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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#DOVR#DYDLODEOH#DW#WKH#173·V#:RUOG#:LGH
:HE#VLWH=##KWWS=22QWS0VHUYHU1QLHKV1QLK1JRY1



173#7(&+1,&$/#5(3257

21#7+(

72;,&2/2*<#$1'#&$5&,12*(1(6,6

678',(6#2)

7(75$+<'52)85$1

+&$6#121#43<0<<0<,

,1#)67721#5$76#$1'#%9&6) #0,&(4

+,1+$/$7,21#678',(6,

1$7,21$/#72;,&2/2*<#352*5$0
3121#%R[#45566

5HVHDUFK#7ULDQJOH#3DUN/#1&#5::3<#

-XQH#4<<;

173#75#7:8

1,+#3XEOLFDWLRQ#1R1#<;06<98

8161#'(3$570(17#2)#+($/7+#$1'#+80$1#6(59,&(6
3XEOLF#+HDOWK#6HUYLFH

1DWLRQDO#,QVWLWXWHV#RI#+HDOWK



5 7HWUDK\GURIXUDQ/#173#75#7:8

&2175,%87256

1DWLRQDO#7R[LFRORJ\#3URJUDP 173#3DWKRORJ\#:RUNLQJ#*URXS
(YDOXDWHG#DQG#LQWHUSUHWHG#UHVXOWV#DQG#UHSRUWHG#ILQGLQJV (YDOXDWHG#VOLGHV/#SUHSDUHG#SDWKRORJ\#UHSRUW#RQ#UDWV#DQG#PLFH

5161#&KKDEUD/#3K1'1/#6WXG\#6FLHQWLVW
'1$1#%ULGJH/#%161
-151#%XFKHU/#3K1'1
51(1#&KDSLQ/#3K1'1
-151#+DLOH\/#'19101
-1.1#+DVHPDQ/#3K1'1
51$1#+HUEHUW/#'19101/#3K1'1
5151#0DURQSRW/#'19101
*111#5DR/#'19101/#3K1'1
-1+1#5R\FURIW/#3K1'1
&161#6PLWK/#3K1'1
*161#7UDYORV/#'19101
'1%1#:DOWHUV/#3K1'1
.1/1#:LWW/#0161/#2DN#5LGJH#$VVRFLDWHG#8QLYHUVLWLHV

%DWWHOOH#3DFLILF#1RUWKZHVW#/DERUDWRULHV
&RQGXFWHG#VWXGLHV/#HYDOXDWHG#SDWKRORJ\#ILQGLQJV

%1-1#&KRX/#'19101/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU
.1+1#0HOOLQJHU/#%161
51$1#0LOOHU/#'19101/#3K1'1
51$1#5HQQH/#'19101

([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1
3URYLGHG#SDWKRORJ\#TXDOLW\#DVVXUDQFH

-1)1#+DUGLVW\/#'19101/#3ULQFLSDO#,QYHVWLJDWRU
&1&1#6KDFNHOIRUG/#'19101/#0161/#3K1'1

'\QDPDF#&RUSRUDWLRQ
3UHSDUHG#TXDOLW\#DVVXUDQFH#DXGLWV

61#%UHFKHU/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU

+45#6HSWHPEHU#4<<8,

31.1#+LOGHEUDQGW/#'19101/#&KDLUSHUVRQ
3$7+&2/#,QF1

51#&DWWOH\/#9101'1/#3K1'1
&KHPLFDO#,QGXVWU\#,QVWLWXWH#RI#7R[LFRORJ\

'1#'L[RQ/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

-1#+HOOPDQ/#'19101/#3K1'1/#2EVHUYHU
1DWLRQDO#7R[LFRORJ\#3URJUDP

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

&1&1#6KDFNHOIRUG/#'19101/#0161/#3K1'1
([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1

51&1#6LOOV/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

01#7RULL/#'19101/#3K1'1
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#*UHJRU\/#%161
/101#+DUSHU/#%161
$101#0DFUL0+DQVRQ/#01$1/#01)1$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 4:

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 5:

',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 86

$33(1',;#$ 6XPPDU\#RI#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\
RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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<

$33(1',;#% 6XPPDU\#RI#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\
RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434

$33(1',;#& 6XPPDU\#RI#/HVLRQV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\
RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466

$33(1',;#' 6XPPDU\#RI#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\
RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49:

$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 1 538

$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 54<

$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 1 556

$33(1',;#+ &KHPLFDO#&KDUDFWHUL]DWLRQ#DQG#*HQHUDWLRQ#RI#&KDPEHU#&RQFHQWUDWLRQV 1 1 1 1 1 1 1 1 1 55:

$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 56:

$33(1',;#- 6HQWLQHO#$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 1 574
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$%675$&7

7(75$+<'52)85$1

&$6#1R1#43<0<<0<

&KHPLFDO#)RUPXOD=##& + 2#######0ROHFXODU#:HLJKW=##:51437 ;

6\QRQ\PV=##%XW\OHQH#R[LGH>#F\FORWHWUDPHWK\OHQH#R[LGH>#GLHWK\OHQH#R[LGH>#4/70HSR[\EXWDQH>#IXUDQLGLQH>#K\GURIXUDQ>#R[DF\FORSHQWDQH>#
R[RODQH>#WHWUDPHWK\OHQH#R[LGH

7HWUDK\GURIXUDQ# LV# XVHG# DV# D# UHDFWLRQ#PHGLXP# IRU XQWLO#WKH#HQG#RI#WKH#VWXG\1##)LQDO#PHDQ#ERG\#ZHLJKWV
*ULJQDUG#DQG#PHWDO#K\GULGH#UHDFWLRQV>#LQ#WKH#V\QWKHVLV DQG#ERG\#ZHLJKW#JDLQV#RI#H[SRVHG#JURXSV#RI#PDOH#DQG
RI# EXW\URODFWRQH/# VXFFLQLF# DFLG/# DQG# 4/70EXWDQHGLRO IHPDOH# UDWV# ZHUH# VLPLODU# WR# WKRVH# RI# WKH# FKDPEHU
GLDFHWDWH>#LQ#WKH#IDEULFDWLRQ#RI#DUWLFOHV#IRU#SDFNDJLQJ/ FRQWUROV1# # ,PPHGLDWHO\# DIWHU# H[SRVXUH/# PDOH# DQG
WUDQVSRUWLQJ/# DQG# VWRULQJ#RI# IRRGV># DV# D# VROYHQW# IRU IHPDOH#UDWV#LQ#WKH#8/333#SSP#JURXSV#H[KLELWHG#DWD[LD1
G\HV#DQG#ODFTXHUV>#DQG#DV#D#FKHPLFDO#LQWHUPHGLDWH#LQ #
SRO\PHUL]DWLRQ# VROYHQW# IRU# IDW# RLOV/# XQYXOFDQL]HG
UXEEHU/#UHVLQV/#DQG#SODVWLFV1##7HWUDK\GURIXUDQ#LV#DOVR +HPDWRORJLF# DQG# VHUXP# FKHPLVWU\# FKDQJHV# ZHUH
DQ# LQGLUHFW# IRRG# DGGLWLYH#ZKHQ# LW# LV# LQ# WKH# FRQWDFW PLQLPDO/#ZLWK#PRVW#YDOXHV#IDOOLQJ#ZLWKLQ#SK\VLRORJLF
VXUIDFH#RI#DUWLFOHV#LQWHQGHG#IRU#XVH#LQ#IRRG#SURFHVVLQJ1 UDQJHV1# # $EVROXWH# DQG# UHODWLYH# WK\PXV# DQG# VSOHHQ
7HWUDK\GURIXUDQ#ZDV#QRPLQDWHG#IRU#VWXG\#EHFDXVH#RI ZHLJKWV#RI#PDOH#DQG#IHPDOH#UDWV#H[SRVHG#WR#8/333#SSP
WKH# SRWHQWLDO# IRU# RFFXSDWLRQDO# H[SRVXUH# LQ# KXPDQV1 ZHUH# VLJQLILFDQWO\# OHVV# WKDQ# WKRVH# RI# WKH# FKDPEHU
0DOH#DQG#IHPDOH#)67721#UDWV#DQG#%9&6) #PLFH#ZHUH FRQWUROV1# # $EVROXWH# DQG# UHODWLYH# OLYHU# ZHLJKWV# RI4

H[SRVHG#WR#WHWUDK\GURIXUDQ#+DSSUR[LPDWHO\#<<(#SXUH, IHPDOH#UDWV#H[SRVHG#WR#8/333#SSP#ZHUH#VLJQLILFDQWO\
E\# LQKDODWLRQ# IRU# 47# ZHHNV# RU# 5# \HDUV1# # *HQHWLF JUHDWHU#WKDQ#WKRVH#RI#WKH#FKDPEHU#FRQWUROV1##,QFUHDVHG
WR[LFRORJ\# VWXGLHV# ZHUH# FRQGXFWHG# LQ# 6DOPRQHOOD LQFLGHQFHV# RI# PLQLPDO# WR# PLOG# K\SHUSODVLD# RI# WKH
W\SKLPXULXP/#FXOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV/ IRUHVWRPDFK#ZHUH#REVHUYHG# LQ#PDOH#DQG#IHPDOH#UDWV
'URVRSKLOD#PHODQRJDVWHU/#PRXVH#ERQH#PDUURZ#FHOOV/ H[SRVHG#WR#8/333#SSP1##0LQLPDO#VXSSXUDWLYH#LQIODP0
DQG#PRXVH#SHULSKHUDO#EORRG#HU\WKURF\WHV1 PDWLRQ#ZDV#DVVRFLDWHG#ZLWK#IRUHVWRPDFK#K\SHUSODVLD

470:((.#678'<#,1#5$76
*URXSV#RI#43#PDOH#DQG#43#IHPDOH#UDWV#ZHUH#H[SRVHG
WR# 3# +FKDPEHU# FRQWURO,/# 99/# 533/# 933/# 4/;33/# RU
8/333#SSP#WHWUDK\GURIXUDQ#E\#LQKDODWLRQ/#9#KRXUV#SHU
GD\/#8#GD\V#SHU#ZHHN/#IRU#47#ZHHNV1##$OO#UDWV#VXUYLYHG

LQ# WZR# PDOH# DQG# IRXU# IHPDOH# UDWV# H[SRVHG# WR
8/333#SSP1

470:((.#678'<#,1#0,&(
*URXSV#RI#43#PDOH#DQG#43#IHPDOH#%9&6) #PLFH#ZHUH4

H[SRVHG# WR# 3/# 99/# 533/# 933/# 4/;33/# RU# 8/333# SSP
#######
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WHWUDK\GURIXUDQ#E\#LQKDODWLRQ/#9#KRXUV#SHU#GD\/#8#GD\V D# SRVLWLYH# WUHQG/# DQG# WKH# LQFLGHQFHV# LQ# 933# DQG
SHU#ZHHN/#IRU#47#ZHHNV1#7ZR#PDOH#PLFH#H[SRVHG#WR 4/;33#SSP#PDOHV# H[FHHGHG# WKH#KLVWRULFDO# UDQJH# IRU
8/333#SSP#GLHG#GXULQJ#ZHHNV#5#DQG#;#RI#WKH#VWXG\> FKDPEHU#FRQWUROV#LQ#50\HDU#173#LQKDODWLRQ#VWXGLHV1#
RQH#PDOH#PRXVH#IURP#WKH#8/333#SSP#JURXS#ZDV#NLOOHG
LQ#D#PRULEXQG#VWDWH#GXULQJ#ZHHN#71##$OO#IHPDOH#PLFH
VXUYLYHG#XQWLO#WKH#HQG#RI#WKH#VWXG\1##7KH#ILQDO#PHDQ
ERG\#ZHLJKWV#DQG#ERG\#ZHLJKW#JDLQV#RI#DOO#H[SRVHG
JURXSV# RI#PDOH#PLFH#ZHUH# VLPLODU# WR# WKRVH# RI# WKH
FKDPEHU#FRQWUROV1##7KH#ILQDO#PHDQ#ERG\#ZHLJKW#DQG
ERG\#ZHLJKW#JDLQ#RI#WKH#8/333#SSP#IHPDOH#PLFH#ZHUH
VLJQLILFDQWO\# JUHDWHU# WKDQ# WKRVH# RI# WKH# FKDPEHU
FRQWUROV1##0DOH#DQG#IHPDOH#PLFH#H[SRVHG#WR#4/;33#RU
8/333#SSP#ZHUH#REVHUYHG#WR#EH#LQ#D#VWDWH#RI#QDUFRVLV
+GHVFULEHG#E\#VWXSRU,#GXULQJ#H[SRVXUH#SHULRGV1##0LFH
H[SRVHG# WR# 4/;33# SSP#ZHUH# IXOO\# DZDNH# DQG# DOHUW
LPPHGLDWHO\#DIWHU#H[SRVXUH>#KRZHYHU/#PLFH#H[SRVHG
WR#8/333#SSP#UHTXLUHG#XS#WR#5#KRXUV#IRU#UHFRYHU\1##

$EVROXWH# DQG# UHODWLYH# OLYHU# ZHLJKWV# RI# PDOH# PLFH
H[SRVHG# WR#933#SSP#RU#JUHDWHU#DQG#RI# IHPDOH#PLFH
H[SRVHG# WR# 4/;33# RU# 8/333# SSP#ZHUH# VLJQLILFDQWO\
JUHDWHU#WKDQ#WKRVH#RI#WKH#FKDPEHU#FRQWUROV1##$EVROXWH
DQG#UHODWLYH#WK\PXV#ZHLJKWV#RI#PDOH#PLFH#H[SRVHG#WR
933/#4/;33/#RU#8/333#SSP#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ
WKRVH# RI# WKH# FKDPEHU# FRQWUROV1# #7KH# LQFLGHQFHV# RI
PLQLPDO#WR#PLOG#FHQWULOREXODU#F\WRPHJDO\#RI#WKH#OLYHU
LQ#PDOH#DQG#IHPDOH#PLFH#H[SRVHG#WR#8/333#SSP#ZHUH
VLJQLILFDQWO\# JUHDWHU# WKDQ# WKRVH# LQ# WKH# FKDPEHU
FRQWUROV1# # 7KH# DGUHQDO# JODQGV# RI# DOO# IHPDOH# PLFH
H[SRVHG#WR#8/333#SSP#KDG#PLOG#GHJHQHUDWLRQ#RI#WKH
;0]RQH#RI#WKH#LQQHUPRVW#FRUWH[1##8WHULQH#DWURSK\#ZDV
REVHUYHG#LQ#DOO#IHPDOH#PLFH#H[SRVHG#WR#8/333#SSP1

50<($5#678'<#,1#5$76
*URXSV#RI#83#PDOH#DQG#83#IHPDOH#UDWV#ZHUH#H[SRVHG
WR# 3/# 533/# 933/# RU# 4/;33# SSP# WHWUDK\GURIXUDQ# E\
LQKDODWLRQ/# 9# KRXUV# SHU# GD\/# 8# GD\V# SHU#ZHHN/# IRU
438#ZHHNV1

6XUYLYDO#DQG#%RG\#:HLJKWV
6XUYLYDO# UDWHV#DQG#PHDQ#ERG\#ZHLJKWV#RI#PDOH#DQG
IHPDOH#UDWV#H[SRVHG#WR#WHWUDK\GURIXUDQ#ZHUH#VLPLODU#WR
WKRVH#RI#WKH#FKDPEHU#FRQWUROV1#

3DWKRORJ\#)LQGLQJV
7KH#LQFLGHQFHV#RI#UHQDO#WXEXOH#HSLWKHOLDO#DGHQRPD#RU
FDUFLQRPD#+FRPELQHG,#LQ#H[SRVHG#PDOHV#RFFXUUHG#ZLWK

50<($5#678'<#,1#0,&(
*URXSV#RI#83#PDOH#DQG#83#IHPDOH#PLFH#ZHUH#H[SRVHG
WR# 3/# 533/# 933/# RU# 4/;33# SSP# WHWUDK\GURIXUDQ# E\
LQKDODWLRQ/# 9# KRXUV# SHU# GD\/# 8# GD\V# SHU#ZHHN/# IRU
438#ZHHNV1#

6XUYLYDO/#%RG\#:HLJKWV/#DQG#&OLQLFDO#)LQGLQJV
$IWHU#ZHHN#69/#WKH#VXUYLYDO#RI#PDOH#PLFH#H[SRVHG#WR
4/;33# SSP# ZDV# VLJQLILFDQWO\# OHVV# WKDQ# WKDW# RI# WKH
FKDPEHU#FRQWUROV1##0HDQ#ERG\#ZHLJKWV#RI#PDOH#DQG
IHPDOH#PLFH#H[SRVHG#WR#WHWUDK\GURIXUDQ#ZHUH#VLPLODU
WR#WKRVH#RI#WKH#FKDPEHU#FRQWUROV#WKURXJKRXW#WKH#VWXG\1
0DOH#PLFH#H[SRVHG#WR#4/;33#SSP#ZHUH#REVHUYHG#WR#EH
LQ#D#VWDWH#RI#QDUFRVLV#GXULQJ#DQG#XS#WR#4#KRXU#DIWHU#WKH
H[SRVXUH#SHULRGV1

3DWKRORJ\#)LQGLQJV
7KH# LQFLGHQFHV# DQG# PXOWLSOLFLW\# RI# KHSDWRFHOOXODU
QHRSODVPV#ZHUH#VLJQLILFDQWO\#JUHDWHU#LQ#IHPDOH#PLFH
H[SRVHG#WR#4/;33#SSP#WKDQ#LQ#WKH#FKDPEHU#FRQWUROV1
7KH#LQFLGHQFH#RI#QHSKURSDWK\#LQ#533#SSP#PDOH#PLFH
ZDV# VLJQLILFDQWO\# JUHDWHU# WKDQ# WKDW# LQ# WKH# FKDPEHU
FRQWURO#JURXS1##0DOH#PLFH#H[SRVHG#WR#4/;33#SSP#KDG
VLJQLILFDQWO\# JUHDWHU# LQFLGHQFHV# RI# QRQQHRSODVWLF
OHVLRQV#RI# WKH#XURJHQLWDO# WUDFW# WKDQ#GLG# WKH#FKDPEHU
FRQWUROV1##7KH#LQFLGHQFHV#RI#LQIODPPDWLRQ#RI#WKH#SHQLV
DQG#XUHWKUD#DQG#QHFURVLV#RI#WKH#XUHWKUD#LQ#4/;33#SSP
PDOHV#ZHUH#VOLJKWO\#JUHDWHU#WKDQ#WKRVH#LQ#WKH#FKDPEHU
FRQWUROV># WKHVH#PD\#KDYH#EHHQ# VHFRQGDU\#HIIHFWV#RI
DVFHQGLQJ#XULQDU\#WUDFW#LQIHFWLRQ1

*(1(7,&#72;,&2/2*<
7HWUDK\GURIXUDQ#VKRZHG#OLWWOH#HYLGHQFH#RI#PXWDJHQLF
DFWLYLW\#LQ#D#YDULHW\#RI#LQ#YLWUR#DQG#LQ#YLYR#DVVD\V1##,W
ZDV#QRW#PXWDJHQLF#LQ#61#W\SKLPXULXP/#DQG#LW#GLG#QRW
LQGXFH# VLVWHU# FKURPDWLG# H[FKDQJHV# RU# FKURPRVRPDO
DEHUUDWLRQV#LQ#FXOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV1
7KHVH#LQ#YLWUR#WHVWV#ZHUH#FRQGXFWHG#ZLWK#DQG#ZLWKRXW
H[RJHQRXV#PHWDEROLF#DFWLYDWLRQ#IURP#LQGXFHG#OLYHU#6<
HQ]\PHV1##1R#LQFUHDVH#LQ#VH[0OLQNHG#UHFHVVLYH#OHWKDO
PXWDWLRQV# ZDV# GHWHFWHG# LQ# JHUP# FHOOV# RI# PDOH
#############
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'1# PHODQRJDVWHU# H[SRVHG# WR# WHWUDK\GURIXUDQ# E\
IHHGLQJ# RU# LQMHFWLRQ1# #5HVXOWV# RI# LQ# YLYR# DVVD\V# IRU
LQGXFWLRQ# RI# FKURPRVRPDO# DEHUUDWLRQV# DQG# VLVWHU
FKURPDWLG# H[FKDQJHV# LQ#PRXVH# ERQH#PDUURZ# FHOOV
ZHUH# QHJDWLYH1# # $# PLFURQXFOHXV# WHVW# LQ# PDOH# DQG
IHPDOH#PLFH#H[SRVHG#WR#WHWUDK\GURIXUDQ#IRU#47#ZHHNV
VKRZHG#QR#VLJQLILFDQW# LQFUHDVHV# LQ# WKH# IUHTXHQF\#RI
PLFURQXFOHDWHG# HU\WKURF\WHV# LQ# SHULSKHUDO# EORRG# RI
IHPDOH#PLFH/# EXW# LQ#PDOH#PLFH/# DQDO\VLV# RI#PLFUR0
QXFOHDWHG#QRUPRFKURPDWLF#HU\WKURF\WH#OHYHOV#UHYHDOHG
D#VPDOO#LQFUHDVH#DERYH#EDVHOLQH#WKDW#ZDV#FRQFOXGHG#WR
EH#HTXLYRFDO1#

&21&/86,216
8QGHU# WKH# FRQGLWLRQV# RI# WKHVH# 50\HDU# LQKDODWLRQ
VWXGLHV/# WKHUH# ZDV# VRPH# HYLGHQFH# RI# FDUFLQRJHQLF
DFWLYLW\-#RI#WHWUDK\GURIXUDQ#LQ#PDOH#)67721#UDWV#EDVHG
RQ# LQFUHDVHG# LQFLGHQFHV#RI#UHQDO# WXEXOH#DGHQRPD#RU
FDUFLQRPD# +FRPELQHG,1# #7KHUH#ZDV# QR# HYLGHQFH# RI
FDUFLQRJHQLF# DFWLYLW\# RI# WHWUDK\GURIXUDQ# LQ# IHPDOH
)67721#UDWV#H[SRVHG# WR#533/#933/#RU#4/;33#SSP#RU
PDOH# %9&6) # PLFH# H[SRVHG# WR# 533/# 933/# RU4

4/;33#SSP1# # #7KHUH#ZDV#FOHDU#HYLGHQFH#RI#FDUFLQR0
JHQLF# DFWLYLW\# RI# WHWUDK\GURIXUDQ# LQ# IHPDOH#%9&6) 4

PLFH#EDVHG#RQ#LQFUHDVHG#LQFLGHQFHV#RI#KHSDWRFHOOXODU
QHRSODVPV1##

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#7HWUDK\GURIXUDQ

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

&RQFHQWUDWLRQV &KDPEHU#FRQWURO/#533/ &KDPEHU#FRQWURO/#533/ &KDPEHU#FRQWURO/#533/ &KDPEHU#FRQWURO/#533/
933/#RU#4/;33#SSP 933/#RU#4/;33#SSP 933/#RU#4/;33#SSP 933/#RU#4/;33#SSP#

%RG\#ZHLJKWV ([SRVHG#JURXSV#VLPLODU ([SRVHG#JURXSV#VLPLODU ([SRVHG#JURXSV#VLPLODU ([SRVHG#JURXSV#VLPLODU
WR#FKDPEHU#FRQWURO WR#FKDPEHU#FRQWURO WR#FKDPEHU#FRQWURO WR#FKDPEHU#FRQWURO
JURXS JURXS JURXS JURXS#

50<HDU#VXUYLYDO
UDWHV

45283/#9283/#8283/ 58283/#58283/#59283/ 65283/#64283/#5;283/ 5<283/#66283/#59283/
9283 59283 45283 65283

1RQQHRSODVWLF
HIIHFWV

1RQH 1RQH 1RQH 1RQH

1HRSODVWLF#HIIHFWV .LGQH\=##UHQDO#WXEXOH 1RQH 1RQH /LYHU=##KHSDWRFHOOXODU
DGHQRPD#RU#FDUFLQRPD DGHQRPD#+45283/
+4283/#4283/#7283/ 4:283/#4;283/#6427;,>
8283, KHSDWRFHOOXODU

FDUFLQRPD#+9283/
43283/#43283/#4927;,>
KHSDWRFHOOXODU#DGHQRPD
RU#FDUFLQRPD#+4:283/
57283/#59283/#7427;,

/HYHO#RI#HYLGHQFH
RI#FDUFLQRJHQLF
DFWLYLW\

6RPH#HYLGHQFH 1R#HYLGHQFH 1R#HYLGHQFH &OHDU#HYLGHQFH

*HQHWLF#WR[LFRORJ\
6DOPRQHOOD#W\SKLPXULXP#JHQH#PXWDWLRQV= 1HJDWLYH#ZLWK#DQG#ZLWKRXW#6<#LQ#VWUDLQV#7$<;/#7$433/#7$4868/#

##DQG#7$486:
6LVWHU#FKURPDWLG#H[FKDQJHV

&XOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV#LQ#YLWUR= 1HJDWLYH#ZLWK#DQG#ZLWKRXW#6<
0RXVH#ERQH#PDUURZ#LQ#YLYR= 1HJDWLYH

&KURPRVRPDO#DEHUUDWLRQV
&XOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV#LQ#YLWUR= 1HJDWLYH#ZLWK#DQG#ZLWKRXW#6<
0RXVH#ERQH#PDUURZ#LQ#YLYR= 1HJDWLYH

6H[0OLQNHG#UHFHVVLYH#OHWKDO#PXWDWLRQV
'URVRSKLOD#PHODQRJDVWHU= 1HJDWLYH

0LFURQXFOHDWHG#HU\WKURF\WHV
0RXVH#SHULSKHUDO#EORRG#LQ#YLYR= (TXLYRFDO#LQ#PDOH#PLFH>#QHJDWLYH#LQ#IHPDOH#PLFH
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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#
+,,#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#WHWUDK\GURIXUDQ#RQ
44#'HFHPEHU#4<<9#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

*DU\#31#&DUOVRQ/#3K1'1/#&KDLUSHUVRQ ,UPD#5XVVR/#01'1
6FKRRO#RI#+HDOWK#6FLHQFHV )R[#&KDVH#&DQFHU#&HQWHU
3XUGXH#8QLYHUVLW\ 3KLODGHOSKLD/#3$
:HVW#/DID\HWWH/#,1

$UQROG#/1#%URZQ/#01'1/#3ULQFLSDO#5HYLHZHU
8QLYHUVLW\#RI#:LVFRQVLQ#0HGLFDO#6FKRRO 'DQD0)DUEHU#&DQFHU#,QVWLWXWH
0DGLVRQ/#:, %RVWRQ/#0$

7KRPDV#/1#*ROGVZRUWK\/#3K1'1- 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/#3ULQFLSDO#5HYLHZHU )UHGHULFN#/1#7\VRQ
&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/#,/

/RXLVH#5\DQ/#3K1'1/#3ULQFLSDO#5HYLHZHU
'LYLVLRQ#RI#%LRVWDWLVWLFV

-HUUROG#01#:DUG/#'19101/#3K1'1-
1DWLRQDO#&DQFHU#,QVWLWXWH

BBBBBBBBBBBB
- 'LG#QRW#DWWHQG
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6800$5<#2)#7(&+1,&$/#5(32576#5(9,(:#68%&200,77((#&200(176

2Q#44#'HFHPEHU#4<<9/#WKH#GUDIW#7HFKQLFDO#5HSRUW#RQ IHPDOH#PLFH1# #+H# VWDWHG# WKDW# WKHUH#ZDV# D#PDUJLQDO
WKH# WR[LFRORJ\# DQG# FDUFLQRJHQHVLV# VWXGLHV# RI WUHDWPHQW0UHODWHG#HIIHFW# LQ#PDOH# UDWV#DQG/# IXUWKHU/#D
WHWUDK\GURIXUDQ#UHFHLYHG#SXEOLF#UHYLHZ#E\#WKH#1DWLRQ0 WUHDWPHQW0UHODWHG# HIIHFW# RQ# UHQDO# WXEXOH# K\SHUSODVLD
DO#7R[LFRORJ\#3URJUDP·V#%RDUG#RI#6FLHQWLILF#&RXQ0 ZDV# QRW# REVHUYHG/# ZKLFK# KH# FRQVLGHUHG# HTXLYRFDO
VHORUV·#7HFKQLFDO#5HSRUWV#5HYLHZ#6XEFRPPLWWHH1##7KH HYLGHQFH# RI# FDUFLQRJHQLF# DFWLYLW\1# # +H# VDLG# WKDW# D
UHYLHZ#PHHWLQJ#ZDV#KHOG#DW#WKH#1DWLRQDO#,QVWLWXWH#RI GHWDLOHG# VWHS0VHFWLRQLQJ# RI# WKH# NLGQH\V# ZRXOG# EH
(QYLURQPHQWDO#+HDOWK# 6FLHQFHV/# 5HVHDUFK# 7ULDQJOH DSSURSULDWH1##'U1#&KKDEUD#VDLG#WKDW#VWHS#VHFWLRQV#ZHUH
3DUN/#1&1 QRW#FDOOHG#IRU#DV# WKH#VWDII#ZDV#FRQILGHQW#RI# WKH#SUR0

'U1#5161#&KKDEUD/#1,(+6/# LQWURGXFHG# WKH# WR[LFLW\ DFWLYLW\#EDVHG#RQ#WKH#QXPEHU#RI#QHRSODVPV#LQ#H[SRVHG
DQG# FDUFLQRJHQHVLV# VWXGLHV# RI# WHWUDK\GURIXUDQ# E\ DQLPDOV# FRQWUDVWHG# ZLWK# WKH# KLVWRULFDO# UDWH1
GLVFXVVLQJ#XVHV#RI#WKH#FKHPLFDO#DQG#UDWLRQDO#IRU#VWXG\/ 'U1#-151#+DLOH\/#1,(+6/#QRWHG#WKDW#LQ#DOPRVW#DOO#SUH0
GHVFULELQJ# WKH# H[SHULPHQWDO# GHVLJQ/# UHSRUWLQJ# RQ YLRXV#VWXGLHV#LQ#ZKLFK#VWHS#VHFWLRQV#ZHUH#SHUIRUPHG/
VXUYLYDO#DQG#ERG\#ZHLJKW#HIIHFWV/#DQG#FRPPHQWLQJ#RQ HWK\OEHQ]HQH# EHLQJ# WKH# H[FHSWLRQ/# LI# WKH# OHYHO# RI
FKHPLFDO0UHODWHG#QHRSODVWLF# OHVLRQV# LQ#PDOH# UDWV#DQG HYLGHQFH#ZDV#VRPH#HYLGHQFH/#WKH#DGGLWLRQDO#VHFWLRQLQJ
IHPDOH#PLFH1##7KH#SURSRVHG#FRQFOXVLRQV#ZHUH#VRPH GLG# QRW# VXSSRUW# D# FKDQJH# WR# FOHDU# HYLGHQFH1
HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#RI#WHWUDK\GURIXUDQ#LQ 'U1#/H%RHXI#VDLG# WKDW#KH#ZRXOG#GHIHU# IXUWKHU#FRP0
PDOH# )67721# UDWV/# QR# HYLGHQFH# RI# FDUFLQRJHQLF PHQWV# RQ# WKH# FRQFOXVLRQV# LQ# IHPDOH# PLFH# XQWLO
DFWLYLW\#LQ#IHPDOH#)67721#UDWV#DQG#PDOH#%9&6) #PLFH/ FODULILFDWLRQ# RI# SRVVLEOH# FRQIRXQGLQJ# HIIHFWV# RI4

DQG#FOHDU#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LQ#IHPDOH +HOLFREDFWHU#KHSDWLFXV#SUHVHQW#LQ#WKH#OLYHUV#RI#PLFH1
%9&6) #PLFH14

'U1# %URZQ/# D# SULQFLSDO# UHYLHZHU/# DJUHHG#ZLWK# WKH
SURSRVHG#FRQFOXVLRQV1##,Q#YLHZ#RI#WKH#FHQWUDO#QHUYRXV
V\VWHP# V\PSWRPV# SUHVHQW# LQ# ERWK# VSHFLHV/# KH# VXJ0
JHVWHG# WKDW# D# FRPPHQW# EH# DGGHG# WR# WKH# GLVFXVVLRQ
VHFWLRQ# UHJDUGLQJ# KLVWRORJLF# VWXGLHV# RI# WKH# FHQWUDO
QHUYRXV#V\VWHP# LQ#ERWK# UDWV#DQG#PLFH# LQ# WKH#50\HDU
VWXGLHV1# #'U1#&KKDEUD# DJUHHG/# QRWLQJ# WKDW# DV#ZLWK
PDQ\#VROYHQWV#WKHVH#DUH#QRQVSHFLILF#W\SHV#RI#HIIHFWV1
+H#VDLG#WKDW#WKH#8QLWHG#6WDWHV#(QYLURQPHQWDO#3URWHF0
WLRQ#$JHQF\# KDV# DVNHG# LQGXVWU\# WR# VXEPLW# GDWD# RQ
DFXWH#QHXUREHKDYLRUDO#WR[LFLW\#VWXGLHV1

'U1#5\DQ/#WKH#VHFRQG#SULQFLSDO#UHYLHZHU/#DJUHHG#ZLWK
WKH#SURSRVHG#FRQFOXVLRQV1##6KH#KDG#LQLWLDO#UHVHUYDWLRQV
DERXW#WKH#VWUHQJWK#RI#UHQDO#QHRSODVP#GDWD#LQ#PDOH#UDWV
EXW# DIWHU# UHYLHZLQJ# KLVWRULFDO# FRQWURO# LQFLGHQFHV# RI
WKHVH# QHRSODVPV# LQ# LQKDODWLRQ# VWXGLHV# VKH#ZDV# SHU0
VXDGHG#WKDW#WKH#OHYHO#RI#HYLGHQFH#ZDV#DSSURSULDWH1

'U1#/H%RHXI/# WKH# WKLUG# SULQFLSDO# UHYLHZHU/# GLG# QRW
DJUHH#ZLWK#WKH#SURSRVHG#FRQFOXVLRQV#LQ#PDOH#UDWV#DQG
####

SRVHG# FRQFOXVLRQ#RI# VRPH# HYLGHQFH#RI# FDUFLQRJHQLF

'U1#/H%RHXI#DVNHG#IRU#IXUWKHU#GLVFXVVLRQ#DURXQG#WKH
UHOHYDQFH# RU# LQWHUSUHWDWLRQ# RI# QHRSODVP# LQGXFWLRQ
ZKHQ#VXUYLYDO#LV#VR#SRRU/#DQG#SHUKDSV#QRW#DWWULEXWDEOH
WR#QHRSODVP#LQGXFWLRQ1##'U1#-1.1#+DVHPDQ/#1,(+6/
SRLQWHG#RXW#WKDW#LQ#WKLV#VWXG\/#PDOH#UDW#VXUYLYDO#ZDV
ORZ# LQ# DOO# JURXSV/# H[SRVHG# DQG# FRQWUROV# DOLNH1# # ,Q
UHVSRQVH# WR# D# FRPPHQW# IURP# 'U1# :171# $OODEHQ/
1&75/#'U1#+DVHPDQ#DJUHHG# WKDW#KLJK#ERG\#ZHLJKW
FRXOG# EH# D# IDFWRU# FRQWULEXWLQJ# WR# WKH# RYHUDOO# SRRU
VXUYLYDO#LQ#PDOH#UDWV1##'U1#/1*1#+DUW/#1,(+6/#UHDG
FRPPHQWV# LQWR# WKH#UHFRUG# IURP#'U1#)1#0LUHU/#173
%RDUG# PHPEHU1# # 'U1# 0LUHU# VDLG# WKDW# D# VWUXFWXUDO
DQDORJ\# RI# WHWUDK\GURIXUDQ# WR# IXUDQ# LV# PLVSODFHG>
UDWKHU#LW#VKRXOG#EH#GLHWK\O#HWKHU1##+H#FRPPHQWHG#WKDW/
EHFDXVH# WKHUH#ZHUH#QR#GLIIHUHQFHV#EHWZHHQ#H[SRVHG
DQG# FKDPEHU# FRQWURO# DQLPDOV# LQ# ZHLJKW# JDLQV# RU
PRUWDOLW\/# D# KLJKHU# H[SRVXUH#PLJKW# KDYH# EHHQ# WRO0
HUDWHG#LQFUHDVLQJ#WKH#VHQVLWLYLW\#IRU#GHWHFWLQJ#FDUFLQR0
JHQLF# HIIHFWV1# #'U1#&KKDEUD# VDLG# WKDW# QDUFRVLV#ZDV
LQGXFHG# DW# 4/;33# SSP/# SUHFOXGLQJ# JLYLQJ# KLJKHU
H[SRVXUH#FRQFHQWUDWLRQV1#
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'U1# %URZQ# PRYHG# WKDW# WKH# 7HFKQLFDO# 5HSRUW# RQ PDOH#PLFH/#QR#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\/#DQG
WHWUDK\GURIXUDQ#EH#DFFHSWHG#ZLWK#UHYLVLRQV#GLVFXVVHG IRU# IHPDOH# PLFH/# FOHDU# HYLGHQFH# RI# FDUFLQRJHQLF
DQG# WKH# FRQFOXVLRQV# DV#ZULWWHQ# IRU#PDOH# UDWV/# VRPH DFWLYLW\1##'U1#5\DQ#VHFRQGHG#WKH#PRWLRQ/#ZKLFK#ZDV
HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\/#IRU#IHPDOH#UDWV#DQG DFFHSWHG#XQDQLPRXVO\#ZLWK#VHYHQ#YRWHV1
####



#
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7(75$+<'52)85$1

&$6#1R1#43<0<<0<

&KHPLFDO#)RUPXOD=##& + 2#######0ROHFXODU#:HLJKW=##:51437 ;

6\QRQ\PV=##%XW\OHQH#R[LGH>#F\FORWHWUDPHWK\OHQH#R[LGH>#GLHWK\OHQH#R[LGH>#4/70HSR[\EXWDQH>#IXUDQLGLQH>#K\GURIXUDQ>#R[DF\FORSHQWDQH>#
R[RODQH>#WHWUDPHWK\OHQH#R[LGH

CHEMICAL AND PHYSICAL PROPERTIES
7HWUDK\GURIXUDQ#LV#D#FRORUOHVV/#YRODWLOH#OLTXLG#ZLWK#DQ
HWKHUHDO#RGRU#DQG#D#SXQJHQW#WDVWH1##7HWUDK\GURIXUDQ#LV
VROXEOH#LQ#HWK\O#DOFRKRO/#HWK\O#HWKHU/#DQG#ZDWHU#+63(
DW#58(#&,1##,W#KDV#D#IODVK#SRLQW#RI#$4:15(#&/#D#PHOWLQJ
SRLQW#RI#$43;18(#&/#D#ERLOLQJ#SRLQW#RI#99(#&/#D#YDSRU
SUHVVXUH#RI#447#PP#+J#DW#48(#&#DQG#537#PP#+J#DW
63(#&/#D#VSHFLILF#JUDYLW\#RI#31;</#DQG#D#YDSRU#GHQVLW\
RI# 518# +-XQWXQHQ# HW#DO1/# 4<;7>#0HUFN# ,QGH[#RQOLQH/
4<<6,1

PRODUCTION , USE, 
AND HUMAN EXPOSURE
7HWUDK\GURIXUDQ# LV# DQ# RUJDQLF# R[LGH#ZKLFK# GLIIHUV
IURP#D#VLPSOH#HWKHU#LQ#WKDW#DQ#R[\JHQ#DWRP#ZLWKLQ#WKH
PROHFXOH#LV#SDUW#RI#D#F\FOLF#DUUDQJHPHQW1##7KH#SULQ0
FLSDO#PHWKRG#RI#PDQXIDFWXUH#LV#E\#WKH#FDWDO\WLF#K\GUR0
JHQDWLRQ#RI#PDOHLF#DQK\GULGH#RU#IXUDQ#+0HUFN#,QGH[
RQOLQH/#4<<6,1##,Q#4<;;/#WHWUDK\GURIXUDQ#SURGXFWLRQ#LQ
WKH#8QLWHG#6WDWHV#ZDV#<16;#ð#43 SRXQGV1##,Q#4<;9/:#

;145#ð# 43 SRXQGV#ZHUH# LPSRUWHG# ++6'%/# 4<<9,17#

7HWUDK\GURIXUDQ# LV# XVHG# DV# D# UHDFWLRQ#PHGLXP# IRU
*ULJQDUG#DQG#PHWDO#K\GULGH#UHDFWLRQV>#LQ#WKH#V\QWKHVLV
RI# EXW\URODFWRQH/# VXFFLQLF# DFLG/# DQG# 4/70EXWDQHGLRO
######

GLDFHWDWH>#LQ#WKH#IDEULFDWLRQ#RI#DUWLFOHV#IRU#SDFNDJLQJ/
WUDQVSRUWLQJ/#DQG#VWRULQJ#IRRGV>#DV#D#VROYHQW#IRU#G\HV
DQG# ODFTXHUV># DQG# DV# D# FKHPLFDO# LQWHUPHGLDWH# LQ
SRO\PHUL]DWLRQ# VROYHQW# IRU# IDW# RLOV/# XQYXOFDQL]HG
UXEEHU/#UHVLQV/#DQG#SODVWLFV1##7HWUDK\GURIXUDQ#LV#DOVR
DQ# LQGLUHFW# IRRG# DGGLWLYH#ZKHQ# LW# LV# LQ# WKH# FRQWDFW
VXUIDFH#RI#DUWLFOHV#LQWHQGHG#IRU#XVH#LQ#IRRG#SURFHVVLQJ1

+XPDQ# H[SRVXUH# LV# SULPDULO\# IURP# RFFXSDWLRQDO
H[SRVXUH# UHODWLQJ# WR# LWV#XVH#DV#D# VROYHQW# IRU# UHVLQV/
DGKHVLYHV/#SULQWHUV·#LQN/#DQG#FRDWLQJV1##$SSUR[LPDWHO\
<3/333#ZRUNHUV# LQ# 6/333# SODQWV# DUH# H[SRVHG# IURP
LQGXVWULHV#UHODWHG#WR#FKHPLFDO#DQG#DOOLHG#SURGXFWV#DQG
HOHFWULF/# JDV/# DQG# VDQLWDU\# VHUYLFHV1# # (OHFWULFLDQV/
DJULFXOWXUDO#DQG#ELRORJLFDO#WHFKQLFLDQV/#HOHFWULF#SRZHU
OLQHPHQ/#DQG#FDEOH#OLQHPHQ#DUH#SRWHQWLDOO\#H[SRVHG#WR
WHWUDK\GURIXUDQ1##$#PD[LPXP#YDSRU#FRQFHQWUDWLRQ#RI
53#SSP#ZDV#PHDVXUHG#GXULQJ#RSHQ#SURFHVV#FRDWLQJ#RI
FHOORSKDQH#ILOP#++6'%/#4<<9,1##7KH#WKUHVKROG#OLPLW
YDOXH0WLPH0ZHLJKWHG# DYHUDJH# IRU# WHWUDK\GURIXUDQ# LV
533#SSP#+8<3#PJ2P ,1##7KH#VKRUW0WHUP#H[SRVXUH#OLPLW6

LV#583#SSP#+:6:#PJ2P ,#+$&*,+/#4<<9,16

:KHQ# XVHG# DV# D# VROYHQW/# VLJQLILFDQW# DPRXQWV# RI
WHWUDK\GURIXUDQ#PD\#SRWHQWLDOO\#EH#UHOHDVHG# LQWR# WKH
HQYLURQPHQW#DQG#FDXVH#ZRUNHU#H[SRVXUH#EHFDXVH#RI#LWV
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KLJK# YDSRU# SUHVVXUH# DQG# ZDWHU# VROXELOLW\1# # 2QFH WR#WHWUDK\GURIXUDQ#YDSRU#DW#533/#4/333/#RU#5/333#SSP/
UHOHDVHG# LQWR# WKH# HQYLURQPHQW/# WKH# EHKDYLRU# RI 9#KRXUV#SHU#GD\/#8#GD\V#SHU#ZHHN/#IRU#5#WR#4;#ZHHNV1
WHWUDK\GURIXUDQ#LV#QRW#ZHOO#XQGHUVWRRG#DQG#YHU\#OLWWOH 7KLV#VWXG\#VKRZHG#EUDLQ#DQG#SHULUHQDO#IDW#WHWUDK\GUR0
PRQLWRULQJ# GDWD# DUH# DYDLODEOH1# # ,Q# WKH# DWPRVSKHUH/ IXUDQ#EXUGHQV# WR#EH# OLQHDUO\# FRUUHODWHG# WR# H[SRVXUH
WHWUDK\GURIXUDQ#VKRXOG#GHJUDGH#UDSLGO\1##7HWUDK\GUR0 FRQFHQWUDWLRQ1##$IWHU#5#ZHHNV#RI#H[SRVXUH/#WKH#EXUGHQ
IXUDQ#LQ#ZDWHU#PD\#EH#ELRGHJUDGDEOH1##6SLOOV#RQ#VRLO RI#WHWUDK\GURIXUDQ#VHHPHG#WR#GHFUHDVH>#WKLV#HIIHFW#PD\
DUH# H[SHFWHG# WR# UDSLGO\# HYDSRUDWH#RU# OHDFK# LQWR# WKH KDYH#EHHQ#GXH#WR#VWLPXODWLRQ#RI#R[LGDWLYH#PHWDEROLVP/
JURXQGZDWHU1# # 7HWUDK\GURIXUDQ# LV# QRW# H[SHFWHG# WR ZKLFK#ZDV#VXSSRUWHG#E\#LQFUHDVHG#:0HWKR[\FRXPDULQ0
ELRDFFXPXODWH# LQ# ILVK# RU# RWKHU# DTXDWLF# RUJDQLVPV R0GHHWK\ODVH#DFWLYLW\#LQ#OLYHU#DQG#NLGQH\#PLFURVRPDO
++6'%/#4<<9,1 SUHSDUDWLRQV#IURP#ZHHN#51

ABSORPTION, DISTRIBUTION , 
METABOLISM , AND EXCRETION
Experimental Animals
1R# LQIRUPDWLRQ#RQ# WHWUDK\GURIXUDQ#PHWDEROLVP#ZDV
IRXQG#LQ#WKH#OLWHUDWXUH1##%XUND#DQG#%R\G#+4<;8,#KDYH
UHYLHZHG# WKH#PHWDEROLVP#RI# IXUDQ/# WKH#SDUHQW#FRP0
SRXQG#RI#WHWUDK\GURIXUDQ1##)XUDQ#LV#PHWDEROL]HG#WR#DQ
HOHFWURSKLOLF# VSHFLHV1# # 7KH# VXEVHTXHQW# UHDFWLRQ# RI
HOHFWURSKLOLF# VSHFLHV# ZLWK# WLVVXH# QXFOHRSKLOHV# WDNHV
SODFH#SULPDULO\#DW#WKH#VLWH#RI#QHFURVLV1##,W#LV#VXJJHVWHG
WKDW#IXUDQ#ULQJV#DUH#LPSRUWDQW#LQ#WKH#WR[LFLW\#RI#FRP0
SRXQGV/#ZKLOH# WHWUDK\GURIXUDQ\O#RU#RWKHU# DQDORJXHV
DUH#QRW#JHQHUDOO\#DV# WR[LF#DV# WKH#SDUHQW#FRPSRXQG1
:KHWKHU#WHWUDK\GURIXUDQ#LV#PHWDEROL]HG#WR#PRUH#WR[LF
FKHPLFDOV#LV#QRW#NQRZQ1##,I#D#FDUERQ#DWRP#DGMDFHQW#WR
WKH# R[\JHQ# DWRP# LQ# WKH# ULQJ# LV# K\GUR[\ODWHG/# WKH
SURGXFW#ZRXOG#EH#õ0EXW\URODFWRQH/#ZKLFK#SRVVHVVHV
FRQYXOVLYH# SURSHUWLHV# +(ORYDDUD# HW# DO1/# 4<;7,1
õ0%XW\URODFWRQH#ZDV#HYDOXDWHG#IRU#FDUFLQRJHQLFLW\#E\
JDYDJH#DGPLQLVWUDWLRQ#DW#GRVHV#RI#445#DQG#558#PJ2NJ
LQ#PDOH#)67721#UDWV/#558#DQG#783#PJ2NJ# LQ#IHPDOH
)67721# UDWV/# DQG# 595# DQG# 858#PJ2NJ# LQ#PDOH# DQG
IHPDOH#%9&6) #PLFH#+173/#4<<5,1##7KHUH#ZDV#HTXLY04

RFDO# HYLGHQFH# RI# FDUFLQRJHQLF# DFWLYLW\# RI#õ0EXW\UR0
ODFWRQH# LQ#PDOH#PLFH#EDVHG#RQ#PDUJLQDOO\# LQFUHDVHG
LQFLGHQFHV#RI#DGUHQDO#PHGXOOD#SKHRFKURPRF\WRPD#DQG
K\SHUSODVLD#LQ#WKH#595#PJ2NJ#JURXS1

,Q#YLWUR#VWXGLHV#VKRZ#WKDW#WHWUDK\GURIXUDQ#LQKLELWV#WKH
PHWDEROLVP#RI#D#QXPEHU#RI#GUXJ#VXEVWUDWHV#FDWDO\]HG
E\#PL[HG0IXQFWLRQ#R[LGDVHV#+.DZDOHN#DQG#$QGUHZV/
4<;3,1##&RPSODLQWV#RI#GL]]LQHVV#DQG#FHQWUDO#QHUYRXV
V\VWHP# HIIHFWV# LQ# ZRUNHUV# LQ# WKH# SODVWLF# LQGXVWU\
SURPSWHG# (ORYDDUD# HW# DO1# +4<;7,# WR# FRQGXFW# DQ
LQKDODWLRQ#VWXG\#LQ#UDWV#WR#GHWHUPLQH#ERG\#EXUGHQ#RI
WHWUDK\GURIXUDQ# DQG# LWV# HIIHFW#RQ# DFWLYLWLHV#RI#GUXJ0
PHWDEROL]LQJ#HQ]\PHV1##$GXOW#PDOH#UDWV#ZHUH#H[SRVHG

7HWUDK\GURIXUDQ#LQKLELWHG#20GHDON\ODWLRQ#RI#:0HWKR[\0
FRXPDULQ#E\#OLYHU#PLFURVRPDO#F\WRFKURPH#3 #IURP783

6SUDJXH0'DZOH\#UDWV#SUHWUHDWHG#ZLWK#HWKDQRO#+8OOULFK
HW#DO1/#4<:8,>#DW#D#FRQFHQWUDWLRQ#RI#43 #0/#WHWUDK\GUR005

IXUDQ# EORFNHG# ;3(# RI# WKLV# HQ]\PH# DFWLYLW\1
7HWUDK\GURIXUDQ#SURGXFHG#D#SURQRXQFHG#OLJDQG0W\SH
RSWLFDO# GLIIHUHQFH# VSHFWUXP# LQ# PLFURVRPHV# IURP
HWKDQRO0SUHWUHDWHG#IHPDOH#UDWV/#DQG#WKHVH#PLFURVRPHV
DOVR#VKRZHG#HYLGHQFH#RI#D#QHZ#ORZ0VSLQ#F\WRFKURPH
3 # VSHFLHV# LQ# WKH# SUHVHQFH# RI# WHWUDK\GURIXUDQ1783

0LFURVRPHV#IURP#IHPDOH#FRQWUROV#ZHUH#VLJQLILFDQWO\
PRUH# VHQVLWLYH# WR# LQKLELWLRQ# RI#20GHDON\ODWLRQ# WKDQ
WKRVH#IURP#PDOHV/#SURYLGLQJ#HYLGHQFH#WKDW#ZHOO0NQRZQ
JHQGHU#GLIIHUHQFHV#RI#GUXJ#PHWDEROLVP#LQ#UDWV#PD\#EH
GXH#WR#GLIIHUHQFHV#LQ#WKH#SDWWHUQ#RI#PLFURVRPDO#F\WR0
FKURPH# 3 # VSHFLHV# LQ#PDOHV# DQG# IHPDOHV# +8OOULFK783

HW#DO1/#4<:8,1

Humans
1R# VWXGLHV#RQ# WKH# DEVRUSWLRQ/#GLVWULEXWLRQ/#PHWDER0
OLVP/#RU#H[FUHWLRQ#RI#WHWUDK\GURIXUDQ#LQ#KXPDQV#ZHUH
IRXQG#LQ#WKH#OLWHUDWXUH1

TOXICITY
Experimental Animals
.DWDKLUD#HW#DO1#+4<;5D/E,#VWXGLHG#WKH#DFXWH#WR[LFLW\#RI
53(# WHWUDK\GURIXUDQ# LQ# ROLYH# RLO# E\# LQWUDSHULWRQHDO
LQMHFWLRQ# LQ# UDWV# DQG# PLFH1# # 7KH# /' # ZDV83

4/<33#PJ2NJ#LQ#UDWV#DQG#5/833#PJ2NJ#LQ#PLFH1##7KH
/& #ZDV#HVWLPDWHG#WR#EH#54/333#SSP#LQ#UDWV#H[SRVHG83

WR# WHWUDK\GURIXUDQ# IRU# 6#KRXUV#E\# LQKDODWLRQ1# #5DWV
H[SRVHG#WR#433#WR#533#SSP#WHWUDK\GURIXUDQ#VKRZHG#QR
VLJQLILFDQW# HIIHFWV/# H[FHSW# IRU# VOLJKW# ORFDO# LUULWDWLRQ
V\PSWRPV# VXFK#DV# UHGQHVV#RI# WKH#QRVH#DQG#H\HOLGV1
5DWV# H[SRVHG# WR# 8/333# SSP# KDG#PDUNHG# HGHPD# RU
RSDFLW\# RI# WKH# FRUQHD/# VDOLYDWLRQ/# DQG# GLVFKDUJH# RU
EOHHGLQJ# IURP# WKH#QDVDO#PXFRVDH1# #&DWDOHSWRLG#SRV0
WXUH/# FRPD/# DQG# FORQLF# PXVFOH# VSDVP# LQGLFDWLQJ
##########
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LUULWDWLRQ# RI# WKH# FHQWUDO# QHUYRXV# V\VWHP# ZHUH# DOVR SRO\YLQ\O#FKORULGH#SRO\PHU1##7KH#LQVXODWLRQ#SURFHGXUH
REVHUYHG1 LQYROYHG#WKH#XVH#RI#WKH#VROYHQW#WHWUDK\GURIXUDQ1##7KLV

,UULWDWLRQ# RI# WKH# XSSHU# UHVSLUDWRU\# WUDFW# DQG# VRPH IXUDQ#DQG#HQIOXUDQH#PD\#SURYRNH#HSLOHSWLF#VHL]XUHV1
LQMXU\#WR#WKH#OLYHU#DQG#NLGQH\#ZHUH#VHHQ#LQ#D#QXPEHU
RI#UDWV#H[SRVHG#WR#WHWUDK\GURIXUDQ#DW#D#FRQFHQWUDWLRQ *RVVHOLQ# HW# DO1# +4<:9,# DVVLJQHG# D# WR[LFLW\# UDWLQJ# RI
JUHDWHU#WKDQ#6/333#SSP/#;#KRXUV#D#GD\/#IRU#53#GD\V1 ´YHU\#WR[LFµ#IRU#WHWUDK\GURIXUDQ/#ZLWK#D#SUREDEOH#RUDO
$#FRQFHQWUDWLRQ#RI#58/333#SSP#SURGXFHG#DQHVWKHVLD OHWKDO#GRVH#RI#83# WR#833#PJ2NJ# LQ#KXPDQV1# #6HYHUH
LQ#GRJV#DQG#PLFH#+$&*,+/#4<;9,1 RFFLSLWDO#KHDGDFKHV#ZHUH#UHSRUWHG#DPRQJ#WHFKQLFLDQV

IXUDQ#LQ#DQLPDO#H[SHULPHQWV10DOH#6SUDJXH0'DZOH\#UDWV#ZHUH#H[SRVHG# WR#3/#433/
533/#4/333#RU#8/333#SSP#WHWUDK\GURIXUDQ#E\#LQKDOD0
WLRQ# 7# KRXUV# D# GD\/# 8# GD\V# D#ZHHN/# IRU# 45#ZHHNV1
6\PSWRPV# RI# LQWR[LFDWLRQ# +HIIHFWV# RQ# WKH# FHQWUDO
QHUYRXV# V\VWHP,# ZHUH# VHHQ# LQ# DQLPDOV# H[SRVHG# WR
4/333#RU#8/333#SSP>#WKH#V\PSWRPV#ZHUH#JUHDWHVW#LQ
LQWHQVLW\#LQLWLDOO\#DW#8/333#SSP1##/DWHU#LQ#WKH#VWXG\/
DQLPDOV#VHHPHG#WR#GHYHORS#D#WROHUDQFH#WR#WHWUDK\GUR0
IXUDQ# EDVHG# RQ# WKH# UHGXFHG#PDJQLWXGH# RI# LUULWDWLRQ
HIIHFWV1# #*OXWDPLF0R[DORDFHWLF# WUDQVDPLQDVH/#FKROLQ0
HVWHUDVH/# DQG# EORRG# VXJDU# YDOXHV#ZHUH# LQFUHDVHG# LQ
UDWV# H[SRVHG# WR# 4/333# RU# 8/333# SSP# +.DWDKLUD/
4<;5D/E,1

,NHRND# HW# DO1# +4<;6/# 4<;7,# VWXGLHG# WKH# HIIHFWV# RI
WHWUDK\GURIXUDQ# H[SRVXUH# RQ# WKH# PRUSKRORJ\# DQG
FLOLDU\# DFWLYLW\# RI# WUDFKHDO# HSLWKHOLXP# LQ# UDEELWV# DW
LQKDODWLRQ#H[SRVXUH#FRQFHQWUDWLRQV#UDQJLQJ#IURP#433
WR# 4/533# SSP# IRU# 7# KRXUV1# # 7KH# HSLWKHOLXP# ZDV
LQYHVWLJDWHG# E\# VFDQQLQJ# DQG# WUDQVPLVVLRQ# HOHFWURQ
PLFURVFRS\1##7KH#DXWKRUV#FRQFOXGHG#WKDW#WHWUDK\GUR0
IXUDQ#KDV#WUDQVLHQW#RU#SHUPDQHQW#LQKLELWRU\#HIIHFWV#RQ
WUDFKHDO#FLOLDU\#DFWLYLW\#RI#WKH#ILQH#VWUXFWXUH#RI#HSLWKH0
OLDO# FHOOV1# # 7KHVH# HIIHFWV#ZHUH# UHODWHG# WR# H[SRVXUH
FRQFHQWUDWLRQ1

Humans
7HWUDK\GURIXUDQ# YDSRUV#PD\# FDXVH# LUULWDWLRQ# RI# WKH
PXFRXV#PHPEUDQHV/# UHVSLUDWRU\# V\VWHP/# DQG# VNLQ1
7HWUDK\GURIXUDQ#LV#D#VWURQJ#QDUFRWLF1##$FXWH#WR[LFLW\
FRXOG# OHDG# WR# QDUFRVLV/# PXVFXODU# K\SRWRQLD/# DQG
GLVDSSHDUDQFH#RI#FRUQHDO#UHIOH[HV/#IROORZHG#E\#FRPD
DQG# GHDWK# ++6'%/# 4<<9,1# # # -XQWXQHQ# HW# DO1# +4<;7,
UHSRUWHG#D#FDVH#KLVWRU\#RI#D#780\HDU0ROG#PDQ#ZKR#KDG
EHHQ#H[SRVHG#RFFXSDWLRQDOO\# WR# WHWUDK\GURIXUDQ#DQG
KDG# DQ# DSSHQGHFWRP\# XQGHU# HQIOXUDQH# DQHVWKHVLD1
8SRQ#DZDNHQLQJ/#WKH#SDWLHQW#KDG#VHYHUDO#JHQHUDOL]HG
FRQYXOVLRQV1##2FFXSDWLRQDO#KLVWRU\#UHYHDOHG# WKDW#IRU
WKH# SUHYLRXV# 5# \HDUV# WKH# SDWLHQW# KDG# UXQ# KLV# RZQ
EXVLQHVV/# XVLQJ# LQVXODWLQJ# PDWHULDOV# FRQWDLQLQJ# D
##########

FDVH#KLVWRU\#VXJJHVWHG#WKDW#LQWHUDFWLRQV#RI#WHWUDK\GUR0

WHVWLQJ# WKH# SKDUPDFRORJLF# SURSHUWLHV# RI# WHWUDK\GUR0

REPRODUCTIVE 

AND DEVELOPMENTAL TOXICITY
5HSURGXFWLYH# WR[LFRORJ\# VWXGLHV# RQ# WHWUDK\GURIXUDQ
KDYH#EHHQ#SHUIRUPHG#LQ#VXSSRUW#RI#173#VWXGLHV#+0DVW
HW#DO1/#4<<5,1##7KHVH#VWXGLHV#DGGUHVVHG#WKH#SRWHQWLDO
IRU#WHWUDK\GURIXUDQ#WR#FDXVH#GHYHORSPHQWDO#WR[LFLW\#LQ
URGHQWV1# # ,Q# WKHVH# VWXGLHV/# SUHJQDQW# JURXSV# RI
6SUDJXH0'DZOH\#UDWV#DQG#6ZLVV# +&'04�,#PLFH#ZHUH
H[SRVHG#WR#3/#933/#4/;33/#RU#8/333#SSP#WHWUDK\GUR0
IXUDQ#E\#LQKDODWLRQ/#9#KRXUV#SHU#GD\/#:#GD\V#SHU#ZHHN1
(DFK#JURXS#FRQVLVWHG#RI#DSSUR[LPDWHO\#63#SRVLWLYHO\
PDWHG# IHPDOH# UDWV# RU# PLFH1# # 3UHJQDQW# PLFH# ZHUH
H[SRVHG#IRU#45#FRQVHFXWLYH#GD\V#RQ#GD\V#9#WR#4:#RI
JHVWDWLRQ/# DQG# SUHJQDQW# UDWV# ZHUH# H[SRVHG# IRU
47#FRQVHFXWLYH#GD\V#RQ#GD\V#9#WR#4<#RI#JHVWDWLRQ1##

3UHJQDQW# UDWV# GLG# QRW# H[KLELW# RYHUW# V\PSWRPV# RI
WR[LFLW\#RWKHU#WKDQ#D#UHGXFWLRQ#LQ#PHDQ#ERG\#ZHLJKW#LQ
WKH#8/333#SSP#JURXS1##7KH#QXPEHU#RI#LPSODQWDWLRQV/
WKH#PHDQ#SHUFHQWDJH#RI#OLYH#SXSV#SHU#OLWWHU/#WKH#PHDQ
SHUFHQWDJH#RI#UHVRUSWLRQV#SHU#OLWWHU/#DQG#WKH#IHWDO#VH[
UDWLR#ZHUH#QRW#DIIHFWHG1##0HDQ#IHWDO#ERG\#ZHLJKWV#LQ
WKH#8/333#SSP#JURXS#RI#UDWV#ZHUH#VLJQLILFDQWO\# OHVV
WKHQ#WKRVH#LQ#WKH#FRQWURO#JURXS1##$#WRWDO#RI#4/::5#OLYH
IHWXVHV#LQ#453#OLWWHUV#ZHUH#H[DPLQHG#IRU#DEQRUPDOLWLHV1
7KH#PHDQ#SHUFHQWDJH#RI# WKH# OLWWHU# DIIHFWHG#ZDV#QRW
VLJQLILFDQWO\# GLIIHUHQW# EHWZHHQ# H[SRVHG# DQG# FRQWURO
JURXSV#IRU#DQ\#PDOIRUPDWLRQ#RU#YDULDWLRQ#+0DVW#HW#DO1/
4<<5,1

0LFH# H[KLELWHG# RYHUW# V\PSWRPV# RI# WR[LFLW\# DW# WKH
4/;33#DQG#8/333#SSP#WHWUDK\GURIXUDQ#FRQFHQWUDWLRQV
+0DVW# HW# DO1/# 4<<5,1# # $SSUR[LPDWHO\# 63(# RI# WKH
DQLPDOV#LQ#WKH#4/;33#SSP#JURXS#DQG#DOO#WKH#DQLPDOV#LQ
WKH#8/333#SSP#JURXS#H[SHULHQFHG#QDUFRVLV#GXULQJ#DQG
XS#WR#4#KRXU#DIWHU#H[SRVXUH1##6HYHQ#SUHJQDQW#IHPDOH
PLFH# LQ# WKH# 8/333# SSP# JURXS# GLHG# GXULQJ# WKH# ILUVW
#######
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9# GD\V# RI# H[SRVXUH># WKLV# JURXS#ZDV# UHPRYHG# IURP SKHRFKURPRF\WRPDV# RI# WKH# DGUHQDO# JODQG# +173/
H[SRVXUH#WR#SUHYHQW#IXUWKHU#PRUWDOLW\/#DQG#WKHVH#PLFH 4<<6,1##4/70'LR[DQH/#DQRWKHU#F\FOLF#HWKHU#VROYHQW/#LV
ZHUH#VXEVHTXHQWO\#SURYLGHG#IUHVK/#ILOWHUHG#DLU#XQWLO#WKH FDUFLQRJHQLF#LQ#UDWV#DQG#JXLQHD#SLJV#E\#WKH#RUDO#URXWH
HQG#RI#WKH#VWXG\1##7KHUH#ZHUH#QR#PDWHUQDO#GHDWKV#LQ RI#H[SRVXUH1##4/70'LR[DQH#SURGXFHG#PDOLJQDQW#WXPRUV
WKH#933#DQG#4/;33#SSP#JURXSV1##0HDQ#ERG\#ZHLJKWV LQ#WKH#OLYHU#DQG#QDVDO#FDYLW\#LQ#UDWV#DQG#WXPRUV#RI#WKH
DQG#XWHULQH#ZHLJKWV#RI#SUHJQDQW#PLFH#LQ#WKH#4/;33#DQG OLYHU#DQG#JDOOEODGGHU#LQ#JXLQHD#SLJV1#4/70'LR[DQH#ZDV
8/333#SSP#JURXSV#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ#WKRVH#RI D#SURPRWRU#LQ#WZR0VWDJH#VNLQ#FDUFLQRJHQLF#VWXGLHV#LQ
WKH# FRQWUROV# DW# WKH# HQG# RI# WKH# VWXG\1# # 7KHUH#ZHUH PLFH1##1R#FDUFLQRJHQLF#HIIHFW#ZDV#VHHQ#LQ#RQH#LQKDOD0
UHGXFWLRQV#LQ#WKH#SHUFHQWDJH#RI#OLYH#IHWXVHV#SHU#OLWWHU WLRQ#VWXG\#LQ#UDWV#+,$5&/#4<:9,1
IRU#PLFH# LQ# WKH# 4/;33# DQG# 8/333#SSP#JURXSV1# #$Q
LQFUHDVH# LQ# WKH# LQFLGHQFHV# RI# UHGXFHG# VWHUQHEUDO
RVVLILFDWLRQ#ZDV#FRUUHODWHG# WR# WHWUDK\GURIXUDQ#H[SR0
VXUH# FRQFHQWUDWLRQ/# DOWKRXJK# GLIIHUHQFHV# EHWZHHQ
JURXSV#ZHUH#QRW#VWDWLVWLFDOO\#VLJQLILFDQW1##7KHUH#ZHUH
QR#LQFUHDVHV#LQ#WKH#LQFLGHQFHV#RI#RWKHU#PDOIRUPDWLRQV
RU#YDULDWLRQV1##7KHVH#UHVXOWV#VXJJHVW#WKDW#WHWUDK\GUR0
IXUDQ#PD\#EH#HPEU\RWR[LF# LQ#PLFH/#EXW# LI# WKH#FRQ0
FHSWXV# VXUYLYHV/# GHYHORSPHQW# DV# DVVHVVHG# E\# WKLV
H[SHULPHQWDO#GHVLJQ# FRQWLQXHV# LQ# D#QRUPDO# IDVKLRQ1
7KH#QR0REVHUYDEOH0DGYHUVH0HIIHFW#OHYHO#+12$(/,#IRU
PDWHUQDO# WR[LFLW\#ZDV# 4/;33# SSP# LQ# ERWK# UDWV# DQG
PLFH1##7KH#12$(/#IRU#GHYHORSPHQWDO# WR[LFLW\#ZDV
4/;33#SSP#LQ#UDWV#DQG#933#SSP#LQ#PLFH1

7KH# GHYHORSPHQWDO# WR[LFLW\# RI# WHWUDK\GURIXUDQ#ZDV
VWXGLHG# LQ# &'# UDWV# H[SRVHG# WR# WKH# FKHPLFDO# E\
LQKDODWLRQ# DW# FRQFHQWUDWLRQV# RI# 3/# 533/# 833/# 5/833/
DQG# 8/333# SSP# RQ# JHVWDWLRQDO# GD\V# 9# WKURXJK# 48
+86(3$2276/# 4<<5,1# # 7KH# PHDQ# QXPEHU# RI# LP0
SODQWDWLRQV#SHU#GDP#DQG#WKH#LQFLGHQFH#RI#PDOIRUPHG
IHWXVHV#ZHUH#QRW#H[SRVXUH#UHODWHG1##$W#8/333#SSP/#WKH
IHWDO# YDULDWLRQV# RI# UHGXFHG# ERG\# ZHLJKW# DQG# OHVV
RVVLILHG#VWHUQDH#ZHUH#VLJQLILFDQWO\#GLIIHUHQW#IURP#WKRVH
RI#WKH#FRQWUROV1##(PEU\RWR[LFLW\#H[SUHVVHG#DV#GHYHORS0
PHQWDO#GHOD\#RFFXUUHG#DW#8/333#SSP1

CARCINOGENICITY ODFN#RI#LQIRUPDWLRQ#RQ#FKURQLF#WR[LFLW\#DQG#FDUFLQR0
1R#H[SHULPHQWDO#DQLPDO#RU#KXPDQ#FDUFLQRJHQLFLW\#RU
HSLGHPLRORJ\#VWXGLHV#UHODWHG#WR#WHWUDK\GURIXUDQ#ZHUH
IRXQG#LQ#WKH#OLWHUDWXUH1##173#KDV#SHUIRUPHG#FDUFLQR0
JHQLFLW\# VWXGLHV# RQ# IXUDQ/# WKH# SDUHQW# FRPSRXQG# RI
WHWUDK\GURIXUDQ1# #:KHQ# IXUDQ#ZDV# DGPLQLVWHUHG# E\
JDYDJH#+5/#7/#RU#;#PJ2NJ#ERG\#ZHLJKW/#8#GD\V#D#ZHHN/
IRU# 5# \HDUV,/# LW# ZDV# IRXQG# WR# EH# FDUFLQRJHQLF# LQ
)67721# UDWV# EDVHG# RQ# LQFUHDVHG# LQFLGHQFHV# RI
FKRODQJLRFDUFLQRPD#DQG#KHSDWRFHOOXODU#QHRSODVPV#RI
WKH#OLYHU#DQG#LQFUHDVHG#LQFLGHQFHV#RI#PRQRQXFOHDU#FHOO
OHXNHPLD1# #,Q#PDOH#DQG#IHPDOH#%9&6) #PLFH/#IXUDQ4

LQGXFHG# KHSDWRFHOOXODU# QHRSODVPV# DQG# EHQLJQ
#############

GENETIC TOXICITY
7HWUDK\GURIXUDQ# KDV# VKRZQ# QR# HYLGHQFH# RI# PXWD0
JHQLFLW\#LQ#WKH#OLPLWHG#QXPEHU#RI#WHVWV#WKDW#KDYH#EHHQ
UHSRUWHG1##1R#LQGXFWLRQ#RI#PXWDWLRQV#ZDV#REVHUYHG#LQ
6DOPRQHOOD# W\SKLPXULXP# VWUDLQV# 7$<;/# 7$433/
7$4868/#DQG#7$486:# WUHDWHG#ZLWK# WHWUDK\GURIXUDQ/
ZLWK#RU#ZLWKRXW#OLYHU#6<#PHWDEROLF#DFWLYDWLRQ#HQ]\PHV
+0RUWHOPDQV# HW# DO1/# 4<;9,1# #1R# LQFUHDVHV# LQ# VLVWHU
FKURPDWLG# H[FKDQJHV# RU# FKURPRVRPDO# DEHUUDWLRQV
ZHUH#LQGXFHG#E\#WHWUDK\GURIXUDQ#LQ#FXOWXUHG#&KLQHVH
KDPVWHU#RYDU\# FHOOV/#ZLWK#RU#ZLWKRXW#6<# +*DOORZD\
HW# DO1/# 4<;:,1# # 7HWUDK\GURIXUDQ/# DGPLQLVWHUHG# E\
IHHGLQJ#RU#LQMHFWLRQ/#GLG#QRW#LQGXFH#VH[0OLQNHG#UHFHV0
VLYH#OHWKDO#PXWDWLRQV#LQ#JHUP#FHOOV#RI#PDOH#'URVRSKLOD
PHODQRJDVWHU#+9DOHQFLD#HW#DO1/#4<;8,1##)LQDOO\/#LQ#YLYR
WUHDWPHQW#RI#PDOH# UDWV#ZLWK# WHWUDK\GURIXUDQ#GLG#QRW
LQGXFH# XQVFKHGXOHG# '1$# V\QWKHVLV# LQ# KHSDWRF\WHV
+0LUVDOLV#HW#DO1/#4<;6,1#

STUDY RATIONALE
7HWUDK\GURIXUDQ# ZDV# QRPLQDWHG# E\# WKH# 1DWLRQDO
,QVWLWXWH# IRU#2FFXSDWLRQDO# 6DIHW\# DQG#+HDOWK# WR# WKH
173#IRU#FDUFLQRJHQLFLW\#VWXGLHV#EHFDXVH#RI#WKH#KLJK
SRWHQWLDO#IRU#RFFXSDWLRQDO#H[SRVXUH#DQG#EHFDXVH#RI#D

JHQLFLW\1##7KH#&KHPLFDO#6HOHFWLRQ#:RUNLQJ#*URXS#RI
WKH#1DWLRQDO#&DQFHU# ,QVWLWXWH#QRPLQDWHG# WHWUDK\GUR0
IXUDQ#IURP#WKH#HWKHUV#FODVV#VWXG\#DV#D#UHSUHVHQWDWLYH#RI
WKH# WHWUDK\GURIXUDQV#VXEFODVV1# #7KH#QRPLQDWLRQ#ZDV
EDVHG# ODUJHO\#RQ#SRWHQWLDO#KXPDQ#H[SRVXUH#EHFDXVH
WKH# VXVSLFLRQ# RI# FDUFLQRJHQLFLW\# RI# WHWUDK\GURIXUDQ
FRXOG# QRW# EH# HVWDEOLVKHG# RQ# WKH# EDVLV# RI# VWUXFWXUH1
,QKDODWLRQ# ZDV# FKRVHQ# DV# WKH# URXWH# RI# H[SRVXUH
EHFDXVH# KXPDQ# H[SRVXUH# RFFXUV# SULPDULO\# YLD# WKLV
URXWH1##)RXUWHHQ0ZHHN#DQG#50\HDU#ZKROH#ERG\#LQKDOD0
WLRQ# VWXGLHV# ZHUH# SHUIRUPHG# LQ# PDOH# DQG# IHPDOH
)67721#UDWV#DQG#%9&6) #PLFH14
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352&85(0(17#

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

2)#7(75$+<'52)85$1
7HWUDK\GURIXUDQ# ZDV# REWDLQHG# IURP# &KHP&HQWUDO
+.DQVDV#&LW\/#02,#LQ#IRXU#ORWV1##/RW#:.;090;9#ZDV
XVHG# GXULQJ# WKH# 470ZHHN# VWXGLHV# DQG# ORWV# /043:/
3456<3/# DQG# %3;49<356# ZHUH# XVHG# LQ# WKH# 50\HDU
VWXGLHV1##,GHQWLW\/#SXULW\/#DQG#VWDELOLW\#DQDO\VHV#ZHUH
FRQGXFWHG#E\#WKH#VWXG\#ODERUDWRU\#DQG#E\#WKH#DQDO\W0
LFDO#FKHPLVWU\#ODERUDWRU\/#0LGZHVW#5HVHDUFK#,QVWLWXWH
+.DQVDV#&LW\/#02,#+$SSHQGL[#+,1##5HSRUWV#RQ#DQDO\0
VHV# SHUIRUPHG# LQ# VXSSRUW# RI# WKH# WHWUDK\GURIXUDQ
VWXGLHV#DUH#RQ#ILOH#DW#WKH#1DWLRQDO#,QVWLWXWH#RI#(QYLURQ0
PHQWDO#+HDOWK#6FLHQFHV#+1,(+6,1

/RWV# :.;090;9# DQG# /043:/# ERWK# FOHDU/# FRORUOHVV
OLTXLGV/#ZHUH#LGHQWLILHG#DV#WHWUDK\GURIXUDQ#E\#LQIUDUHG/
XOWUDYLROHW2YLVLEOH/# DQG# QXFOHDU#PDJQHWLF# UHVRQDQFH
VSHFWURVFRS\1# # /RWV# 3456<3# DQG# %3;49<356/# DOVR
FOHDU/# FRORUOHVV# OLTXLGV/#ZHUH# LGHQWLILHG# E\# LQIUDUHG
VSHFWURVFRS\1# # 7KH# SXULWLHV# RI# ORWV#:.;090;9# DQG
/043:#ZHUH#GHWHUPLQHG#E\#HOHPHQWDO#DQDO\VHV/#.DUO
)LVFKHU#ZDWHU#DQDO\VHV/#DQG#JDV#FKURPDWRJUDSK\1##7KH
SXULW\# RI# ORWV# 3456<3# DQG#%3;49<356#ZHUH# GHWHU0
PLQHG#E\#JDV#FKURPDWRJUDSK\1# #(OHPHQWDO#DQDO\VHV
IRU#K\GURJHQ#DQG#FDUERQ#ZHUH#JHQHUDOO\#LQ#DJUHHPHQW
ZLWK#WKH#WKHRUHWLFDO#YDOXHV#IRU#WHWUDK\GURIXUDQ1##.DUO
)LVFKHU#ZDWHU#DQDO\VLV#LQGLFDWHG#QRW#PRUH#WKDQ#3139(
ZDWHU#IRU#ORW#:.;090;9#DQG#OHVV#WKDQ#314(#ZDWHU#IRU
ORW#/043:1# #*DV# FKURPDWRJUDSK\#RI# ORWV#:.;090;9
DQG#/043:#LQGLFDWHG#RQH#PDMRU#SHDN#DQG#QR#LPSXULWLHV
ZLWK# DUHDV# JUHDWHU# WKDQ# 314(# UHODWLYH# WR# WKH#PDMRU
SHDN1##3HUR[LGH#FRQFHQWUDWLRQV#ZHUH#QR#JUHDWHU#WKDQ
6# SSP1# 7KH# RYHUDOO# SXULW\# ZDV# GHWHUPLQHG# WR# EH
DSSUR[LPDWHO\#<<(1

6WDELOLW\#VWXGLHV#RI#WKH#EXON#FKHPLFDO#ZHUH#SHUIRUPHG
E\# WKH# DQDO\WLFDO# FKHPLVWU\# ODERUDWRU\# XVLQJ# JDV
FKURPDWRJUDSK\1# # 7KHVH# VWXGLHV# LQGLFDWHG# WKDW
WHWUDK\GURIXUDQ# ZDV# VWDEOH# DV# D# EXON# FKHPLFDO# IRU 7KH#FKDPEHU#FRQFHQWUDWLRQV#RI#WHWUDK\GURIXUDQ#ZHUH
5#ZHHNV#ZKHQ#VWRUHG#SURWHFWHG#IURP#OLJKW#DW#WHPSHUD0 PRQLWRUHG#XVLQJ#DQ#RQ0OLQH#JDV#FKURPDWRJUDSK#ZLWK#D
##

WXUHV# XS# WR# 58(# &1# # 7R# HQVXUH# VWDELOLW\/# WKH# EXON
FKHPLFDO# ZDV# VWRUHG# DW# URRP# WHPSHUDWXUH# LQ# WKH
RULJLQDO#PHWDO#FRQWDLQHUV#XQGHU#D#QLWURJHQ#EODQNHW1

6WDELOLW\# ZDV# PRQLWRUHG# GXULQJ# WKH# 470ZHHN# DQG
50\HDU#VWXGLHV#XVLQJ#JDV#FKURPDWRJUDSK\>#QR#GHJUDGD0
WLRQ#RI#WKH#EXON#FKHPLFDO#ZDV#GHWHFWHG1

9$325#*(1(5$7,21#

$1'#(;32685(#6<67(0
7HWUDK\GURIXUDQ#YDSRU#ZDV#JHQHUDWHG#ZLWK#D# URWDU\
HYDSRUDWLRQ# V\VWHP# +%�FKL# 5RWDYDSRU/# 0RGHO
(/04646/#%�FKL#/DERUDWRULXPV#7HFKQLN#$*/#)ODYLO/
6ZLW]HUODQG,1# #)URP# WKH# FRQGHQVLQJ# FROXPQ# RI# WKH
URWDU\#HYDSRUDWRU/#WKH#YDSRU#HQWHUHG#D#VKRUW#GLVWULEX0
WLRQ#PDQLIROG# IURP#ZKLFK# LQGLYLGXDO# GHOLYHU\# OLQHV
FDUULHG#PHWHUHG#DPRXQWV#RI#YDSRU# WR#HDFK#H[SRVXUH
FKDPEHU1##:KHQ#HTXLOLEULXP#ZDV#UHDFKHG/#HDFK#YDOYH
ZDV#RSHQHG#WR#DOORZ#WKH#IORZ#RI#YDSRU#LQWR#WKH#FKDP0
EHU1# # $W# HDFK# FKDPEHU# ORFDWLRQ/# WKH# YDSRU# ZDV
LQMHFWHG# LQWR# WKH# FKDPEHU# LQOHW# GXFW# ZKHUH# LW# ZDV
IXUWKHU# GLOXWHG# ZLWK# FKDUFRDO0# DQG# +(3$0ILOWHUHG
FKDPEHU# DLU# WR# DFKLHYH# WKH# GHVLUHG# H[SRVXUH
FRQFHQWUDWLRQ1# #6WDLQOHVV0VWHHO#FKDPEHUV#GHVLJQHG#DW
%DWWHOOH# 1RUWKZHVW# /DERUDWRULHV# ZHUH# XVHG# IRU# DOO
VWXGLHV# ++D]OHWRQ# 5333/# $EHUGHHQ/# 0',1# # # 7KH
FKDPEHU# ZDV# GHVLJQHG# VR# WKDW# XQLIRUP# YDSRU
FRQFHQWUDWLRQV# FRXOG# EH#PDLQWDLQHG# WKURXJKRXW# WKH
FKDPEHU#ZKHQ#FDWFK#SDQV#ZHUH#LQ#SRVLWLRQ1##$#VPDOO
SDUWLFOH# GHWHFWRU# +7\SH# &1/# *DUGQHU# $VVRFLDWHV/
6FKHQHFWDG\/#1<,#ZDV#XVHG#ZLWK#DQG#ZLWKRXW#DQLPDOV
LQ# WKH#H[SRVXUH#FKDPEHUV# WR#HQVXUH# WKDW# WHWUDK\GUR0
IXUDQ# YDSRU# DQG# QRW# DHURVRO# ZDV# SURGXFHG1# # 1R
SDUWLFOH#FRXQWV#DERYH# WKH#PLQLPXP# UHVROYDEOH# OHYHO
+DSSUR[LPDWHO\#533#SDUWLFOHV2FP ,#ZHUH#GHWHFWHG1##6

9$325#&21&(175$7,21#021,725,1*
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IODPH#LRQL]DWLRQ#GHWHFWRU1##6DPSOHV#ZHUH#GUDZQ#DQG WKH# JHQHUDWRU# IODVN# ZDV# DQDO\]HG# E\# LRGRPHWULF
DQDO\]HG# IURP# HDFK# H[SRVXUH# FKDPEHU/# WKH# FRQWURO WLWUDWLRQ# ZLWK# VRGLXP# WKLRVXOIDWH# WR# D# FRORULPHWULF
FKDPEHU/#WKH#H[SRVXUH#VXLWH/#WKH#RQ0OLQH#VWDQGDUG/#DQG HQGSRLQW1# # 1R# %+7# RU# RUJDQLF# SHUR[LGHV# ZHUH
D# ILOWHUHG# DLU# EODQN1# # 6XPPDULHV# RI# WKH# FKDPEHU REVHUYHG# LQ# WKH# H[SRVXUH# FKDPEHUV# LQ# WKH# 470ZHHN
FRQFHQWUDWLRQV# GXULQJ# WKH# VWXGLHV# DUH# SUHVHQWHG# LQ VWXGLHV1# #'XULQJ# WKH# 50\HDU# VWXGLHV/# QR# VLJQLILFDQW
$SSHQGL[#+1 DFFXPXODWLRQ# RI# SHUR[LGHV#ZDV# IRXQG1# #'XULQJ# DOO

&+$0%(5#$70263+(5(

&+$5$&7(5,=$7,21
7KH#WLPHV#IRU#WKH#H[SRVXUH#FRQFHQWUDWLRQV#WR#EXLOG#XS
WR#<3(#RI#WKH#ILQDO#H[SRVXUH#FRQFHQWUDWLRQ#+7 ,#DQG<3

WR#GHFD\#WR#43(#RI#WKH#H[SRVXUH#FRQFHQWUDWLRQ#+7 ,43
ZHUH#PHDVXUHG#LQ#DOO#VWXGLHV#ZLWK#DQG#ZLWKRXW#DQLPDOV
SUHVHQW1##$W#D#FKDPEHU#DLUIORZ#UDWH#RI#48#DLU#FKDQJHV
SHU#KRXU/#WKH#WKHRUHWLFDO#YDOXH#IRU#ERWK#7 #DQG#7 #LV<3# # 43

DSSUR[LPDWHO\#4518#PLQXWHV>#WKH#7 #YDOXH#FKRVHQ#IRU<3

DOO#VWXGLHV#ZDV#45#PLQXWHV1##$FWXDO#7 #YDOXHV#UDQJHG<3

IURP#8#WR#48#PLQXWHV#LQ#WKH#470ZHHN#VWXGLHV/#ZLWK#DQG
ZLWKRXW# DQLPDOV# LQ# WKH# FKDPEHUV/# DQG# IURP# :# WR
48#PLQXWHV#ZLWKRXW#DQLPDOV#DQG#;#WR#4;#PLQXWHV#ZLWK
DQLPDOV#LQ#WKH#50\HDU#VWXGLHV1##7 #YDOXHV#UDQJHG#IURP43

:#WR#43#PLQXWHV#ZLWKRXW#DQLPDOV#DQG#<#WR#47#PLQXWHV
ZLWK# DQLPDOV# LQ# WKH# 470ZHHN# VWXGLHV># LQ# WKH# 50\HDU
VWXGLHV/# 7 # UDQJHG# IURP# <# WR# 46#PLQXWHV# ZLWKRXW43

DQLPDOV#DQG#IURP#<#WR#48#PLQXWHV#ZLWK#DQLPDOV#LQ#WKH
FKDPEHUV1##8QLIRUPLW\#RI#H[SRVXUH#FRQFHQWUDWLRQV#LQ
DOO#FKDPEHUV#ZDV#DFFHSWDEOH1

7KH#SHUVLVWHQFH#RI#WHWUDK\GURIXUDQ#LQ#WKH#4/;33#SSP
H[SRVXUH#FKDPEHU#DIWHU#VKXWWLQJ#RII#WKH#V\VWHP/#ZLWK
DQG#ZLWKRXW#DQLPDOV#SUHVHQW/#ZDV#PRQLWRUHG#GXULQJ
WKH#50\HDU#VWXGLHV1##7KH#FRQFHQWUDWLRQ#RI#WHWUDK\GUR0
IXUDQ#LQ#WKH#H[SRVXUH#FKDPEHU#IHOO#WR#OHVV#WKDQ#4(#RI
WKH#EHJLQQLQJ#FRQFHQWUDWLRQ#ZLWKLQ#63#PLQXWHV#ZLWK#QR
DQLPDOV# SUHVHQW>#ZLWK# DQLPDOV# SUHVHQW/# WKH# WLPH# WR
GHFD\# WR# OHVV# WKDQ# 4(# RI# WKH# LQLWLDO# FRQFHQWUDWLRQ
UDQJHG# IURP# 5:# WR# 93# PLQXWHV1# # 7HWUDK\GURIXUDQ
FRQFHQWUDWLRQV# LQ# WKH#EXLOGLQJ#H[KDXVW#DQG#URRP#DLU
ZHUH#DOVR#PRQLWRUHG#GXULQJ#DOO#VWXGLHV1

,QIRUPDWLRQ# VXSSOLHG#E\# WKH#PDQXIDFWXUHU# LQGLFDWHG
WKDW#DOO#ORWV#RI#WHWUDK\GURIXUDQ#FRQWDLQHG#5/90GL0WHUW0
EXW\O070PHWK\OSKHQRO#+%+7,#DV#D#VWDELOL]HU1##%+7#LV
OHVV#YRODWLOH#WKDQ#WHWUDK\GURIXUDQ#DQG#ZDV#H[SHFWHG#WR
EH#GHSOHWHG# LQ# WKH#JHQHUDWHG# WHVW#DWPRVSKHUH1##%+7
DQG# SHUR[LGH# FRQFHQWUDWLRQV#ZHUH# GHWHUPLQHG# IURP
VDPSOHV# WDNHQ# IURP# WKH# JHQHUDWRU# UHVHUYRLU# IRU
WHWUDK\GURIXUDQ#VWDELOLW\#DQDO\VHV1##%+7#ZDV#DQDO\]HG
ZLWK#JDV#FKURPDWRJUDSK\1##3HUR[LGH#FRQFHQWUDWLRQ#LQ

VWXGLHV/#WHWUDK\GURIXUDQ#ZDV#PRQLWRUHG#IRU#VWDELOLW\#LQ
WKH#JHQHUDWRU#UHVHUYRLU#DQG#H[SRVXUH#FKDPEHUV#E\#JDV
FKURPDWRJUDSK\1# #5HVXOWV# LQGLFDWHG# WKDW# WHWUDK\GUR0
IXUDQ# ZDV# VWDEOH# LQ# WKH# JHQHUDWRU# UHVHUYRLU1# # 1R
FRQWDPLQDQWV# RU# GHJUDGDWLRQ# SURGXFWV# ZHUH# IRXQG
GXULQJ#WKH#470ZHHN#VWXGLHV1##1R#RWKHU#FRQWDPLQDQWV#RU
GHJUDGDWLRQ# SURGXFWV# DW# FRQFHQWUDWLRQV# JUHDWHU# WKDQ
316(#ZHUH# IRXQG# LQ#GLVWULEXWLRQ# OLQHV#RU# LQ# 533#RU
4/;33# SSP# H[SRVXUH# FKDPEHU# VDPSOHV# GXULQJ# WKH
50\HDU#VWXG\1##1R#HQULFKPHQW#RI#%+7#ZDV#GHWHFWHG1

470:((.#678',(6
7KH#470ZHHN#VWXGLHV#ZHUH#FRQGXFWHG#WR#HYDOXDWH#WKH
FXPXODWLYH# WR[LF# HIIHFWV# RI# UHSHDWHG# H[SRVXUH# WR
WHWUDK\GURIXUDQ# DQG# WR# GHWHUPLQH# WKH# DSSURSULDWH
H[SRVXUH# FRQFHQWUDWLRQV# WR# EH# XVHG# LQ# WKH# 50\HDU
VWXGLHV1

#ZHUH0DOH#DQG#IHPDOH#)67721#UDWV#DQG#%9&6) #PLFH#4

REWDLQHG#IURP#6LPRQVHQ#/DERUDWRULHV/#,QF1#+*LOUR\/
&$,1##2Q#UHFHLSW/#WKH#UDWV#DQG#PLFH#ZHUH#7#ZHHNV#ROG1
$QLPDOV#ZHUH#TXDUDQWLQHG#IRU#46#WR#48#GD\V#DQG#ZHUH
DSSUR[LPDWHO\# :#ZHHNV# ROG# RQ# WKH# ILUVW# GD\# RI# WKH
VWXGLHV1##%HIRUH#LQLWLDWLRQ#RI#WKH#VWXGLHV/#ILYH#PDOH#DQG
ILYH#IHPDOH#UDWV#DQG#PLFH#ZHUH#UDQGRPO\#VHOHFWHG#IRU
SDUDVLWH#HYDOXDWLRQ#DQG#JURVV#REVHUYDWLRQ#IRU#HYLGHQFH
RI# GLVHDVH1# # $W# WKH# HQG# RI# WKH# VWXGLHV/# VHURORJLF
DQDO\VHV#ZHUH#SHUIRUPHG#RQ#ILYH#PDOH#DQG#ILYH#IHPDOH
FKDPEHU#FRQWURO#UDWV#DQG#PLFH#XVLQJ#WKH#SURWRFROV#RI
WKH#173#6HQWLQHO#$QLPDO#3URJUDP#+$SSHQGL[#-,1

*URXSV#RI#43#PDOH#DQG#43#IHPDOH#UDWV#DQG#PLFH#ZHUH
H[SRVHG#WR#WHWUDK\GURIXUDQ#DW#FRQFHQWUDWLRQV#RI#3/#99/
533/# 933/# 4/;33/# DQG# 8/333# SSP# E\# LQKDODWLRQ/
9# KRXUV# SOXV#7 # +45#PLQXWHV,# SHU# GD\/# 8# GD\V# SHU<3

ZHHN/# IRU#47#ZHHNV1# #7KH#FKDPEHU#FRQWURO#DQLPDOV
ZHUH#H[SRVHG#WR#+(3$#ILOWHUHG#DLU1##:DWHU#ZDV#DYDLO0
DEOH#DG#OLELWXP>#IHHG#ZDV#DYDLODEOH#DG#OLELWXP#H[FHSW
GXULQJ#H[SRVXUH#SHULRGV1##5DWV#DQG#PLFH#ZHUH#KRXVHG
LQGLYLGXDOO\1##&OLQLFDO#ILQGLQJV#ZHUH#UHFRUGHG#ZHHNO\1
7KH#DQLPDOV#ZHUH#ZHLJKHG# LQLWLDOO\/#ZHHNO\/#DQG#DW
WKH#HQG#RI#WKH#VWXGLHV1##'HWDLOV#RI#WKH#VWXG\#GHVLJQ#DQG
DQLPDO#PDLQWHQDQFH#DUH#VXPPDUL]HG#LQ#7DEOH#41
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$W#WKH#HQG#RI#WKH#470ZHHN#VWXGLHV/#EORRG#ZDV#FROOHFWHG
IURP#WKH#UHWURRUELWDO#SOH[XV#RI#DOO#UDWV#IRU#KHPDWRORJ\
DQG#FOLQLFDO#FKHPLVWU\#DQDO\VHV1##%ORRG#IRU#KHPDWRO0
RJ\# GHWHUPLQDWLRQV# ZDV# SODFHG# LQ# FROOHFWLRQ# WXEHV
FRQWDLQLQJ# SRWDVVLXP# ('7$# DV# DQ# DQWLFRDJXODQW1
%ORRG#IRU#FOLQLFDO#FKHPLVWU\#HYDOXDWLRQV#ZDV#SODFHG#LQ
WXEHV#ZLWKRXW#DQWLFRDJXODQW#DQG#DOORZHG#WR#FORW>#WKHVH
VDPSOHV# ZHUH# WKHQ# FHQWULIXJHG# DQG# VHUXP# ZDV
UHPRYHG1##(U\WKURF\WH#DQG#OHXNRF\WH#FRXQWV/#KHPDWR0
FULW/# KHPRJORELQ# FRQFHQWUDWLRQ/#PHDQ# FHOO# YROXPH/
PHDQ# FHOO# KHPRJORELQ/# PHDQ# FHOO# KHPRJORELQ
FRQFHQWUDWLRQ/#DQG#SODWHOHW#FRXQWV#ZHUH#PHDVXUHG#RQ
DQ# 2UWKR# (/70;2GV# KHPDWRORJ\# FRXQWHU# +2UWKR
,QVWUXPHQWV/#:HVWZRRG/#0$,1##'LIIHUHQWLDO#OHXNRF\WH
FRXQWV/#EORRG#FHOO#PRUSKRORJ\/#DQG#QXFOHDWHG#HU\WKUR0
F\WH# FRXQWV# ZHUH# GHWHUPLQHG# E\# OLJKW#PLFURVFRSLF
H[DPLQDWLRQ# RI# EORRG# ILOPV# VWDLQHG# ZLWK# :ULJKW0
*LHPVD1##5HWLFXORF\WHV#ZHUH#FRXQWHG#DV#D#UHWLFXORF\WH2
HU\WKURF\WH#UDWLR#XVLQJ#D#0LOOHU#GLVF1##&OLQLFDO#FKHPLV0
WU\#GHWHUPLQDWLRQV#ZHUH#SHUIRUPHG#RQ#DQ#$EERWW#93
FKHPLVWU\# DQDO\]HU# +$EERWW# /DERUDWRULHV/# $EERWW
3DUN/#,/,#ZLWK#FRPPHUFLDOO\#DYDLODEOH#UHDJHQWV1##7KH
KHPDWRORJ\# DQG#FOLQLFDO#FKHPLVWU\#SDUDPHWHUV#PHD0
VXUHG#DUH#OLVWHG#LQ#7DEOH#41##

$#QHFURSV\#ZDV#SHUIRUPHG#RQ#DOO#DQLPDOV1##7KH#KHDUW/
OLYHU/# OXQJ/# ULJKW# NLGQH\/# VSOHHQ/# DQG# WK\PXV#ZHUH
ZHLJKHG1##7LVVXHV#IRU#PLFURVFRSLF#H[DPLQDWLRQ#ZHUH
IL[HG#DQG#SUHVHUYHG#LQ#43(#QHXWUDO#EXIIHUHG#IRUPDOLQ/
SURFHVVHG#DQG# WULPPHG/#HPEHGGHG# LQ#SDUDIILQ/# VHF0
WLRQHG#WR#D#WKLFNQHVV#RI#8#WR#9#�P/#DQG#VWDLQHG#ZLWK
KHPDWR[\OLQ#DQG#HRVLQ1##$#FRPSOHWH#KLVWRSDWKRORJLF
H[DPLQDWLRQ#ZDV#SHUIRUPHG#RQ#FKDPEHU#FRQWURO#DQG
8/333#SSP#JURXSV#RI#UDWV#DQG#PLFH1##7DUJHW#RUJDQV
ZHUH# H[DPLQHG# WR# D# QR0HIIHFW# OHYHO# LQ# JURXSV# RI
DQLPDOV# H[SRVHG# WR# ORZHU# FRQFHQWUDWLRQV# RI
WHWUDK\GURIXUDQ1##$GGLWLRQDOO\/#DOO#JURVV# OHVLRQV#DQG
WLVVXH#PDVVHV#DQG#VHOHFWHG#WLVVXHV#RI#UDWV#DQG#PLFH#LQ
WKH#ORZHU#H[SRVXUH#JURXSV#ZHUH#H[DPLQHG1##7DEOH#4
OLVWV#WKH#WLVVXHV#DQG#RUJDQV#H[DPLQHG1

50<($5#678',(6
6WXG\#'HVLJQ
*URXSV#RI#83#PDOH#DQG#83#IHPDOH#UDWV#DQG#PLFH#ZHUH LQ#7DEOH#41
H[SRVHG# WR# WHWUDK\GURIXUDQ# DW# FRQFHQWUDWLRQV# RI# 3/
533/#933/#DQG#4/;33#SSP#E\#LQKDODWLRQ/#9#KRXUV#SOXV 0LFURVFRSLF#HYDOXDWLRQV#ZHUH#FRPSOHWHG#E\#WKH#VWXG\
7 # +45# PLQXWHV,# SHU# GD\/# 8# GD\V# SHU# ZHHN/# IRU ODERUDWRU\#SDWKRORJLVW/#DQG# WKH#SDWKRORJ\#GDWD#ZHUH<3

438#ZHHNV1## HQWHUHG# LQWR# WKH# 7R[LFRORJ\# 'DWD# 0DQDJHPHQW

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

REWDLQHG#IURP#6LPRQVHQ#/DERUDWRULHV/#,QF1#+*LOUR\/
&$,/# IRU#XVH# LQ# WKH# 50\HDU# VWXGLHV1# #5DWV#DQG#PLFH
ZHUH#TXDUDQWLQHG#IRU#47#RU#48#GD\V#EHIRUH#WKH#EHJLQ0
QLQJ#RI# WKH#VWXGLHV1##)LYH#PDOH#DQG#ILYH#IHPDOH#UDWV
DQG#PLFH#ZHUH# VHOHFWHG# IRU# SDUDVLWH# HYDOXDWLRQ# DQG
JURVV#REVHUYDWLRQ#RI#GLVHDVH1##6HURORJ\#VDPSOHV#ZHUH
FROOHFWHG# IRU# YLUDO# VFUHHQLQJ1# #5DWV# DQG#PLFH#ZHUH
DSSUR[LPDWHO\# :#ZHHNV# ROG# DW# WKH# EHJLQQLQJ# RI# WKH
VWXGLHV1# #7KH# KHDOWK# RI# WKH# DQLPDOV#ZDV#PRQLWRUHG
GXULQJ# WKH#VWXGLHV#DFFRUGLQJ# WR# WKH#SURWRFROV#RI# WKH
173#6HQWLQHO#$QLPDO#3URJUDP#+$SSHQGL[#-,1

$QLPDO#0DLQWHQDQFH
5DWV#DQG#PLFH#ZHUH#KRXVHG#LQGLYLGXDOO\1##:DWHU#ZDV
DYDLODEOH# DG# OLELWXP># IHHG#ZDV# DYDLODEOH# DG# OLELWXP
H[FHSW# GXULQJ# H[SRVXUH# SHULRGV1# #&DJHV# DQG# UDFNV
ZHUH#URWDWHG#ZLWKLQ#WKH#LQKDODWLRQ#FKDPEHUV#ZHHNO\1
)XUWKHU# GHWDLOV# RI# DQLPDO#PDLQWHQDQFH# DUH# JLYHQ# LQ
7DEOH# 41# # ,QIRUPDWLRQ# RQ# IHHG# FRPSRVLWLRQ# DQG
FRQWDPLQDQWV#LV#SURYLGHG#LQ#$SSHQGL[#,1

&OLQLFDO#([DPLQDWLRQV#DQG#3DWKRORJ\
$OO# DQLPDOV# ZHUH# REVHUYHG# WZLFH# GDLO\1# # &OLQLFDO
ILQGLQJV#ZHUH#UHFRUGHG#PRQWKO\#IRU#45#ZHHNV#+UDWV,#RU
46#ZHHNV#+PLFH,/#DW#ZHHN#48#+UDWV,#RU#ZHHN#49#+PLFH,/
PRQWKO\#WKHUHDIWHU#WKURXJK#ZHHN#<4#+UDWV,#RU#ZHHN#<5
DQG#+PLFH,#XQWLO#WKH#HQG#RI#WKH#VWXGLHV1##%RG\#ZHLJKWV
ZHUH#UHFRUGHG#ZHHNO\#IRU#45#ZHHNV#+UDWV,#RU#46#ZHHNV
+PLFH,/#DQG#PRQWKO\#WKHUHDIWHU#WKURXJK#ZHHN#<4#+UDWV,
RU#ZHHN#<5#+PLFH,#XQWLO#WKH#HQG#RI#WKH#VWXGLHV1#

&RPSOHWH# QHFURSVLHV# DQG#PLFURVFRSLF# H[DPLQDWLRQV
ZHUH#SHUIRUPHG#RQ#DOO#UDWV#DQG#PLFH1##$W#QHFURSV\/#DOO
RUJDQV#DQG#WLVVXHV#ZHUH#H[DPLQHG#IRU#JURVVO\#YLVLEOH
OHVLRQV/#DQG#DOO#PDMRU#WLVVXHV#ZHUH#IL[HG#DQG#SUHVHUYHG
LQ# 43(# QHXWUDO# EXIIHUHG# IRUPDOLQ/# SURFHVVHG# DQG
WULPPHG/#HPEHGGHG#LQ#SDUDIILQ/#VHFWLRQHG#WR#D#WKLFN0
QHVV#RI#8#WR#9#�P/#DQG#VWDLQHG#ZLWK#KHPDWR[\OLQ#DQG
HRVLQ# IRU#PLFURVFRSLF# H[DPLQDWLRQ1# #)RU# DOO# SDLUHG
RUJDQV# +L1H1/#DGUHQDO#JODQG/#NLGQH\/#RYDU\,# VDPSOHV
IURP# HDFK# RUJDQ#ZHUH# H[DPLQHG1# #&RPSOHWH# KLVWR0
SDWKRORJLF# H[DPLQDWLRQV# ZHUH# SHUIRUPHG# RQ# DOO
DQLPDOV1##7LVVXHV#H[DPLQHG#PLFURVFRSLFDOO\#DUH#OLVWHG

############
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6\VWHP1##7KH#VOLGHV/#SDUDIILQ#EORFNV/#DQG#UHVLGXDO#ZHW HDFK#WLVVXH#W\SH#VHSDUDWHO\#RU#FRPELQHG#ZDV#JHQHUDOO\
WLVVXHV#ZHUH#VHQW#WR#WKH#173#$UFKLYHV#IRU#LQYHQWRU\/ EDVHG#RQ#WKH#JXLGHOLQHV#RI#0F&RQQHOO#HW#DO1#+4<;9,1
VOLGH2EORFN#PDWFK/#DQG#ZHW#WLVVXH#DXGLW1##7KH#VOLGHV/
LQGLYLGXDO#DQLPDO#GDWD#UHFRUGV/#DQG#SDWKRORJ\#WDEOHV
ZHUH#HYDOXDWHG#E\#DQ#LQGHSHQGHQW#TXDOLW\#DVVHVVPHQW
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\#DVVHVV0
PHQW# SDWKRORJLVW# UHYLHZHG# WKH# IROORZLQJ# RUJDQV=
DGUHQDO#JODQG#+PDOH#UDWV,/#ERQH#PDUURZ#+PDOH#PLFH,/
EUDLQ# +IHPDOH# PLFH,/# FOLWRUDO# JODQG# +IHPDOH# UDWV,/
HSLGLG\PLV# +PDOH#PLFH,/# IRUHVWRPDFK# +PDOH#PLFH,/
NLGQH\#+PDOH#UDWV#DQG#PLFH,/#OLYHU#+PDOH#UDWV#DQG#PDOH
DQG# IHPDOH#PLFH,/# OXQJ# +PDOH# DQG# IHPDOH# UDWV# DQG
PDOH#PLFH,/#O\PSK#QRGHV#+PDOH#DQG#IHPDOH#PLFH#DQG
PDOH#UDWV,/#PDPPDU\#JODQG#+IHPDOH#UDWV,/#SHQLV#+PDOH
PLFH,/# SLWXLWDU\# JODQG# +PDOH# UDWV,/# SURVWDWH# JODQG
+PDOH#PLFH,/#VNLQ#+PDOH#DQG#IHPDOH#PLFH#DQG#IHPDOH
UDWV,/#VPDOO#LQWHVWLQH#+IHPDOH#PLFH,/#VSOHHQ#+PDOH#UDWV
DQG#PLFH,/# WK\URLG#JODQG# +PDOH#DQG#IHPDOH#UDWV#DQG
PDOH#PLFH,/#XULQDU\#EODGGHU#+PDOH#PLFH,/#DQG#XWHUXV
+IHPDOH#PLFH,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# GLDJ0
QRVHV#EHWZHHQ#WKH#ODERUDWRU\#DQG#TXDOLW\#DVVHVVPHQW
SDWKRORJLVW/#RU# OHVLRQV#RI#JHQHUDO# LQWHUHVW#ZHUH#SUH0
VHQWHG# E\# WKH# FKDLUSHUVRQ# WR# WKH#3:*# IRU# UHYLHZ1
7KH#3:*#FRQVLVWHG#RI#WKH#TXDOLW\#DVVHVVPHQW#SDWKRO0
RJLVW# 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
EHWZHHQ# WKH# ODERUDWRU\#SDWKRORJLVW/# UHYLHZLQJ#SDWK0
RORJLVW+V,/# DQG# WKH# 3:*1# #'HWDLOV# RI# WKHVH# UHYLHZ
SURFHGXUHV#KDYH#EHHQ#GHVFULEHG/#LQ#SDUW/#E\#0DURQSRW
DQG#%RRUPDQ#+4<;5,#DQG#%RRUPDQ#HW#DO1#+4<;8,1##)RU
VXEVHTXHQW# DQDO\VHV# RI# WKH# SDWKRORJ\# GDWD/# WKH# GH0
FLVLRQ#RI#ZKHWKHU#WR#HYDOXDWH#WKH#GLDJQRVHG#OHVLRQV#IRU

67$7,67,&$/#0(7+2'6
6XUYLYDO#$QDO\VHV
7KH# SUREDELOLW\# RI# VXUYLYDO# ZDV# HVWLPDWHG# E\# WKH
SURGXFW0OLPLW#SURFHGXUH#RI#.DSODQ#DQG#0HLHU#+4<8;,
DQG# LV# SUHVHQWHG# LQ# WKH# IRUP# RI# JUDSKV1# #$QLPDOV
IRXQG#GHDG#RI#RWKHU#WKDQ#QDWXUDO#FDXVHV#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/#$8/#%4/#%8/#&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# LQFL0
GHQFHV#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/# KDUGHULDQ# JODQG/# LQWHVWLQH/
PDPPDU\#JODQG/#DQG#VNLQ,#EHIRUH#PLFURVFRSLF#HYDO0
XDWLRQ/#RU#ZKHQ#QHRSODVPV#KDG#PXOWLSOH#SRWHQWLDO#VLWHV
RI# RFFXUUHQFH# +H1J1/# OHXNHPLD# RU# O\PSKRPD,/# WKH
GHQRPLQDWRUV# FRQVLVW# RI# WKH# QXPEHU# RI# DQLPDOV# RQ
ZKLFK#D#QHFURSV\#ZDV#SHUIRUPHG1# #7DEOHV#$6/#%6/
&6/#DQG#'6#DOVR#JLYH#WKH#VXUYLYDO0DGMXVWHG#QHRSODVP
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#RWKHU
FRPSHWLQJ#ULVNV#+.DSODQ#DQG#0HLHU/#4<8;,1

$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
########
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UHVXOW#RI#GHDWK#IURP#DQ#XQUHODWHG#FDXVH#DQG#WKXV#GLG FRQWURO#JURXSV#LQ#WKH#DQDO\VLV#RI#FRQWLQXRXV#YDULDEOHV1
QRW#DIIHFW# WKH#ULVN#RI#GHDWK1# # ,Q# WKLV#DSSURDFK/#QHR0 2UJDQ# DQG# ERG\#ZHLJKW# GDWD/#ZKLFK# KDYH# DSSUR[L0
SODVP#SUHYDOHQFH#ZDV#PRGHOHG#DV#D#ORJLVWLF#IXQFWLRQ PDWHO\#QRUPDO#GLVWULEXWLRQV/#ZHUH#DQDO\]HG#XVLQJ#WKH
RI# FKHPLFDO# H[SRVXUH# DQG# WLPH1# # %RWK# OLQHDU# DQG SDUDPHWULF#PXOWLSOH#FRPSDULVRQ#SURFHGXUHV#RI#'XQQHWW
TXDGUDWLF# WHUPV# LQ# WLPH#ZHUH# LQFRUSRUDWHG# LQLWLDOO\/ +4<88,#DQG#:LOOLDPV#+4<:4/#4<:5,1##&OLQLFDO#FKHPLVWU\
DQG#WKH#TXDGUDWLF#WHUP#ZDV#HOLPLQDWHG#LI#WKH#ILW#RI#WKH DQG# KHPDWRORJ\# GDWD/#ZKLFK# KDYH# W\SLFDOO\# VNHZHG
PRGHO#ZDV#QRW#VLJQLILFDQWO\#HQKDQFHG1##7KH#QHRSODVP GLVWULEXWLRQV/#ZHUH#DQDO\]HG#XVLQJ#WKH#QRQSDUDPHWULF
LQFLGHQFHV# RI# H[SRVHG# DQG# FRQWURO# JURXSV# ZHUH PXOWLSOH#FRPSDULVRQ#PHWKRGV#RI#6KLUOH\# +4<::,#DQG
FRPSDUHG#RQ#WKH#EDVLV#RI#WKH#OLNHOLKRRG#VFRUH#WHVW#IRU 'XQQ#+4<97,1##-RQFNKHHUH·V# WHVW#+-RQFNKHHUH/#4<87,
WKH# UHJUHVVLRQ#FRHIILFLHQW#RI#GRVH1# #7KLV#PHWKRG#RI ZDV#XVHG#WR#DVVHVV#WKH#VLJQLILFDQFH#RI#WKH#GRVH0UHODWHG
DGMXVWLQJ#IRU#LQWHUFXUUHQW#PRUWDOLW\#LV#WKH#SUHYDOHQFH WUHQGV#DQG#WR#GHWHUPLQH#ZKHWKHU#D#WUHQG0VHQVLWLYH#WHVW
DQDO\VLV# RI#'LQVH# DQG#/DJDNRV# +4<;6,/# IXUWKHU# GH0 +:LOOLDPV·#RU#6KLUOH\·V#WHVW,#ZDV#PRUH#DSSURSULDWH#IRU
VFULEHG#DQG#LOOXVWUDWHG#E\#'LQVH#DQG#+DVHPDQ#+4<;9,1 SDLUZLVH#FRPSDULVRQV#WKDQ#D#WHVW#WKDW#GRHV#QRW#DVVXPH
:KHQ#QHRSODVPV#DUH#LQFLGHQWDO/#WKLV#FRPSDULVRQ#RI#WKH D#PRQRWRQLF#GRVH0UHODWHG#WUHQG#+'XQQHWW·V#RU#'XQQ·V
WLPH0VSHFLILF# QHRSODVP# SUHYDOHQFHV# DOVR# SURYLGHV# D WHVW,1##3ULRU#WR#DQDO\VLV/#H[WUHPH#YDOXHV#LGHQWLILHG#E\
FRPSDULVRQ#RI#WKH#WLPH0VSHFLILF#QHRSODVP#LQFLGHQFHV WKH# RXWOLHU# WHVW# RI#'L[RQ# DQG#0DVVH\# +4<84,#ZHUH
+0F.QLJKW#DQG#&URZOH\/#4<;7,1 H[DPLQHG#E\#173#SHUVRQQHO/#DQG#LPSODXVLEOH#YDOXHV

,Q# DGGLWLRQ# WR# ORJLVWLF# UHJUHVVLRQ/#RWKHU#PHWKRGV#RI YDOXHV#ZHUH#DQDO\]HG#IRU#VLJQLILFDQFH#XVLQJ#WKH#0DQQ0
VWDWLVWLFDO#DQDO\VLV#ZHUH#XVHG/#DQG#WKH#UHVXOWV#RI#WKHVH :KLWQH\#8#WHVW#++ROODQGHU#DQG#:ROIH/#4<:6,1
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# QHR0
SODVPV/#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#FKDPEHU#FRQWUROV#DQG#D#WHVW
IRU# DQ# RYHUDOO# GRVH0UHODWHG# WUHQG1# # &RQWLQXLW\0
FRUUHFWHG#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# GLVFXVVLRQ# RI# WKHVH# VWDWLVWLFDO
PHWKRGV/#UHIHU#WR#+DVHPDQ#+4<;7,1

$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#

$QDO\VLV#RI#&RQWLQXRXV#9DULDEOHV#
7ZR#DSSURDFKHV#ZHUH#HPSOR\HG#WR#DVVHVV#WKH#VLJQLI0
LFDQFH#RI#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#H[SRVHG#DQG
#

ZHUH#HOLPLQDWHG#IURP#WKH#DQDO\VLV1##$YHUDJH#VHYHULW\

+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

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
$XGLW# SURFHGXUHV# DQG# ILQGLQJV# DUH# SUHVHQWHG# LQ# WKH
UHSRUWV#DQG#DUH#RQ#ILOH#DW#1,(+61##7KH#DXGLW#ILQGLQJV
ZHUH# UHYLHZHG# DQG# DVVHVVHG# E\# 173# VWDII/# VR# DOO
FRPPHQWV# KDG# EHHQ# UHVROYHG# RU# ZHUH# RWKHUZLVH
DGGUHVVHG# GXULQJ# WKH# SUHSDUDWLRQ# RI# WKLV# 7HFKQLFDO
5HSRUW1
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*(1(7,&#72;,&2/2*<
7KH#JHQHWLF#WR[LFLW\#RI#WHWUDK\GURIXUDQ#ZDV#DVVHVVHG
E\#WHVWLQJ#WKH#DELOLW\#RI#WKH#FKHPLFDO#WR#LQGXFH#PXWD0
WLRQV# LQ#YDULRXV# VWUDLQV#RI#6DOPRQHOOD# W\SKLPXULXP/
VLVWHU# FKURPDWLG# H[FKDQJHV# DQG# FKURPRVRPDO# DEHU0
UDWLRQV#LQ#FXOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV/#VH[0
OLQNHG# UHFHVVLYH# OHWKDO# PXWDWLRQV# LQ# 'URVRSKLOD
PHODQRJDVWHU/# VLVWHU# FKURPDWLG# H[FKDQJHV# DQG
FKURPRVRPDO# DEHUUDWLRQV# LQ# PRXVH# ERQH# PDUURZ
FHOOV/# DQG# LQFUHDVHV# LQ# WKH# IUHTXHQF\# RI# PLFUR0
QXFOHDWHG#HU\WKURF\WHV# LQ#SHULSKHUDO#EORRG#RI#PLFH1
7KH# SURWRFROV# IRU# WKHVH# VWXGLHV# DQG# WKH# UHVXOWV# DUH
JLYHQ#LQ#$SSHQGL[#(1

7KH#JHQHWLF#WR[LFLW\#VWXGLHV#RI#WHWUDK\GURIXUDQ#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#PROHFXODU#VWUXFWXUH#DQG
WKH#HIIHFWV#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# FKHPLFDO0LQGXFHG# '1$# GDPDJH# DQG# WR# SUHGLFW
FDUFLQRJHQLFLW\#LQ#DQLPDOV/#EDVHG#RQ#WKH#HOHFWURSKLOLF
WKHRU\# RI# FKHPLFDO# PXWDJHQHVLV# DQG# WKH# VRPDWLF
PXWDWLRQ#WKHRU\#RI#FDQFHU#+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# +$VKE\#DQG
7HQQDQW/#4<<4,1##2WKHU#LQ#YLWUR#JHQHWLF#WR[LFLW\#WHVWV
FRUUHODWH# OHVV# ZHOO# ZLWK# URGHQW# FDUFLQRJHQLFLW\
+7HQQDQW#HW#DO1/#4<;:>#=HLJHU#HW#DO1/#4<<3,/#DOWKRXJK
WKHVH#RWKHU#WHVWV#FDQ#SURYLGH#LQIRUPDWLRQ#RQ#WKH#W\SHV
RI#'1$#DQG#FKURPRVRPH#HIIHFWV#WKDW#FDQ#EH#LQGXFHG
E\#WKH#FKHPLFDO#EHLQJ#LQYHVWLJDWHG1##'DWD#IURP#173
VWXGLHV#VKRZ#WKDW#D#SRVLWLYH#UHVSRQVH#LQ#6DOPRQHOOD#LV
WKH#PRVW#SUHGLFWLYH# LQ#YLWUR# WHVW# IRU# URGHQW#FDUFLQR0
JHQLFLW\#+;<(#RI#WKH#6DOPRQHOOD#PXWDJHQV#DUH#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

7KH# SUHGLFWLYLW\# IRU# FDUFLQRJHQLFLW\# RI# D# SRVLWLYH
UHVSRQVH#LQ#ERQH#PDUURZ#FKURPRVRPH#DEHUUDWLRQ#RU
PLFURQXFOHXV# WHVWV# DSSHDUV# WR# EH# OHVV# WKDQ# WKH
6DOPRQHOOD#WHVW#+6KHOE\#HW#DO1/#4<<6>#6KHOE\#DQG#:LWW/
4<<8,1# # 3RVLWLYH# UHVSRQVHV# LQ# ORQJ# WHUP# SHULSKHUDO
EORRG# PLFURQXFOHXV# WHVWV# KDYH# QRW# EHHQ# IRUPDOO\
HYDOXDWHG# IRU# WKHLU# SUHGLFWLYLW\# IRU# URGHQW
FDUFLQRJHQLFLW\1##%XW/#EHFDXVH#RI#WKH#WKHRUHWLFDO#DQG
REVHUYHG#DVVRFLDWLRQVEHWZHHQ#LQGXFHG#JHQHWLF#GDPDJH
DQG# DGYHUVH# HIIHFWV# LQ# VRPDWLF# DQG# JHUP# FHOOV/# WKH
GHWHUPLQDWLRQ#RI#LQ#YLYR#JHQHWLF#HIIHFWV#LV#LPSRUWDQW#WR
WKH#RYHUDOO#XQGHU0VWDQGLQJ#RI#WKH#ULVNV#DVVRFLDWHG#ZLWK
H[SRVXUH#WR#D#SDUWLFXODU#FKHPLFDO1
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7$%/(#4
([SHULPHQWDO#'HVLJQ#DQG#0DWHULDOV#DQG#0HWKRGV#LQ#WKH#,QKDODWLRQ#6WXGLHV#RI#7HWUDK\GURIXUDQ

470:HHN#6WXGLHV 50<HDU#6WXGLHV

6WXG\#/DERUDWRU\
%DWWHOOH#3DFLILF#1RUWKZHVW#/DERUDWRULHV %DWWHOOH#3DFLILF#1RUWKZHVW#/DERUDWRULHV
+5LFKODQG/#:$, +5LFKODQG/#:$,

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

$QLPDO#6RXUFH
6LPRQVHQ#/DERUDWRULHV/#,QF1 6LPRQVHQ#/DERUDWRULHV/#,QF1
+*LOUR\/#&$, +*LOUR\/#&$,

7LPH#+HOG#%HIRUH#6WXGLHV
5DWV= 46#GD\V 5DWV= 47#GD\V
0LFH= 48#GD\V 0LFH= 48#GD\V

$YHUDJH#$JH#:KHQ#6WXGLHV#%HJDQ
:#ZHHNV :#ZHHNV

'DWH#RI#)LUVW#([SRVXUH
5DWV= 43#)HEUXDU\#4<;: 5DWV= 47#'HFHPEHU#4<;<
0LFH= 45#)HEUXDU\#4<;: 0LFH= :#'HFHPEHU#4<;<

'XUDWLRQ#RI#([SRVXUH
9#KRXUV#SOXV#7 #+45#PLQXWHV,#SHU#GD\/# 9#KRXUV#SOXV#7 #+45#PLQXWHV,#SHU#GD\/#<3
8#GD\V#SHU#ZHHN/#IRU#47#ZHHNV 8#GD\V#SHU#ZHHN/#IRU#438#ZHHNV

<3

'DWH#RI#/DVW#([SRVXUH
5DWV= 45#0D\#+PDOHV,#RU#46#0D\#+IHPDOHV,#4<;: 5DWV= 46#'HFHPEHU#4<<4
0LFH= 47#0D\#+PDOHV,#RU#48#0D\#+IHPDOHV,#4<;: 0LFH= 9#'HFHPEHU#4<<4

1HFURSV\#'DWHV
5DWV= 46#0D\#+PDOHV,#RU#47#0D\#+IHPDOHV,#4<;: 5DWV= 4904;#'HFHPEHU#4<<4
0LFH= 48#0D\#+PDOHV,#RU#49#0D\#+IHPDOHV,#4<;: 0LFH= <046#'HFHPEHU#4<<4

$YHUDJH#$JH#DW#1HFURSV\
53#ZHHNV 445#ZHHNV

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

0HWKRG#RI#'LVWULEXWLRQ
$QLPDOV#ZHUH#GLVWULEXWHG#UDQGRPO\#LQWR#JURXSV#RI#DSSUR[LPDWHO\ 6DPH#DV#470ZHHN#VWXGLHV
HTXDO#LQLWLDO#PHDQ#ERG\#ZHLJKWV1

$QLPDOV#SHU#&DJH
4 4

0HWKRG#RI#$QLPDO#,GHQWLILFDWLRQ
7RH#FOLS 7DLO#WDWWRR
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7$%/(#4
([SHULPHQWDO#'HVLJQ#DQG#0DWHULDOV#DQG#0HWKRGV#LQ#WKH#,QKDODWLRQ#6WXGLHV#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

470:HHN#6WXGLHV 50<HDU#6WXGLHV

'LHW
1,+03:#RSHQ#IRUPXOD#SHOOHWHG#IHHG#+=HLJOHU#%URWKHUV/#,QF1/ 6DPH#DV#470ZHHN#VWXGLHV
*DUGQHUV/#3$,/#DYDLODEOH#DG#OLELWXP#H[FHSW#GXULQJ#H[SRVXUH
SHULRGV/#FKDQJHG#ZHHNO\

:DWHU#'LVWULEXWLRQ
7DS#ZDWHU#+5LFKODQG#PXQLFLSDO#VXSSO\,#YLD#DXWRPDWLF#ZDWHULQJ 6DPH#DV#470ZHHN#VWXGLHV
V\VWHP#+(GVWURP#,QGXVWULHV/#,QF1/#:DWHUIRUG/#:,,/#DYDLODEOH
DG#OLELWXP

&DJHV
6WDLQOHVV0VWHHO#ZLUH0ERWWRP#++D]OHWRQ#6\VWHPV/#,QF1/#$EHUGHHQ/ 6DPH#DV#470ZHHN#VWXGLHV
0',/#URWDWHG#ZHHNO\

%HGGLQJ2&DJH#%RDUG
7HFKVRUE�#+6KHSKHUG#6SHFLDOW\#3DSHUV/#,QF1/#.DODPD]RR/#0,,/ 7HFKVRUE�#+6KHSKHUG#6SHFLDOW\#3DSHUV/#,QF1/#.DODPD]RR/#0,,/
FKDQJHG#GXULQJ#QRQ0H[SRVXUH#SHULRGV/#:#GD\V#SHU#ZHHN FKDQJHG#GXULQJ#QRQ0H[SRVXUH#SHULRGV/#:#GD\V#SHU#ZHHN/#DQG

XQWUHDWHG#FDJHERDUG#+%XQ]O#&LQFLQQDWL#3DSHU#&R1/#&LQFLQQDWL/#2+,

&KDPEHUV
6WDLQOHVV#VWHHO#+/DE#3URGXFWV/#,QF1/#$EHUGHHQ/#0',/# 6DPH#DV#470ZHHN#VWXGLHV
FKDQJHG#ZHHNO\

&KDPEHU#$LU#6XSSO\#)LOWHUV
6LQJOH#+(3$#+)ODQGHUV#)LOWHUV/#,QF1/#6DQ#5DIDHO/#&$,#DQG
FKDUFRDO#+56(/#,QF1/#1HZ#%DOWLPRUH/#0,,>#FKHFNHG#VHPLDQQXDOO\

6DPH#DV#470ZHHN#VWXGLHV

&KDPEHU#(QYLURQPHQW
7HPSHUDWXUH=##4<19(#WR#5919(#&
5HODWLYH#KXPLGLW\=##5<(#WR#:8(
)OXRUHVFHQW#OLJKW=##45#KRXUV2GD\
&KDPEHU#DLU#FKDQJHV=##48#�#6#SHU#KRXU

7HPSHUDWXUH=##4<19(#WR#591;(#&
5HODWLYH#KXPLGLW\=##55(#WR#;5(
)OXRUHVFHQW#OLJKW=##45#KRXUV2GD\
&KDPEHU#DLU#FKDQJHV=##44#WR#55#SHU#KRXU

([SRVXUH#&RQFHQWUDWLRQV
&KDPEHU#FRQWURO/#99/#533/#933/#4/;33/#RU#8/333#SSP &KDPEHU#FRQWURO/#533/#933/#RU#4/;33#SSP

7\SH#DQG#)UHTXHQF\#RI#2EVHUYDWLRQ
2EVHUYHG#WZLFH#GDLO\>#DQLPDOV#ZHUH#ZHLJKHG#LQLWLDOO\/#ZHHNO\/#DQG 2EVHUYHG#WZLFH#GDLO\>#DQLPDOV#ZHUH#ZHLJKHG#ZHHNO\#WKURXJK#ZHHN
DW#WKH#HQG#RI#WKH#VWXGLHV>#FOLQLFDO#ILQGLQJV#ZHUH#UHFRUGHG#ZHHNO\1 45#+UDWV,#RU#ZHHN#46#+PLFH,/#PRQWKO\#WKHUHDIWHU#WKURXJK#ZHHN#<4

+UDWV,#RU#ZHHN#<5#+PLFH,#DQG#FOLQLFDO#ILQGLQJV#ZHUH#UHFRUGHG
LQLWLDOO\/#ZHHNO\#WKURXJK#ZHHN#45#+UDWV,#RU#ZHHN#46#+PLFH,/#DW
ZHHN#48#+UDWV,#RU#ZHHN#49#+PLFH,/#PRQWKO\#WKHUHDIWHU#WKURXJK
ZHHN#<4#+UDWV,#RU#ZHHN#<5#+PLFH,/#DQG#HYHU\#5#ZHHNV#XQWLO#WKH#HQG
RI#WKH#VWXGLHV1

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

1HFURSV\
1HFURSV\#ZDV#SHUIRUPHG#RQ#DOO#DQLPDOV1##2UJDQV#ZHLJKHG#ZHUH 1HFURSV\#ZDV#SHUIRUPHG#RQ#DOO#DQLPDOV1#
KHDUW/#OLYHU/#OXQJ/#ULJKW#NLGQH\/#VSOHHQ/#DQG#WK\PXV1
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7$%/(#4
([SHULPHQWDO#'HVLJQ#DQG#0DWHULDOV#DQG#0HWKRGV#LQ#WKH#,QKDODWLRQ#6WXGLHV#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

470:HHN#6WXGLHV 50<HDU#6WXGLHV

&OLQLFDO#3DWKRORJ\
%ORRG#ZDV#FROOHFWHG#IURP#WKH#UHWURRUELWDO#VLQXV#RI#DOO#UDWV#DW#WKH 1RQH
HQG#RI#WKH#VWXG\1
+HPDWRORJ\=##KHPDWRFULW>#KHPRJORELQ#FRQFHQWUDWLRQ>#HU\WKURF\WH/
UHWLFXORF\WH/#DQG#QXFOHDWHG#HU\WKURF\WH#FRXQWV>#PHDQ#FHOO#YROXPH>
PHDQ#FHOO#KHPRJORELQ>#PHDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQ>
SODWHOHW#FRXQW>#DQG#WRWDO#OHXNRF\WH#FRXQW#DQG#GLIIHUHQWLDOV
&OLQLFDO#&KHPLVWU\=##XUHD#QLWURJHQ/#FUHDWLQLQH/#WRWDO#SURWHLQ/
DOEXPLQ/#DODQLQH#DPLQRWUDQVIHUDVH/#DONDOLQH#SKRVSKDWDVH/#FUHDWLQH
NLQDVH/#VRUELWRO#GHK\GURJHQDVH/#DQG#ELOH#DFLGV

+LVWRSDWKRORJ\
&RPSOHWH#KLVWRSDWKRORJ\#ZDV#SHUIRUPHG#RQ#DOO#FKDPEHU#FRQWURO
DQG#8/333#SSP#UDWV#DQG#PLFH#DQG#DOO#JURVV#OHVLRQV/#DQG#WDUJHW
RUJDQV#LQ#ORZHU#H[SRVXUH#JURXSV#WR#D#QR0HIIHFW#OHYHO1##,Q#DGGLWLRQ
WR#JURVV#OHVLRQV#DQG#WLVVXH#PDVVHV/#WKH#WLVVXHV#H[DPLQHG#LQFOXGHG=#
DGUHQDO#JODQG/#EUDLQ/#FOLWRUDO#JODQG#+UDWV,/#HVRSKDJXV/#JDOOEODGGHU
+PLFH,/#KHDUW#DQG#DRUWD/#ODUJH#LQWHVWLQH#+FHFXP/#FRORQ/#DQG
UHFWXP,/#VPDOO#LQWHVWLQH#+GXRGHQXP/#MHMXQXP/#DQG#LOHXP,/#NLGQH\/
ODU\Q[/#OLYHU/#OXQJ#DQG#PDLQVWHP#EURQFKL/#O\PSK#QRGHV
+PDQGLEXODU/#EURQFKLDO/#PHVHQWHULF/#DQG#PHGLDVWLQDO,/#PDPPDU\
JODQG/#QRVH/#RYDU\/#SDQFUHDV/#SDUDWK\URLG#JODQG/#SLWXLWDU\#JODQG/
SUHSXWLDO#JODQG#+UDWV,/#SURVWDWH#JODQG/#VDOLYDU\#JODQG/#VNLQ/#VSOHHQ/
VWHUQHEUDH#+ZLWK#PDUURZ,/#VWRPDFK#+IRUHVWRPDFK#DQG#JODQGXODU
VWRPDFK,/#WHVWLV/#WK\PXV/#WK\URLG#JODQG/#WUDFKHD/#XULQDU\#EODGGHU/
DQG#XWHUXV1

&RPSOHWH#KLVWRSDWKRORJ\#ZDV#SHUIRUPHG#RQ#DOO#UDWV#DQG#PLFH1##,Q
DGGLWLRQ#WR#JURVV#OHVLRQV#DQG#WLVVXH#PDVVHV/#WKH#WLVVXHV#H[DPLQHG
LQFOXGHG=##DGUHQDO#JODQG/#EUDLQ/#FOLWRUDO#JODQG/#HVRSKDJXV/#IHPXU
ZLWK#PDUURZ/#JDOOEODGGHU#+PLFH,/#KHDUW#DQG#DRUWD/#ODUJH#LQWHVWLQH
+FHFXP/#FRORQ/#DQG#UHFWXP,/#VPDOO#LQWHVWLQH#+GXRGHQXP/#MHMXQXP/
DQG#LOHXP,/#NLGQH\/#ODU\Q[/#OLYHU/#OXQJ#DQG#PDLQVWHP#EURQFKL/
O\PSK#QRGHV#+PDQGLEXODU/#EURQFKLDO/#PHVHQWHULF/#DQG
PHGLDVWLQDO,/#PDPPDU\#JODQG/#QRVH/#RYDU\/#SDQFUHDV/#SDUDWK\URLG
JODQG/#SLWXLWDU\#JODQG/#SUHSXWLDO#JODQG/#SURVWDWH#JODQG/#VDOLYDU\
JODQG/#VNLQ/#VSOHHQ/#VWRPDFK#+IRUHVWRPDFK#DQG#JODQGXODU#VWRPDFK,/
WHVWLV/#WK\PXV/#WK\URLG#JODQG/#WUDFKHD/#XULQDU\#EODGGHU/#DQG#XWHUXV1
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5:

5(68/76

5$76
470:((.#678'<
$OO#UDWV#VXUYLYHG#XQWLO#WKH#HQG#RI#WKH#VWXG\#+7DEOH#5,1
)LQDO#PHDQ#ERG\#ZHLJKWV#DQG#ERG\#ZHLJKW#JDLQV#RI
######

H[SRVHG#JURXSV#RI#PDOH#DQG#IHPDOH#UDWV#ZHUH#VLPLODU
WR#WKRVH#RI#WKH#FKDPEHU#FRQWUROV1##,PPHGLDWHO\#DIWHU
H[SRVXUH/#PDOH# DQG# IHPDOH# UDWV# LQ# WKH# 8/333# SSP
JURXSV# H[KLELWHG# DWD[LD/# ZKLFK# ZDV# GHVFULEHG# DV
LUUHJXODU#PRYHPHQW#ZLWK#ODFN#RI#FRRUGLQDWLRQ1

7$%/(#5
6XUYLYDO#DQG#%RG\#:HLJKWV#RI#5DWV#LQ#WKH#470:HHN#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

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

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

+SSP, +(,

0DOH

3 43243 43<#�#6 68;#�#9 57<#�#9
99 43243 43;#�#6 684#�#: 576#�#8 <;

533 43243 443#�#6 698#�#43 588#�#; 435
933 43243 439#�#6 694#�#8 588#�#8 434

4/;33 43243 43:#�#6 699#�#< 58<#�#9 435
8/333 43243 444#�#6 675#�#: 564#�#9 <9

)HPDOH

3 43243 <4#�#5 538#�#8 447#�#7
99 43243 <8#�#5 538#�#8 444#�#7 433

533 43243 <5#�#5 536#�#7 445#�#6 <<
933 43243 <7#�#5 545#�#7 44;#�#6 436

4/;33 43243 <6#�#5 53;#�#7 448#�#7 434
8/333 43243 <6#�#5 545#�#6 453#�#6 436

1XPEHU#RI#DQLPDOV#VXUYLYLQJ#DW#47#ZHHNV2QXPEHU#LQLWLDOO\#LQ#JURXSD

:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#FKDPEHU#FRQWURO#JURXS#ZHUH#QRW#VLJQLILFDQW#E\E

'XQQHWW·V#WHVW1

7KH#470ZHHN#KHPDWRORJ\#DQG#FOLQLFDO#FKHPLVWU\#GDWD VWURQJ#H[SRVXUH#UHODWLRQVKLS#DQG#RQO\#RFFXUUHG#LQ#WKH
IRU# UDWV# LQ# WKH# VXEFKURQLF# LQKDODWLRQ# VWXG\# RI 8/333# SSP# JURXSV># DOWKRXJK# WKH\#PD\# UHSUHVHQW# D
WHWUDK\GURIXUDQ# DUH# SUHVHQWHG# LQ# 7DEOH# *41# # 7KH ELRORJLF# HIIHFW/# WKH\# ZHUH# QRW# FRQVLGHUHG# WR[LFR0
KHPDWRORJLF#DQG#ELRFKHPLFDO#GLIIHUHQFHV#ZHUH#PLQ0 ORJLFDOO\# UHOHYDQW1# #$#PLQLPDO#PDWXUH#QHXWURSKLOLD/
LPDO/# ZLWK# PRVW# YDOXHV# IDOOLQJ# ZLWKLQ# SK\VLRORJLF HYLGHQFHG# E\# LQFUHDVHG# VHJPHQWHG# QHXWURSKLO# QXP0
UDQJHV1# # 7KHVH# GLIIHUHQFHV# GLG# QRW# GHPRQVWUDWH# D EHUV/#RFFXUUHG#LQ#8/333#SSP#PDOH#UDWV1##1HXWURSKLOLD
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LV# RIWHQ# D# UHVXOW# RI# DQ# LQFUHDVHG# WLVVXH# GHPDQG# IRU IHPDOH#UDWV#H[SRVHG#WR#8/333#SSP#ZHUH#VLJQLILFDQWO\
JUDQXORF\WHV#GXH# WR# LQIODPPDWLRQ># WKHUH#ZDV#PLFUR0 JUHDWHU# WKDQ# WKRVH# RI# WKH# FKDPEHU# FRQWUROV1# # 7KH
VFRSLF# HYLGHQFH# RI# D#PLOG# VXSSXUDWLYH# VXEPXFRVDO GHFUHDVHV# LQ# WK\PXV# DQG# VSOHHQ# ZHLJKWV# ZHUH# QRW
JDVWULF#LQIODPPDWLRQ#WKDW#FRXOG#DFFRXQW#IRU#WKH#QHXWUR0 DFFRPSDQLHG# E\# UHDGLO\# DSSUHFLDEOH# KLVWRSDWKRORJLF
SKLOLD1# # 0LQLPDO# LQFUHDVHV# RI# VHUXP# ELOH# DFLG FKDQJHV#DQG#PD\#KDYH#EHHQ#GXH#WR#VWUHVV#DVVRFLDWHG
FRQFHQWUDWLRQ#RFFXUUHG#LQ#8/333#SSP#PDOH#DQG#IHPDOH ZLWK#WHWUDK\GURIXUDQ#DGPLQLVWUDWLRQ#LQ#WKHVH#JURXSV1
UDWV#DQG#FRXOG#EH#FRQVLVWHQW#ZLWK#HLWKHU#D#FKROHVWDWLF
HYHQW#RU#KHSDWRFHOOXODU#LQMXU\1##7KHUH#ZDV#QR#HYLGHQFH 1R#H[SRVXUH0UHODWHG#JURVV# OHVLRQV#ZHUH#REVHUYHG# LQ
RI# FKROHVWDVLV# RU# KHSDWRFHOOXODU# QHFURVLV2OHDNDJH1 PDOH#RU#IHPDOH#UDWV#DW#QHFURSV\1##0LFURVFRSLFDOO\/#WKH
6HUXP#ELOH#DFLG#FRQFHQWUDWLRQ#FDQ#EH#DIIHFWHG/#KRZ0 LQFLGHQFHV# RI# PLQLPDO# WR# PLOG# K\SHUSODVLD# RI# WKH
HYHU/# E\# RWKHU#PHFKDQLVPV# VXFK# DV# DOWHUHG# HQWHUR0 IRUHVWRPDFK# LQ# PDOH# DQG# IHPDOH# UDWV# H[SRVHG# WR
KHSDWLF#FLUFXODWLRQ#DQG#LPSDLUHG#KHSDWLF#IXQFWLRQ/#DQG 8/333#SSP#WHWUDK\GURIXUDQ#ZHUH#VLJQLILFDQWO\#JUHDWHU
QRQFKROHVWDWLF#OLYHU#LQMXU\#FDQ#LQFUHDVH#FLUFXODWLQJ#ELOH WKDQ#WKRVH#LQ#WKH#FKDPEHU#FRQWUROV#+7DEOH#6,1##0LQ0
DFLG#FRQFHQWUDWLRQV1 LPDO# VXSSXUDWLYH# LQIODPPDWLRQ# FKDUDFWHUL]HG# E\

$EVROXWH#DQG#UHODWLYH# WK\PXV#DQG#VSOHHQ#ZHLJKWV#RI DVVRFLDWHG#ZLWK#DUHDV#RI# IRUHVWRPDFK#K\SHUSODVLD# LQ
PDOH# DQG# IHPDOH# UDWV# H[SRVHG# WR# 8/333# SSP#ZHUH WZR#PDOH#DQG#IRXU#IHPDOH#UDWV#H[SRVHG#WR#8/333#SSP1
VLJQLILFDQWO\#OHVV#WKDQ#WKRVH#RI#WKH#FKDPEHU#FRQWUROV 7KH#JDVWULF#OHVLRQV#PD\#KDYH#EHHQ#GXH#WR#WKH#LUULWDQW
+7DEOH#)4,1# #$EVROXWH#DQG# UHODWLYH# OLYHU#ZHLJKWV#RI HIIHFW#RI#WHWUDK\GURIXUDQ#LQJHVWHG#GXULQJ#H[SRVXUH1
#######

VXEPXFRVDO# QHXWURSKLOLF# LQILOWUDWHV# DQG# HGHPD# ZDV

7$%/(#6
,QFLGHQFHV#RI#6HOHFWHG#1RQQHRSODVWLF#/HVLRQV#RI#WKH#)RUHVWRPDFK#LQ#5DWV#LQ#WKH#470:HHN#,QKDODWLRQ#6WXG\
RI#7HWUDK\GURIXUDQ

&KDPEHU
&RQWURO 99#SSP 533#SSP 933#SSP 4/;33#SSP 8/333#SSP

0DOH

1XPEHU#([DPLQHG#0LFURVFRSLFDOO\ 43 ³ ³ ³ 43 43D

,QIODPPDWLRQ/#6XSSXUDWLYH 3 3 5 +513,E F

+\SHUSODVLD 3 3 8-

)HPDOH

1XPEHU#([DPLQHG#0LFURVFRSLFDOO\ 43 ³ ³ ³ 43 43
,QIODPPDWLRQ/#6XSSXUDWLYH 3 3 7- +513,
+\SHUSODVLD 3 3 ;--

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

7LVVXH#QRW#H[DPLQHG#DW#WKLV#H[SRVXUH#FRQFHQWUDWLRQD

1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQE

$YHUDJH#VHYHULW\#JUDGH#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=##4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#7ÛPDUNHGF

([SRVXUH#&RQFHQWUDWLRQ#6HOHFWLRQ#5DWLRQDOH=##%DVHG 8/333#SSP/#WKH#H[SRVXUH#FRQFHQWUDWLRQV#VHOHFWHG#IRU
RQ# FOLQLFDOO\#REVHUYHG# DWD[LD# DQG#RUJDQ#ZHLJKW# DQG WKH#50\HDU#LQKDODWLRQ#VWXG\#LQ#UDWV#ZHUH#3/#533/#933/
KLVWRSDWKRORJLF# HIIHFWV# REVHUYHG# LQ# UDWV# H[SRVHG# WR DQG#4/;33#SSP1
#######
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50<($5#678'<
6XUYLYDO
(VWLPDWHV#RI#50\HDU#VXUYLYDO#SUREDELOLWLHV#IRU#PDOH#DQG
IHPDOH#UDWV#DUH#VKRZQ#LQ#7DEOH#7#DQG#LQ#WKH#.DSODQ0
0HLHU#VXUYLYDO#FXUYHV#+)LJXUH#4,1##6XUYLYDO#RI#PDOH
DQG# IHPDOH# UDWV# H[SRVHG# WR# WHWUDK\GURIXUDQ# ZDV
VLPLODU#WR#WKDW#RI#WKH#FKDPEHU#FRQWUROV1##6XUYLYDO#RI
PDOH# UDWV# ZDV# DSSUR[LPDWHO\# 83(# DW# ZHHN# <4>
#############

KRZHYHU/#LQFUHDVHG#PRUWDOLW\#RFFXUUHG#LQ#DOO#JURXSV#RI
PDOHV#GXULQJ#WKH#ODVW#88#GD\V#RI#WKH#VWXG\1

%RG\#:HLJKWV#DQG#&OLQLFDO#)LQGLQJV
0HDQ#ERG\#ZHLJKWV#RI#H[SRVHG#JURXSV#RI#PDOH#DQG
IHPDOH# UDWV# ZHUH# VLPLODU# WR# WKRVH# RI# WKH# FKDPEHU
FRQWUROV#WKURXJKRXW#WKH#VWXG\#+)LJXUH#5>#7DEOHV#8#DQG
9,1# #1R# FOLQLFDO# ILQGLQJV# UHODWHG# WR# WHWUDK\GURIXUDQ
H[SRVXUH#ZHUH#REVHUYHG#LQ#PDOH#RU#IHPDOH#UDWV1

7$%/(#7
6XUYLYDO#RI#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

0DOH

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

$FFLGHQWDO#GHDWKV 4 4 3 3D

0RULEXQG# 64 6< 73 67
1DWXUDO#GHDWKV 9 7 8 43
$QLPDOV#VXUYLYLQJ#WR#VWXG\#WHUPLQDWLRQ 45 9 8 9
3HUFHQW#SUREDELOLW\#RI#VXUYLYDO#DW#HQG#RI#VWXG\ 58 45 43 45E

0HDQ#VXUYLYDO#+GD\V, 949 959 95: 95:F

6XUYLYDO#DQDO\VLV 3Û3186; 3Û315<3 3Û31537 3Û31663G

)HPDOH

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

0RULEXQG# 4; 55 4< 4<
1DWXUDO#GHDWKV : 6 8 8
$QLPDOV#VXUYLYLQJ#WR#VWXG\#WHUPLQDWLRQ 58 58 59 59
3HUFHQW#SUREDELOLW\#RI#VXUYLYDO#DW#HQG#RI#VWXG\ 83 83 85 85
0HDQ#VXUYLYDO#+GD\V, 98: 998 9;8 9:4

6XUYLYDO#DQDO\VLV 3Û413331 3Û413331 3Û31<6<1 3Û413331

&HQVRUHG#IURP#VXUYLYDO#DQDO\VHVD

.DSODQ00HLHU#GHWHUPLQDWLRQVE

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

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

+&R[/#4<:5,#ZLWK#WKH#FKDPEHU#FRQWUROV#DUH#LQ#WKH#H[SRVHG#JURXS#FROXPQV1##$#QHJDWLYH#WUHQG#RU#ORZHU#PRUWDOLW\#LQ#DQ#H[SRVXUH#JURXS#LV
LQGLFDWHG#E\#11



30 Tetrahydrofuran, NTP TR 475

FIGURE 1      
Kaplan-Meier Survival Curves for Rats Exposed to Tetrahydrofuran by Inhalation for 2 Years



31Tetrahydrofuran, NTP TR 475

FIGURE 2      
Growth Curves for Rats Exposed to Tetrahydrofuran by Inhalation for 2 Years
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7$%/(#8
0HDQ#%RG\#:HLJKWV#DQG#6XUYLYDO#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

:HHNV &KDPEHU#&RQWURO 533#SSP 933#SSP 4/;33#SSP
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 46: 83 468 <; 83 469 << 83 467 <; 83
5 4:; 83 4:: << 83 4:9 << 83 4:: 433 83
6 546 83 545 << 83 543 <; 83 545 << 83
7 56; 83 56; 433 83 568 << 83 56: 433 83
8 58< 83 58< 433 83 58: << 83 593 433 83
9 5:; 83 5;3 433 83 5:9 << 83 5:: 433 83
: 5<; 83 5<: 433 83 5<8 << 83 5<7 << 83
; 645 83 644 433 83 644 433 83 645 433 83
< 65: 83 659 433 83 65; 433 83 663 434 83

43 66; 83 66< 434 83 66; 433 83 673 434 83
44 684 7< 686 434 83 685 433 83 684 433 83
45 695 7< 697 434 83 697 434 83 697 434 83
48 6<4 7< 6<6 433 83 6<7 434 83 6<3 433 83
4< 748 7< 753 434 83 753 434 83 74< 434 83
56 764 7< 76; 435 83 773 435 83 769 434 83
5: 786 7< 78; 434 83 794 435 83 789 434 83
64 79: 7< 7:6 434 83 7:9 435 83 7:5 434 83
68 7:5 7< 7;5 435 83 7;6 435 83 7:< 435 83
6< 7;: 7; 7<4 434 83 7<8 435 83 7<6 434 83
76 835 7; 837 433 83 83< 434 7< 83: 434 83
7: 843 7; 847 434 83 849 434 7< 845 433 83
84 84: 7; 853 434 83 855 434 7< 853 434 83
88 855 7; 85; 434 83 85; 434 7< 859 434 83
8< 85< 7: 865 434 83 868 434 7; 85; 433 83
96 866 79 868 434 7< 873 434 7; 864 433 7;
9: 868 78 869 433 7< 874 434 7; 867 433 79
:4 875 78 873 433 7< 86; << 7; 86: << 78
:8 875 76 873 433 76 86: << 7: 868 << 75
:< 86: 6< 85; <; 73 866 << 76 865 << 73
;6 873 65 864 <; 66 866 << 6; 864 <; 69
;: 864 63 846 <: 65 84: <: 66 857 << 63
<4 845 5; 84; 434 58 7<5 <9 5: 84: 434 5<
<6 849 58 849 433 53 846 << 4< 856 434 58
<8 844 54 844 433 4: 7;: <8 4< 84: 434 54
<: 83; 4< 7<4 <: 49 7;6 <8 48 845 434 4<
<< 83; 4: 7;4 <8 48 7;: <9 45 844 434 47

434 7:< 4: 7:7 << 46 786 <8 44 7<: 437 45
436 783 49 77: << 44 794 435 : 798 436 43

0HDQV#IRU#ZHHNV
4046 5:7 5:7 433 5:6 << 5:7 433
47085 798 79< 434 7:5 435 79; 434
860436 84; 847 << 844 <; 853 433
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7$%/(#9
0HDQ#%RG\#:HLJKWV#DQG#6XUYLYDO#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

:HHNV &KDPEHU#&RQWURO 533#SSP 933#SSP 4/;33#SSP
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; 434 83 43; 433 83 43: << 83
5 45: 7< 45: 433 83 45: 433 83 45; 434 83
6 476 7< 476 433 83 474 << 83 475 433 83
7 485 7< 486 434 83 484 433 83 487 435 83
8 494 7< 496 434 83 494 433 83 496 434 83
9 4:3 7< 4:3 433 83 49; << 83 4:4 434 83
: 4:: 7< 4:; 433 83 4:8 << 83 4:: 433 83
; 4;4 7< 4;5 434 83 4;4 433 83 4;6 434 83
< 4;; 7< 4;< 434 7< 4;9 << 83 4<3 434 83

43 4<4 7< 4<6 435 7< 4<4 433 83 4<5 434 83
44 4<9 7< 4<< 435 7< 4<: 434 83 4<; 434 83
45 533 7< 535 434 7< 534 433 83 535 434 83
48 545 7< 547 434 7< 546 434 83 546 433 83
4< 553 7< 559 436 7< 557 435 83 55: 436 83
56 55< 7; 567 435 7< 567 435 83 56: 436 83
5: 56< 7; 576 434 7< 578 436 83 579 436 83
64 57; 7; 584 434 7< 587 435 83 587 436 83
68 58< 7; 595 434 7< 597 435 83 59: 436 83
6< 5:8 7; 5:9 434 7< 5:; 434 83 5;5 436 83
76 5;< 7; 5<4 434 7< 5<4 434 83 5<7 435 83
7: 634 7; 636 434 7< 635 433 83 636 434 83
84 645 7; 647 434 7; 648 434 83 649 434 83
88 654 7; 657 434 7; 658 435 83 659 435 83
8< 663 7: 666 434 7; 666 434 83 666 434 83
96 66< 7: 66; 433 7; 673 433 83 676 434 7;
9: 673 79 676 434 7: 676 434 83 679 435 7;
:4 67: 79 683 434 78 684 434 83 686 435 7:
:8 689 77 693 434 76 68: 434 7< 695 435 79
:< 68: 75 68< 433 76 693 434 7: 69: 436 76
;6 68; 74 698 435 75 6:3 436 77 69: 435 75
;: 68< 73 699 435 74 695 434 74 6:4 436 73
<4 693 6< 69< 436 6< 69; 435 6< 6:6 437 69
<6 697 6: 6:3 435 6< 698 433 6< 6;3 437 66
<8 68: 69 69: 436 6: 68; 433 69 6:7 438 65
<: 697 66 6:5 435 69 697 433 66 6:; 437 65
<< 695 65 69< 435 65 6:4 436 63 6:; 437 65

434 693 64 694 433 64 6:9 437 5; 6:5 436 5;
436 6:7 58 698 <; 5; 6:: 434 5: 6:5 << 59

#

0HDQV#IRU#ZHHNV
4046 499 49: 434 499 433 49: 434
47085 58; 594 434 595 434 597 435
860436 686 68: 434 68; 434 695 436
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3DWKRORJ\#DQG#6WDWLVWLFDO#$QDO\VHV
7KLV#VHFWLRQ#GHVFULEHV# WKH#VWDWLVWLFDOO\#VLJQLILFDQW#RU
ELRORJLFDOO\#QRWHZRUWK\#FKDQJHV#LQ#WKH#LQFLGHQFHV#RI
QHRSODVPV#DQG2RU#QRQQHRSODVWLF#OHVLRQV#RI#WKH#NLGQH\/
PDPPDU\# JODQG/# DQG# WHVWHV1# # 6XPPDULHV# RI# WKH
LQFLGHQFHV# RI# QHRSODVPV# DQG# QRQQHRSODVWLF# OHVLRQV/
LQGLYLGXDO#DQLPDO#WXPRU#GLDJQRVHV/#VWDWLVWLFDO#DQDO\VHV
RI#SULPDU\#QHRSODVPV#WKDW#RFFXUUHG#ZLWK#DQ#LQFLGHQFH
RI# DW# OHDVW# 8(# LQ# DW# OHDVW# RQH# DQLPDO# JURXS/# DQG
KLVWRULFDO#LQFLGHQFHV#IRU#WKH#QHRSODVPV#PHQWLRQHG#LQ
WKLV#VHFWLRQ#DUH#SUHVHQWHG#LQ#$SSHQGL[#$#IRU#PDOH#UDWV
DQG#$SSHQGL[#%#IRU#IHPDOH#UDWV1

.LGQH\=# # 7KH# LQFLGHQFHV# RI# UHQDO# WXEXOH# HSLWKHOLDO
DGHQRPD# ZHUH# PDUJLQDOO\# LQFUHDVHG# LQ# 933# DQG
4/;33# SSP# PDOHV1# # 7ZR# PDOH# UDWV# UHFHLYLQJ
4/;33# SSP# KDG# UHQDO# WXEXOH# HSLWKHOLDO# FDUFLQRPDV1
5HQDO# WXEXOH# HSLWKHOLDO# DGHQRPD# RU# FDUFLQRPD
+FRPELQHG,#RFFXUUHG#ZLWK#D#SRVLWLYH#WUHQG#LQ#PDOH#UDWV
+7DEOHV#:#DQG#$6,1#+LVWRORJLFDOO\/#WKH#PDMRULW\#RI#WKH
DGHQRPDV#ZHUH#ZHOO0FLUFXPVFULEHG# QRGXODU#PDVVHV
+XVXDOO\# ODUJHU# WKDQ# 8# RU#PRUH# WXEXODU# GLDPHWHUV,/
VRPH# RI#ZKLFK#ZHUH# GHWHFWHG# JURVVO\1# #$GHQRPDV
ZHUH#FRPSRVHG#RI#PXOWLSOH#VROLG#QHVWV#RI#SRO\JRQDO
EDVRSKLOLF# FHOOV# VHSDUDWHG# E\# D# GHOLFDWH# YDVFXODU
VWURPD1##7KH#QHRSODVWLF#FHOOV#VKRZHG#PLOG#FHOOXODU#DQG
QXFOHDU# SOHRPRUSKLVP# DQG# DW\SLD/# DQG# RFFDVLRQDO
PLWRWLF#FHOOV#ZHUH#HYLGHQW1##$OWKRXJK#QRW#VWDWLVWLFDOO\
VLJQLILFDQW/#WKH#LQFLGHQFHV#RI#DGHQRPD#RU#FDUFLQRPD
+FRPELQHG,#LQ#WKH#933#DQG#4/;33#SSP#PDOHV#H[FHHGHG
WKH# KLVWRULFDO# UDQJH# IRU# FKDPEHU# FRQWUROV# LQ# 50\HDU
173# LQKDODWLRQ# VWXGLHV# +7DEOHV# :# DQG#$7,1# #5HQDO
WXEXOH# QHRSODVPV# ZHUH# QRW# REVHUYHG# LQ# H[SRVHG
IHPDOH#UDWV#+7DEOH#%4,1#

0DPPDU\#JODQG=##7KH#LQFLGHQFHV#RI#ILEURDGHQRPD#LQ
IHPDOH#UDWV#H[SRVHG#WR#933#RU#4/;33#SSP#WHWUDK\GUR0
IXUDQ#ZHUH#VOLJKWO\#JUHDWHU#WKDQ#WKRVH#LQ#WKH#FKDPEHU
FRQWUROV#+FKDPEHU#FRQWUROV/#56283>#533#SSP/#55283>
933#SSP/#5<283>#4/;33#SSP/#64283>#7DEOH#%6,1##7KH
WUHQG#ZDV#PDUJLQDOO\#VLJQLILFDQW# +3Û31364,/#EXW# WKH
SDLUZLVH# FRPSDULVRQV# ZHUH# QRW1# # 7KH# QHRSODVP
LQFLGHQFHV#LQ#DOO#JURXSV#+LQFOXGLQJ#FKDPEHU#FRQWUROV,
H[FHHGHG#WKH#KLVWRULFDO#FRQWURO#UDQJH#IRU#WKLV#QHRSODVP
LQ#173# LQKDODWLRQ# VWXGLHV# +7DEOH#%7,1# #7KHVH# KLJK
QHRSODVP#LQFLGHQFHV#ZHUH#OLNHO\#GXH#WR#WKDW#IDFW#WKDW
WKH#DQLPDOV#LQ#WKLV#VWXG\#ZHUH#XQXVXDOO\#KHDY\/#DQG
WKH# LQFLGHQFH# RI# PDPPDU\# JODQG# ILEURDGHQRPD# LV
VWURQJO\#FRUUHODWHG#ZLWK#ERG\#ZHLJKW#+6HLONRS/#4<<8,1
7KHUH#ZDV# DOVR# QR# HYLGHQFH# RI# DQ# LQFUHDVH# LQ# WKH
LQFLGHQFHV#RI#PDOLJQDQW#PDPPDU\#JODQG#QHRSODVPV#LQ
IHPDOH#UDWV#+8283/#8283/#8283/#6283>#7DEOH#%6,1##0DOH
UDWV#H[SRVHG#WR#4/;33#SSP#DOVR#KDG#D#VOLJKWO\#JUHDWHU
LQFLGHQFH#RI#PDPPDU\#JODQG#ILEURDGHQRPD#WKDQ#WKDW
LQ# WKH# FKDPEHU# FRQWUROV# +3283/# 5283/# 6283/# 7283>
7DEOH#$6,/# EXW# WKLV# GLIIHUHQFH#ZDV# QRW# VWDWLVWLFDOO\
VLJQLILFDQW1# #1HLWKHU# RI# WKHVH#PDUJLQDO# LQFUHDVHV# LQ
PDPPDU\#JODQG#QHRSODVP#LQFLGHQFHV#ZHUH#FRQVLGHUHG
WR#EH#FKHPLFDO#UHODWHG1

7HVWHV=# # 7KH# LQFLGHQFHV# RI# WHVWLFXODU# DGHQRPD# LQ
H[SRVHG#PDOH#UDWV#ZHUH#JUHDWHU#WKDQ#WKDW#LQ#WKH#FKDP0
EHU#FRQWUROV#+56283/#64283/#64283/#67283>#7DEOH#$6,1
$OWKRXJK# WKH#QHRSODVP# LQFLGHQFH# LQ# WKH# 4/;33#SSP
JURXS#ZDV#VLJQLILFDQWO\#HOHYDWHG#UHODWLYH#WR#WKH#FKDP0
EHU#FRQWUROV/# LW#ZDV#VLPLODU# WR# WKH#KLVWRULFDO#FRQWURO
LQFLGHQFH# LQ#173# LQKDODWLRQ#VWXGLHV# +9;1:(>#UDQJH/
87(0;6(,1##7KXV/#WKH#DSSDUHQW#LQFUHDVH#PD\#EH#DQ
DEHUUDWLRQ# GXH# WR# DQ# XQXVXDOO\# ORZ# LQFLGHQFH# RI
DGHQRPD#LQ#WKH#FKDPEHU#FRQWUROV1
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7$%/(#:
,QFLGHQFHV#RI#1HRSODVPV#DQG#1RQQHRSODVWLF#/HVLRQV#RI#WKH#.LGQH\#LQ#0DOH#5DWV#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

1XPEHU#([DPLQHG#0LFURVFRSLFDOO\ 83 83 83 83
1HSKURSDWK\/#&KURQLF 7;#+613, 83#+51<, 83#+614, 83#+613,D E

5HQDO#7XEXOH/#$GHQRPD
2YHUDOO#UDWH 4283#+5(, 4283#+5(, 7283#+;(, 6283#+9(,F

$GMXVWHG#UDWH ;16( 491:( 4;1;( 4;19(G

7HUPLQDO#UDWH 4245#+;(, 429#+4:(, 328#+3(, 329#+3(,H

)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, 964 99;
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31546 3Û31935 3Û3148< 3Û31595I

5HQDO#7XEXOH/#&DUFLQRPD
2YHUDOO#UDWH 3283#+3(, 3283#+3(, 3283#+3(, 5283#+7(,

5HQDO#7XEXOH/#$GHQRPD#RU#&DUFLQRPDJ

2YHUDOO#UDWH 4283#+5(, 4283#+5(, 7283#+;(, 8283#+43(,
$GMXVWHG#UDWH ;16( 491:( 4;1;( 6;16(
7HUPLQDO#UDWH 4245#+;(, 429#+4:(, 328#+3(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, 964 99;
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3136: 3Û31935 3Û3148< 3Û31398

+7,7HUPLQDO#VDFULILFH
1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQ#D

$YHUDJH#VHYHULW\#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=#4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#7ÛPDUNHGE

1XPEHU#RI#DQLPDOV#ZLWK#QHRSODVP#SHU#QXPEHU#RI#DQLPDOV#ZLWK#NLGQH\#H[DPLQHG#PLFURVFRSLFDOO\F

.DSODQ00HLHU#HVWLPDWHG#QHRSODVP#LQFLGHQFH#DW#WKH#HQG#RI#WKH#VWXG\#DIWHU#DGMXVWPHQW#IRU#LQWHUFXUUHQW#PRUWDOLW\G

2EVHUYHG#LQFLGHQFH#LQ#DQLPDOV#VXUYLYLQJ#XQWLO#WKH#HQG#RI#WKH#VWXG\H

,Q#WKH#FKDPEHU#FRQWURO#FROXPQ#DUH#WKH#3#YDOXHV#DVVRFLDWHG#ZLWK#WKH#WUHQG#WHVW1##,Q#WKH#H[SRVHG#JURXS#FROXPQV#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJI

WR#WKH#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#WKH#FKDPEHU#FRQWUROV#DQG#WKDW#H[SRVHG#JURXS1##7KH#ORJLVWLF#UHJUHVVLRQ#WHVW#UHJDUGV#OHVLRQV#LQ#DQLPDOV
G\LQJ#SULRU#WR#WHUPLQDO#NLOO#DV#QRQIDWDO1#
+LVWRULFDO#LQFLGHQFH#IRU#50\HDU#173#LQKDODWLRQ#VWXGLHV#ZLWK#FKDPEHU#FRQWUROV#+PHDQ#�#VWDQGDUG#GHYLDWLRQ,=##92985#+31<(#�#416(,>#g

UDQJH/#3(07(
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470:((.#678'<
7ZR#PDOH#PLFH#H[SRVHG# WR# 8/333#SSP#GLHG#GXULQJ FKDPEHU# FRQWUROV# +7DEOH# ;,1# #7KH# ILQDO#PHDQ# ERG\
ZHHNV#5#DQG#;#RI#WKH#VWXG\>#RQH#PDOH#PRXVH#IURP#WKH ZHLJKW#DQG#ERG\#ZHLJKW#JDLQ#RI#WKH#8/333#SSP#IHPDOH
8/333# SSP# JURXS# ZDV# NLOOHG# LQ# D# PRULEXQG# VWDWH PLFH# ZHUH# VLJQLILFDQWO\# JUHDWHU# WKDQ# WKRVH# RI# WKH
GXULQJ#ZHHN# 71# #7KH# WZR# VSRQWDQHRXV# GHDWKV#ZHUH FKDPEHU#FRQWUROV1##0DOH#DQG#IHPDOH#PLFH#H[SRVHG#WR
DWWULEXWHG# WR# VXSSXUDWLYH# S\HORQHSKULWLV># WKH# WKLUG 4/;33#RU#8/333#SSP#ZHUH#REVHUYHG#WR#EH#LQ#D#VWDWH#RI
PRXVH# KDG# QR# VLJQLILFDQW# JURVV# OHVLRQV# WKDW#ZRXOG QDUFRVLV#+GHVFULEHG#DV#VWXSRU,#GXULQJ#H[SRVXUH#SHUL0
H[SODLQ# WKH#FDXVH#RI#PRULEXQGLW\1# #$OO# IHPDOH#PLFH RGV1##0LFH#H[SRVHG#WR#4/;33#SSP#ZHUH#IXOO\#DZDNH
VXUYLYHG#XQWLO#WKH#HQG#RI#WKH#VWXG\1##7KH#ILQDO#PHDQ DQG#DOHUW#LPPHGLDWHO\#DIWHU#H[SRVXUH>#KRZHYHU/#PLFH
ERG\#ZHLJKWV#DQG#ERG\#ZHLJKW#JDLQV#RI#DOO#H[SRVHG H[SRVHG# WR# 8/333# SSP# UHTXLUHG# XS# WR# 5# KRXUV# IRU
JURXSV# RI#PDOH#PLFH#ZHUH# VLPLODU# WR# WKRVH# RI# WKH UHFRYHU\1##
##########

7$%/(#;
6XUYLYDO#DQG#%RG\#:HLJKWV#RI#0LFH#LQ#WKH#470:HHN#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

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

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

+SSP, +(,

0DOH

3 43243 5717#�#316 691;#�#31; 4518#�#31:
99 43243 571:#�#317 691;#�#318 4514#�#317 433

533 43243 571:#�#316 6816#�#31: 4319#�#318 <9
933 43243 5717#�#316 6915#�#31; 441;#�#31: <;

4/;33 43243 5716#�#317 6917#�#31; 4513#�#319 <<
8/333 :243 5718#�#317 671;#�#413 4314#�#31; <8F

)HPDOH

3 43243 5313#�#317 641:#�#414 441;#�#31;
99 43243 4<19#�#315 6419#�#319 4513#�#318 433

533 43243 4<1;#�#316 6614#�#414 4616#�#413 437
933 43243 4<1:#�#316 6613#�#31< 4616#�#319 437

4/;33 43243 5314#�#316 6517#�#414 4516#�#413 435
8/333 43243 5313#�#316 6915#�#31<-- 4915#�#31:-- 447

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#FRQWURO#JURXS#E\#:LOOLDPV·#RU#'XQQHWW·V#WHVW
1XPEHU#RI#DQLPDOV#VXUYLYLQJ#DW#47#ZHHNV2QXPEHU#LQLWLDOO\#LQ#JURXSD

:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1E

:HHN#RI#GHDWK=##5/#7/#;F

$EVROXWH# DQG# UHODWLYH# OLYHU# ZHLJKWV# RI# PDOH# PLFH WKDQ# WKRVH# RI# WKH# FKDPEHU# FRQWUROV1# #$EVROXWH# DQG
H[SRVHG# WR#933#SSP#RU#JUHDWHU#DQG#RI# IHPDOH#PLFH UHODWLYH#WK\PXV#ZHLJKWV#RI#PDOH#PLFH#H[SRVHG#WR#933/
H[SRVHG# WR# 4/;33# RU# 8/333# SSP#ZHUH# VLJQLILFDQWO\ 4/;33/#RU#8/333#SSP#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ#WKRVH
JUHDWHU#WKDQ#WKRVH#RI#WKH#FKDPEHU#FRQWUROV#+7DEOH#)5,1 RI#WKH#FKDPEHU#FRQWUROV1##$EVROXWH#DQG#UHODWLYH#VSOHHQ
$EVROXWH#DQG#UHODWLYH#OXQJ#DQG#KHDUW#ZHLJKWV#RI#IHPDOH ZHLJKWV# RI# PDOH# DQG# IHPDOH# PLFH# H[SRVHG# WR
PLFH# H[SRVHG# WR# 8/333# SSP#ZHUH# VLJQLILFDQWO\# OHVV 8/333#SSP#ZHUH#VLJQLILFDQWO\# OHVV# WKDQ# WKRVH#RI# WKH
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FKDPEHU#FRQWUROV1##$OWKRXJK#WKHUH#ZHUH#GHFUHDVHV#LQ WKH# PLOG# KLVWRSDWKRORJLF# FKDQJHV# LQ# WKH# OLYHU# DUH
WK\PXV#DQG#VSOHHQ#ZHLJKWV/#FRUUHVSRQGLQJ#KLVWRSDWKR0 VXJJHVWLYH#RI#D#WUHDWPHQW#HIIHFW#LQ#WKH#RUJDQ1
ORJLF#FKDQJHV#ZHUH#QRW#UHDGLO\#DSSUHFLDEOH1##+RZHYHU/
WKH# VSOHHQV# RI# PDOH# DQG# IHPDOH# PLFH# H[SRVHG# WR 7KH# DGUHQDO# JODQGV# RI# DOO# IHPDOH#PLFH# H[SRVHG# WR
8/333# SSP# KDG# VPDOOHU# FURVV# VHFWLRQV1# # 7KH# VLJ0 8/333#SSP#KDG#PLOG#GHJHQHUDWLRQ#RI#WKH#;0]RQH#RI#WKH
QLILFDQFH# RI# WKHVH# RUJDQ# ZHLJKW# GLIIHUHQFHV# LV# QRW LQQHUPRVW#FRUWH[#+7DEOH#<,1##,Q#FRQWUDVW# WR#FKDPEHU
FOHDU/# EXW# WKH# GLIIHUHQFHV# PD\# EH# GXH# WR# VWUHVV FRQWURO# PLFH/# WKH# ;0]RQHV# RI# H[SRVHG# JURXSV# RI
DVVRFLDWHG#ZLWK#WHWUDK\GURIXUDQ#DGPLQLVWUDWLRQ1 IHPDOH#PLFH#ZHUH#WKLQQHU#DQG#ODFNHG#DGLSRF\WHV#+IDW

1R#H[SRVXUH0UHODWHG#JURVV# OHVLRQV#ZHUH#REVHUYHG# LQ IHPDOH#PLFH#W\SLFDOO\#XQGHUJRHV#UHJUHVVLRQ#ZLWK#ORVV
PDOH#RU#IHPDOH#PLFH#DW#QHFURSV\1##0LFURVFRSLFDOO\/ RI# IDW# FHOOV# E\# HDUO\# DGXOWKRRG1# #8WHULQH# DWURSK\/
WKH#LQFLGHQFHV#RI#PLQLPDO#WR#PLOG#FHQWULOREXODU#F\WR0 FKDUDFWHUL]HG# JURVVO\# E\# VPDOO# XWHUL# DQG# PLFUR0
PHJDO\#RI#WKH#OLYHU#LQ#PDOH#DQG#IHPDOH#PLFH#H[SRVHG VFRSLFDOO\#E\#IHZHU#QXPEHUV#RI#XWHULQH#JODQGV/#ZDV
WR#8/333#SSP#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#LQ REVHUYHG# LQ# DOO# IHPDOH#PLFH# H[SRVHG# WR# 8/333#SSP
WKH#FKDPEHU#FRQWUROV#+7DEOH#<,1##&\WRPHJDOLF#KHSDWR0 +7DEOH#<,1##:KHWKHU#WKH#DGUHQDO#JODQG#;0]RQH#GHJHQ0
F\WHV# KDG# VOLJKW# NDU\RPHJDO\# DQG# LQFUHDVHG# F\WR0 HUDWLRQ#RU#WKH#XWHULQH#DWURSK\#REVHUYHG#LQ#WKLV#VWXG\
SODVPLF#YROXPH>#WKH#F\WRSODVP#DOVR#DSSHDUHG#JUDQXODU UHSUHVHQWHG#DQ#DFFHOHUDWLRQ#RI#QRUPDO#DJLQJ#FKDQJHV
DQG# OHVV#YDFXRODWHG# WKDQ# WKDW#RI#PLG]RQDO#DQG#SHUL0 GXH# WR# D# KRUPRQDO# HIIHFW# RU# DQ# RUJDQ0VSHFLILF/
SRUWDO#KHSDWRF\WHV1##7KH#LQFUHDVH#LQ#OLYHU#ZHLJKWV##DQG H[SRVXUH0UHODWHG/#WDUJHW0RUJDQ#HIIHFW#LV#QRW#NQRZQ1##

FHOOV,#WKDW#DUH#QRUPDOO\#SUHVHQW#LQ#WKLV#UHJLRQ#RI#WKH
DGUHQDO# FRUWH[# GXULQJ# HDUO\# OLIH1# # 7KH# ;0]RQH# RI

7$%/(#<
,QFLGHQFHV#RI#6HOHFWHG#1RQQHRSODVWLF#/HVLRQV#LQ#0LFH#LQ#WKH#470:HHN#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

&KDPEHU
&RQWURO 99#SSP 533#SSP 933#SSP 4/;33#SSP 8/333#SSP

0DOH

/LYHU 43 ³ ³ ³ 43 43D E

&\WRPHJDO\/#&HQWULOREXODU 3 4 +413, :-- +513,F G

)HPDOH

$GUHQDO#&RUWH[ 43 ³ ³ ³ 43 43
'HJHQHUDWLRQ/#&RUWH[/#;0]RQH 3 3 43-- +513,

/LYHU 43 ³ ³ ³ 43 43
&\WRPHJDO\/#&HQWULOREXODU 3 3 43-- +413,

8WHUXV 43 ³ ³ ³ 43 43
$WURSK\ 3 3 43-- +513,

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#FKDPEHU#FRQWURO#JURXS#E\#WKH#)LVKHU#H[DFW#WHVW
1XPEHU#RI#DQLPDOV#ZLWK#RUJDQ#H[DPLQHG#PLFURVFRSLFDOO\D

7LVVXH#QRW#H[DPLQHGE

1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQF

$YHUDJH#VHYHULW\#JUDGH#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=##4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#7ÛPDUNHGG
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([SRVXUH#&RQFHQWUDWLRQ#6HOHFWLRQ#5DWLRQDOH=##%DVHG 7KH#DQLPDOV#GHYHORSHG#VRPH#WROHUDQFH#WR#WKLV#HIIHFW
RQ# QDUFRVLV# REVHUYHG# LQ#PDOH# DQG# IHPDOH#PLFH# H[0 E\#WKH#HQG#RI#WKH#VWXGLHV1##,W#ZDV#SUHGLFWHG#WKDW#PDOH
SRVHG#WR#WHWUDK\GURIXUDQ/#WKH#H[SRVXUH#FRQFHQWUDWLRQV PLFH# LQ# WKH# 4/;33#SSP#JURXS# LQ# WKH# 50\HDU# VWXGLHV
VHOHFWHG#IRU#WKH#50\HDU#LQKDODWLRQ#VWXG\#LQ#PLFH#ZHUH PLJKW#GHYHORS#D#FRPSOHWH#WROHUDQFH#WR#VHGDWLYH#HIIHFW
3/# 533/# 933/# DQG# 4/;33# SSP1# #$# WUDQVLHQW# VWDWH# RI DQG/#WKHUHIRUH/#VHGDWLRQ#PLJKW#QRW#KDYH#DQ\#DGYHUVH
QDUFRVLV#ZDV#REVHUYHG#LQ#4/;33#DQG#8/333#SSP#PLFH HIIHFW# RQ# WKH# VXUYLYDO# UHODWHG# WR# WHWUDK\GURIXUDQ
LPPHGLDWHO\# DIWHU# H[SRVXUH# LQ# WKH# 470ZHHN# VWXGLHV1 H[SRVXUH1
#####
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50<($5#678'<
6XUYLYDO
(VWLPDWHV#RI#50\HDU#VXUYLYDO#SUREDELOLWLHV#IRU#PDOH#DQG
IHPDOH#PLFH#DUH#VKRZQ#LQ#7DEOH#43#DQG#LQ#WKH#.DSODQ0
0HLHU#VXUYLYDO#FXUYHV#LQ#)LJXUH#61##$IWHU#ZHHN#69/#WKH
VXUYLYDO#RI# 4/;33#SSP#PDOH#PLFH#ZDV# VLJQLILFDQWO\
OHVV# WKDQ# WKDW#RI# WKH# FKDPEHU# FRQWUROV># WKH# DYHUDJH
OLIHVSDQ# +789#GD\V,#RI#PDOH#PLFH# LQ# WKH#4/;33#SSP
H[SRVXUH#JURXS#ZDV#VLJQLILFDQWO\#OHVV#WKDQ#WKDW#RI#WKH
FKDPEHU# FRQWUROV# +9;<# GD\V,1# # 6XUYLYDO# RI# PDOHV
H[SRVHG#WR#533#RU#933#SSP#DQG#RI#DOO#H[SRVHG#IHPDOH
JURXSV#ZDV#VLPLODU#WR#WKDW#RI#WKH#FKDPEHU#FRQWUROV1#

%RG\#:HLJKWV#DQG#&OLQLFDO#)LQGLQJV
0HDQ#ERG\#ZHLJKWV#RI#PDOH#DQG#IHPDOH#PLFH#H[SRVHG
WR#WHWUDK\GURIXUDQ#ZHUH#VLPLODU#WR#WKRVH#RI#WKH#FKDP0
EHU#FRQWUROV#WKURXJKRXW#WKH#VWXG\#+)LJXUH#7>#7DEOHV#44
DQG#45,1##&OLQLFDO#ILQGLQJV#UHODWHG#WR#H[SRVXUH#ZHUH
QRW#REVHUYHG#LQ#IHPDOH#PLFH1##0DOH#PLFH#H[SRVHG#WR
4/;33#SSP#ZHUH#REVHUYHG#WR#EH#LQ#D#VWDWH#RI#QDUFRVLV
GXULQJ#DQG#XS# WR#4#KRXU#DIWHU# WKH#H[SRVXUH#SHULRGV1
7KH#PLFH#ZHUH#OLPS/#ZLWK#WKHLU#IHHW#KDQJLQJ#WKURXJK
WKH#PHVK#RI#WKH#FDJH#IORRU/#DQG#WKH#SUHSXWLDO#IXU#ZDV
ZHW#ZLWK#XULQH1

7$%/(#43
6XUYLYDO#RI#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

0DOH

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

0RULEXQG# 44 45 4; 57
1DWXUDO#GHDWKV : : 7 47
$QLPDOV#VXUYLYLQJ#WR#VWXG\#WHUPLQDWLRQ 65 64 5; 45
3HUFHQW#SUREDELOLW\#RI#VXUYLYDO#DW#HQG#RI#VWXG\ # 97 95 89 57D

0HDQ#VXUYLYDO#+GD\V, 9;< 9:4 999 789E

6XUYLYDO#DQDO\VLV 3?31334 3Û31;6< 3Û316;7 3?31334F

)HPDOH

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

$FFLGHQWDO#GHDWKV 8 4 4 3G

0RULEXQG# 46 43 53 46
1DWXUDO#GHDWKV 6 9 6 8
$QLPDOV#VXUYLYLQJ#WR#VWXG\#WHUPLQDWLRQ 5< 66 59 65
3HUFHQW#SUREDELOLW\#RI#VXUYLYDO#DW#HQG#RI#VWXG\ 97 9: 86 97
0HDQ#VXUYLYDO#+GD\V, 948 9:5 998 9:;

6XUYLYDO#DQDO\VLV 3Û31<4: 3Û31<3:1 3Û3176< 3Û41333

.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#FKDPEHU#FRQWURO#FROXPQ/#DQG#WKH#UHVXOWV#RI#WKH#OLIH#WDEOH#SDLUZLVH#FRPSDULVRQVF

+&R[/#4<:5,#ZLWK#WKH#FKDPEHU#FRQWUROV#DUH#LQ#WKH#H[SRVHG#JURXS#FROXPQV1##$#ORZHU#PRUWDOLW\#LQ#DQ#H[SRVXUH#JURXS#LV#LQGLFDWHG#E\#11
&HQVRUHG#IURP#VXUYLYDO#DQDO\VHVG



40 Tetrahydrofuran, NTP TR 475

FIGURE 3      
Kaplan-Meier Survival Curves for Mice Exposed to Tetrahydrofuran by Inhalation for 2 Years
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FIGURE 4      
Growth Curves for Mice Exposed to Tetrahydrofuran by Inhalation for 2 Years
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7$%/(#44
0HDQ#%RG\#:HLJKWV#DQG#6XUYLYDO#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

:HHNV &KDPEHU#&RQWURO 533#SSP 933#SSP 4/;33#SSP
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 5718 83 5718 433 83 571: 434 83 5717 433 83
5 5916 83 5916 433 83 5914 << 83 571< <8 7<
6 591: 83 5:15 435 83 5:16 435 83 5:15 435 7<
7 5:1; 83 5:1; 433 83 5;14 434 83 5;15 434 7<
8 5;1; 83 5<13 434 83 5<17 435 83 5<19 436 7<
9 6313 83 5<1< 433 83 6315 434 83 6414 437 7<
: 6317 83 6313 << 83 631; 434 83 6419 437 7<
; 6414 83 631; << 83 6414 433 83 6518 438 7<
< 641: 83 641; 433 83 641: 433 83 6616 438 7<

43 6517 83 641: <; 83 6517 433 83 661; 437 7<
44 651< 83 6517 << 83 651: << 83 6714 437 7<
45 6618 83 651< <; 83 6619 433 83 6813 438 7<
46 6717 83 6619 <; 83 6715 << 83 6819 437 7<
49 6915 83 6913 << 83 6913 << 83 691< 435 7:
53 6;15 83 6;14 433 83 6;18 434 83 6;18 434 7:
57 7318 83 6<1; <; 83 7318 433 83 6<1: <; 7:
5; 7514 83 741< 433 83 7517 434 83 7414 <; 79
65 761< 83 7518 <: 83 7518 <: 83 7417 <7 77
69 771: 83 7615 <: 83 761< <; 83 7515 <7 73
73 781< 83 7719 <: 83 7716 <: 83 7618 <8 6:
77 7:19 83 7818 <9 83 7818 <9 83 771; <7 68
7; 7;1: 83 791; <9 7; 7:14 <: 83 7816 <6 66
85 7<18 83 7;15 <: 7; 7;1; << 83 791< <8 63
89 8315 7< 7;1< <: 7; 7;1< <: 7< 7;13 <9 57
93 8316 7< 7<15 <; 7; 7;1< <: 7< 7<18 <; 55
97 831< 7; 8313 <; 7: 8315 << 7; 8313 <; 55
9; 7<1< 7; 7<18 << 7: 8313 433 7; 831: 435 54
:5 8316 7: 7<18 <; 79 8313 << 7; 8318 433 54
:9 8318 7: 8316 433 78 831< 434 79 8415 434 54
;3 8415 79 8413 433 76 8318 << 78 8516 435 53
;7 7<17 78 831: 436 6< 8314 434 6< 841< 438 4<
;; 7<1; 76 7<18 << 6< 7<19 433 67 831: 435 4<
<5 7<13 76 7;1< 433 6; 7<19 434 66 8317 436 4<
<7 7<13 73 7<14 433 69 7<18 434 65 831< 437 4;
<9 7<19 6< 7<15 << 69 8313 434 64 8417 437 4:
<; 7;18 69 7;1< 434 68 8317 437 63 8414 438 49

433 7<15 68 7<13 433 67 8313 435 63 7<1< 434 48
435 7;1: 67 7<13 434 65 7:1; <; 5< 7<14 434 47
436 7:1< 66 7;1: 435 64 7<14 436 5< 7;18 434 46

0HDQ#IRU#ZHHNV
4046 6313 5<1; << 6315 434 631< 436
47085 761: 751: <; 7613 <; 7513 <9
860436 7<1: 7<18 433 7<1: 433 8317 434
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7$%/(#45
0HDQ#%RG\#:HLJKWV#DQG#6XUYLYDO#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

:HHNV &KDPEHU#&RQWURO 533#SSP 933#SSP 4/;33#SSP
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: 433 83 4<1; 434 83 4<19 433 83
5 531; 83 531; 433 83 531< 434 7< 5413 434 83
6 541< 83 5419 << 83 5513 434 7< 5519 436 83
7 5519 78 551: 433 83 551< 434 7< 5618 437 83
8 5617 78 5619 434 83 561; 435 7< 5718 438 83
9 5714 78 5714 433 83 5718 435 7< 5814 437 83
: 571: 78 571: 433 83 5818 436 7< 5915 439 83
; 5818 78 5819 433 83 581< 435 7< 5:14 439 83
< 5819 78 5:14 439 83 5915 435 7< 5:17 43: 83

43 581< 78 581< 433 83 5917 435 7< 5:19 43: 83
44 5917 78 5917 433 83 5:13 435 7< 5;18 43; 83
45 5:15 78 5:14 433 83 5:19 435 7< 5<17 43; 83
46 5:1: 78 5:1: 433 83 5;15 435 7< 5<1< 43; 83
49 5<1; 78 5<18 << 83 5<19 << 7< 6418 439 83
53 6514 78 6514 433 83 651< 436 7< 6815 443 83
57 6714 78 6714 433 7< 6816 437 7< 6:17 443 83
5; 6:13 78 691: << 7< 6:17 434 7< 6<1: 43: 83
65 6;1: 78 6:18 <: 7< 6;14 <; 7< 7416 43: 83
69 7314 78 6;15 <8 7< 6<17 <; 7< 7516 439 83
73 7415 78 6<19 <9 7; 6<1; <: 7< 7713 43: 83
77 761: 78 7513 <9 7; 7515 <: 7< 7918 439 83
7; 7817 78 7619 <9 7; 7716 <; 7< 7;19 43: 83
85 7:19 78 7816 <8 7; 7918 <; 7< 7<1< 438 83
89 7<13 78 7:16 <: 7; 7;19 << 7< 841; 439 83
93 7<18 78 7;17 <; 7; 7;1< << 7< 851< 43: 7;
97 8518 76 8314 <8 7; 841: << 7; 8717 437 7;
9; 851: 76 8415 <: 7: 8519 433 79 8816 438 7;
:5 861< 74 8416 <8 7: 8519 <; 79 881< 437 7;
:9 8816 73 8617 <: 77 861; <: 79 8918 435 7;
;3 8819 73 8713 <: 76 8815 << 77 8:19 437 7:
;7 8617 6; 841: <: 76 861: 434 74 8915 438 75
;; 851< 69 8415 <: 73 8513 <; 6< 871< 437 6;
<5 8616 68 831; <8 6; 8417 <9 6: 8718 435 68
<7 851; 66 831< <9 6: 841< <; 69 8718 436 67
<9 851< 65 831: <9 69 831: <9 69 861; 435 66
<; 8418 65 7<15 <9 69 8317 <; 66 8613 436 66

433 8419 64 8314 <: 67 8319 <; 65 8517 435 66
435 8319 63 7<18 <; 66 7<1< << 63 8518 437 65
436 8413 5< 7<17 <: 66 8318 << 5: 8513 435 65

0HDQ#IRU#ZHHNV
4046 5716 5717 433 571: 435 5819 438
47085 6<13 6:1< <: 6;19 << 7419 43:
860436 8517 8319 <: 8418 <; 8716 437
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3DWKRORJ\#DQG#6WDWLVWLFDO#$QDO\VHV
7KLV#VHFWLRQ#GHVFULEHV# WKH#VWDWLVWLFDOO\#VLJQLILFDQW#RU
ELRORJLFDOO\#QRWHZRUWK\#FKDQJHV#LQ#WKH#LQFLGHQFHV#RI
QHRSODVPV#DQG2RU#QRQQHRSODVWLF#OHVLRQV#RI#WKH#OLYHU/
OXQJ/# DQG# XURJHQLWDO# WUDFW# +NLGQH\/# SHQLV/# SURVWDWH
JODQG/#XUHWKUD/#XULQDU\#EODGGHU,1##6XPPDULHV#RI# WKH
LQFLGHQFHV# RI# QHRSODVPV# DQG# QRQQHRSODVWLF# OHVLRQV/
LQGLYLGXDO#DQLPDO#WXPRU#GLDJQRVHV/#VWDWLVWLFDO#DQDO\VHV
RI#SULPDU\#QHRSODVPV#WKDW#RFFXUUHG#ZLWK#DQ#LQFLGHQFH
RI# DW# OHDVW# 8(# LQ# DW# OHDVW# RQH# DQLPDO# JURXS/# DQG
KLVWRULFDO#LQFLGHQFHV#IRU#WKH#QHRSODVPV#PHQWLRQHG#LQ
WKLV# VHFWLRQ# DUH# SUHVHQWHG# LQ#$SSHQGL[#&# IRU#PDOH
PLFH#DQG#$SSHQGL[#'#IRU#IHPDOH#PLFH1

/LYHU=# #7KH# LQFLGHQFHV# RI# KHSDWRFHOOXODU# QHRSODVPV
+DGHQRPD#DQG#FDUFLQRPD,#LQ#IHPDOH#PLFH#H[SRVHG#WR
4/;33#SSP#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#LQ#WKH
FKDPEHU#FRQWUROV/#DQG#WKH#LQFLGHQFHV#LQFUHDVHG#ZLWK
D#SRVLWLYH#WUHQG#+7DEOHV#46#DQG#'6,1##,Q#DGGLWLRQ/#WKH
LQFLGHQFHV#RI#PXOWLSOH#KHSDWRFHOOXODU#QHRSODVPV#ZHUH
LQFUHDVHG# LQ# IHPDOH# PLFH# H[SRVHG# WR# 4/;33# SSP
##########

+7DEOHV# 46# DQG#'4,1# #7KH# LQFLGHQFHV# RI# FRPELQHG
KHSDWRFHOOXODU#QHRSODVPV# LQ#IHPDOH#PLFH#H[SRVHG# WR
4/;33#SSP#H[FHHGHG#WKH#KLVWRULFDO#UDQJH#IRU#FKDPEHU
FRQWUROV# LQ# 50\HDU# 173# LQKDODWLRQ# VWXGLHV
+7DEOHV# 46# DQG# '7D,1# # 7KH# LQFLGHQFHV# RI# KHSDWR0
FHOOXODU# QHRSODVPV# LQ# H[SRVHG#PDOH#PLFH#ZHUH# QRW
VLJQLILFDQWO\# GLIIHUHQW# IURP# WKRVH# LQ# WKH# FKDPEHU
FRQWUROV#+7DEOHV#46#DQG#&6,1##7KH#ORZHU#LQFLGHQFHV#RI
KHSDWRFHOOXODU# QHRSODVPV# LQ# WKH# 4/;33# SSP# PDOH
JURXS#ZHUH# DWWULEXWHG# WR# WKH# ORZ# VXUYLYDO# UDWH# RE0
VHUYHG# LQ# WKLV# JURXS1# #7KH# LQFLGHQFHV# RI# FRPELQHG
KHSDWRFHOOXODU# QHRSODVPV# LQ#PDOH#PLFH# H[SRVHG# WR
533#SSP#DQG# LQ# WKH#FKDPEHU#FRQWUROV#H[FHHGHG# WKH
KLVWRULFDO# FRQWURO# UDQJH# IRU# LQKDODWLRQ# VWXGLHV
+7DEOHV# 46# DQG#&7D,1# #7KH# LQFLGHQFH# RI# FRPELQHG
KHSDWRFHOOXODU# QHRSODVPV# LQ#PDOH#PLFH# H[SRVHG# WR
933#SSP#ZDV#DW#WKH#XSSHU#OLPLW#RI#WKH#KLVWRULFDO#UDQJH
IRU#FKDPEHU#FRQWUROV#LQ#50\HDU#LQKDODWLRQ#VWXGLHV1##7KH
LQFLGHQFH# RI# OLYHU# QHFURVLV#ZDV# VOLJKWO\# HOHYDWHG# LQ
4/;33#SSP#IHPDOH#PLFH#+7DEOHV#46#DQG#'8,1

7$%/(#46
,QFLGHQFHV#RI#1HRSODVPV#DQG#1RQQHRSODVWLF#/HVLRQV#RI#WKH#/LYHU#LQ#0LFH
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

0DOH

1XPEHU#([DPLQHG#0LFURVFRSLFDOO\ 83 83 83 83
%DVRSKLOLF#)RFXV 4 3 4 3D

&OHDU#&HOO#)RFXV 3 3 5 5
(RVLQRSKLOLF#)RFXV 44 ; 43 8
+HPDWRSRLHWLF#&HOO#3UROLIHUDWLRQ 3 4#+513, 4#+513, 3E

0L[HG#&HOO#)RFXV 4 4 3 3
1HFURVLV ;#+518, 8#+51;, 9#+51;, 7#+416,

+HSDWRFHOOXODU#$GHQRPD#+LQFOXGHV#PXOWLSOH,F

2YHUDOO#UDWH 57283#+7;(, 4<283#+6;(, 49283#+65(, 47283#+5;(,G

$GMXVWHG#UDWH 9318( 8617( 7;1:( 8<13(H

7HUPLQDO#UDWH 4:265#+86(, 48264#+7;(, 4525;#+76(, 7245#+66(,I

)LUVW#LQFLGHQFH#+GD\V, 695 657 773 578
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318391 3Û315441 3Û314751 3Û317471J

+HSDWRFHOOXODU#&DUFLQRPD#+LQFOXGHV#PXOWLSOH,
2YHUDOO#UDWH 47283#+5;(, 46283#+59(, 47283#+5;(, <283#+4;(,
$GMXVWHG#UDWH 6616( 5;1<( 6417( 8313(
7HUPLQDO#UDWH 9265#+4<(, 6264#+43(, 525;#+:(, 7245#+66(,
)LUVW#LQFLGHQFH#+GD\V, 7;4 774 6:9 68<
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3178< 3Û317451 3Û315:31 3Û31696####

+FRQWLQXHG,
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7$%/(#46
,QFLGHQFHV#RI#1HRSODVPV#DQG#1RQQHRSODVWLF#/HVLRQV#RI#WKH#/LYHU#LQ#0LFH
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,#

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

0DOH#+FRQWLQXHG,

+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPDK

2YHUDOO#UDWH 68283#+:3(, 64283#+95(, 63283#+93(, 4;283#+69(,
$GMXVWHG#UDWH ::15( 9:1<( 991<( :617(
7HUPLQDO#UDWH 55265#+9<(, 4:264#+88(, 4725;#+83(, 9245#+83(,
)LUVW#LQFLGHQFH#+GD\V, 695 657 6:9 578
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314381 3Û315431 3Û314541 3Û314:81

)HPDOH

1XPEHU#([DPLQHG#0LFURVFRSLFDOO\ 83 83 83 7;
(RVLQRSKLOLF#)RFXV : < : 44
+HPDWRSRLHWLF#&HOO#3UROLIHUDWLRQ 3 4#+513, 5#+518, 6#+41:,
1HFURVLV 6#+513, 3 3 :#+41<,

+HSDWRFHOOXODU#$GHQRPD#+LQFOXGHV#PXOWLSOH,
2YHUDOO#UDWH 45283#+57(, 4:283#+67(, 4;283#+69(, 6427;#+98(,
$GMXVWHG#UDWH 681<( 7:14( 8518( :91;(
7HUPLQDO#UDWH ;25<#+5;(, 47266#+75(, 44259#+75(, 56265#+:5(,
)LUVW#LQFLGHQFH#+GD\V, 97; 973 79< 6<<
/RJLVWLF#UHJUHVVLRQ#WHVW 3?31334 3Û3157< 3Û314;; 3?31334

+HSDWRFHOOXODU#$GHQRPD/#0XOWLSOH
2YHUDOO#UDWH 5283#+7(, 6283#+9(, 8283#+43(, 4527;#+58(,

+HSDWRFHOOXODU#&DUFLQRPD#+LQFOXGHV#PXOWLSOH,
2YHUDOO#UDWH 9283#+45(, 43283#+53(, 43283#+53(, 4927;#+66(,
$GMXVWHG#UDWH 4918( 5916( 6313( 731;(
7HUPLQDO#UDWH 525<#+:(, 9266#+4;(, 8259#+4<(, 43265#+64(,
)LUVW#LQFLGHQFH#+GD\V, 7:; 885 877 895
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31345 3Û31567 3Û3155< 3Û31347

+HSDWRFXOOXODU#&DUFLQRPD/#0XOWLSOH
2YHUDOO#UDWH 5283#+7(, 7283#+;(, 4283#+5(, 927;#+46(,

+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPDL

2YHUDOO#UDWH 4:283#+67(, 57283#+7;(, 59283#+85(, 7427;#+;8(,
$GMXVWHG#UDWH 7916( 9416( 9<14( <613(
7HUPLQDO#UDWH 4325<#+67(, 4;266#+88(, 48259#+8;(, 5<265#+<4(,
)LUVW#LQFLGHQFH#+GD\V, 7:; 885 79< 6<<
/RJLVWLF#UHJUHVVLRQ#WHVW 3?31334 3Û314;; 3Û313;9 3?31334

1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQ#D

$YHUDJH#VHYHULW\#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=#4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#7ÛPDUNHGE

+LVWRULFDO#LQFLGHQFH#IRU#50\HDU#173#LQKDODWLRQ#VWXGLHV#ZLWK#FKDPEHU#FRQWUROV#+PHDQ#�#VWDQGDUG#GHYLDWLRQ,=##5332<7:#+5414(#�#4419(,>F

UDQJH/#7(079(
1XPEHU#RI#DQLPDOV#ZLWK#QHRSODVP#SHU#QXPEHU#RI#DQLPDOV#ZLWK#OLYHU#H[DPLQHG#PLFURVFRSLFDOO\G

.DSODQ00HLHU#HVWLPDWHG#QHRSODVP#LQFLGHQFH#DW#WKH#HQG#RI#WKH#VWXG\#DIWHU#DGMXVWPHQW#IRU#LQWHUFXUUHQW#PRUWDOLW\H

2EVHUYHG#LQFLGHQFH#LQ#DQLPDOV#VXUYLYLQJ#XQWLO#WKH#HQG#RI#WKH#VWXG\I

,Q#WKH#FKDPEHU#FRQWURO#FROXPQ#DUH#WKH#3#YDOXHV#DVVRFLDWHG#ZLWK#WKH#WUHQG#WHVW1##,Q#WKH#H[SRVHG#JURXS#FROXPQV#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJJ

WR#WKH#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#WKH#FKDPEHU#FRQWUROV#DQG#WKDW#H[SRVHG#JURXS1##7KH#ORJLVWLF#UHJUHVVLRQ#WHVW#UHJDUGV#OHVLRQV#LQ#DQLPDOV
G\LQJ#SULRU#WR#NLOO#DV#QRQIDWDO1##$#QHJDWLYH#WUHQG#RU#ORZHU#LQFLGHQFH#LQ#DQ#H[SRVXUH#JURXS#LV#LQGLFDWHG#E\#11
+LVWRULFDO#LQFLGHQFH=##68;2<7:#+6:1;(#�#4518(,>#UDQJH/#44(093(K

+LVWRULFDO#LQFLGHQFH=##5332<6:#+5416(#�#441<(,>#UDQJH/#6(087(L
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/XQJ=# #7KH# LQFLGHQFHV# RI# DOYHRODU2EURQFKLRODU# DGH0 QRGHV# +324/# 627/# 627/# 828,/# KHPDWRSRLHWLF# FHOO
QRPD#LQ#PDOH#PLFH#H[SRVHG#WR#533#RU#933#SSP#ZHUH SUROLIHUDWLRQ# RI# WKH# VSOHHQ# +<27;/# 4627</# 4727:/
VLJQLILFDQWO\# OHVV# WKDQ# WKDW# LQ# WKH# FKDPEHU# FRQWURO 4;27<,/#DQG#WK\PLF#DWURSK\#+5268/#526:/#7267/#<269,
JURXS# +FKDPEHU# FRQWURO/# 4;283># 533# SSP/# :283> ZHUH#REVHUYHG#LQ#4/;33#SSP#PDOHV#+7DEOH#&8,1##7KHVH
933# SSP/# ;283># 4/;33# SSP/# 7283,># KRZHYHU/# WKHUH FKDQJHV# ZHUH# RI# PDUJLQDO# VLJQLILFDQFH# DQG# ZHUH
ZDV# QR# VLJQLILFDQW# GLIIHUHQFH# LQ# WKH# LQFLGHQFHV# RI FRQVLGHUHG#WR#EH#VHFRQGDU\#UHDFWLYH#UHVSRQVHV#WR#DFXWH
DOYHRODU2EURQFKLRODU# DGHQRPD# RU# FDUFLQRPD# +FRP0 LQIODPPDWLRQ#RI#WKH#XULQDU\#DQG#XURJHQLWDO#WUDFWV1
ELQHG,#+54283/#49283/#48283/#:283>#7DEOH#&6,1##7KH
LQFLGHQFH# RI# DOYHRODU2EURQFKLRODU# DGHQRPD# LQ# WKH
FKDPEHU#FRQWURO#JURXS#ZDV#DW#WKH#XSSHU#OLPLW#RI#WKH
173#KLVWRULFDO#FRQWURO#UDQJH#IRU#LQKDODWLRQ#VWXGLHV#LQ
PDOH#PLFH#+7DEOH#&7E,1##7KH#ORZHU#LQFLGHQFHV#RI#OXQJ
QHRSODVPV#LQ#PDOH#PLFH#H[SRVHG#WR#4/;33#SSP#ZHUH
PRVW#OLNHO\#UHODWHG#WR#WKH#ORZHU#VXUYLYDO#UDWH#LQ#WKLV
JURXS1

8URJHQLWDO#WUDFW=##0DOH#PLFH#H[SRVHG#WR#4/;33#SSP
KDG#VLJQLILFDQWO\#JUHDWHU#LQFLGHQFHV#RI#QRQQHRSODVWLF
OHVLRQV#RI#WKH#XURJHQLWDO#WUDFW#WKDQ#WKRVH#LQ#WKH#FKDP0
EHU#FRQWUROV1##7KHVH#OHVLRQV#+ZKLFK#RFFXUUHG#SULPDULO\
DPRQJ#WKH#59#DQLPDOV#G\LQJ#GXULQJ#WKH#ILUVW#85#ZHHNV
RI#WKH#VWXG\,#LQFOXGHG#VXSSXUDWLYH#LQIODPPDWLRQ#RI#WKH
NLGQH\# +627</# 8283/# 827</# 4;283,/# XULQDU\# EODGGHU
+627;/#927</#9279/#4927;,/#SURVWDWH#JODQG#+627;/#7276/
7277/# 4727:,/# DQG#SUHSXWLDO# VNLQ# +:27:/# :283/# :27;/
4;283,># K\GURQHSKURVLV# RI# WKH# NLGQH\# +627</# 6283/
827</#4;283,>#DQG#WUDQVLWLRQDO#HSLWKHOLDO#K\SHUSODVLD#RI
WKH# XULQDU\# EODGGHU# +327;/# 427</# 4279/# 827;>
7DEOH#&8,1##7KH#LQFLGHQFH#RI#QHSKURSDWK\#LQ#533#SSP
PDOH#PLFH#ZDV#VLJQLILFDQWO\#JUHDWHU# WKDQ# WKDW# LQ# WKH
FKDPEHU#FRQWURO#JURXS#+6427</#73283/#6627</#47283,1
7KH#GHFUHDVHG#LQFLGHQFH#RI#QHSKURSDWK\#LQ#4/;33#SSP
PDOH#PLFH#ZDV#UHODWHG# WR#GHFUHDVHG#VXUYLYDO# LQ# WKLV
JURXS1# # 7KH# LQIODPPDWRU\# XURJHQLWDO# WUDFW# OHVLRQV
ZHUH# FRQVLGHUHG# WR#EH# WKH#PRVW# OLNHO\# FDXVH#RI# WKH
ORZHU#VXUYLYDO#UDWH#REVHUYHG#LQ#WKLV#H[SRVXUH#JURXS1
7KH#FKDUDFWHU#RI#WKH#LQIODPPDWRU\#OHVLRQV#VXJJHVWHG
DQ#DVFHQGLQJ#EDFWHULDO#LQIHFWLRQ1##3URORQJHG#ZHWWLQJ#RI
WKH#SUHSXWLDO#IXU#GXULQJ#H[SRVXUH0UHODWHG#QDUFRVLV#PD\
KDYH# SUHGLVSRVHG# WKHVH# DQLPDOV# WR# D# SUHSXWLDO/# DQG
VXEVHTXHQWO\/#DQ#DVFHQGLQJ#XURJHQLWDO#WUDFW#EDFWHULDO
LQIHFWLRQ# UHVXOWLQJ# LQ# PRULEXQGLW\# DQG# XOWLPDWHO\
GHDWK1##7KH#LQFLGHQFHV#RI#LQIODPPDWLRQ#RI#WKH#SHQLV
+324/# 425/# 425/# <25:,# DQG# XUHWKUD# +323/# 626/# 424/
45247,# DQG# QHFURVLV# RI# WKH# XUHWKUD# +323/# 326/# 424/
8247,#LQ#4/;33#SSP#PDOHV#ZHUH#VOLJKWO\#JUHDWHU#WKDQ
WKRVH#LQ#WKH#FKDPEHU#FRQWUROV1#

,QFUHDVHG# LQFLGHQFHV# RI# K\SHUSODVLD# RI# WKH# ERQH
PDUURZ# +827</# 9283/# :27</# 47283,# DQG# LOLDF# O\PSK
#######

*(1(7,&#72;,&2/2*<
7HWUDK\GURIXUDQ# KDV# EHHQ# WHVWHG# LQ# D# YDULHW\# RI
PXWDJHQLFLW\# DVVD\V# DQG# WKH# UHVXOWV#ZHUH/#ZLWK#RQH
H[FHSWLRQ/#QHJDWLYH1##7HWUDK\GURIXUDQ#ZDV#QRW#PXWD0
JHQLF# LQ# 6DOPRQHOOD# W\SKLPXULXP# VWUDLQV# 7$<;/
7$433/#7$4868/# DQG#7$486:#ZKHQ# WHVWHG# LQ# WZR
GLIIHUHQW#ODERUDWRULHV#LQ#D#SUHLQFXEDWLRQ#SURWRFRO#ZLWK
GRVHV#XS#WR#43/333#�J2SODWH>#DOO#WHVWV#ZHUH#FRQGXFWHG
ZLWK#DQG#ZLWKRXW#$URFORU0LQGXFHG#UDW#RU#KDPVWHU#OLYHU
6<#+0RUWHOPDQV#HW#DO1/#4<;9>#7DEOH#(4,1##7HWUDK\GUR0
IXUDQ# GLG# QRW# LQGXFH# VLVWHU# FKURPDWLG# H[FKDQJHV
+7DEOH#(5,#RU#FKURPRVRPDO#DEHUUDWLRQV#+7DEOH#(6,#LQ
FXOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV#ZKHQ#WHVWHG#DW
GRVHV# XS# WR# 8/333# �J2P//# ZLWK# RU# ZLWKRXW# 6<
+*DOORZD\#HW#DO1/#4<;:,1##8QXVXDOO\#KLJK#IUHTXHQFLHV
RI#DEHUUDQW#FHOOV#ZHUH#REVHUYHG# LQ# WKH#FKURPRVRPH
DEHUUDWLRQ# WHVW# LQ#ERWK# FRQWURO# DQG# WHWUDK\GURIXUDQ0
WUHDWHG#FXOWXUHV>#KRZHYHU/#WKH#WUHQG#WHVW#ZDV#LQVLJQLIL0
FDQW# IRU#DOO# WULDOV#DQG#QR#VLQJOH#GRVH#JURXS#VKRZHG
DEHUUDWLRQ#IUHTXHQFLHV#WKDW#GLIIHUHG#VLJQLILFDQWO\#IURP
WKH#FRQWURO#YDOXH/#ZLWK#RQH#H[FHSWLRQ1##,Q#WKH#VHFRQG
WULDO# FRQGXFWHG# ZLWK# 6</# WKH# PLGGOH0OHYHO# GRVH# RI
6/333#�J2P/#SURGXFHG#D#SRVLWLYH#UHVSRQVH>#EHFDXVH
WKH# WUHQG# WHVW# IRU# WKLV# WULDO#ZDV#QRW# VLJQLILFDQW/# DQG
EHFDXVH#WKH#UHVSRQVHV#IRU#WKH#FRPSOHWH#GDWD#VHW#ZHUH
QRW# FRUUHODWHG# ZLWK# LQFUHDVLQJ# GRVH/# WKLV# WULDO# ZDV
FRQFOXGHG#WR#EH#HTXLYRFDO/#DQG#WKH#RYHUDOO#FDOO#IRU#WKH
DVVD\# ZDV# QHJDWLYH1# # 1R# LQGXFWLRQ# RI# VH[0OLQNHG
UHFHVVLYH# OHWKDO# PXWDWLRQV# ZDV# QRWHG# LQ# PDOH
'URVRSKLOD#PHODQRJDVWHU#H[SRVHG#E\# IHHGLQJ#RU#E\
LQMHFWLRQ#WR#D#GRVH#RI#43/333/#73/333/#RU#458/333#SSP
WHWUDK\GURIXUDQ#+9DOHQFLD#HW#DO1/#4<;8>#7DEOH#(7,1#

/LWWOH#HYLGHQFH#IRU#JHQHWLF#WR[LFLW\#RI#WHWUDK\GURIXUDQ
ZDV#QRWHG# LQ# LQ#YLYR#DVVD\V1# #5HVXOWV#RI# WKH#PRXVH
ERQH#PDUURZ#VLVWHU#FKURPDWLG#H[FKDQJH#DVVD\#ZHUH
QHJDWLYH#+7DEOH#(8,1##7HWUDK\GURIXUDQ#+833/#4/333/#RU
5/333#PJ2NJ,#GLG#QRW#LQGXFH#FKURPRVRPDO#DEHUUDWLRQV
LQ#PRXVH#ERQH#PDUURZ#FHOOV#DW#HLWKHU#4:#RU#69#KRXUV
+7DEOH#(9,1##$OWKRXJK#UHVXOWV#IURP#WKH#LQLWLDO#570KRXU
VLVWHU#FKURPDWLG#H[FKDQJH#WHVW#ZHUH#SRVLWLYH/#D#UHSHDW
####
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WHVW#JDYH#QHJDWLYH#UHVXOWV/#DQG#WKH#UHVXOWV#RI#WKH#VLQJOH HU\WKURF\WHV#KDG#HOHYDWHG#IUHTXHQFLHV#RI#PLFURQXFOHL/
WULDO#SHUIRUPHG#ZLWK#D#750KRXU#VDPSOH#WLPH#ZHUH#DOVR EXW# LQ#PDOH#PLFH/# WKHUH#ZDV#D#VPDOO# LQFUHDVH# LQ# WKH
QHJDWLYH1##7KH#IUHTXHQFLHV#RI#PLFURQXFOHDWHG#HU\WKUR0 IUHTXHQF\#RI#PLFURQXFOHDWHG#QRUPRFKURPDWLF#HU\WKUR0
F\WHV#ZHUH# GHWHUPLQHG# LQ# SHULSKHUDO# EORRG# VDPSOHV F\WHV# WKDW#ZDV# FRQFOXGHG# WR# UHSUHVHQW# DQ# HTXLYRFDO
REWDLQHG#IURP#PDOH#DQG#IHPDOH#PLFH#DW#WKH#FRPSOHWLRQ UHVSRQVH# +WUHQG# WHVW# 3Û313:7,1# # 1R# VLJQLILFDQW
RI#WKH#470ZHHN#WR[LFLW\#VWXG\#+7DEOH#(:,1##,Q#IHPDOH LQFUHDVH#LQ#WKH#IUHTXHQF\#RI#PLFURQXFOHDWHG#SRO\FKUR0
PLFH/# QHLWKHU# SRO\FKURPDWLF# QRU# QRUPRFKURPDWLF PDWLF#HU\WKURF\WHV#ZDV#QRWHG#LQ#PDOH#PLFH1
#######



7; 7HWUDK\GURIXUDQ/#173#75#7:8



7<

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

7HWUDK\GURIXUDQ# ZDV# HYDOXDWHG# IRU# WR[LFLW\# DQG DQG#QR#VSHFLILF#QHXURWR[LFLW\#VWXGLHV#ZHUH#SHUIRUPHG
FDUFLQRJHQLFLW\#LQ#470ZHHN#DQG#50\HDU#VWXGLHV#LQ#PDOH WR#GHWHUPLQH#WKH#PHFKDQLVP+V,#RI#WR[LFLW\1##6LPRQVHQ
DQG# IHPDOH# )67721# UDWV# DQG# %9&6) # PLFH/# XVLQJ HW#DO1#+4<<7,#HYDOXDWHG#H[LVWLQJ#QHXURWR[LFLW\#GDWD#RQ4

ZKROH#ERG\#LQKDODWLRQ#DV#WKH#URXWH#RI#H[SRVXUH1 43#FKHPLFDOV/#LQFOXGLQJ#WHWUDK\GURIXUDQ/#DQG#UHSRUWHG

0DQ\#RUJDQLF#VROYHQWV/#LQFOXGLQJ#FKORULQDWHG#K\GUR0 ZHUH#OLPLWHG1##7KH\#FODVVLILHG#WHWUDK\GURIXUDQ#DV#SRV0
FDUERQV/#DOFRKROV/#HWKHUV/#HVWHUV/#DQG#NHWRQHV/#KDYH VLEO\#QHXURWR[LF#LQ#KXPDQV1##)XUWKHU#VWXG\#LV#QHHGHG
WKH#SRWHQWLDO/#XSRQ#DFXWH#KLJK0OHYHO#YDSRU#H[SRVXUH/ WR#PRUH# IXOO\# GHVFULEH# DQG# FKDUDFWHUL]H# WHWUDK\GUR0
WR# FDXVH# QDUFRVLV# DQG# GHDWK# +6Q\GHU# DQG#$QGUHZV/ IXUDQ# QHXURWR[LFLW\# LQ# H[SHULPHQWDO# DQLPDOV# DQG
4<<9,1##,Q#WKH#470ZHHN#WR[LFLW\#VWXG\#RI#WHWUDK\GUR0 KXPDQV1
IXUDQ/#PDOH#DQG#IHPDOH#UDWV#LQ#WKH#8/333#SSP#JURXSV
H[KLELWHG# DWD[LD# DIWHU# H[SRVXUH1# #0DOH# DQG# IHPDOH 7KH# OLYHU# KDV# EHHQ# LGHQWLILHG# DV# D# WDUJHW# RUJDQ# RI
PLFH#H[SRVHG#WR#4/;33#RU#8/333#SSP#ZHUH#REVHUYHG WHWUDK\GURIXUDQ#WR[LFLW\#LQ#UDWV#++6'%/#4<<9,1##,Q#WKH
WR#EH# LQ#D# VWDWH#RI#QDUFRVLV#GXULQJ#H[SRVXUHV1# #7KH 470ZHHN#UDW#VWXG\/#WKH#RQO\#HIIHFW#RQ#WKH#OLYHU#RI#UDWV
LQWHQVLW\# RI# FHQWUDO# QHUYRXV# V\VWHP# GHSUHVVLRQ ZDV#WKH#LQFUHDVHG#DEVROXWH#DQG#UHODWLYH#OLYHU#ZHLJKW#RI
GHFUHDVHG#ZLWK#WKH#GXUDWLRQ#RI#H[SRVXUH/#VXJJHVWLQJ WKH#8/333#SSP#IHPDOHV1##+RZHYHU/#PLQLPDO#LQFUHDVHV
WKDW# WKH# DQLPDOV# GHYHORSHG# VRPH# WROHUDQFH# WR# WKLV RI# WKH# VHUXP#ELOH# DFLG# FRQFHQWUDWLRQ# LQ# IHPDOH# UDWV
HIIHFW1##.DWDKLUD#HW#DO1/#+4<;5E,#KDV#UHSRUWHG#VLPLODU ZHUH#REVHUYHG#LQ#WKH#DEVHQFH#RI#FKROHVWDVLV#RU#KHSDWR0
QHXURWR[LF# HIIHFWV# LQ# PDOH# 6SUDJXH0'DZOH\# UDWV FHOOXODU#QHFURVLV/#ZKLFK# LV#D#FKDQJH#FRQVLVWHQW#ZLWK
H[SRVHG# WR# WHWUDK\GURIXUDQ# FRQFHQWUDWLRQV# UDQJLQJ GHFUHDVHG# RU# DOWHUHG# KHSDWRFHOOXODU# IXQFWLRQ1# # 7KH
IURP#433#WR#8/333#SSP#E\#LQKDODWLRQ#IRU#45#ZHHNV1# KLVWRSDWKRORJLF# FKDQJHV# LQ# PDOH# DQG# IHPDOH# PLFH

7KH# FRPSODLQWV# RI# GL]]LQHVV# DQG# FHQWUDO# QHUYRXV VXJJHVWHG# WKDW# WKH# OLYHU# ZDV# WKH# WDUJHW# RUJDQ# RI
V\VWHP# HIIHFWV# LQ# ZRUNHUV# LQ# WKH# SODVWLF# LQGXVWU\ WR[LFLW\/# DV# VKRZQ# E\# WKH# LQFUHDVHG# LQFLGHQFHV# RI
SURPSWHG#(ORYDDUD#HW#DO1#+4<;7,#WR#SHUIRUP#DQ#LQKDOD0 FHQWULOREXODU#KHSDWRF\WRPHJDO\1# #$W# WKH# 4/;33#SSP
WLRQ# VWXG\# LQ# UDWV# WR# GHWHUPLQH# ERG\# EXUGHQ# RI H[SRVXUH#FRQFHQWUDWLRQV/# OLYHU#ZHLJKW# LQFUHDVHV#DQG
WHWUDK\GURIXUDQ# DQG# LWV# HIIHFW# RQ# DFWLYLWLHV# RI# GUXJ PLOG#KLVWRSDWKRORJLF#FKDQJHV#LQ#WKH#OLYHU#ZHUH#FRQVLV0
PHWDEROLVP#HQ]\PHV1##7KH#H[SRVXUH0GHSHQGHQW#EUDLQ WHQW#ZLWK#WKH#WUHDWPHQW#HIIHFW#RI#WHWUDK\GURIXUDQ1##$OVR
DQG#SHULUHQDO#IDW#WHWUDK\GURIXUDQ#EXUGHQV#ZHUH#GHWHU0 DW# WKH# ORZHU# H[SRVXUH# FRQFHQWUDWLRQV/# OLYHU#ZHLJKWV
PLQHG# WR#EH# OLQHDUO\# FRUUHODWHG1# #$IWHU# 5#ZHHNV#RI ZHUH#LQFUHDVHG/#EXW#QR#KLVWRSDWKRORJLF#FKDQJHV#ZHUH
H[SRVXUH/# WKH# EXUGHQ# RI# WHWUDK\GURIXUDQ# VHHPHG# WR REVHUYHG1#
GHFUHDVH1##,W#LV#SRVVLEOH#WKDW#WKH#WROHUDQFH#WR#FHQWUDO
QHUYRXV#V\VWHP#HIIHFWV#VHHQ#LQ#WKH#ODERUDWRU\#DQLPDOV )DWW\#YDFXROL]DWLRQ#RI# WKH# LQQHU#SRUWLRQ#+;0]RQH,#RI
ZDV#GXH# WR# WHWUDK\GURIXUDQ·V#VWLPXODWLRQ#RI# LWV#RZQ WKH#DGUHQDO#FRUWH[# LV#D#QRUPDO#RFFXUUHQFH# LQ#\RXQJ
PHWDEROLVP1##,W#KDV#EHHQ#VXJJHVWHG#WKDW#FHQWUDO#QHU0 IHPDOH# PLFH# DQG# LV# D# FKDQJH# DVVRFLDWHG# ZLWK# WKH
YRXV#V\VWHP#WR[LFLW\#SURGXFHG#E\#VROYHQWV#RI#GLYHUVH QRUPDO# UHJUHVVLRQ# RI# WKH# ;0]RQH1# # ,Q# WKH# IHPDOH
VWUXFWXUH#LV#D#JHQHUDO#HIIHFW#DQG#UHVXOWV#IURP#D#SK\VL0 PRXVH/# WKH# ;0]RQH# EHJLQV# WR# UHJUHVV# ZLWK# VH[XDO
FDO#LQWHUDFWLRQ#RI#VROYHQW#ZLWK#WKH#FHOO#PHPEUDQHV#RI PDWXULW\#DQG#GLVDSSHDUV#FRPSOHWHO\#ZLWK#SUHJQDQF\
QHUYRXV#V\VWHP#WLVVXHV#+6Q\GHU#DQG#$QGUHZV/#4<<9,1 +'XQQ/#4<:3>#5LEHOLQ/#4<;7,1##,Q# WKH#FXUUHQW#VWXG\/
)URP#WKH#FXUUHQW#470ZHHN#VWXGLHV/#LW#FDQQRW#EH#HVWDE0 WKH#IDWW\#YDFXRODU#FKDQJHV#ZHUH#QRW#SUHVHQW/#DQG#PLOG
OLVKHG#ZKHWKHU#WKH#FOLQLFDO#ILQGLQJV#RI#FHQWUDO#QHUYRXV GHJHQHUDWLRQ#RI#WKH#;0]RQH#RFFXUUHG#LQ#DOO#8/333#SSP
V\VWHP#WR[LFLW\#REVHUYHG#ZHUH#SULPDU\#RU#VHFRQGDU\ IHPDOH#PLFH1# #7KLV#GHJHQHUDWLRQ#RI# WKH#;0]RQH#DQG
WR# WHWUDK\GURIXUDQ# H[SRVXUH1# # 1R# PRUSKRORJLF XWHULQH#DWURSK\#LQ#WKH#8/333#SSP#IHPDOHV#PD\#KDYH
FKDQJHV#ZHUH#REVHUYHG#LQ#WKH#FHQWUDO#QHUYRXV#V\VWHP/ EHHQ#D#GLUHFW#HIIHFW#RI#WHWUDK\GURIXUDQ#RQ#WKHVH#WLVVXHV
### ###

WKDW#WKH#WHWUDK\GURIXUDQ#QHXURWR[LFLW\#GDWD#LQ#DQLPDOV

H[SRVHG#WR#8/333#SSP#WHWUDK\GURIXUDQ#IRU#47#ZHHNV
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RU# SRVVLEO\# WKH# UHVXOW# RI# D# KRUPRQDO# HIIHFW# E\ UHODWLYHO\# XQFRPPRQ# VSRQWDQHRXV# UHQDO# QHRSODVPV
SHUWXUEDWLRQ#RI#WKH#SLWXLWDU\0K\SRWKDODPLF0HQG#RUJDQ +OHVV# WKDQ# 4(# LQ#173# 50\HDU# VWXGLHV,# LQ#PDOH# UDWV
D[LV1 H[SRVHG# WR# 933# SSP# +;(,# RU# 4/;33# SSP# +43(,1

0LOG# LUULWDQW# HIIHFWV# RI# WHWUDK\GURIXUDQ# YDSRU# KDYH LQFOXGHG#WZR#FDUFLQRPDV/#UDUH#QHRSODVPV#WKDW#KDG#QRW
EHHQ#UHSRUWHG# LQ# WKH# OLWHUDWXUH# ++6'%/#4<<9,1# #7KH EHHQ# VHHQ# LQ# 985# FKDPEHU# FRQWURO# DQLPDOV1# # /DVW/
PLQLPXP#LQIODPPDWRU\#FKDQJHV#LQ#WKH#IRUHVWRPDFK#RI WKHUH# ZHUH# QR# FKHPLFDO0UHODWHG# LQFUHDVHV# LQ# WKH
UDWV#H[SRVHG#WR#8/333#SSP#WHWUDK\GURIXUDQ#PD\#KDYH LQFLGHQFHV# RU# VHYHULWLHV# RI# DJH0UHODWHG# GHJHQHUDWLYH
EHHQ# GXH# WR# WKH# LUULWDQW# HIIHFW# RI# WHWUDK\GURIXUDQ UHQDO# GLVHDVH# +FKURQLF# SURJUHVVLYH# QHSKURSDWK\,# LQ
LQJHVWHG#GXULQJ#WKH#H[SRVXUH#SHULRG1 H[SRVHG#PDOH# UDWV1# #0DUJLQDO# WR# VOLJKW# LQFUHDVHV# LQ

%DVHG#RQ#WKH#UHVXOWV#IURP#WKH#470ZHHN#WR[LFLW\#VWXG0 UHODWHG#H[DFHUEDWLRQ#RI#QHSKURSDWK\#LQ#UDWV1##7KHUH0
LHV/# H[SRVXUH# FRQFHQWUDWLRQV# RI# 533/# 933/# DQG IRUH/#LW#LV#RIWHQ#GLIILFXOW#WR#GHWHUPLQH#LI#QHRSODVPV#RI
4/;33# SSP# WHWUDK\GURIXUDQ# ZHUH# VHOHFWHG# IRU# WKH WKH#UHQDO#WXEXOH#GHYHORS#DV#D#GLUHFW#HIIHFW#RI#FKHPLFDO
50\HDU#FDUFLQRJHQLFLW\#VWXGLHV#LQ#UDWV#DQG#PLFH1##,Q#WKH DGPLQLVWUDWLRQ#RU#DV#DQ#LQGLUHFW#HIIHFW#VHFRQGDU\#WR#WKH
470ZHHN# VWXGLHV/# D# WUDQVLHQW# VWDWH# RI# QDUFRVLV H[DFHUEDWHG#QHSKURSDWK\1##7KH#DSSDUHQW#ODFN#RI#VXFK
+GHVFULEHG#DV#VWXSRU,#ZDV#REVHUYHG#LQ#VRPH#4/;33#DQG D#FRQFHQWUDWLRQ0UHODWHG#LQFUHDVH#LQ#WKH#LQFLGHQFHV#RU
8/333# SSP#PLFH# LPPHGLDWHO\# DIWHU# H[SRVXUH1# #7KH VHYHULWLHV#RI#QHSKURSDWK\#LQ#H[SRVHG#PDOH#UDWV#LQ#WKLV
DQLPDOV#GHYHORSHG#VRPH#WROHUDQFH#WR#WKLV#HIIHFW#E\#WKH VWXG\#VXJJHVWV#WKDW#WKH#LQFUHDVHG#LQFLGHQFHV#RI#UHQDO
HQG# RI# WKH# VWXGLHV1# # $W# WKH# WLPH# RI# WKH# H[SRVXUH QHRSODVPV#ZHUH#QRW#UHODWHG#WR#QHSKURSDWK\/#EXW#ZHUH
FRQFHQWUDWLRQ#VHOHFWLRQ#IRU#WKH#50\HDU#VWXGLHV/#LW#ZDV WUHDWPHQW0UHODWHG#HIIHFWV1
SUHGLFWHG#WKDW#PDOH#PLFH#LQ#WKH#4/;33#SSP#JURXS#LQ
WKH#50\HDU#VWXG\#PLJKW#GHYHORS#D#FRPSOHWH#WROHUDQFH ,Q#IHPDOH#PLFH#H[SRVHG#WR#4/;33#SSP#WHWUDK\GURIXUDQ/
WR#WKH#VHGDWLYH#HIIHFW/#DQG#WKHUHIRUH#VHGDWLRQ#PLJKW#QRW WKH# LQFLGHQFHV# RI# KHSDWRFHOOXODU# QHRSODVPV# ZHUH
KDYH# DQ\# DGYHUVH# HIIHFW# RQ# WKH# VXUYLYDO# UHODWHG# WR VLJQLILFDQWO\# JUHDWHU# WKDQ# WKRVH# RI# WKH# FKDPEHU
WHWUDK\GURIXUDQ#H[SRVXUH1##7KH#SUHGLFWLRQ#ZDV#FOHDUO\ FRQWUROV#DQG#WKH#LQFLGHQFHV#LQFUHDVHG#ZLWK#D#SRVLWLYH
LQFRUUHFW/#DQG#59#PDOHV#LQ#WKH#4/;33#SSP#JURXS#GLHG WUHQG1# #8VLQJ# D# ORJLVWLF# UHJUHVVLRQ#PRGHO# +6HLONRS/
GXULQJ#WKH#ILUVW#\HDU#RI#WKH#VWXG\1##$#QXPEHU#RI#PDOH 4<<8,/# LW#ZDV#GHWHUPLQHG# WKDW# WKH#ERG\#ZHLJKW#GLI0
PLFH#H[SRVHG#WR#4/;33#SSP#ZHUH#REVHUYHG#WR#EH#LQ#D IHUHQFHV#GLG#QRW#DFFRXQW#IRU#WKH#VL]DEOH#LQFUHDVH#LQ#WKH
VWDWH# RI# QDUFRVLV# GXULQJ# DQG# XS# WR# 4# KRXU# DIWHU OLYHU#QHRSODVP#UDWH#REVHUYHG#LQ#WKH#H[SRVHG#JURXSV#RI
H[SRVXUHV1# # 3URORQJHG#ZHWWLQJ# RI# WKH# SUHSXWLDO# IXU IHPDOHV#+;8(#YV1#67(#LQ#FKDPEHU#FRQWUROV,1##$OVR/
GXULQJ# H[SRVXUH0LQGXFHG#QDUFRVLV#PD\#KDYH#SUHGLV0 WKHUH#ZHUH#PXOWLSOH#KHSDWRFHOOXODU#QHRSODVPV#LQ#VRPH
SRVHG#WKHVH#DQLPDOV#WR#D#SUHSXWLDO/#DQG#VXEVHTXHQWO\ RI#WKH#H[SRVHG#IHPDOH#PLFH1
DQ#DVFHQGLQJ#XURJHQLWDO#WUDFW/#EDFWHULDO#LQIHFWLRQ#WKDW
UHVXOWHG#LQ#PRULEXQGLW\#DQG#XOWLPDWHO\#GHDWK1##7KHUH0 7KHUH#ZDV#QR# LQGLFDWLRQ#RI#DQ# LQFUHDVH# LQ# WKH# LQFL0
IRUH/#WKH#KLJKHVW#H[SRVXUH#FRQFHQWUDWLRQ#+4/;33#SSP, GHQFHV# RI# KHSDWRFHOOXODU# QHRSODVPV# LQ# PDOH# PLFH1
VHOHFWHG# IRU#PDOH#PLFH# LQ# WKLV# VWXG\# H[FHHGHG# WKH 7KHUH#DUH#VHYHUDO#SRVVLEOH#UHDVRQV#IRU#WKLV1##7KH#PDOH
PD[LPXP# WROHUDWHG#GRVH1# #7KH# VXUYLYDO#RI#H[SRVHG PLFH#VWXG\#PD\#QRW#KDYH#EHHQ#VHQVLWLYH#HQRXJK#WR#D
JURXSV#RI#PDOH#DQG# IHPDOH#UDWV#DQG#RI# IHPDOH#PLFH WHWUDK\GURIXUDQ0LQGXFHG#FDUFLQRJHQLF#HIIHFW/#GXH#WR#D
ZDV# VLPLODU# WR# WKDW#RI# WKH# FKDPEHU# FRQWURO#JURXSV1 YHU\#KLJK#LQFLGHQFH#RI#KHSDWRFHOOXODU#QHRSODVPV#LQ#WKH
7KH#PHDQ#ERG\#ZHLJKWV#RI#H[SRVHG#JURXSV#RI#UDWV#DQG FKDPEHU#FRQWUROV#+:3(,#DQG#WR#WKH#ORZHU#VXUYLYDO#UDWH
PLFH#ZHUH# VLPLODU# WR# WKRVH# RI# WKH# FKDPEHU# FRQWURO RI#4/;33#SSP#PLFH1##$OWHUQDWLYHO\/#WKHUH#PD\#EH#DQ
JURXSV#WKURXJKRXW#WKH#VWXGLHV1 LQKHUHQW#JHQGHU#GLIIHUHQFH#LQ#WHWUDK\GURIXUDQ0LQGXFHG

$Q# LQFUHDVH# LQ# WKH# LQFLGHQFHV#RI# UHQDO# WXEXODU#QHR0 RQH#RI#WKH#PDMRU#VLWHV#RI#FDUFLQRJHQLFLW\#LGHQWLILHG#IRU
SODVPV# LQ#PDOH#UDWV#H[SRVHG# WR# WHWUDK\GURIXUDQ#ZDV IXUDQ#DQG#4/70GLR[DQH/#FKHPLFDOV#VWUXFWXUDOO\#UHODWHG
FRQVLGHUHG# WR# EH# UHODWHG# WR# WKH# DGPLQLVWUDWLRQ# RI WR#WHWUDK\GURIXUDQ#+,$5&/#4<:9>#173/#4<<6,1##)XUDQ/
WHWUDK\GURIXUDQ1# # 6HYHUDO# IDFWRUV# SUHGLFDWHG# WKH ZKHQ# DGPLQLVWHUHG# E\# JDYDJH/#ZDV# FDUFLQRJHQLF# LQ
DVVHUWLRQ# RI# D# FDUFLQRJHQLF# HIIHFW# LQ# WKH# PDOH# UDW UDWV# EDVHG# RQ# LQFUHDVHG# LQFLGHQFHV# RI# FKR0
NLGQH\1# # )LUVW/# WKHUH#ZHUH# LQFUHDVHG# LQFLGHQFHV# RI ODQJLRFDUFLQRPD/# KHSDWRFHOOXODU# QHRSODVPV/# DQG
######## ##########

6HFRQG/# WKH# QHRSODVPV# LQ# WKH# 4/;33# SSP# JURXS

UHQDO# WXEXOH# QHRSODVPV# RIWHQ# DFFRPSDQ\# FKHPLFDO0

KHSDWRFHOOXODU#QHRSODVPV#LQ#PLFH1##7KH#OLYHU#ZDV#DOVR
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PRQRQXFOHDU#FHOO#OHXNHPLD1##,Q#PDOH#DQG#IHPDOH#PLFH/ GHJHQHUDWLRQ# ZHUH# REVHUYHG# DIWHU# WHWUDK\GURIXUDQ
IXUDQ# LQGXFHG# KHSDWRFHOOXODU# QHRSODVPV# DQG# EHQLJQ H[SRVXUH#E\#LQKDODWLRQ#IRU#45#ZHHNV#DW#6/333#SSP1##,Q
SKHRFKURPRF\WRPDV# RI# WKH# DGUHQDO# JODQG# +173/ FRQWUDVW#WR#WKH#NLGQH\/#LQFUHDVHG#LQFLGHQFHV#RI#F\WR0
4<<6,1# # 4/70'LR[DQH/# D# F\FOLF# HWKHU# VROYHQW# VWUXF0 PHJDO\#ZHUH#REVHUYHG#LQ#WKH#OLYHUV#RI#8/333#SSP#PDOH
WXUDOO\#UHODWHG#WR#WHWUDK\GURIXUDQ/#ZDV#FDUFLQRJHQLF#LQ DQG#IHPDOH#PLFH#LQ#WKH#470ZHHN#VWXG\/#DQG#WKH#LQFL0
UDWV#DQG#JXLQHD#SLJV#ZKHQ#DGPLQLVWHUHG#E\#JDYDJH1 GHQFH#RI# OLYHU#QHFURVLV#ZHUH#VOLJKWO\#HOHYDWHG# LQ# WKH
4/70'LR[DQH# SURGXFHG# PDOLJQDQW# QHRSODVPV# LQ# WKH 4/;33#SSP#IHPDOH#PLFH#LQ#WKH#50\HDU#VWXG\/#LQGLFDWLQJ
OLYHU# DQG#QDVDO# FDYLW\# LQ# UDWV# DQG#QHRSODVPV#RI# WKH WKDW#WKH#OLYHU#LV#D#FOHDU#WDUJHW#RUJDQ#LQ#PLFH1
OLYHU#DQG#WKH#JDOOEODGGHU#LQ#JXLQHD#SLJV#+,$5&/#4<:9,1
,W#ZDV#DOVR#D#SURPRWRU# LQ#D# WZR0VWDJH#VNLQ#FDUFLQR0
JHQHVLV#VWXG\#LQ#PLFH1

7KH#GLIIHUHQFHV#LQ#WHWUDK\GURIXUDQ0LQGXFHG#QHRSODVPV
EHWZHHQ#UDWV#DQG#PLFH#DQG#PDOHV#DQG#IHPDOHV#FRXOG#EH
GXH#WR#GLIIHUHQFHV#LQ#WKH#PHWDEROLVP#DQG#GLVSRVLWLRQ#RI
WHWUDK\GURIXUDQ1# #7KHUH# LV#YHU\# OLWWOH# LQIRUPDWLRQ# LQ
WKH#OLWHUDWXUH#RQ#WKH#WR[LFRNLQHWLFV#DQG#FHOOXODU#WR[L0
FLW\#RQ#WKLV#ZLGHO\#XVHG#VROYHQW1##%DVHG#RQ#WKH#OLPLWHG
LQIRUPDWLRQ#DYDLODEOH# IURP#JHQRWR[LFLW\#VWXGLHV/# WKH
FDUFLQRJHQLF#DFWLYLW\#RI# WHWUDK\GURIXUDQ#REVHUYHG# LQ
WKH#FXUUHQW# VWXGLHV# LV#PRVW# OLNHO\# WKURXJK#QRQJHQR0
WR[LF# PRGHV# RI# DFWLRQ1# # 7HWUDK\GURIXUDQ# ZDV# QRW
PXWDJHQLF#LQ#D#YDULHW\#RI#LQ#YLWUR#DQG#LQ#YLYR#DVVD\V1
7KH#SUHVHQFH#RI#NLGQH\#OHVLRQV#RQO\#LQ#H[SRVHG#PDOH
UDWV#PD\#KDYH#EHHQ#D#UHVXOW#RI#GHJHQHUDWLYH#K\DOLQH
GURSOHW# QHSKURSDWK\# SURJUHVVLRQ# WR# QHRSODVP
IRUPDWLRQ/#D#VSHFLHV0#DQG#JHQGHU0VSHFLILF#OHVLRQ#SRV0
VLEO\#PHGLDWHG#WKURXJK#QRQJHQRWR[LF#PRGHV#RI#DFWLRQ
+6ZHQEHUJ/#4<<6,1##7KHUH#ZHUH#QR# WHWUDK\GURIXUDQ0
UHODWHG#QRQQHRSODVWLF#OHVLRQV#RI#WKH#NLGQH\#REVHUYHG
LQ#DQLPDOV# LQ# WKH#470ZHHN#RU#50\HDU#VWXGLHV1# #+RZ0
HYHU/#.DZDWD#DQG# ,WR# +4<;7,#UHSRUWHG# WKH#NLGQH\#DV
RQH#RI#WKH#WDUJHW#RUJDQV#RI#WHWUDK\GURIXUDQ#WR[LFLW\1
,Q#WKDW#VWXG\/#PDUJLQDO#LQFUHDVHV#LQ#SURWHLQ#FDVWV#LQ#WKH
LQWHUFDYLW\#RI#WKH#NLGQH\#WXEXOHV#DQG#K\DOLQH#GURSOHW
#

%DVHG#RQ#WKH#FXUUHQW#470ZHHN#LQKDODWLRQ#WR[LFLW\#VWXG\
LQ#PLFH# DQG# RQ# SUHYLRXVO\# UHSRUWHG# GHYHORSPHQWDO
WR[LFLW\#VWXGLHV#+0DVW#HW#DO1/#4<<5,/#WKH#QR0REVHUYDEOH0
DGYHUVH0DIIHFW# OHYHO# +12$(/,# IRU# QRQQHRSODVWLF
OHVLRQV#IURP#WHWUDK\GURIXUDQ#LV#933#SSP#LQ#PLFH1##,Q
WKH# FXUUHQW# 50\HDU#PRXVH# VWXG\/# WKH# LQFLGHQFHV# RI
KHSDWRFHOOXODU#QHRSODVPV# LQ#IHPDOH#PLFH#H[SRVHG# WR
533# SSP# +WKH# ORZHVW# H[SRVXUH# FRQFHQWUDWLRQ# XVHG,
ZHUH# HOHYDWHG# +7;(,# UHODWLYH# WR# FRQWUROV# +67(,1
7KHVH# UHVXOWV#PD\# KDYH# VRPH# LPSOLFDWLRQV# IRU# WKH
FXUUHQW#RFFXSDWLRQDO#H[SRVXUH#OLPLW#RI#533#SSP1

&21&/86,216
8QGHU# WKH# FRQGLWLRQV# RI# WKHVH# 50\HDU# LQKDODWLRQ
VWXGLHV/# WKHUH# ZDV# VRPH# HYLGHQFH# RI# FDUFLQRJHQLF
DFWLYLW\-#RI#WHWUDK\GURIXUDQ#LQ#PDOH#)67721#UDWV#EDVHG
RQ# LQFUHDVHG# LQFLGHQFHV#RI#UHQDO# WXEXOH#DGHQRPD#RU
FDUFLQRPD# +FRPELQHG,1# #7KHUH#ZDV# QR# HYLGHQFH# RI
FDUFLQRJHQLF# DFWLYLW\# RI# WHWUDK\GURIXUDQ# LQ# IHPDOH
)67721#UDWV#H[SRVHG# WR#533/#933/#RU#4/;33#SSP#RU
PDOH# %9&6) # PLFH# H[SRVHG# WR# 533/# 933/# RU4

4/;33#SSP1# # #7KHUH#ZDV#FOHDU#HYLGHQFH#RI#FDUFLQR0
JHQLF# DFWLYLW\# RI# WHWUDK\GURIXUDQ# LQ# IHPDOH#%9&6) 4

PLFH#EDVHG#RQ#LQFUHDVHG#LQFLGHQFHV#RI#KHSDWRFHOOXODU
QHRSODVPV1##

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

7KH#$OGULFK#/LEUDU\#RI#)70,5#6SHFWUD#+4<;8,1##4VW#HG1
+&1-1# 3RXFKHUW/# (G1,/# 9RO1# 41# # $OGULFK# &KHPLFDO
&RPSDQ\/#,QF1/#0LOZDXNHH/#:,1

7KH#$OGULFK#/LEUDU\#RI# ,5#6SHFWUD# +4<;4,1# #6UG#HG1
+&1-1#3RXFKHUW/#(G1,/# S1# 46<*1# #$OGULFK#&KHPLFDO
&RPSDQ\/#,QF1/#0LOZDXNHH/#:,1

7KH#$OGULFK#/LEUDU\#RI#105#6SHFWUD# +4<:7,1# #+&1-1
3RXFKHUW/# (G1,/# S1# 47<&1# # $OGULFK# &KHPLFDO
&RPSDQ\/#,QF1/#0LOZDXNHH/#:,1#

$PHULFDQ# &RQIHUHQFH# RI# *RYHUQPHQWDO# ,QGXVWULDO
+\JLHQLVWV# +$&*,+,# +4<;9,1# #'RFXPHQWDWLRQ#RI# WKH
7KUHVKROG# /LPLW# 9DOXHV# DQG# %LRORJLFDO# ([SRVXUH
,QGLFHV/#8WK#HG1##&LQFLQQDWL/#2+1

$PHULFDQ# &RQIHUHQFH# RI# *RYHUQPHQWDO# ,QGXVWULDO
+\JLHQLVWV# +$&*,+,# +4<<9,1# #4<<9#7KUHVKROG#/LPLW
9DOXHV#+7/9V�,#IRU#&KHPLFDO#6XEVWDQFHV#DQG#3K\VLFDO
$JHQWV# DQG# %LRORJLFDO# ([SRVXUH# ,QGLFHV# +%(,V,1
&LQFLQQDWL/#2+1

$UPLWDJH/#31#+4<:4,1##6WDWLVWLFDO#0HWKRGV#LQ#0HGLFDO
5HVHDUFK/#SS1#69506981##-RKQ#:LOH\#DQG#6RQV/#,QF1/
1HZ#<RUN1

$VKE\/# -1/# DQG#7HQQDQW/#51:1# +4<<4,1# #'HILQLWLYH
UHODWLRQVKLSV# DPRQJ# FKHPLFDO# VWUXFWXUH/
FDUFLQRJHQLFLW\#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

%XUND/#/171/#DQG##%R\G/#0151#+4<;8,1##)XUDQV1##,Q
%LRDFWLYDWLRQ#RI#)RUHLJQ#&RPSRXQGV#+01:1#$QGHUV/
(G1,/#SS1#576058:1##$FDGHPLF#3UHVV/#1HZ#<RUN1

&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/#,QF1/#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

'LQVH/#*1(1/#DQG#/DJDNRV/#61:1#+4<;6,1##5HJUHVVLRQ
DQDO\VLV#RI#WXPRXU#SUHYDOHQFH#GDWD1##$SSO1#6WDWLVW1#65/
569057;1

'L[RQ/# :1-1/# DQG# 0DVVH\/# )1-1/# -U1# +4<84,1
,QWURGXFWLRQ# 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

'XQQ/#71%1#+4<:3,1##1RUPDO#DQG#SDWKRORJLF#DQDWRP\
RI# WKH# DGUHQDO# JODQG# RI# WKH# PRXVH/# LQFOXGLQJ
QHRSODVPV1##-1#1DWO1#&DQFHU#,QVW1#77/#4656046;<1

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

(ORYDDUD/#(1/#3IlIIOL/#31/#DQG#6DYRODLQHQ/#+1#+4<;7,1
%XUGHQ# DQG# ELRFKHPLFDO# HIIHFWV# RI# H[WHQGHG
WHWUDK\GURIXUDQ# YDSRXU# LQKDODWLRQ# RI# WKUHH
FRQFHQWUDWLRQ# OHYHOV1##$FWD#3KDUPDFRO1#7R[LFRO1#87/
55405591



87 7HWUDK\GURIXUDQ/#173#75#7:8

*DOORZD\/# 6101/# $UPVWURQJ/# 01-1/# 5HXEHQ/# &1/ ,QWHUQDWLRQDO#$JHQF\#IRU#5HVHDUFK#RQ#&DQFHU#+,$5&,
&ROPDQ/#61/#%URZQ/#%1/#&DQQRQ/#&1/#%ORRP/#$1'1/ +4<:9,1##,$5&#0RQRJUDSKV#RQ#WKH#(YDOXDWLRQ#RI#WKH
1DNDPXUD/# )1/# $KPHG/#01/# 'XN/# 61/# 5LPSR/# -1/
0DUJROLQ/#%1+1/#5HVQLFN/#01$1/#$QGHUVRQ/#%1/#DQG
=HLJHU/#(1#+4<;:,1##&KURPRVRPH#DEHUUDWLRQ#DQG#VLVWHU
FKURPDWLG#H[FKDQJH#WHVWV#LQ#YLWUR#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&,#95/#<8:0<:71

*RVVHOLQ/# 51(1/# +RGJH/# +1&1/# 6PLWK/# 5131/# DQG
*OHDVRQ/# 0111# +4<:9,1# # &OLQLFDO# 7R[LFRORJ\# RI
&RPPHUFLDO# 3URGXFWV1# # $FXWH# 3RLVRQLQJ/# 7WK# HG1/
S1#,,05771##:LOOLDPV#DQG#:LONLQV/#%DOWLPRUH/#0'1

+DVHPDQ/# -1.1# +4<;7,1# # 6WDWLVWLFDO# LVVXHV# LQ# WKH
GHVLJQ/# DQDO\VLV# DQG# LQWHUSUHWDWLRQ# RI# DQLPDO
FDUFLQRJHQLFLW\# VWXGLHV1# #(QYLURQ1#+HDOWK#3HUVSHFW1
8;/#6;806<51

+D]DUGRXV# 6XEVWDQFHV# 'DWD# %DQN# ++6'%,# +4<<9,1
'DWDEDVH# PDLQWDLQHG# E\# WKH# 1DWLRQDO# /LEUDU\# RI
0HGLFLQH/#DYDLODEOH#WKURXJK#WKH#0('/$56#V\VWHP1
8161# 'HSDUWPHQW# RI# +HDOWK# DQG# +XPDQ# 6HUYLFHV/
3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/
%HWKHVGD/#0'1

+ROODQGHU/# 01/# DQG# :ROIH/# '1$1# +4<:6,1
1RQSDUDPHWULF# 6WDWLVWLFDO# 0HWKRGV/# SS1# 45304561
-RKQ#:LOH\#DQG#6RQV/#1HZ#<RUN1

,NHRND/#+1/#1DNDL/#<1/#2KDVKL/#<1/#0DUXRND/#.1/
1DNDWD/# -1/# 0DVXWDQL/# +1/# +RULJXFKL/# 61/# DQG
7HUDPRWR/#.1# +4<;6,1# #([SHULPHQWDO# VWXGLHV#RQ# WKH
UHVSLUDWRU\#WR[LFLW\#RI#WHWUDK\GURIXUDQ#LQ#D#VKRUW0WHUP
H[SRVXUH1# # 51# (IIHFWV# RQ# WKH# FLOLDU\# DFWLYLWLHV# DQG
PRUSKRORJ\# DW# WKH# WUDFKHDO# PXFRXV# HSLWKHOLXP1
6XPLWRPR#6DQJ\R#(DVHO#4</#446044<1

,NHRND/#+1/#2KDVKL/#<1/#0DUXRND/#.1/#1DNDWD/# -1/
0DVXWDQL/# +1/# 1DNDL/# <1/# +RULJXFKL/# 61/# DQG
7HUDPRWR/# .1# +4<;7,1# # (IIHFWV# RI# WHWUDK\GURIXUDQ
H[SRVXUH#RQ# WKH# FLOLDU\# DFWLYLW\# DQG#PRUSKRORJ\#RI
WUDFKHDO#HSLWKHOLXP# LQ#UDEELWV1# #2VDND#&LW\#0HG1#-1
63/#8609:1 3UHVV/#%RFD#5DWRQ/#)/1

&DUFLQRJHQLF#5LVN#RI#&KHPLFDOV#WR#0DQ=##&DGPLXP/
1LFNHO/# 6RPH# (SR[LGHV/# 0LVFHOODQHRXV# ,QGXVWULDO
&KHPLFDOV# DQG#*HQHUDO#&RQVLGHUDWLRQV# RQ# 9RODWLOH
$QDHVWKHWLFV/#9RO1# 44/#SS1# 57:05861# # ,$5&/#/\RQ/
)UDQFH1

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

-XQWXQHQ/#-1/#.DVWH/#01/#DQG#+lUN|QHQ/#+1#+4<;7,1
&HUHEUDO# FRQYXOVLRQ# DIWHU# HQIOXUDQ# DQDHVWKHVLD# DQG
RFFXSDWLRQDO#H[SRVXUH#WR#WHWUDK\GURIXUDQ1##-1#1HXURO1
1HXURVXUJ1#3V\FKLDWU\#7:/#458;1

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

.DWDKLUD/# 71/# 7HUDPRWR/# .1/# DQG# +RULJXFKL/# 61
+4<;5D,1##([SHULPHQWDO#VWXGLHV#RQ#WKH#DFXWH#WR[LFLW\#RI
WHWUDK\GURIXUDQ#LQ#DQLPDOV1##-SQ1#-1#,QG1#+HDOWK#57/
6:606:;1

.DWDKLUD/# 71/# 7HUDPRWR/# .1/# DQG# +RULJXFKL/# 61
+4<;5E,1# # ([SHULPHQWDO# VWXGLHV# RQ# WKH# WR[LFLW\# RI
WHWUDK\GURIXUDQ#DGPLQLVWHUHG#WR#DQLPDOV#E\#UHSHDWHG
LQKDODWLRQ1##-SQ1#-1#,QG1#+HDOWK#57/#6:<06;:1

.DZDOHN/# -1&1/# DQG# #$QGUHZV/#$1:1# +4<;3,1# #7KH
HIIHFWV#RI#VROYHQWV#RQ#GUXJ#PHWDEROLVP#LQ#YLWUR1##'UXJ
0HWDE1#'LVSRV1#;/#6;306;71

.DZDWD/#)1/#DQG#,WR/#$1#+4<;7,1##([SHULPHQWDO#VWXGLHV
RI#HIIHFWV#RQ#RUJDQLF#VROYHQWV#LQ#OLYLQJ#ERG\#FKDQJHV
RI# WHWUDK\GURIXUDQ#FRQFHQWUDWLRQ# LQ#UDW·V#RUJDQV#DQG
KLVWRORJLFDO# REVHUYDWLRQV# DIWHU# LQKDODWLRQ1# # 1LSSRQ
+RLJDNX#=DVVKL#6;/#69:06:81

.RN/# *1/1/# 7KRPSVRQ/# .1/# /D]UXV/# $1/1/# DQG
0F/DUHQ/#61(1#+4<;9,1##'HULYDWL]DWLRQ#WHFKQLTXH#IRU
WKH#GHWHUPLQDWLRQ#RI#SHUR[LGHV#LQ#SUHFLSLWDWLRQ1##$QDO1
&KHP1#8;/#44<5044<71#

/LGH/#'151/#(G1#+4<<5,1##&5&#+DQGERRN#RI#&KHPLVWU\
DQG# 3K\VLFV/# :6UG# HG1/# SS1# 8³68/# 8³;7/# 9³88/
9³439/# 9³49:/# 48³7;/# 49³4;/# 49³561# # &5&
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0F&RQQHOO/#(1(1/#6ROOHYHOG/#+1$1/#6ZHQEHUJ/#-1$1/ 0DURQSRW/# 5151/# DQG# %RRUPDQ/# *1$1# +4<;5,1
DQG# %RRUPDQ/# *1$1# +4<;9,1# # *XLGHOLQHV# IRU ,QWHUSUHWDWLRQ# RI# URGHQW# KHSDWRFHOOXODU# SUROLIHUDWLYH
FRPELQLQJ# QHRSODVPV# IRU# HYDOXDWLRQ# RI# URGHQW DOWHUDWLRQV# DQG# KHSDWRFHOOXODU# WXPRUV# LQ# FKHPLFDO
FDUFLQRJHQHVLV#VWXGLHV1##-1&,#:9/#5;605;<1 VDIHW\#DVVHVVPHQW1##7R[LFRO1#3DWKRO1#43/#:40;31

0DVW/# 71-1/# :HLJHO/# 51-1/# :HVWHUEHUJ/# 51%1/0F)HH/#$1)1/#/RZH/#.1:1/#DQG#6DQ#6HEDVWLDQ/#-151
+4<;6,1# # ,PSURYHG# VLVWHU0FKURPDWLG# GLIIHUHQWLDWLRQ
XVLQJ# SDUDIILQ0FRDWHG# EURPRGHR[\XULGLQH# WDEOHWV# LQ
PLFH1##0XWDW1#5HV1#44</#;60;;1

0F)HH/#$1)1/#7LFH/#5151/#DQG#6KHOE\/#01'1#+4<<5,1
,Q#YLYR#F\WRJHQHWLF#DFWLYLW\#RI#GLSKHQ\OK\GDQWRLQ# LQ
PLFH1##0XWDW1#5HV1#5:;/#9409;1

0DF*UHJRU/#-171/#:HKU/#&101/#DQG#/DQJORLV/#51*1
+4<;6,1##$#VLPSOH#IOXRUHVFHQW#VWDLQLQJ#SURFHGXUH#IRU
PLFURQXFOHL#DQG#51$#LQ#HU\WKURF\WHV#XVLQJ#+RHVFKW
6658;#DQG#S\URQLQ#<1##0XWDW1#5HV1#453/#59<05:81

0DF*UHJRU/# -171/#:HKU/#&101/#+HQLND/#3151/#DQG
6KHOE\/# 01'1# +4<<3,1# # 7KH# LQ# YLYR# HU\WKURF\WH
PLFURQXFOHXV# WHVW=# # 0HDVXUHPHQW# DW# VWHDG\# VWDWH
LQFUHDVHV#DVVD\#HIILFLHQF\#DQG#SHUPLWV#LQWHJUDWLRQ#ZLWK
WR[LFLW\#VWXGLHV1##)XQGDP1#$SSO1#7R[LFRO1#47/#84608551

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

0DUJROLQ/# %1+1/#&ROOLQJV/# %1-1/# DQG#0DVRQ/# -101
+4<;6,1# # 6WDWLVWLFDO# DQDO\VLV# DQG# VDPSOH0VL]H
GHWHUPLQDWLRQV# IRU# PXWDJHQLFLW\# H[SHULPHQWV# ZLWK
ELQRPLDO#UHVSRQVHV1##(QYLURQ1#0XWDJHQ1#8/#:380:491

0DUJROLQ/# %1+1/# 5HVQLFN/# 01$1/# 5LPSR/# -1<1/
$UFKHU/# 31/# *DOORZD\/# 6101/# %ORRP/# $1'1/# DQG
=HLJHU/#(1# +4<;9,1# #6WDWLVWLFDO# DQDO\VHV# IRU# LQ#YLWUR
F\WRJHQHWLF#DVVD\V#XVLQJ#&KLQHVH#KDPVWHU#RYDU\#FHOOV1
(QYLURQ1#0XWDJHQ1#;/#4;605371

0DUJROLQ/# %1+1/# 5LVNR/# .1-1/# )URPH/# (1/1/# DQG
7LFH/# 5151# +4<<3,1# # $# JHQHUDO# SXUSRVH# VWDWLVWLFDO
DQDO\VLV# SURJUDP# IRU# PLFURQXFOHXV# DVVD\# GDWD1 )RUPXOD# 5DW# DQG# 0RXVH# 5DWLRQ# +1,+03:,1
$SSHQGL[# 5=# #0LFURQXFOHXV# GDWD#PDQDJHPHQW# DQG 6SHFLILFDWLRQ# 1,+044046681# # 8161# 'HSDUWPHQW# RI
DQDO\VLV#YHUVLRQ#417D1##,QWHJUDWHG#/DERUDWRU\#6\VWHPV/ +HDOWK/# (GXFDWLRQ/# DQG# :HOIDUH/# 3XEOLF# +HDOWK
5HVHDUFK#7ULDQJOH#3DUN/#1&1 6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#%HWKHVGD/#0'1

6FKZHW]/# %1$1/# DQG# 0RUULVVH\/# 51(1# +4<<5,1
(YDOXDWLRQ#RI#WKH#SRWHQWLDO#IRU#GHYHORSPHQWDO#WR[LFLW\
LQ# UDWV# DQG# PLFH# IROORZLQJ# LQKDODWLRQ# H[SRVXUH# WR
WHWUDK\GURIXUDQ1# # )XQGDP1# $SSO1# 7R[LFRO1# 4;/
58805981

7KH#0HUFN#,QGH[#+4<;<,1##44WK#HG1#+61#%XGDYDUL/#(G1,/
S1#<4771##0HUFN#DQG#&RPSDQ\/#5DKZD\/#1-1

7KH# 0HUFN# ,QGH[# 2QOLQH# +4<<6,1# # 0HUFN# DQG
&RPSDQ\/#5DKZD\/#1-1

0LOOHU/# -1$1/# DQG# 0LOOHU/# (1&1# +4<::,1# # 8OWLPDWH
FKHPLFDO# FDUFLQRJHQV# DV# UHDFWLYH# PXWDJHQLF
HOHFWURSKLOHV1# # ,Q#2ULJLQV# RI#+XPDQ#&DQFHU# ++1+1
+LDWW/# -1'1# :DWVRQ/# DQG# -1$1# :LQVWHQ/# (GV1,/
SS1#938095:1##&ROG#6SULQJ#+DUERU#/DERUDWRU\/#&ROG
6SULQJ#+DUERU/#1<1

0LUVDOLV/# -1/# 7\VRQ/# .1/# %HFN/# -1/# /RK/# )1/
6WHLQPHW]/# .1/# &RQWUHUDV/# &1/# $XVWHUH/# /1/
0DUWLQ/# 61/# DQG# 6SDOGLQJ/# -1# +4<;6,1# # ,QGXFWLRQ# RI
XQVFKHGXOHG#'1$# V\QWKHVHV# +8'6,# LQ# KHSDWRF\WHV
IROORZLQJ# LQ# YLWUR# DQG# LQ# YLYR# WUHDWPHQW1# #(QYLURQ1
0XWDJHQ1#8/#7;5##+$EVWU1,1

0RUWHOPDQV/# .1/# +DZRUWK/# 61/# /DZORU/# 71/
6SHFN/# :1/# 7DLQHU/# %1/# DQG# =HLJHU/# (1# +4<;9,1
6DOPRQHOOD#PXWDJHQLFLW\# WHVWV=# #,,1#5HVXOWV#IURP# WKH
WHVWLQJ# RI# 5:3# FKHPLFDOV1# # (QYLURQ1# 0XWDJHQ1# ;
+6XSSO1#:,/#4044<1

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# ,QVWLWXWHV# RI#+HDOWK# +1,+,# +4<:;,1# #2SHQ
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1DWLRQDO# 7R[LFRORJ\# 3URJUDP# +173,# +4<<5,1 6LPRQVHQ/# /1/# -RKQVHQ/# +1/# /XQG/# 6131/
7R[LFRORJ\# DQG# &DUFLQRJHQHVLV# 6WXGLHV# RI 0DWLNDLQHQ/# (1/#0LGWJnUG/#81/# DQG#:HQQEHUJ/#$1
õ0%XW\URODFWRQH#+&$6#1R1#<907;03,#LQ#)67721#5DWV +4<<7,1##0HWKRGRORJLFDO#DSSURDFK#WR#WKH#HYDOXDWLRQ#RI
DQG# %9&6) # 0LFH# +*DYDJH# 6WXGLHV,1# # 7HFKQLFDO QHXURWR[LFLW\#GDWD#DQG#WKH#FODVVLILFDWLRQ#RI#QHXURWR[LF4

5HSRUW# 6HULHV# 1R1# 7391# # 1,+# 3XEOLFDWLRQ
1R1#<50646:1##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<<6,1
7R[LFRORJ\# DQG# &DUFLQRJHQHVLV# 6WXGLHV# RI# )XUDQ
+&$6#1R1# 4430330<,# LQ# )67721# 5DWV# DQG# %9&6)4

0LFH# +*DYDJH# 6WXGLHV,1# # 7HFKQLFDO# 5HSRUW# 6HULHV
1R1# 7351# # 1,+# 3XEOLFDWLRQ# 1R1# <605;8:1# # 8161
'HSDUWPHQW# RI#+HDOWK# DQG#+XPDQ#6HUYLFHV/#3XEOLF
+HDOWK# 6HUYLFH/# 1DWLRQDO# ,QVWLWXWHV# RI# +HDOWK/
5HVHDUFK#7ULDQJOH#3DUN/#1&1

3U]\E\WH]/# -171/# (G1# +4<;3,1# #+LJK# 3XULW\# 6ROYHQW
*XLGH/#S1# 43<1# #%XUGLFN#DQG# -DFNVRQ#/DERUDWRULHV/
,QF1/#0LFKLJDQ/#0,1

5LEHOLQ/# :1(1# +4<;7,1# # 7KH# HIIHFWV# RI# GUXJV# DQG
FKHPLFDOV# XSRQ# WKH# VWUXFWXUH# RI# WKH# DGUHQDO# JODQG1
)XQGDP1#$SSO1#7R[LFRO1#7/#438044<1

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

6KHOE\/#01'1/#DQG#:LWW/#.1/1#+4<<8,1##&RPSDULVRQ#RI
UHVXOWV# IURP# PRXVH# ERQH# PDUURZ# FKURPRVRPH
DEHUUDWLRQ# DQG#PLFURQXFOHXV# WHVWV1# # (QYLURQ1#0RO1
0XWDJHQ1#58/#63506461

6KHOE\/# 01'1/# (UH[VRQ/# *1/1/# +RRN/# *1-1/# DQG
7LFH/#5151# +4<<6,1# #(YDOXDWLRQ#RI#D# WKUHH0H[SRVXUH
PRXVH#ERQH#PDUURZ#PLFURQXFOHXV#SURWRFRO=##5HVXOWV
ZLWK# 7<# FKHPLFDOV1# # (QYLURQ1# 0RO1# 0XWDJHQ1# 54/
49304:<1

6KLUOH\/#(1#+4<::,1##$#QRQ0SDUDPHWULF#HTXLYDOHQW#RI
:LOOLDPV·#WHVW#IRU#FRQWUDVWLQJ#LQFUHDVLQJ#GRVH#OHYHOV#RI WHVWHG#IRU#WKH#1DWLRQDO#7R[LFRORJ\#3URJUDP1##(QYLURQ1
D#WUHDWPHQW1##%LRPHWULFV#66/#6;906;<1 0XWDJHQ1#:/#658067;1

FKHPLFDOV1##6FDQG1#-1#:RUN#(QYLURQ1#+HDOWK#53/#40451

6Q\GHU/#51/#DQG#$QGUHZV/#/161#+4<<9,1##7R[LF#HIIHFWV
RI# VROYHQWV# DQG# YDSRUV1# # ,Q# &DVDUHWW# DQG# 'RXOO·V
7R[LFRORJ\=# # 7KH# %DVLF# 6FLHQFH# RI# 3RLVRQV# +&1'1
.ODDVVHQ/#(G1,/#8WK#HG1/#SS1#:6:0::41##0F*UDZ0+LOO/
1HZ#<RUN1

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

6ZHQEHUJ/# -1$1# +4<<6,1# #û 0*OREXOLQ#QHSKURSDWK\=5X

5HYLHZ# RI# WKH# FHOOXODU# DQG#PROHFXODU#PHFKDQLVPV
LQYROYHG# DQG# WKHLU# LPSOLFDWLRQV# IRU# KXPDQ# ULVN
DVVHVVPHQW1##(QYLURQ1#+HDOWK#3HUVSHFW1#434/#6<0771

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

8OOULFK/#91/#:HEHU/#31/#DQG#:ROOHQEHUJ/#31#+4<:8,1
7HWUDK\GURIXUDQH#0#$Q#LQKLELWRU#IRU#HWKDQRO0LQGXFHG
OLYHU# PLFURVRPDO# F\WRFKURPH# 37831# # %LRFKHP1
%LRSK\V1#5HV1#&RPPXQ1#97/#;3;0;461

8QLWHG# 6WDWHV# (QYLURQPHQWDO# 3URWHFWLRQ# $JHQF\2
2IILFH#RI#7R[LF#6XEVWDQFHV# +86(3$2276,# +4<<5,1#
,QLWLDO#6XEPLVVLRQ=##7HWUDK\GURIXUDQ#7HUDWRJHQLFLW\0
5HVXOWV#RI#SLORW#VWXG\#+SDUW#4,#ZLWK#FRYHU#OHWWHU#GDWHG
3605:0<51##'RF&;;0<533348581

9DOHQFLD/# 51/#0DVRQ/# -101/#:RRGUXII/# 51&1/# DQG
=LPPHULQJ/#61#+4<;8,1##&KHPLFDO#PXWDJHQHVLV#WHVWLQJ
LQ#'URVRSKLOD1##,,,1#5HVXOWV#RI#7;#FRGHG#FRPSRXQGV
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9DOHQFLD/# 51/# 0DVRQ/# -101/# DQG# =LPPHULQJ/# 61 :LOOLDPV/#'1$1#+4<:5,1##7KH#FRPSDULVRQ#RI#VHYHUDO
+4<;<,1##&KHPLFDO#PXWDJHQHVLV#WHVWLQJ#LQ#'URVRSKLOD1
9,1#,QWHUODERUDWRU\#FRPSDULVRQ#RI#PXWDJHQLFLW\#WHVWV
DIWHU#WUHDWPHQW#RI#ODUYDH1##(QYLURQ1#0RO1#0XWDJHQ1#47/
56;05771

: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:/ HDUOLHU#UHVXOWV#ZLWK#74#DGGLWLRQDO#FKHPLFDOV1##(QYLURQ1
436044:1

GRVH#OHYHOV#ZLWK#D#]HUR#GRVH#FRQWURO1##%LRPHWULFV#5;/
84<08641

=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

0RO1#0XWDJHQ1#49#+6XSSO1#4;,/#40471
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8<

$33(1',;#$
6800$5<#2)#/(6,216#,1#0$/(#5$76
,1#7+(#50<($5#,1+$/$7,21#678'<

2)#7(75$+<'52)85$1

7$%/(#$4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#5DWV#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

7$%/(#$5 ,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99

7$%/(#$6 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 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$%/(#$7 +LVWRULFDO#,QFLGHQFH#RI#5HQDO#7XEXOH#1HRSODVPV
LQ#&KDPEHU#&RQWURO#0DOH#)67721#5DWV 1 1 1 1 1 1 1 1 1 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

7$%/(#$8 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#5DWV#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8
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7$%/(#$4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

'LVSRVLWLRQ#6XPPDU\##################################################################################################################
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV#######################################################################################################################
$FFLGHQWDO#GHDWKV 4 4
0RULEXQG 64 6< 73 67
1DWXUDO#GHDWKV 9 7 8 43

6XUYLYRUV##########################################################################################################################
7HUPLQDO#VDFULILFH 45 9 8 9

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

$OLPHQWDU\#6\VWHP
(VRSKDJXV +83, +83, +83, +83,
,QWHVWLQH#ODUJH/#FRORQ +7<, +7;, +7;, +78,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######

,QWHVWLQH#ODUJH/#FHFXP +7<, +7;, +7;, +79,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######

,QWHVWLQH#VPDOO/#GXRGHQXP +7<, +7;, +7<, +7;,
,QWHVWLQH#VPDOO/#MHMXQXP +7:, +79, +7;, +77,
/HLRP\RVDUFRPD ### ###### ### ###### ##4 +5(,## ### ######

,QWHVWLQH#VPDOO/#LOHXP +7:, +7:, +7:, +77,
/LYHU +83, +83, +83, +83,
+HSDWRFHOOXODU#FDUFLQRPD ##4 +5(,## ### ###### ### ###### ### ######
+HSDWRFHOOXODU#DGHQRPD ### ###### ##4 +5(,## ##4 +5(,## ### ######
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ##5 +7(,## ### ######

0HVHQWHU\ +48, +4:, +4;, +43,
+LVWLRF\WLF#VDUFRPD ##4 +:(,## ### ###### ### ###### ### ######
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ##4 +9(,## ### ######

2UDO#PXFRVD #+6, #### #### #+4,
6TXDPRXV#FHOO#SDSLOORPD ### ###### ### ###### ### ###### ##4 +433(,

3DQFUHDV +83, +83, +83, +83,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######

6DOLYDU\#JODQGV +83, +83, +83, +83,
6WRPDFK/#IRUHVWRPDFK +83, +7<, +7<, +83,
6TXDPRXV#FHOO#SDSLOORPD ##4 +5(,## ### ###### ### ###### ### ######

6WRPDFK/#JODQGXODU +83, +83, +83, +83,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######

7RQJXH #+4, #### #+5, #+4,
6TXDPRXV#FHOO#SDSLOORPD ##4 +433(, ### ###### ##5 +433(, ##4 +433(,

&DUGLRYDVFXODU#6\VWHP
+HDUW +83, +83, +83, +83,
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ##4 +5(,## ### ######

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +83, +83, +83,
$GHQRPD ### ###### ### ###### ##4 +5(,## ### ######
&DUFLQRPD ##4 +5(,## ### ###### ### ###### ### ######



95 7HWUDK\GURIXUDQ/#173#75#7:8

7$%/(#$4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

(QGRFULQH#6\VWHP#+FRQWLQXHG,
$GUHQDO#PHGXOOD +7;, +83, +83, +7<,
3KHRFKURPRF\WRPD#PDOLJQDQW ### ###### ##4 +5(,## ##6 +9(,## ##4 +5(,
3KHRFKURPRF\WRPD#FRPSOH[ ### ###### ### ###### ### ###### ##4 +5(,##
3KHRFKURPRF\WRPD#EHQLJQ #47 +5<(,# ##7 +;(,## #43 +53(,# #44 +55(,#
3KHRFKURPRF\WRPD#EHQLJQ/#PXOWLSOH ##7 +;(,## ##: +47(,# ##6 +9(,## ##6 +9(,##

3DQFUHDWLF#LVOHWV +83, +83, +83, +7<,
$GHQRPD ##7 +;(,## ##5 +7(,## ##4 +5(,## ##5 +7(,##
&DUFLQRPD ##4 +5(,## ##5 +7(,## ##5 +7(,## ##6 +9(,##

3LWXLWDU\#JODQG +7<, +7<, +7;, +83,
&UDQLRSKDU\QJLRPD ### ###### ##4 +5(,## ### ###### ### ######
3DUV#GLVWDOLV/#DGHQRPD #66 +9:(,# #67 +9<(,# #73 +;6(,# #5: +87(,#
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH ### ###### ### ###### ### ###### ##5 +7(,##

7K\URLG#JODQG +83, +83, +83, +83,
&0FHOO/#DGHQRPD ##7 +;(,## ##7 +;(,## ### ###### ##7 +;(,##
&0FHOO/#FDUFLQRPD ##5 +7(,## ##5 +7(,## ##6 +9(,## ##4 +5(,##
)ROOLFXODU#FHOO/#DGHQRPD ##5 +7(,## ### ###### ##4 +5(,## ### ######
)ROOLFXODU#FHOO/#FDUFLQRPD ##4 +5(,## ### ###### ##4 +5(,## ##4 +5(,##

*HQHUDO#%RG\#6\VWHP
3HULWRQHXP #+5, #+5, #### #+4,
+LVWLRF\WLF#VDUFRPD ##4 +83(,# ### ###### ### ###### ### ######

*HQLWDO#6\VWHP
(SLGLG\PLV +83, +83, +83, +83,
3UHSXWLDO#JODQG +7<, +83, +83, +83,
$GHQRPD ##5 +7(,## ##5 +7(,## ### ###### ##5 +7(,##
&DUFLQRPD ##6 +9(,## ##4 +5(,## ### ###### ##7 +;(,##

3URVWDWH +83, +83, +83, +83,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######

6HPLQDO#YHVLFOH +83, +83, +83, +83,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######

7HVWHV +83, +83, +83, +83,
%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD #45 +57(,# #47 +5;(,# #49 +65(,# #56 +79(,#
,QWHUVWLWLDO#FHOO/#DGHQRPD #44 +55(,# #4: +67(,# #48 +63(,# #44 +55(,#

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

/\PSK#QRGH +49, +4<, +4;, +49,
,OLDF/#KLVWLRF\WLF#VDUFRPD ##4 +9(,## ### ###### ### ###### ### ######
5HQDO/#KLVWLRF\WLF#VDUFRPD ##4 +9(,## ### ###### ### ###### ### ######

/\PSK#QRGH/#EURQFKLDO +78, +78, +77, +76,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#WK\PXV ### ###### ### ###### ### ###### ##4 +5(,##
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ##4 +5(,## ### ######

/\PSK#QRGH/#PDQGLEXODU +79, +83, +7<, +7;,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######

/\PSK#QRGH/#PHVHQWHULF +83, +83, +7<, +7<,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### #####
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7$%/(#$4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
/\PSK#QRGH/#PHGLDVWLQDO +7;, +83, +79, +7<,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#WK\PXV ### ###### ### ###### ### ###### ##4 +5(,##
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ##4 +5(,## ### ######

6SOHHQ +83, +83, +83, +83,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ##4 +5(,## ### ######

7K\PXV +83, +7<, +7;, +83,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ##4 +5(,##
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ##4 +5(,## ### ######
7K\PRPD#EHQLJQ ##4 +5(,## ### ###### ### ###### ### ######
7K\PRPD#PDOLJQDQW ### ###### ### ###### ### ###### ##4 +5(,##

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +83, +83, +83, +83,
)LEURDGHQRPD ### ###### ##4 +5(,## ##6 +9(,## ##7 +;(,##
)LEURDGHQRPD/#PXOWLSOH ### ###### ##4 +5(,## ### ###### ### ######

6NLQ +83, +83, +83, +83,
)LEURPD/#PXOWLSOH ### ###### ### ###### ##4 +5(,## ### ######
.HUDWRDFDQWKRPD ##6 +9(,## ##6 +9(,## ##4 +5(,## ##5 +7(,##
.HUDWRDFDQWKRPD/#PXOWLSOH ### ###### ##4 +5(,## ### ###### ### ######
6FKZDQQRPD#PDOLJQDQW ##4 +5(,## ### ###### ### ###### ### ######
6TXDPRXV#FHOO#FDUFLQRPD ### ###### ### ###### ### ###### ##4 +5(,##
6TXDPRXV#FHOO#SDSLOORPD ### ###### ##4 +5(,## ### ###### ### ######
7ULFKRHSLWKHOLRPD ##4 +5(,## ### ###### ### ###### ##4 +5(,##
3LQQD/#VTXDPRXV#FHOO#SDSLOORPD ### ###### ##4 +5(,## ### ###### ### ######
6XEFXWDQHRXV#WLVVXH/#ILEURPD ##5 +7(,## ##8 +43(,# ##6 +9(,## ##5 +7(,##
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD ### ###### ### ###### ### ###### ##4 +5(,##
6XEFXWDQHRXV#WLVVXH/#KLVWLRF\WLF#VDUFRPD ### ###### ### ###### ### ###### ##4 +5(,##

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +83, +83, +83,
+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#VNHOHWDO ### ###### ### ###### ### ###### ### ######
###PXVFOH ### ###### ### ###### ##4 +5(,## ### ######
+XPHUXV/#RVWHRVDUFRPD ### ###### ### ###### ##4 +5(,## ### ######
5LE/#RVWHRVDUFRPD ### ###### ### ###### ##4 +5(,## ### ######

6NHOHWDO#PXVFOH #+4, #+4, #+4, ####
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +433(, ### ######

1HUYRXV#6\VWHP
%UDLQ +83, +83, +83, +83,
$VWURF\WRPD#PDOLJQDQW ### ###### ### ###### ##4 +5(,## ### ######
*OLRPD#EHQLJQ ### ###### ### ###### ### ###### ##4 +5(,##



97 7HWUDK\GURIXUDQ/#173#75#7:8

7$%/(#$4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

5HVSLUDWRU\#6\VWHP
/XQJ +83, +83, +83, +83,
$OYHRODU2EURQFKLRODU#DGHQRPD ### ###### ##6 +9(,## ##4 +5(,## ### ######
$OYHRODU2EURQFKLRODU#FDUFLQRPD ### ###### ### ###### ##4 +5(,## ### ###
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#WK\PXV ### ###### ### ###### ### ###### ##4 +5(,
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ##5 +7(,## ### ####
2VWHRVDUFRPD/#PHWDVWDWLF/
##XQFHUWDLQ#SULPDU\#VLWH ### ###### ##4 +5(,## ### ###### ### ######
3KHRFKURPRF\WRPD#PDOLJQDQW/
##PHWDVWDWLF/#DGUHQDO#PHGXOOD ### ###### ## 4 +5(,
6TXDPRXV#FHOO#FDUFLQRPD ### ###### 4 +5(,

3OHXUD #+5, #+4, #+5, ####
+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#VNHOHWDO ### ###### ### ###### ### ###### ### ######
###PXVFOH ### ###### ### ###### ##4 +83(,# ### ######

6SHFLDO#6HQVHV#6\VWHP
=\PEDO·V#JODQG #+4, #+4, #### #+5,
&DUFLQRPD ##4 +433(, ##4 +433(, ### ###### ##4 +83(,#

8ULQDU\#6\VWHP
.LGQH\ +83, +83, +83, +83,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
3HOYLV/#WUDQVLWLRQDO#HSLWKHOLXP/#FDUFLQRPD ### ###### ### ###### ### ###### ##4 +5(,##
5HQDO#WXEXOH/#DGHQRPD ##4 +5(,## ##4 +5(,## ##7 +;(,## ##5 +7(,##
5HQDO#WXEXOH/#DGHQRPD/#PXOWLSOH ### ###### ### ###### ### ###### ##4 +5(,##
5HQDO#WXEXOH/#FDUFLQRPD ### ###### ### ###### ### ###### ##5 +7(,##

8ULQDU\#EODGGHU +83, +83, +7<, +83,
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
7UDQVLWLRQDO#HSLWKHOLXP/#FDUFLQRPD ### ###### ### ###### ##4 +5(,## ### ######

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV +83, +83, +83, +83,E

+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ##4 +5(,## ##5 +7(,##
/HXNHPLD#PRQRQXFOHDU #63 +93(,# #5< +8;(,# #5: +87(,# #65 +97(,#
0HVRWKHOLRPD#EHQLJQ ### ###### ##4 +5(,## ### ###### ### ######
0HVRWKHOLRPD#PDOLJQDQW ##5 +7(,## ##4 +5(,## ##4 +5(,## ##4 +5(,##
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7$%/(#$4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

1HRSODVP#6XPPDU\
7RWDO#DQLPDOV#ZLWK#SULPDU\#QHRSODVPV 7; 7< 7< 83F

7RWDO#SULPDU\#QHRSODVPV 473 475 47: 486
7RWDO#DQLPDOV#ZLWK#EHQLJQ#QHRSODVPV 7: 7: 7; 7:
7RWDO#EHQLJQ#QHRSODVPV <9 437 436 433

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV 6: 66 65 75
7RWDO#PDOLJQDQW#QHRSODVPV 77 6; 77 86

7RWDO#DQLPDOV#ZLWK#PHWDVWDWLF#QHRSODVPV 4 4 7 4
7RWDO#PHWDVWDWLF#QHRSODVPV 5 4 46 6

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#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##
&KDPEHU#&RQWURO

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

6 7 9 5 6 ; 7 9 9 : < 4 7 5 6 6 6 8 : 5 4 4 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
&DUFDVV#,'#1XPEHU 6 4 5 4 4 7 5 4 7 3 6 6 8 6 5 5 3 3 6 5 5 7 4 5 6

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

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . $ . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . $ . $ . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . $ . . . $ . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

0HVHQWHU\ # # . # # # # # # # # # # # # . . . # # . . # . #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
7RQJXH # # # # # # # # # # # # # # # # # # # # # # # # #

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/#SOHXUD # # # # # # # # # # # # # # # # # # # # ; # # # #

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

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # ; # #
$GUHQDO#PHGXOOD . , . . . . . . . . . . . . . . . . . . . . . . .

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # ; # # # # # ; ; # # ;
3KHRFKURPRF\WRPD#EHQLJQ/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
$GHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # #
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

3DUV#GLVWDOLV/#DGHQRPD # # ; ; # # ; ; # ; ; ; # ; ; ; # # ; ; # # # ; ;
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&0FHOO/#DGHQRPD # # # # ; # # # # # # ; # # # # # # # # # # # # #
&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # ; # # # # # # # # # # # ; # # # # # #
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

< < 3 4 6 6 6 6 8 6 < < < 6 6 6 6 6 7 7 7 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 4 5 4 3 7 6 7 7 4 7 4 5 6 3 3 3 5 7 3 6 6 3 4 7 7 7LVVXHV2

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#ODUJH/#UHFWXP . . $ . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#ODUJH/#FHFXP . . $ . . . . . . . . . . . . . . . . . . . . . . 7<

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#VPDOO/#MHMXQXP . . $ . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#VPDOO/#LOHXP . . $ . . . . . . . . . . . . . . . . . . . . . . 7:
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFHOOXODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # ; # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

0HVHQWHU\ # # # # . . # # # # # # # # # . . . . . . # # # # 48
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

2UDO#PXFRVD # # # # # # # # # # # # # . # # # # # # # # # # # #6
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83

6TXDPRXV#FHOO#SDSLOORPD ; # # # # # # # # # # # # # # # # # # # # # # # # #4
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
7RQJXH # # # # # # # # . # # # # # # # # # # # # # # # # #4

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . . 76
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/#SOHXUD # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . 0 . . . 7;

3KHRFKURPRF\WRPD#EHQLJQ ; ; # # ; # # # ; # ; # ; ; # ; # # ; # # # ; # # 47
3KHRFKURPRF\WRPD#EHQLJQ/#PXOWLSOH # # # ; # # # # # ; # ; # # # # # # # # ; # # # # #7

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GHQRPD ; # # # # # # # # # # # ; # # # # # # # # # # ; # #7
&DUFLQRPD # # # # # # # # # # # # # # # # # # ; # # # # # # #4

3DUDWK\URLG#JODQG . . 0 . . . . . . . . . . . . . . . . . . . . . . 79
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<

3DUV#GLVWDOLV/#DGHQRPD # ; # # # ; ; ; ; ; ; # ; ; ; ; ; ; ; ; ; ; ; ; # 66
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

&0FHOO/#DGHQRPD # ; # # # # # # # # # # # # ; # # # # # # # # # # #7
&0FHOO/#FDUFLQRPD # # # # # ; # # # # # # # # # # ; # # # # # # # # #5
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
)ROOLFXODU#FHOO/#FDUFLQRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#$5#
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##
&KDPEHU#&RQWURO#+FRQWLQXHG,

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

6 7 9 5 6 ; 7 9 9 : < 4 7 5 6 6 6 8 : 5 4 4 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
&DUFDVV#,'#1XPEHU 6 4 5 4 4 7 5 4 7 3 6 6 8 6 5 5 3 3 6 5 5 7 4 5 6

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

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
7LVVXH#126 # # # # # # # . # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&RDJXODWLQJ#JODQG # # # # # # # # # # # . # # # # # # # # # # # # #
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .
3HQLV # # # # # # # # # # # # # # # # # # # # # # # # #
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

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

3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .
%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # # ; # ; # ; # ; # ; # # # # # # # #
,QWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # ; ; # # ; ; # #

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH # # # # # . # # . . # # . # . . # # # # # . . # .

,OLDF/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

/\PSK#QRGH/#EURQFKLDO . . . . . . . . . . . . . . . 0 . . . . . . . 0 .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . 0 . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/#SOHXUD # # # # # # # # # # # # # # # # # # # # ; # # # #

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
7K\PRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # #

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

.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # # # ; # # # # # # #
6FKZDQQRPD#PDOLJQDQW # # # # # # # ; # # # # # # # # # # # # # # # # #
7ULFKRHSLWKHOLRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#$5#
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##
&KDPEHU#&RQWURO#+FRQWLQXHG,

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

< < 3 4 6 6 6 6 8 6 < < < 6 6 6 6 6 7 7 7 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 4 5 4 3 7 6 7 7 4 7 4 5 6 3 3 3 5 7 3 6 6 3 4 7 7 7LVVXHV2

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

*HQHUDO#%RG\#6\VWHP#######################
3HULWRQHXP # # # # # . # # # . # # # # # # # # # # # # # # # #5

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
7LVVXH#126 # # # # # # # # # # # # # # # # # # # # # # # # # #4

*HQLWDO#6\VWHP############################
&RDJXODWLQJ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 83
3HQLV # # # # . # # # # # # # # # # # # # # # # # # # # #4
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . 0 . . . . 7<

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # ; #5
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6

3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . . 83
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 83
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83
%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # ; # # ; # ; # # # ; # ; ; ; # # # # # # # # # 45
,QWHUVWLWLDO#FHOO/#DGHQRPD ; # # # # # # # # # ; # ; # # # ; ; # # # ; # # ; 44

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH . # # . # . # # # # # # # # # . # # . . # # # . # 49

,OLDF/#KLVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#EURQFKLDO . . . . . . . . 0 0 . . . . . . . . . . . . 0 . . 78
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . 0 . . 0 . . . 0 79
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 83
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PHGLDVWLQDO . . . . . . 0 . . . . . . . . . . . . . . 0 . . . 7;
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
0HVRWKHOLRPD#PDOLJQDQW/#PHWDVWDWLF/#SOHXUD # # # # # # # # # # # # # # # # # # # # # # # # # #4

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
7K\PRPD#EHQLJQ # ; # # # # # # # # # # # # # # # # # # # # # # # #4

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

.HUDWRDFDQWKRPD # # # # ; # # # # # # # # # # ; # # # # # # # # # #6
6FKZDQQRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4
7ULFKRHSLWKHOLRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #4
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # ; # # # # # ; # # # # # # # # # # #5
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##
&KDPEHU#&RQWURO#+FRQWLQXHG,

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

6 7 9 5 6 ; 7 9 9 : < 4 7 5 6 6 6 8 : 5 4 4 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
&DUFDVV#,'#1XPEHU 6 4 5 4 4 7 5 4 7 3 6 6 8 6 5 5 3 3 6 5 5 7 4 5 6

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

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

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
3OHXUD # # # # # # # # . # # # # # # # # # # # . # # # #
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
=\PEDO·V#JODQG # # # # # # # # # # # # # # # # # # # # # # # # #

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/HXNHPLD#PRQRQXFOHDU # # # ; # ; # # # # # # ; # ; # ; ; ; ; ; ; # # ;
0HVRWKHOLRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # ; # # # #



7HWUDK\GURIXUDQ/#173#75#7:8 :4

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##
&KDPEHU#&RQWURO#+FRQWLQXHG,

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

< < 3 4 6 6 6 6 8 6 < < < 6 6 6 6 6 7 7 7 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 4 5 4 3 7 6 7 7 4 7 4 5 6 3 3 3 5 7 3 6 6 3 4 7 7 7LVVXHV2

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

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 83
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
3OHXUD # # # # # # # # # # # # # # # # # # # # # # # # # #5
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83

6SHFLDO#6HQVHV#6\VWHP#####################
=\PEDO·V#JODQG # . # # # # # # # # # # # # # # # # # # # # # # # #4

&DUFLQRPD # ; # # # # # # # # # # # # # # # # # # # # # # # #4

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

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #4

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

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

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
/HXNHPLD#PRQRQXFOHDU ; ; # ; ; # ; ; # # # ; ; ; ; ; ; # ; ; ; ; ; ; ; 63
0HVRWKHOLRPD#PDOLJQDQW # # # # # # # # # ; # # # # # # # # # # # # # # # #5
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP

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

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

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

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

+HSDWRFHOOXODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
0HVHQWHU\ # # # . # # # . . . # . . # . # # . . # . # # # .
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .
7RRWK # # # # # # # # . # # # # # # # # # # 0 # # # # #

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

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

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # #
3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # #
3KHRFKURPRF\WRPD#EHQLJQ/#PXOWLSOH # # # # # # # # # # # # # # # # ; # # # # ; # ; #

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
$GHQRPD # # # # # # # # # # # # # # # # ; # # ; # # # # #
&DUFLQRPD # # # # # # # # # # # # # # # ; # # # # # # # # #

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

&UDQLRSKDU\QJLRPD # # # # # # # # # # # # # # # # # # # # # # # # #
3DUV#GLVWDOLV/#DGHQRPD # # ; ; ; # # ; ; ; # ; ; ; ; # ; # ; ; ; # ; ; ;

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

*HQHUDO#%RG\#6\VWHP#######################
3HULWRQHXP # # # . # # # # # # # # # # # # # # # # # # # # #
7LVVXH#126 # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

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

3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . .
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . .
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .

%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # # ; ; # # # # # # # # # # # # # # # # # ;
,QWHUVWLWLDO#FHOO/#DGHQRPD ; # # # # # # # # # # # # # ; ; # # # # # ; ; ; #
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+FRQWLQXHG,

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

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

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 7 3 3 7 4 5 3 4 6 7 5 4 7 6 5 6 7 3 7 6 3 3 4 6 6 7LVVXHV2

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . $ . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . $ . . . . . . . 7<
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . $ . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . $ . . . . . . . . . $ . . . . . . . 7;
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . $ . . . . . . . . . $ . . . . . . . 79
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . $ . . . . . . . . . $ . . . . . . . 7:
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFHOOXODU#DGHQRPD # ; # # # # # # # # # # # # # # # # # # # # # # # #4
0HVHQWHU\ . # # # # # . # . # . # # # # # # # # # # # . . # 4:
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . # . . . . . . . . . . 7<
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83
7RRWK # # # # # . # # # # # # # # # # # # # # # # # # # #5

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

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

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # ; # # # # # # # # # # # # # # # # # #4
3KHRFKURPRF\WRPD#EHQLJQ # # # # # # ; # # # # # # # # ; ; # # # ; # # # # #7
3KHRFKURPRF\WRPD#EHQLJQ/#PXOWLSOH # # # # # # # # # # ; # ; # ; # # # ; # # # # # # #:

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # ; # # # #5

3DUDWK\URLG#JODQG . . . . . . . . . . . . . . . . . . . 0 . . . . . 7;
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<

&UDQLRSKDU\QJLRPD # # # # # # # # # # # # # # # # # # # # # ; # # # #4
3DUV#GLVWDOLV/#DGHQRPD ; # ; # # ; # # ; ; ; ; ; ; ; ; ; ; ; # ; # # ; ; 67

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
&0FHOO/#DGHQRPD # # # # # # # # # # # # # # ; # # # # # # ; ; # # #7
&0FHOO/#FDUFLQRPD # # # # # # # # # # # # ; # # # # # # # ; # # # # #5

*HQHUDO#%RG\#6\VWHP
3HULWRQHXP # # . # # # # # # # # # # # # # # # # # # # # # # #5
7LVVXH#126 . # # # # # # # # # # # # # # # # # # # # # # # # #4

*HQLWDO#6\VWHP
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 83
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD # # # # # # # # # # # # ; # # # # # # # # # # # # #5
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . . 83
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83

%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # ; # # ; ; ; ; # # ; ; # ; ; # ; # ; 47
,QWHUVWLWLDO#FHOO/#DGHQRPD # ; ; ; ; ; # # ; ; # # # # ; ; # # # # # ; # ; # 4:
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+FRQWLQXHG,

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

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

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

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH . # # . # # . # # . . . # # # . . . # . # # . # #
/\PSK#QRGH/#EURQFKLDO . . . 0 0 0 . . . . . . . . 0 . . . . . . . . . .
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . . . . . . . . . . . . . . . .
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . 0 . . . . . . . . . . . . . . . . . . . .

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

)LEURDGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
)LEURDGHQRPD/#PXOWLSOH # # # # # # # # # # # ; # # # # # # # # # # # # #

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .
.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # # # # # ; # # # # #
.HUDWRDFDQWKRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # ; #
3LQQD/#VTXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # # # # ; # # # # # # # ; #

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

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . $ . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # #
2VWHRVDUFRPD/#PHWDVWDWLF/#XQFHUWDLQ # # # # # # # # # # # # # # # # # # # # # # # # #
3ULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # #############
6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # ;

1RVH . . . . . $ . . . . . . . . . . . . . . . . . . .
3OHXUD # # # # # # # # # # # # # # # # # # # # # # # # #
7UDFKHD . . . . . $ . . . . . . . . . . . . . . . . . . .

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

&DUFLQRPD # # # # # # # # ; # # # # # # # # # # # # # # # #

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

5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

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

/HXNHPLD#PRQRQXFOHDU ; # # # # # ; ; ; # ; # ; # # # ; ; ; ; # ; ; ; ;
0HVRWKHOLRPD#EHQLJQ # # # ; # # # # # # # # # # # # # # # # # # # # #
0HVRWKHOLRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+FRQWLQXHG,

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

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

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 7 3 3 7 4 5 3 4 6 7 5 4 7 6 5 6 7 3 7 6 3 3 4 6 6 7LVVXHV2

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

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # # # # # # . # # # # # . # # . # # . # . . . # . 4<
/\PSK#QRGH/#EURQFKLDO . . . . . . . . . . . . . . 0 . . . . . . . . . . 78
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . . . . . . . . . . . . . . . . 83
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . . 7<

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

)LEURDGHQRPD # # # # # # # # # # # # # # # # # # ; # # # # # # #4
)LEURDGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
.HUDWRDFDQWKRPD # # ; ; # # # # # # # # # # # # # # # # # # # # # #6
.HUDWRDFDQWKRPD/#PXOWLSOH # # # # # # # # # # # # # # # ; # # # # # # # # # #4
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3LQQD/#VTXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # ; # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#ILEURPD # ; # # # # # # # # # # # # # # # # # # # ; # # ; #8

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 83
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # ; # # # # # ; # # # # # # # # # # # #6
2VWHRVDUFRPD/#PHWDVWDWLF/#XQFHUWDLQ # # # # # # # # # # # # # # # # # # # # # # # # ##
3ULPDU\#VLWH # # # # # # # # # # # # # # # ; # # # # # # #### 4
6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 7<
3OHXUD # # # # # . # # # # # # # # # # # # # # # # # # # #4
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 7<

6SHFLDO#6HQVHV#6\VWHP#####################
=\PEDO·V#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # ; # # #4
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

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

/HXNHPLD#PRQRQXFOHDU # # # ; ; # ; ; ; # ; ; ; ; # # # ; ; ; ; # ; # ; 5<
0HVRWKHOLRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HVRWKHOLRPD#PDOLJQDQW # # ; # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP

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

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

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

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

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

/HLRP\RVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#LOHXP $ . . . $ $ . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # ; # # # #

0HVHQWHU\ # . . # . # # # # # # . # . # # # # . # . # . . #
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # ; # # # #

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .
7RQJXH # # # # # # # # # # # # # # # # # # # # # # # # #

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
7RRWK . # # # # # # # # # # # # # # # # # # # # # # # #

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

2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # ; # # # # # # # # # # # #
3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # ; # # # # # # # ; ; ;
3KHRFKURPRF\WRPD#EHQLJQ/#PXOWLSOH # # ; # # # # # # # # # # # # # # # # # # # # # #

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

3DUV#GLVWDOLV/#DGHQRPD # ; ; ; # ; ; ; ; # ; ; ; ; # ; ; # # ; ; ; # ; ;
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # ; # # # # # # # # # #
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # ; # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . .
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . .
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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+FRQWLQXHG,

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

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

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

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 7;

/HLRP\RVDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 7:
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFHOOXODU#DGHQRPD ; # # # # # # # # # # # # # # # # # # # # # # # # #4
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # ; # # # # # # # # #5

0HVHQWHU\ # # # . . . . . . # # . # # # # # # # # # . # . # 4;
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . # . . . . . . . . . . . . . . . 7<
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83
7RQJXH # # . # # # # # # # # . # # # # # # # # # # # # # #5

6TXDPRXV#FHOO#SDSLOORPD # # ; # # # # # # # # ; # # # # # # # # # # # # # #5
7RRWK # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . # . . . . . . . . . . 7<
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # ; # # # # # # # # #4

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

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

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # ; # ; # # # #6
3KHRFKURPRF\WRPD#EHQLJQ # # ; # # # ; # # ; # # # # ; ; # # # # # # ; # # 43
3KHRFKURPRF\WRPD#EHQLJQ/#PXOWLSOH # # # # # # # ; # # # # # # # # # # ; # # # # # # #6

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # # #4
&DUFLQRPD # # # # # # # # # # # # # # ; # # # # # ; # # # # #5

3DUDWK\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<
3LWXLWDU\#JODQG . . . . . . . . 0 . . . . . . . . . . . . . . . . 7;

3DUV#GLVWDOLV/#DGHQRPD ; ; ; ; ; ; ; ; # ; ; # ; ; # ; ; ; ; ; ; ; ; ; ; 73
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # # ; # ; # # # # # # # ; #6
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 83
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . . 83
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 83
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+FRQWLQXHG,

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

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

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

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

*HQLWDO#6\VWHP#+FRQWLQXHG,
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .

%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # # # ; # # ; # # # ; ; ; # # # ; # #
,QWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # # # # ; # # # ; ; # # # # ; # # ; #

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

2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . 0 . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . 0 . . . . . .
/\PSK#QRGH/#PHGLDVWLQDO 0 . . . . . . . . . . . . . . . . . . . . 0 . . .

2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # #
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .

2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # ; # # # #
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .

2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

)LEURPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # # # # # # # # # # ; # # #

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

+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # #
+XPHUXV/#RVWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # ; # # # #
5LE/#RVWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

$VWURF\WRPD#PDOLJQDQW # # # # # # # # # # # # # ; # # # # # # # # # # #
6SLQDO#FRUG # # # # # # # # # . # # # # # # # # # # # # # # #

5HVSLUDWRU\#6\VWHP
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # ; # # # # # #
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # ; # # # # #
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # ; # # # #
3KHRFKURPRF\WRPD#PDOLJQDQW/
##PHWDVWDWLF/#DGUHQDO#PHGXOOD # # # # # # # # # # # # # # # # # ########

1RVH . . . . . $ . . . . . . . . . . . . . . . . . . .
3OHXUD # # # # # # # # # # . # # # # # # # # # # # # # #

+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # #
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+FRQWLQXHG,

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

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

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

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

*HQLWDO#6\VWHP#+FRQWLQXHG,
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83

%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # ; ; ; # # # # # # ; # ; ; # # # # ; ; ; ; 49
,QWHUVWLWLDO#FHOO/#DGHQRPD # # ; ; # # # ; ; ; ; # # # # # # ; ; ; ; # # # # 48

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # # # . # # # # # # . . # # . # . # . # # . # # . 4;
/\PSK#QRGH/#EURQFKLDO . . . . 0 . . 0 . . . . 0 . . . . . . . . 0 . . 0 77

2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # ; # # # # # # # # #4
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . 0 . . . . . . . . . . . . . 0 . . . 79

2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # ; # # # # # # # # #4
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # # #4
7K\PXV . . . . . . . 0 . . . . . . . . . . . . . 0 . . . 7;

2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # ; # # # # # # # # #4

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

)LEURDGHQRPD # # ; # # # # # # # # ; # # # # # # # # # # # # # #6
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

)LEURPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # ; # # # #4
.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # # # # # # # # # # ; #4
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # ; # # # # # # # # # # ; # # # # # # # # #6

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

+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # ; # # # # # # # # # # # # # # # # # # # #4
+XPHUXV/#RVWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
5LE/#RVWHRVDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # # #4

6NHOHWDO#PXVFOH # # # # # . # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4

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

$VWURF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # ; # # # # # # # # #5
3KHRFKURPRF\WRPD#PDOLJQDQW/
##PHWDVWDWLF/#DGUHQDO#PHGXOOD # # # # # # # # # # # # # # # # # ; 4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 7<
3OHXUD # # # # # . # # # # # # # # # # # # # # # # # # # #5

+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # ; # # # # # # # # # # # # # # # # # # # #4
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+FRQWLQXHG,

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

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

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

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

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # . # # # # # # # # # # # # # # # # # # # # . #
/DFULPDO#JODQG # # # # # # # # # # # # # # # . # # # # # # # # #

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

5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # ; # #
8ULQDU\#EODGGHU . . . . $ . . . . . . . . . . . . . . . . . . . .

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

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/HXNHPLD#PRQRQXFOHDU # # ; # ; # # # # # # ; ; # ; # ; ; ; # ; # ; # #
0HVRWKHOLRPD#PDOLJQDQW # # # # # # # # # # ; # # # # # # # # # # # # # #
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+FRQWLQXHG,

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

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

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

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

6SHFLDO#6HQVHV#6\VWHP
(\H # # # # # # # # # # # # # # # # # # # # . # # # # #6
/DFULPDO#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

5HQDO#WXEXOH/#DGHQRPD # # # # # # ; ; ; # # # # # # # # # # # # # # # # #7
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 7<

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

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

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #4
/HXNHPLD#PRQRQXFOHDU ; # ; ; ; # # ; ; # ; ; ; # ; ; ; # ; ; # ; # ; ; 5:
0HVRWKHOLRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP

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

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

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
&DUFDVV#,'#1XPEHU 4 4 4 6 7 6 5 3 4 3 6 3 6 5 4 5 3 5 5 7 4 6 6 6 6

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

$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 # # # # # . # # # # # # # # # # # # # # # # # # #

6TXDPRXV#FHOO#SDSLOORPD # # # # # ; # # # # # # # # # # # # # # # # # # #
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .
7RQJXH # # # # # # # # # # # # # # # # # # # # # # # # #

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
7RRWK # # . # # # # # # # # # # # # # # # # # . # # # #

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

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

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # #
3KHRFKURPRF\WRPD#FRPSOH[ # # # # # # # # # # # # # # # # # # # # # ; # # #
3KHRFKURPRF\WRPD#EHQLJQ # # ; # # # # # # # # ; # # # # # # # ; # # # # ;
3KHRFKURPRF\WRPD#EHQLJQ/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # ; # # #

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

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

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

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

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .
3HQLV # # # # # # # # # # # # # # # # # # # # # # # # #
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # # # # # # # # # # ; # # # # # # # # # #
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # ; # # # ;
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+FRQWLQXHG,

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

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

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7RWDO
&DUFDVV#,'#1XPEHU 5 3 8 7 3 5 6 7 7 4 7 7 7 5 5 5 6 4 3 3 4 4 7 3 7 7LVVXHV2

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . $ . . . $ . . . . . . . . . . . 78
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . $ . . . $ . . . . . . . . . . . 79
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . $ . . . . . . . . . . . 7;
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . $ . . . $ . . . . . . . . . . . 77
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . $ . . . $ . . . . . . . . . . . 77
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVHQWHU\ . # # # # # # # # # # # # # . # # # # # # . # . # 43
2UDO#PXFRVD # # # # # # # # # # # # # # # # # # # # # # # # # #4

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83
7RQJXH # # # # # # . # # # # # # # # # # # # # # # # # # #4

6TXDPRXV#FHOO#SDSLOORPD # # # # # # ; # # # # # # # # # # # # # # # # # # #4
7RRWK # # # # # # # # # # # # # # # # # # # # # # # # # #5

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO . . . . . . . . . . . . . . . . . . . . . . . . . 77
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 7<

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # ; # # # # # # # #4
3KHRFKURPRF\WRPD#FRPSOH[ # # # # # # # # # # # # # # # # # # # # # # # # # #4
3KHRFKURPRF\WRPD#EHQLJQ # # # # # # ; # # # # ; # ; ; # # # ; ; # # # # ; 44
3KHRFKURPRF\WRPD#EHQLJQ/#PXOWLSOH # ; # # # # # # # # ; # # # # ; # # # # # # # # # #6

,VOHWV/#SDQFUHDWLF . . . . . . . . . $ . . . . . . . . . . . . . . . 7<
$GHQRPD # # # # # # # # # # ; # # # # # # # # # ; # # # # #5
&DUFLQRPD # ; # # # # # # # # # ; # # # # # # # # # # # # # #6

3DUDWK\URLG#JODQG 0 . . . . . . . . . . . . . . . . . . . . . . . . 79
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

3DUV#GLVWDOLV/#DGHQRPD ; ; ; # # ; ; ; # # ; ; # ; # ; ; # ; ; ; # ; # # 5:
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # ; # # # # ; # # # # # # # # # # # # # # # # #5

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

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

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 83
3HQLV # # # # # # # # # # # # # # # # # # # # # # # . # #4
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

$GHQRPD # # # # # # # # # # # ; # # # # # # # # # # # # # #5
&DUFLQRPD # # # # # # # # # # # # # # # # ; # # # ; # # # # #7
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+FRQWLQXHG,

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

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

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
&DUFDVV#,'#1XPEHU 4 4 4 6 7 6 5 3 4 3 6 3 6 5 4 5 3 5 5 7 4 6 6 6 6

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

*HQLWDO#6\VWHP#+FRQWLQXHG,
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . .
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . .
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .

%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # # # # # # ; # # # # # # ; # ; ; ; ;
,QWHUVWLWLDO#FHOO/#DGHQRPD # # # # # ; # ; ; # # ; # # ; ; # ; # # ; # # # #

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

+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#WK\PXV # # # # # # ; # # # # # # # # # # # # # # # # # #
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . 0 . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#WK\PXV # # # # # # ; # # # # # # # # # # # # # # # # # #
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # ; # # # # # # # # # # # # # # # # # #
7K\PRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # ; # # # # #

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

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

.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # ; # # # # # # ; # #
6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
7ULFKRHSLWKHOLRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # ; # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#KLVWLRF\WLF # # # # # # # # # # # # # # # # # # # # # # # # #
6DUFRPD # # # # # # # # # # # # # # ; # # # # # # # # ###########

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

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

*OLRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # #
6SLQDO#FRUG # # # # # # # # # # # . # # # # # # # # # # # #

5HVSLUDWRU\#6\VWHP
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#WK\PXV # # # # # # ; # # # # # # # # # # # # # # # # # #
1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

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

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # ;
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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+FRQWLQXHG,

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

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

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7RWDO
&DUFDVV#,'#1XPEHU 5 3 8 7 3 5 6 7 7 4 7 7 7 5 5 5 6 4 3 3 4 4 7 3 7 7LVVXHV2

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

*HQLWDO#6\VWHP#+FRQWLQXHG,
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . . 83
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83

%LODWHUDO/#LQWHUVWLWLDO#FHOO/#DGHQRPD # ; # ; ; # ; ; ; ; # ; ; # # ; # ; ; ; ; ; # ; ; 56
,QWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # # # # # # # ; ; # ; # # # # # # # # 44

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # # # # # . # # . # # # # # # # # # # . # # . # # 49
/\PSK#QRGH/#EURQFKLDO . . . . . 0 . . . . . . . . . 0 . 0 . . . . . . . 76

+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#WK\PXV # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . 0 . . . . . 0 . . . . . . . 7;
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . . . . . . . . . . . . 0 . . . 7<

+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#WK\PXV # # # # # # # # # # # # # # # # # # # # # # # # # #4
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
7K\PRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

)LEURDGHQRPD # # # # # # # # # # # # # # # ; ; # # # # # # # # #7
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # ; #4
7ULFKRHSLWKHOLRPD # # # # # # # # # # # # ; # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # ; # # # # # # # # ; # # # #5
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#KLVWLRF\WLF # # # # # # # # # # # # # # # # # # # # # # # # ##
6DUFRPD # # # # # # # # # # # # # # # # # # # # # # # ### 4

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

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

*OLRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # ; # # # # #4
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . $ . . . . . . . . . . . 7<
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD/#PHWDVWDWLF/#WK\PXV # # # # # # # # # # # # # # # # # # # # # # # # # #4
1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7UDFKHD . . . . . . . . . . . . . $ . . . . . . . . . . . 7<

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

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+FRQWLQXHG,

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

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

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
&DUFDVV#,'#1XPEHU 4 4 4 6 7 6 5 3 4 3 6 3 6 5 4 5 3 5 5 7 4 6 6 6 6

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

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

3HOYLV/#WUDQVLWLRQDO#HSLWKHOLXP/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
5HQDO#WXEXOH/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
5HQDO#WXEXOH/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

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

+LVWLRF\WLF#VDUFRPD # # # # # # ; # # # # # # # ; # # # # # # # # # #
/HXNHPLD#PRQRQXFOHDU # ; ; ; # ; # # ; ; ; ; ; # # ; ; ; ; ; ; ; ; # ;
0HVRWKHOLRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # ; #
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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+FRQWLQXHG,

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

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

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7RWDO
&DUFDVV#,'#1XPEHU 5 3 8 7 3 5 6 7 7 4 7 7 7 5 5 5 6 4 3 3 4 4 7 3 7 7LVVXHV2

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

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

3HOYLV/#WUDQVLWLRQDO#HSLWKHOLXP/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4
5HQDO#WXEXOH/#DGHQRPD # # # # # ; # # # # # # ; # # # # # # # # # # # # #5
5HQDO#WXEXOH/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # ; # # # # # # # # # # # # # #4
5HQDO#WXEXOH/#FDUFLQRPD # # # # # # # # # # # # # # ; # # # # # # # # # ; #5

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
/HXNHPLD#PRQRQXFOHDU ; ; ; # ; ; ; ; # ; ; # # ; # ; # # # ; ; # # ; # 65
0HVRWKHOLRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#$6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$GUHQDO#0HGXOOD=##%HQLJQ#3KHRFKURPRF\WRPD
2YHUDOO#UDWH 4;27;#+6;(, 44283#+55(, 46283#+59(, 4727<#+5<(,D

$GMXVWHG#UDWH :41<( 931<( 9417( :313(E

7HUPLQDO#UDWH 8244#+78(, 429#+4:(, 428#+53(, 529#+66(,F

)LUVW#LQFLGHQFH#+GD\V, 896 8:8 84: 77:
/LIH#WDEOH#WHVW 3Û31786 3Û317371 3Û31868 3Û31869####G

/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317541 3Û313;:1 3Û314:31 3Û3155:1G

&RFKUDQ0$UPLWDJH#WHVW 3Û317751G

)LVKHU#H[DFW#WHVW 3Û313:51 3Û3148:1 3Û315691G

$GUHQDO#0HGXOOD=##0DOLJQDQW#3KHRFKURPRF\WRPD
2YHUDOO#UDWH 327;#+3(, 4283#+5(, 6283#+9(, 427<#+5(,
$GMXVWHG#UDWH 313( 816( 6814( 4518(
7HUPLQDO#UDWH 3244#+3(, 329#+3(, 428#+53(, 329#+3(,
)LUVW#LQFLGHQFH#+GD\V, ³ 993 8<3 :5:H

/LIH#WDEOH#WHVW 3Û3175< 3Û31795 3Û3137: 3Û316:8####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31844 3Û31836 3Û3143: 3Û31765####
&RFKUDQ0$UPLWDJH#WHVW 3Û31847###########################################
)LVKHU#H[DFW#WHVW 3Û31843 3Û3145< 3Û31838####
$GUHQDO#0HGXOOD=##%HQLJQ/#&RPSOH[/#RU#0DOLJQDQW#3KHRFKURPRF\WRPD
2YHUDOO#UDWH 4;27;#+6;(, 45283#+57(, 49283#+65(, 4927<#+66(,
$GMXVWHG#UDWH :41<( 9614( :918( :71:(
7HUPLQDO#UDWH 8244#+78(, 429#+4:(, 528#+73(, 529#+66(,
)LUVW#LQFLGHQFH#+GD\V, 896 8:8 84: 77:
/LIH#WDEOH#WHVW 3Û31646 3Û317<31 3Û315:3 3Û316:3####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31869 3Û314671 3Û316<:1 3Û316;:1
&RFKUDQ0$UPLWDJH#WHVW 3Û31846###########################################
)LVKHU#H[DFW#WHVW 3Û3143<1 3Û316931 3Û316;:1
.LGQH\#+5HQDO#7XEXOH,=##$GHQRPD
2YHUDOO#UDWH 4283#+5(, 4283#+5(, 7283#+;(, 6283#+9(,
$GMXVWHG#UDWH ;16( 491:( 4;1;( 4;19(
7HUPLQDO#UDWH 4245#+;(, 429#+4:(, 328#+3(, 329#+3(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, 964 99;
/LIH#WDEOH#WHVW 3Û314<8 3Û31935 3Û31453 3Û31546####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31546 3Û31935 3Û3148< 3Û31595####
&RFKUDQ0$UPLWDJH#WHVW 3Û31557###########################################
)LVKHU#H[DFW#WHVW 3Û31:861 3Û314;4 3Û3163<####
.LGQH\#+5HQDO#7XEXOH,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 4283#+5(, 4283#+5(, 7283#+;(, 8283#+43(,
$GMXVWHG#UDWH ;16( 491:( 4;1;( 6;16(
7HUPLQDO#UDWH 4245#+;(, 429#+4:(, 328#+3(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, 964 99;
/LIH#WDEOH#WHVW 3Û31364 3Û31935 3Û31453 3Û31375
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3136: 3Û31935 3Û3148< 3Û31398####
&RFKUDQ0$UPLWDJH#WHVW 3Û31377
)LVKHU#H[DFW#WHVW 3Û31:861 3Û314;4 3Û31435####



7HWUDK\GURIXUDQ/#173#75#7:8 ;<

7$%/(#$6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD
2YHUDOO#UDWH 3283#+3(, 6283#+9(, 4283#+5(, 3283#+3(,
$GMXVWHG#UDWH 313( 4815( 614( 313(
7HUPLQDO#UDWH 3245#+3(, 329#+3(, 328#+3(, 329#+3(,
)LUVW#LQFLGHQFH#+GD\V, ³ 873 954 ³
/LIH#WDEOH#WHVW 3Û3163;1 3Û313<: 3Û31846######## ³
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315;31 3Û31454 3Û31833######## ³
&RFKUDQ0$UPLWDJH#WHVW 3Û315;41
)LVKHU#H[DFW#WHVW 3Û31454 3Û31833######## ³

/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD#RU#&DUFLQRPD#
2YHUDOO#UDWH 3283#+3(, 6283#+9(, 5283#+7(, 3283#+3(,
$GMXVWHG#UDWH 313( 4815( 916( 313(
7HUPLQDO#UDWH 3245#+3(, 329#+3(, 328#+3(, 329#+3(,
)LUVW#LQFLGHQFH#+GD\V, ³ 873 954 ³
/LIH#WDEOH#WHVW 3Û316471 3Û313<: 3Û3158;######## ³
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315;<1 3Û31454 3Û3156:######## ³
&RFKUDQ0$UPLWDJH#WHVW 3Û315<41
)LVKHU#H[DFW#WHVW 3Û31454 3Û3157:######## ³

0DPPDU\#*ODQG=##)LEURDGHQRPD
2YHUDOO#UDWH 3283#+3(, 5283#+7(, 6283#+9(, 7283#+;(,
$GMXVWHG#UDWH 313( 471:( 4516( 571;(
7HUPLQDO#UDWH 3245#+3(, 329#+3(, 328#+3(, 329#+3(,
)LUVW#LQFLGHQFH#+GD\V, ³ 884 884 8;6
/LIH#WDEOH#WHVW 3Û31394 3Û314:8 3Û31449 3Û31374
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313:9 3Û3156; 3Û31453 3Û31395####
&RFKUDQ0$UPLWDJH#WHVW 3Û313:8###########################################
)LVKHU#H[DFW#WHVW 3Û3157: 3Û31454 3Û3138<####
3DQFUHDWLF#,VOHWV=##$GHQRPD
2YHUDOO#UDWH 7283#+;(, 5283#+7(, 4283#+5(, 527<#+7(,
$GMXVWHG#UDWH 4<1<( 81<( 819( 5515(
7HUPLQDO#UDWH 4245#+;(, 329#+3(, 328#+3(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 87: 8:8 9:6 9;<
/LIH#WDEOH#WHVW 3Û317841 3Û317831 3Û316641 3Û318491
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316;91 3Û316681 3Û314;81 3Û316981
&RFKUDQ0$UPLWDJH#WHVW 3Û316;81
)LVKHU#H[DFW#WHVW 3Û3166<1 3Û314;41 3Û3167<1
3DQFUHDWLF#,VOHWV=##&DUFLQRPD
2YHUDOO#UDWH 4283#+5(, 5283#+7(, 5283#+7(, 627<#+9(,
$GMXVWHG#UDWH ;16( 4<13( 5:16( 4714(
7HUPLQDO#UDWH 4245#+;(, 429#+4:(, 428#+53(, 329#+3(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, 8:8 :3: 968
/LIH#WDEOH#WHVW 3Û31538 3Û3167; 3Û31596 3Û31573####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31579 3Û317:7 3Û31635 3Û315:<####
&RFKUDQ0$UPLWDJH#WHVW 3Û3158<###########################################
)LVKHU#H[DFW#WHVW 3Û31833 3Û31833 3Û31634####
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7$%/(#$6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

3DQFUHDWLF#,VOHWV=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 8283#+43(, 7283#+;(, 6283#+9(, 827<#+43(,
$GMXVWHG#UDWH 5:15( 561<( 6416( 6615(
7HUPLQDO#UDWH 5245#+4:(, 429#+4:(, 428#+53(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 87: 8:8 9:6 968
/LIH#WDEOH#WHVW 3Û316<7 3Û318<4 3Û3196; 3Û3176:####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317;7 3Û318381 3Û317531 3Û318<6####
&RFKUDQ0$UPLWDJH#WHVW 3Û317<6###########################################
)LVKHU#H[DFW#WHVW 3Û318331 3Û3168:1 3Û3194:####
3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV,=##$GHQRPD
2YHUDOO#UDWH 6627<#+9:(, 6727<#+9<(, 7327;#+;6(, 5<283#+8;(,
$GMXVWHG#UDWH <918( <318( 43313( ;918(
7HUPLQDO#UDWH 44245#+<5(, 629#+83(, 828#+433(, 629#+83(,
)LUVW#LQFLGHQFH#+GD\V, 739 836 734 74:
/LIH#WDEOH#WHVW 3Û317:61 3Û3146; 3Û31347 3Û31735####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313<41 3Û31888 3Û313:8 3Û314<;1
&RFKUDQ0$UPLWDJH#WHVW 3Û3143:1
)LVKHU#H[DFW#WHVW 3Û31833 3Û31388 3Û315591

3UHSXWLDO#*ODQG=##&DUFLQRPD
2YHUDOO#UDWH 627<#+9(, 4283#+5(, 3283#+3(, 7283#+;(,
$GMXVWHG#UDWH :13( 514( 313( 6316(
7HUPLQDO#UDWH 3244#+3(, 329#+3(, 328#+3(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 786 836 ³ 93:
/LIH#WDEOH#WHVW 3Û314;7 3Û316391 3Û314461 3Û3175:####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314<8 3Û316<;1 3Û3147;1 3Û31836####
&RFKUDQ0$UPLWDJH#WHVW 3Û3153;###########################################
)LVKHU#H[DFW#WHVW 3Û316341 3Û3144:1 3Û31844####
3UHSXWLDO#*ODQG=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 827<#+43(, 6283#+9(, 3283#+3(, 9283#+45(,
$GMXVWHG#UDWH 4:15( 4417( 313( 6:14(
7HUPLQDO#UDWH 4244#+<(, 329#+3(, 328#+3(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 739 76< ³ 8;6
/LIH#WDEOH#WHVW 3Û3154: 3Û317381 3Û313791 3Û31737####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31569 3Û317771 3Û313741 3Û31835####
&RFKUDQ0$UPLWDJH#WHVW 3Û31589###########################################
)LVKHU#H[DFW#WHVW 3Û316791 3Û3135:1 3Û31847####
6NLQ=##.HUDWRDFDQWKRPD
2YHUDOO#UDWH 6283#+9(, 7283#+;(, 4283#+5(, 5283#+7(,
$GMXVWHG#UDWH 4816( 4<17( 5313( 915(
7HUPLQDO#UDWH 4245#+;(, 329#+3(, 428#+53(, 329#+3(,
)LUVW#LQFLGHQFH#+GD\V, 8:8 93: :66#+7, 8<7
/LIH#WDEOH#WHVW 3Û316:<1 3Û316<< 3Û317891 3Û3186;1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316691 3Û317<8 3Û316581 3Û317<91
&RFKUDQ0$UPLWDJH#WHVW 3Û3166;1
)LVKHU#H[DFW#WHVW 3Û31833 3Û3163<1 3Û318331
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7$%/(#$6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

6NLQ=##6TXDPRXV#&HOO#3DSLOORPD#RU#.HUDWRDFDQWKRPD
2YHUDOO#UDWH 6283#+9(, 9283#+45(, 4283#+5(, 5283#+7(,
$GMXVWHG#UDWH 4816( 5;13( 5313( 915(
7HUPLQDO#UDWH 4245#+;(, 329#+3(, 428#+53(, 329#+3(,
)LUVW#LQFLGHQFH#+GD\V, 8:8 93: :66#+7, 8<7
/LIH#WDEOH#WHVW 3Û315951 3Û314:8 3Û317891 3Û3186;1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3154<1 3Û31568 3Û316581 3Û317<91
&RFKUDQ0$UPLWDJH#WHVW 3Û315541
)LVKHU#H[DFW#WHVW 3Û31576 3Û3163<1 3Û318331
6NLQ=##6TXDPRXV#&HOO#3DSLOORPD/#.HUDWRDFDQWKRPD/#RU#6TXDPRXV#&HOO#&DUFLQRPD
2YHUDOO#UDWH 6283#+9(, 9283#+45(, 4283#+5(, 6283#+9(,
$GMXVWHG#UDWH 4816( 5;13( 5313( 541;(
7HUPLQDO#UDWH 4245#+;(, 329#+3(, 428#+53(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 8:8 93: :66#+7, 8<7
/LIH#WDEOH#WHVW 3Û3178;1 3Û314:8 3Û317891 3Û318:9####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316<71 3Û31568 3Û316581 3Û319961
&RFKUDQ0$UPLWDJH#WHVW 3Û316<81
)LVKHU#H[DFW#WHVW 3Û31576 3Û3163<1 3Û319941
6NLQ=##6TXDPRXV#&HOO#3DSLOORPD/#.HUDWRDFDQWKRPD/#7ULFKRHSLWKHOLRPD/#RU#6TXDPRXV#&HOO#&DUFLQRPD
2YHUDOO#UDWH 7283#+;(, 9283#+45(, 4283#+5(, 7283#+;(,
$GMXVWHG 5613( 5;13( 5313( 5:1<(
7HUPLQDO 5245#+4:(, 329#+3(, 428#+53(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 8:8 93: :66#+7, 8<7
/LIH#WDEOH#WHVW 3Û318951 3Û3157; 3Û3167;1 3Û317<;
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317;31 3Û31684 3Û315431 3Û31968
&RFKUDQ0$UPLWDJH#WHVW 3Û317::1
)LVKHU#H[DFW#WHVW 3Û316:3 3Û314;41 3Û319761
6NLQ#+6XEFXWDQHRXV#7LVVXH,=##)LEURPD
2YHUDOO#UDWH 5283#+7(, 8283#+43(, 7283#+;(, 5283#+7(,
$GMXVWHG#UDWH 461:( 7315( 671;( 5614(
7HUPLQDO#UDWH 4245#+;(, 529#+66(, 428#+53(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, :38 8:8 95< :37
/LIH#WDEOH#WHVW 3Û317;:1 3Û31437 3Û31483 3Û31839
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316:81 3Û314;: 3Û31593 3Û31943
&RFKUDQ0$UPLWDJH#WHVW 3Û316961
)LVKHU#H[DFW#WHVW 3Û3154; 3Û3166< 3Û319<41
6NLQ#+6XEXWDQHRXV#7LVVXH,=##)LEURPD#RU#)LEURVDUFRPD
2YHUDOO#UDWH 5283#+7(, 8283#+43(, 7283#+;(, 6283#+9(,
$GMXVWHG#UDWH 461:( 7315( 671;( 571<(
7HUPLQDO#UDWH 4245#+;(, 529#+66(, 428#+53(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, :38 8:8 95< 849
/LIH#WDEOH#WHVW 3Û31853 3Û31437 3Û31483 3Û31659
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318861 3Û314;: 3Û31593 3Û317;8
&RFKUDQ0$UPLWDJH#WHVW 3Û3187:1
)LVKHU#H[DFW#WHVW 3Û3154; 3Û3166< 3Û31833
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7$%/(#$6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

7HVWHV=##$GHQRPD
2YHUDOO#UDWH 56283#+79(, 64283#+95(, 64283#+95(, 67283#+9;(,
$GMXVWHG#UDWH :;1<( 43313( 43313( <91;(
7HUPLQDO#UDWH :245#+8;(, 929#+433(, 828#+433(, 829#+;6(,
)LUVW#LQFLGHQFH#+GD\V, 879 76< 894 838
/LIH#WDEOH#WHVW 3Û31373 3Û31346 3Û3133< 3Û3133<
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31369 3Û31395 3Û313:: 3Û3134;
&RFKUDQ0$UPLWDJH#WHVW 3Û3137;
)LVKHU#H[DFW#WHVW 3Û313;3 3Û313;3 3Û31354
7K\URLG#*ODQG#+&0FHOO,=##$GHQRPD
2YHUDOO#UDWH 7283#+;(, 7283#+;(, 3283#+3(, 7283#+;(,
$GMXVWHG#UDWH 4914( 7416( 313( 5;14(
7HUPLQDO#UDWH 4245#+;(, 529#+66(, 328#+3(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 786 93: ³ 93:
/LIH#WDEOH#WHVW 3Û31798 3Û3179; 3Û313<;1 3Û31875####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318:3 3Û31977 3Û313991 3Û319731
&RFKUDQ0$UPLWDJH#WHVW 3Û3189;###########################################
)LVKHU#H[DFW#WHVW 3Û319761 3Û3138<1 3Û319761
7K\URLG#*ODQG#+&0FHOO,=##&DUFLQRPD
2YHUDOO#UDWH 5283#+7(, 5283#+7(, 6283#+9(, 4283#+5(,
$GMXVWHG#UDWH 451<( 5614( 6817( 718(
7HUPLQDO#UDWH 4245#+;(, 429#+4:(, 428#+53(, 329#+3(,
)LUVW#LQFLGHQFH#+GD\V, 9:6 :3: :3: 993
/LIH#WDEOH#WHVW 3Û317<61 3Û31858 3Û31595 3Û318;<1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317481 3Û31953 3Û31675 3Û318551
&RFKUDQ0$UPLWDJH#WHVW 3Û316:;1
)LVKHU#H[DFW#WHVW 3Û319<41 3Û31833 3Û318331
7K\URLG#*ODQG#+&0FHOO,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 9283#+45(, 9283#+45(, 6283#+9(, 8283#+43(,
$GMXVWHG#UDWH 5:19( 8<17( 6817( 6417(
7HUPLQDO#UDWH 5245#+4:(, 629#+83(, 428#+53(, 429#+4:(,
)LUVW#LQFLGHQFH#+GD\V, 786 93: :3: 93:
/LIH#WDEOH#WHVW 3Û31889 3Û31699# 3Û317:81 3Û31945#
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317861 3Û318<:# 3Û3157:1 3Û317<91
&RFKUDQ0$UPLWDJH#WHVW 3Û317791
)LVKHU#H[DFW#WHVW 3Û319531 3Û315761 3Û318331
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 6283#+9(, 3283#+3(, 5283#+7(, 4283#+5(,
$GMXVWHG#UDWH <17( 313( 81:( 51<(
7HUPLQDO#UDWH 3245#+3(, 329#+3(, 328#+3(, 329#+3(,
)LUVW#LQFLGHQFH#+GD\V, 847 ³ 8<4 8<7
/LIH#WDEOH#WHVW 3Û317471 3Û314641 3Û317:51 3Û315<91
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317761 3Û3145:1 3Û3184;1 3Û316531
&RFKUDQ0$UPLWDJH#WHVW 3Û3175<1
)LVKHU#H[DFW#WHVW 3Û314541 3Û318331 3Û3163<1
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7$%/(#$6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$OO#2UJDQV=##0RQRQXFOHDU#&HOO#/HXNHPLD
2YHUDOO#UDWH 63283#+93(, 5<283#+8;(, 5:283#+87(, 65283#+97(,
$GMXVWHG#UDWH <914( <31:( <31:( ;719(
7HUPLQDO#UDWH 44245#+<5(, 729#+9:(, 628#+93(, 629#+83(,
)LUVW#LQFLGHQFH#+GD\V, 755 76< 84: 764
/LIH#WDEOH#WHVW 3Û31548 3Û31536# 3Û31564# 3Û314;5###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3166; 3Û317981 3Û315;61 3Û31787####
&RFKUDQ0$UPLWDJH#WHVW 3Û3164;
)LVKHU#H[DFW#WHVW 3Û318331 3Û316761 3Û3174;###
$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH 7:283#+<7(, 7:283#+<7(, 7;283#+<9(, 7:283#+<7(,
$GMXVWHG#UDWH 43313( 43313( 43313( 43313(
7HUPLQDO#UDWH 45245#+433(, 929#+433(, 828#+433(, 929#+433(,
)LUVW#LQFLGHQFH#+GD\V, 739 76< 734 74:
/LIH#WDEOH#WHVW 3Û31639# 3Û31469# 3Û313<7# 3Û314;6#
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3176;1 3Û315<31 3Û3196<1 3Û316;91
&RFKUDQ0$UPLWDJH#WHVW 3Û318<:1
)LVKHU#H[DFW#WHVW 3Û319941 3Û31833# 3Û319941
$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 6:283#+:7(, 67283#+9;(, 65283#+97(, 75283#+;7(,
$GMXVWHG#UDWH <:13( <915( <81<( <715(
7HUPLQDO#UDWH 44245#+<5(, 829#+;6(, 728#+;3(, 729#+9:(,
)LUVW#LQFLGHQFH#+GD\V, 755 76< 84: 764
/LIH#WDEOH#WHVW 3Û313;7 3Û31598# 3Û31639# 3Û313;<####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313:3 3Û3158<1 3Û314541 3Û31537####
&RFKUDQ0$UPLWDJH#WHVW 3Û31396###########################################
)LVKHU#H[DFW#WHVW 3Û316631 3Û314<71 3Û31496
$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 7;283#+<9(, 7<283#+<;(, 7<283#+<;(, 83283#+433(,
$GMXVWHG#UDWH 43313( 43313( 43313( 43313(
7HUPLQDO#UDWH 45245#+433(, 929#+433(, 828#+433(, 929#+433(,
)LUVW#LQFLGHQFH#+GD\V, 739 76< 734 74:
/LIH#WDEOH#WHVW 3Û31576 3Û3144;# 3Û313<< 3Û3146:####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317<6 3Û317681 ³ ³I

&RFKUDQ0$UPLWDJH#WHVW 3Û314<6###########################################
)LVKHU#H[DFW#WHVW 3Û31833# 3Û31833 3Û3157:####

+7,7HUPLQDO#VDFULILFH
1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#DGUHQDO#JODQG/##D

NLGQH\/#OXQJ/#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#FKDPEHU#FRQWURO#LQFLGHQFH#DUH#WKH#3#YDOXHV#DVVRFLDWHG#ZLWK#WKH#WUHQG#WHVW1##%HQHDWK#WKH#H[SRVHG#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#G

WR#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#WKH#FKDPEHU#FRQWUROV#DQG#WKDW#H[SRVHG#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#DQ#H[SRVXUH#JURXS#LV#LQGLFDWHG#E\#11
1RW#DSSOLFDEOH>#QR#QHRSODVPV#LQ#DQLPDO#JURXSH

9DOXH#RI#VWDWLVWLF#FDQQRW#EH#FRPSXWHG1I
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+LVWRULFDO#,QFLGHQFH#RI#5HQDO#7XEXOH#1HRSODVPV#LQ#&KDPEHU#&RQWURO#0DOH#)67721#5DWVD

,QFLGHQFH#LQ#&RQWUROV

6WXG\ $GHQRPD &DUFLQRPD $GHQRPD#RU#&DUFLQRPD

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#3DFLILF#1RUWKZHVW#/DERUDWRULHV

&65#+R0&KORUREHQ]DOPDORQRQLWULOH, 4283 3283 4283
$FHWRQLWULOH 427; 327; 427;
50&KORURDFHWRSKHQRQH 427< 327< 427<
O0(SLQHSKULQH#+\GURFKORULGH 3283 3283 3283
&KORURHWKDQH 3283 3283 3283
+H[DFKORURF\FORSHQWDGLHQH 3283 3283 3283
2]RQH 5283 3283 5283

7RWDO 8267:#+417(, 3267:#+3(, 8267:#+417(,
6WDQGDUG#GHYLDWLRQ 418( 418(
5DQJH 3(07( 3(07(

2YHUDOO#+LVWRULFDO#,QFLGHQFH

7RWDO 92985#+31<(, 32985#+3(, 92985#+31<(,
6WDQGDUG#GHYLDWLRQ 416( 416(
5DQJH 3(07( 3(07(

'DWD#DV#RI#45#0D\#4<<8D
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
##$FFLGHQWDO#GHDWKV 4 4
##0RULEXQG 64 6< 73 67
##1DWXUDO#GHDWKV 9 7 8 43
6XUYLYRUV
##7HUPLQDO#VDFULILFH 45 9 8 9

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

$OLPHQWDU\#6\VWHP
,QWHVWLQH#ODUJH/#FRORQ +7<, +7;, +7;, +78,
3DUDVLWH#PHWD]RDQ ##6 +9(,## ##9 +46(,# ##7 +;(,## ##8 +44(,#
0XVFXODULV/#PLQHUDOL]DWLRQ ### ###### ### ###### ##4 +5(,## ### ######

,QWHVWLQH#ODUJH/#UHFWXP +7<, +7<, +7;, +7;,
3DUDVLWH#PHWD]RDQ ##4 +5(,## ##6 +9(,## ##5 +7(,## ##7 +;(,##

,QWHVWLQH#ODUJH/#FHFXP +7<, +7;, +7;, +79,
1HFURVLV ### ###### ### ###### ##4 +5(,## ### ######
3DUDVLWH#PHWD]RDQ ##7 +;(,## ##6 +9(,## ##7 +;(,## ##9 +46(,#
8OFHU ##4 +5(,## ### ###### ### ###### ### ######
$UWHU\/#LQIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ### ###### ##4 +5(,## ### ######

,QWHVWLQH#VPDOO/#LOHXP +7:, +7:, +7:, +77,
3H\HU·V#SDWFK/#K\SHUSODVLD ### ###### ### ###### ##4 +5(,## ### ######

/LYHU +83, +83, +83, +83,
$QJLHFWDVLV ##4 +5(,## ##9 +45(,# ##6 +9(,## ##7 +;(,##
%DVRSKLOLF#IRFXV ### ###### ##4 +5(,## ##4 +5(,## ##5 +7(,##
&OHDU#FHOO#IRFXV ### ###### ##5 +7(,## ##5 +7(,## ##4 +5(,##
'HJHQHUDWLRQ/#F\VWLF ##< +4;(,# ##9 +45(,# ##< +4;(,# #46 +59(,#
(RVLQRSKLOLF#IRFXV ### ###### ### ###### ##4 +5(,## ### ######
+HSDWRGLDSKUDJPDWLF#QRGXOH ##6 +9(,## ##5 +7(,## ### ###### ##8 +43(,#
+\SHUSODVLD/#UHWLFXOXP#FHOO ### ###### ### ###### ### ###### ##4 +5(,##
,QIODPPDWLRQ/#JUDQXORPDWRXV ##4 +5(,## ### ###### ### ###### ### ######
9DFXROL]DWLRQ#F\WRSODVPLF ##7 +;(,## ##6 +9(,## ##: +47(,# ##6 +9(,##
%LOH#GXFW/#K\SHUSODVLD ##: +47(,# ##: +47(,# ##9 +45(,# ##9 +45(,#
+HSDWRF\WH/#QHFURVLV ##6 +9(,## ##5 +7(,## ##5 +7(,## ##8 +43(,#
+HSDWRF\WH/#UHJHQHUDWLRQ ### ###### ### ###### ##4 +5(,## ### ######
3HULSRUWDO/#ILEURVLV ### ###### ### ###### ##4 +5(,## ##4 +5(,##
6HURVD/#ILEURVLV ### ###### ##4 +5(,## ### ###### ### ######
6HURVD/#LQIODPPDWLRQ/#FKURQLF ### ###### ##4 +5(,## ### ###### ### ######

0HVHQWHU\ +48, +4:, +4;, +43,
$UWHU\/#LQIODPPDWLRQ/#FKURQLF ##4 +:(,## ### ###### ### ###### ### ######
)DW/#KHPRUUKDJH ##6 +53(,# ### ###### ### ###### ##4 +43(,#
)DW/#LQIODPPDWLRQ/#JUDQXORPDWRXV ##8 +66(,# ##4 +9(,## ##5 +44(,# ### ######
)DW/#PLQHUDOL]DWLRQ ### ###### ##4 +9(,## ##5 +44(,# ### ######
)DW/#QHFURVLV ##; +86(,# #48 +;;(,# #45 +9:(,# ##< +<3(,#

2UDO#PXFRVD #+6, #### #### #+4,
+\SHUSODVLD ##4 +66(,# ### ###### ### ###### ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ##4 +66(,# ### ###### ### ###### ### ######
8OFHU ##4 +66(,# ### ###### ### ###### ### ######
*LQJLYDO/#F\VW ##4 +66(,# ### ###### ### ###### ### ######
*LQJLYDO/#IRUHLJQ#ERG\ ##4 +66(,# ### ###### ### ###### ### ######

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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ
+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$OLPHQWDU\#6\VWHP#+FRQWLQXHG,
3DQFUHDV +83, +83, +83, +83,
$WURSK\ #4; +69(,# #44 +55(,# ##: +47(,# #4: +67(,#
$UWHU\/#LQIODPPDWLRQ/#FKURQLF ### ###### ### ###### ##4 +5(,## ##4 +5(,##
$UWHU\/#LQIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ##4 +5(,## ### ###### ### ######

6WRPDFK/#IRUHVWRPDFK +83, +7<, +7<, +83,
'LYHUWLFXOXP ##4 +5(,## ### ###### ### ###### ##4 +5(,##
+\SHUNHUDWRVLV ##8 +43(,# ##5 +7(,## ##6 +9(,## ##8 +43(,#
+\SHUSODVLD #43 +53(,# #47 +5<(,# ##; +49(,# #44 +55(,#
,QIODPPDWLRQ/#VXSSXUDWLYH ##6 +9(,## ##4 +5(,## ##6 +9(,## ##4 +5(,##
0LQHUDOL]DWLRQ ##5 +7(,## ### ###### ##5 +7(,## ##5 +7(,##
1HFURVLV ### ###### ### ###### ##4 +5(,## ##4 +5(,##
8OFHU ##9 +45(,# #43 +53(,# ##6 +9(,## ##9 +45(,#

6WRPDFK/#JODQGXODU +83, +83, +83, +83,
(GHPD ### ###### ### ###### ##4 +5(,## ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ##5 +7(,## ### ###### ### ###### ### ######
0HWDSODVLD/#VTXDPRXV ### ###### ### ###### ##4 +5(,## ### ######
0LQHUDOL]DWLRQ ##: +47(,# ##4 +5(,## ##: +47(,# ##8 +43(,#
8OFHU ##4 +5(,## ##5 +7(,## ### ###### ##4 +5(,##

7RRWK #### #+5, #+4, #+5,
'HYHORSPHQWDO#PDOIRUPDWLRQ ### ###### ##4 +83(,# ##4 +433(, ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +83(,# ### ###### ##5 +433(,

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO +76, +83, +7<, +77,
0LQHUDOL]DWLRQ ##6 +:(,## ### ###### ##7 +;(,## ##5 +8(,##
7KURPERVLV ### ###### ##4 +5(,## ### ###### ### ######
$RUWD/#PLQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ##5 +8(,##

+HDUW +83, +83, +83, +83,
&DUGLRP\RSDWK\ ##; +49(,# ##9 +45(,# ##9 +45(,# ##9 +45(,#
0LQHUDOL]DWLRQ ##6 +9(,## ### ###### ##6 +9(,## ##6 +9(,##
$WULXP/#WKURPERVLV ##4 +5(,## ##7 +;(,## ##6 +9(,## ##8 +43(,#
(QGRFDUGLXP/#K\SHUSODVLD ### ###### ### ###### ##4 +5(,## ### ######
0\RFDUGLXP/#LQIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ### ###### ##4 +5(,##

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +83, +83, +83,
+HPRUUKDJH ##4 +5(,## ### ###### ### ###### ### ######
9DFXROL]DWLRQ#F\WRSODVPLF #47 +5;(,# ##; +49(,# ##9 +45(,# ##6 +9(,##

$GUHQDO#PHGXOOD +7;, +83, +83, +7<,
+\SHUSODVLD #54 +77(,# #4< +6;(,# #57 +7;(,# #5: +88(,#

,VOHWV/#SDQFUHDWLF +83, +83, +83, +7<,
+\SHUSODVLD ### ###### ### ###### ##4 +5(,## ##5 +7(,##

3DUDWK\URLG#JODQG +79, +7;, +7<, +79,
+\SHUSODVLD ##: +48(,# ##8 +43(,# #43 +53(,# #44 +57(,#

3LWXLWDU\#JODQG +7<, +7<, +7;, +83,
&\VW ##8 +43(,# ##9 +45(,# ##7 +;(,## ##; +49(,#
+HPRUUKDJH ##5 +7(,## ##6 +9(,## ##4 +5(,## ##4 +5(,##
&UDQLRSKDU\QJHDO#GXFW/#F\VW ### ###### ##4 +5(,## ### ###### ### ######
3DUV#GLVWDOLV/#DQJLHFWDVLV ### ###### ##4 +5(,## ### ###### ### ######
3DUV#GLVWDOLV/#K\SHUSODVLD ##4 +5(,## ##6 +9(,## ##6 +9(,## ##8 +43(,#
3DUV#LQWHUPHGLD/#K\SHUSODVLD ##4 +5(,## ### ###### ### ###### ##4 +5(,##



7HWUDK\GURIXUDQ/#173#75#7:8 <:

7$%/(#$8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ
+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

(QGRFULQH#6\VWHP#+FRQWLQXHG,
7K\URLG#JODQG +83, +83, +83, +83,
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ### ###### ##4 +5(,##
8OWLPREUDQFKLDO#F\VW ### ###### ##4 +5(,## ### ###### ### ######
&0FHOO/#K\SHUSODVLD ##8 +43(,# ##6 +9(,## ##6 +9(,## ##9 +45(,#
)ROOLFXODU#FHOO/#K\SHUSODVLD ### ###### ### ###### ##4 +5(,## ### ######

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####

*HQLWDO#6\VWHP
(SLGLG\PLV +83, +83, +83, +83,
+\SHUSODVLD/#WXEXODU ### ###### ##4 +5(,## ### ###### ### ######
,QIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ##4 +5(,## ### ###### ### ######
6SHUPDWRFHOH ### ###### ##4 +5(,## ### ###### ### ######
$UWHU\/#LQIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +5(,## ### ###### ### ######

3HQLV #+4, #### #### #+4,
,QIODPPDWLRQ/#VXSSXUDWLYH ##4 +433(, ### ###### ### ###### ### ######

3UHSXWLDO#JODQG +7<, +83, +83, +83,
&\VW ### ###### ##5 +7(,## ##4 +5(,## ##4 +5(,##
+\SHUSODVLD ##5 +7(,## ##4 +5(,## ##6 +9(,## ##6 +9(,##
,QIODPPDWLRQ/#FKURQLF ##4 +5(,## ### ###### ### ###### ##4 +5(,##
,QIODPPDWLRQ/#VXSSXUDWLYH ##6 +9(,## ##4 +5(,## ##< +4;(,# ##9 +45(,#

3URVWDWH +83, +83, +83, +83,
,QIODPPDWLRQ/#VXSSXUDWLYH ##9 +45(,# ##8 +43(,# ##8 +43(,# ##6 +9(,##
(SLWKHOLXP/#K\SHUSODVLD ##5 +7(,## ##4 +5(,## ### ###### ##8 +43(,#

6HPLQDO#YHVLFOH +83, +83, +83, +83,
&RQJHVWLRQ ##4 +5(,## ### ###### ### ###### ### ######
&\VW ### ###### ### ###### ### ###### ##4 +5(,##
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ##5 +7(,## ### ######

7HVWHV +83, +83, +83, +83,
+HPRUUKDJH ##4 +5(,## ### ###### ##4 +5(,## ### ######
,QIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ### ###### ##4 +5(,## ##4 +5(,##
$UWHU\/#LQIODPPDWLRQ ##5 +7(,## ##5 +7(,## ##5 +7(,## ##4 +5(,##
*HUPLQDO#HSLWKHOLXP/#DWURSK\ #44 +55(,# ##: +47(,# ##8 +43(,# ##: +47(,#
,QWHUVWLWLDO#FHOO/#K\SHUSODVLD ##6 +9(,## ##5 +7(,## ##6 +9(,## ##6 +9(,##

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +83, +83, +83, +83,
+\SHUSODVLD/#UHWLFXOXP#FHOO ##4 +5(,## ##4 +5(,## ### ###### ##4 +5(,##
0\HORILEURVLV ### ###### ### ###### ##4 +5(,## ### ######
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ
+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
/\PSK#QRGH +49, +4<, +4;, +49,
,OLDF/#LQIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ##4 +9(,## ### ######
,OLDF/#SLJPHQWDWLRQ ##4 +9(,## ### ###### ### ###### ### ######
/XPEDU/#SLJPHQWDWLRQ ##4 +9(,## ### ###### ### ###### ### ######
3DQFUHDWLF/#K\SHUSODVLD/#KLVWLRF\WLF ### ###### ##4 +8(,## ### ###### ### ######
5HQDO/#HFWDVLD ##4 +9(,## ##6 +49(,# ### ###### ##6 +4<(,#
5HQDO/#ILEURVLV ### ###### ##4 +8(,## ### ###### ### ######
5HQDO/#KHPRUUKDJH ##4 +9(,## ##5 +44(,# ### ###### ### ######
5HQDO/#K\SHUSODVLD/#KLVWLRF\WLF ### ###### ##4 +8(,## ##4 +9(,## ### ######
5HQDO/#SLJPHQWDWLRQ ##4 +9(,## ### ###### ### ###### ### ######
5HQDO/#GHHS#FHUYLFDO/#DQJLHFWDVLV ### ###### ### ###### ##4 +9(,## ### ######

/\PSK#QRGH/#EURQFKLDO +78, +78, +77, +76,
)LEURVLV ### ###### ##6 +:(,## ### ###### ### ######
+HPRUUKDJH ### ###### ### ###### ##4 +5(,## ##4 +5(,##

/\PSK#QRGH/#PDQGLEXODU +79, +83, +7<, +7;,
+HPRUUKDJH ##4 +5(,## ##4 +5(,## ### ###### ##4 +5(,##
+\SHUSODVLD/#O\PSKRLG ##4 +5(,## ##4 +5(,## ### ###### ##4 +5(,##

/\PSK#QRGH/#PHVHQWHULF +83, +83, +7<, +7<,
+HPRUUKDJH ##5 +7(,## ##4 +5(,## ##4 +5(,## ##4 +5(,##
+\SHUSODVLD/#O\PSKRLG ### ###### ##4 +5(,## ##5 +7(,## ### ######

/\PSK#QRGH/#PHGLDVWLQDO +7;, +83, +79, +7<,
$QJLHFWDVLV ### ###### ##4 +5(,## ### ###### ### ######
+HPRUUKDJH ##4 +5(,## ##4 +5(,## ##6 +:(,## ##4 +5(,##

6SOHHQ +83, +83, +83, +83,
$FFHVVRU\#VSOHHQ ##6 +9(,## ### ###### ##5 +7(,## ### ######
)LEURVLV #47 +5;(,# #46 +59(,# #49 +65(,# #4: +67(,#
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ### ###### ##4 +5(,##
+HPRUUKDJH ### ###### ### ###### ### ###### ##4 +5(,##
1HFURVLV ##4 +5(,## ##4 +5(,## ##4 +5(,## ##7 +;(,##

7K\PXV +83, +7<, +7;, +83,
+HPRUUKDJH ##4 +5(,## ### ###### ##5 +7(,## ### ######
+\SHUSODVLD/#O\PSKRLG ### ###### ### ###### ##4 +5(,## ### ######

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +83, +83, +83, +83,
*DODFWRFHOH ##8 +43(,# ##6 +9(,## ##6 +9(,## ### ######
(SLWKHOLXP/#K\SHUSODVLD ##4 +5(,## ##4 +5(,## ### ###### ##4 +5(,
6NLQ +83, +83, +83, +83,
+\SHUNHUDWRVLV ##8 +43(,# ### ###### ### ###### ### ######

+\SHUSODVLD ##6 +9(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ/#JUDQXORPDWRXV ##4 +5(,## ### ###### ### ###### ##4 +5(,##
,QIODPPDWLRQ/#VXSSXUDWLYH ##8 +43(,# ##4 +5(,## ##5 +7(,## ##4 +5(,##
1HFURVLV ### ###### ### ###### ##4 +5(,## ### ######
8OFHU ##7 +;(,## ##4 +5(,## ##7 +;(,## ##5 +7(,##
(SLGHUPLV/#F\VW ##4 +5(,## ##6 +9(,## ##5 +7(,## ##4 +5(,##
3UHSXFH/#XOFHU ### ###### ### ###### ### ###### ##4 +5(,##
6XEFXWDQHRXV#WLVVXH/#KHPRUUKDJH ### ###### ##4 +5(,## ##4 +5(,## ### ######
6XEFXWDQHRXV#WLVVXH/#PLQHUDOL]DWLRQ ### ###### ### ###### ##4 +5(,## ### ######
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+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +83, +83, +83,
'HJHQHUDWLRQ ### ###### ### ###### ### ###### ##4 +5(,##
)LEURVLV ### ###### ### ###### ##8 +43(,# ##4 +5(,##
)UDFWXUH ### ###### ##4 +5(,## ### ###### ##4 +5(,##
+HPRUUKDJH ### ###### ### ###### ### ###### ##4 +5(,##
+\SHURVWRVLV ### ###### ### ###### ### ###### ##4 +5(,##
)HPXU/#K\SHUSODVLD ### ###### ### ###### ##4 +5(,## ### ######
7XUELQDWH/#PD[LOOD/#IUDFWXUH ##4 +5(,## ### ###### ### ###### ### ######
7XUELQDWH/#PD[LOOD/#KHPRUUKDJH ##4 +5(,## ### ###### ### ###### ### ######

1HUYRXV#6\VWHP
%UDLQ +83, +83, +83, +83,
'HP\HOLQDWLRQ ### ###### ##4 +5(,## ### ###### ### ######
'HYHORSPHQWDO#PDOIRUPDWLRQ ##4 +5(,## ### ###### ### ###### ### ######
*OLRVLV ### ###### ### ###### ##4 +5(,## ### ######
+HPRUUKDJH ##; +49(,# ##8 +43(,# ##: +47(,# #44 +55(,#
+\GURFHSKDOXV ##4 +5(,## ##4 +5(,## ### ###### ### ######
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ### ######
1HFURVLV ##4 +5(,## ### ###### ### ###### ### ######
0HQLQJHV/#K\SHUSODVLD ##4 +5(,## ### ###### ### ###### ### ######
9HQWULFOH/#K\GURFHSKDOXV ##: +47(,# ##: +47(,# ##< +4;(,# ##7 +;(,##

6SLQDO#FRUG #+4, #### #+4, #+4,
+HPRUUKDJH ### ###### ### ###### ### ###### ##4 +433(,

5HVSLUDWRU\#6\VWHP
/DU\Q[ +83, +7<, +83, +7<,
)RUHLJQ#ERG\ ##6 +9(,## ##8 +43(,# ##6 +9(,## ##; +49(,#
,QIODPPDWLRQ/#VXSSXUDWLYH ##6 +9(,## ##4 +5(,## ##5 +7(,## ##6 +9(,##
(SLJORWWLV/#PHWDSODVLD/#VTXDPRXV ### ###### ### ###### ### ###### ##4 +5(,##
(SLWKHOLXP/#K\SHUSODVLD ##4 +5(,## ##5 +7(,## ##4 +5(,## ##7 +;(,##
(SLWKHOLXP/#PHWDSODVLD/#VTXDPRXV ##5 +7(,## ### ###### ##6 +9(,## ##8 +43(,#
*ODQGV/#LQIODPPDWLRQ/#VXSSXUDWLYH ##6 +9(,## ##4 +5(,## ##6 +9(,## ##5 +7(,##
5HVSLUDWRU\#HSLWKHOLXP/#HSLJORWWLV/ ### ###### ### ###### ### ###### ### ######
###K\SHUSODVLD ### ###### ### ###### ### ###### ##4 +5(,##

/XQJ +83, +83, +83, +83,
+HPRUUKDJH #49 +65(,# #45 +57(,# #4: +67(,# #4; +69(,#
$OYHRODU#HSLWKHOLXP/#ILEURVLV ##4 +5(,## ##5 +7(,## ##4 +5(,## ##7 +;(,##
$OYHRODU#HSLWKHOLXP/#K\SHUSODVLD ##6 +9(,## ##7 +;(,## ##7 +;(,## ##9 +45(,#
$OYHRODU#HSLWKHOLXP/#LQILOWUDWLRQ#FHOOXODU/ ### ###### ### ###### ### ###### ### ######
###KLVWLRF\WH ##: +47(,# ##: +47(,# ##; +49(,# #43 +53(,#
$OYHRODU#HSLWKHOLXP/#LQIODPPDWLRQ/ ### ###### ### ###### ### ###### ### ######
###VXSSXUDWLYH ### ###### ### ###### ### ###### ##4 +5(,##
$OYHRODU#HSLWKHOLXP/#PLQHUDOL]DWLRQ ### ###### ### ###### ##6 +9(,## ### ######
$UWHU\/#LQILOWUDWLRQ#FHOOXODU/#KLVWLRF\WH ##4 +5(,## ### ###### ### ###### ### ######
$UWHU\/#PLQHUDOL]DWLRQ ##5 +7(,## ### ###### ##4 +5(,## ##6 +9(,##
%URQFKLROH/#K\SHUSODVLD ### ###### ### ###### ### ###### ##4 +5(,##
%URQFKLROH/#PHWDSODVLD/#VTXDPRXV ### ###### ##4 +5(,## ### ###### ### ######
0HGLDVWLQXP/#ILEURVLV ##4 +5(,## ### ###### ### ###### ### ######
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+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

5HVSLUDWRU\#6\VWHP#+FRQWLQXHG,
1RVH +83, +7<, +7<, +83,
)RUHLJQ#ERG\ ##9 +45(,# ##6 +9(,## ##8 +43(,# ##9 +45(,#
+HPRUUKDJH ##4 +5(,## ##4 +5(,## ##4 +5(,## ### ######
,QIODPPDWLRQ/#FKURQLF ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ##; +49(,# ##5 +7(,## ##; +49(,# ##9 +45(,#
*ODQGV/#GLODWDWLRQ/#IRFDO ### ###### ##4 +5(,## ### ###### ### ######
*REOHW#FHOO/#UHVSLUDWRU\#HSLWKHOLXP/ ### ###### ### ###### ### ###### ### ######
###K\SHUWURSK\ ##6 +9(,## ### ###### ##4 +5(,## ##4 +5(,##
1DVRODFULPDO#GXFW/#LQIODPPDWLRQ/#VXSSXUDWLYH ##4 +5(,## ### ###### ##4 +5(,## ### ######
5HVSLUDWRU\#HSLWKHOLXP/#K\SHUSODVLD ##6 +9(,## ##4 +5(,## ##6 +9(,## ##6 +9(,##
5HVSLUDWRU\#HSLWKHOLXP/#PHWDSODVLD/#VTXDPRXV ##4 +5(,## ##4 +5(,## ### ###### ##5 +7(,##

3OHXUD #+5, #+4, #+5, ####
,QIODPPDWLRQ/#FKURQLF ##4 +83(,# ##4 +433(, ### ###### ### ######

7UDFKHD +83, +7<, +83, +7<,
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +5(,## ### ###### ### ######
(SLWKHOLXP/#K\SHUSODVLD ### ###### ### ###### ### ###### ##4 +5(,##

6SHFLDO#6HQVHV#6\VWHP
(\H #### #### #+6, #+5,
&DWDUDFW ### ###### ### ###### ##4 +66(,# ###
$QWHULRU#FKDPEHU/#LQIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ### ###### ##4 +83(,#
&RUQHD/#LQIODPPDWLRQ/#FKURQLF ### ###### ### ###### ##4 +66(,# ### ######
&RUQHD/#PLQHUDOL]DWLRQ ### ###### ### ###### ##5 +9:(,# ##4 +83(,#

8ULQDU\#6\VWHP
.LGQH\ +83, +83, +83, +83,
&\VW ##6 +9(,## ##6 +9(,## ##5 +7(,## ##8 +43(,#
)LEURVLV ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ### ###### ##4 +5(,##
0HWDSODVLD/#RVVHRXV ### ###### ### ###### ### ###### ##4 +5(,##
1HSKURSDWK\/#FKURQLF #7; +<9(,# #83 +433(, #83 +433(, #83 +433(,
7KURPERVLV ##4 +5(,## ### ###### ##4 +5(,## ##6 +9(,##
&RUWH[/#QHFURVLV ### ###### ### ###### ##4 +5(,## ##6 +9(,##
3HOYLV/#GLODWDWLRQ ##5 +7(,## ##4 +5(,## ### ###### ### ######
3HOYLV/#WUDQVLWLRQDO#HSLWKHOLXP/#K\SHUSODVLD #49 +65(,# #46 +59(,# #49 +65(,# #4; +69(,#
3HOYLV/#WUDQVLWLRQDO#HSLWKHOLXP/#LQIODPPDWLRQ/# ### ###### ### ###### ### ###### ### ######
###VXSSXUDWLYH ### ###### ##4 +5(,## ### ###### ##4 +5(,##
5HQDO#WXEXOH/#GHJHQHUDWLRQ ##4 +5(,## ### ###### ### ###### ### ######
5HQDO#WXEXOH/#K\SHUSODVLD ##: +47(,# ##8 +43(,# ##9 +45(,# ##: +47(,#
5HQDO#WXEXOH/#LQIODPPDWLRQ/#VXSSXUDWLYH ##4 +5(,## ### ###### ### ###### ### ######
5HQDO#WXEXOH/#PLQHUDOL]DWLRQ ##; +49(,# ##: +47(,# ##5 +7(,## ##8 +43(,#
5HQDO#WXEXOH/#SLJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### ##4 +5(,##

8ULQDU\#EODGGHU +83, +83, +7<, +83,
+HPRUUKDJH ##5 +7(,## ##4 +5(,## ### ###### ##5 +7(,##
,QIODPPDWLRQ/#VXSSXUDWLYH ##5 +7(,## ##4 +5(,## ### ###### ### ######
7UDQVLWLRQDO#HSLWKHOLXP/#K\SHUSODVLD ##5 +7(,## ##4 +5(,## ### ###### ##6 +9(,##
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$33(1',;#%
6800$5<#2)#/(6,216#,1#)(0$/(#5$76

,1#7+(#50<($5#,1+$/$7,21#678'<
2)#7(75$+<'52)85$1

7$%/(#%4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#5DWV#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436

7$%/(#%5 ,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439

7$%/(#%6 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#5DWV#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 455

7$%/(#%7 +LVWRULFDO#,QFLGHQFH#RI#0DPPDU\#*ODQG#1HRSODVPV
LQ#&KDPEHU#&RQWURO#)HPDOH#)67721#5DWV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 459

7$%/(#%8 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45:
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7$%/(#%4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
0RULEXQG 4; 55 4< 4<
1DWXUDO#GHDWKV : 6 8 8

6XUYLYRUV
7HUPLQDO#VDFULILFH 58 58 59 59

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

$OLPHQWDU\#6\VWHP
,QWHVWLQH#ODUJH/#FRORQ +7:, +7<, +7<, +79,
3RO\S#DGHQRPDWRXV ##4 +5(,## ### ###### ### ###### ### ######
6DUFRPD#VWURPDO/#PHWDVWDWLF/#XWHUXV ### ###### ### ###### ### ###### ##4 +5(,##

,QWHVWLQH#ODUJH/#UHFWXP +7;, +83, +83, +7:,
,QWHVWLQH#ODUJH/#FHFXP +7:, +7<, +79, +78,
&DUFLQRPD ### ###### ##4 +5(,## ### ###### ### ######

,QWHVWLQH#VPDOO/#GXRGHQXP +79, +7<, +7<, +7:,
,QWHVWLQH#VPDOO/#LOHXP +78, +7<, +79, +78,
/LYHU +83, +7<, +83, +83,
2VWHRVDUFRPD/#PHWDVWDWLF/#VSOHHQ ### ###### ### ###### ##4 +5(,## ### ######

0HVHQWHU\ #+9, #+<, #+<, #+6,
2VWHRVDUFRPD/#PHWDVWDWLF/#VSOHHQ ### ###### ### ###### ##4 +44(,# ### ######

3DQFUHDV +7;, +83, +83, +7<,
6DOLYDU\#JODQGV +83, +83, +83, +83,
6WRPDFK/#IRUHVWRPDFK +7<, +7<, +83, +7<,
6TXDPRXV#FHOO#SDSLOORPD ### ###### ##4 +5(,## ### ###### ### ######

6WRPDFK/#JODQGXODU +7<, +7<, +83, +7<,
7RQJXH #### #+4, #### #+4,
6TXDPRXV#FHOO#SDSLOORPD ### ###### ##4 +433(, ### ###### ##4 +433(,

&DUGLRYDVFXODU#6\VWHP
1RQH

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +83, +83, +83,
$GHQRPD 4 +5(,

$GUHQDO#PHGXOOD +83, +83, +7<, +83,
3KHRFKURPRF\WRPD#PDOLJQDQW ##5#+7(, 4 +5(,
3KHRFKURPRF\WRPD#EHQLJQ 4 +5(, 6 +9(, 6 +9(,

,VOHWV/#SDQFUHDWLF +7;, +83, +83, +7<,
$GHQRPD 4 +5(, 4 +5(,## ### ###### 4 +5(,
&DUFLQRPD ##4 +5(,## ##4 +5(,## ##4 +5(,## ##4 +5(,

3LWXLWDU\#JODQG +7<, +7<, +83, +83,
3DUV#GLVWDOLV/#DGHQRPD 65 +98(, 6; +:;(, 6; +:9(, 67 +9;(,
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH 4 +5(,

7K\URLG#JODQG +7;, +83, +83, +7<,
&0FHOO/#DGHQRPD 5 +7(, 6 +9(, 9 +45(, 7 +;(,
&0FHOO/#FDUFLQRPD 5 +7(, 4 +5(, 5 +7(, 5 +7(,
)ROOLFXODU#FHOO/#DGHQRPD 4 +5(,
)ROOLFXODU#FHOO/#FDUFLQRPD 4 +5(,
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7$%/(#%4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

*HQHUDO#%RG\#6\VWHP
1RQH

*HQLWDO#6\VWHP
&OLWRUDO#JODQG +7;, +7;, +79, +7<,
$GHQRPD 4 +5(,
&DUFLQRPD 4 +5(, 4 +5(, 4 +5(, 6 +9(,

2YDU\ +83, +83, +83, +83,
*UDQXORVD0WKHFD#WXPRU#PDOLJQDQW 4 +5(,
*UDQXORVD0WKHFD#WXPRU#EHQLJQ 4 +5(,

8WHUXV +83, +83, +83, +83,
/HLRP\RPD 4 +5(,
3RO\S#VWURPDO 8 +43(, ; +49(, ; +49(, 9 +45(,
6DUFRPD#VWURPDO 4 +5(, 4 +5(, 4 +5(,

9DJLQD +4, +4,
3RO\S 4 +433(,

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +7<, +83, +83, +83,
+LVWLRF\WLF#VDUFRPD 4 +5(,

/\PSK#QRGH +:, +:, +9, +8,
/\PSK#QRGH/#EURQFKLDO +79, +78, +74, +78,
2VWHRVDUFRPD/#PHWDVWDWLF/#VSOHHQ 4 +5(,

/\PSK#QRGH/#PDQGLEXODU +78, +7:, +7;, +77,
/\PSK#QRGH/#PHVHQWHULF +7;, +83, +83, +83,
/\PSK#QRGH/#PHGLDVWLQDO +7;, +7;, +7;, +79,
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF 4 +5(,

6SOHHQ +83, +83, +83, +83,
2VWHRVDUFRPD 4 +5(,

7K\PXV +83, +83, +7<, +7;,
7K\PRPD#PDOLJQDQW 4 +5(,

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +83, +83, +83, +83,
$GHQRPD 4 +5(,
&DUFLQRPD 8 +43(, 8 +43(, 8 +43(, 5 +7(,
&DUFLQRPD/#PXOWLSOH 4 +5(,
)LEURDGHQRPD 47 +5;(, 47 +5;(, 56 +79(, 59 +85(,
)LEURDGHQRPD/#PXOWLSOH < +4;(, ; +49(, 9 +45(, 8 +43(,

6NLQ +83, +83, +83, +83,
$PHODQRWLF#PHODQRPD/#EHQLJQ 4 +5(,
.HUDWRDFDQWKRPD 4 +5(, 4 +5(,
6TXDPRXV#FHOO#SDSLOORPD 4 +5(, 4 +5(,
3LQQD/#PHODQRPD#EHQLJQ 4 +5(,
6XEFXWDQHRXV#WLVVXH/#ILEURPD 5 +7(, 4 +5(,
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD 4 +5(,
6XEFXWDQHRXV#WLVVXH/#OLSRPD 4 +5(,
6XEFXWDQHRXV#WLVVXH/#OLSRVDUFRPD 4 +5(,
6XEFXWDQHRXV#WLVVXH/#VDUFRPD 4 +5(,
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7$%/(#%4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +83, +83, +83,
5LE/#RVWHRVDUFRPD 4 +5(,

1HUYRXV#6\VWHP
%UDLQ +83, +83, +83, +83,
$VWURF\WRPD#PDOLJQDQW 4 +5(,

5HVSLUDWRU\#6\VWHP
/XQJ +83, +83, +7<, +83,
$OYHRODU2EURQFKLRODU#DGHQRPD 4 +5(,
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF 4 +5(,
&DUFLQRPD/#PHWDVWDWLF/#PDPPDU\#JODQG 4 +5(,
*UDQXORVD0WKHFD#WXPRU#PDOLJQDQW/
##PHWDVWDWLF/#RYDU\ 4 +5(,

6SHFLDO#6HQVHV#6\VWHP
=\PEDO·V#JODQG +4,
&DUFLQRPD 4 +433(,

8ULQDU\#6\VWHP
.LGQH\ +83, +83, +83, +83,
*UDQXORVD0WKHFD#WXPRU#PDOLJQDQW/
##PHWDVWDWLF/#RYDU\ 4 +5(,
/LSRPD 4 +5(,
5HQDO#WXEXOH/#FDUFLQRPD 4 +5(,

8ULQDU\#EODGGHU +7<, +83, +83, +7<,
7UDQVLWLRQDO#HSLWKHOLXP/#SDSLOORPD 4 +5(,

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV +83, +83, +83, +83,E

+LVWLRF\WLF#VDUFRPD 4 +5(,
/HXNHPLD#PRQRQXFOHDU 4: +67(, 4: +67(, 4; +69(, 55 +77(,

1HRSODVP#6XPPDU\
7RWDO#DQLPDOV#ZLWK#SULPDU\#QHRSODVPV 79 7: 7< 7;F

7RWDO#SULPDU\#QHRSODVPV 436 43; 455 44<
7RWDO#DQLPDOV#ZLWK#EHQLJQ#QHRSODVPV 75 78 7; 76
7RWDO#EHQLJQ#QHRSODVPV :4 :< <5 ;5

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV 5: 58 56 63
7RWDO#PDOLJQDQW#QHRSODVPV 65 5< 63 6:

7RWDO#DQLPDOV#ZLWK#PHWDVWDWLF#QHRSODVPV 4 4 6
7RWDO#PHWDVWDWLF#QHRSODVPV 5 6 7

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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=
&KDPEHU#&RQWURO

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

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

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

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

3RO\S#DGHQRPDWRXV # # # # # # # # # # # # # # # # # # # # # # # # #
,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#PDOLJQDQW # # # # # # # # # # # ; # # # # # # # # ; # # # #
,VOHWV/#SDQFUHDWLF . $ . $ . . . . . . . . . . . . . . . . . . . . .

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

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

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

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

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . 0 . . . . . . . . . . . . . . . . . . . . .

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

2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .
2YLGXFW # # # # # # # # # # # # # # # # # # # # # # # # #
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .

3RO\S#VWURPDO # # # # # # # # # # ; # # # # # # # # # # # # # #
6DUFRPD#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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=
&KDPEHU#&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 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 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 3 3 4 4 5 5 5 5 7 7 7 3 3 5 6 6 6 6 7 3 3 3 5 5 6 7LVVXHV2

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

$OLPHQWDU\#6\VWHP
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7:

3RO\S#DGHQRPDWRXV # # # # # # # # # # # ; # # # # # # # # # # # # # #4
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVHQWHU\ # # . # # # # . # # # # # # # # # # # # # . # # # #9
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 7;
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 7<
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7<

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

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

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #5
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 7;

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

3DUDWK\URLG#JODQG . . 0 . . . 0 . . 0 . . 0 . . . . . . 0 . . . . . 76
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<

3DUV#GLVWDOLV/#DGHQRPD ; ; ; ; # ; # ; ; # ; # ; # ; ; ; # ; ; ; # # ; ; 65
3DUV#GLVWDOLV/#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7;
&0FHOO/#DGHQRPD # # # # # # ; # # # # # # # # # # # # # # # ; # # #5
&0FHOO/#FDUFLQRPD # # ; # # # # # # # # # # # # # ; # # # # # # # # #5

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . 0 . . . . . . . . . . . . . 7;

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

2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 83
2YLGXFW # # # # # # . # # # # # # # # # # # # # # # # # # #4
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 83

3RO\S#VWURPDO ; # # # # ; # # # ; # # # # # # # # # ; # # # # # #8
6DUFRPD#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #4

9DJLQD . # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=
&KDPEHU#&RQWURO#+FRQWLQXHG,

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

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

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

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . $ . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH . # # # # # . # . # # # # # . # # # . # # # . . #
/\PSK#QRGH/#EURQFKLDO . . . . . . . . . . 0 . . . . . . . . . . . . 0 .
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . 0 . . . . . . 0 . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . $ . 0 . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . . . . 0 . . . . . . . . . . .
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .

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

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
&DUFLQRPD # # # # # # # # # # # ; # # ; # # # # # ; # # # #
)LEURDGHQRPD # # # # # # # # # # # # # ; # ; ; ; # # # # # ; #
)LEURDGHQRPD/#PXOWLSOH # # # # # # # # # # ; # # # # # # # # ; # ; # # #

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .
.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#OLSRVDUFRPD # # # # # # ; # # # # # # # # # # # # # # # # # #

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

5LE/#RVWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
1RVH . $ . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . $ . . . . . . . . . . . . . . . . . . . . . . .

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # . # # # # # # # # # # # # # # # # # # # # # #

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

/LSRPD # # # # # # # # # # # # # # # # # # # # # # # # #
5HQDO#WXEXOH/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

8UHWKUD # # # . # # # # # # # # # # # # # # # # # # # # #
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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=
&KDPEHU#&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 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 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 3 3 4 4 5 5 5 5 7 7 7 3 3 5 6 6 6 6 7 3 3 3 5 5 6 7LVVXHV2

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

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/\PSK#QRGH # # # # # # # # # # # # # # # # # # # # # # # # # #:
/\PSK#QRGH/#EURQFKLDO . . . . . . . . . 0 . . 0 . . . . . . . . . . . . 79
/\PSK#QRGH/#PDQGLEXODU . . 0 . 0 . . . . . . . . . . . . . . . . 0 . . . 78
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 7;
/\PSK#QRGH/#PHGLDVWLQDO 0 . . . . . . . . . . . . . . . . . . . . . . . . 7;
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . . 83

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

$GHQRPD # # # # # # # # # # # # # # # # # # # ; # # # # # #4
&DUFLQRPD # # # # # # # # # # # # # # # # # # # ; # # # # ; #8
)LEURDGHQRPD # # ; # ; # # # ; # ; # # # ; # ; # ; # ; # # # ; 47
)LEURDGHQRPD/#PXOWLSOH # # # ; # ; # # # ; # # ; ; # # # # # # # ; # # # #<

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # # # # # ; # # # # # #4
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # ; # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#OLSRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

5LE/#RVWHRVDUFRPD # # # # # # # # # # # # # # # # # # # ; # # # # # #4

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # ; # # # #4
1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 7<
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 7<

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # . # # # # # # # # # # # # # # # . # # #6

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

/LSRPD # # # # # # # # # # # # # # # ; # # # # # # # # # #4
5HQDO#WXEXOH/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # ; # # # #4

8UHWKUD # # # # # # # # # # # # # # # # # # # # # # # # # #4
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 7<

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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP

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

; 9 : ; 4 3 8 8 5 7 7 4 ; 3 4 4 4 : 8 8 8 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 6
&DUFDVV#,'#1XPEHU 6 4 7 7 3 5 6 5 7 3 6 5 5 3 3 4 6 5 7 6 6 4 3 6 7

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

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

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # ; # #
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . $ . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . $ . . . . . . . . . . . $ . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . $ . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVHQWHU\ # # # # # # # # # # . # # # # # # # # . # # # . #
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . $ . . . . . . . . . . . . . . . . . .

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # ; # # # # # # # # # # # # # #
6WRPDFK/#JODQGXODU . . . . . . $ . . . . . . . . . . . . . . . . . .
7RQJXH # # # # # # # # # # # # # # # # # # # # # # # # #

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
7RRWK . # # # # # # # # # # # # # # # # # # # # # # # #

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

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

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

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

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

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

3DUV#GLVWDOLV/#DGHQRPD # ; ; # # ; # ; # ; # ; # ; ; ; ; ; ; ; ; ; # ; ;
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&0FHOO/#DGHQRPD # # # # # # # # # # # ; # # # # # # # # # # # # #
&0FHOO/#FDUFLQRPD # # # # # # # # # # # ; # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
7LVVXH#126 # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . 0 . .

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .

*UDQXORVD0WKHFD#WXPRU#PDOLJQDQW # # # # # # # # # # # # ; # # # # # # # # # # # #
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .

/HLRP\RPD # # # # # # # # # # # # # # # # # # # # # # ; # #
3RO\S#VWURPDO # # # # # # # # # # # ; # # # ; # # ; # # # # # ;
6DUFRPD#VWURPDO # # # ; # # # # # # # # # # # # # # # # # # # # #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+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 6 6 6 6 6 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8

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 3 3 4 4 5 5 6 6 7 7 4 4 5 5 5 7 7 7 8 3 3 4 4 4 6 7LVVXHV2

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 7<

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/LYHU . . . # . . . . . . . . . . . . . . . . . . . . . 7<
0HVHQWHU\ # # . # # # # # # # # # . # # . . # # # # # . . # #<
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 7<

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7<
7RQJXH . # # # # # # # # # # # # # # # # # # # # # # # # #4

6TXDPRXV#FHOO#SDSLOORPD ; # # # # # # # # # # # # # # # # # # # # # # # # #4
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

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

3DUDWK\URLG#JODQG 0 . . . . . . . . . . . . . . 0 . . . . . . . . . 76
3LWXLWDU\#JODQG . . . . 0 . . . . . . . . . . . . . . . . . . . . 7<

3DUV#GLVWDOLV/#DGHQRPD ; ; ; ; # ; ; ; # ; ; ; # ; ; ; ; # ; ; ; ; ; ; ; 6;
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # ; # ; # #6
&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
7LVVXH#126 # # # # # # # # # # # # # . # # # # # # # # # # # #4

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . 0 . . . . . . . . . . . . . 7;

&DUFLQRPD # # # ; # # # # # # # # # # # # # # # # # # # # # #4
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 83

*UDQXORVD0WKHFD#WXPRU#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 83

/HLRP\RPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3RO\S#VWURPDO # ; # # # # # # # # ; # # # # # # # # # ; ; # # # #;
6DUFRPD#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+FRQWLQXHG,

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

; 9 : ; 4 3 8 8 5 7 7 4 ; 3 4 4 4 : 8 8 8 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 6
&DUFDVV#,'#1XPEHU 6 4 7 7 3 5 6 5 7 3 6 5 5 3 3 4 6 5 7 6 6 4 3 6 7

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

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH # # . # . # # . # # . # # # # # # # . # . . # # #
/\PSK#QRGH/#EURQFKLDO 0 . . . . . . . . . . . . 0 . . 0 . . . . . . . .
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHGLDVWLQDO . . . . . 0 0 . . . . . . . . . . . . . . . . . .
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .

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

&DUFLQRPD # # # # # # # # # # # ; # # # # # # # # # # # ; #
)LEURDGHQRPD # # # ; ; # # # # # # ; # # ; # ; # # ; # # # ; ;
)LEURDGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # ; # # ; # # # # # #

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

5HVSLUDWRU\#6\VWHP
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

*UDQXORVD0WKHFD#WXPRU#PDOLJQDQW/
##PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # ; # # # # # # # # # # # #

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

6SHFLDO#6HQVHV#6\VWHP
(\H # # # . # # # # # # # # # # # # # # # # # # # # #

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

*UDQXORVD0WKHFD#WXPRU#PDOLJQDQW/
##PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # ; # # # # # # # # # # # #

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .
7UDQVLWLRQDO#HSLWKHOLXP/#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

/HXNHPLD#PRQRQXFOHDU # # ; # ; # # # ; # ; ; ; # # # # ; ; # ; ; # # #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+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 6 6 6 6 6 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8

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 3 3 4 4 5 5 6 6 7 7 4 4 5 5 5 7 7 7 8 3 3 4 4 4 6 7LVVXHV2

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

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # # # # # # # # # # # # # # # # # # # # # # # # # #:
/\PSK#QRGH/#EURQFKLDO 0 . . . . . . . . . . 0 . . . . . . . . . . . . . 78
/\PSK#QRGH/#PDQGLEXODU . . . 0 . 0 . . . . . . . . . . . . . . . . . 0 . 7:
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . . . . . . . . . . . . . . . . 7;
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . . 83

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

&DUFLQRPD # # # # # # # # # # # # # ; # # ; # # # ; # # # # #8
)LEURDGHQRPD # # # # # # # # # # # # ; # # # # # # ; # ; ; ; ; 47
)LEURDGHQRPD/#PXOWLSOH # # # # # # # ; # ; ; ; # # ; ; # # # # # # # # # #;

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # ; # # #4
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4

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

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

*UDQXORVD0WKHFD#WXPRU#PDOLJQDQW/
##PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # 4

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

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # . # # # # # # # # # # # . # # # # # #6

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

*UDQXORVD0WKHFD#WXPRU#PDOLJQDQW/
##PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # 4

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
7UDQVLWLRQDO#HSLWKHOLXP/#SDSLOORPD # # # # # # # # # # # # # # # # # ; # # # # # # # #4

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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP

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

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

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

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

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

2VWHRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # ; # # # # # # # # # # #
0HVHQWHU\ # # # # # . # # # # # . # . # # # # # # # # . . .

2VWHRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # ; # # # # # # # # # # #
2UDO#PXFRVD # # # # # # # # # # # # # # # # # # # . # # # # #
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 . . . . . . . . . . . . . . . . . . . . . . . . .

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

3DUV#GLVWDOLV/#DGHQRPD ; ; ; ; ; # ; # ; ; ; # # ; ; ; ; # ; ; ; # ; ; ;
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&0FHOO/#DGHQRPD # # # # # # # # # # # ; # # # ; # # # # # # ; # #
&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # ; # # # # # # # # # # #
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
7LVVXH#126 # # # # # # # . # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . 0 0 0 . . . . . . . . . . . . . . 0 . .

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .

3RO\S#VWURPDO # # # # # # # # # # # # # # # # ; # ; ; # # # # #
9DJLQD # # # # # # # # # # # # # # # # # # # # # # # # #

3RO\S # # # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+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 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 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 7RWDO
&DUFDVV#,'#1XPEHU 3 3 4 4 4 4 5 7 7 3 3 4 4 6 6 6 6 3 3 4 5 6 6 7 8 7LVVXHV2

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 7<
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

2VWHRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HVHQWHU\ # # # # # . # # . # # # # # # # . # # # # # # # # #<

2VWHRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
2UDO#PXFRVD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 83

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

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 7<

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # ; # # # # # ; # # # # # # # #6
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD # # # # # # # # # # # # # # # # # # # ; # # # # # #4
3DUDWK\URLG#JODQG . . . . . . . . . . . 0 . . . . . . . . . . . . . 79
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

3DUV#GLVWDOLV/#DGHQRPD ; ; ; ; ; ; ; # ; ; # # ; ; ; ; ; # ; ; # # ; ; ; 6;
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

&0FHOO/#DGHQRPD # # # # # # ; # # # # # # # # ; # # # ; # # # # # #9
&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # ; # # # # # # # # #5
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
7LVVXH#126 # # # # # # # # # # # . # # # # # # # # # # # # # #5

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 79

&DUFLQRPD # # # ; # # # # # # # # # # # # # # # # # # # # # #4
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 83
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 83

3RO\S#VWURPDO # # ; # # # # ; # # # # # ; ; # # # # # # # ; # # #;
9DJLQD # # # # . # # # # # # # # # # # # # # # # # # # # #4

3RO\S # # # # ; # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+FRQWLQXHG,

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

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

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

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

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

2VWHRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # ; # # # # # # # # # #
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . . . . . . . . . . . . . . . .
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .

2VWHRVDUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # #
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .

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

&DUFLQRPD # # ; # # # # # # # # # # # # # # ; # # # ; ; # #
)LEURDGHQRPD ; ; # # # ; ; ; # # ; # # # # ; # # # ; ; # ; ; ;
)LEURDGHQRPD/#PXOWLSOH # # # # # # # # ; # # # # # ; # # # # # # # # # #

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .
$PHODQRWLF#PHODQRPD/#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # #
.HUDWRDFDQWKRPD # # # # # # # # # # # # # # # # # # # # # # # # #
3LQQD/#PHODQRPD#EHQLJQ # # # # # # # # # # # # # # # # # ; # # # # # # #
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#OLSRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

$VWURF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # #

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . .
/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 # # # # # ; # # # # ; ; # # # ; # ; # ; # ; # ; #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+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 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 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 7RWDO
&DUFDVV#,'#1XPEHU 3 3 4 4 4 4 5 7 7 3 3 4 4 6 6 6 6 3 3 4 5 6 6 7 8 7LVVXHV2

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

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # # # # # . . # # # # # # # # # # # # # # # # # # #9
/\PSK#QRGH/#EURQFKLDO . 0 . 0 . . . . . 0 . . . . . . . . . . . 0 . 0 . 74

2VWHRVDUFRPD/#PHWDVWDWLF/#VSOHHQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#PDQGLEXODU . . . . . . . 0 . . . . . . . . . . . . . . . . 0 7;
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . . . . . . 0 0 . . . . . . . . 7;
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

2VWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
7K\PXV . . . . . . . . . . . . . . . . 0 . . . . . . . . 7<

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

&DUFLQRPD # # # # # ; # # # # # # # # # # # # # # # # # # # #8
)LEURDGHQRPD # ; # ; # # # ; ; # ; # ; ; ; # # # # # ; ; ; # # 56
)LEURDGHQRPD/#PXOWLSOH # # # # ; # ; # # # # # # # # # # # ; ; # # # # # #9

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
$PHODQRWLF#PHODQRPD/#EHQLJQ # # # # # # # # # # # # # # # # # # # # # ; # # # #4
.HUDWRDFDQWKRPD # # # # # # # # # # # # # ; # # # # # # # # # # # #4
3LQQD/#PHODQRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # ; # # # # # # # # # # # # # # # # ; # #5
6XEFXWDQHRXV#WLVVXH/#OLSRPD # # # # # # # # # # # ; # # # # # # # # # # # # # #4

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

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

$VWURF\WRPD#PDOLJQDQW # ; # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP
/DU\Q[ . . . . . . . . . . , . . . . . . . . . , . . . . 7;
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 83
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 83

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # . # # # # # # # # # # # # #4
=\PEDO·V#JODQG # # # # # # # # # . # # # # # # # # # # # # # # # #4

&DUFLQRPD # # # # # # # # # ; # # # # # # # # # # # # # # # #4

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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP

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

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

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

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

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

6DUFRPD#VWURPDO/#PHWDVWDWLF/#XWHUXV # # # # # # # # # # # # # # # # # ; # # # # # # #
,QWHVWLQH#ODUJH/#UHFWXP . $ . . . . $ . $ . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . $ . . . $ $ . $ . . . . . . . . $ . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . $ . . . . $ . $ . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . $ . . . $ $ . $ . . . . . . . . $ . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . $ . . . $ $ . $ . . . . . . . . $ . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .
0HVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # #
3DQFUHDV . $ . . . . . . . . . . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . $ . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . $ . . . . . . . . . . . . . . . . . . . . . . .
7RQJXH # # # # # # # # # # # # # # # # # # # # # # # # #

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # #
3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # ; # # # # # # # # # #

,VOHWV/#SDQFUHDWLF . $ . . . . . . . . . . . . . . . . . . . . . . .
$GHQRPD # # # # # # # # # # # # # ; # # # # # # # # # # #
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

3DUV#GLVWDOLV/#DGHQRPD ; # # # # # # # ; ; # # ; # ; ; ; ; ; ; # # ; ; ;
7K\URLG#JODQG . $ . . . . . . . . . . . . . . . . . . . . . . .

&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # ; # # # # # #
&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
7LVVXH#126 # # # # # # # # # # # # # # # . # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD # # # ; # # # # # # # # # # # # # # # # # # # # #
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .

*UDQXORVD0WKHFD#WXPRU#EHQLJQ # # # # # # # # # # # # ; # # # # # # # # # # # #
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .

3RO\S#VWURPDO # # # # # ; # # # # # # # ; # # # # # # # # # # #
6DUFRPD#VWURPDO # # # # # # # # # # # # # # # # # ; # # # # # # #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+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 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8

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

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 79

6DUFRPD#VWURPDO/#PHWDVWDWLF/#XWHUXV # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83
0HVHQWHU\ # # # # # # # # # . # # # # # . # # # # # # . # # #6
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 7<
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 7<
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7<
7RQJXH # # # . # # # # # # # # # # # # # # # # # # # # # #4

6TXDPRXV#FHOO#SDSLOORPD # # # ; # # # # # # # # # # # # # # # # # # # # # #4

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

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

3KHRFKURPRF\WRPD#PDOLJQDQW # # ; # # # # # # # # # # # # # # # # # # # # # # #4
3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # ; # # # # # # # ; # # # # # #6

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 7<
$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #4

3DUDWK\URLG#JODQG . . . 0 . . . . 0 . . . . . . 0 . . 0 . . . . . . 75
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

3DUV#GLVWDOLV/#DGHQRPD # ; ; ; ; ; ; ; ; ; ; ; ; ; # ; ; ; ; # ; ; ; # ; 67
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<

&0FHOO/#DGHQRPD # # # # # # # ; # ; # # # # # # # # # # ; # # # # #7
&0FHOO/#FDUFLQRPD # # # # # # # # # # ; # # # # # # # # ; # # # # # #5
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # ; # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
7LVVXH#126 # # # # # # # # # # # # # # # # # # # # # # # # # #4

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . 0 . . . . . . . . . . . . . . . . . . . . 7<

&DUFLQRPD # # # # # # # # # # # # # ; # # # ; # # # # # # # #6
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 83

*UDQXORVD0WKHFD#WXPRU#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 83

3RO\S#VWURPDO # # # # ; # # # # # ; # # # # # ; # # ; # # # # # #9
6DUFRPD#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #4



453 7HWUDK\GURIXUDQ/#173#75#7:8

7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+FRQWLQXHG,

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

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

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

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

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH # # # # . # # . . # # # # # # # # # # # # . # # #
/\PSK#QRGH/#EURQFKLDO . . . . . . . . . . 0 . . . . . . . . . . . 0 . .
/\PSK#QRGH/#PDQGLEXODU . . . 0 . 0 . . . . 0 . . . . . . . . . 0 . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . 0 . . 0 . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # ##############
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . 0 . . . . . . . . . 0 .

7K\PRPD#PDOLJQDQW # # # # # # # # # # # ; # # # # # # # # # # # # #

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

&DUFLQRPD # # # # # # # # # # # # ; # # # # # # # # # # # #
&DUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
)LEURDGHQRPD # # ; # # # # # # # # ; # # ; ; ; ; ; # ; ; ; # ;
)LEURDGHQRPD/#PXOWLSOH # # # # # # # # # ; # # # # # # # # # ; # # # ; #

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . $ . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # #############
&DUFLQRPD/#PHWDVWDWLF/#PDPPDU\#JODQG # # # # # # # # # # # # ; # # # # # # # # # # # #

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

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # # # # # # # # # # # # # # # # # # # # # # # .

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

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/HXNHPLD#PRQRQXFOHDU # # # # ; # ; ; ; ; ; ; ; ; ; ; # # ; # # ; # ; #
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7$%/(#%5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+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 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8

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

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

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4
/\PSK#QRGH # # # # # # # # # # # # # # # . # # # # # # # # # #8
/\PSK#QRGH/#EURQFKLDO . . 0 . . . . . 0 . . . . . . . . . 0 . . . . . . 78
/\PSK#QRGH/#PDQGLEXODU . . . . . . 0 . . . . . . . . . . . . . . . 0 . . 77
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . 0 . . . . . . . . . . 0 . . . . . . 79

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # ; # 4
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . . 7;

7K\PRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

&DUFLQRPD # # # # # # # # # # # # # # # ; # # # # # # # # # #5
&DUFLQRPD/#PXOWLSOH # # # # # # # # # ; # # # # # # # # # # # # # # # #4
)LEURDGHQRPD # ; ; ; # # ; ; # ; # # ; # ; ; # ; ; # # ; ; ; ; 59
)LEURDGHQRPD/#PXOWLSOH # # # # ; # # # ; # # # # # # # # # # # # # # # # #8

6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
6XEFXWDQHRXV#WLVVXH/#ILEURPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4
6XEFXWDQHRXV#WLVVXH/#VDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # # #4

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

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . , . . . . . . . . . . . . . . . . 7;
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # ; 4
&DUFLQRPD/#PHWDVWDWLF/#PDPPDU\#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

6SHFLDO#6HQVHV#6\VWHP#####################
(\H # # . # # # # # # # # # # # # # # # # . # # # # # #6

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 83
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 7<

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4
/HXNHPLD#PRQRQXFOHDU # # # # # # # # ; ; # # # # ; ; ; # ; ; # # ; # # 55
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7$%/(#%6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$GUHQDO#0HGXOOD=##%HQLJQ#3KHRFKURPRF\WRPD
2YHUDOO#UDWH 3283#+3(, 4283#+5(, 627<#+9(, 6283#+9(,D

$GMXVWHG#UDWH 313( 517( <19( 4316(E

7HUPLQDO#UDWH 3258#+3(, 3258#+3(, 5259#+;(, 5259#+;(,F

)LUVW#LQFLGHQFH#+GD\V, ³ 947 86; 974H

/LIH#WDEOH#WHVW 3Û31444 3Û31838 3Û31468 3Û31455###G

/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3143< 3Û317<8 3Û31446 3Û31453###G

&RFKUDQ0$UPLWDJH#WHVW 3Û3143;##########################################G

)LVKHU#H[DFW#WHVW 3Û31833 3Û3144: 3Û31454###G

$GUHQDO#0HGXOOD=##%HQLJQ#RU#0DOLJQDQW#3KHRFKURPRF\WRPD
2YHUDOO#UDWH 5283#+7(, 4283#+5(, 627<#+9(, 7283#+;(,
$GMXVWHG#UDWH 81:( 517( <19( 4713(
7HUPLQDO#UDWH 3258#+3(, 3258#+3(, 5259#+;(, 6259#+45(,
)LUVW#LQFLGHQFH#+GD\V, 975 947 86; 974
/LIH#WDEOH#WHVW 3Û31497 3Û317<:1 3Û31843 3Û3165:###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3149: 3Û318341 3Û317;< 3Û3166:###
&RFKUDQ0$UPLWDJH#WHVW 3Û31498##########################################
)LVKHU#H[DFW#WHVW 3Û318331 3Û317<3 3Û3166<###
&OLWRUDO#*ODQG=##&DUFLQRPD
2YHUDOO#UDWH 427;#+5(, 427;#+5(, 4279#+5(, 627<#+9(,
$GMXVWHG#UDWH 715( 715( 61;( 4313(
7HUPLQDO#UDWH 4257#+7(, 4257#+7(, 4259#+7(, 5258#+;(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, :66#+7, 7<;
/LIH#WDEOH#WHVW 3Û31497 3Û31:96 3Û31:781 3Û3164<###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31495 3Û31:96 3Û31:781 3Û31647###
&RFKUDQ0$UPLWDJH#WHVW 3Û31497##########################################
)LVKHU#H[DFW#WHVW 3Û31:861 3Û31:75 3Û31649###
&OLWRUDO#*ODQG=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 527;#+7(, 427;#+5(, 4279#+5(, 627<#+9(,
$GMXVWHG#UDWH ;16( 715( 61;( 4313(
7HUPLQDO#UDWH 5257#+;(, 4257#+7(, 4259#+7(, 5258#+;(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, :66#+7, 7<;
/LIH#WDEOH#WHVW 3Û315<7 3Û318331 3Û317:51 3Û3184:###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315;9 3Û318331 3Û317:51 3Û31844###
&RFKUDQ0$UPLWDJH#WHVW 3Û315<5##########################################
)LVKHU#H[DFW#WHVW 3Û318331 3Û318491 3Û31843###
0DPPDU\#*ODQG=##)LEURDGHQRPD
2YHUDOO#UDWH 56283#+79(, 55283#+77(, 5<283#+8;(, 64283#+95(,
$GMXVWHG#UDWH 9;1;( 9416( :614( :<16(
7HUPLQDO#UDWH 48258#+93(, 45258#+7;(, 49259#+95(, 4;259#+9<(,
)LUVW#LQFLGHQFH#+GD\V, 967 7:; 84< 7:;
/LIH#WDEOH#WHVW 3Û31399 3Û3179;1 3Û3155: 3Û31446###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31364 3Û317:;1 3Û31544 3Û31389###
&RFKUDQ0$UPLWDJH#WHVW 3Û3136;
)LVKHU#H[DFW#WHVW 3Û318331 3Û3148; 3Û313;3###
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7$%/(#%6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

0DPPDU\#*ODQG=##)LEURDGHQRPD#RU#$GHQRPD
2YHUDOO#UDWH 57283#+7;(, 55283#+77(, 5<283#+8;(, 64283#+95(,
$GMXVWHG#UDWH :41<( 9416( :614( :<16(
7HUPLQDO#UDWH 49258#+97(, 45258#+7;(, 49259#+95(, 4;259#+9<(,
)LUVW#LQFLGHQFH#+GD\V, 967 7:; 84< 7:;
/LIH#WDEOH#WHVW 3Û313;4 3Û316<:1 3Û315;7 3Û31483###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31375 3Û316<61 3Û315:: 3Û313;6###
&RFKUDQ0$UPLWDJH#WHVW 3Û31383##########################################
)LVKHU#H[DFW#WHVW 3Û317541 3Û31545 3Û31447###
0DPPDU\#*ODQG=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 8283#+43(, 8283#+43(, 8283#+43(, 6283#+9(,
$GMXVWHG#UDWH 481:( 4:16( 471<( 4314(
7HUPLQDO#UDWH 5258#+;(, 6258#+45(, 4259#+7(, 5259#+;(,
)LUVW#LQFLGHQFH#+GD\V, 975 984 87: 963
/LIH#WDEOH#WHVW 3Û315<61 3Û319481 3Û31956 3Û316:81##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315:51 3Û319561 3Û319491 3Û316871##
&RFKUDQ0$UPLWDJH#WHVW 3Û315:71
)LVKHU#H[DFW#WHVW 3Û319631 3Û319631 3Û3168:1##

0DPPDU\#*ODQG=##)LEURDGHQRPD/#$GHQRPD/#RU#&DUFLQRPD
2YHUDOO#UDWH 5:283#+87(, 58283#+83(, 66283#+99(, 65283#+97(,
$GMXVWHG#UDWH :716( :315( ::1;( :<1<(
7HUPLQDO#UDWH 49258#+97(, 48258#+93(, 4:259#+98(, 4;259#+9<(,
)LUVW#LQFLGHQFH#+GD\V, 967 7:; 84< 7:;
/LIH#WDEOH#WHVW 3Û3149: 3Û316<<1 3Û31578 3Û3157<###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3143< 3Û316<31 3Û3154< 3Û314;3###
&RFKUDQ0$UPLWDJH#WHVW 3Û3144<##########################################
)LVKHU#H[DFW#WHVW 3Û317541 3Û31487 3Û3153;###
3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV,=##$GHQRPD
2YHUDOO#UDWH 6627<#+9:(, 6;27<#+:;(, 6;283#+:9(, 67283#+9;(,
$GMXVWHG#UDWH :<1:( <517( ;81;( ;<15(
7HUPLQDO#UDWH 4:258#+9;(, 54257#+;;(, 53259#+::(, 55259#+;8(,
)LUVW#LQFLGHQFH#+GD\V, 79: 669 84< 745
/LIH#WDEOH#WHVW 3Û317551 3Û31588 3Û3165; 3Û31839###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3167<1 3Û31489 3Û315:3 3Û31878###
&RFKUDQ0$UPLWDJH#WHVW 3Û316961
)LVKHU#H[DFW#WHVW 3Û314;6 3Û31565 3Û3188;###
7K\URLG#*ODQG#+&0FHOO,=##$GHQRPD
2YHUDOO#UDWH 527;#+7(, 6283#+9(, 9283#+45(, 727<#+;(,
$GMXVWHG#UDWH ;13( 4317( 4<16( 4716(
7HUPLQDO#UDWH 5258#+;(, 5258#+;(, 6259#+45(, 6259#+45(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, 984 97< 9<4
/LIH#WDEOH#WHVW 3Û31673 3Û31838 3Û31477 3Û31685###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31659 3Û3183< 3Û31476 3Û31654###
&RFKUDQ0$UPLWDJH#WHVW 3Û31677##########################################
)LVKHU#H[DFW#WHVW 3Û31853 3Û3147; 3Û3167<###
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7$%/(#%6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

7K\URLG#*ODQG#+&0FHOO,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 727;#+;(, 6283#+9(, ;283#+49(, 927<#+45(,
$GMXVWHG#UDWH 4913( 4317( 571<( 541;(
7HUPLQDO#UDWH 7258#+49(, 5258#+;(, 7259#+48(, 8259#+4<(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, 984 97< 9<4
/LIH#WDEOH#WHVW 3Û31593 3Û317<91 3Û314<6 3Û316;<###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3156: 3Û317;<1 3Û314;< 3Û3167<###
&RFKUDQ0$UPLWDJH#WHVW 3Û31593##########################################
)LVKHU#H[DFW#WHVW 3Û317::1 3Û314<< 3Û316;6###
8WHUXV=##6WURPDO#3RO\S
2YHUDOO#UDWH 8283#+43(, ;283#+49(, ;283#+49(, 9283#+45(,
$GMXVWHG#UDWH 4;14( 581:( 5918( 4<18(
7HUPLQDO#UDWH 7258#+49(, 7258#+49(, 8259#+4<(, 7259#+48(,
)LUVW#LQFLGHQFH#+GD\V, 967 984 9:7 865
/LIH#WDEOH#WHVW 3Û318571 3Û315<6 3Û315<7 3Û31844###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318751 3Û315;6 3Û315;< 3Û31836###
&RFKUDQ0$UPLWDJH#WHVW 3Û318631
)LVKHU#H[DFW#WHVW 3Û315:: 3Û315:: 3Û31833###
8WHUXV=##6WURPDO#3RO\S#RU#6WURPDO#6DUFRPD
2YHUDOO#UDWH 9283#+45(, <283#+4;(, ;283#+49(, :283#+47(,
$GMXVWHG#UDWH 531:( 5:15( 5918( 541<(
7HUPLQDO#UDWH 7258#+49(, 7258#+49(, 8259#+4<(, 7259#+48(,
)LUVW#LQFLGHQFH#+GD\V, 967 7:; 9:7 865
/LIH#WDEOH#WHVW 3Û318671 3Û3163: 3Û316<< 3Û317<;###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318681 3Û315<7 3Û31738 3Û31838###
&RFKUDQ0$UPLWDJH#WHVW 3Û318671
)LVKHU#H[DFW#WHVW 3Û315;; 3Û316;: 3Û31833###
$OO#2UJDQV=##0RQRQXFOHDU#&HOO#/HXNHPLD
2YHUDOO#UDWH 4:283#+67(, 4:283#+67(, 4;283#+69(, 55283#+77(,
$GMXVWHG#UDWH 7418( 7816( 8418( 851<(
7HUPLQDO#UDWH 7258#+49(, :258#+5;(, 43259#+6;(, ;259#+64(,
)LUVW#LQFLGHQFH#+GD\V, 744 79: 8:8 856
/LIH#WDEOH#WHVW 3Û314:7 3Û3188<1 3Û3185; 3Û31576###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314<< 3Û318;4 3Û3183: 3Û315<7###
&RFKUDQ0$UPLWDJH#WHVW 3Û31475##########################################
)LVKHU#H[DFW#WHVW 3Û318;61 3Û31833 3Û31539###
$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH 75283#+;7(, 78283#+<3(, 7;283#+<9(, 76283#+;9(,
$GMXVWHG#UDWH <:19( <81:( 43313( <:1:(
7HUPLQDO#UDWH 57258#+<9(, 56258#+<5(, 59259#+433(, 58259#+<9(,
)LUVW#LQFLGHQFH#+GD\V, 79: 669 84< 745
/LIH#WDEOH#WHVW 3Û317<81 3Û3174: 3Û315;9 3Û3183<###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316::1 3Û315<; 3Û31479 3Û3193:###
&RFKUDQ0$UPLWDJH#WHVW 3Û318461
)LVKHU#H[DFW#WHVW 3Û315:: 3Û31379 3Û31833###
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7$%/(#%6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 5:283#+87(, 58283#+83(, 56283#+79(, 63283#+93(,
$GMXVWHG#UDWH 9519( 9714( 9413( :315(
7HUPLQDO#UDWH 43258#+73(, 45258#+7;(, 45259#+79(, 47259#+87(,
)LUVW#LQFLGHQFH#+GD\V, 744 79: 87: 7<;
/LIH#WDEOH#WHVW 3Û3158; 3Û317551 3Û315;;1 3Û316:8###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31553 3Û317461 3Û3157<1 3Û31795###
&RFKUDQ0$UPLWDJH#WHVW 3Û31545##########################################
)LVKHU#H[DFW#WHVW 3Û317541 3Û315:71 3Û31676###
$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 79283#+<5(, 7:283#+<7(, 7<283#+<;(, 7;283#+<9(,
$GMXVWHG#UDWH <:1;( <:1<( 43313( <;13(
7HUPLQDO#UDWH 57258#+<9(, 57258#+<9(, 59259#+433(, 58259#+<9(,
)LUVW#LQFLGHQFH#+GD\V, 744 669 84< 745
/LIH#WDEOH#WHVW 3Û31778 3Û3186; 3Û3179; 3Û31788###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31844 3Û318;; 3Û31769 3Û3187:###
&RFKUDQ0$UPLWDJH#WHVW 3Û31638##########################################
)LVKHU#H[DFW#WHVW 3Û31833 3Û314;4 3Û3166<###

+7,7HUPLQDO#VDFULILFH
1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#DGUHQDO#JODQG/D

FOLWRUDO#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#FKDPEHU#FRQWURO#LQFLGHQFH#DUH#WKH#3#YDOXHV#DVVRFLDWHG#ZLWK#WKH#WUHQG#WHVW1##%HQHDWK#WKH#H[SRVHG#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#G

WR#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#WKH#FKDPEHU#FRQWUROV#DQG#WKDW#H[SRVHG#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#DQ#H[SRVXUH#JURXS#LV#LQGLFDWHG#E\#11
1RW#DSSOLFDEOH>#QR#QHRSODVPV#LQ#DQLPDO#JURXSH
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+LVWRULFDO#,QFLGHQFH#RI#0DPPDU\#*ODQG#1HRSODVPV#LQ#&KDPEHU#&RQWURO#)HPDOH#)67721#5DWVD

,QFLGHQFH#LQ#&RQWUROV

6WXG\ )LEURDGHQRPD $GHQRPD &DUFLQRPD )LEURDGHQRPD/#$GHQRPD/
RU#&DUFLQRPD

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#3DFLILF#1RUWKZHVW#/DERUDWRULHV

&65#+R0&KORUREHQ]DOPDORQRQLWULOH, 49283 3283 4283 4:283
$FHWRQLWULOH 4927; 327; 527; 4:27;
50&KORURDFHWRSKHQRQH 45283 3283 5283 46283
O0(SLQHSKULQH#+\GURFKORULGH 43283 3283 5283 44283
&KORURHWKDQH 44283 5283 3283 46283
+H[DFKORURF\FORSHQWDGLHQH 45283 3283 6283 47283
2]RQH 53283 4283 7283 56283

7RWDO <:267;#+5:1<(, 6267;#+31<(, 47267;#+713(, 43;267;#+6413(,
6WDQGDUG#GHYLDWLRQ :16( 419( 519( ;14(
5DQJH 53(073( 3(07( 3(0;( 55(079(

2YHUDOO#+LVWRULFDO#,QFLGHQFH

7RWDO 4;32986#+5:19(, ;2986#+415(, 582986#+61;(, 5352986#+631<(,
6WDQGDUG#GHYLDWLRQ :1:( 418( 51:( <14(
5DQJH 49(075( 3(07( 3(0;( 49(079(

'DWD#DV#RI#45#0D\#4<<8D
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\
RI#7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
0RULEXQG 4; 55 4< 4<
1DWXUDO#GHDWKV : 6 8 8

6XUYLYRUV
7HUPLQDO#VDFULILFH 58 58 59 59

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

$OLPHQWDU\#6\VWHP
,QWHVWLQH#ODUJH/#FRORQ +7:, +7<, +7<, +79,
3DUDVLWH#PHWD]RDQ ##4 +5(,## ##4 +5(,## ##8 +43(,# ##: +48(,#

,QWHVWLQH#ODUJH/#UHFWXP +7;, +83, +83, +7:,
3DUDVLWH#PHWD]RDQ ##9 +46(,# ##5 +7(,## ##9 +45(,# ##8 +44(,#

,QWHVWLQH#ODUJH/#FHFXP +7:, +7<, +79, +78,
3DUDVLWH#PHWD]RDQ ##5 +7(,## ##6 +9(,## ##7 +<(,## ##: +49(,#
8OFHU ### ###### ##4 +5(,## ### ###### ### ######

,QWHVWLQH#VPDOO/#LOHXP +78, +7<, +79, +78,
3DUDVLWH#PHWD]RDQ ### ###### ### ###### ### ###### ##4 +5(,##

/LYHU +83, +7<, +83, +83,
$QJLHFWDVLV ##6 +9(,## ##7 +;(,## ##4 +5(,## ### ######
%DVRSKLOLF#IRFXV ##9 +45(,# ##5 +7(,## ### ###### ##9 +45(,#
&OHDU#FHOO#IRFXV ##9 +45(,# ##: +47(,# ### ###### ##9 +45(,#
'HJHQHUDWLRQ/#F\VWLF ##5 +7(,## ### ###### ### ###### ##5 +7(,##
+HPRUUKDJH ### ###### ##4 +5(,## ### ###### ### ######
+HSDWRGLDSKUDJPDWLF#QRGXOH ##9 +45(,# ##8 +43(,# ##6 +9(,## #43 +53(,#
+\SHUSODVLD/#UHWLFXOXP#FHOO ##5 +7(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ##5 +7(,## ### ###### ### ######
9DFXROL]DWLRQ#F\WRSODVPLF ##: +47(,# #49 +66(,# #45 +57(,# ##6 +9(,##
%LOH#GXFW/#K\SHUSODVLD ### ###### ### ###### ### ###### ##4 +5(,##
+HSDWRF\WH/#QHFURVLV ##5 +7(,## ##4 +5(,## ##4 +5(,## ##6 +9(,##
+HSDWRF\WH/#UHJHQHUDWLRQ ### ###### ##4 +5(,## ### ###### ### ######
6HURVD/#ILEURVLV ##4 +5(,## ### ###### ### ###### ### ######

0HVHQWHU\ #+9, #+<, #+<, #+6,
)DW/#LQIODPPDWLRQ/#JUDQXORPDWRXV ##5 +66(,# ### ###### ### ###### ##4 +66(,#
)DW/#PLQHUDOL]DWLRQ ### ###### ##4 +44(,# ### ###### ### ######
)DW/#QHFURVLV ##7 +9:(,# ##; +;<(,# ##: +:;(,# ##5 +9:(,#

2UDO#PXFRVD #### #### #+4, ####
+\SHUSODVLD ### ###### ### ###### ##4 +433(, ### ######

3DQFUHDV +7;, +83, +83, +7<,
$WURSK\ ##6 +9(,## ##9 +45(,# ##7 +;(,## ##: +47(,#

6WRPDFK/#IRUHVWRPDFK +7<, +7<, +83, +7<,
+\SHUNHUDWRVLV ##4 +5(,## ##4 +5(,## ##4 +5(,## ##4 +5(,##
+\SHUSODVLD ##9 +45(,# ##: +47(,# ##6 +9(,## ##6 +9(,##
,QIODPPDWLRQ/#VXSSXUDWLYH ##4 +5(,## ##6 +9(,## ### ###### ##5 +7(,##
1HFURVLV ### ###### ##4 +5(,## ### ###### ### ######
8OFHU ##5 +7(,## ##8 +43(,# ##4 +5(,## ##5 +7(,##

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#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\
RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$OLPHQWDU\#6\VWHP#+FRQWLQXHG,
6WRPDFK/#JODQGXODU +7<, +7<, +83, +7<,
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ##4 +5(,##
1HFURVLV ##4 +5(,## ### ###### ### ###### ### ######
8OFHU ##5 +7(,## ### ###### ##5 +7(,## ### ######

7RRWK +4,
'HYHORSPHQWDO#PDOIRUPDWLRQ 4 +433(,

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO +83, +83, +83, +83,
$RUWD/#WKURPERVLV 4 +5(,

+HDUW +83, +83, +83, +83,
&DUGLRP\RSDWK\ 4 +5(, 4 +5(,
$WULXP/#WKURPERVLV 5 +7(, 4 +5(, 4 +5(,
(QGRFDUGLXP/#KHPRUUKDJH 4 +5(,
(QGRFDUGLXP/#DWULXP/#ILEURVLV 4 +5(,

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +83, +83, +83,
+HPRUUKDJH 4 +5(, 4 +5(,
1HFURVLV 4 +5(,
9DFXROL]DWLRQ#F\WRSODVPLF 9 +45(, 43 +53(, : +47(, 44 +55(,
=RQD#UHWLFXODULV/#SLJPHQWDWLRQ 4 +5(,

$GUHQDO#PHGXOOD +83, +83, +7<, +83,
+HPRUUKDJH 4 +5(,
+\SHUSODVLD 7 +;(, 5 +7(, < +4;(, 9 +45(,
1HFURVLV 4 +5(,

3DQFUHDWLF#LVOHWV +7;, +83, +83, +7<,
+\SHUSODVLD 4 +5(,

3DUDWK\URLG#JODQG +76, +76, +79, +75,
+\SHUSODVLD 4 +5(, 5 +8(,

3LWXLWDU\#JODQG +7<, +7<, +83, +83,
&\VW < +4;(, 9 +45(, 7 +;(, 9 +45(,
+HPRUUKDJH 5 +7(, 4 +5(, 4 +5(,
3DUV#GLVWDOLV/#K\SHUSODVLD 8 +43(, 6 +9(, 9 +45(, 5 +7(,
3DUV#LQWHUPHGLD/#K\SHUSODVLD 4 +5(,
3DUV#QHUYRVD/#F\VW 4 +5(,

7K\URLG#JODQG +7;, +83, +83, +7<,
8OWLPREUDQFKLDO#F\VW 4 +5(, 4 +5(,
&0FHOO/#K\SHUSODVLD 8 +43(, 9 +45(, : +47(, 43 +53(,

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####
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7$%/(#%8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\
RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

*HQLWDO#6\VWHP
&OLWRUDO#JODQG +7;, +7;, +79, +7<,
&\VW 4 +5(, 4 +5(,
+\SHUSODVLD 4 +5(, 7 +;(, 6 +:(, 4 +5(,
,QIODPPDWLRQ/#FKURQLF 5 +7(, 6 +9(,
,QIODPPDWLRQ/#JUDQXORPDWRXV 4 +5(,
,QIODPPDWLRQ/#VXSSXUDWLYH 5 +7(, 6 +9(, 6 +:(, 5 +7(,

2YDU\ +83, +83, +83, +83,
&\VW < +4;(, 6 +9(, 8 +43(, 7 +;(,
%LODWHUDO/#F\VW 4 +5(,

8WHUXV +83, +83, +83, +83,
$WURSK\ 5 +7(,

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +7<, +83, +83, +83,
+\SHUSODVLD/#UHWLFXOXP#FHOO 6 +9(, 4 +5(, 4 +5(,
0\HORILEURVLV 4 +5(, 5 +7(,

/\PSK#QRGH +:, +:, +9, +8,
,OLDF/#K\SHUSODVLD/#KLVWLRF\WLF 4 +47(,
,OLDF/#K\SHUSODVLD/#O\PSKRLG 5 +5<(,
,OLDF/#SLJPHQWDWLRQ 4 +47(,
/XPEDU/#SLJPHQWDWLRQ 4 +47(,
3DQFUHDWLF/#SLJPHQWDWLRQ 4 +47(,
5HQDO/#K\SHUSODVLD/#O\PSKRLG 5 +5<(,

/\PSK#QRGH/#EURQFKLDO +79, +78, +74, +78,
+HPRUUKDJH 4 +5(, 4 +5(,

/\PSK#QRGH/#PDQGLEXODU +78, +7:, +7;, +77,
+\SHUSODVLD/#O\PSKRLG 4 +5(,
,QILOWUDWLRQ#FHOOXODU/#KLVWLRF\WH 4 +5(,

/\PSK#QRGH/#PHVHQWHULF +7;, +83, +83, +83,
+HPRUUKDJH 4 +5(,
,QIODPPDWLRQ/#VXSSXUDWLYH 4 +5(,
1HFURVLV 4 +5(,

/\PSK#QRGH/#PHGLDVWLQDO +7;, +7;, +7;, +79,
+HPRUUKDJH 4 +5(, 4 +5(, 4 +5(,
+\SHUSODVLD/#O\PSKRLG 4 +5(,
,QIODPPDWLRQ/#VXSSXUDWLYH 4 +5(,
3LJPHQWDWLRQ 4 +5(,

6SOHHQ +83, +83, +83, +83,
$FFHVVRU\#VSOHHQ 4 +5(,
$QJLHFWDVLV 4 +5(,
)LEURVLV 4 +5(, 4 +5(, 6 +9(,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 6 +9(, 4 +5(, 4 +5(,
+HPRUUKDJH 5 +7(, 6 +9(, 4 +5(,
1HFURVLV 5 +7(, 4 +5(, 5 +7(,
3LJPHQWDWLRQ 4 +5(,

7K\PXV +83, +83, +7<, +7;,
&\VW 4 +5(, 4 +5(, 4 +5(,
+\SHUSODVLD/#O\PSKRLG 4 +5(,
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7$%/(#%8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\
RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +83, +83, +83, +83,
*DODFWRFHOH 6 +9(, 4 +5(,
+\SHUSODVLD 4 +5(,
,QIODPPDWLRQ/#VXSSXUDWLYH 4 +5(,
'XFW/#GLODWDWLRQ 4 +5(,
'XFW/#PHWDSODVLD/#VTXDPRXV 4 +5(,
(SLWKHOLXP/#K\SHUSODVLD 4 +5(,

6NLQ +83, +83, +83, +83,
+\SHUNHUDWRVLV 6 +9(,
+\SHUSODVLD 4 +5(,
,QIODPPDWLRQ/#VXSSXUDWLYH 4 +5(,
8OFHU 5 +7(, 6 +9(, 4 +5(,
(SLGHUPLV/#F\VW 5 +7(,

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +83, +83, +83,
)LEURVLV 4 +5(,
&DUWLODJH/#VWHUQXP/#GHJHQHUDWLRQ/#PXFRLG 4 +5(,

1HUYRXV#6\VWHP
%UDLQ +83, +83, +83, +83,
*OLRVLV 4 +5(,
+HPRUUKDJH 9 +45(, 6 +9(, 8 +43(, 8 +43(,
1HFURVLV 4 +5(,
0HQLQJHV/#K\SHUSODVLD 4 +5(,
9HQWULFOH/#K\GURFHSKDOXV 8 +43(, ; +49(, ; +49(, 4 +5(,

5HVSLUDWRU\#6\VWHP
/DU\Q[ +83, +83, +7;, +7;,
)RUHLJQ#ERG\ 9 +45(, 5 +7(, 9 +46(, : +48(,
,QIODPPDWLRQ/#VXSSXUDWLYH 6 +9(, 4 +5(, 4 +5(,
(SLJORWWLV/#PHWDSODVLD/#VTXDPRXV 4 +5(, 4 +5(,
(SLWKHOLXP/#K\SHUSODVLD 6 +9(, 6 +9(, 6 +9(, ; +4:(,
(SLWKHOLXP/#PHWDSODVLD/#VTXDPRXV 5 +7(, 4 +5(, 5 +7(, 8 +43(,
*ODQGV/#LQIODPPDWLRQ/#VXSSXUDWLYH 6 +9(, 4 +5(, 4 +5(,

/XQJ +83, +83, +7<, +83,
+HPRUUKDJH ; +49(, 48 +63(, 44 +55(, 43 +53(,
,QIODPPDWLRQ/#JUDQXORPDWRXV 4 +5(,
$OYHRODU#HSLWKHOLXP/#ILEURVLV 4 +5(,
$OYHRODU#HSLWKHOLXP/#K\SHUSODVLD 5 +7(, 6 +9(, 4 +5(,
$OYHRODU#HSLWKHOLXP/#LQILOWUDWLRQ#FHOOXODU/
##KLVWLRF\WH 8 +43(, 6 +9(, 7 +;(, 5 +7(,
$OYHRODU#HSLWKHOLXP/#SLJPHQWDWLRQ 4 +5(,
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7$%/(#%8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\
RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

5HVSLUDWRU\#6\VWHP#+FRQWLQXHG,
1RVH +7<, +7<, +83, +7<,
)RUHLJQ#ERG\ 4 +5(, 6 +9(, 6 +9(, 5 +7(,
,QIODPPDWLRQ/#VXSSXUDWLYH 5 +7(, 7 +;(, 7 +;(, 6 +9(,
*REOHW#FHOO/#UHVSLUDWRU\#HSLWKHOLXP/
##K\SHUWURSK\ 4 +5(, 4 +5(,
1DVRODFULPDO#GXFW/#LQIODPPDWLRQ/
##VXSSXUDWLYH 7 +;(, 5 +7(, 4 +5(,
1DVRSKDU\QJHDO#GXFW/#K\SHUSODVLD 4 +5(,
2OIDFWRU\#HSLWKHOLXP/#PHWDSODVLD 4 +5(,
2OIDFWRU\#HSLWKHOLXP/#PHWDSODVLD/
##VTXDPRXV 4 +5(,
5HVSLUDWRU\#HSLWKHOLXP/#K\SHUSODVLD 4 +5(, 4 +5(,
5HVSLUDWRU\#HSLWKHOLXP/#PHWDSODVLD/
##VTXDPRXV 4 +5(, 4 +5(,

6SHFLDO#6HQVHV#6\VWHP
(\H +6, +6, +4, +6,
$WURSK\ 4 +66(,
&DWDUDFW 4 +66(, 5 +9:(, 4 +433(, 5 +9:(,
%LODWHUDO/#FDWDUDFW 4 +66(,
&RUQHD/#K\SHUSODVLD 4 +66(,

8ULQDU\#6\VWHP
.LGQH\ +83, +83, +83, +83,
&\VW 5 +7(, 4 +5(,
1HSKURSDWK\/#FKURQLF 7; +<9(, 77 +;;(, 76 +;9(, 75 +;7(,
&RUWH[/#QHFURVLV 4 +5(,
3DSLOOD/#QHFURVLV 4 +5(,
3HOYLV/#GLODWDWLRQ 4 +5(,
5HQDO#WXEXOH/#GHJHQHUDWLRQ 4 +5(,
5HQDO#WXEXOH/#PLQHUDOL]DWLRQ 7: +<7(, 79 +<5(, 83 +433(, 79 +<5(,
5HQDO#WXEXOH/#SLJPHQWDWLRQ 4 +5(,

8ULQDU\#EODGGHU +7<, +83, +83, +7<,
+HPRUUKDJH 4 +5(, 4 +5(,
,QIODPPDWLRQ/#VXSSXUDWLYH 4 +5(,
8OFHU 4 +5(,
7UDQVLWLRQDO#HSLWKHOLXP/#K\SHUSODVLD 5 +7(, 4 +5(,
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466

$33(1',;#&
6800$5<#2)#/(6,216#,1#0$/(#0,&(
,1#7+(#50<($5#,1+$/$7,21#678'<

2)#7(75$+<'52)85$1

7$%/(#&4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#0LFH#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467

7$%/(#&5 ,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 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;

7$%/(#&6 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#0LFH#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 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;

7$%/(#&7D +LVWRULFDO#,QFLGHQFH#RI#+HSDWRFHOOXODU#1HRSODVPV##
LQ#&KDPEHU#&RQWURO#0DOH#%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 4954

7$%/(#&7E +LVWRULFDO#,QFLGHQFH#RI#$OYHRODU2EURQFKLRODU#1HRSODVPV
LQ#&KDPEHU#&RQWURO#0DOH#%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 4954

7$%/(#&8 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#0LFH#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 496
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7$%/(#&4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
0RULEXQG 44 45 4; 57
1DWXUDO#GHDWKV : : 7 47

6XUYLYRUV
7HUPLQDO#VDFULILFH 65 64 5; 45

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

$OLPHQWDU\#6\VWHP
*DOOEODGGHU +75, +79, +77, +6;,
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +5(,## ### ###### ### ######

,QWHVWLQH#VPDOO/#MHMXQXP +78, +78, +79, +6:,
&DUFLQRPD ##4 +5(,## ### ###### ##4 +5(,## ##4 +6(,##

,QWHVWLQH#VPDOO/#LOHXP +79, +79, +79, +73,
/LYHU +83, +83, +83, +83,
&KRODQJLRFDUFLQRPD ### ###### ##4 +5(,## ### ###### ### ######
+HPDQJLRVDUFRPD ##4 +5(,## ##4 +5(,## ##5 +7(,## ### ######
+HSDWRFHOOXODU#FDUFLQRPD #43 +53(,# ##< +4;(,# ##; +49(,# ##8 +43(,#
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH ##7 +;(,## ##7 +;(,## ##9 +45(,# ##7 +;(,##
+HSDWRFHOOXODU#DGHQRPD #4< +6;(,# #47 +5;(,# #47 +5;(,# ##< +4;(,#
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH ##8 +43(,# ##8 +43(,# ##5 +7(,## ##8 +43(,#
+HSDWRFKRODQJLRFDUFLQRPD ##6 +9(,## ### ###### ##4 +5(,## ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +5(,## ### ######

0HVHQWHU\ #+6, #+6, #+5, ####
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +66(,# ### ###### ### ######
+HPDQJLRPD ### ###### ### ###### ##4 +83(,# ### ######
+HPDQJLRVDUFRPD ### ###### ##4 +66(,# ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +66(,# ### ###### ### ###### ### ######

3DQFUHDV +7;, +7;, +79, +7;,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ### ###### ### ###### ### ######

6DOLYDU\#JODQGV +83, +83, +83, +83,
7RRWK #### #+4, #+5, ####
2GRQWRPD ### ###### ### ###### ##4 +83(,# ### ######

&DUGLRYDVFXODU#6\VWHP
+HDUW +7<, +83, +83, +83,
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +5(,## ### ###### ### ######
+HPDQJLRVDUFRPD ### ###### ##4 +5(,## ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ### ###### ### ###### ### ######

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +7;, +83, +7<, +83,
$GHQRPD ##6 +9(,## ##4 +5(,## ### ###### ### ######

$GUHQDO#PHGXOOD +7;, +83, +7<, +83,
3KHRFKURPRF\WRPD#EHQLJQ ##4 +5(,## ### ###### ##4 +5(,## ### ######

,VOHWV/#SDQFUHDWLF +7;, +7;, +79, +7;,
$GHQRPD ### ###### ### ###### ### ###### ##4 +5(,##
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7$%/(#&4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

(QGRFULQH#6\VWHP#+FRQWLQXHG,
3LWXLWDU\#JODQG +78, +7:, +78, +7:,
3DUV#GLVWDOLV/#DGHQRPD ##4 +5(,## ### ###### ##4 +5(,## ### ######

7K\URLG#JODQG +7<, +83, +7<, +7<,
)ROOLFXODU#FHOO/#DGHQRPD ##7 +;(,## ### ###### ##4 +5(,## ##4 +5(,##

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####

*HQLWDO#6\VWHP
(SLGLG\PLV +7<, +83, +83, +83,
&DUFLQRPD/#PHWDVWDWLF/#OXQJ ### ###### ### ###### ##4 +5(,## ### ######
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
6DUFRPD ### ###### ##4 +5(,## ### ###### ### ######

3UHSXWLDO#JODQG +83, +7<, +83, +7;,
3URVWDWH +7;, +76, +77, +7:,
6HPLQDO#YHVLFOH +7;, +7;, +79, +79,
6DUFRPD ##4 +5(,## ### ###### ### ###### ### ######

7HVWHV +83, +83, +83, +83,
+HPDQJLRPD ##4 +5(,## ### ###### ### ###### ### ######
,QWHUVWLWLDO#FHOO/#DGHQRPD ### ###### ##4 +5(,## ### ###### ### ######

+HPDWRSRLHWLF#6\VWHP
/\PSK#QRGH/#EURQFKLDO +66, +65, +69, +59,
&DUFLQRPD/#PHWDVWDWLF/#OXQJ ### ###### ### ###### ##4 +6(,## ### ######
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +6(,## ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +6(,## ### ###### ### ###### ### ######

/\PSK#QRGH/#PHVHQWHULF +7:, +7;, +79, +74,
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +5(,## ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +5(,## ### ######

/\PSK#QRGH/#PHGLDVWLQDO +69, +73, +6<, +65,
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +6(,## ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##5 +9(,## ### ###### ### ###### ### ######

6SOHHQ +7;, +7<, +7:, +7<,
+HPDQJLRVDUFRPD ### ###### ### ###### ##4 +5(,## ### ######

7K\PXV +68, +6:, +67, +69,
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +6(,## ### ###### ### ######

,QWHJXPHQWDU\#6\VWHP
6NLQ +7:, +83, +7;, +83,
3UHSXFH/#VDUFRPD ### ###### ##4 +5(,## ### ###### ### ######
6XEFXWDQHRXV#WLVVXH/#KHPDQJLRVDUFRPD ### ###### ### ###### ### ###### ##4 +5(,##
6XEFXWDQHRXV#WLVVXH/#VDUFRPD/#PHWDVWDWLF/# ### ###### ### ###### ### ###### ### ######
###HSLGLG\PLV ### ###### ##4 +5(,## ### ###### ### ######
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +83, +83, +83,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ### ###### ### ###### ### ######

6NHOHWDO#PXVFOH #+5, #+4, #### ####
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +433(, ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##5 +433(, ### ###### ### ###### ### ######

1HUYRXV#6\VWHP
1RQH #### #### #### ####

5HVSLUDWRU\#6\VWHP
/DU\Q[ +7;, +7<, +7;, +7;,
/XQJ +83, +83, +83, +83,
$OYHRODU2EURQFKLRODU#DGHQRPD #49 +65(,# ##9 +45(,# ##: +47(,# ##7 +;(,##
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH ##5 +7(,## ##4 +5(,## ##4 +5(,## ### ######
$OYHRODU2EURQFKLRODU#FDUFLQRPD ##9 +45(,# ##< +4;(,# ##9 +45(,# ##6 +9(,##
&DUFLQRPD ### ###### ### ###### ##4 +5(,## ### ######
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG ##4 +5(,## ### ###### ### ###### ### ######
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +5(,## ### ###### ### ######
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VNLQ ### ###### ### ###### ### ###### ##4 +5(,##
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ##4 +5(,## ##6 +9(,## ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##5 +7(,## ### ###### ##4 +5(,## ### ######
0HGLDVWLQXP/#KHPDQJLRVDUFRPD ### ###### ##4 +5(,## ### ###### ### ######
0HGLDVWLQXP/#KHSDWRFKRODQJLRFDUFLQRPD/# ### ###### ### ###### ### ###### ### ######
###PHWDVWDWLF/#OLYHU ##5 +7(,## ### ###### ### ###### ### ######

6SHFLDO#6HQVHV#6\VWHP
+DUGHULDQ#JODQG #+7, #+7, #+7, #+6,
$GHQRPD ##4 +58(,# ##6 +:8(,# ##6 +:8(,# ##4 +66(,#
&DUFLQRPD ##6 +:8(,# ### ###### ### ###### ##4 +66(,#

8ULQDU\#6\VWHP
.LGQH\ +7<, +83, +7<, +83,
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +5(,## ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ### ###### ### ###### ### ######
5HQDO#WXEXOH/#DGHQRPD ##4 +5(,## ### ###### ### ###### ### ######

8ULQDU\#EODGGHU +7;, +7<, +79, +7;,

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV +83, +83, +83, +83,E

+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ##4 +5(,## ### ######
/\PSKRPD#PDOLJQDQW ##5 +7(,## ##4 +5(,## ##5 +7(,## ### ######
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

1HRSODVP#6XPPDU\
7RWDO#DQLPDOV#ZLWK#SULPDU\#QHRSODVPV 7: 6< 77 54F

7RWDO#SULPDU\#QHRSODVPV ;9 94 94 69
7RWDO#DQLPDOV#ZLWK#EHQLJQ#QHRSODVPV 69 5: 59 4:
7RWDO#EHQLJQ#QHRSODVPV 87 64 65 54

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV 57 58 59 45
7RWDO#PDOLJQDQW#QHRSODVPV 65 63 5< 48

7RWDO#DQLPDOV#ZLWK#PHWDVWDWLF#QHRSODVPV 7 6 8 4
7RWDO#PHWDVWDWLF#QHRSODVPV 4: 45 9 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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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&RQWURO#

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

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

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

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

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#LOHXP $ $ $ . $ . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # ;
+HSDWRFHOOXODU#FDUFLQRPD # # ; # ; # # # # # ; # # # ; # # ; # # # # # # ;
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # ; # # ; # # # # # ; # # # # # # # # # # # #
+HSDWRFHOOXODU#DGHQRPD ; ; # # # # # # # # ; # # ; ; # # # # ; # # # ; #
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # ; # # # ; # # # # # # # # # # ; # #
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # ; # # # # # # # # # # # #

0HVHQWHU\ # # # # # # # # # # # # # # # # # # # # . # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # #

3DQFUHDV 0 $ . . . . . . . . . . . . . . . . . . . . . . .
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #

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

&DUGLRYDVFXODU#6\VWHP#####################
+HDUW $ . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #

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

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

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # #
,VOHWV/#SDQFUHDWLF 0 $ . . . . . . . . . . . . . . . . . . . . . . .
3DUDWK\URLG#JODQG 0 0 . . . . . . . . . . . . . 0 . . . . . . . . .
3LWXLWDU\#JODQG $ . . . , . 0 . . . . . . . . . 0 . . . . . . . .

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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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&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 7 9 9 9 9 9 9 9 9 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 7RWDO
&DUFDVV#,'#1XPEHU 7 7 8 3 3 3 4 4 6 6 6 7 3 4 4 4 4 6 7 7 7 3 4 5 5 7LVVXHV2

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 7<
*DOOEODGGHU . . . . . . . . . . . . . . . . . . . . . 0 . 0 . 75
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . 0 . . . . 0 . . . . 77
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 77
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 78

&DUFLQRPD # # # # # # # # # # # # # # # # # # # ; # # # # # #4
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD # ; # # ; # # # # # ; ; # # # # # # # # # # # # # 43
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # ; # # # # # # # # # # # #7
+HSDWRFHOOXODU#DGHQRPD # # ; # ; # ; # # ; # # ; # ; ; ; # ; ; # ; # # ; 4<
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # ; # # # # # # # # # # # # # # # # ; # # # # #8
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # ; # # # # # # # # # # # ; # # # # # #6

0HVHQWHU\ # # # # # # # . # # # # # # # # # # # # # # . # # #6
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # ; # # # # # # # # # # # # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 7;
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 7<
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7;

&DUGLRYDVFXODU#6\VWHP#####################
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 7;

$GHQRPD # # # # # # # # # ; # # # # # # # # ; # # # # # # #6
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 7;

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # ; # # # # # # # #4
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 7;
3DUDWK\URLG#JODQG . 0 . . . . . . 0 . 0 . . . 0 . 0 . , . . . . 0 0 6<
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . 0 . . . . . 78

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # # # # # # ; # # # # # # # # # #4
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # ; # ; # # # # # ; # # # # # # ; # #7

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##
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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&RQWURO#+FRQWLQXHG,

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

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

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

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
3HQLV . # # # # # # # # # # # # # # # # # # # # # # # #
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
3URVWDWH $ $ . . . . . . . . . . . . . . . . . . . . . . .
6HPLQDO#YHVLFOH $ $ . . . . . . . . . . . . . . . . . . . . . . .

6DUFRPD # # # # # # # # # ; # # # # # # # # # # # # # # #
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRPD # # # # # # # # # # # # # # # ; # # # # # # # # #

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

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . 0 . 0 . 0 0 . . . . . . .
/\PSK#QRGH/#PHVHQWHULF $ 0 . . . . . . . . . . . . . . 0 . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH/#PHGLDVWLQDO 0 0 . 0 0 . 0 0 0 . . . . . . . 0 . . . . . . . 0

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #
6SOHHQ 0 $ . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV $ . . . . . . 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 0 0 0 0 0 0 0
6NLQ . , . . . 0 . . . . . 0 . . . . . . . . . . . . .

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

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #
6NHOHWDO#PXVFOH # # # # # # # # # # # # . # # # # # # # # # # # #

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ $ $ . . . . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # ; # # # # # # # ; # ; # # # ; ; # ; #
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # ##########
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # ; # # # # # # # # # # # # # # # # # # ; #
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # ; # # # # # # # # # # # # # # # # # # #########
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # ; # # # # # # # # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #
0HGLDVWLQXP/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # ########
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # ################

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



7HWUDK\GURIXUDQ/#173#75#7:8 474

7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&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 7 9 9 9 9 9 9 9 9 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 7RWDO
&DUFDVV#,'#1XPEHU 7 7 8 3 3 3 4 4 6 6 6 7 3 4 4 4 4 6 7 7 7 3 4 5 5 7LVVXHV2

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

*HQLWDO#6\VWHP############################
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # # #4
3HQLV # # # # # # # # # # # # # # # # # # # # # # # # # #4
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . . 7;
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 7;

6DUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/\PSK#QRGH # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#EURQFKLDO . . . 0 . 0 . 0 0 0 . 0 . . . . 0 . . . . 0 . . . 66

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#PDQGLEXODU . . 0 . . . . . . . . . 0 . . . . . 0 0 . . . . . 75
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 7:

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # ; # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . . . 0 . . 0 0 0 . . . . . 0 . . 69

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # ; # # # # # # # # # # # # # # # # # #5
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 7;
7K\PXV . 0 0 . . . . 0 . 0 . 0 . . . . . . . . . . . . , 68

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0#
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 7:

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

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
6NHOHWDO#PXVFOH # # # # # # # . # # # # # # # # # # # # # # # # # #5

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # ; # # # # # # # # # # # # # # # # # #5

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 7;
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # ; ; ; # # ; # ; ; # # # # # # # # ; ; ; # # # ; 49
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # ; # # # ; # # # # # ### 5
$OYHRODU2EURQFKLRODU#FDUFLQRPD # ; # # # # # # # # # # ; ; # # # # # # # # ; # # #9
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # ## 4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # ; # # # # # # # # # # # # # # # # # #5
0HGLDVWLQXP/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # #########
##PHWDVWDWLF/#OLYHU # # # # # # # ; # # # # # # # # # # # # # ##### 5

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 7;
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 7;
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&RQWURO#+FRQWLQXHG,

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

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

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

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

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

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

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ; # # # # # # # # # # # #
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

8ULQDU\#EODGGHU $ $ . . . . . . . . . . . . . . . . . . . . . . .

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/\PSKRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&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 7 9 9 9 9 9 9 9 9 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 7RWDO
&DUFDVV#,'#1XPEHU 7 7 8 3 3 3 4 4 6 6 6 7 3 4 4 4 4 6 7 7 7 3 4 5 5 7LVVXHV2

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

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #7

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
5HQDO#WXEXOH/#DGHQRPD # # # # # # # # # # # # ; # # # # # # # # # # # # #4

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 7;

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

+LVWLRF\WLF#VDUFRPD # ; 4
/\PSKRPD#PDOLJQDQW ; ; 5
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP#

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

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

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 4 4 3 5 6 5 6 7 7 5 6 5 7 4 7 6 4 6 3 5 7 7 3 3

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . 0 . . .
*DOOEODGGHU . $ 0 . . . . . . . $ . . . . . . . . . . . . . .

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # ; # # # # # # # # # # # # # # # # # # # # #
,QWHVWLQH#ODUJH/#FRORQ . $ . . . . . . . . $ . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . $ $ . . . . . . . $ . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . $ $ . . . . . . . $ . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . $ $ . . $ . . . $ $ . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . $ $ . . $ . . . $ $ . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . $ $ . . $ . . . . $ . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

&KRODQJLRFDUFLQRPD # # # ; # # # # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # ; # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD # # # ; ; ; # # ; ; # # # ; # # ; # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # ; # # # ; ; # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#DGHQRPD # ; # # # # # # # # ; # ; # # ; # # # ; ; # ; # ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #

0HVHQWHU\ # # # . # # # # # # # # # # # # # # # # # # # # #
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # ; # # # # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

3DQFUHDV . $ . . . . . . . . $ . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . $ . . . . . . . . $ . . . . . . . . . . . . . .
7RRWK # # # # # # # # # # # # # # # # # # . # # # # # #

&DUGLRYDVFXODU#6\VWHP#####################
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # ; # # # # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # ; # # # # # # #

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

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .
,VOHWV/#SDQFUHDWLF . $ . . . . . . . . $ . . . . . . . . . . . . . .
3DUDWK\URLG#JODQG . . . 0 . 0 0 . , . . . . 0 0 . . . 0 . 0 0 . . .
3LWXLWDU\#JODQG . , . . . . . . . . 0 . . . . . . . . . . . . . .
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

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

6DUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
3HQLV . # # # # # # # # # # # # # # # # # # # # # # # #
3UHSXWLDO#JODQG . . . . . . . . . . . . . 0 . . . . . . . . . . .
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . 0
6HPLQDO#YHVLFOH . $ . . . . . . . . $ . . . . . . . . . . . . . .
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .

,QWHUVWLWLDO#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+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 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 3 4 5 5 6 6 6 3 3 3 4 4 4 5 6 7 3 4 4 5 5 7 7 7 8 7LVVXHV2

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 7<
*DOOEODGGHU . . . . . 0 . . . . . . . . . . . . . . . . . . . 79

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . 0 0 . . . . . . . . . . . 78
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

&KRODQJLRFDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD # # ; # ; # # # # # # # # # # # # # # # # # # # # #<
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # ; # # # # # # # #7
+HSDWRFHOOXODU#DGHQRPD # ; # ; # # # # # ; # # # # ; # ; # # # ; # # # # 47
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # ; # # # ; # # # ; # ; # # # # # # # # # ; # # #8

0HVHQWHU\ # # # # . # # # # # # # # # # # # # . # # # # # # #6
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # ; # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 7;
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7;
7RRWK # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

$GHQRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 83
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 7;
3DUDWK\URLG#JODQG . 0 . 0 . . , 0 0 . . . . 0 0 . . . . 0 . . . . 0 65
3LWXLWDU\#JODQG . . . . 0 . . . . . . . . . . . . . . . . . . . . 7:
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

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

6DUFRPD # # # # ; # # # # # # # # # # # # # # # # # # # # #4
3HQLV # # # # . # # # # # # # # # # # # # # # # # # # # #5
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<
3URVWDWH . . 0 . . . 0 . 0 . . . 0 . . . . 0 0 . . . . . . 76
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 7;
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83

,QWHUVWLWLDO#FHOO/#DGHQRPD # # # ; # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+FRQWLQXHG,

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

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

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 4 4 3 5 6 5 6 7 7 5 6 5 7 4 7 6 4 6 3 5 7 7 3 3

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

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

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # ; # # # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH/#PDQGLEXODU . . . . 0 . . . . . . 0 . 0 . . . . 0 . . . . . .
/\PSK#QRGH/#PHVHQWHULF . $ . . . . . . . . $ . . . . . . . . . . . . . .

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # ; # # # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH/#PHGLDVWLQDO 0 0 0 . . . 0 . . 0 . . . 0 . , . 0 . . . . . . .

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # ; # # # # # # # # # # # # # # # # # # # # #
6SOHHQ . . . . . . . . . . $ . . . . . . . . . . . . . .
7K\PXV . . . . . . 0 . 0 . 0 . 0 . . . . , , . 0 . . . .

&KRODQJLRFDUFLQRPD/#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 0 0 0 0 0 0
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

3UHSXFH/#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # ;
6XEFXWDQHRXV#WLVVXH/#VDUFRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#HSLGLG\PLV # # # # # # # # # # # # # # # # # # # ###################

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

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # ; # # # # # # # # # # # # # # # # # # # # #

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . $ . . . . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # ; # # ; # # # # # # ; # # # # # # #
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # ; # # # # # # ###########
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # ; # # # # # # ; # ; # # # # ; ; # ; # #
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # ; # # # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # ; # # # # # # # # # # # # # # # #
0HGLDVWLQXP/#KHPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # ; # # # # # # #

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

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

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/DFULPDO#JODQG # # # # # # # # # # # # # # # # # # . # # # # # #
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+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 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 3 4 5 5 6 6 6 3 3 3 4 4 4 5 6 7 3 4 4 5 5 7 7 7 8 7LVVXHV2

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

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # # # # # . # # # # # # # # # # # # . # # # # # # #7
/\PSK#QRGH/#EURQFKLDO . . . 0 . 0 . 0 0 . . . 0 0 . . 0 . . 0 . . . 0 . 65

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#PDQGLEXODU . 0 . . . . . 0 . . 0 0 . 0 . . . 0 . . . . . . . 73
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 7;

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#PHGLDVWLQDO . . . . 0 . . . . . . . . . . . . . . 0 . . . . . 73

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
7K\PXV 0 0 0 . 0 . . 0 0 . . . . . . . . . . . . . . . . 6:

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 #5
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

3UHSXFH/#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#VDUFRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#HSLGLG\PLV # # # # ; # # # # # # # # # # # # # # ####### 4

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 83
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # ; # # # # # # # # # # # # # # # # # # # ; # # ; #9
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # ### 4
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # ; # # # # # # # # # ; # # # ; # #<
&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HGLDVWLQXP/#KHPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # . # # # # # # # # # # # . # # # # # # . # #7

$GHQRPD # # # # ; # # # # # # # # # # # ; # # # # # # ; # #6
/DFULPDO#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+FRQWLQXHG,

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

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

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 4 4 3 5 6 5 6 7 7 5 6 5 7 4 7 6 4 6 3 5 7 7 3 3

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

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

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # ; # # # # # # # # # # # # # # # # # # # # #
8UHWHU # # # # # # # # # # # . # # # # # # # # # # # # #
8UHWKUD # . # # # # # # # # # . # # # # # # # # # # # # #
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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+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 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 3 4 5 5 6 6 6 3 3 3 4 4 4 5 6 7 3 4 4 5 5 7 7 7 8 7LVVXHV2

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

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

&KRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
8UHWHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
8UHWKUD # # # # # . # # # # # # # # # # # # # # # # # # # #6
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 7<

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

/\PSKRPD#PDOLJQDQW # ; # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP#

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

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

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

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

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

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#LOHXP $ $ . . $ . . . . . . . . . . . . $ . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD ; # ; ; ; # # # # # # ; # # # # ; # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # ; # ; ; # # # # ; # # ; ; # # # # # #
+HSDWRFHOOXODU#DGHQRPD # ; # # # # # ; # # # # # # # ; # # # # # ; # ; ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # ; # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

0HVHQWHU\ # # # # # # # . # # # # # # # # # # # # # # # # #
+HPDQJLRPD # # # # # # # # # # # # # # # # # # # # # # # # #

3DQFUHDV $ $ . . . . . . . , . . . . . . . $ . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK $ $ . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU $ $ . . $ . . . . . . . . . . . . $ . . . . . . .
7RRWK # # # # # # # # # # # # # # # # # # # . # # # # #

2GRQWRPD # # # # # # # # # # # # # # # # # # # ; # # # # #

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

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

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # ; # # #
,VOHWV/#SDQFUHDWLF $ $ . . . . . . . 0 . . . . . . . $ . . . . . . .
3DUDWK\URLG#JODQG 0 . . . 0 . . 0 . 0 0 0 . 0 . 0 . 0 . . . . . 0 .
3LWXLWDU\#JODQG $ $ . . . . . . 0 . . . . . . . , . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # ; # # # # # # # # # # # # # # # # #
7K\URLG#JODQG . . . . $ . . . . . . . . . . . . . . . . . . . .

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&RDJXODWLQJ#JODQG # # # # # # # # # # # # . # # # # # # # # # # # #
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # ; # # # # # # # # # # # # # # # # # # #
3HQLV . # # # # # # # # . # # # # # # # # # # # # # # #
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
3URVWDWH $ . . . $ . 0 . . . . . . . . . 0 . . . 0 0 . . .
6HPLQDO#YHVLFOH $ $ . . $ . . . . . . . . . . . . $ . . . . . . .
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+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 9 9 9 9 9 9 9 : : :

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

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
*DOOEODGGHU . . . . . . . . . . . 0 . . . . . . . . . . . . . 77
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . 0 . . . . . . . . . 78
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . 0 . . . . . . . . . 78
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 79

&DUFLQRPD ; # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRVDUFRPD ; # # # # # # # # # # # # # # # # ; # # # # # # # #5
+HSDWRFHOOXODU#FDUFLQRPD # # # # # ; # # # # # # # # # # # # # # # # ; # # #;
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #9
+HSDWRFHOOXODU#DGHQRPD ; ; ; # # # # ; # # ; # ; ; # # # # ; # # # # # # 47
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # ; # # ; # # # # # # # # # # # # # #5
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #4

0HVHQWHU\ # # # # # # # # # # # # # # # # . # # # # # # # # #5
+HPDQJLRPD # # # # # # # # # # # # # # # # ; # # # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 79
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 7;
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 79
7RRWK # # # # # # # # . # # # # # # # # # # # # # # # # #5

2GRQWRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 7<

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 79
3DUDWK\URLG#JODQG 0 . . . . . . . . . 0 . . 0 0 . . . 0 0 . . 0 , 0 64
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . 0 . . . . . 78

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&RDJXODWLQJ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # # # # # # # # # #4
3HQLV # # # # # # # # # # # # # # # # # # # # # # # # # #5
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
3URVWDWH . . . . . . . . . . . . . . . . . . . . . . . . . 77
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 79
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+FRQWLQXHG,

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

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

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

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

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

&DUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # ; # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH/#PDQGLEXODU . . . , . . 0 0 . . . . . . . . 0 . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF $ . . . $ . , . . . . . . . . . . $ . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . 0 . . 0 0 0 . . . . 0 0 . . . . . . .
6SOHHQ $ $ . . $ . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
7K\PXV 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 0 0 0 0 0 0 0
6NLQ . . . . . . . . . . 0 . . . . . . . . . . . . . .

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

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . $ . . $ . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # ; # # # # # # # # # # # # # # # # # # ; # #
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # ###########
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # ; # # # # # ; # # #
&DUFLQRPD # # # # # ; # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # ; # ; # # ; # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # ; # # # # # # # # # # # # # #

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

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

$GHQRPD # # # # # # # # # # # # # # # # # # # # # ; # # #

8ULQDU\#6\VWHP############################
.LGQH\ . . . . $ . . . . . . . . . . . . . . . . . . . .
8UHWKUD # # . # # # # # # # # # # # # # # # # # # # # # #
8ULQDU\#EODGGHU $ $ . . $ . . . . . . . . . . . . $ . . . . . . .

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
/\PSKRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+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 9 9 9 9 9 9 9 : : :

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

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

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/\PSK#QRGH # # # # # # # # # # # # # # # # # # # # # # # # # #7
/\PSK#QRGH/#EURQFKLDO . . . . . . . . . . . . . . . . 0 . . . . . . . . 69

&DUFLQRPD/#PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . 0 . . . . . 0 . . 0 . . . . 76
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 79

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #4
/\PSK#QRGH/#PHGLDVWLQDO . . . . . 0 . . . 0 . . . . . . . 0 . 0 . . , . . 6<
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 7:

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # ; # # # # # # # #4
7K\PXV . 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 0 0 0 0 0 0 0 0#
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . 0 7;

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

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 7;
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # ; # # ; # # # # # ; # # # # # # # ; # # ; # #:
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH # # # # # # # ; # # # # # # # # # # # # # # # ### 4
$OYHRODU2EURQFKLRODU#FDUFLQRPD ; # # # ; # # # # # # # # # # # ; # # ; # # # # # #9
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #6
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # # # # # . # # # # # # # # . # #7

$GHQRPD # # # # # # # # # # # # # # ; # # # # # # # # ; # #6

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
8UHWKUD # # # # # # # # # # # # # # # # # # # # # # # # # #4
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 79

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #4
/\PSKRPD#PDOLJQDQW # # # # # # # # # ; ; # # # # # # # # # # # # # # #5
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP#

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

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

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
&DUFDVV#,'#1XPEHU 7 6 4 5 6 3 3 3 3 4 3 8 7 4 4 4 7 7 5 7 3 5 5 6 7

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

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

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
,QWHVWLQH#VPDOO/#LOHXP . $ $ $ . . $ . . $ $ . . $ . $ . . $ . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # ; # #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#DGHQRPD # # # # # # # # # ; # # # # ; # # # # # # # ; # #
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #

3DQFUHDV . . . . . . $ . . . . . . . . . . . $ . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . $ . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . $ . . . . . . . . . . . $ . . . . . .

&DUGLRYDVFXODU#6\VWHP#####################
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .
,VOHWV/#SDQFUHDWLF . . . . . . $ . . . . . . . . . . . $ . . . . . .

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
3DUDWK\URLG#JODQG 0 0 . 0 . 0 0 . 0 0 0 . 0 . 0 0 . . . . 0 . 0 . .
3LWXLWDU\#JODQG . . . . . . . 0 . . . . . . . . . . . . . . . . .
7K\URLG#JODQG . . . . . . . . . . . . 0 . . . . . . . . . . . .

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&RDJXODWLQJ#JODQG # # # . # # # # # # # # # # # # # # # # # # # # #
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . .
3HQLV . . . . . . . . . . . . . . . . . . . . . . . # .
3UHSXWLDO#JODQG . . . $ . . 0 . . . . . . . . . . . . . . . . . .
3URVWDWH . . . . . . . . . . . . . . . . . . 0 . . . . . .
6HPLQDO#YHVLFOH . . . $ . . $ . . $ . . . . . . . . $ . . . . . .
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . .
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+FRQWLQXHG,

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

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

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7RWDO
&DUFDVV#,'#1XPEHU 7 6 3 5 4 7 7 5 6 4 6 5 3 3 6 7 5 5 6 4 4 4 5 6 6 7LVVXHV2

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
*DOOEODGGHU . . . $ . . . . 0 $ . . . . . . 0 . . . . . . . . 6;
,QWHVWLQH#ODUJH/#FRORQ . . 0 . . . . . . . . . . . . . . 0 . . . . . . . 78
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 76
,QWHVWLQH#ODUJH/#FHFXP . . . $ . . . . . $ . . . . . . . . . . . . . . . 73
,QWHVWLQH#VPDOO/#GXRGHQXP . . . $ . . . . . $ . . . . . . . . . . . . . . . 73
,QWHVWLQH#VPDOO/#MHMXQXP . . . $ $ . . . . $ . . . . . . . . . . . . . . . 6:

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # ; # # #4
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . $ . . . . . . . . . . . . . . . 73
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFHOOXODU#FDUFLQRPD # # # # # ; # ; # # # # # # ; # # # # # # ; # # # #8
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # ; # # ; # # # ; # # # # # # # ; #7
+HSDWRFHOOXODU#DGHQRPD # # # ; # ; ; # # # ; # # # ; # # # # # # # ; # # #<
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # ; # # ; # # # ; # # # ; # # # # # ; # # # #8

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 7;
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 7<
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7;

&DUGLRYDVFXODU#6\VWHP#####################
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 83
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 7;

$GHQRPD # # # # # # # # # # ; # # # # # # # # # # # # # # #4
3DUDWK\URLG#JODQG . . . 0 . 0 . . . 0 0 , . 0 . . . . . . . . . . 0 63
3LWXLWDU\#JODQG 0 . . , . . . . . . . . . . . . . . . . . . . . . 7:
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<

)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # ; # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&RDJXODWLQJ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # # #4
(SLGLG\PLV . . . . . . . . . . . . . . . . . . . . . . . . . 83
3HQLV . . # # # # # # # # . # # # # # # # # # # # # # # 5:
3UHSXWLDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7;
3URVWDWH . . . . . 0 . 0 . . . . . . . . . . . . . . . . . 7:
6HPLQDO#YHVLFOH . . . . . . . . . . . . . . . . . . . . . . . . . 79
7HVWHV . . . . . . . . . . . . . . . . . . . . . . . . . 83
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+FRQWLQXHG,

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

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

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
&DUFDVV#,'#1XPEHU 7 6 4 5 6 3 3 3 3 4 3 8 7 4 4 4 7 7 5 7 3 5 5 6 7

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

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH # # # # # . # # # # . # # . . # # # # # # # # # #
/\PSK#QRGH/#EURQFKLDO 0 0 0 . 0 0 0 0 . . 0 0 0 0 0 0 . 0 . . 0 . . . 0
/\PSK#QRGH/#PDQGLEXODU . . 0 . 0 . 0 . 0 . 0 . . 0 0 0 0 . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . 0 . . . 0 0 . 0 0 . . . . . . 0 $ . . . . . .
/\PSK#QRGH/#PHGLDVWLQDO 0 . 0 . . . . 0 0 0 . 0 . 0 . 0 . 0 . 0 . 0 0 0 0
6SOHHQ . . . . . . $ . . . . . . . . . . . . . . . . . .
7K\PXV . . . 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 0 0 0 0 0 0 0
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

6XEFXWDQHRXV#WLVVXH/#KHPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . $ . . . . . 0 . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

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

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . .
8UHWKUD . # . # . . . . # . . . # . . . # # . # # # . # #
8ULQDU\#EODGGHU . . . $ . . $ . . . . . . . . . . . . . . . . . .

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . .
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7$%/(#&5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+FRQWLQXHG,

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

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

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7RWDO
&DUFDVV#,'#1XPEHU 7 6 3 5 4 7 7 5 6 4 6 5 3 3 6 7 5 5 6 4 4 4 5 6 6 7LVVXHV2

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

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # # # # . # # # # # # # # # # # # # # # # # # # # #8
/\PSK#QRGH/#EURQFKLDO . . . . . . 0 . . . . 0 0 . 0 . 0 . . . . 0 0 0 . 59
/\PSK#QRGH/#PDQGLEXODU . . . . . 0 . . . . . . , . . . . 0 . 0 0 . . 0 . 68
/\PSK#QRGH/#PHVHQWHULF . . . . 0 . . . 0 . . . . . . . . . . . . . . . . 74
/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . 0 . . . . . . 0 0 0 . . . . . . 65
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
7K\PXV , . 0 0 0 . . 0 . . 0 . . . . . . . . . , . 0 . . 69

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

6XEFXWDQHRXV#WLVVXH/#KHPDQJLRVDUFRPD # # # # # # # # # # # # # # # # ; # # # # # # # # #4

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

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 7;
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # ; ; # # # ; # # # # ; # # #7
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # ; # # # ; # # # # # # # # # # # ; # #6
+HPDQJLRVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # ; # # # # # # # # #4

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

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

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

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 83
8UHWKUD # # # # # # # # # # # # # # # # # # # # # # # # # 47
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 7;

6\VWHPLF#/HVLRQV##########################
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 83
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7$%/(#&6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$GUHQDO#&RUWH[=##$GHQRPD
2YHUDOO#UDWH 627;#+9(, 4283#+5(, 327<#+3(, 3283#+3(,D

$GMXVWHG#UDWH <17( 615( 313( 313(E

7HUPLQDO#UDWH 6265#+<(, 4264#+6(, 325;#+3(, 3245#+3(,F

)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, ³ ³H

/LIH#WDEOH#WHVW 3Û314<71 3Û316491 3Û314781 3Û316691G

/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314<71 3Û316491 3Û314781 3Û316691G

&RFKUDQ0$UPLWDJH#WHVW 3Û313<71G

)LVKHU#H[DFW#WHVW 3Û315<61 3Û3144:1 3Û314471G

+DUGHULDQ#*ODQG=##$GHQRPD
2YHUDOO#UDWH 4283#+5(, 6283#+9(, 6283#+9(, 4283#+5(,
$GMXVWHG#UDWH 518( <1:( 4316( 819(
7HUPLQDO#UDWH 3265#+3(, 6264#+43(, 525;#+:(, 3245#+3(,
)LUVW#LQFLGHQFH#+GD\V, 98; :66#+7, :54 98;
/LIH#WDEOH#WHVW 3Û317;8 3Û315;< 3Û31588 3Û318:7####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31866 3Û315;7 3Û31595 3Û31997####
&RFKUDQ0$UPLWDJH#WHVW 3Û3174;1
)LVKHU#H[DFW#WHVW 3Û3163< 3Û3163< 3Û31:861
+DUGHULDQ#*ODQG=##&DUFLQRPD
2YHUDOO#UDWH 6283#+9(, 3283#+3(, 3283#+3(, 4283#+5(,
$GMXVWHG#UDWH ;16( 313( 313( ;16(
7HUPLQDO#UDWH 5265#+9(, 3264#+3(, 325;#+3(, 4245#+;(,
)LUVW#LQFLGHQFH#+GD\V, 8;5 ³ ³ :66#+7,
/LIH#WDEOH#WHVW 3Û319<7 3Û314681 3Û3147;1 3Û3199<1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û319791 3Û314541 3Û314541 3Û318:<1
&RFKUDQ0$UPLWDJH#WHVW 3Û317751
)LVKHU#H[DFW#WHVW 3Û314541 3Û314541 3Û3163<1
+DUGHULDQ#*ODQG=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 7283#+;(, 6283#+9(, 6283#+9(, 5283#+7(,
$GMXVWHG#UDWH 4319( <1:( 4316( 4617(
7HUPLQDO#UDWH 5265#+9(, 6264#+43(, 525;#+:(, 4245#+;(,
)LUVW#LQFLGHQFH#+GD\V, 8;5 :66#+7, :54 98;
/LIH#WDEOH#WHVW 3Û317:< 3Û318641 3Û318:;1 3Û318;8####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3188< 3Û318541 3Û318731 3Û319861
&RFKUDQ0$UPLWDJH#WHVW 3Û316371
)LVKHU#H[DFW#WHVW 3Û318331 3Û318331 3Û3166<1
/LYHU=##+HSDWRFHOOXODU#$GHQRPD
2YHUDOO#UDWH 57283#+7;(, 4<283#+6;(, 49283#+65(, 47283#+5;(,
$GMXVWHG#UDWH 9318( 8617( 7;1:( 8<13(
7HUPLQDO#UDWH 4:265#+86(, 48264#+7;(, 4525;#+76(, 7245#+66(,
)LUVW#LQFLGHQFH#+GD\V, 695 657 773 578
/LIH#WDEOH#WHVW 3Û313<: 3Û315:61 3Û314<<1 3Û314;4####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318391 3Û315441 3Û314751 3Û317471
&RFKUDQ0$UPLWDJH#WHVW 3Û313741
)LVKHU#H[DFW#WHVW 3Û315431 3Û313:91 3Û313651
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7$%/(#&6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

/LYHU=##+HSDWRFHOOXODU#&DUFLQRPD
2YHUDOO#UDWH 47283#+5;(, 46283#+59(, 47283#+5;(, <283#+4;(,
$GMXVWHG#UDWH 6616( 5;1<( 6417( 8313(
7HUPLQDO#UDWH 9265#+4<(, 6264#+43(, 525;#+:(, 7245#+66(,
)LUVW#LQFLGHQFH#+GD\V, 7;4 774 6:9 68<
/LIH#WDEOH#WHVW 3Û31494 3Û3188:1 3Û31788 3Û314<3####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3178< 3Û317451 3Û315:31 3Û31696####
&RFKUDQ0$UPLWDJH#WHVW 3Û314691
)LVKHU#H[DFW#WHVW 3Û318331 3Û318;;1 3Û314:41
/LYHU=##+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 68283#+:3(, 64283#+95(, 63283#+93(, 4;283#+69(,
$GMXVWHG#UDWH ::15( 9:1<( 991<( :617(
7HUPLQDO#UDWH 55265#+9<(, 4:264#+88(, 4725;#+83(, 9245#+83(,
)LUVW#LQFLGHQFH#+GD\V, 695 657 6:9 578
/LIH#WDEOH#WHVW 3Û314;4 3Û3173:1 3Û318341 3Û3156:####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314381 3Û315431 3Û314541 3Û314:81
&RFKUDQ0$UPLWDJH#WHVW 3?313341
)LVKHU#H[DFW#WHVW 3Û315961 3Û315341 3?313341

/LYHU=##+HSDWRFKRODQJLRFDUFLQRPD
2YHUDOO#UDWH 6283#+9(, 3283#+3(, 4283#+5(, 3283#+3(,
$GMXVWHG#UDWH ;1:( 313( 517( 313(
7HUPLQDO#UDWH 5265#+9(, 3264#+3(, 325;#+3(, 3245#+3(,
)LUVW#LQFLGHQFH#+GD\V, 9:8 ³ 8:7 ³
/LIH#WDEOH#WHVW 3Û316361 3Û314651 3Û316951 3Û3165<1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3154<1 3Û314631 3Û316381 3Û315<41
&RFKUDQ0$UPLWDJH#WHVW 3Û314891
)LVKHU#H[DFW#WHVW 3Û314541 3Û3163<1 3Û314541
/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD
2YHUDOO#UDWH 4;283#+69(, :283#+47(, ;283#+49(, 7283#+;(,
$GMXVWHG#UDWH 8413( 4<13( 5919( 631;(
7HUPLQDO#UDWH 48265#+7:(, 6264#+43(, :25;#+58(, 6245#+58(,
)LUVW#LQFLGHQFH#+GD\V, 8;5 887 845 :54
/LIH#WDEOH#WHVW 3Û315631 3Û3134:1 3Û313761 3Û314;61
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3146:1 3Û313471 3Û313761 3Û314431
&RFKUDQ0$UPLWDJH#WHVW 3Û313371
)LVKHU#H[DFW#WHVW 3Û313431 3Û313531 3?313341

/XQJ=##$OYHRODU2EURQFKLRODU#&DUFLQRPD
2YHUDOO#UDWH 9283#+45(, <283#+4;(, :283#+47(, 6283#+9(,
$GMXVWHG#UDWH 4:18( 5817( 5417( 4<19(
7HUPLQDO#UDWH 8265#+49(, 9264#+4<(, 725;#+47(, 4245#+;(,
)LUVW#LQFLGHQFH#+GD\V, 88: 865 887 98;
/LIH#WDEOH#WHVW 3Û3186; 3Û31594 3Û3173; 3Û3183<####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317881 3Û31596 3Û31788 3Û3194<####
&RFKUDQ0$UPLWDJH#WHVW 3Û313<:1
)LVKHU#H[DFW#WHVW 3Û315;; 3Û31833 3Û315761
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7$%/(#&6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 54283#+75(, 49283#+65(, 48283#+63(, :283#+47(,
$GMXVWHG#UDWH 8:1:( 7414( 7818( 7913(
7HUPLQDO#UDWH 4:265#+86(, <264#+5<(, 4425;#+6<(, 7245#+66(,
)LUVW#LQFLGHQFH#+GD\V, 88: 865 845 98;
/LIH#WDEOH#WHVW 3Û3176:1 3Û315:31 3Û315;;1 3Û317771
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315461 3Û3157;1 3Û3157;1 3Û315;31
&RFKUDQ0$UPLWDJH#WHVW 3Û313351
)LVKHU#H[DFW#WHVW 3Û315371 3Û3147<1 3Û313351
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD
2YHUDOO#UDWH 727<#+;(, 3283#+3(, 427<#+5(, 427<#+5(,
$GMXVWHG#UDWH 4518( 313( 619( :14(
7HUPLQDO#UDWH 7265#+46(, 3264#+3(, 425;#+7(, 3245#+3(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, ³ :66#+7, :48
/LIH#WDEOH#WHVW 3Û319461 3Û313991 3Û315531 3Û3187;1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318<31 3Û313991 3Û315531 3Û3184:1
&RFKUDQ0$UPLWDJH#WHVW 3Û315<<1
)LVKHU#H[DFW#WHVW 3Û313891 3Û314;41 3Û314;41
$OO#2UJDQV=##+HPDQJLRPD#RU#+HPDQJLRVDUFRPD
2YHUDOO#UDWH 5283#+7(, 5283#+7(, 6283#+9(, 4283#+5(,
$GMXVWHG#UDWH 81<( 915( 431:( ;16(
7HUPLQDO#UDWH 4265#+6(, 4264#+6(, 625;#+44(, 4245#+;(,
)LUVW#LQFLGHQFH#+GD\V, 9<< :39 :66#+7, :66#+7,
/LIH#WDEOH#WHVW 3Û3185< 3Û319:< 3Û31767 3Û319:6####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3188< 3Û319:6 3Û31755 3Û319<;####
&RFKUDQ0$UPLWDJH#WHVW 3Û316:;1
)LVKHU#H[DFW#WHVW 3Û319<41 3Û31833 3Û318331
$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH 69283#+:5(, 5:283#+87(, 59283#+85(, 4:283#+67(,
$GMXVWHG#UDWH ;817( :318( :81:( :419(
7HUPLQDO#UDWH 59265#+;4(, 53264#+98(, 5325;#+:4(, 9245#+83(,
)LUVW#LQFLGHQFH#+GD\V, 695 657 773 578
/LIH#WDEOH#WHVW 3Û314;: 3Û3143<1 3Û314:91 3Û31669####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3165:1 3Û313891 3Û314361 3Û3149:1
&RFKUDQ0$UPLWDJH#WHVW 3?313341
)LVKHU#H[DFW#WHVW 3Û3137;1 3Û313651 3?313341

$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 57283#+7;(, 58283#+83(, 59283#+85(, 45283#+57(,
$GMXVWHG#UDWH 8913( 881:( 8:18( 9815(
7HUPLQDO#UDWH 47265#+77(, 45264#+6<(, 4325;#+69(, 9245#+83(,
)LUVW#LQFLGHQFH#+GD\V, 7;4 774 6:9 68<
/LIH#WDEOH#WHVW 3Û315<3 3Û31757 3Û31594 3Û31639####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317631 3Û31837 3Û3187:1 3Û318:3####
&RFKUDQ0$UPLWDJH#WHVW 3Û313351
)LVKHU#H[DFW#WHVW 3Û31833 3Û31754 3Û313441
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7$%/(#&6
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 7:283#+<7(, 6<283#+:;(, 77283#+;;(, 54283#+75(,
$GMXVWHG#UDWH <81<( ;51:( <617( ;91:(
7HUPLQDO#UDWH 63265#+<7(, 56264#+:7(, 5825;#+;<(, <245#+:8(,
)LUVW#LQFLGHQFH#+GD\V, 695 657 6:9 578
/LIH#WDEOH#WHVW 3Û31557 3Û315491 3Û316;; 3Û316;9####
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3134:1 3Û313531 3Û315581 3Û313441
&RFKUDQ0$UPLWDJH#WHVW 3?313341
)LVKHU#H[DFW#WHVW 3Û313531 3Û315761 3?313341

+7,7HUPLQDO#VDFULILFH
1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#DGUHQDO#JODQG/#OLYHU/D

OXQJ/#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#FKDPEHU#FRQWURO#LQFLGHQFH#DUH#WKH#3#YDOXHV#DVVRFLDWHG#ZLWK#WKH#WUHQG#WHVW1##%HQHDWK#WKH#H[SRVHG#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#WRG

SDLUZLVH#FRPSDULVRQV#EHWZHHQ#WKH#FKDPEHU#FRQWUROV#DQG#WKDW#H[SRVHG#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$UPLWDJH#DQG#)LVKHU#H[DFW#WHVWV
FRPSDUH#GLUHFWO\#WKH#RYHUDOO#LQFLGHQFH#UDWHV1##)RU#DOO#WHVWV/#D#QHJDWLYH#WUHQG#RU#D#ORZHU#LQFLGHQFH#LQ#DQ#H[SRVXUH#JURXS#LV#LQGLFDWHG#E\#11
1RW#DSSOLFDEOH>#QR#QHRSODVPV#LQ#DQLPDO#JURXSH
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7$%/(#&7D
+LVWRULFDO#,QFLGHQFH#RI#+HSDWRFHOOXODU#1HRSODVPV#LQ#&KDPEHU#&RQWURO#0DOH#%9&6) #0LFH4

D

,QFLGHQFH#LQ#&RQWUROV

6WXG\ $GHQRPD &DUFLQRPD $GHQRPD#RU#&DUFLQRPD

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#3DFLILF#1RUWKZHVW#/DERUDWRULHV

4/60%XWDGLHQH 46283 44283 54283
$FHWRQLWULOH 46283 :283 4<283
$OO\O#*O\FLG\O#(WKHU 4827< 4327< 5627<
50&KORURDFHWRSKHQRQH 8283 44283 49283
O0(SLQHSKULQH#+\GURFKORULGH 43283 45283 53283
&KORURHWKDQH 9283 <283 48283
+H[DFKORURF\FORSHQWDGLHQH 4<283 :283 57283
&65#+R0&KORUREHQ]DOPDORQRQLWULOH, 727< 4727< 4;27<
2]RQH 56283 45283 63283

7RWDO 43;277;#+5714(, <6277;#+531;(, 4;9277;#+7418(,
6WDQGDUG#GHYLDWLRQ 4613( 71<( <15(
5DQJH ;(079( 47(05<( 63(093(

2YHUDOO#+LVWRULFDO#,QFLGHQFH

7RWDO 5332<7:#+5414(, 4;72<7:#+4<17(, 68;2<7:#+6:1;(,
6WDQGDUG#GHYLDWLRQ 4419( 81;( 4518(
5DQJH 7(079( <(05<( 44(093(

'DWD#DV#RI#45#0D\#4<<8D

7$%/(#&7E
+LVWRULFDO#,QFLGHQFH#RI#$OYHRODU2EURQFKLRODU#1HRSODVPV#LQ#&KDPEHU#&RQWURO#0DOH#%9&6) #0LFH4

D

,QFLGHQFH#LQ#&RQWUROV

6WXG\ $GHQRPD &DUFLQRPD $GHQRPD#RU#&DUFLQRPD

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#3DFLILF#1RUWKZHVW#/DERUDWRULHV

4/60%XWDGLHQH 4;283 8283 54283
$FHWRQLWULOH 9283 7283 43283
$OO\O#*O\FLG\O#(WKHU :283 3283 :283
50&KORURDFHWRSKHQRQH :283 9283 44283
O0(SLQHSKULQH#+\GURFKORULGH 44283 8283 48283
&KORURHWKDQH 6283 5283 8283
+H[DFKORURF\FORSHQWDGLHQH 4427< 327< 4427<
&65#+R0&KORUREHQ]DOPDORQRQLWULOH, :27< :27< 4727<
2]RQH 9283 ;283 47283

7RWDO :9277;#+4:13(, 6:277;#+;16(, 43;277;#+5714(,
6WDQGDUG#GHYLDWLRQ ;1:( 81;( <18(
5DQJH 9(069( 3(049( 43(075(

2YHUDOO#+LVWRULFDO#,QFLGHQFH

7RWDO 4742<7:#+471<(, :82<7:#+:1<(, 5382<7:#+541:(,
6WDQGDUG#GHYLDWLRQ :13( 81:( ;13(
5DQJH 9(069( 3(049( 43(075(

'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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
0RULEXQG 44 45 4; 57
1DWXUDO#GHDWKV : : 7 47

6XUYLYRUV
7HUPLQDO#VDFULILFH 65 64 5; 45

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

$OLPHQWDU\#6\VWHP
*DOOEODGGHU +75, +79, +77, +6;,
'HJHQHUDWLRQ/#K\DOLQH ##4 +5(,## ##4 +5(,## ### ###### ### ######
,QIODPPDWLRQ ##4 +5(,## ##4 +5(,## ### ###### ### ######
(SLWKHOLXP/#K\SHUSODVLD ##4 +5(,## ### ###### ### ###### ##4 +6(,##

,QWHVWLQH#ODUJH/#FHFXP +7:, +7:, +79, +73,
0XVFXODULV/#K\SHUSODVLD ### ###### ### ###### ### ###### ##4 +6(,##

,QWHVWLQH#VPDOO/#GXRGHQXP +77, +78, +78, +73,
8OFHU ### ###### ##4 +5(,## ### ###### ### ######
(SLWKHOLXP/#K\SHUSODVLD ##4 +5(,## ### ###### ### ###### ### ######

,QWHVWLQH#VPDOO/#MHMXQXP +78, +78, +79, +6:,
3H\HU·V#SDWFK/#K\SHUSODVLD ### ###### ##4 +5(,## ##4 +5(,## ### ######

,QWHVWLQH#VPDOO/#LOHXP +79, +79, +79, +73,
3H\HU·V#SDWFK/#K\SHUSODVLD ### ###### ### ###### ##4 +5(,## ### ######
3H\HU·V#SDWFK/#LQIODPPDWLRQ ### ###### ### ###### ##4 +5(,## ### ######

/LYHU +83, +83, +83, +83,
$QJLHFWDVLV ### ###### ### ###### ### ###### ##4 +5(,##
%DVRSKLOLF#IRFXV ##4 +5(,## ### ###### ##4 +5(,## ### ######
&OHDU#FHOO#IRFXV ### ###### ### ###### ##5 +7(,## ##5 +7(,##
&RQJHVWLRQ ##5 +7(,## ### ###### ### ###### ### ######
'HJHQHUDWLRQ/#IDWW\/#IRFDO ##4 +5(,## ### ###### ### ###### ### ######
(RVLQRSKLOLF#IRFXV #44 +55(,# ##; +49(,# #43 +53(,# ##8 +43(,#
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ##4 +5(,## ##4 +5(,## ### ######
,QILOWUDWLRQ#FHOOXODU/#KLVWLRF\WH ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ/#FKURQLF ##4 +5(,## ### ###### ##4 +5(,## ### ######
0L[HG#FHOO#IRFXV ##4 +5(,## ##4 +5(,## ### ###### ### ######
1HFURVLV ##; +49(,# ##8 +43(,# ##9 +45(,# ##7 +;(,##
&HQWULOREXODU/#QHFURVLV ### ###### ##4 +5(,## ### ###### ### ######

0HVHQWHU\ #+6, #+6, #+5, ####
)DW/#QHFURVLV ##5 +9:(,# ##4 +66(,# ##4 +83(,# ### ######

3DQFUHDV +7;, +7;, +79, +7;,
$P\ORLG#GHSRVLWLRQ ##4 +5(,## ### ###### ### ###### ### ######
$WURSK\ ##4 +5(,## ##7 +;(,## ### ###### ##4 +5(,##
%DVRSKLOLF#IRFXV ### ###### ### ###### ##4 +5(,## ### ######
&\WRSODVPLF#DOWHUDWLRQ ##4 +5(,## ### ###### ### ###### ### ######
+\SHUWURSK\ ### ###### ##4 +5(,## ### ###### ##4 +5(,##

6DOLYDU\#JODQGV +83, +83, +83, +83,
%DVRSKLOLF#IRFXV ### ###### ### ###### ##4 +5(,## ### ######

6WRPDFK/#IRUHVWRPDFK +7<, +83, +7;, +7<,
+\SHUSODVLD ### ###### ### ###### ##4 +5(,## ### ######
8OFHU ##4 +5(,## ### ###### ### ###### ##4 +5(,##
(SLWKHOLXP/#K\SHUSODVLD ##4 +5(,## ### ###### ### ###### ##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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ
+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$OLPHQWDU\#6\VWHP#+FRQWLQXHG,
6WRPDFK/#JODQGXODU +7;, +7;, +79, +7;,
'HJHQHUDWLRQ/#K\DOLQH ### ###### ### ###### ### ###### ##4 +5(,##
(URVLRQ ### ###### ### ###### ##4 +5(,## ##6 +9(,##
,QILOWUDWLRQ#FHOOXODU/#PDVW#FHOO ### ###### ### ###### ##4 +5(,## ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ### ###### ##5 +7(,##
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ### ######
(SLWKHOLXP/#K\SHUSODVLD ### ###### ##5 +7(,## ### ###### ### ######

7RRWK #### #+4, #+5, ####
'HYHORSPHQWDO#PDOIRUPDWLRQ ### ###### ##4 +433(, ##4 +83(,# ### ######

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO #### #### #+4, ####
$RUWD/#LQIODPPDWLRQ ### ###### ### ###### ##4 +433(, ### ######
$RUWD/#SLJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ##4 +433(, ### ######

+HDUW +7<, +83, +83, +83,
&DUGLRP\RSDWK\ #5; +8:(,# #69 +:5(,# #68 +:3(,# #47 +5;(,#
+\SHUSODVLD/#DW\SLFDO ### ###### ### ###### ##4 +5(,## ### ######

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +7;, +83, +7<, +83,
+HPRUUKDJH ### ###### ### ###### ##4 +5(,## ### ######
+\SHUSODVLD ##: +48(,# ##8 +43(,# ##9 +45(,# ##5 +7(,##
+\SHUWURSK\ #53 +75(,# #57 +7;(,# #4< +6<(,# #43 +53(,#
&DSVXOH/#K\SHUSODVLD ### ###### ### ###### ##4 +5(,## ##4 +5(,##

$GUHQDO#PHGXOOD +7;, +83, +7<, +83,
+\SHUSODVLD ### ###### ##5 +7(,## ### ###### ##4 +5(,##

,VOHWV/#SDQFUHDWLF +7;, +7;, +79, +7;,
+\SHUSODVLD ##9 +46(,# ##5 +7(,## ##6 +:(,## ##5 +7(,##

3LWXLWDU\#JODQG +78, +7:, +78, +7:,
3DUV#GLVWDOLV/#F\VW ##8 +44(,# ### ###### ##4 +5(,## ##4 +5(,##
3DUV#GLVWDOLV/#K\SHUSODVLD ##5 +7(,## ##5 +7(,## ##4 +5(,## ### ######

7K\URLG#JODQG +7<, +83, +7<, +7<,
)ROOLFXODU#FHOO/#K\SHUSODVLD #49 +66(,# #45 +57(,# ##< +4;(,# ##6 +9(,##

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####

*HQLWDO#6\VWHP
&RDJXODWLQJ#JODQG #### #### #+4, #+4,
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ##4 +433(, ### ######

(SLGLG\PLV +7<, +83, +83, +83,
*UDQXORPD#VSHUP ### ###### ##4 +5(,## ##4 +5(,## ### ######
,QIODPPDWLRQ ### ###### ##4 +5(,## ### ###### ##4 +5(,##

3HQLV #+4, #+5, #+5, +5:,
&RQJHVWLRQ ### ###### ### ###### ### ###### ##4 +7(,##
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +83(,# ##4 +83(,# ##< +66(,#
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7$%/(#&8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ
+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

*HQLWDO#6\VWHP#+FRQWLQXHG,
3UHSXWLDO#JODQG +83, +7<, +83, +7;,
&\VW ##8 +43(,# ##6 +9(,## ##4 +5(,## ##4 +5(,##
,QIODPPDWLRQ ##; +49(,# #49 +66(,# ##< +4;(,# ##< +4<(,#
'XFW/#K\SHUSODVLD ### ###### ##4 +5(,## ### ###### ### ######

3URVWDWH +7;, +76, +77, +7:,
,QIODPPDWLRQ/#VXSSXUDWLYH ##6 +9(,## ##7 +<(,## ##7 +<(,## #47 +63(,#

6HPLQDO#YHVLFOH +7;, +7;, +79, +79,
$QJLHFWDVLV ### ###### ### ###### ##4 +5(,## ### ######
,QIODPPDWLRQ/#FKURQLF ### ###### ##5 +7(,## ### ###### ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ### ###### ##4 +5(,##

7HVWHV +83, +83, +83, +83,
$WURSK\ ##8 +43(,# ##6 +9(,## ##5 +7(,## ##5 +7(,##
0LQHUDOL]DWLRQ ### ###### ### ###### ##4 +5(,## ### ######
,QWHUVWLWLDO#FHOO/#K\SHUSODVLD ##4 +5(,## ##4 +5(,## ### ###### ### ######

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +7<, +83, +7<, +83,
$QJLHFWDVLV ##4 +5(,## ### ###### ### ###### ### ######
+\SHUSODVLD ##8 +43(,# ##9 +45(,# ##: +47(,# #47 +5;(,#
,QILOWUDWLRQ#FHOOXODU/#PDVW#FHOO ### ###### ### ###### ##5 +7(,## ### ######

/\PSK#QRGH #+4, #+7, #+7, #+8,
,OLDF/#K\SHUSODVLD ### ###### ##6 +:8(,# ##6 +:8(,# ##8 +433(,
5HQDO/#K\SHUSODVLD ##4 +433(, ##4 +58(,# ### ###### ### ######

/\PSK#QRGH/#EURQFKLDO +66, +65, +69, +59,
+\SHUSODVLD ##5 +9(,## ##6 +<(,## ##4 +6(,## ### ######

/\PSK#QRGH/#PDQGLEXODU +75, +73, +76, +68,
+\SHUSODVLD ##7 +43(,# ##4 +6(,## ### ###### ### ######

/\PSK#QRGH/#PHVHQWHULF +7:, +7;, +79, +74,
$QJLHFWDVLV ##5 +7(,## ##4 +5(,## ##4 +5(,## ### ######
&RQJHVWLRQ ### ###### ##4 +5(,## ### ###### ### ######
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ##5 +7(,## ##5 +7(,## ### ###### ### ######
+\SHUSODVLD ##6 +9(,## ##4 +5(,## ##6 +:(,## ##4 +5(,##

/\PSK#QRGH/#PHGLDVWLQDO +69, +73, +6<, +65,
+\SHUSODVLD ### ###### ##5 +8(,## ##4 +6(,## ### ######

6SOHHQ +7;, +7<, +7:, +7<,
$WURSK\ ### ###### ### ###### ### ###### ##4 +5(,##
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ##< +4<(,# #46 +5:(,# #47 +63(,# #4; +6:(,#
+\SHUSODVLD/#O\PSKRLG ##8 +43(,# ##5 +7(,## ##6 +9(,## ### ######

7K\PXV +68, +6:, +67, +69,
$WURSK\ ##5 +9(,## ##5 +8(,## ##7 +45(,# ##< +58(,#
+\SHUSODVLD/#O\PSKRLG ### ###### ### ###### ##4 +6(,## ### ######

,QWHJXPHQWDU\#6\VWHP
6NLQ +7:, +83, +7;, +83,
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +5(,## ##5 +7(,## ### ######
3UHSXFH/#LQIODPPDWLRQ/#VXSSXUDWLYH ##: +48(,# ##: +47(,# ##: +48(,# #4; +69(,#
6XEFXWDQHRXV#WLVVXH/#LQILOWUDWLRQ#FHOOXODU/ ### ###### ### ###### ### ###### ### ######
###PDVW#FHOO ### ###### ##4 +5(,## ### ###### ### ######
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7$%/(#&8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ
+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +83, +83, +83,
)LEURXV#RVWHRG\VWURSK\ ##6 +9(,## ##5 +7(,## ##5 +7(,## ##4 +5(,##
6\QRYLDO#WLVVXH/#LQIODPPDWLRQ/#FKURQLF ### ###### ### ###### ##4 +5(,## ### ######

1HUYRXV#6\VWHP
1RQH #### #### #### ####

5HVSLUDWRU\#6\VWHP
/DU\Q[ +7;, +7<, +7;, +7;,
(SLJORWWLV/#PHWDSODVLD/#VTXDPRXV ### ###### ##5 +7(,## ##4 +5(,## ### ######

/XQJ +83, +83, +83, +83,
+HPRUUKDJH ### ###### ### ###### ##4 +5(,## ### ######
,QILOWUDWLRQ#FHOOXODU/#KLVWLRF\WH ##8 +43(,# ##: +47(,# ##: +47(,# ##4 +5(,##
,QIODPPDWLRQ/#FKURQLF/#IRFDO ### ###### ##5 +7(,## ##4 +5(,## ### ######
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ##4 +5(,## ### ###### ### ######
7KURPERVLV ### ###### ### ###### ### ###### ##4 +5(,##
$OYHRODU#HSLWKHOLXP/#K\SHUSODVLD ##9 +45(,# ##4 +5(,## ##4 +5(,## ##4 +5(,##
3HULYDVFXODU/#LQILOWUDWLRQ#FHOOXODU/ ### ###### ### ###### ### ###### ### ######
###PRQRQXFOHDU#FHOO ### ###### ##4 +5(,## ### ###### ### ######

1RVH +7;, +83, +83, +83,
)LEURVLV ### ###### ### ###### ##4 +5(,## ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##6 +9(,## ##5 +7(,## ##7 +;(,##
1DVRODFULPDO#GXFW/#LQIODPPDWLRQ/#VXSSXUDWLYH ##6 +9(,## ##4 +5(,## ### ###### ##5 +7(,##
2OIDFWRU\#HSLWKHOLXP/#DWURSK\/#IRFDO ##5 +7(,## ##4 +5(,## ##7 +;(,## ##4 +5(,##

6SHFLDO#6HQVHV#6\VWHP
1RQH #### #### #### ####

8ULQDU\#6\VWHP
.LGQH\ +7<, +83, +7<, +83,
*ORPHUXORVFOHURVLV ##5 +7(,## ### ###### ### ###### ### ######
+\GURQHSKURVLV ##6 +9(,## ##6 +9(,## ##8 +43(,# #4; +69(,#
,QIODPPDWLRQ/#VXSSXUDWLYH ##6 +9(,## ##8 +43(,# ##8 +43(,# #4; +69(,#
0HWDSODVLD/#RVVHRXV ### ###### ##4 +5(,## ##5 +7(,## ##6 +9(,##
0LQHUDOL]DWLRQ ### ###### ### ###### ##4 +5(,## ### ######
1HSKURSDWK\ #64 +96(,# #73 +;3(,# #66 +9:(,# #47 +5;(,#
&RUWH[/#F\VW ##5 +7(,## ##4 +5(,## ### ###### ##4 +5(,##
3HOYLV/#QHFURVLV ### ###### ### ###### ### ###### ##6 +9(,##
5HQDO#WXEXOH/#K\SHUSODVLD ##5 +7(,## ##5 +7(,## ##4 +5(,## ### ######
5HQDO#WXEXOH/#K\SHUWURSK\ ### ###### ### ###### ### ###### ##4 +5(,##
5HQDO#WXEXOH/#QHFURVLV ### ###### ### ###### ### ###### ##5 +7(,##

8UHWHU #### #+4, #### ####
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +433(, ### ###### ### ######

8UHWKUD #### #+6, #+4, +47,
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##6 +433(, ##4 +433(, #45 +;9(,#
1HFURVLV ### ###### ### ###### ##4 +433(, ##8 +69(,#

8ULQDU\#EODGGHU +7;, +7<, +79, +7;,
&DOFXOXV/#JURVV#REVHUYDWLRQ ### ###### ### ###### ### ###### ##6 +9(,##
&DOFXOXV/#PLFURVFRSLF#REVHUYDWLRQ#RQO\ ### ###### ##4 +5(,## ### ###### ##5 +7(,##
,QIODPPDWLRQ/#VXSSXUDWLYH ##6 +9(,## ##9 +45(,# ##9 +46(,# #49 +66(,#
7UDQVLWLRQDO#HSLWKHOLXP/#K\SHUSODVLD ### ###### ##4 +5(,## ##4 +5(,## ##8 +43(,#



49:

$33(1',;#'
6800$5<#2)#/(6,216#,1#)(0$/(#0,&(

,1#7+(#50<($5#,1+$/$7,21#678'<
2)#7(75$+<'52)85$1

7$%/(#'4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49;

7$%/(#'5 ,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:5

7$%/(#'6 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<7

7$%/(#'7D +LVWRULFDO#,QFLGHQFH#RI#+HSDWRFHOOXODU#1HRSODVPV#
LQ#&KDPEHU#&RQWURO#)HPDOH#%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 4<;4

7$%/(#'7E +LVWRULFDO#,QFLGHQFH#RI#$OYHRODU2EURQFKLRODU#1HRSODVPV#
LQ#&KDPEHU#&RQWURO#)HPDOH#%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 4<;4

7$%/(#'7F +LVWRULFDO#,QFLGHQFH#RI#6WURPDO#3RO\S#RI#WKH#8WHUXV#
LQ#&KDPEHU#&RQWURO#)HPDOH#%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 4<<4

7$%/(#'8 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#
LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 533
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
$FFLGHQWDO#GHDWKV 8 4 4
0RULEXQG 46 43 53 46
1DWXUDO#GHDWKV 6 9 6 8

6XUYLYRUV
7HUPLQDO#VDFULILFH 5< 66 59 65

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

$OLPHQWDU\#6\VWHP
,QWHVWLQH#VPDOO/#GXRGHQXP +78, +77, +79, +79,
,QWHVWLQH#VPDOO/#MHMXQXP +78, +77, +79, +79,
&DUFLQRPD ### ###### ### ###### ### ###### ##4 +5(,##
3RO\S#DGHQRPDWRXV ### ###### ##4 +5(,## ### ###### ### ######

,QWHVWLQH#VPDOO/#LOHXP +79, +78, +79, +79,
/LYHU +83, +83, +83, +7;,
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF ### ###### ##4 +5(,## ### ###### ### ######
+HPDQJLRVDUFRPD ### ###### ##4 +5(,## ### ###### ### ######
+HSDWRFHOOXODU#FDUFLQRPD ##7 +;(,## ##9 +45(,# ##< +4;(,# #43 +54(,#
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH ##5 +7(,## ##7 +;(,## ##4 +5(,## ##9 +46(,#
+HSDWRFHOOXODU#DGHQRPD #43 +53(,# #47 +5;(,# #46 +59(,# #4< +73(,#
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH ##5 +7(,## ##6 +9(,## ##8 +43(,# #45 +58(,#
+HSDWRFKRODQJLRFDUFLQRPD ##4 +5(,## ##4 +5(,## ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PXOWLSOH ##4 +5(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ##6 +9(,## ### ###### ### ###### ### ######
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ### ###### ##4 +5(,##

0HVHQWHU\ #+9, #+<, #+<, #+<,
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF ### ###### ##4 +44(,# ### ###### ### ######
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ ### ###### ### ###### ##4 +44(,# ### ######
)LEURXV#KLVWLRF\WRPD ### ###### ### ###### ### ###### ##4 +44(,#
+HPDQJLRVDUFRPD ### ###### ##4 +44(,# ##4 +44(,# ### ######
+LVWLRF\WLF#VDUFRPD ##4 +4:(,# ### ###### ##4 +44(,# ### ######
6DUFRPD ##4 +4:(,# ### ###### ### ###### ### ######

2UDO#PXFRVD #### #### #### #+4,
6TXDPRXV#FHOO#FDUFLQRPD ### ###### ### ###### ### ###### ##4 +433(,

3DQFUHDV +7;, +7<, +7;, +79,
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF ### ###### ##4 +5(,## ### ###### ### ######
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ ### ###### ### ###### ##4 +5(,## ### ######
)LEURXV#KLVWLRF\WRPD/#PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ### ###### ##4 +5(,##
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +5(,## ### ######

6DOLYDU\#JODQGV +83, +83, +83, +7;,
6WRPDFK/#IRUHVWRPDFK +83, +7<, +7<, +7:,
6TXDPRXV#FHOO#SDSLOORPD ##4 +5(,## ##5 +7(,## ### ###### ### ######

6WRPDFK/#JODQGXODU +7<, +7;, +7;, +7:,
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ ### ###### ### ###### ##4 +5(,## ### ######

&DUGLRYDVFXODU#6\VWHP
+HDUW +83, +83, +83, +7;,
+HPDQJLRVDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +5(,## ### ###### ### ######
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +83, +83, +79,
$GUHQDO#PHGXOOD +7<, +7<, +83, +78,
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ### ###### ### ###### ### ######
3KHRFKURPRF\WRPD#PDOLJQDQW ### ###### ### ###### ##4 +5(,## ### ######
3KHRFKURPRF\WRPD#EHQLJQ ### ###### ##4 +5(,## ### ###### ##5 +7(,##

,VOHWV/#SDQFUHDWLF +7;, +7<, +7:, +79,
&DUFLQRPD ### ###### ##4 +5(,## ### ###### ### ######

3LWXLWDU\#JODQG +7:, +7;, +7;, +7;,
3DUV#GLVWDOLV/#DGHQRPD #43 +54(,# ##; +4:(,# #47 +5<(,# ##; +4:(,#
3DUV#LQWHUPHGLD/#DGHQRPD ### ###### ##4 +5(,## ##4 +5(,## ### ######

7K\URLG#JODQG +83, +83, +7<, +7:,
&0FHOO/#DGHQRPD ##4 +5(,## ### ###### ### ###### ### ######
&0FHOO/#FDUFLQRPD ### ###### ### ###### ### ###### ##5 +7(,##
)ROOLFXODU#FHOO/#DGHQRPD ##5 +7(,## ##4 +5(,## ##6 +9(,## ##4 +5(,##
)ROOLFXODU#FHOO/#FDUFLQRPD ##4 +5(,## ### ###### ### ###### ### ######

*HQHUDO#%RG\#6\VWHP
1RQH #### #### #### ####

*HQLWDO#6\VWHP
2YDU\ +7<, +83, +83, +79,
&DUFLQRPD ### ###### ### ###### ##4 +5(,## ### ######
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF ### ###### ##4 +5(,## ### ###### ### ######
&\VWDGHQRPD ### ###### ### ###### ##5 +7(,## ##4 +5(,##
+LVWLRF\WLF#VDUFRPD ##5 +7(,## ### ###### ### ###### ### ######
7HUDWRPD#EHQLJQ ### ###### ### ###### ##4 +5(,## ### ######

8WHUXV +7<, +83, +7<, +7<,
$GHQRPD ### ###### ### ###### ##4 +5(,## ### ######
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ ### ###### ### ###### ##4 +5(,## ### ######
'HFLGXRPD#EHQLJQ ##4 +5(,## ### ###### ### ###### ### ######
+HPDQJLRVDUFRPD ### ###### ##4 +5(,## ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
3RO\S#VWURPDO ##4 +5(,## ##7 +;(,## ##5 +7(,## ##4 +5(,##

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +7<, +83, +7<, +79,
+HPDQJLRVDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ##5 +7(,## ### ###### ### ###### ### ######
6DUFRPD ### ###### ### ###### ### ###### ##4 +5(,##

/\PSK#QRGH #+8, #+7, #+7, #+5,
5HQDO/#KLVWLRF\WLF#VDUFRPD ##4 +53(,# ### ###### ### ###### ### ######

/\PSK#QRGH/#EURQFKLDO +69, +74, +6<, +74,
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF ### ###### ##4 +5(,## ### ###### ### ######
)LEURXV#KLVWLRF\WRPD/#PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ### ###### ##4 +5(,##
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +5(,## ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ##4 +6(,## ### ###### ### ###### ### ######

/\PSK#QRGH/#PDQGLEXODU +73, +74, +6<, +74,
+HPDQJLRPD ##4 +6(,## ### ###### ### ###### ### ######
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
/\PSK#QRGH/#PHVHQWHULF +78, +79, +7:, +78,
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF ### ###### ##4 +5(,## ### ###### ### ######
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ ### ###### ### ###### ##4 +5(,## ### ######
+LVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ##5 +7(,## ### ######

/\PSK#QRGH/#PHGLDVWLQDO +6:, +69, +74, +6;,
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF ### ###### ##4 +6(,## ### ###### ### ######
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ ### ###### ### ###### ##4 +5(,## ### ######
)LEURXV#KLVWLRF\WRPD/#PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ### ###### ##4 +6(,##
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +6(,## ### ###### ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +6(,## ### ###### ### ######

6SOHHQ +7<, +83, +7<, +79,
+HPDQJLRVDUFRPD ##4 +5(,## ##4 +5(,## ##4 +5(,## ### ######
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +5(,## ### ######

7K\PXV +73, +77, +6;, +77,

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +7;, +7<, +83, +83,
&DUFLQRPD ### ###### ### ###### ##4 +5(,## ##4 +5(,##

6NLQ +7<, +83, +83, +83,
6XEFXWDQHRXV#WLVVXH/#KHPDQJLRPD ### ###### ### ###### ##4 +5(,## ### ######
6XEFXWDQHRXV#WLVVXH/#KLVWLRF\WLF#VDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
6XEFXWDQHRXV#WLVVXH/#VDUFRPD ### ###### ### ###### ##4 +5(,## ##6 +9(,##
6XEFXWDQHRXV#WLVVXH/#VDUFRPD/#PHWDVWDWLF/# ### ###### ### ###### ### ###### ### ######
###PHVHQWHU\ ##4 +5(,## ### ###### ### ###### ### ######

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +83, +83, +7<,
+HPDQJLRVDUFRPD ##4 +5(,## ### ###### ### ###### ### ######
2VWHRVDUFRPD ##4 +5(,## ##4 +5(,## ### ###### ##5 +7(,##

6NHOHWDO#PXVFOH #+5, #+4, #### ####
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF ### ###### ##4 +433(, ### ###### ### ######

1HUYRXV#6\VWHP
%UDLQ +83, +83, +83, +7<,
+LVWLRF\WLF#VDUFRPD ##5 +7(,## ### ###### ### ###### ### ######

5HVSLUDWRU\#6\VWHP
/XQJ +83, +83, +83, +7<,
$OYHRODU2EURQFKLRODU#DGHQRPD ##4 +5(,## ##5 +7(,## ##6 +9(,## ##6 +9(,##
$OYHRODU2EURQFKLRODU#DGHQRPD/#PXOWLSOH ### ###### ### ###### ##4 +5(,## ### ######
$OYHRODU2EURQFKLRODU#FDUFLQRPD ##4 +5(,## ##4 +5(,## ##5 +7(,## ##5 +7(,##
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ ### ###### ### ###### ##4 +5(,## ### ######
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ##8 +43(,# ##6 +9(,## ##6 +9(,##
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +5(,## ##4 +5(,## ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ##6 +9(,## ### ###### ### ###### ### ######
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH ### ###### ### ###### ### ###### ##4 +5(,##
6DUFRPD/#PHWDVWDWLF/#VNLQ ### ###### ### ###### ##4 +5(,## ### ######
0HGLDVWLQXP/#ILEURXV#KLVWLRF\WRPD/# ### ###### ### ###### ### ###### ### ######
###PHWDVWDWLF/#PHVHQWHU\ ### ###### ### ###### ### ###### ##4 +5(,##
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

5HVSLUDWRU\#6\VWHP#+FRQWLQXHG,
0HGLDVWLQXP/#KHPDQJLRVDUFRPD ### ###### ### ###### ##4 +5(,## ### ######
0HGLDVWLQXP/#KHSDWRFKRODQJLRFDUFLQRPD/# ### ###### ### ###### ### ###### ### ######
###PHWDVWDWLF/#OLYHU ### ###### ##4 +5(,## ### ###### ### ######

6SHFLDO#6HQVHV#6\VWHP
+DUGHULDQ#JODQG #+7, #+5, #+5, #+4,
$GHQRPD ##5 +83(,# ##4 +83(,# ##5 +433(, ##4 +433(,
&DUFLQRPD ### ###### ##4 +83(,# ### ###### ### ######

8ULQDU\#6\VWHP
.LGQH\ +83, +7<, +7<, +79,
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ ### ###### ### ###### ##4 +5(,## ### ######
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +5(,## ### ###### ### ######
+LVWLRF\WLF#VDUFRPD ##6 +9(,## ### ###### ### ###### ### ######

8ULQDU\#EODGGHU +7:, +7;, +7:, +78,

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV +83, +83, +83, +83,E

+LVWLRF\WLF#VDUFRPD ##6 +9(,## ### ###### ##5 +7(,## ### ######
/\PSKRPD#PDOLJQDQW ##: +47(,# ##5 +7(,## ##7 +;(,## ##8 +43(,#

1HRSODVP#6XPPDU\
7RWDO#DQLPDOV#ZLWK#SULPDU\#QHRSODVPV 67 6; 74 77F

7RWDO#SULPDU\#QHRSODVPV 8; 8< :7 ;6
7RWDO#DQLPDOV#ZLWK#EHQLJQ#QHRSODVPV 54 5< 64 6:
7RWDO#EHQLJQ#QHRSODVPV 65 6; 7< 7;

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV 54 4; 54 5;
7RWDO#PDOLJQDQW#QHRSODVPV 59 54 58 68

7RWDO#DQLPDOV#ZLWK#PHWDVWDWLF#QHRSODVPV 6 9 8 8
7RWDO#PHWDVWDWLF#QHRSODVPV 7 53 45 <

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#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&RQWURO#

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

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

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

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

+HSDWRFHOOXODU#FDUFLQRPD # # # # # # # # # # # # ; ; # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # ; # # # # # # # # # ; # # # # # # #
+HSDWRFHOOXODU#DGHQRPD # # # # # # # # # # # # # # # ; ; ; ; # # ; ; # #
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # # # # ; # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # ; # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # ; # # # # # # # ; # # # # # #

0HVHQWHU\ # # # # # # # # # # . # # # # . # # . . # # # . #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # ; # # # # # # # # # # # # # #
6DUFRPD # # # # # # # # # # # # # # # # # # # ; # # # # #

3DQFUHDV . . . $ . . . . . . 0 . . . . . . . . . . . . . .
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # #
6WRPDFK/#JODQGXODU . . . $ . . . . . . . . . . . . . . . . . . . . .

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

+HPDQJLRVDUFRPD # # # # # # # # # # # # ; # # # # # # # # # # # #

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . .
$GUHQDO#PHGXOOD . . . . . . . . . . . . . 0 . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # ; # # # # # # # # # # # # # # # # #

,VOHWV/#SDQFUHDWLF . . . $ . . . . . . 0 . . . . . . . . . . . . . .
3DUDWK\URLG#JODQG 0 . 0 0 , . . . . . 0 0 0 0 . 0 . . . . . 0 0 . .
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . 0 . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # # # # # # # ; # # ; ; ; # # #
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

&0FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # ; # # #
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

*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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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&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 6 6 7 7 7 7 7 9 9 9 9 9 9 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 7RWDO
&DUFDVV#,'#1XPEHU 6 6 6 7 7 3 4 7 7 8 3 3 3 4 5 5 6 7 3 4 4 4 5 5 5 7LVVXHV2

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
*DOOEODGGHU . . , . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 79
,QWHVWLQH#ODUJH/#UHFWXP 0 . 0 . . . . . . . . . . 0 . . . . . . . 0 . . . 77
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . 0 . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFHOOXODU#FDUFLQRPD # # # # # ; # ; # # # # # # # # # # # # # # # # # #7
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #5
+HSDWRFHOOXODU#DGHQRPD # ; # ; # # # # # # # ; # # # # # # # ; # # # # # 43
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # ; # # # ; # # # # #5
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6

0HVHQWHU\ # # # # # # # # . # # # # # # # # # # # # # # # # #9
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6DUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 7;
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 83

6TXDPRXV#FHOO#SDSLOORPD # ; # # # # # # # # # # # # # # # # # # # # # # # #4
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7<

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 7;
3DUDWK\URLG#JODQG . . . . . . . , 0 . . 0 . . 0 . . 0 . . 0 0 . 0 0 63
3LWXLWDU\#JODQG . . . . 0 . . . . . . . . . . . . . . , . . . . . 7:

3DUV#GLVWDOLV/#DGHQRPD # # ; # # # # # # # # ; # # # # ; # # # ; # ; # ; 43
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83

&0FHOO/#DGHQRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #4
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # ; # # # # # # # # #5
)ROOLFXODU#FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # ; #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&RQWURO#+FRQWLQXHG,

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

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

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

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG 0 . . 0 . . . . . . . 0 0 0 . . . 0 0 . . 0 . . .
2YDU\ . . . . . . . . . . . . . . . 0 . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # ; # # # # # # # ; # # # # # #
8WHUXV . . . $ . . . . . . . . . . . . . . . . . . . . .

'HFLGXRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # ; # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # ; # # # # # #
3RO\S#VWURPDO # # # # # # # # # # # # # # # # ; # # # # # # # #

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . $ . . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD # # # # # # # # # # # # ; # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # ; # # # # # #

/\PSK#QRGH # # # # # # # # # # . . . . # # # # # # # # # # #
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # ; # # # # # # # # # # # # # #

/\PSK#QRGH/#EURQFKLDO 0 0 . 0 0 . 0 . 0 . . . 0 . . . . . . 0 . . 0 0 .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # ; # # # # # #

/\PSK#QRGH/#PDQGLEXODU . . . . 0 . . . . . . . . 0 . . . 0 . . . . . . .
+HPDQJLRPD # # # # # # # # ; # # # # # # # # # # # # # # # #

/\PSK#QRGH/#PHVHQWHULF 0 . . $ 0 . . . 0 . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # ; # # # # # #

/\PSK#QRGH/#PHGLDVWLQDO 0 0 0 0 0 . . . . . . . . . . . . . . . . 0 . . .
6SOHHQ . . . . 0 . . . . . . . . . . . . . . . . . . . .

+HPDQJLRVDUFRPD # # # # # # # # # # # # ; # # # # # # # # # # # #
7K\PXV . . 0 . . 0 0 . . . . . 0 0 . 0 . . . 0 . . . . .

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

6XEFXWDQHRXV#WLVVXH/#KLVWLRF\WLF#VDUFRPD # # # # # ; # # # # # # # # # # # # # # # # # ###########
6XEFXWDQHRXV#WLVVXH/#VDUFRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#PHVHQWHU\ # # # # # # # # # # # # # # # # # # # ;#####

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

+HPDQJLRVDUFRPD # # # # # # # # # # # # ; # # # # # # # # # # # #
2VWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # #

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

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # ; # # # # # # # # # # # # # #
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&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 6 6 7 7 7 7 7 9 9 9 9 9 9 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 7RWDO
&DUFDVV#,'#1XPEHU 6 6 6 7 7 3 4 7 7 8 3 3 3 4 5 5 6 7 3 4 4 4 5 5 5 7LVVXHV2

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

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . 0 . . . 0 . . . 0 . . . . . . . . . 0 . . . 6;
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 7<

'HFLGXRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3RO\S#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #4

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

/\PSK#QRGH # # # # # # # # # # # # # # . # # # # # # # # # # #8
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#EURQFKLDO . . . 0 0 . . . . . . . . . . . . . . . . 0 . 0 . 69
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PDQGLEXODU . . . . . 0 . . . . . 0 . 0 . . . . 0 0 0 . 0 . . 73
+HPDQJLRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . 0 . . . . . . 78
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PHGLDVWLQDO 0 . 0 . . 0 . 0 . . . . . . 0 . 0 . . . 0 . . . . 6:
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
7K\PXV . . 0 . 0 . . . . . . . 0 . . . . . . . . . . . . 73

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7;
6NLQ . . . . . . . 0 . . . . . . . . . . . . . . . . . 7<

6XEFXWDQHRXV#WLVVXH/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ### 4
6XEFXWDQHRXV#WLVVXH/#VDUFRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#PHVHQWHU\ # # # # # # # # # # # # # # # # # # # ####### 4

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

+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
2VWHRVDUFRPD # # # # # # # # # # # # # # # ; # # # # # # # # # #4

6NHOHWDO#PXVFOH # # # # . # # # # # # # # # # # # # # # # # . # # #5

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&RQWURO#+FRQWLQXHG,

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

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

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

5HVSLUDWRU\#6\VWHP#
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # ; #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # ; # # # # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # # # # # # # ; # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # ; # # # # # # # ; # # # # # #

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

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

$GHQRPD # # # # # # # # # # # # # ; # # # # # # # # # # #

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

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # ; # # # # # # # ; # # # # # #
8ULQDU\#EODGGHU . . 0 $ . . . . . . . . . . . . . . . . . . . . .

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

+LVWLRF\WLF#VDUFRPD # # # # # ; # # # # ; # # # # # # # ; # # # # # #
/\PSKRPD#PDOLJQDQW # # # # # # # # # ; # # # ; # # # # # # # # # # #



7HWUDK\GURIXUDQ/#173#75#7:8 4::

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=#
&KDPEHU#&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 6 6 7 7 7 7 7 9 9 9 9 9 9 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 7RWDO
&DUFDVV#,'#1XPEHU 6 6 6 7 7 3 4 7 7 8 3 3 3 4 5 5 6 7 3 4 4 4 5 5 5 7LVVXHV2

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6

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

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # . # # # # # # # # # # # # # # # # # # # # # # . #7

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # ; #5

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . 0 . . . 7:

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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP#

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

7 6 3 7 8 9 5 5 4 < 3 8 3 5 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 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU 3 5 7 5 6 4 7 7 7 6 3 5 3 8 3 4 4 3 4 4 5 5 6 6 6

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

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

3RO\S#DGHQRPDWRXV # # # # # # # # # # # # # # # # # # # # # # ; # #
,QWHVWLQH#VPDOO/#LOHXP . . . . $ . . . $ . . $ $ . . . $ . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # #
##SDQFUHDWLF # # # # # # ; # # # # # # # # # # # # # # # #############
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD # # # # # # ; # # # # # # # # # ; # # # # # ; # #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # ; # # # ; # # # # # # # # # # ;
+HSDWRFHOOXODU#DGHQRPD # # # # # # # # # # # # # # # ; # # ; ; # # ; # #
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # ; # # # ; # # # # ; # # #
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # ; # # # # # # # # # # # # # # # #

0HVHQWHU\ # # # # # # . # # # # . . # # . # . # # # # # # #
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # #
##SDQFUHDWLF # # # # # # ; # # # # # # # # # # # # # # # #############
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

3DQFUHDV . . . . . . . . . . . $ . . . . . . . . . . . . .
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # #
##SDQFUHDWLF # # # # # # ; # # # # # # # # # # # # # # # ##############

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

6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # ; # # #
6WRPDFK/#JODQGXODU . . . . . . . . . . . $ . . . . $ . . . . . . . .

&DUGLRYDVFXODU#6\VWHP#####################
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # ; # # # # # # # # # # # # # # # #

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

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

&DUFLQRPD # # # # # # ; # # # # # # # # # # # # # # # # # #
3DUDWK\URLG#JODQG 0 0 . 0 . . 0 0 0 . 0 0 0 . . . . . 0 . . . . , .
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # ; # # # # # # ; # # # ; # # # ; # ;
3DUV#LQWHUPHGLD/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # ; # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+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 7 7 7 7 7 7 7 7 7 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 7 7 3 4 4 4 4 5 5 6 7 3 3 5 6 6 6 6 7 7 7 3 4 5 5 7LVVXHV2

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
*DOOEODGGHU . . . . . . 0 . . . . . . . . . . . . . . . . . . 77
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7;
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 77
,QWHVWLQH#VPDOO/#MHMXQXP . . . 0 . . . . . . . . . . . . . . . . . . . . . 77

3RO\S#DGHQRPDWRXV # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # #### 4
+HPDQJLRVDUFRPD # # # # # # # # # ; # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD # # # ; # # # # # # # # # # # # # # # # ; # ; # # #9
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # ; # # # # # # # # # # # # # # # # # # # # #7
+HSDWRFHOOXODU#DGHQRPD # # # # # # ; # ; # # ; ; # # # ; ; ; # ; ; # # ; 47
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #6
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

0HVHQWHU\ # # # # # # # # # # # # # # # # # . # # # # . . . #<
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # ### # 4
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # ; # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 7<
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # #### 4

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 7<

6TXDPRXV#FHOO#SDSLOORPD ; # # # # # # # # # # # # # # # # # # # # # # # # #5
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7;

&DUGLRYDVFXODU#6\VWHP#####################
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . 7<

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # ; # # # #4
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 7<

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3DUDWK\URLG#JODQG . 0 0 0 . . . . 0 . . . . 0 . . . . . . . . . . 0 66
3LWXLWDU\#JODQG . . . . . . . . . . . , . . . . . . . . . . . . 0 7;

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # # # # # ; # ; ; # # # # # # # #;
3DUV#LQWHUPHGLD/#DGHQRPD # # # # # # # # # ; # # # # # # # # # # # # # # # #4

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 83
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+FRQWLQXHG,

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

7 6 3 7 8 9 5 5 4 < 3 8 3 5 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 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU 3 5 7 5 6 4 7 7 7 6 3 5 3 8 3 4 4 3 4 4 5 5 6 6 6

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

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG 0 0 . . . . 0 . . . . . 0 0 . . . . . . . . . . .
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # #
##SDQFUHDWLF # # # # # # ; # # # # # # # # # # # # # # # ##############

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
+HPDQJLRVDUFRPD # # # # # # # # # # # # ; # # # # # # # # # # # #
3RO\S#VWURPDO # # # # # ; # # # # # # # ; # # # # # # # # # # #

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

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # #
##SDQFUHDWLF # # # # # # ; # # # # # # # # # # # # # # # #############
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # ; # # # # # # # # # # # # # # #

/\PSK#QRGH/#PDQGLEXODU . . . . . 0 . . 0 . . . . . 0 . . . . 0 . . . . .
/\PSK#QRGH/#PHVHQWHULF . 0 . . . . . . , . . $ . . . . . . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # #
##SDQFUHDWLF # # # # # # ; # # # # # # # # # # # # # # # ##############

/\PSK#QRGH/#PHGLDVWLQDO . . 0 , . . . . . . 0 . 0 . . 0 . . . . . . . . .
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # #
##SDQFUHDWLF # # # # # # ; # # # # # # # # # # # # # # # #############
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # # ; # # # # # # # # # # # # # # #
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # ; # # # # # # # # # # # # # # # #

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

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

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

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # #
##SDQFUHDWLF # # # # # # ; # # # # # # # # # # # # # # # #############

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .
6SLQDO#FRUG # . # # # # # # # # # # # # # # # # # # # # # # #
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+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 7 7 7 7 7 7 7 7 7 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 7 7 3 4 4 4 4 5 5 6 7 3 3 5 6 6 6 6 7 7 7 3 4 5 5 7LVVXHV2

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

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . 0 . . 0 . . . 0 . . . . . . 0 . . 0 . . . 73
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # #### 4

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3RO\S#VWURPDO ; # # # # # # # # # # # # # # # # # ; # # # # # # #7

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/\PSK#QRGH # # # # # # # . # # # . # # # # # # # # . # # . # #7
/\PSK#QRGH/#EURQFKLDO . . 0 . 0 . . . . . 0 . 0 . . 0 . . . . . . . . . 74

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # #### 4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PDQGLEXODU . . 0 . . . . . . . . . , 0 . . . . . . . . . 0 0 74
/\PSK#QRGH/#PHVHQWHULF . 0 . . . . . . . . . . . . . . . . . . . . . . . 79

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # #### 4

/\PSK#QRGH/#PHGLDVWLQDO . . . . . . 0 0 . 0 0 . . . . . . . . 0 0 0 , 0 . 69
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # #### 4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # ; # # #4

7K\PXV . 0 . . . . . . 0 . . . . . . . . . . . . . . . 0 77

,QWHJXPHQWDU\#6\VWHP######################
0DPPDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83

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

2VWHRVDUFRPD # # # # # # # ; # # # # # # # # # # # # # # # # # #4
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # #### 4

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+FRQWLQXHG,

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

7 6 3 7 8 9 5 5 4 < 3 8 3 5 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 6 6 6 6 6 6 6 6
&DUFDVV#,'#1XPEHU 3 5 7 5 6 4 7 7 7 6 3 5 3 8 3 4 4 3 4 4 5 5 6 6 6

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # ; #
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # ; # # ; # # # # # # ; # # # # # # # ;
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # ; # # # # # # # # # # # # # # # #
0HGLDVWLQXP/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # ########
##PHWDVWDWLF/#OLYHU # # # # # # # # ; # # # # # # # # # # # # ################

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

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # # # # ; # # # # # # # # # # # # # # # #

8ULQDU\#EODGGHU . . . . . . . . . . . $ . . . . . . . . . . . . .

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

/\PSKRPD#PDOLJQDQW # # # # # # # # # # # ; # # # # # # # # # # # # #



7HWUDK\GURIXUDQ/#173#75#7:8 4;6

7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##533#SSP
+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 7 7 7 7 7 7 7 7 7 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 7 7 3 4 4 4 4 5 5 6 7 3 3 5 6 6 6 6 7 7 7 3 4 5 5 7LVVXHV2

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 83
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #5
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # ; # # #8
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HGLDVWLQXP/#KHSDWRFKRODQJLRFDUFLQRPD/ # # # # # # # # # # # # # # # # # #########
##PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # ##### 4

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

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # . # # . # # # # # # # # # # # # # # #5

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

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . 0 . 7;

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

/\PSKRPD#PDOLJQDQW # # # # # # # # # # # ; # # # # # # # # # # # # # #5
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP#

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

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

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

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

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

+HSDWRFHOOXODU#FDUFLQRPD # # # # # ; # ; # # # # # # # # # # # ; # # # ; #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # ; # # # # # # # # # # #
+HSDWRFHOOXODU#DGHQRPD # # # ; # ; # # # ; ; # # # # # ; # # # # ; # # #
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # ; # ;

0HVHQWHU\ # # # . # # # # # # # # . # # # # # # . # . # # #
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # ; # # #
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

3DQFUHDV $ . . . . . . . . . . . . . . . . . . $ . . . . .
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # ; # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # ; # # #
7RRWK # # # # # # # # # . # # # # # # # # # # # # # # #

&DUGLRYDVFXODU#6\VWHP#####################
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

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

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # # # # # # # # # # # #
,VOHWV/#SDQFUHDWLF $ . . 0 . . . . . . . . . . . . . . . $ . . . . .
3DUDWK\URLG#JODQG 0 . . . . . . . 0 . 0 0 0 0 . . . 0 0 . . 0 0 0 .
3LWXLWDU\#JODQG 0 . . . . . . . . . . . . . . . . . . , . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # ; # # # # # # ; # # ; # # # #
3DUV#LQWHUPHGLD/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

7K\URLG#JODQG $ . . . . . . . . . . . . . . . . . . . . . . . .
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # ; # # # # # # ; # # # # # # #

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # #

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG 0 . . . . . . . . . . . . . . 0 . . . . 0 0 0 . .
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # ; # # #
&\VWDGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
7HUDWRPD#EHQLJQ # # # # # # # # # # # ; # # # # # # # # # # # # #
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+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 7 7 7 7 7 7 7 9 9 9 : : : : : : : : : : :

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

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 83
*DOOEODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 83

+HSDWRFHOOXODU#FDUFLQRPD ; # # # # # ; # # # # # ; # # # ; ; # # # # # # # #<
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#DGHQRPD # # ; # ; # # # ; ; # # # # # ; # # # ; ; # # # # 46
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # ; # # # # ; ; # # # # # # # # # # # #8

0HVHQWHU\ # # # # . # # # # # # . . # # # . # # # # # # . # #<
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD # # # # ; # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 7;
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 83
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 7<
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7;

&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
7RRWK # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP#####################
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 83

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

3KHRFKURPRF\WRPD#PDOLJQDQW # # # # # # # # # # # # # # ; # # # # # # # # # # #4
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 7:
3DUDWK\URLG#JODQG . . 0 0 . 0 . 0 . . . . 0 . . . . . . . . . , . . 66
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7;

3DUV#GLVWDOLV/#DGHQRPD ; # ; # ; # ; # # # ; # # ; ; # # # # # # ; ; ; ; 47
3DUV#LQWHUPHGLD/#DGHQRPD # # # # ; # # # # # # # # # # # # # # # # # # # # #4

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7<
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # ; # # # # # # # # # # # #6

*HQHUDO#%RG\#6\VWHP#######################
1RQH # # # # # # # # # # # # # # # # # # # # # # # # ##

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . 0 0 . . . . . . . . . . . . . . . . . 76
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . 83

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
&\VWDGHQRPD # ; ; # # # # # # # # # # # # # # # # # # # # # # #5
7HUDWRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+FRQWLQXHG,

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

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

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

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

*HQLWDO#6\VWHP#+FRQWLQXHG,
8WHUXV $ . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # ; # # #
3RO\S#VWURPDO # # # # # # # # # # # # # # # # ; # # # # # # # #

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ $ . . . . . . . . . . . . . . . . . . . . . . . .
/\PSK#QRGH # # # # # # # # # # # . . # # . # # # # # # # # #
/\PSK#QRGH/#EURQFKLDO . . . 0 . . . . . . , 0 . 0 0 . 0 . . 0 . 0 . . .
/\PSK#QRGH/#PDQGLEXODU 0 . 0 . . . . . . . . 0 . . . . 0 . . . . . . . 0
/\PSK#QRGH/#PHVHQWHULF $ . . . . . . . . . . . . . . . , . . $ . . . . .

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

/\PSK#QRGH/#PHGLDVWLQDO . . 0 0 . . 0 . 0 0 . . . . . . . . . . . . . . .
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # ; # # #

6SOHHQ . . . . . . . . . . . . . . . . . . . $ . . . . .
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

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

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

6XEFXWDQHRXV#WLVVXH/#KHPDQJLRPD # # # # # # # # # # # # # # # # # # # # # # # # #
6XEFXWDQHRXV#WLVVXH/#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # #

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

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ $ . . . . . . . . . . . . . . . . . . . . . . . .
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # ; # # # # # # #
$OYHRODU2EURQFKLRODU#DGHQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PXOWLSOH # # # # # # # # # # # # # # # # # # # # # # # ###########
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # ; # # # # # # # # # # # # #
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # ; # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # ; # # # # # # # # # # # # # # # # #
6DUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # ; # # # # # # # # # # # # # # # #
0HGLDVWLQXP/#KHPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # #

1RVH $ . . . . . . . . . . . . . . . . . . $ . . . . .
7UDFKHD $ . . . . . . . . . . . . . . . 0 . . . . . . . .
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+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 7 7 7 7 7 7 7 9 9 9 : : : : : : : : : : :

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

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

*HQLWDO#6\VWHP#+FRQWLQXHG,
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 7<

$GHQRPD # # # # # # # # # # ; # # # # # # # # # # # # # # #4
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
3RO\S#VWURPDO # # # # # # # # # ; # # # # # # # # # # # # # # # #5

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/\PSK#QRGH # # # # # # # # # # # . # # # # # # # # # # # # # #7
/\PSK#QRGH/#EURQFKLDO . . . . . . . . . . . . . . . . . 0 . . . . 0 . 0 6<
/\PSK#QRGH/#PDQGLEXODU . . . . 0 . . . . . , . . 0 . 0 . . . . 0 0 . . . 6<
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . 7:

&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #5

/\PSK#QRGH/#PHGLDVWLQDO . . . . . . . . . 0 . . . . . . 0 . . . . 0 . 0 . 74
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
+HPDQJLRVDUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #4

7K\PXV . . . . . 0 . . . . 0 . 0 . . . . 0 . . . . . . . 6;

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

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

6XEFXWDQHRXV#WLVVXH/#KHPDQJLRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

1HUYRXV#6\VWHP############################
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 83
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #4

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 7<
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 83

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # ; ; # # # # # # # # # # #6
$OYHRODU2EURQFKLRODU#DGHQRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PXOWLSOH # # ; # # # # # # # # # # # # # # # # # # # # ### 4
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # ; # # # # # # # # # # #5
&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # # # # # # # # # # # ; # # # # # # # # #6
6DUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HGLDVWLQXP/#KHPDQJLRVDUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # # #4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 7;
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 7;
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP
+FRQWLQXHG,

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

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

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

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

6SHFLDO#6HQVHV#6\VWHP#####################
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # #

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # ; # # #
8ULQDU\#EODGGHU $ . . . . . . . . 0 . . . . . . . . . $ . . . . .

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#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##933#SSP##
+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 7 7 7 7 7 7 7 9 9 9 : : : : : : : : : : :

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

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

6SHFLDO#6HQVHV#6\VWHP###
+DUGHULDQ#JODQG # # # # # # # # # # # . # # # # # # # # # # # . # #5

$GHQRPD # # # # # # # # # # # ; # # # # # # # # # # # ; # #5

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

&DUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . 7:

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #5
/\PSKRPD#PDOLJQDQW # # # # # # # # # # # # # # # # ; # ; # # # # # # #7
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP#

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

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

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

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

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

&DUFLQRPD # # # # # # # # # # # # # # # # # # ; # # # # # #
,QWHVWLQH#VPDOO/#LOHXP $ $ . . . . . $ . $ . . . . . . . . . . . . . . .
/LYHU . $ . . . . . $ . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # # # # ; # # # # # ; ; # # # # # ; # # ; # # ; #
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # ; ; # # # # # # # # # # # # # # # # # ;
+HSDWRFHOOXODU#DGHQRPD ; # ; ; # # ; # ; # # ; ; # ; # # # ; # # # # # #
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # # # # # # # # # # # # # # # # ; ; # #
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # #

0HVHQWHU\ # . # # # # . . # # # . # # # # # # # # # # # # #
)LEURXV#KLVWLRF\WRPD # # # # # # ; # # # # # # # # # # # # # # # # # #

2UDO#PXFRVD # # # # # # # # # # # # # # # # # # # # # # # # #
6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

3DQFUHDV $ $ . . . . . $ . $ . . . . . . . . . . . . . . .
)LEURXV#KLVWLRF\WRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHVHQWHU\ # # # # # # ; # # # # # # # # # # # # # # # # # #

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

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

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . 0 . . . . . $ . $ # . . . . . . . . . . . . . .
$GUHQDO#PHGXOOD $ 0 . . . . . $ . 0 . . . . . . . . . . . . . . .

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # ; # # # # # # # # # # # # # #
,VOHWV/#SDQFUHDWLF $ $ . . . . . $ . 0 . . . . . . . . . . . . . . .
3DUDWK\URLG#JODQG . $ . . . . 0 . 0 $ . . . . . . . . . . 0 . 0 . .
3LWXLWDU\#JODQG . $ . . . . . $ . . . . . . . . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # # # # # # # ; # # ; # # ; ; # # #
7K\URLG#JODQG . $ . . . . . $ . $ . . . . . . . . . . . . . . .

&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # #
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # #

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

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . . . , $ . . . . 0 , . . 0 . . . . . . . ,
2YDU\ . $ . . . . . $ . . . . . . . . . . . . . . . . .

&\VWDGHQRPD # # # # # # # # # # # # # # # # # # # # ; # # # #
8WHUXV . . . . . . . . . $ . . . . . . . . . . . . . . .

3RO\S#VWURPDO # # # # # # # ; # # # # # # # # # # # # # # # # #
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+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 7 7 7 7 7 7 7 7 9 9 9 9 9 9 9 9 : : : : :

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

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

$OLPHQWDU\#6\VWHP#########################
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 7;
*DOOEODGGHU . . . . . . . . . . . 0 . 0 . . . . . . . . . . . 77
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . 78
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . 7:
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . 79

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . 79
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 7;

+HSDWRFHOOXODU#FDUFLQRPD # # # # # ; # # # ; # # # # ; # # # # # # ; # # # 43
+HSDWRFHOOXODU#FDUFLQRPD/#PXOWLSOH # # # # # # ; # # # # # # ; # # # # # ; # # # # # #9
+HSDWRFHOOXODU#DGHQRPD # # # ; ; ; # # # ; ; # ; # ; # # # ; # # # # ; ; 4<
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH ; # ; # # # # ; ; # # # # # # ; ; ; # ; ; # ; # # 45
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # ; #4

0HVHQWHU\ # # . # # # # # # # # . # # . # . . # # # # # # # #<
)LEURXV#KLVWLRF\WRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

2UDO#PXFRVD # # # # # # . # # # # # # # # # # # # # # # # # # #4
6TXDPRXV#FHOO#FDUFLQRPD # # # # # # ; # # # # # # # # # # # # # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . 79
)LEURXV#KLVWLRF\WRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 7;
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . 7:
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . 7:

&DUGLRYDVFXODU#6\VWHP#####################
%ORRG#YHVVHO # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 7;

(QGRFULQH#6\VWHP##########################
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 79
$GUHQDO#PHGXOOD . . . . . . . . . 0 . . . . . . . . . . . . . . . 78

3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # # # # # # # ; # # # # # # # # # # #5
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . 79
3DUDWK\URLG#JODQG 0 . . . . . 0 , . 0 0 . . 0 0 . 0 . . . . . . 0 0 67
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7;

3DUV#GLVWDOLV/#DGHQRPD # # # # # # # # ; # # # ; # # # # # # # # ; ; # # #;
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 7:

&0FHOO/#FDUFLQRPD # # # # # # # # # # # # # # ; ; # # # # # # # # # #5
)ROOLFXODU#FHOO/#DGHQRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #4

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

*HQLWDO#6\VWHP############################
&OLWRUDO#JODQG . . . . 0 . 0 . . . . . . 0 . . . . . . . . . . . 74
2YDU\ . . . . . . . . . . . . . . . . . . . 0 . . . 0 . 79

&\VWDGHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 7<

3RO\S#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#'5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+FRQWLQXHG,

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

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

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

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

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . $ . . , . . $ . $ . . . . . . . . . . . . . . .

6DUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # #
/\PSK#QRGH # # # # # # # # # # # # . # # # # # # # # # # # #
/\PSK#QRGH/#EURQFKLDO . $ . . . . . . 0 0 . . . . 0 . . . . . . . 0 . .

)LEURXV#KLVWLRF\WRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHVHQWHU\ # # # # # # ; # # # # # # # # # # # # # # # # # #

/\PSK#QRGH/#PDQGLEXODU . $ . . . . . . . . . 0 . . . . . 0 . . 0 . 0 . 0
/\PSK#QRGH/#PHVHQWHULF $ $ . . . . . $ . $ . . . . . . . . . . . . . . .
/\PSK#QRGH/#PHGLDVWLQDO 0 0 . . 0 0 . 0 . 0 . . . . 0 . 0 0 . . . . . . .

)LEURXV#KLVWLRF\WRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHVHQWHU\ # # # # # # ; # # # # # # # # # # # # # # # # # #

6SOHHQ $ $ . . . . . $ . $ . . . . . . . . . . . . . . .
7K\PXV . 0 . . . . . $ . 0 . . . . . . 0 0 . . . . . . .

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

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

6XEFXWDQHRXV#WLVVXH/#VDUFRPD # # # # # # # # # # # # # # ; # # # # # # # ; # #

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

2VWHRVDUFRPD # # # # # # # # # ; # # # # # # # # # # # # # # #

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

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ $ $ . . . . . $ . $ . . . . . . . . . . . . . . .
/XQJ . $ . . . . . . . . . . . . . . . . . . . . . . .

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # ; # # # # # # # # # # # # # # # # ; #
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # ; # # # # # # # # # # # # #
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # #
##OLYHU # # # # # ; # # # # # ; # # # # # # # # # # # # #
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # #
0HGLDVWLQXP/#ILEURXV#KLVWLRF\WRPD/ # # # # # # # # # # # # # # # # # # # # # # # # #
##PHWDVWDWLF/#PHVHQWHU\ # # # # # # ; # # # # # # # # # # # # # # # # # #

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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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ=##4/;33#SSP
+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 7 7 7 7 7 7 7 7 9 9 9 9 9 9 9 9 : : : : :

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

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

+HPDWRSRLHWLF#6\VWHP######################
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 79

6DUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH # # # # # # # # # # # # # # # . # # # # # # # # # #5
/\PSK#QRGH/#EURQFKLDO . . . . . . . . . 0 . 0 . . . . 0 0 . . . . . . . 74

)LEURXV#KLVWLRF\WRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . 0 . . . . . . . . . . 0 . . . . 0 74
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . 0 . . . . . . . . 78
/\PSK#QRGH/#PHGLDVWLQDO . . . . . 0 . 0 . . . . . . . . . 0 . . . . . . . 6;

)LEURXV#KLVWLRF\WRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . 79
7K\PXV . . . . . . . . . . . . . . . . . . . . . . 0 . . 77

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

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

6XEFXWDQHRXV#WLVVXH/#VDUFRPD # # # # # # # # ; # # # # # # # # # # # # # # # # #6

0XVFXORVNHOHWDO#6\VWHP####################
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 7<

2VWHRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # ; #5

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

5HVSLUDWRU\#6\VWHP########################
/DU\Q[ . . . . . . . . . . . . . . . . . . . . . . . . . 79
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 7<

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # ; # # # #6
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #5
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##OLYHU # # # # # # ; # # # # # # # # # # # # # # # # # # #6
2VWHRVDUFRPD/#PHWDVWDWLF/#ERQH # # # # # # # # # # # # # # # # # # # # # # # # ; #4
0HGLDVWLQXP/#ILEURXV#KLVWLRF\WRPD/ # # # # # # # # # # # # # # # # # # # # # # # # ##
##PHWDVWDWLF/#PHVHQWHU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 7<
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 79

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

$GHQRPD # # # # # # # # # # # # # # # # # # # # # ; # # # #4

8ULQDU\#6\VWHP############################
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 79
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . 0 . . . . . 78

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

/\PSKRPD#PDOLJQDQW # # # # # # # # # ; # # ; # # # # # # # # # # # # #8
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6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

/LYHU=##+HSDWRFHOOXODU#$GHQRPD
2YHUDOO#UDWH 45283#+57(, 4:283#+67(, 4;283#+69(, 6427;#+98(,D

$GMXVWHG#UDWH 681<( 7:14( 8518( :91;(E

7HUPLQDO#UDWH ;25<#+5;(, 47266#+75(, 44259#+75(, 56265#+:5(,F

)LUVW#LQFLGHQFH#+GD\V, 97; 973 79< 6<<
/LIH#WDEOH#WHVW 3?31334 3Û31646 3Û3144< 3Û31334G

/RJLVWLF#UHJUHVVLRQ#WHVW 3?31334 3Û3157< 3Û314;; 3?31334G

&RFKUDQ0$UPLWDJH#WHVW 3?31334G

)LVKHU#H[DFW#WHVW 3Û314;< 3Û3146; 3?31334G

/LYHU=##+HSDWRFHOOXODU#&DUFLQRPD
2YHUDOO#UDWH 9283#+45(, 43283#+53(, 43283#+53(, 4927;#+66(,
$GMXVWHG#UDWH 4918( 5916( 6313( 731;(
7HUPLQDO#UDWH 525<#+:(, 9266#+4;(, 8259#+4<(, 43265#+64(,
)LUVW#LQFLGHQFH#+GD\V, 7:; 885 877 895
/LIH#WDEOH#WHVW 3Û3135: 3Û315<: 3Û31543 3Û31368
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31345 3Û31567 3Û3155< 3Û31347
&RFKUDQ0$UPLWDJH#WHVW 3Û3133<
)LVKHU#H[DFW#WHVW 3Û3153: 3Û3153: 3Û31344
/LYHU=##+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 4:283#+67(, 57283#+7;(, 59283#+85(, 7427;#+;8(,
$GMXVWHG#UDWH 7916( 9416( 9<14( <613(
7HUPLQDO#UDWH 4325<#+67(, 4;266#+88(, 48259#+8;(, 5<265#+<4(,
)LUVW#LQFLGHQFH#+GD\V, 7:; 885 79< 6<<
/LIH#WDEOH#WHVW 3?31334 3Û31586 3Û31389 3?31334
/RJLVWLF#UHJUHVVLRQ#WHVW 3?31334 3Û314;; 3Û313;9 3?31334
&RFKUDQ0$UPLWDJH#WHVW 3?31334
)LVKHU#H[DFW#WHVW 3Û31444 3Û31386 3?31334

/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD
2YHUDOO#UDWH 4283#+5(, 5283#+7(, 7283#+;(, 627<#+9(,
$GMXVWHG#UDWH 617( 914( 4715( ;17(
7HUPLQDO#UDWH 425<#+6(, 5266#+9(, 6259#+45(, 5265#+9(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, 9<3 8:7
/LIH#WDEOH#WHVW 3Û31665 3Û31878 3Û3148; 3Û31677###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31654 3Û31878 3Û314;9 3Û31663###
&RFKUDQ0$UPLWDJH#WHVW 3Û315<7##########################################
)LVKHU#H[DFW#WHVW 3Û31833 3Û314;4 3Û31634###
/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 5283#+7(, 6283#+9(, 8283#+43(, 827<#+43(,
$GMXVWHG#UDWH 91<( <14( 4917( 461:(
7HUPLQDO#UDWH 525<#+:(, 6266#+<(, 6259#+45(, 6265#+<(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, 943 8:7
/LIH#WDEOH#WHVW 3Û31553 3Û3188< 3Û314<9 3Û3158<###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31545 3Û3188< 3Û31574 3Û31578###
&RFKUDQ0$UPLWDJH#WHVW 3Û314;6##########################################
)LVKHU#H[DFW#WHVW 3Û31833 3Û3154; 3Û31543###
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6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV,=##$GHQRPD
2YHUDOO#UDWH 4327:#+54(, ;27;#+4:(, 4727;#+5<(, ;27;#+4:(,
$GMXVWHG#UDWH 651:( 5617( 7:16( 5617(
7HUPLQDO#UDWH :25:#+59(, 9264#+4<(, 44259#+75(, 9265#+4<(,
)LUVW#LQFLGHQFH#+GD\V, 984 8;5 8<< 964
/LIH#WDEOH#WHVW 3Û316391 3Û315<51 3Û31555 3Û315;:1##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315<;1 3Û315;81 3Û31663 3Û3159:1##
&RFKUDQ0$UPLWDJH#WHVW 3Û316;91
)LVKHU#H[DFW#WHVW 3Û316:;1 3Û3158< 3Û316:;1##
6NLQ#+6XEFXWDQHRXV#7LVVXH,=##6DUFRPD
2YHUDOO#UDWH 3283#+3(, 3283#+3(, 4283#+5(, 6283#+9(,
$GMXVWHG#UDWH 313( 313( 517( ;1<(
7HUPLQDO#UDWH 325<#+3(, 3266#+3(, 3259#+3(, 5265#+9(,
)LUVW#LQFLGHQFH#+GD\V, ³ ³ 8:7 964H

/LIH#WDEOH#WHVW 3Û31358 ³ 3Û31848 3Û31469###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31355 ³ 3Û317:9 3Û31468###
&RFKUDQ0$UPLWDJH#WHVW 3Û31354
)LVKHU#H[DFW#WHVW ###### ³ 3Û31833 3Û31454###
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD
2YHUDOO#UDWH 5283#+7(, 4283#+5(, 627<#+9(, 427:#+5(,
$GMXVWHG#UDWH 91<( 613( <14( 614(
7HUPLQDO#UDWH 525<#+:(, 4266#+6(, 4259#+7(, 4265#+6(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, 8<< :66#+7,
/LIH#WDEOH#WHVW 3Û317841 3Û317881 3Û317;4 3Û317981##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317931 3Û317881 3Û31863 3Û317981##
&RFKUDQ0$UPLWDJH#WHVW 3Û317<71
)LVKHU#H[DFW#WHVW 3Û318331 3Û317<3 3Û318561##
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 6283#+9(, 4283#+5(, 627<#+9(, 427:#+5(,
$GMXVWHG#UDWH 4316( 613( <14( 614(
7HUPLQDO#UDWH 625<#+43(, 4266#+6(, 4259#+7(, 4265#+6(,
)LUVW#LQFLGHQFH#+GD\V, :66#+7, :66#+7, 8<< :66#+7,
/LIH#WDEOH#WHVW 3Û316581 3Û3158<1 3Û3196: 3Û3159<1##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316641 3Û3158<1 3Û319661 3Û3159<1##
&RFKUDQ0$UPLWDJH#WHVW 3Û316981
)LVKHU#H[DFW#WHVW 3Û3163<1 3Û31984 3Û316651##
8WHUXV=##6WURPDO#3RO\S
2YHUDOO#UDWH 4283#+5(, 7283#+;(, 5283#+7(, 4283#+5(,
$GMXVWHG#UDWH 51<( 4319( 91:( 516(
7HUPLQDO#UDWH 325<#+3(, 5266#+9(, 4259#+7(, 3265#+3(,
)LUVW#LQFLGHQFH#+GD\V, 984 859 9;3 8::
/LIH#WDEOH#WHVW 3Û3165;1 3Û31554 3Û31834 3Û31:7:1##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316691 3Û314;9 3Û31855 3Û31:86###
&RFKUDQ0$UPLWDJH#WHVW 3Û316731
)LVKHU#H[DFW#WHVW 3Û314;4 3Û31833 3Û31:861##
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6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$OO#2UJDQV=##+HPDQJLRVDUFRPD
2YHUDOO#UDWH 4283#+5(, 6283#+9(, 5283#+7(, 3283#+3(,
$GMXVWHG#UDWH 519( ;18( :1:( 313(
7HUPLQDO#UDWH 325<#+3(, 5266#+9(, 5259#+;(, 3265#+3(,
)LUVW#LQFLGHQFH#+GD\V, 8<< 973 :66#+7, ³
/LIH#WDEOH#WHVW 3Û314;61 3Û3167: 3Û317;4 3Û317<31##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314:81 3Û31657 3Û31855 3Û318581##
&RFKUDQ0$UPLWDJH#WHVW 3Û314;:1
)LVKHU#H[DFW#WHVW 3Û3163< 3Û31833 3Û318331##
$OO#2UJDQV=##+HPDQJLRPD#RU#+HPDQJLRVDUFRPD
2YHUDOO#UDWH 5283#+7(, 6283#+9(, 6283#+9(, 3283#+3(,
$GMXVWHG#UDWH 71<( ;18( 4418( 313(
7HUPLQDO#UDWH 325<#+3(, 5266#+9(, 6259#+45(, 3265#+3(,
)LUVW#LQFLGHQFH#+GD\V, 7<8 973 :66#+7, ³
/LIH#WDEOH#WHVW 3Û314571 3Û3187< 3Û317;6 3Û315531##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314541 3Û317<: 3Û31846 3Û315;61##
&RFKUDQ0$UPLWDJH#WHVW 3Û3145;1
)LVKHU#H[DFW#WHVW 3Û31833 3Û31833 3Û3157:1##
$OO#2UJDQV=##+LVWLRF\WLF#6DUFRPD
2YHUDOO#UDWH 6283#+9(, 3283#+3(, 5283#+7(, 3283#+3(,
$GMXVWHG#UDWH :19( 313( 915( 313(
7HUPLQDO#UDWH 325<#+3(, 3266#+3(, 4259#+7(, 3265#+3(,
)LUVW#LQFLGHQFH#+GD\V, 775 ³ 8<7 ³
/LIH#WDEOH#WHVW 3Û314:31 3Û3143<1 3Û317;:1 3Û314461##
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û314<71 3Û314731 3Û3185;1 3Û314781##
&RFKUDQ0$UPLWDJH#WHVW 3Û314:61
)LVKHU#H[DFW#WHVW 3Û314541 3Û318331 3Û314541##
$OO#2UJDQV=##0DOLJQDQW#/\PSKRPD
2YHUDOO#UDWH :283#+47(, 5283#+7(, 7283#+;(, 8283#+43(,
$GMXVWHG#UDWH 5417( 818( 451:( 4616(
7HUPLQDO#UDWH 825<#+4:(, 4266#+6(, 5259#+;(, 5265#+9(,
)LUVW#LQFLGHQFH#+GD\V, 835 968 964 8<<
/LIH#WDEOH#WHVW 3Û318:61 3Û3138<1 3Û315;;1 3Û316571
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318:91 3Û313991 3Û3155:1 3Û316761
&RFKUDQ0$UPLWDJH#WHVW 3Û318:3
)LVKHU#H[DFW#WHVW 3Û313;31 3Û315951 3Û316;31
$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH 54283#+75(, 5<283#+8;(, 64283#+95(, 6:283#+:7(,
$GMXVWHG#UDWH 8919( :517( ;819( ;81:(
7HUPLQDO#UDWH 4625<#+78(, 55266#+9:(, 54259#+;4(, 59265#+;4(,
)LUVW#LQFLGHQFH#+GD\V, 7<8 859 79< 6<<
/LIH#WDEOH#WHVW 3Û31347 3Û31568 3Û31364 3Û31349
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31338 3Û3148< 3Û31397 3Û31337
&RFKUDQ0$UPLWDJH#WHVW 3Û31335
)LVKHU#H[DFW#WHVW 3Û313;4 3Û31369 3Û31334
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6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 54283#+75(, 4;283#+69(, 54283#+75(, 5;283#+89(,
$GMXVWHG#UDWH 8419( 7717( 871;( 9719(
7HUPLQDO#UDWH 4325<#+67(, 44266#+66(, 43259#+6;(, 4:265#+86(,
)LUVW#LQFLGHQFH#+GD\V, 775 885 877 895
/LIH#WDEOH#WHVW 3Û313<4 3Û3155:1 3Û3186: 3Û3158;###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313<; 3Û315441 3Û316771 3Û315;3###
&RFKUDQ0$UPLWDJH#WHVW 3Û31369
)LVKHU#H[DFW#WHVW 3Û316741 3Û318;31 3Û31448###
$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 67283#+9;(, 6;283#+:9(, 74283#+;5(, 77283#+;;(,
$GMXVWHG#UDWH :<13( ;916( <816( <618(
7HUPLQDO#UDWH 5325<#+9<(, 5:266#+;5(, 57259#+<5(, 5<265#+<4(,
)LUVW#LQFLGHQFH#+GD\V, 775 859 79< 6<<
/LIH#WDEOH#WHVW 3Û31464 3Û318791 3Û31448 3Û314;;###
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3137< 3Û317<3 3Û31537 3Û3138<###
&RFKUDQ0$UPLWDJH#WHVW 3Û31349
)LVKHU#H[DFW#WHVW 3Û31585 3Û313;6 3Û31347

+7,7HUPLQDO#VDFULILFH
1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#OLYHU/#OXQJ/#SLWXLWDU\D

JODQG/#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#FKDPEHU#FRQWURO#LQFLGHQFH#DUH#WKH#3#YDOXHV#DVVRFLDWHG#ZLWK#WKH#WUHQG#WHVW1##%HQHDWK#WKH#H[SRVHG#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#WRG

SDLUZLVH#FRPSDULVRQV#EHWZHHQ#WKH#FKDPEHU#FRQWUROV#DQG#WKDW#H[SRVHG#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$UPLWDJH#DQG#)LVKHU#H[DFW#WHVWV
FRPSDUH#GLUHFWO\#WKH#RYHUDOO#LQFLGHQFH#UDWHV1##)RU#DOO#WHVWV/#D#QHJDWLYH#WUHQG#RU#D#ORZHU#LQFLGHQFH#LQ#DQ#H[SRVXUH#JURXS#LV#LQGLFDWHG#E\#11
1RW#DSSOLFDEOH>#QR#QHRSODVPV#LQ#DQLPDO#JURXSH
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7$%/(#'7D
+LVWRULFDO#,QFLGHQFH#RI#+HSDWRFHOOXODU#1HRSODVPV#LQ#&KDPEHU#&RQWURO#)HPDOH#%9&6) #0LFH4

D

,QFLGHQFH#LQ#&RQWUROV

6WXG\ $GHQRPD &DUFLQRPD $GHQRPD#RU#&DUFLQRPD

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#3DFLILF#1RUWKZHVW#/DERUDWRULHV

4/60%XWDGLHQH 4427< 727< 4827<
$FHWRQLWULOH 727< :27< <27<
$OO\O#*O\FLG\O#(WKHU 4283 8283 9283
50&KORURDFHWRSKHQRQH 7283 ;283 45283
O0(SLQHSKULQH#+\GURFKORULGH 5283 4283 6283
&KORURHWKDQH 327< 627< 627<
+H[DFKORURF\FORSHQWDGLHQH 827< 727< <27<
&65#+R0&KORUREHQ]DOPDORQRQLWULOH, 7283 :283 44283
2]RQH 53283 48283 5:283

7RWDO 842779#+4417(, 872779#+4514(, <82779#+5416(,
6WDQGDUG#GHYLDWLRQ 4518( ;14( 471;(
5DQJH 3(073( 5(063( 9(087(

2YHUDOO#+LVWRULFDO#,QFLGHQFH

7RWDO 4472<6:#+4515(, 4362<6:#+4413(, 5332<6:#+5416(,
6WDQGDUG#GHYLDWLRQ <1:( 91:( 441<(
5DQJH 3(073( 3(063( 6(087(

'DWD#DV#RI#45#0D\#4<<8D

7$%/(#'7E
+LVWRULFDO#,QFLGHQFH#RI#$OYHRODU2EURQFKLRODU#1HRSODVPV#LQ#&KDPEHU#&RQWURO#)HPDOH#%9&6) #0LFH4

D

,QFLGHQFH#LQ#&RQWUROV

6WXG\ $GHQRPD &DUFLQRPD $GHQRPD#RU#&DUFLQRPD

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#3DFLILF#1RUWKZHVW#/DERUDWRULHV

4/60%XWDGLHQH 7283 3283 7283
$FHWRQLWULOH :27< 427< ;27<
$OO\O#*O\FLG\O#(WKHU 3283 3283 3283
50&KORURDFHWRSKHQRQH 7283 6283 9283
O0(SLQHSKULQH#+\GURFKORULGH 6283 5283 8283
&KORURHWKDQH 527< 627< 827<
+H[DFKORURF\FORSHQWDGLHQH 727; 627; :27;
&65#+R0&KORUREHQ]DOPDORQRQLWULOH, 7283 4283 8283
2]RQH 7283 5283 9283

7RWDO 652779#+:15(, 482779#+617(, 792779#+4316(,
6WDQGDUG#GHYLDWLRQ 61;( 518( 719(
5DQJH 3(047( 3(09( 3(049(

2YHUDOO#+LVWRULFDO#,QFLGHQFH

7RWDO 942<6<#+918(, 6;2<6<#+714(, <:2<6<#+4316(,
6WDQGDUG#GHYLDWLRQ 615( 615( 61:(
5DQJH 3(047( 3(045( 3(049(

'DWD#DV#RI#45#0D\#4<<8D
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7$%/(#'7F
+LVWRULFDO#,QFLGHQFH#RI#6WURPDO#3RO\S#RI#WKH#8WHUXV#LQ#&KDPEHU#&RQWURO#)HPDOH#%9&6) #0LFH4

D

6WXG\ ,QFLGHQFH#LQ#&RQWUROV

+LVWRULFDO#,QFLGHQFH#DW#%DWWHOOH#3DFLILF#1RUWKZHVW#/DERUDWRULHV

4/60%XWDGLHQH 5283
$FHWRQLWULOH 527<
$OO\O#*O\FLG\O#(WKHU 3283
50&KORURDFHWRSKHQRQH 6283
O0(SLQHSKULQH#+\GURFKORULGH 3283
&KORURHWKDQH 527<
+H[DFKORURF\FORSHQWDGLHQH 327<
&65#+R0&KORUREHQ]DOPDORQRQLWULOH, 6283
2]RQH 4283

7RWDO 46277:#+51<(,
6WDQGDUG#GHYLDWLRQ 518(
5DQJH 3(09(

2YHUDOO#+LVWRULFDO#,QFLGHQFH

7RWDO 592<74#+51;(,
6WDQGDUG#GHYLDWLRQ 516(
5DQJH 3(09(

'DWD#DV#RI#45#0D\#4<<8D



533 7HWUDK\GURIXUDQ/#173#75#7:8

7$%/(#'8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#
RI#7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

'LVSRVLWLRQ#6XPPDU\##################################################################################################################
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 83 83 83 83
(DUO\#GHDWKV
$FFLGHQWDO#GHDWKV 8 4 4
0RULEXQG 46 43 53 46
1DWXUDO#GHDWKV 6 9 6 8

6XUYLYRUV
7HUPLQDO#VDFULILFH 5< 66 59 65

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

$OLPHQWDU\#6\VWHP
*DOOEODGGHU +78, +77, +78, +77,
'HJHQHUDWLRQ/#K\DOLQH ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ ##4 +5(,## ### ###### ### ###### ##4 +5(,##

,QWHVWLQH#VPDOO/#LOHXP +79, +78, +79, +79,
'LYHUWLFXOXP ### ###### ### ###### ### ###### ##4 +5(,##
8OFHU ### ###### ### ###### ### ###### ##4 +5(,##

/LYHU +83, +83, +83, +7;,
$QJLHFWDVLV ##4 +5(,## ##4 +5(,## ##4 +5(,## ### ######
%DVRSKLOLF#IRFXV ##4 +5(,## ### ###### ### ###### ##4 +5(,##
&OHDU#FHOO#IRFXV ### ###### ##4 +5(,## ### ###### ##4 +5(,##
(RVLQRSKLOLF#IRFXV ##: +47(,# ##< +4;(,# ##: +47(,# #44 +56(,#
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ##4 +5(,## ##5 +7(,## ##6 +9(,##
+HPRUUKDJH ##4 +5(,## ### ###### ### ###### ### ######
+HSDWRGLDSKUDJPDWLF#QRGXOH ##4 +5(,## ### ###### ### ###### ##4 +5(,##
,QIODPPDWLRQ/#FKURQLF ##4 +5(,## ##4 +5(,## ##4 +5(,## ### ######
0L[HG#FHOO#IRFXV ### ###### ##6 +9(,## ### ###### ##4 +5(,##
1HFURVLV ##6 +9(,## ### ###### ### ###### ##: +48(,#
3LJPHQWDWLRQ ##4 +5(,## ### ###### ### ###### ### ######
7KURPERVLV ### ###### ### ###### ### ###### ##4 +5(,##
9DFXROL]DWLRQ#F\WRSODVPLF/#IRFDO ### ###### ##4 +5(,## ### ###### ### ######
%LOH#GXFW/#F\VW ##4 +5(,## ##4 +5(,## ### ###### ### ######

0HVHQWHU\ #+9, #+<, #+<, #+<,
,QIODPPDWLRQ/#FKURQLF ### ###### ### ###### ##4 +44(,# ### ######
)DW/#KHPRUUKDJH ### ###### ### ###### ### ###### ##4 +44(,#
)DW/#QHFURVLV ##6 +83(,# ##9 +9:(,# ##7 +77(,# ##: +:;(,#

3DQFUHDV +7;, +7<, +7;, +79,
$WURSK\ ##4 +5(,## ##5 +7(,## ##4 +5(,## ##4 +5(,##
%DVRSKLOLF#IRFXV ### ###### ### ###### ### ###### ##4 +5(,##
&\WRSODVPLF#DOWHUDWLRQ ##4 +5(,## ##4 +5(,## ### ###### ### ######
+\SHUSODVLD ### ###### ##4 +5(,## ##5 +7(,## ##5 +7(,##
+\SHUWURSK\ ##4 +5(,## ##4 +5(,## ##4 +5(,## ##5 +7(,##
,QIODPPDWLRQ ### ###### ### ###### ##4 +5(,## ### ######
'XFW/#F\VW ### ###### ##4 +5(,## ##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#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#
RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

$OLPHQWDU\#6\VWHP#+FRQWLQXHG,
6WRPDFK/#IRUHVWRPDFK +83, +7<, +7<, +7:,
$QJLHFWDVLV ### ###### ### ###### ### ###### ##4 +5(,##
,QILOWUDWLRQ#FHOOXODU/#PDVW#FHOO ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ ### ###### ### ###### ### ###### ##4 +5(,##
8OFHU ##6 +9(,## ##4 +5(,## ### ###### ##5 +7(,##
(SLWKHOLXP/#K\SHUSODVLD ##5 +7(,## ### ###### ##4 +5(,## ##4 +5(,##

6WRPDFK/#JODQGXODU +7<, +7;, +7;, +7:,
(URVLRQ ##5 +7(,## ### ###### ##4 +5(,## ##5 +7(,##
,QILOWUDWLRQ#FHOOXODU/#PDVW#FHOO ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ##4 +5(,## ##4 +5(,## ### ###### ### ######
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ### ######
8OFHU ### ###### ##4 +5(,## ### ###### ### ######
(SLWKHOLXP/#K\SHUSODVLD ### ###### ### ###### ### ###### ##4 +5(,##

7RRWK #### #### #+4, ####
'HYHORSPHQWDO#PDOIRUPDWLRQ ### ###### ### ###### ##4 +433(, ### ######

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO #+4, #### #### #+4,
,QIODPPDWLRQ ### ###### ### ###### ### ###### ##4 +433(,
0LQHUDOL]DWLRQ ##4 +433(, ### ###### ### ###### ### ######

+HDUW +83, +83, +83, +7;,
&DUGLRP\RSDWK\ #4: +67(,# #5; +89(,# #58 +83(,# #55 +79(,#
+HPRUUKDJH ##4 +5(,## ### ###### ### ###### ### ######
0LQHUDOL]DWLRQ ##4 +5(,## ### ###### ### ###### ##4 +5(,##
$UWHU\/#LQIODPPDWLRQ ##4 +5(,## ### ###### ##5 +7(,## ##4 +5(,##

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +83, +83, +83, +79,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ##4 +5(,## ##4 +5(,##
+\SHUSODVLD ##5 +7(,## ##4 +5(,## ### ###### ### ######
+\SHUWURSK\ ##6 +9(,## ##7 +;(,## ##8 +43(,# ##6 +:(,##
1HFURVLV ##4 +5(,## ### ###### ### ###### ##4 +5(,##
&DSVXOH/#K\SHUSODVLD ##4 +5(,## ##4 +5(,## ##4 +5(,## ### ######

$GUHQDO#PHGXOOD +7<, +7<, +83, +78,
+\SHUSODVLD ##7 +;(,## ##; +49(,# ##4 +5(,## ##4 +5(,##
1HFURVLV ##4 +5(,## ### ###### ### ###### ##4 +5(,##

,VOHWV/#SDQFUHDWLF +7;, +7<, +7:, +79,
+\SHUSODVLD ### ###### ### ###### ### ###### ##4 +5(,##

3DUDWK\URLG#JODQG +63, +66, +66, +67,
&\VW ### ###### ### ###### ##4 +6(,## ### ######

3LWXLWDU\#JODQG +7:, +7;, +7;, +7;,
+\SHUSODVLD ##4 +5(,## ### ###### ### ###### ### ######
3DUV#GLVWDOLV/#F\VW ### ###### ### ###### ### ###### ##4 +5(,##
3DUV#GLVWDOLV/#K\SHUSODVLD #47 +63(,# #45 +58(,# #49 +66(,# #53 +75(,#
3DUV#LQWHUPHGLD/#K\SHUSODVLD ##4 +5(,## ##6 +9(,## ### ###### ### ######

7K\URLG#JODQG +83, +83, +7<, +7:,
$QJLHFWDVLV ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ ##4 +5(,## ### ###### ### ###### ### ######
&0FHOO/#K\SHUSODVLD ### ###### ### ###### ### ###### ##4 +5(,##
)ROOLFXODU#FHOO/#K\SHUSODVLD #47 +5;(,# #43 +53(,# #48 +64(,# #43 +54(,#
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7$%/(#'8
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#
RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

*HQHUDO#%RG\#6\VWHP
3HULWRQHXP #### #### #### #+4,
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ### ###### ##4 +433(,

*HQLWDO#6\VWHP
&OLWRUDO#JODQG +6;, +73, +76, +74,
,QIODPPDWLRQ ##4 +6(,## ##4 +6(,## ### ###### ### ######

2YDU\ +7<, +83, +83, +79,
$P\ORLG#GHSRVLWLRQ ##4 +5(,## ### ###### ### ###### ### ######
$QJLHFWDVLV ##6 +9(,## ### ###### ### ###### ##4 +5(,##
$WURSK\ ##; +49(,# ##8 +43(,# ##< +4;(,# ##< +53(,#
&\VW #4< +6<(,# #48 +63(,# #47 +5;(,# #4: +6:(,#
+\SHUSODVLD ##4 +5(,## ### ###### ### ###### ### ######
,QIODPPDWLRQ ### ###### ### ###### ##4 +5(,## ### ######
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ##4 +5(,## ### ######
$UWHU\/#LQIODPPDWLRQ ### ###### ### ###### ##4 +5(,## ### ######
&RUSXV#OXWHXP/#K\SHUSODVLD ### ###### ### ###### ##4 +5(,## ### ######
*UDQXORVD#FHOO/#K\SHUSODVLD ##4 +5(,## ### ###### ### ###### ### ######
,QWHUVWLWLDO#FHOO/#K\SHUSODVLD ### ###### ##4 +5(,## ### ###### ##4 +5(,##

8WHUXV +7<, +83, +7<, +7<,
$GHQRP\RVLV ### ###### ### ###### ### ###### ##4 +5(,##
$QJLHFWDVLV ##4 +5(,## ##5 +7(,## ##4 +5(,## ##6 +9(,##
+\GURPHWUD ##6 +9(,## ##8 +43(,# ### ###### #44 +55(,#
+\SHUSODVLD/#F\VWLF #74 +;7(,# #74 +;5(,# #77 +<3(,# #74 +;7(,#
,QIODPPDWLRQ/#VXSSXUDWLYH ##4 +5(,## ### ###### ### ###### ##5 +7(,##
7KURPERVLV ### ###### ##4 +5(,## ### ###### ##4 +5(,##
(QGRPHWULXP/#K\SHUSODVLD ##4 +5(,## ##4 +5(,## ### ###### ##4 +5(,##
6HURVD/#F\VW ### ###### ### ###### ##4 +5(,## ### ######

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +7<, +83, +7<, +79,
$QJLHFWDVLV ##4 +5(,## ### ###### ### ###### ### ######
+\SHUSODVLD ### ###### ### ###### ##7 +;(,## ##5 +7(,##
+\SHUSODVLD/#KLVWLRF\WLF ##5 +7(,## ### ###### ### ###### ### ######
,QILOWUDWLRQ#FHOOXODU/#PDVW#FHOO ### ###### ##4 +5(,## ### ###### ### ######

/\PSK#QRGH #+8, #+7, #+7, #+5,
'HJHQHUDWLRQ/#F\VWLF ### ###### ##4 +58(,# ### ###### ### ######
+HPRUUKDJH ### ###### ##4 +58(,# ### ###### ### ######
,OLDF/#K\SHUSODVLD ##5 +73(,# ### ###### ##4 +58(,# ### ######
/XPEDU/#DQJLHFWDVLV ### ###### ### ###### ### ###### ##4 +83(,#
/XPEDU/#K\SHUSODVLD ##4 +53(,# ### ###### ### ###### ### ######
5HQDO/#K\SHUSODVLD ### ###### ### ###### ##4 +58(,# ### ######

/\PSK#QRGH/#EURQFKLDO +69, +74, +6<, +74,
+\SHUSODVLD ##4 +6(,## ##6 +:(,## ##9 +48(,# ##5 +8(,##

/\PSK#QRGH/#PDQGLEXODU +73, +74, +6<, +74,
+\SHUSODVLD ##8 +46(,# ##5 +8(,## ##7 +43(,# ##6 +:(,##
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### ##4 +5(,##

/\PSK#QRGH/#PHVHQWHULF +78, +79, +7:, +78,
$QJLHFWDVLV ### ###### ##4 +5(,## ##4 +5(,## ### ######
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ##4 +5(,## ### ###### ### ######
+\SHUSODVLD ##5 +7(,## ##6 +:(,## ##8 +44(,# ##6 +:(,##
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#
RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
/\PSK#QRGH/#PHGLDVWLQDO +6:, +69, +74, +6;,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ### ###### ##4 +6(,##
+\SHUSODVLD ##6 +;(,## ### ###### ##7 +43(,# ##4 +6(,##

6SOHHQ +7<, +83, +7<, +79,
$QJLHFWDVLV ##4 +5(,## ### ###### ### ###### ### ######
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ #43 +53(,# ##; +49(,# #43 +53(,# ##; +4:(,#
+\SHUSODVLD/#O\PSKRLG ##7 +;(,## ##4 +5(,## ##5 +7(,## ##5 +7(,##
,QILOWUDWLRQ#FHOOXODU/#PDVW#FHOO ### ###### ##4 +5(,## ### ###### ### ######

7K\PXV +73, +77, +6;, +77,
$P\ORLG#GHSRVLWLRQ ##4 +6(,## ### ###### ### ###### ### ######
$QJLHFWDVLV ### ###### ### ###### ### ###### ##4 +5(,##
$WURSK\ ##8 +46(,# ##6 +:(,## ##6 +;(,## ##5 +8(,##
+\SHUSODVLD/#O\PSKRLG ##4 +6(,## ##4 +5(,## ##4 +6(,## ##5 +8(,##

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +7;, +7<, +83, +83,
+\SHUSODVLD ##4 +5(,## ##4 +5(,## ### ###### ### ######

6NLQ +7<, +83, +83, +83,
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +5(,## ### ###### ### ######
(SLGHUPLV/#K\SHUSODVLD ### ###### ### ###### ##4 +5(,## ### ######
6XEFXWDQHRXV#WLVVXH/#DQJLHFWDVLV ### ###### ### ###### ### ###### ##4 +5(,##
6XEFXWDQHRXV#WLVVXH/#HGHPD ##4 +5(,## ### ###### ### ###### ### ######

0XVFXORVNHOHWDO#6\VWHP
%RQH +83, +83, +83, +7<,
$UWKURVLV ### ###### ### ###### ### ###### ##5 +7(,##
)LEURXV#RVWHRG\VWURSK\ #4< +6;(,# #56 +79(,# #49 +65(,# #48 +64(,#
&UDQLXP/#IUDFWXUH ### ###### ### ###### ##4 +5(,## ### ######
9HUWHEUD/#IUDFWXUH ### ###### ##4 +5(,## ### ###### ### ######

1HUYRXV#6\VWHP
%UDLQ +83, +83, +83, +7<,
+HPRUUKDJH ### ###### ##4 +5(,## ##4 +5(,## ### ######
+\GURFHSKDOXV ### ###### ### ###### ##4 +5(,## ### ######
0HQLQJHV/#LQILOWUDWLRQ#FHOOXODU/#
##PRQRQXFOHDU#FHOO ##4 +5(,## ##5 +7(,## ##4 +5(,## ##6 +9(,##

6SLQDO#FRUG #### #+4, #+4, ####
'HJHQHUDWLRQ ### ###### ### ###### ##4 +433(, ### ######
+HPRUUKDJH ### ###### ##4 +433(, ### ###### ### ######
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QKDODWLRQ#6WXG\#
RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 533#SSP 933#SSP 4/;33#SSP

5HVSLUDWRU\#6\VWHP
/XQJ +83, +83, +83, +7<,
+HPRUUKDJH ### ###### ##4 +5(,## ### ###### ### ######
,QILOWUDWLRQ#FHOOXODU/#KLVWLRF\WH ##5 +7(,## ##6 +9(,## ##4 +5(,## ##5 +7(,##
,QIODPPDWLRQ/#FKURQLF/#IRFDO ##5 +7(,## ### ###### ##5 +7(,## ### ######
$OYHRODU#HSLWKHOLXP/#K\SHUSODVLD ##5 +7(,## ##7 +;(,## ##5 +7(,## ##4 +5(,##
0HGLDVWLQXP/#LQIODPPDWLRQ ### ###### ### ###### ##4 +5(,## ### ######
3HULYDVFXODU/#LQILOWUDWLRQ#FHOOXODU/ ### ###### ### ###### ### ###### ### ######
###PRQRQXFOHDU#FHOO ### ###### ##4 +5(,## ##6 +9(,## ### ######

1RVH +83, +83, +7;, +7<,
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ##5 +7(,## ### ######
1DVRODFULPDO#GXFW/#LQIODPPDWLRQ/#VXSSXUDWLYH ##4 +5(,## ### ###### ##4 +5(,## ### ######
2OIDFWRU\#HSLWKHOLXP/#DWURSK\/#IRFDO ### ###### ##6 +9(,## ##4 +5(,## ### ######

6SHFLDO#6HQVHV#6\VWHP
1RQH #### #### #### ####

8ULQDU\#6\VWHP
.LGQH\ +83, +7<, +7<, +79,
$P\ORLG#GHSRVLWLRQ ##4 +5(,## ##5 +7(,## ### ###### ### ######
*ORPHUXORVFOHURVLV ##4 +5(,## ### ###### ### ###### ### ######
+\GURQHSKURVLV ### ###### ##4 +5(,## ##4 +5(,## ### ######
+\SHUSODVLD/#O\PSKRLG ##5 +7(,## ##4 +5(,## ### ###### ### ######
0HWDSODVLD/#RVVHRXV ##4 +5(,## ##6 +9(,## ##5 +7(,## ### ######
1HSKURSDWK\ #4: +67(,# #4: +68(,# #4< +6<(,# #46 +5;(,#
3LJPHQWDWLRQ ##4 +5(,## ### ###### ### ###### ### ######
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6$/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 1 539
&+,1(6(#+$067(5#29$5<#&(//#&<72*(1(7,&6#35272&2/6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 539
'52623+,/$#0(/$12*$67(5#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 53:
0286(#%21(#0$552:#6,67(5#&+520$7,'#(;&+$1*(#7(67#35272&2/ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53;
0286(#%21(#0$552:#&+5202620$/#$%(55$7,216#7(67#35272&2/ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53;
0286(#3(5,3+(5$/#%/22'#0,&5218&/(86#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 53<
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 1 53<
7$%/(#(4 0XWDJHQLFLW\#RI#7HWUDK\GURIXUDQ#LQ#6DOPRQHOOD#W\SKLPXULXP 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 544
7$%/(#(5 ,QGXFWLRQ#RI#6LVWHU#&KURPDWLG#([FKDQJHV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#

E\#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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
7$%/(#(6 ,QGXFWLRQ#RI#&KURPRVRPDO#$EHUUDWLRQV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#

E\#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 547
7$%/(#(7 ,QGXFWLRQ#RI#6H[0/LQNHG#5HFHVVLYH#/HWKDO#0XWDWLRQV#LQ#'URVRSKLOD#PHODQRJDVWHU#

E\#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 548
7$%/(#(8 ,QGXFWLRQ#RI#6LVWHU#&KURPDWLG#([FKDQJHV#LQ#0RXVH#%RQH#0DUURZ#&HOOV#

E\#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 549
7$%/(#(9 ,QGXFWLRQ#RI#&KURPRVRPDO#$EHUUDWLRQV#LQ#0RXVH#%RQH#0DUURZ#&HOOV

E\#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54:
7$%/(#(: )UHTXHQF\#RI#0LFURQXFOHL#LQ#0RXVH#3HULSKHUDO#%ORRG#(U\WKURF\WHV#

)ROORZLQJ#7UHDWPHQW#ZLWK#7HWUDK\GURIXUDQ#E\#,QKDODWLRQ#IRU#47#:HHNV 1 1 1 1 1 1 1 1 1 1 1 1 54;
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*(1(7,&#72;,&2/2*<

6$/021(//$#087$*(1,&,7<#7(67#35272&2/
7HVWLQJ#ZDV#SHUIRUPHG#DV#UHSRUWHG#E\#0RUWHOPDQV#HW#DO1#+4<;9,1##7HWUDK\GURIXUDQ#ZDV#VHQW#WR#WKH#ODERUDWRU\
DV#D#FRGHG#DOLTXRW#IURP#5DGLDQ#&RUSRUDWLRQ#+$XVWLQ/#7;,1##,W#ZDV#LQFXEDWHG#ZLWK#WKH#6DOPRQHOOD
W\SKLPXULXP#WHVWHU#VWUDLQV#+7$<;/#7$433/#7$4868/#DQG#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#/0KLVWLGLQH#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#DW#OHDVW#ILYH#GRVHV#RI
WHWUDK\GURIXUDQ1##%\#H[SHULPHQWDO#GHVLJQ/#43/333#�J2SODWH#ZDV#VHOHFWHG#DV#WKH#KLJK#GRVH1##$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##$Q#HTXLYRFDO#UHVSRQVH#LV#GHILQHG#DV#DQ
LQFUHDVH#LQ#UHYHUWDQWV#WKDW#LV#QRW#GRVH#UHODWHG/#QRW#UHSURGXFLEOH/#RU#QRW#RI#VXIILFLHQW#PDJQLWXGH#WR#VXSSRUW#D
GHWHUPLQDWLRQ#RI#PXWDJHQLFLW\1##$#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

&+,1(6(#+$067(5#29$5<#&(//#&<72*(1(7,&6#35272&2/6
7HVWLQJ#ZDV#SHUIRUPHG#DV#UHSRUWHG#E\#*DOORZD\#HW#DO1#+4<;:,1##7HWUDK\GURIXUDQ#ZDV#VHQW#WR#WKH#ODERUDWRU\
DV#D#FRGHG#DOLTXRW#E\#5DGLDQ#&RUSRUDWLRQ1##,W#ZDV#WHVWHG#LQ#FXOWXUHG#&KLQHVH#KDPVWHU#RYDU\#+&+2,#FHOOV#IRU
LQGXFWLRQ#RI#VLVWHU#FKURPDWLG#H[FKDQJHV#+6&(V,#DQG#FKURPRVRPDO#DEHUUDWLRQV#+$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$1##(DFK#WHVW#FRQVLVWHG
RI#FRQFXUUHQW#VROYHQW#DQG#SRVLWLYH#FRQWUROV#DQG#RI#DW#OHDVW#WKUHH#GRVHV#RI#WHWUDK\GURIXUDQ1##7KH#KLJK#GRVH
ZDV#OLPLWHG#WR#8/333#�J2P/1##$#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#59#KRXUV#ZLWK
WHWUDK\GURIXUDQ#LQ#0F&R\·V#8$#PHGLXP1##%URPRGHR[\XULGLQH#+%UG8,#ZDV#DGGHG#5#KRXUV#DIWHU#FXOWXUH
LQLWLDWLRQ1##$IWHU#59#KRXUV/#WKH#PHGLXP#FRQWDLQLQJ#WHWUDK\GURIXUDQ#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#WHWUDK\GURIXUDQ/#VHUXP0IUHH#PHGLXP/#DQG#6<#IRU#5#KRXUV1##7KH#PHGLXP#ZDV#WKHQ#UHPRYHG
DQG#UHSODFHG#ZLWK#PHGLXP#FRQWDLQLQJ#VHUXP#DQG#%UG8#DQG#QR#WHWUDK\GURIXUDQ#DQG#LQFXEDWLRQ#SURFHHGHG#IRU
DQ#DGGLWLRQDO#59#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#

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\>
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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$#PHGLXP
ZLWK#WHWUDK\GURIXUDQ#IRU#45#KRXUV>#&ROFHPLG#ZDV#DGGHG#DQG#LQFXEDWLRQ#FRQWLQXHG#IRU#5#KRXUV1##7KH#FHOOV
ZHUH#WKHQ#KDUYHVWHG#E\#PLWRWLF#VKDNH0RII/#IL[HG/#DQG#VWDLQHG#ZLWK#*LHPVD1##)RU#WKH#$EV#WHVW#ZLWK#6</#FHOOV
ZHUH#WUHDWHG#ZLWK#WHWUDK\GURIXUDQ#DQG#6<#IRU#5#KRXUV/#DIWHU#ZKLFK#WKH#WUHDWPHQW#PHGLXP#ZDV#UHPRYHG#DQG
WKH#FHOOV#ZHUH#LQFXEDWHG#IRU#45#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&(#WHVW1

&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##2QH#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

&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

'52623+,/$#0(/$12*$67(5#7(67#35272&2/
7KH#DVVD\V#IRU#LQGXFWLRQ#RI#VH[0OLQNHG#UHFHVVLYH#OHWKDO#+6/5/,#PXWDWLRQV#ZHUH#SHUIRUPHG#ZLWK#DGXOW#IOLHV#DV
GHVFULEHG#E\#9DOHQFLD#HW#DO1#+4<;8,1##7HWUDK\GURIXUDQ#ZDV#VXSSOLHG#DV#D#FRGHG#DOLTXRW#E\#5DGLDQ
&RUSRUDWLRQ1##,W#ZDV#DVVD\HG#LQ#WKH#6/5/#WHVW#E\#IHHGLQJ#IRU#6#GD\V#WR#DGXOW#&DQWRQ06#ZLOG0W\SH#PDOHV#QR
PRUH#WKDQ#57#KRXUV#ROG#DW#WKH#EHJLQQLQJ#RI#WUHDWPHQW1##%HFDXVH#QR#UHVSRQVH#ZDV#REWDLQHG/#WHWUDK\GURIXUDQ
ZDV#UHWHVWHG#E\#LQMHFWLRQ#LQWR#DGXOW#PDOHV1

7R#DGPLQLVWHU#WHWUDK\GURIXUDQ#E\#LQMHFWLRQ/#D#JODVV#3DVWHXU#SLSHWWH#ZDV#GUDZQ#RXW#LQ#D#IODPH#WR#D#PLFURILQH
ILODPHQW/#DQG#WKH#WLS#ZDV#EURNHQ#RII#WR#DOORZ#GHOLYHU\#RI#WKH#WHVW#VROXWLRQ1##,QMHFWLRQ#ZDV#SHUIRUPHG#HLWKHU
PDQXDOO\/#E\#DWWDFKLQJ#D#UXEEHU#EXOE#WR#WKH#RWKHU#HQG#RI#WKH#SLSHWWH#DQG#IRUFLQJ#WKURXJK#VXIILFLHQW#VROXWLRQ
+315#WR#316#�/,#WR#VOLJKWO\#GLVWHQG#WKH#DEGRPHQ#RI#WKH#IO\/#RU#E\#DWWDFKLQJ#WKH#SLSHWWH#WR#D#PLFURLQMHFWRU#WKDW
DXWRPDWLFDOO\#GHOLYHUHG#D#FDOLEUDWHG#YROXPH1##)OLHV#ZHUH#DQHVWKHWL]HG#ZLWK#HWKHU#DQG#LPPRELOL]HG#RQ#D#VWULS
RI#WDSH1##,QMHFWLRQ#LQWR#WKH#WKRUD[/#XQGHU#WKH#ZLQJ/#ZDV#SHUIRUPHG#ZLWK#WKH#DLG#RI#D#GLVVHFWLQJ#PLFURVFRSH1

7R[LFLW\#WHVWV#ZHUH#SHUIRUPHG#WR#VHW#FRQFHQWUDWLRQV#RI#WHWUDK\GURIXUDQ#DW#D#OHYHO#WKDW#ZRXOG#LQGXFH
63(#PRUWDOLW\#DIWHU#:5#KRXUV#RI#IHHGLQJ#RU#57#KRXUV#DIWHU#LQMHFWLRQ/#ZKLOH#NHHSLQJ#LQGXFHG#VWHULOLW\#DW#DQ
DFFHSWDEOH#OHYHO1##&DQWRQ06#PDOHV#ZHUH#DOORZHG#WR#IHHG#IRU#:5#KRXUV#RQ#DQ#DTXHRXV#VROXWLRQ#RI
WHWUDK\GURIXUDQ#LQ#8(#VXFURVH1##,Q#WKH#LQMHFWLRQ#H[SHULPHQWV/#570#WR#:50KRXU0ROG#&DQWRQ06#PDOHV#ZHUH
WUHDWHG#ZLWK#D#VROXWLRQ#RI#WHWUDK\GURIXUDQ#GLVVROYHG#LQ#VDOLQH#DQG#DOORZHG#WR#UHFRYHU#IRU#57#KRXUV1##$
FRQFXUUHQW#VDOLQH#FRQWURO#JURXS#ZDV#DOVR#LQFOXGHG1##,Q#WKH#DGXOW#H[SRVXUHV/#WUHDWHG#PDOHV#ZHUH#PDWHG#WR
WKUHH#%DVF#IHPDOHV#IRU#6#GD\V#DQG#ZHUH#JLYHQ#IUHVK#IHPDOHV#DW#50GD\#LQWHUYDOV#WR#SURGXFH#WKUHH#PDWLQJV#RI#6/
5/#DQG#5#GD\V#+LQ#HDFK#FDVH/#VDPSOH#VSHUP#IURP#VXFFHVVLYH#PDWLQJV#ZHUH#WUHDWHG#DW#VXFFHVVLYHO\#HDUOLHU
SRVWPHLRWLF#VWDJHV,1##)RU#WKH#ODUYDO#IHHGLQJ#H[SHULPHQW/#&DQWRQ06#PDOHV#DQG#IHPDOHV#ZHUH#PDWHG#DQG#HJJV
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ZHUH#H[SRVHG#LQ#YLDOV#ZLWK#VWDQGDUG#FRUQPHDO#IHHG#FRQWDLQLQJ#WHWUDK\GURIXUDQ#LQ#VROYHQW#+8(#HWKDQRO,#RU
VROYHQW#DORQH#+9DOHQFLD#HW#DO1/#4<;<,1##$GXOW#HPHUJHQW#PDOHV#ZHUH#PDWHG#DW#DSSUR[LPDWHO\#57#KRXUV#RI#DJH
ZLWK#WZR#VXFFHVVLYH#KDUHPV#RI#WKUHH#WR#ILYH#%DVF#IHPDOHV#WR#HVWDEOLVK#WZR#VLQJOH0GD\#EURRGV1##)RU#ERWK#WKH
DGXOW#DQG#ODUYDO#H[SRVXUH#H[SHULPHQWV/#) #KHWHUR]\JRXV#IHPDOHV#ZHUH#PDWHG#ZLWK#WKHLU#VLEOLQJV#DQG#WKHQ4

SODFHG#LQ#LQGLYLGXDO#YLDOV1##) #GDXJKWHUV#IURP#WKH#VDPH#SDUHQWDO#PDOH#ZHUH#NHSW#WRJHWKHU#WR#LGHQWLI\#FOXVWHUV1#4

+$#FOXVWHU#RFFXUV#ZKHQ#D#QXPEHU#RI#PXWDQWV#IURP#D#JLYHQ#PDOH#UHVXOW#IURP#D#VLQJOH#VSRQWDQHRXV#SUHPHLRWLF
PXWDWLRQ#HYHQW#DQG#LV#LGHQWLILHG#ZKHQ#WKH#QXPEHU#RI#PXWDQWV#IURP#WKDW#PDOH#H[FHHGV#WKH#QXPEHU#SUHGLFWHG
E\#D#3RLVVRQ#GLVWULEXWLRQ1,##,I#D#FOXVWHU#ZDV#LGHQWLILHG/#DOO#GDWD#IURP#WKH#PDOH#LQ#TXHVWLRQ#ZHUH#GLVFDUGHG1#
3UHVXPSWLYH#OHWKDO#PXWDWLRQV#ZHUH#LGHQWLILHG#DV#YLDOV#FRQWDLQLQJ#IHZHU#WKDQ#8(#RI#WKH#H[SHFWHG#QXPEHU#RI
ZLOG0W\SH#PDOHV#DIWHU#4:#GD\V>#WKHVH#ZHUH#UHWHVWHG#WR#FRQILUP#WKH#UHVSRQVH1

6/5/#GDWD#ZHUH#DQDO\]HG#E\#VLPXOWDQHRXV#FRPSDULVRQ#ZLWK#WKH#FRQFXUUHQW#DQG#KLVWRULFDO#FRQWUROV#ZLWK#D
QRUPDO#DSSUR[LPDWLRQ#WR#WKH#ELQRPLDO#WHVW#+0DUJROLQ#HW#DO1/#4<;6,1##$#WHVW#UHVXOW#ZDV#FRQVLGHUHG#SRVLWLYH#LI
WKH#3#YDOXH#ZDV#OHVV#WKDQ#RU#HTXDO#WR#3134#DQG#WKH#PXWDWLRQ#IUHTXHQF\#LQ#WKH#WHVWHG#JURXS#ZDV#JUHDWHU#WKDQ
3143(#RU#LI#WKH#3#YDOXH#ZDV#OHVV#WKDQ#RU#HTXDO#WR#3138#DQG#WKH#IUHTXHQF\#LQ#WKH#WUHDWPHQW#JURXS#ZDV#JUHDWHU
WKDQ#3148(1##$#WHVW#ZDV#FRQVLGHUHG#WR#EH#LQFRQFOXVLYH#LI#WKH#3#YDOXH#ZDV#EHWZHHQ#3138#DQG#3134#EXW#WKH
IUHTXHQF\#LQ#WKH#WUHDWPHQW#JURXS#ZDV#EHWZHHQ#3143(#DQG#3148(#RU#LI#WKH#3#YDOXH#ZDV#EHWZHHQ#3143#DQG
3138#EXW#WKH#IUHTXHQF\#LQ#WKH#WUHDWPHQW#JURXS#ZDV#JUHDWHU#WKDQ#3143(1##$#WHVW#ZDV#FRQVLGHUHG#QHJDWLYH#LI
WKH#3#YDOXH#ZDV#JUHDWHU#WKDQ#RU#HTXDO#WR#3143#RU#LI#WKH#IUHTXHQF\#LQ#WKH#WUHDWPHQW#JURXS#ZDV#OHVV#WKDQ
3143(1

0286(#%21(#0$552:#6,67(5#&+520$7,'#(;&+$1*(#7(67#35272&2/
$#GRVH#UDQJH0ILQGLQJ#VWXG\#ZDV#SHUIRUPHG#LQ#WKH#DEVHQFH#RI#DGHTXDWH#WR[LFLW\#LQIRUPDWLRQ#IURP#WKH
OLWHUDWXUH1##7KH#KLJKHVW#GRVH#ZDV#OLPLWHG#E\#WR[LFLW\1##7HWUDK\GURIXUDQ#ZDV#WHVWHG#IRU#WKH#LQGXFWLRQ#RI#6&(V
LQ#PRXVH#ERQH#PDUURZ#E\#WZR#SURWRFROV1##0DOH#%9&6) #PLFH#+ILYH#DQLPDOV#SHU#GRVH#JURXS,#ZHUH#LQMHFWHG4

LQWUDSHULWRQHDOO\#ZLWK#WHWUDK\GURIXUDQ#GLVVROYHG#LQ#FRUQ#RLO#+LQMHFWLRQ#YROXPH#Û#317#P/,1##6ROYHQW#FRQWURO
PLFH#UHFHLYHG#HTXLYDOHQW#LQMHFWLRQV#RI#FRUQ#RLO#RQO\1##7KH#SRVLWLYH#FRQWUROV#ZHUH#PLWRP\FLQ0&#+560KRXU
KDUYHVW#WLPH,#DQG#DFU\ODPLGH#+750KRXU#KDUYHVW#WLPH,1

7KH#ILUVW#SURWRFRO#KDG#D#VWDQGDUG#KDUYHVW#WLPH#RI#56#KRXUV/#DQG#WKH#VHFRQG#SURWRFRO#KDG#D#GHOD\HG#KDUYHVW#RI
75#KRXUV1##7KH#PLFH#ZHUH#LPSODQWHG#VXEFXWDQHRXVO\#ZLWK#D#%UG8#WDEOHW#+0F)HH#HW#DO1/#4<;6,#57#KRXUV
EHIRUH#KDUYHVW#+4#KRXU#EHIRUH#FKHPLFDO#WUHDWPHQW#LQ#WKH#FDVH#RI#WKH#VWDQGDUG#SURWRFRO,1##7KH#XVH#RI#%UG8
DOORZHG#VHOHFWLRQ#RI#WKH#DSSURSULDWH#FHOO#SRSXODWLRQ#+FHOOV#LQ#WKH#VHFRQG#PHWDSKDVH#IROORZLQJ#WHWUDK\GURIXUDQ
WUHDWPHQW,#IRU#VFRULQJ1##7ZR#KRXUV#EHIRUH#VDFULILFH/#WKH#PLFH#UHFHLYHG#DQ#LQWUDSHULWRQHDO#LQMHFWLRQ#RI
FROFKLFLQH#LQ#VDOLQH1##7KH#DQLPDOV#ZHUH#NLOOHG#56#RU#75#KRXUV#DIWHU#WUHDWPHQW1##2QH#RU#ERWK#IHPXUV#ZHUH
UHPRYHG/#DQG#WKH#PDUURZ#ZDV#IOXVKHG#RXW#ZLWK#SKRVSKDWH0EXIIHUHG#VDOLQH#+S+#:13,1##7KH#FHOOV#ZHUH#WUHDWHG
ZLWK#D#K\SRWRQLF#VDOW#VROXWLRQ/#IL[HG/#DQG#GURSSHG#RQWR#FKLOOHG#VOLGHV1##$IWHU#D#570KRXU#GU\LQJ#SHULRG/#WKH
VOLGHV#ZHUH#VWDLQHG#ZLWK#IOXRUHVFHQFH0SOXV0*LHPVD#DQG#VFRUHG1

7ZHQW\0ILYH#VHFRQG0GLYLVLRQ#PHWDSKDVH#FHOOV#ZHUH#VFRUHG#IURP#HDFK#RI#IRXU#DQLPDOV#SHU#WUHDWPHQW1#
5HVSRQVHV#ZHUH#HYDOXDWHG#DV#6&(V2FHOO/#DQG#WKH#GDWD#ZHUH#DQDO\]HG#E\#D#WUHQG#WHVW#+0DUJROLQ#HW#DO1/#4<;9,1

0286(#%21(#0$552:#&+5202620$/#$%(55$7,216#7(67#35272&2/
$#GRVH#UDQJH0ILQGLQJ#VWXG\#ZDV#SHUIRUPHG#LQ#WKH#DEVHQFH#RI#DGHTXDWH#WR[LFLW\#LQIRUPDWLRQ#IURP#WKH
OLWHUDWXUH1##7KH#KLJKHVW#GRVH#ZDV#OLPLWHG#E\#WR[LFLW\1##7HWUDK\GURIXUDQ#ZDV#WHVWHG#IRU#LQGXFWLRQ#RI#$EV#LQ
PRXVH#ERQH#PDUURZ#E\#WZR#GLIIHUHQW#SURWRFROV1##7KH#ILUVW#SURWRFRO#XVHG#D#VWDQGDUG#KDUYHVW#WLPH#RI#4:#KRXUV
DQG#WKH#VHFRQG#SURWRFRO#XVHG#D#GHOD\HG#KDUYHVW#WLPH#RI#69#KRXUV1
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0DOH#%9&6) #PLFH#+43#DQLPDOV#SHU#GRVH#JURXS,#ZHUH#LQMHFWHG#LQWUDSHULWRQHDOO\#ZLWK#WHWUDK\GURIXUDQ4

GLVVROYHG#LQ#FRUQ#RLO#+LQMHFWLRQ#YROXPHÛ317#P/,1##6ROYHQW#FRQWURO#PLFH#UHFHLYHG#HTXLYDOHQW#LQMHFWLRQV#RI
SKRVSKDWH0EXIIHUHG#VDOLQH#RQO\1##7KH#SRVLWLYH#FRQWURO#ZDV#PLWRP\FLQ0&1##7KH#PLFH#ZHUH#VXEFXWDQHRXVO\
LPSODQWHG#ZLWK#D#%UG8#WDEOHW#+0F)HH#HW#DO1/#4<;6,#4;#KRXUV#EHIRUH#WKH#VFKHGXOHG#KDUYHVW1##+)RU#WKH#VWDQGDUG
SURWRFRO/#WKLV#UHTXLUHG#%UG8#LPSODQWDWLRQ#WR#SUHFHGH#LQMHFWLRQ#ZLWK#WHWUDK\GURIXUDQ#E\#4#KRXU1,##7KH#XVH#RI
%UG8#DOORZHG#VHOHFWLRQ#RI#WKH#DSSURSULDWH#FHOO#SRSXODWLRQ#IRU#VFRULQJ1##+$EV#LQGXFHG#E\#FKHPLFDO
DGPLQLVWUDWLRQ#DUH#SUHVHQW#LQ#PD[LPXP#QXPEHU#DW#WKH#ILUVW#PHWDSKDVH#IROORZLQJ#WUHDWPHQW>#WKH\#GHFOLQH#LQ
QXPEHU#GXULQJ#VXEVHTXHQW#QXFOHDU#GLYLVLRQV#GXH#WR#FHOO#GHDWK1,##7ZR#KRXUV#EHIRUH#VDFULILFH/#WKH#PLFH
UHFHLYHG#DQ#LQWUDSHULWRQHDO#LQMHFWLRQ#RI#FROFKLFLQH#LQ#VDOLQH1##7KH#DQLPDOV#ZHUH#NLOOHG#4:#RU#69#KRXUV#DIWHU
WHWUDK\GURIXUDQ#LQMHFWLRQ#+4;#KRXUV#DIWHU#%UG8#GRVLQJ,1##2QH#RU#ERWK#IHPXUV#ZHUH#UHPRYHG#DQG#WKH#PDUURZ
ZDV#IOXVKHG#RXW#ZLWK#SKRVSKDWH0EXIIHUHG#VDOLQH#+S+#:13,1##&HOOV#ZHUH#WUHDWHG#ZLWK#D#K\SRWRQLF#VDOW#VROXWLRQ/
IL[HG/#DQG#GURSSHG#RQWR#FKLOOHG#VOLGHV1##$IWHU#D#570KRXU#GU\LQJ#SHULRG/#WKH#VOLGHV#ZHUH#VWDLQHG#DQG#VFRUHG1

)LIW\#ILUVW0GLYLVLRQ#PHWDSKDVH#FHOOV#ZHUH#VFRUHG#IURP#HDFK#RI#HLJKW#DQLPDOV#SHU#WUHDWPHQW1##5HVSRQVHV#ZHUH
HYDOXDWHG#DV#WKH#SHUFHQWDJH#RI#DEHUUDQW#PHWDSKDVH#FHOOV/#H[FOXGLQJ#JDSV1##7KH#GDWD#ZHUH#DQDO\]HG#E\#D#WUHQG
WHVW#+0DUJROLQ#HW#DO1/#4<;9,1

0286(#3(5,3+(5$/#%/22'#0,&5218&/(86#7(67#35272&2/
$#GHWDLOHG#GLVFXVVLRQ#RI#WKLV#DVVD\#LV#SUHVHQWHG#LQ#0DF*UHJRU#HW#DO1#+4<<3,1##$W#WKH#HQG#RI#WKH#470ZHHN
WR[LFLW\#VWXG\/#SHULSKHUDO#EORRG#VDPSOHV#ZHUH#REWDLQHG#IURP#PDOH#DQG#IHPDOH#PLFH/#DQG#VPHDUV#ZHUH
LPPHGLDWHO\#SUHSDUHG#DQG#IL[HG#LQ#DEVROXWH#PHWKDQRO1##7KH#PHWKDQRO0IL[HG#VOLGHV#ZHUH#VWDLQHG#ZLWK#D
FKURPDWLQ0VSHFLILF#IOXRUHVFHQW#G\H#PL[WXUH#RI#+RHFKVW#6658;2S\URQLQ#<#+0DF*UHJRU#HW#DO1/#4<;6,#DQG
FRGHG1##6OLGHV#ZHUH#VFDQQHG#DW#963#RU#4/333ð#PDJQLILFDWLRQ#ZLWK#D#VHPLDXWRPDWHG#LPDJH#DQDO\VLV#V\VWHP#WR
GHWHUPLQH#WKH#IUHTXHQF\#RI#PLFURQXFOHL#LQ#5/333#SRO\FKURPDWLF#HU\WKURF\WHV#+3&(V,#DQG
43/333#QRUPRFKURPDWLF#HU\WKURF\WHV#+1&(V,#LQ#XS#WR#43#DQLPDOV#SHU#H[SRVXUH#JURXS1

7KH#UHVXOWV#ZHUH#WDEXODWHG#DV#WKH#PHDQ#RI#WKH#SRROHG#UHVXOWV#IURP#DOO#DQLPDOV#ZLWKLQ#D#WUHDWPHQW#JURXS#SOXV
RU#PLQXV#WKH#VWDQGDUG#HUURU#RI#WKH#PHDQ1##7KH#IUHTXHQF\#RI#PLFURQXFOHDWHG#FHOOV#DPRQJ#1&(V#DQG#3&(V
ZHUH#DQDO\]HG#E\#D#VWDWLVWLFDO#VRIWZDUH#SDFNDJH#WKDW#WHVWHG#IRU#LQFUHDVLQJ#WUHQG#RYHU#H[SRVXUH#JURXSV#ZLWK#D
RQH0WDLOHG#&RFKUDQ0$UPLWDJH#WUHQG#WHVW/#IROORZHG#E\#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#HDFK#H[SRVHG#JURXS#DQG
WKH#FRQWURO#JURXS#+0DUJROLQ#HW#DO1/#4<<3,1##,Q#WKH#SUHVHQFH#RI#H[FHVV#ELQRPLDO#YDULDWLRQ/#DV#GHWHFWHG#E\#D
ELQRPLDO#GLVSHUVLRQ#WHVW/#WKH#ELQRPLDO#YDULDQFH#RI#WKH#&RFKUDQ0$UPLWDJH#WHVW#ZDV#DGMXVWHG#XSZDUG#LQ
SURSRUWLRQ#WR#WKH#H[FHVV#YDULDWLRQ1##,Q#WKH#PLFURQXFOHXV#WHVW/#DQ#LQGLYLGXDO#WULDO#LV#FRQVLGHUHG#SRVLWLYH#LI#WKH
WUHQG#WHVW#3#YDOXH#LV#OHVV#WKDQ#RU#HTXDO#WR#31358#RU#LI#WKH#3#YDOXH#IRU#DQ\#VLQJOH#H[SRVXUH#JURXS#LV#OHVV#WKDQ
RU#HTXDO#WR#31358#GLYLGHG#E\#WKH#QXPEHU#RI#H[SRVXUH#JURXSV1##$#ILQDO#FDOO#RI#SRVLWLYH#IRU#PLFURQXFOHXV
LQGXFWLRQ#LV#SUHIHUDEO\#EDVHG#RQ#UHSURGXFLEO\#SRVLWLYH#WULDOV#+DV#QRWHG#DERYH,1###8OWLPDWHO\/#WKH#ILQDO#FDOO#LV
GHWHUPLQHG#E\#WKH#VFLHQWLILF#VWDII#DIWHU#FRQVLGHULQJ#WKH#UHVXOWV#RI#VWDWLVWLFDO#DQDO\VHV/#WKH#UHSURGXFLELOLW\#RI
DQ\#HIIHFWV#REVHUYHG/#DQG#WKH#PDJQLWXGH#RI#WKRVH#HIIHFWV1

5(68/76
7HWUDK\GURIXUDQ#KDV#EHHQ#WHVWHG#LQ#D#YDULHW\#RI#PXWDJHQLFLW\#DVVD\V#DQG#WKH#UHVXOWV#ZHUH/#ZLWK#RQH
H[FHSWLRQ/#QHJDWLYH1##7HWUDK\GURIXUDQ#ZDV#QRW#PXWDJHQLF#LQ#61#W\SKLPXULXP#VWUDLQ#7$<;/#7$433/#7$4868/
RU#7$486:#ZKHQ#WHVWHG#LQ#WZR#GLIIHUHQW#ODERUDWRULHV#LQ#D#SUHLQFXEDWLRQ#SURWRFRO#ZLWK#GRVHV#XS#WR
43/333#�J2SODWH>#DOO#WHVWV#ZHUH#FRQGXFWHG#ZLWK#DQG#ZLWKRXW#$URFORU0LQGXFHG#UDW#RU#KDPVWHU#OLYHU#6<
+0RUWHOPDQV#HW#DO1/#4<;9>#7DEOH#(4,1##7HWUDK\GURIXUDQ#GLG#QRW#LQGXFH#6&(V#+7DEOH#(5,#RU#$EV#+7DEOH#(6,
LQ#FXOWXUHG#&+2#FHOOV#ZKHQ#WHVWHG#DW#GRVHV#XS#WR#8/333#�J2P//#ZLWK#RU#ZLWKRXW#6<#+*DOORZD\#HW#DO1/#4<;:,1#
8QXVXDOO\#KLJK#IUHTXHQFLHV#RI#DEHUUDQW#FHOOV#ZHUH#REVHUYHG#LQ#WKH#$EV#WHVW#LQ#ERWK#FRQWURO#DQG
WHWUDK\GURIXUDQ0WUHDWHG#FXOWXUHV>#KRZHYHU/#WKH#WUHQG#WHVW#ZDV#LQVLJQLILFDQW#IRU#DOO#WULDOV#DQG#QR#VLQJOH#GRVH
JURXS#VKRZHG#DEHUUDWLRQ#IUHTXHQFLHV#WKDW#GLIIHUHG#VLJQLILFDQWO\#IURP#WKH#FRQWURO#YDOXH/#ZLWK#RQH#H[FHSWLRQ1#
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,Q#WKH#VHFRQG#WULDO#FRQGXFWHG#ZLWK#6</#WKH#PLGGOH#GRVH#RI#6/333#�J2P/#SURGXFHG#D#SRVLWLYH#UHVSRQVH>
EHFDXVH#WKH#WUHQG#WHVW#IRU#WKLV#WULDO#ZDV#QRW#VLJQLILFDQW/#DQG#EHFDXVH#WKH#UHVSRQVHV#IRU#WKH#FRPSOHWH#GDWD#VHW
ZHUH#QRW#FRUUHODWHG#ZLWK#LQFUHDVLQJ#GRVH/#WKLV#WULDO#ZDV#FRQFOXGHG#WR#EH#HTXLYRFDO/#DQG#WKH#RYHUDOO#FDOO#IRU
WKH#DVVD\#ZDV#QHJDWLYH1##1R#LQGXFWLRQ#RI#6/5/#PXWDWLRQV#ZDV#QRWHG#LQ#PDOH#'URVRSKLOD#PHODQRJDVWHU
H[SRVHG#E\#IHHGLQJ#RU#E\#LQMHFWLRQ#WR#D#GRVH#RI#43/333/#73/333/#RU#458/333#SSP#WHWUDK\GURIXUDQ#+9DOHQFLD
HW#DO1/#4<;8>#7DEOH#(7,1#

/LWWOH#HYLGHQFH#IRU#JHQHWLF#WR[LFLW\#RI#WHWUDK\GURIXUDQ#ZDV#QRWHG#LQ#LQ#YLYR#DVVD\V1##5HVXOWV#RI#WKH#PRXVH
ERQH#PDUURZ#6&(#DVVD\#ZHUH#QHJDWLYH#+7DEOH#(8,1##7HWUDK\GURIXUDQ#+833/#4/333/#RU#5/333#PJ2NJ,#GLG#QRW
LQGXFH#$EV#LQ#PRXVH#ERQH#PDUURZ#FHOOV#+7DEOH#(9,#DW#HLWKHU#WKH#4:0#RU#690KRXU#VDPSOH#WLPHV#HPSOR\HG#LQ
WKLV#DVVD\1##$OWKRXJK#UHVXOWV#IURP#WKH#LQLWLDO#560KRXU#6&(#WHVW#ZHUH#SRVLWLYH/#D#UHSHDW#WHVW#JDYH#QHJDWLYH
UHVXOWV/#DQG#WKH#UHVXOWV#RI#WKH#VLQJOH#WULDO#SHUIRUPHG#ZLWK#D#750KRXU#VDPSOH#WLPH#ZHUH#DOVR#QHJDWLYH1##7KH
IUHTXHQFLHV#RI#PLFURQXFOHDWHG#HU\WKURF\WHV#ZHUH#GHWHUPLQHG#LQ#SHULSKHUDO#EORRG#VDPSOHV#REWDLQHG#IURP#PDOH
DQG#IHPDOH#PLFH#DW#WKH#FRPSOHWLRQ#RI#WKH#470ZHHN#WR[LFLW\#VWXG\#+7DEOH#(:,1##,Q#IHPDOH#PLFH/#QHLWKHU
SRO\FKURPDWLF#QRU#QRUPRFKURPDWLF#HU\WKURF\WHV#KDG#HOHYDWHG#IUHTXHQFLHV#RI#PLFURQXFOHL/#EXW#LQ#PDOH#PLFH/
WKHUH#ZDV#D#VPDOO#LQFUHDVH#LQ#WKH#IUHTXHQF\#RI#PLFURQXFOHDWHG#QRUPRFKURPDWLF#HU\WKURF\WHV#WKDW#ZDV
FRQFOXGHG#WR#UHSUHVHQW#DQ#HTXLYRFDO#UHVSRQVH#+WUHQG#WHVW#3Û313:7,1##1R#VLJQLILFDQW#LQFUHDVH#LQ#WKH#IUHTXHQF\
RI#PLFURQXFOHDWHG#SRO\FKURPDWLF#HU\WKURF\WHV#ZDV#QRWHG#LQ#PDOH#PLFH1#
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7$%/(#(4
0XWDJHQLFLW\#RI#7HWUDK\GURIXUDQ#LQ#6DOPRQHOOD#W\SKLPXULXPD

5HYHUWDQWV2SODWHE

6WUDLQ 'RVH 06< .43(#KDPVWHU#6< .43(#UDW#6<

7ULDO#4 7ULDO#5 7ULDO#4 7ULDO#5 7ULDO#4 7ULDO#5+�J2SODWH,

6WXG\#SHUIRUPHG#DW#&DVH#:HVWHUQ#5HVHUYH#8QLYHUVLW\

7$433 3 444#�#813 44;#�#91: 4:8#�#919 485#�#4515 477#�#<19 46;#�#913
433 <6#�#418 453#�#431: 46;#�#719 474#�#431: 476#�#519 488#�#4314
666 <3#�#718 446#�#<16 475#�#81: 473#�#461< 474#�#4:1< 466#�#813

4/333 <<#�#81< 446#�#;18 473#�#814 468#�#:18 455#�#919 458#�#91<
6/666 433#�#418 447#�#913 477#�#814 457#�#31: 46:#�#4:13 46<#�#431;

43/333 ;;#�#418 439#�#918 45;#�#418 468#�#4814 45;#�#431: 463#�#71:

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 97<#�#4416 :39#�#4;1< 5/444#�#5816 4/893�#:;17 <:4#�#614 4/94;#�#7915F

7$4868 3 9#�#31: ;#�#415 <#�#519 ;#�#413 <#�#31< 8#�#41<
433 8#�#31: 8#�#31: <#�#316 <#�#41; :#�#316 8#�#418
666 9#�#415 9#�#31< 8#�#316 9#�#415 :#�#319 9#�#31<

4/333 9#�#416 9#�#415 7#�#415 8#�#31: <#�#313 ;#�#41;
6/666 7#�#316 9#�#319 8#�#31< 7#�#319 9#�#316 8#�#319

43/333 :#�#31< :#�#418 8#�#31< 9#�#516 8#�#316 8#�#415

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 6<6#�#5<17 895#�#7:1< <7#�#71: 94#�4418 89#�#914 448#�#:14

7$486: 3 :#�#513 :#�#513 <#�#415 :#�#418 <#�#41: 43#�#415
433 4#�#316 5#�#319 :#�#41; :#�#41< 46#�#31: 44#�#513
666 6#�#316 :#�#513 ;#�#31: ;#�#41: 43#�#415 ;#�#41:

4/333 7#�#31< 7#�#319 8#�#316 ;#�#515 44#�#518 44#�#519
6/666 7#�#31< 7#�#316 9#�#31< ;#�#515 <#�#31: 4:#�#:13

43/333 6#�#318 ³ 9#�#415 <#�#51: ;#�#413 :#�#415G

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 565#�#5;13 :4;#�#4:18 76#�#81: <;#�#<17 7<#�#;15 4<5#�#818

7$<; 3 4:#�#413 46#�#514 4:#�#416 49#�#618 49#�#31< 49#�#31<
433 45#�#41: 43#�#51< 49#�#41; 45#�#416 4;#�#31: 48#�#41;
666 46#�#618 44#�#413 53#�#31: 4;#�#513 53#�#316 48#�#517

4/333 46#�#513 <#�#413 4:#�#316 47#�#418 56#�#51: 4;#�#51;
6/666 4:#�#41: 45#�#416 4;#�#415 48#�#51: 47#�#316 47#�#519

43/333 45#�#316 44#�#415 49#�#415 48#�#31< 49#�#513 47#�#616

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 673#�#4;15 577#�#5919 4/764#�#6416 4/;3;#�#9613 783#�#5913 4/486#�#45:13
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7$%/(#(4
0XWDJHQLFLW\#RI#7HWUDK\GURIXUDQ#LQ#6DOPRQHOOD#W\SKLPXULXP#+FRQWLQXHG,

5HYHUWDQWV2SODWH

6WUDLQ 'RVH 06< .43(#KDPVWHU#6< .43(#UDW#6<

7ULDO#4 7ULDO#5 7ULDO#4 7ULDO#5 7ULDO#4 7ULDO#5+�J2SODWH,

6WXG\#SHUIRUPHG#DW#(*)*#0DVRQ#5HVHDUFK#,QVWLWXWH

7$433 3 458#�#71< 475#�#713 449#�#4817 478#�#614 459#�#451; 479#�#717
433 46:#�#431: 44;#�#813 464#�#919 45;#�#:1: 456#�#4419 474#�#615
666 455#�#313 453#�#:16 43;#�#;1; 464#�#471: 44;#�#:16 458#�#418

4/333 467#�#716 459#�#51< 44:#�#<1: 463#�#913 458#�#418 459#�#71;
6/666 465#�#719 468#�#714 456#�#31< 457#�#716 45<#�#431< 457#�#4319

43/333 465#�#316 463#�#:18 43<#�#915 468#�#51< 44<#�#;14 46<#�#4413

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 5/54:#�#8717 4/49<#�#5<1; 4/84;#�#9314 4/556#�#<91< 4/35;#�#4613 4/333#�#:41<

#7$4868 3 64#�#41; 6<#�#914 <#�#316 47#�#413 44#�#51: 45#�#519
433 74#�#519 66#�#716 46#�#515 43#�#31< ;#�#41< 46#�#615
666 5:#�#416 65#�#61: <#�#415 43#�#41; 47#�#41; 43#�#31:

4/333 6:#�#617 5;#�#31< <#�#513 44#�#513 46#�#31< 47#�#614
6/666 6:#�#413 66#�#71; 45#�#415 45#�#418 44#�#31: <#�#51<

43/333 67#�#71; 5;#�#41< <#�#519 48#�#71: 43#�#31: 49#�#41<

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 4/8<<#�#:41< :86#�#471; :9#�#513 96#�#416 88#�#41; 79#�#517

7$486: 3 9#�#31< :#�#51: <#�#415 :#�#313 ;#�#316 ;#�#515
433 9#�#415 :#�#41; 9#�#316 <#�#515 <#�#413 43#�#415
666 :#�#415 46#�#31: ;#�#415 <#�#319 ;#�#514 :#�#513

4/333 9#�#415 43#�#316 43#�#514 43#�#41; <#�#31< ;#�#319
6/666 ;#�#618 :#�#41; ;#�#413 43#�#513 43#�#519 :#�#319

43/333 8#�#31: ;#�#31: 43#�#316 44#�#316 :#�#416 44#�#415

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 684#�#<1: 5:7#�#515 44;#�#915 455#�#441; 7<#�#31: 99#�#51:

#7$<; 3 4<#�#519 47#�#415 6;#�#914 68#�#61; 57#�#319 5;#�#515
433 48#�#41< 4:#�#517 59#�#514 5<#�#81: 58#�#613 65#�#716
666 49#�#516 59#�#41; 58#�#418 5<#�#31< 56#�#517 59#�#51;

4/333 4<#�#418 4<#�#515 64#�#31< 5<#�#71< 5<#�#41< 65#�#817
6/666 4;#�#516 4:#�#31< 5<#�#418 67#�#<1; 5<#�#51< 5<#�#517

43/333 4;#�#41; 4;#�#415 5;#�#516 73#�#613 5<#�#316 64#�#614

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 4/;93#�#::1< 4/684#�#4717 4/57:#�#4719 4/37<#�#5:1: 987#�#6618 :;;#�#9519

7KH#GHWDLOHG#SURWRFRO#DQG#GDWD#DUH#SUHVHQWHG#LQ#0RUWHOPDQV#HW#DO1#+4<;9,1D

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$<;,1##7KH#SRVLWLYH#FRQWURO#IRU#PHWDEROLF#DFWLYDWLRQ#ZLWK#DOO#VWUDLQV#ZDV#50DPLQRDQWKUDFHQH1
7R[LFG
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7$%/(#(5
,QGXFWLRQ#RI#6LVWHU#&KURPDWLG#([FKDQJHV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#E\#7HWUDK\GURIXUDQD

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<
6XPPDU\=##1HJDWLYH

'LVWLOOHG#ZDWHU 83 4/384 7;< 3179 <1; 5913

0LWRP\FLQ0& 31338 83 4/383 4/4:7 4144 5618 5913 473164-

7HWUDK\GURIXUDQ 833 83 4/37: 6<6 316: :1< 5913 ²4<166
4/933 83 4/37; 767 3174 ;1: 5913 ²431<<
8/333 83 4/37: 754 3173 ;17 5913 ²4618;

3Û31<88F

.6<
6XPPDU\=##1HJDWLYH

'LVWLOOHG#ZDWHU 433 5/3<6 4/356 317; 4315 5913

&\FORSKRVSKDPLGH 413 433 5/3;9 4/7<5 31:4 471< 5913 79166-

7HWUDK\GURIXUDQ 833 83 4/383 839 317; 4314 5913 ²4174
4/933 83 4/37: 84< 317< 4317 5913 4175
8/333 83 4/37< 876 3184 431< 5913 81<3

3Û3147<

- 3RVLWLYH#UHVSRQVH#+'53(#LQFUHDVH#RYHU#VROYHQW#FRQWURO,
6WXG\#ZDV#SHUIRUPHG#DW#&ROXPELD#8QLYHUVLW\1##$#GHWDLOHG#GHVFULSWLRQ#RI#WKH#SURWRFRO#DQG#WKHVH#GDWD#DUH#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

6LJQLILFDQFH#RI#UHODWLYH#6&(V2FKURPRVRPH#WHVWHG#E\#WKH#OLQHDU#UHJUHVVLRQ#WUHQG#WHVW#YHUVXV#ORJ#RI#WKH#GRVHF
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7$%/(#(6
,QGXFWLRQ#RI#&KURPRVRPDO#$EHUUDWLRQV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#E\#7HWUDK\GURIXUDQD

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

7ULDO#4#³#+DUYHVW#WLPH=##4713#KRXUV 7ULDO#4#³#+DUYHVW#WLPH=##4713#KRXUV
6XPPDU\=##1HJDWLYH 6XPPDU\=##1HJDWLYH

'LVWLOOHG#ZDWHU 'LVWLOOHG#ZDWHU
433 : 313: :13 433 ; 313; ;13

0LWRP\FLQ0& &\FORSKRVSKDPLGH
3148 83 56 3179 6313 48 433 5; 315; 5613

7HWUDK\GURIXUDQ 7HWUDK\GURIXUDQ
833 433 ; 313; ;13 833 433 44 3144 :13

4/933 433 4: 314: 4913 4/933 433 44 3144 4313
8/333 433 ; 313; ;13 8/333 433 46 3146 4613

3Û31534 3Û313;8E

7ULDO#5#³#+DUYHVW#WLPH=##4713#KRXUV 7ULDO#5#³#+DUYHVW#WLPH=##4713#KRXUV
6XPPDU\=##1HJDWLYH 6XPPDU\=##(TXLYRFDO

'LVWLOOHG#ZDWHU 'LVWLOOHG#ZDWHU
433 7 3137 713 433 6 3136 613

0LWRP\FLQ0& &\FORSKRVSKDPLGH
3148 83 59 3185 7313 48 433 54 3154 4;13

7HWUDK\GURIXUDQ 7HWUDK\GURIXUDQ
6/333 433 : 313: :13 4/333 433 7 3137 713
7/333 433 < 313< :13 5/333 433 9 3139 913
8/333 433 < 313< 913 6/333 433 45 3145 4513-

7/333 433 ; 313; :13
8/333 433 45 3145 ;13

3Û315;4 3Û31349

- 3RVLWLYH#+3&3138,
6WXG\#ZDV#SHUIRUPHG#DW#&ROXPELD#8QLYHUVLW\1##$#GHWDLOHG#GHVFULSWLRQ#RI#WKH#SURWRFRO#DQG#WKHVH#GDWD#DUH#SUHVHQWHG#LQ#*DOORZD\#HW#DO1#+4<;:,1#D

$EVÛDEHUUDWLRQV
6LJQLILFDQFH#RI#SHUFHQW#FHOOV#ZLWK#DEHUUDWLRQV#WHVWHG#E\#WKH#OLQHDU#UHJUHVVLRQ#WUHQG#WHVW#YHUVXV#ORJ#RI#WKH#GRVHE
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7$%/(#(7
,QGXFWLRQ#RI#6H[0/LQNHG#5HFHVVLYH#/HWKDO#0XWDWLRQV#LQ#'URVRSKLOD#PHODQRJDVWHU#E\#7HWUDK\GURIXUDQD

5RXWH#RI 'RVH ,QFLGHQFH#RI ,QFLGHQFH#RI 1R1#RI#/HWKDOV21R1#RI#;#&KURPRVRPHV#7HVWHG
([SRVXUH +SSP, 'HDWK#+(, 6WHULOLW\#+(, 7RWDO0DWLQJ#4 0DWLQJ#5 0DWLQJ#6

E

)HHG 43/333 5 3 425/9;3 325/8<4 625/6:6 72:/977#+3138(,
3 825/6;8 425/5:8 325/44; 929/::;#+313<(,

,QMHFWLRQ 73/333 3 3 525/48< 325/446 425/44; 629/6<3#+3138(,
3 424/<89 724/<88 424/:;3 928/9<4#+3144(,

)HHG 458/333 < :8 325;; 327 32;3 326:5
3 324/48; 32<97 52::7 525/;<9#+313:(,

Study was performed at Bowling Green State University.  A detailed description of the protocol and these data are presented in Valencia et al.a

(1985).  Results were not significant for total number of lethal mutations/total number of X chromosomes tested by a normal approximation to
the binomial test (Margolin et al., 1983).
Total number of lethal mutations/total number of X chromosomes tested for three mating trialsb
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7$%/(#(8
,QGXFWLRQ#RI#6LVWHU#&KURPDWLG#([FKDQJHV#LQ#0RXVH#%RQH#0DUURZ#&HOOV#E\#7HWUDK\GURIXUDQD

&RPSRXQG 'RVH#+PJ2NJ, 0HDQ#6&(V2&HOO

560+RXU#([SRVXUH
7ULDO#4

0LWRP\FLQ0& 318 :137#�#31838E

7HWUDK\GURIXUDQ 3 61:<#�#315:;F

833 61<4#�#3164:
4/333 619:#�#31587
5/333 915:#�#315<;-

3?31334G

7ULDO#5
0LWRP\FLQ0& 318 4317;#�#41849#

7HWUDK\GURIXUDQ 3 81:3#�#31536
4/833 9135#�#3194;
5/333 8195#�#3173:
5/833 ³H

3Û317:9

#750+RXU#([SRVXUH
#�#315<6$FU\ODPLGHE 493 <16:# #

7HWUDK\GURIXUDQ 3 8138#�#31<43
833 81;9#�#31:83

4/333 7138#�#31555
5/333 715<#�#3153<

3Û313:<

- 6LJQLILFDQWO\#GLIIHUHQW#+3?3133;,#IURP#WKH#FRQWUROV
6WXG\#ZDV#SHUIRUPHG#DW#%URRNKDYHQ#1DWLRQDO#/DERUDWRULHV1##$#GHWDLOHG#GHVFULSWLRQ#RI#WKH#SURWRFRO#LV#SUHVHQWHG#LQ#0F)HH#HW#DO1#+4<<5,1#D

6&(ÛVLVWHU#FKURPDWLG#H[FKDQJH1##'DWD#IRU#PHDQ#6&(V2FHOO#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1#
3RVLWLYH#FRQWUROE

6ROYHQW#FRQWUROF

6LJQLILFDQFH#WHVWHG#E\#WKH#RQH0WDLOHG#WUHQG#WHVW#+0DUJROLQ#HW#DO1/#4<;9,>#VLJQLILFDQW#DW#3?31358G

/HWKDOH



7HWUDK\GURIXUDQ/#173#75#7:8 54:

7$%/(#(9
,QGXFWLRQ#RI#&KURPRVRPDO#$EHUUDWLRQV#LQ#0RXVH#%RQH#0DUURZ#&HOOV#E\#7HWUDK\GURIXUDQD

&RPSRXQG 'RVH#+PJ2NJ, $EV2&HOO &HOOV#ZLWK#$EV#+(,E

7ULDO#4#,,#6DPSOH#WLPH=##4:#KRXUV

3KRVSKDWH#EXIIHUHG#VDOLQH 419#�#3135 51:8F

7HWUDK\GURIXUDQ 833 419#�#3136 51:8
4/333 416#�#3134 31:8
5/333 516#�#3135 41:8

0LWRP\FLQ0& 413 719#�#3139 9133G

3Û31<3;H

7ULDO#5#,#6DPSOH#WLPH=##69#KRXUV

3KRVSKDWH#EXIIHUHG#VDOLQH 31;#�#3134 31:8

7HWUDK\GURIXUDQ 833 416#�#3134 31:8
4/333 414#�#3135 41:8
5/333 31<#�#3134 31:8

0LWRP\FLQ0& 413 918#�#3143 ;133

3Û31766

6WXG\#ZDV#SHUIRUPHG#DW#%URRNKDYHQ#1DWLRQDO#/DERUDWRU\1##$#GHWDLOHG#GHVFULSWLRQ#RI#WKH#SURWRFRO#LV#SUHVHQWHG#LQ#0F)HH#HW#DO1#+4<<5,1D

7HWUDK\GURIXUDQ#ZDV#GLVVROYHG#LQ#SKRVSKDWH#EXIIHUHG#VDOLQH#DQG#DGPLQLVWHUHG#E\#LQWUDSHULWRQHDO#LQMHFWLRQ1##$EVÛDEHUUDWLRQV
0HDQ#�#VWDQGDUG#HUURUE

6ROYHQW#FRQWUROF

3RVLWLYH#FRQWURO1##'LVVROYHG#LQ#SKRVSKDWH#EXIIHUHG#VDOLQH#DQG#DGPLQLVWHUHG#E\#LQWUDSHULWRQHDO#LQMHFWLRQ#+YROXPH#Û#317#P/,G

6LJQLILFDQFH#WHVWHG#E\#WKH#RQH0WDLOHG#WUHQG#WHVW#+0DUJROLQ#HW#DO1/#4<;9,>#VLJQLILFDQW#DW#3?31358H
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7$%/(#(:
)UHTXHQF\#RI#0LFURQXFOHL#LQ#0RXVH#3HULSKHUDO#%ORRG#(U\WKURF\WHV#)ROORZLQJ#7UHDWPHQW
ZLWK#7HWUDK\GURIXUDQ#E\#,QKDODWLRQ#IRU#47#:HHNVD

&RPSRXQG 'RVH 1XPEHU#RI#0LFH 0LFURQXFOHDWHG#&HOOV24/333#&HOOV E

+SSP, ZLWK#(U\WKURF\WHV 3&(V 1&(V
6FRUHG

0DOH

&KDPEHU#FRQWURO 43 4183#�#315< 414;#�#313<

7HWUDK\GURIXUDQ 933 43 419<#�#3158 415:#�#3143
4/;33 43 41:<#�#3155 418;#�#313;-
8/333 : 417:#�#315: 4174#�#3146

3Û315<: 3Û313:7F F

)HPDOH

&KDPEHU#FRQWURO 43 41;8#�#316; 4176#�#314;

7HWUDK\GURIXUDQ 933 43 4134#�#3157 4149#�#313:
4/;33 43 4167#�#3164 4148#�#313:
8/333 43 415<#�#314< 414;#�#313;

3Û3195: 3Û31;79

- 6LJQLILFDQWO\#GLIIHUHQW#+3Û31337,#IURP#WKH#FKDPEHU#FRQWUROV
6WXG\#ZDV#SHUIRUPHG#DW#WKH#8161#'HSDUWPHQW#RI#$JULFXOWXUH1##$#GHWDLOHG#GHVFULSWLRQ#RI#WKH#SURWRFRO#LV#SUHVHQWHG#LQ#0DF*UHJRU#HW#DO1#+4<<3,1#D

3&(ÛSRO\FKURPDWLF#HU\WKURF\WH>#1&(ÛQRUPRFKURPDWLF#HU\WKURF\WH
0HDQ#�#VWDQGDUG#HUURUE

6LJQLILFDQFH#RI#PLFURQXFOHDWHG#FHOOV24/333#FHOOV#WHVWHG#E\#WKH#RQH0WDLOHG#WUHQG#WHVW#+0DUJROLQ#HW#DO1/#4<;9,>#VLJQLILFDQW#DW#3?31358F



54<

$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#470:HHN#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 553

7$%/(#)5 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#0LFH#
LQ#WKH#470:HHN#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 554
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7$%/(#)4
2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#5DWV#LQ#WKH#470:HHN#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 99#SSP 533#SSP 933#SSP 4/;33#SSP 8/333#SSP

Q 43 43 43 43 43 43

0DOH

1HFURSV\#ERG\#ZW 694#�#9 686#�#: 69;#�#44 697#�#9 6:5#�#< 676#�#:#

+HDUW
$EVROXWH 31<8<#�#3134< 31<63#�#31353 31<7<#�#31365 31<83#�#31349 31<;5#�#3135; 31<:3#�#3134<#
5HODWLYH 5199#�#3138 5197#�#3136 518;#�#3136 5194#�#3136 5197#�#3137 51;6#�#3137--#

51#.LGQH\
$EVROXWH 41457#�#3135; 413:5#�#31363 4149<#�#3135< 4144<#�#31359 414;9#�#3136; 4148;#�#31363#
5HODWLYH 6144#�#3137 6137#�#3137 614;#�#3137 613:#�#3137 614<#�#3138 616:#�#3138--#

/LYHU
$EVROXWH 451984#�#31984 4417<<#�#317;: 451788#�#31738 451734#�#3174: 451<3;#�#316;7 451:<:#�#3163;#
5HODWLYH 671<5#�#4167 65186#�#31;8 661;7#�#315< 67137#�#31:< 671:5#�#3178 6:15;#�#318:-#

/XQJ
$EVROXWH 41;95#�#31374 41;88#�#3139: 41<59#�#313<: 41<6;#�#3139: 41<84#�#31394 51355#�#313:8#
5HODWLYH 8148#�#313: 815;#�#3156 8157#�#3154 8166#�#314: 8159#�#3148 81<3#�#3156-#

6SOHHQ
$EVROXWH 319;<#�#3134; 31996#�#3134: 31:57#�#31363 31:35#�#31348 319<8#�#31357 318;5#�#3134<--#
5HODWLYH 41<4#�#3137 41;;#�#3135 41<:#�#3138 41<6#�#3135 41;:#�#3139 419<#�#3136--#

7K\PXV
$EVROXWH 31695#�#31348 31686#�#31343 31667#�#3133< 31678#�#31347 3165:#�#31348 315:<#�#31348--#
5HODWLYH 4133#�#3136 4133#�#3136 31<5#�#3137 31<8#�#3137 31;;#�#3136- 31;4#�#3137--#

)HPDOH

1HFURSV\#ERG\#ZW 538#�#8 53:#�#8 538#�#7 543#�#6 53<#�#7 547#�#6#

+HDUW
$EVROXWH 31978#�#31353 31946#�#31348 3194;#�#31346 31974#�#31363 31963#�#31345 319;8#�#31345#
5HODWLYH 6148#�#313< 51<9#�#3136 6134#�#3137 6137#�#3146 6134#�#3137 6154#�#3138#

51#.LGQH\
$EVROXWH 31:49#�#31347 31:55#�#3134: 31:46#�#31345 31:6:#�#31355 31:5<#�#31348 31::;#�#31349-#
5HODWLYH 6183#�#313: 617<#�#3137 617:#�#3137 6183#�#313; 617<#�#313; 6197#�#3137#

/LYHU
$EVROXWH 91955#�#31466 91759#�#31498 91656#�#314;< 91958#�#31555 91:3;#�#314<4 :1::9#�#314:5--#
5HODWLYH 65169#�#31;4 64138#�#319< 631:9#�#318< 64185#�#413; 65135#�#3187 69174#�#31;:--#

/XQJ
$EVROXWH 415:9#�#31376 415:8#�#31388 41584#�#31365 41659#�#31359 4156<#�#31368 416:<#�#31368#
5HODWLYH 9154#�#3149 9148#�#3155 913<#�#3144 9165#�#3149 81<4#�#3143 917:#�#3155#

6SOHHQ
$EVROXWH 31793#�#31355 3175;#�#31348 3173;#�#3133; 3175<#�#3134; 3176<#�#31344 316:<#�#31347--
5HODWLYH 5159#�#3147 513:#�#313; 41<<#�#3137 5137#�#313; 5143#�#3137 41::#�#3139--#

7K\PXV
$EVROXWH 31599#�#31343 31595#�#31348 3158;#�#31343 3157;#�#31349 31595#�#31343 31545#�#3133:--#
5HODWLYH 415<#�#3137 4159#�#3139 4159#�#3137 414:#�#3139 4158#�#3137 31<<#�#3136--#

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FKDPEHU#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$%/(#)5
2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#0LFH#LQ#WKH#470:HHN#,QKDODWLRQ#6WXG\#RI
7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 99#SSP 533#SSP 933#SSP 4/;33#SSP 8/333#SSP

0DOH

Q 43 43 43 43 43 :

1HFURSV\#ERG\#ZW 691:#�#31; 691<#�#317 681;#�#31: 6916#�#31: 6919#�#31; 651:#�#413--#

+HDUW
$EVROXWH 31488#�#31339 31495#�#31338 31487#�#31337 31493#�#31336 31484#�#31337 31474#�#31338#
5HODWLYH 7156#�#3147 7173#�#3145 7163#�#3139 7176#�#3145 7146#�#3145 7166#�#3143#

51#.LGQH\
$EVROXWH 31646#�#31343 31656#�#31343 31643#�#3133; 31648#�#31339 31639#�#3133: 315<4#�#31347#
5HODWLYH ;188#�#315: ;1:9#�#3157 ;198#�#3146 ;1:4#�#314< ;16<#�#3158 ;1<3#�#3163#

/LYHU
$EVROXWH 41946#�#3136: 4199:#�#31355 419<8#�#3136: 41:55#�#31364- 41:;<#�#31368-- 41<97#�#31393--#
5HODWLYH 77133#�#318: 78157#�#315: 7:15;#�#316:-- 7:185#�#3193-- 7;1<7#�#31;4-- 93136#�#3166--#

/XQJ
$EVROXWH 3155:#�#31338 31568#�#31339 31574#�#31339 3156;#�#31338 3155<#�#31339 31546#�#31343#
5HODWLYH 9153#�#3143 916;#�#314: 91:6#�#3147 918:#�#313; 915:#�#314; 9184#�#3156

6SOHHQ
$EVROXWH 3139<#�#31335 313:8#�#31335 313:4#�#31335 313:6#�#31335 313:3#�#31336 31376#�#31336--#
5HODWLYH 41;<#�#3139 5137#�#3137 41<<#�#313: 5135#�#313: 41<4#�#3137 4164#�#313:--#

7K\PXV
$EVROXWH 3137:#�#31336 31378#�#31336 31375#�#31335 3136<#�#31334- 31369#�#31336-- 3135:#�#31335--#
5HODWLYH 415:#�#3139 4156#�#313; 414:#�#3138 413;#�#3138- 31<<#�#313:-- 31;4#�#3138--#

)HPDOH

Q 43 43 43 43 43 43

1HFURSV\#ERG\#ZW 6517#�#413 6515#�#319 6616#�#414 6518#�#31: 6614#�#414 6616#�#414#

+HDUW
$EVROXWH 31473#�#31337 31467#�#31336 31467#�#31335 31464#�#31337 3146<#�#31336 31457#�#31336--#
5HODWLYH 7168#�#3147 714;#�#3146 713:#�#3149 7137#�#3144 7154#�#313; 61:8#�#3145--#

51#.LGQH\
$EVROXWH 3154;#�#3133: 31554#�#31338 31549#�#31335 31549#�#31339 31553#�#31337 31555#�#31339E

5HODWLYH 91:7#�#3154 91;;#�#314; 9189#�#3157 9199#�#3149 919:#�#3148 919<#�#3148#E

/LYHU
$EVROXWH 418<5#�#31369 418:7#�#31368 4193<#�#31367 41884#�#31367 41:66#�#31378- 41;47#�#313:7--#
5HODWLYH 7<16;#�#31<7 7;1<8#�#31<5 7;199#�#4163 7:1:<#�#3193 85184#�#4155- 87175#�#31<9--#

/XQJ
$EVROXWH 31569#�#3133: 3155;#�#31337 31564#�#3133: 3155;#�#31339 3155:#�#31338 31544#�#3133:-#
5HODWLYH :164#�#3148 :13<#�#3147 91<9#�#3147 :136#�#3147 91;<#�#3154 916;#�#3159--#

6SOHHQ
$EVROXWH 3143<#�#31337 3143;#�#31337 31436#�#31337 31433#�#31336 31436#�#31336 31386#�#31337--#
5HODWLYH 6173#�#3148 6169#�#3145 6145#�#3147 613<#�#3145 6146#�#3145 418;#�#313<--#

7K\PXV
$EVROXWH 31384#�#31336 31388#�#31336 31389#�#31335 31386#�#31335 31385#�#31336 31379#�#31336#
5HODWLYH 418:#�#313< 41:4#�#313; 41:4#�#3143 4197#�#3139 418<#�#3144 4169#�#313;#

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FKDPEHU#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
QÛ<E
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556

$33(1',;#*
+(0$72/2*<#$1'

&/,1,&$/#&+(0,675<#5(68/76

7$%/(#*4 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#5DWV#
LQ#WKH#470:HHN#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 557
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7$%/(#*4
+HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#5DWV#LQ#WKH#470:HHN#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQD

&KDPEHU
&RQWURO 99#SSP 533#SSP 933#SSP 4/;33#SSP 8/333#SSP

0DOH

Q < 43 43 43 43 43

+HPDWRORJ\

+HPDWRFULW#+(,# 7914#�#316 781<#�#317 7915#�#316 7913#�#317 7918#�#316 7<15#�#318--#
+HPRJORELQ#+J2G/,# 4816#�#314 4816#�#314 4817#�#314 4815#�#314 4818#�#314 4915#�#315--#
(U\WKURF\WHV#+43 2�/,# <197#�#313: <197#�#313< <1:7#�#313; <193#�#313; <1:5#�#313; <1<6#�#313;#9

5HWLFXORF\WHV#+43 2�/,# 3147#�#3135 314:#�#3135 3148#�#3134 3146#�#3136 3149#�#3135 3146#�#3135#9

1XFOHDWHG
##HU\WKURF\WHV#+43 2�/,### 3133#�#3133 3133#�#3133- 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#31336

0HDQ#FHOO#YROXPH#+I/,# 7:1<#�#316 7:19#�#315 7:16#�#315 7:1;#�#314 7;13#�#316 7<19#�#315--#
0HDQ#FHOO#KHPRJORELQ#+SJ,# 481<#�#314 481<#�#314 481;#�#314 481;#�#314 481<#�#314 4916#�#313--#
0HDQ#FHOO#KHPRJORELQ#
##FRQFHQWUDWLRQ#+J2G/, 6616#�#314 6616#�#314 6617#�#314 6613#�#314 6616#�#314 651<#�#314#
3ODWHOHWV#+43 2�/,# 7;:1<#�#471; 7;918#�#4818 7<319#�#471< 7:;15#�#4:1; 79<14#�#4616 7;41;#�#4514#6

/HXNRF\WHV#+43 2�/,# 913<#�#3173 81:7#�#3165 81<5#�#3167 9166#�#316; 91;8#�#3176 81::#�#3154#6

6HJPHQWHG
##QHXWURSKLOV#+43 2�/,# 31:7#�#3137 31;8#�#3143 31:5#�#3139 31;5#�#313; 4136#�#3147 4164#�#3143--#6

/\PSKRF\WHV#+43 2�/,# 8137#�#316; 719<#�#315: 71;5#�#3164 8159#�#3164 8193#�#3165 7159#�#3153#6

0RQRF\WHV#+43 2�/,# 315:#�#3137 3148#�#3135 3163#�#3138 3153#�#3136 314<#�#3137 314;#�#3137#6

(RVLQRSKLOV#+43 2�/,# 3137#�#3135 3138#�#3135 313<#�#3136 3137#�#3134 3137#�#3135 3136#�#3134#6

&OLQLFDO#&KHPLVWU\

8UHD#QLWURJHQ#+PJ2G/,# 531:#�#319 4<1:#�#317 541:#�#318 531;#�#319 531:#�#413 4<1;#�#318#
&UHDWLQLQH#+PJ2G/,# 31<6#�#3138 31;9#�#3138 31<9#�#3137 31;;#�#3136 31<4#�#3137 31;7#�#3138#
7RWDO#SURWHLQ#+J2G/,# :19#�#314 :17#�#314 :19#�#314 :17#�#314 :19#�#314 :18#�#314#
$OEXPLQ#+J2G/,# 815#�#314 814#�#314 816#�#314 814#�#314 816#�#313 815#�#314#
$ODQLQH#
##DPLQRWUDQVIHUDVH#+,82/,# 87#�#7 :4#�#: 98#�#7 :5#�#: 87#�#7 7;#�#6#
$ONDOLQH#SKRVSKDWDVH#+,82/,# 733#�#53 6;6#�#55 739#�#46 6<8#�#46 733#�#4; 668#�#43-#E

&UHDWLQH#NLQDVH#+,82/,# 4:6#�#56 45<#�#45 46;#�#4< 545#�#7; 484#�#68 44;#�#47E

6RUELWRO#GHK\GURJHQDVH#+,82/,# 49#�#4 4<#�#6 49#�#4 4<#�#4 48#�#4 46#�#4#
%LOH#DFLGV#+�PRO2/,# 4815#�#515 4613#�#41< 4;19#�#61: 4719#�#516 4519#�#515 581:#�#:18 #E
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7$%/(#*4
+HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#5DWV#LQ#WKH#470:HHN#,QKDODWLRQ#6WXG\#RI#7HWUDK\GURIXUDQ#+FRQWLQXHG,

&KDPEHU
&RQWURO 99#SSP 533#SSP 933#SSP 4/;33#SSP 8/333#SSP

)HPDOH

Q 43 43 43 43 43 43

+HPDWRORJ\

+HPDWRFULW#+(,# 791;#�#319 7919#�#316 7913#�#315 7:13#�#319 7918#�#318 8413#�#316--#
+HPRJORELQ#+J2G/,# 481:#�#315 4819#�#314 4817#�#314 481:#�#315 4818#�#315 491;#�#314--#
(U\WKURF\WHV#+43 2�/,# <15<#�#313; <148#�#3138 <139#�#3139 <159#�#3145 <14:#�#3144 <1<:#�#313;--#9

5HWLFXORF\WHV#+43 2�/, 3144#�#3134 3144#�#3135 3143#�#3134 3143#�#3135 3143#�#3134 3146#�#3135#9

1XFOHDWHG#
##HU\WKURF\WHV#+43 2�/,# 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133#6

0HDQ#FHOO#YROXPH#+I/,# 8316#�#317 831<#�#315 831:#�#315 831:#�#315 8318#�#316 8416#�#315-#
0HDQ#FHOO#KHPRJORELQ#+SJ,# 491<#�#314 4:13#�#314 4:13#�#313 491<#�#314 491<#�#314 491<#�#314#
0HDQ#FHOO#KHPRJORELQ
###FRQFHQWUDWLRQ#+J2G/,# 6618#�#315 6617#�#315 6617#�#314 6616#�#315 6616#�#315 6613#�#314#
3ODWHOHWV#+43 2�/,# 84515#�#<18 7:713#�#4:15 85718#�#441; 85<13#�#8513 86417#�#4816 87:13#�#;1;#6

/HXNRF\WHV#+43 2�/,# 8149#�#3174 816<#�#315; 71<:#�#3166 81:9#�#3153 8197#�#3175 813:#�#3167#6

6HJPHQWHG#
##QHXWURSKLOV#+43 �/,# 31;7#�#3147 31:8#�#3144 3197#�#313; 31<3#�#3146 415:#�#315< 4133#�#313;#6

/\PSKRF\WHV#+43 2�/,# 713:#�#3165 716<#�#315: 713:#�#315; 7198#�#3156 7149#�#3166 61;4#�#315<#6

0RQRF\WHV#+43 2�/,# 3153#�#3138 3156#�#3135 3154#�#3136 314<#�#3136 314:#�#3136 3159#�#3137#6

(RVLQRSKLOV#+43 2�/,# 3137#�#3134 3135#�#3134 3138#�#3135 3135#�#3134 3136#�#3134 3134#�#3134#6

&OLQLFDO#&KHPLVWU\

8UHD#QLWURJHQ#+PJ2G/,# 5618#�#416 541<#�#31< 5615#�#31< 531;#�#413 5513#�#414 4;1:#�#31<--#
&UHDWLQLQH#+PJ2G/,# 31<;#�#3137 31<<#�#3137 31<6#�#3137 31<<#�#3137 31<9#�#3137 31;4#�#3137-#
7RWDO#SURWHLQ#+J2G/, :19#�#314 :19#�#315 :1:#�#314 :19#�#314 :18#�#314 :18#�#314#
$OEXPLQ#+J2G/,# 818#�#314 818#�#314 817#�#314 818#�#314 818#�#314 816#�#314#
$ODQLQH#
##DPLQRWUDQVIHUDVH#+,82/,# 88#�#9 8:#�#9 88#�#6 79#�#; 84#�#9 74#�#7#
$ONDOLQH#SKRVSKDWDVH#+,82/,# 665#�#54 688#�#4: 677#�#44 67:#�#63 634#�#< 676#�#46#
&UHDWLQH#NLQDVH#+,82/,# 465#�#49 466#�#4< 448#�#48 46;#�#57 478#�#4< 455#�#46#
6RUELWRO#GHK\GURJHQDVH#+,82/,# 4:#�#4 4;#�#5 49#�#4 49#�#5 49#�#4 46#�#4#
%LOH#DFLGV#+�PRO2/,# 5315#�#619 4<1:#�#713 531:#�#516 5516#�#819 4;1<#�#515 6914#�#717-#E

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#FKDPEHU#FRQWURO#JURXS#E\#'XQQ·V#RU#6KLUOH\·V#WHVW
-- 3&3134

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'

*(1(5$7,21#2)#&+$0%(5#&21&(175$7,216

352&85(0(17#$1'#&+$5$&7(5,=$7,21#2)#7(75$+<'52)85$1 1 1 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;
9$325#*(1(5$7,21#$1'#(;32685(#6<67(0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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<
9$325#&21&(175$7,21#021,725,1* 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 563
&+$0%(5#$70263+(5(#&+$5$&7(5,=$7,21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 563
),*85(#+4 ,QIUDUHG#$EVRUSWLRQ#6SHFWUXP#RI#7HWUDK\GURIXUDQ 1 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
),*85(#+5 1XFOHDU#0DJQHWLF#5HVRQDQFH#6SHFWUXP#RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 566
),*85(#+6 7HWUDK\GURIXUDQ#9DSRU#*HQHUDWLRQ#DQG#'HOLYHU\#6\VWHP#IRU#WKH#470:HHN#6WXGLHV 1 1 1 1 567
),*85(#+7 7HWUDK\GURIXUDQ#9DSRU#*HQHUDWLRQ#DQG#'HOLYHU\#6\VWHP#IRU#WKH#50<HDU#6WXGLHV 1 1 1 1 1 568
7$%/(#+4 6XPPDU\#RI#&KDPEHU#&RQFHQWUDWLRQV#LQ#WKH#470:HHN#,QKDODWLRQ#6WXGLHV#

RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 569
7$%/(#+5 6XPPDU\#RI#&KDPEHU#&RQFHQWUDWLRQV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXGLHV

RI#7HWUDK\GURIXUDQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 569
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&+(0,&$/#&+$5$&7(5,=$7,21#$1'
*(1(5$7,21#2)#&+$0%(5#&21&(175$7,216

352&85(0(17#$1'#&+$5$&7(5,=$7,21#2)#7(75$+<'52)85$1
7HWUDK\GURIXUDQ#ZDV#REWDLQHG#IURP#&KHP&HQWUDO#+.DQVDV#&LW\/#02,#LQ#IRXU#ORWV1##/RW#:.;090;9#ZDV#XVHG
GXULQJ#WKH#470ZHHN#VWXGLHV/#DQG#ORWV#/043:/#3456<3/#DQG#%3;49<356#ZHUH#XVHG#LQ#WKH#50\HDU#VWXGLHV1#
,GHQWLW\/#SXULW\/#DQG#VWDELOLW\#DQDO\VHV#ZHUH#FRQGXFWHG#E\#WKH#VWXG\#ODERUDWRU\#DQG#E\#WKH#DQDO\WLFDO
FKHPLVWU\#ODERUDWRU\/#0LGZHVW#5HVHDUFK#,QVWLWXWH#+.DQVDV#&LW\/#02,1##5HSRUWV#RQ#DQDO\VHV#SHUIRUPHG#LQ
VXSSRUW#RI#WKH#WHWUDK\GURIXUDQ#VWXGLHV#DUH#RQ#ILOH#DW#WKH#1DWLRQDO#,QVWLWXWH#RI#(QYLURQPHQWDO#+HDOWK#6FLHQFHV1

/RWV#:.;090;9#DQG#/043:/#ERWK#FOHDU/#FRORUOHVV#OLTXLGV/#ZHUH#LGHQWLILHG#DV#WHWUDK\GURIXUDQ#E\#LQIUDUHG/
XOWUDYLROHW2YLVLEOH/#DQG#QXFOHDU#PDJQHWLF#UHVRQDQFH#VSHFWURVFRS\1##/RWV#3456<3#DQG#%3;49<356/#DOVR#FOHDU/
FRORUOHVV#OLTXLGV/#ZHUH#LGHQWLILHG#DV#WHWUDK\GURIXUDQ#E\#LQIUDUHG#VSHFWURVFRS\1##$OO#VSHFWUD#ZHUH#FRQVLVWHQW
ZLWK#WKH#OLWHUDWXUH#VSHFWUD#+3U]\E\WH]/#4<;3>#$OGULFK/#4<:7/#4<;4/#4<;8,#RI#WHWUDK\GURIXUDQ1##7KH#LQIUDUHG
DQG#QXFOHDU#PDJQHWLF#UHVRQDQFH#VSHFWUD#RI#WHWUDK\GURIXUDQ#DUH#SUHVHQWHG#LQ#)LJXUHV#+4#DQG#+51##7KH
ERLOLQJ#SRLQW#DQG#GHQVLW\#RI#ORW#/043:#ZHUH#DOVR#FRQVLVWHQW#ZLWK#OLWHUDWXUH#UHIHUHQFHV#+0HUFN#,QGH[/#4<;<>
/LGH/#4<<5,1

,QLWLDOO\/#VDPSOHV#IURP#WZR#VXEEDWFKHV#RI#ORW#:.;090;9#ZHUH#DQDO\]HG#E\#JDV#FKURPDWRJUDSK\#WR#HQVXUH
WKDW#WKH#VXEEDWFKHV#ZHUH#RI#HTXLYDOHQW#SXULW\1##*DV#FKURPDWRJUDSK\#ZDV#SHUIRUPHG#XVLQJ#D#IODPH#LRQL]DWLRQ
GHWHFWRU#ZLWK#D#QLWURJHQ#FDUULHU#JDV#DW#D#IORZ#UDWH#RI#:3#P/2PLQXWH1##7ZR#V\VWHPV#ZHUH#XVHG=

$, 53(#63054332314(#&DUERZD[#4833#RQ#4332453#6XSHOFRSRUW#JODVV#FROXPQ/#ZLWK#DQ#RYHQ
WHPSHUDWXUH#SURJUDP#RI#73(#&#IRU#8#PLQXWHV/#WKHQ#73(#WR#4:3(#&#DW#43(#&#SHU#PLQXWH/#DQG

%, ;32433#&DUERSDFN#&2314(#6304333#JODVV#FROXPQ/#ZLWK#DQ#RYHQ#WHPSHUDWXUH#SURJUDP#RI
73(#&#IRU#8#PLQXWHV/#WKHQ#73(#WR#553(#&#DW#43(#&#SHU#PLQXWH1

5HVXOWV#LQGLFDWHG#WKDW#WKH#SXULWLHV#RI#WKH#WZR#VXEEDWFKHV#ZHUH#LGHQWLFDO#ZLWKLQ#WKH#OLPLWV#RI#H[SHULPHQWDO
HUURU1##7KH#SXULWLHV#RI#ORWV#:.;090;9#DQG#/043:#ZHUH#GHWHUPLQHG#E\#HOHPHQWDO#DQDO\VHV/#.DUO#)LVKHU#ZDWHU
DQDO\VHV/#DQG#JDV#FKURPDWRJUDSK\#E\#V\VWHPV#$#DQG#%/#DV#GHVFULEHG#DERYH1##7KH#SXULW\#RI#ORW#3456<3#ZDV
GHWHUPLQHG#E\#JDV#FKURPDWRJUDSK\#XVLQJ#V\VWHP#$#GHVFULEHG#DERYH#EXW#ZLWK#DQ#LVRWKHUPDO#RYHQ
WHPSHUDWXUH#RI#:3(#&1##3HUR[LGH#FRQFHQWUDWLRQV#ZHUH#DQDO\]HG#IRU#HDFK#ORW#ZLWK#FRPPHUFLDOO\#DYDLODEOH#WHVW
VWULSV1

)RU#ORW#:.;090;9/#HOHPHQWDO#DQDO\VLV#IRU#K\GURJHQ#ZDV#LQ#DJUHHPHQW#ZLWK#WKH#WKHRUHWLFDO#YDOXH#IRU
WHWUDK\GURIXUDQ/#ZKLOH#WKH#UHVXOW#IRU#FDUERQ#ZDV#VOLJKWO\#ORZ1##.DUO#)LVFKHU#ZDWHU#DQDO\VLV#LQGLFDWHG#OHVV
WKDQ#RU#HTXDO#WR#3139(#ZDWHU1##%RWK#JDV#FKURPDWRJUDSK\#V\VWHPV#LQGLFDWHG#RQH#PDMRU#SHDN#DQG#QR
LPSXULWLHV#ZLWK#DUHDV#JUHDWHU#WKDQ#RU#HTXDO#WR#314(#UHODWLYH#WR#WKH#PDMRU#SHDN1##0DMRU#SHDN#FRPSDULVRQV#RI
ORW#:.;090;9#ZLWK#ORW#&385<;4#+QRW#XVHG#LQ#WKH#FXUUHQW#VWXGLHV,#XVLQJ#V\VWHP#$#LQGLFDWHG#D#SXULW\#RI
43316#�#318(#IRU#ORW#:.;090;9#UHODWLYH#WR#ORW#&385<;41##/RW#:.;090;9#FRQWDLQHG#OHVV#WKDQ#418#SSP
SHUR[LGH#DQG#WKH#RYHUDOO#SXULW\#ZDV#GHWHUPLQHG#WR#EH#DSSUR[LPDWHO\#<<(1

)RU#ORW#/043:/#HOHPHQWDO#DQDO\VLV#IRU#FDUERQ#ZDV#LQ#DJUHHPHQW#ZLWK#WKH#WKHRUHWLFDO#YDOXH#IRU
WHWUDK\GURIXUDQ/#ZKLOH#WKH#UHVXOW#IRU#K\GURJHQ#ZDV#VOLJKWO\#ORZ1##.DUO#)LVFKHU#ZDWHU#DQDO\VLV#LQGLFDWHG#OHVV
WKDQ#314(#ZDWHU1##%RWK#JDV#FKURPDWRJUDSK\#V\VWHPV#LQGLFDWHG#RQH#PDMRU#SHDN#DQG#QR#LPSXULWLHV#ZLWK#DUHDV
JUHDWHU#WKDQ#RU#HTXDO#WR#314(#UHODWLYH#WR#WKH#PDMRU#SHDN1##0DMRU#SHDN#FRPSDULVRQV#RI#ORW#/043:#ZLWK
ORW#&385<;4#XVLQJ#V\VWHP#$#LQGLFDWHG#D#SXULW\#RI#43316#�#316(#IRU#ORW#/043:#UHODWLYH#WR#ORW#&385<;41#
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/RW#/043:#FRQWDLQHG#OHVV#WKDQ#6#SSP#SHUR[LGH#DQG#WKH#RYHUDOO#SXULW\#ZDV#GHWHUPLQHG#WR#EH#JUHDWHU#WKDQ
<<(1

)RU#ORW#3456<3/#RQO\#D#PDMRU#SHDN#FRPSDULVRQ#ZLWK#D#SUHYLRXVO\#DQDO\]HG#ORW#RI#WHWUDK\GURIXUDQ
+ORW#&385<;4/#QRW#XVHG#LQ#WKH#FXUUHQW#VWXGLHV,#ZDV#SHUIRUPHG1##/RW#3456<3#FRQWDLQHG#QR#SHUR[LGH#DQG
UHVXOWV#LQGLFDWHG#D#SXULW\#JUHDWHU#WKDQ#<<(1

7KH#SXULW\#RI#ORW#%3;49<356#ZDV#DQDO\]HG#DW#WKH#VWXG\#ODERUDWRU\#E\#JDV#FKURPDWRJUDSK\#XVLQJ#D#JODVV
FROXPQ#SDFNHG#ZLWK#53(#63054332314(#&DUERZD[#4833#RQ#4332453#6XSHOFRSRUW1##5HVXOWV#LQGLFDWHG#D
SXULW\#JUHDWHU#WKDQ#<<(#ZLWK#QR#LPSXULWLHV#JUHDWHU#WKDQ#314(1

$QDO\VLV#IRU#5/90GL0WHUW0EXW\O070PHWK\OSKHQRO#+%+7,/#ZKLFK#LV#DGGHG#WR#WHWUDK\GURIXUDQ#DV#D#VWDELOL]HU/#ZDV
FRQGXFWHG#E\#WKH#DQDO\WLFDO#FKHPLVWU\#ODERUDWRU\#XVLQJ#JDV#FKURPDWRJUDSK\#ZLWK#V\VWHP#$#EXW#ZLWK#S0WHUW0
EXW\OSKHQRO#DV#WKH#LQWHUQDO#VWDQGDUG#DQG#ZLWK#DQ#LVRWKHUPDO#RYHQ#WHPSHUDWXUH#RI#493(#&1##7KH#FRQWHQW#RI
%+7#LQ#ORW#:.;090;9#ZDV#31365(#�#31334(/#ORW#/043:#FRQWDLQHG#31364(#�#31334(/#DQG#ORW#3456<3
FRQWDLQHG#3135:(#�#31333(1

6WDELOLW\#VWXGLHV#RI#WKH#EXON#FKHPLFDO#ZHUH#SHUIRUPHG#E\#WKH#DQDO\WLFDO#FKHPLVWU\#ODERUDWRU\1##*DV
FKURPDWRJUDSK\#ZDV#SHUIRUPHG#XVLQJ#V\VWHP#$1##7KHVH#VWXGLHV#LQGLFDWHG#WKDW#WHWUDK\GURIXUDQ#ZDV#VWDEOH#DV
D#EXON#FKHPLFDO#IRU#5#ZHHNV#ZKHQ#VWRUHG#SURWHFWHG#IURP#OLJKW#DW#WHPSHUDWXUHV#XS#WR#58(#&1##7R#HQVXUH
VWDELOLW\/#WKH#EXON#FKHPLFDO#ZDV#VWRUHG#DW#URRP#WHPSHUDWXUH#LQ#WKH#RULJLQDO#PHWDO#FRQWDLQHUV#XQGHU#D#QLWURJHQ
EODQNHW1##6WDELOLW\#ZDV#PRQLWRUHG#GXULQJ#WKH#470ZHHN#DQG#50\HDU#VWXGLHV#XVLQJ#JDV#FKURPDWRJUDSK\
SHUIRUPHG#ZLWK#V\VWHP#$1##1R#GHJUDGDWLRQ#RI#WKH#EXON#FKHPLFDO#ZDV#GHWHFWHG1

9$325#*(1(5$7,21#$1'#(;32685(#6<67(0
'LDJUDPV#RI#WKH#WHWUDK\GURIXUDQ#JHQHUDWLRQ#DQG#GHOLYHU\#V\VWHPV#DUH#VKRZQ#LQ#)LJXUHV#+6#+470ZHHN,#DQG
+7#+50\HDU,1##7HWUDK\GURIXUDQ#YDSRU#ZDV#JHQHUDWHG#ZLWK#D#URWDU\#HYDSRUDWLRQ#V\VWHP#+%�FKL#5RWDYDSRU/
0RGHO#(/04646/#%�FKL#/DERUDWRULXPV#7HFKQLN#$*/#)ODYLO/#6ZLW]HUODQG,1##7HWUDK\GURIXUDQ#ZDV#SXPSHG
IURP#WKH#VWDLQOHVV#VWHHO#EXON#UHVHUYRLU#E\#D#OLTXLG#PLFURPHWHULQJ#SXPS#LQWR#D#URWDWLQJ#IODVN#SDUWLDOO\
LPPHUVHG#LQ#D#EDWK#RI#KRW#ZDWHU#+470ZHHN#VWXGLHV,#RU#KRW#RLO#+50\HDU#VWXGLHV,1##7HWUDK\GURIXUDQ#YDSRU#SDVVHG
IURP#WKH#IODVN#LQWR#D#FKLOOHG#ZDWHU#FRQGHQVHU#LQ#ZKLFK#PXFK#RI#WKH#YDSRU#FRQGHQVHG#DQG#UHWXUQHG#WR#WKH
HYDSRUDWRU#IODVN1##8QFRQGHQVHG#YDSRU#ZDV#FDUULHG#WR#WKH#WRS#RI#WKH#FRQGHQVHU#FROXPQ#E\#D#PHWHUHG#VWUHDP
RI#QLWURJHQ1##9DSRU#WHPSHUDWXUH#ZDV#PRQLWRUHG#DW#WKH#WRS#RI#WKH#FRQGHQVHU#FROXPQ#E\#D#WHPSHUDWXUH#VHQVRU1#
7KH#VDWXUDWLRQ#YDSRU#SUHVVXUH#DW#WKH#FROXPQ#H[LW#WHPSHUDWXUH#ZDV#FDOFXODWHG#DQG#XVHG#WR#GHWHUPLQH#WKH
RXWSXW#+FRQFHQWUDWLRQ#RI#WHWUDK\GURIXUDQ#DQG#IORZ#UDWH#RI#VDWXUDWHG#QLWURJHQ,#RI#WKH#JHQHUDWRU1

)URP#WKH#FRQGHQVLQJ#FROXPQ/#WKH#YDSRU#HQWHUHG#D#VKRUW#GLVWULEXWLRQ#PDQLIROG#IURP#ZKLFK#LQGLYLGXDO
GHOLYHU\#OLQHV#FDUULHG#PHWHUHG#DPRXQWV#RI#YDSRU#WR#HDFK#H[SRVXUH#FKDPEHU1##)ORZ#WR#HDFK#FKDPEHU#ZDV
UHJXODWHG#E\#YDFXXP#SXPSV#ORFDWHG#DW#WKH#FKDPEHU#HQG#RI#HDFK#GHOLYHU\#OLQH1##:LWKLQ#WKH#JHQHUDWRU#FDELQHW/
HDFK#GHOLYHU\#OLQH#ZDV#FRQQHFWHG#WR#WKH#GLVWULEXWLRQ#PDQLIROG#WKURXJK#D#ILQH#PHWHULQJ#YDOYH#DQG#IORZPHWHU1#
&KDPEHU#FRQFHQWUDWLRQ#ZDV#DGMXVWHG#E\#WKH#PHWHULQJ#YDOYH#DQG#E\#DGMXVWPHQW#RI#WKH#SUHVVXUH#RI#FRPSUHVVHG
DLU#WR#WKH#YDFXXP#SXPS1

$#WKUHH0ZD\#YDOYH/#PRXQWHG#LQ#WKH#OLQH#EHWZHHQ#WKH#GLVWULEXWLRQ#PDQLIROG#DQG#HDFK#FKDPEHU/#GLUHFWHG#YDSRU
WR#WKH#H[SRVXUH#FKDPEHU#H[KDXVW#XQWLO#WKH#JHQHUDWLRQ#V\VWHP#ZDV#VWDEOH1##:KHQ#HTXLOLEULXP#ZDV#UHDFKHG/
HDFK#YDOYH#ZDV#RSHQHG#WR#DOORZ#WKH#IORZ#RI#YDSRU#LQWR#WKH#FKDPEHU1##$W#HDFK#FKDPEHU#ORFDWLRQ/#WKH#YDSRU
ZDV#LQMHFWHG#LQWR#WKH#FKDPEHU#LQOHW#GXFW#ZKHUH#LW#ZDV#IXUWKHU#GLOXWHG#ZLWK#FKDUFRDO0#DQG#+(3$0ILOWHUHG
FKDPEHU#DLU#WR#DFKLHYH#WKH#GHVLUHG#H[SRVXUH#FRQFHQWUDWLRQ1
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6WDLQOHVV0VWHHO#FKDPEHUV#GHVLJQHG#DW#%DWWHOOH#1RUWKZHVW#/DERUDWRULHV#ZHUH#XVHG#IRU#DOO#VWXGLHV#++D]OHWRQ
5333/#$EHUGHHQ/#0',1##7KH#WRWDO#YROXPH#IRU#HDFK#FKDPEHU#ZDV#516#P >#WKH#DFWLYH#PL[LQJ#YROXPH#RI#HDFK6

FKDPEHU#ZDV#41:#P 1##7KH#FKDPEHU#ZDV#GHVLJQHG#VR#WKDW#XQLIRUP#YDSRU#FRQFHQWUDWLRQV#FRXOG#EH#PDLQWDLQHG6

WKURXJKRXW#WKH#FKDPEHU#ZKHQ#FDWFK#SDQV#ZHUH#LQ#SRVLWLRQ1##$#VPDOO#SDUWLFOH#GHWHFWRU#+7\SH#&1/#*DUGQHU
$VVRFLDWHV/#6FKHQHFWDG\/#1<,#ZDV#XVHG#ZLWK#DQG#ZLWKRXW#DQLPDOV#LQ#WKH#H[SRVXUH#FKDPEHUV#WR#HQVXUH#WKDW
WHWUDK\GURIXUDQ#YDSRU/#DQG#QRW#DHURVRO/#ZDV#SURGXFHG1##1R#SDUWLFOH#FRXQWV#DERYH#WKH#PLQLPXP#UHVROYDEOH
OHYHO#+DSSUR[LPDWHO\#533#SDUWLFOHV2FP ,#ZHUH#GHWHFWHG1#6

9$325#&21&(175$7,21#021,725,1*
7KH#FKDPEHU#FRQFHQWUDWLRQV#RI#WHWUDK\GURIXUDQ#ZHUH#PRQLWRUHG#E\#DQ#RQ0OLQH#JDV#FKURPDWRJUDSK#++HZOHWW0
3DFNDUG#0RGHO#8;73/#+HZOHWW03DFNDUG/#3DOR#$OWR/#&$,#XVLQJ#D#IODPH#LRQL]DWLRQ#GHWHFWRU#DQG#D#4(#6304333
RQ#932;3#&DUERSDFN#%#QLFNHO#FROXPQ1##6DPSOHV#ZHUH#GUDZQ#DQG#DQDO\]HG#IURP#HDFK#H[SRVXUH#FKDPEHU/#WKH
FRQWURO#FKDPEHU/#WKH#H[SRVXUH#VXLWH/#DQ#RQ0OLQH#VWDQGDUG/#DQG#D#QLWURJHQ#EODQNHW#+470ZHHN#VWXGLHV,#RU
ILOWHUHG#DLU#EODQN#+50\HDU#VWXGLHV,#DSSUR[LPDWHO\#HYHU\#63#PLQXWHV#XVLQJ#D#450SRUW#VDPSOH#YDOYH1

7KH#PRQLWRULQJ#V\VWHP#ZDV#FDOLEUDWHG#DJDLQVW#JUDYLPHWULFDOO\#SUHSDUHG#VWDQGDUGV1##7KH#VWDQGDUGV#ZHUH
UHODWHG#WR#WKH#RQ0OLQH#PRQLWRU#WKURXJK#TXDQWLWDWLRQ#DQDO\VLV#RI#JUDE#VDPSOHV#FROOHFWHG#IURP#H[SRVXUH
FKDPEHUV#VLPXOWDQHRXVO\#VDPSOHG#E\#DQ#RQ0OLQH#JDV#FKURPDWRJUDSK1##7KH#RSHUDWLRQ#RI#WKH#FKDPEHU#PRQLWRU
ZDV#FKHFNHG#WKURXJKRXW#WKH#GD\#DJDLQVW#DQ#RQ0OLQH#VWDQGDUG#+0*#,QGXVWULHV#6FLHQWLILF#*DVHV/#/RV#$QJHOHV/
&$,1##7KH#PRQLWRU#FDOLEUDWLRQ#ZDV#YHULILHG#E\#JUDE#VDPSOHV#D#PLQLPXP#RI#RQFH#SHU#PRQWK#RU#ZKHQ
LQGLFDWHG#E\#GULIW#RI#8(#RU#JUHDWHU#LQ#WKH#PHDVXUHG#YDOXH#RI#WKH#RQ0OLQH#VWDQGDUG>#WKH#JUDE#VDPSOHV#ZHUH
FROOHFWHG#LQ#EXEEOHUV#FRQWDLQLQJ#GLPHWK\OIRUPDPLGH#DQG#DQDO\]HG#E\#DQ#RII0OLQH#JDV#FKURPDWRJUDSK1##7KH
YROXPHV#RI#JDV#ZHUH#VDPSOHG#DW#D#FRQVWDQW#IORZ#UDWH#HQVXUHG#E\#D#FDOLEUDWHG#FULWLFDO#RULILFH1##7KH#RII0OLQH
JDV#FKURPDWRJUDSK#ZDV#FDOLEUDWHG#ZLWK#JUDYLPHWULFDOO\#SUHSDUHG#WHWUDK\GURIXUDQ#VWDQGDUGV1##

6XPPDULHV#RI#WKH#FKDPEHU#FRQFHQWUDWLRQV#GXULQJ#WKH#VWXGLHV#DUH#SUHVHQWHG#LQ#7DEOHV#+4#DQG#+51#

&+$0%(5#$70263+(5(#&+$5$&7(5,=$7,21
7KH#WLPHV#IRU#WKH#H[SRVXUH#FRQFHQWUDWLRQV#WR#EXLOG#XS#WR#<3(#RI#WKH#ILQDO#H[SRVXUH#FRQFHQWUDWLRQ#+7 ,#DQG<3

WR#GHFD\#WR#43(#RI#WKH#H[SRVXUH#FRQFHQWUDWLRQ#+7 ,#ZHUH#PHDVXUHG#LQ#DOO#VWXGLHV#ZLWK#DQG#ZLWKRXW#DQLPDOV43

SUHVHQW1##$W#D#FKDPEHU#DLUIORZ#UDWH#RI#48#DLU#FKDQJHV#SHU#KRXU/#WKH#WKHRUHWLFDO#YDOXH#IRU#ERWK#7 #DQG#7 #LV<3# # 43

DSSUR[LPDWHO\#4518#PLQXWHV>#WKH#7 #YDOXH#FKRVHQ#IRU#DOO#VWXGLHV#ZDV#45#PLQXWHV1##$FWXDO#7 #YDOXHV#UDQJHG<3# # # # # # # # ## # <3

IURP#8#WR#48#PLQXWHV#LQ#WKH#470ZHHN#VWXGLHV/#ZLWK#DQG#ZLWKRXW#DQLPDOV#LQ#WKH#FKDPEHUV/#DQG#IURP#:#WR
48#PLQXWHV#ZLWKRXW#DQLPDOV#DQG#IURP#;#WR#4;#PLQXWHV#ZLWK#DQLPDOV#LQ#WKH#50\HDU#VWXGLHV1##7 #YDOXHV#UDQJHG43

IURP#:#WR#43#PLQXWHV#ZLWKRXW#DQLPDOV#DQG#IURP#<#WR#47#PLQXWHV#ZLWK#DQLPDOV#LQ#WKH#470ZHHN#VWXGLHV>#LQ#WKH
50\HDU#VWXGLHV/#7 #YDOXHV#UDQJHG#IURP#<#WR#46#PLQXWHV#ZLWKRXW#DQLPDOV#DQG#IURP#<#WR#48#PLQXWHV#ZLWK43

DQLPDOV#LQ#WKH#FKDPEHUV1

7KH#XQLIRUPLW\#RI#WHWUDK\GURIXUDQ#FRQFHQWUDWLRQV#LQ#WKH#H[SRVXUH#FKDPEHUV#ZDV#PHDVXUHG#EHIRUH#HDFK#VWXG\
EHJDQ/#WZLFH#GXULQJ#WKH#470ZHHN#VWXGLHV/#DQG#DSSUR[LPDWHO\#HYHU\#6#PRQWKV#GXULQJ#WKH#50\HDU#VWXGLHV1##7KH
FRQFHQWUDWLRQ#ZDV#PHDVXUHG#ZLWK#DQG#ZLWKRXW#DQLPDOV#SUHVHQW#XVLQJ#WKH#RQ0OLQH#JDV#FKURPDWRJUDSK#ZLWK#WKH
DXWRPDWLF#450SRUW#VDPSOH#YDOYH#GLVDEOHG#WR#DOORZ#FRQWLQXRXV#PRQLWRULQJ#IURP#D#VLQJOH#LQSXW#OLQH1#
8QLIRUPLW\#RI#H[SRVXUH#FRQFHQWUDWLRQV#LQ#DOO#FKDPEHUV#ZDV#DFFHSWDEOH1

7KH#SHUVLVWHQFH#RI#WHWUDK\GURIXUDQ#LQ#WKH#4/;33#SSP#H[SRVXUH#FKDPEHU/#ZLWK#DQG#ZLWKRXW#DQLPDOV#SUHVHQW/
DIWHU#VKXWWLQJ#RII#WKH#V\VWHP#ZDV#PRQLWRUHG#GXULQJ#WKH#50\HDU#VWXGLHV1##7KH#FRQFHQWUDWLRQ#RI#WHWUDK\GURIXUDQ
LQ#WKH#H[SRVXUH#FKDPEHU#IHOO#WR#OHVV#WKDQ#4(#RI#WKH#EHJLQQLQJ#FRQFHQWUDWLRQ#ZLWKLQ#63#PLQXWHV#ZLWKRXW
DQLPDOV#SUHVHQW>#ZLWK#DQLPDOV#SUHVHQW/#WKH#WLPH#WR#GHFD\#WR#OHVV#WKDQ#4(#RI#WKH#LQLWLDO#FRQFHQWUDWLRQ#UDQJHG
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IURP#5:#WR#93#PLQXWHV1##7HWUDK\GURIXUDQ#FRQFHQWUDWLRQV#LQ#WKH#EXLOGLQJ#H[KDXVW#DQG#URRP#DLU#ZHUH#DOVR
PRQLWRUHG#GXULQJ#DOO#VWXGLHV1

,QIRUPDWLRQ#VXSSOLHG#E\#WKH#PDQXIDFWXUHU#LQGLFDWHG#WKDW#DOO#ORWV#RI#WHWUDK\GURIXUDQ#FRQWDLQHG#%+7#DV#D
VWDELOL]HU1##%+7#LV#OHVV#YRODWLOH#WKDQ#WHWUDK\GURIXUDQ#DQG#ZDV#H[SHFWHG#WR#EH#GHSOHWHG#LQ#WKH#JHQHUDWHG#WHVW
DWPRVSKHUH1##%+7#DQG#SHUR[LGH#FRQFHQWUDWLRQV#ZHUH#GHWHUPLQHG#IURP#VDPSOHV#FROOHFWHG#IURP#WKH#JHQHUDWRU
UHVHUYRLU#IRU#WHWUDK\GURIXUDQ#VWDELOLW\#DQDO\VHV1##%+7#ZDV#DQDO\]HG#ZLWK#JDV#FKURPDWRJUDSK\1##3HUR[LGH
FRQFHQWUDWLRQ#LQ#WKH#JHQHUDWRU#IODVN#ZDV#DQDO\]HG#E\#LRGRPHWULF#WLWUDWLRQ#ZLWK#VRGLXP#WKLRVXOIDWH#WR#D
FRORULPHWULF#HQGSRLQW1##([SRVXUH#FKDPEHU#EXEEOHU#VDPSOHV#ZHUH#WHVWHG#IRU#RUJDQLF#SHUR[LGHV#ZLWK#D
IOXRUHVFHQFH#GHWHFWRU#+3HUNLQ#(OPHU#>470ZHHN#VWXGLHV@>#+HZOHWW#3DFNDUG#4379$/#3DOR#$OWR/#&$#>50\HDU
VWXGLHV@,#E\#WKH#PHWKRG#RI#.RN#HW#DO1/#+4<;9,#XVLQJ#D#WULV+K\GUR[\PHWK\O,DPLQRPHWKDQH=
S0K\GUR[\SKHQ\ODFHWLF#DFLG=KRUVHUDGLVK#SHUR[LGDVH#UHDJHQW1##6DPSOHV#ZHUH#FROOHFWHG#IURP#WKH#99#DQG
8/333#SSP#FKDPEHUV/#ZLWK#DQG#ZLWKRXW#DQLPDOV#SUHVHQW/#GXULQJ#WKH#470ZHHN#VWXGLHV#DQG#IURP#WKH#533#DQG
4/;33#SSP#FKDPEHUV#DQG#WKH#FRQWURO#FKDPEHUV/#ZLWK#DQLPDOV#SUHVHQW/#GXULQJ#WKH#50\HDU#VWXGLHV1##,Q#WKH
470ZHHN#VWXGLHV/#JHQHUDWRU#IODVN#VDPSOHV#FRQWDLQHG#433#SSP#%+7#EHIRUH#H[SRVXUHV#EHJDQ>#DIWHU#9#KRXUV#WKH
FRQWHQW#RI#%+7#ZDV#4/973#SSP>#SHUR[LGH#FRQFHQWUDWLRQV#LQ#WKH#JHQHUDWRU#IODVN#GHFUHDVHG#IURP#47#SSP
EHIRUH#H[SRVXUH#EHJDQ#WR#44#SSP#DIWHU#9#KRXUV1##1R#%+7#RU#RUJDQLF#SHUR[LGHV#ZHUH#REVHUYHG#LQ#WKH
H[SRVXUH#FKDPEHUV#LQ#WKH#470ZHHN#VWXGLHV1##'XULQJ#WKH#50\HDU#VWXGLHV/#WKH#LQLWLDO#JHQHUDWRU#IODVN#VDPSOHV
FRQWDLQHG#DSSUR[LPDWHO\#31378(#%+7>#DIWHU#:#GD\V/#WKH#JHQHUDWRU#IODVN#FRQWHQW#ZDV#DSSUR[LPDWHO\
316;4(#%+71##,QLWLDO#UHVHUYRLU#VDPSOHV#FRQWDLQHG#QR#SHUR[LGHV>#DIWHU#:#GD\V/#WKH#UHVHUYRLU#VDPSOHV#KDG#D
SHUR[LGH#FRQWHQW#RI#DSSUR[LPDWHO\#45#SSP1##)RU#WKH#JHQHUDWRU#IODVN#VDPSOHV/#WKH#LQLWLDO#SHUR[LGH#FRQWHQW
ZDV#DSSUR[LPDWHO\#614#SSP>#DIWHU#:#GD\V/#WKH#SHUR[LGH#FRQWHQW#ZDV#61:#SSP1##7KHVH#FRQFHQWUDWLRQV#RI
SHUR[LGHV#ZHUH#QRW#FRQVLGHUHG#VLJQLILFDQW1##'XULQJ#WKH#50\HDU#VWXGLHV/#QR#VLJQLILFDQW#DFFXPXODWLRQ#RI
SHUR[LGHV#ZDV#IRXQG1##

'XULQJ#DOO#VWXGLHV/#WHWUDK\GURIXUDQ#ZDV#PRQLWRUHG#IRU#VWDELOLW\#LQ#WKH#JHQHUDWRU#UHVHUYRLU#DQG#H[SRVXUH
FKDPEHUV#E\#JDV#FKURPDWRJUDSK\1##5HVXOWV#LQGLFDWHG#WKDW#WHWUDK\GURIXUDQ#ZDV#VWDEOH#LQ#WKH#JHQHUDWRU
UHVHUYRLU1##'XULQJ#WKH#50\HDU#VWXGLHV/#JUDE#VDPSOHV#ZHUH#FROOHFWHG#IURP#WKH#GLVWULEXWLRQ#OLQH#GXULQJ#WKH#ILUVW
DQG#ODVW#KRXUV#RI#DQ#H[SRVXUH#GD\#DQG#DQDO\]HG#IRU#WHWUDK\GURIXUDQ#DQG#%+7#FRQWHQW#E\#JDV
FKURPDWRJUDSK\1##6DPSOHV#ZHUH#DOVR#FROOHFWHG#IURP#WKH#FRQWURO/#533/#DQG#4/;33#SSP#FKDPEHUV#DQG
DQDO\]HG#IRU#YRODWLOH#FRQWDPLQDQWV#ZLWK#JDV#FKURPDWRJUDSK\0KHDG#VSDFH#DQDO\VLV1##1R#FRQWDPLQDQWV#RU
GHJUDGDWLRQ#SURGXFWV#ZHUH#IRXQG#GXULQJ#WKH#470ZHHN#VWXGLHV1##1R#RWKHU#FRQWDPLQDQWV#RU#GHJUDGDWLRQ
SURGXFWV#DW#FRQFHQWUDWLRQV#JUHDWHU#WKDQ#316(#ZHUH#IRXQG#LQ#GLVWULEXWLRQ#OLQHV#RU#LQ#533#RU#4/;33#SSP
H[SRVXUH#FKDPEHU#VDPSOHV#GXULQJ#WKH#50\HDU#VWXGLHV1##1R#HQULFKPHQW#RI#%+7#ZDV#GHWHFWHG1
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FIGURE H1      
Infrared Absorption Spectrum of Tetrahydrofuran



233Tetrahydrofuran, NTP TR 475

FIGURE H2      
Nuclear Magnetic Resonance Spectrum of Tetrahydrofuran
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FIGURE H3      
Tetrahydrofuran Vapor Generation and Delivery System
for the 14-Week Studies
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FIGURE H4      
Tetrahydrofuran Vapor Generation and Delivery System
for the 2-Year Studies
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7$%/(#+4
6XPPDU\#RI#&KDPEHU#&RQFHQWUDWLRQV#LQ#WKH#470:HHN#,QKDODWLRQ#6WXGLHV#RI#7HWUDK\GURIXUDQ

7DUJHW#&RQFHQWUDWLRQ 7RWDO#1XPEHU#RI#5HDGLQJV $YHUDJH#&RQFHQWUDWLRQ D

+SSP, +SSP,

5DW#&KDPEHUV

99 ;4: 99#�#6
533 ;47 533#�#<
933 ;43 933#�#57

4/;33 :<< 4/;33#�#:7
8/333 :;8 7/<:3#�#4<7

0RXVH#&KDPEHUV

99 ;4; 99#�#6
533 ;48 533#�#<
933 ;43 933#�#57

4/;33 :<< 4/;33#�#:6
8/333 :;8 7/<93#�#4<6

0HDQ#�#VWDQGDUG#GHYLDWLRQ
D

7$%/(#+5
6XPPDU\#RI#&KDPEHU#&RQFHQWUDWLRQV#LQ#WKH#50<HDU#,QKDODWLRQ#6WXGLHV#RI#7HWUDK\GURIXUDQ

7DUJHW#&RQFHQWUDWLRQ 7RWDO#1XPEHU#RI#5HDGLQJV $YHUDJH#&RQFHQWUDWLRQ D

+SSP, +SSP,

5DW#&KDPEHUV

533 8/;<< 534#�#43
933 8/939 8<<#�#59

4/;33 8/9:; 4/:<3#�#:7

0RXVH#&KDPEHUV

533 8/:<4 4<<#�#44
933 8/7;; 934#�#59

4/;33 8/955 4/:<3#�#:5

0HDQ#�#VWDQGDUG#GHYLDWLRQ
D
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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, 5616;#�#3186# 5515#²#57163# 58
&UXGH#IDW#+(#E\#ZHLJKW, 815:#�#3147# 8133#²#8193# 58
&UXGH#ILEHU#+(#E\#ZHLJKW, 6186#�#3174# 5193#²#7163# 58
$VK#+(#E\#ZHLJKW, 916<#�#314;# 9144#²#91;4# 58

$PLQR#$FLGV#+(#RI#WRWDO#GLHW,
$UJLQLQH 415;3#�#313;6# 41443#²#416<3# 44
&\VWLQH 3163;#�#313:4# 314;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, 9/864#�#4/8:3# 7/4;3#²#44/783# 58
9LWDPLQ#'#+,82NJ, 7/783#�#4/6;5# 6/333#²#9/633# 7
û07RFRSKHURO#+SSP, 68176#�#;1<;# 5518#²#7;1<3# 44
7KLDPLQH#+SSP, 4;15;#�#4184# 4813#²#5413# 58
5LERIODYLQ#+SSP, :1;6#�#31<56 9143#²#<133# 44
1LDFLQ#+SSP, <<155#�#5715:# 9813#²#48313# 44
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;#�#3143# 4133#²#417<# 58
3KRVSKRUXV#+(, 31<6#�#3137# 31;83#²#4133# 58
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, 3169#�#314;# 3143#²#31:3# 58
&DGPLXP#+SSP, 3143#�#3139# 3138#²#3153## 58
/HDG#+SSP, 315<#�#3157# 3143#²#4133# 58
0HUFXU\#+SSP, 3135#�#3134 3135#²#3136 58F

6HOHQLXP#+SSP, 3167#�#3145# 3138#²#3193# 58
$IODWR[LQV#+SSE, ?813# # 58
1LWUDWH#QLWURJHQ#+SSP, 451;8#�#71;:# 51<3#²#5413# 58G

1LWULWH#QLWURJHQ#+SSP, 3155#�#314;# 3143#²#31:3# 58G

%+$#+SSP, 41;7#�#41<8 4133#²4313 25H

BHT (ppm) 4189#�#418;# 413#²#;133# 58e

$HURELF#SODWH#FRXQW#+&)82J, 9:/;;;#�#469/77:# 7/433#²#:43/333# 58
&ROLIRUP#+0312J, 6#�#315# 6#²#7## 58
(VFKHULFKLD#FROL#+0312J, ?6 58
6DOPRQHOOD#+0312J, 1HJDWLYH 58
7RWDO#QLWURVRDPLQHV#+SSE, :1:;#�#5185# 71;3#²#49183## 58I

101LWURVRGLPHWK\ODPLQH#+SSE, 81;8#�#41<9# 61;3#²#46133## 58I

101LWURVRS\UUROLGLQH#+SSE, 41<5#�#413<# 4133#²#7163## 58I

3HVWLFLGHV#+SSP,
û0%+& ?3134# # 58
ù0%+& ?3135# # 58
õ0%+& ?3134# # 58
ó0%+& ?3134# # 58
+HSWDFKORU ?3134# # 58
$OGULQ ?3134# # 58
+HSWDFKORU#HSR[LGH# ?3134# # 58
''( ?3134# # 58
''' ?3134# # 58
''7 ?3134# # 58
+&% ?3134# # 58
0LUH[ ?3134# # 58
0HWKR[\FKORU ?3138# # 58
'LHOGULQ ?3134# # 58
(QGULQ ?3134# # 58
7HORGULQ ?3134# # 58
&KORUGDQH ?3138# # 58
7R[DSKHQH ?3143# # 58
(VWLPDWHG#3&%V ?3153# # 58
5RQQHO# ?3134# # 58
(WKLRQ# ?3135# # 58
7ULWKLRQ ?3138# # 58
'LD]LQRQ ?3143# # 58
0HWK\O#SDUDWKLRQ# ?3135# # 58
(WK\O#SDUDWKLRQ# ?3135# # 58
0DODWKLRQ 315;#�#3159# 3138#²#4133# 58
(QGRVXOIDQ#,# ?3134# 58
(QGRVXOIDQ#,, ?3134# 58
(QGRVXOIDQ#VXOIDWH# ?3136# 58

&)8#Û#FRORQ\#IRUPLQJ#XQLWV>#031#Û#PRVW#SUREDEOH#QXPEHU>#%+&#Û#KH[DFKORURF\FORKH[DQH#RU#EHQ]HQH#KH[DFKORULGHD

)RU#YDOXHV#OHVV#WKDQ#WKH#OLPLW#RI#GHWHFWLRQ/#WKH#GHWHFWLRQ#OLPLW#LV#JLYHQ#DV#WKH#PHDQ1E

$OO#YDOXHV#H[FHSW#IRU#WKH#6HSWHPEHU#4<<4#PLOOLQJ#GDWH#+3136,#ZHUH#OHVV#WKDQ#WKH#GHWHFWLRQ#OLPLW1##7KH#GHWHFWLRQ#OLPLW#LV#JLYHQ#DV#WKH#PHDQ1##F

6RXUFHV#RI#FRQWDPLQDWLRQ=##DOIDOID/#JUDLQV/#DQG#ILVK#PHDOG

6RXUFHV#RI#FRQWDPLQDWLRQ=##VR\#RLO#DQG#ILVK#PHDOH

$OO#YDOXHV#ZHUH#FRUUHFWHG#IRU#SHUFHQW#UHFRYHU\1I
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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#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, 6WXG\#WHUPLQDWLRQ
5&926'$
+UDW#FRURQDYLUXV2VLDORGDFU\RDGHQLWLV#YLUXV, 6WXG\#WHUPLQDWLRQ

6HQGDL 6WXG\#WHUPLQDWLRQ

+HPDJJOXWLQDWLRQ#,QKLELWLRQ
+04#+7RRODQ*V#+04#YLUXV, 6WXG\#WHUPLQDWLRQ
.59#+.LOKDP#UDW#YLUXV, 6WXG\#WHUPLQDWLRQ

50<HDU#6WXG\
(/,6$
0\FRSODVPD#DUWKULGLWLV 6WXG\#WHUPLQDWLRQ
0\FRSODVPD#SXOPRQLV 6WXG\#WHUPLQDWLRQ
390 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
5&926'$ 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
6HQGDL 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ

,PPXQRIOXRUHVFHQFH#$VVD\
390 6WXG\#WHUPLQDWLRQ
5&926'$ 4;#PRQWKV#DQG#VWXG\#WHUPLQDWLRQ

+HPDJJOXWLQDWLRQ#,QKLELWLRQ
+04 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ#
.59 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
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0HWKRG#DQG#7HVW 7LPH#RI#$QDO\VLV

0,&(
470:HHN#6WXG\
(/,6$
(FWURPHOLD#YLUXV 6WXG\#WHUPLQDWLRQ
*'9,,#+PRXVH#HQFHSKDORP\HOLWLV#YLUXV, 6WXG\#WHUPLQDWLRQ
/&0#+O\PSKRF\WLF#FKRULRPHQLQJLWLV#YLUXV, 6WXG\#WHUPLQDWLRQ
090#+PLQXWH#YLUXV#RI#PLFH, 6WXG\#WHUPLQDWLRQ
0RXVH#DGHQRPD#YLUXV 6WXG\#WHUPLQDWLRQ
0+9#+PRXVH#KHSDWLWLV#YLUXV, 6WXG\#WHUPLQDWLRQ
390 6WXG\#WHUPLQDWLRQ
5HRYLUXV#6 6WXG\#WHUPLQDWLRQ
6HQGDL 6WXG\#WHUPLQDWLRQ

,PPXQRIOXRUHVFHQFH#$VVD\
(',0#+HSL]RRWLF#GLDUUKHD#RI#LQIDQW#PLFH, 6WXG\#WHUPLQDWLRQ

+HPDJJOXWLQDWLRQ#,QKLELWLRQ
.#+SDSRYDYLUXV, 6WXG\#WHUPLQDWLRQ
3RO\RPD#YLUXV 6WXG\#WHUPLQDWLRQ

50<HDU#6WXG\
(/,6$
(FWURPHOLD#YLUXV 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
(',0 45#PRQWKV#DQG#VWXG\#WHUPLQDWLRQ
*'9,, 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
/&0 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
0RXVH#DGHQRPD#YLUXV 9#PRQWKV
0RXVH#DGHQRPD#YLUXV0)/ 45#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
0+9 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
01#DUWKULWLGLV 6WXG\#WHUPLQDWLRQ
01#SXOPRQLV 6WXG\#WHUPLQDWLRQ
390 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
5HRYLUXV#6 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
6HQGDL 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ

,PPXQRIOXRUHVFHQFH#$VVD\
(',0 9#DQG#4;#PRQWKV
*'9,, 45#PRQWKV
090 9#PRQWKV
0RXVH#DGHQRPD#YLUXV0)/ 45#PRQWKV
5HRYLUXV#6 45#PRQWKV

+HPDJJOXWLQDWLRQ#,QKLELWLRQ
. 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
090 45#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
3RO\RPD#YLUXV 9/#45/#DQG#4;#PRQWKV/#VWXG\#WHUPLQDWLRQ
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5HVXOWV#RI#VHURORJ\#WHVWV#DUH#SUHVHQWHG#LQ#7DEOH#-41#

7$%/(#-4
0XULQH#9LUXV#$QWLERG\#'HWHUPLQDWLRQV#IRU#5DWV#DQG#0LFH#LQ#WKH#470:HHN#DQG#50<HDU#6WXGLHV#
RI#7HWUDK\GURIXUDQ

,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
9#0RQWKV 3243 1RQH#SRVLWLYH
45#0RQWKV 3243 1RQH#SRVLWLYH
4;#0RQWKV 3243 1RQH#SRVLWLYH
6WXG\#WHUPLQDWLRQ 7243 01#DUWKULWLGLVD

0LFH
9#0RQWKV 3243 1RQH#SRVLWLYH
45#0RQWKV 4243 5HRYLUXV#6
4;#0RQWKV 32< 1RQH#SRVLWLYH
6WXG\#WHUPLQDWLRQ 3243 1RQH#SRVLWLYH

)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#DQWLERGLHV#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#DQLPDOV#ZLWK#SRVLWLYH#WLWHUV1##$FFRUGLQJO\/
01#DUWKULWLGLV0SRVLWLYH#WLWHUV#ZHUH#FRQVLGHUHG#WR#EH#IDOVH#SRVLWLYHV1
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