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|OR�`jRchjPSiwd�z�`bixnGd�nv� `bLOR©rxn:zv|���zprlzpd�~Qixd��ª{�zvhbzvPSR�`jRchb^(«eix`jLOnGf_`<zpdD]¬�GrxnG��zpr�DdOn�«erwRc|_�GRv¢�KMLOR�^�RJ~�nGd�|
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��� ����� � � � R�`�zphj`jil~�rwR¬{Ohbgc^jRQd:`jR¥fOd�R�zp{�{Ohjn_~+LOR¥{�hbzp`jilkGf�R¬|_Rc^ªzprw�vnvhbix`jLOPSRc^�|�� gJk:fOixrwiw�Ohbzv�vR¬|_R
~+L?zphb�vR©|_R©`a]D{?R}|_ix�5f?^�iwnvd¯R�`V|OR}rxRcfOh<iwP�{�rwzvdG`+z�`bixnGd7¢�K hbnvil^M{Ohbnv�OrwNQPSRc^e^jnvd:`<zp�5nvh+|_gJ^Q¢��7R}{�hjRcP�iwRQh
~Qnvd�~QRQhbdORVrlz�|_g�`bRQhbP�iwd�zp`jiwnvd�|ORc^({�zph+zpPSNQ`jhbRc^(|_RXr�� zprw�vnvhbix`jLOPSRX^bzpd?^(zvf�~�f�dORu~QnvdOd?zpil^j^bzpd�~QR<�vrwnv�?zprwR
|Of3^j]D^�`jNcPSRv¢��7R�^jRc~Qnvd�|1^�� z�`j`bzv~+L�R���r�� Rc^�`jiwPSzp`jiwnvd1|Of3~�n! _`SR�`�|Of1�5gQdOgQ¨?~�R�RQdO�GRQd�|OhjgJ^�{�zvhªrwRc^
gJ~+L�zpd��vRc^ª|_R¯~+L�zphb�vRG¢�� R�|_Rchjd�ixRchª{Ohbnv��rxNcP�R�g�`bf�|_iwg�RJ^a`¥~�RcrxfOie|_R�rlz�|_gQ`jRJ~Ö`jiwnvd |_R�~QnvdD¦vRchj�GRQd�~QR
|OR�r�� zvrx�Gnvhbi¶`bLOPSR�|�� gck:fOiwrxiw�Oh+zp�GRv¢#m�nvfOhS~�R¯|_RQhbdOiwRQhª{?nGixd:`c�dOnvf?^�{Ohbnv{5nG^jnvd?^�fOd zprw�vnvhbix`jLOPSR��?zv^jg
^jfOherwR©hjRJ~�fOix`<^�iwP�fOrwg©{?nGfOhehbgc|_fOiwhbRuf�dOR}~�nvdD¦GRQhb�vRQd?~�RVRcd�P¥zvhb~+LORJ^M|�� RJ^j~czprwixRchekGf�i7{?Rcf_`Vzp{�{�zph+z#"l`jhbR
zÌ¦GRc~e|_RJ^µ~+L�zvhj�GRc^�|_il^b~�hbN�`jRJ^Q¢�m	rwf�^jixRcfOhb^µ^�iwP�fOrlz�`bixnGd�^�`bRQhbPSixdORcd:`~�RQ`zphj`jil~�rwR<R�`ixrwrxf?^a`bhjRcdG`r$� R���R�`M|_Rc^
PSgQ`jLOn_|_RJ^MR�`Vzprw�vnGhjix`jL�P�RJ^({OhjnG{?n:^�gJ^Q¢
% ¼ �J� º �'& � �S� gJkGf�ixrwix��hbzv�vRV|_Ru~+L�zphb�vRG�Gzvrx�Gnvhbi¶`bLOPSR<i¶`bgQh+z�`bi¶�a�_|_ix�5f?^�iwnvd7�_|_gQ¨�dOix`jiwnvd�|_RV{�zvhbzvPSN�`jhbRv�
hbRc~QfOix`e^jiwP�fOrwgv��|Og�`jRJ~Ö`bixnGd�|_R�~QnvdD¦vRchj�GRQd�~QRv¢
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; d�R²np�u`jLOR�PSn:^a`¬iwPS{?nGh�`+zpd:`¬{Ohbnv�OrwRQP¥^¥iwd�|_iw^�`jhbiw�Of_`jRJ|�{OhbnD~QRc^b^�iwdO�®~�nGd�^jiw^�`b^¥iwd���zprlzpd?~�iwdO�#`jLOR
«(nvhb¬rwnGzG|²zpPSnvdO�¥zvrxr´{Ohjn_~QRc^b^�nGhb^c¢KMLOR�{OfOhb{?n:^�R}nv��rwnGzG|=<Á«(nvhb?>(�?zprlzpd�~QixdO�¥il^e`bn�zv~+L�ixRc¦vR}�5R�`�`bRQh
{5RQhj�ÁnvhbP¥zpd�~QRc^´np�?|Oiw^�`jhbix��f_`jRJ|ª~QnvPS{Of_`+z�`jiwnvd?^Q���D]}iwP�{�hjn�¦DiwdO�VrwnGzG|�zprwrxn_~cz�`jiwnvd ¢´KMLOR(rxn:zv|���zprlzpd�~Qixd��
{�hjnG�OrxRcP¤«Mzv^e^�`jf�|_iwRc|¯�D]�^jRQ¦GRQh+zpr7zvf_`jLOnGhb^�ÁhbnvP�|_i¶��RQhbRQd:`<{5nviwd:`b^env��¦DiwRQ«A@-Bp���D� 8 �DCO�5�_���O�5�)EF¢ � d
P¥zvd:]¬zv{O{Orwiw~cz�`bixnGd�^M^�f�~+L�zv^M|_Rcd�^�R©rwixd�Rczphezvrx�GRQ�Oh+zO�:i¶`<il^({?n:^j^jiw�OrxRu`bnS^�`bzp`jil~Qzvrxrw]¬~�nGP�{�f_`jRX`jLOR}rwnGzG|
zvd�|²|_il^a`bhjiw�Of_`bR�ix`XRc¦vRQd�rx]¯zpPSnvd��S`jLORª{Ohjn_~QRc^b^�nGhb^c¢ F<n�«(RQ¦vRchc��np�t`jRcd�ix`Xil^<dOnv`X{5nG^b^�iw�OrwR}`jn�:d�n�« �
���#��%�#� `jL�R}rxn:zv|�np��`jLOR©{Ohbnv�OrwRQP zpd�|�`jL�RQhbR��ÁnvhbR©z¥|_]Dd�zpPSil~XrwnGzG|��?zprlzpd�~QixdO�S^b~+LORQPSR©iw^<hjRJkGf�ixhbRc|£¢

� d `jLOil^�{�zp{5RQh¯«(R��Án_~�f?^�nGd�`bLOR#i¶`bRQh+z�`jiw¦vR�rxn:zv|��?zprlzpd�~QixdO� zprw�vnGhjix`jLOP¥^�ixd:`bhjn_|_f�~QRc| ixdG@-B
EF¢
KML�Rc^jR�zprw�vnvhbix`jLOP¥^¥zv^b^jfOPSR¯`jL�zp`�z#dOn_|_R�P¥zpd?zp�vRJ^Si¶`+^¬rwnGzG|3nGdOrw]1«eix`jL�ix`b^¬d�RczphbRc^�`¥dORQiw�vLD�5nvh+^Q¢
KML�RQ]�zphbR��GRQdORchjil~�zvrx�Gnvhbi¶`bLOP¥^Q��f�^jR��Áf�r�«eLORQd¡`jLOR¥^j]D^�`jRcP iw^©|_RJ~�RcdG`bhbzvrxiIHQRJ|�nGhX«eLORcd�^jnvPSR�dOn_|_Rc^
~czpdOd�np`�|OixhbRc~�`jrw]�~�nvPSPªfOdOil~Qz�`bR«eix`jL�zprwr:`jLOR(np`bLORQh�dOn_|_RJ^Q¢JF<n�«(RQ¦vRch7`bLORc^jR(zvrx�Gnvhbi¶`bLOP¥^7�îzG~�RM^�Rc¦vRchbzvr
{�hjnG�OrxRcP¥^Q¢

³�iwhb^�`jrw]v��`bLOR�PSzpoanvhbi¶`a]°np�u^a`bf�|_iwRc^Szp�5nvf_`�`jL�Rc^jR�zprw�vnGhjix`jL�PS^ªf�^jR��GrxnG��zpr(DdOn�«erxRJ|_�vRG��rxiwvR�`jLOR
d�R�`a«(nvhb#`jnv{5nvrwnv�G]®nvhSdOn_|_R²{Ohbnv{5RQhj`jiwRc^c�	`bn®|_R�`bRQhbP�iwdOR¯`bLOR¯rxn:zv|3��zprlzpd�~Qixd��°{?zph+zpPSR�`bRQh+^Q¢ � `¬iw^
^jfOix`bzv�OrxRª`jn��viw¦vRª`jLOR�nv{O`jiwPSzvr�{�zph+zpPSR�`bRQh+^<ix�	`jL�R�d�R�`a«(nvhb�zvd�|²`bLORªd�nD|ORc^u{Ohbnv{5RQhj`jiwRc^uzphbRª^�`bz�`biw~
zvd�|�ix�}`jLOil^�DdOn�«erwRc|O�vR²il^�dOnv`¬`jnDn3R�±_{?Rcd�^jix¦GR�ixd�`bRQhbP¥^�nv�©{�hjn_~�RJ^j^jiwdO�#`jiwPSRv¢GFVn�«Rc¦vRchc�M^�f?~+L
�GrxnG��zpr_DdOn�«erwRc|O�vReil^�dOnp`(zprw«(zÌ]_^�zÌ¦�zpiwrwzv�OrwRMzvd�|¥|_RQ`jRQhbPSixd�ixdO�©`bLOR<{�zvhbzvPSR�`jRchb^�`bLORQd¥Pªf�^�`µ�?RX|_nvdOR
«eix`jL�nvf_`e`bLOiw^<:d�n�«erxRJ|_�vRG¢

[DRJ~�nGd�|_rw]v�£PSnG^�`unv�µ`bLORc^jR�zvrx�Gnvhbi¶`bLOP¥^XzG^j^jfOPSR�`bL�z�`}��zvrwzvd�~�iwdO��`jLORSrwnGzv|�iw^}zvrx«MzÌ]_^<�5RQdORQ¨?~�ilzpr
zvd�|�rxRJzv|O^�`jn�z©hbRc|_f?~Ö`jiwnvdSnv�?`bLOR<R�±_RJ~�f_`bixnGdS`jiwP�RG¢KF<n�«(RQ¦vRchc�Ì`bLOil^	il^�dOnp`µ`jhbfORv¢�[Diwd�~�RG�v`bhbzvd�^a�ÁRchjhbiwdO�
^jnvPSRªrxn:zv|��ÁhbnvP*nvdORª{OhbnD~QRc^b^�nGhe`jn¯zpd¡np`jL�RQhVhbRck:fOiwhbRc^V^jnvPSR�~�nvPSPªfOdOil~Qz�`bixnGd7¢ � ��`jLOR�dOR�`a«(nvhb�iw^
^jrwn�«�`jLOR�~QnvPSP�f�dOiw~cz�`bixnGd�~QnG^�`e~czpd��?R}L�ix�GLORQhM`bL�zpd�`jL�R}R�±_Rc~Qf_`jiwnvd�`jiwPSR}�Gzpiwd7¢

KMLOiwh+|_rx]G�£^�iwd�~�Rª`jL�RªrwnGzG|²iw^XdOnv`uiwd_¨�dOix`jRcrx]�|Oix¦Dil^�iw�OrwRv�5`jLORª¨�d�zvr´rwnGzG|²��zvrwzvd�~�iwdO��<Îz��t`bRQh©~�nvdD¦GRQhj¾
�GRQd�~QRVnv�7`jLOR©zprw�vnGhjix`jL�PL>µ~Qzvd¥�îzv~QRuz !M	ONO� {Ohbnv��rxRcP�¢�KMLOil^({Ohbnv�OrwRQP§L�zv{O{?Rcd�^(«eLORQd�`jLOR©|_ix�5RchjRcd�~�R
nv�´rwnGzG|¬�5R�`a«(RQRQd�RczG~+L�dOn_|_R©il^MnvdOrw]¥nvdORG¢ � �a�_�ÁnvhMiwd�^a`+zpd�~QRv�_«(RXL?zÌ¦vR©zª~+L�zvixd�np�

n
{Ohbn_~�Rc^b^jnvh+^Q�G`jLOR

rwnGzG|�~czpd°�?R¥|_il^�`jhbix�OfO`jRc|#zG^
{n, n − 1, . . . , 2, 1, }

zpd�|¡`jLOR¬|Oi¶��f�^jixnGd°rwnGzG|¡�?zprlzpd�~QixdO�¯zprw�vnGhjix`jL�P
~czpd��?R}rwn_~+vRJ|��D]¥`bLOiw^V~�nvdO¨��vfOh+z�`bixnGd7¢

� d�`jLOil^({�zp{5RQhJ�D«Ru{Ohbnv{5nG^jRXzª{Oh+zv~Ö`biw~czpr�zp{O{�hjn:zv~+L¥np�´rxn:zv|¬�?zprlzpd�~QixdO��`jL�zp`M^jnvrw¦vRJ^	`bLOR 8 zv�?n�¦GR
{�hjnG�OrxRcP¥^Q¢�K´n�`bLOR��?RJ^a`}np�nvfOh©DdOn�«erwRc|_�GR�dOn�rxn:zv|��?zprlzpd�~QixdO��zprw�vnGhjix`jLOP*nv�	`jLORSrwi¶`bRQh+z�`bfOhjR�~Qzvd
|ORczpre«eix`jL `bLORc^jR 8 il^b^�fORJ^¥z�`S`jL�R�^jzvP�R�`bixPSRv¢QP°R²�viw¦vR�PSR�`bLOn_|O^S`jn®|_RQ`jRchjPSiwdOR¯`jLOR�|Oi¶��f�^jixnGd
{?zph+zpPSR�`bRQh+^´«eix`jL�nvf_`zvdD]��vrwnv�?zpr_DdOn�«erwRc|_�GRv¢(P°R<{Ohbnv{5nG^jRezpd¥zpd?zprw]D^jil^�np��`jLORX~�nG^�`µzpd?|ª�5RQd�R�¨O`µnv�
rwnGzG|©R�±O~+L�zvdO�vR�iwd�nvh+|_Rch7`jnu|_R�`bRQhbPSixdOR«eLORQd�i¶`�iw^´«nGh�`bL}R�±O~+L�zvdO�viwdO�<^jnvPSR	rwnGzv|7¢´KMLORµ~QnvdD¦vRchj�GRQd�~QR
nv�V`bLOR�rwnGzv|3��zvrwzvd�~�iwdO�#zprw�vnvhbix`jLOP¥^S«eix`jL�dOn#ixdO¨�dOix`jRQrw]�|_ix¦Dil^�iw�OrwR¯rxn:zv|O^Sil^¬zprl^jn°^�`jf�|OixRJ|�ixd `jL�iw^
{?zp{5RQhJ¢ ; f�huzv{O{OhbnGzv~+L²il^©^�{�rxix`uiwd:`jn�`a«n?¢}KMLOR��ÁnGhjPSRchV�viw¦vRJ^Xzvd�zvrx�Gnvhbi¶`bLOP �?zv^jRc|�nGd¡^jixPªfOrwzp`jRJ|
zvdOdORJzprwixdO��`jnªhjRJ|_f�~�Runvh(RQrwiwP�iwd�zp`jRX`jLOR©^a`bRQ{�^`bL�z�`e~Qzvd¬�?R©�GRQdORchbzp`jRc|S�D]S`bLORu|Oiw^b~�hbR�`bRXrwnGzG|¬z�`(`jLOR
~QnvdD¦vRchj�GRQd�~QRXnv��rwnGzG|��?zprlzpd�~QixdO�¬zvrx�Gnvhbi¶`bLOP¥^Q¢	KML�R}rwzp`�`jRch<il^M`jLORª|_R�`bRc~Ö`bixnGd¯np��`jLOR�~QnvdD¦vRchj�GRQd�~QRXnv�
rwnGzG|���zvrwzvd�~�iwdO��zprw�vnvhbix`jLOP¥^X`jn¯^a`bnv{°i¶`}iwd°^�`bzp`jil~�rwnGzG|¡~Qnvd:`jRQ±:`J�7nvhu`bn�P¥zpd?zp�vRª`jL�Rª�ÁhbRck:fORcd�~�]²nv�
rwnGzG|¬��zvrwzvd�~�iwdO�S^a`bRQ{¯iwd�|_]Dd�zvPSiw~urwnGzv|�~�nGdG`bR�±D`c¢	KML�RunG�_oaRc~�`jiw¦vRJ^(zvhjRX`jn¥^�`jnG{�`bLOR}rxn:zv|���zprlzpd�~Qixd��
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1 −

∑
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j
Cri,j
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(t)
r
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f

(t)
ij

¢
L

(t)
r

iw^M�Gix¦GRQd��:] �
L(t)

rij
= Mrij

w
(t)
i − Mrji

w
(t)
j

P�ix`jL
F (t) zpd?| Mr

|_RQ¨�dORJ|£�_`jL�R�|_i¶��f�^jixnGd¯PSzp`jhbi¶±
M (t) il^e�viw¦vRcd��D] �

m
(t)
ij =

{

f
(t)
ij Mrij

j 6= i,

1 −
∑

k(k 6=i) f
(t)
ik Mrik

j = i,

zvd�|�`jLOR�^j]_^a`bRQP¤rwnGzG|��5RQL�zÌ¦DiwnvhMil^<~�rlzv^b^�il~Qzvrxrw]¬|_RQ¨�dORc|��D] �

W (t+1) = M (t)T

W (t).
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zprwRcz
< 1)

�Ozpd�|�ix� �
zprwRcz
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Uij
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τ
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Uij
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κ = ln(0.5)
2
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1 2 3

4 5 6
� È��VÃ ÊpãÖÍFÍFÏ��JæÑÐ�ÍîÓBÈbÓÎÐ¬ã+ñXÓ��ÌÐÔ�åîÍÎÓ5ÍÎÓFÈ��ÖÐ�ã+ñvÓ	�JÐ´ÇaãÖÒ�ä�Ð�å
�ÖÐaÒÌÇaÐâÌÐèÓÎÐaÇaÓÎÏÑãÖÒ©È+æ��ÖãÖåîÏ Ó��ÌÉ©ê���ÌÐ�È+åÁôåîã�� ÍµÇ�ãÖåîåîÐ�ÍÎÊpãÖÒÌâ¥ÓFã©Ó��ÌÐ<ÍFË��côÓÎåÎÐaÐ�ÍîÓBÈbÓÎÐ£ÍFÐaÒ�Ó_ñwåîãÖÉ¡È´ÒÌãQâÌÐ5ÓÎãÏ ÓÎÍ£ñlÈbÓ��ÌÐaå�ê

1 2 3

4 5 6

root root

� ����Ã�ÊpãÖÍFÍÎÏ��ÌæÑÐ�ÍÎÓFÈbÓÎÐã+ñOÓ��ÌÐÍÎÐaÇ�ãÖÒJâÍÎÓFÈ��ÖÐ�ã+ñ:Ó	�ÌÐ�Ç�ãÖÒ�ä�Ðaå��ÖÐaÒÌÇaÐ	âÌÐèÓÎÐ�ÇèÓÎÏÑãÖÒÈ+æ��ÖãÖåîÏ Ó	�ÌÉ�� Ï Ó���Ù�åîãQã+ÓFÍ��ÖÐaÒÌÐaåÎÈbÓFÐaâ
��ç�Ó��ÌÐ�ÔÌåÎÍîÓSÍÎÓFÈ��ÖÐÖê���ÌÐ�â�È+Í��ÌÐaâÈ+åîåÎã��´Í¥ÇaãÖåîåÎÐaÍÎÊvãÖÒJâ3ÓÎã¡Ó��ÌÐ��ÖæÑã��ÌÈ+æÍÎÓFÈbÓÎÐ(ÍFÐaÒ�Ó�ñxåÎãÖÉ�ÈeÒÌãQâÌÐµÓFã<Ï ÓÎÍ�Ç��ÌÏÑæ ôâÌåîÐaÒ:ê

³�iw�vfOhbR,B ��KMLORc^jRX¨��vfOhbRc^(iwrxrwf�^�`jh+z�`bRV`a«(nª{5nG^b^jix�OrwR©^a`+z�`jRJ^(np� `bLOR}^a`+zp�GRc^np� `bLOR}~�nGd:¦GRQhb�vRcd�~�RV|OR�`jRJ~Ö¾
`bixnGd�zvrx�Gnvhbi¶`bLOP¯¢�KMLORQ]�zvrw^jnSixrwrwf�^a`bhbzp`jRu`jL�R}�vRQd�RQh+z�`jiwnvd�np��`a«n�hbn:nv`b^Miwd�`jLOR©`bhjRcRv¢

`bLORc^jR}`a«(n¬dOn_|_RJ^<L�zÌ¦GR�|_R�`bRc~Ö`bRc|¯`bLOR��GrxnG��zpr�^a`+z�`bR��Of_`ui¶`uiw^VdOnp`©z¥{Ohbnv�OrwRQP �ÁnvhV`jLOR�~QnvdD¦vRchj�GRQd�~QR
|OR�`jRJ~Ö`bixnGd7¢

K´nV¨?dOiw^jL�«ei¶`bL7�pix��`jL�R(~QnvdD¦vRchj�GRQd�~QR	iw^�|_RQ`jRJ~Ö`jRJ|£��`bLOR����®zprw�vnGhjix`jL�P�~czpdª�?Re^�`jnv{�{?RJ|�ix��`jL�R(rwnGzG|
il^e^�`bz�`biw~v¢ � d�`bLOR}np`bLORQhe~czv^jRX¾µ|O]:d?zpPSiw~urwnGzG|£�_|_]Dd�zpPSil~Xd�R�`a«(nvhbD^(nGh(nv`jLORch}¢x¢w¢�¾�`jL�R©~QnvdD¦vRchj�GRQd�~QR
|OR�`jRJ~Ö`bixnGd�zprw�vnvhbix`jLOP�~Qzpd²�5R�f?^�RJ|�`jn¬hbRc|_f?~�R}`bLOR��ÁhbRck:fORcd�~�]�np� ��� ^�`jRQ{?^<ix��`bLORª^j]_^a`bRQP��?RJ~QzvP�R
^�`bzv�OrwRunGheixd?~�hbRczv^jRui¶`<ix��ix`<�5Rc~QzvPSRuf�d:�?zprlzpd�~QRc|£¢

� : , �¯���<,��e!ª�´�©��
���!&��!�$��S
Q, �����}�´
���!��

����� � 
 �"�#� 
 � �� �  %#	��
� R�`�f?^�^a`+zphj`}`jn�iwd:`jhbn_|_f�~�R¬z¡~�rlzv^b^�il~Qzvr	^a`bhjf�~�`jfOhbR¥np�<zvd#zv{O{Orwiw~cz�`bixnGd°iwd�~Qrxf�|OixdO��zpd#i¶`bRQh+z�`bix¦GR ���
zvrx�Gnvhbi¶`bLOP¯¢�KML�iw^<^�`jhbf�~�`jfOhbR©iw^M�Gix¦GRQd��:]�q<rw�vnvhbix`jLOP BG¢

K´«n®^�`jRc{�^¥zp{O{5RczvhSixd `jL�iw^¥zvrx�Gnvhbi¶`bLOP¯�	`jL�R�¨?hb^�`¥nvdOR¯il^�`jLOR²iwdOix`jilzprwi-HJz�`jiwnvd�zpd?|�`bLOR�^�RJ~�nGd�|
nGdORuiw^(`bLOR}~�nvPS{OfO`bz�`bixnGd7¢ � d�`bLOR©�ÁnvhbPSRQhJ�:`jLOR}|_RQ`jRc~�`jiwnvd�np��~�nvdD¦GRQhb�vRQd?~�RVzvd�|¬`bLOR©rxn:zv|���zprlzpd�~Qixd��
zvrx�Gnvhbi¶`bLOP�zphbR	ixd�i¶`biwzvrxiIHQRJ|£¢´KMLORixd�i¶`biwzvrxiIHczp`jiwnvd�nv�_`jLORM~�nGd:¦GRQhb�vRcd�~�R�|_RQ`jRc~�`jiwnvd�¾?iwdOi¶` ��� �XR�`jRJ~ � nGd:¦u¾
~Qnvd�^jil^a`+^�ixdS�vRcdORQh+z�`bixd��©z}^j{�zvdOdOiwdO�u`jhbRQRenp�5`jL�R<dOR�`a«(nvhb}f�^jRc|��D]�`bLORVzp{�{Orxil~Qzp`jiwnvdSzpd�|�iwdOix`jilzprwi-HcixdO�
`bLOR¯{�zph+zpPSRQ`jRQh+^�zpd�|�`jLOR¯dORcix�GL:�5nvhbLOnDn_|�nv�V`jL�R¯~QnvdD¦vRchj�GRQd�~QR�|_RQ`jRc~�`jiwnvd�zprw�vnGhjix`jLOP¯¢1KML�R�rwnGzG|
�?zprlzpd�~QixdO�©iwdOix`jilzprwi-HJz�`jiwnvdª¾7iwdOi¶` ���1¾ ~�nGd�^�il^�`b^�iwd��GR�`j`jiwdO��^a`+z�`biw~(iwd_�ÁnvhbP¥z�`jiwnvdª¾´|_Rc�vhbRQRMnp�5dORQiw�vLD�5nvh+^Q�
{5n�«(RQhenp��dORcix�GLD�?nGhb^<zvd�|�`jLOR

αij

~�nGP�{�f_`jRJ|�¾µ�ÁhbnvP¤`bLOR�dORcix�GLD�?nGhb^M`bn¬iwdOi¶`biwzvrxiIHQR�`jLOR�{?zph+zpPSR�`bRQh+^
nv�X`bLOR ��� zprw�vnGhjix`jLOP¯¢ KML�iw^¥iwdOix`jilzprwi-HJz�`bixnGd ~QnvhbhjRJ^�{5nvd�|�^�`bn1[DRc~�`jiwnvd 8 ¢ �D¢ � d3`bLOR�rlz�`j`jRQh¬¾�`jLOR
~QnvPS{Of_`+z�`bixnGd°^�`jRc{¡¾<ix�`bLOR¬^�`jRQ{#il^©rxn:zv|¡��zprlzpd�~Qixd����£`bLOR¬zprw�vnGhjix`jLOP�^�`bzvh�`+^X`jn�^jRQd�|�i¶`+^�k:f�zpd:`bi¶`a]
nv��rwnGzG|¯zpd�|¯hbRc~QRQiw¦vRu`jLOR�dORQiw�vLD�5nvh+^ekGf?zpd:`jix`a]�nv��rwnGzG|�«ei¶`bL �Ö�vRQ`�P#o �p¢(TVnp`jR©`bL�z�`Xixd ���vR�`�P#o �u«R
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��& � ¼ � �î� � � � KMLORc^jRªzvrx�Gnvhbi¶`bLOP¥^V|_RJ^j~Qhjiw�5R}`jLORS~�rlzv^b^jiw~czpr ^�`jhbf�~Ö`bfOhbR�np�	{�hjnG��¢<«eix`jL�i¶`bRQh+z�`jiw¦vR ���
zvrx�Gnvhbi¶`bLOP <Ánvd `jLOR°rwR��t`M>�zvd�|�`jL�R¡�ÁfOd?~Ö`jiwnvd `jL�zp`¯|OR�`jRchjPSiwdOR�`jLOR

α
{�zph+zpPSR�`bRQh+^¬«eix`jL z1rwn_~Qzpr

DdOn�«erwRc|O�vRuf�^�RJ|�iwd²^a`bRQ{¯iwdOi¶` ���G<Ánvd�`jL�R}hjiw�vL:`M>�¢
� ~QrwzG^j^jil~Qzpr�^�`jhbf�~Ö`bfOhjR©nv��{Ohbnv�?¢��
� «eix`jL�ix`jRQh+z�`bix¦GR ����zvrx�Gnvhbi¶`bLOP��
iwdOi¶`+q<{O{
iwdOi¶` ��� �XR�`jRJ~ � nGd:¦
iwdOi¶` ���
» � �$& ¸¥qV{O{²~�nvd?|_i¶`bixnGd ½ ¼
� �©il^ ���e[:`bRQ{ � � ¸ �
�GR�`�P#o
~QnvPS{Of_`bR��7i o
^jRQd�|�yeRc~Q¦ � nGzG|
��� �XR�`bRc~ � nvdD¦

¸ ��½ � �
� �������������������������������
� ����q<{�{	�Gnv�
� �������������������������������

¸ �´½ » � � & ¸

� |Oiw^�`jhbix��f_`jRJ|�~QnvPS{Of_`+z�`jiwnvd�np�
α
�

�B¼ �
i = 0

`bn
myDegree

½ ¼
^�Rcd�|�Pª]�rwnGzG|¥`jn¥d�RQiw�vLD�?nGh�@

i
E �

¸ �´½ �B¼ �
�B¼ �

i = 0
`bn

myDegree
½ ¼

hjRJ~�RQiw¦vRurwnGzv|��ÁhbnvP¤dORcix�GLD�?nGh�@
i
E �

¸ �´½ �B¼ �
~�nGPS{Of_`jR

Mrij Mrji�B¼ �
i = 0

`bn
myDegree

½ ¼
^�Rcd�|

Mrij

`jn¥d�RQiw�vLD�?nGh�@
i
E �

¸ �´½ �B¼ �
�B¼ �

i = 0
`bn

myDegree
½ ¼

hjRJ~�RQiw¦vR
RMrji

�ÁhbnvP dORQiw�vLD�5nvh)@
i
E �

¸ �´½ �B¼ �
� �

RMrji < Mrji

� � ¸ �
Mrij = RMrji ∗ Mrij/Mrji

Mrji = RMrji¸ �´½ � �
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oaf?^a`VRQ±O~+L�zpdO�GR}zSd:f�P��5RQhe`bL�z�`X|ORc^b~�hbix�5Rc^M`bLOR�k:f�zvdG`bi¶`a]�np��rxn:zv|¯zpd?|�d�np`Xz ��hjRJzpr �<rwnGzG|£¢TVR�±D`c�5i¶`
~QnvPS{Of_`bRc^<`jLORªrxn:zv|�`jL�zp`Xix`VP�f?^a`©^�Rcd�|�`jn¬RJzv~+L²dORcix�GLD�?nGhVzv~c~�nvh+|_iwdO�S`jn¬`jLOR�~Qnvd�|Oi¶`bixnGd�^<�Gix¦GRQd²iwd
[_Rc~Ö`bixnGd�^ 8 ¢-BXzpd�| 8 ¢ �D¢ � �7ix`(zv{O{?RJzph+^�`bL�z�``a«n�d�RQiw�vLD�?nGhb^µzphbR<dOnp`��zprlzpd�~QRc|¥zvd�|¥|_n�d�np`µRQ±_~+L?zpdO�GR
rwnGzG|£�O`bLORS^�L�zvvRchV^�]_^�`jRcP�~czpd²�ÁnGhb~QR�zpd²RQ±_~+L?zpdO�GR}np�	rwnGzv|7¢VKMLOil^V^�`jRQ{¡iw^u|_nvd�R�iwd ��~QnvPS{Of_`bR��7i o ��¢
P�L�RQd�`bLOR�rxn:zv|¯`bL�z�`}P�f?^a`u�?RSR�±O~+L�zvdO�vRJ|¯iw^©~QnvPS{Of_`bRc|£�£RJzv~+L�dOn_|_RS^jRQd�|O^uzpd?| �ÌnGhVhbRc~�Rcix¦GRc^V`jLOR
RQ±O~+L�zpdO�GRc^uiwd ��^jRQd�|Oy<Rc~�¦ � nGzv|���¢¬³�ixd?zprwrx]G� `bLOR�~�nGdD¦vRQhb�vRcd�~�RS|_RQ`jRc~�`jiwnvd®zprw�vnGhjix`jL�PZ~+LORc~+_^}ix�M`jLOR
rwnGzG|²��zvrwzvd�~�iwdO��zvrx�Gnvhbi¶`bLOP�L�zv^u~�nGd:¦GRQhb�vRJ|�`jn�^�`jnG{¡ix`c¢���ixdOix`bqV{O{��p� �Qq<{O{°~�nGd�|_ix`jiwnvd���zpd�| ��q<{�{
�Gnv���V~QnvhbhjRJ^�{5nvd�|¬`jnS`bLOR}zp{O{Orwil~Qz�`bixnGd�`bL�z�`<Pªf�^�`<�?R}��zvrwzvd�~�RJ|£¢

����� ��% 
 �"�#�  %#	���� ��� ���  �
KML�R��ÁnGrxrwn�«eixd���^jixPªfOrwzp`jiwnvd�^�zphbR�hbRczvrxiIHQRJ|®«eix`jL�[DixP¬suhbiw|7¢1[DixP¬suhbiw|3il^�z�`jnDnvrwDi¶`�`jL?z�`S{Ohjn�¦Dil|_Rc^
~QnvhbR(�ÁfOd�~Ö`bixnGd�zprwix`a]��ÁnGh�`jLORX^�iwP�fOrlz�`bixnGdSnp�£|_iw^�`jhbiw�Of_`jRJ|¥zp{O{�rxil~Qzp`jiwnvd�^�iwd¥LORQ`jRQhbnv�GRQdORcnvf�^�|Oiw^�`jhbix��f_`jRJ|
RcdD¦:iwhbnvdOPSRQd:`+^ @Ñ�p� EB¢�KMLORSzp{O{�rxil~Qzp`jiwnvd²`bL�z�`©iw^u��zvrwzvd�~�RJ|²il^XhbRQ{�hjRJ^�RcdG`bRc|²�D]²zpd�ixd:`bRQ�vRchV`bL�z�`}~�nGh�¾
hbRc^j{5nvd�|O^�`jn²`bLOR�rwnGzG|#np�e`bLOR�zv{O{Orwiw~cz�`jiwnvd ¢ �7R�`�f�^ªhjRJ~Qzprwr	`bL�z�`�`jLOR�rxn:zv|#il^�^�`bzp`jil~¥¾V`bLOR��GrxnG��zpr
rwnGzG|¯np��`bLORª^j]_^a`bRQP�iw^V`jLOR�^jzvPSRª|_fOhbiwdO�¥`jL�Rª~�nGPS{Of_`bzp`jiwnvd ∑

i w
(0)
i =

∑

i w
(t)
i

�ÁnGhXzvrxr
t
¾(LORcd�~�R

d�n�rwnGzG|�~czpd¯�5R�zv|O|_RJ|�nvhehbR�`jhbiwRQ¦vRJ|¬iwd¯`jLOR�^j]_^a`bRQP¯¢	q ^�`bzp`jil~XrwnGzG|�il^�oaf�^�`Vf�^jRc|�`jn¥iwrwrxf�^�`jh+z�`bR©`jLOR
~QnvdD¦vRchj�GRQd�~QRXnv�´`bLOR�zprw�vnGhjix`jL�P����Of_`<`bLOR��� zprw�vnvhbix`jLOP ~czpd²|_RJzpr7«eix`jL�|_]Dd�zvPSiw~©rwnGzG|£¢µKMLOR�rwnGzG|
il^<zvrw^jn¥~�nvd?^�il|_RQhbRc|�LOnGP�nG�vRcdORQnGf�^Q�D`bLOR}`bixPSR}`bn¬~�nvPS{OfO`jR�zS�viw¦vRcd¯rxn:zv|�|_nDRc^edOnv`X|_Rc{?Rcd�|¯nvd�`jL�iw^
rwnGzG|£�Oix`<nvdOrw]�|ORQ{5RQd�|O^Vnvd�`jL�R�k:f�zpd:`jix`a]�nv��rwnGzG|¯zpd�|�nvd�`bLOR�^j{?RcRc|�np��`jL�R}{Ohjn_~QRc^b^�nGheixd¯«eLOil~+L²i¶`
il^e~�nGPS{Of_`jRJ|£¢

� d#z�¨�hb^�`©{�zphj`c�£`bLORS�?RcL�zÌ¦DixnGh©np�µ`bLOR¥³ ; [¡zprw�vnvhbix`jLOP il^}^a`bf�|_iwRc|�nvd�`jLORS«(nvh+^�R�~QzG^�RS~�nGd_¨��p¾
f�hbzp`jiwnvd �}z�rxiwdORS`bnv{5nvrwnv�v]²«eix`jL®��C�L�nvPSnv�GRQdORcnvf�^udOn_|_RJ^}^�f�~+L�`jL?z�`�zprwr�`bLOR¥rxn:zv|¡iw^}nGd¡`bLORS¨�h+^a`
d�nD|ORv¢¡KMLOR�{Ohbnv�vh+zpPZ`jL�zp`ªil^��?zprlzpd�~QRc|®~Qzvd®�?R�¦DixRc«RJ|®zv^ªz�{�zvhbzvrxrwRQrµzvd�|®ix`jRchbzp`jiw¦vR¬dDfOPSRQhbil~Qzpr
^jnvrw¦vRch	`bL�z�`e~�nGP�{�f_`jRJ^2BJ�v�G��ix`jRQh+z�`bixnGd�^«eLORQhbR<`bLORu`jnv{5nvrwnv�G]ªil^(¦Dixhj`jf�zvr£zpd�|�|_RQ{5RQd�|�^nGd¬`bLORu|�z�`bz
|ORQ{5RQd�|_Rcd�~�]G¢XKMLOil^u^a`bf�|_]¯iw^XhbRczprwiIHQRc|��ÁnGh<`a«(n�~QzG^�RJ^Q�?¨�h+^a`uz � qXT dORQ`a«nGhj¯zpd?|£�5^jRc~Qnvd�|7�5z �©[ �
d�R�`a«(nvhb5¢

����� � � � �O�c� � ¸ � »�¼ � �
� d�`jLORª�ÁnvhbPSRQhJ��z���zpd?|_«eiw|_`jL�nv��Bc�G�vW²� �p^eil^Xf?^�RJ|²«ei¶`bL���¢-BÌ��P¥^<nv�µrwzp`jRcd�~�]¯nvd¡Rczv~+L²RJ|_�vRG¢u³�iw�p¾
f�hjR���^�LOn�«<^}`jLOR¬�:zpiwd®�viw¦vRcd°�D]�`jLOR�³ ; [#zvrx�Gnvhbi¶`bLOPZ«eix`jL®`bLOR�~QnG^�`��Ì�5RQd�R�¨O`ª^j]_^a`bRQP zpd�|#«eix`jL
~QnvdD¦vRchj�GRQd�~QRe|_R�`bRc~Ö`bixnGd�<

Algo2
>	~QnvPS{�zvhjRJ|�`bn�`bLORX³ ; [¥zprw�vnGhjix`jL�P'«eix`jLOnGf_`(~QnG^�`����?RcdOR�¨O`M^�]_^�`jRcP

zvd�|�«ei¶`bLOnvfO`V~�nvdD¦GRQhb�vRQd?~�RX|OR�`jRJ~Ö`bixnGd=<
Algo1

>�¢ �7RQ`<f�^edOnv`jR©`jL?z�`<iwd
Algo2

`jLOR�~QnG^�`��Ì�5RQd�R�¨O`<{�zp¾
h+zpPSRQ`jRQh

k
il^µ�Gix¦GRQd¬�D]

k(t+1) = k(t) − 1
«ei¶`bL

k(0) = 1000
¢´KMLORu�Gzvixd¬il^�viw¦vRQd��:] T1−T2

T1

�_«eL�RQhbR
T1

zpd�|
T2

zphbRe`bLORu~QnvPS{Of_`+z�`bixnGd¥`jiwPSRXnv�
Algo1

zpd?|
Algo2

�:hbRc^j{?RJ~Ö`jiw¦vRcrx]G¢JFVRQd�~QRv�Dix�7`jLORu�Gzvixd�iw^
d�RQ�Gzp`jiw¦vRG�D`jLOR

Algo2
^jrxn�«<^e|On�«ed�`bLOR�R�±_RJ~�f_`bixnGd�nv�´`bLOR}{Ohbnv�GhbzvP¤zpd�|¯zS�Gzvixd¯nv����¢ �ªPSRczvd�^M`jL?z�`

`bLOR�~QnvPS{Of_`+z�`jiwnvd°`bixPSR¬nv�(`bLOR¬{Ohbnv�GhbzvP iw^ª|_iw¦:il|_RJ|#�:]¡`a«n?¢ � d#`bLOiw^�¨��vf�hjRG� `bLOR¬�Gzvixd®|_Rc{?Rcd�|O^
nGd²`jL�R�rwnGzG|�zÌ¦vRchbzv�vR

w∗
¾M`bLORª�GrxnG��zpr�rwnGzv|�iw^u�viw¦vRcd¡�D]

64 × w∗
¾<zpd�|¡nvd�`bLOR�d:f�P��5RQh©np�µrwnGzG|

�?zprlzpd�~QixdO��^�`jRc{�^c¢ � �£`bLORVrwnGzG|S��zprlzpd?~�iwdO��^�`jRQ{�iw^�Bv�G`jLORXrxn:zv|S��zvrwzvd�~�iwdO��zvrx�Gnvhbi¶`bLOP il^zv{O{OrwixRJ|SnvdOrw]
nGdOR<`bixPSR©z�`(`jLORX¨�h+^a`(i¶`bRQh+z�`bixnGd¬np�£`bLORX{�hjnG�vh+zpP¯¢´KMLORuhbRc^jfOr¶`+^µnGd�³�ix�GfOhbRu�ª^�LOn�« `bL�z�`(`jLORu�Gzvixd�iw^
^jiw�vdOix¨?~Qzvd:`M«eL�RQd

w∗
il^erwn�« zpd?|�zvrw^jn¥^�L�n�«�`jL�zp`<`jL�R}�Gzpiwd�iw^edDfOrwr£«eLORcd

w∗
il^eLOiw�vL7¢	KMLOil^eil^<|_fOR

`bn}`jL�RX~�n:^a`(np��`jL�RVrwnGzv|S�?zprlzpd�~QixdO�ªzprw�vnvhbix`jLOP'i¶`+^�Rcr¶� ��«eLORcd¬i¶`(L�zv^~�nGd:¦GRQhb�vRJ|£�pix`b^(~�nG^�`µil^~Qnvd�^�`bzvd:`
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³�iw�vfOhbR�� �®s©zvixd �viw¦vRQd�«eix`jL�`jLOR#~�n:^a`��Ì�5RQdORQ¨O`�{�zvhbzvP�RQ`jRch��
k(t+1) = k(t) − 1

zvd�|�«eix`jL `jLOR
~QnvdD¦vRchj�GRQd�~QRX|_RQ`jRJ~Ö`jiwnvd¯zprw�vnGhjix`jL�P¤nvd¯z � qVT�d�R�`a«(nvhb5¢

zvd�|¬ix`envdOrw]¬|_Rc{?Rcd�|O^Mnp� `jLOR©dORQ`a«nGhj�¢ F<RQd?~�Rv�_«eL�RQd�`jLOR}~�nGPS{Of_`bzp`jiwnvd�`jiwP�R©il^(rxn�«�¾�«eLORcd
w∗

iw^
rwn�« ¾	`jLORª~�nG^�`Vnv��rwnGzG|��?zprlzpd�~QixdO�¥il^<hbRQrlz�`bix¦GRQrw]¬LOiw�vL�zvd�|�«eLORQd¯`bLOR�~�nGPS{Of_`bzp`jiwnvd¯`bixPSR�il^<LOiw�vL�¾
«eL�RQd

w∗
iw^(LOiw�vL�¾�ix`eiw^(dORc�vrwix�Gix��rxRG¢ � �´`jLOR}~�n:^a`(np� rwnGzG|¬��zvrwzvd�~�iwdO�ªiw^(dORc�vrwix�Gix�OrwRv�:`bLORu~QnG^�`����?RcdOR�¨O`

^j]_^a`bRQP*zpd�|�`bLORª~QnvdD¦vRchj�GRQd�~QR}|_R�`bRc~Ö`bixnGd�zphbR}dOnp`uf�^jR��ÁfOr��Of_`ui¶`X~czpd²�5R�dOnv`jRJ|�`jL�zp`V`jL�RQ]²zphbR}dOnp`
RQ±_{?Rcd�^�iw¦vR©«eix`jL²z � qXT�dOR�`a«(nvhb � `bLOR}�Gzvixd�nvd¯³�ix�GfOhjR���il^MdORQ¦GRQhedORc�Gzp`jiw¦vRu«eLORQd

w∗ il^eLOiw�vL ¢

����� ��� � & ¼D» � ¸ � »�¼ � �
� d `bLOR�rlz�`�`bRQhJ�(`jLOR¡^bzpPSR²{Ohbnv��rxRcP il^¬|_RQ{�rxn�]GRc| nvd�z �©[ ��dORQ`a«nGhj�«eL�RQhbR¯`jLOR��?zpd�|_«eil|D`bL�iw^
BJW²� �p^uzvd�|¡`jLORSrlz�`jRcd�~�]²il^ CG�vP¥^Q¢�³´iw�vf�hjRJ^ 8 � C²zpd�|°��^jLOn�«�`bLORS{Ohbnv�vh+zpP ~QnvPS{Of_`+z�`jiwnvd�`jiwPSRc^
|ORQ{5RQd�|_iwdO�¯nvd�`jL�R¥rxn:zv|°zÌ¦vRQh+zp�GR

w∗
zvd�|�nvd�`jLOR¥dDfOPª�?Rch}np�rwnGzG|¡�?zprlzpd�~QixdO�¯^�`jRQ{?^Q¢ ³�iw�vfOhbR 8

~QnvhbhjRJ^�{5nvd?|O^´`jn}`bLOR<{Ohbnv�GhbzvP�«ei¶`bL¬z}~�rlzv^b^�il~QzvrO³ ; [�zprw�vnGhjix`jLOP'«ei¶`bLOnvfO`~�n:^a`��Ì�5RQdORQ¨O`µ^�]_^�`jRcP'zpd?|
«eix`jL�nvf_`�~�nGdD¦vRQhb�vRcd�~�R�|_R�`bRc~�`jiwnvd#zprw�vnvhbix`jLOP¯¢6FVRQhbRv�£«(R¥~Qzpd#^jRQRª`jL�zp`}`jLOR�¨�h+^a`}ix`jRchbzp`jiwnvd�^unp�`jLOR
rwnGzG|²��zvrwzvd�~�iwdO�¯zprw�vnvhbix`jLOP*�viw¦vR�z��:zpiwd�zvd�|²`bL�z�`�z��t`bRQh}^jnvPSRªix`jRchbzp`jiwnvd�^Xnp�(rxn:zv|²�?zprlzpd�~QixdO�?��`jLOR
~QnvPS{Of_`+z�`bixnGd�`bixPSR¬iwd�~QhjRJzv^jRc^�zvd�|�`jLOR¥`bixPSR�`jn�~�nGPS{Of_`jR¬`jLOR¬{�hjnG�vh+zpP��5Rc~QnvPSRc^}Pªf�~+L®�vhbRczp`jRch
`bL�zpd�z¡^�RJkGf�RQd:`jilzpr(~�nvPS{OfO`bz�`bixnGd7¢�KMLOil^�{�hjnG�OrxRcPZL�zG^}`a«(n¡~�nGPS{OrxRcPSRQd:`bzvhj]�hjRJzv^jnvd�^c¢²KMLOR¥¨�h+^a`
il^u`jL?z�`©`jLOR¬~QrwzG^j^jil~Qzpr�³ ; [�zprw�vnGhjix`jL�P�|_nDRc^©dOnv`©¦GRQhbi¶�Á]²ix�ez�rwnGzG|¡RQ±_~+L?zpdO�GR�il^©P�nGhjRS~�n:^a`brx]�`jL�zvd
�5RQd�R�¨?~QiwzvrÎ¢�KMLOR�^jRc~Qnvd�|1iw^S`bL�z�`¥iwd `jLOil^¥iwP�{�rxRcP�Rcd:`bz�`bixnGd1`bLOR�³ ; [3zprw�vnGhjix`jL�P hjfOd?^SfOd:`jiwre`jLOR
Rcd�| np�u`jLOR¡{OhjnG�vh+zpP¯�zvd�| i¶�u`jL�R�rxn:zv| hbRQ{�zvh�`bi¶`bixnGd3L�zG^¥~�nGd:¦GRQhb�vRJ|£�	`bLOR�³ ; [ zprw�vnGhjix`jL�P |_nDRc^
d�np`VRQ±_~+L?zpdO�GRurwnGzG|¯�Of_`Vix`XRQ±O~+L�zpdO�GRc^e^jnvPSR}iwd_�ÁnvhbP¥z�`jiwnvd ¢ � d�z � qVT dOR�`a«(nvhb¬`bLOR�~�n:^a`Xnp��`jLORJ^�R
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³´iw�vf�hjR 8 � � rlzv^b^jiw~czpr�rxn:zv|���zprlzpd?~�iwdO��¢

RQ±O~+L�zpdO�GRc^�zphbRMdORQ�Grxiw�viw�OrwR(��f_`�`jLORc]��5Rc~�nGPSR(¦GRQhb]�iwP�{5nvhj`bzvd:`�ix��`bLORedORQ`a«nGhj}il^�^�rwn�«3zG^��Ánvh�z��u[ �	¢
FVRQd�~QRv��`jLOR�~QnG^�`����?RcdOR�¨O`V^j]_^a`bRQP*zpd�|�`bLOR�~�nGdD¦vRQhb�vRcd�~�R©|_RQ`jRc~�`jiwnvd�zvrx�Gnvhbi¶`bLOP ~Qzvd²�?R�ixd:`jRchjRJ^a`bixd��
�ÁnGhezpdD]¬^�iIHQRunp�

w∗
¢ � d�³�iw�vfOhbR�C�`jL�R©~QnvdD¦vRchj�GRQd�~QRV|_RQ`jRc~�`jiwnvd�zprw�vnvhbix`jLOPÚil^(ixPS{OrwRQPSRQd:`bRc|�zpd�|�`jLOR

^bzpPSR�~�nG^�`����?RcdOR�¨�`©^j]_^a`bRQP�zv^uiwd¡`bLOR � qVT§~Qnvd_¨��GfOh+z�`jiwnvd¡iw^uf�^jRc| �V`jLORS{�zvhbzvPSR�`jRch
k
il^}|_RQ¨�dORc|

�D]
k(t+1) = k(t) −1

¢ P°RX~czpd¬^jRQRe`bL�z�``jLORXhjRJ^�fOrx`µil^	�5R�`j`jRQh`jL?zpd¬iwd�³�ix�GfOhbR 8 ¢�KMLORV~QnvPS{Of_`+z�`bixnGd
`bixPSRenv�?`bLORe{Ohbnv�OrwRQP |_nDRc^�dOnv`	ixd�~QhjRJzv^jRMixd_¨?dOi¶`bRQrw]v�v`jLOR<~QnG^�`��Ì�5RQd�R�¨O`µ^j]_^a`bRQP'|On:RJ^�dOnp`	RQ±O~+L�zpdO�GR(z
rwnGzG|¬ix�´ix`eRc^�`jiwPSzp`jRJ^µ`bL�z�`M`bLOR}~�nG^�`Miw^(`bn:n��Oiw�¥zpd�|¬`jLOR}~�nGdD¦vRQhb�vRcd�~�Ru|_R�`bRc~�`jiwnvd�zvrx�Gnvhbi¶`bLOP¤|_RQ`jRc~�`b^
`bL�z�`}`bLORQhbRSiw^�dOn¯P�nGhjRSRQ±_~+L?zpdO�GR�zvd�|#^a`bnv{�^u`bLOR¬³ ; [�zprw�vnGhjix`jLOP¯¢ �(f_`}`jL�R¬~�nvPS{OfO`bz�`bixnGd¡`bixPSR
zvrx«MzÌ]_^7iwd�~�hbRczG^�RJ^ Pªf�~+L�PSnGhjR`jL�zvd��ÁnGh�z©^jRck:fORcdG`biwzvr:~QnvPS{Of_`+z�`bixnGd7¢�KML�iw^�il^�|OfOR(`jnX`jLORMRc^�`jiwP¥z�`bixnGd
|OnvdOR©�D]¬`bLOR�~�n:^a`��Ì�5RQdORQ¨O`<^�]_^�`jRQP ��`bLOR�~�n:^a`Vzvd�|¬`bLOR}�Gzvixd�np��zpd¯RQ±_~+L?zpdO�GRXil^<~�nGPS{Of_`jRJ|�rxn_~Qzvrxrw]v¢
� d�z²|Oiw^�`jhbix��f_`jRJ|�^�]_^�`jRcP�`jL�R��Gzvixd#nv�ezvd#R�±O~+L�zpd��vR¥il^�^jix�GdOi¶¨5~Qzpd:`�nGdOrx]�i¶�<ix`�il^�hbRczvrxiIHQRJ|��D]�`jLOR
^jrwn�«RJ^a`({Ohjn_~QRc^b^�nGhc�:i¶`<il^(`jL�iw^M{Ohbn_~�RJ^j^jnvh`jL�zp`<|_nvPSiwd�z�`bRc^(`jL�R©~QnvPS{Of_`+z�`bixnGd�`bixPSRv¢ FVRQd�~QRv�Oz��viw¦vRcd
{�hjn_~�RJ^j^jnvh~Qzpd�dOnp`M~�nvPS{OfO`jRXzvd¬R�±OzG~Ö`µ�:zpiwd¬np� zvd¬R�±O~+L�zvdO�vR<«eix`jL�nvf_`(L�zÌ¦DixdO�ªz��vrwnv�?zpr�DdOn�«erwRc|O�vRv�
��f_`ix`M~czpd¬RJ^a`bixP¥zp`jR<`bLORV�GrxnG��zpr?ixPS{�zG~Ö`(np�£`jL�RXrwnGzG|S��zprlzpd�~Qixd���zprw�vnGhjix`jLOP «eix`jL¬`bLORX~QnvPS{Of_`+z�`bixnGd
`bixPSR¯np�uzpd i¶`bRQh+z�`jiwnvd ¢ � d3³�iw�vfOhbR¯��`jL�R¯^bzpPSR¯^�]_^�`jRcPS^SzG^ªiwd�³´iw�vf�hjR C°zvhjR�ixPS{OrwRQPSRcdG`bRc|3�Of_`
iwd°`jLOil^�~czv^jR

k
zvrw^jn²|_RQ{5RQd�|�^}nvd°`jL�R¬~�nvPS{OfO`bz�`bixnGd°`jiwP�R¥nv�Mzvd�ix`jRchbzp`jiwnvd7¢�KML�R¬~�nvPS{OfO`bz�`bixnGd�il^

^j]Dd�~+LOhbnvdOnGf�^c�QLORcd�~�R	ix�_`jL�R~�nGPS{Of_`bzp`jiwnvd©`bixPSRµnv��zpd}ix`jRchbzp`jiwnvd}nvd©`bLOR^jrwn�«RJ^a`7{Ohbn_~�RJ^j^jnvh£iwd�~�hbRczG^�RJ^Q�
`bLOR�~�nGPS{Of_`bzp`jiwnvd�`jiwPSR}np��zvd¯i¶`bRQh+z�`jiwnvd�nvd²zpdD]¥nv`jLORche{Ohjn_~QRc^b^�nGh(iwd�~QhjRJzv^jRc^`jnDn�¢�KMLORchjRQ�ÁnvhbRv�:�Ánvh<z
�Gix¦GRQd�dOn_|_Rv�G«eLORQdS`bLOR<~�nGPS{Of_`bzp`jiwnvd�`jiwPSR<np��ix`b^�ix`jRchbzp`jiwnvd�iw^µ�vhbRcz�`bRQh�`jL?zpd�`jLORX~�nvPS{OfO`bz�`bixnGd�`bixPSR
nv�7i¶`+^µ{�hjRc¦:iwnvf?^	ix`jRQh+z�`bixnGd7�:i¶`e|_iw¦:il|_RJ^µix`b^¦�zprwfORVnv�

k
�:]¬�O¢�³�iw�vfOhbRX��^�L�n�«<^�`jL?z�`«eix`jL�`jLOil^(^�]_^�`jRQP¯�

`bLOR¯rxn:zv|1��zprlzpd�~Qixd���zprw�vnGhjix`jL�P iw^¥^�`jnG{O{?RJ|1zp�t`jRQh¬z¡�ÁRQ« i¶`bRQh+z�`bixnGd�^�ixd «eLOil~+L�`jL�R¯~QnvPS{Of_`+z�`bixnGd
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³�iw�vfOhbR C ��� nGzv|S�?zprlzpd�~QixdO�}«eix`jL�~�nGd:¦GRQhb�vRcd�~�Re|_RQ`jRc~�`jiwnvd�zvd�|¥~�n:^a`��Ì�5RQdORQ¨O`(^j]_^a`bRQP «ei¶`bL
k(t+1) =

k(t) − 1
¢

`bixPSR°L�zv^�iwd�~�hbRczG^�RJ|£¢ KMLDf�^�`jL�R�rwnGzG|���zprlzpd?~�iwdO�3zvrx�Gnvhbi¶`bLOP il^��?RcdOR�¨5~�ilzpru`jn1`jLOR°{Ohbnv�vh+zpP iwd
zvrxPSn:^a`}zprwr	~�nGd_¨��vf�hbzp`jiwnvd�^c¢ P�LORcd¡`bLORS�vrwnv��zvr�rwnGzG|�il^}^�P¥zvrxr�¾e«eLORcd°z�{�zvhbzvrxrwRQr�~�nGPS{Of_`bzp`jiwnvd�iw^
PSnGhjRSR�±_{5RQd�^jiw¦vR�`jL�zvd°z¯^jRck:fORcdG`biwzvr�nvdOR�¾<`bLOR¥rwnGzv|���zvrwzvd�~�iwdO�¯zprw�vnvhbix`jLOP�il^©dOnv`��?RcdOR�¨?~Qiwzvr��Of_`
ix`Xil^u^a`bnv{O{5Rc|¯�îzG^a`uRQdOnGfO�vL¯�ÁnGhXix`b^u~�n:^a`V`jn��5R�dORQ�Grxiw�viw�OrwRv¢VW²nGhjRcn�¦vRchc�Oix`u~czpd��5R�d�np`jRJ|¯`jL?z�`X«eix`jL
`bLOil^eR�±D`jhbRQPSR�~Qnvd_¨��GfOh+z�`jiwnvd�`jLOR�rxn:zv|���zprlzpd�~Qixd��Szvrx�Gnvhbi¶`bLOP¤«eix`jL¯`bLOiw^X~�n:^a`��Ì�5RQdORQ¨O`<^�]_^�`jRQP�|_nDRc^
d�np`}f�^jR¬zprwr�`jLOR¬{�hjn_~�RJ^j^jnvh+^c¢ªK�zp�OrwR'B¥^�LOn�«<^u`bLOR¥dDfOP��5RQh}nv�({�hjn_~�RJ^j^jnvh+^Xf�^�RJ|#zpd�|¡`jLOR¥nG{_`jiwP¥zpr
dDfOPª�?RchVnv�	{Ohjn_~QRc^b^�nGhb^c¢(KML�R�nv{O`jiwPSzvr ¦�zprwfOR�¾nv{O`�B�¾(iw^V`jL�R�dDfOP��5RQhXnp�	{Ohbn_~�RJ^j^jnvh+^(`jn¬hbRczG~+L¯`jLOR
�������

n � w∗ �	� ��
 �	� �� ��� ��
�� �	� ����� �	� ��
���� �	� ������ ��� ��
��	���
����������� ���� � �� �	� �  �	� �  ��� !  ��� "  �	� #  �	� 
$�  �	���% ��&�'�( 
 
  �	� 
  �	� 
  ��� 
  ��� �� �	� �  �	� 
$�  �	�
K�zp��rxR�B ��KML�iw^ª`bzv�OrwR�^jLOn�«<^��ÁnGh¥z��viw¦vRcd�rwnGzv|1ixd3rxiwdOR²�²`bLOR�d:f�P��5RQhSnp�<dOn_|_RJ^�f�^�RJ|�«eix`jL3`jLOR
~QnG^�`����?RcdOR�¨O`µ^j]_^a`bRQP¯�viwdSrxiwdORenG{_`c¢IBM`jLORVnv{_`bixP¥zpr�d:f�P��5RQh	nv�5dOn_|_RJ^�«eix`jLS`jL�R<~�nG^�`����?RcdOR�¨�`µ^�]_^�`jRQP¯¢
PSiwdOiwP�fOP*~�nGP�{�f_`bzp`jiwnvd¯`jiwPSR�«eix`jL¯`jL�Rª~�n:^a`��Ì�5RQdORQ¨O`V^j]D^�`jRcP¯¢MKML�iw^Vnv{_`bixP¥zpr ¦Ìzvrxf�R�iw^X~�nGP�{�f_`jRJ|
f?^�iwdO�ªz��vrwnv��zvr�DdOn�«erwRc|_�GRv¢JP�R©^�RcRe`jL?z�`M«ei¶`bLOnvf_`(�vrwnv��zvr�DdOn�«erwRc|_�GRv�:«RV¨�d�|¬z�hjRJ^�f�r¶`(¦vRQhb]S~�rwnG^jR
`bn�`jLOR}nG{_`jiwP¥zprF¢
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³�iw�vfOhbRµ� � � nGzG|X�?zprlzpd�~QixdO�e«eix`jLª~�nvdD¦GRQhb�vRQd?~�R�|_R�`bRc~�`jiwnvd�zpd?|}~�nG^�`����?RcdOR�¨�` ^�]_^�`jRQP «eix`jL
k
|_Rc{?Rcd�|O^

nGd�`bLOR�~�nGPS{Of_`bzp`jiwnvd�`jiwPSR}np��zpd�i¶`bRQh+z�`jiwnvd ¢

����� �
 � &$�´�c� ¸ � ¼�� �'&$�´�c� ¸ ���
� d3`jL�R�rlzv^�`¥R�±_{5RQhbixPSRQd:`J�µ«(R¯|ORQ{Orwn�]#`jLOR�|Oi¶��f�^jixnGd3rwnGzG|���zvrwzvd�~�iwdO�#zprw�vnvhbix`jLOP nGd z <

10 × 10
>

PSRJ^�L®P¥zp{�{?RJ|®nvd:`jn�`a«n¡~Qrxf?^a`bRQh+^�np�V�v�²dOn_|_Rc^c¢ � d®`bLOR¬¨�h+^�`ª~�rwf�^�`jRQh�`jLOR�dOn_|_Rc^ªL�zÌ¦GR¬z²{?n�«(RQh
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