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ez�îe \VyXh�OQP!MZYuLNOSj­OSr�MVI�OSLZLZJa¹�O �n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�òìSï
ez�ûo f¦OSY®¹;W�k�g�P¦�}¤X�!WsJ�rX¹�OlI�OSLZLZJa¹�O��Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�òìSð
ez�îb ñ~pXOQPZ��I�OSL!LZJa¹�O÷�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�òìSú
ez�îï ÍGOQwst®�3I�OSL!LZJa¹�O �Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸^a`
ez� ù ²�g;j"j�pxrxYu�QJaMZY®g;r�U��zwmO�{�Ï�rx��g;rX£sP!j­OSy �n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸^�^
ez�îð ²�g;j"j�pxrxYu�QJaMZY®g;r�U��zwmO�{�\��Z¢�rXgc¡¦t®OSyX¹�OSy �Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸^�e
ez�îú ²�g;j"j�pxrxYu�QJaMZY®g;r�U��zwmO�{�²Dg;j­wst®OQMNO÷�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸^�e
ez�uìQ`&��Y[LNMNP!Y®kspxMZY®g;r3Í¦J�rX¹�OÁg���J"Í¦OQwst®� � OQPZhzY[��OÁU��zw�O��n�¨�Á�n�Á�Á�Á�n�¨�¸^Ùo
ez�uì�ì2\VyXh�OQP!MZYuLNOSj­OSr�M¦¶�J�rxyxtuYurx¹ �n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸^�b
ez�uìS^�f¦OSY®¹;W�k�g�PVI�OSLZLZJa¹�Ol¶�J�rxyxt[YurX¹*�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸^�ï
oX�uì Í¦JS¡ � g��Z¢�OQMZL��Á�n�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸eÙo
oX�î^ ÍGOS��OSY®h�O�UGWXPZOSJ�y@�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸e�ï
oX�îe I�Ja¹;rXOQMZY[�¨UGWXP!OSJ�y0�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸e;ù
oX�ûo UGYuj­OQPGUGWxPZOSJ�y6�n�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸e;ù
oX�îb ñ~pXOQPZ�3UGWXPZOSJ�yµ�n�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸e�ð
oX�îï ªÈr�MNOQP!J���MZY®g;rKUGWXPZOSJ�yü�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸e�ú
oX� ù ²�g;j"j�pxrxYu�QJaMZY®g;r3k�OQM_¡�OQOSrKUGWXPZOSJ�yxL3�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�¸e�ú
bz�uì ��g;rX¹°²�WxJ�Yur��Á�n�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�.o4^
bz�î^ ËxJ�Yut®gch�OQP��¨�Á�Á�n�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�.o4e
bz�îe I�g�ksY[tuY®Md�*�¨�Á�Á�n�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�Á�n�Á�Á�Á�n�¨�.o4e

hzYuY
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ªÈr$MZWXO­w¼J�LNMQ��¡¦Y®P!OSt®OSLZL~j­g�ksYutuO�J�y�Wxgz��rXOQM_¡�g�PZ¢�L¨WsJSh�O"k�OS��g;j­O"j­g�P!O"J�rxyHj­g�PZO
wmg�w¼pxtuJaP¨YurµPZOSLNOSJaP<�!Wv�$\Ìj­g�ksY[t®O³J�y2WXg��qrXOQM_¡�g�P!¢>=½I�\�f���U@?lYuL�J�MNOSj"wmg�P<JaPZ�
rXOQMd¡�g�PZ¢ÁkspsYut®M�¡¦YuMZWXg;pXMºMZWxO�J�Yuylg��sJ�r��ÁOSLNMZJakst[YuLZWXOSy�YurX�¥P!J�LNMNP!ps��MZpXPZO�g�P���OSr4MNP<J�tuY®¯QOSy
J�yxj"YurxY[LNMNP!JaMZY®g;rv��ªÈ��M_¡�g�rXg�yXOSL�MZWxJaM³JaPZO�g;pXMZLZYuyXO�MZWxOSY®P"¡¦Y®P!OSt®OSLZL�MNP!J�rxL!j"YuLZLZYug;r
P!J�rX¹�O�¡DJ�r4M�MNgl��g;j"jlpsrxYu�QJaMNO��4MZWxOQ��pxLZOGYur4MNOQP<j­OSyxYuJaMNOGrXg�yXOSL�MNgÁ�¥g�PZ¡DJaP!y­wsJ��!¢�OQMZL
kmOQM_¡�OQOSr3MZWxOSj���\Vt[t¼rXg�yXOSLDJ���M�k�g�MZW3J�L�J�Wxg;LNM�J�rxy3J�L�JlP!g;pXMNOQPS��UGWzpxLQ��Yur3JaPZOSJ�L
¡¦Y®MZW�t[Y®MNMZt®OÁg�PnrXg°��g;j"jlpsrxYu�QJaMZY®g;rBYurX�¥P!J�LNMNP!ps��MZpXPZOÁJaMnJ�tut½�mpxLNOQP!LVJaPZO�LZMZYututºJak¼t®O¨MNg
��g;j"jlpsrxYu�QJaMNO���I�g�ksYut®OÁJ�y�WXgz�nrxOQMd¡�g�PZ¢zLVJaPZO¨�<WxJaP!J���MNOQP!Y®¯QOSyKJ�LG�¥g;tut®gc¡¦LQ{

A â�Ø%õCB�èzÚEÝ¾Õ"D_×cöséQÖi×aÛºÜ�ÖÙÛº×Ùè YuL�JShaJ�YutuJakstuO��B��h�OQPZ� rXg�yXO³w¼JaPZMZYu�QY®wsJaMZY[rX¹KYur
MZWXO�rxOQMd¡�g�PZ¢¿jlpsLNM"wxPZgchzY[yXO�MZWXO�k¼J�LZYu�3�¾pxrx��MZY®g;rxJ�t[Y®Md��g��n��g;j"jlpsrxYu�QJaMZY®g;r
tuY®¢�O�P!g;pXMZYurX¹�J�rxy,LNOQPZh�Yu��O�yxYuL!��gih�OQPZ�6yxpXO�MNgµMZWXO�JaksLZOSrx��O�g��n��OSr4MNP<J�tuY®¯QOSy
LNOQPZh�OQP<LQ�

A ²�g;rX£s¹;pXP!JaMZY®g;rHJ�rxy$g�w�OQP!JaMZYug;r�WxJ�LnMNg�k�O éSè�æEDGF!Øs×Ùásö¼Õ«ÝEH4Ý¾Õ«á ¡VY®MZWXg;pXMnJ�r��Wzpxj"J�r�Yur�MNOQPZh�OSr�MZY®g;rv�
A UGWXODrXOQM_¡�g�PZ¢�YuL �¼èz×JI$ÚCIºÕºösþ�Ý¥Ü ��f¦g�yXOSL}j"Ji�LKNg;Yur�J�rxy�t®OSJSh�O�MZWXO�rXOQM_¡�g�P!¢¡¦Y®MZW�WsY®¹;W3�©P!ONM�pXOSrs���°J�rxy�MZWXOQ�°JaP!OÁO�¤zw�OS��MNOSy�MNg³j­gih�O��
��LNw�OS�QYuJ�t[t®�¦MZWXO�h�OQPZ�¨yX��rxJ�j"Y[�}rxJaMZpXPZO�g��xJVIK\Vf���U2j"Ja¢�OSL§LNOQPZh�Yu��O�ysYuLZ��gih�OQP!�

J�rxy�PZg;pxMZYurX¹qJq�!WxJ�t[t®OSrX¹�O��VU¦WXOÁPZg;pXMZY[rX¹qJ�t®¹�g�P<Y®MZWxj"LVpxLNOSy�Y[r�MZWXO�ªÈr�MNOQP!rXOQMV¡�g�P!¢
¡�OStutº�©g�PVMZWXOSY®PVg�P!Y®¹;YurxJ�tºyXOSLZY®¹;rKYur4MNOSr�MZY®g;r&=¥OSrxy�] MNga] OSrxyB��g;j"j�pxrxYu�QJaMZYug;r�k�OQMd¡�OQOSr
£X¤zOSy³t®gz�QJaMZYug;rxLO?<�zkspXM�JaPZO�pxrxLZpxYuMZJakst®OD¡¦Y®MZW°I�\�fV��U,�<WxJaP!J���MNOQP!YuLZMZYu�QLQ��\�yxyxY®MZY®g;rX]
J�tut®����LNOQPZh�Yu��O�yxYuLZ��gch�OQPZ�lY[rlMZWxO�ª¬r�MNOQP!rXOQM�PZOStuY®OSL§g;r­��OSr�MNP!J�tuY®¯QOSy­Y[rX�©P<J�LNMNP!px��MZpXP!O�MZWxJaM
YuL�rXg�M¦JihÙJ�Yut[Jakst®OnYur�J³IK\Vf���UÁ�

\�rXOQ¡»�QtuJ�L!LGg��}J�t®¹�g�P!Y®MZWsj"L�MNgqLZg;t®h�O¨MZWXO¨wxPZg�kst®OSjÌg���LZOQPZhzY[��O¨yxYuLZ��gch�OQPZ��J�rxy
PZg;pXMZYurX¹6Yur�MZWXOH£sOStuy&g���j"g�ksYut®O$J�y%WXg��HrXOQMd¡�g�PZ¢�L�YuL�rXOQOSyxOSyv����Y®ÀmOQPZOSr�M�JawX]
wxPZg;J��!WxOSL�WsJSh�O­k�OQOSrKyxOQh�OSt®g�w�OSyv���©g�P~O�¤XJ�j­wst®O�MZWXO�PZg;pXMZYurX¹°wxPZg�MNg���g;tuL�wxPZg�w�g;LNOSy
k���MZWXO�ª¬��UGË IK\�fV��UÌ¡�g�PZ¢zY[rX¹H¹�PZg;pXwP=#QTù�R �SQûðTR �UQûú�R �VQ
ìQ`TRE?<�&UGWXOQ��wxP!Y[j"JaP!Yut®�
�©g��QpxL}g;r­MZWxO�wsJ��Z¢�OQM�PZg;pXMZYurx¹~J�rsy­MZWXOQPZOQ�¥g�PZO��4g;r³MZWXOLWxgc¡,g���yxJaMZJn�¥PZg;j*g;rXO¦rxgzyXO
MNg�J�rXg�MZWXOQPS�"UGWxO�wsP!Yuj"JaPZ�KJ�LZLZpxj­wsMZY®g;r$YurHLZpx�<W$PZg;pXMZYurX¹3wxP!g�MNgz��g;tuL¨YuL~MZWxJaMnMZWXO

ì



^ ÿYX@Z\[\���],_^a`b!c����,V��de*Dÿ-�'!)�L�
yXOSLZMZYurxJaMZY®g;r�J�ysyXPZOSLZLVYuL�¢�rXgi¡¦r�MNg³MZWXOlLNg;pXP!��O�rXgzyxOÁk�OQ�©g�PZOÁLZOSrxyxYurX¹­MZWxO¨wsJ��!¢�OQMQ�
UGWzpxLQ�§LNOQPZh�Yu��OqysYuLZ��gih�OQP!��jlpxLZMÁk�O"w�OQPZ�©g�P<j­OSy�YurµJ�yXhÙJ�rs��OqJ�L�J�LNOQwsJaP!JaMNO°MZJ�LN¢m�
ª¬r�IK\Vf���UGLS�xMZWXO¨LNOQP!hzYu��O¨wxPZgih�YuyXOQPGJ�L¦¡�OSt[t�J�LGMZWXOl�QtuY®OSr�MGYuL�O�¤�wmOS��MNOSy�MNg³j­gch�O��
\V�©MNOQP"tug�g�¢�YurX¹BpXw2MZWXO�rXOQMd¡�g�PZ¢µJ�ysyXPZOSLZLQ�}MZWxO3rxgzyXOSL�j"Ji�µ�<WxJ�rX¹�O�MZWXO�t®g��QJ�tuY®M_�
Yur�MZWXO�rXOQMd¡�g�PZ¢m��J�rsy�MZWxJaM~�QJ�r$�QJ�pxLNO�yxY
À�OQPZOSr�M¦wxPZg�k¼t®OSj"LG¡VY®MZW�MZWXO�LZpXk¼LNONM�pxOSr4M
wsJ��!¢�OQM�PZg;pXMZY[rX¹X�«ªÈM�YuL§w�g;LZLZY®k¼t®O�MZWxJaMQ��yxpXP!Yurx¹¦MZWXOG��g;j"j�pxrxY[�QJaMZY®g;r�wxPZg���OSLZLQ�;J~k�OQM¬]
MNOQP�LZpxY®MNOSy�LNOQP!hzYu��O¨wxPZgih�YuyXOQP'KNg;YurxLDMZWxO¨rXOQMd¡�g�PZ¢m��ª¬r�MZWxYuL��QJ�LZO��sMZWXO¨�Qt[Y®OSr4MGL!WXg;pxtuy
rXg�MZY[��O�MZWXO�rXOQ¡¿LZY®MZpxJaMZYug;r�J�rsy�¹�OQM�J��Q��OSLZL}MNgnMZWXOGrXOQ¡6LNOQP!hzYu��O�wsPZgih�YuyXOQPS�§\Vrxg�MZWXOQP
wxP!g�kst®OSj÷YuL¨MZWxJaM�MZWXOqYur�MNOQP!j­OSysYuJaMNO³rXg�yXOSLQ�§MZWxJaM¨P!g;pXMNO³MZWXOqwsJ��Z¢�OQMZL�k�OQM_¡�OQOSr�J
�QtuYuOSr4MDJ�rxy3J�LNOQPZh�OQPS�X��g;pxtuy3t®OSJih�OnMZWXO~rXOQMd¡�g�PZ¢³g�PGj"gih�OÁJaPZg;pxrsyv�}UGWXOQPZOQ�¥g�PZO���MZWXO
PZg;pxMZYurX¹HJ�t®¹�g�P!Y®MZWsjÎLZWXg;pxt[yµk�OeWxO�¤XY®kst®O3MNg J�ysJawxM­MNg J���g;r�MZYurzpXg;pxLZt®���!WxJ�rx¹;YurX¹
rXOQM_¡�g�P!¢°MNg�w�g;t®g�¹����

U«gl�QYuP!�Qpxjlh�OSr4M�MZWXOSLNOGwxP!g�kst®OSj"LQ�4MZWXO�²�g;j­w¼pXMNOQP���rX¹;YurXOQOQP!Y[rX¹nJ�rxy³fVOQMd¡�g�PZ¢�L
�«Jakmg�P<JaMNg�PZ�fQû^�RswxPZg�w�g;LNOSy³JÁrXOQ¡,JawxwsPZg;J��!Wg=¾Yur­MZWXOG�¥g;tut®gc¡¦YurX¹Á�QJ�t[t®OSyihkj]l�m\npoCqGrsLtauwvxqEyzl{?qYur|Qûe�RnJ�rxy}Q oTR�MZWxJaM3¡�O$kmOSt[Y®OQh�O�k�OQMNMNOQP3�¥pst®£stutuL�MZWxOB��g;j"j�pxrxY[�QJaMZY®g;r
PZONMzpxY®P!OSj­OSr4MZLGg���j"g�ksYut®OÁWXg;LZMZL¦Yur�J�yKWXgz�¨rXOQMd¡�g�PZ¢�LQ��U¦WXOÁJawxwxPZg;J��<W�OSJ�LZOSLG�¥PZg;j
MZWXO�OSrxy�] MNga] OSrsy���g;j³jlpxrsYu�QJaMZY®g;rlkmOQM_¡�OQOSr�M_¡�gnLNw�OS�QY®£¼��yXOQh�Yu��OSL�J�rxylY[r4MNPZg�yxpx��OSL«J
j­g�P!O@WxO�¤XY®kstuOVyXOSLZYu¹;rv�}UGWXOV�Qt[Y®OSr4MDLNw�OS�QY®£xOSL�J�~)�����JqGrO�pvx�O���¨YurxLNMNOSJ�yqg��«J�rXOQMd¡�g�PZ¢
J�yxyxPZOSLZLGYur�ysJaMZJ­wsJ��Z¢�OQMZLS��\9LNOQPZh�Yu��OÁM_��w�OnPZOQwxP!OSLNOSr4MZLVJ"LNw�OS�QY®£s��¢�Yurxy°g��}LNOQPZh�Yu��O=¥�¥g�PÁO�¤XJ�j­wst®O­Y®��J�yXOQhzY[��O�WsJ�LÁJ�r$O�¤zMNOQP<rxJ�t���g;rxrXOS��MZYug;r$MNg�MZWXO�ªÈr�MNOQP!rXOQMQ�§Y®MnYuL~J
LNOQP!hzYu��OKYurxLNMZJ�rx��O�g���MZWXO�LZOQPZhzY[��O�Md�zw�OHRûªÈr�MNOQP!rXOQM°´nJaMNOQ¡�Ji�¼R�?<�VwxPZgih�YuyXOSy2kz�2g;rXO
g�P¨LZOQh�OQP!J�t}yXOQh�Yu��OSLQ� � OQPZh�Yu��O­yxYuLZ��gch�OQPZ�BJ�rsyKw¼J��Z¢�OQM¨P!g;pXMZYurX¹3YuLn��g;rxLZY[yXOQPZOSy$J�LnJ
LZY[rX¹;t®OÁMZJ�LN¢m�~UGWXO¨P!g;pXMZYurX¹³Y[LVrXg�M~J�r���j­g�PZO�J��!WxY®OQh�OSy$pxL!YurX¹³rXOQM_¡�g�P!¢�J�yxyXPZOSL!LNOSL
kspxM�¡¦Y®MZW�MZWXOlLNOQPZh�Yu��OÁMd�zw�O���UGWxO¨�!WxJ�t[t®OSrX¹�OÁg��}LZpx�<W�J³rxOQ¡ LNg;tupXMZYug;r�YuL�MNg³LZOSt®OS��M
MZWXO¨g�wxMZYuj"J�tvLNOQP!hzYu��OnwsPZgih�YuyXOQPS�

U¦WXO�IK\¦¹;f���U¦Yu�¨P!g;pXMZYurX¹qwxPZg�MNg���g;t§�QJ�rBk�O¨h�Y®OQ¡�OSyKJ�L~JqwspXkst[YuLZW¼±ÙLZpxksLZ��P!Y®k�O
j­OS�<WxJ�rxYuL!j��«ª¬r�MZWXO���u��)��q�~���wsJaPZMQ�4J�t[tzyxOQhzYu��OSL�wmOQP<Y®gzysYu�QJ�tut®�nJ�yXh�OQPZMZY[LNODMZWXOGLNOQPZh�Yu��O
M_��w�OSL}MZWXOQ�lwxPZgchzYuyxO��§UGWxODJ�yxh�OQPZMZYuLNOSj­OSr�MZL�LNOQP!h�O�MNgnOSLNMZJakstuYuL!W�J@��tav���y�vxqG�T����������Yur
MZWXO�rXOQMd¡�g�PZ¢³L!Yuj"YutuJaP}MNg�MZWXOVOSt®OS��MNP!Yu�QJ�ts£xOStuy³��P!OSJaMNOSyqkz�­w�g;Yur�M��!WxJaPZ¹�OSLS=¾J�LNOQPZh�Yu��O
YursLNMZJ�rx��O�PZOQwxPZOSLNOSr�MZLnJ°w�g;LZY®MZY®h�Olwmg;Y[r4M��!WxJaPZ¹�O�?<��f¦g�MNO��ºMZWxJaMnJqw�g�MNOSr�MZYuJ�t§£xOStuyBYuL
��PZOSJaMNOSyq�¥g�P�OQh�OQPZ�"LNOQP!hzYu��O¦Md�zwmO���ª¬r­MZWXOp~Ou���~)r)��qG�O�Gw¼JaPZMQ��Jl�QtuY®OSr�M�LNOSrxyxL�J¨PZONMzpXOSLNM
MZWxJaMD��g;r�MZJ�YurxL�MZWXOVyxOSLZY®PZOSyqLNOQPZh�Yu��OVM_��w�O��}\�PZONMzpXOSLNM�YuL���g;rxLZYuyXOQP!OSy³J�LDJlrxOQ¹;JaMZY®h�O
MNOSLNM��!WxJaP!¹�O�J�rxyKj­gih�OSL�J�t®g;rX¹³MZWXOlWxYu¹;WXOSLNMGJ�LZ��OSr�MVg��}MZWxOÁw�g�MNOSr4MZYuJ�tº£xOStuy�MNgqMZWXO
�Qt®g;LZOSLNM¦LNOQPZh�Yu��OÁYursLNMZJ�rx��O��
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LNOQPZh�Yu��OnMd�zw�O��
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5. 6.

4.

ST: ’IG’
Cap: 1

3.
0.5Φ= 0.25Φ=Φ=0.33

Φ=
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0.33Φ=

infΦ=
1Φ=0.5Φ=1Φ=

infΦ=

Φ=

infΦ= inf
1

Φ=
Φ=

1
inf

Cap: 1
ST: ’IG’

0.5 inf 0.25
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1.83 1.83 inf 1.59

infinf
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MNg"MZWXOn�QJawsJ��QY®M_�°g��Dìa��UGWXO~w�g�MNOSr�MZYuJ�t�hÙJ�t[pXO ñ �¥g�P�MZWXOÁLNOQP!hzYu��O~M_��w�O­RûªZ´�RxYuL
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^z�V�VOQh�Yu��O�ì�w�OQP!Y®g�yxYu�QJ�tutu��LNOSrxyxL"J�yxh�OQPZMZYuLNOSj­OSr�Mqj"OSLZLZJa¹�OSL°J�rxrXg;pxrx�QY[rX¹HMZWXO
LNOQPZh�Yu��O�Md�zwmO�RûªZ´�RvkxP!g;J�yx�QJ�LNM~MNg�J�tut�yXOQh�Yu��OSLnYurBP!J�rX¹�O�����OQhzYu��O³^qPZOS��OSYuh�OSL
MZWXOSLNOÁj­OSLZL!Ja¹�OSLQ�sLZJih�OSLGJ­��g�w��3J�rxy���g;j­w¼pXMNOSLDMZWXO~w�g�MNOSr4MZYuJ�t�haJ�tupXO7=¬ìJ?��¥g�P
MZWXO¨LNOQPZh�Yu��OnM_��w�O"RûªZ´�R®�

ez�V�VOQh�Yu��O³^q�¥g�PZ¡�JaP<yxL�MZWXO­J�yXh�OQPZMZYuLNOSj"OSr4MÁj­OSL!LZJa¹�O­MNg�J�tut�yXOQhzY[��OSLnYur�P<J�rX¹�O��
WXOSrx��O�Y®M�Y[L¦PZOS��OSYuh�OSyKkz��MZWXO�rXg�yXOSL�ìa�ve°J�rxy$ïz�n��OQhzYu��O3ì�J�t®PZOSJ�yX��¢�rXgc¡¦L
MZWxYuL°J�yXh�OQPZMZYuLNOSj"OSr4M3J�rxy�yXPZg�wsL°Y®MQ� ��OQh�Yu��OSL�e J�rsy�ï pxLNOBMZWXOKP!OS��OSY®h�OSy
j­OSLZLZJa¹�OHMNg2��g;j­wspXMNO$MZWXOBw�g�MNOSr4MZY[J�t¦haJ�tupXOÃ=¾`��îb¿?qJ�rxy��©g�PZ¡DJaP!y�Y®M3Ja¹;J�Yur
kxPZg;J�yx�QJ�LNMQ� ��h�OQPZ�
LZOQPZhzY[��OBJ�yXh�OQP!MZYuLNOSj­OSr�M�j­OSLZLZJa¹�OHYuL3yxYuLZMNP!Y®kspXMNOSy¿MZWxYuL
¡�Ji��Yur3MZWXOn¡¦WXg;tuOÁrXOQMd¡�g�PZ¢m�

oX�VUGWXODw�g�MNOSr4MZYuJ�t�£sOStuy��©g�P�LNOQP!hzYu��ODM_��w�O~RûªN´�R�¡¦Y®MZW�MZWXO�LZYurX¹;tuO�LNOQP!hzYu��O�YursLNMZJ�rx��O
JaMVrXg�yXO­ìÁYuL���g;j­w¼t®OQMNOSt®�3�QJ�tu�QpxtuJaMNOSyv�

bz�VUGWXO¦yXOQh�Yu��OSL�olJ�rxy°úÁJ�tuLNg¨wxPZgih�YuyXO¦MZWXO¦LNOQPZh�Yu��OGM_��w�OlRûªN´�R�¡¦Y®MZW"�QJaw¼J��QY®Md�"g��
ì¨OSJ��<Wv�¦UGWXOQ��LNOQMVMZWXOSY®PVwmg�MNOSr�MZYuJ�tºhÙJ�tupxOÁ�©g�P~LNOQPZh�Yu��OÁM_��w�OqRûªN´�RmMNgqY[rX£srxY®MNO
J�rxy�LNMZJaPZM¦MNg³LNOSrxy�w�OQP!YugzyxY[�VJ�yXh�OQP!MZYuLNOSj­OSr�M¦j­OSLZL!Ja¹�OSL¦Yur�MNg­MZWXO¨rXOQM_¡�g�P!¢¼�

ïz�~²�g;j­wst®OQMNO�w�g�MNOSr4MZY[J�ts£xOSt[y³�¥g�P�LZOQPZhzY[��OVM_��w�O�RûªÈr�MNOQP!rXOQMG´~JaMNOQ¡DJS�mRsJ�rxyqMZWXPZOQO
LNOQPZh�Yu��O¨YurxLZMZJ�rx��OSLGJaM¦rXg�yXOSLnìa�xoqJ�rxy�úz�

� px�!WBJ³w�g�MNOSr�MZYuJ�t«£xOStuy�Y[LGkspxY[t®MG�¥g�PVOQh�OQPZ�KLNOQPZh�Yu��O¨M_��w�O�O�¤�YuLZMZYurX¹qY[r�MZWXO�rXOQM¬]
¡�g�PZ¢m�qªÈ��JKLNOQPZh�Yu��O³YursLNMZJ�rx��O"yxYuL!Jawxw�OSJaP!LQ��MZWXO³wmg�MNOSr�MZYuJ�t}£sOStuy�YuLÁJ�pxMNg;j"JaMZYu�QJ�tut®�
PZOS�QJ�t[�QpxtuJaMNOSy���g;rxLZYuyXOQP<YurX¹�MZWXO°PZOSj"J�YursYurX¹�LNOQPZh�Yu��O°YurxLNMZJ�rx��OSLS��UGWxYuLÁMZJa¢�OSL�LZg;j­O
MZYuj"OÁpxr4MZY[t�MZWXOÁLNMNg�PZOSyKJ�yXh�OQPZMZYuLNOSj"OSr4MGMZY[j­OSL�g;pXM¦J�rsy�YuL�PZOSj­gch�OSyv�
Ø�ÙEØ�Ù�Ø ÷'å�àgøYÜúùaûeæ²ù�ü�áÀâ
ã3ý¼å�þ
á�ÿwå
UGWxO¨rXOSY®¹;W�k�g�PGO�¤��<WxJ�rX¹�O�j­OSLZLZJa¹�OSLS�¼MZWxJaM~��g;r�MZJ�Yur�MZWXO�t®g��QJ�t�w�g�MNOSr4MZY[J�t�haJ�tupXOSLGg��
J�tut�LNOQPZh�Yu��O�M_��w�OSL�JaPZO�wmOQP<Y®gzysYu�QJ�tut®��LNOSr4M§kxPZg;J�ys�QJ�LNMºMNg~J�tut4yxOQhzYu��OSL§Yur¨P!J�rX¹�O��}��h�OQPZ�
yXOQh�Yu��O�LNMNg�PZOSL�J�tutºrXOSYu¹;W4k�g�P!LGJ�rsy�MZWXOSY®PVw�g�MNOSr4MZYuJ�tºhÙJ�t[pXOSL¦J�rxyKLNOQMZLVMZWXOlrXOSYu¹;W4k�g�P
¡¦YuMZW3MZWXO¨WxY®¹;WxOSLNM�w�g�MNOSr4MZYuJ�t�hÙJ�tupxOÁJ�L��©g�P!¡�JaP!ysYurX¹"yXOQh�Yu��On�¥g�PGOQh�OQPZ��LNOQPZh�Yu��OÁM_��w�O
Yur3Y®MZLDP!g;pXMZYurX¹�MZJakst®O���Ë�Y®¹;pxPZOÁ^z�î^�¹;Y®h�OSLGJ�r3O�¤XJ�j­wst®OnWXgc¡%MZWXOn�¥g�PZ¡DJaP!yxYurX¹�yXOQh�Yu��O
YuL¦yXOQMNOQP!j"YurxOSyv{
ìa�~²�g;rxLZYuyxOQP¦MZWXOlPZg;pXMZYurX¹³MZJakst®O¨g���yxOQhzYu��O�ïz�GªÈMV��g;r�MZJ�YurxLVMZWXO¨OSr�MNP!Y®OSL�LNOQPZh�Yu��O
Md�zwmO�= � U@?�J�rsy3MZWXOn��g�PZPZOSLNw�g;rxyxY[rX¹¨w�g�MNOSr�MZYuJ�t�hÙJ�t[pXO+=¾��?<�xUºg­��g;j­w¼pXMNOnMZWXO
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�¥g�PZ¡�JaP<yxYurX¹�yxOQhzYu��O¾=¾Ë
?Á�¥g�P�OQh�OQPZ� LNOQPZh�Yu��O°Md�zw�O���J�t[t�yXOQh�Yu��OSLlw�OQP!Y®g�yxYu�QJ�tut®�
LNOSrxy�rXOSY®¹;W�k�g�PlO�¤X�!WsJ�rX¹�O�j­OSLZLZJa¹�OSLS���VOQh�Yu��O�ïKPZOS��OSY®h�OSL�MZWXOSLZO°j­OSL!LZJa¹�OSL=¥�¥PZg;j�yXOQhzY[��OSL�^z�4ez�zùVJ�rxy­ð¿?ºJ�rsy�LZMNg�PZOSL�J�tutzrXOSY®¹;W�k�g�P!L«J�rsylMZWxOSY®P�wmg�MNOSr�MZYuJ�t
haJ�tupXOSL��¥g�P¦J�tutvLNOQP!hzYu��OnM_��w�OSLVYur4MNg"J³rXOSY®¹;W�kmg�PGt[YuLNMQ�

^z�¦ËXg�PDOQh�OQPZ�°LNOQPZh�Yu��O¦M_��w�O��XyXOQh�Yu��O�ïlLNOQMZL�MZWXO~rXOSY®¹;W�kmg�P�¡¦Y®MZW³MZWXO�WsY®¹;WXOSLNM�wmga]
MNOSr�MZYuJ�t�hÙJ�t[pXOnJ�L��©g�P!¡�JaP!ysYurX¹�yXOQhzY[��O��}ªÈr3MZWxY[L�O�¤XJ�j­wstuO��z�¥g�PZ¡DJaP!yxYurx¹�yXOQh�Yu��O
�¥g�P"LNOQPZh�Yu��O3Md�zwmO$RûªZ´�R�YuL�yXOQh�Yu��O�ù��µUGWzpxLQ��J�r6Yurx��g;j"Yurx¹gMzpXOQPZ� j"OSLZLZJa¹�O
MZWxJaMGLNOSJaP<�!WXOSL¦�©g�PGJ�r3ª¬r4MNOQP<rXOQM�¹;JaMNOQ¡�Ji��JaMGyXOQh�Yu��OÁïÕ=¥g�P¦J�MzpXOQPZ�qj"OSLZLZJa¹�O
��g;j­w�g;LNOSy�kz�3yXOQhzY[��Olï¿?DYuLD�¥g�PZ¡DJaP!yXOSy�MNg³yxOQhzYu��Olù��

ez�GªÈ��MZWXO"�QJawsJ��QYuMd�$g���MZWXO"LZOQPZhzY[��O�Y[rxLNMZJ�rx��O"JaMÁyXOQh�Yu��O�ì­LN¡¦YuMZ�!WXOSLn�¥PZg;j ì�MNg
ìQ`��xMZWXOnw�g�MNOSr�MZYuJ�t�£xOStuy3�<WxJ�rX¹�OSLG¡VY®MZW°MZWXOn£xP!LNM�J�yXh�OQP!MZYuLNOSj­OSr�M¦��g;r�MZJ�YurxYurX¹
MZWXOÁrXOQ¡»�QJawsJ��QY®Md���

oX�¦UGWXO¨wmg�MNOSr�MZYuJ�tºhÙJ�tupxOÁ�©g�P�LNOQPZh�Yu��O¨M_��w�OqRûªN´�RmJaMVyXOQh�Yu��O�^­�!WxJ�rx¹�OSLVMNgBìQ`��îð�e
J�rxyµJaMlyXOQh�Yu��O°ù°MNg$bz�îe�ez��UGWXOQPZOQ�¥g�PZO��§MZWXO"�¥g�PZ¡DJaP!yxYurX¹�yxOQhzYu��OqJaMlrXg�yXOqï
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MZY®Md�Hg���LNOQPZh�Yu��O°YurxLNMZJ�rx��OSLlJ�LlL!WXgi¡¦rµYurHMZWXOq£xP!LNM¨wsJaPZMÁg���MZWXOqO�¤�J�j"wst®O��§kspXMnkz�
�!WxJ�rX¹;Y[rX¹�MZWXO"�QJawsJ��QY®M_���§J�yxOQhzYu��O"�QJ�rµYurx��PZOSJ�LZO­g�P¨LZ�QJ�t®O"yXgc¡¦r�Y®MZLnY[r�WspXOSrx��O�MNg
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MZWXOlPZg;pXMZYurx¹X��ªÈ��JqrXOSY®¹;W�k�g�P¦rXg�yXOnwxPZgchzYuyxOSLGJ³LNOQP!hzYu��OlYurxLNMZJ�rx��O��mJ"LNOQPZh�Yu��OpMzpXOQPZ�
LNOSJaP<�!WxYurx¹6�©g�P�MZWsYuL3LNOQPZh�Yu��OHMd�zw�O�YuL�J�t®¡DJS��L��¥g�PZ¡�JaP<yXOSy&MNg¿MZWXO���g�PZP!OSLNw�g;rxyxYurX¹
rXOSYu¹;W4k�g�PS��ª_�~MZWXO�wmg�MNOSr�MZYuJ�t¦hÙJ�tupxOSL"g��nMd¡�g2rXOSY®¹;W�kmg�P<L��©g�P3J LNOQP!hzYu��O�Md�zwmOKJaPZO
ONMzpxJ�t½�XMZWXO¨�©g�PZ¡DJaP!yxY[rX¹­yXOQhzY[��OÁYuLGLNOSt®OS��MNOSy�P!J�rxyXg;j"tu���
ªS«�� � Ç+°
±ú³µ°�ÔPÒ�Ê+É Ì}°���ÈO³µ°
Ô
U«g$¹�OQM"J��Q��OSLZL"MNgHJ$LNOQPZh�Yu��O�YurxLNMZJ�rs��O����©g�P�O�¤XJ�j­wst®O3MNgHLNOSrxy2yxJaMZJ$MZWxPZg;pX¹;W2J�r
ª¬r4MNOQP<rXOQM³¹;JaMNOQ¡DJS��Yur4MNg MZWXO�ª¬r4MNOQP!rxOQMQ�GJ rXg�yXO�LNOSrxysL³J©MzpXOQPZ�6j­OSLZL!Ja¹�O��%UGWxYuLMzpXOQPZ� j"OSLZLZJa¹�O�YuL�PZg;pXMNOSy6J��Q��g�P<yxYurX¹$MNg$MZWXO�PZg;pXMZY[rX¹�MZJakstuO°OSr�MNP!Y®OSLf=¾psLZYurX¹BMZWXO
��g;j­w¼pXMNOSy�w�g�MNOSr4MZY[J�tv£xOStuy�?�MNg³MZWXOng�wxMZYuj"J�tºLNOQPZh�Yu��OÁYurxLNMZJ�rs��O��

�~Y
À�OQPZOSr�M�JawxwstuY[�QJaMZY®g;rxL°WxJSh�O ysY
ÀmOQP!OSr4M3��g;j"j�pxrxYu�QJaMZY®g;r&P!ONM�pxYuPZOSj­OSr�MZLQ�¦�¥g�P
O�¤XJ�j­wst®O~J�LNOSrxLNg�P�g;rxt®�qrXOQOSyxL�MNg�LZOSrxy3yxJaMZJ�MNg�J�LNOQPZh�OQP�¡VWxYut®O¦J��QtuYuOSr4M�pxLZYurX¹�J�r
¹;JaMNOQ¡DJS�"MNglJ��Q��OSLZL�MZWXO¦ªÈr�MNOQP!rXOQM�rXOQOSysL�Jnw�OQP!j"J�rXOSr�M}ksYuysY®PZOS��MZY®g;rxJ�t�PZg;pXMZY[rX¹~wsJaMZW
MNgqMZWXO¨ª¬r4MNOQP<rXOQM¦¹;JaMNOQ¡DJS����UGWXOQPZOQ�¥g�PZO��sMZWxPZOQOÁMd�zw�OSL¦�¥g�P¦OSrsy�] MNga] OSrxyB��g;j"jlpsrxYu�QJÙ]
MZY®g;r�kmOQM_¡�OQOSrKJ"�QtuY®OSr�MGJ�rxy�J­LZOQPZhzY[��OÁYurxLNMZJ�rx��O¨O�¤�YuLZMQ{

A ��ÕºÜ;ØmÕ�õ�×aþ èzÚ�� UGWXOH��g;j"j�pxrxY[�QJaMZY®g;r�Md�zwmO6RTpsrx��g;rX£xP!j"OSyvR�Y[L�pxLNOSy�MNg
LNOSrxy�yxJaMZJ�MNgqJ­LNOQPZh�Yu��OÁYurxLNMZJ�rs��O~J�rsy�rXg�PZOQwst®�°YuLDPZONMzpXOSLNMNOSyv��UG¡�g³L!pXksLNO�]M�pXOSr�M�M�pXOQP!�"j­OSLZLZJa¹�Onj"Ji�"k�OVyXOStuYuh�OQPZOSy³MNg�yxY
À�OQPZOSr�M�LNOQP!hzYu��O~YurxLZMZJ�rx��OSL�g��
MZWXO¨LZJ�j­OlLNOQPZh�Yu��OnMd�zw�O��

A àqÜ���Õ«Ø��°æ©èzÚ§ásèzÚ��¼� WXOSr�J�LNOQPZh�Yu��O°YurxLNMZJ�rx��OqPZOS��OSY®h�OSL�JkMzpXOQPZ��j­OSL!LZJa¹�O¡¦Y®MZW���g;j"j�pxrxYu�QJaMZYug;r
M_��w�O6RTJ��!¢zrXgc¡¦t®OSyX¹�OSy�R®�~YuM3LZOSrxyxL�J3�µ�À���»�Ã����~�~)�Nlz�
ksJ��Z¢�MNg~MZWXO��QtuY®OSr�MQ�§UGWzpxLQ�aMZWXOD�QtuY®OSr�M§¢zrXgc¡¦L}JaM�¡¦WxYu�<WlLZOQPZhzY[��ODY[rxLNMZJ�rx��O�MZWXO
LNOSr4M´M�pXOQP!�Bj­OSL!LZJa¹�O³JaPZP!Yuh�OSyHJ�rxyHMZWxJaMÁY®MÁJ���MZpsJ�tut®�BPZOSJ��!WXOSy g;rXO��"\V¹;J�Yurv�
J�r
J�yxysY®MZY®g;rxJ�t�MzpXOQPZ�¿j"OSLZLZJa¹�O$�QJ�r
k�O�yxOStuY®h�OQPZOSy,MNg�JµyxY
À�OQPZOSr4M°LNOQPZh�Yu��O
YurxLNMZJ�rx��O��

A �lØ¼þµê§æ¥è�Öiè�� UGWXOH�QtuY®OSr�M3OSLNMZJakstuYuL!WXOSL3Jµw�OQP!j³J�rXOSr4M3PZg;pxMZYurX¹�wsJaMZW&MNg¿J
LNOQPZh�Yu��OVYursLNMZJ�rx��O¦J�rxy³�©P!g;j rXgc¡,g;r°J�t®¡DJS��L���g;j"j�pxrxY[�QJaMNOSL�¡¦YuMZW"MZWXO¦L!J�j­O
LNOQPZh�Yu��O¨YurxLZMZJ�rx��O�=¾pxLZYurx¹+MzpXOQPZ�3j­OSLZL!Ja¹�OSLO?<�

U¦WXO³��g;j"j�pxrxYu�QJaMZYug;rHMd�zw�OSL"RTJ��Z¢�rXgc¡¦t®OSyX¹�OSyvR§J�rxy6RT��g;j­w¼t®OQMNO�R«JaPZOqJ�rxLN¡�OQPZOSy
¡¦YuMZW�JBPZOQw¼t®� j­OSLZL!Ja¹�O�� ª¬r2g�P!yXOQP�MNg�yXOStuY®h�OQP�MZWxY[LlP!OQwst®��j­OSLZL!Ja¹�O�ksJ��Z¢�MNgHMZWXO
�QtuYuOSr4MQ�XJ�rXOQ¡�LNOQPZh�Yu��O�Md�zwmO7=¾�QJ�tutuOSy��µ�À�¹����~N�����JqGrO�pvx�O���T?�Y[L�rxOQOSyXOSy°kmOS�QJ�psLNO~MZWXOQPZO
YuLDrXg­�QtuYuOSr4M�rXOQM_¡�g�PZ¢3J�yxyXP!OSLZLDMZWxJaM��QJ�r�k�O�psLNOSy3MNg­�©g�P!¡�JaP!y°MZWXOnP!OQwst®�³j­OSL!LZJa¹�O��
UGWxO�PZOQwstu�6Md�zwmO$YuL³P!J�rxyXg;j"tu��¹�OSrxOQP!JaMNOSyv�VWxOSrx��OKMZWxOB�QtuYuOSr4M°J���MZL�J�LqMZWxOKg;rxtu�
LNOQP!hzYu��OqYurxLNMZJ�rx��O³g���MZWsYuLnrXOQ¡E¹�OSrxOQP!JaMNOSyµLZOQPZhzY[��O"Md�zw�O��q\�LÁ�¥g�P¨PZOQ¹;pxt[JaP¨LNOQPZh�Yu��O
M_��w�OSLQ�¼MZWXO¨PZOQw¼t®�°LZOQPZhzY[��OÁMd�zw�OlYuLVJ�yXh�OQPZMZYuLNOSyKYur�MZWXO�rXOQMd¡�g�PZ¢�J�rxy�MZWXOÁw�g�MNOSr�MZYuJ�t
£xOSt[y3MNg"�©g�P!¡�JaP!y�PZOQwst®�°j­OSLZLZJa¹�OSLVYuL�OSLNMZJakst[YuLZWXOSyv�
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UGWxYuL}�<WxJawxMNOQP�yXOSLZ��P!YukmOSL�MZWXOVIK\¦¹;f���UGY[�GPZg;pXMZY[rX¹ÁwxPZg�MNg���g;tmLNw�OS�QY®£s�QJaMZY®g;rxL�Yur"yXO�]
MZJ�Yut½�}UGWxYuL�Yurx�Qt[pxyXOSL�MZWxO~IK\¦¹;f���U¦Yu��wxPZg�MNg���g;tmWxOSJ�yXOQPS��MZWXOnLNw�OS�QY®£s��I�\V¹;fV��UGYu�
wxPZg�MNg���g;t�j­OSLZLZJa¹�OSLVJ�rxy�MZWXOlj­OSLZLZJa¹�O¨WsJ�rxyxtuYurx¹�JaM¦J³rXgzyxO��

�S«�¬ �b±�°�ÈO³�
 ³�Ê+ÒL±ú³µ°�Ô
��Ù�Ú�Ù�Ú ý¼æ¹àaæ����YÞLå�é
UGWXO°IK\V¹;fV��UGYu�qwxPZg�MNg���g;t�Yur�MNPZg�yxpx��OSLlLNg;j­O3rXOQ¡@ysJaMZJKM_��w�OSLQ�BUGWXOq�©g;tutugi¡¦Yurx¹
tuYuLNM�yXOSLZ��P<Y®k�OSL�MZWxO¨j­g;LNM¦Y[j­w�g�PZMZJ�r4MDg;rXOSLS{

A ÏVªÈ�
��h�OQP!�"LNOQPZh�Yu��OVYursLNMZJ�rx��O¦J�rxyqJawxwstuY[�QJaMZY®g;r³��PZOSJaMNOSLDJqìS^�ðÁksYuM�uwy{qx½Nu��\qx�z��y�vxq�����)�����ú¸����¦g;r³LZMZJaPZM�pXw��}UGWsYuL�P!J�rxyXg;j ¹�OSrXOQP!JaMNOSy°r�pxjlk�OQP�J���MZL�J�L�LNOQP!hzYu��O
YuyXOSr�MZY®£xOQP~J�rxy$J�LnJBRûw�g�PZMnr�pxjlk�OQPSRsMNg�ysYuLNMZYurX¹;psYuLZW�MZWXO­yxY®ÀmOQPZOSr�M~JawxwstuYu�QJÙ]
MZY®g;rxL�P!psrxrxYurX¹ÁJaMGJ�yXOQh�Yu��O���UGWxOVÏVªÈ�9YuL�¡¦Y®MZW°WxY®¹;WqwxPZg�ksJak¼YutuY®M_��psrxY MzpXOVYur
MZWXO�¡¦Wxg;t®O�rXOQMd¡�g�PZ¢m��UGWXODwxPZg�ksJak¼YutuY®M_�ÁMNgn¹�OQM�^~ONMzpxJ�tXÏVªÈ�~L}¡¦WxOSr­��PZOSJaMZYurX¹
MZWXOSj�P<J�rxyXg;j"t®�°YuL
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ï ì
^ %*(�+-, ^/.îúÙo104ìQ`/243�5

ª¬r³JÁrXOQM_¡�g�P!¢"¡¦Y®MZW�ìQ`�RT`�`�`�rXg�yXOSLQ�4OSJ��!W3��PZOSJaMZYurX¹°ìQ`�`¨ÏVªÈ�~LQ�zMZWXOVwxPZg�ksJaksY[t
]
Y®M_�lg��mWxJSh�YurX¹ÁJn��g;tut[YuLZY®g;re=¥Md¡�gÁONMzpxJ�txÏVªÈ�~LO?§YuL�LNMZY[tutzh�OQPZ��tugi¡P=½^/.îúÙo60NìQ` 243�3 ?<�
ªÈ��YuM�WxJawxw�OSrxL�rXg;rxOQMZWXOSt®OSLZLQ�4MZWXO¦wxP!g�MNgz��g;ts�¥pxrs��MZY®g;rxJ�tuY®M_�lYuL�rXg�M�JÙÀ�OS��MNOSy°kmO�]
�QJ�pxLNOnMZWxO~ÏVª¬��L¦JaPZOÁrXg�M�pxLNOSy3MNg­PZg;pxMNOnwsJ��Z¢�OQMZLQ�skspXM�Y®M�YuL�w�g;LZLZY®kstuO¦MNg­¹�OQM
pxrxyxOQMNOQP!j"YurxY[LNMZYu��g;pXMZ��g;j­OSLS���©g�P�O�¤XJ�j­wst®O°MZWxJaM�Md¡�g�yxY
À�OQPZOSr�MlLNOQP!hzYu��O3Yur�]
LNMZJ�rx��OSL¦JaPZO~MNPZOSJaMNOSy�J�LDMZWXOÁL!J�j­O��}ª_�§J�r�YurxLNMZJ�rs��O~yxOQMNOS��MZL�MZWxJaMGY®MZL�ÏVªÈ�9YuL
pxLNOSy�k���J�rxg�MZWXOQP¦g;rXO���Y®M¦L!WXg;pxtuy�yxOSt®OQMNOlY®MZLVÏ¦ª¬�EJ�rsy�P!J�rxyxg;j"t®�°¹�OSrXOQP!JaMNO
J"rXOQ¡ g;rXO��
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A � OQPZh�Yu��OÁU��zw�O
\1~N�����JqGrO�ivx�O���°YuLÁJHìS^�ð�ksY®Mnrzpxj¨k�OQPnMZWxJaMlpxrxY MzpXOSt®��yxOQ£srXOSLnMZWXO­¢�Yurxy$g��
LNOQPZh�Yu��OÁJ�LNOQPZh�Yu��OÁYurxLNMZJ�rs��O�wsPZgih�YuyXOSLQ�}U�¡�g"yxY
À�OQPZOSr�M��QJaMNOQ¹�g�P!Y®OSL�g���LNOQPZh�Yu��O
Md�zwmOSL¦O�¤�Y[LNMQ{

9 � OStut
]dyXOQ£srxOSy�LNOQPZh�Yu��OnMd�zw�OSL
ª_��MZWXO�£xP!LZM­ú�ïHksY®M�g���J LNOQPZh�Yu��O3Md�zwmOKJaPZO�ONM�psJ�tDMNg `���MZWsYuL­LNOQPZh�Yu��O
YuL¨�QJ�tutuOSyµJ�º]���E�:�#���x��y¹�µ�µLNOQPZh�Yu��O³M_��w�O���U¦WXO³PZOSj³J�YurxYurX¹�^ 3 ( LNOQPZh�Yu��O
Md�zwmOSL�JaPZO3PZOSLZOQPZh�OSy��©g�P­LNw�OS�QY®£s�³LNOQPZh�Yu��OSLQ�HUGWXOSLNO°LNOQPZh�Yu��O°Md�zwmOSL��¥g�P
��g;j"j­g;r�LNOQP!hzYu��OSL¦LZpx�!W�J�L¦wxP!Yur�MNOQP!L��¥g�P�O�¤�J�j­w¼t®OÁ��g;pxtuy3k�OnJ�tut®g��QJaMNOSy
k���J­LNw�OS�QY®£s�~g�P!¹;J�rxY®¯SJaMZY®g;rv�
UGWXO3r�pxjlk�OQP¨g��¦ysY
ÀmOQP!OSr4Ml¡�OStut®]dyXOQ£srXOSyµLNOQPZh�Yu��OqM_��w�OSL�YuL�tuYuj"YuMNOSyHMNg
^ 3 ( ��kspXM«MZWxJaM�YuL§j­g�PZODMZWxJ�r�o~ksYututuYug;rÁJ�rxy�LZWXg;pxt[y¨LZJaMZYuLZ�©�ÁMZWxODyxOSj"J�rxy
�©g�P�LNOQPZh�Yu��OnMd�zw�OSL��©g�PVJ"t®g;rX¹­MZYuj"O��

9 Í¦J�rxyXg;jÌ¹�OSrXOQP!JaMNOSyBLNOQPZh�Yu��OnMd�zw�OSL
\ yXOQh�Yu��OK�QJ�r���g;j"wmg;LZOBrXOQ¡øLNOQPZh�Yu��OBMd�zw�OSLQ�¦�¥g�PqO�¤XJ�j­wstuOK�¥g�P�LNOQPN]
hzYu��OSL~MZWsJaMn¡�OQPZO­rXg�MnyXOQ£¼rXOSyBkmOQ�¥g�PZO�g�PnMNg�OSLNMZJakstuY[LZWKJ3rXOQ¡*P!g;pXMZYurX¹
wsJaMZW³k�OQM_¡�OQOSrqMd¡�g�yxOQhzYu��OSL\=¾LNOQO~LNOS��MZY®g;r3ez�îbz�îez����P!OSJaMNOSyqg;rqLNMZJaPZM�pXw¹?<�
UGWXOQPZOQ�¥g�PZO���J&�#�Ty���tT� ~N�����JqGrO�kvx���{��Y[L���P!OSJaMNOSy¿kz�µLNOQMNMZYurx¹BMZWxO�tuJ�LNM
e�^�ksYuMZL­MNg ¯QOQPZg�J�rxy¿P<J�rxyXg;j"t®�µ¹�OSrXOQP!JaMNOSL°MZWXO�£sP!LNMqú�ï�ksY®MZLQ��UGWXO
wxPZg�ksJaksY[tuY®Md�³MNg"¹�OQM¦M_¡�gqONM�pxJ�t�P!J�rxyXg;j�LNOQP!hzYu��OnM_��w�OSLVYuL

� =<;1=?>?%�ï@;1=?>A(N?Yï ì
^ 5�B , ìC.î^�ï"04ìQ` 2 ( 5

¶¦OSrx��O��xYuM�YuL�J¨h�OQP!�³P!JaPZO�OQh�OSr�M�MNg��!Wxg�g;LNO~M_¡�g­ONMzpxJ�t¼P!J�rxyXg;j@LNOQPZh�Yu��O
Md�zwmOSL�OQh�OSrHYurKtuJaPZ¹�O�rXOQMd¡�g�PZ¢�L�=¥¡¦Y®MZWBLNOQh�OQP!J�t§MZWXg;pxLZJ�rsyKyXOQh�Yu��OSLO?<�Vª_�
k��¨J��Q�QY[yXOSr4M�M_¡�gn�QtuY®OSr�MZL��!WXgzg;LNODMZWXODLZJ�j­O�P!J�rxyXg;j�LNOQP!hzYu��O�Md�zw�O���MZWxJaM
�QJ�rB�QJ�psLNOlMNP!g;pXkst®OÁ¡VY®MZW�PZg;pxMZYurX¹X�G\�wsJ��!¢�OQMÁ��g;pxtuy�k�Ol�©g�PZ¡DJaP!yXOSy�MNg
MZWXO¨¡GP!g;rX¹³yXOQh�Yu��OÁ¡¦WsYut®OnMZWXO�Yur4MNOSrsyXOSy�yXOSLNMZY[rxJaMZY®g;r�yXOQh�Yu��O¨yxg�OSL�rXg�M
¹�OQM¨MZWXO"O�¤�w�OS��MNOSy�wsJ��!¢�OQMQ�qª¬r$MZWXO"¡�g�P!LNMl�QJ�LNO��«MZWxO"JawxwstuYu�QJaMZYug;rHWxJ�L
MNg ��PZOSJaMNOKJHrxOQ¡ÌP!J�rxyXg;j LZOQPZhzY[��O�Md�zwmO�J�rsy¿LNMZJaPZM"��g;j"j�pxrxY[�QJaMZY®g;r
Ja¹;J�Yurv�

A ²DJawsJ��QY®M_�
��h�OQPZ�°LNOQPZh�Yu��OVM_��w�O~YuL�J�LZLNg��QYuJaMNOSy°¡¦Y®MZW°J�rO�O�w�¿rNqEvx�qhÙJ�tupxO+=¬ìSïlksY®M�Yur�MNOQ¹�OQP�?<�
UGWXO3�QJawsJ��QY®Md�2yXOSrXg�MNOSL�MZWxOBRTJ�j"g;pxr4MQR�g��VMZWxYuL�LNOQPZh�Yu��O°Md�zwmO�J$LNOQPZh�Yu��O3Yur�]
LNMZJ�rx��O­gaÀ�OQP!LQ�lËxg�PnO�¤�J�j­w¼t®O��vMZWXO­�QJawsJ��QY®M_�Kg���MZWXO­LNOQPZh�Yu��O�Md�zwmO3Rûª¬r4MNOQP<rXOQM
´~JaMNOQ¡�Ji�¼R;��g;pstuy¨yXOSrxg�MNO�MZWXO�ksJ�rxyX¡¦Y[yXMZW~g��XMZWXO�LZOQPZhzY[��O�YurxLZMZJ�rx��O�RTLºª¬r�MNOQP!rXOQM
��g;rxrXOS��MZY®g;rv�

A �«g�MNOSr�MZYuJ�t«|�J�tupXO
UGWXO��wt¿v���y�vxqG�T�����a��u��U=½e�^¦ksY®M�Wxg;JaMZYurx¹¦w�g;Yur�MO?mYuLº��g;j­w¼pXMNOSyÁ¡¦YuMZWÁJ�tut;P!OS��OSY®h�OSy
J�yXh�OQPZMZYuLNOSj"OSr4M¨j"OSLZLZJa¹�OSLng��DJ�LNOQPZh�Yu��O�Md�zw�O"pxLZYurX¹°MZWXO"yxY[LNMZJ�rx��O��¥psrx��MZY®g;r=¾LNOS��MZY®g;rKez�uìa�î^¿?<�
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UGWXO�IK\V¹;fV��UGYu��wxPZg�MNg���g;t�wsPZgih�YuyXOSL§LNOQh�OQP!J�t�r�tayN�Clauw�#�avxqGtTy´�w�T�#�T���)v����O~GMNgnyXOQ£srXO
Y®MZL�k�OSWxJihzYug�PS�}UGWXO�hÙJ�tupxOSL��QpxPZPZOSr�MZt®�"LNOQM�J�tut®gc¡&J�LNMZJakstuOVO�¤�OS�QpXMZY®g;r3kspxM�rXOQOSy3rXg�M
MNg"k�O�MZWxOÁg�wxMZYuj"J�tvLZOSt®OS��MZY®g;rv�

A �~YuLNMZJ�rx��OlËxpxrx��MZY®g;r
U«gq�QJ�tu�Qpxt[JaMNOÁMZWXO¨w�g�MNOSr�MZYuJ�tv£xOSt[yv�sJk�Tq�~�v·�ay�rO�LêOuwy�rJvxqxtTyHYuL¦pxLNOSy�MZWsJaMV��g;j�]
wspXMNOSLKMZWXOµwmg�MNOSr�MZYuJ�tlhÙJ�t[pXO ¹;Y®h�OSr»MZWXO2�QJawsJ��QY®M_�¯ì J�rxy»MZWXO�yxYuLNMZJ�rx��O�î=¾rzpxj¨k�OQPlg��GWXg�wsLO?��¥PZg;j.MZWXOqLZOQPZhzY[��O³YurxLNMZJ�rs��O³g��GJ�P!OS��OSY®h�OSyµLZOQPZhzY[��OqJ�y�]
h�OQPZMZYuLZOSj­OSr4M�j­OSLZL!Ja¹�O��KUGWXO°�QpXPZPZOSr�MlY[j­wst®OSj­OSr�MZJaMZY®g;rµpxLNOSLÁMZWxOq�¾pxrx��MZY®g;r
ë =xì�íµî×?�ïFEG ��UGWXO~w�g�MNOSr�MZYuJ�tmg��§J�LNOQPZh�Yu��O~Md�zw�OÁJaMGJ�rXgzyxO~Y[L��QJ�t[�QpxtuJaMNOSy3kz�J�yxyxY[rX¹�pXw MZWxO"w�g�MNOSr4MZYuJ�t[LÁg��GJ�tut�J�yxh�OQPZMZYuLNOSj­OSr�M�¡¦Y®MZWHMZWxY[L¨LNOQPZh�Yu��O"M_��w�O��
UGWXOnP!OSLZpxt®MZYurx¹l�¾pxrx��MZY®g;r�Y[LQ{ ñ =xì�íµîw?�ïIH ó ë ó =xì ó íµî ó ?
ïJH ó ELKG K �
ªÈM³YuL�MNg�wsYu��g����¾pXMZpXP!O°¡�g�PZ¢2MNg�OQhaJ�tupxJaMNOK¡�OStut�L!pxY®MNOSy¿yxY[LNMZJ�rx��O��¾pxrx��MZY®g;rxL
�¥g�PVyxY
À�OQPZOSr�MGpxLNOÁ�QJ�LNOSLS�s�¥g�P¦O�¤XJ�j­wst®OÁMZWxOÁ�¥psrx��MZY®g;r ë =xì�íµî×?�ï EG�M ��g;pxtuy�kmOpxLNOSy��X¡¦WXOQPZO1N3YuLGMZWXOnwsJaP!J�j­OQMNOQPVMNg³�!WsJ�rX¹�O��

A ��P!g�MNgz��g;t«�§JaP<J�j­OQMNOQP!L´=¾LZOQM¦Yur3£st®OPO�QSRCTVUXWZY\[/Q$]/[�^4_a`4[SR6OLb�?
9 � ��Í�|�ªN²D� \�� ÍV\}UG�}= ù"LNOS��g;rsyxLO?<�¦��OQ£srXOSLVMZWXOlMZYuj­O¨w�OQP!Yugzy�psr4MZYut
J"rXOQ¡»J�yXh�OQPZMZYuLNOSj"OSr4M¦j"OSLZLZJa¹�O¨YuL¦LNOSr4MQ�

9 f���ªZ´~¶V�Gí~Í ��cV²D¶�\Vfn´~� ÍV\}UG� =¬ìQ`~LNOS��g;rxyxLO?<����OQ£srXOSL§MZWXODMZYuj­O
w�OQP!Y®g�y3pxr4MZY[tvJ­rXOQ¡ rXOSY®¹;W�k�g�P�O�¤��<WxJ�rX¹�O�j­OSLZLZJa¹�O�YuL�LNOSr�MQ�

9 � ��Í�|�ªN²D� \�� U�ªNIK��í~Ï�U =¥o;`�LNOS��g;rxyxLO?<� \�r9J�yxh�OQPZMZYuLNOSj­OSr�M�YuL
yXOSt®OQMNOSy�Ja�©MNOQPVMZWxYuLDMZYuj­OÁYu�§rXg"pxw�ysJaMNO�¡DJ�LGP!OS��OSY®h�OSyv�

9 f���ªZ´~¶V�Gí~Í UGª¬IK��í~Ï�U =½ïa`µLNOS��g;rxyxLO?<�
ª_�~rXg�rXOQ¡ rXOSY®¹;W�kmg�P³O�¤�]
�!WsJ�rX¹�O­j­OSLZLZJa¹�O�JaPZP!Y®h�OSLV¡¦Y®MZWsYur�MZWxYuLVMZYuj­O��mMZWXO�rXOSY®¹;W�k�g�PVYuL�yXOSt®OQMNOSy
�¥PZg;j�MZWXOÁrXOSYu¹;W4k�g�PGtuYuLZMQ�

9 ñ~Ï���Í?d ÍV� � ��fV� UGª¬IK��í~Ï�U =½b$LNOS��g;rxyxL�?<� UGYuj­O°MNg$¡�J�YuM�psr4MZYut
J�r�pxrsJ��Z¢�rXgi¡¦tuOSyX¹�OSyfMzpXOQPZ�3j­OSLZLZJa¹�O�YuLDPZOSLNOSr�MQ�

9 IK\ec ñnÏV��Ífd Í¦� � ��f�� =½e¿?<�B��OQ£srxOSL¨MZWXO°j"JÙ¤XYujlpsj rzpxj¨k�OQPlg��
MNP!YuJ�t[L�MNglLNOSrxy³JVM�pxOQPZ�­j­OSLZLZJa¹�O�Y®�mrxgnPZOQwst®��YuL}PZOS��OSYuh�OSyv�}\¦�¥MNOQPZ¡DJaP!yxLQ�
MZWXOVMzpXOQPZ�3j­OSLZLZJa¹�O�YuL�yXPZg�wswmOSy��

��Ù�Ú�Ùg� ä+æ�ÿ\húå�àPieþCå{ùaþ
á·å�û
Ë§Yu¹;pXPZO�ez�uìnL!WXgi¡¦L�MZWXO~��g;j­w�g;LZY®MZYug;r³g��§J�IK\¦¹;f���U¦Yu��PZg;pXMZYurX¹lwsJ��Z¢�OQMQ��UGWXO�£xP!LNM
wsJaPZM3YuL³MZWxO$IK\¦² WXOSJ�yXOQP3¡¦WxY[�!W�YuL³wsPZgz��OSL!LNOSy�k��¿MZWxO$rxOQMd¡�g�PZ¢
J�yxJawsMNOQPS��ª_M
��g;rxLZYuLNMZL¦g���MZWXO�rXOQMd¡�g�PZ¢KJ�ysyXPZOSLZLNOSL¦g���MZWXO�LNOSrxyXOQP~J�rxyKMZWXO¨PZOS��OSYuh�OQP~J�rsyKJ�vx���{�
hÙJ�tupxOk=¬ìSï�ksYuMO?<�°UGWxO­Md�zwmOqhÙJ�t[pXO³yXOQ£srxOSLnMZWXOqWsY®¹;WXOQPÁt®OQh�OSt�wxPZg�MNg���g;t½�§�QpxPZPZOSr�MZt®�
MZWXOnhÙJ�t[pXO�=kj$lXj/m@j$l/^�^�?�yXOSrXg�MNOSLGMZWxJaM¦Y®MGYuL¦J"I�\V¹;fV��UGYu�nw¼J��Z¢�OQMQ�
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MAC Header MAgNETic Header Payload

Ë§Yu¹;pXPZO¨ez�uìa{���J��!¢�OQMní�h�OQP!hzY®OQ¡

Time to Live TOS Header Checksum

Flags

Version Res. Type Message Length

Fragment Offset

0

Fragment Identifier

15 31

Ë�Y®¹;pxPZO¨ez�î^z{�IK\¦¹;f���U¦Yu�nwxPZg�MNg���g;t�WXOSJ�yxOQP

� pXksLNONMzpXOSr�M�MNg¨MZWXO~I�\¦²,WXOSJ�yXOQPi�4MZWXOShkj]l�m\npoCqGr����µ�¿���)�i=¾LNOQO~LNOS��MZY®g;r°ez�î^¿?
�¥g;tut®gc¡¦LQ�«U¦WXO�wsJi�ztug;J�yv���©g;t[t®gi¡¦Y[rX¹GMZWXODI�\V¹;fV��UGYu��WXOSJ�yXOQPS����g;rxL!YuLNMZL«g��xg;rXO�g��xMZWXO
�¥g;pXPÁw�g;LZLZYukst®O­I�\V¹;fV��UGYu�"j"OSLZLZJa¹�O"M_��w�OSLi=¾LZOQO³LNOS��MZY®g;r�ez�îe¿?nJ�rxy�J�r JaPZksY®MNP!JaP!�
J�j­g;psr4Mng���yxJaMZJ��­UGWXO�j"JÙ¤�Y[jlpxjütuOSrX¹�MZWBg���J°wsJ��!¢�OQMlYuL~tuYuj³Y®MNOSy�kz��MZWxO³I�UGÏ=¾j"JÙ¤XYuj�pxj�MNP!J�rsLN�©OQPVpxrxY®MO?�g��§MZWXO¨tuYurx¢¼�
�V«Åª n o_Ëeprq&Ð�³�st�b±�ÎLÏ²ÎusYÎ@Èwv °
ÒLÉ�°
±
UGWxO°IK\¦¹;f���UGY[�³wxP!g�MNgz��g;t�WXOSJ�yXOQP�YuLlh�OQPZ� LZYuj³YutuJaPÁMNgBMZWXO³ª¬�*WXOSJ�yXOQPÕQûb�R�¡¦Y®MZW
MZWXO�j"J�KNg�P�yxY
À�OQPZOSrx��O¦MZWxJaM�rXglrXOQMd¡�g�PZ¢"J�yxyXP!OSLZLNOSL�JaP!O¦Yurx�QtupsyXOSyv�ºªÈM���g;r�MZJ�YurxL�MZWXO
�¥g;tut®gc¡¦YurX¹�£xOStuysLV=¥£x¹;pXPZO¨ez�î^¿?<{

Atx ���O~OqGtTyy�{z©��qxv|�C}�|}OQP!L!Y®g;r�g��§MZWXOÁwxPZg�MNg���g;t½�s�QpxPZPZOSr�MZt®�Kìa�
A s���~N�����T�µ�~�gz©��qxv|�C}�ÍGOSLNOQP!h�OSy��¥g�PG�¥pxPZMZWXOQPGpxLNO��
Ay� �¿r��a�)v�o{�O���)� �i��qxv|�C}�I�\V¹;fV��UGYu�¦Md�zwmOVg��vMZWXOGwsJ��!¢�OQMQ�xyXOQ£srXOSL�MZWXOVL!pXksLNO�]M�pXOSr�M¦w¼JS��t®g;J�yv�G²DpXPZPZOSr�MZt®���X�¥g�PVyxY®ÀmOQPZOSr�M�wsJ��!¢�OQM�M_��w�OSL¦O�¤�YuLZM´=¾LNOQOlLZOS��MZY®g;r
ez�îe¿?<{

9 U��zw�O"ìa{��X� �V���X�Z�V�\� �\����\�yXh�OQPZMZYuLZOSj­OSr4MV�§J��!¢�OQM
9 U��zw�O¨^z{��X� �����C�\�X���V� �X�/�\�X���X�$����fVOSY®¹;W4k�g�P¦��¤��<WxJ�rX¹�O¨��J��!¢�OQM
9 U��zw�O¨ez{��X� �V���X�Z�V�\� �����$�X����ñ~pXOQPZ�3��J��Z¢�OQM
9 U��zw�OnoX{��X� �V���X�Z�V�\� �/�/���/����ÍGOQwstu�°��J��Z¢�OQM

A h���~O~��Nl×���"��y×l¿vE� � ¡$¢¾�)qEv|�V}"��OSrx¹�MZWHg���MZWxO­wsJS��t®g;J�yb=½IK\¦¹;f���U¦Yu�­wsJ��!¢�OQM
J�rxy�g�wxMZY®g;rsJ�t�yxJaMZJ��x¡¦YuMZWXg;pXMDMZWXOlIK\¦¹;f���U¦Yu�ÁJ�rxy3MZWXO�I�\¦²%WXOSJ�yXOQP�?<�
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A ¥ �#�Nl¿�7�)y�vV¸�����y�vxq ���)�¦� ¡�¢��)qEv|�V}&Í¦J�rxyxg;j rzpxj¨k�OQP"MNgµYuyXOSr�MZY®�©��MZWXO��¥P!Ja¹a]
j­OSr�MZLDg��ºMZWXOnLZJ�j"OÁj­OSLZLZJa¹�O���ªÈ�ºrXg��¥P!Ja¹;j­OSr�MZJaMZY®g;r�YuLDpxLZOSyv��MZWXO~�©P!Ja¹;j"OSr4M
YuyXOSr�MZY®£xOQP�YuL¦LNOQMGMNg³`��

A ¥ �#�Nl¿�7�)y�v·�avxqGtTy ¥ ���Nla~§�*¨���qxv|�C}�UGWXP!OQOK�¥P!Ja¹;j­OSr�MZJaMZY®g;r�WsJa¹;L3�QJ�r&k�OKLNOQM=¾J��Q��g�P!yxY[rX¹"MNg"MZWXOnª¬�¿wsPZg�MNgz��g;tE?<{
9 ���&��[4RC[$W/©X[�]s��j�pxLNMGk�On`��
9 �Xª«�&�ST¬`ST$­@ª/W�®$¯�°�[V`X­m��LNOQM³MNg
ì�Y®��MZWXO�w¼J��Z¢�OQM3�QJ�r,rXg�MqkmO��¥P!Ja¹a]
j­OSr�MNOSyv��²DpxPZPZOSr�MZt®�qpxrzpxLNOSy��

9 �Xª«�&�ST\W�[�ª�WS®$¯�°�[C`�­�R��XLNOQMGMNgBìÁY®��JaM¦t®OSJ�LNM¦g;rXO¨j­g�PZO¨�©P!Ja¹;j"OSr4MV�©g;t
]
t®gc¡¦LQ�xLNOQMGMNgq`"Y®�ºMZWsYuLGYuLDMZWXOltuJ�LNM��¥P!Ja¹;j­OSr�MGg��«MZWxO¨j­OSLZLZJa¹�O��

²DpXP!PZOSr4MZtu�³g;rxt®�qMZWXOÁMZWxYuP!y�WsJa¹�=g�Xª�?�YuL¦��g;rxLZYuyXOQP!OSyv�
A ¥ �#�Nl¿�7�)y�v·�avxqGtTy8±A²L~)�Nv)� ¡V¨Ã��qxv|�C}6íVÀvLNOQM­g��VMZWxYuL��©P<Ja¹;j­OSr4M"Y[r MZWXO3OSr�MZY®PZO
wsJ��!¢�OQM =¾Yur�k¼t®gz�!¢zLDg���ð�kz�zMNOSLO?<�

A oCqE�7�go�t³��qE�T�w�*�¾��qxv|�C}�U«g�JSh�g;Yuy$OSrsyxt®OSLZL~t®gzg�wsL~YurBMZWXO­rXOQMd¡�g�PZ¢m�ºJ3MZYuj­O
MNg"tuY®h�O�£xOStuy3YuLDYurs�QtupxyXOSyv��UGWXO~��g;j­w�g;LNOQP�g���J�wsJ��Z¢�OQM¦LZOQMZL�MZWxYuL�£xOStuy°MNg­J�r
YurxYuMZYuJ�tvhaJ�tupXOÕ=¾�QpXPZPZOSr�MZt®��e�^¿?VJ�rxyBOQh�OQPZ��MZY[j­OlJ°wsJ��!¢�OQMÁYuL¦�¥g�PZ¡DJaP!yXOSyv�mMZWXO
UGUG��YuLVyXOS��PZOSj­OSr�MNOSy�kz��ìa�¦\�wsJ��!¢�OQMV¡VYutut�rXg�MVk�OÁ�©g�P!¡�JaP!yxOSy�Y®�}Y®MZLVUGUG�
ONMzpxJ�tvMNg³`"Ja�¥MNOQPVyxOS��PZOSj­OSr�MZYurX¹X�

A o{���{�+tÅêV�¹�)�O��qxr��&�*�f��qxv|�C}D²DpXPZP!OSr4MZt®�°pxrzpxLNOSy©=¾LNOQMGMNgq`�?<�
A ´ �µ�¿���)�PµC�w�µr��J~Ouw�¶��¡$¢��)qEv|�V} UGWxO3WxOSJ�yXOQP­�!WXOS�!¢zLZpsj LNOQPZh�OSL­MNgH�!WxOS�Z¢2Y®�
MZWXOKIK\V¹;fV��UGYu��WXOSJ�yxOQP³¡DJ�L³��g�PZPZOS��MZtu�6MNP!J�rxLZj"YuMNMNOSyv�
UGWxO�I�\V¹;fV��UGYu�
wxPZg�MNg���g;t}pxLNOSL�O�¤XJ���MZt®��MZWxO�L!J�j­O­�¥psrx��MZY®g;rKMNg���g;j­wspXMNO�MZWXO­�!WxOS�Z¢�LZpxjüJ�L
MZWXOnª¬�¿wxP!g�MNgz��g;t�Qûb�R �

UGWXOB�©P<Ja¹;j­OSr4MZJaMZYug;r�YuLqpsLNOSy�¡¦WXOSr�JµP!OStuJS��YurX¹2rXg�yXOKwsPZgih�YuyXOSL°j­g�PZO$MZWxJ�r
g;rXO"rXOQMd¡�g�PZ¢$Yur�MNOQPZ�¥J���O­¡VY®MZW$yxY
À�OQPZOSr4M¨IKUGÏ�L7=½I�JÙ¤XYuj�pxj÷U«P!J�rxLN�¥OQPnÏVrsY®MZLO?<��ª_M
YuL¨w�g;LZL!Y®kst®OqMZWxJaM­JKw¼J��Z¢�OQM­PZOS��OSY®h�OSy2�¥PZg;j¸g;rXO�rXOQM_¡�g�P!¢µYur�MNOQPZ�¾J���O3rxOQOSyxL�MNg$kmO
�©g�PZ¡DJaP!yXOSy3g;pxM�g��«MZWXOng�MZWxOQPGYur4MNOQP!�¥J���OÁ¡VY®MZW3J­LZj"J�tut®OQP¦IKUGÏl�Xª_�«MZWXOnwsJ��!¢�OQMVLZY®¯QO
O�¤���OQOSyxL"MZWxYuL�LZj"J�tutuOQP�IKUGÏl��Y®M­YuL�rXOS��OSLZLZJaPZ�µMNg�LNwstuYuM¨MZWXO�wsJ��!¢�OQM³Yur�MNgHLNOQh�OQP!J�t
�©P!Ja¹;j"OSr4MZLQ��U¦WXO"¹�g;J�t�g��GJ�r Yuj­w¼t®OSj­OSr�MZJaMZY®g;r YuLÁMNgBpxLZO"�©P<Ja¹;j­OSr4MZJaMZYug;rµJ�L�t®OSLZL
J�Lnw�g;LZLZY®kstuO��Áª_�DJ�tut}yXOQh�Yu��OSLntuY[j"Y®M�MZWXO­wsJ��Z¢�OQM�LZY®¯QO�MNg ìaRîba`�`�k��zMNOSL�=½IKUGÏEg��DJ�r
��MZWXOQP!rxOQMO?<�x�©P<Ja¹;j­OSr4MZJaMZYug;r�LZWXg;pstuy3rXg�MGk�OnrXOS��OSLZLZJaPZ��JaM¦J�t[t½�
�S«�� n °�Ô�Ô¹ÒLË-° Ð§·���°
Ô
Uºg�¢�OQOQw�PZg;pXMZY[rX¹lMZJak¼t®OSL�J�rxy3LNOQPZh�Yu��OnYurX�¥g�P!j"JaMZY®g;rqg��«J�t[t¼yXOQh�Yu��OSL�Yur°MZWXOnrXOQM_¡�g�P!¢
pXwqMNg"ysJaMNO��XOSJ��!W�yXOQh�Yu��O~w�OQP!Y®g�yxYu�QJ�tut®��LNOSrxysL�M_¡�g­M_��w�OSL�g��«j"OSLZLZJa¹�OSLQ{@���T�T�)��vxq�~)����7�)y�v�����~�~��Jlz��~°J�rxyÃy¹�)q la�w�µtT�e�µÖ�r)�×�Tyzl×���7��~�~)�Nlz��~<�qU¦WXOSLNO"j­OSLZL!Ja¹�OSL¨JaPZO³LZOSr4M
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0

Reserved

Service Type
128 bit

128 bit

Distance Advertisement Lifetime

Sequence NumberCapacity

UID Service Instance

(Advertisement n)

Service Type
128 bit

128 bit

Distance Advertisement Lifetime

Sequence NumberCapacity

UID Service Instance

(Advertisement 1)

Version

15 31

Number of Advertisements (n)

Ë�Y®¹;pXPZO¨ez�îez{�\VyXh�OQP!MZYuLNOSj­OSr�MVI�OSLZLZJa¹�O

kxP!g;J�yx�QJ�LNM�MNgBJ�t[t�yXOQh�Yu��OSL�YurµP!J�rX¹�O��$\Vr2J�yXh�OQP!MZYuLNOSj­OSr�M­j­OSLZLZJa¹�O���g;r�MZJ�YurxL�Yur�]
�¥g�P!j"JaMZY®g;rKJak�g;pXM¦MZWXO�LNOQPZh�Yu��O¨M_��w�OSL¦wxPZgih�YuyXOSy�k��3MZWXOlMNP!J�rxLZj³Y®MNMZYurX¹³yxOQhzYu��OlJ�rxy
YuL��¥g�PZ¡DJaP!yXOSy�Yur°MZWXO~OSr�MZY®PZOnrXOQMd¡�g�PZ¢m�xMZWXOnrXOSY®¹;W�k�g�PDO�¤��<WxJ�rX¹�OÁj­OSLZL!Ja¹�O¨��g;r4MZJ�Y[rxL
MZWXO­J���MZpxJ�t�P!g;pXMZYurX¹qMZJakst®OÕ=¾J�tut§wmg�MNOSr�MZYuJ�t§haJ�tupXOSLO?Gg���J°yXOQh�Yu��O­J�rxyKY[L�LZOSr4M~MNg�J�tut
yXOQh�Yu��OSLGY[r3P!J�rX¹�O��

\�yxyxYuMZY®g;rxJ�tut®�~MNgnMZWXOSLZO�wmOQP<Y®gzysYu��pXwvyxJaMNODj­OSLZLZJa¹�OSLS�4Md¡�gng�MZWXOQP�j"OSLZLZJa¹�O�Md�zw�OSL
JaPZOqwxPZgchzYuyxOSyv{�½)u������k����~�~��Jlz��~°J�rxyÃ�µ�À���»������~�~��Jlz��~��°\��Qt[Y®OSr4MÁLZOSrxyxLÁJfMzpXOQPZ�
j­OSL!LZJa¹�OGMNgÁ¹�OQM�J��Q��OSLZL�MNgÁJnLNOQPZh�Yu��OGYursLNMZJ�rx��ODg��¼MZWxOGyXOSLZY®PZOSy�LNOQP!hzYu��O�M_��w�O�� � WXOSr
J�yXOQh�Yu��OVP!OS��OSY®h�OSLDJ´MzpXOQPZ�"j­OSL!LZJa¹�O~�©g�PDJlLZOQPZhzY[��OVM_��w�O¦MZWsJaMDYuM�wxPZgchzY[yXOSLQ��JlPZOQwstu�
j­OSL!LZJa¹�OlYuL�LZOSr4MGk¼J��Z¢3MNg"MZWXO¨�Qt[Y®OSr4MQ�

��Ù���Ù�Ú ¸¼üYþ"å�ùaà¿á�é�å�Ý�å�âCàº¹ å�éTé�æ¹ã"å
ª¬r�g�P!yXOQP}MNg¨Jih�g;Yuy­MNgzg¨j�px�!W"��g;r�MNPZg;tXgch�OQP!WXOSJ�yv�zLNOQh�OQP!J�txLZOQPZhzY[��OGyXOSLZ��P!Y®wsMZY®g;rxL��QJ�r
k�O���g;tut®OS��MNOSyHYurBJ�rÃ�¿�T�T�)��vxq�~)�)����y�v-�7��~�~)�Nlz�Q�¨UGWXOQPZOQ�¥g�PZO��vJ�rHJ�yxyxYuMZY®g;rxJ�tºWxOSJ�yXOQP
YuLGwxPZOQw�OSrxyXOSy°MNg"MZWXOÁL!YurX¹;t®OnLNOQPZh�Yu��OÁJ�yXh�OQP!MZYuLNOSj­OSr�MZLQ��U¦WxYuLDWXOSJ�yXOQP¦��g;r�MZJ�YurxL¦MZWXO
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�©g;tutugi¡¦Yurx¹l£xOSt[yxLV=¥£x¹;pXPZO¨ez�îe¿?<{
A mVu×���O��� t#êUj@�T�T�)��vxq�~)�)�7�)y�vE~&��¡$¢f�)qEv|�V}Gf�pxj¨k�OQPVg���L!YurX¹;t®O¨J�yxh�OQPZMZYuLNOSj­OSr�MZL=�»C?�Yurx�Qt[pxyXOSy3Yur3MZWxYuL�j"OSLZLZJa¹�O��
A s���~)�����T���~�*�f��qxv|�C}�ÍGOSLZOQPZh�OSy��¥g�PG�¾pXPZMZWXOQPGpxLZO��
Arx �)��~�qxtTyP� �i��qxv|�C}�|}OQP!LZY®g;r³g��vMZWXOVLZOQPZhzY[��O¦J�yXh�OQPZMZYuLZOSj­OSr4MDj­OSLZL!Ja¹�O =¾�QpXPZP!OSr4M
h�OQP!LZYug;rv{GìJ?<�

UGWXO�»�J�yXh�OQP!MZYuLNOSj­OSr�MZL�JaPZOVJawxw�OSrxyXOSy�MNgÁMZWXOVj­OSLZLZJa¹�O�WXOSJ�yXOQPS��OSJ��!W³��g;rsLZYuLNM¬]
YurX¹�g���MZWXOn�©g;t[t®gi¡¦Y[rX¹�£xOStuyxLQ{

A �¹�)�O��qxr���o{�O���¼��¡C½$�k��qxv|�C} � OQPZh�Yu��OnM_��w�OÁg��§MZWXOÁwxP!gih�YuyXOSy�LNOQPZh�Yu��O��
A �ú¸�� ¸Oy{qxvxqx�av·ta�³� ¡V½$�k��qxvL}¾�BÏ¦ª¬�9g��§MZWxOnwxPZgih�YuyxY[rX¹­LNOQPZh�Yu��OÁYurxLNMZJ�rs��O��
A µY�O�w��r)qxvx�³� ¡�¢´�)qEv|�V}�²DJawsJ��QY®M_�¨g��¼MZWxYuL§LNOQPZh�Yu��O�M_��w�ODwxPZgchzY[yXOSy¨kz�ÁMZWXO�LNOQP!hzYu��O
YurxLZMZJ�rx��O��

A �¹��½)u���y�r��emSuw�����)�¦� ¡$¢Ã�)qEv|�V} � ONMzpXOSrx��OKr�pxjlk�OQP"g��nMZWXO�J�yxh�OQPZMZYuLNOSj­OSr�MQ�
��h�OQP!�³MZYuj­OnJ­yXOQh�Yu��OnLNOSrxysL�J­J�yxh�OQPZMZYuLNOSj­OSr�MGj­OSLZL!Ja¹�O��sY®MDYurx��PZOSj­OSr�MZLDMZWXO
LNONMzpXOSrx��Onrzpxj¨k�OQPDg��§MZWxYuLDJ�yXh�OQPZMZYuLZOSj­OSr4MQ��UGWXOnLNONMzpXOSrx��Onr�psj¨k�OQP�YuLDpxLNOSy
MNg"yXOQMNOS��M¦yspXwstuYu�QJaMNO~J�yXh�OQPZMZY[LNOSj­OSr�MZLQ�X�©g�P�O�¤XJ�j­wstuO~Yu�ºMZWXOnLZJ�j­OÁJ�yxh�OQPZMZYuLNO�]
j­OSr�M¦JaPZP!Yuh�OSL�Md¡¦Y[��OÁgih�OQP�yxY
À�OQPZOSr4M�w¼JaMZWxLQ�

A �pq ~�v·�Ty�r��&� ¡$¢Õ�)qEv|�V}��~YuLNMZJ�rs��Oi=¾r�psj¨k�OQP�g��}WXg�wsLO?�MNg³MZWXOÁLNOQPZh�Yu��O¨YursLNMZJ�rx��O��
A j@�T�T�)��vxq�~)�)�7�)y�v?�Yq êN�)vxqE���¿��¡$¢i�)qEv|�V}}|�J�tupxO�MNg­tuY[j"Y®M�MZWXO~yxYuLZMNP!Y®kspXMZYug;r­P!J�rX¹�O
g��}J�r�J�yXh�OQP!MZYuLNOSj­OSr�MQ��UGWXOÁLNOQPZh�Yu��O¨Y[rxLNMZJ�rx��O¨LZOQMZLGMZWXO�J�yXh�OQPZMZYuLNOSj"OSr4M¦t[Y®�©O�]
MZYuj­O¾=¾�QpXPZPZOSr�MZt®�HMNg�ð¿?¨J�rxy OQh�OQP!�µrXg�yXOqyxOS��PZOSj­OSr�MZLlMZWxO°tuYu�©OQMZYuj"O"k�OQ�©g�PZO
�¥g�PZ¡�JaP<yxYurX¹�MZWXO°J�yXh�OQPZMZYuLZOSj­OSr4MQ��\�r J�yxh�OQPZMZYuLNOSj­OSr�M¨¡VY®MZW�tuY®�¥OQMZYuj­O­ONMzpxJ�t
MNgµ` YuL"pxLNOSy¿MNg ��g;j­wspXMNOKMZWXO�w�g�MNOSr�MZYuJ�t�haJ�tupXO�kspXMqrXg�M"�¥g�PZ¡�JaP<yXOSy¿J�r��
j­g�PZO��

ËXg�P}�¾pXPZMZWXOQP�Yuj­wxP!gih�OSj­OSr�MZLQ�4��g;tutuOS��MZYurX¹~LNOQh�OQP!J�t�PZOS��OSY®h�OSy­J�yxh�OQPZMZYuLNOSj­OSr�MZL}J�rxy
�©g�PZ¡DJaP!y­MZWxOSj Yur³JÁLZYurX¹;tuOGJ�yXh�OQPZMZYuLNOSj"OSr4M�j­OSLZLZJa¹�O�PZOSyxpx��OSL�MZWXOGgch�OQP!WXOSJ�y°MNP!JTÄ³�
Yur3MZWXO¨rXOQM_¡�g�P!¢�k���J­PZOSj³JaPZ¢ÙJak¼t®OÁJ�j­g;pxr�MQ��UGWsYuLDMNOS�!WxrsY M�pxO��syXOSLZ��P!YukmOSy�Y[r�Qûe�R«YuL
MNg�wsYu�~g��§�¥pXMZpxPZOn¡�g�P!¢¼�
��Ùg��Ù�Ø À å�á·ãfÁÃÂLÜúùÅÄ�Æ
ÿ$Á
æ�â�ãúåy¹ å�éTé�æ¹ã"å
f¦OSY®¹;W�k�g�P!L�w�OQP!Y®g�yxYu�QJ�tut®�3O�¤X�!WxJ�rx¹�O"MZWXOSY®P~w�g�MNOSr4MZY[J�t�hÙJ�tupxOSL~�©g�PÁJ�tut�LNOQP!hzYu��O�M_��w�OSL
J�j­g;rX¹BOSJ��!W2g�MZWXOQPS� � Y®MZW�MZWXO°wmg�MNOSr�MZYuJ�t�hÙJ�t[pXOSL¨g���J�tut�rxOSY®¹;W4k�g�P!L�YurµP!J�rX¹�O���J
yXOQhzY[��O��QJ�r$kspsYutuy�pxwBY®MZL�PZg;pxMZYurX¹°MZJakst®O��ÁËXg�PnOQh�OQPZ�$LNOQPZh�Yu��O�Md�zw�O��vMZWXO­rXOSY®¹;W�kmg�P
¡¦Y®MZWBMZWXO­WxY®¹;WXOSLZM�w�g�MNOSr�MZYuJ�t§hÙJ�t[pXO­YuL~LNOQMÁJ�L~�©g�P!¡�JaP!ysYurX¹3yXOQhzY[��O­MNg°P!g;pXMNO7M�pxOQPZ�
j­OSLZLZJa¹�O��
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128 bit
Service Type 1

Potential of Service Type 1

0

128 bit

Number of Service Types (n)Sequence Number

128 bit

128 bit

Potential of Service Type 2

Service Type 2

Service Type n

Potential of Service Type n

15 31

’Address’ Sender

Ë�Y®¹;pxPZO¨ez�ûoX{�fVOSY®¹;W4k�g�P¦��¤��<WxJ�rX¹�O�I�OSLZL!Ja¹�O
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0

128 bit

128 bit

128 bit

Reply Service Type

Service Type

15 31

UID Service Instance

Data (optional)
arbitrary length

ReservedDistr. RangeQuery TypeHop Count

128 bit
UID Client Application

Ë�Y®¹;pxPZOÁez�îbz{Dñ~pXOQP!�3I�OSLZLZJa¹�O

UGWXO¦rxOSY®¹;W4k�g�P�O�¤X�!WsJ�rX¹�OVj­OSL!LZJa¹�O�LZMZJaPZMZL�¡¦YuMZW"J¨LZWxg�PZM�WXOSJ�yXOQP�MNglyXOSrxg�MNO¦MZWXO
r�pxjlk�OQP�g��§LNOQPZh�Yu��O~Md�zw�OSL�J�rxy3��g�PZPZOSLNw�g;rxyxY[rX¹¨w�g�MNOSr�MZYuJ�tmhÙJ�tupxOSL�Yurx�QtupxyxOSy³YurqMZWxYuL
wsJ��Z¢�OQM+=¥£x¹;pXPZO¨ez�ûoz?<{

ArÇ j-�¿�a�#��~�~ Ç �¹��y��z��� � ¡V½$�$��qxv|�C} ÍGOQwst®�&LNOQPZh�Yu��OHM_��w�O�g���MZWXO yxY[LNMNP!Y®kspxMZYurX¹
yXOQh�Yu��O�=¾LNOQO¨LZOS��MZY®g;rKez�ûoX�ûoz?<�

A �¹��½)u���y�r���mSuw�����)�"��¡C½$���)qEv|�Ù��U¦WXO�LZONM�pXOSrs��OGr�pxjlk�OQP}YuL�Yurx��PZOSj­OSr�MNOSy�¡¦Y®MZW
OQh�OQPZ�³�<WxJ�rX¹�O�g���MZWXOVPZg;pXMZYurX¹¨MZJakst®O��}ªÈ��J¨yXOQh�Yu��O¦P!OSj"J�YurxL�Yur³J�LNMZJakst®O�LNMZJaMNO
¡¦Y®MZW�rxg"�!WxJ�rX¹�O¨g��«w�g�MNOSr�MZYuJ�tuLQ��MZWXO¨LZONM�pXOSrs��OÁr�pxjlk�OQP�PZOSj"J�YursLDMZWXOÁLZJ�j­O��
UGWXO­P!OS��OSY®hzY[rX¹�yXOQh�Yu��O³�QJ�r �<WXOS�Z¢HMZWxO³LNONMzpXOSrx��O³rzpxjlkmOQPnMNgByXOQMNOQP!j"Y[rXO­Y®�
J�r��°w�g�MNOSr�MZYuJ�tuL�Yur3MZWsYuLGrXOSY®¹;W�k�g�PSRTLDPZg;pXMZY[rX¹�MZJakst®OÁWxJih�Ol�!WsJ�rX¹�OSyv�

A mVu×���O���ptÅêV�²�����JqGrO��~-��¡$¢Õ��qxv|�c��f�pxjlk�OQPGg��§LZOQPZhzY[��OnMd�zwmOSLVYur3MZWXOÁj­OSL!LZJa¹�O��
\Vt[tvLNOQPZh�Yu��OÁMd�zw�OSL¦�QpXP!PZOSr4MZtu�qO�¤XYuLNMZYurx¹"Yur3MZWXO¨LNOSrsyXOQPSRTL�PZg;pxMZYurX¹­MZJakst®OlJaPZO¨JawX]

wmOSrsyXOSy�MNg3MZWxY[L�WxOSJ�yXOQPS�vOSJ��!W�kmOQ¹;Y[rxrxYurX¹³¡¦Y®MZWBMZWXOe�¹�����JqGrO�go{���{�º��¡C½$�¼��qxv|�"�©g;t
]
t®gi¡�OSy�kz�qMZWXO � tav��)y�vxqx�a� x �T�»u��³�*¨V½��)qEv|�Ù�

ËXg�P³�¾pXPZMZWxOQP"Yuj­wxPZgch�OSj­OSr�MZLQ�DMZWXO�tuYurx¢�M�psJ�tuY®Md��MNg�OSJ��<W
rXOSYu¹;W4k�g�P"��g;pxtuy¿kmO
LZJSh�OSyKJ�rxy���g;rxLZY[yXOQPZOSy3k�OQ�©g�P!On�©g�PZ¡DJaP!yxY[rX¹­J7M�pxOQPZ�°j"OSLZLZJa¹�O��
��Ùg��Ùg� Èkß
å{ù\�É¹ å�éTé�æ²ãúå
\��QtuY®OSr�M�LNOSrxyxL�J�½Nu������´����~O~��Nl×��MNg�J��Q��OSLZLDJ¨LNOQPZh�Yu��O�YurxLNMZJ�rx��O��}UGWxO@MzpXOQPZ�­j­OSL¬]
LZJa¹�OlYuLGPZg;pXMNOSy =¾J��Q��g�P<yxYurX¹"MNgqMZWXO¨w�g�MNOSr�MZYuJ�tv£xOSt[y�g���MZWXO¨LNOQPZh�Yu��OÁM_��w�O�?�MZWXPZg;pX¹;W
MZWXO³rXOQM_¡�g�PZ¢ MNgKJ�yxOQhzYu��OqMZWxJaM¨wsPZgih�YuyXOSL¨MZWXO³LNw�OS�QY®£xOSy LNOQPZh�Yu��O³M_��w�O���\ M�pxOQPZ�
j­OSLZLZJa¹�O¨��g;r�MZJ�YurxL¦MZWXOn�¥g;tut®gi¡VYurX¹�£xOStuyxLV=¥£s¹;pXPZO¨ez�îb¿?<{
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0

128 bit

128 bit
Reply Service Type

Query Type

Data (optional)
arbitrary length

Hop Count Reserved

15 31

UID Client Application

Ë�Y®¹;pxPZO¨ez�îïz{�Í¦OQwst®�°I�OSLZLZJa¹�O

A �¹�����JqGrO�Õo{�O���&� ¡C½��k��qxv|�C} � OQPZh�Yu��OnMd�zw�OnMNg³LNOSJaP!�<W��¥g�PS�
A ��¸�� �¹�����JqGrO�S¸Oy�~�v·�Ty�r��¼� ¡C½��k��qxv|�C}DÏVªÈ�*g���MZWXOlLNOQPZh�Yu��O¨YurxLZMZJ�rx��O�� � OQM¦MNg³`
Y®�§rxg�M�¢zrXgc¡¦r�¡¦WxOSr�LNOSrxyxY[rX¹lMZWxOpM�pxOQPZ���

A s��À���»�7�¹�)�O��qxr���o{�O���³� ¡C½$�e��qxv|�C}�ª_�vMZWxO~�Qt[Y®OSr4M�J�LN¢�L��¥g�P�J¨P!OQwst®�k=xMzpXOQPZ�"M_��w�O
^3g�Ple¿?<�«J3P!OQwst®�KLZOQPZhzY[��O­Md�zwmO"Y[LnpxLNOSy$MNg�PZg;pxMNO­ksJ��Z¢$MZWXO­PZOQw¼t®�Kj­OSL!LZJa¹�O=¥�©g�P�j­g�PZOÁyXOQMZJ�Yut[LQ�xLNOQO¨LNOS��MZYug;rKez�ûoX�ûoz?<�

A ��¸��Êµ'�»qG�)y�v]j��¿���»qxrO�avxqGtTyI� ¡C½��¾�)qEv|�V}­Ï¦ª¬�@g���MZWXO"JawswstuYu�QJaMZY®g;rBMZWxJaMÁLZOSrxyxL
MZWXOpMzpXOQPZ����Ï�LNOSy�MNg³yxOStuY®h�OQPGJ­PZOQw¼t®�³MNg"MZWxO¨JawxwstuY[�QJaMZY®g;rv�

Ay´ tO��µYtTuwy�v"� �Õ�)qEv|�V}��~YuLZMZJ�rx��Oi=¾rzpxj¨k�OQPGg���WXg�wsL�?�MNg"MZWXO¨�QtuYuOSr4MQ�
AÉË u{�)�O� o{���{�P� � ��qxv|�C}$UGWxOiMzpXOQPZ�HMd�zw�O°yxOQ£srXOSLlMZWXOqk�OSWxJihzYug�Plg��GLNOSrsyXOQPS�
Yur4MNOQP<j­OSyxYuJaMNOGrXg�yXOSL�J�rxy�PZOS��OSYuh�OQP�g��sMZWxO�M�pXOQP!�lj­OSLZL!Ja¹�O´=¾LNOQOGLNOS��MZY®g;rqez�ûoz?<�

A �Vq�~�vx��q·��u�vxqxtay�sL�Tyzl×�P� � ��qxv|�C} �ºYuj³Y®MZLÁMZWXO3P!J�rx¹�O°JBPZOQwstu��LNOQPZh�Yu��OqM_��w�O3YuL
J�yXh�OQPZMZYuLNOSy3YurqMZWXO~rXOQMd¡�g�PZ¢m��ªÈ�vMZWXO�ysYuLNMNP!Y®k¼pXMZY®g;r�P!J�rX¹�OnYuL�LNOQM�MNg­`���JlPZOQwstu�
j­OSLZLZJa¹�O3YuLn�¥g�P!��OSy�MNgKMZJa¢�OqMZWxO³LZJ�j­OqPZg;pXMNO³J�LlMZWXO�MzpXOQPZ�Hj­OSLZL!Ja¹�O��3Ëxg�P
j­g�PZO¨yXOQMZJ�Y[tuLQ�xLNOQO¨LZOS��MZY®g;r�ez�ûoX�ûoX�

A s���~N�����T�µ�~� �f��qxv|�C}�ÍGOSLNOQP!h�OSy��¥g�PG�¥pxPZMZWXOQPGpxLNO��
A �´�¿v·�I�À�a�)�)qEvx�#�T���b� ��yzl�vE���C}@\ LZOQPZhzY[��O¾MzpXOQPZ�
j­OSLZLZJa¹�O���g;r�MZJ�YurxL�yxJaMZJ2g��
JaPZksY®MNP!JaP!��t®OSrX¹�MZWv�nU«g�yXOQMNOQP!j"YurxOlMZWXO�t®OSrX¹�MZWBg���MZWXO­Jawxw�OSrxyXOSy�ysJaMZJ���MZWXO
£xOStuyf����~�~��Jlz�\� ��yzl�vE�³Yur"MZWxOVI�\V¹;f���UGYu�VWXOSJ�yXOQPS=¾LNOQOVLZOS��MZY®g;r°ez�î^¿?�YuL�pxLNOSy=¾yxJaMZJ³t®OSrx¹�MZWkï�j­OSLZLZJa¹�O�t®OSrX¹�MZW°]�L!Y®¯QOng��'MzpXOQPZ�3j­OSLZL!Ja¹�OÁ¡¦Y®MZWXg;pxMGyxJaMZJ�?<�

��Ù���ÙÍÌ Î¾å{Þ]çL�J¹ å�éTé�æ¹ã"å
\�LNOQPZh�Yu��O¨Y[rxLNMZJ�rx��OnPZOS��OSYuh�OSLVJ7MzpXOQPZ�3j­OSLZL!Ja¹�O¨�¥PZg;jÌJ"�QtuYuOSr4M¦J�rsy�yXOS�QYuyXOSLG¡¦WxJaM
J���MZY®g;rBMNgqMZJa¢�O��~í~rXOlw�g;LZLZY®ksY[tuY®Md�°J�j­g;rX¹qg�MZWXOQP!L+=¾LNOQO�LZOS��MZY®g;rxL~ez�ûo°J�rxy$ez�îbz�îe¿?VYuL
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MNg³LNOSrxy�J"PZOQwst®�3j­OSLZLZJa¹�O¨ksJ��Z¢�MNg"MZWxO¨�QtuY®OSr�MQ��UGWxOnPZOQwst®�°j­OSLZLZJa¹�O���g;r4MZJ�YursLGMZWXO
�©g;tutugi¡¦Yurx¹l£xOSt[yxLV=¥£x¹;pXPZO¨ez�îï¿?<{

A s��c�����´�¹�����JqGrO�+o{�O����� ¡C½�����qxv|�C}}UGWxO�P!OQwst®�lLZOQPZhzY[��O�M_��w�O�YuL}pxLZOSy�MNgn�©g�PZ¡DJaP!y
MZWXOnPZOQw¼t®�qw¼J��Z¢�OQM¦k¼J��Z¢3MNg"MZWXO¨�Qt[Y®OSr4MQ�

A �ú¸��Ñµ'��q·��y�vUj��¿���»qxrO�avxqGtTyÒ� ¡V½$�>��qxv|�C} Ï¦ª¬�üg��nMZWXOK�QtuY®OSr�MqJawxwst[Yu�QJaMZY®g;r6MNg
yXOStuYuh�OQP�MZWXOÁPZOQwstu���

A ´ tO�8µYtTuwy�v-�*���)qEv|�V} �~YuLZMZJ�rx��O�=¾r�psj¨k�OQP�g��VWXg�w¼LO?n�¥PZg;j¸MZWXO�LNOQP!hzYu��O3Yur�]
LNMZJ�rx��O��

AÓË u������Ão{�O���Ô� � ��qxv|�C}$U¦WXO�MzpXOQPZ�HM_��w�O3yXOQ£srXOSL¨MZWXO°kmOSWsJSh�Y®g�Plg��VLNOSrxyXOQPS�
Yur�MNOQP!j­OSyxY[JaMNO¦rXg�yXOSL�J�rsy"PZOS��OSY®h�OQP�g��vMZWXOVPZOQwst®�­j­OSLZL!Ja¹�O+=¾LNOQO~LNOS��MZY®g;r3ez�ûoz?<�

A s���~)�����T���~� ¡$¢e�)qEv|�V}�Í¦OSLNOQPZh�OSy��©g�PG�¾pXPZMZWxOQPGpxLNO��
A � �av·�y�c�T�)�)qEvx�#�T���¼���)yzl¿vE�a�C}H\�P!OQwst®�Hj­OSLZLZJa¹�O���g;r�MZJ�YurxL�yxJaMZJKg��¦JaPZksYuMNP!JaPZ�
t®OSrX¹�MZW��

�S«LÕ Ö�Î×
Ø
 Ç�Ê�³ÙsYÒ�Ï²³�Î@Ê Ð§·��i°�Ô
²�g;rxLZYuyxOQP!YurX¹qMZWXO"OSrxy$MNg�OSrsy���g;j"j�pxrxYu�QJaMZY®g;r$k�OQM_¡�OQOSrµJ��QtuY®OSr�MnJ�rxy�J�LNOQP!hzYu��O
YurxLNMZJ�rx��O���yxY
À�OQPZOSr4M�¢�Yurxy�g���JawxwstuY[�QJaMZY®g;rxL}rXOQOSy�haJaPZ��YurX¹ÁJ���MZY®g;r­g���MZWXO�w¼JaPZMZYu�QY®wsJaM¬]
YurX¹�rXg�yXOSLQ��U«gKL!JaMZYuLN�¥�HMZWXOqyxY®ÀmOQPZOSr�M¨P!ONM�pxYuPZOSj­OSr�MZLQ�«MZWxO°IK\¦¹;f���UGY[�"wxPZg�MNg���g;t
wxPZgih�YuyXOSLDMZWxPZOQOir�ta� �+uwy{qGr��avxqGtTy©vx�O����~�=¾J�tuLNg³�QJ�t[t®OSy�½)u��)�O��vx�O����~�?<{

A U���w�O"ìa{�Ï�rx��g;rX£xP<j­OSy
A U���w�O¨^z{�\��Z¢�rXgi¡Vt®OSyX¹�OSy
A U���w�O¨ez{�²�g;j"wst®OQMNO
UGWXO$��g;j"j�pxrxYu�QJaMZY®g;r�M_��w�O$YuL3LNOQM�Yur,MZWxOB£sOStuy�Ú\U4[\W/ÛÜ­�Û$ÝS[¿Yur,MZWxOÃ½Nu�������7��~�~)�Nlz�Õ=¾LZOS��MZY®g;rBez�îez�îe¿?Gg�P �#�c�����e����~O~��Nl×�Õ=¾LNOS��MZY®g;r$ez�îez�ûoz?<�¦��OQw�OSrxyxYurx¹­g;r�MZWXO

��g;j"jlpsrxYu�QJaMZY®g;r�M_��w�O��¼MZWXOlYur�MNOQP!j­OSysYuJaMNOÁyXOQh�Yu��OSLGO�¤�OS�QpXMNO�yxY
À�OQPZOSr4M¦MZJ�LN¢zL¦¡¦WxYutuO
�©g�PZ¡DJaP!yxY[rX¹­J�M�pXOQP!�qg�PVPZOQwst®�°j­OSLZLZJa¹�Oi=¾yxOQMZJ�Yut®OSy�yXOSL!��P!Y®wxMZY®g;r3Yur�LZOS��MZY®g;rKez�îbz�îe¿?<�
��ÙÍÌ
Ù�Ú ÛiÜ"Ý3Ý ß]â�áÀÿwæ�à¿á�Ü"âJ���YÞLåßÞ&à©â�ÿwÜ"â�D]ù�Ý�å�ü
UGWXOV��g;j³jlpxrsYu�QJaMZY®g;rqMd�zwmO uwy�r�tayN�
���7�����QJ�r°k�OVpxLNOSyq�¥g�P�O�¤XJ�j­wstuOVMNg�LNOSrxy°LNOSr�]
LNg�P�yxJaMZJ~MNg¨J¨LNOQPZh�Yu��O�YurxLNMZJ�rx��O��}\�L�LZWXgc¡¦r"Yur�Ë�Y®¹;pXP!O¦ez� ù���JÁ�QtuYuOSr4M}LNOSrxysL�JSM�pxOQPZ�
MNg¨JÁLNOQPZh�Yu��O¦Y[rxLNMZJ�rx��OGpxL!YurX¹~MZWXO¦J�yXh�OQP!MZYuLNOSy³LZOQPZhzY[��O�Md�zwmO��}UGWxOGPZOS��OSY®h�YurX¹ÁLNOQP!hzYu��O
YurxLNMZJ�rx��OnyXOSt[Y®h�OQP!LDMZWXOVMzpXOQPZ�qMNg"MZWXOÁ��g�PZPZOSLZwmg;rsyxYurX¹�JawxwstuY[�QJaMZY®g;r3J�rxy�rXg­�¾pXPZMZWXOQP
J���MZY®g;rKY[L¦MZJa¢�OSrv�~UGWXOl�QtuY®OSr�MVyXgzOSLVrxg�MV¢�rXgi¡9MZWXO�YuyXOSr�MZY®Md��g��}MZWxOlPZOS��OSYuhzYurx¹³LNOQPN]
hzYu��O3YurxLZMZJ�rx��O°J�rsy�WsJ�L�OQh�OSr6rXgK¹;psJaP!J�r4MNOQO�MZWsJaM�MZWxOeMzpXOQPZ�µj­OSLZLZJa¹�O�J���MZpxJ�t[t®�
PZOSJ��!WXOSyµJ�LNOQPZh�Yu��O"YurxLZMZJ�rx��O��"\Vt[LNgX�«LZpxksLNONMzpXOSr4Mnj­OSL!LZJa¹�OSLl�QJ�r�kmO"yxOStuY®h�OQPZOSy$MNg
yxY
À�OQPZOSr4M�LNOQP!hzYu��OlYurxLNMZJ�rx��OSL¦Y®�ºMZWXOnw�g�MNOSr�MZYuJ�tv£xOSt[y��!WxJ�rX¹�OSyKYur3MZWXO¨j"OSJ�r4MZYuj"O��
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Service Type

Query

Data

Instance
Client Service

Ë§Yu¹;pXPZO¨ez� ù�{�²�g;j³jlpxrsYu�QJaMZY®g;r�U���w�O�{�Ï�rx��g;rX£xP<j­OSy

��Ù{Ì
Ù�Ø ÛiÜ"Ý3Ý ß]â�á�ÿwæ¹à¿á·ÜCâJ���YÞLåßÞ-¸¼ÿ$h�â�Ü�ûgç·å�ü�ãúå�ü
ªÈ�«MZWxO¨�QtuY®OSr�MGrXOQOSyxLVJ­PZOQwst®�qMNg"MZWXOpMzpXOQPZ�3j­OSLZL!Ja¹�O��¼Y®MGpxLZOSLGMZWXOÁ��g;j"j�pxrxY[�QJaMZY®g;r
M_��w�Ob�¿r���y�tTºL� �µ�Jlz�µ���ÌUGWXO$PZOS��OSY®h�YurX¹2LNOQPZh�Yu��O�YurxLZMZJ�rx��OHJ�rxLN¡�OQP!L3¡¦Y®MZW&J2PZOQwstu�
j­OSL!LZJa¹�O�MZWsJaM«J�j­g;rX¹Vg�MZWXOQP§£xOStuyxLv��g;r�MZJ�YurxL§Y®MZLºÏVª¬�¯=¾LNOQO�£s¹;pXPZO�ez�îð¿?<�}UGWXOQP!OQ¡¦Y®MZWv�
MZWXOlLNOQPZh�Yu��OÁYurxLNMZJ�rs��OÁYuL�pxrxY MzpXOSt®�qYuyXOSr�MZY®£xOSyv�

U¦WXO­�QtuY®OSr�M�¹�OSrxOQP!JaMNOSL¨J�rXOQ¡ LZOQPZhzY[��O�M_��w�OÕ�µ�À���»��vx�O���qJ�LnJ3P!J�rsyXg;jüLNOQPZh�Yu��O
M_��w�O�=¾LZOS��MZY®g;rBez�uìa�uìJ?<�V\*rXOQ¡ w�g�MNOSr�MZYuJ�t�£xOSt[y��©g�PVMZWXOlLZOQPZhzY[��OÁMd�zw�O��µ�À���»�Õvx���{��YuL
OSLNMZJak¼tuYuLZWXOSy��¨UGWXO­LNOQPZh�Yu��O­YurxLZMZJ�rx��O­LNOSrxyxL~MZWXO�PZOQw¼t®��j­OSLZL!Ja¹�O"MNg�J3wxPZgchzYuyxOQP�g��
MZWXOGLZOQPZhzY[��O�Md�zwmOU�µ�À���»�+vx���{������OS�QJ�pxLNOGMZWxOG�QtuY®OSr�M�Y[L�MZWXODg;rxt®�lLZOQPZhzY[��OGYurxLNMZJ�rx��OD�¥g�P
MZWxJaM�P!OQwst®�³M_��w�O��XMZWXOnP!OQwst®�³j­OSL!LZJa¹�OÁ¡¦Yut[tsk�O~PZg;pXMNOSy�k¼J��Z¢°MNg"MZWXOÁ�QtuY®OSr�MQ��\V¹;J�Yurv�
MZWXOQP!OGYuL�rXg~¹;pxJaP!J�r�MNOQOGMZWxJaM�Md¡�g¨LZpXk¼LNONM�pxOSr4M�M�pxOQPZ�lj­OSL!LZJa¹�OSL�JaPZP!Yuh�ODJaM}MZWxODL!J�j­O
LNOQP!hzYu��OÁY[rxLNMZJ�rx��O��

��Ù{Ì
Ùg� ÛiÜ"Ý3Ý ß]â�á�ÿwæ¹à¿á·ÜCâJ���YÞLåßÞeÛiÜCÝ>Þ�ç·å�àaå
²�g;j³jlpxrsYu�QJaMZY®g;r�Md�zw�O´r�ta�-�¹���Nv��~LNOQPZh�OSL}MNglOSLNMZJakstuY[LZW�Jnw�OQP!j"J�rXOSr�M}PZg;pXMZYurx¹ÁLNMZJaMNO
k�OQMd¡�OQOSrµMd¡�gKyXOQh�Yu��OSL�=¾LNOQOq£x¹;pXPZO³ez�îú¿?<�3Ï�rxtuY®¢�O­¡¦YuMZW$Md�zwmOqJ��Z¢�rXgi¡¦tuOSyX¹�OSyv��Md¡�g
rXOQ¡6LNOQP!hzYu��O�Md�zw�OSL�=c�#�c�����´vx���{�¤¡����#�c�����´vx���{��½ú?«J�rxylMZWXOQPZOQ�¥g�PZODMd¡�g~rxOQ¡µw�g�MNOSr�MZYuJ�t
£xOSt[yxLlJaP!O°pxLZOSyv�B\V�¥MNOQP�MZWxO°LNOQM¬]dpxw�w¼WxJ�LNO°¡¦Y®MZWµg;rXO�MzpXOQPZ��j"OSLZLZJa¹�O3OSJ��!Wv��MZWXO
�QtuYuOSr4MºWsJ�L�OSLNMZJakst[YuLZWXOSynJGLZMZJakst®O�PZg;pxMZYurX¹GLNMZJaMNO�MNg¦J¦LZOQPZhzY[��O�YurxLNMZJ�rs��O��«¶VOSrx��OQ�©g�P!MZWv�
MZWXO�Md¡�g�yxOQhzYu��OSL§��g;j"j�pxrxYu�QJaMNO�¡¦Y®MZWÁOSJ��!W�g�MZWXOQP�pxLZYurX¹¦MZWXO�M_¡�g~rXOQ¡ P!OQwst®�nLNOQPZh�Yu��O
M_��w�OSLQ�

��Ù{Ì
ÙÍÌ Î¾å{Þ]çL�IÎgÜCßYà¿á�â�ã
UGWxO°�QtuYuOSr4Mf=xMzpXOQPZ��M_��w�OSL"^BJ�rxy6e¿?lJ�rxy�MZWXO�LNOQPZh�Yu��O�YurxLNMZJ�rx��O¼=xMzpXOQPZ��M_��w�O�e¿?
pxLZO�JlP!J�rxyXg;j LNOQPZh�Yu��O�Md�zwmO �µ�À���»�7vx�O���nMZWsJaM�YuL�yxYuLZMNP!Y®kspXMNOSy­Y[r³MZWXO~rXOQM_¡�g�PZ¢³¡¦Y®MZW
J�r�J�yXh�OQP!MZYuLNOSj­OSr�M¦j­OSLZL!Ja¹�O���UGWXOQPZOQ¡VY®MZWv�zMZWXOnw�g�MNOSr4MZYuJ�t�£sOStuy°�©g�P�MZWXOnP!OQwst®�"M_��w�O
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Reply

Service Type

Data

Reply Type

Data

Reply Type

Query

Client Service
Instance

Ë�Y®¹;pXPZO¨ez�îðz{�²�g;j"j�pxrxYu�QJaMZYug;r�U��zw�O�{�\V�!¢zrXgc¡¦t®OSyX¹�OSy

Service Type

Data

Data

Query

Data
Reply

Query

Client Service
Instance

Reply Type 1

Reply Type 1

Reply Type 2

Reply Type 2

Ë�Y®¹;pXPZO¨ez�îúz{�²Dg;j"jlpsrxYu�QJaMZY®g;r�U���w�O�{�²Dg;j­wst®OQMNO
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Client

Service 
Instance

Ë�Y®¹;pXPZOÁez�uìQ`�{D��Y[LNMNP!Y®kspxMZY®g;rqÍVJ�rX¹�OÁg��}J"Í¦OQwst®� � OQPZhzY[��OÁU��zw�O

YuL�k¼pxYut®MQ� ��OS�QJ�pxLZO�OSLNMZJakstuY[LZWxYurX¹KMZWXO�w�g�MNOSr4MZY[J�tD£xOStuy�w�g;LZLZY®kstu�HMZJa¢�OSL"MNgzg�jlpx�<W
MZYuj"OqMNg$PZg;pXMNO°ksJ��!¢ MZWXO3PZOQwstu�$j"OSLZLZJa¹�O�=¾Y®��MZWXO°PZOQwstu��j­OSLZLZJa¹�O�JaPZP<Y®h�OSL¨k�OQ�¥g�PZO
MZWXO~PZg;pxMZYurX¹¨MZJak¼t®OVOSr�MNPZ�°YuL�pxw�ysJaMNOSy�?<�zJ�yXOQh�Yu��O�MZWxJaMD�©g�P!¡�JaP!ysL�J+MzpXOQPZ�³j­OSL!LZJa¹�O
��g;j­w�g;LNOSL¦J�PZg;pXMZYurX¹�MZJakstuOnOSr4MNPZ�°�¥g�PGMZWXOnPZOQwstu�³Md�zw�O�{�Y®MGLNOQMZL�MZWxOÁrXgzyxO�MZWsJaMGMZWXOMzpXOQPZ�³j"OSLZLZJa¹�On¡DJ�LDPZOS��OSY®h�OSy3�¥PZg;j J�LD�©g�PZ¡DJaP!yxY[rX¹lyXOQh�Yu��O~�¥g�P�MZWxO�P!OQwst®�­Md�zw�O��}ª_�
MZWXOqPZOQwst®�Hj­OSL!LZJa¹�O°JaP!P!Y®h�OSLÁk�OQ�¥g�PZO"MZWXOqw�g�MNOSr4MZYuJ�t�£xOStuy YuLÁOSLNMZJak¼tuYuLZWXOSy��«Y®MÁMZJa¢�OSL
MZWXOlLZJ�j­OnwsJaMZWKJ�L�MZWXOpMzpXOQPZ�3j­OSLZLZJa¹�O¨ksJ��Z¢3MNg"MZWXOl�QtuY®OSr�MQ�

U«g�tuY[j"Y®M~MZWXO­P!J�rX¹�OqJ�PZOQwst®�KMd�zw�O³YuLnyxYuLZMNP!Y®kspXMNOSy$Yur$MZWxO³rXOQMd¡�g�PZ¢m�«MZWxO­£xOStuy�Tq�~�vx��q·��u�vxqxtay��#�Tyzl×�qYur$MZWXO�M�pxOQPZ�Bj"OSLZLZJa¹�Ok=¾LNOQO³LZOS��MZY®g;r ez�îez�îe¿?nY[L�psLNOSyv��Ë§Yu¹;pXPZO
ez�uìQ`KLZWXgi¡VLnMZWXO"yxYuLZMNP!Y®kspXMZYug;r�g��DJ�PZOQwstu�KLNOQPZh�Yu��O­M_��w�O­¡¦Y®MZWHysYuLNMNP!Y®k¼pXMZY®g;rKP!J�rX¹�O
g���ìa{

A \9�Qt[Y®OSr4MGLZOSrxyxL�J7MzpXOQPZ�3j­OSLZLZJa¹�O¨MNg³J"LNOQPZh�Yu��OÁYursLNMZJ�rx��O��
A ²DtuY®OSr�MQ�mLZOQPZhzY[��O�YursLNMZJ�rx��O�J�rxy$J�tutºP!OStuJS��YurX¹°rXgzyxOSL�LZOSrxyKJ�r$J�yXh�OQP!MZYuLNOSj­OSr�M�©g�P°MZWXOKLZOQPZhzY[��O�Md�zw�O �µ�À�¹���&vx�O���$¡¦YuMZW,J�r|�¿�T�T�)��vxq�~)�)����y�v �»q êN�)vxqE���Bg��"ìa�
¡¦WxYu�<W�LNw�OS�QY®£xOSLDMZWXOÁysYuLNMNP!Y®k¼pXMZY®g;rqP!J�rX¹�O��

A UGWXOQPZOQ�¥g�PZO���MZWXO�PZOQwst®�­M_��w�O~YuL�ysYuLNMNP!Y®k¼pXMNOSy"Yur³MZWXOVP<J�rX¹�O~g���ìVWxg�wq�¥PZg;j@MZWXO
wsJaMZW�g��§MZWXOpMzpXOQPZ�°j­OSLZLZJa¹�Oe=¥MZWXOÁPZOQ¹;Y®g;r�YurxLZYuyxOVMZWXOÁysJ�LZWXOSy�tuY[rXO�?<�

fVg�MNO���MZWxJaM"MZWxO��QpXPZPZOSr�M³Yuj"wst®OSj­OSr�MZJaMZY®g;r6yXgzOSL"rXg�M³J�t[t®gi¡ÌMNg�pxLNO�MZWXOKyxYuL¬]
MNP!YukspXMZY®g;r$P!J�rx¹�O���UGWXO"PZOQw¼t®�KM_��w�OSLlJaPZOqJ�yXh�OQP!MZYuLNOSyµk��$MZWXO°YurxY®MZYuJaMNg�P�=¾�Qt[Y®OSr4Mlg�P
LNOQP!hzYu��OGY[rxLNMZJ�rx��O�?«J�rxy­LNOSr�M}kxPZg;J�ys�QJ�LNM}¡¦Y®MZW�MZWXOGyXOQ�¾J�pxt®M}J�yXh�OQP!MZYuLNOSj­OSr�M�tuY®�¥OQMZYuj­O��
�V«
	 n °
Ô¹Ô¹ÒLË-° v Ò�Ê+É7ÈO³�Ê+Ë
\�yXh�OQPZMZYuLZOSj­OSr4MqJ�rxy6rXOSY®¹;W�k�g�P­O�¤��<WxJ�rX¹�O�j­OSL!LZJa¹�OSL³JaPZOKpxLNOSy2MNg�kspsYutuy�pXw6MZWXO
PZg;pxMZYurX¹"MZJakstuOSLQ�s¡¦WsYut®OVMzpXOQPZ��J�rxy�PZOQwst®��j­OSLZL!Ja¹�OSLVJaPZO�pxLNOSy�MNg°J��Q��OSL!L�JqLNOQPZh�Yu��O
YursLNMZJ�rx��OSL�J�rxy³MNg�LNOSrxy°yxJaMZJ���UGWsYuL�LNOS��MZYug;r°yxOSLZ��P!Y®k�OSL}MZWXO~WxJ�rxystuYurX¹ng���Yurs��g;j"YurX¹
IK\¦¹;f���U¦Yu�Áj­OSLZL!Ja¹�OSL¦JaM¦J"rxgzyXO��
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check service type

check UID

check sequence 
number

check number of
hops

known

known

new

new

advertisement
get next

store and forward
advertisement drop advertisement

new

new old

old

oldnew

new old

oldnew

hops     <  hops

seq     >  seq
seq     <  seq

hops     >=  hops

seq     =  seq

Ë�Y®¹;pXP!O¨ez�uì�ìa{�\�yXh�OQPZMZYuLNOSj"OSr4M¦¶�J�rxyxt[YurX¹

��Ù�
�Ù�Ú ÷'å�ùaþ
á�ÿwå ¸¼üYþ"å{ù¿àaáÀé�å�Ý�å�âCà�� æ�â�ü]ç�á�â�ã
��OS�QJ�psLNOlJ�tutvJ�yxh�OQPZMZYuLNOSj­OSr�M¦j­OSL!LZJa¹�OSLVJaP!O¨LNOSr�MGkxPZg;J�yx�QJ�LZM¦Yur�MZWXOÁrxOQMd¡�g�PZ¢¼�mY®MGYuL
wmg;L!LZY®kst®ODMZWxJaM�JÁyXOQh�Yu��O¦P!OS��OSY®h�OSL�LZOQh�OQP!J�txMZYuj"OSL�MZWXO�LZJ�j­OVJ�yxh�OQPZMZYuLNOSj­OSr�MQ�}ª¬r­MZWxYuL
�QJ�LNO���MZWxO�yxpXwstuY[�QJaMNO°j­OSL!LZJa¹�O�YuL­yXP!g�wxw�OSyv� ªÈ�¦MZWXO�J�yxh�OQPZMZYuLNOSj­OSr�M³YuL�rXOQ¡¨��MZWXO
yXOQhzY[��O�WxJ�LDMNg­pXwvyxJaMNO~Y®MZL�PZg;pXMZY[rX¹lMZJak¼t®O�J�rsy°LZMNg�PZOnMZWXOnJ�yXh�OQPZMZYuLZOSj­OSr4MQ��\VtutmrXOQ¡
J�yXh�OQPZMZYuLNOSj"OSr4MZLVrXOQOSy�MNg³k�On�¥g�PZ¡DJaP!yXOSy�kxP!g;J�yx�QJ�LNMGMNg³J�t[t�yXOQh�Yu��OSLGYur�P<J�rX¹�OÁ¡¦Y®MZW
g;rXOVO�¤X��OQwxMZY®g;r�{�Y®�vMZWXO��¿�T�T�)��vxq�~)�)����y�v���q ê)�Nvxq�����=¾LNOQOnLNOS��MZY®g;r�ez�îez�uìJ?�YuL�ONM�psJ�t¼MNg­`��
MZWXO¨J�yXh�OQPZMZY[LNOSj­OSr�M¦MZYuj­OSy�g;pXM¦J�rxyKYuLGyXP!g�wxw�OSyv��UGWxO¨J�yXh�OQPZMZYuLZOSj­OSr4M�tuY®�¥OQMZYuj­OnYuL
LNOQMDMNg"J�r°Y[rxY®MZYuJ�tshÙJ�tupxO~JaMDMZWXOnLNOQP!hzYu��OnYursLNMZJ�rx��O7=¾J���MZpxJ�tut®�°e�^¿?�J�rxy�yXOS��PZOSj­OSr�MNOSy
k���OQh�OQPZ�¿yXOQh�Yu��O�k�OQ�¥g�PZO��¥g�PZ¡�JaP<yxYurX¹X�,U¦WXOQPZOQ¡¦Y®MZW���Y®M"YuL"wmg;L!LZY®kst®O3MNg t[Yuj"Y®M�MZWXO
yxYuLNMNP!YukspXMZY®g;r³P!J�rX¹�OÁg��}J�r�J�yXh�OQP!MZYuLNOSj­OSr�M¦Yur3MZWXOlrXOQMd¡�g�PZ¢m�

UGWXO"WxJ�rsyxtuYurX¹°g���J�r Yurs��g;j"YurX¹�J�yXh�OQPZMZY[LNOSj­OSr�MlYuLnLZWxgi¡¦rµYur$£x¹;pXPZO³ez�uì�ìa�3ªÈ�
MZWXOV~N�����JqGrO�Uvx�O���ng��vMZWXO¦PZOS��OSYuh�OSyqJ�yXh�OQP!MZYuLNOSj­OSr�M�yxg�OSL�rXg�M�O�¤XYuLNMZL�Yur­MZWxOVyXOQh�Yu��O�RTL
PZg;pXMZYurX¹nMZJak¼t®O��4MZWXOVJ�yXh�OQPZMZYuLNOSj"OSr4M�YuL�LNMNg�P!OSy³J�rxy­�¥g�PZ¡DJaP!yXOSyv��ªÈ��MZWXO¦LNOQPZh�Yu��OGM_��w�O
YuLnJ�t®PZOSJ�yX�K¢zrxgi¡¦rv�ºMZWXOy��¸��üg���MZWxO"LNOQPZh�Yu��O"YurxLNMZJ�rs��O"YuLn�!WXOS�!¢�OSyv�³\ rXOQ¡ ÏVªÈ�
yXOSrXg�MNOSLÁMZWsJaM¨MZWXO"O�¤XYuLNMZY[rX¹�OSr4MNP!�H¡¦Y®MZWHMZWxY[LÁLNOQPZh�Yu��O"M_��w�O³Yur�MZWXO"PZg;pXMZY[rX¹�MZJakst®O
PZOSLZpxt®MZL��©PZg;j@J¨ysY
ÀmOQP!OSr4M�LZOQPZhzY[��O¦wxPZgchzY[yXOQP�g��vMZWXO�LZJ�j­O�LNOQPZh�Yu��O¦M_��w�O��}UGWXOQPZOQ�¥g�PZO��
MZWXOÁJ�yXh�OQPZMZYuLZOSj­OSr4MVYuLGLNMNg�PZOSy�J�rxy��¥g�PZ¡�JaP<yXOSyv�

ª_�§k�g�MZW�LNOQP!hzYu��O¨Md�zwmOlJ�rxy�ÏVªÈ�*JaP!O¨¢�rXgi¡¦r��sY®M¦YuL¦Jakmg;pxM¦J�rXg�MZWXOQP���g�w���g��}J�r
O�¤�YuLZMZYurX¹�J�yXh�OQP!MZYuLNOSj­OSr�MQ�HUGWXOqyxOQhzYu��O°MZWXOSr2��g;j­wsJaP!OSLlMZWxOqPZOS��OSYuh�OSy�J�yxh�OQPZMZYuLNO�]
j­OSr4M�MNglMZWxOVLNMNg�PZOSyqg;rXO��}ªÈ��MZWXOV~N�µ½)u��)y�rO�Sy{uw�7�O���ÁYuL�WxY®¹;WXOQPi�4MZWXO�J�yXh�OQPZMZYuLNOSj"OSr4M
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known

exchange message

check sequence 
number

seq

new

set new timeout

seq
new

> seq
old new

seq<=
old drop message

set new timeout

get next neighbor

check neighbor

neighbor services
add / update

and routing infos

’address’

Ë�Y®¹;pXPZOÁez�uìS^z{Df¦OSY®¹;W�k�g�P¦I�OSL!LZJa¹�Ol¶�J�rxyxtuY[rX¹

YuL�rXOQ¡�OQP�J�rxy°MZWXOQPZOQ�¥g�PZOVP!OQwstuJ���OSL�MZWXO�g;tuy³g;rxO��zMZWxO~rxOQ¡�J�yXh�OQP!MZYuLNOSj­OSr�M�YuL�LZMNg�PZOSy
J�rxy �©g�P!¡�JaP!yxOSyv�3ª_�DMZWXO°LNONM�pxOSrx��OqrzpxjlkmOQPlYuL¨LZj³J�tut®OQPS�«MZWXO"PZOS��OSY®h�OSy�J�yXh�OQPZMZY[LNO�]
j­OSr�M}YuL§yXPZg�wxw�OSyv�«ª_�xMZWxO�LNONMzpXOSrx��O�rzpxjlkmOQP<L«JaPZODONMzpxJ�t½��MZWXODLZJ�j­O�J�yXh�OQP!MZYuLNOSj­OSr�M
JaPZP<Y®h�OSyBMd¡¦Yu��O�gih�OQPlyxY
À�OQPZOSr4M�wsJaMZWxLS��WxOSrx��OlMZWxO�y�u×���O���7tÅê´�×tO��~"YuL~��g;rxLZY[yXOQPZOSyv�
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A Ï¦wvyxJaMNOÁMZWxOÁrXOSY®¹;W�kmg�PiRTLDwmg�MNOSr�MZYuJ�tvhaJ�tupXOSLG�©g�P¦J�t[tvLNOQPZh�Yu��OnMd�zw�OSLQ�
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j­OSLZL!Ja¹�O¨Y®�§MZWXOn�©g�P!¡�JaP!ysYurX¹­yXOQh�Yu��O¨rXOQOSyxLGMNg"k�O~�<WxJ�rX¹�OSyv�
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rXOQMd¡�g�PZ¢6Yur�MNOQPZ�¥J���O���UGWXOQPZOQ¡VY®MZWv��YuM"YuL­w�g;LZLZY®k¼t®OqMNg�J��Q��OSLZLqMZWXO�yxJaMZJ�t[YurX¢µt[JS��OQP
yxY®PZOS��MZt®�°J�rxy�LN¢�Y®w�MZWXOÁª¬�,J�rsy�UV²D�¿t[JS��OQP!L =¾LNOQOÁ£x¹;pXP!OnoX�uìJ?<�

UGWXO�rxOQMd¡�g�PZ¢¿Yur�MNOQPZ�¥J���OByXOStuY®h�OQP<L"J�tut�PZOS��OSYuh�OSy,wsJ��!¢�OQMZL°MNg MZWXOKP!JS¡ LNgz�!¢�OQMQ�
UGW�psLQ�vMZWXO³IK\¦¹;f���UGY[�­wxPZg�MNg���g;t�WxJ�LnMNgK�!WXOS�!¢$YuMZLNOSt®��Yu��MZWXO"P!OS��OSY®h�OSyHwsJ��!¢�OQMlYuL
JqIK\¦¹;f���UGY[�ÁwsJ��!¢�OQM�g�P~yXPZg�wKY®M¦g�MZWXOQP!¡¦YuLNO���\*LNw�OS�QY®£s�ÁhÙJ�tupxOi=¾�QpXPZPZOSr�MZt®�wj�l/j/mj$l/^�^�?ºYur¨MZWxO�­�Û$ÝS[�£sOStuy�g��sMZWXOGIK\¦²2WXOSJ�yXOQP}YurxysYu�QJaMNOSL§MZWxJaM}MZWXODPZOS��OSY®h�OSy�wsJ��!¢�OQM
J���MZpxJ�tut®�3YuL�J³IK\¦¹;f���U¦Yu�~wsJ��Z¢�OQMQ�



eÙo ÿ�X\Z@[U����,'Ï×`b!ÅÂ�[� C�]Â������{Z-��!)���

Datalink

Network

raw socket

MAgNETic protocol

Ë�Y®¹;pxPZO~oX�uìa{�Í¦Ji¡ � g��Z¢�OQMZL

Õ «�� Ð]\+±�°�ÒLÉ�Ô
UGWxOlI�\V¹;f���UGYu�ÁwxPZg�MNg���g;tºLNMZJaPZMZLV£xh�OÁMZWxPZOSJ�yxL¦JaM¦MZWXO¨k�OQ¹;YurxrsYurX¹X��OSJ��!WKPZOSLNw�g;r�]
LZYukst®O~�©g�PVJ"LNw�OS�QY®£s��Md�zw�Ong���MZJ�LN¢zLS{

A � èzÜ;è�Ý �mè�Ö��«×cèzöxÚJ� ÍGOS��OSY®h�OSL�MZWXO�wsJ��!¢�OQMZL��©PZg;j»MZWXODrXOQMd¡�g�PZ¢¨Y[r4MNOQPZ�¾J���ODJ�rxyOSY®MZWXOQP��¥g�PZ¡�JaP<yxLDMZWXOSj MNg"J�rXg�MZWXOQPVyXOQhzY[��O~J��Q��g�P<yxYurX¹�MNg­MZWXOnPZg;pxMZYurX¹�MZJakst®O
g�PVyXOStuYuh�OQP!LDMZWXOSj�MNg"MZWxO¨��g�PZPZOSLNw�g;rxysYurX¹�MZWXPZOSJ�y��¥g�PG�¾pXPZMZWXOQP¦WsJ�rxyxtuYurx¹X�

A ß»ösá¼Õ«è4ÖcÝ¥Ü�Ö��º×Ùè�ösÚB� ´�OQMZL�J�tutVJ�yXh�OQPZMZYuLZOSj­OSr4M�J�rxy�rXOSY®¹;W�k�g�P³O�¤X�!WxJ�rx¹�Oj­OSLZLZJa¹�OSL§�¥PZg;j%MZWXO�PZOS��OSY®h�O�MZWXPZOSJ�y�J�rxy¨psLNOSL�MZWXOSj»MNg¦k¼pxYutuynpXwlMZWXO�P!g;pXMZYurX¹
MZJakst®O��

A älÝ¾þµè�×µÖ��«×cèzöxÚJ� Í¦OSLNw�g;rxLZY®kstuO³�¥g�P"J�tutDw�OQP!Y®g�yxYu�³J���MZYug;rv{�LNOSrxyxL�w�OQP!YugzyxY[�J�yXh�OQPZMZYuLNOSj"OSr4M�J�rxy rXOSYu¹;W4k�g�PÁO�¤X�!WxJ�rx¹�O°j­OSL!LZJa¹�OSLlJ�rsy���g;r4MZY[r�pXg;psLZt®�$PZO�]
j­gih�OSLVg;tuy�yxJaMZJ��

A � Û«èz×JI6Ö��«×Ùè�öxÚJ� ¶VJ�rsyxt®OSLGJ�tut�MzpXOQPZ�3J�rxy�P!OQwst®�qj"OSLZLZJa¹�OSL�J�rxy�YuL�J�tuLZg"PZO�]LNw�g;rxLZY®kstuO}�©g�P�MZWXOD��g;j"j�pxrxYu�QJaMZY®g;r�k�OQMd¡�OQOSr�MZWXO�I�\V¹;fV��UGYu��wxPZg�MNg���g;tzJ�rxy
MZWXO�JawswxPZg�wxP!Y[JaMNO�JawxwstuY[�QJaMZY®g;rxL]=¾LZOQPZhzY[��O�YurxLZMZJ�rx��OSL«J�rsylLNOQP!hzYu��O���g;rxLZpxj"OQP!LO?<�

A ÔSÕmÖiè�×ÙöxÜ�ÖÙÝ©ØmÕ�Ö��«×Ùè�öxÚJ��� J�YuMZLq�¥g�P3J pxLNOQP3YurXw¼pXM"J�rxy¿O�¤�OS�QpXMNOSL°MZWXO$yXO�]
LZY®PZOSy$J���MZY®g;rv��psLNOSy�MNg�J��Q��OSL!LÁJ3LNOQPZh�Yu��O�Y[rxLNMZJ�rx��Of=¾LNOSrxy$JeMzpXOQPZ�{?GJ�rxyB�¥g�P
yXOQkspX¹�¹;Yurx¹­MZJ�LN¢zLS�

U¦WXO¦j"J�Yur³J�yXhÙJ�r�MZJa¹�O�g���psLZYurX¹ÁyxY®ÀmOQPZOSr�M}MZWXPZOSJ�ysL�YuL}MNglO�¤zOS�QpxMNOVLNOQh�OQP!J�tsMZJ�LN¢�L
Yur"wsJaP!J�tut®OSt�=¥g�P�wsLNOSpxyxga] wsJaP!J�tut®OSt�Y®�mMZWXOQPZOVYuL}Yur­�¾J���M²KZpxLNM�g;rXO¦wxPZg���OSLZLNg�P�JihÙJ�Yut[Jakst®O�?<�
UGWxOQPZOQ�©g�P!O��;J¦MZJ�LN¢l¡¦Yutut4rXg�M«k¼t®gz�!¢¨J�rXg�MZWXOQPi��Ëxg�P§O�¤XJ�j­wstuO���MZWXO�w¼J��Z¢�OQM}�¥g�PZ¡�JaP<yxYurX¹
LZWxg;pxtuyÁk�O�O�¤zOS�QpxMNOSy­J�L��¥J�LNM}J�L§w�g;LZLZY®k¼t®O�J�rxy�rXg�M§k�O�kstugz�!¢�OSylkz�¨J~t®OSLZL�Yuj"wmg�P!MZJ�r4M=¾J�rxy°rXg�M�MZYuj­OV��P<Y®MZYu�QJ�t�?§MZJ�LZ¢³tuY®¢�OGw�OQP!YugzyxY[���Qt®OSJ�rxYurX¹lpXw���ÏVLZY[rX¹lLNOQh�OQP<J�tsMZWXP!OSJ�yxLQ�
MZWXO¨�©g�PZ¡DJaP!yxY[rX¹­g��}J"wsJ��!¢�OQM�rXOQOSysLGrXg�M¦MNgq¡�J�YuM¦pxr�MZYut�MZWXO¨�Qt®OSJ�rsYurX¹³pXw�MZJ�LN¢�WxJ�L
£srsYuLZWXOSy$J�rxyH�QJ�rHk�O�O�¤�OS�QpXMNOSy Yur$w¼JaP!J�tut®OSt½��ª¬r$MZWXO­�©g;t[t®gi¡¦Y[rX¹X�vMZWXO­MZWXPZOSJ�ysLnJaPZO
Yut[tupxLNMNP!JaMNOSyµYur j"g�PZO°yxOQMZJ�YutDJ�rxy MZWxO°��g;j"j�pxrxY[�QJaMZY®g;r k�OQM_¡�OQOSr2MZWXOSj¸YuLlkxP!YuO)Wx�
g;pXMZt[YurXOSyv�
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Init:

yes

no

no

yes

yes

no

wait for next packet
(blocking) is for this device

check if packet

forward packet
(routing table)

test if packet is
fragmented

add  to fragments
list

check if packet is
complete

get packet
identifier

reassemble
packetthread

magnetic thread

check if it is a
MAgNETic packet

no: drop packet

yes

deliver to ad / nb message

deliver to query

query / reply message

initialize interfaces

Ë�Y®¹;pxPZOnoX�î^z{�Í¦OS��OSY®h�OlUGWxPZOSJ�y
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neighbour exchange

service ad

(blocking) identifier
wait for next message get message 

exchange 
(see section 3.3.1)

(see section 3.3.2)
advertisements
handle service

if desired:
collect ads

forward ads
if necessary

Init:

handle neighbor

initialize routing table
initialize communication structures

Ë�Y®¹;pXPZOnoX�îez{DI�Ja¹;rxOQMZYu�¨UGWxPZOSJ�y

test if another timerno

yes

wait for next timeout
(blocking)

execute handling

set new timeout
if necessary

did timeout

get timeout handler tasks

Init: send first service advertisement
set advertisement send timer
set neighbour exchange send timer
set all periodic actualization timer

Ë�Y®¹;pxPZOnoX�ûoX{�UGY[j­OQPGUGWXPZOSJ�y
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(blocking)
wait for next message get message

identifier

query
save data in file

reply

send reply message
(if desired)

Init:

deliver data to 
application

initialize communication structures

Ë�Y®¹;pXPZOnoX�îbz{�ñ~pXOQPZ�3UGWXPZOSJ�y

=¾LNOQOnJawxw�OSrxysY
¤���?<{�LNOSrsyqJ M�pxOQPZ�"j­OSLZLZJa¹�O��X¡¦P!Y®MNOGg;pXMDYur�MNOQP!r°yxJaMZJ�=¥�¥g�PDO�¤�J�j"wst®O
MZWXO�PZg;pXMZYurX¹DMZJakstuO�?<�Ù�<WxJ�rX¹�O�MZWXO�wxPZgih�YuyXOSynLZOQPZhzY[��OSLvg�PºpxLNO�IK\¦²HJ�ysyXPZOSLZL�£stuMNOQP!YurX¹X�
UGWxODY[r4MNOQP!J���MZYug;r�MZWXPZOSJ�y­wxP!gz��OSLZLZOSL�MZWXO�yXOSLZY®PZOSy�MZJ�LN¢�J�rxy�¡DJ�Y®MZL��¥g�P}MZWXOGrXO�¤�M�pxLNOQP
YurxwspXMQ�
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UGWxO�yxY®ÀmOQPZOSr�M�MZWXPZOSJ�yxL�O�¤�OS�QpXMNO"YurxyXOQw�OSrxyxOSr4MGMZJ�LZ¢zLQ�vk¼pXM�LZg;j­OQMZYuj­OSL�MZWXOQ�BrXOQOSy
MNg���g;j"j�pxrxYu�QJaMNO­J�j­g;rx¹qMZWXOSj³LNOSt®h�OSLQ�nË�Y®¹;pXPZO�oX� ùqLZWXgc¡¦L¦MZWxO�rxOS��OSLZLZJaPZ��MZWxPZOSJ�y
Yur�MNOQP!J���MZY®g;rsLQ�

A UGWXO�PZOS��OSY®h�O�MZWxPZOSJ�y­¹�OQMZL�MZWxO�wsJ��Z¢�OQMZL��©PZg;j MZWXOGrXOQMd¡�g�PZ¢�Yur�MNOQPZ�¥J���OVJ�rxy­yXO�]
tuY®h�OQP!L~MZWXOSj MNg�MZWXO"��g�PZP!OSLNw�g;rxyxYurX¹°MZWXPZOSJ�y>=¾j"Ja¹;rXOQMZYu�³g�PpM�pxOQPZ�KMZWxPZOSJ�y�?<�
UGW�psLQ�vMd¡�g¼uwy{y��T���µ����q ����~³JaP!O���P!OSJaMNOSyH¡¦Y®MZWBMZWXO�PZOS��OSY®h�O­MZWxPZOSJ�y$g;r$MZWXO
¡GP!Y®MNO�OSrxy6J�rsy2MZWXO�j"Ja¹;rXOQMZYu��g�P�M�pxOQPZ� MZWXP!OSJ�y6g;r6MZWXO�PZOSJ�y¿OSrxyv�2UGWXO
j"Ja¹;rXOQMZYu�qJ�rxy�MzpXOQPZ�$MZWXPZOSJ�ysL¨JaPZOqkst®g��Z¢�OSy psr4MZYut�MZWXO"PZOS��OSY®h�O°MZWXPZOSJ�yµyXO�]
tuY®h�OQP!L�J°wsJ��Z¢�OQMnMNg°MZWXOSj k���¡GP!Y®MZYurx¹"MZWXO�j­OSj­g�PZ��J�ysyXPZOSLZL�g���MZWXO�wsJ��!¢�OQM
Yur4MNglMZWXO�wsY®w�O��«UGWxOSrv�4MZWXO�j"Ja¹;rXOQMZYu�Vg�P�MZWXO@MzpXOQPZ��MZWXPZOSJ�y°WxJ�rxyst®OSL�MZWXO�yXO�]
tuY®h�OQPZOSy3wsJ��!¢�OQM¦¡¦WsYut®O~MZWXOnPZOS��OSY®h�O¨MZWXPZOSJ�y�¡DJ�Y®MZL��¥g�PGMZWXOÁrXO�¤�M�wsJ��!¢�OQM¦�¥PZg;j
MZWXO¨rXOQM_¡�g�PZ¢�Yur�MNOQPZ�¾J���O��

A \Vr�YursyxY®PZOS��M���g;j"jlpsrxYu�QJaMZY®g;r°k�OQMd¡�OQOSr3MZWXO~MZWXPZOSJ�yxL�MZJa¢�OSL�w¼tuJ���OnpxLZYurX¹lMZWXOPZg;pXMZYurX¹3MZJakstuO��lUGWXO­j"Ja¹;rxOQMZYu��MZWXPZOSJ�yHYuL~P!OSLNw�g;rxLZY®kstuOÁ�©g�PÁ��g;j"wmg;L!YurX¹3MZWXO
PZg;pXMZYurX¹°MZJakst®O�OSr�MNP!Y®OSL�¡¦WxYutuOÁMZWXO�PZOS��OSY®h�O��úMzpXOQPZ��J�rxy$Yur�MNOQP!J���MZY®g;rBMZWXP!OSJ�yxL
pxLNOÁY®M�MNgq¹�OQMGMZWXOÁ�¥g�PZ¡DJaP!yxYurX¹"IK\¦²�J�yxyxPZOSLZLDMNg³LNOSrsy�J­wsJ��!¢�OQMQ�
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wait for user input
(blocking)

Init:

get request 
from pipe

or send a query message

initialize communication structures
(shared memory, communication pipes)

write out the routing table
for example:

handle request

Ë�Y®¹;pXP!OnoX�îïz{�ª¬r4MNOQP!J���MZYug;r�UGWXP!OSJ�y

Receive Thread

Magnetic Thread

Unnamed Pipe

Table

Routing

Tools

Timer Thread

Interaction Thread

Shared Memory

Unnamed Pipe

Unnamed Pipe

Query Thread

Applications

MAgNETic Implementation

Named Pipe

Ë�Y®¹;pXP!OnoX� ù�{�²�g;j"j�pxrxYu�QJaMZYug;r3kmOQM_¡�OQOSrKUGWXPZOSJ�ysL
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A UGWXO�MZYuj­OQP§MZWXPZOSJ�y�rXOQOSyxL�rXgV��g;j³jlpxrsYu�QJaMZY®g;rl¡¦Y®MZWlg�MZWXOQP�MZWXPZOSJ�yxL«¡¦Y®MZWlg;rXOO�¤���OQwxMZYug;rv{�MZWXOiMzpXOQPZ�$MZWXPZOSJ�yµ�QJ�rµLZOQMlJ�r�J�yxyxY®MZY®g;rsJ�t�MZYuj­OQP¨MNgBPZOSLNOSrsy�JM�pXOQP!�¨j­OSLZLZJa¹�O�Y®�xrxg�J�rxLZ¡�OQP�¡DJ�L«P!OS��OSY®h�OSy�¡¦Y®MZWxY[rÁJ~LNw�OS�QY®£s��MZY[j­O�Yur�MNOQPZhaJ�t½�
Uºg³LZOQMGMZWXO¨J�yxysY®MZY®g;rxJ�tmMZYuj­OQPi�xJ�r¼uwy{y��T���µ�p�¹qõ����Y[LGpxLNOSyv�

A UGWXOl��g;j³jlpxrsYu�QJaMZY®g;r�k�OQM_¡�OQOSrKMZWXOlY[r4MNOQP!J���MZYug;r�MZWXP!OSJ�y�J�rxyKJ"MNgzg;tºg�P~JawX]wstuYu�QJaMZY®g;rg=¾LNOQOVJawswmOSrsyxY
¤­�L?�YuL�Y[j­wst®OSj­OSr�MNOSy­¡¦YuMZW³J�~O�×�T�µ�µ�������7tT���"JaPZOSJ
MNglyXOStuYuh�OQP�yxJaMZJ¨J�rxy³J�y��T���µ�\��qõ�{�VMNglYurX�¥g�P!j�MZWXOGj³Ja¹;rXOQMZYu�GwsPZg�MNgz��g;txMZWxJaM
MZWXOQPZO"YuL~LNg;j­O�¡�g�PZ¢BMNg3yxgX�lUGWXO­Yur�MNOQP!J���MZY®g;r$MZWxPZOSJ�yHYuL�kst®g��Z¢�OSyHpxr�MZYut§J�r
JawxwstuYu�QJaMZYug;r3¡GP!Y®MNOSLGJ�r�YurxLNMNP!ps��MZY®g;r°MNg"MZWXOÁwsYuwmO��

A UGWXOpMzpXOQPZ�°MZWXPZOSJ�yKLNOSrxyxLGJ³LZY®¹;rxJ�tvMNg³MZWXO¨��g�PZPZOSLZwmg;rsyxYurX¹­Jawxwst[Yu�QJaMZY®g;r�Y®�§JPZOQwst®�­JaPZP!Yuh�OSyv�§U¦WXO¦PZOS��OSYuh�OSyqyxJaMZJlYuL�yxOStuY®h�OQPZOSy"psLZYurX¹nMZWXO�LZWxJaPZOSyqj­OSj­g�PZ�
JaPZOSJ��&ª_�~J�MzpXOQPZ�2j­OSLZLZJa¹�OBJaPZP!Y®h�OSL³�©g�PqJ LNOQPZh�Yu��O�YursLNMZJ�rx��O��DMZWXO�yxJaMZJµYuL
¡GP!Y®MNMNOSr­MNglJn£st®OGJ�rxy³JnPZOQwst®��YuL}LNOSr�M�J�pXMNg;j³JaMZYu�QJ�tut®��Y®�¼yxOSLZY®PZOSyv�4kmOS�QJ�psLNOGJaM
MZWXO�j"g;j­OSr4MQ�zMZWXOQPZO�JaPZO~rXglJawxw¼tuYu�QJaMZY®g;r­P<pxrxrxYurx¹�MZWsJaM�wxP!gih�YuyXOGMZWXO�LNOQPZh�Yu��O
Md�zwmOSLS�
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UGWXOnI�\V¹;fV��UGYu�VwxPZg�MNg���g;tm¡�J�L�Yuj"wst®OSj­OSr�MNOSyqY[r3²
pxrxyxOQP��«Yur�pX¤m�§ª_MD¡DJ�LDMNOSLNMNOSy
¡¦Y®MZW3MZWXOn�¥g;tut®gc¡¦YurX¹­WxJaP!yx¡�JaPZOÁJ�rsy�LNg��¥Md¡DJaPZOl��g;j­w�g;rXOSr�MZLQ{

A'a èz×aÕºè�æÀ� UGWXO"ksJ�L!Yu�³LN��LNMNOSj.¡�J�L���OQksYuJ�rµ�ºYurzp�¤���UGWXO°Yuj­wst®OSj"OSr4MZJaMZY®g;r
¡DJ�LGMNOSLNMNOSy�g;r�MZWXOÁM_¡�g"¢�OQP<rXOStuL¦^z�ûoX�î^Ùo3J�rxy�^z�îïz�uìQ`��

A �lØmþ ê�Ý¾æ©èz×z� \VL~��g;j­w¼Yut®OQPS�mMZWXO"´~fVÏEwxPZg�KNOS��Mn²»��g;j­w¼Yut®OQP =¥¹;�Q�J?Vh�OQP<LZY®g;rxL
^z�îú�bz�ûo3J�rxy�ez�îez�îb­¡�OQPZO¨pxLZOSyv�

A �üÝ©×Ùè�æ©èzéSénÔSÕmÖièz×�DdöxÜ;èzéa� UGWXOGYuj­w¼t®OSj­OSr�MZJaMZY®g;r�¡�J�L�MNOSLNMNOSy­¡¦Y®MZW­J~¡VY®PZOSt®OSLZL
�º\�fEJ�ysJawxMNOQPnksJ�LNOSL~g;rHJ�r�¸Oy�v��)��~�q�� � �Oq�~O� ½/}�bµ�!WxYuwsLNOQM�=¥ªÈr�MNOQP!LZYut�²�g�P!wmga]
P!JaMZY®g;r&��P!YuLZj ^z�îb � JSh�OStuJ�r �!WxY®w¼LNOQM¾=¥P!OQh
`XìJ?Õ?<� UGWxY[LqYur�MNOQPZ�¾J���O$¡�g�PZ¢�L
¡¦Y®MZWBMZWXO�g�P!Y[rXgz��g wv�QY�yXP!Y®h�OQP7=#tT��q�y¹tNr�t �wr)qk}�t�¢�OQP!rXOSt�j­g�yxpxt®O�?<�lUGWXO�¡¦Y®PZO�]
t®OSLZL¨�º\�f@J�ysJawxMNOQPlYuL¨LNOQMlYur�MNg�MZWXOqJ�y WXg��"j­g�yXO"J�rxyµJ�tut}yXOQh�Yu��OSLÁg��DMZWXO
LZJ�j­O³IK\�fV��U*JaPZO­¹;Y®h�OSr$MZWXO­LZJ�j­O"rxOQMd¡�g�PZ¢B��OSt[t}r�pxjlk�OQP7=¾� �x� ª¬�V?<�vf¦g
wxPZg�k¼t®OSj"LGg��Q�QpXPZP!OSy�¡¦WsYut®OÁP!psrxrxYurX¹­MZWxO���g�yXO�pxLZYurX¹qJ�rBY[r4MNOQPZ�¾J���O�J�yxJawxMNOQP
¡¦Y®MZW�J³��P!YuL!j ^z�îb³�!WxYuwsLNOQMQ�
U«OSLNMZL�¡VY®MZW"J�rXg�MZWXOQP�¡¦Y®P!OSt®OSLZL��«\Vf�J�yxJawsMNOQP�MZWxJaM�pxLNOSL�J�rejUvE�����#t�~��<WxY®wsLNOQM=¾\DMZWXOQPZg;L�²�g;j"j�pxrxYu�QJaMZY®g;rsLQ�aªÈrx�a��\�ÍVb�^�ìS^Áða`;^z�uì�ìGJaks¹~fVªZ²3=¥PZOQhl`XìJ?Y?«yxYuy
rXg�M}¡�g�PZ¢¨wsPZg�w�OQP!t®���«U¦WxYuL�Yur�MNOQPZ�¥J���O�¡DJ�L�LNOQM�pxw�¡VY®MZW�MZWXOV�avE� �wrNq<}Í�TtÁ¢�OQP!rXOSt
j­g�yxpxt®O��§\VL�LNgzg;r"J�L�Jnw¼J��Z¢�OQM�¡¦Y®MZW­JÁpxrsYu�QJ�LNM�yXOSLNMZY[rxJaMZY®g;r­J�yxyXP!OSLZL�YuL�LZOSr4M
MNg3J�rXg�MZWXOQPnyXOQh�Yu��O���MZWXO�Y[r4MNOQPZ�¾J���O�J�yxJawxMNOQPnLNMZJaPZMZL�MNg°wxPZg�yxpx��Ol��g;r�MZYurzpXg;pxL
WxJaP!yx¡�JaPZODYur�MNOQPZP!pXwsMZLQ��J�rxy�Ja�©MNOQP�J��¥OQ¡2LZOS��g;rxyxL�MZWXO���g;j­wspxMNOQP���P<J�LZWXOSL}J�rxy
rXOQOSyxLGMNg"k�OnPZOQk�g�g�MNOSyv�
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A âKÛ§þ�(�è�×qØ�DVÚ«èz�ºÝ¥Ü;è�é¿�
9 o³�ºJawxMNg�w¼L�ªÈ��I�ÍVe�^
9 ìÁ�ºJawxMNg�wKªÈ��I.U�o4^f=¾rXg�M¦¡�g�PZ¢�YurX¹­wsPZg�w�OQP!t®�{?
9 ìÁ��OSLN¢�MNg�wH²�g;j­wspxMNOQP

A ô�Ø�D Ö ��öx×ÙèKä�ØvØmæ©é¿� UGWXOÁ��g�yXOn¡�J�LGMNOSLNMNOSy�pxL!YurX¹�MZWXOnhaJ�t®¹�P!Yurxy¼Q
ìSe�RºyxOQkspX¹a]¹;YurX¹­MNgzg;t�=¥h�OQP!LZY®g;r�^z�î^z�T`�?<�DUGWXOnLZpxk�h�OQP!L!Y®g;r©Q
ì�oaRº��g;rx�QpXP!PZOSr4M�h�OQP<LZY®g;rxLDMNgzg;t=¥h�OQP!LZY®g;rµìa�T`��îð¿?D¡DJ�L¦pxLNOSy3�¥g�PVJaP<�!WxY®h�YurX¹�MZWXOÁLZg;pXP!��O¨��g�yXO��
	S«Åª d+Ç�Ê�s'Ï�³µÎ\Ê+Ò�ÈfÐk°�Ô{Ï²Ô
ªÈ��wmg;L!LZY®kst®OS=¾pXw"MNg�enyXOQh�Yu��OSL�Y[r­JÁPZgc¡\?<�4MZWXO¦MNOSLNMZL�¡�OQPZOGw�OQPZ�¥g�P!j­OSy"¡¦Y®MZW�PZOSJ�t¼yxYuL¬]
MZJ�rx��OSLVk�OQMd¡�OQOSr�MZWXOÁyxOQhzYu��OSLS��ËXg�P¦MZWxOÁksY®¹�¹�OQP¦L!��OSrxJaP!Y®g;LQ�XMZWxO¨J�yxyXPZOSL!LD£st®MNOQPGMNgzg;t=¾yXOSL!��P!Y®k�OSy³Yur°Jawxw�OSrxyxY®¤����îb¿?�¡DJ�L�psLNOSyv��ªÈrqMZWXO��©g;t[t®gi¡¦Y[rX¹X�4MZWXO~j­g;LNM�Yuj"wmg�P!MZJ�r4M
MNOSLNMZLVJaPZO¨yXOSL!��P!Y®k�OSyv{

A U�ØmÕºáb� �«ösÝ¾Õ
Ë§Yu¹;pXPZO�bz�uì�LZWXgc¡¦L�MZWXO�LZ��OSrxJaP<Y®g$¡¦Y®MZW2J�tutDyXOQh�Yu��OSL­Yur2JBPZgi¡Á�2UGWXO3�QtuY®OSr�M
LNOSrxyxL�JiMzpXOQPZ��j­OSL!LZJa¹�O�gih�OQPn�¥g;pXPVWXg�w¼L¦MNg3JqLZOQPZhzY[��OlYurxLZMZJ�rx��OlJ�rxyK¡DJ�Y®MZL
�©g�P3J�PZOQw¼t®��j"OSLZLZJa¹�O�� UGWsYuL"LZ��OSrxJaP<Y®g ¡�g�PZ¢�L"¡¦Y®MZWxg;pXM"wxPZg�k¼t®OSj"L­¡¦YuMZW,b
yXOQhzY[��OSL�YurqJ�PZgc¡%pxLZYurx¹¨MZWXOÁIK\¦²�£st®MNOQP�MNg�g;tvJ�LD¡�OStut�J�LD¡¦Y®MZW°J��!WxJ�Y[r3g��«e
yXOQhzY[��OSLG¡¦Y®MZW3P!OSJ�t�yxYuLNMZJ�rs��OSLQ�

A 
ºösÝ¾æ¥Ø×�¼èz×
\VrXg�MZWxOQPÁLZ��OSrxJaP!Y®g�YuL~LZWxgi¡¦r$YurK£x¹;pXPZO"bz�î^z{�¡¦WXOSr$J°PZOStuJi�zYurx¹3rxgzyXO�t®OSJih�OSL
MZWXO�rXOQMd¡�g�PZ¢m�;MZWXODg�MZWXOQP�rXg�yXOSL§jlpxLZM�J�ysJawxM�MNg�MZWxODrxOQ¡�MNg�w�g;t®g�¹����}\ MzpXOQPZ�
j­OSLZLZJa¹�O�YuLGLNOSr�M¦�¥PZg;j�MZWXOl�QtuY®OSr�Mp=¾rXgzyxO³ìJ?�MNg³MZWxO¨LNOQPZh�Yu��O¨YursLNMZJ�rx��O�=¾rXg�yXO
b¿?�pxLZYurX¹lMZWXO�PZOStuJS��YurX¹�rXg�yXOSL�^¨J�rsy3ez��UGWXOSrv��rXg�yXO~elt®OSJih�OSL�MZWXOnrXOQMd¡�g�PZ¢m�
UGW�psLQ�xJ"LZpXk¼LNONM�pxOSr4MLMzpXOQPZ�3j­OSLZLZJa¹�OÁMNg³MZWXO¨LZJ�j­OÁLZOQPZhzY[��OÁYurxLNMZJ�rx��OÁrxOQOSyxL
MNg³k�O~PZOSyxY®PZOS��MNOSy�pxLZYurX¹­rXg�yXOnoX�
UGWXO�wxP!Y[rx�QY®wst®O��¥psrx��MZY®g;rxJ�tuYuMd�Ág��mMZWxYuL�MNOSLNM�¡�g�PZ¢�L}£srxO�k¼pXM}MZWXOGJ���MZpxJ�tuYu¯SJaMZY®g;r
g��ºMZWXO~PZg;pXMZY[rX¹¨MZJakstuO~rxOQOSyxL�MNg�g­j�px�!W3MZYuj"O+=¥¡DJ�Y®MZYurX¹�pxr�MZYut¼MZWXO~g;tuy3rXOSY®¹;W�]
kmg�P§MZYuj­OSL§g;pXM�J�rxylMZWXOSr�LNOQM§MZWXO�rxOQ¡��¥g�PZ¡DJaP!yxYurx¹¦J�yxyXPZOSL!LO?<�«ª¬rl�¥pXMZpxPZO��aMZWxYuL
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Ë�Y®¹;pXPZO¨bz�îez{�I�g�ksY[tuY®Md�

�QJ�r"k�O¦Y[j­wxPZgch�OSy­k��­Yuj"wst®OSj­OSr�MZYurX¹�MZWXO¦�¥g;tut®gc¡¦YurX¹X{§Y®�mMZWXO-MzpXOQPZ��YuL�LNOSr�M�MNg
J�rXOSY®¹;W�kmg�P�MZWxJaMDYuL�rXg�MDYur³P!J�rX¹�O~J�r4�³j"g�PZO���MZWxOV¡¦YuPZOSt®OSLZL�Y[r4MNOQPZ�¾J���O~LZWXg;pxtuy
J�rxLN¡�OQPÁ¡¦YuMZWBJ¼vx�#�Ty�~��+q ~O~OqGtTyÕê��aq��Y����~O~��Nl×���"\�LnLNgzg;r�J�LnMZWxYuL~j­OSL!LZJa¹�O³YuL
PZOS��OSY®h�OSy��mMZWxOlwxP!g�MNgz��g;t��QJ�rBPZOSj­gch�O�MZWxO�yxY[LZJawxw�OSJaPZOSy�rxOSY®¹;W4k�g�PV�©PZg;j MZWXO
rXOSY®¹;W�k�g�PGtuYuLNMQ�xLZOQM¦J"rXOQ¡»�©g�PZ¡DJaP!yxY[rX¹­J�yxyXPZOSLZLG�©g�PVMZWXO¨��g�PZPZOSLZwmg;rsyxYurX¹�LNOQPN]
h�Yu��O"Md�zw�O³J�rxy�Y[j"j­OSyxYuJaMNOStu�KLNOSrxy�MZWXO�MzpXOQPZ�Hj­OSLZLZJa¹�O°Ja¹;J�Yur�MNgKJ�rXg�MZWXOQP
yXOQh�Yu��O��

A ß9Ø=(�Ý¾æ¥Ý©Ö�I
ª¬rKLZ��OSrsJaP!Y®gg��tz��qE��qxvx� =¾LNOQO�£x¹;pXP!O�bz�îe¿?<��J°LNOQPZh�Yu��O�YurxLNMZJ�rx��O�YuLVPZOQwstuJ���OSyKkz�
J�rXg�MZWXOQP3MZWxJaMVKNpsLNMSKNg;YurXOSy,MZWXOBrxOQMd¡�g�PZ¢¼��UGWXOK�QtuY®OSr�Mg=¾rXg�yXOµìJ?qLNOSrsyxL³JMzpXOQPZ�3j­OSLZLZJa¹�OÁMNg³MZWXOÁLNOQPZh�Yu��OÁYurxLZMZJ�rx��O�=¾rXg�yXO¨b¿?<��\DM¦J³tuJaMNOQPGMZYuj­O��xrxgzyXO
o"wxP!gih�YuyxYurX¹�MZWXOÁLZJ�j"O¨LNOQPZh�Yu��OnMd�zw�O¨J�LGrXg�yXO¨bÕ=¥¡¦YuMZW�MZWXOÁLZJ�j­Ol�QJawsJ��QY®Md�{?KNg;YurxLGMZWxO�rXOQM_¡�g�P!¢�J�rxy�Y[LV�Qt®g;LZOQPVMNg°MZWXOl�Qt[Y®OSr4MQ��UGWXOQPZOQ�¥g�PZO��mJqLZpxksLNONMzpXOSr4MMzpXOQPZ�³j­OSL!LZJa¹�O~�©PZg;j@MZWXO~�QtuY®OSr�M�¡¦YututXk�O��©g�P!¡�JaP!yxOSy³MNg­yXOQh�Yu��O�o�Y[rxLNMNOSJ�yqg��
yXOQh�Yu��O¨bz��UGWsYuL�LZ��OSrxJaP!Yug­¡�J�L¦MNOSLNMNOSy�LZps�Q��OSLZLN�¾pxtut®���

UGWXO°LZ��OSrxJaP!Y®g;L�Jak�gih�O�P!OQwxPZOSLNOSr�MlMZWxO°j­g;LZM�Y[j­w�g�PZMZJ�r4MlMNOSLNM­�QJ�LNOSL�MZWxJaM­�QJ�r
kmOÁJaP!P!J�rX¹�OSy�¡¦YuMZW�b­yXOQh�Yu��OSLQ���~pXP<YurX¹�MZWXO¨Yuj"wst®OSj­OSr�MZJaMZY®g;rv�XMZWXOQP!On¡�J�L¦g;rX¹�g;YurX¹
MNOSLNMZYurX¹�rXOS��OSL!LZJaPZ�BMNg�LNOQO"Y®��MZWXO³��g�yXO­¡�g�P!¢zLÁ��g�P!PZOS��MZt®���"ËxpXP!MZWXOQP!j­g�PZO��ºMZWXO"LZ��O�]
rxJaP!Y®g;L�Jakmgch�O]KNpxLZM�yXOSj­g;rsLNMNP!JaMNO�MNOSLNM��QJ�LZOSLD¡¦Y®MZW�MzpXOQPZ�"J�rsy³PZOQw¼t®�­j­OSLZLZJa¹�OSLQ�Dí��
��g;pXP!LNO���J�tuLNgqMZWXOlk¼pxYutuyxY[rX¹lg���MZWXO¨w�g�MNOSr�MZYuJ�tº£sOStuyxL¦J�rsy�MZWXOlPZg;pXMZYurx¹³MZJakst®OSLV¡¦Y®MZW
J�yXh�OQPZMZYuLNOSj"OSr4M�J�rxyqrxOSY®¹;W4k�g�P�O�¤X�!WsJ�rX¹�O�j"OSLZLZJa¹�OSL�¡�J�L�MNOSLNMNOSy°��g;r�MZYur�pxg;pxLZt®��kspXM
YuL�rXg�M¦yXOSL!��P!Y®k�OSy3Yur�yXOQMZJ�Yut½�
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UGWXOÁ¹�g;J�t«g���MZWxYuL¦j³J�LNMNOQPSRTLVMZWXOSLZYuL¦¡�J�LVMNgqYuj"wst®OSj­OSr�MGJ�rxy�MNOSLZM¦MZWXO�I�\V¹;fV��UGYu�
PZg;pXMZYurX¹KwxPZg�MNg���g;t�Yur6²EpsrxyXOQP��ºYurzp�¤��$U¦WXO°j³J�Yur MZJ�LZ¢zL­J�rxy�MZWXOSYuP�P!OSJ�tuY®¯SJaMZY®g;r
¡�OQPZOnMZWxOÁ�©g;t[t®gi¡¦Y[rX¹;LQ{

A ß�à°ásâ�ãnä�Ý¥Ü�×cØmÛ�ÖÙÝ¥Õ«á ê§×ÙØxÖiØvÜ;ØmæDÚ«èzéiÝ¥á¼Õ��
\�tut«rxOS��OSLZLZJaPZ�KwxPZg�MNg���g;t}j­OSLZLZJa¹�OSLÁJ�rsyKMZWxO­IK\V¹;fV��UGYu��wxPZg�MNg���g;t}WXOSJ�yXOQP
JaPZOGyXOSL!Y®¹;rXOSy­J��Q��g�P!yxY[rX¹~MNgÁMZWXOGj­g�yXOSt�Yur�MZWXO�wsJaw�OQP!LLQûe�RsJ�rsyfQ oaR �}UGWXOD£xP!LNM
wsJaPZM+=¾J�yXh�OQPZMZYuLZOSj­OSr4MnJ�rxyBrXOSY®¹;W�k�g�P¦O�¤X�!WxJ�rx¹�O�j"OSLZLZJa¹�OSL�MNgqk¼pxYutuy�pxw�MZWXO
w�g�MNOSr4MZY[J�tv£xOStuyxL¦J�rxy�MZWXOÁP!g;pXMZYurX¹­MZJakstuOSLO?<�¼yXOSL!��P!Y®k�OSy3Yur�yXOQMZJ�YutºYur�Qûe�R �s¡DJ�L
PZOSJ�tuYu¯QOSyv��f¦gqO�¤�J���M~yXOSLZ��P!YuwxMZY®g;r�O�¤XYuLNMNOSyK�©g�PVMZWXOlLZOS��g;rxy�w¼JaPZM´=xMzpXOQPZ��J�rxy
PZOQwstu�¨j­OSLZLZJa¹�OSL�MNgÁLNOSJaP!�<W­�©g�P�JnLNOQPZh�Yu��O�J�rxy�MNgÁLNOSrxy­yxJaMZJ�?<��U¦WXO���g;j­wst®OQMNO
yXOSLZYu¹;r3wxP!Yurx�QYuwst®OSL��©g�PGMZWsYuLDwsJaPZMG¡�OQPZO¨yxOQh�OSt®g�w�OSyv�

A ÔSþµê§æ¥è�þ è�ÕmÖiöXÖcÝ¥ØmÕ2Ø�DGÖ��ºèBÚ«èzéiÝ¥á¼Õ«èzÚ
ê§×cØsÖiØvÜ;Ømæ��
UGWXODj"J�KNg�P�wsJaPZM�g��¼MZWXOD¡�g�PZ¢l¡�J�L�MZWXO�Yuj­wst®OSj"OSr4MZJaMZY®g;r�g��¼MZWXOGI�\V¹;fV��UGYu�
wxPZg�MNg���g;t½��UGWXO³ksJ�LZYu�­��g;rx��OQwsMZL�JaP!O"MZWXOqpsLNO"g���P!Ji¡ LNg��Z¢�OQMZL��¥g�P�rXOQM_¡�g�P!¢
J��Q��OSLZL§J�rxy~MNg¦pxLZO�yxY
À�OQPZOSr4MvMZWxPZOSJ�yxLvMNgG¹;psJaP!J�r4MNOQO�JGrXg;rnk¼t®gz�!¢zY[rX¹DwxPZg�¹�P!J�j
O�¤�OS�QpXMZY®g;rv����LNw�OS�QYuJ�tut®�KkmOS�QJ�psLNO³g���MZWXO°LNOQh�OQP!J�t�MZWXPZOSJ�yxLS�§yXOQk¼pX¹�¹;YurX¹�¡DJ�LMzpxY®MNO�J��!WxJ�t[t®OSrX¹;YurX¹¦MZJ�LN¢¼��\�tut4Jawxw¼tuYu�QJaMZY®g;rxLºJ�rxy¨MNgzg;tuL«MZWxJaMº¡�OQPZODrXOS��OSLZLZJaP!�
MNg³pxLZOÁJ�rxy�MNOSLNMGMZWxOnwxPZg�MNg���g;t]=¥�¥g�PGO�¤�J�j"wst®OÁJ­MNgzg;tvMNg"PZOSJ�y�g;pXMGJ�tutvYur�MNOQP!r
yxJaMZJnLNMNP<px��MZpXPZOSL�g�P�J~wsY[rX¹�JawswstuYu�QJaMZY®g;rlMNgÁLNOSrxy­JUMzpXOQPZ��j­OSLZLZJa¹�O¦J�rsyl¡DJ�Y®M
�¥g�P¦J­PZOQwstu��?�WxJ�y�MNg³kmOÁyxOQh�OSt®g�w�OSy�J�L�¡�OStut½�
UGWXOBksJ�LZY[���¾pxrx��MZY®g;rsJ�tuY®Md�¿Y[L°Y[j­wst®OSj­OSr�MNOSyv��kspxM°LNg;j"OBMZJ�LZ¢zL3PZOSj³J�Yur��©g�P
�¾pXMZpXPZO3¡�g�PZ¢¼{���g;t[t®OS��MZYurX¹HJ�yXh�OQPZMZY[LNOSj­OSr�MZL³Yur2J�rXg�yXO�J�rxy2�¥g�PZ¡DJaP!y2MZWXOSj
MNg�¹�OQMZWXOQP�MNg2PZOSyspx��OKMZWxO$��g;r�MNPZg;t~MNP!JTÄq�Kgch�OQP!WXOSJ�y%Y[r,MZWXOHrXOQM_¡�g�P!¢ =¾yXO�]
LZ��P!YukmOSy�Yur Qûe�RE?°YuL�rxg�M���OQM�Yuj­wst®OSj"OSr4MNOSyv�@\Vrxg�MZWXOQP�g�w�OSr&MNg�wsYu�HYuL°MZWXO
Yuj­w¼t®OSj­OSr�MZJaMZY®g;r�g���MZWXO3yxYuLZMNP!Y®kspXMZYug;rKP<J�rX¹�O°t[Yuj"Y®MZJaMZY®g;r��©g�P�PZOQwst®�HLNOQP!hzYu��O
Md�zw�OSL-=¾LNOQO¦LZOS��MZY®g;r³ez�ûoX�ûoz?<��\�r­Yuj­w�g�PZMZJ�r�M}wsJaPZM�g����¾pXMZpXPZOD¡�g�PZ¢�Y[L�MNg¨yXOQ£srXO
J�rxy�Yuj­w¼t®OSj­OSr�M«J�r­\���ª��¥g�P}JawxwstuYu�QJaMZYug;rxLºP!OQwxPZOSLNOSr�MZYurX¹~J~LNOQPZh�Yu��O�Y[rxLNMZJ�rx��O��
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²DpXPZPZOSr�MZt®���4J�t[t�wxPZgih�YuyXOSy­LZOQPZhzY[��OGMd�zw�OSL�JaPZOGPZOSJ�y³Yur­�¥PZg;j J~£st®O��}UGWxO¦I�\V¹a]
fV��UGYu�KwxPZg�MNg���g;t�WsJ�rxyxt®OSLqYurx��g;j"Yurx¹ MzpXOQPZ�¿j­OSLZL!Ja¹�OSL3k��,J�pxMNg;j"JaMZYu�QJ�tut®�
LNOSrxyxYurx¹�P!OQwst®�qj"OSLZLZJa¹�OSLQ�

A � ösæ¾Ý©Ú§öXÖcÝ¥ØmÕ �qÝ©Ö��>D_Û§Õ«Ü�ÖcÝ¥Ø¼Õ«ösæ�ÖièzéQÖiéa�
UGWXOnYuj­wstuOSj­OSr4MZJaMZYug;r³¡DJ�LDMNOSLNMNOSy�pxLZY[rX¹lyxY®ÀmOQPZOSr�MDWxJaP!yX¡DJaPZO~J�rxy3LNg��©M_¡�JaP!O
��g;j­w�g;rXOSr4MZLS��\Vt[t}PZOSt®OQhaJ�r4M�LZ��OSrxJaP<Y®g;L¨tuYu¢�O"�¥J�Y[t®gih�OQP�g�P�j"g�ksYutuY®M_�K¡�OQPZO3JaPN]
P!J�rX¹�OSyv�¦U¦WXOSLNO¨MNOSLZMZL�yxOSj­g;rxLNMNP!JaMNO�MZWxJaM�MZWXOlY[j­wst®OSj­OSr�MZJaMZY®g;r�¡�g�PZ¢�L���g�PN]
PZOS��MZt®�¿J�rxy,MZWxJaM³MZWXO$I�\V¹;f���UGYu��PZg;pXMZYurx¹ JawxwxPZg;J��<W
L!pxY®MZL­MZWXOKPZONMzpxY®PZO�]
j­OSr4MZL~g���MZWXO�PZOSJ�t�OSr4h�Y®PZg;rsj­OSr4MQ�n¶Vgi¡�OQh�OQPS�º¡VY®MZWKJ°MNOSLNMZY[rX¹qOSr�h�Y®PZg;rxj­OSr�M
g��X£xh�O�yXOQh�Yu��OSLQ��Y®Mv¡DJ�L«rxg�Mºw�g;LZLZY®k¼t®O«MNgVw�OQPZ�©g�P<j%��g;j­wst®OQMNO�OQhÙJ�t[pxJaMZY®g;rÁMNOSLZMZLQ�
\ wsPZg�kst®OSjøMZWxJaMlgz�Q�QpxPZPZOSyH¡DJ�LÁMZWxJaM¨MZWXO³Yuj­w¼t®OSj­OSr�MZJaMZY®g;rHyxYuyHrXg�M¨¡�g�PZ¢
pxLZYurX¹�J¨¡VY®PZOSt®OSLZL��º\�f�J�yxJawxMNOQPDksJ�LNOSyqg;r3J�r3JaMZWXOQPZg;LD�!WxYuwsLNOQM\=¾LZOQO~LZOS��MZY®g;r
bz�uìJ?<� � OSrxyxY[rX¹KJ�r¿psrxYu�QJ�LNM��¥P!J�j­O3MNg J�rXg�MZWXOQPqyXOQhzY[��O°P!OSLZpxt®MZL­Yur�OSrxyst®OSLZL
WxJaP!yX¡DJaPZO¨Yur�MNOQPZP!pxwxMZLGJ�rxy��QJ�psLNOSLVJq��P!J�LZW�g��§MZWxO¨OSr�MZY®PZO¨��g;j­w¼pXMNOQPS�D¶¦gc¡�]
OQh�OQPS�4MZWxY[L§Y[L§J~j"Y[rXg�P}YuLZLZpXODJ�rxy��QJ�r­OSJ�LZY[t®�Ák�O�WsJ�rxyxt®OSy�kz�lpxLZY[rX¹VJ~¡¦YuPZOSt®OSLZL
�º\�f9J�ysJawxMNOQPG¡¦Y®MZW�J�¡�g�PZ¢�YurX¹"�<WxY®wsLZOQMQ�

U¦WxYuL"Yuj"wst®OSj­OSr�MZJaMZY®g;r¿YuL³J rXO�¤�M³LNMNOQw�MNgi¡DJaP!yxL°J�MNOSLNMZY[rX¹�OSr�hzY®P!g;rxj­OSr�M"MNg
OQhaJ�tupxJaMNOqMZWXO"w�OQPZ�¥g�P!j"J�rx��O­g���MZWXO°I�\V¹;fV��UGYu�"LZOQPZhzY[��O³yxYuLZ��gch�OQPZ�HJ�rxy�P!g;pXMZYurX¹
JawxwsPZg;J��!Wv�}ªÈM�YuL�MNg�wsYu��g����¾pXMZpXPZO¦¡�g�PZ¢�MNg�LNOQM�pXwqJÁMNOSLNMNk�OSy"¡VY®MZW"j­g�PZO�rXg�yXOSLQ�;�¥g�P
O�¤XJ�j­wst®OÁpsLZYurX¹"LZj³J�tutvyXOQh�Yu��OSLGtuY®¢�OÁ���G\lRTLQ��UGWxO¨yXOQh�Yu��OSLG��g;pxtuy�kmOÁ�QJaP!P!Y®OSy3�¥PZg;j
MNOSLNM¦wmOQP<LNg;rxLDg;r�MZWXOSYuPGrXg�P!j"J�t×KNg�k�gch�OQPVJ"t®g;rx¹­MZYuj­O���UGWXOÁ��g�yXOn¡DJ�L¦rXg�M�MNOSLZMNOSy
g;r2���¦\VLQ�}k¼pXMl¡�O°kmOSt[Y®OQh�O³MZWxJaM�w�g�PZMZYurX¹KY®MlMNg$���¦\VL­LZWxg;pxtuy rxg�Mlk�OqJBj"J�KNg�P
wxP!g�kst®OSj��

U«OSLNMZYurx¹�¡¦Y®MZWHtuJaPZ¹�O­MNOSLZMNkmOSysLÁ�QJ�pxLNOSLlJ��©OQ¡ rxOQ¡ wxPZg�kstuOSj"LQ{~MZWXO­MNOSLNMZLlrXOQOSy
MNg�k�OVJ�rxJ�tu��¯QOSyv��U¦WXO�tug�¹�£st®OSL�g��ºJ�tutmyXOQhzY[��OSL�wsPZgih�YuyXOVwst®OSr�Md�"g��§yxJaMZJlJ�rsy°L!WXg;pxtuy
k�O�J�rxJ�t®�z¯QOSy2J�pXMNg;j"JaMZYu�QJ�tutu� ¡¦Y®MZW2LNg;j"O°MNOSLZM­MNg�g;tuLS�µU«g$JaP!P!J�rX¹�O�w�OQPZ�¥g�P!j"J�rx��O
j­OSJ�L!pXPZOSj­OSr�MZLQ�XJ¨MZY[j­OVLN��rx�<WXPZg;rxY®¯SJaMZYug;r"k�OQMd¡�OQOSr°MZWXO�yxOQhzYu��OSL�¡�g;pxtuy"k�O�JlWzpX¹�O
J�yXhaJ�r�MZJa¹�O���¶¦gc¡�OQh�OQPi��MZWxY[L}YuL�rXg�M�JnLZYuj­w¼t®O�MZJ�LZ¢¼�}ËXg�P�O�¤�J�j­w¼t®O��4J�r­JawxwxP!g;J��!W­�¥g�P
�Qt®g��Z¢"�QJ�t[Y®kxP!JaMZY®g;r�Q
ìS^�RmyXOQh�OStug�wmOSyqJaM�MZWXOn²�g;j­wspxMNOQP���rx¹;YurXOQOQP!Yurx¹ÁJ�rxy³fVOQMd¡�g�PZ¢�L
�«Jakmg�P<JaMNg�PZ����g;pxtuy3k�OÁpxLNOSyv�
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UGWxYuLVLNOS��MZY®g;r$LZWXgc¡¦L~WXgi¡�MNg�YurxLNMZJ�t[tºJ�rxyKP!pxrKMZWXO­I�\V¹;fV��UGYu�lwxPZg�MNg���g;t�J�LV¡�OStut
J�L�MZWXO¨yXOQh�OStug�wmOSy�MNg�g;tuLS�

o1«�¬ s{Ê+Ô{Ï²Ò�È�ÈµÒ�Ï�³µÎ\Ê
UGWXOn��gzyxOÁ¡�J�LVyXOQh�OSt®g�w�OSy3�¥g�P¦�ºYurzp�¤�� � O¨MNOSLNMNOSy�MZWXOÁYuj­wstuOSj­OSr4MZJaMZYug;r3¡¦Y®MZW3MZWXO
�VOQk¼YuJ�r��ºY[r�p�¤q¢�OQP!rXOStuL¦^z�ûoX�î^Ùo3J�rxy�^z�îïz�uìQ`��

^�â�é�àaæ�ç�çÀá�â
ã àVÁ�å§¹ ¸¾ãfÀ¦Ä)��á�ÿ¼äiù¿Ü�àaÜYÿwÜ"ç
²�g�w��HJ�tut�£st®OSLn�¥PZg;j÷MZWxO3²D� MNgBJ�rµJaPZk¼Y®MNP!JaPZ�$yxY®PZOS��MNg�P!���°U«gK��g;j­w¼Yut®O��«J$´~f�Ï
wxPZg�KNOS��M«²$��g;j­wsYutuOQP�=¥¹;�Q�J?vYuLvP!ONM�pxYuPZOSy�=¥MNOSLNMNOSyÁh�OQP!L!Y®g;rxLº^z�îú�bz�ûo~J�rxyÁez�îez�îb¿?<��²DWxJ�rx¹�O
MNg"MZWXOÁyxY®P!OS��MNg�PZ� RVTVUXWZYV[³J�rxy�P!psr3MZWXO¨I�Ja¢�OQ£¼t®O�{

QCbST�°�[/QCUARV[$W�Q °�®$¯\`S[$­4_/Y$Q�RVTCU�WSY\[5t~°A®�u�[
ª_�}yXOSLZYuPZOSyv�xMZWXO�yXOQkspX¹qj­gzyxOlJ�rxy�MZWXOlt®g�¹�£¼t®OSLGMNg°¡GP!Y®MNOl�QJ�r�k�OlLZOQM¦k�OQ�©g�P!Ol��g;j�]
wsYutuYurx¹lYur3£stuOPO QSRCTVU�W4Y\[/Q$]X[$^4_a`4[4RÃOLb��
^�â�é�àaæ�ç�çÀá�â
ã àVÁ�å§�\Ü�Ü"çÀé
UºgnYurxLZMZJ�tut;MZWXODyXOQh�OSt®g�w�OSy�MNgzg;tuLQ��P!pxrlMZWXODLZ��P!Y®wsM�Y\T °�ÝA_8.�[ ­XT/T1.�RGYurlMZWXO�yxY®P!OS��MNg�PZ�­XT/T/.SRz{

QCbST�°�[/QCUARV[$W�Q °�®$¯\`S[$­4_/Y$QV­�T�T1.XRvt�YVT�°�Ý�_C.$[1-\­XT/T/.SR
o�ù
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÷�å�àTàaáÀâ
ã3ß
Þ à\Á
åyx¡á�ù¿å�ç·å�é�é�L¤¸ÔÀz^�âCàaå{ù8{Åæ�ÿwå
� OQMqMZWXO�¡VY®PZOSt®OSLZL­�«\VfüY[r4MNOQPZ�¾J���O�MNg2J�y�]dWXg���j­g�yXO�J�rsy,LNOSt®OS��M°J ��OStutVr�psj¨k�OQP=¥OSLZL!Yuy�?<��UGWxOq��OStut�r�pxjlk�OQP�=¥�¥g�P�O�¤�J�j­w¼t®O�RûMNOSLNMZrxOQMQR�?¨j�pxLNMlk�O³MZWXO°LZJ�j­O°�©g�P�J�tut
wsJaP!MZYu�QY®wsJaMZYurx¹ÁyXOQhzY[��OSLQ��UGWxYuL��QJ�r³k�OVyxg;rXO¦�¥g�P�O�¤XJ�j­wst®O�pxLZYurx¹ÁMZWXOVt[Yur�pX¤�¡¦YuPZOSt®OSLZL
MNgzg;tuLp=¾j"J�r��3¡¦Y®PZOStuOSLZL��º\�f»yxP!Y®h�OQP!L�LZpxwxw�g�PZMDMZWXOSLNO¨��g;j"j³J�rxyxLO?<{

Q�b4T�°Z[XQ�U RV[\WSQa°A®$¯V`4[\­Z_/YvtÜ_P7�YVTV`�^4_V¯k7=.�®C` °�T$]X[@®\]4|�b4TSYQ�b4T�°Z[XQ�U RV[\WSQa°A®$¯V`4[\­Z_/YvtÜ_P7�YVTV`�^4_V¯k7=.�®C`É[4R�R�_C] ­�[SR�­$`S[$­Q�b4T�°Z[XQ�U RV[\WSQa°A®$¯V`4[\­Z_/YvtÜ_V^4YVTV`�^4_V¯k7=.�®C`@U/Ý
÷'àTæ²ùaà¿áÀâ
ã>àVÁ�å§¹ ¸¾ãfÀ¦Ä)��á�ÿ¾äiù¿Ü�àaÜYÿwÜ"ç
� MZJaP!M}MZWXO¦I�\V¹;f���UGYu�GwxPZg�MNg���g;t�¡¦Y®MZW�MZWXOG��g;j"j³J�rxy1°A®\¯\`S[$­Z_�YVY[rlMZWxOGyxY®PZOS��MNg�PZ�RVTCU�WZYV[¨J�rxy­LNOSt®OS��M�MZWxOGrXOQMd¡�g�PZ¢­Yur�MNOQPZ�¥J���O¦MNg¨pxLNO��}UGWXODwxP!gz��OSLZL�jlpxLZM}kmO�LNMZJaP!MNOSy
¡¦YuMZW3PZg�g�M¦wxP!Y®h�Yut®OQ¹�OSLQ�

Q�b4T�°Z[XQ�U RV[\WSQa°A®$¯V`4[\­Z_/Y\QSRCTVU�W4Y\[8tP°A®\¯\`4[\­Z_�Yy7=.�®C`
÷'àTæ²ùaà¿áÀâ
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