
#
#

41#,QWURGXFWLRQ#
,GHDOO\/# DQ# (%07# V\VWHP# PXVW# GHWHUPLQH#
FRUUHVSRQGHQFHV#DW#D#VXE0VHQWHQFH# OHYHO# LI#RSWLPDO#
DGDSWDWLRQ#RI#PDWFKLQJ#IUDJPHQWV#LV#WR#EH#DFKLHYHG#
+&ROOLQV/#%1/#)#&XQQLQJKDP/#31#4<<8,1#,Q#SUDFWLFH/#
(%07# V\VWHPV# WKDW# RSHUDWH# DW# VXE0VHQWHQFH# OHYHO#
LQYROYH# WKH# G\QDPLF# GHULYDWLRQ# RI# WKH# RSWLPXP#
OHQJWK# RI# VHJPHQWV# RI# WKH# LQSXW# VHQWHQFH# E\#
DQDO\VLQJ# WKH# DYDLODEOH# SDUDOOHO# FRUSRUD1# 7KLV#
UHTXLUHV# D# SURFHGXUH# IRU# GHWHUPLQLQJ# WKH# EHVW#
%FRYHU%#RI#DQ# LQSXW# WH[W#E\# VHJPHQWV#RI# VHQWHQFHV#
FRQWDLQHG# LQ# WKH# GDWDEDVH# +1LUHQEXUJ/# 61#
'RPDVKQHY/#&1/#*UDQQHV/#'1#4<<6,/#+&UDQLDV/#/1#HW#
DO# 4<<7,/# +)UHGHUNLQJ/# 51/# 1LUHQEXUJ/# 61/# 4<<7,/#
+6DWR/#61#4<<8,1#:KDW# LV#QHHGHG# LV#D#SURFHGXUH#IRU#
DOLJQLQJ# SDUDOOHO# WH[WV# DW# VXE0VHQWHQFH# OHYHO/#
+6DGOHU/# 91/# 9HQGHOPDQV/# 51# 4<<3,/# +%RXWVLV/# 61/#
3LSHULGLV/# 61# 4<<;,1# ,I# VXE0VHQWHQFH# DOLJQPHQW# LV#
DYDLODEOH/# WKH# DSSURDFK# LV# IXOO\# DXWRPDWHG# EXW# LV#
TXLWH#YXOQHUDEOH# WR# WKH#SUREOHP#RI# ORZ#TXDOLW\/#DV#
ZHOO# DV# WR# WUDQVODWLRQDO# DPELJXLW\# SUREOHPV#ZKHQ#
WKH#SURGXFHG#VHJPHQWV#DUH#UDWKHU#VPDOO1#
#

6HYHUDO# DSSURDFKHV# DLP# DW# SURFHHGLQJ# D# VWHS#
IXUWKHU/#E\#DWWHPSWLQJ# WR#EXLOG#D# WUDQVIHU0UXOH#EDVH#
LQ# WKH# IRUP# RI# DEVWUDFW# UHSUHVHQWDWLRQV# WKURXJK#
GLIIHUHQW# W\SHV#RI#JHQHUDOL]DWLRQ#SURFHVVHV#DSSOLHG#
RQ#WKH#DYDLODEOH#FRUSRUD#UHO\LQJ#RQ#GLIIHUHQW#OHYHOV#
RI#OLQJXLVWLF#LQIRUPDWLRQ#DQG#SURFHVVLQJ#+.DML#HW#DO1#
<5,/# +-XROD/#31# 4<<7,/# +)XUXVH/#21/# ,LGD/#+1# 4<<9,/#
+9HDOH/#71#DQG#:D\/#$1# 4<<:,/# +0F7DLW/#.1/#HW#DO1#
4<<<,/# WKXV# SURYLGLQJ# PRUH# FRPSOHWH# %FRQWH[W%#
LQIRUPDWLRQ#WR#WKH#WUDQVODWLRQ#SKDVH1#7KH#GHHSHU#WKH#
OLQJXLVWLF# DQDO\VLV# LQYROYHG# LQ# VXFK# D#SURFHVV/# WKH#
PRUH#IOH[LEOH#WKH#ILQDO#WUDQVODWLRQ#VWUXFWXUHV#ZLOO#EH#
DQG# WKH#EHWWHU# WKH#TXDOLW\#RI# WKH# UHVXOWV1#+RZHYHU/#

WKLV#NLQG#RI#DQDO\VLV#XQTXHVWLRQDEO\# OHDGV# WR#PRUH#
FRPSXWDWLRQDOO\# H[SHQVLYH# DQG# GLIILFXOW# WR# REWDLQ#
V\VWHPV1#2XU#DSSURDFK#FRQVLVWV# LQ#D# IXOO\#PRGXODU#
DQDORJLFDO#IUDPHZRUN/#ZKLFK#FDQ#FRSH#ZLWK#ODFN#RI#
UHVRXUFHV/#DQG#ZLOO#SHUIRUP#HYHQ#EHWWHU#ZKHQ#WKHVH#
DUH#DYDLODEOH1##
#

$QDORJLFDO#0RGHOOLQJ# +$0,#KDV#EHHQ#SURSRVHG#DV#
DQ#DOWHUQDWLYH#PRGHO#RI# ODQJXDJH#XVDJH1#7KH#PDLQ#
DVVXPSWLRQ# XQGHUO\LQJ# WKLV# DSSURDFK# LV# WKDW#PDQ\#
DVSHFWV# RI# VSHDNHU# SHUIRUPDQFH# DUH# EHWWHU#
DFFRXQWHG# IRU# LQ# WHUPV# RI# ³DQDORJ\´/# L1H1# WKH#
LGHQWLILFDWLRQ# RI# VLPLODULWLHV# DQG# GLIIHUHQFHV# ZLWK#
IRUPV#LQ#PHPRU\#+WKH#OH[LFRQ,/#WKDQ#E\#UHIHUULQJ#WR#
H[SOLFLW# DQG# LQDFFHVVLEOH# UXOHV1# #%\# ³DQDORJ\´#ZH#
PHDQ# WKH# SURFHVV# RI# PDWFKLQJ# EHWZHHQ# DQ# LQSXW#
SDWWHUQ# DQG# D# GDWDEDVH# RI# VWRUHG# H[DPSOHV#
+H[HPSODUV,1#7KH#UHVXOW#RI#WKLV#PDWFKLQJ#SURFHVV#LV#
D#FROOHFWLRQ#RI#H[DPSOHV#FDOOHG#WKH#³DQDORJLFDO##VHW´#
DQG# FODVVLILFDWLRQ# RI# WKH# LQSXW# SDWWHUQ# LV# DFKLHYHG#
WKURXJK# H[WUDSRODWLRQ# IURP# WKLV# VHW1#$W# DQ\# JLYHQ#
WLPH/# WKH#PDLQ# VRXUFH# RI# NQRZOHGJH# FRQVLVWV# LQ# D#
GDWDEDVH# RI# VWRUHG# WUDQVODWLRQ# H[DPSOHV1# 7KHVH#
H[DPSOHV# WKHPVHOYHV# DUH# XVHG# WR# FODVVLI\# QHZ#
LWHPV/#ZLWKRXW#LQWHUPHGLDWH#DEVWUDFWLRQ#LQ#WKH#IRUP#
RI# UXOHV1# ,Q# RUGHU# WR# DFKLHYH# WKLV# H[KDXVWLYH#
GDWDEDVH# VHDUFK# LV#QHHGHG/#DQG#GXULQJ# WKLV# VHDUFK/#
OHVV# UHOHYDQW# H[DPSOHV# QHHG# WR# EH# GLVFDUGHG1#$OO#
WH[W# IHDWXUHV# DUH# HTXDOO\# LPSRUWDQW# LQLWLDOO\/# DQG#
VHUYH# WR#SDUWLWLRQ# WKH#GDWDEDVH# LQWR#VHYHUDO#GLVMRLQW#
FODVVHV#RI#H[DPSOHV1##
#
,Q# FRQWUDVW# WR#PRVW# RI# WKH# DQDORJ\0EDVHG# V\VWHPV#
RXU#DSSURDFK#DSSOLHV#WKH#VDPH#SULQFLSOHV#GXULQJ#WKH#
OHDUQLQJ#SKDVH# LQ#DQ#DWWHPSW# WR#H[WUDFW#DSSURSULDWH#
JHQHUDOL]DWLRQV# +WUDQVODWLRQ# UXOHV,# EDVHG# RQ#
VLPLODULWLHV# DQG# GLIIHUHQFHV# EHWZHHQ# LQSXW#
H[HPSODUV1#,Q# WKLV#ZD\/#DQDORJ\# LV# WUHDWHG#DV#PRUH#

$SSOLFDWLRQ#RI#$QDORJLFDO#0RGHOOLQJ#WR#([DPSOH#%DVHG#0DFKLQH#7UDQVODWLRQ#
#

#
&KULVWRV#0DODYD]RV4/#5## #####6WHOLRV#3LSHULGLV4/5#

4,QVWLWXWH#IRU#/DQJXDJH#DQG#6SHHFK#3URFHVVLQJ/#51DWLRQDO#7HFKQLFDO#8QLYHUVLW\#RI#$WKHQV#
9#$UWHPLGRV#)#(SLGDYURX/#484#58#0DURXVL/#$WKHQV/#*UHHFH#

^FKULVWRV/#VSLS`#LOVS1JU#

$EVWUDFW#
7KLV#SDSHU#GHVFULEHV#D#VHOI0PRGHOOLQJ/#LQFUHPHQWDO#DOJRULWKP#IRU#OHDUQLQJ#WUDQVODWLRQ#UXOHV#IURP#H[LVWLQJ#
ELOLQJXDO# FRUSRUD1# 7KH# QRWLRQV# RI# VXSUDFRQWH[W# DQG# VXEFRQWH[W# DUH# H[WHQGHG# WR# HQFRPSDVV# ELOLQJXDO#
LQIRUPDWLRQ# WKURXJK# VLPXOWDQHRXV# DQDORJ\# RQ# ERWK# VRXUFH# DQG# WDUJHW# VHQWHQFHV# DQG# MX[WDSRVLWLRQ# RI#
FRUUHVSRQGLQJ# UHVXOWV1# $QDORJLFDO# PRGHOOLQJ# LV# SHUIRUPHG# GXULQJ# WKH# OHDUQLQJ# SKDVH# DQG# WUDQVODWLRQ#
SDWWHUQV#DUH#SURMHFWHG#LQ#D#PXOWL0GLPHQVLRQDO#DQDORJLFDO#QHWZRUN1#7KH#SURSRVHG#IUDPHZRUN#ZDV#HYDOXDWHG#
RQ#D#VPDOO#WUDLQLQJ#FRUSXV#SURYLGLQJ#SURPLVLQJ#UHVXOWV1#6XJJHVWLRQV#WR#LPSURYH#V\VWHP#SHUIRUPDQFH#DUH#



WKDQ# VLPSOH#SDLUZLVH# VLPLODULW\#EHWZHHQ# LQSXW#DQG#
GDWDEDVH# H[HPSODUV/# UDWKHU# LW# LV# FRQVLGHUHG# DV# WKH#
PDLQ# UHODWLRQ#XQGHUO\LQJ#D#PRUH#FRPSOH[#QHWZRUN#
RI#UHODWLRQV#EHWZHHQ#GDWDEDVH#H[HPSODUV1##
#

51#*HQHUDO#
7KH#PDLQ#LGHD#EHKLQG#RXU#DSSURDFK#LV#EDVHG#RQ#WKH#
REVHUYDWLRQ# WKDW# JLYHQ# DQ\# VRXUFH# DQG# WDUJHW#
ODQJXDJH#VHQWHQFH#SDLU/#DQ\#DOWHUDWLRQ#RI#WKH#VRXUFH#
VHQWHQFH# ZLOO# PRVW# OLNHO\# UHVXOW# LQ# RQH# RU# PRUH#
FKDQJHV# LQ# WKH# UHVSHFWLYH# WDUJHW/# ZKLOH# LW# LV# DOVR#
KLJKO\#OLNHO\#WKDW#FRQVWDQW#DQG#YDULDEOH#XQLWV#RI#WKH#
VRXUFH#VHQWHQFH#FRUUHVSRQG#WR#FRQVWDQW#DQG#YDULDEOH#
WDUJHW# XQLWV# UHVSHFWLYHO\1# $SDUW# IURP# FDVHV# RI# VR#
FDOOHG# ³WUDQVODWLRQDO# GLYHUJHQFHV´# +'RUU/#%1# 4<<7,#
DV#ZHOO#DV#FDVHV#RI# LGLRPDWLF#H[SUHVVLRQV/# LQ#PRVW#
FDVHV# WKH# DERYH# DVVXPSWLRQ#KROGV# WUXH1#(VSHFLDOO\#
LQ#WKH#FDVH#RI#WHFKQLFDO#VXEODQJXDJHV/#ZKHUH#UDWKHU#
OLWHUDO# DQG# DFFXUDWH# WUDQVODWLRQ# LV# H[SHFWHG/#
³WUDQVODWLRQDO# GLYHUJHQFHV´# DUH# OLPLWHG# ZKLOH#
LGLRPDWLF# H[SUHVVLRQV# FDQ# EH# FDSWXUHG# DQG# ILQDOO\#
UHMHFWHG# IURP# WKH# PDLQ# SURFHVV/# WKURXJK# FHUWDLQ#
FRQVWUDLQWV/#DV#WKLV#ZLOO#EH#H[SODLQHG#ODWHU#RQ1###
#

7KH# PDWFKLQJ# SURFHVV# DV# WKLV# LV# GHVFULEHG# E\#
+'DHOHPDQV#:1/# HW# DO/# 4<<:,# EDVHG# RQ# 6NRXVHQ¶V#
DQDORJLFDO#PRGHOOLQJ#DOJRULWKP#+6NRXVHQ/#51#4<;<,/#
FRQVLVWV#RI#WZR#VXEVHTXHQW#VWDJHV1#7KH#ILUVW#VWDJH#RI#
WKH# PDWFKLQJ# SURFHVV# LV# WKH# FRQVWUXFWLRQ# RI##
³VXEFRQWH[WV´/#WKHVH#DUH#VHWV#RI#H[DPSOHV#DQG#WKH\#
DUH#REWDLQHG#E\#PDWFKLQJ#WKH#LQSXW#SDWWHUQ/#IHDWXUH#
E\#IHDWXUH/#WR#HDFK#GDWDEDVH#LWHP#RQ#DQ#HTXDO#2QRW0
HTXDO# EDVH/# DQG# FODVVLI\# WKH# GDWDEDVH# H[DPSOHV#
DFFRUGLQJO\1# 7DNLQJ# WKH# LQSXW# SDWWHUQ#$%&# DV# DQ#
H[DPSOH#HLJKW#+ 56,#GLIIHUHQW#DQG#PXWXDOO\#GLVMRLQW#
VXEFRQWH[WV#ZRXOG#EH#FRQVWUXFWHG=##
#
#
ZKHUH# WKH#PDFURQ#GHQRWHV#FRPSOHPHQWDWLRQ1#7KXV#
H[HPSODUV#LQ#WKH#VHFRQG#FODVV#VKDUH#RQO\#WKH#VHFRQG#
DQG#WKLUG#IHDWXUH#ZLWK#WKH#LQSXW#SDWWHUQ1##
#

,Q# WKH# IROORZLQJ# VWDJH# ³VXSUDFRQWH[WV´# DUH#
FRQVWUXFWHG# E\# JHQHUDOLVLQJ# RYHU# VSHFLILF# IHDWXUH#
YDOXHV1# 7KLV# LV# GRQH# E\# V\VWHPDWLFDOO\# GLVFDUGLQJ#
IHDWXUHV#IURP#WKH#LQSXW#SDWWHUQ#DQG#WDNLQJ#WKH#XQLRQ#
RI# WKH# VXEFRQWH[WV# WKDW# DUH# VXEVXPHG#E\# WKLV#QHZ#
SDWWHUQ1#6XSUDFRQWH[WV#FDQ#EH#RUGHUHG#ZLWK#UHVSHFW#
WR# JHQHUDOLW\/# VR# WKDW# PRVW# VSHFLILF# VXSUDFRQWH[W#
FRQWDLQV#LWHPV#WKDW#VKDUH#DOO#IHDWXUHV#ZLWK#WKH#LQSXW#
SDWWHUQ#ZKLOH#WKH#OHVV#VSHFLILF#RQHV#WKRVH#LWHPV#WKDW#

VKDUH# DW# OHDVW# RQH# IHDWXUH1# 7KH# PRVW# JHQHUDO#
VXSUDFRQWH[W# FRQWDLQV# DOO# GDWDEDVH# H[DPSOHV#
ZKHWKHU# RU# QRW# WKH\# VKDUH# DQ\# IHDWXUHV# ZLWK# WKH#
LQSXW#SDWWHUQ1#
#

6RPH# H[HPSODU\# VXSUDFRQWH[WV# WRJHWKHU#ZLWK# WKH#
UHVSHFWLYH# VXEFRQWH[WV# IRU# WKH# LQSXW# SDWWHUQ#$%&#
DUH#SUHVHQWHG#LQ#WKH#IROORZLQJ#WDEOH1##
#
6XSUDFRQWH[W# # 6XEFRQWH[WV#
# # # # ###B#
$#%#±## # # $%&/##$%&#
# # # #############B####
$#±#&## # # $%&/##$%&#
# # # ###########B####
±#%#&## # # $%&/##$%&#
# # # #############B############B######B#B####
$#±#±## # # $%&/##$%&/##$%&/##$%&#
#

#
,Q# DGGLWLRQ/# RXU# DSSURDFK# LQWURGXFHV# D# VHFRQG#
GLPHQVLRQ# WR# WKH# DERYH#GHVFULEHG#SURFHVV/# WKDW#RI#
ODQJXDJH/# E\# VLPXOWDQHRXVO\# SHUIRUPLQJ# WKH#
PDWFKLQJ# SURFHVV# WR# WDUJHW# ODQJXDJH# HTXLYDOHQWV#
DQG# DOLJQLQJ# LQGLYLGXDO# UHVXOWV/# EDVHG# RQ# WKH#
SULQFLSOHV#GHVFULEHG#HDUOLHU1#7KHUHIRUH/#ZKDW#ZH#DUH#
XOWLPDWHO\# VHDUFKLQJ# IRU/# DUH# VRXUFH# DQG# WDUJHW#
VHQWHQFH# SDLUV# IRU# ZKLFK# HYLGHQFH# RI#
FRUUHVSRQGHQFH# EHWZHHQ# DQ\# RU# DOO# RI# UHVSHFWLYH#
VXEFRQWH[WV#ZLWKLQ#WKH#DYDLODEOH#WUDLQLQJ#FRUSRUD#LV#
DYDLODEOH1# 7KLV# ZLOO# VXEVHTXHQWO\# OHDG# WR# OLQNV#
EHWZHHQ#UHVSHFWLYH#VXSUDFRQWH[WV1#)RU#H[DPSOH#=#
#
>$V#%V#&V#@##ÙÙÙÙ##>$W##%W##&W#@#
###################$1'# ## ####### !##>$V#%V#±@###ÙÙÙÙ##>$W##%W#±@#

#>$V#%V#&V#@##ÙÙÙÙ##>$W##%W##&W#@#
#
########6XEFRQWH[WV## # 6XSUDFRQWH[WV#
#

#+:KHUH#V# #6RXUFH#/DQJXDJH/###W## #7DUJHW##/DQJXDJH#,#
#
#

#
61##7KH#OHDUQLQJ#PHFKDQLVP#
#

614##7UDQVODWLRQ#7HPSODWHV#
6XSUDFRQWH[WV# DQG# WUDQVODWLRQ# WHPSODWHV# FDQ# EH#
YLHZHG# DV# WZR# VLGHV# RI# WKH# VDPH# FRLQ1#
*HQHUDOL]DWLRQ# WKURXJK# XQLILFDWLRQ# RQ# IHDWXUH#
YDOXHV# RI# QHLJKERXULQJ# VHQWHQFHV/# LI# WKHVH# VDWLVI\#
FHUWDLQ#FULWHULD/# OHDGV# WR#PRUH#DEVWUDFW#H[SUHVVLRQV#
RI#ELOLQJXDO#SDLUV#RI#³SVHXGR0VHQWHQFHV´/#FRQVLVWLQJ#
RI#VHTXHQFHV#RI#FRQVWDQW#DQG#YDULDEOH#HOHPHQWV/###

$%&/##$%&/##$%&/##$%&/#$%&/#$%&/##$%&/#$%&#



ZKHUH#YDULDEOH#HOHPHQWV#DUH#UHSUHVHQWHG#E\##VSHFLDO#
V\PEROV#+³;L´,#DQG#FRQVWDQW0IL[HG#HOHPHQWV#DFW#DV#
WKH#FRQWH[W#LQ#HDFK#FDVH1##
#
615##7UDQVODWLRQ#8QLWV#
'LVFDUGHG#IHDWXUHV#+UHSUHVHQWHG#E\#WKH#%±%#V\PERO,#
RI# FRUUHVSRQGLQJ# VXSUDFRQWH[WV/# ULVLQJ# IURP#
YDULDEOH# HOHPHQWV# RI# WKH# PDWFKLQJ# VHQWHQFHV/#
FRUUHVSRQG#WR#WKH#WUDQVODWLRQ#XQLWV#RI#WKH#UHVSHFWLYH#
WUDQVODWLRQ# SDWWHUQV1# $V# D# UHVXOW/# VLQJOH# RU#PXOWL0
ZRUG# HOHPHQWV# +WUDQVODWLRQ# XQLWV,# RI# VRXUFH# DQG#
WDUJHW# ODQJXDJH# DSSHDULQJ# ZLWKLQ# FRUUHVSRQGLQJ#
VXSUDFRQWH[W# SRVLWLRQV/# DUH# OLQNHG# DQG# VWRUHG/#
FRPSULVLQJ#WKH#ELOLQJXDO#WUDQVODWLRQ#XQLW#OH[LFRQ1##
#
#

616##7KH#$QDORJLFDO#1HWZRUN#
7KH#PDLQ# OLQJXLVWLF# REMHFW# IRU#ZKLFK#PDWFKLQJ# LV#
SHUIRUPHG# LV# QRW# WKH# VHQWHQFH# EXW# SDLUV# RI# VRXUFH#
DQG# WDUJHW# VHQWHQFHV2H[HPSODUV1# 7KHUHIRUH/#
PDWFKLQJ#EHWZHHQ#OLQJXLVWLF#REMHFWV#LV#SHUIRUPHG#LQ#
WZR# GLPHQVLRQV# VLPXOWDQHRXVO\/# WKDW# LV# EHWZHHQ#
VRXUFH# DQG# WDUJHW# VHQWHQFHV# RI# PDWFKLQJ# SDLUV#
UHVSHFWLYHO\1# 7KH# UHVXOW# RI# WKH# SURFHVV/# LI# FHUWDLQ#
FRQGLWLRQV# DUH# PHW/# DUH# VWRUHG# LQ# DQ# %DQDORJLFDO#
QHWZRUN%#+)HGHULFL/#61#)#3LUUHOOL#91/#4<<7,#RI#LQWHU0

VHQWHQFH#DQG# LQWUDVHQWHQFH#UHODWLRQV#EHWZHHQ# WKHVH#
H[HPSODUV# DQG# WKHLU# JHQHUDOL]DWLRQV1# $# UDWKHU#
VLPSOH#H[DPSOH#RI#WKLV#LV#SUHVHQWHG#LQ#)LJXUH#41##
#

'LIIHUHQW#SDUWV#RI#PDWFKLQJ#VHQWHQFHV#DUH#UHSODFHG#
E\# FRUUHVSRQGLQJ#YDULDEOHV/# DQG#DUH#FRQVHTXHQWO\#
DVVLJQHG# WKH# UROH# RI# WUDQVODWLRQ# XQLWV/# ZKLOH#
VLPLODU2FRQVWDQW# SDUWV# DUH# FRQVLGHUHG# WR# EH# WKH#
FRQWH[W#XQGHU#ZKLFK#YDULDEOH#XQLWV#DUH#LQVWDQWLDWHG1#
7KH#XQLRQ#RI#FRQWH[W#DQG#YDULDEOHV#HVWDEOLVKHV# WKH#
³JHQHUDOL]HG´# WUDQVODWLRQ# +SDUDGLJPDWLF,# SDWWHUQV#
EHWZHHQ# VRXUFH# DQG# WDUJHW# ODQJXDJH1# 7KH# VLPLODU#
+FRQVWDQW,# DQG# GLIIHUHQW# +YDULDEOH,# SDUWV# EHWZHHQ#
VRXUFH# DQG# WDUJHW# VHQWHQFHV# DUH# IDFWRUHG# RXW# DQG#
SUHVHQWHG#DV#VHSDUDWH#QRGHV#LQ#WKH#DERYH#GLDJUDP1#
#

#)RU# HDFK# VHQWHQFH# ZH# FDQ# YLHZ# LWV# FRQVWLWXHQW#
VLQJOH#RU#PXOWL0ZRUG/#FRQVWDQW#RU#YDULDEOH#XQLWV#DV#
VHSDUDWH# QRGHV/#ZKHUH# OLQNV# EHWZHHQ# WKHVH# QRGHV#
LQGLFDWH# WKH# V\QWDJPDWLF# UHODWLRQV# EHWZHHQ# WKHP/#
WKDW#LV/#WKH#ZD\#WKH\#DFWXDOO\#DSSHDU#DQG#DUH#RUGHUHG#
LQ# WKH# UHVSHFWLYH# VHQWHQFH1# 7KH# YHUWLFDO# D[LV#
UHSUHVHQWV#WKH#SDUDGLJPDWLF#GLPHQVLRQ#RI#DYDLODEOH#
DOWHUQDQWV/# WKDW# LV/# WKH# LQIRUPDWLRQ# FRQFHUQLQJ#
ZKLFK#VXEVWULQJV#DUH#LQ#FRPSOHPHQWDU\#GLVWULEXWLRQ#
ZLWK# UHVSHFW# WR# WKH# VDPH# V\QWDJPDWLF# FRQWH[W# L1H1#
ZLWK# UHVSHFW# WR# WKH# VDPH#FRQWH[W#³&XVWRPL]LQJ#BB#

.###>##;V4#@##.#&XVWRPL]LQJ#

DSSOLFDWLRQ#

QHWZRUN#

VHWWLQJV# ø"!2/"á!èì#"$åáë21'à#

03.!â éí"#

/åä2* ##

.###>##;W4#@####

7DUJHW#
/DQJXDJH#

3D
UD
GL
JP

DW
LF
#5
HO
DW
LR
QV
#

6\QWDJPDWLF###5HODWLRQV#

6RXUFH#
/DQJXDJH#

+4,=#&XVWRPL]LQJ####DSSOLFDWLRQ# VHWWLQJV##ÙÙÙÙ###&! 1.!= 62###!#9=310&>###03.!= 62"/#DQG#
+5,=#&XVWRPL]LQJ####QHWZRUN###### VHWWLQJV##ÙÙÙÙ###&! 1.!= 62###!#9=310&>###/:;2* ### LV#=#

#

+$,=#&XVWRPL]LQJ#.#>##;V4#@#.#VHWWLQJV######ÙÙÙÙ###&! 1.!= 62##!#9=310&>#.#>##;W4#@#
#

## ## #ZKHUH#=## #>##;V4#@####ÙÙÙÙ###>##;W4#@##DQG/##
## # # # ######DSSOLFDWLRQ####ÙÙÙÙ###03.!= 62"#

## # # ###########QHWZRUN####ÙÙÙÙ###/:;2* ##
)LJXUH#4#



VHWWLQJV´1# 6\QWDJPDWLF# OLQNV# FRQVWLWXWH# WKH#
LQWUDVHQWHQFH# UHODWLRQV2OLQNV# EHWZHHQ# VHQWHQFH#
FRQVWLWXHQWV#ZKLOH#SDUDGLJPDWLF#RQHV#FRUUHVSRQG#WR#
WKH# LQWHUVHQWHQWLDO# UHODWLRQV1# )XUWKHUPRUH/# D# WKLUG#
GLPHQVLRQ#LV#DGGHG#WR#WKH#ZKROH#IUDPHZRUN/#WKDW#RI#
WKH# ³ODQJXDJH´/# VLQFH# DOO# SULQFLSOHV# DUH# DSSOLHG#
VLPXOWDQHRXVO\# WR# ERWK# VRXUFH# VHQWHQFHV# DQG# WKHLU#
WDUJHW# HTXLYDOHQWV1# ,Q# FDVH/# OLQJXLVWLF# DQQRWDWLRQV#
DUH#DYDLODEOH/#WKH\#DUH#DSSURSULDWHO\#LQFRUSRUDWHG#LQ#
WKH#UHVSHFWLYH#QRGHV1#
#

$W#WKLV#SRLQW#QR#FRQIOLFWV#DUH#UHVROYHG1#$OO#SRVVLEOH#
SDWWHUQV# DUH# VWRUHG# LQ# WKH# QHWZRUN# LQFOXGLQJ#
FRQIOLFWLQJ# DV# ZHOO# DV# RYHUODSSLQJ# SDWWHUQV1#
+RZHYHU/# # DOO# OLQNV# ERWK# SDUDGLJPDWLF# DQG#
V\QWDJPDWLF# DUH# ZHLJKWHG# E\# IUHTXHQF\#
LQIRUPDWLRQ1# 7KLV# ZLOO# HYHQWXDOO\# SURYLGH# WKH#
QHFHVVDU\# LQIRUPDWLRQ# WR#GLVDEOH#DQG#HYHQ#GLVFDUG#
FHUWDLQ#IDOVH#RU#XVHOHVV#YDULDEOHV#RU#WHPSODWHV1##
#
617#7KH#$OJRULWKP##
7UDQVODWLRQ# WHPSODWHV# DV#ZHOO# DV# WUDQVODWLRQ# XQLWV#
DUH# WUHDWHG#DV#SDUDGLJPDWLF# IOH[LEOH# VWUXFWXUHV# WKDW#
GHSHQG# RQ# WKH# DYDLODEOH# HYLGHQFH1# $V# QHZ# GDWD#
FRPH#LQWR#WKH#V\VWHP/#UXOHV#FDQ#EH#H[WHQGHG#RU#HYHQ#
UHSODFHG#E\#RWKHU#PRUH#JHQHUDO#RQHV1# ,W# LV#XVXDOO\#
DVVXPHG#WKDW#WKHUH#LV#RQO\#RQH#IL[HG#ZD\#WR#DVVLJQ#D#
VWUXFWXUDO#UHSUHVHQWDWLRQ#WR#D#V\PEROLF#REMHFW#HLWKHU#
EH# D# WUDQVODWLRQ# XQLW# RU# D# WUDQVODWLRQ# WHPSODWH1#
+RZHYHU/#LW#LV#REYLRXV#WKDW#LQ#RXU##DSSURDFK#WKHUH#LV#
QR# LQLWLDO# IL[HG# GHILQLWLRQ# RI# WKLV# SDUWLFXODU#
VWUXFWXUH/# UDWKHU# LW# LV# OHIW#XS# WR# WKH# WUDLQLQJ#FRUSXV#
DQG# WKH# OHDUQLQJ# PHFKDQLVP1# $V# ZDV# H[SHFWHG/#
XQGHU# WKLV# NLQG# RI# DQDORJ\0EDVHG# DSSURDFK/#
OLQJXLVWLF# REMHFWV# ZHUH# GHWHUPLQHG# EDVHG# RQ# WKH#
SDUDGLJPDWLF#FRQWH[W#WKH\#DSSHDUHG#LQ/#UHVXOWLQJ#LQ#
D# PRUH# IOH[LEOH# DQG# DOVR# FRUSXV# GHSHQGHQW#
GHILQLWLRQ#RI#WUDQVODWLRQ#XQLWV1##
#

6HDUFK#6SDFH#5HGXFWLRQ#
,Q# JHQHUDO/# LI# VHQWHQFH# PDWFKLQJ# ZHUH#
XQFRQVWUDLQHG#DQG#DOO#UHVXOWLQJ#PDWFKHV#ZHUH#VWRUHG#
LQ# WKH# DQDORJLFDO# QHWZRUN/# WKHQ# WKH# QXPEHU# RI# DOO#
OLQNV# +LQWHU2LQWUD0VHQWHQWLDO,# IRU# 1# HTXDO# WR# WKH#
QXPEHU#RI# WUDQVODWLRQ#SDWWHUQV# OHDUQHG# WKURXJK# WKH#
SURFHVV# DQG#/# HTXDO# WR# WKH#QXPEHU#RI#ZRUGV# LQ# D#
VHQWHQFH#+WHPSODWH,#ZRXOG#EH#=##
#
#
#
ZKLOH# WKH#FRPSOH[LW\#RI# WKH# OHDUQLQJ#SKDVH# LV#DOVR#
LQFUHDVHG#E\#WKH#IDFW#WKDW#HDFK#FDQGLGDWH#UXOH#QHHGV#

WR# EH# YHULILHG# DJDLQVW# WKH# DYDLODEOH# FRUSXV/#
LQWURGXFLQJ# DQ# DGGLWLRQDO# SDUDPHWHU#6/# WKDW#RI# WKH#
VL]H# RI# WKH# WUDLQLQJ# FRUSRUD# +LQ# QXPEHU# RI#
VHQWHQFHV,1##
#

0RUHRYHU/# LI# D# UDWKHU# VWUDLJKWIRUZDUG# DSSURDFK# LQ#
PDWFKLQJ# ZDV# WR# EH# IROORZHG/# WKH# FRPSOH[LW\#
LQYROYHG# IRU# HDFK# LQGLYLGXDO# FDQGLGDWH# VHQWHQFH#
ZRXOG#EH#HQRUPRXV1#,Q#VXFK#DQ#DSSURDFK/#IRU#HDFK#
FDQGLGDWH# VHQWHQFH/# DOO# FRUUHVSRQGLQJ# VXEFRQWH[WV#
ZRXOG#KDYH#WR#EH#LGHQWLILHG#DQG#YHULILHG#DJDLQVW#WKH#
DYDLODEOH#FRUSRUD1#)RU#LQVWDQFH/#D#VHQWHQFH#RI#OHQJWK#
/#ZRXOG#JHQHUDWH#5/#VXEFRQWH[WV/#WKXV#UHVXOWLQJ#LQ#
2+5/,#UHTXLUHG#VHDUFK#DFWLRQV#DJDLQVW#WKH#DYDLODEOH#
FRUSRUD1#(YHQ# LI#FRQVWUDLQWV#ZRXOG#EH#VHW#XSRQ#WKH#
OHQJWK# RI# SRVVLEOH# LJQRUH# +YDULDEOH,# DUHDV/# IRU#
H[DPSOH# #8#ZRUGV/# WKH#SURFHVV#ZRXOG#VWLOO#EH# WRR#
FRPSOH[1#)RU#H[DPSOH#IRU#D#VHQWHQFH#RI#OHQJWK##/# #
43# DQG# IRU# YDULDEOHV# RI# OHQJWK# XS# WR#8#ZRUGV/# WKH#
SRVVLEOH# VXEFRQWH[WV# WKDW# KDYH# WR# EH# PDWFKHG#
DJDLQVW# WKH# FRUSXV# ZRXOG# EH#
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543# .# 69#  # 754/# ZKHUH# WHUPV# RI# WKH# SUHYLRXV#
HTXDWLRQ# FRUUHVSRQG# WR# WKH# VXEFRQWH[WV# ZLWK#
YDULDEOHV#RI#OHQJWK#4#WR#8#UHVSHFWLYHO\1##
#

7KH# 665# PHWKRGRORJ\/# GHSHQGV# RQ# WKH# VSHFLILF#
QHHGV# RI# WKH# SDUWLFXODU# WDVN1#5XQ0WLPH# SUXQLQJ# RI#
SRVVLEOH#PDWFKHV#FDQ#VSHHG#XS#WKH#OHDUQLQJ#SURFHVV/#
KRZHYHU# LW#DOVR#UHGXFHV#V\VWHP#UHFDOO#)#FRYHUDJH1#
2Q# WKH# RWKHU# KDQG/# FRQVWUDLQWV# RQ# SDUDGLJPDWLF#
UHODWLRQV#DUH#PRUH# UHOLDEOH#SURYLGLQJ#EHWWHU# UHVXOWV#
EXW# FDQQRW# FRQWULEXWH# WR# WKH# VSHHG#RI# WKH# OHDUQLQJ#
SURFHVV1# 665#ZDV# EDVHG# RQ# DQ# HIILFLHQW# LQGH[LQJ#
DQG# UHWULHYDO# PHFKDQLVP# +:LOOPDQ/# 11# 4<<7,#
DOORZLQJ#IDVW# LGHQWLILFDWLRQ#RI#%UHOHYDQW%#VHQWHQFHV#
EDVHG# RQ# FRPPRQ# VLQJOH2PXOWL0ZRUG#XQLWV1# ,Q# WKLV#
ZD\/#WKH#VHDUFK#VSDFH#IRU#HDFK#LQGLYLGXDO#FDQGLGDWH#
ZDV# VLJQLILFDQWO\# UHGXFHG# WR# D# VPDOOHU# VHW# RI#
SRVVLEOH#PDWFKLQJ#VHQWHQFHV1##
#

'LVWDQFH#0HWULF#
7KH#PDLQ# REMHFWV# RI# NQRZOHGJH# JHQHUDWHG# E\# WKH#
OHDUQLQJ#SURFHVV#DUH#WKH#WUDQVODWLRQ#SDWWHUQV#DQG#WKH#
ELOLQJXDO# OH[LFRQ# RI# WUDQVODWLRQ# XQLWV1# 'XULQJ# WKH#
OHDUQLQJ# SURFHVV/# ERWK# VRXUFHV# DUH# HQULFKHG#ZKHQ#
SRVVLEOH1# 6HQWHQFHV# DUH# DQDO\VHG# DQG# HQFRGHG# WR#
WZR0GLPHQVLRQDO#YHFWRUV#EDVHG#RQ# WKH#ZRUGV# +ILUVW#
GLPHQVLRQ,# DQG# WKH# OLQJXLVWLF# DQQRWDWLRQV# +VHFRQG#
GLPHQVLRQ,# WKH\# PLJKW# FRQWDLQ1# 7KHQ# VHQWHQFH#
YHFWRUV#DUH#FRPSDUHG#RQ#DQ#HTXDO#0#QRW#HTXDO#EDVLV#






 ×−Ο ∑

=

1

4L

/5,4L+



WKURXJK# D# /HYHQVWKHLQ# RU# (GLW# GLVWDQFH# DOJRULWKP#
+'DPHUDX/# )1# 4<97,/# +2IOD]HU/# .1# 4<<9,1# 7KH#
DOJRULWKP/# LPSOHPHQWHG# WKURXJK# D# G\QDPLF#
SURJUDPPLQJ# IUDPHZRUN# +6WHSKHQ/# *1# 4<<5,/#
FRPSXWHV#WKH#PLQLPXP#QXPEHU#RI#UHTXLUHG#HGLWLQJ#
DFWLRQV# +LQVHUWLRQV/# GHOHWLRQV/# VXEVWLWXWLRQV/#
PRYHPHQWV# DQG# WUDQVSRVLWLRQV,# LQ# RUGHU# WR#
WUDQVIRUP# RQH# VHQWHQFH# LQWR# DQRWKHU# WKURXJK# DQ#
LQYHUVH#EDFNWUDFNLQJ#SURFHGXUH1#7KH#ILQDO#VLPLODULW\#
VFRUH#LV#FRPSXWHG#E\#DVVLJQLQJ#DSSURSULDWH#ZHLJKWV#
WR#WKHVH#DFWLRQV1#)RU#WKH#WLPH#EHLQJ#RQO\#LQVHUWLRQV#
DQG# GHOHWLRQV#ZHUH# DFFRXQWHG# IRU1#0RUH# FRPSOH[#
DFWLRQV/#OLNH#WUDQVSRVLWLRQV#RU#PRYHPHQWV#RI#ZRUGV#
DQG# WKHLU# LQIOXHQFH# LQ# WKH# ILQDO# WUDQVODWLRQ# SDWWHUQ#
ZLOO#EH#WKH#IRFXV#RI#IXWXUH#ZRUN1##
#

9DULDEOH#(OHPHQWV#
'LIIHUHQFHV# EHWZHHQ#PDWFKLQJ# VHQWHQFHV# UHVXOW# LQ#
FRXSOLQJ#RI#FRUUHVSRQGLQJ#VRXUFH#DQG#WDUJHW#ZRUGV/#
DV#H[SODLQHG#HDUOLHU# LQ# WKLV# VHFWLRQ/# WKXV#HQULFKLQJ#
WKH# OH[LFRQ# ZLWK# QHZ# LQIRUPDWLRQ1# &RXSOLQJ# LV#
UHVWULFWHG# WR# FRQWHQW# ZRUGV1# &RQWHQW# ZRUGV# FDQ#
XVXDOO\# EH# UHSODFHG# E\# RWKHU# ZRUGV# RI# WKH# VDPH#
FDWHJRU\#DFWLQJ#DV#SRWHQWLDO#YDULDEOHV#+.DML/#+1#HW#DO#
4<<5,1# 2Q# WKH# RWKHU# KDQG# IXQFWLRQDO# ZRUGV# GR#
SUHVHQW#DQ#%DEQRUPDO%#WUDQVODWLRQDO#EHKDYLRU/#VLQFH#
WKH\#VRPHWLPHV#DFW#DV#RSWLRQDO#XQLWV#ZKLFK#GR#QRW#
DSSHDU# LQ# ERWK# VRXUFH# DQG# WDUJHW# VHJPHQWV/# RWKHU#
WLPHV# KDYH# D# RQH0WR0RQH# FRUUHVSRQGHQFH/# \HW# LW# LV#
QRW# UDUH# WKDW# WKH\# DIIHFW# WKH# WDUJHW# SDWWHUQ#
+HVSHFLDOO\# ZKHQ# WKH\# SDUWLFLSDWH# LQ# YHUE#
FRPSOHPHQWDWLRQ,1# %([FOXVLRQ# OLVWV%#ZHUH#XVHG# IRU#
WKLV# SXUSRVH# LQ# RUGHU# WR# UHMHFW# IXQFWLRQDO# ZRUGV#
IURP#DFWLQJ#DV#WUDQVODWLRQ#YDULDEOHV1##
#

:RUNIORZ#
$OO# VHQWHQFHV# DUH# VWRUHG# DV# YHFWRUV# RI# FRQVWLWXHQW#
ZRUGV0DQQRWDWLRQV1#)XQFWLRQDO#ZRUGV#DUH#PDUNHG#DV#
VXFK1#7KH#SURFHVV#UXQV#LWHUDWLYHO\#IRU#DOO#VHQWHQFHV#
VWDUWLQJ#IURP#VHQWHQFHV#RI#OHQJWK#4#WR#WKH#PD[LPXP#
OHQJWK#DSSHDULQJ#LQ#WKH#WUDLQLQJ#FRUSXV1#7KH#SURFHVV#
WHUPLQDWHV#LQ#FDVH#RI#DQ#XQVXFFHVVIXO#ORRS/#PHDQLQJ#
DQ# LWHUDWLRQ# ZKHUH# QR# QHZ# LQIRUPDWLRQ# HLWKHU#
WUDQVODWLRQ# XQLWV# RU# WHPSODWHV#ZHUH# H[WUDFWHG1#7KH#
OHDUQLQJ# SURFHVV# FRQVLVWLQJ# RI# ILYH# VXEVHTXHQW#
SKDVHV/#LV#GHSLFWHG#LQ#GHWDLO#LQ#)LJXUH#5#=#
#

3KDVH4# 6HDUFK# 6SDFH# 5HGXFWLRQ# =# ([WUDFW# DQ#
LQLWLDO# VHW# RI# SRVVLEO\# UHOHYDQW# VHQWHQFHV# IRU# WKH#
FXUUHQW#LQSXW#VHQWHQFH1##
3KDVH5#6HQWHQFH#0DWFKLQJ#=#0DWFK#,QSXW#VHQWHQFH#
DJDLQVW#WKH#SUHYLRXV#VHW1#0DWFKLQJ#FDQGLGDWHV#DUH##
#

#
#
#
VRUWHG#EDVHG#RQ#GLVWDQFH#VFRUH1#0DWFKHV#ZLWK#IHZHU#
GLIIHUHQFHV#DUH#H[DPLQHG#ILUVW1#
3KDVH6# ,GHQWLILFDWLRQ# RI# 6XEFRQWH[WV# =)RU# HDFK#
PDWFKLQJ# FDQGLGDWH/# LGHQWLI\# WKH# UHVSHFWLYH#
VXEFRQWH[W#RI# WKH# LQSXW#VHQWHQFH#WKDW#LW#DGKHUHV#WR1#
([DPLQH# WDUJHW# ODQJXDJH# HTXLYDOHQWV1# 5HVROYH#
GLIIHUHQFHV# EHWZHHQ# VRXUFH# DQG# WDUJHW# ODQJXDJH#
PDWFKLQJ# FDQGLGDWHV# EDVHG# RQ# DOUHDG\# H[LVWLQJ#
LQIRUPDWLRQ#FRQWDLQHG#LQ#WKH#ELOLQJXDO#OH[LFRQ1#
'XULQJ# WKLV# SURFHVV/# WKH# ELOLQJXDO# WUDQVODWLRQ# XQLW#
OH[LFRQ# LV#HQULFKHG#ZLWK#DQ\#VXFFHVVIXOO\# UHVROYHG#
GLIIHUHQFH#+HYHQ#LI#WKH#SDUWLFXODU#FDQGLGDWH#ZLOO#QRW#
ILQDOO\#OHDG#WR#D#QHZ#WUDQVODWLRQ#SDWWHUQ,1#

6HDUFK#6SDFH#5HGXFWLRQ#
+665,#

6HQWHQFH#0DWFKLQJ#
+(GLW#'LVWDQFH,#

/($51,1*#3+$6(#

,GHQWLI\#$OO#6XEFRQWH[WV#
#0DWFK#7DUJHW#(TXLYDOHQWV#

5HVROYH#'LIIHUHQFHV#
,GHQWLI\#9DULDEOHV27XQLWV#
(QULFK#%LOLQJXDO#/H[LFRQ#

,GHQWLI\#$OO#6XSUDFRQWH[WV#
8QLI\#9DULDEOH#)HDWXUH#9DOXHV#

([WUDFW#7UDQVODWLRQ#3DWWHUQV#
6XSUDFRQWH[WV#Î#7UDQVODWLRQ#3DWWHUQV#

)RU#DOO#VHQWHQFHV#)##
:KLOH#ODVW#,WHUDWLRQ#ZDV##

6XFFHVVIXO##

)LJXUH1#5#



3KDVH7# ,GHQWLILFDWLRQ# RI# 6XSUDFRQWH[WV# =#%DVHG###
RQ# # # WKH# # # # DOUHDG\# # # # LGHQWLILHG# # # # VXEFRQWH[WV#
SURGXFH# WKH# UHVSHFWLYH# VXSUDFRQWH[WV# WKURXJK#
XQLILFDWLRQ#RI#UHVSHFWLYH#YDULDEOH#IHDWXUH#YDOXHV1##
3KDVH8# ([WUDFWLRQ# RI# 7UDQVODWLRQ# 3DWWHUQV# =#
&RQVWUXFW# FRUUHVSRQGLQJ# WUDQVODWLRQ# SDWWHUQV# IURP#
H[LVWLQJ#VXSUDFRQWH[WV1#8SGDWH#DQDORJLFDO#QHWZRUN1#
,Q#FDVH#D#SDWWHUQ#DOUHDG\#H[LVWV/#XSGDWH#WKH##ZHLJKW#
RI#LWV#FRQVWLWXHQW#OLQNV1##
$W# WKH# HQG# RI# WKH# OHDUQLQJ# SURFHVV# WKH# DQDORJLFDO#
QHWZRUN# KDV# EHHQ# HQULFKHG# ZLWK# DOO# SRVVLEOH#
WUDQVODWLRQ# SDWWHUQV# DQG# YDULDEOHV2XQLWV# H[WUDFWHG#
IURP#WKH#DYDLODEOH#FRUSRUD1#&RQIOLFW#UHVROXWLRQ#DQG#
QHWZRUN#UHILQHPHQW# LQ#JHQHUDO# LV#SHUIRUPHG#RQ# WKH#
ILQDO# UHVXOWV/#ZKHUH# DOO# LQIRUPDWLRQ# LV#DYDLODEOH#DV#
GHVFULEHG#LQ#WKH#QH[W#VHFWLRQ1##
#
618#1HWZRUN#5HILQHPHQW##
$V# PHQWLRQHG# HDUOLHU/# WKH# DQDORJLFDO# QHWZRUN#
FRQWDLQV# DOO# WUDQVODWLRQ# DOWHUQDWLYHV# IRU# LQGLYLGXDO#
WUDQVODWLRQ#XQLWV# DV#ZHOO# DV#DOO# WUDQVODWLRQ#SDWWHUQV#
UHVXOWLQJ#IURP# WKH# OHDUQLQJ#SURFHVV1#+RZHYHU/# OLQN#
ZHLJKW# LQIRUPDWLRQ# LV# DOVR# LQFOXGHG# LQ# WKH# DERYH#
IUDPHZRUN#UHSUHVHQWLQJ# WKH#YDOLGLW\#RI#D#SDUWLFXODU#
UHODWLRQ#DJDLQVW#WKH#WUDLQLQJ#FRUSXV1#
7UDQVODWLRQ# DOWHUQDWLYHV# RI# LQGLYLGXDO# XQLWV# +LQ#
RXU# FDVH#ZRUGV,# DUH# LPSOLFLWO\# FODVVLILHG# WKURXJK#
WKHLU# FRQWH[W/# WKDW# LV# WKH# FRQVWDQW# SDUW# RI# WKH#
WUDQVODWLRQ#SDWWHUQV# WKH\#SDUWLFLSDWH# LQ1#7KHVH#ZLOO#
FRQVWLWXWH# WKH# PDLQ# VHOHFWLRQ# FULWHULRQ# GXULQJ#
WUDQVODWLRQ1# +RZHYHU/# IUHTXHQF\# LQIRUPDWLRQ# LV#
DOVR# XVHG# LQ# RUGHU# WR# GLVDEOH# DQG# ILQDOO\# GLVFDUG#
REVROHWH#RU#HUURQHRXV#WUDQVODWLRQ#XQLW#DOWHUQDWLYHV1##
#

7UDQVODWLRQ# WHPSODWHV#DUH#FRPSDUHG#ZLWK# UHVSHFW#
WR# WKHLU# VRXUFH# DQG# WDUJHW# ODQJXDJH# FRQVWLWXHQW#
SDWWHUQV=# # +D,# &RQIOLFWLQJ# WHPSODWHV/# WKDW# LV#
WHPSODWHV#VKDULQJ#RQO\#RQH#RI# WKH# WZR#SDWWHUQV#DUH#
VXEVHTXHQWO\# FKHFNHG# LQ# WHUPV# RI# ZHLJKW#
LQIRUPDWLRQ1# 7HPSODWHV# RI# HTXLYDOHQW#ZHLJKWV# DUH#
FRQVLGHUHG# HTXDOO\# HIIHFWLYH1# 7KLV# LV# XVXDOO\# WKH#
FDVH#ZKHUH#GLIIHUHQW#WUDQVODWLRQV#DUH#SURGXFHG#IURP#
WKH#VDPH#VRXUFH#SDWWHUQ#GXH#WR#VHPDQWLF#GLIIHUHQFHV#
RQ# WKH#YDULDEOHV# LW#FRQWDLQV1#&RQIOLFWLQJ# #WHPSODWHV#
ZLWK#VLJQLILFDQWO\# ORZ#ZHLJKWV#+XQGHU#D#SUHGHILQHG#
WKUHVKROG,/#DUH# MXGJHG# LQHIIHFWLYH#RU# %H[FHSWLRQDO%#
+1RPL\DPD/#+1# 4<<5,# DQG# DUH# IODJJHG# DV# VXFK# LQ#
RUGHU# WR# UHFHLYH# D# VSHFLDO# WUHDWPHQW# GXULQJ# WKH#
WUDQVODWLRQ#SKDVH# +:DWDQDEH/#+1# 4<<7,1#7KHVH#FDQ#
HYHQ# EH# GLVDEOHG# RU# GLVFDUGHG# IURP# WKH# QHWZRUN#
GHSHQGLQJ# RQ# WKHLU# VLJQLILFDQFH#ZHLJKW# WKURXJK# D#

G\QDPLF# %IRUJHWWLQJ# DQG# UHPHPEHULQJ%# SURFHVV#
+6WUHLWHU/# 21# HW# DO/# 4<<<,1# +E,# 2YHUODSSLQJ#
WHPSODWHV/#ZKHUH#ERWK#VRXUFH#DQG#WDUJHW#SDWWHUQV#RI#
RQH# WHPSODWH# FDQ# EH# JHQHUDWHG# IURP# WKH# RWKHU# E\#
FRXSOLQJ#ZRUGV#RI#WKH#FRQVWDQW#SDUW#RI#WKH#WHPSODWH#
WKURXJK# YDOLG# WUDQVODWLRQ# DOWHUQDWLYHV# LQFOXGHG# LQ#
WKH# QHWZRUN/# DUH# LGHQWLILHG# DQG# WKH#PRUH# JHQHUDO#
RQHV#DUH#SUHIHUUHG1#$#EDVLF#UHTXLUHPHQW# LV# WKDW# WKH#
VHW# RI# DOO# WUDQVODWLRQ# DOWHUQDWLYHV# LQVWDQWLDWLQJ# WKH#
YDULDEOHV#RI#WKH#PRUH#JHQHUDO#WHPSODWH#LV#D#VXSHUVHW#
RI# WKRVH# LQVWDQWLDWLQJ# WKH# OHVV# JHQHUDO# RQH1# ,Q# DQ\#
RWKHU#FDVH/#ERWK#WHPSODWHV#DUH#UHWDLQHG1#$QG#ILQDOO\/#
+F,#FRPSOHPHQWDU\# WHPSODWHV/#DUH#DOVR# LGHQWLILHG#
DQG#UHSODFHG#E\#WKHLU#XQLRQ1##

71##(YDOXDWLRQ#
7KH# WUDLQLQJ# VHW#FRQVLVWHG#RI#D#ELOLQJXDO# +(10*5,#
WHFKQLFDO# FRUSXV# +DXWRPRWLYH# LQGXVWU\,# RI# 8.#
VHQWHQFHV/#a53.#ZRUGIRUPV#RQ#HDFK#ODQJXDJH1#7KH#
SURFHVV#UHVXOWHG# LQ#a883# WUDQVODWLRQ#UXOHV/#DQG#683#
WUDQVODWLRQ# XQLWV# +a83# PXOWL0ZRUG# RQHV,1# 7KH#
SUHFLVLRQ#HVWLPDWHG#WKURXJK#PDQXDO#HYDOXDWLRQ#ZDV#
a:8(1#0RUH#WKDQ#56(#RI#WKH#HUURQHRXV#UXOHV#ZHUH#
GXH#WR#LGLRPDWLF#H[SUHVVLRQV1#7KH#UHVW#RI#WKH#HUURUV#
ZDV#FDXVHG#E\#LPSUHFLVH#WUDQVODWLRQ#SDWWHUQV#IRXQG#
LQ# WKH# FRUSXV1#+RZHYHU/# WKHVH# HUURUV# EHLQJ# UDWKHU#
H[FHSWLRQDO/# UHFHLYHG# D# YHU\# ORZ# ZHLJKW# RI#
HIIHFWLYHQHVV#DW#WKH#HQG#RI#WKH#SURFHVV1##1R#VWUDLJKW#
IRUZDUG# DSSURDFK# WR# PHDVXUH# WKH# UHFDOO# RI# WKH#
OHDUQLQJ#SURFHVV#ZDV#GHYLVHG/#VLQFH#LW#ZDV#QRW#HDV\#
WR# D0SULRUL# GHWHUPLQH# WKH# QXPEHU# RI# UXOHV# WKDW#
VKRXOG# EH# H[WUDFWHG# IURP# WKH# WUDLQLQJ# FRUSXV1#
+RZHYHU/#FRYHUDJH#RI# WKH#ILQDO# WUDQVODWLRQ#UXOH#VHW#
DJDLQVW#WKH#FRUSXV#ZDV#PHDVXUHG#DQG#IRXQG#HTXDO#WR#
6;(1#0RUH#VSHFLILFDOO\/# WKH#VHW#RI#833#UXOHV#FRXOG#
WKURXJK# DQ# LQYHUVH# SURFHVV# JHQHUDWH# 6;(# RI# WKH#
FRUSXV# VHQWHQFHV/# VXEVHTXHQWO\# LQWHUSUHWHG# LQ# D#
VLJQLILFDQW#JDLQ# LQ# WHUPV#RI#VWRUDJH#VSDFH1#$QRWKHU#
REYLRXV# EHQHILW# LV# WKH# VXEVHQWHQWLDO# DOLJQPHQW#
LQIRUPDWLRQ#WKDW#LV/#WKH#VRXUFH#DQG#WDUJHW#WUDQVODWLRQ#
XQLWV#OHDUQHG#DW#WKH#HQG#RI#WKH#SURFHVV1#
#
81##&RQFOXVLRQ#)#)XWXUH#:RUN##
:H# KDYH# SUHVHQWHG# D# VHOI0PRGHOOLQJ/# LQFUHPHQWDO#
DQDORJLFDO# DOJRULWKP# IRU# H[WUDFWLQJ# WUDQVODWLRQ#
SDWWHUQV#IURP#H[LVWLQJ#ELOLQJXDO#FRUSRUD#DV#ZHOO#DV#D#
PHWKRG# IRU# HIILFLHQW# VWRUDJH# DQG# UHSUHVHQWDWLRQ#RI#
H[WUDFWHG# UHODWLRQV# EHWZHHQ# YDULRXV# XQLWV# RI# WH[W1#
1RW#VXUSULVLQJO\/#WKH#TXDOLW\#RI#WKH#UHVXOWV#GHSHQGV#
RQ#WKH#DYDLODEOH#LQIRUPDWLRQ#LQ#WHUPV#RI#TXDQWLW\#DV#



ZHOO# DV# TXDOLW\# DQG# GHSWK1# /DFN# RI# DQ\# NLQG# RI#
OLQJXLVWLF# LQIRUPDWLRQ# ZLOO# FRQVHTXHQWO\# UHVXOW# LQ#
WUDQVODWLRQ#UXOHV#EDVHG#RQO\#RQ#%VKDOORZ%#HYLGHQFH1#
6LPLODUO\/# LQIRUPDWLRQ#RI# ORZ#TXDOLW\#ZLOO#JHQHUDWH#
HUURQHRXV# UXOHV1# +RZHYHU/# WKLV# LV# D# EDVLF#
SUHVXSSRVLWLRQ# RI# DQ\# (%07# V\VWHP=# %ZKDW# \RX#
JLYH#LV#ZKDW#\RX#JHW«%1##
#

7KH# SURSRVHG# IUDPHZRUN# ZDV# LQLWLDOO\# HYDOXDWHG#
EDVHG#RQO\#RQ# VWULQJ# IRUP# # LQIRUPDWLRQ1#+RZHYHU/#
WKH# PRGHO# FDQ# HDVLO\# WDNH# LQWR# DFFRXQW# %GHHSHU%#
OLQJXLVWLF# NQRZOHGJH# GXULQJ# WKH# OHDUQLQJ# SKDVH/#
WKXV# LPSURYLQJ# WKH# TXDOLW\# RI# WKH# ILQDO# UHVXOWV1#
(YDOXDWLRQ#RI#OHDUQLQJ# #SHUIRUPDQFH#LQ#WKLV#FDVH#LV#
WKH#PDLQ#REMHFW#RI#FXUUHQW#ZRUN1##
#

$QRWKHU/# LQWHUHVWLQJ# LVVXH# LV# KRZ# WKH# FXUUHQW#
IUDPHZRUN# FDQ# FRQVWUDLQ# DFFHSWDEOH# PXOWL0ZRUG#
YDULDEOHV# LQ# RUGHU# WR# UHGXFH# FRPSXWDWLRQDO#
FRPSOH[LW\1# ,Q# SUHVHQW/# DFFHSWLQJ# RU# UHMHFWLQJ#
FDQGLGDWH# YDULDEOHV# H[WUDFWHG# IURP# WKH# VHQWHQFH#
PDWFKLQJ#SURFHVV/#LV#EDVHG#RQ#D#VLPSOH#KHXULVWLF#RI#
OHQJWK# LQ# FRQWHQW# ZRUGV1# 7KLV# W\SH# RI# DSSURDFK#
ZRXOG# SUHVXPDEO\# UHTXLUH# VRPH# NLQG# RI# FOXH# RQ#
ZKDW#FRXOG#EH#DQ#DFFHSWDEOH#WUDQVODWLRQ#XQLW#SDWWHUQ#
+-XROD/#31#4<<7,/#+)XUXVH/#21/#,LGD/#+1#4<<9,1##
#

)LQDOO\/#IXWXUH#ZRUN#ZLOO#PDLQO\#IRFXV#RQ#KRZ# WKH#
V\VWHP#FDQ#LQYRNH#DOO#H[LVWLQJ#LQIRUPDWLRQ#LQ#RUGHU#
WR# JHQHUDWH# QHZ# WUDQVODWLRQV/# PDLQO\# DLPLQJ# DW##
DXWRPDWLF# DQG# +VHPL0,# DXWRPDWLF# PHWKRGV# IRU#
%UHFXUVLYH%# DV# ZHOO# DV# %SDUDOOHO%# XWLOL]DWLRQ# RI#
PXOWLSOH# WUDQVODWLRQ# UXOHV# WRZDUGV# RSWLPDO#
%FRYHUDJH%#RI#QHZ#LQFRPLQJ#VHQWHQFHV1##
#
:1##5HIHUHQFHV##
+%RXWVLV/# 61/# 3LSHULGLV/# 61# 4<<;,# $OLJQLQJ# &ODXVHV# LQ#
3DUDOOHO#7H[WV1#6UG#&RQIHUHQFH#RQ#(PSLULFDO#0HWKRGV# LQ#
1DWXUDO#/DQJXDJH#3URFHVVLQJ/#-XQH#4<<;#
+&ROOLQV/#%1/# )#&XQQLQJKDP/#31# 4<<8,#$#0HWKRGRORJ\#
IRU#(%071#7WK# ,QWHUQDWLRQDO#&RQIHUHQFH#RQ# WKH#&RJQLWLYH#
6FLHQFH#RI#1DWXUDO#/DQJXDJH#3URFHVVLQJ/#'XEOLQ#4<<81##
+&UDQLDV/#/1/#3DSDJHRUJLRX/#+1#DQG#3LSHULGLV/#61#4<<7,1#
$# PDWFKLQJ# WHFKQLTXH# LQ# ([DPSOH0%DVHG# 0DFKLQH#
7UDQVODWLRQ/##3URF1#RI#&2/,1*0<7/#SS#43304381#
+'DHOHPDQV/# :1/# *LOOLV/# 61# )# 'XULHX[/# *1/# 4<<:,##
6NRXVHQ*V#DQDORJLFDO#PRGHOOLQJ#DOJRULWKP=#D#FRPSDULVRQ#
ZLWK# OD]\# OHDUQLQJ1# 1HZ# 0HWKRGV# LQ# /DQJXDJH#
3URFHVVLQJ=# (GLWHG# E\#'DQLHO# -RQHV# )#+DUROG# 6RPHUV/#
8&/#3UHVV/#S160481##
+'DPHUDX/#)1#4<97,#$#7HFKQLTXH#IRU#&RPSXWHU#'HWHFWLRQ#
DQG#&RUUHFWLRQ#RI#6SHOOLQJ#(UURUV1#&RPPXQLFDWLRQV#RI#WKH#
$&0#:/#S1#4:404:9/#4<971#

+'RUU/# %1# 4<<7,# 0DFKLQH# 7UDQVODWLRQ# 'LYHUJHQFHV=# $#
)RUPDO#'HVFULSWLRQ# DQG#3URSRVHG#6ROXWLRQ1#$VVRFLDWLRQ#
IRU#&RPSXWDWLRQDO#/LQJXLVWLFV/#9RO1#53/#4<<71##
+)HGHULFL/# 61# )# 3LUUHOOL/# 91# 4<<7,1# 7KH# FRPSLODWLRQ# RI#
ODUJH#SURQXQFLDWLRQ#OH[LFD=#WKH#HOLFLWDWLRQ#RI#OHWWHU#WR#VRXQG#
SDWWHUQV# WKURXJK# DQDORJ\# EDVHG# QHWZRUNV1# 3DSHUV# LQ#
&RPSXWDWLRQDO# /H[LFRJUDSK\/# &RPSOH[# *<7/# %XGDSHVW/#
8<09:1##
+)UHGHUNLQJ/#51/#1LUHQEXUJ/#61/#4<<7,#7KUHH#+HDGV#DUH#
%HWWHU# WKHQ#2QH1#3URFHHGLQJV#RI# WKH# IRXUWK#&RQIHUHQFH#
RQ# $SSOLHG# 1DWXUDO# /DQJXDJH# 3URFHVVLQJ/# $1/30<7/#
6WXWWJDUW/#*HUPDQ\##
+)XUXVH/# 21/# ,LGD/# +1# 4<<9,# ,QFUHPHQWDO# 7UDQVODWLRQ#
8WLOL]LQJ#&RQVWLWXHQW#%RXQGDU\#3DWWHUQV1#3URF1#&ROLQJ0<9/#
SS#745074:1#
+-XROD/#31# 4<<7,#6HOI02UJDQL]LQJ#0DFKLQH# 7UDQVODWLRQ=#
([DPSOH0'ULYHQ# ,QGXFWLRQ# RI# 7UDQVIHU# )XQFWLRQV1#
8QLYHUVLW\#RI#&RORUDGR#DW#%RXOGHU/#7HFKQLFDO#5HSRUW#&80
&60:550<71##
+.DML/#+1/#.LGD/#<1/#DQG#0RULPRWR/#<1/#4<<5,#/HDUQLQJ#
7UDQVODWLRQ#7HPSODWHV#IURP#%LOLQJXDO#7H[W1#3URF1#&ROLQJ1/#
S1#9:509:;/#4<<51#
+0F7DLW/#.1/#2ORKDQ/#01/#7UXMLOOR/#$1# 4<<<,#$#%XLOGLQJ#
%ORFNV#$SSURDFK#WR#7UDQVODWLRQ#0HPRU\1#3URF1#)URP#WKH#
54VW#$6/,%#&RQIHUHQFH/#/RQGRQ/#4<<<1##
+1LUHQEXUJ/#61#'RPDVKQHY/#&1/#*UDQQHV/#'1#4<<6,#7ZR#
$SSURDFKHV# WR# 0DWFKLQJ# LQ# ([DPSOH0%DVHG# 0DFKLQH#
7UDQVODWLRQ1#3URF1#RI#70,0<6/#.\RWR/#-DSDQ/#4<<61#
#+1RPL\DPD/# +1# 4<<5,# 0DFKLQH# 7UDQVODWLRQ# E\# &DVH#
*HQHUDOL]DWLRQ1# 3URFHHGLQJV# RI# WKH# >VLF@# ,QWHUQDWLRQDO#
&RQIHUHQFH# RQ# &RPSXWDWLRQDO# /LQJXLVWLFV/# &2/,1*0<5/#
1DQWHV/#S1:470:531##
+2IOD]HU/#.1#4<<9,#(UURU0WROHUDQW#)LQLWH#6WDWH#5HFRJQLWLRQ#
ZLWK#$SSOLFDWLRQV#WR#0RUSKRORJLFDO#$QDO\VLV#DQG#6SHOOLQJ#
&RUUHFWLRQ1# $VVRFLDWLRQ# IRU# &RPSXWDWLRQDO# /LQJXLVWLFV/#
9RO1#55/#+4,/#4<<9#
+6DGOHU/#91/#9HQGHOPDQV/#51#4<<3,#3LORW#,PSOHPHQWDWLRQ#
RI#D#%LOLQJXDO#.QRZOHGJH#%DQN1#3URF1#RI#&ROLQJ/#SS#77<0
784/#4<<31##
+6DWR/# 61# 4<<8,1# 0%75=# $# 0HWKRG# IRU# &RPELQLQJ#
)UDJPHQWV# RI# ([DPSOHV# LQ# ([DPSOH0%DVHG# 0DFKLQH#
7UDQVODWLRQ1#$UWLILFLDO#,QWHOOLJHQFH#:8/#6407<1##
+6NRXVHQ/#51# 4<;<,# $QDORJLFDO#0RGHOOLQJ# RI# ODQJXDJH1#
'RUGUHFKW=#.OXZHU1###
+6WHSKHQ/#*1#4<<5,#6WULQJ#6HDUFK1#8QLYHUVLW\#&ROOHJH#RI#
1RUWK# :DOHV/# 7HFKQLFDO# 5HSRUW# 750<50JDV0341#
+6WUHLWHU/21/#,RPGLQ//1/#+RQJ/01/#+DXFN/81/#4<<<,#
,$,#&$75#3XEOLFDWLRQV/#ZZZ1LDL1XQL0VE1GH#
+9HDOH/# 71# DQG#:D\/#$1# 4<<:,#*DLMLQ=# $# %RRWVWUDSSLQJ#
$SSURDFK# WR# ([DPSOH0%DVHG# 0DFKLQH# 7UDQVODWLRQ1#
,QWHUQDWLRQDO# &RQI1/# 5HFHQW# $GYDQFHV# LQ# 1DWXUDO#
/DQJXDJH#3URFHVVLQJ/#7]LJRY#&KDUN/#%XOJDULD/#56<05771#
+:DWDQDEH/# +1# 4<<7,# $# 0HWKRG# IRU# 'LVWLQJXLVKLQJ#
([FHSWLRQDO# RU# *HQHUDO# ([DPSOHV# LQ# ([DPSOH0%DVHG#
7UDQVIHU#6\VWHPV1#7KH#48WK# ,QWHUQDWLRQDO#&RQIHUHQFH#RQ#
&RPSXWDWLRQDO#/LQJXLVWLFV/#&2/,1*0<7/#.\RWR/#S16<0771##
+:LOOPDQ/# 11# 4<<7,# $# 3URWRW\SH# ,QIRUPDWLRQ# 5HWULHYDO#
6\VWHP# WR# 3HUIRUP# D# %HVW00DWFK# 6HDUFK# IRU# 1DPHV1#
&RQIHUHQFH#3URFHHGLQJ#RI#5,$2#*<71##
#
#
#


