
� ����������	�
 ����	 ������ ��� �������
� ���� ���		�


��

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

. � � � �(!"(!/

0 1!23 45 4667

89:;<=>;
? @*3 *3( "!+A*3 +B  !�1, 2(,*(!) @, !(2(,* �(1!) 1,& *3( !() '*@," 231,"()
@, @,B!1)*! 2* !( 5 *3( 21C12@*� +B D 1,� (E @)*@," )*+!D A1*(! D 1,1"(D (,* )�)F
*(D ) 31) � ((, )*!(*23(& *+ @*) '@D @* � G '*(!(& ) !B12( 3�&!+'+"� @,2!(1)() ) !F
B12( ! ,+H A3@23 !(123() &!1@,1"( 231,,(') D+!( I @2J'�5 !() '*@," @, "!(1*(!
)�)*(D '+1&) � K+ 31,&'( *3@) @,2!(1)(& L+A 5 D 1,� +B *3()( 231,,(') ,((&
*+ � ( !(&()@",(& � �+DC'@21*@," *3@) C!+2()) 1!( *3( !()*!@2*@+,) +, 231,,('
&()@",) & ( *+ +*3(! )*! 2* !() 5 ) 23 1) !+1&) 5 �!@&"() 1,& D '*@F)*+!� � @'&F
@,") 5 � (21 )( 1'*(!1*@+,) *+ *3()( )*! 2* !() 21, �( I @*( (EC (,)@M( � $()@",@,"
3@"3FM('+ 2@*� 231,,(') *+ 31,&'( *3( @,2!(1)(& A1*(! L+A A3@'( D @,@D @N@," *3(
1'*(!1*@+,) *+ (E @)*@," )*! 2* !() @) 1 B+!D @&1�'( *1)J 5 A @*3 *3( 2 !!(,* &()@",
*(23,@I ( � (@," 1 *!@1' 1,& (!!+! 1CC!+123 �

O, *3@) C1C (! 5 A( C!()(,* 1, (P 2@(,* 5 &(*(!D @,@)*@2 &()@", D (*3+& 5 A3@23
1CC'@() *3( 1&Q +@,* M1!@1�'( B+!D '1*@+, +B &@!(2* &@H(!(,*@1*@+, *+ 1 2+DC *1F
*@+,1' 5 +C (,F231,,(' L+A D+&(' @, +!&(! *+ +�*1@, *3( &(!@M1*@M( +B 1, +�Q (2F
*@M( B ,2*@+, A @*3 !()C (2* *+ *3( &()@", M1!@1�'() � R!+D *3()( &(!@M1*@M() 5 A(
D+&@B� *3( &()@", M1!@1�'() A @*3 *3( "+1' +B D @,@D @N@," *3( +�Q (2*@M( B ,2*@+, �
K3( C1!*@2 '1! �R$ 2+&( S%OT�UV$ W  )() 1,  ,)*! 2* !(& 5 X(*!+MFY1'(!J@, 5
Z,@*( ('(D (,* D (*3+& *+ )+'M( *3(  ,)*(1&�5 *A+F&@D (,)@+,1' 5 &(C*3F1M(!1"(& 5
)31''+A A1*(! (I 1*@+,) � K3( *()* 21)() @,M+'M( 231,,(' 2+,*!12*@+, C!+�'(D )
A @*3 +,( 5 *A+ 1,& *3!(( &()@", M1!@1�'() 5 A3(!(  ,@B+!D &+A,)*!(1D L+A @)
*3( "+1' � R+! *3()( 21)() 5 *3( @*(!1*@M( &()@", C!+ 2()) C!+& 2() 231,,(') *31*
�@('& 1�+ * 1 6[\ @DC!+M(D (,* +M(! )*!1@"3* A1'' 2+,*!12*@+,) �

]^_`ab`cd ecbadfc g hijkbc`clif`m nfolfdd_lfo g p lqqlqqlkkl ec`cd rflsd_qlctu
vw qqi xl`cd y_izdqqi_ g hlslm nfolfdd_lfo g p lqqlqqlkk l ec`cd rflsd_qlctg p dj{d_ wehn g pdj{d_ w|ww u
}~dqd`_x� �ta_`b mlx nfolfdd_ g r ewn �`cd_�`tq n�kd_lj dfc ec`clif g hi`qc`m `fa �ta_`bmlxq �`{�

i_`ci_tg � lx�q{b_o g p lqqlqqlkkl u

4



� ���������	��

R'+A ) *3!+ "3 3@"3FM('+ 2@*� 231,,(') C!+& 2( 3�&!1 '@2 C3(,+D+,1 5 ) 23 1) 3�&!1 '@2
Q  DC) 1,& )*1,&@," A1M() 5 @, 2+,Q  ,2*@+, A @*3 231,"() @, *3( 231,,(' )31C ( 5 ) 23 1) 1
2+,*!12*@+, +! *3( (E @)*(,2( +B 1 �!@&"( C@(! +! +*3(! +�)*! 2*@+,) @, *3( L+A Z('& � K3()(
)*1,&@," A1M() C!+C1"1*( &+A, *3( 231,,(' B1! � (�+,& *3( +�)*! 2*@+, � �221)@+,1''�5 1
231,"( @, *3( )31C( +B *3( 231,,(' 21 )() *3( L+A *+ *!1,)@*@+, B!+D 3@"3 M('+ 2@*� *+ '+A
M('+ 2@*� L+A 5 A3(!( *3( &(C*3 +B L+A @) D 23 "!(1*(! 1,& D 1� !() '* @, L++&@," � ��
D+&@B� @," *3( 231,,(' &()@", 5 *3( &1D1"@," (H(2*) +B *3()( 3�&!1 '@2 C3(,+D(,1 21, �(
!(& 2(& +! ('@D @,1*(& �

K3( )31C ( +B *3( 231,,(' @) &(*(!D @,(& C1!1D (*!@21''� �� +,( +! D +!( &()@", M1!@1�'() �
R+! @,)*1,2( 5 *3( &()@", M1!@1�'() B+! 1 231,,(' 2+,)@)*@," +B )*!1@"3* A1'' )("D (,*) A+ '&
�( *3( '+ 21*@+,) +B *3( @,*(!)(2*@+,) +B *3()( )("D (,*) 5 +! B+! 1 231,,(' A @*3 2 !M(& A1'') 5
*3( &()@", M1!@1�'() 2+ '& � ( *3( 2+,*!+' C +@,*) B+! 1 � (N@(! 2 !M( +! B+! 1 C+'�,+D @1'
@,*(!C+'1*@," 2 !M( �

�,2( *3( 231,,(' 
) &()@", M1!@1�'() �� 1!( 23+)(, 5 1, 1CC!+C!@1*( +�Q (2*@M( B ,2*@+, 
@) )('(2*(& � K3( +�Q (2*@M( B ,2*@+, 2+ '& D(1) !( *3( ,+,F ,@B+!D @*� +B *3( L+A 5 *3(
D 1E@D D 3(@"3* +M(! 1 !("@+, +! 1'+," *3( A1'') 5 +! *3( 231,"( @, *3( 1M(!1"( (,(!"� +!
*3( 3(1& '+)) *3!+ "3 1 231,,(' *!1,)@*@+, � � @,2( *3( L+A @) &(C (,&(,* +, *3( 231,,('
&()@", 5 *3( +�Q (2*@M( B ,2*@+, A @'' @,&@!(2*'� � ( 1 B ,2*@+, +B *3( &()@", M1!@1�'() � ��
1&Q  )*@," *3( &()@", M1!@1�'() 5 *3( M1' ( +B *3( +�Q (2*@M( B ,2*@+, 21, �( D @,@D @N(& �
K3( &(!@M1*@M( +B *3( +�Q (2*@M( B ,2*@+, A @*3 !()C (2* *+ (123 +B *3( &()@", M1!@1�'() @)
1CC!+E @D 1*(& ��  )@," *3( 1&Q +@,* M1!@1�'( B+!D '1*@+, +B &@!(2* &@H(!(,*@1*@+, �4� 5 1,&
*3( &()@", M1!@1�'() 1!( 1&Q  )*(& 122+!&@,"'�5 A3@23 D+&@Z() *3( 231,,(' &()@", � O, *3(
'@*(!1* !( 5 *3()( &(!@M1*@M() 1!( !(B(!!(& *+ 1) *3( &()@", )C12( &(!@M1*@M() �

K+ )@D '1*( *3( L+A *3!+ "3 *3( 231,,(' 5 %OT�UV$ �V� @)  )(& � K3@) 2+&( )+'M() *3(
 ,)*(1&�5 *A+F&@D (,)@+,1' 5 &(C*3F1M(!1"(& 5 M @)2+ ) 5 )31''+A A1*(! (I 1*@+,) ��� 5 A3@23
@",+!( �+!@+'@) B+!2() 1,& A @,& (H(2*) � O*  )() 1 � (A*+,F.1C3)+, @*(!1*@+, D(*3+& *+
1&M1,2( *3( )+' *@+, @, *@D ( 1,& 1 X(*!+MFY1'(!J@, Z,@*( ('(D (,* B+!D '1*@+, B+! *3(
)C1*@1' &+D1@, � K3@) 1CC!+123 @) C!()(,*(& @, �(2*@+, � �

G 2+,2(C* 1''� )@D C'( 1CC!+123 *+ ()*@D 1*( (123 *(!D ��
��� @) *+  )( *3( Z,@*( &@H(!(,2(

1CC!+E @D 1*@+, B+! (123 &()@", M1!@1�'( 5 ����� S �� W � � � ��������� � �� �
� � � R+! 1 C!+�'(D A @*3 �

&()@", M1!@1�'() 5 +,( )*(1&�F)*1*( )@D '1*@+, @) ,((&(& *+ 21'2 '1*(  S �� W 1,& 1 )*(1&�F
)*1*( )@D '1*@+, @) ,((&(& B+! (123 C(!* !� (& "!@& �� �  �! 5 @, +!&(! *+ 21'2 '1*( *3(
+,(F)@&(& Z,@*( &@H(!(,2( � %(,2( 5 � � 4 )*(1&�F)*1*( )@D '1*@+,) 1!( ,((&(& 5 @B 1 Z,@*(
&@H(!(,2( 1CC!+E @D 1*@+, B+! *3( "!1&@(,* @)  )(& � .1*3(! 5 ��  )@," *3( 1&Q +@,* M1!@1�'(
B+!D '1*@+, B+! &@!(2* &@H(!(,*@1*@+, 5 *3( &()@", )C12( "!1&@(,*) 21, � ( ()*@D 1*(& A @*3F
+ * *3( ,((& B+! B !*3(! )*(1&�F)*1*( )@D '1*@+,) � K3@) D (*3+& 1,& *3( 2+!!()C+,&@,"
D+&@Z21*@+,) *+ %OT�UV$ 1!( C!()(,*(& @, �(2*@+, " �

V



�,2( *3( "!1&@(,* +B *3( +�Q (2*@M( B ,2*@+, @) J,+A, 5 *3( &()@", M1!@1�'() 1!( 1&Q  )*(&
 )@," *3( D (*3+& +B )*((C ()* &()2(,* �"� 5 +! �� �� # � �� � � ��� 5 A3(!( � @) 1 )21'@,"
*(!D *+ (,) !( *31* *3( D 1",@* &( +B *3( "!1&@(,* 1,& +B *3( &()@", M1!@1�'() 1!( )@D @'1!
1,& � @) &(*(!D @,(& B!+D +,( '@,(1! )(1!23 )*(C � K3( C1!*@2 '1! @DC'(D (,*1*@+, +B *3(
D (*3+& +B )*((C ()* &()2(,* @) C!()(,*(& @, �(2*@+, � �

K3( D1*(!@1' C!()(,*(& @, *3@) C1C (! &(D+,)*!1*() *31* *3( 1&Q +@,* M1!@1�'( B+!D '1*@+,
+B &@!(2* &@H(!(,*@1*@+, 21, �( 1CC'@(& *+ +C(,F231,,(' &()@", +C*@D @N1*@+, � %(,2( 5
231,,(' &()@", +C*@D @N1*@+, 21, � ( 122+DC'@)3(& @, 1 &(*(!D @,@)*@2 B1)3@+, 1,& A @*3 1
D 23 D+!( !(1)+,1�'( 1D+ ,* +B 2+DC *1*@+, � K+ @'' )*!1*( *3@) *(23,@I ( 5 1CC'@21*@+,
31) � ((, D1&( *+ B+ ! 231,,(' 2+,*!12*@+, &()@", C!+�'(D ) �

� �	�
������

01,� &@H(!(,* L @& &�,1D @2) 2+&() )@D '1*( *3( L+A +B A1*(! *3!+ "3 D 1,FD 1&( +C(,F
231,,(') 1,& *3!+ "3 +*3(! )*! 2* !() � $()@",(!)  )( *3()( 2+&() 5 @, 2+,Q  ,2*@+, A @*3
)21'( D +&(') 5 *+ 1,1'�N( *3( D (!@*) +B 1 C1!*@2 '1! 231,,(' &()@", � ��  )@," *3(@! (EC (!F
*@)( 5 *3(� 1&Q  )* *3( 231,,(' &()@", @, +!&(! *+ +�*1@, *3( &()@!(& (H(2*) � �,B+!* ,1*('�5
*3@) *!@1' 1,& (!!+! C!+2()) !('@() 3(1M@'� +, *3( &()@",(! 5 @) ,+* &(*(!D @,@)*@2 1,& C!+M@&()
,+ @,B+!D 1*@+, 2+,2(!,@," *3( ,(1!,()) *+ 1, +C*@D 1' )+' *@+, �

.()(1!23(!) @, Z('&) ) 23 1) )*! 2* !1' (,"@,((!@," 1,& 1(!+)C12( (,"@,((!@," 31M( )* &F
@(& 1 M1!@(*� +B &()@", C!+�'(D ) 1,& 31M( ) 22())B ''� (E*(,&(& *3( 21C1�@'@*@() +B *3(@!
)@D '1*@+, 2+&() *+ @,2' &( &(*(!D @,@)*@2 &()@", +C*@D @N1*@+, !+ *@,() � K3( 1&Q +@,* M1!@F
1�'( B+!D '1*@+, +B &@!(2* &@H(!(,*@1*@+, 5 A3@23 31) � ((, ) 22())B ''�  )(& *+ 21'2 '1*(
&()@", )C12( "!1&@(,*) B+! M1!@+ ) 1(!+)C12( 1CC'@21*@+,) 5 21, �( 1CC'@(& *+ *3( @,2+D F
C!())@� '( L @& &�,1D @2) 2+&() *31* 1!(  )(& @, D+&(''@," L+A *3!+ "3 D1,FD 1&( 231,F
,(') � K3( (I 1*@+,) "+M(!,@," L+A *3!+ "3 D1,FD 1&( 231,,(') 31M( )+D( &@H(!(,2()
B!+D *3+)( "+M(!,@," L+A 1!+ ,& 1@!B+@') � O, C1!*@2 '1! 5 *3( B!@2*@+, D+&(') 5 * !� '(,2(
D+&(') 1,& &@))@C1*@+, D+&(') 1!( &@H(!(,* 5 1,& *3( 3�&!1 '@2 Q  DC) @, ) C (!2!@*@21' L+A
1!( @,3(!(,*'�  ,)*(1&�� R !*3(! 5 *3( )@D '1*@+, 2+&( %OT�UV$  )() 1 Z,@*(F('(D (,* 1CF
C!+123 5 A3@23 @) &@H(!(,* B!+D *3( 1'"+!@*3D )  )(& @, *3( &()@", +C*@D @N1*@+, 2+&() @,
1(!+)C12( (,"@,((!@," � O, *3@) C1C(! 5 *3( (H(2*) +B *3()( &@H(!(,2() +, *3( +C*@D @N1*@+,
C!+ 2()) 1!( ,+* 1,1'�N(& 5 � * !1*3(! 5 @* @) )3+A, *31* *3( *(23,@I ( +B *3( 1&Q +@,* B+!D F
'1*@+, +B &@!(2* &@H(!(,*@1*@+, 21, � ( 1CC'@(& *+ *3( )@D '1*@+, 2+&( 5 % OT�UV$ 5 &()C@*(
*3()( &@H(!(,2() �

�



� � 	�����	�	�	�� 	�� �	�� �	�	�� � ����	�	� �
G,1'�)@) +B +C (,F231,,(' L+A @, 3�&!1 '@21''� )*((C 231,,(') 21, �( D1&( �� )+'M @,"
*3(  ,)*(1&�5 *A+F&@D (,)@+,1' 5 &(C*3F1M(!1"(& 5 M @)2+ ) 5 )31''+A A1*(! (I 1*@+,) ��� � K3(
C1!*@2 '1! B+!D '1*@+, +B *3()( (I 1*@+,) @) "@M(, �('+A A @*3 
 !(C!()(,*@," &(C*3 +B
L+A 5 � !(C!()(,*@," *3( L+A &@)231!"( @, *3( � &@!(2*@+, 1,&  !(C!()(,*@," *3( &@)231!"(
@, *3( � &@!(2*@+, � K3@) B+!D '1*@+, ,("'(2*) B!((F) !B12( )*!())() 1,& �+!@+'@) B+!2() �

� 
� � � ���� � � � � � [��� � � ��� �� -
 � 4
V � 
- � 
���� � �� � �� 
 � 
���� � �� 
 � ��� � � � -� �� - �  -��
��/� � � � ��� �� 
 � 
���� � �� � � -
 � 4

V � 
- � 
���� � �� 
 � �� � � � � -�� - �  -��
��/
S4W

R+! *3()( (I 1*@+,) 5 � @) *3( 122('(!1*@+, +B "!1M@*�5 *3( � �� 1!( *3( M1!@+ ) .(�,+'& 
)
)*!())() 5 � @) *3( ('(M1*@+, +B *3( 231,,(' � (& 5 � @) 01,,@," 
) !+ "3,()) 2+(P 2@(,* 1,&�� @) 1 &@D (,)@+,1' 2+,)*1,* 5 A3@23 @) 4�[ A3(, *3( &(C*3 1,& M('+ 2@*@() 1!( D (1) !(& @,
D(*(!) 1,& D (*(!) )(2+,& 1,& V �V[7 A3(, *3( &(C*3 1,& M('+ 2@*@() 1!( D (1) !(& @, B((*
1,& B((* )(2+,&
K3( )@D '1*@+, 2+&( %OT�UV$ �V� @)  )(& *+ )+'M( *3( )31''+A A1*(! (I 1*@+,) � %OT�UV$
@) 1,  ,)*! 2* !(& 5 Z,@*( ('(D (,* )+'M(! 5 A3@23 @)  )(& *+ )@D '1*( L+A @, �+*3 *3( ) F
C (!2!@*@21' 1,& ) �2!@*@21' !("@D () 1,& 1''+A ) *3( )C (2@Z21*@+, +B *3( 1CC!+C!@1*( �+ ,&F
1!� @,B+!D 1*@+, B+! �+*3 21)() � K3( 1CC!+E @D 1*@+, +B 12* 1' A1*(! L+A �� *3( *A+F
&@D (,)@+,1' 5 )31''+A A1*(! (I 1*@+,) @) '@D @*(& *+ *3( 21)() A3(!( *3( 231,,(' � (& )'+C (
@) )D 1'' 1,& A3(!( *3( &(C*3F1M(!1"(& 1)) DC*@+,) 1!( M1'@& S@ �( �5 *3( M('+ 2@*� @, *3( M(!F
*@21' &@!(2*@+, @) ,("'@"@�'(W � %(,2( 5 %OT�UV$ @) ,+* 1CC'@21�'( *+ !@M(! L+A )@D '1*@+,
+! *+ )@D '1*@+, +B L+A +M(! 1 )C@''A1��

% OT�UV$  )() 1 X(*!+MFY1'(!J@, Z,@*( ('(D (,* B+!D '1*@+, B+! *3( )C1*@1' &(!@M1*@M()
1,& *3( � (A*+,F.1C3)+, @*(!1*@M( D (*3+& B+! *3( !() '*@," )�)*(D +B ,+,'@,(1! (I 1F
*@+,) 5 ! " S# � $ % W 5 A3(!( *3( M(2*+! % !(C!()(,*) *3( 2++!&@,1*() +B 1 C1!*@2 '1! "!@&
1,& # � @) *3( 2 !!(,* )(* +B L+A M1!@1�'() � ! " S# � $ % W 2+,*1@,) *(!D ) *31* !(C!()(,* *3(
*(DC+!1' &(!@M1*@M( � G* (123 *@D ( )*(C 5 *3( � (A*+,F.1C3)+, @*(!1*@M( D (*3+& )+'M() *3(
)�)*(D ��  C&1*@," *3( )(* +B L+A M1!@1�'() # � 5 1B*(! )+'M @," *3( B+''+A @," )�)*(D +B
(I 1*@+,) B+!  # &�! " S# � W�# ' � # � � � �! S# � W� SVW

"



� ����	�	� 	�� ���	�	���
R+! +C(,F231,,(' L+A &()@", C!+�'(D ) 5 *3( +�Q (2*@M( B ,2*@+, @) &@!(2*'� 1 B ,2*@+, +B
*3( L+A M1!@1�'() � K3()( L+A M1!@1�'() &(C (,& +, *3( 231,,(' &()@", 5 A3@23 1!( &(F
*(!D @,(& B!+D *3( &()@", M1!@1�'() �� � K3 ) 5 *3( +�Q (2*@M( B ,2*@+, D1� � ( A !@**(, 1)
 �  �# �� S �� W� A3(!( # �� &(,+*() 1 M(2*+! +B L+A M1!@1�'() 1,& �� &(,+*() 1 M(2*+! +B
&()@", M1!@1�'() � K3( L+A M1!@1�'() !(C!()(,* *3( )*(1&�F)*1*( M1' () B+! 1 C1!*@2 '1! )(*
+B &()@", M1!@1�'() � O, 1 D+!( "(,(!1' )(**@," 5 *3( +�Q (2*@M( B ,2*@+, 21, � ( 1 B ,2*@+, +B
*3( L+A M1!@1�'() # 5 *3( "!@& &@)2!(*@N1*@+, % 5 A3@23 @) 1 M(2*+! +B )C1*@1' 2+ +!&@,1*()
&(C (,&(,* +, �� 5 1,& *3( &()@", M1!@1�'() �� � R+! *3( !() '*) @, *3@) C1C(! 5 *3( +�Q (2*@M(
B ,2*@+, @) +,'� 1 B ,2*@+, +B # �� � O, +!&(! *+ D @,@D @N( *3( +�Q (2*@M( B ,2*@+, 5 *3( "!1F
&@(,* @) ,((&(& 1,& @) 21'2 '1*(& M@1 1 &@)2!(*( @DC'(D (,*1*@+, +B *3( 1&Q +@,* M1!@1�'(
B+!D '1*@+, +B &@!(2* &@H(!(,*@1*@+, �4� 5 A3@23 @) C!()(,*(& � ('+A �

G ) &@)2 ))(& @, �(2*@+, � 5 1B*(! &@)2!(*@N1*@+, 5 1, @DC'@2@* 1'"+!@*3D �@('&) 1 )�)*(D +B
,+,'@,(1! 1'"(�!1@2 (I 1*@+,) 5 ! " S# S �� W $ % S �� W $ �� W � R+! *3( )*(1&�F)*1*( )+' *@+, # �� S �� W 5
*3( )�)*(D +B (I 1*@+, @) (I 1' *+ N(!+ � R !*3(!D+!( 5 *3( *(!D ) 2+,*1@,@," *3( *(DC+!1'
&(!@M1*@M( 21, � ( @",+!(& 5 !() '*@," @, 1 )@DC'@Z(& )�)*(D +B (I 1*@+,) 5 +!�! �# �� S �� W $ % S �� W $ �� 	
 � �[� S�W

R+! *3@) C1C(! 5 *3( )�)*(D +B ,+,'@,(1! (I 1*@+,) @) ,+* &@!(2*'� &(C (,&(,* +, �� � K3(
2+&( %OT�UV$ )+'M() *3@) )(* +B (I 1*@+,) 1) &()2!@� (& @, *3( C!(M@+ ) )(2*@+, �

O, +!&(! *+ 1CC'� &(!@M1*@M( �1)(& +C*@D @N1*@+, 1'"+!@*3D ) *+ *3( +�Q (2*@M( B ,2*@+,  5
@* @) ,(2())1!� *+ ()*@D 1*( *3( M1!@1*@+, +B  A @*3 !()C (2* *+ (123 &()@", M1!@1�'( �! �
% (,2( 5

���! �
&��# '�

&�#��! ' S"W

�,2( 1 )*(1&�F)*1*( )+' *@+, 31) � ((, +�*1@,(& 5 &@H(!(,*@1*@+, +B *3( )�)*(D +B (I 1*@+,)
1!@)@," B!+D *3( )+' *@+, 1'"+!@*3D �@('&)&

�!��! ' � �[� �

&�!�# '
&�#��! ' �

&�!�% '
&�%��! ' �

&�!��! ' S�W

0 '*@C '� @," (I � S�W �� 1, 1!�@*!1!� 1&Q +@,* M(2*+! ��� 1,& 1&&@," *+ (I � S"W � @('&)

���! � �
&��# '� � ����

&�!�# '��
&�#��! ' � �� ��

&�!�% '
&�%��! ' � ����

&�!��! ' S�W
�� 23++)@," �� � ) 23 *31* &��# '� � ����

&�!�# ' � �[�� S�W
�



(I � S�W )@DC'@Z() *+
���! � ����

&�!�% '
&�%��! ' � �� ��

&�!��! ' � ����
&
�!��! ' ������� !��� S7W

K3( M(2*+! ��� @) 21'2 '1*(& �� *1J@," *3( *!1,)C+)( +B (I � S�W 1,& )+'M @," *3( !() '*@,"
(I 1*@+, &�! S# �� W�# '� �� � � �

&� S# �� W�# '� S6W

� @,2( % OT�UV$ )+'M() *3( )@D @'1! (I 1*@+, 5&�! S# � W�# ' � # � � � �! S# � W� S4[W

% OT�UV$ 21, � (  )(& *+ )+'M( B+! ��� �� 231,"@," *3( !@"3*F31,& )@&( 1,&  )@," *3(
*!1,)C +)( +B ����� 
 � R!+D (I � S6W 5 @* 21, �( )((, *31* ��� @) *3( )1D ( B+! (123 )(* +B &()@",
M1!@1�'() 1,& ,((&) *+ � ( 21'2 '1*(& Q  )* +,2( B+! (123 &()@", @*(!1*@+, � OB *3(!( 1!( D+!(
*31, +,( +�Q (2*@M( B ,2*@+, *+ � ( +C*@D @N(& 5 *3(, (I � S6W D )* � ( )+'M(& +,2( B+! (123
+�Q (2*@M( B ,2*@+, �

�,2( ��� @) &(*(!D @,(& 5 ����� 21, � ( 1CC!+E @D 1*(&  )@," *3( &@H(!(,2( I +*@(,* B+! ����� �K3 ) 5

���! S �� W � �� ��
��! S �� �  �! W � ! S �� W

 �! �	 S44W

K3( C!@D 1!� 1&M1,*1"( +B *3( &@)2!(*( 1&Q +@,* B+!D '1*@+, +B &@!(2* &@H(!(,*@1*@+, @)
*31* B+! (123 @*(!1*@+, @, *3( &()@", +C*@D @N1*@+, 1'"+!@*3D 5 *3( D(*3+& +B &@!(2* &@H(!F
(,*@1*@+, !(I @!() +,'� +,( )+' *@+, +B (I � S6W C (! &()@", @*(!1*@+, 5 @,)*(1& +B !(C (1*(&
)+' *@+,) +B (I � S4[W @, +!&(! *+ +�*1@, 1 )*(1&�F)*1*( )+' *@+, B+! (123 C(!* !� (& &()@",
M1!@1�'( �

�



� ���	� 	�	�	�� ����	��
R+! 1 C1!*@2 '1! )(* +B &()@", M1!@1�'() �� � 5 +,'� *3( B ,2*@+, M1' (  S �� � W 1,& *3( "!1&@(,*
� S �� � W 1!( J,+A, � K3 ) 5 *3( D (*3+& +B )*((C ()* &()2(,* @)  )(& *+  C&1*( *3( &()@",
M1!@1�'() � O, "(,(!1' 5 *3( D (*3+& +B )*((C ()* &()2(,*  C&1*() *3( &()@", M1!@1�'() ��
D+M@," 1 2(!*1@, &@)*1,2( @, *3( &@!(2*@+, +B *3( "!1&@(,* S@B 1 D 1E@D D M1' ( @) &()@!(& W
+! @, *3( +CC+)@*( &@!(2*@+, +B *3( "!1&@(,* S@B 1 D @,@D D M1' ( @) &()@!(& W �

G )21'@," B12*+! � @)  )(& *+ @,) !( *31* *3( B ,2*@+, M1' ( 1,& *3( "!1&@(,* 1!( +B
*3( )1D ( D1",@* &( 1) *3( &()@", M1!@1�'() � O, C1!*@2 '1! 5 � �  S �� � W� �� S �� � W �- � O,
+,( &@D (,)@+, 5 *3@) M1' ( +B � !(& 2() *3( *(23,@I ( *+ � (A*+, 
) 0(*3+& B+! )+'M @,"
 S� W � [ � R+! "(,(!1' &()@", +C*@D @N1*@+, C!+�'(D ) 5 *3( ,(2())1!� 2+,&@*@+, B+! �� " *+
� ( *3( +C*@D 1' )+' *@+, @) � S �� " W � [ 5 � *  S �� " W @) ,+* ,(2())1!@'� N(!+ � K3 ) 5 1) ��
1CC!+123() 1 D @,@D D 5 *3( M1' ( +B � "!+A ) A @*3+ * �+ ,& 5  ,'())  S �� W 1')+ 1CC!+123()
N(!+ � K+ 1M+@& *3@) C!+�'(D 5 *3( )21'@," B12*+! � @) '@D @*(& @, D 1",@* &( *+ )+D( M1' ( 5
&(C (,&(,* +, *3( C!+�'(D �

K+ &(*(!D @,( *3( � ()* &@)*1,2( *+ *!1M(' @, *3( "!1&@(,* &@!(2*@+, 5 1, 1&&@*@+,1' B ,2*@+,
(M1' 1*@+, @) C (!B+!D (& *+ +�*1@,  S �� #W �  S �� � � �� S �� � WW 5 1,& *3( 2 !M( @, *3(
"!1&@(,* &@!(2*@+, @) 1CC!+E @D 1*(& �� 1 I 1&!1*@2 B ,2*@+, 5 �� S�W �  S �� � � ��� S �� � WW �
� )@," �� S[W �  S �� � W 5 �� � S[W � �� �� S �� � W �- 1,& �� S4W �  S �� � � �� S �� � WW 5 *3( D @,@D D
+B *3( I 1&!1*@2 B ,2*@+, + 22 !) 1*

�	 !� �
 S �� � W
V S �� #W

S4VW

 ,'()) � 31) � ((, )(* *+ @*) D 1E@D D M1' ( 5 @, A3@23 21)(

�	 !� �
� �� S �� � W �-

V S S �� #W �  S �� � W � � �� S �� � W �- W
S4�W

OB � 
 4 �[ 5 *3(, � @) )(* *+ 4�[ � K3@) C!(21 *@+, @)  )(& A3(, *3( B ,2*@+, M1' (  S �� #W@) D 23 '()) *31,  S �� � W 5 @, A3@23 21)( *3( I 1&!1*@2 B ,2*@+, &+() ,+* 122 !1*('� !(L(2*
*3( C!+�'(D *+ � ( D @,@D @N(& 1,& @*) !() '*) 1!( @",+!(& �

K3( D (*3+& +B )*((C ()* &()2(,* 31) )+D ( &@)1&M1,*1"() � X!@D 1!@'�5 @* � @('&) +,'� '@,(1!
2+,M(!"(,2( A3@23 !(I @!() 1 '1!"( , D�(! +B &()@", @*(!1*@+,) *+ 2+,M(!"( *+ 1 )+' *@+, �
G ')+ 5 *3@) D (*3+& +B*(, &(D+,)*!1*() 1 �N@"FN1" � (31M @+! 1) @* )'+A '� C!+"!())() *+A1!&)
1 )+' *@+, � K3@) � (31M@+! @) &(D +,)*!1*(& @, K()* X!+�'(D � � � OB *3( %())@1, D1*!@E
S)(2+,& &(!@M1*@M( D 1*!@E W A1) J,+A, +! 2+ '& � ( &@!(2*'� 21'2 '1*(& 5 *3(, *3( +C*@D @N1F
*@+, C!+2()) 2+ '& �@('& ) C(!'@,(1! 5 +! (M(, I 1&!1*@2 5 2+,M(!"(,2( � K3( %())@1, D1*!@E
21, �( 1CC!+E @D 1*(& @, M1!@+ ) A1�) 5 � * *3()( 1CC!+E @D 1*@+,) !(I @!( D 1,� B ,2*@+,
(M1' 1*@+,) 5 C+))@� '� ,("1*@," *3( 1&M1,*1"() +B @*)  )( �

�



� ���� � ��� ��� � � � �		���� �����	��	��

K3( Z!)* *()* C!+�'(D @,M+'M(& 1 231,,(' 2+,*!12*@+, 5 A @*3 *3!(( &()@", M1!@1�'() � K3(
"!@& A1) )*! 2* !(& A @*3 1 A @&*3 +B 6 "!@& C+@,*) 1,& 1 '(,"*3 +B "6 "!@& C+@,*) 5  ,@F
B+!D '� )C12(& @, �+*3 &@!(2*@+,) � K3( 231,,(' 2+,*!12*@+, 2+M(!(& 1 '(,"*3 +B 4[[ B* 1,&
2+,*!12*(& B!+D "[ B* *+ V[ B* A @&( 5
1) )3+A, @, R@" !( � �4 � K3( )31C(
+B *3( 2+,*!12*@+, A1) 1 2 !M( &(*(!F
D @,(& �� 1 )@E*3 &("!(( C+'�,+D @1'
(I 1*@+, � K3@) C +'�,+D @1' 2 !M( A1)
23+)(, ) 23 *31* *3( 2 !M( D 1*23(&
*3( A1'') +B *3( 231,,(' � (B+!( 1,& 1BF
*(! *3( 2+,*!12*@+, 5 D 1*23(& *3( )'+C (
+B *3()( A1'') � (B+!( 1,& 1B*(! *3(
2+,*!12*@+, 1,& C1))(& *3!+ "3 *3!((
)C (2@Z(& C+@,*) 5 A3@23 A(!( *3( &(F
)@", M1!@1�'() � K3()( *3!(( C+@,*)
A(!( (I 1''� )C12(& @, *3( &@!(2*@+,
+B *3( L+A 1,& )C12(& ,+!D 1' *+ *3(
"(,(!1' L+A &@!(2*@+, �1)(& +, *3(
M1' ( +B *3( *3!(( &()@", M1!@1�'() �

−40 0 40 80 120 160 200 240 280

Distance along Channel (ft)

−80

−40

0

40

80

120

W
id

th
 o

f 
C

h
a

n
n

e
l 
(f

t)

Test Problem #1

Target Design (2.0, 5.0, 7.0)
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Test Problem #1

Wall Contraction Curves for Various Iterations

Initial Curve (1.0, 3.0, 8.0)

Iteration #5
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Target Curve (2.0, 5.0, 7.0)
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Log of Objective Function Values

For Target Curved Wall Contraction

Three Design Variable Problem

A Measure of Nearness to Target Curve

Using Method of Steepest Descent
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Function Value versus Contraction Length

For Straight Wall Channel Contraction
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Objective Function Values

For Straight Wall Channel Contraction

One Design Variable − Length of Channel Contraction
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Objective Function Values

For Two Segment Straight Wall Channel Contraction

Two Design Variable Problem

Method of Steepest Descent
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Location of Design Variables

Demonstrating Zig−Zag Behavior of Method of Steepest Descent
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