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Avg and SD of PMM for 500−node Network: Stationary Data Distribution, period=50,100,200
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Avg PMM(p=100)
Avg PMM(p=200)
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Avg and SD of PMM for 500−node Network: Non−Stationary Data Distribution, period=50,100,200
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Avg PMM(p=50)
Avg PMM(p=100)
Avg PMM(p=200)
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Scalability: Avg and SD of PMM:Stationary Data Distribution
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Scalability: Avg and SD of PMM: Non−Stationary Data Distribution

Avg PMM(U)

Avg PMM(NU)

SD PMM(U)

SD PMM(NU)

�<mp~{�3uvt &�©CJ1siuzmpsiyvmp�{x£�i��yvknt9sK�{teu�si~�t�s{x3�¡o�y�six3�3siu��¥��tO��m��
s]yvmp�{xG�i� Æ > > ��m�yvk�x��n�¢�JtOu��i�|xn����tOo�mpxGyvknt[�n�WxJsi��mp�
xnt.y����{uz�>© ���{x�� o�y�s]yzm���x3siuz�b�ns]y�s���mpowyvuzmp�n��yvmp�{xr� � L µO¶�¶n�

1 2 3 4 5 6 7 8 9 10 11
0

1000

2000

3000

4000

5000

6000

−−Period−−>

−
−

B
yt

es
−

−
>

Avg and SD of Communication Cost for 500−node Network: Stationary Data Distribution, period=50,100,200

SD Comm(p=50)
SD Comm(p=100)
SD Comm(p=200)
Avg  Comm(p=50)
Avg  Comm(p=100)
Avg  Comm(p=200)

Bytes for period 1

Avg Bytes(p=50)=18048
Avg Bytes(p=100)=31955
Avg Bytes(p=200)=63444
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Avg and SD of Communication Cost for 500−node Network: Non−Stationary Data Distribution, period=50,100,200

SD Comm(p=50)
SD Comm(p=100)
SD Comm(p=200)
Avg  Comm(p=50)
Avg  Comm(p=100)
Avg  Comm(p=200)

Bytes for period 1

Avg Bytes(p=50)=17359
Avg Bytes(p=100)=33951
Avg Bytes(p=200)=63876

�Amp~{�nuztCIn© J1siuzmpsiyvmp�{x��i��yvk3t$sK�{tOuzs{~{t|six3�Iowyzs{x3�nsiu�����te��m�s]�
yzm���x��i�r�e�{���$�nx3mp�Os]yvmp�{x��e��owy®�]�{tOu²yvmp��t¢��qTteuzmp���3o1�i�7}ptex3~iyvk
�{¶n�AµO¶�¶n� Ç ¶{¶W !���i¶{¶*owm�yvtCo
s{x3�Ixn��x��Rowyzsiyvmp�{x3s{uv�9�ns]y�s*��m�o�yzuvm��
�3��yvmp�{x7�



l v Ã Ê h ��ËAcOÌ Ã Ê c¢g Ê Ä 
 ËrdCËrf À � Ã f3�
³¥t�k3sK��t��.�{xJowm���teuztO�byvknt$qnuv���n}pte���{���#�R��tOsixJo��e}��Jo�yzteuzm�xn~
�{xI�ns]y�s���m�o�yzuvmp�n��yztO�I�]��teu�s�}�siuz~{t{�n�n�WxJsi��mp�5xnt.y����{uz�>��yvknt
�ns]y�s��{u�yzknt$x3t.y����{uz�bm�y�owtO}��1��sK�'��k3six3~{t{��³£t¢s{ozov�n��t|yvknt
xnt.y����{uz�Iyv�I�TtbqTtetOuw�Eyv�{�EqTtetOub������tOo5xn�iy5k3sK��t�six��¥ovqJtC�.m�si}
owtOuv��teu�oz .� � texWyvu�si}pmp¨empxn~
s{}�}Wyvk3t��nsiyzs�yv�|s
ovmpxn~{}pt®��s{��k3m�xnt�yv�
uv�nx¡s'�.tOx�yzuzs{}�mp¨etC�+�#�R��tOsixJo
m�o|xn�{y�s{x£siywyzuzs���yvmp�{t��{qnyvmp�{x7�

���tOs{}�}p�{�®yvknt[s{}�~��{uzm�yzkn�0�{�n~�kWy¢yz���wµC �xn�{y�uvtC¦��3m�uzt9~�}����3si}
ow��x3��knuz�{x3m�¨Cs]yvmp�{xr�{� Ç  >�Jt��.�{���¢�nxnm��es]yzm���x��Rt �b�.mptexWyO�KsixJ���4�� 
�Jt�uz�{�n�Jo�ylyv��xntey�����uv����u­�ns]y�s���k3sixn~�t{�

³£t|k3sK�{t|��tCov�euvmp�JtC�9s¢}p���Osi}p}��bov��x3��knuz�{xn���3o�si}p~{�{uzm�yvkn�
���{u|yvk3mpo|tOxW��mpuv��xn��texWyO� Æ�ÇiÆ �#�R��tCsix3oO�+������tOo���xn}p�[�.�{���
�$�nxnm��esiyvt*s{x3�¡ow��x3��k3uv��xnm�¨Ot���m�yzk_yvkntOm�u$yv��qJ��}���~{m��esi}p}p�[m����
��tC��m�s]yvt¥xntemp~{k��T�{u�oe�Ï³¥t£�.�{xJ���3��yztO�«te·�qJtOuvmp��texWyzo9�3ovm�xn~
ow��xWyvknteyvm��i��µC¶{ª0�nsiyzsG~{tOxnteu�s]yztO� ��uv��� sG��m�·�yv�3uvt_�{��µC¶
O|si�3ozowm�six¡��m�o�yzuvmp�n��yzm���x3o|��m�yvk�µO¶�)�s{�n�ntO�£�nxnm����{uz� xn��mpovt{�
³¥t¢uzs{x Æ�ÇiÆ �#�R��tOsixJo��]�{tOu�s�owmp�$�3}psiyvtO�'tOx��Wmpuz�{xn��texWy��{�
�nq�yv�'µO¶�¶{¶¢xn����tOoO�

³£t�¯3u�owy��e�{x3ovm���teuztO��s�o�y�s]yzmp�#tex���mpuv��xn��texWy5���nsiyzs�sixJ�
xnt.y����{uz�´�n� xn�{y£��k3s{xn~{tK [sixJ�±��tOs{ov�nuztO�¤yzknt"s��e�e�nuzs��.�
����m�yvk uztOovqTtO��y*yv�"�#�R��tOs{x3obuz�nx«�{x�yvknt£�ns]y�s��{xJ�.t+�etex��
yvu�si}pm�¨OtO�3 ®six3�b�e�{���$�3xnmp�Os]yzm���x*�.�Wo�y��i� Æ�Ç{Æ �#�R��tCsix3oO�A³¥t
�{�3ovteuz�{tC��knmp~{k�s{�e�e�nu�s{�.�b��}�tCovoAyzk3six ��)¤�i�JqT�{mpxWyzo�qTteu²xn����t
��m�oz�.}�s{ozowm�¯3tO�9�{xIsK��teu�si~{tK 1s{x3���{teuz�b~��W����ov�Osi}�si�nmp}pm�y����²³¥t
��mp�'x3�iy­�{�JowtOuv��t�yzknt5��t.yzkn���'�i�²s{ozowmp~{xnmpxn~��nsiyzs�qT�{mpx�y�olyv�
xn����tOo#���nx3m�����uv��}p����oO��xn�{x��R�nxnm����{uz��}��n ²yv�$kJsK�{t
ovmp~{xnm�¯J�es{xWy
m���q3s���y��{x¡s{�O�.�nu�s{�e�{�$Ñ��]��tO�{teuC�>yvk3t�s�ovovmp~{xn��texWy|��t.yvk3���
��mp�"k3sK��t�s£owmp~{x3m�¯J�OsixWy�m���q3s���y��{x��.�����¢�nxnm��esiyvmp�{x"�e��owyO�
jlknt�x��n�¢�JtOu��{�r����yztOo�uvtC�.tOm���tO��qTteu�xn����t
mpx3�euvtCs{ovtOo®ov}p�]��}��
��m�yzk xntey�����uv��owmp¨et+���{u��nxnm����{uz�!s{ozowmp~{xn��tOx�yC� "�x3����yvknt
�.��owy®mpx3�.uztOs�owtCo²���{uzt­owkJsiuzqn}��¢���{u�xn�{xn�E�nx3m�����uv�¼s{ozowmp~{x3��tOxWy
��si}�yvk3�{�n~�k�owyvmp}�}<siqnqTtOs{uzo�}pm�xntCsiu� ��

³£t$s{}pov���.�{xJ���3��yztO�'te·�qTteuzmp��tOxWyzo�mpxIs�����x3si��m��|tex���m��
uv��xn��texWyO�£³¥t��{�JowtOuv��tO�_��teuz�¥~��W����s��e�e�nuzs��.����}ptOozo¢yvk3s{x
� � � )¹��m�oz�.}�s{ozowm�¯3tO�G��x�sK�{teu�si~�tC ¢��knm���k«uvtO��simpxntO�«owyzs{�n}�t
s{o$yvknt9xnt.y����{uz�¥tO�{��}���tO���R>I�{uzte�]��teuC�A��k3s{xn~{mpxn~'yzknt*yzm���t
qJtOuvmp��� ��u9yzknt��nsiyzsG��mpowyvuzmp�n��yvmp�{x¼��owyzsiyvmp�{x3s{uv�«��oO� x3�{x��
o�y�s]yvmp�{xJsiuz�� $��m��§xn�{y�m���q3s���y�s{�e�e�nu�s{�.�_ovm�~�xnm�¯J�es{x�yz}���� 
 x��
�.uztOs{ovmpxn~£yvknt¥xW�3�$�Tteu*�{��qJtOteu�o[�ô��uz�{� µO¶�¶£yv��µC¶{¶{¶W ���mp�
xn�iy®s{qnqJtCsiu²yz�5s'$>tO�.y®s{�e�e�nu�s{�.�¢owmp~{xnm�¯J�OsixWyv}p�5qnuz�]��mp��mpxn~|te�W�
mp��tOx3�.t|yzk3s]ylyzknt5si}p~{��uvm�yvkn��t.·�knmp�nm�y�o�~{������ov�Osi}�si�nmp}�m�y��{�


 xG�.��x3�.}p�3ovm���x7�²��t*��tetO}�yzk3s]y Æ�Ç{Æ �#�R��tCsix3o¢t.·�knmp�nm�yzo
�{teuz��~{�����¾s��e�e�nuzs��.�«sixJ��m�o'uv���n�3owy�mpx´yvknt¡qnuztOovtex3�et¥�{�
xnt.y����{uz�bsix3���nsiyzs���k3s{xn~{t��
`*h�� Ê Ã�Â � À ÄZ�N� À Ê dOc
³¥t"yvk3s{xn�¤yvk3t��$� 0>� �
s]yvmp�{xJsi} 0��.mptex3�et��3�{�nxJ�ns]yzm���x±���{u
ow�nq3qJ��uwy�yvknuz�{�n~�k¹sK��s{uz� 
 
T0W�R¶ � Ç Inµ.��� s{x3� � "@N­¸®¸ N
sK��s{uz� 
T
T0W� ¶{¶)I � �)�!�3��³¥t9si}�ow��yvkJsixn� �3" 0 ")����u$ow�3qnqJ��uwy
yvknuz�{�n~�kb~{u�sixWy �3"�0 Ç �R��&�µ�� �3� �Am�x3s{}�}p����t�yzk3sixn�b�|�3x 
 mp�7�
0�sixn~�k3si��m�yvu�s:9lsix3�����{q3s���k���sK���3�1�5����s{}%>+si�n}pm��>����sixnm�ovkn�]s
9�kJs{���nuzmE�Ks{x3�:N­s{x5³¥��} $����{uryvkntOm�uA�]si}p�3si�3}�t��.�{xWyzuvmp�n��yzm���x3oe�

� À%<EÀ f À Ê h À c
���������
	���
�������������������������� �!� �#"$�#%&�!'�"$� ()� �*���!(,+-�����#�.�

/ �0	���"213�546�7�8��"293
�93%&%:��9��!%&; "=<>9�?A@B;#"2��%3CD�E�F�*"2GH9�	I�
JLK M>N.OFPAQ�R>STQ�PVUWK R2X#Y �[Z \�C Z^] Z`_Ha
b^b
�cb d^d^bF�

� b`�����.�F"2;^��?2%&93
�
���%feAgBh!9�; ?2;^�F��%i�[�I�#�.�j��k*���*93
�
���%ml-�i�n�F�*"2GH9�	
; oqpr939�"&es?2;#eApr939�"utr��
�9n�Fh.�`"2���*vwgc9�1�h*�!;^
�; v^��93%3� �8h!��?29
k.� kx9�"0�y4L
�931�?2; "2�!��1zg{"$�^�����!v5|}93%&90�#"21$h�~>�*��?z��4L��gB|6~><m���
�6?2h*93�!%�~>�*��GH9�"2%&��?�	�o�;�4y13; �!;^(���13%��#�.�����*%&���*93%&%3�
13��?293%&939�"0� ��%f?0� k!%&�{� 90���x�#� �.�F"2;^��?2%&93
�
���%fe�?2h!9�; ?2;Hd^b#%&��"2GH9�	
� h
?2(�
��
b d^d^bF�

� Z#���B� �!��	
; k.�^��h
	F�3	-�[���F�>��� �*�!93
�
�� / ������� �*
����i~-���^�T�#"2v^�*k*?$�
� ���x�I���5�����[�#�.��lm�`?&?$�)�[� / 
��*%f?29�"2���!v�l���%f?&"2��'*�*?290�zlm�#?$�
�F?&"290�#(�%z���upr939�"&e�?2; eApr939�"54y��GF��"2;^�*(�93�
?2%3�n�$�0� K#R�M�� PV��K �
�x���sQ � ��Q�Y��s� � N!R2Q�Y2Ys� �[b d^d ���

� a ���B�3@6�5�j���y�>��; �!��%��T��� ���`"213���#e��¡;^
����.� � ���c� �!���¡; ?A@6�#�!�
|i� gBh*9¢py"2��139¢; oq£W� 
����*��?A	¤���¥l�	*�!� (���1�<�9�?�@�; "2�F%3�
���n¦ RfK0��Q2Q&§ � �
¨ Y8K � P�©!Q=ªiJc«¬� �#­ «q®L¯ �$� PAQ�R � � PV��K � �^°
JLK �0� Q�R&Q � �$QjK � «j� � � ¨ Q�M)Q � P�K � ¯i� Ps� ��k!� v 93%z±F�`±3_�± b ���
b d^d#a*�

� ±`����;0	!�²�x���c�>h*;^%&hj�i���{py"$�#'!h.�#�^�`"T�����c� �.�²�Fh.� h³l��-�>; %fe
%&��ku�}
�v ; "2��?2h!(�%3C�l�93%&��v^�I�m���!� 
�	�%&��%3���#�.�:��k*k!
���10�#?2��;^�*%3�
���´¦ RfK0�$Q$Q&§ � �F¨ Y³K ���fµLµLµn�$�3� K0�2K M�¶ · ¸ �BGH; 
��!(�9zZ��6k!� v^9�%
�0�H±#Z`_!�0�^�#a*�{b#d^dH±
�

� �#� / 
�9�(�93�
?29�¹*���rl>9�oV�#v^;5º-���c� �!�»���#?2;^�j�����}%f	*�*1�h�"2;^�*;^�!%
pr939�"&e�?2; eApr939�" / ; (�(��*�!��10�#?2��; ��o�; "�t.� ��
��*"29>|�93%&��
���93�
?}l���%fe
?&"2��'*�*?290���>93�*9�?2��1q��
�v^;#"2��?2h*(�%3�D����¦ RfK0�$Q$Q&§ � �F¨ YqK � P�©*Q
¼ ¸ P�© � ª��c½ µ ¯ �$� PAQ�R � � PV��K � �^°jJLK �3� Q�R2Q � �$Q¾K �n¦ �#R&�^°¿°�Q�°
� � §j¯m��Y$PVR$��À�OFPAQ&§uJLK M�N.OFPV� �F¨ � � §��!Á#Y2PAQ�M�Y�� ¦ ¯�J �B¶ · Â3� �
k.� v 93%�Ã � ]`_�Ã Ã ZF�{b d^d Z��

� Ã`��l�h!��
�
�;^�)���F�#�.�)�¡;F��h.�Tl��y�Älm�`?$�#es13
��!%f?29�"2���*v��}
�v ; "2��?2h!(
;^��l���%f?&"2��'!��?290�q�¡93(�; "&	��¡�!
�?2��k*"2;
139�%&%&; "2%3���A�Å¦ RfK0�$Q$Q&§^Æ
� �F¨ Y¡K � P�©!QzÇ�¯>¯5¶ ÈHÈ�É¡K R&X#Yf©*K�N¾K �´Ê � ¨ © ¦ Q�R � K R$M�� � �$Q
Ç � K UË°�Q&§ ¨ Q>¯m�¿Y��2K Ì Q�R$Á �!k.�#v^93%>b#aH±0_�b#�^dF� �0]^] ]��

� \#��4L��%&93�*h.�#"$�F?Ë�j���!�¡�!
�
�9�"6�����*� �!� � 93�*"2��1$h��i� / 
�� %&%&��oÍ	*���*v
l�;
13�!(�9��F?2%I'
	ml���%f?&"2��'!��?290�Tp�b#p / 
��*%f?29�"2���!v*�r���-¦ RfK0�$Q$Q&§^Æ
� �F¨ YËK ���$�3� K R$M�� PV��XmÎ�·H·#Â^Ï ­W�yÐ Q&��PVOFR2QËSmK PAQ�Y6� ���$�0� K R�M�� P�Æ
����Y2ÏrÑ[R&� � X � K R$PVÏ ­ Q�R$M�� � Á �xk.�#v^93%�b \ �`_Fb ]�� �{b d d^Z��

� ]#��t!; "2()�#�¡�-�*�#�.�zÒ[h!� �!v-���yl���%f?&"2��'!��?290�)lm�#?$� / 
��!%f?29�"2���!v
/ � �Ä�W954yÓ�13��93�
?�� �.�Å4 Ô!�#1�?0� � �#­ Ç�¯�¯ µLÕ Nx°�K R&�#PV��K � Y �
b��sb^��C Z#a#_FZ \��Ib#d^d d��

���0d#�)��"29393�
@6�#
Í���j� � �.�T�mh.�#�!�!�>�x� pr;0@B9�"&e / ; ��G^9�"2GF���*v / ; (�e
k!�*?$�`?2��;^��; oLÖ�"$��9�"&e��F?$�#?2��%f?2��13%}Ö>GH9�"���93�*%&; "Ë<>9�?�@B;#"2�F%3�y���
¦ RfK0��Q2Q&§ � �
¨ YiK ��¦ ®W¯��B¶ ·�× ��k.� v 93%>b^Ã^±3_�b#\H±F�[b d^d#a*�

���^��� � � ��¹��)� �!���T�#(�'x9�"Ä�j� ¯i� Ps��«³� � � �F¨
Ø JLK � �$QAN.PVY
� � §Ù½[Q&�$© � ��Ú�O!Q�Y �Û�¡;#"2vH�#�Ü�T�#�*o�()� �Ùpy�!'*
���%&h*9�"2%3�)��� �
t*"$� �*13��%&13;*� / �i�.b d^dF�^�

���`b`���T�#"2v^�*k*?$� � �I�#�.�²����G � �F�!()�`"����i4 Ô*��%f?293�
?2��� 
Lpy
�90� %&��"293%
; oTl���%f?&"2��'!��?290�=lm�`?$�q�¡���*���!v*����� ¯T� Ps��«5� � � �
¨
Ø STQ Õ P
­ Q � Q�Rf� PV��K � Jc©*�^°�°�Q �F¨ Q�Y6� � §}ÑIOFPVOFR2QB¯��¿R2Q&��PV��K � Y2Ï Q&§ ��PAQ2§iÀ�Á
ÊiÝ Çi� R ¨ O`N.Ps� ÏËª Ý�Þ K#Y&©
�¿ÏBÇ Ý �!�¿Ì#�0X#O�M�� R$Ï>� � §´ß Ý ßxQ�Yf©*� Ï
« � ½xà�ª}ª�ª �6¦ R&Q�Y$Y �!k.� v 93%�Z`_�b#���xb d^d#a*�

���0Z#���m93(�kx9-l-���Il�; '*"$�z�i���r�#�.�j�>93h*"2�^9�¹*� / ;^(�k*�*?2���!vz��v#e
v "293v^�#?29��A�*o�; "2()�#?2��; �i�*%&���!v>�>;^%&%&��k{� �A�i¦ RfK0�$Q$Q&§ � �F¨ YËK � P�©*Q
×H×*P�© �fµLµLµ �*Á M�N�K Y2�¿OFMáK � Ñ{K O � §H� PV�VK � Y»K � JLK M>N.OFPAQ�R
�x���sQ � ��Q���ÑcK*J �H� �!k.� v 93%}aH\Hb3_
a^]��^�[b d^d Z��

���3a ���m;`@B� 
�13��	��Å������¹^9�
Í�#%&��?�	u�j���>� �.�84y��'x93�:�i�Ùgc;0@6�#"$��%
lm�#?$�z�¡���!���!v����»�{�#"2v^9�� �.�²t!�*
�
�	5l>��%f?&"2��'*�*?290�³pr939�"&eAgc;#e



pr9�9�"iÖ>GH9�"2
��3	�<�9�?�@�; "2�F%3�m�A�»¦ R&K0�$Q2Q&§ � �
¨ Y�K ��� S�ª � JT¶ · Â �
k!� v 93%�b d^Z0_�b
�0d��{b#d^d Z��

���0±`����"2��GF��?2%&�F�Il-���.��1$hF�!%f?29�"}�T���.�#�.���»;^
��²|i�L���{;
10�#
rt.�#13��
�e
��?A	»�I;
10�#?2��; �q��
�v^;#"2��?2h*(¥o¿;#"��F93�!%&;#"-<�9�?�@�; "2�F%3�)����¦ RfK^Æ
�$Q2Q&§ � �
¨ Y}K � P�©!Q �$� PAQ�R � � PV��K � �^°cJLK �3� Q�R2Q � ��Q�K � ¯m�¿Y2PVR$��À�OFPAQ2§
JLK#M>N.OFPV� �
¨ � � �xQ � Y�K R5�*Á Y2PAQ�M�Y��¿¯�J6®B�!�^� �Wk.�#v^93%zZ^� \`_
Z^Ã^±
�[b d dH±
�

���3�#�)�{� (�kx;#"&?6�L�LgB��(�9^� / 
�;
1$��%3�!� �!�)?2h*9mÖ�"$��9�"2���!vi; o 4yGH93�
?2%
���i�Ël���%f?&"2��'*�*?290�i�
	*%f?29�(�� JLK#M�M�O � ���2� PV��K � YBK � P�©*Q�ªiJc« �
b
�H�sÃ ��C ± ± \0_�± �^±F�y�0]^Ã \F�

���0Ã`���¡�*
�
�9�"������B4y��%&93�!h!�#"$�F?��j���6� �!� � 93��"2��1$hÅ�i��4yÓ�1���9��F?
/ ; �
?293�
?&e���� %&90�jp�b#pu�A()� v^9�|�9�?&"2��93G � 
 ~�%&���!v�pr9�9�" / ;^�*e
?29��F?�l�93%&1�"2��k*?2��; �!%3�-���»¦ RfK0��Q2Q&§ � �
¨ Y�K �T�$� PAQ�R � Q�P � M�� ¨ � �F¨
� �*k.� v 93%�±^Ã3_F�^\F�Ib d d a��

���3\#���»;^
���|T�[�#�.�²��1$hF�!%f?29�"��i�m�}%&%&;
13���#?2��;^�j|��*
�9��¡���!���!v����
pr9�9�"&e�?2; eApr939�"B�F	�%f?293(�%3� �fµWµLµ ½!R&� � Y��H��PV��K � Y�K � �*Á Y2PAQ�M�Y2Ï
«²� � � � §:J ÁHÀ$Q�R � Q�PV����Y2Ï ¦ � R$P �Ë�6Z a!���^��C b#a
b#�`_Fb#aHZ \��il�9�e
1�93(�'x9�"Ëb d^d#a*�


