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�§à�� ×tè�� â�ã«è/��æ�âA��å J � àML �sá6â�ã
�	��è.N���åPO�äÁæ�â�è�á�=
Q=RTSVUWSWXZY\[^]`_badcWSfeg]`h�hT[\iZ]jUkRlY^iIY^[^]nmVUV[\ipo1Y^adX�qTr�s.Yk]jY\adUtip[ue�vwXx]`ytadU`rz[\S|{
} oTad[/SWsu]~_di`Y�ij�:Y^abyVS�]`XTe�[\SWs/ipoT[/UWSWsf��Q=RTS����
��abs�]�_bipXTq�Y^Sf[\y�h�ip_dabUfv
Y^RT]jY�XTSfSWeTs�Y^i���S=[\o�X�rZs^]�v�ipX�UWS�]3vpSW]`[W��Q=Rwo�s��GS�U�]`Xt]�ï�ip[/e�Y^i�]`eTi`h�Y�]
UWSfXZY^[^]j_dadcfSWe�]jhThT[\ip]`UkR���ip[����
�=��é�i��GSf�`SW[Wr�s/oTUkR�adszXTi`Y�Y^RTSGU�]`s/S:��abY\R�e�vZ{
Xx]`ytadU�Y^[\]jmtU�[\i`o�Y^abXTqTr���RTadUkR4abs�[\S } o�ad[\Sfe�Y^i���S�[/oTX4UWipXZY\adX�ox]`_b_bvp��Q=RTSUWSfXZY^[^]j_dadcfSWe�]`hTh�[\iZ]`UkR���ad_b_:[/S } oTad[/S�Y^Rx]nY�Y^RTSf[\S~ads�]4yV]`s/Y\SW[�hT[/i1UfSWs\s/ip[Y^RT]jY=Rx]`s:UWipythT_dSCY^S�adX���ip[/y�]nY^adi`X�]`��ipo�Y:Y^RTS3��R�ip_dS�X�SfY��Gip[\����R�adUkR�yV]�v
XTi`Y���S�h�ips\s/ad�T_bS�adX	_�]`[/qpS�XTSCY��:ip[/��sW����[\iwUWSfs\s/adXTq~s\o�UkRl]�_d]`[\qpS�]`yVi`oTXZY
i`��abX���ip[\yV]jY\adipXuUWSfX�Y\[^]`_b_bv���ad_b_�[\S } oTab[\S=y�o�UkR�yVip[/S:UfipyVh�o�Yk]jY\adipXT]`_ZY^adytS`��1abXTUWS,Y^RTS:Y\[^]jmtUGadX�Y\RTS�XTSCY��:ip[/��abs�UkRx]`X�qpadXTq3UWipXZY^abX�oTipoTs/_bvprjY^[^]jXTs^]`UCY^abipX
i`��Y\RTads�adX���ip[/y�]nY^adi`X~Y\i�]`XTe���[/ipy eTa;ï�SW[/SWXZY�XTiweTSfs�adXIY^RTS�X�SfY��Gip[\�I��ad_d_
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[\S } oTad[/S�]*_bi`Yui`��Y\adytS�]`X�el[\Sfs\ipo�[\UWSfsW�Àé£SWXTUfS`r¤a¥Y�s/SWSfyVs�hT[\oTe�SWXZY�Y^RT]jY
Y^R�Ste1v1XT]`yVabU�Y^[\]jmtU�[\ipo�Y\adXTqI]`_bqpip[/abY^R�y¦s/RTipoT_be§��S�yV]`eTS�eTabs/Y^[/ad�To1Y^SWe¨�
Q=RTSteTads.Y^[/ad�To�Y\SWe�]`hTh�[\iZ]`UkR�ytS�]`XTs�Y\Rx]jYuS�]`UkR©XTiweTS�iph�Sf[^]jY\S�oTh�i`X�Y\RTS
adX1��ip[\yV]jY^abipXM]��j]`ad_d]`�T_bS�_diwU�]`_b_bv©]`XTe�Yk]`�jS*e�SWUWabs\abipXTs�[\SfqZ]`[\e�adXTq§[\i`o�Y^abXTq
]`UfUWip[/eTadXTq`_bvp� é�i��GSf�pSf[Wr�Y^R�ads�]`h�hT[\iZ]jUkRgRx]`s�]*_dadytabY^]jY^abipX�Y^RT]jY�Y\RTS�[\S|{
s\o�_bY^abXTq~[\ipo1Y^adX�q*yV]�v§XTi`Yu��Stqp_bip�x]`_b_bv*iph�Y^aby�]j_���RTadUkR©Y^RTStUWSfX�Y\[^]`_badcfSWe
]`hTh�[\iZ]`UkRt��ad_b_Tip��Y^]`adX���ª:o�Y,Y^RTS�Y^abyVS�[/S } oTad[/SWet��ip[�[\SW[/ipo�Y\adXTq�Y^RTS�Y^[\]jmtU��ad_b_¨��S�[\SWe�oTUWSfe	s\o��Ts/Y^]`XZY^a�]j_d_bv�]`s�S�]jUkR	XTiweTS�U�]jX	]`UCY£adXTeTSfh�SfXTeTSfX�Y\_bv`�
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»xip[�e�vwXx]`ytadU�Y^[\]jmtU3[\i`o�Y^abXTqu�GS�]`s/s\oTytS�Y\Rx]jYGU�]`_b_ds,]`[/S���ade�S3s\SfXTs\S3XTipX
�T_bi1Uk�jSWe��¤Q=R�ads��x]`s/adU�]j_d_bv�ytS�]`XTs�Y\Rx]jY�SC¼1abs/Y^abXTq�U�]`_b_ds¤��ab_d_�X�i`Y���S��T_bi1Uk�jSWe
½ _bs\i*��SCY��:SfSWX�]`XZv§Y��:i�s/ipoT[/UWS�eTSfs/Y\adXx]jY\adipX©hx]`ab[\s�Y^RTSVeTSW_d]�v©]`_bipXTq*]`_d_
Y^R�SIe�ad[\SfUfY�hx]nY^RTs���RTabUkR�RT]��`S*��SWSfX¾Sfs/Y^]`�T_dabs\RTSfe���ab_d_G��S�UfipyVhT]`[^]`��_dS`�
Q=RTS�eTSf_�]�v*adXZ�pip_¥�pSfe�abX§]�eTad[/SWUCY�hx]jY\R���[\ipy¿]�s\ipoT[/UWS�Y\i~]�eTSWs.Y^adXT]jY^abipX
adsVUWipX�s\ade�SW[\Sfe'UWipythx]`[\]`�T_dS~Y^i©Y^RTS4eTSf_�]�v�adXZ�pi`_b�pSfe'adXÀ]lhT]jY^R�Y\Rx]jY�abs
Yk]jhTh�Sfe�]jY�Y^RTS�e�SWs/Y\adXx]nY^adi`X���Á£i��:SC�pSW[�Y\RTS:eTSf_�]�v�adXZ�pip_¥�pSfe�adX�]�y�oT_bY\adRTi`h
hx]jY\R'ads�XTi`YIUfipyVhT]`[^]`��_dS	Y\i¾]jX�v�i`��Y\RTS�]`��iÂ�`S�Y��Gi�hx]jY^R�sW�ÃQ=RTads�abs
SWs/s\SfX�Y\a�]`_b_bv���SWU�]joTs\S4]©y�oT_bY\adRTi`h¾hx]nY^R�abX��`ip_b�`SWs�i`h�Y^abU�]`_�Y^igSf_dSfUfY^[/ipXTabU
UWi`X��`SW[/s\adi`X�r¨[/SWhT[/i1UfSWs\s/adXTq�r¨]`X�e	Y^RTSfX�SW_bSWUCY^[\i`XTadU�Y^iViph�Y^abU�]`_@UfipXZ�pSf[\s\abipXTs
]jY:S�]`UkR�XTiweTS£��RTadUkR���ab_d_�UWipX�s\oTytS�s\abqpXTa¥ÄxU�]`XZY,Y^abyVS�]`XTe�R�SWXTUfS�U�]`oTs/S�]
y�oTUkRV_�]`[/qpSW[�e�SW_�]�v`�¤Q=RTSW[/Sf��ip[/S���SfY��GSWSfX�Sf�`SW[/vts/ipoT[\UfS3eTSfs/Y\adXx]jY\adipX�hx]jad[Wr
�GS*UW]`X9Rx]��`S	SWa¥Y^RTSf[�]§eTab[\SWUCY|�nY^]`hTh�SWe¾hx]jY^R¾ip[t]�y�oT_bY\adRTiph�hx]nY^R9��o�Y
XTi`Y���i`Y\R�ij�GY\RTSt]`��i��`SI� ½ _ds/i�abY�s\R�ipoT_de§��S�ip�Ts\Sf[/�`SWe©Y\Rx]jY�Y\RTS�eTSW_d]�v
adXZ�`ip_b�`SWe~adX~]�y�o�_bY^abRTiphTh�SWe�hx]jY^R~s/RTipoT_beIX�i`Y=adX�UW[\SW]`s\S���Sfv`ipXTe*]�_dabyVa¥Y�r
aE�ÅS`�¥r�Y^RTSf[\S3s/RTipoT_be���S�]u_dadytabY�Y^i�Y\RTS3X�oTy���Sf[:i`�@R�iphTs:abX�]uy�oT_bY\adRTi`hTh�Sfe
hx]jY\R���Q=R�SW[\SVads�]Is/SWhx]j[^]jY\SVUfipXZY^[\i`_,UkRT]`XTXTSf_:]��j]`ad_d]`�T_bS���SCY��:SfSWXMSC�pSW[.v
XTiweTS�hx]jad[���R�adUkR�ads�oTs\Sfe���i`[¤XTiweTS�hx]`ab[\szY^i�UWi`yVy�o�XTadUW]jY^SG��SCY��:SfSWXtS�]`UkR
i`Y\RTSW[f�

ß�¯bÆ@¯bÇ  �³�³zÈÂ¶�¸TÉjÊ
��]`UkR~XTiweTS�adX�Y\RTS�XTSCY��:i`[\��yV]`adXZY^]`adXTs�Y^R�S���ip_d_biÂ��abXTquadX���ip[/y�]nY^adi`Xt��a¥Y^R
abY\s\Sf_b�7�
Ë a�Ì ½ _b_¨Y^R�Su_badqpRZY\hx]jY^R�s=ip[\abqpadXx]nY^adX�q���[\i`yÍabY£]j_dipXTq���a¥Y^R



ÎTÏzÐ�Ñ�ÒTÓ�Ô��ÂÕ*ÒTÔ
Ð�����Ö.ÎVÔ�×:Ø¨Ò�Ö�Ù�¯	��×�Ô�
�®�ÚÛÙzÓ�Ò�
�×�Ô
��Ü ¡CÝ
Ë ]ZÌ7Q=RTS�[\ipo�Y\S�iÂ�`SW[�Y^RTS�hTRZvws\abU�]`_�Y\iph�ip_dipqjvV��ip[=SC�pSf[/vI_dabqpRZY^hx]jY\R
]`XTe~Y^RTS��:]��`SW_bSWXTq`Y\R	oTs/SWe��
Ë ��Ì7Q=RTS�X�i1eTSfs£]jY=��RTadUkRIabY�RT]`s���SfSWX~Yk]`hTh�SWe*]`XTe~Y^Sf[\ytadXx]nY^SWe4�
Ë U�Ì ½ _b_¨Y^RTS�s/ipoT[\UfS�e�SWs/Y\adXx]nY^adi`XIhT]`ad[/s���RTadUkR*]`[\S�o�s\adX�q�Y\Rx]jY
hx]`[/Y\adUfoT_�]`[:_dadq`R�Y\hx]jY\R~]`_dipX�q���abY^R�Y\RTS�Y^[^]nmVU���ip[=SC�pSf[/vIs\ipo�[\UWS
eTSWs.Y^adXT]jY^abipX~hx]`ad[f�
Ë e�Ì7Q=RTSuY\i`Yk]j_�U�]`hT]`UWa¥Y�v���ip[�Y^R�Su_badqpRZY\hx]jY^R
Ë S�Ì7Q=RTS�Y^i`Y^]`_@]`ytipoTXZY�i`�zY^[\]jmtU�Y\Rx]jY=Y\RTS�_dadq`R�Y\hx]jY\R�ads=U�]j[\[/vwabXTqT�

Ë aba<Ì7Q=RTS�X�oTy���SW[�i`�z��[\SfS�Y\[^]`X�s\ytabY\Y\SW[/s�]��j]`ab_�]`��_dS��
Ë abada�Ì.Q=RTS�Xwo�y���Sf[�i`����[/SWS�[\SfUWSfab�pSf[\s3]��j]`ab_�]`��_dS`�
Ë a¥��Ì.Q=RTS�X�oTy���SW[�i`�z��[\SfS��:]��pSf_dSWX�q`Y^RTs�]��j]`ad_d]`�T_dS£Y^itXTiweTSWs�UWi`XTXTSWUCY^Sfe
adX�Y\RTS�hTRZv1s/adUW]`_�Y^iph�ip_bipq`vp�
Q=R�oTs£Y^RTSuXTiweTS�UW]`[\[/adSfs£UfipythT_dSCY^S�adX1��ip[\yV]jY^abipX~]`��ipo�Y�]`_b_¨Y^RTS�Y^[\]jmtU

Y^RT]jY�ads�ip[/adqpabXx]jY\adXTq	��[/ipyÞa¥Y�r,]`_b_:Y^RTS�Y\[^]jmtU�Y^Rx]nY�ads�eTad[/SWUCY^SWe�Y^i§a¥Yt]`s
�GSW_d_�]`s3Y\RTS�Y\[^]jmtU���i`[£��RTabUkR4abY�yVSf[\Sf_bv*]`UfY\s�]`s�]�[\ipo1Y^SW[f� ½ hx]`[/Y���[\ipy
Y^R�ads�adX1��ip[\yV]jY^abipX*Y\RTStXTi1e�S�eTi1Sfs�XTi`YuU�]`[/[/v§]jX�v�i`Y^RTSf[�adX���ip[/y�]nY^adi`X	i`�
Y^R�S£X�SfY��Gip[\����Q=R�oTs,Y\RTS�adX���i`[\yV]jY^abipX�]`��ipo�Y�Y\RTS�X�SfY��Gip[\��abs�eTads.Y^[\ab�To�Y\SWe
]`Uf[\ips/s�]j_d_¨Y\RTS�XTi1e�SWsW�
ß©S�Yk]`�jSuY\RTS���ip_d_biÂ��abXTq�abXThTo�Y\s�adXZY^i�UWi`XTs\abeTSW[\]jY^abipX§à
Ë a<Ì7Q=RTS�_dipX�q�Y^SW[/yá]��pSf[^]`qpS�Y^[\]jmtU�y�]jY\[\aâ¼¨�
Ë ada�Ì.Q=RTS�UW]`hx]`UfabY�v�ij��SW]`UkR*_badqpRZY\hx]jY^R¨�
Ë adaba<Ì7Q=RTS3Y^ijYk]`_�X�oTy���Sf[£ij��[/SWUWSfab�`SW[\s�]`XTe~Y^[\]`XTs/yVa¥Y\Y^Sf[\s�]��j]`ad_d]`�T_bS
]jY£S�]`UkRIXTiweTS
Ë ab��Ì7Q=RTS�Xwo�y���Sf[�i`���:]��pSf_dSWX�q`Y^RTs3]��`]jad_�]j�T_dS�h�Sf[£_badXT���
Ë ��Ì:Q=RTS�[\SfUWipX1ÄxqpoT[\]jY^abipX�Y^abyVS�adXZY^Sf[/�j]`_���i`[�S�]`UkR~XTiweTSj�6Q=RTS�[/SWUWi`X1{
ÄxqpoT[\]jY^abipXuY\adytS�adXZY^Sf[/�j]`_�ads
Y^RTS,Y^abyVS�abX�Y\SW[.�`]j_1]n�<Y^SW[
��RTabUkR�Y^RTSGXTiweTS
[\SW[/ipo�Y\SWs¤Y^R�S�XTSf��Y^[\]jmtU�i��pSf[¤Y^RTS:�wab[/Y^oT]`_1Y\iph�i`_dipq`v`�
Q=RTS=[\SfUWipX�ÄTqj{
oT[^]jY\adipX�Y\adytS�adXZY^Sf[/�j]`_���ab_d_1eTSWh�SWXTeVipX�Y^RTS�Xx]nY^oT[/S£ij��Y\RTS�UkRx]`XTqpabXTq
Y^[^]nmVUj��ã�Xu]=U�]`s/S���RTSW[/S�Y\[^]jmtU�ipo1Y^hTo�Y
��[/ipy�]=XTiweTS¤Y\i£ijY^RTSf[@XTi1e�SWs
adsueT[^]`s.Y^abU�]`_b_bv4UkRx]jXTqpadX�q*Y^R�S�[\SfUWipX�ÄTqpoT[^]nY^adi`X©Y^abyVS�y�o�s/Y���S��pSW[.v
_di����Àä�X�Y^RTSIUWipXZY\[^]`[.vpr:a¥�3Y\[^]jmtU~ads�ytips/Y\_bvgs.Yk]jY\adUI]`XTe¾UkRx]`XTq`SWs
�pSW[.v�s\_biÂ��_¥vpr�Y^R�SI[/SWUfipX�Äxqpo�[^]jY\adipXMY^abyVSVU�]`X���S�RTadqpR¨� ½ _bs\i§U�]`[/S
y�oTs/Y3��SuYk]`�jSWX4XTijY3Y^iVy�]j�`S�Y\RTS�[/SWUfipX�Äxqpo�[^]jY\adipX	Y\adytS��pSW[.v	_bi���r
]`s,Y\RTSWXtY^RTS£UWi`s/Y^s,i`�¨[\SWUfipX�Äxq`oT[^]jY\adipX���ad_b_�Y^o�[\XV�`SW[.vVR�adqpR�� ½ _bs\iTrw]
RTadqpR4[/SWUfipX�Äxqpo�[^]jY\adipX�Y\adytS��:]`s/Y\SWs�Y^RTS�o�Y\ad_babY�v~i`��Y^R�S�eTads.Y^[\ab�To�Y\SWe
e�vwXx]`ytadU�]`_bqpip[\a¥Y^RTyI�
Ë �wa<Ì7Q=RTS�Y^[^]nmVU�Y\itSW]`UkR	X�i1eTSu]jY=Y\RTS�Y^abyVS�ij��SW]`UkR
[\SWUfipX�Äxq`oT[^]jY\adipX¨��Q=RTads�ads=�T]`s\abU�]`_b_bvtY^RTS�UkRx]`X�qpSWeIY^[^]nmVU���i`[�Y^Rx]jY
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hx]`[/Y\adUfoT_�]`[:XTi1e�S�Y\i�i`Y^RTSf[�XTi1e�SWs�adX�Y^R�SuX�SfY��Gip[\����RTSfX
[\SWUfipX�Äxq`oT[^]jY\adipX~abs�Yk]`��adX�qth�_�]`UfS`�

é ¯bÆ@¯ é  �ê�ë�¶�Ènµ�´ÂÊz²
Q=RTSu]`_bqpip[\a¥Y^RTyìUWi`XTs\abs/Y^s�i`�zY��GiVhTRT]`s\Sfs�à
í�î�ïnð�ñ�ò�à�ã�X�Y^RTabs�h�Rx]`s\SV�:SVSWs/Y^]`�T_bads\R�Y^RTSt_dabqpRZY^hx]nY^RTsu�Zv�Y\RTS����
�
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Q=RTS�hT[\ip�T]`�Tad_babY�v�i`�¤�j]`[\abipoTs£[^]jY\SWs�i`�¤Y^[\]jmtUu��i`[£Y\Rx]jY�X�i1eTSuhx]`ab[�UW]`X

��S£q`SWXTSf[^]jY\SWetoTs\abXTquY\RTads�S } ox]jY^abipX����@SCY�Y^RTS£hT[\i`�x]`�Tab_dabY\adSfs���ip[�� Ë � � rÂÌ��S�eTSWX�i`Y^Sfe¾]js�h��Vr�� Ë�� � õpÌu��S�eTSWX�i`Y^Sfe¾]js�h`�~r�� Ë�� � X�Ì�]`s�h��
]`XTe4s/i~ipX��uQ=RTS�s\oTy¿i`��Y^RTS�hT[/ip�x]`��ad_da¥Y^abSWs=��ip[3�j]`[/adipoTs3[^]jY\SWs�i`��Y^[\]jmtU
y�oTs.YuUWipytS�ipo�Y�Y^iI��S�r`�tQ=R�SWs\SthT[/ip�x]`�Tab_da¥Y�v*�j]`_boTSWs�U�]jX�Y\RTSW[/Sf��ip[/SV��S
yV]`hTh�SWe~ipXI]ts/U�]`_bS�i`� � Y\i�ru]`s�s/RTi���X	adXI»�abqpoT[/SkwT�öõ1�

0  1p0 p0 + p1 p0+p1+p2 .... p0+p1+p2+..p(2n)

(X=0) (X=1) (X=2) (X=2n)»�adq`oT[\Skw�� õ��	]`hTh�adXTq�i`��hT[\i`�x]`�Tab_dabY\adSfs:ipX~s\UW]`_dS � Y^ihr
Q=RTS�hT[/ip�x]`��ad_da¥Y^abSWs���ip[¨Y^[\]jmtU�qp[\SW]jY^Sf[�Y^Rx]jX�õ � ]`[\S¤]`eTeTSfe�]`X�euyV]`hTh�SWe

Y^iVY^RTS�_d]`s/Y3s\UW]`_dSj� ½ [^]`X�eTipy¦Xwo�y���Sf[�qpSfXTSW[\]jY^ip[3U�]`X4XTi�� ��S�oTs\Sfe4Y^i
qpSfXTSW[\]jY^S�[^]jXTeTipy X�oTy���Sf[\s���[\ipy � Y^i�rp��Q=RTS�abXTeTS|¼�i`��Y^RTS£s\UW]`_dS=��RTSf[\SY^R�S�[^]`X�eTipyÃX�oTy���SW[�qpSfXTSW[\]jY^Sfe~_dadSfs,��ab_d_�qpab�`S�Y\RTS3Y^[\]jmtU3��ip[,Y^RTSCY=XTiweTS
hx]`ab[�]jY3Y^Rx]jY�adXTs.Yk]`XZY��uªGv	]`hTh�_bvwadXTqVY^RTS�]`��i��pS�hT[/i1UfSWs/s�[\SWh�S�]nY^SWe�_bv	�GS
]`[/S�]`�T_bS�Y^i�s/ady�o�_�]jY\S3e�vwXx]`ytadUW]`_d_¥v�UkRx]`XTq`adXTq�Y\[^]jmtU3��ip[GY^Rx]jY�XTi1e�S�hx]`ab[
��RTabUkR*abs=UWSWXZY\SW[\Sfe�]`[/ipoTXTe~Y^R�Su_bipXTq�Y\SW[\y Y^[^]nmVUu]��pSf[^]`q`S`�
ã Y:y�]�v���S3]`[/qpoTSfeVY^RT]jY:s/adXTUfS�Y\RTS�]`��i��pS�hT[\iwUWSfs\s:abXZ�pip_¥�pSWs:]�[\]`XTeTipy

X�oTy���SW[zqpSWX�SW[^]nY^ip[@��RTips/S:qpSfXTSW[\]jY^Sfe��j]`_boTSWs�]`[\S,]`_¥��]�vwszhTs\SfoTeTi�[\]`XTeTipy
adX�XT]jY^oT[/S=Y^i�s\ipytS=SC¼wY\SWXZY3rpY\RTS�qpSWX�SW[^]nY^SWe�Y^[\]jmtU=yVabqpRZY�XTi`Y���S�SC¼�]`UCY^_bv
UWSfXZY^SW[/SWe�]`[\ipo�XTe Y\RTS§_dipX�qgY^SW[/y ]��pSf[^]`qpS§�j]`_do�S`�Ãª:o�YIS|¼�h�SW[/adytSWXZYk]j_
ip�Ts/SW[.�`]nY^adi`XTs�s/RTi��óY\Rx]jY�Y\RTS	Y\i`Yk]`_�Y^[\]jmtU�[\S } oTSWs.Y^SWeü]jY�]ghx]`[/Y\adUfoT_�]`[Y^abyVS3ads } oTabY\S�UW_di`s\S�Y^i�Y\RTS�_dipXTq�Y\SW[\y ]��`SW[\]`qpS��j]`_doTSj�
Q=RTS�]`��i��`S�hT[/i1UfSWs\s3ads£[\SWh�S�]nY^SWe���i`[3]`_b_@XTiweTS�hx]jad[\s�Y^iVqpSWX�SW[^]nY^S�Y\RTS

Y^[\]jmtU�]jY�S�]`UkRl[\SWUfipX�Äxq`oT[^]jY\adipX©Y^adytS`� ½ Y�Y^RTS�[/SWUfipX�Äxqpo�[^]jY\adipX�Y^adytSIr
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S�]jUkRMXTi1e�S�[\SfUWipX�ÄTqpoT[\Sfs�Y^RTSVY^[^]nmVU�ipXlY^R�S�SC¼1ads.Y^abXTq	�wad[.Y^ox]`_�Y^i`h�ip_bipq`v
Y^R�[\ipoTq`R�Y^RTS�]`_bqpip[/abY^R�y Y^Rx]jY�RT]`s=��SfSWX~hT[/iph�i`s\SWe¨�G»xip[,Y^RTS�s/ady�o�_�]jY\adipXTs
r Y^RTS�[/SWUfipX�Äxqpo�[^]jY\adipX�Y\adytSu��ip[3S�]`UkR4XTiweTS�RT]`s���SfSWX�Y^]`�`SfX§Y\i���S�s^]`ytS
��ip[�Y^R�S	s^]j�`S	ij��s\abyVhT_badUfabY�vp��ã�XÀ]�hT[^]`UCY^abU�]`_=UW]`s\S*RTi��:SC�pSW[4r:eTa£¢�SW[/SWXZY
XTiweTSWsGy�]�vt[\SfUWipX1ÄxqpoT[/S�]jY�e�a£¢�SW[\SfXZY:Y^abyVSfsW��Á£i��:SC�pSW[�Y\RTS�[/SWs\o�_bY�ij��Y^RTabs
s\R�ipoT_de~XTijY���S�[\Sfy�]j[\�n]`�T_¥v�eTax¢¨Sf[\SWXZY���[\i`yÍipoT[=s/ady�o�_�]jY\adipXTsf�
Q=RTS���i`_d_di���abXTq�hx]j[^]`ytSfY\SW[\s:i`�
Y^RTS�X�SfY��Gip[\���GSW[/S�XTi`Y^Sfe�S�]`UkR�Y\adytS�]

[\SfUWipX1ÄxqpoT[\]jY^abipX���]`s�UW]`[\[/adSWe~ipo1Y
Ë a<Ì.Q=R�S�Y\[^]jmtU�Y^RT]jY�UWipo�_de~XTi`Y���S�[\ipo�Y\SWe Ë a#�6Sj�br�Y\RTS��T_diwUk�`Sfe*Y\[^]jmtU�Ì
Ë ada<Ì7Q=RTS�UfipXTqpSfs/Y^abipX�adX�Y\RTS=XTSfY��Gip[/��rwaE�ÅS`�¥rpY^R�S=s\oTy ij��o�s^]`qpS=ij��]`_b_1Y\RTS

_dabqpRZY^hx]nY^RTs�abX�Y^RTS�XTSCY��:ip[/���
Ë adada�Ì.Q=RTSG]��pSf[^]`qpS=Sf_dSfUfY^[/ipXTabU:RTiph�eTSW_d]�v�adX�Y^RTS�X�SfY��Gip[\� Ë aE�ÅS`�¥r`Y\RTS�s\o�y

i`�¤]`_d_�Y\RTS�Sf_dSfUfY^[/ipXTabUuR�iphTs3s/o�¢�SW[\Sfe��Zv~�`]j[\adi`oTs�y�oT_bY\adRTi`h�SfeI_badqpRZY\hx]jY^R�s
eTa¥�1abeTSWe©�Zv©Y\RTS�Y^ijYk]`_�X�oTy���SW[�i`��XTiweTS�hx]jad[\s^ÌC�IQ=RTads�ads�S } oTab�j]`_bSWXZYuY^iY^R�S�]��pSf[^]`q`SVX�oTy���SW[ui`�:RTiphTs�adX4Y^RTStXTSCY��:ip[/�l]js�Sf_dSWUCY^[/ipXTadU�e�SW_�]�vws�abX
]~XTSfY��Gip[\�©]`[/SVyV]`adX�_bv*eToTSVY\i*h�[\SWs/SWXTUfS�i`�=R�iphTs�]`_dipX�q*]Ihx]jY\R©��RTSf[\S
iph�Y\adUW]`_1Y\iuSf_dSfUfY^[/ipXTabU=]`XTe�SW_bSWUCY^[\i`XTadU�Y\i�iph�Y^abU�]`_�UWipXZ�pSf[\s/adipXTs�Y^]`�`S�hT_d]`UWSj�
Q=RTS©]`��i��pS�hx]`[^]jyVSCY^SW[/s��:Sf[\Slo1Y^ad_badcfSWe�Y^i�UWi`yVhTo1Y^S4Y^RTS§��ip_b_di���adXTq

ytSfY^[/adUfs���RTadUkR�U�]`X���S~oTs\Sfe¾��ip[�]`XT]`_bvws\abXTq�Y^R�SISCmtUWadSfXTUfv�ij��Y\RTS~eTads7{
Y^[/ad�To1Y^SWe~e�vwXx]jyVabU�[\ipo�Y\adXTq�]j_dqpip[/abY\RTy*�
Ë a<Ì þ�Ê
º¥¤�ê�¶@É�¦�µ#·
ë ³zÈn¶"¤z¸`¤�µ#ê�µ�´|û à Q=RTSMY^i`Y^]`_�]`ytipoTXZY4i`�tY^[\]jmtU

�T_bi1Uk�jSWe�eTa¥�wadeTSfe��Zv�Y\RTSGY\i`Yk]`_1]`ytipoTXZY�i`�TY^[\]jmtU�U�]j[\[\abSWe���vuY^R�S:XTSCY��:ip[/�
adX�Y\RTS�s/Y^o�eTadSfeIY\adytS�h�Sf[\abi1e��
Ë ada<Ì þ�Ê
ºI¸,§�º�ÈÂ¸Të�º	Ép¶�·
ë�º1°C´Âµ�¶�·�µ#·M´ÂÊ
ºI·zºZ´�¨�¶�Ès¦ à¤Q=RTS�]��`SW[^]jqpS�i`�

Y^R�SuUfipXTqpSfs/Y\adipX��j]`_do�SWs�adX�Y\RTS�s/Y^o�eTadSfeIY\adytS�h�Sf[\adiwe��
Ë adada�Ì þ�Êzºt¸�§�º�ÈÂ¸Të�º�¶"©¤´ÂÊ
º�¸�§�º�ÈÂ¸Të�º�ºwê�ºwÉ`´�ÈÂ¶�·zµ�É�Ê
¶�³l¹zºwê�¸Zû adX�Y\RTS

XTSCY��:ip[/��� ½ s�Rx]`s���SWSfX�S|¼1hT_�]`abXTSWe�]`��i��`S�Y^RTabs�ads�S } ox]`_�Y\i�Y^RTS�]��`SW[\]`qpSX�oTy���SW[�i`��RTiphTs�abX~Y\RTS�Y^iph�ip_bipq`vViÂ�`SW[=Y^R�SuSfXZY^ad[/S�Y^adytS�s/hx]`X��
Q=RTS�]j��i��pSlyVSfX�Y\adipX�SWe ytSfY\[\adUfs*�GSW[/Sgs/Y\oTeTadSfe ��RTad_bS©�j]`[.v1abXTq9Y\RTS

X�oTy���SW[�ij�=��]��pSf_dSfXTqpRZY^s�h�SW[�h�R�vws/adU�]j_�_dabXT�Mr�X�oTy���SW[�i`�=Y\[^]`X�s\ytabY\Y\SW[/s
h�SW[3X�i1eTSjr�Y\RTS�X�oTy���Sf[3i`��[/SWUfSWab�`SW[/s�h�Sf[3XTiweTS�]`XTe	�:]��pSW_bSWXTqjY^R§]`_b_diwU�]n{
Y^abipXts\UkRTSfyVSfs3�Åã Y�Rx]`s,��SWSWX�]`s\s/oTyVSfeVY\Rx]jY:]uYk]jh�ads,]u[\SWUfSWa¥�pSW[:]`XTetY^RTSf[\S
ads£XTi�s/SWhx]j[^]jY\S���i`oTXTe�ipX*Y^RTS�Xwo�y���Sf[3i`��Y^]`hTsf�3ã�X4]`X�]`UfY\ox]`_zs\UWSfXx]`[/adi
Y^R�SW[\S�ytadq`R�Y���S~]`XMSC¼1hT_badUWa¥Y�X�oTy���Sf[�i`�=Yk]`h�s�Y^Rx]jY�]`[\S�]��j]`ab_�]`�T_bSt]jY�]
hx]`[.Y^abUWoT_d]`[�]jY�]©XTiweTS	��SWUW]`oTs/S�]�Y^]`h9abs�]�s\h�SWUfabÄxU*Rx]`[\e1��]`[/S	eTSC�wadUWSj�
Q=RTSf[\Sf��i`[\S�Y^RTSV]`��iÂ�`S�]`s/s\oTyth�Y\adipX�i`�:Y^]`��adXTq*]�Yk]`h§��ip[�]I[/SWUWSfab�`SW[�RT]`s
��SWSWX�eTipXTSQ+/oTs/YzY^i£[\SfeToTUfS:Y^RTS,UWi`yVhT_bSC¼1abY�v�i`��Y\RTS:s/ady�oT_d]jY^abipX�]`XTeuYk]`��abXTq
adXZY\i�UWipX�s\ade�SW[^]nY^adi`XVY^RT]jY�Y^R�S���SfRx]��wadipoT[:i`�z]�Yk]jh�ads�]j_dytips/YGadeTSfXZY^adUW]`_�Y^i
Y^RT]jY�i`��]�[/SWUfSWab�`SW[f�GQ=RTSuXTS|¼1Y£s/SWUfY\adipXIeTabs\UWo�s\s\Sfs£Y\RTS�[\Sfs\oT_¥Y^s�ip��Y^]`adXTSfe��
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Q=RTS���ip_b_di���adX�q*s/SWUfY\adipX�s�eTads/UWoTs/s�Y\RTS�h�SW[/��i`[\yV]`XTUWSVi`�£ipoT[�s/ady�o�_�]jY\adipXTs
ipX�Y^R�S�r~wtX�i1eTSv%3��»q%3��Q ��ip[=Y^RTS�hT[/iph�i`s\SWe*ù�ipo�Y^abXTq ½ _bqpip[/abY^R�yVsf�
¯ ¯bÇ@¯±° ² û@·z¸x²lµ#Éh��ºwÉp¶�·�³�ë�±zÈÂ¸�´Âµ�¶�·9ÈÂºw°�±�ê<´Â°
½ XIadyth�ip[/Y^]`XZY�]`e��j]`XZYk]jqpS�i`�¤Q��wQ ads�Y\Rx]jY�]tX�Sf�Ûhx]nY^RIU�]`X*��S�UW[/S�]jY\SWe
��SfY��GSWSWX�Y��Gi�XTiweTSWsG��vVadX�s\SW[.Y^abXTq�]�Y^]`h�]jY:]`X�S|¼1ads/Y\adXTq�_dadq`R�Y\hx]jY\R���Q=RTabs
Rx]`s���SWSfXlSC¼1hT_d]`adX�SWe§adX§eTSCYk]`ab_�adX©�1SWUCY^abipX©õ1� õw� ½ s�]~[\Sfs\oT_¥Y�Y^RTS�Y^[\]jmtU
��RTabUkR�UWi`oT_de�XTi`Y���S,[/ipo�Y\SWe�Y\RT[\i`oTqpRuipXTS�hx]jY\R�ads@[/ipo�Y\SWe�Y\RT[\i`oTqpR�Y��:i�ip[
ytip[\S�hx]jY\RTsWrwipXTS£eTab[\SWUCYG]`XTeVY\RTS£[\SWyV]`abXTadXTq�Y^]`hTh�SWe���Q=R�ads�ads,s\RTi���Xt��ip[
Y^R�S�Q��wQÀadX�Y^RTS3»�adqpo�[\SWs	wT�6ô Ë ]ZÌC�¤Q=R�S3[\i`o�Y^abXTq�ads�Y^RT[/ipoTqpRtY^RTS£hT[\i`h�ips/SWe
��ads.Y^[/ad�To�Y\SWeh�3vwXx]`ytadU�ù£ipo1Y^adX�q ½ _dqpi`[\abY\RTyI�

´�µ�¶¡·s¸º¹q»�¼ ½�¾x¿¡À Á<Â{µÃ¸Ä¹WÅ­ÆQÇ�¿�ÆºÈkÉ#¹bÆ�Ê ¹^¹^Ë�Ì:ÍÎ¿�Ë�Â�Ï Ð�¿�Æ�¸Ä¹WÅ^Ñ�Ë{Ò�¶�·s¸o¿!ÆÄµ�Ñ¡Ë.ËsÑ�¼`½
ÓEÔ£Õ�Ö`×)ØÚÙ`ÛÃÜ`ÝºÞ�ßdàWá`â{ãäàÚÞ�å`Ôæ×WØ~ç�èäéæÔæÕ#á,è)êpÞ�è)á'ë�Ø�è­ãdØ¡Ø~ìîí�ïðÞ#ì`å�ñ�òóÞ�ô�èõØ¡×
èõá�ØöÜ�×)åh×)Ø¡ç~â�ì�÷`Õ�Ö`×õÞ�èõÔæâ#ì�â�ôqÞ#é£é�ì`â�å`Ø~à¡Û	øùá`ÔæàäêpÞ�è)áhÔæàù×)â#Ö�èõØ¡å�ú�ÔûÞ�üÚý�þ
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�8Þ#ì`å�ø��uÛ
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Blocking Probability Vs. Number of Transmitters and Receivers for TLT

No. of wavelengths per link = 8
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Blocking Probability Vs. Number of Transmitters and Receivers for NT

No. of wavelengths per link = 8
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Average Congestion Vs. Number of Transmitters and Receivers for TLT
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Average Congestion Vs. Number of Transmitters and Receivers for NT
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Average Congestion Vs. Number of Transmitters and Receivers for TLT(Centralized routing)
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Average Number of Hops  Vs. Number of Transmitters and Receivers for TLT
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Average Number of Hops  Vs. Number of Transmitters and Receivers for TLT(Centralized routing)
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