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

21#7+(

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

678',(6#2)

32/<9,1</#$/&2+2/

+0ROHFXODU#:HLJKW#1157/333,

+&$6#121#<3350;<08,

,1#)(0$/(#%9&6) #0,&(4

+,175$9$*,1$/#678',(6,

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

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

0D\#4<<;

173#75#7:7

1,+#3XEOLFDWLRQ#1R1#<;06<97

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

1DWLRQDO#,QVWLWXWHV#RI#+HDOWK



)25(:25'

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
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&2175,%87256

1DWLRQDO#7R[LFRORJ\#3URJUDP 173#3DWKRORJ\#:RUNLQJ#*URXS
(YDOXDWHG#DQG#LQWHUSUHWHG#UHVXOWV#DQG#UHSRUWHG#ILQGLQJV (YDOXDWHG#VOLGHV/#SUHSDUHG#SDWKRORJ\#UHSRUW#RQ#PLFH#+5#0D\#4<<9,

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

$UWKXU#'1#/LWWOH/#,QF1
&RQGXFWHG#VWXGLHV/#HYDOXDWHG#SDWKRORJ\#ILQGLQJV

-1.1#0DUTXLV/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU#+630GD\#VWXG\,
&1/1#%HUPDQ/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU#+50\HDU#VWXG\,
01(131#*RDG/#'19101/#3K1'1

([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

3DWKRORJ\#$VVRFLDWHV#,QWHUQDWLRQDO

01#%XWW/#'19101
3DWKRORJ\#$VVRFLDWHV#,QWHUQDWLRQDO

%1-1#'DYLV/#'19101/#3K1'1
1RUWK#&DUROLQD#6WDWH#8QLYHUVLW\

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

-1.1#+DLOH\/#'19101
1DWLRQDO#7R[LFRORJ\#3URJUDP

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

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

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

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

$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
-151#&DUOWRQ/#%1$1
/101#+DUSHU/#%161
$101#0DFUL0+DQVRQ/#01$1/#01)1$1



6

&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 <

6800$5<#2)#7(&+1,&$/#5(32576#5(9,(:#68%&200,77((#&200(176 1 1 1 1 1 1 1 1 1 43

,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 44

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

5(68/76 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

',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 5<

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 64

$33(1',;#$ 6XPPDU\#RI#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\
RI#3RO\YLQ\O#$OFRKRO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

$33(1',;#% &KHPLFDO#&KDUDFWHUL]DWLRQ#DQG#'RVH#)RUPXODWLRQ#6WXGLHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8

$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 1 436

$33(1',;#' 6HQWLQHO#$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 43:
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$%675$&7

32/<9,1</#$/&2+2/

&$6#1R1#<3350;<08

&KHPLFDO#)RUPXOD=##+& + 2, ########0ROHFXODU#:HLJKW=##DSSUR[LPDWHO\#57/3335 7 Q

6\QRQ\PV= (WKHQRO#KRPRSRO\PHU/#39$
7UDGH#QDPHV= $NZD#7HDUV/#$OFRWH[/#$OY\O/#$UDFHW/#&LSRYLRO/#&RYRO/#(OYDQRO/#(WKHQRO/#*HOYDWRO/#*RKVHQRO/#,YDORQ/#.XUDORQ/#.XUDUH/#/HPRO/

/LTXLILOP/#0RZLRO/#3RO\GHVLV/#3RO\VL]HU/#3RO\YLQRO/#3RO\YLRO/#3RYDO/#5HVLVWRIOH[/#5KRGRYLRO/#6QR#7HDUV/#6ROYDU/#6XPLWH[/
9LEDWH[/#9LQDFRO/#9LQDODN/#9LQDURO/#9LQDUROH/#9LQDYLORO/#9LQRO/#9LQ\ORQ#

3RO\YLQ\O# DOFRKRO# LV# SURGXFHG# SULPDULO\# IRU# XVH# LQ
WH[WLOH# VL]LQJ/# DGKHVLYHV/# SRO\PHUL]DWLRQ# DLGV/# DQG
SDSHU# FRDWLQJV1# # ,W# LV# DOVR# XVHG# LQ# VXUJLFDO# GUDSHV/
WRZHOV/# DQG# JDX]H# VSRQJHV># SURWHFWLYH# JORYHV># FRV0
PHWLF#IRUPXODWLRQV>#WRSLFDO#RSKWKDOPLF#SUHSDUDWLRQV>
SODVWLF# VSRQJH# LPSODQWV# IRU# UHFRQVWUXFWLYH# VXUJHU\>
DQG# LQWUDYDJLQDO# FRQWUDFHSWLYH# IRDP# DQG# ILOP1# # ,Q
DGGLWLRQ/#SRO\YLQ\O#DOFRKRO# LV#XVHG#ZLWK#PDJQHVLXP
VXOIDWH#WR#GLODWH#WKH#FHUYL[#RI#ZRPHQ#SULRU#WR#LQGXF0
WLRQ#RI#ODERU1##,W#LV#HVWLPDWHG#WKDW#KXQGUHGV#RI#WKRX0
VDQGV# RI#ZRPHQ# LQ# WKH#8QLWHG# 6WDWHV# XVH# DQ# LQWUD0
YDJLQDO# SURGXFW# FRQWDLQLQJ# SRO\YLQ\O# DOFRKRO# HDFK
\HDU1##7KH#)RRG#DQG#'UXJ#$GPLQLVWUDWLRQ#QRPLQDWHG
ORZ0YLVFRVLW\# SRO\YLQ\O# DOFRKRO# IRU# D# 50\HDU# VWXG\
EHFDXVH# RI# FRQFHUQ# DERXW# WKH# ODFN# RI# LQIRUPDWLRQ
DERXW#WKH#ORQJ0WHUP#WR[LF#DQG#FDUFLQRJHQLF#HIIHFWV#E\
WKH#LQWUDYDJLQDO#URXWH1##)HPDOH#%9&6) #PLFH#UHFHLYHG4

SRO\YLQ\O# DOFRKRO# +DSSUR[LPDWHO\# <<(# SXUH,# LQ
GHLRQL]HG# ZDWHU# E\# LQWUDYDJLQDO# DGPLQLVWUDWLRQ# IRU
63#GD\V#RU#5#\HDUV1

630'$<#678'<#,1#0,&(
7KUHH#JURXSV#RI#83#IHPDOH#%9&6) #PLFH#ZHUH#XVHG#LQ4

WKLV# LQWUDYDJLQDO# VWXG\1# #7KH# YHKLFOH# FRQWURO# JURXS
UHFHLYHG# RQO\# 53#�/# RI# D# GHLRQL]HG#ZDWHU# YHKLFOH1
7KH#RWKHU# WZR#JURXSV#HDFK#UHFHLYHG#53#�/#RI#58(
SRO\YLQ\O#DOFRKRO#LQ#GHLRQL]HG#ZDWHU1##$QLPDOV#LQ#RQH
GRVH#JURXS#ZHUH#UHWXUQHG#WR#WKHLU#FDJHV#DIWHU#GRVLQJ>
DQLPDOV#LQ#WKH#RWKHU#GRVH#JURXS#ZHUH#UHVWUDLQHG#LQ#D
YHUWLFDO# QRVH0GRZQ# SRVLWLRQ# LQ# UHVWUDLQW# EDJV# IRU
VHYHUDO#PLQXWHV# DIWHU#GRVLQJ1# #$QLPDOV#ZHUH#GRVHG
GDLO\#IRU#63#FRQVHFXWLYH#GD\V1##$OO#PLFH#VXUYLYHG#WR
WKH#HQG#RI# WKH#VWXG\1##7KH#ILQDO#PHDQ#ERG\#ZHLJKWV
DQG#ERG\#ZHLJKW#JDLQV#RI#GRVHG#PLFH#ZHUH#VLPLODU#WR
WKRVH# RI# WKH# YHKLFOH# FRQWURO# JURXS1# #$EQRUPDOLWLHV
QRWHG#LQ#WKH#YDJLQDO#DUHD#DIWHU#GRVLQJ#LQFOXGHG#YDJLQDO
SOXJV/# VHFUHWLRQV/# DQG# VZHOOLQJ1# # 7KHVH# YDJLQDO
FKDQJHV#ZHUH#PLQLPDO#WR#PLOG#DQG#RFFXUUHG#LQ#YHKLFOH
FRQWUROV#DV#ZHOO#DV#LQ#GRVHG#PLFH1##5HVWUDLQW#RI#PLFH
DIWHU#GRVLQJ#DSSHDUHG#WR#HOLPLQDWH#YDJLQDO#VHFUHWLRQV
EXW#LQFUHDVHG#ERWK#WKH#LQFLGHQFH#RI#YDJLQDO#LUULWDWLRQ
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DQG# WKH# VHYHULW\# RI# YDJLQDO# RSHQLQJ# VZHOOLQJ1# # $W LQ#VL[#PLFH#LQ#WKH#YHKLFOH#FRQWURO#JURXS#DQG#44#PLFH
QHFURSV\/# PLOGO\# HQODUJHG# XWHULQH# KRUQV# ZHUH# RE0 LQ#WKH#GRVHG#JURXS1
VHUYHG# LQ#43#YHKLFOH#FRQWURO#PLFH/# WKUHH#58(#PLFH/
DQG# VHYHQ# 58(# +UHVWUDLQHG,# PLFH1# # 1R# FKHPLFDO0
UHODWHG#OHVLRQV#ZHUH#REVHUYHG1

50<($5#678'<#,1#0,&(
7KUHH#JURXSV#RI#433#IHPDOH#%9&6) #PLFH#ZHUH#XVHG4

LQ#WKLV#LQWUDYDJLQDO#VWXG\=##DQ#XQWUHDWHG#FRQWURO#JURXS/
D# YHKLFOH# FRQWURO# JURXS# UHFHLYLQJ# 53# �/# GHLRQL]HG
ZDWHU# YHKLFOH# RQO\/# DQG# D# GRVHG# JURXS# UHFHLYLQJ
53# �/# 58(# SRO\YLQ\O# DOFRKRO# LQ# GHLRQL]HG# ZDWHU1
$QLPDOV# ZHUH# GRVHG# 8# GD\V# SHU# ZHHN/# H[FOXGLQJ
KROLGD\V/#IRU#437#WR#438#ZHHNV1

6XUYLYDO/#%RG\#:HLJKWV/#DQG#&OLQLFDO#)LQGLQJV
6XUYLYDO#RI#GRVHG#PLFH#ZDV#VLPLODU#WR#WKDW#RI#WKH#WZR 8QGHU#WKH#FRQGLWLRQV#RI#WKLV#50\HDU#VWXG\/#WKHUH#ZDV
FRQWURO# JURXSV1# # 7KH# ILQDO# PHDQ# ERG\# ZHLJKW# RI QR# HYLGHQFH# RI# FDUFLQRJHQLF# DFWLYLW\-# RI# SRO\YLQ\O
YHKLFOH# FRQWURO#PLFH#ZDV# OHVV# WKDQ# WKDW# RI# WKH# XQ0 DOFRKRO#+PROHFXODU#ZHLJKW#DSSUR[LPDWHO\#57/333,# LQ
WUHDWHG#FRQWURO#JURXS1##7KH#PHDQ#ERG\#ZHLJKWV#RI#WKH IHPDOH#%9&6) #PLFH#DGPLQLVWHUHG#53#�/#RI#D#58(
GRVHG# PLFH# ZHUH# OHVV# WKDQ# WKRVH# RI# WKH# XQWUHDWHG VROXWLRQ#LQWUDYDJLQDOO\1##7KHUH#ZHUH#QR#QHRSODVPV#RU
FRQWUROV#IURP#ZHHN#4:#XQWLO#WKH#HQG#RI#WKH#VWXG\1##7KH QRQQHRSODVWLF#OHVLRQV#FRQVLGHUHG#UHODWHG#WR#WUHDWPHQW
RQO\#FOLQLFDO#ILQGLQJ#ZDV#YDJLQDO#LUULWDWLRQ/#REVHUYHG ZLWK#SRO\YLQ\O#DOFRKRO1

3DWKRORJ\#)LQGLQJV
1R# QHRSODVPV# RU# QRQQHRSODVWLF# OHVLRQV# UHODWHG# WR
FKHPLFDO#WUHDWPHQW#ZHUH#REVHUYHG1##7KH#LQFLGHQFHV#RI
UHSURGXFWLYH#WUDFW#QRQQHRSODVWLF#OHVLRQV#LQ#WKH#GRVHG
JURXS#GLG#QRW#GLIIHU# VLJQLILFDQWO\# IURP# WKRVH# LQ# WKH
YHKLFOH# FRQWURO# JURXS># VLPLODUO\/# WKH# LQFLGHQFHV# RI
UHSURGXFWLYH#WUDFW#QRQQHRSODVWLF#OHVLRQV#LQ#WKH#YHKLFOH
FRQWURO#JURXS#GLG#QRW#GLIIHU#VLJQLILFDQWO\#IURP#WKRVH#LQ
WKH#XQWUHDWHG#FRQWURO#JURXS1

&21&/86,216

4

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#431
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6XPPDU\#RI#WKH#50<HDU#&DUFLQRJHQHVLV#6WXG\#RI#3RO\YLQ\O#$OFRKRO#LQ#)HPDOH#%9&6) #0LFH4

'RVHV 8QWUHDWHG#FRQWURO/#YHKLFOH#FRQWURO#UHFHLYLQJ#53#�/#GHLRQL]HG#ZDWHU#RQO\/#DQG#GRVHG#JURXS#UHFHLYLQJ
53#�/#58(#SRO\YLQ\O#DOFRKRO#LQ#GHLRQL]HG#ZDWHU

%RG\#ZHLJKWV 9HKLFOH#FRQWURO#DQG#GRVHG#JURXSV#VOLJKWO\#OHVV#WKDQ#XQWUHDWHG#FRQWURO#JURXS

50<HDU#VXUYLYDO#UDWHV 7:2433/#842433/#942433

1RQQHRSODVWLF#HIIHFWV 1RQH

1HRSODVWLF#HIIHFWV 1RQH

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

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

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

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

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

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

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

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

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

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

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

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

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

DQRWKHU#VH[#RU#VSHFLHV,>
� SUHVHQFH#RU#DEVHQFH#RI#GRVH#UHODWLRQVKLSV>
� VWDWLVWLFDO#VLJQLILFDQFH#RI#WKH#REVHUYHG#WXPRU#LQFUHDVH>
� FRQFXUUHQW#FRQWURO#WXPRU#LQFLGHQFH#DV#ZHOO#DV#WKH#KLVWRULFDO#FRQWURO#UDWH#DQG#YDULDELOLW\#IRU#D#VSHFLILF#QHRSODVP>
� VXUYLYDO0DGMXVWHG#DQDO\VHV#DQG#IDOVH#SRVLWLYH#RU#IDOVH#QHJDWLYH#FRQFHUQV>
� VWUXFWXUH0DFWLYLW\#FRUUHODWLRQV>#DQG
� LQ#VRPH#FDVHV/#JHQHWLF#WR[LFRORJ\1
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7KH#PHPEHUV#RI#WKH#7HFKQLFDO#5HSRUWV#5HYLHZ#6XEFRPPLWWHH#ZKR#HYDOXDWHG#WKH#GUDIW#173#7HFKQLFDO#5HSRUW#RQ#SRO\YLQ\O#DOFRKRO#RQ
45#'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#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/#3ULQFLSDO#5HYLHZHU
6FKRRO#RI#+HDOWK#6FLHQFHV )R[#&KDVH#&DQFHU#&HQWHU
3XUGXH#8QLYHUVLW\ 3KLODGHOSKLD/#3$
:HVW#/DID\HWWH/#,1

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

7KRPDV#/1#*ROGVZRUWK\/#3K1'1
'HSDUWPHQW#RI#([SHULPHQWDO#3DWKRORJ\#DQG#7R[LFRORJ\
&KHPLFDO#,QGXVWU\#,QVWLWXWH#RI#7R[LFRORJ\
5HVHDUFK#7ULDQJOH#3DUN/#1&

5REHUW#/H%RHXI/#3K1'1
&RUSRUDWH#3URIHVVLRQDO#DQG#5HJXODWRU\#6HUYLFHV
+XPDQ#6DIHW\#'HSDUWPHQW
7KH#3URFWHU#)#*DPEOH#&RPSDQ\
&LQFLQQDWL/#2+

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

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

5REHUW#(1#7D\ORU/#01'1/#3K1'1/#3ULQFLSDO#5HYLHZHU
'HSDUWPHQW#RI#3KDUPDFRORJ\
+RZDUG#8QLYHUVLW\#&ROOHJH#RI#0HGLFLQH
:DVKLQJWRQ/#'&

)UHGHULFN#/1#7\VRQ/#3K1'1
6W1#0DU\·V#+RVSLWDO#DQG#0HGLFDO#&HQWHU
&DQFHU#5HVHDUFK#,QVWLWXWH
*UDQG#-XQFWLRQ/#&2

-HUUROG#01#:DUG/#'19101/#3K1'1-
1DWLRQDO#&DQFHU#,QVWLWXWH
)UHGHULFN/#0'

BBBBBBBBBBB

-##'LG#QRW#DWWHQG
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2Q#45#'HFHPEHU#4<<9/#WKH#GUDIW#7HFKQLFDO#5HSRUW#RQ 'U1# 7D\ORU/# WKH# VHFRQG# SULQFLSDO# UHYLHZHU/# DJUHHG
WKH#WR[LFRORJ\#DQG#FDUFLQRJHQHVLV#VWXGLHV#RI#SRO\YLQ\O ZLWK#WKH#SURSRVHG#FRQFOXVLRQV1##+H#VDLG#LW#ZRXOG#KDYH
DOFRKRO# UHFHLYHG# SXEOLF# UHYLHZ# E\# WKH# 1DWLRQDO EHHQ#RI#PHULW#WR#KDYH#GHYHORSHG#LQQRYDWLYH#ZD\V#WR
7R[LFRORJ\#3URJUDP·V#%RDUG#RI#6FLHQWLILF#&RXQVHORUV· DGPLQLVWHU#KLJKHU#GRVHV1##'U1#5DGRYVN\#VDLG#WKH#SURE0
7HFKQLFDO#5HSRUWV#5HYLHZ#6XEFRPPLWWHH1##7KH#UHYLHZ OHP#ZLWK#KDQGOLQJ#RI# WKH#58(#VROXWLRQ#RI#SRO\YLQ\O
PHHWLQJ# ZDV# KHOG# DW# WKH# 1DWLRQDO# ,QVWLWXWH# RI DOFRKRO#ZDV#QRW#VR#PXFK#VROXELOLW\#DV#YLVFRVLW\1##7KH
(QYLURQPHQWDO#+HDOWK# 6FLHQFHV/# 5HVHDUFK# 7ULDQJOH GRVH#XVHG#ZDV#WKH#PD[LPXP#FRQFHQWUDWLRQ#WKDW#FRXOG
3DUN/#1&1 EH#FRQVLVWHQWO\#DGPLQLVWHUHG#ZLWK#WKH#DYDLODEOH#GRVLQJ

'U1#$1#5DGRYVN\/#1,(+6/#LQWURGXFHG#WKH#WR[LFRORJ\
DQG#FDUFLQRJHQHVLV#VWXGLHV#RI#SRO\YLQ\O#DOFRKRO#E\#GLV0 'U1# :1# $OODEHQ/# )RRG# DQG# 'UXJ# $GPLQLVWUDWLRQ
FXVVLQJ# WKH# XVHV# RI# WKH# FKHPLFDO# DQG# UDWLRQDOH# IRU +)'$,/#VDLG#WKDW#WKH#)'$#ZDV#LQYROYHG#LQ#WKH#VWXG\
VWXG\/#GHVFULELQJ#WKH#H[SHULPHQWDO#GHVLJQ/#UHSRUWLQJ GHVLJQ#DQG#WKH#DJHQF\#WKRXJKW#WKH#LQIRUPDWLRQ#QHHGHG
RQ#VXUYLYDO#DQG#ERG\#ZHLJKW#HIIHFWV/#DQG#FRPPHQWLQJ ZDV# REWDLQHG# LQ# VSLWH# RI# WKH# WHFKQLFDO# GLIILFXOWLHV1
RQ# WKH# ODFN#RI#FRPSRXQG0UHODWHG#QHRSODVPV#RU#QRQ0 'U1#*ROGVZRUWK\#DVNHG#ZKHWKHU#*OD[R0:HOOFRPH/#LQ
QHRSODVWLF# OHVLRQV# LQ# IHPDOH# PLFH1# # 7KH# SURSRVHG LWV#VWXGLHV#RI#$=7#LQ#UDWV/#REVHUYHG#VLPLODU#UHVSRQVHV
FRQFOXVLRQ#ZDV#QR#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LQ ZLWK# V\VWHPLF# YHUVXV# LQWUDYDJLQDO# DGPLQLVWUDWLRQ1
IHPDOH#%9&6) #PLFH1##1R#QHRSODVPV#RU#QRQQHRSODVWLF 'U1#5DGRYVN\# UHSOLHG# WKDW# YDJLQDO# QHRSODVPV#ZHUH4

OHVLRQV# ZHUH# FRQVLGHUHG# UHODWHG# WR# WUHDWPHQW# ZLWK LQGXFHG#ZKHQ#$=7#ZDV#DGPLQLVWHUHG#E\#RUDO#JDYDJH
SRO\YLQ\O#DOFRKRO1 RU#YDJLQDO#DGPLQLVWUDWLRQ1##'U1#7\VRQ#DVNHG#ZKHWKHU

'U1#5XVVR/#D#SULQFLSDO#UHYLHZHU/#DJUHHG#ZLWK#WKH#SUR0 WLRQ1##'U1#5DGRYVN\#VDLG#WKHUH#ZDV#VRPH/#EXW#LW#ZDV
SRVHG#FRQFOXVLRQV1##6KH#KDG#FRQFHUQV#DERXW#WKH#ODFN QRW#TXDQWLILDEOH1##'U1#+1#0DWWKHZV/#1,(+6/#UHSRUWHG
RI# WHVWLQJ# LQ# WKH# UDW# DQG#QRW#KDYLQJ#PRUH# WKDQ#RQH WKDW# KLV# JURXS# VWXGLHG# GLVSRVLWLRQ# RI# UDGLRODEHOHG
GRVH1##7KLV#ZDV#LQ#YLHZ#RI#VWXGLHV#UHSRUWLQJ#GHYHORS0 SRO\YLQ\O#DOFRKRO#LQ#WKH#UDW#XVLQJ#PHDVXUHV#WR#DYRLG
PHQW#RI#VDUFRPDV#DW#WKH#VLWH#RI#VXEFXWDQHRXV#LPSODQWV LQJHVWLRQ#WKURXJK#JURRPLQJ1##+H#VDLG#WKHUH#ZDV#YHU\
RI#SRO\YLQ\O#VSRQJHV#LQ#UDWV#WKDW#OHG#WKH#,QWHUQDWLRQDO VOLJKW#DEVRUSWLRQ#ZLWKRXW#ELRDFFXPXODWLRQ#DIWHU#HLWKHU
$JHQF\#IRU#5HVHDUFK#RQ#&DQFHU#WR#UHFRPPHQG#IXUWKHU VLQJOH#RU#PXOWLSOH#GRVHV1
VWXGLHV#LQ#DQLPDOV1##'U1#5XVVR#ZRQGHUHG#LI#WKH#FKHP0
LFDO# FRXOG# EH# DGPLQLVWHUHG# LQ# D# VSRQJH# RU# WDPSRQ1 'U1#5XVVR#PRYHG#WKDW#WKH#7HFKQLFDO#5HSRUW#RQ#SRO\0
'U1# 5DGRYVN\# VDLG# WKH# 610D]LGR0610GHR[\WK\PLGLQH YLQ\O#DOFRKRO#EH#DFFHSWHG#ZLWK#UHYLVLRQV#GLVFXVVHG#DQG
+$=7,#VWXGLHV#KDG#VKRZQ#WKH#PRXVH#WR#EH#VXVFHSWLEOH WKH#FRQFOXVLRQV#DV#ZULWWHQ# IRU# IHPDOH#PLFH/#QR#HYL0
WR#GHYHORSLQJ#YDJLQDO#QHRSODVPV1##6KH#VDLG#WKH#SRVVL0 GHQFH#RI#FDUFLQRJHQLF#DFWLYLW\1##'U1#7D\ORU#VHFRQGHG
ELOLW\# RI# XVLQJ# D# SHVVDU\# RU# WDPSRQ# FRXOG# EH# FRQ0 WKH#PRWLRQ/#ZKLFK#ZDV# DFFHSWHG# XQDQLPRXVO\#ZLWK
VLGHUHG#LQ#D#IXWXUH#VWXG\1 HLJKW#YRWHV1

HTXLSPHQW1

WKHUH#ZDV#DQ\# OHDNDJH#DIWHU# LQWUDYDJLQDO#DGPLQLVWUD0
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&$6#1R1#<3350;<08

&KHPLFDO#)RUPXOD=##+& + 2, #######0ROHFXODU#:HLJKW=##DSSUR[LPDWHO\#57/3335 7 Q

6\QRQ\PV= (WKHQRO#KRPRSRO\PHU/#39$
7UDGH#QDPHV= $NZD#7HDUV/#$OFRWH[/#$OY\O/#$UDFHW/#&LSRYLRO/#&RYRO/#(OYDQRO/#(WKHQRO/#*HOYDWRO/#*RKVHQRO/#,YDORQ/#.XUDORQ/#.XUDUH/#/HPRO/

/LTXLILOP/#0RZLRO/#3RO\GHVLV/#3RO\VL]HU/#3RO\YLQRO/#3RO\YLRO/#3RYDO/#5HVLVWRIOH[/#5KRGRYLRO/#6QR#7HDUV/#6ROYDU/#6XPLWH[/
9LEDWH[/#9LQDFRO/#9LQDODN/#9LQDURO/#9LQDUROH/#9LQDYLORO/#9LQRO/#9LQ\ORQ#

&+(0,&$/ 352'8&7,21/#86(/
$1'#3+<6,&$/#3523(57,(6# $1'#+80$1#(;32685(
3RO\YLQ\O#DOFRKRO#LV#D#V\QWKHWLF#SRO\PHU#ZLWK#D#ZLGH 3RO\YLQ\O#DOFRKRO# LV#SURGXFHG#E\# WKH#FRQWUROOHG#K\0
UDQJH#RI#PROHFXODU#ZHLJKWV#+IURP#OHVV#WKDQ#48/333#WR GURO\VLV#RI#SRO\YLQ\O#DFHWDWH1##,Q#4<<4/#447/333#WRQV
RYHU#763/333,1##7KH#SK\VLFDO#SURSHUWLHV#RI#SRO\YLQ\O RI# SRO\YLQ\O# DOFRKRO# ZDV# SURGXFHG# LQ# WKH# 8QLWHG
DOFRKRO# SRO\PHUV# DUH# GHSHQGHQW# RQ# WKH# PROHFXODU 6WDWHV/#SULPDULO\#IRU#XVH#LQ#WH[WLOH#VL]LQJ/#DGKHVLYHV/
ZHLJKW/#GHJUHH#RI#K\GURO\VLV/#DQG#ZDWHU#FRQWHQW#RI#WKH SRO\PHUL]DWLRQ# DLGV/# DQG# SDSHU# FRDWLQJV# +&KHPLFDO
SRO\PHUV#+,$5&/#4<:<,1##7KH#ZDWHU#VROXELOLW\#RI#SRO\0 (FRQRPLFV#+DQGERRN/#4<<9,1# #7KH# IRXU#SURGXFWLRQ
YLQ\O# DOFRKRO# SRO\PHU# LQFUHDVHV# DV# WKH# PROHFXODU JUDGHV#RI#SRO\YLQ\O#DOFRKRO#DUH#VXSHU0KLJK#YLVFRVLW\
ZHLJKW#GHFUHDVHV#+0HUFN#,QGH[/#4<:9,>#LW#LV#SUDFWLFDOO\ +PROHFXODU#ZHLJKW#583/333²633/333,>#KLJK#YLVFRVLW\
LQVROXEOH# LQ# RUJDQLF# VROYHQWV# +/HIDX[/# 4<9;,1# #7KH +PROHFXODU#ZHLJKW#4:3/333²553/333,>#PHGLXP#YLVFRV0
FXUUHQW#VWXG\#LV#RI#DQ#DTXHRXV#VROXWLRQ#RI#SRO\YLQ\O LW\#+PROHFXODU#ZHLJKW#453/333²483/333,>#DQG#ORZ#YLV0
DOFRKRO# SRO\PHU#ZLWK# D#PROHFXODU#ZHLJKW# RI# DERXW FRVLW\#+PROHFXODU#ZHLJKW#58/333²68/333,#++DZOH\·V/
57/3331##3ULRU#WR#GLVVROXWLRQ/#WKLV#PDWHULDO#LV#DQ#RII0 4<;:,1##7KH#)RRG#DQG#'UXJ#$GPLQLVWUDWLRQ#SHUPLWV
ZKLWH#FU\VWDOOLQH#VROLG#WKDW#LV#;;(#K\GURO\]HG1##,W#KDV WKH# XVH# RI# SRO\YLQ\O# DOFRKRO# LQ# FRQWDFW# ZLWK# IRRG
D#S+#RI#81<#DQG#D#YLVFRVLW\#RI#71;5#FSV1##,WV#GHQVLW\#LV +,$5&/#4<:<,/#DQG#LW#KDV#EHHQ#XVHG#LQ#JUHDVH0UHVLVWDQW
41339#J2P/#DQG# LWV#PHOWLQJ#SRLQW# LV#4<7(#&1# #$V#D FRDWLQJV# IRU# FRQWDLQHUV# VXFK# DV# SRWDWR# FKLS# EDJV1
53(#DTXHRXV#VROXWLRQ/#WKH#SRO\YLQ\O#DOFRKRO#SRO\PHU 6XUJLFDO#GUDSHV/#WRZHOV/#DQG#JDX]H#VSRQJHV#PDGH#RI
XVHG#LQ#WKLV#VWXG\#KDV#D#GHQVLW\#RI#413:#J2P/1 SRO\YLQ\O#DOFRKRO#ZKLFK#GLVVROYH# LQ#KRW#ZDWHU#KDYH

######
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EHHQ# GHYHORSHG# WR# VLPSOLI\# KRVSLWDO#ZDVWH# GLVSRVDO WKH#48/333#PROHFXODU#ZHLJKW#SRO\PHU#ZDV#H[FUHWHG#E\
+)LVKHU/#4<<9,1##3URWHFWLYH#JORYHV#FRPSRVHG#RI#SRO\0 WKH#NLGQH\#ZLWKLQ#63#PLQXWHV#DIWHU#LQMHFWLRQ1
YLQ\O#DOFRKRO#KDYH#EHHQ#XVHG#WR#SURWHFW#WKH#KDQGV#RI
ZRUNHUV#IURP#RUJDQLF#VROYHQWV#+/HIDX[/#4<9;,1 > &@05DGLRODEHOHG#SRO\YLQ\O#DOFRKRO#ZLWK#D#PROHFXODU

3RO\YLQ\O#DOFRKRO# LV#XVHG# LQ#PDQ\#FRVPHWLF# IRUPX0 LQWUDYHQRXVO\/#RU# LQWUDYDJLQDOO\# WR#)LVFKHU# 677# UDWV
ODWLRQV# VXFK#DV# IDFLDO#PDVNV/#H\H# VKDGRZ#DQG#EURZ +6DQGHUV#DQG#0DWWKHZV/#4<<3,1# #)ROORZLQJ#RUDO#DG0
SURGXFWV/#DQG#OLSOLQHUV1##&RQFHQWUDWLRQV#RI#SRO\YLQ\O PLQLVWUDWLRQ/#JUHDWHU# WKDQ#<;(#RI# WKH#GRVH#ZDV#H[0
DOFRKRO# LQ# FRVPHWLFV# DUH# DV# KLJK# DV# 46(# LQ# SDVWH FUHWHG#LQ#WKH#IHFHV#ZLWKLQ#7;#KRXUV#DQG#RQO\#D#WUDFH
PDVNV#+PXG#SDFNV,#+&,5/#4<<9,1##3RO\YLQ\O#DOFRKRO#LV ZDV#GHWHFWHG#LQ#WKH#XULQH1##1R#HYLGHQFH#RI#SRO\YLQ\O
DOVR# XVHG# LQ# WRSLFDO# RSKWKDOPLF# SUHSDUDWLRQV# WR# LQ0 DOFRKRO#ZDV#GHWHFWHG#LQ#WKH#WLVVXHV1##)ROORZLQJ#LQWUD0
FUHDVH# YLVFRVLW\1# # $# UHODWLYHO\# LQVROXEOH# IRUP# RI YHQRXV# DGPLQLVWUDWLRQ/# V\VWHPLF# GLVWULEXWLRQ# RI
SRO\YLQ\O#DOFRKRO#LV#XVHG#IRU#SODVWLF#VSRQJH#LPSODQWV SRO\YLQ\O#DOFRKRO#ZDV#HYLGHQW#ZLWK#WKH#KLJKHVW#FRQFHQ0
LQ# UHFRQVWUXFWLYH# VXUJHU\# +*UDQW/# 4<:7,1# #3RO\YLQ\O WUDWLRQV#GHWHFWHG#LQ#WKH#OLYHU1##,QWUDYHQRXV#GRVLQJ#DOVR
DOFRKRO# IRDP# VSKHUHV# KDYH# EHHQ# LQMHFWHG# LQWUD0 UHVXOWHG# LQ#PRVW# RI# WKH# GRVH# EHLQJ# H[FUHWHG# LQ# WKH
YDVFXODUO\#IRU#HOHFWLYH#HPEROL]DWLRQ#RI#YDVFXODU#PDO0 XULQH/# WKXV# LQGLFDWLQJ# WKDW# WKH# RUDO# GRVH# ZDV# QRW
IRUPDWLRQV# LQ# WKH# EUDLQ# +/DQPDQ# HW# DO1/# 4<;;,1 DEVRUEHG1# #)ROORZLQJ# LQWUDYDJLQDO#DGPLQLVWUDWLRQ#RI
3HVVDULHV#FRPSRVHG#RI#SRO\YLQ\O#DOFRKRO#ZLWK#LQFRUSR0 6#PJ2NJ#SRO\YLQ\O#DOFRKRO#IRU#4/#6/#RU#43#GD\V/#OHVV
UDWHG#PDJQHVLXP#VXOIDWH#KDYH#EHHQ#XVHG#LQ#SUHJQDQW WKDQ# 4(# RI# WKH# GRVH# RI# SRO\YLQ\O# DOFRKRO0GHULYHG
ZRPHQ#IRU#GLODWDWLRQ#RI#WKH#FHUYL[#SULRU#WR#WKH#LQGXF0 UDGLRDFWLYLW\#ZDV#GHWHFWHG#LQ#WKH#WLVVXHV1##7KH#KLJKHVW
WLRQ#RI# ODERU# +-RKQVRQ#HW#DO1/# 4<;8,1# #$Q#RYHU0WKH0 FRQFHQWUDWLRQV#ZHUH#VHHQ#LQ#WKH#OLYHU/#EXW#HYHQ#DIWHU
FRXQWHU# LQWUDYDJLQDO# FRQWUDFHSWLYH# IRDP# +'HOIHQ/ 43#GRVHV#WKH#FRQFHQWUDWLRQ#LQ#WKH#OLYHU#ZDV#OHVV#WKDQ
2UWKR#3KDUPDFHXWLFDO#&RUSRUDWLRQ,#FRQWDLQV#OHVV#WKDQ 5# SSP1# # 3RO\YLQ\O# DOFRKRO0GHULYHG# PDWHULDO# ZDV
4(#SRO\YLQ\O#DOFRKRO1##7KH#PDQXIDFWXUHU#RI#DQ#RYHU0 VORZO\#FOHDUHG/#DQG#316#SSP#UHPDLQHG#LQ#OLYHU#WLVVXH
WKH0FRXQWHU# VROXEOH# LQWUDYDJLQDO# FRQWUDFHSWLYH# ILOP 63#GD\V#DIWHU#WKH#ODVW#RI#43#GDLO\#GRVHV1
HVWLPDWHV# WKDW# RYHU# 833/333# ZRPHQ# LQ# WKH# 8QLWHG
6WDWHV#XVH# WKHLU#SURGXFW#DQQXDOO\#+9&)>#$SRWKHFXV/ 7ZHQW\0HLJKW# FRQVHFXWLYH# GDLO\# GRVHV# RI# 4# P/# RI
,QF1/#*UHDW#1HFN/#1<,>#WKH#SURGXFW#LV#FRPSRVHG#RI#D 8(#SRO\YLQ\O#DOFRKRO#SRO\PHUV#ZLWK#DYHUDJH#PROHF0
VSHUPLFLGH/# JO\FHURO/# DQG# 9:(# SRO\YLQ\O# DOFRKRO XODU# ZHLJKWV# RI# 6:/333/# 466/333/# RU# 4;8/333# LQ
+PROHFXODU#ZHLJKW#58/333,1 SK\VLRORJLFDO#VDOLQH#ZHUH#LQMHFWHG#VXEFXWDQHRXVO\#LQWR

$%62537,21/#',675,%87,21/#
0(7$%2/,60/#$1'#(;&5(7,21
,Q#JHQHUDO/#V\QWKHWLF#PDFURPROHFXODU#SRO\PHUV#VXFK
DV# SRO\YLQ\O# DOFRKRO# DUH# FKHPLFDOO\# LQHUW# DQG# QRW
RUDOO\#DEVRUEHG/#EXW#LQMHFWHG#SRO\PHUV#FRXOG#SRVVLEO\
EH#PHWDEROL]HG#+/HIDX[/#4<9;,1

([SHULPHQWDO#$QLPDOV#
7KH#GLVWULEXWLRQ#RI# ILYH# > ,@0UDGLRODEHOHG#SRO\YLQ\O458

DOFRKRO#SRO\PHUV#ZLWK#PROHFXODU#ZHLJKWV#RI#48/333/
:3/333/#453/333/#533/333/#DQG# 763/333#ZDV#GHWHU0
PLQHG#DW#XS#WR#63#KRXUV#DIWHU#LQWUDYHQRXV#DGPLQLVWUD0
WLRQ#LQWR#;0#WR#450ZHHN0ROG#IHPDOH#%$/%2F&U6OF#PLFH
+<DPDRND#HW#DO1/#4<<8,1##7KH#SRO\PHU#ZLWK#D#PROHF0
XODU#ZHLJKW#RI# 48/333#KDG# D# FLUFXODWLQJ#KDOI0OLIH#RI
<3#PLQXWHV# FRPSDUHG# WR# 56# KRXUV# IRU# WKH# SRO\PHU
ZLWK#D#PROHFXODU#ZHLJKW#RI#763/3331##$OPRVW#;3(#RI

47

ZHLJKW#OHVV#WKDQ#RU#HTXDO#WR#83/333#ZDV#JLYHQ#RUDOO\/

IHPDOH#+ROW]PDQ#UDWV#++DOO#DQG#+DOO/#4<96,1##8VLQJ#D
VSHFLDO#VWDLQ#+&RQJR#UHG,#RQ#KLVWRORJLF#WLVVXH#VHFWLRQV/
WKH#SRO\PHUV#ZLWK#PROHFXODU#ZHLJKWV#RI#466/333#DQG
4;8/333/#EXW#QRW#WKH#SRO\PHU#ZLWK#D#PROHFXODU#ZHLJKW
RI# 6:/333/# ZHUH# IRXQG# LQ# WKH# OLYHU/# VSOHHQ/# DQG
NLGQH\1

+XPDQV
1R# VSHFLILF# GDWD# RQ# WKH# DEVRUSWLRQ/# GLVWULEXWLRQ/
PHWDEROLVP/# RU# H[FUHWLRQ# RI# SRO\YLQ\O# DOFRKRO# LQ
KXPDQV#ZHUH#IRXQG#LQ#WKH#OLWHUDWXUH1

72;,&,7<
,Q#JHQHUDO/#PDFURPROHFXOHV#VXFK#DV#SRO\YLQ\O#DOFRKRO
DUH#FRQVLGHUHG#WR#KDYH#OLWWOH#RU#QR#RUDO#RU#FXWDQHRXV
WR[LFLW\# GXH# WR# WKHLU# FKHPLFDO# LQHUWQHVV# +/HIDX[/
4<9;,1
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([SHULPHQWDO#$QLPDOV
2UDO#/' V# JUHDWHU# WKDQ# 53# J# SRO\YLQ\O# DOFRKRO2NJ83

ERG\#ZHLJKW# IRU# UDWV# DQG# 471:# J2NJ# IRU#PLFH# KDYH
EHHQ#UHSRUWHG#+=DLWVHY#HW#DO1/#4<;9,1

3RO\YLQ\O#DOFRKRO#SRO\PHUV#ZLWK#DYHUDJH#PROHFXODU
ZHLJKWV#RI#6:/333/#466/333/#RU#4;8/333#ZHUH#LQMHFWHG
VXEFXWDQHRXVO\# LQWR#IHPDOH#+ROW]PDQ#UDWV#++DOO#DQG
+DOO/#4<96,1##7ZHQW\0HLJKW#FRQVHFXWLYH#GDLO\#GRVHV#RI
4#P/#RI#8(#SRO\YLQ\O#DOFRKRO#LQ#SK\VLRORJLFDO#VDOLQH
UHVXOWHG#LQ#HOHYDWHG#EORRG#SUHVVXUH#LQ#VRPH#UDWV#IURP
HDFK#WUHDWPHQW#JURXS1##7KH#SRO\PHU#ZLWK#D#PROHFXODU
ZHLJKW# RI# 466/333#ZDV# DVVRFLDWHG#ZLWK#ZLGHVSUHDG
FDUGLRYDVFXODU# OHVLRQV/# VHYHUH# SRO\GLSVLD/# VHYHUH
JORPHUXORQHSKULWLV/# DQG# HQODUJHPHQW# RI# WKH# KHDUW/
NLGQH\/#OLYHU/#DQG#VSOHHQ1##7KH#SRO\PHU#ZLWK#D#PROHF0
XODU# ZHLJKW# RI# 4;8/333# ZDV# DVVRFLDWHG# ZLWK# UHQDO
JORPHUXODU# VZHOOLQJ# DQG# HQODUJHPHQW# RI# WKH# KHDUW/
NLGQH\/#OLYHU/#DQG#VSOHHQ1##7KH#SRO\PHU#ZLWK#D#PROHF0
XODU#ZHLJKW#RI#6:/333#ZDV#QRW#DVVRFLDWHG#ZLWK#OHVLRQV1
7KH# DXWKRUV# FRQFOXGHG# WKDW# WKH# SDWKRORJLF# HIIHFWV
IROORZLQJ#VXEFXWDQHRXV#LQMHFWLRQV#RI#SRO\YLQ\O#DOFRKRO
LQ#UDWV/#SDUWLFXODUO\#LQ#WKH#NLGQH\#DQG#LQ#SURGXFWLRQ#RI
WKH# QHSKURWLF# V\QGURPH/# ZHUH# GHSHQGHQW# RQ# WKH
PROHFXODU#ZHLJKW#UDWKHU#WKDQ#RQ#WKH#FKHPLFDO#VWUXFWXUH
RI#WKH#SRO\PHU1

,QWUDRFXODU#LQMHFWLRQ#RI#D#417(#VROXWLRQ#RI#SRO\YLQ\O
DOFRKRO# +XQVSHFLILHG# PROHFXODU# ZHLJKW,# LQ# LVRWRQLF
VDOLQH#ZDV#PDGH#LQWR#WKH#H\HV#RI#UDEELWV#E\#WKH#VXE0
FRQMXQFWLYDO/#LQWUDFDPHUDO#+LQWR#WKH#DQWHULRU#FKDPEHU,/
DQG#LQWUDYLWUHDO#URXWHV#+.ULVKQD#DQG#0LWFKHOO/#4<98,1
(\HV#ZHUH#H[DPLQHG#JURVVO\#DQG#PLFURVFRSLFDOO\/#DQG
LQWUDRFXODU#SUHVVXUHV#ZHUH#PHDVXUHG#IRU#9#ZHHNV#DIWHU
LQMHFWLRQ1# # 3RO\YLQ\O# DOFRKRO# LQMHFWLRQV# ZHUH# FRQ0
FOXGHG# WR# EH# QRQLUULWDWLQJ1# # 6ROLG# VXEFRQMXQFWLYDO
LPSODQWV#RI#SRO\YLQ\O#DOFRKRO#SURGXFHG#LQIODPPDWLRQ
DQG#ILEUREODVWLF#SUROLIHUDWLRQ#LQ#UDEELW#H\HV#+$QGHUVRQ
DQG#6KHD/#4<94,1##)LYH0ZHHN#GHUPDO#WR[LFLW\#WHVWV#ZLWK
XQGLOXWHG#SRO\YLQ\O#DOFRKRO#DQG#460ZHHN#VWXGLHV#ZLWK
D# SHHO0RII# IDFLDO# PDVN# FRQWDLQLQJ# 46(# SRO\YLQ\O
DOFRKRO# ZHUH# FRQGXFWHG# LQ# UDWV# E\# WKH# &RVPHWLF/
7RLOHWU\#DQG#)UDJUDQFH#$VVRFLDWLRQ1# #1R#VLJQLILFDQW
WR[LF# HIIHFWV# ZHUH# QRWHG# LQ# FOLQLFDO# SDWKRORJ\# RU
FOLQLFDO#RU#QHFURSV\#REVHUYDWLRQV#+&,5/#4<<9,1

+XPDQV
,QWUDYDVFXODUO\# LQMHFWHG# SRO\YLQ\O# DOFRKRO# IRDP
VSKHUHV#IRU#HOHFWLYH#HPEROL]DWLRQ#RI#YDVFXODU#PDOIRU0
PDWLRQV#UHVXOWHG#LQ#LQIODPPDWLRQ#DQG#QHFURVLV#RI#WKH

EORRG#YHVVHOV#LQ#ZKLFK#WKH\#ORGJHG/#EXW#WKLV#SURSHUW\
ZDV#FRQVLGHUHG#HIILFDFLRXV#LQ#WKLV#DSSOLFDWLRQ#+/DQPDQ
HW# DO1/# 4<;;,1# #)RDPHG# SRO\YLQ\O# DOFRKRO# KDV# EHHQ
XVHG#LQ#UHFRQVWUXFWLYH#VXUJHU\#IRU#RYHU#73#\HDUV#IRU
FRQGLWLRQV#VXFK#DV#UHFWDO#SURODSVH#DQG#UHSDLU#RI#ODUJH
KHUQLDV#ZLWKRXW# UHSRUWHG# WR[LF# HIIHFWV# ++XOPDQ# DQG
.LUNKDP/#4<<3,1##7KUHH0ZHHN#GHUPDO#LUULWDWLRQ#WHVWV
XVLQJ#WRSLFDO#IRUPXODWLRQV#FRQWDLQLQJ#46(#SRO\YLQ\O
DOFRKRO#UHVXOWHG#LQ#FODVVLILFDWLRQ#RI#SRO\YLQ\O#DOFRKRO
DV# D# ´PLOG#PDWHULDOµ# IRU# GHUPDO# XVH# +&,5/# 4<<9,1
6L[WHHQ#KXPDQ#YROXQWHHUV#XVHG#D# WRSLFDO#RSKWKDOPLF
VROXWLRQ#FRQWDLQLQJ#417(#SRO\YLQ\O#DOFRKRO#LQ#VDOLQH
WKUHH#WLPHV#GDLO\#RQ#DOWHUQDWH#GD\V#LQ#D#90GD\#VWXG\#RI
WHDU#UHSODFHPHQW#VROXWLRQV#ZLWKRXW#H[SHULHQFLQJ#DQ\
RFXODU#GLVFRPIRUW#+)DVVLKL#DQG#1DLGRR/#4<;<,1

5(352'8&7,9(#

$1'#'(9(/230(17$/#72;,&,7<
1R#GDWD#RQ#WKH#UHSURGXFWLYH#RU#GHYHORSPHQWDO#WR[LFLW\
RI#SRO\YLQ\O#DOFRKRO#E\#DQ\#URXWH#RI#DGPLQLVWUDWLRQ#LQ
H[SHULPHQWDO# DQLPDOV#RU#KXPDQV#ZHUH# IRXQG# LQ# WKH
OLWHUDWXUH1

&$5&,12*(1,&,7<
([SHULPHQWDO#$QLPDOV
6XEFXWDQHRXVO\#LPSODQWHG#SRO\YLQ\O#DOFRKRO#VSRQJHV
LQ#UDWV#KDYH#EHHQ#DVVRFLDWHG#ZLWK# WKH#DSSHDUDQFH#RI
ORFDO#VDUFRPDV#LQ#VRPH#VWXGLHV#+2SSHQKHLPHU#HW#DO1/
4<88># 'DVOHU# DQG# 0LOOLVHU/# 4<96># :DOWHU# DQG
&KLDUDPRQWH/#4<98,#EXW#QRW#LQ#RWKHUV#+5XVVHOO#HW#DO1/
4<8<,1# #'XNHV#DQG#0LWFKOH\# +4<95,#DQG#5RH#HW#DO1
+4<9:,#UHSRUWHG#WKDW#VXEVWDQWLDOO\#PRUH#ORFDO#VDUFRPDV
UHVXOWHG#IURP#WKH#VXEFXWDQHRXV#LPSODQWDWLRQ#RI#50PP0
WKLFN#YHUVXV#80PP0WKLFN#SRO\YLQ\O#DOFRKRO#VSRQJHV#LQ
UDWV1# #7KLV# VXJJHVWV# WKDW# WKH# SK\VLFDO# IRUP# DQG# WKH
WKLFNQHVV# RI# WKH# SRO\YLQ\O# DOFRKRO# LPSODQW#PD\# EH
LPSRUWDQW#LQ#FDUFLQRJHQLFLW\#MXVW#DV#PROHFXODU#ZHLJKW
LV#WKRXJKW#WR#EH#LPSRUWDQW#LQ#WKH#WR[LFLW\#RI#SRO\YLQ\O
DOFRKRO1##1R#QHRSODVPV#ZHUH#QRWHG#DW#WKH#VLWH#RI#VXE0
FXWDQHRXV#LPSODQWDWLRQ#RI#SRO\YLQ\O#DOFRKRO#SRZGHU#LQ
D#JURXS#RI#58#%HWKHVGD#EODFN#UDWV# LQ#D#50\HDU#VWXG\
++XHSHU/# 4<8<,1# # 7KH# ,QWHUQDWLRQDO# $JHQF\# IRU
5HVHDUFK#RQ#&DQFHU#+,$5&/#4<:<,#UHYLHZHG#WKHVH#DQG
RWKHU# GDWD# DQG# FRQFOXGHG# WKDW# IXUWKHU# VWXGLHV#ZHUH
QHHGHG#EHIRUH#DQ#HYDOXDWLRQ#RI#WKH#FDUFLQRJHQLFLW\#RI
SRO\YLQ\O#DOFRKRO#LQ#DQLPDOV#FRXOG#EH#PDGH1
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+XPDQV
,PSODQWDWLRQ#RI#SRO\YLQ\O#DOFRKRO#VSRQJH#DV#D#EUHDVW
SURVWKHVLV#KDV#EHHQ#DVVRFLDWHG#ZLWK#ILEURVLV#++DPLW/
4<8:,1# #%LRSV\#RI#D#SRO\YLQ\O#DOFRKRO# IRDP#VSRQJH
LPSODQWHG#53#\HDUV#HDUOLHU#IRU#UHFWDO#SURODSVH#VKRZHG
H[WHQVLYH# ILEURVLV# DURXQG# WKH# LPSODQW# ++XOPDQ# DQG
.LUNKDP/#4<<3,1##,$5&#+4<:<,#FRQFOXGHG#WKDW#DYDLO0
DEOH#GDWD#ZHUH#QRW#DGHTXDWH#WR#GHWHUPLQH#WKH#SRVVLEOH
FDUFLQRJHQLFLW\#RI#SRO\YLQ\O#DOFRKRO#LQ#KXPDQV1

*(1(7,&#72;,&,7<
7KHUH# LV# RQO\# RQH# SXEOLVKHG# UHSRUW# FRQFHUQLQJ# WKH
PXWDJHQLFLW\# RI# SRO\YLQ\O# DOFRKRO/# DQG# WKH# DXWKRUV
FRQFOXGHG#WKDW#WKH#UHVXOWV#RI#WKHLU#LQ#YLWUR#DQG#LQ#YLYR
LQYHVWLJDWLRQV#ZHUH#QHJDWLYH# +6KLEX\D#HW#DO1/#4<;8,1
7KUHH#DVVD\V/#WKH#6DOPRQHOOD#DVVD\#+HPSOR\LQJ#VWUDLQV
7$<;/#7$433/# DQG#7$486:/#ZLWK# DQG#ZLWKRXW# LQ0
GXFHG#UDW# OLYHU#6<#DFWLYDWLRQ#HQ]\PHV,/# WKH#&KLQHVH

KDPVWHU#9:<#FHOO#FKURPRVRPDO#DEHUUDWLRQV#WHVW#ZLWK0
RXW# 6</# DQG# D# IHPDOH#PRXVH# ERQH#PDUURZ#PLFUR0
QXFOHXV# WHVW/#ZHUH# XVHG# LQ# WKH# VWXG\1# # ,QGHSHQGHQW
HYDOXDWLRQ#RI#WKH#UHVXOWV#LV#SUHFOXGHG#EHFDXVH#QR#GDWD
ZHUH#SUHVHQWHG#IRU#SRO\YLQ\O#DOFRKRO#IURP#WKH#ODWWHU
WZR# DVVD\V/# DQG# WKHUH#ZHUH# VRPH# GHSDUWXUHV# IURP
VWDQGDUG#SURWRFROV#LQ#WKHVH#WHVWV1

678'<#5$7,21$/(
,W#LV#HVWLPDWHG#WKDW#KXQGUHGV#RI#WKRXVDQGV#RI#ZRPHQ
LQ# WKH# 8QLWHG# 6WDWHV# XVH# DQ# LQWUDYDJLQDO# SURGXFW
FRQWDLQLQJ#SRO\YLQ\O# DOFRKRO# HDFK#\HDU1# #7KH#)RRG
DQG# 'UXJ# $GPLQLVWUDWLRQ# QRPLQDWHG# ORZ0YLVFRVLW\
SRO\YLQ\O# DOFRKRO# IRU# D# 50\HDU# VWXG\# EHFDXVH# RI
FRQFHUQ#DERXW#WKH#ODFN#RI#LQIRUPDWLRQ#DERXW#WKH#ORQJ0
WHUP#WR[LF#DQG#FDUFLQRJHQLF#HIIHFWV#E\#WKH#LQWUDYDJLQDO
URXWH1
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0$7(5,$/6#$1'#0(7+2'6

352&85(0(17# 35(3$5$7,21#$1'#$1$/<6,6#

$1'#&+$5$&7(5,=$7,21# 2)#'26(#)2508/$7,216

2)#32/<9,1</#$/&2+2/
3RO\YLQ\O# DOFRKRO# ZDV# REWDLQHG# IURP# 0DUXEHQL
$PHULFD# &RUSRUDWLRQ# +1HZ#<RUN/#1<,# LQ# RQH# ORW
+13;5;;<,1# # ,GHQWLW\/# SXULW\/# DQG# VWDELOLW\# DQDO\VHV
ZHUH# FRQGXFWHG#E\# WKH# DQDO\WLFDO# FKHPLVWU\# ODERUD0
WRU\/#0LGZHVW#5HVHDUFK#,QVWLWXWH#+.DQVDV#&LW\/#02,
+$SSHQGL[# %,1# # 5HSRUWV# RQ# DQDO\VHV# SHUIRUPHG# LQ
VXSSRUW#RI#WKH#SRO\YLQ\O#DOFRKRO#VWXGLHV#DUH#RQ#ILOH#DW
WKH# 1DWLRQDO# ,QVWLWXWH# RI# (QYLURQPHQWDO# +HDOWK
6FLHQFHV1

7KH# FKHPLFDO/# DQ# RII0ZKLWH# FU\VWDOOLQH# VROLG/# ZDV
LGHQWLILHG#DV#SRO\YLQ\O#DOFRKRO#E\#LQIUDUHG/#XOWUDYLROHW2
YLVLEOH/#DQG#QXFOHDU#PDJQHWLF#UHVRQDQFH#VSHFWURVFRS\1
3XULW\#RI#ORW#13;5;;<#ZDV#GHWHUPLQHG#E\#HOHPHQWDO
DQDO\VHV/#8QLWHG#6WDWHV#3KDUPDFRSHLD#+863,#DQDO\VHV/
DQG#KLJK0SHUIRUPDQFH#OLTXLG#FKURPDWRJUDSK\1##5HVXOWV
RI#HOHPHQWDO#DQDO\VHV#ZHUH#VOLJKWO\#KLJK# IRU#FDUERQ
DQG#VOLJKWO\# ORZ# IRU#K\GURJHQ#ZKHQ#FRPSDUHG#ZLWK
WKH# WKHRUHWLFDO# YDOXHV# IRU# SRO\YLQ\O# DOFRKRO1# # $OO
UHVXOWV#RI#863# DQDO\VHV# LQGLFDWHG# WKDW# ORW#13;5;;<
PHW# WKH# 863# VSHFLILFDWLRQV# IRU# SRO\YLQ\O# DOFRKRO1
+LJK0SHUIRUPDQFH#OLTXLG#FKURPDWRJUDSK\#UHYHDOHG#D
PDMRU#SHDN#DQG#WKUHH#LPSXULWLHV#ZLWK#D#FRPELQHG#DUHD
RI#414(#UHODWLYH#WR#WKH#PDMRU#SHDN#DUHD1##7KH#RYHUDOO 7KH# 630GD\# VWXG\# ZDV# FRQGXFWHG# WR# HYDOXDWH# WKH
SXULW\#ZDV#GHWHUPLQHG#WR#EH#DSSUR[LPDWHO\#<<(1 FXPXODWLYH# WR[LF# HIIHFWV# RI# UHSHDWHG# H[SRVXUH# WR

6WDELOLW\#VWXGLHV#RI#WKH#EXON#FKHPLFDO#ZHUH#SHUIRUPHG GRVHV#WR#EH#XVHG#LQ#WKH#50\HDU#VWXG\1
E\# WKH# DQDO\WLFDO# FKHPLVWU\# ODERUDWRU\# XVLQJ# KLJK0
SHUIRUPDQFH# OLTXLG#FKURPDWRJUDSK\1# #7KHVH# VWXGLHV )HPDOH# %9&6) #PLFH#ZHUH# REWDLQHG# IURP# 7DFRQLF
LQGLFDWHG#WKDW#SRO\YLQ\O#DOFRKRO#ZDV#VWDEOH#DV#D#EXON )DUPV# +*HUPDQWRZQ/#1<,1# # 2Q# UHFHLSW/# WKH#PLFH
FKHPLFDO#IRU#5#ZHHNV#ZKHQ#VWRUHG#SURWHFWHG#IURP#OLJKW ZHUH# 7#ZHHNV# ROG1# #$QLPDOV#ZHUH# TXDUDQWLQHG# IRU
DW#WHPSHUDWXUHV#XS#WR#93(#&1##7R#HQVXUH#VWDELOLW\/#WKH 44#GD\V#DQG#ZHUH#9#ZHHNV#ROG#RQ#WKH#ILUVW#GD\#RI#WKH
EXON#FKHPLFDO#ZDV#VWRUHG#DW#URRP# WHPSHUDWXUH#SUR0 VWXG\1##7KHUH#ZHUH#WKUHH#JURXSV#RI#83#IHPDOHV#LQ#WKLV
WHFWHG#IURP#OLJKW1 LQWUDYDJLQDO# VWXG\1# # 7KH# YHKLFOH# FRQWURO# JURXS# UH0

6WDELOLW\#ZDV#PRQLWRUHG#GXULQJ#WKH#630GD\#DQG#50\HDU JURXSV# HDFK# UHFHLYHG# 53# �/# RI# D# 58(# VROXWLRQ# RI
VWXGLHV#E\#KLJK0SHUIRUPDQFH#OLTXLG#FKURPDWRJUDSK\1 SRO\YLQ\O#DOFRKRO#LQ#GHLRQL]HG#ZDWHU/#UHVXOWLQJ#LQ#DQ
1R#GHJUDGDWLRQ#RI#WKH#EXON#FKHPLFDO#ZDV#GHWHFWHG1 DYHUDJH#GRVH#RI# 583#PJ#SRO\YLQ\O#DOFRKRO2NJ#ERG\

7KH#GRVH#IRUPXODWLRQ#ZDV#SUHSDUHG#WZLFH#GXULQJ#WKH
630GD\#VWXG\#DQG#DSSUR[LPDWHO\#HYHU\#7#ZHHNV#GXULQJ
WKH# 50\HDU# VWXG\# E\#PL[LQJ# SRO\YLQ\O# DOFRKRO#ZLWK
KHDWHG/#FKDUFRDO0ILOWHUHG/#GHLRQL]HG#ZDWHU#WR#JLYH#WKH
UHTXLUHG#FRQFHQWUDWLRQ#+7DEOH#%4,1##6WDELOLW\#VWXGLHV#RI
WKH#GRVH#IRUPXODWLRQ#ZHUH#SHUIRUPHG#E\#WKH#DQDO\WLFDO
FKHPLVWU\# ODERUDWRU\# XVLQJ# KLJK0SHUIRUPDQFH# OLTXLG
FKURPDWRJUDSK\1##7KH#VWDELOLW\#RI#WKH#GRVH#IRUPXOD0
WLRQ#ZDV#FRQILUPHG#IRU#DW#OHDVW#7#ZHHNV#ZKHQ#VWRUHG
DW# URRP# WHPSHUDWXUH# SURWHFWHG# IURP# OLJKW# DQG# IRU
6#ZHHNV#ZKHQ#VWRUHG#RSHQ#WR#DLU#DQG#OLJKW1

3HULRGLF#DQDO\VHV#RI# WKH#GRVH# IRUPXODWLRQV#RI#SRO\0
YLQ\O#DOFRKRO#ZHUH#FRQGXFWHG#DW#WKH#VWXG\#ODERUDWRU\
XVLQJ# KLJK0SHUIRUPDQFH# OLTXLG# FKURPDWRJUDSK\1
'XULQJ#WKH#50\HDU#VWXG\/#WKH#GRVH#IRUPXODWLRQV#ZHUH
DQDO\]HG#HYHU\#7# WR#;#ZHHNV# +7DEOH#%5,1# #$OO#GRVH
IRUPXODWLRQV# DQDO\]HG# DQG# XVHG# GXULQJ# WKH# 50\HDU
VWXG\#ZHUH#ZLWKLQ#43(#RI#WKH#WDUJHW#FRQFHQWUDWLRQ>#DOO
DQLPDO# URRP# VDPSOHV#ZHUH# DOVR#ZLWKLQ# 43(#RI# WKH
WDUJHW#FRQFHQWUDWLRQ1

630'$<#678'<

SRO\YLQ\O# DOFRKRO# DQG# WR# GHWHUPLQH# WKH# DSSURSULDWH

4

FHLYHG#RQO\#53#�/#RI#GHLRQL]HG#ZDWHU1##7KH#RWKHU#WZR

######
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ZHLJKW#DW#WKH#VWDUW#RI#WKH#VWXG\#ZKHQ#PLFH#DYHUDJHG RQ#IHHG#FRPSRVLWLRQ#DQG#FRQWDPLQDQWV#LV#SURYLGHG#LQ
53#J#LQ#ZHLJKW#DQG#546#PJ2NJ#DW#WKH#HQG#RI#WKH#VWXG\1 $SSHQGL[#&1
7KH# GRVH# YROXPH# ZDV# GHOLYHUHG# E\# DQ# (SSHQGRUI
UHSHDWHU# SLSHWWH# ZLWK# D# 318# P/# &RPELWLS# LQVHUWHG
DSSUR[LPDWHO\# 4# PP# LQWR# WKH# YDJLQDO# RSHQLQJ1
$QLPDOV# LQ#RQH#GRVHG#JURXS#ZHUH# UHWXUQHG# WR# WKHLU
FDJHV#DIWHU#GRVLQJ>#DQLPDOV#LQ#WKH#RWKHU#GRVHG#JURXS
ZHUH#UHVWUDLQHG#LQ#D#YHUWLFDO#QRVH0GRZQ#SRVLWLRQ#LQ#UH0
VWUDLQW#EDJV#IRU#VHYHUDO#PLQXWHV#DIWHU#GRVLQJ1##$QLPDOV
ZHUH#GRVHG#GDLO\#IRU#63#FRQVHFXWLYH#GD\V1##)HHG#DQG
ZDWHU#ZHUH#DYDLODEOH#DG#OLELWXP1##7KH#DQLPDOV#ZHUH
KRXVHG#LQGLYLGXDOO\1##&OLQLFDO#ILQGLQJV#ZHUH#UHFRUGHG
ZHHNO\1##7KH#DQLPDOV#ZHUH#ZHLJKHG#LQLWLDOO\/#ZHHNO\/
DQG# DW# WKH# HQG# RI# WKH# VWXG\1# #'HWDLOV# RI# WKH# VWXG\
GHVLJQ# DQG# DQLPDO#PDLQWHQDQFH# DUH# VXPPDUL]HG# LQ
7DEOH# 41# # +LVWRSDWKRORJLF# H[DPLQDWLRQV# ZHUH# SHU0
IRUPHG#RQ#DOO#PLFH/#EXW#ZHUH#OLPLWHG#WR#WKH#XWHUXV#DQG
YDJLQD1

50<($5#678'<
6WXG\#'HVLJQ
7KHUH#ZHUH#WKUHH#JURXSV#RI#433#IHPDOH#PLFH#LQ#WKLV
LQWUDYDJLQDO# VWXG\=# # DQ# XQWUHDWHG# FRQWURO# JURXS/# D
YHKLFOH#FRQWURO#JURXS# UHFHLYLQJ#53#�/#RI#GHLRQL]HG
ZDWHU#YHKLFOH/#DQG#D#GRVHG#JURXS#UHFHLYLQJ#53#�/#RI
58(# SRO\YLQ\O# DOFRKRO# LQ# GHLRQL]HG# ZDWHU/# ZKLFK
UHVXOWHG#LQ#GRVHV#RI#583#PJ2NJ#LQ#PLFH#DW#WKH#EHJLQ0
QLQJ#RI#WKH#VWXG\#DQG#;6#PJ2NJ#ZKHQ#PLFH#ZHLJKHG
93#J1##7KH#GRVH#YROXPH#ZDV#GHOLYHUHG#E\#DQ#(SSHQ0
GRUI#UHSHDWHU#SLSHWWH#ZLWK#D#318#P/#&RPELWLS#LQVHUWHG
DSSUR[LPDWHO\#4#PP#LQWR#WKH#YDJLQDO#RSHQLQJ1

6RXUFH#DQG#6SHFLILFDWLRQ#RI#$QLPDOV
)HPDOH# %9&6) #PLFH#ZHUH# REWDLQHG# IURP# 7DFRQLF4

)DUPV#+*HUPDQWRZQ/#1<,#IRU#XVH#LQ#WKH#50\HDU#VWXG\1
0LFH#ZHUH#TXDUDQWLQHG#IRU#45#GD\V#EHIRUH#WKH#EHJLQ0
QLQJ#RI#WKH#VWXG\1##7HQ#PLFH#ZHUH#UDQGRPO\#VHOHFWHG
IRU# SDUDVLWH# HYDOXDWLRQ# DQG# JURVV# REVHUYDWLRQ# RI
GLVHDVH1##0LFH#ZHUH#9#WR#:#ZHHNV#ROG#DW#WKH#EHJLQQLQJ
RI#WKH#VWXG\1##7KH#KHDOWK#RI#WKH#DQLPDOV#ZDV#PRQLWRUHG
GXULQJ# WKH# VWXG\# DFFRUGLQJ# WR# WKH# SURWRFROV# RI# WKH
173#6HQWLQHO#$QLPDO#3URJUDP#+$SSHQGL[#',1

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

&OLQLFDO#([DPLQDWLRQV#DQG#3DWKRORJ\
$OO#DQLPDOV#ZHUH#REVHUYHG#WZLFH#GDLO\1##%RG\#ZHLJKWV
ZHUH#UHFRUGHG#LQLWLDOO\/#ZHHNO\#IRU#WKH#ILUVW#46#ZHHNV/
PRQWKO\#WKHUHDIWHU/#DQG#DW#VWXG\#WHUPLQDWLRQ>#FOLQLFDO
ILQGLQJV#ZHUH#UHFRUGHG#PRQWKO\1

$# FRPSOHWH# QHFURSV\# DQG#PLFURVFRSLF# H[DPLQDWLRQ
ZHUH#SHUIRUPHG#RQ#DOO#PLFH1##$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##7LVVXHV#H[DPLQHG
PLFURVFRSLFDOO\#DUH#OLVWHG#LQ#7DEOH#41

0LFURVFRSLF#HYDOXDWLRQV#ZHUH#FRPSOHWHG#E\#WKH#VWXG\
ODERUDWRU\#SDWKRORJLVW/#DQG# WKH#SDWKRORJ\#GDWD#ZHUH
HQWHUHG# LQWR# WKH# 7R[LFRORJ\# 'DWD# 0DQDJHPHQW
6\VWHP1##7KH#VOLGHV/#SDUDIILQ#EORFNV/#DQG#UHVLGXDO#ZHW
WLVVXHV#ZHUH#VHQW#WR#WKH#173#$UFKLYHV#IRU#LQYHQWRU\/
VOLGH2EORFN#PDWFK/#DQG#ZHW#WLVVXH#DXGLW1##7KH#VOLGHV/
LQGLYLGXDO#DQLPDO#GDWD#UHFRUGV/#DQG#SDWKRORJ\#WDEOHV
ZHUH#HYDOXDWHG#E\#DQ#LQGHSHQGHQW#TXDOLW\#DVVHVVPHQW
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#VWXG\/#D#TXDOLW\#DVVHVVPHQW
SDWKRORJLVW#UHYLHZHG#WKH#FOLWRUDO#JODQG/#OLYHU/#RYDU\/
JODQGXODU#VWRPDFK/#WK\URLG#JODQG/#XWHUXV/#DQG#YDJLQD1

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#SDWKRO0
RJLVWV1##5HSUHVHQWDWLYH#KLVWRSDWKRORJ\#VOLGHV#FRQWDLQ0
LQJ#H[DPSOHV#RI#OHVLRQV#UHODWHG#WR#FKHPLFDO#DGPLQLV0
WUDWLRQ/# H[DPSOHV# RI# GLVDJUHHPHQWV# LQ# GLDJQRVHV
EHWZHHQ#WKH#ODERUDWRU\#DQG#TXDOLW\#DVVHVVPHQW#SDWKRO0
RJLVW/#RU#OHVLRQV#RI#JHQHUDO#LQWHUHVW#ZHUH#SUHVHQWHG#E\
WKH#FKDLUSHUVRQ#WR#WKH#3:*#IRU#UHYLHZ1##7KH#3:*
FRQVLVWHG# RI# WKH# TXDOLW\# DVVHVVPHQW# SDWKRORJLVW# DQG
RWKHU#SDWKRORJLVWV#H[SHULHQFHG# LQ#URGHQW# WR[LFRORJLF
#####
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SDWKRORJ\1##7KLV#JURXS#H[DPLQHG#WKH#WLVVXHV#ZLWKRXW RI# WKHVH#UHYLHZ#SURFHGXUHV#KDYH#EHHQ#GHVFULEHG/# LQ
DQ\#NQRZOHGJH#RI#GRVH#JURXSV#RU#SUHYLRXVO\#UHQGHUHG SDUW/#E\#0DURQSRW#DQG#%RRUPDQ#+4<;5,#DQG#%RRUPDQ
GLDJQRVHV1##:KHQ#WKH#3:*#FRQVHQVXV#GLIIHUHG#IURP HW#DO1#+4<;8,1##)RU#VXEVHTXHQW#DQDO\VHV#RI#WKH#SDWKRO0
WKH#RSLQLRQ#RI#WKH#ODERUDWRU\#SDWKRORJLVW/#WKH#GLDJQRVLV RJ\# GDWD/# WKH# GHFLVLRQ# RI# ZKHWKHU# WR# HYDOXDWH# WKH
ZDV#FKDQJHG1# #)LQDO#GLDJQRVHV#IRU#UHYLHZHG# OHVLRQV GLDJQRVHG# OHVLRQV# IRU#HDFK# WLVVXH# W\SH#VHSDUDWHO\#RU
UHSUHVHQW#D#FRQVHQVXV#EHWZHHQ#WKH#ODERUDWRU\#SDWKRO0 FRPELQHG#ZDV#JHQHUDOO\#EDVHG#RQ# WKH#JXLGHOLQHV#RI
RJLVW/#UHYLHZLQJ#SDWKRORJLVW+V,/#DQG#WKH#3:*1##'HWDLOV 0F&RQQHOO#HW#DO1#+4<;9,1
#
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7$%/(#4
([SHULPHQWDO#'HVLJQ#DQG#0DWHULDOV#DQG#0HWKRGV#LQ#WKH#,QWUDYDJLQDO#6WXGLHV#RI#3RO\YLQ\O#$OFRKRO

630'D\#6WXG\ 50<HDU#6WXG\

6WXG\#/DERUDWRU\
$UWKXU#'1#/LWWOH/#,QF1#+&DPEULGJH/#0$, $UWKXU#'1#/LWWOH/#,QF1#+&DPEULGJH/#0$,

6WUDLQ#DQG#6SHFLHV
%9&6) #PLFH4 %9&6) #PLFH4

$QLPDO#6RXUFH
7DFRQLF#)DUPV#+*HUPDQWRZQ/#1<, 7DFRQLF#)DUPV#+*HUPDQWRZQ/#1<,

7LPH#+HOG#%HIRUH#6WXGLHV
44#GD\V 45#GD\V

$YHUDJH#$JH#:KHQ#6WXGLHV#%HJDQ
9#ZHHNV 90:#ZHHNV

'DWH#RI#)LUVW#'RVH
4:#'HFHPEHU#4<<4 4;#)HEUXDU\#4<<5

'XUDWLRQ#RI#'RVLQJ
:#GD\V#SHU#ZHHN#IRU#63#FRQVHFXWLYH#GD\V 8#GD\V#SHU#ZHHN/#H[FOXGLQJ#KROLGD\V/#IRU#437#WR#438#ZHHNV

'DWH#RI#/DVW#'RVH
48#-DQXDU\#4<<5 49#)HEUXDU\#4<<7

1HFURSV\#'DWHV
49#-DQXDU\#4<<5 4804:#)HEUXDU\#4<<7

$YHUDJH#$JH#DW#1HFURSV\
44#ZHHNV 4440445#ZHHNV

6L]H#RI#6WXG\#*URXSV
83#IHPDOHV 433#IHPDOHV

0HWKRG#RI#'LVWULEXWLRQ
$QLPDOV#ZHUH#GLVWULEXWHG#UDQGRPO\#LQWR#JURXSV#RI#DSSUR[LPDWHO\
HTXDO#LQLWLDO#PHDQ#ERG\#ZHLJKWV1

6DPH#DV#630GD\#VWXG\

$QLPDOV#SHU#&DJH
4 4

0HWKRG#RI#$QLPDO#,GHQWLILFDWLRQ
7DLO#WDWWRR 6DPH#DV#630GD\#VWXG\

'LHW
1,+03:#RSHQ#IRUPXOD#SHOOHWHG#GLHW#+=HLJOHU#%URWKHUV/#,QF1/#*DUGQHUV/
3$,/#DYDLODEOH#DG#OLELWXP/#FKDQJHG#RQFH#SHU#ZHHN

6DPH#DV#630GD\#VWXG\

:DWHU
7DS#ZDWHU#+&DPEULGJH#PXQLFLSDO#VXSSO\,#YLD#FOHDU#JODVV#ERWWOHV#ZLWK
SODVWLF#7HIORQ0OLQHG#FDSV#DQG#VWDLQOHVV#VWHHO#VLSSHU#WXEHV/#DYDLODEOH
DG#OLELWXP/#FKDQJHG#WZLFH#SHU#ZHHN

6DPH#DV#630GD\#VWXG\

&DJHV
3RO\FDUERQDWH#+$OOHQWRZQ#&DJLQJ/#$OOHQWRZQ/#1-,/#FKDQJHG#RQFH#SHU
ZHHN

6DPH#DV#630GD\#VWXG\
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630'D\#6WXG\ 50<HDU#6WXG\

%HGGLQJ
+HDW0WUHDWHG#KDUGZRRG#FKLSV#+1RUWKHDVWHUQ#3URGXFWV/#:DUUHQVEXUJ/
1<,/#FKDQJHG#RQFH#SHU#ZHHN

6DPH#DV#630GD\#VWXG\

&DJH#)LOWHUV
5HHPD\#VSXQ0ERQGHG#SRO\HVWHU#+$OOHQWRZQ#&DJLQJ/#$OOHQWRZQ/#1-,/
FKDQJHG#RQFH#HYHU\#5#ZHHNV

6DPH#DV#630GD\#VWXG\/#H[FHSW#FKDQJHG#RQFH#SHU#ZHHN

5DFNV
6WDLQOHVV#VWHHO#+$OOHQWRZQ#&DJLQJ/#$OOHQWRZQ/#1-,/#FKDQJHG#RQFH
HYHU\#5#ZHHNV

6DPH#DV#630GD\#VWXG\/#H[FHSW#FKDQJHG#RQFH#SHU#ZHHN

$QLPDO#5RRP#(QYLURQPHQW
7HPSHUDWXUH=##46(057(#&
5HODWLYH#KXPLGLW\=##65(0:3(
5RRP#IOXRUHVFHQW#OLJKW=##45#KRXUV2GD\
5RRP#DLU#FKDQJHV=##430482KRXU

7HPSHUDWXUH=##49(05;(#&
5HODWLYH#KXPLGLW\=##56(0:;(
5RRP#IOXRUHVFHQW#OLJKW=##45#KRXUV2GD\
5RRP#DLU#FKDQJHV=##430482KRXU

'RVHV
9HKLFOH#FRQWURO#JURXS#UHFHLYLQJ#53#�/#RI#GHLRQL]HG#ZDWHU#YHKLFOH
RQO\#DQG#WZR#GRVHG#JURXSV#UHFHLYLQJ#53#�/#RI#58(#SRO\YLQ\O#DOFRKRO
LQ#GHLRQL]HG#ZDWHU#+583#PJ2NJ,1##7KH#GRVH#YROXPH#ZDV#GHOLYHUHG#E\
DQ#(SSHQGRUI#UHSHDWHU#SLSHWWH#ZLWK#D#318#P/#&RPELWLS#LQVHUWHG
DSSUR[LPDWHO\#4#PP#LQWR#WKH#YDJLQDO#RSHQLQJ1##$QLPDOV#LQ#RQH#GRVHG
JURXS#ZHUH#UHWXUQHG#WR#WKHLU#FDJHV#DIWHU#GRVLQJ>#DQLPDOV#LQ#WKH#RWKHU
GRVHG#JURXS#ZHUH#UHVWUDLQHG#LQ#D#YHUWLFDO#QRVH0GRZQ#SRVLWLRQ#LQ
UHVWUDLQW#EDJV#IRU#VHYHUDO#PLQXWHV#DIWHU#GRVLQJ1

8QWUHDWHG#FRQWURO/#YHKLFOH#FRQWURO#UHFHLYLQJ#53#�/#RI#GHLRQL]HG#ZDWHU
YHKLFOH#RQO\/#DQG#GRVHG#JURXS#UHFHLYLQJ#53#�/#RI#58(#SRO\YLQ\O
DOFRKRO#LQ#GHLRQL]HG#ZDWHU#+583#PJ2NJ#LQ#53#J#PLFH>#;6#PJ2NJ#LQ#93#J
PLFH,1##7KH#GRVH#YROXPH#ZDV#GHOLYHUHG#E\#DQ#(SSHQGRUI#UHSHDWHU
SLSHWWH#ZLWK#D#318#P/#&RPELWLS#LQVHUWHG#DSSUR[LPDWHO\#4#PP#LQWR#WKH
YDJLQDO#RSHQLQJ1

7\SH#DQG#)UHTXHQF\#RI#2EVHUYDWLRQ
2EVHUYHG#WZLFH#GDLO\>#DQLPDOV#ZHUH#ZHLJKHG#LQLWLDOO\/#ZHHNO\/#DQG#DW
WKH#HQG#RI#WKH#VWXGLHV>#FOLQLFDO#ILQGLQJV#ZHUH#UHFRUGHG#ZHHNO\1

2EVHUYHG#WZLFH#GDLO\>#DQLPDOV#ZHUH#ZHLJKHG#LQLWLDOO\/#ZHHNO\#IRU
46#ZHHNV/#PRQWKO\#WKHUHDIWHU/#DQG#DW#WKH#HQG#RI#WKH#VWXGLHV>#FOLQLFDO
ILQGLQJV#ZHUH#UHFRUGHG#PRQWKO\1

0HWKRG#RI#6DFULILFH
&2 #DVSK\[LDWLRQ5 6DPH#DV#630GD\#VWXG\

1HFURSV\
1HFURSV\#SHUIRUPHG#RQ#DOO#DQLPDOV1 1HFURSV\#SHUIRUPHG#RQ#DOO#DQLPDOV

+LVWRSDWKRORJ\
+LVWRSDWKRORJLF#H[DPLQDWLRQ#ZDV#SHUIRUPHG#RQ#DOO#PLFH/#EXW#ZDV
OLPLWHG#WR#WKH#XWHUXV#DQG#YDJLQD1

&RPSOHWH#KLVWRSDWKRORJ\#ZDV#SHUIRUPHG#RQ#DOO#PLFH1##,Q#DGGLWLRQ#WR
JURVV#OHVLRQV#DQG#WLVVXH#PDVVHV/#WKH#IROORZLQJ#WLVVXHV#ZHUH#H[DPLQHG=#
DGUHQDO#JODQG/#ERQH#ZLWK#PDUURZ/#EUDLQ/#FOLWRUDO#JODQG/#HVRSKDJXV/
JDOOEODGGHU/#KHDUW#DQG#DRUWD/#ODUJH#LQWHVWLQH#+FHFXP/#FRORQ/#UHFWXP,/
VPDOO#LQWHVWLQH#+GXRGHQXP/#MHMXQXP/#LOHXP,/#NLGQH\/#OLYHU/#OXQJV#DQG
EURQFKL/#PDPPDU\#JODQG/#QRVH/#RYDU\/#SDQFUHDV/#SDQFUHDWLF#LVOHWV/
SLWXLWDU\#JODQG/#VDOLYDU\#JODQG/#VNLQ/#VSLQDO#FRUG#ZLWK#VFLDWLF#QHUYH/
VSOHHQ/#VWRPDFK#+IRUHVWRPDFK#DQG#JODQGXODU,/#WK\PXV/#WK\URLG#JODQG/
WUDFKHD/#XULQDU\#EODGGHU/#XWHUXV/#DQG#YDJLQD1
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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#RU#PLVVLQJ
ZHUH# FHQVRUHG# IURP# WKH# VXUYLYDO# DQDO\VHV># DQLPDOV
G\LQJ#IURP#QDWXUDO#FDXVHV#ZHUH#QRW#FHQVRUHG1##6WDWLVWL0
FDO#DQDO\VHV#IRU#SRVVLEOH#WUHDWPHQW0UHODWHG#HIIHFWV#RQ
VXUYLYDO# XVHG#&R[·V# +4<:5,#PHWKRG# IRU# WHVWLQJ# WZR
JURXSV# IRU# HTXDOLW\1# #$OO# UHSRUWHG#3#YDOXHV# IRU# WKH
VXUYLYDO#DQDO\VHV#DUH#WZR#VLGHG1

&DOFXODWLRQ#RI#,QFLGHQFH
7KH# LQFLGHQFHV# RI# QHRSODVPV# DQG# QRQQHRSODVWLF
OHVLRQV#DV#SUHVHQWHG#LQ#7DEOHV#$4#DQG#$7#DUH#JLYHQ#DV
WKH# QXPEHU# RI# DQLPDOV# EHDULQJ# VXFK# OHVLRQV# DW# D
VSHFLILF#DQDWRPLF#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK
WKDW#VLWH#H[DPLQHG#PLFURVFRSLFDOO\1##)RU#FDOFXODWLRQ#RI
VWDWLVWLFDO# VLJQLILFDQFH/# WKH# LQFLGHQFHV# RI#PRVW# QHR0
SODVPV#+7DEOHV#$6D/#$6E/#DQG#$6F,#DQG#DOO#QRQQHR0
SODVWLF# OHVLRQV#DUH#JLYHQ#DV# WKH#QXPEHUV#RI#DQLPDOV
DIIHFWHG#DW#HDFK#VLWH#H[DPLQHG#PLFURVFRSLFDOO\1##+RZ0
HYHU/#ZKHQ#PDFURVFRSLF#H[DPLQDWLRQ#ZDV#UHTXLUHG#WR
GHWHFW# QHRSODVPV# LQ# FHUWDLQ# WLVVXHV# +H1J1/# KDUGHULDQ
JODQG/# LQWHVWLQH/#PDPPDU\# JODQG/# DQG# VNLQ,# EHIRUH
PLFURVFRSLF# HYDOXDWLRQ/# RU# ZKHQ# QHRSODVPV# KDG
PXOWLSOH#SRWHQWLDO#VLWHV#RI#RFFXUUHQFH#+H1J1/#OHXNHPLD
RU#O\PSKRPD,/#WKH#GHQRPLQDWRUV#FRQVLVW#RI#WKH#QXP0
EHU#RI#DQLPDOV#RQ#ZKLFK#D#QHFURSV\#ZDV#SHUIRUPHG1
7DEOHV#$6D/#$6E/# DQG#$6F# DOVR# JLYH# WKH# VXUYLYDO0
DGMXVWHG#QHRSODVP#UDWH#IRU#HDFK#JURXS#DQG#HDFK#VLWH0
VSHFLILF#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#WKLV#VWXG\#ZHUH#FRQVLG0
HUHG# WR# EH# LQFLGHQWDO# WR# WKH# FDXVH# RI# GHDWK# RU# QRW
UDSLGO\# OHWKDO1##7KXV/# WKH#SULPDU\#VWDWLVWLFDO#PHWKRG
XVHG#ZDV#ORJLVWLF#UHJUHVVLRQ#DQDO\VLV/#ZKLFK#DVVXPHG
WKDW#WKH#GLDJQRVHG#QHRSODVPV#ZHUH#GLVFRYHUHG#DV#WKH
UHVXOW#RI#GHDWK#IURP#DQ#XQUHODWHG#FDXVH#DQG#WKXV#GLG
QRW#DIIHFW# WKH#ULVN#RI#GHDWK1# # ,Q# WKLV#DSSURDFK/#QHR0
SODVP#SUHYDOHQFH#ZDV#PRGHOHG#DV#D#ORJLVWLF#IXQFWLRQ

RI# FKHPLFDO# H[SRVXUH# DQG# WLPH1# # %RWK# OLQHDU# DQG
TXDGUDWLF# WHUPV# LQ# WLPH#ZHUH# LQFRUSRUDWHG# LQLWLDOO\/
DQG#WKH#TXDGUDWLF#WHUP#ZDV#HOLPLQDWHG#LI#WKH#ILW#RI#WKH
PRGHO#ZDV#QRW#VLJQLILFDQWO\#HQKDQFHG1##7KH#QHRSODVP
LQFLGHQFHV# RI# GRVHG# DQG# FRQWURO# JURXSV#ZHUH# FRP0
SDUHG#RQ#WKH#EDVLV#RI#WKH#OLNHOLKRRG#VFRUH#WHVW#IRU#WKH
UHJUHVVLRQ#FRHIILFLHQW#RI#GRVH1##7KLV#PHWKRG#RI#DGMXVW0
LQJ#IRU#LQWHUFXUUHQW#PRUWDOLW\#LV#WKH#SUHYDOHQFH#DQDO\0
VLV#RI#'LQVH#DQG#/DJDNRV# +4<;6,/# IXUWKHU#GHVFULEHG
DQG#LOOXVWUDWHG#E\#'LQVH#DQG#+DVHPDQ#+4<;9,1##:KHQ
QHRSODVPV#DUH#LQFLGHQWDO/#WKLV#FRPSDULVRQ#RI#WKH#WLPH0
VSHFLILF#QHRSODVP#SUHYDOHQFHV#DOVR#SURYLGHV#D#FRP0
SDULVRQ# RI# WKH# WLPH0VSHFLILF# QHRSODVP# LQFLGHQFHV
+0F.QLJKW#DQG#&URZOH\/#4<;7,1

,Q# DGGLWLRQ# WR# ORJLVWLF# UHJUHVVLRQ/#RWKHU#PHWKRGV#RI
VWDWLVWLFDO#DQDO\VLV#ZHUH#XVHG/#DQG#WKH#UHVXOWV#RI#WKHVH
WHVWV#DUH#VXPPDUL]HG#LQ#WKH#DSSHQGL[HV1##7KHVH#PHWK0
RGV# LQFOXGH# WKH# OLIH# WDEOH# WHVW# +&R[/# 4<:5>#7DURQH/
4<:8,/#DSSURSULDWH#IRU#UDSLGO\#OHWKDO#QHRSODVPV/#DQG
WKH#)LVKHU# H[DFW# WHVW# +$UPLWDJH/# 4<:4>#*DUW# HW# DO1/
4<:<,/#D#SURFHGXUH#EDVHG#RQ#WKH#RYHUDOO#SURSRUWLRQ#RI
QHRSODVP0EHDULQJ#DQLPDOV1

7HVWV#RI#VLJQLILFDQFH#LQFOXGHG#SDLUZLVH#FRPSDULVRQV#RI
WKH# GRVHG# JURXS# ZLWK# HDFK# JURXS# RI# FRQWUROV1
&RQWLQXLW\0FRUUHFWHG#WHVWV#ZHUH#XVHG#LQ#WKH#DQDO\VLV#RI
QHRSODVP# LQFLGHQFH/# DQG# UHSRUWHG#3#YDOXHV# DUH#RQH
VLGHG1# #7KH# SURFHGXUHV# GHVFULEHG# LQ# WKH# SUHFHGLQJ
SDUDJUDSKV#ZHUH#DOVR#XVHG#WR#HYDOXDWH#VHOHFWHG#QRQ0
QHRSODVWLF# 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
%RG\#ZHLJKW#GDWD/#ZKLFK#KDYH#DSSUR[LPDWHO\#QRUPDO
GLVWULEXWLRQV/#ZHUH#DQDO\]HG#ZLWK#WKH#SDUDPHWULF#PXO0
WLSOH#FRPSDULVRQ#SURFHGXUHV#RI#'XQQHWW# +4<88,# DQG
:LOOLDPV#+4<:4/#4<:5,1##$YHUDJH#VHYHULW\#YDOXHV#ZHUH
DQDO\]HG#IRU#VLJQLILFDQFH#ZLWK#WKH#0DQQ0:KLWQH\#8
WHVW#++ROODQGHU#DQG#:ROIH/#4<:6,1
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48$/,7<#$6685$1&(#0(7+2'6
7KH#50\HDU#VWXG\#ZDV#FRQGXFWHG#LQ#FRPSOLDQFH#ZLWK
)RRG# DQG# 'UXJ# $GPLQLVWUDWLRQ# *RRG# /DERUDWRU\
3UDFWLFH#5HJXODWLRQV#+54#&)5/#3DUW#8;,1##,Q#DGGLWLRQ/
DV#UHFRUGV#IURP#WKH#50\HDU#VWXG\#ZHUH#VXEPLWWHG#WR#WKH
173#$UFKLYHV/#WKLV#VWXG\#ZDV#DXGLWHG#UHWURVSHFWLYHO\
E\#DQ#LQGHSHQGHQW#TXDOLW\#DVVXUDQFH#FRQWUDFWRU1##6HS0
DUDWH#DXGLWV#FRYHULQJ#FRPSOHWHQHVV#DQG#DFFXUDF\#RI

WKH#SDWKRORJ\#GDWD/#SDWKRORJ\#VSHFLPHQV/#ILQDO#SDWKRO0
RJ\#WDEOHV/#DQG#D#GUDIW#RI#WKLV#173#7HFKQLFDO#5HSRUW
ZHUH#FRQGXFWHG1##$XGLW#SURFHGXUHV#DQG#ILQGLQJV#DUH
SUHVHQWHG# LQ# WKH# UHSRUWV# DQG# DUH#RQ# ILOH# DW#1,(+61
7KH# DXGLW# ILQGLQJV#ZHUH# UHYLHZHG# DQG# DVVHVVHG# E\
173#VWDII/#VR#DOO#FRPPHQWV#KDG#EHHQ#UHVROYHG#RU#ZHUH
RWKHUZLVH# DGGUHVVHG# GXULQJ# WKH# SUHSDUDWLRQ# RI# WKLV
7HFKQLFDO#5HSRUW1
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0,&(
630'$<#678'<
$OO#PLFH#VXUYLYHG#WR#WKH#HQG#RI#WKH#VWXG\#+7DEOH#5,1
7KH#ILQDO#PHDQ#ERG\#ZHLJKWV#DQG#ERG\#ZHLJKW#JDLQV
RI# WKH# GRVHG# JURXSV# ZHUH# VLPLODU# WR# WKRVH# RI# WKH
YHKLFOH# FRQWURO# JURXS1# #$EQRUPDOLWLHV# QRWHG# LQ# WKH
YDJLQDO# DUHD# DIWHU# GRVLQJ# LQFOXGHG# YDJLQDO# SOXJV/
VHFUHWLRQV/#DQG#VZHOOLQJ1##7KHVH#YDJLQDO#FKDQJHV#ZHUH
#

PLQLPDO#WR#PLOG#DQG#RFFXUUHG#LQ#YHKLFOH#FRQWUROV#DV
ZHOO#DV#LQ#GRVHG#PLFH1##5HVWUDLQW#RI#PLFH#DIWHU#GRVLQJ
DSSHDUHG#WR#HOLPLQDWH#YDJLQDO#VHFUHWLRQV#EXW#LQFUHDVHG
ERWK#WKH#LQFLGHQFH#RI#YDJLQDO#LUULWDWLRQ#DQG#WKH#VHYHULW\
RI# YDJLQDO# RSHQLQJ# VZHOOLQJ1# #$W# QHFURSV\/#PLOGO\
HQODUJHG#XWHULQH#KRUQV#ZHUH#REVHUYHG# LQ#43#YHKLFOH
FRQWURO# PLFH/# LQ# WKUHH# 58(# PLFH/# DQG# LQ# VHYHQ
58(#+UHVWUDLQHG,#PLFH1##1R#FKHPLFDO0UHODWHG#OHVLRQV
ZHUH#REVHUYHG1

7$%/(#5
6XUYLYDO#DQG#%RG\#:HLJKWV#RI#0LFH#LQ#WKH#630'D\#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO

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

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

+(, +(,

)HPDOH

3 83283 4<1;#�#314 5613#�#315 616#�#315
58 83283 5313#�#314 5615#�#315 615#�#315 434
58#+UHVWUDLQHG, 83283 4<1<#�#315 5617#�#315 618#�#315 435

1XPEHU#RI#DQLPDOV#VXUYLYLQJ#DW#63#GD\V2QXPEHU#LQLWLDOO\#LQ#JURXSD

:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#FRQWURO#JURXS#ZHUH#QRW#VLJQLILFDQW#E\#'XQQHWW·V#WHVW1E

'RVH#6HOHFWLRQ#5DWLRQDOH=##$#RQH0VSHFLHV#VWXG\#ZDV VROXWLRQ# RI# SRO\YLQ\O# DOFRKRO# +PROHFXODU# ZHLJKW
FRQVLGHUHG# DGHTXDWH# WR# LQGLFDWH#SRVVLEOH# WR[LFLW\#RU DSSUR[LPDWHO\#57/333,#ZDV# WKH#PD[LPXP#GRVH#YRO0
FDUFLQRJHQLFLW\# IURP# LQWUDYDJLQDO# SRO\YLQ\O# DOFRKRO XPH# DQG# FRQFHQWUDWLRQ# WKDW# FRXOG# EH# DGPLQLVWHUHG
DGPLQLVWUDWLRQ1# #7KH#PRXVH# UDWKHU# WKDQ# WKH# UDW#ZDV EDVHG#RQ#WKH#YLVFRVLW\#RI#WKH#PDWHULDO#DQG#WKH#VL]H#RI
FKRVHQ#DV#WKH#PRVW#DSSURSULDWH#URGHQW#VSHFLHV#EHFDXVH WKH#YDJLQD#LQ#90#WR#:0ZHHN0ROG#PLFH1##7KHUH#ZDV#QR
LW#ZDV#IHOW# WKDW#UHWHQWLRQ# WLPH#RI# WKH#GLVVROYHG#SRO\0 HYLGHQFH#RI#DGYHUVH#HIIHFWV#IURP#WKLV#PD[LPXP#GRVH
YLQ\O#DOFRKRO#PLJKW#EH#EHWWHU#LQ#WKH#VPDOOHU#YDJLQD#RI YROXPH# DQG# FRQFHQWUDWLRQ# LQ# WKH# 630GD\# VWXG\1
WKH#PRXVH1##$Q#XQWUHDWHG#FRQWURO#JURXS#LQ#DGGLWLRQ#WR $GPLQLVWUDWLRQ#RI#53#�/#RI#D#58(#VROXWLRQ#UHVXOWHG#LQ
D#YHKLFOH#FRQWURO#JURXS#ZDV#XVHG#LQ#WKH#50\HDU#VWXG\ DQ#DYHUDJH#GRVH#RI#583#PJ2NJ#DW#WKH#VWDUW#RI#WKH#VWXG\
LQ#RUGHU#WR#GHWHUPLQH#ZKHWKHU#WKHUH#ZHUH#HIIHFWV#IURP ZKHQ#WKH#DYHUDJH#ZHLJKW#RI#WKH#PLFH#ZDV#53#J#DQG#DQ
LQWUDYDJLQDO# GRVLQJ# DORQH# EHFDXVH# WKLV# GRVLQJ# URXWH DYHUDJH# GRVH# RI# ;6# PJ2NJ# RQ# ZHHN# ;8# ZKHQ# WKH
KDG# QRW# EHHQ# XVHG# SUHYLRXVO\1# #7KH# # 630GD\# VWXG\ DYHUDJH#ZHLJKW#RI#WKH#PLFH#ZDV#93#J1
HVWDEOLVKHG#WKDW#3135#P/#+53#�/,#RI#D#58(#DTXHRXV
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50<($5#678'<
6XUYLYDO
(VWLPDWHV#RI#50\HDU#VXUYLYDO#SUREDELOLWLHV#IRU#IHPDOH
PLFH#DUH#VKRZQ#LQ#7DEOH#6#DQG#LQ#WKH#.DSODQ00HLHU

VXUYLYDO#FXUYHV#+)LJXUH#4,1##6XUYLYDO#RI#GRVHG#PLFH
ZDV#VLPLODU#WR#WKDW#RI#WKH#XQWUHDWHG#FRQWURO#DQG#YHKLFOH
FRQWURO#JURXSV1

7$%/(#6
6XUYLYDO#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(

$QLPDOV#LQLWLDOO\#LQ#VWXG\ 433 433 433

$FFLGHQWDO#GHDWKV 43 7 8D

0RULEXQG# 4< 58 46
1DWXUDO#GHDWKV 57 53 54
$QLPDOV#VXUYLYLQJ#WR#VWXG\#WHUPLQDWLRQ 7: 84 94
3HUFHQW#SUREDELOLW\#RI#VXUYLYDO#DW#HQG#RI#VWXG\ 86 86 97E

0HDQ#VXUYLYDO#+GD\V, 978 9:7 9:9F

6XUYLYDO#DQDO\VLV 3Û314751G

6XUYLYDO#DQDO\VLV 3Û3148;1H

&HQVRUHG#IURP#VXUYLYDO#DQDO\VHVD

.DSODQ00HLHU#GHWHUPLQDWLRQVE

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

7KH#UHVXOW#RI#WKH#OLIH#WDEOH#SDLUZLVH#FRPSDULVRQ#+&R[/#4<:5,#ZLWK#WKH#XQWUHDWHG#FRQWURO#JURXS1##/RZHU#PRUWDOLW\#LQ#WKH#GRVHG#JURXS#LVG

LQGLFDWHG#E\#11
7KH#UHVXOW#RI#WKH#OLIH#WDEOH#SDLUZLVH#FRPSDULVRQ#+&R[/#4<:5,#ZLWK#WKH#YHKLFOH#FRQWURO#JURXS1##/RZHU#PRUWDOLW\#LQ#WKH#GRVHG#JURXS#LV#LQGLFDWHGH

E\#11

%RG\#:HLJKWV#DQG#&OLQLFDO#)LQGLQJV
7KH#ILQDO#PHDQ#ERG\#ZHLJKW#RI#YHKLFOH#FRQWURO#PLFH FRQWUROV#IURP#ZHHN#4:#XQWLO#WKH#HQG#RI#WKH#VWXG\1##7KH
ZDV# OHVV# WKDQ# WKDW# RI# WKH# XQWUHDWHG# FRQWURO# JURXS RQO\#FOLQLFDO#ILQGLQJ#ZDV#YDJLQDO#LUULWDWLRQ/#REVHUYHG
+)LJXUH#5#DQG#7DEOH#7,1##7KH#PHDQ#ERG\#ZHLJKWV#RI LQ#VL[#PLFH#LQ#WKH#YHKLFOH#FRQWURO#JURXS#DQG#44#PLFH
WKH#GRVHG#PLFH#ZHUH#OHVV#WKDQ#WKRVH#RI#WKH#XQWUHDWHG LQ#WKH#GRVHG#JURXS1



25Polyvinyl Alcohol, NTP TR 474

FIGURE 1      
Kaplan-Meier Survival Curves for Female Mice Administered
Polyvinyl Alcohol Intravaginally for 2 Years



26 Polyvinyl Alcohol, NTP TR 474

FIGURE 2      
Growth Curves for Female Mice Administered
Polyvinyl Alcohol Intravaginally for 2 Years



3RO\YLQ\O#$OFRKRO/#173#75#7:7 5:

7$%/(#7
0HDQ#%RG\#:HLJKWV#DQG#6XUYLYDO#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO

:HHNV 8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(
RQ $Y1#:W1 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI $Y1#:W1 :W1#+(#RI 1R1#RI

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

4 5315 433 4<19 <: 433 4<1: <; 433
5 5414 433 531: <; 433 531; << 433
6 541; 433 5414 <: 433 5417 <; 433
7 551: 433 5513 <: 433 5515 <; 433
8 561: 433 5616 <; 433 5617 << 433
9 5713 433 5618 <; 433 5619 <; 433
: 5814 433 5719 <; 433 571; << 433
; 5914 433 5818 <; 433 5818 <; 433
< 5:17 433 591: <: 433 5919 <: 433

43 5;15 433 5:17 <: 433 5:16 <: 433
44 5;1< << 5;15 <; 433 5:1; <9 433
45 5<18 << 5;16 <9 433 5;14 <8 <<
46 631< << 5<1< <: 433 5<19 <9 <<
4: 6815 <; 661: <9 433 6614 <7 <;
54 6<17 <; 6:13 <7 433 6918 <6 <;
58 7519 <: 6<1; <6 433 6<14 <5 <;
5< 7719 <9 7514 <7 433 7417 <6 <;
66 7:18 <9 771< <8 << 7715 <6 <;
6: 8318 <9 7:1; <8 << 791; <6 <;
74 8616 <9 8318 <8 << 7<16 <6 <;
78 8716 <9 8416 <8 << 7<1: <5 <;
7< 8917 <9 851; <7 <9 8418 <4 <9
86 8815 <7 841; <7 <9 8316 <4 <9
8: 8:19 <6 8718 <8 <9 8613 <5 <9
94 8<14 <4 8915 <8 <9 871: <6 <8
98 931; <3 8;14 <9 <9 8914 <5 <8
9< 931: ;; 8;16 <9 <8 8918 <6 <8
:6 931: ;: 8;19 <: <8 8918 <6 <7
:: 951< ;7 9314 <9 <7 8;1; <7 <5
;4 9718 ;5 941: <9 <3 8<19 <5 <3
;8 961: ;3 9413 <9 ;; 8<1; <7 <3
;< 9519 :: 8<1: <8 ;6 8917 <3 <3
<6 9315 :6 8;14 <: :9 8815 <5 ;3
<: 8:19 96 8716 <7 9< 861: <6 :7

434 8:1; 8: 8618 <6 8< 8618 <6 99
437 8;13 7: 8615 <5 85 8515 <3 94

0HDQ#IRU#ZHHNV
4046 5817 571: <: 571: <:
47085 7:14 7717 <7 7618 <5
860437 9314 8:14 <8 8818 <5
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3DWKRORJ\#DQG#6WDWLVWLFDO#$QDO\VHV
7KLV#VHFWLRQ#GHVFULEHV# WKH#VWDWLVWLFDOO\#VLJQLILFDQW#RU
ELRORJLFDOO\#QRWHZRUWK\#FKDQJHV#LQ#WKH#LQFLGHQFHV#RI
QRQQHRSODVWLF#OHVLRQV#RI#WKH#UHSURGXFWLYH#WUDFW#+FOLWRUDO
JODQG/#RYDU\/#XWHUXV/#DQG#YDJLQD,#DQG#RWKHU#RUJDQV1
7KHUH# ZHUH# QR# QHRSODVPV# WKDW# ZHUH# FRQVLGHUHG
SRVVLEO\#UHODWHG#WR#SRO\YLQ\O#DOFRKRO1##6XPPDULHV#RI
WKH#LQFLGHQFHV#RI#QHRSODVPV#DQG#QRQQHRSODVWLF#OHVLRQV/
LQGLYLGXDO# DQLPDO# WXPRU# GLDJQRVHV/# DQG# VWDWLVWLFDO
DQDO\VHV#RI#SULPDU\#QHRSODVPV#WKDW#RFFXUUHG#ZLWK#DQ
LQFLGHQFH#RI#DW#OHDVW#8(#LQ#DW#OHDVW#RQH#DQLPDO#JURXS
DUH#SUHVHQWHG#LQ#$SSHQGL[#$1

5HSURGXFWLYH# 7UDFW=# # 7KHUH# ZHUH# QR# QHRSODVPV
REVHUYHG#LQ#WKH#UHSURGXFWLYH#WUDFW#RI#PLFH#WKDW#ZHUH
FRQVLGHUHG# UHODWHG# WR# SRO\YLQ\O# DOFRKRO# WUHDWPHQW1
7KH#LQFLGHQFHV#DQG#VHYHULWLHV#RI#QRQQHRSODVWLF#OHVLRQV
RI#WKH#UHSURGXFWLYH#WUDFW#RI#PLFH#LQ#WKH#GRVHG#JURXS
ZHUH# VLPLODU# WR# WKRVH# LQ# WKH# YHKLFOH# FRQWURO# DQG
XQWUHDWHG#FRQWURO#JURXSV#+7DEOHV#8#DQG#$7,1##1RQH#RI
WKH# UHSURGXFWLYH# WUDFW# QRQQHRSODVWLF# OHVLRQV# ZHUH
UHODWHG#WR#FKHPLFDO#WUHDWPHQW1

7$%/(#8
,QFLGHQFHV#RI#6HOHFWHG#1RQQHRSODVWLF#/HVLRQV#RI#WKH#5HSURGXFWLYH#7UDFW#RI#)HPDOH#0LFH#
LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(

&OLWRUDO#JODQG ;< ;4 ;6D

$WURSK\ 5< +41;, 59 +419, 4; +41;,E F

+\SHUSODVLD 7 +41;, ; +513, 43 +418,
&KURQLF#LQIODPPDWLRQ 5 +713, 4 +713, 3

2YDU\ <8 <: <:
&\VW 46 +515, 46 +51:, 48 +517,
/\PSKRLG#K\SHUSODVLD 3 4 +613, 3
7XEXORVWURPDO#K\SHUSODVLD 3 3 4 +613,
$FXWH#RU#FKURQLF#LQIODPPDWLRQ 4 +713, 5 +713, 5 +713,
7KURPERVLV 5 +713, 5 +618, 4 +613,

8WHUXV 433 433 433
+\GURPHWUD : +61<, 5 +713, ##5 +613,
&KURQLF#LQIODPPDWLRQ 6 +51:, 4 +613, 3
(QGRPHWULDO#DQJLHFWDVLV 4 +513, 4 +613, 3
(QGRPHWULDO#F\VWLF#K\SHUSODVLD <3 +51<, <: +614, #<; +613,#

9DJLQD <: #<< <<
$FXWH/#FKURQLF/#RU#HSLWKHOLDO#LQIODPPDWLRQ 3 8 +519, 4 +613,
(SLWKHOLDO#K\SHUSODVLD 3 4 +613, 3

1XPEHU#RI#DQLPDOV#ZLWK#RUJDQ#H[DPLQHG#PLFURVFRSLFDOO\D

1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQ1##,QFLGHQFHV#LQ#WKH#58(#JURXS#ZHUH#QRW#VLJQLILFDQWO\#GLIIHUHQW#IURP#WKRVH#LQ#WKH#YHKLFOH#FRQWURO#JURXS>#LQFLGHQFHVE

LQ#WKH#YHKLFOH#FRQWURO#JURXS#ZHUH#QRW#VLJQLILFDQWO\#GLIIHUHQW#IURP#WKRVH#LQ#WKH#XQWUHDWHG#FRQWURO#JURXS1
$YHUDJH#VHYHULW\#JUDGH#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=##4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#7ÛPDUNHGF

2WKHU#2UJDQV=##,QFLGHQFHV#RI#FKURQLF#LQIODPPDWLRQ#RI +7DEOH#$7,1##1HLWKHU#RI#WKHVH#LQFUHDVHG#LQFLGHQFHV#RI
WKH#SDQFUHDV#+XQWUHDWHG#FRQWURO/#4;2<:>#YHKLFOH#FRQ0 QRQQHRSODVWLF# OHVLRQV# ZHUH# FRQVLGHUHG# UHODWHG# WR
WURO/#732<8>#58(/#692<;,#DQG#WK\PLF#DWURSK\#+992<;/ FKHPLFDO# WUHDWPHQW/# EXW# EHFDXVH# WKH\# RFFXUUHG# LQ
;52<6/#:<2<<,#LQ#WKH#YHKLFOH#FRQWURO#DQG#GRVHG#JURXSV LQWUDYDJLQDOO\# GRVHG# PLFH/# WKH\# PD\# KDYH# EHHQ
ZHUH#JUHDWHU#WKDQ#WKRVH#LQ#WKH#XQWUHDWHG#FRQWURO#JURXS DVVRFLDWHG#ZLWK#WKH#GRVLQJ#PHWKRG1
#
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',6&866,21#$1'#&21&/86,216

,W#LV#HVWLPDWHG#WKDW#KXQGUHGV#RI#WKRXVDQGV#RI#ZRPHQ SODVWLF# OHVLRQV# RI# WKH# OLYHU# LQ# GRVHG#PLFH#ZHUH# QRW
LQ#WKH#8QLWHG#6WDWHV#XVH#D#YDJLQDO#FRQWUDFHSWLYH#ILOP VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#LQ#WKH#YHKLFOH#FRQWURO
+9&),#HDFK#\HDU#+$SRWKHFXV/#,QF1,1##9&)#LV#FRPSRV0 PLFH1##,QFLGHQFHV#RI#DWURSK\/#FOHDU#FHOO#IRFL/#DQG#JO\0
HG#RI#9:(#SRO\YLQ\O#DOFRKRO#DORQJ#ZLWK#D#VSHUPLFLGH FRJHQ#GHSOHWLRQ#RI# WKH# OLYHU#ZHUH#JUHDWHU# LQ#YHKLFOH
DQG#LV#GHVLJQHG#WR#UDSLGO\#GLVVROYH#LQ#WKH#YDJLQD1##7KH FRQWURO#DQG#GRVHG#PLFH#WKDQ#LQ#XQWUHDWHG#FRQWURO#PLFH/
DYHUDJH#GRVH#RI#SRO\YLQ\O#DOFRKRO#IURP#D#VLQJOH#XVH#RI EXW#WKHVH#OHVLRQV#FRPPRQO\#RFFXU#VSRQWDQHRXVO\#DQG
LQWUDYDJLQDO#9&)#LQ#D#880NJ#ZRPDQ#LV#6#PJ2NJ1##,Q WKHLU#ELRORJLF#VLJQLILFDQFH#LV#XQNQRZQ1##,Q#UDWV/#VXE0
WKH#SUHVHQW#630GD\#DQG#50\HDU#VWXGLHV/#GDLO\#GRVHV#RI FXWDQHRXV# LQMHFWLRQ#RI#SRO\YLQ\O# DOFRKRO# +PROHFXODU
LQWUDYDJLQDO#SRO\YLQ\O#DOFRKRO#VROXWLRQ#LQ#IHPDOH#PLFH ZHLJKW#68/333#WR#573/333,#KDV#EHHQ#XVHG#WR#FUHDWH#D
UDQJHG#IURP#;6#WR#583#PJ2NJ1##7KHUH#ZHUH#QR#VLJQLIL0 FRQGLWLRQ#RI#EHQLJQ#JORPHUXORSDWK\#ZLWK#WKLFNHQLQJ#RI
FDQW# GLIIHUHQFHV# LQ# VXUYLYDO/# ERG\#ZHLJKWV/# FOLQLFDO WKH#JORPHUXODU#EDVHPHQW#PHPEUDQH#EXW#ZLWKRXW#DOWHU0
ILQGLQJV/#RU#QHRSODVPV#RU#QRQQHRSODVWLF# OHVLRQV#EH0 DWLRQ#RI#WKH#JORPHUXODU#ILOWUDWLRQ#UDWH#+6WHU]HO#HW#DO1/
WZHHQ#YHKLFOH#FRQWURO#DQG#GRVHG#PLFH#LQ#WKH#FXUUHQW 4<;6>#0DXHU#HW#DO1/#4<;8,1##,Q#WKH#FXUUHQW#VWXG\#ZLWK
VWXG\1 LQWUDYDJLQDOO\#DGPLQLVWHUHG#SRO\YLQ\O#DOFRKRO#LQ#PLFH/

7KH#173#KLVWRULFDO#GDWDEDVH#DW#SUHVHQW#GRHV#QRW#OLVW WUROV/#YHKLFOH#FRQWUROV/#DQG#GRVHG#PLFH#ZHUH#GHWHFWHG
DQ\# DJHQWV# IRU# ZKLFK# WKH# YDJLQD# ZDV# D# WDUJHW# IRU E\#OLJKW#PLFURVFRS\1
QHRSODVP# LQGXFWLRQ1# # +RZHYHU/# FXUUHQW# VWXGLHV# RI
$=7#LQ#PLFH#LQGLFDWH#WKDW#WKH#PRXVH#LV#VXVFHSWLEOH#WR
QHRSODVP# LQGXFWLRQ# DW# WKLV# VLWH# +173/# 4<<;,1# #7KH
4;#VWXGLHV#LQ#WKH#KLVWRULFDO#GDWDEDVH#LQ#ZKLFK#HLWKHU#WKH
XWHUXV#RU#FHUYL[#ZDV# WKH#VLWH#RI#QHRSODVP# LQGXFWLRQ
ZHUH#HTXDOO\#GLVWULEXWHG#EHWZHHQ#PLFH#DQG#UDWV1##,Q
WKH#FXUUHQW#VWXG\#WKHUH#ZDV#QR#HYLGHQFH#RI#QHRSODVP
LQGXFWLRQ#LQ#WKH#UHSURGXFWLYH#WUDFW#RU#RWKHU#RUJDQV#RI
PLFH#DGPLQLVWHUHG#D#GDLO\#LQWUDYDJLQDO#GRVH#RI#53#�/
RI# D# 58(# VROXWLRQ# RI# SRO\YLQ\O# DOFRKRO# +PROHFXODU
ZHLJKW#DSSUR[LPDWHO\#57/333,#IRU#5#\HDUV1##1RQQHR0
SODVWLF#OHVLRQV#RI#WKH#UHSURGXFWLYH#WUDFW#LQ#GRVHG#PLFH
ZHUH#IHZ#LQ#QXPEHU#DQG#GLG#QRW#GLIIHU#LQ#VHYHULW\#RU
LQFLGHQFH#IURP#WKRVH#LQ#WKH#YHKLFOH#FRQWURO#JURXS1

,Q#DGGLWLRQ# WR#FRQFHUQ#DERXW# WKH# UHSURGXFWLYH# WUDFW/
V\VWHPLF#DEVRUSWLRQ#VWXGLHV#LQ#UDWV#VXJJHVWHG#WKDW#WKH
OLYHU#DQG#NLGQH\V#PLJKW#DOVR#EH#H[SRVHG#WR#SRO\YLQ\O
DOFRKRO# DIWHU# LQWUDYDJLQDO# DGPLQLVWUDWLRQ# ++DOO# DQG
+DOO/# 4<96># 6DQGHUV# DQG#0DWWKHZV/# 4<<3,1# # ,Q# WKH
FXUUHQW#VWXG\/# LQFLGHQFHV#RI#QHRSODVPV#DQG#QRQQHR0

QR#GLIIHUHQFHV#EHWZHHQ#WKH#NLGQH\V#RI#XQWUHDWHG#FRQ0

,QFLGHQFHV#RI#FKURQLF# LQIODPPDWLRQ#RI# WKH#SDQFUHDV
DQG#RI#WK\PLF#DWURSK\#LQ#XQWUHDWHG#FRQWUROV#ZHUH#OHVV
WKDQ# WKRVH# LQ# HLWKHU#YHKLFOH# FRQWURO#RU#GRVHG#PLFH1
%RWK#DUH#FRPPRQ#VSRQWDQHRXV#OHVLRQV1##%RG\#ZHLJKWV
RI#XQWUHDWHG#FRQWUROV#ZHUH#JUHDWHU#WKDQ#WKRVH#RI#HLWKHU
YHKLFOH#FRQWURO#RU#GRVHG#PLFH#WKURXJKRXW#PRVW#RI#WKH
VWXG\/#SHUKDSV#LQGLFDWLYH#RI#DQ#HIIHFW#DVVRFLDWHG#ZLWK
LQWUDYDJLQDO#GRVLQJ1

&21&/86,216
8QGHU#WKH#FRQGLWLRQV#RI#WKLV#50\HDU#VWXG\/#WKHUH#ZDV
QR# HYLGHQFH# RI# FDUFLQRJHQLF# DFWLYLW\-# RI# SRO\YLQ\O
DOFRKRO#+PROHFXODU#ZHLJKW#DSSUR[LPDWHO\#57/333,# LQ
IHPDOH#%9&6) #PLFH#DGPLQLVWHUHG#53#�/#RI#D#58(4

VROXWLRQ#LQWUDYDJLQDOO\1##7KHUH#ZHUH#QR#QHRSODVPV#RU
QRQQHRSODVWLF#OHVLRQV#FRQVLGHUHG#UHODWHG#WR#WUHDWPHQW
ZLWK#SRO\YLQ\O#DOFRKRO1

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#431
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5()(5(1&(6

$QGHUVRQ/#'1/1/#DQG#6KHD/#01# +4<94,1# #7LVVXH# UH0 'LQVH/#*1(1/#DQG#/DJDNRV/#61:1#+4<;6,1##5HJUHVVLRQ
VSRQVH#WR#SRO\YLQ\O#DOFRKRO#LPSODQWV#LQ#UDEELWV1##$P1
-1#2SKWKDOPRO1#84/#4533045361 569057;1

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

%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

&KHPLFDO# (FRQRPLFV# +DQGERRN# +4<<9,1# # 3URGXFW
5HYLHZ# 3RO\YLQ\O# $OFRKRO1# # 8;314;43&1# # 65,
,QWHUQDWLRQDO1

&REOHU/# -1/# /RQJ/# 01/# DQG# 2ZHQV/# (1# +4<9;,1
$QDO\WLFDO#FKHPLVWU\#RI#YLQ\O#ILOP0IRUPLQJ#SRO\PHUV1
6FL1#7HFKQRO1#3RO\P1#)LOPV/# :350;451# # ,QWHUVFLHQFH
3XEOLVKHUV/#1HZ#<RUN1

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

&RVPHWLF# ,QJUHGLHQW# 5HYLHZ# +&,5,# +4<<9,1# # )LQDO
5HSRUW1# # 3RO\YLQ\O# $OFRKRO1# # ([SHUW# 3DQHO# RI# WKH
&RVPHWLF#,QJUHGLHQW#5HYLHZ/#:DVKLQJWRQ/#'&1

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

'DVOHU/#:1/#DQG#0LOOLVHU/#5191#+4<96,1##,QGXFWLRQ#RI
WXPRUV# LQ#UDWV#E\#VXEFXWDQHRXV# LPSODQWV#RI#VXUJLFDO
VSRQJHV1##([SHULHQWLD#4</#75707591

'LQVH/#*1(1/#DQG#+DVHPDQ/#-1.1#+4<;9,1##/RJLVWLF#UH0
JUHVVLRQ#DQDO\VLV#RI#LQFLGHQWDO0WXPRU#GDWD#IURP#DQLPDO
FDUFLQRJHQLFLW\#H[SHULPHQWV1##)XQGDP1#$SSO1#7R[LFRO1
9/#770851 9DQ#1RVWUDQG#5HLQKROG/#1HZ#<RUN1

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

'XNHV/# &1(1/# DQG# 0LWFKOH\/# %1&191# +4<95,1
3RO\YLQ\O#VSRQJH#LPSODQWV=##([SHULPHQWDO#DQG#FOLQLFDO
REVHUYDWLRQV1##%U1#-1#3ODVW1#6XUJ1#49/#55805681

'XQQHWW/#&1:1#+4<88,1##$#PXOWLSOH#FRPSDULVRQ#SURFH0
GXUH#IRU#FRPSDULQJ#VHYHUDO#WUHDWPHQWV#ZLWK#D#FRQWURO1
-1#$P1#6WDW1#$VVRF1#83/#43<9044541

)DVVLKL/#$151/#DQG#1DLGRR/#1171#+4<;<,1##,UULWDWLRQ
DVVRFLDWHG#ZLWK#WHDU0UHSODFHPHQW#RSKWKDOPLF#GURSV1##$
SKDUPDFHXWLFDO#DQG#VXEMHFWLYH#LQYHVWLJDWLRQ1##61#$IU1
0HG1#-1#:8/#56605681

)LVKHU/# %1(1# +4<<9,1# # 'LVVROYLQJ# PHGLFDO# ZDVWH1
(QYLURQ1#+HDOWK#3HUVSHFW1#437/#:3;0:431

*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

*UDQW/#:101#+4<:7,1##7R[LFRORJ\#RI#WKH#(\H/#5QG#HG1/
SS1#;7<0;831##&KDUOHV#&1#7KRPDV/#6SULQJILHOG/#,/1

+DOO/#&1(1/#DQG#+DOO/#21#+4<96,1##3RO\YLQ\O#DOFRKRO
QHSKURVLV=##5HODWLRQVKLS#RI#GHJUHH#RI#SRO\PHUL]DWLRQ
WR#SDWKRSK\VLRORJLF# HIIHFWV1# #3URF1#6RF1#([S1#%LRO1
0HG1#445/#;90<41

+DPLW/#+1)1#+4<8:,1##,PSODQWDWLRQ#RI#SODVWLFV#LQ#WKH
EUHDVW1# #&RPSOLFDWLRQV# LQ# D# FDVH1# #$UFK1#6XUJ1#:8/
557055<1

+DVHPDQ/# -1.1# +4<;7,1# # 6WDWLVWLFDO# LVVXHV# LQ# WKH
GHVLJQ/#DQDO\VLV#DQG#LQWHUSUHWDWLRQ#RI#DQLPDO#FDUFLQR0
JHQLFLW\# VWXGLHV1# # (QYLURQ1# +HDOWK# 3HUVSHFW1# 8;/
6;806<51

+DZOH\·V# &RQGHQVHG# &KHPLFDO# 'LFWLRQDU\# +4<;:,1
44WK#HG1#+11,1#6D[#DQG#51-1#/HZLV/#6U1/#(GV1,/#S1#<781



65 3RO\YLQ\O#$OFRKRO/#173#75#7:7

+ROODQGHU/# 01/# DQG# :ROIH/# '1$1# +4<:6,1 0DURQSRW/# 5151/# DQG# %RRUPDQ/# *1$1# +4<;5,1
1RQSDUDPHWULF# 6WDWLVWLFDO# 0HWKRGV/# SS1# 45304561 ,QWHUSUHWDWLRQ# RI# URGHQW# KHSDWRFHOOXODU# SUROLIHUDWLYH
-RKQ#:LOH\#DQG#6RQV/#1HZ#<RUN1 DOWHUDWLRQV# DQG# KHSDWRFHOOXODU# WXPRUV# LQ# FKHPLFDO

+XHSHU/# :1&1# +4<8<,1# # &DUFLQRJHQLF# VWXGLHV# RQ
ZDWHU0VROXEOH#DQG# LQVROXEOH#PDFURPROHFXOHV1# #$UFK1
3DWKRO1#9:/#8;<094:1

+XOPDQ/# *1/# DQG# .LUNKDP/# -161# +4<<3,1# # ,YDORQ
+SRO\YLQ\O#DOFRKRO,#VSRQJH#SUHVHQWLQJ#DV#DQ#H[WUDUHFWDO
PDVV1##+LVWRSDWKRORJ\#49/#83508371

,QWHUQDWLRQDO#$JHQF\#IRU#5HVHDUFK#RQ#&DQFHU#+,$5&,
+4<:<,1##,$5&#0RQRJUDSKV#RQ#WKH#(YDOXDWLRQ#RI#WKH
&DUFLQRJHQLF#5LVN#RI#&KHPLFDOV# WR#+XPDQV1##9LQ\O
$FHWDWH/# 3RO\YLQ\O#$FHWDWH# DQG# 3RO\YLQ\O#$OFRKRO/
9RO1#4<1##,$5&/#/\RQ/#)UDQFH1

-RKQVRQ/#,151/#0DFSKHUVRQ/#01%1$1/#:HOFK/#&1&1/
DQG#)LOVKLH/#*101#+4<;8,1##$#FRPSDULVRQ#RI#/DPLFHO
DQG#SURVWDJODQGLQ#( #YDJLQDO#JHO#IRU#FHUYLFDO#ULSHQLQJ5

EHIRUH#LQGXFWLRQ#RI#ODERU1##$P1#-1#2EVWHW1#*\QHFRO1
484/#937093:1

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

.ULVKQD/# 11/# DQG#0LWFKHOO/# %1# +4<98,1# # 3RO\YLQ\O
DOFRKRO#DV#DQ#RSKWKDOPLF#YHKLFOH1# #(IIHFW#RQ#RFXODU
VWUXFWXUHV1##$P1#-1#2SKWKDOPRO1#8</#;930;971

/DQPDQ/# 71+1/#0DUWLQ/# 11$1/# DQG# 9LQWHUV/# +191
+4<;;,1# #7KH#SDWKRORJ\#RI#HQFHSKDOLF#DUWHULRYHQRXV
PDOIRUPDWLRQV# WUHDWHG# E\# SULRU# HPERORWKHUDS\1
1HXURUDGLRORJ\#63/#40431

/HIDX[/#51#+4<9;,1##3UDFWLFDO#7R[LFRORJ\#RI#3ODVWLFV
+3131#+RSI/#(G1,/#SS1#4<053/#7;093/#533/#5;505;71
&5&#3UHVV/#&OHYHODQG/#2+1

0F&RQQHOO/#(1(1/#6ROOHYHOG/#+1$1/#6ZHQEHUJ/#-1$1/
DQG#%RRUPDQ/#*1$1#+4<;9,1##*XLGHOLQHV#IRU#FRPELQ0
LQJ#QHRSODVPV#IRU#HYDOXDWLRQ#RI#URGHQW#FDUFLQRJHQHVLV
VWXGLHV1##-1&,#:9/#5;605;<1

0F.QLJKW/#%1/# DQG#&URZOH\/# -1# +4<;7,1# #7HVWV# IRU
GLIIHUHQFHV#LQ#WXPRU#LQFLGHQFH#EDVHG#RQ#DQLPDO#FDU0
FLQRJHQHVLV# H[SHULPHQWV1# # -1# $P1# 6WDW1# $VVRF1# :</
96<097;1

VDIHW\#DVVHVVPHQW1##7R[LFRO1#3DWKRO1#43/#:40;31

0DXHU/# 6101/# 6WHIIHV/# 01:1/# DQG# %URZQ/# '101
+4<;8,1##(IIHFWV#RI#PHVDQJLDO#ORFDOL]DWLRQ#RI#SRO\YLQ\O
DOFRKROV#RQ#JORPHUXODU#EDVHPHQW#PHPEUDQH#WKLFNQHVV1
.LGQH\#,QW1#5:/#:840:881

7KH#0HUFN# ,QGH[# +4<:9,1# # <WK# HG1# +01#:LQGKRO]/
(G1,/#S1#:391##0HUFN#DQG#&RPSDQ\/#5DKZD\/#1-1

7KH#0HUFN#,QGH[#+4<;<,1##44WK#HG1#+61#%XGDYDUL/#(G1,/
S1#453;1##0HUFN#DQG#&RPSDQ\/#5DKZD\/#1-1

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

1DWLRQDO# 7R[LFRORJ\# 3URJUDP# +173,# +4<<;,1
7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#$=7#+&$6
1R1# 638490;:04,# DQG# $=72û0,QWHUIHURQ# $2'# LQ
%9&6) #0LFH# +*DYDJH#6WXGLHV,1# #7HFKQLFDO#5HSRUW4

6HULHV#1R1#79<1##1,+#3XEOLFDWLRQ#1R1#<;06<8<1##8161
'HSDUWPHQW# RI#+HDOWK# DQG#+XPDQ#6HUYLFHV/#3XEOLF
+HDOWK# 6HUYLFH/# 1DWLRQDO# ,QVWLWXWHV# RI# +HDOWK/
5HVHDUFK#7ULDQJOH#3DUN/#1&1##+LQ#SUHVV,

2SSHQKHLPHU/# %161/# 2SSHQKHLPHU/# (171/
'DQLVKHIVN\/#,1/#6WRXW/#$131/#DQG#(LULFK/#)151#+4<88,1
)XUWKHU#VWXGLHV#RI#SRO\PHUV#DV#FDUFLQRJHQLF#DJHQWV#LQ
DQLPDOV1##&DQFHU#5HV1#48/#66606731

5RH/# )1-1&1/# 'XNHV/# &1(1/# DQG#0LWFKOH\/# %1&191
+4<9:,1# # 6DUFRPDV# DW# WKH# VLWH# RI# LPSODQWDWLRQ# RI# D
SRO\YLQ\O#SODVWLF#VSRQJH=##,QFLGHQFH#UHGXFHG#E\#XVH#RI
WKLQ#LPSODQWV1##%LRFKHP1#3KDUPDFRO1#49/#97:09831
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5XVVHOO/# )1(1/# 6LPPHUV/# 01+1/# +LUVW/# $1(1/# DQG :DOWHU/# -1%1/# DQG#&KLDUDPRQWH/#/1*1# +4<98,1# #7KH
3XGHQ]/#51+1#+4<8<,1##7XPRUV#DVVRFLDWHG#ZLWK#HP0 WLVVXH# UHVSRQVHV# RI# WKH# UDW# WR# LPSODQWHG# LYDORQ/
EHGGHG#SRO\PHUV1##-1#1DWO1#&DQFHU#,QVW1#56/#63806441

85/#7<0871

6DQGHUV/#-101/#DQG#0DWWKHZV/#+1%1#+4<<3,1#9DJLQDO
DEVRUSWLRQ#RI#SRO\YLQ\O#DOFRKRO# LQ#)LVFKHU#677#UDWV1
+XP1#([S1#7R[LFRO1#</#:40::1

6KLEX\D/#71/#7DQDND/#11/#.DWRK/#01/#0DWVXGD/#<171/
DQG# 0RULWD/# .1# +4<;8,1# # 0XWDJHQLFLW\# WHVWLQJ# RI
670ILOP#ZLWK#WKH#$PHV#WHVW/#FKURPRVRPH#WHVW#LQ#YLWUR
DQG#PLFURQXFOHXV#WHVW#LQ#IHPDOH#PLFH1##-1#7R[LFRO1#6FL1
43/#46804741

6WHU]HO/#51%1/#(LVHQEDFK/#*101/#6HLOHU/#01:1/#DQG
+R\HU/#-151#+4<;6,1##8SWDNH#RI#SRO\YLQ\O#DOFRKRO#E\
PDFURSKDJHV# LQ# WKH#JORPHUXODU#PHVDQJLXP#RI# UDWV1
+LVWRORJLF#DQG#IXQFWLRQDO#VWXGLHV1##$P1#-1#3DWKRO1#444/
57:058:1

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

HWKHURQ/#DQG#SRO\IRDP#SODVWLF#VSRQJHV1##%U1#-1#6XUJ1

:LOOLDPV/#'1$1# +4<:4,1# #$# WHVW# IRU#GLIIHUHQFHV#EH0
WZHHQ#WUHDWPHQW#PHDQV#ZKHQ#VHYHUDO#GRVH#OHYHOV#DUH
FRPSDUHG#ZLWK#D#]HUR#GRVH#FRQWURO1##%LRPHWULFV#5:/
436044:1

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

<DPDRND/# 71/# 7DEDWD/# <1/# DQG# ,NDGD/# <1# +4<<8,1
&RPSDULVRQ# RI# ERG\# GLVWULEXWLRQ# RI# SRO\+YLQ\O
DOFRKRO,#ZLWK#RWKHU#ZDWHU0VROXEOH#SRO\PHUV#DIWHU#LQWUD0
YHQRXV# DGPLQLVWUDWLRQ1# # -1#3KDUP1#3KDUPDFRO1# 7:/
7:<07;91#

=DLWVHY/# 11$1# DQG# 6NDFKNRYD/# ,111# DQG
6HFKHQRY/# ,101# +4<;9,1# #6XEVWDQWLDWLRQ#RI#K\JLHQLF
VWDQGDUGV# IRU# VRPH# SRO\PHULF# FRPSRXQGV# LQ#ZDWHU
ZLWK#WKH#XVH#RI#JUDGXDO#VWDQGDUGL]DWLRQ1##*LJ1#6DQLW1
43/#:80:91
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$33(1',;#$
6800$5<#2)#/(6,216#,1#)(0$/(#0,&(
,1#7+(#50<($5#,175$9$*,1$/#678'<

2)#32/<9,1</#$/&2+2/

7$%/(#$4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH
LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

7$%/(#$5 ,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH
LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73

7$%/(#$6D 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH
LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=
8QWUHDWHG#&RQWURO#YV1#9HKLFOH#&RQWURO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3

7$%/(#$6E 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH
LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=
8QWUHDWHG#&RQWURO#YV1#58( 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

7$%/(#$6F 6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH
LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=
9HKLFOH#&RQWURO#YV1#58( 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9

7$%/(#$7 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH
LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<
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7$%/(#$4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKROD

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 433 433 433
(DUO\#GHDWKV
$FFLGHQWDO#GHDWKV 43 7 8
0RULEXQG 4< 58 46
1DWXUDO#GHDWKV 57 53 54

6XUYLYRUV
7HUPLQDO#VDFULILFH 7: 84 94

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 433 433 433

$OLPHQWDU\#6\VWHP
*DOOEODGGHU +:9, +;:, +:<,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +4(,

,QWHVWLQH#VPDOO/#GXRGHQXP +;;, +<3, +<5,
3RO\S#DGHQRPDWRXV ##4 +4(,## ##4 +4(,

,QWHVWLQH#VPDOO/#MHMXQXP +;<, +<3, +<4,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#VWRPDFK/#IRUHVWRPDFK ##4 +4(,

,QWHVWLQH#VPDOO/#LOHXP +;;, +<3, +<5,
/LYHU +<<, +<<, +433,
+HSDWRFHOOXODU#FDUFLQRPD #44 +44(,# #4; +4;(,# #53 +53(,
+HSDWRFHOOXODU#DGHQRPD #58 +58(,# #76 +76(,# #69 +69(,
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH #63 +63(,# #46 +46(,# #4< +4<(,
+HSDWRFKRODQJLRFDUFLQRPD ### ###### ### ###### ##5 +5(,
+LVWLRF\WLF#VDUFRPD ##7 +7(,## ##5 +5(,## ##4 +4(,
6HURVD/#ILEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +4(,

0HVHQWHU\ +66, +58, +69,
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF ### ###### ##4 +7(,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##5 +9(,
+LVWLRF\WLF#VDUFRPD ##4 +6(,
5KDEGRP\RVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +6(,
6DUFRPD ##4 +6(,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#VWRPDFK/#IRUHVWRPDFK ##4 +6(,
<RON#VDF#FDUFLQRPD/#PHWDVWDWLF/#RYDU\ ### ###### ### ###### ##4 +6(,

3DQFUHDV +<:, +<8, +<;,
$GHQRPD ##4 +4(,
&DUFLQRPD ### ###### ##4 +4(,
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +4(,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +4(,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#VWRPDFK/#IRUHVWRPDFK ##4 +4(,

6DOLYDU\#JODQGV +<<, +<:, +433,
6WRPDFK/#IRUHVWRPDFK +<7, +<6, +<:,
6TXDPRXV#FHOO#FDUFLQRPD ##4 +4(,
6TXDPRXV#FHOO#SDSLOORPD ##5 +5(,

6WRPDFK/#JODQGXODU +<6, +<6, +<9,
/HLRP\RVDUFRPD ### ###### ### ###### ##4 +4(,

&DUGLRYDVFXODU#6\VWHP
+HDUW +433, +<<, +433,
+HPDQJLRVDUFRPD ##4 +4(,
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +4(,
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7$%/(#$4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +433, +<7, +<:,
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF ### ###### ##4 +4(,
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ##4 +4(,
+LVWLRF\WLF#VDUFRPD ##4 +4(,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#VWRPDFK/#IRUHVWRPDFK ##4 +4(,
&DSVXOH/#DGHQRPD ### ###### ##4 +4(,
&DSVXOH/#FDUFLQRPD ### ###### ### ###### ##4 +4(,

$GUHQDO#PHGXOOD +<<, +<7, +<5,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +4(,
3KHRFKURPRF\WRPD#EHQLJQ ### ###### ##5 +5(,

,VOHWV/#SDQFUHDWLF +<:, +<7, +<:,
$GHQRPD ### ###### ##6 +6(,## ##4 +4(,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +4(,

3DUDWK\URLG#JODQG +8<, +8<, +9<,
$GHQRPD ### ###### ### ###### ##4 +4(,

3LWXLWDU\#JODQG +;;, +;9, +;7,
3DUV#GLVWDOLV/#DGHQRPD #46 +48(,# ##< +43(,# #43 +45(,
3DUV#LQWHUPHGLD/#DGHQRPD ##4 +4(,

7K\URLG#JODQG +433, +<9, +433,
&0FHOO/#DGHQRPD ### ###### ##4 +4(,
)ROOLFXODU#FHOO/#DGHQRPD ##; +;(,## ##< +<(,## #44 +44(,
)ROOLFXODU#FHOO/#FDUFLQRPD ### ###### ##4 +4(,

*HQHUDO#%RG\#6\VWHP
7LVVXH#126 #+4,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#VWRPDFK/#IRUHVWRPDFK ##4 +433(,

*HQLWDO#6\VWHP
2YDU\ +<8, +<:, +<:,
&\VWDGHQRPD ##9 +9(,## ##8 +8(,## ##6 +6(,
*UDQXORVD#FHOO#WXPRU#EHQLJQ ##4 +4(,## ##5 +5(,
+HPDQJLRVDUFRPD ##4 +4(,
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +4(,## ##4 +4(,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +4(,
+LVWLRF\WLF#VDUFRPD ##6 +6(,## ##4 +4(,
/LSRVDUFRPD ### ###### ##4 +4(,
/XWHRPD ##4 +4(,## ### ###### ##5 +5(,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#VWRPDFK/#IRUHVWRPDFK ##4 +4(,
7HUDWRPD#EHQLJQ ### ###### ### ###### ##4 +4(,
<RON#VDF#FDUFLQRPD ### ###### ### ###### ##5 +5(,

8WHUXV +433, +433, +433,
&DUFLQRPD ### ###### ### ###### ##4 +4(,
'HFLGXRPD#126 ### ###### ### ###### ##4 +4(,
*UDQXODU#FHOO#WXPRU#EHQLJQ ##4 +4(,## ##4 +4(,
+DPDUWRPD ##4 +4(,
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +4(,
+LVWLRF\WLF#VDUFRPD ##7 +7(,## ##5 +5(,## ##4 +4(,
/HLRP\RPD ### ###### ##4 +4(,
3RO\S#VWURPDO ### ###### ##4 +4(,## ##6 +6(,
6DUFRPD#VWURPDO ### ###### ##5 +5(,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#VWRPDFK/#IRUHVWRPDFK ##4 +4(,
6HURVD/#ILEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +4(,

9DJLQD +<:, +<<, +<<,
+LVWLRF\WLF#VDUFRPD ### ###### ### ###### ##4 +4(,
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7$%/(#$4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +433, +<;, +433,
+LVWLRF\WLF#VDUFRPD ### ###### ##4 +4(,

/\PSK#QRGH +48, +54, +54,
/LSRVDUFRPD ### ###### ##4 +8(,
3ODVPD#FHOO#WXPRU#EHQLJQ ### ###### ### ###### ##4 +8(,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#VWRPDFK/#IRUHVWRPDFK ##4 +:(,
,OLDF/#KLVWLRF\WLF#VDUFRPD ##4 +:(,## ##4 +8(,
,QJXLQDO/#ILEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +:(,
0HGLDVWLQDO/#ILEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +:(,
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD ##4 +:(,
0HGLDVWLQDO/#VDUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH ### ###### ##4 +8(,
5HQDO/#KLVWLRF\WLF#VDUFRPD ##4 +:(,## ##4 +8(,

/\PSK#QRGH/#PDQGLEXODU +<5, +<7, +<6,
3ODVPD#FHOO#WXPRU#EHQLJQ ### ###### ### ###### ##4 +4(,

/\PSK#QRGH/#PHVHQWHULF +<3, +<6, +<6,
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +4(,
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +4(,## ##4 +4(,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +4(,
+LVWLRF\WLF#VDUFRPD ##7 +7(,
5KDEGRP\RVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +4(,
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH ### ###### ##4 +4(,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#VWRPDFK/#IRUHVWRPDFK ##4 +4(,

6SOHHQ +<;, +<9, +<;,
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +4(,
+LVWLRF\WLF#VDUFRPD ##5 +5(,
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH ### ###### ##4 +4(,

7K\PXV +<;, +<6, +<<,
$OYHRODU2EURQFKLRODU#FDUFLQRPD/#PHWDVWDWLF/#OXQJ ##4 +4(,
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ ### ###### ##4 +4(,
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +4(,
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ##4 +4(,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +4(,
7K\PRPD#EHQLJQ ##4 +4(,## ### ###### ##4 +4(,

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG +<6, +<5, +<4,
$GHQRPD ##4 +4(,
&DUFLQRPD ### ###### ### ###### ##4 +4(,

6NLQ +<;, +<;, +433,
)LEURVDUFRPD ##4 +4(,
6DUFRPD ##4 +4(,
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD ##4 +4(,## ##5 +5(,
6XEFXWDQHRXV#WLVVXH/#ILEURXV#KLVWLRF\WRPD ##4 +4(,
6XEFXWDQHRXV#WLVVXH/#SLQQD/#ILEURVDUFRPD ### ###### ### ###### ##4 +4(,

0XVFXORVNHOHWDO#6\VWHP
%RQH +433, +433, +433,
3HOYLV/#VDUFRPD ### ###### ### ###### ##4 +4(,

6NHOHWDO#PXVFOH #+<, +43, #+;,
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH ##4 +44(,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##4 +46(,
5KDEGRP\RVDUFRPD ##5 +55(,# ##5 +53(,# ##5 +58(,
6DUFRPD ### ###### ### ###### ##4 +46(,
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/#VWRPDFK/#IRUHVWRPDFK ##4 +44(,
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7$%/(#$4
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(

1HUYRXV#6\VWHP
%UDLQ +433, +<<, +433,

5HVSLUDWRU\#6\VWHP
/XQJ +433, +<;, +433,
$OYHRODU2EURQFKLRODU#DGHQRPD ##9 +9(,## ##: +:(,## ##; +;(,
$OYHRODU2EURQFKLRODU#FDUFLQRPD ##6 +6(,## ##6 +6(,## ##8 +8(,
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG ##4 +4(,
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ ### ###### ##4 +4(,
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU ##7 +7(,## ##5 +5(,
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU ### ###### ### ###### ##5 +5(,
+LVWLRF\WLF#VDUFRPD ##5 +5(,## ##4 +4(,
2VWHRVDUFRPD/#PHWDVWDWLF/#WLVVXH#126 ##4 +4(,
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH ### ###### ##4 +4(,## ##4 +4(,
<RON#VDF#FDUFLQRPD/#PHWDVWDWLF/#RYDU\ ### ###### ### ###### ##4 +4(,

1RVH +433, +433, +433,
&DUFLQRPD ### ###### ##4 +4(,

6SHFLDO#6HQVHV#6\VWHP
+DUGHULDQ#JODQG #+8, +44, #+9,
$GHQRPD ##7 +;3(,# ##< +;5(,# ##7 +9:(,
&DUFLQRPD ##4 +53(,# ##5 +4;(,# ##4 +4:(,

=\PEDO·V#JODQG #### #+6,
&DUFLQRPD ### ###### ##4 +66(,

8ULQDU\#6\VWHP
.LGQH\ +433, +<;, +433,
$GHQRPD ### ###### ##4 +4(,
+LVWLRF\WLF#VDUFRPD ##4 +4(,

8ULQDU\#EODGGHU +<9, +<9, +<;,
+LVWLRF\WLF#VDUFRPD ### ###### ##4 +4(,

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV +433, +433, +433,E

+LVWLRF\WLF#VDUFRPD ##7 +7(,## ##5 +5(,## ##4 +4(,
/\PSKRPD#PDOLJQDQW #46 +46(,# #47 +47(,# #4; +4;(,

1HRSODVP#6XPPDU\
7RWDO#DQLPDOV#ZLWK#SULPDU\#QHRSODVPV :; ;5 ;;F

7RWDO#SULPDU\#QHRSODVPV 478 493 494
7RWDO#DQLPDOV#ZLWK#EHQLJQ#QHRSODVPV 9: :5 9<
7RWDO#EHQLJQ#QHRSODVPV 436 43< 435

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV 6; 73 84
7RWDO#PDOLJQDQW#QHRSODVPV 75 84 8;

7RWDO#DQLPDOV#ZLWK#PHWDVWDWLF#QHRSODVPV 44 : 7
7RWDO#PHWDVWDWLF#QHRSODVPV 66 46 48

7RWDO#DQLPDOV#ZLWK#PDOLJQDQW#QHRSODVPV
##RI#XQFHUWDLQ#SULPDU\#VLWH 5 4

7RWDO#DQLPDOV#ZLWK#XQFHUWDLQ#QHRSODVPV³
##EHQLJQ#RU#PDOLJQDQW 4
7RWDO#XQFHUWDLQ#QHRSODVPV 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#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=
8QWUHDWHG#&RQWURO

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

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

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

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

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

3RO\S#DGHQRPDWRXV # # # # # # # # # # # # # # # # # # # ;
,QWHVWLQH#VPDOO/#MHMXQXP . . $ . . $ . . . $ . . $ $ . $ $ . . . . $ $ . .

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # ;

,QWHVWLQH#VPDOO/#LOHXP . . $ . . $ . . $ $ . . $ $ . $ $ . . . . $ $ . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . $ . .

+HSDWRFHOOXODU#FDUFLQRPD # # # # # # # # # # # # # # # # ;
+HSDWRFHOOXODU#DGHQRPD # # # # # # ; # # # # # # # # # ; # # ; # # # ; ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
6HURVD/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH

0HVHQWHU\ # # # # # # . # . # . # . # . # # # .
+LVWLRF\WLF#VDUFRPD
5KDEGRP\RVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH
6DUFRPD
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # ;

3DQFUHDV . . . . . $ . . . . . . $ . . . . . . . . . $ . .
$GHQRPD
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # ;

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

6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # ;
6TXDPRXV#FHOO#SDSLOORPD

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

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

+HPDQJLRVDUFRPD
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # ;

.=##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#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

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

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

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

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

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

3RO\S#DGHQRPDWRXV
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . $ $

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . $ $
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # ; # # # ; # # # # ; # # # # # # ;
+HSDWRFHOOXODU#DGHQRPD ; # # # # # # # # # ; ; # # # # # # ; # # ; ; ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # ; # # ; # # ; # ; ; # # # ;
+LVWLRF\WLF#VDUFRPD # # # # # # # ; ; # # # # # # # # # # # ;
6HURVD/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # ;

0HVHQWHU\ # # . # . . . # # . # # . . # . . # # . . # # . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
5KDEGRP\RVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH
6DUFRPD # # # # # # # # # # # # # # # ;
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
$GHQRPD
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # ;
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

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

6TXDPRXV#FHOO#FDUFLQRPD
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # ;

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

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

+HPDQJLRVDUFRPD
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6

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

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

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

3RO\S#DGHQRPDWRXV
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # ; # # # # # # # # # # # # # # # # # ; ;
+HSDWRFHOOXODU#DGHQRPD ; ; # # # ; # ; # ; # # # # # # # # # # # ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # ; # # # ; # ; # # # ; ; ; ; ; ; ; # ; # ; ;
+LVWLRF\WLF#VDUFRPD
6HURVD/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH

0HVHQWHU\ # # # # # # # # # # . # . . . # . . # # . .
+LVWLRF\WLF#VDUFRPD
5KDEGRP\RVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH # # # # # # # # # # # # # ;
6DUFRPD
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
$GHQRPD # # # # # # # # # # # # # # # ;
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

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

6TXDPRXV#FHOO#FDUFLQRPD
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # ;

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

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

+HPDQJLRVDUFRPD
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
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

3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 7RWDO
&DUFDVV#,'#1XPEHU 6 7 7 8 8 9 9 9 ; ; ; < 3 4 5 6 6 7 8 8 9 : < < 3 7LVVXHV2

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

$OLPHQWDU\#6\VWHP
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 433
*DOOEODGGHU . . . . . . . . . . . . , . . . . . . , . . . . . :9
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . <5
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . ;<
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . ;;
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . ;;

3RO\S#DGHQRPDWRXV # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . ;<

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . ;;
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . <<

+HSDWRFHOOXODU#FDUFLQRPD # # ; # # # # # # # # # # # # # # ; # # # ; # # # 44
+HSDWRFHOOXODU#DGHQRPD # # # # # # ; # # # # ; ; # # # ; # # ; # ; # # ; 58
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # ; ; ; ; # # ; ; ; # # # # ; ; # ; ; # # # # # # 63
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #7
6HURVD/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

0HVHQWHU\ # # # # # # # # # . . # # # . # . . # # # # . # # 66
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
5KDEGRP\RVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # #### #4
6DUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . <:
$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # ### 4
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # #4

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . <<
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . <7

6TXDPRXV#FHOO#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6TXDPRXV#FHOO#SDSLOORPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

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

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO # # # . # # # # # # # # # # # # # # # # # # # # # #4
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 433

+HPDQJLRVDUFRPD # # # ; # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=
8QWUHDWHG#&RQWURO

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

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

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

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

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

+LVWLRF\WLF#VDUFRPD
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # ;

$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .
,VOHWV/#SDQFUHDWLF . . . . . $ . . . . . . . . . . . . . . . . $ . .
3DUDWK\URLG#JODQG . . , , , . . . . , . , , , , . , , . . , . , , ,
3LWXLWDU\#JODQG . . . . . $ 0 , . . 0 . . . 0 . . . . . . . . . .

3DUV#GLVWDOLV/#DGHQRPD
3DUV#LQWHUPHGLD/#DGHQRPD

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . .
)ROOLFXODU#FHOO/#DGHQRPD

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

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # ;

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . . . . . . . , . . . . . 0 . , . . . . . , . . .
2YDU\ . . . . . $ . . . . . . . . . . . . . . . 0 . . .

&\VWDGHQRPD # # # # # # # # # # # # # # ;
*UDQXORVD#FHOO#WXPRU#EHQLJQ
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # ;
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # ;
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
/XWHRPD
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # ;

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
*UDQXODU#FHOO#WXPRU#EHQLJQ
+DPDUWRPD
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # ;
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # ;
6HURVD/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH

9DJLQD . . . . . . # . . . . . . . . . . . . . . . . . .

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

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # ;
,OLDF/#KLVWLRF\WLF#VDUFRPD
,QJXLQDO/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH
0HGLDVWLQDO/#ILEURVDUFRPD/
##PHWDVWDWLF/#VNHOHWDO#PXVFOH
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD
5HQDO/#KLVWLRF\WLF#VDUFRPD
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

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

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

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

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

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . , . . . . . . . .
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . $ . . . . . . . . . . . . .
3DUDWK\URLG#JODQG . . . . . . . , , . . . . . , , . . , , , . , . .
3LWXLWDU\#JODQG . . . . . . . 0 . . . 0 . . . . . . . . . . . , .

3DUV#GLVWDOLV/#DGHQRPD # # # # # # ; # # # # # # ; # # ;
3DUV#LQWHUPHGLD/#DGHQRPD

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

*HQHUDO#%RG\#6\VWHP
7LVVXH#126

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

*HQLWDO#6\VWHP
&OLWRUDO#JODQG , . . . . . . . . , , . . . . . . . . . . . . . .
2YDU\ . . . . . . . . . . , . . . . . . . . . . . . . .

&\VWDGHQRPD # # # # # # # # # # # # # # # # # ; # # # # ;
*UDQXORVD#FHOO#WXPRU#EHQLJQ
+HPDQJLRVDUFRPD
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD # # # # # # # ; ;
/XWHRPD
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
*UDQXODU#FHOO#WXPRU#EHQLJQ
+DPDUWRPD
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD # # # # # # # ; ; # # # # # # # # # # # ;
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK
6HURVD/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # ;

9DJLQD . # . . . . . . . . # . . . . . . . . . . . . . .

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

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK
,OLDF/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
,QJXLQDO/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # ;
0HGLDVWLQDO/#ILEURVDUFRPD/
##PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # ;
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6

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

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

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

+LVWLRF\WLF#VDUFRPD
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . .
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .
3DUDWK\URLG#JODQG . , , . , . . . . , . . . . . . , , , , . . , , ,
3LWXLWDU\#JODQG . . . . . . . 0 . . . 0 . . . . . . . . 0 . . . 0

3DUV#GLVWDOLV/#DGHQRPD # # ; ; # # # # # # # # # # # # # # ;
3DUV#LQWHUPHGLD/#DGHQRPD

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

*HQHUDO#%RG\#6\VWHP
7LVVXH#126

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . . . . . . . . . . . . . . . . . . . . . . . . ,
2YDU\ . . . . . . . 0 . . . . . . . . . . . . . . . . .

&\VWDGHQRPD # # # # # # # # # # # # # # ;
*UDQXORVD#FHOO#WXPRU#EHQLJQ # # # # # # # # # # # ;
+HPDQJLRVDUFRPD
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD
/XWHRPD
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
*UDQXODU#FHOO#WXPRU#EHQLJQ
+DPDUWRPD # # # # # # # # # # # # # ;
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK
6HURVD/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH

9DJLQD . . . . . . . . . . . . . . . . . . . . . . . . .

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

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK
,OLDF/#KLVWLRF\WLF#VDUFRPD
,QJXLQDO/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH
0HGLDVWLQDO/#ILEURVDUFRPD/
##PHWDVWDWLF/#VNHOHWDO#PXVFOH
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD
5HQDO/#KLVWLRF\WLF#VDUFRPD
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
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

3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 7RWDO
&DUFDVV#,'#1XPEHU 6 7 7 8 8 9 9 9 ; ; ; < 3 4 5 6 6 7 8 8 9 : < < 3 7LVVXHV2

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

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . 433

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # #4

$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . <<
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . <:
3DUDWK\URLG#JODQG . . . . . , . . . , . , , . . . , . . . . , . , , 8<
3LWXLWDU\#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . ;;

3DUV#GLVWDOLV/#DGHQRPD ; # # # # # ; # # ; # # # # ; ; # # # # # ; # # ; 46
3DUV#LQWHUPHGLD/#DGHQRPD # # # # # # # # # # # # # # # # # # # # ; # # # # #4

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 433
)ROOLFXODU#FHOO/#DGHQRPD ; # ; # # # # # # # # # # # # # # # # # # # # # ; #;

*HQHUDO#%RG\#6\VWHP
7LVVXH#126 # # # # # # # # # # # # # # # # # # # # # # # # # #4

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # #4

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . . . . . . . 0 . , . . . . . . , . . . . . . . . ;<
2YDU\ . . . . . . . . . . . . . , . . . . . . . . . . . <8

&\VWDGHQRPD # # # # # # # # # # # # # # # # # # # # # # # ; ; #9
*UDQXORVD#FHOO#WXPRU#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HPDQJLRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6
/XWHRPD # # # # # # # # # # # ; # # # # # # # # # # # # # #4
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # #4

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 433
*UDQXODU#FHOO#WXPRU#EHQLJQ # # ; # # # # # # # # # # # # # # # # # # # # # # #4
+DPDUWRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #7
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # #4
6HURVD/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #4

9DJLQD . . . . . . . . . . . . . . . . . . . . . . . . . <:

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 433
/\PSK#QRGH # # # # # # # # # # # # . # # # # # # # # . # # # 48

6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # #4
,OLDF/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QJXLQDO/#ILEURVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HGLDVWLQDO/#ILEURVDUFRPD/
##PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # #### ####4
0HGLDVWLQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

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

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

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

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

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
/\PSK#QRGH/#PDQGLEXODU . . . , . . 0 . . . . , . . . . . . , . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . $ . . . $ . . $ $ . . . . . . . $ $ , .

)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
5KDEGRP\RVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # ;

6SOHHQ . . . . . $ . . . . . . . . . . . . . . . . $ . .
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH
+LVWLRF\WLF#VDUFRPD

7K\PXV . . . . . . . , . . . . . . . . . . . . . . . . .
$OYHRODU2EURQFKLRODU#FDUFLQRPD/
##PHWDVWDWLF/#OXQJ # # # # # # # # # # ;
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # ;
7K\PRPD#EHQLJQ

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

$GHQRPD
6NLQ . . . . . . . . . . . . . . . . . . . . . $ . . .

)LEURVDUFRPD
6DUFRPD
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD
6XEFXWDQHRXV#WLVVXH/#ILEURXV#KLVWLRF\WRPD

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

)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH
5KDEGRP\RVDUFRPD
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # ;

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .
3HULSKHUDO#QHUYH # # # # # # # # # # # . # # # # # # # .
6SLQDO#FRUG # # # # # # # # # # # .

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

$OYHRODU2EURQFKLRODU#DGHQRPD
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # ;
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # ;
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
2VWHRVDUFRPD/#PHWDVWDWLF/#WLVVXH#126

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .
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,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

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

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

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

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

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

)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # ;
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD # # # # # # # ; ; # # # # # # # # # # # ;
5KDEGRP\RVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # ;
+LVWLRF\WLF#VDUFRPD # # # # # # # ; # # # # # # # # # # # # ;

7K\PXV . , . . . . . . . . . . . . . . . . . . . . . . .
$OYHRODU2EURQFKLRODU#FDUFLQRPD/
##PHWDVWDWLF/#OXQJ
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # ;
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
7K\PRPD#EHQLJQ

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

$GHQRPD # # # # # # # # # # ;
6NLQ . . . . . . . . . . . . . . . . . . . . . . . $ .

)LEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # # ;
6DUFRPD
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # ;
6XEFXWDQHRXV#WLVVXH/#ILEURXV#KLVWLRF\WRPD

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

)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # ;
5KDEGRP\RVDUFRPD
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .
3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # # .
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # .

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

$OYHRODU2EURQFKLRODU#DGHQRPD # ; # ;
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # ;
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # ;
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # ; # # # ;
+LVWLRF\WLF#VDUFRPD # # # # # # # # ;
2VWHRVDUFRPD/#PHWDVWDWLF/#WLVVXH#126

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6

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

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

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

)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD
5KDEGRP\RVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH # # # # # # # # # # # # # ;
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH
+LVWLRF\WLF#VDUFRPD

7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .
$OYHRODU2EURQFKLRODU#FDUFLQRPD/
##PHWDVWDWLF/#OXQJ
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
7K\PRPD#EHQLJQ # # # # # # # # # # # # # # # # ;

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

$GHQRPD
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . .

)LEURVDUFRPD
6DUFRPD
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD
6XEFXWDQHRXV#WLVVXH/#ILEURXV#KLVWLRF\WRPD

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

)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH
5KDEGRP\RVDUFRPD # # # # # # # # # # # # # ; # # # # # # # ;
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .
3HULSKHUDO#QHUYH
6SLQDO#FRUG

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

$OYHRODU2EURQFKLRODU#DGHQRPD # # # ; # # # ; # # # # # # # # # # # # # # ;
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # ;
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # ;
+LVWLRF\WLF#VDUFRPD
2VWHRVDUFRPD/#PHWDVWDWLF/#WLVVXH#126 ;

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
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

3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 7RWDO
&DUFDVV#,'#1XPEHU 6 7 7 8 8 9 9 9 ; ; ; < 3 4 5 6 6 7 8 8 9 : < < 3 7LVVXHV2

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

+HPDWRSRLHWLF#6\VWHP#+FRQWLQXHG,
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . . <5
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . <3

)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # ### 4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # ; # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #7
5KDEGRP\RVDUFRPD/#PHWDVWDWLF/
##VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # ####4
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # #4

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . <;
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # ###4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . . <;
$OYHRODU2EURQFKLRODU#FDUFLQRPD/
##PHWDVWDWLF/#OXQJ # # # # # # # # # # # # # # # # # # # # # ##### 4
)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # ###4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
7K\PRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4

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

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . <;

)LEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6DUFRPD # # # # # # # # # # # # # # # # # ; # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6XEFXWDQHRXV#WLVVXH/#ILEURXV#KLVWLRF\WRPD # # # # # # # # # # # # ; # # # # # # # # # ####4

0XVFXORVNHOHWDO#6\VWHP
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 433
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # #<

)LEURVDUFRPD/#PHWDVWDWLF/#VNHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # ###4
5KDEGRP\RVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
6TXDPRXV#FHOO#FDUFLQRPD/#PHWDVWDWLF/
##VWRPDFK/#IRUHVWRPDFK # # # # # # # # # # # # # # # # # # # # # # # # # #4

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 433
3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # # # # # #6
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #5

5HVSLUDWRU\#6\VWHP
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 433

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # ; # # # #9
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #6
&DUFLQRPD/#PHWDVWDWLF/#KDUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # # ##4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #7
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
2VWHRVDUFRPD/#PHWDVWDWLF/#WLVVXH#126 # # # # # # # # # # # # # # # # # # # # # # # # # #4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 433
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 433
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

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

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

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

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

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

$GHQRPD
&DUFLQRPD

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

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

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
/\PSKRPD#PDOLJQDQW
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

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

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

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

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

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

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

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

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

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

+LVWLRF\WLF#VDUFRPD # # # # # # # ; ; # # # # # # # # # # # ;
/\PSKRPD#PDOLJQDQW # # # ; ; # # # # # # ; # # # # # # ; # # # # ;
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6

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

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

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

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

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

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

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

+LVWLRF\WLF#VDUFRPD
/\PSKRPD#PDOLJQDQW ; # # # ; # # # # # # # # # # ; # # ;
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
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

3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 7RWDO
&DUFDVV#,'#1XPEHU 6 7 7 8 8 9 9 9 ; ; ; < 3 4 5 6 6 7 8 8 9 : < < 3 7LVVXHV2

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

6SHFLDO#6HQVHV#6\VWHP
(\H # # # # # # # # # # # # # # # # # # # # # # # # # #7
+DUGHULDQ#JODQG # # # # # # # # # # # # # # # # # # # # # # # . # #8

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # ; # #7
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8ULQDU\#6\VWHP
.LGQH\ . . . . . . . . . . . . . . . . . . . . . . . . . 433

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
8ULQDU\#EODGGHU . 0 . . . . . . . . . . . . . . . . . . . . . . . <9

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 433

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #7
/\PSKRPD#PDOLJQDQW # # # # # # # ; # # # # ; # # # # # # # ; ; # # # 46
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

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

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

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

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

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

3RO\S#DGHQRPDWRXV
,QWHVWLQH#VPDOO/#MHMXQXP . . $ $ $ $ . . . . $ $ $ . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . $ $ $ $ . . . . $ $ $ . . . . . . . . . . . .
/LYHU . . . . . . . . . . . $ . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # # # # # # # # # ; # # ; # # # ; # ;
+HSDWRFHOOXODU#DGHQRPD # # # # # # # # # # # # # # # ; ; # # # # # ; ; ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # ; # # # # # # # # # ;

0HVHQWHU\ # # # # # # # . # # # # # . # . # # # . # .
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF

3DQFUHDV . . . . . . . , . . . $ $ . . . . . . . . $ . . .
&DUFLQRPD

6DOLYDU\#JODQGV . . . . . . . . . . 0 $ . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . $ $ $ . . . . . $ $ $ . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . $ $ $ . . . . . $ $ $ . . . . . . . . . . . .

&DUGLRYDVFXODU#6\VWHP
+HDUW . . . . . . . . . . . $ . . . . . . . . . . . . .

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ . . . . . . . , . . . $ $ . . . . . . . . . 0 . .

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # ;
&DSVXOH/#DGHQRPD

$GUHQDO#PHGXOOD . . . . . . . , . . . $ $ . . . . . . . . . 0 . .
3KHRFKURPRF\WRPD#EHQLJQ

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

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

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

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

*HQHUDO#%RG\#6\VWHP
1RQH
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

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

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

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

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

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

3RO\S#DGHQRPDWRXV
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . $ $ . . $ . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . $ $ . . $ . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # # # ; ; # # # # # # # ; # # ; # # # # # # # ;
+HSDWRFHOOXODU#DGHQRPD # ; # ; # # # # # ; # # ; # ; ; ; ; ; # # # # # ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH ; # # # # # # # # # ; ; # # # # # # # # # # # ;
+LVWLRF\WLF#VDUFRPD

0HVHQWHU\ # # # . . # # # . # # . # . # # # . . # # # # # .
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF # # # ;

3DQFUHDV . . . . . . . . . . . $ . . . . . . . . . . . . .
&DUFLQRPD # # # ;

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

&DUGLRYDVFXODU#6\VWHP
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

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

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF # # # ;
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
&DSVXOH/#DGHQRPD

$GUHQDO#PHGXOOD . . . . . . . . . . . $ . . . . . . . . . . . . .
3KHRFKURPRF\WRPD#EHQLJQ

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

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

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

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

*HQHUDO#%RG\#6\VWHP
1RQH
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6

< < < < < < < < < < < < < < < < < < 3 3 3 3 3 3 3

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

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

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

3RO\S#DGHQRPDWRXV
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # # # # # # # # # # ; # # # # # # # # # ; # ;
+HSDWRFHOOXODU#DGHQRPD # # ; ; # ; ; ; ; ; ; # # ; # # ; ; # ; # # ; ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # ; # # # # # # # ; # ; # # # # # ;
+LVWLRF\WLF#VDUFRPD

0HVHQWHU\ # # # # # # . # . . . # # . # # # # # # # .
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . .
&DUFLQRPD

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

&DUGLRYDVFXODU#6\VWHP
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . .

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . 0 . . . . . . . .

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
&DSVXOH/#DGHQRPD

$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . 0 . . . . . . . .
3KHRFKURPRF\WRPD#EHQLJQ # # # # # # # # ;

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

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

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

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

*HQHUDO#%RG\#6\VWHP
1RQH
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 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 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU 6 6 7 7 7 7 8 8 9 9 9 : : ; 4 5 5 5 5 8 8 9 : : < 7LVVXHV2

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

$OLPHQWDU\#6\VWHP
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . 433
*DOOEODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . ;:
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . <6
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . <4
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . <5
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . <3

3RO\S#DGHQRPDWRXV # # # # # # # # # # # # # # # ; # # # # # # # # # #4
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . <3
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . <3
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . <<

+HSDWRFHOOXODU#FDUFLQRPD # # # # ; # # # # # ; # # ; # # # # ; # ; # # # ; 4;
+HSDWRFHOOXODU#DGHQRPD # ; ; # ; # # ; ; ; ; # # ; ; # ; ; # # ; # ; # ; 76
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # ; # # # # ; ; # # # # # # # # ; # ; # 46
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

0HVHQWHU\ # # # # # # . # # . # # # # . # . # . # # . # # # 58
&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#3DQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # ####4

3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . <8
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . <:
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . <6
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . <6

&DUGLRYDVFXODU#6\VWHP
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . <<

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ . . . . . . . . . . . . . . . . . . . . . . . . . <7

&DUFLQRPD/#PHWDVWDWLF/#LVOHWV/#SDQFUHDWLF # # # # # # # # # # # # # # # # # # # # # # ####4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
&DSVXOH/#DGHQRPD # # # # # # # # # # # # # # ; # # # # # # # # # # #4

$GUHQDO#PHGXOOD . . . . . . . . . . . . . . . . . . . . . . . . . <7
3KHRFKURPRF\WRPD#EHQLJQ ; # # # # # # # # # # # # # # # # # # # # # # # # #5

,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . <7
$GHQRPD # # # # # # # # # # # # # # # # # # # # # # ; # # #6

3DUDWK\URLG#JODQG , . . . , . , , . . . , , . . , , . . , . , , , , 8<
3LWXLWDU\#JODQG . . . . . . . . . . . . 0 . . . . . . . . . . . 0 ;9

3DUV#GLVWDOLV/#DGHQRPD ; # # # # # # # # # # # # # # # ; ; # # # # # # # #<
7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . <9

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

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



93 3RO\YLQ\O#$OFRKRO/#173#75#7:7

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

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

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

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

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

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . , , , , . . . . . . $ , . , , . . . . . . , . .
2YDU\ . . . . . . . . . . . $ $ . . . . . . . . . . . .

&\VWDGHQRPD
*UDQXORVD#FHOO#WXPRU#EHQLJQ
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # ;
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # ;
/LSRVDUFRPD

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
*UDQXODU#FHOO#WXPRU#EHQLJQ
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # ; # # # # # # # # # ;
/HLRP\RPD
3RO\S#VWURPDO
6DUFRPD#VWURPDO

9DJLQD . . . . . . . . . . . $ . . . . . . . . . . . . .

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

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

/LSRVDUFRPD
,OLDF/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
0HGLDVWLQDO/#VDUFRPD/#PHWDVWDWLF/
##XQFHUWDLQ#SULPDU\#VLWH
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . 0 $ $ . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . , $ . . . . , . . $ $ $ . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH

6SOHHQ . . $ . . . . . . . . $ $ . . . . . . . . . . . .
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH

7K\PXV . . . . . . . , 0 . $ $ $ . . . . . . . . . . . .
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ

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

6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD

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

5KDEGRP\RVDUFRPD # # # # # # # # # ;

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .
3HULSKHUDO#QHUYH # # # # # # # # # # # # # # . # # # # .
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # .
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

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

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

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

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

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . . . . . . . , , . . , . . . . . . . . . . . . .
2YDU\ . . . . . . . . . . . $ . . . . . . . . . . . . .

&\VWDGHQRPD # # # # # # # # # # # # # # # # # # ;
*UDQXORVD#FHOO#WXPRU#EHQLJQ
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD
/LSRVDUFRPD # # # # # # # # # # # # # ;

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
*UDQXODU#FHOO#WXPRU#EHQLJQ
+LVWLRF\WLF#VDUFRPD
/HLRP\RPD
3RO\S#VWURPDO
6DUFRPD#VWURPDO

9DJLQD . . . . . . . . . . . . . . . . . . . . . . . . .

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

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

/LSRVDUFRPD # # # # # # # # # # # # # ;
,OLDF/#KLVWLRF\WLF#VDUFRPD
0HGLDVWLQDO/#VDUFRPD/#PHWDVWDWLF/
##XQFHUWDLQ#SULPDU\#VLWH
5HQDO/#KLVWLRF\WLF#VDUFRPD

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . $ . . . . . . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . $ . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH

6SOHHQ . . . . . . . . . . . $ . . . . . . . . . . . . .
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH

7K\PXV . . . . . . . . . . . $ . , . . . . . . . . . . .
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # ;

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

6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # ; # # # # # ;

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

5KDEGRP\RVDUFRPD # # # # # # # # # # # # # # # ;

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . $ . . . . . . . . . . . . .
3HULSKHUDO#QHUYH # # . # # # # # # # # # # # # # # .
6SLQDO#FRUG . # # # # # # # # # # # # # # # # .
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6

< < < < < < < < < < < < < < < < < < 3 3 3 3 3 3 3

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

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

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . . . . . . . . . . . , , . . . , , . . . . . . ,
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .

&\VWDGHQRPD # # # # # # # # # # # # # # # # # # # # # # ;
*UDQXORVD#FHOO#WXPRU#EHQLJQ
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD
/LSRVDUFRPD

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
*UDQXODU#FHOO#WXPRU#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # ;
+LVWLRF\WLF#VDUFRPD
/HLRP\RPD
3RO\S#VWURPDO # # # # # # # # # # # # # # # # # # # # # ;
6DUFRPD#VWURPDO # # # # # # # ; # # # # # # # ;

9DJLQD . . . . . . . . . . . . . . . . . . . . . . . . .

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

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

/LSRVDUFRPD
,OLDF/#KLVWLRF\WLF#VDUFRPD
0HGLDVWLQDO/#VDUFRPD/#PHWDVWDWLF/
##XQFHUWDLQ#SULPDU\#VLWH
5HQDO/#KLVWLRF\WLF#VDUFRPD

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . , . . . . . . . .
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH

7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ

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

6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD

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

5KDEGRP\RVDUFRPD

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .
3HULSKHUDO#QHUYH
6SLQDO#FRUG
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 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 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU 6 6 7 7 7 7 8 8 9 9 9 : : ; 4 5 5 5 5 8 8 9 : : < 7LVVXHV2

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

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . . . . . . . . . , . . . . . . . . . . . . . , . ;4
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . <:

&\VWDGHQRPD # # ; # # # # # ; # # # # # # # # ; # # # # # # # #8
*UDQXORVD#FHOO#WXPRU#EHQLJQ # # # # # # # # # # # # # ; # # # # # # # # # # ; #5
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
/LSRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 433
*UDQXODU#FHOO#WXPRU#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
/HLRP\RPD # # # # # # # # # # # # ; # # # # # # # # # # # # #4
3RO\S#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #4
6DUFRPD#VWURPDO # # # # # # # # # # # # # # # # # # # # # # # # # #5

9DJLQD . . . . . . . . . . . . . . . . . . . . . . . . . <<

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ . . . . . . . . . , . . . . . . . . . . . . . . . <;

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH # # # . . # . . # . # # # # # # # . # # . # # # # 54

/LSRVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
,OLDF/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
0HGLDVWLQDO/#VDUFRPD/#PHWDVWDWLF/
##XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # ; # # # # # # # # # # # # # # # #4
5HQDO/#KLVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . , . . . . . . <7
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . <6

+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # ; #4
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # ; # # # # # # # # # # # # ####4

6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . <9
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # ; # # # # # # # # # # # # ####4

7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . . <6
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG . . . . . . , . . . . . . . . . . . . . . . . . . <5
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . <;

6XEFXWDQHRXV#WLVVXH/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

0XVFXORVNHOHWDO#6\VWHP
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 433
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # # # # # # # # 43

5KDEGRP\RVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . <<
3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # # # # # #7
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #6
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

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

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

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

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

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

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # ;
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # ;
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # ;
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # ;
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
&DUFLQRPD # # # # # # # # # # # ;

3OHXUD
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

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

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

=\PEDO·V#JODQG
&DUFLQRPD

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

$GHQRPD
8ULQDU\#EODGGHU . . $ . . 0 . , . . . $ . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;

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#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

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

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

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

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

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

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # ; # # # # # # # ; ;
$OYHRODU2EURQFKLRODU#FDUFLQRPD
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # ;
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # ;

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
&DUFLQRPD

3OHXUD
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

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

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

=\PEDO·V#JODQG
&DUFLQRPD

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

$GHQRPD # # # # # # # # # # # # ;
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD

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#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6

< < < < < < < < < < < < < < < < < < 3 3 3 3 3 3 3

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

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

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

$OYHRODU2EURQFKLRODU#DGHQRPD
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # ;
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU
+LVWLRF\WLF#VDUFRPD
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH

1RVH . . . . . . . . . . . . . . . . . . . . . . . . .
&DUFLQRPD

3OHXUD
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . .

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

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

=\PEDO·V#JODQG # # # # # # # .
&DUFLQRPD

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

$GHQRPD
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . .

+LVWLRF\WLF#VDUFRPD

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#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO

: : : : : : : : : : : : : : : : : : : : : : : : :
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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 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 4 4 4 4 4 4 4 4 4 4 4 7RWDO
&DUFDVV#,'#1XPEHU 6 6 7 7 7 7 8 8 9 9 9 : : ; 4 5 5 5 5 8 8 9 : : < 7LVVXHV2

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

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

$OYHRODU2EURQFKLRODU#DGHQRPD ; # # # # # # # # # # # # # # # # ; # # # ; # # # #:
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # ; # # # # # # # # # # # # # # # # # # # # # #6
)LEURVDUFRPD/#PHWDVWDWLF/#VNLQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
+HSDWRFHOOXODU#FDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # ; # # # # # # # # # # # # # # # # # # # # #5
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # #### 4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 433
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

3OHXUD # # # # # # # # # # # # # # # # # # # # . # # # # #4
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 433

6SHFLDO#6HQVHV#6\VWHP
(\H # # # # # # # # # # # # # # # # # # # # # # # # # #9
+DUGHULDQ#JODQG # # # # # # . # # # # # # # # # # # # . # # # # # 44

$GHQRPD # # # # # # ; # # # # # # # # # # # # ; # # # # # #<
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5

=\PEDO·V#JODQG # # . # # # # # # # # . # # # # # # # # # # # # # #6
&DUFLQRPD # # ; # # # # # # # # # # # # # # # # # # # # # # #4

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

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . <9

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 433

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
/\PSKRPD#PDOLJQDQW ; # # # # # ; # # # # # # # # # # ; # # ; # # # # 47
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

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

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

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

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

$OLPHQWDU\#6\VWHP
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
*DOOEODGGHU . . $ . . $ . , . . . . . , $ $ $ $ . . . . $ $ .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ;
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . $ $ $ . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . $ . . . . . . . . . . . . $ $ $ . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . $ . . . . . . . . . . . . $ $ $ . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . $ . . . . . . . . . . . . . $ $ . . . . $ . .
,QWHVWLQH#VPDOO/#MHMXQXP . . $ . . $ . . . . . . . . . . $ $ . . . . $ . .
,QWHVWLQH#VPDOO/#LOHXP . . $ . . . . . . . . . . . . . $ $ . . . . $ . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # # # # # # ; # # # ; # # ; # # # # ; # # ;
+HSDWRFHOOXODU#DGHQRPD # # # # # # # ; ; ; # # ; # # # # # # ; # # ; ; ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # ; # # ;
+LVWLRF\WLF#VDUFRPD

0HVHQWHU\ # # # # . # # . # . # . . # # . # . . # # # # .
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # ; # # ;
<RON#VDF#FDUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # ;

2UDO#PXFRVD
3DQFUHDV . . . . . . . . . . . . . . . . , $ . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ;
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . $ $ . . . . $ . .
6WRPDFK/#JODQGXODU . . . . . $ . . . . . . . . . . $ $ . . . . $ . .

/HLRP\RVDUFRPD # # # ;

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

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

&DSVXOH/#FDUFLQRPD
$GUHQDO#PHGXOOD . . . , . . . . . . . . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # ;
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . , $ . . . . . . .

$GHQRPD
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ;

3DUDWK\URLG#JODQG . . , . . . , . , . . . . , . . , . , . . . . . .
$GHQRPD

3LWXLWDU\#JODQG . . . . 0 . 0 . . . . . . . . 0 . . . . . . . . .
3DUV#GLVWDOLV/#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#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

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

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

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

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

$OLPHQWDU\#6\VWHP
(VRSKDJXV . . . . . . . . . . . . . . . . . . . , . . . . .
*DOOEODGGHU . . . . $ . . $ $ $ . $ $ . . . . . . . . . . , .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . $ . . . $ $ . . $ . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . $ . . . $ $ . . $ . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . $ . . . $ $ . . $ . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # # # # # # # ; # # # ; # # # # # ; # ; # # # ; ;
+HSDWRFHOOXODU#DGHQRPD # # # ; ; # ; ; # # ; # ; # # # # ; # # # ; ; # ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # ; # # ; ; # ; # # ; ; ; # ; ;
+HSDWRFKRODQJLRFDUFLQRPD
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;

0HVHQWHU\ # # # . # # # . . . . # . # # # # # . . # # . .
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
<RON#VDF#FDUFLQRPD/#PHWDVWDWLF/#RYDU\

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

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .

/HLRP\RVDUFRPD

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

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ . . . 0 . . . . . . . . . . . . . . . . . . . . .

&DSVXOH/#FDUFLQRPD
$GUHQDO#PHGXOOD . . . 0 . . . . . . . . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
,VOHWV/#SDQFUHDWLF . . , . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU

3DUDWK\URLG#JODQG . . , , . , . . , . . , , , . , . . . . . . . . .
$GHQRPD

3LWXLWDU\#JODQG 0 . . . . . . . 0 . . . . . . . . . . . . . . . .
3DUV#GLVWDOLV/#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#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

< < < < < < < < < < 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

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

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

$OLPHQWDU\#6\VWHP
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . .
*DOOEODGGHU . . . . . . . . . . , . . . . . . , . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . .
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . .
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFHOOXODU#FDUFLQRPD # ; # ; # # # # # # # ;
+HSDWRFHOOXODU#DGHQRPD ; ; ; # # # # # # # ; ; # # # ; ; ; ; # # # # ;
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # # # # ; # # ; # # # # ; # # # # # # # # # ;
+HSDWRFKRODQJLRFDUFLQRPD
+LVWLRF\WLF#VDUFRPD

0HVHQWHU\ # # # # . # . . . . . . # # . . .
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
<RON#VDF#FDUFLQRPD/#PHWDVWDWLF/#RYDU\

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

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . .
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . .

/HLRP\RVDUFRPD

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

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

&DSVXOH/#FDUFLQRPD # # # # # # # # # # # # # # # # ;
$GUHQDO#PHGXOOD . . . . . . . . . . . . , . , . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . .

$GHQRPD
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU

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

3LWXLWDU\#JODQG . . . . 0 . . . . , . . . 0 , . . . . . . . . . .
3DUV#GLVWDOLV/#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#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

: : : : : : : : : : : : : : : : : : : : : : : : :
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

3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 9 9 9 9 : : ; ; < 3 3 4 5 6 6 8 8 : : : ; ; ; < < 7LVVXHV2

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

$OLPHQWDU\#6\VWHP
(VRSKDJXV . . . . . . . . . . . . . . . . . . . . . . . . . <<
*DOOEODGGHU . . . . . . . . , . . . . . . . . . . . . . . . , :<

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
,QWHVWLQH#ODUJH/#FRORQ . . . . . . . . . . . . . . . . . . . . . . . . . <:
,QWHVWLQH#ODUJH/#UHFWXP . . . . . . . . . . . . . . . . . . . . . . . . . <9
,QWHVWLQH#ODUJH/#FHFXP . . . . . . . . . . . . . . . . . . . . . . . . . <9
,QWHVWLQH#VPDOO/#GXRGHQXP . . . . . . . . . . . . . . . . . . . . . . . . . <5
,QWHVWLQH#VPDOO/#MHMXQXP . . . . . . . . . . . . . . . . . . . . . . . . . <4
,QWHVWLQH#VPDOO/#LOHXP . . . . . . . . . . . . . . . . . . . . . . . . . <5
/LYHU . . . . . . . . . . . . . . . . . . . . . . . . . 433

+HSDWRFHOOXODU#FDUFLQRPD ; # ; # ; # # ; ; ; # # # # # # # # # # # # # # # 53
+HSDWRFHOOXODU#DGHQRPD ; # ; # # ; # # # # # # # # ; # # # ; # # # ; ; ; 69
+HSDWRFHOOXODU#DGHQRPD/#PXOWLSOH # # # ; ; # # ; ; ; # # # # # ; # # # # # # # # # 4<
+HSDWRFKRODQJLRFDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

0HVHQWHU\ # # # . # . # # # # # . # . # . # # # . # # . # # 69
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #5
<RON#VDF#FDUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

2UDO#PXFRVD # # # # # . # # # # # # # # # # # # # # # # # # # #4
3DQFUHDV . . . . . . . . . . . . . . . . . . . . . . . . . <;

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
6DOLYDU\#JODQGV . . . . . . . . . . . . . . . . . . . . . . . . . 433
6WRPDFK/#IRUHVWRPDFK . . . . . . . . . . . . . . . . . . . . . . . . . <:
6WRPDFK/#JODQGXODU . . . . . . . . . . . . . . . . . . . . . . . . . <9

/HLRP\RVDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO # # # # # # # # # # # # # # # # # # # # # # # # # #5
+HDUW . . . . . . . . . . . . . . . . . . . . . . . . . 433

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ . . . . . . . . 0 . . . . . . . . . . . . . . . . <:

&DSVXOH/#FDUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
$GUHQDO#PHGXOOD . . . , . . . . 0 . . . . . , . . . . . . . . . , <5

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
,VOHWV/#SDQFUHDWLF . . . . . . . . . . . . . . . . . . . . . . . . . <:

$GHQRPD # # # # # # # # # # # # # # # # # # # # # # ; # # #4
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4

3DUDWK\URLG#JODQG , . , . , . , . . . . , . . . , . , . . . . . . , 9<
$GHQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

3LWXLWDU\#JODQG 0 . . . . . . . 0 . . . . . 0 . . . . , . , , . 0 ;7
3DUV#GLVWDOLV/#DGHQRPD # # # ; # # # # # # # # # # # # # # # # # # # ; # 43

7K\URLG#JODQG . . . . . . . . . . . . . . . . . . . . . . . . . 433
)ROOLFXODU#FHOO/#DGHQRPD # # # ; ; # # # # # # # # # # ; # # # ; ; # # # # 44

*HQHUDO#%RG\#6\VWHP
1RQH
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

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

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

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

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

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . , . . . . . , . . . . . . . , $ . , . , , . , .
2YDU\ . . . . . . . . . . . . . . . . $ . . . . . . . .

&\VWDGHQRPD
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # ;
/XWHRPD # # # # # # # # # # # # # # # # # # # # # # # ;
7HUDWRPD#EHQLJQ
<RON#VDF#FDUFLQRPD # # # # ;

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
&DUFLQRPD # # # # # # # # # # # # # # # # # # ;
'HFLGXRPD#126
+LVWLRF\WLF#VDUFRPD
3RO\S#VWURPDO # # # # # # # # # # # ;

9DJLQD . . # . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD

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

3ODVPD#FHOO#WXPRU#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # ;
/\PSK#QRGH/#PDQGLEXODU . . . . . , . . . . . , . . . . , . . . . . . . .

3ODVPD#FHOO#WXPRU#EHQLJQ
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . $ 0 . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ;
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . $ . .
7K\PXV . . . . . , . . . . . . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # ;
7K\PRPD#EHQLJQ

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

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

6XEFXWDQHRXV#WLVVXH/#SLQQD/#ILEURVDUFRPD

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

3HOYLV/#VDUFRPD # # # # # # # # ;
6NHOHWDO#PXVFOH # # # # # # # . . . # . # . # # # # # .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # ;
5KDEGRP\RVDUFRPD
6DUFRPD # # # # # # # # ;

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .
3HULSKHUDO#QHUYH # # # # # # # . # # # . # . # # # # # .
6SLQDO#FRUG # # # # # # # . # # # . # . # # # # # .
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

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

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

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

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

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . . . . , , . . . . . . . . . . . , . . . . , . .
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . .

&\VWDGHQRPD # # # # # ;
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
/XWHRPD
7HUDWRPD#EHQLJQ
<RON#VDF#FDUFLQRPD

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
&DUFLQRPD
'HFLGXRPD#126
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
3RO\S#VWURPDO

9DJLQD . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;

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

3ODVPD#FHOO#WXPRU#EHQLJQ
/\PSK#QRGH/#PDQGLEXODU . . . . . . . , . . . . . , . . . . . . . . . . .

3ODVPD#FHOO#WXPRU#EHQLJQ # # # # # # # # # # ;
/\PSK#QRGH/#PHVHQWHULF . . . $ . . . , . . , . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
6SOHHQ . . . $ . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
7K\PRPD#EHQLJQ

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

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

6XEFXWDQHRXV#WLVVXH/#SLQQD/#ILEURVDUFRPD

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

3HOYLV/#VDUFRPD
6NHOHWDO#PXVFOH

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
5KDEGRP\RVDUFRPD
6DUFRPD

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .
3HULSKHUDO#QHUYH
6SLQDO#FRUG
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

< < < < < < < < < < 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

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

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

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . . . . . . . , . , . . . . . . . . . . . . . , .
2YDU\ . . , . . . . . . . . . . . . . . . 0 . . . . . .

&\VWDGHQRPD
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
/XWHRPD # # # # # # # # # # # # # # # # # ;
7HUDWRPD#EHQLJQ # # # # # # # # # # # # # # # # ;
<RON#VDF#FDUFLQRPD

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . .
&DUFLQRPD
'HFLGXRPD#126
+LVWLRF\WLF#VDUFRPD
3RO\S#VWURPDO ;

9DJLQD . . . . . . . . . . . . . . . . . . . . . . . . .
+LVWLRF\WLF#VDUFRPD

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

3ODVPD#FHOO#WXPRU#EHQLJQ
/\PSK#QRGH/#PDQGLEXODU . . . . . . . . . . . . . . . . . . . . . . . . .

3ODVPD#FHOO#WXPRU#EHQLJQ
/\PSK#QRGH/#PHVHQWHULF . . . . , . , . . . . . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . .
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
7K\PRPD#EHQLJQ

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

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

6XEFXWDQHRXV#WLVVXH/#SLQQD/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # ;

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

3HOYLV/#VDUFRPD
6NHOHWDO#PXVFOH # # # # # # # # # # # # # # # # # # .

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
5KDEGRP\RVDUFRPD # # # # # # # # # # # # # # # # # # ;
6DUFRPD

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . .
3HULSKHUDO#QHUYH
6SLQDO#FRUG



3RO\YLQ\O#$OFRKRO/#173#75#7:7 :8

7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

: : : : : : : : : : : : : : : : : : : : : : : : :
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

3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 9 9 9 9 : : ; ; < 3 3 4 5 6 6 8 8 : : : ; ; ; < < 7LVVXHV2

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

*HQLWDO#6\VWHP
&OLWRUDO#JODQG . . . . . . . , . . . . . , . . . . . . . . . . . ;6
2YDU\ . . . . . . . . . . . . . . . . . . . . . . . . . <:

&\VWDGHQRPD # # # # # # # # # # # ; # ; # # # # # # # # # # # #6
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
/XWHRPD # # # # # # # # # # # # # # # # # # # # # # # # # #5
7HUDWRPD#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
<RON#VDF#FDUFLQRPD # # # # # # # # # # # # # # # # ; # # # # # # # # #5

8WHUXV . . . . . . . . . . . . . . . . . . . . . . . . . 433
&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
'HFLGXRPD#126 # # # # # # # # # # # # # # # # # # # # # ; # # # #4
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
3RO\S#VWURPDO # ; # # # # # # # # # # # # # # # # # # # # # # # #6

9DJLQD . . . . . . . . . . . . . . . . . . . . . . . . . <<
+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ . . . . . . . . . . . . . . . . . . . . . . . . . 433
/\PSK#QRGH # # # # . # # # # # # # # . # . # # # . # # . . # 54

3ODVPD#FHOO#WXPRU#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#PDQGLEXODU . . . . . . . , . . . . . . . . . . . . . . . , . <6

3ODVPD#FHOO#WXPRU#EHQLJQ # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSK#QRGH/#PHVHQWHULF . . . . . . . . . . . . . . . . . . . . . . . . . <6

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
6SOHHQ . . . . . . . . . . . . . . . . . . . . . . . . . <;
7K\PXV . . . . . . . . . . . . . . . . . . . . . . . . . <<

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
7K\PRPD#EHQLJQ # # # # # # # # # # # # # # # # # # ; # # # # # # #4

,QWHJXPHQWDU\#6\VWHP
0DPPDU\#JODQG , , . . . . . . . . . . . . . . . . . . . . . . . <4

&DUFLQRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6NLQ . . . . . . . . . . . . . . . . . . . . . . . . . 433

6XEFXWDQHRXV#WLVVXH/#SLQQD/#ILEURVDUFRPD # # # # # # # # # # # # # # # # # # # # # ##### 4

0XVFXORVNHOHWDO#6\VWHP
%RQH . . . . . . . . . . . . . . . . . . . . . . . . . 433

3HOYLV/#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
6NHOHWDO#PXVFOH # # # # # # # # # # # # # . # # # # # # # # # # # #;

+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #4
5KDEGRP\RVDUFRPD # # # # # # # # # # # # # ; # # # # # # # # # # # #5
6DUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4

1HUYRXV#6\VWHP
%UDLQ . . . . . . . . . . . . . . . . . . . . . . . . . 433
3HULSKHUDO#QHUYH # # # # # # # # # # # # # # # # # # # # # # # # # #7
6SLQDO#FRUG # # # # # # # # # # # # # # # # # # # # # # # # # #7
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

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

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

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

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

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

$OYHRODU2EURQFKLRODU#DGHQRPD # # ; # # # # # ;
$OYHRODU2EURQFKLRODU#FDUFLQRPD
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # ; # # ;
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # ;
<RON#VDF#FDUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # ;

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

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

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

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

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

+LVWLRF\WLF#VDUFRPD
/\PSKRPD#PDOLJQDQW # # # # # # # # # # # # # # ; ; ;
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

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

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

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

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

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

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # # # # # # # ;
$OYHRODU2EURQFKLRODU#FDUFLQRPD # ; # # # # # # # # # # # # # # ; # # # ;
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH
<RON#VDF#FDUFLQRPD/#PHWDVWDWLF/#RYDU\

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

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

$GHQRPD # # # # # ;
&DUFLQRPD

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

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

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # ;
/\PSKRPD#PDOLJQDQW # # ; # # # ; # # # # # ; # # # # # # # # # # # ;
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

: : : : : : : : : : : : : : : : : : : : : : : : :
1XPEHU#RI#'D\V#RQ#6WXG\ 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

< < < < < < < < < < 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

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

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

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

$OYHRODU2EURQFKLRODU#DGHQRPD # # # # # # # # # # # # # # # # ; ; # # # # ;
$OYHRODU2EURQFKLRODU#FDUFLQRPD
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH
<RON#VDF#FDUFLQRPD/#PHWDVWDWLF/#RYDU\

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

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

$GHQRPD
&DUFLQRPD

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

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

+LVWLRF\WLF#VDUFRPD
/\PSKRPD#PDOLJQDQW # ; # # ; # # ; # ; ; ; # ; # # # # # # # # ;
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7$%/(#$5
,QGLYLGXDO#$QLPDO#7XPRU#3DWKRORJ\#RI#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=##58(

: : : : : : : : : : : : : : : : : : : : : : : : :
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

3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7RWDO
&DUFDVV#,'#1XPEHU 9 9 9 9 : : ; ; < 3 3 4 5 6 6 8 8 : : : ; ; ; < < 7LVVXHV2

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

5HVSLUDWRU\#6\VWHP
/XQJ . . . . . . . . . . . . . . . . . . . . . . . . . 433

$OYHRODU2EURQFKLRODU#DGHQRPD # ; # # # # # # # # # # # # # # # # # # # # ; # # #;
$OYHRODU2EURQFKLRODU#FDUFLQRPD # # # # # # # # # # # # # # # # # # # ; # ; # # # #8
+HSDWRFKRODQJLRFDUFLQRPD/#PHWDVWDWLF/#OLYHU # # # # # # # # # # # # # # # # # # # # # # # # # #5
6DUFRPD/#PHWDVWDWLF/#XQFHUWDLQ#SULPDU\#VLWH # # # # # # # # # # # # # # # # # # # # # # # ###4
<RON#VDF#FDUFLQRPD/#PHWDVWDWLF/#RYDU\ # # # # # # # # # # # # # # # # # # # # # # # # # #4

1RVH . . . . . . . . . . . . . . . . . . . . . . . . . 433
7UDFKHD . . . . . . . . . . . . . . . . . . . . . . . . . 433

6SHFLDO#6HQVHV#6\VWHP
(\H . # # # # # # # # # # # # # # # # # # # # # # # # #6
+DUGHULDQ#JODQG . # # # # # # # # # # . # # # . # . # # # # # # # #9

$GHQRPD # # # # # # # # # # # ; # # # ; # ; # # # # # # # #7
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8ULQDU\#6\VWHP
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8ULQDU\#EODGGHU . . . . . . . . . . . . . . . . . . . . . . . . . <;

6\VWHPLF#/HVLRQV
0XOWLSOH#RUJDQV . . . . . . . . . . . . . . . . . . . . . . . . . 433

+LVWLRF\WLF#VDUFRPD # # # # # # # # # # # # # # # # # # # # # # # # # #4
/\PSKRPD#PDOLJQDQW # # # # # ; # # # # # # # ; # # # # # # # # # ; # 4;



;3 3RO\YLQ\O#$OFRKRO/#173#75#7:7

7$%/(#$6D
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO#YV1#9HKLFOH#&RQWURO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO

+DUGHULDQ#*ODQG=##$GHQRPD
2YHUDOO#UDWH 72433#+7(, <2433#+<(,D

$GMXVWHG#UDWH :14( 4813(E

7HUPLQDO#UDWH 527:#+7(, 8284#+43(,F

)LUVW#LQFLGHQFH#+GD\V, 973 99;
/LIH#WDEOH#WHVW 3Û31493G

/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31485G

)LVKHU#H[DFW#WHVW 3Û31458G

+DUGHULDQ#*ODQG=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 82433#+8(, 442433#+44(,
$GMXVWHG#UDWH ;16( 4:14(
7HUPLQDO#UDWH 527:#+7(, 8284#+43(,
)LUVW#LQFLGHQFH#+GD\V, 973 953
/LIH#WDEOH#WHVW 3Û31463
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31448
)LVKHU#H[DFW#WHVW 3Û313<9
/LYHU=##+HSDWRFHOOXODU#$GHQRPD
2YHUDOO#UDWH 882<<#+89(, 892<<#+8:(,
$GMXVWHG#UDWH ;316( ;318(
7HUPLQDO#UDWH 6727:#+:5(, 6;284#+:8(,
)LUVW#LQFLGHQFH#+GD\V, 698 944
/LIH#WDEOH#WHVW 3Û316;71
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316881
)LVKHU#H[DFW#WHVW 3Û31833
/LYHU=##+HSDWRFHOOXODU#&DUFLQRPD
2YHUDOO#UDWH 442<<#+44(, 4;2<<#+4;(,
$GMXVWHG#UDWH 4;19( 5:18(
7HUPLQDO#UDWH 827:#+44(, <284#+4;(,
)LUVW#LQFLGHQFH#+GD\V, 86; 87;
/LIH#WDEOH#WHVW 3Û314:8
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31476
)LVKHU#H[DFW#WHVW 3Û31447
/LYHU=##+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 8<2<<#+93(, 942<<#+95(,
$GMXVWHG#UDWH ;519( ;51<(
7HUPLQDO#UDWH 6827:#+:7(, 6<284#+:9(,
)LUVW#LQFLGHQFH#+GD\V, 698 87;
/LIH#WDEOH#WHVW 3Û317541
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317351
)LVKHU#H[DFW#WHVW 3Û31775
/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD
2YHUDOO#UDWH 92433#+9(, :2<;#+:(,
$GMXVWHG#UDWH 4413( 441;(
7HUPLQDO#UDWH 727:#+<(, 6284#+9(,
)LUVW#LQFLGHQFH#+GD\V, 976 944
/LIH#WDEOH#WHVW 3Û3188;
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31875
)LVKHU#H[DFW#WHVW 3Û317;8



3RO\YLQ\O#$OFRKRO/#173#75#7:7 ;4

7$%/(#$6D
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO#YV1#9HKLFOH#&RQWURO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO

/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH <2433#+<(, 432<;#+43(,
$GMXVWHG#UDWH 4815( 4917(
7HUPLQDO#UDWH 727:#+<(, 8284#+43(,
)LUVW#LQFLGHQFH#+GD\V, 7:6 87;
/LIH#WDEOH#WHVW 3Û318:4
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31858
)LVKHU#H[DFW#WHVW 3Û317;4
2YDU\=##&\VWDGHQRPD
2YHUDOO#UDWH 92<8#+9(, 82<:#+8(,
$GMXVWHG#UDWH 4414( <17(
7HUPLQDO#UDWH 6278#+:(, 7284#+;(,
)LUVW#LQFLGHQFH#+GD\V, 85< :44
/LIH#WDEOH#WHVW 3Û3175;1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3176:1
)LVKHU#H[DFW#WHVW 3Û317;91
3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV,=##$GHQRPD
2YHUDOO#UDWH 462;;#+48(, <2;9#+43(,
$GMXVWHG#UDWH 5915( 471<(
7HUPLQDO#UDWH <276#+54(, 727:#+<(,
)LUVW#LQFLGHQFH#+GD\V, 98: 953
/LIH#WDEOH#WHVW 3Û314<91
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315431
)LVKHU#H[DFW#WHVW 3Û315991
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD
2YHUDOO#UDWH ;2433#+;(, <2<9#+<(,
$GMXVWHG#UDWH 4916( 481;(
7HUPLQDO#UDWH :27:#+48(, 9284#+45(,
)LUVW#LQFLGHQFH#+GD\V, 9;9 967
/LIH#WDEOH#WHVW 3Û31899
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31888
)LVKHU#H[DFW#WHVW 3Û31797
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH ;2433#+;(, 432<9#+43(,
$GMXVWHG#UDWH 4916( 4:19(
7HUPLQDO#UDWH :27:#+48(, :284#+47(,
)LUVW#LQFLGHQFH#+GD\V, 9;9 967
/LIH#WDEOH#WHVW 3Û3179<
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31789
)LVKHU#H[DFW#WHVW 3Û3169;
$OO#2UJDQV=##0DOLJQDQW#/\PSKRPD
2YHUDOO#UDWH 462433#+46(, 472433#+47(,
$GMXVWHG#UDWH 5614( 5613(
7HUPLQDO#UDWH :27:#+48(, ;284#+49(,
)LUVW#LQFLGHQFH#+GD\V, 985 95:
/LIH#WDEOH#WHVW 3Û318:;1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318;3
)LVKHU#H[DFW#WHVW 3Û31833



;5 3RO\YLQ\O#$OFRKRO/#173#75#7:7

7$%/(#$6D
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO#YV1#9HKLFOH#&RQWURO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO

$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH 9:2433#+9:(, :52433#+:5(,
$GMXVWHG#UDWH <316( <514(
7HUPLQDO#UDWH 7327:#+;8(, 78284#+;;(,
)LUVW#LQFLGHQFH#+GD\V, 698 8;;
/LIH#WDEOH#WHVW 3Û318661
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318731
)LVKHU#H[DFW#WHVW 3Û315:3
$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 6<2433#+6<(, 752433#+75(,
$GMXVWHG#UDWH 851:( 881<(
7HUPLQDO#UDWH 4727:#+63(, 54284#+74(,
)LUVW#LQFLGHQFH#+GD\V, 743 87;
/LIH#WDEOH#WHVW 3Û318781
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3188:
)LVKHU#H[DFW#WHVW 3Û316;:
$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH :;2433#+:;(, ;52433#+;5(,
$GMXVWHG#UDWH <61<( <917(
7HUPLQDO#UDWH 7527:#+;<(, 7;284#+<7(,
)LUVW#LQFLGHQFH#+GD\V, 698 87;
/LIH#WDEOH#WHVW 3Û3177<1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317971
)LVKHU#H[DFW#WHVW 3Û315<;

1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#OLYHU/#OXQJ/#RYDU\/D

SLWXLWDU\#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#YHKLFOH#FRQWURO#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#WR#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#WKH#XQWUHDWHG#FRQWURO#JURXS#DQG#WKH#YHKLFOHG

FRQWURO#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#)LVKHU#H[DFW#WHVW#FRPSDUHV#GLUHFWO\#WKH#RYHUDOO#LQFLGHQFH#UDWHV1##)RU#DOO#WHVWV/#D#ORZHU#LQFLGHQFH#LQ#WKH
YHKLFOH#FRQWURO#JURXS#LV#LQGLFDWHG#E\#11



3RO\YLQ\O#$OFRKRO/#173#75#7:7 ;6

7$%/(#$6E
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO#YV1#58(

8QWUHDWHG#&RQWURO 58(

+DUGHULDQ#*ODQG=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 82433#+8(, 82433#+8(,D

$GMXVWHG#UDWH ;16( :17(E

7HUPLQDO#UDWH 527:#+7(, 6294#+8(,F

)LUVW#LQFLGHQFH#+GD\V, 973 979
/LIH#WDEOH#WHVW 3Û3183:1G

/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318;61G

)LVKHU#H[DFW#WHVW 3Û319591G

/LYHU=##+HSDWRFHOOXODU#$GHQRPD
2YHUDOO#UDWH 882<<#+89(, 882433#+88(,
$GMXVWHG#UDWH ;316( 9<15(
7HUPLQDO#UDWH 6727:#+:5(, 6:294#+94(,
)LUVW#LQFLGHQFH#+GD\V, 698 847
/LIH#WDEOH#WHVW 3Û313;41
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3156<1
)LVKHU#H[DFW#WHVW 3Û318581
/LYHU=##+HSDWRFHOOXODU#&DUFLQRPD
2YHUDOO#UDWH 442<<#+44(, 532433#+53(,
$GMXVWHG#UDWH 4;19( 5;13(
7HUPLQDO#UDWH 827:#+44(, 46294#+54(,
)LUVW#LQFLGHQFH#+GD\V, 86; 83:
/LIH#WDEOH#WHVW 3Û314;4
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313;;
)LVKHU#H[DFW#WHVW 3Û31395
/LYHU=##+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 8<2<<#+93(, 952433#+95(,
$GMXVWHG#UDWH ;519( :617(
7HUPLQDO#UDWH 6827:#+:7(, 6<294#+97(,
)LUVW#LQFLGHQFH#+GD\V, 698 83:
/LIH#WDEOH#WHVW 3Û314761
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317491
)LVKHU#H[DFW#WHVW 3Û31753
/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD
2YHUDOO#UDWH 92433#+9(, ;2433#+;(,
$GMXVWHG#UDWH 4413( 441:(
7HUPLQDO#UDWH 727:#+<(, 9294#+43(,
)LUVW#LQFLGHQFH#+GD\V, 976 646
/LIH#WDEOH#WHVW 3Û3187;
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31743
)LVKHU#H[DFW#WHVW 3Û316<4
/XQJ=##$OYHRODU2EURQFKLRODU#&DUFLQRPD
2YHUDOO#UDWH 62433#+6(, 82433#+8(,
$GMXVWHG#UDWH 71:( :1;(
7HUPLQDO#UDWH 327:#+3(, 7294#+:(,
)LUVW#LQFLGHQFH#+GD\V, 7:6 9:8
/LIH#WDEOH#WHVW 3Û317:7
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316;6
)LVKHU#H[DFW#WHVW 3Û31693



;7 3RO\YLQ\O#$OFRKRO/#173#75#7:7

7$%/(#$6E
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO#YV1#58(

8QWUHDWHG#&RQWURO 58(

/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH <2433#+<(, 462433#+46(,
$GMXVWHG#UDWH 4815( 4<16(
7HUPLQDO#UDWH 727:#+<(, 43294#+49(,
)LUVW#LQFLGHQFH#+GD\V, 7:6 646
/LIH#WDEOH#WHVW 3Û31767
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315:7
)LVKHU#H[DFW#WHVW 3Û3157<
2YDU\=##&\VWDGHQRPD
2YHUDOO#UDWH 92<8#+9(, 62<:#+6(,
$GMXVWHG#UDWH 4414( 71;(
7HUPLQDO#UDWH 6278#+:(, 528<#+6(,
)LUVW#LQFLGHQFH#+GD\V, 85< 9<3
/LIH#WDEOH#WHVW 3Û3148:1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315371
)LVKHU#H[DFW#WHVW 3Û3156;1
3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV,=##$GHQRPD
2YHUDOO#UDWH 462;;#+48(, 432;7#+45(,
$GMXVWHG#UDWH 5915( 4918(
7HUPLQDO#UDWH <276#+54(, 9283#+45(,
)LUVW#LQFLGHQFH#+GD\V, 98: 967
/LIH#WDEOH#WHVW 3Û315391
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315<61
)LVKHU#H[DFW#WHVW 3Û316:51
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD
2YHUDOO#UDWH ;2433#+;(, 442433#+44(,
$GMXVWHG#UDWH 4916( 491:(
7HUPLQDO#UDWH :27:#+48(, ;294#+46(,
)LUVW#LQFLGHQFH#+GD\V, 9;9 96:
/LIH#WDEOH#WHVW 3Û3185;
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31778
)LVKHU#H[DFW#WHVW 3Û31648
$OO#2UJDQV=##0DOLJQDQW#/\PSKRPD
2YHUDOO#UDWH 462433#+46(, 4;2433#+4;(,
$GMXVWHG#UDWH 5614( 581;(
7HUPLQDO#UDWH :27:#+48(, 45294#+53(,
)LUVW#LQFLGHQFH#+GD\V, 985 957
/LIH#WDEOH#WHVW 3Û31784
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31657
)LVKHU#H[DFW#WHVW 3Û3154:
$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH 9:2433#+9:(, 9<2433#+9<(,
$GMXVWHG#UDWH <316( ;41<(
7HUPLQDO#UDWH 7327:#+;8(, 79294#+:8(,
)LUVW#LQFLGHQFH#+GD\V, 698 646
/LIH#WDEOH#WHVW 3Û313:91
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316651
)LVKHU#H[DFW#WHVW 3Û31773



3RO\YLQ\O#$OFRKRO/#173#75#7:7 ;8

7$%/(#$6E
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
8QWUHDWHG#&RQWURO#YV1#58(

8QWUHDWHG#&RQWURO 58(

$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 6<2433#+6<(, 842433#+84(,
$GMXVWHG#UDWH 851:( 931<(
7HUPLQDO#UDWH 4727:#+63(, 63294#+7<(,
)LUVW#LQFLGHQFH#+GD\V, 743 657
/LIH#WDEOH#WHVW 3Û316<6
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313;;
)LVKHU#H[DFW#WHVW 3Û3138<
$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH :;2433#+:;(, ;;2433#+;;(,
$GMXVWHG#UDWH <61<( <419(
7HUPLQDO#UDWH 7527:#+;<(, 86294#+;:(,
)LUVW#LQFLGHQFH#+GD\V, 698 646
/LIH#WDEOH#WHVW 3Û3158:1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31468
)LVKHU#H[DFW#WHVW 3Û31378

1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#OLYHU/#OXQJ/#RYDU\/D

SLWXLWDU\#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#GRVHG#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#WR#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#WKH#XQWUHDWHG#FRQWURO#JURXS#DQG#WKH#GRVHG#JURXS1##7KH#OLIHG

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#)LVKHU#H[DFW#WHVW#FRPSDUHV#GLUHFWO\#WKH#RYHUDOO#LQFLGHQFH#UDWHV1##)RU#DOO#WHVWV/#D#ORZHU#LQFLGHQFH#LQ#WKH#GRVHG#JURXS#LV#LQGLFDWHG#E\#11
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7$%/(#$6F
6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO#YV1#58(

9HKLFOH#&RQWURO 58(

+DUGHULDQ#*ODQG=##$GHQRPD
2YHUDOO#UDWH <2433#+<(, 72433#+7(,D

$GMXVWHG#UDWH 4813( 916(E

7HUPLQDO#UDWH 8284#+43(, 6294#+8(,F

)LUVW#LQFLGHQFH#+GD\V, 99; 9<3
/LIH#WDEOH#WHVW 3Û313;41G

/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3143:1G

)LVKHU#H[DFW#WHVW 3Û314581G

+DUGHULDQ#*ODQG=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 442433#+44(, 82433#+8(,
$GMXVWHG#UDWH 4:14( :17(
7HUPLQDO#UDWH 8284#+43(, 6294#+8(,
)LUVW#LQFLGHQFH#+GD\V, 953 979
/LIH#WDEOH#WHVW 3Û313961
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313<41
)LVKHU#H[DFW#WHVW 3Û313<91
/LYHU=##+HSDWRFHOOXODU#$GHQRPD
2YHUDOO#UDWH 892<<#+8:(, 882433#+88(,
$GMXVWHG#UDWH ;318( 9<15(
7HUPLQDO#UDWH 6;284#+:8(, 6:294#+94(,
)LUVW#LQFLGHQFH#+GD\V, 944 847
/LIH#WDEOH#WHVW 3Û3147:1
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316:61
)LVKHU#H[DFW#WHVW 3Û3179;1
/LYHU=##+HSDWRFHOOXODU#&DUFLQRPD
2YHUDOO#UDWH 4;2<<#+4;(, 532433#+53(,
$GMXVWHG#UDWH 5:18( 5;13(
7HUPLQDO#UDWH <284#+4;(, 46294#+54(,
)LUVW#LQFLGHQFH#+GD\V, 87; 83:
/LIH#WDEOH#WHVW 3Û318661
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31785
)LVKHU#H[DFW#WHVW 3Û31775
/LYHU=##+HSDWRFHOOXODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 942<<#+95(, 952433#+95(,
$GMXVWHG#UDWH ;51<( :617(
7HUPLQDO#UDWH 6<284#+:9(, 6<294#+97(,
)LUVW#LQFLGHQFH#+GD\V, 87; 83:
/LIH#WDEOH#WHVW 3Û315461
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318681
)LVKHU#H[DFW#WHVW 3Û31869
/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD
2YHUDOO#UDWH :2<;#+:(, ;2433#+;(,
$GMXVWHG#UDWH 441;( 441:(
7HUPLQDO#UDWH 6284#+9(, 9294#+43(,
)LUVW#LQFLGHQFH#+GD\V, 944 646
/LIH#WDEOH#WHVW 3Û31936
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31849
)LVKHU#H[DFW#WHVW 3Û31849
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6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO#YV1#58(

9HKLFOH#&RQWURO 58(

/XQJ=##$OYHRODU2EURQFKLRODU#&DUFLQRPD
2YHUDOO#UDWH 62<;#+6(, 82433#+8(,
$GMXVWHG#UDWH 813( :1;(
7HUPLQDO#UDWH 5284#+7(, 7294#+:(,
)LUVW#LQFLGHQFH#+GD\V, 87; 9:8
/LIH#WDEOH#WHVW 3Û3176:
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316::
)LVKHU#H[DFW#WHVW 3Û316:5
/XQJ=##$OYHRODU2EURQFKLRODU#$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 432<;#+43(, 462433#+46(,
$GMXVWHG#UDWH 4917( 4<16(
7HUPLQDO#UDWH 8284#+43(, 43294#+49(,
)LUVW#LQFLGHQFH#+GD\V, 87; 646
/LIH#WDEOH#WHVW 3Û31794
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û3167<
)LVKHU#H[DFW#WHVW 3Û3167;
2YDU\=##&\VWDGHQRPD
2YHUDOO#UDWH 82<:#+8(, 62<:#+6(,
$GMXVWHG#UDWH <17( 71;(
7HUPLQDO#UDWH 7284#+;(, 528<#+6(,
)LUVW#LQFLGHQFH#+GD\V, :44 9<3
/LIH#WDEOH#WHVW 3Û315<31
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û316531
)LVKHU#H[DFW#WHVW 3Û316931
3LWXLWDU\#*ODQG#+3DUV#'LVWDOLV,=##$GHQRPD
2YHUDOO#UDWH <2;9#+43(, 432;7#+45(,
$GMXVWHG#UDWH 471<( 4918(
7HUPLQDO#UDWH 727:#+<(, 9283#+45(,
)LUVW#LQFLGHQFH#+GD\V, 953 967
/LIH#WDEOH#WHVW 3Û3188<
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317:;
)LVKHU#H[DFW#WHVW 3Û317:;
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD
2YHUDOO#UDWH <2<9#+<(, 442433#+44(,
$GMXVWHG#UDWH 481;( 491:(
7HUPLQDO#UDWH 9284#+45(, ;294#+46(,
)LUVW#LQFLGHQFH#+GD\V, 967 96:
/LIH#WDEOH#WHVW 3Û3187<
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û317:5
)LVKHU#H[DFW#WHVW 3Û31778
7K\URLG#*ODQG#+)ROOLFXODU#&HOO,=##$GHQRPD#RU#&DUFLQRPD
2YHUDOO#UDWH 432<9#+43(, 442433#+44(,
$GMXVWHG#UDWH 4:19( 491:(
7HUPLQDO#UDWH :284#+47(, ;294#+46(,
)LUVW#LQFLGHQFH#+GD\V, 967 96:
/LIH#WDEOH#WHVW 3Û318681
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û318:4
)LVKHU#H[DFW#WHVW 3Û31873
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6WDWLVWLFDO#$QDO\VLV#RI#3ULPDU\#1HRSODVPV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\#RI#3RO\YLQ\O#$OFRKRO=#
9HKLFOH#&RQWURO#YV1#58(

9HKLFOH#&RQWURO 58(

$OO#2UJDQV=##0DOLJQDQW#/\PSKRPD
2YHUDOO#UDWH 472433#+47(, 4;2433#+4;(,
$GMXVWHG#UDWH 5613( 581;(
7HUPLQDO#UDWH ;284#+49(, 45294#+53(,
)LUVW#LQFLGHQFH#+GD\V, 95: 957
/LIH#WDEOH#WHVW 3Û3177:
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31649
)LVKHU#H[DFW#WHVW 3Û315;5
$OO#2UJDQV=##%HQLJQ#1HRSODVPV
2YHUDOO#UDWH :52433#+:5(, 9<2433#+9<(,
$GMXVWHG#UDWH <514( ;41<(
7HUPLQDO#UDWH 78284#+;;(, 79294#+:8(,
)LUVW#LQFLGHQFH#+GD\V, 8;; 646
/LIH#WDEOH#WHVW 3Û313:31
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û315<51
)LVKHU#H[DFW#WHVW 3Û316:;1
$OO#2UJDQV=##0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH 752433#+75(, 842433#+84(,
$GMXVWHG#UDWH 881<( 931<(
7HUPLQDO#UDWH 54284#+74(, 63294#+7<(,
)LUVW#LQFLGHQFH#+GD\V, 87; 657
/LIH#WDEOH#WHVW 3Û316<:
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û313;<
)LVKHU#H[DFW#WHVW 3Û3145;
$OO#2UJDQV=##%HQLJQ#RU#0DOLJQDQW#1HRSODVPV
2YHUDOO#UDWH ;52433#+;5(, ;;2433#+;;(,
$GMXVWHG#UDWH <917( <419(
7HUPLQDO#UDWH 7;284#+<7(, 86294#+;:(,
)LUVW#LQFLGHQFH#+GD\V, 87; 646
/LIH#WDEOH#WHVW 3Û316471
/RJLVWLF#UHJUHVVLRQ#WHVW 3Û31474
)LVKHU#H[DFW#WHVW 3Û31494

1XPEHU#RI#QHRSODVP0EHDULQJ#DQLPDOV2QXPEHU#RI#DQLPDOV#H[DPLQHG1##'HQRPLQDWRU#LV#QXPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#IRU#OLYHU/#OXQJ/#RYDU\/D

SLWXLWDU\#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#GRVHG#JURXS#LQFLGHQFH#DUH#WKH#3#YDOXHV#FRUUHVSRQGLQJ#WR#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#WKH#YHKLFOH#FRQWURO#JURXS#DQG#WKH#GRVHG#JURXS1##7KH#OLIHG

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#)LVKHU#H[DFW#WHVW#FRPSDUHV#GLUHFWO\#WKH#RYHUDOO#LQFLGHQFH#UDWHV1##)RU#DOO#WHVWV/#D#ORZHU#LQFLGHQFH#LQ#WKH#GRVHG#JURXS#LV#LQGLFDWHG#E\#11
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6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\
RI#3RO\YLQ\O#$OFRKROD

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 433 433 433
(DUO\#GHDWKV
$FFLGHQWDO#GHDWKV 43 7 8
0RULEXQG 4< 58 46
1DWXUDO#GHDWKV 57 53 54

6XUYLYRUV
7HUPLQDO#VDFULILFH 7: 84 94

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 433 433 433

$OLPHQWDU\#6\VWHP
(VRSKDJXV +433, +433, +<<,
3HULHVRSKDJHDO#WLVVXH/#LQIODPPDWLRQ/#FKURQLF ### ###### ### ###### ##4 +4(,

*DOOEODGGHU +:9, +;:, +:<,
+\SHUSODVLD ##4 +4(,

,QWHVWLQH#ODUJH/#FRORQ +<5, +<6, +<:,
,QIODPPDWLRQ/#FKURQLF ### ###### ##4 +4(,## ##4 +4(,
/\PSKRLG#WLVVXH/#K\SHUSODVLD ##4 +4(,
6HURVD/#LQIODPPDWLRQ/#FKURQLF ##4 +4(,

,QWHVWLQH#ODUJH/#UHFWXP +;<, +<4, +<9,
,QIODPPDWLRQ/#FKURQLF ### ###### ##4 +4(,## ##4 +4(,
6HURVD/#LQIODPPDWLRQ/#FKURQLF ##4 +4(,

,QWHVWLQH#ODUJH/#FHFXP +;;, +<5, +<9,
,QIODPPDWLRQ/#FKURQLF ### ###### ##4 +4(,
6HURVD/#LQIODPPDWLRQ/#FKURQLF ##4 +4(,

,QWHVWLQH#VPDOO/#GXRGHQXP +;;, +<3, +<5,
,QIODPPDWLRQ/#FKURQLF ### ###### ##4 +4(,
(SLWKHOLXP/#K\SHUSODVLD ##5 +5(,## ### ###### ##4 +4(,
6HURVD/#LQIODPPDWLRQ/#FKURQLF ##4 +4(,

,QWHVWLQH#VPDOO/#MHMXQXP +;<, +<3, +<4,
,QIODPPDWLRQ/#FKURQLF ### ###### ##4 +4(,
(SLWKHOLXP/#K\SHUSODVLD ### ###### ##4 +4(,
3H\HU*V#SDWFK/#K\SHUSODVLD ##5 +5(,
6HURVD/#LQIODPPDWLRQ/#FKURQLF ##4 +4(,

,QWHVWLQH#VPDOO/#LOHXP +;;, +<3, +<5,
,QIODPPDWLRQ/#FKURQLF ### ###### ##4 +4(,
(SLWKHOLXP/#K\SHUSODVLD ### ###### ##4 +4(,
3H\HU·V#SDWFK/#K\SHUSODVLD/#O\PSKRLG ##4 +4(,
6HURVD/#LQIODPPDWLRQ/#FKURQLF ##4 +4(,

/LYHU +<<, +<<, +433,
$WURSK\ ##4 +4(,## #43 +43(,# ##5 +5(,
%DVRSKLOLF#IRFXV ##5 +5(,## ##4 +4(,
&OHDU#FHOO#IRFXV ##4 +4(,## #43 +43(,# ##9 +9(,
'HSOHWLRQ#JO\FRJHQ #53 +53(,# #6: +6:(,# #63 +63(,
(RVLQRSKLOLF#IRFXV ##5 +5(,## ##6 +6(,## ##5 +5(,
)LEURVLV ##4 +4(,## ##5 +5(,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ #56 +56(,# #68 +68(,# #58 +58(,
,QIDUFW ##4 +4(,## ### ###### ##4 +4(,
,QIODPPDWLRQ ##6 +6(,## ##5 +5(,## ##4 +4(,
1HFURVLV ##6 +6(,## ##8 +8(,## ##7 +7(,
3LJPHQWDWLRQ/#KHPRVLGHULQ ##4 +4(,## ##5 +5(,
9DFXROL]DWLRQ#F\WRSODVPLF #6; +6;(,# #76 +76(,# #6< +6<(,
&HQWULOREXODU/#GLODWDWLRQ ##4 +4(,
&HQWULOREXODU/#LQIODPPDWLRQ/#FKURQLF ##4 +4(,
6HURVD/#LQIODPPDWLRQ/#FKURQLF ### ###### ##4 +4(,

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



<3 3RO\YLQ\O#$OFRKRO/#173#75#7:7

7$%/(#$7
6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\
RI#3RO\YLQ\O#$OFRKRO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(

$OLPHQWDU\#6\VWHP#+FRQWLQXHG,
0HVHQWHU\ +66, +58, +69,
,QIODPPDWLRQ/#FKURQLF ##6 +<(,## ##4 +7(,
1HFURVLV #5: +;5(,# #56 +<5(,# #64 +;9(,

3DQFUHDV +<:, +<8, +<;,
$WURSK\ #44 +44(,# ##; +;(,## ##9 +9(,
+\SHUSODVLD ##4 +4(,
+\SHUSODVLD/#O\PSKRLG ### ###### ##4 +4(,
,QIODPPDWLRQ/#FKURQLF #4; +4<(,# #73 +75(,# #69 +6:(,
1HFURVLV ##4 +4(,
9DFXROL]DWLRQ#F\WRSODVPLF ##4 +4(,
$FLQXV/#DWURSK\ ### ###### ### ###### ##4 +4(,
'XFW/#F\VW ### ###### ##4 +4(,
'XFW/#GLODWDWLRQ ### ###### ### ###### ##4 +4(,

6DOLYDU\#JODQGV +<<, +<:, +433,
$WURSK\ ##9 +9(,## ##9 +9(,## ##8 +8(,
,QIODPPDWLRQ/#FKURQLF #85 +86(,# #94 +96(,# #8; +8;(,

6WRPDFK/#IRUHVWRPDFK +<7, +<6, +<:,
,QIODPPDWLRQ ### ###### ### ###### ##4 +4(,
(SLWKHOLXP/#K\SHUSODVLD ##4 +4(,## ### ###### ##6 +6(,
6HURVD/#LQIODPPDWLRQ/#FKURQLF ### ###### ##4 +4(,

6WRPDFK/#JODQGXODU +<6, +<6, +<9,
(FWRSLF#OLYHU ### ###### ##4 +4(,
+HPRUUKDJH ##4 +4(,
,QIODPPDWLRQ/#FKURQLF ##4 +4(,## ### ###### ##4 +4(,
(SLWKHOLXP/#DWURSK\ ### ###### ##4 +4(,
(SLWKHOLXP/#K\SHUSODVLD ### ###### ##4 +4(,## ##4 +4(,
(SLWKHOLXP/#PHWDSODVLD/#VTXDPRXV ### ###### ##4 +4(,
(SLWKHOLXP/#PLQHUDOL]DWLRQ ### ###### ##4 +4(,
6HURVD/#LQIODPPDWLRQ/#FKURQLF ### ###### ##4 +4(,

&DUGLRYDVFXODU#6\VWHP
%ORRG#YHVVHO #+4, #### #+5,
$RUWD/#GHJHQHUDWLRQ ##4 +433(,
$RUWD/#PHWDSODVLD/#RVVHRXV ### ###### ### ###### ##4 +83(,

+HDUW +433, +<<, +433,
&DUGLRP\RSDWK\ ##5 +5(,## ##7 +7(,## ##9 +9(,
'HJHQHUDWLRQ #;6 +;6(,# #<5 +<6(,# #<3 +<3(,
,QIODPPDWLRQ/#FKURQLF ##4 +4(,## ##4 +4(,## ##4 +4(,
0LQHUDOL]DWLRQ ### ###### ##4 +4(,
7KURPERVLV ### ###### ##4 +4(,
(SLFDUGLXP/#K\SHUSODVLD/#O\PSKRLG ### ###### ##4 +4(,
(SLFDUGLXP/#PLQHUDOL]DWLRQ ### ###### ##4 +4(,
9DOYH/#WKURPERVLV ##4 +4(,## ### ###### ##6 +6(,

(QGRFULQH#6\VWHP
$GUHQDO#FRUWH[ +433, +<7, +<:,
$FFHVVRU\#DGUHQDO#FRUWLFDO#QRGXOH ##4 +4(,## ##7 +7(,## ##4 +4(,
$QJLHFWDVLV ### ###### ##5 +5(,
$WURSK\ ##4 +4(,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ##4 +4(,
+HPRUUKDJH ##4 +4(,
9DFXROL]DWLRQ#F\WRSODVPLF ### ###### ##4 +4(,
&DSVXOH/#K\SHUSODVLD ##7 +7(,## ##8 +8(,## ##: +:(,
&DSVXOH/#LQIODPPDWLRQ/#FKURQLF ##5 +5(,
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RI#3RO\YLQ\O#$OFRKRO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(

(QGRFULQH#6\VWHP#+FRQWLQXHG,
$GUHQDO#FRUWH[#+FRQWLQXHG, +433, +<7, +<:,
=RQD#JORPHUXORVD/#DWURSK\ ### ###### ##4 +4(,
=RQD#JORPHUXORVD/#K\SHUSODVLD #44 +44(,# ##< +43(,# #4: +4;(,
=RQD#UHWLFXODULV/#KHPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ##4 +4(,
=RQD#UHWLFXODULV/#K\SHUSODVLD ##9 +9(,## ##7 +7(,## ##6 +6(,

$GUHQDO#PHGXOOD +<<, +<7, +<5,
+HPRUUKDJH ### ###### ### ###### ##4 +4(,

,VOHWV/#SDQFUHDWLF +<:, +<7, +<:,
$WURSK\ ##5 +5(,## ### ###### ##5 +5(,
+\SHUSODVLD #:3 +:5(,# #;3 +;8(,# #:; +;3(,
,QILOWUDWLRQ#FHOOXODU/#O\PSKRF\WH ### ###### ##4 +4(,
1HFURVLV ##4 +4(,

3DUDWK\URLG#JODQG +8<, +8<, +9<,
&\VW ### ###### ##4 +5(,
+\SHUSODVLD ##5 +6(,## ### ###### ##4 +4(,
,QILOWUDWLRQ#FHOOXODU/#O\PSKRF\WH ### ###### ##4 +5(,
,QIODPPDWLRQ/#FKURQLF ### ###### ### ###### ##4 +4(,

3LWXLWDU\#JODQG +;;, +;9, +;7,
$WURSK\ ##4 +4(,
+HPRUUKDJH ##5 +5(,## ##4 +4(,
3LJPHQWDWLRQ/#KHPRVLGHULQ ##4 +4(,
3DUV#GLVWDOLV/#DQJLHFWDVLV ##4 +4(,
3DUV#GLVWDOLV/#K\SHUSODVLD #5: +64(,# #5; +66(,# #5< +68(,
3DUV#LQWHUPHGLD/#DQJLHFWDVLV ### ###### ### ###### ##4 +4(,
3DUV#LQWHUPHGLD/#K\SHUSODVLD ### ###### ##4 +4(,

7K\URLG#JODQG +433, +<9, +433,
,QIODPPDWLRQ/#FKURQLF ### ###### ### ###### ##4 +4(,
)ROOLFXODU#FHOO/#F\VW ### ###### ### ###### ##4 +4(,
)ROOLFXODU#FHOO/#K\SHUSODVLD #8: +8:(,# #8: +8<(,# #8; +8;(,

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

*HQLWDO#6\VWHP
&OLWRUDO#JODQG +;<, +;4, +;6,
$WURSK\ #5< +66(,# #59 +65(,# #4; +55(,
+\SHUSODVLD ##7 +7(,## ##; +43(,# #43 +45(,
,QIODPPDWLRQ/#FKURQLF ##5 +5(,## ##4 +4(,

2YDU\ +<8, +<:, +<:,
$QJLHFWDVLV ##4 +4(,## ##4 +4(,
$WURSK\ ##4 +4(,
&\VW #46 +47(,# #46 +46(,# #48 +48(,
+HPRUUKDJH ##5 +5(,## ##4 +4(,## ##5 +5(,
+\SHUSODVLD/#O\PSKRLG ### ###### ##4 +4(,
+\SHUSODVLD/#WXEXORVWURPDO ### ###### ### ###### ##4 +4(,
,QIODPPDWLRQ/#DFXWH ##4 +4(,
,QIODPPDWLRQ/#FKURQLF ### ###### ##5 +5(,## ##5 +5(,
1HFURVLV ##4 +4(,## ##5 +5(,## ##7 +7(,
7KURPERVLV ##5 +5(,## ##5 +5(,## ##4 +4(,
3HULRYDULDQ#WLVVXH/#LQIODPPDWLRQ/#FKURQLF ##5 +5(,
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RI#3RO\YLQ\O#$OFRKRO

8QWUHDWHG#&RQWURO 9HKLFOH#&RQWURO 58(

*HQLWDO#6\VWHP#+FRQWLQXHG,
8WHUXV +433, +433, +433,
$P\ORLG#GHSRVLWLRQ ##4 +4(,
'LHVWUXV ### ###### ##4 +4(,
+HPRUUKDJH ##5 +5(,## ### ###### ##4 +4(,
+\GURPHWUD ##: +:(,## ##5 +5(,## ##5 +5(,
,QIODPPDWLRQ ##5 +5(,
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +4(,## ##4 +4(,
(QGRPHWULXP/#DQJLHFWDVLV ##4 +4(,## ##4 +4(,
(QGRPHWULXP/#KHPRUUKDJH ##4 +4(,
(QGRPHWULXP/#K\SHUSODVLD/#F\VWLF #<3 +<3(,# #<: +<:(,# #<; +<;(,
6HURVD/#LQIODPPDWLRQ/#FKURQLF ##5 +5(,

9DJLQD +<:, +<<, +<<,
'LHVWUXV ### ###### ##4 +4(,
,QIODPPDWLRQ/#DFXWH ### ###### ##5 +5(,
,QIODPPDWLRQ/#FKURQLF ### ###### ##5 +5(,## ##4 +4(,
(SLWKHOLXP/#K\SHUSODVLD ### ###### ##4 +4(,
(SLWKHOLXP/#LQIODPPDWLRQ/#FKURQLF ### ###### ##4 +4(,

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ +433, +<;, +433,
$P\ORLG#GHSRVLWLRQ ##4 +4(,
'HSOHWLRQ#FHOOXODU ##4 +4(,
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98 Polyvinyl Alcohol, NTP TR 474

FIGURE B1      
Infrared Absorption Spectrum of Polyvinyl Alcohol



99Polyvinyl Alcohol , NTP TR 474

FIGURE B2      
Nuclear Magnetic Resonance Spectrum of Polyvinyl Alcohol
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13;5;;< 13;5;;<

0D[LPXP#6WRUDJH#7LPH
8#ZHHNV 7#ZHHNV

6WRUDJH#&RQGLWLRQV
6WRUHG#LQ#VHDOHG#FRQWDLQHUV#DW#URRP#WHPSHUDWXUH#SURWHFWHG#IURP 6DPH#DV#630GD\#VWXG\
OLJKW

6WXG\#/DERUDWRU\
$UWKXU#'1#/LWWOH/#,QF1#+&DPEULGJH/#0$, $UWKXU#'1#/LWWOH/#,QF1#+&DPEULGJH/#0$,

$QDO\WLFDO#&KHPLVWU\#/DERUDWRU\
0LGZHVW#5HVHDUFK#,QVWLWXWH#+.DQVDV#&LW\/#02, 0LGZHVW#5HVHDUFK#,QVWLWXWH#+.DQVDV#&LW\/#02,
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7$%/(#%5
5HVXOWV#RI#$QDO\VHV#RI#'RVH#)RUPXODWLRQV#$GPLQLVWHUHG#WR#)HPDOH#0LFH#LQ#WKH#50<HDU#,QWUDYDJLQDO#6WXG\
RI#3RO\YLQ\O#$OFRKRO

7DUJHW 'HWHUPLQHG 'LIIHUHQFH
'DWH#3UHSDUHG 'DWH#$QDO\]HG &RQFHQWUDWLRQ &RQFHQWUDWLRQ IURP#7DUJHWD

+(, +(, +(,

46#)HEUXDU\#4<<5 46#)HEUXDU\#4<<5 58 58169 .4

49#0DUFK#4<<5 58 58139 3E

:#$SULO#4<<5 ;#$SULO#4<<5 58 571<; 3

:#0D\#4<<5 :#0D\#4<<5 58 581:5 .6

6#-XQH#4<<5 6#-XQH#4<<5 58 59156 .8

5;#-XO\#4<<5 5;#-XO\#4<<5 58 5819: .6

5<#6HSWHPEHU#4<<5 58 58134 3E

56#6HSWHPEHU#4<<5 5<#6HSWHPEHU#4<<5 58 5718< $5

4;#1RYHPEHU#4<<5 4<#1RYHPEHU#4<<5 58 58143 3

47#-DQXDU\#4<<6 47#-DQXDU\#4<<6 58 5717; $5

4#0DUFK#4<<6 58 58184 .5E

<#0DUFK#4<<6 43#0DUFK#4<<6 58 5713< $7

8#0D\#4<<6 8#0D\#4<<6 58 59147 .8

5<#-XQH#4<<6 63#-XQH#4<<6 58 59133 .7

5:#$XJXVW#4<<6 58 59139 .7E

59#$XJXVW#4<<6 5:#$XJXVW#4<<6 58 581:9 .6

53#2FWREHU#4<<6 55#2FWREHU#4<<6 58 57158 $6

47#'HFHPEHU#4<<6 48#'HFHPEHU#4<<6 58 58135 3

56#-DQXDU\#4<<7 58 58183 .5E

5HVXOWV#RI#GXSOLFDWH#DQDO\VHVD

$QLPDO#URRP#VDPSOHE
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$33(1',;#&
,1*5(',(176/#1875,(17#&20326,7,21/

$1'#&217$0,1$17#/(9(/6
,1#1,+03:#5$7#$1'#0286(#5$7,21
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7$%/(#&5 9LWDPLQV#DQG#0LQHUDOV#LQ#1,+03:#5DW#DQG#0RXVH#5DWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
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7$%/(#&7 &RQWDPLQDQW#/HYHOV#LQ#1,+03:#5DW#DQG#0RXVH#5DWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439
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7$%/(#&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, 56166#�#317: 5515#²#5715 59
&UXGH#IDW#+(#E\#ZHLJKW, 816;#�#314: 8143#²#81<3 59
&UXGH#ILEHU#+(#E\#ZHLJKW, 6153#�#3166 5193#²#7163 59
$VK#+(#E\#ZHLJKW, 9169#�#3155 81<7#²#91;4 59

$PLQR#$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, 9/968#�#877 8/<73#²#;/;33 59
9LWDPLQ#'#+,82NJ, 7/783#�#46;5 6/333#²#9/633 7
û07RFRSKHURO#+SSP, 68176#�#;1<; 5518#²#7;1< 44
7KLDPLQH#+SSP, 49185#�#5159 4613#²#5513 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#+(, 4146#�#3137 4139#²#4153 59
3KRVSKRUXV#+(, 31<3#�#3138 31:93#²#4133 59
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, 3187#�#3147 3143#²#31:3 59
&DGPLXP#+SSP, 313<#�#313: 3137#²#3153 59
/HDG#+SSP, 3164#�#3145 3153#²#31:3 59
0HUFXU\#+SSP, 3135# 3135#²#3136 59
6HOHQLXP#+SSP, 3169#�#313; 3143#²#3183 59
$IODWR[LQV#+SSE, ?813# 59
1LWUDWH#QLWURJHQ#+SSP, :133#�#51:< 51<3#²#4713 59F

1LWULWH#QLWURJHQ#+SSP, 31:3#�#31<6 3143#²#6183 59F

%+$#+SSP, 514<#�#7137 4133#²#5313 59G

%+7#+SSP, 418;#�#31<< 413#²#8133 59G

$HURELF#SODWH#FRXQW#+&)82J, 434/733#�#48:/55: :/533#²#:43/333 59
&ROLIRUP#+0312J, 7#�#61< 6#²#56 59
(VFKHULFKLD#FROL#+0312J, ?6# 59
6DOPRQHOOD#+0312J, 1HJDWLYH 59
7RWDO#QLWURVRDPLQHV#+SSE, 431<:#�#716< 71:3#²#56133 59H

101LWURVRGLPHWK\ODPLQH#+SSE, ;1:5#�#7177 51<3#²#5413 59H

101LWURVRS\UUROLGLQH#+SSE, 5159#�#4147 4133#²#9133 59H

3HVWLFLGHV#+SSP,
û0%+& ?3134# 59
ù0%+& ?3135# 59
õ0%+& ?3134# 59
ó0%+& ?3134# 59
+HSWDFKORU# ?3134# 59
$OGULQ# ?3134# 59
+HSWDFKORU#HSR[LGH# ?3134# 59
''(# ?3134# 59
'''# ?3134# 59
''7# ?3134# 59
+&%# ?3134# 59
0LUH[# ?3134# 59
0HWKR[\FKORU# ?3138# 59
'LHOGULQ# ?3134# 59
(QGULQ# ?3134# 59
7HORGULQ# ?3134# 59
&KORUGDQH# ?3138# 59
7R[DSKHQH# ?3143# 59
(VWLPDWHG#3&%V# ?3153# 59
5RQQHO# ?3134# 59
(WKLRQ# ?3135# 59
7ULWKLRQ ?3138# 59
'LD]LQRQ ?3143# 59
0HWK\O#SDUDWKLRQ# ?3135# 59
(WK\O#SDUDWKLRQ# ?3135# 59
0DODWKLRQ# 3146#�#3146 3138#²#3186 59
(QGRVXOIDQ#,# ?3134# 59
(QGRVXOIDQ#,, ?3134# 59
(QGRVXOIDQ#VXOIDWH# ?3136# 59

&)8ÛFRORQ\#IRUPLQJ#XQLWV>#031ÛPRVW#SUREDEOH#QXPEHU>#%+&ÛKH[DFKORURF\FORKH[DQH#RU#EHQ]HQH#KH[DFKORULGHD

)RU#YDOXHV#OHVV#WKDQ#WKH#OLPLW#RI#GHWHFWLRQ/#WKH#GHWHFWLRQ#OLPLW#LV#JLYHQ#DV#WKH#PHDQ1E

6RXUFHV#RI#FRQWDPLQDWLRQ=##DOIDOID/#JUDLQV/#DQG#ILVK#PHDOF

6RXUFHV#RI#FRQWDPLQDWLRQ=##VR\#RLO#DQG#ILVK#PHDOG

$OO#YDOXHV#ZHUH#FRUUHFWHG#IRU#SHUFHQW#UHFRYHU\1H



43:

$33(1',;#'
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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#WKH#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#PLFH#GXULQJ#WKH#50\HDU#VWXG\1##%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#EORRG#ZDV#FROOHFWHG#GXULQJ#WKH#VWXGLHV#DUH#DOVR#OLVWHG1

0HWKRG#DQG#7HVW 7LPH#RI#$QDO\VLV

(/,6$
(FWURPHOLD#YLUXV 9/#45/#4;/#DQG#57#PRQWKV
(',0#+HSL]RRWLF#GLDUUKHD#RI#LQIDQW#PLFH, 9/#45/#DQG#57#PRQWKV
*'9,,#+PRXVH#HQFHSKDORP\HOLWLV#YLUXV, 9/#45/#4;/#DQG#57#PRQWKV
/&0#+O\PSKRF\WLF#FKRULRPHQLQJLWLV#YLUXV, 9/#45/#4;/#DQG#57#PRQWKV
0RXVH#DGHQRPD#YLUXV0)/ 9/#45/#4;/#DQG#57#PRQWKV
0+9#+PRXVH#KHSDWLWLV#YLUXV, 9/#45/#4;/#DQG#57#PRQWKV
0\FRSODVPD#DUWKULWLGLV 57#PRQWKV
0\FRSODVPD#SXOPRQLV 57#PRQWKV
390#+SQHXPRQLD#YLUXV#RI#PLFH, 9/#45/#4;/#DQG#57#PRQWKV
5HRYLUXV#6 9/#45/#4;/#DQG#57#PRQWKV
6HQGDL 9/#45/#4;/#DQG#57#PRQWKV

,PPXQRIOXRUHVFHQFH#$VVD\
(FWURPHOLD#YLUXV 4;#PRQWKV
(',0 4;#DQG#57#PRQWKV
*'9,, 4;#PRQWKV
/&0 57#PRQWKV

+HPDJJOXWLQDWLRQ#,QKLELWLRQ
.#+SDSRYDYLUXV, 9/#45/#4;/#DQG#57#PRQWKV
090#+PLQXWH#YLUXV#RI#PLFH, 9/#45/#4;/#DQG#57#PRQWKV
3RO\RPD#YLUXV 9/#45/#4;/#DQG#57#PRQWKV
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5(68/76
2QH#VDPSOH#ZDV#SRVLWLYH#IRU#01#DUWKULWLGLV#DW#57#PRQWKV1##)XUWKHU#HYDOXDWLRQ#RI#WKH#VDPSOH#SRVLWLYH#IRU
01#DUWKULWLGLV#E\#LPPXQREORW#DQG#:HVWHUQ#EORW#SURFHGXUHV#LQGLFDWHG#WKDW#WKH#SRVLWLYH#WLWHU#PD\#KDYH#EHHQ
GXH#WR#FURVV#UHDFWLRQ#ZLWK#DQWLERGLHV#RI#QRQSDWKRJHQLF#0\FRSODVPD#RU#RWKHU#DJHQWV1##2QO\#RQH#VDPSOH#ZDV
SRVLWLYH/#DQG#WKHUH#ZHUH#QR#FOLQLFDO#ILQGLQJV#RU#KLVWRSDWKRORJLF#FKDQJHV#RI#01#DUWKULWLGLV#LQIHFWLRQ#LQ#WKH
DQLPDO#ZLWK#WKH##SRVLWLYH#WLWHU1##$FFRUGLQJO\/#WKH#01#DUWKULWLGLV0SRVLWLYH#WLWHU#ZDV#FRQVLGHUHG#WR#EH#IDOVH
SRVLWLYH1##2QH#VDPSOH#ZDV#SRVLWLYH#IRU#(',0#DQWLERGLHV#E\#(/,6$/#EXW#WKLV#UHVXOW#FRXOG#QRW#EH#FRQILUPHG
E\#LPPXQRIOXRUHVFHQFH#DVVD\#GXH#WR#LQVXIILFLHQW#VHUXP1
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