
 
 
 
 
 
 
 

This research has been supported in part by European Commission 
FP6 IYTE-Wireless Project (Contract No: 017442) 



���������	�
������������������������������! #"$�%�&�!')(*���+�����,
-. /�0&�213���4�5�� *6 ��7������98:�;=<>�� /?2�

@�A�B5C=DEA�FHGJIKDELNMOIKPQPSR!IKTOU�V%IWFXMOI5TZY[D]\�^_FKA�LE`
acb�d�egfihkj�lnmofpdrq5std�snu3vwmofgxWuElnyzfis|{}qKd�m}~}d�ln�]j�y]�

b&j��%�o��snuNlwqK�]fgu]m��]u3�;u]�Ks��p�o�����%q�� �&�[fgmH�;d��5y/��d�egeguE{������p�
q�d�m2~}d�ln�Ej�y]��b����W�������5��v	� q�� �!�
�H���E�%fgl���moy�snfisn�Ksnu;j�h �¡uE�N¢�moj�egj�£�{

b&j��%����snuEl¥¤�mo£K�o��u]��s��g��vwlnepdK�����]�%fil¥��¦�§W���K���¨��ln�WuE{
©NªX«�¬K�®5¯±°K²�³µ´K¶�¬5·W¸�¹±¶5�º�»5·W�¼�Eª�½�¶�¾W¼

¿0ÀÂÁ]Ã]Ä�ÅXÆ�Ã�Ç�È u¥yz¢�j��Ésn¢ou¥fg�%�oegu]�%u]m±std�snfgj�m%d�mo�%sn¢�uwyzfg�	�oepd�snfgj�m%lnu]yz��eisny&j�h¡d
¢�fpuNltd�ln�t¢ofg��d�eÊ�¨�]eg�oy�snuEl!Ëod�yzu��clnj��Ksnfgmo£��Klnj�snj±�]j�e h_j�l!�%j�ËofgeguÌd��2¢oj±��mouEs|��j�ln�5y
��yzfpm�£+Í¥Î�Ï�Î�ÐkÐpÑEÐ�Ò¨ÓkÏtÔÊÕ�Î�Ð Ö+Î�×tØ5ÓkÙ�Ñ%ÚSÛ��3~cÜN����¢�urm�uEs��&j�ln�Hlnu]��lnu]yzuEm5snu]��Ë5{Zd
£�ltd��o¢�fpy[�od�lzsnfisnfgj�mou]��fgm5snj	�]eg�oy�snuElny¥Ë±{rd�£�ltd��o¢}�od�lzsnfisnfgj�m�fpm�£%d�eg£�j�lnfisn¢o�.d�mo�
sn¢�u;yz¢oj�lzsnu]y�s[lnj���snuEywd�lnu;Ýolny�s[��d�eg�]�oepd�snu]�}epj±�]d�egei{}fgm�u�d��N¢��]eg�oy�snuEl[fgm�sn¢�u�Ýolny�s
y�lnu]�O����¢�u3yzfp�%��egfgÝou���m�uEs��&j�ln�0�[¢ofg�t¢}�]j�m�yzfgy�sny�j�m�ei{�j�h=sn¢ou3m�j5��u]y/sn¢Xd�s¥¢Xd�xWu
�]j�mom�u]�Esnfgj�m�y¨snj/j�sn¢�uEl=�Eep��y�snuElnyO��d�egegu��3sn¢ouÂmouEfp£�¢5Ë�j�l=m�j5��u]yOfgy¨sn¢�u]m�hkj�ln�%u��3d�mo�
sn¢�u�yz¢�j�lzsnu]y�swlnj��Ksnu]y�d�lnu	�]d�eg�]�oepd�snu��}hkj�lwsn¢ofgy¥yzfp�%��egu�m�uEs��&j�ln��d�ywsn¢�u3yzu]�]j�mX�
y�snu]�O���.�]j��%��eguEsnu�lnj��Ksnu}Ë�uEs|��u]u]mÞsn¢ou�s|��jZm�j5��u]y0j�h!��fiß�uElnu]m±s0�]eg��y�snuElny0fpy
h_j�ln�%u��ZË±{csn¢�uÌ�om�fpj�m�j�h�fpm±szltd�à|�Eep��y�snuEl	d�mo�+fgm±snuElzàµ�]eg�oy�snuEl!lnj��Ksnu]y]� È uÌyz¢�j��
sn¢�uwfg�%�oegu]�%uEm5std�snfgj�m�lnu]yz��eisny&�oyzfgm�£	Û��3~á�[¢ouElnuwd;��j�ln�Ky�std�snfgj�m0lnu]��lnu]yzuEm5sny�d
�]eg��y�snuEl�d�mo�;u�d��t¢�moj5��u fgy=d¥Û �;~â�Klnj±�]u]yzy]����¢ou lnu]yz�oeisny¨j�Ë�std�fgmou��3yz�o����j�lzs¨sn¢ou
sn¢�u]j�lnuEsnfg��d�e��Ej�moyzfp�KuEltd�snfgj�m�y3�[¢ouElnu�sn¢�u�uEãÌ�]fgu]mo�E{2fgm��Elnu�d�yzuEy�Ë±{csn¢�u�m5�o�	Ë�uEl
j�h��]eg�oy�snuElny[fgm}�oyzu	���]�

ä åoæ¥ç�è�é3ê	ë�ì¡ç�íné¥æ

G�BKî�^_P_ArIKU�MOBX\0T�A�ïnð�BKDEñ�L!U�B2T�BKï	MOIWò�A0\�A�T�ïEDEIKP�I�U�ó}^QT�^kLtïND]I±ïN^_BKT�B�D3ô�õ�A�UJ^QT�öSD]IKLtïNDE÷O\�ø
ïN÷�DEA0I5TOU�\�BKTOLN^_Ltï3B5ö�ó}BKî�^_PQA%ð3^_DEA�P_A�LEL;T�B�U�A�L;ïEMOI±ï	MOIWòKA	ïNA�ó�ù¡BKD]I5DEF2^_ToïNA�D]\�B�T�T�A�\�ïN^_BKT¨L
ïNB%\�B�ó�ó�÷�T�^k\�I5ïNA;B±òKA�D�ùOI�\]ñKA�ï&D]IKU�^_B�L�ú±û�L&ïEM�A;ïNB�ù¨B�PQB�üKF%B5ö=I�ó�B�î�^_PQA;T�A�ïnðwB�DNñ%\]MOIKT�üKA�L
U�FXTOI5ó}^k\�I5P_P_FKý;DNB�÷�ïNA�L�I5DEAÞT�A�A�U�A�UþïEB�î¡Aÿ\�IKP_\�÷�P_I5ïNA�U�ór÷¨\]M ó}BKDEAÞöSDNA � ÷OA�ToïNP_F ïNMOIKT
ïNM�AÞð3^QDEA�UþTOA�ïnð�BKDEñXL�ú��[IKDN^_BK÷OLHó}A�ïNMOBXUOLZLN÷O\]M�I�L+U�^kLtïNDE^Qî�÷�ïNA�U�ý�I�U�I5ù�ïE^Qò�A I5T¨U�LtA�PpöÊø
Lnï]I5î�^_PQ^���^_T�üZI5P_üKBKDE^QïNM�ócL�I5DEAr÷OLNA�UJïNBZù¨A�DtöSB�DNó DEBK÷�ïE^QT�ü+^QTÞó}BKî�^_PQA�T�A�ïnðwB�DNñ�L�ú��zT	��
���
��������������������� � 
��!;I5P_üKBKDE^QïNM�ócL�ýWI	T�B�U�A;DEA�òKA�DELNA�L�^QïEL�^_TO\�^kU�A�Toï/P_^QT�ñ�L�ð3M�A�T�^Qï/PQBoLtA�L&DNB�÷�ïNA�L
ïNB�ïNM�A%U�A�LnïE^QT¨I±ïN^_BKT ú�"�A�DNöSBKDEó}IKTO\�A	I5TOIKPQF�LN^_L�B5ö&PQ^_T�ñ2DEA�ò�A�D]LNIKP¨IKPQü�BKDE^pïEM�ócL�IKDNA�üK^_òKA�TH^_T
#%$�& I5T¨U('*),+!û # -�& ^_LwI5TcA�õ�IKó�ùOPQA�LNF�LnïEA�ó>ïNM¨I±ï¥÷OLNA�LwP_^QT�ñ�DEA�òKA�DELEI5P�DEBK÷�ïN^_T�üOú.+3BK÷�ïE^QTOü
^QTÞó�B�î�^_PQA�T�A�ïnð�BKDEñ�L�\�IKTJî¡A�ù¡A�DNöSBKDEó}A�UJîXF�\�P_÷OLtïNA�DN^_T�üOý¨ïNM¨I±ïÌ^_L�ý¨ù¨I5DNïN^QïN^_BKT�^_T�üHBKö[ïNMOA
T�A�ïnð�BKDEñÉ^QToïNB LtócIKPQP_A�DcLN÷�î�T�A�ïnðwB�DNñ�L%ïEBÞP_^_ó�^Qï}ïNM�A�I5ó}B�÷�Toï�B5ö	DNB�÷�ïN^_T�ü ^QT�öSB�DNócI5ïN^_BKT
LnïEBKDEA�UZI±ï!^_TOU�^_òo^kU�÷OIKP T�B�U�A�L�ú��zT # /�& ýOI}ó}BKî�^_PQA%TOA�ïnð�BKDEñ2^_L!ùOI5DNïN^QïN^_BKT�A�UZ^QToïNB2\�PQ÷¨LnïEA�D]L
B5ö�I0ïnðwB�PQA�òKA�P¡üKD]I5ùOM�ú0�zTHïNM�A21 � � �3����� � 
�.!	ù�DEBKù¡B�LNA�U2^QT # 4�& ð3MOA�DEA	I2��BKT�A	öS÷�TO\�ïN^_BKTOL
Lt^_ó}^QPkI5D/ïEBrI0\�PQ÷OLtïNA�D�ýKïNM�A	DNA � ÷�A�LtïNA�U�DEBK÷�ïNA�LwI5DEA;ôOD]LnïwLNA�IKDE\]MOA�U�ð3^pïEM�^QT2ïNM�A	PQB�\�IKP���B�T�AKú
5 BKD;^_ToïNA�DNø6��BKTOA	DEBK÷�ïEA�L�ýKïEM�A%LtA�I5D]\]MH^kL;\�I5DEDE^QA�UcîXF2ór÷�PQïN^k\�I�Lnï;ó}A�LELNIKüKA�L[ïEB�ïEM�AÌî¨B�÷�TOUXø
I5DEFZTOBXU�A�L�ð3^pïEM�^_T ïEM�A7��BKT�A�L�ú8�zT9��:<; ��=?>��@���A�<��� 
��!5ý¡ïNMOA�ó}B�î�^QP_A�T�A�ïnð�BKDEñ�^_LÌU�^_òX^_U�A�U



^QToïNB�T�B�T�ø�B±òKA�DEPkI5ù�ù�^_T�üH\�PQ÷¨LnïEA�D]LÌð3M�A�DEA�ïnðwBZT�B�U�A�LÌBKö�I�\�P_÷OLtïNA�D0I5DEA�I5ïÌó}BoLnï�� M�BKùOL
IWð�IWF}öSDEBKó A�IK\]MZB5ïEM�A�D�úOûáñoø�ð�IWF2\�PQ÷¨LnïEA�DE^QT�ü}ó}A�ïEM�B�U�^_L!ù�DNB�ù¨BoLtA�UH^_T # ��& ð3M�A�DEAÌïNMOA
LtùOIKT�T�^_T�ü�ïEDNA�AcB5ö3ïNMOA2T�A�ïnð�BKDEñ ^kLr\�BKTOLtïNDE÷O\�ïNA�U ^_TÿïNMOAcôOD]LnïrùOMOIKLNAHI5T¨U ïNM�^kL%ïEDNA�A2^_L
ùOI5DNïN^QïN^_BKT�A�UH^_ToïNB2LN÷�î�ïEDNA�A�L;ð3^QïNM�î¨B�÷�TOU�A�U�U�^_IKó}A�ïNA�DEL;^_T+ïNM�A0LNA�\�BKTOU+ù�MOI�LtA�ú

�zTÿïNM�^kL}LnïE÷OU�F�ý�ð�AHA�òWIKPQ÷¨I±ïNAHïNM�AZù¡A�DNöSBKDEó}IKTO\�AHB5ö�IJMO^QA�DEIKDE\]M�^k\�IKP|ý ïnðwBKø�P_A�ò�A�P¥U�F�ø
TOI5ó}^k\�DNB�÷�ïN^_T�ü ù�DNBKïNB�\�B�P!U�A�LE\�DE^_î¨A�U4^_T # � & ÷OLt^_T�ü	" �	Gÿú�';M�A�ùODNBKïNB�\�B�P;\�BKTOLN^kLnï]L}B5ö
ïNM�DEA�AcócI5^_TÉù�MOI�LtA�L%B5ö;ùOI5DNïN^QïN^_BKTO^QT�ü�ïEM�A2ó}BKîO^QP_AcT�A�ïnð�BKDEñJü�DEIKù�MÞ^_ToïNBJ\�PQ÷OLtïNA�DEL�ý \�I5PQø
\�÷�PkI±ïE^QT�ü�PQB�\�I5P=\�P_÷OLnïEA�DwDNB�÷�ïNA�LwIKTOU}ôOTOIKPQP_Fc\�IKP_\�÷�P_I5ïN^_T�ü%ïEM�A�LN^_ó�ùOPQ^QôOA�U2T�A�ïnð�BKDEñ�ü�DEIKù�M
DNB�÷�ïNA�L�ú.';M�A�DEA�LtïwBKöÂïNM�A	ùOI5ù¡A�Dw^_LwBKDEü�IKT�^ ��A�U}IKL¥öSBKP_P_B±ð!L�ú.';M�A�îOI�\]ñXüKDEBK÷�TOU�^kL¥ü�^Qò�A�Tc^_T
�XA�\�ïN^_BKT���ýXïEM�A0I5TOIKPQF�LN^_L�^kL!U�^kLN\�÷OLELtA�UH^_T��XA�\�ïN^_BKT � ý�ïEM�A2"���G#ïEA�Ltï!DNA�Lt÷�PQïEL3IKDNAÌü�^Qò�A�T
^QT��XA�\�ïN^_BKT � I5T¨U2ïEM�A0\�B�TO\�P_÷OLN^QB�TOL3I5DEA	B�÷�ïNP_^_T�A�UZ^_T���A�\�ïE^QB�T 4 ú

� 	�
/ì���[èOé¥ë�æ	ê

����� �������������! #"$��"$%� #&'��(*)�+, .-/�!0!)21�)3�54� .��6

@�DEIKù�M�ù¨I5DNïN^QïN^_BKT�^_T�üÌI5P_üKBKDE^QïNM�ócL�I5^_ó I±ï/ù�DEB±òX^_U�^_T�üÌLt÷Oî�üKD]I5ù�M¨L&LN÷O\]MrïNMOI5ï/ïNM�A;TX÷�órî¡A�D
B5ö¨ò�A�DNïN^k\�A�L�^QT�A�I�\]M�ùOIKDtïE^pïE^QB�T�^kL/IWòKA�DEIKüKA�U0I5TOUrïNMOA3To÷Oórî¡A�D/B5ö=A�U�üKA�L�\�÷�ï[î¨A�ïnðwA�A�T�ïNMOA
ùOI5DNïN^QïN^_BKTOL�^kL�ó�^_T�^_ór÷�ó ð3^QïNM�IrïNB5ï]I5P=ó}^QTO^Qó�÷�ó \�BoLnï�úoû�TZIKDNîO^pïEDEIKDNF�T�A�ïnð�BKDEñc\�IKTHî¡A
\�BKT¨LnïEDN÷O\�ïNA�U+I�L3I5TZ÷�TOU�^_DNA�\�ïEA�UZ\�BKTOT�A�\�ïNA�U+üKD]I5ùOM87,9;:=<?>A@B>DC�E3ð3M�A�DEAF<.^kL�ïNMOA0LtA�ï
B5öÂDNB�÷�ïN^_T�ü%T�B�U�A�L�ýG@ ^_L[ïNM�A�LNA�ïwB5öÂA�U�ü�A�L/ü�^QòX^_T�üÌïNMOA�\�BoLnï[BKöÂ\�BKó}ór÷OT�^_\�I±ïE^QB�T�î¡A�ïnð�A�A�T
ïNM�A+DNB�÷�ïN^_T�ü�T�B�U�A�LrI5T¨UHCFI/@KJML ^kL%ïNMOA+LNA�ïrBKö;ð�A�^_üKMoï]LrIKLELNBX\�^_I5ïNA�UÞð3^QïNM4A�U�ü�A�L�ú
N � �%� 
 � ��������O����A� 
 � 
 � ��
��!¥^kL�ù¡A�DNöSBKDEó}A�U%îXFÌ\�BoI5D]LtA�T�^QTOüOý�ùOIKDtïE^pïE^QB�T�^_T�ü�I5T¨U%÷�TO\�B�I5D]LNA�T�^_T�ü
ù�MOIKLNA�L # P�& úRQ	÷�DN^_T�ü3ïEM�A[\�BoI5D]LtA�T�^_T�ü;ù�MOIKLNAKý�I3LtA�ï�B5ö�LtócI5P_P_A�D�ü�DEIKù�MOLÂI5DEA�BKî�ï]I5^_T�A�U	öSDEBKó
ïNM�A	^QT�^QïN^kI5P¨üKD]I5ù�M ú��zTcïNMOA�ócI±õ�^_ó}IKP�ócI±ï]\]M�^QTOüOýKò�A�DNïN^k\�A�L/ð3M�^k\]M2I5DEA!T�B5ïwT�A�^_üKMXî¡BKD]L[I5DEA
LtA�I5D]\]M�A�UÂú��zT�S!A�IWòX^QA�Lnï3A�U�üKA%ócI±ï]\]M�^QTOü2:�S�YwGTE�ý�ïEM�A0ò�A�DNïN^k\�A�L;IKDNAÌòX^_LN^QïNA�UZ^_T�DEIKTOU�BKó
BKD]U�A�D�ý[î�÷�ïHïNM�A \�BKP_PkI5ùOLN^QTOü ^kL2ù¡A�DNöSBKDEó}A�U ð3^QïNM ïEM�A ò�A�DNïNA�õ ïNMOI5ïHMOI�LcïNMOAJM�A�IWòX^_A�Ltï
ðwA�^Qü�M�ï�A�U�ü�A/ð3^pïEM%ïNM�A�\]M�B�LNA�TÌò�A�DNïNA�õÂú��zT2+�I5TOU�B�ó G I±ïE\]MO^QT�üU: +!GTE�M�B±ð�A�òKA�D�ý�ò�A�DNïN^k\�A�L
I5DEA�òX^kLt^QïNA�U ^_TÉDEIKTOU�B�ó#BKD]U�A�D%IKTOUÉI5TÉIKU�VtI�\�A�Toï%òKA�DtïE^_\�A}^_L0\]MOB�LNA�T ^_TÉDEIKTOU�B�óZú ';MOA
\�B�IKDELNA�Ltïwü�DEIKù�M+\�I5T+ïNM�A�T+î¡A%ùOIKDtïE^pïE^QB�T�A�UZI5TOU2öS÷�DNïNM�A�D3DNA�ôOT�A�ó}A�T�ï]L3\�IKT+î¡A%IK\]M�^_A�ò�A�U
îoF�LN÷�^pï]I5î�P_ArIKPQü�BKDE^pïEM�ócL;PQ^_ñKArVÌA�DNTO^Qü�M�A�T�I5T¨U�W�^_T #YX & ú 5 ^_TOI5P_P_FKý�ïEM�A0ùOIKDtïE^pïE^QB�T�B5ö�ïNMOA
\�B�IKDELNA�Ltï;üKD]I5ù�M+^_L3^QïNA�DEI5ïN^_òKA�PQFcDEA�öSB�DNó}A�U+îOI�\]ñcïNB�ïNMOA%BKDE^Qü�^QTOIKP=üKD]I5ù�M�ú

Z A�ù�DEB±òo^kU�A�I�ùOIKDtïE^pïE^QB�T�^QTOüró}A�ïEM�B�UH\�IKPQP_A�U2[ 
]\ �5^2_�� � �<��� �A^F` ���A� 
 � 
 � ��
�.!a: 5*b "cE
# � & ð3MOA�DEA;LNA�ò�A�D]I5P�ô�õ�A�U�\�A�ToïEA�D]L&IKDNA;\]M�BoLtA�T�I5T¨U%ïNMOA3üKD]I5ù�M0^kL&ïNMOA�T}\�B�IKDELNA�TOA�U0IKDNB�÷�TOU
ïNM�A�LtA ô�õ�A�U�\�A�ToïNA�DELHîoF \�B�PQPkI5ù¨Lt^_T�üÿïEM�A M�A�IWòX^QA�LnïHB�DHD]I5TOU�BKó A�U�ü�A�LHIKDNB�÷�TOU ïNMOA�ó
^pïEA�D]I±ïN^_òKA�PQF�ú#Q	^QC¡A�DNA�T�ï�ïNM¨I5T # P�& ý 5*b " U�BXA�L�T�B5ïÌMOIWò�ArI2ócI±ï]\]M�^_T�ü+ùOMOIKLNAKý¨ïNM�A�DNA�öSBKDEA
^pïEA�D]I±ïN^_BKT¨L¥I5DEA!ó�÷O\]McöµIKLtïNA�D�ú 5*b " DNA � ÷O^QDEA�L[ïNM�A�^QTO^pïE^_IKP¨ócI5DEñX^QTOü0B5öÂïEM�A�ôOõXA�U2\�A�ToïNA�D]L�ú
)	T�A3ù¨BoLNLN^_î�PQA!LNBKP_÷�ïE^QB�T�^kL/ïEB0\]M�BXB�LNA�ïNM�A3ôOõXA�Uc\�A�T�ïEA�D]L�DEIKTOU�B�ó�P_F�LNB�ïNMOI5ï[ïNMOA�F}I5DEA;IKPQP
I±ïwP_A�I�Lnï�LtB�ó�A�î¨B�÷�TOU�A�UHU�^kLnï]I5TO\�A3öSDEBKó�A�I�\]McB5ïNMOA�D�ú0';M�A	M�A�÷�DE^kLnïE^_\!öSBKD[ïEM�A�î¡BK÷OTOUcð�A
÷OLtA�UH^kLed�fhg ^jikO ð3M�A�DEAjl}^_L�ïEM�A%U�^_IKó}A�ïNA�D3B5ö�ïNM�AÌT�A�ïnðwB�DNñcI5T¨U�m�^kL�ïNM�AÌTX÷�órî¡A�D
B5öÂùOI5DNïN^QïN^_BKT¨Ln:µ\�PQ÷OLtïNA�DEL5E�ïNBrî¨A3öSB�DNó}A�UÂú ';M�A3ïE^Qó}A�\�BKó}ù�P_A�õ�^QïnFrB5ö=ïEM�A3ïNBKïEIKPO\�B�PQPkI5ùOLN^_T�ü
B5ö 5*b "�^_Lpoa:�qrE�ú 5/b "�ù�DEB±òX^_U�A�U�ór÷¨\]M�öµIWòKBKD]I5îOPQA%ùOIKDtïE^pïE^QB�TOL3ïEMOI5T b G9I5T¨U?+!G9^_T
ïNA�DEócL;B5ö&ïNM�A%IWò�A�D]I5üKA	A�U�ü�A%\�B�Ltï�ýXïE^Qó}AÌïEB�ù¨I5DNïN^QïN^_BKT�I�ü�DEIKù�M+IKTOU+ïNM�A � ÷OIKPQ^QïnF2B5ö&ïNMOA
ùOI5DNïN^QïN^_BKTOL;A�õ�ù¨A�DN^_ó}A�ToïEIKPQF # ��& ú



��� � � (*)�����)G� ������(*��� � 0��8 
	$����"$%��p�  .�� ��G .0

';M�AÌDNB�÷�ïN^_T�ü�ù�DNBKïNB�\�B�PÂ\�I5P_P_A�UcïEM�A� � 
%!�d�� ����` � ���<� >���� öSB�D;ïNM�AÌó}BKî�^_P_A�TOA�ïnð�BKDEñ�^kL;T�BKï
öS÷�PQP_F U�^kLtïNDE^Qî�÷�ïNA�U U�÷�A�ïNB+ïNMOA�A�õ�^_LtïNA�TO\�A�B5ö;LtB�ó�A�ù�DE^QòX^_PQA�üKA�U T�B�U�A�L�^_T ïEM�A�T�A�ïnð�BKDEñ=ú
';M�A�U�^_LtïNDE^QîO÷�ïNA�U DEBK÷�ïE^QTOü+I5D]\]M�^QïNA�\�ïN÷ODNA�\�BKT¨Lt^kLnï]L�BKö¥M�^_A�D]I5D]\]M�^k\�I5P&\�P_÷OLtïNA�D]L�B5ö¥DEBK÷�ïN^_T�ü
T�B�U�A�L�I5T¨U0A�I�\]M�\�PQ÷OLtïNA�D�M¨IKL�I	\�BKToïNDEBKP_P_A�D ð3MO^_\]M�^_L�\�I5P_PQA�U%ïNMOA����Am���������q�������������ú±û�ï�ïNMOA
M�^Qü�M�A�Ltï�PQA�òKA�P�ýWBKT�A�B5öOïNM�A;DEA�ù�DEA�LNA�ToïEI5ïN^_òKA�L \�IKPQP_A�U0ïNM�A! #"�"$� l%� q��%��"$�Xý5DEA�\�A�^_òKA�L ó}A�LELEI5üKA�L
ïNB!÷�ù=U�I5ïNA[^QïEL òo^_A�ðÉA�òKA�DEFoïN^_ó}A�ïNM�A�DNA[^kL�IKT0IKU�U�^QïN^_BKT%B�D U�A�PQA�ïN^_BKT%B5ö�I;T�B�U�A[ïNB�I3\�PQ÷OLtïNA�D�ú
& ù¡BKT2LN÷O\]M2\]MOI5TOüKA�L[B5öÂ\�BKT�ôOüK÷�D]I±ïE^QB�T}BKD[ù¡A�DE^QB�U�^k\�IKPQP_FrüoI±ïEM�A�DE^QTOü%B5ö=ïNM�A	\]MOI5T�ü�A�L�ý±ïNMOA
\�BXBKD]U�^_TOI±ïEBKD�LtïEIKDtï]L�I	T�A�ð \�BKT�ôOüK÷�D]I±ïE^QB�T0ù�DEB�\�A�LEL�îoFÌùOIKDtïE^pïE^QB�T�^_T�ü!ïEM�A;T�A�ïnð�BKDEñ	ü�DEIKù�M
^QToïNB�T�A�ð \�PQ÷OLtïNA�DEL�ú ';MOA¥T�B�U�A�L�^_T%ïNM�A�\�P_÷OLtïNA�D ïNMOI5ï�MOIWò�A[\�B�T�T�A�\�ïN^_BKTOL�ïNB	B5ïNMOA�D�\�PQ÷¨LnïEA�D]L
I5DEA�\�I5P_PQA�U0ïEM�A3� � 
%!�d�� ��� � ��^ ��� ú ';M�A3\�BXB�DEU�^_TOI5ïNBKD�\]M�BXB�LNA�L�BKTOA�BKöOïEM�A;T�A�^_üKMXî¡BKD�T�B�U�A�L
^QT�A�IK\]M�\�P_÷OLtïNA�D	IKL;ïEM�Ar\�P_÷OLtïNA�D�DEA�ù�DEA�LNA�ToïEI5ïN^_òKAÌI5TOU�LNA�T¨U�L;ïNMOAr\�P_÷OLtïNA�D�I5TOUZT�A�^Qü�MXî¨B�D
ïNBKù¡BKP_BKü�F}^QT�öSB�DNócI5ïN^_BKT2ïEB�ïNM�AÌDEA�ù�DEA�LNA�ToïEI5ïN^_òKA	B5ö�LN÷O\]M�Irü�DNB�÷�ù�úXY¥IK\]M+DNA�ù�DEA�LNA�ToïEI5ïN^_òKA
ïNM�A�T U�^kLnïEDN^_î�÷�ïEA�LHïNM�A P_BX\�I5P�\�BKTOT�A�\�ïN^_òo^QïnF ^QT�öSBKDEó}I5ïN^_BKTþïEB IKPQP�B5ö%ïEM�A T�B�U�A�LH^_Tâ^QïEL
üKDEBK÷�ùÉð3M�^k\]M \�B�TO\�P_÷OU�A�L%ïNMOA2ôOD]Lnï�LnïEA�ùÿB5ö;ïEM�AHù�DEB5ïEB�\�BKP�ú �zTÉïEM�A+LNA�\�BKTOUÉLtïNA�ù ý�A�IK\]M
T�B�U�AHù¡A�DNöSBKDEócL0û!P_Ppø<"/I5^_D]L��XM�B�DtïEA�Ltïtø<"/I±ïNM¨Lk:µû " � "cEÌDNB�÷�ïN^_T�üJð3^QïNMO^QT ^QïEL�\�P_÷OLtïNA�D�ú&û�ï
ïNM�A A�TOUâB5ö%ïEM�^_L�LtïNA�ù�ý¥ïEM�AÉU�^_LtïEIKTO\�A�LHî¡A�ïnð�A�A�T IKPQP�ùOI5^_D]L2B5ö�T�B�U�A�L+^QTâïNM�A \�P_÷OLtïNA�D
^QTO\�PQ÷¨U�^QTOü%ïNM�A	T�A�^_üKMXî¡BKD[TOBXU�A�L¥IKDNA!\�I5Pk\�÷�PkI±ïEA�UÂú �zTcïNM�A!ïNM�^_DEUHLnïEA�ù�ý�BKT�P_FrïEM�A!T�A�^Qü�MXî¨B�D
T�B�U�A�Lc\�I5Pk\�÷�PkI±ïEAZû " � " DNB�÷�ïNA�L�öSBKD�ïNM�AJLN^_ó�ùOPQ^QôOA�U T�A�ïnðwB�DNñÉüKD]I5ùOM4ð3M�^k\]M�\�BKTOLN^kLnï]L
B5öÌT�A�^_üKMXî¡BKD2T�B�U�A�LcBKTOPQF�ú¥û!TXF�DNB�÷�ïNA�^kL}ïNMOA�T öSBKDEó}A�U�îXF ïEM�AJ÷�T�^_BKT BKö�ïEM�AJDEBK÷�ïEA
öSDNB�ó ïNM�A�LNBK÷�D]\�AZT�B�U�A+ïNBÉ^pï]L}T�A�IKDNA�Lnï�T�A�^_üKMXî¡BKD�ý&ïNM�A�LNM�BKDNïNA�Lnï}DNB�÷�ïNAZî¡A�ïnð�A�A�T ïNMOA
LtB�÷�DE\�AHT�A�^Qü�MXî¨B�D�I5T¨UÿïNMOAZU�A�LnïE^QT¨I±ïN^_BKT T�A�^_üKMXî¡BKD�I5TOU ïNM�A�LtMOBKDNïNA�Ltï�DEBK÷�ïNAHî¡A�ïnð�A�A�T
ïNM�A0U�A�LnïE^QT¨I±ïN^_BKTZT�A�^Qü�Moî¡BKD!IKTOUHïNM�A0U�A�LnïE^QT¨I±ïN^_BKT�T�B�U�A�ú

1

2

6
9

14

17

22

26 37

3

10

11

12

13

16

18

19

20

32

39

0

7

8

1523

24

25
35

38

34

36

33

29

30

28

21

5

4

13

11

6

9

12

13

7

8 6

14

7

3

2

1

12

14

13

15

68

9

8

10

9
4

3

5

8

11

4

12
13

7 10

9

6

13

1

12

5

6

6

4

5

10

8

4

12

7 8

6

8

9

5

14

11

6

6

27
10

2

2

3

31

9

7

4

5

A

B

C

D

')(+* Ç$,XÇ ��¢�u��wlnfp£�fgmXd�e�-�uNs���j�ln�



����� �8"���� ���
	*0�) 1�)3�54� .��6
û!T2A�õ�IKó}ù�PQA3TOA�ïnð�BKDEñr^kL¥U�A�ù�^_\�ïNA�U}^QT 5 ^_üOú $ ú ';M�A�^QT�^QïN^kI5P=\�A�ToïNA�D]L[IKPQP_B�\�I±ïEA�U}I5DEAe� / ý / ý
$ I5TOU � ��ú ';MOA�\�BXBKD]U�^_TOI±ïEBKD¥IKTOUcI5PkLNBÌïNM�A!DEA�ùODNA�LtA�T�ï]I±ïE^Qò�AwöSB�Dw\�PQ÷OLtïNA�D Qâ^_L�I±ï $�� ú ';MOA
\�BXBKD]U�^_TOI±ïEBKD/ùOIKDtïE^pïE^QB�TOL�ïNMOA!üKD]I5ù�M}÷OLN^_T�ü 5*b "ÿI�L[LtMOB±ð3T�ú��;IKLNA�U�BKT}ïEM�A!ùOIKDtïE^pïE^QB�T�^_T�ü
^QT�öSB�DNócI5ïN^_BKT�ý¥ïNM�AÞDNA�ù�DNA�LtA�ToïEI±ïE^Qò�A�Lc\]M�BoLtA�T�öSDNB�ó ïEM�A T�A�^Qü�MXî¨B�DEL2I�L $ X ý �� I5TOU $ 4
I5DEA%^QT�öSB�DNó}A�U�B5ö�ïNM�A�^QD	PQB�\�I5P�\�BKT�TOA�\�ïE^QB�T�ú��zT�ïEM�ArLNA�\�BKTOU�ù�M¨IKLNAKý�ïEM�A0DEA�ù�DEA�LNA�Toï]I±ïN^_òKA�L
ïND]I5TOLtöSA�D�ïEM�^_L[^QT�öSB�DNócI5ïN^_BKT�ïNB%P_BX\�I5P�T�B�U�A�L�^QT�ïEM�A�^_D¥\�P_÷OLtïNA�DEL�^_T}ùOI5D]I5P_PQA�P|ú�';MOA3BKD]U�^QT¨I5DEF
T�B�U�A�L[ïNM�A�TH\�IKP_\�÷�P_I5ïNA!û " � "É^_T2ùOIKDEIKPQP_A�P�ý5M�B±ð�A�ò�A�D�ýWïNM�A!TOA�^_üKMXî¨B�D[T�B�U�A�L[MOIWò�A;ïNBrIKP_LNB
\�I5Pk\�÷OP_I5ïNA%û*"c� " öSB�D;ïNM�A0LN^_ó�ùOPQ^QôOA�UZT�A�ïnðwB�DNñ}ü�DEIKù�MHð3M�^k\]M�\�B�TOLt^kLtïEL�B5ö�ïNM�A%T�A�^Qü�MXî¨B�D
T�B�U�A�L;B�T�PQF2I�L;LtM�B±ð3T+^QT 5 ^Qü¨ú � ú b BKT¨Lt^kU�A�D3IKT+A�õ�IKó}ù�PQA�ð3M�A�DNA�T�B�U�AF� P ^QT�\�P_÷OLtïNA�D!û
ð�IKT�ï]LwïNBcLtA�TOUZIró}A�LELEI5üKA	ïNB�ïNMOA%T�B�U�A �04 ^QT�\�P_÷OLtïNA�D b ú �X^_TO\�AÌU�A�LtïN^_TOI±ïE^QB�T+^kL;T�B5ï3^_T
^pï]L�B±ð3TJ\�PQ÷OLtïNA�D�ý � P LNA�TOUOL!ïEM�Aró}A�LELEI5üKAÌïEB2^QïEL�\�P_B�LNA�Ltï!T�A�^_üKMXî¡BKD�TOBXU�AKý $�X ú��!B�U�A $ X
LtA�TOU�LwïNM�AÌó}A�LELEI5üKA�ïNB�T�B�U�A X ð3M�^k\]MH^kL�^pï]L3\�P_B�LNA�LtïwT�A�^Qü�MXî¨B�D�TOBXU�A	^_TZ\�PQ÷¨LnïEA�D b B±òKA�D
$�X ø � - ø ��$ ø $�� ø �0- ø X ú ';M�A�T�A�^_üKMXî¡BKD}T�B�U�A X DNB�÷�ïNA�L�ïNM�A�ó}A�LELEI5üKA+ïNB ïEM�A�U�A�LtïN^_TOI±ïE^QB�T
B±òKA�D�ïEM�A0LtMOBKDNïNA�Ltï3ùOI±ïEM+ð3MO^_\]M�^kL X ø � � ø  ø �04 ú0';M�AÌïEB5ï]I5P�\�BoLnï3BKö�ïEM�^_L!ùOI±ïEM+^kL �0- ú

14

17 37

13

16

20
39

7

1523

24

29

30

13

3

2

1

9
4

3

13

1

12

7 8

6

5

2

2

3

31

9

4

10

5

A

B

C

D

')(+* Ç��OÇ ��¢�u!qKfg�%�oegfiÝXu]� -�uEfp£�¢5Ë�j�l -�uEs|��j�ln�

� �þæe
������oí��

';M�A%ù¨A�DtöSB�DNócIKTO\�AÌI5TOIKPQF�LN^_L;LNM�BK÷OP_UZ^_TO\�P_÷OU�AÌïEM�AÌöSBKP_PQB±ð3^_T�ü
$ ú "/I5DNïN^QïN^_BKT�^_T�ü�B5ö&ïNM�A%TOA�ïnð�BKDEñcüKD]I5ù�M+îoF 5*b " I o R��ú'Q�^kLtïNDE^Qî�÷�ïN^_BKT B5ö[ïEM�Ac\�P_÷OLnïEA�DÌ\�B�T�T�A�\�ïN^_òX^pïnF�ó}A�LELEI5üKA�L!ïEBHïEM�A}\�P_÷OLnïEA�DÌDEA�ù�DEA�LNA�ToïEI5ø
ïN^_òKA�LpI.o `� ú'Q�^kLtïNDE^Qî�÷�ïN^_BKTHBKö�ïNMOA	DEBK÷�ïE^QTOür^_T�öSBKDEócI±ïN^_BKT2ïNB�ïNM�A�^QT¨U�^QòX^kU�÷OIKP¡TOBXU�A�LwîoFcA�IK\]M2DEA�ù�ø
DNA�LtA�ToïEI±ïE^Qò�AUI#o��

� ú �zToïND]I±øz\�P_÷OLnïEA�D;DEBK÷�ïEAÌ\�I5Pk\�÷�PkI±ïE^QB�THïE^Qó}A%îXFcïEM�A%T�B�U�A�L!ð3^pïEM�^QTZïEM�A0\�P_÷OLtïNA�DjI#o��
4 ú �zToïNA�DNø�T�A�^_üKMXî¡BKD;DNB�÷�ïNA%\�I5Pk\�÷�PkI±ïE^QB�T+îXFcïEM�A%T�A�^_üKMXî¡BKD]L I.o��



��ï	ð;IKL�LNM�B±ð3T�^_T # ��& ïNMOI5ï�ïNMOA�U�^kLtïNDE^Qî�÷�ïN^_BKTJBKö[^QTOU�^QòX^kU�÷OI5P�\�P_÷OLtïNA�D�DEBK÷�ïE^QT�ü+^QT�öSBKDNø
ó}I5ïN^_BKT ïNB�ïEM�A2T�B�U�A�Lk:µLtïNA�ùOLU��IKTOU � I5î¡B±òKA�E!ï]I5ñ�A o�������� :	��E�ïE^Qó}A2ð3M�A�DNA
� ^_L0IKT
÷�ù�ù¡A�D�î¨B�÷�TOUrBKT0ïEM�A�To÷Oórî¡A�D�B5öOTOBXU�A�L�^QT}I�\�PQ÷OLtïNA�D�ú±û�P_LNB!ïEM�A�ïNB5ï]I5P�ïN^_ó}A�DEA � ÷�^_DEA�UÌöSB�D
^QToïND]I±øz\�P_÷OLtïNA�DwI5T¨Uc^QToïEA�DNø�T�A�^Qü�MXî¨B�D[DNB�÷�ïN^_T�ürIKPQü�BKDE^pïEM�ócL[^kLco����� ��� :�� � E�ú ';M�A!öSB�PQP_B±ð3^_T�ü
ïNM�A�BKDEA�ó LNM�B±ð�A�UHïNM�A��Xù¡A�A�U�÷�ù�BKî�ïEI5^_T�A�UHîXF2ïEM�A%ù�DEBKù¡B�LNA�UHù�DNBKïNB�\�B�P # ��& ú
� ($)  .� ) � �.��� d ��� O����A^���O?� � �<� 
� �A^ � = � d �/O8���AO�� ���5^�O8�����<� > �����<� �cO8� ��� ��������� � � 
 ���
���� : �<� : ������ d ���A�6���A��O���� d �*O �����6� >���� 
 � oa:]m � E � � ^3�<� � d �*O���� ���� ��� >�� ��� ;$d �����,� �0> d � ��^ �
> ��� >�� � ���<�A� ���� ���2� d �2����� �6��� 
� O��������� ��� ; 
 � d ��� d ����� 
 � oa: m¨`�����E��
` ��� ��� � ' BKïEI5P=ïE^Qó}AÌöSB�D;ïNM�A%ù�DEB5ïEB�\�BKP?:=o������ � E�^kLjI

o ����� � 9 o � �!� � :!qrE#" o�������� :	��E#" o ���$ ����:�� � E?9 oa:�q%"&� � E : $ E
I5TOUZIKLELt÷Oó�^_T�ücI�îOI5PkI5T¨\�A�U+ùOIKDtïE^pïE^QB�T�ýXïNMOI5ï!^_L�ýq�9'� m

o ����� � 9 oa:!q(")� � E 9 oa:	� m*"&� � E :��GE
û�LELt÷�ó}^_T�üZïNM�AcTOA�ïnð�BKDEñ�MOIKL�mÿ\�P_÷OLtïNA�DEL%IKTOU+�:T�B�U�A�L0I5ï%A�IK\]MÉ\�P_÷OLtïNA�D�ý�I�LNA�DE^_IKP

I5P_üKBKDE^QïNM�ó ïNB�\�B�ó}ù�÷�ïNAcIKPQP&DNB�÷�ïNA�L�B5ö[ïEM�^_LÌTOA�ïnð�BKDEñ+ð3^_PQP�ï]I5ñ�A o ��� � � ��,A:D:]m
-.�2E � E	BKù�ø
A�D]I±ïN^_BKT¨L�ú8';M�A}Ltù¡A�A�U�÷�ù&/ ïNM¨I±ï0\�IKT î¡A�IKù�ù�DEBWõX^_ócI±ïEA�U�ð3^QïNM DNA�Ltù¡A�\�ï	ïEB+ùO÷�DNA}LNA�DE^_IKP
\�IKLNAÌ^_LpI

/�9 o���� � � ��, � o �0��� �/9 oa:D: m1-2�2E � ��:��Um3")� � EDE : � E
I5TOUZIKLELt÷Oó�^_T�ü1�54 m

/H9 oa: m � E : � E
5 BKD	ïNMOA�ùO÷�DNA�ùOIKDEIKPQP_A�P&\�IKLNA�ð3M�A�DEArA�IK\]MJT�B�U�A�MOI�L�IKPQP&B5ö¥ïNM�A}T�A�ïnðwB�DNñ�\�B�T�T�A�\�ïN^_òX^pïnF
^QT�öSB�DNócI5ïN^_BKT�ý o6� �!�e9 o87 m¨`��Z`�E;I5T¨U2ïEM�A0Ltù¡A�A�U�÷�ù�T�B±ð ^_LpI

/�9 oa: m ` � ` ��� � E 9 oa:]m ` ����E : 4 E

9 :<;6=?>�èOí$@A>�æ¥ç�
 �3BC> �oë �zç��ÿë��XíNæn�ED�FHG

�X^Qó�÷�PkI±ïN^_BKT+B5öÂïEM�AÌT�A�ïnð�BKDEñ�^_T�^QïN^kI5P_^ ��I±ïE^QB�T+I5T¨UcDNB�÷�ïN^_T�ü�ð�I�L¥ù¡A�DNöSBKDEó}A�U2÷¨Lt^_T�ü7" �	Gÿú
';M�A�LN^_ór÷�PkI±ïE^QB�TJð�I�L�ù¡A�DNöSBKDEó}A�U�öSB�D�\�PQ÷¨LnïEA�D%Lt^���A�L�BKöc��ý � ý / ý¡IKTOU $ �cBKTÞI ��A�B±ð3÷OPpö
\�P_÷OLnïEA�D3BKö�" b�I L;DE÷�T�T�^_T�üBW�^_TX÷�õÂú

Jr��� K "*�����!�0���LG������ ."
' BHLN^_ór÷�PkI±ïEAÌïNM�A ��A�^_üKMXî¡BKD*"¥DNBKïNB�\�B�P|ý�I2\�A�ToïND]I5P�\�BXBKD]U�^_TOI±ïEBKD;ïEI�Ltñ+^_L	Lnï]I5DNïNA�UHïEB2^_T�^pø
ïN^kI5P_^ ��A	ïEM�A0\�B�T�ôOü�÷�DEI5ïN^_BKT+B5ö&ïNM�A%T�A�ïnðwB�DNñ2I�L�öSBKP_PQB±ð!L�I
$ ú b A�ToïND]I5Po\�BXBKD]U�^_TOI±ïEBKDÂï]IKLNñÌùOI5DNïN^QïN^_BKTOL üKD]I5ù�M%^_ToïNB�U�A�LN^Qü�TOI±ïEA�U%TX÷�ó�î¨A�D�BKöO\�P_÷OLtïNA�D]L�ú
��ú 5 DEBKó�A�I�\]MH\�P_÷OLtïNA�D�ý�ïNM�A�\�BXBKD]U�^_TOI±ïEBKD�LtA�PQA�\�ïEL�I0TOA�^_üKMXî¨B�D¥T�B�U�A�IKLwDNA�ù�DEA�LNA�ToïEI5ïN^_òKA
I5TOU�LNùOIWð3TOL;I�DNA�ùZïEIKLNñ2B�TZI�T�A�ð M�BoLnï�ú

� ú b BXBKD]U�^QT¨I±ïNB�D�U�^kLnïEDN^_î�÷�ïEA�L�P_B�\�IKP :µ\�PQ÷OLtïNA�D5E�\�BKTOT�A�\�ïN^_òo^QïnF�^_T�öSB�DNócI±ïE^QB�T%I5TOUÌT�A�^Qü�MXî¨B�D
\�B�T�T�A�\�ïN^_òX^pïnFcïEBcA�I�\]M+DEA�ù+ïEI�Ltñ=ú



� ú3Y¥I�\]MrDEA�ù�ïEIKLNñ0LNùOIWð3TOL�I�TOA�^_üKMXî¨B�D&ïEIKLNñ%öSB�D&A�IK\]M�T�A�^_üKMXî¡BKD':ST�BKï[^QT¨\�P_÷OU�^_T�üÌ^pï]LtA�PpöAE
^QTâ^pï]LH\�P_÷OLtïNA�DHBKTþ^QïEL+M�BoLnïHócI�\]M�^QTOAKýwIKTOUþU�^kLnïEDN^_î�÷�ïEA�LHPQB�\�IKP	\�BKT�T�A�\�ïE^QòX^QïnF�IKTOU
T�A�^_üKMXî¡BKD!\�BKT�T�A�\�ïE^QòX^QïnFcïNB�ïNMOA%T�A�^_üKMXî¡BKD�ú

4 ú ';M�A!DEA�ù}ï]IKLNñ�LNùOIWð3TOL[IKT�B�DEU�^QTOIKDNF0ïEIKLNñ�öSBKD[A�IK\]M}DNA�ócI5^_T�^QTOü%T�BKT�ø�T�A�^Qü�Moî¡BKD/TOBXU�A
^QTZïEM�A0\�P_÷OLtïNA�D!IKTOU�LtA�TOU�L;B�T�PQFHPQB�\�IKP�\�B�T�T�A�\�ïN^_òX^pïnF�ú
Y[òKA�DNFcTOBXU�AKý�^_T�ùOI5D]I5P_PQA�P|ý�\�I5Pk\�÷�PkI±ïEA�L;P_B�\�I5PÂDEBK÷�ïNA�L;÷¨Lt^_T�ücû*"c� "�ú��zT�IKU�U�^pïE^QB�T�ý�ïNMOA

T�A�^_üKMXî¡BKDwïEIKLNñ�L�ù¨A�DtöSB�DNó$û " � " öSBKD;^QToïEA�DNø�\�PQ÷OLtïNA�DwDEBK÷�ïNA�L�ú & ù¡BKT�\�B�ó�ùOPQA�ïN^_T�ü�DEBK÷�ïN^_T�ü
\�I5Pk\�÷OP_I5ïN^_BKTOL�ý/A�I�\]M T�B�U�AÞLtA�TOU�LcI5T¨U�û b V ó}A�LELNIKüKAZïNBÉïEM�A�DEA�ù�DEA�LNA�ToïEI5ïN^_òKA�B5ö�ïNMOA
\�P_÷OLnïEA�D�ú )	TO\�A%ïNM�ArDNA�ùZM¨IKL!\�BKP_PQA�\�ïNA�U�û b V.ó}A�LELEI5üKA�L�öSDNB�ó IKPQP T�B�U�A�L3^_T�ïNMOAr\�P_÷OLtïNA�D
^pïcLtA�TOU�L}û b V ïNBÞïNMOAZ\�BoB�DEU�^QTOI5ïNB�D�ú Z M�A�T ïNM�A�\�BXB�DEU�^_TOI5ïNBKD�MOIKL�\�B�PQP_A�\�ïNA�U4û b V I L
öSDNB�ó I5P_PÂDNA�ùHï]IKLNñ�L�ýX^_T�^pïE^_IKPQ^���I5ïN^_BKTZ^_L3\�BKó}ù�P_A�ïEAKú�';M�AÌDEA�LN÷�PQïEL�öSBKD;^_T�^QïN^kI5P_^ ��I±ïN^_BKTZB5ö&ïNMOA
T�A�ïnð�BKDEñ4\�P_÷OLtïNA�DH\�B�T�ôOüK÷ODEI5ïN^_BKT I5TOU�DEBK÷�ïE^QT�ü \�I5Pk\�÷�PkI±ïE^QB�TOL}^kLHLNM�B±ð3T ^_T 5 ^Qü¨ú � öSB�D
U�^pC=A�DEA�ToïwLN^���A!\�P_÷OLtïNA�DEL�ú ';M�A;ïE^Qó}A�LwI5DEA!Lt^_üKTO^pô¨\�I5ToïNP_F0P_B±ðwA�D�ïNMOIKT}ïNM�A!ïN^_ó�A�L�öSBKDwIÌT�BKT�ø
U�^_LtïNDE^_î�÷�ïNA�Uc^_ó�ùOPQA�ó�A�ToïEI±ïE^QB�TcïNM¨I±ï�U�BoA�L¥TOB5ïw÷¨LtA�ïNM�A �!A�^_üKMXî¡BKD "[DEB5ïNB�\�BKP�ð3M�A�DNA�^QT2IKPQP
T�B�U�A�L ù¨A�DtöSB�DNó û*"c� "ZöSBKD ïNM�AwA�ToïN^_DNA/ü�DEIKù�M%IKL ^QP_PQ÷¨LnïEDEI5ïNA�UÌî¡A�P_B±ð%ú ';MOA[ó}A�IKLN÷�DEA�ó}A�Toï]L
öSBKD�T�BKDEócI5P�û*" ��"âI5DEArIKî¨B�÷�ï 4 ø $  ïN^_ó}A�L�M�^_üKM�A�D�ïEMOI5TJïNM�A �*" ò±I5P_÷�A�L�I5TOU I5DEArT�BKï
LtM�B±ð3TZ^_TZü�DEIKù�M�ú

Route Initilaization Time

0

0.5

1

1.5

2

2.5

3

3.5

4

20 40 60 80 100 120

Number of Nodes

T
im

e 
(s

ec
) 2 Cluster

4 Cluster

8 Cluster

12 Cluster

' ( * Ç��OÇ ��m�fisnfQd�egfp�]d�snfgj�m2��fg�%u]y/hkj�l�b&ep��y�snuElny

Jr� � 1�)3�54� .��6��U ��
� 	*"$� � �����! #"
)	TO\�A;I�TOBXU�A�M¨IKL�\�IKP_\�÷�P_I5ïNA�U0DEBK÷�ïEA�L&^pï/LNA�TOU�L�ó}A�LNLEI5ü�A�L ïNB�DEIKTOU�BKó}P_FÌù�^_\]ñ�A�UrT�B�U�A�L�^_T
ïNM�AÌT�A�ïnðwB�DNñ=ú���B�U�A��ZLNA�TOUOL�I�ó}A�LELNIKüKA�ïNB�T�B�U�A�C îXF}ôOD]Lnï3\�DEA�I5ïN^_T�ü�Iró�A�LNLEI5ü�A	IKTOU
ïNM�A�T�P_BXBKñX^QTOü	÷�ù�ïNMOA�TOA�õXï/T�B�U�A �¨ý±^_TrïEM�A;DNB�÷�ïNAwïNBpC0ú 5 BKD�A�õ�IKó�ùOPQA�ý±^pö¡BKD]U�^QT¨I5DEF�TOBXU�A
^QTZ\�P_÷OLnïEA�D�l $ ð3^_LNM�A�L[ïEB�LNA�TOUHI0ó}A�LELNIKüKA3ïEB�I�T�B�U�A�^_T+\�PQ÷¨LnïEA�D�l3��ý�^Qï�ð�BK÷OP_U2LNA�T¨UcïNMOA
ó�A�LNLEI5ü�A/ïNB�ïNM�AwT�A�õXï&T�B�U�A¥^_T0ïEM�AwLNM�BKDNïNA�Lnï�ùOI±ïEM0ïNB	^pï]L�\�PQBoLtA�Lnï�T�A�^_üKMXî¡BKD�ý�ïNB	î¨AwDNB�÷�ïNA�U
ïNB0\�P_÷OLtïNA�D?l3��ú Z M�A�TcIKT�^_TO\�B�ó}^QT�ü%ó}A�LNLEI5ü�Aw^kL/DEA�\�A�^Qò�A�UÂý�ïEM�A3T�B�U�A!\]M�A�\]ñXL&ïEM�A3M�A�IKU�A�D



I5TOU�A�^QïNM�A�D�DNA�\�A�^_òKA�L&^pï/BKD&öSB�DNð;I5D]U�L�^pï�ïNB	ïNMOA3T�A�õXï/T�B�U�A�^QT�DNB�÷�ïNA�ïEB�U�A�LnïE^QT¨I±ïN^_BKT ú�';M�^_L
ù�DNB�\�A�U�÷�DEA}\�BKToïE^QTX÷�A�L�öSB�DÌA�IK\]MÞT�B�U�A�ïNB�LNA�TOUÞBKT�A�MX÷�TOU�DEA�UÞó}A�LELNIKüKA�L	IKTOU ÷OT�ïE^QP[IKPQP
ó�A�LNLEI5ü�A�L}MOIWò�A�î¨A�A�T DNA�\�A�^Qò�A�UÂú Z AJó}A�I�Lt÷�DEA�U�\�B�ó}ór÷�T�^k\�I5ïN^_BKT�ïN^_ó}A�DNA � ÷�^QDEA�U öSB�D
A�IK\]M T�B�U�A�^_T4ïEM�A �!A�^Qü�Moî¡BKD "¥DNBKïNB�\�B�P¥ïEB LtA�TOU4B�T�A�MX÷�TOU�DEA�U ó}A�LELNIKüKA�L�I5T¨U4MOIWò�A
ïNM�A�ó \�B�DNDEA�\�ïNP_F�DNB�÷�ïNA�U I5T¨U DEA�\�A�^_òKA�U�ú Z A}öSBK÷�T¨UJïEMOI±ï%DE÷�TJïE^Qó}Ac^kL	P_B±ð�A�D�öSBKDÌó}BKDEA
\�P_÷OLnïEA�D]L;ù�DEB±òo^kU�^_T�ü�PQA�LNL;BKö�I�P_B�IKU+ù¡A�D!\�P_÷OLtïNA�D�IKL;ü�DEIKù�M+LN^ ��AÌ^QTO\�DNA�IKLNA�L�ú

Runtimes

0

100

200

300

400

500

600

700

800

20 40 60 80 100 120

Number of Nodes

T
im

e 
(s

ec
)

Non Neighbor

2 Clusters

4 Clusters

8 Clusters

12 Clusters

' ( * Ç��¡Ç �¥�om±snfg�%u]y&hkj�l�b&ep��y�snuElny

5 ^_üOú � LNM�B±ð!L�ïNM¨I±ï¥ïEM�A�A�õ�A�\�÷�ïN^_BKT}ïN^_ó}A�^kL[DEBK÷�ü�M�P_F�A � ÷O^Qò±I5P_A�Toï[öSB�DwLNócI5P_PQA�D[üKD]I5ù�M¨L
B5ö�LN^ ��A�L��  I5TOU �� T�B�U�A�L+öSB�DZIKPQP%\�P_÷OLtïNA�D�LN^���A�LZî�÷�ï�^kLZ^Qó}ù�DEB±òKA�U öSBKD+ïNMOA PkI5DEüKA�D
üKD]I5ù�MOL�B5ö $ � I5T¨U $ �  T�B�U�A�L�öSBKD}P_IKDNü�A�D�TX÷�órî¡A�D}B5öÌ\�P_÷OLtïNA�D]L�Lt÷O\]M IKL / I5TOU $ ��ú
û!ü�IK^QT ý¥ïEM�AÿU�^_LtïNDE^_î�÷�ïNA�U ��A�^_üKMXî¨B�D+ò�A�D]Lt^_BKT�LN÷�îOLtïEIKToïN^kI5P_PQF BK÷�ïNù¡A�DNöSBKDEó}LHïNMOAÉLN^_T�üKP_A
M�B�Ltï3^Qó}ù�P_A�ó}A�Toï]I±ïN^_BKT�I�L3LtM�B±ð3T ú

Efficiency (S/n)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

20 40 60 80 100 120

Number of Nodes

E
ff

ic
ie

nc
y 2 Clusters

4 Clusters

8 Clusters

12 Clusters

')(+* Ç��OÇ ¤�ãÌ�]fgu]mo�E{�j�h¡sn¢ou -wu]fg£�¢5Ë�j�lwÛÂlnj�snj±�]j�e



�zT 5 ^_üOú 4 ý�ïNMOA0A��2\�^_A�T¨\�F+\�÷�DEòKA�L�öSB�D!ò±I5DE^QB�÷OL;\�P_÷OLtïNA�D	I5TOUZT�B�U�ArLN^���A�L3IKDNA%ùOPQBKïtïNA�U
ð3M�A�DEA	^Qï!\�IKTHî¡AÌLNA�A�T2ïEMOI±ï;ïNMOA�A��2\�^_A�TO\�FcDN^kLtA�L;IKLwïNM�AÌTX÷�ó�î¨A�D�BKö&\�PQ÷OLtïNA�DEL�^_TO\�DEA�I�LtA�L
ð3M�^_\]M�^kL;^QT�I�\�\�B�DEUOI5TO\�A�ð3^QïNM�ïNMOAÌïNM�A�BKDEA�ïN^k\�IKPÂI5TOIKPQF�LN^_Lj:=�XA�\�ïN^_BKT � I5TOU # � & E�ú

� �Þéwæ�ì �të �Xíné¥æ �

Z A;LtMOB±ðwA�U�ïEM�A;Lt^_ór÷�PkI±ïE^QB�TrI5T¨U�öS÷�DtïEM�A�D&DEA�LN÷�Ppï]L BKöOI!ù�DEBKù¡B�LNA�U%U�FoT¨I5ó}^_\¥DNB�÷�ïN^_T�ü!ùODNBKø
ïNB�\�B�PO^_T�^pïE^_IKPQP_FcU�A�LE\�DE^_î¨A�Uc^QT # � & öSB�DwI%ó}BKîO^QP_A�T�A�ïnðwB�DNñ�\�IKPQP_A�U}ïEM�A ��A�^_üKMXî¡BKD "¥DNBKïNB�\�B�P
÷OLt^_T�ü " �	Gÿú ';M�A0ù�DEB5ïEB�\�BKP�\�BKT¨Lt^kLnï]L3B5ö�ïEM�DNA�A0ócI5^_TJLnïEA�ùOL!B5ö/îXFHôOD]LtïNP_F+ùOIKDtïE^pïE^QB�T�^_T�ü
ïNM�A�ó}BKî�^_PQA�T�A�ïnð�BKDEñZüKD]I5ù�M�ý¡LtA�\�B�TOU�P_F�U�A�P_^Qò�A�DEF+BKö[ïNM�A�\�B�T�T�A�\�ïN^_òX^pïnF�^_T�öSBKDEócI±ïN^_BKT B5ö
A�IK\]MJ\�PQ÷¨LnïEA�D!ïEB2ïEM�ArDEA�ù�DEA�LNA�Toï]I±ïN^_òKA%BKö�ïNM�A}\�P_÷OLtïNA�D	ð3M�^k\]M�öSBKDEð�IKDEUOL�ïNM�^kL!ïEBH^_TOU�^_òX^_UXø
÷OI5P�T�B�U�A�L	ð3MO^_\]M \�I5Pk\�÷OP_I5ïNA}û*" ��"âDEBK÷�ïEA�L	ð3^pïEM�^_T ïEM�A�^_D0\�P_÷OLtïNA�D]L�ú �zTÞïNM�A�ôOT¨I5P/LnïEA�ù�ý
T�A�^_üKMXî¡BKDrTOBXU�A�L�\�I5Pk\�÷OP_I5ïNA+û " � ".DNB�÷�ïNA�L%öSB�DrïEM�AZLN^_ó�ùOPQ^QôOA�U4T�A�ïnð�BKDEñ=ú Z AZLNM�B±ð�A�U
ïNMOI5ï[ïNM�^kL¥IKù�ù�DEB�I�\]Mr^_ó�ùODNB±ò�A�L�ù¡A�DNöSBKDEó}IKTO\�A!\�BKTOLN^kU�A�D]I5î�P_F%ïEM�A�B�DNA�ïN^k\�I5P_P_FrI5TOU�ïEM�A3ïEA�Ltï
DNA�Lt÷�PQïEL	÷OLN^QTOü "���G9LN÷�ù�ù¡BKDNïNA�UJïNM�A�ïNMOA�BKDEA�ïE^_\�I5P&I5TOIKPQF�LN^_L!ïNMOI5ï	ïEM�A�A��2\�^_A�TO\�FZBKö[ïNMOA
�*"Þù�DNBKïNB�\�B�PXDN^kLtA�L�I�L�ïNM�A;TX÷�órî¡A�D/BKö¨\�P_÷OLtïNA�DEL�I5DEA�^QT�DEA�I�LtA�UÂú ';M�A;ó�A�ïNM�B�U�ðwA�ù�DEBKù¡B�LNA
öSBKD/DEBK÷�ïE^QT�ü�^_T�ó}B�î�^QP_A;T�A�ïnð�BKDEñ�L ùODNB±òX^kU�A�L ! � ��^ DNB�÷�ïNA�L�ð3M�^k\]M�IKDNA�T�B5ï/T�A�\�A�LNLEI5DE^QP_FÌïNMOA
LtM�B�DtïEA�LtïwùOI5ïNMOL�î�÷�ï3IKDNA�\�B�ó�ù¨I5D]I5î�P_A!ïEB�LNM�BKDNïNA�Lnï�ùOI±ïEMOL;IKL�LtMOB±ð3THîXF}ïNM�A	ïNA�Lnï]L�ú 5 ÷�Dtø
ïNM�A�DÌïNA�LtïEL%ïNMOI5ï0A�õ�M�^_î�^pï%ïEM�A2U�FXócI5T�^k\�TOI±ïE÷�DEA�BKöwïEM�Acó}BKî�^_P_A�TOA�ïnð�BKDEñXL	ïEBZA�ò±I5P_÷OI±ïEA
ïNM�A0ù¡A�DNöSBKDEócI5TO\�AÌB5ö �*" ^_T�ïNA�DEócL3B5ö&ïNBKïEIKP \�B�T�ïEDNB�P=ïND]I��2\%I5üoI5^_TOLtï�ïEM�A%öSDEA � ÷�A�TO\�F+B5ö
DNB�÷�ïNA%DEA � ÷�A�Lnï]L!I5TOUZöSDEA � ÷�A�TO\�F+B5ö/ó}B±òKA�ó�A�Toï!^QTJI}ó}BKîO^QP_A0T�A�ïnðwB�DNñ2÷¨Lt^_T�ü("���G:I5DEA
DNA � ÷O^QDEA�UÂú Z A}I5DEA�IKP_LNB2P_BXBKñX^QTOü2^QToïEB2ïNMOAröS÷�P_P_FJU�^_LtïNDE^_î�÷�ïNA�U�òKA�DELN^_BKT�B5ö¥ïNM�^kL�ùODNBKïNB�\�B�P
öSBKD0ó}BKîO^QP_AHIKU M�B�\cTOA�ïnð�BKDEñXL�öSB�D%ïNMOAH\�I�LtAcð3M�A�DNA}ïEM�A�DEAc^kL0T�BJ\�A�ToïND]I5P¥\�BXBKD]U�^QT¨I±ïNB�D
î�÷�ï;ïNM�A�DNAÌI5DEA�DEA�ùODNA�LtA�T�ï]I±ïE^Qò�A�L¥IKTOUHU�A�\�^kLN^QB�TOL¥B�T2ïEM�A	ù¨I5DNïN^QïN^_BKT�^_T�ü�B5ö�ïEM�A	ü�DEIKù�MHIKTOU
DNB�÷�ïN^_T�ücI5DEA�U�BKT�A0I5ï�ïEM�A%DEA�ù�DEA�LNA�ToïEI5ïN^_òKA�PQA�òKA�PÂîoF+U�^_LtïNDE^_î�÷�ïNA�U�I5üKDEA�A�ó}A�Toï�ú

BC>�� > è > æ�ì > �

� �
	��oyz�t¢¨��bw�KuEs[d�eS���o�wmod�ei{Kyzfpy&j�h�Ofgmo�%�¥u]xWuElnynd�eO�¥j��Ksnfgmo£	�weg£�j�lnfgsn¢��%y&hkj�lw~�j�Ë�fpegu3�w�r¢�j±�
-wuEs��&j�ln�5y]��Û�lnj±����j�hXsn¢�u � ¦�sn¢%�¥b/~.q±{K�%�¨��j�m%ÛÂd�ltd�epegu]eX�weg£���d�mo�Ì�¥ln�t¢¨�KÚµ��������Ü�� � ��à�� � �

�5�!¤/� È �K�;f ���5y�szltd���� -�j�snu�j�m��&��j�Û�lnj�Ëoegu]�%y/fgm}b&j�mom�u]�Esnfgj�mr�[fgsn¢��wltd���¢oy]� -����%uElnfgyz�N¢�u
~}d�sn¢¨�g����j�eS� � �¨Ú � ��¦���Ü¥����à���� �

�K�
��uElnmXd�mX��uEyzy]� �	�g��~}d�ep�5fÊ�X�	�����;àµ�]eg�oy�snuElnfgmo£�fpm È filnu]egu]yzy;�w��¢�j±�!-�uEs|��j�ln�5y]�oÛ�lnj±����j�h=sn¢�u
yzuE�]j�mo�}�¥b/~>��m±s�� È j�ln�5yz¢oj���j�m}ÛÂlnfpm��]fg�oegu]y¥j�h�~�j�Ëofgegu�b&j��%�o�Ksnfgmo£��¨Úµ�����W��Ü¥� � à|���

§��!¤Âln�]fi{±u]y]���Ì��~}d�lnyz¢od�egeÊ���	�����Jb&eg�oy�snuNlzà|Ëod�yzu����wfpuNltd�ln�t¢ofg��d�e±�¥j��Ksnfgmo£[ÛÂlnj�snj±�]j�eWhkj�l�~�j�Ëofgegu
-wuEs��&j�ln�5y]�XqK�wà��-3b/q��5��b/b/q���ÚS�WÜ[������§���¦�����à�¦����5�

¦5�! =� "��#��d�d�y]��~+� �!��Û=u�d�lnep�0d�m$����¢�u% �j�mou �wj���snfgmo£[ÛÂlnj�snj±�]j�e�Ú& ��wÛ&ÜXhkj�lÂ�w�;¢oj±� -�uEs|��j�ln�5y]�
�|m±snuElnmouEs���ltd�hQs��X��m±snuElnm�uEs[¤�mo£�fpm�u]uElnfgmo£0�¡d�yz�'�oj�ln�]u��¡Ú � ������Ü

�K���!d�lz{K�ofgy]���	�p���3���0d�lÂ������~���egsnfgegu]xWuEeK�±àS�/d]{�ÛÂd�lzsnfgsnfgj�mofgmo£;yz�t¢ouE�%u�hkj�l �|lzlnu]£��oepd�l%�wltd��o¢oy]�
"�j���lnmod�eOj�h ÛÂd�ltd�egegu]e=d�mX���;fgy�szlnfgËo�Ksnu��}b&j��%�o�Ksnfpm�£��K� j�eÊ�o§��K�¡Ú � ���(�WÜ[����à � ���

�5���3uNlnmofg£�¢od�m¨��	w�g�)Ofgm¨��q����X�¥mc¤�ß�uE�EsnfgxWu���u]�Klnfgy�snfp��ÛÂlnj±�]u��K��lnu3hkj�l;ÛÂd�lzsnfgsnfgj�mofgmo£*�wltd��o¢oy]�
��¢�u
	&u]ege¡q5{Ky�snu]�á�¡uE�N¢�mofg��d�e+"�j��KlnmXd�eS�¡Ú � �����WÜ¥��� � à|���(�

�K�!Û=�$�;lnfgyz¢omXd}uNs�d�eÊ���Â�áb&eg�oy�snuElzàµËXd�yzu����w����lnj�d��t¢Zhkj�l��¥j��Ksnfpm�£}fgm���{KmXd��%fg� -�uEs|��j�ln�5y]�
�¥b/~$qK�,�3b/�3~c~$b&j��%�¨�ob&j��%�}���¥u]x��g�K��j�eS�X���5Úµ��ÜN�¡Ú � ������Ü/§W�	à&��§

�K�3��� ���=ÛÂd�ln����~+� q�� b&j�lnyzj�m-���.��fg£�¢�ei{��w�od��KsnfgxWu%�;fgy�szlnfgËo��snu]�Z�wj���snfgmo£2�¥eg£�j�lnfisn¢��$h_j�l
~�j�Ëofgegu È filnu]egu]yzy�-wuEs��&j�ln�5y]�oÛ�lnj±���o��¤ ¤�¤ � -/�=�3b/�3~+�K��j�eÊ�X�5�¡Ú � ������Ü � §W��¦�à � § � �


