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16−bit destination Port Number16−bit source Port Number

0 15 16 31

16−bit UDP length 16−bit UDP checksum

data (if any)

8 bytes
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16−bit destination Port Number16−bit source Port Number

0 15 16 31

data (if any)

options (if any)

flagsreserved
length
header 16−bit window size

16−bit urgent pointer16−bit TCP checksum

32−bit acknowledgement number

32−bit sequence number

20 bytes
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version community PDU type request ID error status error index

HeaderSNMP (30 bytes)
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in hidden layer
25 neurons

in input layer
20 neurons

in output layer
1 neuron

...
...

...
...

...
...

...
...

...
...

..

� 

�	-��)� � ���� � � ��- � � � ��
���� � ��-���� � � �.��
 ����� * ����-�, �)-��)�

� � � � * � ��� ��*1-
	�*1� � � &�-�*c` :4^B=d9d=@Sg:tSKAJCIST5�A�ND��UZ:tST=L7Ds�34`zP�34SK5(ST5DA'M�uh~ :t7DU�~�{ e �1AJ=Ls65�S
CFSKXKND^�STNDXFAJC P�0��DXK3�?�=dUD=L7Ds(7DA�� CFSTXFND^BSKNDXKABC�ST3�SK5DA<MDuY~ ^B9dNDCjSTAJXF=d7Ds�ND7D=@S :47DU-SK5DA�~�{fe
STXK: �R^�^B9;:4CFCK=@lZAJXz�c=LSK5D36N�S�=d7�SKAJXKXFND��SK=d367'ST3YST5DA+XKABCFS>34`�SK5DA�Cj0�CFSTABQ�� ��5DAB7nSK5DAwMDM�u�36X�:47
3��R=d7�AWSTXK:4=d7�=d7Dsn�DXK36s4XT:4Q �>:47�STCwST3�XFAJ�D9d:4^JAWST5DABCKA CFSKXKND^�STNDXFAJCB�k=LSrCF=dQR�D9L0<=L7�STAJXK:4^BSKC��c=LSK5
ST5�AI��� CjSTXFND^BSKNDXKAp��XK3�?�=dUDABX�:47DU s6=@?6ABC =LSfST5DA>7DAB��CFSKXKND^�STNDXFAJC �c5D=L^g5��c=d9d9.P�A>`o36Xj�p:4XFUDAJU�SK3
ST5�A�:4�D��XK36�DXF=;:tSKAY^J36QR��347DAJ7�STCB��GI5�A�XKAB9;:tSK=d367�CK5D=L��34`bST5DA����)CFSTXFND^BSKNDXKA��DXK3�?�=dUDABX+SK3�ST5�A
XKABCFS�34`fST5DAhCF0�CFSKAJQ ^�:t7�P�AhCFAJAB7�=d7�\b=Ls6NDXKAY�O� � ��8�CI�c=L9d9�P�AYUDAJCF^JXK=LP�ABU��c=@ST5iQn36XFAYUDABST:4=d9
=d7�MOAJ^�ST=L367 � � �O� �O�OSK5D=dC�^J36QR��367DAJ7�SIQn:4�tAJC>=@S>��36CFCK=dP�9dA�SK3�UDA�?6AJ9L36��:�U�=dCFSKXK=LPDN�STABU�QR3OUDN�9;:4X
:4XF^g5D=LSKAJ^BSKNDXKAY��AJXFQn=@SKST=L7Ds :'Qn34XKAw:4NOST36Qn:tSTABUi:4�D�DXF3�:4^g5<ST3'ND��UZ:tST=L7Ds STXK: �R^hCF=ds67D:tSTNDXFAJCB�

����� � / � � � � � � ��- � ���
8�C��D=d^�STNDXFAJU(=L7(\b=Ls6NDXKAW��� � ��34NDX�Cj0OCjSTABQ =dC�PDND=L9LScST3�XFND7(367�AJ=LSK5DAJX�5D=dCjST36XF=d^J:49kST^J� �

UDNDQR�hPD=d7Z:tXK=dABC�36Xk`oXK34Q :IXKAJ:49 � ST=dQRA SK^J��UDNDQR�W��XK3�^JAJCFCJ��\Z36X�STAJCjST=L7Ds���NDXK��36CKABCJ�[�>A�XT:47Y36N�X
CF0�CjSTAJQ NDCK=L7Ds�ST^B��U�NDQn��PD=d7Z:tXK=dABC�`oXF36Q ST5DA qc8ra+e�8 ������� STXT:t=d7D=L7Ds�UZ:[Sg:4CFABS � � � � � ��� ��� �
ur7D^JAc:ts�:4=d7��6=d7�34NDX STABCFST=L7DsD�4SK5DA � � ?t:49LNDApNDCFAJU'�p:tC ���rCKAB^J367DU�C>:47�U�ST5DAI7DABNDXT:t9D7DABS_�136XF�
=dCzSTXK:4=d7�AJU�N�CK=d7�s � �4�hSTXK:4=d7�=d7DsY�Z:tSFSTABXK7DC>:47DU 	4�wSTABCFSK=d7DsW�Z:tSKSKAJXF7DC>ABm�ND:49d9@0'PZ:49;:t7D^JABUn�c=LSK5
:tSFSg:4^g��:t7DU�7�367 �|:[SKSg:t^g��STXK: �R^4�

��A�5Z:4U(:ns6XFA�:tS�UDA�:t9 34`bSTXK34NDPD9dAYSTXj0�=d7DsRST3�s4ABSr34NDX�7�AJNDXK:49 7�ABS_�136XK�<ST3nUDABSKAJ^BSw:49d9
S_0���ABC�3t` :tSFSg:4^g�.CcCK=LQ�ND9@Sg:47DAB36NDCF9L06� y�3��>A�?6ABXJ�]ST5DAY7DABNDXT:49k7�ABS_�136XK����AJXj`o36XKQRAJU��1AJ9d9��c5�AJ7
STABCFSKAJUx367-=L7DUD=L?�=LUDNZ:49�S_0���ABC�34`+:tSFSg:4^g�.CB��367DA�:tS�:�ST=LQnAt� urNDXhSTXT:t=d7D=L7Ds�:t7DU-STABCFST=L7Ds(=L7



���

ST5�=dC+:4XKAJ:'�>:4C+9d=LQn=@STAJU�5D3��>A�?6AJXB��P�AJ^J:4NDCFA�36NDXcUZ:[Sg:4CFABS+UD=dUi7D34Sc^B367�Sg:4=L7�Qn:47�0�=L7DCFST:47D^JABC
34`1ST5DARCT:4QRAR:tSKST:4^g�]��G :4PD9LAn�O� � ��CK5�3��cChCK34QnAR34`136NDXhXKAJCFND9LSKCw�c5DAJXFA (1(1/ ��*0� �1-1(1(�� ! +,")-�=LC
ST5�A�7Z:4QRAR34`+:��Z:tXFST=L^JND9d:4XwS_0���A�3t`IUDAJ7�=;:49�34`ICFAJXF?�=L^JA�:tSFSg:4^g�]�iE_7-G :4PD9dA���� � �O�b^B369dN�Qn7DC
�O�b��� ��� :47DU 	iXFAJCK��AJ^�ST=@?6AJ9@0�XKAB`oABXWSK3�ST5�An^B36XKXFAJ^BS��DXKABUD=d^�ST=L367�3t`I7D36XFQ�:49 SKXT: �R^RSTXKAB7DUDCB�
ST5�A�=L7D^J36XFXKAB^BSn�DXKABUD=d^�ST=d347�34`�7D36XFQ�:491STXT: �n^<STXFAJ7DU�CJ�pST5�A�^B36XKXFAJ^BSn�DXFAJUD=L^BST=L367
34`w:tSFSg:4^g�
STXK: �R^RSKXKAB7DUDCJ�b:47DU�ST5DAR=d7D^B36XKXFAJ^�SW��XKAJU�=d^BSK=d367�34`p:tSKST:4^g�(STXK: �R^RSKXKAJ7�UDCJ�iv>NDXFXKAB7.SK9L04� ST5�A
(1(1/ ��*0� �1-1(1(�� ! +,")-b:tSFSg:4^g�h�p:tCzSK5DAc367D9@0�:tSFSg:4^g�W`o36X �c5D=d^g5 �1Ac5Z:4URAJ7D36N�s65'UZ:tSg:rSK3hQR=@��=d7�SK3
P�34ST5�ST5�AYSKXT:4=L7D=d7�s':47DU<STAJCjS+CKABS+34`fST5�A�~�{fe�7DABS_�136XK�]�

v>34XKXKAB^BS���34XKQn:49 \]:49LCKA v>36XKXFAJ^BS�8pSKST:4^g� \]:49dCFA
e�XFAJUD=L^BST=L367DC ��ABs�:tSK=L?6ABC e�XFAJUD=L^BST=L367DC e 34CK=LSK=L?4AJC

�+7D=d347i3t`b8�9d9�8pSFSg:4^g�.C � �6��� ��� � � � � ���
��(1/ ��*0� �1-1(1(���! +,")- � �6��� ��� � �6��� ���

� ��� �
� ������ � � -��)�)��� � ���.� ��, �)

�	� �)� ��- � ���

����� ��� � �	��,.��- ��

�	�
~�:47�0iQRABST5�3OUDC+5Z:�?6A�P�ABAJ7(ABQn�D9L3�06AJUi`o36X+=d7�STXFNDCK=L367�U�ABSTAB^BSK=d367��cy+3��>A�?6AJXB��QR3OUDAB9 �

=d7�s�7DABS_�136XF��=L7Ds�STXFAJ7DU�Cr`o36Xw:�CF=dQR�D9dAhXKAB�DXKABCKAJ7�ST:tST=L367 ST3�:�7DABNDXT:t9b7DA�S_�>36XF�(CK5�3��cCws4XKA�:[S
�DXF36Qn=LCKAt�DAJCF��AB^J=;:t9d9L0n367i:47i=d7DU�=L?�=dUDND:49�:tSFSg:4^g��PZ:4CK=LCJ��8�9dCK3��DNDCK=L7DsnMDuY~�C�:4Cc:R^B9dNDCjSTABXK=d7�s
QRABST5�3OU `o36XW~�{ e�7DABNDXT:t9�7�ABS_�136XK�.C�=LCY:47�A �R^J=LAJ7�SW�>:�0,34`1^JXKAJ:tST=L7Ds<ND7D=@`o36XKQi�ks6XK34ND��ABU
=d7��DN�S `o36XbUDABSKAJ^BSK=d367 �c5DAB7R:YUO0O7D:4Qn=L^p7.NDQ�P�AJX�34`�=L7D�DN�SKC�:4XKAI��XKAJCFAJ7�S���ur7D^BApSTXK:4=d7DABU��6ST5�A
7DABNDXT:49 7DABS_�136XF��^�:t7(Q�:t�4A�U�AJ^J=LCK=L367DC�m.ND=L^g�.9L06��` :4^J=L9d=LST:tST=L7Ds XKAJ:49 � ST=LQnAwUDA�STAB^BST=L367��rE_7�ST5D=LC
CFSKNDU�0(�1A'5Z:�?6A `o36ND7�U,SK5DA 7DABNDXT:49b7DABS_�136XK�.ChNDCK=L7Ds<P�3tST5 CKN���ABXF?�=dCFAJU�:47DU,ND7DCFND��ABXF?�=dCFAJU
9dAJ:4XK7�=d7Ds 5Z:�?4AWQn:47�0�:4UO?4:t7.ST:4s6ABC�=L7<:47Z:49@0O�B=d7Ds'7DA�S_�>34XK��STXK: �R^wSTXKAB7DUDCB�

� ��� � � ��� � � 	 � ����� 


qrNDA ST3�SK5DA'=d7D^BXKA�:tCK=d7�si^B36QR�D9dA ��=@S_0(34`1^J34Qn�DNOSTAJXY7DA�S_�>34XK�.C�:4Cr�1AJ9L9z:4CwST5DA's6XF3�� �
=d7�s�CK36��5D=dCjST=d^J:tST=L367i34`z7DABS_�136XF� � PZ:4CFAJU�:tSKST:4^g�.CJ�k7DA�S_�>36XF���_PZ:4CFAJU,=d7�SKXKNDCF=d367(U�ABSTAB^BSK=d367 5Z:tC
XKAB^JAB7.SK9L0
s�:4=L7DAJU
QR36XKA�:tSKSKAJ7�ST=L367x`oXK36Q :4^J:4UDABQn=L^4�>QR=d9L=LST:4XF04�z:47DU ^B36QRQnABXK^J=d:49ICKAB^BSK36XKCB�
v>367DCFAJm.NDAB7.SK9L04�O?t:4XK=L36NDC�E|qYMOCz5Z:�?4A�P�AJAB7�=dQR�D9LAJQRAJ7�STABU�ST5Z:tS�:tUDUDXKABCKC1UD=���AJXFAJ7�S�:4CK��AJ^�STC�34`
7DA�S_�>36XF��CFAJ^BNDXK=@S_0�:t7DU�NDCFA�UD= ��ABXKAB7.S�QRABST5�3OUDC+34`bUDABSKAJ^BSK=d367��IE_7�ST5D=LCcCKAJ^�ST=L367��]�>AWPDXK=LA �D0
UD=LCK^JN�CKC�CK34QnA134`]ST5DAps4AJ7DABXT:49O=d7�STXFNDCK=L367�UDA�STAJ^�ST=L367 XKABCKA�:tXK^g5'A ��36XFSKCJ� ��ApSK5DAJ7 UD=LCK^BNDCKC�CF��A �



���

^J=@lZ^'XKABCKA�:tXK^g5�A ��34XFSTCh:4CrSK5DAB0,XFAJ9d:tSTA�SK3iCjSg:tSKA4� 7DABNDXT:49�7�ABS_�136XK�.CJ�b:47DU�^J9LNDCFSKAJXK=L7Ds<PZ:4CFAJU
QRABST5�3OUDCB��E_7�U�AJ��SK5�XKA�?�=dAB�cCc34`fST5�AJCKAhCF0�CjSTAJQRC�:47DUiQn36XFAw^�:47iP�Ar`o36ND7DUi=d7 � � � �����

8
s6XK36N���:tSb~�E_G UDABCK=Ls67DAJUWCKA�?6AJXK:49D:t�D�D9d=L^�:tSK=d367�C�ST3�:4UDUDXFAJCKCbUD=���AJXFAJ7�S :tCK��AJ^BSKCb34`�=d7 �
STXFNDCK=L367hUDABSKAJ^BSK=d367��bGI5DA�lZXKCjS �>:4C :+�Z:4CFCF�136XKU�s4NDAJCFCK=d7�s�UDA�STAJ^�ST36Xf�c5D=d^g5WCK^J:47DC SKAJ9L7DABS ^J367 �
7DAB^BST=L367DCc^J347.ST:4=d7�=d7Ds�347D9L0n` :4=d9LAJU�9L36s6=d7�CJ� E Sc=LUDAJ7�ST=@lZAJCc�Z:tCKCF�136XFU�s6N�AJCKCF=d7Dsn:tSFSg:4^g�.CcPZ:4CFAJU
367	ST5�A�7.NDQ�P�ABXi3t`�^B367D7DAB^BST=L367DC<P�ABS_�1AJAJ7�5D36CFSi�Z:t=dX�:47�U SK5DA,NDCKABX��_7D:4QnABC � �D:4CKCj�>36XFUDC
STXF=dABU�� ��� � ���(GI5DA<:4NOST5D36XFC�^BXKA�:[STAJU-SK5DA��Z:tCKCF�136XFU
s4NDAJCFCK=d7�s UDABSKAJ^BSK36X�SK3(UDABSKAJ^�S �FUD3�36X��
�.7D36P�XT:tSFST9d=L7Ds �':47�U �FU�=d^BSK=d367D:4XF0 �R:tSKST:4^g�.CJ�Iqr3�36XF��7�36P�XK:tSKSK9d=L7Ds =d7�?6349L?6ABC�:[SKSTABQn�OST=d7�s'SK3
:4^B^JAJCFC':�5D36CjS NDCF=d7Ds(U�AB` :4ND9@S�34X�=d7�^J36XFXKAJ^�ST9@0�^B367�lZs4NDXKABU�:t^J^J34ND7�STC�SK5Z:tS�5D:�?4A�7D34S�P�ABAJ7
XKABQn3�?4AJU��R�b��:4Qn��9dAJCw3t`1SK5D=dCw=L7D^J9LNDUDA�9L3O36�.=L7Ds�`o36XY: �Fs6N�AJCFS ��:t^J^J34ND7�Sh�c5�=d^g5,�c=d9d9b:49d9L3��
:47�06347DAWSK3�9d34sR347���P�N�S��c=@ST5�XKAJU�ND^JABU(��ABXKQR=dCFCK=d347DCJ�Z36X�: �jXK3�34S �R:4^B^J36ND7�S��c=LST5�7D3��D:4CKC �
�136XKU���8 UD=L^BSK=d367Z:tXF0,:tSFSg:4^g� CF=dQR�D9L0�=d7�?6349L?6ABC�:<9;:4XFs6A � CK^J:49dABU�:[SKSTABQn�OShSK3�9L36s<=d7�ST3iNDCKABX
:4^B^J36ND7�SKCW�c=LSK5��D:4CKCj�>36XFUDCW?4AJXj0�CF=dQR=d9d:4X�SK3iSK5DAnN�CKAJXh7Z:4QRA'36XYUD=d^�ST=L367Z:4Xj0��136XKUDCB��GI5D=LC
CF0�CjSTAJQ =dC�:49dCF3�:�QR=dCFNDCKAWUDABSKAJ^BSK36XJ��STXK:4=d7DABU�ST3nUDABSKAJ^�SwST5DAW�Z:4CKCj�>34XKU,s6NDABCKCK=L7Ds�P�AJ5Z:�?�=d34X
34`fST5D34CKAYA��OAJ^BN�ST=L7DsnSK5DAYUD=d^�ST=L367Z:4Xj0�:47�U�UD3�36XF��7�36P<XT:tSFST9d=L7Ds :tSFSg:4^g�.CB�

�rM�~ � ��A�S_�>36XF�'MOAB^JNDXF=LS_0'~i367D=LSK36Xg  =dC�:t7RA �O��ABXFSzCF0�CjSTAJQ#PZ:4CKABURSK3O349�SK5Z:tSz:47D:49L0��JABC
UZ:tST:�`o36X :tSFSg:4^g�.C':47�U CKNDCF�D=d^B=d36NDC P�AJ5D:�?�=L36X � � ������GI5�A�CF0�CFSKAJQ 5Z:tC':�CKA�S'34`+=dUDAB7.SK=LlZABU
�4A�0.�>36XFUDCc`o36X1�c5D=L^g5<=LSp�tAJAB�DC�^BNDXKXFAJ7�Sc^J34ND7�STCJ�zGI5DAw^B36ND7�STC+:4XFA�ST5�AJ7<^J36Q�PD=d7DABU�ST3 ^B36QRA
ND���c=@ST5�:47�3�?4AJXK:49d9�UZ:47Ds6ABX>CF^J36XFA4�zE `kST5DA�CK^J34XKAw=dC1�Z:4CjSI:�^JABXFST:4=d7�SK5DXKABCK5D349dU���:47�:49d:4XKQ =LC
^�:tNDCKABU��1GI5�=dCc=dCc: QR=dCKN�CKAwUDA�STAJ^�ST36XcST5D:tSc=dCpSKXT:4=L7DAJU<367i=d7�STXFNDCK=L367�UZ:tST:��

VwXKE|qYM � VwXT:t�D5 �|/>:4CKABU�E_7.SKXKNDCF=d367<qrA�STAB^BST=L367iM�0�CFSKAJQ� ��D^B367DCjSTXKN�^BSTC+:4^�ST=@?O=@S_0�s4XT:4�D5�C
`oXK34Q 7�ABS_�136XK�RSTXT: �n^�UZ:tST:WST3WUDABSKAJ^BSc9d:4XKs4A �_CF^�:49LA+:4N�ST34Q�:tSKAJU�:[SKSg:t^g��C>=d7�XFA�:49 � SK=dQRA � � � � � �
VwXKE|qYM�NDCFAJC�:�s6XT:4��5D=d^J:49�XFAJ�DXFAJCKAB7�Sg:tSK=d367<ST3'QR367D=LSK36XzST5DAh:4^�ST=L?�=@S_0�34` 7D34Sf�FNDCFS�:�NDCFAJXJ�Z34X
: CF0�CFSKAJQi�]PDN�S�:47<AJ7�ST=LXKAY7DA�S_�>36XF�]�

MOA�?6AJXK:49+XKAJCFA�:4XF^g5	s6XK34ND�DCRNDCKA�UDAJ^BAJ��SK=d367
ST3�SK5��p:4XjS�7�ABS_�136XK���_PD:4CKABU�:tSKST:4^g�.CJ��E_7
ST5�AJCKA ^J:4CKABCJ��`oND7�^BST=L367Z:49 :47DU��DXK3�^JABUDNDXT:t9b^J34Qn��367DAB7.SKCw:4XFA�CKA�STND� ST3�UD=L?4AJXFS�ST5DA :t^BST=@?�=LS_0
34` : ��3tSTAJ7�SK=;:49�=d7�STXFNDUDAJXp`oXF36Q XFA�:49��O?t:49LNDAJU<:4CFCKA�STCcST3�` :49LCKAY:4CFCKABSKCJ�zGI5DABCKAhA ��36XFSKCc:4XKAw7D3tS
367D9@0�NDCKABU-ST3(UDA�STAB^BS =L7.SKXKNDCF=d367�CJ� PDNOS�ST5DA�0-:tXKA�:t9dCK3�5DAJ9L��`oND9�=d7-s6:tST5DABXK=L7Ds�=L7�`o36XKQn:tSK=d367
:4P�36N�SnST5DA :[SKSg:t^g�4AJXB�Ha+AJ:49�N�CKAJXFC�5Z:�?6A 7D3 XFA�:4CF367 ST3�NDCKA�SK5DAJCFA(` :49dCFA(:4CFCKA�STCJ�+CK3x:t7.0
:4^B^JAJCFCY34`zST5D=LC�S_0���A =LCw:47 =dQRQRAJUD=d:tSTAh=d7DU�=d^�:[ST=d347�34`�:47,=L7.SKXKNDU�AJXJ�Wur7D^BA�ST5DA�` :49LCKA :tCKCKA�S
36X�Q�:4^g5�=d7DAW5Z:4C�P�AJAB7,:4^J^BAJCFCKAJU�� SK5DA�:tUDQn=L7D=dCjSTXK:tST36XFC�^J:47(^B9d36CFAJ9L0iQR367D=@ST36XIST5�A :tSKST:4^g�4ABX



� �

ST3�9dAJ:4XK7xST5�AJ=dXR:tSFSg:4^g� QRABSK5D3�UDCJ�pQR34SK=L?6ABCJ�1ABST^t� 8�7�3�?6AJXj?�=dAB� 3t`rUD= ��ABXKAJ7�SnUDAJ^BAJ��SK=d367 �
PZ:4CFAJU�=L7.SKXKNDCF=d367RUDA�STAJ^�ST=L367�s6XF36ND�DC>:47DU�SK5DAJ=LX�SKAJ^g5D7D=Lm.NDAJCp^J:47�P�A�`o36N�7DU�=d7 ���O�O��	�� ��MO36QRA
^J34XK��36XT:tSKA�s6XF36ND�DC�5Z:�?6A :t9dCK3nNDCKABU(ST5D=LC�SKAJ^g5D7D=Lm.NDA � At� s��wM�0�Qn:47�STAJ^���� 5Z:4C�:�UDAJ^BAJ��SK=d367 �
PZ:4CFAJU�=d7�STXFNDCK=L367�UDABSKAJ^�ST=d347��DXF3OU�ND^BS+^�:t9d9dABUi~�:47DGfXT:t���� � � ���)�   �

���
����� * � � � � � ���#��� " � � ��- ��
��	��� �.� ��, �)

�	� � �.� �������
urNDX�Gcqw\�8 E|qYMxCK5Z:tXKAJC�QnA�ST5D3�UD369L36s6=dABC'CK=dQR=d9d:4X�SK3�ST5�36CKA(3t`Y:�^B36ND�D9LA�34`w3tST5DABX

E|qYMOCB��\Z36XY=d7DCjSg:47�^JA4�bMO7D34XFSW=dCh:i9L=ds65�S_�1AJ=Ls65�SW7�ABS_�136XK���_PD:4CKABU-E|qYM SK5Z:tSWN�ST=L9d=L�JAJCY:<XKN�9dA �
PZ:4CFAJU�:4�D�DXF3�:4^g5��]:t9d367Ds��c=@ST5<7DA�S_�>36XF���Z:4^g�tABS � CK7D= �R7Ds�:t7DU�9L36s6s6=L7DsWSK3'��ABXF`o36XFQ ^J367�SKAJ7�S
�Z:tSFSTABXK7RQ�:tSK^g5D=d7�sW:t7DU�UDA�STAB^BS>:Y?t:4XF=dABS_0�34`k:tSFSg:4^g�.C � � � � ��� E_7�^B36QR�Z:4XK=LCK367��6�>A�:49dCF3YNDCKA�:
XKN�9dA � PZ:4CFAJU�:t�D�DXK36:4^g5�=L7WUDA�STAB^BST=L7Dsr:[SKSg:t^g��CB�6PDN�Sf�1Ap:4�D��9L0w=@S =L7hSK5DA1`o34XKQ 34`DUDABSKAJXKQR=d7�=dCFSK=d^
lZ7D=@STAY:4NOST36Qn:tSg: :tC+34�D��34CKAJU<ST3 SK5DAYXKND9LAh^g5D:4=d7DCIN�CKAJU�=d7�MO7D34XFS��

8�7�34ST5DABX ST3�369�^J34Qn�Z:tXT:4PD9LA�ST3 36NDX Gcqw\�8 E|qYM&=LC,��A�S MOGf8�Gw�WE S,=LC�:47)A���STAB7 �
CK=L367,34`�ST5DA'36XF=ds6=L7Z:49bMOG 8�G UDAJCF=ds67,�c5D=L^g5�QR3OU�AJ9dCr:47�:tSKST:4^g� :4Ch:�CKABm�N�AJ7D^BA�34`>:4^BSK=d367�C
ST5D:tSw�DXF36s6XKABCKCF=L?6AB9L0(ST:4�4A':�^B36QR�DN�STABXr`oXK36Q :47 =L7D=LSK=;:49 7D36XFQ�:t9bCFST:tSTA�SK3<:�^J36QR�DXF36Qn=LCKABU
CFST:tSTA � � 	O� ��� ��� �z�+ABSgMOG 8�G�:t�D�D9d=LAJC SK5Z:tS�Qn3�UDAB9DST3�:Y7DA�S_�>36XF�4ABU�AJ7�?�=dXK347DQnAB7�S>P�0'QR3OUDAB9 �
=d7�sRP�34SK5�ST5�AWs6ND:4XKUDABU�7�ABS_�136XK��:47DU<ST5DAW:tSFSg:4^g�.CJ�p/p:4CKABU(367<ST5D=LCcQn3�UDAJ9��D=LS+UDA�STABXKQR=d7DABC
�c5D=L^g5(7DABS_�136XF��AB?4AJ7�STCw5D:�?4A�ST3�P�AWQn367�=LST34XKAJU�:47DU��c5DAJXFA�=d7iST5DA�7�ABS_�136XK�<ST5DA�0�CF5D36ND9LU
P�A�QR367D=LSK36XKABU�� ��A�^g5�3O36CFA�ST3�P.0��Z:tCKCpQR3OU�AJ9d=L7DsYST5DA�7DABS_�136XK�n:47DUn`o3O^BNDC>UD=LXKAB^BST9@0R367�ST5�A
XKAB�DXKABCKAB7.ST:tST=L367�34`>?t:4XF=d36NDCYqr3�M,:[SKSg:t^g��CB�nur?4AJXK:49d9���ST5D=LCh^g5�36=d^BA'0�=LAJ9dU�CY:<QR36XFA ^J36QR�Z:4^�S
CF0�CjSTAJQ :47DUi06ABSrUD3OABC�7D3tSr: ��AJ^�SrUDA�STAB^BST=L367 :4^B^JNDXK:4^B0 � :tC�UDABQn367�CFSTXK:tSTABU(P�0i36NDX�XFAJCFND9LSKC
�DXFAJCKAB7�STAJU =L7�MOAJ^�ST=d347���� �O���. ��>urNDXcQnA�ST5D3�U�:49dCF3RA ��STAJ7�UDCw��A�S MOGf8�G � C�QR3OUDAB9�=d7i367DAW:4U �
UD=@ST=d347Z:49Z:4CF��AB^BS��O�1A�^J347DCK=LUDAJX�ST5DAcST=LQnAc=d7�SKAJXF?t:49LCzP�A�S_�>ABAJ7�CF0�CjSTAJQ AB?4AJ7�STCp�c5�AJ7�UDA�lZ7D=L7Ds
ST5�AhCjSg:tSKAwSTXT:t7DCK=@ST=d347DCp34` ST5DAh:tSFSg:4^g��CF=ds67D:tSTNDXFA4�

���
���! � ��-��)��� � �.��
 �����
� $%��� " � � ��-��#
��	��� �.� ��, �)

� �
GI5DABXKA�:tXKAh:'`oA��&UD= ��ABXKAJ7�S+s6XF36ND�DC�:4U�?43O^J:tST=L7DsR?t:4XF=d36N�Cc:4�D�DXF3�:4^g5DABC�ST3RNDCF=d7DsR7DAJN �

XT:t9�7DA�S_�>34XK�.C�`o36X�=L7.SKXKNDCF=d367�UDABSKAJ^�ST=d347��&8 ^B36ND�D9LA(34`Ys6XF36ND�DCn^JXKAJ:tSTABU��4AB0.�136XKU�^B36ND7�S
PZ:4CFAJURQn=LCKNDCFAIUDABSKAJ^�ST=d347nCj0OCjSTABQnCz�c=LSK5R7�AJNDXK:49D7DA�S_�>36XF�.C�� ����� � � � � ��� GI5DAcUZ:tST:rST5Z:tS�SK5DAB0
�DXFAJCKAB7�STAJU
ST3 ST5�A�7DAJNDXK:49I7DA�S_�>36XF� ^J367�CK=dCjS'34`�:tSKST:4^g���_CF��AB^J=LlD^i�tAB0.�136XKU ^B36ND7�STC'=L7 7DABS��
�136XK�<STXK: �R^4�+E_7�ST5DABCKA�QRABSK5D3�UDCJ�]ST5DAW7DABS_�136XF��UZ:[Sg:n=LC�s6XF36ND��AJU�=d7�ST3nNDCKABXrCKABCKCK=L367DCw:t7DU
ST5�A�NDCFAJX�� AJ7�STABXKABU
^B36QRQ�:47�UDCh:4XKARST5DAB7�lZ9LSKAJXFAJU��iE_7 :�U�=���AJXKAB7�S :4�D��XK3�:4^g5�� XKABCKA�:tXK^g5DABXKC



� �

^JXFA�:tSKAJU�:i7DABNDXT:t9�7�ABS_�136XK�(SK3�:47D:49L0��JA'�DXF36s6XK:4Q P�AJ5Z:�?�=d36XY�DXF34lZ9LAJCY=d7DCjSTAJ:4U�3t`pNDCFAJXhP�A �
5Z:�?�=d36XY�DXF34lZ9LAJC ����	)���nGI5D=LCWQRABSK5D3�U�=LUDAJ7�SK=LlZABCYSK5DAR7D36XKQn:49 Cj0�CFSTABQ P�AB5Z:�?O=L36XY34`1^JAJXjSg:4=L7
�DXF36s6XT:tQnCB�I:47DU ^B36QR�Z:4XKABCn=@SnSK3�SK5DA�^BNDXKXFAJ7�S�CF0�CjSTAJQ P�AB5Z:�?�=d36XB��vp:t7D7Z:4U�0�UDA�?6AJ9L36��AJU
:x7DABS_�136XK��� PZ:4CKABU 7DABNDXT:49Y7DA�S_�>34XK��UDABSKAJ^�ST=d347*Cj0OCjSTABQ =L7 �c5�=d^g5 �Z:4^g�4A�S � 9dAB?4AJ9h7DABS_�136XF�
UZ:tST:��>:4C�XFABSKXK=dA�?6ABU `oXK36Q :�UZ:tSg:tPZ:4CKA�:47DU SK5DAJ7 ^J9;:tCKCK=@lZAJU :4^J^B36XKU�=d7Ds�ST3�7�=d7DAi�Z:4^g�tABS
^g5Z:4XK:4^BSKAJXF=dCFSK=d^BC�:47DU��DXKABCKAB7.SKAJU	ST3�:�7DABNDXT:49+7DA�S_�>36XF� � ��	�����GI5D=dCnQnA�ST5D3�U =LCnU�=���AJXKAB7�S
`oXK34Q 36N�XKCpP�AJ^J:4NDCKAWvp:47�7Z:4U�0��DXK36��36CFAJU<UDABSKAJ^�ST=d347�367<:��Z:4^g�tABS+9dA�?6AJ9��O�c5DABXKAJ:4CI�>AwNDCFAY:
ST=LQnA � �c=L7DUD3��	QRABST5�3OU���urNDX1QnA�ST5D3�U<:49L9d3��cC1N�CpST3�s6AB7DAJXK:49d=L�JA�=d7D�DNOSpP�AB06347DU�vp:47D7Z:4UO0 � C
QRABST5�3OU���AJ7Z:4P�9d=d7�s NDCIST3RXKAJ^B36s67D=L�JAw9L367Ds6ABXIQ�ND9LSK= � �Z:4^g�4A�S+:tSKST:4^g�.CJ�

Gf3�UDA�STAJ^�S�34SK5DAJXn:tSKST:4^g�.C�=d7xSTAB9d7DA�S�CFAJCKCF=d367�CJ�c:�7�AJNDXK:49�7�ABS_�136XK���_PD:4CKABU �tAB0.�136XKU
�1AJ=ds45.SK=d7Ds�CF0�CFSKAJQ =LC�NDCFAJU��YGI5D=LCrCF0�CFSKAJQi�kCK=LQn=L9;:4XpSK3�ST5DA�CjSTXK:tSTABs40�QRAJ7�SK=d367DABU(=d7 � ��� � � �
^J34ND7�STCIST5DAw3�^J^BNDXKXFAJ7D^BAY34` `o34XFS_0��tAB0.�136XKUDC�:47DU<NDCFAJCIST5�AJCKAw?t:49LNDAJCc:4CI=L7D�DN�SKCpST3':�7DABNDXT:t9
7DA�S_�>36XF�]��GI5DA<7DABNDXT:t9I7DABS_�136XK�-�c=L9d9�ST5DAB7�UDA�STABXKQR=d7DA<=L`cSK5DAJCFA�CjSg:tSK=dCFSK=d^BC XKAJ��XKAJCFAJ7�S�:47
:tSFSg:4^g� � ��� � � �

ur7DA�CF0�CFSKAJQ NDCK=L7Ds :
�4A�0*CjSTXF=d7Ds
CKAB9dAJ^�ST=L367�:t9ds636XF=LSK5DQ :47�U*7DABNDXT:t9W7DA�S_�>34XK�.C�=LC
NDCFAJU�SK3nUDA�STAB^BSw:t7DU�9d:4P�AJ9 ��CFAJX � ST3 �|ac3O34S+:[SKSg:t^g��C � � � � � ��� �)� �>GI5DAW�tAB0iCFSKXK=L7Ds�:t9ds636XF=LSK5DQ
PZ:4CF=d^J:49d9@0���ND9d9LC�=dQR��34XFSg:t7.SnCFSKXK=L7Ds-?t:49dNDABC � NDCFNZ:49L9L0�CK��AJ^J=@lZ^ ^J34QnQn:47DUDCnS_0O��AJU P�0 ST5�A
NDCFAJXg Y36N�Sh34`I7�ABS_�136XK�,CK7�=���AJU�UD:tSg: � CK=LQn=L9;:4X+ST3iST5DARQnA�ST5D3�U�QnAB7.SK=d367�AJU�=L7 � � ���; ���GI5DA
CFSKXT:tSKAJs40W=d7�?4369L?4AJC XFAJ^JXFA�:tSK=d7DswCFAJCFCK=d347DC PZ:4CFAJU'367�7�ABS_�136XK�WCK7D= ��ABU UZ:tSg:O��:47DU�^B36ND7�ST=L7DsrST5�A
3�^J^JN�XKXKAB7D^JABCp34` :hCKAB9dAJ^�STABU�CKABS>34`k�tAB0.�>34XKUDCB�1GI5DA�:4N�SK5D36XKC134`�SK5D=dCz�>34XK�'�4ABAJ�<:W^B36ND7�S>`o34X
�6�r�tAB0.�>34XKUDC � =�� At� �FXF3O34SJ� ��� �F��AJXKQR=dCFCK=L367�UDAB7D=dABU �D� �FCF5D3��cQn36N�7.S �D��ABSK^4�  ���� ?4AJXF0�ST=dQRAp367�A
34`�ST5DA+�4A�0��136XFU�CKAJm.NDAB7D^JABCI=dCzCKABAJ7�=L7RSK5DA+UZ:tSg:O�.SK5DA+^J36ND7�S�`o36X�ST5Z:[S1�tAB0.�136XKU�CFAJm.NDAJ7�^JAr=LC
=d7�^JXKAJ:4CKABU��bGI5�AJCKA>�4AB0.�136XKU�^J36ND7�SKC :4XFA1NDCFAJU :tCf=L7D�DN�SKCfSK3�:+7DAJN�XT:49.7DA�S_�>36XF�wST3+UDABSKAJXKQR=d7�A
=L`I:47 :tSFSg:4^g��=dChSg:4�.=d7�s��D9d:4^JAn=d7�SK5Z:tS�CFAJCFCK=d347��(GI5D=LC�:4�D��XK3�:4^g5 ^B36ND9LU-P�An^J367�CK=dU�AJXKABUx:
QR=dCKN�CKA�U�ABSTAB^BSK36XI:4C�ST5DA�7DAJNDXK:49�7�ABS_�136XK�R=dC�STXT:t=d7DABUnST3�XKAJ^B36s67D=L�JA+ST5DA�=d7�STXFNDCK=L367�P�AJ5Z:�?�=d34X
PZ:4CFAJU�367 ST5DA'7.NDQ�P�AJXw3t`>3�^J^BNDXKXFAJ7D^BAJCh34`>^BAJXjSg:4=L7 �4AB0.�136XKU�CJ�R8�7D34SK5DAJXY7DABNDXT:t9 7DABS_�136XF�
=dCIN�CKAJUiST3'9;:tP�AB9�ST5DAh:tSFSg:4^g�]�

���
����� � ��- � � � ��
���� $ �	� � �.��
 ����� � �)��� ,
GI5DABXKA
:4XKAx:t9dCK3�: `oA�� s6XF36ND�DC,:4UO?63�^�:tSK=d7Ds ?t:4XF=d36NDC ^B9dNDCjSTABXK=d7�s�:4�D�DXF3�:4^g5DABC,`o34X

:47D34Q�:49@0+PZ:4CKABUW=L7�STXKN�CK=d347wUDABSKAJ^BSK=d367�� MOAB9L` �|uwXFs�:47D=L�J=L7Dsp~�:4�DC 5Z:�?6AzP�AJAJ7YNDCFAJUW:4C :47D34Q�:49@0



� �

=d7�SKXKNDCF=d367�UDABSKAJ^BSK36XKC ��� � ��P�0
^J9LNDCFSKAJXF=d7Ds�CF0�CFSKAJQ 9L36s6CR=d7�ST3,S_�13 UD=dQRAJ7DCF=d367D:49ICK�Z:t^JA�`o34X
s6XK:4�D5D=L^�:49 ?�=dCKND:49d=L��:tSK=d367��rMDuY~�Cw5Z:�?6A P�AJAB7,NDCKABU,SK3�^J9LNDCFSKAJXw:47�U(ST5DAB7�s4XT:4�D5�=d^�:t9d9L0<U�=dC��
�D9d:�0�Qn:47�0 S_0���AJC(34`�UZ:tST:��wAJ7Z:tPD9d=L7Ds
:
NDCFAJXiST3 U�ABSTABXKQR=d7DA SK5DA�UD:tSg: � Ci^J9;:tCKCK=@lZ^�:[ST=d347
ST5�XK36NDs45�?�=dCFNZ:49f=d7DCF��AB^BST=L367��I� � QnAJ:47DC+^J9dN�CFSTABXK=L7Ds�5Z:tC�:49LCK3nP�ABAJ7(NDCFAJU�SK3�:4s4s6XKABs�:tSTAYST5�A
7DA�S_�>36XF��:t^BST=@?�=LS_0 34`p:�s6XF36ND��34`pQn:4^g5D=L7DAJCYST3�UDABSKAJXKQR=d7�AR=@`>SK5D=dCW:4^BSK=L?�=LS_0(=dCY7D36XFQ�:49�34X
ND7.NDCFNZ:49 � � � �����



$�%)� ������� �

%�� 
�� �t
 � 
 �"	 ����� � � 
�� ��� � � � � 
���� ���

��5D=L9dAplZXFAB�>:49d9LCJ��CFSKXK367�s�:4NOST5DAB7.SK=d^J:tST=L367��.:47DUR7DA�S_�>36XF���_PZ:4CFAJU�=L7�STXKN�CK=d347RU�ABSTAB^BSK=d367RQnA�ST5 �
3�UDC>5DAB9d��SK3�CKAB^JNDXFArCF0�CjSTAJQRCp`oXK34Q N�7Z:4N�SK5D36XK=L�JABU�:4^J^BAJCFCc:47DU�SK5.�>:4XjSc:tSKST:4^g�.C>ST3W7DABS_�136XF�
CKABXF?�=d^BAJC>`oXF36Q#SK5DA�36NOSTCK=LUDA4�.ST5�AB0RUD3�9L=LSFST9dA1ST3���XK34SKAJ^BS>:4s�:t=d7DCjS15D:4^g�4ABXKCp�c5D3W5Z:�?6Ar:t9dXKAJ:4U�0
s�:4=L7DAJU,:t^J^JABCKCh36XY:4N�SK5D36XF=d�JABU NDCKABXKCY�c=LSK5 Q�:49L=d^B=d36NDC+=d7�SKAJ7�S��'M.STNDUD=LAJCw5Z:�?4AnCF5D3��c7�SK5Z:tS��
=d7�Q�:t7.0<^J:4CKABCJ��:n^J34Qn�Z:t7D=dABC�PD=Ls6s6ABCFS�CKAJ^BNDXK=@S_0<ST5DXFA�:tS�^J36QRAJC+`oXK36Q :tN�ST5D34XK=d�BAJU�NDCKABXKCr=L7
ST5�A�36XFs�:47D=L��:tSK=d367 � ����� ��� y�36CjS �_PD:4CKABU =d7�STXFNDCK=L367 U�ABSTAB^BSK=d367 lD9d9dC'Qn:47�0
34`rST5�A�?634=dUDCR34`
34SK5DAJX�CF0�CFSKAJQRCw=d7�U�ABSTAB^BSK=d7Ds�SK5D=dC+S_0���A�3t`�:4^BSK=L?�=LS_04��y+36CFS��_PZ:4CFAJU =L7.SKXKNDCF=d367�UDABSKAJ^�ST=d347(=d7 �
?6349L?6ABCpQR367D=LSK36XK=L7Dsw?t:4XK=L36NDC>Cj0�CFSTABQ :4N�UD=LS19d36s4C�`o36X1=d7DU�=d^�:[ST=d347R3t` CKNDCF�D=d^B=d36NDC1P�AB5Z:�?�=d36X1367
: �Z:4XjST=d^BND9;:tX>5D36CjS��zGI5DABCKAh9d36s6Cp:4XKArSKXT:4UD=@ST=L367Z:49L9L0 ^BXKA�:[STAJU�:47DUiQn:4=d7�Sg:t=d7DABU�P�0��DXK3�^JABCKCFAJC
=d7�UD=L?�=dU�NZ:49d9@0w=d7�CFSg:t9d9dABU�:47�U XKND7 367 AJ:4^g5'5D36CjSzQ�:4^g5�=d7DAt� 8 ST:4PD9LAp34`]9d34s6CbNDCFAJUR=d7�U�=���AJXKAB7�S
5D36CjS � PZ:4CKABU�=L7�STXKN�CK=d347iU�ABSTAB^BSK=d367iA ��36XFSKCc=dCI=d7�^J9dN�UDAJU<=d7<G :4PD9LA �D� � �

� ��� � 
���� �
Cj0OCjSTABQ 9d36s6C lZ9LAw^g5DAJ^g�.CKN�Q 9L36s6C
AB?6AB7�S�9L36s6C �DXK3�^JABCKC�:4^J^B36ND7�ST=L7Ds'9d36s6C
7DA�S_�>36XF��9d36s4C NDCKABX�:tNDUD=LSc9L36s6C
CKABCKCF=d367i9d36s4C UD=dCF��NDCT:ts6AY9d36s6C
CFAJ^BNDXK=@S_0<9d36s6C

� ��� ��� ������� � ��� �
� ��$ �
�	� � �
� � -��#��� 
�� ����� ���������#����
�� � ��-��#
��	� ���.� ��, �)

� �

MO36QRAp5D34CFS � PZ:4CFAJU'UDABSKAJ^�ST=d347RA ��34XFSTCz:t9dCK3�A���:4QR=d7DA>SK5DAI7DA�S_�>36XF��STXK: �R^pST3Y:47�U�`oXK36Q
:x�Z:4XFSK=d^BND9;:4X�5D36CFSi=L7 5�36��ABC�3t`�UDA�STAB^BST=L7Ds
CKNDCF�D=d^B=d36NDCi:4^�ST=@?O=@S_06� GI5DABCKA���XK3�^JAJCFCKABC(:4XFA
CKAB�Z:4XK:tSTABU�`oXF36Q 7DA�S_�>34XK���_PZ:tCKAJU�=d7�STXFNDCK=L367 UDABSKAJ^�ST=d347�P�AJ^J:4NDCKA SK5DAB0 347D9L0�Qn367�=LST34X�UZ:tST:
ST3R:47�Ui`oXF36Q SK5DAYQ�:4^g5�=d7DAr`oXF36Q �c5D=L^g5iSK5DAB0<:tXKAYXKND7�7D=d7Ds��

y�34CFS � PZ:4CFAJU =L7�STXKN�CK=d347�UDA�STAB^BST=L367
=dC'7D34Sn:,7DAB� ^B367D^JAB��S��	~�:47�0xPDXKAJ:4���_=L7DCn5D:�?4A
P�AJAJ7*^J367�ST:4=d7DABU�P�0 :tSFSTAJ7�SK=L?6A�CF0�CjSTAJQ :4U�Qn=L7D=dCjSTXT:[ST36XFC��c5D3 5D:�?4A�7D3tST=d^BAJU CK36QRABSK5D=d7�s
�6UD= ��ABXKAB7.S ��:4P�36N�S+ST5DAB=dX+Q�:t^g5D=d7DABC�36X�NDCKABXKCB�r8�C�^J36QR�DN�SKAJXKCr:47DU(7DA�S_�>34XK�.Cw^J367�SK=d7.NDAWSK3
s6XF3���ST3YP�Ac:YQR36XFAI=d7�STABs6XT:49O�Z:4XjS13t`�SK5DAI�p:�0 �1AcUD3YPDNDCK=L7DAJCFC>:t7DUn^B36QRQ�ND7D=L^�:tSKA4�6Cj0OCjSTABQ
:4UDQR=d7�=dCFSKXT:tSK36XKCr�c=L9d9�7D3tSWP�A�:tPD9dA ST3�Q�:t7�ND:49d9@0(QR367D=LSK36XY:49L9 34`pSK5DAn^B36QR�DN�STABXWCj0�CFSTABQnCB�

� �



� �

E_7 :4U�UD=LSK=d367��]:[SKSg:t^g��C�5Z:�?6A�P�AJ^B36QnAhQR36XKAhCK36��5D=dCjST=d^J:tSTABU :47DU�Qn34XKAY`oXKAJm.NDAB7�S���XFAJ7DUDABXK=L7Ds
AB?4AJ7'ST5DA>Qn36CjSz:tSFSTAJ7�SK=L?6A>CF0�CFSKAJQ :4U�Qn=L7D=dCjSTXT:[ST36Xf5DAJ9L�D9dABCKC =L7�QR367D=LSK36XK=L7Ds+5D=dC 34X 5DAJXbQ�:47�0
CF0�CjSTAJQRCc�c=LST5�36N�S+:4N�SK36Qn:tSTABUi��XK3�^JAJCFCKABCJ�

y�34CFS � PZ:4CFAJURUDABSKAJ^BSK=d367RCF0�CjSTAJQRC�^�:47RUDABSKAJ^�Sp:tSFSg:4^g�.CzST5Z:[Sz7DABS_�136XK��� PZ:4CKABU�UDA�STAJ^�ST=L367
^�:t7D7D34ShCKABA4�R\Z36XwA���:4QR�D9LA4� :tSFSg:4^g�.CYST5Z:tSh:tXKA Qn:4UDA':tSYST5�A �4AB0�P�3�:4XFU�34`>:�^JXK=@ST=L^�:49 Q�: �
^g5D=L7DA'UD3�7�34SYSTXT:�?4AJ9�:4^JXF36CKCYST5�AR7�ABS_�136XK�]��~i36XKA'=d7O`o36XKQn:tST=L367���=d7D^B9dNDUD=L7Ds�Qn:4^g5D=d7�An:t7DU
�DXF3O^BAJCKC CjSg:tSKA4�z:4XFA�:�?t:4=d9d:4PD9dA'`o36XW5D36CFS��_PZ:tCKAJUxQRABSK5D3OU�C�AJ7D:4PD9d=L7Ds(^B3O36XFUD=d7D:tST=L367�3t`�Q�ND9 �
ST=L�D9dA'UZ:[Sg:�CF36NDXF^JAJC�=d7�U�ABSTAB^BSK=d367��i/>AB^�:4N�CKA�5D34CFS � PZ:4CFAJU CF0�CjSTAJQRC :4XFAn=L7DCFST:49d9LAJU�367�AJ:4^g5
Qn:4^g5D=d7�A4�fAJ7D^BXF0���STABU :47DU�5D=ds45D9L0�CKAJs4QnAB7.SKAJU-34XhCj�c=LSK^g5DAJU-AB7�?O=LXK367�QnAB7.SKC�UD3i7D34S�: ��AJ^�S
ST5�AhU�AJ�D9L3�0�QRAJ7�S+34`fST5DAYCF0�CjSTAJQ � :4CI=LScUD3�AJCc7DA�S_�>34XK���_PZ:tCKAJU�CF0�CFSKAJQRCg ��

E_7 36NDX��>36XF�]���>A�`o3�^JN�Cr367 UDA�STAJ^�ST=L7Ds�Q�:tCKm.NDAJXK:4UD=L7Ds�:tSFSg:4^g�.CJ�hGI5DABCKA':4XFA :tSKST:4^g�.C
=d7��c5D=L^g5(:47i=d7�SKXKNDUDABX�s6:4=d7DCc:t^J^JABCKC+ST3n:47D34SK5DAJX+NDCKABX�� C�:t^J^J34ND7�S��cur7D^BA�:4^B^JABCKC�=LCcs�:4=d7�AJU��
ST5�A�=d7�SKXKNDUDABX��c=L9d9Z7D34XKQn:49d9@0��DXF3�?�=LUDA�:Y�p:�0'`o36X�XKAB��AJ:tSTABU�:4^J^BAJCFCJ�zGI5DAJCFAw:4XFA��Z:tXFST=L^JND9d:4XK9@0
UZ:47�s6AJXF36NDCh:tSKST:4^g�.CWP�AJ^J:4NDCFAn=@`p:�NDCFAJXY�c=LST5,5D=Ls65,�DXK=@?�=d9dABs6AJCw=LCw^J36QR�DXF36Qn=LCKABU��kCKAB7DCK=@ST=L?4A
=d7O`o36XKQn:tST=L367-:t7DU ?O=@Sg:491PDNDCF=d7DABCKCR^J36QR��347DAJ7�STC ^B36ND9LU
P�A�A��O��36CKABU��xGI5DAJCFA�:[SKSg:t^g��C'^J:47
:49LCK3'9;:4CjSp`o36Xc: ?6ABXF0<9d347Ds ��ABXK=L3OU<34`fST=LQnAr=@`fs6367DAYND7DU�ABSTAB^BSKAJU��

� ��� $ �������"����� � ����	 � ��		

v>NDXFXKAJ7�S15D36CjS �_PD:4CKABUn=L7.SKXKNDCF=d367 U�ABSTAB^BSK=d367'CF0�CjSTAJQRC�NDCKAc�4ABXK7DAB9]9d36s6CB�.:4NDUD=@S�UZ:tST:��6lZ9LA

STXK:4^g�.=d7DsYCj0OCjSTABQnCB��:47�UR3tST5DABX��DXK36��XK=dA�Sg:4Xj0�QR367D=@ST36XF=d7Ds+ST3�369dCfST3h:47Z:49@0��JApST5�A+5�36CFSzCj0OCjSTABQ
`o36XcCK=Ls67DCc34` Qn=LCKNDCFA4�>MO36QRAYCF0�CFSKAJQRCr:49LCK3'NDCKAh7DA�S_�>36XF�<Qn367�=LST34XK=d7�s�ST3�369dCpSK3n9L3O34��:tScST5�A
�Z:4^g�tABSKC1^B36Qn=L7Dsr=L7':47DU'36N�S�3t`�SK5DAI5D36CjS�� GI5DABCKA+:4XFAICFST=L9d9�^J367�CK=dU�AJXKABUn5�36CFS��_PZ:4CFAJU'CF0�CjSTAJQRC
P�AJ^�:tNDCKAYST5DA�0<:4XFAW:t7Z:49L0��B=d7Ds�SK5DAwSTXT: �n^w`o36XI347D9L0�367DAY5D36CjS��

y�34CFSY�cXT:4����ABXKCY36Xw��AJXKCF367Z:49 lDXKAB�>:49L9dCw^�:t7�P�A'^J367OlZs6NDXFAJU,ST3<9d3�36��:tSh:49d9 7DABS_�136XF�
�Z:4^g�tABSKCJ�>^B367D7DAB^BSK=d367x:tSFSTABQn��SKCJ��36X�9d36s6=L7-:tSFSTABQn��SKC�ST3(SK5DA�QR367D=@ST36XFAJU-Qn:4^g5D=L7DA4�,GI5D=LC
^�:t7 :49dCF3r=d7�^J9dN�UDA1U�=;:49 �_=d7W:tSFSTAJQR��SKCb36Xf34ST5�AJX 7D347 �_7DA�S_�>34XK�hXKAJ9d:tSTABU�^J34QnQ�N�7D=d^J:tST=L367W��36XjSTCJ�
�b��:4Qn��9dAJCc34`f�1AJ9d9 �_�.7D3��c7��cXT:4����ABX+�D:4^g�[:4s6AJC+^�:t7�P�Aw`o36ND7DU<=d7 � ����� ���

~�36CjS�5�36CFS��_PZ:4CFAJU	:ts6AJ7�STCnQn347D=LSK36X':4^J^BAJCFCJ�I^g5Z:47�s6AJC�=L7�N�CKAJXn�DXK=@?�=d9dABs6A4�1:47DU�NDCKABX
:4^�ST=L?�=@S_06�RMO36QRA��1AJ9d9 �_�.7D3��c7�^J36QRQnABXK^B=;:49f?6AJXFCK=L367DCY�c5D=d^g5�UD3<CKND^g5�^�:4�D:4PD=d9L=LSK=dAJC�=d7D^B9dNDUDA
�DXF3OUDN�^BSTC `oXK36Q#M�0�Q�:t7.SKAJ^ � � 	 � � ����\ a�MOAJ^BNDXK=@ST=dABC � � �4������:47�U EjMDM � E_7�STABXK7DA�S1MOAJ^BNDXK=@S_0 M.0OC �
STABQnCT  � � � � � �����cGI5DAJCFA CF0�CFSKAJQRC�S_0��D=d^J:49d9@0�QR367D=LSK36XIST5DAWCF0�CFSKAJQ `o36X+�1AJ9L9 �.7D3��)A ����9d36=@STCJ�



� 	

:47DU,:tXKA�CF36QRABST=LQnABC�^B36ND�D9LAJU��c=@ST5 7DA�S_�>36XF���_PZ:4CFAJU,=d7�SKXKNDCF=d367(U�ABSTAB^BSK=d367 Cj0OCjSTABQnCB�hMO36QRA
5D36CjS � PZ:4CKABU(CF0�CjSTAJQRCJ��CKND^g5,:4C+GfXK=d���c=LXKA � � � � ��CK��AJ^B=;:49L=d�JAY=L7�QR367D=LSK36XK=L7Ds�ST5�A�CFST:tSTAW34`�=LQ �
��36XFST:47�S+lD9dAJCc367<ST5�Ah5�36CFSJ��P�34SK5iSK5DXK3��c=d7�sn:t7�:49d:4XKQ �c5DAJ7iST5D=LCcCFSg:[STAY5Z:4C+^g5Z:47Ds4AJU(:t7DU
�4ABAJ�D=L7Ds'STXT:t^g��34` SK5DAY9;:4CjSICFST:4PD9LAhCjSg:tSKA4�

~�:47�0Y34`OST5DA�A��O=LCFST=L7DscCF0�CFSKAJQRC :4XFAz7D34Sf^�:4�D:4PD9dAz34`�UDABSKAJ^�ST=d7�s�:cQ�:tCKm.NDAJXK:4UD=L7Ds�5�36CFS��
PZ:4CFAJU':tSFSg:4^g�YND7�SK=d9.ST5DA1Q�:4CFm.NDAJXK:4UDAJX STXK=LAJCfST3�^J:4NDCFApUZ:4Qn:4s6AzST3�SK5DA>Cj0�CFSTABQ SK5DXK36N�s65��1AJ9d9
�.7D3�� A��O�D9L36=LSKCJ��y�3��>A�?6ABXJ��:<Q�:tCKm.NDAJXK:4UDABXh�>:47�ST=L7DsiSK3���XKAJCFAJXj?6A�5D=LCh:4^J^BAJCKChST3�:is4=L?6AB7
CF0�CjSTAJQ)�c=d9L9�=d7�STAB7�ST=d347Z:49d9@0Y:tSFSTAJQR��S ST3�:tSKSKXT:4^�Sb9L=LSFST9dAz:[SKSTAB7�ST=d347WST3�5D=dQRCKAB9L`|�[��34CKCK=LPD9L0rs636=d7�s
ND7DU�ABSTAB^BSKAJU�`o36XFAB?4AJXJ�

� ��� � ��� ����� ������
 ����
 � � � ���H� ��� � � � � � � ��!#� ��� %���
 � �t
 � 
 � 	 ���$� � � �


�� ��� � � � � 
���� ���
��A�5Z:�?6A�^JXKAJ:tSTABUx:�5D36CjS � PZ:4CKABU =d7�STXFNDCK=L367�U�ABSTAB^BSK=d367-7�ABS_�136XK��Q�:t7Z:4s6ABXW�Z:tXFST=L^JN �

9;:tXK9L0n:4=LQnABU�ST3��>:4XKU�C+U�ABSTAB^BSK=d7Ds Qn:4CKm.NDABXT:4U�=d7Ds':tSFSg:4^g�.CB�>urNDXFCI=dCI:t7�:t7D36Qn:49L0RUDA�STAJ^�ST=L367
CF0�CjSTAJQ � XFAJ^J:49d9�ST5�A>UD= ��ABXKAJ7�^JA>P�ABS_�1AJAB7':47D36Qn:49@0rCF0�CjSTAJQRC�:47�U�QR=dCKN�CKA�CF0�CFSKAJQRC UDAJCF^JXF=dP�AJU
=d7�MOAB^BST=L367 � � � � �6  � ��AhlZXFCFS�s6AJ7�AJXT:[STA�:'CK=Ls67Z:tSKNDXKAY34` 7D36XKQn:49�P�AJ5D:�?�=L36X+`o34X+AJ:4^g5(NDCFAJX+34`
:Y^J36QR�DN�SKAJXzCF0�CFSKAJQi�
��A+Qn:4�4AcST5DA+:4CFCKNDQR��SK=d367'ST5Z:[S1AJ:4^g5�N�CKAJX�5Z:4C1:YCKAJm.NDAB7D^JA�34`�^B36Q �
Qn:47DUDC�ST5Z:tS15DAr34X1CF5DA�`oXKABm.NDAJ7�ST9@0�N�CKAJCB� ��A�A���STAB7DU�ST5D=LC>:4CFCKNDQR��SK=d367nP.0�:4CFCKNDQR=d7DshST5Z:[S
�1A�^�:47 ^g5Z:tXT:4^�STAJXF=d�BA�:(NDCKABX�� C P�AB5Z:�?�=d36XWP.0�ST5DABCKA�`oXFAJm.NDAJ7�SK9L0-N�CKAJUxCFAJm.NDAJ7�^JAJCR34`c^B36Q �
Qn:47DUDCB� GI5DA'NDCKABXWQR=ds65�SwCFA�:4XF^g5�`o34XY:<s4=L?6AB7�U�=dXKAB^BSK36XF04�f34��AB7�:�SKA���S�ABUD=LSK36XJ�k^g5�AJ^g� 5D=LC
36XI5DABXIQ�:t=d9 ��^J34Qn�D=L9dA�:'��XK36s6XK:4Qi��ABSK^4��/10�5Z:�?O=L7DsR: CK=ds47Z:tSTN�XKAw34`b:49d9�ST5DAr`oXFAJm.NDAB7.S � :t7DU
=d7O`oXKAJm.NDAB7�S  �^J36QRQn:47DU STXK:4^JABC'SK5Z:tSn: NDCKABXRS_0���AJCB�1�1A�^J:47�^B36QR�Z:4XKA�`oNOSTNDXFAi^B36QRQ�:47�U
STXK:4^JABC�ST5D:tS�ST5�A�NDCFAJX��c=d9L9�S_0O��A�:4s6:4=d7DCjS�SK5DA�CK=Ls67Z:tSKNDXKAt� />AB^�:4NDCFA��>A�CFST34XKA�SK5DA�:4^�STNZ:49
^J34QnQn:47DUiSTXT:t^JAJCB���1A�7D34S�367D9L0i5Z:�?4A :�XKAB�DXKABCKAB7.ST:tST=L367 34`�SK5DAW`oXFAJm.NDAJ7�SY^B36QnQn:47DU�C�ST5�A
NDCFAJXIS_0���ABCJ�]�>Ah:49LCK3'5Z:�?6AW: XKAJ��XKAJCFAJ7�Sg:[ST=d347�34`fST5�Ah34XKUDABXK=d7�s6CcP�A�S_�>ABAJ7�^B36QRQ�:47�UDCJ�

8�7�36Q�:t9d36NDC1P�AB5Z:�?�=d36X1=dCpUDA�lZ7DABU�:tCI:47�0�P�AJ5Z:�?�=d34X1ST5D:tSICKN �n^B=dAB7.SK9L0�UDAB?�=;:[STAJC1`oXK36Q
ST5�A�Qn3�UDAB9 �+GI5�N�CJ��SK5DA :47D34Q�:49L=dABCcSK5Z:tS�ST5D=LC�ST3�369fUDABSKAJ^�STCwQn:�0i36X�Q�:�0i7D34S�^J36XFXKABCK��367DU
ST3�:47-:t^BSTND:491=L7�STXKN�CK=d347���E_7-CK34QnAR=d7DCjSg:47�^JAJCB� ST5DARNDCFAJX�Qn:�0,CK=dQR�D9@0 P�AnA��O��AJXK=LQnAB7�ST=d7�s
�c=LSK5<:�7DAB�*CKA�S+34`f^J36QRQ�:t7DUDCJ�O36X>SK5DArNDCFAJX�� CcP�AB5Z:�?�=d36XIQn:�0�P�ArUD= ��ABXKAJ7�ScUDN�ArST3�` :tSK=ds6NDA
36XWCFSTXFAJCFCJ�,u�ST5�AJXWSK=dQRAJCB� ST5�AJXKA�=dCh=d7�` :4^�S�:t7D34ST5�AJX���AJXFCK367 Qn:4CFm�N�AJXT:tUD=d7Ds�:4C�SK5DA�NDCFAJXB�
E_7 AB=LST5�AJX�=L7DCFST:47D^BA4�pST5�A�ST3�369cUDABCK^JXF=dP�AJU =L7�SK5D=dCnCKAJ^�ST=L367 Qn:�0xU�ABSTAB^BS�SK5Z:tSRST5DA�CK5D3��c7



� �

P�AJ5Z:�?�=d36XIU�AB?�=;:tSKAJCc`oXK36Q ST5DAYQR3OU�AJ9 �

���! ��� � ���(� 
 � � � ��� ����� 
���
 � �)
�, * � � � � � 
�� 
 � � 	 -�� �	&'� � � �
8 �DXK36PD:4PD=d9L=dCjST=d^�CFSg:[STA'lZ7D=LSKAR:4N�ST34Q�:tST: � e�M�\O8r Y^J:47�P�AR?�=LAB�1AJU :4Ch:47�A���STAB7DCK=L367

34`�: \b=L7D=LSKA�M�Sg:tSKA�~�:4^g5D=L7DA4� E Si5Z:4C<ST5�A�s6AB7DAJXK:49YCFSTXFND^BSKNDXKA�34` :
\b=L7D=LSKA 8�N�SK36Q�:[Sg:��
PDN�S�:tSFSg:4^g5DABC�:,�DXK34PZ:4PD=L9d=dCjST=L^�?t:49dNDA�SK3�A�:t^g5 CFST:tSTAt�	8�7�A���:4QR�D9dA<34`r:�e�M�\O8 ^�:t7 P�A
`o36ND7�Un=L7'\b=ds6N�XKA��D� � �bGI5�A+��XK36PZ:tPD=d9L=dCFSK=d^�?4:t9dNDAc:4CFCK3�^J=d:tSTABU'�c=@ST5'A�:t^g5�7D3�UDA4� � � 	i  �.=dC ST5�A

a c fed b

ba c

P(a)

P(f)P(a)P(d) P(e) P(c) P(b)

P(b) P(c)

� 

�	-��)� ������� � * � 	 ��� ��& � �
�

�DXF36PZ:4PD=L9d=@S_0W3t`�XFA�:4^g5�=d7DswST5�AI�Z:4XFSK=d^BND9;:4X 7D3�UDAp`oXK36QHST5DAI��XKAB?�=L36NDC�7D3�UDA4�bGI5D=dC��DXF36PZ:4P�=d9d=@S_0
^�:t7�P�AY^J36QR�DN�SKAJU�`oXK36Q :'CK:4QR�D9dAw��36�DND9d:tST=L367��c5D=L9dAwPDN�=d9dU�=d7Ds�SK5DAhe�M�\O8W�

���! �! * / � � ��& � �	� � ��

� 

8�C+QRAJ7�ST=L367DAJU�=d7�MOAJ^�ST=L367 �D� �O�ZST5�AhSK3O369kU�AJCK^BXK=LP�ABU(=d7<ST5D=LCc^g5Z:4��SKAJX�s4AJ7DABXT:tSKAJC�CF=ds �

7Z:tSKNDXKABCw34`�A�:4^g5�NDCFAJXrST3<P�A�NDCFAJU,�c5DAJ7,STABCFST=L7Ds�`oN�SKNDXKA ^B36QnQn:47DU�STXT:t^JAJCB��GI5DA'Cj0OCjSTABQ
^J347DCK=LCFSTCY34`�`o36NDXwPD:4CK=L^ Qn3�UDND9LAJC � CF5D3��c7�=L7�\b=ds6N�XKA �D� �6  � GI5DA lZXKCjSWQR3�UDND9dAt��ST5�An\ =d9LSKAJX
~�3�UDND9LA4��=LCpXKABCK��367DCF=dPD9LA�`o36X>A ��STXT:t^BST=L7Ds NDCFAJXI^J34QnQn:47DUDC1`oXK36Q 9d34s�lZ9dABCJ��SK5DAJ7�^B367�?6ABXFST=L7Ds
ST5�A�NDCKABX�^J34QnQn:47DUDCh�c=LSK5�ST5DA�:4CKCF3O^B=;:tSKAJU�SK=dQRAJCFST:4QR�DCW=L7�ST3(^B36QnQn:47DU�STXK:4^JABCJ� GI5DABCKA
^J34QnQn:47DU�SKXT:4^BAJCh:4XFA�ST5DAB7�AB=LSK5DAJXr�D:4CKCFAJU,ST3�ST5�Ane�M�\�8 />ND=L9dUDABX��c5D=L^g5�^B367DCjSTXKN�^BSTCYST5�A
e�M�\O8W�z36XRSK3�SK5DA�e�M�\�8 GfAJCjSTABX�`o36X STABCFST=L7Ds�3t`�`oN�SKNDXKAi^J36QRQn:47DUxSTXT:t^JAJCB��GI5DA�e�M�\�8
e�XK3�?�=dUDABXc=dCIXKABCK��367DCF=dPD9LAr`o36XI�Z:4CFCK=d7�sRSK5DAh:4�D�DXF36�DXK=d:tSTAYe�M�\�8&ST3 ST5DAhe�M�\�8HGfAJCjSTABXJ�



� �

Filter Module

PSFA Builder

PSFA Provider

PSFA Tester

PSFA Building PSFA Testing

Statistics
Alarm

Live BSM data

Historical BSM data

PSFA Updating data flow PSFA Detecting data flow

� 
��	-��)� ���! � � * � 	 * / � � ��& 	 ��,
��

� ��, �)-��)�

���! ��� � � � � � �	������, �)

�	�
Gf3�UDABSKAJ^�S+:tSKST:4^g�.C>�c=LSK5D=d7�:�5D36CjS��O�1Ar5Z:�?4AwCFSTN�UD=dABU�STAB^g5D7D=dm.NDABCpST5Z:[SpNDCFArST5DA+�>AB9d9 �

�.7D3��c7�MO369d:4XK=LCR/IMD~ � /p:4CF=d^�MOAJ^BNDXK=@S_0 ~i3OUDAB9   � � 	�	)��:4N�UD=LSnUZ:tST:�:47�U�ST5�A ���+E � !��1���

:4^B^J36ND7�SK=d7Ds,QRAJ^g5Z:47�=dCKQi�x/IMD~ XKAB��36XjSTC NDCFAJXRCKABCKCK=L367DCn:tS ST5�AiCj0�CFSTABQ ^�:49L9p9dA�?6AJ9p�c5�=d9dA
!��1����UD3�AJCpSK5DAwCT:tQnAY:tSISK5DAwNDCFAJX�� S_0���ABU�^B36QnQn:47DU�9LAB?4AJ9 ��urNDXICj0�CFSTABQ ^�:47<5Z:t7DUD9dA�=d7D�DNOS
`oXK34Q P�34ST5i34`fST5DABCKAh�DXK3�^JABCKCKABCJ�

���! �
� � 
�� � � � � � ��-����
GI5DAhXKABCK��367DCK=LPD=d9L=LS_0R34` ST5DAwlZ9@STAJXIQR3�UDND9dA�=dCpST3'�Z:tXKCKAwSK5DXK36N�s65iSK5DAh:4NDUD=@ScUZ:tST:R:t7DU

�DXF3OUDN�^JA�:YCjSTXF=d7Dsh34`�NDCKABX1^B36QnQn:47DU�Cz:47DU'ST=dQRAJCjSg:4QR�DC �c5D=L^g5�^J:47nP�AcNDCKABU�P�0 ST5�A�e�M�\�8
PDND=L9dUDABXI36XpST5�AWe�M�\�8&STAJCjSTABXcSK3nP�ND=d9LU�36XpSTXK:�?4AJXFCKAYST5DAh:4N�SK36Qn:tSg:���XKAJCF��AB^BSK=L?6AB9L04�

/IMD~ CjST36XFAJC1=LSTC>:4NDUD=@S>UD:tSg:h=d7�PD=L7Z:4Xj0 `o36XKQn:tS��c5D=d^g5�Q�NDCFS1lZXKCjSIP�A�^J367�?4AJXFSKAJU<=d7�SK3
:47 8rMDv>EKE+`o36XKQn:tSrP�AB`o34XKA �DXF3O^BAJCKCF=d7Ds���ur7D^BAR^B367�?6ABXFSTABU�� ST5DA 8rMDv>EKEclZ9dAW�c=d9d9fXKA �ZAJ^�SW:49d9
34`kSK5DAwCF0�CFSKAJQ ^�:49L9dC>^BXKAJ:tSTABUiP�0RST5DAwQn:47�0n^J36QRQ�:t7DUDC1SK5Z:tSp:�NDCKABXIQ�:�0'S_0���Aw36X>=d7D=@ST=;:[STA
ST5�XK36NDs45*:-s4XT:4�D5�=d^�:t9r=d7�STABXF` :4^BA4�#\]34X�AB?4AJXF0 :t^BST=L367	34`YST5�A�N�CKAJXB��9L=d�4A�36��AB7D=d7�s�:�lD9dA4�
S_0��D=d7�s<:�^J36QRQ�:t7DU���Qn3�?�=d7DsnST5DA QR36NDCFA4��A�ST^4�@��Qn:47�0�Cj0�CFSTABQ ^�:t9d9dC�:4XKA�s6AJ7DABXT:tSKAJU�����A
�Z:�0��D:4XFSK=d^JN�9;:4Xb:tSKSKAJ7�ST=L367�ST3rSK5DA -���-1� �#- ^J36QRQ�:t7DU��c5D=L^g5n=LCbST5DAICj0�CFSTABQ ^�:t9d9�N�CKAJURP�0�ST5�A
CK5�AJ9d9 SK3�A �OAJ^JNOSTA�QR36CjSYNDCKABX��_AB7�STAJXFAJU-^B36QRQ�:47�UDCJ�nMO36QRA CF0�CjSTAJQ ^J:49d9LCrST5Z:tSW:49LCK3<XKA �ZAJ^�S
NDCFAJU � AJ7�STABXKAJU�^J36QRQ�:t7DUDCYPDN�SW:4XFAR7�34Sh^�:4��SKNDXKABU�P�0 ST5�A -���-1� �#-�^�:t9d9 =L7D^J9LNDUDA ")�.�#����:t7DU



���

�1/ &#��* � GI5DABCKAw:4U�UD=LSK=d367Z:t9D^�:49L9dC1:4XKA�:49LCK3h�Z:4XKCFAJU�=L7.SK3hSK5DA�CjSTXF=d7DsW34`k^J34QnQn:47DUDC�^JXFA�:tSKAJU�:tC
36N�SK�DN�S+`oXK36Q ST5DAwlZ9@STAJXcQR3OU�ND9dAt�1GI5DA ��7�=@� !��1���kUZ:[Sg:'=dC+:49dXFA�:4UO0�=d7i8wMDv>EFE>`o36XFQ�:tS+:t7DU
CK=LQn��9L0R7DAJABUDCcST3 P�AwCK9d=Ls65�ST9@0nXFAB`o36XFQ�:[SKSTABU<=d7�ST3�SK5DAwCFSKXK=d7�s�`o36XKQn:tSpN�CKAJUi=d7�SK5DAw`o369d9L3��c=d7Ds
QR3OUDN�9dAJCB�

GI5DA�CjSTXF=d7DsR`o36XKQn:tS+A��O��36XFSKAJU�`oXF36Q ST5D=LC�QR3OU�ND9dAYCK=LQn��9L0<^J347.ST:4=d7�C�ST5�AWST=LQnABCFST:4Qn�
`o369L9d3��>ABU<P.0�ST5DAY7Z:4QRAw34`fST5DAY^B36QnQn:47DUi:4CcCF5D3��c7�=L7�\ =ds6NDXFA �D� ���

� �-(1� � � ����� � � ��� � � � �
� � � � ����	 � � � 	 � � ����� � ����
 � � � 
 �

�c5DABXKA4� �)CK�Z:4^BAW^g5D:4XT:4^�STABX
��� � �)SK=dQRAJCjSg:4QR�<:tScST=LQnA�S� � �H^B36QnQn:47DU<AB7.SKAJXFAJU(:[S ��� �

� 
��	-��)� ����� ��* � ��
������)� � �)� �#��� � �(� 
��	� ��$ �'- �#� � � � , �	& &'����� � �)��, �

GI5D=LC+��XK3�^JAJCFC�=LCIXKAJ��A�:[STAJUi`o36XcA�:4^g5�9d36s�lD9dAYNDCKABU�`o36XISKXT:4=L7D=d7Ds���E S�=LCcAJCKCFAJ7�ST=d:49kST5Z:[S
ST5�A�9d34shlZ9LAJC��>ArN�CKA�SK3�^J347DCFSKXKND^�SI36NDX�CK=Ls67Z:tSKNDXKABCp:4XFA�^JXFA�:tSKAJU�`oXF36Q ^J36QRQn:47DUDCzST5Z:[S>ST5�A
NDCFAJXJ� :t7DU,7D34SY:�Qn:4CKm.NDABXT:4U�AJXJ��S_0���AJU���u�ST5DABXF�c=dCFA4�k�1A��>36N�9dU P�A Qn3�UDAJ9L=d7DsnCK=Ls67Z:tSKNDXKABC
34`fST5DAh:tSFSg:4^g�tAJX�:47DU<QR36CFSc9L=d�4AB9L0�9;:4P�AJ9�SK5DAh:tSKST:4^g��P�AJ5Z:�?�=d34Xc:4Cc7D36XKQn:49��

���! ��� � * � 	 � - 
������ �
ur7D^JAW�>A�5D:�?4A�ST5DA�9d=dCjST=L7Dsn3t`�^J36QRQn:47DUDC�:47DU�SK=dQRAJCFST:4QR�DC+�1A ^�:t7(^J367�?4AJXFSwSK5DAJQ

=d7�SK3�:�CKABXK=LAJCr34` ^J36QRQ�:t7DU�SKXT:4^BAJCJ�Y/�0�QR3OU�AJ9d=L7Ds ST5DA�^J36QRQ�:t7DU�SKXT:4^BAJCrAB7.SKAJXFAJU,P�0�ST5�A
NDCFAJX�XK:tST5�AJX�SK5Z:47R�FN�CFS+ST5DAW=d7DUD=@?�=dUDNZ:t9k^J36QRQ�:t7DUDCJ�]�1A�UDA�?6AJ9L36� :�QR36XFA�:4^B^JNDXK:tSTAWXKAB�DXKA �
CKAB7�Sg:tSK=d367<34`bNDCKABX+P�AJ5D:�?�=L36XJ��GI5DAh^J34QnQn:47DU�SKXT:4^BAJCIST5Z:[S�:tXKAws6AB7DAJXK:tSTABU(:4XFAw^J36QR�D9dA�STAB9L0
UDAB��AB7DUDAJ7�Sn367 ST5DA�SK=dQRA�=d7�STABXF?t:49LC�P�A�S_�>ABAJ7 CFND^J^BAJCFCK=L?4A�^B36QnQn:47DU�CJ�-E_7x36XFUDAJX `o36X�S_�13
CKN�^J^JABCKCF=L?6A�^J36QRQ�:t7DUDCrST3iP�An^B367DCK=LUDAJXFAJU�=d7 ST5DARCT:tQnA'^J34QnQn:47DU STXK:4^JAt�fSK5DA'UD=���AJXFAJ7D^BA
P�ABS_�1AJAJ7�ST5DAB=dXwST=LQnABCFSg:tQn�DC�Q�NDCFSWP�AR9LAJCFCYSK5Z:47,ST5DAR^J34QnQn:47DU,=d7�SKAJX��_:4XKXF=L?t:49fST5DXFAJCK5�369dU��
� � �1\ =ds6NDXFA �D���'CK5D3��cCr: NDCFAJXcCK=Ls67Z:tSKNDXKAY^B367�Sg:4=L7D=d7Ds���^J36QRQ�:t7DUDCJ�

8�9d:4XKs4A � ���c=d9L9���XK3�UDND^JA�9d367�s6AJX1^J36QRQ�:t7DURSKXT:4^BAJCB�DP�AB^�:4N�CKA�SK5DAJXFAr=dC1:�9d347Ds6AJXzST=LQnA
�c=d7�UD3�� =d7��c5D=L^g5iS_�13RCKND^B^JAJCFCK=@?6A�^B36QnQn:47DU�CI^�:47iCFSK=d9d9�P�Ah: �Z:4XjSc34`fST5DAhCT:4QRArSTXK:4^JAt�z8
?6ABXF0 9d:4XKs4A � ��^B36ND9dU =L7 A ��AJ^�SYCFST34XKA':47,AJ7�SK=dXKA�NDCKABXhCFAJCFCK=d347�:tCw367DA ^J34QnQn:47DU�SKXT:4^BA4�W8



���

� !�� #0( � ���-� � ����� � � ��� � � � ��� � � � ���
	 � � ��	 � � ����� � ��� $ � � � $ �

�c5DAJXFA4� ��� !��,� �T� �
����� � � 	 ��� �
�

���
� ��� � � ��)CK�Z:t^JAh^g5Z:4XT:t^BSTABX
��� � �)ST=LQnABCFST:4Qn�<:[SIST=dQRA�S� � �)^J36QRQn:47DU�AJ7�SKAJXKABU :tS ��� �
� � �H^J36QRQ�:t7DU�=d7�STABX��_:4XKXF=L?t:49]ST5DXFAJCK5�5D369dU

� 

� -��)� ���
� � * ����
����'�)� � �)� �#��� � �(� 
��	� ��$ �'- �#� � ��

�	��� �)-��)�

CKQn:49L9 � � ��367-ST5�A�34ST5DABX�5Z:47�U�� �c=d9L91�DXF3OU�ND^JA�CF5D36XFSKAJX�^B36QRQ�:47�U�STXK:4^JABCJ��GI5DA�?t:49dNDAn34`
� �W=LCW?4AJXF0�=dQR��36XFST:47�S�=L7-UDABSKAJXFQn=L7D=d7DsiST5DAnCFSKXKND^�STNDXFA�34`IST5DA�e1MO\O8�� MOAJA�Gb:4P�9dA ��� �i`o34X
:47�A �D:tQn�D9LAr34` S_�13 CKABSKCc34`f^J36QRQ�:t7DU�STXK:4^JABCIUDAJXF=L?4AJU�`oXK36Q ST5�ArCT:4QRAr^B36QnQn:47DU�9d=dCjST=L7DsD�
PZ:4CFAJU�367<UD=���AJXFAJ7�S+^J36QRQ�:t7DU�=d7�STABX��_:4XKXF=L?t:49�SK5DXKABCK5D349dUDCB�

� 
�& � � �	& &'�����
� ��� �4� 9L36s6=L7
� ��� � � ^JU
� ��� �6� ?�=
� ��� � � 9LC
� ��� ��	 �D=L^J3
� ��� � � Q�?
� ��� � � 9LC
� ��� � � Qn:4=L9
� ��� � � A��O=LS

��� � �	& &'� � � � 
�� ��� 

� 9d36s4=d7���^JU��Z?�=!�

� �
� � � 9dCJ�Z��=d^J3��DQ�? �
� 9dCJ��Q�:4=L9 ��A��O=LS �

� �
�w� � 9L36s6=L7��O^BU��D?�= �Z9LCJ�D�D=L^J3D��Q�?��D9dCB�ZQ�:4=L9 ��A��O=LS �

� ��� �
� ���! ��*���& � �
� ����� � , � &'&'����� ��� � ���#�.�

���! ������� � -�
���� 
���� � ��� � * � 	 � ���	& � �	& &'������� �)��, � �
GI5DA�e�M�\�8 `o36XhA�:t^g5 NDCKABX�=dCW:�^B369d9LAJ^BSK=d367�34`c:t9d9 ST5�A�^J36QRQn:47DU,STXT:t^JAJC�A���STXK:4^BSKAJU

`oXK34Q 5D=LCw36Xr5DABXh9L36s�lZ9LAJCJ��GI5DARe1MO\O8 =dCwXFAJ�DXFAJCFAJ7�STABU :4CY:�STXFAJA CFSKXKND^�STNDXFA4�R�z:4^g5�7D3OU�A
=d7�ST5DA�e1MO\O8 ^B367�Sg:4=L7DC�CjSg:tSK=dCFSK=d^BCr:4C�SK3�ST5�A�9d=L�4AB9d=d5�3O3�U�3t`�XKAJ:4^g5D=d7�s�ST5Z:tS�7D3�UDA4��:47DU(ST5�A
STXK:47DCF=LST=L367DC1P�A�S_�>ABAJ7i7D3OU�AJCI:4XFArNDCFAJU�ST3 XFAJ�DXFAJCKAB7�S�5�3�� 367�Ar^J36QRQn:47DU�`o369L9d3��cCp:t7D34ST5�AJXJ�
/>AB^�:4NDCFA�ST5DA�UD=dCjSTXK=LPDN�SK=d367�34`cA�:t^g5 NDCKABX�^J36QRQn:47DU�=LC�7D3tS �.7D3��c7�� �>A�Q�NDCFS�PDND=d9LU�36N�X
e�M�\O8�`o36X AJ:4^g5'NDCKABXb`oXK34QHA ��:4Qn=L7D=d7�s�:�CK:4QR�D9dA�UZ:tST:4CKA�S��zv>36QRQn:47DUWSKXT:4^BAJC�:tXKAp:tUDUDAJU�SK3
ST5�A�e�M�\�8	367DA+:t` SKAJX�:47�34ST5DABXJ��\ =ds6NDXFA �D��	rCK5D3��cCzST5DAp`o36XFQ�:[ST=d347�34`�:we1MO\O8�^J367�CK=dCjST=L7Dsw34`



� �4�

ST5�AW^B36QnQn:47DU<STXK:4^JABC�`oXF36Q ST5�A�G :4PD9dA��D� �'�c5�AJXKA � � � � �>G 3n^�:49L^JND9d:tSTAwST5�AW�DXF36PZ:4P�=d9d=@S_0
� � 	i �UDNDXF=d7Ds SK5DA STXT:t=d7D=L7Ds CFST:4s6A4�+�>A,lZXFCFSi�4ABAJ� :xCK=LQn��9dA(^B36ND7�Si34`WSK5DA,7.NDQ�P�AJX<34`
ST=LQnABCI�>AWXKA�:t^g5�A�:t^g5(CKABm�N�AJ7D^BA =d7<ST5DAWe�M�\O8 � \b=Ls6NDXFA ��� 	 � :� K  � ��5DAB7�� � 	i p=dCc7DABAJUDABU��
�1A UD=L?�=dU�A�ST5DA�7�N�Q�P�ABXw34`zST=LQnABC�ST5�A 7D3OU�A��p:tCwXKA�:t^g5DAJU,`oXK36Q ST5�A��Z:4XFAJ7�SY7D3�UDA�P�0(ST5�A
7.NDQ�P�AJXf34`DSK=dQRAJCf:49d9�7�3OUDABC 3t`DST5DA��Z:4XFAJ7�Sb�1AJXFA>XFA�:4^g5DABU�� �+CK=d7�s�ST5�A1CK:4QnA�A���:4QR�D9LA1e�M�\�8
`oXK34Q \b=Ls6NDXKA ��� 	 � :� ����1A'�>36N�9dU�^J36QR�DN�SKA'SK5DA'�DXK34PZ:4PD=L9d=LS_0 � � 	i r34`1XKAJ:4^g5D=d7�siSK5DA'7D3OU�A
^J347.ST:4=d7�=d7Ds<ST5DA � 9LC��kSTXK:47DCF=LST=L367�P.0�UD=@?O=LUD=d7�s<SK5DA�7.NDQ�P�ABX�34`pSK=dQRAJC � 9LC�� =dChXKAJ:4^g5DABU-`oXK36Q
=LSKC��D:4XKAB7.SJ�k�O�]P�0iST=dQRAJCcXFA�:4^g5DABU(`oXK36Q :t9d9 7D3�UDAJC�XKA�:t^g5Z:4PD9LA�P�0i=LSTC+�Z:4XFAJ7�S������IGI5.NDCrST5�A
�DXF36PZ:4PD=L9d=@S_0 34`kST5�A � 9LC��.STXK:47DCK=@ST=L367n�136ND9LU�P�A 	

�
��\b=ds4NDXKA �D� 	 � P] zCK5D3��cCpST5�A�7DA�� :4NOST36Qn:tSg:

=d7��c5D=L^g5�:t9d9�SK5DAY7D3�UDAJC+5Z:�?6Ah^J36QR�DN�SKAJU�� � 	i 1?t:49dN�AJCJ�

lslogin

cd

vi

pico

mv exit

mail

1 2

1

1

1

1 1

1

����� 
 � � � �%	 � 
 � �
���������%� � ��	��!��	�& ��� �	�
��� � � �%	 
 ��� � & �!� �
��
 � � � �%� � ��� �%	 !�
 � 


1

2

1

2

1

3

2

3

lslogin

cd

vi

pico

mv exit

mail

1

1 1 1

����� ��
 	 � 
 � � � ����

� ��� �'�$�'���%� ����	+� �%� � 
 	
� � & 	�� �	� ��
'	 � � �
���	� �$��� 


� 

� -��)� ����� � � �	��&'� �)
��	� �	$�� * � 	 $%�)�	&
�#��& � �
� ���(� � 
���� ��� �
� ���! 
 �����)� � � � � �

8pS�SK5D=dCh��36=d7�ShA�:4^g5 7�3OUDAR=d7�ST5DA�:4N�SK36Q�:[Sg:<5Z:4CW:��DXK34PZ:4PD=L9d=LS_0�� � 	i h:tCKCK3�^J=d:tSTABU
�c=LSK5�=@S���^J36XFXKABCK��367DUD=L7Ds�SK3�SK5DA<�DXK36PD:4PD=d9L=LS_0�=LS �c=d9L9pP�A�XFA�:4^g5DABU `oXK34Q =LSKCR�D:4XKAB7.SJ� ��A
^�:t7�7�3��)SKXT:4^BA UD3��c7�=L7DUD=@?O=LUDNZ:49f^J34QnQn:47DU�SKXT:4^BAJCrSK3�^J36QR�DN�SKA�ST5DA ��XK36PZ:tPD=d9L=LS_0<34`zST5�A
^J34QnQn:47DU STXK:4^JAt��\Z36XYAJ:4^g5�^B36QnQn:47DU(SKXT:4^BA4� �>AR^J34Qn�DNOSTA'ST5DA'Q�ND9@ST=L�D9d=LAJU(�DXF36PZ:4P�=d9d=@S_0
���&SK3�P�ARSK5DA���XK3�UDND^BSW34`1ST5DAn�DXK36PD:4PD=d9L=LSK=dAJC	� � 	i Y34`>A�:4^g5�7D3OU�AR�1A�AB7D^J36N�7.SKAJX :tCh�1A



� � �

STXK:�?6AJXFCKApSK5DApe�M�\�8�� ��Ap:t9dCK3�^�:49L^JND9d:tSTAzST5�Ap:�?6ABXT:4s6A>�DXK36PD:4PD=d9L=LS_0�����`oXF36QH:49d9�3t`ZST5DA � � 	i 
?t:49dN�AJC�:tCKCK3�^J=d:tSTABU��c=@ST5-AJ:4^g5-7D3�UDAn�1A�AB7D^J36N�7.SKAJXB� \ZXK36Q \b=Ls6NDXFA �D��	 � P] �� =L`p�1AnSKXT:4^BAJU
UD3��c7 ST5DA ^B36QRQ�:47�U(STXT:t^JA � ��� "�!/� ��� 	 � ���1A'�136ND9LU ^J36QR�DN�SKA ��� :47DU �	�h`o36X�ST5�A
s6=@?6AJ7i^J34QnQn:47DU�SKXT:4^BAW:tC+U�367DAY=d7i��m.NZ:tST=L367 �D� � �

� ��� 	
�
� �	 � � � � � �6�6� � �D� �  

��� � ����
�
� �
�

�
� � � � �6�

��=LSK5RSK5DA+:4PD=L9d=LS_0hST3YSTXK:4^JA+UD3��c7nSK5DA�:4N�ST34Q�:tST:w:47DUR^J36QR�DN�SKA
� �x:47DU �	�>`o34X�AJ:4^g5
^J34QnQn:47DU SKXT:4^BA(CFSK36XKABU�=d7 SK5DA :4N�SK36Qn:tSg:��p�1A 7D3�� ^�:47	UD=LCFSK=d7Ds6N�=dCK5�`oXKAJm.NDAB7�ST9L0 CKABAJ7
^J34QnQn:47DU�SKXT:4^BAJCp`oXF36Q =d7�`oXFAJm.NDAJ7�Sc^B36QnQn:47DUnSTXT:t^JAJCB��8pSIST5D=LC>��36=d7�S1�>AY:4XFAw:4PD9LA�ST3WSTAJCjS
`oN�SKNDXKA'^J34QnQn:47DU STXK:4^JABCh:4s�:4=L7DCFSwSK5DAR:4N�ST34Q�:tST:�NDCK=L7Ds����):t7DU ���t� E ` ���):t7DU ��� :4XFA
CK=Ls67D=@lZ^�:47�SK9L0R9d3�� � P�AJ9L3���:��DXFAJUDA�lZ7DAJU<ST5�XKAJCF5D369LU] ���SK5DAw^J34QnQn:47DU�SKXT:4^BAwP�AB=d7Ds�SKAJCjSTAJU<=LC
UDA�STAJXFQn=L7DAJU�SK3nP�AY:47D36Qn:49L36NDCJ�

���! �����! � � ��� �)
���� � ��� � �)� � ��� 
���
 �)

� � � ��
���� * � ������� ��� � � ��

�(�)

�	�
M�SKXK=d^�ST9@0�^B36Qn��N�ST=L7Ds�ST5DA Q�ND9LSK=d�D9L=d^�:[ST=L?4AW��XK36PZ:tPD=d9L=LS_0 ���):t7DU ST5DAR:�?6ABXT:4s6A'�DXF36PZ: �

PD=L9d=LS_0 �	��=d7�STXF3OUDN�^JAJC+: ND7D=L7�STAJ7�SK=d367Z:t9�PD=;:tCc:4s�:4=L7DCFSIS_�13n^J:4CKABC�3t` :4UO?4:t7D^JABU�NDCFAJXKCB�

% � ���#� � � GI5DA�lZXFCFS'^J:4CKA�=L7.?4369L?4AJC NDCFAJXFC��c5D3 `oXKAJm.NDAB7�ST9L0�NDCKA<:(9d:4XKs4An?t:4XK=LABS_0�34`
^B36QnQn:47DU�CJ�>E ` :tS�:47�0i��36=L7�S��DST5�AW7DA ��S�CjSTAJ��=d7i:nNDCFAJX+CK=Ls67Z:tSKNDXKAY^�:t7�P�A � 34`�:t7.0
#�^J34QnQn:47DUDCB�1�c5DAB7 #�s6XK3��cC'ST3�P�Ai9;:tXKs6At��SK5DA���XK36PZ:tPD=d9L=LS_0�34`rAJ:4^g5 =d7�UD=L?�=dU�NZ:49
^B36QnQn:47DURs6XF3��cC1CKQn:49d9LAJXB�b\Z36X�A���:4QR�D9dAt��\b=ds6N�XKA �D�
� � :� �=d9L9dNDCjSTXK:tSTABCz:�e�M�\O8 �c5DAJXFA
:�N�CKAJX>NDCKABCI:�9;:tXKs6A+7.NDQ�P�AJXp34` ^B36QRQ�:47�UDC��c=@ST5�:WND7D=L`o34XKQ UD=LCFSTXF=dPDNOST=d347R`o36X1A�:4^g5��
E_7�SK5D=dC�^�:4CFA4�k:tC #�s6XF3��cC�ST3�=L7�lZ7D=@S_06�]ST5DA��DXK36PD:4PD=d9L=LS_0�3t`zA�:4^g5 ^B36QnQn:47DU � � � 	i K 
UDXF36�DCYST3����RGI5DAJXFA�=dCY:i5Z:4XFCK5���AB7Z:49LS_0,=LQn��36CFAJU,367,ST5DARNDCKABXJ� 7D3�Qn:tSFSTAJXr�c5�=d^g5
^B36QnQn:47DU SK5DAB0 NDCKAt� GI5D=dC<^�:tCKA�: ��AJ^BSKC�P�3tST5	ST5DA,Q�N�9LST=L�D9d=L^�:tSK=L?4A�:47�U*:�?4AJXT:ts6A
�DXF36PZ:4P�=d9d=@ST=LAJCJ�

% � ���#�  � 8�CK=LQn=L9;:4Xb��AB7Z:49LS_0'=LC1��XKAJCFAJ7�Sp�c5DAB7<:WNDCFAJX>S_0���AJC1^J36QRQ�:t7DUDC�m�N�=d^g�.9L04��8
?4AJXF0�m�N�=d^g��S_0��D=LCFSz^J34ND9dU 5Z:�?4Ac?4AJXj0 9d367�srCK=Ls67Z:tSKNDXKApSKXT:4^BAJC�P�AJ^�:tNDCKA+:49L9�34`�5D=LC 36X�5DABX
^B36QnQn:47DU�C �136ND9dU P�ApAB7.SKAJXFAJU'�c=LST5�=d7 � �f34`]A�:4^g5'34SK5DAJXB� GI5DAI9L367Ds�CF=ds67D:tSTNDXFA>STXK:4^JABC



� �6�

5Z:tCWST5�AR�136XKCjS�A ��AB^BS�347�ST5�A�Q�ND9@ST=L�D9d=L^�:tSK=L?6A��DXK36PD:4PD=d9L=LS_0 � ���> YP�AB^�:4NDCFA�Qn:47�0,34`
SK5DA��DXF36PZ:4P�=d9d=@ST=LAJC ST3�P�A�Q�ND9LSK=d�D9L=dABU'�c=L9d9ZP�A�9LAJCKC1ST5Z:tS � �z\b=Ls6NDXFA �D�
� � P] zU�AJCK^BXK=LP�ABCI:
e�M�\�8
�c=@ST5W:+�Z:tXFST=L^JND9d:4XK9@0r9L367DscCK=Ls67Z:tSKNDXKAzSTXK:4^JAz=d7h=LSJ� GI5�=dC CK=Ls67Z:tSKNDXKA�=dC ^J34Qn��36CKABU
34` # ^B36QRQ�:47�UDCJ�zA�:t^g5
^B367�Sg:4=L7D=d7�s(CK36QRA � � 	i h�c5�AJXKAi� � � � 	i  � � ��8�C��1A
SKXT:�?6ABXKCKArSK5D=dC>�Z:4XFSK=d^BND9;:4XzSTXK:4^JA�Q�ND9LSK=d�D9@0�=d7Ds ����P�0 #�?t:49LNDAJC19dABCKCpST5D:47�36XpABm.NZ:49�SK3
� � ���	^J:47�U�XK36�<ST3'7DAJ:4X+���

1
n

1
n

1
n

1
n

n nodes

����� � 
 � � � � � �'�
	�� � 
 �
�'�
	�� � �%����� 	 � � ����	�� � �
� � � �,���'& �

n nodes

����� � 
 � � �	� �
�'�-	�� � 
 � 	����
	�� �
� �	� � �$��& � � 	����� �'�%�
� ���

� 

� -��)� ����� ��* � ��,.

��� � * � 	 , ���#� � ��$ ��� �(����, � � � /
� � ��& -��#� � �

Gf3�:4UDUDXFAJCFC�ST5�AJCKA�CK��AJ^J=d:49f^�:4CFAJCJ���>A�NDCKA�:�CFST:47DUZ:4XFU�UDA�?�=;:tSK=d367�:4�D�DXF3�:4^g5��+E_7�ST5�A
lZXFCFS'^�:tCKA4�z�1Ai^B36QR�DN�STA<:(7�AB� CjSg:47�UZ:4XKUxUDA�?�=;:tSK=d367 PZ:tCKAJU
CFST:tST=LCFSK=d^4� ��� � 	i ���`o36X�AJ:4^g5
7D3�UDAiNDCK=L7Ds�SK5DA�=L7DUD=@?O=LUDNZ:49I7�3OUDAi�DXF36PZ:4PD=L9d=@ST=dABCJ� � � 	i �����CFCKAJ7�SK=;:49L9L06� ��� � 	i  =dCRPZ:4CFAJU
367(5�3��HQn:47�0iCFSg:t7DUZ:4XFU(UDAB?�=d:tST=L367DCcST5DA���XK36PZ:tPD=d9L=LS_0�34`zXFA�:4^g5�=d7Ds�SK5DA�7�3OUDAW=dC+`oXK36Q ST5�A
:�?6ABXT:4s6A��DXK34PZ:4PD=L9d=LS_0�34`kXFA�:4^g5D=L7Ds�:t9d9�SK5DA�CF=dPD9L=d7DsY7D3�UDAJCB��E STC�A���:4^�S>`o36XFQ�ND9;:w^J:47�P�A+`o36N�7DU
=d7i��m.NZ:tSK=d367 �D� �O�

��� � 	i  �
�����	 ����

� � � �����6��� � � 
�
 ��� � 
 5���8� ! ��� � 	i  � ����
�
 � 	i 
� � � & ��
 ��� � (+� 
�
 ��� � 
 5���8� ! ��� � 	i  � ����
�
 � 	i 
� �$� ��� ��� ! �$�

� �D� �4 



� �4�

� � 	i  SK5DAY�DXK34PZ:4PD=L9d=LS_0'`o36Xc:'�Z:4XjST=L^JND9d:4XpCFST:tSTA
��� � 	i  CjSg:47�UZ:4XKUiUDA�?O=d:tST=L367 � PZ:4CKABUi:47D36Qn:49L0nQRABSTXF=d^BCp`o36Xc: �Z:4XFSK=d^BND9;:4X>CFSg:[STA
� ��� � ��� � XFAB�>:4XKUi^J3�A �R^B=dAJ7�S
� &.��
��
� � ( ��AJ7D:49LS_0�^J3�A �R^J=LAJ7�S
�	� 
�
 � 	i  SK5DAh:�?6AJXK:4s6AYPDXFA�:4U�SK5��DXF36PZ:4P�=d9d=@S_0'`o36ND7DUi=d7�ST5�Ah9LAB?4AJ9 :47DU<PDXK:47D^g5�34` � � 	i � SK5DAYCFST:47DUZ:4XFU�U�AB?�=;:tSK=d367�`o34ND7DUi=d7�ST5DAY9LAB?6AB9 :47DUiPDXT:t7D^g5�3t` � � 	i 
e ABXKQR=LSFST=d7�s�?4:t9dNDABCc`o34X �����c5D=L^g5�:4XFAYs6XKAJ:tSTABXcSK5Z:47 � �]:49L9d3��cCINDCIST3RXKA��p:4XFU�`oN�SKNDXKAY^B36Q �
Qn:47DU�STXK:4^JABCcSK5Z:tS+XKAJ:4^g5<ST5Z:tSc�D:4XFSK=d^JN�9;:4XpCjSg:tSKA4�

E_7�SK5DA>CFAJ^J347DU�^�:tCKA4�t�c5DAJXFA>ST5DA19dAB7Ds4ST5W34`�SK5DA1SKXT:4^BA>=LCf?4AJXF0W9d347DsD���>A1NDCKA>:�CFST:47DUZ:4XFU
UDA�?O=d:tST=L367<:4�D��XK3�:4^g5<PZ:tCKAJU<367�SK5DAY:�?6AJXK:4s6AY9dAB7Ds4SK5�34` STXT:t^JAJCc=L7�ST5DAYe�M�\�8��Zy+3��1AB?4AJXB��=L7
ST5�=dC�^�:4CFA��>A�CK=LQn�D9@0'^J36QR�DN�SKA�:t7�:4UDUD=@ST=L367Z:49DXFAB�>:4XKU��c5�AJ7�`o369L9d3��c=d7DsY:W�Z:4XFSK=d^BND9;:4X�SKXT:4^BA
ST5D:tS<=dC�9L367Ds6ABX�ST5Z:47�ST5�A�:�?4AJXT:ts6A STXT:t^JA,CK=L�JA4� GI5D=LC�XKA��p:4XFU�=LC�PZ:4CKABU*347*5D3�� Q�:47�0
CFST:47DUZ:tXKU�U�AB?�=;:tSK=d367�C>:��>:�0'SK5DA�^BNDXKXFAJ7�S>SKXT:4^BA � C>9LAJ7Ds4SK5n=LC�`oXK36Q SK5DA�:�?4AJXT:ts6A�SKXT:4^BA�9LAJ7Ds4SK5
:47DUn�>36N�9dU�P�Aw:4UDU�AJU�ST3hST5DA�^J36XFXKAJCF��347DUD=d7�s ���
?t:49dNDAt� E STC>A���:4^BS>`o36XKQ�N�9;:Y^�:47�P�A�`o36N�7DU
=d7i��m.NZ:tSK=d367 �D� ���

� � " � � � � � ����� � 	i  � � �"��� ��� � � % � 	i 
�

%'� 
�
� � ��
 ! � % � 	i  � % � 
�
 � �D� �6 

� � " � � � � � ����� � 	i  ST5DAY3 ��CKA�S�N�CKAJUiST3R:4^B^J36ND7�Sc`o36Xp` :4CjS+NDCKABXKC
% � 	i  { AB7Ds4SK5�34`fST5�Ah�D:4XFSK=d^JN�9;:4X>SKXT:4^BA
� �����6��� � XKAB�>:4XFU�^B3OA �n^B=dAB7.S
% ��
�
 ST5DAh:�?6ABXT:4s6AY9LAJ7Ds4SK5�3t` SKXT:4^BAJCc=d7�ST5�AWe�M�\�8� � ��
 ST5DAYCFST:47DUZ:tXKUiUDAB?�=;:[ST=d347�34` SKXT:4^BAY9dAJ7�s4ST5DC

GI5D=LC 3 ��CKABS CK=dQR�D9@0YXKAB�>:4XFUDCz:rNDCKABXb`o36Xb`o349d9d3��c=L7Ds�:�9d367Ds4AJX�� ST5Z:t7 �|:�?6ABXT:4s4A>CK=Ls67Z:tSKNDXKA1STXT:t^JA4�
8 XFAB�>:4XKU�ST5Z:tSR�c=d9L9I=d7�Qn36CjS�^J:4CKABC�CKN��D�D9dABQnAB7�S�ST5�A�^J34CFS�3t`wQ�ND9@ST=d��9L0�=d7Ds � � P.0
ST5�A
`oXT:t^BST=L367�� � � 	i ��ZQn:47�0�ST=LQnABCJ�

E S�=dCz=dQR��36XFST:47�S ST3Y7D34SKAIST5Z:tS�AJ:4^g5nSK=dQRAc:Y^B36QRQ�:47�U'SKXT:4^BAc=dC�:4UDUDABURSK3hSK5DA+e�M�\O8W�
ST5�Ar�DXK34PZ:4PD=L9d=LS_0 � � 	i zST5Z:tS>7D3�UDAJCp�c=L9d9�P�ArXFA�:4^g5�AJU���SK5DAY:�?6ABXT:4s6Aw��XK36PZ:tPD=d9L=LS_0 �	� 
�
�3t`f:49d9
7D3�UDAJCW367-:�s6=L?4AJ7�9LAB?4AJ9 �fST5DAnCFST:47DUZ:4XFU-UDA�?O=d:tST=L367 � PZ:4CKABU-:47�36Q�:t9L0 QRABSKXK=d^BC ��� � 	i W:t7DU
ST5�A��A� " � � � ��� ����� � 	i >Q�:�0�:t9d9�5Z:�?4AhSK3RP�AYXKAB^�:49L^JND9d:tSTABU��



� � �

���! ������� ��-����(�)

� � � �	� �	���
E `�SK5DA�7DA ��Sp^J34QnQn:47DURAJ7�STABXKABU����c5D=L9dAISTXK:�?4AJXFCK=d7�s�ST5DA�e�M�\O8W�OQn:tSK^g5DAJC17D367DA�34`�ST5�A

^J34QnQn:47DUDC�=L7�ST5DAc7DA ��S>9LAB?6AB9Z34`�ST5DA+e�M�\O8W�.:wQ�N�Sg:[ST=d347 AB?6AB7�S>5Z:tC�3�^J^BNDXKXFAJU��bGI5D=dCzAB?4AJ7�S
=dCw^J:49d9LAJU :�Q�NOSg:tSK=d367(P�AJ^J:4NDCFAnCF36QnA CjSTXK:tSTABs6=dABCw^J367DCF=dUDABXrST5D=LCY:4^BSK=d367(SK3�P�A SK5DA CK=Ls67 34`
:�7DA��HQ�N�Sg:[ST=d347�34`�:t7(A��O=dCjST=L7Ds�CF=ds67Z:[STNDXFA4��E_7�ST5DABCKA ^�:tCKAJCB���1A�UD3�7D3tSrCFSK36��SKXT:�?6ABXKCK=L7Ds
ST5�A e�M�\O8W���1A CK=LQn�D9@0<UDABSKAJXFQn=L7DA�:R�DXK36PD:4PD=d9L=dCjST=d^w?t:49LNDAW`o36XcST5�A�^J36QRQn:47DU�=L7�m.NDABCFST=L367
� � � ! ������)1��� 	 	 ( #&)� r:47�U �DXK3�^JABAJU ST3�SK5DA 7DA���SY^B36QnQn:47DU��wGI5DA�`o369d9L3��c=d7Ds�:4XKA�SK5DXKABA
CFSKXT:tSKAJs6=LAJCcNDCFAJU<ST3RUDABSKAJXKQR=d7�A�� � � ! � ����)1�>� 	 	 ( #&)� ��

% � � $%��-��
� � ����-�� GI5D=LC�QnA�ST5D3�U	CK=LQn��9L0xXKA�STNDXF7DC<:-UDA�` :4ND9LS � XKAB9;:tSK=L?4AJ9L0
9L3��Y�cAt� sD�
��� �6� �  +�DXF36PZ:4PD=L9d=@S_0��c5DAJ7,AB7D^J36N�7.SKAJXF=d7Ds<:�^B36QnQn:47DU�^JNDXFXKAB7.SK9L0�7D34Sr=L7�ST5�A�^J36XFXKA �
CF��367�UD=d7DsY��36CK=@ST=L367�=d7 SK5DAI^J36XFXKABCK��367DUD=L7DswSTXT:t^JA � � � � ! � �$��)1��� 	 	 ( #0)O  ��� � �6� �  ��

% " ���	� � � � � � � ��� � �	& � -����(�)

� � GI5DAi=dUDAJ:,P�AJ5�=d7DU ST5�Ai=L7�?6AJXFCKAiNDCT:ts6A�QRABSK5D3�U
=LC+SK5DA�QR36XKAW��34�DND9;:tX�:n�Z:4XFSK=d^BND9;:4XcCF=ds67Z:[STNDXFAW=LC�=d7iST5DA�e�M�\O8W��SK5DA�QR36XKAYST5DAWNDCKABX
CF5D36ND9LU P�A���AJ7D:49d=L�JAJU-`o34X�7D34S�^J36QR�D9dA�ST=L7Ds�SK5DA�CK=Ls67Z:tSKNDXKA�34X�367DA�3t`c=LSTC�XKAJ^B36XKU�AJU
?t:4XF=;:tSK=d367DCB� Gf3
^B36QR�DN�STA ?t:49LNDAJC��c=@ST5�ST5D=LC��D5D=d9L36CK34�D5�06���1A��4AJAB�*SKXT:4^g� 3t`�ST5�A
7.NDQ�P�AJXk3t`OSK=dQRAJC�AJ:4^g5We1MO\O8x7D3�UDA �p:tCkXKA�:t^g5DAJUh�c5D=d9LAbSTXK:4=d7D=L7DsD�$? � CKAJAz\ =ds6NDXFA
�D� �  ��
��A�ST5�AJ7<NDCKArSK5DAw=d7�?4AJXKCFAw34` ST5DA�7�N�Q�P�ABXI34`kST=LQnABC1SK5DAw9;:4CjSpQn:tST^g5�=d7Ds�7�3OUDA�=d7�ST5�A
:4NOST36Qn:tSg:h�p:4CIXFA�:4^g5�AJU � �=   ��P�AJ^�:tNDCKAwST5�=dCpNDCK:4s6AwQRABSKXK=d^�=dUDAB7.SK=LlZABCpST5DA�7�N�Q�P�ABXI34`
SK=dQRAJC�SK5DAzNDCKABX NDCFAJUYST5DAzCK:4QnA��D:4XFSK=;:494SKXT:4^BA4�[PDN�SklZ7�=dCK5�AJUh=LSk�c=LSK5w?4:t9d=dUw^B36QRQ�:47�UDCJ�
\Z36X�A���:4QR�D9dAt��=d7(\b=ds6N�XKA ��� � ��^J367�CK=dU�AJX�SK5DA�?t:49d=LU�NDCFAJXrSKXT:4^BAJC � ^JU�� 9dCB� ^BU�� QR36XFA ��:t7DU
� ^JU�� 9dCB� ^BU�� s6XKAB�(� �YE `zST5�A�^JNDXFXKAB7.SYN�CKAJXrSKXT:4^BA�=dC � ^BU�� 9dCJ� ^JU�� 9L�DXKQ � ���>A��c=L9d9f7D34SK=d^JAhST5Z:[S
SK5DA�9;:4CjSkQn:tST^g5D=L7DsI7D3�UDA�=d7rSK5DA�STXK:4^JA �>:4C �F^JU�� ��XKA�:t^g5DAJU ���>ST=LQnABC � ? � ���6 �� E_7wST5D=LC
^J:4CKA�SK5DA�?t:49LNDA�XFABSTN�XK7�`o36X�ST5DA�Qn=LCKCKABU�^J36QRQn:47DU��.9d��XKQi���136ND9LU�P�A	� � � "	� 	i  � �

���
�

% � �	& &'����� � �)����-���� , / � �	& � -����(�)

� � ��5DAJ7hUDA�?6AJ9L36�D=L7Dsc:I�DXK36PD:4PD=d9L=dCjST=d^ ?t:49dN�A
`o36XWST5DA�^B36QnQn:47DU�Qn=LCKCK=L7Ds�`oXF36Q SK5DA�CK=Ls67Z:tSKNDXKA�NDCK=L7Ds(ST5DA�^B36QRQ�:47�U�`oXKABm�N�AJ7D^�0
^B36Qn��N�Sg:tSK=d367 QRABSK5D3�U��1SK5DA<s63�:49I=LC�ST3�Q�:4�tAi:�UD=LCFSK=d7D^�ST=d347 P�A�S_�>ABAJ7	^J34QnQn:47DUDC
�c5D=L^g5 ST5DApN�CKAJX�XK:4XKAB9L0W36X 7DA�?6ABX�N�CKAJCz:t7DU ST5D36CFApST5DA>NDCKABX�NDCKABCz`oXFAJm.NDAB7.SK9L04� 8�7D34Q�: �
9L36NDCpNDCFAw34` :�`oXKABm�N�AJ7�ST9@0�NDCFAJUi^J36QRQ�:t7DU � A�?t:49dNZ:[STAJU�347<:���ABXINDCKABXIPZ:4CK=LCg 1CF5D36ND9LU
P�An��AJ7D:49d=L�JAJU�QR36XKA ST5D:47-:<CKAB9dUD36Q N�CKAJU�^J36QRQ�:t7DU���Gf3�U�3�ST5�=dCw�>An�4ABAJ�x:49L9 34`
SK5DAn^B36QRQ�:47�UDCwST5DARNDCKABXWN�CKAJCW=d7�:<ST:4PD9LA4� :49d367�s<�c=@ST5,ST5DAR7.NDQ�P�AJXh34`>SK=dQRAJCwST5�A



� ��	

25

25

cd

ls more

grep

cd

ps

netstat

75

15

15 10

40

40 35

more

kill

� 

� -��)� ��� / � � � ��& � �
�	� * � 	 � ����-�, �)-��)� 
 ��� ��� ��-�& � ��� ��
����#
���� � ��� ��� ��� ��� �)�
$%�)����-�����, / �(����-�� �

^B36QnQn:47DUR�p:tCIAJ7�STABXKAJU � XKAJs6:4XKUD9LAJCFCp34` �c5DAJXFAr=LS>=dC1=d7�SK5DAw:4N�SK36Qn:tSg:�  � GI5D=LCpCFSKXKND^ �
SKNDXKAt��^J:49d9LAJU�ST5DA�v>36QRQ�:47�U�\ZXKABm.NDAJ7D^�0iGb:4P�9dA � vp\bG+  ��=LC+��=d^BSKNDXKABU�=L7�\b=Ls6NDXFA ��� � �
E_7�: Q�N�Sg:[ST=d347 AB?6AB7�S��>`oXFAJm.NDAJ7�^B0
34`�NDCKA<`o36X�ST5�AiQR=dCFCKABU�^B36QnQn:47DU =LC 36P�ST:4=d7DABU

� �	& &'����� � ������-���� , /
� 	 ) � � �-� � �
� 	 ) 	 � �-� � 	
��� ���

� 	 ) 
 ��� � � � � 
 ���
� 	 ) 
 � � � � 


� 
��	-��)� ����� � "#����- � � �)�(� 
��	� ��$ � ��� � �	& &'� � � � �)����-�����, /�� ��� �
� � � � � �

`oXF36Q ?t:49dN�AJCY=d7,ST5DA�vp\bG � � �-� ��� � ����� � � � ���	��
 �� �� :47DU-:<�DXF36PZ:4PD=L9d=LCFST=L^W?t:49LNDA'=dCYXKA �
SKNDXK7DABU `o36X�SK5DA Q�N�ST:tST=L367 �_^J:4NDCF=d7Dsn^J36QRQ�:t7DU :4^B^J36XFUD=d7DsnST3<��m.NZ:tST=L367 �D���D�Y8 UDA �
` :4N�9LS�?t:49dN�A4� � � � � � )1� �0( � � �F  � NDCKND:49d9@0':hXFAJ9d:tST=@?6AJ9@0�9L3��
?t:49dN�A� ��.=LC���XK3�?�=dUDABUn=@`�ST5�A
^B36QnQn:47DUi=dC+7D34S�`o36ND7DU�=d7iST5DA�vp\bGw��GI5�=dC�?t:49LNDAY=dC�:49dCF3�NDCFAJU =L7iSK5DA�^J:49d^BND9;:tSK=d367
34` � � � ! ������)1��� 	 	 ( #&)� b�c5DAB7nST5�AI^J36QRQ�:t7DU'=dC `o36ND7�UR=L7 ST5DA�vp\bG :4C�UDAJCF^JXF=dP�AJU
=L7���m.NZ:tSK=d367 �D���D�

� � � ! ������)1��� 	 	 ( #&)�  � � � � � � )1� �0( � � �F  � �
� � � ��� � �/��� � � � ��� ��
 �

� �D�
�� 



� � �

� � � � � )1� �0( � � �F �^�:t7�P�A��DXK3�?�=dU�AJU<:4C�ST5DAr9L3��>ABCFSp^B36QRQ�:47�U��DXF36PZ:4PD=L9d=@S_0':tS>SK5DAr^BNDXKXFAJ7�S
9dA�?6AB9I34`�SK5DA�STXK:4^JAt�>: �Z:4XK:4QRABSTABXK=L�JAJUx^B367DCFST:47�S'?4:t9dNDAt�136X CF36QRA�34ST5DABX `oND7D^BSK=d367x34`+ST5�A
e�M�\O8W�

���! ��� � * � 	 � � � � � �
ur7D^JA�:�e�M�\�8 =LCn^BXKA�:[STAJU
`o36Xn:�CK��AJ^B=LlZ^iNDCFAJXJ�p`oNOSTNDXFA�^J34QnQn:47DUxSTXK:4^JABCn^J:47 P�A

STABCFSKAJU :ts�:4=d7�CFS'ST5DAie�M�\�8 SK3�UDA�STABXKQR=d7DA�=@`�SK5DA�P�AJ5D:�?�=L36X'=dCR:47D36Qn:49L36NDC�36X'7D3tS��
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