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7KH#1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#LV#PDGH#XS#RI#IRXU#FKDUWHU#DJHQFLHV#RI#WKH#8161#'HSDUWPHQW#RI
+HDOWK#DQG#+XPDQ#6HUYLFHV#+'++6,=##WKH#1DWLRQDO#&DQFHU#,QVWLWXWH#+1&,,/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK>#WKH
1DWLRQDO#,QVWLWXWH#RI#(QYLURQPHQWDO#+HDOWK#6FLHQFHV#+1,(+6,/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK>#WKH#1DWLRQDO
&HQWHU#IRU#7R[LFRORJLFDO#5HVHDUFK#+1&75,/#)RRG#DQG#'UXJ#$GPLQLVWUDWLRQ>#DQG#WKH#1DWLRQDO#,QVWLWXWH#IRU
2FFXSDWLRQDO#6DIHW\#DQG#+HDOWK#+1,26+,/#&HQWHUV#IRU#'LVHDVH#&RQWURO1##,Q#-XO\#4<;4/#WKH#&DUFLQRJHQHVLV
%LRDVVD\#7HVWLQJ#3URJUDP/#1&,/#ZDV#WUDQVIHUUHG#WR#WKH#1,(+61##7KH#173#FRRUGLQDWHV#WKH#UHOHYDQW
SURJUDPV/#VWDII/#DQG#UHVRXUFHV#IURP#WKHVH#3XEOLF#+HDOWK#6HUYLFH#DJHQFLHV#UHODWLQJ#WR#EDVLF#DQG#DSSOLHG
UHVHDUFK#DQG#WR#ELRORJLFDO#DVVD\#GHYHORSPHQW#DQG#YDOLGDWLRQ1

7KH#173#GHYHORSV/#HYDOXDWHV/#DQG#GLVVHPLQDWHV#VFLHQWLILF#LQIRUPDWLRQ#DERXW#SRWHQWLDOO\#WR[LF#DQG#KD]DUGRXV
FKHPLFDOV1##7KLV#NQRZOHGJH#LV#XVHG#IRU#SURWHFWLQJ#WKH#KHDOWK#RI#WKH#$PHULFDQ#SHRSOH#DQG#IRU#WKH#SULPDU\
SUHYHQWLRQ#RI#GLVHDVH1

7KH#VWXGLHV#GHVFULEHG#LQ#WKLV#7HFKQLFDO#5HSRUW#ZHUH#SHUIRUPHG#XQGHU#WKH#GLUHFWLRQ#RI#WKH#1,(+6#DQG#ZHUH
FRQGXFWHG#LQ#FRPSOLDQFH#ZLWK#173#ODERUDWRU\#KHDOWK#DQG#VDIHW\#UHTXLUHPHQWV#DQG#PXVW#PHHW#RU#H[FHHG#DOO
DSSOLFDEOH#IHGHUDO/#VWDWH/#DQG#ORFDO#KHDOWK#DQG#VDIHW\#UHJXODWLRQV1##$QLPDO#FDUH#DQG#XVH#ZHUH#LQ#DFFRUGDQFH
ZLWK#WKH#3XEOLF#+HDOWK#6HUYLFH#3ROLF\#RQ#+XPDQH#&DUH#DQG#8VH#RI#$QLPDOV1##7KH#SUHFKURQLF#DQG#FKURQLF
VWXGLHV#ZHUH#FRQGXFWHG#LQ#FRPSOLDQFH#ZLWK#)RRG#DQG#'UXJ#$GPLQLVWUDWLRQ#+)'$,#*RRG#/DERUDWRU\#3UDFWLFH
5HJXODWLRQV/#DQG#DOO#DVSHFWV#RI#WKH#FKURQLF#VWXGLHV#ZHUH#VXEMHFWHG#WR#UHWURVSHFWLYH#TXDOLW\#DVVXUDQFH#DXGLWV
EHIRUH#EHLQJ#SUHVHQWHG#IRU#SXEOLF#UHYLHZ1

7KHVH#VWXGLHV#DUH#GHVLJQHG#DQG#FRQGXFWHG#WR#FKDUDFWHUL]H#DQG#HYDOXDWH#WKH#WR[LFRORJLF#SRWHQWLDO/#LQFOXGLQJ
FDUFLQRJHQLF#DFWLYLW\/#RI#VHOHFWHG#FKHPLFDOV#LQ#ODERUDWRU\#DQLPDOV#+XVXDOO\#WZR#VSHFLHV/#UDWV#DQG#PLFH,1#
&KHPLFDOV#VHOHFWHG#IRU#173#WR[LFRORJ\#DQG#FDUFLQRJHQHVLV#VWXGLHV#DUH#FKRVHQ#SULPDULO\#RQ#WKH#EDVHV#RI
KXPDQ#H[SRVXUH/#OHYHO#RI#SURGXFWLRQ/#DQG#FKHPLFDO#VWUXFWXUH1##7KH#LQWHUSUHWLYH#FRQFOXVLRQV#SUHVHQWHG#LQ#WKLV
7HFKQLFDO#5HSRUW#DUH#EDVHG#RQO\#RQ#WKH#UHVXOWV#RI#WKHVH#173#VWXGLHV1##([WUDSRODWLRQ#RI#WKHVH#UHVXOWV#WR#RWKHU
VSHFLHV/#DQG#TXDQWLWDWLYH#ULVN#DQDO\VHV#IRU#KXPDQV/#UHTXLUH#ZLGHU#DQDO\VHV#EH\RQG#WKH#SXUYLHZ#RI#WKHVH
VWXGLHV1##6HOHFWLRQ#SHU#VH#LV#QRW#DQ#LQGLFDWRU#RI#D#FKHPLFDO·V#FDUFLQRJHQLF#SRWHQWLDO1##

/LVWLQJV#RI#DOO#SXEOLVKHG#173#UHSRUWV#DQG#RQJRLQJ#VWXGLHV#DUH#DYDLODEOH#IURP#173#&HQWUDO#'DWD
0DQDJHPHQW/#1,(+6/#3121#%R[#45566/#0'#(4035/#5HVHDUFK#7ULDQJOH#3DUN/#1&#5::3<#+<4<08740674<,1#
7KH#$EVWUDFWV#DQG#RWKHU#VWXG\#LQIRUPDWLRQ#IRU#50\HDU#VWXGLHV#DUH#DYDLODEOH#DW#WKH#173·V#:RUOG#:LGH#:HE
VLWH=##KWWS=22QWS0VHUYHU1QLHKV1QLK1JRY1
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&2175,%87256

1DWLRQDO#7R[LFRORJ\#3URJUDP
(YDOXDWHG#DQG#LQWHUSUHWHG#UHVXOWV#DQG#UHSRUWHG#ILQGLQJV
$1#5DGRYVN\/#'19101/#3K1'1/#6WXG\#6FLHQWLVW
*1$1#%RRUPDQ/#'19101/#3K1'1
'1$1#%ULGJH/#%161
-151#%XFKHU/#3K1'1
/171#%XUND/#3K1'1
-151#+DLOH\/#'19101
-1.1#+DVHPDQ/#3K1'1
*111#5DR/#'19101/#3K1'1
-1+1#5R\FURIW/#3K1'1
*161#7UDYORV/#'19101
'1%1#:DOWHUV/#3K1'1
.1/1#:LWW/#0161/#2DN#5LGJH#$VVRFLDWHG#8QLYHUVLWLHV

6RXWKHUQ#5HVHDUFK#,QVWLWXWH
&RQGXFWHG#VWXGLHV/#HYDOXDWHG#SDWKRORJ\#ILQGLQJV#IRU#4:0GD\#VWXGLHV#LQ
UDWV#DQG#PLFH
-1'1#3UHMHDQ/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU
71#0DNRYHF/#'19101

6RXWKHUQ#5HVHDUFK#,QVWLWXWH
&RQGXFWHG#VWXGLHV/#HYDOXDWHG#SDWKRORJ\#ILQGLQJV#IRU#470ZHHN#VWXGLHV
LQ#UDWV#DQG#PLFH
-1'1#3UHMHDQ/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU
'151#)DUQHOO/#'19101/#3K1'1
51%1#7KRPSVRQ/#'19101/#3K1'1

%DWWHOOH#&ROXPEXV#/DERUDWRULHV
&RQGXFWHG#VWXGLHV/#HYDOXDWHG#SDWKRORJ\#ILQGLQJV#IRU#50\HDU#VWXGLHV#LQ
UDWV#DQG#PLFH
31-1#.XUW]/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU
0151#+HMWPDQFLN/#3K1'1
$1:1#6LQJHU/#'19101
-1'1#7RIW/#,,/#'19101/#0161

([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1
3URYLGHG#SDWKRORJ\#TXDOLW\#DVVXUDQFH
-1)1#+DUGLVW\/#'19101/#3ULQFLSDO#,QYHVWLJDWRU
(171#*DLOODUG/#'19101/#0161
:1)1#0DFNHQ]LH/#'19101/#0161

'\QDPDF#&RUSRUDWLRQ
3UHSDUHG#TXDOLW\#DVVXUDQFH#DXGLWV
61#%UHFKHU/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU

173#3DWKRORJ\#:RUNLQJ#*URXS
(YDOXDWHG#VOLGHV/#SUHSDUHG#SDWKRORJ\#UHSRUW#IRU#470ZHHN#VWXGLHV#LQ
UDWV#DQG#PLFH#+46#-XQH#4<;<,
61#*UXPEHLQ/#'19101/#3K1'1/#&KDLUSHUVRQ

3DWKRORJ\#$VVRFLDWHV/#,QF1
0151#(OZHOO/#'19101/#3K1'1

1DWLRQDO#7R[LFRORJ\#3URJUDP
-151#/HLQLQJHU/#'19101/#3K1'1

1DWLRQDO#7R[LFRORJ\#3URJUDP
:1)1#0DFNHQ]LH/#'19101/#0161

([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1
$1:1#0DFNOLQ/#'19101/#3K1'1

%XUURXJKV#:HOOFRPH#&R1
%1#3DODWH/#'19101/#2EVHUYHU

6HDUOH#(XURSHDQ#'HYHORSPHQW#&HQWUH

(YDOXDWHG#VOLGHV/#SUHSDUHG#SDWKRORJ\#UHSRUW#IRU#50\HDU#VWXGLHV#LQ#UDWV
DQG#PLFH#+4#-XQH#4<<8,
'1*1#*RRGPDQ/#9101'1/#&KDLUSHUVRQ

3$7+&2/#,QF1
31#&DUWKHZ/#3K1'1/#2EVHUYHU

1DWLRQDO#7R[LFRORJ\#3URJUDP
$1#(QRPRWR/#'19101

1DWLRQDO#7R[LFRORJ\#3URJUDP
-1#(YHULWW/#'19101

&KHPLFDO#,QGXVWU\#,QVWLWXWH#RI#7R[LFRORJ\
(171#*DLOODUG/#'19101/#0161

([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1
-151#+DLOH\/#'19101

1DWLRQDO#7R[LFRORJ\#3URJUDP
51$1#+HUEHUW/#'19101/#3K1'1

1DWLRQDO#7R[LFRORJ\#3URJUDP
$1#5DGRYVN\/#'19101/#3K1'1

1DWLRQDO#7R[LFRORJ\#3URJUDP
01#7RULL/#'19101/#3K1'1/#2EVHUYHU

1DWLRQDO#7R[LFRORJ\#3URJUDP

$QDO\WLFDO#6FLHQFHV/#,QF1
3URYLGHG#VWDWLVWLFDO#DQDO\VHV
51:1#0RUULV/#0161/#3ULQFLSDO#,QYHVWLJDWRU
6151#/OR\G/#0161
11*1#0LQW]/#%161

%LRWHFKQLFDO#6HUYLFHV/#,QF1
3UHSDUHG#7HFKQLFDO#5HSRUW
6151#*XQQHOV/#01$1/#3ULQFLSDO#,QYHVWLJDWRU
/101#+DUSHU/#%161
(161#5DWKPDQ/#0161
'1&1#6HUEXV/#3K1'1
6101#6ZLIW/#%161
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&217(176

$%675$&7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

(;3/$1$7,21#2)#/(9(/6#2)#(9,'(1&(#2)#&$5&,12*(1,&#$&7,9,7< 1 1 1 1 1 1 1 1 1 1 1 1 <

7(&+1,&$/#5(32576#5(9,(:#68%&200,77(( 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

6800$5<#2)#7(&+1,&$/#5(32576#5(9,(:#68%&200,77((#&200(176 1 1 1 1 1 1 1 1 1 44

,1752'8&7,21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

0$7(5,$/6#$1'#0(7+2'6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

5(68/76 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

',6&866,21#$1'#&21&/86,216 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:

5()(5(1&(6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84

$33(1',;#$ 6XPPDU\#RI#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88

$33(1',;#% 6XPPDU\#RI#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

$33(1',;#& 6XPPDU\#RI#/HVLRQV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45:

$33(1',;#' 6XPPDU\#RI#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 494

$33(1',;#( *HQHWLF#7R[LFRORJ\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 534

$33(1',;#) 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 548

$33(1',;#* +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#5HVXOWV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 554

$33(1',;#+ &KHPLFDO#&KDUDFWHUL]DWLRQ#DQG#'RVH#)RUPXODWLRQ#6WXGLHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55:

$33(1',;#, 'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56<

$33(1',;#- ,QJUHGLHQWV/#1XWULHQW#&RPSRVLWLRQ/#DQG#&RQWDPLQDQW#/HYHOV#
LQ#1,+03:#5DW#DQG#0RXVH#5DWLRQ# 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 576

$33(1',;#. 6HQWLQHO#$QLPDO#3URJUDP# 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57:

$33(1',;#/ ,PSDFW#RI#+HOLFREDFWHU#KHSDWLFXV#,QIHFWLRQ#LQ#%9&6) #0LFH4

IURP#45#173#50<HDU#&DUFLQRJHQHVLV#6WXGLHV# 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 584
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$%675$&7

62',80#;</(1(68/)21$7(

&$6#1R1#46330:50:

&KHPLFDO#)RUPXOD=##+&+ , & + 62 #1D #######0ROHFXODU#:HLJKW=##53;156 5 9 6 6
$# .

6\QRQ\PV=##%HQ]HQHVXOIRQLF#DFLG/#GLPHWK\O0/#VRGLXP#VDOW>#VRGLXP#GLPHWK\OEHQ]HQHVXOIRQDWH>#[\OHQHVXOIRQLF#DFLG/#VRGLXP#VDOW
7UDGH#QDPHV= &RQFR#6;6>#&\FORSKLO>#6;6#63>#(OHWHVRO#6;#63>#1D[RQDWH>#1D[RQDWH#*>#5LFKRQDWH#6;6>#6WHSDQDWH#6;6>#6WHSDQDWH#;>#6;6#73>

8OWUDZHW#736;#

6RGLXP#[\OHQHVXOIRQDWH# LV#XVHG#DV#D#K\GURWURSH/#DQ DSSOLFDWLRQV# RI# 633# �/# RI# 8/# 48/# 77/# 466/# DQG
RUJDQLF#FRPSRXQG#WKDW#LQFUHDVHV#WKH#DELOLW\#RI#ZDWHU 733# PJ2P/# GHOLYHUHG# DYHUDJH# GDLO\# GRVHV# RI
WR#GLVVROYH#RWKHU#PROHFXOHV1##6RGLXP#[\OHQHVXOIRQDWH DSSUR[LPDWHO\#43/#63/#<3/#593/#DQG#;33#PJ#VRGLXP
LV#D#FRPSRQHQW#LQ#D#YDULHW\#RI#ZLGHO\#XVHG#VKDPSRRV [\OHQHVXOIRQDWH2NJ#ERG\#ZHLJKW#WR#PDOHV#DQG#46/#73/
DQG# OLTXLG# KRXVHKROG# GHWHUJHQWV# ZKHUH# LW# FDQ 453/# 663/# DQG# 4/363# PJ2NJ# WR# IHPDOHV1# # &OLQLFDO
FRQVWLWXWH#XS#WR#43(#RI#WKH#WRWDO#VROXWLRQ1##%HFDXVH#RI ILQGLQJV#JHQHUDOO\#LQYROYHG#WKH#VNLQ#RI#GRVHG#DQLPDOV
LWV#ZLGHVSUHDG#XVH/#WKH#SRWHQWLDO#IRU#KXPDQ#H[SRVXUH DQG# LQFOXGHG# WDQ# RU# EURZQ# VNLQ# GLVFRORUDWLRQ# DQG
WR#VRGLXP#[\OHQHVXOIRQDWH#LV#JUHDW1##0DOH#DQG#IHPDOH FUXVW\#ZKLWH#GHSRVLWV#+SUHVXPHG#WR#EH#GULHG#FKHPLFDO,
)67721# UDWV# DQG# %9&6) # PLFH# ZHUH# DGPLQLVWHUHG DW# WKH# VLWH# RI# DSSOLFDWLRQ1# # 1HLWKHU# RI# WKHVH4

VRGLXP# [\OHQHVXOIRQDWH# LQ# ZDWHU# RU# 83(# HWKDQRO REVHUYDWLRQV# ZHUH# FRQVLGHUHG# VLJQLILFDQW# ILQGLQJV1
GHUPDOO\#IRU#4:#GD\V/#47#ZHHNV/#RU#5#\HDUV1##*HQHWLF 7KH# UHODWLYH# OLYHU#ZHLJKWV# RI# 466# DQG# 733#PJ2P/
WR[LFRORJ\# VWXGLHV# ZHUH# FRQGXFWHG# LQ# 6DOPRQHOOD PDOH#DQG#IHPDOH#UDWV#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ
W\SKLPXULXP/#/84:;<#PRXVH# O\PSKRPD# FHOOV/# DQG WKRVH# RI# WKH# FRQWURO# JURXSV/# EXW# WKH# DEVROXWH# OLYHU
FXOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV1 ZHLJKWV# ZHUH# QRW# LQFUHDVHG# DQG# WKH# ELRORJLFDO

4:0'$<#678'<#,1#5$76
*URXSV# RI# ILYH# PDOH# DQG# ILYH# IHPDOH# UDWV# ZHUH
DGPLQLVWHUHG# 633# �/# RI# 3/# 8/# 48/# 77/# 466/# RU
733#PJ2P/#VRGLXP#[\OHQHVXOIRQDWH#LQ#GLVWLOOHG#ZDWHU
E\#GHUPDO#DSSOLFDWLRQ#8#GD\V#SHU#ZHHN#IRU#4:#GD\V1
$OO#UDWV#VXUYLYHG#WR#WKH#HQG#RI#WKH#VWXG\1##)LQDO#PHDQ
ERG\#ZHLJKWV# DQG# ERG\#ZHLJKW# JDLQV# RI# GRVHG# UDWV
ZHUH#VLPLODU#WR#WKRVH#RI#WKH#FRQWURO#JURXSV1##'HUPDO

VLJQLILFDQFH#RI#WKH#UHODWLYH#GLIIHUHQFHV#LQ#OLYHU#ZHLJKW
ZDV#XQFOHDU1##,Q#PDOHV#DQG#IHPDOHV/#WKH#IHZ#OHVLRQV
REVHUYHG#JURVVO\#DQG#PLFURVFRSLFDOO\#ZHUH#JHQHUDOO\
DWWULEXWHG# WR# UHSHDWHG# FOLSSLQJ# DQG# ZHUH# QRW
FRQVLGHUHG#UHODWHG#WR#FKHPLFDO#DGPLQLVWUDWLRQ1

4:0'$<#678'<#,1#0,&(
*URXSV# RI# ILYH# PDOH# DQG# ILYH# IHPDOH# PLFH# ZHUH
DGPLQLVWHUHG# 433# �/# RI# 3/# 8/# 48/# 77/# 466/# RU
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733#PJ2P/#VRGLXP#[\OHQHVXOIRQDWH#LQ#GLVWLOOHG#ZDWHU WKRVH# RI# WKH# FRQWURO# JURXS/# EXW# WKH# ELRORJLFDO
E\#GHUPDO#DSSOLFDWLRQ#8#GD\V#SHU#ZHHN#IRU#4:#GD\V1 VLJQLILFDQFH# RI# WKHVH# GLIIHUHQFHV# ZDV# XQFOHDU/# DQG
$OO#PLFH#VXUYLYHG#WR#WKH#HQG#RI#WKH#VWXG\1##)LQDO#PHDQ WKHUH#ZHUH#QR#WUHDWPHQW0UHODWHG#KLVWRSDWKRORJLF#HIIHFWV
ERG\#ZHLJKWV#DQG#ERG\#ZHLJKW#JDLQV#RI#GRVHG#PLFH LQ#WKH#OLYHU1##7KHUH#ZHUH#QR#VLJQLILFDQW#GLIIHUHQFHV#LQ
ZHUH# VLPLODU# WR# WKRVH# RI# WKH# FRQWUROV1# # 'HUPDO OLYHU#ZHLJKWV#LQ#IHPDOH#UDWV1
DSSOLFDWLRQV# RI# 8/# 48/# 77/# 466/# DQG# 733# PJ2P/
GHOLYHUHG# DYHUDJH# GDLO\# GRVHV# RI# DSSUR[LPDWHO\/ 0LQLPDO#K\SHUSODVLD#RI# WKH#HSLGHUPLV#DW# WKH# VLWH#RI
53/# 93/# 4<3/# 873/# DQG# 4/933# PJ# VRGLXP# [\OHQH0 DSSOLFDWLRQ#RFFXUUHG#LQ#ERWK#PDOH#DQG#IHPDOH#UDWV#LQ
VXOIRQDWH2NJ#ERG\#ZHLJKW#WR#PDOHV#DQG#59/#;3/#553/ WKH#FRQWURO#JURXS#DV#ZHOO#DV#PRVW#GRVHG#JURXSV1##7KH
9;3/#DQG#5/333#PJ2NJ#WR#IHPDOHV1##&OLQLFDO#ILQGLQJV LQFLGHQFH# RI# HSLGHUPDO# K\SHUSODVLD# LQ# 733#PJ2P/
LQFOXGHG#FUXVW\#ZKLWH#GHSRVLWV#+SUHVXPHG#WR#EH#GULHG PDOHV#ZDV#SRVVLEO\#FKHPLFDO#UHODWHG1
FKHPLFDO,#DW#WKH#VLWH#RI#DSSOLFDWLRQ#LQ#WZR#466#PJ2P/
PDOHV#DQG#LQ#DOO#733#PJ2P/#PDOHV#DQG#IHPDOHV1##7KH
DEVROXWH# DQG# UHODWLYH# OLYHU# ZHLJKWV# RI# 48# DQG
77#PJ2P/#PDOHV#DQG#733#PJ2P/#PDOHV#DQG#IHPDOHV
ZHUH# VLJQLILFDQWO\#JUHDWHU# WKDQ# WKRVH#RI# WKH# FRQWURO
JURXSV/# EXW# WKH# ELRORJLFDO# VLJQLILFDQFH# RI# WKHVH
GLIIHUHQFHV# ZDV# XQFOHDU1# # 7KH# IHZ# VNLQ# OHVLRQV
REVHUYHG# JURVVO\# DQG#PLFURVFRSLFDOO\# LQ#PDOHV# DQG
IHPDOHV#ZHUH#JHQHUDOO\#DWWULEXWHG#WR#UHSHDWHG#FOLSSLQJ
DQG# ZHUH# QRW# FRQVLGHUHG# UHODWHG# WR# FKHPLFDO
DGPLQLVWUDWLRQ1

470:((.#678'<#,1#5$76
*URXSV# RI# 43# PDOH# DQG# 43# IHPDOH# UDWV# ZHUH
DGPLQLVWHUHG# 633# �/# RI# 3/# 8/# 48/# 77/# 466/# RU
733#PJ2P/#VRGLXP#[\OHQHVXOIRQDWH# LQ#83(#HWKDQRO
E\# GHUPDO# DSSOLFDWLRQ# IRU# 47# ZHHNV1# # )RU# VSHFLDO
KHPDWRORJ\#DQG#FOLQLFDO#SDWKRORJ\#VWXGLHV/#DGGLWLRQDO
JURXSV# RI# 43# PDOH# DQG# 43# IHPDOH# UDWV# ZHUH
DGPLQLVWHUHG#3/#8/#48/#77/#466/#RU#733#PJ2P/#VRGLXP
[\OHQHVXOIRQDWH#LQ#83(#HWKDQRO#E\#GHUPDO#DSSOLFDWLRQ
IRU# 47#ZHHNV1# #$OO# UDWV# VXUYLYHG# WR# WKH# HQG# RI# WKH
VWXG\1# #)LQDO#PHDQ# ERG\#ZHLJKWV# DQG# ERG\#ZHLJKW
JDLQV#RI#GRVHG#PDOH#DQG#IHPDOH#UDWV#ZHUH#VLPLODU#WR
WKRVH#RI#WKH#FRQWURO#JURXSV1##'HUPDO#DSSOLFDWLRQV#RI#8/
48/#77/#466/#DQG#733#PJ2P/#GHOLYHUHG#DYHUDJH#GDLO\
GRVHV#RI#DSSUR[LPDWHO\#9/#53/#93/#4:3/#DQG#833#PJ
VRGLXP#[\OHQHVXOIRQDWH2NJ#ERG\#ZHLJKW#WR#PDOHV#DQG
43/#63/#<3/#593/#DQG#;33#PJ2NJ#WR#IHPDOHV1##7KH#RQO\
QRWDEOH#FOLQLFDO#ILQGLQJ#ZDV#EURZQ#GLVFRORUDWLRQ#RI#WKH
VNLQ# DW# WKH# VLWH# RI# DSSOLFDWLRQ# LQ# GRVHG# DQLPDOV1
+HPDWRORJ\# DQG# FOLQLFDO# FKHPLVWU\# SDUDPHWHUV# RI
GRVHG#JURXSV#RI#PDOHV#DQG#IHPDOHV#ZHUH#VLJQLILFDQWO\
GLIIHUHQW# IURP# WKRVH# RI# WKH# FRQWUROV# LQ# VHYHUDO
LQVWDQFHV/#EXW#WKHVH#GLIIHUHQFHV#ZHUH#VSRUDGLF#DQG#GLG
QRW# GHPRQVWUDWH# D# WUHDWPHQW# UHODWLRQVKLS1# # 7KH
DEVROXWH#DQG#UHODWLYH#OLYHU#ZHLJKWV#RI#PDOHV#UHFHLYLQJ
77/#466/#RU#733#PJ2P/#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ

470:((.#678'<#,1#0,&(
*URXSV# RI# 43# PDOH# DQG# 43# IHPDOH# PLFH# ZHUH
DGPLQLVWHUHG# 433# �/# RI# 3/# 8/# 48/# 77/# 466/# RU
733#PJ2P/#VRGLXP#[\OHQHVXOIRQDWH# LQ#83(#HWKDQRO
E\#GHUPDO#DSSOLFDWLRQ#IRU#47#ZHHNV1##7KHUH#ZHUH#QR
FKHPLFDO0UHODWHG#GHDWKV1##7KH#PHDQ#ERG\#ZHLJKW#JDLQ
RI#WKH#733#PJ2P/#PDOHV#ZDV#VLJQLILFDQWO\#JUHDWHU#WKDQ
WKDW#RI#WKH#FRQWURO#JURXS1##'HUPDO#DSSOLFDWLRQV#RI#8/
48/#77/#466/#DQG#733#PJ2P/#GHOLYHUHG#DYHUDJH#GDLO\
GRVHV# RI# DSSUR[LPDWHO\# 4:/# 73/# 473/# 773/# DQG
4/633#PJ#VRGLXP#[\OHQHVXOIRQDWH2NJ#ERG\#ZHLJKW#WR
PDOHV# DQG# 53/# 93/# 4:3/# 863/# DQG# 4/963#PJ2NJ# WR
IHPDOHV1# #7KHUH#ZHUH#QR#FOLQLFDO#ILQGLQJV#UHODWHG# WR
VRGLXP#[\OHQHVXOIRQDWH#DGPLQLVWUDWLRQ1

(SLGHUPDO# K\SHUSODVLD# RFFXUUHG# LQ# RQH# 77#PJ2P/
IHPDOH/# WZR# 466# PJ2P/# PDOHV/# ILYH# 733# PJ2P/
PDOHV/#DQG#IRXU#733#PJ2NJ#IHPDOHV1##+\SHUSODVLD#RI
WKH#HSLGHUPLV#LQ#733#PJ2P/#PDOHV#DQG#IHPDOHV#ZDV
SUREDEO\#UHODWHG#WR#FKHPLFDO#DGPLQLVWUDWLRQ1

&KURQLF#LQIODPPDWLRQ#RI#WKH#VNLQ#RFFXUUHG#SULPDULO\
LQ# WKH#FRQWURO#JURXSV#RI#PDOHV#DQG# IHPDOHV1# #7KHVH
OHVLRQV#FRQVLVWHG#RI#PRQRQXFOHDU#LQIODPPDWRU\#FHOOV
LQ#WKH#GHUPLV1##

50<($5#678'<#,1#5$76
*URXSV#RI#83#PDOH#DQG#83#IHPDOH#UDWV#ZHUH#GHUPDOO\
DGPLQLVWHUHG#3/#93/#453/#RU#573#PJ#VRGLXP#[\OHQH0
VXOIRQDWH2NJ# ERG\# ZHLJKW# LQ# 83(# HWKDQRO# IRU
437#ZHHNV1

6XUYLYDO/#%RG\#:HLJKWV/#DQG#&OLQLFDO#)LQGLQJV
6XUYLYDO#RI#GRVHG#PDOHV#DQG#IHPDOHV#ZDV#VLPLODU# WR
WKDW#RI# WKH# FRQWURO#JURXSV1# #0HDQ#ERG\#ZHLJKWV#RI
GRVHG#PDOHV#DQG#IHPDOHV#ZHUH#VLPLODU#WR#WKRVH#RI#WKH
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FRQWUROV#WKURXJKRXW#WKH#VWXG\1##,Q#PDOH#JURXSV/#WKHUH ZLWK# D# VLJQLILFDQW# SRVLWLYH# WUHQG1# # )RFDO# XOFHUDWLRQ
ZHUH#QR#FOLQLFDO#ILQGLQJV#FRQVLGHUHG#WUHDWPHQW#UHODWHG1 RFFXUUHG#LQ#RQH#:5:#PJ2NJ#PDOH#DQG#LQ#RQH#IHPDOH#LQ
,Q#IHPDOHV/#FOLQLFDO#ILQGLQJV#ZHUH#OLPLWHG#WR#LUULWDWLRQ HDFK#GRVH#JURXS1##,Q#PDOHV#DQG#IHPDOHV#IURP#FRQWURO
DW#WKH#VLWH#RI#DSSOLFDWLRQ#LQ#RQH#FRQWURO#IHPDOH/#IRXU DQG# GRVHG# JURXSV/# WKH# LQFLGHQFHV# RI# KHSDWRFHOOXODU
453#PJ2NJ#IHPDOHV/#DQG#WZR#573#PJ2NJ#IHPDOHV1 DGHQRPD/# KHSDWRFHOOXODU# FDUFLQRPD/# DQG# KHSDWR0

3DWKRORJ\#)LQGLQJV
7KHUH#ZHUH#QR#QHRSODVPV#DW#DQ\#VLWH# +LQFOXGLQJ# WKH
VNLQ,# WKDW# ZHUH# FRQVLGHUHG# WUHDWPHQW# UHODWHG1
/RZ#LQFLGHQFHV#RI#K\SHUSODVLD#RI#WKH#HSLGHUPLV#DW#WKH
VLWH#RI#DSSOLFDWLRQ#RFFXUUHG#LQ#PDOHV#LQ#WKH#93/#453/
DQG# 573# PJ2NJ# JURXSV1# # /RZ# LQFLGHQFHV# RI
K\SHUSODVLD#RI#WKH#HSLGHUPLV#DW#WKH#VLWH#RI#DSSOLFDWLRQ
DOVR#RFFXUUHG# LQ# IHPDOHV# LQ# WKH#453#DQG#573#PJ2NJ
JURXSV/#DQG#WKH\#RFFXUUHG#ZLWK#D#VLJQLILFDQW#SRVLWLYH
WUHQG1# # /RZ# LQFLGHQFHV# RI# K\SHUSODVLD# RI# WKH
VHEDFHRXV# JODQG# RFFXUUHG# LQ# FRQWURO# DQG# 93#PJ2NJ
PDOHV# DQG# LQ# FRQWURO/# 453#PJ2NJ/# DQG# 573#PJ2NJ
IHPDOHV1

50<($5#678'<#,1#0,&(
*URXSV#RI#83#PDOH#DQG#83#IHPDOH#PLFH#ZHUH#GHUPDOO\
DGPLQLVWHUHG#3/#4;5/#697/#RU#:5:#PJ#VRGLXP#[\OHQH0
VXOIRQDWH2NJ#ERG\#ZHLJKW#LQ#83(#HWKDQRO#IRU#437#WR
438#ZHHNV1

6XUYLYDO/#%RG\#:HLJKWV/#DQG#&OLQLFDO#)LQGLQJV
6XUYLYDO#RI#GRVHG#PDOHV#DQG#IHPDOHV#ZDV#VLPLODU# WR
WKDW#RI# WKH# FRQWURO#JURXSV1# #0HDQ#ERG\#ZHLJKWV#RI
GRVHG#PDOHV# DQG# IHPDOHV#ZHUH# JHQHUDOO\# VLPLODU# WR
WKRVH#RI#WKH#FRQWUROV#WKURXJKRXW#WKH#VWXG\>#KRZHYHU/
WKH#PHDQ#ERG\#ZHLJKWV#RI#:5:#PJ2NJ# IHPDOHV#ZHUH
JUHDWHU#WKDQ#WKRVH#RI#WKH#FRQWURO#JURXS#IURP#ZHHN#;8
WR#ZHHN#<:1##:LWK#WKH#H[FHSWLRQ#RI#LUULWDWLRQ#DW#WKH#VLWH
RI#DSSOLFDWLRQ#LQ#RQH#697#PJ2NJ#IHPDOH/#WKHUH#ZHUH#QR
FOLQLFDO# ILQGLQJV# UHODWHG# WR# VRGLXP# [\OHQHVXOIRQDWH
DGPLQLVWUDWLRQ1

3DWKRORJ\#)LQGLQJV
7KHUH#ZHUH#QR#QHRSODVPV#DW#DQ\#VLWH# +LQFOXGLQJ# WKH
VNLQ,# WKDW# ZHUH# FRQVLGHUHG# WUHDWPHQW# UHODWHG1
+\SHUSODVLD# RI# WKH# HSLGHUPLV# RFFXUUHG# LQ# FRQWURO/
697#PJ2NJ/#DQG#:5:#PJ2NJ#PDOHV#DQG#LQ#FRQWURO#DQG
GRVHG#IHPDOHV1##,Q#PDOH#PLFH/#WKH#LQFLGHQFHV#RFFXUUHG

FHOOXODU# DGHQRPD# RU# FDUFLQRPD# +FRPELQHG,# ZHUH
JHQHUDOO\#KLJKHU#WKDQ#WKRVH#H[SHFWHG#E\#VSRQWDQHRXV
RFFXUUHQFH1# # 7KH# LQFLGHQFHV# RI# KHSDWRFHOOXODU
QHRSODVPV# LQ# VRPH# JURXSV# RI# PDOHV# DQG# IHPDOHV
H[FHHGHG# WKH#173# KLVWRULFDO# FRQWURO# UDQJH1# #0DOH
PLFH#KDG#D#SDWWHUQ#RI#QRQQHRSODVWLF#OLYHU#OHVLRQV#DORQJ
ZLWK#VLOYHU#VWDLQHG#SRVLWLYH#KHOLFDO#RUJDQLVPV#ZLWKLQ
WKH# OLYHU# ZKLFK# VXJJHVWV# DQ# LQIHFWLRQ# ZLWK
+HOLFREDFWHU#KHSDWLFXV1##7KH#ILQGLQJV#LQ#WKLV#VWXG\#RI
VRGLXP#[\OHQHVXOIRQDWH#ZHUH#QRW#FRQVLGHUHG#WR#KDYH
EHHQ# VLJQLILFDQWO\# LPSDFWHG# E\# WKH# LQIHFWLRQ# ZLWK
+1#KHSDWLFXV#RU#LWV#DVVRFLDWHG#KHSDWLWLV1

*(1(7,&#72;,&2/2*<
6RGLXP# [\OHQHVXOIRQDWH# ZDV# QRW# PXWDJHQLF# LQ
6DOPRQHOOD# W\SKLPXULXP# VWUDLQ# 7$<;/# 7$433/
7$4868/#RU#7$486:#ZLWK#RU#ZLWKRXW#LQGXFHG#OLYHU#6<1
(TXLYRFDO#UHVXOWV#ZHUH#REWDLQHG#LQ#D#PXWDWLRQ#DVVD\
ZLWK#PRXVH#O\PSKRPD#FHOOV#LQ#WKH#SUHVHQFH#RI#LQGXFHG
6<>#QR#HYLGHQFH#RI#PXWDJHQLFLW\#ZDV#QRWHG#ZLWKRXW#6<
LQ#WKLV#DVVD\1##,Q#F\WRJHQHWLF#WHVWV#ZLWK#VRGLXP#[\OHQH0
VXOIRQDWH# LQ# FXOWXUHG# &KLQHVH# KDPVWHU# RYDU\# FHOOV/
VLJQLILFDQW# LQFUHDVHV# LQ# VLVWHU# FKURPDWLG# H[FKDQJHV
ZHUH# REVHUYHG# LQ# WKH# DEVHQFH# RI# 6<# RQO\/# DQG# QR
LQFUHDVHV#LQ#FKURPRVRPDO#DEHUUDWLRQV#ZHUH#REVHUYHG
ZLWK#RU#ZLWKRXW#6<1

&21&/86,216
8QGHU#WKH#FRQGLWLRQV#RI#WKHVH#50\HDU#GHUPDO#VWXGLHV/
WKHUH#ZDV# QR# HYLGHQFH# RI# FDUFLQRJHQLF# DFWLYLW\-# RI
VRGLXP#[\OHQHVXOIRQDWH#LQ#PDOH#RU#IHPDOH#)67721#UDWV
DGPLQLVWHUHG# 93/# 453/#RU# 573#PJ2NJ#RU# LQ#PDOH#RU
IHPDOH# %9&6) # PLFH# DGPLQLVWHUHG# 4;5/# 697/# RU4

:5:#PJ2NJ1

,QFUHDVHG# LQFLGHQFHV# RI# HSLGHUPDO# K\SHUSODVLD# LQ
IHPDOH#UDWV#DQG#PDOH#PLFH#PD\#KDYH#EHHQ#UHODWHG##WR
H[SRVXUH#WR#VRGLXP#[\OHQHVXOIRQDWH1#

BBBBBBBBBB
- ([SODQDWLRQ#RI#/HYHOV#RI#(YLGHQFH#RI#&DUFLQRJHQLF#$FWLYLW\#LV#RQ#SDJH#<1##$#VXPPDU\#RI#WKH#7HFKQLFDO#5HSRUWV#5HYLHZ#6XEFRPPLWWHH

FRPPHQWV#DQG#WKH#SXEOLF#GLVFXVVLRQ#RQ#WKLV#7HFKQLFDO#5HSRUW#DSSHDUV#RQ#SDJH#441
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6XPPDU\#RI#WKH#50<HDU#&DUFLQRJHQHVLV#DQG#*HQHWLF#7R[LFRORJ\#6WXGLHV#RI#6RGLXP#;\OHQHVXOIRQDWH

0DOH )HPDOH 0DOH )HPDOH
)67721#5DWV )67721#5DWV %9&6) #0LFH %9&6) #0LFH4 4

'RVHV 3/#93/#453/#RU 3/#93/#453/#RU 3/#4;5/#697/#RU 3/#4;5/#697/#RU
573#PJ2NJ#LQ#83( 573#PJ2NJ#LQ#83( :5:#PJ2NJ#LQ#83( :5:#PJ2NJ#LQ#83(
HWKDQRO#DSSOLHG HWKDQRO#DSSOLHG HWKDQRO#DSSOLHG HWKDQRO#DSSOLHG
GHUPDOO\ GHUPDOO\ GHUPDOO\ GHUPDOO\

%RG\#ZHLJKWV 'RVHG#JURXSV#VLPLODU 'RVHG#JURXSV#VLPLODU 'RVHG#JURXSV#VLPLODU 'RVHG#JURXSV#VLPLODU
WR#FRQWURO#JURXS WR#FRQWURO#JURXS WR#FRQWURO#JURXS WR#FRQWURO#JURXS

50<HDU#VXUYLYDO
UDWHV

:283/#4:283/#<283/ 55283/#49283/#4:283/ 65283/#6:283/#6<283/ 64283/#6527</#65283/
43283 49283 68283 69283

1RQQHRSODVWLF
HIIHFWV

1RQH 1RQH 1RQH 1RQH

1HRSODVWLF#HIIHFWV 1RQH 1RQH 1RQH 1RQH

8QFHUWDLQ#ILQGLQJV# 1RQH 6NLQ#+VLWH#RI 6NLQ#+VLWH#RI 1RQH
DSSOLFDWLRQ,=# DSSOLFDWLRQ,=#
HSLGHUPDO#K\SHUSODVLD HSLGHUPDO#K\SHUSODVLD
+4283/#3283/#7283/ +4283/#3283/#7283/
8283, 8283,

/HYHO#RI#HYLGHQFH
RI#FDUFLQRJHQLF#
DFWLYLW\

1R#HYLGHQFH 1R#HYLGHQFH 1R#HYLGHQFH 1R#HYLGHQFH

*HQHWLF#WR[LFRORJ\
6DOPRQHOOD#W\SKLPXULXP#JHQH#PXWDWLRQV= 1HJDWLYH#ZLWK#DQG#ZLWKRXW#6<#LQ#VWUDLQV#7$<;/#7$433/#7$4868/#DQG#7$486:
0RXVH#O\PSKRPD#PXWDJHQLFLW\ (TXLYRFDO#ZLWK#6<>#QHJDWLYH#ZLWKRXW#6<
6LVWHU#FKURPDWLG#H[FKDQJHV
&XOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV#LQ#YLWUR= 1HJDWLYH#ZLWK#6<>#SRVLWLYH#ZLWKRXW#6<

&KURPRVRPDO#DEHUUDWLRQV
&XOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV#LQ#YLWUR= 1HJDWLYH#ZLWK#DQG#ZLWKRXW#6<
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(;3/$1$7,21#2)#/(9(/6#2)#(9,'(1&(#2)#&$5&,12*(1,&#$&7,9,7<

7KH#1DWLRQDO#7R[LFRORJ\#3URJUDP#GHVFULEHV#WKH#UHVXOWV#RI#LQGLYLGXDO#H[SHULPHQWV#RQ#D#FKHPLFDO#DJHQW#DQG#QRWHV#WKH#VWUHQJWK#RI#WKH#HYLGHQFH#IRU
FRQFOXVLRQV#UHJDUGLQJ#HDFK#VWXG\1##1HJDWLYH#UHVXOWV/#LQ#ZKLFK#WKH#VWXG\#DQLPDOV#GR#QRW#KDYH#D#JUHDWHU#LQFLGHQFH#RI#QHRSODVLD#WKDQ#FRQWURO
DQLPDOV/#GR#QRW#QHFHVVDULO\#PHDQ#WKDW#D#FKHPLFDO#LV#QRW#D#FDUFLQRJHQ/#LQDVPXFK#DV#WKH#H[SHULPHQWV#DUH#FRQGXFWHG#XQGHU#D#OLPLWHG#VHW#RI
FRQGLWLRQV1##3RVLWLYH#UHVXOWV#GHPRQVWUDWH#WKDW#D#FKHPLFDO#LV#FDUFLQRJHQLF#IRU#ODERUDWRU\#DQLPDOV#XQGHU#WKH#FRQGLWLRQV#RI#WKH#VWXG\#DQG#LQGLFDWH#WKDW
H[SRVXUH#WR#WKH#FKHPLFDO#KDV#WKH#SRWHQWLDO#IRU#KD]DUG#WR#KXPDQV1##2WKHU#RUJDQL]DWLRQV/#VXFK#DV#WKH#,QWHUQDWLRQDO#$JHQF\#IRU#5HVHDUFK#RQ#&DQFHU/
DVVLJQ#D#VWUHQJWK#RI#HYLGHQFH#IRU#FRQFOXVLRQV#EDVHG#RQ#DQ#H[DPLQDWLRQ#RI#DOO#DYDLODEOH#HYLGHQFH/#LQFOXGLQJ#DQLPDO#VWXGLHV#VXFK#DV#WKRVH#FRQGXFWHG
E\#WKH#173/#HSLGHPLRORJLF#VWXGLHV/#DQG#HVWLPDWHV#RI#H[SRVXUH1##7KXV/#WKH#DFWXDO#GHWHUPLQDWLRQ#RI#ULVN#WR#KXPDQV#IURP#FKHPLFDOV#IRXQG#WR#EH
FDUFLQRJHQLF#LQ#ODERUDWRU\#DQLPDOV#UHTXLUHV#D#ZLGHU#DQDO\VLV#WKDW#H[WHQGV#EH\RQG#WKH#SXUYLHZ#RI#WKHVH#VWXGLHV1

)LYH#FDWHJRULHV#RI#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#DUH#XVHG#LQ#WKH#7HFKQLFDO#5HSRUW#VHULHV#WR#VXPPDUL]H#WKH#VWUHQJWK#RI#WKH#HYLGHQFH#REVHUYHG
LQ#HDFK#H[SHULPHQW=##WZR#FDWHJRULHV#IRU#SRVLWLYH#UHVXOWV#+FOHDU#HYLGHQFH#DQG#VRPH#HYLGHQFH,>#RQH#FDWHJRU\#IRU#XQFHUWDLQ#ILQGLQJV#+HTXLYRFDO
HYLGHQFH,>#RQH#FDWHJRU\#IRU#QR#REVHUYDEOH#HIIHFWV#+QR#HYLGHQFH,>#DQG#RQH#FDWHJRU\#IRU#H[SHULPHQWV#WKDW#FDQQRW#EH#HYDOXDWHG#EHFDXVH#RI#PDMRU
IODZV#+LQDGHTXDWH#VWXG\,1##7KHVH#FDWHJRULHV#RI#LQWHUSUHWDWLYH#FRQFOXVLRQV#ZHUH#ILUVW#DGRSWHG#LQ#-XQH#4<;6#DQG#WKHQ#UHYLVHG#LQ#0DUFK#4<;9#IRU
XVH#LQ#WKH#7HFKQLFDO#5HSRUW#VHULHV#WR#LQFRUSRUDWH#PRUH#VSHFLILFDOO\#WKH#FRQFHSW#RI#DFWXDO#ZHLJKW#RI#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\1##)RU#HDFK
VHSDUDWH#H[SHULPHQW#+PDOH#UDWV/#IHPDOH#UDWV/#PDOH#PLFH/#IHPDOH#PLFH,/#RQH#RI#WKH#IROORZLQJ#ILYH#FDWHJRULHV#LV#VHOHFWHG#WR#GHVFULEH#WKH#ILQGLQJV1#
7KHVH#FDWHJRULHV#UHIHU#WR#WKH#VWUHQJWK#RI#WKH#H[SHULPHQWDO#HYLGHQFH#DQG#QRW#WR#SRWHQF\#RU#PHFKDQLVP1

� &OHDU#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LV#GHPRQVWUDWHG#E\#VWXGLHV#WKDW#DUH#LQWHUSUHWHG#DV#VKRZLQJ#D#GRVH0UHODWHG#
+L,#LQFUHDVH#RI#PDOLJQDQW#QHRSODVPV/#+LL,#LQFUHDVH#RI#D#FRPELQDWLRQ#RI#PDOLJQDQW#DQG#EHQLJQ#QHRSODVPV/#RU#+LLL,#PDUNHG#LQFUHDVH#RI
EHQLJQ#QHRSODVPV#LI#WKHUH#LV#DQ#LQGLFDWLRQ#IURP#WKLV#RU#RWKHU#VWXGLHV#RI#WKH#DELOLW\#RI#VXFK#WXPRUV#WR#SURJUHVV#WR#PDOLJQDQF\1

� 6RPH#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LV#GHPRQVWUDWHG#E\#VWXGLHV#WKDW#DUH#LQWHUSUHWHG#DV#VKRZLQJ#D#FKHPLFDO0UHODWHG#LQFUHDVHG
LQFLGHQFH#RI#QHRSODVPV#+PDOLJQDQW/#EHQLJQ/#RU#FRPELQHG,#LQ#ZKLFK#WKH#VWUHQJWK#RI#WKH#UHVSRQVH#LV#OHVV#WKDQ#WKDW#UHTXLUHG#IRU#FOHDU
HYLGHQFH1

� (TXLYRFDO#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LV#GHPRQVWUDWHG#E\#VWXGLHV#WKDW#DUH#LQWHUSUHWHG#DV#VKRZLQJ#D#PDUJLQDO#LQFUHDVH#RI
QHRSODVPV#WKDW#PD\#EH#FKHPLFDO#UHODWHG1

� 1R#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LV#GHPRQVWUDWHG#E\#VWXGLHV#WKDW#DUH#LQWHUSUHWHG#DV#VKRZLQJ#QR#FKHPLFDO0UHODWHG#LQFUHDVHV#LQ
PDOLJQDQW#RU#EHQLJQ#QHRSODVPV1

� ,QDGHTXDWH#VWXG\#RI#FDUFLQRJHQLF#DFWLYLW\#LV#GHPRQVWUDWHG#E\#VWXGLHV#WKDW/#EHFDXVH#RI#PDMRU#TXDOLWDWLYH#RU#TXDQWLWDWLYH#OLPLWDWLRQV/
FDQQRW#EH#LQWHUSUHWHG#DV#YDOLG#IRU#VKRZLQJ#HLWKHU#WKH#SUHVHQFH#RU#DEVHQFH#RI#FDUFLQRJHQLF#DFWLYLW\1

:KHQ#D#FRQFOXVLRQ#VWDWHPHQW#IRU#D#SDUWLFXODU#H[SHULPHQW#LV#VHOHFWHG/#FRQVLGHUDWLRQ#PXVW#EH#JLYHQ#WR#NH\#IDFWRUV#WKDW#ZRXOG#H[WHQG#WKH#DFWXDO
ERXQGDU\#RI#DQ#LQGLYLGXDO#FDWHJRU\#RI#HYLGHQFH1##6XFK#FRQVLGHUDWLRQ#VKRXOG#DOORZ#IRU#LQFRUSRUDWLRQ#RI#VFLHQWLILF#H[SHULHQFH#DQG#FXUUHQW
XQGHUVWDQGLQJ#RI#ORQJ0WHUP#FDUFLQRJHQHVLV#VWXGLHV#LQ#ODERUDWRU\#DQLPDOV/#HVSHFLDOO\#IRU#WKRVH#HYDOXDWLRQV#WKDW#PD\#EH#RQ#WKH#ERUGHUOLQH#EHWZHHQ
WZR#DGMDFHQW#OHYHOV1##7KHVH#FRQVLGHUDWLRQV#VKRXOG#LQFOXGH=

� DGHTXDF\#RI#WKH#H[SHULPHQWDO#GHVLJQ#DQG#FRQGXFW>
� RFFXUUHQFH#RI#FRPPRQ#YHUVXV#XQFRPPRQ#QHRSODVLD>
� SURJUHVVLRQ#+RU#ODFN#WKHUHRI,#IURP#EHQLJQ#WR#PDOLJQDQW#QHRSODVLD#DV#ZHOO#DV#IURP#SUHQHRSODVWLF#WR#QHRSODVWLF#OHVLRQV>
� VRPH#EHQLJQ#QHRSODVPV#KDYH#WKH#FDSDFLW\#WR#UHJUHVV#EXW#RWKHUV#+RI#WKH#VDPH#PRUSKRORJLF#W\SH,#SURJUHVV1##$W#SUHVHQW/#LW#LV

LPSRVVLEOH#WR#LGHQWLI\#WKH#GLIIHUHQFH1##7KHUHIRUH/#ZKHUH#SURJUHVVLRQ#LV#NQRZQ#WR#EH#D#SRVVLELOLW\/#WKH#PRVW#SUXGHQW#FRXUVH#LV#WR
DVVXPH#WKDW#EHQLJQ#QHRSODVPV#RI#WKRVH#W\SHV#KDYH#WKH#SRWHQWLDO#WR#EHFRPH#PDOLJQDQW>

� FRPELQLQJ#EHQLJQ#DQG#PDOLJQDQW#WXPRU#LQFLGHQFH#NQRZQ#RU#WKRXJKW#WR#UHSUHVHQW#VWDJHV#RI#SURJUHVVLRQ#LQ#WKH#VDPH#RUJDQ#RU#WLVVXH>
� ODWHQF\#LQ#WXPRU#LQGXFWLRQ>
� PXOWLSOLFLW\#LQ#VLWH0VSHFLILF#QHRSODVLD>
� PHWDVWDVHV>
� VXSSRUWLQJ#LQIRUPDWLRQ#IURP#SUROLIHUDWLYH#OHVLRQV#+K\SHUSODVLD,#LQ#WKH#VDPH#VLWH#RI#QHRSODVLD#RU#LQ#RWKHU#H[SHULPHQWV#+VDPH#OHVLRQ#LQ

DQRWKHU#VH[#RU#VSHFLHV,>
� SUHVHQFH#RU#DEVHQFH#RI#GRVH#UHODWLRQVKLSV>
� VWDWLVWLFDO#VLJQLILFDQFH#RI#WKH#REVHUYHG#WXPRU#LQFUHDVH>
� FRQFXUUHQW#FRQWURO#WXPRU#LQFLGHQFH#DV#ZHOO#DV#WKH#KLVWRULFDO#FRQWURO#UDWH#DQG#YDULDELOLW\#IRU#D#VSHFLILF#QHRSODVP>
� VXUYLYDO0DGMXVWHG#DQDO\VHV#DQG#IDOVH#SRVLWLYH#RU#IDOVH#QHJDWLYH#FRQFHUQV>
� VWUXFWXUH0DFWLYLW\#FRUUHODWLRQV>#DQG
� LQ#VRPH#FDVHV/#JHQHWLF#WR[LFRORJ\1
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1$7,21$/#72;,&2/2*<#352*5$0#%2$5'#2)#6&,(17,),&#&2816(/256
7(&+1,&$/#5(32576#5(9,(:#68%&200,77((

7KH#PHPEHUV#RI#WKH#7HFKQLFDO#5HSRUWV#5HYLHZ#6XEFRPPLWWHH#ZKR#HYDOXDWHG#WKH#GUDIW#173#7HFKQLFDO#5HSRUW#RQ#WHFKQLFDO#JUDGH#VRGLXP
[\OHQHVXOIRQDWH#RQ#8#'HFHPEHU#4<<8#DUH#OLVWHG#EHORZ1##6XEFRPPLWWHH#PHPEHUV#VHUYH#DV#LQGHSHQGHQW#VFLHQWLVWV/#QRW#DV#UHSUHVHQWDWLYHV#RI#DQ\
LQVWLWXWLRQ/#FRPSDQ\/#RU#JRYHUQPHQWDO#DJHQF\1##,Q#WKLV#FDSDFLW\/#VXEFRPPLWWHH#PHPEHUV#KDYH#ILYH#PDMRU#UHVSRQVLELOLWLHV#LQ#UHYLHZLQJ#WKH#173
VWXGLHV=

� WR#DVFHUWDLQ#WKDW#DOO#UHOHYDQW#OLWHUDWXUH#GDWD#KDYH#EHHQ#DGHTXDWHO\#FLWHG#DQG#LQWHUSUHWHG/
� WR#GHWHUPLQH#LI#WKH#GHVLJQ#DQG#FRQGLWLRQV#RI#WKH#173#VWXGLHV#ZHUH#DSSURSULDWH/
� WR#HQVXUH#WKDW#WKH#7HFKQLFDO#5HSRUW#SUHVHQWV#WKH#H[SHULPHQWDO#UHVXOWV#DQG#FRQFOXVLRQV#IXOO\#DQG#FOHDUO\/
� WR#MXGJH#WKH#VLJQLILFDQFH#RI#WKH#H[SHULPHQWDO#UHVXOWV#E\#VFLHQWLILF#FULWHULD/#DQG
� WR#DVVHVV#WKH#HYDOXDWLRQ#RI#WKH#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#DQG#RWKHU#REVHUYHG#WR[LF#UHVSRQVHV1

$UQROG#/1#%URZQ/#01'1/#&KDLUSHUVRQ ,UPD#5XVVR/#01'1
8QLYHUVLW\#RI#:LVFRQVLQ#0HGLFDO#6FKRRO )R[#&KDVH#&DQFHU#&HQWHU
0DGLVRQ/#:, 3KLODGHOSKLD/#3$

*DU\#31#&DUOVRQ/#3K1'1/#3ULQFLSDO#5HYLHZHU /RXLVH#5\DQ/#3K1'1
6FKRRO#RI#+HDOWK#6FLHQFHV 'LYLVLRQ#RI#%LRVWDWLVWLFV
3XUGXH#8QLYHUVLW\ 'DQD0)DUEHU#&DQFHU#,QVWLWXWH
:HVW#/DID\HWWH/#,1 %RVWRQ/#0$

7KRPDV#/1#*ROGVZRUWK\/#3K1'1/#3ULQFLSDO#5HYLHZHU 5REHUW#(1#7D\ORU/#01'1/#3K1'1
'HSDUWPHQW#RI#([SHULPHQWDO#3DWKRORJ\#DQG#7R[LFRORJ\ 'HSDUWPHQW#RI#3KDUPDFRORJ\#
&KHPLFDO#,QGXVWU\#,QVWLWXWH#RI#7R[LFRORJ\ +RZDUG#8QLYHUVLW\#&ROOHJH#RI#0HGLFLQH
5HVHDUFK#7ULDQJOH#3DUN/#1& :DVKLQJWRQ/#'&

5REHUW#/H%RHXI/#3K1'1 )UHGHULFN#/1#7\VRQ/#3K1'1/#3ULQFLSDO#5HYLHZHU
&RUSRUDWH#3URIHVVLRQDO#DQG#5HJXODWRU\#6HUYLFHV 6W1#0DU\·V#+RVSLWDO#DQG#0HGLFDO#&HQWHU
+XPDQ#6DIHW\#'HSDUWPHQW &DQFHU#5HVHDUFK#,QVWLWXWH
7KH#3URFWHU#)#*DPEOH#&RPSDQ\ *UDQG#-XQFWLRQ/#&2
&LQFLQQDWL/#2+#

-DQDUGDQ#.1#5HGG\/#01'1-
'HSDUWPHQW#RI#3DWKRORJ\ )UHGHULFN/#0'
1RUWKZHVWHUQ#8QLYHUVLW\#0HGLFDO#6FKRRO
&KLFDJR/#,/

BBBBBBBBBB

- 'LG#QRW#DWWHQG

-HUUROG#01#:DUG/#'19101/#3K1'1-
1DWLRQDO#&DQFHU#,QVWLWXWH
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2Q#8#'HFHPEHU#4<<8/#WKH#GUDIW#7HFKQLFDO#5HSRUW#RQ VWDWH# DQ\# SRWHQWLDO# GRVH# RU# DEVRUSWLRQ# HIIHFWV# WKDW
WKH# WR[LFRORJ\#DQG#FDUFLQRJHQHVLV#VWXGLHV#RI#VRGLXP RFFXUUHG#IURP#FKDQJLQJ#YROXPHV#DV#ZHOO#DV#YHKLFOHV
[\OHQHVXOIRQDWH# UHFHLYHG# SXEOLF# UHYLHZ# E\# WKH IURP# WKH# 4:0GD\# VWXGLHV# WR# WKH# 470ZHHN# DQG# 50\HDU
1DWLRQDO#7R[LFRORJ\#3URJUDP·V#%RDUG# RI#6FLHQWLILF VWXGLHV/#DQG#FRPPHQW#RQ#WKH#UHOHYDQFH#RI#WKHVH#VWXGLHV
&RXQVHORUV·#7HFKQLFDO#5HSRUWV#5HYLHZ#6XEFRPPLWWHH1 WR# KXPDQ# H[SRVXUHV1# # 'U1# 5DGRYVN\# VDLG# VRGLXP
7KH#UHYLHZ#PHHWLQJ#ZDV#KHOG#DW#WKH#1DWLRQDO#,QVWLWXWH [\OHQHVXOIRQDWH#ZDV#PRUH# VROXEOH# LQ#ZDWHU# WKDQ# LQ
RI#(QYLURQPHQWDO#+HDOWK#6FLHQFHV/#5HVHDUFK#7ULDQJOH HWKDQRO/# EXW# HWKDQRO# PD\# KDYH# HQKDQFHG# VNLQ
3DUN/#1&1 SHQHWUDWLRQ#PRUH#WKDQ#ZDWHU1##6KH#VDLG#WKDW#UHOHYDQFH

'U1#$1#5DGRYVN\/#1,(+6/#LQWURGXFHG#WKH#WR[LFRORJ\
DQG#FDUFLQRJHQHVLV#VWXGLHV#RI#VRGLXP#[\OHQHVXOIRQDWH 'U1#7\VRQ/#WKH#WKLUG#SULQFLSDO#UHYLHZHU/#DJUHHG#ZLWK
E\#GLVFXVVLQJ#WKH#XVHV#RI#WKH#FKHPLFDO/#GHVFULELQJ#WKH WKH#SURSRVHG#FRQFOXVLRQV1##+H#DOVR#TXHVWLRQHG#WKH#XVH
H[SHULPHQWDO#GHVLJQ/#UHSRUWLQJ#RQ#VXUYLYDO#DQG#ERG\ RI# HWKDQRO# DV# WKH# YHKLFOH# QRWLQJ# WKH# DVVRFLDWLRQ# RI
ZHLJKW#HIIHFWV/#DQG#FRPPHQWLQJ#RQ#SRVVLEOH#FKHPLFDO0 GHUPDOO\# DSSOLHG# HWKDQRO# ZLWK# LQGXFWLRQ# RI# PRQR0
UHODWHG#QRQQHRSODVWLF#OHVLRQV#LQ#IHPDOH#UDWV#DQG#PDOH QXFOHDU#FHOO#OHXNHPLD#LQ#)67721#UDWV1
PLFH1# #'U1#5DGRYVN\# UHSRUWHG# WKDW# WKH#JUHDWHU# WKDQ
QRUPDO# LQFLGHQFH# RI# KHSDWRFHOOXODU# QHRSODVPV# LQ 'U1#:171#$OODEHQ/#1&75/#DVNHG#IRU#FRPPHQW#RQ#WKH
FRQWURO#DQG#WUHDWHG#PDOH#PLFH#FRXOG#EH#DWWULEXWHG#WR SRRU#VXUYLYDO#LQ#PDOH#UDWV1##'U1#-151#%XFKHU/#1,(+6/
LQIHFWLRQ# ZLWK# +HOLFREDFWHU# EDFWHULD1# # ,QFUHDVHG VDLG# WKDW# PDOH# UDW# VXUYLYDO# KDV# GHFOLQHG# SULPDULO\
LQFLGHQFHV#RI#KHSDWRFHOOXODU#QHRSODVPV#LQ#IHPDOH#PLFH EHFDXVH# RI# LQFUHDVHV# LQ# QHSKURSDWK\/# ERG\#ZHLJKW/
FRXOG# QRW# EH# DVVRFLDWHG# ZLWK# +HOLFREDFWHU# ZLWK DQG#LQFLGHQFH#RI#SLWXLWDU\#DGHQRPD1##'U1#*111#5DR/
FHUWDLQW\1# # 7KH# SURSRVHG# FRQFOXVLRQV# ZHUH# QR 1,(+6/# FRPPHQWHG# WKDW# VXUYLYDO# RI# UDWV# LV# ORZHU
HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#RI#VRGLXP#[\OHQH0 ZKHQ# WKH\# DUH# LQGLYLGXDOO\# KRXVHG# DV# RSSRVHG# WR
VXOIRQDWH#LQ#PDOH#DQG#IHPDOH#)67721#UDWV#DQG#%9&6) JURXS0KRXVHG1##'U1#-1.1#+DVHPDQ/#1,(+6/#VDLG#WKDW4
PLFH1 VXUYLYDO# LQ# WKLV# VWXG\#ZDV# VLPLODU# WR# WKDW# LQ# RWKHU

'U1#&DUOVRQ/# D#SULQFLSDO# UHYLHZHU/# DJUHHG#ZLWK# WKH DVNHG#ZKHWKHU# WKHUH#FRXOG#EH#D#FRUUHODWLRQ#EHWZHHQ
SURSRVHG#FRQFOXVLRQV1##+H#FRPPHQWHG#WKDW#KH#ZRXOG PLFH# ZLWK# +HOLFREDFWHU# DQG# WKRVH# ZLWK# QHRSODVWLF
QRW#KDYH#XVHG#HWKDQRO#DV#YHKLFOH#IRU#DSSOLFDWLRQ#RI#WKH OHVLRQV1##'U1#-151#+DLOH\/#1,(+6/#VDLG#WKDW#DOWKRXJK
FKHPLFDO1 QRW#DOO#RI#WKH#DQLPDOV#KDG#EHHQ#H[DPLQHG/#IRU#WKRVH

'U1# *ROGVZRUWK\/# WKH# VHFRQG# SULQFLSDO# UHYLHZHU/ FRPPHQWHG# WKDW# LQ# WKH# SUHYLRXV# VWXG\# ZLWK
DJUHHG# LQ# SULQFLSOH# ZLWK# WKH# SURSRVHG# FRQFOXVLRQV +HOLFREDFWHU/#DQLPDOV#ZLWK# OLYHU#QHRSODVPV#KDG# WKH
SURYLGHG# WKHUH# ZHUH# IXUWKHU# FODULILFDWLRQ# DQG PRUH#VHYHUH#QRQQHRSODVWLF#OHVLRQV#WKDW#ZHUH#LQGLFDWLYH
GRFXPHQWDWLRQ# RQ# WKH# UROH# RI# +HOLFREDFWHU# LQ# WKH RI# WKH# LQIHFWLRQ1# # 'U1# *ROGVZRUWK\# WKRXJKW# WKH
PRXVH# OLYHU# QHRSODVP# UHVSRQVHV1# #+H# VDLG# WKDW# WKH LQIHFWLRQ# FRXOG# EH# D# FRQIRXQGLQJ# IDFWRU# LQ# WKH
UHSRUW# QHHGHG# WR# EHWWHU# DGGUHVV# WKH# UHVSRQVH# LQ LQWHUSUHWDWLRQ# RI# WKH# OLYHU# QHRSODVPV# LQ#PLFH1# #'U1
IHPDOHV#DQG#WKH#HIIHFWV#REVHUYHG#LQ#PDOHV#DQG#IHPDOHV +DVHPDQ#VDLG#WKDW#ZKLOH#WRWDO#OLYHU#QHRSODVP#UDWHV#LQ
LQ# D# FRPSUHKHQVLYH# PDQQHU# WR# HQVXUH# WKDW# WKH WKLV# VWXG\# ZHUH# DERYH# H[SHFWHG# UDWHV/# WKH\# ZHUH
UHVSRQVHV# DUH# SURSHUO\# LQWHUSUHWHG# DV# QRQWUHDWPHQW JHQHUDOO\#VLPLODU#DFURVV#JURXSV/#\LHOGLQJ#QR#HYLGHQFH
UHODWHG1##'U1#5DGRYVN\#UHVSRQGHG#WKDW#VHYHUDO#RWKHU RI#D#FKHPLFDO0UHODWHG#LQFUHDVH1
VWXGLHV#ZLWK#+HOLFREDFWHU# LQIHFWLRQ#ZHUH# FRPSOHWHG
DQG#ZRXOG#EH#UHYLHZHG#DW# WKH#QH[W#UHYLHZ#PHHWLQJ1
+RSHIXOO\/# ILUPHU#FRQFOXVLRQV#FRXOG# WKHQ#EH#GUDZQ
DERXW#WKH#DVVRFLDWLRQ#RI#OLYHU#QHRSODVP#UHVSRQVH#DQG
LQIHFWLRQ# LQ# %9&6) # PLFH# +$SSHQGL[# /,14
'U1#*ROGVZRUWK\#VDLG#WKH#UHSRUW#VKRXOG#PRUH#FOHDUO\

WR#KXPDQ#H[SRVXUH#ZRXOG#EH#VSHFXODWLYH#RQ#KHU#SDUW1

GHUPDO#VWXGLHV#XVLQJ# LQGLYLGXDO#KRXVLQJ1# #'U1#5\DQ

WKDW#KDG/#WKHUH#ZDV#D#JRRG#FRUUHODWLRQ1##'U1#+DVHPDQ

'U1#)1#0LUHU/#+HDOWK#DQG#6DIHW\#'HSDUWPHQW/#8QLWHG
$XWR# :RUNHUV# 8QLRQ/# KDG# VXEPLWWHG# D# VWDWHPHQW
ZKLFK/#DW#KLV#UHTXHVW/#'U1#/1*1#+DUW/#1,(+6/#UHDG
LQWR# WKH# UHFRUG1# #'U1#0LUHU#RSLQHG# WKDW# WKH# VWXGLHV
ZHUH# LQDGHTXDWH# WR# DGGUHVV# WKH# FDUFLQRJHQLFLW\# RI
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VRGLXP# [\OHQHVXOIRQDWH# LQ# KXPDQV1# #+H# EDVHG# KLV GLVFXVVHG#DQG#ZLWK#WKH#FRQFOXVLRQV#DV#ZULWWHQ#IRU#PDOH
DVVHVVPHQW# RQ=# # +4,# QRW# KLJK# HQRXJK# D# GRVH# WR DQG#IHPDOH#UDWV#DQG#PLFH/#QR#HYLGHQFH#RI#FDUFLQRJHQLF
DSSURDFK#D#PD[LPXP#WROHUDWHG#GRVH#+07',>#+5,#OLNHO\ DFWLYLW\1# # 'U1# 7\VRQ# VHFRQGHG# WKH# PRWLRQ1
SRRU# DEVRUSWLRQ# RI# VXFK# DQ# LRQLF#PDWHULDO# WKURXJK 'U1# *ROGVZRUWK\# RIIHUHG# DQ# DPHQGPHQW# WKDW# D
LQWDFW# VNLQ># DQG# +6,# ZURQJ# URXWH# RI# H[SRVXUH# WR VWDWHPHQW# EH# DGGHG# WR# WKH#$EVWUDFW# WKDW#PLFH#ZHUH
HVWLPDWH#KXPDQ#ULVN/#L1H1/#LQKDODWLRQ#H[SRVXUH#VKRXOG LQIHFWHG#ZLWK#+HOLFREDFWHU1##'U1#&DUOVRQ#DJUHHG#WR#WKH
KDYH#EHHQ#XVHG1 DPHQGPHQW/#DQG#WKH#DPHQGHG#PRWLRQ#ZDV#DFFHSWHG#E\

DVNHG# WKDW# D# VKRUW# SDUDJUDSK# EH# DGGHG# WR# WKH
'U1# &DUOVRQ# PRYHG# WKDW# WKH# 7HFKQLFDO# 5HSRUW# RQ
VRGLXP#[\OHQHVXOIRQDWH#EH#DFFHSWHG#ZLWK#WKH#UHYLVLRQV SRRU#VXUYLYDO1

VL[#\HV#YRWHV#WR#RQH#QR#YRWH#+'U1#5XVVR,1##'U1#$OODEHQ

GLVFXVVLRQ# UHJDUGLQJ# LQGLYLGXDO# DQLPDO# KRXVLQJ# DQG
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&KHPLFDO#)RUPXOD=##+&+ , & + 62 #1D #######0ROHFXODU#:HLJKW=##53;156 5 9 6 6
$# .

6\QRQ\PV=##%HQ]HQHVXOIRQLF#DFLG/#GLPHWK\O0/#VRGLXP#VDOW>#VRGLXP#GLPHWK\OEHQ]HQHVXOIRQDWH>#[\OHQHVXOIRQLF#DFLG/#VRGLXP#VDOW
7UDGH#QDPHV= &RQFR#6;6>#&\FORSKLO>#6;6#63>#(OHWHVRO#6;#63>#1D[RQDWH>#1D[RQDWH#*>#5LFKRQDWH#6;6>#6WHSDQDWH#6;6>#6WHSDQDWH#;>#

6;6#73>#8OWUDZHW#736;##

&+(0,&$/#$1'#3+<6,&$/#3523(57,(6
7HFKQLFDO# JUDGH# VRGLXP# [\OHQHVXOIRQDWH# FRQWDLQV
DSSUR[LPDWHO\#68(#VRGLXP#HWK\OEHQ]HQHVXOIRQDWH#DQG
4418(/#6;(/#DQG# 4818(#RI# WKH#RUWKR0/#PHWD0/#DQG
SDUD0# LVRPHUV/# UHVSHFWLYHO\/# RI# VRGLXP# [\OHQH0
VXOIRQDWH# +0DXVQHU# DQG# 6RVLV/# 4<95,1# # ,Q#ZDWHU# DW
53(#&/# WKH#SDUD0# LVRPHU#RI#VRGLXP#[\OHQHVXOIRQDWH
KDV#D#VROXELOLW\#RI#4:3#PJ2P//#WKH#RUWKR0#LVRPHU#KDV
D#VROXELOLW\#RI#4<3#PJ2P//#DQG#WKH#PHWD0#LVRPHU#KDV
D#VROXELOLW\#RI#PRUH#WKDQ#733#PJ2P/1##6ROXELOLW\#RI
VRGLXP#[\OHQHVXOIRQDWH#LQ#HWKDQRO#LV#OHVV#WKDQ#WKDW#LQ
ZDWHU1# # 6RGLXP# [\OHQHVXOIRQDWH# LV# VWDEOH# LQ# ZDWHU
XQGHU# QRUPDO# ODERUDWRU\# FRQGLWLRQV# DQG# LV# LQFRP0
SDWLEOH# ZLWK# VWURQJ# DFLGV# DQG# R[LGL]HUV# +57(&6/
4<<4,1##

352'8&7,21/#86(/#
$1'#+80$1#(;32685(
,Q# 4<<5/# RYHU# 5:16# ð# 43 # NJ# RI# VRGLXP# [\OHQH0 &ROPDQ/# ,QF1/# SHUVRQDO# FRPPXQLFDWLRQ/# 4<<8,19

VXOIRQDWH# ZDV# SURGXFHG# LQ# WKH# 8QLWHG# 6WDWHV# E\ %HFDXVH# PDQ\# RI# WKHVH# VKDPSRRV# DQG# KRXVHKROG
43#PDQXIDFWXUHUV#+86,7&/#4<<7,1##7KH#PDMRU#XVH#RI SURGXFWV# DUH# RIWHQ# XVHG# GDLO\/# WKHUH# LV#ZLGHVSUHDG
VRGLXP#[\OHQHVXOIRQDWH#LV#DV#D#K\GURWURSH/#DQ#RUJDQLF SRWHQWLDO#IRU#KXPDQ#H[SRVXUH1

FRPSRXQG#WKDW#LQFUHDVHV#DQG#PDLQWDLQV#WKH#VROXELOLW\
RI#RWKHU#RUJDQLF#FRPSRXQGV#LQ#DTXHRXV#VROXWLRQV1##,W
LV#XVHG#LQ#OLTXLG#KRXVHKROG#GHWHUJHQWV#DQG#VKDPSRRV/
LQ#GHJUHDVLQJ#FRPSRXQGV#DQG#SULQWLQJ#SDVWHV#XVHG#LQ
WKH#WH[WLOH#LQGXVWU\/#LQ#DJHQWV#XVHG#WR#H[WUDFW#SHQWRVDQV
DQG#OLJQLQ#LQ#WKH#SDSHU#LQGXVWU\/#DQG#DV#D#JOXH#DGGLWLYH
LQ#WKH#OHDWKHU#LQGXVWU\1

$FFRUGLQJ# WR# WKH# 1DWLRQDO# 2FFXSDWLRQDO# ([SRVXUH
6XUYH\/#DSSUR[LPDWHO\#:;;/3<5#ZRUNHUV#LQ#WKH#8QLWHG
6WDWHV#ZHUH# SRWHQWLDOO\# H[SRVHG# WR# VRGLXP# [\OHQH0
VXOIRQDWH# GXULQJ# WKH# \HDUV# 4<;4# WR# 4<;6# +1,26+/
4<<3,1# # ,Q# VKDPSRRV/# VRGLXP# [\OHQHVXOIRQDWH# FDQ
FRQVWLWXWH#XS#WR#315(#RI#WKH#WRWDO#VROXWLRQ#++XQWLQJ/
4<;6,1##&RPPRQO\#XVHG#KRXVHKROG#SURGXFWV#VXFK#DV
GLVLQIHFWDQWV/#IORRU#FDUH#SURGXFWV/#DQG#NLWFKHQ#FOHDQHUV
DQG# GHJUHDVHUV# FRQWDLQ# VRGLXP# [\OHQHVXOIRQDWH# LQ
FRQFHQWUDWLRQV# XS# WR# 43(# +3KLO#7KDP/#5HFNLWW# DQG
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$%62537,21/#',675,%87,21/
0(7$%2/,60/#$1'#(;&5(7,21#
1R# LQIRUPDWLRQ# RQ# WKH# DEVRUSWLRQ/# GLVWULEXWLRQ/
PHWDEROLVP/#DQG#H[FUHWLRQ#RI#VRGLXP#[\OHQHVXOIRQDWH
LQ#H[SHULPHQWDO#DQLPDOV#RU# LQ#KXPDQV#ZDV#IRXQG# LQ
WKH# OLWHUDWXUH1##$OWKRXJK#QR#LQIRUPDWLRQ#LV#DYDLODEOH
DERXW#DEVRUSWLRQ#RI# VRGLXP#[\OHQHVXOIRQDWH# VSHFLIL0
FDOO\/#VNLQ#SHQHWUDWLRQ#KDV#EHHQ#VKRZQ#WR#EH#ORZ#LQ
FRPSRXQGV# WKDW# KDYH# D# SRODU# JURXS/# VXFK# DV# WKH
VXOIRQDWH#JURXS#LQ#VRGLXP#[\OHQHVXOIRQDWH/#ZKLFK#FDQ
LQWHUDFW#ZLWK# SRODU# JURXSV# LQ# WKH# VWUDWXP# FRUQHXP
+*UDQGMHDQ#HW#DO1/#4<;;,1##,Q#JHQHUDO/#ZKHQ#DEVRUEHG/ 6RGLXP# [\OHQHVXOIRQDWH# ZDV# QRW# PXWDJHQLF# LQ
VXOIRQDWHV#DUH#TXLFNO\#GLVWULEXWHG#WKURXJKRXW#WKH#ERG\/ 6DOPRQHOOD# W\SKLPXULXP# VWUDLQV# 7$<;/# 7$433/
EXW#DUH#DOVR#UHDGLO\#H[FUHWHG#+3DWW\·V/#4<;4,1 7$4868/#DQG#7$486:#ZKHQ#WHVWHG#DW#FRQFHQWUDWLRQV

72;,&,7<
1R# LQIRUPDWLRQ# VSHFLILF# WR# WKH# WR[LFLW\# RI# VRGLXP
[\OHQHVXOIRQDWH#LQ#H[SHULPHQWDO#DQLPDOV#RU#LQ#KXPDQV
ZDV#IRXQG# LQ# WKH# OLWHUDWXUH1##,Q#JHQHUDO/# WKH#VRGLXP
VDOWV# RI# DU\OVXOIRQLF# DFLGV# DUH# FRQVLGHUHG# WR# EH# RI 6RGLXP# [\OHQHVXOIRQDWH# ZDV# QRPLQDWHG# E\# WKH
UHODWLYHO\#ORZ#WR[LFLW\#+3DWW\·V/#4<;4,1##7KH#UHSRUWHG 1DWLRQDO#&DQFHU#,QVWLWXWH#IURP#D#VRDS#DQG#GHWHUJHQW
PLQLPXP# OHWKDO#JDYDJH#GRVH#IRU#VRGLXP# WROXHQHVXO0 FODVV#VWXG\#EHFDXVH#RI#LWV#KLJK#DQQXDO#SURGXFWLRQ#DQG
IRQDWH/#D#FORVHO\#UHODWHG#FRPSRXQG/#LV#45/333#PJ2NJ LWV#SUHVHQFH#LQ#ZLGHO\#XVHG#FRQVXPHU#SURGXFWV1

LQ# DOELQR# UDWV# DQG# 43/333# PJ2NJ# LQ# DOELQR# PLFH
+.RQGUDWLXN/#4<;6,1

&$5&,12*(1,&,7<
1R# LQIRUPDWLRQ# VSHFLILF# WR# WKH# FDUFLQRJHQLFLW\# RI
VRGLXP#[\OHQHVXOIRQDWH#LQ#H[SHULPHQWDO#DQLPDOV#RU#LQ
KXPDQV#ZDV#IRXQG#LQ#WKH#OLWHUDWXUH1

*(1(7,&#72;,&,7<

XS#WR#43/333#�J2SODWH#ZLWK#DQG#ZLWKRXW#$URFORU#45870
LQGXFHG#PDOH#6SUDJXH0'DZOH\#UDW#RU#6\ULDQ#KDPVWHU
OLYHU#6<#+=HLJHU#HW#DO1/#4<;:,1

678'<#5$7,21$/(
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0$7(5,$/6#$1'#0(7+2'6

352&85(0(17#

$1'#&+$5$&7(5,=$7,21#

2)#62',80#;</(1(68/)21$7(
6RGLXP#[\OHQHVXOIRQDWH#ZDV#REWDLQHG#IURP#5XHWJHUV
1HDVH#&KHPLFDO#&RPSDQ\#+6WDWH#&ROOHJH/#3$,#LQ#RQH
ORW# +53<53;8,/# ZKLFK# ZDV# XVHG# IRU# WKH# 4:0GD\/
470ZHHN/# DQG# 50\HDU# VWXGLHV1# # ,GHQWLW\# DQG# SXULW\
DQDO\VHV#ZHUH#FRQGXFWHG#E\#WKH#DQDO\WLFDO#FKHPLVWU\
ODERUDWRU\/#0LGZHVW#5HVHDUFK#,QVWLWXWH#+.DQVDV#&LW\/
02,#+$SSHQGL[#+,1##5HSRUWV#RQ#DQDO\VHV#SHUIRUPHG
LQ#VXSSRUW#RI#WKH#VRGLXP#[\OHQHVXOIRQDWH#VWXGLHV#DUH
RQ# ILOH# DW# WKH# 1DWLRQDO# ,QVWLWXWH# RI# (QYLURQPHQWDO
+HDOWK#6FLHQFHV#+1,(+6,1

7KH# FKHPLFDO/# D# ZKLWH# SRZGHU/# ZDV# LGHQWLILHG# DV
VRGLXP# [\OHQHVXOIRQDWH# E\# LQIUDUHG/# XOWUDYLROHW2
YLVLEOH/#DQG#QXFOHDU#PDJQHWLF#UHVRQDQFH#VSHFWURVFRS\1
7KH#SXULW\#ZDV#GHWHUPLQHG#E\#HOHPHQWDO#DQDO\VLV/#.DUO
)LVFKHU# ZDWHU# DQDO\VLV/# IXQFWLRQDO# JURXS# WLWUDWLRQ/
WKLQ0OD\HU# FKURPDWRJUDSK\/# DQG# KLJK0SHUIRUPDQFH
OLTXLG#FKURPDWRJUDSK\1

(OHPHQWDO#DQDO\VHV#IRU#FDUERQ#DQG#K\GURJHQ#ZHUH#LQ
DJUHHPHQW# ZLWK# WKH# WKHRUHWLFDO# YDOXHV# IRU# VRGLXP
[\OHQHVXOIRQDWH1# #&DOFXODWHG#RQ# WKH#EDVLV#RI# 8148(
ZDWHU# DQG# 61;5(# VRGLXP# VXOIDWH/# UHVXOWV# IRU# VXOIXU
ZHUH#VOLJKWO\#KLJKHU#WKDQ#WKHRUHWLFDO#YDOXHV#DQG#UHVXOWV
IRU#VRGLXP#ZHUH#VOLJKWO\#ORZHU#WKDQ#WKHRUHWLFDO#YDOXHV1
.DUO#)LVFKHU#ZDWHU#DQDO\VLV#LQGLFDWHG#8148(#�#313:(
ZDWHU1# # )XQFWLRQDO# JURXS# WLWUDWLRQ# IRU# LRQLF# VXOIDWH
LQGLFDWHG#61;5(#�#3137(#VRGLXP#VXOIDWH1##7KLQ0OD\HU
FKURPDWRJUDSK\#E\#RQH#V\VWHP#LQGLFDWHG#D#PDMRU#VSRW
DQG#D#VOLJKW#WUDFH#LPSXULW\>#D#VHFRQG#V\VWHP#LQGLFDWHG
D#PDMRU#VSRW#RQO\1##+LJK0SHUIRUPDQFH#OLTXLG#FKURPD0
WRJUDSK\#E\#RQH#V\VWHP# LQGLFDWHG#D#PDMRU#SHDN#DQG
ILYH#LPSXULWLHV#ZLWK#DUHDV#WRWDOLQJ#6<15(#UHODWLYH#WR
WKH#PDMRU#SHDN>#D#VHFRQG#V\VWHP# LQGLFDWHG#DQ#DGGL0
WLRQDO#LPSXULW\#ZLWK#D#SHDN#DUHD#RI#<19(#UHODWLYH#WR
WKH#PDMRU#SHDN1##8QGHU#WKHVH#FKURPDWRJUDSKLF#FRQ0
GLWLRQV/#VRGLXP#5/70#DQG#5/80[\OHQHVXOIRQDWH#FRHOXWHG
ZLWK# WKH#PDMRU#SHDN1# #$QDO\VLV#RI#QXFOHDU#PDJQHWLF
VSHFWUD#VXJJHVWV#WKDW#RQH#RI#WKH#LPSXULWLHV#PD\#KDYH
EHHQ#HWK\O#EHQ]HQHVXOIRQDWH1

7R#HQVXUH# VWDELOLW\#RI# WKH#EXON#FKHPLFDO#GXULQJ# WKH
4:0GD\#DQG#470ZHHN#VWXGLHV/#VRGLXP#[\OHQHVXOIRQDWH
ZDV#VWRUHG#LQ#JODVV#ERWWOHV#ZLWK#7HIORQ�0OLQHG#FDSV#RU
GRXEOH#EDJJHG#LQ#PHWDO#GUXPV#DW#URRP#WHPSHUDWXUH#LQ
WKH#GDUN1##'XULQJ#WKH#50\HDU#VWXGLHV/#WKH#EXON#FKHP0
LFDO#ZDV#VWRUHG# LQ#DPEHU#JODVV#ERWWOHV#DW#URRP# WHP0
SHUDWXUH#LQ#WKH#GDUN1

35(3$5$7,21#$1'#$1$/<6,6#

2)#'26(#)2508/$7,216
7KH# GRVH# IRUPXODWLRQV# IRU# WKH# 4:0GD\# VWXGLHV#ZHUH
SUHSDUHG#WZLFH#GXULQJ#WKH#VWXG\#E\#VWLUULQJ#WKH#DSSUR0
SULDWH# TXDQWLWLHV# RI# VRGLXP# [\OHQHVXOIRQDWH# LQWR
GHLRQL]HG#ZDWHU#ZKLFK#ZDV#WKHQ#EURXJKW#WR#WKH#GHVLUHG
FRQFHQWUDWLRQ# E\# WKH# IXUWKHU# DGGLWLRQ# RI# GHLRQL]HG
ZDWHU# +7DEOH#+4,1# # 7KH# GRVH# IRUPXODWLRQV# IRU# WKH
470ZHHN# VWXGLHV# ZHUH# SUHSDUHG# HYHU\# 5# ZHHNV# E\
PL[LQJ# WKH# DSSURSULDWH# DPRXQW# RI# VRGLXP# [\OHQH0
VXOIRQDWH#ZLWK#83(#HWKDQRO#+LQ#GHLRQL]HG#ZDWHU,#ZKLFK
ZDV#WKHQ#EURXJKW#WR#WKH#GHVLUHG#FRQFHQWUDWLRQ#E\#WKH
IXUWKHU#DGGLWLRQ#RI#83(#HWKDQRO#+7DEOH#+4,1##7KH#8
DQG#48#PJ2P/#GRVHV#ZHUH#VWLUUHG#WR#VROXWLRQ>#WKH#77/
466/# DQG# 733# PJ2P/# GRVHV# ZHUH# VWLUUHG# WR# VXV0
SHQVLRQ1##'RVH#IRUPXODWLRQV#LQ#WKH#50\HDU#VWXGLHV#RI
VRGLXP# [\OHQHVXOIRQDWH# ZHUH# SUHSDUHG# HYHU\# 5# WR
6#ZHHNV#E\#PL[LQJ#WKH#DSSURSULDWH#ZHLJKW#RI#VRGLXP
[\OHQHVXOIRQDWH# LQ# GHLRQL]HG#ZDWHU# +7DEOH#+4,1# #$
VXVSHQVLRQ# ZDV# IRUPHG# E\# VKDNLQJ/# DQG# WKHQ# WKH
PL[WXUH#ZDV#EURXJKW#WR#WKH#GHVLUHG#FRQFHQWUDWLRQV#RI
HWKDQRO#DQG#VRGLXP#[\OHQHVXOIRQDWH#E\#WKH#DGGLWLRQ#RI
<8(# HWKDQRO1# # 7KH# UHVXOWLQJ# VXVSHQVLRQ# ZDV# WKH
UHTXLUHG#GRVH#LQ#83(#HWKDQRO1##'RVH#IRUPXODWLRQV#LQ
WKH#4:0GD\/#470ZHHN/#DQG#50\HDU#VWXGLHV#ZHUH#VWRUHG
DW# URRP# WHPSHUDWXUH# LQ# JODVV# ERWWOHV#ZLWK#7HIORQ�0
OLQHG#OLGV#LQ#WKH#GDUN#IRU#XS#WR#6#ZHHNV#+4:0GD\#DQG
470ZHHN# VWXGLHV,# RU# IRU# 6# WR# 7# ZHHNV# +50\HDU
VWXGLHV,1##

6WDELOLW\# VWXGLHV# RI# 7#PJ2P/# GRVH# IRUPXODWLRQV# +LQ
GHLRQL]HG#ZDWHU#DQG#LQ#83(#HWKDQRO,#ZHUH#FRQGXFWHG
E\# WKH# DQDO\WLFDO# FKHPLVWU\# ODERUDWRU\# XVLQJ# KLJK0
SHUIRUPDQFH# OLTXLG# FKURPDWRJUDSK\1# # 6WDELOLW\#ZDV
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FRQILUPHG#IRU#DW#OHDVW#6#ZHHNV#ZKHQ#VWRUHG#LQ#WKH#GDUN GLVWLOOHG#ZDWHU#DW#GRVH#FRQFHQWUDWLRQV#RI#3/#8/#48/#77/
DW# URRP# WHPSHUDWXUH# LQ# VHDOHG# JODVV# YLDOV# DQG# IRU 466/#RU#733#PJ2P/1##'RVHV#ZHUH#DSSOLHG#8#GD\V#SHU
6#KRXUV#DW# URRP# WHPSHUDWXUH#RSHQ# WR#DLU#DQG# OLJKW1 ZHHN#IRU#4:#GD\V#WR#WKH#FOLSSHG#LQWHUVFDSXODU#VNLQ#DW
+RPRJHQHLW\#VWXGLHV#RI#WKH#GRVHV#XVHG#LQ#WKH#50\HDU D#YROXPH#RI# 633#�/# IRU# UDWV# DQG# 433#�/# IRU#PLFH
VWXGLHV#DQG#D#OLPLWHG#VWDELOLW\#VWXG\#RI#WKH#:8#PJ2P/ +$SSHQGL[# ,,1# # )HHG# DQG# ZDWHU# ZHUH# DYDLODEOH
GRVH# IRUPXODWLRQ# XVHG# LQ# WKH# 50\HDU# VWXGLHV# ZHUH DG#OLELWXP1##5DWV#DQG#PLFH#ZHUH#KRXVHG#LQGLYLGXDOO\1
SHUIRUPHG#E\#WKH#VWXG\#ODERUDWRU\1##+RPRJHQHLW\#ZDV &OLQLFDO# ILQGLQJV# IRU# UDWV# DQG#PLFH# ZHUH# UHFRUGHG
FRQILUPHG# DQG# WKH# VWDELOLW\# RI# WKH# :8#PJ2P/# GRVH WZLFH#GDLO\#DQG#DW# WKH#HQG#RI# WKH# VWXGLHV1# #$QLPDOV
IRUPXODWLRQ#ZDV#FRQILUPHG#IRU#5<#GD\V#ZKHQ#VWRUHG#DW ZHUH#ZHLJKHG#RQ#GD\V#4#DQG#;#DQG#DW#WKH#HQG#RI#WKH
URRP#WHPSHUDWXUH/#DQG#SURWHFWHG#IURP#OLJKW1## VWXGLHV1# # 'HWDLOV# RI# WKH# VWXG\# GHVLJQ# DQG# DQLPDO

3HULRGLF#DQDO\VHV#RI#WKH#GRVH#IRUPXODWLRQV#RI#VRGLXP
[\OHQHVXOIRQDWH# ZHUH# FRQGXFWHG# E\# WKH# VWXG\ $#QHFURSV\#ZDV#SHUIRUPHG#RQ#DOO#DQLPDOV1##7KH#KHDUW/
ODERUDWRU\#ZLWK#KLJK0SHUIRUPDQFH# OLTXLG#FKURPDWRJ0 ULJKW# NLGQH\/# OLYHU/# OXQJV/# ULJKW# WHVWLV/# DQG# WK\PXV
UDSK\1# # 'XULQJ# WKH# 4:0GD\# VWXGLHV/# GRVHV# ZHUH ZHUH# ZHLJKHG1# # +LVWRSDWKRORJLF# H[DPLQDWLRQ# ZDV
DQDO\]HG# DW# WKH#EHJLQQLQJ#RI# WKH# VWXG\# +7DEOH#+5,1 UHVWULFWHG# WR# VNLQ# IURP# WKH# VLWH# RI# DSSOLFDWLRQ/# VNLQ
'XULQJ#WKH#470ZHHN#VWXGLHV/#GRVHV#ZHUH#DQDO\]HG#DW IURP#DQ#XQWUHDWHG# VLWH/#DQG#JURVV# OHVLRQV1# #7DEOH# 4
WKH#EHJLQQLQJ/#PLGSRLQW/#DQG#HQG#RI#WKH#VWXGLHV#+7DEOH OLVWV#WKH#WLVVXHV#DQG#RUJDQV#H[DPLQHG1
+6,1# #'XULQJ# WKH# 50\HDU# VWXGLHV/#GRVH# IRUPXODWLRQV
ZHUH# DQDO\]HG# DW# WKH# EHJLQQLQJ# RI# WKH# VWXGLHV# DQG
HYHU\#:#WR#43#ZHHNV#WKHUHDIWHU#+7DEOH#+7,1##$OWKRXJK
WKH#UHVXOWV#RI#D#SUHOLPLQDU\#PL[LQJ#WULDO#IRU#WKH#8#DQG
733#PJ2P/#FRQFHQWUDWLRQV#XVHG#LQ#WKH#4:0GD\#VWXGLHV
ZHUH#ZLWKLQ#43(#RI#WKH#WDUJHW#FRQFHQWUDWLRQV/#WKH#ILUVW
VHW#RI#GRVH# IRUPXODWLRQV#ZHUH# 45(# WR# 47(#JUHDWHU
WKDQ#WKH#WDUJHW#FRQFHQWUDWLRQV#GXH#WR#D#PL[LQJ#HUURU1
7KHVH#IRUPXODWLRQV#ZHUH#UHPL[HG#DQG#ZHUH#DOO#ZLWKLQ
43(#RI#WKH#WDUJHW#FRQFHQWUDWLRQV#+7DEOH#+5,1##$QLPDO0
URRP#VDPSOHV#IRU#WKH#4:0GD\#VWXGLHV#ZHUH#DOVR#ZLWKLQ
43(#RI#WKH#WDUJHW#FRQFHQWUDWLRQV1##'XULQJ#WKH#470ZHHN
VWXGLHV/#DOO#48#RI#WKH#GRVH#IRUPXODWLRQV#DQG#DOO#WKUHH#RI
WKH# DQLPDO# URRP# VDPSOHV#ZHUH#ZLWKLQ# 43(# RI# WKH
WDUJHW#FRQFHQWUDWLRQV1##,Q#WKH#50\HDU#VWXGLHV/#DOO#75#RI
WKH#GRVH# IRUPXODWLRQV#DQG#VHYHQ#RI# WKH#QLQH#DQLPDO
URRP# VDPSOHV# ZHUH# ZLWKLQ# 43(# RI# WKH# WDUJHW
FRQFHQWUDWLRQV1##)RU#WKH#470ZHHN#VWXGLHV/#WZR#UHIHUHH
DQDO\VHV# SHUIRUPHG# E\# WKH# DQDO\WLFDO# FKHPLVWU\
ODERUDWRU\#LQGLFDWHG#JRRG#DJUHHPHQW#ZLWK#WKH#UHVXOWV
RI#WKH#VWXG\#ODERUDWRU\#+7DEOH#+8,1#

4:0'$<#678',(6
0DOH#DQG#IHPDOH#)67721#UDWV#DQG#%9&6) #PLFH#ZHUH VROXWLRQ#RI#HWKDQRO#LQ#ZDWHU#ZDV#FKRVHQ#DV#WKH#YHKLFOH4

REWDLQHG# IURP#7DFRQLF# )DUPV# +*HUPDQWRZQ/#1<,1 LQ# WKH# 470ZHHN# VWXGLHV#EHFDXVH# VROXWLRQV#RI# VRGLXP
2Q# UHFHLSW/# UDWV#ZHUH# 55# GD\V# ROG/# DQG#PLFH#ZHUH [\OHQHVXOIRQDWH#LQ#ZDWHU#DORQH#ZHUH#REVHUYHG#WR#EHDG
64#GD\V#ROG1##$QLPDOV#ZHUH#TXDUDQWLQHG#IRU#45#+UDWV, XS#UDWKHU# WKDQ# WR#VSUHDG#RXW#RQ#URGHQW#VNLQ1##'RVHV
RU#44#+PLFH,#GD\V#DQG#ZHUH#8#+UDWV,#RU#9#+PLFH,#ZHHNV ZHUH# DSSOLHG# 8#GD\V#SHU#ZHHN# IRU# 47#ZHHNV# WR# WKH
ROG# RQ# WKH# ILUVW# GD\# RI# WKH# VWXGLHV1# # *URXSV# RI FOLSSHG#LQWHUVFDSXODU#VNLQ#DW#D#YROXPH#RI#633#�/#IRU
ILYH#PDOH# DQG# ILYH# IHPDOH# UDWV# DQG#PLFH# UHFHLYHG UDWV# DQG# 433# �/# IRU#PLFH1# # )HHG# DQG#ZDWHU#ZHUH
GHUPDO# DSSOLFDWLRQV# RI# VRGLXP# [\OHQHVXOIRQDWH# LQ DYDLODEOH# DG# OLELWXP1# #5DWV# DQG#PLFH#ZHUH# KRXVHG

PDLQWHQDQFH#DUH#VXPPDUL]HG#LQ#7DEOH#41

470:((.#678',(6
7KH#470ZHHN#VWXGLHV#ZHUH#FRQGXFWHG#WR#HYDOXDWH#WKH
FXPXODWLYH# WR[LF# HIIHFWV# RI# UHSHDWHG# H[SRVXUH# WR
VRGLXP# [\OHQHVXOIRQDWH# DQG# WR# GHWHUPLQH# WKH
DSSURSULDWH# GRVHV# WR# EH# XVHG# LQ# WKH# 50\HDU# VWXGLHV1
0DOH#DQG#IHPDOH#)67721#UDWV#DQG#%9&6) #PLFH#ZHUH4

REWDLQHG# IURP#7DFRQLF# )DUPV# +*HUPDQWRZQ/#1<,1
2Q#UHFHLSW#UDWV#DQG#PLFH#ZHUH#64#GD\V#ROG1##$QLPDOV
ZHUH#TXDUDQWLQHG#IRU#45#+UDWV,#RU#4<#+PLFH,#GD\V#DQG
ZHUH#9#+UDWV,#RU#:#+PLFH,#ZHHNV#ROG#RQ#WKH#ILUVW#GD\#RI
WKH#VWXGLHV1##%HIRUH#WKH#VWXGLHV#EHJDQ/#ILYH#PDOH#DQG
ILYH#IHPDOH#UDWV#DQG#PLFH#ZHUH#UDQGRPO\#VHOHFWHG#IRU
SDUDVLWH#HYDOXDWLRQ#DQG#JURVV#REVHUYDWLRQ#IRU#HYLGHQFH
RI# GLVHDVH1# # $W# WKH# HQG# RI# WKH# VWXGLHV/# VHURORJLF
DQDO\VHV#ZHUH#SHUIRUPHG#RQ#ILYH#PDOH#DQG#ILYH#IHPDOH
UDWV#DQG#PLFH#XVLQJ#WKH#SURWRFROV#RI#WKH#173#6HQWLQHO
$QLPDO#3URJUDP#+$SSHQGL[#.,1

*URXSV# RI# 43# PDOH# DQG# 43# IHPDOH# UDWV# DQG# PLFH
UHFHLYHG# GHUPDO# DSSOLFDWLRQV# RI# VRGLXP# [\OHQH0
VXOIRQDWH#LQ#83(#HWKDQRO#DW#GRVH#FRQFHQWUDWLRQV#RI#3/
8/#48/#77/#466/#RU#733#PJ2P/#+$SSHQGL[#,,1##$#83(
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LQGLYLGXDOO\1##&OLQLFDO#ILQGLQJV#IRU#UDWV#DQG#PLFH#ZHUH JURXSV#XQWLO#QR#VNLQ#OHVLRQV#ZHUH#REVHUYHG#LQ#D#GRVH
UHFRUGHG# ZHHNO\# DQG# DW# WKH# HQG# RI# WKH# VWXGLHV1 JURXS1
$QLPDOV#ZHUH#ZHLJKHG# LQLWLDOO\/#ZHHNO\/#DQG#DW# WKH
HQG#RI# WKH#VWXGLHV1# #'HWDLOV#RI# WKH#VWXG\#GHVLJQ#DQG
DQLPDO#PDLQWHQDQFH#DUH#VXPPDUL]HG#LQ#7DEOH#41

)RU#VSHFLDO#KHPDWRORJ\#DQG#FOLQLFDO#FKHPLVWU\#VWXGLHV/
DGGLWLRQDO# JURXSV# RI# 43# PDOH# DQG# 43# IHPDOH# UDWV
UHFHLYHG# GHUPDO# DSSOLFDWLRQV# RI# VRGLXP# [\OHQH0
VXOIRQDWH# LQ# 83(# HWKDQRO# DW#GRVHV#RI# 3/# 8/# 48/# 77/
466/#RU#733#PJ2P/1##

%ORRG#ZDV# FROOHFWHG# IURP# VSHFLDO# VWXG\# UDWV# XQGHU
FDUERQ#GLR[LGH#DQHVWKHVLD#RQ#GD\V#8#DQG#54#YLD# WKH
UHWURRUELWDO#VLQXV1##8VLQJ#WKH#VDPH#PHWKRG/#EORRG#ZDV
DOVR#FROOHFWHG#IURP#FRUH#VWXG\#UDWV#DW#WKH#HQG#RI#WKH
VWXG\1##)RU#KHPDWRORJ\#DQDO\VHV/#VDPSOHV#ZHUH#SODFHG
LQ#FRQWDLQHUV#FRQWDLQLQJ#('7$#DV#DQ#DQWLFRDJXODQW1
)RU# FOLQLFDO# FKHPLVWU\# DQDO\VHV/# VDPSOHV# ZHUH
FROOHFWHG# LQ# SODVWLF# FHQWULIXJH# WXEHV1# # +HPRJORELQ
FRQFHQWUDWLRQV/# KHPDWRFULW# YDOXHV/# DQG# HU\WKURF\WH/
SODWHOHW/#DQG# OHXNRF\WH#FRXQWV#ZHUH#PHDVXUHG#RQ#DQ
2UWKR#(/70;#DQDO\]HU#+2UWKR#,QVWUXPHQWV/#:HVWZRRG/
0$,1# # 'LIIHUHQWLDO# OHXNRF\WH# FRXQWV/# UHWLFXORF\WH
FRXQWV/# DQG# OHXNRF\WH/# HU\WKURF\WH/# DQG# SODWHOHW
PRUSKRORJLHV#ZHUH#GHWHUPLQHG#E\#OLJKW#PLFURVFRS\#RI
EORRG# ILOPV1# #0HDQ# FHOO# YROXPH/#PHDQ# FHOO# KHPR0
JORELQ/#DQG#PHDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQV#ZHUH
FDOFXODWHG#IURP#WKH#UHVXOWV#RI#DQDO\VHV#IRU#KHPRJORELQ
FRQFHQWUDWLRQ/# KHPDWRFULW/# DQG# HU\WKURF\WH# FRXQWV1
7KH# KHPDWRORJ\# SDUDPHWHUV#PHDVXUHG# DUH# OLVWHG# LQ
7DEOH# 41# # &OLQLFDO# FKHPLVWU\# SDUDPHWHUV# ZHUH
PHDVXUHG# RQ# D# 5RFKH# &REDV# )$5$# FKHPLVWU\
DQDO\]HU#+5RFKH#'LDJQRVWLF#6\VWHPV/#,QF1/#0RQWFODLU/
1-,1##7KH#FOLQLFDO#FKHPLVWU\#SDUDPHWHUV#PHDVXUHG#DUH
OLVWHG#LQ#7DEOH#41###

$#QHFURSV\#ZDV#SHUIRUPHG#RQ#DOO#FRUH#VWXG\#UDWV#DQG
RQ#DOO#PLFH1# #7KH#KHDUW/# ULJKW#NLGQH\/# OLYHU/# OXQJV/
ULJKW# WHVWLV/#DQG# WK\PXV#ZHUH#ZHLJKHG1##7LVVXHV#IRU
PLFURVFRSLF#H[DPLQDWLRQ#ZHUH#IL[HG#DQG#SUHVHUYHG#LQ
43(# QHXWUDO# EXIIHUHG# IRUPDOLQ/# SURFHVVHG# DQG
WULPPHG/# HPEHGGHG# LQ# SDUDIILQ/# VHFWLRQHG# WR# D
WKLFNQHVV#RI#8#WR#9#�P/#DQG#VWDLQHG#ZLWK#KHPDWR[\OLQ
DQG# HRVLQ1# #&RPSOHWH# KLVWRSDWKRORJLF# H[DPLQDWLRQV
ZHUH#SHUIRUPHG#RQ#DOO#FRQWURO# UDWV# +FRUH,#DQG#PLFH
DQG#UDWV#+FRUH,#DQG#PLFH#IURP#WKH#733#PJ2P/#JURXSV1
7DEOH# 4# OLVWV# WKH# WLVVXHV# DQG# RUJDQV# URXWLQHO\
H[DPLQHG1# # 6NLQ# IURP# WKH# VLWH# RI# DSSOLFDWLRQ# ZDV
H[DPLQHG#PLFURVFRSLFDOO\#LQ#SURJUHVVLYHO\#ORZHU#GRVH

50<($5#678',(6
*URXSV# RI# 83# PDOH# DQG# 83# IHPDOH# UDWV# ZHUH
DGPLQLVWHUHG# GHUPDO# DSSOLFDWLRQV# RI# 3/# 93/# 453/# RU
573#PJ# VRGLXP# [\OHQHVXOIRQDWH2NJ# ERG\#ZHLJKW# LQ
83(#HWKDQRO1##*URXSV#RI#83#PDOH#DQG#83#IHPDOH#PLFH
ZHUH#DGPLQLVWHUHG#GHUPDO#DSSOLFDWLRQV#RI#3/#4;5/#697/
RU#:5:#PJ#VRGLXP#[\OHQHVXOIRQDWH2NJ#ERG\#ZHLJKW1
'RVHV#ZHUH#DSSOLHG#ILYH#GD\V#SHU#ZHHN#IRU#437#+UDWV
DQG#PDOH#PLFH,#RU# 438# +IHPDOH#PLFH,#ZHHNV# WR# WKH
FOLSSHG#LQWHUVFDSXODU#VNLQ#DW#YROXPHV#RI#;8#WR#68:#�/
IRU#UDWV#DQG#RI#79#WR#45;#�/#IRU#PLFH1##9ROXPHV#ZHUH
DGMXVWHG#IRU#WKH#ZHLJKWV#RI#WKH#DQLPDOV#WKURXJKRXW#WKH
VWXG\#+$SSHQGL[#,,1

6RXUFH#DQG#6SHFLILFDWLRQ#RI#$QLPDOV
0DOH#DQG#IHPDOH#)67721#UDWV#DQG#%9&6) #PLFH#ZHUH4

REWDLQHG# IURP#6LPRQVHQ#/DERUDWRULHV# +*LOUR\/#&$,
IRU#XVH# LQ# WKH# 50\HDU# VWXGLHV1# #5DWV# DQG#PLFH#ZHUH
TXDUDQWLQHG# IRU# 47# GD\V# SULRU# WR# WKH# VWDUW# RI# WKH
VWXGLHV1##)LYH#PDOH#DQG#ILYH#IHPDOH#UDWV#DQG#PLFH#ZHUH
VHOHFWHG#IRU#SDUDVLWH#HYDOXDWLRQ#DQG#JURVV#REVHUYDWLRQ
RI#GLVHDVH1##6HURORJ\#VDPSOHV#ZHUH#FROOHFWHG#IRU#YLUDO
VFUHHQLQJ1# # 5DWV# DQG# PLFH# ZHUH# DSSUR[LPDWHO\
9#ZHHNV# ROG# DW# WKH# EHJLQQLQJ# RI# WKH# VWXGLHV1# #7KH
KHDOWK#RI#WKH#DQLPDOV#ZDV#PRQLWRUHG#GXULQJ#WKH#VWXGLHV
DFFRUGLQJ#WR#WKH#SURWRFROV#RI#WKH#173#6HQWLQHO#$QLPDO
3URJUDP#+$SSHQGL[#.,1

$QLPDO#0DLQWHQDQFH
5DWV#DQG#PLFH#ZHUH#KRXVHG# LQGLYLGXDOO\1# #)HHG#DQG
ZDWHU#ZHUH#DYDLODEOH#DG#OLELWXP1##&DJHV#ZHUH#FKDQJHG
ZHHNO\#DQG#UDFNV#ZHUH#URWDWHG#RQFH#HYHU\#5#ZHHNV1
)XUWKHU# GHWDLOV# RI# DQLPDO#PDLQWHQDQFH# DUH# JLYHQ# LQ
7DEOH#41##

&OLQLFDO#([DPLQDWLRQV#DQG#3DWKRORJ\
$OO# DQLPDOV#ZHUH# REVHUYHG# WZLFH# GDLO\# DQG# FOLQLFDO
ILQGLQJV#ZHUH#UHFRUGHG#PRQWKO\1##%RG\#ZHLJKWV#ZHUH
UHFRUGHG#ZHHNO\#WKURXJK#ZHHN#46/#PRQWKO\#WKHUHDIWHU/
DQG#DW#WKH#HQG#RI#WKH#VWXGLHV1##

$OO#DQLPDOV#ZHUH#QHFURSVLHG1##$#FRPSOHWH#KLVWRSDWKR0
ORJLF#H[DPLQDWLRQ#ZDV#SHUIRUPHG#RQ#DOO#UDWV#DQG#PLFH
WKDW#GLHG#SULRU# WR#VWXG\# WHUPLQDWLRQ/#DQG#RQ#FRQWURO
UDWV#DQG#PLFH/#DQG#RQ#573#PJ2NJ#UDWV#DQG#:5:#PJ2NJ
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PLFH# DW# WKH# HQG#RI# WKH# VWXGLHV1# #6NLQ# IURP# WKH# VLWH EHWZHHQ# WKH# ODERUDWRU\# SDWKRORJLVW/# UHYLHZLQJ
RI#DSSOLFDWLRQ#ZDV#H[DPLQHG#IRU#DOO#GRVH#JURXSV1##$W SDWKRORJLVW+V,/#DQG#WKH#3:*1##7KH#3:*#UHYLHZHG#WKH
QHFURSV\/#DOO#RUJDQV#DQG# WLVVXHV#ZHUH#H[DPLQHG# IRU IROORZLQJ=##SUROLIHUDWLYH#OHVLRQV#RI#WKH#WK\URLG#JODQG#LQ
JURVVO\#YLVLEOH#OHVLRQV1##0DMRU#WLVVXHV#ZHUH#IL[HG#DQG DOO#IHPDOH#PLFH#DQG# LQ#FRQWURO#DQG#:5:#PJ2NJ#PDOH
SUHVHUYHG# LQ# 43(# QHXWUDO# EXIIHUHG# IRUPDOLQ/ PLFH># DOO# FRQWURO#PDOH# UDW# WHVWHV# IRU# LQWHUVWLWLDO# FHOO
SURFHVVHG# DQG# WULPPHG/# HPEHGGHG# LQ# SDUDIILQ/ QHRSODVPV>#FOLWRUDO#JODQGV#LQ#IHPDOH#UDWV#DQG#SUHSXWLDO
VHFWLRQHG#WR#D#WKLFNQHVV#RI#8#WR#9#�P/#DQG#VWDLQHG#ZLWK JODQGV# LQ# FRQWURO# DQG# 573# PJ2NJ# PDOH# UDWV# IRU
KHPDWR[\OLQ#DQG#HRVLQ#IRU#PLFURVFRSLF#H[DPLQDWLRQ1 SUROLIHUDWLYH#OHVLRQV>#WK\URLG/#DGUHQDO#+PHGXOOD,/#DQG
)RU# DOO# SDLUHG# RUJDQV# +L1H1/# DGUHQDO# JODQG/# NLGQH\/ SLWXLWDU\#JODQGV#LQ#FRQWURO#DQG#573#PJ2NJ#JURXSV#RI
RYDU\,/# VDPSOHV# IURP# HDFK# RUJDQ# ZHUH# H[DPLQHG1 PDOH# DQG# IHPDOH# UDWV1# # 'HWDLOV# RI# WKHVH# UHYLHZ
7LVVXHV# H[DPLQHG# PLFURVFRSLFDOO\# DUH# OLVWHG# LQ SURFHGXUHV#KDYH#EHHQ#GHVFULEHG/#LQ#SDUW/#E\#0DURQSRW
7DEOH#41 DQG#%RRUPDQ#+4<;5,#DQG#%RRUPDQ#HW#DO1#+4<;8,1##)RU

0LFURVFRSLF#HYDOXDWLRQV#ZHUH#FRPSOHWHG#E\#WKH#VWXG\ GHFLVLRQ#RI#ZKHWKHU#WR#HYDOXDWH#WKH#GLDJQRVHG#OHVLRQV
ODERUDWRU\#SDWKRORJLVW/#DQG# WKH#SDWKRORJ\#GDWD#ZHUH IRU# HDFK# WLVVXH# W\SH# VHSDUDWHO\# RU# FRPELQHG# ZDV
HQWHUHG# LQWR# WKH# 7R[LFRORJ\# 'DWD# 0DQDJHPHQW JHQHUDOO\#EDVHG#RQ#WKH#JXLGHOLQHV#RI#0F&RQQHOO#HW#DO1
6\VWHP1##7KH#VOLGHV/#SDUDIILQ#EORFNV/#DQG#UHVLGXDO#ZHW +4<;9,1
WLVVXHV#ZHUH#VHQW#WR#WKH#173#$UFKLYHV#IRU#LQYHQWRU\/
VOLGH2EORFN#PDWFK/#DQG#ZHW#WLVVXH#DXGLW1##7KH#VOLGHV/
LQGLYLGXDO#DQLPDO#GDWD#UHFRUGV/#DQG#SDWKRORJ\#WDEOHV
ZHUH#HYDOXDWHG#E\#DQ#LQGHSHQGHQW#TXDOLW\#DVVHVVPHQW 6XUYLYDO#$QDO\VHV
ODERUDWRU\1##7KH#LQGLYLGXDO#DQLPDO#UHFRUGV#DQG#WDEOHV
ZHUH# FRPSDUHG# IRU# DFFXUDF\/# WKH# VOLGH# DQG# WLVVXH
FRXQWV# ZHUH# YHULILHG/# DQG# WKH# KLVWRWHFKQLTXH# ZDV
HYDOXDWHG1# # )RU# WKH# 50\HDU# VWXGLHV/# D# TXDOLW\
DVVHVVPHQW#SDWKRORJLVW#UHYLHZHG#WKH#VNLQ#RI#UDWV#DQG
PLFH#DQG#WKH#OLYHU#RI#PLFH#IRU#DOO#OHVLRQV>#WKH#OLYHU#DQG
VSOHHQ#RI#PDOH# UDWV# IRU#PRQRQXFOHDU#FHOO# OHXNHPLD>
DQG#WKH#FOLWRUDO#JODQG#RI#IHPDOH#UDWV#IRU#SUROLIHUDWLYH
OHVLRQV#+K\SHUSODVLD/#DGHQRPD/#DQG#FDUFLQRPD,1

7KH#TXDOLW\#DVVHVVPHQW#UHSRUW#DQG#WKH#UHYLHZHG#VOLGHV
ZHUH#VXEPLWWHG#WR#WKH#173#3DWKRORJ\#:RUNLQJ#*URXS
+3:*,#FKDLUSHUVRQ/#ZKR#UHYLHZHG#WKH#VHOHFWHG#WLVVXHV
DQG# DGGUHVVHG# DQ\# LQFRQVLVWHQFLHV# LQ# WKH# GLDJQRVHV
PDGH# E\# WKH# ODERUDWRU\# DQG# TXDOLW\# DVVHVVPHQW
SDWKRORJLVWV1# # 5HSUHVHQWDWLYH# KLVWRSDWKRORJ\# VOLGHV
FRQWDLQLQJ# H[DPSOHV# RI# OHVLRQV# UHODWHG# WR# FKHPLFDO
DGPLQLVWUDWLRQ/# H[DPSOHV# RI# GLVDJUHHPHQWV# LQ
GLDJQRVHV# EHWZHHQ# WKH# ODERUDWRU\# DQG# TXDOLW\
DVVHVVPHQW#SDWKRORJLVW/#RU#OHVLRQV#RI#JHQHUDO#LQWHUHVW
ZHUH#SUHVHQWHG#E\# WKH# FKDLUSHUVRQ# WR# WKH#3:*# IRU
UHYLHZ1##7KH#3:*#FRQVLVWHG#RI#WKH#TXDOLW\#DVVHVVPHQW
SDWKRORJLVW# DQG# RWKHU# SDWKRORJLVWV# H[SHULHQFHG# LQ
URGHQW#WR[LFRORJLF#SDWKRORJ\1##7KLV#JURXS#H[DPLQHG
WKH#WLVVXHV#ZLWKRXW#DQ\#NQRZOHGJH#RI#GRVH#JURXSV#RU
SUHYLRXVO\# UHQGHUHG# GLDJQRVHV1# # :KHQ# WKH# 3:*
FRQVHQVXV#GLIIHUHG#IURP#WKH#RSLQLRQ#RI#WKH#ODERUDWRU\
SDWKRORJLVW/# WKH# GLDJQRVLV# ZDV# FKDQJHG1# # )LQDO
GLDJQRVHV#IRU#UHYLHZHG#OHVLRQV#UHSUHVHQW#D#FRQVHQVXV

VXEVHTXHQW# DQDO\VHV# RI# WKH# SDWKRORJ\# GDWD/# WKH

67$7,67,&$/#0(7+2'6

7KH# SUREDELOLW\# RI# VXUYLYDO# ZDV# HVWLPDWHG# E\# WKH
SURGXFW0OLPLW#SURFHGXUH#RI#.DSODQ#DQG#0HLHU#+4<8;,
DQG# LV# SUHVHQWHG# LQ# WKH# IRUP# RI# JUDSKV1# #$QLPDOV
IRXQG#GHDG#RI#RWKHU# WKDQ#QDWXUDO#FDXVHV#RU#PLVVLQJ
ZHUH# FHQVRUHG# IURP# WKH# VXUYLYDO# DQDO\VHV># DQLPDOV
G\LQJ# IURP# QDWXUDO# FDXVHV# ZHUH# QRW# FHQVRUHG1
6WDWLVWLFDO#DQDO\VHV#IRU#SRVVLEOH#GRVH0UHODWHG#HIIHFWV#RQ
VXUYLYDO# XVHG#&R[·V# +4<:5,#PHWKRG# IRU# WHVWLQJ# WZR
JURXSV#IRU#HTXDOLW\#DQG#7DURQH·V#+4<:8,#OLIH#WDEOH#WHVW
WR#LGHQWLI\#GRVH0UHODWHG#WUHQGV1##$OO#UHSRUWHG#3#YDOXHV
IRU#WKH#VXUYLYDO#DQDO\VHV#DUH#WZR#VLGHG1

&DOFXODWLRQ#RI#,QFLGHQFH
7KH#LQFLGHQFHV#RI#QHRSODVPV#RU#QRQQHRSODVWLF#OHVLRQV
DV#SUHVHQWHG#LQ#7DEOHV#$4/#$7/#%4/#%7/#&4/#&8/#'4/
DQG#'8#DUH#JLYHQ#DV#WKH#QXPEHU#RI#DQLPDOV#EHDULQJ
VXFK#OHVLRQV#DW#D#VSHFLILF#DQDWRPLF#VLWH#DQG#WKH#QXPEHU
RI#DQLPDOV#ZLWK# WKDW#VLWH#H[DPLQHG#PLFURVFRSLFDOO\1
)RU# FDOFXODWLRQ# RI# VWDWLVWLFDO# VLJQLILFDQFH/# WKH
LQFLGHQFHV#RI#PRVW#QHRSODVPV# +7DEOHV#$6/#%6/#&6/
DQG#'6,#DQG#DOO#QRQQHRSODVWLF#OHVLRQV#DUH#JLYHQ#DV#WKH
QXPEHUV# RI# DQLPDOV# DIIHFWHG# DW# HDFK# VLWH# H[DPLQHG
PLFURVFRSLFDOO\1# # +RZHYHU/# ZKHQ# PDFURVFRSLF
H[DPLQDWLRQ# ZDV# UHTXLUHG# WR# GHWHFW# QHRSODVPV# LQ
FHUWDLQ#WLVVXHV#+H1J1/#VNLQ/#LQWHVWLQH/#KDUGHULDQ#JODQG/
DQG#PDPPDU\#JODQG,#EHIRUH#PLFURVFRSLF#HYDOXDWLRQ/
RU#ZKHQ# QHRSODVPV# KDG#PXOWLSOH# SRWHQWLDO# VLWHV# RI
RFFXUUHQFH# +H1J1/# OHXNHPLD# RU# O\PSKRPD,/# WKH
GHQRPLQDWRUV# FRQVLVW# RI# WKH# QXPEHU# RI# DQLPDOV# RQ
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ZKLFK#D#QHFURSV\#ZDV#SHUIRUPHG1# #7DEOHV#$6/#%6/ GLVFXVVLRQ# RI# WKHVH# VWDWLVWLFDO# PHWKRGV/# UHIHU# WR
&6/#DQG#'6#DOVR#JLYH#WKH#VXUYLYDO0DGMXVWHG#QHRSODVP +DVHPDQ#+4<;7,1
UDWH#IRU#HDFK#JURXS#DQG#HDFK#VLWH0VSHFLILF#QHRSODVP/
L1H1/# WKH# .DSODQ00HLHU# HVWLPDWH# RI# WKH# QHRSODVP
LQFLGHQFH#WKDW#ZRXOG#KDYH#EHHQ#REVHUYHG#DW#WKH#HQG#RI
WKH# VWXG\# LQ# WKH# DEVHQFH# RI# PRUWDOLW\# IURP# DOO
FRPSHWLQJ#ULVNV#+.DSODQ#DQG#0HLHU/#4<8;,

$QDO\VLV#RI#1HRSODVP#,QFLGHQFHV
7KH# PDMRULW\# RI# QHRSODVPV# LQ# WKHVH# VWXGLHV# ZHUH
FRQVLGHUHG#WR#EH#LQFLGHQWDO#WR#WKH#FDXVH#RI#GHDWK#RU#QRW
UDSLGO\# OHWKDO1##7KXV/# WKH#SULPDU\#VWDWLVWLFDO#PHWKRG
XVHG#ZDV#ORJLVWLF#UHJUHVVLRQ#DQDO\VLV/#ZKLFK#DVVXPHG
WKDW#WKH#GLDJQRVHG#QHRSODVPV#ZHUH#GLVFRYHUHG#DV#WKH
UHVXOW#RI#GHDWK#IURP#DQ#XQUHODWHG#FDXVH#DQG#WKXV#GLG
QRW# DIIHFW# WKH# ULVN# RI# GHDWK1# # ,Q# WKLV# DSSURDFK/
QHRSODVP# SUHYDOHQFH# ZDV# PRGHOHG# DV# D# ORJLVWLF
IXQFWLRQ#RI#FKHPLFDO#H[SRVXUH#DQG#WLPH1##%RWK#OLQHDU
DQG# TXDGUDWLF# WHUPV# LQ# WLPH# ZHUH# LQFRUSRUDWHG
LQLWLDOO\/#DQG#WKH#TXDGUDWLF#WHUP#ZDV#HOLPLQDWHG#LI#WKH
ILW#RI#WKH#PRGHO#ZDV#QRW#VLJQLILFDQWO\#HQKDQFHG1##7KH
QHRSODVP# LQFLGHQFHV#RI#H[SRVHG#DQG#FRQWURO#JURXSV
ZHUH#FRPSDUHG#RQ# WKH#EDVLV#RI# WKH# OLNHOLKRRG#VFRUH
WHVW# IRU# WKH# UHJUHVVLRQ# FRHIILFLHQW# RI# GRVH1# # 7KLV
PHWKRG#RI#DGMXVWLQJ#IRU#LQWHUFXUUHQW#PRUWDOLW\#LV#WKH
SUHYDOHQFH# DQDO\VLV# RI#'LQVH# DQG# /DJDNRV# +4<;6,/
IXUWKHU# GHVFULEHG# DQG# LOOXVWUDWHG# E\# 'LQVH# DQG
+DVHPDQ#+4<;9,1##:KHQ#QHRSODVPV#DUH#LQFLGHQWDO/#WKLV
FRPSDULVRQ#RI#WKH#WLPH0VSHFLILF#QHRSODVP#SUHYDOHQFHV
DOVR# SURYLGHV# D# FRPSDULVRQ# RI# WKH# WLPH0VSHFLILF
QHRSODVP#LQFLGHQFHV#+0F.QLJKW#DQG#&URZOH\/#4<;7,1

,Q# DGGLWLRQ# WR# ORJLVWLF# UHJUHVVLRQ/#RWKHU#PHWKRGV#RI
VWDWLVWLFDO#DQDO\VLV#ZHUH#XVHG/#DQG#WKH#UHVXOWV#RI#WKHVH
WHVWV# DUH# VXPPDUL]HG# LQ# WKH# DSSHQGL[HV1# # 7KHVH
PHWKRGV# LQFOXGH# WKH# OLIH# WDEOH# WHVW# +&R[/# 4<:5>
7DURQH/# 4<:8,/# DSSURSULDWH# IRU# UDSLGO\# OHWKDO
QHRSODVPV/#DQG#WKH#)LVKHU#H[DFW#WHVW#DQG#WKH#&RFKUDQ0
$UPLWDJH# WUHQG# WHVW# +$UPLWDJH/# 4<:4># *DUW# HW# DO1/
4<:<,/#SURFHGXUHV#EDVHG#RQ#WKH#RYHUDOO#SURSRUWLRQ#RI
QHRSODVP0EHDULQJ#DQLPDOV1

7HVWV#RI#VLJQLILFDQFH#LQFOXGHG#SDLUZLVH#FRPSDULVRQV#RI
HDFK#H[SRVHG#JURXS#ZLWK#FRQWUROV#DQG#D# WHVW# IRU#DQ
RYHUDOO#GRVH0UHODWHG#WUHQG1##&RQWLQXLW\0FRUUHFWHG#WHVWV
ZHUH#XVHG#LQ#WKH#DQDO\VLV#RI#QHRSODVP#LQFLGHQFH/#DQG
UHSRUWHG# 3# YDOXHV# DUH# RQH# VLGHG1# # 7KH# SURFHGXUHV
GHVFULEHG#LQ#WKH#SUHFHGLQJ#SDUDJUDSKV#ZHUH#DOVR#XVHG
WR#HYDOXDWH#VHOHFWHG#QRQQHRSODVWLF#OHVLRQV1##)RU#IXUWKHU

$QDO\VLV#RI#1RQQHRSODVWLF#/HVLRQ#,QFLGHQFHV
%HFDXVH#DOO#QRQQHRSODVWLF# OHVLRQV# LQ# WKLV#VWXG\#ZHUH
FRQVLGHUHG#WR#EH#LQFLGHQWDO#WR#WKH#FDXVH#RI#GHDWK#RU#QRW
UDSLGO\#OHWKDO/#WKH#SULPDU\#VWDWLVWLFDO#DQDO\VLV#XVHG#ZDV
D#ORJLVWLF#UHJUHVVLRQ#DQDO\VLV#LQ#ZKLFK#QRQQHRSODVWLF
OHVLRQ#SUHYDOHQFH#ZDV#PRGHOHG#DV#D#ORJLVWLF#IXQFWLRQ
RI#FKHPLFDO#H[SRVXUH#DQG#WLPH1##)RU#OHVLRQV#GHWHFWHG
DW# WKH# LQWHULP# HYDOXDWLRQ/# WKH# )LVKHU# H[DFW# WHVW/# D
SURFHGXUH#EDVHG#RQ#WKH#RYHUDOO#SURSRUWLRQ#RI#DIIHFWHG
DQLPDOV/#ZDV#XVHG1

$QDO\VLV#RI#&RQWLQXRXV#9DULDEOHV
7ZR# DSSURDFKHV# ZHUH# HPSOR\HG# WR# DVVHVV# WKH
VLJQLILFDQFH#RI#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#H[SRVHG
DQG# FRQWURO# JURXSV# LQ# WKH# DQDO\VLV# RI# FRQWLQXRXV
YDULDEOHV1##2UJDQ#DQG#ERG\#ZHLJKW#GDWD/#ZKLFK#KDYH
DSSUR[LPDWHO\# QRUPDO# GLVWULEXWLRQV/# ZHUH# DQDO\]HG
XVLQJ#WKH#SDUDPHWULF#PXOWLSOH#FRPSDULVRQ#SURFHGXUHV
RI# 'XQQHWW# +4<88,# DQG# :LOOLDPV# +4<:4/# 4<:5,1
&OLQLFDO#FKHPLVWU\#DQG#KHPDWRORJ\#GDWD/#ZKLFK#KDYH
W\SLFDOO\# VNHZHG#GLVWULEXWLRQV/#ZHUH#DQDO\]HG#XVLQJ
WKH# QRQSDUDPHWULF#PXOWLSOH# FRPSDULVRQ#PHWKRGV# RI
6KLUOH\# +4<::,#DQG#'XQQ# +4<97,1# #-RQFNKHHUH·V# WHVW
+-RQFNKHHUH/#4<87,#ZDV#XVHG#WR#DVVHVV#WKH#VLJQLILFDQFH
RI#WKH#GRVH0UHODWHG#WUHQGV#DQG#WR#GHWHUPLQH#ZKHWKHU#D
WUHQG0VHQVLWLYH# WHVW#+:LOOLDPV·#RU#6KLUOH\·V# WHVW,#ZDV
PRUH#DSSURSULDWH#IRU#SDLUZLVH#FRPSDULVRQV#WKDQ#D#WHVW
WKDW#GRHV#QRW#DVVXPH#D#PRQRWRQLF#GRVH0UHODWHG#WUHQG
+'XQQHWW·V#RU#'XQQ·V#WHVW,1##3ULRU#WR#DQDO\VLV/#H[WUHPH
YDOXHV# LGHQWLILHG# E\# WKH# RXWOLHU# WHVW# RI# 'L[RQ# DQG
0DVVH\#+4<84,#ZHUH#H[DPLQHG#E\#173#SHUVRQQHO/#DQG
LPSODXVLEOH#YDOXHV#ZHUH#HOLPLQDWHG#IURP#WKH#DQDO\VLV1
$YHUDJH# VHYHULW\# YDOXHV# ZHUH# DQDO\]HG# IRU
VLJQLILFDQFH# XVLQJ# WKH# 0DQQ0:KLWQH\# 8# WHVW
++ROODQGHU#DQG#:ROIH/#4<:6,1

+LVWRULFDO#&RQWURO#'DWD
$OWKRXJK#WKH#FRQFXUUHQW#FRQWURO#JURXS#LV#DOZD\V#WKH
ILUVW# DQG# PRVW# DSSURSULDWH# FRQWURO# JURXS# XVHG# IRU
HYDOXDWLRQ/#KLVWRULFDO#FRQWURO#GDWD#FDQ#EH#KHOSIXO#LQ#WKH
RYHUDOO#DVVHVVPHQW#RI#QHRSODVP# LQFLGHQFH# LQ#FHUWDLQ
LQVWDQFHV1##&RQVHTXHQWO\/#QHRSODVP#LQFLGHQFHV#IURP
WKH#173#KLVWRULFDO#FRQWURO#GDWDEDVH/#ZKLFK#LV#XSGDWHG
\HDUO\/#DUH#LQFOXGHG#LQ#WKH#173#UHSRUWV#IRU#QHRSODVPV
DSSHDULQJ#WR#VKRZ#FRPSRXQG0UHODWHG#HIIHFWV1
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48$/,7<#$6685$1&(#0(7+2'6
7KH# 470ZHHN#DQG# 50\HDU# VWXGLHV#ZHUH#FRQGXFWHG# LQ
FRPSOLDQFH#ZLWK#)RRG#DQG#'UXJ#$GPLQLVWUDWLRQ#*RRG
/DERUDWRU\#3UDFWLFH#5HJXODWLRQV#+54#&)5/#3DUW#8;,1
,Q#DGGLWLRQ/#DV#UHFRUGV#IURP#WKH#50\HDU#VWXGLHV#ZHUH
VXEPLWWHG# WR# WKH#173#$UFKLYHV/# WKHVH# VWXGLHV#ZHUH
DXGLWHG# UHWURVSHFWLYHO\# E\# DQ# LQGHSHQGHQW# TXDOLW\
DVVXUDQFH# FRQWUDFWRU1# # 6HSDUDWH# DXGLWV# FRYHULQJ
FRPSOHWHQHVV# DQG# DFFXUDF\# RI# WKH# SDWKRORJ\# GDWD/
SDWKRORJ\# VSHFLPHQV/# ILQDO# SDWKRORJ\# WDEOHV/# DQG# D
GUDIW#RI#WKLV#173#7HFKQLFDO#5HSRUW#ZHUH#FRQGXFWHG1
$XGLW# SURFHGXUHV# DQG# ILQGLQJV# DUH# SUHVHQWHG# LQ# WKH
UHSRUWV#DQG#DUH#RQ#ILOH#DW#1,(+61##7KH#DXGLW#ILQGLQJV
ZHUH# UHYLHZHG# DQG# DVVHVVHG# E\# 173# VWDII/# VR# DOO
FRPPHQWV# KDG# EHHQ# UHVROYHG# RU# ZHUH# RWKHUZLVH
DGGUHVVHG# GXULQJ# WKH# SUHSDUDWLRQ# RI# WKLV# 7HFKQLFDO
5HSRUW1

*(1(7,&#72;,&2/2*<
7KH#JHQHWLF# WR[LFLW\#RI# VRGLXP#[\OHQHVXOIRQDWH#ZDV
DVVHVVHG# E\# WHVWLQJ# WKH# DELOLW\# RI# WKH# FKHPLFDO# WR
LQGXFH# PXWDWLRQV# LQ# YDULRXV# VWUDLQV# RI# 6DOPRQHOOD
W\SKLPXULXP/# VLVWHU# FKURPDWLG# H[FKDQJHV# DQG
FKURPRVRPDO#DEHUUDWLRQV#LQ#FXOWXUHG#&KLQHVH#KDPVWHU
RYDU\# FHOOV/# DQG# PXWDWLRQV# LQ# /84:;<# PRXVH
O\PSKRPD#FHOOV1##7KH#SURWRFROV#IRU#WKHVH#VWXGLHV#DQG
WKH#UHVXOWV#DUH#JLYHQ#LQ#$SSHQGL[#(1

7KH#JHQHWLF#WR[LFLW\#VWXGLHV#RI#VRGLXP#[\OHQHVXOIRQDWH
DUH#SDUW#RI#D# ODUJHU#HIIRUW#E\# WKH#173# WR#GHYHORS#D
GDWDEDVH# WKDW# ZRXOG# SHUPLW# WKH# HYDOXDWLRQ# RI

FDUFLQRJHQLFLW\# LQ# H[SHULPHQWDO# DQLPDOV# IURP# WKH
VWUXFWXUH#DQG#UHVSRQVHV#RI#WKH#FKHPLFDO#LQ#VKRUW0WHUP
LQ# YLWUR# DQG# LQ# YLYR# JHQHWLF# WR[LFLW\# WHVWV1# # 7KHVH
JHQHWLF# WR[LFLW\# WHVWV# ZHUH# RULJLQDOO\# GHYHORSHG# WR
VWXG\# PHFKDQLVPV# RI# FKHPLFDOO\# LQGXFHG# '1$
GDPDJH# DQG# WR# SUHGLFW# FDUFLQRJHQLFLW\# LQ# DQLPDOV/
EDVHG# RQ# WKH# HOHFWURSKLOLF# WKHRU\# RI# FKHPLFDO
FDUFLQRJHQHVLV# DQG# WKH# VRPDWLF# PXWDWLRQ# WKHRU\
+0LOOHU# DQG#0LOOHU/# 4<::>#6WUDXV/# 4<;4>#&UDZIRUG/
4<;8,1

7KHUH# LV# D# VWURQJ# FRUUHODWLRQ# EHWZHHQ# D# FKHPLFDO·V
SRWHQWLDO# HOHFWURSKLOLFLW\# +VWUXFWXUDO# DOHUW# WR# '1$
UHDFWLYLW\,/#PXWDJHQLFLW\#LQ#6DOPRQHOOD/#DQG#FDUFLQR0
JHQLFLW\# LQ# URGHQWV1# # 7KH# FRPELQDWLRQ# RI# HOHFWUR0
SKLOLFLW\# DQG# 6DOPRQHOOD# PXWDJHQLFLW\# LV# KLJKO\
FRUUHODWHG#ZLWK#WKH#LQGXFWLRQ#RI#FDUFLQRJHQLFLW\#LQ#UDWV
DQG#PLFH#DQG2RU#DW#PXOWLSOH# WLVVXH#VLWHV# +$VKE\#DQG
7HQQDQW/#4<<4,1##2WKHU#LQ#YLWUR#JHQHWLF#WR[LFLW\#WHVWV
GR# QRW# FRUUHODWH# ZHOO# ZLWK# URGHQW# FDUFLQRJHQLFLW\
+7HQQDQW#HW#DO1/#4<;:>#=HLJHU#HW#DO1/#4<<3,/#DOWKRXJK
WKHVH#RWKHU#WHVWV#FDQ#SURYLGH#LQIRUPDWLRQ#RQ#WKH#W\SHV
RI#'1$#DQG#FKURPRVRPH#HIIHFWV#WKDW#FDQ#EH#LQGXFHG
E\#WKH#FKHPLFDO#EHLQJ#LQYHVWLJDWHG1##'DWD#IURP#173
VWXGLHV#VKRZ#WKDW#D#SRVLWLYH#UHVSRQVH#LQ#6DOPRQHOOD#LV
FXUUHQWO\#WKH#PRVW#SUHGLFWLYH#LQ#YLWUR#WHVW#IRU#URGHQW
FDUFLQRJHQLFLW\# +;<(# RI# WKH# 6DOPRQHOOD# PXWDJHQV
ZHUH# URGHQW# FDUFLQRJHQV,/# DQG# WKDW# WKHUH# LV# QR
FRPSOHPHQWDULW\#DPRQJ# WKH# LQ#YLWUR#JHQHWLF# WR[LFLW\
WHVWV1# #7KDW# LV/#QR#EDWWHU\#RI# WHVWV# WKDW# LQFOXGHG# WKH
6DOPRQHOOD# WHVW# LPSURYHG# WKH# SUHGLFWLYLW\# RI# WKH
6DOPRQHOOD#WHVW#DORQH1
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([SHULPHQWDO#'HVLJQ#DQG#0DWHULDOV#DQG#0HWKRGV#LQ#WKH#'HUPDO#6WXGLHV#RI#6RGLXP#;\OHQHVXOIRQDWH

4:0'D\#6WXGLHV 470:HHN#6WXGLHV 50<HDU#6WXGLHV

6WXG\#/DERUDWRU\
6RXWKHUQ#5HVHDUFK#,QVWLWXWH 6RXWKHUQ#5HVHDUFK#,QVWLWXWH %DWWHOOH#&ROXPEXV#/DERUDWRULHV
+%LUPLQJKDP/#$/, +%LUPLQJKDP/#$/, +&ROXPEXV/#2+,

6WUDLQ#DQG#6SHFLHV
5DWV=##)67721 5DWV=##)67721 5DWV=##)67721
0LFH=##%9&6) 0LFH=##%9&6) 0LFH=##%9&6)4 4 4

$QLPDO#6RXUFH
7DFRQLF#)DUPV# 7DFRQLF#)DUPV# 6LPRQVHQ#/DERUDWRULHV/#,QF1
+*HUPDQWRZQ/#1<, +*HUPDQWRZQ/#1<, +*LOUR\/#&$,

7LPH#+HOG#%HIRUH#6WXGLHV
5DWV=##45#GD\V 5DWV=##45#GD\V 47#GD\V
0LFH=##44#GD\V 0LFH=##4<#GD\V

$YHUDJH#$JH#:KHQ#6WXGLHV#%HJDQ
5DWV=##8#ZHHNV 5DWV=##9#ZHHNV :#ZHHNV
0LFH=##9#ZHHNV 0LFH=##:#ZHHNV

'DWH#RI#)LUVW#'RVH
5DWV=##53#-XO\#4<;: 5DWV=##49#)HEUXDU\#4<;; 5DWV=##5<#1RYHPEHU#4<<3
0LFH=##5:#-XO\#4<;: 0LFH=##56#)HEUXDU\#4<;; 0LFH=##53#'HFHPEHU#4<<3

'XUDWLRQ#RI#'RVLQJ
8#GD\V#SHU#ZHHN#IRU#4:#GD\V 8#GD\V#SHU#ZHHN#IRU#47#ZHHNV 8#GD\V#SHU#ZHHN#IRU#437#ZHHNV#+UDWV#DQG

PDOH#PLFH,#RU#438#ZHHNV#+IHPDOH#PLFH,

'DWH#RI#/DVW#'RVH
5DWV=##809#$XJXVW#4<;: 5DWV=##4:04<#0D\#4<;;#+FRUH, 5DWV=##53#1RYHPEHU#4<<5
0LFH=##44045#$XJXVW#4<;: 4904:#0D\#4<;;#+VSHFLDO#VWXG\, 0LFH=##44#'HFHPEHU#4<<5#+PDOHV,

0LFH=##57059#0D\#4<;; ##########4;#'HFHPEHU#4<<5#+IHPDOHV,

1HFURSV\#'DWHV
5DWV=##809#$XJXVW#4<;: 5DWV=##4;053#0D\#4<;; 5DWV=##506#'HFHPEHU#4<<5
0LFH=##45046#$XJXVW#4<;: 0LFH=##5805:#0D\#4<;; 0LFH=##54056#'HFHPEHU#4<<5#+PDOHV,

5;063#'HFHPEHU#4<<5#+IHPDOHV,#
$YHUDJH#$JH#DW#1HFURSV\
5DWV=##:#ZHHNV 5DWV=##4<053#ZHHNV 5DWV=##4440445#ZHHNV#
0LFH=##;#ZHHNV 0LFH=##53054#ZHHNV# 0LFH=##4440445#ZHHNV
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4:0'D\#6WXGLHV 470:HHN#6WXGLHV 50<HDU#6WXGLHV

6L]H#RI#6WXG\#*URXSV
8#PDOHV#DQG#8#IHPDOHV 43#PDOHV#DQG#43#IHPDOHV#+UDWV#DQG########## 83#PDOHV#DQG#83#IHPDOHV

##PLFH>#FRUH#VWXG\,
43#PDOH#DQG#43#IHPDOH#UDWV#+VSHFLDO#########
#VWXG\,#

0HWKRG#RI#'LVWULEXWLRQ
$QLPDOV#ZHUH#GLVWULEXWHG#UDQGRPO\#LQWR 6DPH#DV#4:0GD\#VWXGLHV 6DPH#DV#4:0GD\#VWXGLHV
JURXSV#RI#DSSUR[LPDWHO\#HTXDO#LQLWLDO
PHDQ#ERG\#ZHLJKWV1

$QLPDOV#SHU#&DJH
4 4 4

0HWKRG#RI#$QLPDO#,GHQWLILFDWLRQ
7RH#FOLS 7RH#FOLS 7DLO#WDWWRR

'LHW
1,+03:#RSHQ#IRUPXOD#SHOOHWHG#GLHW 6DPH#DV#4:0GD\#VWXGLHV 6DPH#DV#4:0GD\#VWXGLHV
+=HLJOHU#%URWKHUV/#,QF1/#*DUGQHUV/#3$,/
DYDLODEOH#DG#OLELWXP

:DWHU#'LVWULEXWLRQ
7DS#ZDWHU#+&LW\#RI#%LUPLQJKDP 6DPH#DV#4:0GD\#VWXGLHV 7DS#ZDWHU#+&ROXPEXV#PXQLFLSDO#VXSSO\,
PXQLFLSDO#VXSSO\,#YLD#DXWRPDWLF YLD#DXWRPDWLF#ZDWHULQJ#V\VWHP#+(GVWURP
ZDWHULQJ#V\VWHP#+(GVWURP#,QGXVWULHV/ ,QGXVWULHV/#:DWHUIRUG/#:,,/#DYDLODEOH#DG
:DWHUIRUG/#:,,/#DYDLODEOH#DG#OLELWXP OLELWXP

&DJHV
3RO\FDUERQDWH#+/DE#3URGXFWV#,QF1/ 6DPH#DV#4:0GD\#VWXGLHV 6DPH#DV#4:0GD\#VWXGLHV
0D\ZRRG/#1-,/#FKDQJHG#RQFH#ZHHNO\

%HGGLQJ
+HDW0WUHDWHG#KDUGZRRG#FKLSV# 6DPH#DV#4:0GD\#VWXGLHV 6DQL0&KLS�#KDUGZRRG#FKLSV
+31-1#0XUSK\#)RUHVW#3URGXFWV#&R1/ +31-1#0XUSK\#)RUHVW#3URGXFWV#&RUS1/
0RQWYLOOH/#1-, 0RQWYLOOH/#1-,

&DJH#)LOWHUV
5HHPD\�#VSXQ0ERQGHG#SRO\HVWHU 6DPH#DV#4:0GD\#VWXGLHV 'X3RQW#5357#VSXQ0ERQGHG#SRO\HVWHU
+$QGLFR/#%LUPLQJKDP/#$/, +6QRZ#)LOWUDWLRQ#&R1/#&LQFLQQDWL/#2+,
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4:0'D\#6WXGLHV 470:HHN#6WXGLHV 50<HDU#6WXGLHV

5DFNV
6WDLQOHVV#VWHHO#+/DE#3URGXFWV#,QF1/ 6WDLQOHVV#VWHHO#+/DE#3URGXFWV#,QF1/ 6WDLQOHVV#VWHHO#+/DE#3URGXFWV#,QF1/
0D\ZRRG/#1-,/#QRW#URWDWHG 0D\ZRRG/#1-,/#URWDWHG#RQFH#HYHU\ 0D\ZRRG/#1-,/#URWDWHG#RQFH#HYHU\

5#ZHHNV 5#ZHHNV

$QLPDO#5RRP#(QYLURQPHQW
7HPSHUDWXUH=##5518(#WR#5819(#&#+UDWV,> 7HPSHUDWXUH=##5314(#WR#5718(#&#+UDWV,>## 7HPSHUDWXUH=##5313(#WR#5717(#&#+UDWV,>##
481;(#WR#561<(#&#+PLFH, 5418(#WR#561<(#&#+PLFH, 491:(#WR#5819(#&#+PLFH,

5HODWLYH#KXPLGLW\=##84(#WR#9;(#+UDWV,> 5HODWLYH#KXPLGLW\=##53(#WR#9:(#+UDWV,>## 5HODWLYH#KXPLGLW\=##68(#WR#:3(#+UDWV,>##
64(#WR#83(#+PLFH, 48(#WR#96(#+PLFH, 67(#WR#9<(#+PLFH,

)OXRUHVFHQW#OLJKW=##45#KRXUV2GD\ )OXRUHVFHQW#OLJKW=##45#KRXUV2GD\ )OXRUHVFHQW#OLJKW=##45#KRXUV2GD\
5RRP#DLU=##PLQLPXP#RI 5RRP#DLU=##PLQLPXP#RI 5RRP#DLU=##PLQLPXP#RI
43#FKDQJHV2KRXU 43#FKDQJHV2KRXU 43#FKDQJHV2KRXU

'RVHV
3/#8/#48/#77/#466/#RU#733#PJ2P/ 3/#8/#48/#77/#466/#RU#733#PJ2P/ 5DWV=##3/#93/#453/#RU#573#PJ2NJ#
+GRVH#YROXPHV#RI#633#�/#IRU#UDWV#DQG +GRVH#YROXPHV#RI#633#�/#IRU#UDWV#DQG +GRVH#YROXPHV#RI#;8#WR#68:#�/,##
433#�/#IRU#PLFH, 433#�/#IRU#PLFH, 0LFH=##3/#4;5/#697/#RU#:5:#PJ2NJ#+GRVH

YROXPHV#RI#79#WR#45;#�/,##
7\SH#DQG#)UHTXHQF\#RI#2EVHUYDWLRQ
2EVHUYHG#WZLFH#GDLO\>#DQLPDOV#ZHUH 2EVHUYHG#WZLFH#GDLO\>#DQLPDOV#ZHUH 2EVHUYHG#WZLFH#GDLO\>#FOLQLFDO#ILQGLQJV
ZHLJKHG#RQ#GD\V#4#DQG#;/#DQG#DW#WKH#HQG ZHLJKHG#LQLWLDOO\/#ZHHNO\/#DQG#DW#WKH#HQG ZHUH#UHFRUGHG#PRQWKO\/#ERG\#ZHLJKWV
RI#WKH#VWXGLHV1##&OLQLFDO#ILQGLQJV#ZHUH RI#WKH#VWXGLHV1##&OLQLFDO#ILQGLQJV#ZHUH ZHUH#UHFRUGHG#ZHHNO\#WKURXJK#ZHHN#46/
UHFRUGHG#WZLFH#GDLO\#DQG#DW#WKH#HQG#RI UHFRUGHG#ZHHNO\#DQG#DW#WKH#HQG#RI#WKH PRQWKO\#WKHUHDIWHU/#DQG#DW#WKH#HQG#RI#WKH
WKH#VWXGLHV1 VWXGLHV1##)HHG#FRQVXPSWLRQ#ZDV VWXGLHV1

PHDVXUHG#ZHHNO\#IRU#HDFK#DQLPDO1

0HWKRG#RI#6DFULILFH
&2 #DVSK\[LDWLRQ &2 #DVSK\[LDWLRQ &2 #DVSK\[LDWLRQ5 5 5

1HFURSV\
1HFURSV\#SHUIRUPHG#RQ#DOO#DQLPDOV1# 1HFURSV\#SHUIRUPHG#RQ#DOO#FRUH#VWXG\ 1HFURSV\#SHUIRUPHG#RQ#DOO#DQLPDOV1#
2UJDQV#ZHLJKHG#LQFOXGHG#WKH#KHDUW/#ULJKW UDWV#DQG#RQ#DOO#PLFH1##2UJDQV#ZHLJKHG
NLGQH\/#OLYHU/#OXQJV/#ULJKW#WHVWLV/#DQG LQFOXGHG#WKH#KHDUW/#ULJKW#NLGQH\/#OLYHU/
WK\PXV1 OXQJV/#ULJKW#WHVWLV/#DQG#WK\PXV1
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4:0'D\#6WXGLHV 470:HHN#6WXGLHV 50<HDU#6WXGLHV

&OLQLFDO#3DWKRORJ\
1RQH %ORRG#ZDV#FROOHFWHG#IURP#VSHFLDO#VWXG\ 1RQH

UDWV#RQ#GD\#8#DQG#RQ#GD\#54#DQG#IURP
FRUH#VWXG\#UDWV#DW#WKH#HQG#RI#WKH#VWXG\1
%ORRG#ZDV#FROOHFWHG#IURP#WKH
UHWURRUELWDO#VLQXV1
+HPDWRORJ\=##KHPDWRFULW/#KHPRJORELQ
FRQFHQWUDWLRQ/#HU\WKURF\WH#DQG
UHWLFXORF\WH#FRXQWV/#PHDQ#FHOO#YROXPH/
PHDQ#FHOO#KHPRJORELQ/#PHDQ#FHOO
KHPRJORELQ#FRQFHQWUDWLRQ/#SODWHOHW
FRXQW/#DQG#OHXNRF\WH#FRXQW#DQG
GLIIHUHQWLDOV1
&OLQLFDO#&KHPLVWU\=##XUHD#QLWURJHQ/
FUHDWLQLQH/#WRWDO#SURWHLQ/#DOEXPLQ/
DODQLQH#DPLQRWUDQVIHUDVH/#DONDOLQH
SKRVSKDWDVH/#FUHDWLQH#NLQDVH/#VRUELWRO
GHK\GURJHQDVH/#DQG#ELOH#DFLGV1#

+LVWRSDWKRORJ\
+LVWRSDWKRORJLF#H[DPLQDWLRQ#ZDV#OLPLWHG &RPSOHWH#KLVWRSDWKRORJLF#H[DPLQDWLRQV &RPSOHWH#KLVWRSDWKRORJLF#H[DPLQDWLRQV
WR#WKH#VNLQ#+VLWH#RI#DSSOLFDWLRQ#DQG ZHUH#SHUIRUPHG#RQ#FRQWURO#UDWV#+FRUH, ZHUH#SHUIRUPHG#RQ#DOO#FRQWURO/#RQ#DOO
XQWUHDWHG#VNLQ,#DQG#JURVV#OHVLRQV1 DQG#PLFH/#DQG#UDWV#+FRUH#VWXG\,#DQG#PLFH 573#PJ2NJ#UDWV#DQG#:5:#PJ2NJ#PLFH/

IURP#WKH#733#PJ2P/#JURXSV1##,Q DQG#RQ#DOO#DQLPDOV#WKDW#GLHG#HDUO\1##,Q
DGGLWLRQ#WR#JURVV#OHVLRQV/#WLVVXH#PDVVHV/ WKHVH#DQLPDOV/#LQ#DGGLWLRQ#WR#JURVV
DQG#DVVRFLDWHG#O\PSK#QRGHV/#WKH#WLVVXHV OHVLRQV/#WLVVXH#PDVVHV/#DQG#DVVRFLDWHG
H[DPLQHG#LQFOXGHG=##DGUHQDO#JODQG/#ERQH O\PSK#QRGHV/#WKH#WLVVXHV#H[DPLQHG
DQG#PDUURZ/#EUDLQ/#FOLWRUDO#JODQG/ LQFOXGHG=##DGUHQDO#JODQG/#ERQH#DQG
HVRSKDJXV/#JDOOEODGGHU#+PLFH,/#KHDUW/ PDUURZ/#EUDLQ/#FOLWRUDO#JODQG/
NLGQH\/#ODUJH#LQWHVWLQH#+FHFXP/#FRORQ/ HVRSKDJXV/#JDOOEODGGHU#+PLFH,/#KHDUW/
DQG#UHFWXP,/#VPDOO#LQWHVWLQH#+GXRGHQXP/ NLGQH\/#ODUJH#LQWHVWLQH#+FHFXP/#FRORQ/
MHMXQXP/#DQG#LOHXP,/#OLYHU/#OXQJ/#O\PSK DQG#UHFWXP,/#VPDOO#LQWHVWLQH#+GXRGHQXP/
QRGHV#+PDQGLEXODU#DQG#PHVHQWHULF,/ MHMXQXP/#DQG#LOHXP,/#OLYHU/#OXQJ/#O\PSK
PDPPDU\#JODQG/#QRVH/#RYDU\/#SDQFUHDV/ QRGHV#+PDQGLEXODU#DQG#PHVHQWHULF,/
SDUDWK\URLG#JODQG/#SLWXLWDU\#JODQG/ PDPPDU\#JODQG/#QRVH/#RYDU\/#SDQFUHDV/
SUHSXWLDO#JODQG/#SURVWDWH#JODQG/#VDOLYDU\ SDUDWK\URLG#JODQG/#SLWXLWDU\#JODQG/
JODQG/#VNLQ/#VSOHHQ/#VWRPDFK SUHSXWLDO#JODQG/#SURVWDWH#JODQG/#VDOLYDU\
+IRUHVWRPDFK#DQG#JODQGXODU#VWRPDFK,/ JODQG/#VSOHHQ/#VWRPDFK#+IRUHVWRPDFK#DQG
WHVWLV#ZLWK#HSLGLG\PLV#DQG#VHPLQDO JODQGXODU#VWRPDFK,/#WHVWLV#ZLWK
YHVLFOH/#WK\PXV/#WK\URLG#JODQG/#WUDFKHD/ HSLGLG\PLV#DQG#VHPLQDO#YHVLFOH/#WK\PXV/
XULQDU\#EODGGHU/#DQG#XWHUXV1##6NLQ WK\URLG#JODQG/#WUDFKHD/#XULQDU\#EODGGHU/
VDPSOHV#ZHUH#H[DPLQHG#LQ#ORZHU#GRVH DQG#XWHUXV1##,Q#93#DQG#453#PJ2NJ#UDWV
JURXSV#XQWLO#D#QR0HIIHFW#OHYHO#ZDV DQG#LQ#4;5#DQG#697#PJ2NJ#PLFH/#WLVVXHV
UHDFKHG1 H[DPLQHG#PLFURVFRSLFDOO\#LQFOXGHG#VNLQ

IURP#WKH#VLWH#RI#DSSOLFDWLRQ#DQG#FRQWURO
VNLQ1#$GGLWLRQDO#UHYLHZ#ZDV#PDGH#RI#WKH
OLYHU#DQG#VSOHHQ#RI#93#DQG#453#PJ2NJ
PDOH#UDWV#IRU#PRQRQXFOHDU#FHOO#OHXNHPLD>
WKH#FOLWRUDO#JODQG#RI#IHPDOH#UDWV#DQG#WKH
SUHSXWLDO#JODQG#RI#FRQWURO#DQG#KLJK0GRVH
PDOH#UDWV#IRU#SUROLIHUDWLYH#OHVLRQV>#WKH
OLYHU#RI#4;5#DQG#697#PJ2NJ#PDOH#DQG
IHPDOH#PLFH>#DQG#WKH#WK\URLG#JODQG#RI
4;5#DQG#697#PJ2NJ#IHPDOH#PLFH1
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5(68/76

5$76
4:0'$<#678'<
$OO#UDWV#VXUYLYHG# WR# WKH#HQG#RI# WKH#VWXG\# +7DEOH#5,1
)LQDO#PHDQ#ERG\#ZHLJKWV#DQG#ERG\#ZHLJKW#JDLQV#RI
GRVHG#UDWV#ZHUH#VLPLODU#WR#WKRVH#RI#WKH#FRQWURO#JURXSV1
'HUPDO#DSSOLFDWLRQV#RI#633#�/#RI#8/#48/#77/#466/#DQG
733# PJ2P/# GHOLYHUHG# DYHUDJH# GDLO\# GRVHV# RI
DSSUR[LPDWHO\#43/#63/#<3/#593/#DQG#;33#PJ#VRGLXP
[\OHQHVXOIRQDWH2NJ#ERG\#ZHLJKW#WR#PDOHV#DQG#46/#73/
453/# 663/# DQG# 4/363# PJ2NJ# WR# IHPDOHV1# # &OLQLFDO
ILQGLQJV#JHQHUDOO\#LQYROYHG#WKH#VNLQ#RI#GRVHG#DQLPDOV
DQG# LQFOXGHG# WDQ# RU# EURZQ# VNLQ# GLVFRORUDWLRQ# DQG

FUXVW\#ZKLWH#GHSRVLWV#+SUHVXPHG#WR#EH#GULHG#FKHPLFDO,
DW#WKH#VLWH#RI#DSSOLFDWLRQ1#1HLWKHU#RI#WKHVH#REVHUYDWLRQV
ZHUH# FRQVLGHUHG# VLJQLILFDQW# ILQGLQJV1# # 7KH# UHODWLYH
OLYHU#ZHLJKWV#RI#466#DQG#733#PJ2P/#PDOH#DQG#IHPDOH
UDWV#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#RI#WKH#FRQWURO
JURXSV/#EXW#WKH#DEVROXWH#ZHLJKWV#ZHUH#VLPLODU1##7KH
ELRORJLFDO# VLJQLILFDQFH#RI# WKH#GLIIHUHQFHV# LQ# UHODWLYH
OLYHU#ZHLJKWV#ZDV#XQFOHDU#+7DEOH#)4,1##,Q#PDOHV#DQG
IHPDOHV/# WKH# IHZ# VNLQ# OHVLRQV#REVHUYHG#JURVVO\# DQG
PLFURVFRSLFDOO\#ZHUH#JHQHUDOO\#DWWULEXWHG#WR#UHSHDWHG
FOLSSLQJ#DQG#ZHUH#QRW#FRQVLGHUHG#UHODWHG#WR#FKHPLFDO
DGPLQLVWUDWLRQ1

7$%/(#5
6XUYLYDO#DQG#%RG\#:HLJKWV#RI#5DWV#LQ#WKH#4:0'D\#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

0HDQ#%RG\#:HLJKW #+J, )LQDO#:HLJKWE

'RVH 6XUYLYDO ,QLWLDO )LQDO &KDQJH 5HODWLYH#WR#&RQWUROVD

+PJ2P/, +(,

0DOH

3 828 443#�#8 4;4#�#: :4#�#4 #
8 828 444#�#9 4;;#�#9 :;#�#4 437

48 828 445#�#8 4;:#�#; :8#�#6 436
77 828 439#�#7 4:7#�#: 9;#�#7 <9

466 828 447#�#9 4;;#�#45 :7#�#: 437
733 828 444#�#8 4;9#�#; :8#�#7 435

)HPDOH

3 828 <5#�#9 469#�#8 77#�#6 #
8 828 <:#�#8 46:#�#8 73#�#4 434

48 828 <;#�#8 46:#�#8 6<#�#5 434
77 828 <6#�#5 466#�#7 73#�#6 <;

466 828 433#�#6 46<#�#8 73#�#7 436
733 828 <;#�#6 467#�#8 69#�#6 <<

1XPEHU#RI#DQLPDOV#VXUYLYLQJ#DW#4:#GD\V2QXPEHU#LQLWLDOO\#LQ#JURXSD

:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#FRQWURO#JURXS#ZHUH#QRW#VLJQLILFDQW#E\#'XQQHWW·V#WHVW1E
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470:((.#678'<
$OO#UDWV#VXUYLYHG# WR# WKH#HQG#RI# WKH#VWXG\# +7DEOH#6,1
)LQDO#PHDQ#ERG\#ZHLJKWV#DQG#ERG\#ZHLJKW#JDLQV#RI
GRVHG#PDOH#DQG#IHPDOH#UDWV#ZHUH#VLPLODU#WR#WKRVH#RI
WKH#FRQWURO#JURXSV1##'HUPDO#DSSOLFDWLRQV#RI#633#�/#RI
8/# 48/# 77/# 466/# DQG# 733#PJ2P/#GHOLYHUHG# DYHUDJH
GDLO\# GRVHV# RI# DSSUR[LPDWHO\# 9/# 53/# 93/# 4:3/# DQG
833#PJ# VRGLXP# [\OHQHVXOIRQDWH2NJ# ERG\#ZHLJKW# WR
PDOHV#DQG#43/#63/#<3/#593/#DQG#;33#PJ2NJ#WR#IHPDOHV1
7KH# RQO\# QRWDEOH# FOLQLFDO# ILQGLQJ# ZDV# EURZQ
GLVFRORUDWLRQ#RI#WKH#VNLQ#DW#WKH#VLWH#RI#DSSOLFDWLRQ#LQ
GRVHG#DQLPDOV1

+HPDWRORJ\# DQG# FOLQLFDO# FKHPLVWU\# SDUDPHWHUV# RI
GRVHG#JURXSV#RI#PDOHV#DQG#IHPDOHV#ZHUH#VLJQLILFDQWO\
GLIIHUHQW# IURP# WKRVH# RI# WKH# FRQWUROV# LQ# VHYHUDO
LQVWDQFHV/#EXW#WKHVH#GLIIHUHQFHV#ZHUH#VSRUDGLF#DQG#GLG
QRW# GHPRQVWUDWH# D# WUHDWPHQW# UHODWLRQVKLS
+$SSHQGL[#*,1

7KH# DEVROXWH# DQG# UHODWLYH# OLYHU# ZHLJKWV# RI# PDOHV
UHFHLYLQJ#77/#466/#RU#733#PJ2P/#ZHUH#VLJQLILFDQWO\
OHVV#WKDQ#WKRVH#RI#WKH#FRQWURO#JURXS#+7DEOH#)5,1##7KHUH
ZHUH#QR#WUHDWPHQW0UHODWHG#KLVWRSDWKRORJLF#DOWHUDWLRQV
LQ#WKH#OLYHUV#RI#GRVHG#PDOH#DQG#IHPDOH#UDWV>#WKXV/#WKH
ELRORJLFDO#VLJQLILFDQFH#RI#WKH#GHFUHDVHG#OLYHU#ZHLJKWV
ZDV#XQFOHDU1#

0LQLPDO#K\SHUSODVLD#RI# WKH#HSLGHUPLV#DW# WKH# VLWH#RI
DSSOLFDWLRQ#RFFXUUHG#LQ#PDOH#DQG#IHPDOH#UDWV#IURP#WKH
FRQWURO#JURXSV#DV#ZHOO#DV#PRVW#GRVHG#JURXSV1# #7KH
LQFLGHQFH# RI# HSLGHUPDO# K\SHUSODVLD# LQ# 733#PJ2P/
PDOHV#ZDV#FRQVLGHUHG#WR#EH#SRVVLEO\#FKHPLFDO0UHODWHG
+7DEOH#7,1# #/HVLRQV# LQ#UDWV# IURP# ORZHU#GRVH#JURXSV
ZHUH# DWWULEXWHG# WR# YHKLFOH# DSSOLFDWLRQ# DQG# ZHHNO\
FOLSSLQJ1##(SLGHUPDO#K\SHUSODVLD#W\SLFDOO\#FRQVLVWHG#RI
D#PLQLPDO#PXOWLIRFDO#LQFUHDVH#LQ#WKH#WKLFNQHVV#RI#WKH
HSLGHUPLV1
#

7$%/(#6
6XUYLYDO#DQG#%RG\#:HLJKWV#RI#5DWV#LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

0HDQ#%RG\#:HLJKW #+J, )LQDO#:HLJKWE

'RVH 6XUYLYDO ,QLWLDO )LQDO &KDQJH 5HODWLYH#WR#&RQWUROVD

+PJ2P/, +(,

0DOH

3 43243 47:#�#8 683#�#; 536#�#; #
8 43243 478#�#9 679#�#8 535#�#7 <<

48 43243 469#�#8 679#�#9 53<#�#8 <<
77 43243 466#�#: 65;#�#9 4<8#�#< <7

466 43243 474#�#7 66<#�#; 4<<#�#; <:
733 43243 477#�#: 677#�#8 533#�#9 <;

)HPDOH

3 43243 443#�#6 4<8#�#7 ;8#�#6 #
8 43243 436#�#6 4;<#�#6 ;9#�#6 <:

48 43243 435#�#6 4;;#�#5 ;9#�#6 <9
77 43243 <<#�#6- 4<3#�#5 <3#�#6 <;

466 43243 43:#�#5 4<:#�#7 <3#�#6 434
733 43243 43:#�#5 4<8#�#6 ;;#�#6 433

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FRQWURO#JURXS#E\#'XQQHWW·V#WHVW
1XPEHU#RI#DQLPDOV#VXUYLYLQJ#DW#47#ZHHNV2QXPEHU#LQLWLDOO\#LQ#JURXSD

:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1E
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7$%/(#7
,QFLGHQFHV#RI#(SLGHUPDO#+\SHUSODVLD#LQ#5DWV#LQ#WKH#470:HHN#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH 8#PJ2P/ 48#PJ2P/ 77#PJ2P/ 466#PJ2P/ 733#PJ2P/
&RQWURO

0DOH

6NLQ/#6LWH#RI#$SSOLFDWLRQ 43 43 43 43 43 43D

(SLGHUPDO#+\SHUSODVLD 4 +413, 6 +413, 9- +413, 3 3 ;-- +413,E F

)HPDOH

6NLQ/#6LWH#RI#$SSOLFDWLRQ 43 43 43 43 43 43
(SLGHUPDO#+\SHUSODVLD 8 +413, 6 +413, 4 +413, 9 +413, 9 +413, 6 +413,

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#E\#WKH#)LVKHU#H[DFW#WHVW
-- 3&3134

1XPEHU#RI#UDWV#ZLWK#VNLQ#H[DPLQHG#PLFURVFRSLFDOO\D

1XPEHU#RI#UDWV#ZLWK#OHVLRQE

$YHUDJH#VHYHULW\#JUDGH#RI#OHVLRQ#LQ#DIIHFWHG#DQLPDOV=##4#Û#PLQLPDO>#5#Û#PLOG>#6#Û#PRGHUDWH>#7#Û#PDUNHGF

'RVH#6HOHFWLRQ#5DWLRQDOH=##,Q#WKH#4:0GD\#DQG#470ZHHN GHOLYHU# WKH# 573# PJ2NJ# GRVH,# LQ# WKH# 50\HDU# VWXG\1
VWXGLHV/#GRVH#FRQFHQWUDWLRQV#RI#XS#WR#733#PJ2P/#ZHUH )L[HG#YROXPHV#DQG#FRQFHQWUDWLRQV#ZHUH#XVHG# LQ# WKH
ZHOO# WROHUDWHG1# # 7KH# RQO\# OLPLWDWLRQ# WR# WKH 4:0GD\# DQG# 470ZHHN# VWXGLHV# ZKLFK# UHVXOWHG# LQ
FRQFHQWUDWLRQ# XVHG# LQ# GHUPDO# GRVLQJ# LQ# WKH# 50\HDU GHFUHDVLQJ#GRVH#FRQFHQWUDWLRQV#+PJ2NJ#ERG\#ZHLJKW,
VWXG\# ZDV# WKH# GLIILFXOW\# RI# JHWWLQJ# D# XQLIRUP DV# WKH# DQLPDOV# JUHZ# +$SSHQGL[# ,,1# #&RQVWDQW# GRVH
VXVSHQVLRQ#RI#VRGLXP#[\OHQHVXOIRQDWH#LQ#WKH#YHKLFOH1 FRQFHQWUDWLRQV#ZHUH#DFKLHYHG#LQ#WKH#50\HDU#VWXG\#E\
7R# REWDLQ# XQLIRUP# VXVSHQVLRQV/# WKH# KLJKHVW# GRVH DGMXVWLQJ#WKH#DSSOLHG#GRVH#YROXPHV#WR#WKH#PHDQ#ERG\
FRQFHQWUDWLRQ#ZDV#GHFUHDVHG#WR#633#PJ2P/#+XVHG#WR ZHLJKWV#WKURXJKRXW#WKH#VWXG\1
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50<($5#678'<
6XUYLYDO
(VWLPDWHV#RI#50\HDU#VXUYLYDO#SUREDELOLWLHV#IRU#PDOH#DQG
IHPDOH#UDWV#DUH#VKRZQ#LQ#7DEOH#8#DQG#LQ#WKH#.DSODQ0
0HLHU#VXUYLYDO#FXUYHV#+)LJXUH#4,1##6XUYLYDO#RI#GRVHG
PDOHV#DQG#IHPDOHV#ZDV#VLPLODU#WR#WKDW#RI#WKH#FRQWURO
JURXSV#DQG#FRQVLVWHQW#ZLWK#VXUYLYDO#RI#FRQWURO#JURXSV
LQ#RWKHU#173#VWXGLHV#LQ#ZKLFK#UDWV#ZHUH#LQGLYLGXDOO\
KRXVHG#+5DR/#4<<8,1

%RG\#:HLJKWV#DQG#&OLQLFDO#)LQGLQJV
0HDQ# ERG\# ZHLJKWV# RI# GRVHG# PDOHV# DQG# IHPDOHV
ZHUH#VLPLODU# WR# WKRVH#RI# WKH#FRQWUROV# WKURXJKRXW# WKH
VWXG\1# +7DEOHV#9#DQG#:/#)LJXUH#5,1# # ,Q#PDOHV/# WKHUH
ZHUH#QR#FOLQLFDO#ILQGLQJV#FRQVLGHUHG#WUHDWPHQW#UHODWHG1
,Q#IHPDOHV/#FOLQLFDO#ILQGLQJV#ZHUH#OLPLWHG#WR#LUULWDWLRQ
DW#WKH#VLWH#RI#DSSOLFDWLRQ#LQ#RQH#FRQWURO#IHPDOH/#IRXU
453#PJ2NJ#IHPDOHV/#DQG#WZR#573#PJ2NJ#IHPDOHV1

7$%/(#8#
6XUYLYDO#RI#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

0DOH

$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83

0RULEXQG 5; 58 55 63
1DWXUDO#GHDWKV 48 ; 4< 43
$QLPDOV#VXUYLYLQJ#WR#VWXG\#WHUPLQDWLRQ : 4: < 43
3HUFHQW#SUREDELOLW\#RI#VXUYLYDO#DW#HQG#RI#VWXG\ 47 67 4; 53D

0HDQ#VXUYLYDO#+GD\V, 96; 967 965 968E

6XUYLYDO#DQDO\VLV 3Û413331 3Û314481 3Û31<5:1 3Û318;31F

)HPDOH

$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83

$FFLGHQWDO#GHDWK 4 3 3 3G

0RULEXQG 47 43 48 45
1DWXUDO#GHDWKV 46 57 4; 55
$QLPDOV#VXUYLYLQJ#WR#VWXG\#WHUPLQDWLRQ 55 49 4: 49H

3HUFHQW#SUREDELOLW\#RI#VXUYLYDO#DW#HQG#RI#VWXG\ 79 65 67 65
0HDQ#VXUYLYDO#+GD\V, 97: 943 974 954

6XUYLYDO#DQDO\VLV 3Û3163< 3Û31489 3Û3165< 3Û314<6

.DSODQ00HLHU#GHWHUPLQDWLRQVD

0HDQ#RI#DOO#GHDWKV#+XQFHQVRUHG/#FHQVRUHG/#DQG#WHUPLQDO#VDFULILFH,E

7KH#UHVXOW#RI#WKH#OLIH#WDEOH#WUHQG#WHVW#+7DURQH/#4<:8,#LV#LQ#WKH#YHKLFOH#FRQWURO#FROXPQ/#DQG#WKH#UHVXOWV#RI#WKH#OLIH#WDEOH#SDLUZLVH#FRPSDULVRQVF

+&R[/#4<:5,#ZLWK#WKH#YHKLFOH#FRQWUROV#DUH#LQ#WKH#GRVHG#FROXPQV1##$#QHJDWLYH#WUHQG#RU#ORZHU#PRUWDOLW\#LQ#D#GRVH#JURXS#LV#LQGLFDWHG#E\#11
&HQVRUHG#IURP#VXUYLYDO#DQDO\VHVG

,QFOXGHV#RQH#DQLPDO#WKDW#GLHG#GXULQJ#WKH#ODVW#ZHHN#RI#WKH#VWXG\H



29Sodium Xylenesulfonate, NTP TR 464

FIGURE 1      
Kaplan-Meier Survival Curves for Male and Female Rats
Administered Sodium Xylenesulfonate Dermally for 2 Years
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7$%/(#9
0HDQ#%RG\#:HLJKWV#DQG#6XUYLYDO#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

:HHNV 9HKLFOH#&RQWURO #93#PJ2NJ 453#PJ2NJ 573#PJ2NJ
RQ $Y1#:W1 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI

6WXG\ +J, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV

4 45: 83 45: 433 83 45; 433 83 45: 433 83
5 488 83 487 433 83 487 << 83 487 433 83
6 4;: 83 4;; 434 83 4;8 << 83 4;: 433 83
7 539 83 53; 434 83 539 433 83 539 433 83
8 55; 83 564 434 83 55; 433 83 55: << 83
9 578 83 578 433 83 576 << 83 574 << 83
: 58< 83 594 434 83 58< 433 83 589 << 83
; 5:4 83 5:4 433 83 5:3 433 83 598 <; 83
< 5;5 83 5;5 433 83 5;3 << 83 5:: <; 83

43 5<5 83 5<6 433 83 5<3 << 83 5;: <; 83
44 5<; 83 5<; 433 83 5<8 << 83 5<5 <; 83
45 638 83 63: 434 83 637 433 83 5<< <; 83
46 644 83 645 433 83 63< << 83 638 <; 83
4: 669 83 668 433 83 65< <; 83 65: <: 83
54 689 83 685 << 83 67: <: 83 674 <9 83
58 69< 83 697 << 83 693 <; 83 687 <9 83
5< 6;5 83 6;3 << 7< 6:7 <; 83 69; <9 83
66 6<6 83 6<4 433 7< 6;7 <; 83 6;5 <: 83
6: 6<< 83 6<: 433 7< 6;< <: 83 6;: <: 83
74 73: 83 738 433 7< 733 <; 7< 6<5 <9 83
78 747 83 747 433 7< 744 << 7< 735 <: 83
7< 747 83 748 433 7< 745 << 7< 73: <; 83
85 754 83 753 433 7: 748 << 7< 745 <; 83
8: 765 83 75; << 7: 75: << 7< 755 <; 7<
94 766 83 769 434 79 766 433 7< 759 <; 7<
98 75< 7; 76: 435 78 764 434 7; 75< 433 7:
9< 766 7; 775 435 78 765 433 7: 765 433 7:
:6 76< 79 76: << 77 767 << 78 75< <; 79
:: 767 78 773 435 75 769 434 77 765 433 74
;4 76; 6< 779 435 6< 765 << 75 75: <; 6:
;8 764 68 777 436 6; 759 << 6: 757 <; 66
;< 75: 63 76; 436 66 756 << 65 74: <; 63
<6 749 59 757 435 5: 746 << 5: 749 433 59
<: 743 54 747 434 57 74< 435 4; 73< 433 55

434 6:9 49 6<3 437 56 6:6 << 48 6<: 439 53
437 6:9 < 6:5 << 4; 68; <8 < 699 <: 46

0HDQ#IRU#ZHHNV
4046 577 577 433 575 << 573 <;
47085 6;< 6;: << 6;5 <; 6:: <:
860437 754 75: 434 74; << 74: <<
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7$%/(#:
0HDQ#%RG\#:HLJKWV#DQG#6XUYLYDO#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

:HHNV 9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ
RQ $Y1#:W1 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI

6WXG\ +J, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV

4 43; 83 43: 433 83 43: << 83 43: 433 83
5 457 83 457 433 83 457 433 83 457 433 83
6 469 83 469 433 83 46: 434 83 468 433 83
7 477 83 476 << 83 477 433 83 475 << 83
8 47< 83 47< 433 83 483 433 83 47: <; 83
9 48; 83 489 << 83 48< 434 83 488 <; 83
: 496 83 495 433 83 497 434 83 494 << 83
; 498 83 497 433 83 49: 434 83 495 <; 83
< 4:4 83 4:3 << 83 4:5 433 83 49: <; 83

43 4:7 83 4:6 << 83 4:7 433 83 4:3 <; 83
44 4:: 83 4:9 << 83 4:: 433 83 4:7 <; 83
45 4:< 83 4:< 433 83 4;3 433 83 4:9 <; 83
46 4;5 83 4;4 << 83 4;5 433 83 4:< <; 83
4: 4;< 83 4;; 433 83 4<3 434 83 4;9 <; 83
54 4<9 83 4<8 433 83 4<: 433 83 4<4 <; 83
58 534 83 533 433 83 535 434 83 4<9 <; 83
5< 543 83 53; << 83 543 433 83 538 <; 83
66 549 83 548 433 7< 54: 433 83 544 <; 83
6: 553 83 54< << 7< 554 434 83 546 <: 83
74 55: 83 559 433 7; 559 << 83 54; <9 83
78 567 7< 565 << 7: 566 433 83 558 <9 7<
7< 573 7< 56; << 7: 56< 433 83 55; <8 7;
85 579 7< 579 433 7: 577 << 83 568 <9 7:
8: 588 7; 589 433 78 586 << 83 579 <9 78
94 595 78 594 << 78 58< << 83 585 <9 76
98 596 78 596 433 76 593 << 7: 586 <9 75
9< 597 78 599 434 76 597 433 79 588 <: 75
:6 599 73 599 433 74 599 433 77 587 <8 75
:: 5:4 73 59; << 6; 5:5 433 73 595 <: 6;
;4 5:6 6; 5:8 434 66 5:6 433 6: 599 <; 6:
;8 5:7 6: 5:: 434 5< 5:5 << 68 599 <: 68
;< 5:< 68 5:9 << 5< 5:6 <; 65 59; <9 64
<6 5;5 66 5;; 435 55 5;4 433 5; 5:4 <9 5:
<: 5;5 64 5;6 433 54 5<3 436 56 59; <8 57

434 5;< 59 5:; <9 4< 5;8 <; 55 5:3 <6 53
437 5:: 56 5:; 434 4: 5;5 435 4: 5:4 <; 49

0HDQ#IRU#ZHHNV
4046 489 488 << 48: 434 487 <<
47085 54; 54: 433 54; 433 544 <:
860437 5:5 5:5 433 5:5 433 595 <9



32 Sodium Xylenesulfonate, NTP TR 464

FIGURE 2      
Growth Curves for Male and Female Rats Administered
Sodium Xylenesulfonate Dermally for 2 Years
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3DWKRORJ\#DQG#6WDWLVWLFDO#$QDO\VLV
7KLV#VHFWLRQ#GHVFULEHV#WKH#VWDWLVWLFDOO\#VLJQLILFDQW#DQG
ELRORJLFDOO\#QRWHZRUWK\#FKDQJHV#LQ#WKH#LQFLGHQFHV#RI
PRQRQXFOHDU# FHOO# OHXNHPLD# DQG# QHRSODVPV# DQG
QRQQHRSODVWLF# OHVLRQV#RI# WKH# VNLQ# DQG#RWKHU#RUJDQV1
6XPPDULHV# RI# WKH# LQFLGHQFHV# RI# QHRSODVPV# DQG
QRQQHRSODVWLF# OHVLRQV/# LQGLYLGXDO# DQLPDO# WXPRU
GLDJQRVHV/# DQG# VWDWLVWLFDO# DQDO\VHV# RI# SULPDU\
QHRSODVPV# WKDW#RFFXUUHG#ZLWK# LQFLGHQFHV#RI# DW# OHDVW
8(# LQ# DW# OHDVW# RQH# DQLPDO# JURXS# DUH# SUHVHQWHG# LQ
$SSHQGL[#$#IRU#PDOH#UDWV#DQG#$SSHQGL[#%#IRU#IHPDOH
UDWV1

6NLQ=# # ,QFLGHQFHV# RI# QHRSODVPV# LQ# WKH# VNLQ# DQG
VXEFXWDQHRXV# WLVVXHV# RI# PDOH# UDWV# DUH# JLYHQ# LQ
7DEOHV#;/#$4/#DQG#$61##7KH#LQFLGHQFHV#DQG#PRUSKR0
ORJLHV#RI#WKHVH#QHRSODVPV#ZHUH#W\SLFDO#RI#VSRQWDQHRXV
QHRSODVPV# LQ#)67721# UDWV#DQG/# WKHUHIRUH/#ZHUH#QRW
FRQVLGHUHG#UHODWHG#WR#WUHDWPHQW1##7KHUH#ZHUH#QR#VNLQ
QHRSODVPV#REVHUYHG#DW#WKH#VLWH#RI#DSSOLFDWLRQ#LQ#IHPDOH
UDWV1

+\SHUSODVLD#RI#WKH#HSLGHUPLV#DW#WKH#VLWH#RI#DSSOLFDWLRQ
RFFXUUHG#DW#ORZ#LQFLGHQFHV#LQ#PDOHV#LQ#WKH#93/#453/
DQG# 573# PJ2NJ# JURXSV# +7DEOHV# ;# DQG# $7,1
+\SHUSODVLD#RI#WKH#HSLGHUPLV#DW#WKH#VLWH#RI#DSSOLFDWLRQ

RFFXUUHG#DW#ORZ#LQFLGHQFHV#LQ#IHPDOHV#LQ#WKH#453#DQG
573#PJ2NJ# JURXSV# DQG# RFFXUUHG#ZLWK# D# VLJQLILFDQW
SRVLWLYH#WUHQG#+3&3138>#7DEOHV#;#DQG#%7,1##,QFLGHQFHV
RI# K\SHUSODVLD# RI# WKH# HSLGHUPLV# PLJKW# KDYH# EHHQ
UHODWHG#WR#FKHPLFDO#DGPLQLVWUDWLRQ1##7KHVH#PXOWLIRFDO
OHVLRQV#ZHUH#PLQLPDO#WR#PLOG#LQ#VHYHULW\#DQG#FRQVLVWHG
RI#H[WHQVLYH# LQFUHDVHG#QXPEHUV#RI#FHOO# OD\HUV#RI# WKH
HSLGHUPDO#HSLWKHOLXP1

2WKHU#QRQQHRSODVWLF#OHVLRQV#RI#WKH#VNLQ#GLG#QRW#DSSHDU
UHODWHG#WR#FKHPLFDO#DGPLQLVWUDWLRQ/#EXW#PRUH#SUREDEO\
ZHUH# D# UHVXOW#RI# UHSHDWHG#KDLU# FOLSSLQJ# DQG#YHKLFOH
DSSOLFDWLRQ1# # )RFDO# XOFHUDWLRQ# RI# WKH# HSLGHUPLV
RFFXUUHG# LQ# FRQWURO/# 453# PJ2NJ/# DQG# 573# PJ2NJ
IHPDOHV# +7DEOHV#;#DQG#%7,1# #8OFHUDWLRQ# WKURXJK# WKH
OD\HUV# RI# WKH# HSLGHUPDO# HSLWKHOLXP# ZDV# W\SLFDOO\
DFFRPSDQLHG# E\# LQIODPPDWRU\# FHOOV# LQ# WKH# H[SRVHG
GHUPLV#DQG#DQ#HIIOX[LQJ#RI#SURWHLQ#DQG#QHFURWLF#FHOOV
ZKLFK#ZHUH#GLDJQRVHG#DV#H[XGDWH1##+\SHUSODVLD#RI#WKH
VHEDFHRXV#JODQGV#RFFXUUHG#DW#ORZ#LQFLGHQFHV#LQ#FRQWURO
DQG#93#PJ2NJ#PDOHV#DQG#LQ#FRQWURO/#453#PJ2NJ/#DQG
573# PJ2NJ# IHPDOHV# +7DEOHV# ;/# $7/# DQG# %7,# DQG
FRQVLVWHG#RI#QXPHURXV#ODUJH#VHEDFHRXV#JODQGV#LQ#WKH
GHUPLV1##,QIODPPDWLRQ#RI#WKH#GHUPLV#RU#VXEFXWDQHRXV
WLVVXHV# FRQVLVWHG# RI# DFFXPXODWLRQV# RI# ERWK# PRQR0
QXFOHDU#DQG#QHXWURSKLO#LQIODPPDWRU\#FHOOV1
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7$%/(#;
,QFLGHQFHV#RI#1HRSODVPV#DQG#1RQQHRSODVWLF#/HVLRQV#RI#WKH#6NLQ#LQ#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

0DOH

6NLQ/#6LWH#RI#$SSOLFDWLRQ 83 83 83 83D

(SLGHUPLV/#+\SHUSODVLD 3 4 +413, 4 +413,## ##5 +418,##E F

6HEDFHRXV#*ODQG/#+\SHUSODVLD 4 +513, 4 +413, 3 3
,QIODPPDWLRQ/#&KURQLF#$FWLYH 3 4 +413, 3 3 ###
##
6HEDFHRXV#*ODQG#&DUFLQRPD 4 3 3 3
%DVDO#&HOO#$GHQRPD 3 4 4 3
6XEFXWDQHRXV#7LVVXH/#)LEURPD/#0XOWLSOH 4 3 3 3
6XEFXWDQHRXV#7LVVXH/#)LEURXV#+LVWLRF\WRPD 3 4 3 3

)HPDOH

6NLQ/#6LWH#RI#$SSOLFDWLRQ 83 83 83 83
(SLGHUPLV/#([XGDWH 3 3 3 5 +413,
(SLGHUPLV/#+\SHUSODVLD 4 +513, 3 7 +41;, 8 +417,
(SLGHUPLV/#,QIODPPDWLRQ/#&KURQLF#$FWLYH 3 3 3 4 +413,##
(SLGHUPLV/#8OFHU 4 +613, 3 5 +613, 5 +613,
6HEDFHRXV#*ODQG/#+\SHUSODVLD 5 +418, 3 5 +518, 5 +513,#
,QIODPPDWLRQ/#&KURQLF#$FWLYH 4 +513, 3 5 +613, 5 +518,

1XPEHU#RI#UDWV#ZLWK#VNLQ#H[DPLQHG#PLFURVFRSLFDOO\D

1XPEHU#RI#UDWV#ZLWK#OHVLRQE

$YHUDJH#VHYHULW\#JUDGH#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=##4#Û#PLQLPDO>#5#Û#PLOG>#6#Û#PRGHUDWH>#7#Û#PDUNHGF

2WKHU#2UJDQV=##7KHUH#ZDV#QR#UHODWLRQ#WR#GRVH#LQ#WKH $OO#2UJDQV=##0RQRQXFOHDU#FHOO#OHXNHPLD#LV#D#FRPPRQ
LQFLGHQFHV# RI# SLWXLWDU\# JODQG# DGHQRPD# LQ#PDOH# UDWV QHRSODVP# LQ# )67721# UDWV# LQ# 50\HDU# VWXGLHV1# # 7KH
+77283/#5:266/#67274/#69283>#7DEOH#$6,1##7KH#FRQWURO LQFLGHQFHV#RI#PRQRQXFOHDU# FHOO# OHXNHPLD# LQ# 93# DQG
LQFLGHQFH#ZDV#XQXVXDOO\#KLJK#FRPSDUHG#WR#KLVWRULFDO 573#PJ2NJ#PDOHV#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ#LQ#WKH
FRQWURO#LQFLGHQFHV#IURP#VRPH#GHUPDO##DQG#IHHG#VWXGLHV FRQWURO#JURXS#E\#WKH#ORJLVWLF#UHJUHVVLRQ#WHVW#+3#PJ2NJ/
>GHUPDO#DFHWRQH=#8<2433#+8<13(#�#4819(,>#UDQJH/ 45283># 93# PJ2NJ/# 57283># 453# PJ2NJ/# 48283>
7;(0:3(>#GHUPDO#HWKDQRO=#64285>#IHHG=##6::24/5;7 573#PJ2NJ/#58283>#7DEOH#$6,#EXW#QRW#E\#WKH#OLIH#WDEOH
+5<17(#�# 4319(,># UDQJH/# 47(093(@>#KRZHYHU/# LW WHVW# +D#PRUH# DSSURSULDWH# VWDWLVWLF# IRU# WKLV# JHQHUDOO\
ZDV# VLPLODU# WR# FRQWUROV# LQ# D# ´QHDWµ# GHUPDO# VWXG\ IDWDO#QHRSODVP,1# #7KH# LQFLGHQFH# LQ# WKH#PDOH#FRQWURO
+6<277,1# # /LNHZLVH/# WKH# LQFLGHQFHV# RI# WHVWLFXODU JURXS#ZDV# ORZ#FRPSDUHG# WR# WKH#PHDQ# LQFLGHQFHV# LQ
LQWHUVWLWLDO# FHOO# DGHQRPD#ZHUH# QRW# WUHDWPHQW# UHODWHG 173# KLVWRULFDO# FRQWUROV# IRU# WZR# GHUPDO# VWXGLHV
+46283/#9266/#;274/#46283>#7DEOH#$4,/#EXW#WKH#FRQWURO >GHUPDO#DFHWRQH=##732433#+7313(#�#4416(,>#UDQJH/
LQFLGHQFHV# ZHUH# ORZHU# WKDQ# KLVWRULFDO# FRQWURO 65(07;(>#GHUPDO#HWKDQRO=# #56285@#DOWKRXJK#KLJKHU
LQFLGHQFHV# IURP# GHUPDO# DQG# IHHG# VWXGLHV# >GHUPDO WKDQ#WKDW#RI#WKH#FRQWURO#JURXS#LQ#D#´QHDWµ#GHUPDO#VWXG\
DFHWRQH=#:82433#+:813(#�#4;17(,>#UDQJH/#95(0;;(> +<283,1#7KH#PDUJLQDO# LQFUHDVHV# LQ#PRQRQXFOHDU#FHOO
GHUPDO# HWKDQRO=# 75285># IHHG=# 4/49<24/635 OHXNHPLD# LQ# UDWV# ZHUH# FRQVLGHUHG# XQUHODWHG# WR
+;<1;(#�#81<(,>#UDQJH/#:7(0<;(@#\HW#KLJKHU#WKDQ FKHPLFDO# DGPLQLVWUDWLRQ# EHFDXVH# RI# WKH# ODFN# RI
FRQWUROV# LQ# D# ´QHDWµ# GHUPDO# VWXG\# +7283,1# # 7KH VWDWLVWLFDO#VLJQLILFDQFH#E\#WKH#OLIH#WDEOH#DQDO\VLV#DQG#WKH
ELRORJLFDO# VLJQLILFDQFH# RI# LQFUHDVHG# LQFLGHQFHV# RI ODFN#RI#D#FOHDU#GRVH0UHVSRQVH#UHODWLRQVKLS1
SLWXLWDU\#JODQG#DGHQRPD#DQG#GHFUHDVHG#LQFLGHQFHV#RI
WHVWLFXODU# LQWHUVWLWLDO# FHOO# DGHQRPD# LQ# FRQWUROV# ZDV
XQFOHDU1
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0,&(
4:0'$<#678'<
$OO#PLFH#VXUYLYHG#WR#WKH#HQG#RI#WKH#VWXG\#+7DEOH#<,1
)LQDO#PHDQ#ERG\#ZHLJKWV#DQG#ERG\#ZHLJKW#JDLQV#RI
GRVHG#PLFH#ZHUH# VLPLODU# WR# WKRVH# RI# WKH# FRQWUROV1
'HUPDO#DSSOLFDWLRQV#RI#433#�/#RI#8/#48/#77/#466/#DQG
733#PJ2P/#GHOLYHUHG#DYHUDJH#GDLO\#GRVHV#RI#DSSUR[L0
PDWHO\# 53/# 93/# 4<3/# 873/# DQG# 4/933# PJ# VRGLXP
[\OHQHVXOIRQDWH2NJ#ERG\#ZHLJKW#WR#PDOHV#DQG#59/#;3/
553/# 9;3/# DQG# 5/333# PJ2NJ# WR# IHPDOHV1# &OLQLFDO
ILQGLQJV#LQFOXGHG#FUXVW\#ZKLWH#GHSRVLWV#+SUHVXPHG#WR

EH#GULHG#FKHPLFDO,#DW# WKH# VLWH#RI#DSSOLFDWLRQ# LQ# WZR
466#PJ2P/#PDOHV#DQG#LQ#DOO#733#PJ2P/#PDOHV#DQG
IHPDOHV1##7KH#DEVROXWH#DQG#UHODWLYH#OLYHU#ZHLJKWV#RI#48
DQG# 77#PJ2P/#PDOHV# DQG# 733#PJ2P/#PDOHV# DQG
IHPDOHV#ZHUH#VLJQLILFDQWO\#JUHDWHU# WKDQ# WKRVH#RI# WKH
FRQWURO#JURXSV/#EXW#WKH#ELRORJLFDO#VLJQLILFDQFH#RI#WKHVH
GLIIHUHQFHV#ZDV# XQFOHDU# +7DEOH#)6,1# #7KH# IHZ# VNLQ
OHVLRQV#REVHUYHG#JURVVO\#DQG#PLFURVFRSLFDOO\#LQ#PDOHV
DQG# IHPDOHV# ZHUH# JHQHUDOO\# DWWULEXWHG# WR# UHSHDWHG
FOLSSLQJ#DQG#ZHUH#QRW#FRQVLGHUHG#UHODWHG#WR#FKHPLFDO
DGPLQLVWUDWLRQ1#

7$%/(#<
6XUYLYDO#DQG#%RG\#:HLJKWV#RI#0LFH#LQ#WKH#4:0'D\#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

0HDQ#%RG\#:HLJKW #+J, )LQDO#:HLJKWE

'RVH 6XUYLYDO ,QLWLDO )LQDO &KDQJH 5HODWLYH#WR#&RQWUROVD

+PJ2P/, +(,

0DOH

3 828 561:#�#31< 5817#�#31; 41:#�#316
8 828 5713#�#318 571;#�#41; 31;#�#419 <;

48 828 5615#�#319 5914#�#31: 51<#�#315 436
77 828 5516#�#316 5813#�#316 519#�#315 <;

466 828 561:#�#317 5819#�#317 41<#�#316 434
733 828 5616#�#317 5917#�#316 614#�#315 437

)HPDOH

3 828 4;17#�#315 531<#�#317 518#�#316
8 828 4:1<#�#318 5315#�#316 517#�#317 <:

48 828 4;15#�#316 531;#�#318 519#�#317 433
77 828 4;1;#�#318 531;#�#318 513#�#316 <<

466 828 4;15#�#316 5413#�#316 51;#�#317 433
733 828 4;14#�#317 5416#�#315 615#�#317 435

1XPEHU#RI#DQLPDOV#VXUYLYLQJ#DW#4:#GD\V2QXPEHU#LQLWLDOO\#LQ#JURXSD

:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#FRQWURO#JURXS#ZHUH#QRW#VLJQLILFDQW#E\#'XQQHWW·V#WHVW1E
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470:((.#678'<
7KHUH#ZHUH# QR# FKHPLFDO0UHODWHG# GHDWKV# +7DEOH# 43,1
7KH#PHDQ# ERG\#ZHLJKW# JDLQ# RI# 733#PJ2P/#PDOHV
ZDV# VLJQLILFDQWO\# JUHDWHU# WKDQ# WKDW# RI# WKH# FRQWURO
JURXS1##'HUPDO#DSSOLFDWLRQV#RI#433#�/#RI#8/#48/#77/
466/#DQG#733#PJ2P/#GHOLYHUHG#DYHUDJH#GDLO\#GRVHV#RI
DSSUR[LPDWHO\# 4:/# 73/# 473/# 773/# DQG# 4/633# PJ
VRGLXP#[\OHQHVXOIRQDWH2NJ#ERG\#ZHLJKW#WR#PDOHV#DQG
53/#93/#4:3/#863/#DQG#4/963#PJ2NJ#WR#IHPDOHV1##7KHUH
ZHUH# QR# FOLQLFDO# ILQGLQJV# UHODWHG# WR# VRGLXP
[\OHQHVXOIRQDWH#DGPLQLVWUDWLRQ1

(SLGHUPDO# K\SHUSODVLD# RFFXUUHG# LQ# 77# PJ2P/
IHPDOHV/#466#PJ2P/#PDOHV/#DQG#733#PJ2P/#PDOHV
DQG#IHPDOHV#+7DEOH#44,1##+\SHUSODVLD#RI#WKH#HSLGHUPLV
LQ# 733#PJ2P/#PDOHV# DQG# IHPDOHV# ZDV# FRQVLGHUHG

UHODWHG#WR#FKHPLFDO#DGPLQLVWUDWLRQ1##(SLGHUPDO#K\SHU0
SODVLD#ZDV#PRVW#SURQRXQFHG# LQ#PDOH#PLFH#ZKHUH# LW
W\SLFDOO\#GHYHORSHG#DV#D#PLOG#PXOWLIRFDO#QRGXODU# WR
SDSLOODU\#WKLFNHQLQJ#RI#WKH#HSLGHUPLV1##7KH#LQYROYHG
HSLGHUPLV# ZDV# VRPHZKDW# GLVRUJDQL]HG/# DQG# FHOOV
WHQGHG#WR#EH#HORQJDWHG#+RYDO#RU#FROXPQDU,#UDWKHU#WKDQ
QRUPDO#FXERLGDO#HSLGHUPDO#HSLWKHOLXP1

&KURQLF#LQIODPPDWLRQ#RI#WKH#VNLQ#RFFXUUHG#SULPDULO\
LQ#WKUHH#FRQWURO#DQG#RQH#GRVHG#DQLPDO#RI#HDFK#JHQGHU1
7KHVH#OHVLRQV#FRQVLVWHG#RI#PRQRQXFOHDU#LQIODPPDWRU\
FHOOV# LQ# WKH# GHUPLV1# # &KURQLF# LQIODPPDWLRQ# ZDV
IUHTXHQWO\# DFFRPSDQLHG# E\# D# PLQLPDO# HSLGHUPDO
K\SHUSODVLD# ZKLFK# ZDV# FOHDUO\# D# UHDFWLRQ# WR# WKH
LQIODPPDWLRQ#DQG#QRW#GLDJQRVHG#VHSDUDWHO\1

7$%/(#43
6XUYLYDO#DQG#%RG\#:HLJKWV#RI#0LFH#LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

0HDQ#%RG\#:HLJKW #+J, )LQDO#:HLJKWE

'RVH 6XUYLYDO ,QLWLDO )LQDO &KDQJH 5HODWLYH#WR#&RQWUROVD

+PJ2P/, +(,

0DOH

3 43243 581<#�#318 681:#�#318 <1;#�#318 #
8 43243 5818#�#318 6718#�#319 <13#�#318 <9

48 43243 581<#�#317 6818#�#31: <19#�#317 433
77 43243 581<#�#318 6919#�#31: 431:#�#317 435

466 43243 5815#�#317 681:#�#31: 4318#�#319 433
733 43243 5818#�#319 6:17#�#31: 441<#�#413- 438

)HPDOH

3 43243 4<13#�#316 631;#�#31: 441<#�#319 #
8 <243 4<13#�#316 5<19#�#319 4319#�#319 <9F

48 <243 4<14#�#316 6413#�#31; 4515#�#31: 434F

77 43243 4<18#�#315 6519#�#318 4615#�#319 439
466 <243 4<17#�#317 6317#�#319 4417#�#319 <<F

733 43243 4<14#�#316 6313#�#318 431<#�#317 <:

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FRQWURO#JURXS#E\#:LOOLDPV·#WHVW
1XPEHU#RI#DQLPDOV#VXUYLYLQJ#DW#47#ZHHNV2QXPEHU#LQLWLDOO\#LQ#JURXSD

:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6XEVHTXHQW#FDOFXODWLRQV#DUH#EDVHG#RQ#DQLPDOV#VXUYLYLQJ#WR#WKH#HQG#RI#WKHE

VWXG\1##
2QH#PRXVH#ZDV#UHPRYHG#IURP#VWXG\#RQ#GD\#;#GXH#WR#SUHJQDQF\1F
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7$%/(#44
,QFLGHQFHV#RI#(SLGHUPDO#+\SHUSODVLD#LQ#0LFH#LQ#WKH#470:HHN#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH 8#PJ2P/ 48#PJ2P/ 77#PJ2P/ 466#PJ2P/ 733#PJ2P/
&RQWURO

0DOH

6NLQ/#6LWH#RI#$SSOLFDWLRQ 43 43 43 43 43 43D

(SLGHUPDO#+\SHUSODVLD 3 3 3 3 5 +413, #8- +41;,E F

)HPDOH

6NLQ/#6LWH#RI#$SSOLFDWLRQ 43 < < 43 < 43
(SLGHUPDO#+\SHUSODVLD 3 3 3 4 +413, 3 #7- +413,

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#E\#WKH#)LVKHU#H[DFW#WHVW
1XPEHU#RI#PLFH#ZLWK#VNLQ#H[DPLQHG#PLFURVFRSLFDOO\D

1XPEHU#RI#PLFH#ZLWK#OHVLRQE

$YHUDJH#VHYHULW\#JUDGH#RI#OHVLRQ#LQ#DIIHFWHG#DQLPDOV=##4#Û#PLQLPDO>#5#Û#PLOG>#6#Û#PRGHUDWH>#7#Û#PDUNHGF

'RVH#6HOHFWLRQ#5DWLRQDOH=##,Q#WKH#4:0GD\#DQG#470ZHHN GHOLYHU# WKH# :5:# PJ2NJ# GRVH,# LQ# WKH# 50\HDU# VWXG\1
VWXGLHV/#GRVH#FRQFHQWUDWLRQV#RI#XS#WR#733#PJ2P/#ZHUH )L[HG#YROXPHV#DQG#FRQFHQWUDWLRQV#ZHUH#XVHG# LQ# WKH
ZHOO# WROHUDWHG1# #7KH# RQO\# OLPLWDWLRQ# WR# WKH# FRQFHQ0 4:0GD\# DQG# 470ZHHN# VWXGLHV# ZKLFK# UHVXOWHG# LQ
WUDWLRQ# WUDWLRQ# XVHG# LQ# GHUPDO# GRVLQJ# LQ# WKH# 50\HDU GHFUHDVLQJ#GRVH#FRQFHQWUDWLRQV#+PJ2NJ#ERG\#ZHLJKW,
VWXG\# ZDV# WKH# GLIILFXOW\# RI# REWDLQLQJ# D# XQLIRUP DV# WKH# DQLPDOV# JUHZ# +$SSHQGL[# ,,1# #&RQVWDQW# GRVH
VXVSHQVLRQ#RI#VRGLXP#[\OHQHVXOIRQDWH#LQ#WKH#YHKLFOH1 FRQFHQWUDWLRQV#ZHUH#DFKLHYHG#LQ#WKH#50\HDU#VWXG\#E\
7R# REWDLQ# XQLIRUP# VXVSHQVLRQV/# WKH# KLJKHVW# GRVH DGMXVWLQJ# WKH# DSSOLHG# GRVH# YROXPHV# WR# WKH# ERG\
FRQFHQWUDWLRQ#ZDV#GHFUHDVHG#WR#633#PJ2P/#+XVHG#WR ZHLJKWV#WKURXJKRXW#WKH#VWXG\1
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50<($5#678'<
6XUYLYDO
(VWLPDWHV#RI#50\HDU#VXUYLYDO#SUREDELOLWLHV#IRU#PDOH#DQG
IHPDOH#PLFH#DUH#VKRZQ#LQ#7DEOH#45#DQG#LQ#WKH#.DSODQ0
0HLHU#VXUYLYDO#FXUYHV#+)LJXUH#6,1##6XUYLYDO#RI#GRVHG
PDOHV#DQG#IHPDOHV#ZDV#VLPLODU#WR#WKDW#RI#WKH#FRQWURO
JURXSV1

%RG\#:HLJKWV#DQG#&OLQLFDO#)LQGLQJV
0HDQ#ERG\#ZHLJKWV#RI#GRVHG#PDOHV#DQG#IHPDOHV#ZHUH
JHQHUDOO\#VLPLODU#WR#WKRVH#RI#WKH#FRQWUROV#WKURXJKRXW
WKH# VWXG\># KRZHYHU/# WKH# PHDQ# ERG\# ZHLJKW# RI
:5:# PJ2NJ# IHPDOHV# ZDV# JUHDWHU# WKDQ# WKDW# RI# WKH
FRQWURO#JURXS#IURP#ZHHN#;8# WR#ZHHN#<:#+7DEOHV#46
DQG#47/#)LJXUH#7,1##:LWK#WKH#H[FHSWLRQ#RI#LUULWDWLRQ#DW
WKH#VLWH#RI#DSSOLFDWLRQ#LQ#RQH#697#PJ2NJ#IHPDOH/#WKHUH
ZHUH#QR# FOLQLFDO# ILQGLQJV# UHODWHG# WR# VRGLXP#[\OHQH0
VXOIRQDWH#DGPLQLVWUDWLRQ1

7$%/(#45#
6XUYLYDO#RI#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

0DOH

$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83

0RULEXQG : 6 ; 9
1DWXUDO#GHDWKV 44 43 6 <
$QLPDOV#VXUYLYLQJ#WR#VWXG\#WHUPLQDWLRQ 65 6: 6< 68
3HUFHQW#SUREDELOLW\#RI#VXUYLYDO#DW#HQG#RI#VWXG\ 97 :7 :; :3D

0HDQ#VXUYLYDO#+GD\V, :37 :37 :43 :38E

6XUYLYDO#DQDO\VLV 3Û319;41 3Û317731 3Û3154;1 3Û319681F

)HPDOH

$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83

0LVVLQJ 3 4 3 3G

0RULEXQG 45 : < 9
1DWXUDO#GHDWKV : 43 < ;
$QLPDOV#VXUYLYLQJ#WR#VWXG\#WHUPLQDWLRQ 64 65 65 69
3HUFHQW#SUREDELOLW\#RI#VXUYLYDO#DW#HQG#RI#VWXG\ 95 99 97 :5
0HDQ#VXUYLYDO#+GD\V, 9<3 9:< :37 :36

6XUYLYDO#DQDO\VLV 3Û316381 3Û31;<91 3Û31<9:1 3Û316681

.DSODQ00HLHU#GHWHUPLQDWLRQVD

0HDQ#RI#DOO#GHDWKV#+XQFHQVRUHG/#FHQVRUHG/#DQG#WHUPLQDO#VDFULILFH,E

7KH#UHVXOW#RI#WKH#OLIH#WDEOH#WUHQG#WHVW#+7DURQH/#4<:8,#LV#LQ#WKH#YHKLFOH#FRQWURO#FROXPQ/#DQG#WKH#UHVXOWV#RI#WKH#OLIH#WDEOH#SDLUZLVH#FRPSDULVRQVF

+&R[/#4<:5,#ZLWK#WKH#YHKLFOH#FRQWUROV#DUH#LQ#WKH#GRVHG#FROXPQV1##$#QHJDWLYH#WUHQG#RU#ORZHU#PRUWDOLW\#LQ#D#GRVH#JURXS#LV#LQGLFDWHG#E\#11
&HQVRUHG#IURP#VXUYLYDO#DQDO\VHVG
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FIGURE 3      
Kaplan-Meier Survival Curves for Male and Female Mice
Administered Sodium Xylenesulfonate Dermally for 2 Years
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7$%/(#46
0HDQ#%RG\#:HLJKWV#DQG#6XUYLYDO#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

:HHNV 9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ
RQ $Y1#:W1 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI

6WXG\ +J, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV

4 5618 83 5618 433 83 561; 434 83 5619 433 83
5 561: 83 5716 436 83 5715 435 83 5718 436 83
6 581; 83 5913 434 83 581< 433 83 5917 435 83
7 5913 83 5916 434 83 5918 435 83 5919 435 83
8 5:13 83 5:13 433 83 5:18 435 83 5:17 435 83
9 5;17 83 5;18 433 83 5;19 434 83 5;1: 434 83
: 5;16 83 5;17 433 83 5;19 434 83 5;1< 435 83
; 5<13 83 5<16 434 83 5<16 434 83 5<17 434 83
< 6315 83 6317 434 83 6317 434 83 6319 434 83

43 6315 83 631: 435 83 6316 433 83 6414 436 83
44 6415 83 641< 435 83 6419 434 83 6514 436 83
45 6516 83 6519 434 83 6515 433 83 6518 434 83
46 6616 83 661: 434 83 6615 433 83 661; 435 83
4: 681: 83 6914 434 83 681; 433 83 6915 434 83
54 6:1: 83 6;16 435 83 6:18 433 83 6;19 435 83
58 6;19 83 6<18 435 83 6;1< 434 83 7314 437 83
5; 7416 83 741; 434 83 7413 << 83 7518 436 83
66 741< 83 7514 434 83 7419 << 83 7516 434 83
6: 7615 83 761< 435 83 7614 433 83 7619 434 83
74 7617 83 7714 435 83 7617 433 83 761< 434 83
78 771; 83 771< 433 83 7718 << 83 7816 434 83
7< 7814 83 781; 435 7< 7719 << 83 7913 435 83
86 7914 83 7913 433 7< 7816 <; 83 7918 434 83
8: 7819 83 791< 436 7< 781< 434 83 7:14 436 83
94 7919 83 791< 434 7< 7918 433 83 791< 434 83
98 7918 83 7:14 434 7< 791: 433 83 791; 434 83
9< 7:15 83 7:14 433 7< 791: << 83 7:19 434 7<
:6 791< 7< 7:13 433 7< 7917 << 83 7:18 434 7<
:: 791; 7< 791< 433 7< 7919 433 7< 7:1; 435 7<
;3 781; 7< 7915 434 7; 7914 434 7; 7:14 436 7;
;8 7913 79 7816 << 7: 7914 433 79 791< 435 79
;< 771: 79 7716 << 79 7819 435 78 7914 436 79
<6 751; 79 751< 433 77 7717 437 76 7716 437 76
<: 7519 76 7519 433 75 761; 436 76 7716 437 74

434 7518 68 7513 << 6< 7619 436 74 7615 435 73
438 7418 65 7313 <9 6: 7513 434 6< 7515 435 68

0HDQ#IRU#ZHHNV
4046 5;17 5;1: 434 5;19 434 5;1< 435
47085 7416 741; 434 7415 433 7514 435
860438 7814 7814 433 7817 434 7913 435
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7$%/(#47
0HDQ#%RG\#:HLJKWV#DQG#6XUYLYDO#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

:HHNV 9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ
RQ $Y1#:W1 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI

6WXG\ +J, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV +J, FRQWUROV, 6XUYLYRUV

4 4;1: 83 4;1< 434 83 4;1; 434 83 4;1< 434 83
5 4<19 83 5317 437 83 5313 435 83 5314 436 83
6 5513 83 5515 434 83 5516 434 83 5513 433 83
7 5517 83 5519 434 83 5518 433 83 551: 434 83
8 551< 83 5618 436 7< 5617 435 83 5618 436 83
9 5714 83 571< 436 7< 571< 436 83 5815 438 83
: 571: 83 5813 434 7< 5814 435 83 5814 435 83
; 5816 83 5819 434 7< 581: 435 83 581: 435 83
< 5915 83 5919 435 7< 5918 434 83 5918 434 83

43 591< 83 5:16 435 7< 5:14 434 83 5:15 434 83
44 5:13 83 5:18 435 7< 5:1: 436 83 5:18 435 83
45 5:1< 83 5;15 434 7< 5:1: << 83 5;13 433 7<
46 5;1; 83 5<19 436 7< 5<15 434 83 5<14 434 7<
4: 6319 83 6416 435 7< 631; 434 83 6319 433 7<
54 6613 83 661: 435 7< 651; << 83 651< 433 7<
58 6713 83 6817 437 7< 6715 434 83 6714 433 7<
5; 6:16 83 6;15 435 7< 6:17 433 83 691< << 7<
66 6;13 83 6;1; 435 7< 6:1< 433 83 6:17 <; 7<
6: 7315 83 731< 435 7< 7313 433 83 6<19 << 7<
74 7413 83 7419 435 7< 7319 << 83 731; 433 7<
78 7517 7< 7615 435 7< 741< << 83 7516 433 7<
7< 7613 7< 7717 436 7; 751: << 83 751< 433 7<
86 7813 7< 7819 434 7; 7714 <; 83 771: << 7<
8: 7813 7< 791< 437 7; 7813 433 83 7915 436 7<
94 7915 7< 7:17 436 7: 7914 433 83 7:15 435 7;
98 7:19 7< 7;17 435 79 791; <; 83 7;1; 436 7;
9< 7<13 7: 8314 435 78 7;14 <; 83 8314 435 7;
:6 7<14 78 831; 437 78 7<14 433 83 8415 437 7;
:: 8314 78 8419 436 78 7<16 <; 83 841: 436 7;
;4 8319 78 8516 436 77 7<16 <: 83 851: 437 7:
;8 8314 77 851: 438 77 8316 433 79 8613 439 7:
;< 7;1; 77 8413 438 76 7<1; 435 77 841< 439 79
<6 7:1< 74 7;1; 435 6< 7<13 435 74 8416 43: 77
<: 7:16 6; 7<17 437 6: 7<13 437 6: 831< 43; 77

434 7:15 67 7:18 434 69 7;1< 437 67 7<15 437 73
438 781; 64 771< <; 66 7918 435 65 7919 435 6:

0HDQ#IRU#ZHHNV
4046 5716 571; 435 571: 435 571: 435
47085 6:1: 6;19 435 6:19 433 6:18 <<
860438 7:1; 7<14 436 7;13 433 7<1: 437
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FIGURE 4      
Growth Curves for Male and Female Mice Administered
Sodium Xylenesulfonate Dermally for 2 Years
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3DWKRORJ\#DQG#6WDWLVWLFDO#$QDO\VLV
7KLV#VHFWLRQ#GHVFULEHV#WKH#VWDWLVWLFDOO\#VLJQLILFDQW#DQG
ELRORJLFDOO\#QRWHZRUWK\#FKDQJHV#LQ#WKH#LQFLGHQFHV#RI
QHRSODVPV#DQG#QRQQHRSODVWLF#OHVLRQV#RI#WKH#VNLQ#DQG
OLYHU1##6XPPDULHV#RI#WKH#LQFLGHQFHV#RI#QHRSODVPV#DQG
QRQQHRSODVWLF# OHVLRQV/# LQGLYLGXDO# DQLPDO# WXPRU
GLDJQRVHV# DQG# VWDWLVWLFDO# DQDO\VHV# RI# SULPDU\# QHR0
SODVPV#WKDW#RFFXUUHG#ZLWK#LQFLGHQFHV#RI#DW#OHDVW#8(#LQ
DW#OHDVW#RQH#DQLPDO#JURXS/#DQG#KLVWRULFDO#LQFLGHQFHV#IRU
WKH#QHRSODVPV#PHQWLRQHG#LQ#WKLV#VHFWLRQ#DUH#SUHVHQWHG
LQ#$SSHQGL[#&# IRU#PDOH#PLFH# DQG#$SSHQGL[#'# IRU
IHPDOH#PLFH1

6NLQ=# # 7KH# LQFLGHQFHV# DQG# PRUSKRORJLHV# RI# WKH
QHRSODVPV# WKDW#RFFXUUHG# LQ#PDOHV#DQG#IHPDOHV#ZHUH
W\SLFDO# RI# VSRQWDQHRXV# QHRSODVPV# LQ# %9&6) #PLFH4

DQG# ZHUH# QRW# FRQVLGHUHG# UHODWHG# WR# WUHDWPHQW
+7DEOHV#48/#&4/#DQG#'4,1

+\SHUSODVLD#RI#WKH#HSLGHUPLV#RFFXUUHG#LQ#FRQWURO#DQG
697#DQG#:5:#PJ2NJ#PDOHV#DQG# LQ#FRQWURO#DQG#GRVHG
IHPDOHV# +7DEOHV# 48/# &8/# DQG# '8,1# # 7KHVH# OHVLRQV
FRQVLVWHG#RI#PLQLPDO# WR#PLOG#PXOWLIRFDOO\#H[WHQVLYH
WKLFNHQLQJ#RI#WKH#OD\HUV#RI#HSLGHUPDO#HSLWKHOLXP1##,Q
PDOHV/#WKHUH#ZDV#D#SRVVLEOH#WUHDWPHQW0UHODWHG#HIIHFW#LQ
WKH# LQFLGHQFHV# RI# HSLGHUPDO# K\SHUSODVLD# DV# WKH
LQFLGHQFHV#RFFXUUHG#ZLWK#D#SRVLWLYH# +3&3138,# WUHQG>
KRZHYHU/#RWKHU#QRQQHRSODVWLF#OHVLRQV#RI#WKH#VNLQ#DW#WKH
VLWH# RI# DSSOLFDWLRQ# ZHUH# QRW# FRQVLGHUHG# UHODWHG# WR
FKHPLFDO#DGPLQLVWUDWLRQ1##)RFDO#XOFHUDWLRQ#RFFXUUHG#LQ
RQH#:5:#PJ2NJ#PDOH#DQG#LQ#RQH#IHPDOH#LQ#HDFK#GRVH
JURXS# +7DEOHV# 48# DQG# '8,1# # 7\SLFDOO\/# VLWHV# RI
XOFHUDWLRQ# KDG# VXSHUILFLDO# DFFXPXODWLRQV# RI# SURWHLQ
DQG#QHFURWLF#FHOO#GHEULV/#DQG#WKH#H[SRVHG#GHUPLV#KDG
LQILOWUDWHV# RI# ERWK# QHXWURSKLOV# DQG# PRQRQXFOHDU
LQIODPPDWRU\# FHOOV1# # ([XGDWHV# RI# FHOO# GHEULV# DQG
SURWHLQ# RQ# WKH# VXUIDFH# RI# WKH# HSLGHUPLV# ZLWKRXW
HYLGHQFH#RI#XOFHUDWLRQ#ZHUH#GLDJQRVHG#VHSDUDWHO\/#DV
ZDV# LQIODPPDWLRQ# LQ# WKH# GHUPLV# RU# VXEFXWDQHRXV
WLVVXHV1

7$%/(#48
,QFLGHQFHV#RI#1HRSODVPV#DQG#1RQQHRSODVWLF#/HVLRQV#RI#WKH#6NLQ#RI#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

0DOH

6NLQ/#6LWH#RI#$SSOLFDWLRQ 83 83 83 83D

(SLGHUPLV/#([XGDWH 3 4 +413, 4 +413, 4 +613,E F

(SLGHUPLV/#+\SHUNHUDWRVLV 3 3 4 +513, 3
(SLGHUPLV/#+\SHUSODVLD 4 +413, 3 7 +416, 8 +417,#
(SLGHUPLV/#8OFHU 3 3 3 4 +613,#

6XEFXWDQHRXV#7LVVXH/#+HPDQJLRPD 3 3 4 3
6XEFXWDQHRXV#7LVVXH/#+HPDQJLRVDUFRPD 3 3 4 3
6XEFXWDQHRXV#7LVVXH/#+LVWLRF\WLF#6DUFRPD 3 5 3 3
6XEFXWDQHRXV#7LVVXH/#0DOLJQDQW#/\PSKRPD 3 3 4 3

)HPDOH

6NLQ/#6LWH#RI#$SSOLFDWLRQ 83 7< 83 83
(SLGHUPLV/#([XGDWH 4 +513, 7 +413, 7 +418, ##4 +713,##
(SLGHUPLV/#+\SHUSODVLD 7 +416, 4 +513, 7 +418, 7 +418,
(SLGHUPLV/#8OFHU 3 4 +513, 4 +513, 4 +613,
,QIODPPDWLRQ/#&KURQLF 7 +413, 4 +513, 4 +413, 4 +413,
3DUDNHUDWRVLV 3 3 4 +413, 3 #####

6XEFXWDQHRXV#7LVVXH/#)LEURVDUFRPD 3 4 4 3

1XPEHU#RI#PLFH#ZLWK#VNLQ#H[DPLQHG#PLFURVFRSLFDOO\D

1XPEHU#RI#PLFH#ZLWK#OHVLRQE

$YHUDJH#VHYHULW\#JUDGH#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=##4#Û#PLQLPDO>#5#Û#PLOG>#6#Û#PRGHUDWH>#7#Û#PDUNHGF
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,QIODPPDWLRQ# LQ# WKH# VNLQ# RI# IHPDOH# PLFH# ZDV FRQVLVWHG#RI#PRQRQXFOHDU#FHOOV#DQG#VRPHWLPHV#OHVVHU
VXEFODVVLILHG# DFFRUGLQJ# WR# WKH# LQIODPPDWRU\# FHOOV QXPEHUV#RI#QHXWURSKLOV#FHQWHUHG#DURXQG#ELOH#GXFWV#EXW
SUHVHQW=# # VXSSXUDWLYH# +FRPSRVHG# RI# QHXWURSKLOV,> DOVR# IRFDOO\# LQ# WKH#SDUHQFK\PD1# #3ULPDULO\# LQ#PDOH
FKURQLF#DFWLYH# +QHXWURSKLOV#DQG# LQIODPPDWRU\#FHOOV,> PLFH/#WKLV#GLDJQRVLV#DOVR#LQFOXGHG#YDULRXV#GHJUHHV#RI
DQG# FKURQLF# +PRQRQXFOHDU# LQIODPPDWRU\# FHOOV,1 KHSDWRF\WRPHJDO\/#KHSDWRF\WH#GHJHQHUDWLRQ/#ILEURVLV
+\SHUNHUDWRVLV#RFFXUUHG#LQ#D#VLQJOH#697#PJ2NJ#PDOH DQG2RU#UHJHQHUDWLYH#K\SHUSODVLD#RI#KHSDWRF\WHV1##%LOH
DQG#FRQVLVWHG#RI# IRFDOO\# WKLFNHQHG# OD\HUV#RI#NHUDWLQ GXFW# K\SHUSODVLD# LQFOXGHG# RYDO# +ELOH# GXFWXOH,# FHOO
RYHUO\LQJ# WKH# HSLGHUPLV# +7DEOHV# 48# DQG# &8,1 SUROLIHUDWLRQ# DV# ZHOO# DV# LQFUHDVHG# QXPEHUV# RI# ELOH
3DUDNHUDWRVLV# LQ# D# VLQJOH# 697#PJ2NJ# IHPDOH#ZDV# D GXFWV1# # &KURQLF# DFWLYH# LQIODPPDWLRQ# DQG# ELOH# GXFW
VXSHUILFLDO# DFFXPXODWLRQ# RI# GHVTXDPDWHG# HSLGHUPDO K\SHUSODVLD/# W\SLFDOO\# JUDGHG# DV#PLOG# WR#PRGHUDWH/
FHOOV#WKDW#UHWDLQHG#REYLRXV#QXFOHL#+7DEOHV#48#DQG#'8,1 ZHUH# ERWK# QRWHG# LQ#PRUH# WKDQ# ;3(# RI# FRQWURO# DQG

/LYHU=##,Q#PDOHV#DQG#IHPDOHV#IURP#FRQWURO#DQG#GRVHG UHYLHZLQJ# SDWKRORJLVWV# LGHQWLILHG# PLQLPDO# VHYHULW\
JURXSV/# LQFLGHQFHV# RI# KHSDWRFHOOXODU# DGHQRPD/ FKURQLF#DFWLYH#LQIODPPDWLRQ#LQ#DSSUR[LPDWHO\#KDOI#RI
KHSDWRFHOOXODU#FDUFLQRPD/#KHSDWRFHOOXODU#DGHQRPD#RU ERWK# FRQWURO# DQG# GRVHG# JURXSV/# ZKHUHDV# ELOH# GXFW
FDUFLQRPD# +FRPELQHG,/# FKURQLF# DFWLYH# LQIODPPDWLRQ K\SHUSODVLD/#W\SLFDOO\#PLQLPDO/#ZDV#LGHQWLILHG#LQ#RQO\
+KHSDWLWLV,/#DQG#K\SHUSODVLD#RI#ELOH#GXFWXODU#HSLWKHOLXP WZR# RU# IRXU# DQLPDOV# LQ# HDFK# JURXS1# # 6WHLQHU·V
+PDOHV# RQO\,# ZHUH# JHQHUDOO\# JUHDWHU# WKDQ# WKRVH PRGLILFDWLRQ#RI#WKH#:DUWKLQ06WDUU\#VWDLQ#ZDV#DSSOLHG
H[SHFWHG#E\#VSRQWDQHRXV#RFFXUUHQFH#+7DEOHV#49/#&4/ WR# WKH# OLYHUV# RI# 43#PDOH# DQG# 43# IHPDOH#PLFH#ZLWK
&8/# '4/# DQG# '8,1# # 7KH# KHSDWRFHOOXODU# QHRSODVP OHVLRQV#RI#FKURQLF0DFWLYH# LQIODPPDWLRQ#DQG#ELOH#GXFW
LQFLGHQFHV#H[FHHGHG#WKRVH#LQ#KLVWRULFDO#FRQWUROV#IURP K\SHUSODVLD1##2UJDQLVPV#FRQVLVWHQW#ZLWK#+HOLFREDFWHU
50\HDU#173#GHUPDO#DQG#IHHG#VWXGLHV#+7DEOHV#49/#&7/ KHSDWLFXV#EDFWHULD#ZHUH#LGHQWLILHG#LQ#WKH#OLYHUV#RI#VL[
DQG#'7,1# #&KURQLF#DFWLYH# LQIODPPDWLRQ# LQ# WKH# OLYHU PDOHV/#EXW#LQ#QRQH#RI#WKH#IHPDOHV#+$SSHQGL[#/,1

GRVHG# PDOH# PLFH# +7DEOH# 49,1# # ,Q# IHPDOH# PLFH/
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7$%/(#49
,QFLGHQFHV#RI#1HRSODVPV#DQG#1RQQHRSODVWLF#/HVLRQV#RI#WKH#/LYHU#LQ#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

0DOH

1XPEHU#([DPLQHG#0LFURVFRSLFDOO\ 83 83 83 83
,QIODPPDWLRQ/#&KURQLF#$FWLYH 79##+518, # 77 +51;, 74 +518,# 76 +517,#D E

%LOH#'XFW#+\SHUSODVLD 76##+518, 74 +51;, 69 +519, 6: +519,

+HSDWRFHOOXODU#$GHQRPD#+LQFOXGHV#PXOWLSOH, 6: 65 54-- 5<
+HSDWRFHOOXODU#&DUFLQRPD#+LQFOXGHV#PXOWLSOH, 68 64 55-- 59
+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPD 79 74 64 78F

+HSDWREODVWRPD 3 7 3 5

)HPDOH

1XPEHU#([DPLQHG#0LFURVFRSLFDOO\ 83 7< 83 83
,QIODPPDWLRQ/#&KURQLF#$FWLYH 55##+413,# 5; +414,# 57 +414,## 54 +414,#
%LOH#'XFW#+\SHUSODVLD 7##+41;, 5 +413, 7 +413, 5 +418,

+HSDWRFHOOXODU#$GHQRPD#+LQFOXGHV#PXOWLSOH, 4; 4: 4; 5;
+HSDWRFHOOXODU#&DUFLQRPD#+LQFOXGHV#PXOWLSOH, 43 46 #: 43
+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPD 5: 56 56 66G

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#E\#WKH#ORJLVWLF#UHJUHVVLRQ#WHVW
1XPEHU#RI#PLFH#ZLWK#OHVLRQD

$YHUDJH#VHYHULW\#JUDGH#RI#OHVLRQ#LQ#DIIHFWHG#DQLPDOV=##4#Û#PLQLPDO>#5#Û#PLOG>#6#Û#PRGHUDWH>#7#Û#PDUNHGE

+LVWRULFDO#LQFLGHQFH#IRU#50\HDU#173#GHUPDO#+DFHWRQH#RU#HWKDQRO#YHKLFOH,#RU#IHHG#VWXGLHV#ZLWK#XQGRVHG#FRQWURO#JURXSV#+PHDQ#�#VWDQGDUG#F

GHYLDWLRQ,=##DFHWRQH=##962483#+7513(#�#5516(,>#UDQJH/#4;(095(>#HWKDQRO=##5<283#+8;13(,>#IHHG=##8<924/798#+731:(#�#4718(,>#UDQJH/#
43(09;(
+LVWRULFDO#LQFLGHQFH=##DFHWRQH=##732483#+591:(#�#4:13(,>#UDQJH/#47(079(>#HWKDQRO=##5:285#+841<(,>#IHHG=##64624/797#+5417(#�#4613(,>G

UDQJH/#6(089(

*(1(7,&#72;,&2/2*<
6RGLXP#[\OHQHVXOIRQDWH#+433#WR#43/333#�J2SODWH,#ZDV
QRW# PXWDJHQLF# LQ# 6DOPRQHOOD# W\SKLPXULXP# VWUDLQ
7$<;/#7$433/#7$4868/#RU#7$486:/#ZLWK#RU#ZLWKRXW
LQGXFHG#6<#+7DEOH#(4,1##5HVXOWV#REWDLQHG#ZLWK#VRGLXP
[\OHQHVXOIRQDWH#LQ#D#PDPPDOLDQ#JHQH#PXWDWLRQ#DVVD\
ZLWK#FXOWXUHG#/84:;<#PRXVH#O\PSKRPD#FHOOV#LQ#WKH
SUHVHQFH# RI# 6<# +7DEOH# (5,# ZHUH# FRQFOXGHG# WR# EH
HTXLYRFDO#EHFDXVH# WKH#VLJQLILFDQW# LQFUHDVH# LQ#PXWDQW
FRORQLHV# QRWHG# LQ# WKH# ILUVW# WULDO# ZLWK# 6<# ZDV# QRW
FRQYLQFLQJO\# GHPRQVWUDWHG# LQ# WKH# VHFRQG# WULDO1

:LWKRXW#6</#QR#VLJQLILFDQW#LQFUHDVH#LQ#PXWDWLRQV#ZDV
QRWHG1##6RGLXP#[\OHQHVXOIRQDWH#LQGXFHG#GRVH0UHODWHG
LQFUHDVHV# LQ# VLVWHU# FKURPDWLG# H[FKDQJHV# LQ# FXOWXUHG
&KLQHVH# KDPVWHU# RYDU\# FHOOV# DW# FRQFHQWUDWLRQV# WKDW
SURGXFHG#FHOO#F\FOH#GHOD\#+5/846#WR#8/333#�J2P/,#LQ
WKH# DEVHQFH# RI# 6<>#ZLWK# 6</# QR# LQFUHDVHV# LQ# VLVWHU
FKURPDWLG#H[FKDQJHV#ZHUH#QRWHG#+7DEOH#(6,1##)LQDOO\/
QR# LQGXFWLRQ# RI# FKURPRVRPDO# DEHUUDWLRQV# ZDV
REVHUYHG# LQ# FXOWXUHG# &KLQHVH# KDPVWHU# RYDU\# FHOOV
WUHDWHG# ZLWK# VRGLXP# [\OHQHVXOIRQDWH# +5/846# WR
8/333#�J2P/,#ZLWK#RU#ZLWKRXW#6<#+7DEOH#(7,1
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# 7:

',6&866,21#$1'#&21&/86,216

6RGLXP# [\OHQHVXOIRQDWH# LV# XVHG# DV# D# K\GURWURSH# LQ VRGLXP# [\OHQHVXOIRQDWH# LV# OHVV# LQ# HWKDQRO# WKDQ# LQ
OLTXLG#KRXVHKROG#GHWHUJHQWV#DQG# LQ# VKDPSRRV># WKXV/ ZDWHU/# WKH# 733#PJ2P/# FRQFHQWUDWLRQ#ZDV# IRXQG# WR
GHUPDO# H[SRVXUH# WR# KXPDQ# VNLQ# LV# ZLGHVSUHDG1 UHTXLUH#FRQVWDQW#DJLWDWLRQ#GXULQJ#GRVLQJ# LQ#RUGHU# WR
&RQVXPHUV#PD\#EH#H[SRVHG#WR#VROXWLRQV#FRQWDLQLQJ#XS DYRLG#VHWWOLQJ#RI#WKH#FKHPLFDO1##7KHUHIRUH/#WR#REWDLQ
WR# 43(# +433# PJ2P/,# VRGLXP# [\OHQHVXOIRQDWH PRUH#XQLIRUP#VXVSHQVLRQV/#WKH#KLJKHVW#FRQFHQWUDWLRQ
+3KLO# 7KDP/# 5HFNLWW# DQG# &ROPDQ/# ,QF1/# SHUVRQDO XVHG#LQ#WKH#50\HDU#VWXGLHV#ZDV#633#PJ2P/1##&RQVWDQW
FRPPXQLFDWLRQ/# 4<<8,1# # ,Q# 4<<5/# 8QLWHG# 6WDWHV YROXPHV#ZHUH#DSSOLHG#GXULQJ#WKH#4:0GD\#DQG#470ZHHN
SURGXFWLRQ# RI# VRGLXP# [\OHQHVXOIRQDWH#ZDV# DSSUR[0 VWXGLHV/#DQG#EHFDXVH#WKH#DQLPDOV#JDLQHG#ZHLJKW#GXULQJ
LPDWHO\# 63/333# WRQV# +86,7&/# 4<<7,1# # 7KH# SUHVHQW WKH# VWXGLHV/# WKH# GRVH# FRQFHQWUDWLRQV# +PJ2NJ# ERG\
VWXGLHV# DUH# WKH# ILUVW# WR# DGGUHVV# WKH# SRVVLEOH# GHUPDO ZHLJKW,#GHFUHDVHG#DV#WKH#DQLPDOV#JUHZ#+$SSHQGL[#,,1
WR[LFLW\# DQG# FDUFLQRJHQLFLW\# RI# VRGLXP 7R#PDLQWDLQ#FRQVWDQW#GRVH#FRQFHQWUDWLRQV#WKURXJKRXW
[\OHQHVXOIRQDWH1 WKH# 50\HDU# VWXGLHV/# GRVH# YROXPHV# ZHUH# DGMXVWHG

7HFKQLFDO# JUDGH# VRGLXP# [\OHQHVXOIRQDWH# FRQWDLQV PRGLILFDWLRQV# UHVXOWHG# LQ# OHVV#FKHPLFDO# WUHDWPHQW# LQ
DSSUR[LPDWHO\#68(#VRGLXP#HWK\OEHQ]HQHVXOIRQDWH#DQG WKH#50\HDU#VWXGLHV#WKDQ#LQ#WKH#VKRUWHU#GXUDWLRQ#VWXGLHV1
4418(#RUWKR0/#6;(#PHWD0/#DQG#4818(#SDUD0VRGLXP 7KH# DFWXDO# DPRXQW# RI# FKHPLFDO# WUHDWPHQW# LQ# WKH
[\OHQHVXOIRQDWH#+0DXVQHU#DQG#6RVLV/#4<95,1##$OWKRXJK VKRUWHU#GXUDWLRQ#VWXGLHV/#KRZHYHU/#ZDV#SUREDEO\#OHVV
VRGLXP#[\OHQHVXOIRQDWH# LV#VRPHWLPHV#FODVVLILHG#ZLWK WKDQ#WKH#FDOFXODWHG#DPRXQW#EHFDXVH#RI#WKH#SUREOHPV#RI
VXUIDFH0DFWLYH#DJHQWV/# LWV#DON\O#FKDLQ# LV# WRR#VKRUW# WR UDSLG# UHPRYDO# LQ# WKH# 4:0GD\# VWXGLHV# DQG# RI# QRQ0
FRQIHU#VXUIDFH#DFWLYH#SURSHUWLHV#+.LUN02WKPHU/#4<<7,1 XQLIRUP#VXVSHQVLRQV#LQ#WKH#470ZHHN#VWXGLHV1
$V#D#K\GURWURSH/#VRGLXP#[\OHQHVXOIRQDWH#LQFUHDVHV#WKH
VROYHQW# FDSDFLW\# RI# ZDWHU# WRZDUG# RWKHU#PROHFXOHV/ 8VH#RI# 83(# HWKDQRO# DV# D#YHKLFOH# UDWKHU# WKDQ#ZDWHU
XQOLNH#VXUIDFWDQWV#WKDW#VROXELOL]H#E\#HQFORVLQJ#VROXWHV LQFUHDVHG# WKH# SUREDELOLW\# RI# VNLQ# SHQHWUDWLRQ
LQ#PLFHOOHV# ++XQWLQJ/# 4<;6,1# #%HFDXVH#RI# WKH#SRODU +*UDQGMHDQ/#4<;;,1##+RZHYHU/#WKH#ORZ#GHUPDO#WR[LFLW\
VXOIRQDWH#JURXS/#GHUPDO#DEVRUSWLRQ#RI#VRGLXP#[\OHQH0 RI# VRGLXP# [\OHQHVXOIRQDWH# LQ# 83(# HWKDQRO# LQ# WKH
VXOIRQDWH#LV#SUREDEO\#SRRU#+*UDQGMHDQ#HW#DO1/#4<;;,1 SUHVHQW# VWXGLHV#GRHV#QRW# UXOH#RXW#GHUPDO# WR[LFLW\#RI
%HFDXVH#HWKDQRO#KDV#D#KLJKHU#SHUPHDELOLW\#FRQVWDQW#IRU PRUH# FRPSOH[#PL[WXUHV#ZKLFK#PLJKW# IXUWKHU# DIIHFW
WKH#VNLQ#WKDQ#ZDWHU#+6FKHXSOHLQ#DQG#%ODQN/#4<:4,/#WKH SHQHWUDWLRQ# RU# UHDFWLYLW\# RI# WKH# VNLQ/# QRU# GR# WKH
XVH# RI# D# 83(# HWKDQRO# YHKLFOH# LQ# WKH# 470ZHHN# DQG SUHVHQW# VWXGLHV# DGGUHVV# WKH# WR[LFLW\# RI# FRPSOH[
50\HDU# VWXGLHV#PD\# KDYH# HQKDQFHG# DEVRUSWLRQ# RYHU PL[WXUHV#FRQWDLQLQJ#VRGLXP#[\OHQHVXOIRQDWH#E\#RWKHU
WKDW# LQ# WKH#4:0GD\#VWXGLHV/# LQ#ZKLFK# WKH#YHKLFOH#ZDV URXWHV#RI#H[SRVXUH/#VXFK#DV#RFFXSDWLRQDO#LQKDODWLRQ#RI
ZDWHU1##$V#LQ#DOO#GHUPDO#VWXGLHV/#WKHUH#ZDV#SRWHQWLDO DHURVROL]HG#FRPSRXQG1
IRU#VRPH#LQJHVWLRQ#DV#DQLPDOV#JURRPHG#WKHPVHOYHV1

0RGLILFDWLRQV# ZHUH# PDGH# WR# WKH# GRVLQJ# UHJLPHQV VXOIRQDWH#GLG#QRW#VLJQLILFDQWO\#DIIHFW#VXUYLYDO#RU#PHDQ
EHWZHHQ# WKH# GLIIHUHQW# GXUDWLRQ# VWXGLHV1# #:DWHU#ZDV ERG\#ZHLJKWV#RI# UDWV#RU#PLFH#GRVHG# IRU# 4:#GD\V#RU
XVHG#DV#D#YHKLFOH#IRU#VRGLXP#[\OHQHVXOIRQDWH#IRU#WKH 47# ZHHNV1# # 6LPLODUO\/# GHUPDO# DSSOLFDWLRQV# RI
4:0GD\#VWXGLHV/#EXW#WKLV#YHKLFOH#ZDV#FKDQJHG#WR#83( 633#PJ2P/#VRGLXP#[\OHQHVXOIRQDWH#GLG#QRW#VLJQLIL0
HWKDQRO# IRU# WKH# ORQJHU# GXUDWLRQ# VWXGLHV# EHFDXVH# WKH FDQWO\#DIIHFW#WKH#VXUYLYDO#RU#PHDQ#ERG\#ZHLJKWV#RI#UDWV
VXVSHQVLRQV# LQ#ZDWHU#ZHUH#QRWHG# WR#EHDG#XS#RQ# WKH DQG#PLFH#GRVHG#IRU#5#\HDUV1##6XUYLYDO#RI#PDOH#UDWV#WR
VNLQ#DQG#ZHUH#HDVLO\#VKDNHQ#RII#E\#WKH#DQLPDOV1##'RVH WHUPLQDWLRQ# RI# WKH# 50\HDU# VWXG\# ZDV# 4;(# LQ# WKH
FRQFHQWUDWLRQV#RI#XS# WR#733#PJ2P/# WHFKQLFDO#JUDGH FRQWURO#DQG#453#PJ2NJ#JURXSV#DQG#69(#DQG#59(#LQ
VRGLXP#[\OHQHVXOIRQDWH#LQ#83(#DOFRKRO#ZHUH#DSSOLHG WKH#93#DQG#573#PJ2NJ#JURXSV1##6XUYLYDO#ZDV#ORZ#LQ
LQ#WKH#470ZHHN#VWXGLHV/#EXW#EHFDXVH#WKH#VROXELOLW\#RI FRPSDULVRQ#WR#VWXGLHV#LQ#WKH#173#GDWDEDVH#LQ#ZKLFK

DFFRUGLQJ#WR#ERG\#ZHLJKW#DV#WKH#DQLPDOV#DJHG1##7KHVH

'HUPDO# DSSOLFDWLRQ# RI# 733#PJ2P/# VRGLXP# [\OHQH0
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UDWV#ZHUH#QRW#KRXVHG# LQGLYLGXDOO\/#EXW#VXUYLYDO#ZDV OHVLRQV#ZHUH#W\SLFDOO\#PLQLPDO#WR#PLOG#LQ#VHYHULW\1##,Q
FRQVLVWHQW# ZLWK# RWKHU# VWXGLHV# XWLOL]LQJ# LQGLYLGXDO PDOH#DQG#IHPDOH#UDWV#DQG#LQ#PDOH#PLFH/#WKHUH#ZDV#D
KRXVLQJ#+5DR/#4<<8,1##,W#KDV#EHHQ#SRVWXODWHG#WKDW#WKH VXJJHVWLRQ# WKDW# VRGLXP# [\OHQHVXOIRQDWH# H[DFHUEDWHG
VRFLDO# LQWHUDFWLRQ# DIIRUGHG# E\# PXOWLSOH# KRXVLQJ HSLGHUPDO# K\SHUSODVLD># KRZHYHU/# WKH# LQFLGHQFHV# LQ
HQKDQFHV#WKH#ZHOO0EHLQJ#RI#UDWV#+5DR/#4<<8,/#ZKHUHDV GRVHG#JURXSV#GLG#QRW#GLIIHU# VLJQLILFDQWO\# IURP#HDFK
LQGLYLGXDO#KRXVLQJ#LV#GHWULPHQWDO#WR#VXUYLYDO/#SDUWLFX0 RWKHU#RU#IURP#WKRVH#LQ#WKH#FRQWURO#JURXSV1##,Q#IHPDOH
ODUO\#RI#PDOHV1 PLFH/# WKH# LQFLGHQFHV# DQG# VHYHULWLHV# RI# HSLGHUPDO

,Q#UDWV# LQ# WKH#4:0GD\#DQG#470ZHHN#VWXGLHV/# WKH#RQO\ VLPLODU1# # ,Q# DGGLWLRQ# WR# HSLGHUPDO# K\SHUSODVLD/
WUHDWPHQW0UHODWHG# FOLQLFDO# ILQGLQJ# ZDV# EURZQLVK SLQSRLQW#XOFHUV#RI#WKH#HSLGHUPLV#RFFXUUHG#LQ#XS#WR#WZR
GLVFRORUDWLRQ#DW#WKH#VLWH#RI#DSSOLFDWLRQ1##7KH#VHEDFHRXV DQLPDOV# SHU# JURXS# LQ# GRVHG# IHPDOH# UDWV# DQG# GRVHG
JODQG#K\SHUSODVLD#QRWHG#LQ#ERWK#FRQWURO#DQG#GRVHG#UDWV PDOH#DQG#IHPDOH#PLFH#DQG#LQ#RQH#FRQWURO#IHPDOH#UDW1
LQ# WKH# 50\HDU# VWXG\# VXJJHVWV# WKDW# IXU0FOLSSLQJ# DQG 7KH#ORZ#LQFLGHQFHV#DQG#VHYHULWLHV#RI#WKHVH#OHVLRQV#OHDG
YHKLFOH# DSSOLFDWLRQ#PD\# VWLPXODWH# VHEDFHRXV# JODQGV WR# WKH#FRQFOXVLRQ#WKDW#VRGLXP#[\OHQHVXOIRQDWH#LV#QRW
DQG# WKH# SURGXFWLRQ# RI# VHEXP# LQ# WKLV# VSHFLHV1# #7KH GHUPDOO\#WR[LF1##0RVW#OHVLRQV#ZHUH#DOVR#REVHUYHG#LQ
EURZQLVK#GLVFRORUDWLRQ#RI#WKH#VNLQ#PD\#KDYH#UHVXOWHG FRQWURO# DQLPDOV# UHFHLYLQJ# RQO\# WKH# YHKLFOH/# ZKLFK
IURP# WKH# FRPELQDWLRQV# RI# VHEXP# DQG# VRGLXP VXJJHVWV# WKDW# WKH# RFFXUUHQFH# RI# WKHVH# OHVLRQV# ZDV
[\OHQHVXOIRQDWH1 UHODWHG#WR#ZHHNO\#IXU#FOLSSLQJ#DQG#YHKLFOH#DSSOLFDWLRQ

7KHUH#ZDV#VRPH#LQGLFDWLRQ#WKDW#WKH#LQFLGHQFHV/#EXW#QRW VXOIRQDWH1# # ,Q# ERWK# UDWV# DQG#PLFH/# QHRSODVPV# WKDW
WKH#VHYHULWLHV/#RI#HSLGHUPDO#K\SHUSODVLD#ZHUH#UHODWHG RFFXUUHG# LQ# WKH#VNLQ#DW# WKH#VLWH#RI#DSSOLFDWLRQ# LQ# WKH
WR#FKHPLFDO#DGPLQLVWUDWLRQ#LQ#PDOH#DQG#IHPDOH#UDWV#DQG 50\HDU# VWXGLHV# ZHUH# W\SLFDO# LQ# PRUSKRORJ\# DQG
PLFH# LQ# WKH#470ZHHN#VWXGLHV#DQG# LQ# IHPDOH#UDWV#DQG LQFLGHQFH# WR# VSRQWDQHRXVO\# RFFXUULQJ# OHVLRQV# LQ
PDOH#PLFH# LQ# WKH# 50\HDU# VWXGLHV1# # ,Q# WKH# 470ZHHN )67721#UDWV#DQG#%9&6) #PLFH1##1RQH#ZHUH#FRQVLG0
VWXGLHV/#HSLGHUPDO#K\SHUSODVLD#RFFXUUHG#LQ#FRQWURO#DQG HUHG#UHODWHG#WR#FKHPLFDO#DGPLQLVWUDWLRQ1#
GRVHG#JURXSV# DQG#ZDV# OHVV# DSSDUHQW# LQ# UDWV# WKDQ# LQ
PLFH1# # ,Q# WKH# 50\HDU# VWXG\/# UDWV# ZLWK# HSLGHUPDO
K\SHUSODVLD#KDG# VOLJKWO\#PRUH#H[WHQVLYH#DQG# WKLFNHU
OHVLRQV#WKDQ#LQ#WKH#470ZHHN#VWXG\/#EXW#WKH#OHVLRQV#ZHUH
W\SLFDOO\#PLQLPDO#LQ#VHYHULW\1

6RPH#PDOH#PLFH#LQ#WKH#470ZHHN#VWXG\#KDG#SDSLOODU\
WKLFNHQLQJ#RI#WKH#HSLGHUPLV1###%DVHG#RQ#UHVXOWV#RI#WKH
50\HDU#VWXG\/#WKHUH#ZDV#QR#HYLGHQFH#WKDW#WKHVH#OHVLRQV
ZRXOG# KDYH# SURJUHVVHG# WR# VNLQ# QHRSODVPV# LQ# WLPH1
)XUWKHU/# WKHUH#ZDV# OHVV# IRFDOO\#H[XEHUDQW#HSLGHUPDO
K\SHUSODVLD#LQ#PDOH#PLFH#LQ#WKH#50\HDU#VWXG\#WKDQ#LQ
PDOH#PLFH#LQ#WKH#470ZHHN#VWXG\1##%HFDXVH#HSLGHUPDO
K\SHUSODVLD# RFFXUUHG# LQ# FRQWURO# JURXSV# DV# ZHOO# DV FHOOXODU# DGHQRPD# DQG# FDUFLQRPD# +FRPELQHG,# LQ# DOO
GRVHG#JURXSV#LQ#WKH#470ZHHN#VWXG\/#WKHVH#OHVLRQV#PD\ JURXSV# RI#PDOH#PLFH# H[FHHGHG# WKH#173# KLVWRULFDO
KDYH#EHHQ#GXH#WR#LUULWDWLRQ#IURP#ZHHNO\#IXU#FOLSSLQJ FRQWURO# UDQJHV1# # )HPDOH# PLFH# LQ# WKH# FRQWURO# DQG
DQG#YHKLFOH#DSSOLFDWLRQ1# #&RPSDUDWLYHO\# ORZHU# LQFL0 :5:#PJ2NJ#JURXSV#KDG# LQFLGHQFHV#RI#KHSDWRFHOOXODU
GHQFHV#RI#K\SHUSODVLD#LQ#WKH#50\HDU#VWXG\#PD\#UHIOHFW FDUFLQRPD#WKDW#PDWFKHG#WKH#KLJKHVW#FRQWURO#LQFLGHQFH/
SK\VLRORJLF# DGDSWDWLRQ# WR# WUHDWPHQW/# UHVROXWLRQ# RI DQG#WKH#FRPELQHG#LQFLGHQFH#RI#KHSDWRFHOOXODU#DGHQRPD
OHVLRQV#GXULQJ#WKH#43#GD\V#EHWZHHQ#WKH#ODVW#GRVH#DQG DQG# FDUFLQRPD# LQ# :5:#PJ2NJ# IHPDOHV# H[FHHGHG# WKH
QHFURSV\/#RU#WKH#ORZHU#GRVLQJ#FRQFHQWUDWLRQ#XVHG#LQ KLVWRULFDO#FRQWURO#UDQJH1##&KURQLF#DFWLYH#LQIODPPDWLRQ/
WKH#50\HDU#VWXG\1 ELOH#GXFW#K\SHUSODVLD/#DQG#RUJDQLVPV#FRQVLVWHQW#ZLWK

7HQ#SHUFHQW#RU#OHVV#RI#WKH#UDWV#DQG#PLFH#LQ#WKH#50\HDU KHSDWLFXV#ZHUH#REVHUYHG#LQ#WKH#OLYHUV#RI#PDOH#PLFH#LQ
VWXGLHV# GHYHORSHG# HSLGHUPDO# K\SHUSODVLD1# # 7KHVH WKHVH#VWXGLHV1##

K\SHUSODVLD#LQ#GRVHG#DQG#FRQWURO#JURXSV#RI#PLFH#ZHUH

UDWKHU# WKDQ# WR# WKH# DSSOLFDWLRQ# RI# VRGLXP# [\OHQH0

4

7KH# RQO\# QHRSODVP# VKRZLQJ# D# SRVVLEOH# FKHPLFDO0
UHODWHG#HIIHFW#LQ#WKH#50\HDU#VWXG\#ZDV#PRQRQXFOHDU#FHOO
OHXNHPLD/#RI#ZKLFK# WKH# LQFLGHQFHV#ZHUH#PDUJLQDOO\
LQFUHDVHG#LQ#WKH#93#DQG#573#PJ2NJ#PDOH#UDW#JURXSV1
7KH# ODFN#RI# VWDWLVWLFDO# VLJQLILFDQFH#E\# WKH# OLIH# WDEOH
DQDO\VLV# +DQ#DSSURSULDWH# WHVW# IRU# WKLV#JHQHUDOO\# IDWDO
QHRSODVP,# DQG# WKH# ODFN# RI# D# FOHDU# GRVH0UHVSRQVH
UHODWLRQVKLS# VXJJHVW# WKDW# WKHVH# LQFUHDVHV# ZHUH
XQUHODWHG#WR#FKHPLFDO#DGPLQLVWUDWLRQ1

,QFLGHQFHV# RI# KHSDWRFHOOXODU# FDUFLQRPD# DQG# KHSDWR0

WKH# UHFHQWO\# GLVFRYHUHG# EDFWHULD# +HOLFREDFWHU
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%DVHG# RQ# UHWURVSHFWLYH# DQDO\VHV/#+1# KHSDWLFXV#ZDV %HFDXVH# RI# WKHVH# DVVRFLDWLRQV/# LQWHUSUHWDWLRQ# RI# D
GHWHUPLQHG# WR#KDYH# LQIHFWHG#PLFH# LQ#45#UHFHQW#173 WUHDWPHQW0UHODWHG#LQFUHDVH/#EXW#QRW#D#ODFN#RI#UHVSRQVH/
50\HDU#VWXGLHV#+$SSHQGL[#/,1##2I#WKH#45#VWXGLHV/#PLFH LQ#WKH#LQFLGHQFHV#RI#WKHVH#WZR#QHRSODVP#W\SHV#LQ#WKH
+SULPDULO\#PDOHV,# IURP# QLQH# VWXGLHV# +LQFOXGLQJ# WKLV OLYHU# RI# PDOH# PLFH# LV# FRQVLGHUHG# FRQIRXQGHG1
VWXG\#RI#VRGLXP#[\OHQHVXOIRQDWH,#KDG#+1#KHSDWLFXV0 &KHPLFDO0UHODWHG#UHVSRQVHV#+RU#ODFN#WKHUHRI,#DW#RWKHU
DVVRFLDWHG#KHSDWLWLV1##4XDOLWDWLYHO\/#WKH#KHSDWLWLV#DQG VLWHV# LQ# PDOH# PLFH# DQG# LQ# IHPDOH# PLFH# DUH# QRW
VLOYHU0VWDLQLQJ#RUJDQLVPV#ZLWKLQ#WKH#OLYHU#ZHUH#VLPLODU FRQVLGHUHG#WR#KDYH#EHHQ#VLJQLILFDQWO\#LPSDFWHG#E\#WKH
DPRQJ# WKH# QLQH# VWXGLHV1# # :LWK# DVVD\V# EDVHG# RQ LQIHFWLRQ#ZLWK#+1#KHSDWLFXV#RU#LWV#DVVRFLDWHG#KHSDWLWLV
SRO\PHUDVH# FKDLQ# UHDFWLRQ/# +1# KHSDWLFXV# ZDV +$SSHQGL[# /,1# # ,Q# WKH# SUHVHQW# VWXGLHV# RI# VRGLXP
LGHQWLILHG#LQ#VWXGLHV#IURP#ZKLFK#DGHTXDWHO\#SUHVHUYHG [\OHQHVXOIRQDWH/# WKH# LQFLGHQFHV# RI# KHSDWRFHOOXODU
+IUR]HQ,#OLYHU#WLVVXH#ZDV#DYDLODEOH1##,Q#JHQHUDO/#HIIRUWV QHRSODVPV#ZHUH# QRW# LQFUHDVHG#ZLWK# GRVH># WKXV# LW# LV
WR#LGHQWLI\#+1#KHSDWLFXV#IURP#WLVVXH#IL[HG#LQ#IRUPDOLQ FRQFOXGHG#WKDW#WKH#SUHVHQFH#RI##+1#KHSDWLFXV#GLG#QRW
IRU#RYHU#D#ZHHN#ZHUH#QRW#VXFFHVVIXO#+0DODUNH\#HW#DO1/ REVFXUH#DQ\#SRWHQWLDO#FKHPLFDO0UHODWHG#QHRSODVLD1#
4<<:,/#ZKLFK#ZDV# WKH#FDVH#IRU# WKLV#VWXG\#RI#VRGLXP
[\OHQHVXOIRQDWH1##+RZHYHU/#EHFDXVH#RI#WKH#SUHVHQFH#RI
WKH# W\SLFDO# OLYHU# OHVLRQV# DQG# VLOYHU0SRVLWLYH# KHOLFDO
RUJDQLVPV/#PLFH#IURP#WKLV#VWXG\#ZHUH#SUHVXPHG#WR#EH
LQIHFWHG#ZLWK#+1#KHSDWLFXV1##

,QFUHDVHV#LQ#WKH#LQFLGHQFH#RI#KHSDWRFHOOXODU#QHRSODVPV
LQ#PDOH#PLFH#KDYH#EHHQ#VKRZQ#WR#EH#DVVRFLDWHG#ZLWK
+1#KHSDWLFXV#LQIHFWLRQ#ZKHQ#KHSDWLWLV#LV#DOVR#SUHVHQW
+:DUG#HW#DO1/#4<<7>#)R[#HW#DO1/#4<<9>#$SSHQGL[#/,1
$GGLWLRQDOO\/#ZLWKLQ#173#VWXGLHV#ZLWK#+1#KHSDWLFXV0
DVVRFLDWHG# KHSDWLWLV/# LQFUHDVHG# LQFLGHQFHV# RI
KHPDQJLRVDUFRPD#ZHUH#VHHQ#LQ#WKH#OLYHUV#RI#PDOH#PLFH
+$SSHQGL[#/1,

&21&/86,216
8QGHU#WKH#FRQGLWLRQV#RI#WKHVH#50\HDU#GHUPDO#VWXGLHV/
WKHUH#ZDV# QR# HYLGHQFH# RI# FDUFLQRJHQLF# DFWLYLW\-# RI
VRGLXP#[\OHQHVXOIRQDWH#LQ#PDOH#RU#IHPDOH#)67721#UDWV
DGPLQLVWHUHG# 93/# 453/#RU# 573#PJ2NJ#RU# LQ#PDOH#RU
IHPDOH# %9&6) # PLFH# DGPLQLVWHUHG# 4;5/# 697/# RU4

:5:#PJ2NJ1

,QFUHDVHG# LQFLGHQFHV# RI# HSLGHUPDO# K\SHUSODVLD# LQ
IHPDOH#UDWV#DQG#PDOH#PLFH#PD\#KDYH#EHHQ#UHODWHG#WR
H[SRVXUH#WR#VRGLXP#[\OHQHVXOIRQDWH1#

BBBBBBBBBB
- ([SODQDWLRQ#RI#/HYHOV#RI#(YLGHQFH#RI#&DUFLQRJHQLF#$FWLYLW\# LV#RQ#SDJH#<1##$#VXPPDU\#RI# WKH#7HFKQLFDO#5HSRUWV#5HYLHZ#6XEFRPPLWWHH

FRPPHQWV#DQG#WKH#SXEOLF#GLVFXVVLRQ#RQ#WKLV#7HFKQLFDO#5HSRUW#DSSHDUV#RQ#SDJH#441
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5()(5(1&(6

$UPLWDJH/#31#+4<:4,1##6WDWLVWLFDO#0HWKRGV#LQ#0HGLFDO 'LQVH/#*1(1/#DQG#/DJDNRV/#61:1#+4<;6,1##5HJUHVVLRQ
5HVHDUFK/#SS1#69506981##-RKQ#:LOH\#DQG#6RQV/#,QF1/
1HZ#<RUN1

$VKE\/# -1/# DQG#7HQQDQW/#51:1# +4<<4,1# #'HILQLWLYH
UHODWLRQVKLSV# DPRQJ# FKHPLFDO# VWUXFWXUH/# FDUFLQR0
JHQLFLW\#DQG#PXWDJHQLFLW\#IRU#634#FKHPLFDOV#WHVWHG#E\
WKH#8161#1731##0XWDW1#5HV1#58:/#55<06391

%RRUPDQ/# *1$1/# 0RQWJRPHU\/# &1$1/# -U1/
(XVWLV/# 61/1/#:ROIH/#01-1/#0F&RQQHOO/# (1(1/# DQG
+DUGLVW\/#-1)1#+4<;8,1##4XDOLW\#DVVXUDQFH#LQ#SDWKRORJ\
IRU#URGHQW#FDUFLQRJHQLFLW\#VWXGLHV1# # ,Q#+DQGERRN#RI
&DUFLQRJHQ# 7HVWLQJ# ++1$1# 0LOPDQ# DQG# (1.1
:HLVEXUJHU/#(GV1,/#SS1#678068:1##1R\HV#3XEOLFDWLRQV/
3DUN#5LGJH/#1-1

&DVSDU\/#:1-1/#/HH/#<1-1/#3RXOWRQ/#61/#0\KU/#%1&1/
0LWFKHOO/#$1'1/#DQG#5XGG/#&1-1#+4<;;,1##(YDOXDWLRQ#RI
WKH#/84:;<#PRXVH#O\PSKRPD#FHOO#PXWDJHQHVLV#DVVD\=
4XDOLW\0FRQWURO# JXLGHOLQHV# DQG# UHVSRQVH# FDWHJRULHV1
(QYLURQ1#0RO1#0XWDJHQ1#45#+6XSSO1#46,/#4<0691

&RGH#RI#)HGHUDO#5HJXODWLRQV#+&)5,#54/#3DUW#8;1

&R[/#'151#+4<:5,1##5HJUHVVLRQ#PRGHOV#DQG#OLIH0WDEOHV1
-1#51#6WDW1#6RF1#%67/#4;:05531

&UDZIRUG/#%1'1#+4<;8,1##3HUVSHFWLYHV#RQ#WKH#VRPDWLF
PXWDWLRQ#PRGHO#RI# FDUFLQRJHQHVLV1# # ,Q#$GYDQFHV# LQ
0RGHUQ#(QYLURQPHQWDO#7R[LFRORJ\1##0HFKDQLVPV#DQG
7R[LFLW\# RI# &KHPLFDO# &DUFLQRJHQV# DQG# 0XWDJHQV
+01$1#0HKOPDQ/#:1*1#)ODPP/#DQG#51-1#/RUHQW]HQ/
(GV1,/# SS1# 4608<1# # 3ULQFHWRQ# 6FLHQWLILF# 3XEOLVKLQJ
&R1/#3ULQFHWRQ/#1-1

'LQVH/#*1(1/# DQG#+DVHPDQ/# -1.1# +4<;9,1# #/RJLVWLF
UHJUHVVLRQ# DQDO\VLV# RI# LQFLGHQWDO0WXPRU# GDWD# IURP
DQLPDO#FDUFLQRJHQLFLW\#H[SHULPHQWV1##)XQGDP1#$SSO1
7R[LFRO1#9/#770851

DQDO\VLV#RI#WXPRXU#SUHYDOHQFH#GDWD1##$SSO1#6WDWLVW1#65/
569057;1

'L[RQ/#:1-1/#DQG#0DVVH\/#)1-1/#-U1# +4<84,1# # ,QWUR0
GXFWLRQ#WR#6WDWLVWLFDO#$QDO\VLV/#4VW#HG1/#SS1#478047:1
0F*UDZ0+LOO#%RRN#&RPSDQ\/#,QF1/#1HZ#<RUN1

'XQQ/#21-1#+4<97,1##0XOWLSOH#FRPSDULVRQV#XVLQJ#UDQN
VXPV1##7HFKQRPHWULFV#9/#57405851

'XQQHWW/# &1:1# +4<88,1# # $# PXOWLSOH# FRPSDULVRQ
SURFHGXUH# IRU# FRPSDULQJ# VHYHUDO# WUHDWPHQWV#ZLWK# D
FRQWURO1##-1#$P1#6WDW1#$VVRF1#83/#43<9044541

)R[/# -1*1/# 0DF*UHJRU/# -1/# 6KHQ# =1/# /L/# ;1/
/HZLV/# 51/# DQG# 'DQJOHU/# &1$1# +4<<;,1# # 5ROH# RI
+HOLFREDFWHU# KHSDWLFXV# LQ# FRQIRXQGLQJ# UHVXOWV# RI# D
WULHWKDQRODPLQH# FDUFLQRJHQHVLV# VWXG\# LQ# PLFH# +LQ
SUHSDUDWLRQ,1#

*DOORZD\/# 6101/# $UPVWURQJ/# 01-1/# 5HXEHQ/# &1/
&ROPDQ/#61/#%URZQ/#%1/#&DQQRQ/#&1/#%ORRP/#$1'1/
1DNDPXUD/# )1/# $KPHG/#01/# 'XN/# 61/# 5LPSR/# -1/
0DUJROLQ/#%1+1/#5HVQLFN/#01$1/#$QGHUVRQ/#%1/#DQG
=HLJHU/# (1# +4<;:,1# # &KURPRVRPH# DEHUUDWLRQV# DQG
VLVWHU#FKURPDWLG#H[FKDQJHV#LQ#&KLQHVH#KDPVWHU#RYDU\
FHOOV=##(YDOXDWLRQV#RI#43;#FKHPLFDOV1##(QYLURQ1#0RO1
0XWDJHQ1#43#+6XSSO1#43,/#404:81

*DUW/# -1-1/# &KX/# .1&1/# DQG# 7DURQH/# 51(1# +4<:<,1
6WDWLVWLFDO#LVVXHV#LQ#LQWHUSUHWDWLRQ#RI#FKURQLF#ELRDVVD\
WHVWV# IRU#FDUFLQRJHQLFLW\1# #-1#1DWO1#&DQFHU# ,QVW1#95/
<8:0<:71

*UDQGMHDQ/# 31/# %HUOLQ/# $1/# *LOEHUW/# 01/# DQG
3HQQLQJ/# :1# +4<;;,1# # 3UHYHQWLQJ# SHUFXWDQHRXV
DEVRUSWLRQ# RI# LQGXVWULDO# FKHPLFDOV=# # 7KH# ´VNLQµ
GHQRWDWLRQ1##$P1#-1#,QG1#0HG1#47/#<:043:1

+DVHPDQ/# -1.1# +4<;7,1# # 6WDWLVWLFDO# LVVXHV# LQ# WKH
GHVLJQ/# DQDO\VLV# DQG# LQWHUSUHWDWLRQ# RI# DQLPDO# FDU0
FLQRJHQLFLW\#VWXGLHV1##(QYLURQ1#+HDOWK#3HUVSHFW1#8;/
6;806<51
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+ROODQGHU/#01/#DQG#:ROIH/#'1$1#+4<:6,1##1RQSDUD0 0LOOHU/# -1$1/# DQG# 0LOOHU/# (1&1# +4<::,1# # 8OWLPDWH
PHWULF#6WDWLVWLFDO#0HWKRGV/#SS1#45304561##-RKQ#:LOH\ FKHPLFDO#FDUFLQRJHQV#DV#UHDFWLYH#PXWDJHQLF#HOHFWUR0
DQG#6RQV/#1HZ#<RUN1 SKLOHV1# # ,Q#2ULJLQV# RI#+XPDQ#&DQFHU# ++1+1#+LDWW/

+XQWLQJ/#$1/1/1#+4<;6,1##(QF\FORSHGLD#RI#6KDPSRR &ROG# 6SULQJ# +DUERU# /DERUDWRU\/# &ROG# 6SULQJ
,QJUHGLHQWV/#0LFHOOH#3UHVV/#&UDQIRUG/#1-1 +DUERU/#1<1

-RQFNKHHUH/# $151# +4<87,1# # $# GLVWULEXWLRQ0IUHH
N0VDPSOH#WHVW#DJDLQVW#RUGHUHG#DOWHUQDWLYHV1##%LRPHWULND
74/#46604781

.DSODQ/#(1/1/#DQG#0HLHU/#31#+4<8;,1##1RQSDUDPHWULF
HVWLPDWLRQ#IURP#LQFRPSOHWH#REVHUYDWLRQV1##-1#$P1#6WDW1
$VVRF1#86/#78:07;41

.LUN02WKPHU#(QF\FORSHGLD# RI#&KHPLFDO#7HFKQRORJ\
+4<<7,# #6UG#HG1/#9RO1#55/#S1#6841# #-RKQ#:LOH\#DQG
6RQV/#,QF1/#1HZ#<RUN1

.RQGUDWLXN/#91$1/#3DVWXVKHQNR/#7191/#6HUJHWD/#9111/
*XQ·NR/# /101/# 3HUHLPD/# 91,1/# *ROND/# 1191/
*QDWLXN/# 0161/# DQG# .DODVKQLN/# 61$1# +4<;6,1
+\JLHQLF# UHJXODWLRQ# RI# VRGLXP# WROXHQH# VXOIRQDWH# LQ
UHVHUYRLU#ZDWHU1#*LJ1#6DQLW1#;/#9:09<1

0F&RQQHOO/#(1(1/#6ROOHYHOG/#+1$1/#6ZHQEHUJ/#-1$1/
DQG# %RRUPDQ/# *1$1# +4<;9,1# # *XLGHOLQHV# IRU
FRPELQLQJ# QHRSODVPV# IRU# HYDOXDWLRQ# RI# URGHQW
FDUFLQRJHQHVLV#VWXGLHV1##-1&,#:9/#5;605;<1

0F.QLJKW/#%1/# DQG#&URZOH\/# -1# +4<;7,1# #7HVWV# IRU
GLIIHUHQFHV# LQ# WXPRU# LQFLGHQFH# EDVHG# RQ# DQLPDO
FDUFLQRJHQHVLV#H[SHULPHQWV1##-1#$P1#6WDW1#$VVRF1#:</
96<097;1

0DODUNH\/# '1(1/# 7RQ/# 71091/# +DLOH\/# -151/# DQG
'HYHUHDX[/#7151#+4<<:,1##$#3&505)/3#PHWKRG#IRU
WKH#GHWHFWLRQ#RI#+HOLFREDFWHU#KHSDWLFXV# LQ#IUR]HQ#RU
IL[HG#OLYHU#IURP#%9&6) #PLFH1##7R[LFRO1#3DWKRO1#58/4

93909451

0DURQSRW/# 5151/# DQG# %RRUPDQ/# *1$1# +4<;5,1
,QWHUSUHWDWLRQ# RI# URGHQW# KHSDWRFHOOXODU# SUROLIHUDWLYH
DOWHUDWLRQV# DQG# KHSDWRFHOOXODU# WXPRUV# LQ# FKHPLFDO
VDIHW\#DVVHVVPHQW1##7R[LFRO1#3DWKRO1#43/#:40;31

0DXVQHU/#01/#DQG#6RVLV/#31#+4<95,1##+\GURWURSHV#LQ
OLTXLG#V\QGHWV1##6RDSV#&KHP1#6SHF1#6;/#7:1

-1'1#:DWVRQ/#DQG#-1$1#:LQVWHQ/#(GV1,/#SS1#938095:1

0\KU/#%1/#%RZHUV/#/1/# DQG#&DVSDU\/#:1-1# +4<;8,1
$VVD\V# IRU# WKH# LQGXFWLRQ# RI# JHQH#PXWDWLRQV# DW# WKH
WK\PLGLQH#NLQDVH#ORFXV#LQ#/84:;<#PRXVH#O\PSKRPD
FHOOV#LQ#FXOWXUH1##,Q#3URJUHVV#LQ##0XWDWLRQ#5HVHDUFK=
(YDOXDWLRQ# RI# 6KRUW0WHUP# 7HVWV# IRU# &DUFLQRJHQV>
5HSRUW#RI#WKH#,QWHUQDWLRQDO#3URJUDPPH#RQ#&KHPLFDO
6DIHW\·V#&ROODERUDWLYH# 6WXG\# RQ# ,Q# YLWUR#$VVD\V# +-1
$VKE\/#)1-1#GH#6HUUHV/#01#'UDSHU/#01#,VKLGDWH/#-U1/
%1+1# 0DUJROLQ/# %1(1# 0DWWHU/# DQG# 01'1# 6KHOE\/
(GV1,/# 9RO1# 8/# SS1# 888089;1# # (OVHYLHU# 6FLHQFH
3XEOLVKHUV/#$PVWHUGDP1

1DWLRQDO#&DQFHU#,QVWLWXWH#+1&,,#+4<:9,1##*XLGHOLQHV
IRU#&DUFLQRJHQ#%LRDVVD\#LQ#6PDOO#5RGHQWV1##7HFKQLFDO
5HSRUW#6HULHV#1R1#41##1,+#3XEOLFDWLRQ#1R1#:90;341
8161#'HSDUWPHQW#RI#+HDOWK/#(GXFDWLRQ/#DQG#:HOIDUH/
3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/
%HWKHVGD/#0'1

1DWLRQDO#,QVWLWXWH#IRU#2FFXSDWLRQDO#6DIHW\#DQG#+HDOWK
+1,26+,# +4<<3,1# #1DWLRQDO#2FFXSDWLRQDO#([SRVXUH
6XUYH\#+4<;404<;6,/#XQSXEOLVKHG#SURYLVLRQDO#GDWD#DV
RI#-XO\#4/#4<<31##1,26+/#&LQFLQQDWL/#2+1

1DWLRQDO# ,QVWLWXWHV# RI#+HDOWK# +1,+,# +4<:;,1# #2SHQ
)RUPXOD# 5DW# DQG# 0RXVH# 5DWLRQ# +1,+03:,1
6SHFLILFDWLRQ# 1,+044046681# # 8161# 'HSDUWPHQW# RI
+HDOWK/# (GXFDWLRQ/# DQG# :HOIDUH/# 3XEOLF# +HDOWK
6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#%HWKHVGD/#0'1

3DWW\·V# ,QGXVWULDO# +\JLHQH# DQG# 7R[LFRORJ\# +4<;4,1
6UG# HG1# +*1'1# &OD\WRQ# DQG# )1(1# &OD\WRQ/# (GV1,/
SS1#53940544<1##-RKQ#:LOH\#DQG#6RQV/#1HZ#<RUN1#

5DR/#*111#+4<<8,1###+XVEDQGU\#SURFHGXUHV#RWKHU#WKDQ
GLHWDU\# UHVWULFWLRQ# IRU# ORZHULQJ# ERG\# ZHLJKW# DQG
WXPRU2GLVHDVH#UDWHV# LQ#)LVFKHU#677#UDWV1# #,Q#'LHWDU\
5HVWULFWLRQ=# # ,PSOLFDWLRQV# IRU# WKH# 'HVLJQ# DQG
,QWHUSUHWDWLRQ#RI#7R[LFLW\#DQG#&DUFLQRJHQLFLW\#6WXGLHV
+51:1#+DUW/#'1$1#1HXPDQQ/# DQG#5171#5REHUWVRQ/
(GV1,/#SS1#850:;1##,/6,#3UHVV/#:DVKLQJWRQ/#'&1
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5HJLVWU\# RI# 7R[LF# (IIHFWV# RI# &KHPLFDO# 6XEVWDQFHV :DUG/#-101/#)R[/#-1*/#$QYHU/#0151/#+DLQHV/#'1&1/
+57(&6,#+4<<4,1##1DWLRQDO#,QVWLWXWH#IRU#2FFXSDWLRQDO *HRUJH/#&191/#&ROOLQV/#01-1/# -U1/#*RUHOLFN/# 31/1/
6DIHW\#DQG#+HDOWK/#57(&6#GDWDEDVH#DYDLODEOH#WKURXJK 1DJDVKLPD/# .1/# *RQGD/# 01$1/# *LOGHQ/# 5191/
WKH#1DWLRQDO#/LEUDU\#RI#0HGLFLQH#0('/$56#6\VWHP> 7XOO\/# -1*1/# 5XVVHOO/# 51-1/# %HQYHQLVWH/# 51(1/
4<:4/#XSGDWHG#TXDUWHUO\1 3DVWHU/# %1-1/# 'HZKLUVW/# )1(1/# 'RQRYDQ/# -1&1/

6DGWOHU#6WDQGDUG#6SHFWUD1# # ,5#1R1#&49361# #6DGWOHU DFWLYH#KHSDWLWLV#DQG#DVVRFLDWHG# OLYHU# WXPRUV# LQ#PLFH
5HVHDUFK#/DERUDWRULHV/#3KLODGHOSKLD1 FDXVHG#E\#D#SHUVLVWHQW#EDFWHULDO#LQIHFWLRQ#ZLWK#D#QRYHO

6FKHXSOHLQ/# 51-1# DQG# %ODQN/# ,1+1# +4<:4,1
3HUPHDELOLW\#RI#WKH#VNLQ1##3K\VLRO1#5HY1#84/#:350:7:1

6KLUOH\/#(1#+4<::,1##$#QRQ0SDUDPHWULF#HTXLYDOHQW#RI
:LOOLDPV·#WHVW#IRU#FRQWUDVWLQJ#LQFUHDVLQJ#GRVH#OHYHOV#RI
D#WUHDWPHQW1##%LRPHWULFV#66/#6;906;<1

6WUDXV/# '161# +4<;4,1# # 6RPDWLF# PXWDWLRQ/# FHOOXODU
GLIIHUHQWLDWLRQ/# DQG# FDQFHU# FDXVDWLRQ1# # -1&,# 9:/
56605741

7DURQH/#51(1# +4<:8,1# #7HVWV# IRU# WUHQG# LQ# OLIH# WDEOH
DQDO\VLV1##%LRPHWULND#95/#9:<09;51

7HQQDQW/# 51:1/# 0DUJROLQ/# %1+1/# 6KHOE\/# 01'1/
=HLJHU/# (1/# +DVHPDQ/# -1.1/# 6SDOGLQJ/# -1/
&DVSDU\/# :1/# 5HVQLFN/# 01/# 6WDVLHZLF]/# 61/
$QGHUVRQ/#%1/#DQG#0LQRU/#51#+4<;:,1##3UHGLFWLRQ#RI
FKHPLFDO# FDUFLQRJHQLFLW\# LQ# URGHQWV# IURP# LQ# YLWUR
JHQHWLF#WR[LFLW\#DVVD\V1##6FLHQFH#569/#<660<741

8161# ,QWHUQDWLRQDO# 7UDGH# &RPPLVVLRQ# +86,7&,
+4<<7,1#6\QWKHWLF#2UJDQLF#&KHPLFDOV1##8QLWHG#6WDWHV
3URGXFWLRQ# DQG# 6DOHV/# 4<<51# # 86,7&# 3XEOLFDWLRQ
5:531# 8161# ,QWHUQDWLRQDO# 7UDGH# &RPPLVVLRQ/
:DVKLQJWRQ/#'&1 0RO1#0XWDJHQ1#49#+6XSSO1#4;,/#40471

$QGHUVRQ/#/101/#DQG#5LFH/#-101##+4<<7,1##&KURQLF

+HOLFREDFWHU# VSHFLHV1# # -1# 1DWO1# &DQFHU# ,QVW1# ;9/
45550455:1

:LOOLDPV/# '1$1# +4<:4,1# # $# WHVW# IRU# GLIIHUHQFHV
EHWZHHQ#WUHDWPHQW#PHDQV#ZKHQ#VHYHUDO#GRVH#OHYHOV#DUH
FRPSDUHG#ZLWK#D#]HUR#GRVH#FRQWURO1##%LRPHWULFV#5:/
436044:1

:LOOLDPV/#'1$1#+4<:5,1##7KH#FRPSDULVRQ#RI#VHYHUDO
GRVH#OHYHOV#ZLWK#D#]HUR#GRVH#FRQWURO1##%LRPHWULFV#5;/
84<08641

=HLJHU/#(1/#$QGHUVRQ/#%1/#+DZRUWK#61/#/DZORU/#71/
0RUWHOPDQV/#.1/#DQG#6SHFN/#:1#+4<;:,1##6DOPRQHOOD
PXWDJHQLFLW\# WHVWV=# # ,,,1#5HVXOWV# IURP# WKH# WHVWLQJ#RI
588# FKHPLFDOV1# # (QYLURQ1#0XWDJHQ1# <# +6XSSO1# <,/
404431

=HLJHU/# (1/# +DVHPDQ/# -1.1/# 6KHOE\/# 01'1/
0DUJROLQ/# %1+1/# DQG# 7HQQDQW/# 51:1# +4<<3,1
(YDOXDWLRQ#RI# IRXU# LQ#YLWUR#JHQHWLF# WR[LFLW\# WHVWV# IRU
SUHGLFWLQJ# URGHQW# FDUFLQRJHQLFLW\=# #&RQILUPDWLRQ#RI
HDUOLHU#UHVXOWV#ZLWK#74#DGGLWLRQDO#FKHPLFDOV1##(QYLURQ1
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$33(1',;#$
6800$5<#2)#/(6,216#,1#0$/(#5$76

,1#7+(#50<($5#'(50$/#678'<
2)#62',80#;</(1(68/)21$7(

7$%/(#$4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#5DWV#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

7$%/(#$5 ,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

7$%/(#$6 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;

7$%/(#$7 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#5DWV#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5
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6RGLXP#;\OHQHVXOIDWH/#173#75#797 8:

7$%/(#$4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
0RULEXQG 5; 58 55 63
1DWXUDO#GHDWKV 48 ; 4< 43

6XUYLYRUV
7HUPLQDO#VDFULILFH : 4: < 43

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 83 83 83 83

$OLPHQWDU\#6\VWHP
,QWHVWLQH#ODUJH/#FRORQ +83, +66, +74, +83,
,QWHVWLQH#ODUJH/#FHFXP +83, +66, +74, +83,
,QWHVWLQH#VPDOO/#GXRGHQXP +83, +66, +74, +83,
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ### ###### ##4 +5(,## ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#VWRPDFK/# ### ###### ### ###### ### ###### ### ######
###IRUHVWRPDFK ### ###### ### ###### ##4 +5(,## ### ######
6DUFRPD/#PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ##4 +5(,## ### ######

,QWHVWLQH#VPDOO/#MHMXQXP +83, +66, +74, +83,
&DUFLQRPD ##4 +5(,## ### ###### ### ###### ##4 +5(,##
/HLRP\RVDUFRPD ### ###### ##4 +6(,## ### ###### ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#VWRPDFK/# ### ###### ### ###### ### ###### ### ######
###IRUHVWRPDFK ### ###### ### ###### ##4 +5(,## ### ######

,QWHVWLQH#VPDOO/#LOHXP +83, +66, +74, +83,
/LYHU +83, +78, +7:, +83,
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ##4 +5(,## ### ###### ### ######
+HSDWRFHOOXODU#FDUFLQRPD ### ###### ##4 +5(,## ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +5(,## ##4 +5(,##
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ##4 +5(,## ### ###### ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#VWRPDFK/# ### ###### ### ###### ### ###### ### ######
###IRUHVWRPDFK ### ###### ### ###### ##4 +5(,## ### ######

0HVHQWHU\ #+;, #+:, #+<, #+;,
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ##4 +47(,# ##4 +44(,# ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ### ###### ##4 +46(,#
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ##4 +47(,# ### ###### ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#VWRPDFK/# ### ###### ### ###### ### ###### ### ######
###IRUHVWRPDFK ### ###### ### ###### ##4 +44(,# ### ######
6DUFRPD ### ###### ### ###### ##4 +44(,# ### ######

2UDO#PXFRVD #+5, #+4, #+6, #+9,
*LQJLYDO/#VTXDPRXV#FHOO#FDUFLQRPD ##4 +83(,# ### ###### ### ###### ##4 +4:(,#
3KDU\QJHDO/#VTXDPRXV#FHOO#FDUFLQRPD ### ###### ### ###### ### ###### ##4 +4:(,#

3DQFUHDV +83, +66, +74, +83,
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ##4 +6(,## ##4 +5(,## ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +5(,## ##4 +5(,##
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ##4 +6(,## ### ###### ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#VWRPDFK/# ### ###### ### ###### ### ###### ### ######
###IRUHVWRPDFK ### ###### ### ###### ##4 +5(,## ### ######
0L[HG#WXPRU#EHQLJQ ### ###### ### ###### ##4 +5(,## ### ######
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$OLPHQWDU\#6\VWHP#+FRQWLQXHG,
6WRPDFK/#IRUHVWRPDFK +83, +66, +74, +83,
/HLRP\RVDUFRPD ### ###### ### ###### ##4 +5(,## ### ######

6WRPDFK/#JODQGXODU +83, +66, +74, +83,
/HLRP\RVDUFRPD ### ###### ### ###### ##4 +5(,## ### ######
6DUFRPD/#PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ##4 +5(,## ### ######

&DUGLRYDVFXODU#6\VWHP
+HDUW +83, +66, +74, +83,

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +66, +74, +83,
$GHQRPD ##4 +5(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ### ###### ##4 +5(,##
/HLRP\RVDUFRPD/#PHWDVWDWLF/#VWRPDFK/# ### ###### ### ###### ### ###### ### ######
###IRUHVWRPDFK ### ###### ### ###### ##4 +5(,## ### ######

$GUHQDO#PHGXOOD +83, +66, +74, +83,
3KHRFKURPRF\WRPD#PDOLJQDQW ### ###### ### ###### ### ###### ##4 +5(,##
3KHRFKURPRF\WRPD#EHQLJQ ##; +49(,# ##8 +48(,# ##6 +:(,## ##< +4;(,#

,VOHWV/#SDQFUHDWLF +83, +66, +74, +83,
$GHQRPD ##8 +43(,# ### ###### ### ###### ##6 +9(,##
&DUFLQRPD ### ###### ##4 +6(,## ### ###### ##4 +5(,##
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ##4 +6(,## ##4 +5(,## ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ##4 +6(,## ### ###### ### ######

3LWXLWDU\#JODQG +83, +66, +74, +83,
$GHQRPD/#PXOWLSOH ##4 +5(,## ### ###### ### ###### ### ######
3DUV#GLVWDOLV/#DGHQRPD #67 +9;(,# #59 +:<(,# #63 +:6(,# #64 +95(,#
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH ##< +4;(,# ##4 +6(,## ##7 +43(,# ##8 +43(,#
3DUV#GLVWDOLV/#FDUFLQRPD ##4 +5(,## ### ###### ### ###### ### ######
3DUV#GLVWDOLV/#FUDQLRSKDU\QJLRPD ### ###### ### ###### ### ###### ##4 +5(,##

7K\URLG#JODQG +83, +66, +74, +83,
%LODWHUDO/#&0FHOO/#DGHQRPD ##4 +5(,## ### ###### ### ###### ##4 +5(,##
%LODWHUDO/#&0FHOO/#FDUFLQRPD ### ###### ### ###### ### ###### ##4 +5(,##
&0FHOO/#DGHQRPD ##; +49(,# ##6 +<(,## ##4 +5(,## ##8 +43(,#
)ROOLFXODU#FHOO/#FDUFLQRPD ##4 +5(,## ### ###### ##4 +5(,## ##4 +5(,##

*HQHUDO#%RG\#6\VWHP
3HULWRQHXP #+6, #+4, #### #+5,

*HQLWDO#6\VWHP
(SLGLG\PLV +83, +66, +74, +83,
3UHSXWLDO#JODQG +83, +66, +73, +83,
$GHQRPD ##4 +5(,## ### ###### ##4 +6(,## ### ######
&DUFLQRPD ### ###### ### ###### ##4 +6(,## ### ######

3URVWDWH +83, +66, +74, +83,
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*HQLWDO#6\VWHP#+FRQWLQXHG,
6HPLQDO#YHVLFOH +83, +66, +74, +83,
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ##4 +6(,## ##4 +5(,## ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ##4 +6(,## ### ###### ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#VWRPDFK/# ### ###### ### ###### ### ###### ### ######
###IRUHVWRPDFK ### ###### ### ###### ##4 +5(,## ### ######

7HVWHV +83, +66, +74, +83,
%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD #44 +55(,# ##5 +9(,## ##8 +45(,# #4: +67(,#
,QWHUVWLWLDO#FHOO/#DGHQRPD #46 +59(,# ##9 +4;(,# ##; +53(,# #46 +59(,#

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +83, +65, +74, +83,
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +5(,## ##4 +5(,##

/\PSK#QRGH +74, +58, +64, +74,
0HGLDVWLQDO/#FDUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ##4 +7(,## ##4 +6(,## ### ######
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +6(,## ##4 +5(,##
5HQDO/#FDUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ### ###### ##4 +6(,## ### ######

/\PSK#QRGH/#PDQGLEXODU +83, +66, +73, +7<,
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +6(,## ### ######

/\PSK#QRGH/#PHVHQWHULF +83, +66, +74, +83,
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ##4 +6(,## ##4 +5(,## ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ##4 +6(,## ### ###### ### ######

6SOHHQ +83, +79, +7:, +83,
)LEURPD ### ###### ##4 +5(,## ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +5(,## ##4 +5(,##
/HLRP\RVDUFRPD/#PHWDVWDWLF/#VWRPDFK/# ### ###### ### ###### ### ###### ### ######
###IRUHVWRPDFK ### ###### ### ###### ##4 +5(,## ### ######

7K\PXV +79, +64, +74, +83,
7K\PRPD#EHQLJQ ### ###### ### ###### ### ###### ##4 +5(,##

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +83, +65, +73, +83,
&DUFLQRPD ### ###### ##4 +6(,## ### ###### ### ######
)LEURDGHQRPD ##4 +5(,## ### ###### ### ###### ### ######

6NLQ +83, +83, +83, +83,
%DVDO#FHOO#DGHQRPD ### ###### ### ###### ### ###### ##4 +5(,##
.HUDWRDFDQWKRPD ### ###### ##4 +5(,## ##4 +5(,## ### ######
6TXDPRXV#FHOO#SDSLOORPD ### ###### ### ###### ##4 +5(,## ##4 +5(,##
6HEDFHRXV#JODQG/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/# ### ###### ### ###### ### ###### ### ######
###FDUFLQRPD ##4 +5(,## ### ###### ### ###### ### ######
6NLQ/#VLWH#RI#DSSOLFDWLRQ/#EDVDO#FHOO#DGHQRPD ### ###### ##4 +5(,## ##4 +5(,## ### ######
6XEFXWDQHRXV#WLVVXH/#ILEURPD ### ###### ##4 +5(,## ##4 +5(,## ##6 +9(,##
6XEFXWDQHRXV#WLVVXH/#KLVWLRF\WLF#VDUFRPD ### ###### ### ###### ### ###### ##4 +5(,##
6XEFXWDQHRXV#WLVVXH/#VFKZDQQRPD#PDOLJQDQW ### ###### ### ###### ##4 +5(,## ### ######
6XEFXWDQHRXV#WLVVXH/#SLQQD/#PHODQRPD ### ###### ### ###### ### ###### ### ######
###PDOLJQDQW ##4 +5(,## ### ###### ### ###### ### ######
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI ### ###### ### ###### ### ###### ### ######
###DSSOLFDWLRQ/#ILEURPD/#PXOWLSOH ##4 +5(,## ### ###### ### ###### ### ######
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI ### ###### ### ###### ### ###### ### ######
###DSSOLFDWLRQ/#ILEURXV#KLVWLRF\WRPD ### ###### ##4 +5(,## ### ###### ### ######
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0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +65, +74, +83,
2VWHRVDUFRPD ### ###### ### ###### ##4 +5(,## ### ######
5LE/#RVWHRVDUFRPD ### ###### ##4 +6(,## ### ###### ### ######

6NHOHWDO#PXVFOH #### #+6, #+5, ####
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ##4 +66(,# ##4 +83(,# ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +83(,# ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ##4 +66(,# ### ###### ### ######
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ##4 +66(,# ### ###### ### ######

1HUYRXV#6\VWHP
%UDLQ +83, +66, +74, +83,
$VWURF\WRPD#PDOLJQDQW ##4 +5(,## ##4 +6(,## ### ###### ### ######
&DUFLQRPD/#PHWDVWDWLF/#SLWXLWDU\#JODQG ##4 +5(,## ### ###### ### ###### ### ######
2OLJRGHQGURJOLRPD#PDOLJQDQW ### ###### ### ###### ##4 +5(,## ### ######

5HVSLUDWRU\#6\VWHP
/XQJ +83, +66, +74, +83,
$OYHRODU2EURQFKLRODU#DGHQRPD ##4 +5(,## ### ###### ### ###### ### ######
$OYHRODU2EURQFKLRODU#FDUFLQRPD ##5 +7(,## ### ###### ### ###### ### ######
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ##4 +6(,## ##4 +5(,## ### ######
&DUFLQRPD/#PHWDVWDWLF/#VNLQ ##4 +5(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +5(,## ##4 +5(,##
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ##4 +6(,## ### ###### ### ######
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ##4 +5(,## ### ######
0HGLDVWLQXP/#RVWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ##4 +6(,## ### ###### ### ######

6SHFLDO#6HQVHV#6\VWHP
+DUGHULDQ#JODQG #+4, #+4, #### #+4,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#RUDO ### ###### ### ###### ### ###### ### ######
###PXFRVD ### ###### ### ###### ### ###### ##4 +433(,

=\PEDO·V#JODQG #### #### #+5, #+5,
$GHQRPD ### ###### ### ###### ##4 +83(,# ### ######
&DUFLQRPD ### ###### ### ###### ##4 +83(,# ##5 +433(,

8ULQDU\#6\VWHP
.LGQH\ +83, +66, +74, +83,
$GHQRPD/#WXEXODU ##4 +5(,## ### ###### ### ###### ### ######
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ ### ###### ##4 +6(,## ### ###### ### ######
6DUFRPD ### ###### ##4 +6(,## ### ###### ### ######
5HQDO#WXEXOH/#DGHQRPD ##4 +5(,## ### ###### ### ###### ##4 +5(,##
5HQDO#WXEXOH/#FDUFLQRPD ### ###### ##4 +6(,## ##4 +5(,## ### ######

8ULQDU\#EODGGHU +83, +66, +74, +83,
7UDQVLWLRQDO#HSLWKHOLXP/#FDUFLQRPD ### ###### ### ###### ##4 +5(,## ### ######
7UDQVLWLRQDO#HSLWKHOLXP/#SDSLOORPD ##4 +5(,## ### ###### ### ###### ### ######
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6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV +83, +83, +83, +83,E

+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +5(,## ##4 +5(,##
/HXNHPLD#PRQRQXFOHDU #45 +57(,# #57 +7;(,# #48 +63(,# #58 +83(,#
0HVRWKHOLRPD#PDOLJQDQW ##4 +5(,## ### ###### ### ###### ### ######

1HRSODVP#6XPPDU\
7RWDO#DQLPDOV#ZLWK#SULPDU\#QHRSODVPV 83 78 79 7<c

7RWDO#SULPDU\#QHRSODVPV 453 ;3 ;8 45:
7RWDO#DQLPDOV#ZLWK#EHQLJQ#QHRSODVPV 7< 5< 6< 7<
7RWDO#EHQLJQ#QHRSODVPV <; 7: 8; <5

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV 4; 5; 58 63
7RWDO#PDOLJQDQW#QHRSODVPV 55 66 5: 68

7RWDO#DQLPDOV#ZLWK#PHWDVWDWLF#QHRSODVPV : 7 7 6
7RWDO#PHWDVWDWLF#QHRSODVPV 75 66 54 55

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV0
##XQFHUWDLQ#SULPDU\#VLWH 8 4 5

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#QHRSODVPD

1XPEHU#RI#DQLPDOV#ZLWK#DQ\#WLVVXH#H[DPLQHG#PLFURVFRSLFDOO\E

3ULPDU\#QHRSODVPV=##DOO#QHRSODVPV#H[FHSW#PHWDVWDWLF#QHRSODVPVF
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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#

7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 < < 5 6 7 7 8 8 9 9 9 ; ; < < 4 4 4 4 6 6 7 7

4 : 5 < : 7 9 : 7 : 3 8 : 5 6 3 8 9 9 : ; 9 < 8 ;

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 3 3 4 6 6 7 5 4 3 7 6 3 3 7 3 6 5 4 6 6 6 4 7 5 5

; 8 3 7 ; 7 < 6 : < 4 5 9 3 4 < 7 9 8 : 9 8 6 3 4

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # ;

,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # #

,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # ;

,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .
&DUFLQRPD # # # # ; # # # # # # # # # # # # # # # # # # # #
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # ;

,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # ;

/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVHQWHU\ # # # # # # # # # # . . # # # # # . # # # # # # .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # ;

2UDO#PXFRVD # # # # # # . # # # # # # # # # # # # # # # # # #
*LQJLYDO/#VTXDPRXV#FHOO#FDUFLQRPD # # # # # # ; # # # # # # # # # # # # # # # # # #

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # ;

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # ;

6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # ;

7RRWK # # # # # # # # # # # # # # # # # # # # # # # # #

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # # # # ; # # # # # # # # # # # # # # # #
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # ; # # # # # # # # # # # # # # # #
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # ; ; # # # # # # # # # # # # # # # # # # # # ;
3DUDWK\URLG#JODQG . . . . . 0 . . . . . . . 0 . . . . . . . . 0 . .

.=##7LVVXH#H[DPLQHG#PLFURVFRSLFDOO\ 0=##0LVVLQJ#WLVVXH ;=##/HVLRQ#SUHVHQW
$=##$XWRO\VLV#SUHFOXGHV#H[DPLQDWLRQ ,=##,QVXIILFLHQW#WLVVXH %ODQN=##1RW#H[DPLQHG
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

9 9 9 9 9 9 9 9 : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 8 8 : ; ; ; ; 3 3 3 3 4 4 4 5 5 5 6 6 6 6 6 6 6

3 5 ; 5 4 5 : : 4 5 : ; 5 6 8 7 ; ; 8 8 8 8 8 8 8

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU 5 3 3 6 4 4 7 7 4 4 5 6 5 7 5 6 5 7 3 4 4 5 7 7 8 7LVVXHV2

: < 7 6 4 : 9 ; ; 7 5 3 9 : 6 5 8 5 6 5 < ; 4 8 3 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #5

,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 83

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #5

,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # ; # # # # # # # # # # # # # # # #5

,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #5

/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVHQWHU\ # # . # # # . # # . . # # # # # # # # # # # # # # #;

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # ; # # # # # # # # # # # # # # # #6

2UDO#PXFRVD # # # # # # # # # # # # . # # # # # # # # # # # # #5
*LQJLYDO/#VTXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # ; # # # # # # # # # # # # # # # #6

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #5

6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #5

7RRWK # # # # # # # # # # # # # # # . # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 83

3KHRFKURPRF\WRPD#EHQLJQ ; # # ; # # # ; # # ; # # ; # # # ; # ; # # # # # #;
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD # # # # # # ; # # # # # # # ; # # # # # # # # # # #8
3DUDWK\URLG#JODQG . . . . . 0 . . . . . . . . . . . . . . . . . . . 79
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 < < 5 6 7 7 8 8 9 9 9 ; ; < < 4 4 4 4 6 6 7 7

4 : 5 < : 7 9 : 7 : 3 8 : 5 6 3 8 9 9 : ; 9 < 8 ;

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 3 3 4 6 6 7 5 4 3 7 6 3 3 7 3 6 5 4 6 6 6 4 7 5 5

; 8 3 7 ; 7 < 6 : < 4 5 9 3 4 < 7 9 8 : 9 8 6 3 4

(QGRFULQH#6\VWHP#+FRQWLQXHG,
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD/#PXOWLSOH # ; # # # # # # # # # # # # # # # # # # # # # # #
3DUV#GLVWDOLV/#DGHQRPD ; # ; ; ; ; # # # ; ; ; ; ; ; ; ; ; # ; ; ; ; ; ;
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # # # # # # ; # # # # # # # # # # # # # # # #
3DUV#GLVWDOLV/#FDUFLQRPD # # # # # # ; # # # # # # # # # # # # # # # # # #

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
%LODWHUDO/#&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
&0FHOO/#DGHQRPD # # # # # # # ; # # # # # ; # # # # # # # # # # #
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
3HULWRQHXP # # # # # # # # # # # . # # # # # . # # # # # # .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # ; # # # # # # ;

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # ; # # # # # # ;

3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # ;

6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # ;

7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # ; # # # # # # ;
%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # ; # # # # # # # # # # # # # ; # # ;
,QWHUVWLWLDO#FHOO/#DGHQRPD # # # # # ; # # # # # ; ; # # # # # ; # # # # ; #

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH . . . . . . # . # . . . . . . . . . . . . . # . .
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

9 9 9 9 9 9 9 9 : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 8 8 : ; ; ; ; 3 3 3 3 4 4 4 5 5 5 6 6 6 6 6 6 6

3 5 ; 5 4 5 : : 4 5 : ; 5 6 8 7 ; ; 8 8 8 8 8 8 8

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU 5 3 3 6 4 4 7 7 4 4 5 6 5 7 5 6 5 7 3 4 4 5 7 7 8 7LVVXHV2

: < 7 6 4 : 9 ; ; 7 5 3 9 : 6 5 8 5 6 5 < ; 4 8 3 7XPRUV

(QGRFULQH#6\VWHP#+FRQWLQXHG,
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #4
3DUV#GLVWDOLV/#DGHQRPD # ; ; # ; ; # # ; ; # ; ; # ; ; ; ; # # # # ; ; # 67
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH ; # # ; # # ; ; # # # # # # # # # # ; ; ; # # # ; #<
3DUV#GLVWDOLV/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
%LODWHUDO/#&0FHOO/#DGHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # # #4
&0FHOO/#DGHQRPD # # # # # ; ; # # # # # # # # ; # ; # # # # ; ; # #;
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # ; # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
3HULWRQHXP # # # # # # # # # # # # # # # # # # # # # # # # # #6

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #6

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 83

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # ; ; # # # # # # # # # # # # # # #8

3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GHQRPD # # # # # # # # # # ; # # # # # # # # # # # # # # #4

3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # # #5

6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #5

7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # ; ; # # # # # # # # # # # # # # #8
%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # ; # ; ; # # ; # # # # ; ; # ; # ; # 44
,QWHUVWLWLDO#FHOO/#DGHQRPD # # # ; # # # # ; # # ; # # ; ; ; # # # ; # # # ; 46

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH . . . # . . . # . . . . . . . # # . # . . # . . . 74
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 83
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
7K\PXV . 0 . 0 . . 0 . . . . . . 0 . . . . . . . . . . . 79
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 < < 5 6 7 7 8 8 9 9 9 ; ; < < 4 4 4 4 6 6 7 7

4 : 5 < : 7 9 : 7 : 3 8 : 5 6 3 8 9 9 : ; 9 < 8 ;

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 3 3 4 6 6 7 5 4 3 7 6 3 3 7 3 6 5 4 6 6 6 4 7 5 5

; 8 3 7 ; 7 < 6 : < 4 5 9 3 4 < 7 9 8 : 9 8 6 3 4

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

)LEURDGHQRPD # # # # # # # # # # # # # # # # # # # # # # # ; #
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

6HEDFHRXV#JODQG/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # #
##DSSOLFDWLRQ/#FDUFLQRPD # # # # # # # # # # # # ; # # # # # # ###################
6XEFXWDQHRXV#WLVVXH/#SLQQD/#PHODQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
##PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # #############
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # #
##DSSOLFDWLRQ/#ILEURPD/#PXOWLSOH # # # # # # # # # # # # # # # # # ########

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . .

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

$VWURF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # #
&DUFLQRPD/#PHWDVWDWLF/#SLWXLWDU\ # # # # # # # # # # # # # # # # # # # # # # # # #
##JODQG # # # # # # ; # # # # # # # # # # # # # # # # # #########

3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # . # # #
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # . # # #

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # ; # # # # #
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # ; # # #
&DUFLQRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # ; # # # # # # # # # # # #

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # . # # . # # # # # # # # # # # # # # #
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD/#WXEXODU # # # # # # # # # # # # # # # # # # # # # # # # #
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # #
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ; # # # # # # # # # # # # ;
7UDQVLWLRQDO#HSLWKHOLXP/#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # ; # # #

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

/HXNHPLD#PRQRQXFOHDU # # # # # # # ; # # ; # # # # # # ; ; # # # # # #
0HVRWKHOLRPD#PDOLJQDQW # # # # # # # # ; # # # # # # # # # # # # # # # #
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

9 9 9 9 9 9 9 9 : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 8 8 : ; ; ; ; 3 3 3 3 4 4 4 5 5 5 6 6 6 6 6 6 6

3 5 ; 5 4 5 : : 4 5 : ; 5 6 8 7 ; ; 8 8 8 8 8 8 8

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU 5 3 3 6 4 4 7 7 4 4 5 6 5 7 5 6 5 7 3 4 4 5 7 7 8 7LVVXHV2

: < 7 6 4 : 9 ; ; 7 5 3 9 : 6 5 8 5 6 5 < ; 4 8 3 7XPRUV

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

)LEURDGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

6HEDFHRXV#JODQG/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # ##
##DSSOLFDWLRQ/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # ####### 4
6XEFXWDQHRXV#WLVVXH/#SLQQD/#PHODQRPD # # # # # # # # # # # # # # # # # # # # # # # # ##
##PDOLJQDQW # # # # # # # # # # # # # # # # ; # # # # # #### # # 4
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # ##
##DSSOLFDWLRQ/#ILEURPD/#PXOWLSOH # # # ; # # # # # # # # # # # # # ######### 4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 83

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$VWURF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # ; #4
&DUFLQRPD/#PHWDVWDWLF/#SLWXLWDU\ # # # # # # # # # # # # # # # # # # # # # # # # ##
##JODQG # # # # # # # # # # # # # # # # # # # # # # # # ## 4

3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # # # # # #4
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # ; # # # # # # # # # # # # #5
&DUFLQRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # . # # # # # # # # # # # # # # # # # # # # # # # #6
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # . # #4

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD/#WXEXODU # # ; # # # # # # # # # # # # # # # # # # # # # # #4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #4
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # ; # # # # # # # # # # # # # # # #6
7UDQVLWLRQDO#HSLWKHOLXP/#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/HXNHPLD#PRQRQXFOHDU # # ; # # ; ; # # ; ; ; ; # # # # # # # # # # # ; 45
0HVRWKHOLRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ#

4 6 6 6 7 7 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ < 7 9 < 7 < 4 5 7 7 7 9 3 3 3 3 3 4 5 6 6 7 7 7 8

9 < 5 6 4 4 9 : 3 4 : 8 4 6 6 < < < 6 4 4 6 8 8 9

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 9 < ; < : 8 : ; < 8 8 9 < ; < 8 ; 9 ; 8 : 9 8 ; :

< < 9 9 5 9 3 : 4 : 7 9 6 7 ; 4 ; 4 8 8 ; 8 6 6 8

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .
/HLRP\RVDUFRPD # # # # # # # # # ; # # # # # # # # # # # # # # #
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # ;
+HSDWRFHOOXODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # ; # # # # # # # # #######

0HVHQWHU\ # # # # # # # . # . # # # # # # . # # . # # # # .
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # ;
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # ; # # # # # # # # #######
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

2UDO#PXFRVD # # # # # # # # # # # # # # # # # # # # # # # # #
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # ;
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # ; # # # # # # # # #######
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

7RQJXH # # # # # # # # # # # # # # # # # # # # # # . # #

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 9<

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
+FRQWLQXHG,

9 9 : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 : 3 3 3 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

; 7 5 5 5 3 9 5 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU ; < 8 < 3 ; 9 : 8 8 9 9 9 9 9 : : : : : ; ; < < < 7LVVXHV2

4 : ; 3 3 3 3 4 5 < 5 6 7 : ; 6 7 9 : < 5 < 5 7 8 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . # # # # # # # # # # # # # # # # # 66
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . # # # # # # # # # # # # # # # # # 66
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . # # # # # # # # # # # # # # # # # 66
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . # # # # # # # # # # # # # # # # # 66
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . # # # # # # # # # # # # # # # # # 66

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . # # # # # # # # # # # # # # # # # 66
/HLRP\RVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . # # # # # # # # # # # # # # # # # 66
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

/LYHU . . . . . . . . . . . . # . # . . # # . . . . . # 78
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4

0HVHQWHU\ # . # # # # . # # # # # # # # # # # # # # # # # # #:
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

2UDO#PXFRVD # . # # # # # # # # # # # # # # # # # # # # # # # #4
3DQFUHDV . . . . . . . . # # # # # # # # # # # # # # # # # 66

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

6DOLYDU\#JODQGV . . . . . . . . # # # # # # # # # # # # # # # # # 66
6WRPDFK/#IRUHVWRPDFK . . . . . . . . # # # # # # # # # # # # # # # # # 66

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

6WRPDFK/#JODQGXODU . . . . . . . . # # # # # # # # # # # # # # # # # 66
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

7RQJXH # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . # # # # # # # # # # # # # # # # # 66
+HDUW . . . . . . . . # # # # # # # # # # # # # # # # # 66
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
+FRQWLQXHG,

4 6 6 6 7 7 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ < 7 9 < 7 < 4 5 7 7 7 9 3 3 3 3 3 4 5 6 6 7 7 7 8

9 < 5 6 4 4 9 : 3 4 : 8 4 6 6 < < < 6 4 4 6 8 8 9

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 9 < ; < : 8 : ; < 8 8 9 < ; < 8 ; 9 ; 8 : 9 8 ; :

< < 9 9 5 9 3 : 4 : 7 9 6 7 ; 4 ; 4 8 8 ; 8 6 6 8

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # ; # # # # # #
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # ;
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # ; # # # # # # # # #######

3DUDWK\URLG#JODQG . . 0 . . . . . . 0 . . . . . . . . . . . . 0 . .
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # ; ; ; ; # ; # ; ; ; ; # ; ; ; ; ; ; ; # ; ; ; #
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
&0FHOO/#DGHQRPD # # # # # # # # # ; # # # # # # # # # ; # ; # # #

*HQHUDO#%RG\#6\VWHP#######################
3HULWRQHXP # # # # # # # # # # # # # # # # # # # # # # # # #

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . .
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # ;
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # ; # # # # # # # # #######
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #
%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # ; # # #
,QWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # # # ; # # # # # # ; # # # # # # ; ;

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . 0 . . . . . . . . .
/\PSK#QRGH . # . # . # # . . . . . # . . . . . . . . # . # .

0HGLDVWLQDO/#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # ;

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
+FRQWLQXHG,

9 9 : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 : 3 3 3 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

; 7 5 5 5 3 9 5 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU ; < 8 < 3 ; 9 : 8 8 9 9 9 9 9 : : : : : ; ; < < < 7LVVXHV2

4 : ; 3 3 3 3 4 5 < 5 6 7 : ; 6 7 9 : < 5 < 5 7 8 7XPRUV

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . # # # # # # # # # # # # # # # # # 66
$GUHQDO#PHGXOOD . . . . . . . . # # # # # # # # # # # # # # # # # 66

3KHRFKURPRF\WRPD#EHQLJQ # ; ; # # ; # ; # # # # # # # # # # # # # # # # # #8
,VOHWV/#SDQFUHDWLF . . . . . . . . # # # # # # # # # # # # # # # # # 66

&DUFLQRPD # # # # # # ; # # # # # # # # # # # # # # # # # # #4
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4

3DUDWK\URLG#JODQG . . . . 0 . . . # # # # # # # # # # # # # # # # # 5<
3LWXLWDU\#JODQG . . . . . . . . # # # # # # # # # # # # # # # # # 66

3DUV#GLVWDOLV/#DGHQRPD ; ; ; # ; ; ; ; # # # # # # # # # # # # # # # # # 59
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # ; # # # # # # # # # # # # # # # # # # # # # #4

7K\URLG#JODQG . . . . . . . . # # # # # # # # # # # # # # # # # 66
&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6

*HQHUDO#%RG\#6\VWHP#######################
3HULWRQHXP # . # # # # # # # # # # # # # # # # # # # # # # # #4

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . # # # # # # # # # # # # # # # # # 66

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

3UHSXWLDO#JODQG . . . . . . . . # # # # # # # # # # # # # # # # # 66
3URVWDWH . . . . . . . . # # # # # # # # # # # # # # # # # 66

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

6HPLQDO#YHVLFOH . . . . . . . . # # # # # # # # # # # # # # # # # 66
&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

7HVWHV . . . . . . . . # # # # # # # # # # # # # # # # # 66
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4
%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # ; # # # # # # # # # # # # # # # # # # #5
,QWHUVWLWLDO#FHOO/#DGHQRPD # # # # # ; # ; # # # # # # # # # # # # # # # # # #9

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . # # # # # # # # # # # # # # # # # 65
/\PSK#QRGH . . . . . . . # # # # # # # # # # # # # # # # # # 58

0HGLDVWLQDO/#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . # # # # # # # # # # # # # # # # # 66
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
+FRQWLQXHG,

4 6 6 6 7 7 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ < 7 9 < 7 < 4 5 7 7 7 9 3 3 3 3 3 4 5 6 6 7 7 7 8

9 < 5 6 4 4 9 : 3 4 : 8 4 6 6 < < < 6 4 4 6 8 8 9

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 9 < ; < : 8 : ; < 8 8 9 < ; < 8 ; 9 ; 8 : 9 8 ; :

< < 9 9 5 9 3 : 4 : 7 9 6 7 ; 4 ; 4 8 8 ; 8 6 6 8

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # ;
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # ; # # # # # # # # #######

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
)LEURPD # # # # # # # # # # # # # # # # # # # # # # # # #

7K\PXV . . . . . 0 . . . . . 0 . . . . . . . . . . . . .

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . 0 . . . . . . . . . . . . . . .

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6NLQ/#VLWH#RI#DSSOLFDWLRQ/#EDVDO # # # # # # # # # # # # # # # # # # # # # # # # #
##FHOO#DGHQRPD # # # # # # # # # # # # # # # # # # # # # ###############
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # # # # # # # # ; # # # # #
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # #
##DSSOLFDWLRQ/#ILEURXV#KLVWLRF\WRPD # # # # # # # # # # # # # # # # #########

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . 0 . . . . . . . . .

5LE/#RVWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6NHOHWDO#PXVFOH # # # # # # # # # . # # # # # # # # # # # # # # .

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # ;
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # ; # # # # # # # # #######
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # #

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

$VWURF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # #
3HULSKHUDO#QHUYH # # # # # # # # # # # . # # # # # # # # # # # # #
6SLQDO#FRUG # # # # # # # # # # # . # # # # # # # # # # # # #

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # ;
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # ; # # # # # # # # #######
0HGLDVWLQXP/#RVWHRVDUFRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # ###############

1RVH . . . . . . . . . . . . . . . 0 . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # . # # # # # # # # # # # # # # # # . #
+DUGHULDQ#JODQG . # # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
+FRQWLQXHG,

9 9 : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 : 3 3 3 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

; 7 5 5 5 3 9 5 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU ; < 8 < 3 ; 9 : 8 8 9 9 9 9 9 : : : : : ; ; < < < 7LVVXHV2

4 : ; 3 3 3 3 4 5 < 5 6 7 : ; 6 7 9 : < 5 < 5 7 8 7XPRUV

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . # # # # # # # # # # # # # # # # # 66

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4

6SOHHQ . . . . . . . . . . . . . . # . . # # . . . . . # 79
)LEURPD # # # # # # # # # # # # # # # ; # # # # # # # # # #4

7K\PXV . . . . . . . . # # # # # # # # # # # # # # # # # 64

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . # # # # # # # # # # # # # # # # # 65

&DUFLQRPD # # # # # # # ; # # # # # # # # # # # # # # # # # #4
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

.HUDWRDFDQWKRPD ; # # # # # # # # # # # # # # # # # # # # # # # # #4
6NLQ/#VLWH#RI#DSSOLFDWLRQ/#EDVDO # # # # # # # # # # # # # # # # # # # # # # # # ##
##FHOO#DGHQRPD # # # # # # # ; # # # # # # # # # # # # # ##### 4
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # ##
##DSSOLFDWLRQ/#ILEURXV#KLVWLRF\WRPD ; # # # # # # # # # # # # # # # ######### # 4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . # # # # # # # # # # # # # # # # # 65

5LE/#RVWHRVDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
6NHOHWDO#PXVFOH # # # # # . # # # # # # # # # # # # # # # # # # # #6

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # ; # # # # # # # # # # # # # # # # # # # #4

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . # # # # # # # # # # # # # # # # # 66

$VWURF\WRPD#PDOLJQDQW # # # # # ; # # # # # # # # # # # # # # # # # # # #4
3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # # # # # #4
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . # # # # # # # # # # # # # # # # # 66

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4
0HGLDVWLQXP/#RVWHRVDUFRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#ERQH # # # # # ; # # # # # # # # # # # # # # # ##### 4

1RVH . . . . . . . . # # # # # # # # # # # # # # # # # 65
7UDFKHD . . . . . . . . # # # # # # # # # # # # # # # # # 66

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # # # # # # # # # # #5
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
+FRQWLQXHG,

4 6 6 6 7 7 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ < 7 9 < 7 < 4 5 7 7 7 9 3 3 3 3 3 4 5 6 6 7 7 7 8

9 < 5 6 4 4 9 : 3 4 : 8 4 6 6 < < < 6 4 4 6 8 8 9

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 9 < ; < : 8 : ; < 8 8 9 < ; < 8 ; 9 ; 8 : 9 8 ; :

< < 9 9 5 9 3 : 4 : 7 9 6 7 ; 4 ; 4 8 8 ; 8 6 6 8

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # ;
6DUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # #
5HQDO#WXEXOH/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # ;

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

/HXNHPLD#PRQRQXFOHDU # # # # # ; # ; # # # # ; ; # # # ; ; # ; # ; # #
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
+FRQWLQXHG,

9 9 : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 : 3 3 3 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

; 7 5 5 5 3 9 5 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU ; < 8 < 3 ; 9 : 8 8 9 9 9 9 9 : : : : : ; ; < < < 7LVVXHV2

4 : ; 3 3 3 3 4 5 < 5 6 7 : ; 6 7 9 : < 5 < 5 7 8 7XPRUV

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . # # # # # # # # # # # # # # # # # 66

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
6DUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
5HQDO#WXEXOH/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#EODGGHU . . . . . . . . # # # # # # # # # # # # # # # # # 66
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # ; # # # # # # # # # # # # # # # # # # # # # # # #4

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/HXNHPLD#PRQRQXFOHDU ; # ; # # # # ; ; ; ; ; ; ; # ; ; # # ; ; ; ; ; # 57
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##453#PJ2NJ#

5 7 7 7 7 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ 8 6 : ; ; 5 6 6 9 9 : : : < < 3 3 4 5 5 5 5 6 7 7

: < : : < : 8 ; 5 ; 4 6 < 7 9 9 < 5 4 5 5 5 : 9 9

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
&DUFDVV#,'#1XPEHU 6 4 7 8 7 6 6 3 7 6 3 4 5 4 7 3 6 6 5 3 4 5 7 5 6

: 6 ; 3 7 8 5 5 4 9 8 3 4 < 9 < 7 3 7 7 : : : 6 <

$OLPHQWDU\#6\VWHP#########################
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6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
6NLQ/#VLWH#RI#DSSOLFDWLRQ/#EDVDO # # # # # # # # # # # # # # # # # # # # # # # # #
##FHOO#DGHQRPD # # # # # # # # # # # # # # # # # # # # # ###############
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#VFKZDQQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
##PDOLJQDQW # # # # # # # # # # # # # # ; # # # # # # # #############

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . .

2VWHRVDUFRPD # # # # # # # # # ; # # # # # # # # # # # # # # #
6NHOHWDO#PXVFOH # # # # # # . # # # # # # # # # # # # # # # # # #

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # ; # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

2OLJRGHQGURJOLRPD#PDOLJQDQW # # # # # # # # # # ; # # # # # # # # # # # # # #
3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # # # # #
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # #

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # ; # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # ; # # # # # # # # # # # # # # #

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # # # # . # # # # #
=\PEDO·V#JODQG # # # # # # # . # # # # # # # # # # # # # # # # #

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
&DUFLQRPD # # # # # # # ; # # # # # # # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .

5HQDO#WXEXOH/#FDUFLQRPD # # # # # # ; # # # # # # # # # # # # # # # # # #
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

7UDQVLWLRQDO#HSLWKHOLXP/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/HXNHPLD#PRQRQXFOHDU # # ; # # # # # ; # # # # # # # # # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 ;4

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##453#PJ2NJ
+FRQWLQXHG,

9 9 9 9 9 9 9 9 9 : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 8 8 8 9 : : : < 3 3 3 3 4 4 5 6 6 6 6 6 6 6 6 6

3 5 6 < 9 5 5 6 8 3 7 ; ; 8 ; 9 8 8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU 4 3 5 6 4 5 7 6 5 3 7 4 5 5 3 7 3 3 4 4 4 5 6 7 7 7LVVXHV2

8 ; 5 ; ; ; 6 6 9 4 8 4 8 < 9 5 6 : 5 7 9 3 4 3 < 7XPRUV

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . 0 . . . . . . . . . . . . . # # # # # # # # # 73
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

.HUDWRDFDQWKRPD # # # # ; # # # # # # # # # # # # # # # # # # # # #4
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4
6NLQ/#VLWH#RI#DSSOLFDWLRQ/#EDVDO # # # # # # # # # # # # # # # # # # # # # # # # ##
##FHOO#DGHQRPD # # # # # # ; # # # # # # # # # # # # # # ##### 4
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # ; # # # # # # # # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#VFKZDQQRPD # # # # # # # # # # # # # # # # # # # # # # # # ##
##PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # #### 4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . # # # # # # # # # 74

2VWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6NHOHWDO#PXVFOH # # . # # # # # # # # # # # # # # # # # # # # # # #5

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . # # # # # # # # # 74

2OLJRGHQGURJOLRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4
3HULSKHUDO#QHUYH # . # # # # # # # # # # # # # # # # # # # # # # # #4
6SLQDO#FRUG # . # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . # # # # # # # # # 74

&DUFLQRPD/#PHWDVWDWLF/#NLGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # # #4

1RVH . . . . . . . . . . . . . . . . # # # # # # # # # 74
7UDFKHD . . . . . . . . . . . . . . . . # # # # # # # # # 74

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # . # # # # # # # # # # # # # # # # # # # # # #5
=\PEDO·V#JODQG . # # # # # # # # # # # # # # # # # # # # # # # # #5

$GHQRPD ; # # # # # # # # # # # # # # # # # # # # # # # # #4
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . # # # # # # # # # 74

5HQDO#WXEXOH/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . # # # # # # # # # 74

7UDQVLWLRQDO#HSLWKHOLXP/#FDUFLQRPD # # # # # # ; # # # # # # # # # # # # # # # # # # #4

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4
/HXNHPLD#PRQRQXFOHDU ; # # ; ; ; # ; # ; # # ; # # # ; ; ; # # ; ; # ; 48



;5 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##573#PJ2NJ#

6 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ ; 5 6 ; 5 5 5 5 6 7 7 8 9 9 9 9 ; < < 4 5 6 6 7 8

5 ; 6 3 3 7 8 : 3 4 : 9 4 5 : ; 5 3 7 9 < 4 ; 5 5

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
&DUFDVV#,'#1XPEHU : 8 : : < 9 : < ; : 9 ; : ; < 8 < ; ; < 9 < 9 9 ;

7 ; 9 6 4 9 3 9 9 ; 3 8 4 3 8 8 6 : 4 3 7 ; 6 8 ;

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . 0 . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD # # ; # # # # # # # # # # # # # # # # # # # # # #
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # #

,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # #

/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

0HVHQWHU\ # # # # # # # # # # . # # # # # # . # # . # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # #

2UDO#PXFRVD # # # # # # # # # # # # # # # # # # # # . # # . #
*LQJLYDO/#VTXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # ; #
3KDU\QJHDO/#VTXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # #

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # ; # # # # # # # # # # # #
3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # ; #

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
$GHQRPD # # # # # # # # # # # ; # # # # # # # # # # # # #
&DUFLQRPD # # # # # # # # # # # # # # ; # # # # # # # # # #

3DUDWK\URLG#JODQG . . . . . . . . . . . . . . . . . . 0 . . . . . 0
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # ; # ; ; ; # # ; # # ; # # ; # ; ; ; ; ; ; ; # ;
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # # # # # ; # # # # # ; # # # # # # # # # # #
3DUV#GLVWDOLV/#FUDQLRSKDU\QJLRPD # # # # # # # # # # # # # # # # # # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 ;6

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##573#PJ2NJ
+FRQWLQXHG,

9 9 9 9 9 : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 9 9 : ; 3 3 4 4 4 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6

; : < < : 5 5 7 < < 9 9 ; 3 4 8 8 8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU 8 8 : ; : ; < < 9 < 9 3 ; : 8 8 8 8 8 9 9 9 : ; < 7LVVXHV2

< 6 < 7 : < 5 < 5 : ; 3 5 5 9 4 5 7 : 4 : < 8 6 7 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # # #4

/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4

0HVHQWHU\ . # # # # . . # . # # # # # # # . # # # # # # # # #;
+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #5

2UDO#PXFRVD # # # # # # . . # # # # # # # # # # # # # # . . # #9
*LQJLYDO/#VTXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3KDU\QJHDO/#VTXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #5

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #4

6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 83

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4
3KHRFKURPRF\WRPD#EHQLJQ # # # # # ; ; ; # ; ; # # # # # ; # ; # # # # # ; #<

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GHQRPD # # # # ; # # # # # # # # # # # # ; # # # # # # # #6
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DUDWK\URLG#JODQG . 0 . . . . . . . . . . . . . . 0 . . . . . 0 . . 78
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

3DUV#GLVWDOLV/#DGHQRPD ; ; ; # # ; ; ; ; # # # ; ; ; ; ; ; ; # # # ; # ; 64
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # ; # # # # # # ; ; # # # # # # # # # # # # # #8
3DUV#GLVWDOLV/#FUDQLRSKDU\QJLRPD # # # # # # # # # # # # # # # # # # ; # # # # # # #4



;7 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##573#PJ2NJ
+FRQWLQXHG,

6 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ ; 5 6 ; 5 5 5 5 6 7 7 8 9 9 9 9 ; < < 4 5 6 6 7 8

5 ; 6 3 3 7 8 : 3 4 : 9 4 5 : ; 5 3 7 9 < 4 ; 5 5

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
&DUFDVV#,'#1XPEHU : 8 : : < 9 : < ; : 9 ; : ; < 8 < ; ; < 9 < 9 9 ;

7 ; 9 6 4 9 3 9 9 ; 3 8 4 3 8 8 6 : 4 3 7 ; 6 8 ;

(QGRFULQH#6\VWHP#+FRQWLQXHG,
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

%LODWHUDO/#&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
%LODWHUDO/#&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # ; # # # # # # # # #
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
3HULWRQHXP # # # # # # # # # # . # # # # # # # # # # # # # #

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&RDJXODWLQJ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # #
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # #

3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # #

6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # #
%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # ; # # # ; # ; # # ; # # # # # # # ; #
,QWHUVWLWLDO#FHOO/#DGHQRPD # ; ; ; # # # # # ; # # # # ; # # # # ; # # ; # #

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH # . # . . . . . . . . . # . . . # . . # . . . . .

0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # # #

7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PRPD#EHQLJQ # # # # # # ; # # # # # # # # # # # # # # # # # #

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

%DVDO#FHOO#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # ; # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#KLVWLRF\WLF # # # # # # # # # # # # # # # # # # # # # # # # #
##VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ###########



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 ;8

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##573#PJ2NJ
+FRQWLQXHG,

9 9 9 9 9 : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 9 9 : ; 3 3 4 4 4 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6

; : < < : 5 5 7 < < 9 9 ; 3 4 8 8 8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU 8 8 : ; : ; < < 9 < 9 3 ; : 8 8 8 8 8 9 9 9 : ; < 7LVVXHV2

< 6 < 7 : < 5 < 5 : ; 3 5 5 9 4 5 7 : 4 : < 8 6 7 7XPRUV

(QGRFULQH#6\VWHP#+FRQWLQXHG,
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

%LODWHUDO/#&0FHOO/#DGHQRPD # # # # # # ; # # # # # # # # # # # # # # # # # # #4
%LODWHUDO/#&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # ; # # # # # # # # #4
&0FHOO/#DGHQRPD # # # # # # # # # # # ; # # ; ; # # # # # ; # # # #8
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # ; #4

*HQHUDO#%RG\#6\VWHP#######################
3HULWRQHXP # # # # # . # # # # # # # # # # # # # # # # # # # #5

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #5

*HQLWDO#6\VWHP############################
&RDJXODWLQJ#JODQG # # # . # # # # # # # # # . # # # # # # # # # # # #5
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 83

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #5

3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . . 83

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #5

6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #4

7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #5
%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD ; ; # ; # # ; ; # ; ; # # # # # ; # # ; ; ; # ; # 4:
,QWHUVWLWLDO#FHOO/#DGHQRPD # # # # # ; # # # # # # # # ; ; # ; # # # # ; # ; 46

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4
/\PSK#QRGH . . # . # . . # . . . # . . . . . . . . . . . . . 74

0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . 0 . . . . . . . . . . 7<
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 83
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #4

7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
7K\PRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

%DVDO#FHOO#DGHQRPD # # # # # # # # # # ; # # # # # # # # # # # # # # #4
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # ; # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # ; # # # # # ; # # # # # # #6
6XEFXWDQHRXV#WLVVXH/#KLVWLRF\WLF # # # # # # # # # # # # # # # # # # # # # # # # ##
##VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # ### 4



;9 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##573#PJ2NJ
+FRQWLQXHG,

6 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ ; 5 6 ; 5 5 5 5 6 7 7 8 9 9 9 9 ; < < 4 5 6 6 7 8

5 ; 6 3 3 7 8 : 3 4 : 9 4 5 : ; 5 3 7 9 < 4 ; 5 5

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
&DUFDVV#,'#1XPEHU : 8 : : < 9 : < ; : 9 ; : ; < 8 < ; ; < 9 < 9 9 ;

7 ; 9 6 4 9 3 9 9 ; 3 8 4 3 8 8 6 : 4 3 7 ; 6 8 ;

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . .

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # . # # # # # # # # #
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # . #

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##RUDO#PXFRVD # # # # # # # # # # # # # # # # # # # # # # # ; #

=\PEDO·V#JODQG # # # # # # . # # # # # # # # # # # # # # # # # #
&DUFLQRPD # # # # # # ; # # # # # # # # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # #
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # # # #

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/HXNHPLD#PRQRQXFOHDU # # # # # # # # # ; # ; # ; ; ; # ; # ; ; # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 ;:

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##573#PJ2NJ
+FRQWLQXHG,

9 9 9 9 9 : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 9 9 : ; 3 3 4 4 4 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6

; : < < : 5 5 7 < < 9 9 ; 3 4 8 8 8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU 8 8 : ; : ; < < 9 < 9 3 ; : 8 8 8 8 8 9 9 9 : ; < 7LVVXHV2

< 6 < 7 : < 5 < 5 : ; 3 5 5 9 4 5 7 : 4 : < 8 6 7 7XPRUV

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 83

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4
1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # # # # # # # # # # #4
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##RUDO#PXFRVD # # # # # # # # # # # # # # # # # # # # # # # # # #4

=\PEDO·V#JODQG # # # # # # # # # # # . # # # # # # # # # # # # # #5
&DUFLQRPD # # # # # # # # # # # ; # # # # # # # # # # # # # #5

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 83

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #5
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # ; # # # # # # #4

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XQFHUWDLQ#SULPDU\#VLWH # # # # # ; # # # # # # # # # # # # # # # # # # # #5

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4
/HXNHPLD#PRQRQXFOHDU ; # # # # # ; ; # ; # ; ; # ; ; ; ; ; ; ; ; ; ; ; 58



;; 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#$6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

$GUHQDO#0HGXOOD=##%HQLJQ#3KHRFKURPRF\WRPD
2YHUDOO#UDWH ;283#+49(, 8266#+48(, 6274#+:(, <283#+4;(,D H H

$GMXVWHG#UDWH 771;( 7<1:(E

7HUPLQDO#UDWH 42:#+47(, 6243#+63(,F

)LUVW#LQFLGHQFH#+GD\V, 887 975
/LIH#WDEOH#WHVW 3Û317;51G

/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3188:####G

)LVKHU#H[DFW#WHVW 3Û31833####G

$GUHQDO#0HGXOOD=##%HQLJQ#RU#0DOLJQDQW#3KHRFKURPRF\WRPD
2YHUDOO#UDWH ;283#+49(, 8266#+48(, 6274#+:(, 43283#+53(,H H

$GMXVWHG#UDWH 771;( 8413(
7HUPLQDO#UDWH 42:#+47(, 6243#+63(,
)LUVW#LQFLGHQFH#+GD\V, 887 894
/LIH#WDEOH#WHVW 3Û318;31
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3175<####
)LVKHU#H[DFW#WHVW 3Û316<;####
/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 6283#+9(, 3266#+3(, 3274#+3(, 3283#+3(,H H

$GMXVWHG#UDWH 461;( 313(
7HUPLQDO#UDWH 32:#+3(, 3243#+3(,
)LUVW#LQFLGHQFH#+GD\V, 94: ³I

/LIH#WDEOH#WHVW 3Û3143<1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314531
)LVKHU#H[DFW#WHVW 3Û314541
3DQFUHDWLF#,VOHWV=##$GHQRPD
2YHUDOO#UDWH 8283#+43(, 3266#+3(, 3274#+3(, 6283#+9(,H H

$GMXVWHG#UDWH 5319( 4918(
7HUPLQDO#UDWH 32:#+3(, 4243#+43(,
)LUVW#LQFLGHQFH#+GD\V, 7<5 889
/LIH#WDEOH#WHVW 3Û316381
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316871
)LVKHU#H[DFW#WHVW 3Û3168:1
3DQFUHDWLF#,VOHWV=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 8283#+43(, 4266#+6(, 3274#+3(, 7283#+;(,H H

$GMXVWHG#UDWH 5319( 4;1;(
7HUPLQDO#UDWH 32:#+3(, 4243#+43(,
)LUVW#LQFLGHQFH#+GD\V, 7<5 889
/LIH#WDEOH#WHVW 3Û317791
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317<71
)LVKHU#H[DFW#WHVW 3Û318331



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 ;<

7$%/(#$6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV#RU#8QVSHFLILHG#6LWH,=##$GHQRPD
2YHUDOO#UDWH 77283#+;;(, 5:266#+;5(, 67274#+;6(, 69283#+:5(,H H

$GMXVWHG#UDWH <:18( ;<13(
7HUPLQDO#UDWH 92:#+;9(, 9243#+93(,
)LUVW#LQFLGHQFH#+GD\V, 774 75;
/LIH#WDEOH#WHVW 3Û313;31
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313741
)LVKHU#H[DFW#WHVW 3Û3136<1
3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV#RU#8QVSHFLILHG#6LWH,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 78283#+<3(, 5:266#+;5(, 67274#+;6(, 69283#+:5(,H H

$GMXVWHG#UDWH <:18( ;<13(
7HUPLQDO#UDWH 92:#+;9(, 9243#+93(,
)LUVW#LQFLGHQFH#+GD\V, 774 75;
/LIH#WDEOH#WHVW 3Û313991
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313541
)LVKHU#H[DFW#WHVW 3Û313531
3UHSXWLDO#*ODQG=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 4283#+5(, 3266#+3(, 5273#+8(, 3283#+3(,H H

$GMXVWHG#UDWH 91:( 313(
7HUPLQDO#UDWH 32:#+3(, 3243#+3(,
)LUVW#LQFLGHQFH#+GD\V, :3: ³
/LIH#WDEOH#WHVW 3Û317971
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317:;1
)LVKHU#H[DFW#WHVW 3Û318331
6NLQ=##6TXDPRXV#&HOO#3DSLOORPD/#.HUDWRDFDQWKRPD/#RU#%DVDO#&HOO#$GHQRPD
2YHUDOO#UDWH 3283#+3(, 5283#+7(, 6283#+9(, 5283#+7(,
$GMXVWHG#UDWH 313( <16( 4<19( 4913(
7HUPLQDO#UDWH 32:#+3(, 324:#+3(, 42<#+44(, 4243#+43(,
)LUVW#LQFLGHQFH#+GD\V, ³ 98; 999 :59
/LIH#WDEOH#WHVW 3Û31577 3Û31683 3Û31463 3Û3166<####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31574 3Û31595 3Û31449 3Û31646####
&RFKUDQ0$UPLWDJH#WHVW 3Û3156:###########################################G

)LVKHU#H[DFW#WHVW 3Û3157: 3Û31454 3Û3157:####
6NLQ#+6XEFXWDQHRXV#7LVVXH,=##)LEURPD
2YHUDOO#UDWH 4283#+5(, 4283#+5(, 4283#+5(, 6283#+9(,
$GMXVWHG#UDWH 718( 615( 71;( 4;1<(
7HUPLQDO#UDWH 32:#+3(, 324:#+3(, 32<#+3(, 4243#+43(,
)LUVW#LQFLGHQFH#+GD\V, 9:5 964 999 85:
/LIH#WDEOH#WHVW 3Û31498 3Û31:761 3Û31:78 3Û3169:####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31495 3Û31:951 3Û31:94 3Û3163:####
&RFKUDQ0$UPLWDJH#WHVW 3Û31496###########################################
)LVKHU#H[DFW#WHVW 3Û31:861 3Û31:861 3Û3163<####
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6NLQ#+6XEFXWDQHRXV#7LVVXH,=##)LEURPD#RU#)LEURXV#+LVWLRF\WRPD
2YHUDOO#UDWH 4283#+5(, 5283#+7(, 4283#+5(, 6283#+9(,
$GMXVWHG#UDWH 718( :14( 71;( 4;1<(
7HUPLQDO#UDWH 32:#+3(, 324:#+3(, 32<#+3(, 4243#+43(,
)LUVW#LQFLGHQFH#+GD\V, 9:5 964 999 85:
/LIH#WDEOH#WHVW 3Û31575 3Û3185: 3Û31:78 3Û3169:####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31568 3Û31835 3Û31:94 3Û3163:####
&RFKUDQ0$UPLWDJH#WHVW 3Û3156:###########################################
)LVKHU#H[DFW#WHVW 3Û31833 3Û31:861 3Û3163<####
7HVWHV=##$GHQRPD
2YHUDOO#UDWH 57283#+7;(, ;266#+57(, 46274#+65(, 63283#+93(,H H

$GMXVWHG#UDWH <71;( <81:(
7HUPLQDO#UDWH 92:#+;9(, <243#+<3(,
)LUVW#LQFLGHQFH#+GD\V, 867 75;
/LIH#WDEOH#WHVW 3Û317;7####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3146:####
)LVKHU#H[DFW#WHVW 3Û3148;####
7K\URLG#*ODQG#+&0FHOO,=##$GHQRPD
2YHUDOO#UDWH <283#+4;(, 6266#+<(, 4274#+5(, 9283#+45(,H H

$GMXVWHG#UDWH 8715( 6:17(
7HUPLQDO#UDWH 52:#+5<(, 5243#+53(,
)LUVW#LQFLGHQFH#+GD\V, 87: 89;
/LIH#WDEOH#WHVW 3Û3148:1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315881
)LVKHU#H[DFW#WHVW 3Û315;;1
7K\URLG#*ODQG#+&0FHOO,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH <283#+4;(, 6266#+<(, 4274#+5(, :283#+47(,H H

$GMXVWHG#UDWH 8715( 7815(
7HUPLQDO#UDWH 52:#+5<(, 6243#+63(,
)LUVW#LQFLGHQFH#+GD\V, 87: 89;
/LIH#WDEOH#WHVW 3Û315531
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316841
)LVKHU#H[DFW#WHVW 3Û316<61
$OO#2UJDQV=##0RQRQXFOHDU#&HOO#/HXNHPLD
2YHUDOO#UDWH 45283#+57(, 57283#+7;(, 48283#+63(, 58283#+83(,
$GMXVWHG#UDWH 8318( ;61;( :;16( 43313(
7HUPLQDO#UDWH 42:#+47(, 4624:#+:9(, 92<#+9:(, 43243#+433(,
)LUVW#LQFLGHQFH#+GD\V, 87: 7<4 7:: 874
/LIH#WDEOH#WHVW 3Û31368 3Û31585 3Û316:9 3Û31393####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31349 3Û31344 3Û31643 3Û31338
&RFKUDQ0$UPLWDJH#WHVW 3Û31357
)LVKHU#H[DFW#WHVW 3Û31344 3Û31659 3Û31339
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6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH 7<283#+<;(, 5<283#+8;(, 6<283#+:;(, 7<283#+<;(,H H

$GMXVWHG#UDWH 43313( 43313(
7HUPLQDO#UDWH :2:#+433(, 43243#+433(,
)LUVW#LQFLGHQFH#+GD\V, 774 75;
/LIH#WDEOH#WHVW 3Û315;91
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31966####
)LVKHU#H[DFW#WHVW 3Û31:861
$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 53283#+73(, 5<283#+8;(, 58283#+83(, 65283#+97(,H H

$GMXVWHG#UDWH 961;( 43313(
7HUPLQDO#UDWH 42:#+47(, 43243#+433(,
)LUVW#LQFLGHQFH#+GD\V, 85: 766
/LIH#WDEOH#WHVW 3Û3146<####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31345
)LVKHU#H[DFW#WHVW 3Û31347
$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 83283#+433(, 78283#+<3(, 79283#+<5(, 7<283#+<;(,H H

$GMXVWHG#UDWH 43313( 43313(
7HUPLQDO#UDWH :2:#+433(, 43243#+433(,
)LUVW#LQFLGHQFH#+GD\V, 774 75;
/LIH#WDEOH#WHVW 3Û315851
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318:41
)LVKHU#H[DFW#WHVW 3Û318331

1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#DGUHQDO#JODQG/#OXQJ/D

SDQFUHDWLF#LVOHWV/#SLWXLWDU\#JODQG/#SUHSXWLDO#JODQG/#WHVWHV/#DQG#WK\URLG#JODQG>#IRU#RWKHU#WLVVXHV/#GHQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#QHFURSVLHG1
.DSODQ00HLHU#HVWLPDWHG#QHRSODVP#LQFLGHQFH#DW#WKH#HQG#RI#WKH#VWXG\#DIWHU#DGMXVWPHQW#IRU#LQWHUFXUUHQW#PRUWDOLW\E

2EVHUYHG#LQFLGHQFH#DW#WHUPLQDO#NLOOF

%HQHDWK#WKH#FRQWURO#LQFLGHQFH#DUH#WKH#3#YDOXHV#DVVRFLDWHG#ZLWK#WKH#WUHQG#WHVW1##%HQHDWK#WKH#GRVHG#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#WR#SDLUZLVHG

FRPSDULVRQV#EHWZHHQ#WKH#FRQWUROV#DQG#WKDW#GRVHG#JURXS1##7KH#OLIH#WDEOH#WHVW#UHJDUGV#QHRSODVPV#LQ#DQLPDOV#G\LQJ#SULRU#WR#WHUPLQDO#NLOO#DV#EHLQJ#+GLUHFWO\#RU
LQGLUHFWO\,#WKH#FDXVH#RI#GHDWK1##7KH#ORJLVWLF#UHJUHVVLRQ#WHVW#UHJDUGV#WKHVH#OHVLRQV#DV#QRQIDWDO1##7KH#&RFKUDQ0$UPLWDJH#DQG#)LVKHU#H[DFW#WHVWV#FRPSDUH#GLUHFWO\#WKH
RYHUDOO#LQFLGHQFH#UDWHV1##)RU#DOO#WHVWV/#D#ORZHU#LQFLGHQFH#LQ#D#GRVH#JURXS#LV#LQGLFDWHG#E\#11
7LVVXHV#+H[FHSW#VNLQ,#ZHUH#H[DPLQHG#PLFURVFRSLFDOO\#RQO\#LQ#WKRVH#DQLPDOV#G\LQJ#SULRU#WR#WHUPLQDO#VDFULILFH#RU#ZKHQ#LW#ZDV#REVHUYHG#WR#EH#DEQRUPDO#DWH

QHFURSV\>#WKXV#VWDWLVWLFDO#FRPSDULVRQV#ZLWK#WKH#FRQWUROV#DUH#QRW#DSSOLFDEOH1
1RW#DSSOLFDEOH>#QR#QHRSODVPV#LQ#DQLPDO#JURXSI
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#
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'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
0RULEXQG 5; 58 55 63
1DWXUDO#GHDWKV 48 ; 4< 43

6XUYLYRUV
7HUPLQDO#VDFULILFH : 4: < 43

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 83 83 83 83

$OLPHQWDU\#6\VWHP
,QWHVWLQH#ODUJH/#FRORQ +83, +66, +74, +83,
3DUDVLWH#PHWD]RDQ ##7 +;(,## ##4 +6(,## ##5 +8(,## ##6 +9(,##

,QWHVWLQH#ODUJH/#UHFWXP +83, +66, +74, +7<,
3DUDVLWH#PHWD]RDQ ### ###### ##5 +9(,## ##4 +5(,## ##5 +7(,##

,QWHVWLQH#ODUJH/#FHFXP +83, +66, +74, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ##4 +6(,## ##5 +8(,## ##4 +5(,##
8OFHU ### ###### ##4 +6(,## ##4 +5(,## ##4 +5(,##

,QWHVWLQH#VPDOO/#GXRGHQXP +83, +66, +74, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ##4 +6(,## ### ###### ### ######
8OFHU ##4 +5(,## ##4 +6(,## ### ###### ### ######

,QWHVWLQH#VPDOO/#MHMXQXP +83, +66, +74, +83,
'LYHUWLFXOXP ### ###### ### ###### ##4 +5(,## ### ######
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ##4 +6(,## ### ###### ### ######
1HFURVLV ##4 +5(,## ### ###### ### ###### ### ######
8OFHU ### ###### ##4 +6(,## ### ###### ### ######

,QWHVWLQH#VPDOO/#LOHXP +83, +66, +74, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ##5 +9(,## ### ###### ##4 +5(,##
3DUDVLWH#PHWD]RDQ ### ###### ### ###### ### ###### ##4 +5(,##
8OFHU ### ###### ### ###### ### ###### ##4 +5(,##

/LYHU +83, +78, +7:, +83,
$QJLHFWDVLV ### ###### ### ###### ### ###### ##4 +5(,##
%DVRSKLOLF#IRFXV ##6 +9(,## ### ###### ##6 +9(,## ##9 +45(,#
&OHDU#FHOO#IRFXV ##6 +9(,## ### ###### ### ###### ##4 +5(,##
'HJHQHUDWLRQ/#F\VWLF #45 +57(,# ##7 +<(,## ##; +4:(,# ##< +4;(,#
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ##4 +5(,## ##4 +5(,## ### ###### ##5 +7(,##
+HSDWRGLDSKUDJPDWLF#QRGXOH ##9 +45(,# ##5 +7(,## ##6 +9(,## ##< +4;(,#
,QIODPPDWLRQ/#FKURQLF #53 +73(,# ##< +53(,# #43 +54(,# #49 +65(,#
1HFURVLV ##; +49(,# ##7 +<(,## ##7 +<(,## ##5 +7(,##
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ##4 +5(,## ### ###### ### ######
%LOH#GXFW/#K\SHUSODVLD #76 +;9(,# #5< +97(,# #65 +9;(,# #76 +;9(,#
&HQWUDO#YHLQ/#WKURPERVLV ### ###### ##4 +5(,## ### ###### ### ######
+HSDWRF\WH/#K\SHUSODVLD ##4 +5(,## ##4 +5(,## ### ###### ##5 +7(,##
+HSDWRF\WH/#YDFXROL]DWLRQ#F\WRSODVPLF #54 +75(,# #44 +57(,# #49 +67(,# #53 +73(,#
+HSDWRF\WH/#FHQWULOREXODU/#GHJHQHUDWLRQ/ ### ###### ### ###### ### ###### ### ######
###IDWW\ ##5 +7(,## ##7 +<(,## ### ###### ### ######
+HSDWRF\WH/#FHQWULOREXODU/#QHFURVLV ##4 +5(,## ##6 +:(,## ### ###### ### ######

0HVHQWHU\ #+;, #+:, #+<, #+;,
0LQHUDOL]DWLRQ ##6 +6;(,# ##4 +47(,# ##5 +55(,# ##5 +58(,#
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ##4 +47(,# ### ###### ### ######
)DW/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##7 +83(,# ##6 +76(,# ##7 +77(,# ##5 +58(,#
)DW/#QHFURVLV ### ###### ### ###### ##4 +44(,# ### ######

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,
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$OLPHQWDU\#6\VWHP#+FRQWLQXHG,
2UDO#PXFRVD #+5, #+4, #+6, #+9,
*LQJLYDO/#G\VSODVLD ### ###### ### ###### ##4 +66(,# ### ######
*LQJLYDO/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +83(,# ##4 +433(, ##5 +9:(,# ##7 +9:(,#

3DQFUHDV +83, +66, +74, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +5(,## ### ######
$FLQXV/#DWURSK\ #58 +83(,# #46 +6<(,# #49 +6<(,# #46 +59(,#
$FLQXV/#K\SHUSODVLD ##6 +9(,## ### ###### ##5 +8(,## ##4 +5(,##
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##5 +8(,## ### ######

6WRPDFK/#IRUHVWRPDFK +83, +66, +74, +83,
&\VW ##4 +5(,## ### ###### ### ###### ##4 +5(,##
,QIODPPDWLRQ/#FKURQLF#DFWLYH #45 +57(,# #44 +66(,# #44 +5:(,# #46 +59(,#
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ##5 +8(,## ### ######
3HUIRUDWLRQ ### ###### ### ###### ### ###### ##4 +5(,##
8OFHU ##; +49(,# #43 +63(,# #43 +57(,# #44 +55(,#
(SLWKHOLXP/#K\SHUSODVLD #4: +67(,# #44 +66(,# #43 +57(,# #4: +67(,#

6WRPDFK/#JODQGXODU +83, +66, +74, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##6 +9(,## ##7 +45(,# ### ###### ##4 +5(,##
0LQHUDOL]DWLRQ ##< +4;(,# ##4 +6(,## ##8 +45(,# ##7 +;(,##
1HFURVLV ### ###### ##4 +6(,## ##4 +5(,## ##5 +7(,##
8OFHU ##5 +7(,## ##6 +<(,## ### ###### ##4 +5(,##
(SLWKHOLXP/#HURVLRQ ##4 +5(,## ##7 +45(,# ##6 +:(,## ##5 +7(,##
(SLWKHOLXP/#K\SHUSODVLD ### ###### ##4 +6(,## ### ###### ### ######

7RQJXH #### #+4, #### ####
&\VW ### ###### ##4 +433(, ### ###### ### ######

7RRWK #+4, #### #### ####
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +433(, ### ###### ### ###### ### ######

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO +83, +66, +74, +83,
0LQHUDOL]DWLRQ ##; +49(,# ### ###### ##8 +45(,# ##5 +7(,##
7KURPERVLV ### ###### ### ###### ##4 +5(,## ### ######

+HDUW +83, +66, +74, +83,
&DUGLRP\RSDWK\/#FKURQLF #5< +8;(,# #54 +97(,# #5: +99(,# #5; +89(,#
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ##4 +6(,## ### ###### ##4 +5(,##
0LQHUDOL]DWLRQ ##: +47(,# ##4 +6(,## ##7 +43(,# ##4 +5(,##
$WULXP/#WKURPERVLV ##7 +;(,## ##9 +4;(,# ##9 +48(,# ##; +49(,#

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +66, +74, +83,
$FFHVVRU\#DGUHQDO#FRUWLFDO#QRGXOH ##4 +5(,## ### ###### ### ###### ##4 +5(,##
$WURSK\ ### ###### ### ###### ##4 +5(,## ### ######
'HJHQHUDWLRQ/#IDWW\ #67 +9;(,# #56 +:3(,# #5< +:4(,# #66 +99(,#
+\SHUSODVLD #58 +83(,# ##9 +4;(,# #4: +74(,# #4: +67(,#
+\SHUWURSK\ ### ###### ##5 +9(,## ##4 +5(,## ### ######
1HFURVLV ### ###### ### ###### ### ###### ##4 +5(,##

$GUHQDO#PHGXOOD +83, +66, +74, +83,
+\SHUSODVLD #63 +93(,# #43 +63(,# #4: +74(,# #58 +83(,#

,VOHWV/#SDQFUHDWLF +83, +66, +74, +83,
+\SHUSODVLD ### ###### ##5 +9(,## ##8 +45(,# ##4 +5(,##

3DUDWK\URLG#JODQG +79, +5<, +6<, +78,
+\SHUSODVLD #46 +5;(,# ##6 +43(,# ##; +54(,# ##8 +44(,#



<7 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#$7
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\
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(QGRFULQH#6\VWHP#+FRQWLQXHG,
3LWXLWDU\#JODQG +83, +66, +74, +83,
$QJLHFWDVLV #6; +:9(,# #59 +:<(,# #63 +:6(,# #68 +:3(,#
+HPRUUKDJH ### ###### ##4 +6(,## ### ###### ### ######
0LQHUDOL]DWLRQ ##8 +43(,# ### ###### ##4 +5(,## ### ######
1HFURVLV ### ###### ##4 +6(,## ##4 +5(,## ### ######
3LJPHQWDWLRQ/#KHPDWRLGLQ ##5 +7(,## ##4 +6(,## ##4 +5(,## ### ######
3DUV#GLVWDOLV/#DWURSK\ ### ###### ### ###### ##4 +5(,## ### ######
3DUV#GLVWDOLV/#F\VW ##; +49(,# ##8 +48(,# #43 +57(,# #47 +5;(,#
3DUV#GLVWDOLV/#K\SHUSODVLD #45 +57(,# ##8 +48(,# ##: +4:(,# #4: +67(,#
3DUV#GLVWDOLV/#SLJPHQWDWLRQ/#KHPRVLGHULQ #66 +99(,# #53 +94(,# #59 +96(,# #68 +:3(,#
3DUV#GLVWDOLV/#WKURPERVLV ### ###### ##4 +6(,## ##4 +5(,## ### ######
3DUV#LQWHUPHGLD/#F\VW ##5 +7(,## ##5 +9(,## ### ###### ##6 +9(,##
3DUV#QHUYRVD/#F\VW ##4 +5(,## ### ###### ### ###### ### ######

7K\URLG#JODQG +83, +66, +74, +83,
&0FHOO/#K\SHUSODVLD ##: +47(,# ##; +57(,# ##: +4:(,# #45 +57(,#
)ROOLFOH/#F\VW ##5 +7(,## ### ###### ##4 +5(,## ##7 +;(,##

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####

*HQLWDO#6\VWHP
&RDJXODWLQJ#JODQG #### #### #+4, #+5,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +433(, ##5 +433(,

(SLGLG\PLV +83, +66, +74, +83,
$WURSK\ #58 +83(,# #43 +63(,# #49 +6<(,# #58 +83(,#
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ##4 +6(,## ### ###### ### ######
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ##5 +8(,## ### ######

3UHSXWLDO#JODQG +83, +66, +73, +83,
&\VW ### ###### ### ###### ### ###### ##5 +7(,##
+\SHUSODVLD ##4 +5(,## ##4 +6(,## ##4 +6(,## ##5 +7(,##
,QIODPPDWLRQ/#FKURQLF#DFWLYH #7: +<7(,# #5: +;5(,# #6; +<8(,# #79 +<5(,#
'XFW/#F\VW ##4 +5(,## ##4 +6(,## ##6 +;(,## ### ######

3URVWDWH +83, +66, +74, +83,
$WURSK\ ### ###### ### ###### ### ###### ##4 +5(,##
&\VW ### ###### ### ###### ### ###### ##6 +9(,##
,QIODPPDWLRQ/#FKURQLF#DFWLYH #7< +<;(,# #65 +<:(,# #6; +<6(,# #7: +<7(,#
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ### ######

6HPLQDO#YHVLFOH +83, +66, +74, +83,
$WURSK\ ##6 +9(,## ##: +54(,# #44 +5:(,# #46 +59(,#
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##5 +7(,## ##4 +6(,## ### ###### ### ######
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ### ######

7HVWHV +83, +66, +74, +83,
$UWHU\/#LQIODPPDWLRQ/#FKURQLF #43 +53(,# ##5 +9(,## ##; +53(,# ##< +4;(,#
*HUPLQDO#HSLWKHOLXP/#DWURSK\ #53 +73(,# ##9 +4;(,# #4< +79(,# #46 +59(,#
,QWHUVWLWLDO#FHOO/#K\SHUSODVLD #53 +73(,# #46 +6<(,# #44 +5:(,# #47 +5;(,#
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7$%/(#$7
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +83, +65, +74, +83,
+\SHUSODVLD #58 +83(,# #46 +74(,# #49 +6<(,# #6; +:9(,#

/\PSK#QRGH +74, +58, +64, +74,
/XPEDU/#K\SHUSODVLD/#O\PSKRLG ### ###### ##4 +7(,## ### ###### ### ######
0HGLDVWLQDO/#DWURSK\ ### ###### ### ###### ### ###### ##4 +5(,##
0HGLDVWLQDO/#HFWDVLD ##4 +5(,## ### ###### ### ###### ### ######
0HGLDVWLQDO/#LQILOWUDWLRQ#FHOOXODU/ ### ###### ### ###### ### ###### ### ######
###KLVWLRF\WH ### ###### ##4 +7(,## ### ###### ### ######
0HGLDVWLQDO/#SLJPHQWDWLRQ/#KHPRVLGHULQ #6: +<3(,# #56 +<5(,# #5: +;:(,# #69 +;;(,#
5HQDO/#HFWDVLD ### ###### ### ###### ##5 +9(,## ##4 +5(,##
5HQDO/#HU\WKURSKDJRF\WRVLV ### ###### ### ###### ### ###### ##4 +5(,##
5HQDO/#SLJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ##4 +6(,## ##4 +5(,##

/\PSK#QRGH/#PHVHQWHULF +83, +66, +74, +83,
$WURSK\ ### ###### ### ###### ### ###### ##4 +5(,##
(FWDVLD ##4 +5(,## ##6 +<(,## ##5 +8(,## ##9 +45(,#
,QIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ### ###### ### ###### ##4 +5(,##

6SOHHQ +83, +79, +7:, +83,
)LEURVLV ##9 +45(,# ### ###### ##7 +<(,## ##; +49(,#
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ #45 +57(,# ##9 +46(,# ##: +48(,# #43 +53(,#
3LJPHQWDWLRQ/#KHPRVLGHULQ ##7 +;(,## ### ###### ##4 +5(,## ##7 +;(,##
/\PSKRLG#IROOLFOH/#GHSOHWLRQ#FHOOXODU ##4 +5(,## ### ###### ### ###### ### ######
5HG#SXOS/#GHSOHWLRQ#FHOOXODU ### ###### ### ###### ### ###### ##5 +7(,##

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +83, +65, +73, +83,
+\SHUSODVLD/#F\VWLF #75 +;7(,# #59 +;4(,# #68 +;;(,# #74 +;5(,#
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ### ###### ##4 +5(,##
'XFW/#F\VW ### ###### ##4 +6(,## ##6 +;(,## ##5 +7(,##

6NLQ +83, +83, +83, +83,
+\SHUNHUDWRVLV ### ###### ##4 +5(,## ### ###### ### ######
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/ ### ###### ### ###### ### ###### ### ######
###K\SHUSODVLD ### ###### ##4 +5(,## ##4 +5(,## ##5 +7(,##
6HEDFHRXV#JODQG/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/ ### ###### ### ###### ### ###### ### ######
###K\SHUSODVLD ##4 +5(,## ##4 +5(,## ### ###### ### ######
6NLQ/#VLWH#RI#DSSOLFDWLRQ/#LQIODPPDWLRQ/ ### ###### ### ###### ### ###### ### ######
###FKURQLF#DFWLYH ### ###### ##4 +5(,## ### ###### ### ######
6XEFXWDQHRXV#WLVVXH/#LQIODPPDWLRQ/#FKURQLF ### ###### ### ###### ### ###### ### ######
###DFWLYH ### ###### ### ###### ### ###### ##4 +5(,##

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +65, +74, +83,
)LEURXV#RVWHRG\VWURSK\ #43 +53(,# ##4 +6(,## ##< +55(,# ##; +49(,#
)HPXU/#RVWHRVFOHURVLV ### ###### ### ###### ### ###### ##4 +5(,##
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7$%/(#$7
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

1HUYRXV#6\VWHP
%UDLQ +83, +66, +74, +83,
+HPRUUKDJH/#DFXWH ### ###### ##4 +6(,## ### ###### ##7 +;(,##
+\GURFHSKDOXV #44 +55(,# #45 +69(,# ##< +55(,# ##8 +43(,#
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ### ######
1HFURVLV ##4 +5(,## ### ###### ### ###### ### ######

6SLQDO#FRUG #+4, #+4, #+4, ####
$[RQ/#GHJHQHUDWLRQ ##4 +433(, ### ###### ##4 +433(, ### ######

5HVSLUDWRU\#6\VWHP
/XQJ +83, +66, +74, +83,
&RQJHVWLRQ/#DFXWH #43 +53(,# ##< +5:(,# #4: +74(,# ##9 +45(,#
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##6 +9(,## ##4 +6(,## ##5 +8(,## ##6 +9(,##
,QIODPPDWLRQ/#JUDQXORPDWRXV ##5 +7(,## ### ###### ##4 +5(,## ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ##4 +5(,## ##4 +5(,##
0LQHUDOL]DWLRQ ##: +47(,# ### ###### ##8 +45(,# ### ######
1HFURVLV ### ###### ### ###### ##4 +5(,## ### ######
7KURPERVLV ### ###### ### ###### ### ###### ##4 +5(,##
$OYHRODU#HSLWKHOLXP/#K\SHUSODVLD ##6 +9(,## ##5 +9(,## ##4 +5(,## ##6 +9(,##
$OYHROXV/#KHPRUUKDJH/#DFXWH ##6 +9(,## ##4 +6(,## ##4 +5(,## ### ######
$OYHROXV/#LQILOWUDWLRQ#FHOOXODU/#KLVWLRF\WH #57 +7;(,# #43 +63(,# #49 +6<(,# #49 +65(,#
,QWHUVWLWLXP/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##: +47(,# ### ###### ##7 +43(,# ##6 +9(,##

1RVH +83, +65, +74, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##8 +43(,# ##; +58(,# ##7 +43(,# ##8 +43(,#
3RO\S#LQIODPPDWRU\ ##4 +5(,## ### ###### ### ###### ### ######
7KURPERVLV ### ###### ##4 +6(,## ##4 +5(,## ### ######
1DVRODFULPDO#GXFW/#LQIODPPDWLRQ/#VXSSXUDWLYH ##8 +43(,# ##6 +<(,## ##6 +:(,## ##6 +9(,##

6SHFLDO#6HQVHV#6\VWHP
(\H #+6, #+5, #+5, #+4,
$QWHULRU#FKDPEHU/#KHPRUUKDJH/#DFXWH ##4 +66(,# ### ###### ### ###### ### ######
&RUQHD/#LQIODPPDWLRQ/#VXSSXUDWLYH ##4 +66(,# ### ###### ### ###### ### ######
/HQV/#FDWDUDFW ##5 +9:(,# ##4 +83(,# ##4 +83(,# ##4 +433(,
5HWLQD/#GHJHQHUDWLRQ ##5 +9:(,# ##5 +433(, ##4 +83(,# ##4 +433(,

+DUGHULDQ#JODQG #+4, #+4, #### #+4,
,QIODPPDWLRQ/#FKURQLF ##4 +433(, ##4 +433(, ### ###### ### ######

8ULQDU\#6\VWHP
.LGQH\ +83, +66, +74, +83,
$FFXPXODWLRQ/#K\DOLQH#GURSOHW ### ###### ### ###### ##4 +5(,## ### ######
,QIDUFW ### ###### ### ###### ### ###### ##5 +7(,##
0LQHUDOL]DWLRQ ##7 +;(,## ##6 +<(,## ##5 +8(,## ##4 +5(,##
1HSKURSDWK\/#FKURQLF #83 +433(, #65 +<:(,# #74 +433(, #83 +433(,
&RUWH[/#F\VW ##; +49(,# ##4 +6(,## ##4 +5(,## #43 +53(,#

8ULQDU\#EODGGHU +83, +66, +74, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ### ###### ### ###### ### ######
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ### ######
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7$%/(#%4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#5DWV#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

7$%/(#%5 ,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435

7$%/(#%6 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#5DWV#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44;

7$%/(#%7 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 455
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7$%/(#%4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
$FFLGHQWDO#GHDWK 4
0RULEXQG 47 43 48 45
1DWXUDO#GHDWKV 46 57 4; 55

6XUYLYRUV
'LHG#ODVW#ZHHN#RI#WKH#VWXG\ 4
7HUPLQDO#VDFULILFH 55 48 4: 49

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 83 83 83 83

$OLPHQWDU\#6\VWHP
(VRSKDJXV +83, +68, +66, +83,
3HULHVRSKDJHDO#WLVVXH/#OLSRPD ### ###### ##4 +6(,## ##4 +6(,## ### ######

,QWHVWLQH#VPDOO/#GXRGHQXP +83, +68, +66, +83,
/LYHU +83, +68, +66, +83,
0HVHQWHU\ #+5, #+7, #+7, #+7,
2UDO#PXFRVD #+4, #### #### #+5,
*LQJLYDO/#VTXDPRXV#FHOO#FDUFLQRPD ##4 +433(, ### ###### ### ###### ### ######

3DQFUHDV +83, +68, +66, +83,
6WRPDFK/#JODQGXODU +83, +68, +66, +83,

&DUGLRYDVFXODU#6\VWHP
+HDUW +83, +68, +66, +83,

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +68, +66, +83,
$GHQRPD ##4 +5(,## ##4 +6(,## ### ###### ##4 +5(,##

$GUHQDO#PHGXOOD +83, +68, +66, +83,
3KHRFKURPRF\WRPD#EHQLJQ ##4 +5(,## ### ###### ##4 +6(,## ##5 +7(,##

,VOHWV/#SDQFUHDWLF +83, +68, +66, +83,
$GHQRPD ### ###### ### ###### ##4 +6(,## ### ######
&DUFLQRPD ##4 +5(,## ### ###### ### ###### ### ######

3LWXLWDU\#JODQG +83, +68, +66, +83,
3DUV#GLVWDOLV/#DGHQRPD #5< +8;(,# #49 +79(,# #4< +8;(,# #5: +87(,#
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH ##8 +43(,# ##4 +6(,## ### ###### ##5 +7(,##
3DUV#GLVWDOLV/#FDUFLQRPD ##4 +5(,## ### ###### ### ###### ### ######
3DUV#LQWHUPHGLD/#DGHQRPD ### ###### ### ###### ### ###### ##4 +5(,##

7K\URLG#JODQG +83, +68, +66, +83,
&0FHOO/#DGHQRPD #43 +53(,# ##4 +6(,## ##5 +9(,## ##: +47(,#
&0FHOO/#DGHQRPD/#PXOWLSOH ### ###### ### ###### ### ###### ##4 +5(,##
)ROOLFXODU#FHOO/#DGHQRPD ##4 +5(,## ##5 +9(,## ### ###### ##4 +5(,##
)ROOLFXODU#FHOO/#FDUFLQRPD ### ###### ### ###### ### ###### ##4 +5(,##

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####
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7$%/(#%4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH (continued)

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

*HQLWDO#6\VWHP
&OLWRUDO#JODQG +7<, +83, +83, +83,
$GHQRPD ##4 +5(,## ##6 +9(,## ##6 +9(,## ### ######
&DUFLQRPD ### ###### ### ###### ##4 +5(,## ##5 +7(,##
%LODWHUDO/#DGHQRPD ### ###### ### ###### ##4 +5(,## ### ######

2YDU\ +83, +68, +66, +83,
8WHUXV +83, +68, +66, +83,
)LEURPD ##4 +5(,## ### ###### ### ###### ### ######
3RO\S#VWURPDO ##5 +7(,## ##4 +6(,## ##4 +6(,## ##6 +9(,##
6DUFRPD#VWURPDO ### ###### ##4 +6(,## ##4 +6(,## ### ######

9DJLQD #+4, #+4, #+4, ####
6TXDPRXV#FHOO#FDUFLQRPD ### ###### ### ###### ##4 +433(, ### ######

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +83, +68, +66, +7;,
/\PSK#QRGH +78, +65, +5:, +76,
/\PSK#QRGH/#PDQGLEXODU +83, +68, +66, +83,
/\PSK#QRGH/#PHVHQWHULF +7<, +68, +66, +7;,
6SOHHQ +83, +68, +66, +83,
7K\PXV +7<, +68, +64, +7<,

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +83, +68, +66, +83,
&DUFLQRPD ##4 +5(,## ##4 +6(,## ### ###### ##4 +5(,##
)LEURDGHQRPD #45 +57(,# ##7 +44(,# ##; +57(,# ##9 +45(,#
)LEURDGHQRPD/#PXOWLSOH ##7 +;(,## ### ###### ### ###### ##6 +9(,##

6NLQ +83, +83, +83, +83,
3LQQD/#VTXDPRXV#FHOO#SDSLOORPD ##4 +5(,## ### ###### ### ###### ### ######
6XEFXWDQHRXV#WLVVXH/#OLSRPD ### ###### ##4 +5(,## ### ###### ### ######
6XEFXWDQHRXV#WLVVXH/#VDUFRPD ### ###### ### ###### ##4 +5(,## ### ######
6XEFXWDQHRXV#WLVVXH/#VFKZDQQRPD#PDOLJQDQW ##4 +5(,## ### ###### ### ###### ### ######

Musculoskeletal System
Bone (50) (35) (33) (48)

Humerus, osteosarcoma   1 (2%)                             

1HUYRXV#6\VWHP
%UDLQ +83, +68, +66, +83,
$VWURF\WRPD#PDOLJQDQW ##4 +5(,## ##4 +6(,## ### ###### ### ######
&DUFLQRPD/#PHWDVWDWLF/#SLWXLWDU\#JODQG ##4 +5(,## ### ###### ### ###### ### ######

5HVSLUDWRU\#6\VWHP
/XQJ +83, +68, +66, +83,
$OYHRODU2EURQFKLRODU#DGHQRPD ##4 +5(,## ### ###### ### ###### ### ######
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ##4 +5(,## ### ###### ### ###### ### ######
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7$%/(#%4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,
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6SHFLDO#6HQVHV#6\VWHP
=\PEDO·V#JODQG #### #### #### #+4,
&DUFLQRPD ### ###### ### ###### ### ###### ##4 +433(,

8ULQDU\#6\VWHP
.LGQH\ +83, +68, +66, +83,
/LSRPD ### ###### ##4 +6(,## ### ###### ### ######

8ULQDU\#EODGGHU +83, +68, +66, +83,

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV +83, +83, +83, +83,E

/HXNHPLD#PRQRQXFOHDU #4: +67(,# ##8 +43(,# ##< +4;(,# #43 +53(,#
0HVRWKHOLRPD#EHQLJQ ### ###### ### ###### ### ###### ##4 +5(,##

1HRSODVP#6XPPDU\
7RWDO#DQLPDOV#ZLWK#SULPDU\#QHRSODVPV 78 58 5: 74F

7RWDO#SULPDU\#QHRSODVPV <6 73 83 :3
7RWDO#DQLPDOV#ZLWK#EHQLJQ#QHRSODVPV 73 56 59 66
7RWDO#EHQLJQ#QHRSODVPV 9< 65 6: 88

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV 56 ; 44 48
7RWDO#PDOLJQDQW#QHRSODVPV 57 ; 46 48

7RWDO#DQLPDOV#ZLWK#PHWDVWDWLF#QHRSODVPV 5
7RWDO#PHWDVWDWLF#QHRSODVPV 5

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#QHRSODVPD

1XPEHU#RI#DQLPDOV#ZLWK#DQ\#WLVVXH#H[DPLQHG#PLFURVFRSLFDOO\E

3ULPDU\#QHRSODVPV=##DOO#QHRSODVPV#H[FHSW#PHWDVWDWLF#QHRSODVPVF
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#

6 6 7 7 7 7 7 7 7 7 8 8 8 8 9 9 9 9 9 9 9 9 9 9 :#
1XPEHU#RI#'D\V#RQ#6WXG\ 3 < 3 5 5 ; ; ; < < 7 7 : < 3 5 7 8 8 : ; < < < 3

6 6 ; 3 3 3 8 ; 3 3 8 ; 8 4 8 < 9 9 : 7 5 5 6 ; ;

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
&DUFDVV#,'#1XPEHU 6 5 6 5 5 7 4 5 4 7 5 7 4 3 5 4 5 4 4 3 7 3 6 6 6

8 : ; 4 ; 4 : 6 7 : 9 5 3 : 5 9 3 5 6 5 9 ; 9 3 5

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVHQWHU\ # # # # # # # # # # # # # # # # # # # . # # # # #
2UDO#PXFRVD # # # # # # # # # # # # # # # # # # # # # # # # #

*LQJLYDO/#VTXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .
7RRWK # # # # # # # # # # # # # # # # # # # # # # # # #

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # #
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD # # # # # # # # # # # # # # ; # # # # # # # # # #
3DUDWK\URLG#JODQG . . . . . . . . . . . . . . . . . . 0 . . . . . .
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # ; # ; ; # # # # ; ; ; ; ; ; ; ; # ; ; ; # ;
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # ; #
3DUV#GLVWDOLV/#FDUFLQRPD # # # # ; # # # # # # # # # # # # # # # # # # # #

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # ; ; #
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . 0 . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .

)LEURPD # # # # # # # # # # # # # # # # # # # # # # # # #
3RO\S#VWURPDO # # ; # # # # # # # # # # # # # # # # # # # # # #

9DJLQD # # # # # # # # # # # # # # # # # # # . # # # # #

.=##7LVVXH#H[DPLQHG#PLFURVFRSLFDOO\ 0=##0LVVLQJ#WLVVXH ;=##/HVLRQ#SUHVHQW
$=##$XWRO\VLV#SUHFOXGHV#H[DPLQDWLRQ ,=##,QVXIILFLHQW#WLVVXH %ODQN=##1RW#H[DPLQHG
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 4 4 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

; < 5 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 4 7 7 3 3 3 3 3 3 4 4 4 5 5 5 6 6 6 6 6 7 7 7 7 8 7LVVXHV2

4 < 3 4 6 7 8 9 < 8 ; < 7 8 < 4 6 7 : < 6 7 8 ; 3 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # . # # #5
2UDO#PXFRVD # # # # # # # # # # # # # # # # # # # # . # # # # #4

*LQJLYDO/#VTXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #4
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83
7RRWK # # # # # # # # # # # . # # # # # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 83

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # ; # #4
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3DUDWK\URLG#JODQG . . . . . . . . . . . . . . . . 0 . . . . . . . . 7;
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

3DUV#GLVWDOLV/#DGHQRPD # ; ; ; ; ; ; ; ; ; ; # # ; ; # # # # # ; # # # ; 5<
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # ; ; # # # # ; # # # # # ; # #8
3DUV#GLVWDOLV/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
&0FHOO/#DGHQRPD # ; # # # # ; # ; # # # # # # ; # # ; # ; # # ; ; 43
)ROOLFXODU#FHOO/#DGHQRPD # # # # ; # # # # # # # # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<

$GHQRPD # # # # # # # # # # # # # # # # # # # ; # # # # # #4
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 83
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 83

)LEURPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
3RO\S#VWURPDO # # # # # # ; # # # # # # # # # # # # # # # # # # #5

9DJLQD # # # # # # # # # # # # # # # # # # # # # # # # # #4



437 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

6 6 7 7 7 7 7 7 7 7 8 8 8 8 9 9 9 9 9 9 9 9 9 9 :
1XPEHU#RI#'D\V#RQ#6WXG\ 3 < 3 5 5 ; ; ; < < 7 7 : < 3 5 7 8 8 : ; < < < 3

6 6 ; 3 3 3 8 ; 3 3 8 ; 8 4 8 < 9 9 : 7 5 5 6 ; ;

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
&DUFDVV#,'#1XPEHU 6 5 6 5 5 7 4 5 4 7 5 7 4 3 5 4 5 4 4 3 7 3 6 6 6

8 : ; 4 ; 4 : 6 7 : 9 5 3 : 5 9 3 5 6 5 9 ; 9 3 5

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH . # . # . . . . . . . # . . . . . . . . . . . . .
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . 0 . .
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
)LEURDGHQRPD # # # # # # # # # ; # # # # # # # # # # ; # # ; ;
)LEURDGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .
3LQQD/#VTXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#VFKZDQQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
##PDOLJQDQW # ; # # # # # # # # # # # # # # # # # # # # #############

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . .

+XPHUXV/#RVWHRVDUFRPD # # ; # # # # # # # # # # # # # # # # # # # # # #

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

$VWURF\WRPD#PDOLJQDQW ; # # # # # # # # # # # # # # # # # # # # # # # #
&DUFLQRPD/#PHWDVWDWLF/#SLWXLWDU\ # # # # # # # # # # # # # # # # # # # # # # # # #
##JODQG # # # # ; # # # # # # # # # # # # # # # # # # # #########

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # ; # # # # # # # # # # # # # # # # # # # # # #

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # . # # # # # . # . # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

/HXNHPLD#PRQRQXFOHDU # # # # # # ; # # # # # ; # # ; # # ; ; # # # ; #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 4 4 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

; < 5 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 4 7 7 3 3 3 3 3 3 4 4 4 5 5 5 6 6 6 6 6 7 7 7 7 8 7LVVXHV2

4 < 3 4 6 7 8 9 < 8 ; < 7 8 < 4 6 7 : < 6 7 8 ; 3 7XPRUV

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # . . . . . . . . . . . . . . . . . . # . . . . . 78
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 7<
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
7K\PXV . . . . . . . . . . . . . . . . . . . . 0 . . . . 7<

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4
)LEURDGHQRPD # ; ; # # # ; ; # # ; # # # # # # # ; # # # ; ; # 45
)LEURDGHQRPD/#PXOWLSOH # # # # # ; # # # # # # ; ; # # # # # # ; # # # # #7

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
3LQQD/#VTXDPRXV#FHOO#SDSLOORPD # # # # ; # # # # # # # # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#VFKZDQQRPD # # # # # # # # # # # # # # # # # # # # # # # # ##
##PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # #### 4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 83

+XPHUXV/#RVWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$VWURF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4
&DUFLQRPD/#PHWDVWDWLF/#SLWXLWDU\ # # # # # # # # # # # # # # # # # # # # # # # # ##
##JODQG # # # # # # # # # # # # # # # # # # # # # # # # ## 4

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # # #4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # # # # # # # # # # #6

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 83
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/HXNHPLD#PRQRQXFOHDU ; ; ; # # # ; ; # # ; # # ; # # # ; ; # # # ; # ; 4:
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
#

5 5 6 6 6 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ 3 : 3 9 ; 7 7 ; < 5 5 5 6 7 7 8 8 9 ; ; < 5 5 6 7

4 : 4 : 9 9 : 9 : 8 ; ; : 4 : 3 < 6 5 8 3 5 9 3 6

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
&DUFDVV#,'#1XPEHU ; 8 ; : ; : 9 < 9 : 8 < ; ; : < < < ; 8 9 : 8 < 9

8 5 6 9 ; 6 3 : : : 8 5 4 7 < 9 8 4 9 4 4 3 : ; 5

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .

3HULHVRSKDJHDO#WLVVXH/#OLSRPD # # # # # # # # # # # # # # # ; # # # # # # # # #
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVHQWHU\ # # # # # # . . # # # # # # # # # # # # # # # # #
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # # # # # # # # # # # # # # ; # # # # # #
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
3DUDWK\URLG#JODQG . . . . . . . . . . . . . . . . . . . . 0 . . . .
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # ; # ; ; # ; ; ; ; ; # # # ; ; # # ;
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # # # # # # # # # # # # # # # # # ; ; # #
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .

3RO\S#VWURPDO # # # # # # # # # # # # # # # ; # # # # # # # # #
6DUFRPD#VWURPDO # # # # # ; # # # # # # # # # # # # # # # # # # #

9DJLQD # # # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
+FRQWLQXHG,

9 9 9 9 9 : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 9 < 3 3 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7 8 8 9 7 4 ; 5 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 8 : : 8 3 ; 9 ; 8 8 8 9 9 9 9 9 : : : ; ; < < < < 7LVVXHV2

9 7 8 ; 3 5 6 : < 6 7 7 8 9 ; < 4 5 ; 3 < 3 6 7 < 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . # # # # # # # # # # # # # # # 68

3HULHVRSKDJHDO#WLVVXH/#OLSRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . # # # # # # # # # # # # # # # 68
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . # # # # # # # # # # # # # # # 68
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . # # # # # # # # # # # # # # # 68
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . # # # # # # # # # # # # # # # 68
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . # # # # # # # # # # # # # # # 68
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . # # # # # # # # # # # # # # # 68
/LYHU . . . . . . . . . . # # # # # # # # # # # # # # # 68
0HVHQWHU\ # # # . # # . # # # # # # # # # # # # # # # # # # #7
3DQFUHDV . . . . . . . . . . # # # # # # # # # # # # # # # 68
6DOLYDU\#JODQGV . . . . . . . . . . # # # # # # # # # # # # # # # 68
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . # # # # # # # # # # # # # # # 68
6WRPDFK/#JODQGXODU . . . . . . . . . . # # # # # # # # # # # # # # # 68

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . # # # # # # # # # # # # # # # 68
+HDUW . . . . . . . . . . # # # # # # # # # # # # # # # 68

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . # # # # # # # # # # # # # # # 68

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
$GUHQDO#PHGXOOD . . . . . . . . . . # # # # # # # # # # # # # # # 68
,VOHWV/#SDQFUHDWLF . . . . . . . . . . # # # # # # # # # # # # # # # 68
3DUDWK\URLG#JODQG . . . . . . 0 . 0 . # # # # # # # # # # # # # # # 65
3LWXLWDU\#JODQG . . . . . . . . . . # # # # # # # # # # # # # # # 68

3DUV#GLVWDOLV/#DGHQRPD # ; ; # ; # ; # # ; # # # # # # # # # # # # # # # 49
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # # # # # ; # # # # # # # # # # # # # # # # # #4

7K\URLG#JODQG . . . . . . . . . . # # # # # # # # # # # # # # # 68
&0FHOO/#DGHQRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # ; # ; # # # # # # # # # # # # # # # # #5

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD # # # # # # # # # # # # # # # # # ; # # # # # # # #6
2YDU\ . . . . . . . . . . # # # # # # # # # # # # # # # 68
8WHUXV . . . . . . . . . . # # # # # # # # # # # # # # # 68

3RO\S#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #4
6DUFRPD#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #4

9DJLQD # # # . # # # # # # # # # # # # # # # # # # # # # #4



43; 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
+FRQWLQXHG,

5 5 6 6 6 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ 3 : 3 9 ; 7 7 ; < 5 5 5 6 7 7 8 8 9 ; ; < 5 5 6 7

4 : 4 : 9 9 : 9 : 8 ; ; : 4 : 3 < 6 5 8 3 5 9 3 6

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
&DUFDVV#,'#1XPEHU ; 8 ; : ; : 9 < 9 : 8 < ; ; : < < < ; 8 9 : 8 < 9

8 5 6 9 ; 6 3 : : : 8 5 4 7 < 9 8 4 9 4 4 3 : ; 5

+HPDWRSRLHWLF#6\VWHP#
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH # . . . . . . . . . . . # . . . . . . # . . . . .
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # ; # # # #
)LEURDGHQRPD # # # # # ; # # # # # # # # # # # # # # # # # # #

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .
6XEFXWDQHRXV#WLVVXH/#OLSRPD # # # # # # # # # # # # # # # # # # # # # # # # #

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . .
6NHOHWDO#PXVFOH . # # # # # # # # # # # # # # # # # # # # # # # #

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

$VWURF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # ; # # #

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .
1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # . # # # # . # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .

/LSRPD # # # # # # # # # # ; # # # # # # # # # # # # # #
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

/HXNHPLD#PRQRQXFOHDU # # # # # # # # ; # # # # # # # # # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#797 43<

7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##93#PJ2NJ
+FRQWLQXHG,

9 9 9 9 9 : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 9 < 3 3 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7 8 8 9 7 4 ; 5 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 8 : : 8 3 ; 9 ; 8 8 8 9 9 9 9 9 : : : ; ; < < < < 7LVVXHV2

9 7 8 ; 3 5 6 : < 6 7 7 8 9 ; < 4 5 ; 3 < 3 6 7 < 7XPRUV

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . # # # # # # # # # # # # # # # 68
/\PSK#QRGH . . . . . . . . . . # # # # # # # # # # # # # # # 65
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . # # # # # # # # # # # # # # # 68
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . # # # # # # # # # # # # # # # 68
6SOHHQ . . . . . . . . . . # # # # # # # # # # # # # # # 68
7K\PXV . . . . . . . . . . # # # # # # # # # # # # # # # 68

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . # # # # # # # # # # # # # # # 68

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
)LEURDGHQRPD # # ; # ; # # # # ; # # # # # # # # # # # # # # # #7

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
6XEFXWDQHRXV#WLVVXH/#OLSRPD # # # ; # # # # # # # # # # # # # # # # # # # # # #4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . # # # # # # # # # # # # # # # 68
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . # # # # # # # # # # # # # # # 68

$VWURF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . # # # # # # # # # # # # # # # 68
1RVH . . . . . . . . . . # # # # # # # # # # # # # # # 68
7UDFKHD . . . . . . . . . . # # # # # # # # # # # # # # # 68

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # # # # # # # # # # #5

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . # # # # # # # # # # # # # # # 68

/LSRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
8ULQDU\#%ODGGHU . . . . . . . . . . 68

6\VWHPLF#/HVLRQV
0XOWLSOH#2UJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/HXNHPLD#0RQRQXFOHDU ; ; ; ; 8



443 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##453#PJ2NJ
#

7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 9 < 3 4 4 5 6 7 7 8 9 9 < 3 3 5 6 7 7 7 7 9

4 7 8 5 5 4 3 : : 5 5 : < 7 ; 7 5 6 8 ; 6 8 9 ; 3

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU 6 5 3 7 8 7 6 4 3 5 7 3 7 4 5 4 6 6 3 6 4 4 7 6 3

7 9 4 7 3 8 < 4 9 3 5 : < 5 6 : 5 4 < 6 9 3 4 3 5

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .

3HULHVRSKDJHDO#WLVVXH/#OLSRPD # # # # # # # # # # # # # # # ; # # # # # # # # #
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVHQWHU\ # # # # # # # # # # # # # # . # # # # # # . . # #
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # #
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
3DUDWK\URLG#JODQG . . . . . . 0 . . . . . . . . . . . . . . . . 0 .
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD ; # # # # # # ; ; ; # ; # ; ; ; # ; ; ; ; # # # ;
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&0FHOO/#DGHQRPD # # # # # # # # # # # # ; # # # # # # # ; # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # # # # # # # # # # # # ; # # # # # # # #
&DUFLQRPD # # # # ; # # # # # # # # # # # # # # # # # # # #
%LODWHUDO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .

3RO\S#VWURPDO # # # # ; # # # # # # # # # # # # # # # # # # # #
6DUFRPD#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # #

9DJLQD # # # # # # # # # # # # # # # # # # # # # # # # .
6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # ;
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##453#PJ2NJ
+FRQWLQXHG,

9 9 9 : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 9 : < 3 3 4 4 4 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

9 6 : 9 ; 5 5 : 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7RWDO
&DUFDVV#,'#1XPEHU 5 5 6 3 4 3 7 6 3 3 4 4 4 4 5 5 5 5 5 6 6 7 7 7 7 7LVVXHV2

< 4 9 6 ; 7 9 8 8 ; 6 7 8 < 5 7 8 : ; : ; 3 6 : ; 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . # # # # # # # # # # # # # # # # # 66

3HULHVRSKDJHDO#WLVVXH/#OLSRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . # # # # # # # # # # # # # # # # # 66
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . # # # # # # # # # # # # # # # # # 66
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . # # # # # # # # # # # # # # # # # 66
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . # # # # # # # # # # # # # # # # # 66
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . # # # # # # # # # # # # # # # # # 66
,QWHVWLQH#VPDOO/#LOHXP 0 . . . . . . . # # # # # # # # # # # # # # # # # 65
/LYHU . . . . . . . . # # # # # # # # # # # # # # # # # 66
0HVHQWHU\ # # # # # . # # # # # # # # # # # # # # # # # # # #7
3DQFUHDV . . . . . . . . # # # # # # # # # # # # # # # # # 66
6DOLYDU\#JODQGV . . . . . . . . # # # # # # # # # # # # # # # # # 66
6WRPDFK/#IRUHVWRPDFK . . . . . . . . # # # # # # # # # # # # # # # # # 66
6WRPDFK/#JODQGXODU . . . . . . . . # # # # # # # # # # # # # # # # # 66

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . # # # # # # # # # # # # # # # # # 66
+HDUW . . . . . . . . # # # # # # # # # # # # # # # # # 66

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . # # # # # # # # # # # # # # # # # 66
$GUHQDO#PHGXOOD . . . . . . . . # # # # # # # # # # # # # # # # # 66

3KHRFKURPRF\WRPD#EHQLJQ # # # ; # # # # # # # # # # # # # # # # # # # # # #4
,VOHWV/#SDQFUHDWLF . . . . . . . . # # # # # # # # # # # # # # # # # 66

$GHQRPD # # # # # # # ; # # # # # # # # # # # # # # # # # #4
3DUDWK\URLG#JODQG . . . . . . . . # # # # # # # # # # # # # # # # # 64
3LWXLWDU\#JODQG . . . . . . . . # # # # # # # # # # # # # # # # # 66

3DUV#GLVWDOLV/#DGHQRPD ; ; ; # ; # ; ; # # # # # # # # # # # # # # # # # 4<
7K\URLG#JODQG . . . . . . . . # # # # # # # # # # # # # # # # # 66

&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD # # # # # # # # # # ; # # # # # # # # # # ; # # # #6
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
%LODWHUDO/#DGHQRPD # # # # # # ; # # # # # # # # # # # # # # # # # # #4

2YDU\ . . . . . . . . # # # # # # # # # # # # # # # # # 66
8WHUXV . . . . . . . . # # # # # # # # # # # # # # # # # 66

3RO\S#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #4
6DUFRPD#VWURPDO # # # ; # # # # # # # # # # # # # # # # # # # # # #4

9DJLQD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##453#PJ2NJ
+FRQWLQXHG,

7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 9 < 3 4 4 5 6 7 7 8 9 9 < 3 3 5 6 7 7 7 7 9

4 7 8 5 5 4 3 : : 5 5 : < 7 ; 7 5 6 8 ; 6 8 9 ; 3

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU 6 5 3 7 8 7 6 4 3 5 7 3 7 4 5 4 6 6 3 6 4 4 7 6 3

7 9 4 7 3 8 < 4 9 3 5 : < 5 6 : 5 4 < 6 9 3 4 3 5

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH . . . . # . . . . . . . . . . . # # # # . . # . .
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . . . . . 0 . . . . . . .

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

)LEURDGHQRPD ; # # # # # # # ; # # # # # # # # # # ; # # # # ;
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

6XEFXWDQHRXV#WLVVXH/#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # ;

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . .

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .
1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # . # # # # . # # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

/HXNHPLD#PRQRQXFOHDU # # # # # # # ; # ; # # # # # # ; ; # # # ; # # #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##453#PJ2NJ
+FRQWLQXHG,

9 9 9 : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 9 : < 3 3 4 4 4 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

9 6 : 9 ; 5 5 : 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7RWDO
&DUFDVV#,'#1XPEHU 5 5 6 3 4 3 7 6 3 3 4 4 4 4 5 5 5 5 5 6 6 7 7 7 7 7LVVXHV2

< 4 9 6 ; 7 9 8 8 ; 6 7 8 < 5 7 8 : ; : ; 3 6 : ; 7XPRUV

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . # # # # # # # # # # # # # # # # # 66
/\PSK#QRGH . . . . . . . . # # # # # # # # # # # # # # # # # 5:
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . # # # # # # # # # # # # # # # # # 66
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . # # # # # # # # # # # # # # # # # 66
6SOHHQ . . . . . . . . # # # # # # # # # # # # # # # # # 66
7K\PXV . . . . . 0 . . # # # # # # # # # # # # # # # # # 64

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . # # # # # # # # # # # # # # # # # 66

)LEURDGHQRPD ; # # # ; ; # ; # # # # # # # # # # # # # # # # # #;
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

6XEFXWDQHRXV#WLVVXH/#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . # # # # # # # # # # # # # # # # # 66

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . # # # # # # # # # # # # # # # # # 66

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . # # # # # # # # # # # # # # # # # 66
1RVH . . . . . . . . # # # # # # # # # # # # # # # # # 66
7UDFKHD . . . . . . . . # # # # # # # # # # # # # # # # # 66

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # # # # # # # # # # #5

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . # # # # # # # # # # # # # # # # # 66
8ULQDU\#EODGGHU . . . . . . . . # # # # # # # # # # # # # # # # # 66

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/HXNHPLD#PRQRQXFOHDU # ; # ; # ; # ; # # # # # # # # # # # # # # # # # #<
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##573#PJ2NJ
#

5 6 6 6 6 6 7 7 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ ; 5 6 : < < 4 7 3 4 5 5 8 : ; < < 4 4 6 6 6 7 7 8

< 7 ; < 4 9 5 4 : 8 3 9 9 5 < 4 9 4 8 3 6 7 3 9 4

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU 9 9 8 9 < ; : : < ; 8 8 : : ; ; 8 ; < < < < : 9 ;

5 < : 9 6 5 < 5 9 ; 8 5 7 9 9 6 4 8 7 : 5 < 4 7 <

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVHQWHU\ # # # # # # # # # # . # # # # # # # . # # # # # #
2UDO#PXFRVD # # # # # # # # # # # # # # # # # # # # # # # # #
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .
7RRWK # # # # # # # # # # # # # # # # # # # # # # # # #

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # ;
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
3DUDWK\URLG#JODQG . 0 . . . . 0 . . . 0 . 0 . . . . . . . . . . 0 .
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # # # ; # # # ; ; ; # ; ; ; ; ; ; # # ; # # ;
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
3DUV#LQWHUPHGLD/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
&0FHOO/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # ; # # # # # # # # # # #
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD # # # # # # # # # # # # # # # # # ; # # # # # # #
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .

3RO\S#VWURPDO # # # # ; # # # # # # # # # # # # # # # # # # # #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##573#PJ2NJ
+FRQWLQXHG,

9 9 9 9 9 : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 : : < < 3 4 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 7 : 8 9 9 4 7 ; 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7RWDO
&DUFDVV#,'#1XPEHU 3 < 8 9 : 8 9 9 < 8 8 8 9 9 9 : : : : ; ; ; ; < < 7LVVXHV2

3 3 < 6 8 6 ; 4 8 7 9 ; 3 8 : 3 6 : ; 3 4 7 : 4 ; 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVHQWHU\ . # # # # # # # # # . # # # # # # # # # # # # # # #7
2UDO#PXFRVD # # # # # # # . # # # # # # # # # # # # # . # # # #5
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83
7RRWK # # # # # # # # # # # # # # # # # # # # # . # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD # # # # # # # # # # # # # # ; # # # # # # # # # # #4
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 83

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # ; # # # # # # # #5
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83
3DUDWK\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 78
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

3DUV#GLVWDOLV/#DGHQRPD ; ; # ; ; # ; ; ; # # # ; ; # ; ; ; # ; # ; ; # # 5:
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # ; # # # # # # # # # ; #5
3DUV#LQWHUPHGLD/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # ; # # #4

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
&0FHOO/#DGHQRPD # ; # # ; # ; # # # ; # # # # # # # # ; # ; ; # # #:
&0FHOO/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # ; # # # # # # # # # # # #4
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
)ROOLFXODU#FHOO/#FDUFLQRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #5
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 83
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 83

3RO\S#VWURPDO # # # # # # # # # # # # # ; # # # # # # # # # # ; #6
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##573#PJ2NJ
+FRQWLQXHG,

5 6 6 6 6 6 7 7 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9
1XPEHU#RI#'D\V#RQ#6WXG\ ; 5 6 : < < 4 7 3 4 5 5 8 : ; < < 4 4 6 6 6 7 7 8

< 7 ; < 4 9 5 4 : 8 3 9 9 5 < 4 9 4 8 3 6 7 3 9 4

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU 9 9 8 9 < ; : : < ; 8 8 : : ; ; 8 ; < < < < : 9 ;

5 < : 9 6 5 < 5 9 ; 8 5 7 9 9 6 4 8 7 : 5 < 4 7 <

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . 0 . . . . . . . . .
/\PSK#QRGH # . . . . # . . . . . # . . . . # . . . . . . # .
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . 0 . . . .
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD # # # # # # # ; # # # # # # # # # # # # # # # # #
)LEURDGHQRPD # # # # # # # # # ; # # # # # # # # # # # # ; # #
)LEURDGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . 0 . . . . . . . . .

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .
1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # # # # # # # # # #
=\PEDO·V#JODQG # # . # # # # # # # # # # # # # # # # # # # # # #

&DUFLQRPD # # ; # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

/HXNHPLD#PRQRQXFOHDU # # # # # # # # # # ; # # # # # # # # ; # # # ; ;
0HVRWKHOLRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##573#PJ2NJ
+FRQWLQXHG,

9 9 9 9 9 : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 : : < < 3 4 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 7 : 8 9 9 4 7 ; 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7RWDO
&DUFDVV#,'#1XPEHU 3 < 8 9 : 8 9 9 < 8 8 8 9 9 9 : : : : ; ; ; ; < < 7LVVXHV2

3 3 < 6 8 6 ; 4 8 7 9 ; 3 8 : 3 6 : ; 3 4 7 : 4 ; 7XPRUV

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . 0 . . . . . . . . . . . . . . . . . . . . . . . 7;
/\PSK#QRGH . . # . . . . . . . . . . # . . . . . . . . . . . 76
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . 0 . . . . . . 7;
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
7K\PXV . . . . 0 . . . . . . . . . . . . . . . . . . . . 7<

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
)LEURDGHQRPD # # # # # ; ; # # # # # ; # ; # # # # # # # # # # #9
)LEURDGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # ; # ; # # # # # # ; #6

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . 0 . . . . . . . . . . . . . . . . . . . . . . . 7;

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83
1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83

6SHFLDO#6HQVHV#6\VWHP#####################
(\H . # # # # . # # # # # # # # # # . # # # . # # # . #8
=\PEDO·V#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 83
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/HXNHPLD#PRQRQXFOHDU ; # # # # # # # # ; ; # # # # ; # # # # # ; # ; # 43
0HVRWKHOLRPD#EHQLJQ # # # # # # # # # # # # ; # # # # # # # # # # # # #4
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7$%/(#%6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

&OLWRUDO#*ODQG=##$GHQRPD
2YHUDOO#UDWH 427<#+5(, 6283#+9(, 7283#+;(, 3283#+3(,D

$GMXVWHG#UDWH 718( 451:( 4;19( 313(E

7HUPLQDO#UDWH 4255#+8(, 4249#+9(, 524:#+45(, 3249#+3(,F

)LUVW#LQFLGHQFH#+GD\V, :69#+7, 955 935 ³H

/LIH#WDEOH#WHVW 3Û316;;1 3Û31553 3Û31457 3Û318971##G

/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316731 3Û31596 3Û31479 3Û318971##G

&RFKUDQ0$UPLWDJH#WHVW 3Û3163:1G

)LVKHU#H[DFW#WHVW 3Û31649 3Û314;: 3Û317<81##G

&OLWRUDO#*ODQG=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 427<#+5(, 6283#+9(, 8283#+43(, 5283#+7(,
$GMXVWHG#UDWH 718( 451:( 5317( <14(
7HUPLQDO#UDWH 4255#+8(, 4249#+9(, 524:#+45(, 4249#+9(,
)LUVW#LQFLGHQFH#+GD\V, :69#+7, 955 7<5 944
/LIH#WDEOH#WHVW 3Û31697 3Û31553 3Û313:8 3Û31753###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31753 3Û31596 3Û31433 3Û31793###
&RFKUDQ0$UPLWDJH#WHVW 3Û31778##########################################
)LVKHU#H[DFW#WHVW 3Û31649 3Û3143: 3Û3183;###
0DPPDU\#*ODQG=##)LEURDGHQRPD
2YHUDOO#UDWH 49283#+65(, 7268#+44(, ;266#+57(, <283#+4;(,I I

$GMXVWHG#UDWH 8916( 741;(
7HUPLQDO#UDWH 43255#+78(, 8249#+64(,
)LUVW#LQFLGHQFH#+GD\V, 7<3 848
/LIH#WDEOH#WHVW 3Û315;81##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314841##
)LVKHU#H[DFW#WHVW 3Û313;61##
0DPPDU\#*ODQG=##)LEURDGHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 49283#+65(, 8268#+47(, ;266#+57(, 43283#+53(,I I

$GMXVWHG#UDWH 8916( 7614(
7HUPLQDO#UDWH 43255#+78(, 8249#+64(,
)LUVW#LQFLGHQFH#+GD\V, 7<3 774
/LIH#WDEOH#WHVW 3Û316:61##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315351##
)LVKHU#H[DFW#WHVW 3Û3145:1##
3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV,=##$GHQRPD
2YHUDOO#UDWH 67283#+9;(, 4:268#+7<(, 4<266#+8;(, 5<283#+8;(,I I

$GMXVWHG#UDWH ;718( ;417(
7HUPLQDO#UDWH 49255#+:6(, 43249#+96(,
)LUVW#LQFLGHQFH#+GD\V, 753 6<9
/LIH#WDEOH#WHVW 3Û3175<###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315761##
)LVKHU#H[DFW#WHVW 3Û315371##



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 44<

7$%/(#%6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH
+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 68283#+:3(, 4:268#+7<(, 4<266#+8;(, 5<283#+8;(,I I

$GMXVWHG#UDWH ;71;( ;417(
7HUPLQDO#UDWH 49255#+:6(, 43249#+96(,
)LUVW#LQFLGHQFH#+GD\V, 753 6<9
/LIH#WDEOH#WHVW 3Û317;9###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314;51##
)LVKHU#H[DFW#WHVW 3Û3147<1
7K\URLG#*ODQG#+&0FHOO,=##$GHQRPD
2YHUDOO#UDWH 43283#+53(, 4268#+6(, 5266#+9(, ;283#+49(,I I

$GMXVWHG#UDWH 6<16( 7319(
7HUPLQDO#UDWH :255#+65(, 8249#+64(,
)LUVW#LQFLGHQFH#+GD\V, 9<6 9:7
/LIH#WDEOH#WHVW 3Û3185<###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31934###
)LVKHU#H[DFW#WHVW 3Û316<;1##
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD
2YHUDOO#UDWH 4283#+5(, 5268#+9(, 3266#+3(, 4283#+5(,I I

$GMXVWHG#UDWH 718( 51:(
7HUPLQDO#UDWH 4255#+8(, 3249#+3(,
)LUVW#LQFLGHQFH#+GD\V, :69#+7, 8:5
/LIH#WDEOH#WHVW 3Û31:55###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31:89###
)LVKHU#H[DFW#WHVW 3Û31:861##
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 4283#+5(, 5268#+9(, 3266#+3(, 5283#+7(,I I

$GMXVWHG#UDWH 718( 91<(
7HUPLQDO#UDWH 4255#+8(, 3249#+3(,
)LUVW#LQFLGHQFH#+GD\V, :69#+7, 8:5
/LIH#WDEOH#WHVW 3Û31763###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317;6###
)LVKHU#H[DFW#WHVW 3Û31833###
8WHUXV=##6WURPDO#3RO\S
2YHUDOO#UDWH 5283#+7(, 4268#+6(, 4266#+6(, 6283#+9(,I I

$GMXVWHG#UDWH 918( 4717(
7HUPLQDO#UDWH 4255#+8(, 5249#+46(,
)LUVW#LQFLGHQFH#+GD\V, 73; 6<4
/LIH#WDEOH#WHVW 3Û31734###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31857###
)LVKHU#H[DFW#WHVW 3Û31833###
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7$%/(#%6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH
+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

8WHUXV=##6WURPDO#3RO\S#RU#6WURPDO#6DUFRPD
2YHUDOO#UDWH 5283#+7(, 5268#+9(, 5266#+9(, 6283#+9(,I I

$GMXVWHG#UDWH 918( 4717(
7HUPLQDO#UDWH 4255#+8(, 5249#+46(,
)LUVW#LQFLGHQFH#+GD\V, 73; 6<4
/LIH#WDEOH#WHVW 3Û31734###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31857###
)LVKHU#H[DFW#WHVW 3Û31833###
$OO#2UJDQV=##0RQRQXFOHDU#&HOO#/HXNHPLD
2YHUDOO#UDWH 4:283#+67(, 8268#+47(, <266#+5:(, 43283#+53(,I I

$GMXVWHG#UDWH 8616( 7516(
7HUPLQDO#UDWH ;255#+69(, 8249#+64(,
)LUVW#LQFLGHQFH#+GD\V, 7;8 853
/LIH#WDEOH#WHVW 3Û316341##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314691##
)LVKHU#H[DFW#WHVW 3Û313;;1##
$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH 73283#+;3(, 56283#+79(, 59283#+85(, 66283#+99(,I I

$GMXVWHG#UDWH <814( ;914(
7HUPLQDO#UDWH 53255#+<4(, 44249#+9<(,
)LUVW#LQFLGHQFH#+GD\V, 73; 6<4
/LIH#WDEOH#WHVW 3Û317;7###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314741##
)LVKHU#H[DFW#WHVW 3Û313;;1##
$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 56283#+79(, ;283#+49(, 44283#+55(, 48283#+63(,I I

$GMXVWHG#UDWH 9415( 8618(
7HUPLQDO#UDWH <255#+74(, 9249#+6;(,
)LUVW#LQFLGHQFH#+GD\V, 636 66;
/LIH#WDEOH#WHVW 3Û316451##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313::1##
)LVKHU#H[DFW#WHVW 3Û313:71##
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7$%/(#%6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH
+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 78283#+<3(, 58283#+83(, 5:283#+87(, 74283#+;5(,I I

$GMXVWHG#UDWH <81:( <816(
7HUPLQDO#UDWH 53255#+<4(, 47249#+;;(,
)LUVW#LQFLGHQFH#+GD\V, 636 66;
/LIH#WDEOH#WHVW 3Û315:5###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315:61##
)LVKHU#H[DFW#WHVW 3Û314<71##

+7,7HUPLQDO#VDFULILFH
1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#FOLWRUDO#JODQG/#PDPPDU\D

JODQG/#SLWXLWDU\#JODQG/#WK\URLG#JODQG/#DQG#XWHUXV>#IRU#RWKHU#WLVVXHV/#GHQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#QHFURSVLHG1
.DSODQ00HLHU#HVWLPDWHG#QHRSODVP#LQFLGHQFH#DW#WKH#HQG#RI#WKH#VWXG\#DIWHU#DGMXVWPHQW#IRU#LQWHUFXUUHQW#PRUWDOLW\E

2EVHUYHG#LQFLGHQFH#DW#WHUPLQDO#NLOOF

%HQHDWK#WKH#FRQWURO#LQFLGHQFH#DUH#WKH#3#YDOXHV#DVVRFLDWHG#ZLWK#WKH#WUHQG#WHVW1##%HQHDWK#WKH#GRVHG#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#WR#SDLUZLVHG

FRPSDULVRQV#EHWZHHQ#WKH#FRQWUROV#DQG#WKDW#GRVHG#JURXS1##7KH#OLIH#WDEOH#WHVW#UHJDUGV#QHRSODVPV#LQ#DQLPDOV#G\LQJ#SULRU#WR#WHUPLQDO#NLOO#DV#EHLQJ#+GLUHFWO\#RU
LQGLUHFWO\,#WKH#FDXVH#RI#GHDWK1##7KH#ORJLVWLF#UHJUHVVLRQ#WHVW#UHJDUGV#WKHVH#OHVLRQV#DV#QRQIDWDO1##7KH#&RFKUDQ0$UPLWDJH#DQG#)LVKHU#H[DFW#WHVWV#FRPSDUH#GLUHFWO\#WKH
RYHUDOO#LQFLGHQFH#UDWHV1##)RU#DOO#WHVWV/#D#ORZHU#LQFLGHQFH#LQ#D#GRVH#JURXS#LV#LQGLFDWHG#E\#11
1RW#DSSOLFDEOH>#QR#QHRSODVPV#LQ#DQLPDO#JURXSH

7LVVXHV#+H[FHSW#VNLQ,#ZHUH#H[DPLQHG#PLFURVFRSLFDOO\#RQO\#LQ#WKRVH#DQLPDOV#G\LQJ#SULRU#WR#WHUPLQDO#VDFULILFH>#WKXV#VWDWLVWLFDO#FRPSDULVRQV#ZLWK#WKH#FRQWUROV#DUHI

QRW#DSSOLFDEOH1
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7$%/(#%7
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
$FFLGHQWDO#GHDWK 4
0RULEXQG 47 43 48 45
1DWXUDO#GHDWKV 46 57 4; 55

6XUYLYRUV
'LHG#ODVW#ZHHN#RI#WKH#VWXG\ 4
7HUPLQDO#VDFULILFH 55 48 4: 49

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 83 83 83 83

$OLPHQWDU\#6\VWHP
,QWHVWLQH#ODUJH/#FRORQ +83, +68, +66, +83,
3DUDVLWH#PHWD]RDQ ##5 +7(,## ##4 +6(,## ### ###### ##6 +9(,##

,QWHVWLQH#ODUJH/#UHFWXP +83, +68, +66, +83,
3DUDVLWH#PHWD]RDQ ##7 +;(,## ##6 +<(,## ##4 +6(,## ##6 +9(,##

,QWHVWLQH#ODUJH/#FHFXP +83, +68, +66, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ##4 +6(,## ##4 +6(,## ##4 +5(,##
8OFHU ### ###### ##4 +6(,## ### ###### ### ######

,QWHVWLQH#VPDOO/#GXRGHQXP +83, +68, +66, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +6(,## ### ######
8OFHU ##4 +5(,## ### ###### ##4 +6(,## ### ######

/LYHU +83, +68, +66, +83,
$QJLHFWDVLV ### ###### ### ###### ### ###### ##4 +5(,##
%DVRSKLOLF#IRFXV #63 +93(,# #45 +67(,# #44 +66(,# #59 +85(,#
&OHDU#FHOO#IRFXV ##4 +5(,## ### ###### ### ###### ##4 +5(,##
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ### ###### ##4 +5(,##
+HSDWRGLDSKUDJPDWLF#QRGXOH #43 +53(,# ##9 +4:(,# #44 +66(,# ##6 +9(,##
,QIODPPDWLRQ/#FKURQLF #54 +75(,# #4: +7<(,# #4< +8;(,# #57 +7;(,#
0L[HG#FHOO#IRFXV ### ###### ### ###### ### ###### ##4 +5(,##
1HFURVLV ##6 +9(,## ##4 +6(,## ##6 +<(,## ##6 +9(,##
3LJPHQWDWLRQ/#KHPRVLGHULQ ##6 +9(,## ##4 +6(,## ### ###### ### ######
3LJPHQWDWLRQ/#PHODQLQ ##4 +5(,## ### ###### ### ###### ### ######
%LOH#GXFW/#K\SHUSODVLD #5; +89(,# #46 +6:(,# #4: +85(,# #54 +75(,#
&HQWUDO#YHLQ/#WKURPERVLV ##4 +5(,## ### ###### ### ###### ### ######
+HSDWRF\WH/#K\SHUSODVLD ##5 +7(,## ### ###### ##4 +6(,## ##4 +5(,##
+HSDWRF\WH/#YDFXROL]DWLRQ#F\WRSODVPLF #48 +63(,# ### ###### ##7 +45(,# ##7 +;(,##
+HSDWRF\WH/#FHQWULOREXODU/#GHJHQHUDWLRQ/ ### ###### ### ###### ### ###### ### ######
###IDWW\ ##7 +;(,## ##4 +6(,## ##6 +<(,## ##5 +7(,##
3RUWDO#YHLQ/#WKURPERVLV ### ###### ### ###### ### ###### ##4 +5(,##

0HVHQWHU\ #+5, #+7, #+7, #+7,
0LQHUDOL]DWLRQ ##4 +83(,# ### ###### ##5 +83(,# ##4 +58(,#
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ##4 +58(,# ### ###### ### ######
)DW/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +83(,# ##5 +83(,# ##4 +58(,# ##5 +83(,#
)DW/#QHFURVLV ##4 +83(,# ### ###### ##5 +83(,# ### ######

2UDO#PXFRVD #+4, #### #### #+5,
*LQJLYDO/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ### ###### ##5 +433(,

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 456

7$%/(#%7
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

$OLPHQWDU\#6\VWHP#+FRQWLQXHG,
3DQFUHDV +83, +68, +66, +83,
&\VW ### ###### ### ###### ##4 +6(,## ### ######
+\SHUWURSK\/#IRFDO ### ###### ### ###### ### ###### ##4 +5(,##
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ##4 +6(,## ##4 +6(,## ### ######
$FLQXV/#DWURSK\ #45 +57(,# ##6 +<(,## ##8 +48(,# ##; +49(,#
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ### ###### ### ###### ##4 +5(,##

6WRPDFK/#IRUHVWRPDFK +83, +68, +66, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##5 +7(,## ##7 +44(,# ##6 +<(,## ##7 +;(,##
8OFHU ##5 +7(,## ##5 +9(,## ##6 +<(,## ##6 +9(,##
(SLWKHOLXP/#K\SHUSODVLD ##5 +7(,## ##7 +44(,# ##6 +<(,## ##8 +43(,#

6WRPDFK/#JODQGXODU +83, +68, +66, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ##4 +6(,## ##4 +6(,## ### ######
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ##4 +6(,## ### ######
1HFURVLV ##4 +5(,## ##4 +6(,## ### ###### ### ######
8OFHU ### ###### ### ###### ##4 +6(,## ### ######
(SLWKHOLXP/#HURVLRQ ##4 +5(,## ##4 +6(,## ### ###### ### ######
(SLWKHOLXP/#KHPRUUKDJH ##4 +5(,## ### ###### ### ###### ### ######
(SLWKHOLXP/#QHFURVLV ##4 +5(,## ### ###### ### ###### ### ######

7RRWK #+4, #### #### #+4,
,QIODPPDWLRQ ### ###### ### ###### ### ###### ##4 +433(,
3HULGRQWDO#WLVVXH/#LQIODPPDWLRQ/#FKURQLF ### ###### ### ###### ### ###### ### ######
###DFWLYH ##4 +433(, ### ###### ### ###### ### ######

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO +83, +68, +66, +83,
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ##4 +6(,## ### ######

+HDUW +83, +68, +66, +83,
&DUGLRP\RSDWK\/#FKURQLF #49 +65(,# #43 +5<(,# #48 +78(,# #56 +79(,#
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +6(,## ### ######
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ##4 +6(,## ### ######
$WULXP/#WKURPERVLV ##7 +;(,## ##4 +6(,## ##5 +9(,## ##5 +7(,##

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +68, +66, +83,
$FFHVVRU\#DGUHQDO#FRUWLFDO#QRGXOH ##5 +7(,## ### ###### ##4 +6(,## ##4 +5(,##
$WURSK\ ##4 +5(,## ### ###### ### ###### ### ######
'HJHQHUDWLRQ/#IDWW\ #57 +7;(,# #45 +67(,# ##: +54(,# #47 +5;(,#
+\SHUSODVLD #4: +67(,# #43 +5<(,# ##9 +4;(,# #4: +67(,#
+\SHUWURSK\ ##4 +5(,## ### ###### ##4 +6(,## ##4 +5(,##
.DU\RPHJDO\ ### ###### ### ###### ##4 +6(,## ##4 +5(,##
1HFURVLV ##4 +5(,## ### ###### ### ###### ### ######
3LJPHQWDWLRQ/#KHPRVLGHULQ ##4 +5(,## ### ###### ### ###### ### ######
3LJPHQWDWLRQ/#OLSRIXVFLQ ##6 +9(,## ##5 +9(,## ##7 +45(,# ##: +47(,#

$GUHQDO#PHGXOOD +83, +68, +66, +83,
+\SHUSODVLD ##< +4;(,# ##6 +<(,## ##4 +6(,## ##8 +43(,#

,VOHWV/#SDQFUHDWLF +83, +68, +66, +83,
+\SHUSODVLD ##4 +5(,## ### ###### ### ###### ##4 +5(,##

3DUDWK\URLG#JODQG +7;, +65, +64, +78,
+\SHUSODVLD ##4 +5(,## ### ###### ##4 +6(,## ### ######
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7$%/(#%7
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

(QGRFULQH#6\VWHP#+FRQWLQXHG,
3LWXLWDU\#JODQG +83, +68, +66, +83,
$QJLHFWDVLV #69 +:5(,# #54 +93(,# #4< +8;(,# #64 +95(,#
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ##4 +6(,## ### ######
3LJPHQWDWLRQ/#KHPDWRLGLQ ##4 +5(,## ##4 +6(,## ### ###### ##4 +5(,##
3DUV#GLVWDOLV/#DW\SLD#FHOOXODU ##4 +5(,## ### ###### ### ###### ### ######
3DUV#GLVWDOLV/#F\VW #54 +75(,# #44 +64(,# #48 +78(,# #5< +8;(,#
3DUV#GLVWDOLV/#K\SHUSODVLD ##< +4;(,# #44 +64(,# ##: +54(,# #4: +67(,#
3DUV#GLVWDOLV/#SLJPHQWDWLRQ/#KHPRVLGHULQ #65 +97(,# #53 +8:(,# #53 +94(,# #64 +95(,#
3DUV#GLVWDOLV/#WKURPERVLV ### ###### ##4 +6(,## ### ###### ### ######
3DUV#LQWHUPHGLD/#F\VW ### ###### ##5 +9(,## ### ###### ##5 +7(,##

7K\URLG#JODQG +83, +68, +66, +83,
8OWLPREUDQFKLDO#F\VW ##4 +5(,## ### ###### ### ###### ### ######
&0FHOO/#K\SHUSODVLD ##: +47(,# ##8 +47(,# ##8 +48(,# ##; +49(,#
)ROOLFOH/#F\VW ### ###### ##4 +6(,## ### ###### ##4 +5(,##

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####

*HQLWDO#6\VWHP
&OLWRUDO#JODQG +7<, +83, +83, +83,
+\SHUSODVLD ##5 +7(,## ##5 +7(,## ##4 +5(,## #43 +53(,#
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##9 +45(,# ##7 +;(,## ##7 +;(,## ##: +47(,#
'XFW/#F\VW ##4 +5(,## ### ###### ##5 +7(,## ##5 +7(,##
'XFW/#K\SHUSODVLD ### ###### ### ###### ##5 +7(,## ### ######

2YDU\ +83, +68, +66, +83,
&\VW ##6 +9(,## ##4 +6(,## ##5 +9(,## ##7 +;(,##
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +6(,## ### ######
,QWHUVWLWLDO#FHOO/#K\SHUSODVLD ### ###### ### ###### ##5 +9(,## ### ######

8WHUXV +83, +68, +66, +83,
&\VW ##5 +7(,## ### ###### ##4 +6(,## ### ######

9DJLQD #+4, #+4, #+4, ####
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +433(, ### ###### ### ######

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +83, +68, +66, +7;,
+\SHUSODVLD #4< +6;(,# ##7 +44(,# #45 +69(,# #43 +54(,#
,QIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ### ###### ### ###### ##4 +5(,##

/\PSK#QRGH +78, +65, +5:, +76,
/XPEDU/#K\SHUSODVLD/#O\PSKRLG ### ###### ### ###### ### ###### ##4 +5(,##
0HGLDVWLQDO/#K\SHUSODVLD/#SODVPD#FHOO ### ###### ### ###### ### ###### ##4 +5(,##
0HGLDVWLQDO/#SLJPHQWDWLRQ/#KHPRVLGHULQ #77 +<;(,# #64 +<:(,# #5: +433(, #73 +<6(,#
3DQFUHDWLF/#SLJPHQWDWLRQ/#KHPRVLGHULQ ##4 +5(,## ### ###### ### ###### ### ######
5HQDO/#SLJPHQWDWLRQ/#KHPRVLGHULQ ##4 +5(,## ### ###### ### ###### ### ######

/\PSK#QRGH/#PDQGLEXODU +83, +68, +66, +83,
3LJPHQWDWLRQ/#KHPRVLGHULQ ##5 +7(,## ##8 +47(,# ##9 +4;(,# ##7 +;(,##

/\PSK#QRGH/#PHVHQWHULF +7<, +68, +66, +7;,
(FWDVLD ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ##4 +5(,## ### ###### ### ###### ### ######
3LJPHQWDWLRQ/#KHPRVLGHULQ ##4 +5(,## ### ###### ### ###### ### ######
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7$%/(#%7
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
6SOHHQ +83, +68, +66, +83,
$FFHVVRU\#VSOHHQ ##5 +7(,## ### ###### ### ###### ### ######
)LEURVLV ##6 +9(,## ### ###### ### ###### ### ######
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ##5 +7(,## ##7 +44(,# ##6 +<(,## ##4 +5(,##
1HFURVLV ### ###### ##4 +6(,## ### ###### ### ######
3LJPHQWDWLRQ/#KHPRVLGHULQ ##7 +;(,## ##8 +47(,# ##< +5:(,# #44 +55(,#
&DSVXOH/#ILEURVLV ### ###### ##4 +6(,## ### ###### ### ######
&DSVXOH/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ##4 +6(,## ### ###### ### ######
/\PSKRLG#IROOLFOH/#GHSOHWLRQ#FHOOXODU ### ###### ##4 +6(,## ### ###### ### ######

7K\PXV +7<, +68, +64, +7<,
&\VW ##4 +5(,## ##4 +6(,## ### ###### ### ######

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +83, +68, +66, +83,
+\SHUSODVLD/#F\VWLF #75 +;7(,# #56 +99(,# #5: +;5(,# #75 +;7(,#
'XFW/#F\VW ##4 +5(,## ### ###### ### ###### ##4 +5(,##

6NLQ +83, +83, +83, +83,
+\SHUNHUDWRVLV ### ###### ### ###### ##4 +5(,## ### ######
+\SHUSODVLD/#EDVDO#FHOO ### ###### ### ###### ##4 +5(,## ### ######
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +5(,## ### ######
(SLGHUPLV/#K\SHUSODVLD ### ###### ### ###### ##4 +5(,## ### ######
(SLGHUPLV/#XOFHU ### ###### ### ###### ##4 +5(,## ### ######
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/#H[XGDWH ### ###### ### ###### ### ###### ##5 +7(,##
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/ ### ###### ### ###### ### ###### ### ######
###K\SHUSODVLD ##4 +5(,## ### ###### ##7 +;(,## ##8 +43(,#
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/ ### ###### ### ###### ### ###### ### ######
###LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ### ###### ##4 +5(,##
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/#XOFHU ##4 +5(,## ### ###### ##5 +7(,## ##5 +7(,##
6HEDFHRXV#JODQG/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/ ### ###### ### ###### ### ###### ### ######
###K\SHUSODVLD ##5 +7(,## ### ###### ##5 +7(,## ##5 +7(,##
6NLQ/#VLWH#RI#DSSOLFDWLRQ/#LQIODPPDWLRQ/ ### ###### ### ###### ### ###### ### ######
###FKURQLF#DFWLYH ##4 +5(,## ### ###### ##5 +7(,## ##5 +7(,##

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +68, +66, +7;,
)LEURXV#RVWHRG\VWURSK\ ##4 +5(,## ### ###### ##4 +6(,## ### ######
2VWHRSHWURVLV ##4 +5(,## ### ###### ##4 +6(,## ### ######
)HPXU/#RVWHRVFOHURVLV ### ###### ##4 +6(,## ### ###### ##4 +5(,##
)HPXU/#WLELD/#RVWHRVFOHURVLV ### ###### ### ###### ### ###### ##4 +5(,##
-RLQW/#DUWKURVLV ### ###### ### ###### ##4 +6(,## ### ######
-RLQW/#WDUVDO/#DUWKURVLV ### ###### ### ###### ##4 +6(,## ### ######
7LELD/#IUDFWXUH ### ###### ##4 +6(,## ### ###### ### ######

6NHOHWDO#PXVFOH #### #+4, #### ####
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ##4 +433(, ### ###### ### ######

1HUYRXV#6\VWHP
%UDLQ +83, +68, +66, +83,
+HPRUUKDJH/#DFXWH ##4 +5(,## ### ###### ### ###### ##4 +5(,##
+\GURFHSKDOXV ##; +49(,# ##8 +47(,# ##6 +<(,## ##: +47(,#
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7$%/(#%7
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 93#PJ2NJ 453#PJ2NJ 573#PJ2NJ

5HVSLUDWRU\#6\VWHP
/XQJ +83, +68, +66, +83,
&RQJHVWLRQ/#DFXWH #46 +59(,# #47 +73(,# ##; +57(,# #49 +65(,#
)RUHLJQ#ERG\ ### ###### ### ###### ##4 +6(,## ### ######
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##6 +9(,## ##5 +9(,## ##5 +9(,## ##7 +;(,##
,QIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ### ###### ### ###### ##5 +7(,##
,QIODPPDWLRQ/#VXSSXUDWLYH ##4 +5(,## ### ###### ### ###### ### ######
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ##4 +6(,## ### ######
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ##4 +6(,## ### ######
$OYHRODU#HSLWKHOLXP/#K\SHUSODVLD ### ###### ##4 +6(,## ### ###### ##7 +;(,##
$OYHROXV/#KHPRUUKDJH/#DFXWH ### ###### ### ###### ##4 +6(,## ### ######
$OYHROXV/#LQILOWUDWLRQ#FHOOXODU/#KLVWLRF\WH #65 +97(,# #56 +99(,# #53 +94(,# #6< +:;(,#
,QWHUVWLWLXP/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##< +4;(,# ##7 +44(,# ##5 +9(,## ##8 +43(,#

1RVH +83, +68, +66, +83,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##7 +;(,## ### ###### ##5 +9(,## ##9 +45(,#
1DVRODFULPDO#GXFW/#LQIODPPDWLRQ/#FKURQLF ### ###### ### ###### ### ###### ### ######
###DFWLYH ##4 +5(,## ### ###### ### ###### ### ######
1DVRODFULPDO#GXFW/#LQIODPPDWLRQ/#VXSSXUDWLYH #43 +53(,# ##6 +<(,## ##4 +6(,## ##9 +45(,#

6SHFLDO#6HQVHV#6\VWHP
(\H #+6, #+5, #+5, #+8,
&RUQHD/#LQIODPPDWLRQ/#VXSSXUDWLYH ##4 +66(,# ### ###### ### ###### ### ######
/HQV/#FDWDUDFW ##4 +66(,# ##5 +433(, ##5 +433(, ##6 +93(,#
5HWLQD/#GHJHQHUDWLRQ ##4 +66(,# ##4 +83(,# ##5 +433(, ##7 +;3(,#
5HWLQD/#KHPRUUKDJH ### ###### ### ###### ### ###### ##4 +53(,#

8ULQDU\#6\VWHP
.LGQH\ +83, +68, +66, +83,
,QIDUFW ### ###### ##4 +6(,## ### ###### ### ######
0LQHUDOL]DWLRQ #43 +53(,# #55 +96(,# ##: +54(,# #44 +55(,#
1HSKURSDWK\/#FKURQLF #77 +;;(,# #58 +:4(,# #5: +;5(,# #6: +:7(,#
3HOYLV/#WUDQVLWLRQDO#HSLWKHOLXP/#K\SHUSODVLD ### ###### ##4 +6(,## ### ###### ### ######
5HQDO#WXEXOH/#SLJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ##4 +6(,## ### ######



45:
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6800$5<#2)#/(6,216#,1#0$/(#0,&(
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7$%/(#&4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#0LFH#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<

7$%/(#&5 ,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465

7$%/(#&6 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#0LFH#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 485

7$%/(#&7 +LVWRULFDO#,QFLGHQFH#RI#+HSDWRFHOOXODU#1HRSODVPV#LQ#&RQWURO#0DOH#%9&6) #0LFH 1 1 1 1 1 4894

7$%/(#&8 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#0LFH#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48:
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7$%/(#&4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
0RULEXQG : 6 ; 9
1DWXUDO#GHDWKV 44 43 6 <

6XUYLYRUV
7HUPLQDO#VDFULILFH 65 6: 6< 68

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 83 83 83 83

$OLPHQWDU\#6\VWHP
,QWHVWLQH#VPDOO/#MHMXQXP +83, +45, +44, +83,
/LYHU +83, +83, +83, +83,
+HPDQJLRPD ##5 +7(,## ### ###### ### ###### ##4 +5(,##
+HPDQJLRVDUFRPD ##5 +7(,## ### ###### ##5 +7(,## ##4 +5(,##
+HPDQJLRVDUFRPD/#PXOWLSOH ##6 +9(,## ##6 +9(,## ##5 +7(,## ##4 +5(,##
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ ##4 +5(,## ##4 +5(,## ##4 +5(,## ##6 +9(,##
+HSDWREODVWRPD ### ###### ##7 +;(,## ### ###### ##5 +7(,##
+HSDWRFHOOXODU#FDUFLQRPD #54 +75(,# #4: +67(,# #45 +57(,# #48 +63(,#
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH #47 +5;(,# #47 +5;(,# #43 +53(,# #44 +55(,#
+HSDWRFHOOXODU#DGHQRPD #48 +63(,# #54 +75(,# #47 +5;(,# #46 +59(,#
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH #55 +77(,# #44 +55(,# ##: +47(,# #49 +65(,#
+HSDWRFKRODQJLRFDUFLQRPD ##4 +5(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ##4 +5(,## ### ###### ### ######
2VWHRVDUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\ ### ###### ### ###### ### ###### ### ######
###VLWH ### ###### ### ###### ##4 +5(,## ### ######

0HVHQWHU\ #+8, #### #### #+7,
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ ##4 +53(,# ### ###### ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +53(,# ### ###### ### ###### ### ######
/LSRVDUFRPD/#PXOWLSOH ### ###### ### ###### ### ###### ##4 +58(,#

3DQFUHDV +83, +46, +44, +83,
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ### ###### ##4 +5(,##

6DOLYDU\#JODQGV +83, +46, +44, +83,
6WRPDFK/#IRUHVWRPDFK +83, +46, +44, +83,
6TXDPRXV#FHOO#SDSLOORPD ##4 +5(,## ### ###### ### ###### ##4 +5(,##

6WRPDFK/#JODQGXODU +83, +46, +44, +83,

&DUGLRYDVFXODU#6\VWHP
+HDUW +83, +46, +44, +83,
$OYHRODU2EURQFKLRODU#FDUFLQRPD/#PHWDVWDWLF/# ### ###### ### ###### ### ###### ### ######
###OXQJ ### ###### ##4 +;(,## ### ###### ### ######
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ ### ###### ### ###### ### ###### ##4 +5(,##
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ### ###### ### ###### ### ######

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +45, +44, +83,
$GUHQDO#PHGXOOD +83, +45, +44, +83,
3KHRFKURPRF\WRPD#EHQLJQ ### ###### ### ###### ### ###### ##5 +7(,##

3LWXLWDU\#JODQG +7<, +45, +43, +83,
3DUV#GLVWDOLV/#DGHQRPD ##4 +5(,## ### ###### ### ###### ### ######

7K\URLG#JODQG +83, +46, +44, +83,
)ROOLFXODU#FHOO/#DGHQRPD ##5 +7(,## ### ###### ##4 +<(,## ##4 +5(,##
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7$%/(#&4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####

*HQLWDO#6\VWHP
(SLGLG\PLV +83, +46, +44, +83,
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ### ###### ##4 +5(,##

3URVWDWH +83, +46, +44, +83,
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ### ###### ##4 +5(,##

6HPLQDO#YHVLFOH +83, +46, +44, +83,

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +83, +46, +44, +83,
+HPDQJLRVDUFRPD ### ###### ### ###### ##4 +<(,## ### ######
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ ##4 +5(,## ### ###### ##4 +<(,## ### ######

/\PSK#QRGH #+6, #+5, #+5, #+6,
0HGLDVWLQDO/#DOYHRODU2EURQFKLRODU#FDUFLQRPD/# ### ###### ### ###### ### ###### ### ######
###PHWDVWDWLF/#OXQJ ### ###### ##4 +83(,# ### ###### ### ######
0HGLDVWLQDO/#KHPDQJLRVDUFRPD/#PHWDVWDWLF/# ### ###### ### ###### ### ###### ### ######
###OLYHU ##4 +66(,# ### ###### ### ###### ### ######
0HGLDVWLQDO/#KHSDWRFKRODQJLRFDUFLQRPD/# ### ###### ### ###### ### ###### ### ######
###PHWDVWDWLF/#OLYHU ##4 +66(,# ### ###### ### ###### ### ######
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD ### ###### ##4 +83(,# ### ###### ### ######

/\PSK#QRGH/#PDQGLEXODU +76, #+:, #+;, +75,
/\PSK#QRGH/#PHVHQWHULF +83, #+<, +43, +7:,
+HPDQJLRPD ##4 +5(,## ### ###### ### ###### ##4 +5(,##
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ ### ###### ### ###### ### ###### ##4 +5(,##

6SOHHQ +83, +46, +45, +7<,
+HPDQJLRVDUFRPD ##5 +7(,## ##4 +;(,## ##4 +;(,## ##6 +9(,##
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#ERQH#PDUURZ ### ###### ### ###### ##4 +;(,## ### ######
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ### ###### ##4 +5(,##

7K\PXV +6:, +44, #+9, +67,
$OYHRODU2EURQFKLRODU#FDUFLQRPD/#PHWDVWDWLF/# ### ###### ### ###### ### ###### ### ######
###OXQJ ### ###### ##4 +<(,## ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +6(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ##4 +<(,## ### ###### ### ######

,QWHJXPHQWDU\#6\VWHP
6NLQ +83, +83, +83, +83,
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD ### ###### ### ###### ### ###### ##4 +5(,##
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI ### ###### ### ###### ### ###### ### ######
###DSSOLFDWLRQ/#KHPDQJLRPD ### ###### ### ###### ##4 +5(,## ### ######
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI ### ###### ### ###### ### ###### ### ######
###DSSOLFDWLRQ/#KHPDQJLRVDUFRPD ### ###### ### ###### ##4 +5(,## ### ######
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI ### ###### ### ###### ### ###### ### ######
###DSSOLFDWLRQ/#KLVWLRF\WLF#VDUFRPD ### ###### ##5 +7(,## ### ###### ### ######
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI ### ###### ### ###### ### ###### ### ######
###DSSOLFDWLRQ/#O\PSKRPD#PDOLJQDQW ### ###### ### ###### ##4 +5(,## ### ######

0XVFXORVNHOHWDO#6\VWHP
6NHOHWDO#PXVFOH #### #### #### #+6,
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ### ###### ##4 +66(,#
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ### ###### ##4 +66(,#
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7$%/(#&4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

1HUYRXV#6\VWHP
%UDLQ +83, +46, +44, +83,

5HVSLUDWRU\#6\VWHP
/XQJ +83, +49, +48, +83,
$OYHRODU2EURQFKLRODU#DGHQRPD #45 +57(,# ##7 +58(,# ##5 +46(,# ##: +47(,#
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH ##4 +5(,## ### ###### ### ###### ##5 +7(,##
$OYHRODU2EURQFKLRODU#FDUFLQRPD ##5 +7(,## ##4 +9(,## ##4 +:(,## ##4 +5(,##
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ ### ###### ### ###### ### ###### ##4 +5(,##
+HSDWREODVWRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ### ###### ##5 +7(,##
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU #45 +57(,# ##8 +64(,# ##: +7:(,# #44 +55(,#
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ##4 +9(,## ### ###### ### ######
0HGLDVWLQXP/#DOYHRODU2EURQFKLRODU#FDUFLQRPD/# ### ###### ### ###### ### ###### ### ######
###PHWDVWDWLF/#OXQJ ### ###### ##4 +9(,## ### ###### ### ######

6SHFLDO#6HQVHV#6\VWHP
+DUGHULDQ#JODQG #+5, #### #+4, #+6,
$GHQRPD ##4 +83(,# ### ###### ##4 +433(, ##4 +66(,#
&DUFLQRPD ### ###### ### ###### ### ###### ##4 +66(,#

8ULQDU\#6\VWHP
.LGQH\ +83, +46, +44, +83,
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +;(,## ### ###### ##4 +5(,##
5HQDO#WXEXOH/#DGHQRPD ### ###### ### ###### ### ###### ##4 +5(,##
5HQDO#WXEXOH/#FDUFLQRPD ### ###### ### ###### ### ###### ##4 +5(,##

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV +83, +83, +83, +83,E

+LVWLRF\WLF#VDUFRPD ### ###### ##5 +7(,## ### ###### ### ######
/\PSKRPD#PDOLJQDQW ##8 +43(,# ### ###### ##7 +;(,## ##9 +45(,#

1HRSODVP#6XPPDU\
7RWDO#DQLPDOV#ZLWK#SULPDU\#QHRSODVPV 7< 74 69 7:F

7RWDO#SULPDU\#QHRSODVPV 43; :; 93 <3
7RWDO#DQLPDOV#ZLWK#EHQLJQ#QHRSODVPV 76 66 57 6:
7RWDO#EHQLJQ#QHRSODVPV 8; 69 59 79

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV 6< 66 5; 66
7RWDO#PDOLJQDQW#QHRSODVPV 83 75 67 77

7RWDO#DQLPDOV#ZLWK#PHWDVWDWLF#QHRSODVPV 48 9 43 49
7RWDO#PHWDVWDWLF#QHRSODVPV 54 44 44 59

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV
##RI#XQFHUWDLQ#SULPDU\#VLWH 4

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#QHRSODVPD

1XPEHU#RI#DQLPDOV#ZLWK#DQ\#WLVVXH#H[DPLQHG#PLFURVFRSLFDOO\E

3ULPDU\#QHRSODVPV=##DOO#QHRSODVPV#H[FHSW#PHWDVWDWLF#QHRSODVPVF
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#

7 8 8 8 9 9 9 9 9 9 9 9 9 9 9 : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ < 9 : : 7 7 8 : ; ; ; < < < < 3 3 3 6 6 6 6 6 6 6

7 7 8 8 9 : 4 7 3 9 : 3 4 4 : 5 8 9 6 6 6 6 6 6 6

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 7 5 4 7 4 3 3 8 4 6 4 3 3 7 5 6 5 3 4 5 5 5 6 6 6

4 : 3 3 9 8 7 3 6 9 4 < 5 5 4 : 8 : 7 3 5 ; 3 6 7

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
*DOOEODGGHU . . . . . . . . . . . . , . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . 0 . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRPD # # # # # # # # # # # # # # # # # ; # # # # # # #
+HPDQJLRVDUFRPD # # # # # # # # # # ; # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD/#PXOWLSOH # # # # # ; # # # # # # # # # # # # # # # # # # ;
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # ; # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD # # # ; ; # # ; ; ; ; # ; ; # # # # ; ; # # ; # ;
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH ; # ; # # # ; # # # # # # # # ; ; # # # # # # # #
+HSDWRFHOOXODU#DGHQRPD # # ; ; ; ; ; # # # ; # ; # # # # # # # ; # ; # ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # ; # # # # # # ; # # ; # # # # # ; ; # # ; # ; #
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # ; # # # # # # # # # # # #

0HVHQWHU\ # # # # . # # # # . # # . # # # # . # # # # # # #
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # ; # # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .

6TXDPRXV#FHOO#SDSLOORPD # ; # # # # # # # # # # # # # # # # # # # # # # #
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
3DUDWK\URLG#JODQG . . . 0 . . . . . . . . 0 . . . . . . . . . . . .
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # # # # # # ; # # # # # # # # #
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # ; # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

.=##7LVVXH#H[DPLQHG#PLFURVFRSLFDOO\ 0=##0LVVLQJ#WLVVXH ;=##/HVLRQ#SUHVHQW
$=##$XWRO\VLV#SUHFOXGHV#H[DPLQDWLRQ ,=##,QVXIILFLHQW#WLVVXH %ODQN=##1RW#H[DPLQHG
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 6 6 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU 6 6 7 3 3 4 5 5 6 6 7 3 3 4 4 4 4 5 5 6 7 7 7 7 7 7LVVXHV2

8 < 6 4 ; 8 6 < 4 5 8 6 9 5 : ; < 7 9 ; 7 9 : ; < 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
*DOOEODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #5
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #5
+HPDQJLRVDUFRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # ; # # # # # # # #6
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD # # # # ; ; # # # ; # # # ; ; # ; # # # ; # ; ; # 54
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH ; ; ; ; # # ; # # # ; # ; # # ; # # # # # # # # ; 47
+HSDWRFHOOXODU#DGHQRPD # # # ; # # # # # ; # # # # # ; # # # # # # ; ; # 48
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH ; ; ; # # ; ; ; ; # ; # # ; ; # ; ; # ; ; # # # ; 55
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

0HVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # . # # #8
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 83
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83
3DUDWK\URLG#JODQG . . . . . . . . 0 . . . . . . . . . . . . . . . 0 79
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . 0 . 7<

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

)ROOLFXODU#FHOO/#DGHQRPD ; # # # # # # # # # # # # # # # # # # # # # # # # #5

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

7 8 8 8 9 9 9 9 9 9 9 9 9 9 9 : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ < 9 : : 7 7 8 : ; ; ; < < < < 3 3 3 6 6 6 6 6 6 6

7 7 8 8 9 : 4 7 3 9 : 3 4 4 : 5 8 9 6 6 6 6 6 6 6

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 7 5 4 7 4 3 3 8 4 6 4 3 3 7 5 6 5 3 4 5 5 5 6 6 6

4 : 3 3 9 8 7 3 6 9 4 < 5 5 4 : 8 : 7 3 5 ; 3 6 7

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . .
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . .
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # ; # # # # # # # # # # # # # # #
/\PSK#QRGH # # # # # # . # # # # # . # # # # # # # # # # # #

0HGLDVWLQDO/#KHPDQJLRVDUFRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # ###############
0HGLDVWLQDO/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # ########
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # ###############

/\PSK#QRGH/#PDQGLEXODU . . . 0 0 . . 0 . . 0 . . . . . . . . . . . . 0 .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRPD # # ; # # # # # # # # # # # # # # # # # # # # # #
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD # # # # # # # # # ; # # # # # # # # # # # # # # #
7K\PXV . . . 0 . . . . . 0 . . . . 0 0 0 0 . . . . 0 . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . 0 0 0 0 . 0 0 . 0 0 . 0 0 0 . 0 0 0 . 0 0 . 0 0
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . .

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # ; ; # ; # # #
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # ###########
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # ; # # # # ; # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # ; # # # # # ; # ; # # # # # ; # # ; # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 6 6 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU 6 6 7 3 3 4 5 5 6 6 7 3 3 4 4 4 4 5 5 6 7 7 7 7 7 7LVVXHV2

8 < 6 4 ; 8 6 < 4 5 8 6 9 5 : ; < 7 9 ; 7 9 : ; < 7XPRUV

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 83
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . . 83
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH # # # # # # # # # # # # # # # # # . # # # # # # # #6

0HGLDVWLQDO/#KHPDQJLRVDUFRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # ; # # # ##### 4
0HGLDVWLQDO/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # #########
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # ##### 4

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . 0 0 . . . . . . . . . . . . . . 76
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # ; # # # # # # # #5
7K\PXV . . . 0 0 . . . . 0 0 . . . 0 . . . . . . . . 0 . 6:

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . 0 . 0 . . 0 0 0 . . 0 0 0 . . 0 . 0 0 . 0 0 0 4;
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 83

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # ; ; # ; ; # # # ; # # # ; # ; # # # ; # # ; 45
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # ; # # ### 4
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # ; # # # ; ; # # ; # # ; # # # # # ; ; # 45
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83



469 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

7 8 8 8 9 9 9 9 9 9 9 9 9 9 9 : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ < 9 : : 7 7 8 : ; ; ; < < < < 3 3 3 6 6 6 6 6 6 6

7 7 8 8 9 : 4 7 3 9 : 3 4 4 : 5 8 9 6 6 6 6 6 6 6

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 7 5 4 7 4 3 3 8 4 6 4 3 3 7 5 6 5 3 4 5 5 5 6 6 6

4 : 3 3 9 8 7 3 6 9 4 < 5 5 4 : 8 : 7 3 5 ; 3 6 7

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # . # # # # # # # # # # # # # # #

$GHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

/\PSKRPD#PDOLJQDQW # # # # # # ; # ; # # ; # # ; # ; # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 46:

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 6 6 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU 6 6 7 3 3 4 5 5 6 6 7 3 3 4 4 4 4 5 5 6 7 7 7 7 7 7LVVXHV2

8 < 6 4 ; 8 6 < 4 5 8 6 9 5 : ; < 7 9 ; 7 9 : ; < 7XPRUV

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # . # # # # # # #5

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 83
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/\PSKRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #8



46; 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##4;5#PJ2NJ#

6 8 8 9 9 9 9 9 9 9 9 : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 7 ; 4 5 6 8 8 : ; ; 3 3 6 6 6 6 6 6 6 6 6 6 6 6

5 3 ; 3 3 < ; < 7 3 : 5 9 6 6 6 6 6 6 6 6 7 7 7 7

3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 9 9 3 : ; ; : < 8 : 9 8 < 8 ; ; ; ; < < < 8 8 9 9

3 : 3 ; ; 3 4 ; 4 6 9 < 4 9 4 5 8 : 3 6 8 6 7 4 6

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . # # # # # # # # # # # #
*DOOEODGGHU . . . . . . . . 0 . . . . # # # # # # # # # # # #
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . # # # # # # # # # # # #
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . # # # # # # # # # # # #
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . 0 # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . 0 # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . # # # # # # # # # # # #
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD/#PXOWLSOH # # # # # # ; # # # # # ; ; # # # # # # # # # # #
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # ; # # # # # # # # # # # # # # # # # # # # # # #
+HSDWREODVWRPD # # # # # # # # # # # # # # # # # # # ; # ; # # #
+HSDWRFHOOXODU#FDUFLQRPD # # # # ; ; # # # ; ; # ; # # # # # # ; # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # ; # # # # ; # # ; # ; # # # # # # ; ; ; # ;
+HSDWRFHOOXODU#DGHQRPD ; ; # # ; # # # # # ; # ; ; # # ; # # # # ; # # ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # ; # # # # ; # # ; # # ; # ; ; # # # #
+LVWLRF\WLF#VDUFRPD # # # ; # # # # # # # # # # # # # # # # # # # # #

3DQFUHDV . . . . . . . . . . . . . # # # # # # # # # # # #
6DOLYDU\#JODQGV . . . . . . . . . . . . . # # # # # # # # # # # #
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . # # # # # # # # # # # #
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . # # # # # # # # # # # #

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . # # # # # # # # # # # #
+HDUW . . . . . . . . . . . . . # # # # # # # # # # # #

$OYHRODU2EURQFKLRODU#FDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#OXQJ # # # # # # # # # # # ; # # # # # # # # # ###############

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . 0 # # # # # # # # # # # #
$GUHQDO#PHGXOOD . . . . . . . . . . . . 0 # # # # # # # # # # # #
,VOHWV/#SDQFUHDWLF . . $ . . . . . . . . . . # # # # # # # # # # # #
3DUDWK\URLG#JODQG . . . 0 0 . 0 . . . . 0 . # # # # # # # # # # # #
3LWXLWDU\#JODQG . . . . . . 0 . . . . . . # # # # # # # # # # # #
7K\URLG#JODQG . . . . . . . . . . . . . # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . # # # # # # # # # # # #
3UHSXWLDO#JODQG . . . . . . . . . . . . . # # # # # # # # # # # #
3URVWDWH . . . . . . . . . . . . . # # # # # # # # # # # #
6HPLQDO#YHVLFOH . . . . . . . . . . . . . # # # # # # # # # # # #
7HVWHV . . . . . . . . . . . . . # # # # # # # # # # # #

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . # # # # # # # # # # # #
/\PSK#QRGH # # # . # # # # # # # . # # # # # # # # # # # # #

0HGLDVWLQDO/#DOYHRODU2EURQFKLRODU # # # # # # # # # # # # # # # # # # # # # # # # #
##FDUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # # # # # # # ; # # # # # ########
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # ; # # # # # # # # # # # # # # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 46<

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##4;5#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU 9 9 9 : : : ; ; ; < < < 8 8 8 8 9 9 : : : : ; < < 7LVVXHV2

7 8 ; 5 8 < 6 9 < 5 7 9 5 8 : ; 5 < 3 7 9 : 7 : < 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV # # # # # # # # # # # # # # # # # # # # # # # # # 46
*DOOEODGGHU # # # # # # # # # # # # # # # # # # # # # # # # # 45
,QWHVWLQH#ODUJH/#FRORQ # # # # # # # # # # # # # # # # # # # # # # # # # 46
,QWHVWLQH#ODUJH/#UHFWXP # # # # # # # # # # # # # # # # # # # # # # # # # 46
,QWHVWLQH#ODUJH/#FHFXP # # # # # # # # # # # # # # # # # # # # # # # # # 46
,QWHVWLQH#VPDOO/#GXRGHQXP # # # # # # # # # # # # # # # # # # # # # # # # # 45
,QWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # # # # # # # # 45
,QWHVWLQH#VPDOO/#LOHXP # # # # # # # # # # # # # # # # # # # # # # # # # 46
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRVDUFRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #6
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWREODVWRPD # # ; # # # # # # # # # # # # # # # # # # # ; # # #7
+HSDWRFHOOXODU#FDUFLQRPD # ; ; # # ; ; ; # # # # # ; ; # # # ; ; # ; # # ; 4:
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH ; # # # # # # # ; # ; ; # # # # # ; # # # # ; # # 47
+HSDWRFHOOXODU#DGHQRPD ; ; # # # ; ; # ; ; # # # ; ; ; # ; # ; ; # # # # 54
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # ; # ; # # # # # ; # # # # # # # ; # # # ; # # 44
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DQFUHDV # # # # # # # # # # # # # # # # # # # # # # # # # 46
6DOLYDU\#JODQGV # # # # # # # # # # # # # # # # # # # # # # # # # 46
6WRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # 46
6WRPDFK/#JODQGXODU # # # # # # # # # # # # # # # # # # # # # # # # # 46

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO # # # # # # # # # # # # # # # # # # # # # # # # # 46
+HDUW # # # # # # # # # # # # # # # # # # # # # # # # # 46

$OYHRODU2EURQFKLRODU#FDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # # # # # ##### 4

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ # # # # # # # # # # # # # # # # # # # # # # # # # 45
$GUHQDO#PHGXOOD # # # # # # # # # # # # # # # # # # # # # # # # # 45
,VOHWV/#SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # # # # 45
3DUDWK\URLG#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #<
3LWXLWDU\#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 45
7K\URLG#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 46

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
(SLGLG\PLV # # # # # # # # # # # # # # # # # # # # # # # # # 46
3UHSXWLDO#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 46
3URVWDWH # # # # # # # # # # # # # # # # # # # # # # # # # 46
6HPLQDO#YHVLFOH # # # # # # # # # # # # # # # # # # # # # # # # # 46
7HVWHV # # # # # # # # # # # # # # # # # # # # # # # # # 46

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ # # # # # # # # # # # # # # # # # # # # # # # # # 46
/\PSK#QRGH # # # # # # # # # # # # # # # # # # # # # # # # # #5

0HGLDVWLQDO/#DOYHRODU2EURQFKLRODU # # # # # # # # # # # # # # # # # # # # # # # # ##
##FDUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # ######### #4
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4



473 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##4;5#PJ2NJ
+FRQWLQXHG,

6 8 8 9 9 9 9 9 9 9 9 : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 7 ; 4 5 6 8 8 : ; ; 3 3 6 6 6 6 6 6 6 6 6 6 6 6

5 3 ; 3 3 < ; < 7 3 : 5 9 6 6 6 6 6 6 6 6 7 7 7 7

3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
&DUFDVV#,'#1XPEHU 9 9 3 : ; ; : < 8 : 9 8 < 8 ; ; ; ; < < < 8 8 9 9

3 : 3 ; ; 3 4 ; 4 6 9 < 4 9 4 5 8 : 3 6 8 6 7 4 6

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
/\PSK#QRGH/#PDQGLEXODU . . 0 0 . . . . 0 0 0 0 . # # # # # # # # # # # #
/\PSK#QRGH/#PHVHQWHULF . . 0 . 0 . . . 0 . . 0 . # # # # # # # # # # # #
6SOHHQ . . . . . . . . . . . . . # # # # # # # # # # # #

+HPDQJLRVDUFRPD # ; # # # # # # # # # # # # # # # # # # # # # # #
7K\PXV . . . . . . 0 0 . . . . . # # # # # # # # # # # #

$OYHRODU2EURQFKLRODU#FDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#OXQJ # # # # # # # # # # # ; # # # # # # # # # ###############
+LVWLRF\WLF#VDUFRPD # # # ; # # # # # # # # # # # # # # # # # # # # #

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG 0 0 . 0 . 0 0 0 0 0 0 0 0 # # # # # # # # # # # #
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # #
##DSSOLFDWLRQ/#KLVWLRF\WLF#VDUFRPD # # # ; # # # # # # # # # # # # ;

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . # # # # # # # # # # # #

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . # # # # # # # # # # # #

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . # # # # # # # # # # # #

$OYHRODU2EURQFKLRODU#DGHQRPD # ; # # ; # ; # # ; # # # # # # # # # # # # # # #
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # ; # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # # ; ; # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # ; # # # # # # # # # # # # # # # # # # # # #
0HGLDVWLQXP/#DOYHRODU2EURQFKLRODU # # # # # # # # # # # # # # # # # # # # # # # # #
##FDUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # # # # # # # ; # # # # # ########

1RVH . . . . . . . . . . . . . # # # # # # # # # # # #
7UDFKHD . . . . . . . . . . . . . # # # # # # # # # # # #

6SHFLDO#6HQVHV#6\VWHP#####################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . # # # # # # # # # # # #

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # # ; # # # # # # # # # # # # #

8ULQDU\#EODGGHU . . . . . . . . . . . . . # # # # # # # # # # # #

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # ; # # # # # # # # # # # # # # # ; # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 474

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##4;5#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7RWDO
&DUFDVV#,'#1XPEHU 9 9 9 : : : ; ; ; < < < 8 8 8 8 9 9 : : : : ; < < 7LVVXHV2

7 8 ; 5 8 < 6 9 < 5 7 9 5 8 : ; 5 < 3 7 9 : 7 : < 7XPRUV

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
/\PSK#QRGH/#PDQGLEXODU # # # # # # # # # # # # # # # # # # # # # # # # # #:
/\PSK#QRGH/#PHVHQWHULF # # # # # # # # # # # # # # # # # # # # # # # # # #<
6SOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # 46

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
7K\PXV # # # # # # # # # # # # # # # # # # # # # # # # # 44

$OYHRODU2EURQFKLRODU#FDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # # # # # ##### 4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #5
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # ##
##DSSOLFDWLRQ/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ######### # #5

0XVFXORVNHOHWDO#6\VWHP####################
%RQH # # # # # # # # # # # # # # # # # # # # # # # # # 46

1HUYRXV#6\VWHP#
%UDLQ # # # # # # # # # # # # # # # # # # # # # # # # # 46

5HVSLUDWRU\#6\VWHP#
/XQJ # # # # # # # # . # # # # . # # # # . # # # # # # 49

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #7
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # ; # # # # ; # # # # ; # # # # # # #8
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HGLDVWLQXP/#DOYHRODU2EURQFKLRODU # # # # # # # # # # # # # # # # # # # # # # # # ##
##FDUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # ######### #4

1RVH # # # # # # # # # # # # # # # # # # # # # # # # # 46
7UDFKHD # # # # # # # # # # # # # # # # # # # # # # # # # 46

6SHFLDO#6HQVHV#6\VWHP#
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

8ULQDU\#6\VWHP#
.LGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # 46

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#EODGGHU # # # # # # # # # # # # # # # # # # # # # # # # # 46

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##697#PJ2NJ#

8 8 8 8 9 9 9 9 9 : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 3 7 9 : 4 6 7 ; ; 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6

9 ; 4 5 5 9 7 9 : ; 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
&DUFDVV#,'#1XPEHU 7 3 3 3 6 5 4 3 4 4 6 3 4 4 5 5 5 5 6 6 6 6 7 7 7

3 6 9 < 3 5 3 5 ; 7 < 8 8 9 3 7 9 < 5 9 : ; 5 7 9

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . # # # # # # # # # # # # # #
*DOOEODGGHU . . . . . . . . . . . # # # # # # # # # # # # # #
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . # # # # # # # # # # # # # #
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . # # # # # # # # # # # # # #
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . # # # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . 0 . . . . # # # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . # # # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . # # # # # # # # # # # # # #
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # ; # # #
+HPDQJLRVDUFRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # ; # # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD # ; # ; # # # # ; ; # # # ; # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH ; # ; # # # ; # # # # ; # # ; ; # # # # # # # # #
+HSDWRFHOOXODU#DGHQRPD # # # # ; # # ; # # # # # ; ; # # # ; # # # # # #
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # ; # # # # ; # # # # ; # # #
2VWHRVDUFRPD/#PHWDVWDWLF/#XQFHUWDLQ # # # # # # # # # # # # # # # # # # # # # # # # #
##SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # #############

3DQFUHDV . . . . . . . . . . . # # # # # # # # # # # # # #
6DOLYDU\#JODQGV . . . . . . . . . . . # # # # # # # # # # # # # #
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . # # # # # # # # # # # # # #
6WRPDFK/#JODQGXODU . . . . . . . . . . . # # # # # # # # # # # # # #

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . # # # # # # # # # # # # # #
+HDUW . . . . . . . . . . . # # # # # # # # # # # # # #

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . # # # # # # # # # # # # # #
$GUHQDO#PHGXOOD . . . . . . . . . . . # # # # # # # # # # # # # #
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . # # # # # # # # # # # # # #
3DUDWK\URLG#JODQG . . 0 0 . . 0 . . 0 . # # # # # # # # # # # # # #
3LWXLWDU\#JODQG . . . . . . . . 0 . . # # # # # # # # # # # # # #
7K\URLG#JODQG . . . . . . . . . . . # # # # # # # # # # # # # #

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . # # # # # # # # # # # # # #
3UHSXWLDO#JODQG . . . . . . 0 . . . . # # # # # # # # # # # # # #
3URVWDWH . . . . . . . . . . . # # # # # # # # # # # # # #
6HPLQDO#YHVLFOH . . . . . . . . . . . # # # # # # # # # # # # # #
7HVWHV . . . . . . . . . . . # # # # # # # # # # # # # #
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##697#PJ2NJ#
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU 8 3 3 4 5 5 5 5 6 6 6 7 7 7 7 3 3 4 4 4 4 5 6 7 7 7LVVXHV2

3 : ; 4 6 8 : ; 4 7 8 4 8 : < 4 7 5 6 : < 4 6 6 ; 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV # # # # # # # # # # # # # # # # # # # # # # # # # 44
*DOOEODGGHU # # # # # # # # # # # # # # # # # # # # # # # # # 44
,QWHVWLQH#ODUJH/#FRORQ # # # # # # # # # # # # # # # # # # # # # # # # # 44
,QWHVWLQH#ODUJH/#UHFWXP # # # # # # # # # # # # # # # # # # # # # # # # # 44
,QWHVWLQH#ODUJH/#FHFXP # # # # # # # # # # # # # # # # # # # # # # # # # 44
,QWHVWLQH#VPDOO/#GXRGHQXP # # # # # # # # # # # # # # # # # # # # # # # # # 43
,QWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # # # # # # # # 44
,QWHVWLQH#VPDOO/#LOHXP # # # # # # # # # # # # # # # # # # # # # # # # # 44
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRVDUFRPD ; # # # # # # # # # # # # # # # # # # # # # # # # #5
+HPDQJLRVDUFRPD/#PXOWLSOH # # # # # # # ; # # # # # # # # # # # # # ; # # # #5
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD # # ; # # # # ; ; ; # # # # # # # # # # # ; ; ; # 45
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # ; # # # # # # # ; # # # ; # # # # # ; 43
+HSDWRFHOOXODU#DGHQRPD # # # # ; # ; ; # # # # # # # # # ; ; # ; ; ; # ; 47
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # ; # # # # ; ; # # # # ; # # # # # # # # # # #:
2VWHRVDUFRPD/#PHWDVWDWLF/#XQFHUWDLQ # # # # # # # # # # # # # # # # # # # # # # # # ##
##SULPDU\#VLWH # # # # # # # # # # ; # # # # # # # # # # # #### #4

3DQFUHDV # # # # # # # # # # # # # # # # # # # # # # # # # 44
6DOLYDU\#JODQGV # # # # # # # # # # # # # # # # # # # # # # # # # 44
6WRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # 44
6WRPDFK/#JODQGXODU # # # # # # # # # # # # # # # # # # # # # # # # # 44

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO # # # # # # # # # # # # # # # # # # # # # # # # # 44
+HDUW # # # # # # # # # # # # # # # # # # # # # # # # # 44

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ # # # # # # # # # # # # # # # # # # # # # # # # # 44
$GUHQDO#PHGXOOD # # # # # # # # # # # # # # # # # # # # # # # # # 44
,VOHWV/#SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # # # # 44
3DUDWK\URLG#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #:
3LWXLWDU\#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 43
7K\URLG#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 44

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
(SLGLG\PLV # # # # # # # # # # # # # # # # # # # # # # # # # 44
3UHSXWLDO#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 43
3URVWDWH # # # # # # # # # # # # # # # # # # # # # # # # # 44
6HPLQDO#YHVLFOH # # # # # # # # # # # # # # # # # # # # # # # # # 44
7HVWHV # # # # # # # # # # # # # # # # # # # # # # # # # 44
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##697#PJ2NJ
+FRQWLQXHG,

8 8 8 8 9 9 9 9 9 : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 3 7 9 : 4 6 7 ; ; 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6

9 ; 4 5 5 9 7 9 : ; 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
&DUFDVV#,'#1XPEHU 7 3 3 3 6 5 4 3 4 4 6 3 4 4 5 5 5 5 6 6 6 6 7 7 7

3 6 9 < 3 5 3 5 ; 7 < 8 8 9 3 7 9 < 5 9 : ; 5 7 9

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . # # # # # # # # # # # # # #

+HPDQJLRVDUFRPD # # # # # # # ; # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # ; # # # # # # # # # # # # # # # # # # # #

/\PSK#QRGH # . # # # . # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH/#PDQGLEXODU . 0 . . . . . 0 . 0 . # # # # # # # # # # # # # #
/\PSK#QRGH/#PHVHQWHULF . . . 0 . . . . . . . # # # # # # # # # # # # # #
6SOHHQ . . . . . . . . . . . # # # # # # # # # # # # # #

+HPDQJLRVDUFRPD # # # # ; # # # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##ERQH#PDUURZ # # # # # # # ; # # # # # # # # # # # # # # # ###########

7K\PXV . 0 0 . . . 0 . 0 . 0 # # # # # # # # # # # # # #

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG 0 . . 0 0 0 0 0 0 0 0 # # # # # # # # # # # # # #
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # #
##DSSOLFDWLRQ/#KHPDQJLRPD # # # # # # # # # # # # # # # # # # #######
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # #
##DSSOLFDWLRQ/#KHPDQJLRVDUFRPD # # # # # # # # # # # # # # # # #########

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . # # # # # # # # # # # # # #

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . # # # # # # # # # # # # # #

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . # # # . # # # # # # # # #

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # ; # ; # # # # # # # # # # # # # # #
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # ; # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # ; # ; ; # ; # # # ; # # # # # # # # #

1RVH . . . . . . . . . . . # # # # # # # # # # # # # #
7UDFKHD . . . . . . . . . . . # # # # # # # # # # # # # #

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # . # # # # # # # # # # # # # #

$GHQRPD # # # # # # # # # # ; # # # # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . # # # # # # # # # # # # # #
8ULQDU\#EODGGHU . . . . . . . . . . .

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

/\PSKRPD#PDOLJQDQW ; ;
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##697#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU 8 3 3 4 5 5 5 5 6 6 6 7 7 7 7 3 3 4 4 4 4 5 6 7 7 7LVVXHV2

3 : ; 4 6 8 : ; 4 7 8 4 8 : < 4 7 5 6 : < 4 6 6 ; 7XPRUV

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ # # # # # # # # # # # # # # # # # # # # # # # # # 44

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH # # # # # # # # # # # # # # # # # # # # # # # # # #5
/\PSK#QRGH/#PDQGLEXODU # # # # # # # # # # # # # # # # # # # # # # # # # #;
/\PSK#QRGH/#PHVHQWHULF # # # # # # # # # # # # # # # # # # # # # # # # # 43
6SOHHQ # # # # # # # # # # # # . # # # # # # # # # # # # 45

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD/#PHWDVWDWLF/# # # # # # # # # # # # # # # # # # # # # # # # # ##
##ERQH#PDUURZ # # # # # # # # # # # # # # # # # # # # # # # ### 4

7K\PXV # # # # # # # # # # # # # # # # # # # # # # # # # #9

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #5
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # ##
##DSSOLFDWLRQ/#KHPDQJLRPD # # # # # ; # # # # # # # # # # # # ##### # # # 4
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # ##
##DSSOLFDWLRQ/#KHPDQJLRVDUFRPD ; # # # # # # # # # # # # # # # ##### # # # # # 4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH # # # # # # # # # # # # # # # # # # # # # # # # # 44

1HUYRXV#6\VWHP############################
%UDLQ # # # # # # # # # # # # # # # # # # # # # # # # # 44

5HVSLUDWRU\#6\VWHP########################
/XQJ # # # # # # # . # # # # # # # # # # # # # # # . # 48

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # ; # # # # # # # # # # # # # # # ; # #:

1RVH # # # # # # # # # # # # # # # # # # # # # # # # # 44
7UDFKHD # # # # # # # # # # # # # # # # # # # # # # # # # 44

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#6\VWHP############################
.LGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # 44
8ULQDU\#EODGGHU # # # # # # # # # # # # # # # # # # # # # # # # # 44

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/\PSKRPD#PDOLJQDQW ; # # # # # # # # # # # ; # # # # # # # # # # # # #7



479 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ#

7 8 8 8 9 9 9 9 9 9 : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 7 9 ; 5 6 6 8 9 < 3 3 4 4 5 6 6 6 6 6 6 6 6 6 6

: 6 < 8 4 4 7 ; 7 4 : : 5 5 4 6 6 6 6 6 6 6 6 6 6

4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
&DUFDVV#,'#1XPEHU < 9 8 3 < ; 8 < ; : 8 ; : < 9 8 8 9 9 9 9 : : : :

6 3 : 3 3 9 5 8 8 4 < 3 ; ; 7 6 7 6 9 ; < 3 5 6 7

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
*DOOEODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRPD # # # # # ; # # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # ; # # # # # # # # # # # # # ; #
+HSDWREODVWRPD # # # # # # # # # # # # # # # # # ; # # # ; # # #
+HSDWRFHOOXODU#FDUFLQRPD ; ; # # # # ; # # ; # # # ; # # ; # # # # ; ; # #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # ; # # ; ; # ; # ; # ; # # ; # # # # # # ;
+HSDWRFHOOXODU#DGHQRPD # # # ; # ; # # # ; # # # # # ; # # # # ; ; # # ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # ; # # # # # # # # # ; ; # # ; ; #

0HVHQWHU\ # # . # . . # # # # # # # # # # # # # # # # # . #
/LSRVDUFRPD/#PXOWLSOH # # # # ; # # # # # # # # # # # # # # # # # # # #

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ # # # # ; # # # # # # # # # # # # # # # # # # # #

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # #

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # ; # # # ; # # # # # # # # # #
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
3DUDWK\URLG#JODQG 0 . . . . . . . 0 . . 0 . . . . . . . . . 0 . . 0
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 47:

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU ; ; ; < < 8 8 9 9 : : ; ; < < 8 8 9 9 : : ; ; < < 7LVVXHV2

5 6 : 7 < 4 8 4 : 8 : 7 < 4 9 9 ; 5 8 9 < 4 ; 5 : 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
*DOOEODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . 0 . . . . . . . . . . . 0 . . . 7;
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD ; # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # ; # # # # # #4
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # ; # # # # # # # # # # # # # # # # # #6
+HSDWREODVWRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
+HSDWRFHOOXODU#FDUFLQRPD # # # ; ; # # ; # # # # ; # # # # # ; # ; # ; # # 48
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # ; # # # # # # # # # # ; # ; # # # 44
+HSDWRFHOOXODU#DGHQRPD # # ; ; # # # # # # # # # ; # # ; # # ; # # # # ; 46
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH ; # # # # ; ; # ; ; ; ; # # # ; # # ; # # ; # ; # 49

0HVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #7
/LSRVDUFRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83

6TXDPRXV#FHOO#SDSLOORPD # # # # ; # # # # # # # # # # # # # # # # # # # # #4
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # ; # # # # # # # # # # # # # # # # # #4

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 83

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #5
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83
3DUDWK\URLG#JODQG . . . . 0 . . . . . . . . . 0 . . . . . . 0 . . . 75
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # ; # # # #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##



47; 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
+FRQWLQXHG,

7 8 8 8 9 9 9 9 9 9 : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 7 9 ; 5 6 6 8 9 < 3 3 4 4 5 6 6 6 6 6 6 6 6 6 6

: 6 < 8 4 4 7 ; 7 4 : : 5 5 4 6 6 6 6 6 6 6 6 6 6

4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
&DUFDVV#,'#1XPEHU < 9 8 3 < ; 8 < ; : 8 ; : < 9 8 8 9 9 9 9 : : : :

6 3 : 3 3 9 5 8 8 4 < 3 ; ; 7 6 7 6 9 ; < 3 5 6 7

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .

/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ # # # # ; # # # # # # # # # # # # # # # # # # # #
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . .

/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ # # # # ; # # # # # # # # # # # # # # # # # # # #
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . .
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH # # # # # # # # # # # . # # # # # # # # # # # # #
/\PSK#QRGH/#PDQGLEXODU . . . 0 0 . . . . . . . . 0 . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . 0 . . . . . . . . . . . . . . . .

+HPDQJLRPD # # # # # # ; # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # ; # # # # # # # # # # # # # # #

6SOHHQ . . 0 . . . . . . . . . . . . . . . . . . . . . .
+HPDQJLRVDUFRPD # # # # # # # # # ; # # # # # # # # # # # # # ; #
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ # # # # ; # # # # # # # # # # # # # # # # # # # #

7K\PXV . 0 . . 0 . . 0 . . 0 . 0 . . . 0 . 0 . . 0 0 0 .

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . 0 . . 0 0 0 . 0 0 0 0 0 0 0 . 0 0 . 0 0 0 . 0 0
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . .
6NHOHWDO#PXVFOH # # # # . . # # # # # # # . # # # # # # # # # # #

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # # # # ; # # # # # # # # # # #
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ # # # # ; # # # # # # # # # # # # # # # # # # # #

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # ; # # # # # # # # ; ; # # # ; # # # # # # # # #
$OYHRODU2EURQFKLRODU#DGHQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # ###############
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # ; # # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # #
+HSDWREODVWRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # ; # # # ; # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU ; # # # ; # ; ; ; # ; # # ; ; # # # # # # # ; # #

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 47<

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU ; ; ; < < 8 8 9 9 : : ; ; < < 8 8 9 9 : : ; ; < < 7LVVXHV2

5 6 : 7 < 4 8 4 : 8 : 7 < 4 9 9 ; 5 8 9 < 4 ; 5 : 7XPRUV

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
3UHSXWLDO#JODQG . . . . . . . . . 0 . . . . . . . . . . . . . . . 7<
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . . 83

/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # # # # # # # # # # # # # # # # # # # # . . # # # #6
/\PSK#QRGH/#PDQGLEXODU . . . 0 . . 0 . . 0 . . . . 0 . . . . . . . 0 . . 75
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . 0 . . . 0 . . . . . . . . 7:

+HPDQJLRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # #4

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
+HPDQJLRVDUFRPD # # # # # # # ; # # # # # # # # # # # # # # # # # #6
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

7K\PXV . 0 0 . 0 . . 0 0 . . . . . . . . . . 0 . . . . . 67

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG 0 0 0 0 0 0 0 0 . 0 . 0 . 0 0 0 0 . . . . 0 . 0 0 48
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 83
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #6

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
/LSRVDUFRPD/#PHWDVWDWLF/#PHVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # ; # # # ; # # # # ; # # # # # # # # # # #:
$OYHRODU2EURQFKLRODU#DGHQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PXOWLSOH # # # # ; # # # # # # # # # # # ; # # # # # # ### 5
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # ; # # # # # # # # # # # # # # # # # #4
+HSDWREODVWRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #5
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # ; # # # # # # # # # # # # # # # ; # # # # # 44

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83



483 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
+FRQWLQXHG,

7 8 8 8 9 9 9 9 9 9 : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 8 7 9 ; 5 6 6 8 9 < 3 3 4 4 5 6 6 6 6 6 6 6 6 6 6

: 6 < 8 4 4 7 ; 7 4 : : 5 5 4 6 6 6 6 6 6 6 6 6 6

4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
&DUFDVV#,'#1XPEHU < 9 8 3 < ; 8 < ; : 8 ; : < 9 8 8 9 9 9 9 : : : :

6 3 : 3 3 9 5 8 8 4 < 3 ; ; 7 6 7 6 9 ; < 3 5 6 7

6SHFLDO#6HQVHV#6\VWHP#####################
(DU # # # # # # # # # # # . # # # # . # # # # # # # #
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # . # #

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # ; # #
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # ; # # # # # # # # # # # # # #
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
5HQDO#WXEXOH/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

/\PSKRPD#PDOLJQDQW # # # # # ; # # # # # ; # # # # # # # # # # # # #
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU ; ; ; < < 8 8 9 9 : : ; ; < < 8 8 9 9 : : ; ; < < 7LVVXHV2

5 6 : 7 < 4 8 4 : 8 : 7 < 4 9 9 ; 5 8 9 < 4 ; 5 : 7XPRUV

6SHFLDO#6HQVHV#6\VWHP#####################
(DU # # # # # # # # # # # # # # # # # # # # # # # # # #5
+DUGHULDQ#JODQG # # # # # . # # # # # # # # # # # # # # # # . # # #6

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
&DUFLQRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # ; # # #4
5HQDO#WXEXOH/#FDUFLQRPD # # # # # # # # # ; # # # # # # # # # # # # # # # #4

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/\PSKRPD#PDOLJQDQW # # ; ; # # # # # # # # # # # # # # # # # ; ; # # #9
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7$%/(#&6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

/LYHU=##+HPDQJLRVDUFRPD
2YHUDOO#UDWH 8283#+43(, 6283#+9(, 7283#+;(, 5283#+7(,D

$GMXVWHG#UDWH 4619( :17( 4316( 81:(E

7HUPLQDO#UDWH 6265#+<(, 426:#+6(, 726<#+43(, 5268#+9(,F

)LUVW#LQFLGHQFH#+GD\V, 97: 98; :66#+7, :66#+7,
/LIH#WDEOH#WHVW 3Û314:;1 3Û316461 3Û317381 3Û314<91G

/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314<91 3Û316891 3Û317;41 3Û315461G

&RFKUDQ0$UPLWDJH#WHVW 3Û315331G

)LVKHU#H[DFW#WHVW 3Û3168:1 3Û318331 3Û3154;1G

/LYHU=##+HSDWRFHOOXODU#$GHQRPD
2YHUDOO#UDWH 6:283#+:7(, 65283#+97(, 54283#+75(, 5<283#+8;(,
$GMXVWHG#UDWH ;819( :518( 8413( :713(
7HUPLQDO#UDWH 59265#+;4(, 5826:#+9;(, 4<26<#+7<(, 58268#+:4(,
)LUVW#LQFLGHQFH#+GD\V, 897 655 945 8;8
/LIH#WDEOH#WHVW 3Û3135<1 3Û313;31 3?313341 3Û313691
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313761 3Û314<71 3?313341 3Û313961
&RFKUDQ0$UPLWDJH#WHVW 3Û313791
)LVKHU#H[DFW#WHVW 3Û314<71 3Û313341 3Û3139<1
/LYHU=##+HSDWRFHOOXODU#&DUFLQRPD
2YHUDOO#UDWH 68283#+:3(, 64283#+95(, 55283#+77(, 59283#+85(,
$GMXVWHG#UDWH ::16( 9;1;( 7:16( 8915(
7HUPLQDO#UDWH 55265#+9<(, 5626:#+95(, 4826<#+6;(, 48268#+76(,
)LUVW#LQFLGHQFH#+GD\V, 7<7 943 839 78:
/LIH#WDEOH#WHVW 3Û3136:1 3Û314771 3Û313381 3Û313891
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313631 3Û315971 3Û3133<1 3Û313841
&RFKUDQ0$UPLWDJH#WHVW 3Û313631
)LVKHU#H[DFW#WHVW 3Û315961 3Û3133:1 3Û313831
/LYHU=##+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 79283#+<5(, 74283#+;5(, 64283#+95(, 78283#+<3(,
$GMXVWHG#UDWH <61;( ;817( 9716( <61:(
7HUPLQDO#UDWH 5<265#+<4(, 6326:#+;4(, 5526<#+89(, 65268#+<4(,
)LUVW#LQFLGHQFH#+GD\V, 7<7 655 839 78:
/LIH#WDEOH#WHVW 3Û316591 3Û313:<1 3Û313341 3Û315<31
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3177;1 3Û3144<1 3?313341 3Û318341
&RFKUDQ0$UPLWDJH#WHVW 3Û3176<1
)LVKHU#H[DFW#WHVW 3Û3144:1 3?313341 3Û318331
/LYHU=##+HSDWREODVWRPD
2YHUDOO#UDWH 3283#+3(, 7283#+;(, 3283#+3(, 5283#+7(,
$GMXVWHG#UDWH 313( 431;( 313( 81:(
7HUPLQDO#UDWH 3265#+3(, 726:#+44(, 326<#+3(, 5268#+9(,
)LUVW#LQFLGHQFH#+GD\V, ³ :66#+7, ³ :66#+7,H

/LIH#WDEOH#WHVW 3Û31799 3Û313;5######## ³ 3Û3158;####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31799 3Û313;5######## ³ 3Û3158;####
&RFKUDQ0$UPLWDJH#WHVW 3Û31777###########################################
)LVKHU#H[DFW#WHVW 3Û3138<######## ³ 3Û3157:####
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7$%/(#&6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

/LYHU=##+HSDWRFHOOXODU#&DUFLQRPD#RU#+HSDWREODVWRPD#
2YHUDOO#UDWH 68283#+:3(, 64283#+95(, 55283#+77(, 59283#+85(,
$GMXVWHG#UDWH ::16( 9;1;( 7:16( 8915(
7HUPLQDO#UDWH 55265#+9<(, 5626:#+95(, 4826<#+6;(, 48268#+76(,
)LUVW#LQFLGHQFH#+GD\V, 7<7 943 839 78:
/LIH#WDEOH#WHVW 3Û3136:1 3Û314771 3Û313381 3Û313891
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313631 3Û315971 3Û3133<1 3Û313841
&RFKUDQ0$UPLWDJH#WHVW 3Û313631
)LVKHU#H[DFW#WHVW 3Û315961 3Û3133:1 3Û313831
/LYHU=##+HSDWRFHOOXODU#$GHQRPD/#+HSDWRFHOOXODU#&DUFLQRPD/#RU#+HSDWREODVWRPD
2YHUDOO#UDWH 79283#+<5(, 74283#+;5(, 64283#+95(, 78283#+<3(,
$GMXVWHG#UDWH <61;( ;817( 9716( <61:(
7HUPLQDO#UDWH 5<265#+<4(, 6326:#+;4(, 5526<#+89(, 65268#+<4(,
)LUVW#LQFLGHQFH#+GD\V, 7<7 655 839 78:
/LIH#WDEOH#WHVW 3Û316591 3Û313:<1 3Û313341 3Û315<31
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3177;1 3Û3144<1 3?313341 3Û318341
&RFKUDQ0$UPLWDJH#WHVW 3Û3176<1
)LVKHU#H[DFW#WHVW 3Û3144:1 3?313341 3Û318331
/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD
2YHUDOO#UDWH 46283#+59(, 7249#+58(, 5248#+46(, <283#+4;(,I I

$GMXVWHG#UDWH 7319( 551<(
7HUPLQDO#UDWH 46265#+74(, 9268#+4:(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, 876
/LIH#WDEOH#WHVW 3Û314931
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315451
)LVKHU#H[DFW#WHVW 3Û315681
/XQJ=##$OYHRODU2EURQFKLRODU#&DUFLQRPD
2YHUDOO#UDWH 5283#+7(, 4249#+9(, 4248#+:(, 4283#+5(,I I

$GMXVWHG#UDWH 717( 515(
7HUPLQDO#UDWH 3265#+3(, 3268#+3(,
)LUVW#LQFLGHQFH#+GD\V, 8:8 964
/LIH#WDEOH#WHVW 3Û3183;1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317:31
)LVKHU#H[DFW#WHVW 3Û318331
/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 48283#+63(, 8249#+64(, 6248#+53(, 43283#+53(,I I

$GMXVWHG#UDWH 7615( 5719(
7HUPLQDO#UDWH 46265#+74(, 9268#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 8:8 876
/LIH#WDEOH#WHVW 3Û3145;1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314:81
)LVKHU#H[DFW#WHVW 3Û314:;1
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7$%/(#&6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

6SOHHQ=##+HPDQJLRVDUFRPD
2YHUDOO#UDWH 5283#+7(, 4246#+;(, 4245#+;(, 627<#+9(,I I

$GMXVWHG#UDWH 818( ;13(
7HUPLQDO#UDWH 4265#+6(, 5268#+9(,
)LUVW#LQFLGHQFH#+GD\V, 9;9 9<4
/LIH#WDEOH#WHVW 3Û31864####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317<;####
)LVKHU#H[DFW#WHVW 3Û317<3####
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD
2YHUDOO#UDWH 5283#+7(, 3246#+3(, 4244#+<(, 4283#+5(,I I

$GMXVWHG#UDWH 81<( 51<(
7HUPLQDO#UDWH 4265#+6(, 4268#+6(,
)LUVW#LQFLGHQFH#+GD\V, :35 :66#+7,
/LIH#WDEOH#WHVW 3Û317971
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317<31
)LVKHU#H[DFW#WHVW 3Û318331
$OO#2UJDQV=##+HPDQJLRPD
2YHUDOO#UDWH 6283#+9(, 3283#+3(, 4283#+5(, 5283#+7(,I I

$GMXVWHG#UDWH ;13( 717(
7HUPLQDO#UDWH 4265#+6(, 3268#+3(,
)LUVW#LQFLGHQFH#+GD\V, 8:8 964
/LIH#WDEOH#WHVW 3Û317;61
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317;71
)LVKHU#H[DFW#WHVW 3Û318331
$OO#2UJDQV=##+HPDQJLRVDUFRPD
2YHUDOO#UDWH 9283#+45(, 7283#+;(, 9283#+45(, 8283#+43(,I I

$GMXVWHG#UDWH 481:( 4619(
7HUPLQDO#UDWH 6265#+<(, 7268#+44(,
)LUVW#LQFLGHQFH#+GD\V, 97: 9<4
/LIH#WDEOH#WHVW 3Û3178;1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317<91
)LVKHU#H[DFW#WHVW 3Û318331
$OO#2UJDQV=##+HPDQJLRPD#RU#+HPDQJLRVDUFRPD
2YHUDOO#UDWH <283#+4;(, 7283#+;(, :283#+47(, :283#+47(,I I

$GMXVWHG#UDWH 551:( 4:17(
7HUPLQDO#UDWH 7265#+46(, 7268#+44(,
)LUVW#LQFLGHQFH#+GD\V, 8:8 964
/LIH#WDEOH#WHVW 3Û316891
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316<61
)LVKHU#H[DFW#WHVW 3Û316<61
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7$%/(#&6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

$OO#2UJDQV=##0DOLJQDQW#/\PSKRPD#
2YHUDOO#UDWH 8283#+43(, 3283#+3(, 7283#+5:(, 9283#+45(,I I

$GMXVWHG#UDWH 4516( 4819(
7HUPLQDO#UDWH 3265#+3(, 7268#+44(,#
)LUVW#LQFLGHQFH#+GD\V, 984 964
/LIH#WDEOH#WHVW 3Û31883####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31833####
)LVKHU#H[DFW#WHVW 3Û31833####
$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH 76283#+;9(, 66283#+99(, 57283#+7;(, 6:283#+:7(,I I

$GMXVWHG#UDWH <817( ;61<(
7HUPLQDO#UDWH 63265#+<7(, 5;268#+;3(,
)LUVW#LQFLGHQFH#+GD\V, 897 876
/LIH#WDEOH#WHVW 3Û313:41
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314331
)LVKHU#H[DFW#WHVW 3Û314381
$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 6<283#+:;(, 66283#+99(, 5<283#+8;(, 66283#+99(,I I

$GMXVWHG#UDWH ;414( 9;1:(
7HUPLQDO#UDWH 56265#+:5(, 53268#+8:(,
)LUVW#LQFLGHQFH#+GD\V, 7<7 78:
/LIH#WDEOH#WHVW 3Û3145<1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314691
)LVKHU#H[DFW#WHVW 3Û314661
$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 7<283#+<;(, 74283#+;5(, 6:283#+:7(, 7:283#+<7(,I I

$GMXVWHG#UDWH <;13( <81<(
7HUPLQDO#UDWH 64265#+<:(, 66268#+<7(,
)LUVW#LQFLGHQFH#+GD\V, 7<7 78:
/LIH#WDEOH#WHVW 3Û3154;1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316381
)LVKHU#H[DFW#WHVW 3Û3163<1

+7,7HUPLQDO#VDFULILFH
1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#OLYHU/#OXQJ/#VSOHHQ/#DQGD

WK\URLG#JODQG>#IRU#RWKHU#WLVVXHV/#GHQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#QHFURSVLHG1
.DSODQ00HLHU#HVWLPDWHG#QHRSODVP#LQFLGHQFH#DW#WKH#HQG#RI#WKH#VWXG\#DIWHU#DGMXVWPHQW#IRU#LQWHUFXUUHQW#PRUWDOLW\E

2EVHUYHG#LQFLGHQFH#DW#WHUPLQDO#NLOOF

%HQHDWK#WKH#FRQWURO#LQFLGHQFH#DUH#WKH#3#YDOXHV#DVVRFLDWHG#ZLWK#WKH#WUHQG#WHVW1##%HQHDWK#WKH#GRVHG#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#WR#SDLUZLVHG

FRPSDULVRQV#EHWZHHQ#WKH#FRQWUROV#DQG#WKDW#GRVHG#JURXS1##7KH#OLIH#WDEOH#WHVW#UHJDUGV#QHRSODVPV#LQ#DQLPDOV#G\LQJ#SULRU#WR#WHUPLQDO#NLOO#DV#EHLQJ#+GLUHFWO\#RU
LQGLUHFWO\,#WKH#FDXVH#RI#GHDWK1##7KH#ORJLVWLF#UHJUHVVLRQ#WHVW#UHJDUGV#WKHVH#OHVLRQV#DV#QRQIDWDO1##7KH#&RFKUDQ0$UPLWDJH#DQG#)LVKHU#H[DFW#WHVWV#FRPSDUH#GLUHFWO\#WKH
RYHUDOO#LQFLGHQFH#UDWHV1##)RU#DOO#WHVWV/#D#QHJDWLYH#WUHQG#RU#D#ORZHU#LQFLGHQFH#LQ#D#GRVH#JURXS#LV#LQGLFDWHG#E\#11
1RW#DSSOLFDEOH>#QR#QHRSODVPV#LQ#DQLPDO#JURXSH

7LVVXHV#+H[FHSW#VNLQ,#ZHUH#H[DPLQHG#PLFURVFRSLFDOO\#RQO\#LQ#WKRVH#DQLPDOV#G\LQJ#SULRU#WR#WHUPLQDO#VDFULILFH#RU#ZKHQ#LW#ZDV#REVHUYHG#WR#EH#DEQRUPDO#DWI

QHFURSV\>#WKXV#VWDWLVWLFDO#FRPSDULVRQV#ZLWK#WKH#FRQWUROV#DUH#QRW#DSSOLFDEOH1
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7$%/(#&7
+LVWRULFDO#,QFLGHQFH#RI#+HSDWRFHOOXODU#1HRSODVPV#LQ#&RQWURO#0DOH#%9&6) #0LFH4

D

,QFLGHQFH#LQ#&RQWUROV

6WXG\ $GHQRPD &DUFLQRPD $GHQRPD
RU#&DUFLQRPD

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#&ROXPEXV=##'HUPDO#+$FHWRQH,#6WXGLHV

709LQ\O040F\FORKH[HQH#'LHSR[LGH 4;283 9283 56283
7ULHWKDQRODPLQH 5:283 48283 64283

2YHUDOO#+LVWRULFDO#,QFLGHQFH=##'HUPDO#+$FHWRQH,#6WXGLHV

7RWDO 842483#+6713(, 582483#+491:(, 962483#+7513(,
6WDQGDUG#GHYLDWLRQ 5414( 441:( 5516(
5DQJH 45(087( ;(063( 4;(095(

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#&ROXPEXV=##'HUPDO#+(WKDQRO,#6WXG\

%HQ]HWKRQLXP#&KORULGH 57283#+7;13(, 43283#+5313(, 5<283#+8;13(,

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#&ROXPEXV=##)HHG#6WXGLHV

7/707KLRELV+90W0EXW\O0P0FUHVRO, 4:283 44283 58283
8/80'LSKHQ\OK\GDQWRLQ 4<283 46283 5<283
3HQWDFKORURSKHQRO#+'RZLFLGH#(&0:, 8268 4268 9268
(WK\OHQH#7KLRXUHD 4427< 4627< 5327<
3RO\EURPLQDWHG#%LSKHQ\OV#+)LUHPDVWHU#))04�, <283 ;283 49283
0DQJDQHVH#+,,,#6XOIDWH#0RQRK\GUDWH 63283 <283 67283
2[D]HSDP 4:27< <27< 5627<
7HFKQLFDO#*UDGH#3HQWDFKORURSKHQRO 8265 5265 :265
7ULDPWHUHQH 4:283 8283 53283
7ULDPWHUHQH 54283 <283 58283
7ULFUHV\O#3KRVSKDWH 4;285 48285 5;285

2YHUDOO#+LVWRULFDO#,QFLGHQFH=##)HHG#6WXGLHV

7RWDO 74624/798#+5<15(, 58524/798#+4:15(, 8<924/798#+731:(,
6WDQGDUG#GHYLDWLRQ 4715( :14( 4718(
5DQJH 7(093( 6(05<( 43(09;(

'DWD#DV#RI#45#0D\#4<<8D
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7$%/(#&8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
0RULEXQG : 6 ; 9
1DWXUDO#GHDWKV 44 43 6 <

6XUYLYRUV
7HUPLQDO#VDFULILFH 65 6: 6< 68

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 83 83 83 83

$OLPHQWDU\#6\VWHP
,QWHVWLQH#VPDOO/#GXRGHQXP +83, +45, +43, +83,
1HFURVLV ##4 +5(,## ### ###### ### ###### ### ######
8OFHU ##4 +5(,## ### ###### ### ###### ### ######

/LYHU +83, +83, +83, +83,
$QJLHFWDVLV ##5 +7(,## ##5 +7(,## ### ###### ##4 +5(,##
%DVRSKLOLF#IRFXV ##5 +7(,## ##9 +45(,# ##6 +9(,## ##7 +;(,##
&OHDU#FHOO#IRFXV ##7 +;(,## ##6 +9(,## ##6 +9(,## ##; +49(,#
(RVLQRSKLOLF#IRFXV #46 +59(,# #44 +55(,# #45 +57(,# ##< +4;(,#
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ##6 +9(,## ### ###### ##4 +5(,## ### ######
+HPRUUKDJH ##4 +5(,## ### ###### ### ###### ### ######
,QIDUFW ### ###### ### ###### ##4 +5(,## ### ######
,QIODPPDWLRQ/#FKURQLF#DFWLYH #79 +<5(,# #77 +;;(,# #74 +;5(,# #76 +;9(,#
0L[HG#FHOO#IRFXV ##6 +9(,## ##7 +;(,## ##8 +43(,# ##: +47(,#
1HFURVLV ##; +49(,# ##8 +43(,# ##5 +7(,## ##; +49(,#
7KURPERVLV ##4 +5(,## ### ###### ##4 +5(,## ### ######
9DFXROL]DWLRQ#F\WRSODVPLF ### ###### ##5 +7(,## ##4 +5(,## ##4 +5(,##
%LOH#GXFW/#K\SHUSODVLD #76 +;9(,# #74 +;5(,# #69 +:5(,# #6: +:7(,#
.XSIIHU#FHOO/#SLJPHQWDWLRQ ##4 +5(,## ### ###### ### ###### ### ######

0HVHQWHU\ #+8, #### #### #+7,
+HPRUUKDJH ### ###### ### ###### ### ###### ##4 +58(,#
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +53(,# ### ###### ### ###### ##4 +58(,#
)DW/#LQIODPPDWLRQ ##4 +53(,# ### ###### ### ###### ### ######
9HLQ/#WKURPERVLV ##4 +53(,# ### ###### ### ###### ##4 +58(,#

3DQFUHDV +83, +46, +44, +83,
$WURSK\ ##6 +9(,## ### ###### ##4 +<(,## ##7 +;(,##
&\WRSODVPLF#DOWHUDWLRQ ##7 +;(,## ### ###### ### ###### ### ######
1HFURVLV ##4 +5(,## ### ###### ##4 +<(,## ### ######
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##5 +7(,## ### ###### ### ###### ### ######

6DOLYDU\#JODQGV +83, +46, +44, +83,
$WURSK\ ### ###### ### ###### ### ###### ##4 +5(,##
1HFURVLV ### ###### ### ###### ##4 +<(,## ### ######

6WRPDFK/#IRUHVWRPDFK +83, +46, +44, +83,
&\VW ##4 +5(,## ### ###### ### ###### ### ######
+\SHUSODVLD/#IRFDO ##4 +5(,## ### ###### ##4 +<(,## ##5 +7(,##
8OFHU ##5 +7(,## ### ###### ### ###### ### ######

6WRPDFK/#JODQGXODU +83, +46, +44, +83,
(URVLRQ ### ###### ### ###### ### ###### ##4 +5(,##
0LQHUDOL]DWLRQ ### ###### ### ###### ### ###### ##4 +5(,##
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ### ###### ##4 +5(,##

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD
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7$%/(#&8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO +83, +46, +44, +83,
$RUWD/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ### ###### ##4 +<(,## ##4 +5(,##

+HDUW +83, +46, +44, +83,
'HJHQHUDWLRQ ##5 +7(,## ##4 +;(,## ##4 +<(,## ##4 +5(,##
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ##5 +7(,##
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ### ###### ### ###### ##4 +5(,##
$WULXP/#WKURPERVLV ##4 +5(,## ##4 +;(,## ##4 +<(,## ##4 +5(,##
9HQWULFOH/#WKURPERVLV ### ###### ##4 +;(,## ### ###### ### ######

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +45, +44, +83,
$FFHVVRU\#DGUHQDO#FRUWLFDO#QRGXOH ##5 +7(,## ### ###### ##4 +<(,## ##4 +5(,##
'HJHQHUDWLRQ/#F\VWLF ### ###### ### ###### ### ###### ##4 +5(,##
+HPRUUKDJH ### ###### ### ###### ### ###### ##4 +5(,##
+\SHUSODVLD #44 +55(,# ##4 +;(,## ##4 +<(,## #4< +6;(,#
,QIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ### ###### ##4 +5(,##
&DSVXOH/#K\SHUSODVLD/#DGHQRPDWRXV ### ###### ### ###### ### ###### ##7 +;(,##

$GUHQDO#PHGXOOD +83, +45, +44, +83,
+\SHUSODVLD ##5 +7(,## ##5 +4:(,# ##4 +<(,## ##4 +5(,##

,VOHWV/#SDQFUHDWLF +83, +45, +44, +83,
+\SHUSODVLD ##< +4;(,# ### ###### ##5 +4;(,# ##< +4;(,#

3DUDWK\URLG#JODQG +79, #+<, #+:, +75,
&\VW ### ###### ### ###### ### ###### ##4 +5(,##

3LWXLWDU\#JODQG +7<, +45, +43, +83,
&\VW ##5 +7(,## ### ###### ### ###### ##5 +7(,##
3DUV#GLVWDOLV/#K\SHUSODVLD ##5 +7(,## ### ###### ### ###### ##5 +7(,##
3DUV#LQWHUPHGLD/#K\SHUSODVLD ### ###### ### ###### ### ###### ##5 +7(,##

7K\URLG#JODQG +83, +46, +44, +83,
)ROOLFXODU#FHOO/#K\SHUSODVLD ##9 +45(,# ##5 +48(,# ### ###### #43 +53(,#

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####

*HQLWDO#6\VWHP
(SLGLG\PLV +83, +46, +44, +83,
*UDQXORPD#VSHUP ##5 +7(,## ### ###### ### ###### ##5 +7(,##
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +<(,## ##4 +5(,##

3UHSXWLDO#JODQG +83, +46, +43, +7<,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ### ###### ### ###### ### ######
'XFW/#F\VW ##: +47(,# ##4 +;(,## ##7 +73(,# ##9 +45(,#

3URVWDWH +83, +46, +44, +83,
'HJHQHUDWLRQ ### ###### ### ###### ##4 +<(,## ### ######
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +<(,## ##4 +5(,##

6HPLQDO#YHVLFOH +83, +46, +44, +83,
'HJHQHUDWLRQ ### ###### ### ###### ##4 +<(,## ### ######

7HVWHV +83, +46, +44, +83,
$WURSK\ ### ###### ### ###### ### ###### ##5 +7(,##
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ### ###### ##4 +5(,##
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7$%/(#&8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +83, +46, +44, +83,
$QJLHFWDVLV ##4 +5(,## ### ###### ### ###### ### ######
+\SHUSODVLD #4: +67(,# ##6 +56(,# ##7 +69(,# #56 +79(,#
,QILOWUDWLRQ#FHOOXODU/#PDVW#FHOO ##4 +5(,## ### ###### ### ###### ### ######
,QILOWUDWLRQ#FHOOXODU/#SODVPD#FHOO ##4 +5(,## ### ###### ### ###### ### ######
0\HORILEURVLV ##4 +5(,## ### ###### ### ###### ### ######
7KURPERVLV ### ###### ### ###### ### ###### ##4 +5(,##

/\PSK#QRGH #+6, #+5, #+5, #+6,
0HGLDVWLQDO/#DQJLHFWDVLV ### ###### ### ###### ### ###### ##4 +66(,#
0HGLDVWLQDO/#KHPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ##4 +66(,# ### ###### ### ###### ### ######

/\PSK#QRGH/#PHVHQWHULF +83, #+<, +43, +7:,
$QJLHFWDVLV ##4 +5(,## ### ###### ### ###### ### ######
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ##4 +5(,## ### ###### ##4 +43(,# ### ######
+\SHUSODVLD/#KLVWLRF\WLF ### ###### ### ###### ### ###### ##4 +5(,##
+\SHUSODVLD/#O\PSKRLG ##4 +5(,## ### ###### ##4 +43(,# ### ######
+\SHUSODVLD/#SODVPD#FHOO ### ###### ### ###### ### ###### ##4 +5(,##

6SOHHQ +83, +46, +45, +7<,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ #5: +87(,# ##; +95(,# ##; +9:(,# #58 +84(,#
/\PSKRLG#IROOLFOH/#GHSOHWLRQ#FHOOXODU ### ###### ### ###### ### ###### ##4 +5(,##
/\PSKRLG#IROOLFOH/#K\SHUSODVLD ##4 +5(,## ### ###### ### ###### ### ######

7K\PXV +6:, +44, #+9, +67,
$WURSK\ ##< +57(,# ##8 +78(,# ##5 +66(,# ##9 +4;(,#

,QWHJXPHQWDU\#6\VWHP
6NLQ +83, +83, +83, +83,
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/#H[XGDWH ### ###### ##4 +5(,## ##4 +5(,## ##4 +5(,##
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/ ### ###### ### ###### ### ###### ### ######
###K\SHUNHUDWRVLV ### ###### ### ###### ##4 +5(,## ### ######
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/ ### ###### ### ###### ### ###### ### ######
###K\SHUSODVLD ##4 +5(,## ### ###### ##7 +;(,## ##8 +43(,#
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/#XOFHU ### ###### ### ###### ### ###### ##4 +5(,##
6XEFXWDQHRXV#WLVVXH/#HGHPD ##4 +5(,## ### ###### ##4 +5(,## ##4 +5(,##
6XEFXWDQHRXV#WLVVXH/#LQIODPPDWLRQ/ ### ###### ### ###### ### ###### ### ######
###VXSSXUDWLYH ### ###### ### ###### ##4 +5(,## ### ######

0XVFXORVNHOHWDO#6\VWHP
1RQH #### #### #### ####

1HUYRXV#6\VWHP
%UDLQ +83, +46, +44, +83,
,QIODPPDWLRQ ### ###### ### ###### ##4 +<(,## ### ######
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +<(,## ### ######
&RUSXV#FDOORVXP/#GHJHQHUDWLRQ ### ###### ### ###### ### ###### ##4 +5(,##
1HXURQ/#QHFURVLV ### ###### ##4 +;(,## ##4 +<(,## ### ######
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7$%/(#&8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

5HVSLUDWRU\#6\VWHP
/XQJ +83, +49, +48, +83,
,QIODPPDWLRQ ### ###### ### ###### ##4 +:(,## ### ######
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ##4 +:(,## ### ######
7KURPERVLV ### ###### ### ###### ##4 +:(,## ### ######
$OYHRODU#HSLWKHOLXP/#K\SHUSODVLD ### ###### ##5 +46(,# ##4 +:(,## ##5 +7(,##
0HGLDVWLQXP/#DQJLHFWDVLV ##4 +5(,## ### ###### ### ###### ### ######

1RVH +83, +46, +44, +83,
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ### ###### ##4 +5(,##

6SHFLDO#6HQVHV#6\VWHP
(DU #### #### #### #+5,
,QIODPPDWLRQ ### ###### ### ###### ### ###### ##4 +83(,#

+DUGHULDQ#JODQG #+5, #### #+4, #+6,
+\SHUSODVLD ##4 +83(,# ### ###### ### ###### ##4 +66(,#

8ULQDU\#6\VWHP
.LGQH\ +83, +46, +44, +83,
&\VW ##8 +43(,# ### ###### ### ###### ##; +49(,#
*ORPHUXORVFOHURVLV ##5 +7(,## ##4 +;(,## ### ###### ##7 +;(,##
+\GURQHSKURVLV ### ###### ### ###### ### ###### ##4 +5(,##
,QIDUFW ##4 +5(,## ### ###### ### ###### ##4 +5(,##
0LQHUDOL]DWLRQ ### ###### ### ###### ### ###### ##7 +;(,##
1HSKURSDWK\ #76 +;9(,# #43 +::(,# ##; +:6(,# #76 +;9(,#
3LJPHQWDWLRQ/#KHPRVLGHULQ ##4 +5(,## ### ###### ##4 +<(,## ##4 +5(,##
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +<(,## ##4 +5(,##
*ORPHUXOXV/#LQIDUFW ##4 +5(,## ### ###### ### ###### ### ######
*ORPHUXOXV/#WKURPERVLV ### ###### ### ###### ##4 +<(,## ### ######
5HQDO#WXEXOH/#K\SHUSODVLD ### ###### ### ###### ### ###### ##4 +5(,##



494
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7$%/(#'4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 496

7$%/(#'5 ,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49;

7$%/(#'6 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<3

7$%/(#'7 +LVWRULFDO#,QFLGHQFH#RI#+HSDWRFHOOXODU#1HRSODVPV#LQ#&RQWURO#)HPDOH#%9&6) #0LFH 1 1 1 1 4<84

7$%/(#'8 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<9
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7$%/(#'4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
0RULEXQG 45 : < 9
1DWXUDO#GHDWKV : 43 < ;

6XUYLYRUV
7HUPLQDO#VDFULILFH 64 65 65 69

0LVVLQJ 4

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 83 7< 83 83

$OLPHQWDU\#6\VWHP
*DOOEODGGHU +7<, +4:, +4;, +83,
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ### ###### ##4 +9(,## ### ######

,QWHVWLQH#ODUJH/#FHFXP +83, +49, +4;, +83,
/HLRP\RVDUFRPD ### ###### ### ###### ##4 +9(,## ### ######

,QWHVWLQH#VPDOO/#MHMXQXP +7<, +49, +4;, +83,
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ ### ###### ### ###### ### ###### ##4 +5(,##
/HLRP\RVDUFRPD ### ###### ### ###### ##4 +9(,## ### ######

/LYHU +83, +7<, +83, +83,
+HPDQJLRPD ##5 +7(,## ### ###### ### ###### ### ######
+HPDQJLRVDUFRPD ### ###### ##4 +5(,## ##4 +5(,## ### ######
+HSDWRFHOOXODU#FDUFLQRPD ##< +4;(,# #43 +53(,# ##: +47(,# ##; +49(,#
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH ##4 +5(,## ##6 +9(,## ### ###### ##5 +7(,##
+HSDWRFHOOXODU#DGHQRPD #43 +53(,# ##; +49(,# #47 +5;(,# #4< +6;(,#
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH ##; +49(,# ##< +4;(,# ##7 +;(,## ##< +4;(,#
+HSDWRFKRODQJLRFDUFLQRPD ##4 +5(,## ### ###### ##4 +5(,## ##5 +7(,##
+LVWLRF\WLF#VDUFRPD ##6 +9(,## ##5 +7(,## ##5 +7(,## ##5 +7(,##
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ### ###### ##4 +5(,## ### ######

0HVHQWHU\ #+:, #+9, #+8, +45,
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ ### ###### ### ###### ### ###### ##4 +;(,##
+HPDQJLRPD ### ###### ### ###### ### ###### ##4 +;(,##
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +47(,# ### ###### ##4 +53(,# ##5 +4:(,#
+LVWLRF\WLF#VDUFRPD ##4 +47(,# ##4 +4:(,# ##4 +53(,# ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ### ###### ##4 +53(,# ### ######

3DQFUHDV +83, +4:, +4;, +83,
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ ### ###### ### ###### ### ###### ##4 +5(,##
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ### ###### ##4 +9(,## ### ######
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ##4 +9(,## ##4 +9(,## ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ### ###### ##4 +9(,## ### ######

6DOLYDU\#JODQGV +83, +4:, +4;, +83,
6WRPDFK/#IRUHVWRPDFK +83, +4:, +4;, +83,
6TXDPRXV#FHOO#SDSLOORPD ### ###### ##5 +45(,# ### ###### ### ######

6WRPDFK/#JODQGXODU +83, +4:, +4;, +83,
&DUFLQRPD ### ###### ### ###### ##4 +9(,## ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +9(,## ### ######
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
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7$%/(#'4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO +83, +4:, +4;, +83,
$RUWD/#KHSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/# ### ###### ### ###### ### ###### ### ######
###OLYHU ### ###### ### ###### ##4 +9(,## ### ######

+HDUW +83, +4:, +4;, +83,
$OYHRODU2EURQFKLRODU#FDUFLQRPD/#PHWDVWDWLF/# ### ###### ### ###### ### ###### ### ######
###OXQJ ### ###### ### ###### ##4 +9(,## ### ######
+LVWLRF\WLF#VDUFRPD ##5 +7(,## ##4 +9(,## ### ###### ### ######

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +4:, +4;, +83,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +9(,## ### ######
&DSVXOH/#DGHQRPD ##4 +5(,## ### ###### ### ###### ##4 +5(,##

$GUHQDO#PHGXOOD +83, +4:, +4;, +7;,
3KHRFKURPRF\WRPD#EHQLJQ ### ###### ### ###### ### ###### ##4 +5(,##

,VOHWV/#SDQFUHDWLF +83, +4:, +4;, +83,
$GHQRPD ##4 +5(,## ### ###### ##4 +9(,## ### ######
&DUFLQRPD ##4 +5(,## ### ###### ### ###### ### ######

3LWXLWDU\#JODQG +83, +4:, +4;, +7<,
0HQLQJLRPD#PDOLJQDQW/#PHWDVWDWLF/#EUDLQ ### ###### ##4 +9(,## ### ###### ### ######
3DUV#GLVWDOLV/#DGHQRPD ##: +47(,# ##6 +4;(,# ##4 +9(,## ##8 +43(,#
3DUV#LQWHUPHGLD/#DGHQRPD ##4 +5(,## ### ###### ### ###### ##5 +7(,##
3DUV#LQWHUPHGLD/#FDUFLQRPD ### ###### ### ###### ### ###### ##4 +5(,##

7K\URLG#JODQG +83, +7;, +83, +83,
)ROOLFXODU#FHOO/#DGHQRPD ##4 +5(,## ##8 +43(,# ##4 +5(,## ##9 +45(,#
)ROOLFXODU#FHOO/#DGHQRPD/#PXOWLSOH ##4 +5(,## ### ###### ### ###### ### ######
)ROOLFXODU#FHOO/#FDUFLQRPD ### ###### ### ###### ### ###### ##4 +5(,##

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####

*HQLWDO#6\VWHP
&OLWRUDO#JODQG +7<, +48, +48, +79,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ### ###### ##4 +5(,##

2YDU\ +83, +4:, +4;, +7<,
&\VWDGHQRPD ### ###### ##4 +9(,## ### ###### ##4 +5(,##
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ ### ###### ### ###### ### ###### ##4 +5(,##
+HPDQJLRPD ### ###### ### ###### ##4 +9(,## ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +9(,## ### ######
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ##4 +9(,## ##4 +9(,## ##4 +5(,##
7HUDWRPD#EHQLJQ ##4 +5(,## ### ###### ### ###### ### ######

8WHUXV +83, +4:, +4;, +83,
+HPDQJLRVDUFRPD ### ###### ### ###### ### ###### ##4 +5(,##
+LVWLRF\WLF#VDUFRPD ### ###### ##5 +45(,# ### ###### ##4 +5(,##
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ### ###### ##4 +9(,## ### ######
3RO\S#VWURPDO ##6 +9(,## ##4 +9(,## ### ###### ### ######
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+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +83, +4:, +4;, +83,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ##5 +45(,# ### ###### ### ######

/\PSK#QRGH #+:, #+6, #+9, #+9,
%URQFKLDO/#DOYHRODU2EURQFKLRODU#FDUFLQRPD/# ### ###### ### ###### ### ###### ### ######
###PHWDVWDWLF/#OXQJ ### ###### ### ###### ##4 +4:(,# ### ######
,QJXLQDO/#KLVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +4:(,# ### ######
/XPEDU/#KLVWLRF\WLF#VDUFRPD ### ###### ##5 +9:(,# ### ###### ##5 +66(,#
0HGLDVWLQDO/#KHSDWRFKRODQJLRFDUFLQRPD/# ### ###### ### ###### ### ###### ### ######
###PHWDVWDWLF/#OLYHU ##4 +47(,# ### ###### ##4 +4:(,# ##4 +4:(,#
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD ##4 +47(,# ##4 +66(,# ### ###### ##4 +4:(,#
3DQFUHDWLF/#KLVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +4:(,# ### ######
5HQDO/#KHSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/# ### ###### ### ###### ### ###### ### ######
###OLYHU ### ###### ### ###### ### ###### ##4 +4:(,#
5HQDO/#KLVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +4:(,# ##4 +4:(,#
7KRUDFLF/#ILEURVDUFRPD/#PHWDVWDWLF/#VNLQ ##4 +47(,# ### ###### ### ###### ### ######

/\PSK#QRGH/#PDQGLEXODU +7<, +48, +48, +7;,
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG ### ###### ##4 +:(,## ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ##5 +7(,## ### ###### ### ###### ##4 +5(,##

/\PSK#QRGH/#PHVHQWHULF +7;, +4:, +4:, +83,
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ ### ###### ### ###### ### ###### ##4 +5(,##
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +9(,## ##5 +7(,##
+LVWLRF\WLF#VDUFRPD ##5 +7(,## ##5 +45(,# ##4 +9(,## ##5 +7(,##
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ### ###### ##4 +9(,## ### ######

6SOHHQ +83, +4:, +4;, +83,
+HPDQJLRVDUFRPD ### ###### ##4 +9(,## ### ###### ##5 +7(,##
+LVWLRF\WLF#VDUFRPD ##6 +9(,## ### ###### ##4 +9(,## ##4 +5(,##

7K\PXV +6;, +49, +49, +77,
$OYHRODU2EURQFKLRODU#FDUFLQRPD/#PHWDVWDWLF/# ### ###### ### ###### ### ###### ### ######
###OXQJ ### ###### ### ###### ##4 +9(,## ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +9(,## ##5 +8(,##
+LVWLRF\WLF#VDUFRPD ##4 +6(,## ### ###### ### ###### ##4 +5(,##

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +83, +4:, +49, +83,
&DUFLQRPD ### ###### ### ###### ### ###### ##4 +5(,##

6NLQ +83, +7<, +83, +83,
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD ##4 +5(,## ### ###### ### ###### ##4 +5(,##
6XEFXWDQHRXV#WLVVXH/#KHPDQJLRVDUFRPD ### ###### ### ###### ### ###### ##4 +5(,##
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI ### ###### ### ###### ### ###### ### ######
###DSSOLFDWLRQ/#ILEURVDUFRPD ### ###### ##4 +5(,## ##4 +5(,## ### ######

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +4:, +4;, +83,
2VWHRVDUFRPD ##4 +5(,## ### ###### ### ###### ### ######

6NHOHWDO#PXVFOH #### #### #+4, #+6,
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ ### ###### ### ###### ### ###### ##4 +66(,#
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +433(, ##5 +9:(,#
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1HUYRXV#6\VWHP
%UDLQ +83, +4:, +4;, +83,
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG ### ###### ##4 +9(,## ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
0HQLQJLRPD#PDOLJQDQW ### ###### ##4 +9(,## ### ###### ### ######

5HVSLUDWRU\#6\VWHP
/XQJ +83, +4;, +4;, +83,
$OYHRODU2EURQFKLRODU#DGHQRPD ##7 +;(,## ##4 +9(,## ##5 +44(,# ##9 +45(,#
$OYHRODU2EURQFKLRODU#FDUFLQRPD ##5 +7(,## ### ###### ##4 +9(,## ### ######
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG ##4 +5(,## ##5 +44(,# ### ###### ##4 +5(,##
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ ##4 +5(,## ### ###### ### ###### ### ######
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ##5 +7(,## ##5 +44(,# ##4 +9(,## ##6 +9(,##
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ### ###### ##4 +9(,## ##5 +7(,##
+LVWLRF\WLF#VDUFRPD ##6 +9(,## ##4 +9(,## ### ###### ##5 +7(,##
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#VPDOO/# ### ###### ### ###### ### ###### ### ######
###MHMXQXP ### ###### ### ###### ##4 +9(,## ### ######
/HLRP\RVDUFRPD/#PHWDVWDWLF/#LQWHVWLQH#ODUJH/# ### ###### ### ###### ### ###### ### ######
###FHFXP ### ###### ### ###### ##4 +9(,## ### ######
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#XULQDU\ ### ###### ### ###### ### ###### ### ######
###EODGGHU ### ###### ### ###### ### ###### ##4 +5(,##
0HGLDVWLQXP/#DOYHRODU2EURQFKLRODU#FDUFLQRPD/# ### ###### ### ###### ### ###### ### ######
###PHWDVWDWLF/#OXQJ ### ###### ### ###### ##4 +9(,## ### ######

1RVH +83, +4:, +4;, +83,
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ### ###### ##4 +5(,##

6SHFLDO#6HQVHV#6\VWHP
(\H #+4, #+5, #### ####
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG ### ###### ##4 +83(,# ### ###### ### ######

+DUGHULDQ#JODQG #+8, #+5, #+4, #+6,
$GHQRPD ##5 +73(,# ### ###### ### ###### ##4 +66(,#
&DUFLQRPD ##4 +53(,# ##5 +433(, ##4 +433(, ##5 +9:(,#
%LODWHUDO/#DGHQRPD ##4 +53(,# ### ###### ### ###### ### ######

8ULQDU\#6\VWHP
.LGQH\ +83, +4:, +4;, +83,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ### ###### ##4 +5(,##
+LVWLRF\WLF#VDUFRPD ##6 +9(,## ##5 +45(,# ### ###### ### ######

8ULQDU\#EODGGHU +83, +4:, +4;, +83,
6TXDPRXV#FHOO#FDUFLQRPD ### ###### ### ###### ### ###### ##4 +5(,##

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV +83, +7<, +83, +83,E

+LVWLRF\WLF#VDUFRPD ##6 +9(,## ##5 +7(,## ##5 +7(,## ##5 +7(,##
/\PSKRPD#PDOLJQDQW ##; +49(,# ##6 +9(,## ##6 +9(,## ##8 +43(,#
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1HRSODVP#6XPPDU\
7RWDO#DQLPDOV#ZLWK#SULPDU\#QHRSODVPV 78 67 64 77F

7RWDO#SULPDU\#QHRSODVPV :4 87 77 ;5
7RWDO#DQLPDOV#ZLWK#EHQLJQ#QHRSODVPV 5< 55 53 68
7RWDO#EHQLJQ#QHRSODVPV 76 63 57 85

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV 58 55 4; 59
7RWDO#PDOLJQDQW#QHRSODVPV 5; 57 53 63

7RWDO#DQLPDOV#ZLWK#PHWDVWDWLF#QHRSODVPV 8 8 8 ;
7RWDO#PHWDVWDWLF#QHRSODVPV < ; 57 58

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#QHRSODVPD

1XPEHU#RI#DQLPDOV#ZLWK#DQ\#WLVVXH#H[DPLQHG#PLFURVFRSLFDOO\E

3ULPDU\#QHRSODVPV=##DOO#QHRSODVPV#H[FHSW#PHWDVWDWLF#QHRSODVPVF



49; 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#

5 7 7 7 7 8 9 9 9 9 9 9 9 9 9 : : : : : : : : : :#
1XPEHU#RI#'D\V#RQ#6WXG\ < 8 9 < < ; 5 5 5 8 8 : : ; < 3 5 5 6 7 7 7 7 7 7

5 6 4 8 < < 3 4 4 < < 3 < 3 5 4 5 9 7 3 3 3 3 3 3

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
&DUFDVV#,'#1XPEHU 3 6 7 3 7 7 5 5 6 4 6 4 4 4 7 7 7 3 6 3 3 4 5 5 5

6 5 ; 8 3 9 9 4 3 4 : 8 9 3 4 : < < 8 9 ; 7 5 6 8

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
*DOOEODGGHU . . 0 . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . 0 . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRPD # # # # # # # # # # # ; # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD # # # ; ; # # # # ; # # # ; # ; # # # # # # # ; #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # ; # # # # # #
+HSDWRFHOOXODU#DGHQRPD # # # # # # # ; # # # # # # # # ; # # # # # # # ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # ; # #
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # ; # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # ; # # # ; # # # ; # # # # # # # # # # # #

0HVHQWHU\ # # # # # # . # # . # # . # . # # # # # # . # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # ; # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # ; # # # # # # # # # # # #

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # ; # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # #

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # # # # # # # # # # # #

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # ; # # # # # # # # # # # #

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .

&DSVXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # ; # # # # # # # # # # # # # # # # # # #
&DUFLQRPD # # # ; # # # # # # # # # # # # # # # # # # # # #

3DUDWK\URLG#JODQG . . . . . . . 0 . 0 0 . 0 0 . . . . 0 . . . . 0 .
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # ; # # # # # # # ; # # # # # # # # #
3DUV#LQWHUPHGLD/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # ; # #
)ROOLFXODU#FHOO/#DGHQRPD/#PXOWLSOH # # # # # # # ; # # # # # # # # # # # # # # # # #

.=##7LVVXH#H[DPLQHG#PLFURVFRSLFDOO\ 0=##0LVVLQJ#WLVVXH ;=##/HVLRQ#SUHVHQW
$=##$XWRO\VLV#SUHFOXGHV#H[DPLQDWLRQ ,=##,QVXIILFLHQW#WLVVXH %ODQN=##1RW#H[DPLQHG
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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 6 6 7 7 3 3 5 5 6 6 7 8 3 3 4 4 4 4 4 5 5 5 6 6 7 7LVVXHV2

4 ; 6 8 4 7 7 ; 7 9 5 3 5 : 5 6 : ; < 3 : < 6 < 7 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
*DOOEODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRPD # # # # # # # # # # # # # # # # # # ; # # # # # # #5
+HSDWRFHOOXODU#FDUFLQRPD # ; # # # # ; # # # # # # # # # # # # # # # # # ; #<
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#DGHQRPD # # # # # ; # # # # # ; # # ; # ; # # ; # # # ; ; 43
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH ; # ; # # # # ; ; # # # ; # # # # # # # # ; ; # # #;
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6

0HVHQWHU\ # # # # # # # # # # # # # # # # # # # # . # # # . #:
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DSVXOH/#DGHQRPD # # # ; # # # # # # # # # # # # # # # # # # # # # #4
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 83
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DUDWK\URLG#JODQG 0 . . . . . . 0 . . . . . . 0 . . . 0 . 0 . . . . 6;
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

3DUV#GLVWDOLV/#DGHQRPD # # ; # # ; # ; # # # # # # ; # # # ; # # # # # # #:
3DUV#LQWHUPHGLD/#DGHQRPD # # # # # # # # # # # # # # # # # # ; # # # # # # #4

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
)ROOLFXODU#FHOO/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

5 7 7 7 7 8 9 9 9 9 9 9 9 9 9 : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ < 8 9 < < ; 5 5 5 8 8 : : ; < 3 5 5 6 7 7 7 7 7 7

5 6 4 8 < < 3 4 4 < < 3 < 3 5 4 5 9 7 3 3 3 3 3 3

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
&DUFDVV#,'#1XPEHU 3 6 7 3 7 7 5 5 6 4 6 4 4 4 7 7 7 3 6 3 3 4 5 5 5

6 5 ; 8 3 9 9 4 3 4 : 8 9 3 4 : < < 8 9 ; 7 5 6 8

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # #
7HUDWRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # #

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
3RO\S#VWURPDO # # # # # # # # # # # # # # # # # # ; # # # # # #

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # #
/\PSK#QRGH # # # # # # . # . # # # # # . # . . # # # # # . #

0HGLDVWLQDO/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # ########
##PHWDVWDWLF/#OLYHU # # # # # # ; # # # # # # # # # # # # # # ###############
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # #
7KRUDFLF/#ILEURVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##VNLQ # # # # # # # # # # # # # # # # ; # # # # # # # #

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . 0 . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # ; # # # ; # # # # # # # # # # # # # # # #

/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # ; # # # ; # # # # # # # # # # # # # # # #

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # ; # # # ; # # # ; # # # # # # # # # # # #

7K\PXV . . . 0 . . 0 . . 0 0 . . 0 . . 0 . 0 . . 0 0 . .
+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # # # # # # # # # # # #

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . .

2VWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # #
3HULSKHUDO#QHUYH # # # . # # # # # # # # # # # # # # # # # # # # #
6SLQDO#FRUG # # # . # # # # # # # # # # # # # # # # # # # # #
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 6 6 7 7 3 3 5 5 6 6 7 8 3 3 4 4 4 4 4 5 5 5 6 6 7 7LVVXHV2

4 ; 6 8 4 7 7 ; 7 9 5 3 5 : 5 6 : ; < 3 : < 6 < 7 7XPRUV

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . 0 . . . . . . . . . . . . . . . . 7<
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
7HUDWRPD#EHQLJQ # # # # # # # # # ; # # # # # # # # # # # # # # # #4

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
3RO\S#VWURPDO # # # ; # # # # # # ; # # # # # # # # # # # # # # #6

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH # # # # # # # # # # # # # # # # # # . # # # # # # #:

0HGLDVWLQDO/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # #########
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # ##### 4
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
7KRUDFLF/#ILEURVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7<
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . 0 . . . 0 . . . 7;
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6

7K\PXV . 0 . . . . . . 0 . . . . . . 0 . . . . . . . . . 6;
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 83

2VWHRVDUFRPD # # # # ; # # # # # # # # # # # # # # # # # # # # #4

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # # # # # #4
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

5 7 7 7 7 8 9 9 9 9 9 9 9 9 9 : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ < 8 9 < < ; 5 5 5 8 8 : : ; < 3 5 5 6 7 7 7 7 7 7

5 6 4 8 < < 3 4 4 < < 3 < 3 5 4 5 9 7 3 3 3 3 3 3

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
&DUFDVV#,'#1XPEHU 3 6 7 3 7 7 5 5 6 4 6 4 4 4 7 7 7 3 6 3 3 4 5 5 5

6 5 ; 8 3 9 9 4 3 4 : 8 9 3 4 : < < 8 9 ; 7 5 6 8

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # ; # # # # # # ; # # # ; # # #
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ # # # # # # # # # # # # # # # # # # # # # # # # #
##JODQG # ; # # # # # # # # # # # # # # # # # # # # # # #########
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # ; # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # ; # # # ; # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # ; # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # ; # # # ; # # # ; # # # # # # # # # # # #

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # . # # # # # # # # # # # # #
+DUGHULDQ#JODQG # . # # # # # # # # # . # # # # # # # # # . . # #

$GHQRPD # # # # # # # # # # # ; # # # # # # # # # # # # #
&DUFLQRPD # ; # # # # # # # # # # # # # # # # # # # # # # #
%LODWHUDO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # ; # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # ; # # # ; # # # ; # # # # # # # # # # # #
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # ; # # # ; # # # ; # # # # # # # # # # # #
/\PSKRPD#PDOLJQDQW # # # # # # # # # # # # # # ; # # # # # ; # # ; #
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=
9HKLFOH#&RQWURO#+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 6 6 7 7 3 3 5 5 6 6 7 8 3 3 4 4 4 4 4 5 5 5 6 6 7 7LVVXHV2

4 ; 6 8 4 7 7 ; 7 9 5 3 5 : 5 6 : ; < 3 : < 6 < 7 7XPRUV

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # # #7
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # ; # # # # # # # # # # ; # # # # #5
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ # # # # # # # # # # # # # # # # # # # # # # # # ##
##JODQG # # # # # # # # # # # # # # # # # # # # # # # # ## 4
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #5
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # # # # # # # # # # #4
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # . # # # # # # #8

$GHQRPD # # # # # # # # # # # # # # # # # # ; # # # # # # #5
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
%LODWHUDO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6
/\PSKRPD#PDOLJQDQW ; # # # # ; # # ; # # # # # # # # ; ; # # # # # # #;
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##4;5#PJ2NJ
#

3 6 7 7 7 8 9 9 9 9 9 9 9 : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 6 4 7 9 6 3 5 6 7 8 9 : 4 4 6 6 7 7 7 7 7 7 7

7 : 4 9 : ; 7 8 9 5 < 9 7 5 ; 4 8 3 3 3 3 3 3 3

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
&DUFDVV#,'#1XPEHU : ; ; 8 < : : ; 8 < ; : 8 < ; < 9 8 8 8 9 9 9 9

4 9 < 8 8 3 : : : 3 6 ; 5 7 5 9 8 4 6 < 4 5 6 7

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . 0 . . . . . . . . # # # # # # #
*DOOEODGGHU . . . . . . . . . . . . . . . . . # # # # # # #
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . # # # # # # #
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . # # # # # # #
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . 0 . . . . . # # # # # # #
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . # # # # # # #
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . 0 . . . . . # # # # # # #
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . # # # # # # #
/LYHU . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD # # ; # # # # ; # # # # # # # # ; ; ; # # # ; ;
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#DGHQRPD # # # ; # # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # ; # # # # # ; # # # ; # # ; # # ;
+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # ; # # # # # # # # #

0HVHQWHU\ # # # # . # # . # # # # . . # . . # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # # # # # # # # # # #

3DQFUHDV . . . . . . . . . . . . . . . . . # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # # # # # # # # # # #

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . # # # # # # #
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . # # # # # # #

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # ; # # # ; # # # # # # # #
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . # # # # # # #

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . # # # # # # #
+HDUW . . . . . . . . . . . . . . . . . # # # # # # #

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # ; # # # # # # # # #

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . # # # # # # #
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . # # # # # # #
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . # # # # # # #
3DUDWK\URLG#JODQG . 0 . . . . . . 0 . 0 . . . . 0 0 # # # # # # #
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . # # # # # # #

0HQLQJLRPD#PDOLJQDQW/#PHWDVWDWLF/#EUDLQ # ; # # # # # # # # # # # # # # # # # # # # # #
3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # # ; ; ; # # # # # # # # # #

7K\URLG#JODQG . . . . . . . . . . . . . . . . . 0 . . . . . .
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . 0 . . . . . 0 . . # # # # # # #
2YDU\ . . . . . . . . . . . . . . . . . # # # # # # #

&\VWDGHQRPD # # # # # # # # # # # # # # # ; # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # # # # # # # # # # #

8WHUXV . . . . . . . . . . . . . . . . . # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # ; # # # # # # # # #
3RO\S#VWURPDO # # # # # # # # # # # # # # # # ; # # # # # # #
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##4;5#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 9 : : ; ; < < < 8 8 8 9 9 9 : ; ; 3 : : : ; < < < 7LVVXHV2

< 7 9 3 8 4 5 6 7 9 ; 3 9 ; 5 7 ; 3 6 8 < 4 : ; < 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV # # # # # # # # # # # # # # # # # # # # # # # # # 49
*DOOEODGGHU # # # # # # # # # # # # # # # # # # # # # # # # # 4:
,QWHVWLQH#ODUJH/#FRORQ # # # # # # # # # # # # # # # # # # # # # # # # # 4:
,QWHVWLQH#ODUJH/#UHFWXP # # # # # # # # # # # # # # # # # # # # # # # # # 4:
,QWHVWLQH#ODUJH/#FHFXP # # # # # # # # # # # # # # # # # # # # # # # # # 49
,QWHVWLQH#VPDOO/#GXRGHQXP # # # # # # # # # # # # # # # # # # # # # # # # # 4:
,QWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # # # # # # # # 49
,QWHVWLQH#VPDOO/#LOHXP # # # # # # # # # # # # # # # # # # # # # # # # # 4:
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # ; # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD # ; # ; # # # # # # # # # # # # # # # # # # # # ; 43
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # ; # ; # # # # # # # # ; # # # # # # # # #6
+HSDWRFHOOXODU#DGHQRPD ; ; # # # # # # # ; # # # ; # # # ; ; # # # # # ; #;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # ; ; # # ; # # # # ; # # # # # # # # # # # # #<
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

0HVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #9
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DQFUHDV # # # # # # # # # # # # # # # # # # # # # # # # # 4:
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

6DOLYDU\#JODQGV # # # # # # # # # # # # # # # # # # # # # # # # # 4:
6WRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # 4:

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
6WRPDFK/#JODQGXODU # # # # # # # # # # # # # # # # # # # # # # # # # 4:

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO # # # # # # # # # # # # # # # # # # # # # # # # # 4:
+HDUW # # # # # # # # # # # # # # # # # # # # # # # # # 4:

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ # # # # # # # # # # # # # # # # # # # # # # # # # 4:
$GUHQDO#PHGXOOD # # # # # # # # # # # # # # # # # # # # # # # # # 4:
,VOHWV/#SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # # # # 4:
3DUDWK\URLG#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 45
3LWXLWDU\#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 4:

0HQLQJLRPD#PDOLJQDQW/#PHWDVWDWLF/#EUDLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7;
)ROOLFXODU#FHOO/#DGHQRPD ; # ; # # # # ; # # # # # # # # # # ; # # # # # ; #8

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 48
2YDU\ # # # # # # # # # # # # # # # # # # # # # # # # # 4:

&\VWDGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8WHUXV # # # # # # # # # # # # # # # # # # # # # # # # # 4:
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
3RO\S#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##4;5#PJ2NJ
+FRQWLQXHG,

3 6 7 7 7 8 9 9 9 9 9 9 9 : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 6 4 7 9 6 3 5 6 7 8 9 : 4 4 6 6 7 7 7 7 7 7 7

7 : 4 9 : ; 7 8 9 5 < 9 7 5 ; 4 8 3 3 3 3 3 3 3

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
&DUFDVV#,'#1XPEHU : ; ; 8 < : : ; 8 < ; : 8 < ; < 9 8 8 8 9 9 9 9

4 9 < 8 8 3 : : : 3 6 ; 5 7 5 9 8 4 6 < 4 5 6 7

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . # # # # # # #

+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # ; # # # # # # # # #
/\PSK#QRGH # # # # . # # # # # # # # # . . # # # # # # # #

/XPEDU/#KLVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # ; # # # # # # # # #
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # # # # # # # # # # #

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . 0 . . 0 . # # # # # # #
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # # # # ; # # # # # # # # # # # # # # #########

/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # ; # # # # # # # # #

6SOHHQ . . . . . . . . . . . . . . . . . # # # # # # #
+HPDQJLRVDUFRPD # # # # # # # # # ; # # # # # # # # # # # # # #

7K\PXV . . . . . . . . . 0 . . . . . . . # # # # # # #

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . # # # # # # #
6NLQ . . . . . . . . . . . . . . . . . . . . . . . .

6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # #
##DSSOLFDWLRQ/#ILEURVDUFRPD # # # ; # # # # # # # # # # # # # #######

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . # # # # # # #

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . # # # # # # #

&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # # # # ; # # # # # # # # # # # # # # #########
0HQLQJLRPD#PDOLJQDQW # ; # # # # # # # # # # # # # # # # # # # # # #

3HULSKHUDO#QHUYH # . # # # # # # # # # # # # # # # # # # # # # #
6SLQDO#FRUG # . # # # # # # # # # # # # # # # # # # # # # #

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . # # # # # # #

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # ; # # # # # # # # # # # #
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # # # # ; # ; # # # # # # # # # # # # #########
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # ; # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # # # # # # # # # # #

1RVH . . . . . . . . . . . . . . . . . # # # # # # #
7UDFKHD . . . . . . . . . . . . . . . . . # # # # # # #

6SHFLDO#6HQVHV#6\VWHP#####################
(\H . # # # # # # # . # # # # # # # # # # # # # # #

&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # # # # ; # # # # # # # # # # # # # # #########
+DUGHULDQ#JODQG # # # # # # # # . # . # # # # # # # # # # # # #

&DUFLQRPD # # # # # # # # ; # ; # # # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . # # # # # # #

+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # ; # # # # # # # # #
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . # # # # # # #

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # ; # # # # # # # # # ; # # # # # # # # #
/\PSKRPD#PDOLJQDQW # # # # # # # ; # # # # # # # ; ; # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 4::

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##4;5#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 9 : : ; ; < < < 8 8 8 9 9 9 : ; ; 3 : : : ; < < < 7LVVXHV2

< 7 9 3 8 4 5 6 7 9 ; 3 9 ; 5 7 ; 3 6 8 < 4 : ; < 7XPRUV

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ # # # # # # # # # # # # # # # # # # # # # # # # # 4:

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
/\PSK#QRGH # # # # # # # # # # # # # # # # # # # # # # # # # #6

/XPEDU/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PDQGLEXODU # # # # # # # # # # # # # # # # # # # # # # # # # 48
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # ## 4

/\PSK#QRGH/#PHVHQWHULF # # # # # # # # # # # # # # # # # # # # # # # # # 4:
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

6SOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # 4:
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

7K\PXV # # # # # # # # # # # # # # # # # # # # # # # # # 49

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 4:
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # ##
##DSSOLFDWLRQ/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # ######## 4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH # # # # # # # # # # # # # # # # # # # # # # # # # 4:

1HUYRXV#6\VWHP############################
%UDLQ # # # # # # # # # # # # # # # # # # # # # # # # # 4:

&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # ## 4
0HQLQJLRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4

3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # # # # # #4
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP########################
/XQJ # # # # # # # # # # # # # # # # . # # # # # # # # 4;

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # ## 5
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # ; # # # # # # # # #5
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

1RVH # # # # # # # # # # # # # # # # # # # # # # # # # 4:
7UDFKHD # # # # # # # # # # # # # # # # # # # # # # # # # 4:

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # # # # # # # # # # #5

&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # ## 4
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #5

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

8ULQDU\#6\VWHP############################
.LGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # 4:

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
8ULQDU\#EODGGHU # # # # # # # # # # # # # # # # # # # # # # # # # 4:

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
/\PSKRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #6



4:; 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##697#PJ2NJ#

8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 9 9 : ; 3 3 5 6 7 8 8 9 : : : ; 5 6 7 7 7 7 7 7 7

4 5 8 ; 4 5 5 9 5 7 < 4 5 7 < 8 ; 5 3 3 3 3 3 3 3

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU 7 4 5 4 6 5 6 3 7 7 3 6 3 3 4 4 4 4 3 4 4 4 5 6 7

4 9 8 5 : 7 9 6 9 6 5 4 9 : 4 7 6 3 < 8 : ; 6 < 5

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . # # # # # # #
*DOOEODGGHU . . . . . . . . . . . . . . . . . . # # # # # # #

/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # ; #######

,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . # # # # # # #
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . # # # # # # #
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . # # # # # # #

/HLRP\RVDUFRPD # # # # # # # # # # # # # # ; # # # # # # # # # #
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . # # # # # # #
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . # # # # # # #

/HLRP\RVDUFRPD # # # # # # # # # # # # # # # # # ; # # # # # # #
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . # # # # # # #
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD # # ; # ; # # # ; # # ; # # # ; # # # # # # ; # #
+HSDWRFHOOXODU#DGHQRPD # # # # ; # ; # # # # # # ; # # # # # # # ; ; # #
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # ; # # # # # # # # # # # # # # ;
+HSDWRFKRODQJLRFDUFLQRPD # # # # # ; # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # ; #######

0HVHQWHU\ # # # . # . # # # # . # # # # # . . # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # ; #######

3DQFUHDV . . . . . . . . . . . . . . . . . . # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # ; #######

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . # # # # # # #
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . # # # # # # #
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . # # # # # # #

&DUFLQRPD # # # # # # # # # # ; # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # # # # # # # # # # # # # # # # # # #

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . # # # # # # #

$RUWD/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#OLYHU # # # # # ; # # # # # # # # # # # # # # # # # # #

+HDUW . . . . . . . . . . . . . . . . . . # # # # # # #
$OYHRODU2EURQFKLRODU#FDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#OXQJ # # # # # # ; # # # # # # # # # # # # # # ###############



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 4:<

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##697#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7RWDO
&DUFDVV#,'#1XPEHU 7 7 3 3 4 5 5 5 6 6 6 6 7 7 8 3 3 5 5 5 5 6 6 7 7 7LVVXHV2

7 ; 7 8 < 3 ; < 5 6 7 8 : < 3 4 ; 4 5 9 : 3 ; 3 8 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV # # # # # # # # # # # # # # # # # # # # # # # # # 4;
*DOOEODGGHU # # # # # # # # # # # # # # # # # # # # # # # # # 4;

/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4

,QWHVWLQH#ODUJH/#FRORQ # # # # # # # # # # # # # # # # # # # # # # # # # 4;
,QWHVWLQH#ODUJH/#UHFWXP # # # # # # # # # # # # # # # # # # # # # # # # # 4;
,QWHVWLQH#ODUJH/#FHFXP # # # # # # # # # # # # # # # # # # # # # # # # # 4;

/HLRP\RVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#VPDOO/#GXRGHQXP # # # # # # # # # # # # # # # # # # # # # # # # # 4;
,QWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # # # # # # # # 4;

/HLRP\RVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#VPDOO/#LOHXP # # # # # # # # # # # # # # # # # # # # # # # # # 4;
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # ; # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #:
+HSDWRFHOOXODU#DGHQRPD # # ; ; # # # # # ; ; # # # ; # # ; ; ; # ; # # # 47
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # ; # # # # # # # # # # # # # ; # # # # #7
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # ; # # # # # #5
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4

0HVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #8
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4

3DQFUHDV # # # # # # # # # # # # # # # # # # # # # # # # # 4;
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4

6DOLYDU\#JODQGV # # # # # # # # # # # # # # # # # # # # # # # # # 4;
6WRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # 4;
6WRPDFK/#JODQGXODU # # # # # # # # # # # # # # # # # # # # # # # # # 4;

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO # # # # # # # # # # # # # # # # # # # # # # # # # 4;

$RUWD/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

+HDUW # # # # # # # # # # # # # # # # # # # # # # # # # 4;
$OYHRODU2EURQFKLRODU#FDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # # # # # ##### 4



4;3 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##697#PJ2NJ
+FRQWLQXHG,

8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 9 9 : ; 3 3 5 6 7 8 8 9 : : : ; 5 6 7 7 7 7 7 7 7

4 5 8 ; 4 5 5 9 5 7 < 4 5 7 < 8 ; 5 3 3 3 3 3 3 3

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU 7 4 5 4 6 5 6 3 7 7 3 6 3 3 4 4 4 4 3 4 4 4 5 6 7

4 9 8 5 : 7 9 6 9 6 5 4 9 : 4 7 6 3 < 8 : ; 6 < 5

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . # # # # # # #

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # # # # # # # # # # # # # # # # # # #

$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . # # # # # # #
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . # # # # # # #

$GHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # #
3DUDWK\URLG#JODQG 0 0 . . . 0 0 . . 0 0 . . . . 0 . . # # # # # # #
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . # # # # # # #

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # ; # # # # # # # # # # # # # # # # #
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # ;

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . 0 . . . . 0 . . . 0 . . . . . . # # # # # # #
2YDU\ . . . . . . . . . . . . . . . . . . # # # # # # #

+HPDQJLRPD # # # # # # # # # ; # # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #

8WHUXV . . . . . . . . . . . . . . . . . . # # # # # # #
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # ; #######

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . # # # # # # #
/\PSK#QRGH # # # . # . . # # # # . # # # . . # # # # # # # #

%URQFKLDO/#DOYHRODU2EURQFKLRODU # # # # # # # # # # # # # # # # # # # # # # # # #
##FDUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # # ; # # # # # # # # # # ########
,QJXLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #
0HGLDVWLQDO/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # ########
##PHWDVWDWLF/#OLYHU # # # # # ; # # # # # # # # # # # # # # # ###############
3DQFUHDWLF/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . 0 0 . . . . 0 # # # # # # #
/\PSK#QRGH/#PHVHQWHULF . 0 . . . . . . . . . . . . . . . . # # # # # # #

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # ; #######

6SOHHQ . . . . . . . . . . . . . . . . . . # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #

7K\PXV . . . . . . . . . . . . . . . . 0 0 # # # # # # #
$OYHRODU2EURQFKLRODU#FDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#OXQJ # # # # # # ; # # # # # # # # # # # # # # ###############
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # # # # # # # # # # # # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 4;4

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##697#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7RWDO
&DUFDVV#,'#1XPEHU 7 7 3 3 4 5 5 5 6 6 6 6 7 7 8 3 3 5 5 5 5 6 6 7 7 7LVVXHV2

7 ; 7 8 < 3 ; < 5 6 7 8 : < 3 4 ; 4 5 9 : 3 ; 3 8 7XPRUV

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ # # # # # # # # # # # # # # # # # # # # # # # # # 4;

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

$GUHQDO#PHGXOOD # # # # # # # # # # # # # # # # # # # # # # # # # 4;
,VOHWV/#SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # # # # 4;

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3DUDWK\URLG#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 44
3LWXLWDU\#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 4;

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 48
2YDU\ # # # # # # # # # # # # # # # # # # # # # # # # # 4;

+HPDQJLRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8WHUXV # # # # # # # # # # # # # # # # # # # # # # # # # 4;
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ # # # # # # # # # # # # # # # # # # # # # # # # # 4;
/\PSK#QRGH # # # # # # # # # # # # # # # # # # # # # # # # # #9

%URQFKLDO/#DOYHRODU2EURQFKLRODU # # # # # # # # # # # # # # # # # # # # # # # # ##
##FDUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # ######### #4
,QJXLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HGLDVWLQDO/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # #########
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # ##### 4
3DQFUHDWLF/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PDQGLEXODU # # # # # # # # # # # # # # # # # # # # # # # # # 48
/\PSK#QRGH/#PHVHQWHULF # # # # # # # # # # # # # # # # # # # # # # # # # 4:

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4

6SOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # 4;
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

7K\PXV # # # # # # # # # # # # # # # # # # # # # # # # # 49
$OYHRODU2EURQFKLRODU#FDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # # # # # ##### 4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4



4;5 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##697#PJ2NJ
+FRQWLQXHG,

8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 9 9 : ; 3 3 5 6 7 8 8 9 : : : ; 5 6 7 7 7 7 7 7 7

4 5 8 ; 4 5 5 9 5 7 < 4 5 7 < 8 ; 5 3 3 3 3 3 3 3

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU 7 4 5 4 6 5 6 3 7 7 3 6 3 3 4 4 4 4 3 4 4 4 5 6 7

4 9 8 5 : 7 9 6 9 6 5 4 9 : 4 7 6 3 < 8 : ; 6 < 5

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG 0 . . . . . . . . . . . 0 . . . . . # # # # # # #
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # #
##DSSOLFDWLRQ/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # #######

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . # # # # # # #
6NHOHWDO#PXVFOH # # # # # . # # # # # # # # # # # # # # # # # # #

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # # # # # # # # # # # # # # # # # # #

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . # # # # # # #

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . # # # # # # #

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # ; # # # # # # # ; # # # # # # #
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # ; # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # # # # # # ; # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # # # # # # # # # # # # # # # # # # #
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # ; #######
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##LQWHVWLQH#ODUJH/#FHFXP # # # # # # # # # # # # # # ; # # # # ###################
0HGLDVWLQXP/#DOYHRODU2EURQFKLRODU # # # # # # # # # # # # # # # # # # # # # # # # #
##FDUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # # ; # # # # # # # # # # ########

1RVH . . . . . . . . . . . . . . . . . . # # # # # # #
7UDFKHD . . . . . . . . . . . . . . . . . . # # # # # # #

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # # # # . # # # # # # # # # # #

&DUFLQRPD # # # # # # # # # # # # # ; # # # # # # # # # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . # # # # # # #
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . # # # # # # #

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # #
/\PSKRPD#PDOLJQDQW # # # ; # # # # # # # ; # # # ; # # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 4;6

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##697#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7RWDO
&DUFDVV#,'#1XPEHU 7 7 3 3 4 5 5 5 6 6 6 6 7 7 8 3 3 5 5 5 5 6 6 7 7 7LVVXHV2

7 ; 7 8 < 3 ; < 5 6 7 8 : < 3 4 ; 4 5 9 : 3 ; 3 8 7XPRUV

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # 49
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI # # # # # # # # # # # # # # # # # # # # # # # # ##
##DSSOLFDWLRQ/#ILEURVDUFRPD # # # # # # # # # ; # # # # # # # # ######## 4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH # # # # # # # # # # # # # # # # # # # # # # # # # 4;
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

1HUYRXV#6\VWHP############################
%UDLQ # # # # # # # # # # # # # # # # # # # # # # # # # 4;

5HVSLUDWRU\#6\VWHP########################
/XQJ # # # # # # # # # # # # # # # # # # # # # # # # # 4;

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#VPDOO/#MHMXQXP # # # # # # # # # # # # # # # # # # ######## 4
/HLRP\RVDUFRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##LQWHVWLQH#ODUJH/#FHFXP # # # # # # # # # # # # # # # # # # # ####### 4
0HGLDVWLQXP/#DOYHRODU2EURQFKLRODU # # # # # # # # # # # # # # # # # # # # # # # # ##
##FDUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # ######### 4

1RVH # # # # # # # # # # # # # # # # # # # # # # # # # 4;
7UDFKHD # # # # # # # # # # # # # # # # # # # # # # # # # 4;

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#6\VWHP############################
.LGQH\ # # # # # # # # # # # # # # # # # # # # # # # # # 4;
8ULQDU\#EODGGHU # # # # # # # # # # # # # # # # # # # # # # # # # 4;

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # ; # # # # # #5
/\PSKRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #6



4;7 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
#

3 7 8 9 9 9 9 9 9 9 : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ : 3 6 4 5 5 : ; < < 3 4 6 6 7 7 7 7 7 7 7 7 7 7 7

5 6 7 5 : < 8 9 4 7 : : 3 ; 3 3 3 3 3 3 3 3 3 3 4

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU < 8 9 9 ; 9 ; 9 < : < 8 : < 8 8 8 9 : : ; ; ; < 8

8 7 9 3 3 7 4 8 3 5 9 9 4 4 4 5 : ; 9 ; 5 9 ; 6 6

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
*DOOEODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .

)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # ; # # # # # # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # # # # # # ; # # # # ; # ; # # # # # # # # # ; #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # ; # # # # # ; # # # # # # # # #
+HSDWRFHOOXODU#DGHQRPD # # # # # # # ; # ; ; # # # ; # # ; ; # # # ; ; #
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # ; # # # # # # ; # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD # # ; # ; # # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # ; # #

0HVHQWHU\ # # . . . # # . . # # . # # . # # # # # # # # # #
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # ; # # # # # # # # # # # # # # # # #
+HPDQJLRPD # # # # # # # # # # # ; # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # ; # ; # # # # # # # # # # # # # # # # # # # #

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # ; # # # # # # # # # # # # # # # # #

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . .
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .

&DSVXOH/#DGHQRPD # # # # # # # # # # # # ; # # # # # # # # # # # #
$GUHQDO#PHGXOOD . 0 . . . . . . . . . . . . . . . . . . . 0 . . .

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # ; # # # # # # # # # # # # # # # # #
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
3DUDWK\URLG#JODQG 0 . 0 . . 0 . . . . . 0 0 . . . . . . . . . . 0 .
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # ; # # ; # # # # # # # # # # # # # #
3DUV#LQWHUPHGLD/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # ;
3DUV#LQWHUPHGLD/#FDUFLQRPD # # # # # ; # # # # # # # # # # # # # # # # # # #

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # ; # # # # # # # # # # ; # # #
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 4;8

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 7RWDO
&DUFDVV#,'#1XPEHU 8 9 9 9 9 : ; ; ; < < 3 8 8 9 : : : : : ; ; < < < 7LVVXHV2

< 4 6 : < 8 7 8 : 5 : 3 8 ; 5 3 6 7 : < 6 < 7 ; < 7XPRUV

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
*DOOEODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 83

)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFHOOXODU#FDUFLQRPD # # ; # # # # # # ; # ; # # ; # # # # # # # # # # #;
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #5
+HSDWRFHOOXODU#DGHQRPD ; # # # # ; # ; # # # ; ; # ; # ; ; ; # ; ; # # # 4<
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # ; # ; ; # ; # # # ; # # ; # ; # # # # # # # # # #<
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

0HVHQWHU\ # # # # . . . # . # # # # # # # # # # . # # # # # 45
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #5

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DSVXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 7;

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83
3DUDWK\URLG#JODQG 0 . . 0 . 0 . 0 . . . . 0 . 0 0 . . . . . . 0 . . 69
3LWXLWDU\#JODQG . . . . . . . 0 . . . . . . . . . . . . . . . . . 7<

3DUV#GLVWDOLV/#DGHQRPD ; # # ; # ; # # # # # # # # # # # # # # # # # # # #8
3DUV#LQWHUPHGLD/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # ; # # #5
3DUV#LQWHUPHGLD/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
)ROOLFXODU#FHOO/#DGHQRPD ; # # # # # # # # # # ; # ; # # # # # # # # # ; # #9
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # ; # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##



4;9 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
+FRQWLQXHG,

3 7 8 9 9 9 9 9 9 9 : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ : 3 6 4 5 5 : ; < < 3 4 6 6 7 7 7 7 7 7 7 7 7 7 7

5 6 7 5 : < 8 9 4 7 : : 3 ; 3 3 3 3 3 3 3 3 3 3 4

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU < 8 9 9 ; 9 ; 9 < : < 8 : < 8 8 8 9 : : ; ; ; < 8

8 7 9 3 3 7 4 8 3 5 9 9 4 4 4 5 : ; 9 ; 5 9 ; 6 6

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . 0 . 0 . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # ; # # # # # # # # # # # # # # # # # # # #

2YDU\ . . 0 . . . . . . . . . . . . . . . . . . . . . .
&\VWDGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # ; # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # ; # #

2YLGXFW # # # # # # # # # # # # # # # # # # # # # # # # #
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # ; # #

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH # . # # . # # . # # . # # . # # # # # # # # . # #

/XPEDU/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # ; # #
0HGLDVWLQDO/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # ########
##PHWDVWDWLF/#OLYHU # # # # ; # # # # # # # # # # # # # # # # ###############
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # #
5HQDO/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#OLYHU # # # # ; # # # # # # # # # # # # # # # # # # # #
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # #

/\PSK#QRGH/#PDQGLEXODU . . . . 0 . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # #

/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # ; # # # # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # ; # ; # # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # ; # #

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # ; # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # #

7K\PXV . . . . . . . 0 . 0 . 0 . . . . . . . . . . . . .
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # ; # ; # # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # #

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # ; # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#KHPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . .
6NHOHWDO#PXVFOH # # . # . # # . # # # # # # # # # # # # # # # # #

)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # ; # # # # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # ; # ; # # # # # # # # # # # # # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 4;:

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 7RWDO
&DUFDVV#,'#1XPEHU 8 9 9 9 9 : ; ; ; < < 3 8 8 9 : : : : : ; ; < < < 7LVVXHV2

< 4 6 : < 8 7 8 : 5 : 3 8 ; 5 3 6 7 : < 6 < 7 ; < 7XPRUV

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . 0 . 0 . . 79

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
&\VWDGHQRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

2YLGXFW # # # # # # # # # # # # # # # # # # # # . # # # # #4
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRVDUFRPD # # # # # # # # # # # ; # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # # # # # # # # # # # # # # # # # # # # # # # # # #9

/XPEDU/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
0HGLDVWLQDO/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # #########
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # ##### 4
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
5HQDO/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . 0 . . . . . . . . . . . . . . . 7;
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 83
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #5
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #5
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

7K\PXV . . 0 . . . . . . . . . . . . . . . . . 0 . 0 . . 77
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #5
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #4
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#KHPDQJLRVDUFRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 83
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #6

)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #5



4;; 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
+FRQWLQXHG,

3 7 8 9 9 9 9 9 9 9 : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ : 3 6 4 5 5 : ; < < 3 4 6 6 7 7 7 7 7 7 7 7 7 7 7

5 6 7 5 : < 8 9 4 7 : : 3 ; 3 3 3 3 3 3 3 3 3 3 4

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU < 8 9 9 ; 9 ; 9 < : < 8 : < 8 8 8 9 : : ; ; ; < 8

8 7 9 3 3 7 4 8 3 5 9 9 4 4 4 5 : ; 9 ; 5 9 ; 6 6

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .
3HULSKHUDO#QHUYH . # # # # # # # # # # # # # # # # # # # # # # # #
6SLQDO#FRUG . # # # # # # # # # # # # # # # # # # # # # # # #

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # ; # # ; # # # # # # #
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ # # # # # # # # # # # # # # # # # # # # # # # # #
##JODQG # # # # # # # # # # # # # # # # ; # # # # # # # #########
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # ; # # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # ; # ; # # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # ; # #
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##XULQDU\#EODGGHU # # # # # # # # # # # # ; # # # # # # # # # # # #

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # ; # #

7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # . # # # # # . # # # # # # . #

$GHQRPD # # # # # # # # # # ; # # # # # # # # # # # # # #
&DUFLQRPD # # # # # # # # # # # # # # # # ; # # # # # # ; #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # ; # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .
6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # ; # # # # # # # # # # # #

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # ; # #
/\PSKRPD#PDOLJQDQW # ; # ; # # # # # # ; # # # # # # # # # # # # # #



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 4;<

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH=##:5:#PJ2NJ
+FRQWLQXHG,

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 7RWDO
&DUFDVV#,'#1XPEHU 8 9 9 9 9 : ; ; ; < < 3 8 8 9 : : : : : ; ; < < < 7LVVXHV2

< 4 6 : < 8 7 8 : 5 : 3 8 ; 5 3 6 7 : < 6 < 7 ; < 7XPRUV

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # # # # # #4
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP########################
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # ; # # # # # # # # # # # # # # ; ; # # # # ; # #9
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ # # # # # # # # # # # # # # # # # # # # # # # # ##
##JODQG # # # # # # # # # # # # # # # # # # # # # # # # ## 4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # ; # # # # ; # # # # # # # # # # #6
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #5
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##XULQDU\#EODGGHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #6

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
/\PSKRPD#PDOLJQDQW # # # # # # # # # # ; # # # # ; # # # # # # # # # #8



4<3 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#'6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

+DUGHULDQ#*ODQG=##$GHQRPD
2YHUDOO#UDWH 6283#+9(, 327<#+3(, 3283#+3(, 4283#+5(,D H H

$GMXVWHG#UDWH ;1<( 518(E

7HUPLQDO#UDWH 5264#+9(, 3269#+3(,F

)LUVW#LQFLGHQFH#+GD\V, 9:3 :3:
/LIH#WDEOH#WHVW 3Û3158;1##G

/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315<51##G

)LVKHU#H[DFW#WHVW 3Û3163<1##G

+DUGHULDQ#*ODQG=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 7283#+;(, 527<#+7(, 4283#+5(, 6283#+9(,H H

$GMXVWHG#UDWH 431:( :1<(
7HUPLQDO#UDWH 5264#+9(, 5269#+9(,
)LUVW#LQFLGHQFH#+GD\V, 786 :3:
/LIH#WDEOH#WHVW 3Û317681##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318391##
)LVKHU#H[DFW#WHVW 3Û318331##
/LYHU=##+HSDWRFHOOXODU#$GHQRPD
2YHUDOO#UDWH 4;283#+69(, 4:27<#+68(, 4;283#+69(, 5;283#+89(,
$GMXVWHG#UDWH 8714( 7:1;( 7<13( 9<1;(
7HUPLQDO#UDWH 49264#+85(, 47265#+77(, 47265#+77(, 57269#+9:(,
)LUVW#LQFLGHQFH#+GD\V, 954 779 934 9;9
/LIH#WDEOH#WHVW 3Û31393 3Û3178<1 3Û318731 3Û3144;###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31367 3Û318661 3Û318861 3Û313;3###
&RFKUDQ0$UPLWDJH#WHVW 3Û31349G

)LVKHU#H[DFW#WHVW 3Û318631 3Û318;51 3Û31368
/LYHU=##+HSDWRFHOOXODU#&DUFLQRPD
2YHUDOO#UDWH 43283#+53(, 4627<#+5:(, :283#+47(, 43283#+53(,
$GMXVWHG#UDWH 5818( 6916( 4:13( 571:(
7HUPLQDO#UDWH 7264#+46(, 43265#+64(, 5265#+9(, 9269#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 7<8 744 8:8 9:8
/LIH#WDEOH#WHVW 3Û315<51 3Û31675 3Û315<:1 3Û3179<1##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316<:1 3Û315<6 3Û316931 3Û318<81##
&RFKUDQ0$UPLWDJH#WHVW 3Û316<<1
)LVKHU#H[DFW#WHVW 3Û315<; 3Û315<;1 3Û318<;1##
/LYHU=##+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 5:283#+87(, 5627<#+7:(, 56283#+79(, 66283#+99(,
$GMXVWHG#UDWH 9;19( 9417( 8917( :91:(
7HUPLQDO#UDWH 4<264#+94(, 4;265#+89(, 48265#+7:(, 59269#+:5(,
)LUVW#LQFLGHQFH#+GD\V, 7<8 744 8:8 9:8
/LIH#WDEOH#WHVW 3Û315<8 3Û315871 3Û3158<1 3Û3177;###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31464 3Û316591 3Û3156:1 3Û3156:###
&RFKUDQ0$UPLWDJH#WHVW 3Û313;;##########################################
)LVKHU#H[DFW#WHVW 3Û3163;1 3Û315:71 3Û31487###



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 4<4

7$%/(#'6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH
+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD
2YHUDOO#UDWH 7283#+;(, 424;#+9(, 524;#+44(, 9283#+45(,H H

$GMXVWHG#UDWH 4418( 491:(
7HUPLQDO#UDWH 5264#+9(, 9269#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 98< :73#+7,
/LIH#WDEOH#WHVW 3Û31794###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31766###
)LVKHU#H[DFW#WHVW 3Û316:3###
/XQJ=##$OYHRODU2EURQFKLRODU#&DUFLQRPD
2YHUDOO#UDWH 5283#+7(, 324;#+3(, 424;#+9(, 3283#+3(,H H

$GMXVWHG#UDWH 918( 313(
7HUPLQDO#UDWH 5264#+9(, 3269#+3(,
)LUVW#LQFLGHQFH#+GD\V, :73#+7, ³I

/LIH#WDEOH#WHVW 3Û315391##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315391##
)LVKHU#H[DFW#WHVW 3Û3157:1##
/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 8283#+43(, 424;#+9(, 624;#+4:(, 9283#+45(,H H

$GMXVWHG#UDWH 4719( 491:(
7HUPLQDO#UDWH 6264#+43(, 9269#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 98< :73#+7,
/LIH#WDEOH#WHVW 3Û318<;###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318:7###
)LVKHU#H[DFW#WHVW 3Û31833###
3DQFUHDWLF#,VOHWV=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 5283#+7(, 324:#+3(, 424;#+9(, 3283#+3(,H H

$GMXVWHG#UDWH 716( 313(
7HUPLQDO#UDWH 3264#+3(, 3269#+3(,
)LUVW#LQFLGHQFH#+GD\V, 7<8 ³
/LIH#WDEOH#WHVW 3Û315661##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315371##
)LVKHU#H[DFW#WHVW 3Û3157:1##
3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV,=##$GHQRPD
2YHUDOO#UDWH :283#+47(, 624:#+4;(, 424;#+9(, 827<#+43(,H H

$GMXVWHG#UDWH 5317( 451<(
7HUPLQDO#UDWH 8264#+49(, 6268#+<(,
)LUVW#LQFLGHQFH#+GD\V, 954 9;9
/LIH#WDEOH#WHVW 3Û315<<1##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3168:1##
)LVKHU#H[DFW#WHVW 3Û316<71##



4<5 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#'6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH
+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

3LWXLWDU\#*ODQG#+3DUV#,QWHUPHGLD,=##$GHQRPD#RU#&DUFLQRPD#
2YHUDOO#UDWH 4283#+5(, 324:#+3(, 324;#+3(, 627<#+9(,H H

$GMXVWHG#UDWH 615( :1;(
7HUPLQDO#UDWH 4264#+6(, 5268#+9(,
)LUVW#LQFLGHQFH#+GD\V, :73#+7, 95<
/LIH#WDEOH#WHVW ######## 3Û3167;###
/RJLVWLF#UHJUHVVLRQ#WHVW ######## 3Û3163:###
)LVKHU#H[DFW#WHVW 3Û31634###
6SOHHQ=##+HPDQJLRVDUFRPD
2YHUDOO#UDWH 3283#+3(, 424:#+9(, 324;#+3(, 5283#+7(,H H

$GMXVWHG#UDWH 313( 819(
7HUPLQDO#UDWH 3264#+3(, 5269#+9(,
)LUVW#LQFLGHQFH#+GD\V, ³ :73#+7,
/LIH#WDEOH#WHVW 3Û315:5###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315:5###
)LVKHU#H[DFW#WHVW 3Û3157:###
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD
2YHUDOO#UDWH 5283#+7(, 827;#+43(, 4283#+5(, 9283#+45(,
$GMXVWHG#UDWH 818( 4914( 614( 4913(
7HUPLQDO#UDWH 4264#+6(, 8264#+49(, 4265#+6(, 8269#+47(,
)LUVW#LQFLGHQFH#+GD\V, 954 :73#+7, :73#+7, :3:
/LIH#WDEOH#WHVW 3Û31547 3Û31548 3Û317<31 3Û314;:###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314<: 3Û314<: 3Û317<;1 3Û31484###
&RFKUDQ0$UPLWDJH#WHVW 3Û3148:##########################################
)LVKHU#H[DFW#WHVW 3Û31534 3Û318331 3Û31467###
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 5283#+7(, 827;#+43(, 4283#+5(, :283#+47(,
$GMXVWHG#UDWH 818( 4914( 614( 4;1;(
7HUPLQDO#UDWH 4264#+6(, 8264#+49(, 4265#+6(, 9269#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 954 :73#+7, :73#+7, :3:
/LIH#WDEOH#WHVW 3Û31457 3Û31548 3Û317<31 3Û31455###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31445 3Û314<: 3Û317<;1 3Û313<9###
&RFKUDQ0$UPLWDJH#WHVW 3Û313;7##########################################
)LVKHU#H[DFW#WHVW 3Û31534 3Û318331 3Û313;3###
8WHUXV=##6WURPDO#3RO\S
2YHUDOO#UDWH 6283#+9(, 424:#+9(, 324;#+3(, 3283#+3(,H H

$GMXVWHG#UDWH <17( 313(
7HUPLQDO#UDWH 5264#+9(, 3269#+3(,
)LUVW#LQFLGHQFH#+GD\V, :67 ³
/LIH#WDEOH#WHVW 3Û313<;1##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313<91##
)LVKHU#H[DFW#WHVW 3Û314541##
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7$%/(#'6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH
+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

$OO#2UJDQV=##+HPDQJLRVDUFRPD
2YHUDOO#UDWH 3283#+3(, 527<#+7(, 4283#+5(, 7283#+;(,H H

$GMXVWHG#UDWH 313( 4414(
7HUPLQDO#UDWH 3264#+3(, 7269#+44(,
)LUVW#LQFLGHQFH#+GD\V, ³ :73#+7,
/LIH#WDEOH#WHVW 3Û313;6###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313;6###
)LVKHU#H[DFW#WHVW 3Û3138<###
$OO#2UJDQV=##+HPDQJLRPD#RU#+HPDQJLRVDUFRPD
2YHUDOO#UDWH 5283#+7(, 527<#+7(, 5283#+7(, 8283#+43(,H H

$GMXVWHG#UDWH 81:( 4617(
7HUPLQDO#UDWH 4264#+6(, 7269#+44(,
)LUVW#LQFLGHQFH#+GD\V, 9:3 :4:
/LIH#WDEOH#WHVW 3Û315;4###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3157<###
)LVKHU#H[DFW#WHVW 3Û3154;###
$OO#2UJDQV=##+LVWLRF\WLF#6DUFRPD
2YHUDOO#UDWH 6283#+9(, 527<#+7(, 5283#+7(, 5283#+7(,H H

$GMXVWHG#UDWH :13( 817(
7HUPLQDO#UDWH 3264#+3(, 4269#+6(,
)LUVW#LQFLGHQFH#+GD\V, 7<< :6;
/LIH#WDEOH#WHVW 3Û317831##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3183:1##
)LVKHU#H[DFW#WHVW 3Û318331##
$OO#2UJDQV=##0DOLJQDQW#/\PSKRPD
2YHUDOO#UDWH ;283#+49(, 624:#+4;(, 624;#+4:(, 8283#+43(,H H

$GMXVWHG#UDWH 571:( 441:(
7HUPLQDO#UDWH :264#+56(, 5269#+9(,
)LUVW#LQFLGHQFH#+GD\V, 9<5 736
/LIH#WDEOH#WHVW 3Û315371##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315:81##
)LVKHU#H[DFW#WHVW 3Û315::1##
$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH 5<283#+8;(, 5527<#+78(, 53283#+73(, 68283#+:3(,H H

$GMXVWHG#UDWH :714( ;616(
7HUPLQDO#UDWH 54264#+9;(, 5<269#+;4(,
)LUVW#LQFLGHQFH#+GD\V, 8;< 9;9
/LIH#WDEOH#WHVW 3Û317:4###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31636###
)LVKHU#H[DFW#WHVW 3Û3147<###
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7$%/(#'6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH
+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 58283#+83(, 5527<#+78(, 4;283#+69(, 59283#+85(,H H

$GMXVWHG#UDWH 8:16( 8713(
7HUPLQDO#UDWH 46264#+75(, 47269#+6<(,
)LUVW#LQFLGHQFH#+GD\V, 786 736
/LIH#WDEOH#WHVW 3Û317541##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31664###
)LVKHU#H[DFW#WHVW 3Û31833###
$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 78283#+<3(, 6727<#+9<(, 64283#+95(, 77283#+;;(,H H

$GMXVWHG#UDWH <61:( ;<1;(
7HUPLQDO#UDWH 5;264#+<3(, 64269#+;9(,
)LUVW#LQFLGHQFH#+GD\V, 786 736
/LIH#WDEOH#WHVW 3Û314971##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317981##
)LVKHU#H[DFW#WHVW 3Û318331##

+7,7HUPLQDO#VDFULILFH
1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#OLYHU/#OXQJ/#SDQFUHDWLFD

LVOHWV/#SLWXLWDU\#JODQG/#VSOHHQ/#DQG#WK\URLG#JODQG>#IRU#RWKHU#WLVVXHV/#GHQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#QHFURSVLHG1
.DSODQ00HLHU#HVWLPDWHG#QHRSODVP#LQFLGHQFH#DW#WKH#HQG#RI#WKH#VWXG\#DIWHU#DGMXVWPHQW#IRU#LQWHUFXUUHQW#PRUWDOLW\E

2EVHUYHG#LQFLGHQFH#DW#WHUPLQDO#NLOOF

%HQHDWK#WKH#FRQWURO#LQFLGHQFH#DUH#WKH#3#YDOXHV#DVVRFLDWHG#ZLWK#WKH#WUHQG#WHVW1##%HQHDWK#WKH#GRVHG#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#WR#SDLUZLVHG

FRPSDULVRQV#EHWZHHQ#WKH#FRQWUROV#DQG#WKDW#GRVHG#JURXS1##7KH#OLIH#WDEOH#WHVW#UHJDUGV#QHRSODVPV#LQ#DQLPDOV#G\LQJ#SULRU#WR#WHUPLQDO#NLOO#DV#EHLQJ#+GLUHFWO\#RU
LQGLUHFWO\,#WKH#FDXVH#RI#GHDWK1##7KH#ORJLVWLF#UHJUHVVLRQ#WHVW#UHJDUGV#WKHVH#OHVLRQV#DV#QRQIDWDO1##7KH#&RFKUDQ0$UPLWDJH#DQG#)LVKHU#H[DFW#WHVWV#FRPSDUH#GLUHFWO\#WKH
RYHUDOO#LQFLGHQFH#UDWHV1##)RU#DOO#WHVWV/#D#QHJDWLYH#WUHQG#RU#D#ORZHU#LQFLGHQFH#LQ#D#GRVH#JURXS#LV#LQGLFDWHG#E\#11
7LVVXHV#+H[FHSW#VNLQ,#ZHUH#H[DPLQHG#PLFURVFRSLFDOO\#RQO\#LQ#WKRVH#DQLPDOV#G\LQJ#SULRU#WR#WHUPLQDO#VDFULILFH#RU#ZKHQ#LW#ZDV#REVHUYHG#WR#EH#DEQRUPDO#DWH

QHFURSV\>#WKXV#VWDWLVWLFDO#FRPSDULVRQ#ZLWK#WKH#FRQWUROV#DUH#QRW#DSSOLFDEOH1
1RW#DSSOLFDEOH>#QR#QHRSODVPV#LQ#DQLPDO#JURXSI
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7$%/(#'7
+LVWRULFDO#,QFLGHQFH#RI#+HSDWRFHOOXODU#1HRSODVPV#LQ#&RQWURO#)HPDOH#%9&6) #0LFH4

D

,QFLGHQFH#LQ#&RQWUROV

6WXG\ $GHQRPD &DUFLQRPD $GHQRPD
RU#&DUFLQRPD

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#&ROXPEXV=##'HUPDO#+$FHWRQH,#6WXGLHV

709LQ\O040F\FORKH[HQH#'LHSR[LGH ;283 5283 43283
7ULHWKDQRODPLQH 55283 4283 56283

2YHUDOO#+LVWRULFDO#,QFLGHQFH=##'HUPDO#+$FHWRQH,#6WXGLHV

7RWDO 672483#+551:(, :2483#+71:(, 732483#+591:(,
6WDQGDUG#GHYLDWLRQ 4;1<( 614( 4:13(
5DQJH ;(077( 5(0;( 47(079(

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#&ROXPEXV=##'HUPDO#+(WKDQRO,#6WXG\

%HQ]HWKRQLXP#&KORULGH 53285#+6;18(, 45285#+5614(, 5:285#+841<(,

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#&ROXPEXV=##)HHG#6WXGLHV

7/707KLRELV+90W0EXW\O0P0FUHVRO, 4:284 7284 53284
8/80'LSKHQ\OK\GDQWRLQ 827; 327; 827;
3HQWDFKORURSKHQRO#+'RZLFLGH#(&0:,# 4267 3267 4267
(WK\OHQH#7KLRXUHD 5283 5283 7283
3RO\EURPLQDWHG#%LSKHQ\OV#+)LUHPDVWHU#))04�,# 7283 4283 8283
0DQJDQHVH#+,,,#6XOIDWH#0RQRK\GUDWH 45284 6284 46284
2[D]HSDP 58283 <283 5;283
7HFKQLFDO#*UDGH#3HQWDFKORURSKHQRO 6266 3266 6266
7ULDPWHUHQH 43283 7283 46283
7ULDPWHUHQH :283 8283 43283
7ULFUHV\O#3KRVSKDWH 45283 43283 54283

2YHUDOO#+LVWRULFDO#,QFLGHQFH=##)HHG#6WXGLHV

7RWDO 56424/797#+481;(, 43;24/797#+:17(, 64624/797#+5417(,
6WDQGDUG#GHYLDWLRQ 4319( 914( 4613(
5DQJH 5(083( 3(053( 6(089(

'DWD#DV#RI#45#0D\#4<<8D
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7$%/(#'8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
0RULEXQG 45 : < 9
1DWXUDO#GHDWKV : 43 < ;

6XUYLYRUV
7HUPLQDO#VDFULILFH 64 65 65 69

0LVVLQJ 4

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 83 7< 83 83

$OLPHQWDU\#6\VWHP
(VRSKDJXV +83, +49, +4;, +83,
,QIODPPDWLRQ ### ###### ##4 +9(,## ### ###### ### ######

,QWHVWLQH#VPDOO/#GXRGHQXP +83, +4:, +4;, +83,
,QIODPPDWLRQ ##4 +5(,## ### ###### ### ###### ### ######

,QWHVWLQH#VPDOO/#LOHXP +83, +4:, +4;, +83,
+\SHUSODVLD/#O\PSKRLG ##4 +5(,## ### ###### ### ###### ### ######

/LYHU +83, +7<, +83, +83,
$QJLHFWDVLV ##4 +5(,## ### ###### ### ###### ### ######
%DVRSKLOLF#IRFXV ### ###### ##6 +9(,## ##5 +7(,## ##4 +5(,##
&OHDU#FHOO#IRFXV ### ###### ##4 +5(,## ### ###### ### ######
(RVLQRSKLOLF#IRFXV #47 +5;(,# #44 +55(,# #44 +55(,# #43 +53(,#
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ##5 +7(,## ##5 +7(,## ##4 +5(,## ##4 +5(,##
,QIDUFW ### ###### ### ###### ### ###### ##4 +5(,##
,QIODPPDWLRQ/#FKURQLF#DFWLYH #55 +77(,# #5; +8:(,# #57 +7;(,# #54 +75(,#
0L[HG#FHOO#IRFXV #43 +53(,# ##6 +9(,## ##4 +5(,## ##: +47(,#
1HFURVLV ##6 +9(,## ##7 +;(,## ##< +4;(,# ##6 +9(,##
3LJPHQWDWLRQ/#KHPRVLGHULQ ##4 +5(,## ### ###### ### ###### ##4 +5(,##
%LOH#GXFW/#F\VW ##5 +7(,## ### ###### ### ###### ### ######
%LOH#GXFW/#K\SHUSODVLD ##7 +;(,## ##5 +7(,## ##7 +;(,## ##5 +7(,##
6HURVD/#QHFURVLV ### ###### ### ###### ##4 +5(,## ### ######

0HVHQWHU\ #+:, #+9, #+8, +45,
,QIODPPDWLRQ ##4 +47(,# ### ###### ##4 +53(,# ### ######
)DW/#QHFURVLV ##6 +76(,# ##5 +66(,# ### ###### ##: +8;(,#

3DQFUHDV +83, +4:, +4;, +83,
$WURSK\ ##6 +9(,## ### ###### ##4 +9(,## ##9 +45(,#
&\WRSODVPLF#DOWHUDWLRQ ##4 +5(,## ### ###### ### ###### ##4 +5(,##
,QIODPPDWLRQ ##4 +5(,## ### ###### ### ###### ### ######
1HFURVLV ### ###### ### ###### ### ###### ##4 +5(,##
'XFW/#F\VW ##5 +7(,## ##5 +45(,# ##4 +9(,## ##8 +43(,#

6DOLYDU\#JODQGV +83, +4:, +4;, +83,
$WURSK\ ##4 +5(,## ### ###### ### ###### ##4 +5(,##
)LEURVLV ### ###### ### ###### ### ###### ##4 +5(,##

6WRPDFK/#IRUHVWRPDFK +83, +4:, +4;, +83,
(URVLRQ ### ###### ### ###### ##4 +9(,## ### ######
+\SHUSODVLD/#IRFDO ##4 +5(,## ##4 +9(,## ### ###### ##6 +9(,##

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD
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7$%/(#'8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO +83, +4:, +4;, +83,
$RUWD/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ### ###### ##4 +5(,##

+HDUW +83, +4:, +4;, +83,
'HJHQHUDWLRQ ### ###### ##5 +45(,# ### ###### ### ######
0LQHUDOL]DWLRQ ##8 +43(,# ### ###### ### ###### ##4 +5(,##
$WULXP/#WKURPERVLV ### ###### ### ###### ### ###### ##4 +5(,##
(SLFDUGLXP/#LQIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ##4 +9(,## ### ######

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +4:, +4;, +83,
$FFHVVRU\#DGUHQDO#FRUWLFDO#QRGXOH ##4 +5(,## ### ###### ### ###### ### ######
'HJHQHUDWLRQ ### ###### ### ###### ### ###### ##4 +5(,##
+\SHUSODVLD ### ###### ### ###### ##4 +9(,## ##5 +7(,##
&DSVXOH/#K\SHUSODVLD/#DGHQRPDWRXV ##4 +5(,## ### ###### ### ###### ### ######

$GUHQDO#PHGXOOD +83, +4:, +4;, +7;,
+\SHUSODVLD ##6 +9(,## ### ###### ##4 +9(,## ##6 +9(,##

,VOHWV/#SDQFUHDWLF +83, +4:, +4;, +83,
+\SHUSODVLD ##: +47(,# ##4 +9(,## ##5 +44(,# ##7 +;(,##

3LWXLWDU\#JODQG +83, +4:, +4;, +7<,
&\VW ##4 +5(,## ### ###### ### ###### ### ######
3DUV#GLVWDOLV/#K\SHUSODVLD #58 +83(,# ##9 +68(,# #44 +94(,# #59 +86(,#

7K\URLG#JODQG +83, +7;, +83, +83,
,QIODPPDWLRQ ### ###### ### ###### ##4 +5(,## ### ######
)ROOLFOH/#F\VW ##4 +5(,## ### ###### ### ###### ### ######
)ROOLFXODU#FHOO/#K\SHUSODVLD #59 +85(,# #4< +73(,# #4< +6;(,# #58 +83(,#

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####

*HQLWDO#6\VWHP
2YDU\ +83, +4:, +4;, +7<,
&\VW #43 +53(,# ### ###### ##5 +44(,# #46 +5:(,#
+HPRUUKDJH ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ### ###### ### ###### ### ######
0HWDSODVLD ##4 +5(,## ### ###### ### ###### ### ######
7KURPERVLV ### ###### ### ###### ##4 +9(,## ### ######

2YLGXFW #### #### #### #+4,
,QIODPPDWLRQ/#FKURQLF ### ###### ### ###### ### ###### ##4 +433(,

8WHUXV +83, +4:, +4;, +83,
+HPRUUKDJH ### ###### ### ###### ##4 +9(,## ### ######
+\SHUSODVLD/#F\VWLF #54 +75(,# ##5 +45(,# ##7 +55(,# #55 +77(,#
3LJPHQWDWLRQ/#KHPRVLGHULQ ##4 +5(,## ### ###### ### ###### ### ######
/\PSKDWLF/#DQJLHFWDVLV ##4 +5(,## ### ###### ### ###### ### ######
/\PSKDWLF/#F\VW ##4 +5(,## ### ###### ### ###### ### ######
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +83, +4:, +4;, +83,
+\SHUSODVLD #45 +57(,# ##4 +9(,## ##7 +55(,# #44 +55(,#
0\HORILEURVLV ##4 +5(,## ### ###### ### ###### ##7 +;(,##

/\PSK#QRGH #+:, #+6, #+9, #+9,
0HGLDVWLQDO/#K\SHUSODVLD/#O\PSKRLG ##4 +47(,# ### ###### ### ###### ### ######
0HGLDVWLQDO/#LQILOWUDWLRQ#FHOOXODU/ ### ###### ### ###### ### ###### ### ######
###KLVWLRF\WH ### ###### ### ###### ### ###### ##4 +4:(,#

/\PSK#QRGH/#PHVHQWHULF +7;, +4:, +4:, +83,
$QJLHFWDVLV ##4 +5(,## ### ###### ### ###### ##5 +7(,##
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ##5 +7(,## ### ###### ### ###### ### ######
+HPRUUKDJH ### ###### ##4 +9(,## ### ###### ### ######
+\SHUSODVLD/#O\PSKRLG ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ##4 +5(,## ### ###### ### ###### ### ######

6SOHHQ +83, +4:, +4;, +83,
$QJLHFWDVLV ### ###### ### ###### ### ###### ##4 +5(,##
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ #4< +6;(,# ##; +7:(,# #45 +9:(,# #44 +55(,#

7K\PXV +6;, +49, +49, +77,
$WURSK\ ##8 +46(,# ##: +77(,# ##7 +58(,# ##7 +<(,##
&\VW ### ###### ### ###### ##4 +9(,## ### ######
+\SHUSODVLD/#O\PSKRLG ##5 +8(,## ##4 +9(,## ### ###### ### ######

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +83, +4:, +49, +83,
+\SHUSODVLD ##8 +43(,# ##4 +9(,## ##6 +4<(,# ##9 +45(,#

6NLQ +83, +7<, +83, +83,
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/#H[XGDWH ##4 +5(,## ##7 +;(,## ##7 +;(,## ##4 +5(,##
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/ ### ###### ### ###### ### ###### ### ######
###K\SHUSODVLD ##7 +;(,## ##4 +5(,## ##7 +;(,## ##7 +;(,##
(SLGHUPLV/#VNLQ/#VLWH#RI#DSSOLFDWLRQ/#XOFHU ### ###### ##4 +5(,## ##4 +5(,## ##4 +5(,##
6NLQ/#VLWH#RI#DSSOLFDWLRQ/#LQIODPPDWLRQ/ ### ###### ### ###### ### ###### ### ######
###FKURQLF ##7 +;(,## ##4 +5(,## ##4 +5(,## ##4 +5(,##
6NLQ/#VLWH#RI#DSSOLFDWLRQ/#SDUDNHUDWRVLV ### ###### ### ###### ##4 +5(,## ### ######
6XEFXWDQHRXV#WLVVXH/#HGHPD ### ###### ##4 +5(,## ### ###### ### ######
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI ### ###### ### ###### ### ###### ### ######
###DSSOLFDWLRQ/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ##5 +7(,## ### ######
6XEFXWDQHRXV#WLVVXH/#VNLQ/#VLWH#RI ### ###### ### ###### ### ###### ### ######
###DSSOLFDWLRQ/#LQIODPPDWLRQ/#VXSSXUDWLYH 4 +5(,## ### ###### ### ###### ### ######

0XVFXORVNHOHWDO#6\VWHP
1RQH #### #### #### ####

1HUYRXV#6\VWHP
%UDLQ +83, +4:, +4;, +83,
,QIODPPDWLRQ ### ###### ### ###### ##4 +9(,## ### ######
1HXURQ/#QHFURVLV ##5 +7(,## ##4 +9(,## ##7 +55(,# ### ######
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7$%/(#'8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

9HKLFOH#&RQWURO 4;5#PJ2NJ 697#PJ2NJ :5:#PJ2NJ

5HVSLUDWRU\#6\VWHP
/XQJ +83, +4;, +4;, +83,
+HPRUUKDJH ##4 +5(,## ### ###### ### ###### ##4 +5(,##
+\SHUSODVLD/#O\PSKRLG ### ###### ### ###### ### ###### ##4 +5(,##
,QIODPPDWLRQ ##4 +5(,## ### ###### ### ###### ### ######
3LJPHQWDWLRQ/#KHPRVLGHULQ ##4 +5(,## ### ###### ### ###### ### ######
7KURPERVLV ### ###### ### ###### ##4 +9(,## ### ######
$OYHRODU#HSLWKHOLXP/#K\SHUSODVLD ##5 +7(,## ### ###### ### ###### ##5 +7(,##
%URQFKLROH/#K\SHUSODVLD ##4 +5(,## ### ###### ### ###### ##4 +5(,##

1RVH +83, +4:, +4;, +83,
,QIODPPDWLRQ/#VXSSXUDWLYH ##4 +5(,## ### ###### ### ###### ### ######

6SHFLDO#6HQVHV#6\VWHP
(\H #+4, #+5, #### ####
'HJHQHUDWLRQ ### ###### ##4 +83(,# ### ###### ### ######
&RUQHD/#LQIODPPDWLRQ ##4 +433(, ### ###### ### ###### ### ######

+DUGHULDQ#JODQG #+8, #+5, #+4, #+6,
+\SHUSODVLD ##4 +53(,# ### ###### ### ###### ### ######

8ULQDU\#6\VWHP
.LGQH\ +83, +4:, +4;, +83,
+\GURQHSKURVLV ### ###### ### ###### ### ###### ##4 +5(,##
,QIDUFW ### ###### ### ###### ##4 +9(,## ### ######
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +5(,## ### ###### ### ###### ### ######
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ### ######
1HSKURSDWK\ #55 +77(,# ##4 +9(,## ##9 +66(,# #4: +67(,#
3LJPHQWDWLRQ ##5 +7(,## ### ###### ### ###### ### ######
$UWHU\/#LQIODPPDWLRQ/#FKURQLF#DFWLYH ### ###### ### ###### ##4 +9(,## ### ######
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$33(1',;#(
*(1(7,&#72;,&2/2*<

6$/021(//$#087$*(1,&,7<#7(67#35272&2/ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 535
0286(#/<03+20$#087$*(1,&,7<#7(67#35272&2/ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 535
&+,1(6(#+$067(5#29$5<#&(//#&<72*(1(7,&6#35272&2/6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 536
5(68/76 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 537
7$%/(#(4 0XWDJHQLFLW\#RI#6RGLXP#;\OHQHVXOIRQDWH#LQ#6DOPRQHOOD#W\SKLPXULXP 1 1 1 1 1 1 1 1 1 1 1 1 1 1 538
7$%/(#(5 ,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV

E\#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 539
7$%/(#(6 ,QGXFWLRQ#RI#6LVWHU#&KURPDWLG#([FKDQJHV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#

E\#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 544
7$%/(#(7 ,QGXFWLRQ#RI#&KURPRVRPDO#$EHUUDWLRQV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#

E\#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 546
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*(1(7,&#72;,&2/2*<

6$/021(//$#087$*(1,&,7<#7(67#35272&2/
7HVWLQJ#ZDV#SHUIRUPHG#DV#UHSRUWHG#E\#=HLJHU#HW#DO1#+4<;:,1##6RGLXP#[\OHQHVXOIRQDWH#ZDV#VHQW#WR#WKH
ODERUDWRU\#DV#D#FRGHG#DOLTXRW#IURP#5DGLDQ#&RUSRUDWLRQ#+$XVWLQ/#7;,1##,W#ZDV#LQFXEDWHG#ZLWK#WKH#6DOPRQHOOD
W\SKLPXULXP#WHVWHU#VWUDLQV#+7$<;/#7$433/#7$4868/#RU#7$486:,#HLWKHU#LQ#EXIIHU#RU#6<#PL[#+PHWDEROLF
DFWLYDWLRQ#HQ]\PHV#DQG#FRIDFWRUV#IURP#$URFORU#45870LQGXFHG#PDOH#6SUDJXH0'DZOH\#UDW#RU#6\ULDQ#KDPVWHU
OLYHU,#IRU#53#PLQXWHV#DW#6:(#&1##7RS#DJDU#VXSSOHPHQWHG#ZLWK#O0KLVWLGLQH#DQG#G0ELRWLQ#ZDV#DGGHG/#DQG#WKH
FRQWHQWV#RI#WKH#WXEHV#ZHUH#PL[HG#DQG#SRXUHG#RQWR#WKH#VXUIDFHV#RI#PLQLPDO#JOXFRVH#DJDU#SODWHV1##+LVWLGLQH0
LQGHSHQGHQW#PXWDQW#FRORQLHV#DULVLQJ#RQ#WKHVH#SODWHV#ZHUH#FRXQWHG#IROORZLQJ#LQFXEDWLRQ#IRU#5#GD\V#DW#6:(#&1

(DFK#WULDO#FRQVLVWHG#RI#WULSOLFDWH#SODWHV#RI#FRQFXUUHQW#SRVLWLYH#DQG#QHJDWLYH#FRQWUROV#DQG#ILYH#GRVHV#RI#VRGLXP
[\OHQHVXOIRQDWH1##7KH#KLJK#GRVH#ZDV#OLPLWHG#E\#H[SHULPHQWDO#GHVLJQ#WR#43/333#�/2SODWH1##$OO#WULDOV#ZHUH
UHSHDWHG1

,Q#WKLV#DVVD\/#D#SRVLWLYH#UHVSRQVH#LV#GHILQHG#DV#D#UHSURGXFLEOH/#GRVH0UHODWHG#LQFUHDVH#LQ#KLVWLGLQH0LQGHSHQGHQW
+UHYHUWDQW,#FRORQLHV#LQ#DQ\#RQH#VWUDLQ2DFWLYDWLRQ#FRPELQDWLRQ1##$Q#HTXLYRFDO#UHVSRQVH#LV#GHILQHG#DV#DQ
LQFUHDVH#LQ#UHYHUWDQWV#ZKLFK#LV#QRW#GRVH0UHODWHG/#LV#QRW#UHSURGXFLEOH/#RU#LV#RI#LQVXIILFLHQW#PDJQLWXGH#WR
VXSSRUW#D#GHWHUPLQDWLRQ#RI#PXWDJHQLFLW\1##$#QHJDWLYH#UHVSRQVH#LV#REWDLQHG#ZKHQ#QR#LQFUHDVH#LQ#UHYHUWDQW
FRORQLHV#LV#REVHUYHG#IROORZLQJ#FKHPLFDO#WUHDWPHQW1##7KHUH#LV#QR#PLQLPXP#SHUFHQWDJH#RU#IROG#LQFUHDVH
UHTXLUHG#IRU#D#FKHPLFDO#WR#EH#MXGJHG#SRVLWLYH#RU#ZHDNO\#SRVLWLYH1

0286(#/<03+20$#087$*(1,&,7<#7(67#35272&2/
7KH#H[SHULPHQWDO#SURWRFRO#LV#SUHVHQWHG#LQ#GHWDLO#E\#0\KU#HW#DO1#+4<;8,1##6RGLXP#[\OHQHVXOIRQDWH#ZDV
VXSSOLHG#DV#D#FRGHG#DOLTXRW#E\#5DGLDQ#&RUSRUDWLRQ1##7KH#KLJK#GRVH#RI#VRGLXP#[\OHQHVXOIRQDWH#ZDV
GHWHUPLQHG#E\#WR[LFLW\1##/84:;<#PRXVH#O\PSKRPD#FHOOV#ZHUH#PDLQWDLQHG#DW#6:(#&#DV#VXVSHQVLRQ#FXOWXUHV#LQ
)LVFKHU·V#PHGLXP#VXSSOHPHQWHG#ZLWK#O0JOXWDPLQH/#VRGLXP#S\UXYDWH/#SOXURQLF#)9;/#DQWLELRWLFV/#DQG#KHDW0
LQDFWLYDWHG#KRUVH#VHUXP>#QRUPDO#F\FOLQJ#WLPH#ZDV#DSSUR[LPDWHO\#43#KRXUV1##7R#UHGXFH#WKH#QXPEHU#RI
VSRQWDQHRXVO\#RFFXUULQJ#WULIOXRURWK\PLGLQH0UHVLVWDQW#FHOOV/#VXEFXOWXUHV#ZHUH#H[SRVHG#WR#PHGLXP#FRQWDLQLQJ
7+0*#+WK\PLGLQH/#K\SR[DQWKLQH/#PHWKRWUH[DWH/#DQG#JO\FLQH,#IRU#4#GD\/#WR#PHGLXP#FRQWDLQLQJ#7+*
+WK\PLGLQH/#K\SR[DQWKLQH/#DQG#JO\FLQH,#IRU#4#GD\/#DQG#WR#QRUPDO#PHGLXP#IRU#6#WR#8#GD\V1##)RU#FORQLQJ/#WKH
KRUVH#VHUXP#FRQWHQW#ZDV#LQFUHDVHG#DQG#1REOH#DJDU#ZDV#DGGHG1

$OO#WUHDWPHQW#OHYHOV#ZLWKLQ#DQ#H[SHULPHQW/#LQFOXGLQJ#FRQFXUUHQW#SRVLWLYH#DQG#VROYHQW#FRQWUROV/#ZHUH
UHSOLFDWHG1##7UHDWHG#FXOWXUHV#FRQWDLQHG#9#ð#43 #FHOOV#LQ#43#P/#PHGLXP1##7KLV#YROXPH#LQFOXGHG#WKH#6<9

IUDFWLRQ#LQ#WKRVH#H[SHULPHQWV#SHUIRUPHG#ZLWK#PHWDEROLF#DFWLYDWLRQ1##,QFXEDWLRQ#ZLWK#VRGLXP#[\OHQHVXOIRQDWH
FRQWLQXHG#IRU#7#KRXUV/#DW#ZKLFK#WLPH#WKH#PHGLXP#SOXV#VRGLXP#[\OHQHVXOIRQDWH#ZDV#UHPRYHG#DQG#WKH#FHOOV
ZHUH#UHVXVSHQGHG#LQ#IUHVK#PHGLXP#DQG#LQFXEDWHG#IRU#DQ#DGGLWLRQDO#5#GD\V#WR#H[SUHVV#WKH#PXWDQW#SKHQRW\SH1#
&HOO#GHQVLW\#ZDV#PRQLWRUHG#VR#WKDW#ORJ#SKDVH#JURZWK#ZDV#PDLQWDLQHG1##$IWHU#WKH#7;0KRXU#H[SUHVVLRQ#SHULRG/
FHOOV#ZHUH#SODWHG#LQ#PHGLXP#DQG#VRIW#DJDU#VXSSOHPHQWHG#ZLWK#WULIOXRURWK\PLGLQH#+7)7,#IRU#VHOHFWLRQ#RI#7)70
UHVLVWDQW#+7. ,#FHOOV>#FHOOV#ZHUH#SODWHG#LQ#QRQVHOHFWLYH#PHGLXP#DQG#VRIW#DJDU#WR#GHWHUPLQH#FORQLQJ$2$

HIILFLHQF\1##3ODWHV#ZHUH#LQFXEDWHG#DW#6:(#&#LQ#8(#&2 #IRU#43#WR#45#GD\V1##7KH#WHVW#ZDV#LQLWLDOO\#SHUIRUPHG5

ZLWKRXW#6<1##,I#D#FOHDUO\#SRVLWLYH#UHVSRQVH#ZDV#QRW#REWDLQHG/#WKH#WHVW#ZDV#UHSHDWHG#XVLQJ#IUHVKO\#SUHSDUHG#6<
IURP#WKH#OLYHUV#RI#$URFORU#45870LQGXFHG#PDOH#)LVFKHU#67721#UDWV1

0LQLPXP#FULWHULD#IRU#DFFHSWLQJ#DQ#H[SHULPHQW#DV#YDOLG#DQG#D#GHWDLOHG#GHVFULSWLRQ#RI#WKH#VWDWLVWLFDO#DQDO\VLV
DQG#GDWD#HYDOXDWLRQ#DUH#SUHVHQWHG#LQ#&DVSDU\#HW#DO1#+4<;;,1##$OO#GDWD#ZHUH#HYDOXDWHG#VWDWLVWLFDOO\#IRU#WUHQG
DQG#SHDN#UHVSRQVHV1##%RWK#UHVSRQVHV#KDG#WR#EH#VLJQLILFDQW#+3&3138,#IRU#VRGLXP#[\OHQHVXOIRQDWH#WR#EH
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FRQVLGHUHG#SRVLWLYH/#L1H1/#FDSDEOH#RI#LQGXFLQJ#7)7#UHVLVWDQFH1##$#VLQJOH#VLJQLILFDQW#UHVSRQVH#OHG#WR#D
´TXHVWLRQDEOHµ#FRQFOXVLRQ/#DQG#WKH#DEVHQFH#RI#ERWK#D#WUHQG#DQG#SHDN#UHVSRQVH#UHVXOWHG#LQ#D#´QHJDWLYHµ#FDOO1

&+,1(6(#+$067(5#29$5<#&(//#&<72*(1(7,&6#35272&2/6
7HVWLQJ#ZDV#SHUIRUPHG#DV#UHSRUWHG#E\#*DOORZD\#HW#DO1#+4<;:,1##6RGLXP#[\OHQHVXOIRQDWH#ZDV#VHQW#WR#WKH
ODERUDWRU\#DV#D#FRGHG#DOLTXRW#E\#5DGLDQ#&RUSRUDWLRQ1##,W#ZDV#WHVWHG#LQ#FXOWXUHG#&KLQHVH#KDPVWHU#RYDU\
+&+2,#FHOOV#IRU#LQGXFWLRQ#RI#VLVWHU#FKURPDWLG#H[FKDQJHV#+6&(V,#DQG#FKURPRVRPDO#DEHUUDWLRQV#+$EV,/#ERWK#LQ
WKH#SUHVHQFH#DQG#DEVHQFH#RI#$URFORU#45870LQGXFHG#PDOH#6SUDJXH0'DZOH\#UDW#OLYHU#6<#DQG#FRIDFWRU#PL[1#
&XOWXUHV#ZHUH#KDQGOHG#XQGHU#JROG#OLJKWV#WR#SUHYHQW#SKRWRO\VLV#RI#EURPRGHR[\XULGLQH0VXEVWLWXWHG#'1$1#
(DFK#WHVW#FRQVLVWHG#RI#FRQFXUUHQW#VROYHQW#DQG#SRVLWLYH#FRQWUROV#DQG#RI#DW#OHDVW#WKUHH#GRVHV#RI#VRGLXP
[\OHQHVXOIRQDWH>#LQ#WKH#DEVHQFH#RI#WR[LFLW\/#8#PJ2P/#ZDV#VHOHFWHG#DV#WKH#KLJK#GRVH1#$#VLQJOH#IODVN#SHU#GRVH
ZDV#XVHG/#DQG#WHVWV#\LHOGLQJ#HTXLYRFDO#RU#SRVLWLYH#UHVXOWV#ZHUH#UHSHDWHG1

6LVWHU#&KURPDWLG#([FKDQJH#7HVW=##,Q#WKH#6&(#WHVW#ZLWKRXW#6</#&+2#FHOOV#ZHUH#LQFXEDWHG#IRU#5818#KRXUV
ZLWK#VRGLXP#[\OHQHVXOIRQDWH#LQ#0F&R\·V#VXSSOHPHQWHG#8$#PHGLXP1##%URPRGHR[\XULGLQH#+%UG8,#ZDV#DGGHG
5#KRXUV#DIWHU#FXOWXUH#LQLWLDWLRQ1##$IWHU#5818#KRXUV/#WKH#PHGLXP#FRQWDLQLQJ#VRGLXP#[\OHQHVXOIRQDWH#ZDV
UHPRYHG#DQG#UHSODFHG#ZLWK#IUHVK#PHGLXP#SOXV#%UG8#DQG#&ROFHPLG/#DQG#LQFXEDWLRQ#ZDV#FRQWLQXHG#IRU
5#KRXUV1##&HOOV#ZHUH#WKHQ#KDUYHVWHG#E\#PLWRWLF#VKDNH0RII/#IL[HG/#DQG#VWDLQHG#ZLWK#+RHFKVW#6658;#DQG
*LHPVD1##,Q#WKH#6&(#WHVW#ZLWK#6</#FHOOV#ZHUH#LQFXEDWHG#ZLWK#VRGLXP#[\OHQHVXOIRQDWH/#VHUXP0IUHH#PHGLXP/
DQG#6<#IRU#5#KRXUV1##7KH#PHGLXP#ZDV#WKHQ#UHPRYHG#DQG#UHSODFHG#ZLWK#PHGLXP#FRQWDLQLQJ#VHUXP#DQG#%UG8
DQG#QR#VRGLXP#[\OHQHVXOIRQDWH#DQG#LQFXEDWLRQ#SURFHHGHG#IRU#DQ#DGGLWLRQDO#5818#KRXUV/#ZLWK#&ROFHPLG
SUHVHQW#IRU#WKH#ILQDO#5#KRXUV1##+DUYHVWLQJ#DQG#VWDLQLQJ#ZHUH#WKH#VDPH#DV#IRU#FHOOV#WUHDWHG#ZLWKRXW#6<1##$OO
VOLGHV#ZHUH#VFRUHG#EOLQG#DQG#WKRVH#IURP#D#VLQJOH#WHVW#ZHUH#UHDG#E\#WKH#VDPH#SHUVRQ1##)LIW\#VHFRQG0GLYLVLRQ
PHWDSKDVH#FHOOV#ZHUH#VFRUHG#IRU#IUHTXHQF\#RI#6&(V2FHOO#IURP#HDFK#GRVH#OHYHO1##%HFDXVH#VLJQLILFDQW
FKHPLFDO0LQGXFHG#FHOO#F\FOH#GHOD\#ZDV#VHHQ/#LQFXEDWLRQ#WLPH#ZDV#OHQJWKHQHG#WR#HQVXUH#D#VXIILFLHQW#QXPEHU#RI
VFRUDEOH#+VHFRQG0GLYLVLRQ#PHWDSKDVH,#FHOOV1##

6WDWLVWLFDO#DQDO\VHV#ZHUH#FRQGXFWHG#RQ#WKH#VORSHV#RI#WKH#GRVH0UHVSRQVH#FXUYHV#DQG#WKH#LQGLYLGXDO#GRVH#SRLQWV
+*DOORZD\#HW#DO1/#4<;:,1##$Q#6&(#IUHTXHQF\#53(#DERYH#WKH#FRQFXUUHQW#VROYHQW#FRQWURO#YDOXH#ZDV#FKRVHQ#DV
D#VWDWLVWLFDOO\#FRQVHUYDWLYH#SRVLWLYH#UHVSRQVH1##7KH#SUREDELOLW\#RI#WKLV#OHYHO#RI#GLIIHUHQFH#RFFXUULQJ#E\#FKDQFH
DW#RQH#GRVH#SRLQW#LV#OHVV#WKDQ#3134>#WKH#SUREDELOLW\#IRU#VXFK#D#FKDQFH#RFFXUUHQFH#DW#WZR#GRVH#SRLQWV#LV#OHVV
WKDQ#313341##$Q#LQFUHDVH#RI#53(#RU#JUHDWHU#DW#DQ\#VLQJOH#GRVH#ZDV#FRQVLGHUHG#ZHDN#HYLGHQFH#RI#DFWLYLW\>
LQFUHDVHV#DW#WZR#RU#PRUH#GRVHV#UHVXOWHG#LQ#D#GHWHUPLQDWLRQ#WKDW#WKH#WULDO#ZDV#SRVLWLYH1##$#VWDWLVWLFDOO\
VLJQLILFDQW#WUHQG#+3?31338,#LQ#WKH#DEVHQFH#RI#DQ\#UHVSRQVHV#UHDFKLQJ#53(#DERYH#EDFNJURXQG#OHG#WR#D#FDOO
RI#HTXLYRFDO1

&KURPRVRPDO#$EHUUDWLRQV#7HVW=##,Q#WKH#$EV#WHVW#ZLWKRXW#6</#FHOOV#ZHUH#LQFXEDWHG#LQ#0F&R\·V#8$#PHGLXP
ZLWK#VRGLXP#[\OHQHVXOIRQDWH#IRU#4;#KRXUV>#&ROFHPLG#ZDV#DGGHG#DQG#LQFXEDWLRQ#FRQWLQXHG#IRU#5#KRXUV1##7KH
FHOOV#ZHUH#WKHQ#KDUYHVWHG#E\#PLWRWLF#VKDNH0RII/#IL[HG/#DQG#VWDLQHG#ZLWK#*LHPVD1##)RU#WKH#$EV#WHVW#ZLWK#6</
FHOOV#ZHUH#WUHDWHG#ZLWK#VRGLXP#[\OHQHVXOIRQDWH#DQG#6<#IRU#5#KRXUV/#DIWHU#ZKLFK#WKH#WUHDWPHQW#PHGLXP#ZDV
UHPRYHG#DQG#WKH#FHOOV#ZHUH#LQFXEDWHG#IRU#43#KRXUV#LQ#IUHVK#PHGLXP/#ZLWK#&ROFHPLG#SUHVHQW#IRU#WKH#ILQDO
5#KRXUV1##&HOOV#ZHUH#KDUYHVWHG#LQ#WKH#VDPH#PDQQHU#DV#IRU#WKH#WUHDWPHQW#ZLWKRXW#6<1##7KH#KDUYHVW#WLPH#IRU#WKH
$EV#WHVW#ZDV#EDVHG#RQ#WKH#FHOO#F\FOH#LQIRUPDWLRQ#REWDLQHG#LQ#WKH#6&(#WHVW>#FHOO#F\FOH#GHOD\#ZDV#DQWLFLSDWHG/
DQG#WKH#LQFXEDWLRQ#SHULRG#ZDV#H[WHQGHG1

&HOOV#ZHUH#VHOHFWHG#IRU#VFRULQJ#RQ#WKH#EDVLV#RI#JRRG#PRUSKRORJ\#DQG#FRPSOHWHQHVV#RI#NDU\RW\SH
+54#�#5#FKURPRVRPHV,1##$OO#VOLGHV#ZHUH#VFRUHG#EOLQG#DQG#WKRVH#IURP#D#VLQJOH#WHVW#ZHUH#UHDG#E\#WKH#VDPH
SHUVRQ1##7ZR#KXQGUHG#ILUVW0GLYLVLRQ#PHWDSKDVH#FHOOV#ZHUH#VFRUHG#DW#HDFK#GRVH#OHYHO1##&ODVVHV#RI#DEHUUDWLRQV
LQFOXGHG#VLPSOH#+EUHDNV#DQG#WHUPLQDO#GHOHWLRQV,/#FRPSOH[#+UHDUUDQJHPHQWV#DQG#WUDQVORFDWLRQV,/#DQG#RWKHU
+SXOYHUL]HG#FHOOV/#GHVSLUDOL]HG#FKURPRVRPHV/#DQG#FHOOV#FRQWDLQLQJ#43#RU#PRUH#DEHUUDWLRQV,1
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&KURPRVRPDO#DEHUUDWLRQ#GDWD#DUH#SUHVHQWHG#DV#SHUFHQWDJH#RI#FHOOV#ZLWK#DEHUUDWLRQV1##7R#DUULYH#DW#D#VWDWLVWLFDO
FDOO#IRU#D#WULDO/#DQDO\VHV#ZHUH#FRQGXFWHG#RQ#ERWK#WKH#GRVH#UHVSRQVH#FXUYH#DQG#LQGLYLGXDO#GRVH#SRLQWV1##)RU#D
VLQJOH#WULDO/#D#VWDWLVWLFDOO\#VLJQLILFDQW#+3&3138,#GLIIHUHQFH#IRU#RQH#GRVH#SRLQW#DQG#D#VLJQLILFDQW#WUHQG
+3&31348,#ZHUH#FRQVLGHUHG#ZHDN#HYLGHQFH#IRU#D#SRVLWLYH#UHVSRQVH>#VLJQLILFDQW#GLIIHUHQFHV#IRU#WZR#RU#PRUH
GRVHV#LQGLFDWHG#WKH#WULDO#ZDV#SRVLWLYH1##$#SRVLWLYH#WUHQG#WHVW#LQ#WKH#DEVHQFH#RI#D#VWDWLVWLFDOO\#VLJQLILFDQW
LQFUHDVH#DW#DQ\#RQH#GRVH#UHVXOWHG#LQ#DQ#HTXLYRFDO#FDOO#+*DOORZD\#HW#DO1/#4<;:,1##8OWLPDWHO\/#WKH#WULDO#FDOOV
ZHUH#EDVHG#RQ#D#FRQVLGHUDWLRQ#RI#WKH#VWDWLVWLFDO#DQDO\VHV#DV#ZHOO#DV#WKH#ELRORJLFDO#LQIRUPDWLRQ#DYDLODEOH#WR#WKH
UHYLHZHUV1

5(68/76
6RGLXP#[\OHQHVXOIRQDWH#+433#WR#43/333#�J2SODWH,#ZDV#QRW#PXWDJHQLF#LQ#61#W\SKLPLXULXP#VWUDLQ#7$<;/
7$433/#7$4868/#RU#7$486:/#ZLWK#DQG#ZLWKRXW#LQGXFHG#6<#+=HLJHU#HW#DO1/#4<;:>#7DEOH#(4,1##5HVXOWV#
REWDLQHG#ZLWK#VRGLXP#[\OHQHVXOIRQDWH#LQ#D#PDPPDOLDQ#JHQH#PXWDWLRQ#DVVD\#ZLWK#FXOWXUHG#/84:;<#PRXVH
O\PSKRPD#FHOOV#LQ#WKH#SUHVHQFH#RI#6<#+7DEOH#(5,#ZHUH#FRQFOXGHG#WR#EH#HTXLYRFDO#EHFDXVH#WKH#VLJQLILFDQW
LQFUHDVH#LQ#PXWDQW#FRORQLHV#QRWHG#LQ#WKH#ILUVW#WULDO#ZLWK#6<#ZDV#QRW#FRQYLQFLQJO\#UHSHDWHG#LQ#WKH#VHFRQG#WULDO1#
:LWKRXW#6</#QR#VLJQLILFDQW#LQFUHDVH#LQ#PXWDWLRQV#ZDV#QRWHG1##6RGLXP#[\OHQHVXOIRQDWH#LQGXFHG#GRVH0UHODWHG
LQFUHDVHV#LQ#6&(V#LQ#FXOWXUHG#&+2#FHOOV#DW#FRQFHQWUDWLRQV#WKDW#SURGXFHG#FHOO#F\FOH#GHOD\#+5/846#WR
8/333#�J2P/,#LQ#WKH#DEVHQFH#RI#6<>#ZLWK#6</#QR#LQFUHDVHV#LQ#6&(V#ZHUH#QRWHG#+7DEOH#(6,1##)LQDOO\/#QR
LQGXFWLRQ#RI#$EV#ZDV#REVHUYHG#LQ#FXOWXUHG#&+2#FHOOV#WUHDWHG#ZLWK#VRGLXP#[\OHQHVXOIRQDWH#+5/846#WR
8/333#�J2P/,#ZLWK#RU#ZLWKRXW#6<#+7DEOH#(7,1
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7$%/(#(4
0XWDJHQLFLW\#RI#6RGLXP#;\OHQHVXOIRQDWH#LQ#6DOPRQHOOD#W\SKLPXULXPD

5HYHUWDQWV2SODWHE

6WUDLQ# 'RVH 06< .43(#KDPVWHU#6< .43(#UDW#6<
+�J2SODWH, 7ULDO#4 7ULDO#5 7ULDO#4 7ULDO#5 7ULDO#4 7ULDO#5

7$433 3 <8#�#61< :;#�#4415 477#�#915 ;;#�#718 45<#�#:18 468#�#81;#
433 <5#�#619 :5#�#51: 434#�#518 :9#�#91: 47:#�#461: 444#�#;14#
666 436#�#418 :6#�#914 453#�#913 ;8#�#:18 487#�#618 447#�#4<1:#

4/333 <6#�#41: 9<#�#61: 44:#�#41: 445#�#471: 485#�#51; 455#�#815#
6/666 <3#�#813 9<#�#516# 44<#�#615 433#�#<15 445#�#513 436#�#<1<#

43/333 <;#�#813 96#�#;18 458#�#819 <8#�#615 443#�#71: ;8#�#718#

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 953#�#;614 663#�#6415 5/83<#�#43:19 4/:3;#�#5:416 4/3<4#�#44415 :4:#�#;914F

7$4868 3 8#�#418 8#�#319 7#�#415 8#�#316 7#�#316 7#�#513
433 9#�#316 7#�#31< 44#�#316 5#�#416 7#�#513 5#�#413
666 5#�#319 4#�#31: 6#�#415 5#�#413 6#�#31: 6#�#319

4/333 5#�#316 6#�#415 :#�#418 8#�#41< 9#�#31< 7#�#41:
6/666 6#�#316 5#�#31< 7#�#418 6#�#418 7#�#319 5#�#413

43/333 4#�#316 4#�#31< 9#�#31< 7#�#513 9#�#31< 6#�#41<

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH (TXLYRFDO 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 43;#�#:14 467#�#:18 <6#�#591: 7;#�#71< 448#�#51: 89#�#51<

7$486: 3 9#�#517 7#�#31: 8#�#319 43#�#418 6#�#318 45#�#613
433 6#�#31< 5#�#316 43#�#313 45#�#615 8#�#31: 48#�#51:
666 8#�#319 6#�#415 44#�#41; 44#�#719 47#�#613 4:#�#81<#

4/333 7#�#316 6#�#31< 8#�#316 ;#�#31: 43#�#416 4;#�#41<
6/666 5#�#316 5#�#413 <#�#316 46#�#513 <#�#418 4;#�#519

43/333 7#�#41< 5#�#31< :#�#316 <#�#513 :#�#418 44#�#416

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH (TXLYRFDO 1HJDWLYH
3RVLWLYH#FRQWURO <4;#�#:;1; :8:�#4461; 96#�#416 9:8#�#4816 :<#�#:1< 454#�#714

7$<; 3 48#�#31< 45#�#513 56#�#41: 4<#�#514 53#�#614 59#�#516
433 48#�#516 4:#�#919 57#�#31< 53#�#41: 57#�#518 55#�#815
666 4<#�#316 49#�#413 4;#�#714 4<#�#513 53#�#51; 56#�#515

4/333 47#�#31< 47#�#41: 49#�#31: 4:#�#61; 56#�#418 63#�#<18
6/666 54#�#615 47#�#413 56#�#31: 4;#�#415 55#�#615 54#�#61<

43/333 56#�#715 46#�#517 59#�#516 4:#�#51< 59#�#514 57#�#815

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 634#�#816 59<#�#5418 5/69<#�#7917 4/8<4#�#:81< 94:#�#4361: 695#�#5813

6WXG\#SHUIRUPHG#DW#&DVH#:HVWHUQ#5HVHUYH#8QLYHUVLW\1##7KH#GHWDLOHG#SURWRFRO#DQG#WKHVH#GDWD#DUH#SUHVHQWHG#LQ#=HLJHU#HW#DO1#+4<;:,1D

5HYHUWDQWV#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU#IURP#WKUHH#SODWHV1E

7KH#SRVLWLYH#FRQWUROV#LQ#WKH#DEVHQFH#RI#PHWDEROLF#DFWLYDWLRQ#ZHUH#VRGLXP#D]LGH#+7$433#DQG#7$4868,/#<0DPLQRDFULGLQH#+7$486:,/#DQGF

70QLWUR0R0SKHQ\OHQHGLDPLQH#+7$<;,1##7KH#SRVLWLYH#FRQWURO#IRU#PHWDEROLF#DFWLYDWLRQ#ZLWK#DOO#VWUDLQV#ZDV#50DPLQRDQWKUDFHQH1
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7$%/(#(5
,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV#
E\#6RGLXP#;\OHQHVXOIRQDWHD

&ORQLQJ 5HODWLYH 0XWDQW 0XWDQW $YHUDJH
&RPSRXQG &RQFHQWUDWLRQ (IILFLHQF\ 7RWDO#*URZWK &RXQW )UDFWLRQ 0XWDQWE

+�J2P/, +(, +(, )UDFWLRQF

06<
7ULDO#4

'LPHWK\OVXOIR[LGH 436 435 :< 59
<9 <; 84 4; 55

0HWK\O#PHWKDQHVXOIRQDWH 8 :< 7: 6;4 493
<; 93 736 46:
93 69 779 579 4;4-

6RGLXP#[\OHQHVXOIRQDWH 458 <6 <4 97 56
;9 9: 98 58
99 96 93 63 59

583 ;8 9< 84 53
:< 8: 76 4;
<7 :: 9: 57 54

833 ;: :7 :4 5:
438 :9 84 49
<< :4 95 54 54

4/333 433 :9 7; 49
443 434 97 4< 4;

5/333 ;6 :8 96 58
449 <7 :8 55
43< ;; 89 4: 54

5/833 :: 76 83 55
453 :; :7 54 54
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7$%/(#(5
,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV#
E\#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

&ORQLQJ 5HODWLYH 0XWDQW 0XWDQW $YHUDJH
&RPSRXQG &RQFHQWUDWLRQ (IILFLHQF\ 7RWDO#*URZWK &RXQW )UDFWLRQ 0XWDQW

+�J2P/, +(, +(, )UDFWLRQ

06<
7ULDO#5

'LPHWK\OVXOIR[LGH :3 ;6 7: 56
:< 438 95 59
9: <4 7: 56
;3 454 8; 57 57

0HWK\O#PHWKDQHVXOIRQDWH 8 79 88 687 58:
8: 68 6<: 567
86 65 777 5;3 58:-

6RGLXP#[\OHQHVXOIRQDWH 583 ;< <3 83 4<
:9 ;5 94 5:
95 :; 78 57 56

833 :8 :7 9< 64
# :: ;3 7: 53

:5 :8 89 59 59

:83 ;3 :6 99 5;
<4 :8 79 4:
:: :6 98 5; 57

4/333 ;3 ;3 75 4;
<6 <3 84 4;
:8 :; 95 5; 54

5/333 ;9 ;4 8< 56
# ;3 ;5 95 59

:7 9; :4 65 5:

# 5/833 :< 8< 78 4<
# 97 87 8< 64

9; 94 :: 6; 5<
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7$%/(#(5
,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV#
E\#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,#

&ORQLQJ 5HODWLYH 0XWDQW 0XWDQW $YHUDJH
&RPSRXQG &RQFHQWUDWLRQ (IILFLHQF\ 7RWDO#*URZWK &RXQW )UDFWLRQ 0XWDQW

+�J2P/, +(, +(, )UDFWLRQ

06<
7ULDO#6

6XSSOHPHQWHG#)LVFKHU·V#0HGLXP :< 447 :5 64
# ;: 433 :5 5:
# ;3 <6 ;; 6:
## ;< <6 9: 58 63

0HWK\O#PHWKDQHVXOIRQDWH 8 6< 58 768 6::
63 8 685 6<4
67 46 59: 593 676-

6RGLXP#[\OHQHVXOIRQDWH 833 :5 97 9< 65
8: 55 ;4 7; 73

4/333 :: 96 ;7 69
43; 95 438 65

# ;4 49 <4 6; 68

5/333 8: 99 439 95
:< 78 :< 66 7:

/HWKDO

6/333 436 74 ;3 59
# ;7 5: 97 58

<5 :7 :< 5< 5:

7/333 ;5 98 ;< 69
:; 94 439 78 74

8/333 :9 87 ;4 69
# 98 < <6 7;

:; 46 <9 74 74
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7$%/(#(5
,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV#
E\#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

&ORQLQJ 5HODWLYH 0XWDQW 0XWDQW $YHUDJH
&RPSRXQG &RQFHQWUDWLRQ (IILFLHQF\ 7RWDO#*URZWK &RXQW )UDFWLRQ 0XWDQW

+�J2P/, +(, +(, )UDFWLRQ

.6<
7ULDO#4

6XSSOHPHQWHG#)LVFKHU·V#0HGLXP ;8 437 :9 63
;3 ;9 ;3 66
<; 434 <7 65

# :< 43< <7 73 67

0HWK\OFKRODQWKUHQH 518 79 49 8<8 769
79 ; :7: 878
74 48 947 7<< 7<6-

6RGLXP#[\OHQHVXOIRQDWH 583 << <: <6 64
:; <5 85 55

443 <: 448 68 5<

833 ;8 <7 9; 5:
# 436 << ;5 5:
# :; <9 ;: 6: 63

4/333 9< 443 :5 68
# 94 ;: 88 63

93 ;4 :6 74 68

5/333 :9 85 ;8 6:
43< ;4 43: 66
43; 96 ;: 5: 65

6/333 ;6 4; 43: 76
# <3 57 454 78

# :; 59 <4 6< 75

7/333 435 ; 4;9 94
# :8 43 49; :8 9;-
# #######/HWKDO

8/333 /HWKDO
######## /HWKDO

/HWKDO
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7$%/(#(5
,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV#
E\#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

&ORQLQJ 5HODWLYH 0XWDQW 0XWDQW $YHUDJH
&RPSRXQG &RQFHQWUDWLRQ (IILFLHQF\ 7RWDO#*URZWK &RXQW )UDFWLRQ 0XWDQW

+�J2P/, +(, +(, )UDFWLRQ

.6<
7ULDO#5

6XSSOHPHQWHG#)LVFKHU·V#0HGLXP 435 437 :: 58
435 9< ;< 5<
<; <3 94 54

# 434 46; :3 56 58

0HWK\OFKRODQWKUHQH 518 :< 48 78; 4<7
<5 6: 6;: 474

436 8; 768 474 48;-

6RGLXP#[\OHQHVXOIRQDWH 583 <8 463 73 47
435 466 ;; 5<

# ;5 93 86 55 54

833 43: 486 88 4:
<; 433 439 69

## 447 473 :3 53 58

4/333 447 <8 <9 5;
# 437 453 ;5 59
# 439 444 :; 58 59

5/333 <8 84 43: 6;
# 43< 9< 439 65

437 :5 ;9 5; 66

6/333 434 73 467 77
# <8 86 437 6: 73-

/HWKDO

7/333 /HWKDO
##### /HWKDO

- 6LJQLILFDQW#SRVLWLYH#UHVSRQVH#+3&3138,
6WXG\#SHUIRUPHG#DW#/LWWRQ#%LRQHWLFV/#,QF1##7KH#GHWDLOHG#SURWRFRO#LV#SUHVHQWHG#LQ#0\KU#HW#DO1#+4<;8,1D

0XWDQW#IUDFWLRQ#+0),#+IUHTXHQF\,#LV#D#UDWLR#RI#WKH#PXWDQW#FRXQW#WR#WKH#FORQLQJ#HIILFLHQF\/#GLYLGHG#E\#6#+WR#DUULYH#DW#0)243 #FHOOV#WUHDWHG,>#E 9

0HDQ#IURP#WKUHH#UHSOLFDWHG#SODWHV#RI#DSSUR[LPDWHO\#43 #FHOOV#HDFKF 9
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7$%/(#(6
,QGXFWLRQ#RI#6LVWHU#&KURPDWLG#([FKDQJHV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#E\#6RGLXP#;\OHQHVXOIRQDWHD

7RWDO 1R1#RI 6&(V2 5HODWLYH
'RVH &HOOV &KURPR0 1R1#RI &KURPR0 6&(V2 +UV &KDQJH#RI#6&(V2

&RPSRXQG +�J2P/, 6FRUHG VRPHV 6&(V VRPH &HOO LQ#%UG8 &KURPRVRPH E
+(,

06<
7ULDO#4
6XPPDU\=##:HDNO\#3RVLWLYH

1HJDWLYH
83 4/35< 6<5 316; :1; 5818

0LWRP\FLQ0&
31334 83 4/369 889 3186 4414 5818 731;;
31343 8 438 4<5 41;5 6;17 5818 6;3133

6RGLXP#[\OHQHVXOIRQDWH
833 83 4/374 769 3174 ;1: 5818 <1<7

4/99: 83 4/345 765 3175 ;19 5818 45138
8/333 83 4/356 85; 3184 4319 631: 6817;-F

#################################### 3?31334G

7ULDO#5
6XPPDU\=##3RVLWLYH#####
#
1HJDWLYH#

58 845 4:5 3166 91< 5818
#
0LWRP\FLQ0&##################################

31334 58 839 5<8 318; 441; 5818 :6188
31343 8 436 4<8 41;< 6<13 5818 79618:

6RGLXP#[\OHQHVXOIRQDWH
5/846 58 84: 558 3176 <13 6518 5<188-F

6/:83 58 846 574 3179 <19 6518 6<1;7-F

8/333 58 854 598 3183 4319 6518 84174-#F

#
#################################### 3?31334
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7$%/(#(6
,QGXFWLRQ#RI#6LVWHU#&KURPDWLG#([FKDQJHV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#E\#6RGLXP#;\OHQHVXOIRQDWH
+FRQWLQXHG,

7RWDO 1R1#RI 6&(V2 5HODWLYH
'RVH &HOOV &KURPR0 1R1#RI &KURPR0 6&(V2 +UV &KDQJH#RI#6&(V2

&RPSRXQG +�J2P/, 6FRUHG VRPHV 6&(V VRPH &HOO LQ#%UG8 &KURPRVRPH
+(,

.6<
6XPPDU\=##1HJDWLYH#####
#
1HJDWLYH

83 4/367 6<5 316: :1; 5818

&\FORSKRVSKDPLGH
317 83 4/36< 964 3193 4519 5818 9314<
513 8 436 49< 4197 661; 5818 6651;3

#
6RGLXP#[\OHQHVXOIRQDWH

#833 83 4/36< 746 316< ;16 5818 71;8
4/99: 83 4/369 6<4 316: :1; 5818 $3178
8/333 83 4/365 6<9 316; :1< 5818 4155

#################################### 3Û31865

- 3RVLWLYH#UHVSRQVH#+'53(#LQFUHDVH#RYHU#VROYHQW#FRQWURO,
6WXG\#SHUIRUPHG#DW#/LWWRQ#%LRQHWLFV/#,QF1##$#GHWDLOHG#GHVFULSWLRQ#RI#WKH#SURWRFRO#LV#SUHVHQWHG#LQ#*DOORZD\#HW#DO1#+4<;:,1##D

6&(ÛVLVWHU#FKURPDWLG#H[FKDQJH>#%UG8ÛEURPRGHR[\XULGLQH
6&(V2FKURPRVRPH#LQ#WUHDWHG#FHOOV#YHUVXV#6&(V2FKURPRVRPH#LQ#VROYHQW#FRQWURO#FHOOVE

%HFDXVH#VRGLXP#[\OHQHVXOIRQDWH#LQGXFHG#D#GHOD\#LQ#WKH#FHOO#GLYLVLRQ#F\FOH/#KDUYHVW#WLPH#ZDV#H[WHQGHG#WR#PD[LPL]H#WKH#SURSRUWLRQ#RI#VHFRQGF

GLYLVLRQ#FHOOV#DYDLODEOH#IRU#DQDO\VLV1
6LJQLILFDQFH#RI#6&(V2FKURPRVRPH#WHVWHG#E\#WKH#OLQHDU#UHJUHVVLRQ#WUHQG#WHVW#YHUVXV#ORJ#RI#WKH#GRVHG
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7$%/(#(7
,QGXFWLRQ#RI#&KURPRVRPDO#$EHUUDWLRQV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#E\#6RGLXP#;\OHQHVXOIRQDWHD

06< .6<

'RVH 7RWDO 1R1#RI $EV2 &HOOV#ZLWK 'RVH 7RWDO 1R1#RI $EV2 &HOOV#ZLWK
+�J2P/, &HOOV $EV &HOO $EV#+(, +�J2P/, &HOOV $EV &HOO $EV#+(,

6FRUHG 6FRUHG

+DUYHVW#WLPH=##5313#KRXUV +DUYHVW#WLPH=##4513#KRXUVE

6XPPDU\=##1HJDWLYH 6XPPDU\=##1HJDWLYH

1HJDWLYH 1HJDWLYH
533 6 3135 413 533 : 3137 618

0LWRP\FLQ0& &\FORSKRVSKDPLGH
3138 533 89 315; 5318 :18 533 73 3153 4913

###### 313; 58 56 31<5 7;13 6:18 58 54 31;7 7;13

6RGLXP#[\OHQHVXOIRQDWH 6RGLXP#[\OHQHVXOIRQDWH
5/846 533 : 3137 613 5/846 533 < 3138 718
6/:83 533 ; 3137 618 6/:83 533 ; 3137 613
8/333 533 9 3136 613 8/333 533 ; 3137 618

3Û313<7 3Û31945F

6WXG\#SHUIRUPHG#DW#/LWWRQ#%LRQHWLFV/#,QF1##7KH#GHWDLOHG#SURWRFRO#DQG#WKHVH#GDWD#DUH#SUHVHQWHG#LQ#*DOORZD\#HW#DO1#+4<;:,1##$EVÛDEHUUDWLRQV1D

%HFDXVH#RI#VLJQLILFDQW#FKHPLFDO0LQGXFHG#FHOO#F\FOH#GHOD\/#LQFXEDWLRQ#WLPH#SULRU#WR#WKH#DGGLWLRQ#RI#FROFHPLG#ZDV#OHQJWKHQHG#WR#SURYLGHE

VXIILFLHQW#PHWDSKDVH#FHOOV#DW#KDUYHVW1#
6LJQLILFDQFH#RI#SHUFHQW#FHOOV#ZLWK#DEHUUDWLRQV#WHVWHG#E\#WKH#OLQHDU#UHJUHVVLRQ#WUHQG#WHVW#YHUVXV#ORJ#RI#WKH#GRVHF
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$33(1',;#)
25*$1#:(,*+76#$1'

25*$10:(,*+70720%2'<0:(,*+7#5$7,26

7$%/(#)4 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#5DWV#
LQ#WKH#4:0'D\#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 549

7$%/(#)5 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#5DWV#
LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54:

7$%/(#)6 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#0LFH
LQ#WKH#4:0'D\#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54;

7$%/(#)7 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#0LFH
LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54<



549 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

7$%/(#)4
2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#5DWV#LQ#WKH#4:0'D\#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 8#PJ2P/ 48#PJ2P/ 77#PJ2P/ 466#PJ2P/ 733#PJ2P/

Q 8 8 8 8 8 8

0DOH

1HFURSV\#ERG\#ZW 4;4#�#: 4;;#�#9 4;;#�#; 4:7#�#: 4;;#�#45 4;9#�#;#

+HDUW
$EVROXWH 319<3#�#31366 31:47#�#31369 319<9#�#31356 31995#�#3135: 31:49#�#3136: 319<7#�#3134;#
5HODWLYH 61;4#�#3146 61:<#�#3145 61:7#�#3144 61;5#�#3143 61;5#�#313< 61:8#�#3143#

51#.LGQH\
$EVROXWH 31<:5#�#31376 4133;#�#31364 41347#�#3135; 31<95#�#3136: 4137;#�#31395 41373#�#3135<#
5HODWLYH 8169#�#313; 8169#�#3146 8178#�#3145 8189#�#314; 818;#�#313: 8196#�#3154#

/LYHU
$EVROXWH <17;;#�#31788 <1949#�#315:7 <19:3#�#31837 <15:7#�#31854 431:8;#�#31:33 441435#�#31733#
5HODWLYH 85158#�#31;: 8413;#�#31<8 841:5#�#31<: 86166#�#31;: 8:154#�#3199-- 8<1;:#�#4169--#

/XQJ
$EVROXWH 31<87#�#31348 31<;;#�#31365 31<87#�#31378 41367#�#3136< 31<69#�#3138< 41453#�#31465#
5HODWLYH 815;#�#314; 8158#�#3144 8144#�#3149 9133#�#3166 71<<#�#3146 913:#�#31:8#

51#7HVWLV
$EVROXWH 413:5#�#31379 41337#�#3138; 413:7#�#31399 413::#�#3138< 41365#�#313;4 4133<#�#31374#
5HODWLYH 81<4#�#3146 8166#�#3157 81::#�#3167 9153#�#314< 817;#�#314< 817:#�#3165#

7K\PXV
$EVROXWH 31798#�#31346 317:5#�#3133: 3176<#�#31353 317;7#�#3134; 317:6#�#31365 31795#�#31349#
5HODWLYH 518<#�#3148 5184#�#313< 5168#�#313: 51;3#�#3146 5185#�#313; 5183#�#313;#

)HPDOH

1HFURSV\#ERG\#ZW 469#�#8 46:#�#8 46:#�#8 466#�#7 46<#�#8 467#�#8#

+HDUW
$EVROXWH 31883#�#3135; 31873#�#31349 318<3#�#31374 31883#�#31356 318:9#�#31344 318;3#�#31369#
5HODWLYH 7139#�#314: 61<7#�#3148 7164#�#3156 7148#�#3146 714:#�#3154 7167#�#3156#

51#.LGQH\
$EVROXWH 31:7;#�#3136; 31:<9#�#31368 31:97#�#31359 31:77#�#31354 31;33#�#31347 31;6;#�#31378#
5HODWLYH 8184#�#3148 81:<#�#3148 818;#�#313; 8195#�#313< 81::#�#314< 9159#�#3155--#

/LYHU
$EVROXWH 913;;#�#316;3 915<3#�#31476 91599#�#31487 91495#�#31458 :1493#�#31763 91<87#�#3163<#
5HODWLYH 771:7#�#4155 781;9#�#31;< 781;:#�#31<9 7918;#�#31:< 8416:#�#41<3-- 85133#�#4173--#

/XQJ
$EVROXWH 31;89#�#31378 31;9;#�#3136: 31;93#�#3135: 31;39#�#3137: 31<59#�#31378 31;85#�#313:7#
5HODWLYH 9165#�#315; 9167#�#3164 915<#�#3143 913:#�#3155 91:6#�#318: 9175#�#319:#

7K\PXV
$EVROXWH 3173;#�#3134; 316<6#�#3134; 316<8#�#3133; 316<9#�#31358 31686#�#3135: 31673#�#31358#
5HODWLYH 6135#�#314: 51;9#�#313: 51;<#�#3139 51<;#�#3144 5187#�#3154 5187#�#3147#

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#FRQWURO#JURXS#E\#:LOOLDPV·#RU#'XQQHWW·V#WHVW
2UJDQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#RUJDQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DV#PJ#RUJDQ#ZHLJKW2JD

ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1
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7$%/(#)5
2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#5DWV#LQ#WKH#470:HHN#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 8#PJ2P/ 48#PJ2P/ 77#PJ2P/ 466#PJ2P/ 733#PJ2P/

Q 43 43 43 43 43 43

0DOH

1HFURSV\#ERG\#ZW 693#�#; 688#�#7 687#�#8 667#�#9- 675#�#; 683#�#9

+HDUW
$EVROXWH 41444#�#31358 413<8#�#31349 41375#�#31348 41346#�#31357-- 41374#�#31358 413:3#�#3134;#
5HODWLYH 613<#�#3138 613<#�#3137 51<8#�#3137 6137#�#3139 6138#�#3139 6139#�#313:#

51#.LGQH\
$EVROXWH 4175<#�#3138: 417:3#�#31353 41768#�#31374 41695#�#31375 416;9#�#31368 4178<#�#31364#
5HODWLYH 61<9#�#313< 7148#�#3138 7139#�#313< 713:#�#313: 7139#�#3139 714:#�#313;#

/LYHU
$EVROXWH 4;1343#�#41366 491:53#�#31636 491863#�#317;3 481759#�#318<9-- 471;89#�#31879-- 481<37#�#31686--#
5HODWLYH 7<1:8#�#41<7 7:155#�#4136 791:3#�#31;7 79139#�#4135- 7616<#�#31:8-- 7817:#�#31:7--#

/XQJ
$EVROXWH 41799#�#31396 41687#�#3134: 416<3#�#31373 415<:#�#31354- 41643#�#31364- 41698#�#31374#
5HODWLYH 7139#�#3146 61;5#�#313: 61<7#�#3145 61;<#�#313; 61;7#�#313: 61<3#�#3143#

51#7HVWLV
$EVROXWH 417;6#�#31348 417;;#�#31354 41845#�#31348 41773#�#31353 417;9#�#31364 4179<#�#31354#
5HODWLYH 7146#�#3139 7153#�#313: 715;#�#3138 7165#�#313: 7169#�#313< 7153#�#3139#

7K\PXV
$EVROXWH 31654#�#3135: 315;:#�#31349 31637#�#31345 31655#�#31354 31645#�#3134< 3164:#�#31355#
5HODWLYH 31;<#�#313: 31;4#�#3138 31;9#�#3137 31<9#�#3138 31<4#�#3137 31<3#�#3138#

)HPDOH

1HFURSV\#ERG\#ZW 4<9#�#7 4<5#�#6 4<3#�#5 4<5#�#5 4<:#�#7 4<9#�#7#

+HDUW
$EVROXWH 31:57#�#31353 31:49#�#31349 319<;#�#31343 31:5;#�#3134: 31:65#�#31349 31:38#�#3134:#
5HODWLYH 619<#�#3138 61:7#�#3144 619;#�#3139 61;3#�#313: 61:6#�#313; 6193#�#3143#

51#.LGQH\
$EVROXWH 31;:7#�#31365 31;85#�#31354 31;84#�#31349 31;73#�#31348 31;;5#�#3135; 31;<3#�#31348#
5HODWLYH 7178#�#3144 7177#�#313; 717<#�#313; 716<#�#313: 717;#�#313; 7188#�#3143#

/LYHU
$EVROXWH ;133:#�#315<5 :1:9<#�#31555 :1:8:#�#31568 :1;::#�#31563 :1957#�#31493 ;13<9#�#31586#
5HODWLYH 731;;#�#4163 73184#�#4136 731<3#�#4153 7413;#�#31<5 6;1:<#�#3173 74157#�#31<;#

/XQJ
$EVROXWH 31<<:#�#31369 41394#�#3135< 31<8;#�#31348 4136:#�#31377 31<;:#�#3134; 31<<7#�#31355#
5HODWLYH 813<#�#3147 8187#�#314: 8139#�#3143 8174#�#3155 8137#�#3146 813:#�#313<#

7K\PXV
$EVROXWH 31577#�#31349 31583#�#3134: 31564#�#31347 3155<#�#31344 3158:#�#31348 3156:#�#31345#
5HODWLYH 4157#�#313: 4163#�#313< 4155#�#313: 4153#�#3139 4164#�#313: 4154#�#313:#

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FRQWURO#JURXS#E\#:LOOLDPV·#RU#'XQQHWW·V#WHVW
-- 3&3134

2UJDQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#RUJDQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DV#PJ#RUJDQ#ZHLJKW2JD

ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1
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7$%/(#)6
2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#0LFH#LQ#WKH#4:0'D\#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 8#PJ2P/ 48#PJ2P/ 77#PJ2P/ 466#PJ2P/ 733#PJ2P/

Q 8 8 8 8 8 8

0DOH

1HFURSV\#ERG\#ZW 5817#�#31; 571;#�#41; 5914#�#31: 5813#�#316 5819#�#317 5917#�#316#

+HDUW
$EVROXWH 31473#�#31347 31459#�#31343 31465#�#31335 31465#�#31346 3145;#�#31337 31477#�#3133:#
5HODWLYH 817<#�#317; 8143#�#315: 8139#�#313< 815;#�#3183 8133#�#3146 8178#�#3155#

51#.LGQH\
$EVROXWH 3159;#�#3134< 3158;#�#31358 315;5#�#31339 31597#�#31348 315<7#�#31344 315<5#�#31345#
5HODWLYH 43183#�#317; 43165#�#3168 431;6#�#3165 43189#�#3185 4417;#�#316< 44138#�#3173#

/LYHU
$EVROXWH 41533#�#3138; 41549#�#31469 41795#�#3139;- 41763#�#31378- 41739#�#3136; 41:79#�#313:4--#
5HODWLYH 7:145#�#4144 7;166#�#51:; 881<6#�#417<-- 8:15<#�#4197-- 871<6#�#4174-- 99143#�#5169--#

/XQJ
$EVROXWH 314:;#�#31345 31499#�#31343 314:5#�#31335 31497#�#31353 31499#�#3133< 314:5#�#3133:#
5HODWLYH 91<<#�#316< 91:;#�#317; 9194#�#3153 9189#�#31:< 917<#�#3166 9184#�#3159#

51#7HVWLV
$EVROXWH 31438#�#31336 31436#�#31336 31433#�#31335 313<;#�#31337 31434#�#31336 31437#�#31336#
5HODWLYH 7147#�#313< 7157#�#3166 61;5#�#313: 61<4#�#3146 61<7#�#313< 61<5#�#313<#

7K\PXV
$EVROXWH 31375#�#31336 3137:#�#31343 31377#�#31339 31379#�#31338 3137<#�#31336 31386#�#31338#
5HODWLYH 4199#�#3139 41;4#�#3165 419<#�#3156 41;6#�#3153 41<5#�#3145 5134#�#314;#

)HPDOH

1HFURSV\#ERG\#ZW 531<#�#317 5315#�#316 531;#�#318 531;#�#318 5413#�#316 5416#�#315#

+HDUW
$EVROXWH 3143;#�#31337 31447#�#3133: 31449#�#3133: 31455#�#3133< 31445#�#31337 3146;#�#31345-#
5HODWLYH 814:#�#3155 8196#�#3166 818;#�#316: 81;8#�#315< 8167#�#314< 9179#�#3186#

51#.LGQH\
$EVROXWH 314;5#�#31339 314:5#�#3133: 31537#�#31337 314<9#�#31344 314<9#�#31343 31543#�#31345#
5HODWLYH ;1:3#�#3154 ;184#�#3164 <1;4#�#3165 <175#�#3166 <16:#�#318: <1;7#�#3188#

/LYHU
$EVROXWH 41465#�#31379 413<;#�#31374 41545#�#31358 41567#�#31393 41583#�#31384 4174;#�#31387--#
5HODWLYH 8713:#�#41:3 87157#�#4166 8;157#�#4166 8<165#�#41:; 8<185#�#41;:- 99176#�#5166--#

/XQJ
$EVROXWH 31485#�#31337 3148;#�#31345 314:7#�#31348 31497#�#31347 3148;#�#31344 31537#�#31349-#
5HODWLYH :15:#�#314< :1;4#�#3189 ;16<#�#31:< :1;9#�#3185 :187#�#3188 <18;#�#31;5#

7K\PXV
$EVROXWH 313;8#�#31337 313:5#�#3133; 3139;#�#31338 313;3#�#31335 313;8#�#31336 313;3#�#31337#
5HODWLYH 713;#�#3154 6189#�#316: 6159#�#315: 61;9#�#313; 7138#�#3149 61:9#�#3154#

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FRQWURO#JURXS#E\#:LOOLDPV·#RU#'XQQHWW·V#WHVW
-- 3&3134

2UJDQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#RUJDQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DV#PJ#RUJDQ#ZHLJKW2JD

ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1
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7$%/(#)7
2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#0LFH#LQ#WKH#470:HHN#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 8#PJ2P/ 48#PJ2P/ 77#PJ2P/ 466#PJ2P/ 733#PJ2P/

0DOH

Q 43 43 43 43 43 43

1HFURSV\#ERG\#ZW 6913#�#319 651<#�#31;- 6819#�#31: 691:#�#319 6818#�#31: 6:17#�#31:#

+HDUW
$EVROXWH 314:6#�#31339 31494#�#31337 314:5#�#31338 314:4#�#31338 31499#�#3133: 314:3#�#31337#
5HODWLYH 71;4#�#3147 71<5#�#3148 71;9#�#3153 7199#�#3144 71:3#�#3156 7189#�#3143#

51#.LGQH\
$EVROXWH 3165<#�#31343 31687#�#3133; 31696#�#3133;- 316:8#�#31344-- 31685#�#3133; 316:3#�#3133<--#
5HODWLYH <149#�#3159 431;5#�#3166-- 43155#�#3153- 43154#�#3156- <1<9#�#3169 <1<6#�#3159#

/LYHU
$EVROXWH 419<;#�#31379 418:8#�#31378 419;5#�#31367 41:74#�#31387 41977#�#31354 41:7;#�#31384#
5HODWLYH 7:157#�#4145 7;143#�#4196 7:166#�#3186 7:16:#�#414; 7916;#�#31:5 791:9#�#31:8#

/XQJ
$EVROXWH 314<4#�#31344 314:;#�#31339 314<5#�#3133< 314<7#�#3133; 314<3#�#3133; 314;7#�#31339#
5HODWLYH 8165#�#3163 8178#�#3157 8174#�#3158 815<#�#3156 816:#�#3157 71<6#�#3147#

51#7HVWLV
$EVROXWH 31459#�#31336 31457#�#31335 31455#�#31335 31457#�#31335 31453#�#31335 31457#�#31335#
5HODWLYH 617<#�#313; 61:<#�#3139 6176#�#313; 616<#�#313: 616;#�#313< 6167#�#3139#

7K\PXV
$EVROXWH 31379#�#31335 31367#�#31335-- 31377#�#31335 31377#�#31335 31375#�#31335 31379#�#31335#
5HODWLYH 415:#�#3139 4136#�#313:- 4156#�#313: 414<#�#3139 414;#�#3139 4155#�#3136#

)HPDOH

Q 43 < < 43 < 43

1HFURSV\#ERG\#ZW 6319#�#31; 6315#�#319 631;#�#31: 6518#�#31: 631:#�#319 6314#�#31;#

+HDUW
$EVROXWH 3146:#�#31335 3146:#�#31337 31465#�#31335 3146<#�#31336 31476#�#31339 3146;#�#31337#
5HODWLYH 717<#�#3143 7187#�#3147 7163#�#313; 715<#�#3143 719:#�#3148 7193#�#3145#

51#.LGQH\
$EVROXWH 3156:#�#31337 3156<#�#31337 31569#�#31339 3156;#�#31338 3155;#�#31337 31567#�#31337#
5HODWLYH :1::#�#3149 :1<7#�#3149 :198#�#3149 :169#�#3156 :177#�#314: :1;4#�#314:#

/LYHU
$EVROXWH 417:7#�#3136; 417;7#�#3135; 4174;#�#31369 416;7#�#31355 41795#�#31389 41775#�#31368#
5HODWLYH 7;14<#�#31:7 7<164#�#31<5 79135#�#31;4 751:3#�#31;3-- 7:18<#�#415; 7;144#�#4147#

/XQJ
$EVROXWH 314;7#�#31339 314;7#�#31338 314:3#�#3133: 314:9#�#31339 314;6#�#31336 314:6#�#31337#
5HODWLYH 9136#�#3153 9146#�#314: 8185#�#3156 8176#�#3153 81<<#�#3146 81:<#�#314<#

7K\PXV
$EVROXWH 3138:#�#31335 3137<#�#31335 31386#�#31335 31385#�#31336 31386#�#31337 31384#�#31334#
5HODWLYH 41;9#�#3137 4196#�#3138 41:6#�#313: 4194#�#313< 41:7#�#3144 41:4#�#3138#

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FRQWURO#JURXS#E\#:LOOLDPV·#RU#'XQQHWW·V#WHVW
-- 3&3134

2UJDQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#RUJDQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DV#PJ#RUJDQ#ZHLJKW2JD

ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1
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554

$33(1',;#*
+(0$72/2*<

$1'#&/,1,&$/#&+(0,675<#5(68/76

7$%/(#*4 +HPDWRORJ\#'DWD#IRU#0DOH#5DWV#
LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 555

7$%/(#*5 +HPDWRORJ\#'DWD#IRU#)HPDOH#5DWV#
LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 556

7$%/(#*6 &OLQLFDO#&KHPLVWU\#'DWD#IRU#0DOH#5DWV#
LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 557

7$%/(#*7 &OLQLFDO#&KHPLVWU\#'DWD#IRU#)HPDOH#5DWV#
LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 558
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7$%/(#*4
+HPDWRORJ\#'DWD#IRU#0DOH#5DWV#LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 8#PJ2P/ 48#PJ2P/ 77#PJ2P/ 466#PJ2P/ 733#PJ2P/

Q
'D\#8 : 43 < 43 ; 9
'D\#54 43 43 < 43 43 <
:HHN#47 43 43 43 43 43 43

+HPDWRFULW#+(,#
'D\#8 771:#�#319 751:#�#318 7614#�#319 7617#�#316 761;#�#31: 7519#�#31:#
'D\#54 7819#�#414 7917#�#316 7715#�#516 7;13#�#318 781<#�#317 781;#�#318#
:HHN#47 7:1:#�#318 7:18#�#318 7:13#�#318 791;#�#316 7:17#�#316 791:#�#319#

+HPRJORELQ#+J2G/,#
'D\#8 471<#�#315 4716#�#315 4717#�#316 4719#�#314 471:#�#315 4715#�#314#
'D\#54 4813#�#316 4815#�#314 4719#�#31; 481<#�#315 4815#�#314 4814#�#315#
:HHN#47 481:#�#315 4819#�#315 4818#�#314 4819#�#314 4818#�#314 4818#�#314#

(U\WKURF\WHV#+43 2�/,#9

'D\#8 :184#�#313; :147#�#3139 :16;#�#3147 :16:#�#3139 :167#�#314< 91<;#�#3149-#
'D\#54 ;13<#�#3149 ;157#�#313: :1<9#�#316< ;188#�#313< ;14<#�#3147 ;138#�#313<#
:HHN#47 <196#�#313; <19:#�#313< <174#�#313< <178#�#313; <17<#�#313: <175#�#3146#

5HWLFXORF\WHV#+43 2�/,#9

'D\#8 3136#�#3134 3136#�#3134 3137#�#3134 3136#�#3134 3137#�#3134 3135#�#3133#E

'D\#54 313:#�#3135 3139#�#3134 313;#�#3135 313<#�#3134 3139#�#3135 313;#�#3134
:HHN#47 3135#�#3133 3134#�#3133 3135#�#3133 3134#�#3133 3134#�#3133 3134#�#3133#

0HDQ#FHOO#YROXPH#+I/,#
'D\#8 8<19#�#31: 8<1<#�#319 8;16#�#317 8;1<#�#318 8<1<#�#31: 9413#�#319#
'D\#54 8918#�#318 8918#�#317 8816#�#319 8914#�#316 8914#�#319 8:14#�#317#
:HHN#47 7<18#�#315 7<14#�#315 7<1<#�#315 7<17#�#315 8314#�#315 7<19#�#315#

0HDQ#FHOO#KHPRJORELQ#+SJ,#
'D\#8 4<1<#�#316 5313#�#316 4<18#�#314 4<1;#�#315 5313#�#317 5317#�#317#
'D\#54 4;18#�#315 4;18#�#314 4;15#�#315 4;18#�#315 4;19#�#315 4;1;#�#315#
:HHN#47 4916#�#314 4914#�#314 4918#�#314 4918#�#314 4916#�#314 4918#�#314#

0HDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQ#+J2G/,#
'D\#8 6617#�#315 6617#�#315 6616#�#316 6619#�#315 6618#�#316 6617#�#316#
'D\#54 651;#�#315 651:#�#315 651<#�#316 6613#�#315 6614#�#315 6613#�#316#
:HHN#47 651<#�#315 651:#�#314 6613#�#315 6617#�#315 651:#�#315 6615#�#316#

3ODWHOHWV#+43 2�/,#6

'D\#8 <;:1:#�#6617 <;317#�#6616 <8<1;#�#6:1: <;71;#�#961: <4716#�#7;17 ;:;16#�#481<-#
'D\#54 :7915#�#8816 :761<#�#8813 ;761;#�#454 ;4:1:#�#541; :3;14#�#6:18 ;6813#�#631:#
:HHN#47 :351<#�#4:14 :5<1<#�#5415 9<<14#�#4;13 9<<1<#�#4;14 :4815#�#;19 9:;16#�#4515#

/HXNRF\WHV#+43 2�/,#6

'D\#8 71<6#�#31;4 61<4#�#3164 619:#�#3177 713;#�#3153 61:3#�#3184 618;#�#3178#
'D\#54 81:5#�#3167 71:;#�#317: 917:#�#4159 91<5#�#3163 8194#�#3189 918:#�#3188#
:HHN#47 ;17<#�#316; ;1:;#�#315< ;18<#�#3163 <1;9#�#317: ;1<9#�#314: <135#�#3167#

6HJPHQWHG#QHXWURSKLOV#+43 2�/,#6

'D\#8 3197#�#314; 3187#�#3138 317;#�#313; 3175#�#3139 3188#�#3143 317:#�#3143#
'D\#54 318<#�#3143 3194#�#3148 31:7#�#3156 317:#�#3137 319<#�#313< 3196#�#3144#
:HHN#47 4166#�#313< 4145#�#3144 4133#�#3138 413;#�#3144 4144#�#3143 415;#�#3146#

/\PSKRF\WHV#+43 2�/,#6

'D\#8 7154#�#319: 6169#�#315: 6146#�#3173 6198#�#314< 6147#�#3176 6145#�#3173#
'D\#54 8139#�#3157 7149#�#3177 819:#�#4135 9173#�#3164 71;;#�#317; 81;:#�#3184#
:HHN#47 9197#�#3163 91<<#�#3159 :13;#�#3163 ;137#�#317< :14:#�#3143 :13<#�#3163

0RQRF\WHV#+43 2�/,#6

:HHN#47 3179#�#313; 3189#�#313; 3175#�#313: 318;#�#3139 3188#�#3139 3189#�#313;#
(RVLQRSKLOV#+43 2�/,#6

'D\#8 3137#�#3136 3136#�#3135 3135#�#3135 3135#�#3134 3133#�#3133 3135#�#3135#
'D\#54 3139#�#3137 3136#�#3135 3139#�#3136 3139#�#3135 3138#�#3135 313:#�#3135#
:HHN#47 313<#�#3136 3145#�#3137 3144#�#3137 3148#�#3136 3148#�#3138 313<#�#3137#

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FRQWURO#JURXS#E\#'XQQ·V#RU#6KLUOH\·V#WHVW
0HDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D

QÛ9E
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7$%/(#*5
+HPDWRORJ\#'DWD#IRU#)HPDOH#5DWV#LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 8#PJ2P/ 48#PJ2P/ 77#PJ2P/ 466#PJ2P/ 733#PJ2P/

Q
'D\#8 9 43 : 43 ; ;
'D\#54 43 43 43 43 43 43
:HHN#47 43 43 43 43 43 43

+HPDWRFULW#+(,#
'D\#8 7818#�#31; 7619#�#31: 761<#�#318 771;#�#317 7716#�#31< 7613#�#31:#
'D\#54 7916#�#31: 7916#�#317 7919#�#31: 7919#�#318 771:#�#31; 7915#�#318#
:HHN#47 7916#�#317 791:#�#317 7:19#�#317 791;#�#317 791<#�#317 7917#�#316#

+HPRJORELQ#+J2G/,#
'D\#8 471;#�#315 4718#�#316 4719#�#315 471;#�#315 4718#�#316 4717#�#316#
'D\#54 4818#�#315 4818#�#315 4817#�#315 4818#�#315 4813#�#315 4817#�#315#
:HHN#47 4816#�#314 4817#�#314 4819#�#314 4817#�#314 4817#�#314 4817#�#315#

(U\WKURF\WHV#+43 2�/,9

'D\#8 :1;6#�#314: :16;#�#3146 :184#�#3144 :17<#�#313: :183#�#3149 :165#�#3144#
'D\#54 :1<:#�#3146 :1<9#�#313< ;135#�#3146 :1<9#�#3144 :1:;#�#3144 ;135#�#3143#
:HHN#47 ;198#�#313: ;1:4#�#313: ;1<4#�#3139- ;1:;#�#313: ;1::#�#313: ;19:#�#3139#

5HWLFXORF\WHV#+43 2�/,9

'D\#8 3145#�#3134 3148#�#3134 3145#�#3135 313;#�#3134 313;#�#3134 3145#�#3135#
'D\#54 313:#�#3134 313:#�#3134 3143#�#3135 3144#�#3135- 3143#�#3134- 3143#�#3134-#
:HHN#47 3138#�#3135 3136#�#3134 3135#�#3133 3136#�#3134 3137#�#3134 3137#�#3134#

0HDQ#FHOO#YROXPH#+I/,#
'D\#8 8;15#�#318 8<14#�#319 8;19#�#318 8<1<#�#319 8<16#�#318 8;1;#�#319#
'D\#54 8;14#�#317 8;16#�#317 8;15#�#316 8;18#�#317 8:18#�#318 8:1:#�#317#
:HHN#47 8619#�#315 8619#�#315 8618#�#315 8616#�#315 8618#�#315 8616#�#315#

0HDQ#FHOO#KHPRJORELQ#+SJ,#
'D\#8 4<13#�#315 4<19#�#316 4<18#�#314 4<1:#�#315 4<17#�#315 4<1:#�#316#
'D\#54 4<18#�#314 4<18#�#314 4<15#�#315 4<18#�#314 4<16#�#315 4<15#�#314#
:HHN#47 4:1:#�#314 4:1:#�#314 4:18#�#314 4:19#�#314 4:19#�#314 4:1;#�#314#

0HDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQ#+J2G/,#
'D\#8 6519#�#315 6615#�#316 6616#�#315 6613#�#315 651:#�#315 6618#�#315-#
'D\#54 6618#�#315 6618#�#316 6614#�#315 6616#�#316 6619#�#315 6617#�#316#
:HHN#47 651<#�#315 6613#�#315 651;#�#315 6613#�#315 651<#�#316 6616#�#314

3ODWHOHWV#+43 2�/,6

'D\#8 ;351;#�#5;17 <5815#�#7513 ;7914#�#461; ;961<#�#5313 ;<61<#�#5918 ;::14#�#481:#
'D\#54 :3314#�#6318 :7516#�#6914 :7;16#�#651; ;6:15#�#4515-- :<51<#�#5<18- ;641:#�#4:13--#
:HHN#47 :851<#�#6417 9<<15#�#;17 :4618#�#4318 :381:#�#4917 :4818#�#4914 :3;15#�#4919#

/HXNRF\WHV#+43 2�/,6

'D\#8 61::#�#31:: 716;#�#317< 7147#�#3194 7149#�#3199 7149#�#318: 716<#�#3187#
'D\#54 61<7#�#3179 7179#�#317; 615<#�#315; 716:#�#3184 71;4#�#3185 7175#�#3177#
:HHN#47 9149#�#317: 8175#�#3178 819;#�#3178 8174#�#317; 9135#�#3176 9149#�#316:#

6HJPHQWHG#QHXWURSKLOV#+43 2�/,6

'D\#8 317:#�#313< 315;#�#3137 317<#�#3147 3178#�#3145 3194#�#3143 3187#�#3146#
'D\#54 316<#�#313: 3189#�#3145 3165#�#3136 3168#�#3139 3186#�#313; 318;#�#3143#
:HHN#47 31;9#�#3154 3196#�#313< 31:7#�#3147 31:4#�#3143 31:7#�#3145 31;5#�#313<#

/\PSKRF\WHV#+43 2�/,6

'D\#8 615:#�#319< 7137#�#317< 6197#�#317; 619<#�#318: 6186#�#317; 61;8#�#3177#
'D\#54 617<#�#3173 61<3#�#3174 51<9#�#3159 7134#�#3179 7158#�#317; 61;3#�#316;#
:HHN#47 8156#�#3167 71:6#�#316; 71<3#�#316< 719;#�#3174 814:#�#3175 8158#�#3165#

0RQRF\WHV#+43 2�/,6

:HHN#47 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3135#�#3135#
(RVLQRSKLOV#+43 2�/,6

'D\#8 313:#�#3136 3136#�#3135 3136#�#3135 3135#�#3134 3137#�#3135 3137#�#3135#
'D\#54 3137#�#3135 3135#�#3134 3133#�#3133 3133#�#3133 3135#�#3134 3136#�#3135#
:HHN#47 313:#�#3136 3139#�#3136 3138#�#3135 3137#�#3135 313<#�#3136 313:#�#3135#

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FRQWURO#JURXS#E\#'XQQ·V#RU#6KLUOH\·V#WHVW
-- 3&3134

0HDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D
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7$%/(#*6
&OLQLFDO#&KHPLVWU\#'DWD#IRU#0DOH#5DWV#LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 8#PJ2P/ 48#PJ2P/ 77#PJ2P/ 466#PJ2P/ 733#PJ2P/

Q
'D\#8 43 43 43 43 43 <
'D\#54 43 43 43 43 43 <
:HHN#47 43 43 43 43 43 43

8UHD#QLWURJHQ#+PJ2G/,#
'D\#8 5;13#�#415 5619#�#319-- 5913#�#31; 581:#�#31; 5719#�#31: 5716#�#31<#
'D\#54 581<#�#413 581<#�#413 581;#�#417 5818#�#317 5819#�#415 5717#�#413#
:HHN#47 5617#�#319 561<#�#31: 5616#�#319 5615#�#317 5613#�#31: 5618#�#31:#

&UHDWLQLQH#+PJ2G/,#
'D\#8 3174#�#3135 3179#�#3135 3176#�#3135 3177#�#3137 3179#�#3135 3174#�#3136#
'D\#54 3195#�#3136 3193#�#3135 3194#�#3135 3194#�#3135 3193#�#3135 3189#�#3138#
:HHN#47 3183#�#3135 3183#�#3135 317<#�#3135 3183#�#3134 3183#�#3134 317:#�#3136#

7RWDO#SURWHLQ#+J2G/,#
'D\#8 913#�#314 913#�#314 914#�#315 914#�#314 913#�#314 81;#�#314#
'D\#54 916#�#314 916#�#315 81<#�#315 919#�#314 914#�#314 915#�#314#
:HHN#47 91<#�#314 :13#�#314 91;#�#314 91;#�#314 :13#�#314 91;#�#314#

$OEXPLQ#+J2G/,#
'D\#8 619#�#314 618#�#314 61:#�#314 619#�#314 619#�#314 619#�#313#
'D\#54 619#�#314 619#�#314 618#�#314 61:#�#314 619#�#314 618#�#314#
:HHN#47 61<#�#314 713#�#314 61<#�#314 61<#�#314 61<#�#314 61;#�#314#

$ODQLQH#DPLQRWUDQVIHUDVH#+,82/,#
'D\#8 74#�#4 78#�#4 75#�#4 7;#�#5-- 7:#�#5-- 78#�#4-#
'D\#54 8<#�#: 88#�#6 85#�#5 85#�#6 85#�#5 7:#�#5#
:HHN#47 85#�#5 8<#�#8 85#�#4 87#�#5 84#�#4 88#�#6#

$ONDOLQH#SKRVSKDWDVH#+,82/,#
'D\#8 8:<#�#59 94:#�#58 89<#�#55 8<6#�#46 948#�#58 8<8#�#45#
'D\#54 79;#�#4< 7:4#�#4; 78<#�#4: 797#�#; 793#�#49 78:#�#46#
:HHN#47 58;#�#< 5:7#�#45 5:3#�#: 5:5#�#< 5:9#�#; 59:#�#<#

&UHDWLQH#NLQDVH#+,82/,#
'D\#8 864#�#6; 73:#�#89 75;#�#:6 93;#�#4:: 945#�#47< 6:6#�#79#
'D\#54 667#�#94 5<9#�#6< 5<9#�#6; 778#�#44: 5<4#�#64 5:5#�#58#
:HHN#47 5;:#�#63 55;#�#64 5:9#�#6: 597#�#8; 535#�#59 564#�#95#

6RUELWRO#GHK\GURJHQDVH#+,82/,#
'D\#8 9#�#3 9#�#3 8#�#3 :#�#4 9#�#4 9#�#4#
'D\#54 :#�#4 9#�#3 9#�#3 :#�#4 9#�#4 9#�#3#
:HHN#47 ;#�#3 44#�#5 <#�#4 ;#�#3 :#�#3 <#�#4#

%LOH#DFLGV#+�PRO2/,#
'D\#8 4<16#�#613 4;17#�#51< 4;16#�#613 5;19#�#614 4<15#�#813 5614#�#617#
'D\#54 4;1<#�#51: 5;1;#�#91; 5;17#�#814 581:#�#619 5915#�#61: 5;19#�#618#
:HHN#47 6313#�#816 4;15#�#519 541<#�#71< 5416#�#614 5615#�#716 5417#�#615#

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FRQWURO#JURXS#E\#'XQQ·V#RU#6KLUOH\·V#WHVW
-- 3&3134

0HDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D
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7$%/(#*7
&OLQLFDO#&KHPLVWU\#'DWD#IRU#)HPDOH#5DWV#LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWHD

9HKLFOH#&RQWURO 8#PJ2P/ 48#PJ2P/ 77#PJ2P/ 466#PJ2P/ 733#PJ2P/

Q 43 43 43 43 43 43

8UHD#QLWURJHQ#+PJ2G/,#
'D\#8 5816#�#31: 581;#�#31; 591:#�#318 5:13#�#318 5917#�#318 5:14#�#413#
'D\#54 5:16#�#414 591:#�#31; 5;14#�#31< 5914#�#31; 5:15#�#319 5914#�#319#
:HHN#47 561:#�#413 5616#�#31; 561<#�#414 5813#�#319 5813#�#31; 571<#�#31;#

&UHDWLQLQH#+PJ2G/,#
'D\#8 3175#�#3136 3175#�#3137 317:#�#3135 317<#�#3136 3178#�#3135 316:#�#3138#E

'D\#54 318<#�#3135 318;#�#3135 3196#�#3135 318;#�#3135 3189#�#3136 318;#�#3135#
:HHN#47 3177#�#3135 3177#�#3136 317:#�#3135 317;#�#3134 3178#�#3134 317;#�#3135#

7RWDO#SURWHLQ#+J2G/,#
'D\#8 81:#�#314 819#�#314 81;#�#314 81:#�#314 81;#�#314 81:#�#314#
'D\#54 913#�#315 914#�#314 915#�#314 914#�#315 81<#�#314 915#�#314#
:HHN#47 917#�#314 917#�#314 918#�#313 918#�#314 918#�#314 917#�#314#

$OEXPLQ#+J2G/,#
'D\#8 619#�#313 618#�#314 61:#�#314 619#�#314 61:#�#314 618#�#313#
'D\#54 619#�#313 618#�#314 619#�#314 618#�#314 617#�#314 619#�#314#
:HHN#47 61:#�#314 61:#�#314 61;#�#314 61;#�#314 61;#�#314 61;#�#314#

$ODQLQH#DPLQRWUDQVIHUDVH#+,82/,#
'D\#8 76#�#5 75#�#4 75#�#4 74#�#5 76#�#5 74#�#4#
'D\#54 7<#�#5 79#�#5 78#�#5 76#�#5 79#�#5 78#�#5#
:HHN#47 78#�#5 77#�#4 7:#�#4 79#�#4 7:#�#5 83#�#6#

$ONDOLQH#SKRVSKDWDVH#+,82/,#
'D\#8 83;#�#45 83<#�#45 869#�#4: 847#�#45 79<#�#48 833#�#45#
'D\#54 76:#�#46 73;#�#46 756#�#9 76<#�#; 6;:#�#48 755#�#45#
:HHN#47 5:7#�#; 5;8#�#; 5;8#�#45 5;8#�#43 5<3#�#47 5<7#�#43#

&UHDWLQH#NLQDVH#+,82/,#
'D\#8 77<#�#8: 756#�#73 774#�#:5 74<#�#6; 678#�#58 896#�#;6#E

'D\#54 796#�#53 73:#�#6< 796#�#77 769#�#64 87;#�#8; 7:8#�#7:#
:HHN#47 563#�#75 556#�#6; 5<4#�#:7 54<#�#4< 5;4#�#:5 668#�#443#

6RUELWRO#GHK\GURJHQDVH#+,82/,#
'D\#8 6#�#3 7#�#3 7#�#3 7#�#4 7#�#4 7#�#3#
'D\#54 7#�#3 7#�#3 7#�#3 7#�#3 6#�#3 7#�#3#
:HHN#47 9#�#3 9#�#3 9#�#3 8#�#3 9#�#3 9#�#3#

%LOH#DFLGV#+�PRO2/,#
'D\#8 6513#�#71< 5;19#�#71; 6513#�#;15 5513#�#618 6418#�#818 551<#�#616#
'D\#54 5313#�#61; 5316#�#71: 5814#�#71: 591;#�#71: 4:16#�#417 5517#�#613#
:HHN#47 5516#�#61; 5319#�#718 5615#�#71; 5419#�#713 481<#�#51< 5:14#�#617#

0HDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D

QÛ<E
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55:

$33(1',;#+
&+(0,&$/#&+$5$&7(5,=$7,21#$1'

'26(#)2508/$7,21#678',(6

352&85(0(17#$1'#&+$5$&7(5,=$7,21#2)#62',80#;</(1(68/)21$7( 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55;
35(3$5$7,21#$1'#$1$/<6,6#2)#'26(#)2508/$7,216 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55<
),*85(#+4 ,QIUDUHG#$EVRUSWLRQ#6SHFWUXP#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 563
),*85(#+5 1XFOHDU#0DJQHWLF#5HVRQDQFH#6SHFWUXP#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 564
7$%/(#+4 3UHSDUDWLRQ#DQG#6WRUDJH#RI#'RVH#)RUPXODWLRQV#LQ#WKH#'HUPDO#6WXGLHV

RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 565
7$%/(#+5 5HVXOWV#RI#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#WR#5DWV#DQG#0LFH

LQ#WKH#4:0'D\#'HUPDO#6WXGLHV#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 566
7$%/(#+6 5HVXOWV#RI#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#WR#5DWV#DQG#0LFH

LQ#WKH#470:HHN#'HUPDO#6WXGLHV#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 567
7$%/(#+7 5HVXOWV#RI#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#WR#5DWV#DQG#0LFH

LQ#WKH#50<HDU#'HUPDO#6WXGLHV#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 568
7$%/(#+8 5HVXOWV#RI#5HIHUHH#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#

WR#5DWV#DQG#0LFH#LQ#WKH#470:HHN#'HUPDO#6WXGLHV#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 56;
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&+(0,&$/#&+$5$&7(5,=$7,21#$1'
'26(#)2508/$7,21

352&85(0(17#$1'#&+$5$&7(5,=$7,21

2)#62',80#;</(1(68/)21$7(
6RGLXP#[\OHQHVXOIRQDWH#ZDV#REWDLQHG#IURP#5XHWJHUV#1HDVH#&KHPLFDO#&RPSDQ\#+6WDWH#&ROOHJH/#3$,#LQ#RQH
ORW#+53<53;8,/#ZKLFK#ZDV#XVHG#IRU#WKH#4:0GD\/#470ZHHN/#DQG#50\HDU#VWXGLHV1##,GHQWLW\/#SXULW\/#DQG#VWDELOLW\
VWXGLHV#ZHUH#FRQGXFWHG#E\#WKH#DQDO\WLFDO#FKHPLVWU\#ODERUDWRU\/#0LGZHVW#5HVHDUFK#,QVWLWXWH#+.DQVDV#&LW\/
02,1##5HSRUWV#RQ#DQDO\VHV#SHUIRUPHG#LQ#VXSSRUW#RI#WKH#VRGLXP#[\OHQHVXOIRQDWH#VWXGLHV#DUH#RQ#ILOH#DW#WKH
1DWLRQDO#,QVWLWXWHV#RI#(QYLURQPHQWDO#+HDOWK#6FLHQFHV1

7KH#FKHPLFDO/#D#ZKLWH#SRZGHU/#ZDV#LGHQWLILHG#DV#VRGLXP#[\OHQHVXOIRQDWH#E\#LQIUDUHG/#XOWUDYLROHW2YLVLEOH/#DQG
QXFOHDU#PDJQHWLF#UHVRQDQFH#VSHFWURVFRS\1##$OO#VSHFWUD#ZHUH#FRQVLVWHQW#ZLWK#WKRVH#H[SHFWHG#IRU#WKH#VWUXFWXUH>
LQIUDUHG#DQG#QXFOHDU#PDJQHWLF#UHVRQDQFH#VSHFWUD#ZHUH#FRQVLVWHQW#ZLWK#WKH#OLWHUDWXUH#VSHFWUD#+6DGWOHU#6WDQGDUG
6SHFWUD,#IRU#VRGLXP#[\OHQHVXOIRQDWH#+)LJXUHV#+4#DQG#+5,1##

7KH#SXULW\#ZDV#GHWHUPLQHG#E\#HOHPHQWDO#DQDO\VLV/#.DUO#)LVFKHU#ZDWHU#DQDO\VLV/#IXQFWLRQDO#JURXS#WLWUDWLRQ/
WKLQ0OD\HU#FKURPDWRJUDSK\#+7/&,/#DQG#KLJK0SHUIRUPDQFH#OLTXLG#FKURPDWRJUDSK\#++3/&,1##)XQFWLRQDO#JURXS
WLWUDWLRQ#IRU#LRQLF#VXOIDWH#ZDV#SHUIRUPHG#E\#GLVVROYLQJ#WKH#VRGLXP#[\OHQHVXOIRQDWH#VDPSOH#LQ#D#ZDWHU=DFHWRQH
VROXWLRQ#DQG#WLWUDWLQJ#ZLWK#3134#1#EDULXP#SHUFKORUDWH#VROXWLRQ1##7KH#WLWUDWLRQ#ZDV#PRQLWRUHG#YLVXDOO\#ZLWK
6XOIRQD]R#,,,#LQGLFDWRU1##7/&#ZDV#SHUIRUPHG#RQ#6LOLFD#*HO#93#)0587#SODWHV#ZLWK#WZR#VROYHQW#V\VWHPV=#
4,#FKORURIRUP=PHWKDQRO#+83=83,#DQG#5,#DFHWRQH=ZDWHU#+<3=43,1##501DSKWKDOHQHVXOIRQLF#DFLG#ZDV#XVHG#DV#D
UHIHUHQFH#VWDQGDUG1##3ODWHV#ZHUH#H[DPLQHG#XQGHU#YLVLEOH#DQG#XQGHU#XOWUDYLROHW#OLJKW#+587#QP,#DQG#LRGLQH
YDSRU1##3ODWHV#ZHUH#DOVR#LQVSHFWHG#XQGHU#YLVLEOH#DQG#XOWUDYLROHW#OLJKW#+587#QP#DQG#699#QP,#DIWHU#D#VSUD\#RI
VLOYHU#QLWUDWH2VRGLXP#IOXRUHVFHLQ1##+3/&#ZDV#SHUIRUPHG#ZLWK#D#:DWHUV#�%RQGDSDN#SKHQ\O#FROXPQ#DW#D#IORZ
RI#4#P/2PLQ#ZLWK#89#GHWHFWLRQ#DW#587#QP1##7ZR#LVRFUDWLF#VROYHQW#V\VWHPV#ZHUH#XVHG#FRQVLVWLQJ#RI
+$,#31338#0#WHWUDEXW\ODPPRQLXP#K\GUR[LGH#LQ#ZDWHU#ZLWK#WKH#S+#DGMXVWHG#WR#:#ZLWK#SKRVSKRULF#DFLG#DQG
+%,#31338#0#WHWUDEXW\ODPPRQLXP#K\GUR[LGH#LQ#PHWKDQRO#ZLWK#DQ#LGHQWLFDO#YROXPH#RI#SKRVSKRULF#DFLG
DGGHG1##7KH#VROYHQW#UDWLR#XVHG#LQ#V\VWHP#4#ZDV#:3=63#+$=%,#DQG/#LQ#V\VWHP#5/#73=931

(OHPHQWDO#DQDO\VHV#IRU#FDUERQ#DQG#K\GURJHQ#ZHUH#LQ#DJUHHPHQW#ZLWK#WKH#WKHRUHWLFDO#YDOXHV#IRU#VRGLXP
[\OHQH#VXOIRQDWH1##&DOFXODWHG#RQ#WKH#EDVLV#RI#8148(#ZDWHU#DQG#61;5(#VRGLXP#VXOIDWH/#UHVXOWV#IRU#VXOIXU#ZHUH
VOLJKWO\#KLJKHU#WKDQ#WKHRUHWLFDO#YDOXHV#DQG#UHVXOWV#IRU#VRGLXP#ZHUH#VOLJKWO\#ORZHU#WKDQ#WKHRUHWLFDO#YDOXHV1#
.DUO#)LVFKHU#ZDWHU#DQDO\VLV#LQGLFDWHG#8148(#�#313:(#ZDWHU1##)XQFWLRQDO#JURXS#WLWUDWLRQ#LQGLFDWHG
61;5(#�#3137(#VRGLXP#VXOIDWH1##7/&#E\#V\VWHP#4#LQGLFDWHG#D#PDMRU#VSRW#DQG#D#VOLJKW#WUDFH#LPSXULW\1##7/&
E\#V\VWHP#5#LQGLFDWHG#D#PDMRU#VSRW#RQO\1##+3/&#E\#V\VWHP#$#LQGLFDWHG#D#PDMRU#SHDN#DQG#ILYH#LPSXULWLHV
ZLWK#DUHDV#WRWDOOLQJ#6<15(#UHODWLYH#WR#WKH#PDMRU#SHDN>#V\VWHP#%#LQGLFDWHG#DQ#DGGLWLRQDO#LPSXULW\#ZLWK#D#SHDN
DUHD#RI#<19(#UHODWLYH#WR#WKH#PDMRU#SHDN1##

8QGHU#WKHVH#FKURPDWRJUDSKLF#FRQGLWLRQV/#VRGLXP#5/70#DQG#5/80[\OHQHVXOIRQDWH#FRHOXWH#ZLWK#WKH#PDMRU#SHDN1#
(YLGHQFH#IRU#VRGLXP#HWK\O#EHQ]HQHVXOIRQDWH#EHLQJ#SUHVHQW#DV#D#FRPSRQHQW#LQ#WKH#PDWHULDO#FDQ#EH#VHHQ#LQ#WKH
QXFOHDU#PDJQHWLF#UHVRQDQFH#VSHFWUXP/#+L1H1/#WULSOHW#DW#4147#SSP#>&+ &+ @#DQG#TXDUWHW#DW#DSSUR[LPDWHO\5 6

518#SSP#>&+ &+ @,#GXH#WR#WKH#HWK\O#JURXS#RI#HWK\O#EHQ]HQHVXOIRQDWH15 6

&RQFRPLWDQW#+3/&#DQDO\VHV#RI#ORW#53<53;8#ZLWK#ORW#6;68#+QRW#XVHG#LQ#WKHVH#VWXGLHV,#LQGLFDWHG#D#SXULW\#RI
DSSUR[LPDWHO\#448(#IRU#ORW#53<53;8#UHODWLYH#WR#ORW#6;681##

6WDELOLW\#VWXGLHV#RI#ORW#6;68#ZHUH#SHUIRUPHG#E\#WKH#DQDO\WLFDO#FKHPLVWU\#ODERUDWRU\1##7R#HQVXUH#VWDELOLW\#RI
WKH#EXON#FKHPLFDO#GXULQJ#WKH#4:0GD\#DQG#470ZHHN#VWXGLHV/#VRGLXP#[\OHQHVXOIRQDWH#ZDV#VWRUHG#LQ#JODVV#ERWWOHV
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ZLWK#7HIORQ�0OLQHG#FDSV#RU#GRXEOH#EDJJHG#LQ#PHWDO#GUXPV#DW#URRP#WHPSHUDWXUH#LQ#WKH#GDUN1##'XULQJ#WKH
50\HDU#VWXGLHV#WKH#EXON#FKHPLFDO#ZDV#VWRUHG#LQ#DPEHU#JODVV#ERWWOHV#DW#URRP#WHPSHUDWXUH#LQ#WKH#GDUN1

35(3$5$7,21#$1'#$1$/<6,6#2)#'26(#)2508/$7,216
7KH#GRVH#IRUPXODWLRQV#IRU#WKH#4:0GD\#VWXGLHV#ZHUH#SUHSDUHG#WZLFH#GXULQJ#WKH#VWXG\#E\#VWLUULQJ#WKH
DSSURSULDWH#TXDQWLWLHV#RI#VRGLXP#[\OHQHVXOIRQDWH#WR#VROXWLRQ#LQ#GHLRQL]HG#ZDWHU#DQG#ZHUH#WKHQ#EURXJKW#WR#WKH
GHVLUHG#FRQFHQWUDWLRQ#E\#WKH#IXUWKHU#DGGLWLRQ#RI#GHLRQL]HG#ZDWHU1##7KH#GRVH#IRUPXODWLRQV#IRU#WKH#470ZHHN
VWXGLHV#ZHUH#SUHSDUHG#HYHU\#5#ZHHNV#E\#PL[LQJ#WKH#DSSURSULDWH#DPRXQW#RI#VRGLXP#[\OHQHVXOIRQDWH#ZLWK#83(
HWKDQRO#+LQ#GHLRQL]HG#ZDWHU,#ZKLFK#ZDV#WKHQ#EURXJKW#WR#WKH#GHVLUHG#FRQFHQWUDWLRQ#E\#WKH#IXUWKHU#DGGLWLRQ#RI
83(#HWKDQRO1##7KH#8#DQG#48#PJ2P/#GRVHV#ZHUH#VWLUUHG#WR#VROXWLRQ#DQG#WKH#77/#466/#DQG#733#PJ2P/#GRVHV
ZHUH#VWLUUHG#WR#VXVSHQVLRQ1##'RVH#IRUPXODWLRQV#LQ#WKH#50\HDU#VWXGLHV#RI#VRGLXP#[\OHQHVXOIRQDWH#ZHUH
SUHSDUHG#HYHU\#5#WR#6#ZHHNV#E\#PL[LQJ#WKH#DSSURSULDWH#ZHLJKW#RI#VRGLXP#[\OHQHVXOIRQDWH#LQ#GHLRQL]HG
ZDWHU1##$#VXVSHQVLRQ#ZDV#IRUPHG#E\#VKDNLQJ/#DQG#WKHQ#WKH#PL[WXUH#ZDV#EURXJKW#WR#WKH#GHVLUHG
FRQFHQWUDWLRQV#RI#HWKDQRO#DQG#VRGLXP#[\OHQHVXOIRQDWH#E\#WKH#DGGLWLRQ#RI#<8(#HWKDQRO1##7KH#UHVXOWLQJ
VXVSHQVLRQ#ZDV#WKH#UHTXLUHG#GRVH#LQ#83(#HWKDQRO1##'RVH#IRUPXODWLRQV#LQ#WKH#4:0GD\/#470ZHHN/#DQG#50\HDU
VWXGLHV#ZHUH#VWRUHG#DW#URRP#WHPSHUDWXUH#LQ#JODVV#ERWWOHV#ZLWK#7HIORQ�0OLQHG#OLGV#LQ#WKH#GDUN#IRU#XS#WR#6#ZHHNV
+4:0GD\#DQG#470ZHHN#VWXGLHV,#RU#IRU#6#WR#7#ZHHNV#+50\HDU#VWXGLHV,1##

6WDELOLW\#VWXGLHV#RI#7#PJ2P/#GRVH#IRUPXODWLRQV#+LQ#GHLRQL]HG#ZDWHU#DQG#LQ#83(#HWKDQRO,#ZHUH#FRQGXFWHG#E\
WKH#DQDO\WLFDO#FKHPLVWU\#ODERUDWRU\1##$OLTXRWV#+53#P/,#RI#WKH#VROXWLRQV#ZHUH#DQDO\]HG#E\#+3/&#ZLWK#D
=RUED[#& #FROXPQ/#D#PRELOH#SKDVH#RI#FHW\OWULPHWK\ODPPRQLXP#EURPLGH#+43#PJ2P/#ZDWHU,=#PHWKDQRO;

+83=83#IRU#GRVHG#ZDWHU>#58=:8#IRU#HWKDQRO#IRUPXODWLRQV,/#D#IORZ#UDWH#RI#4#P/2PLQ/#DQG#EHQ]RLF#DFLG#DV#DQ
LQWHUQDO#VWDQGDUG>#GHWHFWLRQ#ZDV#DW#587#QP1##6WDELOLW\#ZDV#FRQILUPHG#IRU#DW#OHDVW#6#ZHHNV#ZKHQ#VWRUHG#LQ#WKH
GDUN#DW#URRP#WHPSHUDWXUH#LQ#VHDOHG#JODVV#YLDOV#DQG#IRU#6#KRXUV#DW#URRP#WHPSHUDWXUH#RSHQ#WR#DLU#DQG#OLJKW1##

+RPRJHQHLW\#VWXGLHV#RI#WKH#GRVH#IRUPXODWLRQV#XVHG#LQ#WKH#50\HDU#VWXGLHV#DQG#D#OLPLWHG#VWDELOLW\#VWXG\#RI#WKH
:8#PJ2P/#GRVH#IRUPXODWLRQ#XVHG#LQ#WKH#50\HDU#VWXGLHV#ZHUH#SHUIRUPHG#E\#WKH#VWXG\#ODERUDWRU\#XVLQJ#WKH
VDPH#+3/&#V\VWHP#DV#LQ#WKH#SUHYLRXV#GRVH#VWDELOLW\#VWXG\1##+RPRJHQHLW\#ZDV#FRQILUPHG>#WKH#:8#PJ2P/
FRQFHQWUDWLRQ#ZDV#VWDEOH#IRU#5<#GD\V#ZKHQ#VWRUHG#DW#URRP#WHPSHUDWXUH/#SURWHFWHG#IURP#OLJKW1

3HULRGLF#DQDO\VHV#RI#WKH#GRVH#IRUPXODWLRQV#RI#VRGLXP#[\OHQHVXOIRQDWH#ZHUH#FRQGXFWHG#E\#WKH#VWXG\
ODERUDWRU\#ZLWK#+3/&1#'XULQJ#WKH#4:0GD\#VWXGLHV/#GRVHV#ZHUH#DQDO\]HG#DW#WKH#EHJLQQLQJ#RI#WKH#VWXGLHV
+7DEOH#+5,1##'XULQJ#WKH#470ZHHN#VWXGLHV/#GRVHV#ZHUH#DQDO\]HG#DW#WKH#EHJLQQLQJ/#PLGSRLQW/#DQG#HQG#RI#WKH
VWXGLHV#+7DEOH#+6,1##'XULQJ#WKH#50\HDU#VWXGLHV/#GRVH#IRUPXODWLRQV#ZHUH#DQDO\]HG#DW#WKH#EHJLQQLQJ#RI#WKH
VWXGLHV#DQG#HYHU\#:#WR#43#ZHHNV#WKHUHDIWHU#+7DEOH#+7,1##$OWKRXJK#WKH#UHVXOWV#RI#D#SUHOLPLQDU\#PL[LQJ#WULDO
IRU#WKH#8#DQG#733#PJ2P/#FRQFHQWUDWLRQV#XVHG#LQ#WKH#4:0GD\#VWXGLHV#ZHUH#ZLWKLQ#43(#RI#WKH#WDUJHW
FRQFHQWUDWLRQV/#WKH#ILUVW#VHW#RI#GRVH#IRUPXODWLRQV#ZHUH#45(#WR#47(#JUHDWHU#WKDQ#WKH#WDUJHW#FRQFHQWUDWLRQV
GXH#WR#D#PL[LQJ#HUURU1##7KHVH#IRUPXODWLRQV#ZHUH#UHPL[HG#DQG#ZHUH#DOO#ZLWKLQ#43(#RI#WKH#WDUJHW
FRQFHQWUDWLRQV#+7DEOH#+5,1##$QLPDO0URRP#VDPSOHV#IRU#WKH#4:0GD\#VWXGLHV#ZHUH#DOVR#ZLWKLQ#43(#RI#WKH#WDUJHW
FRQFHQWUDWLRQV1##'XULQJ#WKH#470ZHHN#VWXGLHV/#DOO#RI#WKH#GRVH#IRUPXODWLRQV#DQG#DOO#RI#WKH#DQLPDO#URRP#VDPSOHV
ZHUH#ZLWKLQ#43(#RI#WKH#WDUJHW#FRQFHQWUDWLRQV1##,Q#WKH#50\HDU#VWXGLHV/#DOO#RI#WKH#GRVH#IRUPXODWLRQV#DQG#DOO#EXW
WZR#RI#WKH#DQLPDO#URRP#VDPSOHV#ZHUH#ZLWKLQ#43(#RI#WKH#WDUJHW#FRQFHQWUDWLRQV1##)RU#WKH#470ZHHN#VWXGLHV/
WZR#UHIHUHH#DQDO\VHV#SHUIRUPHG#E\#WKH#DQDO\WLFDO#FKHPLVWU\#ODERUDWRU\#LQGLFDWHG#JRRG#DJUHHPHQW#ZLWK#WKH
UHVXOWV#RI#WKH#VWXG\#ODERUDWRU\#+7DEOH#+8,1#



230 Sodium Xylenesulfonate, NTP TR 464

FIGURE H1      
Infrared Absorption Spectrum of Sodium Xylenesulfonate



231Sodium Xylenesulfonate, NTP TR 464

FIGURE H2      
Nuclear Magnetic Resonance Spectrum of Sodium Xylenesulfonate
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7$%/(#+4
3UHSDUDWLRQ#DQG#6WRUDJH#RI#'RVH#)RUPXODWLRQV#LQ#WKH#'HUPDO#6WXGLHV#
RI#6RGLXP#;\OHQHVXOIRQDWH

4:0'D\#6WXGLHV 470:HHN#6WXGLHV 50<HDU#6WXGLHV

3UHSDUDWLRQ
7KH#UHTXLUHG#ZHLJKW#RI#VRGLXP 7KH#UHTXLUHG#ZHLJKW#RI#VRGLXP 7KH#UHTXLUHG#ZHLJKW#RI#VRGLXP
[\OHQHVXOIRQDWH#ZDV#VWLUUHG#WR#VROXWLRQ#LQ [\OHQHVXOIRQDWH#ZDV#PL[HG#ZLWK#83( [\OHQHVXOIRQDWH#ZDV#PL[HG#ZLWK
GHLRQL]HG#ZDWHU1##7KH#VROXWLRQ#ZDV HWKDQRO#+LQ#GHLRQL]HG#ZDWHU,1##7KH GHLRQL]HG#ZDWHU#E\#VKDNLQJ1##7KH
EURXJKW#WR#WKH#GHVLUHG#FRQFHQWUDWLRQV#E\ IRUPXODWLRQ#ZDV#EURXJKW#WR#WKH#GHVLUHG UHVXOWLQJ#VXVSHQVLRQ#ZDV#WKHQ#EURXJKW#WR
WKH#IXUWKHU#DGGLWLRQ#RI#GHLRQL]HG#ZDWHU1 FRQFHQWUDWLRQ#E\#WKH#IXUWKHU#DGGLWLRQ#RI WKH#GHVLUHG#FRQFHQWUDWLRQ#RI#HWKDQRO

83(#HWKDQRO1##7KH#8#DQG#48#PJ2P/ +83(,#DQG#VRGLXP#[\OHQHVXOIRQDWH#E\
GRVHV#ZHUH#VWLUUHG#WR#VROXWLRQ#ZKLOH#WKH WKH#DGGLWLRQ#RI#<8(#HWKDQRO1
77/#466/#DQG#733#PJ2P/#GRVHV#ZHUH
VWLUUHG#WR#VXVSHQVLRQ1#

&KHPLFDO#/RW#1XPEHU
53<53;8 53<53;8 53<53;8

0D[LPXP#6WRUDJH#7LPH
53#GD\V 53#GD\V 6#WR#7#ZHHNV

6WRUDJH#&RQGLWLRQV
6WRUHG#DW#URRP#WHPSHUDWXUH#LQ#WKH#GDUN 6DPH#DV#4:0GD\#VWXGLHV 6DPH#DV#4:0GD\#VWXGLHV

6WXG\#/DERUDWRU\
6RXWKHUQ#5HVHDUFK#,QVWLWXWH 6RXWKHUQ#5HVHDUFK#,QVWLWXWH %DWWHOOH#&ROXPEXV#/DERUDWRULHV
+%LUPLQJKDP/#$/, +%LUPLQJKDP/#$/, +&ROXPEXV/#2+,

5HIHUHH#/DERUDWRU\
1RQH 0LGZHVW#5HVHDUFK#,QVWLWXWH 1RQH

+.DQVDV#&LW\/#02,
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7$%/(#+5
5HVXOWV#RI#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#WR#5DWV#DQG#0LFH#LQ#WKH#4:0'D\#'HUPDO#6WXGLHV#
RI#6RGLXP#;\OHQHVXOIRQDWH

7DUJHW 'HWHUPLQHG (#'LIIHUHQFH
'DWH#3UHSDUHG 'DWH#$QDO\]HG &RQFHQWUDWLRQ &RQFHQWUDWLRQ IURP#7DUJHWa

+PJ2P/, (mg/mL)

8#-XQH#4<;: ;0<#-XQH#4<;: 8 8147 .6E

733 745 .6

48#-XO\#4<;: 49#-XO\#4<;; 8 8199 .46
48 491< .46
77 7<14 .45

466 485 .47
733 785 .46

4:#-XO\#4<;: 53#-XO\#4<;: 8 71<7 $4F

48 4813 3
77 7717 .4

466 467 .4
733 73; .5

4:#-XO\#4<;: 5;05<#-XO\#4<;: ###8 8138 .4G

48 4816 .5
77 7815 .6

466 46; .7
733 747 .7

4:#-XO\#4<;: 5;05<#-XO\#4<;: ###8 814: .6H

48 4815 .4
77 7813 .5

466 469 .5
733 745 .6

5HVXOWV#RI#GXSOLFDWH#DQDO\VHV1##'RVLQJ#YROXPHÛ633#�/#IRU#UDWV#DQG#433#�/#IRU#PLFH1D

3UHOLPLQDU\#PL[LQJ#WULDO>#QRW#XVHG#IRU#GRVLQJE

5HVXOWV#RI#UHPL[F

$QLPDO#URRP#VDPSOHV#IRU#UDWVG

$QLPDO#URRP#VDPSOHV#IRU#PLFHH
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7$%/(#+6
5HVXOWV#RI#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#WR#5DWV#DQG#0LFH#LQ#WKH#470:HHN#'HUPDO#6WXGLHV#
RI#6RGLXP#;\OHQHVXOIRQDWH

7DUJHW 'HWHUPLQHG (#'LIIHUHQFH
'DWH#3UHSDUHG 'DWH#$QDO\]HG &RQFHQWUDWLRQ &RQFHQWUDWLRQ IURP#7DUJHWD

+PJ2P/, +PJ2P/,

43#)HEUXDU\#4<;; 44045#)HEUXDU\#4<;; 8 8145 .5
48 4816 .5
77 7719 .4

466 467 .4
733 758 .9

5<#)HEUXDU\#0#5#0DUFK#4<;; 8 813< .5E

48 4815 .4
77 7713 3

466 465 $4
733 739 .5

56#0DUFK#4<;; 56058#0DUFK#4<;; 8 8135 3
48 471; $4
77 761< 3

466 468 .5
733 743 .6

45046#$SULO#4<;; 8 813; .5E

48 471; $4
77 761< 3

466 466 3
733 743 .6

7#0D\#4<;; 90<#0D\#4<;; 8 71<9 $4
48 4815 .4
77 761< 3

466 465 $4
733 739 .5

5905:#0D\#4<;; 8 8134 3E

48 4814 .4
77 761; 3

466 465 $4
733 6<; 3

5HVXOWV#RI#GXSOLFDWH#DQDO\VHV1##'RVLQJ#YROXPHÛ633#�/#IRU#UDWV#DQG#433#�/#IRU#PLFH1D

$QLPDO#URRP#VDPSOHE
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7$%/(#+7
5HVXOWV#RI#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#WR#5DWV#DQG#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXGLHV#
RI#6RGLXP#;\OHQHVXOIRQDWH

7DUJHW 'HWHUPLQHG (#'LIIHUHQFH
'DWH#3UHSDUHG 'DWH#$QDO\]HG &RQFHQWUDWLRQ &RQFHQWUDWLRQ IURP#7DUJHWD

+PJ2P/, +PJ2P/,

5DWV

59#1RYHPEHU#4<<3 5;#1RYHPEHU#4<<3 :8 :715 $4
483 479 $6
633 5<9 $4

59#1RYHPEHU#4<<3 46#'HFHPEHU#4<<3 :8 :914 .4E

483 483 3
633 636 .4

5DWV#DQG#0LFH

9#'HFHPEHU#4<<3 47#'HFHPEHU#4<<3 :8 :71; 3
483 483 3
633 5<6 $5

9#'HFHPEHU#4<<3 7#-DQXDU\#4<<4 :8 :813 3F

483 485 .4
633 5<9 $4

47#)HEUXDU\#4<<4 4;#)HEUXDU\#4<<4 :8 :916 .5
483 488 .6
633 5<< 3

44#$SULO#4<<4 63#$SULO#4<<4 :8 :<18 .9
483 487 .6
633 64: .9

44#$SULO#4<<4 63#$SULO#4<<4 :8 :<14 .8E

483 48: .8
633 645 .7

44#$SULO#4<<4 44#$SULO#4<<4 :8 :;18 .8F

483 48< .9
633 63; .6

9#-XQH#4<<4 44#-XQH#4<<4 :8 ::19 .6
483 488 .6
633 634 3

4#$XJXVW#4<<4 5#$XJXVW#4<<4 :8 :91< .6
483 488 .6
633 63< .6

59#6HSWHPEHU#4<<4 5:#6HSWHPEHU#4<<4 :8 :717 $4
483 479 $6
633 5<; $4

59#6HSWHPEHU#4<<4 5;#2FWREHU#4<<4 :8 :;14 .7E

483 488 .6
633 63; .6
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7$%/(#+7
5HVXOWV#RI#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#WR#5DWV#DQG#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXGLHV#
RI#6RGLXP#;\OHQHVXOIRQDWH#+FRQWLQXHG,

7DUJHW 'HWHUPLQHG (#'LIIHUHQFH
'DWH#3UHSDUHG 'DWH#$QDO\]HG &RQFHQWUDWLRQ &RQFHQWUDWLRQ IURP#7DUJHW

+PJ2P/, +PJ2P/,

5DWV#DQG#0LFH#+FRQWLQXHG,

59#6HSWHPEHU#4<<4 5;#2FWREHU#4<<4 :8 :;17 .8F

483 487 .6
633 63< .6

54#1RYHPEHU#4<<4 55#1RYHPEHU#4<<4 :8 ::14 .6
483 487 .6
633 635 .4

49#-DQXDU\#4<<5 4:#-DQXDU\#4<<5 :8 :918 .5
483 485 .4
633 5<; $4

45#0DUFK#4<<5 45#0DUFK#4<<5 :8 :916 .5
483 485 .4
633 635 .4

45#0DUFK#4<<5 <043#$SULO#4<<5 :8 :;1; .8E

483 495 .;
633 639 .5

45#0DUFK#4<<5 <043#$SULO#4<<5 :8 :<19 .9F

483 489 .7
633 639 .5

:#0D\#4<<5 ;#0D\#4<<5 :8 :918 .5
483 486 .5
633 638 .5

5#-XO\#4<<5 9#-XO\#4<<5 :8 ::17 .6
483 485 .4
633 634 3

53#$XJXVW#4<<5 54#$XJXVW#4<<5 :8 :819 .4
483 489 .7
633 63; .6

53#$XJXVW#4<<5 54055#6HSWHPEHU#4<<5 :8 ::16 .6E

483 48: .8
633 645 .7

53#$XJXVW#4<<5 54055#6HSWHPEHU#4<<5 :8 :<1< .:F

483 4:4 .47
633 666 .44
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7$%/(#+7
5HVXOWV#RI#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#WR#5DWV#DQG#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXGLHV#
RI#6RGLXP#;\OHQHVXOIRQDWH#(continued)

7DUJHW 'HWHUPLQHG (#'LIIHUHQFH
'DWH#3UHSDUHG 'DWH#$QDO\]HG &RQFHQWUDWLRQ &RQFHQWUDWLRQ IURP#7DUJHW

+PJ2P/, +PJ2P/,

5DWV#DQG#0LFH#+FRQWLQXHG,

55#2FWREHU#4<<5 5905:#2FWREHU#4<<5 :8 :<1: .9
483 486 .5
633 659 .<

5HVXOWV#RI#GXSOLFDWH#DQDO\VHV1##'RVLQJ#YROXPH#IRU#UDWV#ZDV#;8#WR#68:#�/>#93#PJ2NJ#Û#:8#PJ2P/>#453#PJ2NJ#Û#483#PJ2P/>D

573#PJ2NJ#Û#633#PJ2P/>#GRVLQJ#YROXPH#IRU#PLFH#ZDV#79#WR#45;#�/>#4;5#PJ2NJ#Û#:8#PJ2P/>#697#PJ2NJ#Û#483#PJ2P/>
:5:#PJ2NJ#Û#633#PJ2P/1
$QLPDO#URRP#VDPSOHV#IRU#UDWVE

$QLPDO#URRP#VDPSOHV#IRU#PLFHF
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7$%/(#+8
5HVXOWV#RI#5HIHUHH#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#WR#5DWV#DQG#0LFH#
LQ#WKH#470:HHN#'HUPDO#6WXGLHV#RI#6RGLXP#;\OHQHVXOIRQDWH

'HWHUPLQHG#&RQFHQWUDWLRQ#+PJ2P/,

7DUJHW#&RQFHQWUDWLRQ 6WXG\ 5HIHUHH
'DWH#3UHSDUHG +PJ2P/, /DERUDWRU\ /DERUDWRU\D E

43#)HEUXDU\#4<;; 466 467 465#�#4
56#0DUFK#4<;; 4813 471; 471;#�#313

5HVXOWV#RI#GXSOLFDWH#DQDO\VHVD

5HVXOWV#RI#WULSOLFDWH#DQDO\VHV#+PHDQ#�#VWDQGDUG#HUURU,E



56<

$33(1',;#,
'26(6/#%2'<#:(,*+76/#

$1'#'26(#&21&(175$7,216

7$%/(#,4 'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#5DWV#
LQ#WKH#4:0'D\#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 573

7$%/(#,5 'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#0LFH#
LQ#WKH#4:0'D\#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 573

7$%/(#,6 'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#5DWV#
LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 574

7$%/(#,7 'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#0LFH#
LQ#WKH#470:HHN#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 574

7$%/(#,8 'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#5DWV#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 575

7$%/(#,9 'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#0LFH#
LQ#WKH#50<HDU#'HUPDO#6WXG\#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 575
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7$%/(#,4
'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#5DWV#LQ#WKH#4:0'D\#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

'RVH 'RVH#9ROXPH $YHUDJH#%RG\#:HLJKW 'RVH#&RQFHQWUDWLRQ
+PJ2P/, +�/, +NJ, +PJ2NJ,

0DOH

3 633 31478 3
8 633 31483 43

48 633 31483 63
77 633 31473 <7

466 633 31484 597
733 633 3147< ;3;

)HPDOH#

3 633 31447 3
8 633 3144: 46

48 633 3144; 6;
77 633 31446 44:

466 633 31453 667
733 633 31449 4/368

7$%/(#,5
'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#0LFH#LQ#WKH#4:0'D\#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

'RVH 'RVH#9ROXPH $YHUDJH#%RG\#:HLJKW 'RVH#&RQFHQWUDWLRQ
+PJ2P/, +�/, +NJ, +PJ2NJ,

0DOH

3 433 31358 3
8 433 31358 53

48 433 31358 94
77 433 31357 4;:

466 433 31358 865
733 433 31358 4/966

)HPDOH#

3 433 31353 3
8 433 3134< 59

48 433 31353 ::
77 433 31353 553

466 433 31353 9;5
733 433 31353 5/384



6RGLXP#;\OHQHVXOIRQDWH/#173#75#797 574

7$%/(#,6
'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#5DWV#LQ#WKH#470:HHN#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

:HHNV#4#WR#7 :HHNV#7#WR#; :HHNV#;#WR#47

'RVH 'RVH#9ROXPH $YJ#:W 'RVH#&RQFHQWUDWLRQ $YJ#:W 'RVH#&RQFHQWUDWLRQ $YJ#:W 'RVH#&RQFHQWUDWLRQ
+PJ2P/, +P/, +NJ, +PJ2NJ, +NJ, +PJ2NJ, +NJ, +PJ2NJ,

0DOH

3 633 314<5 3 31598 3 31655 3
8 633 314;< ; 31599 9 31656 8

48 633 314:< 58 3158< 4: 31655 47
77 633 314:; :7 31588 85 3163; 76

466 633 314;3 555 31588 48: 31649 459
733 633 314:< 9:3 31587 7:5 3164< 6:9

)HPDOH#

3 633 31463 3 31497 3 314;: 3
8 633 31456 45 3148; 43 314;4 ;

48 633 31454 6: 31489 5< 314;3 58
77 633 31455 43; 31493 ;6 314;6 :5

466 633 3145; 645 31496 578 314;; 545
733 633 3145; <6; 31496 :69 314;9 978

7$%/(#,7
'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#0LFH#LQ#WKH#470:HHN#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

:HHNV#4#WR#7 :HHNV#7#WR#; :HHNV#;#WR#47

'RVH 'RVH#9ROXPH $YJ#:W 'RVH#&RQFHQWUDWLRQ $YJ#:W 'RVH#&RQFHQWUDWLRQ $YJ#:W 'RVH#&RQFHQWUDWLRQ
+PJ2P/, +P/, +NJ, +PJ2NJ, +NJ, +PJ2NJ, +NJ, +PJ2NJ,

0DOH

3 433 3135: 3 31363 3 31367 3
8 433 3135: 4< 3135< 4: 31366 48

48 433 3135: 89 31363 83 31367 77
77 433 3135; 48: 31364 475 31368 459

466 433 3135: 7<6 31363 776 31367 6<4
733 433 3135; 4/75< 31364 4/5<3 31368 4/476

)HPDOH#

3 433 31354 3 31358 3 3135< 3
8 433 31354 57 31358 53 3135; 4;

48 433 31354 :4 31358 93 3135< 85
77 433 31355 533 31359 49< 31363 47:

466 433 31355 938 31358 865 3135; 7:8
733 433 31355 4/;4; 31358 4/933 3135; 4/75<
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7$%/(#,8
'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

'RVH 'RVH#9ROXPH $YHUDJH#%RG\#:HLJKW#5DQJH 'RVH#&RQFHQWUDWLRQ
+PJ2P/, +�/, +NJ, +PJ2NJ,

0DOH

3 435#$#68: 3145:#$#3176< 3
:8 434#$#68: 3145:#$#3176; 93

483 435#$#67< 3145;#$#3176: 453
633 435#$#678 3145:#$#31765 573

)HPDOH#

3 ;9#$#565 3143;#$#315;< 3
:8 ;9#$#563 3143:#$#315;; 93

483 ;8#$#565 3143:#$#315<3 453
633 ;9#$#54: 3143:#$#315:4 573

7$%/(#,9
'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV#IRU#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\#
RI#6RGLXP#;\OHQHVXOIRQDWH

'RVH 'RVH#9ROXPH $YHUDJH#%RG\#:HLJKW#5DQJH 'RVH#&RQFHQWUDWLRQ
+PJ2P/, +�/, +NJ, +PJ2NJ,

0DOH

3 8;#$#449 31357#$#3137: 3
:8 8:#$#447 31357#$#3137: 4;5

483 8;#$#446 31357#$#3137: 697
633 8:#$#449 31357#$#3137; :5:

)HPDOH#

3 79#$#45; 3134<#$#31384 3
:8 79#$#45; 3134<#$#31385 4;5

483 79#$#455 3134<#$#31383 697
633 79#$#45; 3134<#$#31386 :5:



576

$33(1',;#-
,1*5(',(176/#1875,(17#&20326,7,21/

$1'#&217$0,1$17#/(9(/6
,1#1,+03:#5$7#$1'#0286(#5$7,21

7$%/(#-4 ,QJUHGLHQWV#RI#1,+03:#5DW#DQG#0RXVH#5DWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 577
7$%/(#-5 9LWDPLQV#DQG#0LQHUDOV#LQ#1,+03:#5DW#DQG#0RXVH#5DWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 577
7$%/(#-6 1XWULHQW#&RPSRVLWLRQ#RI#1,+03:#5DW#DQG#0RXVH#5DWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 578
7$%/(#-7 &RQWDPLQDQW#/HYHOV#LQ#1,+03:#5DW#DQG#0RXVH#5DWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 579
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7$%/(#-4
,QJUHGLHQWV#RI#1,+03:#5DW#DQG#0RXVH#5DWLRQD

,QJUHGLHQWV 3HUFHQW#E\#:HLJKWE

*URXQG#&5#\HOORZ#VKHOOHG#FRUQ 57183
*URXQG#KDUG#ZLQWHU#ZKHDW 56133
6R\EHDQ#PHDO#+7<(#SURWHLQ, 45133
)LVK#PHDO#+93(#SURWHLQ, 43133
:KHDW#PLGGOLQJV 43133
'ULHG#VNLP#PLON 8133
$OIDOID#PHDO#+GHK\GUDWHG/#4:(#SURWHLQ, 7133
&RUQ#JOXWHQ#PHDO#+93(#SURWHLQ, 6133
6R\#RLO 5183
'ULHG#EUHZHU*V#\HDVW 5133
'U\#PRODVVHV 4183
'LFDOFLXP#SKRVSKDWH 4158
*URXQG#OLPHVWRQH 3183
6DOW 3183
3UHPL[HV#+YLWDPLQ#DQG#PLQHUDO, 3158

1&,/#4<:9>#1,+/#4<:;D

,QJUHGLHQWV#ZHUH#JURXQG#WR#SDVV#WKURXJK#D#8161#6WDQGDUG#6FUHHQ#1R1#49#EHIRUH#EHLQJ#PL[HG1E

7$%/(#-5
9LWDPLQV#DQG#0LQHUDOV#LQ#1,+03:#5DW#DQG#0RXVH#5DWLRQD

$PRXQW 6RXUFH

9LWDPLQV
$ 8/833/333#,8 6WDELOL]HG#YLWDPLQ#$#SDOPLWDWH#RU#DFHWDWH
' 7/933/333#,8 '0DFWLYDWHG#DQLPDO#VWHURO6
. 51;#J 0HQDGLRQH6
G0û07RFRSKHU\O#DFHWDWH 53/333#,8
&KROLQH 89313#J &KROLQH#FKORULGH
)ROLF#DFLG 515#J
1LDFLQ 6313#J
G03DQWRWKHQLF#DFLG 4;13#J G0&DOFLXP#SDQWRWKHQDWH
5LERIODYLQ 617#J
7KLDPLQH 4313#J 7KLDPLQH#PRQRQLWUDWH
% 7/333#�J45
3\ULGR[LQH 41:#J 3\ULGR[LQH#K\GURFKORULGH
%LRWLQ 47313#PJ G0%LRWLQ

0LQHUDOV
,URQ 45313#J ,URQ#VXOIDWH
0DQJDQHVH 9313#J 0DQJDQRXV#R[LGH
=LQF 4913#J =LQF#R[LGH
&RSSHU 713#J &RSSHU#VXOIDWH
,RGLQH 417#J &DOFLXP#LRGDWH
&REDOW 317#J &REDOW#FDUERQDWH

3HU#WRQ#+5/333#OE,#RI#ILQLVKHG#SURGXFWD
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7$%/(#-6
1XWULHQW#&RPSRVLWLRQ#RI#1,+03:#5DW#DQG#0RXVH#5DWLRQ

0HDQ#�#6WDQGDUG
1XWULHQW 'HYLDWLRQ 5DQJH 1XPEHU#RI#6DPSOHV

3URWHLQ#+(#E\#ZHLJKW, 56178#�#3185 5515#²#5716 56
&UXGH#IDW#+(#E\#ZHLJKW, 8167#�#314< 8133#²#81<3 56
&UXGH#ILEHU#+(#E\#ZHLJKW, 616:#�#3167 5193#²#7163 56
$VK#+(#E\#ZHLJKW, 9179#�#314; 9145#²#91;4 56

$PLQR#$FLGV#+(#RI#WRWDO#GLHW,
$UJLQLQH 415;3#�#313;6 41443#²#416<3 44
&\VWLQH 3163;#�#313:4 414;4#²#31733 44
*O\FLQH 4148;#�#3137; 41393#²#41553 44
+LVWLGLQH 318;7#�#3135: 31864#²#31963 44
,VROHXFLQH 31<4:#�#31366 31;9:#²#31<98 44
/HXFLQH 41<:8#�#31384 41;83#²#51373 44
/\VLQH 415:7#�#3137< 41533#²#416:3 44
0HWKLRQLQH 3176:#�#3143< 31639#²#319<< 44
3KHQ\ODODQLQH 31<<<#�#31453 31998#²#41443 44
7KUHRQLQH 31<37#�#3138; 31;57#²#31<;8 44
7U\SWRSKDQ 3154;#�#31486 3143:#²#319:4 44
7\URVLQH 319;8#�#313<7 31897#²#31:<7 44
9DOLQH 413;9#�#31388 31<95#²#414:3 44

(VVHQWLDO#)DWW\#$FLGV#+(#RI#WRWDO#GLHW,
/LQROHLF 5173:#�#3155: 41;63#²#518:3 43
/LQROHQLF 3158<#�#31398 31433#²#31653 43

9LWDPLQV
9LWDPLQ#$#+,82NJ, 9/:;3#�#4/696 8/:63#²#44/783 56
9LWDPLQ#'#+,82NJ, 7/783#�#4/6;5 6/333#²#9/633 7
û07RFRSKHURO#+SSP, 69145#�#<148 5518#²#7;1< 43
7KLDPLQH#+SSP, 4:17;#�#5139 4713#²#5513 56
5LERIODYLQ#+SSP, :1;6#�#31<56 9143#²#<133 44
1LDFLQ#+SSP, <;197#�#58184 9813#²#48313 43
3DQWRWKHQLF#DFLG#+SSP, 63188#�#6185 5613#²#6719 44
3\ULGR[LQH#+SSP, <144#�#5186 8193#²#4713 44
)ROLF#DFLG#+SSP, 5179#�#3196 41;3#²#61:3 44
%LRWLQ#+SSP, 3159;#�#3137: 314<3#²#31687 44
9LWDPLQ#% #+SSE, 7318#�#4<14 4319#²#9813 4445
&KROLQH#+SSP, 5/<<4#�#6;5 5/633#²#6/763 43

0LQHUDOV
&DOFLXP#+(, 414:#�#313< 4133#²#417< 56
3KRVSKRUXV#+(, 31<5#�#3138 31:93#²#4133 56
3RWDVVLXP#+(, 31;;9#�#31396 31::5#²#31<:4 <
&KORULGH#+(, 3185<#�#313;: 316;3#²#31968 <
6RGLXP#+(, 31649#�#31366 3158;#²#316:4 44
0DJQHVLXP#+(, 31499#�#31343 3147;#²#314;4 44
6XOIXU#+(, 315:5#�#3138< 3153;#²#31753 43
,URQ#+SSP, 68318#�#;:16 58813#²#85613 44
0DQJDQHVH#+SSP, <517;#�#8147 ;41:#²#<<17 44
=LQF#+SSP, 8<166#�#4315 7914#²#;419 44
&RSSHU#+SSP, 441;4#�#5183 ;13<#²#4817 44
,RGLQH#+SSP, 6187#�#414< 4185#²#81;6 43
&KURPLXP#+SSP, 4199#�#3179 31;8#²#513< 44
&REDOW#+SSP, 31:9#�#3156 317<#²#4148 :
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7$%/(#-7
&RQWDPLQDQW#/HYHOV#LQ#1,+03:#5DW#DQG#0RXVH#5DWLRQD

0HDQ#�#6WDQGDUG
'HYLDWLRQ 5DQJH 1XPEHU#RI#6DPSOHVE

&RQWDPLQDQWV
$UVHQLF#+SSP, 317;#�#314: 3143#²#31:3 56
&DGPLXP#+SSP, 3147#�#313: 3137#²#3153 56
/HDG#+SSP, 3169#�#3158 3143#²#4133 56
0HUFXU\#+SSP, 3135#�#3133 3135#²#3136 56
6HOHQLXP#+SSP, 3165#�#3144 3138#²#3137 56
$IODWR[LQV#+SSE, ?813# 56
1LWUDWH#QLWURJHQ#+SSP, ;13:#�#7135 51<3#²#4:13 56F

1LWULWH#QLWURJHQ#+SSP, 3148#�#313: 3143#²#3163 56F

%+$#+SSP, 417;#�#31<8 4133#²#8133 56G

%+7#+SSP, 4168#�#31;; 4133#²#8133 56G

$HURELF#SODWH#FRXQW#+&)82J, 435/776#�#49;/484 7/433#²#:43/333 56
&ROLIRUP#+0312J, 614#�#316 613#²#713 56
(VFKHULFKLD#FROL#+0312J, ?613 56
6DOPRQHOOD#+0312J, 1HJDWLYH 56
7RWDO#QLWURVRDPLQHV#+SSE, :186#�#41;7 71:3#²#44173 56H

101LWURVRGLPHWK\ODPLQH#+SSE, 818;#�#4155 51<3#²#;153 56H

101LWURVRS\UUROLGLQH#+SSE, 41<9#�#4137 4133#²#7163 56H

3HVWLFLGHV#+SSP,
û0%+& ?3134# 56
ù0%+& ?3135# 56
õ0%+& ?3134# 56
ó0%+& ?3134# 56
+HSWDFKORU# ?3134# 56
$OGULQ# ?3134# 56
+HSWDFKORU#HSR[LGH# ?3134# 56
''(# ?3134# 56
'''# ?3134# 56
''7# ?3134# 56
+&%# ?3134# 56
0LUH[# ?3134# 56
0HWKR[\FKORU# ?3138# 56
'LHOGULQ# ?3134# 56
(QGULQ# ?3134# 56
7HORGULQ# ?3134# 56
&KORUGDQH# ?3138# 56
7R[DSKHQH# ?3143# 56
(VWLPDWHG#3&%V# ?3153# 56
5RQQHO# ?3134# 56
(WKLRQ# ?3135# 56
7ULWKLRQ ?3138# 56
'LD]LQRQ ?3143# 56
0HWK\O#SDUDWKLRQ# ?3135# 56
(WK\O#SDUDWKLRQ# ?3135# 56
0DODWKLRQ# 3156#�#3157 3138#²#31<: 56
(QGRVXOIDQ#,# ?3134# 56
(QGRVXOIDQ#,, ?3134# 56
(QGRVXOIDQ#VXOIDWH ?3136# 56

&)8#Û#FRORQ\0IRUPLQJ#XQLWV/#031#Û#PRVW#SUREDEOH#QXPEHU/#%+&#Û#KH[DFKORURF\FORKH[DQH#RU#EHQH]HQH#KH[DFKORULGH#D

)RU#YDOXHV#OHVV#WKDQ#WKH#OLPLW#RI#GHWHFWLRQ/#WKH#GHWHFWLRQ#OLPLW#LV#JLYHQ#DV#WKH#PHDQ1E

6RXUFHV#RI#FRQWDPLQDWLRQ=##DOIDOID/#JUDLQV/#DQG#ILVK#PHDOF

6RXUFHV#RI#FRQWDPLQDWLRQ=##VR\#RLO#DQG#ILVK#PHDOG

$OO#YDOXHV#ZHUH#FRUUHFWHG#IRU#SHUFHQW#UHFRYHU\1H



57:

$33(1',;#.
6(17,1(/#$1,0$/#352*5$0

0(7+2'6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57;
7$%/(#.4 0XULQH#9LUXV#$QWLERG\#'HWHUPLQDWLRQV#IRU#5DWV#DQG#0LFH#

LQ#WKH#470:HHN#DQG#50<HDU#6WXGLHV#RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 583
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6(17,1(/#$1,0$/#352*5$0

0(7+2'6
5RGHQWV#XVHG#LQ#WKH#&DUFLQRJHQHVLV#3URJUDP#RI#WKH#1DWLRQDO#7R[LFRORJ\#3URJUDP#DUH#SURGXFHG#LQ#RSWLPDOO\
FOHDQ#IDFLOLWLHV#WR#HOLPLQDWH#SRWHQWLDO#SDWKRJHQV#WKDW#PD\#DIIHFW#VWXG\#UHVXOWV1##7KH#6HQWLQHO#$QLPDO#3URJUDP
LV#SDUW#RI#WKH#SHULRGLF#PRQLWRULQJ#RI#DQLPDO#KHDOWK#WKDW#RFFXUV#GXULQJ#WKH#WR[LFRORJLF#HYDOXDWLRQ#RI#FKHPLFDO
FRPSRXQGV1##8QGHU#WKLV#SURJUDP/#WKH#GLVHDVH#VWDWH#RI#URGHQWV#LV#PRQLWRUHG#YLD#VHURORJ\#RQ#VHUD#IURP#H[WUD
+VHQWLQHO,#DQLPDOV#LQ#WKH#VWXG\#URRPV1##7KHVH#DQLPDOV#DQG#WKH#VWXG\#DQLPDOV#DUH#DOO#VXEMHFW#WR#LGHQWLFDO
HQYLURQPHQWDO#FRQGLWLRQV1##7KH#VHQWLQHO#DQLPDOV#FRPH#IURP#WKH#VDPH#SURGXFWLRQ#VRXUFH#DQG#ZHDQOLQJ
JURXSV#DV#WKH#DQLPDOV#XVHG#IRU#WKH#VWXGLHV#RI#FKHPLFDO#FRPSRXQGV1#

6HUXP#VDPSOHV#ZHUH#FROOHFWHG#IURP#UDQGRPO\#VHOHFWHG#UDWV#DQG#PLFH#GXULQJ#WKH#470ZHHN#DQG#50\HDU#VWXGLHV1#
%ORRG#IURP#HDFK#DQLPDO#ZDV#FROOHFWHG#DQG#DOORZHG#WR#FORW/#DQG#WKH#VHUXP#ZDV#VHSDUDWHG1##7KH#VDPSOHV#ZHUH
SURFHVVHG#DSSURSULDWHO\#DQG#VHQW#WR#0LFURELRORJLFDO#$VVRFLDWHV#,QF1#+%HWKHVGD/#0',/#IRU#GHWHUPLQDWLRQ#RI
DQWLERG\#WLWHUV1##7KH#ODERUDWRU\#VHURORJ\#PHWKRGV#DQG#YLUDO#DJHQWV#IRU#ZKLFK#WHVWLQJ#ZDV#SHUIRUPHG#DUH
WDEXODWHG#EHORZ>#WKH#WLPHV#DW#ZKLFK#WKH#EORRG#ZDV#FROOHFWHG#GXULQJ#WKH#VWXGLHV#DUH#DOVR#OLVWHG1

0HWKRG#DQG#7HVW 7LPH#RI#$QDO\VLV

5$76
470:HHN#6WXG\
(/,6$
390#+SQHXPRQLD#YLUXV#RI#PLFH, 47#ZHHNV
5&926'$
+UDW#FRURQDYLUXV2VLDORGDFU\RDGHQLWLV#YLUXV, 47#ZHHNV

6HQGDL 47#ZHHNV

+HPDJJOXWLQDWLRQ#,QKLELWLRQ
+04#+7RRODQ·V#+04#YLUXV, 47#ZHHNV
.59#+.LOKDP#UDW#YLUXV, 47#ZHHNV

50<HDU#6WXG\
(/,6$
0\FRSODVPD#DUWKULWLGLV 57#PRQWKV
0\FRSODVPD#SXOPRQLV 57#PRQWKV
390 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
5&926'$ 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
6HQGDL 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV

+HPDJJOXWLQDWLRQ#,QKLELWLRQ
+04 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
.59 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
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0,&(
470:HHN#6WXG\
(/,6$
(FWURPHOLD#YLUXV 47#ZHHNV
*'9,,#+PRXVH#HQFHSKDORP\HOLWLV#YLUXV, 47#ZHHNV
/&0#+O\PSKRF\WLF#FKRULRPHQLQJLWLV#YLUXV, 47#ZHHNV
090#+PLQXWH#YLUXV#RI#PLFH, 47#ZHHNV
0RXVH#DGHQRPD#YLUXV 47#ZHHNV
0+9#+PRXVH#KHSDWLWLV#YLUXV, 47#ZHHNV
390 47#ZHHNV
6HQGDL 47#ZHHNV

,PPXQRIOXRUHVFHQFH#$VVD\
(',0#+HSL]RRWLF#GLDUUKHD#RI#LQIDQW#PLFH, 47#ZHHNV
5HRYLUXV#6 47#ZHHNV

+HPDJJOXWLQDWLRQ#,QKLELWLRQ
.#+SDSRYDYLUXV, 47#ZHHNV
3RO\RPD#YLUXV 47#ZHHNV

50<HDU#6WXG\
(/,6$
(FWURPHOLD#YLUXV 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
(',0 4XDUDQWLQH/#45/#4;/#DQG#57#PRQWKV
*'9,, 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
/&0 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
0RXVH#DGHQRPD#YLUXV0)/ 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
0+9 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
01#DUWKULWLGLV 57#PRQWKV
01#SXOPRQLV 57#PRQWKV
390 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
5HRYLUXV#6 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
6HQGDL 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV

,PPXQRIOXRUHVFHQFH#$VVD\
(',0 9/#45/#DQG#4;#PRQWKV
/&0 4;#PRQWKV
0RXVH#DGHQRPD#YLUXV0)/ 4;#PRQWKV
0+9 45#DQG#4;#PRQWKV
5HRYLUXV#6 45#DQG#4;#PRQWKV

+HPDJJOXWLQDWLRQ#,QKLELWLRQ
. 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
090 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV
3RO\RPD#YLUXV 4XDUDQWLQH/#9/#45/#4;/#DQG#57#PRQWKV

5HVXOWV#RI#VHURORJ\#WHVWV#DUH#SUHVHQWHG#LQ#7DEOH#.41
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7$%/(#.4
0XULQH#9LUXV#$QWLERG\#'HWHUPLQDWLRQV#IRU#5DWV#DQG#0LFH#LQ#WKH#470:HHN#DQG#50<HDU#'HUPDO#6WXGLHV
RI#6RGLXP#;\OHQHVXOIRQDWH

,QWHUYDO ,QFLGHQFH#RI#$QWLERG\ 3RVLWLYH#6HURORJLF
LQ#6HQWLQHO#$QLPDOV 5HDFWLRQ#IRU

470:HHN#6WXGLHV

5DWV
6WXG\#WHUPLQDWLRQ 3243 1RQH#SRVLWLYH

0LFH
6WXG\#WHUPLQDWLRQ 3243 1RQH#SRVLWLYH

50<HDU#6WXGLHV

5DWV
4XDUDQWLQH 3243 1RQH#SRVLWLYH
9#0RQWKV 3243 1RQH#SRVLWLYH

45#0RQWKV 32< 1RQH#SRVLWLYH
4;#0RQWKV 32: 1RQH#SRVLWLYH
57#0RQWKV 5243 01#DUWKULWLGLVD

0LFH
4XDUDQWLQH 32< 1RQH#SRVLWLYH
9#0RQWKV 3243 1RQH#SRVLWLYH

45#0RQWKV 4243 5HRYLUXV#6
4;#0RQWKV 32< 1RQH#SRVLWLYH
57#0RQWKV 5243 01#DUWKULWLGLVD

)XUWKHU#HYDOXDWLRQ#RI#VDPSOHV#SRVLWLYH#IRU#01#DUWKULWLGLV#E\#LPPXQREORW#DQG#:HVWHUQ#EORW#SURFHGXUHV#LQGLFDWHG#WKDW#WKH#SRVLWLYH#WLWHUV#PD\D

KDYH#EHHQ#GXH#WR#FURVV#UHDFWLRQ#ZLWK#DQWLELRWLFV#RI#QRQSDWKRJHQLF#0\FRSODVPD#RU#RWKHU#DJHQWV1##2QO\#VSRUDGLF#VDPSOHV#ZHUH#SRVLWLYH/#DQG
WKHUH#ZHUH#QR#FOLQLFDO#ILQGLQJV#RU#KLVWRSDWKRORJLF#FKDQJHV#RI#01#DWKULWLGLV#LQIHFWLRQ#LQ#UDWV#RU#PLFH#ZLWK#SRVLWLYH#WLWHUV1##$FFRUGLQJO\/#VSRUDGLF
01#DUWKULWLGLV0SRVLWLYH#WLWHUV#ZHUH#FRQVLGHUHG#WR#EH#IDOVH#SRVLWLYHV1
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$33(1',;#/
,03$&7#2)#+(/,&2%$&7(5#+(3$7,&86

,1)(&7,21#,1#%9&6) #0,&(4

)520#45#173#50<($5#&$5&,12*(1(6,6#678',(6

-DPHV#51#+DLOH\ /#-RVHSK#.1#+DVHPDQ /#-RKQ#51#%XFKHU /#$QQ#(1#5DGRYVN\ /4 # # # 4 # # # 4 # # # 4

'DYLG#(1#0DODUNH\ /#5LFKDUG#71#0LOOHU /#$EUDKDP#1\VND /#DQG#5REHUW#51#0DURQSRW5 # # # 5 # # 4 # # # # 4

1DWLRQDO#,QVWLWXWH#RI#(QYLURQPHQWDO#+HDOWK#6FLHQFHV4

5HVHDUFK#7ULDQJOH#3DUN/#1RUWK#&DUROLQD

'HSDUWPHQW#RI#0LFURELRORJ\/#3DWKRORJ\/#DQG#3DUDVLWRORJ\5

&ROOHJH#RI#9HWHULQDU\#0HGLFLQH
1RUWK#&DUROLQD#6WDWH#8QLYHUVLW\

5DOHLJK/#1RUWK#&DUROLQD

$%675$&7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 585
,1752'8&7,21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 585
0$7(5,$/6#$1'#0(7+2'6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 586
5(68/76#$1'#',6&866,21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 588
5()(5(1&(6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 595
7$%/(#/4 ,QFLGHQFH#RI#+HOLFREDFWHU#KHSDWLFXV0$VVRFLDWHG#+HSDWLWLV#LQ#&RQWURO#%9&6) #0LFH4

IURP#1LQH#173#50<HDU#6WXGLHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 599
7$%/(#/5 ,GHQWLILFDWLRQ#RI#+HOLFREDFWHU#KHSDWLFXV#ZLWK#3&505)/30%DVHG#$VVD\V

LQ#&RQWURO#%9&6) #0LFH#IURP#65#173#50<HDU#6WXGLHV#4

DQG#7KUHH#173#460:HHN#6WXGLHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 599
7$%/(#/6 &RPSDULVRQ#RI#1HRSODVP#,QFLGHQFHV#LQ#&RQWURO#%9&6) #0LFH4

IURP#+HOLFREDFWHU#KHSDWLFXV0$IIHFWHG#DQG#8QDIIHFWHG#173#50<HDU#6WXGLHV 1 1 1 1 1 1 1 1 1 59:
7$%/(#/7 /LYHU#1HRSODVP#,QFLGHQFHV#DQG#%RG\#:HLJKWV#RI#&RQWURO#%9&6) #0LFH4

LQ#5HODWLRQ#WR#6WXG\#6WDUW#'DWHV#RI#+HOLFREDFWHU#KHSDWLFXV0$IIHFWHG#
DQG#8QDIIHFWHG#173#50<HDU#6WXGLHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59;

7$%/(#/8 $VVRFLDWLRQ#RI#/LYHU#1HRSODVP#,QFLGHQFH
DQG#6HYHULW\#RI#+HOLFREDFWHU#KHSDWLFXV0$VVRFLDWHG#+HSDWLWLV#
LQ#&RQWURO#%9&6) #0LFH#IURP#1LQH#$IIHFWHG#173#50<HDU#6WXGLHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59<4

7$%/(#/9 +0UDV#&RGRQ#94#$$$#0XWDWLRQV#LQ#6SRQWDQHRXV#/LYHU#1HRSODVPV
LQ#&RQWURO#%9&6) #0LFH#IURP#+HOLFREDFWHU#KHSDWLFXV0$IIHFWHG#4

DQG#8QDIIHFWHG#173#50<HDU#6WXGLHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59<
7$%/(#/: 3UROLIHUDWLQJ#&HOO#1XFOHDU#$QWLJHQ#/DEHOLQJ#,QGLFHV#LQ#WKH#/LYHU#

RI#&RQWURO#%9&6) #0LFH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:34

7$%/(#/; 6XPPDU\#RI#7DUJHW#6LWHV#RI#&DUFLQRJHQLFLW\#LQ#%9&6) #0LFH#4

IURP#173#50<HDU#6WXGLHV#ZLWK#+HOLFREDFWHU#KHSDWLFXV0$VVRFLDWHG#+HSDWLWLV 1 1 1 1 1 1 1 1 5:4
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,03$&7#2)#+(/,&2%$&7(5#+(3$7,&86
,1)(&7,21#,1#%9&6) #0,&(#4

)520#45#173#50<($5#&$5&,12*(1(6,6#678',(6

$%675$&7
0DOH#DQG#IHPDOH#%9&6) #PLFH#IURP#45#173#50\HDU#FDUFLQRJHQHVLV#VWXGLHV#ZHUH#IRXQG#WR#EH#LQIHFWHG#ZLWK4

+HOLFREDFWHU#KHSDWLFXV1##0DQ\#RI#WKH#PDOH#PLFH#IURP#QLQH#RI#WKHVH#VWXGLHV#+´DIIHFWHGµ#VWXGLHV,#KDG#DQ
DVVRFLDWHG#KHSDWLWLV1##7KH#FXUUHQW#HYDOXDWLRQV#ZHUH#SHUIRUPHG#LQ#DQ#DWWHPSW#WR#GHWHUPLQH#LI#WKH#GDWD#IURP#WKH
+1#KHSDWLFXV0DIIHFWHG#173#%9&6) #PRXVH#VWXGLHV#ZHUH#FRPSURPLVHG#DQG#XQVXLWDEOH#IRU#FDQFHU#KD]DUG4

LGHQWLILFDWLRQ1##7KH#LQFLGHQFHV#RI#QHRSODVPV#RI#WKH#OLYHU#+ERWK#KHSDWRFHOOXODU#QHRSODVPV#DQG
KHPDQJLRVDUFRPD,/#EXW#QRW#RI#RWKHU#RUJDQV#LQ#FRQWURO#PDOH#%9&6) #PLFH/#ZHUH#IRXQG#WR#EH#LQFUHDVHG#LQ4

DIIHFWHG#VWXGLHV#FRPSDUHG#WR#FRQWURO#PDOHV#IURP#XQDIIHFWHG#VWXGLHV1##7KH#LQFUHDVHG#LQFLGHQFH#RI
KHSDWRFHOOXODU#QHRSODVPV#ZDV#REVHUYHG#LQ#WKRVH#PDOHV#H[KLELWLQJ#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV1##2WKHU
REVHUYDWLRQV#IXUWKHU#GLIIHUHQWLDWHG#FRQWURO#PDOH#PLFH#IURP#DIIHFWHG#DQG#XQDIIHFWHG#VWXGLHV1##+0UDV#FRGRQ#94
&$$0WR0$$$#PXWDWLRQV#ZHUH#OHVV#FRPPRQ#LQ#OLYHU#QHRSODVPV#LQ#PDOHV#IURP#DIIHFWHG#VWXGLHV#FRPSDUHG#WR
KLVWRULFDO#DQG#XQDIIHFWHG#VWXG\#FRQWUROV1##,Q#DGGLWLRQ/#LQFUHDVHV#LQ#FHOO#SUROLIHUDWLRQ#UDWHV#DQG#DSRSWRVLV#ZHUH
REVHUYHG#LQ#WKH#OLYHUV#RI#PDOH#PLFH#ZLWK#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV1##7KHVH#GDWD#VXSSRUW#WKH
K\SRWKHVLV#WKDW#WKH#LQFUHDVHG#LQFLGHQFH#RI#OLYHU#QHRSODVPV#LV#DVVRFLDWHG#ZLWK#+1#KHSDWLFXV#DQG#WKDW#KHSDWLWLV
PD\#EH#LPSRUWDQW#LQ#WKH#SDWKRJHQHVLV1##7KHUHIRUH/#LQWHUSUHWDWLRQ#RI#FDUFLQRJHQLF#HIIHFWV#LQ#WKH#OLYHU#RI
%9&6) #PLFH#PD\#EH#FRQIRXQGHG#LI#WKHUH#LV#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV14

,1752'8&7,21
+HOLFREDFWHU0,QGXFHG#'LVHDVHV
6LQFH#WKH#EDFWHULXP#+1#S\ORUL#ZDV#LVRODWHG#IURP#KXPDQV#LQ#4<;6/#QXPHURXV#+HOLFREDFWHU#VSHFLHV#KDYH#EHHQ
LGHQWLILHG#LQ#VHYHUDO#ODERUDWRU\#DQG#GRPHVWLF#DQLPDO#VSHFLHV1##7KHLU#SDWKRJHQLFLW\#YDULHV/#ZLWK#VRPH#VSHFLHV
LQGXFLQJ#VLJQLILFDQW#GLVHDVH#ZKLOH#RWKHUV#DSSHDU#PHUHO\#WR#FRORQL]H#WKH#JDVWURLQWHVWLQDO#WUDFW1##+1#S\ORUL#LV
NQRZQ#WR#FDXVH#FKURQLF#JDVWULWLV#DQG#SHSWLF#XOFHUV#LQ#KXPDQV#+0DUVKDOO#DQG#:DUUHQ/#4<;7>#*UDKDP/#4<;<>
/HH#HW#DO1/#4<<6,#DQG/#PRUH#UHFHQWO\/#KDV#EHHQ#OLQNHG#WR#DGHQRFDUFLQRPD#DQG#PXFRVD0DVVRFLDWHG#O\PSKRPD
RI#WKH#VWRPDFK#+)R[#HW#DO1/#4<;<>#1RPXUD#HW#DO1/#4<<4>#3DUVRQQHW#HW#DO1/#4<<4>#:RWKHUVSRRQ#HW#DO1/#4<<6,1#
%DVHG#RQ#HSLGHPLRORJLFDO#DQG#SDWKRORJ\#ILQGLQJV/#WKH#,QWHUQDWLRQDO#$JHQF\#IRU#5HVHDUFK#RQ#&DQFHU#+4<<7,
KDV#FODVVLILHG#+1#S\ORUL#DV#D#JURXS#4#FDUFLQRJHQ#LQ#KXPDQV1##+1#KHSDWLFXV#LV#DVVRFLDWHG#ZLWK#DQ#LQFUHDVH#LQ
OLYHU#QHRSODVP#LQFLGHQFHV#LQ#$2-&U#PLFH#+:DUG#HW#DO1/#4<<7D>#)R[#HW#DO1/#4<<9,1

+1#KHSDWLFXV#FRPPRQO\#FRORQL]HV#WKH#JDVWURLQWHVWLQDO#WUDFW#RI#PDQ\#VWUDLQV#RI#PLFH#IURP#PDQ\#VRXUFHV#+)R[
HW#DO1/#4<<7>#:DUG#HW#DO1/#4<<7E>#6KDPHV#HW#DO1/#4<<8,1##,W#KDV#EHHQ#VKRZQ#WR#EH#SDWKRJHQLF/#ZLWK#KHSDWLWLV
KLJKO\#SUHYDOHQW#LQ#VRPH#VWUDLQV#RI#PLFH#+$2-&U/#%$/%2F$Q1&U/#&6+2+H1&U/#6-/21&U/#DQG#6&,'21&U,
+:DUG#HW#DO1/#4<<7E,1##,QWHVWLQDO#FRORQL]DWLRQ#GRHV#QRW#QHFHVVDULO\#UHVXOW#LQ#VXEVHTXHQW#KHSDWLWLV/#DQG#WKH
FRQGLWLRQV#WKDW#OHDG#WR#PLJUDWLRQ#RI#WKH#RUJDQLVP#IURP#WKH#LQWHVWLQH#WR#WKH#OLYHU#KDYH#QRW#EHHQ#GHWHUPLQHG1#
+1#KHSDWLFXV#DSSHDUV#WR#UHVLGH#SULPDULO\#ZLWKLQ#WKH#ELOH#FDQDOLFXOL1##0DOH#PLFH#ZHUH#UHSRUWHG#WR#KDYH#D
JUHDWHU#LQFLGHQFH#DQG#VHYHULW\#RI#KHSDWLWLV#WKDQ#IHPDOH#PLFH/#DQG#WKLV#ILQGLQJ#RFFXUUHG#LQ#173#VWXGLHV#DV
ZHOO1##7KH#UHFHQWO\#LGHQWLILHG#+1#ELOLV/#OLNH#+1#KHSDWLFXV/#FRORQL]HV#WKH#ELOLDU\#WUDFW/#OLYHU/#DQG#LQWHVWLQH#RI
PLFH1##:KLOH#+1#ELOLV#KDV#EHHQ#LGHQWLILHG#LQ#DQLPDOV#ZLWK#FKURQLF#KHSDWLWLV/#ZKHWKHU#LW#FDXVHG#WKH#KHSDWLWLV#LV
QRW#NQRZQ#+)R[#HW#DO1/#4<<8,1

7KH#SDWKRJHQHVLV#RI#+1#KHSDWLFXV0LQGXFHG#GLVHDVH#KDV#QRW#EHHQ#IXOO\#FKDUDFWHUL]HG1##,Q#VXVFHSWLEOH#VWUDLQV#RI
PLFH/#+1#KHSDWLFXV#FDQ#FDXVH#DFXWH/#IRFDO/#QRQVXSSXUDWLYH/#QHFURWL]LQJ#KHSDWLWLV/#ZKLFK#SURJUHVVHV#WR
FKURQLF/#DFWLYH#KHSDWLWLV#FKDUDFWHUL]HG#E\#PLQLPDO#QHFURVLV/#KHSDWRF\WRPHJDO\/#RYDO#FHOO#K\SHUSODVLD/#DQG
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FKRODQJLWLV1##+1#KHSDWLFXV#KDV#EHHQ#IRXQG#WR#SRVVHVV#KLJK#OHYHOV#RI#XUHDVH#+)R[#HW#DO1/#4<<7,1##+1#KHSDWLFXV
LV#RIWHQ#LVRODWHG#IURP#WKH#FHFXP#DQG#FRORQ#EXW#LV#QRW#QHFHVVDULO\#LVRODWHG#IURP#WKH#OLYHU#RI#$2-&U#PLFH/#HYHQ
WKRXJK#WKHVH#DQLPDOV#GHYHORS#VHYHUH#KHSDWLWLV1##&XOWXUH#VXSHUQDWDQWV#IURP#VHYHUDO#VWUDLQV#RI#+1#KHSDWLFXV
DQG#VHYHUDO#RWKHU#+HOLFREDFWHU#VSHFLHV#ZHUH#VKRZQ#WR#FDXVH#F\WRSDWKLF#HIIHFWV#LQ#D#URGHQW#KHSDWRF\WH#FHOO
OLQH#+7D\ORU#HW#DO1/#4<<8,1##:DUG#HW#DO1#+4<<9,#VXJJHVWHG#WKDW#DXWRLPPXQLW\#PD\#SOD\#D#UROH#LQ#WKH
SURJUHVVLYH#KHSDWLWLV#DQG#FDUFLQRJHQHVLV#LQ#OLYHUV#LQIHFWHG#ZLWK#+1#KHSDWLFXV1

173#,QIHFWLRXV#'LVHDVH#6XUYHLOODQFH
,Q#4<<6/#GXULQJ#WKH#KLVWRORJLFDO#HYDOXDWLRQ#RI#DQ#173#50\HDU#VWXG\/#SDWKRORJLVWV#LGHQWLILHG#D#FRQVWHOODWLRQ#RI
OLYHU#OHVLRQV#+KHSDWLWLV,#LQ#FRQWURO#DQG#WUHDWHG#PDOH#PLFH#WKDW#ZDV#FRQVLVWHQW#ZLWK#ZKDW#ZRXOG#ODWHU#EH
GHVFULEHG#LQ#PLFH#LQIHFWHG#ZLWK#+1#KHSDWLFXV#+:DUG#HW#DO1/#4<<6/#4<<7D>#)R[#HW#DO1/#4<<7,1##6XEVHTXHQWO\/
SDWKRORJ\#UHVXOWV#IURP#DOO#PRXVH#VWXGLHV#EHJXQ#VLQFH#4<;7#+9:#WZR0\HDU#VWXGLHV,#ZHUH#UHYLHZHG#IRU
GLDJQRVHV#RI#WKH#FKDUDFWHULVWLF#KHSDWLWLV>#WKH#OHVLRQV#ZHUH#LGHQWLILHG#LQ#QLQH#VWXGLHV#+173/#4<<;D/E/F/G/H/I,1#
6LOYHU#VWDLQV#UHYHDOHG#KHOLFDO#EDFWHULD#FRQVLVWHQW#ZLWK#+HOLFREDFWHU#SUHVHQW#LQ#WKH#OLYHU#RI#PDOH#PLFH#LQ#WKH
QLQH#VWXGLHV1

(YHU\#UHDVRQDEOH#PHDVXUH#LV#WDNHQ#WR#SUHYHQW#WKH#RFFXUUHQFH#RI#LQIHFWLRXV#GLVHDVHV#GXULQJ#173#50\HDU
FDUFLQRJHQLFLW\#VWXGLHV1##:KHQ#LQIHFWLRQV#RFFDVLRQDOO\#RFFXU/#FDUH#LV#WDNHQ#WR#LGHQWLI\#WKH#FDXVDO#DJHQW#DQG
LWV#VRXUFH/#PHDVXUHV#DUH#WDNHQ#WR#HQVXUH#WKDW#DQLPDOV#LQ#ODWHU#VWXGLHV#ZLOO#QRW#EH#LQIHFWHG/#DQG#WKH#SRWHQWLDO
LPSDFW#RQ#ELRORJLFDO#SDUDPHWHUV#+SULPDULO\#QHRSODVWLF#HQGSRLQWV,#LPSRUWDQW#LQ#LQWHUSUHWDWLRQ#RI#WKH#VWXG\#LV
GHWHUPLQHG1##7R#GDWH/#DQLPDOV#+FRQWURO#DQG#WUHDWHG,#IURP#D#IHZ#VWXGLHV#KDYH#KDG#D#PLOG#SXOPRQDU\
LQIODPPDWRU\#UHVSRQVH#SUHVXPHG#WR#EH#FDXVHG#E\#DQ#LQIHFWLRXV#DJHQW1##,Q#RWKHU#VWXGLHV/#WKHUH#KDYH#EHHQ
XWHUR0RYDULDQ#LQIHFWLRQV#ZLWK#.OHEVLHOOD#VS1#+5DR#HW#DO1/#4<;:,#DQG#IXQJDO#LQIHFWLRQV#RI#WKH#QDVDO#FDYLW\1##)RU
VFLHQWLILFDOO\#YDOLG#UHDVRQV/#LQWHUSUHWDWLRQ#RI#FKHPLFDO0UHODWHG#HIIHFWV#ZDV#QRW#FRQVLGHUHG#VLJQLILFDQWO\
FRPSURPLVHG#LQ#DQ\#RI#WKHVH#VWXGLHV1##8QOLNH#WKH#SUHYLRXV#LQIHFWLRQV/#+1#KHSDWLFXV#LQYROYHV#WKH#OLYHU/#WKH
PDMRU#PHWDEROLF#RUJDQ/#DQG#KDV#EHHQ#DVVRFLDWHG#ZLWK#DQ#LQFUHDVH#LQ#LQFLGHQFHV#RI#OLYHU#QHRSODVPV#LQ#WKH
$2-&U#PRXVH#+:DUG#HW#DO1/#4<<7D,1##7KHUHIRUH/#ZKHQ#WKH#FRQWHPSRUDU\#HSL]RRWLF#RI#+1#KHSDWLFXV#LQIHFWLRQ
LQ#WKH#8QLWHG#6WDWHV#DIIHFWHG#VHYHUDO#173#VWXGLHV/#XVH#RI#WKH#GDWD#IRU#KD]DUG#LGHQWLILFDWLRQ#ZDV#TXHVWLRQHG1#
7KH#ILUVW#VWHS#ZDV#WR#GHWHUPLQH#WKH#H[WHQW#RI#WKH#LQIHFWLRQ#ZLWKLQ#173#VWXGLHV#DQG#WKHQ#HYDOXDWH#WKH#LPSDFW
WKH#LQIHFWLRQ#KDG#RQ#ELRORJLFDO#SDUDPHWHUV#LPSRUWDQW#LQ#LQWHUSUHWDWLRQ#RI#WKH#FDUFLQRJHQLF#SRWHQWLDO#RI#WHVW
FKHPLFDOV1

0$7(5,$/6#$1'#0(7+2'6
+LVWRORJLF#([DPLQDWLRQ
6WXGLHV#LQ#ZKLFK#PLFH#ZHUH#SRWHQWLDOO\#LQIHFWHG#ZLWK#+1#KHSDWLFXV#ZHUH#LGHQWLILHG#E\#UHYLHZLQJ#WKH#VXPPDU\
SDWKRORJ\#WDEOHV#IRU#FKDUDFWHULVWLF#GLDJQRVHV=##RYDO#DQG2RU#ELOLDU\#HSLWKHOLDO#K\SHUSODVLD/#KHSDWRF\WH
HQODUJHPHQW#+RIWHQ#GLDJQRVHG#DV#NDU\RPHJDO\,/#FKURQLF#LQIODPPDWLRQ/#DQG#UHJHQHUDWLYH#K\SHUSODVLD1##$OO
460ZHHN#DQG#50\HDU#VWXGLHV#EHJXQ#E\#WKH#173#VLQFH#4<;7#DQG#IRU#ZKLFK#FRPSOHWH#SDWKRORJ\#GDWD#ZHUH
DYDLODEOH#+9:#WZR0\HDU#VWXGLHV,#ZHUH#H[DPLQHG1##(LJKW#FRQWHPSRUDU\#VWXGLHV#LQ#ZKLFK#WKH#FKDUDFWHULVWLF
OHVLRQV#ZHUH#QRW#LGHQWLILHG#IURP#SDWKRORJ\#WDEOHV#ZHUH#UDQGRPO\#VHOHFWHG#IRU#KLVWRORJLF#UHHYDOXDWLRQ1##6OLGHV
FRQWDLQLQJ#VHFWLRQV#RI#KHPDWR[\OLQ0#DQG#HRVLQ0VWDLQHG#OLYHUV#IURP#53#WR#58#FRQWURO#DQG#53#WR#58#KLJK0GRVH
PDOH#PLFH#IURP#HDFK#RI#VHYHQ#50\HDU#VWXGLHV#DQG#RQH#460ZHHN#VWXG\#+43#DQLPDOV#IURP#HDFK#JURXS,#ZHUH
UHH[DPLQHG#PLFURVFRSLFDOO\#IRU#WKH#SUHVHQFH#RI#KHSDWLWLV#SRWHQWLDOO\#UHODWHG#WR#+1#KHSDWLFXV#LQIHFWLRQ1#
+HSDWLWLV#FRQVLVWHQW#ZLWK#WKDW#REVHUYHG#ZLWK#+1#KHSDWLFXV#LQIHFWLRQ#ZDV#QRW#REVHUYHG#LQ#DQ\#RI#WKHVH#VWXGLHV1

/LYHU#VHFWLRQV#IURP#ILYH#RU#PRUH#DQLPDOV#IURP#HDFK#RI#QLQH#50\HDU#VWXGLHV#LQ#ZKLFK#KHSDWLWLV#ZDV#REVHUYHG
ZHUH#SUHSDUHG#XVLQJ#WKH#:DUWKLQ06WDUU\#VLOYHU#VWDLQ#RU#6WHLQHU·V#PRGLILFDWLRQ#WR#LGHQWLI\#VLOYHU0SRVLWLYH
KHOLFDO#EDFWHULD1
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3&505)/3#'HWHFWLRQ#RI#+HOLFREDFWHU#'1$
$VVD\V#EDVHG#RQ#SRO\PHUDVH#FKDLQ#UHDFWLRQ0UHVWULFWLRQ#IUDJPHQW#OHQJWK#SRO\PRUSKLVP#+3&505)/3,#ZHUH
FRQGXFWHG#DW#WKH#1,(+6#+0DODUNH\#HW#DO1/#4<<:,#DQG#WKH#8QLYHUVLW\#RI#0LVVRXUL#5HVHDUFK#$QLPDO
'LDJQRVWLF#DQG#,QYHVWLJDWLYH#/DERUDWRU\#+0805$',/,#+5LOH\#HW#DO1/#4<<9,#RQ#OLYHU#WLVVXH#IURP
DSSUR[LPDWHO\#53#DQLPDOV#IURP#HDFK#RI#65#173#50\HDU#VWXGLHV#+LQFOXGLQJ#WKH#QLQH#DIIHFWHG#VWXGLHV,#DQG#WKUHH
173#460ZHHN#VWXGLHV1##7KH#PDMRULW\#RI#WKHVH#VWXGLHV#ZHUH#VHOHFWHG#EHFDXVH#WKH\#ZHUH#EHJXQ#DW
DSSUR[LPDWHO\#WKH#VDPH#WLPH#+4<;;04<<3,#DV#WKH#QLQH#DIIHFWHG#VWXGLHV1##$OVR/#WZR#HDUOLHU#VWXGLHV#+4<;70
4<;8>#PRXVH#OLIH0VSDQ#DQG#S0QLWURDQLOLQH#VWXGLHV,#DQG#RQH#ODWHU#VWXG\#+4<<6>#PHWK\OHXJHQRO,#ZHUH#VHOHFWHG1#
7KH#PRXVH#OLIH0VSDQ#VWXG\#ZDV#GHVLJQHG#WR#HYDOXDWH#WKH#LQFLGHQFHV#RI#VSRQWDQHRXV#FKDQJHV#DVVRFLDWHG#ZLWK
DJH>#WKHUHIRUH/#WKHUH#LV#QR#173#7HFKQLFDO#5HSRUW1##3DWKRORJ\#SHHU#UHYLHZ#LV#QRW#FRPSOHWH#IRU#WKH
PHWK\OHXJHQRO#VWXG\/#DQG#WKH#173#7HFKQLFDO#5HSRUW#+173/#4<<;J,#KDV#QRW#EHHQ#FRPSOHWHG1##)UR]HQ#WLVVXH
ZDV#DYDLODEOH#IURP#55#RI#WKHVH#VWXGLHV/#ZKLOH#RQO\#IRUPDOLQ0IL[HG#WLVVXH#ZDV#DYDLODEOH#IRU#WKH#UHPDLQLQJ#WHQ
50\HDU#VWXGLHV#DQG#WKH#WKUHH#460ZHHN#VWXGLHV1##0RVW#RI#WKH#DVVD\V#ZHUH#FRQGXFWHG#E\#0805$',//#ZKLFK
XVHG#+HOLFREDFWHU#JHQXV0VSHFLILF#SULPHUV>#0805$',/#XVHG#UHVWULFWLRQ#HQGRQXFOHDVHV#RQ#D#VXEVHW#RI
SRVLWLYHV#WR#GHWHUPLQH#LI#WKH#VSHFLHV#ZDV#+1#KHSDWLFXV1##'1$#ZDV#LVRODWHG#IURP#IUR]HQ#OLYHU#VDPSOHV#ZLWK#D
4,$DPS#7LVVXH#.LW#+4LDJHQ#,QF1/#&KDWVZRUWK/#&$,#DFFRUGLQJ#WR#WKH#PDQXIDFWXUHU·V#UHFRPPHQGDWLRQV#RU
URXWLQH#SKHQRO2FKORURIRUP#H[WUDFWLRQ#+0DODUNH\#HW#DO1/#4<<:,1##'1$#FRQWHQW#DQG#SXULW\#ZHUH#GHWHUPLQHG
VSHFWURSKRWRPHWULFDOO\#E\#PHDVXULQJ#WKH#$ 2$ #RSWLFDO#GHQVLW\#UDWLR1##7R#LVRODWH#'1$#IURP#SDUDIILQ0593 5;3

HPEHGGHG#VDPSOHV/#ILYH#430�P#VHFWLRQV#ZHUH#ZDVKHG#WZLFH#ZLWK#4#P/#[\OHQH#DQG#WZLFH#ZLWK#833#�/
HWKDQRO1##7LVVXHV#ZHUH#WKHQ#GULHG#ZLWKLQ#D#YDFXXP#FHQWULIXJH#SULRU#WR#'1$#LVRODWLRQ#DV#GHVFULEHG#DERYH1#
5RXWLQH#PHDVXUHV#ZHUH#WDNHQ#WR#DYRLG#FRQWDPLQDWLRQ#DW#HYHU\#VWHS#IURP#WLVVXH#FROOHFWLRQ#WR#3&5
DPSOLILFDWLRQ/#DQG#FRQFXUUHQWO\#UXQ#FRQWUROV#ZLWKRXW#'1$#ZHUH#FRQVLVWHQWO\#QHJDWLYH1

6WDWLVWLFDO#$QDO\VHV
0XOWLSOH#UHJUHVVLRQ#SURFHGXUHV#ZHUH#XVHG#WR#FRPSDUH#FRQWURO#QHRSODVP#UDWHV#LQ#WKH#QLQH#DIIHFWHG#VWXGLHV
ZLWK#WKH#59#XQDIIHFWHG#FRQWHPSRUDU\#VWXGLHV#ZKLFK#KDG#QR#KLVWRORJLF#HYLGHQFH#RI#+1#KHSDWLFXV0DVVRFLDWHG
OLYHU#GLVHDVH1##:KLOH#IUR]HQ#OLYHU#WLVVXH#ZDV#XQDYDLODEOH#IURP#46#RI#WKHVH#59#VWXGLHV/#QRQH#VKRZHG#WKH
KHSDWLWLV#LQGLFDWLYH#RI#+1#KHSDWLFXV#DQG#WKXV#ZHUH#DVVXPHG#WR#EH#XQDIIHFWHG1##3RWHQWLDO#FRQIRXQGLQJ#IDFWRUV
VXFK#DV#ERG\#ZHLJKW/#GDWH#VWXG\#ZDV#EHJXQ/#URXWH#RI#DGPLQLVWUDWLRQ/#DQG#DQLPDO#VXSSOLHU#ZHUH#LQFOXGHG#DV
FRYDULDEOHV#LQ#WKH#VWDWLVWLFDO#DQDO\VLV1

$QDO\VLV#IRU#+0UDV#&RGRQ#94#&$$0WR0$$$#0XWDWLRQV
)RU#DQDO\VHV#RI#IRUPDOLQ0IL[HG#WLVVXH/#WKUHH#WR#ILYH#XQVWDLQHG#VHULDO#VHFWLRQV#+43#�P#WKLFN,#ZHUH#FXW#IURP
SDUDIILQ#EORFNV#FRQWDLQLQJ#KHSDWRFHOOXODU#DGHQRPDV#RU#FDUFLQRPDV1##3DUDIILQ0HPEHGGHG#WLVVXHV#ZHUH
GHSDUDIILQL]HG#DQG#UHK\GUDWHG#SULRU#WR#EHLQJ#GLJHVWHG#ZLWK#SURWHLQDVH#N#RYHUQLJKW#DW#88(#&#WR#LVRODWH#'1$1#
)UR]HQ#WLVVXHV#ZHUH#GLJHVWHG#ZLWK#43#PJ2P/#SURQDVH#LQ#4(#VRGLXP#GRGHF\O#VXOIDWH#LQ#71(#EXIIHU#+43#P0
75,6/#483#P0#1D&O/#DQG#5#P0#('7$>#S+#:18,#RYHUQLJKW#DW#6:(#&>#'1$#ZDV#LVRODWHG#E\#SKHQRO
FKORURIRUP#H[WUDFWLRQ#DQG#SUHFLSLWDWHG#ZLWK#HWKDQRO#+0DUPXU/#4<94>#6LOOV#HW#DO1/#4<<8,1

1HVWHG#SULPHUV#ZHUH#XVHG#IRU#DPSOLILFDWLRQ#RI#H[RQ#5#RI#+0UDV#E\#3&51##7KH#RXWHU#SULPHUV#ZHUH#8*0&&$
&7$#$*&#&7*#77*#7*7#777#*&$#*06*#+IRUZDUG#SULPHU,#DQG#8*0&7*#7$&#7*$#7**#$7*#7&&
7&*#$$*#*$06*#+UHYHUVH#SULPHU,1##7KH#LQQHU#SULPHUV#+VHFRQG#URXQG#RI#DPSOLILFDWLRQ,#ZHUH#8*0*$&#$7&
77$#*$&#$&$#*&$#*7706*#+IRUZDUG#SULPHU,#DQG#8*0**7#*77#*77#*$7#**&#$$$#7$&06*#+UHYHUVH
SULPHU,1##$OWKRXJK#WKH#QRUPDO#VHTXHQFH#RI#FRGRQ#93#LV#*&7/#WKH#IRUZDUG#3&5#SULPHU#LV#PDGH#ZLWK#D#7#DW
WKH#SHQXOWLPDWH#6*#EDVH#WR#FUHDWH#WKH#UHVWULFWLRQ#VLWH#IRU#0VH41

$#QRQUDGLRDFWLYH#5)/3#PHWKRG#ZDV#HPSOR\HG#WR#LGHQWLI\#&$$0WR0$$$#PXWDWLRQV#LQ#WKH#+0UDV#JHQH#DW
FRGRQ#94#LQ#OLYHU#QHRSODVPV#+/HH#DQG#'ULQNZDWHU/#4<<8,1##7KLV#ZDV#EDVHG#RQ#0VH4#HQ]\PH#UHVWULFWLRQ
FXWWLQJ#RQO\#WKH#VHTXHQFH#8*077$$06*1##7KXV/#0VH4#ZLOO#GHWHFW#&â$#FRQYHUVLRQ#PXWDWLRQ#DW#WKH#ILUVW
SRVLWLRQ#RI#FRGRQ#941
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$QDO\VLV#RI#3&1$#DQG#$SRSWRVLV
'HWDLOHG#PHWKRGV#DUH#LQFOXGHG#LQ#D#UHSRUW#E\#1\VND#HW#DO1#+4<<:,1##&HOO#SUROLIHUDWLRQ#ZDV#DVVHVVHG#LQ
QRQQHRSODVWLF#DUHDV#RI#WKH#OLYHU/#NLGQH\/#DQG#OXQJ#E\#GHWHUPLQLQJ#D#3&1$#60SKDVH#ODEHOLQJ#LQGH[#+WKH
SHUFHQWDJH#RI#FHOOV#LQ#6#SKDVH,1##7KH#LGHQWLILFDWLRQ#RI#DSRSWRWLF#FHOOV#ZDV#EDVHG#RQ#PRUSKRORJLF#FULWHULD
+*DUHZDO#HW#DO1/#4<<9>#*ROGVZRUWK\#HW#DO1/#4<<9,#DQG#FRQILUPHG#LPPXQRKLVWRFKHPLFDOO\#E\#WKH#WHUPLQDO
GHR[\QXFOHRWLG\O#WUDQVIHUDVH0PHGLDWHG#G8730ELRWLQ#QLFN#HQG#ODEHOLQJ#+781(/,#SURFHGXUH#+*DYULHOL#HW#DO1/
4<<5,1

5(68/76#$1'#',6&866,21
,GHQWLILFDWLRQ#RI#+1#KHSDWLFXV#,QIHFWLRQ#LQ#173#6WXGLHV
'HWHUPLQLQJ#WKH#H[WHQW#RI#+1#KHSDWLFXV#LQIHFWLRQ#LQYROYHG#D#WKUHH0SURQJHG#DSSURDFK#RI#KLVWRORJLF#HYDOXDWLRQ/
VLOYHU#VWDLQV/#DQG#3&505)/3#EDVHG#DVVD\V>#DOO#ZHUH#QHFHVVDU\#EHFDXVH#RI#WKH#OLPLWDWLRQV#LGHQWLILHG#IRU#HDFK1#
,Q#173#VWXGLHV/#DQG#DV#UHSRUWHG#LQ#RWKHU#VWXGLHV#+:DUG#HW#DO1/#4<<7E,/#WKHUH#ZHUH#QR#REYLRXV#FOLQLFDO#VLJQV
RI#LQIHFWLRQ/#DQG#WKH#RQO\#VLJQLILFDQW#KLVWRORJLF#OHVLRQ#+KHSDWLWLV,#ZDV#REVHUYHG#LQ#WKH#OLYHU/#SULPDULO\#LQ
PDOHV1##7KHUHIRUH/#VXPPDU\#SDWKRORJ\#WDEOHV#ZHUH#UHYLHZHG#WR#LGHQWLI\#VWXGLHV#WKDW#PD\#KDYH#EHHQ#DIIHFWHG
E\#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV1##0DOH#PLFH#IURP#QLQH#VWXGLHV#ZHUH#LGHQWLILHG#+7DEOH#/4,#DV#KDYLQJ#WKH
KHSDWLWLV1##(LJKW#RI#WKH#QLQH#VWXGLHV#ZHUH#EHJXQ#GXULQJ#D#WLPH#VSDQ#RI#DERXW#9#PRQWKV#+-XO\#4<<3#WR
-DQXDU\#4<<4,/#ZKLOH#WKH#RWKHU#VWXG\#ZDV#EHJXQ#PXFK#HDUOLHU#+2FWREHU#4<;;,1##7KH#KHSDWLWLV#ZDV#QRW
REVHUYHG#LQ#DQ\#460ZHHN#VWXGLHV1##8VH#RI#KLVWRORJLF#HYDOXDWLRQ#IRU#LGHQWLILFDWLRQ#RI#LQIHFWHG#DQLPDOV#KDV
OLPLWDWLRQV/#KRZHYHU1##,W#LV#VRPHZKDW#LQVHQVLWLYH/#DV#+1#KHSDWLFXV#KDV#EHHQ#FXOWXUHG#DQG#LGHQWLILHG#E\#3&50
5)/3#PHWKRGV#ZLWKLQ#OLYHUV#RI#DQLPDOV#ZLWK#QR#KLVWRORJLFDO#HYLGHQFH#RI#LQIHFWLRQ#+)R[#HW#DO1/#4<<;,1##7KLV
PD\#EH#H[SODLQHG#LQ#SDUW#E\#WKH#OLPLWHG#VDPSOLQJ#+WZR#OLYHU#VHFWLRQV,#DQG#WKH#VRPHWLPHV#IRFDO#QDWXUH#RI
+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV1##$OVR/#ZKLOH#LQ#WKH#PRUH#VHYHUHO\#DIIHFWHG#DQLPDOV#WKH#KHSDWLWLV#DSSHDUV
VRPHZKDW#FKDUDFWHULVWLF/#FRPSRQHQW#OHVLRQV#RI#WKH#KHSDWLWLV#DUH#QRW#SDWKRJQRPRQLF/#DQG/#ZKHQ#WKH#KHSDWLWLV
LV#VXEWOH#LQ#50\HDU#ROG#DQLPDOV/#LW#LV#PRUH#GLIILFXOW#WR#UHFRJQL]H#RU#DWWULEXWH#WR#+1#KHSDWLFXV1

:LWKLQ#DIIHFWHG#VWXGLHV/#WKH#LQFLGHQFHV#RI#WKH#KHSDWLWLV#LQ#PDOH#PLFH#YDULHG#IURP#49(#WR#:;(#+7DEOH#/4,1#
:KLOH#JHQHUDOO\#PLOG#WR#PRGHUDWH/#WKH#KHSDWLWLV#YDULHG#LQ#VHYHULW\#IURP#EDUHO\#GHWHFWDEOH#LQ#VRPH#DQLPDOV#WR
H[WHQVLYH#OLYHU#LQYROYHPHQW#DQG#UHJHQHUDWLRQ#LQ#RWKHUV1##2QO\#D#IHZ#IHPDOHV#ZHUH#LGHQWLILHG#DV#KDYLQJ#WKH
FKDUDFWHULVWLF#KHSDWLWLV#+7DEOH#/4,1##,Q#JHQHUDO/#WKH#LQFLGHQFHV#DQG#VHYHULWLHV#RI#+1#KHSDWLFXV0DVVRFLDWHG
KHSDWLWLV#ZHUH#VLPLODU#EHWZHHQ#FRQWURO#DQG#WUHDWHG#JURXSV1##7KLV#FRQVWHOODWLRQ#RI#QRQQHRSODVWLF#OLYHU#OHVLRQV/
ZKLOH#QRW#SDWKRJQRPRQLF/#ZDV#FHUWDLQO\#VXJJHVWLYH#RI#DQ#+1#KHSDWLFXV#LQIHFWLRQ/#SDUWLFXODUO\#ZKHQ#REVHUYHG
LQ#FRQWURO#DQLPDOV1##&KDUDFWHULVWLF#OHVLRQV#LQFOXGHG#SUROLIHUDWLRQ#RI#RYDO#DQG2RU#ELOLDU\#HSLWKHOLDO#FHOOV/
KHSDWRF\WH#HQODUJHPHQW#+GLDJQRVHG#DV#NDU\RPHJDO\,/#DQG#FKURQLF#LQIODPPDWLRQ1##,Q#PDQ\#LQVWDQFHV/#DUHDV#RI
UHJHQHUDWLYH#K\SHUSODVLD#ZHUH#LGHQWLILHG#ZLWKLQ#GLVHDVHG#OLYHU1

+HOLFREDFWHU#VSS1#DUH#QRW#XVXDOO\#REVHUYHG#RQ#URXWLQH#KLVWRORJLF#H[DPLQDWLRQ#RI#KHPDWR[\OLQ#DQG#HRVLQ0
VWDLQHG#VHFWLRQV#RI#OLYHU1##7KH#PHWKRGV#IRU#FRQILUPDWLRQ#RI#LQIHFWLRQ#ZLWK#+HOLFREDFWHU#LQFOXGH#:DUWKLQ0
6WDUU\#VLOYHU#VWDLQ#RU#6WHLQHU·V#PRGLILFDWLRQ#+*DUYH\#HW#DO1/#4<;8,#RI#WKLV#VWDLQ#IRU#GLUHFW#PLFURVFRSLF
REVHUYDWLRQ#RI#WKH#RUJDQLVPV#LQ#WLVVXH>#KRZHYHU/#WKLV#FDQ#EH#D#UHODWLYHO\#LQVHQVLWLYH#WHFKQLTXH#ZKHQ#IHZ
RUJDQLVPV#DUH#SUHVHQW1##,Q#PRVW#LQVWDQFHV/#KLVWRORJLF#GLIIHUHQWLDWLRQ#EHWZHHQ#+HOLFREDFWHU#VSHFLHV#LV#QRW
SRVVLEOH1##6SHFLDWLRQ#FDQ#XVXDOO\#EH#DFFRPSOLVKHG#ZLWK#HOHFWURQ#PLFURVFRS\/#EXW#WKLV#WHFKQLTXH#LV#ERWK#WLPH
FRQVXPLQJ#DQG#ODERU#LQWHQVLYH1##0LFURELRORJLF#FXOWXUH#RI#IHFHV/#FHFDO#VPHDUV/#DQG#IUHVK#RU#IUR]HQ#OLYHU#LV
DOVR#SRVVLEOH1##&XUUHQWO\/#DVVD\V#LQYROYLQJ#DPSOLILFDWLRQ#RI#WKH#'1$#RI#WKH#RUJDQLVP#XVLQJ#3&5#DUH#WKH
PRVW#UDSLG#DQG#SHUKDSV#WKH#PRVW#VHQVLWLYH#PHWKRGV#RI#GHWHFWLRQ/#DQG#WKH#XVH#RI#UHVWULFWLRQ#HQGRQXFOHDVHV#KDV
DOORZHG#D#GHWHUPLQDWLRQ#RI#WKH#VSHFLHV#SUHVHQW1##3&50EDVHG#PHWKRGV#DOVR#FDQ#EH#XVHG#RQ#IHFHV/#FHFDO
FRQWHQWV/#RU#OLYHU#KRPRJHQDWHV#DQG#DUH#PRVW#VHQVLWLYH#ZKHQ#XVLQJ#IUHVK#RU#IUR]HQ#WLVVXH#+5LOH\#HW#DO1/#4<<9>
0DODUNH\#HW#DO1/#4<<:,1
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8VLQJ#:DUWKLQ06WDUU\#VLOYHU#VWDLQV#RU#6WHLQHU·V#PRGLILFDWLRQ#RQ#WKH#OLYHUV#RI#ILYH#RU#PRUH#DQLPDOV#SHU#VWXG\/
KHOLFDO#EDFWHULD#++HOLFREDFWHU,#ZHUH#LGHQWLILHG#LQ#DQLPDOV#IURP#WKH#QLQH#DIIHFWHG#VWXGLHV1##,Q#VRPH#DQLPDOV/
KHOLFDO#EDFWHULD#ZHUH#QXPHURXV/#VXJJHVWLQJ#D#KHDY\#EDFWHULDO#EXUGHQ#LQ#WKHVH#LQIHFWHG#DQLPDOV1##+RZHYHU/
HYHQ#LQ#WKHVH#DQLPDOV#ZLWK#DEXQGDQW#RUJDQLVPV/#IHZ#WR#QRQH#ZHUH#REVHUYHG#LQ#SUROLIHUDWLYH#KHSDWLF#OHVLRQV
VXFK#DV#IRFL#DQG#QHRSODVPV1##+HOLFDO#EDFWHULD#ZHUH#QRW#LGHQWLILHG#LQ#DSSUR[LPDWHO\#58(#RI#PDOHV#ZLWK
PRGHUDWH#KHSDWLWLV#DQG#ZHUH#UDUHO\#LGHQWLILHG#LQ#PDOHV#ZLWKRXW#KHSDWLWLV#RU#LQ#IHPDOHV1##7KH#DEVHQFH#RI
LGHQWLILFDWLRQ#RI#KHOLFDO#RUJDQLVPV#E\#VLOYHU#VWDLQV#GRHV#QRW#SUHFOXGH#LQIHFWLRQ/#QRU#GRHV#WKH#SUHVHQFH#RI
RUJDQLVPV#FRQILUP#+1#KHSDWLFXV1##%DVHG#XSRQ#FXUUHQW#NQRZOHGJH/#KRZHYHU/#WKH#FKDUDFWHULVWLF#OLYHU#OHVLRQV
LQ#%9&6) #PLFH/#FRXSOHG#ZLWK#WKH#SUHVHQFH#RI#VLOYHU0SRVLWLYH#KHOLFDO#RUJDQLVPV/#DUH#KLJKO\#VXJJHVWLYH#RI4

+1#KHSDWLFXV#LQIHFWLRQ1

$V#WKH#173#HYDOXDWLRQ#HYROYHG/#3&50EDVHG#DVVD\V#ZHUH#GHYHORSHG#WKDW#DSSHDUHG#PRUH#VHQVLWLYH#WKDQ
KLVWRORJLF#HYDOXDWLRQ#DQG#VLOYHU#VWDLQV#IRU#LGHQWLILFDWLRQ#DQG#VSHFLDWLRQ#RI#+HOLFREDFWHU1##7KHUHIRUH/
3&505)/30EDVHG#DVVD\V#ZHUH#XVHG#WR#FRQILUP#WKH#SUHVHQFH#RI#SDWKRJHQLF#+HOLFREDFWHU#+SULPDULO\
+1#KHSDWLFXV,#ZLWKLQ#WKH#QLQH#DIIHFWHG#VWXGLHV#DQG#WR#GHWHUPLQH#ZKHWKHU#WKHUH#ZDV#+1#KHSDWLFXV#LQIHFWLRQ#LQ
RWKHU#173#VWXGLHV1##8QIRUWXQDWHO\/#QRQH#RI#WKH#3&50EDVHG#DVVD\V#KDG#EHHQ#VSHFLILFDOO\#GHYHORSHG#IRU/#RU
SURYHQ#UHOLDEOH#IRU#XVH#ZLWK/#IRUPDOLQ0IL[HG#WLVVXH1##)UR]HQ#WLVVXH#ZDV#DYDLODEOH#IURP#D#OLPLWHG#QXPEHU#RI
DQLPDOV#IURP#D#OLPLWHG#QXPEHU#RI#173#VWXGLHV/#LQFOXGLQJ#RQO\#WKUHH#RI#WKH#QLQH#DIIHFWHG#VWXGLHV1#
)XUWKHUPRUH/#DYDLODEOH#IUR]HQ#OLYHU#ZDV#DOPRVW#DOZD\V#OLPLWHG#WR#WLVVXH#IURP#D#QHRSODVP/#DQG/#EDVHG#XSRQ
UHVXOWV#REWDLQHG#ZLWK#VLOYHU#VWDLQV/#RUJDQLVPV#DUH#JHQHUDOO\#QRW#UHDGLO\#REVHUYHG#ZLWKLQ#SUROLIHUDWLYH#KHSDWLF
OHVLRQV/#HYHQ#ZKHQ#RUJDQLVPV#DUH#DEXQGDQW#LQ#DGMDFHQW#OLYHU#WLVVXH1##%HFDXVH#WKH#DYDLODELOLW\#RI#IUR]HQ#WLVVXH
ZDV#OLPLWHG/#D#3&505)/30EDVHG#DVVD\#ZDV#GHYHORSHG#DQG#HYDOXDWHG#+0DODUNH\#HW#DO1/#4<<:,#IRU#XVH#ZLWK
IUR]HQ#RU#IRUPDOLQ0IL[HG#WLVVXH1

7KH#1,(+6#DQG#0805$',/#ODERUDWRULHV#FRQGXFWHG#3&505)/30EDVHG#DVVD\V#RQ#65#173#50\HDU#VWXGLHV#DQG
WKUHH#173#460ZHHN#VWXGLHV#+GDWD#QRW#VKRZQ,>#IUR]HQ#WLVVXHV#IURP#55#RI#WKH#50\HDU#VWXGLHV#ZHUH#DYDLODEOH1#
$OO#WKUHH#ELRDVVD\V#LQ#ZKLFK#KHSDWLWLV#ZDV#LGHQWLILHG#DQG#IRU#ZKLFK#IUR]HQ#WLVVXH#ZDV#DYDLODEOH#ZHUH#SRVLWLYH
IRU#+1#KHSDWLFXV#E\#WKH#3&505)/30EDVHG#DVVD\V#+7DEOH#/5,1##$W#D#WKLUG#ODERUDWRU\/#+1#KHSDWLFXV#ZDV#DOVR
FXOWXUHG#IURP#WKH#OLYHU#WLVVXH#RI#DQLPDOV#LQ#RQH#RI#WKHVH#VWXGLHV#+)R[#HW#DO1/#4<<;,1##)RUPDOLQ0IL[HG#WLVVXHV
IURP#WZR#RI#WKH#WKUHH#VWXGLHV#ZHUH#HYDOXDWHG#DQG#ZHUH#DOVR#SRVLWLYH>#WKHVH#WLVVXHV#KDG#EHHQ#IL[HG#LQ#IRUPDOLQ
IRU#OHVV#WKDQ#7;#KRXUV1##,Q#WKH#RWKHU#VL[#DIIHFWHG#VWXGLHV/#IRU#ZKLFK#RQO\#IRUPDOLQ0IL[HG#WLVVXH#ZDV#DYDLODEOH/
+1#KHSDWLFXV#ZDV#LGHQWLILHG#LQ#RQO\#4#RI#453#DQLPDOV#+7DEOH#/5,1##7KLV#GHFUHDVHG#VHQVLWLYLW\#ZDV#FRQVLGHUHG
WR#EH#UHODWHG#WR#WKH#SURORQJHG#IRUPDOLQ#IL[DWLRQ#+0DODUNH\#HW#DO1/#4<<:,#UDWKHU#WKDQ#SURRI#RI#DQ#DEVHQFH#RI
+1#KHSDWLFXV1##7KH#SUHVHQFH#RU#DEVHQFH#RI#+1#KHSDWLFXV#DSSDUHQWO\#FDQQRW#EH#FRQILUPHG#ZLWK#FXUUHQW
3&505)/30EDVHG#DVVD\V#LQ#OLYHU#WKDW#KDV#EHHQ#IL[HG#LQ#IRUPDOLQ#IRU#ORQJ#SHULRGV#+ZHHNV#RU#PRQWKV,1##,Q#WKH
WKUHH#460ZHHN#VWXGLHV#ZLWK#IRUPDOLQ0IL[HG#WLVVXH/#RQO\#4#RI#63#DQLPDOV#ZDV#SRVLWLYH#IRU#+1#KHSDWLFXV1

:LWKLQ#WKH#WKUHH#DIIHFWHG/#3&505)/30SRVLWLYH#50\HDU#VWXGLHV/#+1#KHSDWLFXV#ZDV#RIWHQ#LGHQWLILHG#E\#3&5#LQ
IUR]HQ#OLYHUV#RI#PLFH#WKDW#KDG#QR#RYHUW#KHSDWLWLV1##,Q#IDFW/#EDVHG#XSRQ#WKH#FRPELQHG#GDWD#IURP#WZR#VWXGLHV
+LQFOXGLQJ#3&5#UHVXOWV#IURP#WKUHH#ODERUDWRULHV,/#RI#8:#DQLPDOV#ZLWKRXW#FKDUDFWHULVWLF#OLYHU#OHVLRQV/#46#RI
57#PDOH#PLFH#+87(,#DQG#4:#RI#66#IHPDOH#PLFH#+85(,#ZHUH#SRVLWLYH#IRU#+1#KHSDWLFXV1##)XUWKHUPRUH/
+1#KHSDWLFXV#ZDV#LGHQWLILHG#E\#3&5#LQ#IUR]HQ#OLYHU#RI#VHYHUDO#DQLPDOV#IURP#WKUHH#´XQDIIHFWHGµ#VWXGLHV#LQ
ZKLFK#KHSDWLWLV#W\SLFDO#RI#WKDW#DVVRFLDWHG#ZLWK#+1#KHSDWLFXV#ZDV#QRW#REVHUYHG#+7DEOH#/5,1##$SSDUHQW
YDULDELOLW\#RFFXUV#EHWZHHQ#YDULRXV#VWUDLQV#RI#PLFH#DQG#EHWZHHQ#LQGLYLGXDO#PLFH#IURP#DIIHFWHG#VWXGLHV#LQ
GHYHORSLQJ#KHSDWLWLV#LQ#UHVSRQVH#WR#+1#KHSDWLFXV#LQIHFWLRQ1##2QH#ZRXOG#DVVXPH#WKDW/#ZLWKLQ#DIIHFWHG#VWXGLHV/
PRVW#RU#DOO#DQLPDOV#KDYH#EHHQ#H[SRVHG#WR#WKH#RUJDQLVP/#DQG#HYHQ#DQLPDOV#UHVLVWDQW#WR#GHYHORSLQJ#KHSDWLWLV
PD\#KDYH#RUJDQLVPV#ZLWKLQ#WKH#OLYHU1##7KLV#DVVXPSWLRQ#LV#VXSSRUWHG#E\#WKH#IDFW#WKDW#DQLPDOV#ZLWKRXW#KHSDWLWLV
DUH#RIWHQ#SRVLWLYH#ZLWK#3&505)/30EDVHG#DVVD\V1##7KHUHIRUH/#DOWKRXJK#DOWHUQDWLYH#H[SODQDWLRQV#DUH#SRVVLEOH/
WKH#WKUHH#3&505)/30SRVLWLYH#VWXGLHV#LQ#ZKLFK#OLYHU#OHVLRQV#DUH#DEVHQW#DUH#DVVXPHG#WR#EH#WUXH#SRVLWLYHV1##,Q
IDFW/#KHOLFDO#RUJDQLVPV#ZHUH#LGHQWLILHG#ZLWK#D#VLOYHU#VWDLQ#LQ#RQH#DQLPDO#IURP#RQH#RI#WKHVH#VWXGLHV#+0DODUNH\
HW#DO1/#4<<:,1##7KHUHIRUH/#LQ#DGGLWLRQ#WR#DVVHVVLQJ#WKH#DIIHFW#RI#+1#KHSDWLFXV#LQ#WKH#QLQH#DIIHFWHG#50\HDU
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VWXGLHV/#WKH#VLJQLILFDQFH#RI#D#SRVLWLYH#3&505)/3#DVVD\#IRU#+1#KHSDWLFXV#LQ#WKH#DEVHQFH#RI#OLYHU#OHVLRQV#LV
DOVR#DQ#LPSRUWDQW#TXHVWLRQ1

,QFRQVLVWHQW#5HVXOWV#ZLWK#3&50%DVHG#0HWKRGV
$V#ZLWK#DQ\#WHFKQLTXH/#WKH#3&505)/30EDVHG#DVVD\V#KDYH#OLPLWDWLRQV#HYHQ#ZKHQ#XVHG#WR#DVVD\#IUHVK#DQG
IUR]HQ#WLVVXH1##2QH#DVVHVVPHQW#RI#WKH#YDULDELOLW\#LQ#UHVXOWV#RI#3&5#DQG#VHURORJLF#DQDO\VHV#IRU#+HOLFREDFWHU
DPRQJ#WKUHH#FRPPHUFLDO#ODERUDWRULHV#UHYHDOHG#VLJQLILFDQW#LQFRQVLVWHQFLHV#+'HZ#HW#DO1/#4<<:,1###2WKHUV
+-101#:DUG#DQG#-1#7KLJSHQ/#SHUVRQDO#FRPPXQLFDWLRQV,#KDYH#REWDLQHG#VLPLODUO\#LQFRQVLVWHQW#UHVXOWV#ZKHQ
VHQGLQJ#UHSOLFDWH#VDPSOHV#WR#GLIIHUHQW#ODERUDWRULHV1##7KRXJK#WKH#QXPEHU#RI#VDPSOHV#HYDOXDWHG#E\#ERWK#WKH
1,(+6#DQG#0805$',/#ODERUDWRULHV#ZDV#OLPLWHG/#WKHUH#ZDV#JRRG/#EXW#QRW#FRPSOHWH/#FRUUHODWLRQ#RI
3&505)/3#UHVXOWV1##$OVR/#ZLWKLQ#WKH#DIIHFWHG#VWXGLHV/#WKH#3&5#DVVD\V#ZHUH#QRW#SRVLWLYH#LQ#VRPH#DQLPDOV
ZLWK#OLYHU#GLVHDVH1##7KLV#UHVXOW#PD\#EH#H[SODLQHG/#LQ#SDUW/#E\#WKH#IDFW#WKDW#WKH#RQO\#IUR]HQ#WLVVXHV#DYDLODEOH
ZHUH#QHRSODVPV>#DV#GHVFULEHG#DERYH/#QHRSODVPV#DUH#H[SHFWHG#WR#KDYH#IHZHU#RUJDQLVPV1

$QDO\VLV#RI#+1#KHSDWLFXV0$IIHFWHG#DQG#8QDIIHFWHG#6WXGLHV#
IRU#,QFLGHQFH#RI#&RPPRQ#1HRSODVPV
7R#GHWHUPLQH#ZKHWKHU#WKH#LQFLGHQFHV#RI#YDULRXV#QHRSODVPV#ZHUH#GLIIHUHQW#EHWZHHQ#FRQWURO#JURXSV#IURP
DIIHFWHG#DQG#XQDIIHFWHG#VWXGLHV/#WKH#QLQH#DIIHFWHG#VWXGLHV#ZHUH#FRPSDUHG#WR#59#XQDIIHFWHG#VWXGLHV#EHJXQ#DW
UHODWLYHO\#VLPLODU#WLPHV#+7DEOH#/6,1##7KHUH#ZHUH#QR#VWDWLVWLFDOO\#VLJQLILFDQW#GLIIHUHQFHV#LQ#ERG\#ZHLJKW#RU
VXUYLYDO#DPRQJ#WKH#DIIHFWHG#DQG#XQDIIHFWHG#VWXGLHV1##7KH#QHRSODVPV#HYDOXDWHG#UHSUHVHQW#WKRVH#WKDW#RFFXUUHG
DW#KLJK#HQRXJK#LQFLGHQFHV#LQ#YDULRXV#RUJDQV#IRU#VWDWLVWLFDOO\#VLJQLILFDQW#GLIIHUHQFHV#WR#EH#GHWHFWHG1##8VLQJ
PXOWLSOH#UHJUHVVLRQ#SURFHGXUHV/#PDOH#PLFH#LQ#WKH#QLQH#DIIHFWHG#VWXGLHV#ZHUH#GHPRQVWUDWHG#WR#KDYH#D
VLJQLILFDQWO\#+3?3138,#LQFUHDVHG#LQFLGHQFH#RI#RQO\#WZR#QHRSODVP#W\SHV/#ERWK#RI#ZKLFK#ZHUH#LQ#WKH#OLYHU
+KHSDWRFHOOXODU#QHRSODVPV#DQG#KHPDQJLRVDUFRPD,/#ZKHQ#FRPSDUHG#WR#WKH#XQDIIHFWHG#VWXGLHV1##%HFDXVH#RI
WKHVH#GLIIHUHQFHV/#WKHUH#ZDV#DOVR#D#FRUUHVSRQGLQJ#VLJQLILFDQW#GLIIHUHQFH#LQ#WKH#RYHUDOO#LQFLGHQFH#RI#PDOLJQDQW
QHRSODVPV#+DOO#VLWHV,#DV#ZHOO#DV#LQ#WKH#RYHUDOO#SURSRUWLRQ#RI#QHRSODVP0EHDULQJ#DQLPDOV1##1R#RWKHU#WLVVXH#VLWH
VKRZHG#D#VLJQLILFDQW#GLIIHUHQFH#LQ#WKH#LQFLGHQFH#RI#QHRSODVPV1##)RU#IHPDOH#PLFH/#WKH#VOLJKWO\#LQFUHDVHG
LQFLGHQFH#RI#KHSDWRFHOOXODU#QHRSODVPV#REVHUYHG#LQ#WKH#DIIHFWHG#VWXGLHV#ZDV#QRW#VWDWLVWLFDOO\#VLJQLILFDQW1

7KLV#VHHPLQJO\#VLPSOH#DQDO\VLV#LV#FRPSOLFDWHG#E\#VHYHUDO#SRWHQWLDO#FRQIRXQGLQJ#YDULDEOHV1##7KHUH#KDYH#EHHQ
FRRUGLQDWH/#WLPH0UHODWHG#LQFUHDVHV#LQ#ERG\#ZHLJKW#DQG#LQ#WKH#LQFLGHQFH#RI#OLYHU#QHRSODVPV#LQ#PLFH#LQ#173#
VWXGLHV#++DVHPDQ/#4<<5,1##7DEOH#/7#SUHVHQWV#WKH#OLYHU#QHRSODVP#LQFLGHQFHV#LQ#UHODWLRQ#WR#WKH#GDWHV#WKH
VWXGLHV#EHJDQ#DQG#FOHDUO\#VKRZV#WKH#LQFUHDVHV#LQ#OLYHU#QHRSODVP#LQFLGHQFHV#DQG#ERG\#ZHLJKWV#+6HLONRS/
4<<8,1##,Q#DVVHVVLQJ#GLIIHUHQFHV#LQ#QHRSODVP#LQFLGHQFHV#EHWZHHQ#+1#KHSDWLFXV0DIIHFWHG#DQG#XQDIIHFWHG
VWXGLHV/#WKH#PRVW#UHOHYDQW#FRPSDULVRQ#ZRXOG#EH#EHWZHHQ#VWXGLHV#EHJXQ#DW#DSSUR[LPDWHO\#WKH#VDPH#WLPH1##7KH
VWDUWV#RI#53#RI#WKH#59#XQDIIHFWHG#VWXGLHV#ZHUH#FOXVWHUHG#QHDU#WKH#HDUO\#SDUW#RI#WKH#WLPH#IUDPH#+$SULO#4<;;#WR
-XQH#4<<3,/#ZKLOH#WKH#VWDUWV#RI#WKH#DIIHFWHG#VWXGLHV#ZHUH#FOXVWHUHG#WRZDUG#WKH#ODWHU#HQG/#ZLWK#HLJKW#RI#WKH
QLQH#VWXGLHV#EHJXQ#EHWZHHQ#-XO\#4<<3#DQG#-DQXDU\#4<<4>#LQFLGHQFHV#RI#OLYHU#QHRSODVPV#LQ#WKHVH#ODWHU#VWXGLHV
DUH#H[SHFWHG#WR#EH#KLJKHU#EDVHG#RQ#WUHQGV#LQ#ERG\#ZHLJKW#DORQH1##:KLOH#WKH#VOLJKWO\#LQFUHDVHG#LQFLGHQFHV#RI
OLYHU#QHRSODVPV#REVHUYHG#LQ#IHPDOH#FRQWURO#PLFH#LQ#WKH#QLQH#DIIHFWHG#VWXGLHV#LV#OLNHO\#GXH#WR#FOXVWHULQJ#LQ
WLPH/#FOHDUO\/#WKLV#DORQH#FDQQRW#DFFRXQW#IRU#WKH#LQFUHDVHG#OLYHU#QHRSODVP#LQFLGHQFHV#REVHUYHG#LQ#FRQWURO#PDOH
PLFH#LQ#WKH#DIIHFWHG#VWXGLHV#+7DEOH#/6,1

,GHDOO\/#XQDIIHFWHG#VWXGLHV#XVHG#LQ#WKH#DERYH#FRPSDULVRQ#VKRXOG#QRW#RQO\#EH#IUHH#RI#KLVWRORJLF#HYLGHQFH#RI
LQIHFWLRQ#ZLWK#+1#KHSDWLFXV#EXW#VKRXOG#EH#FRQILUPHG#DV#QHJDWLYH#E\#3&5#DVVD\V1##7KLUWHHQ#RI#WKHVH
59#VWXGLHV#FRXOG#QRW#EH#FRQILUPHG#DV#QHJDWLYH#E\#3&5#EHFDXVH#IUR]HQ#WLVVXH#ZDV#QRW#DYDLODEOH>#KRZHYHU/
+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV#ZDV#QRW#SUHVHQW#LQ#DQ\#RI#WKH#59#VWXGLHV1##%HFDXVH#WKHVH#DQG#RWKHU#GDWD
UHSRUWHG#WR#GDWH#VXJJHVW#WKDW#KHSDWLWLV#LV#DVVRFLDWHG#ZLWK#QHRSODVP#GHYHORSPHQW#LQ#WKH#OLYHU/#LW#VHHPV
UHDVRQDEOH#WR#LQFOXGH#WKRVH#46#VWXGLHV/#XQFRQILUPHG#E\#3&5/#LQ#WKLV#DQDO\VLV1##7KH#PDMRULW\#RI#WKH
46#VWXGLHV#FRQILUPHG#DV#QHJDWLYH#E\#3&5#ZHUH#EHJXQ#PXFK#HDUOLHU#WKDQ#WKH#FOHDUO\#DIIHFWHG#VWXGLHV/#DQG/
WKHUHIRUH/#FRPSDULQJ#WKHP#DORQH#WR#WKH#QLQH#DIIHFWHG#VWXGLHV#LV#QRW#UHDVRQDEOH1##$OWKRXJK#QRW#SUHVHQWHG



58; 6RGLXP#;\OHQHVXOIRQDWH/#173#75#797

KHUH/#D#QXPEHU#RI#FRPSDULVRQV#ZHUH#PDGH#ZLWK#YDULRXV#JURXSLQJV#RI#VWXGLHV#EDVHG#RQ#WKH#GHJUHH#RI
FRQILGHQFH#LQ#WKHLU#LQIHFWLRQ#VWDWXV1##$OWKRXJK#WKH#RXWFRPHV#RI#WKH#YDULRXV#FRPSDULVRQV#YDULHG#VRPHZKDW/
LQFLGHQFHV#RI#KHSDWRFHOOXODU#QHRSODVPV#DQG#KHPDQJLRVDUFRPDV#RI#WKH#OLYHU#ZHUH#FRQVLVWHQWO\#LQFUHDVHG#LQ
FRQWURO#PDOH#PLFH#IURP#DIIHFWHG#VWXGLHV#FRPSDUHG#WR#FRQWURO#PDOHV#IURP#XQDIIHFWHG#VWXGLHV1##6LJQLILFDQWO\
LQFUHDVHG#OLYHU#QHRSODVP#LQFLGHQFHV#JHQHUDOO\#ZHUH#QRW#REVHUYHG#LQ#IHPDOHV1##,PSRUWDQWO\/#WKH#IROORZLQJ
GDWD#FRUURERUDWH#WKH#ILQGLQJV#DQG#DVVRFLDWLRQ#ZLWK#+1#KHSDWLFXV#LGHQWLILHG#LQ#WKHVH#DQDO\VHV1

$QDO\VLV#RI#+HSDWLWLV03RVLWLYH#DQG#+HSDWLWLV01HJDWLYH#0LFH#
IRU#/LYHU#1HRSODVP#,QFLGHQFH
6HYHUDO#LQIHFWLRXV#DJHQWV#NQRZQ#WR#EH#DVVRFLDWHG#ZLWK#LQFUHDVHG#LQFLGHQFHV#RI#QHRSODVPV#FDXVH#FKURQLF
LQIODPPDWLRQ#LQ#WKH#WDUJHW#WLVVXH#RU#RUJDQ1##,W#LV#FRPPRQO\#K\SRWKHVL]HG#WKDW#WKLV#LQIODPPDWRU\#SURFHVV#PD\
FDXVH#RU#FRQWULEXWH#WR#WKH#GHYHORSPHQW#RI#QHRSODVPV1##2QH#DSSURDFK#WR#DGGUHVV#WKLV#ZDV#WR#VWUDWLI\#WKH#PLFH
IURP#WKH#DIIHFWHG#VWXGLHV#DFFRUGLQJ#WR#WKH#VHYHULW\#RI#KHSDWLWLV#DQG#H[DPLQH#OLYHU#QHRSODVP#LQFLGHQFHV#LQ
UHODWLRQ#WR#WKHVH#JURXSLQJV1##7KXV/#DQLPDOV#ZLWKLQ#WKH#QLQH#DIIHFWHG#VWXGLHV#ZHUH#SODFHG#LQWR#WKUHH#JURXSV=#
4,#DQLPDOV#ZLWK#PLOG#WR#PRGHUDWH#KHSDWLWLV#FRQVLGHUHG#UHODWHG#WR#+1#KHSDWLFXV#LQIHFWLRQ#+.,/#5,#DQLPDOV#ZLWK
PLQLPDO#WR#PLOG#KHSDWLWLV#WKDW#PD\#KDYH#EHHQ#DVVRFLDWHG#ZLWK#+1#KHSDWLFXV#+�,/#DQG#6,#DQLPDOV#ZLWK#QR
KHSDWLWLV#WKDW#ZDV#FRQVLGHUHG#WR#EH#DVVRFLDWHG#ZLWK#+1#KHSDWLFXV#+6,1##:LWKLQ#WKHVH#JURXSLQJV/#WKH#LQFLGHQFH
RI#OLYHU#QHRSODVPV#ZDV#VLJQLILFDQWO\#LQFUHDVHG#+3?3138,#LQ#PDOHV#ZLWK#PLOG#WR#PRGHUDWH#+1#KHSDWLFXV0
DVVRFLDWHG#KHSDWLWLV#+.,#ZKHQ#FRPSDUHG#WR#DQLPDOV#ZLWKRXW#VXFK#KHSDWLWLV#+7DEOH#/8,1##7KH#QHRSODVP
LQFLGHQFH#LQ#DQLPDOV#ZLWK#PLQLPDO#OHVLRQV#+�,#ZDV#DOVR#LQFUHDVHG1##7KH#OLYHU#QHRSODVP#LQFLGHQFH#LQ#PDOHV
ZLWKRXW#KHSDWLWLV#+8;(,#ZDV#VLPLODU#WR#WKH#LQFLGHQFH#+871;(,#LQ#PDOHV#IURP#WKH#59#XQDIIHFWHG#VWXGLHV
+7DEOH#/6,1##7KLV#DQDO\VLV#FOHDUO\#VXJJHVWV#DQ#DVVRFLDWLRQ#RI#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV#ZLWK#LQFUHDVHG
OLYHU#QHRSODVP#LQFLGHQFHV1##)HPDOHV#VKRZHG#D#VLPLODU#WUHQG/#DOEHLW#QRW#VLJQLILFDQW>#KRZHYHU/#WKHVH
FRPSDULVRQV#DUH#ZHDN#EHFDXVH#RI#WKH#ORZ#QXPEHUV#RI#IHPDOHV#ZLWK#KHSDWLWLV1

$QDO\VLV#RI#+0UDV#2QFRJHQH#0XWDWLRQV#LQ#/LYHU#1HRSODVPV#LQ#0LFH
IURP#$IIHFWHG#DQG#8QDIIHFWHG#6WXGLHV
/LYHU#QHRSODVPV#FRPPRQO\#RFFXU#LQ#FRQWURO#%9&6) #PLFH#LQ#50\HDU#VWXGLHV1##,Q#WKH#KLVWRULFDO#GDWDEDVH#RI4

666#PDOH#DQG#IHPDOH#PLFH#ZLWK#OLYHU#QHRSODVPV/#439#+65(,#KDG#+0UDV#FRGRQ#94#&$$0WR0$$$#PXWDWLRQV
+0DURQSRW#HW#DO1/#4<<8,1##7KLV#KLVWRULFDO#FRQWURO#GDWDEDVH#LV#FRPSRVHG#SULPDULO\#RI#PDOH#GDWD>#KRZHYHU/
DGHTXDWH#QXPEHUV#RI#IHPDOHV#KDYH#EHHQ#DVVD\HG/#DQG#WKHUH#ZDV#QR#VLJQLILFDQW#GLIIHUHQFH#LQ#WKH#LQFLGHQFHV#RI
&$$0WR0$$$#PXWDWLRQV#EHWZHHQ#PDOHV#DQG#IHPDOHV1

,Q#DQ#DWWHPSW#WR#H[DPLQH#IXUWKHU#ZKHWKHU#+1#KHSDWLFXV#LQIHFWLRQ#KDG#DQ#HIIHFW#RQ#WKH#GHYHORSPHQW#RI
KHSDWRFHOOXODU#QHRSODVPV/#QHRSODVPV#IURP#FRQWURO#PDOH#PLFH#IURP#VHOHFWHG#DIIHFWHG#+173/#4<<;D/E/F,#DQG
XQDIIHFWHG#+173/#4<<6/#4<<;K,#VWXGLHV#ZHUH#HYDOXDWHG#IRU#+0UDV#FRGRQ#94#&$$0WR0$$$#PXWDWLRQV
+7DEOH#/9,1##2QO\#9(#+5266,#RI#WKH#KHSDWRFHOOXODU#QHRSODVPV#IURP#FRQWURO#PDOHV#ZLWK#KHSDWLWLV#IURP#WKUHH
DIIHFWHG#VWXGLHV#KDG#WKLV#PXWDWLRQ1#7KLV#SHUFHQWDJH#LV#VLJQLILFDQWO\#+3?3134,#OHVV#WKDQ#WKH#65(#+44267,
REVHUYHG#LQ#PDOHV#IURP#WKH#WZR#XQDIIHFWHG#VWXGLHV#DQG#OHVV#WKDQ#WKH#65(#+4392666,#WKDW#RFFXUUHG#LQ#
KLVWRULFDO#FRQWURO#DQLPDOV1##,Q#DGGLWLRQ/#QHRSODVPV#IURP#PDOHV#ZLWKRXW#KHSDWLWLV#IURP#WKH#DIIHFWHG/#3&50
SRVLWLYH#WULHWKDQRODPLQH#VWXG\#+173/#4<<;D,#DQG#WKH#XQDIIHFWHG/#3&50SRVLWLYH#PHWK\OHXJHQRO#VWXG\#+173/
4<<;J,#ZHUH#HYDOXDWHG>#WKH#LQFLGHQFHV#RI#PXWDWLRQV#LQ#WKRVH#JURXSV#ZHUH#6247#+54(,#DQG#524:#+45(,/
UHVSHFWLYHO\1

1HRSODVPV#IURP#FRQWURO#IHPDOH#PLFH#+QRQH#KDG#KHSDWLWLV,#IURP#DIIHFWHG#DQG#XQDIIHFWHG#VWXGLHV#ZHUH
HYDOXDWHG#IRU#WKH#&$$0WR0$$$#PXWDWLRQ#+7DEOH#/9,1##7KH#PXWDWLRQ#UDWH#ZDV#ORZ#LQ#ERWK#WKH#DIIHFWHG#VWXGLHV
+4258>#7(,#DQG#WKH#XQDIIHFWHG#VWXG\#+4244>#<(,#ZKHQ#FRPSDUHG#WR#WKH#65(#REVHUYHG#LQ#WKH#KLVWRULFDO
FRQWURO#JURXSV1

7KH#ILQGLQJ#RI#D#GLIIHUHQW#+0UDV#PXWDWLRQ#SURILOH#LQ#QHRSODVPV#RI#PDOH#PLFH#IURP#DIIHFWHG#VWXGLHV#WHQGV#WR
VXSSRUW#WKH#DVVRFLDWLRQ#RI#LQFUHDVHG#QHRSODVP#LQFLGHQFHV#ZLWK#+1#KHSDWLFXV/#DOWKRXJK#WKHUH#LV#QR#PHFKDQLVWLF
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XQGHUVWDQGLQJ#EHKLQG#WKLV#REVHUYDWLRQ1##,Q#D#VWXG\#RI#+1#KHSDWLFXV0LQIHFWHG#$2-&U#PLFH/#UDV#PXWDWLRQV#ZHUH
QRW#GHWHFWHG#LQ#WKH#58#KHSDWRFHOOXODU#QHRSODVPV#DQDO\]HG#XVLQJ#D#3&52VLQJOH0VWUDQG#FRQIRUPDWLRQ
SRO\PRUSKLVP#DVVD\#+6LSRZLF]#HW#DO1/#4<<:,1##%HFDXVH#RI#WKH#ORZ#VSRQWDQHRXV#UDWH#RI#OLYHU#QHRSODVPV#LQ#WKH
$2-&U#PRXVH/#WKHUH#DUH#IHZ#RU#QR#FRQFOXVLYH#GDWD#RQ#UDV#PXWDWLRQV#LQ#XQLQIHFWHG#DQLPDOV/#KRZHYHU1##3RLQW
PXWDWLRQV#DW#FRGRQV#45/#46/#DQG#94#RI#WKH#.L0/#+D0#DQG#10UDV#JHQHV#ZHUH#QRW#LGHQWLILHG#LQ#78#HDUO\#JDVWULF
FDUFLQRPDV#LQ#KXPDQV/#ZKHWKHU#RU#QRW#+1#S\ORUL#ZDV#SUHVHQW#+&UDDQHQ#HW#DO1/#4<<8,1##,I#WKH#LQFUHDVHG
LQFLGHQFH#RI#KHSDWRFHOOXODU#QHRSODVPV#LV#DVVRFLDWHG#ZLWK#KHSDWLWLV/#DV#PDQ\#VXVSHFW/#WKHQ#RQH#ZRXOG#H[SHFW
WKH#QHRSODVPV#IURP#DQLPDOV#ZLWKRXW#KHSDWLWLV#WR#KDYH#D#VLPLODU#PXWDWLRQDO#SURILOH#DV#WKDW#RI#WKH#KLVWRULFDO
FRQWUROV1##7KH#GDWD#GR#QRW#SURYLGH#D#FOHDU#DQVZHU/#EHFDXVH#WKH#KHSDWLWLV0IUHH#PDOHV#IURP#WKH#DIIHFWHG
WULHWKDQRODPLQH#VWXG\#+173/#4<<;D,#DQG#WKH#PDOHV#IURP#WKH#PHWK\OHXJHQRO#VWXG\#+173/#4<<;J,/#ZKLFK#ZHUH
SRVLWLYH#E\#3&5#EXW#ODFNHG#KHSDWLWLV/#KDG#PXWDWLRQ#IUHTXHQFLHV#EHWZHHQ#WKRVH#RI#WKH#XQDIIHFWHG#FRQWUROV#DQG
WKH#KHSDWLWLV0SRVLWLYH#PLFH1##)XUWKHUPRUH/#PXWDWLRQV#LQ#QHRSODVPV#IURP#IHPDOHV/#QRQH#RI#ZKLFK#KDG
KHSDWLWLV/#IURP#WZR#DIIHFWHG#DQG#RQH#XQDIIHFWHG#VWXG\#ZHUH#YHU\#ORZ#FRPSDUHG#WR#WKH#KLVWRULFDO#FRQWUROV1#
7KHVH#ILQGLQJV#ZHUH#XQH[SHFWHG/#DQG#WKHLU#VLJQLILFDQFH#LV#QRW#XQGHUVWRRG1

+1#KHSDWLFXV0$VVRFLDWHG#$OWHUDWLRQV#LQ#&HOO#.LQHWLFV
6WXGLHV#HYDOXDWLQJ#FHOO#NLQHWLFV#ZHUH#FRPSOHWHG#WR#H[SORUH#IXUWKHU#WKH#OLQN#EHWZHHQ#KHSDWLWLV#DQG#WKH
LQFUHDVHG#LQFLGHQFH#RI#OLYHU#QHRSODVPV#+7DEOH#/:>#1\VND#HW#DO1/#4<<:,1##2QH#RI#WKH#PDMRU#REMHFWLYHV#ZDV#WR
GHWHUPLQH#ZKHWKHU#WKHUH#ZHUH#GLIIHUHQFHV#EHWZHHQ#3&1$#ODEHOLQJ#LQGLFHV#LQ#WKH#OLYHUV#RI#DQLPDOV#ZLWK
KHSDWLWLV#IURP#WKUHH#DIIHFWHG#VWXGLHV/#FREDOW#VXOIDWH#KHSWDK\GUDWH/#FKORURSUHQH/#DQG#WULHWKDQRODPLQH#+173/
4<<;D/E/F,/#FRPSDUHG#WR#DQLPDOV#ZLWKRXW#KHSDWLWLV/#ZKHWKHU#IURP#WKH#VDPH#WKUHH#DIIHFWHG#VWXGLHV#RU#IURP#DQ
XQDIIHFWHG#VWXG\/#40WUDQV0GHOWD 0WHWUDK\GURFDQQDELQRO#+173/#4<<9,1##0DOH#PLFH#ZLWK#KHSDWLWLV#IURP#WKH#WKUHH<

DIIHFWHG#VWXGLHV#KDG#D#VLJQLILFDQWO\#LQFUHDVHG#+3?31334,#ODEHOLQJ#LQGH[/#ZLWK#D#570IROG#LQFUHDVH#RYHU#PDOHV
IURP#WKH#XQDIIHFWHG#VWXG\#DQG#D#VL[IROG#LQFUHDVH#RYHU#PDOHV#ZLWKRXW#KHSDWLWLV#IURP#WKH#VDPH#WKUHH#DIIHFWHG
VWXGLHV#+7DEOH#/:,1##7KH#ODEHOLQJ#LQGH[#LQFUHDVH#LQ#WKHVH#PLFH#ZDV#VXEVWDQWLDO#DQG#ZDV#FRQVLGHUHG
ELRORJLFDOO\#VLJQLILFDQW1##0DOH#PLFH#ZLWKRXW#KHSDWLWLV#IURP#WKH#WKUHH#DIIHFWHG#VWXGLHV#KDG#D#VLJQLILFDQWO\
JUHDWHU#ODEHOLQJ#LQGH[#+LQFUHDVHG#IRXUIROG,#WKDQ#PDOH#PLFH#IURP#WKH#XQDIIHFWHG#VWXG\#+7DEOH#/:,1##7KH
VLJQLILFDQFH#RI#WKLV#ILQGLQJ#LV#XQFHUWDLQ/#DV#GLIIHUHQFHV#RI#D#VLPLODU#PDJQLWXGH#ZHUH#REVHUYHG#LQ#RWKHU
FRPSDULVRQV1##)RU#H[DPSOH/#WKH#ODEHOLQJ#LQGH[#RI#IHPDOHV#IURP#WKH#XQDIIHFWHG#40WUDQV0GHOWD 0<

WHWUDK\GURFDQQDELQRO#VWXG\#+7DEOH#/:>#173/#4<<9,#ZDV#LQFUHDVHG#ILYHIROG#RYHU#IHPDOHV#IURP#WKH#3&50
SRVLWLYH/#KHSDWLWLV0QHJDWLYH#VFRSRODPLQH#K\GUREURPLGH#WULK\GUDWH#VWXG\#+173/#4<<:,1##6XFK#GLIIHUHQFHV#PD\
EH#ZLWKLQ#WKH#OLPLWV#RI#QRUPDO#YDULDELOLW\#IRU#50\HDU0ROG#DQLPDOV1

$#VHFRQG#REMHFWLYH#RI#WKH#FHOO#SUROLIHUDWLRQ#VWXGLHV#RI#WKH#OLYHU#ZDV#WR#GHWHUPLQH#LI#ODEHOLQJ#LQGLFHV#ZHUH
LQFUHDVHG#LQ#DQLPDOV#IURP#WKH#3&50SRVLWLYH/#KHSDWLWLV0QHJDWLYH#PHWK\OHXJHQRO#+173/#4<<;J,/#VFRSRODPLQH
K\GUREURPLGH#WULK\GUDWH#+173/#4<<:,/#DQG#PRXVH#OLIH0VSDQ#VWXGLHV#FRPSDUHG#WR#DQ#XQDIIHFWHG#3&50QHJDWLYH
DQG#KHSDWLWLV0QHJDWLYH#40WUDQV0GHOWD 0WHWUDK\GURFDQQDELQRO#VWXG\#+173/#4<<9,1##7KH#VFRSRODPLQH<

K\GUREURPLGH#WULK\GUDWH#VWXG\#ZDV#HYDOXDWHG#DQG#LQFOXGHG#LQ#WKH#VWXG\#E\#1\VND#HW#DO1#+4<<:,/#ZKLOH#WKH
PHWK\OHXJHQRO#DQG#PRXVH#OLIH0VSDQ#VWXGLHV#ZHUH#FRPSOHWHG#ODWHU#DQG#DUH#LQFOXGHG#LQ#7DEOH#/:1##7KH#ODEHOLQJ
LQGLFHV#RI#PDOHV#IURP#WZR#RI#WKHVH#WKUHH#VWXGLHV#ZHUH#DOPRVW#LGHQWLFDO#WR#WKRVH#RI#PDOHV#IURP#WKH#XQDIIHFWHG
VWXG\1##+RZHYHU/#WKH#ODEHOLQJ#LQGH[#RI#PDOHV#IURP#WKH#PRXVH#OLIH0VSDQ#VWXG\#LV#LQFUHDVHG#DSSUR[LPDWHO\
ILYHIROG#RYHU#WKDW#RI#PDOHV#IURP#WKH#XQDIIHFWHG#VWXG\#DV#ZHOO#DV#ILYHIROG#RYHU#WKH#ODEHOLQJ#LQGLFHV#RI#PDOHV
IURP#WKH#WZR#OLNH#VWXGLHV#RI#VFRSRODPLQH#K\GUREURPLGH#WULK\GUDWH#DQG#PHWK\OHXJHQRO1##7KLV#ILQGLQJ#VXJJHVWV
WKDW#WKH#LQFUHDVH#REVHUYHG#LQ#WKH#PRXVH#OLIH0VSDQ#VWXG\#LV#QRW#DWWULEXWDEOH#WR#WKH#SUHVHQFH#RI#+1#KHSDWLFXV/#DV
WZR#RWKHU#VWXGLHV#DOVR#SRVLWLYH#IRU#+1#KHSDWLFXV#GLG#QRW#VKRZ#D#VLPLODU#LQFUHDVH1

7KH#FHOO#SUROLIHUDWLRQ#GDWD#IRU#WKH#OLYHU#IURP#173#VWXGLHV#DUH#FRQVLVWHQW#ZLWK#GDWD#IURP#D#VWXG\#E\#)R[#HW#DO1
+4<<9,#LQ#ZKLFK#FHOO#SUROLIHUDWLRQ#LQGLFHV#ZHUH#HYDOXDWHG#DW#;/#43/#DQG#46#PRQWKV#LQ#WKH#$2-&U#PRXVH/
ZKLFK#LV#JHQHUDOO\#EHOLHYHG#WR#EH#PRUH#VXVFHSWLEOH#WR#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV#WKDQ#WKH#%9&6) 4

PRXVH1##,Q#WKH#VWXG\#E\#)R[#HW#DO1#+4<<9,/#FHOO#SUROLIHUDWLRQ#UDWHV#ZHUH#VLJQLILFDQWO\#LQFUHDVHG#DW#DOO#WLPH
SRLQWV#LQ#PDOHV1##6RPH#LQFUHDVHV#ZHUH#REVHUYHG#LQ#IHPDOHV#LQ#WKDW#VWXG\#EXW#GLG#QRW#UHDFK#VWDWLVWLFDO
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VLJQLILFDQFH1##$Q#LQFUHDVHG#LQFLGHQFH#RI#KHSDWRFHOOXODU#QHRSODVPV#ZDV#REVHUYHG#RQO\#LQ#WKH#PDOHV1##7KRXJK
OLYHU#OHVLRQV#ZHUH#REVHUYHG#LQ#IHPDOHV#LQ#WKDW#VWXG\/#WKH\#ZHUH#OHVV#VHYHUH#WKDQ#WKRVH#LQ#PDOHV1

,Q#DGGLWLRQ#WR#WKH#OLYHU/#FHOO#SUROLIHUDWLRQ#LQGLFHV#+3&1$,#ZHUH#HYDOXDWHG#LQ#WKH#NLGQH\V#DQG#OXQJV#RI#PDOH
DQG#IHPDOH#PLFH#LQ#DIIHFWHG#VWXGLHV#YHUVXV#WKRVH#LQ#XQDIIHFWHG#VWXGLHV#+1\VND#HW#DO1/#4<<:,1##1R#DSSDUHQW
HIIHFW#RI#+1#KHSDWLFXV#LQIHFWLRQ#RU#WKH#SUHVHQFH#RI#KHSDWLWLV#RQ#3&1$#LQGLFHV#ZDV#REVHUYHG#IRU#WKH#NLGQH\V
RU#OXQJV1##

$SRSWRVLV#+SURJUDPPHG#FHOO#GHDWK,#LV#DQRWKHU#LPSRUWDQW#SDUDPHWHU#LQ#HYDOXDWLRQV#RI#FHOO#NLQHWLFV1##7KH
DSRSWRWLF#LQGH[#LQ#WKH#OLYHU#RI#PDOH#PLFH#ZLWK#KHSDWLWLV#IURP#DQ#DIIHFWHG#VWXG\/#FREDOW#VXOIDWH#KHSWDK\GUDWH
+173/#4<<;E,/#ZDV#VLJQLILFDQWO\#+3?3134,#JUHDWHU#WKDQ#WKDW#REVHUYHG#LQ#PDOHV#IURP#WKH#XQDIIHFWHG#40WUDQV0
GHOWD 0WHWUDK\GURFDQQDELQRO#VWXG\#DQG#WKH#3&50SRVLWLYH/#KHSDWLWLV0QHJDWLYH#VFRSRODPLQH#K\GUREURPLGH<

WULK\GUDWH#VWXG\#+1\VND#HW#DO1/#4<<:,1##)RU#IHPDOHV/#WKHUH#ZHUH#QR#VLJQLILFDQW#GLIIHUHQFHV#DPRQJ#WKH#WKUHH
VWXGLHV1

7ZR#460ZHHN#VWXGLHV#ZKLFK#ZHUH#EHJXQ#GXULQJ#WKH#VDPH#WLPH#DV#WKH#QLQH#DIIHFWHG#VWXGLHV#ZHUH#UDQGRPO\
VHOHFWHG#IRU#HYDOXDWLRQ#RI#3&1$#LQGLFHV1##+1#KHSDWLFXV#ZDV#QRW#LGHQWLILHG#LQ#HLWKHU#RI#WKH#VWXGLHV#E\
3&505)/3>#KRZHYHU/#DV#ZLWK#DOO#173#460ZHHN#VWXGLHV/#RQO\#WLVVXH#IL[HG#LQ#IRUPDOLQ#IRU#DQ#XQVSHFLILHG
SHULRG#ZDV#DYDLODEOH1##%HFDXVH#RI#WKLV/#QR#WUXH#QHJDWLYH#FRQWURO#JURXS#ZDV#DYDLODEOH>#WKHUHIRUH/#WKH#ODEHOLQJ
LQGH[#RI#WKHVH#4<0#WR#530ZHHN0ROG#DQLPDOV#ZDV#FRPSDUHG#WR#YDOXHV#FLWHG#LQ#WKH#OLWHUDWXUH#+(OGULGJH#DQG
*ROGVZRUWK\/#4<<9,#IRU#530ZHHN0ROG#%9&6) #PLFH1##7KH#ODEHOLQJ#LQGH[#LQ#WKH#173#VWXGLHV#FOHDUO\#ZDV#QRW4

LQFUHDVHG#+GDWD#QRW#VKRZQ,1

7KH#,PSDFW#RI#+1#KHSDWLFXV#RQ#WKH#,QWHUSUHWDWLRQ#RI#50<HDU#&DUFLQRJHQHVLV#6WXGLHV
,QFUHDVHV#LQ#WKH#LQFLGHQFHV#RI#QHRSODVPV#DUH#DVVRFLDWHG#ZLWK#D#QXPEHU#RI#LQIHFWLRXV#DJHQWV1##7KH#FKURQLF
LQIODPPDWLRQ#FDXVHG#E\#WKHVH#DJHQWV#KDV#EHHQ#K\SRWKHVL]HG#WR#EH#LPSRUWDQW#LQ#WKH#SDWKRJHQHVLV#RI#WKH
LQFUHDVHG#QHRSODVP#LQFLGHQFHV#+H1J1/#JDVWULF#FDQFHU#DVVRFLDWHG#ZLWK#+1#S\ORUL,1##7KH#LQFUHDVHG#LQFLGHQFHV#RI
OLYHU#QHRSODVPV#LQ#PDOH#PLFH#IURP#WKH#QLQH#DIIHFWHG#173#VWXGLHV#ZHUH#REVHUYHG#LQ#WKH#DQLPDOV#ZLWK
+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV1##1HRSODVPV#IURP#PDOHV#ZLWK#KHSDWLWLV#WHQGHG#WR#KDYH#DQ#+0UDV#PXWDWLRQ
SURILOH#GLIIHUHQW#IURP#WKDW#RI#DQLPDOV#IURP#XQDIIHFWHG#VWXGLHV1##)XUWKHU/#FHOO#UHSOLFDWLRQ#UDWHV#DW#5#\HDUV#ZHUH
VLJQLILFDQWO\#KLJKHU#LQ#PDOHV#ZLWK#KHSDWLWLV#FRPSDUHG#WR#WKRVH#LQ#PDOHV#ZLWKRXW#KHSDWLWLV1##7KH#GDWD#VXJJHVW
WKDW#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV#LV#DVVRFLDWHG#ZLWK#WKH#LQFUHDVHG#LQFLGHQFHV#RI#OLYHU#QHRSODVPV#LQ#WKH
PDOH#%9&6) #PRXVH1##7KHUHIRUH/#WKH#PRVW#LPSRUWDQW#FRQVLGHUDWLRQ#LQ#HYDOXDWLQJ#WKH#LPSDFW#RI#+1#KHSDWLFXV4

LQIHFWLRQ#RQ#WKH#LQWHUSUHWDWLRQ#RI#VWXG\#UHVXOWV#DSSHDUV#WR#EH#WKH#SUHVHQFH#RU#DEVHQFH#RI#VLJQLILFDQW#KHSDWLWLV1

)RU#DQ\#FDUFLQRJHQLFLW\#VWXG\/#GDWD#ZLWKLQ#DQG#VSHFLILF#WR#WKH#LQGLYLGXDO#VWXG\#SURYLGH#WKH#JUHDWHVW#EDVLV#IRU
DQ#DFFXUDWH#LQWHUSUHWDWLRQ1##+RZHYHU/#LW#LV#SUXGHQW#WR#FRQVLGHU#DQG#HYDOXDWH#DOO#GDWD#RU#LQIRUPDWLRQ#ZKLFK
PD\#DIIHFW#WKH#LQWHUSUHWDWLRQ1##%DVHG#XSRQ#WKH#GDWD#SUHVHQWHG#LQ#WKLV#DQG#RWKHU#UHSRUWV/#JHQHUDO#JXLGHOLQHV
HPHUJH#WKDW#PD\#EH#XVHIXO#LQ#LQWHUSUHWLQJ#SRWHQWLDO#FKHPLFDO0DVVRFLDWHG#FDUFLQRJHQLF#HIIHFWV#LQ#+1#KHSDWLFXV0
LQIHFWHG#%9&6) #PLFH1##,Q#D#VWXG\#ZLWK#VXIILFLHQW#HYLGHQFH#RI#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV#+!43(#RI4

WKH#DQLPDOV#KDYLQJ#WKH#FKDUDFWHULVWLF#KHSDWLWLV#PD\#EH#D#UHDVRQDEOH#JXLGHOLQH,/#LQWHUSUHWDWLRQ#RI#LQFUHDVHG
LQFLGHQFHV#RI#OLYHU#QHRSODVPV#+KHSDWRFHOOXODU#QHRSODVPV#DQG#KHPDQJLRVDUFRPD,#RI#PDOH#PLFH#LV#FRQVLGHUHG
WR#EH#SRWHQWLDOO\#FRQIRXQGHG1
#
$OWHUHG#FKHPLFDO#XSWDNH#DQG#PHWDEROLVP/#GXH#WR#WKH#LQWHVWLQDO#ORDG#RI#+1#KHSDWLFXV#DQG#WR#+1#KHSDWLFXV0
DVVRFLDWHG#OLYHU#GLVHDVH/#UHVSHFWLYHO\/#DUH#SRVVLEOH#UHDVRQV#IRU#FRQVLGHULQJ#WKDW#WKH#PDOH#PRXVH#UHVSRQVH#WR
FKHPLFDO#DGPLQLVWUDWLRQ#DW#VLWHV#RWKHU#WKDQ#WKH#OLYHU#VKRXOG#DOVR#EH#FRQVLGHUHG#FRQIRXQGHG1##'DWD#GR#QRW
FXUUHQWO\#H[LVW#WKDW#GHILQLWLYHO\#DQVZHU#WKLV#TXHVWLRQ1##,Q#WKLV#JURXS#RI#QLQH#VWXGLHV/#KRZHYHU/#WKHUH#LV#QR
HYLGHQFH#WR#VXJJHVW#WKDW#DIIHFWHG#PLFH#UHVSRQGHG#WR#FKHPLFDO#WUHDWPHQW#LQ#RUJDQV#RWKHU#WKDQ#WKH#OLYHU#LQ#D
PDQQHU#GLIIHUHQW#IURP#PLFH#LQ#QRQDIIHFWHG#VWXGLHV1##:LWKLQ#HDFK#VWXG\/#WKHUH#ZDV#H[FHOOHQW#FRQFRUGDQFH#LQ
FKHPLFDO0DVVRFLDWHG#QHRSODVPV#EHWZHHQ#WKH#PDOH#PLFH#DQG#WKH#IHPDOHV/#ZKLFK#KDG#OLWWOH#RU#QR#KHSDWLWLV
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+7DEOH#/;,1##)XUWKHUPRUH/#DQDO\VHV#LQGLFDWH#WKDW#+1#KHSDWLFXV#LV#QRW#DVVRFLDWHG#ZLWK#QHRSODVWLF#UHVSRQVHV
RXWVLGH#WKH#OLYHU>#LQFLGHQFHV#RI#QHRSODVPV#DW#VLWHV#RWKHU#WKDQ#WKH#OLYHU#ZHUH#QRW#GLIIHUHQW#EHWZHHQ#FRQWURO
JURXSV#IURP#DIIHFWHG#DQG#XQDIIHFWHG#VWXGLHV#+7DEOH#/6,1##&HOO#UHSOLFDWLRQ#UDWHV#LQ#WZR#PDMRU#RUJDQV#+OXQJ
DQG#NLGQH\,#DOVR#ZHUH#QRW#LQFUHDVHG#LQ#FRQWURO#JURXSV#IURP#DIIHFWHG#VWXGLHV#FRPSDUHG#WR#WKRVH#IURP
XQDIIHFWHG#VWXGLHV1

2QH#RI#WKH#PRUH#GLIILFXOW#LVVXHV#WR#DGGUHVV#LV#ZKHWKHU#LQWHUSUHWDWLRQ#RI#D#WUHDWPHQW0UHODWHG#LQFUHDVH#LQ#OLYHU
QHRSODVP#LQFLGHQFHV#LQ#WKH#IHPDOH#PRXVH#LV#FRQIRXQGHG#ZKHQ#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV#LV#SUHVHQW
ZLWKLQ#WKH#PDOH#PLFH#LQ#WKH#VWXG\1##0RVW#HYLGHQFH#WR#GDWH#OLQNV#KHSDWLWLV#ZLWK#WKH#LQFUHDVHG#OLYHU#QHRSODVP
LQFLGHQFHV#REVHUYHG#LQ#PDOHV/#DQG#IHPDOH#%9&6) #PLFH#LQ#DIIHFWHG#VWXGLHV#GR#QRW#KDYH#VLJQLILFDQW#KHSDWLWLV4

DW#5#\HDUV1##7KH#ODFN#RI#KHSDWLWLV#LQ#IHPDOHV/#KRZHYHU/#LV#EDVHG#RQ#DQ#DQDO\VLV#LQ#ZKLFK#RQO\#ODWH#WLPH#SRLQWV
ZHUH#HYDOXDWHG#KLVWRORJLFDOO\1##7KHUHIRUH/#LW#LV#FRQFHLYDEOH#WKDW#KHSDWLWLV#DORQJ#ZLWK#LQFUHDVHG#FHOO
SUROLIHUDWLRQ#FRXOG#KDYH#RFFXUUHG#HDUOLHU#DQG#UHVROYHG#E\#4;#PRQWKV#WR#5#\HDUV1##'DWD#FROOHFWHG#WR#GDWH/
KRZHYHU/#VXJJHVW#WKDW#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV#LV#D#ODWH0GHYHORSLQJ#DQG#SHUVLVWHQW#GLVHDVH#LQ#WKH
%9&6) #PRXVH1##+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV#KDV#QHYHU#EHHQ#REVHUYHG#LQ#DQ\#173#460ZHHN#VWXGLHV/4

LQFOXGLQJ#ILYH#EHJXQ#GXULQJ#WKH#VDPH#90PRQWK#WLPH#VSDQ#DV#HLJKW#RI#WKH#QLQH#DIIHFWHG#50\HDU#VWXGLHV1##$OVR/
ZLWKLQ#DIIHFWHG#50\HDU#VWXGLHV/#PRUH#PDOHV#+84(,#WKDW#ZHUH#4;#WR#57#PRQWKV#RI#DJH#KDG#KHSDWLWLV#WKDQ#WKRVH
+67(,#WKDW#ZHUH#45#WR#4;#PRQWKV#RI#DJH1##7KLV#LV#FRQVLVWHQW#ZLWK#D#UHSRUW#E\#:DUG#HW#DO1#+4<<7E,#WKDW
+1#KHSDWLFXV0DVVRFLDWHG#OLYHU#OHVLRQV#DUH#QRW#REVHUYHG#DW#HDUO\#WLPH#SRLQWV#LQ#WKH#%9&6) #PRXVH14

1RQHWKHOHVV/#ZLWKLQ#DIIHFWHG#VWXGLHV/#IHPDOH#FRQWURO#PLFH#GLG#KDYH#D#VOLJKWO\#HOHYDWHG#LQFLGHQFH#RI#OLYHU
QHRSODVPV#ZKHQ#FRPSDUHG#WR#FRQWURO#PLFH#IURP#XQDIIHFWHG#VWXGLHV/#DQG#WKH#GDWD#GHULYHG#IURP#WKH#+0UDV
PXWDWLRQ#IUHTXHQF\#DQDO\VLV#ZHUH#LQFRQFOXVLYH1##7KH#SRVVLELOLW\#WKDW#+1#KHSDWLFXV0LQIHFWHG#IHPDOH#PLFH#IURP
DIIHFWHG#VWXGLHV#PD\#UHVSRQG#GLIIHUHQWO\#WR#D#OLYHU#FDUFLQRJHQ#WKDQ#PLFH#IURP#XQDIIHFWHG#VWXGLHV#FDQQRW#EH
HOLPLQDWHG#DW#WKLV#WLPH1##+RZHYHU/#EHFDXVH#ZLWKLQ#DQ#DIIHFWHG#VWXG\#KHSDWLWLV#LV#REVHUYHG#RQO\#UDUHO\#LQ
IHPDOHV/#XQWLO#GHILQLWLYH#GDWD#VXJJHVW#RWKHUZLVH/#LW#LV#FRQFOXGHG#WKDW#WKH#LQWHUSUHWDWLRQ#RI#DQ#DSSDUHQW
FKHPLFDO0LQGXFHG#QHRSODVWLF#HIIHFW#LQ#WKH#OLYHU#RI#IHPDOH#PLFH#LV#QRW#FRQIRXQGHG1##7R#FHQVRU#WKH#IHZ#IHPDOHV
ZLWK#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV#IURP#DQ\#VWDWLVWLFDO#DQDO\VHV#RI#KHSDWRFHOOXODU#QHRSODVPV#ZRXOG#EH
SUXGHQW1##6WXGLHV#LQ#WKH#RVWHQVLEO\#PRUH#VHQVLWLYH#$2-&U#PRXVH#+)R[#HW#DO1/#4<<9,#DOVR#VKRZHG#VLJQLILFDQW
LQFUHDVHV#LQ#QHRSODVP#LQFLGHQFHV#DQG#FHOO#SUROLIHUDWLRQ#UDWHV#LQ#WKH#OLYHU#RI#+1#KHSDWLFXV0LQIHFWHG#PDOHV/#EXW
QRW#IHPDOHV1###

$QRWKHU#FRQFHUQ#LV#KRZ#WR#LQWHUSUHW#SRVVLEOH#FKHPLFDO0UHODWHG#HIIHFWV#LQ#D#VWXG\#LQ#ZKLFK#WKH#VWDWXV#RI
+1#KHSDWLFXV#LQIHFWLRQ#FDQQRW#EH#GHWHUPLQHG#E\#3&505)/3#EHFDXVH#RQO\#WLVVXHV#IL[HG#LQ#IRUPDOLQ#IRU#PRUH
WKDQ#7;#KRXUV#DUH#DYDLODEOH1##:KLOH#KLVWRORJLF#HYDOXDWLRQ#LV#LQDGHTXDWH#WR#LGHQWLI\#LQIHFWLRQ/#LW#DSSHDUV
DGHTXDWH#IRU#LGHQWLI\LQJ#KHSDWLWLV#VHYHUH#HQRXJK#WR#DOWHU#WKH#RXWFRPH#RI#WKH#VWXG\1##7KHUHIRUH/#LQ#WKH#DEVHQFH
RI#VLJQLILFDQW#KLVWRORJLF#HYLGHQFH#RI#+1#KHSDWLFXV0DVVRFLDWHG#KHSDWLWLV/#WKH#RXWFRPH#RI#D#50\HDU#VWXG\#VKRXOG
QRW#EH#FRQVLGHUHG#SRWHQWLDOO\#FRPSURPLVHG1

7KH#FDXVDOLW\#EHWZHHQ#+1#KHSDWLFXV#LQIHFWLRQ#DQG#QHRSODVLD#KDV#QRW#EHHQ#SURYHQ#LQ#WKH#%9&6) #PRXVH#LQ4

WKHVH#VWXGLHV/#QRU#KDV#WKH#PHFKDQLVP#RI#WKLV#DVVRFLDWLRQ#EHHQ#GHWHUPLQHG>#IXUWKHU#VWXGLHV#DUH#QHHGHG1#
+RZHYHU/#VXIILFLHQW#LQIRUPDWLRQ#H[LVWV#WR#PDNH#UHDVRQDEOH#VFLHQWLILF#MXGJPHQWV#UHODWLYH#WR#WKH#LQWHUSUHWDWLRQ
RI#GDWD#IURP#WKH#QLQH#50\HDU#FDUFLQRJHQLFLW\#VWXGLHV#LQ#WKH#%9&6) #PRXVH1##5HILQHPHQWV#WR#WKH#DERYH4

LQWHUSUHWLYH#SRVLWLRQV#PD\#RFFXU#LI#ZDUUDQWHG#E\#IXWXUH#LQIRUPDWLRQ1
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5()(5(1&(6
&UDDQHQ/#01(1/#%ORN/#31/#7RS/#%1/#%RHUULJWHU/#/1/#'HNNHU/#:1/#2IIHUKDXV/#*1-1$1/#7\WJDW/#*111-1/#DQG
5RGHQKXLV/#61#+4<<8,1##$EVHQFH#RI#UDV#JHQH#PXWDWLRQV#LQ#HDUO\#JDVWULF#FDUFLQRPDV1##*XW#6:/#:8;0:951

'HZ/#-1$1/#&OLIWRQ/#/1*1/#6DQGHUV/#%1/1/#DQG#5H\QROGV/#5131#+4<<:,1##&RPSDULVRQ#RI#UHVXOWV#RI
+HOLFREDFWHU#WHVWV#SHUIRUPHG#E\#FRPPHUFLDO#ODERUDWRULHV1##&RQWHPS1#7RS1#+$$/$6,#69/#931##+$EVWU1,

(OGULGJH/#6151/#DQG#*ROGVZRUWK\/#6101#+4<<9,1##&HOO#SUROLIHUDWLRQ#UDWHV#LQ#FRPPRQ#FDQFHU#WDUJHW#WLVVXHV#RI
%9&6)4#PLFH#DQG#)677#UDWV=##(IIHFWV#RI#DJH/#JHQGHU/#DQG#FKRLFH#RI#PDUNHU1##)XQGDP1#$SSO1#7R[LFRO1#65/
48<049:1

)R[/#-1*1/#&RUUHD/#31/#7D\ORU/#1161/#=DYDOD/#'1/#)RQWKDP/#(1/#-DQQH\/#)1/#5RGULTXH]/#(1/#+XQWHU/#)1/#DQG
'LDYROLWVLV/#61#+4<;<,1##&DPS\OREDFWHU#S\ORUL0DVVRFLDWHG#JDVWULWLV#DQG#LPPXQH#UHVSRQVH#LQ#D#SRSXODWLRQ#DW
LQFUHDVHG#ULVN#RI#JDVWULF#FDUFLQRPD1##$P1#-1#*DVWURHQWHURO1#;7/#::80:;41

)R[/#-1*1/#'HZKLUVW/#)1(1/#7XOO\/#-1*1/#3DVWHU/#%1-1/#<DQ/#/1/#7D\ORU/#1161/#&ROOLQV/#01-1/#-U1/
*RUHOLFN/#31/1/#DQG#:DUG/#-101#+4<<7,1##+HOLFREDFWHU#KHSDWLFXV#VS1#QRY1/#D#PLFURDHURSKLOLF#EDFWHULXP
LVRODWHG#IURP#OLYHUV#DQG#LQWHVWLQDO#PXFRVDO#VFUDSLQJV#IURP#PLFH1##-1#&OLQ1#0LFURELRO1#65/#456;045781

)R[/#-1*1/#<DQ/#/1/1/#'HZKLUVW/#)1(1/#3DVWHU/#%1-1/#6KDPHV/#%1/#0XUSK\/#-1&1/#+D\ZDUG/#$1/
%HOFKHU/#-1&1/#DQG#0HQGHV/#(111#+4<<8,1##+HOLFREDFWHU#ELOLV#VS1#QRY1/#D#QRYHO#+HOLFREDFWHU#VSHFLHV#LVRODWHG
IURP#ELOH/#OLYHUV/#DQG#LQWHVWLQHV#RI#DJHG/#LQEUHG#PLFH1##-1#&OLQ1#0LFURELRO1#66/#77807871

)R[/#-1*1/#/L/#;1/#<DQ/#/1/#&DKLOO/#51-1/#+XUOH\/#51/#/HZLV/#51/#DQG#0XUSK\/#-1&1#+4<<9,1##&KURQLF
SUROLIHUDWLYH#KHSDWLWLV#LQ#$2-&U#PLFH#DVVRFLDWHG#ZLWK#SHUVLVWHQW#+HOLFREDFWHU#KHSDWLFXV#LQIHFWLRQ=##$#PRGHO#RI
+HOLFREDFWHU0LQGXFHG#FDUFLQRJHQHVLV1##,QIHFW1#,PPXQ1#97/#487;0488;1

)R[/#-1*1/#0DF*UHJRU/#-1/#6KHQ/#=1/#/L/#;1/#/HZLV/#51/#DQG#'DQJOHU/#&1$1#+4<<;,1##5ROH#RI#+HOLFREDFWHU
KHSDWLFXV#LQ#FRQIRXQGLQJ#UHVXOWV#RI#D#WULHWKDQRODPLQH#FDUFLQRJHQHVLV#VWXG\#LQ#PLFH1##-1#&OLQ1#0LFURELRO1
+LQ#SUHVV,

*DUHZDO/#+1/#%HUQVWHLQ/#+1/#%HUQVWHLQ/#&1/#6DPSOLQHU/#51/#DQG#3D\QH/#&1#+4<<9,1##5HGXFHG#ELOH#DFLG0
LQGXFHG#DSRSWRVLV#LQ#´QRUPDOµ#FRORUHFWDO#PXFRVD=##$#SRWHQWLDO#ELRORJLFDO#PDUNHU#IRU#FDQFHU#ULVN1##&DQFHU
5HV1#89/#47;3047;61

*DUYH\/#:1/#)DWKL/#$1/#DQG#%LJHORZ/#)1#+4<;8,1##0RGLILHG#6WHLQHU#IRU#WKH#GHPRQVWUDWLRQ#RI#VSLURFKHWHV1#
-1#+LVWRWHFKQRO1#;/#4804:1

*DYULHOL/#<1/#6KHUPDQ/#<1/#DQG#%HQ06DVVRQ/#61$1#+4<<5,1##,GHQWLILFDWLRQ#RI#SURJUDPPHG#FHOO#GHDWK#LQ#VLWX
YLD#VSHFLILF#ODEHOLQJ#RI#QXFOHDU#'1$#IUDJPHQWDWLRQ1##-1#&HOO#%LRO1#44</#7<608341

*ROGVZRUWK\/#71/1/#)UDQVVRQ06WHHQ/#51/#DQG#0DURQSRW/#5151#+4<<9,1##,PSRUWDQFH#RI#DQG#DSSURDFKHV#WR
TXDQWLILFDWLRQ#RI#KHSDWRF\WH#DSRSWRVLV1##7R[LFRO1#3DWKRO1#57/#570681

*UDKDP/#'1<1#+4<;<,1##&DPS\OREDFWHU#S\ORUL#DQG#SHSWLF#XOFHU#GLVHDVH1##*DVWURHQWHURORJ\#<9/#94809581

+DVHPDQ/#-1.1#+4<<5,1##9DOXH#RI#KLVWRULFDO#FRQWUROV#LQ#WKH#LQWHUSUHWDWLRQ#RI#URGHQW#WXPRU#GDWD1##'UXJ#,QI1#-1
59/#4<405331
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,QWHUQDWLRQDO#$JHQF\#IRU#5HVHDUFK#RQ#&DQFHU#+,$5&,#+4<<7,1##,$5&#0RQRJUDSKV#RQ#WKH#(YDOXDWLRQ#RI
&DUFLQRJHQLF#5LVNV#WR#+XPDQV=##6FKLVWRVRPHV/#/LYHU#)OXNHV#DQG#+HOLFREDFWHU#S\ORUL/#9RO1#941##,$5&/
/\RQ/#)UDQFH1

/HH/#$1/#)R[/#-1/#DQG#+D]HOO/#61#+4<<6,1##3DWKRJHQLFLW\#RI#+HOLFREDFWHU#S\ORUL=##$#SHUVSHFWLYH1##,QIHFW1
,PPXQ1#94/#4934049431

/HH/#*10+1/#DQG#'ULQNZDWHU/#1151#+4<<8,1##+HSDWRFDUFLQRJHQHVLV#LQ#%;+#UHFRPELQDQW#LQEUHG#VWUDLQV#RI
PLFH=##$QDO\VLV#RI#GLYHUVH#SKHQRW\SLF#HIIHFWV#RI#WKH#KHSDWRFDUFLQRJHQ#VHQVLWLYLW\#ORFL1##0RO1#&DUFLQRJ1#47/
4<304<:1

0DODUNH\/#'1(1/#7RQ/#71091/#+DLOH\/#-151/#DQG##'HYHUHDX[/#7151#+4<<:,1##$#3&505)/3#PHWKRG#IRU#WKH
GHWHFWLRQ#RI#+HOLFREDFWHU#KHSDWLFXV#LQ#IUR]HQ#RU#IL[HG#OLYHU#IURP#%9&6) #PLFH1##7R[LFRO1#3DWKRO1#58/4

93909451

0DUPXU/#-1#+4<94,1##$#SURFHGXUH#IRU#WKH#LVRODWLRQ#RI#GHR[\ULERQXFOHLF#DFLG#IURP#PLFUR0RUJDQLVPV1##-1#0RO1
%LRO1#6/#53;054;1

0DURQSRW/#5151/#)R[/#71/#0DODUNH\/#'1(1/#DQG#*ROGVZRUWK\/#71/1#+4<<8,1##0XWDWLRQV#LQ#WKH#UDV#SURWR0
RQFRJHQH=##&OXHV#WR#HWLRORJ\#DQG#PROHFXODU#SDWKRJHQHVLV#RI#PRXVH#OLYHU#WXPRUV1##7R[LFRORJ\#434/#45804891

0DUVKDOO/#%1-1/#DQG#:DUUHQ/#-151#+4<;7,1##8QLGHQWLILHG#FXUYHG#EDFLOOL#LQ#WKH#VWRPDFK#RI#SDWLHQWV#ZLWK
JDVWULWLV#DQG#SHSWLF#XOFHUDWLRQ1##/DQFHW#4/#4644046471

1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<6,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#2[D]HSDP#+&$6
1R1#9370:804,#LQ#6ZLVV#:HEVWHU#DQG#%9&6) #0LFH#+)HHG#6WXGLHV,1##7HFKQLFDO#5HSRUW#6HULHV#1R1#7761##1,+4

3XEOLFDWLRQ#1R1#<60668<1##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/#3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO
,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1

1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<9,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#407UDQV0GHOWD 0<

WHWUDK\GURFDQQDELQRO#+&$6#1R1#4<:503;06,#LQ#)67721#5DWV#DQG#%9&6) 0LFH#+*DYDJH#6WXGLHV,1##7HFKQLFDO4#

5HSRUW#6HULHV#1R1#7791##1,+#3XEOLFDWLRQ#1R1#<:066951##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/
3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1

1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<:,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#6FRSRODPLQH
+\GUREURPLGH#7ULK\GUDWH#+&$6#1R1#986609;05,#LQ#)67721#5DWV#DQG#%9&6) #0LFH#+*DYDJH#6WXGLHV,1#4

7HFKQLFDO#5HSRUW#6HULHV#1R1#7781##1,+#3XEOLFDWLRQ#1R1#<:066941##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ
6HUYLFHV/#3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1

1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<;D,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#7ULHWKDQRODPLQH
+&$6#1R1#4350:409,#LQ#)67721#5DWV#DQG#%9&6) #0LFH#+'HUPDO#6WXGLHV,1##7HFKQLFDO#5HSRUW#6HULHV4

1R1#77<1##1,+#3XEOLFDWLRQ#1R1#<;066981##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/#3XEOLF#+HDOWK
6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1##+LQ#SUHSDUDWLRQ,

1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<;E,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#&REDOW#6XOIDWH
+HSWDK\GUDWH#+&$6#1R1#4335905704,#LQ#)67721#5DWV#DQG#%9&6) #0LFH#+,QKDODWLRQ#6WXGLHV,1##7HFKQLFDO4

5HSRUW#6HULHV#1R1#7:41##1,+#3XEOLFDWLRQ#1R1#<;06<941##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/
3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1##+LQ#SUHVV,
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1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<;F,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#&KORURSUHQH
+&$6#1R1#4590<<0;,#LQ#)67721#5DWV#DQG#%9&6) #0LFH#+,QKDODWLRQ#6WXGLHV,1##7HFKQLFDO#5HSRUW#6HULHV4

1R1#79:1##1,+#3XEOLFDWLRQ#1R1#<;06<8:1##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/#3XEOLF#+HDOWK
6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1##+LQ#SUHVV,

1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<;G,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#7HFKQLFDO#*UDGH
6RGLXP#;\OHQHVXOIRQDWH#+&$6#1R1#46330:50:,#LQ#)67721#5DWV#DQG#%9&6) #0LFH#+'HUPDO#6WXGLHV,1#4

7HFKQLFDO#5HSRUW#6HULHV#1R1#7971##1,+#3XEOLFDWLRQ#1R1#<;066;31##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ
6HUYLFHV/#3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1##+LQ#SUHVV,

1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<;H,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI##$=7#+&$6
1R1#638490;:04,#DQG#$=72û0,QWHUIHURQ#$2'#LQ#%9&6) #0LFH#+*DYDJH#6WXGLHV,1##7HFKQLFDO#5HSRUW#6HULHV4

1R1#79<1##1,+#3XEOLFDWLRQ#1R1#<;06<8<1##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/#3XEOLF#+HDOWK
6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1##+LQ#SUHVV,

1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<;I,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#7KHRSK\OOLQH
+&$6#1R1#8;0880<,#LQ#)67721#5DWV#DQG#%9&6) #0LFH#+)HHG#DQG#*DYDJH#6WXGLHV,1##7HFKQLFDO#5HSRUW#6HULHV4

1R1#7:61##1,+#3XEOLFDWLRQ#1R1#<;06<961##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/#3XEOLF#+HDOWK
6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1##+LQ#SUHVV,

1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<;J,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#0HWK\OHXJHQRO
+&$6#1R1#<604805,#LQ#)67721#5DWV#DQG#%9&6) #0LFH#+*DYDJH#6WXGLHV,1##7HFKQLFDO#5HSRUW#6HULHV#1R1#7<41#4

1,+#3XEOLFDWLRQ#1R1#<;06<831##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/#3XEOLF#+HDOWK#6HUYLFH/
1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1##+LQ#SUHSDUDWLRQ,

1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#+4<<;K,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#'LHWKDQRODPLQH
+&$6#1R1#44407505,#LQ#)67721#5DWV#DQG#%9&6) #0LFH#+'HUPDO#6WXGLHV,1##7HFKQLFDO#5HSRUW#6HULHV4

1R1#7:;1##1,+#3XEOLFDWLRQ#1R1#<;06<9;1##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/#3XEOLF#+HDOWK
6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1##+LQ#SUHVV,

1RPXUD/#$1/#6WHPPHUPDQQ/#*111/#&K\RX/#31/#.DWR/#,1/#3HUH]03HUH]/#*1,1/#DQG#%ODVHU/#01-1#+4<<4,1#
+HOLFREDFWHU#S\ORUL#LQIHFWLRQ#DQG#JDVWULF#FDUFLQRPD#DPRQJ#-DSDQHVH#$PHULFDQV#LQ#+DZDLL1##11#(QJO1#-1
0HG1#658/#4465044691

1\VND/#$1/#0DURQSRW/#5151/#(OGULGJH/#6151/#+DVHPDQ/#-1.1/#DQG#+DLOH\/#-151#+4<<:,1##$OWHUDWLRQ#LQ#FHOO
NLQHWLFV#LQ#FRQWURO#%9&6) #PLFH#LQIHFWHG#ZLWK#+HOLFREDFWHU#KHSDWLFXV1##7R[LFRO1#3DWKRO1#58/#8<408<914

3DUVRQQHW/#-1/#)ULHGPDQ/#*1'1/#9DQGHUVWHHQ/#'131/#&KDQJ/#<1/#9RJHOPDQ/#-1+1/#2UHQWUHLFK/#11/#DQG
6LEOH\/#51.1#+4<<4,1##+HOLFREDFWHU#S\ORUL#LQIHFWLRQ#DQG#WKH#ULVN#RI#JDVWULF#FDUFLQRPD1##11#(QJO1#-1#0HG1
658/#445:044641

5DR/#*111/#+LFNPDQ/#51/1/#6HLONRS/#61.1/#DQG#%RRUPDQ/#*1$1#+4<;:,1##8WHUR0RYDULDQ#LQIHFWLRQ#LQ#DJHG
%9&6)4#PLFH1##/DE1#$QLPDO#6FL1#6:/#486048;1

5LOH\/#/1.1/#)UDQNOLQ/#&1/1/#+RRN/#5151/#-U1/#DQG#%HVFK0:LOOLIRUG/#&1#+4<<9,1##,GHQWLILFDWLRQ#RI#PXULQH
+HOLFREDFWHUV#E\#3&5#DQG#UHVWULFWLRQ#HQ]\PH#DQDO\VHV1##-1#&OLQ1#0LFURELRO1#67/#<750<791

6HLONRS/#61.1#+4<<8,1##7KH#HIIHFW#RI#ERG\#ZHLJKW#RQ#WXPRU#LQFLGHQFH#DQG#FDUFLQRJHQLFLW\#WHVWLQJ#LQ#%9&6) 4

PLFH#DQG#)677#UDWV1##)XQGDP1#$SSO1#7R[LFRO1#57/#57:058<1
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6KDPHV/#%1/#)R[/#-1*1/#'HZKLUVW/#)1/#<DQ/#/1/#6KHQ/#=1/#DQG#7D\ORU/#1161#+4<<8,1##,GHQWLILFDWLRQ#RI
ZLGHVSUHDG#+HOLFREDFWHU#KHSDWLFXV#LQIHFWLRQ#LQ#IHFHV#LQ#FRPPHUFLDO#PRXVH#FRORQLHV#E\#FXOWXUH#DQG#3&5
DVVD\1##-1#&OLQ1#0LFURELRO1#66/#5<9;05<:51

6LOOV/#51&1/#+RQJ/#+1/1/#*UHHQZHOO/#$1/#+HUEHUW/#51$1/#%RRUPDQ/#*1$1/#DQG#'HYHUHX[/#7151#+4<<8,1#
,QFUHDVHG#IUHTXHQF\#RI#.0UDV#PXWDWLRQV#LQ#OXQJ#QHRSODVPV#IURP#IHPDOH#%9&6)4#PLFH#H[SRVHG#WR#R]RQH#IRU
57#RU#63#PRQWKV1##&DUFLQRJHQHVLV#49/#49560495;1

6LSRZLF]/#01$1/#:HJKRUVW/#&101/#6KLR/#<10+1/#%X]DUG/#*161/#&DOYHUW/#51-1/#$QYHU/#0151/
$QGHUVRQ/#/101/#DQG#5LFH/#-101#+4<<:,1##/DFN#RI#S86#DQG#UDV#PXWDWLRQV#LQ#+HOLFREDFWHU#KHSDWLFXV0LQGXFHG
OLYHU#WXPRUV#LQ#$2-&U#PLFH1##&DUFLQRJHQHVLV#4;/#56605691

7D\ORU/#1161/#)R[/#-1*1/#DQG#<DQ/#/1#+4<<8,1##,Q0YLWUR#KHSDWRWR[LF#IDFWRU#LQ#+HOLFREDFWHU#KHSDWLFXV/
+1#S\ORUL#DQG#RWKHU#+HOLFREDFWHU#VSHFLHV1##-1#0HG1#0LFURELRO1#75/#7;0851

:DUG/#-101/#$QYHU/#0151/#+DLQHV/#'1&1/#7XOO\/#-1*1/#-U1/#&ROOLQV/#01-1/#-U1/#*RUHOLFN/#31/1/
$QGHUVRQ/#/1/#5LFH/#-101/#DQG#5XVVHOO/#51-1#+4<<6,1##$#XQLTXH#KHSDWLWLV#LQ#PLFH#DVVRFLDWHG#ZLWK#D#KHOLFDO
EDFWHULXP1##7R[LFRO1#3DWKRO1#54/#8<41##+$EVWU1,

:DUG/#-101/#)R[/#-1*1/#$QYHU/#0151/#+DLQHV/#'1&1/#*HRUJH/#&191/#&ROOLQV/#01-1/#-U1/#*RUHOLFN/#31/1/
1DJDVKLPD/#.1/#*RQGD/#01$1/#*LOGHQ/#5191/#7XOO\/#-1*1/#5XVVHOO/#51-1/#%HQYHQLVWH/#51(1/#3DVWHU/#%1-1/
'HZKLUVW/#)1(1/#'RQRYDQ/#-1&1/#$QGHUVRQ/#/101/#DQG#5LFH/#-101#+4<<7D,1##&KURQLF#DFWLYH#KHSDWLWLV#DQG
DVVRFLDWHG#OLYHU#WXPRUV#LQ#PLFH#FDXVHG#E\#D#SHUVLVWHQW#EDFWHULDO#LQIHFWLRQ#ZLWK#D#QRYHO#+HOLFREDFWHU#VSHFLHV1#
-1#1DWO1#&DQFHU#,QVW1#;9/#45550455:1

:DUG/#-101/#$QYHU/#0151/#+DLQHV/#'1&1/#DQG#%HQYHQLVWH/#51(1#+4<<7E,1##&KURQLF#DFWLYH#KHSDWLWLV#LQ#PLFH
FDXVHG#E\#+HOLFREDFWHU#KHSDWLFXV1##$P1#-1#3DWKRO1#478/#<8<0<9;1

:DUG/#-101/#%HQYHQLVWH/#51(1/#)R[/#&1+1/#%DWWOHV/#-1.1/#*RQGD/#01$1/#DQG#7XOO\/#-1*1#+4<<9,1#
$XWRLPPXQLW\#LQ#FKURQLF#DFWLYH#+HOLFREDFWHU#KHSDWLWLV#RI#PLFH1##$P1#-1#3DWKRO1#47;/#83<084:1

:RWKHUVSRRQ/#$1&1/#'RJOLRQL/#&1/#'LVV/#71&1/#3DQ/#/1/#0RVFKLQL/#$1/#GH#%RQL/#01/#DQG#,VDDFVRQ/#31*1
+4<<6,1##5HJUHVVLRQ#RI#SULPDU\#ORZ0JUDGH#%0FHOO#JDVWULF#O\PSKRPD#RI#PXFRVD0DVVRFLDWHG#O\PSKRLG#WLVVXH
W\SH#DIWHU#HUDGLFDWLRQ#RI#+HOLFREDFWHU#S\ORUL1##/DQFHW#675/#8:808::1
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7$%/(#/4
,QFLGHQFH#RI#+HOLFREDFWHU#KHSDWLFXV0$VVRFLDWHG#+HSDWLWLV#LQ#&RQWURO#%9&6) #0LFH#4

IURP#1LQH#173#50<HDU#6WXGLHVD

,QFLGHQFH#RI#+HSDWLWLV#+(,

6WXG\ 0DOHV )HPDOHV

6RGLXP#[\OHQHVXOIRQDWH :; 7
$=728/333#8#û0LQWHUIHURQ#$2' :9 7
&REDOW#VXOIDWH#KHSWDK\GUDWH :5 ;
$=72833#8#û0LQWHUIHURQ#$2' 99 3
&KORURSUHQH 87 3
7KHRSK\OOLQH 65 3
û0,QWHUIHURQ#$2' 55 7
7ULHWKDQRODPLQH 53 3
$=7 49 5

$YHUDJH 7; 5

,QFOXGHV#UHJHQHUDWLRQ#DQG#PLOG#WR#PDUNHG#+H[FOXGHV#PLQLPDO,#FKURQLF#LQIODPPDWLRQ/#NDU\RPHJDO\/#RYDO#FHOO#K\SHUSODVLD/#DQG#ELOH#GXFWD

K\SHUSODVLD1##$=7Û610D]LGR0610GHR[\WK\PLGLQH

7$%/(#/5
,GHQWLILFDWLRQ#RI#+HOLFREDFWHU#KHSDWLFXV#ZLWK#3&505)/30%DVHG#$VVD\V#LQ#&RQWURO#%9&6) #0LFH#4

IURP#65#173#50<HDU#6WXGLHV#DQG#7KUHH#173#460:HHN#6WXGLHVD

+1#KHSDWLFXV03RVLWLYH#6WXGLHVE

7\SH#RI#6DPSOH 7RWDO $IIHFWHG 8QDIIHFWHG
6WXGLHV 6WXGLHV 6WXGLHV

460:HHN#6WXGLHV

)RUPDOLQ0IL[HG#OLYHU 6 ³ 426F

50<HDU#6WXGLHV

)UR]HQ#OLYHU 55 626 624<
)RUPDOLQ0IL[HG#OLYHU 43 429 327F

3&505)/3ÛSRO\PHUDVH#FKDLQ#UHDFWLRQ0UHVWULFWLRQ#IUDJPHQW#OHQJWK#SRO\PRUSKLVPD

1XPEHU#RI#+1#KHSDWLFXV0SRVLWLYH#VWXGLHV2QXPEHU#RI#DIIHFWHG#RU#XQDIIHFWHG#VWXGLHV1##$IIHFWHG#VWXGLHV#DUH#WKRVH#LQ#ZKLFK#KHSDWLWLV#W\SLFDO#RIE

WKDW#DVVRFLDWHG#ZLWK#+1#KHSDWLFXV#LQIHFWLRQ#RFFXUUHG#LQ#PDQ\#PDOH#PLFH1##
2QO\#RQH#DQLPDO#LQ#WKH#SRVLWLYH#VWXG\#ZDV#SRVLWLYH#IRU#+1#KHSDWLFXV1F
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7$%/(#/6
&RPSDULVRQ#RI#1HRSODVP#,QFLGHQFHV#LQ#&RQWURO#%9&6) #0LFH4

IURP#+HOLFREDFWHU#KHSDWLFXV0$IIHFWHG#DQG#8QDIIHFWHG#173#50<HDU#6WXGLHV

0DOHV )HPDOHV
$IIHFWHG 8QDIIHFWHG $IIHFWHG 8QDIIHFWHG
6WXGLHV 6WXGLHV 6WXGLHV 6WXGLHVD

1XPEHU#RI#VWXGLHV < 59 < 59
6XUYLYDO#+(, 97 :4 9; 9;
4500RQWK#ERG\#ZW#+J, 7;13 7;16 7;14 7:13

1HRSODVP#LQFLGHQFH#+(,
/LYHU :416- 871; 8316 7318
/XQJ 5919 5615 :19 4316
3LWXLWDU\#JODQG 317 31; 471: 4716
+DUGHULDQ#JODQG 819 914 913 71<
/\PSKRPD 91< 916 4915 4818
&LUFXODWRU\#V\VWHP <1; 913 816 71:
##OLYHU#RQO\ :14- 518 ³ ³
$OO#EHQLJQ 941; 8:15 8<14 8719
$OO#PDOLJQDQW 9416- 731< 8313 7715
$OO#QHRSODVPV ;;13- ::17 ;51: :817

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#XQDIIHFWHG#VWXGLHV
$IIHFWHG#VWXGLHV#DUH#WKRVH#LQ#ZKLFK#KHSDWLWLV#W\SLFDO#RI#WKDW#DVVRFLDWHG#ZLWK#+1#KHSDWLFXV#LQIHFWLRQ#RFFXUUHG#LQ#PDQ\#PDOH#PLFH1D
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7$%/(#/7#
/LYHU#1HRSODVP#,QFLGHQFHV#DQG#%RG\#:HLJKWV#RI#&RQWURO#%9&6) #0LFH#4

LQ#5HODWLRQ#WR#6WXG\#6WDUW#'DWHV#RI#+HOLFREDFWHU#KHSDWLFXV0$IIHFWHG#DQG#8QDIIHFWHG#173#50<HDU#6WXGLHVD

/LYHU#1HRSODVP#,QFLGHQFH#+(, 0HDQ#%RG\#:HLJKW#+J,
6WXG\#6WDUW#'DWH $IIHFWHG 8QDIIHFWHG $IIHFWHG 8QDIIHFWHG

6WXGLHV 6WXGLHV 6WXGLHV 6WXGLHVD

0DOH

$SULO#WR#6HSWHPEHU#4<;; ³ 761;#+;, ³ 7915#+;,E

2FWREHU#4<;; 9513#+4, ³ 7;16#+4, ³
1RYHPEHU#4<;;#WR#6HSWHPEHU#4<;< ³ 8519#+:, ³ 7;1:#+:,
2FWREHU#4<;<#WR#-XQH#4<<3 ³ 9415#+8, ³ 7;1<#+8,
-XO\#4<<3#WR#-DQXDU\#4<<4 :518#+;, 9915#+7, 7;13#+;, 7<13#+7,
)HEUXDU\#4<<4#WR#$SULO#4<<5 ³ 9;13#+5, ³ 851;#+5,

$YHUDJH :416 871; 7;13 7;16

)HPDOH

$SULO#WR#6HSWHPEHU#4<;; ³ 6414#+;, ³ 771;#+;,
2FWREHU#4<;; 7913#+4, ³ 7917#+4, ³
1RYHPEHU#4<;;#WR#6HSWHPEHU#4<;< ³ 6<1<#+:, ³ 7:15#+:,
2FWREHU#4<;<#WR#-XQH#4<<3 ³ 6;19#+8, ³ 781<#+8,
-XO\#4<<3#WR#-DQXDU\#4<<4 831<#+;, 8715#+7, 7;16#+;, 7;13#+7,
)HEUXDU\#4<<4#WR#$SULO#4<<5 ³ 8;13#+5, ³ 8819#+5,

$YHUDJH 8316 7318 7;14 7:13

,QFOXGHV#QLQH#DIIHFWHG#VWXGLHV#+WKRVH#LQ#ZKLFK#KHSDWLWLV#W\SLFDO#RI#WKDW#DVVRFLDWHG#ZLWK#+1#KHSDWLFXV#LQIHFWLRQ#RFFXUUHG#LQ#PDQ\#PDOH#PLFH,#DQGD

59#XQDIIHFWHG#VWXGLHV
1XPEHU#RI#VWXGLHV#LV#JLYHQ#LQ#SDUHQWKHVHV1E
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7$%/(#/8
$VVRFLDWLRQ#RI#/LYHU#1HRSODVP#,QFLGHQFH#DQG#6HYHULW\#RI#+HOLFREDFWHU#KHSDWLFXV0$VVRFLDWHG#+HSDWLWLV#
LQ#&RQWURO#%9&6) #0LFH#IURP#1LQH#$IIHFWHG#173#50<HDU#6WXGLHV4

D

/LYHU#1HRSODVP#,QFLGHQFH

6HYHULW\#RI#+HSDWLWLV 0DOHV )HPDOHV

$EVHQW 43424:8#+8;(, 4<926<9#+7<(,
0LQLPDO 7728:#+::(, 56275#+88(,
0LOG2PRGHUDWH 4:9254;#+;4(, :244#+97(,

6LJQLILFDQFH#RI#DVVRFLDWLRQ 3?3138 16E

$IIHFWHG#VWXGLHV#DUH#WKRVH#LQ#ZKLFK#KHSDWLWLV#W\SLFDO#RI#WKDW#DVVRFLDWHG#ZLWK#+1#KHSDWLFXV#LQIHFWLRQ#RFFXUUHG#LQ#PDQ\#PDOH#PLFH1D

16ÛQRW#VLJQLILFDQWE

7$%/(#/9
+0UDV#&RGRQ#94#$$$#0XWDWLRQV#LQ#6SRQWDQHRXV#/LYHU#1HRSODVPV#LQ#&RQWURO#%9&6) #0LFH#4

IURP#+HOLFREDFWHU#KHSDWLFXV0$IIHFWHG#DQG#8QDIIHFWHG#173#50<HDU#6WXGLHV

6WXG\ $IIHFWHG +0UDV#$$$#0XWDWLRQVD

0DOH

&REDOW#VXOIDWH#KHSWDK\GUDWH . 3243#+3(,
&KORURSUHQH . 4246#+;(,
7ULHWKDQRODPLQH . 4243#+43(,

2[D]HSDP ³ :24;#+6<(,
'LHWKDQRODPLQH ³ 7249#+58(,

+LVWRULFDO#FRQWURO#GDWDEDVH 4392666#+65(,

)HPDOH

&KORURSUHQH . 3243#+3(,
7ULHWKDQRODPLQH . 4248#+:(,

'LHWKDQRODPLQH ³ 4244#+<(,

+LVWRULFDO#FRQWURO#GDWDEDVH 4392666#+65(,

.ÛDIIHFWHG>#³ÛQRW#DIIHFWHG1##$IIHFWHG#VWXGLHV#DUH#WKRVH#LQ#ZKLFK#KHSDWLWLV#W\SLFDO#RI#WKDW#DVVRFLDWHG#ZLWK#+1#KHSDWLFXV#LQIHFWLRQ#RFFXUUHG#LQD

PDQ\#PDOH#PLFH1
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7$%/(#/:
3UROLIHUDWLQJ#&HOO#1XFOHDU#$QWLJHQ#/DEHOLQJ#,QGLFHV#LQ#WKH#/LYHU#RI#&RQWURO#%9&6) #0LFH4

D

+HSDWLWLV 1R1#RI 3&1$#/DEHOLQJ $YHUDJH#3&1$
$QLPDOV ,QGH[ /DEHOLQJ#,QGH[E F

0DOH

&REDOW#VXOIDWH#KHSWDK\GUDWH . 48 31868#�#3145<G

&KORURSUHQH . 45 41785#�#316;9G

7ULHWKDQRODPLQH . < 41548#�#316:7 41344G

&REDOW#VXOIDWH#KHSWDK\GUDWH ³ : 314:8#�#3144:
&KORURSUHQH ³ 43 315<9#�#31457
7ULHWKDQRODPLQH ³ 45 31433#�#31375 314;9

407UDQV0GHOWD 0WHWUDK\GURFDQQDELQRO ³ 48 31375#�#31344< H

6FRSRODPLQH#K\GUREURPLGH#WULK\GUDWH ³ 47 31376#�#31345I

0HWK\OHXJHQRO ³ 47 313::#�#31353I

0RXVH#OLIH0VSDQ#VWXG\ ³ 48 3154:#�#31;;3I

)HPDOH

&REDOW#VXOIDWH#KHSWDK\GUDWH . 8 31494#�#31395

&REDOW#VXOIDWH#KHSWDK\GUDWH ³ 4: 31388#�#31348
&KORURSUHQH ³ 45 31487#�#31383
7ULHWKDQRODPLQH ³ 45 3146;#�#31386 3143;

407UDQV0GHOWD 0WHWUDK\GURFDQQDELQRO ³ 46 31489#�#3137:<

6FRSRODPLQH#K\GUREURPLGH#WULK\GUDWH ³ 48 31365#�#3133<

$#SRUWLRQ#RI#WKHVH#GDWD#DUH#SUHVHQWHG#LQ#1\VND#HW#DO1#+4<<:,1##.ÛKHSDWLWLV#SUHVHQW>#³ÛQR#KHSDWLWLV#SUHVHQWD

0HDQ#�#VWDQGDUG#HUURU>#3&1$ÛSUROLIHUDWLQJ#FHOO#QXFOHDU#DQWLJHQE

$YHUDJH#RI#WKH#PHDQ#ODEHOLQJ#LQGLFHV#IRU#DQLPDOV#IURP#DOO#WKUHH#VWXGLHVF

$IIHFWHG#VWXG\#+RQH#LQ#ZKLFK#KHSDWLWLV#W\SLFDO#RI#WKDW#DVVRFLDWHG#ZLWK#+1#KHSDWLFXV#RFFXUUHG#LQ#PDQ\#PDOH#PLFH,G

8QDIIHFWHG#VWXG\#+RQH#LQ#ZKLFK#WKH#W\SLFDO#KHSDWLWLV#GLG#QRW#RFFXU#LQ#PLFH,H

8QDIIHFWHG#VWXG\#ZLWK#QR#W\SLFDO#KHSDWLWLV/#EXW#SRVLWLYH#IRU#+1#KHSDWLFXV#E\#SRO\PHUDVH#FKDLQ#UHDFWLRQ0UHVWULFWLRQ#IUDJPHQW#OHQJWKI

SRO\PRUSKLVP0EDVHG#DVVD\
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7$%/(#/;
6XPPDU\#RI#7DUJHW#6LWHV#RI#&DUFLQRJHQLFLW\#LQ#%9&6) #0LFH#IURP#173#50<HDU#6WXGLHV4

ZLWK#+HOLFREDFWHU#KHSDWLFXV0$VVRFLDWHG#+HSDWLWLV

0DOHV )HPDOHV

&KORURSUHQH /XQJ /XQJ
&LUFXODWRU\#V\VWHP &LUFXODWRU\#V\VWHPD

+DUGHULDQ#JODQG +DUGHULDQ#JODQG
)RUHVWRPDFK )RUHVWRPDFK
.LGQH\ /LYHU

6NLQ
0HVHQWHU\
=\PEDO·V#JODQG
0DPPDU\#JODQG

&REDOW#VXOIDWH#KHSWDK\GUDWH /XQJ /XQJE

7ULHWKDQRODPLQH /LYHU /LYHU

$=7 1RQH 9DJLQDF

6RGLXP#[\OHQHVXOIRQDWH 1RQH 1RQH

7KHRSK\OOLQH 1RQH 1RQH

+HPDQJLRPD#DQG#KHPDQJLRVDUFRPD#RI#WKH#OLYHU#ZHUH#H[FOXGHG#IURP#WKH#DQDO\VLV#LQ#PDOHV1D

$Q#DSSDUHQW#WUHDWPHQW0UHODWHG#LQFUHDVH#LQ#WKH#LQFLGHQFH#RI#KHPDQJLRVDUFRPD#RI#WKH#OLYHU#ZDV#GLVFRXQWHG#LQ#PDOH#PLFH#EHFDXVH#RI#WKH#SUHVHQFHE

RI#+1#KHSDWLFXV1
$=7Û610D]LGR0610GHR[\WK\PLGLQH1##,QFOXGHV#IRXU#VWXGLHV=##$=7>#û0LQWHUIHURQ#$2'>#$=72833#8#û0LQWHUIHURQ#$2'>#DQGF

$=728/333#8#û0LQWHUIHURQ#$2'
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