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Dedication

This report is dedicated
to the memory of the late John Bruce McCullum, 

President of Transport 2000 Ontario (now Transport Action Ontario) 
from 1988 to 1992.

Visionary, ecologist, and sustainable transportation advocate.
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X".*&w$2#FX!#V'20".#^).'# X".*&'$2#R'0*<S$.,)$( ##b? k.,'&#0*7,6
X".*&w$2#FX!#P2$).-)22'#^).'# O$0*#T7.(4".<B$).*<Tw&x;' ##iK k.,'&#0*7,6
S"..'(4(7*#Va!#V$.>7&6#P&$.(+ B"7*+#Q"&8$2=<X)21"&, ##j? k.,'&#0*7,6
S"..'(4(7*#Va!#G$&s"&,#S"&&),"& Q'8#G$-'.<B%&)./3'2, ?M? k.,'&#0*7,6
^"./#:02$.,#O$0*#B),'#F(('00 B7..60),'<Y$&=#F-'.7'#!7..'2#T7.(4". ####_ k.,'&#(".0*&7(4".
^"./#:02$.,#X$).#^).'#OC*'.0)". E".=".=";$<]$%+$.= ##?j k.,'&#0*7,6
^"./#:02$.,#Y"&*#T'D'&0".#P&$.(+ G7.4./*".<Y"&*#T'D'&0". ##L\ k.,'&#0*7,6
^"./#:02$.,#X".*$7=#P&$.(+ P$>62".<B%'".= ##_j k.,'&#0*7,6
^"./#:02$.,#S'.*&$2#P&$.(+ P$>62".<P'*+%$/' ##?M k.,'&#0*7,6
BOY!F#B(+762=)22#U$22'6#X'*&" Y+)2$,'2%+)$<E'$,)./ ##@@ k.,'&#0*7,6
BOY!F#y7$='&*"8.#OC*'.0)". ^$.0,$2'<B+'226 ##LM k.,'&#0*7,6
BOY!F#R$8$#OC*'.0)". O286.<R$8$ ####_ :.#,'0)/.
V'.-'&#E!V#O$0*#^).' k.)".#B*$4".<V'.-'&#:.*'&.$4".$2#F)&%"&* ##L\ k.,'&#(".0*&7(4".
V'.-'&#E!V#e"2,#^).' k.)".#B*$4".<R+'$*#E),/' ##?K :.#,'0)/.
V'.-'&#E!V#Q"&*+8'0*#^).' Y'("0<B"7*+#R'0*;).0*'& ####_ :.#,'0)/.
S$2*&$).#Y'.).072$#S";;7*'#^).' B$.#W&$.()0("<B$.#T"0' ##KL :.#,'0)/.
X'C)("#O2#!&'.#B7>7&>$."#^).'#b X$&4.#S$&'&$<T$&,).'0#,'#X"&'2"0 ##?@ :.#,'0)/.
X'C)("#O2#!&'.#B7>7&>$."#^).'#L S+$2("<^$#Y$f ##?? :.#,'0)/.

U9UZP J##

!X O0(P&Q'*(R'%1S()'*+,-&65&1;(T9(U-%13&,



Chapter 2

!"# $%&'()*+,-.*/012&3+45-)67&89:#;!##8

!"#$%&'#'($()*)+),-'$).'/01)/#2$3'$0/'$14'$./&#)5'/#$)6$0$#&57('$68'(9$0$68'($1401$&#$60#1$:'*)+&57$0$.035$)5 $
14'$*4'##:)0/%$)6$&51'/50,)50($.)(&,*#;$$<5'$%)'#$5)1$5''%$#).4&#,*01'%$1'*45&=8'#$6)/$./'%&*,57$14'$6818/' $
1)$6)/+$14'$-&'3$14012$3401'-'/$'(#'$40..'5#2$&1#$./&*'$&#$:)85%$1)$/&#';>

?'&14$@0+.:'((
A&*'BC/'#&%'512$"%+&5&#1/0,)5

@050%&05$C0*&D*$E0&(30F
GHIJ

!"#$%#&#'()$*&+$("#$,#*&)$-.$#/#0(12.32&4$56$"*7#$%##&$)(8+2#+$-&$&8,#1-8)$-00*)2-&)$2&$("#$9*)($%3$56:$("# $
5-7#1&,#&($-.$6&(*12-$*&+$;8*/2'#+$-8()2+#$9*1<#)=$$>*0"$-.$("#$91#72-8)$)(8+2#)$0-&(*2&)$+*(*$)<//$1#/#7*&($(-$("#$2))8# $
(-+*3=$$?&+##+:$,*&3$-.$("#$*&)@#1)$"*7#$%##&$)2A&4$-&$4-7#1&,#&($%--B)"#/7#)$.-1$+#0*+#)$*&+:$.1-,$("#$)(*1(:$2($"*) $
)(180B$,*&3$2&.-1,#+$-%)#17#1)$("*($("#$1#0#&($C#(1-/2&D$#D9/-1*<-&$-.$("#$2))8#$2)$,#1#/3$*&$#D9#&)27#$1#E9/-84"2&4$-. $
-/+$41-8&+=

>/#0(120$0-,,8(#1$1*2/$)#1720#$@*)$&-$,3)(#13$(-$56$!1*&)2($)(*F$@"#&$("#3$/*8&0"#+$("#$)#1720#$2&$GHIJ=$$K-,#$@#1# $
.-1,#1$LM$)(*F#1)$@2("$#D9#12#&0#$-&$("*($1*2/@*3N)$C-&(1#*/$#/#0(120$/2&#:$@"20"$"*+$18&$.1-,$+-@&(-@&$("1-84"$C-8&( $
O-3*/$(-$("#$&-1("#1&$)8%81%)$)2&0#$GHGP=$$6("#1)$"*+$@-1B#+$-&$#/#0(12'#+$1*2/$*&+$(1*&)2($-9#1*<-&)$#/)#@"#1#$%#.-1# $
Q-2&2&4$56=$$R8($("#$#*1/3$+*3)$-.$56$@#1#$&-$<,#$.-1$#/#0(12'0*<-&$+1#*,)=$$S2("$)/2,$%8+4#()$*&+$*$41-@2&4$0*//$.-1 $
#D9*&)2-&$-.$("#$T*B#)"-1#$)#1720#$(-$-("#1$/2&#):$56$"*+$(-$)(1#(0"$2()$91-72&02*/$.8&+2&4$("2&=$$!"#$6U>L$-2/$#,%*14- $
#&0-81*4#+$,*&*4#,#&($(-$B##9$*$@*(0"$-&$#/#0(120$1*2/$+#7#/-9,#&():$%8($/2V/#$#/)#=

!"*($)2(8*<-&$0"*&4#+$.-1$*$1#*)-&$8&1#/*(#+$(-$#/#0(12'0*<-&=$$6&$M-7#,%#1$GW:$GHJH:$*&$#*)(%-8&+$LU$.1#24"($(1*2& $
@2("$)#7#1*/$(*&B$0*1)$-.$+*&4#1-8)$0-,,-+2<#)$+#1*2/#+$&#*1$C*72)$O-*+$2&$C2))2))*84*=$$!"#$.#*1$-.$*$0"/-12&#$0/-8+ $
.1-,$*$189(81#+$(*&B$0*1$1#)8/(#+$2&$("#$#7*08*<-&$-.$XWW:WWW$1#)2+#&()=$$!"#$98%/20$*&+$("#$,#+2*$@#1#$@"299#+$2&(-$* $
.1#&Y3=$$!"#$91-72&02*/$4-7#1&,#&($-.$U1#,2#1$R2//$Z*72)$*&&-8&0#+$("#$.-1,*<-&$-.$("#$6&(*12-$!*)B$[-10#$-&$U1-72&02*/ $
O*2/$U-/203$(-$2&7#)<4*(#$("#$)(*(#$-.$("#$1*2/@*3):$#D9/-1#$("#21$9-(#&<*/$*&+$\)*.#48*1+$("#$98%/20$2&(#1#)(=]$$!"#$41-89 $
@*)$/#+$%3$CUU$C*14*1#($K0127#&#1$*&+$%*0B#+$%3$*$9*&#/$-.$9/*&&#1):$*0*+#,20)$*&+$)#&2-1$6&(*12-$%81#*801*()=

^/("-84"$1*2/$,*V#1)$"*+$*/@*3)$%##&$/*14#/3$.#+#1*/$1#)9-&)2%2/2<#):$("#$U1-72&0#$"*+$)#7#1*/$1#*)-&)$.-1$@*+2&4$2&(- $
("#$.1*3=$$[21)(:$("#$98%/20$*&+$("#$,#+2*$@*&(#+$(-$B&-@$@"*($("#$U1-72&0#$@*)$4-2&4$(-$+-$*%-8($("#$9#10#27#+ $
+#(#12-1*<-&$-.$("#$1*2/@*3):$#7#&$("-84"$("#3$@#1#&N($8&+#1$6&(*12-N)$/#42)/*<7#$0-&(1-/=

^)$@#//:$56$@*)$#&,#)"#+$2&$(-84"$&#4-<*<-&)$@2("$LM$-7#1$2()$-9#1*<&4$*41##,#&(:$@"20"$"*+$#D921#+$2&$GHJJ=$$LM $
@*&(#+$*$)8%)(*&<*/$.##$2&01#*)#=$$?($*/)-$2&)2)(#+$56E1#/*(#+$2,91-7#,#&()$%#$(-(*//3$.8&+#+$%3$6&(*12-$*&+$*// $
8941*+#+$2&.1*)(180(81#$@*)$(-$%#$("#$1*2/@*3N)$91-9#1(3=$$!"#$U1-72&0#$@*)$#*4#1$(-$1#)-/7#$("2)$2))8#=

[2&*//3:$("#$4-7#1&,#&($"*+$01#*(#+$("#$_1%*&$!1*&)9-1(*<-&$Z#7#/-9,#&($L-19-1*<-&$`_!ZLa$2&$GHJb$2&$("#$%*0B@*)" $
-.$91*2)#$2($1#0#27#+$.-1$"*/<&4$!-1-&(-N)$0-&(1-7#1)2*/$K9*+2&*$>D91#))@*3$*&+$0-,,2A&4$2()#/.$(-$(1*&)2($*/(#1&*<7#)= $
_!ZL$2&(#&+#+$(-$1#7-/8<-&2Y#$("#$4/-%*/$(1*&)2($,*1B#($@2("$6&(*12-E41-@&$2&&-7*<-&)=

K-,#$012<0)$&-(#+$("*($#)(*%/2)"#+$,*&8.*0(81#1)$*/1#*+3$"*+$+#)24&)$(-$,##($("#$2&+8)(13N)$0811#&($*&+$.8(81#$&##+)= $
O#Q#0<&4$("2)$1*<-&*/#:$("#$U1-72&0#$/*72)"#+$.8&+)$-&$_!ZL$*&+$0-E-9(#+$7*12-8)$(1*&)2($91-Q#0()$(-$)"-@0*)#$2()$@*1#)= $
!"#$1*2/$9-/203$1#72#@$@-8/+$%#$3#($*&-("#1$-99-1(8&2(3$(-$(18,9#($_!ZLN)$0*9*%2/2<#)=

?.$&-("2&4$#/)#:$("#$K0127#&#1$!*)B$[-10#$*00-,9/2)"#+$-&#$@-1("3$4-*/$%3$B20BE)(*1<&4$)#12-8)$0-&)2+#1*<-&$-. $
#/#0(12'0*<-&=

<1&=->()&?(/27&'()*+,-@A-2B&$%&C,/26-+ 8D



Chapter 2

!"# $%&'#()*'+,&-./0-1'2.345

!"#$%&'()*)+%,-'#./&'%'&0+$/&,)%$(&*()+%&%1&2)%-3%$)*#-4$%&0+%/*)+#5')%$(4+#)$%-3%(")%5)0)6($7%()/"0#/&'%*)84#*)9)0($%&0+ %
/-$($%-3%)')/(*#3:#0;%<=>$%?&@)$"-*)%?#0)%3*-9%A#/@)*#0;%(-%B&9#'(-07%&$%1)''%&$%/-0$#+)*#0;%#($%&,,'#/&.-0%(-%-(")*%'#0)$%#0 %
(")%;*-1#0;%/-994()*%$:$()9C%%!")%6*$(%-3%(")$)%$(4+#)$%1&$%+)'#2)*)+%#0%D40)7%EFGH7%5:%(")%$,)/#&'#I)+%JCKC%/-0$4'.0; %
6*97%L')/(*&/@7%M0/-*,-*&()+C

26&478%94&87:;&4'<+=9>'&,&-./7-',?-?@?AB&8'C&-0@&'.%&'@07;8.05'?D'<@./01E8'F?F3,0/'0;4'D08.'G?/.%&08.'H?//74?/
7;.&/-7.5'F088&;:&/'8&/B7-&8'C&:7;;7;:'7;'#(>("''$%&'<+=9>'0;4'7.'83--&88?/'<IJ9KK'0,8?'D?3;4'%?@&8'?;'.%&'-?@@3.&/
/07,'858.&@8'?D'GL'$/0;87.M'J%7,04&,F%70E8'2+J$<'0;4'N0,A@?/&E8'=<OH"''J%?.?'C5'L?8&F%'N0/7,,0/7"

!")%*),-*(%$,)'')+%-4(%(")%()/"0#/&'%+)(&#'$%&0+%5)0)6($%-3%<=%)')/(*#6/&.-07%9&0:%-3%1"#/"%*)9&#0%2&'#+%NH%:)&*$%'&()*C %
M(%/')&*':%)$(&5'#$")+O

!"#$%&'(%)$*+),-'.%,/+0+-+(1'2.'%-%)(3+.1+*4'($%'56'#3,*/+('7,+-'8%39+)%/:';329+/+2*,--1',(','92-(,4%'2.'<='>?:'@A'BCD '
#$%'+*+E,E2*'2.'($%'F$,/%'G'%-%)(3+H),E2*';32;2/,-'I2J-K'0%','*,(J3,-'H3/('/(%;:'L,>+*4'J/%'2.'($%'%M+/E*4'0+N
-%9%-';,//%*4%3/'),3/:'.23'+*(32KJ)E2*'2.'%-%)(3+H%K'/%39+)%'2*'($%'6,>9+--%NF+)>%3+*4'O,>%/$23%'32J(%D

!8J0/%PJ%*('+*(32KJ)E2*'2.'%-%)(3+H%K'/%39+)%'(2'2($%3'03,*)$%/',*K'(2'B,L+-(2*'I2J-K'0%',;;32;3+,(%'+.'/%39+)%'
I%3%'%M;,*K%K'(2',*',--NK,1'3%4J-,3'+*(%39,-'2;%3,E2*,-'.23L,(:')2*E*4%*('J;2*';J3)$,/%'2.',KK+E2*,-'
;,//%*4%3'),3/',*K'-2)2L2E9%/DQ

P#*$(%&0+%3-*)9-$(7%L')/(*&/@%+)/'&*)+%&0%)')/(*#6)+%<=%1-4'+%,')&$)%/-994()*$%1#("%#($%Q84#)(7%/')&0%&0+%9-*)%*)'#&5') %
$)*2#/)C%%!")%,45'#/%5)0)6(%1-4'+%5)%34*(")*%)0"&0/)+%#0%(")%)2)0(%("&(%(")%)R()0(%&0+%3*)84)0/:%-3%$)*2#/)%1&$ %
#0/*)&$)+%&5-2)%)R#$.0;%')2)'$CS%%!")%*),-*(%0-()+%)')/(*#6/&.-0>$%Q$,&*@$%)T)/(S%#0%&U*&/.0;%0)1%*#+)*$%1"-%1)*)0>( %
4$#0;%(")%)R#$.0;7%#03*)84)0(%<=%+#)$)'%$)*2#/)$C

#P G?'I7Q,&'J,0;R'+,&-./7D57;:'ST'$/0;87.

http://upload.wikimedia.org/wikipedia/commons/5/53/Amtrak-nj-transit.jpg


Chapter 2

!"#$#%&'()#)$*&#+',*($-*./)$.0#$1230$(#-$4'-5#+678))#/#9$:(*-$;*<='+)8#+>$=86/#?#/$+*//8(@$0A*B5$'()$0A'A#6*C6A"#6
'+A$<*,?#$&*-#+D$0.B"$'0$A"#$1E$EFGH$*+$A"#$7-#)80"6)#08@(#)D$1I6=.8/A$JEIKL$$M'A#)$'A$FDGGG$'()$KDGGG$"*+0#&*-#+D $
+#0&#B,?#/9D$=*A"$-#+#$8($)'8/9$0#+?8B#$*($J<A+'530$C*+<#+$NMM$O*+A"#'0A$H*++8)*+L

N"'0#$P$-*./)$#/#BA+8C9$A"#$N8B5#+8(@62'5?8//#$Q'5#0"*+#$Q8(#$'()$N"'0#$PP$-*./)$#%A#()$8A$A*$4'<8/A*(D$'0$-#//$'0$B*(?#+A $
A"#$1#*+@#A*-(D$M8B"<*()$48//$'()$I8/A*($0#+?8B#0L$$!"#$#0,<'A#)$B*0A0D$8(B/.)8(@$<*,?#$&*-#+$'()$+*//8(@$0A*B5D$-#+#R

N"'0#$P$ S$$TGLT$<8//8*(
N"'0#$PP$ $$$$$$$$$$$$$$$$$$$$$$ $SUFTLU$<8//8*($ $
!*A'/ SVWTLX$<8//8*(

N"'0#$P$+#Y.8+#)$Z?#$9#'+0$C+*<$(#@*,',*($*C$'@+##<#(A0$A"+*.@"$A*$A+'8(8(@$'()$A#0,(@L$$N+*B##)8(@$)8+#BA/9$A*$N"'0#$PP $
'))#)$*(/9$A-*$<*+#$9#'+0D$+#0./,(@$8($'$B*<&/#A#/9$#/#BA+8Z#)$12$+'8/$090A#<$8($0#?#($9#'+0L$$!"#$0A.)9$(*A#)R

!"#$%&%$'()$%*&(+&,-,./0&1$2,3-&/-1&4((0,-3567&'(2428&49$&'/7,4/0&'(24&7$%&:,0$&+(%&26;2$<6$-4&%/,0=/*&
$0$'4%,>'/.(-&7%(?$'42&=,00&7%(3%$22,)$0*&%$16'$&,-&%$/0&4$%:28&4(&49$&$@4$-4&49/4&A9/2$&BB&6-,4&'(24&%/4$2&'(601&
7%()$&4(&;$&0$22&49/-&49(2$&+(%&A9/2$&BCD

!"#$Z('(B8'/$Z()8(@0$-#+#$='0#)$*($A"#$)#<*(0A+'A#)$0'?8(@0$+#'/8[#)$=9$*A"#+$#/#BA+8B$B*<<.A#+$*&#+',*(0$'+*.() $
A"#$-*+/)L

Q**58(@$C*+-'+)D$A"#$+#&*+A$&*8(A#)$*.A$A"#$B'&8A'/$?'/.#$)#&+#B8',*($*C$#/#BA+8B$8(0A'//',*(0$'()$/*B*<*,?#0$-*./) $
*BB.+$*?#+$'A$/#'0A$'$\]69#'+$&#+8*)D$'0$B*<&'+#)$-8A"$A"#$UT$A*$V]$9#'+0$C*+$)8#0#/L$$J0$-#//D$'$<*?#$A*$/*(@#+$12$A+'8(0 $
-*./)$+#Y.8+#$A-*$*C$A"#$B.++#(A$)8#0#/$/*B*<*,?#0$&#+$A+'8(D$-"8/#$A"#$#/#BA+8B$*&,*($+#Y.8+#)$*(/9$*(#D$-"8B"$-*./) $
"'?#$'$/*(@#+$0#+?8B#$/8C#L$$!"#$B*0A$+',*$*C$'($#/#BA+8B$/*B*<*,?#$-'0$#0,<'A#)$'A$*(/9$WG$&#+$B#(A$*C$'$)8#0#/$).#$A*$8A0 $
#%A#()#)$/8C#$'()$+#).B#)$<'8(A#('(B#L

E/#BA+8ZB',*($-*./)$+#).B#$1230$#(#+@9$B*0A0$08@(8ZB'(A/9$).#$A*$0#?#+'/$C'BA*+0D$8(B/.)8(@$A"#$#/8<8(',*($*C$#(#+@9 $
B*(0.<&,*($).+8(@$/*B*<*,?#$B*'0,(@$'()$8)/8(@$'()$A"#$/*-#+$B*0A$*C$#/#BA+8B'/$#(#+@9L$$!"#$B*0A0$8(?*/?#)$-8A" $
+#C.#//8(@$*&#+',*(0$-*./)$=#$A*A'//9$#/8<8('A#)L$$^.+A"#+<*+#D$<'8(A#('(B#$B*0A0$-*./)$=#$+#).B#)$=9$'&&+*%8<'A#/9 $
\G$&#+$B#(A$=9$?8+A.#$*C$A"#$+#/',?#$08<&/8B8A9$*C$#/#BA+8B0L

P($'(0-#+$A*$A"#$@*?#+(<#(A30$0A'A#)$&*/8B9$A*$<'5#$2(A'+8*$/#00$)#&#()#(A$*($8<&*+A#)$*8/D$A"#$+#&*+A$#<&"'08[#)$A"'A $
#/#BA+8ZB',*($-*./)$'B"8#?#$'$0'?8(@$8($*8/$8<&*+A0$=9$+#).B8(@$1230$#(#+@9$B*(0.<&,*($'()$B._(@$'.A*<*=8/#$'()$12 $
=.0$<8/#'@#L$$!"#$8(B+#'0#)$0#+?8B#$C+#Y.#(B8#0$&*008=/#$-8A"$#/#BA+8ZB',*($-*./)$=**0A$+8)#+0"8&$C.+A"#+L

!"#$&+*`#BA#)$2(A'+8*$#<&/*9<#(A$'()$8().0A+8'/$=#(#ZA0$-#+#$/'+@#R

!E9$&,-,./.(-&/-1&'/%%*,-3&49%(639&(+&/&%/,0=/*&$0$'4%,>'/.(-&7%(?$'4&%$260.-3&,-&/&:(%$&$'(-(:,'&/-1&%$0,/;0$&
4%/-27(%4/.(-&2$%),'$&=,00&:/F$&/-&$G$'.)$&'(-4%,;6.(-&4(&49$&$'(-(:*&(+&49$&A%(),-'$&(+&H-4/%,(C

!I6'9&/&7%(?$'4&'%$/4$2&/&-6:;$%&(+&4$:7(%/%*&/-1&7$%:/-$-4&,-1624%,/0&/-1&$'(-(:,'&,:7/'42&(-&;(49&0('/0&
/-1&-/.(-/0&279$%$2&(+&/'.),4*&/2&=$00&/2&(-&49$&%/,0%(/1&(%3/-,J/.(-&,-)(0)$1C&&B4&/02(&'%$/4$2&/&-6:;$%&(+&
;62,-$22&/-1&$:70(*:$-4&(77(%46-,.$28&2(:$&(+&=9,'9&/%$&-$=&4$'9-(0(3*&/%$/2&=9,'9&/%$&0,F$0*&4(&;$&,-&
,-'%$/2,-3&1$:/-1&,-&+646%$&*$/%2C

!K9$-&/&:/-6+/'46%,-3&'/7/;,0,4*&9/2&;$$-&$24/;0,29$18&H-4/%,(&>%:2&=,00&;$&/;0$&4(&'(:7$4$&:(%$&$G$'.)$0*&
+(%&$0$'4%,>'/.(-&;62,-$22&,-&(49$%&7%(),-'$2&/-1&$)$-&(642,1$&L/-/1/C

!M/-*&24/-1/%1&'(:7(-$-42&/-1&/22$:;0*&1$2,3-2&/%$&/)/,0/;0$&4(&L/-/1,/-&26770,$%2&+%(:&N6%(7$/-&
:/-6+/'46%$%2&(-&/&%(*/04*&(%&0,'$-2,-3&;/2,2C&&E9,2&4*7$&(+&/%%/-3$:$-4&/)(,12&6--$'$22/%*&%$7$..(-&(+&
%$2$/%'9&/-1&1$)$0(7:$-4&=(%F&/0%$/1*&/''(:70,29$1&,-&(49$%&'(6-4%,$28&/-1&,4&/02(&7%(),1$2&(77(%46-,.$2&+(%&
4=(5=/*&,:7%()$:$-4&(+&1$2,3-2&/-1&:/-6+/'46%,-3&4$'9-,<6$2CD

!"#$%&'(#)'*+,#-'(./0%12%+3#45#60*+7%/ 89



Chapter 2

!"##$%&'(%)*+,-./(%0+1#2%.+&%&34(%&'(%5678%9#(/&*3/4%*(:+*&%3&%;3/(%,3#1(%3.2%<+*(%=&12-(=%>(?3.%1.2(*%&'(%!/*-,(.(*%@3=4 %
A+*/(B%%C.(%03=%1.2(*&34(.%>D%E1((.F=%G.-,(*=-&DF=%H3.32-3.%I.="&1&(%+;%J1-2(2%J*+1.2%@*3.=:+*&%KHIJJ@L%3.2%3.+&'(* %
>D%&'(%M-.-=&*D%+;%@*3.=:+*&3"+.%3.2%H+<<1.-/3"+.%KM@HLB

!"! #$%&'()%&*+(%)',-*.),$*/-$,01*2)34*5-'0&*6%78,&3
%
@'(%HIJJ@%=&12D%#++4(2%3&%&'(%(."*(%C.&3*-+%*3-#%.(&0+*4%N%/+<<1&(*$%-.&(*/-&D%:3==(.?(*%3.2%;*(-?'&%N%3.2%:*+,-2(2%3. %
3/32(<-/%(.2+*=(<(.&%+;%(#(/&*-;D-.?%JCF=%O34(='+*(%O-.(%+.#D$%3=%0(##%3=%3%/*3PD%Q1-#&%+;%+&'(*%H)%3.2%HR%;*(-?'&%3.2 %
:3==(.?(*%#-.(=B

@'(%M@H%=&12D%#++4(2%3&%*3-#%(#(/&*-S/3"+.$%@@H%&*+##(D%>1=%.(&0+*4%(T:3.=-+.$%.(0%&*+##(D%>1=%=D=&(<=%;+*%U3<-#&+.$ %
CV303%3.2%/+.,(*=-+.%+;%JCF=%>1=%=(*,-/(=%&+%(#(/&*-/B%%I&%03=%<+2(*3&(#D%=1::+*",(%+;%JC%*3-#%(#(/&*-S/3"+.%3.2 %
.(?3",(%+.%3##%+;%&'(%(#(/&*-/%>1=%:*+:+=3#=B

G:23".?%&'(%9#(/&*3/4%23&3$%&'(%M@H%*(:+*&%:(??(2%&'(%/+=&%+;%JC%)'3=(%I%K)-/4(*-.?WC34,-##(L%3&%X65B6%<-##-+.B %
9#(/&*-S/3"+.%0+1#2%>(%3/'-(,3>#(%0-&'-.%S,(%D(3*=$%0+1#2%*(Q1-*(%Y8WYZ%4['%+;%(#(/&*-/-&D%K8BY\%+;%C.&3*-+F=%&+&3#L%3.2 %
(#-<-.3&(%5ZB7W5]B^%<-##-+.%#-&*(=%+;%2-(=(#%;1(#%K8B7\%+;%C.&3*-+F=%&*3.=:+*&3"+.%/+.=1<:"+.LB%%@'(%:*+_(/&%0+1#2%/*(3&( %
5$ZZ`%<3.%D(3*=%+;%(<:#+D<(.&$%+;%0'-/'%C.&3*-+F=%='3*(%0+1#2%>(%5$8ZZB

)'3=(%IF=%(="<3&(2%.(&%=3,-.?%-.%3..13#%+:(*3".?%/+=&=%03=%X^7]$888%&+%X7]Y$888$%:3D-.?%>3/4%&'(%/3:-&3#%-.,(=&<(.& %
0-&'-.%5`%D(3*=%+;%&'(%=(*,-/(%#31./'B

M@H%(="<3&(2%&'(%/+=&%+;%)'3=(%II%KU3<-#&+.%9T&(.=-+.$%J(+*?(&+0.$%M-#&+.%3.2%a-/'<+.2%U-##%#-.(=L%3&%X55YBY%<-##-+.$ %
>1&%2-2%.+&%/3#/1#3&(%&'(%+:(*3".?%3.2%(.(*?D%/+=&%=3,-.?=B%%)'3=(%II%0+1#2%*(=1#&%-.%5$`6b%<3.%D(3*=%+;%(<:#+D<(.&$%+; %
0'-/'%C.&3*-+F=%='3*(%0+1#2%>(%5$]b7B

I.%#-?'&%+;%*(/(.&%=&3&(<(.&=%>D%M(&*+#-.T%*(?3*2-.?%&'(%"<(%*(Q1-*(2%&+%(#(/&*-;D%3.D%+;%&'(%JC%#-.(=$%+.(%=(/"+.%+;%&'( %
M@H%*(:+*&%=&3.2=%+1&c

!"#$%&$'#()*)+,%-.%/$**%01)2$34%5*&#)6+#%.67.&5(85*%*$53%89$.%51$%1$:6-1$3%;)1%')(.&16'8)(<<<<%%=&%-.4%#)/$2$14%
:6-&$%;$5.-7*$4%+-2$(%.0$$3,%5>$(8)(%5(3%'))0$158)(%7,%&#$%0518$.%-(2)*2$34%&)%#52$%?#5.$%=%$*$'&1-@'58)(%-( %
)0$158)(%@2$%,$51.%5A$1%56&#)1-B58)(%&)%01)'$$3%-.%+-2$(<

!C)9$%1$36'8)(%);%&#$%89$D.05(%/)6*3%7$%;$5.-7*$%-;%($+)858)(%);%01)E$'&%5+1$$9$(&.%')6*3%7$%5'')90*-.#$3%
-(%*$..%89$%)1%')('611$(&%/-&#%$(+-($$1-(+%/)1FG%-;%$(+-($$1-(+%5(3%')(.&16'8)(%/$1$%6(3$1&5F$(%')(.$'682$*,%
7,%5%.-(+*$%')(&15'&)1G%)1%-;%*)(+$1%&15'FD0)..$..-)(%89$%')6*3%7$%01)2-3$3%7,%&#$%)/(-(+%15-*1)53<%%

!",0-'5*%'5&$(51,%')(.&16'8)(%15&$.%5'#-$257*$%-(%9$3-69D*$2$*%')996&$1%5(3%;1$-+#&D15-*%&$11-&)1,%51$%7$&/$$(%
HI%5(3%JKI%&15'F%F-*)9$&1$.%0$1%,$514%3$0$(3$(&%01-951-*,%60)(%&#$%59)6(&%);%-(.&5**58)(%$:6-09$(&%
9$'#5(-B58)(4%5(3%&#$%158)%);%)LD&15'F%5(3%)(D&15'F%5''$..-7-*-&,%&)%&#$%&15'F.%&)%7$%$*$'&1-@$3<M

I.%-&=%5678%-.&(*-<%*(:+*&$%&'(%!/*-,(.(*%@3=4%A+*/(%/3##(2%*3-#%(#(/&*-S/3"+.%d3%/+1*=(%0(##%0+*&'%(T:#+*-.?Be%%%I&=%S.3# %
*(:+*&%+;%f1?1=&$%5675$%*(/+<<(.2(2c

!"#$%?1)2-('$%.#)6*3%01$051$%;)1%;6&61$%'#5(+$%7,%')90*$8(+%'611$(&%0*5((-(+%.&63-$.%5(3%'511,-(+%)6&%3$&5-*$3%
3$.-+(%5(3%@(5('-5*%-90*$9$(&58)(%.&63-$.%($$3$3%&)%25*-35&$%5(3%-90*$9$(&%$*$'&1-@'58)(%);%&#$%N5F$.#)1$%
0)18)(%);%&#$%OP%"15(.-&%')996&$1%15-*%($&/)1F<M

9: ;-*<,=$&*/$)(>*?$&0%',@1,(A*B+*2')(3,%



Chapter 2

!"# $%&'()*+',-./01&),*%&2

!"#$%&$'()*+$,)-$-./01#2345$#20(.*)6#+$3($)77*(8#$)$-3.+5$9)2)6#9#23$74)2$4#)+126$3($)2$#4#03*1:0);(2 $
1974#9#23);(2$74)2<$$=#418#*#+$12$>)5?$@ABC?$13$,)-$3"#$,(*D$(E$#2612##*126$0(2-.43)23-$=#F#.,$G)3"#*$H23#*2);(2)4? $
13-$G)2)+1)2$-.'-1+1)*5?$=#4G)2?$)2+$I4#03*)0D?$,"10"$")+$'5$3"#2$#-3)'41-"#+$)$!(*(23($(/0#$12$)2;017);(2$(E$)77*(8)4 $
(E$3"#$%&$7*(J#03<$$K$9)J(*$0(23*1'.3(*$(2$9(;8#$7(,#*$)2+$*(44126$-3(0D$1--.#-$,)-$L"14)+#47"1)M')-#+$F(.1-$!<$N4).+#* $
O$K--(01)3#-$PF!NQ<

!"#$74)2$7*(7(-#+$)$*(44126$128#-39#23$7*(6*)9$3")3$,(.4+$'#612$,13"$3"#$4).20"$(E$3"#$F)D#-"(*#$F12#$12$@AAR$)2+$E.44 $
%&$-5-3#9$#4#03*1:0);(2$'5$CRCR<$$!"1-$,(.4+$")8#$-7*#)+$3"#$0)713)4$*#S.1*#9#23-$3($)$7)4)3)'4#$)22.)4$4#8#4$E(*$3"# $
L*(8120#<

F!N$)2)45T#+$3"*##$357#-$(E$-#*810#M7*(8#2$#S.179#23U$$%I$IVRG$4(0(9(;8#-?$%>MKWIK$KI>X$4(0(9(;8#-$)2+$3"#$4)3#-3 $
6#2#*);(2$(E$W148#*412#*$I>Y-$3"#2$'#126$(7#*)3#+$'5$L"14)+#47"1)Z-$W(.3"#)-3$L#22-548)21)$!*)2-7(*3);(2$K.3"(*135 $
0(99.3#*$*)14$-5-3#9<$$!"#$4)[#*$,)-$1204.+#+$)-$)2$)43#*2);8#$3($)$E*#S.#2345M)+8)20#+$)*6.9#23$'5$3"#$L*(8120#$3")3 $
3"#$&23)*1(M'.143?$+1#-#4M").4#+$%&$'1M4#8#4$0)*-$0(.4+$)2+$-"(.4+$'#$0(28#*3#+$3($I>Y-<$$!"#$*#7(*3$-)1+U

!"#$%&'(')#*$#+'$,-)(./#0)#$#'01($.)2'&(#0)2$#+0#$#+'3$0&'$#-$4)5'(670#'$#+'$8'0(494/4#3$-8$,-)5'&6)7$#+'$':4(6)7$
94;/'5'/$,0&($)-<$4)$('&54,'$-)$#+'$=0>'(+-&'$=4)'$#-$?@A$-%'&06-)B$$C+'$,-)(./#0)#$8''/($#+0#$#+'&'$4($0$(#&-)7$
,0('$#-$9'$102'$8-&$'/414)06)7$#+4($0/#'&065'$0)2$<'$0&'$%&'%0&'2$#-$(.914#$0$(.110&3$&'%-&#$0)2$
&',-11')206-)($-)$#+4($10D'&BBBB$?@A$-%'&06-)$,0)$(6//$9'$,-)(42'&'2$<4#+$)'<$5'+4,/'($<+4/'$#+'$':4(6)7$94;
/'5'/($&'104)$4)$.('$8-&$#+'4&$('&54,'$/48'BE

H3$)77#)*#+$3")3$%&$#4#03*1:0);(2$,)-$:2)445$(2$3*)0D<$$\.3$13$,)-$2(3$3($'#<

304*%5&)%*/&)0$670(),*/0.80(9&04.:(9&,;(&)/0<&//;=%5,/*,0>),/;?.)(,-./03:(9.)*(=0,??).,'9*/@0<9*%,2&%?9*,A;
>&B?%&07/*5&);*(=0;(,-./"00<9.(.0C=032,B0$"06.)&*),"

D.0E*F%&0<%,/G0$%&'()*8=*/@0HI0>),/;*( JK

http://upload.wikimedia.org/wikipedia/commons/2/27/SEPTA_Silverliner_II.jpg


Chapter 2

!"#$#%&'()(*+)$,-$./0,#1$,)$2"#$!"0+)#$3&##4"$+5$6&0,'$789$8:;89$<",4"$)+2#1$=1#-,>)$<+0?$5+0$#'#420,@4(*+)$+5$2"#$AB $

4+CC/2#0$0(,'$-D-2#C$50+C$B(?E,''#$2+$F,4?#0,)>$,-$/)1#0$<(DGH$$I/2$,2$('-+$-?#24"#1$+/2$2"#$5/2/0#$+5$J0+<)K+<)#1$L!MJN

!"#$%&'()*+(*,$-./$('()#$0&*12(*0($,-.,$,-($2('(3&4+(*,$&5$.*$6*,()+(26.,($0.4.06,#$,).*/6,$/#/,(+$7#$,-($
8)7.*$9).*/4&),.:&*$;('(3&4+(*,$<&)4&).:&*$6/$7=,$,-($7(%6**6*%$&5$.*$.=/4606&=/$5=,=)($5&)$,-($6*2=/,)#>$
?226:&*.3$6*'(/,+(*,/$6*$89;<$@633$.33&@$5&)$4)&2=0:&*$5.0636:(/$6*$A*,.)6&>$?$5(./67636,#$/,=2#$5&)$.*$
B*,()+(26.,($<.4.06,#$9).*/6,$/#/,(+$5&)$,-($<6,#$&5$C.+63,&*$6/$(D4(0,(2$,&$7($)(.2#$7#$,-6/$5.33E$.*2$
*(%&:.:&*/$@633$7(%6*$@6,-$"(,)&4&36,.*$9&)&*,&$5&)$.*$B<9F$36*($6*$,-6/$.)(.>G

!"#$/)&0+E#)$OJ!3$"#'&#1$/)1+$2"#$AB$#'#420,@4(*+)$&'()G$$L!MJ$&0#1,42#1$,2$<+/'1$0#E+'/*+),P#$20()-,2$<+0'1<,1#$()1 $

&0+1/4#$($-20#(C$+5$+01#0-9$./2$,2$)##1#1$($-"+<4(-#$5+0$-/4"$-('#-G$$I#4(/-#$+5$,2-$'(0>#$4+)20,./*+)-$2+$20()-,2$4(&,2(' $

()1$+&#0(*)>$4+-2-$-,)4#$2"#$#(0'D$8:QR-9$2"#$F0+E,)4#$4+)E,)4#1$2"#$!!J$2+$-/.-*2/2#$OJ!3$5+0$2"#$4+)E#)*+)('$',>"2$0(,' $

2#4")+'+>D$-'(2#1$5+0$,2-$)#<$34(0.+0+/>"$S!$',)#G$$

T(>#0$2+$&0+C+2#$,2-$<(0#-9$L!MJ$2"#)$&0+&+-#1$($C+1,@#1$E#0-,+)$+5$OJ!3$?)+<)$(-$ABK61E()4#1$U,>"2$S(,'$!0()-,2$VABK

6US!W$/-,)>$#)'(0>#1$E#0-,+)-$+5$2"#$0+'',)>$-2+4?$5+0$2"#$34(0.+0+/>"$S!9$<",4"$+&#)#1$,)$8:;XG$$$ABK6US!$<+/'1 $

1,-&#)-#$<,2"$2"#$OJ!3Y-$',)#(0$,)1/4*+)$C+2+0-$()1$MJ$2",01$0(,'$&+<#0$-/&&'D$-D-2#C9$#E+'E,)>$,)2+$($C+0# $

4+)E#)*+)('9$7X9RRR$E+'2$6J$4(2#)(0D$0(,'$-D-2#CG

ABK6US!$<(-$-#'#42#1$5+0$2"#$&0+&+-#1$U(?#-"+0#$U,)#$#%2#)-,+)-$50+C$F,4?#0,)>$2+$B-"(<($()1$B(?E,''#$2+$Z(C,'2+)9$(- $

<#''$(-$($)#<$)+02"#0)$F,4?#0,)>KB(?E,''#$',)#$-#0E,)>$2"#$34(0.+0+/>"$!+<)$J#)20#9$[+02"$\+0?$J,2D$J#)20#9$F#(0-+) $

O)2#0)(*+)('$6,0&+02$()1$],--,--(/>($J,2D$J#)20#G$$6$)+02"K-+/2"$0+/2#$<+/'1$4+))#42$2"#$F+02$J0#1,2$()1$I0(C&2+)$AB $

-2(*+)-$E,($Z/0+)2(0,+$320##2G

O)$(11,*+)$2+$-"+<4(-,)>$ABK6US!$5+0$-('#$+/2-,1#$B)2(0,+9$2",-$&'()$<(-$C+*E(2#1$.D$2"#$",>"$4+-2$+5$2"#$0#)#>+*(2#1 $

J[KAB$+&#0(*)>$(>0##C#)2G$$ABK6US!$<(-$('-+$E,#<#1$(-$($-D-2#C$2"(2$4+/'1$&(0(''#'$()1$0#&'(4#$2"#$#%,-*)>$U(?#-"+0# $

()1$+2"#0$0(,'$-#0E,4#-$+&#0(2#1$+)$J[$',)#-9$&0+1/4,)>$($-D-2#C$#)*0#'D$+<)#1$()1$+&#0(2#1$.D$2"#$F0+E,)4#G

6)+2"#0$<0,)?'#$<(-$(11#1$.D$2"#$F0+E,)4#Y-$,)2#0#-2$,)$"D10+>#)$(-$()$B)2(0,+K1#E#'+&#1$&+<#0$-+/04#$5+0$0(,'$()1 $

20()-,2$+&#0(*+)-9$<",4"$2"#$340,E#)#0$0#&+02$",>"',>"2#1$()1$#)1+0-#1G$$[#(0'D$^R$D#(0-$'(2#09$($&0(4*4('$1#-,>)$"(-$-*'' $

)+2$.##)$&0+1/4#1G

ABY-$#'#420,@4(*+)$&'()$<(-$"('2#1G$$6''$(_#)*+)$5+4/-#1$+)$C##*)>$4+CC/2#0$1#C()1$<,2"$-',>"2'D$,)40#(-#1$AB$0(,' $

-#0E,4#$()1$C+0#$&(0(''#'$1,#-#'$./-$-#0E,4#-G$$T)>,)##0,)>$()1$'()1$(4`/,-,*+)$.#>()$5+0$ABK6US!Y-$F,4?#0,)>KB-"(<( $

',)#G$

!"0##$D#(0-$'(2#09$ABK6US!$<(-$-"#'E#1$<"#)$2"#$4+-2-$#-4('(2#1$()1$J[$a$5(4,)>$)#<9$&(--#)>#0K50,#)1'D$5#1#0(' $

'#>,-'(*+)$a$'+<#0#1$,2-$4"(0>#-$5+0$ABG$$!"#0#$<(-$)+$)##1$2+$&0+4##1G$$I/2$2"#$#'#420,@4(*+)$C+C#)2/C$"(1$E(),-"#1 $

()1$2"#$*C#$'+-2$2+$2"#$(.+02#1$ABK6US!$&0+b#42$0#-/'2#1$,)$D#2$C+0#$/)-#0E#1$1#C()1$5+0$ABY-$-#0E,4#-G$$!",-$"(1$2+$.# $

C#2$<,2"$#%&()1#1$1,#-#'$+&#0(*+)$()1$C+0#$1,#-#'$./-#-G$

!"# $%&'())!'*+*,',-./0

c,-#'D9$AB$#-2(.',-"#1$($&0(4*4#$+5$&#0,+1,4(''D$0#E,#<,)>$&'()-$2"(2$"(1$)+2$.##)$5/)1#1G$$O)$8::79$J()(1,()$F(4,@4 $

J+)-/'*)>$3#0E,4#-$VJFJ3W$/&1(2#1$()1$#%&()1#1$2"#$#(0',#0$#'#420,@4(*+)$<+0?$<,2"$,)&/2$50+C$Z(24"$6--+4,(2#-G

!?3,-&=%-$(3(0,)60$).63@.#/$-.'($7((*$6*$(D6/,(*0($5&)$&'()$HII$#(.)/E$/6%*610.*,$,(0-*&3&%60.3$.2'.*0(/$-.'($
7((*$+.2($6*$)(0(*,$2(0.2(/$.*2$@633$0&*:*=($,&$7($+.2($6*$,-($5=,=)(>$$9-(/($,(0-*&3&%60.3$.2'.*0(/$-.'($
)(/=3,(2$6*$)(2=0(2$1D(2$(J=64+(*,$0&/,E$)(2=0(2$+.6*,(*.*0($0&/,/$.*2$6*0)(./(2$(*()%#$(K06(*0#>$$9-($
.00(3().:*%$2('(3&4+(*,$&5$,(0-*&3&%6(/$+.L(/$6,$.44)&4)6.,($,&$)('6(@$,-($(0&*&+60/$&5$(3(0,)610.:&*$&*$.$
)(%=3.)$7./6/>G

!1 23'4567&'+789:';7&<-=5>059?'@A'$=89B5-



Chapter 2

!""#$%&'()#*+,-./)0'*,)12%*)-3,)'00,(,2'-,")2'#()'&")-2'&/#-),(,0-2#40'$%&)+2%52'*).&",2)/-."6)#&)7%/)!&5,(,/8 )
#&0(."#&5)#-/)&,9):,-2%(#&;)0%**.-,2)/6/-,*<))=>)3'")'//#/-,"):,-2%(#&;)9#-3)-3,)",/#5&)%1)-3#/)0%+60'-)/6/-,*8)93#03 )
./,")>&-'2#%?@.#(-)@#?(,A,()2%((#&5)/-%0;<))B3,)+./3)1%2),(,0-2#40'$%&)2,/.(-,")12%*)-3,)/-2#&5,&-)'#2)C.'(#-6)*'&'5,*,&- )
2,5.('$%&/)@,#&5)#*+%/,")-32%.53%.-)D%.-3,2&)E'(#1%2&#'<)

B3,)FGGH)EIED)/-."6)9'/)')-%.2)",)1%20,)-3'-)-%%;)#&-%)'00%.&-)2,0,&-)",A,(%+*,&-/)#&)*%$A,)+%9,2)'&")2%((#&5)/-%0;8 )
'/)9,(()'/)03'&5,/)#&)0'+#-'(8)%+,2'$&5)'&")*'#&-,&'&0,)0%/-/<))B3,)-,'*)#&0(.",")/%*,)93%)3'")0%&".0-,")EIJ/ )
,K-,&/#A,),(,0-2#40'$%&)-,/$&5)#&)-3,)FGLM/<))B3,/,),K+,2#,&0,")2'#(2%'",2/)/+,((,")%.-)-3,)A#2-.,/)%1),(,0-2#0)-2'0$%&<

!"#$#%&'#(#)"*$ !"#$#%&!+,-',./$
N&(#*#-,")2%.-,)'&")'//#5&*,&-)03%#0, 7#*#-,")3%-,()O(#53$&5P'#2)0%&"#$%&#&5P3,'$&5Q)'&")/-'&"@6)

+%9,2
E%*+'$@#(#-6)9#-3)%-3,2),C.#+*,&-)#&)'(()0%22#"%2/ E%/-)'&")$*,)(%/-)/,2A#0#&5)'&")%A,23'.(#&5)"#,/,(),&5#&,/
:,03'&#0'()@2,';"%9&/)0%&4&,")-%)%&,)-2'#& R,'(-3)0%&0,2&/)12%*)&%#/,8)1.*,/8)%#()'&")1.,()"#/+,2/#%&
7%9)42/-)0%/- 7#*#-,")+,2?.&#-)3%2/,+%9,2

D(%9)'00,(,2'$%&
D3%2-,2),0%&%*#0)(#1,
7#*#-,")0'-,5%2#,/)%1)./'@(,)1.,(/
S%&?2,A,&.,)*%A,/)-%)2,1.,((#&5)+%#&-/)
I%9,21.()0(,'&#&5)'5,&-/)2,C.#2,")-%)2,*%A,)%1)%#(6)2,/#".,
E%&-2#@.-,/)-%)E>H),*#//#%&/
T.,()&%-)'A'#('@(,)12%*)>&-'2#%)/%.20,/)
D./0,+$@(,)-%)1.,()0%/-)'&")/.++(6)U.0-.'$%&/

#%#.*+".&'#(#)"*$ #%#.*+".&!+,-',./$
V,".0,")*'#&-,&'&0,)0%/-)'&")$*, WC.#+*,&-)0%&4&,")-%),(,0-2#4,")(#&,/
E3%#0,)%1)+2#*'26),&,256)/%.20, V,".0,")'A'#('@(,)0(,'2'&0,),&A,(%+,
T.*,/)'&")%#()"#/+,2/#%&),(#*#&'-," D#5&'()/6/-,*)*%",2&#X'$%&)2,C.#2,"
V,".0,")*'#&)(#&,)%+,2'$%&)&%#/,) E%/-)%1)0'-,&'26)*'#&-,&'&0,
V,".0,")&%#/,)'-)6'2")'&")('6%A,2)/#-,/ B2'#&)#**%@#(#X'$%&)@6)0'-,&'26)"'*'5,)%2)+%9,2)1'#(.2,
=2,'-,2)+,2?.&#-)3%2/,+%9,2 D.++(,*,&-'26)%+,2'$&5P/'1,-6)2.(,/
=2,'-,2)'00,(,2'$%& V,".0,")*%@#(#-6)1%2)9%2;),C.#+*,&-
D3%2-,2)3,'"9'6/) Y#/.'()#&-2./#%&)%1)0'-,&'26
R#53,2)-2'Z0)0'+'0#-6 R#53)42/-)0%/-
=2,'-,2),&,256),Z0#,&06
I'2$'()2,0%A,26)%1)@2';#&5),&,256
>A,2?-2'0;)'#2)2#53-/)",A,(%+*,&-
!*+(,)3%-,()'&")/-'&"@6)+%9,2
['6/#",)+%9,2)2,C.#2,*,&-/),(#*#&'-,"
7%9,2),&,256)0%/-/
7,//)+2%&,)-%),&,256)+2#0,)U.0-.'$%&/
S%-)",+,&",&-)%&),&,256)/%.20,/)%.-/#",)>&-'2#%
7'25,),0%&%*#0)'&")\%@)02,'$%&)@,&,4-/

]'/,")%&)=>J/)(%&5?2'&5,)+('&/8)-3,)EIED)/-."6)'//.*,")-3,)>/3'9'?R'*#(-%&)7';,/3%2,)-2'#&/)9%.(")%+,2'-,),A,26)FM )
*#&.-,/)".2#&5)+,';)3%.2/)'&"),A,26)^M)*#&.-,/)%_?+,';<))B3,)%-3,2)(#&,/)9%.(")%+,2'-,),A,26)HM)*#&.-,/)".2#&5)+,'; )
+,2#%"/)'&")`M)*#&.-,/)%_?+,';<))B3,/,)%+,2'$%&/)9,2,)0%*+'2,").&",2)1%.2)FM?0'2),C.#+*,&-)/0,&'2#%/a

OFQ))b#,/,()(%0%*%$A,/)9#-3)@#?(,A,(/)/6/-,*?9#",c
OHQ))W(,0-2#0)(%0%*%$A,/)9#-3)@#?(,A,(/)%&)-3,)7';,/3%2,)'&")"#,/,(/)%&)-3,
))))))):#(-%&8)=,%25,-%9&8)]2'"1%2"8)V#03*%&")R#(()'&")D-%._A#((,)(#&,/c
O^Q))W(,0-2#0)(%0%*%$A,/)9#-3)@#?(,A,(/)/6/-,*?9#",c)'&"
OdQ))W(,0-2#0)(%0%*%$A,/)%&)-3,)7';,/3%2,)'&")FM?0'2)W:N/),(/,93,2,<

(0&%1234&53678&#349:;1<=17>&?@&*;67A1: BC



Chapter 2

!"#$#%&'()#*+$+,(#-$&-#.$/01$+"#$#20*0)'2$3*34,-'-$5#1#$+"#$67$789:$4020)0;<#$&-#.$'*$(1#<'0&-$-+&.'#-$3*.$+"#$=-#3 $
>105*$>0<#1'$?=>>@$=ABCCD$3$)01#$3.<3*2#.D$20))&+#1E-(#2'F2$<#1-'0*$0/$+"#$(1#<'0&-4,E-+&.'#.$=7GHI$$=-$5#44D$+"# $
JK9$-'*L4#E4#<#4$7GM-$+"3+$=>>$"3.$1#2#*+4,$N&'4+$/01$+"#$O5#.'-"$O+3+#$P3'453,Q-$1#L'0*34$(3--#*L#1$-#1<'2#-$3*. $
O+02R"04)$!13*-(01+Q-$20))&+#1$13'4$0(#13;0*-$5#1#$#S3)'*#.I$$!"#$-+&.,$20)(31#.$+"#$N#*#F+-$3*.$.135N32R-$0/ $
7GM$0(#13;0*I

!"#$%!&!'()* !"#$+,-.%-/0*
!13'*-$#3-'4,$-'T#.$+0$-&'+$(3--#*L#1$403.$<31'3;0*- G01#$)0+01$#%&'()#*+$+0$'*-(#2+$3*.$)3'*+3'*
U1#%&#*+$0VE(#3R$-#1<'2#$)3'*+3'*#.$5"'4#$)0-+$
1044'*L$-+02R$'-$1#2#'<'*L$-#1<'2'*L

W*-(#2;0*$;)#$'*21#3-#.D$1#%&'1'*L$)01#$'*-(#2;0*$
+132R3L#$'*$,31.-$01$)01#$)3*(05#1

U1#%&#*+$0VE(#3R$-#1<'2#$3+$405#1$#*#1L,$20-+
X#1,$"'L"$(05#1E+0E5#'L"+$13;0-
Y'L"#1$322#4#13;0*$.&#$+0$(05#1$N#'*L$.'-+1'N&+#.$
+"10&L"0&+$+"#$+13'*
G01#$13('.$.#2#4#13;0*$.&#$+0$L1#3+#1$N13R'*L$(05#1$
.'-+1'N&+#.$+"10&L"0&+$+13'*
A#--$-+1#--$0*$+132R$-+1&2+&1#$.&#$+0$#<#*$.'-+1'N&;0*$
0/$5#'L"+$3*.$+132;0*$)0+01-

!"#$-&'+3N'4'+,$0/$7GM-$<'-EZE<'-$4020)0;<#E"3&4#.$#4#2+1'2$+13'*-$1#2#'<#.$-#1'0&-$-+&.,I$$["'4#$+"#$(#1/01)3*2#$0/$+"# $
1#2#*+$7&10(#3*$7GM-$5#*+$'*+0$+"#$20)(31'-0*-D$+"#$-&LL#-;0*$53-$*0+$)3.#$+"3+$+"#,$20&4.$-')(4,$N#$0(#13+#.$3-E'- $
0*$6\Q-$4'*#-I$$!"#1#$31#$-&N-+3*;34$.'V#1#*2#-$'*$+"#$-+3*.31.-$/01$13'453,$#%&'()#*+$'*$]01+"$=)#1'23$3*.$7&10(#D$+"# $
(1'*2'(34$0*#$N#'*L$+"#$)3*.3+01,$#*.E-+1#*L+"$01$N&VE403.$1#%&'1#)#*+-I$$!"#$"'L"#1$]01+"$=)#1'23*$-+3*.31.-D$3-$-#+ $
N,$+"#$MIOI$U#.#134$P3'4103.$=.)'*'-+13;0*$?UP=@D$1#^#2+$+"#$L1#3+#1$#%&'()#*+$5#'L"+-$3*.$405#1$4#<#4$0/$213-"E
(1#<#*;<#$+13'*$20*+104$-,-+#)-I$$>#23&-#$0/$+"#$'*+#1E20**#2+#.$*3+&1#$0/$+"#$]01+"$=)#1'23*$13'4$-,-+#)D$+"#$UP= $
-+3*.31.-$3((4,$'*$:3*3.3$3*.$G#S'20D$+00I

["3+$53-$'*<#-;L3+#.$3-$(31+$0/$+"#$K__`$-+&.,$53-$+"#$(0--'N'4'+,$0/$20*<#1;*L$+"#$*0*E(05#1#.$6\$N'E4#<#4$2032"#- $
3*.$23N$231-$+0$-#4/E(10(#44#.$7GM$0(#13;0*I$$W+$"3.$40*L$N##*$3--&)#.$+"3+$+"#$-%&##T#.$#*.-$0/$+"#-#$.'-;*2;<#$231- $
"3.$N##*$.#-'L*#.$+0$322#(+$+"#$(3*+0L13("-$+0$2044#2+$(05#1$/10)$+"#$23+#*31,$'/$6\$#4#2+1'F#.$3*.$20*<#1+#.$+"#)$+0 $
7GM-I$$Y05#<#1D$+"#$-+&.,$+#3)$1#(01+#.a

!"#$%&'()%(*+,*-./,)%0$(*+,%1$/)23$%4'1%)#$%5*67$8$7(9%*(%)#$%03':%;''3%<'3%=$77>%.',()32.?',%5$)=$$,%)#$%)32.@(A %
"#*(%:$3&*)(%/,%2::$3%;''3%7$8$7%)'%5$%/00$0%'8$3%)#$%=$77AAAA%%"#$%=$776()B7$%'1%)#$%5*67$8$7%.'/.#%7$/8$(%,' %
2,0$3;''3%(:/.$%1'3%)3/.?',%$C2*:&$,)A%%D,%/00*?',E%)#$%FG%./3(%7$/8$%8$3B%7*H7$%(:/.$%1'3%)3/.?',%&')'3(A%%"#$%
I',(27)/,)%.',(*0$3(%)#/)%)#$%./3%0$(*+,%*(%$J.*$,)%/,0%#/3&',*'2(%1'3%*)(%.233$,)%:23:'($E%52)%.',8$3($7B%*(%,')%
(2*)$0%)'%K.',8$3(*',L%)'%/,%MNO%)3/.?',%:'=$3%./3AAAA

!"#$%',7B%K.',8$3(*',L%(.$,/3*'%(2++$()$0%#$3$E%/,0%*,%7/)$3%$.','&*.%.'&:/3*(',(E%*(%)#$%:23.#/($%'1%,$=%
03*8*,+%&')'3*P$0%./3(%)'%5$%:/*3$0%2:%',$6:72(6',$%=*)#%$Q*(?,+%5*67$8$7(A%%"#$%,$=%&')'36./3(%='270%5$%52*7)%)'%
#/3&',*P$%=*)#%)#$%$Q*(?,+%./3(%52)%(/.3*-.$%('&$%($/?,+%)'%()32.)23/7%0*R$3$,.$(%'8$3%)#$%)32.@(%/,0%*,%)#$%
7'=$3%5'0B%(*0$(A%%S((2&$%/%TU%($/)%7'((A%%S77%1'23%/Q7$(%'1%)#$%&')'36./3%/3$%/((2&$0%)'%5$%&')'3*P$0%2:%)' %
&'0$3,%&')'3%0$(*+,%#'3($:'=$3%1'3%MNO(AV%

!"#$1#(01+$'*+10.&2#.$3*0+"#1$*#5$20*2#(+$'*$6\$#4#2+1'F23;0*I$$!"#$-+&.,$+#3)$3b1)#.$+"#$#314'#1$-#4#2;0*$0/$3 $
`cD999$<04+$?`c$RX@$=:$+132;0*$(05#1$-,-+#)D$N&+$+"#,$+00R$+"'-$3$-+#($/&1+"#1$5'+"$+"#$1#2#*+D$-#1<'2#E(10<#* $
3&+0+13*-/01)#1$-,-+#)$&-'*L$3$<04+3L#$0/$deE$`c$RX$?*05$R*05*$3-$`$S$`c$RX@I$$W*$-')(4#$+#1)-D$'+$1#.&2#-$+"#$-&N-+3;0* $
1#%&'1#)#*+-$3*.$(10<'.#-$+"#$-3)#$N#*#F+-$0/$)01#$(05#1/&4$c9D999$<04+$?c9$RX@$=:$5'+"0&+$+"#$20-+-$3*.$(10N4#)-$'+ $
50&4.$#*+3'4D$-&2"$3-$'*21#3-'*L$+"#$"#'L"+$0/$N1'.L#-$3*.$-+3;0*$100/-I

11 &2$34567$869:;$!67<=>4?@4:A$BC$)>9:D4=



Chapter 2

!"#$%&'()"#*+*%",+'-$+.("/01"234"'5"#*678)6-9"7699:*%;"(%;<'7%="">)'(";6--'5?"(*678"$+("%@+9'5%&"'5"&%*+'-"A.
*)%"+:*)6;("6B"CDE("0FFG"%-%7*;'H7+I65"(*:&."+5&"$+(";+*%&")'?)-."B6;"765('&%;+I65J"'5"96&'H%&"B6;9J"+("K+;*"6B
+5."K-+5"*6"%-%7*;'B."+--"6;"K6;I65("6B"*)%"CD"(.(*%9=

!"#$%&#'&(&)*+"#+,#$%&#$-.)*+"#/+0&-#'1'$&23#$%&#.4$%+-'#-&/+-$&56

!"#$%&'(%)*%+,%-.-/$0%#1-2%/#$3$453$2%1%/316-07--756%8191:7;7/.%8;5-$%/5%/#1/%54%1%*<%+,%-=99;.2%:=/%>7/#5=/%/#$%

935:;$0-%54%7683$1-$?%8;$13168$-%199359371/$%/5%*<%+,@%%A/%1;-5%5B$3-%/#$%:$6$C/-%54%3$?=8$?%$;$8/35(01D6$E8%

76/$34$3$68$%76%9131;;$;%8500=6781E56-%8738=7/-@@@@%%F350%/#7-%G7$>9576/2%/#$%-.-/$0%9$34530168$%7-%-707;13%/5%1%

-709;$%)*%+,%-.-/$0%>7/#%:55-/$3%/316-4530$3-@H

7%&#'$451#$&.2#-&/+-$&5#$%&#.((89"#)./9$.(#)+'$'#+,#,+4-#&:49/2&"$#+/*+"'3#9")(459";#$%&#"&0#<98(&=&(#>?@#5&'9;"3#.'6

ABC D9&'&(#(+)+2+*=&'#'1'$&28095& E###FGHIJ#29((9+"
AKC >(&)$-9)#(+)+2+*=&'#+"#L.M&'%+-&#."5#59&'&(#&('&0%&-& E###HGNIK#29((9+"
AOC >(&)$-9)#(+)+2+*=&'#'1'$&28095& EB3BGNIH#29((9+"
APC >(&)$-9)#(+)+2+*=&'#+"#L.M&'%+-&#."5#>?@'#&('&0%&-& EB3BFBIO#29((9+"

Q"#'422.-13#$%&#BNNK#'$451#$&.2#)+")(45&56

!I-%>5=;?%:$%$J9$8/$?%?=$%/5%/#$%#7D#%8197/1;%85-/%54%$;$8/37C81E56%76431-/3=8/=3$2%K8$61375-%L%16?%M%N%/#$%/>5%

4=;;%$;$8/37C81E56%-8$61375-%N%#1G$%1%-7D67C816/;.%#7D#$3%$8565078%85-/%/#16%K8$61375%O%N%4=;;%?7$-$;7P1E56%N%16? %

K8$61375%)%N%?7$-$;7P1E56%54%/#$%:3168#;76$-%16?%$;$8/37C81E56%54%/#$%Q1+$-#53$%Q76$%56;.@%%"#$%?7B$3$68$- %

:$/>$$6%/#$%93$-$6/%G1;=$-%54%K8$61375-%)2%L%16?%M%4350%/#$%:1-$%R?7$-$;S%81-$%13$T%&U@VW2%&)X@XW%16?%&L)@LW@@@@

L6"M'N-%"O-+5P"2-%7*;'B.'5?"CD">;+5('* GQ



Chapter 2

!"#$%&$'()('*%&+$&#,-,.%/#0-1-$.%2/-%34($-',-%34%2/-%-(#4#53(%(#,2%#6%7(-4'$3#,%8.%9%'4:%;%<-*-(2$3(=%#1-$%2/'2%#6 %
7(-4'$3#%>%?%(#4)4+-:%6+**%:3-,-*%#&-$')#4%?%(#+*:%@-%13-0-:%',%2/-%(#,2%#6%-413$#45-42'*%@-4-A2,%'4:%,-$13(- %
35&$#1-5-42,%'4:%-1'*+'2-:%34%2/'2%(#42-B2CD

!"#$%&'()*+#,%-#*.+*/$&0*1,+#.1-*2$3)*,4*+#)*5667*&+%890*)()1*+#,%-#*+#)*-,():13)1+*,4*;:)3.):*<,=*>$)*/$& *
?#.@,&,?#.2$@@9*&%??,:'()A**B#)*-@,=$@*)2,1,39*#$8*3)@+)8*8,/1*$18*+#):)*/):)*1,*?:,(.12.$@*4%18&*$($.@$=@)*+,*3,() *
4,:/$:8A**C1*4$2+0*&)():$@*DE*:,%+)*)"+)1&.,1&*$18*,FG?)$H*&):(.2)*$88.',1&*/):)*8.&2,1'1%)8A

!"# $%%&'()*+(,-.&/(0--123-!445-.673/2&'3-.+*3-8()9,

B#)*DE*)@)2+:.I2$',1*.&&%)*&@%3=):)8*%1'@*7JJ50*/#)1*$*-,@8)1*,??,:+%1.+9*$??)$:)8A**B#)*&+$+)G,/1)8*K$',1$@ *
>$.@/$9&*,4*L)".2,*#$8*=)-%1*+,*:)$@.-10*:)=%.@8*$18*)@)2+:.49*.+&*3$.1*L)".2,*M.+9GD%$8$@$N$:$*+:%1H*:,%+)*.1*+#)*)$:@9 *
56OJ&P*Q6*D!*!RJMG7*)@)2+:.2*@,2,3,'()&*=%.@+*.1*!:.)0*;)11&9@($1.$0*/):)*8)@.():)8*.1*56OQG56OSA**<%+*+#)1*+#)*L)".2$1 *
-,():13)1+*8)2.8)8*+,*?:.($'T)*$18*&?@.+*%?*.+&*&+$+)*:$.@/$9A**B#)*1)/*,/1):*8.81U+*/$1+*+#)*)@)2+:.I2$',10*?$:'$@@9 *
=)2$%&)*+#)*2$+)1$:9*/.:)&*?:)()1+)8*+#)*%&)*,4*)"+:$G#.-#*8,%=@)G&+$2H*2,1+$.1):*2$:&0*/#.2#*2$3)*.1+,*&):(.2)*$V):*+#) *
)@)2+:.I)8*?@$1+*#$8*=))1*=%.@+A**B#)*=%@H*,4*+#)*L)".2$1*)@)2+:.I2$',1*&9&+)3*/$&*4,:*&$@)*W*2#)$?A

X*7JJ5*&+%89*=9*Y$+2#*L,Z*L$28,1$@80*.1*$&&,2.$',1*/.+#*M;M[*B)2#1,@,-.)&0*)"$3.1)8*+#)*4)$&.=.@.+9*,4*)@)2+:.49.1-*+#) *
E&#$/$GY$3.@+,1*\$H)&#,:)*\.1)*/.+#*+#)*&%:?@%&*L)".2$1*)]%.?3)1+A**X@@*$1$@9&.&*/$&*8,1)*,1*+#)*=$&.&*,4*DEU&*&):(.2) *
)"?$1&.,1*?@$1&*4,:*+#)*?):.,8*4:,3*7JJS*+#:,%-#*7J7^*$18*+#)*$2]%.&.',1*,4*7J*,4*+#)*D!*@,2,3,'()&0*55*,4*/#.2#*#$8 *
1)():*)1+):)8*:)()1%)*&):(.2)*.1*L)".2,A**B#)&)*/,%@8*=)*%?8$+)8*/.+#*3,:)*)_2.)1+*XM*+:$2',1*&9&+)3&*+,*#$%@*5JG *
$18*57G2$:*<,3=$:8.):*=.G@)()@*2,1&.&+&A**X&*/)@@0*3%2#*,4*+#)*L)".2$1*)@)2+:.2*+:$2',1*?,/):*&9&+)3*/,%@8*=)*.12@%8)8 *
/.+#,%+*2#$:-)*$18*$88.',1$@*3$+):.$@&*/,%@8*=)*,=+$.1)8*.1)"?)1&.()@9*4:,3*$*:)2)1+@9*8)2,33.&&.,1)8*)@)2+:.2*4:).-#+ *
@.1)*.1*1,:+#):1*<:.'&#*M,@%3=.$A

:6;&*6<-&=->3?+@&-AB-BC4DE!-3<3@('+@-%&F3'-+*-='3+G2(-/3'H+@3-+*-5IIC"--J*-!445K-(23/3-<&@&L&;H3/-F3'3-6H6+<6M<3
(&-A$-6(-6-='6@;&*-&=-(23+'-*3F-&'-'3%<6@3L3*(-@&/(K-6/-F3<<-6/-(23-3<3@('+@6<-+*='6/(')@()'3-='&L-(23-!5NE7+<&L3('3
9&)M<3E('6@7-<+*3"--O2&(&-M,-P6,L)*9&-D&<<696

!Q :&-.+R<3-O<6*0-B<3@('+=,+*G-A$-1'6*/+(



Chapter 2

!"#$%&'()*$+"$,"-./"/0/#-()#"'+1"1)/*/0"$&2$+*"(/3/'0/1"-.'-"#'&)-'0"#$*-*"$3/("-./"4567/'("&0'++)+8".$()9$+":$;01"</ "

=>?>"%)00)$+",$("/0/#-()#"'+1"=4@A"%)00)$+",$("1)/*/0B""C/#';*/"$,"-./)(".)8./("'##/0/('2$+D".)8./("'3/('8/"*&//1*"'+1 "

8(/'-/("'3')0'<)0)-7D"/0/#-()#"0$#$%$23/*":$;01".'3/"/+'<0/1"EF"-$"'3$)1"-./"&;(#.'*/"$,"4>"'11)2$+'0"<)60/3/0"#'(* "

(/G;)(/1";+1/("-./"1)/*/0"*#/+'()$D"*'3)+8"=H4B>"%)00)$+B

I./"#$%<)+/1"#'&)-'0D"$&/('2+8"'+1"%')+-/+'+#/"#$*-*"$3/("-./"4567/'("*-;17"&/()$1"7)/01/1"'"+/-"&(/*/+-"3'0;/",$("-./ "

/0/#-()#"$&2$+"$,"6=>>?"%)00)$+"3*B"6=J>A"%)00)$+",$("1)/*/0"K"'"1)L/(/+#/"$,"=MN"%)00)$+B""!0-.$;8."1/*#()</1"'* "

O*)8+)P#'+-DQ"-./"*-;17"-/'%":'*";+'<0/"-$"G;'+2,7"-./"./'0-."'+1"/+3)($+%/+-'0"</+/P-*"$,"/0/#-()P#'2$+"$("-./ "

/R&/#-/1"O*&'(S*"/L/#-Q"$+"()1/(*.)&"'+1"(/3/+;/B"

EF"/0/#-()P#'2$+".'1"+/3/("<//+"%$(/"'L$(1'<0/B""C;-"-./*/":/(/"-./"0'*-"1'7*"$,"T(/%)/("U)S/"V'(()*W"8$3/(+%/+-D "

:.)#.".'1"/0)%)+'-/1"3)(-;'007"'00"&($3)+#)'0"*;&&$(-",$(";(<'+"-('+*)-B""EFW*",;+1)+8":'*")+"1)*'(('7"'+1")-":'*")%&$**)<0/ "

-$"/%<'(S"$+"/3/+"'"#;-6('-/"/0/#-()P#'2$+"&($X/#-"-.'-":$;01".'3/"(/1;#/1"-./"#$%%;-/("(')0:'7W*"$&/('2+8"'+1 "

#'&)-'0"/R&'+*)$+"#$*-*"1('%'2#'007B

Y')0"/0/#-()P#'2$+")+"I$($+-$"(/%')+/1"'"1$(%'+-")**;/";+20"-./"&($3)+#)'0"8$3/(+%/+-"#.'+8/1")+"4@@J"'+1"+/:"&0'7/(* "

#'%/"$+"-./"*#/+/B

!"#$%&'(#)'*+,#-'(./0%12%+3#45#60*+7%/ 89



Chapter 3

!"# $%&'()*'&(+,-%.

!"#$%&'()*+$(')%',+-)+.%)'.+/,')012'3.4'.#)15*&+,()#1)&.)#$3.)%',+-)4+6&.0)%'*&(&1.(7)&.)#8&(9)#8'-)+3' )
(14':4'();',*14'%)/-)#81(')012'3.4'.#)15*&+,(<<<<=

>&.&(#'3)1?)@3+.(A13#B()C+&,)D+(('.0'3)E*:1.)F13*'9)GHIJ

!"#$%$&'()*&+,-.#/)01'#1+2$#($/+).$3#456'#+#7)685%#971+'#):;#6&$.+()-#):#.-'#:-(#'1$#+&,-.6#-:#'7-#<)=$(+%#0-2$(./$.'6#> #
-.$#:$3$(+%#+.3#'1$#-'1$(#?(-2).&)+%#>#+.3#'1$#($6?-.6$#-:#+#0(-5?#-:#+@$&'$3#A-(-.'-.)+.6B##C-($#'1+.#+.D'1).0#$%6$E#)' #
7+6#'1)6#&),F$.#($+&,-.#'1+'#?5'#$%$&'()*&+,-.#=+&G#-.#'1$#'+=%$B

H1$.#'1$#<)=$(+%#0-2$(./$.'#-:#I($/)$(#J+%'-.#C&!5).'D#67$?'#'-#?-7$(#).#"&'-=$(E#KLLME#)'#&+(()$3#7)'1#)'#/+.D #
&+/?+)0.#?(-/)6$6#'-#($).#).#5(=+.#6?(+7%E#?(-'$&'#5.3$2$%-?$3#%+.3#+(-5.3#".'+()-N6#&),$6#+.3#?(-/-'$#'(+.6)'#-?,-.6 #
'-#%5($#&-//5'$(6#:(-/#'1$)(#&+(6B##O/-.0#'1$#2+()-56#%$0)6%+,2$#).),+,2$6#7+6#'1$#&($+,-.#-:#'1$#!($+'$(#A-(-.'- #
A(+.6?-('+,-.#O5'1-()'D#).#O?()%E#KLLPB##Q$.+/$3#C$'(-%).R#%+'$(#'1+'#D$+(E#)'#7+6#&1+(0$3#7)'1#?%+..).0#+.3 #
&--(3).+,.0#'(+.6?-('+,-.#7)'1).#'1$#!($+'$(#A-(-.'-#+.3#S+/)%'-.#O($+#T!ASOUB##O#'+G$-2$(#-:#?(-2).&)+%%DV-7.$3#!" #
A(+.6)'#7+6#%+'$(#+33$3#'-#)'6#/+.3+'$E#/5&1#'-#!"#/+.+0$/$.'N6#&1+0().B

W'+@$3#%+(0$%D#7)'1#:-(/$(#?-%),&)+.6#+.3#?(-2).&)+%#=5($+5&(+'6#7)'1-5'#($+%V7-(%3#'(+.6?-('+,-.#$R?$()$.&$E#C$'(-%).R #
7+6#$+0$(#'-#)/?($66#'1$#?5=%)&#+.3#)'6#?-%),&+%#/+6'$(6#7)'1#+#6$()$6#-:#9$+(%D#7).6B;##O6#+#($65%'E#'1$#+0$.&D#X-+'$3 #
.5/$(-56#2)6)-.6#:-(#!ASO#'(+.6?-('+,-.#)/?(-2$/$.'6B##".$#7+6#$%$&'()*&+,-.#-:#!"N6#<+G$61-($E#!$-(0$'-7.E#C)%'-. #
+.3#Q)&1/-.3#S)%%#%).$6#5.3$(#%+=$%6#65&1#+6#W5?$(!"#+.3#YR?($66#Q+)%B##C$'(-%).R#$+(%D#-.#+..-5.&$3#'1)6#7-5%3#=$ #
6'53)$3#+6#?+('#-:#)'6#Q$0)-.+%#A(+.6?-('+,-.#I%+.#TQAIUE#35$#:-(#3$%)2$(D#).#%+'$#KLLZB

!"/ *+0'1%&2(-+)3#3#

[$:-($#'1$#3$%)2$(D#-:#'1$#QAIE#'1$#I($/)$(#($%$+6$3#1)6#C-2$".'+()-#KLKL#?%+.#-.#\5.$#]^E#KLL_E#:-5(#/-.'16#?()-(#'- #
'1$#?(-2).&)+%#$%$&,-.B##[D?+66).0#1)6#.$7#+0$.&DE#C&!5).'D#/+3$#+.#`]]B^#=)%%)-.#&-//)'/$.'#'-#^K#?()-()'D#?(-4$&'6#:-( #
'1$#!ASOB##O'#'1$#'-?#-:#'1$#%)6'#7$($#]_#!"#?(-4$&'6E#).&%53).0#<+G$61-($E#!$-(0$'-7.#+.3#C)%'-.#6$(2)&$#$R?+.6)-.#+.3 #
%).$#$R'$.6)-.6B##a5/=$(#*2$#7+6#9).&($+6).0#6?$$3#+.3#($35&).0#$/)66)-.6#=D#$%$&'():D).0#'1$#!"#<+G$61-($#%).$#+.3 #
$R?+.3).0#&+?+&)'D#-.#+%%#!"#%).$6B;!

b.#'1$#?($66#($%$+6$#)665$3#=D#'1$#I($/)$(N6#"c&$E#C&!5).'D#6+)3d
#

"#$%!&'%!()!'*+%!($,-!-).(!)/!*'0,&)1-!01(!.%*2,-&3!,45%-('%4(!,-!4)67!81.!%3)4)'9!:%'*4:-!,(;"!<3=1,4(9!

-*,:7!!">$*(?-!').%;!)1.!/*',2,%-!:%-%.5%!,(;!0%3*1-%!@.,:2)3+!4)(!)429!-*A-!-(.%4@($!)1(!)/!)1.!%3)4)'9;!,(!-(%*2-!

&'%!/.)'!)1.!/*',2,%-7"

#)!3,(%!)4%!%B*'A2%;!6,($!%2%3(.,C3*&)4!)/!($%!=8!D*+%-$).%!2,4%;!*!3)''1(%.!6,22!@%(!/.)'!#).)4()!()!E*',2()4!

FG!',41(%-!/*-(%.7

"#$*(?-!*4!%B(.*!$*2/H$)1.!*!:*97!!I4:!($*(!3*4!'*+%!($%!:,J%.%43%!0%(6%%4!',--,4@!9)1.!:*1@$(%.?-!C.-(!@)*2!*(!

-)33%.!K!).!-%%,4@!,(;"!<3=1,4(9!-*,:7

e.3$(#?()-()'D#65=7+D#+.3#-'1$(#(+?)3#'(+.6)'#?(-4$&'6E#'1$#I($/)$(#+%6-#)3$.,*$3#+# I$+(6-.#O)(VQ+)%#%).G#'-#e.)-.#W'+,-.B

A1$#($%$+6$#:(-/#'1$#I($/)$(N6#"c&$#f5+%)*$3#'1$6$#($&-//$.3+,-.6#6-#+6#'-#.-'#+??$+(#'-#'-'+%%D#?($V$/?'#1)6#.$7 #
+0$.&DE#+33).0#).#*.$#?().'E#9I(-4$&'6#65=4$&'#'-#'1$#($2)$7#-:#'1$#!($+'$(#A-(-.'-#A(+.6?-('+,-.#O5'1-()'DB;##C+.D#&(),&6 #
+6G$3#?5=%)&%D#):#'1$($#&-5%3#=$#+#&%$+($(#6)0.#'1+'#C$'(-%).R#7+6#456'#0-).0#'-#=$#+#(5==$(#6'+/?#:-(#+.D#?-%),&+%%DV
/-,2+'$3#3$&)6)-.6#:(-/#'1$#I($/)$(N6#"c&$B

4+)5-6,')7,2%8)$,'9&(-:;-%<)=1)>(2%?-& )3@



Chapter 3

!"# $%&'()*'+,-&

!"#$#%&$'()&*+,&+#-.$&+/(*.&,&+#$(0$&1&2#*34256(+$/3/+-#$.#(7$%&*&8$$9#$&.2515#&/$:3#%$#%&$;&7#&,<&*=$>??@=$*&1&5.&$(0 $
#%&$/*5A$(0$#%&$B&#*(13+C$DEF=$:%32%$3#$15<&11&/$!"#$%&'$()*#$:%&+$3#$:5.$522&7#&/$5+/$&+/(*.&/$<G$#%&$<(5*/$3+$
H()&,<&*8$$I,(+'$#%&$#*5+.3#$#&2%+(1('3&.$:()&+$3+#($#%3.$'*5+/$715+$:&*&J

!"#$%&&'()*++$,&'"-./##0$123&4.5$16/&73886$#8#712&75$.#2*&4'$/2&932&86$8)4'#2-0&.1347#$2#'&)438$12&/.$:&1"$1:)-:36$
388-036$.#2*&7#;$<#'&)438$=>/2#..$.#2*&7#$7)?80$"3*#$3$73/37&16$)@$AB5CCC$1)$DC5CCC$/3..#4'#2.$/#2$")?2$&4$1"# $
/#3E$0&2#7F)4$:&1"$123&4.$)/#23F4'$&4$7)9/8#1#86$.#/3231#0$2&'"1.-)@-:365$:&1"$3.$8&G8#$3.$B$9&4?1#.$H#1:##4$
123&4.;$I*#23'#$./##0+$BC$1)$JC$E9K"$:&1"$.13F)4.$1:)$1)$L*#$E9$3/321;$=>39/8#+$M32&.$<#'&)4$<N.#3?$=>/2#..$
<#'&)438$O<=<P;

(%,*-.)+'()*++$Q&#.#8-#8#712&7$)2$#8#712&7$123&4.$.#2*&4'$/2&932&86$8)4'#2-0&.1347#$2#'&)438$12&/.R$3//2)>&931#$
73/37&16$31$SC-9&4?1#$"#30:36.$)@$B5CCC$1)$AC5CCC$/3..#4'#2.$/#2$")?2$/#3E$0&2#7F)4R$.#2*&7#$734$H#$#4"347#0 $
H6$#8#712&L73F)45$#43H8&4'$H#G#2$123&4$/#2@)29347#$O377#8#23F)4P$340$1"#2#@)2#$"&'"#2$3*#23'#$./##0.$#*#4$
:&1"$2#83F*#86$78).#$.13F)4$./37&4';$$I*#23'#$./##0+$TC$E9K"$:&1"$1:)$E9$.13F)4$./37&4'R$BC$E9K"$:&1"$:&0#2$
.13F)4$./37&4'$)2$#8#712&L#0$123&4.;$=>39/8#+$UV$!234.&1$23&8$.6.1#9;

!"#$%&'$()*#$.&#$("#$5$.&*3&.$(0$3+)&.#,&+#.$.7*&5/$("#$()&*$5$>KLG&5*$6,&0*5,&$5+/$:3#%$(76(+.$0(*$5A&*:5*/=$:%32% $
:("1/$<&$."<M&2#$#($5$2(,7*&%&+.3)&$*&)3&:$5#$#%5#$6,&8$$I,(+'$#%&$#(7$#*5+.3#$7*3(*36&.$:3#%3+$#%&$4*.#$NK$G&5*.$:&*& $
OC7*&..$D531$(+$#%&$P5Q&.%(*&$P3+&$0*(,$R5,31#(+$#($S.%5:5$5+/$5$T+3(+$;#56(+LF&5*.(+$9+#&*+56(+51$I3*7(*#$ *531$13+QJ

W!"#$U!,IX.$L2.1$=>/2#..$<3&8$.#2*&7#$:&88$/2)*&0#$.&'4&L734186$@3.1#2$340$"&'"#2$73/37&16$.#2*&7#$1)$7)99?1#2. $
123*#88&4'$38)4'$1"#$UV$Y3E#.")2#$Y&4#5$7)44#7F4'$.#*#238$)@$1"#$U2):1"$M834$?2H34$'2):1"$7#412#.+$1"#$
0):41):4.$)@$,39&81)45$%?28&4'1)45$V3E*&88#5$!)2)41)5$M&7E#2&4'$340$V."3:3;$Z)88#7F*#865$1"#.#$.&>$7#412#.$32#$
@)2#73.1$1)$377)99)031#$.&'4&L7341$'2):1"$)*#2$1"#$4#>1$AB$6#32.5$340$4#:$=>/2#..$<3&8$.#2*&7#$:&88$93E#$
1234.&1$34$3G237F*#$381#243F*#;

W=>/2#..$<3&8$:&88$38.)$H#$#>1#40#0$1)$Q):41):4$%239/1)45$38)4'$:&1"$9)2#$@2#[?#415$1:)-:36$388-036$<#'&)438$
<3&8$.#2*&7#$1)$1"#$?2H34$'2):1"$7#412#.$)@$Q):41):4$(&81)45$<&7"9)40$,&88KY34'.13\$U31#:365$(32E"39$
Z#412#$340$=1)H&7)E#$Z#412#;]

9+$G&5*.$NUL>K$(0$!"#$%&'$()*#=$5//36(+51$VS$3+)&.#,&+#.$:("1/$W2(+.(13/5#&$5+/$.#*&+'#%&+$#%&$NKLG&5*$+&#:(*Q $
/&.2*3<&/$5<()&8X$$E%&.&$:("1/$3+21"/&J

! OC7*&..$D531$.&*)32&$#($Y((Q.)311&$(+$#%&$B31#(+$P3+&$5+/$#($#%&$D32%,(+/$R311ZP5+'.#5[$V5#&:5G$(+$#%& $
D32%,(+/$R311$P3+&\$5+/8

! 9,7*()&,&+#.$#($&C3.6+'$VS$D531$.&*)32&.$5+/$&C#&+.3(+$#($!(:,5+)311&8

E%&$VS$&C75+.3(+$7*('*5,$:5.$&C7&2#&/$#($2(+6+"&$<&G(+/$#%&$>KLG&5*$6,&0*5,&$(0$ !"#$%&'$()*#$:3#%$7*3(*3#G$
7*(M&2#.$3+21"/3+'J

! I$/3*&2#$OC7*&..$D531$13+Q$<&#:&&+$B3..3..5"'5$Y3#G$Y&+#*&$5+/$T+3(+$;#56(+$)35$Y((Q.)311&\
! I//36(+51$257523#G$(+$#%&$](+'&$."<:5G$(*$#%&$D32%,(+/$R311$OC7*&..$D531$2(**3/(*$#($*&13&)&$#%&$](+'&$."<:5G\
! O5.#L:&.#$OC7*&..$D531$2(++&26+'$S5Q)311&=$B3..3..5"'5=$^5"'%5+=$D32%,(+/$R311=$B5*Q%5,$5+/$F32Q&*3+'\$5+/
! OC#&+.3(+$(0$511L/5G$#:(L:5G$*&'3(+51$*531$.&*)32&$#($5//36(+51$2(,,"+36&.8

E%&$3+.73*56(+$0(*$#%3.$*(113+'$7*('*5,$(0$VS$3+)&.#,&+#.=$522(*/3+'$#($(+&$B&#*(13+C$.&+3(*$.#5[$,&,<&*=$:5.$7*()3/&/ $
<G$#%&$&1&2#*34&/=$%3'%L0*&_"&+2G$"*<5+$*531$.G.#&,.$(0$`&.#&*+$O"*(7&=$."2%$5.$#%&$F5*3.35+$Da.&5"$OC7*&..$D&'3(+51 $
bDODc$5+/$#%&$;L!5%+$+&#:(*Q.$(0$.&)&*51$V&*,5+=$;:3..$5+/$I".#*35+$"*<5+$*&'3(+.$b.&&$I77&+/3C$Ic8

#. /,'0)12&'32456'72&89:);<)5*'=>'$:45?)9



Chapter 3

!"#$%&%$'()*'%+,"-.%/0'12'03%'456%7,'(8-9%66'4%:"1/7$;'03%'%$%<09"=%>',9?7/'97"$'6@60%.'12'A79"6;'B3"<3'"/"C7$$@
"/6-"9%>'61.%')%091$"/8'607D'7/>'$%>'03%.'"/<$,>%'.%/C1/'12'7'E191/01'&%96"1/'"/'03%"9'FGGH'9%:"1/7$'.760%9
-$7/;'!"#$%&'$()*#I

!"#$%&#'&()*"#+,&-&($')+-&'.#*-'$%&'/*(,0$+(12(,'3+/$#+2('4/+('$*'$#+(0.*#-'2$0'5+('!#+()20)*')*--"$&#'0&#62)&'72$% '
&/&)$#28)+9*('+(1'0&#62)&:4#*6&(';"#*4&+('<2:/&6&/'&="24-&($'1&02,(0'+(1'*4&#+9(,')*()&4$0'>0&&'?44&(12@'ABC

D%&'3+/$#+2('4/+('%+1'*(/E'#&)&($/E'<&)*-&'F(*7('$*'G&$#*/2(@'0$+H'+(1'2$'*<62*"0/E'2-4#&00&1'0*-&'*.'$%&-C''I('$%& '
?4#2/'JKL'MNNOL'&129*('*.'!"#$!%&%'(%$)(*&L'G&$#*/2(@',&(&#+/'-+(+,&#'*.'0$#+$&,2)'2(6&0$-&($0'+(1'2(29+96&0L'P*%('Q*7&L '
0+21'*.'RS'&/&)$#28)+9*(L'TI$U0'(*$'V"0$'+<*"$'0$#2(,2(,'72#&0'*6&#'$%&'$#+)F0C''I$'*4&(0'"4'+//'0*#$0'*.'*44*#$"(29&0L'V"0$'/2F& '
$%+$'3+/$#+2('4#*V&)$C''W&'+#&'#&:&@+-2(2(,'$%&'7%*/&'RS'X+F&0%*#&'0&#62)&'2('$&#-0'*.'&="24-&($'+(1'.#&="&()E'$*'-+F& '
2$'+')*#(&#0$*(&'*.'*"#'#&,2*(+/'$#+(04*#$+9*('4/+(C''W&'7+($'2$'$*'<&'$#+(0.*#-+9*(+/CY

JIJ 4%60,>@"/:'K0,>"%6

?0'4+#$'*.'2$0'2(29+/'2($&#&0$'2('&/&)$#28)+9*(L'G&$#*/2(@')*--2002*(&1'Q+$)%'G*Z'G+)1*(+/1'>QGGB'$*'#&620&'$%&'MNNJ '
X+F&0%*#&'X2(&'0$"1E'$*'#&[&)$\

! D%&'"0&1'/*)*-*96&0'+(1'*$%&#'&/&)$#28)+9*('-+$&#2+/0'.#*-'G&@2)*'+(1'AC3C'7&#&'(*'/*(,&#'+6+2/+</&L'%+62(, '
<&&('0*/1'$*'*$%&#'*4&#+$*#0'*#'0)#+44&1]

! ^&#.*#-+()&'1+$+'7+0'+6+2/+</&'*('A*-<+#12&#U0'(&7'?X^:_`?'&/&)$#2)'/*)*-*96&0L'7%2)%'7&#&'2('0&#62)&'*( '
a&7'P&#0&E'D#+(02$]

! RS'%+1'<&,"('4/+((2(,'.*#'JM:)+#'<2:/&6&/'$#+2(0'*('$%&'X+F&0%*#&]'+(1
! 3+4+)2$E'&@4+(02*('4#*,#+-0'%+1'2()#&+0&1'$%&'+-*"($'*.'$#+)F'$%+$'7*"/1'%+6&'$*'<&'&/&)$#28&1C

QGGU0'?4#2/L'MNNOL'&/&)$#28)+9*('0$"1E'#&4*#$&1\

+!"#$,--.$/(012$031*(#$"*1$4%'4501#1$("*($16#/#5$%3#&*7%'$1#8%'/(&*(#1$*$45#*&$#4%'%864$*19*'(*:#$%9#&$("#$
6'(&%1047%'$%;$#5#4(&6<4*7%'$%'$("#$=*>#/"%&#$4%&&61%&????

L1'M"N$%'A$7/O'($%<09"2@"/:'PQ'E97/6"0 'FH

http://upload.wikimedia.org/wikipedia/commons/1/1e/Z20500_Corbeil_Essonnes.JPG


Chapter 3

!"#$%&$'()*'%+,%*#-'%'*(./%0&$%)$''%1+21)('-3$%-2%.$4+2'*&0526%0%1)$0&%0.302*06$%,+&%1+252($.%.-$'$)%+7$&05+28 %
9+&%*#$%:0'$%10'$%'1$20&-+%+3$&%*#$%;<<=>;<??%'*(./%7$&-+.@%('-26%1(&&$2*%$2$&6/%1+'*'%02.%1+2'-.$&-26%02 %
022(0)%$'10)05+2%+,%?A%02.%.-'1+(2*%&0*$%+,%BA@%*#$%2$*%7&$'$2*%30)($%-'%>CDBE%4-))-+2%,+&%*#$%$)$1*&-1%+75+2%02.%
>CED=%4-))-+2%,+&%*#$%.-$'$)%+75+2%F0))%2$*%7&$'$2*%30)($'%0&$%2$6053$%+2%011+(2*%+2)/%1+'*%'*&$04'%#03$%:$$2 %
1+2'-.$&$.G8

!"#$%10'$%,+&%$)$1*&-H105+2%-'%1+47$))-26%I#$2%+2)/%+7$&0526%1+'*'%0&$%1+2'-.$&$.8%%9+&%0))%'$2'-53-*/%020)/'$'@ %
*#$%$)$1*&-1%+7$&05+2%0.302*06$'%&026$%,&+4%0%)+I%+,%CJE<%4-))-+2%*+%0%#-6#%+,%CKE?%4-))-+2%+3$&%*#$%'*(./ %
7$&-+.@%.$7$2.-26%+2%I#-1#%'$2'-53-*/%10'$'%0&$%:$-26%1+470&$.8

!L)*#+(6#%*#$%$23-&+24$2*0)%-47)-105+2'%+,%$)$1*&-H105+2%0&$%&$3-$I$.%-2%*#-'%'*(./@%02%$1+2+4-1%020)/'-'%+,%*#$%
$23-&+24$2*0)%:$2$H*'%+,%$)$1*&-H105+2%#0'%2+*%:$$2%M(025H$.8%%N)$0&)/@%-,%+(*'-.$%$1+2+4-1%O('5H105+2%102%:$ %
:&+(6#*%*+%:$0&%*+%+P'$*%*#$%#-6#%107-*0)%1+'*%+,%$)$1*&-H105+2%F'(1#%0'%10701-*/%-47&+3$4$2*'%I#$2%.+2$%-2%
1+21$&*%I-*#%+*#$&%7)02*%-47&+3$4$2*'G%*#$2%*#$%$1+2+4-1%:$2$H*'%011&($.%*+%QR%"&02'-*%I-))%1+252($%-2%
7$&7$*(-*/8S

!"#$%&'()'%$)%$*+%'+,+-#+%).%"#$%T-6%U+3$%&,-/%(/%0+&$+12+'3%45563%7+$'),(/8%*('+9%:77%-;-(/%$)%+8&-/9%)/%$*(#%<)'=> %
?1)/;%$*+%-99(@)/-,%(##"+#%+8&,)'+9%<-#%$*+%@1+%#-A(/;%&)##(2,+%$*')";*%$*+%"#+%).%2(B,+A+,%C7D#%#(1(,-'%$)%?,#$)1E# %
F)'-9(-%G"&,+8%+H"(&1+/$3%-#%"#+9%(/%0<+9+/>%%I)%-/-,J#(#%).%$*+%K)#$#%(/A),A+9%(/%#"2#@$"@/;%2(B,+A+,%C7D#%.)'%+,+K$'(K %
,)K)1)@A+B*-",+9%$'-(/#%)KK"''+9>%%?/)$*+'%/+<%($+1%(/%$*(#%#)BK-,,+9%-99+/9"1%$)%$*+%?&'(,3%45563%#$"9J%<-#%$*+ %
&')A(#()/%).%2-K=;')"/9%(/.)'1-@)/%)/%&)#(@A+%$'-(/%K)/$'),%LMNFO%-/9%)$*+'%-"$)1-@K%$'-(/%#$)&%#J#$+1#>

N*+%1)#$%"#+.",%+,+1+/$%(/%$*+%$<)%:77%#$"9(+#%<-#%$*+%K)#$%"&9-@/;>%%N*+%-,,B(/%P-=+#*)'+%P(/+%+,+K$'(QK-@)/%K-&($-, %
K)#$%<-#%/)<%&+;;+9%-$%R4>STU%2(,,()/%<($*)"$%K)/@/;+/KJ3%$)%2+%#&'+-9%)A+'%$*+%45TSB45VT%&+'()93%)'%RW>56S%2(,,()/ %
<($*%-/%+8$'+1+,J%,-';+%K)/@/;+/KJ>

!"#$%&'#()%*+,-+(./0"12(3-4"151"(678(*191-51,(#/01*:9-+"(+;+"<#-#(+#(0+*$(%=($>1(?@@A(71$*%"-;2(/0,+B;C(%=($>1
?@@D(EF(G+H1#>%*1(G-;1(#$/,<I((J>1(>-C>49+0+9-$<(1"19$*-9(*%""-;C(#$%9H(>+#(311;(0/*9>+#1,(3<(#151*+"(6/*%01+;
%01*+$%*#I(()%*+,-+($*+-;#1$#(%=($>1(;+B%;+"(*+-"K+<#(%=(L*+;91(M"1NO(+;,(G/21&3%/*C(M*-C>$O(+*1(#>%K;(>1*1(+$
*1#$(+$(G/21&3%/*C()1;$*+"(P$+B%;I

?Q R%(G-S"1(T"+;U(6"19$*-=<-;C(EF(J*+;#-$

http://upload.wikimedia.org/wikipedia/commons/3/3f/Coradia_Duplex_Ter.jpg


Chapter 3

!"#"$%&#&"'()*#+)",-.%/0#&))1)2#"-#3$%..#-/#"$)#).)3",%43'5-/#-6#'/7#8-,5-/#-6#"$)#9:#&7&")1;##:<&),=),&#$'=)#&>(()&")2 #
"$'"#%/#%"&#)'(),/)&&#"-#8.)'&)#"$)#8><.%3#'/2#%"&#8-.%53'.#1'&"),&*#+)",-.%/0#$'2#)/2-,&)2#"$)#%2)'#?%"$->"#@/-?%/(#?$'" #
%"#)/"'%.)2;##!&#?)..*#+)",-.%/0#$'2#8,-1-")2#-"$),#<%(A<>2()"#8,-B)3"&#'/2#"$)#"'..7#?'&#-<=%->&.7#$%($),#"$'/#"$) #
C,-=%/3)#?'&#8,)8',)2#"-#6>/2#%/#'#4,&"#,->/2#-6#",'/&8-,"'5-/#%18,-=)1)/"#8,-B)3"&;

!"# $%&'('(

D)6-,)#/)('5=)#3-11)/"&#-/#).)3",%43'5-/#<)('/#)1'/'5/(#6,-1#+)",-.%/0*#9:#?'2)2#%/"-#"$)#&%">'5-/;##E%"$#%"& #
&$-"(>/#1',,%'()#"-#+)",-.%/0#.--1%/(*#9:#1'/'()1)/"#,).)'&)2#%"&#-?/#&",'")(%3#=%&%-/#8.'/*#9:#FGFG*#-/#H)3)1<), #
IF*#FGGJ;##K/#3-11-/#?%"$#"$)#C,)1%),L&#+-=)#:/"',%-FGFG#8,-(,'1#'/2#!"#$%&'$()*#*#"$%&#8.'/#'.&-#,'%&)2#"$)#
8,-<'<%.%"7#-6#).)3",%43'5-/#'&#8',"#-6#'#&.)?#-6#,'%.#%18,-=)1)/"&#"-#<)#>/2),"'@)/#<7#FGFG;##M$)#8.'/#/-")2#"$'" #
N%/",-2>3%/(#).)3",%3#",'%/&#-/#"$)#O'@)&$-,)#3-,,%2-,*#'/2#"$)#9)-,()"-?/#3-,,%2-,#%6#'88,-8,%'")*#?%..#-P),#",'=).#51) #
&'=%/(&#'/2#)/=%,-/1)/"'.#<)/)4"&;Q

R-?*#"$,))#8.'/&#'/2#"?-#&">2%)&#6,-1#"$)#9-=),/1)/"#-6#:/"',%-#'/2#%"&#'()/3%)&#$'2#8.'3)2#).)3",%43'5-/#-/#"$)#"'<.) #
%/#"$)#&8'3)#-6#IJ#1-/"$&;##D>"#?$'"#&)"#"$)#%&&>)#-/#4,)#?'&#'/-"$),#8,-B)3"#"$'"*#.%@)#).)3",%43'5-/*#$'2#<))/ #
&1-.2),%/(#'?'7;

!") *+,&-./01/2&34.5&6.78&94:21/

S-,#2)3'2)&*#"$),)#$'2#<))/#"'.@#'<->"#'#,'%.#.%/@#"-#&),=)#C)',&-/#K/"),/'5-/'.#!%,8-,";###M$)&)#8><.%3#'/2#8-.%53'.#3'..& #
6-,#'35-/#(,)?#'&#1'/7#T>,-8)'/#3%5)&#<)('/#?-,@%/(#?%"$#"$)%,#/'5-/'.%U)2#,'%.?'7&*#'%,8-,"#'>"$-,%5)&#'/2#'%,.%/)&#"- #
&)'1.)&&.7#3-//)3"#'/2#%/")(,'")#"$)%,#'%,#'/2#,'%.#8'&&)/(),#&7&")1&#?%"$#,'%.#.%/@&#"-#"$)%,#1'B-,#%/"),/'5-/'.#'%,8-,"&;

K/#+'7*#FGGV*#"$)#"'.@#4/'..7#8,-2>3)2#'#8.'/*#<>"#'#3-/",-=),&%'.#-/);##M$)#6)2),'.#(-=),/1)/"#%/=%")2#6 ->,#8,)AW>'.%4)2#
8,%='")#3-/&-,5'#"-#&><1%"#<>&%/)&&#3'&)&#6-,#"$)#8,-B)3"*#6-..-?%/(#'#,)W>)&"#6-,#)08,)&&%-/&#-6#%/"),)&"#%&&>)2#%/#!8,%. #
FGGI;##:/#R-=)1<),#IV*#FGGV*#%"#?'&#'//->/3)2#"$'"#X/%-/#C)',&-/#!%,O%/@#9,->8#YXC!9Z#$'2#<))/#&).)3")2#'&#"$) #
&>33)&&6>.#,)&8-/2)/";##XC!9#?'&#-?/)2#<7#[R\AO'='.%/#T/(%/)),&#]#\-/&",>3"-,&#K/3;*#'#1)1<),#-6#"$)#[R\AO'='.%/ #
9,->8#-6#\-18'/%)&;#

M$)#8,-B)3"#?'&#'#8)"#-6#"$)/#H-/#^'..)7#T'&"#+C#'/2#+%/%&"),#-6#M,'/&8-,"#H'=%2#\-..)/)_);##!"#"$)#51)#-6#"$) #
'//->/3)1)/"*#$)#&'%2#"$),)#?->.2/L"#<)#'#/%3@).#-6#8><.%3#1-/)7#&8)/"#-/#"$)#8,-B)3";##M$'"#$'&#8,-=)/#>/",>);

M-#<)#@/-?/#'&#D.>)#FF*#"$)#8,-B)3"#?->.2#>&)#\RL&#E)&"-/#[><2%=%&%-/#6,-1#X/%-/#["'5-/#"-#'#VA@1#&8>,#"-#<)#<>%."#%/"- #
"$)#/)?#"),1%/'.#&.'")2#6-,#3-/&",>35-/#'"#O)&"),#D;#C)',&-/#K/"),/'5-/'.#!%,8-,";##[),=%3)#?->.2#<)#8,-=%2)2#<7#'#`))" #
-6#,)5,)2#^K!#D>22#,'%.#2%)&).#3',&#YaH\Z*#,)1'/>6'3">,)2#<7#K/2>&",%'.#a'%.#[),=%3)&*#K/3;*#-6#+-/3"-/*#R;D;##M$)#/'1)#?'& #
2),%=)2#6,-1#"$)#,>//%/(#51)#-6#FF#1%/>")&#<)"?))/#"$)#)/2#"),1%/'.&#?%"$#-/)#%/"),1)2%'")#&"-8#'"#D.--,#[",))"#E)&"; #
M$)#-/)A?'7#6',)#?->.2#<)#bFG;GG;

M$)#'//->/3)1)/"#-6#D.>)#FF#&"',")2#1'/7#,)&%2)/"&#-6#E)&"-/#8-/2),%/(#"$)#%18.%3'5-/&#6-,#"$)%,#3-11>/%"7; #
D%&)3")2#<7#"$)#<>&7#\R#E)&"-/#'/2#\Ca#+'3M%),#[><2%=%&%-/&#"$'"#&$',)#'#?%2)#3-,,%2-,#&.%($".7#)'&"#-6#'/2#8','..).#"- #
E)&"-/#a-'2*#"$)#3-11>/%"7#$'2#)/2>,)2#2)3'2)&#-6#2%&,>85-/#<7#"$)#",'%/&#"$'"#8'&&)2#-=),#"$)#(,'2)#3,-&&%/(&#-/ #
6->,#)'&"A?)&"#,)&%2)/5'.#&",))"&;

O',().7#>/2),#"$)#(>%2'/3)#-6#,)&%2)/"#+%@)#[>..%='/#Y/-?#+C#6-,#c-,@#[->"$AE)&"-/Z*#,)&%2)/"&#<)('/#'&@%/(#W>)&5-/& #
-6#M,'/&8-,"#\'/'2'*#9:#M,'/&%"#Y?$%3$#>&)2#"$)#E)&"-/#[><2%=%&%-/#6-,#%"&#9)-,()"-?/#&),=%3)Z#'/2#\R;##M$)#'/&?),& #
"$)7#,)3)%=)2#?),)#/-"#)/3->,'(%/(;##D.>)#FF#?->.2#,)W>%,)#"$)#3.-&>,)#-6#&-1)#-6#"$)#(,'2)#3,-&&%/(&*#3>d/(#'33)&&#"- #
MM\#&),=%3)&#'/2#&$-88%/(#-/#E)&"-/#a-'2;##M$)#'%,#,'%.#.%/@#8,-8-/)/"&#/)0"#&>(()&")2#<>%.2%/(#6>..A&3'.)#,-'2A,'%.#(,'2) #
&)8','5-/&*#?$%3$#?->.2#$'=)#,)W>%,)2#"$)#2)1-.%5-/#-6#1-,)#"$'/#IGG#$-1)&;

;1&6.<5,&=547>&?5,:2/.@A.7B&$%&*/47C.2 &!(



Chapter 3

!"#$"%&'()*$"+,#)+-(#.+/#"0

!"#$%&&'#$()*#+#"%,-(.%#/,%01%2.3#4/#56#7(21)%"#(2#%+.*#8(,%.942#/4,#5:#*41,"#8+(&3'#01%"942"#$%,%#+";%8#+<41)#)*% #

,%"1&92=#24("%#+28#8(%"%&>=%2%,+)%8#?4&&1942'#%"?%.(+&&3#(2#&(=*)#4/#)*%#&42=>8(".1""%8#%@?+2"(42#4/#"%,-(.%#42#ABC" #

A%4,=%)4$2#D(2%#+28#)*%#EF!#G4,42)4>D42842#"%,-(.%#)*+)#"*+,%#)*%#,41)%H

G*%#&+.;#4/#"+9"/+.)4,3#+2"$%,"#/,47#)*%#I&1%#JJ#?,4?42%2)"#+28#AB#&%8#)4#)*%#/4,7+942#4/#)*%#K%")42#L47712()3 #

L4+&(942#+"#M+#=,+"",44)"'#242>?+,9"+2#4,=+2(N+942#.47?,("%8#4/#+#-4&12)+,3#=,41?#4/#,%"(8%2)"'#<1"(2%""#4$2%,"'#+28 #

,%?,%"%2)+9-%"#/,47#.47712()3#+""4.(+942"'#".*44&"#+28#/+()*#=,41?"H#G*%#=,41?#$+"#/4,7%8#(2#%+,&3#JOO6#)4#?,4)%.) #

)*%#K%")42#.47712()3#/,47#)*%#)*,%+)#4/#+#?,(-+)%&3#,12#!(,#P+(&#D(2;'#<1)#("#+&"4#+.9-%&3#(2-4&-%8#(2#"%%;(2=#)*% #

<%Q%,7%2)#4/#)*%#=,%+)%,#K%")42#+,%+#)*,41=*#4)*%,#(2(9+9-%"HR

G*%#K%")42#,%"(8%2)"#+28#4)*%,"#/1,)*%,#"41)*#+&42=#)*%#%29,%#&(2%#)4#S2(42#T)+942#$%,%#=+&-+2(N%8#(2)4#+.942#<3#)*% #

71&9?&%#AB#%@?+2"(42#?&+2"#U12=#41)#<3#V,%7(%,#W.A1(2)3'#W%),4&(2@#+28#ABH##T(7?&%#7+)*#)4&8#)*%#,%"(8%2)"#)*%3 #

.41&8#<%#8%+&(2=#$()*#74,%#)*+2#XOO#I&1%#JJ'#AB'#EF!'#LV#+28#LY#8(%"%&>?4$%,%8#),+(2"#42#+#?4,942#4/#)*%#.4,,(84,H##G*% #

,%"1&)#$+"#)*%#.,%+942#4/#)*%#L&%+2#G,+(2#L4+&(942#(2#%+,&3#JOO:#)4#,%?,%"%2)#)*%#(2)%,%")"#4/#+&&#)*%#.(9N%2"#+&42=#)*% #

&(2%H

!Z%,#71.*#.42/,42)+942#(2#"4>.+&&%8#M(2.&1"(-%#.42"1&)+942R#"%""(42"'#+#?,4?4"+&#.+7%#/4,$+,8#42#)*%#=,+8%#.,4""(2= #

(""1%#+28#+2#+=,%%7%2)#)4#?&+.%#)*%#%@?+28%8#,+(&#.4,,(84,#(2#+#),%2.*#<%&4$#"),%%)#&%-%&H##D+)%,'#TYL#D+-+&(2#"$().*%8#()" #

%01(?7%2)#.*4(.%#/,47#)*%#,%7+21/+.)1,%8#I188#P[L"#4/#)*%#4,(=(2+&#I&1%#JJ#?,4?4"+&#)4#2%$'#8(%"%&>?4$%,%8#"%&/>

?,4?%&&%8#.+,"#128%,#)*%#,%2+7%8#!(,?4,)#P+(&#D(2;#\!PD]H##TYL#D+-+&(2#"+(8#)*%"%#12"?%.(^%8#2%$#.+,"#$41&8#+&&%=%8&3 #

7%%)#)*%#G(%,#X#%7(""(42"#")+28+,8"#)*+)#$41&8#.47%#(2)4#%_%.)#(2#JO56#+28#$41&8#<%#M.42-%,9<&%R#/,47#8(%"%&#)4 #

%&%.),(.#),+.942#+)#+#&+)%,#8+)%H

T)4;%8#<3#)*%#8(".1""(42"#4/#%&%.),(^.+942#)*+)#*+8#<%%2#(2(9+)%8#<3#)*%#V,%7(%,'#W%),4&(2@#+28#AB'#)*%#KLL#+28#LGL #

<4)*#+8-4.+)%8#)*%#+84?942#4/#)*("#/4,7#4/#),+.942H##G*%3#01()%#.4,,%.)&3#?4(2)%8#41)#)*+)#G(%,#X#8(%"%&"#8(8#24)#%@(")#+28 #

)*%#7+21/+.)1,%,"#+87(Q%8#()#$+"#=4(2=#)4#<%#8(`.1&)#)4#?,481.%#)*%7#<3#)*%#JO56#8%+8&(2%#"%)#<3#)*%#SHTH #

a2-(,427%2)+&#V,4)%.942#!=%2.3'#$*(.*#*+"#+&"4#<%%2#+..%?)%8#<3#)*%#%01(-+&%2)#,%=1&+)4,3#+1)*4,(9%"#(2#L+2+8+H

12 3$+/#4.'+&.("5+6.'78)#9:#";+<=+>)("*#8



Chapter 3

!"#$%&#'(#&)*$%&*$+(*,-./&01*2#("31*3(-0$&4*("$*$%&5*+&#&*0($*165-02*70($*-0*'5*86,9*56#4):*8"$*75&1)*-0*'5*86,9*56#4*; *
-<*4(0&*3#(3&#=5>:**?%&*#&1-4&0$1*6==*+&=,('&4*-'3#(@&4*$#601-$*1&#@-,&*$(*$%&-#*,(''"0-.&1)*+%-,%*6#&*$#601-$*4&A,-&0$> *
?%&*<6,$*$%6$*$%&*BCD*+("=4*8&*6*3#&'-"'E3#-,&4*1&#@-,&*+-$%*(0=5*(0&*-0$&#'&4-6$&*1$6.(0*1$(3*4-4*0($*&04&6#*-$*$(*$%& *
(0=-0&*#&1-4&0$1>**?%&*FGH*,(01(#."'*A06==5*8(+&4*$(*3#($&1$*604*644&4*6*I&1$(0*1$6.(0*1$(3*$(*-$1*3=60>

J0*<6,$)*$%&*BCD*%64*#"0*-0$(*$#("8=&>**I-$%*$%&*,%602&*(<*2(@&#0'&0$*-0*KL6+6*-0*MNNO)*$%&*BCD*=(1$*-$1*<&4&#6= *
,%6'3-(0>**C&13(01-8-=-$5*1=(+=5*'-2#6$&4*$(*$%&*P#(@-0,&*604*-$*600("0,&4*(0*Q&,&'8&#*RS)*MNNT)*$%6$*-$*+("=4*8&,('& *
$%&*'6-0*3#(3(0&0$*(<*$%&*3#(U&,$>**F("#,&1*6$*V"&&0W1*P6#9*#&@&6=&4*P#&'-&#*X,Y"-0$5*,%(1&*-$*61*(0&*(<*%-1*=&26,5 *
3#(U&,$1*604*%64*-$*6L6,%&4*$(*?(#(0$(W1*8-4*<(#*$%&*P60*B'&#-,60*Y6'&1)*$(*8&*%&=4*8&$+&&0*Z"=5*RN*604*MO)*MNRS)*604 *
8-==&4*61*$%&*+(#=4W1*72#&&0&1$:*13(#.02*&@&0$*&@&#>**I(#4*+61*$%&*P#&'-&#*%64*(#4&#&4*$%&*BCD*,('3=&$&4*-0*.'&*<(# *
$%&*26'&1*+-$%("$*<6-=>

B44-02*$(*$%&*<#"1$#6.(0*(<*$%&*#&1-4&0$1*+61*$%&*+65*X&$#(=-0[*604*YK*1&&'&4*$(*,%602&*$%&-#*<6,$1*604*6#2"'&0$1 *
,(01$60$=5*#&26#4-02*$%&*0"'8&#*(<*$#6-01)*$%&*0"'8&#*(<*$#6,91*604*$%&*3&#<(#'60,&*(<*$%&*$#6-01*-0*$&#'1*(<*0(-1&*604 *
&'-11-(01>**?%&-#*4-1$#"1$*(<*$%&*3#(@-0,-6=*,(01"=$6.(0*3#(,&11*(0=5*2#&+*+%&0*$%&*!"#$%&'&()*"*3"8=-1%&4*&[,&#3$1*<#('*
6*X&$#(=-0[*-0$&#06=*1$#6$&25*363&#*-0*!&8#"6#5)*MNN\>**?%&*4(,"'&0$*64@-1&4*1$6]^

+,-.&/#01-"2)3#0&4%.*#5&0%%51&2#&$%&3672"8&12.-/2-.%5&)05&2%"%1/#4%59&&:7%&")12&27*06&;%&0%%5&*1&<#.&27*1&2#&$%&
7*=)/>%5&$8&0*?$*%1&#.&"#/)"&4#"*3/*)01&#0&27%&?)>%9&&:7%1%&17#-"5&$%&?)*0"8&*0<#.?)3#0)"&$.*%@0619&&A%&17#-"5&
1)"2&27%&1%11*#01&;*27&1-44#.2%.19&&B0&#.68&#<&/#01-"2)3#0&;*""&?*.%&27*1&*0&/#02.#C%.18&)05&5%")89D

?%&*1$#6$&25*363&#*6=1(*64@-1&4*1$6]*$(*74&E&'3%61-/&*'631)*+%-,%*#&_"-#&*3#&,-1-(0*+&*,600($*5&$*(]&#*604*'69&*"1 *
@"=0&#68=&*$(*4-1,#&4-.02*+%&0*60*&##(#*(#*-0,(01-1$&0,5*-1*-4&0.A&4>:

!"# $%&'()*+,')-'./+'011'()*+2&3

!-06==5)*"04&#*3#&11"#&*<#('*$%&*IHH*604*H?H)*604*+-$%*1"33(#$*<#('*0"'&#("1*=(,6=*3(=-.,-601)*GQP*XPP1*604*&@&0 *
'&'8&#1*(<*-$1*(+0*,6","1)*$%&*D-8&#6=*3#(@-0,-6=*2(@&#0'&0$*600("0,&4*(0*X65*MO)*MNN\)*$%6$*-$*+("=4*&'86#9*(0*6*`a *
'-==-(0*7,('3#&%&01-@&*#&@-&+:*(<*YK*&=&,$#-A,6.(0)*6=$%("2%*$%&*BCD*+61*0($*-0-.6==5*-0,="4&4*-0*$%&*$&#'1*(< *
#&<&#&0,&>

D-9&*6==*$%&*($%&#*,(01"=$6.(01*(0*$%&*#6-=*&[3601-(0*$%6$*+("=4*6]&,$*$%&*,(##-4(#*0(#$%+&1$*(<*b0-(0*F$6.(0*$(*X6=$(0 *
604*8&5(04)*$%&*YK*c=&,$#-A,6.(0*F$"45*2($*(]*$(*6*1%695*1$6#$>**P6#.,-360$1*,('3=6-0&4*$%6$*$%&*4&,9*6=#&645*1&&'&4 *
$(*8&*1$6,9&4*626-01$*&=&,$#-A,6.(0>**!(#*&[6'3=&)*2#63%-,1*,%(1&0*<(#*3#&1&0$6.(0*604*3"8=-,6.(0*-0@6#-68=5*1%(+&4*$%& *
%&6@-&1$)*"2=-&1$*&[6'3=&1*(<*,6$&06#5)*0($*$%&*=-2%$*604*"0(8$#"1-@&*151$&'1*$%6$*'605*<(#&-20*#6-=+651*"1&*$(465>

4&)5-12/6'3)78'%73'9711&+'2)':*;1,<='>*)'?-+&5/'97)&/75,'97/'>&'+&32;/&+'7/+'>*21)'*/->)5*32@&1,<'73'+&?-/3)57)&+
2/')%23'5&9&/)'3%-)'-A'7/'0*3)527/'()7)&3'B721C7,3'D2&//7EF*+7G&3)'B721H&)'I--?2/;')%5-*;%'F27)-5>J;,<'K*/;75,"
L%-)-'>,'M2;&N'OJ>-5"

P-'M2Q1&'L17/R'.1&9)52A,2/;'OS'$57/32) '!T

http://upload.wikimedia.org/wikipedia/commons/7/74/Railjet.jpg


Chapter 3

!"#$%&'%#%&("))%*+$&),-%&./&+0%&$+,1&)%).%#$2&),*/&"3&'0")&,-)45%-&+0%/&0,-&*%6%#&%6%*&#4--%*&"*&,*&%7%(+#4( &
+#,4*2&7%+&,7"*%&0,-&,*/&%89%#4%*(%&.:47-4*;2&),*,;4*;&"#&"9%#,<*;&%7%(+#4(&#,47',/&$/$+%)$=&&>/94(,7&'%#%&+0"$%&./&+0% &
+%,)&7%,-%#&?,#%*&@4+#%&,*-&A%+#"74*8&%8%(:<6%&64(%B9#%$4-%*+&,*-&CD&),*,;4*;&-4#%(+"#&C,#/&A(E%472&,$&F:"+%-&4*&+0% &
G:*%&H2&IJKJ2&%-4<"*&"3&+0%&!"#$%"&'($)*L
&

+,%'$-./-'/&/0*-123'"')3)*/45'1*6)'78%.-/.)'$2'41&&1$%)5'$-'1%'*7/'0")/'$2'$8-'97$&/')3)*/4'1*'9$8&.':/'1%'*7/':1&&1$%) '
$2'.$&&"-)'*$'/&/0*-123'"%.'*7"*'.$/)%6*'-/"&&3';/*'"%3'4$-/'0"<"01*35=')"1.'>-?'>0!/1&???

@>)?'(1*-/A')"1.'"'&$*'$2'</$<&/'0"&&'*7/'0"*/%"-3')3)*/45'1%'97107'"'9/:'$2'$B/-7/".'91-/)'<$9/-'*-"1%)5'"'41C/.'
:&/))1%;?''D$-'$%/'*71%;5'+1*6)'8;&35=')7/')"1.5'"%.'2$-'"%$*7/-5'1*6)'%$*'/)</01"&&3'0$%.801B/'*$'91%.3'$-')%$93'
0$%.1#$%)?

E%.'971&/'/&/0*-10'*-"1%)'.$'%$*')</9'$8*'<$&&8*"%*)5'*7/-/'"-/'$*7/-'/%B1-$%4/%*"&'0$)*)5')"1.'>)?'(1*-/5'&1F/'
8)1%;'4$-/'<$9/-?''

M*&,*$'%#&+"&+0%$%&$9%(4":$&(7,4)$2&+04$&,:+0"#&#%974%-&4*&,&G:7/&IK2&IJKJ2&,#<(7%&4*& G7/'G$-$%*$'H*"-L

>/*-$&1%C'/C/08#B/'B10/I<-/)1./%*'J"-3'>0!/1&'7")'"-;8/.'*7"*'/&/0*-1K0"#$%'.$/)%6*'"..'"%3'0"<"01*3'*$'-"1&'
&1%/)?'L-$%;?'G7"*'9")'$%/'$2'*7/'<-1%01<"&'-/")$%)'0$448*/-'-"1&9"3)'1%'!/9'M$-F5'(71&"./&<71"'"%.'N710";$'
/&/0*-1K/.'%/"-&3'"'0/%*8-3'";$?'O&/0*-10'*-"1%)'"00/&/-"*/'2")*/-'*7"%'.1/)/&)'"%.'"&&$9'2$-'4$-/'-8%)'91*7$8*'
*-"0F'/C<"%)1$%?'L7/%'*-"P0')$"-)5'")'1*'7")'$%'4"%3'JQ'-$8*/)5'/&/0*-1K0"#$%'0-/"*/)'0"--31%;'0"<"01*3?

>/*-$&1%C')*8.3'*/"4'&/"./-'R"-/%'(1*-/'7")')"1.'*7"*'/&/0*-10'*-"1%)'8)/'4$-/'<$9/-'*7"%'.1/)/&)?'E&)$'9-$%;?',%'
2"0*5'97/%'*7/3'"<<&3'*7/1-':-"F/)5'*7/3')/%.'/&/0*-101*3':"0F'1%*$'*7/'$B/-7/".'91-/)'*$'7/&<'<$9/-'$*7/-'*-"1%)?
(1*-/'7")'"&)$'S8/)#$%/.'*7/'":1&1*3'$2'$B/-7/".'91-/)'*$'91*7)*"%.'$8-'91%*/-'9/"*7/-?'G71)'91&&5'%$'.$8:*5')7$0F'
*7/'-"1&9"3'4"%";/-)'$2'H0"%.1%"B1"'"%.'T8))1"?'G7/'&"U/-6)'V5WXXIF1&$4/*-/'G-"%)IH1:/-1"%'-$8*/'1)'28&&3'
/&/0*-1K/.5'*-"B/-)1%;')$4/'$2'*7/'9$-&.6)'0$&./)*'"%.')%$91/)*'*/--"1%?

!"#$%&#'()*"+,'#-"#.)+,/0+#12,3/*",#43.)5"6#7")8,9',:#;<#'5,#+"-=#)":#/-=#',>?,()'7(,+#'5)'#+,,>#'-#9-"9,("#
%,'(-/*"@#+')8A

BB C-#D*E/,#F/)"G#$/,9'(*H<*"I#JK#L()"+*'

http://upload.wikimedia.org/wikipedia/commons/f/f8/Bhf-liestal-winter.jpg


Chapter 3

!"#$%&'(%)$*+,(-.%.&*/#0(12#$%'($/.0(3.4%&0#%5((2%653$(7#2%5*$869*11:%*.%.(5#%-.#)-1%5*&#$6*1.%*$$67#2%)$(5%(9#%() %
&0#%.&-2:%&#*5;.%969#%+(9.-1&*9&.4%<=>%?9869##$698%@#$76+#.4%(9#%()%&0#%)#'%A($&0%!5#$6+*9%B$5.%'6&0%*9:%#1#+&$6B+*,(9 %
#C3#$6#9+#D%%<=>%5*9*8#2%&(%#16569*&#%$626+-1(-.%(3,(9.%.-+0%*.%-93$(7#9%0:2$(8#9E3('#$#2%+(97#9,(9*1%$*61 %
#F-635#9&%G%'06+0%0*2%3$#76(-.1:%H##9%3$(5(&#2%H:%I$#56#$%J+K-69&:%G%*92%(7#$3$6+#2%*92%69*33$(3$6*&#%5*89#,+ %
1#76&*,(9%&#+09(1(8:D%%<=>%*1.(%$#+(55#92#2%&0#%-.#%()%&0#%3$(7#9%L%C%LM%/N%!O%&$*+,(9%3('#$%.:.&#54%*.%0*2%*1$#*2: %
H##9%#.&*H16.0#2%69%&0#%PQQL%KR%#1#+&$6B+*,(9%.&-2:D

=0#%.&-2:%&#*5;.%2(+-5#9&.%*$#%*11%*7*61*H1#%(9%&0#%KR%=$*9.6&%'#H.6&#4%.(%$#3#,,(9%()%&0#6$%5:$6*2%2#&*61.%6. %
-99#+#..*$:D%%=0#:%0*7#%+(9&$6H-&#2%16S1#%#C+#3&%&(%-32*&#%&0#%3$#76(-.%+(.&%B8-$#.D%%=0#%7*1626&:%()%&06.%5*..67#%$#.#*$+0 %
3$(T#+&%6.%*1.(%F-#.,(9*H1#%867#9%&0#%)*+&%&0*&%5#5H#$.%()%&0#%.&-2:%&#*5%$#7#*1#2%&0#6$%$(1#%'*.%9(&%&(%5*/# %
$#+(55#92*,(9.U%&0#%-1,5*&#%2#+6.6(9%'(-12%H#%5*2#%*&%&0#%0680#.&%3(16,+*1%1#7#1.4%3$69+63*11:%H:%J696.&#$%() %
=$*9.3($&*,(9%>*&01##9%V:99#%*92%I$#56#$%J+K-69&:D

@(4%&0#%*27(+*&#.%()%KR%#1#+&$6B+*,(9%*'*6&#2%&0#%2#167#$:%()%*%$#3($&%&0#:%#C3#+&#2%'(-12%:6#12%16S1#D%%=0#6$ %
#C3#+&*,(9.%'#$#%9(&%2*.0#2D

!"#$%&'(#)'*+,#-'(./0%12%+3#45#60*+7%/ #89



Chapter 4

!"# $%&'(&)*+,-./'01'2,&3)*-4356+.'7)89:

!"#$%&'(#)*&(#(%#+,-.-/+(#(0-#$1234221%&#)1(0#5-(,%61&78#94(#)-':-#2*1$#*66#*6%&;#(0*(#(0-#,-*2%&#)-#)*&(-$ #
(0-#-6-3(,1<3*=%&#2(4$>#)*2#9-3*42-#)-#9-61-:-#(0*(#1('2#*&#1/+%,(*&(#(01&;#(%#3%&21$-,8#(0*(#(0- #
-6-3(,1<3*=%&#%?#(0-#2>2(-/#12#2%/-(01&;#(0*(#12#*&#*2+1,*=%&*6#;%*6@A

B%&@#C*(06--&#D>&&-
51&12(-,#%?#E,*&2+%,(*=%&#%?#F&(*,1%

G*&4*,>#HI8#JKHH

!"#$%&#'()*+$,%(#*#-.#/%+'.%0123456-7#%+'.%89%:*#;'(+<;-=)$%>'?/@%A+$-*%B#6)('%)$%C-$?-(@%0D1%E3001%'"#%"#-/*+$#%)$%'"# %
F#G.+'#%)H%I#'#(-$%'(-$.+'%-/I);-'#%-$/%;)JJ#$'-')(%>'#I#%&?$()%.?JJ#/%+'%?6%G#.'K%LM)'%N?+'#%8(#-.#/%O+7"'$+$7K%89 %
P(-$.+'%')%:*#;'(+H@1%:I#$'?-**@QR

ST#(%-**%'"#%$#7-=I+'@%#,6#(+#$;#/%+$%'"#%F)(U.")6%.#..+)$.1%+'%.?(6(+.#/%J-$@%)H%'"#%6-(=;+6-$'.%F"#$%'"#%.'?/@%'#-J %
(#;)JJ#$/#/%#*#;'(+<;-=)$%)H%'"#%SBOV8#)(7#')F$%-$/%O-U#.")(#%;)((+/)(.1%F+'"%'"#%H)(J#(%-.%'"#%<(.'%6(+)(+'@Q%%P"# %
'F)5()?'#%6*-$%F-.%-66()I#/%?$-$+J)?.*@%G@%'"#%&#'()*+$,%/+(#;')(.%#,-;'*@%)$#%F##U%*-'#(%-$/1%F+'"+$%J+$?'#.%)H%'"# %
G)-(/W.%/#;+.+)$1%&+$+.'#(%)H%P(-$.6)('-=)$%X-'"*##$%!@$$#%-$$)?$;#/%'"#%+$+=-=)$%)H%'"#%:$I+()$J#$'-*%S..#..J#$' %
6();#..Q

P"#%89%:*#;'(+<;-=)$%>'?/@%P#-J%(#-;"#/%+'.%/#;+.+)$%G-.#/%)$%-%;)JG+$-=)$%)H%H-;')(.1%+$;*?/+$7K

! C)?($#@%=J#%.-I+$7.Y
! 96#(-=$7%-$/%J-+$'#$-$;#%;).'%.-I+$7.Y
! S$=;+6-'#/%H?'?(#%(+/#(."+6%7()F'"1%F"+;"%F)?*/%+$;(#-.#%'"#%;).'%.-I+$7.Y%-$/
! :*#;'(+<;-=)$W.%;)$'(+G?=)$%')%'"#%*)$75'#(J%-Z-+$J#$'%)H%'"#%)G[#;=I#.%)H%!"#$%&'$()*#Q

S'%-$%#.=J-'#/%;).'%)H%\0Q]50Q^%G+**+)$1%'"#%+J6*#J#$'-=)$%)H%#*#;'(+<;-=)$%)$%'"#%'F)%;)((+/)(.%F)?*/%G#%)$%-%*#$7'"@1 %
.'-7#/%G-.+.K

;1<<=>1<'720(2?$ ;1(@A2$=1?
_$+)$%>'-=)$5`aS%-$/%!+**)FG())U%b:S%-$/%c#.+7$d% E30e5E304
_$+)$%>'-=)$5`aS%-$/%!+**)FG())U%bf)$.'(?;=)$d E30^5E3E3
S+(6)('%>6?(%C?$;=)$5g(-J6')$%&)?$'%`*#-.-$' E3E35E3EE
_$+)$%>'-=)$59."-F-%-$/%:-.'#($%&-+$'#$-$;#%h-(/ E3Ee5E3E]
!+**)FG())U59-UI+**# E3E]5E3E^
9-UI+**#5i-J+*')$%C-J#.%>'(##' E3E^5E3j3
9."-F-5g)FJ-$I+**# E3j35E3jE
g(-J6')$%&)?$'%`*#-.-$'5X+';"#$#( E3jE5E3j4

S*'")?7"%-/I);-'#.%F#*;)J#/%'"#%/#;+.+)$%')%6-(=-**@%#*#;'(+H@%891%'"#%<$-*%(#6)('%.'(?;U%J-$@%-.%-$%?$/#(F"#*J+$7 %
#$/)(.#J#$'%'"-'%J-';"#/%'"#%*-;U%)H%#$'"?.+-.J%/+.6*-@#/%G@%'"#%&#'()*+$,%.'?/@%'#-J%-'%'"#%6?G*+;%F)(U.")6 %
.#..+)$.Q%%a$%H-;'1%'"#%(#6)('%.##J#/%')%/-J$%#*#;'(+<;-=)$%F+'"%H-+$'%6(-+.#Q%%P"#%=J#*+$#%H)(%'"#%+J6*#J#$'-=)$ %
.##J#/%-%H-(;#%F"#$%;)J6-(#/%F+'"%'"#%.;"#/?*#.%G#+$7%+J6*#J#$'#/%G@%)'"#(%(-+*F-@.%$)F%)(%.))$%')%G#%#$7-7#/%+$ %
#*#;'(+<;-=)$%-()?$/%'"#%F)(*/Q
S.%&?$()%;)JJ#$'#/%)$%"+.%F#G.+'#%H)**)F+$7%'"#%(#*#-.#%)H%'"#%.'?/@K

+"#,"#-$(#,-).&/0$12/3$4)-#$&45)-,2/,.6$789$"2:$2;,<2..6$#4=-2;#3$,"&:$;)/;#5,>$)-$?&..$4<@#-$3&:52-2'&/'.6$
,)$2/6)/#$?")$?&..$.&:,#/>$-#42&/:$,)$=#$:##/A$$B$;2//),$"#.5$/)C;&/'$2/$2/2.)'6$,)$,"#$!!D$?"#-#>$E)-$2$C4#>$FG!$
?2:$#4=-2;#3$2:$2$*&2=.#$,#;"/).)'6>$)/.6$,)$=#$#;.&5:#3$?"#/$&,:$5).&C;2.$:5)/:)-$.#H$)I;#A$$+&..$#.#;,-&J;2C)/ $
:<K#-$2$:&4&.2-$E2,#$&E$,"#$F&=#-2.:$2-#$3#E#2,#3$&/$E2..$LMNNO

?+'A-B,&'@,5.C'2,&3)*-D:-.E'01'$*5.F-) '35



Chapter 4

!"#$%&'"%&()*$&+%,-+'&.*/%&0-.%&1*$#/&,-#)'0&#)&2*1-3+&-2&%$%4'+#(4*5-)6&'"%0%&"*/&*$$&7%%)&4-)'*#)%/&#)&,+%1#-30&89:
23)/%/&0'3/#%0&7*0%/&-)&+%*$:;-+$/&#),3'&2+-.&%0'*7$#0"%/&%$%4'+#4&4-..3'%+&+*#$&-,%+*'-+06&$%*/#)<&-)%&'-&;-)/%+&;"= &
0-&.34"&5.%&*)/&,37$#4&.-)%=&)%%/%/&'-&7%&0,%)'&+%0'3/=#)<&'"%0%&#003%0>&&?"%&.-0'&)-'*7$%&,-0#51%&()/#)<0&-2&'"% &
@%'+-$#)A&()*$&+%,-+'&;%+%B

! C$%4'+#(4*5-)&3)#'&4-0'0&/+-,&*0&'"%&0#D%&-2&'"%&)%';-+E&%A,*)/0&F'"%&G)%';-+E&%H%4'IJK
! C$%4'+#(%/&+*#$&0%+1#4%0&*L+*4'&.-+%&+#/%+0&*)/&+%1%)3%&'"*)&/#%0%$&F'"%&G0,*+E0&%H%4'IJK&*)/
! C$%4'+#(4*5-)&=#%$/0&0370'*)5*$&-,%+*5)<&*)/&.*#)'%)*)4%&0*1#)<0>

9)&'"%&$*L%+&,-#)'6&'"%&0'3/=&2-3)/&23$$&89&)%';-+E&4-)1%+0#-)&;-3$/&=#%$/&*))3*$&-,%+*5)<&*)/&.*#)'%)*)4%&0*1#)<0&#) &
MNMO&-2&*$.-0'&PQR&.#$$#-)6&%04*$*5)<&'-&PST&.#$$#-)&7=&MNRO>&&U-+&'"%&4-.7#)*5-)&-2&'"%&VWXY8%-+<%'-;)&*)/&X*E%0"-+% &
$#)%06&'"%&*))3*$&0*1#)<0&;-3$/&7%&PRR&.#$$#-)&#)&MNMO&*)/&PZ[&.#$$#-)&#)&MNRO6&*003.#)<&/#%0%$&23%$&4-0'0&;#$$&#)4+%*0%&*' &
';#4%&'"%&+*'%&-2&%$%4'+#4#'=>&

\%+"*,0&'"%&.-0'&30%23$&+%1%$*5-)&;*0&+%<*+/#)<&'"%&4-0'&-2&89&%$%4'+#(4*5-)>&&])&'"%&+3):3,&'-&'"%&+%,-+' 0̂&+%$%*0%6 &
@%'+-$#)A&0'*H&3,&'-&*)/&#)4$3/#)<&_"*#+&W-7&\+#'4"*+/&,-+'+*=%/&%$%4'+#(4*5-)&*0&-1%+$=&%A,%)0#1%&*)/&,+-7*7$= &
3)*H-+/*7$%&7=&'"%&8-1%+).%)'&-2&9)'*+#->&&?"%=&%05.*'%/&%$%4'+#(4*5-)&-2&'"%&23$$&89&0=0'%.&*'&3,&'-&PS&7#$$#-)> &
])0'%*/6&'"%&0'3/=&,%<<%/&'"%&,+#4%&*'&PR>S:Z>M&7#$$#-)>

`3'&.#A%/&#)&;#'"&'"%&2%;&,-0#51%&,-#)'0&#)&'"%&()*$&+%,-+'6&'"%+%&;%+%&*$0-&'"%&4-)'+*/#45-)06&2*$0%&*003.,5-)0&*)/ &
.='"0&@%'+-$#)A&0'*H&+*#0%/&#)&'"%&;-+E0"-,&0%00#-)0>&&8#1%)&'"%&*,,%*+*)4%&-2&,+-,+#%'=&7=&1#+'3%&-2&'"%#+&,37$#4*5-)&#) &
'"%&0'3/=6&'"%0%&)%<*51%&,-#)'0&4-3$/&,$*=&*&+-$%&#)&/%$*=#)<&-+&%1%)&/%+*#$#)<&'"%&89&%$%4'+#(4*5-)&,$*)&*'&*&$*'%+&/*'%> &
?"%=&0"-3$/&)-'&<-&3)4"*$$%)<%/>

36 !"#$%&'(#)'*+,#-'(./0%12%+3#45#60*+7%/



Chapter 4

!"# $%&'(&)&*&+,&'-./&

!"#$%&'()%$*+,*$#&-.$*+#'%$/#'*'$,&0$1%&%2*'$,''#/3,*%0$43*+$%-%/*)32/,5#&$4%)%$3&/-(0%06$*+%$7*(0.$,''%''%0 $
*+%$3&/)%8%&*,-$/#'*'$,&0$1%&%2*'$#9$%-%/*)39.3&:$*+%$;<$),3-$&%*4#)=>?

!"#$%&'(")&*$#+,-./#/$%*%)#0$)"-)$123&/$4#$'.$,&-5#$'.$6768$-%$-$9#%3&)$2:$)"#$;<$6767$,&-.$1-%$)"#$9#:#9#.5#$5-%#$2. $
1"'5"$-.-&*%'%$1-%$,#9:290#/=$$!"'%$1-%$)"#$%34>#5)$2:$035"$/#4-)#$-)$)"#$?#)92&'.+$#&#5)9'@5-A2.$129B%"2,$%#%%'2.%= $
?-.*$,-9A5',-.)%$9#C3#%)#/$)"-)$#&#5)9'@5-A2.$4#$-%%#%%#/$'.$)"#$52.)#+)$2:$"21$')$523&/$-%%'%)$'.$)"#$)9-.%:290-A2.$2: $
;<$'.)2$-$"'("D:9#C3#.5*E$-&&D/-*$%#9F'5#E$-%$,920'%#/$'.$!"#$%&'$()*#=$$G3)$?#)92&'.+$)22B$)"#$F'#1$)"-)$)"#$-%%#%%0#.)$
%"23&/$4#$2.$)"#$4-%'%$2:$-$6768$4#.5"0-9B$3%'.($/'#%#&D"-3&#/$4'D&#F#&$)9-'.%$2.$-&&$&'.#%$#+5#,)$)"#$HIJE$1"#9#$%'.(&#D
&#F#&$/'#%#&$-./$#&#5)9'5$03&A,&#$3.')$92&&'.($%)25B$123&/$4#$520,-9#/=

!"#$9#%3&)$'%$#&#5)9'@5-A2.$"-%$4##.$-%%#%%#/$2.$-$2.#D:29D2.#$9#,&-5#0#.)$4-%'%$0'+#/$1')"$-$&'0')#/$-023.)$2:$%#9F'5# $
#+,-.%'2.$-./$)"#$HIJ$-%$-$)-5BD2.$,92>#5)=$$<.$)"#$43&B$2:$)"#$%*%)#0E$#&#5)9'@5-A2.$123&/$25539$%&21&*$-%$;<$(9-/3-&&* $
-//%$"239&*$2KD,#-BE$)12D1-*$%#9F'5#$2F#9$-$.304#9$2:$*#-9%=

!"'%$:-&&%$:-9$%"29)$2:$1"-)$0-.*$-/F25-)#%$:##&$'%$F')-&$':$)"#$;!LH$'%$(2'.($)2$#+,#9'#.5#$-$%'(.'@5-.)$02/-&$%"'M=$$H%$1-% $
#.F'%'2.#/$'.$!"#$%&'$()*#E$)"#9#$'%$-$/#0-./$-./$.##/$:29$)"#$52.F#9%'2.$2:$;<$'.)2$-$N392,#-.D%)*&#$394-.$9-'&$%#9F'5# $
1')"$"'("#9$/-*D&2.($:9#C3#.5'#%$'.$42)"$/'9#5A2.%$2.$-&&$923)#%=$$<.&*$1')"$%35"$-.$-,,92-5"$5-.$;<$/'F#9)$-$&-9(# $
.304#9$2:$52003)#9%$)2$)9-.%')E$#%,#5'-&&*$1')"'.$)"#$423./-9'#%$2:$!292.)2=$$H%$"-%$4##.$,92F#/$#&%#1"#9#E $
#&#5)9'@5-A2.$'%$#%%#.A-&$)2$)"'%$24>#5AF#=

O"'&#$)"#$N&#5)9'@5-A2.$P)3/*$:-'&#/$)2$F'#1$#&#5)9'@5-A2.$'.$)"#$52.)#+)$2:$;<Q%$:3)39#$%#9F'5#$02/#&E$2)"#9%$-) $
?#)92&'.+$"-F#.Q)$4##.$%2$4&'.B#9#/=$$H.2)"#9$%)3/*$)#-0$"-%$-5B.21&#/(#/$#&#5)9'@5-A2.Q%$)9-.%:290-A2.-&$,92,#9A#%E $
#%,#5'-&&*$'.$)"#$52.)#+)$2:$R.'2.$P)-A2.Q%$5-,-5')*$52.%)9-'.)%=

H5529/'.($)2$)"#$@.-&$#&#5)9'@5-A2.$%)3/*$9#,29)E$R.'2.$P)-A2.$5-.$"-./&#$)"#$/234&'.($2:$)9-S5$-%$52.)#0,&-)#/$3./#9 $
)"#$;<$6767$#+,-.%'2.$,&-.$')$3%#/$-%$')%$9#:#9#.5#$5-%#=$$G3)$)"#$5399#.)$9#43'&/'.($2:$)"#$:-5'&')*$1'&&$.2)$4#$5-,-4&#$2: $
"-./&'.($)"#$-//'A2.-&$)9-S5$(#.#9-)#/$':$-&&$)"#$#+,-.%'2.$,&-.%$#042/'#/$'.$ !"#$%&'$()*#$-9#$5-99'#/$)"923("$)2$
520,&#A2.$-./$)"#$R.'2.$P)-A2.Q%$)9-S5$C3-/93,&#%=

H.$<5)24#9$67E$6787E$%)-B#"2&/#9$,9#%#.)-A2.$2.$)"#$?#)92&'.+$R.'2.$P)-A2.$P)3/*$-./$)"#$T21.)21.$I-,'/$!9-.%') $
UTI!V$P)3/*$-5B.21&#/(#/$)"-)$#&#5)9'@5-A2.$523&/$"-F#$-$%'(.'@5-.)$4#-9'.($2.$)"#$5239%#$,39%3#/$:29$R.'2.$P)-A2.=$$W) $
'/#.A@#/$)"#$#&#5)9'@#/$%#9F'5#%$'.$?#&4239.#$-./$P-2$X-3&2$-%$Y#+-0,&#%$2:$9-,'/$)9-.%')$#+,-.%'2.$4#'.($-5"'#F#/$4* $
3,(9-/'.($#&#5)9'@#/$52003)#9$9-'&$&'.#%$)2$-$0#)92Z%341-*$%)-./-9/E$3%'.($9-,'/$)9-.%')$#C3',0#.)E$)2$/9-0-A5-&&* $
'.59#-%#$)"#$#+)#.)$2:$9-,'/$)9-.%')$%#9F'5#%$'.)2$)"#$(921'.($"'.)#9&-./%=[

!"#$,9#%#.)-A2.$1#.)$#F#.$:39)"#9$'.)2$)"#$9#-&0$2:$;<$#&#5)9'@5-A2.$-./$')%$4#.#@)%$\$'./##/E$')%$.#5#%%')*$\$'.$)"# $
#+-0'.-A2.$2:$2.#$2,A2.]

! +",-$&.$-"#$/#01&/#2$/#3)1/4#3$.)/$-"#$56!$$7#/#$13#2$-)$8/)*&2#$,$"&'"$38##2$-199#:$4)99#4;9'$3#:#4-#2$<=$6,&: $
:&9#3$2&/#4-:>$-)$-"#$4#9-/#$).$-"#$2)79-)79$4)/#$?,:)9'$@1##9$)/$A&9'$3-/##-3$)/$3)B#7"#/#$&9$C#-7##9D$/,-"#/$
-",9$4)9;91&9'$-)$)8#/,-#$-)E-"/)1'"$F9&)9G

! +#$,/#$,331B&9'$-"&3$7)1:2$/#01&/#$-"#$->8#$).$#:#4-/&H#2$4)BB1-#/$/,&:$3#/*&4#3$)8#/,-#2$&9$(#:C)1/9#$,92$I,)$
J,1:)$13&9'$/,8&2$-/,93&-$#01&8B#9-K$4)93&3-#9-$7&-"$-"#$I18#/$<=$4)94#8-$,331B#2$&9$-"#$6!J$L!"#$%&'$()*#M$
.)/$3#:#4-#2$4)//&2)/3N

O"#)"#9$)"'%$02.30#.)-&$,92>#5)$'%$#F#9$3./#9)-B#.$'%$.2)$-%$'0,29)-.)$-%$)"#$:-5)$)"-)$')%$0#9#$52.)#0,&-A2.$'./'5-)#% $
-)$&#-%)$%20#$0#04#9%$2:$)"#$?#)92&'.+$)#-0$5-.$%##$)"#$)9-.%:290-A2.-&$5-,-4'&'A#%$2:$;<$#&#5)9'@5-A2.=$$W)$123&/ $
"-F#$4##.$029#$,92/35AF#$':$)"#$0#04#9%$2:$)"#$#&#5)9'@5-A2.$%)3/*$)#-0$"-/$4##.$-%$#C3-&&*$:291-9/$&22B'.(= $
R.:29)3.-)#&*E$)"#*$1#9#.Q)$-./$)"#$9#%3&)$'%$-$9#,29)$)"-)$F'#1%$#&#5)9'@5-A2.$-%$:-9$&#%%$2:$-$%*%)#0$/#F#&2,0#.)$)22& $
)"-.$')$%"23&/$4#=

01'2345&'65.+7'85&,9*3):3+;'<='$*.+/39 '37



Chapter 4

!"#$%"&'#$()*$+#,,&-./$-/"01$01$-2.$+0-345$1.6$7/##8'01$91"1+0"'$:05-/0+-$#1$-2.$(,./"':$;01.<$$=2.$535-.,$+"//0.5
">#&-$?<@$,0''0#1$/0:./5$.A./3$6..8:"3<

B<@ =0./$B$C0.5.'$=/"+D#1

!"#$%&$'$($)*$%+,-$%,.-/%,--01$2%3#,3%"4$(%5%64$-$.%7859%(/..4):%-3/*;%<4..%=$%4)%/>$(,?/)%,-%@A%"(,)-43%#,- %
*/114B$2%3/%*/)C$(3%3/%"4$(%5%$14--4/)%-3,)2,(2-DDDD%%"#4-%4-%3#$($'/($%3#$%(/..4):%-3/*;%,:,4)-3%<#4*#%/3#$( %
3$*#)/./:4$-%<$($%*/1>,($2%4)%3#$%-302EDF

!"#$%#&'()*+,$-&./0$&#12$3)14#/$5(.+/)#--$61*&"$*+$&"#$15*)*&0$(6$+#7$!*#'$8$/*#-#)$)(4(2(9:#-$&($/#)*:#'$21;(' $
#+:*'(+2#+&1)$1+/$"#1)&"$5#+#<&-$1&$'#1-(+15)#$4(-&=$$%1+/1&#/$50$&"#$>=?=$@+:*'(+2#+&1)$A'(&#49(+$BC#+40$D@ABE$6(' $
*+&'(/.49(+$(+$1))$)(4(2(9:#-$3'(/.4#/$*+$&"#$>=?=$1-$(6$FGHI$1+/$144#3&#/$1-$&"#$+#7$:().+&1'0$-&1+/1'/$6('$&"# $
)(4(2(9:#-$JK$7*))$3.'4"1-#$1L#'$&"1&$/1&#M$!*#'$8$1*2-$&($'#/.4#$$31'94.)1&#$21N#'$50$OG$3#'$4#+&$1+/$(,*/#-$(6$
+*&'(C#+$DPK,E$50$OQ$3#'$4#+&=

!"#'#R-$;.-&$(+#$3'(5)#2S$P($21+.614&.'#'$"1-$0#&$5##+$15)#$&($3'(/.4#$1$4(22#'4*1))0$:*15)#$!*#'$8$/*#-#)=$$T+$'#5.N1)M $
%#&'()*+,$21*+&1*+-$&"1&$21+.614&.'#'-$"1:#$3'#:*(.-)0$5##+$15)#$&($2##&$&"#$-&1+/1'/-$21+/1&#/$50$3'#:*(.-$@AB $
#2*--*(+$'#/.49(+$('/#'-M$5.&$&"1&R-$61'$6'(2$'#1--.'*+C=$$B+/$&"#'#$1'#$21;('$4(+4#'+-$7*&"*+$&"#$'1*)710$*+/.-&'0 $
4(+4#'+*+C$&"#$<+1+4*1)$1+/$(3#'19(+$#U#4&-$(6$&"#-#$+#7$-&1+/1'/-M$*6$&"#0$41+$5#$1N1*+#/=

!"#$&7($)1'C#-&$-.33)*#'-$(6$/*#-#)$)(4(2(9:#-$V$J#+#'1)$@)#4&'*4$DJ@E$1+/$@)#4&'(W%(9:#$X*#-#)$D@%XE$V$1'#$1N#239+C $
&($/#:#)(3$+#7$/*#-#)-$&($2##&$&"#$!*#'$8$-&1+/1'/-M$5.&$+#*&"#'$"1-$5##+$-.44#--6.)$-($61'=$$Y#3('&-$(+$&"#*'$#U('&-$1'# $
+(&$#+4(.'1C*+C=$$T+$1+$1'94)#$*+$&"#$?#3&#25#'M$FGGZM$#/*9(+$(6$&"#$&'1/#$21C1[*+#M$ !"#$%"&'()*M$@%XR-$21+1C#'$(6$
#2*--*(+-$4(23)*1+4#M$X1:*/$@=$\'1++M$(.&)*+#/$&"#$<+1+4*1)$*2314&$(6$!*#'$8M$*+4)./*+CS$$

38 E#$;0F'.$%'"1G$('.+-/0H301I$JK$=/"150-



Chapter 4

! !"#$%&%'()(*(+,#-%."''%/#%*($#%#01#2-",#3%%!4#%56#$78$#58*#28%9#,")#-%5$#%'":#';%8(%)(-8%5-%*<)4%5-%($%*($#%8452 %
84#%9"#-#'%#2="2#%"8-#'>?%9$",#2%/;%'5$=#%-"@#?%'(.%,('<*#-?%529%84#%1'5+2<*7=$(<1%*#85'-%<-#9%"2%)585';@#9 %
15$+)<'58#%A'8#$-3

! B1#$5+2=%)(-8-%(>%!"#$%&%'()(*(+,#-%."''%"2)$#5-#3%%!4#%$#5=#28%>($%-#'#)+,#%)585';+)%$#9<)+(2%9#,")#-%"-%52 %
599"+(25'%C<"9%8458%."''%45,#%8(%/#%$#1'#2"-4#93333

! D5"28#252)#%)(-8-%."''%"2)$#5-#3%%E()(*(+,#-%."''%/#%#,#2%*($#%+=48';%15):#9%."84%#F<"1*#28%8452%84#;%5$#%
2(.3%!4#$#%5$#%15):5="2=%)(2)#$2-?%529%-15)#%2(.%#*18;%."''%/#%A''#9%."84%56#$78$#58*#28%)(*1(2#28-?%
*5:"2=%*5"28#252)#%*($#%9"G)<'8%529%+*#7)(2-<*"2=3%H#$"(9")%)'#52"2=%529%$#1'5)#*#28%(>%56#$78$#58*#28%
)585';-8%#'#*#28-%."''%5'-(%599%)(-83

! !4#%8#)42")5'%#01#$+-#%2#)#--5$;%8(%(,#$45<'%529%*5"285"2%'()(*(+,#-%"2%)#$+A#9%)(2A=<$5+(2%."''%"2)$#5-#3 %
I<11'"#$-%."''%/#%$#F<"$#9%8(%1$(9<)#%4"=4#$%8#)42('(=;%,#$-"(2-%(>%#*"--"(2-7)$"+)5'%)(*1(2#28-%-<)4%5-%1"-8(2-?%
$"2=-?%);'"29#$%'"2#$-?%8<$/()45$=#$-?%529%><#'%"2J#)8($-3

!"#$%&'()*+,-*."$'/"0*#+"*'12,3#*%4*5'"$*6*7*2$%.'0"0*#+"*1,(84,3#8$"$-*3,(*"."(*,9,'(*#+"*-#,(0,$0-*7*%(*'#-*48#8$" *

3,2'#,&*3%-#-:**5+"*;<*!%=."*>%?"$*@(08-#$'"-*!>6A>BCDE*0'"-"&C"&"3#$'3*&%3%1%=."-*'(*FGH-*38$$"(#*I""#*?"$"*J8'&#*#% *

#+"*2$".'%8-*5'"$*K*-#,(0,$0-*,(0*3%-#*#+"*,L"(3M*N;:;*1'&&'%(*",3+*'(*KAAO:**5+"*2$%2%-"0*5'"$*6*!>6A*"P8'.,&"(#-*,$" *

"-=1,#"0*#%*3%-#*N<:Q*1'&&'%(*7*,*6A*2"$*3"(#*'(3$",-":

R"-2'#"*,&&*#+"*0$,?J,3S-*,(0*8(S(%?(*.,$',J&"-T*!"#$%&'()*,33"2#"0*5'"$*6*,-*#+"*J"(3+1,$S*,L,'(-#*?+'3+ *

"&"3#$'/3,=%(*?%8&0*J"*U80L"0:**@(*-%*0%'(LT*#+"*-#80M*#",1*.'%&,#"0*'#-*%?(*3$'#"$',:**V#*#+"*J"L'(('(L*%4*#+"*-#80MT*#+" *

#",1*-"#*%8#*#+$""*-#,(0,$0-*JM*?+'3+*,&&*"P8'21"(#*-+%8&0*J"*,--"--"0W

! @-*#+"*#"3+(%&%LM*2$%."(X

! @-*#+"*#"3+(%&%LM*3%11"$3',&&M*.',J&"X

! @-*#+"*#"3+(%&%LM*3%12,=J&"*?'#+*#+"*$"4"$"(3"*3,-"*-"$.'3"*&"."&-X

5'"$*6*0'"-"&*#"3+(%&%LM*'-*("'#+"$*2$%."(*(%$*'-*#+"$"*".'0"(3"*'#*?'&&*J"*3%11"$3',&&M*.',J&"T*1,S'(L*'#*'(3%12,=J&"*?'#+ *

#+"*!"#$%&'()*$"4"$"(3"*3,-"*-"$.'3"*&"."&-:**@#*'-T*,#*J"-#T*,*+'L+*$'-S*#"3+(%&%LM:**Y&"3#$'/3,=%(*1""#-*,&&*#+$""*3$'#"$',: *

R"-2'#"*#+"*/(,&*$"2%$#H-*3&,'1*#+,#*Z#+"*1,L('#80"*%4*#+"*#$,(-4%$1,=%(*#%*"&"3#$'/3,=%(*2$"-"(#-*-'L('/3,(#*$'-S-T[*'#*'- *

,*$'-SC4$""*#"3+(%&%LMT*,-*2$%."0*JM*#+"*1'&&'%(-*%4*#$,'(C1'&"-*$,3S"0*82*,((8,&&M*JM*"&"3#$'3*$,'&?,M-*?%$&0?'0":

!"# $%&'()*%+(,)-./)0%112.3)45%67)4(1(6&%.

!"#$%&'(#&'&%&)(*$)'%+)+,+-.&'/01'21&3'$4'(#&'3&(0$%&3'&.0%20-+45'(#&'6(237'4+(&1'(#0('&%&)(*$)',2%-8%&'24$(1 '
9:;<1='+.&*'(#&'%+4>'(&*,'/$%%'?&'0?%&'(+'(0@&'(#&'AB'C0$%'171(&,')%+1&*'(+'D#&'E$>';+.&'.$1$+4'F+*':G8*&11 '
C0$%'/$(#'1$>4$H)04('I+2*4&7'-,&'10.$4>1JK

5+"*P8"-=%(*%4*?+,#*#M2"*%4*"P8'21"(#*?%8&0*J"*-"&"3#"0*4%$*+'L+C&"."&*".,&8,=%(*$"-8&#"0*'(*183+*0"J,#"*,#*#+" *

?%$S-+%2*-"--'%(-:**\"4%$"*#+"*/(,&*$"2%$#*?,-*0"&'."$"0T*!"#$%&'()*$".",&"0*#+,#*-#,]*+,0*$"U"3#"0*#+"*8-"*%4*-"&4C

2$%2"&&"0*Y!^-*")3"2#*2%--'J&M*4%$*#+"*V_`:**5+"*-#80M*#",1*-,'0*#+'-*?,-*08"*#%*3%-#T*"-=1,=(L*#+,#*#+"*-"&"3=%(*%4 *

Y!^-*."$-8-*#+"*0'"-"&*%2=%(*4%$*,(M#+'(L*%#+"$*#+,(*#+"*V_`*?%8&0*$"-8&#*'(*Z,$%8(0*6Aa*1%$"*'(*3,2'#,&*3%-#-T*?+'&" *

%."$*#+"*DACM",$*&'4"*3M3&"*#+"M*?"$"*,$%8(0*K:;*=1"-*1%$"*")2"(-'."T*1",('(L*,*-'L('/3,(#&M*&,$L"$*3,2'#,&*,(0 *

%2"$,=(L*J80L"#*?%8&0*J"*$"P8'$"0:[

B%?"."$T*-"('%$*$,'&$%,0"$-*?'#+*")#"(-'."*")2"$'"(3"*%(*%#+"$*b%$#+*V1"$'3,(*3%118#"$*$,'&*-M-#"1-*?+%*?"$" *

3%(-8&#"0*JM*#+'-*?$'#"$*4"&#*#+"-"*3%-#-*?"$"*%."$-#,#"0T*"-2"3',&&M*'(*.'"?*%4*#+"*-82"$'%$*2"$4%$1,(3"*%4*Y!^-*,(0 *

#+"'$*"]"3#*%(*-M-#"1*%2"$,=(L*3%-#-*%."$*,(*")#"(0"0*2"$'%0:**c"-T*J'C&"."&*Y!^-*?%8&0*3%-#*1%$"*'('=,&&M:**\8#*#+"'$ *

-82"$'%$*,33"&"$,=%(T*0"3"&"$,=%(*,(0*%2"$,=%(,&*I")'J'&'#M*L'."*#+"1*,*3%(-'0"$,J&"*"0L"*%."$*&%3%1%=."C+,8&"0*#$,'( *

%2"$,=%(:**5+"*!"#$%&'()*-#80M*"."(*,01'#-*#+"M*?%8&0*%]"$*=1"*-,.'(L-*#?'3"*%$*L$",#"$*#+,(*#+%-"*,3+'".,J&"*?'#+ *

"&"3#$'3*&%3%1%=."*+,8&,L"*%4*#+"*")'-=(L*J'C&"."&*3%,3+*I""#:**@#*'-*#+'-*&"."&*%4*2"$4%$1,(3"*#+,#*+,-*&"0*#+"*1,U%$'#M*%4 *

"&"3#$'3*3%118#"$*$,'&*%2"$,#%$-*?%$&0?'0"*#%*-"&"3#*Y!^-*'(*2$"4"$"(3"*#%*&%3%1%=."C+,8&"0*$%&&'(L*-#%3S:

8%)92:1()*1-.;)<1(65,2=>2.3)?@)A,-.B25 )39



Chapter 4

!"#$%&"#%'(()#%*+%,'-.#/#.%012(%34(%54'(#6%4&%&"#%(&47#"*.6#5%3*57("*8(9%1#&5*.'$:%+#..%,4;7%*$%&"#%45<)=#$&%&"4&%4$ %
>?@-;*=8.'4$&%,'-.#/#.%012%6*#(%$*&%;)55#$&.A%#:'(&B%%C"#A%5#D#;&#6%&"#%)(#%*+%&"#%>?@-;*=8.'4$&%012(%#=8.*A#6%'$ %
E"';4<*B%%@.&"*)<"%7$*3$%*$%&"*(#%#.#;&5';%(A(&#=(%4(%,'-.#/#.(9%&"#A%45#%4;&)4..A%<4..#5A%;45(%&"4&%;4$%,#%,#(&%6#(;5',#6 %
4(%845F4.%,'-.#/#.(9%3'&"%.*3#5%;484;'&A%4$6%8**5%84((#$<#5%G*3%;*=845#6%3'&"%&"#%H*=,456'#5%+)..%,'-.#/#.(%)(#6%,A%IJ %
4$6%KL%*&"#5%M*5&"%@=#5';4$%;*==)&#5%54'.34A(B%%C#(F$<%4$6%5#D#;F*$%*+%&"'(%<4..#5A%6#('<$%'$%&"#%='6-KNOP(%.#6%IJ%&* %
6#/#.*8%&"#%;)55#$&%+)..%,'-.#/#.%6#('<$%'$%;**8#54F*$%3'&"%H*=,456'#5%85#6#;#((*59%Q437#5-R'66#.#AB

@(%3#..9%1#&5*.'$:%5#D#;&#6%()<<#(F*$(%&"#A%;*$().&%3'&"%&"#'5%;*)$&#5845&(%*$%&"#%R4$%>54$;'(;*%E4.&54'$%#.#;&5'S;4F*$ %
85*D#;&9%3"';"%3'..%=47#%)(#%*+%M*5&"%@=#5';4T(%S5(&%G##&%*+%$*$->?@-;*=8.'4$&9%0)5*8#4$%,'-.#/#.%012(9%3"';"%'( %
;*/#5#6%'$%6#&4'.%'$%@88#$6':%HB%%Q*3#/#59%1#&5*.'$:%;*$().&4$&%UCV%6'6%$*&#W%

!"#$%"&'()"*(+,%-./(+&$)($).(012("'/()"*(%.3.'$#4(*.35%./("(+"&6.%($,("##,+($).(,7.%"8,'(,9(7%,6.':(;5%,7."'(
/.*&<':(','=012=3,>7#&"'$(6.)&3#.*(&'$.%>&?./(+&$)(&$*(35%%.'$(/&.*.#(@A!(B..$("'/(#&>&$./(9%.&<)$C(D)&*(+"&6.%(
%.E5&%./(4."%*(,9($.3)'&3"#(%.6&.+:(&'3#5/&'<(*,7)&*83"$./(3,>75$.%(*&>5#"8,'*(,9($%"&'=$,=$%"&'("'/($%"&'=$,=
)&<)+"4(6.)&3#.(3,##&*&,'*($,("%<5.($)"$("'(.E5&6"#.'$(#.6.#(,9(7"**.'<.%(*"9.$4(+,5#/(F.(>"&'$"&'./(F.$+..'(
3,>7#&"'$("'/(','=3,>7#&"'$(%,##&'<(*$,3-C(G.$%,#&'?(*),5#/(',$(5'/.%.*8>"$.($).(.H,%$(%.E5&%./($,(,F$"&'($).&%(
,+'("77%,6"#:(7"%835#"%#4(*&'3.($).4("%.(5'/.%(I5%&*/&38,'(,9(D%"'*7,%$(!"'"/"(%"$).%($)"'($).(012C

(D).(;5%,7."'(;GJ(/.*&<'(CCC($"-.*("/6"'$"<.(,9(3%"*)(.'.%<4(>"'"<.>.'$(9."$5%.*:(*53)("*(.'<&'..%./(3%5*)(
K,'.*C(L$(&*(F.#&.6./($)"$("(MN(-O:(;5%,7."'=/.%&6./(>5#8=#.6.#(;GJ(>"4(F.("(9."*&F#.("'/(3,>>.%3&"##4(6&"F#. (
"#$.%'"86.(9,%(G.$%,#&'?P*(3,'*&/.%"8,'C

@%8*((',.#%,'-.#/#.%012%G##&%(&54&#<A%34(%$*&%;455'#6%+*53456%+*5%6#&4'.#6%#/4.)4F*$%,A%1#&5*.'$:%,#;4)(#%IJ%5#=4'$( %
3#66#6%&*%.*;*=*F/#-"4).#6%*8#54F*$%*+%'&(%#:'(F$<%,'-.#/#.%;*4;"#(%4$6%;4,%;45(B%%2('$<%#.#;&5';%.*;*=*F/#(%3'&"%&"'( %
5*..'$<%(&*;7%85*&#;&(%IJT(%84(&%'$/#(&=#$&%4$6%.#4/#(%'&(%;)55#$&%KP-A#45%G##&%(&54&#<A%)$&*);"#6B%%!"'.#%&"'(%=47#( %
(*=#%S$4$;'4.%(#$(#9%'&%'(%("*5&-('<"&#6%4$6%)$$#;#((45AB

!"#$%&'$"()*$+,)-"./0'1)'0"234"*1,)&",11)5)&6")&"#7,18919:6;"<"='>"#9:*;"?,-'0@"*;,*")0A

40 =9"B)C-'"D-,&E"2-'7*1)F$)&6"GH"I1,&0)*



Chapter 4

!"#$%&&'$()$*+#,-./0,1234$5-678$#91:/4#7$-"#$;3<</=+#$,34>#.</34$3?$-"#$434@;3A#.#7$()$=/@+#>#+$,1.<$/4-3$BCD@
,3:;+/14-$*EF<G$$!"#$<-678$-#1:$?3647$-"#$#9/<24H$,1.<$,36+74I-$=#$#1</+8$,34>#.-#7J$=6-$-"#$7#</H4$/-<#+?$,36+7$=# $
171;-#7$-3$,.#1-#$4#AJ$!"647#.$K18@=6/+-$=/@+#>#+$*EF$;3A#.$,1.<$,1;1=+#$3?$"16+/4H$#9/<24H$()$=/@+#>#+$,31,"#<J $
;.376,/4H$-A3@,1.$<#-<$-"1-$,36+7$=#$:1.<"1++#7$/4-3$-.1/4<$3?$148$+#4H-"G$$!"/<$A36+7$6<#$3?$1++$3?$()I<$,6..#4-$=/@+#>#+ $
L##-$147$;.3-#,-$/-<$<64M$,3<-G$$N-$,36+7$1+<3$3;#4$6;$4#A$:1.M#-<$?3.$K3:=1.7/#.J$-"#$:146?1,-6.#.$3?$-"#$"/H"+8@
<6,,#<<?6+J$!"647#.$K18@=6/+-$=/@+#>#+<G

B6.-"#.:3.#J$A/-"$?36.$3?$()I<$<#>#4$#9/<24H$+/4#<$.#:1/4/4H$1<$7/#<#+$3;#.1234<$647#.$-"#$E#-.3+/49$#+#,-./0,1234 $
<,#41./3J$-"#$#9/<24H$=/@+#>#+$L##-$A/++$=#$1:;+8$#:;+38#7$642+$/-<$.#2.#:#4-$/<$;"8</,1++8$147$0414,/1++8$7#</.1=+#G

!"#$*EF$/<<6#$4##7<$-3$=#$.#>/</-#7G$$(/>#4$-"#$+#/<6.#+8$<,"#76+#$34$A"/,"$E#-.3+/49$/4-#47<$-3$#+#,-./?8J$4#A$.3++/4H $
<-3,M$A/++$43-$=#$.#O6/.#7$642+$1-$+#1<-$'P'QG$$!"/<$/<$:3.#$-"14$#436H"$2:#$?3.$E#-.3+/49$-3$,33;#.12>#+8$7#>#+3;$14 $
)4-1./3@=6/+-$*EF$>#.</34$3?$-"#$K3:=1.7/#.$=/@+#>#+$,31,"$3.$7#>#+3;$1$;+14$?3.$-"#$/4-.376,234$3?$;.3>#4J$434@BCD@
,3:;+/14-$=/@+#>#+$*EF<J$</:/+1.$-3$-"1-$/4$;.3H.#<<$34$R1+-.1/4G

!"! #$%&'()*+,-./0,1$,'%&)*203.%&*%,4*50116,.'7*8$,$9':

!"#$%$&'%$&(%')*+,%('-,)&').&$/,),01/&2$)$3(*&(,&$4$/(%13/'-,)5&&"#$%$&'%$&'4*,&*0'44&$)61%,)0$)('47&*,/1'4 &
').&/,008)1(9&2$)$3(*5&&:$'4(#&2$)$3(*&'%$&$;+$/($.&(,&2$&0'%<1)'45=&&

!"#<#$047/4H<$<-147$/4$<-1.M$,34-.1<-$A/-"$A"1-$"1<$=##4$.#;3.-#7$=8$3-"#.$.1/+A18<$/4>#<2H124H$#+#,-./0,1234G$$B3. $
#91:;+#J$/4$-"#$FGSG$T#;1.-:#4-$?3.$!.14<;3.-I<$'PP&$.#;3.-J$!"#$%#&'()*"%&(+,"$)-&."%($"/0$/"12)3%#4)5410$"#60%7,&J$A"/,"$
+#7$-3$-"#$,6..#4-$U%GV$=/++/34$,3::/-:#4-$-3$#+#,-./?8$46:#.36<$+/4#<$?3.$,3::6-#.J$/4-#.,/-8$;1<<#4H#.$147$?.#/H"- $
<#.>/,#J$-"#$H3>#.4:#4-$1H#4,8$.#;3.-#7W$

5410$"#0)$"%#&()81&1"%449)+1".,":);1<1")$=%&)1>/#?%41&$)@#1(14)?1=#041()1?1&),&)$=1);%(#(),.)$=1)0/""1&$)1410$"#0#$9 )
81&1"%7,&):#AB)*9+#0%449)%&)1410$"#0)$"%#&)1:#$()CDEFGH)41(()0%";,&)+1")+%((1&81"):#41)$=%&)%)@#1(14)$"%#&B)*=#( )
%@?%&$%81)I#44)#&0"1%(1),?1")7:1)%(),/")+,I1")81&1"%7,&):#A);10,:1()41(()0%";,&)#&$1&(#?1BBBB

5410$"#0)$"%#&()=%?1)J1",)1:#((#,&()%$)$=1)+,#&$),.)/(1K)I=#0=)#(),.)+%"70/4%");1&16$).,")%#")>/%4#$9)#&)+,44/7,&)
L=,$M(+,$(')(/0=)%()0#$9)01&$"1()%&@):%#&4#&1)($%7,&(B))5410$"#60%7,&)"1@/01()"%#4'()"14#%&01),&)#:+,"$1@)@#1(14 )
./14B)5410$"#0)$"%#&()%"1)>/#1$1")$=%&)@#1(14)$"%#&(K)%&@)?#"$/%449)(#41&$)I=1&)I%#7&8)%$)($%7,&(B

N4$514$B.14,/<,3J$R1+-.1/4$"1<$.#;#1-#7+8$<-1-#7$-"1-$#+#,-./0,1234$.#<6+-<$/4$1$&P$;#.$,#4-$.#76,234$/4$#:/<</34<J$43-$-3 $
:#4234$-"#$?1,-$-"1-$X#+#,-./,$-.1/4<$1.#$</H4/0,14-+8$O6/#-#.J$1$;+6<$?3.$4#/H"=36.<$+/>/4H$147$A3.M/4H$4#1.$-"#$,3../73.GY

!.14<;3.-1234$+/=.1.8$=33M<"#+>#<$1.#$+/4#7$A/-"$.#;3.-<$7#+/>#./4H$-"#$<1:#$>#.7/,-<$34$-"#<#$/<<6#<G$$K6-$E#-.3+/49$"1< $
;.#<#4-#7$-"#$#>/7#4,#$34$-"#$:6+2;+#$"#1+-"J$#4>/.34:#4-1+J$<3,/1+$147$,3::64/-8$/:;1,-<$3?$#+#,-./0,1234$/4$<6,"$1 $
A18$1<$-3$/:;+8$#/-"#.$1$<-.14H#$<#4<#$3?$+3H/,$34$/-<$;1.-$3.$1$7#+/=#.1-#$#Z3.-$-3$73A4;+18$-"#$=#4#0-<G$$!"/<$<;#,/0,1++8 $
1;;+/#<$-3$A"1-$E#-.3+/49$7#<,./=#<$1<$-"#$:1.H/41+$"#1+-"$=#4#0-<G$$!3$:1M#$-"/<$,1<#$<2,MJ$E#-.3+/49$"1<$.#;3.-#7$-"3<# $
=#4#0-<$/4$-"#$,34-#9-$3?$()I<$142,/;1-#7$#:/<</34<$34$1$.#H/341+$=1</<J$43-$7/.#,-+8$34$-"#$1Z#,-#7$,3../73.<W

!9)1410$"#.9#&8)4%"81")(107,&(),.)$=1)NO)*"%&(#$)3%#4)&1$I,"PK)8"1%$1")NQN)R8"11&=,/(1)8%(S)"1@/07,&()0%&);1)
%0=#1?1@)E)1410$"#.9#&8)$=1)1&7"1)&1$I,"P)I,/4@)@14#?1")%)TUH)"1@/07,&),.)NO)*"%&(#$)3%#4'()./$/"1)0,&$"#;/7,&)
$,)NQN)1:#((#,&(K)%4$=,/8=)$=#()"1@/07,&)I,/4@),&49);1)%)(:%44)."%07,&)VDBFCHW),.)$=1),?1"%44)"18#,&'()
1:#((#,&(B))X1?1"$=141((K)%44),+7,&()I#$=)$=1)1A01+7,&),.)O+7,&)Y)V$=1)1410$"#60%7,&),.)$=1)N1,"81$,I&)4#&1W )
:11$),")1A011@)$=1)!#8)Z,?1'()318#,&%4)*"%&(+,"$%7,&)[4%&)($"%$18#0)$%"81$),.)"1@/0#&8)NQN)1:#((#,&()+1")
+%((1&81");9)CGHB

5410$"#0)$"%#&()@,)&,$)1:#$)\]\)R0"#70%4)%#")0,&$%:#&%&$S).",:)$=1)4,0,:,7?1(K);/$)"%$=1")%$)$=1)(,/"01),.)
1410$"#0#$9)81&1"%7,&B)*=1)#:+%0$(),.)\]\),&)$=1)4,0%4)0,::/&#$9)%&@)%@^%01&$)(1&(#7?1)"101+$,"()I1"1)
0,&(#@1"1@K)%&@)$=1):,"1)$=1)&1$I,"P)#()1410$"#61@K)$=1):,"1)+1,+41);1&16$).",:)#:+",?1@)%#")>/%4#$9B))Q,I1?1"K)

;0*<.=&$*>&%,?*+&$3'/.@7.,A*BC*D/%,:.' *41



Chapter 4

!"!#$%&%'()'*+,'-("-,"*.!/("%'()'!&.'-("*!0&"!"*%'%1-+'!%'2!./-1#!*,'0!3,.'456789:;'<=>'!"?'@=>'A&*+'B&,.'C'
D&,%,#'#(-(0(/E,%'%+(A%'*+!*'*+,'&02!-*'()'*+,'F,),.,"-,'G!%,'%,.E&-,'#,E,#%'A(1#?'!#.,!?$'H,'A,##'H,#(A'*+, '
%*.&"I,"*'J(.#?'K,!#*+'=.I!"&L!/("'%*!"?!.?%8''M%'0(.,'-(..&?(.%'!.,',#,-*.&N,?;'*+,'#(-!#'!&.'O1!#&*$'&02.(E,%;'
H1*'*+,'+,!#*+'H,",N*'!%%(-&!*,?'A&*+',#,-*.&N-!/("'&%'#&P,#$'*('H,'.,#!/E,#$'%0!##8

!"#$%$&'()*$(+,)-(".(/"&"0)"12(3$4,567(895$&(".(!$67)*($:6;,0$4()*$(46)6(<2,0=(6(4,>$&$0)(-6&42?5@A((B0(*,2(&$C"&)'(D&A (
D6%,4(35E$"#0(#&")$F((

6,*.(#&">',%/0!*,%'*+!*'QKQ',0&%%&("%').(0'*+,'Q='.!&#'%$%*,0'A(1#?'H,'0(.,'*+!"'*A&-,'!%'+&I+'A&*+'B&,.'C'
?&,%,#'!%'*+,$'A(1#?'H,'&)'*+,'Q,(.I,*(A"'!"?'R!P,%+(.,'-(..&?(.%'A,.,',#,-*.&N,?'4SST;UUU'*("",%'()'QKQ%'
,!-+'$,!.;'0,!%1.,?'&"'-!.H("'?&(>&?,',O1&E!#,"*%'4*("",%'G=7,V$,!.:;'-(02!.,?'*('W9W;UUU'*("",%'G=7,V$,!.:8 '
X1.*+,.0(.,;'QKQ',0&%%&("%').(0'!'B&,.'C'%$%*,0'A(1#?'H,'!22.(>&0!*,#$'WT'/0,%'+&I+,.'*+!"').(0'!')1##$ '
,#,-*.&N,?'%$%*,0'4WY;UUU'*("",%'G=7,V$,!.:8

B+,'QKQ',0&%%&("%'.,?1-/("%'*+!*'-(1#?'H,'!-+&,E,?'H$'12I.!?&"I'B&,.'C'?&,%,#'*(',#,-*.&-'*.!&"%'("'*+,'
Q,(.I,*(A"'!"?'R!P,%+(.,'-(..&?(.%'A(1#?',"!H#,'6,*.(#&">'*('.,!-+'&*%'*!.I,*'()'7W'2,.-,"*'QKQ'.,?1-/("'2,.'
2!%%,"I,.')(.'*+,&.'(2,.!/("%8'Z*'A(1#?'!#%('H,'!"'&02(.*!"*'-("*.&H1/("'*('*+,'="*!.&('I(E,."0,"*[%'*!.I,*'()'
\'2,.-,"*'QKQ',0&%%&("%'.,?1-/("%').(0').,&I+*'!"?'?&,%,#'*.!"%2(.*!/("'!%'%,*'(1*'&"'*+,'6(E,'="*!.&('7U7U'
2#!"8

/*$(*$67)*'($0%,&"0;$0)67'(2"5,67(604(5";;<0,)-(G$0$H)2(".($7$5)&,H56?"0(6&$(76&=$A((/*$(;,0,;,I6?"0(".()*$2$(G$0$H)2 (
G-(3$)&"7,0:("07-(2$&%$4()"(;6@$()*$(H067(&$C"&)(7""@(2@$#$4(,0(.6%"<&(".(2?5@,0=()"(J812(/,$&(K(4,$2$7(2)&6)$=-'(#*,5* (
&$;6,02(6(5*,;$&6(6)()*,2(C",0)A((/*$(,22<$(0$$42()"(G$(&$%,2,)$4'(C6&?5<76&7-(G$56<2$(,)(*62(,;C7,56?"02(."&()*$(")*$&(7,0$2 (
,0()*$(J8(2-2)$;()*6)()*$(2)<4-(&$L$5)$4(."&($7$5)&,H56?"0A

B0()*,2(&$=6&4'(,)(,2(#"&)*(0"?0=(D&A(35E$"#012(&$5";;$046?"02()"()*$(;$;G$&2(".()*$(M"6&4(".(!$67)*F

W8 B+,'](!.?'()'K,!#*+'1.I,'*+,'6&"&%*,.'()'B.!"%2(.*!/("'*('2.(E&?,'%,-1.,'!"?'?,?&-!*,?')1"?&"I'*('
,#,-*.&)$'*+,'Q='B.!"%&*'.!&#'%,.E&-,'!%'%(("'!%'2(%%&H#,;'%*!./"I'A&*+'*+,'Q,(.I,*(A"'!"?'R!P,%+(.,'-(..&?(.%^'
!"?
78 B+,'](!.?'()'K,!#*+'.,O1,%*'*+,'Q(E,."0,"*'()'="*!.&('-(00&*'*(',#,-*.&N-!/("'()'*+,',"/.,'Q='
B.!"%&*'.!&#'%,.E&-,8

(
/*$2$(&$5";;$046?"02(#$&$(64"C)$4(G-()*$(M"6&4(".(!$67)*("0(N$G&<6&-(O'(OPQQA

!"# $%&'&()%*+(,-%.

!"#$%&'()*(+,-&.$-/0-1'2+3(&-42(#-+$&56'7-(3-$89$%&$:-&6-,$+$'2&$-$%6+6;(%-<$+$=&3-:>'(+,-%6+3&'>%?6+-@:>$ -
&6-%6+3&'>%?6+-$;9#6*;$+&A-2+:-(+-69$'2?6+-@:>$-&6-)23&$'-%6;;>&$3B-#$33-%6+,$3?6+AB-5.(%.-(+-&>'+ -
(+%'$23$-&.$-$%6+6;(%-6>&9>&CD

R$2'(G<)()*,2(;,22$2()*$(;6&@(G-(S<,)$(6(4,2)605$'(62(C&$%,"<2(J8($7$5)&,H56?"0(2)<4,$2(C&"%$4(,0()*$,&(4$)6,7$4 (
622$22;$0)(".()*$(0<;$&"<2(G$0$H)2(,0()$&;2(".($5"0";,5(2C,0">(604(L"G(5&$6?"0A((/*&"<=*"<)(T"&)*(U;$&,56'(62 (
="%$&0;$0)2(".(677(7$%$72(*6%$(6#6@$0$4()"()*$(G$0$H)2(".(,;C&"%$4(604($:C604$4(&6,7(2$&%,5$'(6V$0?"0(*62(G$$0 (
4$%")$4()"(S<60?.-,0=()*"2$(G$0$H)2A((B0(=$0$&67'(,)(,2(&$5"=0,I$4()*6)(&6,7(,0%$2);$0)(*62(6(2<G2)60?67(,;C65)("0 (
0<;$&"<2(62C$5)2(".(6(&$=,"012($5"0";-'(,057<4,0=F

! D,%$&2,"0(".()&695(.&";(")*$&(C<G7,57-W2<G2,4,I$4(;"4$2(".()&602C"&)6?"0'(2<5*(62(*,=*#6-2X
! Y"G(5&$6?"0(4<&,0=()*$(5"02)&<5?"0("&($S<,C;$0)(;60<.65)<&,0=(C*62$2X
! 80=",0=(L"G2(604($5"0";,5(2C,0W">(.&";()*$("C$&6?"0X

42 /&*0)123*42-'5*$23%.6)78)'9*:;*<6-'=).



Chapter 4

! !"#$%&'($%()*"+,)(-".*(-/','(01*(,/(0$#*.'$/%(/2(,."3-(2./4(+*''('"2*(4/0*'("%0(.*01-5/%'($%(*4$''$/%'(,)", (
"6*-,(,)*(718+$-9'()*"+,):

! !"#$%&'($%(%"5/%"+(*%*.&;(-/','<(&$#*%(,)*()$&)*.(*%*.&;(*3-$*%-;("%0(.*01-*0(21*+(.*=1$.*4*%,'(/2(."$+< (
*'7*-$"++;($2($,($'(*+*-,.$>*0:("%0

! ?*'$0*%5"+("%0@/.(-/44*.-$"+(0*#*+/74*%,("%0(*-/%/4$-("-5#$,;($%(,)*(".*"'('1../1%0$%&(,)*(',"5/%'("%0 (
/,)*.(2"-$+$5*'A

B)*(CA!A(D*7".,4*%,(/2(E/44*.-*(FC!DGEH<(,)*(I''/-$"5/%(/2(I4*.$-"%(?"$+./"0'(FII?H<(,)*(I4*.$-"%(J18+$- (
B."%'7/.,"5/%(I''/-$"5/%(FIJBIH("%0(!,",*'(2/.(J"''*%&*.(?"$+(F!KJ?H()"#*(7./01-*0("('*.$*'(/2(-"+-1+",/.'(,)",(4";(8* (
1'*0(,/("..$#*(",(.1+*L/2L,)148(>&1.*'(/%(,)*(7/,*%5"+($47"-,(/2("%;(."$+($%#*',4*%,(7./&."4A((I77+;$%&(,)*'*(41+57+$*.' (
,/(,)*(>%"%-$"+(.*=1$.*4*%,'(/2(,)*(#".$/1'(MG(*+*-,.$>-"5/%(/75/%'(.*#*"+'(,)*(2/++/N$%&(8*%*>,'O

!"#$%&'()*+',-./#$'./.0*'#1&/&+(2

3$45"67#"849"3 :";4#$;49<=4$
>19??9"3;@

A;B":C
>19??9"3;@

=84=D
>19??9"3;@

(I?P@M*/.&*,/N% QRASTULRATTV QWAUKXLWASYT QUAZUWLUAYKK
P"[*')/.* QZAZKWLZAWXU QUAKWVLUATSX QKAYVTLYAZSW
(I?P@M*/.&*,/N%(\(P"[*')/.* QZAVZXLZATUZ QKATYSLYAKXU QVAKSVLSAUWK
I?P@M*/.&*,/N%(\(P"[*')/.*(\(]$+,/% QZAXWZLWAZVU QYASVULVAKTX QSAVTKLTAVYW
I?P@M*/.&*,/N%(\(P"[*')/.*(\(]$+,/%(\(^"..$* QWAKVTLWASSW QSAKRKLTAUZV QXATSWLZZARTT
_1++(MG(!;',*4 QUASYYLKAWRW QZZAUWYLZWAVRV QZYARWRLZVATRT

`((CA!A(D*7,A(/2(E/44*.-*(FC!DGEH(_/.41+"O(QZARR($%#*',4*%,(a(QUARR($%(*-/%/4$-("-5#$,;
b((I4*.$-"%(J18+$-(B."%'7/.,"5/%(I''/-$"5/%(FIJBIH(_/.41+"O(QZARR($%#*',4*%,(a(QKARR($%(*-/%/4$-("-5#$,;
(

!"#$%&'()*+',-./#E.F#:)&,-./#1&/&+(2

3$45"67#"849"3 :";4#$;49<=4$
>19??9"3;@

==6C
>E"1;#:6$=4$B@

;G86D
>E"1;#:6$=4$B@

(I?P@M*/.&*,/N% QRASTULRATTV ZY<VVRLZS<SSW WU<KXRLWS<YTR
P"[*')/.* QZAZKWLZAWXU WW<TKRLWY<TVR UK<WVRLUT<SXR
(I?P@M*/.&*,/N%(\(P"[*')/.* QZAVZXLZATUZ UW<UTRLUV<VWR KT<YSRLYK<XUR
I?P@M*/.&*,/N%(\(P"[*')/.*(\(]$+,/% QZAXWZLWAZVU UT<KWRLKU<WVR YS<VURLVK<TXR
I?P@M*/.&*,/N%(\(P"[*')/.*(\(]$+,/%(\^"..$* QWAKVTLWASSW KX<UVRLYY<KKR SK<RKRLTU<ZVR
_1++(MG(!;',*4 QUASYYLKAWRW SY<ZRRLTK<RKR ZZU<WYRLZWV<RVR

`((I''/-$"5/%(/2(I4*.$-"%(?"$+./"0'(FII?H(_/.41+"O(QZ(4$++$/%($%#*',4*%,(a(W<RRR(c/8'
b((!,",*'(2/.(J"''*%&*.(?"$+(F!KJ?H(_/.41+"O(QZ(4$++$/%($%#*',4*%,(a(U<RRR(c/8'

B)*'*(8*%*>,'(".*('18',"%5"+("%0(41',(8*(-/%'$0*.*0($%("%;(7./c*-,(/2(,)*(4"&%$,10*(/2(MG(*+*-,.$>-"5/%A (
_1.,)*.4/.*<(,)*;(%**0(,/(8*("''*''*0($%(,*.4'(/2(,)*$.(+/-"+($47"-,<("(7/$%,(/%(N)$-)(,)*(]*,./+$%d(',10;(N"'('$+*%,A (
J.*#$/1'(MG(*+*-,.$>-"5/%(',10$*'("%"+;e*0(,)*(+/-"+($47"-,("%0(2/1%0(-/%'$0*."8+*(.*&$/%"+(8*%*>,'(,)",(N/1+0(f/N(,/ (
"(N$0*(."%&*(/2(G%,".$/(4"%12"-,1.*.'(*=1$77*0(,/(7./#$0*(,)*(.*=1$.*0(&//0'("%0('*.#$-*'A

B)*(*+*-,.$>-"5/%(/2(^E(?"$+9'(B148+*.(?$0&*(2.*$&),(8."%-)($%(,)*(ZXTR'(.*'1+,*0($%(TX(7*.(-*%,(/2("++(,)*(-",*%".; (
4",*.$"+'(8*$%&(7./-1.*0(+/-"++;<("'(N*++("'(,)*(7./01-5/%(/2(,)*(*+*-,.$-(+/-/4/5#*'(",(,)*(M*%*."+(]/,/.'(F%/N(g+*-,./L
]/5#*(D$*'*+H(7+"%,($%(P/%0/%<(G%,".$/A((B)",(,)$'(',10;(0$0%9,($%#*'5&",*(G%,".$/('/1.-$%&("%0('541+1'(/77/.,1%$5*'($% (
0*,"$+($'("(&+".$%&(/4$''$/%A

3.#?*H%&#8%,/I#$%&'()*JK*/L#!"#4),/2*( #43



Chapter 4

!"# $%&'(%()*+,-)

!"#$%&'()$'$*+,-.*%./%+#$%0)$1+2&31,-.*%4(-.*5%.*%+#$%$6&5-*7%84%*$+9.2:%+#,+%&5%,*%.($2,-*7%2,&)9,; %
(2$5$*+5%,%*<'=$2%./%1#,))$*7$5>?

!"#$%&#'(()*+#$%&#,-"-./-"#0-1/21#3-/45-6#78/4$#$%&#59:4.;*#2:*$#$:-"*19"<"&"$-4#:-/45-6#8".&:#-#*/"=4&#>-"-=&>&"$?##!" #
@98:#6&-:*+#&/=%$#>9"$%*#-".#'A#.-6*+#$%&#19>B-"6#19>B4&$&.#$%&#19"*$:81<9"#9@#>9:&#$%-"#C+D))#:98$&EF/49>&$:&*#9@ #
:-/45-6+#$:-G&:*/"=#$%&#:8==&.#,-"-./-"#H%/&4.+#*B-""/"=#$%&#0:-/:/&*#-".#19"I8&:/"=#@98:#>98"$-/"#:-"=&*#5/$% #
$&1%"949=6#$%-$#5-*#1:8.&#76#$9.-6;*#*$-".-:.*?##!$#/*+#$%&:&@9:&+#./J184$#$9#@-$%9>#%95#$%&#&4&1$:/21-<9"#9@#KLM#:98$&E
F/49>&$:&*#9@#&N/*<"=#:-/45-6#1984.#B9**/746#:&I8/:&#$%&#K'#$9#KC#6&-:*#B:9B9*&.#76#O&$:94/"N?

!"#9$%&:#198"$:/&*+#&4&1$:/21-<9"#B:91&&.*#-$#-#>81%#@-*$&:#B-1&?##0-:$#9@#$%&#:&-*9"#/*#$%&*&#:-/4#9B&:-$9:*+#-"N/98*#$9 #
:&-B#$%&#7&"&2$*#9@#19"G&:<"=#$9#&4&1$:/1#$:-1<9"+#%-G&#.&G/*&.#$&1%"/I8&*#-".#$&1%"949=/&*#$9#>-F&#/$#%-BB&"#I8/1F46 #
-".#5/$%98$#8".846#./*:8B<"=#&N/*<"=#:-/4#$:-J1?##!"#/$*#P846+#K))A+#:&B9:$+#!"#$%#&'()*"%&(+,"$)-&."%($"/0$/"12)3%#4)
5410$"#60%7,&+#$%&#Q?R?#S&B-:$>&"$#@9:#T:-"*B9:$#97*&:G&.U#

81$9,":)3%#4);%()<1=14,+1<)+",+,(%4().,")%&)1410$"#60%7,&)+",01(()$,)>#&#>#(1)<#("/+7,&?)*;1(1)+",+,(%4()
#&=,4=1)0,&($"/07,&)$10;&#@/1()9;#0;)>%:1)1A$1&(#=1)/(1),.),=1"&#B;$)04,(/"1(),.)&,$)>,"1)$;%&)1#B;$);,/"(?)*;1)
%++4#0%7,&),.)>,</4%")$10;&#@/1()%&<)$;1)<1+4,C>1&$),.)"%+#<)<14#=1"C)(C($1>()$,)#>+",=1)$;1)"%$1),.)
+",</07,&)9#44)D1),.):1C)#>+,"$%&01?)*;1)+",+,(1<)>1$;,<,4,BC)#()<1(#B&1<)$,),+1"%$1)9#$;#&)&,">%4)E"/41(),.)
$;1)",/$1')+,((1((#,&(?)*,)%0;#1=1)$;#()#$)#()1A+10$1<)$;%$)0,&($"/07,&)$10;&#@/1()9;#0;)%"1)0%+%D41),.)9,":#&B)
9#$;)$;1)%<F%01&$)4#&1),+1&)$,)$"%G0)9#44)D1)"1@/#"1<????))HI,"J)($"%#B;K,"9%"<)($"1$0;1(),.)4#&1)D1$911&)>%F,")
F/&07,&()%&<)0,>+41A)($%7,&()81$9,":)3%#4'()9,":)(/BB1($()$;1)/(1),.)E.%0$,"C)$"%#&('?)*;#()9#44)1&%D41)
($%&<%"<#(%7,&)%().%")%()+,((#D41?)*;1).%0$,"C)$"%#&()9#44)D1)L1A#D41)/&#$(M)0%+%D41),.)9,":#&B)#&<#=#</%44C),")#&)
0,>D#&%7,&M)%&<)%()(/0;M)0,/4<)+4%C)%)/(1./4),&NB,#&B)",41)#&)$;1)1G0#1&$)>%#&$1&%&01),.)$;1)1410$"#61<)
&1$9,":?

!$#/*#97G/98*#$%-$#9$%&:#9B&:-$9:*#-:&#@-:#-%&-.#9@#VW#/"#$%&#/>B4&>&"$-<9"#9@#&4&1$:/21-<9"?##X*#-#19>B4&$&#"9G/1&#/" #
$%/*#2&4.+#VW#*%984.#7&#1-44/"=#8B9"#-".#4&-:"/"=#@:9>#$%9*&#:-/4:9-.&:*#5%9#-:&#1-B-74&#9@#&4&1$:/@6/"=#$%&/:#:-/45-6*#/"#- #
@:-1<9"#9@#$%&#<>&#O&$:94/"N#%-*#B:9B9*&.?##Y8:$%&:>9:&+#&G&"#O&$:94/"N#*8==&*$&.#-#>&$%9.#@9:#-.G-"1/"=#/$* #
&4&1$:/21-<9"#B4-"#>9:&#&NB&./<98*46#-".#-$#495&:#19*$U

*;1)%=%#4%D41)7>1).,")0,&($"/07,&)#()4#>#$1<)DC)$;1)41=14),.)(1"=#01)%&<)$;1"1.,"1)#.)$;1
31.1"1&01)O%(1)(1"=#01)41=14)#&0"1%(1()91"1)<14%C1<)/&74)$;1)1410$"#60%7,&)0,&($"/07,&)9,":);%()D11& )
0,>+41$1<),&)1%0;)0,""#<,")$;1"1)9,/4<)D1)(%=#&B()#&)0,&($"/07,&)(0;1</41)%&<)0,($?

S&*B/$&#$%/*#G-4/.#97*&:G-<9"+#$%&#B4-"#:&>-/"*#$9#2:*$#B:91&&.#5/$%#$%&#/"@:-*$:81$8:&#-".#*&:G/1&#&NB-"*/9"#19"$-/"&. #
/"#$%&#VW#K)K)#:&@&:&"1&#1-*&#-".#.&-4#5/$%#&4&1$:/21-<9"#-Z&:5-:.+#$%8*#/"[/1<"=#<>&#-".#19*$#B&"-4<&*?##O&$:94/"N #
"&&.*#$9#7&#./:&1$&.#$9#*$8.6#$%/*#/**8&#/"#>81%#=:&-$&:#.&$-/4#-".+#5/$%#$%&#7&"&2$#9@#:&-4E59:4.#/"B8$#9@#9$%&:#&4&1$:/1 #
:-/4:9-.&:*#59:4.5/.&+#:&.81&#79$%#/$*#&4&1$:/21-<9"#<>&4/"&*#-".#19*$#&*<>-$&*?

!"#6&$#-"9$%&:#&N->B4&#9@#19"$:-./1<9"#@98".#5/$%/"#$%&#2"-4#:&B9:$+#O&$:94/"N#-.G/*&*U

*;1)0,&=1"(#,&)$,)1410$"#60%7,&),.)P+7,&)Q)#()%)4,&BN$1">)#&=1($>1&$?))*,)9%#$)/&74)1A+%&<1<)./$/"1)(1"=#01()%"1 )
#&)+4%01)9,/4<)#&0"1%(1)D,$;)$;1)7>1)%&<)$;1)0,($),.)#>+41>1&$%7,&?))O,>>1&0#&B)%)+;%(1<)%++",%0;)&,9M)
9;#41)(1"=#01)41=14()%"1)4,91"M)>#&#>#R1()0,&($"/07,&)<#("/+7,&)%&<)1&(/"1()$;%$)$;1)1410$"#60%7,& )
#&."%($"/0$/"1)#()#&)+4%01)%()"#<1"(;#+)B",9(?

O&$:94/"N#5984.#.9#5&44#$9#%&&.#/$*#95"#-.G/1&#9"#$%/*#/**8&?

44 .-/012'(/3'+)4/5'(6*71891):/;</=7+)>1*



Chapter 4

!"#"$%&'()&*+$,&-'.*+$/*&0)

1$2&-'.*+$'*&0)$-&)$0)3'&44$5"6$78$.2$-&94($0)$&)$(0:;'<;.=*$3;0>"$$,0*3'?$0'$@*0443$A04(3$9(30@($';(
'*&-7$'.$3=AA.*'$';($.B(*;(&@$-&'()&*+$C0*(3"

/;($2&-'.*+$'*&0)$8.B(3$&4.):$=)*&B(440):$C0*($&'$&$3'(&@+$A&-("$/;($2((@<&)@<*('=*)$C0*(3$&*(
&D&-;(@$'.$';($8&3'3$'.$3=AA4+$';($-&'()&*+$C0*(3$C0';$(4(-'*0-0'+"$

E.*7(*3$&D&-;$';($-&)F4(B(*$3=AA.*'$&*83$'.$';($8&3'3$&)@$C0*(3$'.$';($-&)F4(B(*3"$$,0)&44+?
(33()F&4$:*.=)@0):$&)@$3&2('+$0)3A(-F.)3$&*($-&**0(@$.='"$

G.$H0D4($I4&)J$K4(-'*02+0):$LM$/*&)30' $45



Chapter 4

!"# $%&'()*'+,-.&/0

!"#$%&'$()*'$+,$%&'$-./0$1%$1*$)**23'4$%&)%$%&'$1#15)6$4'76+83'#%$+,$9:;*$<166$='$>'76)('4$=8$?:;*$1,$%&' $
@'+>A'%+<#$61#'$1*$'6'(%>1B'4$'1%&'>$1#$7)>%$+>$1#$,266CCCC$$D&'*'$?:;*$(+264$='$(+#E'>*1+#*$+,$%&'$9:;*$+>$#'< $
E'&1(6'*$<1%&$%&'$9:;*$>'4'76+8'4$%+$+%&'>$@F$(+>>14+>*CG

!"#$%&#'(')%&*#'#$+',%-#'.%/#0%1+0-"(2'(/)'3&+-4%/(*2+'(-5+.#'%6'#$+'78'92+.#0":.(4%/';#&)<'=(-'#$+'0+.%,,+/)(4%/ '

#%'50%.++)'="#$'#$+'>?@'(-'('A.%/1+04*2+B')"+-+2'-+01".+'#%'*+'.%,52+#+)'"/'4,+'6%0'#$+'#=%C=++D'E(/'>,'7(,+-'"/'F&2<G '

HIJKL''M+#0%2"/N'$(-'-#(#+)'#$(#'(22'"/60(-#0&.#&0+'=%0D'6%0'#$+')"+-+2'"/.(0/(4%/'%6'#$+'>?@'(/)'#$+'+N5(/-"%/'%6'78O- '

7+%0P+#%=/'-+01".+'="22'*+'A+2+.#0":.(4%/'.%,5(4*2+LB

Q/'6(.#G'#$+')+."-"%/'#%'50%.++)'="#$'#$+'>?@'(-'(')"+-+2C:0-#'-+01".+'=(-/O#'('0+.%,,+/)(4%/'*(-+)'%/')+#("2+)'-#&)<L''Q# '

=(-'(')"0+.41+'60%,'E0+,"+0'M.7&"/#<L''8/'-+1+0(2'%..(-"%/-G',+,*+0-'%6'#$+'-#&)<'#+(,'0+1+(2+)'#%'#$+'5(04."5(/#-'"/ '

#$+'=%0D-$%5-'#$(#'.%/-#0&.4%/'%6'#$+'>?@'(-'('.%/1+04*2+')"+-+2'-+01".+'=(-'('AP"1+/B'*+.(&-+'"#'=(-'(22+P+)2< '

",5%--"*2+'#%'+2+.#0"6<'#$+'RKLS'0%&#+CD,L'60%,'T/"%/';#(4%/'#%'#$+'("05%0#'(/)'!"22%=*0%%D'U(0)'*<'HIJKL''V%'.%/.0+#+ '

50%%6'%6'#$"-'$(-'+1+0'*++/'50%1")+)'(/)'%/+'-&-5+.#-'"#'"-',+0+2<'M+#0%2"/N'-#(WO-'%5"/"%/L''V%/+#$+2+--G'-#(W '

,("/#("/+)'#$+')+2"1+0<'%6'#$+'>?@'=(-'2%.D+)'"/'*<'#$+'E0%1"/.+O-'.%,,"#,+/#'#%'#$+'E(/'>,'7(,+-L

E0%%6'#$(#'#$+'>?@'=%&2)'50%.++)'(-'(')"+-+2C:0-#'50%X+.#'=(-'50%1")+)'*<'M+#0%2"/N'%/'V%1+,*+0'JSG'HIJIG',%0+'#$(/ '

#=%',%/#$-'*+6%0+'#$+'92+.#0":.(4%/';#&)<'=(-'0+2+(-+)G'=$+/'#$+'(P+/.<'(//%&/.+)'/+P%4(4%/-'=+0+'&/)+0'=(<'="#$ '

;&,"#%,%'Y%05%0(4%/'%6'>,+0".('6%0'#$+'&/#+/)+0+)'5&0.$(-+'%6'JH'#%'JZ'[MT-L''Y%/-#0&.4%/'%6'#$+'.(0-$+22-'(/) '

"/"4(2'(--+,*2<'="22'#(D+'52(.+'(#'#$+'52(/#'%6';&,"#%,%O-'0("2',(/&6(.#&0"/P'5(0#/+0G'V"55%/';$(0<%G'@#)LG'(#'\%<%D(=('"/ '

-%&#$'.+/#0(2'F(5(/L'''9(.$'.(0'="22'#$+/'*+'-$"55+)'6%0':/(2'(--+,*2<'(#'V"55%/';$(0<%O-'/+='52(/#'"/'?%.$+22+G'Q22"/%"-G '

=$".$'-422'$(-/O#'*++/'.%,52+#+)L

M+#0%2"/N'$(-'-(")'"#'"-'"/1+-4P(4/P'#$+'5%--"*"2"#<'%6'-%,+'Y(/()"(/'.%/#+/#'"/'#$+'[MT-G'*&#'#$"-'"-'/%#'0+3&"0+)'&/)+0 '

#$+'.%/#0(.#'="#$';&,"#%,%G'-")+-#+55"/P'#$+'7%1+0/,+/#'%6'8/#(0"%O-'&-&(2')%,+-4.'.%/#+/#'0&2+-'6%0'5&*2".2<C6&/)+) '

#0(/-"#'+3&"5,+/#L''M+#0%2"/N'-(<-'#$+-+'0&2+-')%'/%#'(552<'#%'#$+'5&0.$(-+'%6'A$+(1<'2%.%,%41+-GB'(2#$%&P$'"#'=%&2)'*+ '

)"].&2#'#%'3&(2"6<'#$"-'2"P$#=+"P$#'0%22"/P'-#%.D'(-'-&.$L'

(,12032',&45&,647'-8'0%&'9:;60-;-'<=>2'8-,'0%&'9-4-;?'=?,64')?6@'$,?4260'<620,6/0A'B%6/%'B6@@'2&,C&'?2'0%&'D?2&
-,5&,'-4'B%6/%'0%&'=&0,-@64E'()*'&F:6G;&40'62'D&647'G:,/%?2&5'B60%-:0'/-;G&11C&'D655647"

46 H-'*6I@&'+@?4J'K@&/0,68L647'MN'$,?4260



Chapter 4

!"#$%&'()*'*$+,-.$/(00$1#$2&34"5.#6$&.(78$57$*29*7$*7$5$15.#$*36#3$2054#6$1:$)"#$%*7*'5;,53(7$<3#5$=5(0$!357.() $
+(.)3(4)$>%,<=!?@$$!"#$AB;453$15.#$*36#3$C*3$)"(.$)3*&10#6$%57$D3574(.4*$E5:$<3#5$23*F#4)$(740&6#6$*29*7.$C*3$&2$)*$AGH $
566(9*750$453.I$/"(4"$4*&06$1#$#J#34(.#6$1:$*)"#3$K*3)"$<'#3(457$)357.()$58#74(#.@

!"(.$"5.$1#4*'#$5$C5L*&3()#$)5494$*C$'57&C54)&3#3.$#58#3$)*$5L*(6$'&0920#$4*'2#99L#$1(66(78$23*4#..#.@$$M5L(78 $
.#4&3#6$)"#$N3.)$4*'2#99L#0:$)#76#3#6$*36#3I$)"#$2*)#7950$2&34"5.#3$(7$57*)"#3$F&3(.6(49*7$5O#'2).$)*$'5P#$)"#$45.# $
)"5)$5$7#/$)#76#3(78$23*4#..$(.$&77#4#..53:$1#45&.#$)"#$*3(8(750$*7#$23*L#6$)"#$.&2#3(*3():$*C$)"#$#Q&(2'#7)$)#4"7(4500: $
576$N7574(500:@$$!"(.$(.$#J54)0:$/"5)$"5.$*44&33#6$/()"$)"#$<=R$#Q&(2'#7)$*36#3@

S7$57$5O#'2)$)*$)5'2$6*/7$57:$2&10(4$576$50)#375)#$'57&C54)&3#3$*22*.(9*7$)*$)"(.$4&3(*&.$6#50I$,#)3*0(7J$"56$)"# $
C*3'#3$S7)#83():$T*''(..(*7#3$*C$U7)53(*I$V&.94#$T*&0)#3$U.1*37#I$W@T@I$#J5'(7#$)"#$)357.549*7$576$"#$23*7*&74#6$() $
C5(3@$$M*/#L#3I$()$(.$52253#7)$)*$57:*7#$/()"$#J2#3(#74#$(7$)"#$35(0$#Q&(2'#7)$N#06$)"5)$V&.94#$U.1*37#$'5:$7*)$"5L# $
1##7$23*L(6#6$/()"$500$)"#$C54).@$$U7#$5.2#4)$*C$"(.$3#2*3)$(.$#.2#4(500:$2&XX0(78@$$$

T57565Y.$E*'1536(#3$!357.2*3)59*7$/5.$5.P#6$)*$1(6$*7$)"(.$*36#3I$1&)$6#40(7#6$6&#$)*$().$.'500$.(X#$576$0*/$2*)#7950 $
23*N)$'538(7@$$Z#3'57:Y.$%(#'#7.$,*1(0():$/5.$(7)#3#.)#6$576$#7)#3#6$(7)*$6(.4&..(*7.$/()"$,#)3*0(7JI$1&)$/5. $
&09'5)#0:$3#F#4)#6I$5.$.)5)#6$(7$V&.94#$U.1*37#Y.$3#2*3)@$$!"#$4*'257:$"5.$3#'5(7#6$Q&(#)$51*&)$)"(.I$1&)$(76&.)3: $
.*&34#.$3#2*3)$%(#'#7.$/5.$2#320#J#6$1:$)"#$/"*0#$23*4#..@$$!"#$4*'257:$"5.$K*3)"$<'#3(457$43#6#7950.$(7$)"(.$N#06I $
"5L(78$.&220(#6$A[$'533(#6$25(3.$*C$)"#$6(#.#0$L#3.(*7$*C$().$"(8"0:;.&44#..C&0$+,-\],-$+#.(3*$.#0C;23*2#00#6$453.$)*$%57 $
+(#8*Y.$K*3)"$T*&7):$!357.()$+(.)3(4)$C*3$&.#$*7$().$U4#57.(6#;].4*76(6*$%23(7)#3$.#3L(4#@

^"5)$/5.$7*)$5663#..#6$(7$V&.94#$U.1*37#Y.$3#2*3)$_$0(P#0:$1#45&.#$"#$/5.$7#L#3$(7C*3'#6$_$/5.$)"#$/(00(787#..$*C$)"# $
,*74)*7I$K#/$E3&7./(4PI$N3'I$S76&.)3(50$=5(0$%#3L(4#.I$S74@$>S=%S?$)*$1(6$*7$)"#$23*F#4)@$$S=%S$/5.$)"#$.&220(#3$4*77#4)#6 $
/()"$)"#$*3(8(750$%KT$R5L50(7$E0&#$[[$L#3.(*7$*C$)"#$<=RI$.05)#6$)*$6#0(L#3$C&00:;3#'57&C54)&3#6$#J;`S<$.)5(70#..$.)##0$E&66 $
35(0$6(#.#0$453.$#Q&(22#6$/()"$500;7#/$6(#.#0$#78(7#.$*C$5$23*L#7$]&3*2#57$6#.(87$576$'##978$"(8"$#'(..(*7.$.)576536.@

Z(L#7$)"5)$ZU$576$,#)3*0(7J$#J#4&9L#.$"5L#$4*7C#..#6$)"5)$)"#$%&'()*'*$4*7L#3910#$+,-.$/(00$23*1510:$7*)$1# $
4*7L#3)#6I$1&)$3#6#20*:#6$)*$*)"#3$0(7#.$576$3#2054#6$/()"$7#/$],-.$/"#7$)"#$<=R$(.$#0#4)3(N#6I$)"#3#$(.$#L#3:$3#5.*7 $
)*$1#0(#L#$S=%S$4*&06$"5L#$.&220(#6$5$)"*3*&8"0:$544#2)510#$a##)$5)$5$.(87(N457)0:$0*/#3$4*.)@$$!"#.#$3#'57&C54)&3#6 $
E&66$453.$/*&06$"5L#$5$"(8"$T5756(57$4*7)#7)$576$5$0*78#3$.#3L(4#$0(C#$6&#$)*$)"#$6*4&'#7)#6$0*78#L():$576$.)&36(7#.. $
*C$)"#$.)5(70#..$.)##0$4531*6(#.@$$V&.94#$U.1*37#Y.$3#2*3)$576$,#)3*0(7J$53#$'&)#$*7$)"(.$(..&#@

S7$)"#$#76I$)"#$4*7)354)$/()"$%&'()*'*$/5.$.(87#6$*7$,534"$[GI$[bAA@$$$E:$5$.)3578#$4*(74(6#74#I$)"#$*c;6#05:#6$%,<=! $
23*F#4)$)"#7$3#6&4#6$().$*36#3$C3*'$AB$)*$A[$+,-.$(''#6(5)#0:$5c#3$,#)3*0(7J$.(87#6$().$4*7)354)@$$<)$%,<=!Y.$<23(0$[bI $
[bAAI$1*536$'##978I$)"#$6(3#4)*3.$5223*L#6$)"#$3#6&49*7$576$()$/5.$7*)#6$)"(.$/5.$*70:$2*..(10#$1#45&.#$57*)"#3 $
1&:#3$"56$1##7$C*&76$)*$#7510#$)"#$58#74:$)*$#J#34(.#$57$#.452#$405&.#$(7$().$4*7)354)$/()"$%&'()*'*@$$!"5)$1&:#3$(.I$*C $
4*&3.#I$,#)3*0(7J@

S)$."*&06$50.*$1#$7*)#6$)"5)$%,<=!$(.$3#0:(78$"#5L(0:$*7$R!d$]78(7##3(78$%#3L(4#.I$/"(4"$50.*$.#3L#6$5.$5$4*7.&0)57)$*7$)"# $
,#)3*0(7J$]0#4)3(N459*7$%)&6:@$$!"#$4*'257:$"5.$.*$C53$1(00#6$%,<=!$C*3$efI[b[IAGb$(7$6#.(87$#78(7##3(78$576 $
'5758#'#7)$*2#359*7.$.#3L(4#.$576$57$R!d$.)5g$'#'1#3$"5.$1##7$522*(7)#6$5.$)"#$58#74:Y.$54978$*2#359*7.$6(3#4)*3@ $
<)$)"#$<23(0$[b$%,<=!$1*536$'##978I$5223*L50$/5.$8(L#7$)*$(743#5.#$R!dY.$4*7)354)$)*$5$)*)50$*C$efIBhhIBHf@

K*$'5O#3$/"(4"$#Q&(2'#7)$'57&C54)&3#3$/5.$&09'5)#0:$.#0#4)#6$576$"*/$)"5)$6#4(.(*7$/5.$3#54"#6I$)"#$(..&#$*C$)"# $
('254)$*C$5$"(8";C3#Q&#74:$+,-$.#3L(4#$3#'5(7.$&74"578#6$576$()$(.$*C$83#5)$4*74#37$)*$*70(7#$3#.(6#7).@$$S)$/5.$5$.('(053 $
):2#$*C$6(#.#0$.#3L(4#$&76#3$)"#$*3(8(750$E0&#$[[$23*2*.50$(7$[bbh$)"5)$.2&33#6$)"#.#$3#.(6#7).$(7)*$549*7$576$0#6$)*$)"# $
43#59*7$*C$)"#$^#.)*7$T*''&7():$T*50(9*7$576$)"#$T0#57$!35(7$T*50(9*7$>T!T?@

!"#$4&33#7)$L#3.(*7$*C$)"#$.#3L(4#$_$#L#7$(C$()$457$1#$1&(0)$)*$)"#$23*'(.#6$!(#3$f$.)576536.$_$(.$"5360:$57$('23*L#'#7)@ $
^()"$)"#$<=R$*2#35978$#L#3:$Ai$'(7&)#.$(7$1*)"$6(3#49*7.$C3*'$i$5@'@$)*$A$5@'@I$3#.(6#7).$/(00$"5L#$)*$4*7)#76$/()"$)"# $
#'(..(*7.$576$7*(.#$C3*'$Afb$)35(7.$65(0:@$$S7$566(9*7I$)"#3#$/(00$1#$)"#$#J2576#6$ZU$Z#*38#)*/7$.#3L(4#$>[G$)35(7.$65(0: $
1:$[bAi$/()"$'*3#$)*$C*00*/?$20&.$`S<I$TK$576$Tj$)35k4@$$S7$)*)50I$)"(.$/(00$3#.&0)$(7$[bH$6(#.#0$)35(7.$*7$)"#$4*33(6*3 $
1#)/##7$^#.)$!*3*7)*$576$^#.)*7$65(0:@

!"#$%&'(#)'*+,#-'(./0%12%+3#45#60*+7%/ #47



Chapter 4

!"#$%&'($&)**%+,$#&$-$.'%/0.)1+"&/2*-$2$"')1+"&*-)"3&4+2$&%$-/$5&6/--&7$&*%+,/#$#&/5&'($&89:&/4&.+",$%'$#&)4&*%+2/4$# &
7$'6$$"&;<=>&)"#&;<;<?&&8&5@%'($%&%$#@.1+"&/"&'($&-$,$-&+5&#/$4$-A*+6$%$#&4$%,/.$&6/--&+..@%&7$'6$$"&;<;<&)"#&;<;;&/5 &
/2*-$2$"')1+"&+5&'($&'6+A*()4$&B$+%C$'+6"&$-$.'%/0.)1+"&*-)"&+..@%43&7@'&#/$4$-A()@-$#&BD&4$%,/.$&6+"E'&7$&'+')--F &
$-/2/")'$#&@"1-&4+2$12$&7$'6$$"&;<G;&)"#&;<GH?&&84&'($&IJI&*+/"'4&+@'3&'()'E4&)&-+"C&12$&'+&$"#@%$&)"&/"'$"4/,$ &
#/$4$-A*+6$%$#&%)/-&4$%,/.$?

8"+'($%&.+"'%+,$%4/)-&)4*$.'&+5&'(/4&*-)"&/4&'($&4+A.)--$#&K$4'+"&J@""$-3&6(/.(&%$2)/"4&@"#$%&#/4.@44/+"&)"#&#$4/C"?&&L" &
%$)-/'F3&/'&/4&)&.+".%$'$A6)--$#&'%$".(&'()'&6/--&.)%%F&'($&BD&K$4'+"&M@7#/,/4/+"&@"#$%"$)'(&N+("3&O/"C&)"#&I(@%.(&4'%$$'4 &
/"&K$4'+"?&&J($&-)P$%&'6+&6/--&%$2)/"&+*$"&'+&,$(/.@-)%&'%)Q.3&7@'&N+("&M'%$$'&6/--&7$&)&*$#$4'%/)"A+"-F&.%+44/"C?&&84&6$--3 &
'($&*)%)--$-&IR&S).J/$%&M@7#/,/4/+"&6/--&%$2)/"&)'&/'4&*%$4$"'&-$,$-&6/'(&C%)#$&.%+44/"C4&)'&'($4$&'(%$$&-+.)1+"4?&&T@%'($% &
4+@'(3&'($&U$"/4+"&8,$"@$&C%)#$&.%+44/"C&+,$%&7+'(&%)/-&-/"$4&6/--&7$&%$*-).$#&6/'(&)&5@--&%+)#&@"#$%*)44?

L'&/4&)**)%$"'&'+&)--&6(+&(),$&4-+CC$#&/'&+@'&'(%+@C(&'($&4')V$(+-#$%&.+"4@-')1+"&*%+.$44&'()'&'($&89:&/4&)&W#+"$&#$)-?X &
J($&/"'$%,$"1+"&+5&'($&R%$2/$%&)"#&(/4&I)7/"$'&()4&)44@%$#&'()'?&&M1--3&2)"F&Y@$41+"4&%$2)/"&)"#&'($&*@7-/.&()4&)&%/C(' &
'+&4+2$&4'%)/C('&)"46$%4?

!"##$%#&'(#)*+#,(-../#&'(#&,-0%12,&-320#-04#(056,207(0&-.#8(0(9&#&'-&#&'6%#:25(,07(0&#'-%#&2;&(4<

R%$2/$%&S.B@/"'F&()4&4)/#&'($&89:&6/--&/22$#/)'$-F&%$*-).$&=?;&2/--/+"&'%/*4&7F&.)%&)""@)--F?&&J()'&'%)"4-)'$4&'+&G3;>Z &
#)/-F3&)-'(+@C(&S$'%+-/"[&()4&7+)4'$#&'($&4$%,/.$&6/--&.)%%F&\3<<<&#)/-F&6/'(/"&0,$&F$)%4?&&K/'(&=H<&5%$Y@$"./$4&#)/-F3&'()' &
2$)"4&'($&=;]A4$)'&89:&'%)/"4&6/--&()"#-$&)"&),$%)C$&+5&;G&*)44$"C$%4&*$%&'%)/"&)'&'($&4')%'&+5&4$%,/.$&)"#&G\&*$%&'%)/" &
6/'(/"&0,$&F$)%4?&&J+&*@'&'(/4&/"&*$%4*$.1,$3&'($&JJIE4&O/"C&4'%$$'.)%&.)%%/$4&)7+@'&\]3<<<&*)44$"C$%4&$,$%F&6$$V#)F?

 
!"#$%&'"()*$(+"$#,-$#.)/0"1-"(23).-$4)503(#$6+)"#0.)1#33+$4+")3(#,-$7))/)3+6-$5)3(#,-$)3+"8+3)(9-)6-::'(+")#$5
(;"++)"+40-$#.)"#0.)"-'(+37

48 <-)=0>.+)?.#$@)A.+6("0&B0$4)CD)E"#$30(



Chapter 4

!"#$%&"''"()%*+",-%.+$%&./$%.))0.''1%2$*3$$)%/(3)*(3)%4(+()*(%.)/%5$.+-()6%-(%76888%,$+%/.1%3(0'/%.99(0)*%:(+%;<%,$+ %
9$)*%(:%.''%*=(-$%*+",->%%4=.*?-%.)%.&2"@(0-%A(.'>%%B.C(+%."+,(+*-%")%D0+(,$%3"*=%&0'@,'$%="A=EF0.'"*1%*+.)-"*%9())$9@()- %
=.#$%/"G90'*1%.H.")")A%*=.*%+.*$%(:%,.--$)A$+%9.,*0+$>

I0+"9=?-%J'(*$)%K"+,(+*6%:(+%$L.&,'$6%"-%-$+#$/%21%")*$+9"*1%.)/%9(&&0*$+%*+.")-6%*3(%-*+$$*9.+%'")$-%.)/%20-$->%%4=$-$ %
-$+#"9$-%9(&2")$/%=.)/'$%M<%,$+%9$)*%(:%.''%."+%,.--$)A$+->%%N)%:.9*6%*=$%I0+"9=%K"+,(+*%K0*=(+"*1%"-%&.)/.*$/%21%*=$ %
A(#$+)&$)*%*(%+$.9=%MO%,$+%9$)*%")%(+/$+%*(%+$9$"#$%:0)/")A>%%4="-%"-%.)%0)0-0.''1%="A=%,.--$)A$+%9.,*0+$%+.*$>

P1%9(&,.+"-()6%!+.)Q:0+*%N)*$+).@().'%R%*=$%*="+/%20-"$-*%."+,(+*%")%D0+(,$%.)/%*=$%)")*=%A'(2.''1%R%"-%-$+#$/%21%*3( %
")*$+9"*1%+."'%,.--$)A$+%+(0*$-6%S#$%+$A"().'%.)/%9(&&0*$+%+."'%'")$-6%.)/%20-$-6%.''%(:%3="9=%9.,*0+$%.2(0*%O<%,$+%9$)*%(: %
."+%,.--$)A$+->

!"##$%&#'()*+()*#+%,#-./0*#.0*.,1*)*2#+%,#.0*3,14)0*#05#+%,#6784#+0#9784:

T0&$+(0-%B$*+('")L%-*.U%&$&2$+-%=.#$%.'+$./1%-."/%*=$%.A$)91%3"''%&(-*%'"Q$'1%201%)$3%DBV-%":%.)/%3=$)%*=$%KWX%"- %
$'$9*+"S$/Y%*=$%ZBV-%3"''%2$%+$/$,'(1$/%*(%(*=$+%'"A=*E/$)-"*1%[\%-$+#"9$->%%4=$%9()#$+-"()%(:%-$':E,+(,$''$/%+(''")A%-*(9Q %
:+(&%()$%&(/$%(:%*+.9@()%*(%.)(*=$+%"-%.%+.+"*1%")%*=$%+."'3.1%3(+'/>%%4=$%:$3%(,$+.*(+-%*=.*%=.#$%A()$%*="-%+(0*$%=.#$ %
0'@&.*$'1%+$A+$H$/%"*%:(+%S).)9".'%.)/%&$9=.)"9.'%+$.-()->%%DL,$+"$)9$/%+."'+(./$+-%")%*=$%V>]>%.)/%D0+(,$%3=(%3$+$ %
9()-0'*$/%:(+%*="-%+$,(+*%-$$%*="-%$F0",&$)*%9()#$+-"()%,'.)%.-%="A=%+"-Q>

!"##;0<#.(*#+%,#=>?@).#?,#1,(44>1,A#+%(+#+%,#B>')+0'0#6784#501#+%,#CDE#<)@@#(.+>(@@&#=,1501'#(4#=10')4,AF#(4#<,@@#(4 #
',,+#G),1#H#,')44)0*4#4+(*A(1A4:

K-%(:%*=$%3+"@)A%(:%*="-%+$,(+*6%B$*+('")L%"-%-@''%0).2'$%*(%.)-3$+%&.)1%*$9=)"9.'%F0$-@()-%+$A.+/")A%*=$%ZBV->%%4=$1 %
9.)?*%$#$)%-.1%3="9=%&.Q$%.)/%&(/$'%(:%/"$-$'%,(3$+%,'.)*%3"''%2$%0-$/%")%*=$%9.+-%(+%$#$)%"*-%$L.9*%=(+-$,(3$+%+.@)A> %
4="-%"-%=.+/'1%+$.--0+")A6%$-,$9".''1%A"#$)%*=$%/"G90'@$-%*=$%3(+'/?-%'.+A$-*%/"$-$'%&.)0:.9*0+$+-%.+$%=.#")A%")%.H.")")A %
*=$%,+(&"-$/%4"$+%M%$&"--"()-%-*.)/.+/->

!"##$%(+#)4#+%,#-*(@#=1).,#+(2#501#+%,4,#6784#(*A#(1,#+%,&#=10=,1#3(@>,#501#'0*,&:

^="'$%*=$%B$*+('")L%-*0/1%&./$%&09=%(:%*=$%+"-Q-%(:%[\%$'$9*+"S9.@()6%"*%-$$&-%*(%=.#$%)(*%2$$)%.-%9()9$+)$/%3=$)%"* %
9.&$%*(%*=$%KWX>%%]0&"*(&(?-%9.+20"'/")A%,.+*)$+6%T",,()%]=.+1(6%=.-%/$'"#$+$/%.%*(*.'%(:%;8O%ZBV-%(:%_`%/"U$+$)* %
/$-"A)-%:(+%_O%9'"$)*-6%20*%*=$%9(&,.)1%=.-%)$#$+%20"'*%.)%!WKE9(&,'".)*%ZBV%:(+%.%T(+*=%K&$+"9.)%(,$+.*(+6%'$*%.'()$ %
()$%*=.*%"-%9()#$+@2'$%*(%$'$9*+"9%(,$+.@()>

N*%&0-*%.'-(%2$%.-Q$/%C0-*%3=.*%,$).'@$-%*=$%&(/"S9.@()-%*(%*=$%(+"A").'%]BKW4%/$-"A)%*(%9+$.*$%.%9()#$+@2'$%#$+-"() %
:(+%B$*+('")L%=.-%")a"9*$/%()%*=$%9(-*%(:%*=$%+(''")A%-*(9Q>%%4=$%]BKW4%ZBV-%3"''%9(-*%b<>O%&"''"()%,$+%*3(E9.+%,."+>%%4=$ %
B$*+('")L%#$+-"()-%3"''%9(-*%bc>O%&"''"()%,$+%,."+6%)(*%")9'0/")A%*.L$-%.)/%"&,(+*%/0@$->%%d()#$+-"()%*(%DBV-%3"''%9(-*%b;>O %
&"''"()%,$+%*3(E9.+%-$*>%%K'*=(0A=%*=$%KWX%9.+-%3"''%=.#$%-'"A=*'1%/"U$+$)*%")*$+"(+-%*=.)%*=$%]BKW4%9.+-6%"*%"-%/"G90'*%*( %
.99(0)*%:(+%.%9(-*%/"U$+$)9$%(:%b;%&"''"()%,$+%*3(E9.+%-$*>%

\)$%&"A=*%.'-(%.-Q%3=1%"-%"*%)$9$--.+1%*(%201%-"L%*3(E9.+%-$*-%3=$)%()'1%:(0+%-$*-%.+$%+$F0"+$/%:(+%*=$%-$+#"9$>%%4=$%,'.)%"- %
*(%0-$%:(0+%*3(E9.+%*+.")-%")%-$+#"9$%/."'16%.)(*=$+%,."+%.-%.%-,.+$%*(%S''%")%3=$)%()$%(:%*=$%.--"A)$/%-$*-%"-%(0*%(:%-$+#"9$ %
:(+%&.")*$).)9$%.)/%1$*%.)(*=$+%*3(E9.+%-$*%.-%%.%e=(*%-*.)/21f%*=.*%9.)%2$%F0"9Q'1%,'.9$/%")%-$+#"9$%-=(0'/%()$%(:%*=$ %
+$A0'.+'1E-9=$/0'$%*+.")-%:."'>%%K%78%,$+%9$)*%-,.+$%+.@(%"-%&(+$%*=.)%*3"9$%.-%="A=%.-%*=$%.99$,*$/%")/0-*+1%-*.)/.+/>%%4="- %
"-%.%:0)9@()%(:%(,$+.@)A%3"*=%-09=%.%-&.''%.)/%-,$9".'"g$/%a$$*%/$/"9.*$/%*(%*=$%KWX%()'1>%%N:%B$*+('")L%3.-%(+/$+")A%. %
9(&&()%a$$*%(:%DBV-%:(+%*=$%KWX%.)/%.''%(*=$+%$'$9*+"S$/%[\%-$+#"9$-6%"*%3(0'/%2$%0))$9$--.+1%*(%&.")*.")%-09=%.%'.+A$ %
-,.+$%+.@(>%%^"*=%.%'.+A$+6%9(&&()%a$$*%,(('6%"*%3(0'/%2$%,(--"2'$%*(%=.#$%.%+$.-().2'$%)0&2$+%(:%-,.+$-%*=.*%9(0'/%2$ %
*.,,$/%*(%+$,'.9$%.--"A)$/%$F0",&$)*%0-$/%()%.)1%$'$9*+"S$/%-$+#"9$%*=.*%:."'$/%(+%3.-%+$&(#$/%:+(&%+$#$)0$%-$+#"9$%:(+ %
-9=$/0'$/%,+$#$)@#$%&.")*$).)9$>

!"#$%&'(#)'*+,#-'(./0%12%+3#45#60*+7%/ #49



Chapter 4

!"#$%&'()#*+,-&./'01"(23*,-$&1"((4$)#&/,*3&564*2()-$&1"7$7

89:5;<=>?5 @A>5/ 9/:5/
?;'15:

19B=
C8D;;D9!B&1:!E

;91989=DF5B
!"#$#%&'()!*+,')"-#&'!./"%0#/'12#30/"3 ($0/45 6787 9+:;
<=$>4/?"#/'(@A*,+('12#30/"3 BC'D/4%&"0 677E 9E:;
<=$>4/?"#/'(@A*,FGA'GH42*I=?# (ID 677E ''''''''''987:E
IAJ'IA,7AK'D"#/'6'G"#&#2 LM'D/4%&"0 677N 9F:F
IAJ'IA,7AK'D"#/','G"#&#2'O./=.=&#?P LM'D/4%&"0 'O678,PQ '9R:EQ

@D0;5F5;&;91989=DF50G'A;5:&1'/B
<=$>4/?"#/'<"@#S#2')=43T LM'D/4%&"0 6788 96:F
<=$>4/?"#/'<"@#S#2')=43T LM'D/4%&"0 677N 9;:7
<=$>4/?"#/'<"@#S#2')4>')4/ LM'D/4%&"0 677N 9;:6
!H$"0=$='L422#/U')=43T V"/W"%"4'X4"2'1Y./#&& 677E 96:6

BD!H;50;5F5;&:D5B5;&8A;=D?;5&A!D=&1'/B
!H$"0=$= LM'D/4%&"0'(X@ 6788 9,:+
!H$"0=$= !I(XD 6787 9;:8
)=2=/4?='X4"234/'O3=$.4%U'%=Z'?#[H%30P A=/024%?'\#&0&"?#'1Y./#&& 677F '9,:7
!"#$#%&'G#&"/='VD*+,6 !4%'G"#W='B)DG'!./"%0#/' 677, '96:7
BD!H;50;5F5;&5;51=/D1&8A;=D?;5&A!D=&1'/B

!H$"0=$='OZ"0T'GI]*1I]'3=%S#/&"=%P LM'D/4%&"0'(X@ 6788 '9+:6^

_4Z4&45"'IE )=%%#3-3H0'GMD 677+ 96:N
X=0#$'!"2S#/2"%#/'V !1AD('AT"24?#2.T"4 677+ 96:+

@D0;5F5;&5;51=/D1&8A;=D?;5&A!D=&1'/B
!H$"0=$='L422#/U'K"WT*@"%#/ )T"34W='I#0/4 6787 9;:,
!H$"0=$='!T4/U='L422#/U'<"*@"%#/ BJ)DG'!=H0T'!T=/# 677R 9;:;

Q'''LM'12#30/"`34-=%'!0H?U'a"%42'X#.=/0b'(..#%?"Y'E<
^'''LM'12#30/"`34-=%'!0H?U'a"%42'X#.=/0b'(..#%?"Y'E<'OGI]*0=*1I]'3=%S#/&"=%'c'98:+'$"22"=%'.#/'34/P

."#)*I-&!"-0./'01"(23*,-$&53)+$#*+&843J23)&A-*$&564*2()-$&1"7$7

89:5;<=>?5 @A>5/ 9/:5/&
?;'15:

19B=
C8D;;D9!B&1:!E

BD!H;50;5F5;
(2&0=$'deD/4.=2"& Vf@"%#'I#2>=H/%# 677N 96:6
(2&0=$*<=$>4/?"#/'1D*,;7 G<'!0HgW4/0'!*<4T% 677N 96:8
<=$>4/?"#/'!I]6+7 hH##%&24%?'X4"2 677N 96:F
!"#$#%&'G#&"/= a"/&0'!3=0X4"2 677E 96:7
!04?2#/'a@JXD B!<'M&2='!*X4"2 677E 96:R

@D0;5F5;
!04?2#/'_J!! <@!'<#/%# 6787 9,:+
(2&0=$*<=$>4/?"#/'D1X*6B !B)af)a@ 677N 9,:+
X#2"4%3#'X4"2'i(j'!#0 !U?%#U')"0UX4"2 677+ 9,:E
!5=?4')"0U12#[4%0 )k#3T'X4"2Z4U& 677+ 9;:N
!"#$#%&'G#&"/= !<<'lH/"3T'!*<4T% 677; 9;:R

50 !"&;*K3)&?3,-L&53)+$#*MN*-I&H9&=#,-7*$



Chapter 4

!"##$%&#'()*+#(#,-./#.(012#+.()31+43+&5/#637.8('/#379:(&;#-0/.(<-)=#:1+%#(221<-)(5#3+(<-)#3+-03=#9/#0(.+#-8#+%/ #
>?@AB/-.C/+-:)#D-7+%#D/.E1'/#FG0()31-)#05()=#/30/'1(55&#18#+%/#51)/#13#9/1)C#./9715+#:1+%#8-7.#+.('H3I

!"#$%&'"()*+&(+),-+.-)#/0&(1+2/#3*,/'*+"*3-4+),")+*5%,+"+*-#6&%-+7-+*-#&/5*08+%/(*&4-#-49+-*'-%&"008+&(+0&:,)+/;+),-+;"%) +
),")+),-+<=>+'#/?-%)+&*+(/2+7-&(:+;5(4-4+)/)"008+78+),-+)"1'"8-#*+/;+@()"#&/A++B,-#-+&*+(/+-6&4-(%-+),")+"(+-1'0/#"$/(+/; +
),&*+/'$/(+,"*+7--(+5(4-#)"3-(+78+.-)#/0&(1A++C&6-(+),")+),-+"#-"+*-#6-4+78+),-+C@+D-*)/(+E574&6&*&/(9+-*'-%&"008+(/#), +
/;+F0//#+E)#--)+D-*)9+&*+'//#08+*-#6-4+78+'570&%+)#"(*&)9+),&*+2/504+G"3-+'-#;-%)+*-(*-A

!"##J3#1+#./(55&#)/'/33(.&#+-#1)K1'+#,-./#+%()#LMNN#,1551-)#1)#/G+.(#1)8.(3+.7'+7./#'-3+3#-)#+%/#>?@#/5/'+.1O'(<-)#05()I

B,-+-0-%)#&H%"$/(+*)548+#-6-"0-4+),")+C@+&()-(4*+)/+75&04+"+;/5#),+)#"%3+/(+),-+D-*)/(+E574&6&*&/(+"(4+"+)5((-0+5(4-# +
I&:,2"8+JKL+&(+/#4-#+)/+'#/)-%)+;/#+),-+%/(*)#5%$/(+2/#3+#-M5&#-4+)/+&G'0-G-()+-0-%)#&H%"$/(+"N-#+<=>+4&-*-0+*-#6&%- +
7-:&(*+&(+OKLPA++B,&*+&*+"+0"#:-+'#&%-+)/+'"8+;/#+2,")+C@+*"8*+&*+(-%-**"#8+)#"%3+%"'"%&)8+45#&(:+%/(*)#5%$/(A++C@+,"*+(/ +
-1'-#&-(%-+&(+-0-%)#&H%"$/(+"(4+&*+(/)+8-)+;5008+"2"#-+/;+),-+)-%,(&M5-*+-G'0/8-4+78+/),-#+#"&02"8*+)/+G&(&G&Q-+)#"%3 +
/%%5'"(%8+$G-+;/#+%/(*)#5%$/(+"(4+3--'+),-+-1&*$(:+#"&0+*-#6&%-*+G/6&(:A++B,&*+RJKK+G&00&/(S'05*+4-%&*&/(+&*+-*'-%&"008 +
M5-*$/("70-+"(4+&)+(--4*+)/+7-+&(6-*$:")-4+),/#/5:,08+7-;/#-+*5%,+"+0"#:-+%/GG&)G-()+/;+'570&%+;5(4*+&*+G"4-A+

!"##J8#+%13#(221<-)(5=#/G0/)31E/#1)8.(3+.7'+7./#13#3-#)/'/33(.&#+-#+%/#'-)E/.31-)#-8#+%/#>?@#(P/.#1+3#5(7)'%#(3#(#21/3/5 #
3/.E1'/#1)#QNRS=#:%&#)-+#T73+#2/5(&#+%/#0.-T/'+#7)<5#1+#'()#9/#2-)/#0.-0/.5&I

.-G7-#*+/;+),-+TBT+"(4+B#"(*'/#)+<%$/(+@()"#&/+,"6-+"*3-4+),&*+M5-*$/(+#-'-")-408A++B,-+"(*2-#+),-8+,"6-+#-%-&6-4+&* +
),")+),-+<=>+&*+"+#-M5&#-G-()+/;+@()"#&/U*+7&4+;/#+),-+!"(+<G+C"G-*A++B,-+;"%)+),")+),-+%5##-()+:/6-#(G-()+)"%3-4+),&* +
#-M5&#-G-()+/(+)/+),-+/#&:&("0+7&4+,"*+7--(+%5#&/5*08+;/#:/V-(A++B,-#-+&*+(/+#-"*/(+)/+7-0&-6-+),")+(/)+4-0&6-#&(:+),-+<=> +
&(+$G-+;/#+),-+:"G-*+2/504+&(+"(8+"2"8+"W-%)+/#+?-/'"#4&Q-+@()"#&/U*+*5%%-**;50+7&4+&;+"(+"4-M5")-+"(4+-(6&#/(G-()"008 +
;#&-(408+"0)-#("$6-+2-#-+)/+7-+*57*$)5)-4A++B,-+TBT+,"*+*5::-*)-4+),")+"+X--)+/;+@()"#&/S75&0)+Y:#--(Z+,87#&4+/#+7&/4&-*-0 +
75*-*+'#/6&4&(:+-1'#-**+*-#6&%-+;#/G+!-"#*/(+[()-#("$/("0+<&#'/#)+)/+\(&/(+E)"$/(+"(4+/),-#+'/&()*+"%#/**+),-+CBI< +
2/504+G/#-+),"(+H)+),-+7&00+;/#+"+)2/S2--3+*'/#$(:+-6-()A++B,&*+*5::-*$/(+,"*+;"00-(+/(+4-";+-"#*+")+]5--(U*+!"#3+"(4 +
.-)#/0&(1+,-"4M5"#)-#*A

^/#+,"6-+.-)#/0&(1+"(4+!#-G&-#+.%C5&()8+7--(+2&00&(:+)/+,--4+),-+"46&%-+/;+*--G&(:08+G/#-+&(X5-($"0+/5)*&4-+'"#$-*A +
<+G/$/(+/(+),&*+&**5-+2-()+7-;/#-+B/#/()/+T&)8+T/5(%&0+/(+."#%,+_9+OKLL9+G/6-4+78+T/5(%&00/#+`#"(%-*+^5(Q&")"+aD"#4 +
LL+b+c/#3+E/5),SD-*)/(d+"(4+*-%/(4-4+78+T/5(%&00/#+e/5:+`/#4+aD"#4+O+b+f)/7&%/3-+^/#),dA++B,-+#-%/GG-(4"$/(* +
2-#-g

LA B,")+T&)8+T/5(%&0+#-M5-*)+),")+),-+.&(&*)-#+/;+B#"(*'/#)"$/(+%/(*50)+2&),+&()-#("$/("0+#"&0+-1'-#)*+)/+4-)-#G&(- +
2,-),-#+-0-%)#&H%"$/(+/;+),-+<&#'/#)+="&0+>&(3+%"(+7-+%/G'0-)-4+78+OKLPA

OA B,")+T&)8+T/5(%&0+#-M5-*)+),")+&;+#"&0+-0-%)#&H%"$/(+-1'-#)*+"#-+/;+),-+/'&(&/(+),")+),-+<&#+="&0+>&(3+%"((/)+7-+75&0) +
)/+/'-#")-+"*+-0-%)#&%+&(+$G-+;/#+),-+!"(+<G+C"G-*9+"0)-#("$6-+)#"(*'/#)"$/(+'0"(*+7-+G"4-+)/+)#"(*'/#) +
'-/'0-+;#/G+),-+"&#'/#)+)/+\(&/(+E)"$/(+;/#+),-+45#"$/(+/;+),-+C"G-*+)/+"6/&4+),-+"44-4+%/*)*+/;+%/(6-#$(: +
;#/G+4&-*-0+/'-#"$/(+)/+-0-%)#&%A++

B,&*+G/$/(+2"*+'"**-4+78+T&)8+T/5(%&0+/(+."#%,+hA++E$009+),-+!#/6&(%-+#-;5*-4+)/+%/(*&4-#+"0)-#&(:+&)*+4&-*-0SH#*)+*)"(%- +
;/#+),-+<=>A

@76&/5*089+),-+!#-G&-#U*+4&#-%$6-+)/+.-)#/0&(1+)/+4-0&6-#+),-+<=>+&(+$G-+;/#+),-+!"(+<G+C"G-*+&*+5(*)/''"70-A++B,- +
#-*50)+&*+),")+)"1'"8-#*+2&00+'"8+;/#+"+*-#6&%-+),")+&*+;"#+0-**+),"(+&)+%/504+7-+")+),-+$G-+/;+&)*+0"5(%,A++B,-8+2&00+"0*/+'"8+" +
,&:,+'#&%-+)/+0")-#+%/(6-#)+&)+&()/+*/G-),&(:+),")+2&00+*$00+;"00+*,/#)+/;+4-0&6-#&(:+),-+G"1&G5G+)#"(*'/#)"$/(+7-(-H)*+)/ +
),-+:#-")-*)+(5G7-#+/;+5*-#*A

!"#$%&'(#)'*+,#-'(./0%12%+3#45#60*+7%/ #51



Chapter 5

!"# $%&'()*+%&*,-&.,/0'%110&.-2%&*

!"#$%&'()&*+#,-.&#(/&0()0&(,&01*%&#,2&314$5&4%/%/'%4(,)&60#6&#&,1'+%5&+1)(7#+&2(#)4#/&1,7%&4%7142%2
&3(++&,16&2(%89

:#,(%+&;<4,0#/

!"#$%&'()*$%#+*#%,-.$)/$0"10$0"#$'12(#$3-+$45$#(#*0+)6*1,-.$"1/$'##.$7-.$1.8$)0/$189-*10#/$*1.$+#/0$#1/:;$$!"10</$31+ $

3+-=$0"#$0+&0";

!"#$4-9#+.=#.0$-3$5.01+)-$1.8$>#0+-().?$7#+#$")@"(:$/&**#//3&($).$0"#)+$%&'()*$+#(1,-./$#A-+0/$3-((-7).@$0"#$B1.&1+:$CDE $

CFGGE$1%%+-91($-3$0"#$07-H().#$#(#*0+)6*1,-.$%(1.;$$!"#$=#8)1$+#%-+0#8$0"#$8#*)/)-.$).$%-/),9#$0#+=/$1.8$0"#$%&'()* $

@#.#+1((:$'#()#9#8$)0;$$I&0$0"#$>#0+-().?$'-1+8$8#*)/)-.$71/$()2(#$=-+#$0"1.$1$%1%#+$9)*0-+:$3-+$0"#$189-*10#/$-3 $

#(#*0+)6*1,-.;$$J/$7)0"$=1.:$-0"#+$5.01+)-$0+1./)0$%+-K#*0/$0"10$7#+#$/&%%-/#8(:$1//&+#8E$0"#+#$"1/$'##.$31+$0--$=&*" $

01(L$1.8$0--$()2(#$1*,-.;$$!"#$31*0$0"10$0")/$%(1.$*1((/$3-+$0"#$*-./0+&*,-.$-3$0"#$JMN$1/$1$8)#/#(H6+/0$/#+9)*#$%+-9)8#/ $

1=%(#$+#1/-.$3-+$*:.)*)/=$1.8$*-.*#+.;

!")/$)/$.-0$1$.#7$/)0&1,-.;$$!"+-&@"-&0$0"#$*),O#./<$*1=%1)@.$3-+$45$#(#*0+)6*1,-.E$0"#$189-*10#/$31*#8$'-0"$%-(),*1( $

1.8$'&+#1&*+1,*$).0+1./)@#.*#;$$J.:-.#$7"-$"1/$*1=%1)@.#8$3-+$)=%+-9#8$0+1./)0$-+$+1)($/#+9)*#$L.-7/$0")/$/)0&1,-.$1(( $

0--$7#((;$$!+1./%-+01,-.$%(1..#+$1.8$3-+=#+$!-+-.0-$P)0:$P-&.*)((-+$Q-71+8$N#9).#$"1/$@-.#$/-$31+$1/$0-$8#/*+)'#$)0$1/ $

R+)@)8$).*-=%#0#.*#$*(-1L#8$).$L.-7H)0H1(($1++-@1.*#;S

!+&#E$>#0+-().?$8)8$*-.8&*0$1$%&'()*$*-./&(01,-.$%+-*#//$0"10$71/$#?0#./)9#$T1.8$.-$8-&'0$#?%#./)9#UE$'&0$)0$-V#. $

1%%#1+#8$0-$'#$7).8-7$8+#//).@;$$!"#$+#9#(1,-./$).$CFFW$-3$1.$).0#+.1($>#0+-().?$+#%-+0$/%-0()@",.@$0"#$.##8$0-$*-H-%0 $

1.8$*-.0+-($0"#$%&'()*$*-./&(01,-.$%+-*#//$8)8$()2(#$0-$+#1//&+#$0"-/#$7"-$7#+#$12#=%,.@$0-$=1L#$0"#$*1/#$3-+ $

#(#*0+)6*1,-.;

X0$)/E$0"#+#3-+#E$&.8#+/01.81'(:$8)Y*&(0$3-+$0"#/#$*),O#./$0-$1**#%0$0"#$%+-9).*)1($@-9#+.=#.0</$*-==)0=#.0$0-$#(#*0+)3: $

%-+,-./$-3$0"#$45$/:/0#=$1/$6+=;$$J0$'#/0E$)0$)/$(--/#$#.-&@"$0-$%+-9)8#$=1.:$-%%-+0&.),#/$0-$'1)($-&0$'#3-+#$)0$)/ $

)=%(#=#.0#8;

Z-.#0"#(#//E$0"#$1&0"-+)O1,-.$0-$%+-*##8$7)0"$0"#$#(#*0+)6*1,-.$-3$0"#$JMN[4#-+@#0-7.$1.8$N1L#/"-+#$*-++)8-+/$"1/ $

'##.$+#*#)9#8$1.8$%+#()=).1+:$7-+L$).$%+#%1+1,-.$3-+$0"#$\.9)+-.=#.01($J//#//=#.0$%+-*#//$"1/$'#@&.;$$!")/$)/$=-+# $

0"1.$"1/$#9#+$'##.$1**-=%()/"#8$).$0"#$%1/0E$7"#.$)0$1%%#1+#8$-.$.&=#+-&/$-**1/)-./$0"10$45$#(#*0+)6*1,-.$71/ $

)==).#.0;

],((E$0")/$)/$1$31+$8)A#+#.0$/)0&1,-.$0"1.$0"#$-.#$31*).@$5.01+)1./$'1*L$).$0"#$=)8HGWDF/;$$!"#.E$^+#=)#+$B-".$M-'1+0/ $

1%%()#8$")/$-7.$/#./#$-3$(-@)*$1.8$31)+.#//$0-$0"#$)//&#$-3$=-')()0:$).$7"10$71/$0"#.$L.-7.$1/$0"#$>#0+-%-()01.$!-+-.0- $

M#@)-.;$$Q#$.-0$-.(:$/%-L#$/).*#+#(:$).$319-&+$-3E$'&0$3&((:$*-==)2#8$")/$@-9#+.=#.0$0-$7"10$'#*1=#$1$(1.8=1+L$). $

Z-+0"$J=#+)*1.$0+1./%-+01,-._$0"#$*+#1,-.$-3$45;

Z-7E$)0$+#=1)./$3-+$1.-0"#+$%+#=)#+$0-$"-.-&+$1$*-==)0=#.0$0-$1$%(1.$K&/0$1/$=-=#.0-&/;$$X3$45$#(#*0+)6*1,-.$)/$@-).@ $

0-$'#$)=%(#=#.0#8$1/$%+-=)/#8E$0"#+#$1+#$=#1/&+#/$0"10$=&/0$'#$01L#.$`$1.8$/--.;

!"3 4''0(05-60.,-&.,789-&.0.,7(0'65+:'-2%&,;5%<5-1

X0$"1/$'##.$#)@"0$:#1+/$/).*#$/-=#$+#/)8#.0/$-3$a#/0-.$%+-%-/#8$#(#*0+)6*1,-.$1/$1$/-(&,-.$0-$0"#$.#)@"'-&+"--8H

8)/+&%,.@$%+-'(#=/$0"10$7-&(8$1++)9#$7)0"$1$8)#/#(H%-7#+#8$JMN;$$\9#.$&/).@$0"#$(&?&+)-&/$,=#().#/$%+-%-/#8$': $

>#0+-().?$0-81:E$"18$1$%-/),9#$8#*)/)-.$'##.$+#.8#+#8$'1*L$).$CFFbE$1.$#(#*0+)6#8$JMN$*-&(8$'#$).$/#+9)*#$.-7;$$!"10 $

-'9)-&/(:$8)8.<0$"1%%#.;

=%,>+?(0,;(-&@,7(0'65+AB+&<,CD,E5-&*+6 !F



Chapter 5

!"#$%&'%()(*+(#'(,-()+#".(/)01()23($',(/)4"#)56)($(-0#'7-82",)8#()9,#(8/",8:$;)$(,<01;=))>0)'/)0#9()0180)4"#('<,)#8'$&8;/ )
&'01)(*0(,/'.()(*+(#'(,-()',)($(-0#'7-82",)-8,)%")'0)39-1)48/0(#):(-89/()"4)01()(*+(#2/()01(;)18.()8-?9'#(%)4#"3 )
+#(.'"9/)+#"@(-0/=))A1(/()#8'$&8;/)18.()8//(3:$(%)0(83/)"4)+$8,,(#/B)%(/'<,(#/B)/9++$'(#/)8,%):9'$%(#/)&1")-8,)/&',< )
%(C$;)4#"3)",()+#"@(-0)0")8,"01(#B)8$$)"4)01(3)(*+(#'(,-(%)',):#',<',<)8:"90)($(-0#'7-82",)-"$$8:"#82.($;)',)01()/&'C(/0 )
8,%)3"/0)-"/0D(E(-2.()38,,(#=

F2$$B)01()",()($(3(,0)0180)'/)+#(/(,0)',)01"/()($(-0#'7-82",)+#"@(-0/)($/(&1(#()8,%)$8-G',<)80)H(0#"$',*)'/)-"33'03(,0 )
8,%)(,019/'8/3=))>0)'/)'3+(#82.()0180)01()+"$'2-8$)38/0(#/)&1")-"338,%)01():9#(89-#80/)&1")&'$$):()(,0#9/0(%)&'01 )
38G',<)56)($(-0#'7-82",)8)#(8$'0;)/1"9$%),"&)1"$%)01('#)4((0)0")01()7#(=))!8;/)39/0):()4"9,%)0")(*+(%'0()01()+#"-(//)8,% )
(.(,)(*+8,%)'0=))A1(#()'/)/2$$)8)-8/()0"):()38%()4"#)($(-0#'7-82",)"4)3"#()"4)01()56)/;/0(3B)(/+(-'8$$;)01()H'$0",)8,% )
I'-13",%)J'$$)$',(/B)01()$8K(#)8/)+8#0)"4)8)$",<)".(#%9()#(8$'<,3(,0)8,%)(*+8,/'",)"4)01()#"90(=))!'01)8)+#"+(#)8++#"8-1B )
01(#()'/)#(8/",)0"):($'(.()01(#()8#()/0#",<)"+(#82,<B)7,8,-'8$)8,%)(,.'#",3(,08$):(,(70/)0"):()<8',(%):;)',-$9%',<)"01(# )
$',(/)',)01()+#"@(-0=

L:".()8$$B)01'/)39/0):()%",()&'01)8$8-#'0;=))M8/0)(*+(#'(,-()+#".(/)0180)%($8;',<)"#)/0#(0-1',<)"90)8)56)($(-0#'7-82",)+$8, )
",$;)+#".'%(/)"++"#09,'2(/)0")G'$$)'0)49#01(#)%"&,)01()&8;=)

!"# $%&'(%)*+%),-.''(-$%/0&

6,()"4)01()G(;)48'$',</)"4)01()H(0#"$',*)/09%;)+#"-(//)&8/)01()8:/(,-()"4)',0(#,82",8$)(*+(#2/()',)01()-",/0#9-2",B )
'3+$(3(,082",)8,%)"+(#82",)"4)($(-0#'7(%)#8'$&8;/B)(/+(-'8$$;)-"3390(#)$',(/=))H(0#"$',*)8,%)H','/0(#)"4 )
A#8,/+"#082",)!;,,()18.()8#<9(%)"01(#&'/()8,%)+"',0(%)0")-",/9$08,0/)LINM)8,%)OAP)8/)+#""4=))J"&(.(#B)01(/()0&" )
7#3/)Q)&1'$()1(8%?98#0(#(%)"90/'%()R8,8%8)Q)%"),"0)18.()01()#(8$D&"#$%)38,948-09#',<B)'3+$(3(,082",)8,%)"+(#82,< )
(*+(#'(,-()0")?98$'4;)01(3)8/)',0(#,82",8$)(*+(#0/)-8+8:$()"4)38G',<)3(8,',<49$)-",0#':92",/)0")01()'3+$(3(,082", )
+$8,=

A1()',+90)"4)+#"4(//'",8$)#8'$#"8%)38,948-09#(#/)8,%)"+(#80"#/)&1")18.()%(8$0)&'01)($(-0#'7-82",)",)49,-2",',<)#8'$&8;/ )
',)S9#"+(B)01()N=P=)8,%)($/(&1(#()'/).(#;)39-1),((%(%)'4)01()H(0#"$',*D8++#".(%)+$8,)'/)<"',<)0"):()8%.8,-(%)',)01( )
3"/0)(*+(%'2"9/)8,%)-"/0D(E(-2.()38,,(#)+"//':$(=

>,)#(-(,0)-",.(#/82",/)01'/)&#'0(#)18/)18%)&'01)/(,'"#)56)"+(#82,<)+(#/",,($B)'0)18/):(-"3()8++8#(,0)0180)+8#0)"4)01('# )
#($9-08,-()0")(3:#8-()8,%)8--($(#80()($(-0#'7-82",)'/)$8#<($;):8/(%)",)4(8#)8#'/',<)4#"3)8)$8-G)"4)G,"&$(%<()"4)1"& )
($(-0#'-)#8'$#"8%',<)&"#G/)8,%)1"&)'0)-8,):()9,%(#08G(,)&'01"90)/(#'"9/$;)%'/#9+2,<)-9##(,0)"+(#82",/=))6,()/(,'"#)56 )
/08E(#)8%3'K(%)1()&8/,T0)8&8#()3"/0)"4)01()&"#$%T/)($(-0#'7(%)#8'$&8;)',4#8/0#9-09#()18%):((,):9'$0)0")-",.(#0)(*'/2,< )
$',(/)+#(.'"9/$;)"+(#80(%)&'01)/0(83)"#)%'(/($)$"-"3"2.(/)8,%)01()&"#G)18%):((,)-8##'(%)"90)&'01"90)/19U,<)%"&, )
01(/()#8'$&8;/=))A1'/)'/)-"33",)G,"&$(%<()',)01()#8'$&8;)&"#$%=

A1()&8;)0")?9($$)01'/)56)38,8<(#'8$)4(8#)8,%)#(/'/08,-()'/)01#"9<1)01()',."$.(3(,0)"4)01"/()+#"4(//'",8$/)($/(&1(#()&1" )
'3+$(3(,0)($(-0#'7-82",)+#"<#83/)#(<9$8#$;=))A1()(,<8<(3(,0)"4)01(/()#(8$D&"#$%)($(-0#'-)#8'$#"8%(#/)'/).'08$)'4)01( )
8++#".(%)56)+#"<#83)'/)<"',<)0")"--9#)8/)+#"3'/(%=

!"1 2('345&-6)3,7)8-9+%:0,&)*+%

A1#"9<1"90)01()-",/9$082",)8,%)/09%;)+#"-(//B)H(0#"$',*)-1"/()0")+"#0#8;)($(-0#'7-82",)8/)1'<1)#'/G)8,%)A'(#)V)%'(/($)8/ )
$"&)#'/GB)&1'$()01()"++"/'0()'/)0#9(=))J"&(.(#B)01(#()'/)",()#'/G;)($(3(,0)"4)01()+$8,)8,%)0180)'/)01()8++#".8$)"4)01()4#('<10 )
#8'$&8;/B)&1'-1)"&,)$8#<()/(<3(,0/)"4)01()56)#"90(/)0"):()($(-0#'7(%=

56)'/)8)0(,8,0)"4)RWB)RM)8,%)01()L3(#'-8,D"&,(%)5"%(#'-1DS*(0(#)I8'$&8;)",)8:"90)VX)+(#)-(,0)"4)'0/)-9##(,0)#"90( )
,(0&"#G=))Y90)"4)01()ZV[=V)#"90(DG'$"3(0#(/)',-$9%(%)',)01()8++#".(%)6+2",)[)+$8,B)",$;)\[)#"90(DG'$"3(0#(/)8#()"&,(% )

!1 ;+-<3=,'-.,)%>-?,'@&(3A83%4-BC-D()%:3&



Chapter 5

!"#$%&##'()*#+,)-.#*(,#/0-,1.(23#1)4/#2.#1,5,1.,6#)-6#)!/7*#89#3,1#:,-*#/;#*(,#*1):<)=,#,)1+)1<,6#;/1#,>,:*12?:)4/- #
1,+)2-.#:/+3>,*,>"#7-6,1#;1,2=(*#1)2>0)"#:/-*1/>&
@.#)#1,.7>*A#*(,#2-5/>5,+,-*#)-6#)331/5)>#/;#*(,#;1,2=(*#1)2>0)".#2.#:124:)>#*/#2+3>,+,-4-=#;/71#3().,.#/;#*(,#.,5,-B3()., #
,>,:*12?:)4/-#31/=1)+&##C).*#)-4B,>,:*12?:)4/-#.*)*,+,-*.#!"#*0/#/;#*(,.,#1)2>0)".#.(/7>6#!,#/;#:/-.26,1)!>,#:/-:,1-& #
@.#0,>>A#*(,#;1,2=(*#1)2>0)".#()5,#2-#*(,#3).*#2-.2.*,6#*()*#)-"#0/1<.#,1,:*,6#/-#*(,21#12=(*.B/;B0)"#!,:/+,#*(,21#31/3,1*"A #
,5,-#2;#:/-.*17:*,6#!"#)-6#;/1#=/5,1-+,-*#3)..,-=,1#)=,-:2,.&##'(2.#:)--/*#!,#*(,#.2*7)4/-#*/6)"#2;#,>,:*12?:)4/-#2.#*/ #
31/:,,6&

D,*1/>2-E#6/,.#()5,#1,:/71.,#*/#*(,#)+,-6,6#!"#"$"%&'"#()*'+",*#%-.+/#0(2:(#:/7>6#:/+3,>#*(,#;1,2=(*#1)2>0)".#*/#
://3,1)*,#02*(#)#3)..,-=,1B6125,-#,>,:*12?:)4/-#31/=1)+#)-6#7-6,1#;)21#?-)-:2)>#*,1+.#F.,,#@G):(+,-*#HI&##H/0,5,1A#2* #
0/7>6#!,#31,;,1)!>,#2;#*(,"#0,1,#02>>2-=#3)1*-,1.A#)5/262-=#)#>,-=*("#)-6#)-*)=/-2.4:#>,=)>#!)G>,#!,;/1,#*(,#J)-)62)- #
'1)-.3/1*)4/-#@=,-:"&

D,*1/>2-E#-,,6.#*/#1,./>5,#)-"#:/-K2:*.#02*(#*(,#;1,2=(*#1)2>0)".#-/0A#!,;/1,#)-"#.,12/7.#2+3>,+,-*)4/-#0/1<#2. #
7-6,1*)<,-&##@#;)2>71,#*/#6/#./#:/7>6#-/*#L7.*#6,>)"A#!7*#7>4+)*,>"#<2>>#./+,#3/14/-.#/;#*(,#:711,-*#$%#,>,:*12?:)4/-#3>)-&

!"# $%&'()*+,&-.'/*0-.'1-23'4+.5&,6

M-#&01%234%5*61A#+7:(#0).#+)6,#/;#*(,#3>)-#*/#,5/>5,#$%#!,"/-6#2*.#*1)624/-)>#+/1-2-=B2-N)O,1-//-B/7*#0,,<6)" #
.,152:,#312+)12>"#;/:7.,6#/-#+/52-=#.7!71!)-#:/++7*,1.#2-#)-6#/7*#/;#P-2/-#Q*)4/-&##R()*#2.#6,.3,1)*,>"#-,,6,6#2.#*(, #
*1)-.;/1+)4/-#/;#$%#2-*/#)#6)"B>/-=#.,152:,#02*(#(2=(,1#.3,,6.#)-6#;1,S7,-:2,.#/-#)>>#1/7*,.A#,+7>)4-=#.7::,..;7>#71!)- #
1)2>0)".#.7:(#).#*(,#+/1,#*()-#T9#QBU)(-#.".*,+.#/;#V71/3,A#*(,#C)12.2)-#WVW#-,*0/1<A#X/-6/-Y.#1,:,-*#%5,1=1/7-6 #
31/L,:*#)-6#.2+2>)1#/3,1)4/-.#2-#:24,.#.7:(#).#Q"6-,"A#D,>!/71-,#)-6#Q)/#C)7>/&##V>,:*12?:)4/-#2.#)#:17:2)>#,>,+,-*#2- #
.7:(#)#3>)-A#)>/-=#02*(#*(,#7.,#/;#(2=(B3,1;/1+)-:,#VDP.A#;7>>#;)1,#2-*,=1)4/-#)-6#-7+,1/7.#:/--,:4/-.#02*(#/*(,1 #
*1)-.2*#>2-,.&

'(,#3/.245,#2+3>2:)4/-.#/;#.7:(#)#*1)-.;/1+)4/-#)-6#,E3)-.2/-#/;#$%Y.#1)2>#.".*,+#)1,#+)..25,A#).#().#!,,-#31/5,6#2- #
*(/.,#71!)-#:,-*1,.#*()*#()5,#*)<,-#*(2.#1/7*,&##V5,-#D,*1/>2-EY.#/0-#.*762,.#()5,#5)>26)*,6#*(2.#)331/):(&##'(2.#.(/7>6 #
!,#)#312+,#/!L,:45,#/;#D,*1/>2-EA#*(,#$/5,1-+,-*#/;#%-*)12/#)-6#*(,#+7-2:23)>#)-6#1,=2/-)>#=/5,1-+,-*.#*(1/7=(/7* #
*(,#$'H@&

'(,#2+3>,+,-*)4/-#/;#)#$%#71!)-#1)2>#.*1)*,="#.(/7>6#,.3,:2)>>"#!,#)::,>,1)*,6#02*(2-#*(,#!/7-6)12,.#/;#*(,#J2*"#/; #
'/1/-*/&##R2*(#*(,#:)-:,>>)4/-#/;#'/1/-*/Y.#'1)-.2*#J2*"#XW'#3>)-#)-6#*(,#1,67:,6#:/5,1)=,#*/#!,#31/526,6#!"#*(,#.7!0)". #
31/3/.,6#7-6,1#*(,#:711,-*#:252:#)6+2-2.*1)4/-Y.#*1)-.3/1*)4/-#3>)-A#)#;7>>"B2-*,=1)*,6#$%#1)2>#.".*,+#31/5262-=#)!/5,B
=1/7-6A#.7!0)"B>2<,#.,152:,#/-#,E2.4-=#)-6#.,>,:45,>"#1,)>2=-,6#12=(*.B/;B0)"#2.#/-,#/;#*(,#;,0#/34/-.#)5)2>)!>,&##@ #
;)2>71,#*/#,+!)1<#/-#.7:(#)#31/L,:*#02>>#/->"#:/-6,+-#'/1/-*/#)-6#*(,#,-41,#$'H@#*/#",*#+/1,#=126>/:<A#>/.*#31/67:452*"A #
,-521/-+,-*)>#6,=1)6)4/-#)-6#,E:,..25,#)7*/+/45,#6,3,-6,-:"&##M*#02>>#)>./#>,)5,#7.#7-:/+3,445,#02*(#*(/.,#1,=2/-. #
2-#Z/1*(#@+,12:)#)-6#/5,1.,).#0(2:(#)1,#+/52-=#/1#()5,#)>1,)6"#+/5,6#2-#*(2.#621,:4/-&###

!"! 7)0325'85*)9.:'-.;'<=&*>2?%6

$%#,>,:*12?:)4/-#/->"#!,:)+,#)-#2..7,#!,:)7.,#/;#37!>2:#.:174-"#)-6#)65/:):"&##'(,1,#2.#)+3>,#31//;#*()*#*(2.#2..7, #
0/7>6-Y*#!,#/-#*(,#*)!>,#-/0#2;#-/*#;/1#*(,#,[/1*.#/;#*(,#1,.26,-*.#2-#R,.*/-#0(/#3>):,6#2*#*(,1,#,2=(*#",)1.#)=/#)-6#*(,- #
+)2-*)2-,6#)#52=2>A#-,5,1#*)<2-=#\-/]#;/1#)-#)-.0,1#;1/+#3/>24:2)-.#)-6#!71,)7:1)*.#0(/#.,,+,6#6,*,1+2-,6#*/#6,1)2> #
*(,#2..7,&##M;#2+3>,+,-*)4/-#2.#*/#/::71A#*(,.,#.)+,#+,+!,1.#/;#*(,#37!>2:#)1,#=/2-=#*/#()5,#*/#1,+)2-#52=2>)-*#)-6#,5,- #
)==1,..25,#2-#*(,21#371.72*#/;#$%#,>,:*12?:)4/-&

@.#*(/.,#0(/#3)14:23)*,6#02>>#)G,.*A#*(,#D,*1/>2-E#37!>2:#:/-.7>*)4/-#31/:,..#;1,S7,-*>"#.,,+,6#(/>>/0&##'(2.#0).#-/* #
(,>3,6#!"#*(,#1,5,>)4/-#/;#*(,#78*91%:%5"38#/;#*(,#2-*,1-)>#6/:7+,-*#*()*#,-:)3.7>)*,6#*(,#)=,-:"Y.#52,0.#/-#(/0#*/ #
:/B/3*#)-6#:/-*1/>#)>>#/;#2*.#:/-.7>*)4/-#31/:,..,.&##'(/7=(#2*.#)7*(/1#().#6,3)1*,6#D,*1/>2-EA#-/*(2-=#*()*#().#/::711,6 #
.2-:,#().#:/-52-:,6#+)-"#+,+!,1.#/;#*(,#37!>2:#0(/#()5,#3)14:23)*,6#2-#5)12/7.#:/-.7>*)4/-.#*()*#*(,#.2*7)4/-#(). #
:()-=,6&#

@+'A2B3&'73-.C'(3&56*2D:2.?'E<'$*-.>26 !#



Chapter 5

!"#$%&'(#)*+%*,-%.,&%$",+'%/)01'*+%-",%"#2'%.,34"$%+,%"#&5%$,%(#6'%78%'9'/$&):/#0,*%"#;;'*%)+%#%9'2'9%,.%+/&30*<%#*5 %
#/02)+(%'=3#9%$,%$"#$%-")/"%$"'<%"#2'%#;;9)'5%$,%$"'%)++3'%+)*/'%)$%>'4#*%)*%'#&*'+$%-)$"%$"'%#**,3*/'('*$%,.%$"'%?@A %
')4"$%<'#&+%#4,B%%C#&),3+%,&4#*)1#0,*+%$"#$%#52#*/'5%$")+%/#3+'%D%'+;'/)#99<%$"'%EFE%D%;&,2'5%#5';$%#$%>3)95)*4%>&)54'+%$, %
$"'%;3>9)/G%6'<%('(>'&+%,.%$"'%('5)#G%$&#*+;,&$#0,*%;&,.'++),*#9+%-,&95-)5'%#*5%;,9)0/)#*+%,.%#99%+$&);'+%#$%#99%$"&'' %
9'2'9+%,.%4,2'&*('*$B

H.%78%'9'/$&):/#0,*%)+%$,%>'%)(;9'('*$'5%#+%;&,()+'5%><%$"'%/3&&'*$%4,2'&*('*$%#*5%'2'*%'I;#*5'5%$,%;&,2)5'%4&'#$'& %
>'*':$+%$,%&'+)5'*$+%,.%$"'%7FJ?%D%>'*':$+%$")+%4,2'&*('*$%"#+%&';'#$'59<%+#)5%)$%+''6+%$,%#/")'2'%D%$"'*%$"'%;3>9)/%-)99 %
*''5%$,%6'';%3;%$"'%/#(;#)4*B%%?*5%).%$")+%4,2'&*('*$%)+%+)*/'&'%)*%)$+%,KL+$#$'5%5'+)&'%$,%)*2,92'%/)01'*+%)*%$")+%;&,/'++G %
$"'*%$"'%9'#+$%)$%/#*%5,%)+%(#)*$#)*%#*5%)(;&,2'%$"'%+$#6'",95'&%-,&6+",;%;&,/'++%$"#$%-#+%)*%;9#/'%$"&,34",3$%$"'%,*'L
<'#&%78%M9'/$&):/#0,*%N$35<B

!! "#$%&'()$*(+,-$.()/01&23&,4$56$71+,8&0



Appendix A

!""#$%&'(!)((*+#(,-./"#0$(1.20$(30&4(5/$6#"7

!"#$"%&'()*$(+$,(--.'#)$)/%0)(/1%23$-/*$4#$1%5%1#1$%2'($'")##$#)/&$(+$1#5#0(6-#2'7$$!"#$8)&'$4#3/2$/&$&((2$/&$'"# $
()%3%2/0$&'#/-96(:#)#1$)/%0:/*&$(+$'"#$;<'"$,#2'.)*$,(22#,'#1$'"#$,#2')/0$4.&%2#&&$1%&')%,'&$(+$0/)3#$,%=#&$:%'"$'"# $
&.))(.21%23$,(.2')*&%1#7$$>2'#),%'*$')/%2&$&,"#1.0#1$'($/))%5#$%2$/$,%'*$%2$'"#$-()2%23$/21$1#6/)'$%2$'"#$0/'#$/?#)2((2 $
/00(:#1$:()@#)&$'($0%5#$%2$'(:2&$(.'&%1#$'"#$,)(:1#1$,()#&$(+$'"#$4.&%2#&&$,/6%'/0&$(+$'"#$%21.&')%/0%A#1$:()017$$B((2C $
')/%2&$1#1%,/'#1$'($'"%&$&(0#$6.)6(&#$/66#/)#17$$!"#$#)/$(+$'"#$6.)#$&.4.)4/2$()$,(--.'#)$')/%2$4#3/27

!"#$2#D'$#)/$/))%5#1$:%'"$'"#$%-60#-#2'/=(2$(+$#0#,')%,$&#)5%,#$#/)0*$%2$'"#$EF'"$,#2'.)*7$$G0#,')%8,/=(2$%-6)(5#1$'"# $
&6##1$/21$#H,%#2,*$(+$'"#$()%3%2/0$&'#/-96(:#)#1$&#)5%,#&$1)/-/=,/00*C$4.'$%'$1%12I'$&%32%8,/2'0*$/0'#)$'"#$&#)5%,# $
6/J#)2C$:"%,"$.&./00*$)#-/%2#1$/$-()2%239%2C$/?#)2((29(.'$:##@1/*$(6#)/=(2$0%2@%23$'"#$3)(:%23$&.4.)4&$:%'"$'"# $
,#2')/0$4.&%2#&&$1%&')%,'&$(+$-/K()$,%=#&$%2$'"#$L7M7C$G.)(6#C$'"#$#/&'#)2$L7B7$/21$#0&#:"#)#7

!"#$'"%)1$#)/$(+$,(--.'#)$)/%0)(/1%23$4#3/2$%2$;<EN$:%'"$/$&#/$,"/23#$%2$'"#$(6#)/=(2$(+$'"#$"#/5%0*9.&#1$&.4.)4/2 $
&*&'#-$%2$O#)0%27$$!"%&$2#:$/66)(/,"$3/5#$)%&#$'($'"#$,(2,#6'$(+$'"#$.)4/2$)/%0:/*C$@2(:2$%2$P#)-/2*$/&$'"# $
B'/1'&,"2#004/"2$QR+/&'$,%'*$)/%0ST$()$B9O/"27

!89 :#.;0$(<=>0+$(<?@7#;@

O#)0%2I&$)/%0:/*$&*&'#-$:/&$1#5#0(6#1$%2$'"#$;<'"$,#2'.)*$4*$#%3"'$&#6/)/'#$
,(-6/2%#&7$$U00$(6#)/'#1$&.4.)4/2$&#)5%,#$(2$'"#$.&./0$-()2%239%2V/?#)2((29(.' $
&#)5%,#$6/J#)2C$4.'$.&%23$&%D$&#6/)/'#$/21$1%&,(22#,'#1$-/%2$'#)-%2/0&$(2$'"#$#13# $
(+$'"#$,%'*I&$,()#7$$!"#$8)&'$%-6)(5#-#2'$,/-#$%2$'"#$;WXF&$:%'"$'"#$,(2&').,=(2$(+ $
'"#$Y%234/"2C$/$0((6$0%2#$#2,%),0%23$'"#$,%'*7$$Z(--.'#)C$%2'#),%'*$6/&&#23#)$/21 $
+)#%3"'$&#)5%,#&$/00$.&#1$'"%&$,(22#,=(2$4#':##2$'"#$-/%2$'#)-%2/0&$/21$*/)1&7$$!"# $
0%2#I&$,(--.'#)$&#)5%,#$:/&$#0#,')%8#1$:%'"$/$'"%)1$)/%0$[Z$&*&'#-$%2$;<E\$4*$'"#$
&'/'#9(:2#1$[#.'&,"#$Y#%,"&4/"2C$:"%,"$.2%8#1$'"#$1%&K(%2'#1$2/=(2/0$)/%0$&*&'#- $
/?#)$'"#$]%)&'$^()01$^/)7

!($6)(5%1#$/$-()#$1%)#,'$)(.'#$'")(.3"$'"#$,%'*C$'"#$;N9@-7$B'/1'4/"2$:/&$(6#2#1$%2 $
;WWEC$,._23$#/&'9:#&'$/,)(&&$'"#$,%'*I&$,()#7$$O.%0'$/&$/$+(.)9')/,@$0%2#$(2$/$5%/1.,'C $

'"#$B'/1'4/"2$"/210#1$'")(.3"$6/&&#23#)$/21$+)#%3"'$')/%2&$,(22#,=23$4#':##2$'"#$#%3"'$1%`#)#2'$)/%0$&*&'#-&C$/&$:#00 $
/&$"%3"9+)#a.#2,*$,(--.'#)$&#)5%,#$'($/$2.-4#)$(+$2#:$%2'#)-#1%/'#$&'/=(2&$:%'"%2$'"#$,%'*7$$!:($')/,@&$:#)#$1#1%,/'#1 $
'($'"%&$,(--.'#)$&#)5%,#$/21$#0#,')%8,/=(2$:/&$,(-60#'#1$%2$;<EW7

>2$;<ENC$'"#$,(--.'#)$&#)5%,#&$(2$'"#$B'/1'4/"2C$'"#$Y%234/"2$/21$('"#)$)(.'#&$)/1%/=23$(.'$(+$'"#$,%'*$:#)#$.2%8#1$/& $
'"#$O#)0%2$B9O/"2$'($6)(5%1#$/$"%3"9+)#a.#2,*$&#)5%,#$,(22#,=23$&#/-0#&&0*$/'$2.-#)(.&$6(%2'&$:%'"$'"#$,%'*I&$#D'#2&%5# $
&.4:/*$Qb2'#)3).214/"2$()$b9O/"2T$/21$&')##',/)$QB')/&&#24/"2T$&*&'#-&C$/&$:#00$/&$)#3%(2/0$/21$%2'#),%'*$')/%2&7$$U$2#: $
2()'"9&(.'"$'.22#0$)(.'#$'")(.3"$'"#$,%'*I&$,()#$:/&$,(-60#'#1$%2$':($&'/3#&$4#':##2$;<c\$/21$;<c<7

!"#$O#)0%2$B9O/"2$6)(3)#&&%5#0*$#&'/40%&"#1$6)%2,%60#&$/21$,(2,#6'&$'"/'$,(25#)'#1$@#*$0%2#&$(+$'"#$,%'*I&$,(--.'#)$)/%0 $
&*&'#-$'($%2,)#/&#$%22#)$,%'*$')/2&6()'/=(2$4#2#8'&7$$!"#&#$,"/)/,'#)%&=,&$%2,0.1#d

! e%3"9+)#a.#2,*C$8D#19%2'#)5/0$&#)5%,#C$.&./00*$f9;F$-%2.'#&$%2$'"#$,%'*$,#2')#$/21$;f9EF$-%2.'#&$4#*(21g$
! GD'#21#1$&#)5%,#$"(.)&C$).22%23$+)(-$/66)(D%-/'#0*$f$/7-7$.2=0$/?#)$-%12%3"'g
! h.-#)(.&$&'/=(2&$:%'"%2$'"#$,%'*I&$4(.21/)%#&C$/00(:%23$+()$%2')/9,%'*$K(.)2#*&g$
! i?#2$/$,#2')/0$)%23$0%2#$/)(.21$'"#$,%'*I&$,()#$/21$,(22#,=23$:%'"$('"#)$)/%0$&#)5%,#&$)/1%/=23$(.':/)1g
! U$,#2')/0$#/&'9:#&'$/21V()$2()'"9&(.'"$&#,=(2$'")(.3"$1(:2'(:2C$(?#2$.21#)3)(.21$()$#0#5/'#1g$
! [#1%,/'#1$')/,@&$:"#2$).22%23$/0(23&%1#$-/%2$0%2#&$.&#1$+()$%2'#),%'*$/21$)#3%(2/0$)/%0$&#)5%,#g
! G0%-%2/=(2$(+$/00$3)/1#$,)(&&%23&g
! [#1%,/'#1$)(00%23$&'(,@C$.&./00*$0/)3#)$'"/2$4.'$&%-%0/)$'($'"/'$.&#1$(2$,%'*$-#')($()$&.4:/*$0%2#&g$

A/(B&C4#(D40$)(,4#67.&E?&$F(:G(*.0$@&7 HI



Appendix A

! !"#$%&'()"*+,#-*)#-$&*.&/'"*#&'"0,#*0$&1,2$0*,"*#$&30*)4*(25$("%*'"6*7-80,2'9*2)""$2(1,#8:*'"6
! ;*6,0("2(1$*'"6*&$'6,98<,6$"(='/9$*9)%)*'#*$1$&8*0#'()">*0.2-*'0*#-$*%&$$"*?@A*.0$6*,"*B$&3'"8C

D,0&.7#$6*/8*#-$*0$1$&,"%*)4*0)3$*&).#$0*'"6*'*2)379,2'#$6*)7$&'("%*'&&'"%$3$"#*6.&,"%*#-$*@)1,$#*7'&(()"*)4*#-$*2,#8 *
/$#+$$"*EFGE*'"6*EFHF>*#-$*@<I'-"*-'0*0,"2$*/$$"*&$.",=$6*'"6*79'2$6*."6$&*#-$*3'"'%$3$"#*)4*#-$*2,#8J0*7./9,2 *
#&'"07)&#'()"*'.#-)&,#8>*#-$*I$&9,"$&*K$&5$-&0/$#&,$/$*LIKBM>*'"6*)7$&'#$6*."6$&*2)"#&'2#*/8*D$.#02-$*I'-"*LDIM>*#-$ *
%)1$&"3$"#<)+"$6*"'()"'9*&',9*080#$3C

!"#$%#&'(')#$*+,-.#/)('01$.23#%$+4$)"#$5#,)%0"#$6'"3$(#72+3'.$%8%)#9$:.#;<$'3*$)"#$=/6'"3$%#(>20#$')$)"#$?'01#%0"#(
@'(1)$=/6'"3$%)'A+3$23$@2B#C$6#(.23D

N-$*I$&9,"*@<I'-"*")+*2)"0,0#0*)4*EO*&).#$0*+,#-*'*PPE<53C*&).#$*"$#+)&5*0$&1,"%*EGG*0#'()"0*2)""$2#$6*+,#-*#-$*2,#8J0 *
+$/*)4*EQ*R<I'-">*SS*0#&$$#2'&*'"6*ETF*/.0*9,"$0>*'0*+$99*'0*#-$*$U#$"0,1$*"$#+)&5*)4*&$%,)"'9*2)33.#$&>*&$%,)"'9*$U7&$00 *
'"6*,"#$&2,#8*7'00$"%$&*#&',"0*)7$&'#$6*/8*DIC**D',98*&,6$&0-,7*)"*#-$*@<I'-"*$U2$$60*)"$*3,99,)">*'22)."("%*4)&*SG *
7$&2$"#*)4*#-$*ECT*/,99,)"*'"".'9*7./9,2*#&'"07)&#'()"*V).&"$80*+,#-,"*I$&9,"C

N-$*@<I'-"*,0*4.998*,"#$%&'#$6*+,#-*'99*)#-$&*IKB*0$&1,2$0*'"6*4'&$0*'&$*2-'&%$6*)"*#-$*/'0,0*)4*'*#-&$$<W)"$*080#$3 *
$"2)37'00,"%*'99*#-$*3)6$0C**N-$*@<I'-"J0*X,"%/'-"*'&)."6*#-$*2,#8J0*2)&$*4)&30*Y)"$*E*)4*#-,0*080#$3C

EF G+$H2B.#$I.'3J$K.#0)(248237$LM$!('3%2)

http://upload.wikimedia.org/wikipedia/commons/c/c3/Berlin_SBahn_HackescherMarkt_east.jpg


Appendix A

!"#$%&#'()*$)+$,"#$-#&./*$01-'"*$2'3$+)..)2#4$%.)3#.5$65$,"#$37%%#33+7.$89:;$'<<./%'()*$)+$,"#$%)*%#<,$,)$,"#$4#*3# $
%)==7,#&$)<#&'()*$/*$>'=67&?@$2"#&#$#.#%,&/A%'()*$)+$,"#$%)=<)*#*,$./*#3$6#?'*$/*$89BCD$$!"#$0#%)*4$E)&.4$E'& $
'*4$<)3,12'&$&#%)*3,&7%()*$4#.'5#4$,"#$/=<.#=#*,'()*$)+$),"#&$<.'**#4$01-'"*$353,#=3$/*$F#&='*5@$67,$,"# $
=)G#=#*,$&#37=#4$/*$,"#$89HB3$'*4$%)*(*7#3$,)4'5D$$01-'"*$353,#=3$'&#$*)2$/*$)<#&'()*$)&$3))*$2/..$6#$.'7*%"#4$/* $
8I$='J)&$F#&='*$7&6'*$&#?/)*3D

K3$2#..@$,"#$37%%#33$)+$,"#$F#&='*$353,#=3$/*3</&#4$,"#$%&#'()*$)+$7&6'*$&'/.$*#,2)&L3$/*$),"#&$M7&)<#'*$%/(#3@$'..$)+ $
2"/%"$"'G#$'4)<,#4$3)=#$)&$'..$)+$,"#$01-'"*$<&/*%/<.#3D$$!"#3#$/*%.74#$N/#**'@$O7&/%"@$P'&/3@$Q)<#*"'?#*@$R/.'*@ $
-74'<#3,@$P&'?7#@$E'&3'2@$R'4&/4$'*4$-'&%#.)*'D$$!"#$01-'"*$/*S7#*%#$/3$'.3)$'<<'&#*,$/*$7&6'*$&'/.$353,#=3$/*$T)*4)*@ $
T/G#&<)).@$U76./*@$R#.6)7&*#@$054*#5$'*4$0')$P'7.)D$$K..$)+$,"#3#$353,#=3$'&#$#.#%,&/A#4@$'.,")7?"$'$+#2$./?",#&$4#*3/,5 $
4/#3#.1<)2#&#4$./*#3$,#=<)&'&/.5$&#='/*$)*$3)=#$)+$,"#$353,#=3D$$V*$#'%"$%'3#@$#.#%,&/A%'()*$/3$<.'**#4$/*$,"#$*#'& $
+7,7&#D

!"#$%&'(")* &)+#', &)+#'-./0 ,#1#")*,
K7?367&?$W7*4#&$%)*3,&7%()*X Y ZHH CH
-#&./* 8I ::8 8HH
-&#=#* ; ZI9 IH
U&#34#* : 8B: :Y
>'=67&? H 8;; HY
>'**)G#& Y :YI C;
T#/<[/?1>'..# : :: ;C
R'?4#67&? 8 :9 8Y
R7*/%" 8B ;;Z 8;Y
\7&#=6#&? ; ZZ9 CI
]"/*#1R'/*$W^&'*L+7&,1R'/*[1E/#36'4#*X 9 :B: 8BY
]"/*#1\#%L'&$WT742/?3"'+#*1R'**"#/=1>#/4#.6#&?1_'&.3&7"#X H Z9B CC
]"/*#1]7"&$WQ).)?*#1]7"&$R#,&)<)./,'*$]#?/)*X 8: HCH 8Z;
])3,)%L : IY Z;
0,7`?'&, C 89B CI

234567839:;8<9!=;669:&9>?@9'/+95A;B<9;595839)65C;8<8DE9D<95839:3A=B<9,-:;8<F69&D4539,G95D9,78H<3E3=I9"<53A<;JD<;=9
1BAKDA5099)583A92:9A3LBD<;=97DMM453A9AD45369;=6D963AN395839;BAKDA5099O8D5D9CP9QD8;<<369RB3=B5S0

*D9TBU=39O=;<V9'=375ABEPB<L9()9#A;<6B5 @?

http://upload.wikimedia.org/wikipedia/de/3/33/485_121_DB_S-Bahn_Berlin.jpg


Appendix A

!"#$%&'()!*+&

,*-'./0#1"23'/4',*5%6%$%*&'78##9".:"#

;+"'&"<"21'1#*%&2'/&'1+"'!"#$%&'()!*+&'*#"'1+"'!/69*#=%"#'>$*22'?@A'B,C2D'2+/<&'+"#"'*1'1+"'E*0-19*+&+/4
F>"&1#*$'(1*G/&HD'<+%.+'%2'*$2/'2"#I"='93'&06"#/02'7!'%&1"#.%13'*&='#"J%/&*$'#/01"2D'*2'<"$$'*2'1+"'!"#$%&'K)!*+&L

MN O/'P%Q$"'R$*&S'B$".1#%43%&J'TU';#*&2%1

http://upload.wikimedia.org/wikipedia/commons/e/e2/Topographischer_Netzplan_der_S-Bahn_Berlin.png
http://upload.wikimedia.org/wikipedia/commons/0/0a/BR_481_Hbf.JPG


Appendix A

!"# $%&'()*+(,%-)./0&,(()*+1'23%4

!"#$%&'#()$*+,-#''$%&./01(2$3%*%4$05$6(-/'$"('$7##1$)'#8$('$($90):"'901#$50-$;0-9" $

<=#-/:(1$:0==)9#-$-(/2$/=,-0>#=#19$,-0,0'(2'$-(1./1.$5-0=$9"#$?(29-(/1$@A@B $

#2#:9-/C:(D01$,2(1$90$E#9-02/1+F'$-#./01(2$9-(1',0-9(D01$72)#,-/19G$!"#$%&'$()*#$H$
(18$50-$.008$-#('01I$$!"#$%*%$/'$:01'/8#-#8$7J$=(1J$-(/2$(18$9-(1'/9$,-05#''/01(2'$90 $

7#/1.$9"#$5)22#'9$K0L#-/1.$05$9"#$)-7(1$-(/2$:01:#,9$,/01##-#8$/1$M#-=(1JI

!"#$%*%F'$-009'$.0$7(:N$90$($OPQR$,2(1$7J$9"#$6(-/'/(1$9-(1'/9$()9"0-/9J$90$7)/28$($5('9 $

(18$5-#S)#19$-(/2L(J$#S)/>(2#19$05$/9'$E&9-0$0-$')7L(J$'J'9#=G$7)9$)'/1.$"/."#-T

:(,(:/9J$#S)/,=#19$7)/29$90$=(/1$2/1#$-(/2L(J$'9(18(-8'I$$U/N#$9"#$)18#-.-0)18 $

E&9-0G$9"/'$'J'9#=F'$2/1#'$L0)28$,/#-:#$9"#$"#(-9$05$9"#$:/9J$(18$/9$L0)28$0,#-(9#$01 $

9-(:N'$/'02(9#8$5-0=$9"#$=(/1$2/1#$'J'9#=$05$9"#$V0:/&9&$;(D01(2#$8#'$?"#=/1$8#$W#- $

5-(1X(/'$3V;?W4I$$<'$/1$Y#-2/1G$9"#$V#:018$Z0-28$Z(-$(18$,0'9TL(-$-#:01'9-):D01 $

8#2(J#8$9"/'$,2(1$)1D2$9"#$OPRA'G$L"#1$/9$L('$-#>/>#8$7J$9"#$[2#T8#TW-(1:#F'$9-(1'/9 $

()9"0-/9JG$9"#$%&./#$<)9010=#$8#'$!-(1',0-9'$6(-/'/#1'$3%<!64I

!"#$C-'9$2/1#$90$7#$:0=,2#9#8$L('$9"#$#('9TL#'9$U/1#$<I$$!"/'$/1>02>#8$9"#$%<!6F'$9(N#0>#-$05$9"#$8/':011#:9#8$V;?W$V(/19T

M#-=(/1T#1TU(J#$(18$\/1:#11#'$:0==)9#-$2/1#'G$L"/:"$9#-=/1(9#8$(9$'9)7T#18#8$'9(D01'$01$9"#$L#'9#-1$(18$#('9#-1 $

5-/1.#'$05$9"#$7)'/1#''$8/'9-/:9$01$9"#$U#]$Y(1NI$$!"#$9L0$2/1#'$L#-#$#2#:9-/C#8$(18$'D9:"#8$90.#9"#-$>/($($1#L$2/1# $

,(-D(22J$/1$($9)11#2$L/9"$'/+$)18#-.-0)18$'9(D01'I$$?01'9-):D01$5-0=$709"$#18'$#+9#18#8$9"#$9L0$028$2/1#'$90L(-8$#(:" $

09"#-$'9(D01$7J$'9(D01G$L/9"$9"#$C1(2$:011#:D01$=(8#$(9$9"#$)18#-.-0)18$'9(D01$/1$9"#$:/9JF'$:0-#$(9$?"^9#2#9TU#' $

_(22#'I$$U/1#$<$0,#1#8$01$`#:#=7#-$PG$OPaaI

<9$9"#$'(=#$D=#G$9"#$'0)9"#-1$2#.$05$9"#$10-9"T'0)9"$U/1#$Y$L('$(88#8$90$9"#$0,#-(D01G$/1/D(22J$:011#:D1.$?"^9#2#9TU#' $

_(22#'$L/9"$9"#$M(-#$8)$U)+#=70)-.$90$9"#$'0)9"I$$!"#$2/1#$L('$,-0.-#''/>#2J$#+9#18#8$10-9"$)18#-$9"#$V#/1#$90$9"#$M(-# $

8)$;0-8$(18$7#J018$90$6(-/'T?"(-2#'$8#$M()22#$</-,0-9G$109$012J$:-#(D1.$1)=#-0)'$(88/D01(2$:011#:D01'$90$9"#$%<!6 $

9-(1'/9$'J'9#=$(18$9"#$(/-$9#-=/1(2G$7)9$(2'0$L/9"$09"#-$V;?W$:0==)9#-G$-#./01(2$(18$/19#-:/9J$-(/2$'#->/:#'I

!)5-%467248%1,)9'64,7,4).:;)8&%'3)%&&'7,()%8)8<,)-35,&1&2-35)=%-((>%33)?86@%A%&,)(8%B23)23)8<,)*.*C()@'3,)."

D2)@'E4,)$4%3F).4,G8&'HI'31)JK)L&%3('8 MN

http://upload.wikimedia.org/wikipedia/commons/f/fe/RER-E_Haussmann_2.jpg


Appendix A

!"#$%#&%'()*&*('*"(+$(",*(-.$'"&/-0.$(.1(",*(2&'"(").(343(5+$*'(",#"(,#6*(7**$(8#+$"#+$*%(",&./9,./"(",*($*").&:;' (
9&.)",<((=+&'"(#$%(1.&*8.'"(,#'(7**$(",*('+>*(.1(",*("/$$*5'?(),+-,(#&*(8/-,(,+9,*&(#$%()+%*&(",#$(",.'*(1./$%(.$(",* (
3@AB(CD"&.('E'"*8?(#55.)+$9(1.&(7.",(",*(.6*&,*#%(-#"*$#&E('E'"*8(#$%(",*(/'*(.1(,+9,(#$%()+%*(7+F5*6*5(4CG(&.55+$9 (
'".-:<((@%6#$-*%("&#+$(-.$"&.5('E'"*8'(,#6*(#5'.(7**$(*8H5.E*%(".(H&.6+%*(#$(*I"&*8*5E(,+9,(H*#:(1&*J/*$-E('*&6+-*<

K$*(-.8H5+-#0.$()#'(",*(*5*-"&+2-#0.$<((A,*(2&'"(H,#'*(.1(!LM=(*5*-"&+2-#0.$(H&+.&(".(",*(!*-.$%(N.&5%(N#&()#' (
9*$*&#55E(/$%*&"#:*$()+",(O?PQQ(6.5"(RM(-#"*$#&E<((S/"(",*(=&*$-,(H+.$**&*%(",*(/'*(.1(TP(:U(@M(-#"*$#&E(#V*&(",*()#& (
#$%(",#"(,#'(7*-.8*(",*('"#$%#&%(1.&(7.",(",*+&(,+9,F'H**%(AWU(5+$*'(#$%(&*-*$"(*5*-"&+2-#0.$(.1(-.$6*$0.$#5(5+$*'< (
M.$'*J/*$"5E?(",*(343(,#'(1&.8(",*('"#&"(/'*%(#(X**"(.1(4CG'(:$.)$(#'(!"#$%&$'()*+,#$%-.,,$/&.,?(),+-,(,#'(7**$(7/+5"(
#'(7.",('+$95*F5*6*5(#$%(7+F5*6*5(6#&+#$"'<((A,*("&#+$'(#&*(*J/+HH*%(".(#/".8#0-#55E(')+"-,(1&.8(.$*("&#-0.$(H.)*&('E'"*8 (
".(",*(.",*&(),+5*(&/$$+$9(#"('H**%<

!" #$%&'()*%+),-.%/)*012'34'-5%67%82,-9'1



Appendix A

!"#$%&%$"'($)##*$+,-.,#((/0#12$#3+'*4#4$)2$5'6/*.$7(#$-8$4#4/9':#4$'*4$#1#9:,/;#4$:,'96($-*$#3/(<*.$=>?@$,/.":(A-8A
B'2$'*4$'44/<-*'1$*#B$1/*#$(#.5#*:(C$1',.#12$:7**#11#4C$:-$9-**#9:$'11$:"#$1/*#($/*:-$'$(#'51#(($'*4$9-5+,#"#*(/0# $
(2(:#5$(#,0/*.$1',.#$(#9<-*($-8$:"#$D1#A4#A@,'*9#$:"':$B#,#$+,#0/-7(12$:,'*(/:$4#;9/#*:$-,$(#,0#4$)2$-0#,1-'4#4$%E!F $
GH:,-$'*4$)7($1/*#(I$$!"#$%&%$*-B$9-*(/(:($-8J

>75)#,$-8$1/*#(J K
>75)#,$-8$(:'<-*(J LKM
=2(:#5$1#*.:"J KNM$65I
E**7'1$,/4#,("/+J MNLCOPPCPPP

Q:$("-714$)#$*-:#4$:"':$:"#$;0#$%&%$1/*#($/*9174#$*75#,-7($),'*9"#($':$:"#/,$-7:#,$#*4($'*4$(-5#$'1:#,*':#$,-7:#( $
B/:"/*$:"#$9-,#$-8$:"#$9/:2I$$R/*#$&$/($'$1/6#12$9'*4/4':#$8-,$87,:"#,$#3:#*(/-*$'*4$:"#$)7/14/*.$-8$'$*#B$R/*#$@$"'($1-*.$)##* $
9-*(/4#,#4I$$S-B#0#,C$F',/(/'*$:,'*(/:$#3+'*(/-*$/($*-B$8-97(#4$-*$'$(7)(:'*<'1$#3+'*(/-*$-8$:"#$%E!F$:,'5B'2$(2(:#5C $
:",##$GH:,-$#3:#*(/-*($'*4$:"#$1-*.A+1'**#4$!'*.#*<#11#$>-,4$1/*#$-8$:"#$=>?@T($UPA,-7:#$!,'*(/1/#*$9-557:#,$,'/1 $
(2(:#5C$B"/9"$(#,0#($+-/*:($)#2-*4$:"#$D1#A4#A@,'*9#I

!"#$%&%$/($-+#,':#4$)2$)-:"$%E!F$'*4$=>?@C$B/:"$:"#$8-,5#,$-B*/*.$'*4$-+#,'<*.$R/*#$E$'*4$R/*#$V$(-7:"$-8$:"#$W',#$47 $
>-,4I$$!"#$-:"#,$1/*#($',#$-B*#4$'*4$-+#,':#4$)2$=>?@C$)7:$9-5+1#:#12$/*:#.,':#4$+"2(/9'112$'*4$:",-7."$:"#$8',# $
(:,79:7,#$B/:"$:"#$,#(:$-8$:"#$%&%$'*4$:"#$%E!F$G#:,-C$:,'5B'2$'*4$)7($(2(:#5(I$$>/*#$-8$:"#$(:'<-*($-*$:"#$%E!FA
-B*#4$%&%$1/*#($E$'*4$V$+,-0/4#$4/,#9:$9-**#9<-*($B/:"$-:"#,$=>?@A-+#,':#4$%&%$1/*#($'*4$/:($!,'*(/1/#*$9-557:#,$,'/1 $
*#:B-,6C$B"/9"$9',,/#($5-,#$:"'*$XPP$5/11/-*$+'((#*.#,($'**7'112I

!"#$5'/*$"7)$-8$:"#$%&%$/($:"#$4##+$7*4#,.,-7*4$(:'<-*$':$?"Y:#1#:AR#($S'11#(C$B"/9"$(#,0#($:",##$-8$:"#$(2(:#5T($,-7:#( $
'*4$8-7,$GH:,-$1/*#(I$$Q:$/($,#+7:#412$:"#$1',.#(:$'*4$)7(/#(:$7*4#,.,-7*4$,'/1B'2$(:'<-*$/*$:"#$B-,14C$"'*41/*.$'$4'/12 $
'0#,'.#$-8$MKPCPPP$+'((#*.#,($#0#,2$B##64'2C$-8$B"/9"$ZOUCPPP$',#$%&%$7(#,(I$$E:$+#'6$+#,/-4C$/:$(#,0#($'($5'*2$'($[LP $
%&%$:,'/*($+#,$"-7,I
$

!"#$%&'('&")*+",-.$/".,"*0'%12-%3'$/'"4/",5'"142,5'-/"'/6"47",5'"8('%-42,'"9.-$1":):;1"<$/'"=>
954,4"#?":4@.$/"*.-A/>

B4"<$C&'"9&./D")&'E,-$7?$/F"GH"I-./1$, JK

http://upload.wikimedia.org/wikipedia/commons/2/23/Z20500lm.jpg


Appendix A

!"#$%&'()("*$+#,&-'#$.+$&/#$010$/,%$".&/("*$&.$2.$3(&/$(&%$*',"2$%4,5#$,"2$&#4/"(4,5$#64#55#"4#7$$8/#$0109%$4."%&'-4:." $
3,%$,$)#;$+,4&.'$("$&/#$<,%%,*#$.+$,$+-"2("*$=#,%-'#$&/,&$4.":"-#%$&.$+-#5$&/#$<->5(4$&',"%<.'&,:."$%;%&#=$.+$&/#$?5#@2#@
A',"4#7$$B&$(%$,$%=,55$+##$5#C(#2$."$,55$D,'(%(,"$>-%("#%%#%$,"2$#=<5.;#'%$,%$, $'#*(.",5$&',"%<.'&$4."&'(>-:."E$&/#$',:.",5#$
>#("*$&/,&$&/#%#$F'=%$>#"#F&$2('#4&5;$+'.=$&/#$C,%&$5,>.-'$=,')#&$&/#;$4,"$&,<$&/,")%$&.$&/#$010$,"2$.&/#'$0G8D $
%#'C(4#%7$$8/(%$5#C;$4,=#$("&.$+.'4#$("$H-"#E$IJKIE$,"2$/,%$>##"$,$<#'=,"#"&$%.-'4#$.+$'#C#"-#$+.'$&',"%<.'&$("C#%&=#"& $
#C#'$%("4#7$$B"4'#2(>5;E$&/#'#$3,%$C#';$5(L5#$<->5(4$2#>,&#$.'$.<<.%(:."$&.$&/(%$+-"2("*$&..5$3/#"$(&$3,%$("&'.2-4#27$$M.' $
/,%$(&$#C#'$>##"$%#'(.-%5;$4/,55#"*#2$%("4#7

8/#$(=<,4&$,"2$%-44#%%$.+$&/#$010$4,"".&$>#$-"2#'%&,&#27$$B&%$("&'.2-4:."$%5,%/#2$N.-'"#;$:=#%E$ <,':4-5,'5;$."$#,%&@
3#%&$,"2$".'&/@%.-&/$'.-&#%7$$G%$3#55E$(&$/,%$=,2#$%->-'>@&.@%->-'>$&'(<%$.+$,$2(,*.",5$",&-'#$#,%;$,"2$+,%&E$&/,")%$&.$&/# $
4'.%%@<5,O.'=$4.""#4:."%$>#&3##"$5("#%$,&$P/Q&#5#&@R#%$S,55#%$,"2$.&/#'$%&,:."%7$$8/(%$#,%#$,"2$2('#4&"#%%$.+$&',C#5$/,% $
5#2$&.$&/#$010$#64##2("*$(&%$<5,""#'%9$&',T4$+.'#4,%&%7$$0(2#'%/(<$.+$UUEVVV$.'$=.'#$<,%%#"*#'%$<#'$/.-'$("$#,4/$2('#4:." $
."$R("#$G$=,)#$(&$&/#$>-%(#%&$&',"%(&$5("#$("$&/#$3.'52$.-&%(2#$.+$1,%&$G%(,7$$8/(%$&',T4$C.5-=#$/,%$5#2$&.$,$+'#W-#"4;$.+ $
=.'#$&/,"$."#$&',("$#C#';$&3.$=("-&#%$2-'("*$&/#$'-%/$/.-'%E$,%$3#55$,%$&/#$("%&,55,:."$.+$2(*(&,5$%(*",55("*$("$IJXJ$,"2 $
&/#$-%#$/(*/@4,<,4(&;$>(@5#C#5$1YZ$&',("%$%("4#$IJJX7

8/#$010$/,%$,5%.$3'.-*/&$,$%.4(,5$'#C.5-:."E$>'("*("*$'#%(2#"&%$.+$&/#$%->-'>%$("&.$4#"&',5$D,'(%$+.'$%/.<<("*$,"2$5#(%-'# $
,4:C(:#%$,"2$,(2("*$("$&/#$'#@("&#*',:."$.+$&/#$4.'#$3(&/$(&%$.-&%)('&%7$$8/(%$(%$=.%&$#C(2#"&$("$&/#$ P/Q&#5#&@R#%$S,55#%$
"#(*/>.-'/..2E$3/(4/$(%$4'.32#2$3(&/$%->-'>,"(&#%$."$#C#"("*%$,"2$3##)#"2%7

8/#$%-44#%%$.+$&/#$D,'(%$010$/,%$("%<('#2$&/#$4-''#"&$
4."%&'-4:."$.+$,$%(%&#'$%;%&#=$("$['-%%#5%7

M-=>#'$.+$5("#%\ J
M-=>#'$.+$%&,:."%\ I]V
R#"*&/\ ^UV$)=7
D'.N#4&#2$'(2#'%/(<\ ]U$=(55(."$,""-,55;
A'#W-#"4;$<#'$5("#\ IU$=("-&#%$=,6(=-=
P.%&\ _]7IK^$>(55(."7

8/#$.>N#4:C#$.+$&/#$['-%%#5%$010$(%$&.$4'#,&#$,$/(*/@
+'#W-#"4;$#5#4&'(4$%#'C(4#$3(&/("$,$^V@)=7$',2(-%$.+$&/#$
4(&;9%$4.'#$,"2$(=<'.C#$4'.%%@4(&;$N.-'"#;$:=#%7$
G22(:.",55;E$&/#$"#3$%#'C(4#$3(55$4-&$&/#$N.-'"#;$:=#$
>#&3##"$&/#$1-'.<#,"$`-,'&#'$"#(*/>.-'/..2$,"2$&/#$
4(&;9%$("&#'",:.",5$,('<.'&E$3/(4/$,5'#,2;$<.%%#%%#%$,"$
#5#4&'(F#2$',(5$4.""#4:."7

8/#$['-%%#5%$010$3(55$.<#"$("$]VIa$,"2$=,)#$-%#$.+$%("*5#@
5#C#5$1YZ$'.55("*$%&.4)$2',3"$+'.=$,$"#3$b##&$.+$^VU$

&/'##@4,'$c#%('.$YR$&',("%$<-'4/,%#2$+'.=$d(#=#"%$>;$&/#$<->5(45;@.3"#2$d.4(e&e$M,:.",5#$2#%$P/#=("%$2#$+#'$[#5*#% $
+.'$-%#$."$&/(%$%;%&#=$,"2$.&/#'$'#*(.",5$<,%%#"*#'$%#'C(4#%7

G=."*$&/#$"-=#'.-%$4.=<."#"&%$.+$&/(%$,=>(:.-%$<'.N#4&$,'#\
! `-,2'-<5#@&',4)("*$.+$%#4:."%$.+$#6(%:"*$5("#%$&.$%#*'#*,&#$010$,"2$("&#'4(&;$&',("%f
! P."%&'-4:."$.+$,$I7]U@)=7$2.->5#@&',4)$&-""#5$("$&/#$4(&;9%$".'&/#,%&#'"$%#4&.'f
! 0#4."%&'-4:."$.+$]X$#6(%:"*$%&,:."%$,"2$3(2#"("*$.+$"-=#'.-%$'.,2$.C#'<,%%#%f
! P."%&'-4:."$.+$<,')@,"2@'(2#$5.&%$,&$=.%&$%&,:."%f$,"2
! P."%&'-4:."$.+$".(%#$>,''(#'%$,5."*$%#C#',5$%#"%(:C#$5("#$%#*=#"&%7

8/#$['-%%#5%$010$(%$%4/#2-5#2$&.$.<#"$("$]VIa7

!" #$%&'()*%+),-.%/)*012'34'-5%67%82,-9'1

http://file:///wiki/Ch?telet_-_Les_Halles_(Paris_RER)
http://file:///wiki/Ch?telet_-_Les_Halles_(Paris_RER)


Appendix A

!"# $%&'%&()*+,-,%.&'

!"#$%&'$()#()*(#$+(,+-+*#(.//)0%,(#%(#$+('1%-),'('"%2."(3.4)"5(%3(&12., (
1.)"(*5*#+4*6(#$+(7%,/%,(89+1'1%&,/(4.:+*(&*+(%3(*%4+(%3(#$+(-%1"/;* (
%"/+*#(<%44&#+1(1.)"(1%&#+*6(),<"&/),'(.(=>?@5+.1@%"/(#&,,+"("),+(3%14+1"5 (
%A+1.#+/(.*(A.1#(%3(#$+(7%,/%,(B,/+1'1%&,/(*&2-.5(*5*#+4C((D#*(".&,<$ (
.*(.(,+-6()4A1%9+/(.,/(),#+'1.#+/(%A+1.0%,(-)#$),(#$+(E)#5(%3(7%,/%,(), (
?FFG(%<<&11+/(".1'+"5(%&#(%3(/+*A+1.0%,(1+*&"0,'(31%4(#$+(4)*'&)/+/ (
A1)9.0H.0%,(%3(#$+(,.0%,.")H+/(I1)0*$(J.)"-.5*(25(K1)4+(L),)*#+1(M%$, (
L.N%1;*('%9+1,4+,#(),(=OO>6(-$)<$(BCPC(#1.,*A%1#.0%,(<%44+,#.#%1(
Q%,.$(R1++4.1:($.*(.<<&1.#+"5(/+*<1)2+/(.*(S.(1.<:+#(/+*)',+/(#%(#1.,*3+1 (
A1%T#*(),#%(#$+(A1)9.#+(*+<#%1(.,/(3%1<+(#$+(A&2")<(*A$+1+(#%(.2*%12 (
"%**+*CU

V$+(A1)9.0H.0%,(*<$+4+(+*#.2")*$+/(.(*+A.1.#+(),31.*#1&<#&1+(%-,+16 (
J.)"#1.<:(W,%-(X+#-%1:(J.)"Y6(.,/(31.,<$)*+/(.""(#$+(3%14+1(I1)0*$(J.)"-.5*(<%44&#+16(),#+1<)#5(A.**+,'+1(.,/(31+)'$# (
*+19)<+*(#%(.,(),)0."(<%""+<0%,(%3(?Z(<%,<+**)%,(%A+1.#%1*C((V$+(*&2*+[&+,#(*+19)<+6(*.3+#5(.,/(3&,/),'(/)*.*#+1(#$)* (
*<$+4+(-1%&'$#()*(-+""(:,%-,(#%(#$%*+(),(#$+(1.)"-.5(),/&*#156(,%#(#%(4+,0%,(I1)0*$(&*+1*(-$%($./(#%(*&\+1(#$1%&'$()#C (
P%4+()4A1%9+4+,#($.*(%<<&11+/(),(1+<+,#(5+.1*6(2&#()#($.*(#.:+,(#1+4+,/%&*(+\%1#(.,/(+9+,(4%1+(A&2")<(3&,/),'(#$., (
3%14+1"5(]%-+/(#%(#$+(A&2")<"5@%-,+/(I1)0*$(J.)"-.5*C

8,+(%3(#$+(),)0."(31.,<$)*+(%A+1.#%1*(-.*(P)"9+1"),:6(-$)<$(#%%:(%9+1(.(1.'@#.'(<%""+<0%,(%3("),+*(1./).0,'(%&#(31%4(.,/ (
+,<)1<"),'(7%,/%,6(-$)<$()#(/+*)',.#+/(.*()#*(E%&,#5(.,/(L+#1%(1%&#+*6(1+*A+<09+"5C((V$+*+(-+1+(A.1#(%3(.(4)*'&)/+/ (
.AA1%.<$(#%(31.,<$)*),'(#$.#(/)*#1)2&#+/(#$+(A"+#$%1.(%3(7%,/%,(<%44&#+1(*+19)<+*(.4%,'(*+9+1."(A1)9.#+(%A+1.#%1*(C((D# (
-.*(3.1(31%4(*.0*3.<#%156(/%),'(")^"+(#%()4A1%9+(*+19)<+(31+[&+,<5(%1([&.")#5C

D,(?FFZ6(#$+(E)#5(%3(7%,/%,;*(#1.,*A%1#.0%,(.'+,<56(V1.,*A%1#(3%1(7%,/%,6()4A"+4+,#+/(.(*<$+4+(#%(4.1:+#(#$+*+(/)9+1*+ (
.,/(/)*N%),#+/(*+19)<+*(&,/+1(%,+(&421+"".C((V$)*("+/(#%(#$+(.'+,<5;*(A1%A%*."(#%(#$+(),31.*#1&<#&1+(%-,+16(X+#-%1:(J.)"6 (
.,/(#$+(!**%<).0%,(%3(V1.),(8A+1.0,'(E%4A.,)+*(WX.0%,."(J.)"Y(#%(#.:+(%9+1(#$+(P)"9+1"),:(*+19)<+*(-)#$),(7%,/%,C((V$+ (
<)#5;*(A".,(-.*(,%#(#%(N&*#()4A1%9+(#$+(*+19)<+*(.,/(),#+'1.#+(#$+4(*+.4"+**"5(-)#$()#*(*&2-.56(2&*(.,/(#1.4("),+*6(2&#(#% (
2&)"/(,+-("),:*(_(%`+,(%,("%,'(.2.,/%,+/(1.)"-.5(1)'$#*@%3@-.5(_(#%(<1+.#+(.(-$%"+(,+-(*+19)<+(#$.#(-%&"/(A"&'('.A*(), (
#$+(<)#5;*(A&2")<(#1.,*A%1#.0%,(*5*#+4C((V$+(7%,/%,(B,/+1'1%&,/;*(a.*#(7%,/%,(7),+(-%&"/(2+(A.1#(%3(#$)*(,+-(*&2@
*5*#+46(1+<%,*#1&<#+/(#%(.<<%44%/.#+(+"+<#1)<(1.)"-.5(+[&)A4+,#(%3($)'$+1(<.A.<)#5C

V$+(%2N+<09+(-.*(#%(*+19+(?F(%3(7%,/%,;*(ZZ(2%1%&'$*6(A".<),'(ZF(A+1(<+,#(%3(7%,/%,+1*(-)#$),(.(-.":(%3("+**(#$.,(=b (
4),&#+*(31%4(.,(89+1'1%&,/(*#.0%,C((V$+(,+-(*5*#+4(-%&"/($.9+(=G(/)1+<#(<%,,+<0%,*(-)#$(%#$+1(<%44&#+1(.,/ (
),#+1<)#5(1.)"(*+19)<+*6(=>(-)#$(7%,/%,(B,/+1'1%&,/6(#-%(-)#$(#$+(7%,/%,(c%<:".,/*(J.)"-.5(.,/(%,+(-)#$(#$+(E1%5/%, (
V1.4"),:6(.*(-+""(.*(,&4+1%&*(<%,,+<0%,*(-)#$(2&*(*+19)<+*(#$1%&'$%&#()#*(-)/+(*+19)<+(.1+.C((V%(/%(#$)*6(V1.,*A%1#(3%1 (
7%,/%,(<1+.#+/(.(T9+@1%&#+(*5*#+4(<%,*)*0,'(%3(#$+(a.*#(7%,/%,6(d+*#(7%,/%,6(X%1#$(7%,/%,6(d.e%1/(cE(.,/(f%*A+" (
8.:@I.1:),'(W%1(f%2"),Y("),+*C((!""(+g<+A#(#$+(".^+1(-%&"/(2+(+"+<#1)T+/(&*),'(#$+(#-%(/)\+1+,#(#1.<0%,(A%-+1(*5*#+4* (
."1+./5(),(A".<+(%,(A%10%,*(%3(#$+(,+#-%1:C((V$+(f%*A+"(8.:@I.1:),'(7),+(1+4.),*(%A+1.#+/(-)#$(*+"3@A1%A+""+/(/)+*+" (
4&"0A"+(&,)#(WcLBY(+[&)A4+,#6(."#$%&'$(#$+(A".,(<.""*(3%1()#*(+"+<#1)T<.0%,C

8,"5(#$+(d.e%1/(cE(7),+(+,#+1*(#$+(<)#5;*(<%1+6(#+14),.0,'(.#(a&*#%,(P#.0%,6(-$)<$()*(.,()4A%1#.,#(#+14),&*(3%1 (
+"+<#1)T+/(),#+1<)#56(1+')%,."(.,/(<%44&#+1(#1.),*C((a&*#%,()*(."*%(/)1+<#"5(*+19+/(25(7%,/%,(B,/+1'1%&,/;*(h)<#%1).(.,/(
X%1#$+1,(*&2-.5("),+*6(.,/()*(-)#$),(.(T9+@4),&#+(-.":(%3(#$+(L+#1%A%")#.,6(E)1<"+(.,/(i.44+1*4)#$(j(E)#5("),+*C((D#()* (
*".#+/(#%(2+<%4+(#$+(7%,/%,(#+14),&*(%3(#$+(i)'$@PA++/(?(),#+1<)#5(A.**+,'+1("),+6(-$)<$(-)""(A1%9)/+(+"+<#1)T+/(>FF (
:4k$%&1(*+19)<+(#%(#$+(L)/".,/*6(#$+(X%1#$(%3(a,'".,/(.,/(E+,#1."(P<%#".,/C

/%($012+(324&5(62+78,09:0&-(;)(<,4&=08 >?



Appendix A

!"#$"#%&'()*)"+#$%,-.//%012%,.345.-/5.)%$+.-6/7/5(8%9:;%.5%<.**()/5"#%"#%5=(%9./5%!"#$"#%!4#(>%%?=(%5).4#%4/
$).@4#*%A,%B+))(#5%C)"8%5=(%5=4)$%).4-%/7/5(8%.#$%45/%)""C68"+#5($%3.#5"*).3=/%C")%D,%B.5(#.)7%3"@()%B"--(BE"#
"#%"5=()%-4#(/%.)(%-"BF($%$"@#>%%G"5(%5=(%3)"H48457%"C%5=(%.3.)58(#5%I+4-$4#*%5"%5=(%-(J%"C%5=(%/5.E"#%3-.K")8>

!"#$%&'%($)%*+),-,&"./%0122)2%($,&"-$%3)22%14").(%1,)12%1,&"./%($)%',5.-)%&'%6&./&.7%%8%9):%&;<)#=+)%>12%(&%12252(%5. %
,)-).),1=.-%($)2)%.)5-$;&",$&&/2%;:%0,&+5/5.-%1%',)?").(@%1A&,/1;3)@%$5-$B?"135(:%(,1.25(%2),+5#)7%%C$)%.)5-$;&",$&&/2 %
13&.-%($)%D&,($%6&./&.%1./%E&;35.%35.)2%>),)%01,=#"31,3:%(,1.25(%/)F#5).(7

C$),)%$12%;)).%2";2(1.=13%5.+)2(G).(%5.%6&./&.%*+),-,&"./%25.#)%C,1.20&,(%'&,%6&./&.%(&&9%&+),%1./%,)B31".#$)/ %
2),+5#)%&.%D&+)G;),%HI@%IJJK7%%C$)2)%5.#3"/)L

! D)>%$5-$B#101#5(:@%15,%#&./5=&.)/%(,15.2M%
! D)>%1./%)N()./)/%35.)2M
! !&,)%',)?").(%2),+5#)%O'&",%(,15.2%0),%$&",%G5.5G"G%5.%)1#$%/5,)#=&.PM
! Q)'",;52$)/%2(1=&.2M%1./
! R)S),%#"2(&G),%5.'&,G1=&.7

T&G)%&'%($)2)%5G0,&+)G).(2%1,)%;)5.-%/)35+),)/%12%01,(%&'%($)%*3:G05#%C,1.20&,(%031.@%>$5#$%>12%1%#&./5=&.%&' %
6&./&.U2%>5..5.-%;5/%'&,%($)%IJHI%*3:G05#%T"GG),%E1G)27%%C$)2)%5.+)2(G).(2%>533%3)1+)%1.%5G0&,(1.(%(,1.20&,(%1./ %
,)-).),1=&.%3)-1#:%(&%V12(%6&./&.7

W.%IJHI@%1.%)N().25&.%&'%T&"($%6&./&.%65.)%>533%;)%&0).)/%;)(>)).%X310$1G%Y".#=&.%1./%Z132(&.%Y".#=&.%+51%T",,): %
["1:2@%0,&+5/5.-%1%?"5#9%35.9%;)(>)).%2&"($>)2(%1./%2&"($)12(%6&./&.7%%C$52%)N().25&.%>533%35.9%($)%.)>%,&"()%(&%($) %
)N52=.-%6&./&.%*+),-,&"./%1./%D1=&.13%Q153%.)(>&,92@%>5($%(,15.2%,"..5.-%5.%;&($%/5,)#=&.2%)+),:%H\%G5."()27%%C,502%(& %
])2(%X,&:/&.%1./%X,:2(13%^131#)%>533%132&%;)%0&225;3)%>5($%1%#,&22B031_&,G%#&..)#=&.%;)(>)).%(,15.2%1(%T",,):%["1:27 %
C$)%)N().25&.%>533%#&G03)()%($)%6&./&.%*+),-,&"./%&,;5(13%,153>1:%1,&"./%($)%X105(137

LM G"%!4N-(%O-.#P%9-(B5)4C74#*%Q&%?).#/45

http://upload.wikimedia.org/wikipedia/commons/2/26/Unit_378225_at_Haggerston.jpg


Appendix A

!"#$%&'(#'$)*+#','&-*+$./01&*$0/$2"0+3#44$&*$/"#$56#','&-*+7.$80./$9&*+&*$9:*#;$'#%-'<:."#+$0*+$<'0*+#+$
3:/"$='/$>#?&$.:,*0,#$:+#*1?04$/&$/"0/$%&-*+$&*$!'0*.@&'/$%&'$9&*+&*7.$)*+#','&-*+$.A./#(B

!"#$%&#'(')*+,-.$/0'#$.1.2#3$4.$."0'#,$542"$066$)/$!'0+.7)'2$/)'$8)+,)+-.$)2"#'$.#'&49#.$0+,$4.$:0.#,$)+$0$.#&#+;<)+# $
.2'*92*'#=$$>0'#$7013#+2$301$:#$30,#$542"$90."?$9)+&#+@)+06$707#'$@9A#2.?$3*6@;'4,#$70..#.$B,0461?$5##A61$)'$3)+2"61C $
)'$2"#$%1.2#'$701;0.;1)*;()$.30'2$90',=
$
D0+0,0-.$E)3:0',4#'$!'0+.7)'20@)+$"0.$:##+$0$30F)'$9)+2'4:*2)'$2)$2"#$.*99#..$)/$2"#$8)+,)+$%&#'(')*+,=$$!"# $
9)370+1$:*462$2"#$G##2$)/$HI$/)*';90'$D60..$JIK$D074206.20'$LMN$2'04+.#2.$02$42.$8429"*'9"$80+#$O)'A.$4+$P#':1?$L+(60+,?$0. $
5#66$0.$2"#$#4("2$25);90'$D60..$QIR$!*':).20'$PMN.$*.#,$)+$2"#$S).7#6$%0A;E0'A4+($84+#=$$!"4.$+#5$#T*473#+2$7')&4,#.$0 $
6#&#6$)/$7#'/)'30+9#$0+,$9)3/)'2$*+"#0',$)/$542"$2"#$)6,#'$#T*473#+2$42$'#7609#,=$$!"#$,*06;.1.2#3$LMN.$0'#$#T*477#, $
2)$)7#'02#$)+$:)2"$2"#$IHU$&)62$PD$2"4',$'046$0+,$RH$AV$WD$902#+0'1$64+#.$)/$2"#$%&#'(')*+,=

!"#$D074206.20'.$0'#$70'2$)/$E)3:0',4#'-.$L6#92').20'$/03461$)/$LMN.=$$!"#$9)370+1$"0.$:*462$+#0'61$HUU$.#2.$)/$2"#.# $
2'04+.$4+$&0'4)*.$9)+X(*'0@)+.$)/$*7$2)$X&#$90'.$/)'$.#'&49#$4+$2"#$N=Y=$$W.$5#66?$2"#$L6#92').20'$,#.4(+$50.$*.#,$/)'$2"# $
7'),*9@)+$)/$2"#$RZ$/)*';90'$LMN$.#2.$/)'$*.#$)+$[)*2"$W/'490-.$+#5$\)"0++#.:*'(;]'#2)'40;%^$!03:)$_+2#'+0@)+06 $
W4'7)'2$#6#92'4X#,$'046$.#'&49#?$2"#$S0*2'04+?$5"49"$)7#+#,$4+$RUQU$4+$@3#$/)'$2"#$>`,`'0@)+$_+2#'+0@)+06#$,#$>))2:066 $
W..)940@)+$O)'6,$D*7=$

E*462$)+$2"#$:)+#.$)/$.#&#'06$,#2#'4)'02#,$0+,$(#+#'0661$*+6)&#,$'046501.?$2"#$IK;.20@)+$8)+,)+$%&#'(')*+,$+)5$90''4#. $
0:)*2$JU?UUU$70..#+(#'.$,0461=$$$>*'2"#'$#a70+.4)+$4.$760++#,=

C&$9:D4#$E40*F$84#?/':%A:*,$G5$!'0*.:/ HH

http://upload.wikimedia.org/wikipedia/commons/d/d9/Shadwell_station_%28East_London_Line%29_south_entrance_April2010.jpg


Appendix A

!"#$%&'()*+(",-'.."/01",'2*3'-.3'("456"3('*7"8'--."'3"39+"7+:";$7)$7"<=+(>($?7)"@%2+(*'-"A9'(B".3'C$7"$7"39+
A+.3";$7)$7";*7+"$7"$2+7*7>")'DE"F+23+%&+("G0E"GHHIJ

@73+(*$("$B"'"#$%&'()*+(",-'.."/01",'2*3'-.3'("456":*39"-$7>*3?)*7'-".+'C7>".*%*-'("3$"39'3"B$?7)"$7"39+"K3?&+L
3('*7."$B"39+";$7)$7"67)+(>($?7)J""M9$3$"&D"M+3+("FN?8+J

O0 P$";*Q-+"M-'7R"4-+83(*BD*7>"S<"T('7.*3

http://upload.wikimedia.org/wikipedia/commons/b/b3/Unit_378013_at_Imperial_Wharf.JPG


Appendix A

!"#$%&'(#)'*+,#-'(./0%12%+3#45#60*+7%/ 89



Appendix B

!""#$%&'()*((+,-,(./0012#3(45&6(76#823&985:/$(;3/<#82=

!"#$%&$'()*'%&'++$,'-.#/&#)#-0$(1-'2,3&(3&(0/&,*3&*'%4&0#5+#$#6&7%&(0/&+.%/(-')4&,+#$'2,3')&'36&1/-')&#3"($,35#308&&90 &
0.#&/'5#&25#4&0.#$#&'$#&-,55,3&0.$#'6/&0.'0&$:3&0.$,:;.&#"#$%&#)#-0$(1-'2,3&+$,;$'58&&9-<:($(3;&=3,*)#6;#&>$,5&7% &
0.#/#&#?+#$(#3-#6&#)#-0$(-&$'()$,'6#$/&5:/0&7#&'&=#%&-,5+,3#30&,>&'3%&@A&#)#-0$(1-'2,3&+)'38

B3&>'-04&0.#$#&'++#'$/&0,&.'"#&7##3&)(C)#&,:0$#'-.&7%&D#0$,)(3?&0,&#?+#$(#3-#6&#)#-0$(-&$'()&,+#$'0,$/&'36&5'3:>'-0:$#$/ &
(3&E,$0.&95#$(-'&,$&!:$,+#8&&F.(/&(/&/.,-=(3;&-,3/(6#$(3;&0.#&5';3(0:6#&,>&0.#&@A&#)#-0$(1-'2,3&+$,G#-0&'36&0.# &
*())(3;3#//&,>&/#'/,3#6&,+#$'0,$/&0,&/.'$#&0.#($&=3,*)#6;#&*(0.&,0.#$/8&&H$,,>&,>&0.#&)'C#$&(/&-,30'(3#6&(3&0.(/&$#+,$04 &
*.(-.&.'/&7#3#10#6&0$#5#36,:/)%&>$,5&0.#&6'0'&'36&;:(6'3-#&$#-#("#6&>$,5&'-2"#&'36&$#2$#6&$'()*'%&+$,>#//(,3')/&(3 &
E,$0.&95#$(-'&'36&!:$,+#8

9&>'",:$(0#&$#/+,3/#&7%&D#0$,)(3?&0,&/:;;#/2,3/&0.'0&!:$,+#'3&#?+#$(#3-#&5'%&.'"#&$#)#"'3-#&,3&0.(/&-,323#30&(/&0.'0 &
-,36(2,3/&'$#&/,&6(I#$#30&'/&0,&5'=#&'3%&-,5+'$(/,3/&(5+,//(7)#8&&J:0&J,57'$6(#$&'36&K(#5#3/&'$#&(3-$#'/(3;)% &
'6'+23;&!:$,+#'3&0#-.3,),;%&0,&5##0&E,$0.&95#$(-'3&3##6/&>,$&'&*(6#&"'$(#0%&,>&-)(#30/8&&F.(/&(3-):6#/&0.#&LMNO&5())(,3 &
$#7:()6(3;&,>&0.#&P3(,3&K0'2,3&Q'()&R,$$(6,$&*(0.&'&K(#5#3/&S!:$,+#'3&'$-.(0#-0:$#T&$'()&0$'U-&-,30$,)&/%/0#5&'36&0.# &
:/#&,>&'6"'3-#6&J,57'$6(#$&'36&K(#5#3/&#)#-0$(-&),-,5,2"#/&,>&!:$,+#'3&6#/(;3&7%&E#*&V#$/#%&F$'3/(0&'36&950$'=8&

!"#3&'--#+23;&0.#&(3-$#'/(3;)%&.,)),*&'$;:5#30&0.'0&!:$,+#'3&/,):2,3/&*,3W0&*,$=&(3&E,$0.&95#$(-'4&0.#$#&'$#&XX &
#)#-0$(-&$'()&+'//#3;#$&,+#$'0,$/&(3&E,$0.&95#$(-'8&&F.#&@A&!)#-0$(1-'2,3&K0:6%&F#'5&5'6#&-,30'-0&,3)%&*(0.&D,30$#')W/ &
9DF4&*.(-.&,+#$'0#/&'&/(3;)#4&YXZ=(),5#0$#&#)#-0$(-&-,55:0#$&)(3#&>$,5&6,*30,*3&R#30$')&K0'2,3&0,&/:7:$7'3&['"')8

B3&'3&A-0,7#$&MX4&MOXO4&#Z5'()&$#/+,3/#&0,&0.(/&':0.,$&$#;'$6(3;&#)#-0$(1-'2,3&(3(2'2"#/&#)/#*.#$#4&D#0$,)(3?&+$#/(6#30 &
'36&R!A&J$:-#&D-R:'(;&*$,0#4&S\#&'7/,):0#)%&/.,:)6&),,=&'0&,0.#$&-'/#&/0:6(#/&'36&/##&*.'0&5(;.0&7#&'++)(-'7)#&0,&,:$ &
/(0:'2,3&.#$#4&7:0&/.,:)6&3,0&'//:5#&0.'0&0.#$#&(/&'&X]X&-,5+'$(/,38T

B>&D#0$,)(3?&(/&0$:)%&*())(3;&0,&)#'$3&>$,5&*,$=(3;&#?'5+)#/&#)/#*.#$#4&0.#3&0.#%&/.,:)6&7#&)('(/(3;&*(0.&0.#&0*,&E,$0. &
95#$(-'3&,+#$'0,$/&-:$$#30)%&#3;';#6&(3&6#/(;3(3;&'36&7:()6(3;&3#*&#)#-0$(-&-,55:0#$&$'()&/#$"(-#/]&K'3&^$'3-(/-,W/ &
R')0$'(3&'36&_#3"#$W/&Q#;(,3')&F$'3/+,$0'2,3&9:0.,$(0%8

>/32?(!0#3&85$(76#823&8(45&6(;5==#$@#3(-A=2#0=

.BCD(E4(F!B>(GB>7(4E+C7- E;74!CE4 4E+C7- 4E+C7HIF, C4!.CBE>(;EJ74

E,$0.#'/0&'36&`#%/0,3#&R,$$(6,$/ 950$'= M Nab XMcMb&=d&9R&-'0#3'$%
D,30$#') 9DF X YX Mb&=d&9R&-'0#3'$%
E#*&e,$= D#0$,ZE,$0.c

R,33#-2-:0&_AF
M XYX XM&=d&9R&-'0#3'$%c

fbO&d&_R&0.($6&$'()
E#*&e,$= D#0$,ZE,$0. M XYO fbO&d&_R&0.($6&$'()
E#*&e,$= [,3;&B/)'36&QQ XO MYf fbO&d&_R&0.($6&$'()
E#*&e,$= EV&F$'3/(0 g MhO XMcMb&=d&9R&-'0#3'$%
H.()'6#)+.(' K!HF9 XY MMh XM&=d&9R&-'0#3'$%
J')25,$# D9QR X XMO XM&=d&9R&-'0#3'$%
R.(-';, D#0$' Y gM X8b&=d&_R&-'0#3'$%
R.(-';, K,:0.&K.,$#&[(3# X XXN X8b&=d&_R&-'0#3'$%
D#?(-,&R(0% !)&F$#3&K:7:$7'3, X Mf Mb&=d&9R&-'0#3'$%

KL LMLLN

>/(G&O6#(;65$*(76#823&PA&$@(QE(C35$=&2 RS



Appendix B

!"# $%&'(%)*+,-,.+/&%*

!"#"# !%012(34*5

!"#$%"&'(&)($*+(,"'(-%"'.&)./(+01&2"#+'$(/3(45(6%"')&$7((6*+(89:;
<&#/=+$%+(,"'(-%"'.&)./;,"'(>/)+;4&#%/?(./==1$+%(/@+%"A/'(*"%<)(
B".<($/($*+(#&'+C)(/@+'&'D(&'(8EFG7((H'I+%($*+(@%&2"$+(/J'+%)*&@(/3 (
$*+(,/1$*+%'(K".&L.(M"&#%/"IN(%&I+%)*&@(@+"<+I(I1%&'D($*+(,+./'I (
O/%#I(O"%("'I($*+'(B+D"'("(#/'D(I+.#&'+(")($*+(,"'(-%"'.&)./(P"? (
Q%+"N(&'(./==/'(J&$*("##(="R/%(Q=+%&."'(.&A+)N()@%"J#+I("'I(
B+."=+(=/%+(I+@+'I+'$(/'("1$/=/A2+(./==1A'D7((,+%2&.+ (
01"#&$?(%/)+("'I(3+##(="'?(A=+)N(+2+'("S+%($*+(,$"$+(/3(!"#&3/%'&" (
"D%++I($/()1B)&I&T+("'I(=/I+%'&T+($*+(/@+%"A/'(&'(8UEVN (
%+B%"'I&'D(&$(")(!"#$%"&'7((W2+'($*&)(3"&#+I($/(%+2&2+(&$(I+.&)&2+#?7

X'(8UE9N("(D%/1@(/3(./==1$+%)N(&'I+@+'I+'$($%"')&$(@#"''+%)("'I(+'2&%/'=+'$"#&)$)(3/1'I+I($*+("I2/.".?("))/.&"A/' (
K+'&')1#"(M"&#(9VVV(YB+./=&'D($*+(P"?M"&#(Q##&"'.+(&'(9VV8Z(B+."1)+($*+?(J+%+(./'.+%'+I([!"#$%"')(#".<+I(2&)&/'($/ (
%+"#&T+($*+(31##(@/$+'A"#(/3($*+(!"#$%"&'()+%2&.+7\(((6*+?(I+2&)+I("(L2+;@/&'$(@#"'($/($%"')3/%=(!"#$%"&'(&'$/("(3%+01+'$(%"@&I (
$%"')&$()?)$+=7((6*+&%(/BR+.A2+)(J+%+]

! 6*+(3/%="A/'(/3("('+J($%"')&$(I&)$%&.$($/(/J'("'I(/@+%"$+(!"#$%"&'^
! W_$+'I()+%2&.+(31%$*+%(I/J'$/J'(J&$*("('+J($+%=&'"#(/'(`"%<+$(/%(`&))&/'()$%++$)^
! X'.%+")+(3%+01+'.?("'I()+%2&.+(*/1%)($/("@@%/".*(/%(="$.*($*/)+(/3(PQM6^
! X=@#+=+'$()+#3;)+%2&.+N(@%//3;/3;@"?=+'$(YK5KZ(A.<+A'D^("'I
! !/'2+%$($*+(/@+%"A/'(3%/=(I&+)+#($/(+#+.$%&.7

Q(!"#&3/%'&"(,+'"$+()$1I?(I+$+%=&'+I($*+)+(=+")1%+)(J/1#I(=/%+($*"'(I/1B#+(%&I+%)*&@("'I(&=@%/2+(./)$(%+./2+%?7 (
Q#$*/1D*(@/#&A."#("'I(B1%+"1.%"A.(3//$(I%"DD&'D(*")(#+I($/(="'?(I+#"?)N($*+(P"?M"&#(Q##&"'.+C)(I/DD+I(I+$+%=&'"A/'(*") (
"&I+I(&==+")1%"B#?(&'(@%/I1.&'D("'(&=@%+))&2+(#&)$(/3(&=@%/2+=+'$)7

a/J(/J'+I("'I(/@+%"$+I(B?("(@1B#&.("D+'.?N($*+(K+'&')1#"(!/%%&I/%(>/&'$(K/J+%)(P/"%IN(!"#$%"&'(@/)$+I("2+%"D+(I"&#? (
%&I+%)*&@(/3(bFNccE(&'(9V8V(d("(cG(@+%(.+'$(&'.%+")+(/2+%(8UU97((O*&#+($*&)(&)()A##(3"%(3%/=(%+"#&T&'D($*+(P"?M"&#(Q##&"'.+C) (
31##(2&)&/'(/3(./'2+%A'D(!"#$%"&'(&'$/("(W1%/@+"';)$?#+(1%B"'(%"@&I(%"&#J"?()&=&#"%($/($*+(K"%&)(MWM(/%($*+(4+%="'(,;P"*')N (
&$(&)(&=@%+))&2+7((Q#)/(+'./1%"D&'D(&)($*"$("I2/."$+)("'I(="'"D+%)(*"2+(3/1'I(J"?)($/(J/%<($/D+$*+%($/(%+"#&T+ (
&=@%/2+=+'$)(3/%($*+(B+'+L$(/3("##7

!"#", $366)'67*'+'3+8&70'()90%:3*

Q#$*/1D*(./')$%1.A/'(*")(?+$($/(B+D&'N(+#+.$%&L."A/'(")(3"%()/1$*(")(,"'(>/)+(&)("$($*+($/@(/3($*+([$/(I/\(#&)$(3/%(!"#$%"&'7 (
6*&)(*")(B++'("(<+?(+#+=+'$(/3($*+(P"?M"&#(Q##&"'.+C)("D+'I"()&'.+(&$)(3/1'I&'D7((X'(8UU9N($*+(D%/1@()1..++I+I(&'(D+e'D (
!"#$%"&'(+#+.$%&L."A/'(&'.#1I+I(&'(,"'$"(!#"%"(!/1'$?C)(69V8V($%"')@/%$"A/'(@#"'("'I(&'($*+(`+")1%+(Q(*"#3;.+'$()"#+) (
$"_N(")(J+##(")(./'2&'.&'D(,"'(`"$+/(!/1'$?(2/$+%)($/()1@@/%$(&$)(2&)&/'(3/%(+#+.$%&L+I([%"@&I(%"&#\(!"#$%"&'()+%2&.+(&' (
@%+3+%+'.+($/($*+(+_@+')&2+(PQM6()1BJ"?(./')$%1.A/'(/@A/'7

X$($//<(A=+N(B1$($*+(D%/1@(L'"##?(D/$(!"#$%"&'C)(I&%+.$/%)(/'(B/"%I7((X'(8UUUN($*+(K+'&')1#"(!/%%&I/%(>/&'$(K/J+%)(P/"%I (
2/$+I($/(I%/@($*+&%()$"fC)([D/;)#/J\("@@%/".*("'I(="I+(+#+.$%&L."A/'("('+"%;$+%=(@%&/%&$?7((6*+(P"?M"&#(Q##&"'.+("#)/ (
)1..+))31##?(."=@"&D'+I($*"$(?+"%($/(./'2&'.+(,"'(-%"'.&)./(2/$+%)($/("@@%/2+("(B"##/$(=+")1%+($*"$(&'.#1I+I(!"#$%"&' (
+#+.$%&L."A/'7

;- <3+=)>&7+/&%*?+8&70'()@A)*2+BC+D(%*E)'



Appendix B

!"#$%#$"&%'()*+%),+%-(#.*%&/00(*#1%2)3#*)",%&#)4%'(5.+%#(%#$.%",.-"#)'3.%),+%6(77"8.+%#(%.3.6#*"96):(,;%%<$.%*.&/3#%5)& %
2)3#*)",=&%>?>@%A3),1%5$"6$%$)&%#$*..%B.C%('D.6:-.&E

! F3.6#*"96):(,G
! F3.6#*"6%7/3:03.%/,"#%HFIJK%*(33",L%&#(6BG%),+
! A(&":-.%#*)",%6(,#*(3%M(*%&)M.#C%),+%6)0)6"#C%.N0),&"(,;

<$.%*):(,)3.%'.$",+%#$.%)+(0:(,%(M%#$.%>?>@%0*(L*)7%"&E

!!!"#$"%&'%(#"%)*"'+#%,)"#-+".%/,.0."1+2+1"$3"30#0'+"
',*+'4-,5"67"80)($)4#'%,),)9:"#-+";%1#'%,)"474#+."
<(%5%(,#7=">-,1+"5'$2,*,)9"%".+%40'%617"4%3+'"
#'%)45$'#%?$)")+#>$'@",)"#-+".$4#"A)%)(,%117"+B+(?2+"
.%))+'!""C$"%(-,+2+"#-,4"9$%1D";%1#'%,)",4"50'40,)9"%"
.+#-$*,(%1D"-$1,4?("%55'$%(-",)"*+2+1$5,)9"4%3+#7"
+)-%)(+.+)#"4#'%#+9,+4"#-%#")$#"$)17"($)4,*+'"'%,1"
5%44+)9+'4D"60#"#-+"+)?'+"#'%)45$'#%?$)"+)2,'$).+)#!!!!

E+#>++)"#-+"7+%'4"FGGH"%)*"FGIJD"#-+";%5,#%1"K'$9'%."
>,11"6+"3$(04+*"$)"#-+".$4#"4,9),A(%)#"474#+.4"
+)-%)(+.+)#4"#$"*%#+"L"5',.%',17"%")+>"4,9)%1"474#+."
%)*"+1+(#',A(%?$)"L"#-%#">,11"%**"+2+)".$'+"(%5%(,#7 "
%)*"+)%61+"#-+"04+"$3"-,9-M5+'3$'.%)(+"'$11,)9"4#$(@!""N)"
$'*+'"#$"%(-,+2+"#-+4+"4#%#+*"$6O+(?2+4"%)*".%/,.,P+"
#-+"6+)+A#4"$3"#-+"FGFQ"K'$9'%.D";%1#'%,)",4"3$(04+*"$)"
04,)9"5'$2+)".+#-$*4"%)*"#+(-)$1$9,+4"#-%#"'+*0(+"#-+"
',4@4"%)*"($4#4"%44$(,%#+*">,#-",.51+.+)?)9"#-+"
,.5'$2+.+)#4"%)*"$5+'%?)9"#-+"474#+.!

J,+.*%2)3#*)",=&%>?>@%A3),1%#$.%&.*-"6.%M*(7%O),%P*),6"&6(%#(%O),%
Q(&.%5"33%'.%.3.6#*"9.+%),+%6(703.#.3C%*.R.S/"00.+%)#%)%6(&#%(M %
TU;V%'"33"(,;%%WM%#$"&%)7(/,#1%TXY@%7"33"(,%"&%M(*%#$.%",M*)&#*/6#/*.1 %
",63/+",L%6)#.,)*C1%#*),&M(*7.*%&#):(,&%),+%+"&#*"'/:(,%&C&#.7;%
<$.%ZYRB7;%&.6:(,%(M%#$.%*(/#.%&(/#$%M*(7%O),%Q(&.%#(%["3*(C%5"33 %
*.7)",%+".&.3%(0.*)#.+%M(*%#$.%M(*.&..)'3.%M/#/*.%/&",L%#$. %
3(6(7(:-.&%),+%\(7')*+".*%'"R3.-.3%*(33",L%&#(6B%,(5%.703(C.+%
",%#$.%\)'C%\/33.#%FN0*.&&%&.*-"6.;
%
<$.%6(77"#7.,#%#(%#$.%>?>@%A3),%&.#%2)3#*)",%&#)4%(,%)%
5(*3+5"+.%",-.&:L):(,%(M%.3.6#*"6%#*)6:(,%#.6$,(3(LC%),+%#$.%
7.),&%(M%"703.7.,:,L%"#%",%)%6(&#R.4.6:-.%7),,.*%#(%+.3"-.* %
7)N"7/7%9,),6")31%&.*-"6.1%&)M.#C%),+%.,-"*(,7.,#)3%'.,.9#&; %
<$.%*.&.)*6$%$)&%'..,%'(#$%.N$)/&:-.%),+%.-(3/:(,)*C;
%%
J,3"B.%I.#*(3",N1%#$.%03),,.*&%),+%6(,&/3#),#&%'.L),%5"#$%,(%
0*.6(,6."-.+%)&&/70:(,&%(*%'")&%#(5)*+&%),C%(,.%#.6$,(3(LC%(* %
#.6$,"S/.;%%<$.C%*.3".+%.N#.,&"-.3C%(,%#$.%.-"+.,6.%(M%(#$.* %
(0.*)#(*&%(M%.3.6#*"9.+%&.*-"6.&%),+%#$.,%&(/L$#%#(%)+)0#%#$."* %
'.&#%0*)6:6.&%#(%2)3#*)",=&%.,-"*(,7.,#1%7)*B.#%),+%9,),6.&;%%<(%
#$."*%6*.+"#1%2)3#*)",%&#)4%$)&,=#%'..,%)M*)"+%#(%7(+"MC%&(7.%(M %
#$."*%(*"L",)3%(0","(,&;

!"#$%&'(#)'*+,#-'(./0%12%+3#45#60*+7%/ 89



Appendix B

!"#"$ %&''()*+,-&./+,0'0.1&)

!"#$%#&'(')'*+$,-$./)*0/'1$2*/3$'2$4/0567)/0)+$/44/0#1*$'1$*"#'0$/1/)+2'2$/18$2#)#65,1$,-$0,))'19$2*,6:;$$<*$*"#$,7*2#*$,-$*"#'0 $
2*78'#2=$>76"$)':#$*"#$?@$A)#6*0'B6/5,1$C*78+$*#/>=$./)*0/'1$2*/3$/18$'*2$6,127)*/1*2$#&/>'1#8$*"#$),6,>,5D#E"/7)#8 $
/18$2#)-E40,4#))#8$AFG$6,16#4*2$/),192'8#$8'#2#)$*,$8#*#0>'1#$H"'6"$H,7)8$40,D'8#$*"#$>/&'>7>$(#1#B*2;$$@0'9'1/))+= $
),6,>,5D#E"/7)#8$,4#0/5,1$H'*"$#&'2519$/18I,0$1#H$('E)#D#)$0,))'19$2*,6:$H/2$-/D,70#8;$$J7*$-70*"#0$'1D#259/5,1 $
0#D#/)#8$2,$>/1+$),19E*#0>$(#1#B*2$*,$('E)#D#)$AFG2$*"/*$'*$"/2$1,H$(#6,>#$*"#$40#-#00#8$,45,1;

./)*0/'1K2$,LE2*/*#8$0#/2,12$-,0$2#)#6519$,-$('E)#D#)$AFG2$/0#M

! A/6"$AFG$2#*$"/2$'*2$,H1$4,H#0$2744)+=$2,$*0/'12$2*,4$/18$2*/0*$N7'6:#0=$0#876'19$*0/D#)$5>#;
! O'*",7*$*"#$1##8$-,0$/$),6,>,5D#=$*0/'1$2#*2$/0#$>,0#$%#&'()#$/18$#/2'#0$*,$'1*#06"/19#;
! F76"$)':#$*,8/+K2$/7*,>,(')#2=$AFG2$/0#$8#2'91#8$*,$/(2,0($#1#09+$'1$/$6,))'2',1=$'160#/2'19$2/-#*+$-,0$*0/'1 $

60#H2$/18$4/22#19#02;
! !"#$2H'*6"$-0,>$8'#2#)$),6,>,5D#2$*,$AFG2$H'))$0#876#$/'0$4,))7*/1*$#>'22',12$-0,>$*0/'12$(+$74$*,$PQ$4#0$6#1* $

/18$8#60#/2#$4,H#0$6,127>45,1$2'91'B6/1*)+;

R1$*"#$./)*0/'1$2*78'#2=$*"#$0,)#$>,8#)2$"/D#$(##1$*"#$#)#6*0'B#8=$"'9"E-0#N7#16+$70(/1$0/')$2+2*#>2$,-$A70,4#=$276"$/2$*"# $
?#0>/1$CEJ/"12$/18$S/0'2$TAT$6'*#8$40#D',72)+$'1$*"'2$0#4,0*$/18$8#*/')#8$'1$<44#18'&$<;$$U,H#D#0=$*"#$72#$,-$40,D#1=$,3E
*"#E2"#)-$A70,4#/1$8#2'912$(0'192$H'*"$'*$0#97)/*,0+$/18$2/-#*+$6"/))#19#2;$$!"/*$./)*0/'1K2$8'0#6*,02$/18$2*/3$H,7)8$*/:# $
,1$*"'2$6,>4)#&$/18$90,718(0#/:'19$40,V#6*$'2$*"#$"'9"#2*$*0'(7*#$*"/*$6/1$(#$4/'8$*,$*"#'0$6,>>'*>#1*$*,$#)#6*0'B6/5,1;

2)+3415-65+40)704()*+&8+9:3-+;3'-43()+9(''+<0+8&''&9()*+0'0.-4(=.31&)+3)7+-:0+37&>1&)+&8+?@4&>03)A5-B'0+<(A'0C0'+

?DE5+0)*()00407+9(-:+.435:+0)04*B+F3)3*0F0)-+-0.:)&'&*(05"++;&@4-05B+&8+;'0F+G(''(04H+!3B%3('+2''(3).0"

IJ K&+L(M'0+N'3)O+?'0.-4(8B()*+PQ+G43)5(-



Appendix B

!"#"$ %&'()*+&,)-./((0'.10213'.4/105&'-.0%+.,&+6

!"#$%&'()*%+,&-$*-$.+)/0+*-12$(0&(&2#3$42#$&5$640&(#+-$0&))*-7$2/&%8$%#-/0#2$&-$/"#$3#2*7-$2/+-3+032$+(()*#3$9:$;&0/" $
<'#0*%+$0+*)=+:2$>#0242$/"#$0#2/$&5$/"#$3#>#)&(#3$=&0)3?$$;&0/"$<'#0*%+-$#@4*('#-/$*2$94*)/$/&$0#74)+,&-2$2#/$9:$/"#$A?B? $
C#3#0+)$D+*)0&+3$<3'*-*2/0+,&-$ECD<FG$'+-:$&5$="*%"$(#0/+*-$/&$%0+2"=&0/"*-#22G$+*'#3$+/$'*-*'*H*-7$3+'+7#$+-3$*-I40: $
*-$%+2#$&5$+-$+%%*3#-/?$$J-$640&(#G$/"#2#$%0+2"=&0/"*-#22$2/+-3+032$+))&=$5&0$'4%"$)*7"/#0$#@4*('#-/?

J-$;&0/"$<'#0*%+G$*/$*2$+224'#3$+%%*3#-/2$=*))$"+((#-$+-3$'&,>#$(&=#0$+-3$0&))*-7$2/&%8$+0#$3#2*7-#3$+%%&03*-7):?$$!"*2 $
'+8#2$/"#'$'4%"$"#+>*#0$/"+-$*-$640&(#G$="#0#$/"#$24((&2*,&-$*2$/"+/$/#%"-&)&7*#2$+-3$/#%"-*@4#2$=*))$9#$#'()&:#3$/& $
#-240#$+%%*3#-/2$3&-1/$"+((#-?$$<$8#:$%&'(&-#-/$&5$/"*2$640&(#+-$2/0+/#7:$*2$+3>+-%#3$0+*)$/0+K%$%&-/0&)G$(+0,%4)+0): $
2:2/#'2$/"+/$+4/&'+,%+)):$+(():$+$/0+*-12$90+8#2$*5$*/2$%0#=$3&#2$-&/$0#2(&-3$/&$/"#$2*7-+)2$7&>#0-*-7$/"#$'&>#'#-/$&5 $
/"#*0$/0+*-?

!"*2$*2$-&/$/"#$%+2#$/"0&47"&4/$;&0/"$<'#0*%+G$="#0#$'&2/$0+*)$/0+K%$%&-/0&)$2:2/#'2$+0#$043*'#-/+0:$9:$%&'(+0*2&- $
=*/"$/"&2#$5&4-3$&-$/"#$'+*-$)*-#2$&5$640&(#$9#%+42#$/"#:$+0#$54)):$3#(#-3#-/$&-$/"#$(0&(#0$&92#0>+-%#$&5$2*7-+)$+-3 $
0+3*&$%&''+-32$9:$/"#$%0#=2?$$<$/0+*-$/"+/$(+22#2$+$2/&($&0$0#2/0*%,-7$2*7-+)$9#%+42#$&5$%0#=$5+*)40#$*2G$@4*/#$2*'():G$+ $
04-+=+:?$$L-):$&-$<'/0+812$;&0/"#+2/$.&00*3&0$+-3$+$5#=$3#-2#):M/0+K%8#3$A?B?$)*-#2$/"+/$"&2/$(+22#-7#0$/0+*-2$+/$2(##32 $
&5$'&0#$/"+-$NO$'("$*2$+-:$5&0'$&5$+4/&'+,%$/0+*-$2/&($E<!BF$&0$(&2*,>#$/0+*-$%&-/0&)$EP!.F$/&$9#$5&4-3?

L-#$&5$/"#$+33*,&-+)$9#-#Q/2$&5$24%"$/#%"-&)&7*#2$*2$/"+/$/"#:$*'(0&>#$&(#0+,&-+)$#K%*#-%:$+-3$9&&2/$)*-#$%+(+%*/:? $
R4/$/"#$*'()#'#-/+,&-$&5$+3>+-%#3$0+*)$/0+K%$%&-/0&)$2:2/#'2$)+77#3$5&0$'&0#$/"+-$ST$:#+02$*-$/"#$A?B?$$J/$=+2 $
'+-3+/#3$9:$/"#$J-/#02/+/#$.&''#0%#$.&''*22*&-$*-$/"#$UOVT2G$94/$/"#$0+*)=+:2$5&4-3$=+:2$/&$+>&*3$*'()#'#-/+,&-$&- $
+$%&2/$9+2*2?$$L-):$="#0#$(+22#-7#0$/0+*-2$&(#0+/#3$*-$#W%#22$&5$NO$'("$=+2$<!B$'+-3+/#3$+-3$*-2/+))#3?

L-$B#(/#'9#0$UVG$VTTSG$/"*2$%"+-7#3$5&0#>#0$="#-$/"#$)&%&'&,>#$#-7*-##0$&5$+$X&2$<-7#)#2$Y#/0&)*-8$%&''4/#0$/0+*- $
0+-$(+2/$+$:#))&=$%+4,&-+0:$2*7-+)$+-3$/"#-$+$0#3$2/&($2*7-+)G$%0+2"*-7$"#+3M&-$*-/&$+$A-*&-$P+%*Q%$50#*7"/$/0+*-$-#+0 $
."+/2=&0/"?$$!"#$+%%*3#-/$8*))#3$VZ$+-3$*-I40#3$U[Z?$$!"*2$=+2$/"#$/"*03$'+I&0$Y#/0&)*-8$+%%*3#-/$/"+/$*->&)>#3$)&22$&5$)*5# $
+-3$'*7"/$"+>#$9##-$(0#>#-/#3$=*/"$<!B$&0$P!.?$$J/$4-)#+2"#3$+$0+\$&5$%"+-7#2$/"0&47"&4/$/"#$A?B?$0+*)$*-342/0:?$$L-#$&5 $
/"#2#$=+2$/"#$)#7*2)+/#3$0#@4*0#'#-/$9:$/"#$A?B?$7&>#0-'#-/$/"+/$P!.$9#$+3&(/#3$5&0$+))$)*-#2$"&2,-7$(+22#-7#0$/0+*-2 $
+-3]&0$3+-7#0&42$7&&32$/0+K%$9:$VTUZ?$$!"*2$*2$#W(#%/#3$/&$%&2/$/"#$0+*)=+:2$+2$'4%"$+2$^UT$9*))*&-?

7+&,)028/&-4'9(0:&(,04+88;,/&0&+66-.<0(,+4=0-.4+&>+&'?.<04&'()0/./&<@08'.'</8/.,0,/4).+6+<-/(0'&/0,)/(/0
A@;.1'-BC+,/80D-B6/3/604+'4)/(0'.104'D04'&(0E+&0,)/0F+(02.</6/(0G/,&+6-.=0(/&3-4/"00H8'</0I0JK#K0D@04L#M"

7+0F-N6/0O6'.P0Q6/4,&-E@-.<0RS05&'.(-, MT



Appendix B

!"#$%&'#$"('&%)*)#'#$*)'+",*#"-'*(#%()*.%'"//01('#1'*#)')2)#%34'5"-#&"*('$")'%36&"+%/'*#7''82'"/1,9(:';<54'#$%2'"&%'(1= '
,&1,1)*(:'#1'3">%'?)%'1@'A1&#$'B3%&*+"C)'D&)#'E%%#'1@'(1(0F!B0+13,-*"(#4'G?&1,%"(0/%)*:(%/'6*0-%.%-'&1--*(:')#1+>7''<$*) '
%H?*,3%(#'=*--'%3,-12'+&")$'%(%&:2'3"(":%3%(#'I5GJK4'=$*+$',&%)+&*6%)'#$"#'"'+"&C)')#&?+#?&%)'+&?)$%)'*('"'+1(#&1--%/ '
3"((%&'"(/'"6)1&6)'%(%&:24')*:(*D+"(#-2'*3,&1.*(:'+&")$=1&#$*(%))7''5GJ'+"&)'$".%'%(%&:20"6)1&6*(:'&%#&"+#"6-%'
+1?,-%&)4'"'+1(#&1--%/'+&?3,-%'L1(%'"(/'*(#%&*1&'DM(:)'/%)*:(%/'#1'3*(*3*L%',"))%(:%&'*(N?&*%)'*('#$%'%.%(#'1@'"')?//%( '
)#1,7''B('GJO'=*#$'5GJ'@%"#?&%)'*)'31&%'+&")$=1&#$2'#$"('"'+1(.%(91("-'-1+1319.%0$"?-%/'#&"*(7

5"-#&"*(C)',&1,1)%/'+136*("91('1@'%-%+#&*D+"91(4';<5'"(/'5GJ'&1--*(:')#1+>'=*--'+&%"#%'A1&#$'B3%&*+"C)'D&)#'"/."(+%/4 '
G?&1,%"(0)#2-%'?&6"('&"*-="27''<$%'*3,-*+"91()'"&%'3"))*.%4',&1/?+*(:'6%(%D#)'*3,1))*6-%'#1'"+$*%.%'=*#$1?#')?+$'P1?# '
1@'#$%'61QR'#$*(>*(:'#$"#'*(+-?/%)'"'+133*#3%(#'#1'3"Q*3?3')%&.*+%'"(/')"@%#27''<$%'ST'G-%+#&*D+"91('U#?/2'#%"3 '
&%N%+#%/')?+$'"':"3%0+$"(:*(:'",,&1"+$'#1'%-%+#&*D+"91('"(/'@?#?&%'%H?*,3%(#'/%)*:(7

V#'*)'#&?%'5"-#&"*('%(N12)'+%&#"*('6%(%D#)'3"(2'1#$%&'+133?#%&'1,%&"#1&)'/1(C#4'*(+-?/*(:'ST7''5"-#&"*('$")'#1'/%"-'=*#$ '
6?#'1(%'-*(%'"(/'1=()'#$%'U"('F&"(+*)+10U"('W1)%',1&91('1@'*#X'1(-2'#$%'-*:$#0/%()*#2')%:3%(#')1?#$'#1'S*-&12'1,%&"#%)'1( '
"'-*(%'1=(%/'62'"'@&%*:$#'&"*-="27''Y$*-%')13%'@&%*:$#'#&"*()'"&%'"--1=%/'1('5"-#&"*(C)',1&91('1@'#$%'-*(%'#1')%&.%'-1+"- '
*(/?)#&*%)4'#$%2'/1')1'"#'*#)'/*)+&%91('?(/%&'"'#%+$(*H?%'>(1=('")'#%3,1&"-')%,"&"91(7''<$*)'"--1=)'@&%*:$#'#&"*()'#1'$".% '
#&"+>'"++%))'1(-2'=$%('#$%'+133?#%&'#&"*()'"&%(C#'1,%&"9(:4',&%.%(9(:'+133?#%&'"(/'@&%*:$#'#&"*()'@&13'%.%&'6%*(:'*( '
+-1)%',&1Q*3*#2'#1'%"+$'1#$%&7

B'+1(#&*6?9(:'@"+#1&'*('#$*)',"+>":%'1@'%-%+#&*D+"91(4'&%.*)%/'%H?*,3%(#')#"(/"&/)'"(/'"/."(+%/'1,%&"91("-',&"+9+%)'*) '
#$%'@"+#'#$"#'5"-#&"*('=*--'"-)1',&1.*/%'#$%'U"('F&"(+*)+1':"#%="2'@1&'#$%'?,+13*(:'5"-*@1&(*"'$*:$0),%%/'&"*-',"))%(:%& '
)%&.*+%'-*(>*(:'U"('Z*%:14'[1)'B(:%-%)4'U"('F&"(+*)+1'"(/'U"+&"3%(#17''V#4'#114'=*--'6%'"('%-%+#&*D%/4';<50%H?*,,%/')2)#%3 '
%3,-12*(:'&1--*(:')#1+>'6?*-#'#1'(1(0F!B'G?&1,%"('+&")$=1&#$*(%))')#"(/"&/)'?)*(:'5GJ7''<$%'%-%+#&*D+"91('=*--'"--1= '
61#$'5"-#&"*('"(/'$*:$0),%%/'*(#%&+*#2'#&"*()'#1'?)%'"'\7]0>37'#?((%-'?(/%&'/1=(#1=('U"('F&"(+*)+1'#1'#$%'(%='3?-90
31/"-'<&"()6"2'<&"(),1&#"91('5%(#%&4'=$*+$'*#)',&1,1(%(#)'&%@%&'#1'")'P#$%'S&"(/'5%(#&"-'<%&3*("-'1@'#$%'Y%)#7R

B-#$1?:$'#$%&%'"&%')13%'/*^%&%(+%)'6%#=%%('5"-#&"*('"(/'ST4'#$%2'"&%'(1#'"-#1:%#$%&'/*))*3*-"&7''Y$*-%'*#'*)'#&?%'5"-#&"*( '
*)'/%"-*(:'=*#$'"'-*(%'-"&:%-2'?(/%&'*#)'1=('1=(%&)$*,4'#$%'\_\`',-"('/1%)'(1#'%-*3*("#%'F!B0+13,-*"(#'%H?*,3%(#'@&13 '
#$%'3*Q7'''<$%'+133?#%&'#&"*()'1,%&"9(:')1?#$'1@'U"('W1)%'=*--'&%3"*('/*%)%-'$"?-%/'"(/'%H?*,,%/'=*#$'%Q*)9(:'F!B0
+13,-*"(#'8136"&/*%&'6*0-%.%-'&1--*(:')#1+>7''T('J"2'\a4'\_]_4'5"-#&"*('&%+%*.%/'"('F!B'="*.%&'#1',?&)?%'#$*)',-"(4')?6N%+# '
#1'(*(%'+1(/*91()7

!"#"$ %&'()*+,-./01(2/34&)+5&16317

J1.*(:'5"-#&"*('%-%+#&*D+"91('@1&="&/'$")'(1#'6%%('%")2'"(/'#$%'N1?&(%2'*)'@"&'@&13'1.%&7''V#'$")'6%%('+13,-*+"#%/'62 '
)#"#%'@?(/*(:',&16-%3)4'16N%+91()'#1'"),%+#)'1@'#$%'5"-*@1&(*"'b*:$0U,%%/'!"*-'B?#$1&*#2'I5bU!BK'*(#%&+*#2',"))%(:%& '
,&1N%+#'"(/'1#$%&'*))?%)7''T&*:*("--2')+$%/?-%/'#1'6%'@?--2'*3,-%3%(#%/'62'\_]c4'#$%'d]7e'6*--*1(',-"('*)'(1=')-"#%/'@1& '
+13,-%91('62'\_\_'*('+1(N?(+91('=*#$'#$%'$*:$0),%%/',&1N%+#4'=$*+$'=*--'+1.%&'d`]f'3*--*1('1@'*#)'+1)#)7

<$%'%-%+#&*D%/'5"-#&"*('!%:*1("-'!"*-',-"('=*--'&%)?-#'*('"'=%%>/"2')+$%/?-%'1@']a\'#&"*()'=*#$',%">')%&.*+%'1,%&"#%/'1( '
D.%03*(?#%'$%"/="2)7''<$%'GJO'#&"*()'=*--'1,%&"#%'"#'?,'#1']`_'>3g$1?&'1('"('%-%+#&*D%/'+1&&*/1&')$"&%/'=*#$'#$% '
5bU!B'#&"*()4'=$*+$'=*--'6%'@?--2':&"/%')%,"&"#%/'@&13'*(#%&)%+9(:')#&%%#)'"(/'$*:$="2)7

V#')$1?-/'6%'(1#%/'#$"#'"--'=1&>'=*--'6%'?(/%&#">%('=*#$'#$%'5"-#&"*('+1&&*/1&'?(/%&'@?--'#&"h+7''Y1&>'6-1+>)'1('#$%'-*(% '
=*--'6%'"&&"(:%/')1'")'#1'>%%,'+133?#%&'#&"h+'E1=*(:'#1'#$%'3"Q*3?3'%Q#%(#',1))*6-%7

5"-#&"*('3"(":%3%(#'"))%&#)'#$*)',-"('=*--'6%'*3,-%3%(#%/7''V('@"+#4'#$%'":%(+2')"2)'#$%'"-#%&("9.%'*)'#1')$?#'/1=( '
5"-#&"*('"-#1:%#$%&'6%+"?)%'#$%'+?&&%(#'/*%)%-'1,%&"91('*)'D("(+*"--2'?()?)#"*("6-%7''Y*#$1?#'%-%+#&*D+"91(4'5"-#&"*(C) '
/%D+*#'"#'#$%'+?&&%(#')%&.*+%'-%.%-'=1?-/'%Q+%%/'#$%'"."*-"6-%'@?(/*(:'62'\_]i7''Y*#$'%-%+#&*D+"91(4'#$%'/%D+*#'=*--'6%'" '
3"(":%"6-%'d\a'3*--*1('"(/'=*--'/&1,'#1'd]c'3*--*1('62'\_e`7

89 :&+;(<-.+=-3)>+,-./01(?@()*+AB+C13)D(0



Appendix B

!"#$%"&'()*+,+-./0+*12-+%*31%*4.5#&-*"6"&%)7*8"%9*:&;1'7*)"<)=

!"#$%#&'()*'*+#,&-./&/0#&1(2&1#&3.4&5(6/3(*4&(4,&/0#&-462&1(2&*/$7&8-*48&/-&7.3%*%#&*7&*9&1#&:0(48#&/0#&1(2&1#&
3.4&*/&;&*9&1#&#6#:/3*92&*/<&&"*/0-./&/0#7#&*'=3-%#'#4/7>&/0#&7#3%*:#&/0(/&1#&=3-%*,#&/-,(2&;&/0#&7#3%*:#&/0(/&?##=7 &
@A>BBB&,(*62&:-''./#37&-C&-.3&(63#(,2&:-48#7/#,&93##1(27&;&*7&(/&3*7?<&D4&#6#:/3*E#,&5(6/3(*4&1*66&F#&(&5(6/3(*4 &
9-3&/0#&4#)/&8#4#3(G-4&;&#4G3#62&4#1&(4,&(F6#&/-&(::-''-,(/#&9./.3#&H-F&(4,&=-=.6(G-4&83-1/0&*4&/0#&3#8*-4<I

!"#$%"&'*4%10+)*$>"$*+#+-$%&?-"/1'*13*"*@&+)+#*-1;;.$+%*)<)$+;*$>"$*>")*%+"->+@*"*;"$.%+*"'@*%15.)$*#+0+#*13*)+%0&-+*"'@ *
$%"2-*A*;.->*#1B+%*$>"'*B>"$*'1B*1%*B&##*)11'*+,&)$*"$*CD*A*&)*'1$*1'#<*3+")&5#+7*&$*&)*@+)&%"5#+*?'"'-&"#7*14+%"/1'"##< *
"'@*+'0&%1';+'$"##<E**F>+*@&6+%+'-+*&)*$>"$*!"#$%"&'()*@&%+-$1%)*"'@*;"'"G+%)*"%+*$>1%1.G>#<*-1;;&H+@*$1*+#+-$%&?-"/1'E *
I$*B1.#@*5+*@&2-.#$*$1*;"9+*$>+*)";+*-#"&;*13*8+$%1#&',*"'@*CD*;"'"G+;+'$E

!"# $%&'%()*+$),-.+(-/0.)1(23%/4

!"#"5 !-/06(27&8

F>"$*:"'*J%"'-&)-1*)>1.#@*>"0+*?'"##<*+;5"%9+@*1'*"*4%1G%";*$1*&;4%10+7*+,4"'@*"'@*+#+-$%&3<*&$)*>&)$1%&-*K+'&').#" *
!1;;.$+*)+%0&-+*@1+)*'1$*).%4%&)+*;"'<*#1'GL/;+*%"&#*"'@*$%"')&$*15)+%0+%)E**:"'*J%"'-&)-"')*"%+*'1$+@*31%*$>+&%*>&G> *
%+#&"'-+*1'*"'@*-1;;&$;+'$*$1*A*+0+'*"6+-/1'*31%*A*$>+&%*$%"')&$*)<)$+;)E

M1$*)1*&'*N+'0+%7*!1#1%"@1E**O+G&''&'G*&'*PQRS*B&$>*$>+*"5"'@1';+'$*13*$>+*#")$ *
)$%++$-"%*#&'+)7*&$)*5+G"'*"*#1'G*)#&@+*$>"$*;"@+*&$*1'+*13*$>+*41)$+%*->&#@%+'*31% *
4.5#&-*$%"')&$*@+$+%&1%"/1'*"'@*.%5"'*4#"''&'G*)$.4&@&$<E**O<*$>+*PQTS)7*N+'0+%*B") *
"$*&$)*'"@&%*&'*+0+%<*%+)4+-$E**O.$*"*B&@+*"%%"<*13*%+)&@+'$)7*41#&/-&"')7*4#"''+%)*"'@ *
5.)&'+));+'*B+%+*'1$*B&##&'G*$1*"--+4$*$>+*@+4%+))&'G*)$"$.)*U.1E**D'+*13*$>+*.%5"' *
%+'+B"#*0&)&1')*$>"$*?'"##<*G"&'+@*$%"-/1'*B")*$>+*%+-%+"/1'*13*N+'0+%()*%"&#L5")+@ *
+#+-$%&-*$%"')&$*)<)$+;*&'*;1@+%'*G.&)+*")*VWFE**O+$B++'*PQQX*"'@*YSSZ7*WFN*14+'+@ *
31.%*;1@+%'*VWF*#&'+)*$1$"##&'G*XS*9&#1;+$%+)E

F>+*).--+))3.#*"44#&-"/1'*13*VWF*$1*N+'0+%()*$%"')41%$"/1'*'++@)*#+@*$1*$>+*-.%%+'$ *
"'@*>&G>#<*";5&/1.)*[ZER*5&##&1'*J")F%"-9)*4%1\+-$E**F>&)*B&##*+,4"'@*$>+*)<)$+; *
$>%1.G>*$>+*N+'0+%L].%1%"*"'@*O1.#@+%*;+$%141#&$"'*"%+")*B&$>*)+0+'*'+B*#&'+) *

$1$"##&'G*PQY*9;E*.)&'G*VWF7*+#+-$%&-*-1;;.$+%*"'@*@&+)+#*-1;;.$+%*$+->'1#1G<E**I$*"#)1*&'-#.@+)*$>+*[^SS*;&##&1' *
%+-1')$%.-/1'*13*>&)$1%&-*N+'0+%*_'&1'*:$"/1'*")*$>+*;.#/L;1@"#*>+"%$*13*$>+*%+G&1'7*VWF*+,$+')&1')7*+,4"')&1'*13*$>+ *
-.%%+'$*VWF*)$"/1')7*YP7SSS*"@@&/1'"#*)$"/1'*4"%9&'G*)4"-+)*"'@*&'-%+")+@*5.)*)+%0&-+E**N+'0+%()*?%)$*31.%*-1'0+'/1'"# *
-1;;.$+%*%"&#*#&'+)*B&##*5+*).441%$+@*5<*"*;"&'$+'"'-+*3"-&#&$<*#1-"$+@*1'*$>+*M1%$>B+)$*!1%%&@1%E**

`>+'*-1;;.$+%*%"&#*B")*)+#+-$+@*31%*$>+)+*%1.$+)7*&$*B")*")).;+@*$>+<*B1.#@*5+*5.&#$*A*")*B&$>*+0+%<*1$>+%*M1%$> *
];+%&-"'*#&G>$L@+')&$<7*)$"%$L.4*)<)$+;*A*B&$>*@&+)+#*#1-1;1/0+)*>".#&'G*)&'G#+L#+0+#*-1"->+)*1%*)+#3L4%14+##+@*@&+)+# *
;.#/4#+*.'&$*aN8_b*-"%)E**]##*14/1')*B+%+*3.##<*&'0+)/G"$+@*5<*WFNE

*9:+; +;*<=>?@A @;>B+C)
DE<F

G9A+
DH)<=@@=9>AF

G9<1@;+=9>
$?+;

c")$*!1%%&@1% _'&1'*:$"/1'LN+'0+%*I'$(#E*]&%41%$ ^T P7PXSES YSPZ
C1#@*V&'+ _'&1'*:$"/1'L`>+"$*W&@G+ PY ***RRYER YSPZ
M1%$>B+)$*!1%%&@1% _'&1'*:$"/1'LV1'G;1'$ ZZ ***ZTXEX YSPZ
M1%$>*8+$%1 _'&1'*:$"/1'LO%11;?+#@ XR ***Z^dEY YSPd

+9+?@ 5I5 JKL5M"5

>2)@NOP%)1P-&Q);P%/4(NRSN&6)B9)+(-&.N4 TU



Appendix B

!"#$%$&'()*+,-(./0/1203(1"/-4350/5-(-467$15$8(59$(5&01:"/(;"#$&(0/8($<42;=$/5(";:"/-(5"(59$(-0=$(4/620-$8(0/03>-2- (
5905(3$8(5"(59$(-$3$1:"/("?(1"==45$&(&023(2/-5$08("?(@)*("&(64-(&0;28(5&0/-25("/(59$-$(&"45$-A(()*+(&$;"&5-B

!" #$%&'()*%+),-.%/)*012'34'-5%67%82,-9'1



Appendix B

!"#$%&%'(&)'()*+%,)-#$.(','/0)+*#)1+&#2)'()&#3#*+,)4+$-'*&5)%($,62%(/)-.#),#(/-.)'4)-.#)$'**%2'*5)7*'8#$-#2)
*%2#*&.%75)-.#)$.+*+$-#*%&9$&)'4)-.#)3#.%$,#&5)$'&-5)-#$.(%$+,)+(2)#(3%*'(:#(-+,)4#+&%1%,%-05)+(2)761,%$)%(76-;))<.#&#)
4+$-'*&).#,7)2#-#*:%(#)=.%$.):'2#)=%,,)1#)-.#):'&-)'7#*+9'(+,,0)#>$%#(-5)$'&-?#@#$93#)+(2)4#+&%1,#)4'*)#+$. )
$'**%2'*;A

!"#$%#&'()$*+$)",&$%,-*%*'&$#./0,1/2*1$(#3$)*$)"#$&#(#42*1$*+$#(#4)%,4$)%/42*1$+*%$)"#$5/&)$6*%%,3*%$/13$7*(3$8,1#$9,)" $
3,#&#($+*%$)"#$)9*$*)"#%$(,1#&:$$;&$9#((<$)"#$=%&)$>:?$@0:$&#42*1$*+$)"#$A*%)"9#&)$6*%%,3*%$9,(($/(&*$B#$#(#4)%,=#3$/13 $
*C#%/)#3$/&$/$&"*%)D)'%1$&#%E,4#$/'-0#121-$)"#$3,#&#($*C#%/2*1$*E#%$)"#$%*')#F&$+'(($GG$@0:$$!"#$C%,0/%H$+/4)*%&$,1 $
&#(#421-$#(#4)%,4$*C#%/2*1$9,)"$5IJ&$9#%#$)"#$(*1-D%'1$*C#%/21-$/13$0/,1)#1/14#$4*&)$%#3'42*1&<$/&$E#%,=#3$BH$K!LF& $
=1/14,/($/3E,&*%&<$7*(30/1$M/4"&$/13$N:O:$I*%-/1:

K!L$+'((H$#.C(*%#3$,)&$#P',C0#1)$*C2*1&<$&C#13,1-$0'4"$20#$/1/(HQ,1-$#(#4)%,4$%*((,1-$&)*4@$)"/)$9/&$*%$9*'(3$&**1$B# $
*1$*%3#%$BH$*)"#%$A*%)"$;0#%,4/1$#(#4)%,4$4*00')#%$%/,($*C#%/)*%&:$$R,)"$&C#4,=4/2*1&$,1$"/13<$K!L$4/((#3$+*%$B,3&$*1$/ $
STD4/%$5IJ$*%3#%:$$!"#$9,11#%$9/&$U*%#/F&$VH'13/,DK*)#0<$9",4"$"/3$C%#E,*'&(H$%#4#,E#3$/$WXYS$0,((,*1$*%3#%$+*%$ZXT $
&,1-(#D(#E#($M,(E#%(,1#%$[$5IJ&$+%*0$O",(/3#(C",/F&$M*')"#/&)#%1$O#11&H(E/1,/$!%/1&C*%)/2*1$;')"*%,)H$\M5O!;]:$$!"#$=%0 $
/(&*$(/13#3$#P',C0#1)$*%3#%&$+*%$[/14*'E#%F&$#(#4)%,4$,1)#%0#3,/)#$4/C/4,)H$6/1/3/$8,1#$/13$)"#$8*&$;1-#(#&F$I#)%*(,1@ $
4*00')#%$%/,($&H&)#0:$$K*)#0$9/&$%#P',%#3$)*$#&)/B(,&"$J:M:$/&&#0B(H$+/4,(,2#&$)*$0##)$)"#$GT$C#%$4#1)$^'H$;0#%,4/ $
4*1)#1)$%#P',%#0#1)&$/_/4"#3$)*$/1H$C%*`#4)&$,1E*(E,1-$a#3#%/($!%/1&,)$;30,1,&)%/2*1$\a!;]$+'13&:

!"#"# $%&'%()*+,-(./(0+12-3+4-&5

b1$;'-'&)$XG<$XTZT<$K!L$/13$,)&$C/%)1#%&$B%*@#$-%*'13$/)$L#1E#%$c1)#%1/2*1/($;,%C*%)$*1$)"#$WZ:Z?$B,((,*1$5/&)$6*%%,3*% $
C%*`#4)<$)"#$=%&)$C"/&#$*+$)"#$%#-,*1F&$4*00')#%$%/,($C%*`#4):$$$^',()$(/%-#(H$/(*1-$/1$#.,&21-$+%#,-")$%/,(9/H$%,-")D*+D9/H< $
)"#$d>D@0:$(,1#$9,(($&#%E#$&#E#1$&)/2*1&$/13$&#/0(#&&(H$4*11#4)$/)$J1,*1$M)/2*1$9,)"$)"#$*)"#%$K!L$4*00')#%$%/,(<$8K! $
/13$B'&$&#%E,4#&<$/13$;0)%/@F&$3/,(H$,1)#%4,)H$C/&&#1-#%$&#%E,4#<$)"#$6",4/-*Db/@(/13$B+,%4'*(%+)C#7.0*:

J1(,@#$I#)%*(,1.F&$;K8<$)"#$5/&)$6*%%,3*%$9,(($1*)$B#$/$C%#0,'0DC%,4#3$&#%E,4#<$B')$9,(($*C#%/)#$/&$/$4*0C*1#1)$*+$)"# $
K!L$1#)9*%@$/13$9,)",1$,)&$%#-'(/%$+/%#$&)%'4)'%#$)*$C%*E,3#$3,%#4)$/13$,1)#%0#3,/)#$&#%E,4#$B#)9##1$L#1E#%$J1,*1 $
M)/2*1$/13$L#1E#%$c1)#%1/2*1/($;,%C*%):$$$6*0C(#2*1$,&$&4"#3'(#3$+*%$XTZG:

6/+4-73%+832&9+:3%;0(-<=-&>+?@+A(2&*-0 BB

http://www.railway-technology.com/projects/eaglepcommuterrailpr/


Appendix B

!"#$%&'($)*++,-*+.$("#$*("#+$(/*$#0#1(+,2#-$0,3#'$&3-$("#$1*445(#+$+&,0$4&,3(#3&31#$6&1,0,(7$8$/",1"$/,00$&0'*$'(&90#$&3- $
4&,3(&,3$("#$-,#'#0$#:5,;4#3($6*+$("#$<*+("/#'($&3-$<*+("$=#(+*$0,3#'$8$&+#$9#,3>$95,0($53-#+$&$;590,1?;+,@&(# $
;&+(3#+'",;$A3*/3$&'$("#$%&>0#$BC$B+*D#1(.$/",1"$,'$&$1*4;*3#3($*6$E&'!+&1A'F$

G#3@#+$!+&3',($B&+(3#+'$HG!BI.$0#-$97$E05*+$)*+;*+&J*3.$/,00$-#',>3.$95,0-.$*;#+&(#.$4&,3(&,3$&3-$23&31#$("#$%&>0#$BCF $
G!B$"&'$&++&3>#-$KLMN$4,00,*3$,3$;+,@&(#$653-,3>F$$!"#$1*3(+&1($'J;50&(#'$&$',O?7#&+$-#',>3?95,0-$;"&'#$/,("$&$CP?7#&+ $
;#+,*-$*6$*;#+&J*3'$&3-$4&,3(#3&31#F$$E05*+$"&'$&$MP$;#+$1#3($'"&+#$*6$("#$#3>,3##+,3>.$;+*15+#4#3($&3-$1*3'(+51J*3 $
1*3(+&1(.$&$CC$;#+$1#3($'"&+#$,3$("#$*;#+&J*3'$&3-$4&,3(#3&31#$1*3(+&1(.$&'$/#00$&'$&$QP$;#+$1#3($#:5,(7$'"&+#$,3$("# $
1*31#'',*3R'$S';#1,&0$;5+;*'#$@#",10#.T$/",1"$+&,'#-$("#$23&31,3>$(*$653-$("#$;+*D#1(F$$!"#$G!B$(#&4$,3105-#'$&$>+*5;$*6 $
>0*9&0$'5;;0,#+'.$,3105-,3>$#0#1(+,21&J*3$';#1,&0,'($U&06*5+$U#&V7$W&,0$&3-$1&+95,0-#+$X753-&,?W*(#4$YZ[F

\",0#$G#3@#+R'$%&>0#$BC$&;;#&+'$(*$9#$/*+A,3>$/#00$&3-$/,00$-#0,@#+$("#$1,(7R'$#0#1(+,2#-$&,+;*+($+&,0$0,3A$,3$]&35&+7.$NPQ^. $
(/*$(*$6*5+$7#&+'$9#6*+#$!*+*3(*3,&3'$4&7$9#$+,-,3>$*3$("#,+$#:5,@&0#3($#0#1(+,2#-$'#+@,1#.$*3#$3*(#$*6$1&5J*3$'"*50-$9# $
'*53-#-F$$['$,'$(7;,1&0$/,("$BC$;+*D#1('.$,($,'$1*3J3>#3($*3$&$0&+>#$;#+1#3(&>#$*6$;590,1$'#1(*+$653-,3>F$$_3$=&7$N.$NPQQ. $
("#$E![$'#3($&$E500$E53-,3>$`+&3($[>+##4#3($6*+$KQFPC$9,00,*3$6*+$("#$%&'($)*++,-*+$&3-$`*0-$a,3#$;+*D#1('$(*$)*3>+#''$6*+ $
,('$4&3-&(*+7$^P?-&7$+#@,#/$;+,*+$(*$&;;+*@&0F$$!",'$,'$&;;+*O,4&(#07$^P$;#+$1#3($*6$("#$6500$1*'($6*+$("#$(/*$0,3#'F

!" #$%&'()*%+),-.%/)*012'34'-5%67%82,-9'1

http://www.railway-technology.com/projects/eaglepcommuterrailpr/


Appendix B

!"#$"%&'(!&)*+(%*,-+&./0012"%&'*34&5064"0"#2*7/#&(30"2*84"&

9/&:3;4"&<4*#=&>4",2%3?@3#A&BC&(%*#+32 DE



Appendix C

!"#$%#&'()"*'+",-.

!"#$%&'()*+),-.%'&)/-##".(0)12-.3$"24)567".)8.4-2%"

/0123!0(45(1 1246'57'(!0+'86(90/6: ;51096'45<6(
6=(546

!"#$%&'(" )*""+$%&,(-',.-$%&/0$1 23%/$&0/
!$4%-# )*""+$%& 23%/$&0/
5(&/%3*-( )*""+$%& 23%/$&0/
5%&30- )*""+$%&,(-',.-$%&/0$1 23%/$&0/
5&+##%3# )*""+$%&,(-',.-$%&/0$1 23%/$&0/
5+'(6%#$ )*""+$%&,(-',.-$%&/0$1 23%/$&0/
)*3*7-% )*""+$%&,(-',.-$%&/0$1 23%/$&0/
)*6%-4(7%- )*""+$%&,(-',.-$%&/0$1 23%/$&0/
8&%#'%- )*""+$%& 23%/$&0/
8+##%3'*&9 )*""+$%&,(-',.-$%&/0$1 23%/$&0/
:&(-;9+&$ )*""+$%&,(-',.-$%&/0$1 23%/$&0/
:&0%'&0/4#4(9%- )*""+$%& 23%/$&0/
<%-%=( )*""+$%&,(-',.-$%&/0$1 23%/$&0/
>("?+&7 )*""+$%&,(-',.-$%&/0$1 23%/$&0/
>%3#0-;0 )*""+$%&,@*6%-#,ABCDE 23%/$&0/
F0%= )*""+$%&,@*6%-#,ABCAE 23%/$&0/
F&(;*G )*""+$%& 23%/$&0/
H%06I07J>(33% )*""+$%&,(-',.-$%&/0$1 23%/$&0/
H1*- .-$%&/0$1 23%/$&0/
HK?%/; )*""+$%&,(-',.-$%&/0$1 23%/$&0/
L(3(7( )*""+$%& 23%/$&0/
L03(- )*""+$%&,(-',.-$%&/0$1 23%/$&0/
L*#/*G,M4%&%"%$1%=*,.-$%&-(N*-(3 )*""+$%&, 23%/$&0/
L*#/*G,8*"*'%'*=*,.-$%&-(N*-(3 )*""+$%& 23%/$&0/
L*#/*G,O-+;*=* )*""+$%& 23%/$&0/
L+-0/4 )*""+$%& 23%/$&0/
P#3* )*""+$%& 23%/$&0/
Q(&0#,)4(&3%#,'%,<(+33% )*""+$%&,(-',.-$%&/0$1 23%/$&0/
Q(&0#,P&31 )*""+$%& 23%/$&0/
Q(3%&"* )*""+$%& 23%/$&0/
Q0#( )*""+$%&,(-',.-$%&/0$1 23%/$&0/
R*"% )*""+$%&,(-',.-$%&/0$1 23%/$&0/
M*/40 )*""+$%&,(-',0-$%&/0$1,@*6%-#,ABCDE 23%/$&0/
M$*/;4*3" )*""+$%& 23%/$&0/
M$&(#?*+&7 )*""+$%& 23%/$&0/
M$+S7(&$ )*""+$%& 23%/$&0/
T&*-'4%0" )*""+$%&,(-',.-$%&/0$1,@$*,?%,%3%/$&0U%'E 80%#%3
O0%--( )*""+$%&,(-',.-$%&/0$1 23%/$&0/
V(&#(G,:&%'%&0/,)4*60- )*""+$%& 23%/$&0/
V(&#(G,L*'30-,@+-'%&,/*-#$&+/N*-E )*""+$%&,@*6%-#,ABCAE 23%/$&0/
W+&0/4JF3*$%- )*""+$%&,(-',.-$%&/0$1 23%/$&0/

9,"'3)."4)%.6&:(').:#'2":3)-%2$"243);"2&(;%(')3'2<'()*+)'&'642%6)&%=>4)-.()>'-<+)2-%&)42-.3%4

>%'+"?*@'4*),A'6*@B&#"CD",E'F5'1#),."& GH



Appendix C

!"#$%#&'()"*'+",-.

/0123!0(45(1 1246'57'(!0+'86(90/6: ;51096'45<6(
=>016?'@0>A?5;

!"#$"%&'($ )*$$+,-#.(%/.0%,-#1",2 34-1,#"1
54(6&*7 )*$$+,-# 34-1,#"1
8*%/*%.9-(,'#*7 )*$$+,-# 34-1,#"1
8*%/*%.5(,7"1: )*$$+,-# 34-1,#"1
8*%/*%.8+,*% )*$$+,-# 34-1,#"1
8*%/*%.;,(%6,-/ )*$$+,-# 34-1,#"1
<(%1'-6,-# )*$$+,-#.(%/.0%,-#1",2 34-1,#"1
;*+,'($=,*% )*$$+,-# 34-1,#"1

!7(0/!
>*'(%%-6?+#& )*$$+,-# 34-1,#"1

!80!
!(%&:*: )*$$+,-# 34-1,#"1
)'-%%(" )*$$+,-# 34-1,#"1
@-4'" )*$$+,-# 34-1,#"1
9*%&.A*%& )*$$+,-# 34-1,#"1
0B$"# )*$$+,-# 34-1,#"1
A+(4(.8($=+# )*$$+,-# 34-1,#"1
C(&*2( )*$$+,-# 34-1,#"1
D6(:( )*$$+,-#.(%/.0%,-#1",2 34-1,#"1
;(==*#* 0%,-#1",2 34-1,#"1
;*-+4.5"$=* )*$$+,-# 34-1,#"1
;*-+4.0%1'-*% )*$$+,-# 34-1,#"1
E("=-" )*$$+,-#.F*=-%6.GHIJK 34-1,#"1
E-4.LM"M )*$$+,-#.F,*.?-.-4-1,#"N-/K @"-6-4
E*:2*.C(#",( )*$$+,-# 34-1,#"1

5/6!>0!
!#"6?(%- )*$$+,-# 34-1,#"1
;2/%-2 )*$$+,-# 34-1,#"1

>5(1B'!;6(0/!
L%1'*#(&- E*+#"6,O;=-1"(4.3M-%,6.F"%,-#$"P-%,K @"-6-4
!(4Q$*#-RS(6'"%&,*%.0%,-#%(Q*%(4 )*$$+,-#.(%/.0%,-#1",2 34-1,#"1
!+#?(%: )*$$+,-#.(%/.0%,-#1",2 @"-6-4
)'"1(&*.DT9(#- )*$$+,-#.F7",'.?+6.1*%%-1Q*%K @"-6-4
@(44(6RU*#,.S*#,'.0%,-#%(Q*%(4 )*$$+,-#.F7",'.?+6.1*%%-1Q*%K @"-6-4
@-%M-# )*$$+,-#.F*=-%6.GHIVK 34-1,#"1
<"($" )*$$+,-#.F7",'.?+6.1*%%-1Q*%K @"-6-4
<"47(+:-- 0%,-#1",2.F7",'.?+6.1*%%-1Q*%K @"-6-4
C-7.W*#:.A-%%-/2.0%,-#%(Q*%(4 )*$$+,-#.F7",'.("#=*#,.1"#1+4(,*#K 34-1,#"1
C-7(#: )*$$+,-#.F7",'.("#=*#,.1"#1+4(,*#K 34-1,#"1
X'"4(/-4='"( )*$$+,-# 34-1,#"1
X#*M"/-%1- )*$$+,-#.(%/.0%,-#1",2 34-1,#"1.(%/.@"-6-4
;*+,'.!-%/.Y-&"*%(4 )*$$+,-# 34-1,#"1
E*#*%,*.X-(#6*%.0%,-#%(Q*%(4 )*$$+,-#.F*=-%6.GHIZK @"-6-4

!"#$%&'#(&)'*+,-$&',.$/#,%&0)/1#/(%&2#/+-2)-$&%$/3$-&45&$+$*(/)*&+)67(&0'-&7$035&/0)+&(/0'%)(

CD >%'+"E*F'4*),G'6*FH&#"IJ",K'A5'1#),."&



Appendix D
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DIVISION VI.1
PUBLIC PASSENGER SERVICE PROVIDERS

Dispute Resolution

Application

152.1 (1) Whenever a public passenger service provider and a railway company are unable to agree in 
respect of any matter raised in the context of the negotiation of any agreement concerning the use of the 
railway company’s railway, land, equipment, facilities or services by the public passenger service provider or 
concerning the conditions, or the amount to be paid, for that use, the public passenger service provider 
may, after reasonable efforts to resolve the matter have been made, apply to the Agency to decide the 
matter.

Application

(2) Whenever a public passenger service provider and a railway company are unable to agree in respect 
of any matter raised in the context of the implementation of any matter previously decided by the Agency, 
either the public passenger service provider or the railway company may, after reasonable efforts to resolve 
the matter have been made, apply to the Agency to decide the matter.

2007, c. 19, s. 44.

Amount to be fixed

152.2 (1) If, pursuant to an application made under subsection 152.1(1), the Agency fixes the amount 
to be paid by the public passenger service provider for the use of any of the railway company’s railway, land, 
equipment, facilities or services, that amount must reflect the cost associated with the public passenger  
service provider’s use of that railway, land or equipment or those facilities or services.

Factors

(2) In determining that amount, the Agency must take into consideration, among other things,

(a) the variable costs incurred by the railway company as a result of the public passenger service 
provider’s use of the railway company’s railway, land, equipment, facilities or services, including, but not  
limited to, its variable costs incurred to maintain safe operations and to avoid congestion and undue 
delay;

(b) the railway company’s cost of capital, based on a rate set by the Agency, applied to the net book 
value of the assets to be used by the public passenger service provider, less any amount to be paid by 
the public passenger service provider in respect of those assets;

(c) the cost of any improvements made by the railway company in relation to the public passenger 
service provider’s use of the railway company’s railway, land, equipment, facilities or services;

(d) a reasonable contribution towards the railway company’s constant costs; and

(e) the value of any benefits that would accrue to the railway company from any investment made by 
the public passenger service provider.

2007, c. 19, s. 44.
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