
����� ���	��
	� �������������������� ��� �"! ��#$�&% ! '(���)+*,�.-#/�0(�213�54
�6'7�8'

9;:8<>=�<@?BA�CEDF<
GH?JI�KMLON�NPL

QSRUTWV�X�YJZ[V
\^]`_Wa)_�bcbedgfihkjldnmpophkdrqtsuf2v`wuwJ_�v[j2xy_Wjlz�qt{|h}_�sFdnsFwuj}vt~+hkdg~�_t�2�2sp{�qtjihkops�v[h}_���zy�Jh}�u_�h}jkvtbedrh}dnqtsuv`�

� dnwu{5bedgfihkjldnmpophkdrqts�qt{ghk_�s�{�v`dr�gf�h}q#��qebe_���h}�u_���a�_W�n�����@s�hk�pdgf(wuv`wJ_�j��8a)_cwujlqtwJqyfl_�v�su_Wa
wpj}qtmuv`mpdn�nd�h@z;bedgfihkjldnmuoehkdrqts��Wh}�u_��;dnf}~Wj}_�hk_���v[o�f}fldgv[s5���^w�qtsp_�syhkdgv[�������M 5¡+��hkq¢vt~£�pdn_�xy_P_W�e~W_W�n�n_Ws�h
¤eh£f¥drs�v�a�dgbe_(x[v`j}dr_Wh>z&q`{�fl_Whlhkdnsp¦yfW§�q`ouj¥su_Wa¨bpdnflh}j}drmuoph}dnq`s©drs�~W�ro�be_�f�h}�u_ � dnwu{¢bedgfihkjldnmpophkdrqts
v`f�v�flw�_�~Wdgv[��~�v`f}_`��ª�_5wujl_�fl_�syh2v�{�v`flh�v`sub,fih£v[h}dgfihkdn~�v[�n�rzSflqtops�b.��_Whk�pqeb {�qtj¢_�fihkdr�(v$hkdrsu¦«hk�p_
�5�; ¬w�v[jkv`��_�hk_�j}f2m�vtfl_�bFqtsc��v[�^dn�ou�H�ndr]t_��rdn�pq^qeb,_�fihkdn��v$hkdnq`s���®F¯O��¡£��ª©_v`wpwu�ndr_�bF���; 
h}q7v¥a�dnbp_Mx[v`jldn_Wh>z�qt{Ojl_�v`�Ja�qtjl�gb bpv[hkv«fl_Wh£fW�pflou~£�.v`f8f}v`�r_�f�bpv[hkv{�jlqt�°v�gv[j}¦t_Mjl_Wh£v[dn�r_�j8~k��v`drs��
fl_�jixedn~W_;oufkv[¦t_�buv$h£v{�j}q`�±vhk_W�n_�~�qt���ouspdg~�v$hkdrqts ~�qt��w�v[s�zt�pv`sub �@s�h}_�jlsu_Wh8~W�ndn~£]^flh}j}_�v`�°bpv[h£ve§
drs²v`�n�M~Wvtfl_�fW�¢�5�; ³¤eh£f�hk�u_�fl_cbpdgfih}j}dnmpoph}dnqtsuf�xt_�jiz´a�_W�n�µ��a�drh}�¶v[�n��qyfihSv�·t·t¸�~�qtj}jl_��nv[hkdrqts
~�q^_�¹�~�dn_�syh«drs»º�ouv`s�h}dn�r_W¼>ºyo�v[s�hkdr�n_�wu�rq`h£fW�©½;opj7v`�r¦tq`j}drh}�u�¾v`�nflq�f}~Wv`�n_�f¥xy_Wjlz�a)_��r��m�_�~�v`oufl_ d�h
jl_�º�opdnjl_�fMqtsu��z�v.fldrsu¦t�r_w�vtf}f;q�xy_�jMhk�p_�bpv[hkvp��ª�_�v[�gflq.fl�uq�a¬�uq�a¿h}q.¦`_�su_Wjkv[�ndnÀW_7�5�; Áh}qFÂ
bedn��_�suf}drqtsuf��eqtmeh£v[dnsudrsu¦�v«¦tq^q^b.¤ph�q`s�jl_�v`�µ�ph>a�q�bedn��_�sufldnqtsuv`�Ãbpdnflh}j}drmuoph}dnq`s�fW�

Ä



���������	����


� �� V�X������BZ`V���� � �

� � YJZ�����X���� � �! #"$�BX&%�')( *
Â^�,+ -8v`~£]^¦`j}q`ous�b�. � drwu{�v[s�b.¦t_Wsu_Wjkv`�rdnÀW_�b � drwu{Ubedgfihkjldnmuoehkdrqts�f ���5�5�5�5�5�5���5�5� /
Â^� Â \^oujixy_�z ���5�5�5�5�������5�5�5�5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5� 0

� 1�243 � �657� ' 1 ��89' � T��:� � ;
< �,+ =�jlqtm�v[mudr�ndrh>z �Mdgfih}j}dnmpoph}dnqts?>uous�~+hkdrqts#�5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5� @
< � Â � dnwp{BA f��gv�a�vtf¢v�flw�_�~�dgv[��~�vtfl_;�5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5� @
< � < ��fihkdr��v[hkdrqts q`{Uw�v`j}v`��_Wh}_�j}f �5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5� C
< �D/ ���^w�_�jldn��_�syh£f8�5�5�������5�5�5�5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5� ·
< �E0 F�_�f}op�rhkf)���5�5�5�5�������5�5�5�5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�G+H+

< �I0��J+ KB_��^h2buv$h£v �����5�5�5�5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�G+H+
< �I0�� Â \ev[�n_�f�bpv[hkv������5�5�5�5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�G+H+
< �I0�� < KB_W�n_�~Wqt���ouspdg~Wv[hkdrqts.�;v[hkv �5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�G+ <
< �I0��L/ M)�rdg~k]efihkjl_�v`�±��v$h£vF�5�5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�G+ <

< �ON �;dnfk~�o�f}fldnq`s �5�5�5�������5�5�5�5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�G+ <

* "$�P'RQS'T� 1 �µTWV�XU��RV��V���� � � �XW QS� 1 ��89' � T��:� � T �Y;
/u�,+ K�a�q��Mdn��_�sufldnqtsuv`� � drwu{BA f8¯Bv�a �����5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�G+&N
/u� Â ���;  dns�K�a�q��Mdn��_�sufldnqtsuf �5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�G+�·

/u� Â��J+ >Udrh}h}dnsp¦�v`s�b.wuv`jkv[��_Whk_Wj8_�fihkdr��v[hkdrqts©�������5�5�5�5���5�5�5�5�5�5���5�5�¾Â[Z
/u� Â�� Â �;q�qebpsp_�f}f8qt{B¤ph¿�5�5�5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�¾Â\+

/u� < ���^w�_�jldn��_�syh£f8�5�5�������5�5�5�5�������5�5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�¾Â\+
/u� < �J+ \ev[sud�h@z.~k�u_�~£](a¢drh}�,fizesyhk�u_�hkdn~�buv[hkv �������5�5�5�5���5�5�5�5�5�5���5�5�¾Â\+
/u� < � Â �P�ew�_Wj}dr��_Ws�hkf�a�d�hk�.j}_�v[�Obpv[h£v �5�5�5�������5�5�5�5���5�5�5�5�5�5���5�5�¾ÂtÂ

] ^ � � Z)_:�UT&��� � T ��`

; Q Z�� � �TQa_�'\����'T89' � V �cb

d



� � �����������	� ��
U���

�>s.~Wq`ous�h}�n_�fkf)~�vtfl_�f)a)_;_�su~Wqtops�h}_�j8fl]t_�a�_�b bpdnflh}j}drmuoph}dnq`s�fW��a��u_Wj}_�v{�_�a wujlqebeo�~�hkf5��q`j)xyq^~�v`me¼
op�gv`jizSa�qtj}bufW�uqtj�~Woufihkqt��_Wjkf£¡)v`jl_�jl_�flw�q`s�fldnmp�n_�{�qtj¢��qyfih¢qt{Bhk�p_5j}_�xy_Ws^ou_(��qtj¢qe~W~Woujlj}_Ws�~W_�fW�uqtj
f}v`�r_�f£¡+��a��pdn�r_�hk�p_�j}_�flh¥��v�xy_�xt_�jiz��nd�h}hk�r_�dns�bedrx^dgbpouv`��~Wq`s�h}j}dnmpoph}dnqtsufW� � dnwp{@�Bdns��pdgf5��dr�n_�flh}qtsp_
mJq^qt]�� � drw /y·� �)wpj}qtwJqyfl_�b�hk�u_,bpdgfih}j}dnmpoph}dnqts��������������������G+����� !�#"#{�qtj�xyq^~�v[muou�nv`jiz�a)qtj}buf
��v`s�b�~Wd�h@z�w�q`wuou�nv[h}dnqtsufW�U�n_Wsu¦[hk��q`{¢v[jlhkdn~W�r_�fW�Udrs�~Wq`��_(bpdnflh}j}drmuoph}dnq`s�f�v`s�b�flqFqtsJ¡+�%$2��hk�pqtou¦`�
v�fldn¦`sudr¤�~�v[s�h�fih}_�w�hkq�h}�u_�~�qtj}jl_�~+h�bednj}_�~�h}dnqtsÃ��hk�p_ � drwu{Mbpdnfihkj}drmuoehkdnq`s�qt{ghk_Ws»{�v`dn�nfhkq���qebp_W�
jl_�v`� bpv[h£v`fl_Wh£f�a�_��r��� >�q`j)_W�pv[��wu�n_`�^dns4>�dr¦topj}_�� +�¡+��a)_;��v`]t_2h}�u_'&l{�j}_�º�op_�s�~+z^¼�jkv`sp]�wp�nq`h)(v`s�b
h}�u_*&k~�qtops�h}¼�{�jl_�º�op_�su~�z.wp�nq`h)(�qt{�a)qtjkbpf2dns,hk�p_S-�drmu�r_t�+$2f2_W�ewp�gv[dnsu_�b,drs,hk�p_f}opjlxt_Wz,fl_�~+hkdnq`s��
h}�u_ � dnwu{2��qtj;¦t_�sp_�j}v`�ndrÀ�_�be¼ � dnwp{£¡¢bpdgfih}j}dnmpoph}dnqts,a�q`ou�gbF_W�ewJ_�~+h;hk�p_«wu�rq`h£f�hkq mJ_�fihkj}v`dr¦t��h;�rdnsu_�f
drs��rqt¦tv`j}d�hk�p��dn~�¼��nqt¦tv`jldrhk�p��dg~�f}~�v[�n_�f��-,2q�a)_Wxt_�j��Pa)_ q`m�fl_�jixy_.vc~��n_�v[j¥hkdn��hkdrsu¦cdrs >�dr¦toujl_�� +�¡£�
� dnwu{O�udr��f}_W�n{���v`b q`m�fl_�jixy_�bSh}�udgf8be_Wx^dgv[h}dnq`s��^�u_�_�xy_�s ��v`b.v«suv`��_;{�qtj�drh��.&ihkq`w�~�qts�~Wv�x^drh@z/(�¡£�
v[s�b��p_�be_Wxyq[hk_�b�f}_�xy_Wjkv`�Pwuv`j}v`¦tj}v`wp��f�dns��udgf;m�q�qt]Fh}q10io�fihkdr{|zFdrh��Ãa¢�u_�sp_Wxt_�j5d�h¥v[wuw�_�v`jl_�b�drs
v buv$h£vtfl_�h��«\^dn��dr�gv`j;bp_Wx^dgv$hkdnq`s�f;v`jl_7qtm�fl_Wjlxy_�b�drs���v[s�zFq`hk�p_�j�~�v`f}_�fW��vtfMa�_«a¢dn�r��fl_�_«dnschk�p_
_��ew�_Wj}dr��_Ws�h�fl_�~+hkdrqts��

10
0

10
1

10
2

10
3

10
4

10
5

10
−1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

rank of words

fr
eq

ue
nc

y 
of

 w
or

ds

243658793;:�<6=4>@?BA�C6DEA�:�F�GIH�JLK/MNK/>POQK/?.RESNTL:UMWV�A
X TLY�JLA/Z\[�A^]EM_MBVEA`SWMW?�3!TLa/VbMNJLTc:EA^DdSWTc:EaeJcAf3gSWM

S.ChDi3!?BA^j%A�MBV�K�RkZ

10
0

10
1

10
2

10
3

10
4

10
5

10
0

10
1

10
2

10
3

10
4

Frequency of words

C
ou

nt
 o

f W
or

ds

2lYm5_nQKgD�:bMW=4>@?WA�C6D�A�:dF�GIH�JcKgM_K/>POQK/?.R�SoTc:�MBV�A
X TLY�JcA/Z

p TcagD�?BA Ägq 793!:E<6=4>@?BA�C6D�A�:dF�G^H�JLK/Mr3!:dRsF�K/DE:bMW=4>@?WAfChD�A�:dF�G`H�JLK/M\Kg>iO8Kg?.R�StTL:*u\:�a/JLTvSWV X TLY�JLAhZtwxJcMWV�K/D�a/V
MBVEA�GIYmK/MBVUSWV�K;OzyiTcHE>{=4JcTL</A^SW</A�O8A�R|YmA�Vi3f}bTLK/?�~EMBVEA�G-F�JLAf3!?BJLG-REKe:�KgM_>@K/JLJcK�OzymTLH�>���SNJv3fO�A���3gF�MBJLG/Z

½Mouj.¦tqyv[��dns¶hk�udnf a)qtj}]�dgfShkq�beq´v�a�v�z²a¢drh}� hk�pdgf j}_�~�oujlj}dnsp¦»s^opdgf}v`su~W_H.#ª�_�a�v`s�h,v
bedgfihkjldnmuoehkdrqtsShk��v$h¢a)qtou�nb.�uv�xy_�h}�u_5{|qt�r�nq�a¢dnsp¦�v$h}hkj}vt~+hkdrxt_�wujlqtw�_Wjlh}dn_�fB.
+[�;drh�f}�pqtop�gb.drs�~��no�be_;hk�p_%& � dnwp{�(�v`sub	&l¦t_�sp_�j}v`�ndrÀ�_�b � dnwp{�(�v`f�flwJ_�~Wdnv`��~Wvtfl_�f
Â��;drh�f}�pqtop�gb.¤eh¢a)_��n��v`�r� hk�u_5buv$h£vtfl_�h£f�h}��v$h � drwu{B¤ph£fW�uv`s�b ��v`s�zS��v`s�zS��qtj}_`�

�



< �;drh�f}�pqtop�gb.mJ_5wuv`jkfldr��q`sudrqto�f5��dµ� _t�r�p{|_Wa w�v`j}v`��_Wh}_�j}f+¡£�uv`sub
/p�;drh�f}�pqtop�gb.mJ_5{�vtfih¢h}q�~Wq`��wuoph}_�drhkf¢wuv`j}v`��_Wh}_�jkfW�p_�xy_�s.dn{Oh}�u_5¦td�xy_�s�bpv[hkvtfl_Whkf¢v`jl_5�^ou¦`_t�
®,qtjl_�q�xt_�jW�)a)_.a8v`syh(v�h@a)q©bedn��_�sufldnqtsuv`�¢bedgfihkjldnmuoehkdrqts�hk�uv[h���q^bp_W�gf«a�_W�n��fl]t_Wa)_�b#h@a�q

bedn��_�suf}drqtsuv`��buv$h£ve�4K8�p_�j}_�fih¥q`{)hk�p_�w�v[w�_Wj�dgf5q`j}¦tv`sudrÀ�_�b�v`f�{|qt�r�nq�a�fB.«\^_�~�hkdrqts#Â.be_�f}~Wjldnm�_�f
h}�u_ � dnwp{�bpdnfihkj}drmuoehkdnq`scv`subF¦td�xy_�f2h}�u_¥�ndrh}_�j}v[hkopj}_floujixy_�zy�5\^_�~�hkdrqts < wujl_�fl_�syh£f2qtopjMwuj}q`w�qtf}_�b
��_Wh}�uq^bÃ�^h}�u_�qtsp_5bedn��_�sufldnqtsuv`�Ã�5�;  bpdnflh}j}drmuoph}dnq`s��pv[�nqtsp¦«a¢drh}� hk�u_;wujlq^q`{�fW�eh}�u_�v`�r¦tqtjldrh}�u��f
v[s�b©j}_�f}op�rhkf��c�>s´\^_�~�h}dnqts!0.a�_.bedgf}~Woufkf5hk�p_.fl]`_Wa�_�b#bpdgfih}j}dnmpoph}dnqts©drs©h>a�q�bpdr��_Ws�fldnq`s�f¥v`s�b
\�_�~�h}dnq`s N7�rdgfih£f)h}�u_�~Wq`s�~��no�fldrqts�f8v[s�b.{�oehkopj}_�j}_�fl_�v`j}~£�,bpdrj}_�~�hkdrqtsuf��

� ��� �����%���e� ��� ��	 � ��
 ���

>Udnj}flh��8a�_�fih£v[jlh(a�drh}��hk�u_�bp_�f}~�j}dnwehkdrqts�qt{�h}�u_ � drwu{�bpdnflh}j}drmuoph}dnq`s���v[s�b�h}�u_Ws²a)_�bp_�f}~�j}dnmJ_
jl_��gv$hk_�bSa�qtjl]��

���� ���������������! #"%$'&%(*)!+,�� #"-�/.0 1.2���/3*(*45.2"6&%(*)!+7"#(*8:9;��(=<>��9�(=�? !8

ª�_2be_�f}~Wjldnm�_8h}�u_ � dnwp{ bpdgfih}j}dnmpoph}dnqts�v[s�b7h}�u_¢h@a�q � dnwp{\&}�nv�a�f)(\.Bh}�u_�jkv`sp]�¼�{�j}_�º�op_�s�~+z«qtsu_�v`s�b
h}�u_�{�jl_�ºyou_�su~�z�¼>~Wq`ousyh¢q`su_t� K��u_��gv�a�f¢v[j}_5mJ_�fih�bp_�f}~Wj}drm�_�bSa¢drhk��v[s�_��pv`��wp�n_t�pflo�~k��vtf�a)qtj}buf
drscv(m�q�qt]���qtj�hk�p_S-�drmu�n_`��vtf�a�_fl�uq�a dns >Udn¦`ouj}_ � +�¡l¡¢¯O_�h�@¨mJ_�hk�p_¥xyq^~�v[muou�nv`jiz,f}drÀ�_`��v`s�b
�r_Wh �BA�m�_�h}�u_�qe~�~�oujlj}_�su~W_�{|j}_�º�ou_Ws�~+z�qt{)hk�p_���qyfih¥{�jl_�ºyou_�syh�xyq^~�v[muou�nv`jiz�a�q`jkbÃ� �DC«{�qtj5hk�p_
fl_�~�qtsub.��qyfih¢{�jl_�ºyou_�syh��uv[s�b�flq�qtsÃ�
1 'FE � �|V���� �6�HG�IKJ jkv[su]�¼�{�jl_�º�op_�su~�z!L;MONQP�RTS�P IUJ L;MONQPVNXW�P IUJ NZY�Y\[K]^] J`_ Y J W�] J�a [ J`_ Y\bQ�dc�e J ]^S�[fS
P IUJ ]*g _Uh �jikR _ MON�lFgm]^RnP Ijo RpY\qrMON�lFgm]^RnP IFo RsY�S`Y�gQM J S

K8�p_5jkv`sp]�¼�{�j}_�º�op_�s�~+zSxt_�jkfldrqts.qt{ � drwu{BA f8�nv�a fihkv[hk_�f�h}��v[h
�Zcr� +���� � +�¡

K��udgf�dnf�h@z^wudg~Wv`�r�rz7j}_�{|_�jlj}_�b�h}q7v`f�hk�u_1t�RuLDWwv S�MxgDycqtj�h}�u_1t�RzLmW�{mR|S^Pn]^Rs}\[UPnRsN _ �P�>sS�nqt¦[¼ �rqt¦f}~�v[�n_�fW�
h}�u_ � dnwp{�bpdnfihkj}drmuoehkdnq`s.¦`drxt_�f¢v�fihkj}v`dr¦t��h¢�rdnsp_�a�d�hk��f}�rqtwJ_;¼ +`�

K8�p_1l J`_~J ]*gmM�RO� J { � drwu{�bedgfihkjldnmpophkdrqts&��q`j^& � drwu{|¼��ndr]t_�(«bpdnfihkj}drmuoehkdnq`s�¡�dgf¢bp_W¤usp_�b�v`f
�dc+� +����D� � Â`¡

a¢�u_�jl_�hk�u_5fl�nqtwJ_�dns.�nqt¦[¼ �rqt¦�f}~�v[�n_�f8~�v[s,mJ_�bedx��_Wj}_Ws�h¢h}��v[s.¼ +[�
K8�p_�fl_�~Wq`s�b A �nv�a Ar�Ov[�gflq ]^spq�a¢s&vtf;h}�u_7bpdnfk~�j}_�hk_#=�v`jl_Whkq.bpdnfihkj}drmuoehkdnq`s � =�v`jk·)@� �Ãdnsyxyq`�rxy_�f

h}�u_�&}~Wqtops�hl¼ {�jl_�ºyou_�su~�z/(cwu�rq`h&.(�r_Wh �d�Fm�_Shk�u_ ~Wqtops�h7qt{¢xyq^~�v`mpou�nv`jlz&a�qtj}bufh}��v[h�v`wpw�_�v`j^�
h}dn��_�f�dns.h}�u_5bpqe~�ou��_�syh�� K��u_�fl_�~Wq`s�b � dnwp{BA f��gv�a�fih£v[h}_�f)hk��v$h

�d�x� +��f�~� � < ¡
�



K��u_�jl_�v`j}_;hk�pj}_�_�qtmuf}_Wjlx[v[hkdrqtsuf�.
� K8�p_(~�qtops�h}¼�{�jl_�º�op_�su~�zFwu�nq[h¥v`~�hkouv`�r�rz�~Wq`j}jl_�flw�q`s�buf;h}q.hk�p_ =�� >¿��wpj}q`m�v`mpdn�rdrh@z�be_�suf}d�h@z
{�ops�~�h}dnq`s�¡�qt{Ohk�p_5qe~W~Wopj}j}_Ws�~�_5{�jl_�ºyou_�su~�zSqt{�va�q`jkb.dns�v�beqe~�ou��_�syh

� �>h;dgfMv(��v[h}�u_���v$hkdg~Wv`�B~Wq`s�fl_�ºyou_�su~W_¥qt{Phk�p_«¤pjkfih;�gv�a��;� h�~�v[s�m�_«fl�uq�a�sÃ� {�q`j;_��pv[��wp�n_
dnsU� ,2dr��@�/f�qtj � $Mbuv� �eh}��v[h���� +��6+����

� �@s(�nqt¦[¼ �rqt¦¥fk~Wv`�r_�fW�yhk�p_;~Wq`ousyh}¼ {|j}_�º�ou_Ws�~+z�wp�nq`h)qt{�v � dnwp{Obedgfihkjldnmuoehkdrqts�a�dn�r�Jm�_Mvfihkj}v`dn¦`��h
�ndrsu_t�ea¢drh}�,fl�nq`w�_	�

�M_�flwud�hk_¥h}�u_f}ou~�~�_�f}fMv`s�b,{�v[��_¥qt{�hk�u_ � dnwu{�bpdnflh}j}drmuoph}dnq`s���a�_spq`hk_�hk�uv[h���_W¦u�Mdns >�dr¦toujl_
� +�¡+�thk�p_�a)qtj}buf�drs�hk�p_ -)dnmp�n_2beq¥suq[h�{�q`�n�nq�a�hk�p_ � dnwp{�bedgfihkjldnmuoehkdrqts�_W�evt~�h}�rzt��mpoph�dns�fih}_�vtb«hk�u_�z
�uv�xy_;hk�p_%&lh}qtw�~Wqtsu~�v�xedrh>zh(e�

>uqtjMh}�u_«jl_�fih�qt{Phk�udnf2a�q`j}]J� a�_«q`su�rz,j}_�wJqtjih;hk�p_4A ~�qtousyh}¼�{�j}_�º�op_�s�~+z�A��
� =�� >�¡¢wu�rq`h£fM{�q`j
v[�n�Bhk�p_«opw ~�qt��dnsp¦.bpv[hkvtfl_Whkf�� fldnsu~W_¥hk�p_	=�� >�dgf;v(��q`j}_{�v[��dn�ndnv`jM~Wqtsu~W_WwphMhk�uv`sFhk�p_-&}j}v`su]y¼
{|j}_�ºyou_Ws�~�z/(«wu�rq`h��uv`sub�fldnsu~W_�h}�u_;h@a�q|&}�nv�a2f�(7v`j}_5drs�{�v`~�h�fldgbe_�f8qt{Ohk�p_�f}v`��_5~Wq`dnsÃ�

��  ���!��?.��

K��u_�jl_Fv`jl_Ffldn¦`sudn¤u~�v[s�h�w�v`fihSv[hlhk_���weh£f«h}q���qebe_���fl]t_Wa)_�b´bpdnfihkj}drmuoehkdnq`s�fW� K8�p_Wz»{|qtj}� h@a�q
~��gvtf}fl_�fB.P�;dnf}~Wj}_�hk_`�uv`s�b.~Wq`s�hkdrs^opqto�f8bpdnflh}j}drmuoph}dnq`s�fW�
��������������������� �!�"�$#&%'�(�$)+*�� .SK8�udnf�dgf�h}�u_(~��gv`fkf�hk�uv[h5a�_(v`jl_(��qtflh�drs�hk_Wj}_�flh}_�b�dnsÃ�Ufldns�~�_
��qyfih qt{5hk�p_�buv$h£v#qt{�drs�h}_�j}_�fih�v[j}_�_�d�hk�u_Wj dnsp�u_Wj}_�syhk��z�drs�h}_�¦t_Wjl¼µx`v`�rou_�bÃ��q`j.jlqtousubp_�be¼ qQ��h}q
drs�hk_W¦t_WjkfB.�fkv[�gv[j}dn_�f)v`s�bSbeqt�n�nv`j)v`��qtops�h£f)v[j}_;bpq�a�sSh}qw�_Wsuspdn_�fW�^wujlqebeo�~�hkf)f}_W�n�Jdns�h}_�¦`_�j�~�qtops�h£f
�B&&+��rqyv`{)qt{�mpj}_�v`b6(y¡+��v[s�b�flq,qtsÃ� �@s&hk�pdgf5{|j}qtsyh��Ohk�u_Wj}_�dnf�qt{8~�qtopjkfl_�hk�p_ � drwu{8bedgfihkjldnmpophkdrqts
a¢drhk� drhkf)x`v[j}dgv$hkdrqts�f��.&l¦t_Wsu_�j}v`�rdnÀ�_�b � drwu{�(y¡+�^h}�u_-,�op�n_�bpdnflh}j}drmuoph}dnq`s � ,�ou��Â < P�uv[s�bSh}�u_ =Pv[j}_Wh}q
bedgfihkjldnmuoehkdrqts � =�v`jk·)@� �¨� $2��qtsp¦#h}�u_�f}_�bedgfihkjldnmuoehkdrqts�fW� � dnwp{BA fS�nv�a dgf(��qtfih a¢dgbe_��rz�ouf}_�b
mJ_�~�v[o�fl_5q`{Ud�h£f¢fldn��wu�r_�{�qtjl��� � dnwp{BA f8�nv�a���v`f8m�_�_Ws�qtm�fl_Wjlxy_�b.drs,��v[s�z ¤p_��nbufW� >�q`j¢_W�ev`��wu�r_t�
h}�u_�w�q`wuop�gv[h}dnq`s.q`{�~Wd�hkdr_�f8v`subShk�p_5jkv[su](q`{Bhk�p_�w�q`wuou�nv[h}dnqts � -¢� 0UC� �^hk�p_�s^op�«mJ_�j8qt{Uv`jihkdn~W�n_�f
drs']>hk�´�gv[j}¦`_�fiho0lq`ouj}suv`��xy_�j}flo�f7h}�u_�j}v`sp]�q`{2hk�u_ 0lq`ouj}suv`�9� \^dr� 0H0����hk�p_,floujls�v`��_�f�q`{ /T@`·�/
wJ_�qtwp�n_¢dns�v[s(v[j}_�v5dns���su¦t�nv`subI� >P¯ C < �v`�r��{|qt�r�nq�a � drwu{BA fP�gv�a5� F¢_�~W_Ws�h}�rzy� � dnwu{BA fP�gv�a��uvtf�m�_�_Ws
v[wuwu�rdn_�bch}q�j}_�fl_�v`j}~£��q`s�a�_Wm�~Wvt~£�pdnsp¦u��\yhko�bedn_�f`� �M�gvy·�/u� M�M�M8·H0^�/. $MbJ½�·[Ne� -�M >�0U·t·��fl�uq�a
h}��v[h�hk�p_Ms^op�m�_�j�qt{Ãj}_�ºyou_�flhkf�hk�u_Mfl_�jlxt_�j)qt{Ãjkv[su] ]�j}_�~�_�d�xy_�f�xy_Wjkflo�ft��v[�gflq�uvtf�hk�p_ � dnwp{|¼ �rdn]`_
mJ_���v�xedrqtj��
1 )+*2����*3%�)4%��5����� �!�"�$#&%'����)+*�� . $2��hk�uq`ou¦`�Ssuq[h8bpdnjl_�~+hk�rz�v`wpwu�ndn~�v[mu�n_`�ya�_M��_�syhkdnq`s(h}�u_����
��v`drsu��z5m�_�~Wv`ouf}_�q`{ph}�u_ &l�nq`¦tsuq`j}��v`� (2bpdnflh}j}drmuoph}dnq`s���a��pdg~£�¥dgfB_W��hkjl_���_���z�f}ou~�~�_�f}fl{�ou�ydns¥��qebp_W�r¼
drsu¦«~Wq`s�hkdrs^opqto�f)buv[hkvtfl_WhkfW� K8�p_;�nq`¦tsuq`j}��v`� bedgfihkjldnmuoehkdrqts|� �;v`��@[·�Jh£v`]`_�f)wJqyfldrh}drxt_2x`v[�nop_�fW�ev`s�b

6



~Wv`s�m�_�¦t_�sp_�j}v[hk_�b¥v`f#���©a��u_Wj}_��¨dnfBv;�;v`o�f}fldgv[s5x`v[j}dnv`mu�r_t�O�>hB��v`fOm�_�_Ws¥oufl_�b�hkq���q^bp_W�yw�v[jlhkd�¼
~��n_�fldnÀ�_�f�dns�s�v[h}ouj}v`��v`¦`¦tj}_W¦yv$hk_�fW��beo�fih)~�qts�~�_�syhkjkv$hkdrqts�drs�dnsubpouflh}j}dnv`��v$hk��qyflwp�u_�jl_�fW�ydrs�¦t_Wqt�nq`¦`¼
dn~�v`�uv[wuwp�ndg~Wv[h}dnqtsufW�y~Wq`s�~�_�s�h}jkv$hkdnq`s7qt{J��drsu_Wjkv`�nfPdrs(be_�wJqyfldrhkf����uq�qeb��uq�a2fW�ta�_Wdn¦`��h£fPq`{ ~£�pdn�nbpj}_Ws��
v[ophkq`��qtmudr�n_¥drs�flouj}v`s�~�_«~��gv`dr��f��Jh}�u_¥a�_Wdn¦t�yh�bedgfihkjldnmuoehkdrqtscq`{��¥� \J� vtbpop�rhM�(v[�n_�f;v[s�bF{�_W��v`�n_�f
�:=Pv[¦t_«Â < C$¼@Â < ·e�k� �	�T-8·U/��¡+�¢�;drmuj}v[h2{|qtousub�h}�u_¥bedgfihkjldnmpophkdrqts�o�fl_W{�ou�Ãhkq�jl_�wujl_�fl_�syh�hk�p_bedgfihkjldr¼
mpophkdrqts.qt{�fldrÀ�_�{�q`j8x[v`j}dr_�b ]^dnsubuf8qt{Q&}suv[hkopjkv[�L(7_�~Wq`suqt��dn~;ousud�h£fW�|�:=Pv[¦t_�Â < C$¼iÂ < ·^�#� �
�R-8·U/f�¡
�@s²fl_�xy_�j}v`�2~Wvtfl_�fW�)hk�p_�j}_Fv`jl_F_�xy_Ws�h}�u_�q`j}_�hkdg~Wv`�2v[j}¦`ou��_�syh£f�f}opwuwJqtjlh}dnsp¦�h}�u_,�nqt¦`suq`j}��v`�

bedgfihkjldnmuoehkdrqtss� ,2v`� /H/u�L,�_�j N[Ze���
�R-8·U/fc. >�q`j�_��pv[��wp�n_`�`dr{pa�_)muj}_�v`]�vMfihkdg~k]5drsh>a�q;v[hPvMj}v`subpqt�
wJqtdnsyh��`v[s�b¥~Wqtsyhkdrs^ou_�j}_�~Wopjkfldrxt_��rzt��hk�u_��n_Wsu¦`h}�¥qt{eh}�u_)jl_�flou��hkdrsu¦2wudr_�~�_�f�a�dr�n��{|qt�n�rq�a�v��nqt¦`suq`j}��v`�
bedgfihkjldnmuoehkdrqts��;�>h;dnf�v[�gflq ~Wqtsufldgbp_Wj}_�b�vSf}_Wj}drqto�fM~Wqt��wJ_Whkd�hkq`j2hkq(hk�u_¥ª©_Wdnmpou��bpdnflh}j}drmuoph}dnq`sc{�q`j
�rdn{�_�hkdr��_bpdnflh}j}drmuoph}dnq`s�fMq`{��(v[s^op{�vt~+hkopj}_�bFwuj}q^bpou~�h£fW���@s�{�vt~�h��Ãdrh5~�v[s&v[�gflq�v[wuwpj}q��^dn��v[h}_hk�p_
��v[o�f}fldgv[s�bpdgfih}j}dnmpoph}dnqtsÃ���:=Pv[¦t_¥Â < C�¼iÂ < ·e�#� �
�R-¢·�/f�¡

K8�p_�jl_��uv�xy_�m�_�_Ws¥flqt��_�v[hlhk_���weh£f hkq�¤ehOhk�pdgf�]�dnsub5qt{pfl]`_Wa�_�b�buv$h£v�a�d�hk��q[hk�p_�jOwpj}qtmuv`mpdn�nd�h@z
bedgfihkjldnmuoehkdrqts�fW�Ãflou~£��vtf�wuv`j}v`m�q`�ndn~{�j}vt~�hkv`�+� ¯Bv[�hPq`j5fihkj}_�h£~k�u_�bF_W�ewJqtsp_�s�h}dgv[�gf � ¯U\p·HC� � K8�p_�fl_
a)qtj}]^fW�y�pq�a)_Wxy_Wj���v[j}_8muvtfl_�b«qts�~Wq`s�h}dns^opqtoufPwujlqtmuv`mudr�nd�h@zbpdgfih}j}dnmpoph}dnqts{�ousu~�h}dnqtsÃ�`a¢�udg~k��dnfPsuq[h
v[wuwujlqtwpj}dgv$hk_�{|qtj�v��nq`h�qt{ jl_�v`�pa�qtjl�gb�bpv[hkv5a¢�udg~k�(~�v[s�qtsp�rz«hkv`]`_2bpdnfk~�j}_�hk_8x`v[�nou_�fW��flo�~£�(vtfPhk�p_
x^dgfldrhkfMh}q.a�_Wm&fldrhk_�fW��s^op�m�_�j�q`{)~W_Wjlh£v[dns�wujlqebpou~�hkf5flqt�nb�dns&v.flouwJ_�j}��v[j}]t_�h���_Whk~`��\^_�~Wq`s�bp��zy�
h}�u_Wz�_�fihkdr�(v$hk_�b�hk�p_)w�v`j}v`��_Wh}_�j}f�myz¥¤phlhkdnsp¦;v;~Wopjlxy_)qtshk�u_)jkv`sp]�¼ ~Wqtops�h�wu�rq`hPdrs�nqt¦[¼ �rqt¦;f}~�v`�r_t�
a¢�udg~k�.a)_�mJ_��rdn_Wxt_�dgf8flhkv[h}dgfihkdn~�v`�r�rz gB{ I NZYW�

�  ��� 
[� �G� �  
�� �#� 
t
U���

½MoujP¦tqtv`�udnf�h}q�¤ps�b7v5bpdnf}~Wj}_�hk_¢bpdgfih}j}dnmpoph}dnqtsÃ�[hk�uv[h�a¢dn�r�u¤phPhk�p_ =�� >»�µve� ]�� vp�B{�j}_�º�op_�s�~+z^¼ ~Wqtops�h
wp�nq`h+¡�qt{B�(v[s�zt�uj}_�v`��buv[hkvtfl_WhkfW�

,2q�a�_�xy_�jW�ud�h¢dgf8ops�~��n_�v[j8a¢�u_�jl_�a)_�fl�uq`ou�gb.fihkv`jlh¢{|j}q`� .�\��uq`ou�gbSa)_�h}jlzSh}q7¤ph�v7w�v[jkv[m�qt�nv
drs©hk�p_Sjkv`sp]�¼�{�j}_�º�op_�s�~+z�wp�nq`h�� ½Mj��P��v�z^m�_`��vFh}�udrjkb#bp_W¦tj}_W_Sw�qt��zespqt��dgv[��� q`j«v&�;v`o�f}fldgv[s��
v.f}drs^ouf}q`dgb �Bv.flwu�ndrsu_�� qtj�flq`��_�hk�pdnsu¦._W�gfl_�� ½Mj5f}�pqtop�gbca�_7h}jlz�v[�n��h}�u_�fl_7{�ousu~�h}dnqtsuf;qts�hk�p_
{|j}_�ºyou_Ws�~�z�¼>~�qtousyh¢wp�nq[h��

$Ábp_�_Ww�_Wj�ºyou_�flh}dnq`s�dnfB.�_Wxt_�s�dr{�q`su_qt{Phk�u_�fl_«{|ousu~�hkdrqtsufM¤eh�dns�vS{|_Wa¬~Wvtfl_�fW�ÃbeqSa�_��v�xt_
&}v[¼ wpj}drqtj}d («j}_�vtflqtsuf8h}q�mJ_��ndr_Wxt_;hk��v$h�d�h¢a�dr�n�Ã¤eh�a)_��r���pdns.�ou�rh}dnwp�n_�f}_�h}h}dnsu¦tf��

K8�p_«v`s�fia)_�j2hkqSv`�n�Ohk�pdgfMºyou_�flh}dnq`s�f2dgf�qtoujMwpj}qtwJqyfl_�bc�5�; ÁbedgfihkjldnmpophkdrqtsÃ�
��oubp¦tdrsu¦({|j}qt�
h}�u_�flo�~�~�_�f}fSq`{5h}�u_��rqt¦`suqtjl��v`�7��v`�nf}q#jl_�{�_Wj}jl_�b�hkq»v`f &kv[s�h}dr¼ �rqt¦`suqtjl��v`�L(y¡�bpdnflh}j}drmuoph}dnq`s²{�q`j
~�qts�h}dns�ouqtouf7buv$h£vp��a�_.wujlqtw�qtfl_ hk�u_.{|qt�r�nq�a¢dnsp¦�h}�uqtop¦t�yh�_W�ewJ_�jldn��_�syh&.�M)q`s�fldgbe_�j�v�j}v`subpqt�
x[v`j}dnv`mp�n_t�ef}v�zt�^hk�p_�bpopjkv$hkdnq`sSqt{Bv¥a)_�me¼>floujl¤usu¦«f}_�f}f}drqtsÃ� K8�pdgf)dgf�v«~Wq`s�hkdrs^opqto�f�x`v`jldgv[mu�n_`�ev`s�b �
��qyfihM�rdn]t_W�rzt����dn¦`��hM{�q`�n�rq�aEv(�rqt¦`suqtjl��v`�Ubpdnfihkj}drmuoehkdnq`s��Q,2q�a�_Wxt_�jW��a�_su_W_�b�hkq fih}qtj}_¥drh2a�drh}�
¤psudrh}_ vt~�~�ouj}vt~�zt��v[s�b©h}�^o�f�hkoujls�drh«drs�hkq�v[s�dnsyhk_�¦`_�j.��s�ou�m�_Wjqt{���dns�oph}_�fW�Pq`j�fl_�~WqtsubufW�Pqtj

�



�pqtouj}f£¡+� K��udnf«dgf«_W�evt~+hk�rz�hk�p_.��q`hkd�x`v$hkdnq`s#m�_��pdnsub»���;  . M�qtsuf}dnbp_Wj�v��rqt¦tspqtjl�(v[�8j}v`subpqt�
x[v`j}dnv`mp�n_���m�z�~�j}_�v[hkdrsu¦�v,��v`oufkfldnv`scx`v`jldgv[mu�n_`�Ov[s�b�_W�^w�q`su_�syhkdnv[hkdrsu¦ drh+¡+§�h}�u_�sÃ�Obpdn¦`drh}dnÀ�_«drh�h}q
h}�u_sp_�v[j}_�fihMdrs�hk_W¦t_Wj�� K8�p_«fkv[��_¥dgf�hkjlou_{|qtj2_Wxy_Wjlz�hk�udrsu¦(_��gfl_[.¢fkv[�gv[j}dn_�f�µbedn¦td�hkdrÀ�_�b.hkq(w�_Wsus�z
v`~�~Wopjkv`~�z�¡£��beouj}v[hkdrqts#qt{8�uqtf}wpdrhkv`�)fih£v�zpf.��j}qtops�be_�b�h}q�buv�zef£¡+�Pm�q^bez��u_Wdn¦`��h���dnsu~£�u_�f£¡+��mJqebez
a)_�dn¦`��h¥��w�q`ousubuf£¡)v`sub,flq7qts��

K8�p_�jl_�dgf�v�floumehk�r_t�umpoph�dn��wJqtjlhkv`syh�w�q`dnsyh&.��@{Bhk�p_5�nqt¦`suq`j}��v`�Ãj}v`s�beqt�±x[v`jldgv`mp�n_5m�_�~Wq`��_�f
ÀW_�j}qSv`{ghk_�j�hk�p_j}q`ousubpdnsp¦u��a�_ N o RnP RnP�� K��udnfMdnf2su_�~�_�f}f}v`jizy� fldrs�~W_`��_`� ¦u�r��a�_«bpq`s�A hM]^suq�aE�uq�a
��v`syz«xyq^~�v[muou�nv`jiz7a)qtjkbpf���v�xy_ _ NmPJv[wuw�_�v`jl_�b�dns�q`ouj)bpq^~Wop��_Ws�h�� ��q`h}dg~W_¢hk�uv[h�h}�udnf�q`��dnf}f}drqts
�r_�vtbpf)hkq«h}�u_�flq[¼>~�v[�n�r_�b &ihkj}ops�~Wv[hk_�b6(«q`j &lxy_Wdn�r_�b6(jkv[s�beqt�°x[v`jldgv`mp�n_�f��^a��pdg~k��v`j}_ _ NQP Nm]^RpNm[fS^M b
bedn¹�~Wop�rh�a�drh}��j}_�flwJ_�~�h8h}q7hk�u_Wdnj8wuv`jkv[��_Whk_Wj¢_�flh}dn��v[h}dnq`s�fW�edns hk�p_�~Wq`s�h}dns^opqtouf�~Wvtfl_t�

����� � ����<!��<#(�3*( 9 ��� (�8U9;��(*<#��9�(*�� ��!�! !� 9�(*�� 
$�{|hk_Wj�hk�pdgf���q`h}drx`v$hkdrqts��`a�_;v[j}_2jl_�vtb^z7hkq¥wpj}_�fl_Ws�h)qtopj�wujlqtw�qtfl_�b(bpdnf}~Wj}_�hk_ =�� >)�yª�_2wujlqtwJqyfl_
h}q�o�fl_;hk�u_5bpdnflh}j}drmuoph}dnq`s a�drh}�.h}�u_5{|qt�r�nq�a¢dnsp¦7=�� > .

� �	� ��"u¡���
 ������O¡" _W�^w���� ���nsb"����B¡ CÂ�� C � " � +��+Â�������� �:/�¡
a¢�u_�jl_


 ������B¡�� �"!#$&% A +" _W�^w���� ���nsb"����B¡
C

Â�� C ��')( A
dnf�v«suq`j}��v`�rdnÀ�v$hkdrqts.~Wqtsufih£v`syh�bp_Ww�_�subpdrsu¦�q`s*�&v`s�b+�P�

K8�pdgf =�� >��uvtf�hk�p_5{�q`�n�rq�a�drsu¦�~k��v`j}vt~+hk_�jldgfihkdn~�f
� �>hPdgfPbedgf}~Wjl_Whk_`�[a¢�udn~£�7��_�v[s�fUdrhPdgf�f}opdrhkv`mu�r_)hkq;��qebe_��e��v`syzjl_�v[�ubedgf}~Wjl_Whk_�bpdgfih}j}dnmpoph}dnqtsufW�
� �>h�dgf¢v�bpdnfk~�j}_�hkdnÀW_�bSxt_�jkfldrqts�qt{�v�]�suq�a¢sF~Wq`s�h}dns^opqtouf�bedgfihkjldnmpophkdrqtsÃ�ehk�u_5�rqt¦tspqtjl�(v[�Obedgfi¼
hkjldnmuoehkdrqts��	$Mf«a�_�]�suq�a���h}�u_�=�� >Eq`{;v��nqt¦`suq`j}��v`�¢bedgfihkjldnmuoehkdrqts�dgf�v�wuv`jkv[m�q`�gv�drs
�nq`¦`¼ �rqt¦7wp�nq`h��ea��pdg~£�.dgf8su_��^h�f}dr��wu�n_�fih¢��qebe_��Ãm�_Wztqtsub�v�fihkjkv[dn¦`��h¢�ndrsu_`�

� K8�pdgf���qebe_�����vtf�q`su��z7h>a�q�w�v`j}v`��_Wh}_�j}f�hkq�_�fihkdr�(v$hk_`��flq¥d�h)dnf�suq`h)bpdr¹�~Wou��h�hkq¥~Wq`��wuoph}_t�
� K8�p_�wuv`j}v`��_Wh}_�jkf,�&v`sub-��wujlq�xednbp_5f}op¹�~Wdn_Ws�h¢fih£v[h}dgfihkdn~�f�{|qtj8h}�udnf�bedgfihkjldnmpophkdrqtsÃ�
� $Mf8a)_�a¢dn�n��fl�uq�a dns.su_W��h2fl_�~+hkdrqts��u�5�;  dnsu~W�ro�bp_�f � dnwu{BA f8�nv�a v`f¢v�flwJ_�~Wdnv`��~Wvtfl_t�

���  &%(*)!+/.r8 3=��0 ��8 � 8 ) .0�5(=�/3 �w�/8 .

1 'T898©Y �HG�IKJ32 RTS`Y`] J P J54 gm[KS*S*Rpg _7698 L:N _~J`_ PnRsgQM;: 2<49=,> gmS�{ J@?5_~J {>}\b 6�aBA :DC > ] J {m[:Y J S�P N
t�RuLDWwv S�MOgmy�gmS,�FEG�IH A

J



� ��)3)���� ª�_5¤ujkfih¢j}_Wa¢j}d�hk_���ºJ�g�:/�¡)vtf
� �� ��"u¡ � +

" _��ew�� � �rs�"Ã���rs�" �#Â �B¡Â � C �
$2fkflop��_;h}��v$h��ns�"	�
��� �� �eh}�u_ =�� >�mJ_�~Wq`��_�f

� �	� ��"u¡ � +
" _W�ew � �Ã�ns�"� C�� ��" ( A 0��������

a¢�udg~k��jl_�bpou~W_�f8h}q�¦`_�su_Wjkv[�ndnÀW_�b � dnwu{Ubpdnflh}j}drmuoph}dnq`s���\^_�_5��º��|� < ¡}¡2����� 1
^ �JX$X���_�YuX�( ��� IUJ`_ �FE �IH i P IUJ 2<4)= {mR|S^Pn]^Rs}\[UPnRsN _ RTS ] J {m[ Y J {�P N�t�RuLDWwv S MOgmy�ykRnP I S�MON�L J
� � + ���#��� C A

$MfMa�_«a¢dn�n�Pfl_�_«�gv$hk_�j;{�jlqt� h}�u_«j}_�flop�rh£fMqt{�q`ouj;_W�^w�_�jldn��_�syh£fW���5�; Áa)qtjl]ef;a)_��r�Pq`s�j}_�v[�
bpv[h£v`fl_Wh£f8mJq`hk�.a��u_Ws�hk�p_�drj =�� >���vtf¢v�~W�r_�v`j�~�oujlx[v[h}ouj}_�v`s�b a��u_Ws�hk�p_ =�� >�dgf�fih}jkv`dr¦t�yh2drs
�rqt¦`¼��nq`¦7wu�nq[h��

����� � 8:9�(�� � 9�(=�? �/+,)#������� .59;.k��8

K)a�q©��v�0iqtj���_�hk�pqebuf��uv�xt_FmJ_�_�s�oufl_�b´hkq�¤ph(h}�u_Ffl]t_Wa)_�b�bpv[h£v�a�d�hk��wpj}qtwJqyfl_�b´��qebe_��gfW�
½Msu_¥dgf�hkqS¤ehMhk�p_{�j}_�º�op_�s�~+z^¼�jkv`sp].wu�rq`hMa¢drh}���rdnsp_�v`j2qtjMsuq`su�rdnsu_�v`j2j}_�¦`j}_�fkfldrqts	� > �^·yÂ���Ja¢�udn�r_
h}�u_�q[hk�u_Wj�dgf;hkq,¤eh�hk�p_a=�� >¶a¢drh}����v[�edr�ou�³�ndr]t_��rdn�pq^qeb�_�fihkdr��v[hkdrqts���®F¯B�)¡+� ª�_�m�_W�ndn_�xy_
h}�u_¥fl_�~�qtsub���_Whk�pqeb�dnf2fihkv[hkdnfihkdg~Wv`�r�rzSf}q`ousubÃ�uhk�u_Wj}_W{�qtjl_�a�_¥~£�uq�qyfl_5h}q�o�fl_®c¯O�´hkq�_�fih}dn��v[h}_
wuv`jkv[��_Whk_WjkfW� �&v`sub*���udns����M �u�>{Bh}�u_�bpv[hkv�v`jl_ � A������������! J�ehk�u_5�rdn]t_W�ndr�uq^q^b dnf

" �	�����B¡3�  #$ % A � �	� $ ¡'� 
 �	�����B¡  
 #$ % A +� $ _W�ew ��� ���ns � $ ���B¡

C
Â�� C � � 0`¡

v[s�b.d�h£f8�nq`¦yv[j}drh}�u���^hk�u_��nq`¦`¼ �rdn]`_��ndr�uq�qebSdnf
% ������B¡�� � �ns 
 �	�����O¡ �  #$ % A ���rs � $ � ���rs � $ ���B¡

C
Â�� C � � Nt¡

ª�_¢h}�u_�s���v[�^dn��dnÀW_ % �	�����O¡Us^op��_�j}dn~�v[�n�rz¥hkq�_�fihkdn��v$hk_¢wuv`j}v`��_Wh}_�jkfW� �,v[s�b ��� >�q`j�~W�nv`jldrh@zt�ta�_
be_�f}~Wjldnm�_M���M �q`s(hk�u_;~�qtousyh}¼�{�j}_�º�op_�s�~+z�qt{Ãa�q`jkbpf)dns bpq^~Wop��_Ws�hkf���muoeh��^qt{O~Wq`ouj}f}_`��hk�u_Mf}v`��_
v[�n¦tq`j}d�hk�u�±v`wpwu�ndr_�f)hkq�v[s�z f}_�h}h}dnsu¦p� K8�p_�{|ou�r��v`�n¦`qtjldrhk�p�±dnf¢vtf8{�qt�r�nq�a2fW�
Q4_ ���JXU�|V'& 8 2 49= 6 S^PnR o gmP Nm]
��)( �OV+* $�fl_�ºyou_�su~W_5�.&l�«op�rh}dgfl_Wh)(�¡�qt{-,±a�q`jkbuf/.«�10i¡ ��02� +�����������,Hv`wpw�_�v[j}_�b«dns�v;bpqe~�ou��_�syh
5 �OV ( ��V+*P��fihkdr��v[hk_�b wuv`j}v`��_Wh}_�jkfW� �&v[s�b*�
+[� M�j}_�v[hk_�v`s,vtf}flqe~�dgv[h}drxt_5v`j}j}v�z32!4+576 8+4�97:<;���vtf¢drs =�_Wj}��¡�h}q(fih}qtj}_�h}�u_�~Wq`ous�h¢qt{�bpdnfihkdnsu~�h

a)qtj}buf
Â�� M�j}_�v[hk_�v[suq`h}�u_Wj�vtf}flqe~�dgv$hkdrxt_5v[j}j}v�z3=(h}q�fihkq`j}_�bedgfihkdrs�~+h8a�qtj}b.{�j}_�º�op_�s�~�dn_�f��

>



< � � �JX(d�� +�V&� �
/p� a dnb��©a��d�¡
0�� 2!4+576 8+4�97:<; �|a dnbJ¡�� 2!4+5<6 8 4 97:<;���a dgb�¡ � +
N^� ���!@Ádnf�xyqe~Wv`mpou�gv[jlz fldnÀW_t�pdµ� _t�r�ehk�p_5s^op�m�_�j8qt{Ubpdgfih}dns�~+h8a�q`jkbufW���[¡
@�� .���fldnÀW_�� 2!4+576 8 4 97: ;^¡
C^� � �JX(d�� +�V&��.
·^� ]`_Wz	� 2!4+576 8+4�97:<; ��d�¡
+�Ze� zÃ��]`_Wz�¡
�©z���]`_Wzu¡ �	+
+[+`��������+5�7dgf�o�fl_�b hkq7w�v`fkf8wuv`jkv[��_Whk_Wjkf)hkq��rqt¦`�ndn]`_��rdn�uq�qebS{�ops�~�h}dnq`s����[¡
+�Â^����� ���5v[s�b*���5v`jl_5drsudrh}dgv[� x[v`�nop_�f8{�q`j �&v[s�b*���$¡
+ < �����x�Sdgf�h}�u_�~�qtops�h}¼�{�jl_�º�op_�su~�z buv$h£v��[¡
+ /u����� ;!4����+5��: 8��dnf¢oufl_�b h}q�fl_Wh8hk�p_�fihkq`wuwudrsu¦�~Wj}d�hk_Wj}dnq`s��[¡
+&0^�&wuv`j}v�� �	���[� ���`�ezy� ;!4����+5��: 8��t¡
+�Ne������M�v[�n��vc��v[�^dn��dnÀ�v[h}dnqts�j}q`oph}dnsu_(h}q�¤usub©hk�p_ q`wph}dn��v`��w�v`j}v`��_Wh}_�j}f����¶v[s�b ����,�_�j}_

h}�u_7�nqt¦`�ndr]t_��rdn�pq^qeb {�ops�~«dgf5v.{|ous�~+hkdrqts�a��pdg~k�&_Wx[v`�ro�v[h}_�fMhk�u_7�nq`¦t�ndr]t_W�ndn�pq^q^b´��vtf5bp_W¤usu_�b
drs,��º��|� Nt¡}¡�¦td�xy_�s�v�~W_�jih£v[dns���P� �B¡�wuv`dnjW���[¡

+&@^� � �����E2�¬®Fv$�edn��drÀ�v[h}dnq`sB���rqt¦`�ndn]`_��rdn�uq�qeb {|ous�~[�pw�v[jkv�¡
+�Ce�#½Moehkwuoeh1� �������v`sub._W�ed�h��
ª�_(suq[hkdg~�_�hk�uv[h�a�_(q`su�rz�su_W_�b�hkq,¦tq,q�xt_�j�hk�p_Sbpv[hkvtfl_Wh¥q`s�~�_���flh}_�w < hkq 0t¡Mhkq,qtmeh£v`drs

h}�u_M{|j}_�º�ou_Ws�~+z7xy_�~+hkq`j�� 2!4+576 8+4�97:<;J�ev[s�b(¦`qq�xy_�j�hk�p_M{�jl_�ºyou_�su~�z7xt_�~�h}qtj�qts�~�_2h}q¥qtmphkv`drs(hk�p_
~�qtousyh�xy_�~�hkq`j��i���hk�p_�s�h}�u_7_�fih}dn��v[h}dnqtsFa8vtf5~Wv`j}jldn_�b�qtoph5qtsp�rzcqts�hk�p_�~Wqtops�h�xt_�~�h}qtjW�7K��udgf
~�qt��wuoeh£v[h}dnq`s�~Wv`s�m�_5bpqtsp_5{�vtfih��
�@s�\�h}_�w +�Ne�ua)_~Wv`�r�n_�b�v[s,qtwehkdn��drÀ�v[h}dnq`s�{�ops�~+hkdnq`s��u_t� ¦u��{���dnsuf}_�v`j}~£� � �@su~.Odnsc®Fv$hk�gv[m��uh}q

a¢�udg~k�©a�_ w�vtf}f¥h}�u_ {|ousu~�hkdrqts %����<% 0 "/� % 0! �"�"# �b�b�d�Sv[s�b#d�h£fwuv`jkv[��_Whk_Wjkf%$b !�� ��7��hkq`�n_Wjkv`su~W_`����[� �&��¡+�
���(' �*) ) .2��(�� .0 ?9�8

�,+ �-+ �!����� � � �����"�/.�����)+* K8�u_;���;  dnf�bp_�f}dr¦tsp_�b�h}q«¤ph8v�a�dnbp_Mx[v`jldn_Wh>z�q`{Bbpv[hkvtfl_Whkf��Uª�_
h}�^o�f¢v[wuwu�rdn_�b drh¢h}q7h}�uj}_W_�bpv[h£v`fl_Wh£f�{�jlqt� ~Wq`��wp�n_�hk_���z bedx�J_�j}_Ws�h¢¤u_��nbufB.

� KB_��^h&.�hk�u_���sp¦t�ndnfl�9-)dnmu�r_t�aK��u_Wj}_(v[j}_�h}q`h£v[�n��z�v`mJqtoeh	C[ZHZ[ZHZHZSa)qtjkbpf¥v[s�b�h}�u_�fldnÀW_�q`{
hk�p_�xyq^~�v[muou�nv`jiz dgf�@10 +�Â[0[ZHZ^�

� \ev[�n_�fUbuv[hkvM{�jlqt�¿v2�gv`jl¦t_)j}_�h£v[dn�e~£�uv`dnsÃ�`drsa��pdg~k�hk�p_�j}_�v[j}_���ous�bej}_�bufUqt{umuj}v`s�~k�u_�f��VK��udgf
buv$h£vtfl_�h��Ba¢�udn~£��dns�~��noubp_�f�v`�r�)f}v[�n_�f5dnsp{�q`j}��v[h}dnqts&qt{)hk�u_(fihkq`j}_�dns�qtsu_�a)_�_W]��Udgf¥v[m�qtoeh
+&Z�243¨�gv`jl¦t_`�¢ª�_«fihkoubpdn_�b�hk�p_~Wqtops�hl¼ {�jl_�ºyou_�su~�z.j}_W�gv[h}dnq`sFqt{�hk�p_wpj}qebeo�~+h£fW�8,�_�jl_¥hk�p_
wujlqebpou~�hkf¢wp�gv�zShk�p_5j}qt�r_5q`{Bxyq^~�v[muou�nv`jizSa�q`jkbpf�v`sub hk�p_�fkv[�n_�f8qt{Bwujlqebpou~�hkf�~Wq`j}j}_�flw�qtsub

5



hkq«hk�u_5~Wq`ous�h¢qt{Oxyqe~Wv`mpou�gv[jlz(a�qtj}bufW�
� KB_W�n_�~�qt���ouspdg~�v$hkdrqts�f(buv$h£v©¼�~Wouflh}qt��_�j buv[hkv�{|j}q`� v[s�$ K�� K fl_Wjlxedn~W_�q`{¥��q`s�hk�p�rz
o�f}v`¦`_5xyq`�nop��_�fW��mujlqt]t_WsFbpq�a�sFmyz�~Wouflh}qt��_�jW��ª©_�o�fl_�b.hk�pj}_�_�dnsufih£v`su~W_�f¢qt{Uh}�udnf2bpv[h£ve�
_�v`~£��{�jlqt� v.bpdO��_Wj}_�syh5¦t_Wqt¦tj}v`wp�udg~«jl_�¦`dnqtsÃ�Ãa��udn~£��a�_�jl_�{|_�j;hkq�vtf F¢_�¦tdrqts|$¥��F�_W¦tdnq`s
-;�uv`sub�F¢_�¦tdrqts�MM�

� M)�rdg~£]^fihkj}_�v`��buv$h£v\. K��udnfBbpv[h£v`fl_WhBdnf�qtmeh£v`drsu_�b5{�jlqt� v`s��l\\=,a¢�udn~£�¥~�qt�n�r_�~+h£f�drsu{�q`j}��v[h}dnq`s
v`mJqtophU�@syhk_�jlsu_�hUo�fl_�j}f�A�mpj}q�a2fldnsp¦Mm�_W��v�xednq`j��Oª�_�fih}o�bpdr_�b5h}�udgfBbuv$h£vtfl_�hU{�j}q`� h>a�q;v[su¦`�n_�fW�
hk�p_¢~�qtousyh}¼�{�j}_�º�op_�s�~+z¥j}_W�gv$hkdnq`s7q`{�a)_�muf}d�hk_)hkj}v`¹�~5�Jh}�u_8bpdnflh}j}drmuoph}dnq`s«qt{ua�_Wm�fldrh}_�fUxy_Wjkflo�f
hk�p_�s^ou�mJ_�jBqt{ex^dgfldrhkf�h}�u_�z5j}_�~�_�d�xy_$¡Ãv`sub5hk�p_)~Wqtops�hl¼ {�jl_�ºyou_�su~�z�jl_��nv[hkdrqts�qt{pouf}_WjUfl_�f}fldnqtsuf
� K��u_¥bpdgfih}j}dnmpoph}dnqts�qt{�o�fl_�j}f¢xy_�j}flo�f¢hk�p_¥s�ou�m�_Wj2q`{�a)_�muf}d�hk_�f¢hk�u_�z.x^dgfldrh+¡+���>s,h}�u_¥¤pjkfih
~�v`f}_`�Uhk�p_(a)_�m�fld�hk_�f�wp�gv�z&hk�p_(j}q`�n_Sq`{�xyq^~�v`mpou�nv`jlz�a)qtj}buf«v[s�b�h}�u_(s�ou�m�_Wjqt{�x^dgfldrhkf
hk�p_Wz�j}_�~�_�d�xy_(~�qtj}jl_�flw�q`s�bpf5hkq�hk�u_(~Wq`ousyhq`{�xtqe~�v[muop�gv`jiz�a�q`jkbpf�§Pdns&hk�p_Sfl_�~�qtsub©~Wvtfl_t�
hk�p_Sa�_Wm�o�fl_�j}f«wp�gv�z�h}�u_ jlqt�r_ q`{¢xyq^~�v[muou�nv`jiz�a)qtj}bufW��v`s�b�hk�u_Ss^ou�mJ_�j«q`{¢a�_Wm»fldrhk_�f
hk�p_WzSx^dgfldrh�~�qtjlj}_�flwJqts�bpf�hkq7h}�u_5~Wqtops�h¢qt{Bxtqe~Wv`muop�gv[jlzSa)qtj}bufW�

$2�r�;h}�u_�f}_�buv$h£v`f}_�h£f fl�uq�a _W��hkjl_���_���z²fl]t_Wa)_�b²m�_W��v�x^dnq`j��2d�� _t�r��a)_�_W�ewJ_�~+h hkq»fl_�_chk��v$h
xt_�jlzS{�_�a wuj}q^bpou~�h£fW�pq`j8a�_Wm�fldrh}_�f8v[j}_5jl_�v[�n�rzSwJqtwpou�gv[j��ea¢�udn�r_���qyfih¢wujlqebpou~�hkf8��v�xy_��nq�a�f}v[�n_�fW�
v[s�b���qyfih;a�_�mufldrhk_�f;��v�xy_7�nq�a¿h}jkv[¹(~[�	K8�u_Wj}_W{�qtjl_t�Ãdrh5dgf;��_�v`sudrsu¦`�n_�f}f2hkq hkv`�n],qt{�h}�u_7��_�v[s��
��_�bedgv[s�q`jx`v[j}dnv`s�~�_Sqt{8hk�p_�fl_.buv$h£ve� KBq�~k��v`j}vt~+hk_�jldnÀW_Sh}�u_�f}_ bpv[h£ve�Pa)_ su_W_�b©h}q�o�fl_ flqt��_
fl]t_�a�_�b,bpdnflh}j}drmuoph}dnq`s���ª©_�v`�gflq�q`m�fl_�jixy_5h}��v$h � drwu{BA f¢¯Bv�a qt{ghk_�s�{�v`dn�nfW��dµ� _`�n�phk�p_ =�� >�dns��nqt¦[¼
�rqt¦,f}~Wv`�n_�fl�pq�a2f5v.~W�n_�v`j5~Woujixedrsu¦.h}j}_Ws�bÃ� ,�q�a)_Wxy_Wj��B���M  ¦td�xy_�f5_��p~�_��n�r_�syh5¤eh£f�dns&v`�n��~Wvtfl_�f
a)_2hk_�fihk_�b ��dnsu~W�noubpdrsu¦�a��p_�s�hk�u_Mbuv$h£vtfl_�h)dnf�xt_�jiz � drwu{g¼ �ndr]t_2v`f�a�_��r��vtf�a��p_�s(drh8be_Wx^dgv[h}_�f�{|j}qt�
� dnwu{BA f8�nv�a xt_�jiz.�ou~£���
� )3)���*�� ��� )���� � � K��u_�h}_�~k�usudnº�op_�a)_�oufl_�b�h}q¢hk_�flh�h}�u_�¦`q^qebesu_�fkfi¼�qt{|¼�¤ph�dgfÃh}�u_�h}jkvtbedrh}dnqtsuv`�
ºyo�v`syhkdr�n_W¼ º�ouv`s�h}dn�r_;wu�rq`h��º^ºywu�nq[h�¡£� K8�p_¥º^ºywu�rq`h2~�qt��w�v[j}_�f8h}�u_5º�o�v[s�h}dn�n_�f8q`{Uh>a�q�buv$h£v`f}_�h£fW���>{
h}�u_h>a�q.bpv[h£v`fl_Wh£f;v`jl_«{�jlqt� hk�p_7f}v`��_7bpdnfihkj}drmuoehkdnq`s��Jhk�p_�º�º�wp�nq`h�fl�uq`ou�nbcm�_«�ndrsu_�v[j;v`s�bFhk�p_
fl�nq`w�_¢f}�pqtop�gb7m�_¢qtsp_t�Uª�_¢¤uj}fih�oufl_¢h}�u_¢qtjldn¦`dns�v[��bpv[h£v;h}q�_�fihkdn��v$hk_�hk�p_¢w�v`j}v`��_Wh}_�j}f�q`{ ���; ¥�
ª�_)h}�u_�s«o�fl_8�5�; �v`subh}�u_�_�fihkdr�(v$hk_�b¥w�v[jkv[��_�hk_WjkfBhkq;¦t_�sp_�j}v[hk_�v�fizesyhk�p_Whkdn~)buv[hkvtfl_Wh�� ��_W�^h��
a)_M��v`]`_;vº�º�wp�nq`h)m�_�h@a�_W_�s�hk�u_2j}_�v`��v`sub�hk�u_Mfizes�h}�u_�hkdg~�buv$h£v`f}_�h£fW� K��u_�sÃ�^a�_2¤ph�hk�u_Mº^ºywu�nq[h
a¢drhk�(v�flh}jkv[dn¦t�yh��ndrsu_2v`sub(~�qt��wuoehk_¢h}�u_2f}�rqtwJ_Mv[s�b�~Wqtjlj}_W�gv[h}dnq`s(~Wq�_�¹�~Wdr_�s�h��U�@{ m�q`h}�Sv[j}_M~��nqyfl_
h}q�qtsp_t�)a)_c~Wv`s�~��gv`dr��hk�uv[h�h}�u_,jl_�v[�2buv$h£v�v[s�b»h}�u_Ffizesyhk�p_Whkdn~�buv[hkv�v`jl_F{|j}q`��hk�p_Ff}v`��_
bedgfihkjldnmuoehkdrqts��

Ä��



����� � .28~�!3X9�8

�������
	 � ���� � +�"+

ª�_�¤uj}fih�v`wuwp�rzS���M  hkq«h}_W��h�bpv[h£v«{|j}q`�°hk�p_ -)dnmp�n_`� K8�u_�jl_�flou��h£f8v`j}_5fl�pq�a�s.drs�>�dr¦topj}_�� Ât¡£�
ª�_;spq`hkdn~W_Mh}��v$h�hk�p_�jl_�v`� buv[hkv7v[s�b(hk�p_�fizes�h}�u_�hkdg~Mbpv[h£v«v`jl_�drs ¦tq�qeb v`¦`j}_�_W��_�s�h�� K��u_�fl�nqtwJ_
v[s�b�h}�u_M~�qtj}jl_��nv[hkdrqts(~Wq�_�¹�~Wdr_�s�h�qt{ hk�p_Mº^º�wp�nq[h�v`j}_2m�q[hk��xy_Wjlz�~W�nqtfl_�hkq¥qtsp_t��a��pdg~k�(dns�bedg~Wv[hk_�f
a)_5qtmeh£v[dns,v[s�_W�p~�_��r�n_�syh¢¤eh��

10
0

10
1

10
2

10
3

10
4

10
5

10
0

10
1

10
2

10
3

10
4

number of times products have been bought

pr
od

uc
t c

ou
nt

synthetic data
real data     

nQKgD�:bMW=4>@?WA�C6D�A�:dF�GIH�JcKgM_K/> O8K/?BR�SNTL: X TcYEJcA/Z
0 5 10 15 20 25 30 35 40

0

5

10

15

20

25

30

35

real data

sy
nt

he
tic

 d
at

a

slope =  0.96
correlation coefficient =  0.99

CbC6H�JLK/M_Kg>P?WA�3;J 3!:�R SWGb:bMBVEA�MWTvF Rd3;M�3'>@K/?NO8Kg?.R�S
TL: X TLY�JcA

p TcagD�?BA d�q nQK/D�:6MW=4>@?BA�C6DEA�:�F�G H�JLK/MBS Kg>Q?WA�3;JrRd3;M�3�3!:dR SWGb:bMBVEA�MWTvF%Rd3;M�3->@K/? O8Kg?.R�S TL: X TLY�JcA/Z��xA�?WAh~
����� d��|Ä�� � 3!:dR�� � ��� d!� Z [�As]�:dR	MBVi3;M1MBV�A%SWGb:6MBV�A�MBTcFsRd3!M.3-jI3;M.F�V	MWV�As?BAf3!JtRd3!M.3I}/A�?BGUO8A�JLJ4Z
� VEA%CbChH�JcKgM1TcS H�?�3gF�MWTvF�3!JLJcG JLTc:�Af3!?�~kMBVEA%SWJLK/HmA%3!:dR�MBVEAsF�K/?B?WA�Jv3!MWTcK/:	F�KbA��*F�TcA�:bM13!?BA'F�JLKhSWA MBK|D�:ETcM GhZ
w9JLJ TL:dRETcFf3;MBA MBVi3;M�� �"!za/TL}/A�Sx3;: A��EF�A�JLJLA�:6MN]�M�Z

�������$# % +'&$� ��� +�"+

ª�_�hk�p_�scv`wuwp�ndr_�bF�5�; ¿h}qSfkv[�n_�fMbuv$h£v�{�j}q`�Hh}�u_�hk�pj}_W_�gv[j}¦`_�fihMmuj}v`s�~k�u_�f2qt{�v(jl_Wh£v[dn�U~k��v`drs��
>uqtjB_�vt~£�fihkqtjl_t�$a)_)ouf}_�hk�p_)fkv[�n_�fUbuv$h£v¢h}qM_�fih}dn��v[h}_�wuv`jkv[��_Whk_Wjkf �Sv[s�b���drsq`ouj�bedgfihkjldnmpophkdrqtsÃ�
ª¶drh}��hk�p_(_�fihkdr�(v$hk_�b�wuv`jkv[��_Whk_Wjkf5a)_S¦t_Wsu_Wjkv[h}_Svcfl_Whq`{¢fizes�h}�u_�hkdg~(bpv[hkvp��K��u_�sÃ�P{|qtj¥_�vt~k�
mpjkv`su~£�Ã�ua�_���v[]t_�hk�p_¥~Wq`ous�hl¼ {|j}_�ºyou_Ws�~�z wp�nq`h2v[s�b.h}�u_¥º�º�wu�rq`h2vtf¢dns >�dr¦toujl_(� < ¡£��ª�_�spq`hkdn~W_
h}�u_Wz���v�xt_&fldr��dr�gv[j.~�qtops�h}¼�{�jl_�º�op_�su~�z�wu�rq`h£fW� K8�p_�drj.wuv`jkv[��_Whk_WjkfW� �¿v`sub ���2��v�xt_�fldn��dn�nv`j
x[v`�nop_�fW� $2f�a�_�a�dr�n�Jfl_�_��gv[h}_�jW�^flqt��_�q`h}�u_�j�fihkq`j}_�f��uv�xt_�xt_�jlz�bedx�J_�j}_Ws�h�w�v[jkv`��_�hk_�j}f�v[s�b�h}�u_�drj
~�qtousyh}¼�{�j}_�º�op_�s�~+zSwp�nq[h£f8��v�xy_�bedx�J_�j}_Ws�h�f}�uv`wJ_�fW�

>uj}qt�¬hk�p_ >�dr¦toujl_¥� < ¡£�ya)_�qtmufl_�jlxt_�v`s�_��p~W_W�n�r_�s�h�¤ph�mJ_Wh>a�_�_Ws7hk�u_�flz^s�h}�u_Wh}dg~8buv[hkv�v`sub7hk�p_
jl_�v`�Bbuv$h£ve���>s,hk�p_~�qtousyh}¼�{�j}_�º�op_�s�~+z�wp�nq[h2a¢�udg~k�Fdgf2~��n_�v[j}��z�spq`h;v(fihkj}v`dn¦`��h2�ndrsu_t�J�5�; ¿¦td�xy_�f
v�spdg~W_�¤ph��8ª©_v[�gflq�qtm�fl_Wjlxy_�h}��v$h2h}�u_fl�nq`w�_v`subF~Wq`j}j}_W�gv$hkdnq`sF~Wq�_�¹�~Wdr_�syhMq`{�h}�u_º^ºywu�rq`hMv`j}_
xt_�jlz ~W�rqyfl_�h}q�qtsp_t�ea��udn~£��v`�gflq7dns�bedg~Wv[hk_�f)hk�p_�buv$h£v«dgf8_W�^wuj}_�f}f}_�b a¢drhk�����M  xt_�jizSa�_W�n�µ�

ÄeÄ



10
0

10
1

10
2

10
3

10
4

10
0

10
1

10
2

10
3

10
4

number of times products have been bought

pr
od

uc
t c

ou
nt

synthetic data
real data     

n+K/D�:bM)=4>@?BA�C6D�A�:dF�GIH�JLK/M_>@Kg?_SBMWK/?BA :�KdZ 5 � Z
� � ��� 5 5 5 3!:dR � � Ä � �<>Yd

0 5 10 15 20 25 30 35
0

5

10

15

20

25

30

35

real data

sy
nt

he
tic

 d
at

a

slope =  1.04
correlation coefficient =  0.99

C6C6H�JLK/M_K/> ?BAf3!J 3!:dR SBG6:bMBV�A�MWTvF Rd3!M�3'>@K/?_SWMBK/?WA
:�KdZ 5 �

10
0

10
1

10
2

10
3

10
4

10
0

10
1

10
2

10
3

10
4

number of times products have been bought

pr
od

uc
t c

ou
nt

synthetic data
real data     

n+K/D�:bM)=4>@?BA�C6D�A�:dF�GIH�JLK/M_>@Kg?_SBMWK/?BA :�KdZ >Yd Z
� � ��� 5 ��6 3!:dR � � Ä � � � Ä

0 5 10 15 20 25 30
0

5

10

15

20

25

30

35

real data

sy
nt

he
tic

 d
at

a

slope =  1.05
correlation coefficient =  0.99

C6C6H�JLK/M_K/> ?BAf3!J 3!:dR SBG6:bMBV�A�MWTvF Rd3!M�3'>@K/?_SWMBK/?WA
:�KdZ >\d

10
0

10
1

10
2

10
3

10
4

10
0

10
1

10
2

10
3

10
4

number of times products have been bought

pr
od

uc
t c

ou
nt

synthetic data
real data     

nQK/DE:bMW=4>@?WAfChD�A�:dF�G-HEJcK/MN>@K/?xSWMWK/?BA :�KdZ Ä�� Ä Z
� � ��� J ><> 3!:dR � � Ä � 6 � d

0 5 10 15 20 25 30
0

5

10

15

20

25

30

real data

sy
nt

he
tic

 d
at

a

slope =  1.05
correlation coefficient =  0.99

Z
C6C6H�JLK/M_K/> ?BAf3!J 3!:dR SBG6:bMBV�A�MWTvF Rd3!M�3'>@K/?_SWMBK/?WA

:�K�Z Ä�� Ä Z
p TcagD�?BA ��q nQKgD�:bMW=4>@?WA�C6D�A�:dF�GsHEJcK/MBSrK/>#?WA�3;JiRd3!M�3 3!:dR*SWGb:bMWV�A�MBTcF_>@K/?+SWMWK/?BA 5 � ~ >Yd 3!:dR Ä�� Ä 3!:�ReMBV�A�TL?
CbC6HEJcK/MBS�Z�[�A^:�KgMBTcF�A MWVi3!M_MWV�A^?WA�3;J 3!:�R�MBV�A^SBG6:bMBV�A�MWTvF Rd3!M.3e3!?WA^TL: a/KbK�RU3;a/?BA�A�jeA�:bM�Z � V�A`CbChH�JcKgM
TcSN3;Jvj%KhSWMQJLTL:�Af3!?�~bMBV�A1SWJcKgHmA 3!:dRIMBV�A1F�K/?B?WA�J{3!MWTcKg:|F�KbA��*F�TLA�:bMo3;?BA1F�JcKhSWA9MBK'D�:ETcM GhZ\w9JLJ#TL:dRETcFf3;MBA MBVi3;M
� �"!za/TL}/A�Sx3;: A��EF�A�JLJLA�:6MN]�M�Z Ä[d



��������� � � &$� � ) ��� %�*���� + ����)+* �,+ �"+

ª�_Phk�p_�s�v`wpwu�rz��5�; #h}q2~�o�fihkq`��_�jObpv[hkv¢{|j}q`� v`s9$ K�� K�fl_�jixedn~W_�q`{^��q`s�h}�u�rzMo�f}v`¦`_Pxyqt�rou��_�fW�
mpj}qt]`_�s�bpq�a¢s�m�z.~�o�fihkq`��_�j���ª�_�o�fl_�bShk�ujl_�_�dns�fihkv`s�~�_�f�qt{Bh}�udnf¢buv$h£ve�u_�v`~£�.{�j}q`� v�bpdO��_Wj}_�syh
¦`_�qt¦`jkv[wu�udn~;j}_W¦tdnq`s��ea��udn~£� a�_5j}_W{�_�j�hkq�vtf F¢_�¦`dnqts%$��PF�_W¦tdnq`s -M�uv`sub F¢_�¦`dnq`s MM� >�q`�n�rq�a�drsu¦
h}�u_�f}v`��_;wujlqe~W_�bpopj}_�fW�^a)_�qtmeh£v`drsShk�p_;j}_�flou�rhkf8fl�pq�a�s dns?>Udn¦topj}_���/^¡£� $2¦yv[dnsÃ�eh}�udgf�buv$h£v`f}_�h8dgf
¤eh¢xy_WjlzSa�_W�n� a¢drhk�����M �
��������� 1 &������'� ������+ � �,+ �"+

ª�_�v[�gflq�v`wpwu��z��5�;  hkq.h}�u_�~W�ndn~£]^flh}j}_�v`�³buv$h£ve�7ª�_�fihkoubezFhk�u_�~Wq`ous�hl¼ {|j}_�ºyou_Ws�~�zcjl_��nv[hkdrqts
q`{Oh}�u_Ma�_�mufldrhk_�f8v[s�b(hk�p_�ouf}_WjkfW� K8�p_5~Wq`ous�hl¼ {|j}_�ºyou_Ws�~�z�wu�nq[h8qt{�a�_Wm�fldrh}_;h}jkv[¹(~[�pvtf8fl�pq�a�s.drs
>Udn¦`ouj}_7� 0�¼+��v�¡l¡�fl�pq�a2f�v«~��n_�v[j � drwu{g¼ �ndr]t_2m�_��uv�x^dnqtjW�^a��pdn�r_Mh}�u_�~�qtops�h}¼�{�jl_�º�op_�su~�z�wp�nq[h8qt{Ooufl_�jkf
be_Wxednv[h}_�f)fldn¦tspdn¤u~�v`syhk��z�{�j}q`� � drwu{BA f)�nv�a5� ,�q�a�_�xy_Wj��em�q`h}� bpdgfih}j}dnmpoph}dnqtsuf)~Wv`sSm�_;¤eh)a�_��r�Ja�drh}�
q`ouj��5�; ¥�

����� � (*8~�5�!8~8 (*�� 

\�]t_Wa)_�b´bpdnfihkj}drmuoehkdnq`s�fW���ndr]t_.hk�p_,~Wqtops�hl¼ {�jl_�ºyou_�su~�z�buv[hkv&vtf7a)_Fbp_�fk~�j}drm�_�b»v`mJq�xy_`�)_W�ednfih(drs
��v`syz.¤u_W�gbpf�q`{Psuv[hkopjkv[�Bv`subFflqe~�dgv[�Bf}~Wdn_Ws�~�_�fW� K8�u_�z,~Wv`s,suq[hMmJ_¥jl_�wujl_�fl_�syhk_�b.a�_W�n��a¢drhk��hk�p_
&lo�flo�v[�L(�{�_�v$hkopj}_�f��rdn]`_�h}�u_���_�v`sÃ����_�bpdnv`sÃ�U��v[�^dn�ou� qtj¥��drsudr�«op����>uqtj¥_��pv`��wp�n_t�B��qyfih
a)qtjkbpf5v`wuwJ_�v[j5qtsp�rzcqts�~�_�drs9-)dnmu�r_«a��pdn�n_�v.{|_Wa ~�qt����qts�a)qtjkbpf5v`wuwJ_�v[j�xy_Wjlz�qt{ghk_Ws��#K8�u_
��_�v[s�dgf N < �EZ^��hk�p_���_�bedgv`s�dnf < �Oh}�u_���v$�edn�op� dgf N < ·yÂ�/p�Bv`sub�h}�u_���drsudn�op� dgf7+[� K��u_Wz
v[j}_7v`�n�U��_�v`spdnsu¦`�n_�fkfMv[m�qtoeh�h}�udnf2xy_Wjlzcf}]`_Wa)_�b�bpdgfih}j}dnmpoph}dnqtsÃ��ª�_hk�u_Wj}_W{�qtjl_«wujlqtwJqyfl_7vSsu_Wa
bedgf}~Wjl_Whk_MbedgfihkjldnmpophkdrqtsÃ�^�5�; �ya��pdg~£�Sfl_�_���f�h}qm�_Mv`s(_W�p~�_��r�n_�syh�h}q^q`�Jhkq¥��q^bp_���fl]`_Wa�_�bSbpv[h£ve�
K��u_¢{|_�v$hkoujl_�fUa�_¢q`mphkv`dns«a�d�hk���5�; ²v`j}_ ��v`sub<�P�`a¢�udg~k��~Wv`s�mJ_¢ouf}_�b7{|qtj�bpv[hkv`��dnspdnsu¦p�yflo�~k�
v`f�~��nouflh}_�jldnsu¦7q`j¢qtoph}�ndr_�j¢bp_�hk_�~�hkdrqtsÃ�

KBq�dn�r�nouflh}jkv$hk_(h}�u_.bpv[hkv`��dnspdnsu¦Fw�q�a�_�j«qt{��5�; �Ba�_.v`wuwp�rz�drhhkqch}�u_.f}v`�r_�f«bpv[hkvcqt{�v`�r�
mpjkv`su~£�p_�fqt{¢h}�u_ jl_Wh£v[dn��~£�uv`drs»v`sub#qtmeh£v`drs»v»�	�����B¡5wuv`dnj{�qtj«_Wxt_�jiz#fihkqtjl_t���@s!>�dr¦toujl_�� Ny¡£�
a)_«��v`]t_«v.f}~�v$h}h}_�jMwu�rq`h�q`{M������B¡¢w�v[dnjkf;v`sub���v[j}]FvS{|_Wa¿qtoehk�ndr_�j;fihkq`j}_�f;vt~W~Wq`jkbpdrsu¦(hkqShk�p_
wuv`jkv[��_Whk_WjkfW� ��q`h}dg~W_«h}��v$h�flh}qtjl_ ��qu�	/�v`s�b ��qu� < +7v`jl_�qtoehk�rdn_�j}f;dns��	�P� �B¡2wp�gv[su_t§ >�dr¦toujl_
� @t¡8¦td�xy_�f�hk�p_«~�qtousyh}¼�{�j}_�º�op_�s�~+z�wp�nq[h£f2{|qtj�h}�u_�fl_�h@a�qSv`f�a�_��r�UvtfMflqt��_¥q`h}�u_Wj &}��v[dns�fih}j}_�v[�^(
fihkq`j}_�f����>h2dnf2~��n_�v`j8hk�uv[h ��qu� /(v[s�b ��qu� < +5��v�xy_���q`j}_��rdnsu_�v`j�wp�nq[h£f8a¢�udn�r_5hk�p_�q`h}�u_Wjkf¢��v�xt_
~�oujlx^dnsp¦�wu�rq`h£fW� ®,q`j}_�q�xy_Wj��8~��nqyfl_Wj�dnsuf}wJ_�~+hkdnq`s�fl�uq�a2f7hk��v$h(h}�u_�f}_.h@a�q���v�xy_Ffl��v`�r�n_Wj(f}v`�n_�f
xtqt�nop��_t� K8�pdgf�fl�uq�a2f8h}��v$h¢hk�p_5qtoph}�ndr_�j�be_Wh}_�~�h}dnq`s�dns©�	�P� �B¡)drs�bp_W_�b.f}ou~�~�_�f}fl{�ou�r�rz bedgf}~Wq�xy_�jl_�b
flqt��_5fihkq`j}_�f8a¢drh}� &kv[muspqtj}��v[�L(�bedgfihkjldnmpophk_�f}v`�r_�f¢buv$h£vp�

Ä��



10
0

10
1

10
2

10
3

10
0

10
1

10
2

10
3

10
4

10
5

Amount of service usage

C
ou

nt
 o

f s
er

vi
ce

s
synthetic data
real data     

n+K/D�:bM)=4>@?BA�C6D�A�:dF�G-HEJcK/MNK/> ?BAf3!J 3!:�R SWGb:bMBVEA�MWTvF
Rd3!M.3'>@K/?x7_A�a/TLK/: w Z � � � ��� J ÄUd 3!:dR

� � Ä � � 6 � Z

0 2 4 6 8 10 12 14
0

2

4

6

8

10

12

14

real data

sy
nt

he
tic

 d
at

a

slope =  0.99
correlation coefficient =  0.99

CbChH�JcKgM_K/> ?BAf3!J 3!:dR SWGb:6MBV�A�MBTcF Rd3!M.3s>@Kg?x7_A�a/TLK/:
w Z

10
0

10
1

10
2

10
3

10
0

10
1

10
2

10
3

10
4

10
5

Amount of service usage

C
ou

nt
 o

f s
er

vi
ce

s

synthetic data
real data     

n+K/D�:bM)=4>@?BA�C6D�A�:dF�G-HEJcK/MNK/> ?BAf3!J 3!:�R SWGb:bMBVEA�MWTvF
Rd3!M�3'>@K/?x7_A�a/TLK/: X Z � � � ��� � d � 3;:dR

� � Ä � �<> J Z
0 2 4 6 8 10 12 14

0

2

4

6

8

10

12

14

real data

sy
nt

he
tic

 d
at

a

slope =  1.00
correlation coefficient =  0.99

CbChH�JcKgM_K/> ?BAf3!J 3!:dR SWGb:6MBV�A�MBTcF Rd3!M.3s>@Kg?x7_A�a/TLK/:
X Z

10
0

10
1

10
2

10
3

10
0

10
1

10
2

10
3

10
4

10
5

10
6

Amount of service usage

C
ou

nt
 o

f s
er

vi
ce

s

synthetic data
real data     

n+K/D�:bM)=4>@?BA�C6D�A�:dF�G-HEJcK/MNK/> ?BAf3!J 3!:�R SWGb:bMBVEA�MWTvF
R�3!M�3s>@Kg?x7_A�a/TLK/:�n Z � � � ��� � � 3!:dR

� � Ä � � Ä > Z

0 2 4 6 8 10 12 14
0

2

4

6

8

10

12

14

real data

sy
nt

he
tic

 d
at

a

slope =  1.01
correlation coefficient =  0.99

CbChH�JcKgM_K/> ?BAf3!J 3!:dR SWGb:6MBV�A�MBTcF Rd3!M.3s>@Kg?x7_A�a/TLK/:
n9Z

p TcagD�?BA � q nQKgD�:bMW=4>@?WA�C6D�A�:dF�G�H�JcKgM.SxK/>�SWA�?W}bTcF�A`D�S�3;a/A Rd3!M.3e>@?BK/j w ��� � Zd[ A SWV�K;O ?BAf3!J Rd3!M.3-3;:dR
SWGb:bMWV�A�MBTcF9>@K/?QMWV�?BA�A ?WA�a/TcKg:dSo3!:�RIMWV�A�Tc?8CbC6H�JLK/MBS�ZP[�A :�K/MWTvF�A9MBVi3!MQMBV�A9?BAf3!Jk3;:dRIMBVEA1SWGb:bMWV�A�MBTcF1R�3!M�3
3!?WA1Tc:|a/KbK�R�3;a/?BA�A�jeA�:bM�Z � V�A C6C6H�JLK/MoTcS_3!Jcj%KhSWM8JLTc:�Af3!?�~�MBV�A SWJcK/HiA^3!:�R-MBV�A F�K/?B?WA�Jv3!MWTcK/:|F�KbA��*F�TcA�:bM

Ä �



10
0

10
1

10
2

10
3

10
4

10
5

10
0

10
1

10
2

10
3

10
4

10
5

10
6

Website Access Count

N
um

be
r 

of
 W

eb
si

te
s

Synthetic Data
Real Data     

243h5 n+K/D�:bM)=4>@?BA�C6D�A�:dF�G1H�JLK/M K/>EOQA�Y�SBTLMBAr}bTvSWTLM.S�ZturSWMBTcj*3!MBA�R Hi3;?�3gj%A�MBA�?.S 3!?WA 2 � � � � ��� � 6�� � � J � �<> 5�Z
[�A K/YdSWA�?B}gA MBVi3!MNMWV�TcSxR�TvSWMB?WTcYED�MBTLK/: TvSo}/A�?BG ymTLH�>{=4JLTc<gA`3!:dR|TcMNVi3!Sx3'J{3;?Ba/A :�A�a63;MBTL}/A � Z � VETvS_SWA�AfjeS
MBK*3!ag?BA�A ONTcMWV�� Afjej*3 Ä Z

10
0

10
1

10
2

10
3

10
4

10
0

10
1

10
2

10
3

10
4

Number of websites users visit

N
um

be
r 

of
 u

se
rs

synthetic data
real data     

2lYm5 nQK/D�:6MW=4>@?BA�C6DEA�:�F�GUHEJcK/M Kg>+DdSWA�? SWA�SBSBTLK/:dS�Z urSWMBTcjI3!MWA�R�Hi3;?�3gj%A�MBA�?.S 3;?BA 2 ��� d�� > ��� � � Ä � � d 5�Z
[�A K/Y�SBA�?W}/A MBVd3!M	MWV�TcS	Rd3;M�3gSWA�M	REA�}bTv3!MBA�S�SWTca/:ETc]dF�3!:6MBJLG�>@?BKhj ymTLH�>���S�Jv3fO ~^Y�D�M�TcM	F�3!:zSWMBTLJcJ`YmA
j%K�REA�JcA�R|O8A�JLJ ONTcMWV � �"!'Z

p TcagD�?BA 6bq n+K/D�:bM)=4>@?BA�C6D�A�:dF�G H�JLK/M.S�Kg>`O8A�YdSWTcMWA }bTvSWTLMBK/?BSU3!:dR DdSWA�? SBA�SBSWTcKg:dS�Z � V�A�G SWV�K;O }/A�?BG
RET��#A�?WA�:6M_YmA�Vi3f}6TcK/?�~EY�D�M_YmKgMBVUFf3;: YiA`jeKbREA�JcA�R|O8A�JLJ ONTcMWV � � !

Ä�6



−0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1 1.2
1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

µ

σ

Stores       
Store No. 4  
Store No. 31 
Store No. 96 
Store No. 40 
Store No. 93 
Store No. 119

p TcagD�?BA ��q�� F�3!MWMBA�?8HEJcK/M8K/> � 3;:dR � Kg>P3!JLJ#Y�?�3;:dF�V�A�S8K/>P3^?BA�M�3!TLJkF�Vi3!TL: Zt[�A F�JcAf3!?8SBA�A SWMWK/?BA�R��xKdZ �
3!:dR��xKdZ � Ä 3!?BA K/D�MBJLTLA�?BS_F�K/jeHi3;?BA�R|MWKeMWV�A^jI3��)K/?WTcM GhZ

� 	 ���	� �1�  
U
 �\�+
�
 � ��
U��� 
[� �� �  
�� �	�!
t
�� � 


ª�_�f}v�a hk�uv[h���v`s�z q`su_�bpdr��_Ws�fldnq`s�v[��f}]`_Wa)_�b�buv$h£v�v`jl_���qebp_W�n_�b a�_W�n��m�z.�5�; �ph}�u_�º�op_�fi¼
h}dnqtscdgfMa��p_Wh}�u_�j�v f}dr��dn�gv[j;bpdgf}~+hkj}drmuoehkdnq`s�~�v`scm�_7o�fl_�bFhkq ��qebp_W�Pfl]t_�a�_�b�buv$h£v fl_Wh£fMdnsFh@a�q
bedn��_�suf}drqtsuf�� >uqtj�_��pv[��wp�n_`�phk�p_�bpdgfih}j}dnmpoph}dnqts.qt{Uwu�pqtsp_¥~�v[�n�n_Wjkf8dns,v[sFv`jl_�v�bp_Ww�_�sub�qts�m�q`h}�
h}�u_�s�ou�m�_Wj�qt{P~Wv`�r�gf�v[s�b.hk�u_�bpouj}v[h}dnqts�q`{Pwp�uqtsp_¥~�v[�n�nf���v[s�b.h}�u_¥bedgfihkjldnmuoehkdrqts�dgf�fl]t_Wa)_�b�drs
mJq`hk�cbedn��_�sufldnqtsufW�Q$Ewu�rq`hMqt{Pwp�uq`su_«~Wv`�r�Ubpv[h£v�dgf2f}�pq�a drs >Udn¦4Ce�Q$2spq`h}�u_�j2_��pv[��wp�n_¥dnf�hk�p_
~��ndg~k]efihkjl_�v[� buv$h£vp�VK8�u_2s�ou�m�_Wj�q`{Ãoufl_�jkf�dgf�fl]`_Wa���z�bedgfihkjldnmpophk_�b�qts�m�q[hk��hk�p_Mbeoujkv$hkdrqts�hk�u_�z
v[j}_2qtsp�ndrsu_2v`s�b�hk�p_2s^ou�mJ_�j�qt{�fld�hk_�fPhk�p_Wz7x^dgfldrh����@{ h}�u_�h@a)q�x`v[j}dgv[mu�r_�f�v`jl_M~Wq`j}j}_W�gv$hk_�b ���n_�v`j}se¼
drsu¦7hk�p_5h>a�q���v[j}¦tdrs�v[�Obpdnfihkj}drmuoehkdnq`s�f8bpq^_�f¢suq[h�j}_Wxt_�v[��h}�u_5q�xt_�j}v`�n�Obedgfihkjldnmuoehkdrqts�� K��u_�jl_�{|qtj}_`�
a)_5su_W_�b�v`s.q�xt_�jkv[�n� h@a�q�bpdr��_Ws�fldnq`s�v[��fl]t_�a�_�b�bpdnfihkj}drmuoehkdnq`s��

' ��� � 0�� � ( � .0 !8~(=�� !��3,&%(=)#+;.r8�� ��0
�>s�q`jkbe_�j¥hkqc��qebe_���fl]t_Wa)_�b#bpdnfihkj}drmuoehkdnq`s�f�drs#h>a�q�bedn��_�sufldnqtsufW�PvFs�v[h}ouj}v`�)_W��hk_�sufldnqts©dgf¥h}q
v`fkflop��_;h}��v$h�h}�u_��(v[¦tdrs�v`�nf8q`{Uh}�u_�f}_5buv$h£v7{�q`�n�nq�a � drwu{BA f8�nv�a v`sub�drs�be_�w�_Ws�be_�s�h�� K��u_�jl_�{|qtj}_`�
a)_5¤uj}fih2oufl_�v«h>a�q�bpdr��_�s�fldrqts�v[� � dnwp{BA f8�nv�a5�pa��pdg~k����v`f¢v =�� >�q`{Bhk�p_5{|qtj}�

� �l" � # ¡3� 
 ��� ���P¡4� (�� # (�� �/� # � +��£Â ������� � @`¡
Ä��



10
0

10
1

10
2

10
3

10
0

10
1

10
2

10
3

10
4

synthetic data
real data     

� MBK/?WA �xK�Z � q 2 � � � 5 � 2 � ��� ��6��[Ä � 6 � 5

10
0

10
1

10
2

10
3

10
4

10
0

10
1

10
2

10
3

10
4

synthetic data
real data     

� MWK/?BA �_KdZ 5/�Eq 2 � � � 5 � 2 Ä � � J �[Ä � � 6 5

10
0

10
1

10
2

10
3

10
4

10
0

10
1

10
2

10
3

10
4

synthetic data
real data     

� MWK/?BA �_KdZ 5 �Eq 2 � � � 5 � 2 ��� 5 ���[Ä � J d 5

10
0

10
1

10
2

10
3

10
0

10
1

10
2

10
3

10
4

synthetic data
real data     

� MBK/?WA �xK�Z � Ä!q 2 � � � 5 � 2 � ��� � ���[Ä � 6�5 5 �

10
0

10
1

10
2

10
3

10
4

10
0

10
1

10
2

10
3

10
4

synthetic data
real data     

� MWK/?BA �xKdZ � �Eq 2 � � � 5 � 2 Ä ��Ä^Ä �[Ä � � � 5

10
0

10
1

10
2

10
3

10
0

10
1

10
2

10
3

10
4

synthetic data
real data     

� MBK/?WA �_KdZ ÄeÄ�5Eq 2 � � � 5 � 2 ��� � ���[Ä �|Ä"5 5
p TcagD�?BA J q nQK/DE:bMW=4>@?WAfChD�A�:dF�G H�JLK/M.S1K/>+K/D�MBJLTLA�? SWMWK/?BA�S 3gF�F�K/?.R�Tc:�a�MWK�MBVEA 2 � � � 59Hi3!TL? TL: MBV�A�� � !'Z
[�A_:�K/MWTvF�ANMBVi3!M\MBVEAxRETcSWMB?BTLY�D�MWTcKg:dSr>@K/? � MBKg?BA �xK�Z � 3!:dR � MBK/?WA/Z �xK�Z ��Ä ~/O_V�TcF�V%Vi3f}/A_SBj*3!JcJ � }g3;JcD�A�S
3!?WA*j%K/?WAIymTLH�>{=4JLTc</A%MBVi3!: MBVEAeK/MBVEA�?BS�Z��4:�?WAf3!J�OQK/?BJcR ~ MBVEAfSWA%M�OQKUSWMBK/?WA�S^3!?WAeM O8K�K/>QMWV�A*SBjI3;JcJLA�SBM
SWMBK/?WA�SNTL:UMWA�?Bj*SoKg>tS.3!JLA�S�Z

Ä J



Number of Phone Calls

D
ur

at
io

n

10 20 30 40 50 60 70 80 90 100

10

20

30

40

50

60

70

p TcagD�?BA >Eq wx: A���3gj%H�JLAsK/>+M�OQK RETcj%A�:�SBTLK/:i3;J�SW</A�O8A�R Rd3;M�3->@?BKhj K/:�AsK/>Qw ��� � ��S SBA�?W}bTvF�AsDdS.3!a/A/Z
� VEA`R�3!?B</A�?

a¢�u_�jl_ 
 ��� � ��¡�dgf¢v7spqtjl�(v[�ndrÀ�v[h}dnq`s�~�qts�fihkv`s�h��ea��pdg~£�,f}v[h}dgfl¤u_�f

 � �,� ��¡'� +!# % A !#� % A � (�� # (��

�
+!# % A � (�� !#� % A # (��

�
+

��� ��¡���� �P¡ � Ct¡

a¢�u_�jl_���� ��¡���� !$&% A " (�� dgf�hk�u_ F¢dn_W�(v[sus � _�h£v¥{�ops�~+hkdnq`s���½Mmyxednq`o�fl�rzt��h}�udgf =�� >�dgf)vwp�gv`sp_drs��nq`¦`¼��nqt¦�f}~Wv`�n_`�
K8�p_5�ndn]`_��rdn�uq�qebS{�ops�~�h}dnq`s�dgf

" � �,� ��¡����#$ % A 
 ��� ���P¡4� (��$ # (��$ � 
 � ��� ����¡��#$ % A � (��$ # (��$ ��·t¡
v[s�b h}�u_��nqt¦`�ndr]t_��rdn�pq^qebS{�ops�~+hkdnq`s.dgf

% � ,F�rs 
 � �,� ��¡;� �#$ % A � ���rsh� $ � �U�ns # $ ¡
� � ,F�rs	������¡;� ,F�rs
��� ��¡ ���#$ % A ���U�nsh� $ � �B�ns # $ ¡ � +&Zt¡

KOq»�(v$�edr��drÀ�_ch}�u_��nq`¦t�ndr]t_W�ndn�pq^q^b²{�ops�~�h}dnq`s���a�_&fl_�h.hk�u_�{�q`�n�rq�a�drsu¦�w�v[jlhkdnv`��bp_Wj}drx[v[h}drxy_�fSh}q
ÀW_�j}q�_�fB.

� %
� � � � , ��µ� ��¡��� ��¡ ���#$ % A �nsh� $ �6Z � +H+�¡
� %
� � � � , ��µ� ��¡��� ��¡ ���#$ % A �rs # $ � Z � +�Â`¡

Ä�>



10
0

10
1

10
2

10
3

10
4

10
5

10
0

10
1

10
2

10
3

10
4

10
5

Frequency

C
ou

nt

p TcagD�?BA 5Eq p ?BA�C6D�A�:dF�G6=)n+K/D�:bMNH�JcKgM_K/> :bDdj YmA�?NK/> H�V�K/:�A^Ff3;JcJcSNDdSWTL:�a|ymTLH�>���S � 3fO

-)_�~Wv`o�fl_«hk�u_7=�� >¶dn��wp�ndn_�fMhk�uv[h5hk�p_7h@a)q�jkv`subpq`�³x`v[j}dgv[mu�r_�fW� �»v[s�b # v[j}_�dnsubp_Ww�_�subp_Ws�h�q`{
_�vt~£�²q[hk�u_Wj��¢a)_�~�v[s�hkj}_�v[hShk�pdgf bedgfihkjldnmpophkdrqts²v`f(hk�p_�wujlqebpou~�h qt{�h>a�q#dnsubp_�spw�_Ws�bp_Ws�h +�¼ b
� dnwu{BA f¢�gv�a�� K8�p_�jl_�{�q`j}_`��a)_~Wv`s,¤eh�hk�p_�h>a�q���v`jl¦tdrs�v`�Ãa¢drhk� � drwu{BA f�bpdnflh}j}drmuoph}dnq`s���ª�_beq(v`s
_��ew�_Wj}dr��_Ws�h¢q`s,v�buv$h£vtfl_�h¢{�j}q`� $ K�� K v`sub.q`mph£v[dns.j}_�flop�rh£f8vtf¢fl�uq�a�s�dns�>�dr¦u�|�µ·e�$+&Zt¡

>uj}qt� >�dr¦u��·v[s�b +�Ze��a�_;f}_W_2h}�u_�drj)�(v[¦tdrs�v`��bedgfihkjldnmpophkdrqtsuf�qtsS_�vt~k� bedn��_�suf}drqtsSbpq^_�f)suq[h
¤eh�xy_Wjlz�a)_��n�Ja¢drhk� � dnwp{BA f)�nv�a5�pv`subSh}�u_Wz��rq^qt]���q`j}_;�rdn]`_��5�;  bedgfihkjldnmpophkdrqtsÃ� K8�pdgf)wuj}q`��wph£f
ouf8h}q7h}jlz.v��5�; Ebpdnflh}j}drmuoph}dnq`s.drs.h@a)q�bpdn��_Ws�fldnq`s�fW�

' �  ����� (* � 0�� � ( � .0 !8~(=�� #8

\�dns�~�_8a)_�j}_�v`�ndrÀ�_�hk�u_�h@a)q¥bpdr��_Ws�fldnq`s�v[� � dnwu{BA fP�gv�a�~Wv`s�suq[h)flou~�~W_�f}f}{|ou�r�rz��qebe_���fl]`_Wa�_�b�buv[hkv
drs�h@a�q&bedn��_�sufldnqtsuf«mJ_�~Wv`o�fl_ drh��nvt~£]^fhk�p_�v[mudn�rdrh>z©h}q&vtbubej}_�fkfh}�u_�~�qtj}jl_��nv[hkdrqts�qt{�h}�u_Sh@a�q
x[v`j}dnv`mp�n_�fW�^a�_5_W��hk_Ws�b��5�; �hkq7h@a)q�bpdr��_�s�fldrqts�fW�Uª�_�fih£v[jlh¢a¢drh}�.hk�p_5{|qt�n�rq�a¢dnsu¦7=�� > .

� �� ���p¡�� 
�`� _W�ew �� � �¥���rs � � ��� �}�rsh�����
	[¡�� ��AXAG��A C��ArC � C=C��� � �rs � � ����nsh� ���
	����� �� � + < ¡
a¢�u_�jl_ ���e� �
	�����AXAW����ArC�v[s�b � C=C�v[j}_¢w�v[jkv`��_�hk_�j}fPqt{Jhk�pdgf�bpdnflh}j}drmuoph}dnq`s�� 
 dgf�v5spqtjl�(v[�ndrÀ�v[h}dnq`s~�qts�fihkv`s�h�f}v$hkdgfl{gzednsp¦


 �� � ��� 	 ��� A=A ��� A C ��� C=C ¡����� !#� % A !#	 % A +�`� _W�^w �� � �¥���rs � ��� � �}�rsh����� 	 ¡ � ��AXAG��A C� ArC � C=C��� � �rs � ������rsh� � � 	��� � �� �� (
A

� +B/�¡
Ä"5



10
0

10
1

10
2

10
3

10
4

10
5

10
0

10
1

10
2

10
3

10
4

10
5

Frequency

C
ou

nt

p TLa/D�?WA Ä��Eq p ?WA�C6D�A�:dF�G6=)nQKgD�:bM_HEJcK/MNK/>PRED�?�3;MBTLK/: K/> H�V�K/:EA`F�3!JcJcSNDdSWTc:Ea|ymTLH�>���SNJ{3fO

v[s�b+� ��� � +��+Â���������� H²� K8�u_5�rdn]t_W�ndr�uq^q^b {|ousu~�hkdrqts.dnf
" � 
   #$ % A +� $ � $ _W�^w �� � �¥���ns � $ ����� �}�rsh� $ ���
	[¡�� ��A=AG��A C��A C � C=C��� � �rs � $ ������rsh� $ ���
	 �� � �� � +�0`¡

v[s�b.�rqt¦`�ndn]`_��rdn�uq�qebS{�ops�~�h}dnq`s.dgf

% � � �ns 
 �  #$ % A
�� � �ns � $ ���rsh� $ � ���rs � $ ��� � �}�rsh� $ ��� 	 ¡ � ��AXAG��A C� ArC � C=C��� � �rs � $ � ����rs6� $ � � 	 �� � ��� +&Nt¡

K8�p_�º�ou_�fihkdnq`s�f8v`j}_
+[�;�uq�a�h}q�_�flh}dn�¥hk_;w�v[jkv[��_�hk_Wjkf8dns hk�udnf�h>a�q�bpdr��_Ws�fldnq`s�v[��bedgfihkjldnmuoehkdrqts
Â��;�uq�a�h}q�_�x`v`�ro�v$hk_;hk�p_5¦`q^qebesu_�fkf8q`{U¤ph
< �;�uq�a�h}�udnf8¤ph¢a)qtj}]^f8{�qtj¢jl_�v`��v`sub�fizesyhk�u_�hkdn~�buv[hkvp�

� ��#��
	 � �$�!����* � + *��1. +� + � � ����� � � ��� � + ���$)4*

ª�_�h}j}dn_�b�fl_�xy_�j}v`�¢��_Wh}�uqebpf�h}q#beq�h}�u_,¤eh}h}dnsu¦p�6K8�p_F¤pjkfih(qtsu_�dgf�hk�p_,suq`j}��v`�¢�(v$�edr�«op�
�rdn]t_W�ndr�uq^q^b�_�fihkdr�(v$hkdrqts�� ��su{�q`jlh}ous�v$hk_W�rzy�Oa)_S~�qtop�gbps$A h¥¤ps�b©v[s©_W¹(~�dn_Ws�h5a8v�z�hkqFvt~�~�ouj}v[hk_W�rz
_�x`v`�ro�v$hk_Fhk�p_�suq`j}��v`�rdnÀ�v$hkdrqts²~Wq`s�fih£v[s�h�� 
 ��$�suq[hk�u_Wj.v`wpwujlqyvt~k�¶dgf(hkq#¤ph h}�u_�bpv[h£v�a�drh}�
{|ous�~+hkdrqts

 5�  � C ��� �b� � � C � # � ����� � �

d �



a¢�u_�jl_  �dgf5h}�u_��nq`¦yv`jldrh}�u� qt{8~Wqtops�h��Pv[s�b��»v`sub �&v[j}_�hk�p_(�rqt¦yv[j}d�hk�u��f5qt{)h@a)q,x[v`j}dnv`mp�n_�fW�
flo�~k�,v`f�beouj}v[hkdrqts�v`s�b {�jl_�º�op_�su~�zy��ª�_�~�v[s,v[�gflq7a¢j}drh}_  �v`f

 5�¿�� ����� � ���
	`¡ � � � � � � 	� � 	 � 	 	 �� � � ����������
	���
K��u_5jl_��nv[hkdrqtsuf8m�_�h@a)_�_�s h@a)q(fl_�h£f8q`{�~�q^_�¹�~�dn_�syh£f8v`j}_

� � � �  � +�@`¡� � 	 � � � +&Ct¡� 	 	 � � � +�·t¡��� �
� # � � � 	� � � � Â[Zt¡

�
	 �
�+� � � � 	� 	 	 � Â\+�¡

� ��#��$# � )3)���*�� ����)������
\�dns�~�_�º^º�wp�nq[h)~Wv`s�suq[h�m�_�bpdnjl_�~+hk�rzo�fl_�b«hkq5_Wx[v`�nouv[h}_8hk�p_�¦tq�qebesu_�f}f�q`{�¤ph�drs�h>a�q¥bedn��_�sufldnqtsufW�
a)_)dnsufihk_�v`b�¤pjkfihU¤usub�h}�u_)��v[j}¦tdrs�v[�gfOqts �7bpdrj}_�~�hkdrqtsÃ���5bednjl_�~�h}dnq`sv`s�b5h}�u_ /T0¢bp_W¦tjl_�_�bedgv[¦tqtsuv`�
mJ_Wh@a)_�_Ws � v`s�b �7bednj}_�~�h}dnqtsÃ�ya¢�u_Wj}_ �B�!�«jl_�{|_�j�hkq5hk�u_8h@a�q5x`v[j}dnv`mu�r_�f�drs�h}�u_¢h>a�q¥bpdr��_Ws�fldnq`s�v[�
bedgfihkjldnmuoehkdrqts��	KOq.hk_�fih�hk�u_7¦tq�qebpsp_�f}f�q`{�¤ph���a�_7¤ujkfih5¦t_�sp_�j}v[hk_�v.fizes�h}�u_�hkdg~«buv$h£v.f}_�h5o�fldnsp¦
h}�u_M_�fihkdr��v[hk_�b�w�v[jkv`��_�hk_�j}fW�^h}�u_WsSa)_;wujlq�0i_�~�h)h}�u_;fizes�h}�u_�hkdg~2buv$h£vfl_Wh�qtsyhkq¥hk�pj}_�_;bednj}_�~�h}dnqtsuf
��_�syhkdrqtsu_�b&v[m�q�xt_(v`sub&��v`]`_(º�º�wp�nq`hkf5{�q`j5hk�p_�fl_7hk�pj}_�_���v`jl¦tdrs�v`�nfW�(�>{)hk�p_Wz�v`�r��fl�pq�a ¦`q^qeb
¤eh��pa)_�~Wv`s,~W�nv`dn�°q`ouj¢��qebe_��Ãa¢drh}��_�fih}dn��v[h}_�bSw�v`j}v`��_Wh}_�j}f8¤ph¢h}�u_5q`j}dr¦tdnsuv`��bpv[h£va�_W�n���

' ��� �*) ) .2��(�� .0 ?9�8

ª�_�bedgb _W�ewJ_�jldn��_�syh£f�h}q�v[s�fia�_Wj8hk�p_5{�qt�r�nq�a�dnsp¦�ºyou_�flh}dnq`s�f
+[��\ev[sudrh>zF~£�u_�~£]c.2�;q�_�fMq`ouj;��_�hk�uq^b,a)qtj}]�qts�fizesyhk�p_Whkdn~�h>a�q.bedn��_�suf}drqtsuv`�Ubuv$h£ve� j}_�~Wq�x�¼
_�jldnsu¦«hk�p_5w�v[jkv[��_�hk_Wjkf �&v`sub*�&~�qtjlj}_�~+hk��z �

Â��N,2q�a�a)_��r�Obpq�_�f�hk�p_�h>a�q�bedn��_�sufldnqtsuv`�Ã���M E¤eh¢h}�u_5jl_�v[�Bbpv[hkv �
� � ���
	 % + *�� ��� ����� � ��� � ��� �	�'*4�
��������� � +�"+

KOq8hk_�fihOqtopj���qebe_��µ��a)_�¤uj}fihO¦t_Wsu_Wjkv[h}_Ph>a�q�fiz^s�hk�p_Wh}dg~Pbuv$h£v8f}_�h£f\&+\", � K�,S+ (¢v`s�b'&+\�, � K�,�Â�(p�
\�, � K�,S+5dnf8¦t_�sp_�j}v[hk_�b o�fldnsp¦�wuv`jkv[��_Whk_Wjkf,� �¿� +���+�¡���v[s�b

� � � � Z �ON Z �D/
Z �D/ � Z �EC ��
d�Ä



\�, � K�,S+�~Wq`s�h£v[dnsuf�/T0[@�/(bpv[h£v7w�qtdrs�hkf��t$�{|h}_�j¢a)_¥¤eh2drh¢a�d�hk�,q`ouj���q^bp_��µ�pa�_�_�fihkdr�(v$hk_�b hk�p_
wuv`jkv[��_Whk_Wjkf)a�drh}��jl_�vtflq`s�v`mp�n_5vt~�~�ouj}vt~�zt���� �¿� Z � ·t·`· �&+��EZ[ZyÂt¡ � v`sub

�� � � � Z �ONHZ\+ Z �D/RZ[N
Z �L/)ZHN � Z �EC\+�Â���

�>s!>�dr¦u�,+H+`��a�_ wu�rq`h«h}�u_ �(v[j}¦`dns�v[�gfq`{¢hk�p_ j}_�v`�8buv$h£v�v[s�b�flz^s�h}�u_Wh}dg~Sbuv$h£vcwpj}q�0l_�~+hk_�b#dns#�
bednj}_�~�h}dnqtsÃ�^zSbpdnjl_�~+hkdnq`s.v`subShk�p_ /R0be_�¦tjl_�_5bedgv`¦`qtsuv`� mJ_Wh@a)_�_Ws �Sv`subSz bednj}_�~�h}dnqtsÃ��v[s�bSh}�u_�drj
º�º�wu�rq`hkf��Oª�_¢~�v`s�fl_W_�h}�u_8j}_�v`�pv`sub�fizesyhk�u_�hkdn~�buv$h£v;��v[hk~£�xy_�jiz¥a�_W�n�edns�v`�r�ubednjl_�~�h}dnq`s�fW��K8�p_�dnj
º�º�wu�rq`hkfv`jl_ fihkj}v`dr¦t��h�rdnsp_�f�a¢drh}��fl�nq`w�_Sv`sub#~Wqtjlj}_W�gv[h}dnq`s#~Wq^_W¹�~Wdn_Ws�h~W�rqyfl_�hkqFousud�h@zt��a¢�udg~k�
v[�gflq7dnsubpdg~Wv[h}_�f8q`oph¢��q^bp_W��¤phkf�hk�u_5buv$h£v«xt_�jizSa�_W�n�µ�

>uqtj�\�, � Kr,�Â���a�_(¦t_�sp_�j}v[hk_SvFfiz^s�hk�p_Wh}dg~�buv[hkvcfl_Whoufldnsu¦Fwuv`j}v`��_Wh}_�jkf � � � � +���� +�¡ �
v[s�b � � Z �ON Z �L/

Z �L/ � Z �OC ��
\", � K�,�Â�~�qts�hkv`drs�f#/R0H@�/©bpv[hkv�w�q`dnsyh£fW� $2{ghk_�j«a�_.¤ph�hk�p_�fl_�fizes�h}�u_�hkdg~.bpv[hkv�a�d�hk�»qtouj

��qebe_��µ�ea)_5_�fih}dn��v[h}_�b(h}�u_5wuv`j}v`��_Wh}_�jkf)a¢drh}��j}_�vtflqtsuv`mp�n_�vt~�~�ouj}vt~�zt���� �¿� � +��OZyÂ[C ��� +��OZyÂ�/^¡��
v[s�b

�� � � � Z �E0[C`· Z � < ·H0
Z � < ·)0 � Z �I@UN < ��

K��u_5wp�nq[h£f8{�q`jM\", � K�,�Â«dnf�fl�pq�a�s.dns >Udn¦u��+�Â^� $2¦yv[dnsÃ��v7¦`q^q^b�¤eh�dnf¢q`mphkv`dnsp_�b �
� � ���$# � � . � �"� � � *2��� � � ��� ����+ & � + �"+

ª�_5v`�nflq7_��ew�_Wj}dr��_Ws�h�a�d�hk� h@a)q�bedn��_�suf}drqtsuv`� ���M  qts h>a�q7j}_�v[� a�q`j}�gb.bpv[hkv7f}_�h£fW� K8�p_5¤pjkfih
bpv[h£v�fl_Wh)dnf�hk�u_2ouf}v`¦t_2buv$h£v�q`{�v5h}_��n_�~Wq`���opsudg~Wv[h}dnqts�fl_�jlx^dg~�_2{|j}qt� $ K�� K�{�jlqt� qtsu_2fl_�jixedg~�_
v[j}_�ve�7K��u_�bpdgfih}j}dnmpoph}dnqts�qt{)~�o�fihkq`��_�jkf;dgfMxy_�jiz�fl]t_�a be_�w�_Ws�bednsu¦.q`s�h}�u_7s^op�m�_�j�qt{�h}�u_�q`{
h}�u_�fl_�jixedg~�_�fl_�fkfldrqts�f7v[s�b#hk�u_�beouj}v[hkdrqts»q`{�hk�u_�fl_Wjlxedn~W_�fl_�f}fldnq`s�fW��$2spq`hk�p_�j�bpv[h£v�fl_Wh7dgf�v
~��ndg~k]efihkjl_�v[�3bpv[h£v,qtmeh£v`drsu_�b©{�jlqt�3v`s#�>s�h}_�j}sp_Wh«fl_�jixedn~W_Swpj}q�xedgbe_�jW�I$2¦yv[dns�hk�u_Sbedgfihkjldnmpophkdrqts
q`{��@syhk_Wj}su_�h;ouf}_Wjkf2dgfMfl]t_�a���zFbpdnfihkj}drmuoehk_�b,q`sFh}�u_s^op�«mJ_�j2qt{�fld�hk_�f¢hk�p_Wz�x^dgfldrh;v`sub,hk�p_¥hkq`hkv`�
beoujkv$hkdrqts�q`{Bh}�u_�drj¢q`su�ndrsu_;h}dn��_t�

>uqtjÃhk�p_�fl_Ph>a�q¢j}_�v`�ybuv$h£vtfl_�h£fW��a)_�_W�ewJ_�jldn_�su~W_P¦`j}_�v$hBbpdn¹�~�ou�rh>zM_�fihkdr��v[hkdrsu¦)hk�p_�wuv`j}v`��_Wh}_�jkfW�
��v`drsu��zcm�_�~Wv`ouf}_�q`{8v.wpj}qtmp�n_W� q`{�~Wqtsyxy_Wj}¦t_Ws�~�_H.�a�_�v`jl_�suq`h¥v[mu�n_7h}qFv`~�~�oujkv$hk_W�rz�~Wq`��wuoph}_
h}�u_Ssuq`j}��v`�rdnÀ�v$hkdrqts�~�qtsuflhkv`syh��cª©_(hk�u_Wj}_W{�qtjl_So�fl_ v�~Wjlo�bp_S��_�hk�pqeb©��v`s^ouv`�r�rz��nq�qt]^drsu¦c{�q`j
wuv`jkv[��_Whk_Wjkf,�&v[s�b*�ca¢�udn~£��¦`drxt_�¦tq^q^b.¤eh£f8¦`jkv[wu�udn~�v[�n�rzt�P�>s >Udn¦p��+ < �ea�_�wu�nq[h8hk�p_��(v[¦tdrs�v`�nf
wpj}q�0i_�~+hk_�b»qts��´bpdnjl_�~+hkdnq`s��)z�bednjl_�~�h}dnq`s�v`sub�drsX/R0&be_�¦tjl_�_,m�_�h@a�_W_�s´��v`sub´z�bednj}_�~�h}dnqtsufW�
M��n_�v[j}��zy�Oqtouj5��qebe_���vt~k�udr_Wxy_�f5v�¦`q^q^b&¤eh��BmJ_�~�v[o�fl_7h}�u_�fizesyhk�u_�hkdn~�buv$h£v�v`sub�hk�p_�j}_�v[��buv[hkv
q�xy_�jl�gv[w�sudg~�_���z�v`s�bchk�p_�fl�nq`w�_�v`sub�h}�u_�~�qtjlj}_��nv[h}dnqts�~Wq�_�¹�~Wdr_�syh5q`{�hk�p_�º^ºywu�nq[h¥v[j}_�~��nqtf}_«h}q
q`su_5drs,v[�n�O~Wvtfl_�fW� K��u_5j}_�f}op�rhkf8{�q`j8h}�u_�~��ndn~£]efih}j}_�v[�±buv$h£v7dgf�wu�nq[h�drs >Udn¦u��+B/p�

d\d



10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
0

10
1

10
2

10
3

10
4

10
5

10
6

� � p TL: ��R�Tc?WAfF�MWTcK/:

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
0

10
1

10
2

10
3

10
4

10
5

10
6

� � p TL:UG|R�Tc?WAfF�MWTcK/:

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
0

10
1

10
2

10
3

10
4

10
5

10
6

� � p Tc: � 6 REA�a/?WA�A R�T{3!agK/:i3!J

0 10 20 30 40 50 60
0

10

20

30

40

50

60

Corr. Coeff. =   1.000
slope =   1.002

CbC6H�JLK/M_TL:���RETL?BA�F�MBTLK/:

0 5 10 15 20 25 30 35 40
0

5

10

15

20

25

30

35

40

45

Corr. Coeff. =   0.999
slope =   1.034

CbC6H�JLK/M_TL: G|RETL?BA�F�MBTLK/:

0 10 20 30 40 50 60 70 80
0

10

20

30

40

50

60

70

80

Corr. Coeff. =   1.000
slope =   1.015

C6C6H�JLK/M_TL: � 6 R�A�ag?BA�A RETv3!a/K/:i3;J
p TcagD�?BA ÄeÄgq�� 3;?Ba/TL:i3!JcS K/> � � p TL: � RETL?BA�F�MBTLK/: ~ G RETL?BA�F�MBTLK/: 3!:�R � 6 R�A�ag?BA�A*RETv3!a/K/:d3!JQ3!:�R MBV�A�TL?
CbC6HEJcK/MBSN>@K/?x3%SWGb:bMWV�A�MBTcF Rd3!M.3%SWA�M

dg�



10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
0

10
1

10
2

10
3

10
4

10
5

10
6

� � p TL: ��R�Tc?WAfF�MWTcK/:

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
0

10
1

10
2

10
3

10
4

10
5

10
6

� � p TL:UG|R�Tc?WAfF�MWTcK/:

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
0

10
1

10
2

10
3

10
4

10
5

10
6

� � p Tc: � 6 REA�a/?WA�A R�T{3!agK/:i3!J

0 2 4 6 8 10 12 14 16 18 20
0

2

4

6

8

10

12

14

16

18

20

Corr. Coeff. =   0.999
slope =   1.053

CbC6H�JLK/M_TL:���RETL?BA�F�MBTLK/:

0 2 4 6 8 10 12 14
0

2

4

6

8

10

12

14

Corr. Coeff. =   0.999
slope =   1.013

CbC6H�JLK/M_TL: G|RETL?BA�F�MBTLK/:

0 5 10 15 20 25
0

5

10

15

20

25

30

Corr. Coeff. =   0.999
slope =   1.003

C6C6H�JLK/M_TL: � 6 R�A�ag?BA�A RETv3!a/K/:i3;J
p TcagD�?BA Ä[d�q�� 3;?Ba/TL:i3!JcS K/> � � p TL: � RETL?BA�F�MBTLK/: ~ G RETL?BA�F�MBTLK/: 3!:�R � 6 R�A�ag?BA�A*RETv3!a/K/:d3!JQ3!:�R MBV�A�TL?
CbC6HEJcK/MBSN>@K/?x3%SWGb:bMWV�A�MBTcF Rd3!M.3%SWA�M

d �



10
0

10
1

10
2

10
3

10
4

10
5

10
0

10
1

10
2

10
3

10
4

10
5

� � p TL: ��R�Tc?WAfF�MWTcK/:

10
0

10
1

10
2

10
3

10
4

10
5

10
0

10
1

10
2

10
3

10
4

10
5

� � p TL:UG|R�Tc?WAfF�MWTcK/:

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
0

10
1

10
2

10
3

10
4

10
5

10
6

� � p Tc: � 6 REA�a/?WA�A R�T{3!agK/:i3!J

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100

Corr. Coeff. =   1.000
slope =   0.998

CbC6H�JLK/M_TL:���RETL?BA�F�MBTLK/:

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100

Corr. Coeff. =   1.000
slope =   0.996

CbC6H�JLK/M_TL: G|RETL?BA�F�MBTLK/:

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100

Corr. Coeff. =   1.000
slope =   1.000

C6C6H�JLK/M_TL: � 6 R�A�ag?BA�A RETv3!a/K/:i3;J
p TcagD�?BA Ä��Eq�� 3;?Ba/TL:i3!JcS K/> � � p TL: � RETL?BA�F�MBTLK/: ~ G RETL?BA�F�MBTLK/: 3!:�R � 6 R�A�ag?BA�A*RETv3!a/K/:d3!JQ3!:�R MBV�A�TL?
CbC6HEJcK/MBSN>@K/?_w ��� � R�3!M�3EZ �_A�?BA/~ � � 2 � d � d 5  3!:�R � � 2W2 � ��� � ��� � 5  2 ����� � ��� � 5  5

d 6



10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
0

10
1

10
2

10
3

10
4

10
5

10
6

� � p TL: ��R�Tc?WAfF�MWTcK/:

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
0

10
1

10
2

10
3

10
4

10
5

10
6

� � p TL:UG|R�Tc?WAfF�MWTcK/:

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
0

10
1

10
2

10
3

10
4

10
5

10
6

� � p Tc: � 6 REA�a/?WA�A R�T{3!agK/:i3!J

0 5 10 15 20 25 30 35
0

5

10

15

20

25

30

Corr. Coeff. =   0.997
slope =   0.824

CbC6H�JLK/M_TL:���RETL?BA�F�MBTLK/:

0 5 10 15 20 25
0

2

4

6

8

10

12

14

16

18

20

Corr. Coeff. =   0.997
slope =   0.828

CbC6H�JLK/M_TL: G|RETL?BA�F�MBTLK/:

0 5 10 15 20 25 30 35 40
0

5

10

15

20

25

30

35

Corr. Coeff. =   0.998
slope =   0.879

C6C6H�JLK/M_TL: � 6 R�A�ag?BA�A RETv3!a/K/:i3;J
p TcagD�?BA Ä � q�� 3;?Ba/TL:i3!JcS K/> � � p TL: � RETL?BA�F�MBTLK/: ~ G RETL?BA�F�MBTLK/: 3!:�R � 6 R�A�ag?BA�A*RETv3!a/K/:d3!JQ3!:�R MBV�A�TL?
CbC6HEJcK/MBSN>@K/?_F�JcTcF�<�SWMB?BAf3gj Rd3!M.3EZ �xA�?BA/~ � � 2 � � � � 5  3!:dR � � 2B2 � ��� �<> ����� 5  2 ����� � ��� � d 5  5

d �



� ��� �������!
t
�� � 


\�]t_Wa)_�b�bpdnflh}j}drmuoph}dnq`s�f5v`wpw�_�v[j�xt_�jiz&q`{|hk_Ws�dns&wujkv`~�h}dg~W_`�?K8�p_Wz&v`jl_(q`{|hk_Ws���qebe_��n_�b�a�_��r��m�z
&lw�q�a)_�j�(��nv�a�f5qtj�hk�p_F��¦t_Wsu_Wjkv`�rdnÀW_�bJ¡ � dnwp{�bpdnfihkj}drmuoehkdnq`s�� ,2q�a)_Wxt_�j��Oh}�u_�z�q`{|h}_�s�floU��_�j5{|j}qt�
be_Wxednv[h}dnqtsufW�p�rdn]t_;h}�u_#A hkq`wp¼ ~Wqtsu~�v�xedrh>z�Ar�

K8�p_2��v[dns�~Wq`s�hkjldnmpophkdrqts7qt{�h}�udgf�a�qtjl]7dnfPhkq�bpjkv�a²v[hlhk_Ws�hkdrqts gmy0gmb8{�jlqt�ÁwJq�a�_Wj��nv�a�f��yv`s�b
drs�hkq��5�; ¥��v7su_�a���bedgf}~Wjl_Wh}_5bpdgfih}j}dnmpoph}dnqtsÃ�eh}��v$h���v`f�v`��v[À�dnsp¦7��qebp_W�ndrsu¦7wujlqtwJ_�jlh}dn_�f�.

� �>h)dns�~��noubp_�f�h}�u_ � dnwp{�v`sub(¦t_Wsu_Wjkv`�rdnÀW_�b � drwu{�bedgfihkjldnmuoehkdrqts�f�v`f)f}wJ_�~�dgv`�J~�v`fl_�f�¼Bhk��o�fW�^drh)dgf
v`wpwu�ndn~�v[mu�n_;h}q�v[�n� hk�p_5s�ou��_�jlqto�f¢fl_Whlhkdrsu¦yf)hk�uv[h � dnwp{Ba�q`j}]^f8a)_��r���

� �>h5dgf5jl_��gv$hk_�b�hkq hk�p_ &l�nq`¦tsuq`j}��v`� (.bpdnflh}j}drmuoph}dnq`s��Ãa��pdg~£�&��qebe_��nf�a)_��r��v I [Fl J s�ou�m�_Wj
qt{P~Wq`s�hkdrs^opqto�f�bpdnfihkj}drmuoehkdnq`s�fW§�d�h;~Wv`sFv`�gflq�m�_be_�j}d�xy_�b�{�jlqt��A ¤pjkfih2wuj}drs�~�dnwu�r_�fBAn�u�rdn]t_5hk�p_
wujldns�~�dnwp�n_�qt{Q&}wpj}qtwJqtjihkdnq`s�v[�Ã_d��_�~�hkf)(«dns._�~Wq`suq`��dn~�f5�+� �	�T-8·U/� �ew�v[¦t_Â\+�Zy¡

� �>h���q^bp_W�gf xt_�jiz²a�_W�n�5f}_�xy_Wjkv`�5bedgf}~Wjl_Wh}_t�Mj}_�v`�r¼��ndr{�_�bpdgfih}j}dnmpoph}dnqtsufW�M{�jlqt�6j}_Whkv`dr�n_�j�f}v`�n_�f
buv$h£v�hkq�h}_��r_�~Wq`���«opsudn~�v[h}dnq`s,buv$h£v�h}q�a)_�mp¼��ud�h£fW��a�d�hk�,wujkv`~�h}dg~�v[�n��z�wJ_�j}{|_�~+h;~�qtj}jl_��nv[hkdrqts
~Wq�_�¹�~Wdr_�s�h8dns.h}�u_�h}jkv`bpdrh}dnq`s�v`�Ãº�ouv`syhkdn�r_W¼ º�o�v[s�h}dn�n_7�.&kº�ºg(y¡)wu�rq`hkf��

� �>h.dnf wuv`j}f}dr��qtsudrqtouf��¢j}_�ºyoudrj}dnsp¦�qtsp�rz�h>a�q�wuv`j}v`��_Wh}_�jkf���Ev[s�b �B¡+�¢hkq�bp_�f}~�j}dnmJ_chk�p_
bpdnflh}j}drmuoph}dnq`s.sp_�v`jl�rzSw�_�jl{�_�~�hk��zy�

� �>hkf¢wuv`j}v`��_Wh}_�jkf8~�v[s�m�_5_�flh}dn��v[h}_�b(a�d�hk�,v S*R _ lQM J w�vtf}f8q�xt_�j8hk�p_�bpv[h£v`fl_Wh
� �>h¢~Wv`s m�_;s�v$hkouj}v`�r�rz�_W��hk_�subp_�bSh}qh@a)q�bedn��_�suf}drqtsuf���a¢�u_�jl_;a)_5fl�pq�a�_�b(hk�uv[h8drh8��q^bp_��nf
a�_W�n��jl_�v[�Ãh@a)q�bedn��_�suf}drqtsuv`�Ãbuv[hkvp�
ª�_.wpj}q�xedgbe_�b#v�flhkv[h}dgfihkdn~�v`�r�rz�flqtops�b#��_�hk�uq^b�hkq�_�fihkdr�(v$hk_�hk�u_Sw�v`j}v`��_Wh}_�j}f��Po�fldnsp¦chk�p_

®Fv[�^dn�ou�³¯�dn]`_��rdn�uq�qeb �Bv[s�bca�_�fl�uq�a)_�b��uq�a¬h}q�o�fl_����; Áhkq.¤us�b�wuv[h}h}_�jls�f5v[s�b�qtoehk�rdn_�j}f
drs�v ~Wq`�n�r_�~�h}dnq`s�q`{���v`syzcfl]t_Wa)_�b�bedgfihkjldnmpophkdrqtsuf����rdn]t_mujkv[s�~k�u_�f2hk�uv[h��uv�xt_7~W�r_�v`jl�rzFbpdO��_Wj}_�syh
wuv[h}h}_�jls�f�h}��v[s�h}�u_�j}_�fih��

K8�p_ ��v`sub*��w�v[jkv[��_�hk_Wjkf�qt{U�5�;  v[j}_�x[v`�ro�v`mp�n_;{�q`j¢buv[hkv«��dnsudrsu¦p�u~��no�fih}_�j}drsu¦7v`sub qtophl¼
�rdn_�j}fW�`mJ_�~�v[o�fl_�hk�p_Wz¥~Wq`s�fihkd�hkoph}_�~�qts�fldn~W_t�[muoehPvt~�~�ouj}v[hk_ &}{�_�v[h}ouj}_�f�(2qt{�v;bedgf}~Wjl_Wh}_8bedgfihkjldnmpophkdrqtsÃ�
�>s«~Wq`s�h}jkvtfih��`{|qtj�fl]t_Wa)_�b¥bpdgfih}j}dnmpoph}dnqtsufW�$h}�u_)qtmyxedrqto�f A {�_�v$hkopj}_�fBA�q`{u��_�v[s��[��_�bpdnv`s��$��drsudr�«op���
��v[�^dn�ou���Jv`sub,x`v[j}dnv`s�~�_v`jl_wuj}vt~+hkdg~Wv`�r�rz.o�fl_��r_�f}fB.�K��u_��drsudn�op� x[v`�nop_¥dgfMv`�r��qyfih;v[�ra�v�zpf
A,+[An§�hk�p_ ��v[�edr�ou�3x[v`�nop_&��_W¦u�r��h}�u_.f}v`�gv[jlz©q`{¢hk�p_��Mop_�_�s#qt{2��su¦`�gv`sub�drs»v�buv[hkvtfl_Wha�drh}�
f}v`�nv`jldn_�f£¡¥dgf�f}q&�gv`jl¦t_Fv[s�b�flq�opsujl_��gv$hk_�b»h}q&hk�p_,j}_�fih(qt{Mh}�u_Fbpv[hkv�hk�uv[h�drh(dnf�oufl_��n_�f}f�v`f(v
{|_�v[h}oujl_t§phk�p_���_�v`s�dgf A �udr¦t�p¼ 0}v`~£]t_�b$Apmyz h}�u_5{�_�a qtoehk�rdn_�j}fW§phk�p_�flhkv`subuv`j}b,bp_�xednv[hkdrqts hk_�subuf8h}q
drsu¤uspdrh>zy�^m�_�~�v`oufl_;qt{�h}�u_�flq`¼>~Wv`�r�n_�b &}�p_�v�x�z^¼µh£v`dr�L(¥wujlqtwJ_�jlh>z(qt{�hk�p_ =�v`j}_�hkq[¼ �ndr]t_Mbpdgfih}j}dnmpoph}dnqtsufW§
v[s�b,hk�p_��_�bedgv`sFdgf2�nq�a�� mpophMdrh�fih}dn�n�B{�v`dr�gf�h}q ~Wqtsyxy_�z,�o�~k��drsu{|qtj}��v$hkdnq`scv[m�q`ophMhk�p_j}_�fih�q`{
h}�u_�bedgfihkjldnmpophkdrqtsÃ�

d J



� � ���9� � � �U�1� ��� � �	���

K��u_¢v`oehk�pqtjkfUa�q`ou�gb«�rdn]`_)hkq;h}��v`sp]�hk�p_¢v`suq`s�z^��q`o�f�jl_Wh£v[dn�r_�jP~k��v`drs��`hk�p_¢v[suq`s�ze��q`o�f��@syhk_Wj}su_�h
\�_�jlx^dg~�_ =�jlq�xednbp_Wj)v`s�b`$ K � K�{|qtj�wujlq�x^dgbpdrsu¦¥ouf�h}�u_Wdnj�wujlqtwJ_�j}��z(v[suqtsyze��dnÀW_�b(bpv[h£ve��ª�_Mv[�gflq
�rdn]t_;h}q7h}��v`sp] �;jW� -)dn�n����bub^z {|qtj�flq`��_�o�fl_�{|ou��bedgf}~Woufkfldrqts�f8v[s�b�flou¦`¦t_�fih}dnqtsufW�

� ���T� ���#��� �	


� $Mbuv� ¯�� $¥��$2buv`��dn~`� � dnwp{@� w�q�a�_Wjl¼ �nv�a�f�� v`sub�w�v[j}_Wh}q3¼¬v3j}v`sp]^dnsp¦3hkoehkq`j}dgv[���
��hlhkw$.�����a¢a8a�� wuv`j}~`� �^_�jlq�� � ~Wq`����dgfihk�	�$¦`j}qtopw�f
�$dr_�v��$w�v[w�_Wjkf
�$j}v`su]�dnsp¦��$j}v`sp]^dnsp¦u� ��hk���µ�

� - M >'0U·t·��¯��$-)j}_�fl�gv`oÃ��=���M�v[qu�Ã¯���>Jv[s��O��$=��udr�n�rdnw�fW��v`s�b�\J�O\��u_Wsu]t_Wj��Mª�_�m�~�v`~£�udrsu¦Sv`s�b
À�drwu{g¼ �ndr]t_cbedgfihkjldnmuoehkdrqts�fB.&��x^dgbp_Ws�~�_�v[s�b�dn��wp�ndg~Wv[h}dnqtsufW� �@s� 6)696  _ W\NZY�N o v ���[�
�2_�a ,�qtjl]�� � ,«�J®Fv`j}~£� +�·t·`·e�

� -�� 0UC� -M�P-)_�j}jiz.v`s�b ªE���;v`j}jldgflqtsÃ� $2�rh}_�jls�v[h}_5_��ewu�nv`suv[hkdrqtsuf8qt{Boujlm�v`s�j}v`su] fldnÀW_5jl_��gv$¼
hkdrqtsuf���� _:_ gQM S NXW�P IUJ � S*S\NZY`RpgQPnRsN _ NXW�� o J ]^RpY�g _ 4/J N*lQ]=g�L IUJ ]^S£�\/)C\.OC <�� ·Y+[��+�·)0[C^�

�DM�M�M�·)0� $¥� -)_�fihkv�xejlqyf MM� M)opsu�uv v`sub ®�� M)j}q�xy_W�n�gve� M���v[jkvt~+hk_Wj}dgfih}dg~�f q`{
a¢a8a ~W�ndr_�syh}¼ muvtfl_�b hkj}vt~�_�fW� KOjl¼>·)0�¼ ZY+�Ze� -�qtfihkqts3��sud�xy_�j}fldrh@zt� $�wuj}dr� +�·t·)0��
��hlhkw$.�����a¢a8a�� ~WfW� muoÃ� _�bpo���¦tjlqtouwuf
�$qe~�_�v[s�f
�$wuv`w�_Wjkf
��,�qt��_t� ��h}���µ�

� > �^·yÂ� M)�pj}dnflh}qyfS>�v`�nq`ophkf}qtfv`s�b ,�� .«� ��v`¦tvtbpdnfl���&½Ms -�¼�hkjl_�_(dns�bedg~�_�f¥{�q`j7fl]`_Wa�_�b#bedgfi¼
hkjldnmpophkdrqtsuf��7�@s����BP I���� 2���� N _ W J ] J`_ Y J ��wuv`¦t_�f < N < �\< @�/u� .�v[s�~�qtopxt_�jW��-)j}d�hkdgfl�
M)q`�nop�«mpdgve�6$2ou¦p��Â < ¼iÂ[@4+�·t·yÂ��

� >P¯ C <  ªE�OF5��>uq��,v[s�b�ª¿��¯Ovtfl]`_�j�� K��u_«bedgfihkjldnmpophkdrqts,qt{�floujls�v[��_¥{|j}_�º�ou_Ws�~�dn_�fW�� _ P J ]`q
_ gQPnRpN _ gmM"! P gQPnR|S^PnRsY�gQM�# J eZR J y��P0\+[.OCY+ � C)@���+�·[C < �

� ��v`� @`·� ��v[�rhkq`s��7K8�u_�¦`_�qt��_�hkj}dn~«��_�v`s&drs�xed�h£v[��v`sub&f}q^~Wdnv`��fih£v$hkdgfih}dg~�fW��$0]=N Y J�J {mR _ lQS#NXW
P IUJ #/NDbFgQM�!;NZY\R J Pnb NXW � N _ {FN _ ��Â[·\. < N)0 �\< N)@^��+�C)@[·e�

� �;�gvt·U/f \��`�M�gvtf}fl��v`sÃ�!$»~�v`~£�udrsu¦�j}_W�gv�z5{|qtjOh}�u_�a�q`j}�nb5a�dgbe_�a�_Wm����@s%$2]*N Y A NXW'&2RT]^S�P( _ P J ]`q
_ gQPnRpN _ gmM � N _ W J ] J`_ Y J N _ P IUJ3� Nm]`Mx{ � Rs{ J3� J }��\M)� F	�¥�e�M_�su_�x`ve�e\�a¢drhkÀW_�jl�gv`subÃ�
®Fv�z +�·t·�/u�P��h}h}w�.)����a8a¢a +`� ~�_�jls�� ~k����ª¶ª²ª ·U/*�U=�j}_W�ndn� =�j}q^~�fW� �yhk�����

� ,Mv`� /H/� =U�OF5�f,2v`�r��qtfW� F�v`subpqt�¿v`�r��f��+� _:_ gQM S/NXW�, gQP IUJ`o gmPnRpY�gQM*! P gQPnRTS�PnRpY`S£�P+&0T.J+�CyÂ � +&C`·e�
+�·�/H/p�

� ,2_�j NHZ� �«� ,2_Wjkbpv`s��-! o gQM|M.$�gm]`PnRsYdM J ! P gQPnRTS�PnRpY`S£�X-)oph}h}_�jia�qtjihk�$A fW��¯�qtsubpqtsÃ�¢Â�_�bpd�hkdnq`s��
+�·[NHZ^�

� ,2dn� @�/� -M� ®��6,�dn�r���VK8�p_5jkv[su]y¼ {�jl_�ºyou_�su~�z({�q`j}�°qt{BÀWdnwp{BA f��gv�a��./UNm[K] _ gQM�NXW�P IUJ � o J ]^RsY�g _
! P gQPnRTS�PnRpY�gmM�� S*S`N Y`RpgQPnRsN _ �cN`·u� < /RCt¡ .J+�ZY+&@ � +�ZyÂUNe�$+�·)@�/u�

d7>



� �@s�~B K8�p_¥®cv$hk�eª©q`j}]^f8�@su~`��®cv$hk�nv`m.o�fl_Wj�A f8¦`oudgbe_t�
� ¯Bv[�h ��� ¯Ov`�p_�j}j��_�jl_t� ([w�v[jkv`mJqt�rdg~ {�jkv`~�hkv`�L( bpdgfih}j}dnmpoph}dnqtsuf drs suv[h}ouj}_`�

��hlhkw$.�����a¢a8a�� ��oumpm�_�jihkwJ_�v`]J� ~�qt� �$�nv`�u_Wj}jl_�j}_��${|jkvt~+h£v[��� �yhk���
� ¯�\e·HC� ����¯Ov`�p_�j}j��_�jl_�v`s�b»���\^qtjlsu_�h}hk_`�»\�h}j}_Whk~£�p_�b#_W�ewJqtsp_�s�h}dgv[�¢bedgfihkjldnmuoehkdrqts�f¥dns»s�v$¼

hkopj}_�v`sub _�~Wqtspqt�¥z�.o&}{�v[h�h£v[dn�gf�(�a�d�hk�.~£�uv`jkv`~�h}_�j}dnfihkdg~Mf}~�v[�n_�f�� 6 [K]*N*L J g _ $ I bmS*RpY�gQM
/:ND[K] _ gmM �Y-�� Ât¡ .I0`ÂH0 � 0 < ·e�$+�·t·[Ce�

� �
�R-¢·�/f \�����q[hkÀ �¥� �£� �yqt�ps�flqtsFv`sub ����-8v[�gv`]�j}dnf}�ps�v[s�� � N _ PnR _ [ ND[KS�� _ RTemgm]^RpgQP J 2 RTS�Pn]`RTq
}`[UPnRpN _ S � NQM [ o J �$� �yqt�ps.ª¶dn�r_Wz � \�qtsuf��p�@su~`�n�u��� \J� $¥��+�·t·�/u�

� =Pv[j£·)@� .«� =�v`jl_Wh}qu� � Nm[K]^S {�v 6 Y�N _ N o R J $�NQM RTPnR a [ J � F�q`ou¦t_cv[s�b M)dr_t�¢¯Ov`o�f}v[susu_,v`s�b
=�v`j}dnfW��+&Ct·H@^�

� \^dn� 0[0� ,¥� $¥�p\�dn��qtsÃ�B½;sSv¥~W�nvtf}f�qt{�fl]t_�a¶bpdnflh}j}drmuoph}dnq`s�{�ops�~�h}dnq`s�fW� � RpN o J Pn]^R h g[�R/�ÂT.D/^ÂH0 �
/H/)Ze��+�·)0[0^�

� . $Mb�½�·HN��®�� M)j}q�xy_W�n�gv .«�-$2�r��_�dgbpvp� $¥� -)_�fih£v�xejlqyfEv[s�b $¥��bp_±½M�nd�xy_Wdnjkve� M)�uv`jl¼
vt~+hk_Wj}dnÀWdnsp¦ j}_�{|_�jl_�s�~�_ �rqe~�v[�nd�h@z dns h}�u_ a8a¢a5� �@s $0]=N Y A NXW  6)6)6
 _ P J ] _ gQPnRsN _ gQM � N _ W J ] J`_ Y J R _ $�gm]=gQMTM J M g _ { 2 RTS�Pn]^Rp}`[UP J {  _ W\ND] o gQq
PnRpN _ ! bmS�P J\o Sk� ®,dgv`��d -)_�vt~k��� >U�nqtjldgbpvp� ��� \J� $¥�r� �;_�~W_��mJ_�j +�·t·HN^�
��hlhkw$.�����a¢a8a�� ~WfW� muoÃ� _�bpo���¦tjlqtouwuf
�$qe~�_�v[s�f
�$wuv`w�_Wjkf
��,�qt��_t� ��h}���µ�

� ,�ou�|Â <  �«� �¥�(,�ou�r_t�i$¶�(v$hk�p_���v[h}dg~�v[�phk�u_Wqtjiz�qt{Ã_Wxtqt�rophkdrqtsÃ��muvtfl_�b�q`sS~Wqtsu~W�ro�fldnq`s�f�qt{�bpjW�
0W� ~`�pa�dr�n�rdgfW�u{@� jW� fW� $ I RTMONmS\N*L I RpY�gmM G ]*g _ S`gFYdPnRsN _ S1NXW�P IUJ #�NmbFgQM�!�NZY`R J Pnb NXW � N _ {FN _ �
Â\+ < . Â\+ � C)@���+�·yÂ < �

� � dnwY/�·� �«����� � drwu{>��� [ o g _ ��J`I gDe RsNm]�g _ { $0]^R _ Y\RzL;M J NXW � J gmS�P 6
	 Nm]`P�� � _  _ Pn]*NZ{m[ Y\PnRpN _
P N� [ o g _-6 Y�NQMON*lQb$� $Mbubedgflqts ª�_�fl�n_�zy�PM�v`�mpj}dgbe¦t_`�J®Fvtf}f}vt~k�^o�fl_�h}h£fW�$+�·U/y·e�

d�5


