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G y ` T � {}`_{ s W y tuv { W�� T \Vc�\ W s � T6{�W �us {�V 
 gb{ y V \ t � q �uy<t v ` q ^ug q � s �V\ {X� q c ^"V<\d` y<qkt
W y vkt {�VgAZcdTu\XW�\d� qkt��Os W�\�W � \=V0{ n c {}`�� T y<tuv ] � _ V qkvky �IG Tu\Vg~\ �Cy<t { c y �Vg q ^ y ^3\=V y<t \ � `UT \
� {}`b{ y W { W W s c \ � ` q e@\ D}{�V y � G y `UT y t {Ee qksut�� \ � � \�V0{ n W q `UT|{}`*{O� qkt W `_{ t ` � \=V0{ n
\=V \Vc�\ t `�� { t e3\ s W�\ � ` q:y t��uy �V{}`b\�`UTu\ � {}`b{fD}{�V y �uy ` n A

cdTu\8c { y t {}^u^ug q {r� T s W~\ � � q g ` Tu\O� y g~� suy ` y W e|{�W�\ � qkt `UTu\ �Y#g�B��$�+_#?+ � �g# % � �
c s g y tuv R G {}g � V \V� ` s g~\ qr� hJjklkl ] P�[!_gA�cdT \�^ug q ^ q W�\ � � \=W y<vkt c�\d`UT q �uq V qkvrnZy W$� q c ^ q W�\ �
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Processing Module

L y<vks g~\IP Ab]G [ n t � Tug qktuqks W�^ y ^3\=V y<t \

L y<vrs g�\EP Ab]*W T q G W�`UTu\ ` n ^ y � { V2W `bg s �d` s g�\ � q g�{*W n t � Tug qrtuqks W�^ y ^@\�V y t \�A�cdTu\Z^3\Vg y<q �
qr� `UTu\:��V q ��� � ��
 � WST qks V � e3\ v g�\V{}`b\dgp`UT|{ t ` Tu\fW s c qr� `UT \ � \=V0{ n � g q c ` Tu\ ��
 ` q
��� �H� g q c ��� ` q��	� { t�� ` Tu\jW~\d` s ^U` y c�\ qr� ` Tu\ � y ^ 
 � q ^ A cdTu\*^3\Vg � q g�c { t �d\ q}� {
^ y ^@\�V y<t \fG y `UT {x^ug q �V\�W W y<tuv c q � s V<\ y W { � qkt W~`b{ t ` � \ `b\Vg~c y t \ � e n `UT \*�=V q ����A cdTu\
c { 
 y c s c ^3\Vg � q g�c { t �d\ qr� {7W n t � Tug qktuqks Wi� y g�� suy ` y W tuq g~c*{�V V n � \V^3\ t�� \ t ` tuq ` qkt V n
qkt ` Tu\ZWSV q G�\�W~`p^u{rg~` qr� `UTu\ � {}`b{*^ug q �V\�W W y<tuv c q �us V<\�WZe s `p{�V W q*qrt `UTu\ W V q G�\=W `p^|{rg `
qr� `UTu\i� qkt `bg q V"c q �us V \=W=A

R c y �Vg q ^ y ^3\=V y<t \ y W W T q G t y<t L y vks g�\ P A �"A`M t � qkt `�gb{�W `X` q `UTu\ W n]t � Tug qkt qks W
^ y ^@\�V y<t \ � { W `_{ v \ qr� {Xc y �dg q ^ y ^3\=V y t \*� qkt W y W~` W q}� {E^ug q �V\�W W y tuv c q �us V<\ � {E� qrt `�g q V
c q �us V<\p{ t�� c�\Vc q g n \=V \Vc�\ t `UW W s � T {�W V<{}`b� Tu\�W=A cdTu\i�=V q ��� �uy W `bg y e s ` y<qkt t \d` G q g � y W
g�\d^!V0{}�V\ � e n `UTu\*� qkt `bg q V c q �us V \�A � T \ t `UT \ � {}`b{ ���Ly W*D}{�V y � � { tUy<t ^ s `fg~\ � s \�W~`
y W v \ t \Vg�{}`b\ �Uqkt `UTu\�
�MEW y<vkt {�V e n ` Tu\*� qkt `bg q V c q �us V \:{}` ` Tu\XV<\ � `IW y � \ A
R tOy<t ^ s `
T|{ t�� W T|{	�r\x� n �=V \ y W y<tuy ` y {}`b\ � e n `UT y W g�\ � s \=W~`=A � Tu\ t `UTu\ � qkt `bg q V�c q �us V \ {}` `UT \
g y v Ta`dW y � \ig�\d�V\ y Dk\�WZ{ZW y<vkt { V.`bg�{ t W y ` y qkt qkt `UTu\�
 ��
 M W y<vrt {�V �]y `dW~\ t�� WZ{ W~`b{rg~` W y<vkt { V �
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Control Module

L y vks g�\ P A �G REW n t � T g qktuqrs WZ^ y ^@\�V y t \
��� ` q `UTu\i^ug q �d\=W W y<tuv c q � s V<\ A R � `�\Vg `UT \p� q c�^!V<\ ` y qkt qr� � {}`b{ ^ug q �V\�W W y tuv:y<t ` Tu\i^ug q	

�V\�W W y<tuv c q �us V \ �"y `ig~\d` s g t W { �uqkt \XW y vkt {�V � � � ` q ` Tu\:� qkt `bg q V c q �us V \�A R � `b\Vgp` T|{}` �
{ tXy<t ^ s `f{}��� t q G V \ �uv \7W y<vkt { V � � M �Cy Wi� T|{ tuv \ � ` qxy<t��uy �V{}`b\ `UT \ � q c ^"V<\d` y<qkt q}��� {}`b{
g�\d�V\d^ ` y qkt A R ` ` Tu\ Wb{rc�\Z` y c�\ � `UTu\ � {}`_{ �	� y W V<{}`b� T \ � y<t `UTu\pg y<v Ta` V<{}`b� T-A R � `�\Vg `UT \
V0{ `b� T q ^@\dgb{}` y<qkt � { tOqks `�^ s ` g�\ � s \�W~` W y<vkt {�V y WJW�\ t ` ` q ` Tu\ t \�
 `ZW `_{ v \ `UT g qksuv TO`UT \

�R W y<vkt { V.` q�y<tuy ` y {}`b\Z{ t qks `b^ s ` T|{ t�� WST|{��}\ � n ��V<\ A

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

�Z{ t�� W Tu{�� y<tuv ^ g q ` q � q V W {rg�\ s W�\ � ` q c { y t `b{ y<t `UT \ � q g�g�\d�d` q g � \dg y<t v8qr� � {}`_{U{ t��
q ^3\Vg�{}` y qkt W=A � Tu\ t � {}`b{E{rg�\ `�gb{ t W � \Vg~\ � � `UTu\ n {rg~\ e sut�� V \ � G y ` TP{E� qkt `bg q VdW y vkt {�V
G T y � T g~\V^ug~\=W�\ t `UW�` Tu\p` y c y tuvfy<t]� q g�c {}` y qkt ` q y t��uy � {}`�\ � {}`b{ D}{�V y �uy ` n A
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L y vks g~\JP A^K  cdTu\i` G q	
 ^!T|{�W~\ ��{ t�� WST|{��}\ ^ug q ` q � q V

$ � � ��� � 0 )�� 7�5 �L>G,85 � '���>G5 ����,876-9)L3.)�B1)�<

L y vks g�\EP A^KIWST q G W�{ t {�W n]t � Tug qkt qks WdT|{ t�� W T|{	�r\ W~`�g s � ` s g~\p{ t�� { ` y c y tuv �uy { v gb{rc � q g
{f` G q�
 ^!T|{ W�\IT|{ t�� WST|{��}\ ^ug q ` q � q V A

cdTu\ � {}`_{�{rg~\ {}�V� q c ^|{ tuy \ � e n {:^|{ y g qr� T|{ t�� W Tu{��r\ � qkt `bg q V.W y vkt {�V W=A � Tu\ t `UT \
� {}`b{�{}g�\ Dr{ V y ��� ` Tu\ W�\ t�� \VgNc {��}\=WC{ t \ Dk\ t ` qkt ` Tu\�
 ��
 W y<vkt {�V AicdTu\�g�\V�d\ y Dk\VgCg�\ ` s g t W
{ t \�Dr\ t ` � {IW y<vkt {�V `bg�{ t W y ` y qkt�� ` q ` Tu\ W�\ t�� \Vg s W y<tuv `UTu\ � ��
 W y vkt {�V ` qiy<t��uy � {}`�\ `UT|{ `
`UT \ � {}`b{ET|{\Dk\�e3\V\ t g�\V�d\ y Dk\ � A R � `b\dgC` Tu\ \�Dr\ t ` qkt ` Tu\ � ��
 W y<vkt { V � ` Tu\ W~\ t�� \dg W~`b{rg~` W
` q ^ug q � s �V\p`UT \ t \�
 ` � {}`_{ qkt `UTu\ � �	� � W y<vrt {�V W�A

cdTu\Z� qkt W `bgb{ y<t `UW�{}` `UTu\ g�\d�V\ y Dk\dg y t ^ s ` W �uy �d`b{}`b\�`UTu{}`�` Tu\ � T|{ tuv \ � � qrt `�g q V�W y<vkt { V �

 ��
 � WST qks V � {rg�g y Dr\ { � `b\dgf{�V V qr� `UTu\*� T|{ tuv \�W y<t `UTu\ � {}`_{ {}g�\ `�gb{ t W�c y `�`�\ � ` q `UT \
g�\d�V\ y Dk\dg  `UT \ � {}`b{8{}`�`UT \ qks `�^ s ` qr� `UT \ W�\ t�� \dg � { t e@\ � T|{ tuv \ �6qkt V n { � `b\dg `UT \
� T|{ t v \ qr� ` Tu\ {r��� tuq G V<\ �uv \ � qkt `bg q V.W y vkt {�V � � ��
 � � g q c�` Tu\ig�\V�d\ y Dk\Vg�A
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L y vks g~\JP Ab[G cdTu\ � qks g 
 ^!T|{�W~\JT|{ t�� WST|{��}\ ^ug q ` q � q V

R � qks g 
 ^!T|{�W~\ T|{ t�� W T|{��}\ ^ g q ` q � q V y W y V V s W~`�gb{}`�\ � y<t �uvks g�\*P Ab["A �?cdTu\ q `UTu\dg � qks g 

^!T|{ W�\ Tu{ t�� WST|{��r\ ^ g q ` q � q V W�{rg~\ � \�W��dg y e3\ �6y t ] K � hJl _gA � c G q `bg�{ t W y ` y qkt W qkt \V{r� T
T|{ t�� W T|{	�r\*� qkt `bg q V {rg�\ t \d\ � \ � ` q � q c ^"V<\d`�\:{ � {}`_{ `bg�{ t W � \Vg=AXR V q G 
 ` q	
 T y<v T `�gb{ t 

W y ` y qktOqrt `UTu\*g�\ � s \�W~`fW y<vkt { V � 
 ��
 �Hy<tuy ` y {}`b\�W { T|{ t�� WST|{��}\ q ^@\dgb{}` y<qkt A cdT \ g y W y<tuv
\ � v \ q}� `UT \ 
 ��
 W y<vkt { V y<t��uy � {}`�\=W�`UTu{}`�`UTu\ � {}`b{ {rg~\ {\D}{ y V0{re!V \�A cdTu\ g y W y<t v \ �uv \ qr�
`UT \ � ��
 W y<vrt {�V y t��uy � {}`�\=W�` T|{}` ` Tu\ � {}`b{ZT|{\Dk\ie@\d\ t V0{}`�� Tu\ � y t ` q `UT \pg�\V�d\ y Dk\Vg�A cdTu\
� {�V V y<t v \ �uv \�W qr� `UT \
T|{ t�� W T|{��}\ � qkt `�g q V W y vkt {�V Wf{rg~\*g�\ ` s g t ` qN" \Vg q {r�d` y<qkt W e3\ � q g~\
`UT \IW `_{rg ` qr� ` Tu\ t \�
 ` T|{ t�� W T|{	�r\ q ^@\dgb{}` y<qkt A
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cdTu\ � \=W y<vkt qr� `UTu\E^!T n W y � {�V V<{ nkqks ` qr� { W n t � Tug qktuqks W � y g�� suy ` y W e@\d� q c y<tuv c q g�\
� \dc*{ t��uy<tuv e@\d� { s W~\ qr� `UTu\ v V q e|{ V�� qkt W~`�gb{ y t `UW qkt ` Tu\ �=V q ��� 
 �uy W `bg y e s ` y<qktOt \d`=A�c q
{\D qky ��� \ v gb{ � {}` y qkt q}� `UTu\�^@\dg � q g~c*{ t �V\�{�WN{Zg~\=W s V ` qr�&v V q e|{�Va��V q ���IW �r\ G � `UTu\ � \=W y vkt \dg
c s W `�`_{��}\ v g�\ { `�� {rg~\JG y `UT `UT \ ��V q ���
W y vkt {�V W y<t � 
C[(M � \�W y<vrt A

cdTu\ ^ q G�\Vg�� qkt W s c�\ � e n {:�V{r^|{r� y ` y Dk\JV q { � y W


 � ��
���� � P(A h �

G Tu\dg�\ � y W"`UTu\ V q { � �V{r^|{r� y `_{ t �V\ qr� ` Tu\ � � Ci[*V qkvry � ��
6y W"` Tu\ q ^@\dgb{}` y<tuv D q V `_{ v \�{ t��
�
y W�`UT \ q ^@\dgb{}` y<tuv � g�\ � s \ t � n A R��V� q g �uy tuv ` q ` Tu\i{re q Dr\p\ � s {}` y<qkt�� { T y<v T q ^3\Vgb{ ` y<t v
�=V q ��� � g~\ � s \ t � n g~\ � suy g�\=W*c q g~\ ^ q G�\dg*` q � g y Dr\ ` Tu\ � {}^|{r� y ` y Dk\ V q { �4qr� `UT \ �=V q ���
t \ ` G q g ��A [ q ` Tu\*^ q G�\dg � qkt W s c ^ ` y<qkt W s ^ ^ q g ` y tuv ` Tu\*��V q ��� � y W~`�g y e s ` y qktEt \d` G q g �
y<t �Vg�\V{�W�\�W {�W�`UTu\i^3\Vg � q g�c { t �V\ q}� W n]t � Tug qkt qks WEW n W~`b\dc7W y<t �Vg�\V{�W�\�W=A

M t � qrt `�gb{�W ` � W~\=V � 
 ` y c \ � � \=W y vkt s W~\=W V q �V{�V�T|{ t�� W T|{��}\p� qkt `�g q V3c \d� T|{ tuy W�cXW G T y � T
{rg~\fg�\ � s y g�\ � ` q Wb{}` y W �)n ` Tu\fV q � {�VH� qkt W~`bg�{ y<t ` W � \=W~�Vg y e@\ �Ey<t W�\d�d` y<qkt P A��!A C t V n V q � {�V
� qrt W~`�gb{ y t ` W T|{\Dk\i` q e@\JW�{}` y W � \ � e n � \�W y vkt \VgSW G T \ t � \�Dr\=V q ^ y<tuv ^!T n W y � {�V.V<{ nrqks `=A
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M ` y W=^ q WSW y e!V<\ ` q \ t�� { T|{ t�� W T|{��}\ q ^@\dgb{}` y<qkt \V{rg V n G Tu\ t ` Tu\ q ^3\Vgb{ ` y<qrtfy<t {/^ug q �d\=W W 

y<t v \=V \Vc�\ t ` y t {Zc y �dg q ^ y ^3\=V y t \ W~`b{ v \ �utuy WSTu\=WN\V{rg V n A � q G�\�Dk\dg � W n t � T g qktuqrs W ^ y ^3\=V y<t \
q ^3\Vg�{}` y qkt:y W � qkt `�g q V V<\ � e n { ��V q ��� G T y � T ^@\dg�c y ` W qrt V n { � 
]\ � � {}`_{p`bg�{ t W � \Vg gb{}`�\ y t
`UT \Z^ y ^@\�V y<t \�A ��qrt W�\ � s \ t `UV n�� `UT \/^@\dg � q g~c*{ t �V\ y<t { ^ y ^3\=V y<t \�� { t e@\ v g�\V{}`UV n { % \d�d`�\ �
e n G Tu\ `UTu\dg ` Tu\i^ y ^3\=V y<t \/� qkt `bg q V"c \d� T|{ tuy W�c y WdW n t � Tug qktuqks W q g�{�W n t � Tug qrtuqks W�A

cdTu\ � 
]\ � ^@\dg � q g~c*{ t �V\ � \dc*{ t�� \ � e n `UT \ c*{ 
 y c s c�^ug q �V\�W W y tuv � \=V<{ n y<t W n t 

� Tug qktuqks W � \=W y vkt � { t e3\U� q c ^|{}g�\ � ` q `UTu\
D}{rg y {re"V<\8^3\Vg � q g�c { t �d\ y<t { W `_{ v \ qr�
{ t {�W n t � Tug qrtuqks WE^ y ^@\�V y<t \�A M t { W~` s�� n e n � {rg � ] P � _ � ` Tu\ ^@\dg � q g~c*{ t �V\ qr� { t
{�W n]t � Tug qkt qks W ^ y ^3\=V y<t \ � \Vc qkt W~`�gb{}`�\ � `UT \�� qkt��uy ` y qkt W t \d�V\�W Wb{}g n ` q q e `b{ y<t {\Dr\Vgb{ v \
� { W�\:^@\dg � q g~c*{ t �V\ A cdTu\fV qktuv \=W~` � \=V0{ n y<t c s V ` y ^"V<\ W `_{ v \=W qr� { t {�W n t � Tug qktuqks W c y 

�Vg q ^ y ^@\�V y<t \ y W/` Tu\:c q W~` y c ^ q g~`b{ t ` � {r� ` q gEG T y � T � \ �|t \=Wi`UTu\fW�^ qkt `_{ t \ qks W {\Dr\Vgb{ v \
^3\Vg � q g�c { t �V\ qr� ` Tu\ ^ y ^3\=V y t \�A ��qkt W�\ � s \ t `UV n�� ` Tu\f{\Dr\Vgb{ v \f^3\Vg � q g�c { t �V\ y<t c s V ` y ^"V<\
c y �Vg q ^ y ^@\�V y<t \eW `_{ v \�W � q \�W t q ` {�V G�{ n W V \ { � ` q ` Tu\JT y<v T ^3\Vg � q g�c { t �d\ G T y � Tx� { t e3\
{r� T y \�Dr\ � e n {fW y tuv V \/c y �Vg q ^ y ^3\=V y<t \ W~`b{ v \ A

$ ��� ��� � <�,EBI3.-9)�� = � ��'6, 39/�B8,	=?/�>G>./�)�'6> � '�� '6);/�>G,��

R W n t � Tug qktuqks WjW n W `b\Vc s W s {�V V nUt \V\ � W � \�V y �V{}`b\�WST y \�V � W ` q e"V q ���U\=V \V�d`�g q	
 c*{ vkt \d` y �
\Vc y WSW y qkt W=A_cdTu\Z^3\Vg y<q �uy �V{�V|�=V q ���:� { s W�\�W W y c s V `b{ t \ qks W WSG y `�� T y<t vfqr� ` Tu\ � \ D y �V\�W y<t {
�uy vky `b{�V-T|{}g � G�{rg�\JW n W `b\dc A�[ y c s V `b{ t \ qrs WdWSG y `b� T y tuv V \ { � W ` q {:� qkt �d\ t `bg�{}` y qkt q}� `UT \
\Vc y WSW y qkt \ t \Vg v}n {rg qrsut�� ^@\dg y q �uy � {�V � g�\ � s \ t � n � ` y c \�g~\ vky qkt W=A�cdT y W W�{}` s gb{}`�\ � \ t \dg vrn
� { s W�\�W �uy W ` s g~e|{ t �d\=WZ` q q `UTu\dg � \ D y �V\�W � \ A v A tuqky W~\ ` q { t { s�� y<q W n W~`b\dc �.sut�� \�W y g�{re!V \
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\ % \V� `UW�` q c�\ �uy � {�V1\ � suy ^uc�\ t `�{ t�� tuqry W�\p` q c q e y V<\�� q c�c sutuy � {}` y<qkt W=A
� q G�\�Dk\dg � { t { W n t � Tug qktuqks W W n W~`b\dc`W~^ug�\V{ � W ` Tu\*\ t \Vg vrn g~\=V<{}` y Dk\=V n \�Dr\ t V n8q Dk\dg

` y c \�{ t��8� g�\ � s \ t � n e3\V�V{ s W�\ `UTu\ q ^@\dgb{}` y<qkt W qr� `UTu\ � \�D y �V\=Wf{rg�\ tuq `*W n t � Tug qktuy W~\ �
` q {8^@\dg y q �uy � {�V���V q ���&A ReW {8g~\=W s V ` � ` Tu\ \=V \V� `bg q�
 c { vkt \ ` y �x\ t \Vg v}n g�{ �uy { `b\ �4� g q c
{ t {�W n]t � Tug qkt qks W W n W~`�\Vc �V{ t e@\ W~^ug�\V{ � g~\=V<{}` y Dk\=V n \�Dk\ t V n q Dr\Vg�`UT \/` y c�\ �(� g�\ � s \ t � n
�uq c { y t A
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M D}{ t [ s `UTu\dg V<{ t�� � y<t T y W c s g y<t v {\G {}g � V \V�d` s g�\ qr� h jklkl^]bP�[ _ � y<t `bg q � s �V\ � `UT \Z� qrt �V\d^ `
qr� � # �B��$�+_#?+ � �g# % � � A ��\ W T q G�\ � T q G
e|{�W y �f� y g�� suy `Z\=V<\dc \ t `UW/�V{ t e@\f� q cfe y t \ � ` q
^ug q D y � \p`UTu\i� qrt `�g q V � q g�� q c�^!V<\ 
 c y �dg q ^ y ^@\�V y t \eW n W~`b\dc7W�A

c q � \=W��dg y e@\ ` Tu\ q ^3\Vg�{}` y qktUqr� { c y �dg q ^ y ^@\�V y t \ � `UTu\ � s V V \Vg ��
 \=V \Vc�\ t `:{ t�� { t
\�Dr\ t ` 
 � qkt `�g q V V<\ � W ` q g�{ v \ \�V<\Vc�\ t ` c s W~` e3\ y<t `�g q �us �V\ � AOR�W y c�^!V \ {�W n]t � Tug qkt qks W
^ y ^@\�V y<t \/� { t e3\pe suy V ` G y ` Tx` Tu\=W~\p` G q e|{�W y �p\=V \Vc�\ t `UW�A

� ��� ��� 	 � 	�� 	 ���

R t:� � � %2� y W { W y<vkt {�V `�gb{ t W y ` y<qktXqkt { � qkt `bg q V W y<vkt {�V y<t { t {�W n t � Tug qktuqks W � y g~� suy `\A
cdTu\ � s V V<\dg ��
 \=V \Vc�\ t ` ] P�[ � hkh�_H{r�d` W�{ W�{ t R # z � sut � ` y<qrt � q g�\�Dk\ t `UW=A

R W y c ^"V<\ ` G q	
 y<t ^ s ` ��
 \�V<\Vc�\ t ` y W y V V s W `bg�{}`b\ �8y<t �|vks g~\ ]"A h�A R�e s eue!V \ qkt `UT \
]�P
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< State Transitions >

L y vks g~\J]"A h  ��
 \=V \Vc�\ t `
V<\ � ` �ay t ^ s ` W y � \�c�\ { t W { t y t Dr\VgSW y<qrt A cdT s W `UTu\ qks `�^ s ` � q ^ y \�WN`UTu\ W~`b{}`b\ qr� `UT \ s ^u^@\dg
y<t ^ s ` y � `UTu\ y t ^ s ` W �uy % \dg y<t W~`b{}`b\ � W y<vkt {�V V<\ Dk\=V �  q ` Tu\VgFG y W�\:`UT \ qrs `b^ s ` T q V � Wp`UT \
^ug~\�D y<qks W W `_{}`�\^]bP�[ _ A

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

# q g�c {�V|c \dc q g n \�V<\dc \ t ` W W s � T {�W � y ^ � q ^!W `bg�{ t W � \dg ` Tu\ � {}`_{ s W y<tuv qkt V nfqkt \ qr� `UT \
T y v T 
 ` q	
 V q G q g V q G 
 ` q�
 T y v Tx`�gb{ t W y ` y<qkt W qr� {*� qkt `bg q V_W y<vkt { V A � Dk\ t ` 
 � qkt `bg q V V \ � V qrvky �
c { n t \V\ � ` q `�gb{ t W � \Vg � {}`b{ qkt e q ` T q}� ` Tu\ `bgb{ t W y ` y<qrt W qkt `UTu\�� qrt `�g q V W y<vkt {�V AZR t
\�Dr\ t `�� qkt `bg q V V \ � W~` q gb{ v \p\=V \Vc�\ t ` ]bP�[ _ y W y V V s W~`bg�{}`b\ � y<t �|vks g�\I]"A^P A

cdTu\Vg~\E{rg�\x` G q W y<vkt {�V W�` q � qkt `bg q V ` Tu\ � {}`b{G E� {r^]` s g~\ ��� � { t�� ^|{�WSW � � A � {r� T
qr� ` Tu\=W~\jW y<vkt { V W y W � qkt t \V� `b\ � ` q ` G q tuq � \�W �=qrt \ y t ^ s ` { t��8qkt \ qks `b^ s ` � ` q c {��}\
T|{ t�� W T|{	�r\=WZe@\ ` G�\d\ t `UT \ { � 	�{r�V\ t `eW~`b{ v \�W y<t {:^ y ^3\=V y<t \ A L q g�\�
 {rc�^!V<\ � `UTu\ � {}^ ` s g~\
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L y<vrs g�\J]"A^P  � Dk\ t ` 
 � qkt `bg q V V \ � W~` q gb{ v \p\�V<\dc \ t `
W y vkt {�V y Wf� qktut \d�d`�\ � ` q e q `UT `UTu\ �V{r^ ` s g�\ g~\ � s \=W ` y tuv W y<vkt {�V � � � { t�� `UTu\ �V{r^ ` s g�\ 

{r��� tuq G V<\ �uvky tuv W y<vrt {�V � � ��A5cdT \ � {}`_{�`�gb{ t W � \Vg$^ug q �d\ �us g~\N`UTug qksuv Tp` Tu\ \�Dr\ t ` 
 � qkt `bg q V V \ �
W~` q gb{ v \p\=V \Vc�\ t ` y W�{�W � q V V q G W=A

� M tuy ` y {�V-W `_{}`�\  
cdTu\i� y g�� suy ` y W y<t `bg�{ t W~^|{rg�\ t `�c q � \i{�W W T q G t y<t `UTu\ �|vrs g�\J]"A^P A

� � {r^]` s g~\  
cdTu\ W�\ t�� \dg={}`"` Tu\ y<t ^ s `iW y � \ ^"V0{r�d\=W � {}`b{ qrt ` Tu\ y<t ^ s ` � � M\[�AicdTu\ y t ^ s `5W y<vkt { V �
� � g�\V�d\ y Dk\=W�{ t \�Dr\ t ` � g q c `UTu\dW~\ t�� \Vg G T y � T�g�\ � s \=W `UW `UTu\dV<{}`b� T ` q �V{r^ ` s g�\�`UT \
� { `_{ y<t ^ s `\A cdTu\ y<t ^ s `EWFG y `�� Tu\=WZ{rg�\ � y ^ ^@\ � ` q `UTu\IV q G�\Vg ^ q W y ` y<qkt ` q � q g~c {
W `_{}`�\ 
 g~\d`b{ y<tuy tuv V q q ^ A

� � {r^]` s g~\ � qkt \  
cdTu\ y t ^ s ` � � [ � y W � {}^ ` s g~\ �Ly<t ` q ` Tu\�V q G�\Vg y<t Dr\Vg~`�\VgfV q q ^:G T \ t { t \ Dk\ t ` y W
y t `�g q �us �d\ � {}` `UT \ �V{r^ ` s g�\ W y vkt {�V � � ABR t {}��� t q G V \ �uv \�\ Dk\ t ` �	� � �ay W W�\ t ` e|{r���
` q ` Tu\JW�\ t�� \Vg�{ � `�\Vg `UT \ �V{r^ ` s g�\IT|{�W�� q c ^!V \d`�\ � A

� 	C{�W WJ 
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� Tu\ t ` Tu\ � {}`_{ {}` `UT \ qrs `b^ s ` y W � {r^ ` s g�\ � e n `UT \ t \�
 ` W `_{ v \ � { t \�Dk\ t ` y W W~\ t `
` q ` Tu\ ��y<t ^ s `\A cdT \ qrs `b^ s `eWFG y `�� T y W � y ^u^3\ � ` q ` Tu\ s ^u^3\Vg�^ q W y ` y<qkt A

� 	C{�W W �uqkt \! 
cdTu\�W ` q g�{ v \ \�V<\dc \ t ` y W y t `bg�{ t W~^|{rg�\ t `:c q � \ { v { y<t A R t \�Dr\ t ` y W g�\d` s g t \ �
` q `UT \ � qrt `�g q V sutuy `�` Tug qrsuv T ` Tu\ W y<vkt { V � �x` q {r��� tuq G V<\ �uv \ ` T|{}` `UTu\*W~` q gb{ v \
\�V<\Vc�\ t ` y W y<t `bg�{ t W�^u{rg�\ t `�c q � \/{ t�� g�\ { � n ` q � {}^ ` s g~\p`UTu\ t \ 
]` y t ^ s ` � { `_{"A

� ��q c�^!V \Vc�\ t `_{rg n W `_{}`�\  
cdTu\EW~` q gb{ v \Z\=V<\dc \ t ` y W tuq G y t ` Tu\p� q c�^!V \Vc�\ t `_{rg n W~`b{}`b\Z` q `UTu\ y<tuy ` y { V�W~`_{ `b\�A

M t `UT \ �|t {�V�� q c�^!V<\dc \ t `b{rg n W~`_{ `b\ {}e q Dk\ � `UTu\ W~` q gb{ v \ \�V<\Vc�\ t ` y W {r�d` s {�V V n y t
`UT \ Wb{rc�\ W~`b{}`b\�{�W/` Tu\ y<tuy ` y {�ViW~`_{ `b\ `_{�� y tuv y<t ` q {}�V� qrsut ` ` T|{}`p` Tu\ T y<v T 
 ` q	
 V q G { t��
V q G 
 ` q	
 T y<v T `bgb{ t W y ` y<qrt W T|{\Dk\i`UT \IW�{rc�\ c�\ { tuy<tuv y t \�Dk\ t ` 
 � qkt `bg q V V \ � V qkvky ��A

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

cdTu\dg�\ {rg�\ {rg~\ { q Dr\VgSTu\ { � W � q g�� y g�� suy ` W s W�\ � ` q�y<t��uy �V{}`b\ � { `_{ZD}{�V y �uy ` n � W s � T {�W �us {�V
gb{ y V"\ t � q �uy<tuv A R c y �Vg q ^ y ^@\�V y<t \ s W�\�W�`UT \ e qksut�� \ � 
 � \=V0{ n c q � \�V � q g ` Tu\ ^ g q �V\=WSW y tuv
c q �us V<\p` q \�V y c y t {}`b\/` Tu\ q Dk\dg Tu\V{ � qr� ` Tu\fg�\ �usut�� { t `p� y g�� s y `bg n � q g y t��uy � {}` y<tuv � {}`b{
D}{�V y �uy ` n A_M t `UT \ �V{�W�\ qr� ` Tu\i� qkt `bg q V1c q � s V<\ � G T y � T y W tuq g~c*{�V V n c s � T W~c*{�V V<\dg�`UTu{ t
`UT \ ^ g q �V\=WSW y tuv c q �us V<\ � { c y �Vg q ^ y ^@\�V y<t \ s W~\=W�`UTu\JW�^3\V\ � 
 y t�� \d^@\ t�� \ t `�c q � \�V A

L y<vrs g�\ ] A^] W T q G W { t \ 
u{}c ^!V \ qr� {fc y �Vg q ^ y ^3\=V y<t \ G y ` T qks ` ^ug q �V\�W W y tuv \=V<\dc \ t `UW=A
cdTu\*` T y ��� W y<vkt { V V y<t \�W {}g�\ � {}`_{ ^u{}`UT!W � G T y V<\ � {�W T \ � V y t \=W {rg~\ `UT \*� qrt `�g q V W y vkt {�V
� \V\ � e|{r��� W � q g `UTu\JT|{ t�� W Tu{�� y<tuv {r��� tuq G V<\ �uv \=W�A
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L y vks g�\J] A^]G cdT \IW `bg s �d` s g�\ qr� `UTu\ic y �Vg q ^ y ^@\�V y<t \
cdTu\�` T y<t W q V y � V y<t \�W�{}g�\ � {rg~g n y<tuv `UT \�� qkt `bg q V&W y<vkt {�V W � q gFG {rg � � q g ` Tu\eTu{ t�� WST|{�� 


y<t v g�\ � s \�W~` W=A
cdTu\ T|{ t�� W T|{	� y tuv V q]q ^"W � g~\ � s \�W~` � {r��� tuq G V<\ � v \:^|{ y g � c {��}\ `UTu\ ^ug q ^u{ v {}` y<qktxqr�

`UT \ � qkt `bg q V${ t�� � {}`b{ { W � q V V q G W�A

� M tuy ` y {�V-W `_{}`�\  
ReV V qr� `UTu\ � qkt `bg q V!W y vkt {�V WN{rg~\�{�WSW s c�\ � ` q e@\ V q G y t `UT \ y<tuy ` y { V�W~`_{ `b\ y<t tuq g�c {�V
q ^3\Vg�{}` y qkt A [ q � {�V V qr� `UTu\JW~` q gb{ v \i\=V<\dc \ t `UW {rg�\ y t `bgb{ t W�^|{}g�\ t ` c q � \ A

� z {}`b{ y<t ^ s ` � {r^ ` s g�\ �  
� Tu\ t {xg�\ � s \�W~` y t ^ s ` � 
 � � g�\d�V\ y Dk\�Wf{ t \�Dk\ t `ZG T y � TOc \V{ t Wi`UT|{ ` t \ G � {}`b{
{rg~\ y t `�g q �us �d\ � {}` � � � `UTu\ t `UT \ qks `�^ s ` qr� `UTu\*V<\ � ` 
 c q W ` ��
 \=V \Vc�\ t ` y WeW~\d`Z` q
T y v T A cdT \Vg�\de n�� `UTu\ � { `_{ � � � � y W��V{r^ ` s g�\ � y t ` q `UTu\ V \ � ` 
 W y � \ W ` q g�{ v \p\=V \Vc�\ t `\A

� R���� t q G V \ �uv \ �  
R ` ` Tu\ Wb{}c \Z` y c�\ � `UTu\p\ Dk\ t ` qkt ` Tu\ � y<t ^ s ` y W�`bg�{ t W � \Vg�\ � ` q `UT \ � � qrs `b^ s `
c {�� y<tuv { t {}��� t q G V \ �uv \ \ Dk\ t `�` q � � A
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� z {}`b{ qks `�^ s ` ^|{�WSW�\ �  
R � `b\Vg�{ G y g~\ � \=V<{ n�� `UT \ � � qks `�^ s ` y W `�gb{ t W�c y `�`�\ � ` q ` Tu\JW y<vrt {�V 
 � A

� R���� t q G V \ �uv \ h� 
� W y<t v `UT \
Wb{rc�\*^ g q �V\ � s g�\ { W y<t `UTu\ � g W ` W~`b{ v \ q}� ^ y ^3\=V y<t \ � ` Tu\
W�\d� qkt��L��


\�V<\Vc�\ t ` ^ug q �us �V\=WZ{ t \�Dk\ t ` qktxy ` W qrs `b^ s `/{ t�� g~\d` s g t W y `�` q `UT \ � gSW~`eW~` q gb{ v \
\�V<\Vc�\ t `�` Tug qks v Tx` Tu\JW y vkt {�V � � A

� $�\ { �]n ` q � {}^ ` s g~\p`UTu\ t \ 
]` � {}`b{G 
R `�`UT y W ` y c�\ � `UTu\ � g W ` ��
 \=V<\dc \ t ` y W g�\V{ � n ` q {r�V�d\V^ `�`UTu\ t \�
 `pg~\ � s \=W `p\�Dr\ t `
` Tug qks v T 
 � A M � ` Tu\ t \ 
 ` � {}`b{*T|{�W�{�V<g~\ { �]n {rg�g y Dk\ � qkt � � { t�� `UTu\�g�\ � s \=W~` qkt

 � � ` Tu\ t \�
 `�� {r^ ` s g�\ q ^3\Vg�{}` y qkt W T qks V � G�{ y ` � q g�{ t \ Dk\ t ` qkt � � A
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M t ` T y W W�\d�d` y<qkt � { t \�GYW `bg s �d` s g�\f{ t�� � qkt �V\d^ ` y t � \=W y vktuy tuv {XL_MNL5C �gL y g W ` M t L y g W~`
C s ` � c�\Vc q g n \=V \Vc�\ t `fG y V V�e@\ y<t `bg q � s �V\ � A cdTu\ t \ G W~`�g s � ` s g~\ � ` Tu\	� R Q ��
 � YZMPOUX
���
� � � � { t c*{��}\jL�MNL�C � \=W y<vkt \ {�W y \Vg G T y V<\:c { y<t `_{ y<tuy tuv V q G ^ q G�\Vg � qkt W s c ^]` y<qrt
G y ` T T y<v T ^3\Vg � q g�c { t �d\�A

L y gSW~` V n�� `UT \ W~`�g s � ` s g~\=W { t��fq ^3\Vgb{ ` y<qrt qr� { W n t � Tug qktuqks W L�MNL�C W5G y V VKe3\�\ 
u{}c y t \ � A
z \d`b{ y V \ � ^ g q e!V \VcXW G y V V=e3\ �uy W~� s WSW�\ �8t \�
 `\AfL y<t {�V V n � `UT \ t \�G L�MNL�C W~`�g s � ` s g~\fG y V V
e3\ y t `bg q �us �d\ � A

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

L y vks g�\ �!A h WST q G W�` Tu\ W~`bg s �d` s g�\ qr� { c y �Vg q ^ y ^3\=V y<t \fG y ` T qks `:^ug q �d\=WSW y<t v \�V<\Vc�\ t ` W
� {Xc y �Vg q ^ y ^3\=V y<t \jL_MNL5C � A cdTu\ c�\Vc q g n \=V \Vc�\ t ` { t�� � qkt `bg q V \�V<\dc \ t `XG y ` T y<t `UT \

]kl
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� {�WSTu\ � � y g��=V \�c*{��}\ { c y �dg q ^ y ^@\�V y t \ L_MNL5C�\�V<\dc \ t `=A_cdTu\ � \V^]`UT q}� ` Tu\EL�MNL�CHW T q G t
y<t ` Tu\ �|vks g~\ y W/` G q�� e3\V�V{ s W~\ y `JT|{�Wp` G q c�\Vc q g n \=V<\dc \ t `UW=A � \:� { tXy<t �dg�\V{�W�\ `UT \
L_MNL5C � \V^ ` T e n W y c�^!V n { ���uy<t v L_MNL5C�\�V<\Vc�\ t ` W y<t W~\Vg y \=W�A � {r� Txc�\Vc q g n \=V \Vc�\ t ` y W
{r�d� q c�^|{ tuy \ � e n {x� qkt `bg q V \=V<\dc \ t `\AXcdTu\7W�{rc�\�c�\Vc q g n { t�� � qkt `�g q V \�V<\Vc�\ t ` {rg~\
s W~\ � � q g�\ {r� T L_MNL5C \�V<\Vc�\ t `=A
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L y<vks g�\ �!A h� R c y �Vg q ^ y ^@\�V y<t \ L_MNL5C

c q `bgb{ t W � \dg � {}`b{ � g q c `UTu\ y<t ^ s ` � M\[ ` q `UTu\ qks `b^ s ` � R � � � ` Tu\ y t ^ s ` � {}`b{ c s W `
^|{�WSW `UT g qksuv TO`UT \jV<\ � ` c�\Vc q g n \=V<\dc \ t `  f`UT \ y<t ^ s ` � {}`_{ {rg�\:`bg�{ t W � \dg�\ �U� g q c `UT \
� M\[Xe s WZ` q `UT \ � �	� � e s W/e n W�\ `�` y tuv ` Tu\�� � � V0{ `b� T \ t {re!V \ � W y<vkt {�V"` q T y v T AecdTu\
� {}`b{ qkt `UTu\ � �	� � e s W y W `�gb{ t W � \Vg~\ � ` q `UT \ � R � � e s W�` Tug qrsuv T ` Tu\ g y<v Ta`�c \dc q g n
\=V \Vc�\ t ` y t `UT \ Wb{}c \ G�{ n A � y `UT ` T y W�W~`�g s � ` s g~\�{�V V � { `_{ y t \�Dr\Vg n c \dc q g n \=V \Vc�\ t ` y t
`UT \ L_MNL5C�c s W~`�e3\Z` qkvkv V \ � � q g�{ � {}`b{ `bg�{ t W � \dg � g q c ` Tu\ � M\[xe s W ` q `UTu\ � R ��� e s W �
G Tu\ t `UTu\ y<t ^ s ` � {}`b{ {rg~\�` qkvkv V \ � A�cdTu\Z` q `_{�V � \=V<{ n�� q g � { `_{ ` q ^|{�WSW � g q c `UTu\ y<t ^ s `
` q `UTu\ qks `b^ s ` y W�`UT \ W s c qr� `UTu\ � \=V0{ n W y t \ Dk\Vg n c�\Vc q g n \�V<\dc \ t `=A ��qkt W�\ � s \ t `UV n �
`UT \i` q `_{ V � \=V<{ n G y V V y<t �Vg�\V{�W�\i^ug q ^ q g~` y<qkt { V V n ` q ` Tu\ � \V^]`UT qr� ` Tu\IL_MNL5CZA

cdTu\ � qkt `�g q V \�V<\dc \ t ` W�{rg�\ s W~\ �P� q g ` Tu\�T|{ t�� W T|{��}\ q ^@\dgb{}` y<qkt {�W � \=W��dg y e@\ �4y t
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W�\d�d` y<qkt P A��!A c q `�gb{ t W � \Vg � qkt `�g q V � g q c `UTu\ y t ^ s ` 
�M\[ � y t ^ s ` g~\ � s \=W ` W y<vkt { V � ` q `UT \
qks `�^ s `�
�R ��� � qks `b^ s `�g~\ � s \�W~` W y<vkt {�V � � `UTu\ y<t ^ s ` g�\ � s \�W~` W y<vrt {�V 
�M\[ ^|{ W W�\�W�` Tug qks v T
`UT \ V<\ � ` � qkt `�g q V�\=V<\dc \ t ` {}` � gSW~`  U{ t \ Dk\ t ` �)`bgb{ t W y ` y<qrt�� {}` 
�M\[ W y<vkt {�VZ�V{ s W�\�W {
`bg�{ t W y ` y qkt { `�
 � 
 A(cdTu\p\ Dk\ t ` qkt ` Tu\ W y vkt {�V 
 ��
 y W�`�gb{ t W � \Vg~\ � ` q ` Tu\ W y<vkt { V 
�R � �
`UT g qksuv T ` Tu\ig y v Ta`�� qkt `bg q V"\=V \Vc�\ t ` y<t ` Tu\JWb{rc�\ G { n A

c q `�gb{ t W � \Vg � qkt `bg q V � g q c `UTu\ y t ^ s ` � R � � ` q `UTu\ qrs `b^ s ` � M\[ � `UTu\ qks `b^ s `:{r� 

� tuq G V<\ �uv \EW y<vkt {�V � R � � ^|{�W W~\=W `UTug qksuv T�`UTu\�g y<v TK` � qkt `bg q V3\�V<\dc \ t `�{}` � g W `  { t \�Dr\ t `
� `�gb{ t W y ` y<qkt � {}` � R � � W y<vkt {�VC�V{ s W~\=Wi{*`bg�{ t W y ` y qkt { ` � ��
 A&cdTu\ \�Dr\ t ` qkt `UT \ZW y vkt {�V
� ��
 y W `�gb{ t W � \Vg~\ � ` q `UTu\eW y vkt {�V � M\[ `UTug qksuv T `UTu\eV<\ � `�� qrt `�g q V3\=V \Vc�\ t ` y<t ` Tu\EW�{rc�\
G�{ n A

� y ` T `UT y W W~`�g s � ` s g~\ � {�V V@g~\ � s \=W `�{ t�� {r��� tuq G V<\ �uv \ W y vkt {�V W � 
�M � 
�R � � M { t�� � R �
y<t \ Dk\Vg n � qkt `bg q V|\=V \Vc�\ t ` y<t `UT \eL�MNL�C c s W `�e3\�` qkvrv V<\ � ` q � qkt `bg q Vu`UTu\ � { `_{p`bgb{ t W � \dg
� g q c � M\[ ` q � R ��� A cdTu\/` q `_{�V � {}`b{ � \�V0{ n � g q c {f� qkt `�g q V y<t ^ s `�` q {f� qkt `bg q V qrs `b^ s `
y W�`UT \ZW s c qr� ` Tu\ � \=V0{ n W y t \�Dr\Vg n � qrt `�g q VH\=V \Vc�\ t `\A ��qkt W~\ � s \ t ` V n � `UTu\ ` q `b{�V � \=V0{ n
qr� `UTu\i� qkt `bg q V.W y<vrt {�V W G y V V y<t �dg�\ { W�\i^ug q ^ q g ` y qkt {�V V n ` q ` Tu\ � \V^ ` T qr� `UT \*L�MNL�CZA

� ������� � )�-H= � < < � );7 ,	' < � 3GB 5CB1)�';3.-9)�<

L y vks g�\ �!A^PeW T q G WN` Tu\�[ c�� � [ y vkt {�V(cCg�{ t W y ` y qkt �pgb{}^!T �Ht q `_{}` y<qkt qr� { tuq g~c*{ V V n/q ^@\ t
V0{ `b� Ti� qkt `�g q Va� y g�� suy ` � m $ L V<{}`b� Ti� qkt `bg q VV] hJl _ �.s W~\ � � q g${�c y �Vg q ^ y ^3\=V y<t \ A ��� � \ tuq `b\�W
{ V q G 
 ` q	
 T y<v TE`�gb{ t W y ` y<qktOqr� ` Tu\
W y vkt {�V � A � 
 � \ t q `b\�W { T y v T 
 ` q	
 V q G
`�gb{ t W y ` y<qktXqr�
`UT \jW y vkt {�V � A_R t {rg�g q G�\ � {rg�� g�\d^ug�\�W�\ t ` Wf`UTu\ q g � \dg qr� ` Tu\jW y<vkt {�V `bgb{ t W y ` y<qrt  `UT \
`bg�{ t W y ` y qkt ��� ^ g�\V�d\ � \�W�` Tu\p`bgb{ t W y ` y<qrt � M � A
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L y<vks g~\ �!A^P  [ c�� qr� { c y �Vg q ^ y ^3\=V y<t \EL_MNL5C � qkt `bg q V"\=V<\dc \ t `
cdT y W � qkt `bg q V�� y g~� suy ` s W~\=W:{ � 
 ^!T|{�W~\
T|{ t�� W T|{��}\ ^ug q ` q � q VgA 
�Mi{ t�� � M {rg~\*`UT \

y<t ^ s ` g~\ � s \=W ` { t�� {r��� tuq G V<\ � v \�� qkt `bg q V!W y vkt {�V W=A 
�Ri{ t�� � R {rg~\ `UTu\ qks `b^ s ` g~\ � s \�W~`
{ t�� {}��� t q G V \ �uv \ � qkt `bg q VEW y<vkt {�V W�A � � y W*{
V0{}`�� T � qkt `�g q VeW y<vrt {�V A M tuy ` y {�V V n � `UT \
� � W y<vkt { V y WJT y<v TX` q c {��r\ `UT \jV0{ `b� T q ^@\ t A
cdTu\dg�\ � q g�\ y<t {xc y �dg q ^ y ^@\�V y t \ZL_MNL5C
G T y � T s W~\=W `UTu\ V<{}`b� T:� qrt `�g q V|� y g~� suy ` {�W {p� qkt `bg q V|\=V \Vc�\ t ` � {�V V]` Tu\�c \dc q g n \�V<\Vc�\ t ` W
� V<{}`b� T \=W � y t ` Tu\IL_MNL5C
{rg~\ q ^3\ txy<tuy ` y { V V n A

M t { t \Vc�^ ` n c y �Vg q ^ y ^@\�V y<t \ZL_MNL5C � `UTu\ � gSW~` y<t ^ s ` � {}`_{�G y V V ^|{�W Wi`UT g qksuv TO`UT \
L_MNL5C ` q q �V� s ^ n `UTu\�V<{�W~` c \dc q g n W V q `\A cdT s Wf`UTu\ � {}`_{ V y<t \�W qr� {�V V ` Tu\ c \dc q g n
\=V \Vc�\ t `UWZ{�V qrtuv ` Tu\ � { `_{ ^u{}`UT c s W~`Ze@\ ` qkvkv V<\ � G Tu\ t `UTu\ y t ^ s ` � {}`b{*{rg~\ ` qkvkv V \ � A
cdTu\�W�\ sutut \d�V\=WSWb{rg n `�gb{ t W y ` y<qkt W�{ ��� { t \�
 `bg�{�^ q G�\dg�� qkt W s c ^]` y<qrt � {}�d` q g=A

� \ �V{ t {�D qky � ` Tu\ \�
 `bg�{ ^ q G�\dg$� qkt W s c�^ ` y qkt � � { s W�\ � e n ` Tu\ W�^ s g y<qks W1`bgb{ t W y ` y<qrt W �
e n s W y<tuv { tuq g�c {�V V n �=V q W�\ � V<{}`b� T � qrt `�g q VgA
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L y<vks g�\ �!A��. �# q g�c {�V V n ��V q W~\ � V0{ `b� Tx� qkt `bg q V"� y g�� suy `
� �����%$ � )�-H= � < < � BE< )�>G, � < � 3.BV5CB1)�' 3G-9)�<

L y vks g�\ �!A^]ZWST q G W�`UTu\ [ c�� qr� { t q g�c {�V V n �=V q W�\ � V<{}`b� T � qkt `bg q V1\=V \Vc�\ t `\A L y vks g~\ �!A��
W T q G W `UT \ � y g~� suy ` `bgb{ t W V<{}`b\ �:� g q c ` Tu\�e q q V<\V{ t \ � s { ` y<qrt W �Kv \ t \Vg�{}`b\ � e n `UTu\ 	H\d`bg y �)n
` q q V	] h�[!_gA REW W T q G t y<t `UTu\ �|vks g~\=W � `UTu\eV0{}`�� T � qrt `�g q V&W y vkt {�V � � � �]y W y<tuy ` y { V V n V q G W q
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`UTu{}`�`UTu\JV<{}`b� Tu\�W y<t `UTu\ic�\Vc q g n \=V \Vc�\ t `UW {rg~\p�=V q W�\ � G Tu\ t `UT \ n {rg~\i\Vc�^ ` n A
� q G�\�Dk\dg � `UT \ tuq g�c {�V V n q ^3\ t V<{}`b� T � qkt `bg q V_T|{ Wp{ e@\ t \ � ` y<t ^3\Vg � q g�c { t �d\�A m \ 


� { s W�\ ` Tu\ V0{}`�� Tu\=W y<t { t \dc ^]` n L_MNL5C {rg�\ q ^@\ t6y<tuy ` y { V V n ��y ` y W tuq ` t \V�V\�W W�{rg n ` q
q ^3\ t `UTu\*V0{}`�� T {�V qktuv `UTu\ � {}`b{ ^|{}` T ` q `bg�{ t W � \Vg � {}`_{ `UTug qksuv T `UTu\ \Vc�^ ` n c \dc q g n
\=V \Vc�\ t `UW�A

M � `UTu\ � � W y<vrt {�V y WIV q G y<tuy ` y {�V V n � { tuq g~c*{�V V n �=V q W�\ � V0{}`�� TU� qkt `�g q V ��� ` Tu\
V q G 


` q�
 T y v T `bg�{ t W y ` y qkt qr� `UTu\ y t ^ s ` g~\ � s \=W ` W y<vkt {�V 
�M y W � q V V q G�\ � e n { V q G 
 ` q	
 T y<v T
`bg�{ t W y ` y qkt qr� ` Tu\ � � W y<vkt {�V=` q q ^@\ t ` Tu\ V0{ `b� Tu\�W=A cdT y W/`bg�{ t W y ` y qkt �V{ s W�\�W { � \=V0{ n
�us \ ` q ` Tu\ � {r^u{r� y ` y Dr\ V q { � { `"`UTu\ � � W y<vkt {�V A ��qkt W�\ � s \ t `UV n � e n g�\dc q D y<t v ` Tu\ y<tuy ` y {�V
`bg�{ t W y ` y qkt qkt ` Tu\fV0{}`�� TX� qkt `bg q V W y vkt {�V s W y tuv `UTu\ tuq g�c {�V V n q ^@\ t V<{}`b� T � qkt `bg q V � G�\
� { t {r� T y \�Dr\JT y<v T \Vg�^@\dg � q g~c*{ t �V\ A
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L y<vrs g�\��"AQK W T q G W `UT \ W `bg s �d` s g�\ qr� {p� qkt Dk\ t ` y<qrt {�V|g y tuv e s�% \Vg L_MNL5CZA � {r� T c \dc 

q g n \=V<\dc \ t ` y t ` Tu\jL�MNL�C�� qkt W y W~` W q}� { V<{}`b� T8{ t�� { `�g y 
 W~`b{}`b\ qks `�^ s ` e s�% \Vg�A�cdTu\
G�g y `b\p{ ��� g�\�W W � qks t `�\VgdW~\=V<\d�d` W qrt \pc \dc q g n \=V<\dc \ t ` {}`�{ ` y c \ � ` q G�g y `�\ y<t ^ s ` � {}`b{
` q A cdT \ g~\ { � { ��� g~\=WSWZ� qrsut `b\Vg W�\�V<\d�d`UW qkt \ic�\Vc q g n \=V \Vc�\ t `�{}` {:` y c�\ � � g q c G T y � T
{ G q g �4q}� � {}`b{X�V{ t e@\ qks `�^ s `\AhcdTu\x� q c�^|{rg�{}` q g � q c�^|{rg~\=W `UTu\x� qrsut `b\VgfD}{�V s \=W �
� � � � g y `b\ ��qksut `b\dg � { t�� 
 � � $ \V{ �P��qks t `�\Vg � ` q v \ t \dgb{}`�\*`UT \
L_MNL5C ��� � � q g
`UT \*L�MNL�C � K � ��� W y vkt {�V W=A
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L y vks g�\ �"A^[G � g y `b\i{ t�� g~\ { � � qrsut `b\Vg y<t { g y tuv e s�% \Vg

L y<vrs g�\ �!Ab[ y V V s W~`�gb{}`�\=WZ` Tu\ q ^@\dgb{}` y<qkt q}� { � qkt Dk\ t ` y<qrt {�V g y tuv e s�% \VgIL_MNL5CZA.cdTu\
G�g y `b\�� qksut `b\dg D}{�V s \ � � � � { t�� ` Tu\�g�\V{ � � qks t `�\Vg D}{�V s \ � 
 � � {rg�\dW~\d` ` q " \dg qiy<t y ` y {�V V n  
`UT \ L_MNL5C y W�\dc ^]` n A cdT s W `UT \ � K � ��� W y<vrt {�V y W T y<v TjG T \Vg�\V{�W `UT \ ��� � � W y vkt {�V y W
V q G�e@\d� { s W�\i`UTu\IL_MNL5C y W tuq ` � s V V A

R � `�\Vg {eG�g y `�\ q ^3\Vg�{}` y qkt � `UTu\ G�g y `�\�� qrsut `b\Vg D}{�V s \ y W y t �Vg~\Vc�\ t `b\ � e n qkt \�A R `C`UT y W
` y c \ � ` Tu\*� q c�^|{rgb{ ` q g � q c�^|{rg~\=W � � { t�� 
 � AiM � ` T q W�\ ` G q D}{�V s \=W {rg�\ �uy % \Vg~\ t ` �
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`UT \ � q c�^|{rgb{ ` q g W~\d` W ` Tu\ ��K � ��� W y vkt {�V@` q V q G  N`UTu\IL_MNL5C y W tuq `�\dc ^]` n A
REW � {}`b{p{rg�\�g~\V^3\ {}`�\ � V n G�g y `�`�\ t ` q ` Tu\ L_MNL5C � `UTu\�� �6y<t �dg�\ { W�\=W sut ` y V y ` T|{�W `UT \

Wb{}c \ D}{�V s \�{�W 
 � A M � ` T q W~\ ` G q D}{�V s \�W {rg~\ `UTu\dW�{rc \�{ � `b\VgC`UTu\ �|t { V"G�g y `b\ q ^3\Vg�{}` y qkt �
`UT \*L�MNL�C y W � s V V A R `�`UT y W�c q c \ t ` � ` Tu\i� q c�^|{rg�{}` q g W�\d` W ` Tu\ ��� � � W y<vrt {�V.` q T y v T A
R � `�\Vg `UTu\ ��� � � W y<vkt { V3e3\V� q c�\=W T y<v T � ` Tu\ t \ 
 ` G�g y `b\ q ^3\Vgb{ ` y<qrt y W�^ug q T y e y `�\ ��sut ` y V
`UT \ � � � � W y<vkt { V y W�g~\d` s g t \ � ` q V q G�e n { g�\V{ � q ^@\dgb{}` y<qkt A

cdTu\ g�\V{ � { ��� g�\�W Wp� { tutuq ` y<t �dg�\ { W�\ y `UWZ� qksut `b\dg D}{�V s \ sut ` y VC` Tu\ � K � ��� W y vkt {�V
e3\V� q c \�W V q G � e n { G�g y `�\ q ^@\dgb{}` y<qkt ` q ` Tu\ L_MNL5CZA�REW � { `_{ {rg�\�g~\V^3\ {}`�\ � V n g�\V{ � � g q c
`UT \ L_MNL5C � 
 � y<t �Vg�\V{�W�\�W sut ` y V y `_T|{�WN` Tu\ Wb{}c \ D}{�V s \�{�W � � ABM � ` T q W�\ ` G q D}{�V s \�W {rg~\
`UT \ Wb{rc�\p{ � `�\Vg�` Tu\ �|t {�V.g�\ { � q ^@\dgb{}` y<qkt�� `UT \JL_MNL5C y W�\Vc�^ ` n A R `�` T y W�c q c�\ t ` � `UT \
� q c ^|{}gb{}` q gdW�\ `UW�` Tu\ ��K � ��� W y vkt {�V1` q T y v T A R � `b\dg ` Tu\ ��K � ��� W y<vrt {�V"e3\V� q c \�W
T y v T � `UTu\ t \�
 `Zg�\ { � q ^3\Vg�{}` y qkt y W�^ g q T y e y `�\ �xsut ` y VH` Tu\ � K � ��� W y<vkt {�V y W g�\d` s g t \ �
` q V q G�e n {ZG�g y `�\ q ^3\Vgb{ ` y<qrt A

� \�� { tOtuq ` y �d\ `UT|{}`i` Tu\ ��� � �4{ t�� ` Tu\ ��K � ��� W y vkt {�V W T|{\Dk\ ` Tu\fWb{rc�\:� qkt 

�uy ` y<qrt ��� � { t�� 
 � {}g�\ `UTu\�W�{rc�\ � ` q e3\�W�\d`�` q T y v T A
c q �uy W ` y tuvksuy W TU`UT \ ` G q
W~`b{}`b\�W q}� `UT \7L�MNL�C � G y `UTE`UTu\fWb{}c \ y<t]� q g�c {}` y qkt � g q c `UT \�` G q � qksut `b\dg W � G�\ t \d\ �
\�
 `�gb{ y t � q g�c {}` y<qkt  ��� 9 $&��� � > � � { t�� ��� 9 $&��� �(9 +i� , A cdT y W y t � q g~c*{}` y<qkt �V{ t e3\
v \ t \Vg�{}`b\ � e n W s e `bg�{r�d` y<tuv 
 � � g q c � � �|q g�e n W s e `�gb{r� ` y tuv � � � g q c 
 � A

REW {�g�\=W s V ` � ` q � \=W y<vkt {�� qkt Dk\ t ` y<qrt {�V!L�MNL�C � G�\ t \V\ �f� qks g=^ y \V�d\=W q}�&y<t � q g~c*{ ` y<qrt  
\Vc�^ ` n � {�V c q W~` 
 \Vc�^ ` n�� {�V c q W~` 
 � s V V.{ t�� � s V V A R t \dc ^ ` n W `_{}`�\ � { t {rg y W�\ y � { t�� qkt V n
y � ` Tu\ ^ug�\ D y<qks W W `_{}`�\ y W {�V c q W~` 
 \Vc�^ ` n A R � s V V W~`b{}`b\ �V{ t {rg y W�\ y � { t��Pqkt V n8y � `UT \
^ug~\�D y<qks WZW~`b{}`b\ y W {�V c q W ` 
 � s V VgA m n �}\V\V^ y<tuv ` Tu\ ^ug�\ D y<qks W W~`_{ `b\ y t `UTu\*� q c�^|{rg�{}` q g
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W T q G t y t `UT \ �|vks g�\ �@y ` y W�^ q WSW y e!V<\ � q g�` Tu\ � q c�^|{rgb{ ` q g�` q `�\=V V$` Tu\ ��� � � � g q c `UT \
� K � ��� W `_{}`�\�A

� ��� ��� � � 	 ��� � � � 	 � 	�� �

M t `UTu\ � q V V q G y tuv W s e!W�\d�d` y<qkt W � G�\ G y V V �uy W�� s W WiW�\ Dk\Vg�{�Va^ug q e!V<\dc7W2G y `UTp` Tu\ c y �Vg q ^ y ^3\=V y<t \
{ t�� g y tuv e s�% \Vg L_MNL5CYW~`bg s �d` s g�\�W=A

� ��� ��� � /�B1-9);7�/ 7 ,�< /A'6, �������

K MPO�QURUTVMWT9X�YZM\[IX�] P�[!_ W~`bg s �d` s g�\�W T|{\Dk\ ` G q c {
	 q gC^ug q e!V<\dc7W5G Tu\ t:s W~\ � {�W { L�MNL�CZA cdTu\
� gSW~`�^ug q e"V<\Vc y W T y<v Tx^ q G�\Vg � qrt W s c�^ ` y<qkt { t�� `UTu\IW�\d� qkt�� y W V q G ^3\Vg � q g�c { t �d\ � s \
` q ` Tu\JW~`bg s �d` s g�\ A

� $(6 � �j�B$&%5� >59 +5��# $&%

cdTu\dg�\ {rg�\ ` Tug�\d\�g�\ { W qkt W � q gC`UTu\ T y v T ^ q G�\Vg � qrt W s c�^ ` y<qkt:y<t {pc y �dg q ^ y ^@\�V y t \ L_MNL5C A

� # q g�c {�V V n�q ^@\ t V<{}`b� T � qkt `bg q VP c�\Vc q g n \=V \Vc�\ t `
L y g W `UV n � W�^ s g y<qrs Wp`bgb{ t W y ` y<qrt Wp� { t `bg�{\Dk\=V ` Tug qks v TX` Tu\fW�\dg y { V � {}`_{ ^|{ `UTO{�V qkt v
c s V ` y ^!V<\EW~`_{ v \=W qr� ` Tu\ c�\Vc q g n \=V \Vc�\ t `UW q g V0{}`�� Tu\=W � c {�� y<t v {:`bg�{ t W y ` y qkt qkt
\ Dk\Vg n c�\Vc q g n \=V \Vc�\ t `\AdM � ` Tu\*L_MNL5C � qkt `bg q V V \VgSW c {��}\ ` Tu\ V<{}`b� Tu\�W t q g�c {�V V n
q ^3\ t { t�� {�V V.`UTu\IV0{ `b� Tu\�W q ^@\ t G Tu\ t ` Tu\ L�MNL�C y W�\Vc�^ ` n � {f`�gb{ t W y ` y<qkt {}`�`UT \
� { `_{ y t ^ s `�� { s W~\=W�`�gb{ t W y ` y<qkt W qkt { V V qr� `UT \/c \dc q g n \=V \Vc�\ t `UW {�V qkt v `UT \ � {}`b{
^|{ `UT y<t `UT \*L�MNL�CZA
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� # q g�c {�V V n �=V q W�\ � V0{ `b� T � qkt `�g q V  c \dc q g n \�V<\dc \ t `
cdTu\�W�\ W�^ s g y<qrs W�`�gb{ t W y ` y<qkt Wf� { t e@\ g~\Vc q Dr\ � e nUs W y tuv { %i$&� 9 �!�g� , � ��� $&� �(8
V<{}`b� T � qkt `bg q VHc \ `UT q � � {�W � \�W��dg y e3\ � y t W~\V�d` y<qkt �!A h�A hBA � q G�\�Dr\Vg � \ Dk\ t `UT qks v T
` T y W c \ `UT q �*y W s W�\ � ` q e s y V � { c y �dg q ^ y ^@\�V y t \dL_MNL5C W~`�g s � ` s g~\ � ` Tu\Vg~\ y W W ` y V V&{
^ug q e!V \Vc A � Dk\dg n c \dc q g n \=V \Vc�\ t ` c s W ` e3\ ` qkvkv V \ � ` q `bgb{ t W � \dg � { `_{ � g q c `UT \
y t ^ s `�` q ` Tu\ qks `b^ s ` qr� `UTu\ L_MNL5C e@\d� { s W~\f`UT y W L_MNL5C s W~\=Wi{jWST y � ` q ^3\Vgb{ ` y<qrt
` q `�gb{ t W � \Vg � { `_{"A

� ��q c�c qkt ^ug q e!V<\dc  N� qkt `bg q V"\=V \Vc�\ t `
cdTu\ �|t { VH�V{ s W~\ qr� T y<v Tx^ q G�\Vg � qkt W s c�^ ` y qktxy W�`UT|{}`�{�V V"� qkt `�g q V$\=V \Vc�\ t `UW�{rg~\
g~\ � suy g~\ � ` q c*{��}\Z{IT|{ t�� W T|{��}\ q ^3\Vg�{}` y qkt 	 s W~` � q g {*W y<tuv V \ � {}`_{p`bg�{ t W � \Vg � g q c
` Tu\ y t ^ s `�` q `UTu\ qks `�^ s ` q}� `UT \ L_MNL5CZA M t q `UT \VgfG q g � W � {�V V qr� ` Tu\ g~\ � s \�W~`
W y<vkt { V W � 
 ��
EW � c s W~`�e3\i` qkvkv V \ � � g q c�`UTu\ y<t ^ s `�` q `UTu\ qks `b^ s ` ` q `bg�{ t W � \Vg {
G q g � qr� � { `_{"A ReV V qr� `UTu\ {r��� tuq G V<\ �uv \ZW y<vkt { V W � � ��
 W � c s W~`Z{�V W q e@\i` qkvrv V<\ �
	 s W ` � q gi{�W y<t v V<\ � { `_{ `bg�{ t W � \dg=A ��qkt W~\ � s \ t ` V n�� `UTu\ y t `�\ t W y Dr\ {}�d` y D y ` n q}� `UT \
� qkt `bg q V"\=V<\dc \ t `UW�c*{	�r\=W � q g�{ ���uy ` y<qkt {�V2T y<v T ^ q G�\Vg � qrt W s c�^ ` y<qkt A

� � � � $�� 9 ��%5� �

R � `�\Vg G�\ � y W�� s W W~\ � `UTu\ q ^3\Vg�{}` y qkt qr� `UTu\�c y �dg q ^ y ^@\�V y t \ L�MNL�C y<t W�\d�d` y<qkt �!A h � G�\��V{ t
W�\d\ ` T|{}`�` Tu\Vg~\JG y V V1e3\/` G q ^ug q e!V<\dc7W G T y � Tx� { s W�\ ^@\dg � q g~c*{ t �V\ � \ v gb{ � {}` y qkt A

� cdTu\ � gSW~` ^ug q e"V<\Vc�G y `UTX^3\Vg � q g�c { t �V\ y t { c y �Vg q ^ y ^3\=V y<t \ L_MNL5C y Wp` Tu\ � \=V0{ n
� g q c ` Tu\ � {}`_{ y<t ^ s ` ` q `UT \ qrs `b^ s `\A cdTu\E` q `b{�V � {}`b{ � \=V<{ n y<t `UTu\ L_MNL5C
y t �Vg~\ {�W~\=W�{�W�`UTu\ tKs cfe3\Vg qr� W~` q gb{ v \i\�V<\Vc�\ t ` W�{ V qktuv ` Tu\ � {}`_{:^|{}` T y t �Vg~\ {�W~\=W�A
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cdT y W y<t �dg�\dc \ t `b{�V � \�V0{ n �V{ t � { s W�\ W y vktuy�� � { t ` ^3\Vg � q g�c { t �d\ � \ v g�{ � {}` y<qkt G T \ t
` Tu\ � {}`_{ � \�V0{ n y W y c�^ q g `_{ t `�` q {fW n W~`b\dc A

� cdTu\ W�\V� qkt�� ^ug q e!V<\dc y W=�V{ s W~\ � e n ` Tu\ T|{ t�� W T|{	�r\�c�\V� T|{ t y W�cYG T y � T y W t \V\ � \ �
` q `bg�{ t W � \Vg�`UTu\ � qkt `bg q ViW y vkt {�V � q gFG {rg � { t�� e|{r����G�{rg � AecdTu\ ` q `b{�V � \=V<{ n � g q c

�M\[L` q 
�R � � y<t �uvks g�\ �"A h y t �Vg~\ {�W~\=W:{�Wf` Tu\ tKs cfe3\Vg qr� � qkt `bg q V \=V \Vc�\ t `UW y t
` Tu\ L_MNL5C y<t �Vg�\V{�W�\�W=A � Dk\ t `UT qks v T*`UT y W � \=V<{ n �V{ t e3\Zg�\ �us �d\ � s W y tuv t q g�c {�V V n
q ^3\ t V0{ `b� T � qkt `�g q V �uy ` y WdW~` y V V.^ug q ^ q g ` y<qrt {�V&` q `UTu\ � \d^ `UT qr� `UTu\IL_MNL5CZA

M t `UT \ t \�
 ` W s e!W~\V�d` y<qkt�� {*� qkt Dk\ t ` y<qkt { V=g y tuv e s�% \dg L_MNL5COG y V V"e@\ � q c�^|{rg~\ � ` q
`UT \ c y �dg q ^ y ^3\=V y t \eL_MNL5C A

� ��� �%$ � )�' +;,�';3./ )�' � < -H/ ' � :�D�� ,�- �������

� $(6 � �j�B$&%5� >59 +5��# $&%

� t V y �}\�{/c y �Vg q ^ y ^3\=V y<t \ L_MNL5C � {p� qkt Dr\ t ` y qkt {�V|g y<tuv	
 e s�% \Vg L�MNL�C T|{�W qkt V n qrt \�c \dc 

q g n \�V<\dc \ t `�e3\d` G�\V\ t ` Tu\ � { `_{ y t ^ s `�{ t�� `UTu\ qks `b^ s ` y t `UT \ L_MNL5C � { W y t �|vks g�\ �"AQK A
m \V�V{ s W~\�`UTu\�� {r^u{r� y ` y Dr\ V q { � W qr� `UTu\ � �	� � M\[ { t�� ` Tu\ � �	� � R � � W y vkt {�V W y t �Vg~\ {�W~\

{�W `UTu\jL_MNL5C � \V^ ` T y<t �dg�\V{�W�\�W � `UT \*` q `b{�V \ t \dg vrn � qrt W s c�^ ` y<qktX� q gf{ � {}`_{x`bgb{ t W � \dg
y<t �Vg�\V{�W�\�W/{�W�`UT \ � \d^ `UT y<t �dg�\ { W�\=W�A � q G�\ Dk\dg � ` T y W y<t �Vg�\dc \ t `_{�V$\ t \Vg v}n � qkt W s c ^]` y<qrt
� { t e3\ W�c {�V V \Vg�` T|{ t `UT|{ ` qr� { c y �dg q ^ y ^@\�V y t \ L_MNL5CZA
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cdTu\ y<t �dg�\dc \ t `b{�V"� {}^|{r� y ` y Dk\JV q { �xqrt \V{r� T y t ^ s `�{ t�� qks `�^ s ` qr� {:c�\Vc q g n \=V<\dc \ t `
y<t `UTu\ L_MNL5C {�V W qZy t �Vg~\ {�W~\=WC` Tu\�` q `_{ V � \=V0{ n qr� ` Tu\ � {}`_{�{�WC` Tu\ L_MNL5C � \d^ `UT y t �Vg~\ {�W~\=W�A
� q G�\�Dr\Vg � {�W G�\ G y V V-W�\d\ y<t `UT \p\�
]^@\dg y c \ t `b{�V1g~\=W s V `UW y t W�\V� ` y qkt [ � `UT y W y t �Vg~\Vc�\ t `_{�V
� \�V0{ n � { t e3\JW�c {�V V \Vg�` T|{ t `UTu{}` qr� { c y �dg q ^ y ^@\�V y t \EL�MNL�CZA

��� �\# 0&%

R � qrt Dr\ t ` y qkt {�V"g y<tuv�
 e s�% \Vg W~`bg s �d` s g�\ � { t e3\ s W~\ � ` q:y c�^!V<\dc \ t `�{fL_MNL5C ] PBa _1e q ` T
� q gJV q G�\Vg ^ q G�\Vg � qkt W s c�^ ` y qkt { t��X� q g*T y v Tu\dg ^3\Vg � q g�c { t �d\�A � q G�\ Dk\dg � {�W [ s ` Tu\Vg 

V0{ t�� � \=W��dg y e@\ �Gy<t ] P�[!_ � `UT \ g y<tuv	
 e s�% \VgXL_MNL5C y W7T|{}g � ` q�� \=W y vkt A cdT y W �uy ��� s V ` n
^|{rg `UV n eug qksuv Ta` {re qks `Z`UTu\ � qkt �V\d^ ` qr� `UTu\ 9 #g�B��$�+_#?+ � �g# % � {�Wi{
W s e"W~` y ` s `�\ � q g/`UT \
� qrt Dr\ t ` y qkt {�V5L_MNL5CZA
��qkt W~\ � s \ t ` V n�� y ` y W s W~\ � s V ` q � \�Dr\=V q ^6{ t \ G W~`�g s � ` s g~\ G T y � T y W tuq ` qkt V n { W

W y c ^"V<\:{�W { c y �Vg q ^ y ^3\=V y<t \ e s ` {�V W q {�W � { W~` { t�� ^ q G�\Vg 
 \���� y \ t `f{�W {x� qkt Dk\ t ` y<qkt { V
g y tuv	
 e s�% \Vg=A

� ��� � � 	 � � � � �
	 � � � 	

cdTu\ t \�GOL_MNL5C W `bg s �d` s g�\ y W W T q G tEy<t �|vks g~\��!A^a A cdTu\ � {}`_{ ^|{ `UT W `bg s �d` s g�\ qr� `UT \
L_MNL5C c�\Vc q g n y W ` Tu\JWb{rc�\i{�W { � qkt Dr\ t ` y qkt {�V$g y tuv e s�% \VgeL_MNL5CZA

� q G�\�Dk\dg �uy t ` Tu\ t \�G � \=W y vkt � c s V ` y ^!V<\ V q �V{�V|� qrt `�g q V|\�V<\dc \ t ` W�{}g�\ s W�\ � � q g \�Dr\Vg n
c�\Vc q g n \=V \Vc�\ t ` ` q � qkt `�g q V.` Tu\ � { `_{f^|{}` T � G T y V<\Z{f� qkt Dr\ t ` y qkt {�V1g y<tuv e s�% \VgdL_MNL5C
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MEMORY
ELEMENT

ELEMENT
CONTROL

(1)

WORD(1) WORD(N)WORD(2)

(2) (C)

MEMORY
ELEMENT

ELEMENT
CONTROL

MEMORY
ELEMENT

ELEMENT
CONTROL

WTreq

WTack

RDack

RDreq

DATAin

DATAout

Output Request Controller
Input Acknowledge Controller

WPr(0)

RPr(0)

WPr(C)

RPr(C)RPr(1)

WPr(1)

L y<vks g�\ �!A^a  �Oq g � 
 [ V y �V\ L_MNL5C W~`�g s � ` s g~\
s W~\=W�{fW y<tuv V<\p�V\ t `bgb{ V"� qkt `bg q V V \Vg�A

cdTu\ s W~\ qr� V q �V{�V y<t�� \V^3\ t�� \ t `�� qkt `�g q V V<\VgSW � q g \�Dr\Vg n c�\Vc q g n \�V<\Vc�\ t ` {�V V q G W `UT \
L_MNL5C � \=W y<vkt ` q W�� { V<\/\V{�W y V n A � {}� T c�\Vc q g n \�V<\Vc�\ t `dTu{�W `UTu\ W�{rc�\/� qkt `�g q V@\=V<\dc \ t `
{�W�`UT \ q `UTu\dg W �|y t `UTu\JWb{}c \pc { tut \dg�{�W y<t { c y �Vg q ^ y ^3\=V y<t \eW~`�g s � ` s g~\�A

cdTu\Vg~\i{rg�\ ` G q � {}`_{ e s W�\�W �|qkt \ � q g y<t ^ s ` � {}`b{ � `UTu\ q `UTu\dg � q g qks `b^ s `\A ReV V qr� `UT \
c�\Vc q g n \�V<\dc \ t ` W WST|{rg~\ ` Tu\=W~\Ze s W~\=W � q g � {}`_{ y<t ^ s `�{ t��*qks `b^ s ` W y vkt {�V W=A �eW y tuv `UT y W
W~`�g s � ` s g~\ � y<t ^ s ` � {}`_{ qrt V nXt \d\ � ` q ^|{�W W `UTug qksuv T qkt \*c�\Vc q g n \=V \Vc�\ t ` ` q g�\V{r� T
` q `UTu\ qks `�^ s `\A M t � qrt `�gb{�W ` � ` Tu\ y t ^ s ` � {}`b{ ` q { c y �Vg q ^ y ^@\�V y<t \ L_MNL5C�c s W `f^|{�WSW
`UT g qksuv T { V V.` Tu\ic \dc q g n \�V<\Vc�\ t ` W �|y<t �Vg�\V{�W y tuv `UT \ � {}`_{ � \�V0{ n A

c q {}`�`b{ y<t ^ q G�\dg \�� � y \ t � n �=sut V y �}\*{ c y �Vg q ^ y ^3\=V y<t \*W~`�g s � ` s g~\ �=qrt V n qrt \ q}� `UT \
c�\Vc q g n \=V \Vc�\ t `UWN{ t�� qkt \ qr� `UTu\�� qkt `bg q V \�V<\dc \ t ` W {rg~\�{r�d` y D}{}`�\ � � q gN{ � {}`b{Z`bgb{ t W � \dg
y<t `UT y W t \�G W `bg s �d` s g�\�A m�n \ t {re"V y<t v qrt V niqkt \ qr� `UTu\ G�g y `�\ { ��� g~\=W W=^ qky t `b\VgSW � � � Q � ��� �
y<t ` Tu\XL_MNL5C � � g�\d^ug�\�W�\ t ` W ` Tu\�{ ��� g~\=WSW q}� { c�\Vc q g n \=V \Vc�\ t ` y<t ` Tu\XL_MNL5C ���1qkt V n
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qkt \ c�\Vc q g n \�V<\dc \ t ` y W�{r� ` y D}{}`�\ � � q g�{XG�g y `b\ q ^3\Vgb{ ` y<qrt A m�n \ t {re!V y<tuv�qkt V n qkt \ qr�
`UT \/g�\V{ � { ��� g~\=WSW�^ qky t `b\Vg W y<vrt {�V W � 
 � Q � ��� �]y<t ` Tu\ L_MNL5C � qrt V n�qkt \Zc \dc q g n \=V<\dc \ t `
y W�{}�d` y D}{}`b\ � � q g�{:g~\ { �xq ^3\Vg�{}` y qkt A

cdTu\ y<t ^ s ` g~\ � s \=W ` W y vkt {�V � � � QSX � �ky W={r�d` y D}{}`�\ � ` qZy<tuy ` y { `b\�{ � 
 ^"T|{�W�\ y t ^ s `_T|{ t�� 

W Tu{��r\ � n �=V<\ A cdTu\ y<t ^ s `f{r��� tuq G V \ �uv \jW y<vrt {�V � � � � O�� �=y W {}�d` y D}{}`b\ � ` q � q c�^!V<\ `b\ {
G�g y `b\ q ^3\Vgb{ ` y<qrt A�cdT \ #g%i+ > �e����4.%5$(67� �(8 0 � �B$&%2�\�/$&� � � � � qkt `bg q V WH`UTu\ � � � O��IW y vkt {�V
e n � \d� q �uy<tuv `UT \ y t `b\Vg t {�V W `_{}`�\ qr� { V V.` Tu\ic \dc q g n \�V<\dc \ t ` W=A

cdTu\ qks `�^ s ` g~\ � s \�W~`XW y vkt {�V � 
 � QSX � � y W {r�d` y D}{}`b\ � ` q y tuy ` y {}`�\�{ � 
 ^!Tu{�W�\ qrs `b^ s `
T|{ t�� W T|{	�r\ � n ��V<\ A_cdTu\ qks `b^ s `N{}��� t q G V \ �uv \ W y vkt {�V � 
 ��� O�� �}y W={r� ` y Dr{ `b\ � ` q � q c�^!V \d`b\
{ g~\ { �*q ^@\dgb{}` y<qkt A_cdTu\ $ > ��+ > � � ���->5� ���Z�B$2%&����$2� � � � � qkt `�g q V W�`UT \ 
 � QSX � W y<vkt {�V&e n
� \d� q �uy<tuv {�V V.`UT \ y t `b\Vg t {�V W `_{}`�\ qr� ` Tu\ic \dc q g n \�V<\dc \ t ` W=A

M t ` Tu\ � q V V q G y tuv W s e"W�\V� ` y qkt W*G�\7G y V V � y W�� s W W `UTu\ � \�W y<vrt { t��8q ^3\Vg�{}` y qktEqr� `UT \
G q g � 
 W V y �V\JL�MNL�C � W `_{rg ` y<t v G y `UT y ` W y<t `b\dg � {r�d\ y<t W�\d�d` y qkt �!A �"A h � ` Tu\ G q g � 
 W V y �V\JL_MNL5C
\=V \Vc�\ t ` y t W~\V� ` y<qrt �!A �"AQP � ` Tu\ G�g y `b\ { ��� g�\=WSW$^ qky t `b\Vg y<t W�\d�d` y<qkt �!A��!Ab] � `UTu\ g~\ { � { ��� g�\=WSW
^ qky<t `b\dg y<t W�\d�d` y<qkt �!A��!A�� { t�� ` Tu\JT|{ t�� W T|{��}\ � qkt `bg q V V<\dg y<t W~\V�d` y<qkt �!A��!A^K A

� � � ��� � ';3.,E-92 �LB1, 3G) � =?/�B1-9);7�/ 7 ,�<A/ '6,

M t `UT y W_G q g � � `UT \ � 
 ^!Tu{�W�\�c y �dg q ^ y ^@\�V y t \ T|{ t�� WST|{��}\�^ug q ` q � q V y W s W�\ � ` q W n t � Tug qktuy W�\
`UT \ y t ^ s ` � {}`b{"A cdTu\*T|{ t�� W T|{��}\ ^ug q ` q � q V"� T q W�\ t y W�`UT \ � �(8�> � �(8 � �5�/$�� 8 ^ug q ` q � q V
� \ �|t \ ��y<t ]bK _gA c q W y c ^!V y �)n ` Tu\�� qkt `�g q V|{ t�� `UTu\dW `bg s �d` s g�\ qr� `UT \ � \=W y<vkt � ` Tu\�� qrt �V\d^ `
qr� � \=V<{ n 
 c*{ `b� T y tuv ]bK _ y W�{r^u^"V y \ � ` q `UT y W � \=W y<vkt A

REW W T q G t y t �|vks g~\ �!A l � � \d� q �uy<tuv `UT \ y t ^ s ` g�\ � s \=W ` W y vkt {�V � � � QSX � �Ky W t \V�d\=WSWb{rg n
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WE

WE

WE

WE

WE

MEM (0)

MEM (1)

MEM (2)

MEM (N-2)

MEM (N-1)

SERIAL

  TO

PARALLEL

CONVERSION

 
 

INPUT DATA

(WORD-SLICE  FIFO ELEMENT)WTreq

L y<vrs g�\ �"A lG M t ^ s ` $ \ � s \=W~` z \V� q � y<tuv
` q � y W~`�g y e s `b\ `UTu\
G�g y `b\*� qkt `bg q V W y<vkt { V�` q \V{r� T qr� `UTu\ c�\Vc q g n \�V<\Vc�\ t ` W=A:R�g y<t v
� qrsut `b\Vg:{ t�� { W�\d` q}� � q c�^|{rgb{ ` q gSWf{rg~\ s W�\ � ` q e suy V � { � y g�� s V0{}g*G�g y `b\ ^ qky<t `�\Vg ` q
`UT \ c�\Vc q g n A � Dr\Vg n � n ��V<\ qr� ` Tu\ y t ^ s `eT|{ t�� W T|{	�r\ y t �Vg~\ {�W~\=W `UTu\JD}{�V s \ qr� `UT y W�g y<t v
� qrsut `b\Vg { t�� W q c q Dk\=W�` Tu\ G�g y `�\i^ qky t `b\Vg�A

cdTu\�� q c�c qrt � {}`_{ y t ^ s ` � � � � � � � �	� � � G y V VN�V{ s W�\�{�T y v T V q � {�VC^ q G�\Vgi� qkt 

W s c ^ ` y<qkt { t�� {*V qktuv � \=V<{ n { W { g~\=W s V ` qr�1y `UW V0{rg v \�� {r^u{r� y ` y Dr\eV q { � � G Tu\ t `UT \EL_MNL5C
\=V \Vc�\ t ` y W�� q c�^|{rg�\ � ` q {:c y �dg q ^ y ^3\=V y t \ L�MNL�CYW~`b{ v \�A

cdTu\ � s V V W y<vkt { V W � g q c�\ {r� T qr� ` Tu\7L_MNL5C \=V \Vc�\ t `UW {rg~\ � q V V \V�d`�\ � ` qxv \ t \Vg�{}`b\ {
W y tuv V \ G�g y `b\ {r��� tuq G V \ �uv \XW y vkt {�VgAJc q c {}`b� T `UT \ � \=V<{ n qr� `UTu\ e s t�� V<\ � � s V V�W y<vrt {�V W
� g q c \V{r� T L_MNL5C \=V \Vc�\ t ` ` q `UTu\ {r��� tuq G V<\ � v \
W y vkt {�V � { e qksut�� \ � � \�V0{ nX� g q c `UT \
y<t ^ s `�g~\ � s \=W ` W y<vrt {�V � � � QSX � � ` q \�Dk\dg n � s V V&W y<vrt {�V y W�g~\ � suy g~\ � A M � {�V V qr� ` Tu\pc \dc q g n
\=V \Vc�\ t `UWx{rg~\ y t `UTu\ � s V VEW~`_{ `b\O{ � `b\dg {
G�g y `b\ q ^3\Vg�{}` y qkt � `UTu\ y<t ^ s ` {r��� tuq G V<\ � v \
W y vkt {�VH� { tutuq `pc {��}\ { `bg�{ t W y ` y qkt ` q V q G sut ` y V qrt \ qr� `UT \fc \dc q g n \=V \Vc�\ t `UW y WZ^ s `
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WE

WE

WE

WE

WE

MEM (0)

MEM (1)

MEM (2)

MEM (N-2)

MEM (N-1)

 
 

(WORD-SLICE  FIFO ELEMENT)

WTack

Full

Full

Full

Full

Full

((Bundled Control Signal Set)

WTreq

Acknowledge

Controller

Input

Fn-2

Fn-1

F2

F1

F0

L y<vks g~\ �!A jG �i\ t \Vg�{}` y tuv `UT \IM t ^ s `eRZ��� tuq G V<\ �uv \ [ y<vkt {�V

y<t ` q ` Tu\ \Vc�^ ` n W~`b{}`b\ e n { g~\ { ��q ^3\Vgb{ ` y<qrt A m�n G y `UT!T q V �uy tuv `UT \Z{r��� tuq G V \ �uv \eW y vkt {�V
`bg�{ t W y ` y qkt � ` Tu\:g�\ � s \=W~`*W y vkt {�V=� { tut q ` c*{��}\:{ `bgb{ t W y ` y<qrt � `UT s Wi^ug~\�Dk\ t ` y<t v � s g `UTu\dg
G�g y `b\ q ^3\Vg�{}` y qkt W�A

WTreq

WTack

F0

F1

FULL FULL FULL

B

AFn-2

Fn-1

L y<vks g~\ �!A h �  c y c y tuv��uy { v gb{}c � q g v \ t \Vg�{}` y tuv `UTu\JM t ^ s ` RZ��� tuq G V<\ �uv \ [ y<vkt {�V

L y<vrs g�\��"A h � ^ug~\=W~\ t `UWi`UTu\ ` y c y<tuv �uy { v gb{rc � q g/`UT \ y<t ^ s `JT|{ t�� WST|{��}\ q ^3\Vg�{}` y qkt A
M tuy ` y { V V n � `UTu\fL_MNL5C y W/\dc ^ ` n A � Tu\ t {jG�g y `�\ y W/g~\ � s \�W~`b\ � e n ` Tu\ � gSW~`ig y W y tuv \ � v \
qr� `UTu\ � � QSX � W y<vkt {�V � ` Tu\ � s V V.W y<vkt { V � � � �|q}� `UT \ � gSW~`EL_MNL5C
\=V \Vc�\ t ` y W W�\ `Z` q T y v T A
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cdTu\IW�\d� qkt�� g y W y<t v \ �uv \ qr� � � QSX � �V{ s W~\=W�`UTu\IV q G 
 ` q	
 T y<v T*`�gb{ t W y ` y<qkt q}� ` Tu\*W~\V� qkt��
� s V V!W y vkt {�V � � A � Tu\ t {�V V]`UTu\ � s V V�W y<vrt {�V W {}g�\ W�\ `�` q T y<v T � `�gb{ t W y ` y<qkt � y<t `UTu\ �|vks g�\ �
`UT \�L_MNL5C y W y<t `UTu\ � > � � W `_{}`�\�A cdT y W � s V V W~`b{}`b\ ^ g�\�Dr\ t `UW:`UT \ � � � O���W y<vrt {�V � g q c
� {�V V y<t v ` q�" \Vg q A cdT \ � 
 ^!T|{�W~\JT|{ t�� WST|{��}\ ^ug q ` q � q V1\ t W s g�\�W�` T|{}`�`UT \ t \�
 `�`�gb{ t W y ` y<qkt
qr� � � QUX � W y vkt {�V y W � y Wb{}e!V<\ � A�C t V n { g~\ { �Oq ^@\dgb{}` y<qkt ` q `UT \jL_MNL5C��V{ t �dg�\ { `b\ { t
\Vc�^ ` n c�\Vc q g n W�^|{r�d\�A R � `b\Vg:`UT \ g~\ { �4q ^@\dgb{}` y<qkt���qkt \ qr� `UTu\ L_MNL5C \=V \Vc�\ t `UW y W
{�V V q G�\ � ` q {r�V�d\V^ `�`UTu\ t \ 
 ` y t ^ s ` � {}`b{ e n g~\d` s g tuy tuv `UTu\ � s V V W y vkt {�V � � � y t `UT y W
\�
 {rc�^!V \ � ` q`" \dg q  N`�gb{ t W y ` y<qkt � y t `UTu\ �|vrs g�\ A cdT y W�{�V V q G W�` Tu\ � � � O��7W y vkt {�V3` q e3\
W�\ `�` q V q GJA ��qrt W�\ � s \ t `UV n�� ` Tu\ � � � O��XW y<vkt { V|� { t e3\�` qkvkv V \ � ` q T y<v T*{ v { y t ` q W `_{rg `
`UT \ t \�
 ` y<t ^ s `eTu{ t�� WST|{��r\ � n ��V<\�A

M � c q g~\ ` T|{ t qkt \ qr� ` Tu\fc�\Vc q g n \�V<\Vc�\ t ` Wp{rg�\ tuq ` � s V V � ` Tu\ y<t `�\VgSD}{�V L � 
 
 y t
`UT \ �uvks g�\ ��� `UT \Vg�\ y W { ` V \ {�W ` qkt \�\Vc�^ ` n W~^|{r�d\ ` q e3\ � V V \ � G y ` T t \�G y t ^ s ` � { `_{"A ReV V
qr� `UT \ � s V V�W y vkt {�V W � g q c�\V{r� TEc \dc q g n \=V<\dc \ t `i{rg�\ g~\ v {}g � \ � {�Wi{ � > % 8 � �(8 W�\ ` qr�
� qrt `�g q V_W y<vrt {�V W�A*M t ` T y W � \=W y vkt � ` Tu\:� qkt �d\V^ ` q}� e s t�� V y tuv ^!V<{ n Wi{ tXy c ^ q g `_{ t `/g q V<\
tuq ` qrt V n � q g � {}`b{�^ug q �d\=WSW y<t v \�V<\dc \ t ` W�e s `�{�V W q � q g `UTu\i� qkt `bg q V V<\dg � \�W y<vrt A

� � � �%$ � )�- � �!>.< / B1, ������� ,�< ,�=
,�' 3

L y vks g�\ �!A hrhIWST q G W ` Tu\ y<t `b\dg t { V.W~`bg s �d` s g�\ qr� `UTu\ G q g � 
 WSV y �d\JL_MNL5C
\=V \Vc�\ t ` { t�� `UT \
\�
 `�\Vg t {�V y t `�\Vg~� qktut \V�d` y<qkt W=A�� {r� T L_MNL5C \=V<\dc \ t ` � qrt W y W~`UW qr� {*G q g � qr� c�\Vc q g n { t��
{ t�y<t�� \V^3\ t�� \ t ` � qrt `�g q V|\�V<\dc \ t `=A cdTu\ � qkt `�g q V&\=V \Vc�\ t ` � qkt W y W `UW qr� { � � � 8 � 858 � � �\�
+ $&#g%&� � � � { 6X�/# � � � 8�8 � � �=�7+ $&#g%&� � � { t�� { 1i��% 8 �\1i�!4 � �B$2%&����$2� � � � A

cdTu\ � {}`b{ y<t ^ s ` { t�� qks `�^ s ` �	� M�{ t�� � R � {}g�\ WST|{rg�\ � G y `UT ` Tu\ q `UT \Vg�L_MNL5C
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Controller

Request

Output
Acknowledge

Controller

Input

WE

Di

OE

Do
Do

FIFO ELEMENT

Memory
Element

Di

WE

Pointer

READ

Address

WRITE

Address

Pointer

Handshake
Controller

WPri

WPro

RPri

RPro

RDackOEWTreq

F

RC

RE

RDreq

EMPTY

WTack

FULL

L y<vrs g�\ �"A hkh  �8q g � [(V y �d\ L_MNL5C � V \Vc�\ t `
\=V \Vc�\ t `UW y t { ^|{}gb{�V V<\=V@� qkt �|vks g�{}` y qkt A

cdTu\Vg~\:{rg�\ ` G q G�{ n W qr� � qkt `bg q V V y<tuv `UTu\fL�MNL�C y t ^ s `=AIC t \ G { n y W/{}^u^!V n y tuv `UT \
c y �Vg q ^ y ^@\�V y<t \Z� qrt `�g q V"`�\V� T tuy � s \�A cdT \ q ` Tu\Vg G�{ n y W {r^u^!V n]y tuv {�g y<tuv e s�% \Vg � qrt `�g q V
c�\d`UT q � A

cdTu\Vg~\Z{}g�\�` G q ^ug q e!V<\dc7W G y `UT:`UTu\ � gSW~` `b\V� T tuy � s \�{�W � \=W~�Vg y e3\ �*y t W�\V� ` y qkt �"A hBA_R
c {
	 q g�^ug q e!V<\dc G y ` Tx` Tu\ c y �dg q ^ y ^@\�V y t \EW `bg s �d` s g�\ y W�`UT|{}`�\�Dr\Vg n L�MNL�C � qkt `bg q V sutuy `
y W � \d^@\ t�� \ t ` qkt `UTu\XW~`b{}`b\ qr� `UTu\ { � 	�{r�d\ t ` � qkt `bg q V sutuy `UW � ` T y Wic {��r\�W ` Tu\*{\Dr\Vgb{ v \
^3\Vg � q g�c { t �V\ WSV q G�\dg=A � \ G y V V W T q G ` T|{}` `UT y W sutut \d�V\=WSWb{rg n � \V^3\ t�� \ t � n � { t e3\
q Dk\dg�� q c \ie n g�\ � \=W y<vktuy tuv { ^|{rgb{ V V<\�V1{ t�� y t�� \V^3\ t�� \ t ` W~`�g s � ` s g~\�A

c q g~\Vc q Dk\ `UT \ � \V^3\ t�� \ t � n qkt ` Tu\ t \ y<v TKe qks g y tuv � qkt `bg q V \=V \Vc�\ t `UW � {ET|{ t�� W T|{	�r\
� qrt `�g q V V<\dg g�\d� q g � W ` Tu\JW~`b{}`b\ � � s V V q g�\dc ^]` n � qr� {:c \dc q g n \�V<\dc \ t `=A cdTu\*W `_{}`�\ � `UT \
W y vkt {�V �4y<t `UTu\ �|vks g~\ �$y WH^ug q D y � \ � ` q `UTu\�\�
 `b\dg t { V y t `�\Vg � {r�V\ � `UT \ y<t ^ s `={r��� tuq G V<\ � v \
� qrt `�g q V V<\dg:{ t�� ` Tu\ qks `b^ s `�g�\ � s \�W~`*� qkt `bg q V V \Vg � AhcdTu\ y t��uy D y �us {�V W `_{}`�\=W qr� { V V `UT \
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c�\Vc q g n \�V<\dc \ t ` W y t `UT \
L_MNL5C {rg~\�` Tu\ tUs W�\ � ` q v \ t \Vg�{}`b\�`UTu\�` q `b{�V W~`b{}`b\ qr� `UT \
L_MNL5C  � s V V q g \Vc�^ ` n AHcdTu\ ` q `_{�V W `_{}`�\ y W s W�\ �6tuq ` qkt V n ` q � qkt `bg q V�`UT \ � 
 ^!T|{�W~\
T|{ t�� W T|{	�r\ ^ug q ` q � q V � e s `�{�V W q ` q � qkt `bg q V�`UT \ y<t `b\dg � {r�d\ ` q `UT \ � qkt Dk\ t ` y<qrt {�V�g y tuv	

e s�% \Vg�^ug q ` q � q V ]bP�a _ A

c q {\D qry � `UTu\ y t �Vg~\ {�W~\ � ^ q G�\Vg$� qkt W s c ^ ` y<qkt ` Tug qrsuv T sutut \d�V\�W Wb{}g niy<t `�\Vg t {�VBWSG y `b� T 

y<t v W � ` Tu\*G�g y `b\ { ��� g�\�W WZ^ qky t `�\Vg y W � \�W y vkt \ � W q `UT|{}` `UT \Vg�\ {rg~\ tuq W y c s V `b{ t \ qks W�{r� 

` y D}{}` y qkt W qr� G�g y `�\ � qkt `bg q V W y<vrt {�V W � � A�M t { ���uy ` y qkt � `UT \jL_MNL5C�� qkt `bg q V \�V<\dc \ t ` y W
� \�W y<vrt \ � W q `UT|{ ` qkt V n*qkt \ qr� `UTu\i� qkt `bg q V V<\dg W y W�{r�d` y D}{}`b\ � {}` {:` y c�\�A

� � � ��� � -H/ 3., ��� ��-9,E>G>@7 )�/A';3G,�-

L y vks g~\ �!A h�P  R�g y tuv � qks t `�\Vg G y ` T ` Tug�\d\ G�g y `�\i{ ��� g~\=WSW�^ qky<t `�\Vg W

L y<vrs g�\ �!A h�P�W T q G W ` Tu\�g y<t v � qksut `b\dg W `bg s �d` s g�\ s W�\ � ` q {r�d` y D}{}`b\�{ W y tuv V<\ZG�g y `�\
{ ��� g�\=WSW ^ qky<t `�\Vg � � � Q � {}`f{ ` y c \ A
M tuy ` y { V V n �1qkt V n � � Q � ��� � {rc qrtuv ` Tu\ qks `b^ s `UW qr�
`UT \ � y ^ � q ^!W �.y W W~\d`p` q T y<v T e n W~\d`~` y<t v ` Tu\ {r� ` y Dk\ V q G g�\�W�\ `*W y<vkt {�V � 
 � � [ � ` q V q GJA
� Tu\ t G�\7W�\d` `UTu\ 
 � � [hW y vkt {�V ` q T y v T �=qrt V n � � Q � ���xy W*W~\d` ` q T y v T8e n `UTu\ � g W `
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� {�V V y<t v \ �uv \ q}� � � QSX � A � {r� T � y ^ � q ^ y<t `UTu\:g y<tuv � qrsut `b\Vg � { t e3\ s W�\ � {�W { G�g y `�\
{ ��� g�\=WSW�^ qky t `�\Vg y t ` Tu\IL_MNL5C � qkt `bg q V"\=V<\dc \ t ` � {�W WST q G t y<t �|vrs g�\ �!A^a A

L y<vrs g�\ �"A h�]  � g y `b\i{ ��� g�\�W W ^ qry<t `b\dg

L y<vrs g�\��!A h�]eWST q G WN`UTu\�� y g~� suy ` � y { v g�{rc qr� ` Tu\ G�g y `�\ { ��� g�\=WSWN^ qky<t `b\dg=A5cdTu\ � y g�� suy `
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N=32
n=16

(Number of data bits in a memory element)

(Number of toggled data bits for a data transfer)

(FIFO depth)

Et(pJ)
(Energy consumption)

Et(C, WS)

Et(C, UP)

3.47

92.1
99.7
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(Word-Slice)

(Micropipeline)
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Ec (pJ)
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N=32

6.62

Ec(C, WS) Ec(C, UP)

42.3
59.4

168

123

(Energy Consumption)

(FIFO Depth)
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(Number of bits in a memory element)

(Number of toggled data)

(Word-Slice FIFO) (Micropipeline FIFO)
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(pJ)

C

N=32Em

Em(C, UP)

2.17

Em(C, WS)

(Energy Consumption)

(FIFO Depth)

220

61.0
49.8
40.3

n=16
(Number of bits in a memory element)
(Number of toggled data for a data transfer)

(Word-Slice FIFO)

(Micropipeline FIFO)
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Em(C, WS)
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Em(C, UP)

Ec(C, UP)

2.18
40.3
42.3
49.8
59.4
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168
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61.0

(Energy Consumption)

(FIFO Depth)

n=16 (Number of toggled data for a data transfer)

(Number of bits in a memory element)

(Word-Slice)
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(Micropipeline)

(Micropipeline)
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(FIFO depth)
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N=32 (Number of data bits in a memory element)

(ns)Tpd
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Word-Slice FIFO 

Micropipeline FIFO 

(Data Propagation Delay)
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(FIFO depth)

Micropipeline FIFO

Word-Slice FIFO
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