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SVOQqIq�OfjKHcJ�S4XWH�d¿X
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GIHKJMi�d!XVd�v"N�q7SVZljKXWOQ\RN
plXVdRNcØKd!S9Ø<Ùµiwv>pKÚFuIdRUIOgUWUWbKJ¬Ø
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ô®\!XVHëHcdRSVØouId!SVJ%d!N�Ø
k�d¿XVHKJ�k�d!XWOgq�d!e½q7SVZ~joXVdRNcd!eQZoU`OgUTÝ�iwv>p�ô®J�eQ\RNcynU>XW\�d0ynSW\nbKj
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d!XW\RS¸OgU%d!jcjKefOQJTØ�XV\�XWHKJ�SVJTUWbKefX%\!^FXWHKJ�^êbKN�q-XWOQ\RN dRNcØ�XWHKJ
\RXWHKJTSFH�d!ef^[Ý"GIHKJ¸X[u>\�HcdRefPnJTU'd!SVJ�XWHKJTN�UWuId!jKj®JTØ<Ù�2cJ�OgU[XVJ�e
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8 �R�R� Ù¡poq9HKNKJTOfJTS�rKJ¸J�egU`JTZ 8 �R�n�nÚ-ÝL2KJTOQU`XWJTe'U[XVSWbcq7XWbKSVJÌOQU
ØoJ¬U`OQS9d!ôKeQJ�OQN q7OQjKHKJTSVUMUWOfN�q7J�J�Ncq�SWZ~joXVOf\nN<dRNcØ<ØoJTq�SWZ~joXVOf\nN
dRSWJ�U`XWSVbcq-XVbKSVdRefeQZúOgØoJTNnXVOQqTd!e¡Ý�4©N 8 �R�n�Kh�MNM>O \R^ 8Tz � z J�Noò
q�SWZ~joXVOf\nN�jKSV\oØobcq7XVU%OgØoJTNnXVO���JTØ<u>\nSWegØou'OgØoJ�OQk�jcefJTk�JTNlXWJTØ
XVHKJëi�vFp�Ùµi�J�NKNKOQNKy 8 �R�>9!Ú-ÝP4©NþJ¬d!SVefZ 8 �R�NQKh>iwv>pËuIdRU
ôKSV\RÜnJ�N�OfN { �wHK\nbKSVU'Ù?R@dRNcØKd!b6S!�n�R�lÚ-h!q7\nNT�cSVk�OfNKy�XWHcJ'\Rôoò
UW\ReQJTUVq7JTNcq7JM\R^xi�vFp½ÝUE�NcJ0q7OQjKHKJTS`XVJ7ó~X�uIdRU�ØoJTq�SWZ~joXVJTØ
ô~Z
�cN�ØoOfNcy�d { �¿ò�ôKOYX'ÜnJ�Z}bcUWOQNKy�ØoJTØoOgq�d!XWJ¬Ø�H�d!S9ØouFdRSWJnÝ

4©N 8 �R�NQKh³XVHKJ%<�d!XWOQ\RNcdRe/4©NcU`XWOfXWboXVJ]\R^'plX9d!NcØcd!S9ØKU%d!N�Ø
G/JTq9HKNc\ReQ\RyRZ�Ù�<=4`pKG�Ú�OgUWUWbKJ¬Ø
d]q9HcdRefeQJ�NKynJ¸XW\]XWHKJ�q7SVZljKXW\!ò
ynSVdRjKHKOgq]q7\nk�k0bKNKOfX[ZV�IjKSW\nj�\lU`OQNKyÿd�q�\Rk�j®J7XWOfXWOQ\RN XV\�SVJ7ò
jKegdRq�J%XVHKJ�ØKJ7^êbKNcq7X%i�vFpDÙ�<!4`poG 8 �R�:9RÚ-Ý¸GIHKJ�a�ØoP¿d!N�q7JTØ
vxNcq7SVZ~joXWOQ\RN
plXVdRNcØKdRSVØÿÙµa�v>pKÚFuIdRU'XWHKJM\nboXVq�\Rk�JM\!^�XWHKOgU
q�\Rk�j�J�XWOfXWOQ\RN�ÝW2�OY^tXVJ�J�NûdRefyn\RSVOYXVHKk�U�u>JTSWJ
UWbKôKk�OfX`XWJ¬ØþXW\
XVHKJ��cS9U[X"SV\RbcNcØ�\!^�q7\nk�j®J7XVOYXVOf\nN�^ê\RS
XVHKJ�a�v>p½ÝlGIHKJ'J�PnJ�Noò
XVbcd!e'u'OQNKNKJTS�\!^wXWHKJ
q7\nk�j�J�XWOfXWOQ\RNþuFdnU�dÿq7SVZljKXW\nUWZoU[XVJ�k
ØoJTPRJTef\nj�J¬Øëô~ZYX�OQNcq�J�NlXZG'O [[k�JTN d!NcØ\7R\ld!N<i�dRJ�k�J�N�Ý�4�X
uIdRUINcdRk�JTØ]G'O [[N�ØKd!JTe/d!N�Ø]XVHKJMyRJTNKJ�S9d!e�U`XWSVbcq7XWbKSVJ¸\!^�XWHKJ
q�OfjKHcJ�S4u'HKOgq9H�^ê\nSWk�U/XWHcJ'ôcdRUWOQU/^ê\nS4XWHKJ�q�SWZ~joXV\nUWZ~U`XWJTk�OQU
d
UWbKôcU`XWOfXWboXVOf\nN%eQOfNKJ¬d!S@XWS9d!NcU`^ê\RSVk NcJ7X[uF\RSVÜ�Ù�p^RoG�<�Ú-Ý¿GIHKOgU/OQU
d�^ê\nSWk÷\!^
d�U`bKô�U[XVOYXVboXWOQ\RN
j®J�SVk0boX9d¿XVOf\nNÌNcJ7X[uF\RSVÜúÙ�pT�_<�Ú
OQN~PR\ReQP~OfNcy�d�egd�ZRJ�SI\R^/eQOfNKJ¬d!SIXVSVdRNcU[^ê\nSWk�UFOQNÌJ¬dRq9HÌSW\nbKNcØ³Ý
4©NnXVJ�SVJTU`X/UWHKOY^tXVJTØ�d�uFd�Z�^êSW\nk�j®J�SW^ê\RSVk�d!Ncq�J"OQN�S!�n�NSFô®J7ò

qTd!bcUWJ�\!^IXWHcJ]q7\nNnXVSW\¿PnJ�S9U`ZëUWbKSVSW\nbKNcØoOQNKy�XVHKJ}NKJTu3OQNo^ê\nS`ò
k�d¿XVOf\nNþSWJTynd!S9ØoOQNKy<j�\lUWUWOfôcefJ
d¿XWXVdnq9Ü~U�\nN X[u>\ \R^�XVHKJ`�Kò
NcdRefOgU`XVU>\!^�XVHKJwa�v>p]q7\Rk�j®J7XVOYXVOf\nN�Ù¡m>\nbKSWXW\ROgUFra�"OQJ�jKScb�Z~Ü
SR�R�NSKh^2KJTSWynbcU`\nN�S!�n� 8 Ú7Ý'GIHKJ�SVJ%HcdnU�d!eQuId�Z~UIô®J�JTNúd}q�\RNoò
XVOfN~bcdReKq7Zoq7eQJI\!^½NKJ�uþq7SVZ~joXVdRNcd!eQZoU`OgU/XWJTq9HcNKOd1lbKJ¬U4ô�JTOfNcy%ØoJ7ò
PnJ�eQ\Rj®JTØ³hFq�d!b�U`OQNKyÿØoJTUWOfynNKJ�S9U�\!^�JTNcq7SVZ~joXWOQ\RNþd!eQyR\nSWOfXWHck�U
XV\�^ê\RSVk0bKegd¿XVJ%k�\RSVJ%U`J¬q7bKSVJ%d!eQyR\nSWOfXWHKk�UTÝ>a2q�\RNcUWJ�1lbKJTNcq7J
\R^�XWHKOgU�q7Zoq7eQJÌOQU�XVHcd¿X�XWHKJTSWJÌOgU�dRefuId�ZoU�d�NKJTJTØ ^ê\nS�j�JTS`ò
^ê\nSWk�d!N�q7Jwk�J¬dRUWbKSVJ�k�J�NlX'\!^4U[X9d¿XWJ�ò¡\R^tò�XVHKJ7ò©d!SWXIJ�Ncq�SWZ~joXVOf\nN
dRefyn\RSVOYXVHKk�U�hnô�J¬q�d!b�U`Jwd!eQyR\RSVOfXWHKk�U
XVHcd¿XIjKbcUWH}XVHKJ�ô®\RbcNcØ~ò
dRSWZw\!^cUWJTq�bKSWOfX[Zwu'OfeQenOQNKJTPlOfXVdRôKeQZwSVJ�1lbKOQSVJ"yRSVJTd!XWJ�S�XWOQk�JId!N�Ø
UWjcdRq�Jwq�\Rk�jKeQJ7óoOfXWOQJTUTÝ



Þ���� � á��Tä��K�o�Tä�á à
G@J¬U[XVOfNKy�XVHKJ¸j�JTS`^ê\nSWk�dRNcq7J¸\!^4q7SVZ~joXW\nyRS9d!jKHKOgqwd!eQyR\RSVOfXWHKk�U
OQU4d�SWJ¬U[XVSWOgq-XVJTØMjKbcSVUWbKOfXTÝ4GIHKJ>N�d¿XWbcSWJF\!^KXVHKJTUWJId!eQyR\RSVOfXWHKk�U
d!NcØÌXVHKJ%J�N~P~OQSW\nNKk�J�NlXVU'OQN
u'HKOgq9HÌXWHKJTZÌdRSWJMbcUWJTØ�OgU�UWbcq9H
XWHcd!XwSVJTUWbKefXVU�OfN�\RNKJ�J�N~P~OfSV\RNck�JTNlX�q�dRNKNK\!X¸ô®J�J¬dRUWOfeQZ�J7ó~ò
XWS9d!j®\Regd¿XWJ¬ØÌXW\]dRNK\!XVHKJ�S¬ÝI_ HKJ�N(<=4`poG�SVJ�1lbKJ¬U[XVJTØ�jKbKôcefOgq
q7\Rk�k�J�NlXw\RNëSV\RbKN�Ø�X[u>\ �cNcd!eQOgU[X9U�^ê\nS�XWHcJ�a�v>p
q�\Rk�j�J�ò
XWOfXWOQ\RNûÙ�<!4`poG 8 �n�R���VÚ-h/d
U`OQyRNKO���qTd!NlX%d!k�\RbKNlX%\R^>XVJTU`XWOQNKy
uFdnU'bKNcØoJTS`X9d!ÜnJ�NÌôlZ]XWHKJ0yReQ\RôcdRe�q7SVZljKXW\RynSVdRjKHKOgq¸q7\Rk�k�boò
NKOYX[Z�u'OYXVHKOQN�XVHKJ¸^ê\ReQeQ\¿u'OfNKy�X[uFJ�eQPRJ¸k�\RNlXWH�U�Ý"GIHKJwXVJTU`XWOQNKy
ØoOQØ�NK\RX"d!eQuFd�ZoU/jKSW\¿P~OgØoJIq7\RN~P~OQNcq7OQNKywJ�P~OQØKJ�Ncq�J>\nN�j®J�SW^ê\RSWò
k�dRNcq7JN�oP¿d!SVOf\nbcUFJ�N~P~OfSV\RNKk�JTNnX9UxuFJ�SVJwbcU`J¬Ø�^ê\nSIXWJTU`XWOQNKy�\!^
XWHKJ%�cSVU`X�dRNcØÿU`J¬q7\RN�ØÿSW\nbKNcØ(�cNcdRefOgU[X9U���d!eQyR\nSWOfXWHKk�UTh/ôcboX
XWHKJÌSWJ¬U`bceYX9U%\!^'XVHKJ}XVJTU`XWOQNKy�ØKOQØ Nc\!X�dRefuId�ZoU%d!ynSWJTJ}u'OfXWH
JTdRq9H�\!XVHKJ�S¬Ý a�efXWHK\nbKyRH�NK\!XëdRefeMSVJTUWbKefXVU
d!SVJ<J7óoj�J¬q-XVJTØ
XW\ d!ynSWJTJRh4XWHcJ�ØKO��½J�SVJ�Ncq�JTU�ô®J7X[uFJ�J�N XWHKJ
q�\RNcq�efbcUWOQ\RNcU�\!^
XWHKJ�j�d!j®J�S9U4^ê\RSVk�d!eQefZ�U`bKôck�OfX`XVJTØ}dRNcØ�dRqTq7J�jKXWJTØ�ô~Z�<=4`poG
ØobKSVOfNKy�XVHKJ¸SW\nbKNcØ�X[uF\�U`JTefJ¬q-XWOQ\RN�jKHcdnU`Jw\!^/XWHKJMq7\nk�j�J�XWOfò
XWOQ\RN�u>JTSWJMUWbKôcU`XVdRNnXVOQdRe�Ý
4�^4XWHKJ0Ofk�jKeQJ�k�J�NlX9d¿XWOQ\RN�U�\!^�XWHcJ0ØoO��®JTSWJTNnXwd!eQyR\RSVOfXWHKk�U

u>JTSWJ<U[X9d!NcØKdRSVØKOQUWJTØ³h�u>J<q7\RbceQØ J�óoj�J¬q-X
dDk0b�q9H HKOQyRHKJTS
q7\RSVSVJ�egd¿XWOQ\RN0ô�J�X[u>JTJ�N0J�óoj�JTSWOQk�J�NlXVUTÝ�|�\¿u>JTPRJTSTh¿U`XVd!N�ØKd!S9Ø~ò
OQUVd¿XVOf\nNDq�d!NcNK\!X%SVJTUWbKefX0OfNÿXVHKJ]dRôKOfeQOfX[ZúXV\ëJ#�½JTq7XWOQPRJ�eQZ<J7ó~ò
XWS9d!j®\Regd¿XWJ
SVJTUWbKefXVU}^êSW\nkõ\nNKJ
J�N~P~OfSV\RNck�JTNlX�XW\ dRNK\!XVHKJ�S
�
XWHKOgU¸OQU�XVHKJ�jcSW\nôKefJTkK4�J7óKdRk�OQNKJ¬ØëOQNëXWHcOQU¸jcdRj�JTSTh³ô~Z
ØoJ�ò
PRJ�eQ\RjcOfNKyDdDk�J�XWHK\oØþXV\ d!N�d!eQZ~UWJ�XWHcJúd¿XWXWSVOfôKbKXWJTU]\!^MJ�NKò
q7SVZljKXWOQ\RN�d!eQyR\RSVOfXWHKk�U>XWHcd!X�d!SVJ�OQNcØoJTj�JTNcØoJ�NlX�\R^/JTNlP~OQSW\nNoò
k�JTNlXTÝ`4MH~Z~j�\RXWHKJ¬U`OgU`J�XVHcd¿X�XWHKOgU0dRjKjKSV\ndnq9H<u'OQeQexyROQPRJ�b�U
XWHKJId!ôKOQeQOYX[ZwXW\wk�\RSVJxdRqTq7bKS9d¿XVJ�eQZ�jcSWJ¬ØoOQq7X/XVHKJxSVJ�egd¿XVOfPnJxj®J�SWò
^ê\RSVk�dRNcq7J�\!^>J�Ncq�SWZ~joXVOf\nN�d!eQyR\nSWOfXWHck�U�OQN�k�d!N~Z
JTNlP~OQSW\nNoò
k�JTNlXVUTÝ
a*UW\ReQboXVOf\nNþXW\DXVHKJújcSW\nôKefJTk)dnUWUW\oq7Ogd¿XVJTØ u'OYXVHP�cNcØoò

OfNKy
d�k�J7XWHc\~Ø<u'HKOgq9Húk�J¬dRUWbKSWJ¬UwJ�N~P~OfSV\RNKk�JTNnX¸OQNcØoJ�j®J�NKò
ØoJ�NlX�d¿XWXWSVOfôcboXWJ¬U>\R^/JTNcq7SVZ~joXWOQ\RN�d!eQyR\nSWOfXWHKk�UFSVJ�1lbKOQSWJ¬UxbKNKò
ØoJ�S9U[X9d!NcØKOfNKy�u'Hcd¿XFk�d!ÜRJ¬Uxq�OfjKHcJ�S9U"ô®J�Hcd�PnJ�ØoO��®JTSWJTNlXWeQZ�OQN
ØoO��½J�SVJ�NlX�JTNlP~OQSW\nNKk�J�NlXVUTÝI

J7XVSWOgq�UIu'HKOgq9H�Øo\�NK\!X'SVJ�eQZ�\RN
J�N~P~OfSV\RNKk�JTNnXIU`Hc\RbKegØ�ô®Jwq�\RNcUWOQØKJ�SVJTØ}dnUxOQk�j�\nS`X9d!NlXFq�\Rk�ò
jKefJTk�J�NlXVUIXV\�J�N~P~OfSV\RNKk�JTNnX'UWj�J¬q7O���qMU[X9d¿XVOQU`XWOgq�dRe³k�J¬dRUWbKSVJ7ò
k�JTNlXVUTÝ!4©N
XVHKOQU�uId�ZRhcuFJ�qTd!N
bcUWJ%XVHKJ0S9d�u�j�JTS`^ê\nSWk�d!N�q7J
SWJ¬U`bKefXVU
dnU4d�ôcdnU`JF^ê\nS�J�ó~XWS9d!j®\Regd¿XWOQ\RN�d!NcØ0XW\MUWbKôcU`XVd!NlXVOQd!XWJ
XWHKJMSVJTUWbKefXVUI\!^4HKOQyRHKJTS'efJTPRJTe�dRUVU`J¬UWUWk�J�NlXVUTÝ
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����ä����
GIHKJ"k�\nU`X@OQk�j®\RSWXVdRNlX³^êJTd¿XVbKSVJ
\!^~XWHKJ>a�v>pwOgU³OfXVU/d!ôKOQefOfX[Z�XV\
^êbKNcq-XVOf\nN]OQN}J�k�JTSWynOfNKy%XWJTq9HcNK\ReQ\RynOfJ¬U��lU[X9d!NcØKdRSVØcUxd!SVJ�q9HK\Rò
U`JTN�XV\�eQdnU[X'^ê\nS�ØoJ¬q�dRØKJTU'd!N�ØÌdnU'U`b�q9H�h5<=4`pKG uIdRUF^ê\nSVq�JTØ
XW\�dRNnXVOQq�Ofj�d¿XWJ"XWHKJxd!X`XVSWOQôKboXVJTU³XVHcd¿X/u>JTSWJ
OQk�j�\nS`X9d!NlX�XW\�J7ó~ò
XWJ�N�U`OQôKOQefOfX[Zú\R^>J�N~P~OQSW\nNKk�J�NlXTÝ <=4`poG2XW\~\RÜúdRNúOQNlXWJ�eQeQOfynJ�NlX
d!jKjKSV\ndnq9H XW\�XWHcOQU�jKSV\RôcefJTk u'HKJ�N jKbKôKeQOgqÌq�\Rk�k�J�NlX�\RN
XWHKJIj®J�SW^ê\RSVk�dRNcq7JFuIdRU�SWJ
1lbKJTU`XWJ¬Ø%OQN 8 �R�R��Ù�<!4`poG 8 �R�n���VÚ-Ý
GIHKOQU�SVJ�1lbKJ¬U[X}UWjcd�u'NKJ¬Ø q7\nbKNlXWeQJTUVU�ØoOQUVq7b�UWUWOf\nNcU�d!N�Ø ØoJ�ò
ôcd¿XVJ"\¿PRJTSV�cPRJ"SVJ�egd¿XVOfPnJ�eQZ�UWOfk�OQeQdRS�J�N�q7SVZljKXWOQ\RN%d!eQyR\nSWOfXWHck�UTÝ
aøegd!SVyRJ}d!k�\nbKNlX%\!^'SWJ¬U`J¬d!S9q9HÿOfNlXW\ëXWHKJ}j®J�SW^ê\RSVk�d!Ncq�J�\!^
XWHKJ �cPRJ"a�v>p¸q7\nk�j�J�XWOfXWOQ\RN �cNcdRefOgU`XVU�uIdRU³XWHKJ"SVJTUWbKefX@\!^~XVHKJ
SWJ
1nbcJTU`Xxd!NcØ0XWHKJ�J�NcUWbKOQNKyMØoJ�ôcd!XWJ¬U�Ý4ÛFZ�q7\nk�jcd!SVOfNcy�XVHKJTUWJ
jcd!j®J�S9U�h/OYX%OgUMJTPlOgØoJTNnXMXVHcd¿X%k�dRNlZ�ØoO��½J�SVJ�NlX0dRjKjKSV\ndRq9HcJTU
XW\�j�JTS`^ê\nSWk�dRNcq7J�XWJTU`XWOQNKy�q�dRN]yROQPRJ¸d�eQdRSWynJ�UWJ7XI\!^/SVJTUWbKefXVUTÝ
|�\¿uFJ�PRJTSTh@XWHKJTSWJ]OQUMNc\ëyRbcdRSVdRNlXWJ�J�XVHcd¿X%XVHKJ]SVJTUWbKefXVUMu'OQeQe
q7\RN�q7bKS¬Ý
GIHKJ �cNcdRe �cPRJ�d!eQyR\nSWOfXWHKk�U�\!^"XVHKJ�a�vFpëq7\nk�j�J�XWOfXWOQ\RN

u>JTSWJ�d!NcdRefZoUWJTØúôlZ
k�dRNlZëq�SWZ~joXV\RynSVdRjKHKJ�S9U'^êSV\RkýdRSW\nbKNcØ
XWHKJëuF\RSVegØ³Ý0
ëaFG�pþuIdRU�dRN OfNKNc\¿P�d!XWOQPRJëØoJ¬U`OQyRN@hFb�U`OQNKy
dDu'OgØoJúS9d!NKynJ
\!^%\nj�JTSVd!XWOQ\RNcU}dRNcØ OQNcq7eQbcØoOQNKyËSW\RXVd¿XVOf\nNcU
ôcdRUWJTØ \RN XVHKJ ØKd¿X9d d!N�Ø XWHcJ�ÜnJ�Z�ÙµÛFbKSVu'OQq9Ü½hMm>\RjKj®J�SWò
U`k�OfXWH�hIi�� a�P~OQyRNK\nN�h��wJTNKNcdRSW\�hx|�dRefJTPlO¡h_7nboXVeQdch_
ëd!X[ZndRUTh
E��¤m>\nNKNK\RS¬h �4J�Z~S9d�PlOgd!N@h¬pod �®\nSVØMr��®bcNKOQq>N�Ý Ø³Ý¤Ú-ÝIG'mF��OQU4d
U`OQk�jKefJwØoJTUWOQyRN�hod!egUW\MbcU`OQNKy�ØKd¿X9d0ØoJTj�JTNcØoJ�NlXFSW\RXVd¿XVOf\nNcUxdnU
d]k�d!OQNÿU`J¬q7bKSVOYX[Z�^êJ¬d¿XVbKSWJ�Ù�G�OfPnJTU`XTh�G'\nôcU`H�d�uMh@p~OQØKNKJ�Zúr
��OQNÌN@Ý Ø³Ý¤Ú-Ý"iwd¿X9d�ØoJ�j®J�NcØKJ�NlX'\Rj®J�S9d¿XWOQ\RN�U>dRSWJ¸ØoJ7X9d!OQefJ¬Ø]OQN
eQd!XWJ�Swq9Hcd!jKXWJ�S9U'\R^�XVHKOgU�jcdRj�JTSTÝ�G'O [[NcØKdRJ�e/HcdRU�d}U[XVSVdROfynHlX`ò
^ê\RSVuFdRSVØëØKJTUWOfynN�d!N�ØëXVJTU`XVUMUWHK\¿u�XWHcd!XMOYXMj®J�SW^ê\RSVk�UwPnJ�SVZ
u>JTefe¸OQN HcdRSVØKuFdRSWJúdRNcØ UW\!^tX[uId!SVJ Ù�i�dRJ�k�J�N�r G'O [[k�JTN
N�Ý Ø�Ý Ú7Ý�p~J�SVj®J�NlXwOgU¸ØoJTUWOQyRNKJ¬Øúq7\nNcUWJ�SVP�d!XWOQPRJTefZÌOfNúXWJTSWk�Uw\!^

UWJTq�bKSWOfX[Z
u'OfXWH d]HcOfynH�N~bKk�ô�JTSM\!^>SV\RbcNcØKU�Ù z SRÚ�Ùµa�NcØoJ�SWò
UW\RN�h/Û>OQHcdRk*r J¸N~bcØKUWJ�N�N�Ý Ø³Ý Ú7Ý}GIu>\;��UWH�OgUMdÌPRJ�S9UVd¿XWOQeQJ
ØoJ¬U`OQyRN@hldRefeQ\¿u'OfNcy¸^ê\RSx\njoXWOQk�OQUVd¿XVOf\nNcUxØKJ�j®J�NcØoJTNlXF\nN�J�N~P~OYò
SV\RNKk�JTNnX�Ù�poq9HcNKJ�OQJ�S¬h�J¸J�egU`JTZRh³_ HKOfXWOQNKy�h�_<dRyRNKJTSwré|�d!eQe
8 �R�;QlÚ-Ý=2c\RbKSw\!^ �cPnJ0\R^
XWHKJZ�cNcd!eQOgU[X9U�bcUWJ�d�U`bcôcU[XVOYXVboXWOQ\RN
ô®\�ó³hKÜ~NK\¿u'N
dRU�dRNëplò¡ô®\�ó³ÝFa�Núplò�ô�\�ó�U`OQk�jKefZÌk�d!jcU�\RNKJ
N~bKk�ô�JTS�XW\Ìd!NK\RXWHKJTS�ôcdnU`J¬Ø�\RNúd�X9d!ôKeQJRÝ�a2k�\RSVJM^ê\RSVk�d!e
ØoJ��cNKOfXWOQ\RN�\!^
plò�ô�\�óoJTU'dRjKj®JTd!S9UFOfN
q9HcdRjoXWJTSIXWHKSVJ�JnÝ
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ÛIdRUVUWHcd!k Ù�ÛFdnUWUWHcdRk S!�n�R�nÚ�d!N�Ø�pKq9HKNKJ�OQJ�SëdRNcØ�_ HKOfX`ò
OQNKyéÙ¡poq9HKNKJTOfJTS r _ HKOfXWOQNKy S!�R�n�nÚ<jKSVJTUWJ�NlXËU`XVd!XWOgU[XVOQqTd!e
dRNcd!eQZoU`J¬U�\R^>XVHKJ}a�vFp�SW\nbKNcØ�X[u>\]�cN�d!eQOQU`XVUTÝ]ÛIdRUVU`H�d!k'� U
d)(�eQOgd¿XWOQ\RN¾OgU <!4`poG d!NcØøpoq9HcNKJ�OQJ�S d!NcØ¾_ HKOfXWOQNKyödRSWJ
X[uF\ \!^�XWHcJDOfN~PnJ�NlXW\nSVU�\R^�XVHKJ GIuF\ ��UWH�q7SVZ~joXW\lU`ZoU`XWJ�k�Ý
ÛIdRUVUWHcd!k'� UDjcdRj�JTS b�U`J¬U q�Zoq7eQJ7ò©q7\RbcNnXVOfNcyöjKSV\RynSVdRk�U XW\
k�JTdnU`bcSWJ�j�JTS`^ê\nSWk�d!N�q7J%\nNúP¿d!SVOf\nbcU�jKSW\oq�JTUVU`\nSVUTh�ØoJ¬UWq�SWOQôoò
OQNKyMOQN�ØKJ7XVdROfecXWHKJ�jcd!SWXWOgq7bKegd!S
jcSW\oq7J¬UWUW\RS+*�H�d!S9ØouFdRSWJnh�\nj�JTS`ò
d!XWOQNKyúUWZ~U`XWJTk dRNcØ q7\nk�jKOfeQJ�S¬Ýúpoq9HKNcJ�OQJ�S�dRNcØÿ_ HKOfXWOQNKy,� U
jcdRj�JTSFd!X`XVJ�k�joXVU>XV\�jKSV\¿P~OQØKJ�d!N�J7ó~XWJTNcU`OQPRJwU[X9d¿XVOQU`XWOgq�dRe�SVJ7ò
j®\RSWX
\RN�XWHKJ-��PRJ�a�vFpZ�cNcd!eQOgU[X9U4ôcdRUWJTØ�\RN�ÜRJTZ�UWJ7XVbKj�hRS9d�u
JTNcq7SVZ~joXWOQ\RN�*!ØoJTq�SWZ~joXVOf\nNûU`j®J�J¬ØKUTh�k�OfNcOfk�d!eMUWJTq�bKSWJ�P¿d!SVOYò
dRNnX9U�Ùêk�d¿óoOQk0bKk OQNcUWJTq7bcSWJÌP¿d!SVOQdRNnX9UVÚ�d!N�Ø j®J�SW^ê\RSVk�d!Ncq�J
\nN�JTOfynHnXWò¡ôcOYX�UWk�dRS`X�qTd!S9ØKU�Ý
i�J¬U`jKOfXWJ�XWHKJ�SVJ7^êJTSWJTNcq7JFXV\%k�JTdRUWbKSVOfNcywSVJ�egd¿XVOfPnJIj�JTS`^ê\nS`ò

k�d!N�q7J'\!^³d!eQyR\nSWOfXWHck�U4OQNcU`XWJ¬dRØ�\!^³d!ôcUW\ReQboXVJFj®J�SW^ê\RSVk�d!Ncq�JRh
UW\Rk�J]SVJTUWbKefXVU�^êSV\Rk XWHcJ <!4`poGøSVJ�j®\RSWX�UWHK\¿uøôcOfyÿØoO��®JTS`ò
JTNcq7J¬Uxô®J7X[uFJ�JTN�XWHKJ¸UWk�dRefe®S9d!NKynJTU"\R^@k�dRq9HKOQNKJ¬U"\RN�u'HKOgq9H
XVHKJ<dRefyn\RSVOYXVHKk�U}uFJ�SVJëXVJTU`XWJTØ�ÝøGIHKOQUÌk�JTdRNcU]XWHcd!XÌOfX
OQU
bKNcefOQÜRJTefZ]XWHcd!X�XWHcJ%SWJ¬U`bceYX9U'\!^4XWHcJ0J7óoj®J�SVOfk�JTNnX9U�q7\nbKegØ�ô�J
J�ólXVSVdRj�\neQd!XWJ¬Ø¸XW\wJ�N~P~OfSV\RNck�JTNlXVU/\!^cegd!SVyRJTS@\RS4UWk�dRefeQJ�S4jKSV\!ò
q�JTUVU`OQNKyMj®\¿u>JTS"\RS"JTN~PlOQSV\RNKk�J�NlX9U4XWHcd!X>d!SVJ'\!XVHKJ�SVu'OgU`J�ØoOf^tò
^êJTSWJTNnX¬Ý

4©N�q7\nNlXWS9dRU`X"XW\�ÛIdRUVU`HcdRk�h~poq9HcNKJ�OQJ�SId!NcØ]_ HKOfXWOQNKy�d!X`ò
XVJ�k�joX0XV\�dnØKØoSVJTUVU0d
u'OgØoJ]S9d!NcyRJ�\!^�k�J¬dRUWbKSWJ¬U0U`XVd!XWOgU[XVOYò
qTd!eQefZnhljcSW\¿P~OgØoOfNcy�UW\Rk�Jwj�JTS`^ê\nSWk�d!N�q7J¸ØoJ7X9d!OQeQU>^ê\RSIXVHKJH�cPRJ
dRefyn\RSVOYXVHKk�U³\RN z S�ò�ôKOYX�d!NcØM�;M!ò�ôKOYX
m��xL�U/q7\oØoJ¬ØMOfN�dRUVU`JTk�ò
ôKeQZRÝ}GIHcJ�SVJTUWbKefXVUMUWbKôcU`XVdRNnXVOQd!XWJ�ÛIdRUVU`H�d!k'� UMq�\RNcq�efb�U`OQ\RNcU
OQNÌUW\Rk�J¸uId�Z~UT�
- poJ�SVj�JTNnX'j®J�SW^ê\RSVk�U'U`eQ\¿u>JTSI\RN�d!eQe�U`ZoU`XWJ�k�UTÝ
- G�O [[NcØcd!J�eFd!NcØÿGIuF\ ��UWHÿj�JTS`^ê\nSWk8SWJTeQd!XWOQPRJTefZ<q7\RN�U`OgU[ò
XVJ�NlXWeQZ]dnq7SV\nUVU>jceQd!X`^ê\RSVk�U�Ý

- GIHcJ�X[uF\%jcd!j®J�S9U>ô�\RXWH]dRyRSVJ�JTØ�XVHcd¿X-G'O [[NcØKd!JTe½OQU>\RNKJ\R^�dþN~bKk�ô�JTS
\!^�q7SVZljKXW\nUWZoU[XVJ�k�UÌu'HKOgq9H�q�\RbKegØ ô�J
b�U`J¬Ø}^ê\nS'u'OQØoJ¬U`jcSWJ¬dRØ�Ofk�jKeQJ�k�J�NlX9d¿XWOQ\RN@Ý
GIHKJ�SVJTUWbKeYX9U"\R^/poq9HKNKJTOfJTS>d!N�Ø�_ HKOfXWOQNKy,� U"XVJTU`XWOQNKy0q�\RNoò

. Ogq-X�u'OfXWH
ÛIdRUVUWHcd!k'� U>SVJTUWbKefXVUIOQNÌXWHKJ¸^ê\nefeQ\¿u'OfNcy�uId�ZoU��
- GIuF\ �®U`H%j®J�SW^ê\RSVk�U@k�bcq9H0ô®J7XWXWJTS
OfN0XWHKJFXWJ¬U[X9U�bKNcØoJTS`òX9d!ÜnJ�NÌôlZ}XWHKJ%GIuF\ ��UWH�ØobK\cÝ
- 
úd!S9U³d!jKj®JTdRSVU®XV\�j�JTS`^ê\nSWk�q7\nNcU`OgØoJTSVdRôKefZ'uF\RS9UWJ/XVHcd!NGIuF\ �®U`H�d!NcØ`G�O [[NcØcd!J�e/OfNúpKq9HKNKJ�OQJ�S�d!NcØÌ_ HKOfXWOQNKy,� U
XVJTU`XVUTÝ

- GIHcJ0jcdRj�JTSVU�ØoOQUVd!ynSWJTJM\RNúq�SWZ~joXV\nUWZoU[XVJ�k�U'XVHcd¿Xwj�JTS`ò^ê\nSWk�J¬ØúuFJ�eQe"\¿PRJTSVdRefe¡Ý�poq9HKNKJTOfJTS%d!NcØ<_ HKOfXWOQNKyëUWbKy!ò
ynJTU`X�XVHcd¿X}ô®JTUWOgØoJTU6G'O [[NcØKdRJ�e¡hFGIuF\ �®U`HËOQU�XVHKJ
\RNKeQZ
\RXWHKJTS%d!eQyR\nSWOfXWHKkýXW\�j�JTS`^ê\nSWk8u>JTefe¡Ý}ÛIdRUVU`H�d!kýUWbKy!ò
ynJTU`XVUxXWHcd!X-G�mF��j�JTS`^ê\nSWk�J¬Ø�u>JTefe³dRNcØ�XVHcd¿X'GIu>\;��UWH
dRNcØ�p~J�SVj�JTNlX�u>JTSWJ�XWHKJ¸X[uF\�u>\nSVU`X'j�JTS`^ê\nSWk�JTSVUTÝ

GIHKJëq�\RNcq�efb�U`OQ\RN XWH�d¿X%4�ØoS9d�uø^êSV\RkõXWHKJëq�\RN . Ogq-X9U]UWJ�JTN
OQNúXVHKJTUWJ�X[u>\ÌjcdRj�JTSVUwOgUwXWHcd!Xw^ê\nSwXWHKJ¬U`J�d!eQyR\nSWOfXWHck�UTh³J7ó~ò
dnq-Xxj®J�SW^ê\RSVk�d!Ncq�J�P¿d!eQbKJTU>d!NcØ}J�N~P~OfSV\RNKk�JTNnXFU`j®JTq�O���qTU>dRSWJ
OQNcUWJ�jcdRSVdRôKefJN�!ØoO��®JTSWJTNnX"H�d!S9ØouFdRSWJ>jKSV\~ØKbcq7J¬U/Nc\!X
\RNKeQZ0ØoOf^tò
^êJTSWJTNnXÿSVJTUWbKeYX9U�h�ôKboX SVJTUWbKefXVUúXWHcd!Xÿ\R^tXWJTNsØoOQSWJ¬q-XVefZ2q�\RNoò
XVSVdnØoOQq7X�u'H�d¿X�OQU�J�ó~j®JTq7XWJ¬Ø³ÝËGIHKJÌX[uF\ëXVJTU`XWOQNKyÿJ�N~P~OfSV\RNoò
k�J�NlX9U�ØoJTUVq7SVOfô®JTØ d!ô®\¿PRJ�d!SVJÌNK\!X}J¬U`j®JTq�OQdRefeQZ ^µd!S�dRjcd!SWXTÝ
_<J�k�OfynHlX>J7óoj®JTq7XxeQdRSWynJ�ØoO��®JTSWJTNcq7J¬U"ô®J7X[uFJ�J�N 2�OQJ�egØ �"SV\!ò
ynSVdRk�k�dRôKefJ/�¸d!XWJxa�SWS9d�Z�Ù?2 ���¸a�Ú�Ofk�jKeQJ�k�J�NlX9d¿XWOQ\RN�U@d!N�Ø
UW\!^tX[uId!SVJ'Ofk�jKeQJ�k�JTNnX9d¿XVOf\nNcU�h~ôKbKXFuFJ�uF\RbceQØ�J�óoj�J¬q-XIk�\lU[X
SVJTUWbKefXVU>XW\�k�d¿X9q9H]^ê\nSFXWJTU`XWOQNKy�JTNlP~OQSW\nNKk�J�NlXVUFbcUWOQNKy�U`OQk�OYò
egd!SIjKSV\oq7JTUVUW\RS9UFdRNcØ�\Rj®J�S9d¿XWOQNKy�U`ZoU`XWJTk�UTÝ



�U��� � �l�T��ä��R� � �%�~â ä à � �~�K�¬ã/��ä à � � �n�
��á���� � à � �
v"P¿d!eQbcd¿XVOf\nNÿk�J�XWSVOQqTU%d!SVJ}ØoOgUWq�bcUVU`J¬Ø�ô~Zÿv"eQôKOQS`X%J�X�d!e¡Ý�OQN
XWJ�SVk�Uw\!^xXVHKJ�OQS¸bcUWJ7^êbKeQNKJTUVUwOfN�XWJ¬U[XVOfNcyÌdRN\2I� �¸asOQk�jcefJ�ò
k�JTNlXVd¿XVOf\nN�\R^cXVHKJ'a�v>p�ÙµvxefôcOfSWXTh
�wOfj@hlm>HKJ7X[u'Z~NcØ�r �
dnd!S
S!�R�n�nÚ7Ý<p~\nk�J�\!^'XVHKJ�k�J�XWSVOQqTU�q�\RNcUWOQØKJ�SVJTØÿô~Z v"eQôKOfSWX�J�X
d!e¡Ý"OfN�XVHKJ�OQS'XVJTU`XWOQNKy�OfN�q7eQbcØoJ¸XWHcSW\nbKyRHKjcboX�d!NcØÌHcdRSVØKuFdRSWJ
SWJ¬U`\nbKSVq�J'q7\nU`X"k�J7XVSWOgq�U
UWbcq9H�dRU
eQ\RynOQqFyld¿XWJ�dRSWJ¬dwk�J¬dRUWbKSVJ7ò
k�JTNlX�d!N�ØDq7\nNT�cyRbcSVdRôKefJ�eQ\RynOQq�ôcef\oq9Ü Ù¡m�R/ÛIÚ0U`eQOgq7J}k�JTd!ò
U`bKSVJ�k�JTNnX¬Ý
v"eQôKOfSWXIJ7X'd!e¡Ý�OQNlXWSV\oØobcq7J¸d�NKJ�uûk�J�XWSVOQqwq�dRefeQJTØ
XWHKSV\RbKynHKjKboX>j�JTS>UWefOgq7J0Ù�G��>pKÚ#�lØKJ#�cNKJ¬Ø�dRU4XVHKJ�S9d¿XVJ'\!^³J�NKò
q7SVZljKXWOQ\RN�ØoOfP~OgØoJTØÌô~Z}XVHKJMN~bKk0ô®J�S'\R^
m�R/Û UWefOgq7J¬U�Ý
a�efXWHc\RbKynH vxefôKOQSWX�J7X}dRe�Ý \nNKefZ b�U`JÌ\RNKJ]2I� �¸a ÙtXVHKJ

C�OQefOQNoó X�OQS`XVJ7ó0C�m_X 8 �n�R�RÛ � { �R�¿ò MlÚ7h'XWHcJ�Z ØKOQUVq7bcUVU�XVHKJ
X[Zlj®JTU"\!^½\Rj®J�S9d¿XWOQ\RN�U4j�JTS`^ê\nSWk�JTØ�OQN�XVHKJ-�cPnJ-�cNcd!eQOgU[XxdRefyn\!ò
SWOfXWHKk�U4^ê\nS4XWHKJ�a�v>p�q7\nk�j�J�XWOfXWOQ\RN�d!NcØ0XWHcJ'J7óoj�J¬q-XVJTØ�ØoOf^tò
��q7bKefXWOQJTU�OfN
OQk�jKeQJ�k�J�NlXWOQNKyÌU`\nk�JM\R^4XWHKJ¬U`JM\nj�JTSVd!XWOQ\RNcU'OQN
Hcd!S9ØouId!SVJRÝ%E�NKJ�\Rj®J�S9d¿XVOf\nNúXVHcd¿X%OgUMyRJTNKJ�S9d!eQeQZ
J7óoj�J¬q-XVJTØ
XW\<SWJ
1nbcOfSVJ}XVHKJ�k�\lU[X�XWOQk�J�d!N�ØDHcdRSVØouId!SVJ}SVJTUW\RbKS9q7J¬UMOgU
XWHKJFk�\~ØKbKef\ S����>\Rj®J�S9d¿XWOQ\RN@Ý@G/dRôKeQJ-S�U`HK\¿u�U�XWHcd!XI
úa!G�p½h
G'mF�Ìd!N�Ø�GIuF\ ��UWHúb�U`J�XWHKOgU¸\Rj®J�S9d¿XVOf\nNúOQNëXVHKJ�OQSMSWJ¬U`j®JTq7ò
XWOQPRJëd!eQyR\nSWOfXWHck�UTÝ0E�NKJ
H~Z~j�\RXWHKJ¬U`OgU�XWH�d¿X�qTd!Nþô�JëdRboXW\Rò
k�d!XWOgq�dRefeQZ}k�dRØoJMdRô�\nboXIXWHKJH�cPnJ¸dRefyn\RSVOYXVHKk�UxOQNÌXWJTSWk�UF\!^
XWHKJTOfS`2I� �¸a*Ofk�jKeQJ�k�J�NlX9d¿XWOQ\RN�U]OgU�XWHcd!X]XWHcJúX[uF\ËdRefyn\!ò
SWOfXWHKk�UIXVHcd¿X�ØK\�Nc\!X�bcUWJ%dRØKØKOYXVOf\nN�k�\oØobKeQ\%S����¸u'OfeQe�j®J�SWò
^ê\RSVk ô�J�X`XVJ�S¬Ý GIHKOgU�H~Z~j�\RXWHKJ¬U`OgU�OQU�UWbKjKj®\RSWXWJ¬Ø ô~ZÿXWHcJ�OQS
J7óoj�JTSWOQk�J�NlXVUÌd!N�Ø XWHKJTZþq�\RNcq�efb�ØoJTØþXVHcd¿X G'O [[NcØKd!JTewdRNcØ
p~J�SVj�JTNlXFOQNcØoJTJTØÌU`HK\¿uFJTØ�XVHKJ¸ô�J¬U[XIj®J�SW^ê\RSVk�dRNcq7JnÝ�GIHcOQUFOgU
q7eQJTd!S�J�P~OgØoJ�Ncq�J%XVHcd¿XMd!NëOQNoò©ØoJ�jKXWH�dRNcd!eQZoU`OgU'\R^"XWHKJ�\Rj®J�SWò
d¿XWOQ\RN�U>b�U`J¬Ø]OQN]XVHKJMd!eQyR\nSWOfXWHKk�UFq�dRN�jKSV\¿P~OQØKJ�bcUIu'OfXWHÌOfNKò
^ê\RSVk�d!XWOQ\RNÌbcUWJ7^êbKe³OQNÌØKJ7XWJTSWk�OQNKOQNKy�SWJTeQd!XWOQPRJwj�JTS`^ê\nSWk�d!N�q7J
OfN JTNlP~OQSW\nNKk�J�NlXVU�XVHcd¿X0H�d�PRJ�NK\!X%H�dRØ�Ofk�jKeQJ�k�J�NlX9d¿XWOQ\RN�U
\!^�XWHKJ%dRefyn\RSVOYXVHKk�U>ôcbKOfefX'^ê\RSIXVHKJ�k�Ý
GIHKJ`<�pKa Ùµ_�JTJ�ÜoU�J7X}d!e¡Ý¤ÚöjcbKôKeQOQUWHKJTØ d�� 2�OQNcd!e�G'J�ò

j�\nS`X	�x\RNþOfXVU���NcØoOQNKynU�\R^¸XWHKJ
j®J�SW^ê\RSVk�d!Ncq�J
\!^wXWHKJ`��PRJ
SW\nbKNcØúX[u>\��cNcdRefOgU[X9U¸\!^>XWHKJ�a�vFpúq�\Rk�j®J7XWOfXWOQ\RNÿOQN�H�d!S9Ø~ò
uFdRSWJnÝõGIHKJTOfS�XVdRSWynJ7X<dRjKjKeQOQqTd¿XVOf\nNcUëOQNcq7eQbcØoJ¬Ø2OfXWJTSVd!XWOQPRJ
d!NcØ
jcOfj®J�eQOfNcJTØëdRSVq9HKOfXWJ¬q-XVbKSWJ¬U�Ý'_<J�JTÜoU�J�Xwd!e¡Ý�ØoJ¬q7OgØoJTØ�XV\
jKbKôKeQOQUWHú\nNKeQZ�XVHKJ0SVJTUWbKefXVU�^ê\RS�JTdRq9HúJ7óoj�JTSWOQk�J�NlX�ôKbKXwNK\RX
k�dRÜRJ"dRNlZ [[bcØoynJ�k�J�NlXVU@d!ô®\RboX@\¿PnJ�S9d!eQe�j�JTS`^ê\nSWk�d!N�q7JRÝ/GIHKJ
k�J�XWSVOQqTU}XVHcd¿X�d!SVJëbcUWJTØ OQN XVHKJTUWJúJ�ó~j®J�SVOQk�JTNlXVU�OfNcq�efb�ØoJ
d!SVJTdKhnXWHcSW\nbKyRHKjcboXTh~XVSVdRNcU`OgU`XW\RSFq7\nbKNlXTh>4 *;E SVJ�1lbKOQSWJ¬Ø³h~ÜRJTZ
U`J�XWbKj�XVOfk�JRh�d!eQyR\RSVOfXWHKk U`J�XWbKj�XWOQk�JËdRNcØ XWOQk�JDXW\ J�NKò
q7SVZljKX *¿ØKJTq7SVZ~joX�\nNKJ<ôKef\oq9Ü½ÝøGIHKJ¬U`J<k�J7XWSVOgq�U�SVdRNKyRJ�ô�J�ò
X[u>JTJ�NËXWHKJ
J�ólXVSWJTk�JTU�\!^wJ�N~P~OfSV\RNck�JTNlX�ØKJ�j®J�NcØoJTNcq7JnÝûa
k�J�XWSVOQqúU`bcq9H dnU�XWOQk�J
XW\ JTNcq7SVZ~joX]\RNcJ
ôKef\oq9ÜËOQU�HcOfynHKefZ
U`JTNcU`OfXWOQPRJ�XV\�XWHKJ�JTNlP~OQSW\nNKk�J�NlX¸OfNÿu'HKOgq9HúXVHKJ}d!eQyR\nSWOfXWHck
OQUMOQk�jKeQJ�k�J�NlXWJ¬Ø³h4u'HKJ�SVJTdnU¸k�J7XWSVOgq�U¸eQOfÜnJ}d!SVJTd�d!NcØ�XVSVdRNoò
U`OgU[XV\RSwq7\RbcNnX�dRSWJ0OfNcØKJ�j®J�NcØoJTNlX�\!^
HK\¿u�XVHKJ0d!eQyR\nSWOfXWHckéOgU
Ofk�jKeQJ�k�J�NlXVJTØ³ÝMGIHKJ�dRUVU`\oq7Ogd¿XVJTØ�jKSV\RôcefJTk÷u'OfXWHúXWHKJ�d!SVJTd
d!NcØëXWS9d!NcUWOQU`XW\nS�q�\RbKNlX¸k�J�XWSVOQqTU�OgU�XWHcd!X�XVHKJ�Z
\nNKeQZ
SWJTeQd!XWJ
XW\}HcdRSVØKuFdRSWJ¸OQk�jcefJTk�JTNlXVd¿XVOf\nNcUTÝ�m>\nk�jcd!SVOQUW\RN�UIô�J�X[u>JTJ�N
j�JTS`^ê\nSWk�d!N�q7J�\R^�J�Ncq�SWZ~joXVOf\nN�dRefyn\RSVOYXVHKk�U"uF\RbKegØ�ô®J�k�\RSVJ
J#�½JTq-XVOfPnJ
OY^¸XVHKJ�SVJ�uFdnU�dÿk�J�XWHK\oØ \!^wXWJ¬U[XVOfNcyÿXWHKJëdRefyn\!ò
SWOfXWHKk�U
OQNcØoJTj�JTNcØoJTNnX�\!^�XWHKJTOfSëJTN~PlOQSV\RNKk�J�NlXëd!N�Ø�UWbcq9H
XWHcd!X'XWHKJMSVJTUWbKefXVU'd!SVJMd!jKjcefOgq�dRôKefJwXV\�d�u'OgØoJMS9d!NKynJ�\R^4dRjoò
jKefOgq�d!XWOQ\RNcUTÝ

� � � à �l���,"µäµ�¬ä à � � á�â&�l� à
	 �	�! ��Tá®�%�����	��� �#"?��á��
�¿äµ�%$&�D�

G@\ûô®JËdRôKeQJ XW\�q7\Rk�k�J�NlXúJ��®J¬q-XVOfPnJ�eQZ \nN�XWHKJ SWJTeQd!XWOQPRJ
j�JTS`^ê\nSWk�d!N�q7J�\!^¸J�Ncq�SWZ~joXVOf\nN dRefyn\RSVOYXVHKk�U�ôcdRUWJTØË\RN XVHKJ
d¿XW\nk�OQq¸\nj�JTSVd!XWOQ\RNcUThoOYX�OgU'OQk�j�\nS`X9d!NlX'XW\}U`XVdRNcØKd!S9ØoOgU`JwXVHKJ
U`J�X�\R^K\Rj®J�S9d¿XWOQ\RN�U³XWH�d¿X�dRSWJ>ô�JTOfNcy�bcUWJTØMOQN%XVHKJId!eQyR\RSVOfXWHKk�U
ô�JTOfNKyúXWJ¬U[XVJTØ³Ý
GIHKOgU0OgU%Nc\!X�d
egd!ô®\RSVOQ\RbcUwX9dRUWÜ<UWOfN�q7J�XVHKJ
d!eQyR\RSVOfXWHKk�U0dRSWJ�U`OQk�Ofegd!S�OfNËNcd¿XVbKSWJnh�XWHKJ�\Rj®J�S9d¿XWOQ\RN�U0d!SVJ
k�d!XWHKJTk�d¿XWOgq�dRefeQZ
ØoJ#��NKJTØ³h�dRNcØ
k�d!N~Z�d!SVJ�q�\Rk�k�\RN�XW\�d
eQdRSWynJ�k�d [[\nSWOfX[Z}\R^/k�\oØoJ�SVN
U`Z~k�k�J7XWSVOgq�ôcef\oq9Ü]q�OfjKHcJ�S9U�Ý
GIHKJ¸X[Z~j®JTU'\R^�d!eQyR\nSWOfXWHck�U>XVHcd¿X�dRSWJ¸\!^
q7bcSWSVJ�NlXTh~jKS9dRq7ò

XWOgq�d!e4bcUWJ�OfN<q7SVZ~joXW\lU`ZoU`XWJ�k�U�yRJTNKJ�S9d!eQefZ]�KX¸OQNnXV\]X[uF\�q�d¿XWò
J�yR\nSWOQJTUI\R^"q7OQjKHKJ�S9U���UWj�J¬q7O���q�dRefeQZRhcXWHKJTZÌdRSWJMJTOYXVHKJ�S�d�^ê\RSVk
\!^ 2KJTOQU`XWJTe@NKJ�X[u>\nSWÜ�\RS�d}NKJ7X[uF\RSVÜ]\R^
UWbKôcU`XWOfXWbKXWOQ\RNcUTh®dRNcØ
j�JTSWk�boXVd!XWOQ\RNcU�\RS�efOQNKJ¬d!S%XVSVdRNcU`^ê\RSVk�UTÝ�GIHcJ�SVJ�d!SVJ]\RXWHKJTS
J�Ncq�SWZ~joXVOf\nNDd!eQyR\RSVOfXWHKk�UMôcdnU`J¬Øÿ\RN \RXWHKJTS�q7\nNcq7JTjoXVU%XWHcd!X

Hcd�PnJ�ô®J�JTNËjcSW\nj�\lU`J¬Ø ô~ZDSVJTUWJTdRSVq9HKJTSVU%^êSW\nk u'OfXWHKOQN XWHKJ
q�\Rk�k0bKNcOYX[Znh@ôKboX0XWHKJ}k�\lU[X�dRSWJ�JTOYXVHKJ�SMXVHKJ�\nSWJ�XWOgq�dRe�h/Ofk�ò
jKS9dRq7XWOgq�dRe�h~\RS'ô®\!XVH�Ý

<=4`poG SVJTq�J�OQPRJ¬ØZS 8 U`bKôck�OgUVU`OQ\RN%j�dRq9Ü¿d!ynJTU³^ê\nS@XVHKJIa�v>p
q�\Rk�j�J�XWOfXWOQ\RN�hF\!^¸u'HKOgq9H 8¬{ UWd!XWOgU ��JTØ XWHKJëSVJ�1lbKOQSVJ�k�J�NlXVU
\R^xXWHcJ�q�\Rk�j®J7XWOfXWOQ\RN@Ý�GIHKJ¬U`J 8�{ dRefyn\RSVOYXVHKk�UwdRSWJ�d�yR\~\oØ
ynbKOQØKJ0XV\Ìu'HcJ�SVJ�UWZ~k�k�J�XWSVOQq�q�OfjKHcJ�S9UwU`XW\~\oØ<d¿X¸XWHKJ�XVOfk�J
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C−P = Compression Permutation
E−P = Expansion Permutation
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*Two different des−round boxes must be built because rounds 3−8 and 10−15 have 
two lefts shifts for each half of the key.

**Selection of keyscould be implemented as a p−box; this will only occur for the first round.
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OQqTd!eQefZ�XW\ëOQNcq�efbcØKJ}k�\RSVJ�OfNo^ê\nSWk�d!XWOQ\RN d!ô®\RboX0XWHKJ�\Rj®J�S9d¿ò
XWOQ\RNcU�OfN~Pn\ReQPRJTØ�OQNcUWOQØKJ�d�ô®\�óëd!NcØÌXVHKJ�OQNo^ê\nSWk�d¿XVOf\nN�XWHcd!X
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a�q9Hcd!NcNKJ�e½OgU'ØoJ#�cNcJTØ]XW\�Hcd�PRJ�XWHKJw^ê\nefeQ\¿u'OfNcy0jKSV\Rj®J�SWò

XWOQJTUT�
- \RNKJM\nSWOQyROQN]ô®\�ó³h
- \RNKJMyn\ndRe®ô®\�ó³h
- d!N<OfN�ØoJ7óþÙêOQNcq7eQbcØoJ¬ØúXV\�HK\RegØ�UW\Rk�J�J7ó~XVSVd�OfNK^ê\RSVk�d!òXWOQ\RN
d!ô®\RbKX�OYX9U'q7\RNlXVJ�NlX9Ú7hcd!NcØ
- d
u'OgØ~XWH�ÙêOQNnXVJ�ynJ�S-ÚMU`j®JTq�OY^êZ~OQNKy
XVHKJ]N~bKk�ô�JTS0\!^�ôcOYX9Uu'HKOgq9H�qTd!NÌjcdRUVUFXWHcSW\nbKyRHÌOYX¬Ý

GIHKJwq9H�d!NKNKJTe³d!jKj®JTdRSVUFdRUFd�ØKOfSVJTq7XWJTØ]efOQNKJ�^êSW\nk3XWHKJ¸\RSVOQy!ò
OfNcd!XWOQNKy0ô®\�ó�XW\0XWHKJwyR\ld!ecô®\�ó³hnu'OfXWH]XWHKJ�XWHcOQq9Ü~NKJ¬UWU>\!^³XVHKJ
d!SVSW\¿uûØoOQSVJTq-XVefZ]SWJTeQd!XWJTØ]XW\�XVHKJMN~bKk0ô®J�S'\R^/ôKOfXVUIXVHcd¿X�qTd!N
jcdRUVU/XWHKSV\RbKynH�OfXTÝ4GIHKJIOQNcØoJ7ó�bcU`J¬Ø%XV\MU`j®JTq�OY^êZ0UW\Rk�JFJ7ó~XWS9d
OfNo^ê\nSWk�d!XWOQ\RNëd!ô®\RbKX�HK\¿u�XWHKJ�ØKd¿X9d . \¿u'OQNKy�XWHcSW\nbKyRH�XVHKJ
q9Hcd!NKNcJ�e4U`HK\nbKegØ
ô�J�bcUWJTØ
OQNëXVHKJ0yn\nd!e/ô�\�ó
d!jcj�J¬d!S9U�dRUwd
U[XVSWOQNKy�NKJ7ó~X'XV\�XWHKJMq9HcdRNKNKJ�e¡Ý
a�ô®\�ó]OQU�ØoJ#�cNcJTØ�XW\�Hcd�PnJ�XVHKJ¸^ê\ReQeQ\¿u'OfNKy�jKSV\Rj®J�SWXWOQJTUT�
- dIX[Z~j�JwÙµU`XWSVOfNcylÚ³UWj�J¬q7Of^êZ~OfNKy�XWHKJ>\Rj®J�S9d¿XWOQ\RNMu'HcOQq9H¸XVHKJô�\�óÌq�d!SVSVOfJ¬U>\nboXTh
- d�U`J�X�\!^/OQNKjKbKXVU%ÙµOfNlXWJTyRJTS'OfNcØKOQq�JTUIXV\�q9H�d!NKNKJTeQU9Ú-hKdRNcØ
- d�U`J�X'\!^4\RboXVjKboXVU0ÙêOQNnXVJ�ynJ�S'OQNcØoOgq7JTUFXV\}q9Hcd!NcNKJ�egUVÚ7Ý

GIHKJ�ô®\�ó!� U"X[Z~j�Jwd!egU`\�jKSW\¿P~OgØoJTU"k�\nSWJ�OfNK^ê\RSVk�d!XWOQ\RN}dRô�\nboX
XWHKJ¸ô®\�ó � UFd¿XW\nk�OQq�OYX[Z�d!N�Ø�XWHcJwdRjKj�J¬d!S9d!Ncq�J�\!^@XWHKJ¸ô®\�ó�OQN
XWJ�SVk�U�\!^cOfXVU4q7\nef\nbKS/dRNcØ%egd!ô®J�e¡Ý/GIHcJFUWJ7X4\!^cOQNKjKbKXVU4d!jKj®JTdRS
dRUxXWHKJ¸q9Hcd!NcNKJ�egU>q�\RNKNcJTq-XVJTØ�OQNlXW\�XWHKJ�ô�\�ó}dRNcØ�XVHKJwUWJ7XF\!^
\RboXVjKboXVU�d!jKj®JTdRS0dRUwXVHKJ]q9HcdRNKNKJTeQUMJTk�d!Ncd!XWOQNKy�^êSW\nkýXVHKJ
ô�\�ó³Ý
aþU`bcSWPnJ�Z¸\!^�d�egd!SVyRJxjcSW\nj�\nS`XVOf\nN%\!^KXVHKJIk�\~ØKJ�SVN0ôKeQ\oq9Ü

q7OQjKHKJ�S9U�XWHcd!XwSVJ�1lbKOQSWJ�d!NcdRefZoUWOQU�SWJ¬U`bceYX9U�OQN�dÌU`J�X�\R^"^êbKNcq7ò
XWOQ\RNcU<\RS�\Rj®J�S9d¿XVOf\nNcUúu'HcOQq9HödRSWJËOfN�q7eQbcØoJTØöOfN3q7OQjKHKJTSVUTÝ
GIHKJTUWJ]\nj�JTSVd!XWOQ\RNcU�ÙêeQOQU`XWJ¬Ø OfN XVdRôKefJ SRÚ0q�d!N ô®JÌk�dRjKj®JTØ
ØoOfSVJTq7XWeQZ XV\ÿXWHKJúJ7ó~XWJTNcØoJTØ U`XWSVbcq7XWbKSVJ
jKSV\Rj®\nUWJTØ OfNþXVHKOgU

UWJTq7XWOQ\RN dnU�ô®\�ó X[Z~j�J¬U�ÝDGIHcJ�jKSV\RôcefJTk dRUVU`\oq7Ogd¿XVJTØ u'OfXWH
UWJ�eQJTq7XWOQNKy0XVHKJ%UWJ7X'\!^�\Rj®J�S9d¿XWOQ\RN�U"XV\�ô®JMk�d!jKj®JTØ�OQNnXV\�XWHKJ
J�ólXVJ�NcØKJTØ�U[XVSWbcq7XWbKSVJFOQU�X[uF\!^ê\neQØ³ÝI2�OfS9U`XWeQZRh¿XVHKJ'U`J�X4\R^�\nj�JTS`ò
d!XWOQ\RNcUFk0b�U[XIô�JH�cNcOYXVJ%d!NcØ}XWHKJTSWJ�^ê\RSVJ�NK\RXIdRefe³\nj�JTSVd!XWOQ\RNcU
qTd!Núô®J�U`j®JTq�O��®q�d!eQeQZ
OfNcq�\RSVj�\nSVd!XWJ¬ØU�@UWJTq7\nNcØoeQZRh½XVHKJ�U`J�Xw\R^
^êbKN�q-XWOQ\RN�UMk0bcU`X%ô®J�k�OQNKOQk�OQUWJTØ�^ê\RS0J+(}q7OQJ�Ncq�ZëOQN<OQk�jKeQJ7ò
k�J�NlX9d¿XWOQ\RN@ÝxG/dRôKeQJZS�U`HK\¿u�UFXVHcd¿X�XWHKJ%N~bKk�ô�JTS�\!^4\Rj®J�S9d¿ò
XVOf\nNcUFbcU`J¬Ø]k�\lU[XI^êSVJ�1lbKJ�NlXVefZ�OgU'U`k�dRefe�dRNcØ}XVHKJ�SVJ¸d!SVJ�^êJTu
dRNK\Rk�d!eQ\Rb�U>\nj�JTSVd!XWOQ\RNcUTÝ
G'JTq�bKSVUWOQ\RN�jKegd�Z~Uxd!N�Ofk�j®\RSWXVdRNnX>SW\nefJ'OQN�XWHKJ�J7ó~XWJTNcØoJTØ

U`XWSVbcq-XVbKSVJ�jcSW\nj�\lU`J¬ØëOQN�XVHKOgU0UWJTq-XVOf\nN�Ý�GIHKJ}U`XWSVbcq-XVbKSWJ�\R^
XVHKJ>q�OfjKHcJ�S9U@ØoJ¬UWq�SWOQô�J¬ØMOQNMXWHKJ>jKSVJ�P~Of\nbcU@UWJTq7XWOQ\RNcU@OQU/HKOQyRHKeQZ
k�\oØobKegd!S¬Ý@vxdnq9H¸SW\nbKNcØ¸\!^KdRNlZwq7OQjKHKJTS@OgU�SVJ�j®JTd¿XVJTØMd'N~bKk�ò
ô®J�S�\!^oXVOfk�JTUIÙµbcU`b�d!eQefZ¸ô®J7X[uFJ�J�N���dRNcØ z SnÚ�dRNcØ%q�dRN%ô®J>SVJ7ò
k�\¿PRJ¬Ø�dnU"d!N�OQNcØoOQP~OQØob�d!e�U`XWSVbcq7XWbKSVJRh!J¬UWUWJ�NlXVOQdRefeQZ�dRefeQ\¿u'OfNcy
d
HcOfJTSVdRSVq9HKOgq�dRe"U[XVSWb�q-XWbcSWJnÝY4©NcØoOQP~OQØob�d!eFjcd!SWXVUM\R^�q7OQjKHKJTSVU
dRSWJ'd!egUW\wSVJ�j®JTd!XWJ¬Ø0u'OfXWHKOQN�SV\RbKNcØcU�h!u'OfXWHcOfN�\RXWHKJTS
jcd!SWXVU4\R^
XVHKJ%UWdRk�J¸q�OfjcHKJ�S¬hKd!NcØ�OQNÌ\RXWHKJTS�q7OQjKHKJTSVUTÝ
GIHKJ�jKOgq-XV\RSVOQdRecSVJ�jKSVJTUWJ�NlXVd!XWOQ\RN�SVJTUWbKeYXVOfNcy¸^êSW\nksXVHKJ�UWJ7X

\R^�ØoJ#��NKOYXVOf\nNcU
ØoJ¬UWq�SWOQô�J¬U
d�q�OfjcHKJ�S"q�\Rk�jKeQJ7XWJTefZ}ÙµbcUWOfNKy¸SVJ7^tò
JTSWJTNcq7J¬U@XV\0plò�ô�\�ó%X9d!ôKeQJTU"\RNKeQZKÚ-Ý4a�N�J7óKd!k�jKeQJ'U`Hc\¿u�U4HK\¿u
d X[Z~jKOQqTd!ewjKOgq-XW\nSWOgd!e¸SVJ�jKSVJTUWJ�NlX9d¿XWOQ\RN d!NcØûXWHKJÿU[X9d!NcØcd!S9Ø
ØoJ��cNKOfXWOQ\RN \R^IdëØKOfSVJTq7XWJTØ<ynSVdRjKHÿOQUMk�\oØoO��cJTØ XW\
OQNcq7eQbcØoJ
XVHKJMJ7ó~XWS9d�OfNo^ê\nSWk�d!XWOQ\RNÿÙ�2�OfynbKSVJTU z d!NcØ]M~Ú-Ý
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a XV\Rj®\ReQ\RynOQqTd!e0UW\RSWX�q�dRN�ô�JËd!jKjKeQOQJTØ�XV\ d!N~Z�ØoOfSVJTq7XWJ¬Ø
dnq7Zoq7eQOQqxyRS9d!jKH�Ùµi�a��MÚ�XW\wSWJTeQdRô�JTe~\RS�SWJ¬d!SVSVdRNKyRJ4XVHKJ>ô®\�óoJTU
UW\ÌXWHcd!X0d!eQe
XWHKJ}ØKOfSVJTq7XWJTØ<J¬ØoyRJ¬U¸j�\nOfNlX%OQNÿd�^ê\nSWuId!S9Ø�ØKOYò
SVJTq7XWOQ\RN�Ýwa�XW\nj�\nef\nyROgq�dRe/UW\RSWX�OgU�J¬U`j®JTq�OQdRefeQZ�b�U`J�^êbKe4OfN<ØoJ7ò
XVJ�SVk�OQNKOQNKy
XVHKJ}\RS9ØoJTS%OfN u'HKOQq9H ô®\�óoJTUMNcJ�JTØ XW\ëô®J]jKSV\!ò
q�JTUVU`J¬Ø UW\ XVHcd¿X]J¬dRq9Hþô®\�ó OgU}jKSV\oq7J¬UWUWJTØ ô®J7^ê\RSVJúdRefe�XWHKJ
ô®\�óoJTUFXW\�u'HcOQq9H
OfX�j�\nOfNlX9U0Ù�poJTØoynJ�u'Ogq9Ü�S!�n�NSRÚ7ÝxG/\}d!jKjKeQZ
d}XW\Rj®\ReQ\RynOQqTd!e�U`\nS`X�XW\�XWHKJ�ØoJ#��NKJTØ�U[XVSWbcq7XWbKSVJRh³d�SWJ¬U[XVSWOgq-ò
XVOf\nN�k0bcU`Xxô®J�d!jcjKefOQJTØ�XV\%XVHKJ�yRS9d!jcH�hROfX>k�bcU[X>ô�JwdRq7Zoq�efOgq!Ý
4©N<XWJTSWk�U¸\R^FHK\¿u3d�q7OQjKHKJ�S0OQU%U`XWSVbcq7XWbKSVJTØ³h�XWHKOgU%HcdnU¸\RNKJ
k�d [[\nS�Ofk�jKeQOgq�d¿XVOf\nN�Ý v>dRq9H SW\nbKNcØ k0b�U[X]ô®JëU`XW\RSVJTØþUWJ7ò
1lbKJTNnXVOQdRefeQZRÝ poOfNcq�J�XWHKJëØKJ#�cNKOfXWOQ\RN \R^�XVHKJúU`XWSVbcq-XVbKSWJ
dReYò
SVJTdnØoZ
OfN�q7eQbcØoJTU%SWJ¬q7bKS9U`OQ\RN@h½XWHKOgUMjKSV\RôKeQJ�k*OQU¸k�OQNKOfk�OgU`J¬Ø³Ý



G/dRôKeQJZSo�
a�vFp�G�\RbKNcØÌGIuF\ E�j®J�S9d¿XVOf\nNcUIL�UWJTØ
a�efyn\RSVOYXVHKk CFEHG a�ØKØ *Rp~bKô 2�Ofó~J¬Ø * X"dRSTÝ 

bKefXWOQjÿÝ �¸dRef\nOQU plò©ÛF\�ó

Ù S����TÚ G'\RXVd!XWOQ\RN Ù?S�� �¬Ú 

bceYXVOfj�Ý

ëaFG�p �"J¬U �"J¬U �"J¬U �"JTU <�\ �"JTU
G�mF� �"J¬U �"J¬U �"J¬U �"JTU <�\ <�\
G'O [[NcØKdRJ�e �"J¬U <�\ �"J¬U <�\ �"J¬U �"JTU
p~JTSWj®J�NlX �"J¬U <�\ �"J¬U <�\ <�\ �"JTU
GIuF\ ��UWH �"J¬U �"J¬U �"J¬U <�\ �"J¬U �"JTU

f k1

f

Plaintext

init_perm

l 0 r 0

l 1 = r 0 r 1

k2

l 2 = r 1 r 2

l 16 = r 15 r 16

ciphertext

init_perm ^ −1

2�OfynbKSVJ SK�/�"Ogq-XV\RSVOQdReVG�J�jKSVJTUWJ�NlXVd!XWOQ\RN�\!^
i�vFp

GIHKJ�jKSW\oq�JTUVU0\R^�SWJTjKegdRq7OQNKyÿdëeQ\~\Rj®JTØ U`J�X�\R^�\Rj®J�S9d¿XVOf\nNcU
ÙêJTUWj®JTq7Ogd!eQeQZ¸UWJ7X9U@\R^KSW\nbKNcØKU9Ú½ô~ZMd�UWJ�1lbKJTNnXVOQdRenUWJ7X�\!^KJ�1lbKOQPlò
d!eQJ�NlXë\Rj®J�S9d¿XVOf\nNcU
OQN�d q�OfjcHKJ�SëOgUëÜ~NK\¿u'N�dRUëef\~\Rj�bKNKò
SW\nefeQOfNcy�Ù?<�J¬q9HlP¿d!XVd!e¡hcÛId!SVÜRJTSTh~ÛIdRUVU`H�d!k�hKÛFbKSWS¬hKi�u>\nSWÜ~OQN�h
2K\!XVO@r G�\Rôcdnq9Ü�S!�n� 8 Ú7Ý
GIHKJ j®J�S9q7JTOfPnJTØöØKO (}q7bceYX[ZsOfN3yRJTNKJ�S9d!eQOQUWOQNKy�plò�ô®\�ó~J¬U

q�d!b�U`J¬U0UW\Rk�J]SVJTU`XWSVOQq7XWOQ\RNcU%\RN XVHKJ�dRefyn\RSVOYXVHKk�U¸XWHcd!X�qTd!N
ô�J}k�\oØoJTefeQJTØ³Ý�Û>bcOfegØoOQNKyúd�U`ZoU`XWJTk*OQNcq7eQbcØoOQNKyëd
UWj�J¬q7O���q
plò¡ô®\�ó0OgU
JTdnU`Z¸XV\%Øo\chRjKSW\¿P~OgØoJTØ0XWH�d¿X4XWHKJ'b�U`JTS
HcdRU4Ü~NK\¿u'efò
JTØoynJ]\!^�XWHKJ�ef\~\RÜ~bKjDXVd!ôcefJ�XWHcd!X�q�\RNcU`XWOfXWbKXWJTU0XWHcJ�plò�ô®\�ó
Ofk�jKeQJ�k�J�NlX9d¿XWOQ\RN@Ý÷L�UWOQNKy ØKd¿X9d¿ò©ØoJ�j®J�NcØKJ�NlX
p~ò¡ô®\�óûyRJTNoò
J�S9d¿XWOQ\RNsÙê\RS�NK\!X�Hcd�P~OQNKyDÜ~NK\¿u'eQJTØoynJë\!^%XVHKJ<p~ò¡ô®\�ó ô�J�ò
OfNKy�bcUWJTØcÚ7h�OgU�NK\!X�JTdRUWOQefZ<q7\RN�U[XVSWbcq7XWJ¬Ø bcUWOfNKyëXWHKJÌU[XVSWbcq7ò
XWbKSVJúØoJ��cNKJTØ dRô�\¿PnJRÝW2K\RSWXWbcNcd¿XVJ�eQZRh'd k�d [[\nSWOfX[ZD\!^¸XVHKJ
d!eQyR\RSVOfXWHKk�U0ØKOQUVq7bcUVUWJTØDOQN XVHKOQU�jcdRj�JTS�\nNKeQZ<b�U`J¬ØDjKSVJTØoJ�ò
�cNKJTØ�plò�ô�\�óoJ¬U�Ý GIuF\ ��UWHûbcUWJTU
plò�ô�\�óoJ¬U}XVHcd¿X
d!SVJúÜnJ�Zlò
ØoJ�j®J�NcØKJ�NlX��odw^êJTd!XWbKSVJ�u'HKOgq9H�XWHKJwØoJTUWOQyRNKJTSVU
UVd�Z0JTNKHcd!N�q7J
U`J¬q7bKSVOYX[Z�Ù�poq9HKNcJ�OQJ�S'J7X�dRe�Ý 8 �R�NQnÚ7Ý
GIHKJëUWj�J¬q7O���qÌOfN�q7eQbcU`OQ\RN \!^¸ØKd¿X9d�ØKJ�j®J�NcØoJTNcq7J
uF\RbceQØ

SWJ
1nbcOfSVJ÷Øob�d!eþOfk�jKeQJ�k�JTNnX9d¿XVOf\nNcU3\!^ûXVHKJ�UVd!k�J÷^êbKNcq7ò
XWOQ\RNcUTÝ�GIuF\ ��UWHÿbcUWJTUMØKd!XVd¿ò©ØoJTj�JTNcØoJ�N�q7ZëXV\
yRJTNKJ�S9d¿XVJ�p~ò
ô�\�óoJTU�Ù¡poq9HKNKJTOfJTSMJ7X0dRe�Ý 8 �R�;QlÚ-Ý�poq9HKNKJTOfJTSMJ7X0d!e¡Ý�U`j®JTq�OY^êZ
plò¡ô®\�óoJTU'b�U`OQNKy}d�^êbKNcq7XWOQ\RNDÙ � ÚIu'HcOQq9HÌXVdRÜRJ¬UIX[u>\�OQNKjKbKXVUT�
d z S�ò�ôKOfXwuF\RS9Ø�� d!NcØ<d�efOgU[X��3Ùê\R^FeQJ�Ncy!XWH��KÚ�\!^ z S¿ò¡ôKOfX
u>\nSVØKUTÝúGIHKJ]^êbKNcq7XWOQ\RN dnq-XVU0\RN � b�U`OQNKy�Øcd¿XVd
^êSW\nk���h
ôcdRUWJTØ�\nN}OfXVUFefJTNKy!XVHúÙ��cÚ-Ý"G/\0OQk�jcefJTk�JTNlX>XVHKOQUFjcdRS`XVOQq�bKegd!S

UWJ7X�\R^�\nj�JTSVd!XWOQ\RNcUThou>J¸uF\RbKegØÌNKJ�J¬Ø�XW\ëÙµd!X�efJ¬dRU`X9ÚFJ�ólXVJ�NcØ
XVHKJ�NK\RXWOQ\RN}\R^�q9Hcd!NKNcJ�egU"XV\0OQNcq7eQbcØoJwU`u'OfXVq9HKJ¬U"ôcdnU`J¬Ø�\RN
î +
U`XVd!XWJ�k�JTNnX9U�Ý�2K\RS0J7óKd!k�jKeQJRh/u>J�k�d�ZúuId!NlXMXV\ëU`JTNcØ�XWHKJ
\nboXWjKbKX�\R^�d�ô®\�ó0dRU@XWHcJFOQNKjKbKX4\R^�d!N�CFEHGDô®\�ó%OY^cXWHKJ'q�dRS`ò
ØoOQNcdRefOfX[Z¸\!^oXWHcJ>OQNKjKboX"UWJ7X�OQU4d!ô®\¿PRJ>d'XWHcSWJ¬U`HK\neQØ%\RS�ôlZ~jcdnUWU
XVHKJ=CFEHGþô®\�ó�Of^½XWHKJwq�d!S9ØoOQNcd!eQOfX[Z0OgU"ô®J�eQ\¿u XVHKJ�XVHKSWJ¬U`Hc\RegØ
ÙVåVí!ÔWÕ¿îtï½í¿ìÇîtç¡Ñ}OgU%N~bKk�ô�JTS0\!^ � \RNcJTU%�@OQNÿXWHKJ�ôKOfN�d!SVZ�SVJ�jKSVJ7ò
UWJ�NlXVd!XWOQ\RNÿ\!^FXWHcJ�UWJ7X0\R^FôKOfXVU9Ú-Ý
GIHKJ�q7\Rk�jKeQJ7óoOfX[Z<dnØKØoJ¬Ø
XV\]XVHKJ�i�a�� SVJ�jKSVJTUWJ�NlXVd!XWOQ\RNëdRNcØ
XVHKJ�dRUVU`\oq7Ogd¿XVJTØ�XV\Rj®\!ò
eQ\RynOQqTd!e'U`\nS`X�k�d!ÜnJTU�XWHKOgU�J�ólXVJ�NcUWOQ\RN Ofk�jKS9dRq7XWOgq�d!eIOQN XWHKJ
OQk�jKefJTk�J�NlXVd!XWOQ\RNcU'q�bKSWSVJ�NlXI^ê\RSVk�Ý
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GIHKJ
k�\lU[X}OQk�j�\nS`X9d!NlX}jcd!SWX�\!^¸XWHcJ
Ofk�jKeQJ�k�J�NlX9d¿XWOQ\RNþ\R^
XVHKOQUwUW\ReQboXWOQ\RN�OQU�XWHKJ�OQNcq7eQbcUWOf\nNú\!^"b�U`J�^êbKe4k�J�XWSVOQqTU�Ý 

\lU[X
jcdRj�JTSVU�ØKJTd!eQOQNKy�u'OfXWH JTP¿d!eQbcd¿XVOf\nNË\R^�j®J�SW^ê\RSVk�dRNcq7J
ØoJ¬d!e
u'OfXWHÿk�J7XVSWOgq�UMUWbcq9H dRUwXVHKSW\nbKyRHcjKboX%d!NcØ<egd¿XVJ�Ncq�Z ��k�d!N~Z
\R^cXWHcJ�ksdReQUW\MØoJTdReou'OYXVH�k�\nSWJ'UWj�J¬q7O���qIk�J7XVSWOgq�U4OQNcq7eQbcØoOQNKy
ÜnJ�Zlò�UWJ7XVbKj�XWOQk�JRh®XWS9d!N�U`OgU[XV\RSwq7\RbcNnX9U�h½d!N�Øëd!SVJTdnU%Ùê_<J�JTÜ~UTh
ÛFJTdRN�h�G�\;b�Z~eQ\¿u'OQq�bûr 2/Ogq9ÜRJWS!�R�n�KhZ<�JTq9H~P¿d¿X9d!e]J�X dRe�Ý
SR�R� 8 h�poq9HKNcJ�OQJ�S¸r¾_ HKOYXVOfNcy SR�R�R�lÚ-ÝF4'Hcd�PRJ%Nc\!XMU`JTJ�NúdRN
J�ólXVJ�NcUWOQPRJ�J�P¿d!eQbcd¿XVOf\nN�\R^>XVHKJ}d¿XV\Rk�Ogq�\nj�JTSVd!XWOQ\RNcUwOQN<XWHKJ
q�OfjKHcJ�S9U�ÝwGIHKJ�U`XWSVbcq-XVbKSVJ0OQNúu'HKOgq9H
XWHcJ�dRefyn\RSVOYXVHKk�U�Hcd�PnJ
ô®J�JTN�ØoJ¬UWq�SWOQô�J¬Øëd!eQeQ\¿u�U'^ê\RS¸d�eQdRSWynJ%N~bKk0ô®J�Sw\!^xk�J�XWSVOQqTU�h
J¬U`j®JTq�OQdRefeQZ
XWHc\nUWJ�XVHcd¿X0ØK\
NK\!X0ØoJTj�JTNcØ<\RN<XWHcJ�J�N~P~OfSV\RNoò
k�J�NlX¬Ý
GIHKJ�N~bKk�ô�JTS�\!^0OQN~PR\oq�d!XWOQ\RNcU�\!^0J¬dRq9Hû\nj�JTSVd!XWOQ\RN OQU

dRN Ofk�j®\RSWXVd!NlX�^µdRq-XV\RS�OfN ØKJ7XWJTSWk�OQNKOQNKy SVJ�egd¿XVOfPnJ
j�JTS`^ê\nS`ò
k�d!N�q7Jxô®J7X[uFJ�JTN0JTNlP~OQSW\nNKk�J�NlXVUTÝ@a U`JTSWOQJTU/\!^cUWbKôKk�OgUWUWOQ\RNcU
uFJ�SVJ�k�dnØoJwXW\6<=4`poG�d¿^tXVJ�SIXVHKJ�Z�SWJ
1nbcJTU`XWJTØ]jKbKôKeQOgqMq7\Rk�ò
k�J�NlX�\nN]XVHKJMSW\nbKNcØ]X[u>\ �cN�d!eQOQU`XVU'\R^/XVHKJ%a�vFp]q�\Rk�j®J7XWOfò
XVOf\nN�Ý�poZlôcSVdRNcØoZëq7\nk�k0bKNKOgq�d!XWJ¬ØëXV\]<!4`poGsdÌU`XVd¿XVJ�k�J�NlX
dRô�\nboX�G�mF�ëd!N�Ø GIu>\;��U`H@h/j®\ROQNlXWOQNKyë\RbKX0XWH�d¿X G�mF��SVJ7ò
eQOfJ¬ØÿHKJTd�P~OQefZ<\RN k�bKefXWOQjKefOgq�d!XWOQ\RNDu'HcJ�SVJTdRU0GIu>\;��U`HÿbcUWJTØ
X[uF\
XVdRôKeQJTUÌÙ�p~Z~ôKS9d!NcØKZ 8 �R�n�nÚ-Ý(4©NDXVHKOQU�qTdRUWJRh4u>J�Ü~NK\¿u
XVHcd¿X G'mF�}u>\nbKeQØ�Nc\!X�ô®J�d}yR\~\oØ
q9HK\ROgq7J%OQNúdRN
J�N~P~OfSV\RNoò
k�J�NlX¸u'HKJ�SVJ�k0bKefXWOQjKeQOQqTd¿XWOQ\RN<uIdRU�J7óoj�JTNcUWOfPnJÌÙê^ê\RS¸J7óKd!k�ò
jKeQJRh�UWk�d!SWX�q�dRSVØcUVÚ7h�d!NcØ GIuF\ ��UWH uF\RbKegØþNK\!X�ô�J�yR\~\oØ
OQNËdRN J�N~P~OQSW\nNKk�J�NlX�OQNËu'HcOQq9HËk�JTk�\RSVZ uFdnU0\R^�q7SVOYXVOQqTd!e
OQk�j�\nS`X9d!Ncq�JRÝ
4³jKSW\nj�\lU`J"XWHcd!X4dIX9d!ôKeQJFefOgU[XVOfNcy�XWHcJ"^êSVJ�1lbKJ�N�q7Z¸\!^K\nj�JTS`ò

d!XWOQ\RNcUFj®J�S'ôKeQ\oq9Ü�\!^/jceQdROfNlXWJ�ó~XIJTNcq7SVZ~joXWJ¬Ø]\nS'ØoJTq�SWZ~joXVJTØ³h
uF\RbKegØ�NK\RX'\RNKeQZ}d!eQef\¿uûØKJTq7OgUWOf\nNcU>XW\�ô�J¸k�dRØoJ¸d!ô®\RbKXIØoOf^tò
^êJTSWJTNnX>J�N~P~OfSV\RNKk�JTNnX9U�hnôKboXFXWHcd!X>OfX>uF\RbKegØ�d!egUW\0d!OgØ�OfN}XWHKJ
J�ólXVSVdRj�\neQd!XWOQ\RN�\!^�XWOQk�J7ò�ôcdRUWJTØ�ØKd!XVdþOQNnXV\ûØoO��®JTSWJTNnX�J�Noò
P~OQSW\nNKk�J�NlXVUTÝ E�NcJ�uId�Z<XW\<J7ó~XWS9dRq7X�bcUWJ7^êbKeIOQNo^ê\RSVk�d¿XVOf\nN
k�\RSVJ�1lbKOgq9Ü~efZ u>\nbKegØ ô�JúXW\Ëk�dROfNlX9d!OQN d UWJ7XÌ\!^0UVq7\RSVJTU
^ê\nSMJTdRq9H<d¿XV\Rk�OQq�\nj�JTSVd!XWOQ\RN�OfN ØoO��®JTSWJTNlX%J�N~P~OfSV\RNKk�JTNnX9U�Ý
GIHKJ�Ö�å9Ó¿ÔWÐ7Ö/k�d�ZMô®JId �®J¬q-XVJTØ�ôlZ%d�PnJ�S9d!ynJ"J7óoj®JTq-XVJTØ0XWOQk�JTU
X9d!ÜRJTNû^ê\nS�XWHKJÿjcdRS`XVOQq�bKeQdRS�J�N~P~OfSV\RNKk�JTNnX¬h�XVHKJ\�cNcdRNcq7Ogd!e
q�\nU`X�dnUWUW\oq7Ogd¿XVJTØDu'OfXWHþOQk�jKefJTk�J�NlXWOQNKyÿXWHcJ
\Rj®J�S9d¿XWOQ\RNËOfN
HcdRSVØKuFdRSWJúÙê^ê\RS�HcdRSVØouId!SVJ}JTNlP~OQSW\nNKk�J�NlXVU9Ú-h>d!NcØDXWHKJ�J7ó~ò
j®JTq7XWJTØ�eQ\ndRØú\RN�k�JTk�\RSVZ�^ê\RSwXWHKJ�UWj�J¬q7O���q�J�N~P~OfSV\RNKk�JTNnX
Ùµ\RS�d!N~Z}q�\Rk0ôcOfNcd!XWOQ\RNÌ\!^�XWHKJ¬U`JwXVHKSWJTJMk�JTdRUWbKSVJTU9Ú-Ý
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4©k�jKeQJ�k�J�NlXVOfNKy�XWHKJ>J7ó~XWJTNcØoJTØ%yRS9d!jKH%U`XWSVbcq-XVbKSVJxd!NcØwXV\Rj®\!ò
eQ\RynOQqTd!e
U`\nS`XwXW\�XVHKJ�j�\nOfNlX0d!X¸u'HcOQq9H q7OQjKHKJTSVU¸dRSWJ�\Rj®J�S9d¿ò
ôKeQJRh½SVJ�1lbKOQSWJ¬U�J¬dRUWJ%\!^"k�\¿PRJTk�J�NlX�ô®J7X[uFJ�JTN
XWHKJ�^ê\RSVk�U�\R^



          input3 = xor(i
          input4 = sbox(
    }
}

import functions.*;

class AES{
      public AES(String

            
            input1 = source

(psuedocode,
natural
language,
etc.)

Tsource:Source 1 out

   {

    

SPECIFICATION

UTILITY
READABLE
LANGUAGE

Name:Name 1 in 1 out

    round: Name 1 in 1

Tround: Name 1in 1 o
Tround = type include

EXTENDED DAG

SORTED QUEUE

CLASS FILE

OBJECT FILE

SOURCE CODE

SOURCE CODE

#include <math.h>

int main() {
   input = source(gene
   input2 = xor(input, 
   input3 = l_shift(inp
}

2�OQyRbKSVJ { �"iwd¿XVd�G/SVdRNcUWOYXVOf\nN]^êSV\Rk÷poj�J¬q7O���q�d!XWOQ\RNÌXW\]m>egdRUVU�2/OQeQJ

SWJTjKSWJ¬U`JTNlXVd¿XVOf\nNcU'\R^�XVHKJ�q�OfjcHKJ�S9U�Ý'GIHKJ . \¿u�ô�J�X[u>JTJ�NëØoJ�ò
U`OQyRNKJTSVU%�TUWj®JTq7O���qTd¿XWOQ\RN�U�XV\�SVJ�j®\RSWXWJTØ%SWJ¬U`bKefXVU@OQU4ØoJ�XVdROfeQJTØMOQN
XWHKOgU�q9H�d!joXVJ�S�dRNcØ
OQefeQbcU`XWS9d¿XVJTØ�OQN�2�OfynbKSWJ { Ý�GIHKJ0XVdnU`ÜÌ\!^
Ofk�jKeQJ�k�J�NlXVOfNKy�XWHcOQU6� ^êSWJTJ . \¿u �lô®J7X[uFJ�J�N]SWJTjKSWJ¬U`JTNlXVd¿XVOf\nNcU
SWJ
1nbcOfSVJTU�XWHKJIØoJTUWOQyRN0dRNcØMOQk�jcefJTk�JTNlXVd¿XVOf\nN%\!^cd�jcd!S9UWJ�S�^ê\nS
XWHKJ¸U[X9d!NcØcd!S9Ø³hnd0efOQôKS9d!SVZ0\!^2� ô®\�ó~J¬U��QhnXWHKJ¸ØKd¿X9d%U`XWSVbcq-XVbKSWJ¬U
XW\ HK\RegØ XVHKJ�k�h�dËU`\nbKS9q7J�q�\oØoJúu'SVOYXVJ�S¬h�dRNcØûdËyRS9d!jKHKOfò
q�d!e�bcUWJ�SwOfNlXVJ�SW^µdRq7J�Ù �¸L=4`Ú7Ý³_ OYXVHKOQNúk0Z�OQk�jKefJTk�J�NlXVd!XWOQ\RN
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k0bKefXWOQjKeQOQqTd¿XWOQ\RN�OgU4NK\¸ef\nNKyRJTS
d!N�J7óoj�JTNcUWOfPnJF\nj�JTSVd!XWOQ\RN�ô�J�ò
q�d!b�U`J�k�\lU[X>dRSVq9HcOYXVJTq-XVbKSVJTU
UWbKjKj®\RSWX>d31lbKOgq9Ü�k�bKeYXVOfjcefZ�OfNKò
U[XVSWbcq7XWOQ\RNëÙ�Û>bcSWu'Ogq9Ü0J�X>d!e¡ÝRN�Ý Ø³Ý¤Ú-ÝI4�^½XWHKJ�ØKd¿X9d¿ò©ØoJ�j®J�NcØKJ�NlX
SW\RXVd¿XVOf\nNcUFd!SVJ�k�\oØoO��cJTØ]XW\�ô�JH�KóoJ¬Ø³hlXWHKJTN]
ëaFG�p�OQU>XVHKJ
\RNKeQZwdRefyn\RSVOYXVHKkûXV\'XVdRÜRJ"dnØoP¿d!NlXVdRyRJ
\!^~XVHKJ"k0bceYXVOfjKeQZw^êbKNcq7ò
XWOQ\RN�Ý2GIHKOgU�k�d�ZËô�J�ô�J¬q�dRbcU`JëXWHKJ<d!eQyR\RSVOfXWHKk�U�JTNnXVJ�SVJTØ
OfNlXW\�XVHKJ]a�v>p<q7\nk�j®J7XVOYXVOf\nNÿu>JTSWJ�ØoJ¬U`OQyRNKJ¬Ø�XW\
j®J�SW^ê\RSVk
q7\RN�U`OgU[XVJ�NlXWeQZ
uFJ�eQe�OQN<k�dRN~Z
J�N~P~OfSV\RNKk�JTNnX9U�Ý%a�efyn\RSVOYXVHKk�U
XWHcd!X�d!SVJw\nNKeQZ]ØoJTUWOQyRNKJ¬Ø}XV\�j®J�SW^ê\RSVkéuFJ�eQe³OQN�UWj®JTq7O���qwJ�NKò
PlOQSV\RNKk�J�NlX9U�k�OfynHlX�bcUWJ%XWHcJ0k0bceYXVOfjKeQOgq�d¿XVOf\nN
\Rj®J�S9d¿XVOf\nN
OY^
XWHKJ�jcd!SWXWOgq7bKegd!S�\Rj®J�S9d¿XWOQNKy}JTN~PlOQSV\RNKk�J�NlX�jKSV\¿P~OQØKJTU�q9HKJ¬d!j
k0bKefXWOQjKeQZ]OQNcU[XVSWb�q-XWOQ\RN�U�Ý

����� ���Tá��Dä�� �  �l���K�Täµá à 	 á�ã à �T���K� � �l�T��ä��R�
m>\RbKNlXWOQNKy d!XW\nk�Ogq�\Rj®J�S9d¿XVOf\nNcU�d!jcj�J¬d!S9U�XW\ ô®Júd bcUWJ7^êbce
jKbKS9U`bKOfX"u'HKJTN�dRNcd!eQZoU`OQNKy¸j®J�SW^ê\RSVk�dRNcq7JI\R^®JTNcq7SVZ~joXWOQ\RN�d!efò
yR\RSVOfXWHKk�UTÝ�GIHKJ�k�J7XVHK\oØë^ê\nS¸XWJ¬U[XVOfNKy�XWHcOQUMH~Z~j®\!XWHcJTUWOQUwOgU
XW\�XWJ¬U[X�d�jcdRS`XVOQq�bKeQdRS'd!eQyR\RSVOfXWHKk¾^ê\nS'u'HKOQq9H�XWHcJMJ7óoj�J¬q-XVJTØ
SWJ¬U`bKefXVU0d!SVJ 1nbcOYXVJ]q7eQJTdRSTÝ�4wq9HK\lU`J�XV\
Ofk�jKeQJ�k�JTNnX�d
U`OQk�ò
jKefO��cJ¬Ø PRJTSVUWOf\nN�\R^IXWHKJ�poJ�SVj�JTNnX�d!eQyR\RSVOfXWHKkýô®JTqTd!bcUWJ�XVHKJ
XWJTU`XWOQNKyþOQNlPn\ReQP~OfNKy q7\nk�j�d!SVOQUW\RN ô�J�X[u>JTJ�N UW\!^tX[uId!SVJ�dRNcØ
2 ���¸a Ofk�jKeQJ�k�JTNnX9d¿XVOf\nNcU�\!^�XWHKOgU
d!eQyR\nSWOfXWHKk$dRefe%dRyRSVJ�J
XWHcd!XwXVHKJ}d!eQyR\nSWOfXWHck�j®J�SW^ê\RSVk�UwSWJTeQd!XWOQPRJ�eQZ
ô®J7X`XVJ�SM\nNúXVHKJ
2 ���¸asÙ�dRU>\RjKj®\nUWJTØ}XW\�U`JTPRJ�S9d!e�\!^�XVHKJw\!XWHcJ�SId!eQyR\RSVOfXWHKk�U
ØoJTUVq7SVOfô®JTØ�dRô�\¿PnJ�OQNÌXWHKJ%UVd!k�J¸jcd!OQS'\!^�J�N~P~OfSV\RNck�JTNlXVU9Ú-Ý
GIHKJ p~JTSWj®J�NlXëd!eQyR\nSWOfXWHck bcU`J¬U
d!N�OfNcOYXVOQdRe%d!NcØ �cNcdRe

j�JTSWk�boXVd!XWOQ\RN UWOfk�jKeQZ dRU�d
k�J7XWHc\~Ø XW\�UWOQk�jcefOf^êZ d!ND\njoò
XWOQk�OgUWJTØ�OQk�jKefJTk�J�NlXVd!XWOQ\RN�\!^�XWHcJ q7OQjKHKJTS�d!N�Ø�Ofk�jKSV\¿PRJ
q7\Rk�jKbKXVd¿XVOf\nNcd!e>J+(}q7OQJ�N�q7ZRÝ<a'^tXVJ�S�SWJTk�\¿P~OQNKy
XVHKJTUWJ]j®J�SWò
k0boX9d¿XWOQ\RN�U�hnXWHKJ¸U`XWSVbcq-XVbKSWJ�OQU z S¸SV\RbKN�ØKU"\R^@dMÜRJTZnò�k�OYóoOQNKy
\Rj®J�S9d¿XWOQ\RN@hRd�j�dRUVU�XWHKSV\RbKynH�plò�ô®\�ó~J¬U�hnd!NcØ�dwefOQNKJTdRS�XWS9d!NcU`ò
^ê\RSVk�d!XWOQ\RNDÙ�a�NcØoJTSVUW\RN
J�XwdRe�Ý®N�Ý Ø³Ý Ú7Ý�GIHKJ z S�SV\RbKN�ØKU'bcUWJ
Q�ØoO��½J�SVJ�NlX�plò�ô�\�óoJ¬U�Ý
4�^wXWHKJúp~JTSWj®J�NlX]dRefyn\RSVOYXVHKk OQU�UWOQk�jcefO��cJTØËXV\ bcU`JÌXVHKJ

UVd!k�J�ÜnJ�Z�\¿PRJTS>dRefe½SV\RbKNcØcU>dRNcØ}bcUWJ�\nNKeQZ�\RNKJ¸plò¡ô®\�ó³hlXWHKJ
UWOfk�jKeQO��cJTØ]PRJ�S9UWOf\nN�SWJ�XVd!OQNcUFd!eQe®XWHKJ¸d¿XV\Rk�OQq�\Rj®J�S9d¿XVOf\nNcU"\R^
p~JTSWj®J�NlX�ÙµJ7óKq7eQbcØoOQNKywXWHKJ�U`bKôcÜRJ�Z0yRJ�NcJ�S9d¿XWOQ\RN�\Rj®J�S9d¿XVOf\nNcUVÚ
dRNcØ OfX�OgU0J¬dRUWOfJTS%XV\úOQk�jcefJTk�JTNlX�dRNcØ bKNcØKJ�S9U[X9d!NcØ³ÝÿGIHKJ
j®J�SVk0boX9d¿XVOf\nNcU¸d!SVJ�bKN�ØoJ�S9U[XV\~\~ØúXW\�ô®J}d�q�\RNcU`XVdRNlX¸N~bKk�ò
ô®J�S¸\!^FU`JTefJ¬q-XMd!NcØ%[[\ROQNú\nj�JTSVd!XWOQ\RNcUTÝ%ÛFZëq7\Rk�jcdRSWOQNKy]XWHKJ
UWj�J¬q7O���q�SVJTUWbKeYX9UM\!^'UW\!^tX[uId!SVJ�dRNcØL2I� �¸a JTNlP~OQSW\nNKk�J�NlXVU
bcUWOQNKy�k�Z
Ofk�jKeQJ�k�JTNnX9d¿XVOf\nN�\R^"XWHKJ�UW\ReQboXWOQ\RN<U`Hc\¿u�U�XVHcd¿X
p~JTSWj®J�NlXwu>\nbKeQØúj�JTS`^ê\nSWk ô®J7XWXWJ�S¸OQN�dÌU`\R^tX[uFdRSWJ0J�N~P~OfSV\RNoò
k�J�NlX}q7\nk�jcd!SVJTØ XW\ d!N 2I� �¸a OQk�jKefJTk�J�NlXVd!XWOQ\RN�Ý GIHKJ
SVJTUWbKefXVU�OQNcØoOgq�d¿XVJ<XWHcd!X
XWHKOgU
OgUëq�dRbcU`J¬Ø ô~Z XWHKJ SVJ�egd¿XVOfPnJ
J�ó~j®J�N�U`J
\R^�XVHKJ�plò�ô�\�óË\Rj®J�S9d¿XWOQ\RN OQNþXWHKJ�2I���¸a J�N~P~OYò
SV\RNKk�JTNnX0q�\Rk�jcdRSWJ¬ØúXV\
XWHcJ�UW\!^tX[uId!SVJ�JTN~PlOQSV\RNKk�J�NlX¬Ý]4©N
OQNlXWJ�SVjKSVJ7XVOfNKy}XWHKJ¬U`J�UWq�\RSVJTUTh�UW\Rk�J0OgUVU`bKJ¬U�NcJ�JTØ
XW\]ô®J�dRØ~ò
ØoSVJTUVUWJTØ³Ý4v"PnJ�SVZ�UVq7\RSVJ'k0b�U[XIô�Jwq7\nk�j�d!S9d¿XWOQPRJTefZ�dRqTq7bKS9d¿XVJ
^ê\nS�XVHKJ�J�N~P~OfSV\RNKk�JTNnX�XWHcd!XwOfXMOQUwOQN�h�dRUwuFJ�eQe�dnU¸q7\Rk�jcdRS`ò
d!XWOQPRJ�eQZ]dnq�q7bcSVd!XWJ¸XW\�XVHKJ0UVq7\nSWJ¬UF^ê\RS'XVHKJ0UVd!k�J%\Rj®J�S9d¿XVOf\nN
OQN]d!eQe®\!XWHcJ�SxeQOgU[XVJTØ�JTNlP~OQSW\nNKk�J�NlXVUTÝ4a�N�dnq�q�bKSVd!XWJIX9d!ôKeQJ�\R^
P¿d!eQbKJ¬U/q�\RbKegØ%ô®JFd!X`X9d!OQNKJTØ%^êSW\nk2U`\nbKSVq�OfNcy�ØKd¿X9d�SVJ�yld!S9ØoOQNKy
S9d�uËj®J�SW^ê\RSVk�d!Ncq�J�\!^@d!XW\nk�Ogq�\nj�JTSVd!XWOQ\RNcUTÝIE�NcJ�ØoO (}q7bKefX[Z
OgU]OQN Ü~NK\¿u'OQNKyËHK\¿uýU`j®JTq�O��®q<plò�ô®\�ó~J¬U]u'OQeQewj®J�SW^ê\RSVk OfN
\RXWHKJTS�J�N~P~OQSW\nNKk�J�NlXVUTÝ�G/\]ynJ7XwdRNúdRqTq7bKS9d¿XVJ0UVq7\RSVJM^ê\nSwdRN
plò�ô®\�ó}u>JwNKJ�J¬Ø}XV\�ÜlNc\¿uûHK\¿u k�dRNlZ�OQNKjKbKXVUMÙêHc\¿u k�d!N~Z
OQNcØoJ�ó~J¬UwOYX%SVJ�1lbKOQSWJ¬UVÚ�OfX%HcdRU¸d!N�ØëXVHKJ}dRq7XWbcdRe4UWOdb�J�\!^>XWHKJ
plò�ô®\�ó}ef\~\RÜ~bKjÌX9d!ôKeQJRÝ
a�NK\RXWHKJTS�UW\RbKS9q7J \R^�jcSW\nôKefJTk�U
^ê\RSúXWHKOgU�k�J�XWHK\oØ�\R^

dRNcd!eQZoU`OQNKy%j®J�SW^ê\RSVk�d!Ncq�J�OgU"XVHKJ�egdRq9Ü�\R^/U`bcOYX9d!ôKeQJ�k�J�XWSVOQqTU�Ý
4©Ncq�efb�ØoOfNcy%\!XVHKJ�S>k�J�XWSVOQqTU
OgUxOQk�j�\nS`X9d!NlX
XW\0XWHKJ�UWbcqTq7JTUVU
\R^
XVHKOQU�jcd!SWXWOgq7bKegd!S@Ofk�jKeQJ�k�J�NlX9d¿XWOQ\RN¸\R^lXVHKJxUW\ReQboXWOQ\RN@Ý/p~j®JTq7Of^tò
Ogq�dRefeQZRh¿OQNcq7eQbcØoOQNKyMd�k�J¬dRUWbKSVJ>\R^cjcd!S9d!eQeQJ�eQOQUWk�OfN�XWHcJIq�OfjcHKJ�S
OgU@OQk�j�\nS`X9d!NlX@ô®JTqTd!bcUWJ"XVHKJ>OQk�jKeQJ�k�J�NlXVd!XWOQ\RN%OgU�U`J
1nbcJ�NlXWOgd!e
dRNcØ�J�N~P~OfSV\RNKk�JTNnX9U
bcUWOfNcy%ôKOfX`ò©U`eQOQq�OfNcyM\RS"HcdRSVØKuFdRSWJIôcdnU`J¬Ø
OQk�jKefJTk�J�NlXVd!XWOQ\RNcU>d!SVJ�d �½JTq-XVJTØ�ynSWJ¬d¿XVefZ�ôlZ�XWHcJ�d!ôcOfeQOYX[Z�XW\
J�ó~J¬q7boXVJwXWHKJM\nj�JTSVd!XWOQ\RNcUFOQNÌj�d!S9d!eQefJTe�Ý
4©N�k�Zû\RjcOfNKOQ\RN@h¸XWHKJ¬U`J SVJTUWbKefXVU
d!SVJÿjKSVJ�eQOfk�OQNcd!SVZ d¿X

ô®JTU`XTÝ\

\RSVJ�XWJ¬U[XVOfNcy�d!N�Ø k�\RSVJ}OfNK^ê\RSVk�d!XWOQ\RNDSVJ�yld!S9ØoOQNKy
d!XW\Rk�Ogq�\Rj®J�S9d¿XVOf\nNcU%OQN UWj�J¬q7O���q�J�N~P~OfSV\RNKk�JTNnX9U%NKJTJTØKU0XW\
ô®J�dnq�1lbKOQSWJ¬Ø ô�J�^ê\RSVJ}XVHKOQU�OQk�jcefJTk�JTNlXVd¿XVOf\nNËqTd!NDjKSV\¿P~OQØKJ
J��®J¬q-XWOQPRJ dRNcd!eQZoU`OgU�\!^�J�N~P~OfSV\RNKk�JTNnX9UÌ^ê\RS
u'HKOgq9H�u>JDØo\
NK\RX�Hcd�PRJÌOfk�jKeQJ�k�JTNnX9d¿XVOf\nNcU�ÝûGIHcJëU`j®JTq�O���qÌbcUWJ
\!^�XWHKOgU
OQk�jKefJTk�J�NlXVd!XWOQ\RNÿ\!^IXWHcJ]U`\nefbKXWOQ\RN OgU%k0b�q9H<k�\nSWJ}UWbKOfXWJTØ
XV\Dq7\Rk�jcdRSWOQNKy ØoO��®JTSWJTNlX�d!eQyR\nSWOfXWHKk�U
Ùµ\RS}k�\oØoO���q�d!XWOQ\RNcU
\R^@XWHcJ0UWdRk�J¸dRefyn\RSVOYXVHKk}ÚFdRUI\Rjcj�\lU`J¬Ø}XV\}q7\Rk�jcdRSWOQNKy�X[u>\
JTNlP~OQSW\nNKk�J�NlXVU>^ê\nSIXWHKJ%UVd!k�JMd!eQyR\nSWOfXWHKk�Ý

� 	 á à ��"�ã/�¬äµá à ��� à â��@ã/���%$&�n���öá��
	
�wJTNKJ�S9d!eQOQUWOQNKy�JTNcq7SVZ~joXWOQ\RNþd!eQyR\nSWOfXWHck�U�dRNcØËØKJTUWOfynNKOfNcyÿd
boXVOfeQOfX[Z]XV\�XVdRÜRJ0dnØoP¿d!NlXVdRyRJ¸\!^
XVHKJTUWJ%yRJTNKJ�S9d!e/U[X9d¿XWJTk�J�NlXVU
XV\}jKSV\~ØKbcq7J0UW\Rk�J%b�U`J�^êbKe/SVJTUWbKefXVU�OQU�k�dROfNcefZ�d!N
OQNlXWbKOfXWOQPRJ
J�ó~JTSVq�OQUWJ}ôcdnU`J¬Øÿ\RN dúu'OQØKJ�S9d!NKynJ}\!^�q�\Rk�jKboXVJ�S�UWq�OfJTNcq7J
dRNcØÌk�d!XWHKJTk�d¿XWOgq�dRe½XW\njKOQqTU�ÝFGIHKJ%ØoJ¬U`OQyRN
d!N�Ø�JTP¿d!eQbcd¿XVOf\nN
\R^¸q�SWZ~joXV\nUWZ~U`XWJTk�U�HcdRU}ô�J¬q7\Rk�Jëdÿj®\RjKbceQdRS]d!SVJTdÿ\R^wSVJ7ò
UWJTdRSVq9HwOfNMSVJTq�J�NlX³XWOQk�JTU³k�dROfNKeQZ¸ØobKJ
XV\IXWHKJ"ynef\nôcd!enq7SVZljKXW\!ò
ynSVdRjKHKOgq'q7\Rk�k�bKNKOfX[Z�� U"OQN~PR\nefPnJ�k�J�NlX"OQN�XWHKJ�a�v>p}q7\Rk�j®J7ò
XVOYXVOf\nN�Ý R@JTdnØoOfNcyÌq�SWZ~joXV\RyRS9d!jcHKJ�S9U�dRNcØú\nboXVUWj®\RÜRJTN�q�SWZ~joò
XV\nUWZ~U`XWJTk2OQNlPnJ�NlXW\nSVU�ynJ�NKJTSVd!XWJId¸eQdRSWynJFdRk�\nbKNlX
\!^³ØoOQUVq7b�U[ò
UWOf\nN�\RN
ô®\!XWHëXWHKJ�ØoJTUWOfynN
\!^
NKJTu�dRefyn\RSVOYXVHKk�U�dRU�u>JTefe�dRU
XVHKJwq�SWZ~joX9d!NcdRefZoUWOQUx\!^/q�bKSVSWJTNnX'q7OQjKHKJTSVUTÝ
GIHKJ¸q7\Rk�k�J�S9q7Ogd!e
OQk�jKefJTk�J�NlXVd!XWOQ\RN�\!^
q7SVZ~joXW\lU`ZoU`XWJ�k�UIOQN
d�u'OQØoJTS�S9d!NKynJ�\R^
JTNlP~OQSW\nNKk�J�NlXVU�HcdnUwdReQUW\�q�\RNlXWSVOQôKboXWJ¬Ø
XV\]XVHKJ�bKjcUWbKSWynJ0\R^
j®\RjKbceQdRSWOfX[Z�OfNÌXVHKJ �cJ�egØÌ\!^
q7SVZ~joXW\nyRS9d!jKH~ZRÝ

2K\RSVk�d!ecØKJTUVq7SVOfjoXVOf\nNcU
\R^½JTNcq7SVZ~joXWOQ\RN}dRefyn\RSVOYXVHKk�U
Hcd�PnJ
ô®J�JTN2dRq9HKOQJ�PnJTØ�OfNök�dRN~Zû^ê\RSVk�U�Ý GIHKJ¬U`JËØoJTUVq7SVOfjKXWOQ\RNcU
S9d!NKynJw^êSW\nk÷Ncd!XWbKS9d!e@eQdRNKyRbcdRyRJMØoJ¬UWq�SWOQjoXWOQ\RN�UIXW\}jcHlZoUWOQqTd!e
k�d!j�U¸\!^�2I���¸a�UTÝ �4J�SVHcd!jcU¸dRN<dRSWJ¬d]\R^FNKJTyReQJTq7X¸OQN<XWHKOgU
�cJTeQØ�\R^�q7\Rk�jKbKXWJ�SFUWq�OfJTNcq7J'SVJTUWJTdRSVq9H�HcdnU"ô®J�J�N�Hc\¿u J��®J¬q-ò
XVOfPnJ�XWHKJ¬U`JÌØoJTUVq7SVOQjoXWOQ\RNcU0d!SVJRÝ`4�X�OgU�JTdRUWOQefZ<J�P~OgØoJ�NlX%XVHcd¿X
uFJwqTd!NÌØoOQUVq7JTSWNÌØoO��®JTSWJTNcq7J¬U>ô®J7X[uFJ�JTN]XVHKJTUWJ¸ØoJTUVq7SVOfjKXWOQ\RNcU
OQNþXWJTSWk�U}\R^MXWHKJTOfS�J7óojKSVJTUVU`OQPRJTNKJTUVUTÝ�a*HKOfynHKeQZ U`XVd!XWOgU[XVOYò
qTd!e½k�JTdRUWbKSVJ�\R^/J�(�q�OfJTNcq7Z]\!^�d�UWj�J¬q7O���qwOfk�jKeQJ�k�J�NlX9d¿XWOQ\RN
\R^�d!Nþd!eQyR\nSWOfXWHKk \nNË\nNKJ�\nj�JTSVd!XWOQNKyÿU`ZoU`XWJ�k b�U`OQNKyÿ\RNKJ
UWJ7X'\!^4HcdRSVØouId!SVJ¸q�d!NÌjKSV\¿P~OQØoJwyR\~\oØÌSWJ¬U`bceYX9UIbcU`OQNKy�k�d!N~Z
k�J7XVSWOgq�UTh!ôKbKX"XWHKJ'SVJTUWbKefXVU4XVHcd¿XxdRSWJIynJ�NKJTSVd!XWJTØ�d!jcjKefZ�\RNKeQZ



XW\�XWH�d¿X0jcdRS`XVOQq�bKegd!SMJ�N~P~OQSW\nNKk�J�NlX%d!NcØÿq�dRNKNK\RX%ô�J]dnq�q�boò
SVd!XWJ�eQZ�J7ó~XWS9d!j®\Regd¿XVJTØ�XW\�ØoO��®JTSWJTNnXFJ�N~P~OfSV\RNck�JTNlXVUTÝ�a Ncd¿XWò
bKSVdRe�egd!NKynbcd!ynJwØoJ¬UWq�SWOQjoXVOf\nN�\R^4dRNÌJTNcq7SVZ~joXWOQ\RN�d!eQyR\nSWOfXWHck
q�d!N ØoJTUVq7SVOQô�JÌOYX9U�\Rj®J�S9d¿XWOQ\RNËOfN dúu'OgØoJ�U`J�X�\!^�JTNlP~OQSW\nNoò
k�JTNlXVUTh�ôKbKX¸qTd!NKNK\RX�yROQPRJ%dnq�q�bKSVd!XWJMOQNo^ê\RSVk�d¿XVOf\nN
\RNëj®J�SWò
^ê\RSVk�dRNcq7JnÝ

� ��Þ 	 á à � "µã��Tä�á à ���]�xá®ã@���%$&� � �K� "µã��o�Tä�á à
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