSOHYV

m
I.

RUH DQG DIWHU FRUURVL
,0, R PXOWL OD\HU PHWDO SODWHG VDPSOHYV
EHIRUH DQG DIWHU FRUURVLRQ
,0, Rl FRUURGHG MRLQW VDPSOHV ZKLFK ZHUH
VLOYHU SODWHG ZLWK GLITHUHQW WHFKQLTXH"
30DWLQJ UDWHV RI HOHFWUROHVY FRSSHU SOI
RI VWHHO URG VDPSOHV DW GLIITHUHQW HOL
WHPSHUDWXUHYV
6DFULILFLDO =Q &X *HO SODWLQJ VHWXS
,0, UHGXFWLRQ RI VDFULILFLDO =Q &X *HO
SUHYLRXVO\ FRUURGHG MRLQW VDPSOHYV
, 0, R ORZ YLVFRVH *HO SODWHG SUHYL
FRUURGHG MRLQW VDPSOHYV
, 0, R ORZ YLVFRVH *HO SODWHG SUHYL
FRUURGHG MRLQW VDPSOHV XVLQJ VSRQJH W
WKH HOHFWURO\H
,0, RI JLQF VSUD\HG SUHYLRXVO\ FRUURGHG
MRLQW VDPSOH
6 XUIDFH FRQGLWLRIQV VSUD\HG JLQPQG
HOHFWURSODWHG ]JLQF
6HWXS IRU DFFHOHUDWHG FRUURVLRQ WHVW

&RUURVLRQ FXUUHQW RI WHVW WYWJIRPFHOHV YV



‘HDN SRLQWYV RI SDLQW FRDWHG VDPSOHYV

0, RI WHVW VDPSOHVY DIWHU DFFHOHUDWHG
UURVLRQ WHVW

VV VHFWLRQDO DUHD UHTXLUHPHQWYV IRU
SRUWLQJ LQ D VWUXFWXUH

VV VHFWLRQ YLHZ RI D PHWUHY ODWWLF
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3ULYDWH ORELOH 5DGLR

9HU\ /DUJH 6FDOH ,QWHJUDWLRQ

, OQWHUPRGXODWLRQ 3URGXFWYV

 QWHUPRGXODWLRQ ,QWHUIHUHQFH

4XDOLW\ )DFWRU RI D 5HVRQDWRU

)XQGDPHQWDO )UHJXHQFLHV

, QWHUPRGXODWLRQ )UHTXHQF\

'"HFLEHO

9HU\ +LJK J)UHTXHQF\

8OWUD +LJK )UHTXHQF\

3DVVLYH  QOQWHUPRGXODWLRQ ,QWHUIHUHQ

6WUXFWXUDO ,QWHUPRGXODWLRQ ,QWHUIF

8QLQWHQGHG 5HFHLYLQJ $QWHQQDV
2KP PHWUH PHDVXUHPHQW XQLW RI

5HODWLYH SHUPLWWLYLW\



[ RO

2EMHFWLYHYV RI WKH 3URMHFW
IDWXUH RI WKH 3UREOHP

ORELOH 5DGLR 6\VWHPYV
,QWHUPRGXODWLRQ ,QWHUIHUHQFH
&RQFOXVLRQ

2EMHFWLYHV RI WKH 3URMHFW

3DVVLYH VWUXFWXUDO LQWHUPRGXODWLRQ LQWHUIF
5XVW\ %ROW HIIHFW KDV EHHQ VKRZQ WR EH YHU\ VLJ(
EDVH VWDWLRQV ZKHUH WKHUH DUH FR ORFDWHG
WUDQVPLWWHUYV DQG VHQVLWLYH UHFHLYHUV , QW
LOQOWHUIHUHQFH KDV WR EH UHGXFHG WR D PLQLPXP WR
VI\VWHP RSHUDWLRQV $OWKRXJIK HIIHFWLYH PHWKRG
IRXQG WR VROYH WKH SUREOHPV RI WKH DFWLYH W\St
VKLHOGLQJ DQG ILOWHULQJ KRZHYHU WKH SDVVLYI
SDUWLFXODU VWUXFWXUDO LQWHUPRGXODWLRQ LQWHU
DQ LOWUDFWDEOH SUREOHP

,Q WKLY GLVVHUWDWLRQ ZH VKDOO LQYHVWLJIJDWH WK
VWUXFWXUDO LQWHUPRGXODWLRQ LQWHUIHUHQFH DQG
PHFKDQLVPV ‘H VKDOO H[DPLQH WKH HIIHFWV RI
FRQGLWLRQV RQ VWUXFWXUDO LQWHUPRGXODWLRQ LQ



WKH WKHRU\ EHKLQG WKH REVHUYHG HIIHFWV /DVWO\
DOVR H[DPLQH YDULRXV ZD\V RI VXSSUHVVLQJ LQWH
LQWHUIHUHQFH

IDWXUH RI WKH 3UREOHP

7KH XVHIXOQHVYV RI PRELOH UDGLR FRPPXQLFDWLRQV W
DQRG SULYDWH RUJDQL]DWLRQV DV ZHOO DV WKH JHQHL
VHOIl HYLGHQW 6RPH RUJDQL]DWLRQV VXFK DV WK
DPEXODQFH DQG ILUH VHUYLFHYVY FRQVLGHU WKHLU PREI
DQ HVVHQWLDO WRRO IRU WKHLU RSHUDWLRQV 7TKH E
IOH[LELOLWLHYVY SURYLGHG E\ PRELOH UDGLR VHUYLFH
PRELOH WHOHSKRQHY DQG UDGLR SDJHUV KDYH VR PXF
WKH SHUVRQDO FRPPXQLFDWLRQ LQGXVWU\ KDV JURZ(
8QWLO UHFHQWO\ WKH QXPEHU RI OLFHQVHG SULYDWH |
305 KDV JURZQ WR DERXW "7,

7TKH SRSXODULW\ RI PRELOH UDGLR FRPPXQLFDWLRQ
HQKDQFHG E\ VLJQLILFDQW LPSURYHPHQWYV LQ YDULR
DFWLYH DQG SDVVLYH HOHFWURQLF FRPSRQHQW WHF
WKDW LW LV SRVVLEOH WR SURGXFH PRUH FRPSDFW DQG
PRELOH FRPPXQLFDWLRQ HTXLSPHQWY DW ORZHU FRYV
KLJK JDLQ SDFNDJHG PRGXOHV IRU FHOOXODU UDGLR L
FDQ HDVLO\ GHOLYHU ZDWW DW 0+] ,QWHJUDWHG
FDQ SURYLGH IXQFWLRQV VXFK DV Ul PL[HUV LQW
IUHTXHQF\ DPSOLILHUV DXGLR IUHTXHQF\ DPSOLILHUV
VIQWKHVL]HUV DQG PDQ\ PRUH

,Q DGGLWLRQ LPSRUWDQW FKDQJHV KDYH EHHQ WDNLC



WKH VWHDG\ PRYH WRZDUGV GLJLWDO FRPPXQLFD)
PRWLYDWLRQ IDFWRUYV EHKLQG WKLV WUHQG DUH WKH C
9HU\ /DUJH 6FDOH ,QWHJUDWLRQ 9/6, WHFKQRORJ\ IR
VLIQDO SURFHVVLQJ WKH FDSDELOLWLHYVY WR VXSSRUW
DQRG LQWHJUDWHG VHUYLFHV RI GDWD WH[W YRLFH
DQG WKH DGYDQWDJHYV R SURYLGLQJ IDFLOLW
HUURU GHWHFWLRQ HUURU FRUUHFWLRQ DQG GDWD F
PRUH UHOLDEOH DQG VHFXUH FRPPXQLFDWLRQV )RU
3DQ (XURSHDQ &HOOXODU 5DGLR 1HWZRUN ZRXOG (
TXDOLW\ VSHHFK DW DURXQG NELW V

&RQVLGHUDEOH DPRXQW RI UHVHDUFK DQG GHYHORSTF
EHHQ DQG LV EHLQJ FDUULHG RXW WR PD[LPL]JH WKH HI
XWLOL]LQJ WKH DYDLODEOH IUHTXHQF\ VSHFWUXP 71
REMHFWLYH LV WR GHULYH VSHFWUDOO\ HIILFLHQW
PHWKRGYV DQG RSWLPXP FKDQQHO DOORFDWLRQ P
DFFRUGLQJ WR WKH V\VWHP UHTXLUHPHQWYV

$W SUHVHQW PRVW SULYDWH PRELOH UDGLR V\VWHP
HPSOR\LQJ DQDORJXH FRPPXQLFDWLRQV XVH DPSOLW
PRGXODWLRQV 7KH IUHTXHQF\ EDQGZLGWK RI WKHVH
SURJUHVVLYHO\ UHGXFHG WR N+] SHU FKDQQHO D
EDQG WR FDWHU IRU PRUH XVHUV )JXUWKHU FKDQQH!
UHGXFWLRQ PLJKW EH QHFHVVDU\ LI WKH GHPDQG Jt
+RZHYHU WKHUH LV D OLPLW WR ZKLFK WKH FKDQQH!
FRXOG VKULQN EHIRUH LQWHUIHUHQFH ZLWK RWKHU
EHFRPHY LOWROHUDEOH

7KH SUHVHQFH RI QRQ OLQHDU HOHPHQWYV GXH WR D
GLITHUHQW FDXVHV bw D EDVH VWDWLRQ ZLWK |



WDQVPLWWHUYV DQG UHFHLYHUYV RSHUDWLQJ DW
IUHTXHQFLHYVY ZLOO JHQHUDWH XQGHVLUDEOH UDGLDW|
, QWHUPRGXODWLRQ 3URGXFWYV , 03V $OWKRXJIK WKH
RWKHU W\SHV RI UDGLR LQWHUIHUHQFH SUHVHQW LQ D I
VA\VWHP" KRZHYHU GXH WR WKH PXOWLSOLFLW\
WUDQVPLVVLRQV DQG UHFHSWLRQV DQG WKHLU
LOQWHUDFWLRQV LOQWHUPRGXODWLRQ LOQOWHUIHUHQFH
EH WKH OLPLWLQJ IDFWRU RQ KRZ EHVW RQH FRXO
DYDLODEOH IUHTXHQF\ VSHFWUXP LQ D PXOWLSOl
WUDQVPLVVLRQ V\VWHP

$Q H[DPSOH VKRZLQJ WKH VWULQJHQW UHTXLUHPHQWYV
.LQJGRP (PHUJHQF\ 6HUYLFHV LV JLYHQ EHORZ

7KH (PHUJHQF\ 6HUYLFHV RSHUDWH ORZ WR PHGL
WUDQVPLWWHUYV JHQHUDOO\ RQ VWHHO ODWWLFH WRZ
IHHG GLSROHY DUUDQJHG WR JLYH RPQL GLUHFWLRQDO
FRYHUDJH LQ WKH KRUL]JRQWDO SODQH DV UHTXLUH
RSHUDWLQJ OLPLWYV IRU UHFHLYHUYVY DUH DV IROORZV

PLQLPXP UHFHVYM@DO G%P
SURWHFWLRQ UDWLR G %
PD[LPXP OHYHO ®@V\VLQJOH

XQZDQWHG VLJQDO G%P D
PD[LPXP OHYH®ORXQZDQWHG

VLJQDOV DQG QRRRELQHG GwP E

7KH LQWHQWLRQ LV WKDW DQ\ VLQJOH FR FKDQQHO LQV
D GLVWDQW VHUYLFH DUHD LV QRW WR H[FHHG D
VRXUFHV ORFDO RU GLVWDQW VKRXOG QRW H[FHHG |



Lv. EDVHG RQ D WUDQVPLWWHU ZLWK HIIHFWLYH UDGLTE
ZDWW

7THVWYV FDUULHG RXW E\ WKH 'LUHFWRUDWH RI 7THOHFR
+RPH 2IILFH KDYH VKRZQ WKDW WZR VLJQDOV UDG
YDULRXV DQWHQQDV RQ D VWHHO WRZHU FDQ JLY
LOQWHUPRGXODWLRQ SURGXFWYV XS WR WK RUGHU DW
R G% RU PRUH DERYH WKH H[SHFWHG PLQLPXP UHFI
R G%WP

ORELOH 5DGLR 6\VWHPV

,Q RUGHU WR DSSUHFLDWH WKH PDQ\ GLIIHUHQW |
LOWHUPRGXODWLRQ LQWHUIHUHQFH DQG WKHLU PHEFK
XVHIXO WR ORRN DW D W\SLFDO PRELOH FRPPXQLFD
FRQILIXUDWLRQ

,Q WKLV VWXG\ RXU PDLQ LQWHUHVW ZRXOG EH DW WK
EDQG ZKLFK LV DOORFDWHG WR WKH 8QLWHG .LQJGF
6HUYLFHVY DOWKRXJK WKH ILQGLQJYVY DUH JHQHUDOO\ D
RWKHU SDUWV RI WKH IUHIJXHQF\ VSHFWUXP $ V
SLFWRULDO UHSUHVHQWDWLRQ RI VXFK D VA\VWHP LV VK

$Q DYHUDJH V\VWHP FRQVLVWY RI D EDVH VWDWLRQ DQ¢
XQLWYV 1RUPDOO\ VXFK D V\VWHP ZRXOG HPS(
WZR TUHTXHQF\ VLPSOH[ PHWKRG IRU FRPPXQLFDWLRQYV
VWDWLRQ DQG WKH PRELOH XQLWYV ,Q WKLV PHWKR(
VWDWLRQ WUDQVPLWY DW IUHTXHQF\ I[ DQG UHFHLYHYV



I ZKLOH WKH PRELOH XQLWV WUDQVPLW DW IUHTXI
UHFHLYH DW IUHTXHQFKH EDVH VWDWLRQ FDQ WKHU
EURDGFDVW WR DOO PRELOH XQLWV EXW WKH PRELOF
WDON WR HDFK RWKHU GLUHFWO\

7KH WZR IUHTXHQFLHYV I[DQG | DUH DGHTXDWHO\ VHSD

OHDVW 0+] )J)RU H[DPSOH IRU WKH 8QLWHG .LQJGRP
VHUYLFHV LV LQ WKH UDQJH 0+] DQG I LV LC
UDQJH 0+] UHVSHFWLYHO\ 6LQFH DOO WKH QHLJ

wWubQvPLWWHUV DW WKH EDVH VWDWLRQ WUDQVPLW
DGMDFHQW WR IU WKHQ VXIILFLHQW VXSSUHVVLRQ RI K
SRZHU DW WKH EDVH VWDWLRQ UHFHLYHU IURQW H
DFKLHYHG E\ XVLQJ KLJK 4 IDFWRU RYHU UHVI
WXQHG WR I $W DURXQG 0+] DzD\ IURP WKH FHQWUH
VXFK UHVRQDWRUYV FDQ SURYLGH DWWHQXDWLRQ RI PR
7TKHUHIRUH EORFNLQJ RI WKH UHFHLYHUV E\ WKF
WUDQVPLWWHUYV LV DYRLGHG +LJKHU DWWHQXDWLRQ F
E\ FDVFDGLQJ VHYHUDO UHVRQDWRUV WRIJHWKHU EXW
RI KLJKHU LQVHUWLRQ ORVV ,QVHUWLRQ ORVV IRU HDI
LV DERXW G%

JUHTXHQF\ UH XVH LV SRVVLEOH LQ WKH 9+) DQG 8+) ED
R WKHLU OLQH RI VLIKW SURSDJIJDWLRAQ FKDUDF
7TKHUHIRUH ZLWK JRRG IUHTXHQF\ SODQQLQJ WK
IUHTXHQF\ VSHFWUXP DOORFDWHG WR PRELOH UDGLRYV
GLITHUHQW JHRJUDSKLFDO DUHDV 7KLV LGHD DOVR IRU
VWUXFWXUH RI WKH FHOOXODU PRELOH UDGLR V\VWHI
IXUWKHU GHYHORSPHQWYV KDYH EHHQ HIWHQGHC
PLFURFHOOXPORELOH UDGLR VA\VWHPV HJ VHH 6WHHOH
LQ ZKLFK WKH FHOO VL]H LV UHVWULFWHG WR D VLQJOH



WKH VSHFWUXP FDQ EH UH XVHG PRUH RIWHQ WR LC
QHWZRUN V WRWDO FDSDFLW\

IRFDWLRQ RI WKH EDVH VWDWLRQ LV XVXDOO\ RQ D KL
RU KLOO WRS ZKHUH FOHDU FRYHUDJH RI WKH VHUY
SRVVLEOH 7KH HIITHFWLYH UDGLDWHG SRZHU IRU SUL
UDGLRV LV UHVWULFWHG WR ZDWW LQ WKH 8QLW
DOWKRXJK WKH HPHUJHQF\ VHUYLFHY FDQ UDGLDWH D
ZLGHU FRYHUDJH $W VXFK WUDQVPLWWLQJ SRZHU !
DUHDV LV DERXW NP "U\ERURXJK DQG WKLV |
HIWHQGHG E\ XVLQJ UHSHDWHUYV

%DVH VWDWLRQ DQWHQQDV DUH XVXDOO\ RSHQ RU IRC
OHQJWK GLSROHV IRU RPQL GLUHFWLRQDO FRYHUDJH
WKH SRODU UDGLDWLRQ SDWWHUQ ZRXOG QRW EH
SUHGLFWHG E\ VLPSOH WKHRU\ 7KLV LV GXH WR WKH

D ODUJH FROOHFWLRQ RI PHWDO URGV WKH VXSSR
EHKLQG WKH GLSROH ZKLFK PRGLILHV WKH UDGLDW
VLIQLILFDQWO\ E\ UHIOHFWLRQV LQ PDQ\ GLIIHUHQW ¢
2PQL GLUHFWLRQDO FRYHUDJH LV WKHQ RQO\ SRVVLEC
GLSROHV ILWWHG ZLWK EDFN UHIOHFWRUV RQ HDFK

IDFHV RI WKH PDVW )XGJH FDUULHG RXW H[SHULI
YDULRXV DQWHQQD FRQILIJXUDWLRQV DQG KH IRXQ
VNHOHWRQ VORW SDQHO SURGXFHV WKH EHVW UHVXOW

%HVLGHYV IUHIJXHQF\ VHSDUDWLRQYV LVRODWLRQ
WUDQVPLWWLQJ DQWHQQDV DQG UHFHLYLQJ DQWH
LQFUHDVHG YLD VSDFH VHSDUDWLRQV DV ZHOO $V
YHUWLFDO VHSDUDWLRQ RI PHWUHY UHGXFHV WKH FR>
WKDQ G% ZKLOH IRU KRULJRQWDO VHSDUDWLRQ WK



LV RQO\ DERXW G% 3DQQHOO $W SUHVHQW WKH
PRYLQJ WRZDUGY LQWHJUDWHG VLWH V\VWHPV HJ V
DO ZKHUHE\ VHYHUDO EDVH VWDWLRQ WUDQVPI
UHFHLYHUV VKDUH D VLQJOH DQWHQQD YLD D PXOWLFR
ZKLFK SURYLGHV VXIILFLHQW LVRODWLRQ DPRQJ WKH
DQG UHFHLYHUV 7KLV ZLOO QR GRXEW LPSURYH WK
FRQWURO DQG PDLQWHQDQFH RI WKH EDVH VWDWLRQ

&RD[LDO FDEOHV DUH QRUPDOO\ XVHG WR FRQQHFW

VWDWLRQ HIXLSPHQWYV WRJHWKHU 7KH FULWHULD KHU
DQG KLIJK VFUHHQLQJ HIIHFWLYHQHVY &RD[LDO FDEOH
ZKLFK LV VLQJOH FRSSHU EUDLGHG ZLWK D ORVV DW

PRUH WKDQ G% SHU PHWUHY KDV EHHQ XVHG H[WE
D FRPSURPLVH EHWZHHQ FRVW DQG SHUIRUPDQFH 7KF
RI FDEOHY ZLWK VROLG RXWHU FRQGXFWRU LV PXFK EH
PXFK PRUH H[SHQVLYH

7KH PRELOH XQLW IL[HG WR D YHKLFOH LV VXEMHFWH
KRVWLOH HOHFWURPDJQHWLF HQYLURQPHQW ZLWK
I[UHIJXHQF\ QRLVH JHQHUDWHG E\ FRQWDFW EUHDNLQ.
PRWRUV DQG LJQLWLRQ SXOVHV VHH IRU H[DPSOH <DF

7TUDQVPLWWHU SRZHU LV QRUPDOO\ ZDWW PDJ[LP
TXDUWHU ZDYH OHQJWK PRQRSROH LV XVHG WR UDGLD)
YHUWLFDOO\ SRODUL]HG ZDYHYV

,Q DERYH D YHU\ EULHI LQWURGXFWLRQ WR WKH EDVLF
RI D W\SLFDO PRELOH UDGLR V\VWHP KDYH EHHQ JLYH
GHWDLOV RQ YDULRXV DVSHFWV RI PRELOH UDGLR V\V
LQFOXGLQJ SURSDJDWLRQ FKDUDFWHULVWLFV

WHFKQLTXHYV DUHD FRYHUDJH WHFKQLTXHV DQG



DVVLIQPHQWY FDQ EH IRXQG LQ WKH ZRUN E\ 3DU
*DUGLQHU )X G JH +ROEHFKH /HH
/HH DQG 3DQQHOO

 QWHUPRGXODWLRQ ,QWHUIHUHQFH

 QWURGXFWLRQ

, QWHUPRGXODWLRQ LQWHUIHUHQFH ,0, LV WKH HIF
VSXULRXV IUHTXHQFLHVY FDOOHG LQWHUPRGXODWLF
,03V ZKHQ WZR RU PRUH VLJQDOV PL[ LQ D GHYLFH W
QRQ OLQHDU FKDUDFWHULVWLF :KHQ Q JLYHQ XQPRGX
VLQXVRLGDO LQSXW IUHTXHIQFILHY DWQ DUH LQFLGHQW
XSRQ D QRQ OLQHDU GHYLFH WKH RXWSXW ZLOO FRQ
MXVW WKH LQSXW IUHTXHQFLHV DQG WKHLU KDUPRQL
DGGLWLRQDO IUHTXHQF\ FRPSRQHQWVY RI WKH ,03V
IUHTXHQF\ LV GHILQHG DV

IL DLIL D | DQIQ

ZKHUH D D DQ DUH LQWHJHUV ZKLFK FDQ EH
SRVLWLYH QHJDWLYH RU ]JHUR

,Q DGGLWLRQ WKH RUGHU RI LQWHUPRGXODWLRQ SURG
DV



TKXV ZLWK WZR LQSXW IUHTXHQFLHV WKH UG RUGHU .

“ ‘ DQG I

UHVSHFWLYHO\

1RWH WKDW KDOI RI WKH ITUHTXHQF\ FRPSRQHQWYV DU
ZKLFK DUH SK\WLFDOO\ XQUHDOL]DEOH

(ITHFWV RQ )UHTXHQF\ 6SHFWUXP 8WLOL]DWLRQ

$V H[SHFWHG LI WKH QXPEHU RI WUDQVPLVVLRQV LQF
QXPEHU RI LQWHUPRGXODWLRQ SURGXFWYVY ZLOO LQ
SURGLJLRXV UDWH W KDV EHHQ VKRZQ WKDW H J \

RYHU ,03V XS WR WKH WK RUGHU ZLOO EH SUR
E\ MXVW ILYH FDUULHUV PL[HG WRJHWKHU DQG RYHU
,03v XS WR WK RUGHU ZLOO EH JHQHUDWHG E\ FDUL
ILIXUH )XGJH KDV DOVR VKRZQ WKDW SURGXFW
WKH OOWK RUGHU DQG DERYH FDQ KDYH DGYHUVH HIIHI

SHUIRUPDQFH DQG VSHFWUXP XWLOL]DWLRQ

JLIXUH VKRZV WKH VSHFWUDO GLVWULEXWLRQ
XQPRGXODWHG FDUULHUV ZKHQ WKH QRQ OLQHDU FI
FRQVLVWY RI WKH VTXDUH WHUP DQG WKH FXELF WHUP
ILIXUH VKRZV WKH SRVLWLRQV RI YDULRXV VHFRQG RUG
RUGHU KDUPRQLFV DQG LOQWHUPRGXODWLRQ SURGXEFYV
VHHQ WKH WKLUG RUGHU LOQOWHUPRGXODWLRQ IUHTXHQ|

I DQG I M DUH YHU\ FORVH WR WKH WZR IXQGDI
IUHTXHQFLHY 7KH UHODWLYH DPSOLWXGHV RI WKH KELC



LOWHUPRGXODWLRQ SURGXFWY DUH VKRZQ KHUH WR LQ
DPSOLWXGHV RI WKHP GHFUHDVH ZLWK RUGHU QXPEHU

7KH VHYHULW\ RI WKH VSHFWUXP SROOXWLRQ GHSHQG

GHJUHH RI QRQ OLQHDULWLHYV
DPSOLWXGHV RI WKH PL[LQJ FDUULHUYV

2QH SDUWLFXODU IHDWXUH DERXW LQWHUPRGXODWLRAQ
WKDW RQFH JHQHUDWHG LI WKH ,03 T[UHTXHQFLHV I
IUHTXHQF\ EDQG XVHG E\ WKH UHFHLYHUV DW WKH EC
WKHQ WKH\ FDQQRW EH UHPRYHG E\ ILOWHULQJ QW
RQO\ ZzDb\ WR DYRLG LQWHUPRGXODWLRQ LQWHUIHUE
VWDWLRQV ZLWK FR VLWHG WUDQVPLWWHUV DQG UH
SURGXFH DQ LQWHUPRGXODWLRQ IUHH JITUHTXHQF\ S
SUDFWLFH WKLUG DQG ILIWK RUGHU FRPSDWLEOF
SODQV DUH KLJKO\ GHVLUDEOH

BUHGLFWLR@®V ERWKIUHTXHQFLHYV DBQRGSSOLWXG RV
LQWHUPRGXODWBR®GXFWVGXH WR PL[LQJ RI
PXOWLSOH FDUUKBYMSURYH®R EHD JRRG VRXURH
PDWKHPDWLSEDREOHP%HQQHWW UHSRUWHG XWLQJ
PXOWLSOH )RXULHU VHULHV PHWKRG WR FRPSXWH LQ
SURGXFWYV %DEFRFN YLHZHG WKH SUREOHF
FRPELQDWLRQDO SUREOHP DQG SURGXFHG D
LQWHUPRGXODWLRQ IUHH SODQQLQJ VFKHPH IRU
FKDQQHOV $ SODQQLQJ WDEOH RI UG RUGHU DQG
LQWHUPRGXODWLRQ IUHH IRU XS WR VHYHQ FKDQQHOV
VSDFLQJ zZDV JLYHQ E\ (GZDUGV HW DO 5HF>
IRUPXODH KDYH EHHQ GHVFULEHG E\ OLIVXG



_.RWVRSRXORYV WR JHQHUDWH UG RUGHU DQG
FRPSDWLELOLW\ OLVWY 7KHVH ODWHU LQYHVWLJIDYV
LQYROYHG LQWHQVLYH QXPEHU FUXQFKLQJ WDVNV KD
VLIQLILFDQWO\ E\ WKH DSSOLFDWLRQV RI FR
,QYHVWLIJDWLRQV LQWR DOWHUQDWLYH JIUHTXHQF\
SURFHGXUHV *DUGLQHU DQG 0DJD]D EDVHG RQ DO

DQG N+] FKDQQHOOLQJ LQVWHDG RI WKH WUDGLW
N+] FKDQQHOOLQJ KDV VKRZQ WKDW VDYLQJ LQ ED
DFFRPPRGDWH HLJKW FKDQQHOV ZLWK UG RUGHU LQ
IUHH FRXOG EH DV KLJK DV $OWKRXJK WKHUH
SUDFWLFDO GLIILFXOWLHYV LQ WHUPV RI HTXLSPHQWYV FI

W FDQ EH VHHQ IURP DERYH WKDW LQWHUPRGXODWLRC
LV D PDMRU SUREOHP SUHYHQWLQJ IUHTXHQF\ DVVLJQF
IURP SDFNLQJ PRUH FKDQQHOV LQ D JLYHQ EDQGZLGWK
RQ WKH DOUHDG\ FRQJHVWHG VSHFWUXP LQFUHDVHYV
ZLOO GHWHULRUDWH HYHQ IXUWKHU ODMRU HIIRUW VKF
UHGXFLQJ LQWHUPRGXODWLRQ LQWHUIHUHQFH DW LWV
WKDQ MXVW UHO\LQJ RQ IUHTXHQF\ SODQQLQJ

7\SHV RI QWHUPRGXODWLRQ ,QWHUIHUHQFH

%URDGO\ VSHDNLQJ WKHUH DUH WZR W\SHV RI LQWF
LOQWHUIHUHQFH JLUVWO\ WKHUH LV DFWLYH LQWH
LOQWHUIHUHQFH GXH WR WKH DFWLRQV RI DFWLYH FRP
FRPPXQLFDWLRQ V\VWHP VXFK DV WUDQVPLWWHUV D(
DQRG VHFRQGO\ SDVVLYH LQWHUPRGXODWLRQ LQWHUI
SDVVLYH FRPSRQHQWV LQ WKH UDGLR V\VWHP VXFK
FRQQHFWRUYV HWF



7TUDQVPLWWHU LQWHUPRGXODWLRQ LQWHUIHU

, QWHUPRGXODWLRQ LOQOWHUIHUHQFH FRXOG EH JHQHUDW
DPSOLILHU VWDJH RI WKH WUDQVPLWWHU 1RUPDC
DPSOLILHUVY RSHUDWH LQ WKH &0ODVV & PRGH ZKLFK
ODUJH DPSOLWXGH QRQ OLQHDULW\

,(OQWHUIHULQJ VLIJQDOV FRXOG EH FRXSOHG WR WKH SRz
VWDJH YLD DQWHQQD FRXSOLQJ FDVH SHQHWUDWLRQ
FDEOHV FRXSOLQJ :KHQ WKLV KDSSHQV WKH LQWHUIHI
ZRXOG EH PL[HG WRJHWKHU ZLWK WKH FDUULHU DW
vWDJH DQG JHQHUDWHYVY LQWHUPRGXODWLRQ LQWHUIHL

$OWHUQDWLYHO\ LQ D PXOWL FRXSOLQJ WUDQVPLVVL
VLQJOH FRPPRQ SRZHU DPSOLILHU VWDJH LV QRUPDO
DPSOLI\ W KH FRPELQHG LQSXWYV +RZHYHU GXH

QRQ OLQHDULW\ RI WKH RXWSXW VWDJH LQWHUPRGXOD
ZLOO EH JHQHUDWHG

JRUWXQDWHO\ LW LV SRVVLEOH WR HOLPLQDWH WUDQVF
LOQWHUPRGXODWLRQ LQWHUIHUHQFH E\ SODFH
ILOWHULQJ EHWZHHQ WKH Ul SRZHU DPSOLILHU VWD.
DQWHQQD XVH RI KLJKO\ OLQHDU DPSOLILHUV [
SURYLVLRQ RI DGHTXDWH VKLHOGLQJ EHWZHHQ WKH FRP

SHFHLYHU  QWHUPRGXODWLRQ ,QWHUIHUHQFH

,Q WKLV FDVH LQWHUPRGXODWLRQ LQWHUIHUHQFH
JHQHUDWHG LQ WKH UI DPSOLILHU DQG WKH PL[HU VW



UFHLYHU IURQW HQG

'XH WR WKH OLPLWDWLRQ RQ WKH VHOHFWLYLW\ RI W]
ILOWHU LQWHUIHULQJ VLIQDOV FORVH WR WKH ZDQWH
QRW EH VXSSUHVVHG FRPSOHWHO\ DQG WKHUHIRUH FI
WKH Ul DPSOLILHU DQG WKH PL[HU DV ZHOO JH
LQWHUPRGXODWLRQ LQWHUIHUHQFH

7KH FXUH DJDLQ LV WR HPSOR\ KLJK 4 IDFWRU UHYV
SUREDEO\ LQ FDVFDGH WR SURYLGH VXIILFLHQW DWW
DOO VLIJQDOV H[FHSW WKH ZDQWHG RQH EHIRUH WKH
UHFHLYHU IURQW HQG O6XIILFLHQW VKLHOGLQJ DPRQJ H
HYVHQWLDO DV ZHOO

3DVVLYH QWHUPRGXODWLRQ ,QWHUIHUHQFH

7KH SURYLVLRQ RI YDULRXV PHDVXUHV WR FRQWUR
SROOXWLRQ DULVLQJ IURP WUDQVPLWWHUV DQG U
LOQFUHDVLQJO\ HIIHFWLYH +RZHYHU WKHUH LV DQRWEK
LOQWHUPRGXODWLRQ LOQWHUIHUHQFH WHUPHG SDVVLYH L
LQWHUIHUHQFH 3,0, ZKLFK DULVHV GXH WR WKH QDW
PDWHULDOV HPSOR\HG WR FRQVWUXFW HOHFWURQLF
PHFKDQLFDO FRPSRQHQWY XVHG LQ D FRPPXQLFDWLR
ZHOO DV WKH SK\VLFDO VWDWHYV RI WKH FRPSRQHQWYV )
PDWHULDO DQG FRUURVLRQ SURGXFWV KDYH EHHQ L
VRXUFHV RI SDVVLYH LOQOWHUPRGXODWLRQ LQWHUIHUHQI
VRXUFHYVY RI 3,0, ZLOO EH GHVFULEHG LQ &KDSWHU

UHSRUW



20H RI  WKH PRVW WURXEOHVRPH VRXUFHV RI
LQWHUPRGXODWLRQ LQWHUIHUHQFH KDV EHHQ Wk
UXVW\ EROW HITHFW  RU VWUXFWXUDO LQWHU
LQWHUIHUHQFH 7KLV UHIHUV WR WKH HIIHFW WKD
SUHVHQFH RI KLJK Ul SRZHU FDUULHUV DQ\ PHWDO ZR!
PHWDO FKDLQV DQWHQQDV DQG HYHQ WKH DQWHQQD \
FDQ DFW DV XQLQWHQGHG UHFHLYLQJ DQWHQQDV 85%$
XS UDGLR ZDYHV DQG PL[ WKHP LQ FRUURGHG PHWDO
WKHQ JHQHUDWH ,036 DQG UH UDGLDWH WKHP WR
VSHFWUXP SROOXWLRQ

, W KDV DOVR EHHQ QRWHG WKDW HYHQ WKH ZHDWKHU I
FDXVH ODUJH YDULDWLRQV LQ WKH ,03 OHYHOV 7KH
KHUH LV WKDW WKHUH DUH D ORW RI YDULDEOHYV ZK|
XQGHU WKH FRQWURO RI WKH VI\VWHP SODQQHUYV

&RQFOXVLRQ

W LV REYLRXV IURP WKH DERYH GLVFXVVLRQ WKDW LQW
LQWHUIHUHQFH KDYV EHFRPH D VLIJQLILFDQW HOHF
FRPSDWLELOLW\ SUREOHP LQ PXOWL FDUULHU WUDQVPL
,Q SDUWLFXODU VWUXFWXUDO LOQWHUPRGXODWLRQ LQW
D SUREOHP ZKLFK FRXOG GHJUDGH WKH SHUIRUPDRQF
V\VWHPV \HW LV GLIILFXOW WR WDFNOH 2XU REMHFWL
REWDLQ D EHWWHU XQGHUVWDQGLQJ RI WKH LQWHUIHU
DQG WR HYDOXDWH SRVVLEOH UHPHGLHYV



%6

0 RELOH
& &RQWURO
66 (DVH 6WDWLRQ

), *85( %DVLF &RPSRQHQWY RI D ORELOH 5DGLR



OUQRGXODWLRQ 3URGXFWYV

:XPEIURL

B3URBRX

I1XPEHU RI 7TUDQVPUNNXRQFLHYV

aHLMRQVQLS EHWZHHQ 1XPEHU RI

» LUNRHE K RVA

DQFXPRHU RI 7TUDQVPLVVLRQ )UHTXHQFLHV



I-H8:H $ASO+P8

). *85(

6SHFWUDO (LVWULEXWLRQ RI WKH ,QWHUPR
GXH WR 7ZR 7UDQVPLVVLRQ )UHTXHQFLHYV



/LW HUDWXUMH 6 X UVY H\ RC
I DVVLYH , QW HUPRGXO DN\
, OWHU THUHOFRH

D oOG SHODWHG 7RSLFYV

$ /LWHUDWXUH 6XUYH\ RQ 3DVVLYH ,QWHUPRG ,QWFE
'LVEXVVLRQ

$WPRVSKHULF &RUURVLRQ

&RQFOXVLRQ

$ /LWHUDWXUH 6XUYH\ RQ 3DVVLYH ,QWHUP]
,QWHUIHUHQFH

3DVVLYH LQWHUPRGXODWLRQ LQWHUIHUHQFH KDV EHH
ORQJ WLPH 7KH VRXUFHV FDQ EH EURDGO\ GLYLGHC
IROORZLQJ FDWHJRULHV QDPHO\

&DEOHV DQG FRQQHFWRUYV
OHWDOOLF FRQWDFWYV

3DVVLYH Ul PLFURZDYH FRPSRQHQWYV
1RQ OLQHDU PDWHULDOV
6WUXFWXUHYV



&DEOHYVY DQG &4RQQHFWRUYV

&RD[LDO FDEOHVY DUH XVHG H[WHQVLYHO\ LQ UDGLR F
VI\VWHPV 7KH\ SURYLGH D IOH[LEOH ZD\ WR FRQQHFW
ILOWHUV DQG RWKHU WHUPLQDO HTXLSPHQWY WRJIL
+RZHYHU LQ D PXOWLSOH FDUULHU V\VWHP ZLWK VKD
SRZHU DPSOLILHUV DQG DQWHQQDV WKHUH LV D UHL
JHQHUDWLQJ LOQOWHUPRGXODWLRQ SURGXFWYV ZLWKLQ W
WKHLU FRQVWUXFWLRQ PHWKRGV DQG DJHLQJ SUREO
%HQVRQ WHVWHG YDULRXV FRD[LDO FDEOH VI
PLFURZDYH IUHTXHQFLHYV DQG *+] 7KH\ IRXQG W
WKUHH PRVW LPSRUWDQW IDFWRUV LQ WKH JHQHUDWL
FRD[LDO FDEOHV DUH FRPSRVLWLRQ RI WKH EUDLG

ILOOLQJ IDFWRUV RI WKH EUDLGYV DQG WKH S
EHWZHHQ WKH LQWHU EUDLG ZLUH FRQWDFWY 6LOYHU
ZHUH IRXQG WR JHQHUDWH WKH ORZHVW ,03 OHYHOV
ZLWK DOXPLQLXP QLFNHO SODWHG FRSSHU DQG VWD
JHQHUDWHG VWURQJHVW UG DQG WK RUGHU ,03V
FDEOHV ZLWK KLJK ILOOLQJ IDFWRUYVY DQG KLJK LQWHU .
SUHVVXUH DOVR SURGXFHG ORZ ,03 OHYHOV

7KH UHDVRQ LV WKDW WKH KDUG WKLQ OD\HU RI VL
IRUPHG RQ WKH VLOYHU VXUIDFH FDQ EUHDNGRZQ HDVI
DFWLRQV RI EUDLG FRQWDFW SUHVVXUH KHQFH U
QRQ OLQHDU FRQWDFW UHVLVWDQFH DQG UHVXOWHG
OHYHOV +LJK ILOOLQJ IDFWRU DQG KLJK LQWHU ZLL
SUHVVXUH DOVR KHOS WR PDLQWDLQ JRRG FRQWDFWYV

,Q WKH DUHD RI FRQQHFWRU KDUGZDUH <RXQJ
WKDW DW 0+] FRQOQHFWRUV FRQVWUXFWHG IURP



ZLWK IHUURPDJQHWLF PDWHULDO VXFK DV QLT
QLFNHO SODWLQJ DQRQG WKRVH ZLWK .RYDU JODVV VHI
KHUPHWLF VHDO FRQWDLQV IHUURPDJQHWLF PDV
VHULRXV VRXUFHVY RI LOQOWHUPRGXODWLRQ LOQOWHUIHUHQ
FRPPXQLFDWLRQ V\VWHPYV 8VLQJ WZR VLIQDOV WHVW
HDFK FKDQQHO UG RUGHU ,03 OHYHO DW GwP DQG
UHFRUGHG +H DOVR IRXQG WKDW WKH ,03 OHYHOV RI .|
HI[FHHGHG WKRVH RI VWDLQOHVYVY VWHHO ZKLFK LQ W
WKRVH RI QLFNHO SODWHG GHYLFHYV

)XUWKHU ZRUN LQ WKLV DUHD KDV EHHQ GHPRVWUDWH
DO ,Q DGGLWLRQ WR VXSSRUWLQJ WKH SUHYLRXYV
WKH\ SHUIRUPHG H[SHULPHQWY RQ FDEOH DQG
FRPELQDWLRQV DV ZHOO 7KH\ SRLQWHG RXW WKDW V
FRQVWUXFWLRQ HPSOR\HG LQ MRLQLQJ WKH FDEOHV WF
YHU\ LPSRUWDQW WR WKH ,03 OHYHOV ORUHRYHU
VKRXOG EH FDUHIXOO\ WKUHDGHG DQG WLJKWHQHG ZL)\
$00 HTXLSPHQWVY DQG LQWHUFRQQHFWLRQV VKRXO
PRXQWHG WR SUHYHQW YLEUDWLRQ

JURP DERYH LW FDQ EH VHHQ WKDW DJHG DQG FRUUR
FDEOHYV ZKLFK FDUU\ VHYHUDO ul IUHTXHQF\ FR
FRQFXUUHQWO\ FRXOG EH D SRWHQWLDO VRXUFH
DGGLWLRQ WKH PDWHULDO XVHG IRU PDNLQJ WKH FRF
LQ WKH FRPPXQLFDWLRQ V\VWHP DOVR KDV VRP
JHUURPDJQHWLF PDWHULDOV DUH VWDPSHG DV VRXUF
VKRXOG EH DYRLGHG LQ PXOWLSOH FDUULHUV FR
V\VWHPV



OHWDOOLF &RQWDFWYV

, W KDV DOVR EHHQ UHFRJQL]J]HG IRU D ORQJ WLPH WKDW
FRQWDFWY LQ D PXOWLSOH FDUULHUV V\WHPV FDQ F
SUREOHPYV $ SDSHU E\ &R] UHSRUWY PHDV)
SURFHGXUH DQG FLUFXLW IRU RGG RUGHU ,03V JH(
ZDYHJXLGH FRPSRQHQWV RI D *+] )O GLYHUVLW\ V\
IRXQG WKDW ORRVH ZDYHJXLGH MRLQWYV SURGXFHG D
DWwW GWP ZKHQ XVLQJ G»wWP WUDQVPLWWHUYV DQG L
GHYLFH DQG JHQHUDWRU RI KLIJK OHYHO LQWHUPRGXOI
ILQGLQJV ZHUH UHSRUWHG E\ 1XGLQJ +H WHVWHC
DQRQG WK RUGHU ,03V RI D 8%*) ZDYHJXLGH IODQJH FRQ
*+] ZLWK LQSXW SRZHU XS WR ZDWW +H DOVR GL
WKDW ORRVH FRQWDFW SLQV IUHTXHQWO\ XVHG LQ
WXQLQJ VFUHZV IRU FRPSHQVDWLRQ JHQHUDWHG FRQ\
ZKHQ WKH\ ZHUH VWLPXODWHG E\ H[WHUQDO IRUFHV
WKRXJK KH GLG QRW JLYH DQ\ ILIJXUHV IRU WKH UHV.
OHYHOV ORUHRYHU WKH\ GLG QRW LQGLFDWH ZKD
SK\VLFDO VWDWHYV RI WKH FRPSRQHQWY XQGHU WHVWLC
Rl ORRVH FRQWDFWYV ZLOO EH DQDO\VHG LQ &KDSWHU

) XUWKHU ZRUN RQ PHWDO PHWDO FRQWDFWYVY LV GHPRV)
DQG %YHQVRQ 7TKHLU ZRUN DGGUHVVHG WKH LQWH
SURGXFWY JHQHUDWHG E\ QRQ OLQHDU HIIHFWV DW FRC
VLPLODU DQG GLVVLPLODU PHWDOV 7TKH\ ZRUNHG DW
PD[LPXP RXWSXW RI DERXW ZDWW %RWK UG DQG WK
ZHUH PHDVXUHG DQG PRVW RI WKH SURGXFWY PHDVXUH
D UDQJH RI WR G%P W ZDV IRXQG WKDW GLV
FROQWDFWY RI PLOG VWHHO DOXPLQLXP DQG VWDLQOH
DQ\ RWKHU PHWDOV JHQHUDWHG KLJK ,03V ZKLOH



FRSSHU EUDVV EHU\OOLXP FRSSHU DQG QLFNHO FRQW
WKH ORZHVW ,03V ,Q DGGLWLRQ SRLQW FRQWDFWYV WH
VXVFHSWLEOH WR LQFUHDVH GHFUHDVH LQ FRQWDFW
WKH FDVH RI VXUIDFH DQG VSKHULFDO FRQWDFWYV 3R/
SURGXFHG ZLGH YDULDWLRQ LQ WKH ,03 OHYHOV

ODUWLQ DOVR UHSRUWHG WHVWV GRQH RQ PHWDO
DW +) 0+] DQG 8+) 0+] +H IRXQG WKDW ZLWK RX
SRZHU DW ZDWW HDFK FKDQQHO DOXPLQLXP PL

VWDLQOHVYV VWHHO DQG QLFNHO FRQWDFWV SURGXFFL
WKDQ EUDVV FRSSHU VLOYHU DQG JROG $00 VDPSOF&G
QHZ SUHVXPDEO\ KH PHDQW IUHH RI FRUURVLRQ SURC

6LPLODU ZRUN E\ $UD]P DQG %HQVRQ DW * 4]
VKRZQ WKDW HOHFWULFDOO\ FOHDQ FRSSHU EUDVV

FRSSHU R[\JHQ IUHH QLFNHO DQG EHU\OLXP FRSSHU S!I
,03 OHYHOV ZKLOH PLOG VWHHO DQG DOXPLQLXP SURG:
OHYHOV ,Q DGGLWLRQ WKH\ FRPSDUHG UG RUGHU ,03\
PDWHULDOV DW DQG *+] EXW FRXOG QRW IL
UHODWLRQVKLS EHWZHHQ ,03 OHYHOV DQG IUHTXHQF\ Y
DGGLWLRQ LW ZDV IRXQG WKDW WKH ,03 OHYHOV RI IH
QLFNHO DW PLFURZDYH IUHTXHQF\ EDQG ZDV ORZHU

PHDVXUHG DW 9+) EDQG $ SRVVLEOH H[SODQDWLRQ |
VNLQ GHSWK RI QLEFNHO DW *+] LV RQH WKLUG RI WK
0+] WKH YROXPH RI IHUURPDJQHWLF PDWHULDO LQYR
JHQHUDWLRQ LV WKHUHIRUH DERXW RQH WKLUG RI WK
+HQFH WKH KLJKHU WKH IUHTXHQF\ LQYROYHG WKH Of
WKH ,03 OHYHO GXH WR % + QRQ OLQHDULW\ RI PDWHUL

(IMHFWV RI R[LGHV RQ WKH VXUIDFHV RI PHWDO VDPSO}



FRQWDFW SUHVVXUH DW MXQFWLRQV RQ WKH UHVXOW
KDYH DOVR EHHQ LQYHVWLJDWHG E\ %D\UDN DQG %H
ODUWLQ DQG $UD]P DQG %HQVRQ 7KHLU U
ZHUH LQ JHQHUDO VLPLODU LQ WKDW R[LGL]HG VDPS(
SURGXFHG KLJKHU ,03 OHYHOV WKDQ ZKHQ WKH\ ZHUH
UHSRUWHG WKDW ,03 RI VDPSOHV WUHDWHG E\ KLJK
R[LGDWLRQ FRXOG ULVH E\ DV PXFK DV G% 2Q W
KDQG LI WKH FRQWDFW SUHVVXUH DW LQWHUIDFH

VDPSOHV LV LQFUHDVHG WKH FRUUHVSRQGLQJ ,03 OHY
WKRXJK QRW LQ D OLQHDU ZD\

.HOODU LQYHVWLIJDWHG ,03V JHQHUDWHG E\ FRU
ORRVH DOXPLQLXP DOXPLQLXP FRQQHFWLRQV DW WKH
XVHG DQ RXWSXW SRZHU RI DERXW ZDWW EHFDX
LOWHUHVWHG DW FDEOH WHOHYLVLRQ V\VWHPV UDW
SRZHU WUDQVPLVVLRQ VA\VWHPYV +H IRXQG WKDW ,03
JHQHUDWHG E\ FRUURGHG RU ORRVH FRQQHFWLRQV ZL'
SUHVVXUH DQG WKDW DQ\ UHDVRQDEOH DPRXQW RI FRC
VKRXOG SUHYHQW ,03 JHQHUDWLRQV

3DVVLYH 5) OLFURZDYH &RPSRQHQWYV

2ZWKHU SDVVLYH FRPSRQHQWY ZLWKLQ D FRPPXQLFDWLF
DV IHUURPDJQHWLF LVRODWRUV GXSOH[HUV HWF KD
HIDPLQHG <RXQJ WHVWHG FLUFXODWRUV DW 0-
G%P LQSXW SRZHU WKH UG RUGHU ,03 ZDV QHDUO\ {
Lv JUHDWO\ LQIHUULRU WR D FRD[LDO FDEOH ORDG

LQSXW UG RUGHU ,03 OHYHO LV G%P +RZHYHU DW
LQSXW SRZHU DW GwP &R] PHDVXUHG QR VLJC



,036 JHQHUDWHG IURP LVRODWRUY DQG FLUFXODWRUYV
HYHQ LQFOXGHG LVRODWRUYV G % LVRODWLRQV
PHDVXUHPHQW VHWXS WR UHGXFH FLUFXLW VHQVLWLYL

1XGLQJ PHDVXUHG D SRZHU FLUFXODWRU DW  *+]
RUGHU ,03 OHYHO RI G»wP ZzDV REWDLQHG DW DQ LQS
QHDUO\ G%P 7TKHUHIRUH LW VHHPV WKDW DW

IUHJXHQF\ EDQG WKH HIIHFW RI IHUURPDJQHWLF QRQ C
VLIQLILFDQWO\ UHGXFHG GXH WR VNLQ GHSWK HIIHFW
XVH RI LVRODWRUV FLUFXODWRUYV ZLOO RQO\ EHFRPH
YHU\ KLJK RXWSRZHU LV UHTXLUHG

1RQ OLQHDU ODWHULDOV

, QWULQVLF VRXUFHV RI LOWHUPRGXODWLRQ LQWHUIHUL
WR QRQ OLQHDU UHVLVWDQFH DULVLQJ IURP UHVLVWL
FRQGXFWRUV DQG PRUH LPSRUWDQW GXH WR YD
SHUPHDELOLW\ LQ IHUURPDJQHWLF FRPSRQHQWYV

%YHWWY DQG (EHQH]HU LQYHVWLIJDWHG WKH FRPS
IHUURPDJQHWLF VWHHOV DQG WKHLU HIIHFWV RQ ,03V
7TKH\ IRXQG WKDW FDUERQ VWHHOV ZKLFK LV VLPLODU
VWHHO SURGXFHG WKH ZRUVW DERXW G% KLIJKHU L
OHYHOV IROORZHG E\ DOOR\ VWHHOV DQG VWDLQOHV'

$ VWXG\ E\ %DLOH\ DQG (KULFK DOVR SRLQWHG F
QLFNHO FRXOG SURGXFH KLJK OHYHO ,03V DQG WKt
SODWLQJ Ul FRQQHFWRUV VKRXOG EH GLVFRQWLQXH(
DWWHPSWHG WR HISODLQ WKH LOQOWHUPRGXODWLR
PHFKDQLVP E\ FRQVLGHULQJ WKH VR FDOOHG PDJQHWL



YLEUDWLRQ DV D QRQ OLQHDU SKHQRPHQRQ

, W KDV DOVR EHHQ NQRZQ IRU H[DPSHO VHH 6PLWKH
WKDW FDUERQ ILEUH FRPSRVLWH PDWHULDO XVHG
DLUFUDIWYV IRU WKHLU OLJKW ZHLJKW DQG ULJLG SUR:
DOVR SURGXFH ,03V GXH WR YDULDWLRQ RI UHVLVWD(
DSSOLHG VLIQDO ITUHTXHQF\

6WUXFWXUHYV

6WUXFWXUHY SUHVHQW DQRWKHU GLPHQVLRQ RI ,03 JH
WKLY SDUWLFXODU FDWHJRU\ WKH PDMRU FRQFHUQV L

L WKHUH DUH QXPHURXV VRXUFHV RI ,0, DVVRFLDW
VWUXFWXUH

LL WKH GLPHQVLRQV RI WKH VWUXFWXUH FRXOG EH YH
LQ UH UDGLDWLQJ ,03V

LLL HOYLURQPHQWDO HIIHFWV RQ VWUXFWXUDO ,0, I
LPSRUWDQW

%HWWYVY DQG (EHQH]JHU LOQYHVWLIDWHG WKH H
QRQ OLQHDU IHUURPDJQHWLF VWHHOV RQ ,03 JHQHUD
EDQG LQ WKH FRQWH[W RI QDYDO YHVVHOV ZKLFK
PHWDOOLF VWUXFWXUHY 7KH\ IRXQG WKDW WKH UHVLG
,03 OHYHO UHFRUGHG DIWHU FOHDQLQJ XS WKH VKLS
VWHHO ZKLFK LV WKH PDLQ EXLOGLQJ PDWHULDO RI QD
RUN UHSRUWHG E\ +LJD GHPRVWUDWHY WKD
UHIOHFWRU DQWHQQDYV FDQ JHQHUDWH ,03V E\ HOHFW
WKURXJK WKH WKLQ DOXPLQLXP R[LGH OD\HU IRUPI



DQOWHQQD SDQHOV +RZHYHU *XHQ]HU KDV VKRZQ
+LJD V SURFHGXUHV WR HVWDEOLVK HOHFWURQ WXQC
FDVXH RI ,0,

'LVFXVVLRQ

JURP DERYH LW FDQ EH VHHQ WKDW LQWHUPRGXODWLR(
SUREOHPV QRUPDOO\ RFFXU DW SDUWV RI D FRPPXQLF
ZKHUH KLJK SRZHU PXOWLSOH IUHTXHQF\ VLIJQDOV VKD
FXUUHQW SDWK 7TKHUH DUH WZR PDLQ FDWHJRULHYV
LOQOWHUPRGXODWLRQ LOQWHUIHUHQFH QDPHO\ IH
QRQ OLQHDULW\ DQG QRQ OLQHDU PHWDO PHWDO
JHUURPDJQHWLF PDWHULDOV ZRXOG JHQHUDWH ,03V LU
WKH FRUURVLRQ VWDWH RI WKH PDWHULDOV IRU QRQ |
PDWHULDOV WKH SUHVHQFH RI FRUURVLRQ SURGXFWYV
HYVVHQWLDO IRU WKH SURGXFWLRQ RI KLIJK OHYHO ,03
VHYHUDO UHVHDUFKHUV VXJJHVWHG WKDW FOHDQ ORR
WKHLU RZQ FRXOG DOVR JHQHUDWH KLJK ,03 OHYHOV
IHZ FKDSWHUV ZH ZLOO H[DPLQH LQ GHWDLOV WKH FRC
WKH JHQHUDWLRQ RI ,03V LQ QRQ IHUURPDJQHWLF PD
WKHLU XQGHUO\LQJ PHFKDQLVP

W FDQ EH VHHQ WKDW D ODUJH DPRXQW Rl UHVHDUFK Z
GRQH RQ WKH ,03 JHQHUDWLRQV LQ FRPPXQLFDWLRQ
+RZHYHU WKH DVSHFW RI VWUXFWXUDO LQWHU
LQWHUIHUHQFH 6,0, KDV UHFHLYHG OLWWOH QRWLFH

LQ RXU VWXG\ UHIHU WR DQ\ PHWDOOLF REMHFWV ZKl
SDUW Rl WKH FRPPXQLFLDWLRQ V\WWHP EXW QHY
QHFHVVDU\ LQ VXSSRUWLQJ DQG RU KRXVLQJ WKH FR



WVWHP ,Q WKLV FRQWH[W WKH DQWHQQD VXSSRUWLQ.
IHQFH VXUURXQG WKH EDVH VWDWLRQ VLWH VWHHO FKI
HWF DUH W\SLFDO H[DPSOHV RI VWUXFWXUHV i
QRUPDOO\ VLWXDWHG LQ D KRVWLOH HQYLURQPHQW Z
VXEMHFWHG WR HYHU\ SRVVLELOLW\ RI FRUURVLYH DW
DWPRVSKHULF FRUURVLRQ SOD\V DQ LPSRUWDQW SDUW
LOQWHUPRGXODWLRQ LQWHUIHUHQFH LW LV WKHUHIRUH
SUHVHQW VRPH IDFWV DQG VWDWLVWLFV RQ WKH GDPDJ
DWRPVSKHULF FRUURVLRQ RQ VWUXFWXUHYV

$WPRVSKHULF &RUURVLRQ

&RUURVLRQ LV GHILQHG DV WKH LQYROXQWDU\ GHVYV
VXEVWDQFHY VXFK DV PHWDOV DQG PLQHUDO EXLOGLQ.
VXUURXQGLQJ PHGLD ZKLFK DUH XVXDOO\ OLTXLG
DIJHQWY W XVXDOO\EHJLQV DW WKH VXUIDFH DQG LV
FKHPLFDO DQG LQ WKH FDVHRI PHWDOV HOHFWU
UHDFWLRQV 7KH GHVWUXFWLRQ FDQ WKHQ VSUHDG WHF
RI WKH PDWHULDO

7KH HFRQRPLF LPSRUWDQFH RI FRUURVLRQ FDQ EH V
HI[DPSOH W LV FRQFOXGHG LQ WKH +RDU 5HSRUW

8 . WKH FRVW RI FRUURVLRQLYV DPRXQW WR PRUH
PLOOLRQ HDFK \HDU W LV WKHUHIRUH RI XWPRVW LPS
UHGXFH DV IDU DV SRVVLEOH WKH ILQDQFLDO DQG PDW

GXH WR FRUURVLRQ

7KH PRVW FRPPRQ IRUPV RI PHWDOOLF FRUURVLRQ DU
HOHFWURFKHPLFDO UHDFWLRQV ZKHUHLQ WZR PHWI



HJ LURQ DQG LURQ R[LGH ZLWK GLIITHUHQW HOHFWUI
SRWHQWLDOV DUH FRQQHFWHG WR HDFK RWKHU E\

HOHFWULF FRQGXFWRU (OHFWURO\WHV VXFK DV DFL(
VDOW VROXWLRQV RU HYHQ PLOGHU PHGLD VXFK DV
ULYHU ZDWHU RU wbsS ZDWHU QHHG WR EH SUHVHQ
SKDVHV ZLWK GLIITHUHQW HOHFWRUFKHPLFDO SRWHQ\
HOHFWULF SRWHQWLDO GLIITHUHQFHYV SRWHQWLDO GL
DOVR DULVH EHFDXVH RI LPSXULWLHYV FRUURVLRQ
GDPDJHG SURWHFWLYH FRDWLQJY HWF 7KH ODUJHU W
GLITHUHQFH WKH IDVWHU WKH UDWH RI FRUURVLRQ 7KF
FRQVLVWYV RI VRPH FKHPLFDOO\ DFWLYH FRPSRQHQWYV
WKH DWPRVSKHULF FRUURVLRQ RI PHWDOV W LV WKHU
WR ORRN DW WKHVH FRPSRQHQWYV PRUH FORVHO\

7KH $FWLYH &KHPLFDO &RPSRQHQWYV RI WKH $W|

2[\JHQ LV YHU\ LPSRUWDQW DQG KDV H[WHQVLYH LQI
WKH FRUURVLRQ PHFKDQLVP EHFDXVH RI LWV KLJK L
$WPRVSKHULF R[LGDWLRQ LV DQ R[LGDWLRQ UHGXFWLR
ZKLFK WKH PHWDO DFWV DQ HOHFWURQ GRQRU DQG RJ[\J
UHGXFLEOH VSHFLHV DV HOHFWURQ DFFHSWRUYV

:DWHU LQ LWV OLTXLG IRUP SURYLGHV D HOHFWURFKI
RI WKH FRUURVLRQ SURFHVVY :DWHU LV GHSRVLWHG RQ
YLD GLUHFW SUHFLSLWDWLRQ DQG RWKHU DEVR
FRQGHQVDWLRQ SURFHVVHY ZKLFK DUH GHWHUPLQHG |
DEVROXWH KXPLGLW\ DQG WKH WHPSHUDWXUH DV ZHOO

6 XOSKXU GLR[LGH LV WKH W\SLFDO JDV LPSXULW\



XUEDQ DQG LQGXVWULDO DWPRVSKHUHYV W LV HPLYV
DWPRVSKHUH LQ ODUJH DPRXQWYV GXULQJ WKH FRPEXVW]
FRQWDLQLQJ IXHOV RI DOO W\SHV W GLVVROYHV HDV
6 SHU J + LQ ZDWHU WR IRUP VXOSKXURXV +6

ZKLFK WKHQ R[LGLVHG WR VXOSKXULF DFLG + 6 Wi

FRUURVLRQ

+\GURJHQ VXOSKLGH KDV VLJQLILFDQW HIIHFWV RQ FF
FRSSHU QLFNHO DQG VLOYHU

$FLGLF JDVHV OLNH FKORULQH DQG K\GURJHQ FKO
IUHTXHQWO\ IRXQG LQ WKH DLU QHDU FKHPLFDO ZRUNYV
FKHPLFDOV DUH H[WUHPHO\ DJJUHVVLYH

&KORULGH LV D FKHPLFDOO\ DFWLYH FRPSRQHQ\
DWPRVSKHUH HVSHFLDOO\ LQ FRDVWDO DUHDV ,WV F|
IDOOV ZLWK GLVWDQFH IURP WKH FRDVW

&RUURVLRQ RI *DOYDQLVHG 6WHHO

&RUURVLRQ KDV EHHQ D PDMRU WRSLF IRU UHVHDU
EHFDXVH RI LWV HFRQRPLF DQG VDIHW\ LPSOLFDWL
ZULWWHQ GRFXPHQWDWLRQV RQ FRUURVLRQ FDQ EH
ZRUNV E\ )RQWDQD DQG *UHHOQH *DEH DQG
DQG 3HWHUYV 2Q0\ D YHU\ EULHI DFFRXQW RQ DWP
FRUURVLRQ RI PHWDOOLF VWUXFWXUHV ZLOO EH SUHVH

6LOQFH PRVW RI WKH PHWDOOLF VWUXFWXUHY DUH EXLO
LWV FRPSRVLWLRQ LV PDLQO\ LURQ DQG WKH VWHHOV



E\ D OD\HU Rl JLQF YLD WKH KRW GLS JDOYDQLVDWLRC(
LW ZRXOG EH SDUWLFXODU LQWHUHVWLQJ WR ORRN DW
RI' JLQF DQG VWHHO LQ DWPRVSKHUH $SSUHFLDEOH F
VWHHO RQO\ VWDUWYV ZKHQ WKH UHODWLYH KXPLGLW\
DURXQG +RZHYHU UXVWLQJ LV HVVHQWLDC
HOHFWURFKHPLFDO SURFHVV DV GHVFULEHG DW WKH
VHFWLRQ ,ZURQ LV GLVVROYHG IURP WKH P
FRQVWUXFWLRQ PDWHULDO DQG UHDFWV ZLWK ZDWHU
IRUP K\GUDWHG LURQ R[LGH 7KLV UHDFWLRQ SURGXFW
DV D VSRW RI UXVW RU ZKHQ WKH UHDFWLRQ KDV
IXUWKHU DV D OD\HU RI UXVW 7KH UHDFWLRQ HTXDWL
yjLuvw WKH ZDWHU R[LGL]HV WKH LURQ WR )H ,,

)H + ! )H 2 + +

,Q WKH VHFRQG VWHS R[\JHQ R[LGL]JHV WKH LURQ IX
)H 119

YH 2+ ! YH2 2+ +

5XwW PD\ EH FRQVLGHUHG DV FRQVLVWLQJ RI LURQ ,,
K\GUR[LGH ZLWK YDULDEOH ZDWHU FRQWHQW

,PSXULWLHYVY LQ DLU HJ VXOSKXU GLR[LGH DQG FKOR
DFFHOUDWH WKH FRUURVLRQ SURFHVYVY HYHQ DW ORZ FF
2[LGDWLRQ FDXVHV VXOSKXU GLR[LGH WR IRUP VXOSK?/>
WKH SUHVHQFH RI VXLWDEOH FDWDO\VWYV



+6 UHDFWV ZLWK LURQ DQG R[\JHQ WR IRUP ITHUURXYV
DQG ZDWHU

)H + 6 ! YH62A +

7TKHIHUURXV VXOSKDWH LV WKHQ R[LGL]J]HG E\ R[\JHQ
IHUULF VXOSKDWH ZKLFK LV WKHQ K\GUROL]J]HG WR SURC
VXOSKXULF DFLG

)H6 + ! YH2 2+ + 6

W WXRXOG EH QRWHG WKDW WKH HQG SURGXFW FRQWDLL
UXVW PRUH VXOSKXULF DFLG 7KLV FDQ WKHQ GLVVRO
DQG FRQWULEXWHV WR IXUWKHU UXVW IRUPDWLRQ 6
FDQ WKHUHIRUH FRQYHUW DSSUHFLDEOH TXDQWLWLHYV
UXVW LQ D FRQWLQXRXV F\FOH

&RUURVLRQ RI JLQF LV FORVHO\ UHODWHG WR WKH DP
SUHVHQW WKH UHODWLYH KXPLGLW\ RI WKH DLU DQC
DUHDV DOVR WR WKH VDOW FRQWHQW RI WKH DLL
SDUWLFXODUO\ VWDEOH LQ FRXQWU\ DLU DQG LQ HQF
$ VWDEOH SURWHFWLYH OD\HU LV IRUPHG FRQVLVWI
R[LGH JLQF K\GURJ[LGH DQG JLQF KV\GUR[\FDUERQD\
SURWHFWLYH OD\HU LV VHOI KHDOLQJ

$SSUHFLDEOH GLVDSSHDUDQFH RI JLQF WDNHV SODFH
DQRG LQGXVWULDO DLU 7KH UHPRYDO RI JLQF LV PDLQO
WKH 6 FROQOWHQW RI WKH DLU 6 UHDFWYV ZLWK ZDWF
VXOSKXURXV RU VXOSKXULF DFLG 7KHVH LQ WXUQ UHI
SURWHFWLYH OD\HU RQ WKH VXUIDFH RI WKH ]JLQF IR



VXOSKLWH RU VXOSKDWH 7KH SURWHFWLYH OD\HU ZKLF
LQ WKLV ZD\ LV WKHQ UHIRUPHG E\ UHDFWLRQ RI DLU
PHWDOOLF JLQF $00O0 WKLV PHDQV WKDW WKH JLQF FRL
,Q PDULQH DLU WKH DQQXDO UHPRYDO RI JLQF LV HYHC

$ PDMRU VWXG\ ZKLFK DWWHPSWHG WR GHWHUPLQH W!
FRUURVLRQ UDWH RI JLQF DOO RYHU %ULWDLQ KDV EHH
E\ WKH &HQWUDO (OHFWULFLW\ *HQHUDWLRQ %RDUG ,Q
WHVW VDPSOHV RI JLQF ZHUH H[SRVHG LQ DOPRVW HYHL
VTXDUH RI (QJODQG DQG :DOHV &RUURVLYH PDSV HJ

DUH SURGXFHG ZKLFK VKRZ WKH HQYLURQPHQWDC(
HITHFWV FOHDUO\ )URP ILJXUH LW FDQ EH VHHQ V
GHJUHH RI FRUURVLRQ LV KLIJKHU QHDU WKH FRDVW
SUHVHQFH RI FKORULGH

&RQFOXVLRQ

,Q WKLV FKDSWHU ZH KDYH H[DPLQHG YDULRXV VRXUFH
LOQOWHUPRGXODWLRQ LQWHUIHUHQFH LQ D FRPPXQLFDWL
RI WKH LQWHUIHUHQFH VRXUFHVY DUH DYRLGDEOH
VLOYHU SODWHG FRQQHFWRUV LQVWHDG RI QLFNHO SOC
RWKHUV DUH QRW HJ PHWDOOLF FRQWDFWY VWUXF
LGHQWLI\LQJ WKHVH VRXUFHV LQ D WUDQVPLVVLRQ
VI\VWHP GHVLJQHU ZRXOG EH LQ D EHWWHU SRVLWLRQ
WKH HIITHFW RI LQWHUPRGXODWLRQ LQWHUIHUHQFH



LXMQVVX®EH DLLQXP

& RUUR

+

UL*83( = GRUURVLYLW\

FRUURVLRQ UDWH RI

YDOXHV REWDLQHG

VWHHO

IURQ

WUDQVPLVVLRQ IWRPWE&(*% 3HVHDUFU $XJ



E&EK D S W

7T K H OHDVXUHPH OQ W R 1
D O , QW H UPRG X O D VW |
, QW HUIHUHOFH

DQOG 7KHLU

,QWURGXFWLRQ
%DVLF 7KHRU\ 6\WWHP 7KHRU\

%DVLF 7KHRU\ 5HFWLILFDWLRQ LQ 6ROLGV
(ISHULPHQW BHWXS

BUHSDUDWLRQ RI 7HVW 6DPSOHV
(ISHULPHQWYV

5HVXOWY DQG 'LVFXVVLRQ

&RQFOXVLRQ

, QWURGXFWLRQ

JURP WKH OLWHUDWXUH LW ZDV IRXQG WKDW WKH
VWUXFWXUDO LOWHUPRGXODWLRQ L6QW H U GEXWHH QW R

QRQ OLQHDU IHUURPDJQHWLF HIIHFW KDV &HHGXWHVXGL
WR QRQ OLQHDU FRUURGHG MXQFWLRQV KDV DOVR EHHQ
DOWKRXJK QRW LQ DQ\ JUHDW GHSWK ,Q WKRVH H[SHU
WHPSHUDWXUH R[LGDWLRQ DQG VKRUW WHUP H[SRYV
ODERUDWRU\ ZHUH WKH PRVW FRPPRQ PHWKRGV IRU F
VDPSOHYV $OWKRXIK WKHVH GU\ FRUURVLRQ PHWKRGYV
VRPH GHWHULRUDWQLRQHYHOV JHQHUDWHG IURP WKH FRI



VDPSOHV KRZHYHU WKH QDWXUDO FRUURVLRQ SURFF
ZHW FRUURVLRQ ,Q DGGLWLRQ PRUH HPSKDVLV ZD\
DOXPLQLXP DOXPLQLXP FRQWDFWYV WKDQ RWKHU PHWI
DQG HOHFWURQ WXQQHOLQJ ZzZDV DVVXPHG WR EH W
PHFKDQVLP UHVSRQVLEOH IRU WKH REVHUYHG
FXUUHQW YRWODJH FKDUDFWHULVWLF RI WKH FRUUF
VDPSOHYV

,Q WKLY FKDSWHU ZH VKDOO LQYHVWLJDWH WKH PDMI
6,0, DQG WKH PHFKDQLVPV UHVSRQVLEOH IRU WKHP 7K
XV WR LGHQWLI\ SRVVLEOH 6,0, VRXUFHV LQ D EDVH V
LWV VXUURXQGLQJYV ORUHRYHU LW ZLOO HQDEOH XV
SRVVLEOH UHPHGLHV IRU WKLV HIIHFW DV ZHOO

,Q WKH IROORZLQJ WZR VHFWLRQV VRPH EDVLF
FRQFHUQLQJ WKH SURSHUWLHY DQG FKDUDFWHULVWLF
QRQ OLQHDU V\WWHPV DUH GHVFULEHG VR WKDW DQ DS
WKH HIIHFWV RI LQWHUPRGXODWLRQ LQWHUIHUHQI
DFTXLUHG 6RPH EDFNJURXQG RQ WKH SK\VLFV RI |
SKHQRPHQRQ LV DOVR JLYHQ

%DVLF 7TKHRU\ | /ILQHDU 6\VWHP 7KHRU\

$ OLQHDU V\WWHP FDQQRW JHQHUDWH QHZ IUHTXHQF\
7KH RXWSXW RI VXFK D V\VWHP ZLOO EH D IDLWKIXO I
WKH LQSXW DQG ZLOO FRQWDLQ QR QHZ IUHTXHQFLHV
WR SURGXFH LQWHUPRGXODWLRQ SURGXFWV WKH V\
QRQ OLQHDU ,Q WKLV VWXG\ ZH DUH PRVW LQWHUH\
QRQ OLQHDU UHODWLRQVKLS EHWZHHQ LQSXW YROWD



FXUUHQW L H D QRQ OLQHDU FXUUHQW YROWDJH FKD
+DYLQJ VvVDLG WKDW ZH PXVW EH DZDUH WKDW WKHL
LOQWHUPRGXODWLRQ JHQHUDWLRQ PHFKDQLVPV GXH
GLHOHFWULFV DQG QRQ OLQHDU IHUURPDJQHWLF PLC
HI[DPSOH %XW WKHLU LQIOXHQFH DUH QRUPDOO\ QHJO
DSSOLFDWLRQV

%RDUGO\ VSHDNLQJ WKHUH DUH WZR NLQGV RI FXUL
QRQ OLQHDULWLHY QDPHO\ VPDOO VLJQDO VHH ILJIX
ODUJH VLJQDO QRQ OLQHDULWLHV VHH ILIXUH ,Q
VLIJQDO FDVH WKH QRQ OLQHDULW\ H[LVWV RYHU WKH
RI LQSXW OHYHOV L H DQ\ LQSXW QR PDWWHU KRZ VI
DPSOLWXGH ZLOO JHQHUDWH KDUPRQLFV DQG RU LQ
SURGXFWV DW LWV RXWSXW ,Q FRQWUDVW LQ WKH
FDVH ZKLFK LV DOVR FDOOHG SLHFHZLVH
FKDUDFWHULVWLF LI WKH LQSXW RSHUDWHY ZLWKLQ
WKHQ WKH V\WVWHP RSHUDWHVY LQ LWV OLQHDU UHJI
KDUPRQLFV ZRXOG EH JHQHUDWHG +RZHYHU LI WKH
RYHU WKH WZR UHJLRQV $ DQG % WKHQ WKH V\VWHP R
QRQ OLQHDU IDVKLRQ DQG KDUPRQLFV DQG LQWH
SURGXFWV ZLOO DSSHDU

ODWKHPDWLFDOO\ WKH VPDOO VLIJQDO QRQ OLQHDL
UHSUHVHQWHG E\ D SRZHU VHULHV DV IROORZYV

, D D9 D9, D9 IRU 9 !

RWKHUZLVH



7KH ODUJH VLJQDO QRQ OLQHDULW\ FDQ EH UHSUHYV
IROORZLQJ IXQFWLRQ

, IRU 9
, F 9 IRU 5o —

$Q\ RQH RI WKH DERYH WZR FKDUDFWHULVWLFV ZRXOC
JHQHUDWH LQWHUPRGXODWLRQ SURGXFWYV

%DVLF 7TKHRU\ | SHFWLILFDWLRQ LQ 6ROLGV

,Q WKLV VHFWLRQ D YHU\ EULHI EDFNJURXQG RQ WKH W
UHFWLILFDWLRQ SKHQRPHQRQ ZLOO EH JLYHQ 7KH GH
SDUWLFXODUO\ UHODWHG WR RXU SUREOHP LQ |
PHWDO R[LGH DQG PHWDO VHPLFRQGXFWRU MXQFWL
UHDVRQDEOH WR DVVXPH WKDW RWKHU UHFWLILFDWLR
DV S Q MXQFWLRQ GLRGH DQG PHWDO LQVXODWRU V
VI\VWHPV DUH OHVV OLNHO\ WR RFFXU LQ WKH
HQYLURQPHQW

+LVWRU\ RI OHWDO 2[LGH DQG OHWDO 6HPLF
SHFWLILHUV

$v HDUO\ DV LQ %UDXQ DQG 6FKXVWHU %UDXQ
REVHUYHG UHFWLILFDWLRQ HIIHFWV ZKHQ H[SHULPHQWI
FRQWDFWYVY RQ WDUQLVKHG FRSSHU ZLUHV ZKLFK PLJ}
FRYHUHG E\ R[LGH ILOPV 7KH\ IRXQG WKDW WKH U
GHSHQGHG RQ WKH SRODULW\ RI WKH DSSOLHG YROW



FRQGLWLRQ RI WKH VXUIDFH WDUQLVK 7TKH\ FRQVLC(
UHFWLILFDWLRQ DULVHV IURP WKH JDV ILOPV DEVRU
VXUIDFHV Rl VROLGYV $IWHU WKDW UHFWLILFDWLRC
REVHUYHG LQ VHOHQLXP ,Q ZKHQ *URQGDKO WUL
FXSURXV R[LGH WR EXLOG D SKRWR VZLWFK IRU KDQ
SRZHU KH GLVFRYHUHG WKDW FXSURXV R[LGH DFWH
UHFWLILHU +H ZDV DOVR DZDUH WKDW WKH SKHQRPHQ
D FRQWDFW HIIHFW ,Q WKRVH GD\V WKH FRQVWU>
FRPPHUFLDO UHFWLILHUV ZHUH GLIILFXOW DQG UHFWLII
ZDV QRW JXDUDQWHHG WR EH H[FHOOHQW EHFDXVH S
NQRZ ZKDW VRUW RI VXUIDFH FRQGLWLRQ ZDV UHVSRQ"
QRQ OLQHDU FRQGXFWLRQ HIIHFW oObLQ PDWHULDOV
SODWH UHFWLILHUV ZHUH FXSURXV R[LGH FXSURXV VX
VXOSKLGH LURQ VXOSKLGH DQG VHOHQLXP &XSURX
IRXQG WR EH D S W\SH VHPLFRQGXFWLQJ PDWHULDO

JURP DERXW WR WKH SRLQW FRQWDFW FU\VWDO
ZDV WKH SULPDU\ W\SH RI GHWHFWRU XVHG LQ UDGLR
2QH ZHDNQHVYV RI FU\VWDO GHWHFWRUV ZDV WKDW WKH
RI DPSOLILFDWLRQ ,WV XVH ZDV VRRQ UHSODFHG E\ WK
RI WULRGH YDFXXP WXEH ZKLFK FRXOG EH HPSOR\HG D’
DPSOLILHU DQG GHWHFWRU 'XULQJ WKH 6HFRQG :RUO(
FRQWDFW GLRGH ZDV XVHG DJDLQ DV D IUHJXHQF\ FRQY
D ORZ OHYHO PLFURZDYH GHWHFWRU GLRGH EHFDXVH
GHWHFWRU RIIHUHG PXFK ORZHU QRLVH RSHUDWLRQ
VXLWDEOH DV D ORZ OHYHO VJXDUH ODZ GHWHFWRU
SXOVHYV

,Q %DUGHHQ DQG %UDWWDLQ %DUGHHQ DQG %UD\
GHVFULEHG WKH LPSRUWDQW GLVFRYHU\ RI FDUULH



SKHQRPHQRQ LQ SRLQW FRQWDFW JHUPDQLXP GLRGHYV
\HDU WKH SRLQW FRQWDFW JHUPDQLXP WUDQVLVWRU
'XULQJ WKH V WKH PHWKRGV IRU IDEULFDWLQJ S Q
GLRGH EHFDPH DYDLODEOH DQG JUDGXDOO\
PHWDO VHPLFRQGXFWRU GLRGHV 6FKRWWN\ EDUULH
DJDLQ LQ WKH V GXH WR WKH LQYHQWLRQ DQG GHY
WKH SODQDU SURFHVV IRU ILHOG HIIHFW WUDQVLVWRLU
WR D EHWWHU XQGHUVWDQGLQJ RI LQWHUIDFHV DC
FOHDQLQJ WHFKQLJXHV

$SSOLFDWLRQV RI 6 FKRWWN\ EDUULHU GLRGHV LQ

LPSRUWDQW ,Q %DLUG SDWHQWHG D 6FKRWWN\ ED
LOQOWHJUDWHG ZLWK D VLOLFRQ ELSRODU WUDQVLVWRU
GHVFULEHG WKH PHWDO VHPLFRQGXFWRU ILHOG HIIHF
DQ )(7 ZLWK D 6FKRWWN\ EDUULHU JDWH 2ZWKHU GH)
ZHUH SODQDU 6FKRWWN\ YDUDFWRUYV DQG YDULVWRUYV
DSSOLFDWLRQV ,Q V. DQG EH\RQG ZKHQ KLJK IUHT:
IDVW VZLWFKLQJ VSHHG GHYLFHV DUH LQ GHPDQG

DSSOLFDWLRQV ZLWK 6FKRWWN\ GLRGHYV DUH

VDWXUDWLRQ SUHYHQWLQJ FODPSYV LQ KLJK VSHI
LQWHJUDWHG FLUFXLWYVY [IRU FRPSXWHUV DQG RWKF
QHWZRUN GLVFUHWH KLJK I[UHTXHQF\ GLRGHV DQG \
IRUVLIQDO GHWHFWLRQ DQG DPSOLILFDWLRQ FLUFXLW
FRPPXQLFDWLRQ V\VWHPV



(OHFWULFDO &RQGXFWLRQV LQ 2[LGHYV

,Q WKLV VHFWLRQ LW LV RXU LQWHQWLRQ WR GHPR(
WUDQVLWLRQ PHWDO R[LGHV VXFK DV IHUURXV R[LGH
OLNH VHPLFRQGXFWRUYV +RZHYHU WKHLU VHPLFRQGXF
GRHV QRW FRPH IURP DUWLILFLDO GRSLQJ RI LPSXULW
ODWWLFH GHIHFWYV ERWK LQWHUVWLWLDOV DQG YDI
LPSXULWLHY SUHVHQW LQ WKH DWPRVSKHUH 7R IDFLOL
XQGHUVWDQGLQJ RI HOHFWULFDO FRQGXFWLRQ PHFKDQ
RI[LGHYV ZH ZLOO LQWURGXFH D IHZ XVHIXO FRQFHS'
IROORZLQJ VHFWLRQV 7R FODVVLI\ PDWHULDOV DV
VHPLFRQGXFWRUYV DQG LQVXODWRUYV LW LV XVHIXO WI
HQHUJ\ EDQG GLDJUDPV RI WKHVH PDWHULDOYV

,Q D VLQJOH DWRP WKH HOHFWURQV DUH DUUDQJHG |
GHILQLWH HQHUJ\ OHYHO DQG WKRVH QHDUHU WKH QX
PRUH HQHUJ\ WR UHPRYH WKHP IURP WKH SDUHQW D'
FRPSOHWH ODWWLFH RI DWRPV WKH HOHFWURQ H
PRGLILHG E\ WKH ILHOGYVY RI DGMDFHQW DWRPV 7KH VL
OHYHOV VSUHDG RXW WR IRUP EDQGV RI HQHUJLHV (C
PRYH IURP RQH OHYHO WR DQRWKHU ZLWKLQ D EDQG I
E\ DFTXLULQJ VPDOO DPRXQW RI HQHUJ\ EXW DSSUHFL
LV UHTXLUHG IRU WKH HOHFWURQ WR PRYH IURP RC
DQRWKHU WA\SLFDO EDQG VWUXFWXUHV IRU WKH WKL
PDWHULDOV DUH VKRZQ LQ ILJXUH

7TKH LQQHU HQHUJ\ EDQGV ZKHUH DOO WKH HQHUJ\
FRPSOHWHO\ ILOOHG FRQWDLQ WLIJKWO\ ERXQG
(OHFWURQV LQ WKHVH EDQGV KDYH QR HIIHFW RQ WKH
SK\VLFDO SURSHUWLHV RI WKH PDWHULDO $ ILOOHG HQ



ROH ZKHUH WKHUH LV DQ HOHFWURQ IRU HYHU\ SRVV
YDOXH ZLWKLQ WKH EDQG 7KH RXWHU EDQG ZKHUH H
QRW ULJLGO\ ERXQG WR WKH QXFOHXV LV NQRZQ DV Wk
EDQG 1H[W WR WKLV LV WKH YDOHQFH EDQG 7TKH GL
HQHUJ\ OHYHOV EHWZHHQ WKH WRS RI WKH YDOHQFH

ERWWRP RI WKH FRQGXFWLRQ EDQG LV WKH IXQGDPHQW
IRU WKH GLITHUHQFH LQ EHKDYLRXU RI FRQGXFWRUYV

DQG VHPLFRQGXFWRUYV

JURP ILIJXUH LW FDQ EH VHHQ WKDW PHWDOV DOZD\V
HOHFWURQV LQ WKH FRQGXFWLRQ EDQG UHVSRQVLEOH
FROQGXFWLYLWLHY IRU LQWULQVLF VHPLFRQGXFWRUV \
LV VPDOO HQRXJK WKDW D VPDOO DPRXQW RI DSSOLHG
KHDW ZRXOG HQDEOH YDOHQFH EDQG HOHFWURQV

FRQGXFWLRQ EDQG WKXV LQFUHDVHV WKH FRQGXFW
PDWHULDO IRU LQVXODWRUV WKH HQHUJ\ JDS LV VR Ol
JHQHUDO LW LV XQOLNHO\ IRU WKH YDOHQFH EDQG H
JDLQ HQRXJK HQHUJ\ WR PRYH XS WR WKH FRQGXFWLRC

,Q PHWDOOLF R[LGHV WKH ERQGLQJ EHWZHHQ PHWL
R[\JHQ LRQV LV WKH VWURQJ LRQLF ERQG DQG LRQLF
LQ R[LGHV LV QRW DSSUHFLDEOH XQWLO YHU\ KLJK WHF
UHDFKHG 8QGHU QRUPDO WHPSHUDWXUH DQG SUHVVXUHI
SXUH IRUP WKH\ ZLOO EHKDYH DV LQVXODWRUV EHFDX"
QR IUHH HOHFWURQV DYDLODEOH IRU HOHFWULFDO
7KHUHIRUH RWKHU PHFKDQLVPV PXVW EH SUHVHQW IR
FRQGXFWLRQ WR KDSSHQ

W LV WKH SUHVHQFH RI SK\WLFDO GHIHFWYV YDFDC
LQWHUVWLWLDOV ZKLFK HQDEOHV LRQLF FU\VWDOV



PHWDOOLF R[LGHV WR H[KLELW VHPLFRQGXFWLQJ
+RZHYHU WKH FRQFHQWUDWLRQ RI WKH GHIHFWV KDV
DV LQ WUDQVLWLRQ PHWDO R[LGHV EHIRUH VHPLFRQG X
VLIQLILFDQW

,Q WKH FDVH RI WUDQVLWLRQ PHWDO R[LGHV IRXU
FRXOG KDSSHQ VHH ILJXUH

OHWDO H[FHVV WRBIQLRYDFDQFLHWXQ@V FDVWKH
ODWWLFH ORVHV RWRWYXHQRQ PHWDIORZHYHUWKH
DVVRFLDWHG HOHFDWHRWUYVDSSHG LQ WHKHDOQFLHVYR
PDLQWDLQ RYHUDOO HOHFWULFDO QHXWUDOLW\

OHWDO H[FHVV GXH WR LQWHUVWLWLDO FDWLRQV

,Q WKLV FDVH DJDLQ WKH ODWWLFH ORVVHV DWR
QRQ PHWDO 7KH H[FHVV PHWDO LRQV DUH IRUFHG
LOWHUVWLWLDO VLWHV DQG WKH HOHFWURQV SUHYLR?
ZLWK WKHP DUH WUDSSHG LQ WKH YLFLQLW\ RI WKHVH
FDWLRQV

OHWDO GHILFLHQF\ GXH WR FDWLRQ YDFDQFLHV

,Q WKLY FDVH WKH ODWWLFH DFTXLUHV DGGLWLRQDO
QRQ PHWDO ZKLFK JDLQ HOHFWURQV WR EHFRPH DQ
HOHFWURQVY DUH REWDLQHG IURP WKH FU\VWDO DV VRP|
LRQV DUH R[LGLVHG WR D KLJKHU R[LGDWLRQ VWDWH



OHWDO GHILFLHQF\ GXH WR LQWHUVWLWLDO DQLT

,Q WKLY FDVH WKH ODWWLFH DFTXLUHY DGGLWLRQDO
QRQ PHWDO DV LQ +RZHYHU WKH DGGHG DQLRC(
LQWHUVWLWLDO SRVLWLRQV RI WKH ODWWLFH

7ZR H[DPSOHV DUH QLFNHO R[LGH DQG WLWDQLXP GL
ILIXUH ,Q WKH FDVH RI QLFNHO RJ[LGH WKHUH
FDWLRQ YDFDQF\ SUHVHQW DQG HOHFWULFDO QH>

PDLQWDLQHG E\ WZR QHDUE\ QLFNHO ,, LRQV ZKLFK R
QLFNHO ,,, LRQV 6LQFH WKH PHWDO R{\JHQ UDWLR
WKH VWRLFKLRPHWULF UDWLR RI WKHQ QLFNHO
WHUPHG D PHWDO GHILFLHQF\ VHPLFRQGXFWRU , C

GLR[LGH WKH VPDOO WLWDQLXP LRQV FDQ HQWHU WKH
VLWHYVY HDVLO\ DQG IRU HDFK WLWDQLXP LRQ WKDW |
IRXU QHDUE\ WLWDQLXP ,9 LRQV ZLOO EH UHGXFHG W
., LRQV WR PDNH WKH ODWWLFH HOHFWULFDOO\ QHXYV
WKH PHWDO R[\JHQ UDWLR LV DERYH WKH VWRLFKLRP
R WKHUHIRUH WLWDQLXP GLR[LGH LV WHL
PHWDO H[FHVV VHPLFRQGXFWRU

(OHFWULFDO FRQGXFWLRQ ZLWKLQ WUDQVLWLRQ PHWD
EH H[SODLQHG LQ WHUPV RI WKH DERYH IRXU FRQGLWL
DQG WKH WUDSSHG HOHFWURQV DUH QRW ORFDOL]F
WKURXJKRXW WKH HQWLUH ODWWLFH LI WKHUH LV
SRWHQWLDO 7KH FXUUHQW FDUULHUV DUH WKH HOHFW
DQG WKHUH DUH QRW DQ\ IUHH HOHFWURQV 6R X
LQIOXHQFH RI DQ DSSOLHG SRWHQWLDO WKH HOHFWL
RILGDWLRQ VWDWH PHWDO LRQ ZLOO SDVV RQWR DQRMW



LQ D KLIJKHU R[LGDWLRQ VWDWH ,Q WKH SURFHVV WK
GRQRU R[LGL]HG LWVHOI WR D KLJKHU R[LGDWLRQ
UHGXFHG WKH UHFHLYHU PHWDO LRQ WR D ORZHU R[LG
7KH PRYHPHQW RI WKH HOHFWURQV WKHQ FRQWULEXWE
RI FXUUHQW ,Q WKLV FDVH WKH FKDUJH FDUULHUYV
SRVLWLYH KROHV

,Q WHUPV RI WKH HQHUJ\ EDQG GLDJUDP WKH SUH
LPSXULWL\ LRQV VXFK DV QLFNHO . LQ QLFNHO RJL
WLWDQLXP ,,, LQ WLWDQLXP GLR[LGH ZLOO SURGXFH

HQHUJ\ OHYHOV LQ WKH EDQG GLDJUDP QDPHO\ W K
OHYHO DQG GRQRU OHYHO DV VKRZQ LQ ILJXUH 6
DFFHSWRU OHYHO LV YHU\ FORVH WR WKH WRS RI WKH Y
WKHQ LW LV YHU\ HDV\ WR H[FLWH D YDOHQFH HOHFWUF
,,2 LRQ WR WKH DFFHSWRU OHYHO OHDYLQJ SRVLWLY
WKH YDOHQFH EDQG IRU FRQGXFWLRQ 6R PHWDO GHILF
DUH S W\SH VHPLFRQGXFWRUYV ,Q FRQWUDVW WKH WL
LRQV DUH DW WKH GRQRU OHYHO DQG XSRQ H[FLW!
HOHFWURQV ZLOO PRYH WR WKH FRQGXFWLRQ EDQG D
WR VHPLFRQGXFWLRQ OHWDO H[FHVV R[LGHV DUH WKHU
Q W\SH VHPLFRQGXFWRUV

+DYLQJ VKRZQ WKDW PHWDOOLF R[LGHV FRXOG EH
VHPLFRQGXFWRUV HLWKHU S W\SH RU Q W\SH W K H Q
ORJLFDO UHFWLILFDWLRQ PHFKDQLVP ZKLFK FRXOG WD
PHWDO PHWDO R[LGH MXQFWLRQ LV PHWDO VHP
UHFWLILFDWLRQ ZKLFK LV DZHOO HVWDEOLVKHG VXEMFE
6]H 9DQ GHU =HLO



(ISHULPHQWDO 6HWXS

,Q RUGHU WR DVVHVVY WKH GHSHQGHQFH RI WKH ,0, OHY
VDPSOH RQ LWV SK\VLFDO VWDWH LW LV QHFHVVDU\
YDULRXVY SDUDPHWHUV PDLQO\ HOHFWULFDO RI' W
J)LUVWO\ ,0, OHYHO PHDVXUHPHQW LV UHTXLUHG 6HF
UHFWLILFDWLRQ RU QRQ OLQHDU FXUUHQW YROWDJH F
RI WKH VDPSOH LV QHHGHG WR HVWLPDWH WKH VHYH
UHVXOWDQW , 0, OHYHO $W KLJK IUHTXHQF\ ZK
MRLQW MXQFWLRQ FDSDFLWDQFH EHFRPHYV VLIQLILFDQW
PHDVXUHPHQW RI WKH VDPSOH LV HVVHQWLDO DV PR\
FXUUHQW ZLOO E\SDVV WKH MRLQW UHVLVWDQFH \
FDSDFLWLYH UHDFWDQFH

,Q RXU VWXGLHVY ZH KDYH FKRVHQ WR PRQLWRU WKt
LQWHUPRGXODWLRQ SURGXFW OHYHO RQO\ 7KLV GHFL\
EHFDXVH LW LV WKH JHQHUDO H[SHULHQFH WKDW ORZH
EHFDXVH WKH\ DUH DW D KLJKHU OHYHO SURGXFH
LQWHUIHUHQFH WKDQ KLJKHU RUGHU RQHV 6R WKH U
ZRXOG JLYH XV WKH ZRUVW FDVH LQWHUIHUHQFH
VKRXOG EH WKH YDOXH RI LQWHUHVW WR V\VWHP GH
SODQQHUV DOLNH

7KH PHDVXUHPHQW VHWXS IRU WKH WKUHH GLIITHUHQW
DUH GHVFULEHG LQ WKH IROORZLQJ VHFWLRQ



3DVVLYH QWHUPRGXODWLRQ 3URGXFWY OHDVXL

7TKHUH DUH PDLQO\ WZR GLITHUHQW W\A\SHV R

, QWHUPRGXODWLRQ 3URGXFWYV 3,03 PHDVXUHPHQW V\V
UDGLDWLYH DQG FRQGXFWLYH WHVWLQJV 7KH EXLOGL
WKHVH WZR V\VWHPV DUH VKRZQ LQ ILJXUH 7TKH L
WHVWLQJ LV HVVHQWLDO IRU PHDVXULQJ WKH VFDWWH
DQG VWUHQJIJWK RI ,03V DQG KDUPRQLFYVY JHQHUDWHG
VWUXFWXUH VXFK DV DQ DXWRPRELOH RU D ILIJKWHU I
WKH RWKHU KDQG FRQGXFWLYH WHVWLQJ LV PRUH \
WHVWLQJ FRPSRQHQWY XVHG LQ WKH FRPPXQLFDWLRQ
DV FRQQHFWRUYVY FDEOHV PHWDOOLF FRQWDFWY LVROI

&RQGXFWLYH WHVWLQJ PHWKRG PDNHV XVH RI D WHVW
KRXVLQJ WKH WHVW VDPSOH DQG DOO Ul SRZHU LV WFE
D PDWFKHG ORDG XVXDOO\ 2KP VR WKDW WKHUH
HQHUJ\ UDGLDWHG 7KLV PHWKRG LV YHU\ SRSXODU E
WHVW VDPSOH LV SODFHG LQ D FRQWUROOHG HQYLUR
YDULDWLRQV Rl SDUDPHWHU YDOXHV DUH PXFK HDVLHL
5DGLDWLYH WHVWLQJ LV PRUH GLIILFXOW WR SHUIRUP
D FOHDU VLWH RU D DQHFKRLF FKDPEHU PXVW EH XVH
VXUURXQGLQJ HQYLURQPHQW ZLOO KDYH VLJQLILFDQW
PHDVXUHG ,0, OHYHOV

'"HVLIQ &RQVLGHUDWLRQV

7TKHUH ZHUH TXLWH D IHZ 3,0, PHDVXUHPHQW V\VWHPV G

YDULRXYV JURXSYV LQYHVWLIDWLQJ WKH LOQWHU
LOWHUIHUHQFH HIIHFW ,Q GHVLJQLQJ RXU RZQ WHVW V\



Z/HUH D IHZ FULWHULD ZKLFK KDG WR EH VDWLVILHG

KLIJK DFFXUDF\
JRRG UHSHDWLELOLW\
ORZ UHVLGXDO LQWHUPRGXODWLRQ LOQWHUIHUHQFH

DQG IRU WKH WHVW MLJ VSHFLILFDOO\ WKH\ DUH

HDV\ WR DFFRPRGDWH WHVW VDPSOHV FRDWHG ZLWt

PDWHULDOV

ORZ YROWDJH VWDQGLQJ ZDYH UDWLR 96:5 L

PDWFKLQJ

3,03 PHDVXUHPHQW V\VWHP DW &LW\ 8QLYHUVI

7KH PHDVXUHPHQW V\VWHP EORFN GLDJUDP LV VKRZQ L
7KH PHDVXUHPHQW VHWXS FRQVLVWY RI WKUHH PDMRU
WKH 3RZHU 6RXUFH 6HFWLRQ WKH 3RZHU &RPELQH
6DPSOH 6HFWLRQ DQG WKH /RDG DQG '"HWHFWRU 6H

7KH SXUSRVH RI WKH 3RZHU 6RXUFH 6HFWLRQ LV WR
WKH UHJXLUHG OHYHOV RI Ul SRZHU DW WKH [IX!
IUHJXHQFLHY DQG PRQLWRU WKH LQSXW SRZHU OH

WHVW VDPSOHYV

7ZR ODUFRQL $ VIQWKHVL]HG VLIJQDO JHQHUDWRUV D
WR SURYLGH WKH WZR IXQGDPHQWDO IUHJXHQFLHY DW
DQG 0+] UHVSHFWLYHO\ 7TKH LQSXW VLIQDOV I



LOWR OLQHDU KLJK SRZHU DPSOLILHUV ZKLFK FDQ GH!

ZDWW RXWSXW SRZHU HDFK +LJK 4 IDFWRU XQORDG
LV DERXW FDYLW\ UHVRQDWRUYVY DUH XVHG WR HOL
KDUPRQLFV RI WKH IXQGDPHQWDO I[UHIJXHQFLHV 7
UHVRQDWRUYVY DUH PDQXIDFWXUHG E\ $HULDO )DFLOLW
ORGHO 1XPEHU 0% 1 7KH FHQWUH IUHTXHQF\ RI D U
FDQ EH WXQHG E\ DGMXVWLQJ D WHOHVFRSLF URG RQ W
(DFK UHVRQDWRU KDV DQ LQVHUWLRQ ORDV RI DURX
SURYGHYVY DQ DWWHQXDWLRQ RI PRUH WKDQ G% DW
ZKLFK LV 0+] DzZD\ IURP WKH WXQHG IUHTXHQF\ (DF¥
EUDQFK LQ WKH 3RZHU 6RXUFH 6HFWLRQ FRQVLVWYVY RI
FDYLW\ UHVRQDWRUV 7KH RXWSXW RI WKH ILOWHU LV
WKH 3RZHU &RPELQHU 7HVW 6DPSOH 6HFWLRQ

$ ORGHO ul 7+58/,1( GLUHFWLRQDO ZDWWPHWHU 1
EHWZHHQ WKH RXWSXW RI WKH OLQHDU SRZHU DPSOL
ILOWHU 7KH ZDWWPHWHU PRQLWRUV WKH SRZHU GHO
WHVW VDPSOH 7KH Ul GLUHFWLRQDO ZDWWPHWHU L\
PHDVXULQJ ERWK WUDQVPLWWHG DQG UHIOHFWHG SRZH
WKDW EHFDXVH RI WKH SUHVHQFH RI D GLRGH LQ WHK
FLUXFLW RI WKH ZDWWPHWHU WKH EDFNJURXQG LQW
LOWHUIHUHQFH FDQ LQFUHDVH E\ G 7KHUHIRUH W
FRXSOLQJ HOHPHQW KDV WR EH UHPRYHG DIWHU UH

SRZHU I0ORZ

7KH SXUSRVH RI WKH 3RZHU &RPELQHU 7HVW 6DPSOH 6|

FRPELQH WKH WZR IXQGDPHQWDO VLIQDOV VR WKDW
DSSOLHG WR WKH WHVW VDPSOHYV SURYLGH D
PHFKDQLVP WR KRXVH WHVW VDPSOHV



7KH PHWKRG RI FRPELQLQJ WKH WZR IXQGDPHQWDO VI
XVH 7 SLHFHV DQG KDOI ZDYHOHQJWK FRD[LDO FDEOHYV
LV VLPSOH DOWKRXJK WKH OHQJWK RI FDEOHV XVHG LV
DFKLHYH PD[LPXP VLJQDO LVRODWLRQ 5HIHULQJ WR |
WKH FDEOH RI OHQJWK /, ZKLFK HJXDOV WR WKH KDOI
RI WKH IXQGDPHQWDO VLJQDO | DFWV DV D KDOI Z
WUDQVIRUPHU VR WKDW WKH IXQGDPHQWDO VLJQDO | D
DQ LPSHGDQFH SUHVHQWHG E\ WKH UHVRQDWRUV WXQF
LV YHU\ ODUJH DQG WKHUHIRUH ZLOO QRW SDVV WK
6LPLODUO\ / HIXDOV WR WKH KDOI ZDYHOHQJWK
IXQGDPHQWDO VLIQDO IW

7KH 7 SLHFHVY DUH LQWHJUDO SDUWV Rl WKH WHVW F|

D WR ILIJXUH N VKRZ WKH GHWDLOV RI WKH WHVW |
WKH ZzD\ WKH WHVW FHOO LV DVVHPEOHG 7KH WHVW FH(
EUDVV DQG FDQ KRXVH D WHVW VDPSOH RI DERXW PF
DQG PP LQ GLDPHWHU 7KH WHVW FHOO KDV WZR KROC
ZKLFK FDQ KRXVH WKH WZR 7 SLHFHV SRZHU FRPELQH
LOQVHUWLQJ WKH 7 SLHFHVY PHWDO SLHFHV DUH LQVHU)
VORWYV DV VKRZQ LQ ILIXUH L VR WKDW S
HOHFWURPDJIJQHWLF VKLHOGLQJ LV PDLQWDLQHG 71
GLPHQVLRQV RI WKH WHVW MLJ DQG LWV DVVRFLDWH(
DUH VKRZQ LQ ILJXUH D WR F

7KH /RDG '"HWHFWRU 6HFWLRQ RI WKH WHVW VHWXS LV I
WKH RXWSXW RI WKH WHVW VDPSOH 7KH SXUSRVH RI V
LV WR SURYLGH DQ DSSURSULDWH WHUPLQDWLRQ L H

IRU WKH IXQGDPHQWDO VLJQDOV DQG WR SURYLGH
GHWHFWLQJ WKH ,036 DQG WKHLU OHYHOV



JLOWHU XQLW FRQVLVWY RI WKUHH FDVFDGHG UHVI
WXQHG WR WKH UG RUGHU ,03 IUHTXHQF\ LQ WKLV FI
I IM ZKLFK VWRSV DQ\ IXQGDPHQWDO VLJQDOV
WKURXJK 7KXV WKH WKLUG RUGHU LQWHUPRGXODWLRC
PHDVXUHG RYHU D ZLGH G\QDPLF UDQJH E\ WKH VSHFWU
7KH LQWHUPRGXODWLRQ VLIJQDO LV WHUPLQDWHG H
VSHFWUXP DQDO\WHU DQG D PDWFKHG ORDG ZKLFK FRC
PHWUHYV RI 5* VLOYHU SODWHG EUDLG FDEOHYV DF\
GLVWULEXWHG OLQHDU GXPP\ ORDG 7KH IXQGDPHQWD
DOVR GLVVLSDWHG LQ WKH OLQHDU ORDG )LJXUH
HTXLSPHQW FRQQHFWLRQV DQG ILIJXUH LV D FORVH
FRQQHFWLRQV WR WKH WHVW FHOO

7KH WHVW VHWXS ZDV FDOLEUDWHG DQG ERWK DF
UHSHDWLELOLW\ ZHUH HYDOXDWHG 7KH EDFNJURXQG LC
OHYHO ZLWK D FOHDQ FRSSHU URG ZDV EHWWHU WKD
DQ LQSXW SRZHU RI ZDWWYV HDFK FKDQQHO 7KHUHIR
OHYHO ZDV G% EHORZ WKH LQSXW

S5HSHDWLELOLW\ ZDV WHVWHG E\ PHDVXULQJ WKH ,03 O
VDPH VDPSOH IRU VHYHUDO WLPHV RYHU D SHULRG , V
WKDW YDULDWLRQV LQ PHDVXUHPHQW UHVXOWY ZHUH QG

G% 7KH YDULDWLRQ PLJKW EH GXH WR FKDQJHV
WHPSHUDWXUHYV RU KXPLGLW\ HWF +RZHYHU E\ GRLQJ
QXPEHU RI UHSHDWHG PHDVXUHPHQWY ZLWK WKH VDI
VWDWLVWLFDO PHDQ OHYHO ZDV DFKLHYDEOH 6DPSC
FRPSDUHG ZLWK HDFK RWKHU IRU ,03 SHUIRUPDQFH X

PHDQ ,03 OHYHOV

&KDQJH VDPSOH LV IDLUON VLPSOH 2QH MXVW RSHQ WKt



WVHVW FHOO ORRVHQ WKH VDPSOH KROGHU DQG WKH!
VDPSOH OLVDOLJQPHQW RI WKH WHVW VDPSOH DQG
KROGHU RI RYHU RI WKH FRQWDFW DUHD FDXVHG DQ
PHDVXUHG ,0, OHYHO EHWZHHQ G % IRU FOHDQ FRSS|
G% IRU FRUURGHG VWHHO URG ,Q SUDFWLFH PLV
LQ FRQWDFW DUHD ZzZDV XVXDOO\ OHVV WKDQ

PHDVXUHPHQW HUURU GXH WR WKLV HIIHFW ZDV LQVLJ

7KH HOHFWULFDO PDWFKLQJ SURSHUW\ RI WKH WHYV'
UHVSHFW WR WKH PHDVXUHPHQW V\VWHP ZDV DOVR
+HZOHWW 3DFNDUG $ QHWZRUN DQDO\WHU DQG D +HZ

$ SHIOHFWLRQ 7HVW 8QLW ZHUH WKH PDLQ FRPSRQF
WHVW VHWXS VHH ILIJXUH %\ UHSODFLQJ WKH LQS
QRUPDO DPSOLILHG VLIQDO DW WKH SRUW IRU IUHTXHQ!
RXWSXW IURP WKH 5HIOHFWLRQ 7HVW 8QLW DOVR HJ[FL
OHYHO VLJQDO DW IUHTXHQF\ IL WKH UHIOHFWLRQ FRH
WKH VLIQDO DW IUHTXHQF\ I FRXOG EH UHDG RIlI GLUF
WKH SRODU GLVSOD\ RI WKH QHWZRUN DQDO\VHU 7KL
ZDV UHSHDWHG IRU | DQG I0% DW WKH RWKHU WZR WHV)
,Q bOO WKUHH FDVHV WKH UHIOHFWLRQ FRHIILFLHQW
WKDQ LH WKH 96:5V ZHUH DOO OHVV WKDQ 7KH
PRVW RI WKH IXQGDPHQW Ul FXUUHQW ZRXOG IORZ WKU
VDPSOH DV UHTXLUHG

7KH FRPSDULVRQV RI SHUIRUPDQFH DPRQJ GLIITHUHQW
V\VWHPVY GHYHORSHG E\ GLIITHUHQW UHVHDUFK JURXS
GLIILFXOW E\ VLIJQLILFDQW GLIITHUHQFHYV LQ SDUDPHWI
RSHUDWLRQDO IUHTXHQF\ UDQJHV LQSXW SRZHU WHV\
DQG JHRPHWU\ $ EULHI WDEOH EHORZ VKRZV WKH SD!
VRPH RI WKH VA\VWHPV XVHG LQ WKH SDVW



, QYHVWLIJDWBRBUIUHTXHQF\ EDIRG %P 3L G%P 3L 3L

ODUWLQ +)
6KDQGYV +)

6KDQGV 9+)

+R 9+)
ODUWLQ 8+)

&R & %DQG
$PLQ /| DQG & %DQG

3 LV WKH LQSXW VLJQDO SRZHU DQG 30% LV WKH UHVI
RUGHU LQWHUPRGXODWLRQ LQWHUIHUHQFH OHYHO )UR
FDQ EH VHHQ WKDW WKH SHUIRUPDQFH R W K
LPSOHPHQWDWLRQV DUH LQ JHQHUDO EHWWHU WKDQ V
EHFDVXH RI EHWWHU XQGHUVWDQGLQJ RI WKH SURE
IHUURPDJQHWLF QRQ OLQHDULW\ HIIHFW DV ZHOO
SUREOHPVY ©6RPH JXLOGOLQHV WR UHGXFH WKH PHDYVXI
UHVLGXDO LQWHUPRGXODWLRQ LOWHUIHUHQFH OHYHO [

%DFNJURXQG ,QWHUPRGXODWLRQ ,QWHUIHU
,PSURYHPHQW *XLOGOLQHYV

JURP RXU H[SHULHQFH RI EXLOGLQJ DQG RSHUDWLQJ
VHWXS DQG IURP WKH OLWHUDWXUH VXUYH\ W KH
JXLOGOLQHYV IRU UHGXFLQJ EDFNJURXQG LQWHU
LQWHUIHUHQFH OHYHO DUH RI LQWHUHVW

&RPSRQHQWY FRQVWUXFWHG IURP QRQ OLQHDU PDW
DV QLFNHO SODWHG FRQQHFWRUV VKRXOG QRW EH



FXUUHQW SDWKV RI KLIJK SRZHU PXOWLSOH FDUULHU\

$YRLG XVLQJ QRQ OLQHDU FRPSRQHQWV VXFK DV
DQG LVRODWRUV LQ WKH FXUUHQW SDWKV RI KLJK SR
FDUULHUV

8VH VHPL ULJLG FDEOHYVY ZKHUHYHU SRVVLEOH

&DEOH FRQOQHFWRUV VKRXOG EH FOHDQHG UHJXOD!

OLQLPLVH QXPEHU RI PHWDOOLF MRLQWY DQG MXQF
VKRXOG EH LQVSHFWHG UHJXODUO\ IRU ORRVH C
FRUURVLRQV

6XIILFLHQW VKLHOGLQJ DQG LVRODWLRQ VKRXOG I
EHWZHHQ KLJK SRZHU WUDQVPLVVLRQV DQG ORZ OH
VLIQDOV

-RLQWYV FRQQHFWRUV DQG FDEOHV VKRXOG EH
YLEUDWLRQ

,Q IDFW DERYH JXLOGOLQHV VKRXOG EH REVHUYH
FRPPXQLFDWLRQ V\VWHPV ZKLFK DUH LQVWDOOHG LQ
ZLWK FR ORFDWHG WUDQVPLWWHUY DQG UHFHLYHUV $
FDUHIXO DQG WKRURXJK PDLQWHQDQFH ZRUN LV F
HVVHQWLDO UHTXLUHPHQWYV IRU PLOQLPLVLQJ
LOQWHUPRGXODWLRQ LQWHUIHUHQFH



‘&« & XUUHQW 9ROWDJH &KDUDFWHULVWLF OHDVX

7KLV LV D VWUDLJKW IRUZDUG GF FXUUHQW YROWDJH Ft
PHDVXUHPHQW RI WKH WHVW VDPSOHYV ,Q WKHVH F
FRUURGHG MRLQW VDPSOHV ZHUH XVHG 7TKH WHVW

GLDJUDP LV VKRZQ LQ ILJXUH 7KLV LV D VLPSOH

GLYLGHU FLUFXLW DQG WKH DSSOLHG YROWDJH FDQ E|
WKH GHFDGH UHVLVWDQFH ER[HV 7KH WHVW ULJ X\
PHDVXUHPHWQV LV XVHG KHUH DV ZHOO 7KLV KDV
DGYDQWDJH WKDW DIWHU WKH GF FKDUDFWHULVWLF RI
LV PHDVXUHG LWV ,038 OHYHO FDQ EH PHDVXUHG LPPHC
E\ FKDQJLQJ WKH FRQQHFWLRQ FDEOHV ZLWKRXW W
VDPSOH ZKLFK PLIKW RWKHUZLVH GLVWXUE WKH
FKDUDFWHULVWLF &RQWDFWYVY EHWZHHQ WKH VDPSOH

WHVW VDPSOHV DUH FOHDQHG WKRURXJKO\ EHIRUH Pl
HQVXUH WKDW WKH PHDVXUHG FXUUHQW YROWDJH FKD
VROHO\ GXH WR WKH FRUURGHG MRLQW

&XUUHQW &UHHSLQJ

,Q RXU LQWLDO PHDVXUHPHQWVY LW ZDV REVHUYH
VZLWFKLQJ RQ WKH SRZHU VXSSO\ WR WKH WHVW \
FXUUHQW WHQG WR LQFUHDVH LQLWLDOO\ DQG WKHQ GF
IRU D VKRUW SHULRG H[DFW WLPH GHSHQGV YHU\
LQGLYLGXDO VDPSOH EXW VORZ GRZQ DIWHU D ZKLOH
LW WDNHV PRUH WKDQ WKUHH PLQXWHV EHIRUH WKH FX
GRZQ 7KLV SKHQRPHQRQ NQRZQ DV FXUUHQW FUHH
GLVEFXVVHG LQ D ODWHU VHFWLRQ 2XU PDLQ FRQFH
WR HVWDEOLVK D PHDVXUHPHQW VWDQGDUG RI ZKHQ \



FXUUHQW YDOXH DIWHU VZLWFKLQJ RQ WKH SRZHU V.
PHDQLQJIXO FRPSDULVRQV DPRQJ WHVW VDPSOHV FRXC

7KH SURFHGXUH FKRVHQ LV WR UHFRUG WKH VWDWLF YF
UHODWLRQ 7KLV LQYROYHY VHWWLQJ YDULRXV Y|
VXFFHVVLRQ DQG UHFRUGLQJ WKH LQLWLDO FXUUHQW
FDVH 7KH DSSOLHG YROWDJH LV UHPRYHG DV VRRQ
DIWHU UHFRUGLQJ WKH FXUUHQW 7KXV WKH HIIHFW RI
WR SRZHU GLVVLSDWLRQ LQ WKH WHVW VDPSOH LV DYR

$& ,PSHGDQFH OHDVXUHPHW

7KH PHDVXUHPHQW VHWXS LV VKRZQ LQ ILJXUH 7KH
WKH V\VWHP LV D +HZOHWW 3DFNDUG ORGHO $ U
LPSHGDQFH PHWHU ZKLFK KDV DQ RSHUDWLRQDO IUH
EHWZHHQ 0+] WR 0+] 7KLV LQVWUXPHQW GLVSO
LPSHGDQFH DPSOLWXGH DQG SKDVH DQJOH GLUHFWO\

DYDLODEOH IRU FRQQHFWLRQ WR D 2KP FRD[LDO FR
VKRUW FP OHQJWK RI FRD[LDO FDEOH ZDV XVHG W
WKH VDPSOH WR WKH LPSHGDQFH PHWHU 7KH FDEOH F
VROGHUHG RQWR WKH VDPSOH WR PLQLPL]H FDSDFLWD¢

THVWYV ZHUH FDUULHG RXW WR FKHFN ZKHWKHU WKH Vt
FDEOH ZRXOG FDXVH VLIJQLILFDQW PHDVXUHPHQW HUU
LPSHGDQFH RI WKH VDPSOH OHDVXUHPHQWY RI WKH DI
EHWZHHQ 0+] DQG 0+] RI D 2KP FRD[LDO ORDG
WKDW WKHUH ZDV QR QRWLFHDEOH FKDQJH LQ WKH LPS
WKHUHIRUH WKH VKRUW SLHFH RI FDEOH ZRXOG QRW L
VLIQLILFDQW PHDVXUHPHQW HUURU



SUHSDUDWLRQ RI 7THVW 6DPSOHYV

7\SHV RI 6DPSOHV

'XULQJ WKLV LQYHVWLIJDWLRQ WKUHH W\SHV RI VDPSOF
QDPHO\ F\AOLQGULFDO MRLQW DQG ODUJH IODW VDPSOH

&\OLQGULFDO 6DPSOH VHH ILIJXUH D

7KH EDVH PDWHULDO LV PLOG FDUERQ VWHHO JUDG
GLPHQVLRQV PP LQ GLDPHWHU DQG DSSUR[LPDWHO
OHQIJWK 7KH HQGV RI WKH VDPSOHV ZHUH PDFKLQHG
W\SH RI VDPSOH ZDV PDLQO\ XVHG IRU WKH WHVWLQJ RI
R VXUIDFH FRUURVLRQ SURGXFWYV DQG VRPH A
SURWHFWLYH FRDWLQJV

%HIRUH D VDPSOH LV XVHG LQ DQ H[SHULPHQW WKH H
RI WKH VDPSOH DUH FOHDQHG XVLQJ PHWDO FOHDOQLC
UHPRYH DQ\ GLUW DQG JUHDV\ 7KH VDPSOH LV PRXQWH
WHVW MLJ E\ SODFLQJ WKH VDPSOH EHWZHHQ WKH W
EROWYV VHH ILIJXUH D WKHQ WKH FODPSLQJ ER
DGMXVWHG VR WKDW WKH VDPSOH LV VHFXUHO\ DQG
EHWZHHQ WKHP



-RLQW 6DPSOH VHH ILIJXUH E

7KLV LV EDVLFDOO\ D FRPELQDWLRQ RI WZR PRGLILHG
VDPSOHY 7KH RYHUDOO OHQJWK RI WKH VDPSOH LV C
7KH RYHUODSSLQJ DUHD LV DERXW PP E\ PP 7KLV
VDPSOH ZDV XVHG IRU WHVWLQJ W KH JHQHUL
LOQOWHUPRGXODWLRQ LQWHUIHUHQFH ITURP FRUURGHG

DOVR XVHG IRU WHVWLQJ SURWHFWLYH FRDWLQJV DV Z

(DFK KDOIlI RI WKH VDPSOH LV FRUURGHG :KHQ D FRUU
VDPSOH LV SUHSDUHG WZR RI WKHVH KDOYHV DUH
QRUPDOO\ DQ XQFRUURGHG VWHHO FODPSLQJ EROW L\
WKHP WRJHWKHU W LV SRVVLEOH WKDW WKH VWHHO

PLIKW EULGJH WKH FRUURGHG MRLQW DQG SURGXFH D
SDWK IRU WKH FXUUHQW IORZ ([SHULPHQW KDG EHHQ
VHH WKH GLITHUHQFHYVY LQ WKH LQWHUPRGXODWLRQ

OHYHO EHWZHHQ D VWHHO FODPSLQJ EROW DQG D Q\
EROW 7KH UHVXOW LV VKRZQ LQ ILJXUH DQG ILIJXUH
LV VKRZQ WKDW DOWKRXJK WKH XVH RI VWHHO EROW C
LOQWHUPRGXODWLRQ OHYHO E\ G LW GRHV QRW

HITHFW RI LQWHUPRGXODWLRQ LQWHUIHUHQFH 7KH FKF
VWHHO EROWV ZDV WDNHQ WR VLPXODWH WKH UHDO Ol

%HIRUH D VDPSOH LV XVHG LQ DQ H[SHULPHQW WKH H
RI WKH VDPSOH DUH FOHDQHG XVLQJ PHWDO FOHDQLC
UHPRYH DQ\ GLUW DQG JUHDV\ 7KH PHWKRG WR PRXQW
VDPSOH LV WKH VDPH DV WKH RQH IRU PRXQWLQJ F
VDPSOHYV



/I DUJH 6WHHO )ODW 6DPSOH DQG 6DPSOH +ROGHU
F

$W WKH ODWHU VWDJH RI WKLV SURMHFW DQ LQYHV)
FDUULHG RXW WR HYDOXDWH WKH HIITHFW RI MRLQW YLE
LOWHUPRGXODWLRQ LOQWHUIHUHQFH OHYHO 6LQFH W
W\SHV RI VDPSOHV DUH WLJKWO\ KHOG LQ SRVLWLRQ
WHVW MLJ WKH VDPSOH LV XQPRYDEOH LW LV W
QHFHVDUU\ WR XVH D GLIIHUHQW VDPSOH DQG VDPSOL
WKLY SDUWLFXODU LQYHVWLJIJDWLRQ

JRU WKLV SXUSRVH VWHHO IODW MRLQW VDPSOHV Z|
VWHHO IODW LV DERXW FP ORQJ FP ZLGH DQG FI
$ VWHHO I10DW MRLQW VDPSOH LV PDGH XS RI WZR V
MRLQWHG WRJDWKHU E\ IRXU PP GLDPHWHU Q\ORQ EF
KROH RI GLDPHWHU FP zDV GULOOHG DW HDFK HQG RI
IRU HOHFWULFDO FRQQHFWLRQ SXUSRVH 7KH RYHUOD:
DERXW FP E\ FP

7KH VDPSOH KROGHU IRU VWHHO 10DW MRLQW VDPSOH\
D VDPSOH LV KHOG LV VKRZQ LQ ILJXUH F 7KH VDPSC
Lv EDVLFDOO\ D ODUJH JURXQG SODWH ZLWK D 2KP
IL[HG WR HDFK HQG RI LW $ 7 MXQFWLRQ FRQQHFWRU |
WR HDFK HQG FRQQHFWRU WR SURYLGH WZR FRQQHFWLF
RI WKH VDPSOH KROGHU LH IRU WZR IXQGDPHQWDO
RQH HQG DQG IRU WKH OLQHDU GXPP\ ORDG DQG WKH
WKH RWKHU HQG

7KH VWHHO I1ODW MXQFWLRQ VDPSOH LV VHSDUDWHG 11U
KROGHU E\ SODFLQJ ZRRGHQ EORFNV EHWZHHQ WKHP



HBIFWULFDO FRQWDFW SDUWYVY KDYH WR EH FOHDQHG W
PHWDO FOHDQLQJ OLTXLG

&RUURVLRQ 3URFHGXUH

7ZR GLIITHUHQW DSSURDFKHV WR FRUURGH VDPSOHV ZF
I LUVW RQH ZDV HOHFWURFKHPLFDO PHWKRG DQG WKH \
LPPHUVLRQ LQ VDOW VROXWLRQ

(OHFWURFKHPLFDO OHWKRG

7KH FRUURVLRQ VHWXS EORFN GLDJUDP LV VKRZQ LQ |
$ SRWHQWLRVWDW zZDV XVHG WR PDLQWDLQ WKH SUHF
SRWHQWLDO 7KH DQRGH ZDV D SLHFH RI QLFNHO PHYV
FDWKRGH 2zZDV WKH VDPSOH WR EH FRUURGHG 7KH
HOHFWURGH ZDV MXVW DQRWKHU SLHFH RI VWHHO 7KH
VDWXUDWHG VDOW VROXWLRQ $ GLJLWDO YROWPHWHL
EHWZHHQ WKH UHIHUHQFH DQG FRPPRQ WHUPLQDO W]
FRUURVLRQ SRWHQWLDO $Q DLU SXPS ZDV XVHG WR
VXSSO\ RI GLVVROYHG R[\JHQ LQ WKH VROXWLRQ KH
HOHFWULFDO FRQQHFWLRQV KDG EHHQ PDGH W KF
SRWHQWLDO ZDV VHW DW YROWYV 7TKH S+ YDOXI
VROXWLRQ ZDV DERXW LH QHXWUDO 8QGHU WKHVH
D OD\HU RI )H ZRXOG IRUPHG RQ WKH VXUIDFH RI WKF
DV LQGLFDWHG RQ WKH 3RXUEDL[ GLDJUDPV 3RXUEDL
LURQ ©6XUIDFHV IRU HOHFWULFDO FRQQHFWLRQV ZHUH
D OD\HU RI ZDWHU LQVROXEOH JUHDVH 7KH VDPSOH Z
WKH FRUURVLRQ EDWK IRU KRXUV $IWHU WKDW LW
DQG ZDV UHDG\ IRU XVH LQ H[SHULPHQWYV



,PPHUVLRQ LQ 6DOW 6ROXWLRQOQ WKLV PHWKRG

6DPSOHYVY ZHUH SXW LQVLGH D SODVWLF WXEH FRQWDLQ
VDOW VROXWLRQ 7KH VDPSOHYVY ZHUH OHIW IRU DERX
ZKLFK WKHQ GHYHORSHG D UHODWLYH WKLFN OD\HU RI
7TKH FRUURVLRQ SURGXFWYV JH2 2+ ZLOO EHFRPH
GHWDFKHG IURP WKH PHWDO VXUIDFH RQFH WKH\ DFF
FHUWDLQ WKLFNQHVY :KHQ GULHG WKH\ DSSHDU DV UH
D FKDUDFWHULVWLF FRORXU RI LURQ ,,, R[LGH ,Q JHC
R[LGH OD\HU LV ILUPO\ DWWDFKHG RQWR WKH EDVH PH)
QRW FRPH RIlI HDVLO\

([SHULPHQWYV

, QWURGXFWLRQ

,Q D JIJDOYDQLVHG VWHHO WRZHU VWUXFWXUH WKH PDL
VWUXFWXUDO LOWHUPRGXODLWRQ ZRXOG FRPH I
IHUURPDJQHWLF HIIHFW RI VWHHO E QRQ OLQHDU UH\
FRUURGHG MXQFWLRQV DQG F FRUURVLRQ SURGXFWYV F
RI WKH EDVH PDWHULDO ,Q WKLV VHFWLRQ GHVFUL
YDULRXV H[SHULPHQWYV SHUIRUPHG WR HQKDQFH WKH
RI' VWUXFWXUDO LOQWHUPRGXODWLRQ LQWHUIHUHQFH ¢
JLYHQ 7KH REMHFWLYHV ZHUH WR

,GHQWLI\ WKH GRPLQDQW V&®XUFH RI

,QYHVWLIDWH WKH FXUUHQW YROWDJH QRQ OLC
FRUURVLRQ SURGXFWYVY RI VWHHO DQG JDOYDQLVHG VWE



,QYHVWLIDWH WKH UHODWLRQVKLS EHWZHHC
FKDUDFWHULVWLFV R QRQ OLQHDU MXQFWLRQV
FRUUHVSRQGLQJ WKLUG RUGHU LQWHUPRGXODWLRAQ

OHYHO

'"HYHORS D FLUFXLW PRGHO IRU D QRQ OLQHDU I
OHDGLQJ WR ,03 OHYHO SUHGLFWLRQV

7R GHWHUPLQH WKH LOWHUPRGXODWLRQ LQ
JHQHUDWLRQ PHFKDQVLP

([SHULPHQWDO 3URFHGXUHV

([SHULPHQWYV ZHUH SHUIRUPHG XVLQJ ERWK F\OLQGULF
VDPSOHYVY ,Q WKH FDVH RI FRUURGHG MRLQW VDPSOHYV
ZHUH FRUURGHG LQGLYLGXDOO\ DQG WKHQ DVVHPEOH
IRUP D FRUURGHG MRLQW 7KH HQGV RI DOO VDPSOHV z
WKURXJKO\ EHIRUH HDFK PHDVXUHPHQW ZDV FDUULHG
JRRG HOHFWULFDO FRQWDFWYV

'RPLQDQW 6RXUFH RI 6WUXFWXUDO ,QWHUP
,QWHUIHUHQFH

7KH HITHFW RJ)O, GXH WR QRQ OLQHDU K\VWHUVL\
IHUURPDIJQHWLF PDWHULDO ZDV GHPRQVWUDWHG E\ XVL
URG DQG FOHDQ VWHHO MRLQW VDPSOHV ZKLOH WKH
IURP VXUIDFH FRUURVLRQ SURGXFWV ZDV WHVWHG XV
VWHHO URG VDPSOHV ZLWK WKH HQG FRQWDFWYVY UHPDL



RWKHVALFRPSOHWHO\ FRUURGHG RYHU WKH VXUIDFH
MXQFWLRQ HIIHFW ZDV WHVWHG XVLQJ FRUURGHG MF
7THVW UHVXOWY DUH VKRZQ LQ ILIJXUH

&EXUUHQW 9ROWDJH &KDUDFWHULVWLFV RI
SURGXFWYV

KHQ JDOYDQLVHG VWHHO LV H[SRVHG LQ DLU WKH ]JLQF
EH DWWDFNHG SRVVLEO\ E\ FKHPLFDO JDVHV DQG PRV
ZLOO FRUURGH XQGHU WKH HIIHFW RI PRLVWXUH DQ
DGGLWLRQ GXH WR SURWHFWLRQ HIIHFW JLQF ZRXOG
SUHIHUHQFH WR LURQ HYHQ LI WKH ODWWHU LV H[SRVH
WR GDPDJH RI WKH RXWHU ]JLQF OD\HU

,Q WKLV VHFWLRQ WKH FXUUHQW YROWDJH FKDUDFWHL
FRUURVLRQ SURGXFWV RI ERWK JLQF DQG LURQ ZHUH P
VLIQ RI QRQ OLQHDULW\ ZRXOG EH D SRVLWLYH HYLGH
DELOLW\ RI WKH FRUURVLRQ SURGXFWYV WR

LOQWHUPRGXODWLRQ SURGXFWY 7\SLFDO UHVXOWYV IRU |
VDPSOHY DQG FRUURGHG KRW GLSSHG JDOYDQLVHG VWL
VKRZQ LQ ILIJXUH WR [ILIJXUH ,Q DGGLWLRQ
DOWHUQDWLYH RI XVLQJ UXVW SRZGHU LURQ ,,, R[LGH
LQYHVWLIDWHG DQG WKH UHVXOW LV VKRZQ LQ ILIJXUF

7KH ,0, OHYHOV RI WKH VDPSOHV ZHUH DOVR PHDVXUHG

D FLUFXLW PRGHO RI D QRQ OLQHDU MRLQW PDNLQJ
PHDVXUHG QRQ OLQHDU FXUUHQW YROWDJH FKDUDFWF
MRLQW ZLOO EH GHYHORSHG ,0, OHYHO SUHGLFWLRAQ
PRGHO ZLOO EH SHUIRUPHG DQG FRPSDUHG ZLWK WKH



OHYH®! DUHDO VDPSOH VR WKDW WKH DFFXUDF\ RI

FDQ EH DVVHVVHG

$& ,PSHGDQFH RI &RUURGHG -RLQW 6DPSOHV

W LV ZHOO NQRZQ WKDW GXH WR VNLQ HIIHFW DW KLJI
Ul FXUUHQW IORZV RQO\ RQ WKH VXUIDFH RI D FRQGXF'
WKH Ul UHVLVWDQFH RI D MRLQW WHVW VDPSOH ZRXOG
IURP Lwv UHVLVWDQFH DW GF 2WKHU IDFWRUV

FDSDFLWDQFH ZRXOG EH YHU\ LPSRUWDQW DW KLJK IUH
SURYLGHV D VKXQW WR WKH Ul FXUUHQW ,Q SDUWL|
LQIRUPDWLRQ ZLOO EH XVHG LQ &KSDWHU Rl WKLV U
D PRGHO RI WKH QRQ OLQHDU MRLQW LV GHYHORSH
HISHULPHQW WKH DF LPSHGDQFH RI FRUURGHG MRL

EHWZHHQ 0+] DQG 0+] ZHUH PHDVXUHG XVLQJ D
3DFNDUG ORGHO $ YHFWRU LPSHGDQFH PHWHU 0
UHVXOWY DUH VKRZQ LQ ILJXUH DQG ILIJXUH

(lI'THFW RI 2[LGH 7KLFNQHVV RQ ,QWHUPRGHZX
, QWHUIHUHQFH /HYHOV

,Q WKLV H[SHULPHQW,,LURRQLGH SRZGHU ZDV SODFHG DW
LQWHUIDFH RI D FOHDQ MRLQW VDPSOH LQ RUGHU W
ZKHWKHU WKH WKLFNQHVV Rl R[LGM3 DHWHE@W 2[LGH

SRZGHU ZDV XVHG EHFDXVH QDWXUDOO\ RFFXUULC
QRQ XQLIRUP LQ WKLFNQHVV DQG VKRZV VWURQJ
FRUURVLRQ GXH WR SLWWLQJ IRU H[DPSOH 2[LGH S|
SURYLGH D PRUH XQLIRUP FRQWDFW DW WKH LQWHUIDI



DQG WKH EDVH PHWDO KHQFH D PRUH DFFXUDWH
LQYHVWLIDWLQJ WKH HOHFWURQLF SURFHVVHV DW \
EHWZHHQ WKH WZR HOHPHQWYV 3RZGHU R[LGH WKLFNQH
DQG PP ZHUH XVHG

THVW UHVXOWY DUH VKRZQ LQ ILIJXUH DQG ILIJXUH

SHVXOWY DQG 'LVFXVVLRQ

'RPLQDQW 6RXUFH RI 6,0,

JURP ILJXUH Lw FDQ EH VHHQ WKDW FOHDQ FRSSH
OHYHO RI VRPH G% EHORZ WKDW RI FOHDQ VWHHO

WKDW ,0, GXH WR IHUURPDJQHWLF QRQ OLQHDULW\ KR
TXLWH KLJK ZLWK RXU VDPSOH JHRPHWU\ DQG LQSXW
FDVH RI F\OLQGULFDO VDPSOHV ZLWK VXUIDFH FRUUR
WKHUH ZDV DQ LQFUHDVH RI PHUH G% 7KH HIIHFW LV
OHVV VLJQLILFDQW %\ IDU WKH KLJKHVW LQFUHDVH L
ZDV GXH WR FRUURGHG MRLQWV QHDUO\ G%

W ZDV IRXQG WKDW HYHQ ZLWKLQ WKH VDPH JURXS RI \
LOQWHUPRGXODWLRQ OHYHO RI HDFK LQGLYLGXDO VD
ODUJHO\ RQ WKH VWDWH RI FRUURVLRQ ,Q JHQHUDO FCcC

ERWK MRLQW DQG URG VPDSOHYV DQG FRUURGHG
VDPSOHV WHQG WR SURGXFH PRUH FRQVLVWHQW UHVXO
&RUURGHG MRLQW VDPSOHV FRXOG KDYH LQWHUPRGX
EHWZHHQ GwP WR G»wWP GHSHQGLQJ RQ WKH FRUUR
RI WKH WHVW VDPSOH



$W ILUVW VLIKW LW FDQ EH VHHQ WKDW IHUURPDJQ!
FRXOG EH D VLIQLILFDQW VWUXFWXUDO LQWHL
LOQWHUIHUHQFH VRXUFH LQ YLHZ RI WKH IDFW WKDW DC
FRQVWUXFWHG ZLWK VWHHO +RZHYHU LQ UHDO OLIH
LOQWHUPRGXODWLRQ LQWHUIHUHQFH GXH WR WKLV HIIHE
WRR VHULRXVY EHFDXVH DFFRUGLQJ WR WKH %ULWLVK

SURWHFWLYH FRDWLQJ RI LURQ DQG VWHHO V
DJDLQVW FRUURVLRQV DQG %6 KRW GLSSLQJ J
FRDWLQJ RQ LURQ DQG VWHHO DUWLFOHYV DOO VWUKXI
DUH JDOYDQLVHG WR D WKLFNQHVV RI DW OHDVW PP
ZKLFK LV HIXLYDOHQW WR QHDUO\ VNLQ GHSWK IRU |

0+] VNLQ GHSWK RI ]JLQF DW 0+] LV DERXW PLFL
7KHUHIRUH PRUH WKDQ RI WKH LQGXFHG UDGLR
FXUUHQW LV FDUULHG LQ WKH JLQF OD\HU =LQF

QRQ IHUURPDJQHWLF ZRXOG QRW SURGXFH DQ\ ,0, G
HITHFW

,QGHHG WKH HIIHFWV RI FRDWLQJ QRQ IHUURXYVY PHWDC
VDPSOHY KDYH EHHQ LQYHVWLJIJDWHG 7TKH UHVXOWYV K
IURP FRSSHU SODWHG VWHHO VDPSOHV RI YDULRXV WK
VKRZQ LQ ILJXUH W LV LQWHUHVWLQJ WR VHH W
ZLWK DERXW OP VNLQ GHSWK RI FRSSHU DW 0+] LV

RI FRDWLQJ WKLFNQHVY WKH ,03 OHYHO GURSV GRZ
WKDQ G%» /DUJHU FRDWLQJ WKLFNQHVV GRHV UHGX
OHYHO IXUWKHU KRZHUYHU E\ D OHVVHU DPRXQW (
HISRQHQWLDO GHFD\ QDWXUH RI WKH SHQHWUDWLQJ UI

JURP DERYH ZH FDQ VDIHO\ DVVXPH WKDW SURYLGHG W
6WDQGDUGY DUH REVHUYHG WKHQ WKH HIIHFW RI |IH
PDWHULDO RQ WKH JHQHUDWLRQ RI VWUXFWXUDO LQ



LOQOWHUIHUHQFH LV QHJOLJLEOH

1H[W ZH IRXQG WKDW VXUIDFH FRUURVLRQ SURGXFWYV
ORZHU E\ DW OHDVW G% ,0, WKDQ FRUURGHG MR
UHDVRQ EHKLQG WKLV FRXOG EH H[SODLQHG E\ UHIHUL

,Q WKH FDVH Rl FRUURGHG URG VLQFH WKH FRQGX|
FRUURVLRQ SURGXFWV DUH ORZ WKHQ Ul FXUUHQW ZR
EDFN LQWR WKH EXON Rl WKH EDVH PHWDO GXH WR VNL
HTXLYDOHQW FLUFXLW PRGHO KDV D ORZ UHVLVWDQF
PHWDO LQ SDUDOOHO ZLWK WKH ODUJH QRQ OLQHDU
RI WKH FRUURVLRQ SURGXFWYV DQG PRUH Ul FXUU
WKHUHIRUH IORZ WKURXJK WKH OLQHDU UHVLVWDQI
QRQ OLQHDU UHVLVWDQFH KHQFH SURGXFLQJ D V

HITHFW

,Q WKH FRUURGHG MRLQW H[DPSOH WKHUH LV QR DOW
UHVLVWDQFH SDWKV IRU WKH Ul FXUUHQW DQG DOO Wi
PXVW IORZ WKURXJK WKH ODUJH QRQ OLQHDU UHVLVW
KLJK ,0, OHYHO UHVXOWHG

JURP WKHVH H[SHULPHQWYVY LW LV IRXQG WKDW FRUURG
DUH WKH PDMRU VRXUFHYV R VWUXFWXUDO LQWH
LOQWHUIHUHQFH 6XUIDFH FRUURVLRQV RQO\ FRQWULEXMW
WR WKH UHVXOWDQW LQWHUPRGXODWLRQ OHYHO GXH W
HITHFW RI WKH EDVH PHWDO )HUURPDJQHWLF QRQ OLQ
FRPH LQWR SOD\ RQO\ LI SURSHU SURFHGXUHV IRU FI
PDLQWDLQLQJ WKH VWUXUFWXUHY DUH UHOD[HG



&EXUUHQW 9ROWDJH &KDUDFWHULVWLFV RI
SURGXFWYV

6LQJOH (QG &RUURGHG 5RG 6DPSOHYV

7KH IRUZDUG DQG EDFNZDUG FXUUHQW DQG YROWDJH FlI
RI D W\SLFDO FRUURGHG RQH HQG RQO\ L H RQO\ R
WZR HQG FRQWDFW VXUIDFHV RI D F\OLQGULFDO

FRUURGHG WKH RWKHU RQH UHPDLQV XQFRUURGHG VW
DQG FRUURGHG RQH HQG RQO\ JDOYDQLVHG VWHHC
DUH VKRZQ LQ ILJXUH DQG ILJXUH 1IRWH WKH VI
FXUUHQW IORZ LQ HDFK FDVH )JURP WKH ILIXUHV C
LW FDQ EH VHHQ WKDW WKHUH DUH GLVWLQFW UHJLR(
ELDV DQGUHYHUVH ELDV )RU H[DPSOH ZLWK WKH
JDOYDQLVHG VWHHO VDPSOH ZKLFK LV PDLQO\ JLQF R
IRUZDUG UHVLVWDQFH DW 9 LV DERXW 2KP DQG DV
UHYHUVH UHVLVWDQFH LV DERXW 2KP VL[WHHQ WL
WKDQ WKHIRUZDUG YDOXH )RU FRUURGHG VWHHO

UHYHUVH UHVLVWDQFH LV QHDUO\ 2KP 5HYHUVH
RFFXULHG DW DERXW 9 IRU FRUURGHG JDOYDOQL\
VDPSOH DQG ZDV KLJKHU WKDQ 9 IRU WKH FRUUR

VDPSOH EHFDXVH RI LWV PXFK KLJKHU UHYHUVH U
+RZHYHU LW FDQQRW EH RYHUHPSKDVLVHG WKDW WKH'
YDOXHV DUH VSHFLILF WR SDUWLFXODU VDPSOHYV DQ
VDPSOHY ZRXOG KDYH GLITHUHQW SDUDPHWHU YDOXHV (
P XFK RQ WKHLU VWDWH RI FRUURVLRQ % XW W K|
FKDUDFWHULVWLFVY RI FRUURVLRQ SURGXFWYVY L H H[KL
ELDY DQG UHYHUVH ELDV UHJLRQV DUH FRPPRQ WR DO

W PLIKW EH D VXSULVH WR ILQG WKDW WKH IRUZDUG



FKDUDFWHULVWLFV DUH QRW V\PPHWULFDO DERXW WKH
WKDW WKH FRQWDFW HOHFWURGH DQG WKH EDVH PHWD
DUH RI WKH VDPH PDWHULDO DQG GLPHQVLRQV 7KLV P
GXH WR WKH IDFW WKDW WKH R[LGH SURGXFWV DWWDF
RQWR WKH EDVH PHWDO DQG WKHUHIRUH PDNH ODUJ}F
FRQWDFWYV EHWZHHQ WKHP DQG WKH EDVH PHWDO WKX
WRWDO FXUUHQW RYHU D ODUJH DUHD DQG D VPDOO FR
UHVXOWVY 6R HYHQ WKRXJK WKH FRQWDFW LV QRQ ¢
VPDOO FRQWDFW YROWDJH ZRXOG HQVXUH WKLV FRQWL
WKH UHODWLYHO\ OLQHDU UHJLRQ RI WKH QI
FKDUDFWHULVWLF 2Q WKH RWKHU KDQG WKH FRQWDFYV
R[LGH SURGXFWY DQG WKH HOHFWURGH LV OHVV OLNHC
DQG PRVW SUREDEO\ DUH SRLQW FRQWDFWV $V D U
WRWDO DUHD FDUU\LQJ WKH FXUUHQW LV PXFK VPDOOH
SUHYLRXV FDVH DQG D KLJK FRQWDFW YROWDJH UH!
ZRXOG GULYH WKH FRQWDFW LQWR WKH KLJKO\ QRQ
YROWDJH UDQJH ,W PXVW EH VWUHVVHG WKDW WKH FR
R[LGH SURGXFWV DQG WKH EDVH PHWDO LV QRW 2KPLF
ORZ QRQ OLQHDU UHVLVWDQFH ,Q DQ\ HYHQW ZKHC
UHVLVWDQFH LV YHU\ VPDOO WKH TXHVWLRQ RI ZKH
OLQHDU RU QRQ OLQHDU LV XQLPSRUWDQW LQ PRV\
FRQWH[WYV

S5HIHULQJ WR VHFWLRQ WKH VHQVH RI IRUZDUG E
UHYHUVH ELDV VKRZQ LQ WKHVH ILIJIXUHV VWURQJO\ LQC
WKH FRUURVLRQ SURGXFWV EHKDYH OLNH S W\SH VHP
7KLY PDWFKHV WKH UHVXOWYV E\ 5DR ZKR [IRXQ
IHUURXV R[LGH VDPSOHV DUH RI S W\SH VHPLFRQGXFWL
7KH LPSRUWDQW SRLQW LV WKDW PHWDO PHWDO R[LGE
KDYH QRQ OLQHDU FXUUHQW YROWDJH FKDUDFWHULV\



VK ZRXO0OG JHQHUDWH KDUPRQLFVY DQG LQWHUPRGXOD
ZKHQ LOOXPLQDWHG E\ PXOWLSOH IUHTXHQFLHYV

&RUURGHG -RLQW 6DPSOHV DQG 2[LGH 3RZG
-RLQW 6DPSOHYV

JURP ILJXUH WR ILJXUH LW FDQ EH VHHQ
QDWXUDOO\ RFFXUHG FRUURVLRQ SURGXFWV RI LU
UHODWLYHO\ ODUJH QRQ OLQHDU FXUUHQW YROWDJH FK
EXW FKHPLFDO ILQH R[LGH SRZGHU RI LURQ ,,, R[LGH
YHU\ PLOG QRQ OLQHDULW\ RQO\ 2YHUDOO VSHDNLQJ 'V
RI QRQ OLQHDULW\ LV QRW YHU\ ODUJH HVSHFLDOO\
YROWDJH UDQJH DQG WKH QRQ OLQHDULW\ FDQ EH GH
ZHDN HITHFW JRU WKH FRUURGHG MRLQW VDPSO
QRQ OLQHDULW\ H[LVWV LQ WKH DSSOLHG YROWDJH ULI
VHH ILIJXUH $ERYH WKDW UDQJH QRQ OLQHDULW\ I
XQWLO R[LGH ILOP EUHDNV GRZQ ZKLFK LV QRUPDOO\ J
9 IRU RXU WHVW VDPSOHV $VVXPLQJ WKH R[LGH WKIL
DERXW PP WKHQ WKH HOHFWULF ILHOG VWUHQJWK
KLIJK DV N9P ,Q FRQWUDVW IRU LURQ ,,, RI[LGH SF
PLOG QRQ OLQHDULW\ ZDV REVHUYHG IRU WKH ZKROH U
VHH ILJXUH DQG QR EUHDNGRZQ HIIHFW ZDV QRWL
FKDUDFWHULVWLF LV QHDUO\ V\PPHWULFDO DERXW WKI
LV TXLWH GLITHUHQW IURP WKH UHVXOWY IRU FRUURGH

‘KHQ FRPSDUHG ZLWK WKH FXUUHQW YROWDJH FKDUDFMW
VHPLFRQGXFWRU GLRGH VHH ILIJXUHYV DQG W KH
GLVWLQFW FXW LQ YROWDJH IRU WKH FRUURGHG P
' h s R[LGH VDPSOHYV ZKLOH GLRGH VKRZV D ZHOO |



FXW LQ YROWDJH RI DERXW 9 W LV LQWHUHVWLQ
WKDW FDUHIXOO\ SUHSDUHG WKLQ ILOP DOXPLQLX
R[LGH DOXPLQLXP MXQFWLRQV GR VKRZ D FXW LQ
EHWZHHQ 9 WR 9 HJ VHH )LVKHU DQG *ODHYD
I1DWXUDOO\ RFFXUHG DOXPLQLXP DOXPLQLXP R[LG
MXQFWLRQV KRZHYHU GR QRW VKRZ VXFK FKDUDFWHL

VHH +LJD

JURP WKH JUDSKV WKH PHDQ UHVLVWDQFH RI LURQ
SRZGHU LV DERXW WR 02KP IRU VLQJOH HQG FRUURG
LW LV DERXW 2KP IRU VLQJOH HQG FRUURGHG JLC
VDPSOHY WKH PHDQ UHVLVWDQFH LV DERXW 2KP Z
DERXW 2KP IRU D GLRGH DW D IRUZDUG YROWDJH RI
9

W FDQ EH VHHQ WKDW QRQ OLQHDULWLHYV GXH WR QDW)
PHWDO R[LGH PHWDO MXQFWLRQV DUH PXFK ZHDNHU W
IDEULFDWHG GHYLFHV VXFK DV D VHPLFRQGXFWRU GLR
IXUWKHU VXSSRUWHG E\ D ILHOG H[SHULPHQW VHH ILJ
WKDW LQ D ZDWW WZR WRQH WHVW D FRUURGHG MRL(
SODFHG DFURVV WKH WHUPLQDO RI D IROGHG GLSROH L
QRW DQ\ QRWLFHDEOH ,0, OHYHO SURGXFHG WHVW UH
OHYHO ZDV VHW DW G%P +RZHYHU ZKHQ D GL
FRQQHFWHG DFURVV WKH WHUPLQDO RI WKH DQWHQQD
YHU\ ODUJH ,0, OHYHO ZDV UHFRUGHG QHDUO\ XS W]
7KHUHIRUH D QDWXUDO PHWDO R[LGH PHWDO MXQFWL
JRRG PL[HU DW DOO

W LV DOVR LQWHUHVWLQJ WR QRWH WKDW WKH QRC
VKRZQ E\ FRUURGHG MRLQW VDPSOHV DUH PRUH V\PPH



WVKH RULJLQ WKDQ WKH VLQJOH HQG FRUURGHG VDPSOH'
WKH FRUURGHG MRLQW VDPSOH UHVVHPEOHV WKH DUUL
EDFN WR EDFN GLRGHV LQ SDUDOOHO ZKHUHDV WKH
FRUURGHG VDPSOH EHKDYHV OLNH D VLQJOH GLRGH

,Q WKLV VHULHV RI H[SHULPHQWYVY WKH UHODWLRQVKLS
RUGHU LQWHUPRGXODWLRQ SURGXFW OHYHO DQG WKH
VRPHZKHUH EHWZHHQ DQG G G% 7KHUHIRUH WKH
LOQWHUPRGXODWLRQ SURGXFW SRZHU GRHV QRW LQFUH
WKH WKHRU\ SUHGLFWHG $ W\SLFDO UHODWLRQVKLS
WKLUG RUGHU LOQWHUPRGXODWLRQ LOQWHUIHUHQFH C
DSSOLHG SRZHU LV VKRZQ LQ ILJXUH E

$& ,PSHGDQFH RI &RUURGHG -RLQW 6DPSOH

JURP ILIJXUH WKH DF LPSHGDQFH RI D W\SLFDO MRLC
GHFUHDVHVY DV WKH DSSOLHG IUHJXHQF\ LQFUHDVHV
VWURQJ MXQFWLRQ FDSDFLWDQFH HIIHFW 7KH MRLQW
DJDLQVW DSSOLHG IUHTXHQF\ LV VKRZQ LQ ILJXUH
FDSDFLWDQFH YDOXH ZDV IRXQG WR YDU\ EHWZHHQ

S) $W KLIJKHU IUHTXHQFLHV WKH FDSDFLWDQFH LQFUHD
LPSO\LQJ D IXUWKHU GHFUHDVH LQ WKH FDSDFLWYLH UH
YDULDWLRQV RI WKH FDSDFLWDQFH YDOXH DUH EHWZH
ZKLFK LV UHODWLYHO\ VPDOO FRPSDUHG WR WKH V.
DSSOLHG IUHTXHQF\ UDQJH IURP 0+] WR 0+]
FDSDFLWDQFH YDULDWLRQ FRXOG DOVR RULJLQDWH IUR
EHWZHHQ WKH HQGV RI WKH FRQQHFWLRQ FDEOH DQG
ZHOO



JURP WKH H[SHULPHQWDO UHVXOWYV LW LV VKRZQ
FDSDFLWDQFH RI D FRUURGHG MRLQW LV FRQVWDQW
IUHTXHQF\ UDQJH DQG WKHUHIRUH SURYLGH D
FDSDFLWLYH UHDFWDQFH RYHU VXFK ZLGH UDQJH RI |
7KLY LQIRUPDWLRQ LV XVHG LQ &KDSWHU Rl WKLV
GHYHORSH D PRGHO IRU D QRQ OLQHDU MXQFWLRQ

7KH (IITHFW Rl 2[LGH 7KLFNQHVV

JLIXUHYV DQG VKRZ WKH W\SLFDO FXUUHQW )\
FKDUDFWHULVWLFV Rl ,LUR@®[LGH SRZGHU OD\HU R
WKLFNQHVVHV PP DQG PP UHVSHFWLYHO\ 7KH
UHVLVWDQFH RI WKH IRUPHU LV @PXQW LV DURXQG

010 IRU WKH ODWWHU ,W FDQ EH VHHQ WKDW WKH
QRQ OLQHDULW\ GLG QRW FKDQJH LH WKH VKDSEH
FKDUDFWHULVWLF H[FHSW WKDW WKH OLQHDU UHVLVW
E\ DERXW oLO 7KLV VKRZV WKDW WKH QRQ
FXUUHQW YROWDJH FKDUDFWHULVWLF RI D FRUURGHG M
D FRQWDFW HIIHFW UDWKHU WKDQ D EXON HIIHFW 2z
R[LGH 7KXV ZH ZHUH DEOH WR VKRZ WKDW I[LUVWO\
WXQQHOLQJ LV QRW UHVSRQVLEOH IRU  WKH
FXUUHQW YROWDJH QRQ OLQHDULW)\ LQ FRUURGHG FRQ\
WKH R[LGH OD\HU WKLFNQHVV2 ¥ $ LV WRR ODU
HOHFWURQ W R WXQQHO WKURXJK DQG VI
PHWDO VHPLFRQGXFWRU FRQWDFW UHFWLILFDWLRQ LV
PHFKDQVLP UHVSRQVLEOH IRU WKH LQWHUPRGXODWLRQ



$ WULHI 1IRWH RQ &XUUHQW &UHHS

&EXUUHQW FUHHSLQJ LV XVHG WR GHVFULEH WKH SKHQR|
REVHUYHG ZKHQ D FRQVWDQW YROWDJH LV DSSOLHG W
WKH FXUUHQW IORZ LV QRW FRQVWDQW EXW LV D IXQFYV
$Q LQFUHDVH RI FXUUHQW ZLWK WLPH LV FDOOHG SRV
DQG D GHFUHDVH RI FXUUHQW ZLWK WLPH LV FDOOHG Q|
VHH ILJXUH 1RUPDOO\ ERWK SRVLWLYH DQG Q
FUHHSY DUH SUHVHQW EXW WKH GRPLQDQFH RI HLW
FUHHSLQJ GHSHQGV YHU\ PXFK RQ WKH R[LGH SDUDPHW
Dv WKH VSHHG RI WKH FRUUHVSRQGLQJ SURFHVVHV ,Q
WKH UHVXOWDQW FXUYH VKRZV DQ LQLWLDO SRVWLYH I
IROORZHG E\ D ORQJHU SHULRG RI QHJDWLYH FUHHS 7
WKH FXUUHQW WR VHWWOH FRXOG EH DV ORQJ DV WKLL

,Q VHFWLRQ LW ZDV VKRZQ WKDW WKH FRUURVLRC
EHKDYH DV VHPLFRQGXFWRUV DQG WKH UHFWLILFDWLR
FRUURGHG MRLQW LV YHU\ VLPLODU WR D PHWDO VH
UHFWLILHU 7TKH FXUUHQW FUHHS SKHQRPHQRQ FDH
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FRUURVLRQ SURGXFWY PRWDOOLF VXUIDFH FRQWULE



UHODWLYHO\ YHU\ OLWWOH WR WKH REVHUYHG LQW
LOQOWHUIHUHQFH OHYHO



( RXW

), *85(

LL L L LL OL L L LOL

>+LW X& Y&8h85/ XW &+$5%$&7(5,67,&6

(LQ

6PDOO VLIQDO LQSXW RXWSXW QRQ OLQHDULW\



( RXW

). *85(

Y LLW ,ulL L XMLL1 XLK

/DUJH VLJQDO LQSXW RXWSXW QRQ OLQHDULW\

auaos mH)

7 pP:



(QHUJ\

OHWDO 6HPFRQGXFWRU ,QVXODWRU

),*85( (QHUJ\ EDQG VWUXFWXUHYV

IRU PHWDO VI
DQG LQVXODWRU



$ PHWDAd R QRQPHWDO LRQ

$ % $ % $ %
% $ $ % $
$a % $ % $ %
7\' S H
$ % $ % $ %
H
% % $ % $

$1 % $ % $ %

7\ S H
$ % $ % $ % A
% % $ % $
$ % $ % %
7\SH
$ % $ % $ %
%
% $ % $ % $
$ % $a % $a %
7\ S H

), *85( JRXU W\SHV RI SK\\GHDHBTW LI? WUDQVM &/FP PHWDC



1L 2 0?0L-

1L 2 R

R L?-LY 2 1L

6lIHFWRI D OLYDFDQF\ LQ 1L2

7L 77 R
R

7L % U u R
R

7L 7L 0 r

3IITHFWRI D7L LQWHUVWLWLQ@Q 2

)OO 9+ .. IWRVIG 7LZXAWDYLQJ FU\V\WWDO GHIHFWYV



8RQGXFWLRQ ERQG

'"RQDU OHYHO

$FFHSWRU OHYHO

2 22 4 2 22 2 2 4242 2

9DOHQFH EDQG

&85 ( 6 %DQG HQHUJ\ GLDJUDP IRU LPSXUH V|



7TUDQVPLWWLQJ DHULDO

SHFHLYLQJ DHULDC

).,*85( D O5DGLDWLYH WHVWLQJ

),*85( a0 RQGXFWLYH WHVWLQJ



SRZHU 6RXUFH VHFWLRQ

3

3RZHU &RPELQHU 7HVW 6DPSOH 6HFWLRQ

, OWO,+/ %ORFN GLDJUDP RI 3,03 WHVWLQJ V\VWHP



), *85( D 723 9,(: 2) 7+( 7(67 -,*

). *85( E 6,'( 9,(: 2) 7+( 7(67 -,*



),*85( F 723 9,(: 2) 7+( 1, 2) 7+( 7(67 -,*

),*85( 2G ,16,'( 9,(: 2) 7+( /," 2) 7+( 7(67 I,



(: 2) $ 7 3,(&( 32:(5 &20%,1(5

,*85 ( H 723 9,
7 ( &211(&7256 $5( 62/'(5(" 2172 7+( 7 3,(&(

(7+( 1 7<3

),*85( | 723 9,(: 2) 7+( 7 3,(&( 32:(5 &20%,1(5 $1°
7+( 6%03/( &/$03,1* %2/7



),*85( K ,16(57,21 2) 7+( 7 3,(&( 32:(5 &20%,1(5 ,172
7+( 7(67 -,*



rest b ye57.21

) 7+(pHWD$)LHFH

), *85(

)5 17 9.( 817 6.70 9. ) g o787 3



),*85( N 6,'( 9,(: 2) 7+( 7(67 -,* :,7+ 7+( /," ,1 3/$&(



$00 OHDVXUHPHQWY DUH LQ PP



),*85( ORBLPHQVLRQ fl WKH /LG RI WKH 7HVW -LJ
$O®HDVXUHPHQWY DUH LQ PP



7 SLHFH SRZHU FRPELQHU

OHWDL SLHFH

6LGH 9LHZ (QG 9LHZ

$

). *85( F 'LPHQVLRQV RI D7 SLHFH DQG DQ DVVRFLDWHG PHWDO SLHFH



DD\ 6F/1DZGLQ|D ¢vDL D P DR 1RLDRBDIRIRLD

¢ = rU\7WIR"

©/
1O DR

S:1IL6
H .
9‘/ A 9

4LVURA Mzu® Sf QK IPYLI YWIWM W9 - MUWMWUYMWS
\VQR IYSYRV "



),*85( -~ &/26( 83 9,(: 2) 7+( 7(67 -,* &211(&7,216



ODUFRQL $
VLSQDL JHQHUDWRU

u, -"3 96:. PHDVXUHPHQW VHWWS3ILRE PHDVXUHPHQW VYVWHP



YROWPHWHU

), *85( (& FXUUHQW YROWDJH FKDPBIPWHKUH?WQHK
IRU WHVW VDPSOH



+3 $ PSHGDQFH OHWHU

), *85( $& LPSHGDQFH PHDVXUHPHQW IRU WHYV



). *85( D $ FI\OLQGULFDO VDPSOH



SOVWLF VXSSRUWHU

&85 ( F $ VIFHHL ILDW VDPSOH DOVRFUWMKMDPS GM
KRLFHU



U,*8)( &RUURVLRQ VHWXS IRU WHVW 