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/(%(,$'$%& $*'0,('0")& /%"2$**& ()8& '-$& '"/?"03& '$,/$%('7%$& 2(3273('0")&

/%"2$**5&&

& !(%(,$'$%&$*'0,('0")& A"/?"03&'$,/$%('7%$&2(3273('0")&&

A%J& g()7(%4&YUUW&a&R(4&YUUW& g7)$&YUUW&a&^$2$,@$%&YUUW&

A%Y& g()7(%4&YUUM&a&R(4&YUUM& g7)$&YUUM&a&^$2$,@$%&YUUM&

A%M& g()7(%4&YUUM&a&^$2$,@$%&YUUM& g()7(%4&YUUW&a&^$2$,@$%&YUUW&

"$I-*!T1Q! X*5&!('!,%P*&5,/$5*E!E$5$!

4.3.4 O3A')$3&*!"8'#*=,#,*

;33& ,"8$3& /(%(,$'$%*& (%$& 23(**0+0$8& (*& *$$)& +%",& A(@3$& W5`5& A-$& 0)/7'&

2")*'()'*&3X&()8&3W&+"%&R"8$3&;<&X&()8&^&,(4&@$&"@'(0)$8&+%",&'-$&8('(&

*-$$'*&"+&'%()*+"%,$%*5&A-$&0)/7'&2")*'()'&85G&+%",&R"8$3&;&()8&R"8$3&^&

(%$&"@'(0)$8&+%",&2(3273('0")&(22"%80)9&'"&I:5&[W5JL\5&

& &
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& R"8$3&;& R"8$3&X& R"8$3&F& R"8$3&^&

B)/7'&&

2")*'()'&

3X!

3W!
Cth 

!

H!

3X!

3W!

3X!

3W!
Cth 

B)/7'&&

1(%0(@3$&

Y!

ϑ$)I!
g+$%&!

Y!

ϑ$)I!
g+$%&!

Y!

ϑ$)I!
g+$%&!

Y!

ϑ$)I!
g+$%&!

I*'0,('$8&0)/7'&

/(%(,$'$%&
θ"L@;!

 

a2!

a0!

aC!

aT!

θJL@;!
θFL@;!

;5G!
 

"$I-*!T1^! F(E*-!6$#$)*5*#&!4-$&&,',4$5,(%!

A-$&%$*73'*&"+&2(3273('$8&'-$%,(3&2(/(20'0$*&+%",&I:5&[W5J`\&()8&A(@3$&W5M&

2()&@$&*$$)&0)&A(@3$&W5L5&R(**$*&"+&'%()*+"%,$%&/(%'*&()8&'%()*+"%,$%&"03&

(%$&%$:70%$8&0)&'-$&2(3273('0")5&A-$*$&1(37$*&(%$&"@'(0)$8&+%",&'-$&8('(&

*-$$'&"+&'-$&'%()*+"%,$%*5&&

& )(,-!Eb9N! )4.!Eb9N! )+*!Eb9N! )&5**-!Eb9N! 85G!EQq-ObN!

A%J& J`UUU& JJLWV& YUVVU& `LYU& JWUTM&

A%Y& WLVVV& Y`LUU& TUUUU& WJYUU& WYVUK&

A%M& `JUUU& YLYUUU& VLUUU& LYJUT&

"$I-*!T1B! "G*#)$-!4$6$4,5,*&!('!,%P*&5,/$5*E!5#$%&'(#)*#&!

4.4 9885)(,#)%"*%:*>2G<)(,5*123$4,5*/%&35<*

A-$&/(%(,$'$%*&"+& '-$&(@"1$&,$)'0")$8&'%()*+"%,$%*&(%$&$*'0,('$8& +"%&

(33& ,"8$3*5& Z")9?'$%,& 0)1$*'09('0")*& ('& 1(%40)9& 3"(8& 27%%$)'*& ()8&

(,@0$)'&'$,/$%('7%$*&(%$&/$%+"%,$8c&%$*73'*&(%$&*-"#)&0)&*$2'0")&W5W5J5&

A-$&0)+37$)2$&"+&'-$&*'(%'0)9&1(37$*&0)&'-$&/(%(,$'$%&$*'0,('0")&/%"2$**&

()8& '-$&1(%0('0")&"+& '"/?"03& '0,$& 2")*'()'& (%$& 3('$%&80*27**$8& 0)& *$2'0")&

W5W5Y& ()8& *$2'0")& W5W5M& %$*/$2'01$345& 67%'-$%<& '-$& 2",/(%0*")& "+& '-$&

/$%+"%,()2$*&@$'#$$)&'-$&,"8$3*&0*&8$(3'&#0'-&0)&'-$&3(*'&*$2'0")5&
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4.4.1 O3<'5#<*%:*>,$,43#3$*I<#)4,#)%"**

A-$& $*'0,('$8& /(%(,$'$%*& +"%& 80++$%$)'& ,"8$3*& "@'(0)$8& +%",& A%3& ()8&

A%Y&(%$&*-"#)&0)&A(@3$&W5K5&B)&"%8$%&'"&(//%".0,('$&()&(22$/'(@3$&%()9$&

"+&'-$&$*'0,('$8&'"/?"03&%0*$&'$,/$%('7%$&θ"L@;!"+&R"8$3&;&()8&R"8$3&F<&'-$&

,"*'& +%$:7$)'34& ,$(*7%$8& '"/?"03& '$,/$%('7%$& E+LN& ()8& (,@0$)'&

'$,/$%('7%$& E+ON& 0)& '-$& 0)1$*'09('$8&/$%0"8&(%$& (3*"& 2(3273('$85&A-$&+L&

()8& +O& "+& A%3<& A%Y& ()8& A%M& (%$& ,$(*7%$8& 87%0)9& g7)$& YUUW& ?& P2'"@$%&

YUUW<& g7)$& YUUM& ?& ^$2$,@$%& YUUM& ()8& g()7(%4& YUUW& ?^$2$,@$%& YUUW<&

%$*/$2'01$345&

A-$&$*'0,('$8&θ"L@;!+%",&R"8$3&;&0*&YY&b&+"%&A%3&()8&YK&b&+"%&A%Y5&A-$4&(%$&

0)&'-$&(22$/'(@3$&%()9$5&S"#$1$%<&'-$&$*'0,('$8&θ"L@;!"+&A%3&[`K&b\&()8&A%Y&

[TJ&b\&"@'(0)$8&+%",&R"8$3&F&(%$&)"'&%$(*")(@3$5&A-$4&(%$&,72-&-09-$%&

'-()& '-$& $*'0,('$8&θ"L@;! +%",&R"8$3&;1!A-$& *$'& "+& $*'0,('$8&/(%(,$'$%*&

+%",&R"8$3&X&*-"#&)"&"@10"7*&%$3('0")&@$'#$$)&$(2-&/(%(,$'$%5&&

A-$& (22$/'(@3$& %()9$& "+& ;5G& +%",& R"8$3& ^& 0*& $*'0,('$8& +%",& '-$& I:5&

[W5JV\5& B'& *-"738& @$& 0)& '-$& "%8$%& "+& JU?W& bOQ5& A-$& %$*73'*& 0)& A(@3$& W5K&

*-"#& (& *$$,0)934& (22$/'(@3$& 1(37$& +"%&;5G<& @"'-& +%",& A%3& [T5UKU`tJU?W&

bOQ\&()8&A%Y&[J5MVMYtJU?W&bOQ\5&

A(@3$& W5JU& *-"#*& '-$& $*'0,('$8& /(%(,$'$%*& +%",& A%M& #0'-& 80++$%$)'&

"/$%('0)9&*'('$*&"+&+()*&?+D1!A-$&$*'0,('$8&θ"L@;&"+&R"8$3&;<&θJL@;!()8&θFL@;!"+&

R"8$3& F& ()8&;5G& "+&R"8$3& ^& 8$2%$(*$&#-$)& )7,@$%*& "+& "/$%('0)9& +()*&

0)2%$(*$5& S"#$1$%<& 0)& (33& ,"8$3*<& '-$%$& 0*& )"& "@10"7*& %$3('0")& @$'#$$)&

$(2-&$*'0,('$8&/(%(,$'$%&+"%&80++$%$)'&*'('$*&"+&"/$%('0)9&+()*5&&

&
+L!
(°C) 

+O!
(°C) 

R"8$3&;& R"8$3&X& R"8$3&F& R"8$3&^&

θ"L@;!=Y>! a2! a0! aC! aT! θ"L@;!=Y>! ;5G!=Yh\>!

A%J& MW& JT& YY& U5KTT& J5MVU& U5TJK& U5UYL& `K&& T5UKU`tJU?W&

A%Y& WT& YJ& YK& U5KVJ& J5L``& U5KW`& U5UWT& TJ& J5MVMYtJU?W&

"$I-*!T1A! <&5,)$5*E!6$#$)*5*#&!'#()!E,''*#*%5!)(E*-&!'(#!"#2!$%E!"#0!

!

!
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&
R"8$3&;& R"8$3&X& R"8$3&F& R"8$3&^&

θ"L@;!=Y>! a2! a0! aC! aT! θJL@;!=Y>!!θFL@;!=Y>! ;5G!=Yh\>!

3&L&+&U& JTV& ?U5`W`& Y5TTL& MV5MTJ& W5L``& YWW& MWT& L<YWMVtJU?V&

3&L&+&Y& L`& U5VKM& `5LVW& JV5KJT& U5UWM& JLL& JWJ& `<T`VYtJU?V&

3&L&+&W& `V& U5WYV& U5VKT& YM5MUL& U5YWV& JLT& JJY& Y<TWUVtJU?V&

3&L&+&T& VL& U5YTK& ?U5U`U& MU5UUV& U5Y`K& JVK& JJJ& Y<MMTKtJU?V&

3&L&+&L& ML& U5VKJ& M5JLL& JW5TV`& U5J`J& JYU& KV& J<TKJKtJU?V&

"$I-*!T12R! <&5,)$5*E!6$#$)*5*#&!'#()!E,''*#*%5!)(E*-&!'(#!"#C!

4.4.2 !":5'3"(3*%:*F#,$#)".*E,5'3<*)"*>,$,43#3$*I<#)4,#)%"**

B)&'-$&+0%*'&*'$/&"+&'-$&/(%(,$'$%&$*'0,('0")&/%"2$**<&'-$&*'(%'0)9&1(37$*&

"+&'-$&$*'0,('$8&/(%(,$'$%*&,7*'&@$&*$'5&B)&'-0*&*$2'0")<&'-$&0)+37$)2$&"+&

'-$*$&*'(%'0)9&1(37$*&0*&0)1$*'09('$85&&

^0++$%$)'&*'(%'0)9&1(37$*]&J&b<&JU&b&()8&JUU&b&+"%&'-$&'"/?"03&'$,/$%('7%$&

%0*$& θ"L@;& #$%$& $,/3"4$8& 0)& '-$& ,"8$3& ;& ()8& F5& H$*73'*& *-"#& '-('& '-$&

80++$%$)'& *'(%'0)9&1(37$*&-(1$&)"& 0)+37$)2$&")& '-$&/(%(,$'$%&$*'0,('0")&

/%"2$**<& 0)& @"'-&,"8$3*5& A-$& *(,$& 1(37$*& "+& '-$& $*'0,('$8& /(%(,$'$%*&

#$%$&"@'(0)$8&+%",&(33&80++$%$)'&*'(%'0)9&1(37$*5&&

6"%&R"8$3&^<&'-$&*'(%'0)9&1(37$*&"+&'-$&'-$%,(3&%$*0*'()2$&;5G]&JU?K&bOQ<&

JU?W&bOQ<& JU?Y&bOQ<& J& bOQ& ()8& JUU& bOQ&#$%$& (//30$85& B)& A(@3$& W5JJ<&

%$*73'*& +%",& '-$& 2(3273('0")*& #0'-& A%J& *-"#& '-('& '-$& 80++$%$)'& *'(%'0)9&

1(37$*&8"&-(1$&()&0)+37$)2$&0)&*",$&,())$%&")&'-$&/(%(,$'$%&$*'0,('0")&

/%"2$**5&H$*73'*&*-"#&'-$&*(,$&1(37$*&"+&'-$&$*'0,('$8&/(%(,$'$%*&#$%$&

"@'(0)$8&#-$)&'-$&*'(%'0)9&1(37$*&#$%$&*$'&@$3"#&J5&

D'(%'0)9&d(37$!;5G&[bOQ\& JU?K& JU?W& JU?Y&

I*'0,('$8!;5G&[bOQ\& Y5`JL`tJU?M& Y5`JL`tJU?M& Y5`JL`tJU?M&

"$I-*!T122! <&5,)$5*E!6$#$)*5*#&!'#()!E,''*#*%5!&5$#5,%/!P$-.*!'(#!F(E*-!K!
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4.4.3 E,$),#)%"*%:*1%87%)5*1)43*C%"<#,"#*E,5'3<**

A-$&'"/?"03& '0,$&2")*'()'&[τΤΟ\&"+&R"8$3&;&,(4&(3*"&@$&2")*08$%$8&#-$)&

1(%40)9& '-$& *'(%'0)9& 1(37$5& B'& *-"738& @$& %$,(%C$8& '-('& #-$)& ()&

0)1$*'09('$8&'%()*+"%,$%&0*&*7@>$2'$8&'"&(&*'$/&1(%0('0")&"+&3"(8<&'-$&'"/?

"03& '$,/$%('7%$&%0*$&8"$*&)"'&@$-(1$&$.(2'34&(*&()&$./")$)'0(3& +7)2'0")&

()8& '-$&"03& '0,$& 2")*'()'&,(4& '-$%$+"%$&)"'&@$& '%$('$8&(*& (& +0.$8&1(37$&

EBIII&D'85&FV`5KJ<&JKKVN5&A-$&'0,$&2")*'()'&0*&+"7)8&'"&1(%4&(22"%80)9&'"&

'-$& '"/?"03& %0*$&"1$%&(,@0$)'& '$,/$%('7%$&('&80++$%$)'& '0,$&()8&,(4&@$&

2(3273('$8&(*&*-"#)&0)&I:5&[W5YJ\5&
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[W5YJ\&

Q-$%$&'-$&'"/?"03&'0,$&2")*'()'&('&%('$8&3"(8&0*&901$)&@4&'-$&+"33"#0)9]&

T

th

RTORTO
P

C

,, θτ = & [W5YY\&

B)&'-0*&*$2'0")<&'-$&1(%0('0")&"+&τΤΟ  #0'-&1(%40)9&*'(%'0)9&1(37$*&"+&θ"L@;]&J&b<&

JU& b& ()8& JUU& b&#$%$& 2")*08$%$8& 0)& '-$& /(%(,$'$%& $*'0,('0")& /%"2$**5&

H$*73'*& (3*"& *-"#& '-('& '-$& '$,/$%('7%$& 8$10('0")& +"%& (33& '%()*+"%,$%*&

"@'(0)$8&+%",&'-$&,"8$3&#0'-&'-$&1(%0$8&τΤΟ  -(*&)"&*09)0+02()'&80++$%$)2$&

+%",&'-$&'$,/$%('7%$&8$10('0")&"@'(0)$8&+%",&'-$&+0.$8&τΤΟ.&

4.4.4 >3$:%$4,"(3*%:*=)::3$3"#*1%87%)5*13483$,#'$3*/%&35<*

A"& $1(37('$& '-$& /$%+"%,()2$& "+& '-$& 0)1$*'09('$8& '-$%,(3& ,"8$3*<& '-$&

+"33"#0)9& 80*27**0")*& +"27*& ")& '-$& 2(3273('$8& '0,$& $1"37'0")& "+& '"/?"03&

'$,/$%('7%$& +"%& (33& ,"8$3*5& ^7$& '"& '-$& 0)+37$)2$& "+& '-$& (,@0$)'&

'$,/$%('7%$&")& '-$&2(/(@030'4&"+& '-$&,"8$3*<& '#"&80++$%$)'& '0,$&/$%0"8*&

(%$& ()(34=$85& A-$& +0%*'& 2")*08$%$8& /$%0"8& 0)1"31$*& ()& (1$%(9$& (,@0$)'&

'$,/$%('7%$& (@"1$& YU& nF& ()8& 0*& %$+$%%$8& '"& (*& i*7,,$%& /$%0"8j5& A-$&
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*$2")8& /$%0"8<& '$%,$8& (*& i#0)'$%& /$%0"8j<& 87%0)9& #-02-& '-$& (1$%(9$&

(,@0$)'&'$,/$%('7%$&0*&(%"7)8&JU&nF5&&&&&&&

;,@0$)'& '$,/$%('7%$<& 3"(8& +(2'"%& ()8& 2(3273('$8& '"/?"03& '$,/$%('7%$&

2"7%*$*&0)&'-$&*7,,$%&/$%0"8&(%$&*-"#)&0)&6097%$&W5Y<&W5M&()8&W5W&+"%&A%3<&

A%Y& ()8& A%M<& %$*/$2'01$345& ;,@0$)'& '$,/$%('7%$<& 3"(8& +(2'"%& ()8&

2(3273('$8&'"/?"03&'$,/$%('7%$&2"7%*$*&0)&'-$&#0)'$%&/$%0"8&(%$&*-"#)&0)&

6097%$&W5V<&W5T<&W5`&+"%&A%J<&A%Y&()8&A%M<&%$*/$2'01$345&&

B)& '-$& *7,,$%& /$%0"8<& '-$& 3"(8& 3$1$3*& "+& "@*$%1$8& '%()*+"%,$%*& (%$&

80++$%$)'5&6"%&A%3<&(&3"#&3"(8&+(2'"%&0*&+"7)8&#0'-&8(034&+372'7('0")*&#0'-0)&

(& %()9$& "+& U5Y5& A-$& 3"(8& +(2'"%& "+& A%Y& 0*& 2")*'()'& -09-& ('& U5`5& ;& -09-&

+372'7('0")& "+& 3"(8& +(2'"%& @$'#$$)&U5Y& ()8&U5T& 0*& +"7)8& 0)&A%M5& A-$%$& 0*&

(3*"&(&*-7'8"#)&D'('$&0)&A%M&+%",&K&;797*'&7)'03&JJ&;797*'5&A-$&(,@0$)'&

'$,/$%('7%$&0)&'-0*&/$%0"8&0*&+"7)8&0)&(&%()9$&"+&1(%0('0")&"+&YU&nF&+"%&(33&

'%()*+"%,$%*5&&

B)& A%J& ()8& A%Y<& R"8$3& X& ()8& R"8$3& ^& 2()& %$(*")(@34& 2(/'7%$& '-$&

,$(*7%$8& '$,/$%('7%$& 2"7%*$*& @$''$%& '-()& R"8$3& ;& ()8& R"8$3& F<& 0)&

(1$%(9$5&A-$&'"/?"03&'$,/$%('7%$&8$10('0")*&"+&@"'-&R"8$3&X&()8&R"8$3&^&

(%$&")&(1$%(9$&Y&b5&&A-$&2(3273('$8&'$,/$%('7%$&+%",&R"8$3&X&0*&(3#(4*&J&

b& 3"#$%& '-()& '-$& ,$(*7%$8& '$,/$%('7%$& +"%& @"'-& '%()*+"%,$%*5& A-$&

2(3273('0")*& '$,/$%('7%$& +%",& R"8$3& ;& ()8& R"8$3& F& +"%& @"'-&

'%()*+"%,$%*& 87%0)9& '-$& 0)2%$(*0)9& "+& $0'-$%& 3"(8& "%& (,@0$)'& (3#(4*&

*-"#& (& '$,/$%('7%$& '-('& 0*& ")& (1$%(9$& V& b& -09-$%& '-()& '-$& ,$(*7%$8&

'$,/$%('7%$5&A-0*&8$3(4& 0)& '$,/$%('7%$&2-()9$&,09-'&@$&()&$++$2'&"+&()&

"03& '0,$& 2")*'()'<& #-02-& 0*& 2(3273('$8& +%",& '-$& 0)(227%('$& '-$%,(3&

2(/(20'()2$&0)&I:5&EW5VN5&

B)& A%J<& 87%0)9& '-$& /$%0"8& "+& 2")*'()'& (,@0$)'& '$,/$%('7%$& ")& '-$& JJ&

;797*'<& R"8$3& ;& (3*"& /%$*$)'*& (& *0,03(%& 2")*'()'& '"/?"03& '$,/$%('7%$5&

S"#$1$%<& '-$& 2(3273('$8& '"/?"03& '$,/$%('7%$*& +%",& "'-$%& ,"8$3*& *'033&

8$2%$(*$5& A-0*& 0,/30$*& '-('& '-$& (,@0$)'& '$,/$%('7%$& -(*& (& *'%")9&

0)+37$)2$&")&'-$&'"/?"03& '$,/$%('7%$&2(3273('0")&"+&R"8$3&;5&F")1$%*$34<&

'-$& "'-$%&,"8$3*& %$(2'& *3"#34& ")& ()& (,@0$)'& '$,/$%('7%$& 2-()9$5& A-$&

*-"%'&/$%0"8&"+&2")*'()'&'"/?"03&'$,/$%('7%$&0*&(3*"&/%$*$)'$8&0)&R"8$3&F5&

A-7*<&'-$&(,@0$)'&'$,/$%('7%$&,(4&(3*"&-(1$&()&0)+37$)2$&")&'-$&'"/?"03&

'$,/$%('7%$&2(3273('0")&"+&R"8$3&F5&
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A-$&2",/(%0*")&"+&(33&,"8$3&/$%+"%,()2$*&0*&*7,,(%0*$8&0)&A(@3$&W5JY5&

H$*73'*& (%$& 2",/(%$8& @4&,$()*& "+& '-$& (%0'-,$'02& (1$%(9$& '$,/$%('7%$&

8$10('0")*&"1$%&'-$&#-"3$&2(3273('$8&/$%0"8<&(*&*-"#)&0)&A(@3$&W5T5&A-$&

(%0'-,$'02&(1$%(9$&0*&(//30$8&0)&"%8$%&'"&*-"#&'-$&*$)*0'010'0$*&"+&2$%'(0)&

,"8$3*<& *72-&(*& '-$&-09-&(1$%(9$& '$,/$%('7%$&8$10('0")*& +%",&R"8$3&F&

()8& R"8$3& ^<& #-02-& ,(4& @$& 2(7*$8& @4& '-$& 0)+37$)2$& "+& '%()*0$)'& 3"(8&

+(2'"%&"%&'%()*0$)'&(,@0$)'&'$,/$%('7%$&0)&*",$&/$%0"8*5&&

& R"8$3&;& R"8$3&X& R"8$3&F& R"8$3&^&
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A%M&& W5V&b& M5M&b& JY5W&b& JM5`&b&

"$I-*!T120! OP*#$/*!5*)6*#$5.#*!E*P,$5,(%&!'#()!E,''*#*%5!)(E*-&!

H$*73'*&+"%&'-$&,")'-34&(1$%(9$&'$,/$%('7%$&8$10('0")&(%$&0337*'%('$8&0)&

6097%$&W5L5&A-$&'$,/$%('7%$&8$10('0")*&+%",&R"8$3&X&(%$&+"7)8&'"&@$&'-$&

3"#$*'&"+&(33&'%()*+"%,$%*5&A-$&(1$%(9$&'$,/$%('7%$&8$10('0")&"+&R"8$3&X&

+"%&A%J&[Ph;h\& 0*&J5T&b<& +"%&A%Y&[Ph;6\& 0*&J5Y&b5&()8&+"%&A%M&[P^;6\& 0*&

M5M& b5& A-$& '$,/$%('7%$& 8$10('0")*& @4& "'-$%& ,"8$3*& (%$& (3,"*'& 0)& '-$&

*(,$&%()9$&"+&Y&?&W&b<&$.2$/'&'-$&%$*73'*&+"%&A%M&+%",&R"8$3&F&()8&R"8$3&

^5& R"8$3& ^& /%"872$*& '-$& -09-$*'& '$,/$%('7%$& 8$10('0")& 0)& 2(*$& "+& A%M&

[JM5`&b\5&&

B)&9$)$%(3<&0'&2()&@$&"@*$%1$8&'-('&'-$&+372'7('0")&"+&(,@0$)'&'$,/$%('7%$&

-(*& ,"%$& 0)+37$)2$& ")& '-$& ,$(*7%$8& '"/?"03& '$,/$%('7%$& '-()& '-$&

+372'7('0")& "+& '-$& 3"(85& B'& -(*& (& *'%")9& 0)+37$)2$& ")& '-$& '"/?"03&

'$,/$%('7%$&2(3273('0")&"+&R"8$3&;&()8&R"8$3&F5&Q-$)&I:5&EW5`N&"+&,"8$3&

;& ()8& I:5& EW5JMN& "+& ,"8$3& F& (%$& 2")*08$%$8<& 0'& 2()& @$& )"'02$8& '-('& '-$&

(,@0$)'&'$,/$%('7%$&0*&0)1"31$8&(*&(&+0)(3&*'('$&0)&'-$&2(3273('0")&0)&@"'-&

,"8$3*5&&

R"8$3&^&2")*08$%*&'-$&(,@0$)'&'$,/$%('7%$&0)&'-$&+0%*'?"%8$%&80++$%$)'0(3&

$:7('0")& "+& '-$& ,"8$3<& '-7*& '-$& *'%")9& +372'7('0")& "+& (,@0$)'&

'$,/$%('7%$&-(*&3$**&0)+37$)2$&'-()&0)&"'-$%&,"8$3*5&
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'$,/$%('7%$&+%",&R"8$3&F5&&

A-$& (227%(24& "+& '-$& '"/?"03& '$,/$%('7%$& 2(3273('0")& *'033& 2())"'& @$&

$./$2'$8&#-$)&'-$&%(/08&2-()9$&"+&'-$&2""30)9&7)0'*&0*&'(C$)&0)'"&(22"7)'5&

A-$& *$'& "+& $*'0,('$8& /(%(,$'$%*& "+& $(2-& *'('$& "+& '-$& "/$%('0)9& 2""30)9&

7)0'*&,7*'&@$&(227%('$34&$*'(@30*-$85&&

B)&2")237*0")<&7)8$%& '-$&*2"/$&"+& '-0*& 0)1$*'09('$8&8('(@(*$<&R"8$3&X& 0*&

'-$&,"*'&(227%('$&/-4*02(3&,"8$3& +"%& '"/?"03& '$,/$%('7%$&/%$802'0")& +"%&

'%()*+"%,$%*& #0'-& (33& 2""30)9& '4/$*5& A-0*& ,09-'& @$& 87$& '"& '-$&

2")*08$%('0")&"+&(33&0)/7'&1(%0(@3$*&(*&2"$++020$)'*&0)&'-$&,"8$3&$:7('0")5&

;3*"<& (33& 2"$++020$)'*& (%$& $*'0,('$8& +%",& '-$& (2'7(3& ,$(*7%$8& 8('(5&

Q-$%$(*<& '-$& 2(3273('$8& */$20+02& '-$%,(3& 2(/(20'()2$& 0*& %$:70%$8& (*& '-$&

0)/7'&2")*'()'&"+&'-$&R"8$3&;&()8&R"8$3&^5&A-7*<&'-$&(227%('$&8('(&"+&'-$&

,(**$*&"+&,('$%0(3*&0*&)$2$**(%45&&&

&

&

&

&

&

&

&
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!

!

!

+,/.#*!T1B OP*#$/*!E*P,$5,(%&!4()6$#*E!I*57**%!E,''*#*%5!)(

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

0

1

2

3

4/

40
!"#

 

 

 

5
"
6
%
"
&7
-(
&"
89
"
:
;7
-;
<
)
8;
)
8=

8><9"?8$

8><9"?8@

8><9"?8A

8><9"?8.

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

0

1

2

3

4/

40
!"#

 

 

 

5
"
6
%
"
&7
-(
&"
89
"
:
;7
-;
<
)
8;
)
8=

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

0

1

23

24

3/

30
!"#

 

 

 

5
"
6
%
"
&7
-(
&"
89
"
:
;7
-;
<
)
8;
)
8=



5 1%87%)5*13483$,#'$3*>$3&)(#)%"*+,<3&*%"*

H3'$,5*H3#?%$-<*

h$7%(3& )$'#"%C*&,(4& @$& 7*$8& '"& *$'& 7/& 2",/3$.& %$3('0")*-0/*& @$'#$$)&

0)/7'*&()8&"7'/7'*&"%&'"&+0)8&/(''$%)*&0)&8('(5&A-$4&(%$&(3*"&2")*08$%$8&@4&

,()4&%$*$(%2-$%*&87$&'"&'-$0%&9%$('&*0,03(%0'4&'"&'-$&*'%72'7%$&"+&'-$&@%(0)<&

(& 2-(%(2'$%0*'02& )"'& *-(%$8& @4& ,"%$& '%(80'0")(3& 2",/7'('0")(3& *4*'$,*5&&

;%'0+020(3&)$7%(3&)$'#"%C*&/%$*$)'&(&9%"#0)9&)$#&'$2-)"3"94&(*&0)802('$8&

@4& (& #08$& %()9$& "+& (//302('0")*& '-('& 0)2378$*& '%()*+"%,$%& '"/?"03&

'$,/$%('7%$&/%$802'0")5&&&

5.1 F#,#3*%:*#23*9$#*

;)&(''$,/'&'"&$*'0,('$&'-$&'"/?"03&'$,/$%('7%$&()8&-"'?*/"'&'$,/$%('7%$&

7*0)9&)$7%(3&)$'#"%C*&@$9()&JU&4$(%*&(9"5&B)&S$_*&#"%Cc&'-$&7*$*&"+&*'('02&

)$7%(3& )$'#"%C*<& '$,/"%(3& /%"2$**0)9& )$'#"%C*& ()8& %$27%%$)'& )$'#"%C*&

-(1$&@$$)&$./3"%$8&+"%&/%$802'0)9&'-$&'"/?"03&'$,/$%('7%$&"+&'%()*+"%,$%*5&

A-$& Z$1$)@$%9?R(%:7(%8'& (39"%0'-,& -(*& @$$)& 7*$8& 0)& '-$& '%(0)0)95& A-$&

H$27%%$)'& )$'#"%C& /%"108$8& '-$& @$*'& /$%+"%,()2$& 0)& '$%,*& "+& @"'-& '-$&

,$()& *:7(%$8& $%%"%& ()8& /$(C& $%%"%<& 2",/(%$8&#0'-& '-$& (7'"& %$9%$**0")&

30)$(%&,"8$3&ES$&YUUUN5&&

!%(8-()&-(*&*-"#)&'-('&'-$&'-$"%$'02(3&+%(,$#"%C&/%$*$)'$8&0)&-0*&#"%C&

0*& (//302(@3$& '"& '-$& $*'0,('0")& "+& @"'-& '"/?"03& '$,/$%('7%$& ()8& -"'?*/"'&

'$,/$%('7%$&7)8$%&84)(,02&3"(80)9&()8&84)(,02&(,@0$)'&2")80'0")*5&A-$&

9$)$%(30=('0")&2(/(@030'4&"+&'-$&)$7%(3&)$'#"%C&,"8$3&-(*&@$$)&0)2%$(*$8&

87$& '"& '-$& 0)2"%/"%('0")& "+& X(4$*0()& H$973(%0=('0")& ()8& @4& '-$& "/'0,(3&

2",@0)('0")&"+&*$1$%(3&)$'#"%C*&E!%(8-()&YUUWN5&&

!431u)u0)$)& -(*& *-"#)& '-('<& '"& $1(37('$& '$,/$%('7%$& 1(37$*& +"%& (&

'%()*+"%,$%&*7//340)9&3"(8*&#0'-&*$1$%$&-(%,")02*<&'-$&$++$2'*&"+&27%%$)'&

-(%,")02*&*-"738&@$&'(C$)&0)'"&(22"7)'&E!431u)u0)$)<&YUU`N5&&

;)"'-$%&/(/$%&-(*&0)'%"872$8&()&(3'$%)('01$&-4@%08&H$27%%$)'&h$7%"+7==4&

)$'#"%C& '"& ,"8$3& '-$& '-$%,(3& 2")80'0")& "+& /"#$%& '%()*+"%,$%*& ES$33<&

YUU`N5&D0,73('0")*&0)802('$8&'-('&'-$&h$7%"+7==4&,"8$3& 0*&,"%$&$++$2'01$&

'-()& '-$&,73'03(4$%&/$%2$/'%")<& %(80(3&@(*0*& +7)2'0")<&()8&(&8$'$%,0)0*'02&



WK& V&&A"/?"03&A$,/$%('7%$&!%$802'0")&X(*$8&") Neural Networks&

 

,"8$35& A-('& 0*& @$2(7*$& 0'& (//%".0,('$*& ()8& 9$)$%(30=$*& '%()*+"%,$%&

84)(,02*&/%"/$%34&()8&0*&(@3$&'"&,()(9$&0,/%$20*$&8('(5&&

R"*'& /7@302('0")*& *-"#& '-$& %$*73'*& +"%& *-"%'& ,$(*7%0)9& /$%0"8*& [o& Y&

#$$C*\5& D",$& %$*73'*& (%$& (2-0$1$8& +%",& 8('(& "+& 3$**& '-()& VUU& *(,/3$*5&

S"#$1$%<& 0'& 0*& 0,/"%'()'& '"&2")*08$%&(& 3")9?'$%,&/$%0"8& +"%& 0)1$*'09('0")&

"+& 84)(,02& '"/?"03& '$,/$%('7%$&,"8$3*& +"%& +7%'-$%& (//302('0")& 0)& ")30)$&

,")0'"%0)9&()8&80(9)"*'02&*4*'$,*&+"%&/"#$%&'%()*+"%,$%*5&A-$&1(%0('0")&

"+&3"(80)9&2")80'0")&()8&(,@0$)'&'$,/$%('7%$&*-"738&@$&(3*"&(88%$**$85&

5.2 !"#$%&'(#)%"*#%*H3'$,5*H3#?%$-<*

W*.#$-! %*57(#_& "%& !#5,',4,$-! "*.#$-! "*57(#_! =OWW>& %$+$%*& '"& ()&

0)'$%2"))$2'0)9& 9%"7/& "+& (%'0+020(3& )$7%")*& '-('& 7*$*& ,('-$,('02*& "%& (&

2",/7'('0")(3&,"8$3&8$*09)$8&'"&%$/%"872$&*",$&/%"/$%'0$*&"+&@0"3"902(3&

)$7%(3& )$'#"%C*5* B)&,"%$& /%(2'02(3& '$%,<& ;hh*& (%$& )")?30)$(%& *'('0*'02(3&

8('(&,"8$330)9&'""3*5&;)&(81()'(9$&"+&)$7%(3&)$'#"%C*&0*&'-('&'-$4&(%$&#$33&

*70'$8&'"&*"31$&'-$&/%"@3$,*&'-('&(%$&,"*'&80++0273'&'"&*"31$&@4&'%(80'0")(3&

2",/7'('0")(3&,$'-"8*&EG(%*")<&JKKLN5&&

5.2.1 +)%5%.)(,5*H3'$%"<*

A-$& -7,()& @%(0)& 0*& /%0)20/(334& 2",/"*$8& "+& (@"7'& JU& @0330")& )$7%")*c&

$(2-&2"))$2'$8&'"&(@"7'&JU<UUU&"'-$%&)$7%")*5&;&'4/02(3&)$7%")&%$2$01$*&

$3$2'%"2-$,02(3&0)/7'*&+%",&"'-$%&)$7%")*&'-%"79-&(&-"*'&"+&+0)$&*'%72'7%$&

2(33$8&E*%E#,5*5&B+&'-$&*7,&"+&'-$*$&$3$2'%02(3&0)/7'*&0*&*7++020$)'34&/"#$%+73&

'"& (2'01('$& '-$& )$7%")<& 0'& '%()*,0'*& ()& $3$2'%"2-$,02(3& *09)(3& (3")9& '-$&

$M(%& '-('& */30'*& 0)'"& '-"7*()8*&"+&@%()2-$*<&()8&/(**$*& '-0*& *09)(3& '"& '-$&

"'-$%&)$7%")*&#-"*$&8$)8%0'$*&(%$&(''(2-$8&('&()4&"+&'-$&(.")&'$%,0)(3*5&

;'&'-$&$)8&"+&$(2-&@%()2-<&(&*'%72'7%$&2(33$8&(&&N%$6&*&2")1$%'*&'-$&(2'010'4&

+%",&'-$&(.")&0)'"&$3$2'%02(3&$++$2'*&'-('&0)-0@0'&"%&$.20'$&0)&'-$&2"))$2'$8&

)$7%")$*5& Q-$)& (& )$7%")& %$2$01$*& $.20'('"%4& 0)/7'& '-('& 0*& *7++020$)'34&

3(%9$& 2",/(%$8& #0'-& 0'*& 0)-0@0'"%4& 0)/7'<& 0'& *$)8*& (& */0C$& "+& $3$2'%02(3&

(2'010'4& 8"#)& 0'*& (.")5& Z$(%)0)9& "227%*& @4& 2-()90)9& '-$& $++$2'01$)$**& "+&

'-$& *4)(/*$*& *"& '-('& '-$& 0)+37$)2$& "+& ")$& )$7%")& ")& ()"'-$%& 2-()9$*5&

6097%$& V5J& 8$/02'*& (& @0"3"902(3& )$7%")& ['-$& 2$33& @"84<& "%& D",(\& ()8& 0'*&

2"))$2'0")*&=7771%*.#$-6(7*#14()>5&&



V5Y&&B)'%"872'0")&'" Neural Networks& VU&&
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+,/.#*!S12 !

J,(-(/,4$-!%*.#(%!

5.2.2 F#$'(#'$3*%:*9$#):)(),5*H3'$,5*H3#?%$-<*

;& )$7%(3& )$'#"%C& 0*& (& *'%72'7%$& 0)1"310)9& #$09-'$8& 0)'$%2"))$2'0")*&

(,")9& 7)0'*& ["%& %*.#(%&\5& A-$4& ,(4& @$& 30)$(%& "%& )")30)$(%& *2(3(%&

'%()*+"%,('0")*<&@7'&,"*'&"+'$)&)")30)$(%5&B)/7'&)$7%")*<&#-02-&%$/%$*$)'&

%(#&0)+"%,('0")<&(%$&+$8&0)'"&(&)$'#"%C&()8&2"))$2'$8&'"&()&"7'/7'&3(4$%&

'-%"79-&"'-$%&)$7%")*&0)&G,EE*%!-$N*#&5&A-$&)7,@$%&"+&-088$)&3(4$%*&()8&

)7,@$%&"+&)$7%")*&0)&$(2-&-088$)&3(4$%&(%$&7*$%&8$*09)&/(%(,$'$%*5&A-$&

9$)$%(3&%73$&+"%&)$'#"%C&8$*09)&0*&'"&2-""*$&'-$*$&/(%(,$'$%*&*"&'-('&'-$&

@$*'& /"**0@3$& ,"8$3& #0'-& (*& +$#& /(%(,$'$%*& (*& /"**0@3$& 0*& "@'(0)$8&

EG(%*")<&JKKLN5&&

h$7%")*& (%$& 2"))$2'$8& '"& $(2-& "'-$%& 1$%4& */$20+02(334<& $(2-& 2"))$2'0")&

-(10)9&()&0)801087(3&7*,/G5&[8$*2%0@$8&@4&(&*0)93$&)7,@$%\5&I(2-&)$7%")&

9$)$%('$*&()&"7'/7'&*09)(3&@(*$8&")&0'*&(2'01('0")5&B'&*$)8*&0'*&"7'/7'&1(37$&

'"&(33&"'-$%&)$7%")*&'"&#-02-&'-$4&-(1$&()&"7'9"0)9&2"))$2'0")5&A-%"79-&

'-$*$&2"))$2'0")*<&'-$&"7'/7'&"+&")$&)$7%")&,(4&0)+37$)2$&'-$&(2'01('0")*&

"+& "'-$%& )$7%")*5& 6097%$& V5Y& *-"#*& (& *(,/3$& "+& '-$& *'%72'7%$& "+& )$7%(3&

)$'#"%C5&

&

!"#$%&'

()*# +,*-.$#*/0', 1'22

()*#

!"#$%&'&

3412'4&

5'22.6*7".*,.!*-$

8'#7,9/'
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&
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&
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+,/.#*!S10 !

+**EH'(#7$#E!

W*.#$-!W*57(#_!

A-$&@$-(10"7%&"+&()&;hh&8$/$)8*&")&@"'-&#$09-'*&()8&'-$& 0)/7'?"7'/7'&

+7)2'0")& *"& 2(33$8&$45,P$5,(%! '.%45,(%& ["%& '%()*+$%& +7)2'0")\5& A-$& "7'/7'*&

,(4& @$& "@'(0)$8& +%",& '(C0)9& (& 30)$(%& 2",@0)('0")& "+& 0)/7'& *09)(3*& ()8&

'-$0%&#$09-'*<& '-$)& '%()*+"%,& '-$,&#0'-& (& '%()*+$%& +7)2'0")5&A-$&)$7%")&

2(3273('$*&0'*&(2'01('0")&@4&'(C0)9&(&#$09-'$8&*7,&"+&'-$&0)/7'&*09)(3*5&A-$&

(2'01('0")&+7)2'0")&8$'$%,0)$*&-"#&()8&#-$)&'-$&*7,,$8&#$09-'$8&0)/7'&

1(37$*&,$%0'& '-$& *$)80)9&"+& ()& 0)/7'& *09)(3& "%& +0%0)95& 60%0)9&"227%*&#-$)&

'-$&(2'01('0")&3$1$3&0*&(@"1$&'-$&'-%$*-"38&3$1$3&*$'&@4&'-$&3$(%)0)9&%73$5&;&

*09)(3&2(33$8&0)/7'&@0(*&,(4&@$&(88$8&'"&%(0*$&"%&3"#$%&'-$&'-%$*-"38&3$1$3&

"+&(&)$7%")5&

A-$&)$'#"%C&#$09-'*& (%$& (8>7*'$8&@4& 5#$,%,%/& '-$&)$'#"%C5& A-$& '%(0)0)9&

["%& -*$#%,%/\& /%"2$**& 0)1"31$*& (8>7*'0)9& '-$& #$09-'*& 7)'03& ()& (0,& 0*&

"@'(0)$85& A-$& (0,& 0)1"31$*& ,0)0,0=0)9& '-$& *7,& "+& *:7(%$*& "+& '-$&

80++$%$)2$*& @$'#$$)& 8$*0%$8& ()8& (2'7(3& "7'/7'*5& P)$& 2",/3$'$& $)'0%$&

'%(0)0)9&*$'&0*&2(33$8&()&$/"2-5&A-$&3$(%)0)9&/%"2$**&+(33*&0)'"&'-%$$&9%"7/*&

#0'-&%$*/$2'& '"& '-$&*"%'&"+& +$$8@(2C& '-('& '-$& 3$(%)$%&-(*&(22$**& '"&(*& '-$&

+"33"#0)95&

X.6*#P,&*E! -*$#%,%/i! 0)1"31$*& 3$(%)0)9& #0'-& *",$& *7/$%10*0")& +%",& ()&

$.'$%)(3&*"7%2$&['$(2-$%&*09)(3\5&B'&%$:70%$*&'-$&2"%%$2'&"7'/7'&()*#$%&+"%&

$(2-& 0)/7'&/(''$%)& '"&@$& 3$(%)$85&A-('& 0*<& '-$&8$*0%$8& '(%9$'&#-02-& 0*& '-$&

%$*/")*$&+"%&'-$&1$2'"%&"+&'%(0)0)9&2(*$*&0*&(3*"&/%$*$)'$8&'"&'-$&)$'#"%C5&

B'& (33"#*& )$'#"%C& #$09-'*& '"& @$& (8>7*'$8& )"'& ")34& 0)& %$*/")*$& '"& '-$&

'%(0)0)9& 1$2'"%& @7'& (3*"& @(*$8& ")& ()& $%%"%& *09)(3& 8$+0)$8& @4& '-$& '(%9$'&

1$2'"%5&&

!"#$%&

'())"&*+,-"$

./

.0

1&2#3*+,-"$

4

5#32#3*+,-"$

6"(7839

:",$&(&7*,+7%$(38;9



V5M&&A%(0)0)9&;39"%0'-,*& VY&&

 

j%&.6*#P,&*E! -*$#%,%/i*A-$%$& 0*& )"& $./3020'& '$(2-$%& *09)(3& 0)& '-0*& C0)8& "+&

3$(%)0)95& A-$& )$'#"%Cr*& '(*C& 0*& '"& %$?%$/%$*$)'& '-$& 0)/7'*& 0)& (& ,"%$&

$++020$)'& #(4<& (*& 237*'$%*& "%& 2('$9"%0$*& "%& 7*0)9& (& %$872$8& *$'& "+&

80,$)*0")*5& e)*7/$%10*$8& 3$(%)0)9& 0*& @(*$8& ")& '-$& *0,03(%0'0$*& ()8&

80++$%$)2$*& (,")9& '-$& 0)/7'& /(''$%)*5& B'& 8"$*& )"'& %$*73'& 80%$2'34& 0)& '-$&

@$-(10"7%& "+& '-$& )$'#"%C& @$2(7*$& 0'*& v"7'/7'*v& (%$& 0)'$%)(3&

%$/%$*$)'('0")*5& S"#$1$%<& '-$*$& %$/%$*$)'('0")*& ,(4& '-$)& @$& 7*$8& @4&

"'-$%&/(%'*&"+&'-$&*4*'$,&0)&(&#(4&'-('&(++$2'*&@$-(10"7%5&A-$&%$*$(%2-$%&

*/$20+0$*&'-$&)7,@$%&"+&237*'$%*&()8&'-$&(39"%0'-,&(''$,/'&'"&08$)'0+4&'-('&

)7,@$%& "+& 237*'$%*& @4& (**$**0)9& '-$0%& /%".0,0'4& 0)& )?80,$)*0")(3& */(2$5&

D72-& ,"8$3*& (%$& (3*"& 2(33$8& *$3+?"%9()0=0)9& )$'#"%C*5& A-$& /7%/"*$& "+&

7)*7/$%10*$8&3$(%)0)9&,09-'&@$&'"&80*2"1$%&()&7)8$%340)9&*'%72'7%$&"+&'-$&

8('(<&'"&$)2"8$&'-$&8('(<&'"&2",/%$**&'-$&8('(&"%&'"&'%()*+"%,&'-$&8('(5&

;*,%'(#4*)*%5!-*$#%,%/i&&2",@0)$*&'-$&+0$38*&"+&84)(,02&/%"9%(,,0)9&()8&

*7/$%10*$8& /%"9%(,,0)9& '"& 40$38& /"#$%+73&,(2-0)$?3$(%)0)9& *4*'$,5& ;)&

(9$)'&3$(%)*&@4&0)'$%(2'0)9&#0'-&0'*&$)10%"),$)'&()8&"@*$%10)9&'-$&%$*73'*&

"+& '-$*$& 0)'$%(2'0")*5& D7/$%10*$8& 3$(%)0)9& 3$'*& '-$& 3$(%)$%& C)"#& $.(2'34&

#-('& 0'& *-"738& -(1$& 8")$<& #-03$& %$0)+"%2$,$)'& 3$(%)0)9& 3$(%)*& @4&

%$2$010)9& (& %$#(%8& "%& %$0)+"%2$,$)'& *09)(3& +%",& 0'*& $)10%"),$)'&

0)802('0)9& '-('& 0+& '-$& @$-(10"7%& #(*& 0)(//%"/%0('$& ()8& [7*7(334\& -"#&

0)(//%"/%0('$& 0'&#(*& +"%&(&901$)& 0)/7'&@4& 0'*&"#)&8$20*0")&,(C0)9&/"3024&

EG(%*")<&JKKLN5&

5.3 1$,)")".*95.%$)#24<*

A-$%$&(%$&(&)7,@$%&"+& 3$(%)0)9&%73$*&"%& '%(0)0)9&(39"%0'-,*&(1(03(@3$& +"%&

)$7%(3& )$'#"%C& ,"8$3*5& J$4_6#(6$/$5,(%& 0*& '-$& @$*'?C)"#)& '%(0)0)9&
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)"&3$(%)0)9&'(C$*&/3(2$c&"'-$%#0*$<&'-$&#$09-'*&(%$&(8>7*'$8&'"&%$872$&'-0*&
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X(2C/%"/(9('0")&0*&()&(39"%0'-,&'-('&$.'$)8*&'-$&()(34*0*&"+&'-$&8$3'(&%73$&

'"&'-$&(//30$8&)$'#"%C*&#0'-&-088$)&)"8$*5&B'&#(*&2%$('$8&@4&9$)$%(30=0)9&

'-$&Q08%"#?S"++& 3$(%)0)9&%73$&'"&,73'0/3$?3(4$%&)$'#"%C*&()8&)")?30)$(%&

80++$%$)'0(@3$&'%()*+$%&+7)2'0")*5&&

G$)$%(30=('0")& 0*& (& 9%"7/& "+& '$2-)0:7$*& '-('& (33"#*& '-$& (,"7)'& "+&

0)+"%,('0")&'"&@$&%$'(0)$8&$1$)&#-$)&'-$&(,"7)'&"+&8('(&0*&%$872$85&B)/7'&

1$2'"%*&()8&2"%%$*/")80)9&'(%9$'&1$2'"%*&(%$&7*$8&'"&'%(0)&(&)$'#"%C&7)0'5&

B'&2",/7'$*&'-$&$%%"%&'$%,&+"%&'-$&"7'/7'&7)0'*&7*0)9&'-$&"@*$%1$8&$%%"%5&

A-$&,"8$3& %$/$('& /%"/(9('0)9& '-$& $%%"%& '$%,&@(2C& +%",&"7'/7'& 3(4$%& '"&

'-$&/%$10"7*&3(4$%&()8&7/8('0)9&'-$&#$09-'*&@$'#$$)&'-$&'#"&3(4$%*&7)'03&

'-$&$(%30$*'&-088$)&3(4$%&0*&%$(2-$85&&

A-$&#$09-'*&@$'#$$)&)$7%")*&"+&*722$**01$&3(4$%*&(%$&0)0'0(334&(**09)$8&0)&

%()8",5& A-$& */$$8& ()8& (227%(24& "+& '-$& 3$(%)0)9& /%"2$**& [7/8('0)9&

#$09-'*&/%"2$**\&8$/$)8*&")&(& 3$(%)0)9&%('$5&A4/02(334<&(&)$#& 0)/7'&")34&

3$(8*&'"&()&"7'/7'&'-('& 0*&)$(%34&*0,03(%&'"&'-$&'(%9$'5&A-0*&9$)$%(30=('0")&

/%"/$%'4&,(C$*& 0'& /"**0@3$& '"& '%(0)& (&)$'#"%C&")& (& %$/%$*$)'('01$& *$'& "+&

0)/7'O'(%9$'&/(0%*&()8&9$'&9""8&%$*73'*&#0'-"7'&'%(0)0)9&'-$&)$'#"%C&")&(33&

/"**0@3$&0)/7'O"7'/7'&/(0%*5&&
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A-$& Z(1$)@$%9?R(%:7(%8'& (39"%0'-,& 7*$*& ()& $(%34& *'"//0)9& 2%0'$%0")& '"&

0,/%"1$& )$'#"%C& '%(0)0)9& */$$8& ()8& $++020$)245& A"& 8$'$%,0)$& '-$&

2%0'$%0")<&(33&8('(&(%$&80108$8&0)'"&'-%$$&*$'*5&A-$&+0%*'&*$'&0*&'-$&'%(0)0)9&*$'&
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'-$& 1(308('0")& $%%"%& @$90)*& '"& 0)2%$(*$& ()8& '-$& #$09-'*& ()8& @0(*$*& #033&

'-$)&@$&8$%01$8&('& '-$&,0)0,7,&$%%"%5&A-$& 3(*'&8('(&*$'& 0*& +"%&1(308('0)9&
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G$)$%(30=('0")& ,$()*& -"#& #$33& '-$& )$'#"%C& #033& ,(C$& 23(**0+02('0")& "+&

/(''$%)*&'-('&(%$&)"'&0)&'-$&'%(0)0)9&*$'5&A-0*&(//%"(2-&0)1"31$*&,"80+40)9&
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wd EEF αβ += & [V5M\&
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%()8",&1(%0(@3$*&+"33"#0)9&G(7**0()&80*'%0@7'0")*&()8&'-$&/(%(,$'$%*&(%$&

%$3('$8&'"&'-$&7)C)"#)&1(%0()2$*&(**"20('$8&#0'-&'-$*$&80*'%0@7'0")*5&A-0*&

/$%+"%,()2$&+7)2'0")&%$*73'*&0)&*,(33$%&#$09-'*&()8&@0(*$*&"+&'-$&)$'#"%C5&
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A-$&'"/"3"90$*&"+&(&)$7%(3&)$'#"%C&8$*2%0@$&-"#&(&)$'#"%C&'%()*+"%,*&0'*&

0)/7'& '"& ()& "7'/7'5& A-$4& *-"#& '-$& /(''$%)& "+& 2"))$2'0")*& @$'#$$)& '-$&

7)0'*& ()8& '-$& /%"/(9('0")& "+& 8('(5& B)& '-0*& #"%C<& 6$$8?+"%#(%8& )$7%(3&
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6$$8?+"%#(%8&)$7%(3&)$'#"%C*&(%$&'-$&,"*'&/"/73(%&()8&,"*'&#08$34&7*$8&

0)& ,()4& /%(2'02(3& (//302('0")*5& A-$4& -(1$& @$$)& (//30$8& *722$**+7334& '"&

*"31$& *",$& 2",/3$.& /%"@3$,*& 0)23780)9& )")30)$(%& *4*'$,& 08$)'0+02('0")&

()8&2")'%"3<&+0)()2$&()(34*0*<&*09)(3&,"8$330)9<&/"#$%&3"(8&+"%$2(*'0)9<&$'25&

6$$8?+"%#(%8& )$7%(3& )$'#"%C*& 2",/%0*$& ,()4& )$7%")*& #"%C0)9& 0)&

/(%(33$35& I1$%4& )$7%")& 0)& '-$& 3(4$%& 0*& 2"))$2'$8&#0'-& (33& )$7%")*& 0)& '-$&

)$.'&3(4$%&@4&80++$%$)'&*'%$)9'-*&"%&#$09-'*5&A-$*$&#$09-'*&(%$&(33"#$8&'"&

@$&(8(/'$8&'-%"79-&(&3$(%)0)9&/%"2$**<&#-02-&$)2"8$*&'-$&C)"#3$89$&"+&(&

)$'#"%C5&^('(&$)'$%&('&'-$&0)/7'*&()8&/(**&'-%"79-&'-$&)$'#"%C<&3(4$%&@4&

3(4$%& '"& '-$& )$.'<& 7)'03& '-$4& (%%01$& ('& '-$& "7'/7'*5& A-$%$& 0*& )"& +$$8@(2C&

@$'#$$)& 3(4$%*5&h"&)$7%")& 0*& 30)C$8&@$'#$$)&'-$&*(,$& 3(4$%<&@(2C&'"&'-$&
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H$27%%$)'& )$7%(3& )$'#"%C*& -(1$& (& 23"*$8& 3""/& 0)& '-$& )$'#"%C& '"/"3"945&

A-$4&(%$&8$1$3"/$8&'"&8$(3&#0'-&'-$&'0,$&1(%40)9&"%&'0,$?3(99$8&/(''$%)*&

()8& (%$& 7*(@3$& +"%& '-$& /%"@3$,*& #-$%$& '-$& 84)(,02*& "+& '-$& 2")*08$%$8&

/%"2$**&0*&2",/3$.&()8&'-$&0)/7'&8('(&0*&)"0*45&F",/(%$8&'"&6$$8?+"%#(%8&

)$'#"%C*<& H$27%%$)'& )$7%(3& )$'#"%C*& (%$& ,"8$3*& #0'-& +$$8@(2C&

2"))$2'0")*5&Q-03$&(&6$$8?+"%#(%8&)$'#"%C&/%"/(9('$*&8('(&30)$(%34&+%",&
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2"))$2'0")*<&()8&,(4&@$&%$9(%8$8&(*&$.'%(&0)/7'*&'"&'-$&)$'#"%C5&
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2"))$2'0")&+%",&'-$&"7'/7'&"+&'-$&-088$)&3(4$%&'"&0'*&0)/7'5&A-0*&+$$8@(2C&
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)$'#"%C&*'"%$*&0)+"%,('0")&+"%&'-$&+7'7%$&%$+$%$)2$5&&
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/%$*$)'$8& -"#& 3$(%)0)9& ,(4& '(C$& /3(2$& 0)& (& )$'#"%C& "+& /$%2$/'%")*5&
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V`& V&&A"/?"03&A$,/$%('7%$&!%$802'0")&X(*$8&") Neural Networks&

 

)$'#"%C5& ;'& +0%*'<& '-$& 7*$& "+& '-$& R73'0?Z(4$%& !$%2$/'%")& [RZ!\& #(*&
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5.7.1 1$,)")".*1)43**

A-$&*/$$8&"+&'-$&)$'#"%C&'%(0)0)9&/%"2$**&,(4&%()9$&+%",&(&+$#&*$2")8*&

'"&,()4&-"7%*<&8$/$)80)9&")&+(2'"%*&*72-&(*&'-$&)7,@$%&"+&#$09-'*&0)&'-$&

)$'#"%C<&'-$&)7,@$%&"+&'%(0)0)9&*$'*&2")*08$%$8&()8&'-$&*$''0)9&"+&1(%0"7*&

3$(%)0)9& (39"%0'-,& /(%(,$'$%*5& ;*& *$$)& +%",& 6097%$& V5`<& '-$& Z$1$)@$%9?

R(%:7(%8'& '%(0)0)9& (39"%0'-,& *-"#*& '-$& *-"%'$*'& '%(0)0)9& '0,$& +"%& '-$&

0)1$*'09('$8& '%()*+"%,$%*& ()8& '-$& X(4$*0()& H$973(%0=('0")& /%$*$)'*& '-$&

3")9$*'& '%(0)0)9& '0,$5&A-$& '%(0)0)9& '0,$& 0*&/%"/"%'0")(3& '"& '-$&)7,@$%&"+&

)$7%")*&0)&'-$&-088$)&3(4$%&()8&'"&'-$&)7,@$%&"+&8('(&/"0)'*5&

;3'-"79-& 73'0,('$34& '-$& '%(0)0)9& '0,$& 8"$*& )"'& (++$2'& '-$& ,")0'"%0)9&

*4*'$,<&*0)2$&'%(0)0)9&'0,$&"+&'-$&X(4$*0()&H$973(%0=('0")&2()&@$&7/&'"&YU&

,0)7'$*<& 0'& 0*& 0,/"%'()'& '-('& *72-& '0,$*& #"738& @$& (22$/'(@3$& +"%& ()&

0)87*'%0(3&*0'7('0")5&

5.7.2 B3,$")".*95.%$)#24<*,"&*H'4T3$*%:*H3'$%"<**

6097%$& V5L& *-"#*& (& 2",/(%0*")& "+& '-$& (1$%(9$& '"/?"03& '$,/$%('7%$&

8$10('0")*& +%",&")$?-088$)& 3(4$%& +$$8?+"%#(%8&)$'#"%C*5&A-$&)7,@$%&"+&

-088$)& )$7%")*& 1(%0$*& +%",& J& '"& YU& )$7%")*5& A-$& )$'#"%C*& (%$& '%(0)$8&

#0'-&'-%$$&'%(0)0)9&(39"%0'-,*&(*&,$)'0")$8&/%$10"7*345&&

B'& ,(4& @$& *$$)& '-('& +"%& (33& '%()*+"%,$%*<& ")& (1$%(9$<& '-$& X(4$*0()&

%$973(%0=('0")?'%(0)0)9& (39"%0'-,& *-"#*& @$''$%& /$%+"%,()2$& '-()& '-$&

"'-$%& '%(0)0)9& (39"%0'-,*& #0'-& (1$%(9$& 8$10('0")*& 3$**& '-()& T& b5& A-$&

Z$1$)@$%9?R(%:7(%8'?'%(0)0)9& (39"%0'-,& *-"#*& (& 8$10('0")& -09-$%& '-()&

JU&b&0)&*",$&)$'#"%C&*'%72'7%$*5&67%'-$%,"%$<&9""8&/$%+"%,()2$&0)&'"/?

"03& '$,/$%('7%$&2(3273('0")&,(4&(3*"&@$& +"7)8& 0)&(33&,"8$3*&#0'-&(& *,(33&

)7,@$%& "+& )$7%")*5& ;)& (1$%(9$& '$,/$%('7%$& 8$10('0")& @$'#$$)& '-$&
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(%$&0)&'-$&%()9$&"+&J5W&a&J5K&b5&
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& h7,@$%&"+&)$7%")*& A%(0)0)9&+7)2'0")& ^$10('0")&EbN&

A%J& `& Z$1$)@$%9?R(%:7(%8'&& `M5M&
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"$I-*!S1C ;*&.-5&!'#()!5G*!7(#&5!6*#'(#)$%4*!%*57(#_!&5#.45.#*&!!!

A-$&0,/302('0")&+"%&'-$&,")0'"%0)9&*4*'$,&0,/3$,$)'('0")&0*&'-('&(&3"#$%&

)7,@$%&"+&)$7%")*&%$*73'*& 0)&(& 3$**&2",/302('$8&*4*'$,<&#-02-&9$)$%(334&

2()& @$& 2")*08$%$8& (81()'(9$"7*5& A-$%$+"%$<& '-$& *,(33$*'& (22$/'(@3$&

)7,@$%& "+& )$7%")*& *-"738& @$& 2")*08$%$8& 87%0)9& '-$& )$'#"%C& 8$*09)&

/%"2$**5& ^0++$%$)'& '%()*+"%,$%*& %$:70%$& '-$0%& "#)& 0)801087(334& 8$*09)$8&
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(//30$8& (*& '-$& '%(0)0)9& (39"%0'-,& +"%& '-$& 0)1$*'09('0")& #0'-& '#"?-088$)&

3(4$%& 6$$8?+"%#(%8& )$'#"%C*5& A-$& D09,"08& +7)2'0")& 0*& (//30$8& (*& '-$&

'%()*+$%&+7)2'0")&0)&@"'-&'-$&+0%*'&()8&*$2")8&-088$)&3(4$%5&A-$&)7,@$%&"+&

-088$)&)$7%")*&0*&1(%0$8&+%",&J&'"&JU&0)&@"'-&-088$)&3(4$%*5&F")*$:7$)'34<&
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)7,@$%*& 0)& '-$& +0%*'& ()8&*$2")8&/"*0'0")&"+& '-$&)$'#"%C&*'%72'7%$& 3(@$3*&

*-"#&'-$&)7,@$%&"+&)$7%")*&0)&'-$&+0%*'&-088$)&3(4$%&()8&'-$&*$2")8&3(4$%&

%$*/$2'01$345& A-$& %$*73'*& 8"& )"'& *-"#& ()4& 23$(%& %$3('0")& @$'#$$)& '-$&

)7,@$%&"+&-088$)&)$7%")*&()8&'-$&/$%+"%,()2$&"+&'-$&)$'#"%C5&A-$4&(%$&

0)& +(2'& *$$,0)934& %()8",& %$*73'*5& A-$& 3"#$%& '$,/$%('7%$& 8$10('0")*& (%$&

+"7)8& +"%& )$'#"%C*&#0'-& (& *,(33& )7,@$%& "+& -088$)&)$7%")*<& @"'-& 0)& '-$&

+0%*'&-088$)&3(4$%&()8&*$2")8&-088$)&3(4$%5&

A-$&,"8$3*&#0'-&'-$&3"#$*'&'$,/$%('7%$&8$10('0")&(%$&/%$*$)'$8&0)&A(@3$&

V5W5&A-"79-&'-$&'#"?-088$)& 3(4$%&)$'#"%C&-(*&(&,"%$&2",/3$.&*'%72'7%$&

'-()& '-$& ")$?-088$)& 3(4$%& )$'#"%C<& %$*73'*& +%",& (33& '%()*+"%,$%*& *-"#&

'-('& 0'*& /$%+"%,()2$& 0*& )"'& @$''$%& '-()& '-$& /$%+"%,()2$& +%",& '-$& ")$?

-088$)& 3(4$%&)$'#"%C5&A-$& '$,/$%('7%$&8$10('0")*&(%$& 0)& '-$&%()9$&J5V&a&

J5`&b5&A-$&,"8$3*&#0'-&'-$&#"%*'&/$%+"%,()2$&(%$&/%$*$)'$8&0)&A(@3$&V5V5&

A-$&'$,/$%('7%$&8$10('0")&0*&*-"#)&'"&@$&0)&%()9$&JU&?&MV&b5&
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h7,@$%&"+&-088$)&)$7%")*&

^$10('0")&EbN&
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A%J& V& M& J5K&
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& h7,@$%&"+&-088$)&)$7%")*& ^$10('0")&EbN&
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"$I-*!S1S \(#&5!6*#'(#)$%4*!#*&.-5&!('!57(H-$N*#!'**EH'(#7$#E!&5#.45.#*&!!
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A-$&I3,()&H$27%%$)'&)$'#"%C&-(*&(&2",/3$.&*'%72'7%$<&#-02-&(++$2'*&'-$&

2(3273('0)9&/%"2$**5&A-$&'%(0)0)9&/%"2$**&"+&'-$&I3,()&H$27%%$)'&)$'#"%C&

%$:70%$*&,72-&3")9$%&'0,$*&'-()&'-$&'%(0)0)9&/%"2$**&"+&'-$&6$$8?+"%#(%8&

)$'#"%C5&A-$& 0)1$*'09('0")& 0)1"310)9&A%M&#0'-&I3,()&H$27%%$)'&)$'#"%C&

[#0'-& '-$& )7,@$%& "+& -088$)& )$7%")*& 1(%0$8& +%",& J& '"& YU& )$7%")*& ()8&

'%(0)0)9&#0'-& ")34& ")$& '%(0)0)9& +7)2'0")\& )$$8$8& "1$%& M& -"7%*<& -"#$1$%&

'-$& 2",/7'$%& #(*& +"7)8& '"& -()9& @$+"%$& '-$& 2(3273('0")& #(*& 2",/3$'$5&

A-$%$+"%$<& 0)& '-0*& *$2'0")<& ")34& A%J& ()8& A%Y& (%$& $.(,0)$8& #0'-& '-$&

X(4$*0()& H$973(%0=('0")& ()8& '-$& D2(3$8& F")>79('$& G%(80$)'& '%(0)0)9&

(39"%0'-,5&

6097%$&V5JU&*-"#*&-"#&'-$&'$,/$%('7%$&8$10('0")&+"%&A%J&()8&A%Y&1(%0$*&

(22"%80)9& '"& '-$& )7,@$%& "+& -088$)& )$7%")*5& X(4$*0()& H$973(%0=('0")&

3$(%)0)9& (39"%0'-,& *-"#*& (& @$''$%& /$%+"%,()2$& '-()& '-$& D2(3$8&

F")>79('$8&G%(80$)'5&A-$&3"#$%&'$,/$%('7%$&8$10('0")*&,(4&@$&(3*"&+"7)8&

0)& '-$& *,(33& )7,@$%& "+& -088$)& )$7%")*5& & A-$& @$*'& /$%+"%,()2$& %$*73'*&

#0'-&$(2-&'%()*+"%,$%&2()&@$&*$$)&+%",&'-$&'$,/$%('7%$&8$10('0")&%$*73'*&

0)& A(@3$& V5T5& A-$& (1$%(9$& '$,/$%('7%$& 8$10('0")*& +"%& @"'-& )$'#"%C&

'"/"3"90$*& (%$& +"7)8& '"& @$& 3"#$%& '-()& Y& b& +"%& @"'-& A%J& ()8& A%Y5& A-$&

8$10('0")*&(%$&0)&'-$&*(,$&%()9$&(*&'-$&8$10('0")*&"@'(0)$8&+%",&'-$&6$$8?

+"%#(%8&)$'#"%C&,"8$3*5&&
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A%J& YU& X(4$*0()&H$973(%0=('0")& J5K&

A%Y& JT& X(4$*0()&H$973(%0=('0")& J5M&
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,(3+7)2'0")&"+&'-$&2""30)9&*4*'$,&0*&0)1$*'09('$85&&

6.1 >3$:%$4,"(3*C%48,$)<%"*T3#?33"*#23*>2G<)(,5*

,"&*#23*H3'$,5*H3#?%$-*1%87%)5*/%&35<**

A(@3$&T5J&/%$*$)'*&'-$&(1$%(9$&'$,/$%('7%$&8$10('0")*&@$'#$$)&,$(*7%$8&

()8& 2(3273('$8& '"/?"03& '$,/$%('7%$& +%",& '-$& @$*'& /$%+"%,()2$& /-4*02(3&

,"8$3&[R"8$3&X\&()8&'-$&)$7%(3&)$'#"%C&,"8$3*&[6$$8?+"%#(%8&)$'#"%C*\&

"@'(0)$8& +%",& F-(/'$%& M& ()8& W5& A-$4& (%$& '%(0)$8& @4& '-$& X(4$*0()&

%$973(%0=('0")?'%(0)0)9& (39"%0'-,5& A-$& )$'#"%C*& -(1$& ")$& -088$)& 3(4$%&

#0'-&L&-088$)&)$7%")*<&JU&-088$)&)$7%")*&()8&V&-088$)&)$7%")*&+"%&A%J<&

A%Y&()8&A%M&%$*/$2'01$345&

A%()*+"%,$%& ;1$%(9$&'$,/$%('7%$&8$10('0")&EbN&

!-4*02(3&,"8$3& h$7%(3&)$'#"%C&,"8$3&

A%J& J5T& J5K&

A%Y& J5M& J5W&

A%M& M5M& J5V&

Table 6.1 Best performance results of two-layer feed-forward structures  

A-$& '%()*+"%,$%*& A%J& ()8& A%Y& -(1$& 2")*'()'& "/$%('0)9& *'('$*& "+& '-$&

2""30)9& 7)0'*5 B'& 0*& +"7)8& '-('& '-$& %$*73'*& "+& '-$& /-4*02(3& ()8& '-$& )$7%(3&

)$'#"%C& ,"8$3*& (%$& )"'& *09)0+02()'34& 80++$%$)'5& 6"%& A%J& '-$& (1$%(9$&

'$,/$%('7%$& 8$10('0")& +%",& /-4*02(3& ,"8$3& ()8& +%",& )$7%(3& )$'#"%C&

,"8$3& 0*& U5M& b& 80++$%$)'5& 6"%& A%Y& '-$& 80++$%$)2$& @$'#$$)& '-$& (1$%(9$&

'$,/$%('7%$& 8$10('0")*& 0*& (3*"& *,(33& [U5J& b\5& A%()*+"%,$%& A%M<& #0'-& '-$&

1(%40)9&"/$%('0)9& *'('$*& "+& '-$& 2""30)9&7)0'*<& *-"#*&(& 3(%9$&80++$%$)2$&"+&

J5L&b&@$'#$$)&'-$&/-4*02(3&()8&'-$&)$7%(3&)$'#"%C&,"8$35& B)&2")237*0")<&
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8$'$%,0)$8& +"%& '-$&80++$%$)'& "/$%('0)9& *'('$*& "+& 2""30)9&7)0'*5& A-$%$+"%$<&

*7++020$)'&8('(&"+&(33&(1(03(@3$&"/$%('0)9&*'('$*&"+&2""30)9&7)0'*&0*&)$2$**(%45&

A-$& )$7%(3& )$'#"%C&,"8$3& 0*& (@3$& '"& (22",/30*-& '-0*&,"%$& $(*034& (*& '-$&

)7,@$%& "+& "/$%('0)9& *'('$& "+& /7,/*& ()8& +()*& 2()& @$& 7*$8& (*& 0)/7'&

1(%0(@3$*&0)&'-$&,"8$35&A-$&(227%(24&"+&'-$&)$7%(3&)$'#"%C&8$/$)8*&")&'-$&

"/$%('0)9& *'('$*& (1(03(@3$& 87%0)9& '-$& '%(0)0)9& /%"2$**5& X7'& $1$)& 0+& (&

/(%'0273(%& *'('$& 0*& )"'& (1(03(@3$<& '-$& )$7%(3& )$'#"%C& #033& *'033& /%"872$& (&

%$*73'& [2"$++020$)'*\& 0)& '-0*& 2(*$5& A-0*& 0*& '-$& (81()'(9$& "+& '-$& )$7%(3&

)$'#"%C& ,"8$3& 2",/(%$8& '"& '-$& /-4*02(3& ,"8$3& '-('& 2()& ")34& 8$301$%&

%$*73'*& "+& (3%$(84& C)"#)& *'('$*& "+& "/$%('0")5& A-0*& $./3(0)*& '-$&

/$%+"%,()2$&(81()'(9$&*-"#)&'"&@$&$108$)'&+"%&'-$&)$7%(3&)$'#"%C&,"8$3&

"1$%&'-$&/-4*02(3&,"8$35&

A-$&,")'-34&%$*73'*&"+&'-$&'$,/$%('7%$&8$10('0")*&@$'#$$)&,$(*7%$8&()8&

2(3273('$8&'"/?"03&'$,/$%('7%$&+%",&/-4*02(3&()8&)$7%(3&)$'#"%C*&,"8$3*&

2()& @$& *$$)& 0)& 6097%$& T5J5& A%J& ()8& A%Y& -(1$& '-$& -09-$*'& '$,/$%('7%$&

8$10('0")&+"%&@"'-&,"8$3*&0)&;797*'&()8&P2'"@$%<&%$*/$2'01$345&6097%$&T5Y&

()8&T5M& *-"#& '-$& 0)+37$)2$& "+& 3"(8& +(2'"%& ")& '-$& '$,/$%('7%$&8$10('0")*&

+"%&A%J&()8&A%Y& 0)& '-0*&/$%0"85& B'& 2()&@$&*$$)& '-('& '-$& +372'7('0")&"+& 3"(8&

+(2'"%&+"%&A%Y&#(*&:70'$&*$1$%$&0)&P2'"@$%5&A-$&-09-&'$,/$%('7%$&8$10('0")&

2()&@$&*$$)&$./3020'34&87%0)9&'-$&*-7'8"#)&*'('$5&6"%&A%M<&'-$&'$,/$%('7%$&

8$10('0")*& "+& /-4*02(3& ()8& )$7%(3& )$'#"%C& ,"8$3*& +"%& $(2-& ,")'-& (%$&

"@10"7*34&80++$%$)'5&B)&(3,"*'&$1$%4&,")'-<&'-$&'$,/$%('7%$&8$10('0")*&+"%&

'-$&/-4*02(3&,"8$3&(%$&-09-$%&'-()&Y&b5&S"#$1$%<& +"%&'-$&)$7%(3&)$'#"%C&

,"8$3<&'-$&-09-$%&'$,/$%('7%$&8$10('0")*&(//$(%&0)&#0)'$%&'0,$5&

A-$&#$$C34&%$*73'*&"+&'"/?"03&'$,/$%('7%$&2"7%*$&#033&@$&2",/(%$8&+"%&'-$&

/-4*02(3& ,"8$3& ()8& )$7%(3& )$'#"%C&,"8$3& 87%0)9& '-$& +372'7('0")& "+& '-$&

3"(8&+(2'"%&0)&P2'"@$%&()8&,(4&@$&"@*$%1$8&+%",&6097%$&T5W5&B'&2()&@$&*$$)&

'-('& ")& '-$&T&P2'"@$%<& '-$&,$(*7%$8& '"/?"03& '$,/$%('7%$& "+&A%J& 0*&,72-&

3"#$%&'-()&'-$&2(3273('$8&'"/?"03&'$,/$%('7%$&[(%"7)8&V&b\<&@"'-&+%",&'-$&

/-4*02(3& ,"8$3& ()8& '-$& )$7%(3& )$'#"%C& ,"8$35& A-$& ,$(*7%$8& '"/?"03&

'$,/$%('7%$& "+& A%Y& 0*& (3*"& ,72-& 3"#$%& '-()& '-$& 2(3273('$8& '"/?"03&

'$,/$%('7%$& [(%"7)8& JU&b\5& 6"%& A%M& '-$& +372'7('0")& "+& 2(3273('$8& '"/?"03&

'$,/$%('7%$& 2"7%*$& "@'(0)$8& +%",& '-$& /-4*02(3& ,"8$3& 2()& @$& 23$(%34&
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6.2 O35),T)5)#G*%:*#23*/%&35*:%$*=)::3$3"#*B%,&)".*

C%"&)#)%"<*

;*&*$$)&+%",&*$2'0")&T5J&3"(8&1(%0('0")&-(*&()&$++$2'&")&'-$&2(3273('$8&'"/?

"03& '$,/$%('7%$5& B)& "%8$%& '"& (//34& '-$& '"/?"03& '$,/$%('7%$& ,"8$3& 0)& ()&

")30)$&,")0'"%0)9&*4*'$,&+"%&()&"/$%('0)9&'%()*+"%,$%<&'-0*&$++$2'&,7*'&@$&

2")*08$%$85& B)& '-0*& *$2'0")<& '-$& %$*73'*& "+& '-$& '"/?"03& '$,/$%('7%$&

2(3273('0")& 87%0)9& '-$& *788$)& 3"(8& 2-()9$& +"%& A%Y& /%$10"7*34& "@*$%1$8&

[*$2'0")&T5J\& 0*& 2")*08$%$8& 0)&/(%'0273(%5&A-$& %$*73'*& (%$& 2(3273('$8&7*0)9&

'-$&")$?-088$)&3(4$%&+$$8?+"%#(%8&)$'#"%C&#0'-&JU&-088$)&)$7%")*5&&

6097%$&T5V&*-"#*& '-$& 3"(8& +(2'"%&()8& '-$& '$,/$%('7%$&8$10('0")&@$'#$$)&

'-$& ,$(*7%$8& ()8& 2(3273('$8& '"/?"03& '$,/$%('7%$& 0)& '-$& 3")9?'$%,&

"@*$%1('0")&87%0)9&JV&a&YJ&D$/'$,@$%&YUUM5&A-$&*-7'?8"#)&*'('$&"+& '-$&

'%()*+"%,$%&[3"(8&+(2'"%&$:7(3*&U\&3$(8*&'"&(&'$,/$%('7%$&8$10('0")&-09-$%&

'-()&W&b5&A-0*&'$,/$%('7%$&8$10('0")&%$,(0)*&+"%&(&2$%'(0)&/$%0"8&(+'$%&'-$&

*-7'?8"#)&*'('$& 0*&"1$%5&A-$&'0,$&/$%0"8&"+& '-$&*-7'8"#)&*'('$<&JJ]MU&'"&

JT]MU<& 0*& ()(34*$8& 0)& 6097%$& T5T5& B)& '-0*& /$%0"8<& '-$& ,$(*7%$8& '"/?"03&

'$,/$%('7%$& 0*& -09-$%& '-()& '-$& 2(3273('$8& '"/?"03& '$,/$%('7%$5& A-$&

2(3273('$8& '"/?"03& '$,/$%('7%$& 8$2%$(*$*& 0,,$80('$34& (+'$%& *-7'?8"#)5&

A-$& ,$(*7%$8& '"/?"03& '$,/$%('7%$& 0)*'$(8& 2")'0)7$*& '"& 0)2%$(*$& +"%& J&

-"7%5&A-$)&0'&*'(%'*&'"&8$2%$(*$&'""5&&

A-$&*(,$&$++$2'&0*&"@*$%1$8&87%0)9&'-$&2-()9$&/$%0"8&+%",&'-$&*-7'?8"#)&

*'('$&'"&'-$&)"%,(3&"/$%('0)9&*'('$&@7'&0*&102$&1$%*(5&A-$&2(3273('$8&'"/?"03&

'$,/$%('7%$&0)2%$(*$*&80%$2'34&(+'$%&3"(8&0*&(//30$85&A-$&,$(*7%$8&'"/?"03&

'$,/$%('7%$& 0)*'$(8& 8$2%$(*$*& +"%& ()"'-$%& -"7%& 7)'03& 0'& '-$)& *'(%'*& '"&

0)2%$(*$5&&
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,"8$35&6"%&()&")30)$&(//302('0")&'-$&'0,$&2")*'()'&,7*'&@$&8$'$%,0)$8&+"%&
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6.3 I::3(#*%:*1$,"<)3"#7<#,#3*%:*94T)3"#*13483$,#'$3*

A-$& %$3('0")& @$'#$$)& '%()*0$)'?*'('$& "+& (,@0$)'& '$,/$%('7%$& ()8&

'$,/$%('7%$& 8$10('0")& 0*& 23$(%34& *$$)& 0)& 6097%$& T5`5& A-$& 8('(*$'& +"%& A%Y&

+%",&UJ&a&JV&g7)$&YUUM&#(*&$.(,0)$8&7*0)9&(&)$7%(3&)$'#"%C&,"8$3&#0'-&

")$?-088$)& 3(4$%& -(10)9& JU& )$7%")*& '%(0)$8& @4& '-$& X(4$*0()&

%$973(%0=('0")5& B)& '-0*&/$%0"8<& '-$&(,@0$)'& '$,/$%('7%$&(//$(%$8&@"'-& 0)&

'-$& *'$(84&*'('$&()8& 0)& '%()*0$)'?*'('$5& B'&,(4&@$&)"'02$8& '-('&87%0)9& '-$&

*'('$& "+& *788$)& 8%"/& 0)& '-$& (,@0$)'& '$,/$%('7%$& [UY& g7)$\<& '-$&

'$,/$%('7%$& 8$10('0")& 0)2%$(*$*& 7/& '"& JU& b<& #-03$& '-$& (1$%(9$&

'$,/$%('7%$&8$10('0")&"+&'-$&)"%,(3&/$%0"8&0*&)"'&-09-$%&'-()&W&b5&A-7*<&0'&

,(4& @$& 2")2378$8& '-('& '-$& '%()*0$)'& *'('$*& "+& (,@0$)'& '$,/$%('7%$& (%$&

*09)0+02()'&+"%&'"/?"03&'$,/$%('7%$&2(3273('0")5&
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A-$& '(*C&"+& '-$&2""30)9&*4*'$,& 0*& '"& '%()*+$%& '-$&-$('&#-02-& 0*&9$)$%('$8&

0)*08$& '-$& (2'01$& /(%'*& "+& '-$& '%()*+"%,$%& '"& '-$& (,@0$)'& *7%%"7)80)9*5&

F")*$:7$)'34<& '-$& '"/?"03& '$,/$%('7%$& 0*& 8$'$%,0)$8&@4& '-$&"/$%('0)9&"+&

'-$&/7,/*&"%& +()*5&A-$& '"/?"03& '$,/$%('7%$&,(4&@$&7*$8&(*&(& '%099$%& +"%&

'-$& 7*(9$& "+& '-$& +()*& ()8& /7,/*5& A-$& +()*& (%$& '7%)$8& ")& "%& '7%)$8& "++&

#-$)&'-$&'"/?"03& '$,/$%('7%$&$.2$$8*&"%& 0*&@$3"#&(&*$'&1(37$5&e*7(334<& '"&

(1"08&()&$.2$**01$&*'(%'0)9&27%%$)'&"+&'-$&/"#$%&*7//34<&")34&")$&9%"7/&"+&

+()*&0*&+0%*'&'7%)$8&")<&()8&'-$)&(&*$2")8&9%"7/&0*&(7'",('02(334&(88$8&0)&(&

+$#& *$2")8*& 3('$%5& A-$& "/$%('0)9& *'('7*& "+& /7,/*& "%& +()*& 0*& ,")0'"%$8&

")30)$&@4&,$()*&"+&'-$&(7.030(%4&2")'(2'*&"+&*#0'2-0)9&%$3(4*5&&

A-$& +(037%$& "+& /7,/*& "%& +()*& 0*& '-$& ,"*'& +%$:7$)'& +(037%$& ,"8$& "+& '-$&

2""30)9&*4*'$,5&D"7%2$*&"+&'-$*$&+(037%$*&,(4&@$&+%",&'-$&+(037%$&"+&/7,/*&

"%& +()*&'-$,*$31$*&"%& +%",&'-$&$3$2'%02(3&*7//345&A-$& +(037%$&"+&/7,/*&"%&

+()*&,(4&@$&2-$2C$8&@4&/%"10)9&'-('&'-$4&(%$&")<&#-$)&'-$4&(%$&*7//"*$8&

'"&@$&")<&()8&'-$4&(%$&"++<&#-$)&'-$4&(%$&*7//"*$8&'"&@$&"++5&A-0*&2()&@$&

8")$&@4&/%$802'0)9&'-$&(2'7(3&)7,@$%&"+&"/$%('0)9&/7,/*&"%&+()*&7*0)9&'-$&

'"/?"03& '$,/$%('7%$& ,"8$35& A-$& 2(3273('0)9& /%"2$**& 0*& 8$*2%0@$8& 0)& '-$&

+"33"#0)9&*$2'0")5&&

6.4.1 >$3&)(#)%"*%:*H'4T3$*%:*683$,#)".*@,"<**

A-$&)7,@$%&"+&"/$%('0)9&+()*&#(*&/%$802'$8&+"%&(&TUU&Rd;&9%08&2"7/30)9&

'%()*+"%,$%5& A-$& '%()*+"%,$%& 0*& P6;6?2""3$8& #0'-& T& +()*& 0)& '"'(35& P)$?

-088$)&3(4$%&6$$8?+"%#(%8&)$7%(3&)$'#"%C&,"8$3&#0'-&JU&-088$)&)$7%")*&

#(*& (//30$8& +"%& '-$& '"/?"03& '$,/$%('7%$& 2(3273('0")5& A-$& )$'#"%C& #(*&

'%(0)$8&#0'-&'-$&X(4$*0()&%$973(%0=('0")&'%(0)0)9&+7)2'0")5&

6"%&$(2-&'0,$&0)'$%1(3<&'-$&'"/?"03&'$,/$%('7%$&#(*&2(3273('$8&#0'-&$1$%4&

)7,@$%&"+&+()*&+%",&J&'"&T5&A-$&2(3273('0")&#0'-&'-$&3$(*'&8$10('0")&'"&'-$&

,$(*7%$8&'"/?"03&'$,/$%('7%$&0)&'-('&'0,$&0)'$%1(3&8$'$%,0)$*&'-$&@$*'&+0'&

1(37$&+"%&'-$&)7,@$%&"+&"/$%('0)9&+()*5&&

6097%$& T5L& 0337*'%('$*& '-$& /%$802'$8& ()8& '-$& ,")0'"%$8& )7,@$%& "+&

"/$%('0)9&+()*&+%",&UT&a&JJ&g()7(%4&YUUW5&^7%0)9&2-()90)9&*'('$&(&*309-'&

80++$%$)2$&@$'#$$)&'-$&,")0'"%$8&()8&'-$&/%$802'$8&)7,@$%&"+&"/$%('0)9&

+()*& "227%%$85& A-$& ,")0'"%$8& )7,@$%& "+& "/$%('0)9& +()*& -(*& 2-()9$8&

0,,$80('$34& +%",& T& 8"#)& '"& W& +()*& ")& UK& g()7(%4& YUUW5& A-$& /%$802'$8&
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)7,@$%&"+&"/$%('0)9&+()*&-(*&2-()9$8&+%",&T&'"&V&+()*&()8&(+'$%&W&-"7%*&

+%",&V&'"&W&+()*5&&
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A-$&/%$802'0")&#(*&(3*"&/$%+"%,$8&")&A%M&+"%&(&/$%0"8&#0'-&:702C&2-()9$*&

"+&'-$&"/$%('0)9&*'('$&"+&+()*&(*&*$$)&0)&6097%$&T5K5&A%M&-(*&L&/7,/*&()8&L&

+()*& 0)& '"'(35& A-$& )7,@$%& "+& "/$%('0)9& /7,/*&#(*& C$/'& 2")*'()'5& A-$%$&

#$%$&L&8('(*$'*&#0'-&'-$&)7,@$%&"+&"/$%('0)9&+()*&1(%40)9&+%",&J&'"&L&+"%&

'-$& '"/?"03& 2(3273('0")5&A-$&)$7%(3&)$'#"%C&,"8$3&#0'-&")$?-088$)& 3(4$%&

()8& +01$&-088$)&)$7%")*&#(*&7*$8&")& '-$&8('(*$'& +%",&UM]JV&a&U`]MU&")&

'-$&YV&P2'"@$%&YUUW5&&

A-$&0)2%$(*0)9&)7,@$%&"+&+()*&"1$%&'-$&*'780$8&/$%0"8&#(*&/%$802'$8&#$33&

@4&'-$&,"8$35&D'033&'-$%$&0*&(&*09)0+02()'&80++$%$)2$&@$'#$$)&'-$&,")0'"%$8&

()8& '-$& /%$802'$8& )7,@$%& "+& "/$%('0)9& +()*5& R"*'& '0,$*& '-$& 2(3273('0")&

/%$802'*& ")$& ,"%$& +()*& "/$%('0)9& '-()& 0*& (2'7(334& ,$(*7%$85& ;*& '-$&

8$10('0")&0*&*,(33&()8&#0'-&0)2%$(*0)9&)7,@$%&"+&+()*&@$''$%&/%$802'&0")&0*&

"@'(0)$8<&0'&2()&@$&(**7,$8&'-('&#0'-&+7%'-$%&0,/%"1$,$)'&"+&'-$&,"8$3&(&
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13483$,#'$3**

;)& 0)1$*'09('0")& 0*& /$%+"%,$8& 7)8$%& '-$& 20%27,*'()2$*& "%090)(334&
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WYUCdOTUURd;& 9%08?2"7/30)9& '%()*+"%,$%& #0'-& P^;6& 2""30)95& A-$&
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0*&(2-0$1$8&@4&,$()*&"+& +"7%&%7))0)9& +()*5&A-$&(2'7(3& '-$%,(3&%$*0*'()2$&

[;5G@$45\& #(*& 2(3273('$8& +%",& '-$& 80++$%$)2$& @$'#$$)& '-$& '"/?"03&

'$,/$%('7%$& ()8& (,@0$)'& '$,/$%('7%$& ()8& '-$& /"#$%& 3"**& 0)& '-$&
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A-$& ,$(*7%$8& '"/?"03& '$,/$%('7%$<& (3")9& #0'-& '-$& )",0)(3& '-$%,(3&

%$*0*'()2$&()8&'-$&)7,@$%&"+&+()*<&87%0)9&U`&g()7(%4&a&JV&R(%2-&YUUY&(%$&

/%$*$)'$8&0)&6097%$&T5JU5&

!

+,/.#*!Q12R OI%(#)$-!4(%E,5,(%!('!4((-,%/!.%,5!E*5*45*E!IN!,%4#*$&*!('!5G*#)$-!

#*&,&5$%4*!;5G!

;+'$%& *#0'2-0)9& ")& '#"& (880'0")(3& +()*& ")& YU& g()7(%4& YUUY<& (& 3(%9$&

0)2%$(*$& 0)& ;5GW& +%",& (//%".0,('$34& MV& bORQ& '"& `U& bORQ& #(*&

8$'$%,0)$8&87%0)9&YU&g()7(%4&a&YT&6$@%7(%4&YUUY5&&

A-$&0)2%$(*$&0)&;5GW!0)802('$*&()&(@)"%,(3&2")80'0")&"+&'-$&2""30)9&7)0'5&;&

3"2(3& 2-$2C& 0)& '-$& *7@*'('0")& %$1$(3$8& '-('<&87$& '"&(& +(037%$&"+& '-$&/"#$%&

*7//34&0)&'-$&2""30)9&*4*'$,<&")34&'-%$$&+()*&#$%$&%7))0)95&A-0*&*'('7*&#(*&

)"'&0)&(22"%8()2$&#0'-&'-$&0)+"%,('0")&"+&'-$&2")'%"3&*4*'$,&()8&3$8&'"&'-$&

3(%9$&0)2%$(*$&"+&)",0)(3&'-$%,(3&%$*0*'()2$5&&

A-0*&"227%%$)2$&0*&$.(,0)$8&+7%'-$%&0)&'-0*&#"%C5&A-$&'"/?"03&'$,/$%('7%$&

0)& '-0*& /$%0"8& 0*& 2(3273('$8& 7*0)9& )$7%(3& )$'#"%C& ,"8$3& ()8& '-$&

0)+"%,('0")& "+& )7,@$%& "+& +()*& +%",& '-$& ,")0'"%0)9& *4*'$,5& A-$)<& 0'& 0*&
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+,/.#*!Q122 Z(&&*&!('!5G*!,%P*&5,/$5*E!5#$%&'(#)*#!E.#,%/!5G*!*M$),%*E!6*#,(E!

B)&"%8$%&'"&+0)8&(&9""8&,"8$3<&(&'#"?#$$C&8('(*$'&+%",&)"%,(3&"/$%('0")&

2")80'0")*&(+'$%&'-$&,(3"/$%('0")&#(*&7*$8&[UJ&R(%2-&a&JV&R(%2-&YUUY\5&

B)& '-$& 2(*$& "+& '-$& *'780$8& '%()*+"%,$%& 7)0'<& (& ")$& -088$)& 3(4$%& 6$$8?

+"%#(%8& )$'#"%C&,"8$3& #0'-& JU& -088$)& )$7%")*& '%(0)$8& @4& Z(1$)@$%9?

R(%:7(%8'& X(2C/%"/(9('0")& 901$*& '-$& @$*'& %$*73'& +"%& '-$& '"/?"03&

'$,/$%('7%$& 2(3273('0")5&Q$09-'*& "@'(0)$8& +%",& '-$& '%(0)0)9&/%"2$**& (%$&

3('$%&(//30$8&'"&'-$&,"8$3&7*0)9&'-$&#-"3$&8('(*$'&[U`&g()7(%4&a&JV&R(%2-&

YUUY\5& 6097%$& T5JY& *-"#*& '-$& ,$(*7%$8& ()8& '-$& 2(3273('$8& '"/?"03&

'$,/$%('7%$&+"%&2",/(%0*")5&

A-$&%$*73'*&2()&@$&80*27**$8&0)&'$%,*&"+&'-%$$&/$%0"8*5&A-$&+0%*'&/$%0"8&0*&

+%",&U`&a&YU&g()7(%4&YUUY5&6"%&'-0*&/$%0"8&'-$&,")0'"%0)9&*4*'$,&/%$802'*&

'-$& 2"%%$2'& )7,@$%& "+& W& "/$%('0)9& +()*5& ;& *,(33& 8$10('0")& @$'#$$)&

,$(*7%$8&()8&2(3273('$8&'"/?"03&'$,/$%('7%$&2()&@$&"@*$%1$85&A-$&*$2")8&

/$%0"8& [YU& g()7(%4& a& YT&6$@%7(%4&YUUY\& 0*& '-$&/$%0"8& '-('& '-$& 0)2"%%$2'&

)7,@$%&"+&T&"/$%('0)9& +()*& 0*&"@'(0)$8& +%",& '-$&,")0'"%0)9& *4*'$,5&6"%&

'-0*&/$%0"8<&'-$&/%$802'$8&'"/?"03&'$,/$%('7%$&0*&@(*$8&")&T&+()*&"/$%('0)95&

S"#$1$%<& '-$& (2'7(3& )7,@$%&"+& "/$%('0)9& +()*& 0*& ")34&M5& F")*$:7$)'34<& (&

3(%9$& 8$10('0")& @$'#$$)& '-$& ,$(*7%$8& ()8& '-$& 2(3273('$8& '"/?"03&

'$,/$%('7%$&0*&"@*$%1$85&A-$&3(*'&/$%0"8&[Y`&6$@%7(%4&a&JV&R(%2-&YUUY\&
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B)&2")237*0")<&'-$&,(3+7)2'0")&"+&'-$&/7,/*&()8&+()*&2()&@$&#$33&8$'$2'$8&

@4& 2",/(%0)9& '-$&,$(*7%$8& '"/?"03& '$,/$%('7%$& '"& 2(3273('$8& 8('(& +%",&

'-$&)$7%(3&)$'#"%C&,"8$35&&

&

+,/.#*!Q120 F*$&.#*E!$%E!4$-4.-$5*E!5(6H(,-!5*)6*#$5.#*!4()6$#*E!E.#,%/!5G*!

'$,-.#*!6*#,(E!('!'$%&!

6.4.3 6"5)"3*/%")#%$)".*C$)#3$),*

A-$&%$*73'*&0)&*$2'0")&T5W5J&*-"#&'-('&0'& 0*&0,/"**0@3$&'"&2-$2C&'-$&+(037%$&

"+& 2""30)9& 7)0'*& @4& 80%$2'& /%$802'0")& "+& '-$& )7,@$%& "+& +()*& "/$%('0)95&

S"#$1$%<& 0'& 2()& @$& *$$)& +%",& *$2'0")& T5W5Y& '-('& @4& 2"%%$3('0)9& '-$&

,$(*7%$8& ()8& 2(3273('$8& '"/?"03& '$,/$%('7%$<& '-$& 0)+"%,('0")& (@"7'& '-$&

,(3+7)2'0")& "+& '-$& ,")0'"%0)9& *4*'$,&,(4& @$& $.(,0)$85& A-$%$+"%$<& '-$&

2(3273('$8&'$,/$%('7%$&8$10('0")&,(4&@$&7*$8&(*&()&(3(%,&2%0'$%0")&"+&()&

")30)$&,")0'"%0)9&*4*'$,5&

6097%$& T5JM& *-"#*& '-$& (2'7(3& ()8& '-$& (1$%(9$& '"/?"03& '$,/$%('7%$&

8$10('0")*&@$'#$$)&'-$&,$(*7%$8&()8& '-$&2(3273('$8& '"/?"03& '$,/$%('7%$&

+%",&'-$&0)1$*'09('$8&/$%0"8&+%",&*$2'0")&T5W5Y5&A-$&(2'7(3&0)*'()'()$"7*&

'$,/$%('7%$&8$10('0")&+372'7('$*&()8&2()&@$&7/&'"&T&b&0)&'-$&)"%,(3&/$%0"8&

()8& 7/& '"& J`& b& 87%0)9& '-$& +(037%$& /$%0"85& A-7*<& 2")*08$%('0")& "+& '-$&
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'$,/$%('7%$& 8$10('0")*& (%$& 8$'$%,0)$8& @4& +03'$%0)9& "+& '-$& 0)*'()'()$"7*&

'$,/$%('7%$&8$10('0")*5&A-$&+03'$%0)9&0*&8")$&0)&R;AZ;X&7*0)9&'-$&X,/%$-!

3#(4*&&,%/!"((-I(M&#0'-&'-$&+7)2'0")&',-5',-55&A-$&)7,@$%&"+&/"0)'*&/$%&2423$&

"+&'-$&8('(&0*&*$'&'"&@$&MUU5&;+'$%&'-$&+03'$%0)9&"+&'$,/$%('7%$&8$10('0")<&0'&0*&

"@10"7*&'-('&'-$&(1$%(9$&8$10('0")&87%0)9&'-$&+(037%$&/$%0"8&0)2%$(*$*&@4&

7/&'"&JY&b5&S"#$1$%<&87%0)9&'-$&)"%,(3&/$%0"8<&'-$&'$,/$%('7%$&8$10('0")&

0*&3$**&'-()&Y&b5&;+'$%&'-$&#%")9&*09)(330)9&"+&'-$&)7,@$%&"+&%7))0)9&+()*&

")&YU&g()7(%4<&'-$&8$10('0")&#(*&-09-$%&'-()&W&b5&F")*$:7$)'34<&(&'%099$%&

"+& '-$& (3(%,& 2"738& @$& *$'& +"%& #-$)& '-$& '"/?"03& '$,/$%('7%$& 8$10('0")&

@$'#$$)&'-$&2(3273('$8&()8&'-$&,$(*7%$8&'$,/$%('7%$&0*&-09-$%&'-()&W&b5&
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+,/.#*!Q12C OP*#$/*!$%E!$45.$-!5*)6*#$5.#*!E*P,$5,(%!E.#,%/!5G*!'$,-.#*!('!'$%&!

S"#$1$%<&'-$&(3(%,&2%0'$%0")&*-"738&@$&*$'&#0'-&2")*08$%('0")&"+&'-$&"'-$%&

'#"&2")80'0")*&'-('&-(1$&()&0)+37$)2$&")&'-$&'"/?"03&2(3273('0")]&*-7'8"#)&
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()8&T5M&'-('&'-$&(1$%(9$&'$,/$%('7%$&8$10('0")&7)8$%&'-$&*-7'8"#)&*'('$&

"+&'-$&'%()*+"%,$%&()8&'%()*0$)'?*'('$&"+&(,@0$)'&'$,/$%('7%$&(3*"&(//$(%&

23$(%34&(*&@$0)9&-09-$%&'-()&W&b&#0'-&'-$&'0,$&2")*'()'&"+&J&-"7%5&A-7*<&0)&

'-0*&2(*$&'-$&'$,/$%('7%$&8$10('0")&-09-$%&'-()&W&b&#0'-&'-$&'0,$&2")*'()'&

"+&J&-"7%&2()&@$&*$'&(*&()&(3(%,&+"%&'-$&,")0'"%0)9&*4*'$,5&&
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6.5 !485343"#,#)%"*%:*,*H3'$,5*H3#?%$-*/%&35*)"*#23*

1%87%)5*13483$,#'$3*/%")#%$)".*FG<#34*

A-$&)$7%(3&)$'#"%C&,"8$3&,7*'&@$&27*'",0*$8&+"%&()4&/"#$%&'%()*+"%,$%&

()8&#$09-'*&,7*'&@$&*$'&0)801087(3345&S"#$1$%<&0'&0*&%$2",,$)8$8&'"&7*$&

+$$8?+"%#(%8& )$7%(3& )$'#"%C*& #0'-& ")$& -088$)& 3(4$%& (*& $./3(0)$8& 0)&

*$2'0")&V5T5J5&

B)&*7,,(%4<& '"& 0,/3$,$)'& '-$&,"8$3& 0)& '-$&,")0'"%0)9&*4*'$,<& +0%*'<& '-$&

,"8$3&+"%&$(2-&'%()*+"%,$%&,7*'&@$&8$*09)$8&@4&)$'#"%C&8$*09)&*"+'#(%$<&

0)& '-0*& 2(*$& 7*0)9& R('3(@y5& A-$& 8('(& 2",/%0*0)9& ('& 3$(*'& ")$& 4$(%& "+&

,$(*7%$8& '"/?"03& '$,/$%('7%$<& 3"(8& 27%%$)'<& (,@0$)'& '$,/$%('7%$& ()8&

"/$%('0)9&)7,@$%&"+&/7,/*&"%& +()*&*-"738&@$&(//30$85&A-$&*"+'#(%$&#033&

'%(0)&80++$%$)'&,"8$3*& [#0'-&)7,@$%&"+&-088$)&)$7%")*&1(%0$8& +%",&J& '"&

YU&)$7%")*\&#0'-&JY&80++$%$)'&'%(0)0)9&(39"%0'-,*5&A-$&#$09-'&()8&)7,@$%&

"+&-088$)&)$7%")*&"+& '-$*$&,"8$3*&(%$&"@'(0)$85&A-$)<& '-$&,('-$,('02(3&

,"8$3&(*&8$*2%0@$8& 0)&I:5& [V5T\& 0*&(//30$8&()8& '-$& '$,/$%('7%$&8$10('0")&

@$'#$$)& ,$(*7%$8& ()8& 2(3273('$8& '"/?"03& '$,/$%('7%$& +%",& 80++$%$)'&

)$'#"%C&,"8$3*& 0*& 8$'$%,0)$85& A-$& %$*73'*& +%",& '-$*$& 80++$%$)'&,"8$3*&

#0'-&'-$0%&#$09-'*<&)7,@$%&"+&-088$)&)$7%")*&()8&'$,/$%('7%$&8$10('0")*&

(%$&'-$)&2")*08$%$8&()8&()(34*$8&[7*0)9&I.2$3\5&&

A-$&,"8$3&#0'-& '-$& 3"#$*'& '$,/$%('7%$& 8$10('0")&#033& @$& 2-"*$)& (*& '-$&

,"8$3& +"%& '-$& '"/?"03& '$,/$%('7%$&2(3273('0")5& B'*&#$09-'*&()8&)7,@$%&"+&

-088$)&)$7%")*&#033&@$&,"80+0$8&0)'"&(&,('-$,('02(3&+"%,&+"%&2(3273('0")&

()8&'-$&,"8$3&2()&'-$)&@$&(//30$8&0)&'-$&,")0'"%0)9&*4*'$,5&
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34)#'5&,(

!"#$%&'()&*#+,&"-./0(1!$)+02(&/.(*&/3(%4(3,.(5%63&-.(/.-76&38"-(0903.:0(

8"( &"( .6.;3/8;&6( 3/&"0:8008%"( ".3<%/=>( ),.9( &/.( ;%"".;3.'( 3%( 3,.(

3/&"04%/:./0(&"'(&/.(/.0*%"08?6.(4%/(:&8"3&8"8"-(3,.(5%63&-.( 6.5.6(7"'./(

5&/8&?6.(6%&'8"-(;%"'838%"0>(@9(;,&"-8"-(&(3&**8"-(%"(&(<8"'8"-A(3,.(!$)+(

&66%<0( 3,.( 37/"0#/&38%(%4( 3,.( 3/&"04%/:./(&"'( 3,70( 3,.( 6.5.6(%4( 830(%73*73(

5%63&-.( 3%( 5&/9>( ),.( 0.6.;38%"( %4( 3&**8"-( %"( 3,.( 3/&"04%/:./( <8"'8"-( 80(

'%".(58&( 3,.( 0.6.;3%/( 0<83;,>($%&'(;7//."3( 80( 3,."(0<83;,.'(%5./(&( 0.3(%4(

;%"3&;30( ?9( :.&"0( %4( 3,.( '85./3./( 0<83;,>( ( ),.( *%0838%"( %4( 3,.( .6.;3/8;(

;%"3&;3( 80( &'B703.'(?9( &('/858"-(:.;,&"80:(&"'(&( ;%"3/%6( 7"83A( ?&0.'(%"(

3,.(;%:*&/80%"(%4(&"(%73*73(5%63&-.(&"'(&(/.4./.";.(5&67.>(

7.1 1)2(34)#'5&,(34)&)6%5&$,%$6,(

C7/8"-( 3,.( 3&*( ;,&"-8"-A( 3,.( ;7//."3( 8"( &( 3/&"04%/:./( <8"'8"-( 80( "%3(

&66%<.'( 3%( ?.( 8"3.//7*3.'( &"'( 3,.( 3&*( ;,&"-8"-( :703( ?.( ;&//8.'( %73(

<83,%73( 0,%/3( ;8/;783( %4( 3<%( 3&**8"-(*%8"30( %4( 3,.(<8"'8"->( ),80( 6.&'0( 3%(

3,.(/.D78/.:."3(%4(3/&"0838%"(8:*.'&";.('7/8"-(3,.(3/&"0838%"(03&-.>(E7;,(

3/&"0838%"( 8:*.'&";.( 80( */%58'.'( .83,./( <83,( &( /.0803%/( %/( <83,( &"(

8"'7;3%/>( ),.( &:%7"3( %4( 8:*.'&";.( &"'( 3,.(:.3,%'(%4( 830( ;%"".;38%"( 8"(

3,.( ;8/;783( &/.( '.3./:8".'( ?9( 3,.( 4%66%<8"-( ;%"468;38"-( /.D78/.:."30F( "%(

.G;.0085.( 5%63&-.( 467;37&38%"0( '7/8"-( 3,.( 0<83;,8"-( ;9;6.( &"'( 3,.(

;8/;76&38"-(;7//."3(?.3<.."(3&*0(8"(3,.(3/&"0838%"(*%0838%">(

7.1.1 1)2(34)#'5&,(+5,$'#(764585,(

),.(3&*(;,&"-./(%4(&(3/&"04%/:./(0,%76'(:..3(3,.(0&:.("%/:&6(&"'(*.&=(

/&38"-(%5./6%&'( ;%"'838%"0( &0( 3,.( 3/&"04%/:./( 830.64>( ),.('.08-"( 0;,.:.0(

0,%76'(;%"08'./(3,.(4%66%<8"-(*%8"30(HI.8"?./-A(JKLKMF((

! 3,.(:&G8:7:(0903.:(5%63&-.N(((

! 03.*(5%63&-.(&"'(3,.("7:?./(%4(03.*0N(

! 3,.(:&G8:7:(OPE(3.03(5%63&-.(3%(.&/3,(&"'(&;/%00(3,.(3&**8"-(/&"-.N(

! 3,.(:&G8:7:(07/-.(5%63&-.(3%(.&/3,(&"'(&;/%00(3,.(3&**8"-(/&"-.N(



L>J(()&*(+,&"-./0 Characteristics( QK((

(

! 3,.(:&G8:7:(*%<./#4/.D7.";9(&"'(07/-.#3.03(5%63&-.(?.3<.."(*,&0.0(

<,./.(&**68;&?6.N(

! ;7//."3(/&38"-A(?%3,(4%/("%/:&6(4766#6%&'(&"'(*.&=(/&38"-(;%"'838%"0>(

P%/.%5./A( 39*.(3.030(&/.(".;.00&/9(3%('.3./:8".(3,.('&3&(4%/(&(*&/38;76&/(

3&*( ;,&"-./( 3%( &0;./3&8"(<,.3,./( 83( 80( ;&*&?6.( 3%(:..3( 07**69( &73,%/839(

0*.;848;&38%"0( <,86.( ;%"4%/:8"-( 3%( 8"3./"&38%"&6( &"'( "&38%"&6(

/.D78/.:."30>(

7.1.2 79$%64$#'(:&$#6$205,(

)<%( 0<83;,8"-( */8";8*6.0( ,&5.( ?.."( 70.'( 4%/( 3,.( 6%&'( 3/&"04./( 8"( !$)+(

'85./3./( 0<83;,.0N( 3,.( 06%<#&;38"-( /.&;3%/( &"'( 3,.( ,8-,#0*..'( /.0803%/(

*/8";8*6.0>( @%3,( */8";8*6.0( */%58'.( /.68&?6.( !$)+0( 4%/( 3,.( 4766( /&"-.( %4(

!$)+0>( ),.( /.&;3%/( 39*.( !$)+0( &/.( 8"( 0.*&/&3.( ;%:*&/3:."30( 3,&3( &/.(

"%/:&669(<.6'.'( 3%( 3,.( 3/&"04%/:./( 3&"=>(),.(70.(%4(&(/.&;3%/( 80( 3%( 68:83(

3,.(;8/;76&38"-(;7//."3('7/8"-(3/&"0838%"(4/%:(%".(3&*(3%(3,.(%3,./>(),.0.(

/.&;3%/( 39*.(!$)+0( &/.( "%<( 6.00( 70.'( 8"( R7/%*.A( ,%<.5./A( 3,.9( &/.( 03866(

&5&86&?6.(&"'(&/.(4/.D7."369(70.'(8"(3,.(SET>((

),.(/.0803%/( 39*.(!$)+0( 3."'(3%('%:8"&3.A(.0*.;8&669(<,."(3,.9(;%:.(3%(

UVA(UVC+(&"'(RUV(!$)+(3/&"04%/:./0(HW%%0."A(JKKXM>(),.9(&/.(8"03&66.'(

8"08'.(3,.(3/&"04%/:./(3&"=>(T"(&'5&"3&-.(%4(3,80(0<83;,8"-(:.3,%'(80(3,&3(

3,.(;7//."3(8"3.//7*3.'(&"'(3,.(/.#03/8=8"-(5%63&-.(&;/%00(3,.(;%"3&;3(80(8"(

*,&0.>( Y%<&'&90( 3,.( ,8-,#0*..'( /.0803%/( !$)+( '%:8"&3.0( &( ".<(

&**68;&38%"( 3,&3( &66%<0( '.08-"0( 3,&3( &/.( :%/.( ;%:*&;3( &"'( 3,.( 4&03(

%*./&38%"(3,&3( 3,.(&/;(*./08030(%"69(&?%73(,&64(&(;9;6.>(),./.4%/.A(;%"3&;3(

./%08%"(&"'(%86(;%"3&:8"&38%"(;&"(?.(:8"8:8Z.'(HI.8"?./-A(JKLKM>(

),./.(&/.(3<%(39*.0(%4(/.0803%/(3&*(;,&"-./0(8"(;%::%"(70.A(&0(0.."(4/%:(

'.08-"0(&"'(3,.8/(0<83;,8"-(0;,.:&38;0(8"(I8-7/.(L>J>(),.9(&/.('844./."3(8"(

;7//."3#3/&"04./( 0<83;,8"-( &//&"-.:."30>( ),.0.(:&9( ?.( ;6&00848.'( &0( 3,.(

*.""&"3(0<83;,8"-(;9;6.(&"'(3,.(46&-(0<83;,8"-(;9;6.>(),.(3./:([*.""&"3\(

&"'( [46&-\( &/.( './85.'( 4/%:( 3,.( &**.&/&";.( %4( 3,.( *,&0%/( '8&-/&:0( 3,&3(

0,%<(3,.(;,&"-.(%4(%73*73(5%63&-.(%4(3,.(3/&"04%/:./(8"(:%58"-(4/%:(%".(

3&**8"-(3%(3,.(".G3>(

),.(!"##$#%&'()%*+)#,&*-*."/ %-!"( 3&*( ;,&"-./( 70.0( &( 0.6.;3%/( 0<83;,( 3,&3(

;%:?8".0(3,.(47";38%"0(%4(3&*(0.6.;38%"(&"'(;7//."3(3/&"04./>(]3(80(70.'(4%/(

/.-76&38"-( 3/&"04%/:./0(<83,( 0:&66( 3%(:.'87:(%73*73( /&3.0>( W."./&669A( &(
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08"-6.(/.0803%/(80(&**68.'(4%/(-858"-(&"(&09::.3/8;&6(0<83;,8"-(;9;6.>(]"(%".(

'8/.;38%"(%4(:%5.:."3A(&(;8/;76&38"-(;7//."3(80(*&008"-(?.4%/.(3,.(3,/%7-,(

;7//."3(80(8"3.//7*3.'>(T"'(8"(3,.(/.5./0.('8/.;38%"A(3,.(3,/%7-,(;7//."3(80(

?/%=."(?.4%/.(&(;8/;76&38"-(;7//."3(03&/30(3%(*&00>((

),.(0.$,&'()%*+)#,&*-*."(%-!"(3&*(;,&"-./(70.0(&(3&*(0.6.;3%/(8"(;%"B7";38%"(

<83,( &( 0.*&/&3.( '85./3./( 0<83;,( 8"( 3,.( 0.*&/&3.( %86( ;%:*&/3:."3>( )<%(

/.0803%/0( &/.( &**68.'( 4%/( -858"-( &( 09::.3/8;&6( 0<83;,8"->( _83,( 3,80(

0.D7.";.A( 3,.( 3,/%7-,( ;7//."3( 80( ?/%=."( ?9( 3,.( :&8"( ;%"3&;3( ?.4%/.( &(

;8/;76&38"-(;7//."3(03&/30(3%(*&00>(

// /////////( /////////////////////

 

/////////////////////

1),23"/456 7$!&*+$#,"/%-!"8/9."0%:/!"##$#%&'()%*+)#,/*-*.";//////////////////////////////////////////

93),+%:/0.$,&'()%*+)#,/*-*."////////////////////////////////////////////////////////////////////

9<+=%='/03=>/?$'*+)#"#0$@3)A/B")#+$2'"#/C>@D:/

),.(0<83;,8"-(0.D7.";.0(%4(&(3&*(;,&"-./(%*./&38%"(%4(&(0.6.;3%/(0<83;,8"-(

39*.( ;&"( ?.( 0.."( 4/%:( I8-7/.( L>`( Ha/b:./A( `^^^M>( ),.( 48G.'( 3&**8"-(

;%"3&;30(&/.(0*&;.'(/%7"'(3,.(*./8*,./9(%4(&(;8/;6.(&"'(&/.( 8"'.G.'(?9(&(

08"-6.(/%3&/9(;%"3&;3>(]30(8"076&3.'(07**%/3(&/:(&60%(;&//8.0(3<%(3/&"0838%"(

/.0803%/(;%"3&;30>((

I8-7/.( L>c( 0,%<0( 3,.( 0<83;,8"-( 0.D7.";.0( %4( 3,.( 3&*( 0.6.;3%/#'85./3./(

0<83;,8"-(39*.>(),.(3&*(0.6.;3%/(%*./&38%"(4/%:(I8-7/.(L>c&(3%(I8-7/.(L>c;(

80(&(06%<(:%38%"(0.D7.";.(&;37&3.'(?9( 3,.(:%3%/('/85.(:.;,&"80:(1c( 3%(

J^(0.;%"'02>(),.('85./3./(0<83;,(%*./&38%"(4/%:(I8-7/.(L>c'(3%(I8-7/.(L>c8(

80(;&//8.'(%73(8"(&(/&*8'(:%38%"(&;37&3.'(?9(3,.(0*/8"-(6%&'.'(:.;,&"80:(

1d^(3%(X^(:86680.;%"'02>(

E.6.;3%/(0<83;,(

C85./3./(0<83;,(+%:?8".'(0.6.;3%/(0<83;,(
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7.1.3 !"%"&(+&$;5(!564)#$,8,(

R83,./( 3,/..#*,&0.( %/( 08"-6.#*,&0.( 8"'7;38%"(:%3%/0(:&9( ?.( 70.'( 8"( 3,.(

%"#6%&'(3&*(;,&"-./('/85.(7"830>(P%03(%4(3,.:(&/.(3,.(;&*&;83%/(03&/3(&"'(

/7"( 39*.0>( ),80(:%3%/( '/85.(:.;,&"80:(:703( ?.( ;&*&?6.( %4( %*./&38"-( 8"(

?%3,('8/.;38%"0(%4(/%3&38%"(3%(0&38049(3,.("%/:&6(47";38%"8"-(;%"'838%"0(%4(

3,.( 3&*( ;,&"-./>( ),.( .00."38&6( /.D78/.:."30( 4%/( 3,.( ;%"3/%6( %4( 3,.0.(

:%3%/0( &/.( 3,.( 8"838&38"-( ;%:*%"."30( 07;,( &0( *70,( ?733%"0( %/( 0<83;,.0(

&"'(3,.(:&8"3&8"8"-(;%"3&;30(8"(3,.(&7G868&/9(.D78*:."3(8"(%/'./(3%(:&=.(

;./3&8"( 3,&3( &( 4766( 3&*#;,&"-.( 0.D7.";.( 80( ;%:*6.3.'( %";.( 8"838&3.'>( ),.(

68:83(0<83;,.0(&/.(*/%58'.'(3%(*/.5."3(%5.//7">((

C.3&860( %4( 3,.( :%3%/( '/85.( :.;,&"80:( &/.( 707&669( '.0;/8?.'( 8"( 3,.(

:&"74&;37/./e0(:&8"3."&";.(:&"7&6( %/( 0*.;848;( '/&<8"->( ]3( 80( &60%( 707&6(

4%/(3,.(:%3%/('/85.(:.;,&"80:(3%(8";67'.(3,.(4&;86839(3%(&66%<(3,.(7"83(3%(

?.( %*./&3.'(:&"7&669>( ]4( 3,80( 4&;86839( 80( */%58'.'A( 83( 80( .00."38&6( 3,&3( 3,.(

.6.;3/8;&6(0903.:(80(80%6&3.'(&73%:&38;&669(.83,./(?.4%/.(%/(&3(3,&3(38:.(3,&3(

3,.(,&"'6.(80(8"0./3.'>(

7.2 <)$0=&5(!564)#$,8,($#(.#/0")*(1)2(34)#'5&,(

]"3./"&38%"&6( *7?68;&38%"0( H+]WORA( JKQcM( 0,%<( 3,&3( 3,.( %"#6%&'( 3&*(

;,&"-./0( ;&70.( d^f( %4( &66( 3/&"04%/:./( 4&867/.0( 03/%"-69( &44.;38"-( 3,.(

D7&6839( %4( 3,.( ."./-9( '.685./.'( 3%( 3,.( 48"&6( ;%"07:./>( ]"( -."./&6A( !$)+(

4&867/.0( &/.( ;&3.-%/8Z.'( &0( .6.;3/8;&6A(:.;,&"8;&6( &"'( 3,./:&6( 4&7630>( ),.(

:&B%/( 0./8%70( 4&7630( &/.( :.;,&"8;&6( 4&7630>( ),.9( &**.&/( 4/%:( &-.8"-A(

8"&'.D7&3.('.08-"A(&"'(:8008"-(D7&6839(;%"3/%6('7/8"-(:&"74&;37/.(%/(083.(

./.;38%">( ),.9( :&9( 6.&'( 3%( 6%00( %4( 09";,/%"8Z&38%"( <83,8"( 3,.( 0.6.;3%/(

0<83;,( %/( ?.3<.."( 0.6.;3%/( &"'('85./3./( 0<83;,( %4( 3,.( 0&:.(*,&0.>( ),.9(

:&9( &60%( 6.&'( 3%( 06%<(%/( 8";%:*6.3.( '85./3./( %*./&38%"( 4&7630>( ),.(:%03(

4/.D7."3(:.;,&"8;&6(4&867/.0(&/.(;%"3&;3(*/%?6.:0(&"'('/858"-(:.;,&"80:(

*/%?6.:0>( ),.( */%?6.:0( <83,( ;%"3&;30( :&9( ?.( 6%%0."8"-( %"( :%58"-(

;%"3&;30( 4/%:( 8";%//.;3( :&8"3."&";.( %/( /.&00.:?69A( .G;.0085.( <.&/A(

;%"3&;3( ;/&;=0( %"( 48G.'( ;%"3&;30( %/( :%58"-( ;%"3&;30A( ./%08%"( %/( <.&=(

0*/8"-(<.&/(4/%:(&-.'g'.3./8%/&3.'(;%:*%"."30>(),.('/858"-(:.;,&"80:(

*/%?6.:0(:&9(?.('/85.(:.;,&"80:(:&647";38%"A( 6%%0.(0,&430(%/('&:&-.'(

0,&430>(),.9(:&9(;&70.(06%<(%/(8";%:*6.3.('85./3./(%*./&38%"(4&7630>(



L>c((P&8"3."&";.(E3/&3.-9( Kc((

(

P.;,&"8;&6(4&7630(:&9(6.&'(3%(.6.;3/8;&6(4&7630(07;,(&0(?7/"8"-(%4(;%"3&;30(
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!;.C+.C3(677U'( :6,!4'$4';,<6,3%=%$%>?<6,@'"=*%A=%;,.6,!(248,

V)P+0).(F,)0<,C0)-(,D(:L(;@2S0)-2(*)A(=@CC.)<(
BC*)2D,CE.C2(
IC,19(H+.1<C01*+(G)2@+*<0,)(=,)D.C.)1.(*)A(
H+.1<C01*+(F*)@D*1<@C0)-(HWO,3((
V1<,X.C(6%P6&3(677U3(OO9((&>P&&(

!=S@3(6777'( .6,5*B;,-6,CBD,

V)P+0).(F,)0<,C0)-(,D(I,J.C(BC*)2D,CE.C2(*)A(
=,EO,).)<2Y("(8./0.J(,D(Z.K(I*C*E.<.C2(
IC,19(H+.1<C01*+(G)2@+*<0,)(=,)D.C.)1.(*)A(
H+.1<C01*+(F*)@D*1<@C0)-([(=,0+(\0)A0)-(
=,)D.C.)1.3(OO9(&&?P&$U3(677U(

!=GT8H3(>?Q%'( 5EFGH,I%'="7&,F'%B),JK,

")(G)<.C)*<0,)*+(5@C/.K(,)(]*0+@C.2(0)(^*C-.(
I,J.C(BC*)2D,CE.C2(0)(5.C/01.9(
H+.1<C*3(M,9(QQ3(F*K(>?Q%3(OO9(6>PR6(

!#.E_*).)`,(.<(*+3(>??6'( <6,.4LM(747=%,42,($,

"(M,)0)/*20/.(#0*-),2<01(G)2<C@E.)<(D,C(I,J.C(
=0C1@0<(;C.*`.C2(
GHHH(BC*)2*1<0,)2(,)(I,J.C(A.+0/.CK3((
L,+9$3(M,963("OC0+(>??63(OO9(

!#.E@<S3(>??6'( N6,.4LB2*;,O6,!4($4,

M.@C*+(M.<J,C`(B,,+X,WY(],C(42.(J0<S(F"B^";3((
45"Y(BS.(F*<S(\,C`23(G)193(>??69(

!#.C(:,@S*).220*)3(>??Q'( <6,.4',N%B*(7488"(7,

F.*2@C.E.)<(*)A(")*+K202(,D(#0.+.1<C01(8.2O,)2.(
0)(V0+PI*O.C(G)2@+*<0,)(5K2<.E2(
#022.C<*<0,)3(HB:(M,9(>6Q%63(a@C01S3(>??Q(
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!:*)A+.K3(677>'( !6,N(7A$4+;,O6,G4AP4'7;,36I*"24,

V)(+,*A(<*OP1S*)-.C(1,)A0<0,).A(X*2.A(
E*0)<.)*)1.(
GHH(IC,19(bT.).C9(BC*)2E9(#02<C0X93(
L,+9(>RQ3(M,9R3(N@+K(677>3(OO9((6?&P%77((

!:.3(6777'( Q6,N4;,R6,3";,.6,R6,9+$(>8=+,

IC.A01<0,)(,D(B,OPV0+(B.EO.C*<@C.(D,C(
BC*)2D,CE.C2(420)-(M.@C*+(M.<J,C`2(
GHHH(BC*)2*1<0,)2(,)(I,J.C(#.+0/.CK3((
L,+9(>U3(M,9>3(N*)@*CK(67773(OO9((>67UP>6>>(

!:.++3(677$'( O6,N4$$;,@6,5%82(;,R'6;,S6,F%L"A4,

8.1@CC.)<(M.@C,D@ccK(M.<J,C`(0)(BS.CE*+(
F,A.+0)-(,D(I,J.C(BC*)2D,CE.C2(
GHHH(BC*)2*1<0,)2(,)(I,J.C(#.+0/.CK3((
L,+9(>663(M,963("OC0+(677$3(OO9((?7RP?>7(

!].0)X.C-3(>?$?'( G6,S4"7#4'&,

F,A.C)(I,J.C(BC*)2D,CE.C(IC*1<01.(
:*+2<.A(IC.223(>?$?3(OO9(>R7P>R>(

!],*<*3(6777'( O6,S%(2(;,G6,!4(BT*4L"7;,56,G(M%224,

V)P+0).(B.2<0)-(,D(V)P+,*A(B*O(=S*)-.C2(J0<S(
I,C<*X+.("1,@2<01(5K2<.E(
IC,19(?<S(G)<.C)*<0,)*+(=,)D.C.)1.(,)(
BC*)2E0220,)(*)A(#02<C0X@<0,)(=,)2<C@1<0,)3(
VO.C*<0,)(*)A(^0/.P^0).(F*0)<.)*)1.3(((
O9(%>=PB8"P>(

!T*C2,)3(>??Q'( F6,.(>"A,F('8%7,

M.@C*+(M.<J,C`2(
")(G)<C,A@1<,CK(T@0A.(D,C(5,10*+(510.)<02<2(
5"TH(I@X+01*<0,)2(^<A3(^,)A,)(>??Q(

!T,,2.)3(>??&'( @6,<6,F%%847,

BC*)2D,CE.C("11.22,C0.2(
=GT8H(5.220,)(>??&3(I*C023(OO9(>6P>7R

!TC,dE*))3(6776'( H=('A,F'%UL(77,

"`@2<021S.(B.0+.)<+*A@)-2E.22@)-(c@C(
eX.CJ*1S@)-(@)A(#0*-),2.(/,)(f+gI*O0.CP
02,+0.C<.)(:,1S2O*))@)-2-.Ch<.)(
#022.C<*<0,)3(4)0/.C20<K(,D(5<@<<-*C<3((
T.CE*)K3(6776(

!GH=(&7%UR3(>??>'( EH5,1J0KV,
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^,*A0)-(T@0A.(D,C(V0+PGEE.C2.A(I,J.C(
BC*)2D,CE.C2(
G)<.C)*<0,)*+(H+.1<C,<.1S)01*+(=,EE0220,)(
5<*)A*CA(T.)./.3(5@022.3(>??>(

!GHHH(5<A9(=U$9?>3(>??U'( EHHH,32A6,5K/6WX,

GHHH(T@0A.(D,C(^,*A0)-(F0).C*+PV0+PGEE.C2.A(
BC*)2D,CE.C23(>??U(

!N*-.C23(677$'( G6Y6,,R(&4'8;,R6,Z*%8(;,@6R6,.4,Z$4'=,(7A,5696,

F(B72,

BC*)2D,CE.C(8.+0*X0+0<K(*)A(=,)A0<0,)(
"22.22E.)<(0)(*(5,@<S("DC01*)(4<0+0<K3((
IC,19(>U<S(G5:(G)<.C)*<0,)*+(5KEO,20@E(,)(:0-S(
L,+<*-.(H)-0)..C0)-3((
^_@X+_*)*3("@-@2<(677$3(O9(B&PRR6(

!Z*)-3(6777'( @6,Z(7&;,.6,!"'2[*"82$4;,R6,.($4+;,.6,OT5B$$%T*,

M,)PG)/*20/.(V)P^0).(=,)A0<0,)(F,)0<,C0)-(,D(
V)P^,*A(B*O(=S*)-.C2(
GHHH(I,J.C(H)-0)..C0)-(5,10.<K(\0)<.C(F..<0)-3(
6%P6$(N*)(67773(L,+9%3(OO9(666%P666Q(

!Z*)-3(6777'( @6,Z(7&;,.6,!"'2[*"82$4,

V)P+0).(=,)A0<0,)(F,)0<,C0)-(,D(B*O(=S*)-.C(b(
]0.+A(HWO.C0.)1.(
IC,19(>&<S(G)<.C)*<0,)*+(=,)D.C.)1.(*)A(
HWS0X0<0,)(,)(H+.1<0C10<K(#02<C0X@<0,)3(I*C<(>(Y(
=,)<C0X@<0,)23(677>3(O*O.C(),9(>9U6(

!Z*K3(>??$'( -6F6,Z(+,

B*O(1S*)-.C(=,)A0<0,)(F,)0<,C0)-(*)A(IC,<.1<0,)(
5K2<.E(
GHH(=,++,i9(=,)A0<0,)(F,)0<,C0)-(*)A(^0D.(
"22.22E.)<(0)(I,J.C(BC*)2D,CE.C23((
>??R3(OO9((Qg>PQg%(

!Z*K3(>??$'( -6F6,Z(+,

BS.(E,)0<,C0)-(*)A(OC,<.1<0,)(,D(,)(+,*A(<*O(
1S*)-.C2(
GHH(=,++,i9(=,)A0<0,)(F,)0<,C0)-(,D(^*C-.(
F*1S0).2(*)A(I,J.C(BC*)2D,CE.C23((
>??$3(OO9($g>P$g%(

!Z0<1S0)3(>?Q&'( 56,Z"2T*"7;,C6,5%B728,

8F5(<,(#=(=,)/.C20,)("OO+01*<0,)(T@0A.(
")*+,-(#./01.2(45"(>?Q&3(6)A(HA0<0,)(
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!Z,-*)3(>?QQ'( <6E6,Z%&(7;,R6-6,S$44L(7;,R6N6,@'%>(7\(7(;,,

]*0+@C.(")*+K202(,D(H:L(BC*)2D,CE.C2(
GHHH(BC*)2*1<0,)2(,)(I,J.C(#.+0/.CK3((
L,+9(%3(M,9(63("OC0+(>?QQ3(OO9(&$6P&Q%(

!ZChE.C3(>??&'( -6,Z']L4';,R6,O4+4';,R6,-6,R6,@422"7&(,,

F,)0<,C0)-(F.<S,A2(D,C(V)P+,*A(B*OP1S*)-.C29((
")(V/.C/0.J(*)A(]@<@C.(I.C2O.1<0/.2(
=GT8H(5.220,)(>??&3(I*C023(O9(>6P>7Q(

!ZChE.C3(6777'( -6,Z']L4',

V)P+,*A(B*OP=S*)-.C2(D,C(I,J.C(BC*)2D,CE.C2(
VO.C*<0,)(IC0)10O+.23("OO+01*<0,)2(*)A(5.+.1<0,)(
8.-.)2X@C-Y(F8PI@X+01*<0,)3(67773(OO9(>7P>>(

!ZCj-.C3(677$'( O6,Z'^&4';,-6,Z'(42&4,

M.J(#0*-),2<01(B,,+2(D,C(I,J.C(BC*)2D,CE.C2(
IC,19(>U<S(G5:(G)<.C)*<0,)*+(5KEO,20@E(,)(:0-S(
L,+<*-.(H)-0)..C0)-3((
^_@X+_*)*3("@-@2<(677$3(O9(B>7P>$$3(677$(

!Zj1S+.C3(>??&'( -6,Z^T*$4',

:,1S2O*))@)-2<.1S)0`3(TC@)A+*-.)(b(
B.1S),+,-0.(b(")J.)A@)-.)(
L#GPL.C+*-(#j22.+A,CD3(>??&(

!^*1SE*)3(6777'( O6,S6,,C(T*L(7;,I6,I($24';,@6,-6,FB&&47#4'&,

V)P+0).(#0*),2<012(,D(:0-SPL,+<*-.(;@2S0)-2(*)A((
=@CC.)<(BC*)2D,CE.C2(420)-(<S.(5@E(=@CC.)<(
F.<S,A(
GHHH(BC*)2*1<0,)2(,)(I,J.C(#.+0/.CK3((
L,+9(>U3(M,9(>3(N*)@*CK(67773(OO9(>UUP>&6(

!^.20.@<C.3(>??$'( !656,C48"4B2'4;,I6N6,N(&L(7;,R6C6,Z"'2$4+,R'6,

")(GEOC,/.A(BC*)2D,CE.C(B,O(V0+(B.EO.C*<@C.(
F,A.+(D,C(42.(0)(")(V)P^0).(F,)0<,C0)-(*)A(
#0*-),2<01(5K2<.E(
GHHH(BC*)2*1<0,)2(,)(I,J.C(#.+0/.CK3((
L,+9(>63(M,9(>3(N*)@*CK(>??$3(OO9((6R?P6U&(

!^.0XDC0.A3(>??Q'( 96,C4"#P'"4A,

V)+0).(F,)0<,C2(Z..O(BC*)2D,CE.C2(0)(5.C/01.(
GHHH(BC*)2*1<0,)2(,)(=,EO@<.C("OO+01*<0,)2(0)(
I,J.C3(L,+9(>>3(M,9(%3(N@+K(>??Q3(OO9((%&PR6(

!^.0XDC0.A3(>???'( 96,C4"#P'"4A,

V)+0).(F,)0<,C0)-(,D(I,J.C(BC*)2D,CE.C2(P(
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5K2<.E(B.1S),+,-K(*)A(#*<*(H/*+@*<0,)(
IC,19(>><S(G5:(G)<.C)*<0,)*+(5KEO,20@E(,)(:0-S(
L,+<*-.(H)-0)..C0)-3((
^,)A,)3("@-@2<(>???3(O9(U9>QR9IU(

!^.0X21S).C3(677$'( O6,C"4#8T*74';,Z6,!%4*L;,-6,G4BL(77,

V)P+0).(F,)0<,C0)-(,D(=*O*10<*)1.(*)A(
#0220O*<0,)(]*1<,C(,D(:0-S(L,+<*-.(;@2S0)-2(*<(
5.C/01.(B.EO.C*<@C.3((
IC,19(>U<S(G5:(G)<.C)*<0,)*+(5KEO,20@E(,)(:0-S(
L,+<*-.(H)-0)..C0)-3((
^_@X+_*)*3("@-@2<(677$3(O9(B$PR?7(

!F*1`*K>3(>??6'( .6,R6,56,O(T=(+,

;*K.20*)(G)<.CO,+*<0,)(
M.@C*+(=,EO@<*<0,)3(L,+9(Rk%l3(OO9(R>UPRR$3(>??6(

!F*1`*K63(>??6'( .6,R6,56,O(T=(+,

"(IC*1<01*+(;*K.20*)(]C*E.J,C`(D,C(
;*1`OC,O*-*<0,)(M.<J,C`2((
M.@C*+(=,EO@<*<0,)3(L,+9(Rk%l3(OO9(RRQPR$63(>??6(

!F*C`*+,@23(677&'( 36,O6,O('=($%B8,

#.<.1<0,)(*)A(^,1*<0,)(,D(I*C<0*+(#021S*C-.2(0)(
I,J.C(BC*)2D,CE.C2(@20)-(*1,@2<01(*)A(
.+.1<C,E*-).<01(20-)*+2(
#022.C<*<0,)3(4)0/.C20<K(,D(5<@<<-*C<3((
T.CE*)K3(677&(

!F*CJ0<c3(>??6'( Z6,O('["2\;,.6,F%'&"B8,

B.1S)01*+(#0*-),2<012(,)(B*O(=S*)-.C2(D,C(^*C-.(
I,J.C(BC*)2D,CE.C2(
IC,19(Q<S(G)<.C)*<0,)*+(GFHZV(5KEO,20@E(,)(
B.1S)01*+(#0*-),2<0123(OO9((UQ$PU?%(

!F0)S*23(>??$'( O3-,O"7*(8;,@R,A4,Z$4'=;,R@,G4+7A4'8,

"(5<@AK(,D(]*0+@C.(F,A.2(,D(^*C-.(I,J.C(5K2<.E(
BC*)2D,CE.C2(
IC,19(>7<S(G5:(G)<.C)*<0,)*+(5KEO,20@E(,)(:0-S(
L,+<*-.(H)-0)..C0)-3((
F,)<C.*+3("@-@2<(>??$3(O9(%U>$(

!F0)S*23(>???'( O3-,O"7*(8;,R@,G4+7A4'8;,@R,A4,Z$4'=,

]*0+@C.2(0)(I,J.C(5K2<.E(BC*)2D,CE.C2(*)A(
"OOC,OC0*<.(F,)0<,C0)-(B.1S)0i@.2(
IC,19(>><S(G5:(G)<.C)*<0,)*+(5KEO,20@E(,)(:0-S(
L,+<*-.(H)-0)..C0)-3((
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^,)A,)3("@-@2<(>???3(O9(>9?R956%(

!F,++.C3(>??%'( O6,S6,O%$$4',

"(51*+.A(=,)_@-*<.(TC*A0.)<("+-,C0<SE(D,C(]*2<(
5@O.C/02.A(^.*C)0)-((
M.@C*+(M.<J,C`23(L,+9(&3(>??%3(OO9(U6UPU%%(

!IC*AS*)3(677R'( O6,Z6,@'(A*(7;,9636,G(LB,

V)P+0).(F,)0<,C0)-(,D(B.EO.C*<@C.(0)(I,J.C(
BC*)2D,CE.C2(@20)-(VO<0E*+(^0).*C(=,EX0)*<0,)(
,D("MM2(
IC,19(GHHH(G)<.C)*<0,)*+(5KEO,20@E(,)(H+.1<C01*+(
G)2@+*<0,)3(677R3(OO9($7P$%(

!IK+/h)h0).)3(677$'( R6,Z6,@+$>]7]"747;,Z6,Y%B8"("747;,@6,<4'*%,

5<@A0.2(<,(4<0+0c.(^,*A0)-(T@0A.2(*)A("MM(D,C(V0+P
GEE.C2.A(#02<C0X@<0,)(BC*)2D,CE.C(=,)A0<0,)(
F,)0<,C0)-(
GHHH(BC*)2*1<0,)2(,)(I,J.C(#.+0/.CK3((
L,+9(663(M,9(>3(N*)@*CK(677$3(OO9((67>P67$(

!8@)A.(.<(*+3(>??6'( O6,GB7A4,42,($;,,

"1,@2<01(#0*-),202(,D(S0-S(/,+<*-.(10C1@0<P
XC.*`.C2(
GHHH(BC*)2*1<0,)2(,)(I,J.C(A.+0/.CK3((
L,+9$3(M,9%3(N@+K(>??63(OO9((

!50E*2(]93(677U'( H6,S6,3"L(8,S6;,C6,-6,C6,A4,-$L4"A(;,-72%7"%,56,A4,

56,C"L(,

L0XC*<0,)(F,)0<,C0)-(,D(V)P^,*A(B*O(=S*)-.C2(
420)-("(T.).<01("+-,C0<SE(
IC,19(G)2<C@E.)<*<0,)(*)A(F.*2@C.E.)<(
B.1S),+,-K(=,)D.C.)1.3(V<<*J*3(>$P>?(F*K(677U(

!5<0C+3(677R'( 96,32"'$,

V)+0).PF,)0<,C0)-(/,)(`*O*c0<0/(-.2<.@.C<.)(
#@C1SDjSC@)-.)(*)(^.02<@)-2<C*)2D,CE*<,C.)(
HBT(#0*-),2<0`(.+.`<C,<.1S)021S.C(
;.<C0.X2E0<<.+3(Zm+)3(?P>7(F*C1S(677R((

!5<0C+3(677&'( 96,32"'$;,G6,3='\+)4=;,36,947#%*$47;,G6,

<"$("2*%7&,

V)P+0).(=,)A0<0,)(F,)0<,C0)-(*)A(#0*-),202(D,C(
I,J.C(BC*)2D,CE.C2(<S.0C(;@2S0)-23(B*O(=S*)-.C(
*)A(G)2@+*<0,)(2K2<.E(
IC,19(=F#(G)<.C)*+(=,)D.C.)1.(,)(=,)A0<0,)(
F,)0<,C0)-(*)A(#0*-),2023(O9(&&>3(677&(
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!5@2*3(677U'( .6,3B8(;,O6,C4*2%747;,N6,Y%'AL(7,

#K)*E01(BS.CE*+(F,A.++0)-(,D(I,J.C(
BC*)2D,CE.C2(
GHHH(BC*)2*1<0,)2(,)(I,J.C(#.+0/.CK3((
L,+9(673(M,9(>3(N*)@*CK(677U3(OO9(>?$P67R(

!5J0D<3(677>'( F6,3["P2;,96,36,O%$"78=";,I6,C4*7,

"(D@)A*E.)<*+("OOC,*1S(<,(BC*)2D,CE.C(
BS.CE*+(F,A.++0)-(
GHHH(BC*)2*1<0,)2(,)(I,J.C(#.+0/.CK3((
L,+9(>&3(M,9(63("OC0+(677>3(OO9(>$>P>Q7(

!B*)-3(677R'( I6N6,9(7&;,Q6N6,IB;,:6R6,G"T*('A8%7,

"(20EO+0D0.A(BC*)2D,CE.C(BS.CE*+(F,A.+(;*2.A(
,)(BS.CE*+PH+.1<C01(")*+,-K(
GHHH(BC*)2*1<0,)2(,)(I,J.C(#.+0/.CK3((
L,+9(>?3(M,9(%3(N@+K(677R3(OO9((>>>6P>>>?(

!B.)X,S+.)3(>???'( 36,947#%*$47;,O6,3T*]P4',

;.@C<.0+@)-(A.C(eX.C+*2<X*C`.0<(/,)(
BC*)2D,CE*<,C.)(E0<(,)+0).(F,)0<,C0)-2K2<.E.)(
H+.`<C0c0<h<2J0C<21S*D<3((
N-9(??(k6777l3(:9(>P63(59(6&P%6(

!B.)X,S+.)>3(6777'( 36,947#%*$47;,S6,S"&4$,

V)P+0).(=,)A0<0,)(F,)0<,C0)-(,D(I,J.C(
BC*)2D,CE.C2(
GHHH(I,J.C(H)-0)..C0)-(5,10.<K(\0)<.C(F..<0)-(
L,+9(%3(6%P6$(N*)(67773(OO9((66>>P66>&(

!B.)X,S+.)63(6777'( 36,947#%*$47;,N6,!%'8";,_6,3B7A4'L(77;,N6,

O(22*48,

H)S*)1.A(#0*-),202(,D(I,J.C(BC*)2D,CE.C2(
@20)-(V)P(*)A(VDDP+0).(F.<S,A2Y(8.2@+<23(
HW*EO+.2(*)A(]@<@C.(BC.)A2(
=GT8H(5.220,)(67773(I*C023(O9(>6P67R(

!B.)X,S+.)3(677>'( 36,947#%*$47;,96,32"'$;,O6,32(T*,

"22.22E.)<(,D(V/.C+,*A(=*O*10<K(,D(I,J.C(
BC*)2D,CE.C2(XK(V)P+0).(F,)0<,C0)-(5K2<.E2(
GHHH(I,J.C(H)-0)..C0)-(5,10.<K(\0)<.C(F..<0)-(
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