
� �������	�
�	�
���������	� ���	����������������� � �����"!#�%$&$'�)(*��+-, ./(*�
�0�1�&�32 �4+ 56�)(879�4:;�4(*�&���=< ��� > �@? A0�-��B�(*�DC*:FE

G8H I J�K�LNMPO QRLTSULTVWVYXWZ�[P\]LT^/VW^N_9^/HU`aXYb�[�_&LTJ�c�^*d�LTc�ceLTZ
fhgjilknm4oqpPrts4ivu]wqxzy*{-|U}eoq~�mas	�ts���s�oexzm��1��fhgjr-s�{h�h�;��oe�

� xzk�y3��w�~��l��w�~��Umz�UwTw�pPwq� � ~U��k�~Us4s4xzkn~U��oq~�|R�;w���gj�Ui�s4xh�Um4k�s�~�mas
� ~�k�}qs4xz�zk�i��3wq�)��sa�Uoq�t{;it��oqpnp�oq�
�tknm���oexz|���w�~ ����¡£¢e¤e¥�¦e¥�§�¥�¨q¦q¦

Ze©�ªe«�¬®­U¯Tª®°²±´³jµ�ª/¶T¶�ªU·�¸q¹/µ/¬/ªTºTº»ª�¼¾½¿¯»¬q¹
bvÀ ª»Á/º®Á]½Y³ÂÁq«/µÄÃq¸j¼�µ�¹�¬T¯q«Uµ�½�¹/µ/¬TªTºTº®ª�¼¾½¿¯�¬�¹

Å3Æ�Ç�È�É�ÊjËqÈ
�F�UsÌ��k�����pn�Í|��T~�oq��knmÎmz�joexzoqmai�s4xzkn��ilk�m8wq�)il��s8Ï¿~®i�s4x�~Us4i-i�x�oeÐ�m	xzs�Ñ»��knxls��Fs4Ð�m4kns�~®i�maw�~/§~Us�mailk�w�~8��s4i¿§��Ug8oq~j|Òi�s�oex¾|�w�ut~ÒgjxlwTmas�|j�Uxls��4��sqÓÔ�UÓ��ep�k����®i�gÄoeil��� oei�il��sDÕÖ�Ò×Øpno��qs4x¾�Ì����i��Âsmaxls�oei�s�|3oq~�|�|Us��li�xlw��qs�|Íoq��~Us4s�|Us�|PÓ²�;pnkns�~®il�)wq� �z��mz�Ùmaxls�oei�s�|Ùp�k����®i�gÄoeil���²maw�~��zkn��iDwq� oÒ}eo�§xzk�s4iv��wq����g�g s4x�pno��qs4xz�Foq~�|
oegjgjpnknm4oeilk�w�~j�4�®ut��w���s�xls�Ñ»�jk�xls���s�~»il���´o��3|�kÛÚ s4x��lk���~�k�ÜÄm4oq~®ilp��q�m4oq��s
�T�1m4oq��sqÓ'�F�Us4xls4�Ywqxlsq�Dil��s
ÕÖ�Ò×Ýpno��qs4x´�Ì����i�� s
oe�jp�sÍi�wÞg�xlw�}/kn|Us
|�k�ÚÂs4xls�~»ilknoei�s�|p�s4}qs�pn��wq�
��s4xl}/knmas	k�~Íi�s4xz�´��wq�¾�joq~�|Uu-kn|Uil�P�/|Us�pno��Íoq~j|Íxls�pnknoe�jk�pnk�i��qÓ�F��k���gjoeg s4xFsa�/i�s�~�|��-il�Us8maw�~�mas4gjitwq�D��kÛÚ s4xls�~®ilk�oei�s�|R�ts�pnknoe�jknp�k�i��Þ�ß�hk��h���Äk�~®i�xlw/|���mas�|�Wwqx3��iloeilknmR~Us4i�u�wqxly/�Ùkn~áàÛâ�ã���i�w1|U�/~�oq�´k�m*~Us4i�u�wqxly/�4Óä��w1g�xlw�}Tkn|�s*xls�|���~j|�oq~�ma�'kn~�il�Us~Us4i�u�wqxlyÂ� il�Us��U��oexls�|Nå¾oeil�=å²xlwqi�s�mailk�w�~����/å]å��t�lmz�Us��´sÌkn�h����s�|Noq~�|Rs�~���oq~�mas�|Ni�w3g�xlwe§}Tk�|Us´�8�jp�ilk�gjp�s�|Us4�qxls4s��8wq�;xls�pnknoe�Äknpnk�iv�qÓ�{h~æw�~U§�pnkn~Us�i�u�we§���i�s4g�oqp��qwqxzknil���
� xls4�Ys4xlxls�|æi�wRoq�ç	è�éÂêeë�ìßíÙîTï]ï;ð�çÎìnñ �ß�Î�/å²åD§��hk��h��� kn�hg�xlwqg w���s�|Nil��oeiÒs4ÐÙm4k�s�~®ilpn�Rxls��ls4xl}qs��Î~Us4ivu]wqxlyNxlsa§��w��Uxzmas��
i�wÒkn~jmaw��´kn~U��maw�~�~Us�mailk�w�~�xzs�Ñ»�Us��lil�4�qut��knpns²� wqil�Ì����oexzoq~»i�s4s�kn~U��il�Us;xls�ÑT��k�xls�|Ìp�s4}qs�pwq�Äxzs�pnknoe�jknp�k�i��Îoq~�|���kn~�kn�´knò�kn~U�Fil�Ust�jp�w/mly/kn~U�hg�xlwq�joe�jk�pnk�i��qÓ)�/kn�Ì��pnoeilk�w�~Ìxls��z��p�il�
oexlst�l��w�ut~i�w�knpnp�����i�xzoei�shil�UsÎkn��gÄoqmai�wq�¾��kn�ów�~
il�UsÒ�jp�w/mly/kn~U��g�xzwq�joe�jknpnkni��´oq~�|
sa�/g s�mai�s�|*p�s�~U�qil�*wq�� wqil�
u]wqxzyTkn~���oq~j|
g�xlwqi�s�mailk�w�~Rpnk����»i�gjoeil���4Ó

ô õDö=÷;ø�ùæú�û�üÎ÷;ý�ù�ö
þ LqÿTK�VWK�H ST`�����X�ÿjX���XW^/H=_9O VW`�X�� VWK��ÄK�I
	 þ �´_��hH K�`�
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hK�K�H
LTH+�ÍHÂ^ÄI KH�PLTXYJ]XYHÍ`�� K�H K�`�
h^/J��3`a^I�ÂJ�^jI O c�K�`�� KÒI K ��XYJ�K�I
VW^/S/XYc�LTV�c�^/HÂH K�c�`aXWÿjX�`����;d²^I&�KÒc�J�K�L»`aK�I
[�LVYXWS��U`#�PL®`#�*J�K �jOÂXYJ�K �h^/HÂKJ
hLeÿ/K�VWK�H S»`#�Þ^/HRK�ÿTK�J���VWXYH��Í^�$¾`#�ÂKK�PL®`#�Nc��Â^���K�HN`a^Ùc�^/H HÂK�c�`-`�
h^ÙH ^jI K�� �GL�
L»H.� ^T`�� K�JÙH K�`�
-^/J���[ þ �´_ ^��Â`aXWceLTVFH K�`�
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G#S/K�H K�J�XYc þ �´_ HÂK�`�
-^/J���
ÎX�`#��L»J�& X�`aJaL»J��/[�XX� K%��[¾Q�K���� `�^���^/VY^/S��æX���c�^/H���XWI K�J�K�I\� þ Leÿ/K�VWK�H S»`#�
c�^TH�ÿTK�J���XY^TH X��ÌH ^»`´LeÿTL»XYVßL�& VYK´XYH1`#� KÍHÂK�`�
-^/J�� �O�8^T
-K�ÿ/K�J�[b
-^/J���XYHÂSæLTH I1� J�^T`aK�c�`aXW^/H'VWXYS��U`#� L»`#���^%$8`#� KS�aLTQ�K9VYXYS%��`��PL»`��óJ�K���O K ��`ÞQRLO� O���K9I X���`aXWH c�` 
hLeÿ/K�VWK�H S»`#��� � !¿`�X��NL%����O Q�K�Ió`#�PL®`R^TH V��
��XWH S/VWK�5�VWXYH�� $�L»O VW`��ÌQRLT�1^jc�c�OÂJ�XYH'`#�ÂKÍH K�`�
-^/J���[²XX� K%��[¾`�� K'� J�^�&PL%& XWVYX�`��9`��PL»`�`�
-^æ^/J�Q�^/J�K3VYXYH����
LTJ�K'$�LTXYVWK�I'L®`´^/H c�K
X���c�^TH���XWI K�J�K�I�`a^ &�K
H K�STVYXYSTX�& VWK B�P<Fd�P!¿`�X���LTV���^æL%����O Q�K�I�`#� L»`�LÞVYXWH�� $�LTO VW`I X���J�O��Â`#�ÎI K�QNLTHÂI��ÎXYHN&�^»`#�æI XYJ�K�c�`aXY^TH��Ò^%$z� J�^�� LTSUL»`�XY^/H�� �

d0� K þ �´_ Q�K���� X��RQR^jI K�VYVYK�IáL��ÞLÖS/J�L%���RQM	TSVU�WH��[(
C� K�J�KXS J�K � J�K ��K�H�`��Þ`#� K���K�`N^%$H K�`�
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LTc�� XWK�ÿTKG��L»`aX���$�LTc�`a^/J)����K�J)$�^/J�QRLTH c�K
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VYXWH��.�-O���K�I &+��`#� KK
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C� XWVYK3X�`�J�K�QNL»XYH��8c�^/H��z`4LTHU`I$�^/J	`#� K �Ä\t\
��c��ÂK�Q�K%�*d0� K �Â\F\ ��c��ÂK�Q�KNLTV�
�LO���´S/OPLTJ�LTHU`aK�K���L�0������0I K�S/J�K�K*^%$-J�K�VYXßL�& XYVWXW`��/[�XX� K%��[
`#�ÂK �Ä\t\
��c��ÂK�Q�K3^qÿ/K�J�� J�^�ÿjX���XY^TH��ÌJ�K�VYXYL%& XWVYXW`��*`�^RI K�QNL»H I��Î`#�PL»`8I ^�H ^T`8H K�K�I�� XWS��1IÂK�S/J�K�K�^%$�J�K�VYXYL%& XYVWXW`��%�
C�H1`�� KÙ^»`#� K�JK�PL»H I
[ �Â\F\Q5 ��XA-(5lM�MóL»H I��5�Ä\t\Q5���XA-ØL»`�`aK�QM�Â`	`a^�c�VW^���K�V��=QRL»`�c��1`#�ÂKÙI K�QNL»H IJ�K ��O XYJ�K�Q�K�HU` G [�`#��O���[�� J�^qÿjX���XY^/H XWH S�VYK�����J�K ��^/OÂJ�c�K ��`a^RI K�QRLTH I��8`#�PL»`ÌJ�K �jOÂXYJ�KÙVY^T
-K�J�J�K�VYXYL%& XWVYXW`��
I K�S/J�K�K���� M�XYS/OÂJ�K ��	e&-� ��� ^T
C�1`��PL»`N
C� K�H ��� Z � X��æXWH c�J�KeL%��K�I
[�Q�^/J�K J�K���^TO J�c�K���&�K�c�^/Q�KLeÿ»LTXYVYL%& VYK1LTH I3
-^/J���XWH S VYXYS%��`��PL»`����ÞceL»H &�K�J�^TOÂ`aK�I ^TH ��� ^/Jz`aK�JæJ�^/OÂ`aK �=JaL»`�� K�JÞ`��PLTH VY^TH S/K�J
^/H K ��[ `��jO���[�LTV���^*I K�c�J�KeL���XYHÂS�`�� KR� J�^�& L%& XYVWXW`���^%$z&�K�XYH S*I X���J�O��Â`aK�I�&+�9L'$�LTO V�`O�

0 0.02 0.04 0.06 0.08 0.1
3

3.2

3.4

3.6

3.8

4

4.2

4.4

4.6

4.8

MCFP

A
ve

ra
ge

 le
ng

th
 o

f p
ro

te
ct

io
n 

lig
ht

pa
th

SPP
SPP−DiR−FF
DSPP−DiR


 f �

0 0.02 0.04 0.06 0.08 0.1
0.5

1

1.5

2

2.5

3

MCFP

A
ve

ra
ge

 n
um

be
r 

of
 s

ha
re

d 
lin

ks

SPP
SPP−DiR−FF
DSPP−DiR


 r��

M�XWS/O J�K"�1>�G8ÿTK�J�LTS/K	VYK�HÂST`#�*^%$�� J�^T`�K�c�`aXY^TH�VWXYS��U`��PL»`#���J	vL+��LTH IRLeÿ/K�JaLTS/K	H�O Q'&�K�JF^%$����PLTJ�K�IRVYXYH����
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