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discarded unless there is some sort of capture [Pah95].  
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are not in CD(n6,n3).  

n3

n1

n2 

n7

n4

n5 n6

O1: o(n4~n2, n2~n1)  

O2: o(n5~n2, n2~n1) 

O3: o(n6~n3, n3~n1) 

O4: o(n7~n3, n3~n1) 

A2: a(n4~n2, n7~n3)

A3: a(n4~n2, n3~n1)

A4: a(n5~n2, n6~n3)

A5: a(n5~n2, n7~n3)

A6: a(n5~n2, n3~n1)

A7: a(n6~n3, n2~n1)

A8: a(n7~n3, n2~n1)

Initial DTA  
specification: 

�Cpr���6��q���½ µ ��qe���#{���qeq�¹�h�»#prh�pr{�pr¹�v�wyt���lUzOqenep¢�Ane¹�{�prj�h
»W¹�ná�,j�zOqe��¹�{�prj�h
j�i8{���q&prh�pr{�pr¹�vd��zAqcnep¢�Ane¹�{�prj�h��¿»�q��Ah�qe�

¹¾��pr~mz�vrq#{���¹�h���~mpr����p�j�h¾��ná�6qe»���vrq
nej�h���pr��{�prh��¾j�iI{?·Nj
qcv Àqe~&qehU{�¹����¾{���¹�h6��~mpr����prj�h��c|�t'��q½w8tW� prh3{���jU»���ncqe�#¹
��qe{jKi'{���¹�h�� ikj���~m¹�{�prj�h4����vrqe�Â{���¹�{�ne¹�h
�Oqm�6��qe»,{�j4��qeh�qe��¹�{�q~mj���qynej�~&z�vrqeºm��ná�6qe»���vrqe�yik��j�~�{���q�prh�pr{�pr¹�v���zAqcnep¢�Ane¹�{�prj�h�|
�Cpr������q1¨�����jK·'�Nqcº3¹�~mz�vrqe�MjKi�wytW��{���¹�h�� ikj���~m¹�{�prj�hÂ����vrqe�
*Â�ÆÀ�*��U�A¹�h�»4prvrvr����{���¹�{�qe����jK·�{��6qe��qÂ����vrqe��¹�z�z�vr�#{�jK·_¹���»6�
��qch�qe��¹�{�prh��&~mj���q�nej�~&z�vrqeº¿��nÆ��qe»6��vrqe���1Éo�+�Â�`�¿¹�h�»��I���
ik��j�~ {���q8prh�pr{�p�¹�vU��zOqenep¢�Ane¹�{�prj�h¿prh\�Cpr������q8�U|��1Éy��nÆ��qe»6��vrqe�



Example DTA  transformation rules: 

R1: o(A,B) , o(B,A) 
R2: a(A,B) = a(B,A) 
R3: c(A,B) = c(A,B) 
R4: a(A,B) & a(A,C) = a(A, c (B,C) ) 
R5: c( A, c(B,C)) & o(A,B) = c( o(A,B), C ) 
R6: c( c(B,C), A) & o(B,A) & o(C,A) = o(c(B,C), A) 

Example of DTA transformations: 

A1,A2,R4 imply:  
A9: a( n4-n2,  c(n6~n3, n7~n3) ); 

A3, A9, R4 imply: 
A10: a( n4-n2,  c(c(n6~n3, n7~n3), n3~n1)); 

A10,O3,O4,R6 imply: 
A11: a( n4-n2,  o(c(n6~n3, n7~n3), n3~n1)); 

�Cp�������qZ¨ ½5»WºU¹�~mz6v�qyjKidw8tW��{���¹�h�� ikj���~m¹�{�prj�h��

schedule cost 

ni~nj Tp(ni)+Ttx(ni~nj)+Tp(nj)

o(A,B) cost(A)+cost(B) 

a(A,B) max(cost(A),cost(B)) 

c(A,B) cost(A)+cost(B) – Tf 
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Figure 5 represents valid moves between DTA schedules.  

M1. Choice commutativity     c(X,Y) :  c(Y,X) 
M2. Overlap commutativity   a(X,Y) :  a(Y,X) 
M3. Choice associativity        c(c(X,Y),Z) :  c(X,c(Y,Z)) 
M4. Overlap associativity      a(a(X,Y),Z) :  a(X,a(Y,Z)) 
M5. Order associativity          o(o(X,Y),Z) :  o(X,o(Y,Z)) 
M6. A/C exchange                  a(X,c(Y,Z)) ;  c(a(X,Y),Z) 
M7. Left A/O exchange          a(X,o(Y,Z)) ;  o(a(X,Y),Z) 
M8. Right A/O exchange        a(X,o(Z,Y)) ;  o(Z, a(X,Y) 
M9. C/A exchange                  c(a(X,Y),Z) ;  a(X,c(Y,Z)),  

       provided any(X,Z) holds 
M10. Left O/A exchange          o(a(X,Y),Z) ;  a(X,o(Y,Z)),  
                                                               provided any(X,Z) holds
M11. Right O/A Exchange       o(Z, a(X,Y) ;  a(X,o(Z,Y)),  
                                                           provided any(X,Z) holds

Figure 5: Valid moves between DTA Schedules �Cp�������q�� ½=<d¹�vrp�»&~mjK��qe�d�Oqe{?·Nqcqeh wytW��lUnÆ��qe»���vrqe�
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Procedure II () { 
minS = Sser ; 
   while (not stopping_condition) do { 
      S = random DTA schedule 
      while (local_minimum(S)) do { 
        S’ = random DTA schedule  
                in neighbors(S) 
        if cost(S’) < cost(S)  then  S=S’ 
      } 
      if cost(S) < cost(minS)  then  minS=S 
   } 
return(minS)   
}

    Explanation of variables and parameters:
minS – current DTA schedule with  
            minimal cost; 
Sser – random serial DTA schedule; 
S – random initial DTA schedule; 
neighbors(S) – a set of schedules that can be  
                        generated from S via one valid  
                        move; 
stopping_condition – number of considered  
                                     initial schedules; 
local_minimum(S) – a number of neighbors of 
S to be tested, of which none has lower cost 
than S. If the test is successful, S is considered 
to be a local minimum 
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n2
n3 

n5

Initial DTA Specification: 

O1: o(n4~n2, n2~n1)  

O2: o(n3~n2, n2~n1) 

A1: a(n4~n2, n5~n3) 

(b)

Initial DTA Specification: 

O1: o(n4~n2, n2~n1)  

O2: o(n3~n2, n2~n1) 
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�Oqe{?·Nqcqeh¶zOjK·_qe�e�
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l m ±�²on�³W°�Õpn5±rq¶³C±�³	²�Ò�®rscÒ�² Ù ÛI­ Õ Ôe±�²BÖ
×:´BØe±QÓ8Ô�²?Õ Ñ ®

g?h�j���»6qe�¶{�j¯����z�zOj���{¶wytW� ÁU��qc������nÆ��qe»��6v�prh��¯{���q
j�zUÀ
{�pr~&p�Ãcqe�¿����j���vr»���qcv��¯��zOj�h���pr���6v��,¹K�K¹�prvr¹���vrq¿¹�h�»�¹�ncne�UÀ��¹�{�qyÁ3�6qe���&��{�¹�{�pr��{�prne�N¹�h�»mj�{���qc�N��qevrqe�K¹�hU{_h�qe{?·_j���¸¿~&qe{�¹�À»�¹�{�¹¾prh�ncv��6»�prh��
ne������qehU{4h�qc{?·Nj���¸¯{�j�zAj�v�j������'z���jUneqe����prh��
¹�h6»I{���¹�h6��~mpr����prj�h�»�qevr¹K�U�e��nej�vrvrpr��prj�h�»6j�~m¹�prh���¹�h�»5ne������qehU{»�pr��{���pr����{�prj�h½jKiNz���qÆÀ?¹�������qe��¹�{�qe»
¹�h�»½~m¹�{�qe��pr¹�vrprÃeqe»4»�¹�{�¹6|lU��nÆ�ÂÁU��qe������{�¹�{�pr��{�prne�W¹�h�»�h�qe{?·_j���¸�~mqc{�¹KÀ?»�¹�{�¹_����j���vr»��Aq
��{�j���qe»¿prhI¹���pr���6v���¹K�K¹�p�vr¹���vrq�»6p���{���p��6��{�qe»¿��qezOj���pr{�j����5·'p�{���K¹����Up�h6�½ik��qe����h�qe���e�Âz���qencp���prj�h�¹�h�»�¹K�K¹�prv�¹���prvrp�{?�½��qcÁ3�6p���qÆÀ~mqch3{��e|Fwyqe��pr��h¾¹�h�»¾pr~&z�vrqe~mqehU{�¹�{�pËj�h4j�iZ����nÆ�F¹½��qczAj��?À
pr{�j����¯{�j���qe{���qe�#·'pr{���¹�h�¹�z�z6��j�z6��pr¹�{�q4��pr��h6¹�vrprh��¶���U��{�qc~pr��¹
ncj�h���p�»6qe��¹���vrq¿ná�6¹�vrvrqeh���q�|�g?h½{��6p�����qene{�prj�h
·Nq¿��qezAj���{j��6�Ij�hUÀb��j�prh��4��qe��qc¹���nÆ��j�h¾»�qc��pr��h�prh��½¹· oÚRØ��R×KÜeß<�RÚ4ÝÆ×q�E×KÛ
Ö§�ÆÙ&Ü
�KÜ��kÚ{� ¹GtÒ¶d×L��º�{��6¹�{�pr~mz�vrqe~¿qehU{��'����nÆ�½¹
~&qe{�¹�Àb»6¹�{�¹��qczAj���pr{�j�����|
Ä
q'¹���q'nej�h6��pr»�qe��p�h6��{�����qeq���¹���prn'ne¹�{�¹�vrj���pr~mz�vrqe~&qehU{�¹�À{�prj�h¿¹�vr{�qe��h�¹�{�pr��qe�n½:È��`Ê'ÝÆÚ{�B�kØ�×KÖrß3¡RÚ8¦5ÜeÝ8£6Ú��ÂÚc�3·'��qc��q8¹�vrv�{���q��{�¹�{�p���{�prne�_~mqe{�¹�»�¹�{�¹�pr�d~m¹�prh3{�¹�prh�qe»�prh¿¹�neqch3{���¹�vAh�jU»�qy¹�nÆÀ

neqe����pr��vrq�{�����j������m¹Â��¹���q8��{�¹�{�prj�h¶ÈE��Êe¦�ßrÜ��EØeß�u{¥��kÚ
¦5ÜÎÝ
£�Ú{�ÂÚe�·'��qe��q#qe¹�nÆ�¯h�jU»�q#~m¹�p�hU{�¹�prh���pr{��ÂjK·'h¾~mqc{�¹�»6¹�{�¹���{�¹�{�pr�?À{�prne�c��¹�h�»
È¿¨�ÊJ£ �vu`Øeß:¦¿ÜeÝ8£6Ú��ÂÚc�\·'�6qe��qÂ��j�~mq8��qeh���j���h�jU»�qe�
~m¹�prh3{�¹�prh�{���qepr�NjK·'h¿��{�¹�{�pr��{�p�nc�'¹�h�»&��j���{N��{�¹�{�pr��{�prne�_¹��Oj��6{j�{���qe�yh�jU»�qe�'¹�h6»
�����UÀ?h�qe{?·_j���¸3�c|
wÒúv��x�øC�7y��{z�ú�ù�|L����úv}�ú7~½g?h
¹4neqch3{���¹�v�prÃeqc»¾��nÆ��qc~mqK�W{���q��jUj�{�h�jU»�q¿pr��¹4��¹���q&��{�¹�{�prj�h¯È<ö'l�Ê5·'pr{��
¹4vr¹�����qÂ����j�¹�»UÀne¹���{�¹���qe¹#¹�h6»¶��h6v�pr~&p�{�qe»4zOjK·Nqc�Z����z�z�vr�4��prh�neq¿pr{�p���z���qÆÀ
���6~m¹��6v���¹`�AºUqe»¯h�jU»�q#¹�h�»¾vrjUne¹�{�qe»¾prh,¹�h¾j�z�zOj���{���h�pr�?À{�prnÂvrj3nc¹�{�prj�h�|It'��qcö'l½~m¹�prhU{�¹�prh��'{���qÂ��{�¹�{�p���{�prne��j�h¶z6��jKÀneqe����prh���¹�h�»�{���¹�h6��~mpr����prj�h¯»�qevr¹K�U�e��{��6q¶h�qc{?·Nj���¸�{�j�zOj�vËÀ
j������'¹�h�»�nej�v�vrpr��prj�hF»6j�~m¹�prh��e| t'�6q4���Uh�nÆ����j�h�prÃe¹�{�prj�h�jKi{��6qmz�¹���{�prneprz�¹�{�prh��4h6j3»6qe�Inc¹�h¾�Oqmqc¹���prvr�½¹�nÆ��prqe��qc»��d��prh�neqqe��qe���½h�jU»�q¿vrpr��{�qch���{�j#{���q¿��¹�~mqZö'lO|Wt'��qÃö:l�zOqe�?ikj���~&�
ÁU��qe���F��nÆ��qe»���vrprh��,����prh��¾wytW� ¹�h�»¯����j�¹�»�ne¹���{��&{���q4��qÆÀ���6v�{�prh��
��nÆ��qe»6��vrq¶{�j¾qe��qe���¯h�jU»�q4prh¯{��6q¶h�qc{?·Nj���¸O|Ó��j��{��6p��&z�����zAj���qK�8j���{?À?jKi���¹�h�»¯��pr��h6¹�vrprh��¶j��mzOqe��prjU»�prn4�Oqe¹KÀ
nej�h��Nnc¹�h¿�Oq8qe~&z�vrjK��qe»�|(Áyj�{�qy{���¹�{d��qch���j��Nh�jU»�qc�Nh�qcqe»m{�jj�h6v��y��qencqepr��q_{���pr��prhUikj���~m¹�{�prj�h��á���6{Qh�qeqc»Ih�j�{�{���¹�h���~mpr{�prhUÀ
ikj���~m¹�{�prj�hÂ»�pr��qcne{�vr�m{�jI{���qÒö:l&¹��N{���pr�'~m¹K����qeÁU��pr��q�vr¹�����q
{���¹�h���~mpr{_zAjK·_qe���'¹�h�»#prh�ne���'vr¹�����q�qeh�qc�����&nej�h6����~&z�{�prj�h�|
�
�p�Mx�øv�����"x
ú�ùk|L����úv}�ú7~&g?h¶{���pr����nÆ��qe~&qK�Qqe¹�ná�
·'pr��qevrqe���
h�jU»�q¿~&¹�prhU{�¹�prh��'��{�¹�{�pr��{�p�nc��~mqe{�¹KÀ?»�¹�{�¹¿¹��Oj���{�pr{���qevËi�|¿Ä
qnej�h���pr»�qe��j�h�vr�
vrjUne¹�vQ��qch���j���z���jUneqc����prh��#{�p�~&qe�IÈàt'zAÊÆ��¹�h�»{��6q'{���¹�h���~&pr����prj�hZ{�pr~mqd{�jZ¹yz�¹���qehU{dh�jU»�q�È t'{�ºoÊÎ|��¯ÁU��qe���
ne¹�h
�Oq������6~mpr{�{�qe»¿¹�{'¹Â��jUj�{_h�jU»�q�jKiW¹I��j���{�prh���{���qeq�¹�h�»{��6qeh�pr{Inc¹�h�z���j�z�¹���¹�{�q#»�jK·'h¾{���q4{���qeq4{�j
qe��qc���¯h�jU»�qK|
�'iE{�qe����qcneqepr�Up�h6�m¹¿ÁU��qe������qe¹�ná��ná�6p�vr»4h6j3»6q�prh4{���q5v�jK·_qe��{
vrqe��qcv�z6��jK�Upr»�qe�8pr{��8��{�¹�{�p���{�prne�c�\pE|âqK|r�Az6��jUneqe����prh��#¹�h�»�{���¹�h��?À~mpr����prj�h�{�pr~mqe�'È »6qevr¹K�3�ÆÊW{�j5{���qepr�dz6¹���qch3{yÈ¿�Cpr������qJµyÀQ{�j�zAÊÆ|t'��qeh��Q{���qÂz�¹���qehU{�h�jU»�qÂzAqe� ikj���~m�yÁ3�6qe���½��nÆ��qe»6��vrp�h6�¿ikj��qe¹�ná�
nÆ��prvr»
h�jU»�q¿����prh��#{���q#w8tW�¼prh¶j���»�qc�I{�j
~&prh�pr~mp Ãcq
nej�v�vrpr��prj�h��W¹�h�»&{���qy¹�ne{�p���q'{�pr~mq_iEj��d{���q8z�¹���qehU{P� �_��qcneqepr��qe�c|t'��qÂz�¹���qehU{�h�jU»�qÂ��qe{�����h6�I{���pr�Z��nÆ��qe»���vrq¿{�j
pr{��ZnÆ��prvr»���qeh
È¿�Cpr���6��q1µZÀ��Oj�{�{�j�~
ÊÆ|C�'ik{�qe�N��nÆ��qe»���vrprh��Âpr{��_ná�6p�vr»���qeh��U{���q
z�¹���qehU{mh6j3»6q4qe��{�pr~m¹�{�qe�¿¹�h6»F��qeh�»��#pr{��&jK·'h¯z���jUneqe����prh��

¹�h6»4{���¹�h���~mpr����p�j�h4»�qevr¹K�#prhUikj���~m¹�{�prj�h&{�j&¹�h½��z�zOqe��v�qc��qevz�¹���qehU{Wh�jU»�qK|Wt'��qeh�{���q_��¹�~&qWz���jUneqe���dz���j�z�¹���¹�{�qe�Q�6z�{���q��j���{�prh��Â{���qeq���hU{�p�vOpr{N��qe¹�nÆ��qc�8{��6q���jUj�{_h�jU»�qK|dt'�6qZ¹��AjK��q
z���j3ncqe����nc¹�h½�K¹����#»�qczAqeh6»�prh��#j�h4¹�ne{���¹�vWÁ3�6qe���4¹�h�»½h�qe{?À·_j���¸,��{�¹�{�pr��{�prne�e|Ï��j��Iqcº3¹�~mz�vrqK�_{���q�{���¹�h���~&pr����prj�h
{�pr~mqjKi'{��6q¿v�¹�{�qe��{�h�jU»�q¿ne¹�h
�Oqc�AºUqe»
¹�h�»¶{���¹�h���~&p�����prj�h6�'ikj��
{��6q8��qc~m¹�prh�prh���h�jU»�qc�'����j���vr»m�Oq8��nÆ��qc»���vrqe»#¹���qc¹�»mj�iQ{���qvr¹�{�qe��{'h�jU»�q�|

C1

delay information

Ttx1

Ttx2

Ttx3

C2

C3

Tp1

Tp2

Tp3
C1 C2 C3

P

time
(8.1)  Delay information from child nodes 
( ( delay info to upper node

schedule

P

C1 C2 C3

C1

time

Ttx1

Ttx2

Ttx3

C2

C3

Sleep

Sleep

Process TransmitP

(8.2) Scheduling information from parent to child nodes

Sleep

delay information

Figure 8: Distributed Query Scheduling �Cpr���6��qZµ�½dwyp���{���p��6��{�qe» µ �6qe���#lUnÆ��qe»���vrprh��
���+�Løv�$ù�|L����ú�}Àú7~ �yh�»�qe�¯{��6q��U�3�6��pr»¼��nÆ��qe~&qK�
qc��À
qe���¶h�jU»�q¿prh½{���q¿��qeh���j��Âh�qe{?·_j���¸�p��5¹�����jUnepr¹�{�qc»
·'p�{��¶pr{��jK·'h¾��{�¹�{�pr��{�p�nc�¿~mqe{�¹�»�¹�{�¹��W¹�h6»F��j�~&q¿jKiZ{���q#h�jU»�qe�¿ne¹�h¹�»6»�pr{�prj�h�¹�vrv�����j���{I��{�¹�{�pr��{�prne�¿~&qe{�¹�Àb»6¹�{�¹,È zOqe����¹�z��¿~mj���q
���6~m~m¹���prÃeqe»OÊÂ¹��Oj���{#¹¯�����6h�qe{4j�i�»�qc�3prneqc�4prh�{���qcp���v�j�Àne¹�vZ~&qe{�¹�Àb»6¹�{�¹
��qezOj���pr{�j�����|ÂÑ8�U����pr» �d}_¹�{mpr~mz6v�qc~mqehU{��¹�»6¹�z�{�p���q�»�pr��{���pr����{�prj�h#����¹�hU��vr¹���p�{?�&{���¹�{�~mprh�pr~¿p Ãeqc�'nej�hUÀ
{���j�v�¹�h�»m~&qe{�¹�Àb»�¹�{�¹�{���¹��mnK��¹��N·_qevrv�¹��_qeh�qc�����&nej�h6����~&zUÀ{�prj�h
·'��prv�qÂz���jK�3pr»�prh��#neqc��{�¹�prh¾vrqe��qcvNj�i8~mqe{�¹KÀ?»�¹�{�¹m¹�ncne�UÀ��¹�ne�½¹�h�»½ik��qe���6h�qe���c|¶g?{�nc¹�h
�Oqm{��6h�qe»½ikj���qepr{���qc��~m¹�º3pËÀ
~¿��~�vrjUj�¸U��z#j��8��zO»�¹�{�qIzOqe� ikj���~m¹�h6neq�¹�h6»4vrqe��qevr�yp�h#�OqÆÀ{?·_qeqeh�| g?h�{���pr�#·N¹K���d}_¹�{4pr�mpr~mz6v�qc~mqehU{�prh��½»�pËÍ�qe��qehU{{���¹�»�qcjKÍ��8�Oqe{?·Nqcqeh¶»6¹�{�¹¿¹K�K¹�prv�¹���prvrp {?���Kik��qc����h�qc����¹�h�»#z���qÆÀ
nepr��prj�h��d��¹�h���prh��#iE��j�~�z��6��qevr�
»�pr��{���pr����{�qe»¯��nÆ��qe~&qe�Â{�j½¹z�����qevr�mneqch3{���¹�v�prÃeqc»4��nÆ��qe~&qK|
� �
�c� ±�²�Õ��ò± Ñ ±�°
³ Ñ Ó ­ Ñ ³	²!Ö8°�Õ�°
g?h#{���pr�'��qene{�prj�h��A·_q�»�pr��ne�����8{���qe�A����{8��qc����vr{��yjKiW{���q�qc�K¹�vËÀ��¹�{�prj�h
j�i8j����5ik��¹�~mqe·_j���¸O|��Qpr����{e�_·Nq¿����jK·�{���q#zAj�{�qehUÀ
{�pr¹�vNzOqe�?iEj���~&¹�h�ncq¿��¹�prh��5jKiZwytW����nÆ��qe»6��vrqe�e|¾t'�6qe��q#¹���q
��qch�qe��¹�{�qe»
�U�#¹m�6¹���prn¿wyt�����nÆ��qe»���vrqe�5{���¹�{Zqch3�6~mqe��¹�{�qc�¹�vrv�zOj�����pr��vrq8��nÆ��qe»���vrqe�'qcº3�6¹�����{�pr��qevr��|�loqenej�h6»�����pr��qch¿{���¹�{
���6ná��¹FwytW� ��nÆ��qc»���vrqe�#»�jUqe�#h�j�{&��ne¹�vrqK�Z·_q4qe�K¹�vr��¹�{�qe»{��6q¿zAqe� ikj���~m¹�h�neqÂjKi'¹�h½g?{�qe��¹�{�pr��q¿g?~mz���jK��qe~&qehU{�È g�g�Êx¹�vËÀ��j���pr{��6~¯ikj��QwytW�
��nÆ��qc»���vrprh��8{���¹�{�pr��ne¹�z�¹���vrqWjKi���¹�h�»�vrprh��
vr¹�����q'ÁU��qe���m{���qeqe�c|ó�Cprh�¹�vrvr���K·_q8nej�~mz�¹���qe»mwytW����ná�6qe»���vËÀprh��¿·'pr{���µ����o| ���ZÉ �8}�p�h#j���»�qe��{�jmz���{yj����y��qe����vr{���prh#¹
�Oqe{�{�qe�8zOqe����zAqcne{�pr��q�|
�ÞÝ<ß �Zï[4�á[�(é¿ë�äQëoTJâ54}ï`àÇã?ì ç5154�ï76"8�í�ïBç�Ý
g?h4j���»�qe��{�jmqe�K¹�v��6¹�{�q�j����8¹�z�z���j�¹�nÆ����·_q�pr~mz�vrqe~&qehU{�qe»&¹
��¹���prn�w8tW����nÆ��qe»���vrqe�yprhm�8��pr{?�
�W��j�vrj��6|}Ñyqe��qK�O·Nq���qezAj���{



j�h
{���qm�Oqe��¹K�Uprj��5jKi'{���q#w8tW�¼��nÆ��qc»���vrqe�Âikj���¹4~mqc»�pr��~nej�~mz�vrqeºUpr{?��ÁU��qe���m{���qeq�prh3��j�vr�Uprh���{�qeh&��qeh���j��'h�jU»�qc�'·'p�{��jK��qc��vr¹�z�z6p�h6�
ncj�vrvrp���prj�h4»�j�~m¹�p�h6�e|m�W��jUneqc����prh��½¹�h6»
{���¹�h��?À
~mpr����prj�h�nej���{��M·Nqe��qN��qeh�qe��¹�{�qe»¿��¹�h�»�j�~&vr�8����p�h6�vÎx¹�������pr¹�h»�pr��{���pr����{�prj�h��c|
t'��q'��¹���prn8wytW�F��nÆ��qe»���vrqe�'��qeh�qe��¹�{�qe»m��ná�6qe»���vrqe�'��{�¹���q�U�¾��{�¹���q#��{�¹���{�p�h6�½ik��j�~ prh�pr{�pr¹�v_��nÆ��qe»6��vrqe�m·'pr{��¯{?·_j¶qcv À

qe~&qehU{�¹����
{���¹�h���~mpr����p�j�h��#È ��{�¹���q¾�`ÊÎ|�lU{�¹���q4�U�2¨½¹�h�»]©��qcz���qe��qehU{m��ná�6qe»���vrqe�¿·'pr{���¨o�}©�¹�h�»¯�#��nÆ��qe»6��vrqe»¯{���¹�h��?À~mpr����prj�h��c|QlU{�¹���q'�'prh�nevr��»�qc��ncj�~mz6v�qc{�qd��ná�6qe»���vrqe�dncjK��qe��p�h6�
¹�vrv�qevrqe~&qehU{�¹����¿{���¹�h���~mpr����prj�h��_jKiW{���q�ÁU��qc���m{���qeq�|

0

1000

2000

3000
4000

5000

6000

7000

8000

1 2 3 4 5

Scheduling Stage

T
im

e 
C

o
st

 (
ti

ck
s)

Avg Cost
Avg Serial Cost

�Cpr������q\É�½�}_j�~mz6¹���pr��j�h4j�i wytW� ��ná�6qe»���vrprh��4·'pr{��½��qc��pr¹�v
��nÆ��qc»���vrprh��

�Cpr������qÈÉ½����jK·'�m{���q4¹K��qe��¹���q#ÁU��qe���¯qeºUqenc��{�prj�h {�pr~mq
ikj��'»�pËÍ\qe��qehU{���nÆ��qe»��6v�prh��&��{�¹���qc�e|�Ä
qZncj�~mz6¹���q�{���q�wytW���nÆ��qc»���vrprh��4·'pr{��½¹½ÜÎÚRØeß ×�ÖdÜeÝ8£6Ú
¦q¥�Ö�ß<��Ù4Ü��EØ�×L�kÚ?Ù-�I{��6¹�{�zAqc�?Àikj���~m�Mqevrqe~mqehU{�¹����Â{���¹�h���~mpr����prj�h��_��qeÁU��qch3{�pr¹�vrvr��|N��j��dqe¹�ná�
��nÆ��qc»���vrprh��I��{�¹���q8·_q8��qezOj���{'{���q�¹K��qe��¹���q8qeºUqene�6{�prj�h&{�pr~mqjKi_¹�vrvQpr{��y��nÆ��qe»6��vrqe�e|�Ä
q�j�����qc����qÂ{��6¹�{�¹�{yqe¹�nÆ�4��ná�6qe»���vËÀprh��4��{�¹���qK�'{���q#¹�z�z���j�¹�nÆ�¾{���¹�{Â����qe�mwyt�� nej�h���pr»�qe��¹���vr�j��6{�zOqe�?ikj���~&�N��qe��pr¹�vC��nÆ��qe»6��vrp�h6��|
�Cpr������qm�`� ��qezOj���{���j�h4{���qÂ¹K��qc��¹���q��Oqeh�q
�A{5{���¹�{8qe¹�ná�

��nÆ��qc»���vrprh�����{�¹���qe�M��¹�prh���ik��j�~�nej�h6ne������qehU{d{���¹�h���~mpr����prj�h��c|g?hU{���pr{�p���qevr���_{���q#�Oqeh�q
�O{
pr�¿z�¹���{&jKiZ{���q4{�p�~&qmnej���{&{���¹�{{��6q�wytW� ��ná�6qe»���vrqe�Âpr�8¹��6v�qÂ{�j�ËÎ��pr»�q�Ím��nÆ��qe»���vrprh��#��j�~mq
{���¹�h���~mpr����prj�h��'nej�h�ne������qehU{�v���|�t'��qI�Oqeh�q��A{�p��y»�q
�Ah6qe»¶��qÆÀne������pr��qcv�� ikj��
qc¹�nÆ��jKimwyt���j�zAqe��¹�{�p�j�h��e| t'��q
�Aqch�q
�A{
jKi8¹OÈ��5� ��Ê�pr��qcÁ3�6¹�v_{�j½~mprh�pr~I�6~Çj�iZnej���{��Ânej���{`È��ZÊÂ¹�h�»
nej���{`È��xÊÎ|}��j��8{���qI��qe��{�j�iN{���q¿wytW��j�zOqe��¹�{�prj�h���{���q��OqehUÀq
�A{5p��5qeÁU��¹�vd{�j4Ãeqe��j�|#t'�U���e�W¹�hU�4��qe��pr¹�v_��nÆ��qc»���vrq¿��¹��5¹Ãeqe��jm�Oqeh�q
�O{e|

(a)

0

2000

4000

6000

8000

1 2 3 4 5

Scheduling Stage

T
im

e 
C

o
st

 (
ti

ck
s)

Avg Benefit
Avg Cost

(b)

0

0.2

0.4

0.6

0.8

1

1 2 3 4 5

Scheduling Stage

A
ve

ra
g

e 
R

el
at

iv
e 

B
en

ef
it

�Cpr������q¶�`� ½
t'pr~&qInej���{4Èà¹3Ê5¹�h�»,��qevr¹�{�pr��qm�Oqeh�q��A{¶Èà�AÊÂjKi
wytW����ná�6qe»���vrprh��

II Performance  
(local_minimum condition=10)

0
2000
4000
6000
8000

10000

1 5 10 15

II Stopping Condition

T
im

e

ser_cost avg_cost win_cost

II Performance 
(local_minimum condition=10)

0
2000
4000
6000
8000

1 5 10 15

II Stopping Condition

T
im

e

win_cost win_benefit avg_lm_gains

Local Minimum Performance 
(stopping_condition=5)

0
2000
4000
6000
8000

10 100 1000

local_minimum condition

T
im

e

avg_cost win_cost avg_lm_gains

Local Minimum Performance 
(stopping_condition=5)

0
2000
4000
6000
8000

10 100 1000

local_minimum condition

T
im

e

avg_cost avg_benefit win_cost win_benefit

�Cpr������q¿����½N�Cqe� ikj���~m¹�h�neq8j�idg�gEÀ?��¹���qe»4w8tW��lUnÆ��qe»��6v�qc�
�Cpr������q
�R��È ¹UÊynej�~&z�¹���qe���K¹�vr��qe��jKi'¹K��qc��¹���qI{�pr~mq�nej���{¹�h6»
¹K��qe��¹���q&�Aqch�q
�A{Âikj���qe¹�ná�,��nÆ��qe»6��vrp�h6�¶��{�¹���qK|
Ä�pr{��

{��6q�prh�ne��qc¹���q5jKid{���q5h3�6~¿�Aqe�_jKid{���¹�h6��~mpr����prj�h��_{��6q��Aqch�qÆÀ
�A{W����jK·'�e�K����{Wh�j�{W¹���iE¹���{W¹��Q{��6q'{�pr~mqWnej���{e|N�Cpr������qZ�R��È �OÊz�vrj�{��Q{���qN¹K��qe��¹���q_��qevr¹�{�pr��qd�Oqeh�q��A{d¹��W¹yzAqe��neqehU{�¹���q'j�iA{���q
jK��qc��¹�vrv�¹K��qe��¹���q'{�p�~&qNncj���{_zOqe�N��nÆ��qe»���vrprh�����{�¹���qK|dÄ
q_j��UÀ��qc����q&{���¹�{�ikj�����pr~mz6v�qÂprh�pr{�pr¹�vWnej�h�ne������qehU{¿��ná�6qe»���vrqe�Â{���q�Oqeh�q
�A{'pr�d¹�vr~mj���{WqeÁU��¹�vO{�j�{���q8{�pr~mq'nej���{e|dt'�6p��Mp��_¹�h¿qcº�ÀzOqene{�qc»
�Oqe��¹K�Uprj��c|5»Wvrqe~mqch3{�¹�����{���¹�h���~mpr����p�j�h��d��¹K��q'nej�~ À
z�¹���¹��6v�q5{�pr~mqynej���{��e|Òö_�
��nÆ��qe»���vrprh��&{���qe~ ncj�h�ne�6����qch3{�vr���wytW� ��pr»�qe�#j�h�¹K��qe��¹���q4j�h�q¶�6¹�vËiIjKiÂ{���q
{�p�~&q#nej���{4jKi{��6qepr�Q��qc��pr¹�vUqeºUqene�6{�prj�h�|NÑyjK·Nqc��qe�c�`iEj��Qncj�~mz6v�qc{�qW��nÆ��qe»6��vrqe�
È ��{�¹���q¿��Ê'{���qÂ¹K��qe��¹���q5��qevr¹�{�pr��q��Oqeh�q
�O{Zpr��¹��yvrjK·�¹��Z�U| �o�·'��prnÆ�¿~mqe¹�h��d{���¹�{_j�h�vr�I���v�ÅjKiQ{���q8{�j�{�¹�v���qe��pr¹�v�ncj���{_��¹���Oqeqeh½��pr»�»�qeh�|_t'��pr�8pr�'¹�vr��j¿¹�h#qeºUzAqcne{�qe»½�Oqe��¹K�Uprj��e�O��prh�neq
nej�~mz�vrqe{�q4��nÆ��qe»6��vrqe�4¹���q4nej�~mzOj���qc»�jKiIh6j�hUÀ?qevrqe~mqch3{�¹����{���¹�h���~mpr����prj�h��ÂÈ ���6�UÀb��nÆ��qe»���vrqe�ÆÊ�·'pr{��4��pr����qc�Z�K¹���pr¹�h6neq�prh{��6qepr�I{�p�~&qIncj���{c|¶t'�U���c�dp�{5p��5~mj���qInÆ��¹�vrv�qch���prh��&ikj���{���q
wytW����nÆ��qe»6��vrqe�¿{�j½��pr»�qm{�pr~mqÂnej���{��¿jKi8h6j�hUÀ?qevrqe~mqch3{�¹�������6�UÀb��nÆ��qe»���vrqe�c|
�ÞÝ/. �#��áBíG8}árâ�é�ë�æ·ë7TNâ54}ï�R5RhV8ð�á�çnï76�àÇã?ì�0"154}ï7698�í¿ï�ä
�Cpr������q ���m����jK·'�¿��j�~mq&jKiZj����ÂqeºUzAqe��pr~mqehU{��¿{���¹�{¿qc�K¹�vËÀ
��¹�{�qe»¯{��6qmzOqe�?ikj���~&¹�h�neq&jKi�{���q#g?{�qc��¹�{�pr��qmg?~&z���jK��qe~mqch3{È g�g�Ê¿¹�v���j���p�{���~ ikj��mwytW� ��nÆ��qe»��6v�prh��6|�g?{&��qezOj���{��m¹K��qe�?À
¹���q¿{�pr~mqÂnej���{Â¹�h�»
�Oqeh�q
�O{¿jKi8¹�vrvdncj�h���p�»6qe��qe»,��nÆ��qe»6��vrqe�È�×L�áÙ Ý
��Ü��6¹�h�»4×L�áÙ uÆÚ{��ÚG�N��ÊM¹�h6»¿{�pr~mq'nej���{_¹�h�»¿�Oqeh�q��A{'jKi
{��6qI·'prh�h�qc����nÆ��qe»6��vrq¿ná�6j���qch¶�U�4g�g8¹�vr��j���pr{���~ È�Þdß<� Ý
��Ü��
¹�h6»¾Þdß<� uÆÚ{��ÚG�N��ÊÎ|Ig?h½¹�»�»6p�{�prj�h4{�jmnej���{��5¹�h�»4�Oqeh�q��A{��ÂjKi{��6qN��ná�6qe»���vrqe�c�3·_qd¹�vr��j8��qczAj���{W¹8�K¹�v��6q�j�iA¹K��qc��¹���qd��¹�prhZ��qÆÀneqepr��qe»¿ik��j�~¼{��6q'v�jUne¹�vA~&prh�pr~I��~�z���¹���qyjKiQ{��6q8¹�vr��j���pr{���~
È�×L�áÙ ÖG� Ù�×�ß:�UÜ�ÊÆ|Nt'�6q�vrj3nc¹�v�~mprh�pr~¿��~���¹�prh#jUnene�����8·'��qehg�g¿¹�vr��j���pr{���~ pr~&z���jK��qe�I¹
��¹�h�»6j�~ p�h6p�{�pr¹�v'��nÆ��qc»���vrq¶�Upr¹��pr��qeh4hU��~¿�Oqe�'jKiN��¹�h�»6j�~ ~mjK��qe�e|'t'��pr��hU��~¿�Oqe�'����j���vr»�OqZh6j¿����qc¹�{�qc�8{��6¹�h#{���q�vrjUne¹�v�~&prh�pr~¿��~�nej�h6»�pr{�prj�h�|
t'��qy��z�zOqe�8vrqÆik{M����¹�z��mprhÇ�Qpr������qÂ���yp�vrvr����{���¹�{�qe�_¹Ânej�hUÀ��pr��{�qehU{�pr~mz���jK��qe~&qehU{Nj�i�g�g8zOqe�?iEj���~&¹�h�ncq�¹��y·NqÂprh�ne��qc¹���q

{��6qm�K¹�vr��qc�Ij�i8{���q#��{�j�z�z6p�h6�4nej�h6»�pr{�prj�h
·'pr{�� �AºUqe»¾vrjUne¹�v
~mprh�pr~Â��~�nej�h�»6p�{�prj�hÂjKiN�`�o|�Ä
q_¹�vr��j�z���jK�Upr»�q'¹�{�pr~mqdnej���{



�Cp�������q¿�R��½Nö_¹�nÆ¸�Àbj�Í¶prhÅµ����U| ����É#�8}
jKiW¹¿��qe��pr¹�vQ��nÆ��qe»���vrqmÈ ÜeÚ`Ø Ý
��Ü��rÊ_¹��'¹Â��qÎikqe��qch�neq¿zOj�prhU{N¹�h�»¹¿·_j�����{'ne¹���q���ncqeh�¹���prj�|
t'��qÂ��z�zOqe����p����U{8����¹�z��½¹�vr��jm��qczAj���{��5j�h½�Aqeh6q
�A{�¹�h�»vrjUne¹�vU~mprh�pr~¿��~¯��¹�prh��WjKi�{���q_·'prh�h�qe�M��nÆ��qe»��6v�q�|dÄ���prvrqN·_qj��6��qe����qÂ��{�qc¹�»��4prh�nc��qe¹���qÂjKid{���qÂ�Oqeh�q
�A{��K¹�v��6qK�A{���qIvrjUne¹�v

~mprh�pr~Â��~¼��¹�p�h��Aqe�6¹K��qe��ÁU��pr{�q���zOj���¹�»�prne¹�v�vr��|Zt'�6p���pr�8¹�hqeºUzOqene{�qc»
�Aqe�6¹K�3prj��e�A��prh�neq5ikj��'qe¹�nÆ�¶�K¹�v��6qZj�idg�g'��{�j�z�z6p�h6�nej�h�»�pr{�prj�h
·_qm��qe{¿{��6q
��¹�~&qIvrjUne¹�v_~mprh�pr~¿��~ nej�h�»�pr{�prj�h�|
t'�U���e�Cp�h���qeh�qc��¹�vW·_qI����j��6v�»�qeºUzAqenc{I¹&��¹�h6»�j�~ �K¹�v��6q�jKi×q�ÆÙ Ö§� Ù�×�ß<�UÜÆ|
g?h�j���»6qe�4{�j¯qeºUz�vrj���q½{���q
zOqe�?iEj���~&¹�h�ncq¶j�iI{���q
vrjUne¹�v

~mpr~&p ~Â��~Çz6��¹���qm·_q¿z�vrj�{�{���qmnej���{c�N�Oqeh�q
�A{��¿¹�h�»
vrjUne¹�v~mprh�pr~Â��~���¹�prh��yikj���»�pËÍ�qe��qch3{Â�K¹�vr��qc�Zj�i:{���q¿vrjUne¹�vW~mprh�pËÀ~¿��~ nej�h6»�pr{�prj�h��ÂÈ vrjK·_qe��{?·Nj&����¹�z�����jKi_{���q\�Cpr������q
���`ÊÎ|
Ä
qÂj�����qe����q¿{���¹�{Z{���qÂzAqe� ikj���~m¹�h�neqÂjKi'{���qÂg�g�¹�vr��j���pr{���~nej�h���pr��{�qehU{�vr�#pr~mz���jK��qe�_¹��y·Nq�prh�ne��qe¹���qI{���q��K¹�vr��qc�'jKid{���q{��6qZvrjUne¹�vQ~mprh�pr~Â��~�nej�h�»�pr{�prj�h6�e|
g?h�����~&~m¹������'j����#qeºUzAqe��pr~mqehU{�������jK·_qe»�{���¹�{4g�g&¹�vËÀ��j���pr{��6~ ��nc¹�vrqe�Â·NqevrvWiEj���vr¹�����q¿ÁU��qe���½{���qeqe�¿¹�h�»¶»6qe~mj�hUÀ��{���¹�{�qe�_��qe¹���j�h�¹���vrq'zOqe�?iEj���~&¹�h�ncqN·'pr{��Âz���j�zOqe�dz�¹���¹�~&qe{�qc�

��qc{�{�prh����e|
�ÞÝ§Ü �1ë�è)S�áBä�éêçnë�æ ëoT àÇã5ì ç�154�ï7698}í�é<æ�î��Qé�â54

�+�
.(Ý:ß�ß��Ïì��
Ä
q�h�j�{�qÂ{���¹�{Zµ����o| ���ÆÀ?vrpr¸�q8{���¹�h���~&p�����prj�h6�'~m¹K�m�Oq5ik¹���{�qe�{��6¹�h¯��pr~mz6v�q&��qe��pr¹�v���nÆ��qe»6��vrqe�#nej�h���pr»�qe��qc»�¹��AjK��q
�6h�»�qe�
vrpr���U{�vr�¯vrj�¹�»6qe»�nej�h6»�pr{�prj�h��c������{4·_j��6v�»���{�prv�v5�Aq,��vrjK·Nqc�{��6¹�h�wyt��5| �6j��¿qcº3¹�~mz�vrqK�dprhS�Qpr������q4�U�_vrqe{¿���¿¹�������~&q{��6¹�{Â{���q4É#�8}¼vr¹K��qe��prh�»�qezOqeh�»6qehU{�vr�¾j�zAqe��¹�{�qe�¿¹�h�»,{���q
ÁU��qe���
j�z�{�p�~&prÃeqe��ne��qe¹�{�qe�¿h�j½��nÆ��qe»6��vrqK|g�6j���{���pr�I{�j�zOj�vËÀj�������{���qe��qInej���vr»#�Aq�ncj�h�ne�6����qch3{5{���¹�h���~&pr����prj�h��ó¼�©cñÏ¼��j��N¼��Zñ ¼��8¹�h�»Ã¼��Zñª¼(¨ j��5¼(ÊÒñ ¼(¨U|�Ñ8jK·_qe��qc�e��{���qe��qypr�
h�j¿����¹���¹�hU{�qeq5·'��prná�#j�i�{��6qe��qÂ·'prv�v�jUnenc���2�A����{c| }_j�h���pr»�qc�{��6q¿nej�hU{�qch3{�prj�h
�Oqe{?·Nqcqehg¼�©ÇñÚ¼��&¹�h6»À¼��ÇñÂ¼��o|
lU��zUÀzOj���q'{���q'~mqc»�pr��~�pr�Wpr»�vrqN¹�h�»Â�Aj�{��Ã¼�©Z¹�h�»Ã¼��'��qch���qyp�{W¹��
pr»�vrq�¹�{'{��6q���¹�~mq8{�pr~mq8�6zAj�h
��qeneqepr�Uprh��m{���q�ÁU��qe����|'t'��qe�
·'prvrv3�Oj�{��¿·N¹�pr{QiEj��d¹�{�pr~mqdne¹�vrv�qc»¿»�pr��{���pr����{�qc»¿p�hU{�qe�?ÀEik��¹�~mq��z6¹�neq¿Èkwyg$�Wl�ÊM¹�h�»&{���¹�h���~mpr{W{���q�z�¹�ná¸�qe{_��pr~¿��vr{�¹�h�qej��6��vr���
��qc����vr{�prh��½prh¾¹4ncj�vrvrp���prj�h�|½gEi8{���qe�,��qeh6��q#{���q#nÆ��¹�h�h�qev'¹�{��vrpr���U{�v��Â»�pËÍ�qe��qehU{y{�pr~mqe�c�3j�h�q�jKiW{���q�h�jU»�qe�y·'prv�vO{���¹�h���~mpr{
�A����{'��qc����vr{�prh��5p�h&{���qy��qencj�h�»#h�jU»�qy��¹�nÆ¸Uprh���jKÍ4¹��N����jK·'h
prhÅ�Cpr������q¿�`�U|
lU��z6zAj���q¿h�jU»�qÃ¼�©m·_¹���¹��6v�qÂ{�j&{���¹�h���~mpr{2�A����{c|QÁ8jU»�q

¼��½·'prvrv'��¹�nÆ¸�Àbj�Í�¹�h6»F·_¹�pr{¿{�p�vrv'h�jU»�qV¼�©
nej�~&z�vrqe{�qe�¿pr{��
{���¹�h���~mpr����prj�h�|½�'ik{�qe�Ih6j3»6qÅ¼�©½nej�~&z�vrqe{�qe�5p�{��I{���¹�h���~&p�� À
��prj�h��W¼���·'prvrvU·N¹�p�{Cikj��d¹�hÂ¹�»6»�pr{�prj�h�¹�vU{�pr~mq_qeÁU��¹�v6{�jIwyg$�Wl¹�h6»4¹�hU�U·'��qe��q��Aqc{?·Nqeqch���¹�h�»�Ê ��vrj�{��8qe¹�nÆ�4jKid»�����¹�{�p�j�h
�������_�AqÆiEj���q5p�{_¹�{�{�qe~&z�{��_{���¹�h���~mpr����prj�h�|Qt'�6qZhU��~¿�Oqe�_jKi

��vrj�{���È ne¹�v�vrqe»&{���qy��¹�nÆ¸�À?jKÍ4prh3{�qe���K¹�v�ÀNö_g�Êd·'prvrvO�Aqy��qevrqene{�qe»��¹�h�»�j�~mvr�¿prh4¹m·'prh�»�jK·¼È nc¹�vrvrqe»¶{���q�nej�hU{�qehU{�prj�h¶·'prh�»�jK·À�}_Ä�ÊÆ|Ug?hmne¹���q8{���qe��qZpr�_¹�nej�v�vrpr��prj�h���{��6qZ}_Ä pr�d»�j�����vrqe»�|
t'��pr�d»�j�����vrprh���jUnene�����'qe¹�nÆ�m{�pr~mq_{���qe��q�p��M¹�nej�vrvrpr��prj�h#È ��qÆÀ���6v�{�prh��4prh
��z¾{�j4¹�h
prh�nc��qe¹���q#jKiI�R����©#{�p�~&qe�áÊÎ|4gEiZ{���qe��q¹���q���qe��qe��¹�vQ��qch���j��8h�jU»�qe�yprhm{��6q���¹�~mq'nej�v�vrpr��prj�hm»�j�~m¹�prh��
{��6¹�{�h�qcqe»¾{�j
{���¹�h���~&p�{�»�¹�{�¹6�Q{���q&z���jUneqc���Â·Nj���vr»¶��qe����vr{prh#��j�~&q8nej�vrv�pr��p�j�h��_¹�h�»#nej�h���pr»�qe��¹���vrq�¹�»�»�pr{�prj�h�¹�vO·N¹�pr{�prh��{�pr~&qK|¶� ��p�~&prv�¹��8��neqeh�¹���prj
��¹�z6zAqeh6�¿�Aqe{?·_qeqeh¯h�jU»�qc�\¼��
¹�h6»À¼(Êo|�t'�6q¿h3�6~¿�Aqe��j�iNnej�vrvrpr��prj�h6�8·_j���vr»½¹�vr��j#»�qezOqeh�»��zOj�h½h�qe{?·_j���¸¶{�j�zOj�vrj����
¹�h�»½{���q¿{?�UzOq¿jKi'Á3�6qe��prqe�mÈà��jK·vr¹�����q¿{��6q¿{���¹-�mnm·'prvrvW�Aq&¹�{���p���qeh½zAj�p�hU{���prh
{���q&��qeh���j��
h�qe{?·_j���¸�ÊÆ|
Ä
q8�Oqevrprqe��q�wyt�����nÆ��qc»���vrprh��¿·Nj���vr»¿��qe»6��neq�nej�vrv�pr��p�j�h��¹�h6»¾pr~mz���jK��qÂ{���q&qeh�qe�����,��¹K�Uprh����c| }_j�vrvrpr��prj�h6�Z��qe���6v�{Âprhnej�~mz�vrqe{�qevr��·N¹���{�qe»�qeh�qe������| g?h�¹�»�»6p�{�prj�h���»��6��prh��¯{���q

��¹�ná¸�jKÍ¾��v�j�{��c����qeh���j���h�jU»�qe�5·'p�vrvW�Oq¿nej�hU{�prhU��j�����vr�4~&j�hUÀpr{�j���prh��
{��6q¶~&qe»�pr��~ ��qe����vr{�prh��¾prh�·_¹���{�qe»�qeh�qc����� nej�hUÀ���6~mz�{�p�j�h�|'Ä
q���¹K��q�¹�vr��j¿pr��h�j���qe»4{��6qI¹�ná¸Uh�jK·'vrqe»6��~mqch3{
z���j3ncqe���'¹�{N{���qZÉ#�8} v�¹K��qe�dprh¿{��6p��_z���qevrp�~&prh�¹����Z¹�h�¹�vr�U��pr�c|}_������qehU{�vr��·_qd¹���q_p�~&z�vrqe~mqch3{�prh��d��pr~¿��vr¹�{�prj�h��OprhIÌ���Á1»�tÉ#jU»�qevrqe�e���{Ên�A{�j�{�qe��{_{���q'»6qe����qeq8j�i\{�p�~&qd¹�h6»Iqeh6qe�����I��¹K��À
prh����'{���¹�{�wyt���·_j��6v�»#z���jK�Up�»6q�jK��qe�y��qe����vr¹��Òµ����o| ���ÆÀ?vrpr¸�q{���¹�h���~mpr����prj�h��

�Cpr������q �{¨�½ t'pr~mq }_j���{��Å·'p�{�� »�pËÍ�qe��qch3{Å��nÆ��qe»6��vrp�h6���nÆ��qc~mqe�
�Cpr������q
�{¨m��qez���qe��qehU{��m{��6q¿qeºUzAqenc{�qe»,��qevr¹�{�prj�h�����prz¶�OqÆÀ{?·_qeqehªµ����U| ���ÆÀ�É#�8}y����qe��pr¹�vZ¹�h�»�wyt�� Àb�6¹���qc»F{���¹�h���~&p�� À

��prj�h��e| �8�#»�pr��ne�6����qc» ¹��OjK��q�µ����U| ���ÎÀbvrpr¸�q&{���¹�h���~mpr����p�j�h��~m¹K���Oq¯ik¹���{�qe�
{���¹�h¼��p�~&z�vrq¾��qe��pr¹�v¿��nÆ��qe»���vrqe�¯nej�h���pr»UÀqe��qe»#¹��OjK��q8�6h�»�qe�'vrpr���U{�vr�Âvrj�¹�»6qe»mnej�h�»�pr{�prj�h��e�U����{'·_j���vr»
��{�prv�vy�Aq½��vrjK·_qe�m{���¹�h�w8tW�5|ó�6j��¿��pr���6qe�mh�qc{?·Nj���¸�vrj�¹�»��
¹�h6»
~mj���q�nej�~mz�vrqeº4��qeh���j��ÂÁ3�6qe��prqe�Â{���q¿zOqe� ikj���~m¹�h6neq¿jKi
µ����U| ���ÎÀ É �8}�nej�h���pr»�qe��¹���vr�,»�qe����¹�»�qc�¿nej�~&z�¹���p�h6�
{�j¶��qÆÀ
��pr¹�v3¹�h�»¿w8tW�,��nÆ��qe»��6v�prh��6|�wytW�¾·'prvrvU¹�vr·_¹K�3�Cj���{�zAqc�?ikj���~��qc��pr¹�v_��nÆ��qe»6��vrp�h6��|
Ìy����z6��qevrpr~mprh�¹����#��pr~¿��vr¹�{�prj�h#��qe����vr{��
���6z�zAj���{�{��6p��y¹�������~&z�{�prj�h�| }_�6����qch3{�vr�
·_q�¹���q���h6»�qe��{�¹�¸�À
prh��¿¹mncj�~mz6��qe��qch���pr��q5��{��6»��#jKid»�pËÍ\qc��qehU{�ÁU��qe���#��ná�6qe»���vËÀprh��Âj�z�{�p�j�h��e|
� Ù¯Õ�°U´�Ô8°U°�Õ�Ò Ñ Ò Ñ Ù ÛI­ ­ ��� ²?Õ�´�³W®'Õ!²�Õ?±�Ö
g?h¿{��6p��_z�¹�zAqe�c��·Nq'�6��q8{���q8g$»å»N»�µ����U| ���N��{�¹�h�»�¹���»m¹��d{���q
��¹���pr�'ikj��'{���q5~mqe»�pr��~¼¹�neneqe����nej�hU{���j�vC~mqenÆ��¹�h�pr��~�¹��8·_q



¹���q¿nej�h6��pr»�qe��p�h6�¶vr¹�����qÂ��ne¹�vrqm��qch���j��Ih�qc{?·Nj���¸U�I{���¹�{5~m¹K�h�qeqc»¿{�j�{���¹�h���~mpr{Qvr¹�����qd¹�~mj���hU{��Qj�iA»�¹�{�¹�jK��qe�Cik¹�pr��vr��v�j�h��»�pr��{�¹�h�ncqe�e|J�6j��'vrjK·Nqc�'»�¹�{�¹¿��¹�{�qe�IÈàj�h#{��6q�j���»�qe�8j�id¹Âikqe·
¸U��z��ÆÊ'¹�h6»
��~m¹�v�vrqe�_��¹�h���qc�e�A¹¿~&j���q8���6p�{�¹���vrq�~mqcná�6¹�h�pr��~pr�d{��6qZh6qe·'vr�Iz���j�zOj���qe»#g$»N»N»�µ����o| �R�U|�©8��{�¹�h�»�¹���»��â�qÉn�Oikj��vrjK·_Àb��¹�{�qd·'pr��qevrqe����zOqe����j�h6¹�vU¹���qe¹8h�qc{?·Nj���¸U�e|dÄ
qWh�j�{�q_{���¹�{
{��6p���~&qenÆ��¹�h�pr��~Ç¹�v���jmqe~&z�vrjK�U�Z}'l�É#� W�}_�uikj���~mqc»�pr��~¹�ncneqe����¹�v�{���j��6���m{���q�»�qe{�¹�prvr�'¹���q�»�pËÍ�qe��qch3{c|
g?h½qeºUz�vr¹�prh�prh��m{���qmwytW�%¹�h�»½p�h
{���q¿��pr~¿��vr¹�{�prj�h��c�A·_q

����qI¹&nepr��ne��vr¹��8nejK��qe��¹���q�¹���qe¹ ikj��yqe¹�nÆ�½h�jU»�qK|8g?h½��qe¹�vrp�{?���{��6qZ��¹�»�prj¿z���j�z�¹���¹�{�prj�h¿nej�h�»�pr{�prj�h��'»�qe{�qe��~&p�h6qZ{���q�����¹�zAqjKiW{���q5nejK��qe��¹���q�¹���qe¹¿¹�h�»#{���pr�'·'p�vrvO�Aq5p�����qe����vr¹��c|NÄ
q8»6j
h�j�{�qd{���¹�{Cnepr��ne��vr¹��QnejK��qe��¹���q_¹���qc¹��Q¹���q_nej�~&~mj�h�v �_����qc»I¹��¹�z6z���jKºUpr~m¹�{�prj�h��O¹�h6»�¹�vr��j ikj��C~m¹�{���qe~&¹�{�p�nc¹�vR{���¹�ne{�¹���prvrp�{?��|t'��qe�Â»�j�z���jK�3pr»�q'�6�d·'pr{��Âp�h6��pr���U{��W¹��d{�j��6jK·¾¹�z���j�zAj���qe»
~mqcná�6¹�h�pr��~ ~m¹K�
zOqe� ikj���~4| É#j���qejK��qc�e�8{���q wytW� »�jUqe�h�j�{N»�qczAqeh6»4j�h&{���q����6¹�zOqZj�i�{���q�nej�vrvrpr��prj�h¿»�j�~m¹�p�h6�e�����6{��¹�{���qc�¿j�h
{��6q
¸Uh�jK·'vrqe»6��qmj�i8·'��¹�{Â{���¹�h���~mpr����prj�h���iE��j�~
·'��¹�{�h�jU»�qe�Â¹���qmvrpr¸�qevr�4{�j4nej�vrvrpr»�qK|`��j���{��6p��c�dpr{�pr�������¿ÀneprqehU{'pËiQ{���qyprh3{�qe�?iEqe��qeh6neqInÆ��¹���¹�ne{�qe��pr��{�prne�'j�i���qeh���j��'h�jU»�qe�¹���q¿¸Uh�jK·'h¶¹#z���prj���pE|Âg?h¶¹��AºUqe»
{�j�zOj�vrj����
·'pr{��¶¹#��~&¹�vrv
hU��~¿�Oqe�Ij�iZh�jU»�qc�e�'pr{¿p��Âqe¹����¾{�j
»�qe{�qe��~&p�h6qm���6ná� ná�6¹��?À¹�nc{�qe��p���{�prne�&¹�h�»¯j��6{�¹�prh,¸3h6jK·'v�qc»���q&jKi�{���q#nej�vrv�pr��p�j�h
»�jKÀ~m¹�prh��e|Âg?h¶¹#»�qeh6��qmh6qe{?·Nj���¸O�Q{���pr��nej��6v�»½�Oq¿¹
z6��j��6v�qc~4|Ä���prvrqd·_qN»6jZh6j�{Q¹�»�»���qe���_{���pr�Cz���j���vrqe~4�K{��6qe��q'��¹K��qN�Oqeqeh
��qc��qe¹���nÆ��¹�{�{�qe~&z�{��5{�j½z���jK�Upr»�qmvrjUne¹�{�prj�h
prhUikj���~&¹�{�prj�h4jKi��qch���j��'h�jU»�qe�e|2��j��d��j���{�prh��Âz�����zAj���qe�c�Ah�jU»�qc�'h�qeqe»#{�jÂ»�qÆÀ{�qc��~mprh�q¿·'�6¹�{�{���qepr��h�qepr���3�Oj����I¹���q¿¹�h�»
{���q&hU��~¿�Aqc��jKi
��j�z��I��qeÁU��pr��qe»,{�j4��qe¹�nÆ�,¹4��qeh6��j��¿h6j3»6qmne¹�h
z���jK�Upr»�qm�6�·'pr{��#qeÁU��pr�K¹�vrqehU{_prhUikj���~m¹�{�prj�h�|
�Cprh�¹�vrvr���'pr{mpr�&·Nj���{���zOj�prhU{�prh��
j��6{
{���¹�{#j����¿ik��¹�~&qÆÀ

·_j���¸½pr��h�j�{Ivrpr~mpr{�qc»4{�j4{���qeqÎÀbvrpr¸�q&»�¹�{�¹4z�¹�{�{�qe��h��e�_����{Âpr�¹�vr��jmne¹�z�¹���vrq¿j�iNne¹�z6{�����p�h6�
�6��j�¹�»�qe��»6¹�{�¹#»�pr����qe~&p�h6¹�{�prj�hz�¹���¹�»6p���~m�d����nÆ�4¹���ÞM×q�RÚ�ÜeÝ8£6Ú8¦L¥�Ö�ß<��Ù���µn�?|

� q¶Ò Ñ ´�²�Ôy°�Õ�Ò Ñ °
Ä
qdprhU{���j3»6��neqe»Â¹'h�jK��qcv3¹�vr��qe����¹�prnCik��¹�~mqe·_j���¸'ikj��Q��zAqencp iE��Àprh��¿¹�h6»4¹�h�¹�vr�3Ãcp�h6�I»�¹�{�¹&{���¹�h���~&pr����prj�h��'¹�vrj�h6�I·'pr{���nej�hUÀ
��{���¹�p�hU{��
pr~&zAj���qe»��U��¹¯ÁU��qe����prh�·'pr��qevrqe���4��qeh���j��½h�qe{?À·_j���¸U�c| Ìy����ik��¹�~mqe·_j���¸ qeh6¹���vrqe� %AqeºUpr��vrqFnc��j����?À?vr¹K��qe�
ÁU��qe���Ij�z�{�pr~mprÃe¹�{�prj�h�{�qenÆ��h�prÁU��qe�_{���¹�{d��{�prvrprÃeq_p�hoikj���~m¹�{�prj�h
¹��Oj��6{N{���q�É#�8}¯vr¹K��qe�c|�t'�6qZÁU��qc���¿j�z6{�pr~mprÃe¹�{�prj�hÂ��qe����vr{��prh¾��qe»���ne{�prj�h¾prh,qeh�qe�����¾ncj�h�����~mz�{�prj�h��W·'��prnÆ�¾prh�ne��qe¹���qe�{��6qmvrpËikqe{�pr~&q�¹�h�»
qÎÍ\qenc{�pr��qeh6qe���¿j�i8{���q&h�qe{?·_j���¸O�W{�j4z6��jKÀ
»���ncqm{��6qmqeºUzOqene{�qc» µ ��¹�vrp�{?�½jKi8wy¹�{�¹4prh¶¹4{�pr~mqevr�4~&¹�hUÀh�qe�c|ZÄ
q5¹�vr��j¿prhU{���j3»6��neqe»½{���qÂh�qencqe����¹����½prhUik��¹���{�����nc{�����qK�¹¿zOqe���K¹���pr��q�nc¹�{�¹�vrj��¿{��6¹�{'z���jK�3pr»�qc�8j��6�_ik��¹�~mqe·_j���¸¿·'p�{��
��pr���6v��¿¹K�K¹�prv�¹���vrq'¹�h�»#¹�nene����¹�{�q5Á3�6qe���#��{�¹�{�p���{�prne�y¹�h�»#��qcv À
qe�K¹�h3{'h6qe{?·Nj���¸&~mqe{�¹KÀ?»�¹�{�¹�|
}_������qehU{�vr�#·_qI¹���q���h6»�qe��{�¹�¸Uprh��#¹¿nej�~&z���qc��qeh���p���qIqcº�ÀzOqe��pr~mqch3{�¹�vO¹�h�»&{���qcj���qc{�prne¹�v���{���»6�¿jKi�j����Mik��¹�~mqe·_j���¸A|Cg?{

prh�nevr��»�qc�N{���q�p�~&z�vrqe~mqch3{�¹�{�p�jKh5¹�h�»&{�qe��{�prh��ÂjKi�j����Wik��¹�~&qÆÀ
·_j���¸½prh¶��pr~¿��vr¹�{�qc»4¹�h�»
��qe¹�vËÀ?·Nj���vr»½��qe{�{�prh����c�d¹���·_qevrvd¹��qeºUz�vrj���prh��#p�{���nej�~&z�vrqe{�qeh6qe���Â¹�h�»½nej�~mz�vrqeºUpr{?�#ná�6¹���¹�ne{�qc�?À
pr��{�p�nc�e|

­¯´B­ Ñ Ò2¡�²$±QÓ�®g�ò± Ñ ±o°
Ä
q_·Nj���vr»�vrp�¸�qd{�j�{���¹�h�¸5j����W��{���»�qehU{��NÉ#j��6¹�~mqc»IlU��¹���¹Ki��wypr�3��¹�����qeqev�lU��¹���~m¹�¹�h�»
}_��pr�UÀ?¸U��¹�h6�£¢�prh¿¹��_·_qevrvA¹��d{���q
¹�h6j�hU�U~mj��6�Z��qe�Uprqe·Nqc���Âikj���{���qcp��Â{��6j������3{ ik��v_nej�~&~mqehU{��e|lUzOqenepr¹�v�{���¹�h�¸U�&{�j
�8vrqeºU¹�h�»���j��`¢�¹�����p�h6p�»6p��¿·'�6j���q�nej�hUÀ��{�����nc{�pr��q
¹�h�»�prh���pr���3{ ik��vy��������qe��{�prj�h��#��p���h�p¢�Ane¹�h3{�vr�¾pr~¿À
z���jK��qe»#{��6qIwyt�� ik��¹�~mqc·Nj���¸O|
¯S±
s�±�²�± Ñ ´(±C°
�r���Z�'{��6qe��j�� }_j�~m~¿��h�prne¹�{�prj�h6�e|¥¤c£�ß<�EÚ� o×� oÚRØ�¦¨§[©MD7ª�@v@

¤mßàØ�ÚcÖ�ÚcÜáÜ «9¬c­ t'ÚRØ�®���Øn�I×L��ÝÆÚCª È ¹K�K¹�prv�¹���vrq ¹�{�U{�{�z(½¯WvWK¹�{���qc��j��c|ânej�~�W�ÊÆ�U�8z6��prvQ�����q¨U|
�â�&�x�C|Nö_j�h�h�qc{e�#°�|5Î�qc����¸�q
¹�h�»F�C|Nloqe����¹�»���pE|_t�jK·_¹���»��lUqeh6��j��¿wy¹�{�¹���¹���q¿lU�U��{�qc~m�e|"t'Ø��`ÝMª?��®�±Ç¸�± ¶N�q�I®�ª���������
��¨&�²°�|Bö_qe¹K��qe�e��É½|3�5|AlU��¹���¹Ki��3�5|+¢�¹��6��prh�pr»�pr�e�U¹�h�»#�C|XZÂ|

}_�����3��¹�hU{��6p��c|Q¢�jUne¹�{�p�j�hUÀ?�8·_¹���q�¾ j���{�prh��,ikj��¶wy¹�{�¹�8������qe��¹�{�prj�h¯iEj��
loqeh���j��ÇÁ8qe{?·_j���¸3�c|²t'Ø��`ÝMªÒ��®´³'Ú
�
>AÚ{�UÜ���Ø ­�Ú{�kÞå��Ø�µ�Ü`¤���Ø�µ�Ü$£B�
 O�\�����q¨

� ©-�1öy|
}_��qeh���ZÂ|�°�¹�~mprqe��j�h��ÇÑ�|Ãö_¹�vr¹�¸U��pr����h�¹�h��
¹�h�»
¾�|AÉ j�����pr�e|Al��O�eÁZ½A�yhÅ»Wh6qe������À$»	�mneprqehU{�}_j3j���»�prh�¹�À{�prj�h¶�yv���j���p�{���~ ikj��8tWj�zOj�vrj����4É#¹�prhU{�qeh6¹�h�neqÂprh¶�y»
Ñ8jUn�Ä�pr��qcv�qc���2Á8qc{?·Nj���¸U�e|��W��jUnK|�j�i��8}'É É j���p }_j�~}_j�hoi�|r�A�����6�

�â�&�²°�|¿}_j�h���pr»�prh�qK�Å�M|¶¢�pE�ÅÎÂ|�Z�j�vrvrprj��½¹�h�»·°�|cöN��qe���c|
�8z6z���jKºUpr~m¹�{�q��y������qe��¹�{�prj�h½tWqenÆ��h�prÁU��qe��iEj���lUqeh���j��wy¹�{�¹���¹���qe�c|At'Ø��`ÝMª	��® ¸p¹L¹L¹º¸�¶�¸c¹ ¶N�q�I®�ª��A�����-©

�â�&�Z��|¾}_qe{�prh3{�qe~mqcvk���5|��Qvrprh�»�qc���e�»�I|¾lU��h�|��CjK·_qe�?À
»	�mneprqehU{�wy¹�{�¹%wypr����qe~mprh�¹�{�prj�h¼prh Ä�pr��qevrqe����lUqehUÀ
��j��JÁyqe{?·Nj���¸U�e|"t'Ø��`ÝMª	��® ¬c¶"±�±���u`ß¢¸c¹¼¤\��ØhµKÜ$£B�� A������q¨

��Ê&�x�C|-ZÂ|�}_�6���U��¹�h3{���pr�8¹�h�»½<5|A¾O¹�»�j���j�Ãe��hU��|�����j�~¿¢�jKÀne¹�{�prj�h¯w8¹�{�¹���¹���qe�I{�j �Cqe���K¹���p���q
}_¹�{�¹�vrj���|=t'Ø��`ÝMª2�h®
±Ç¸J¸Q>À¤���Ø�µ�Ü$£B�
 O�Q�������

��µ&�Z��|�wyqe~mqe���e�7°6|�Î�qe�6��¸�q���¾�|�¾'¹{�Æ¹���¹�~m¹�h��qÁ5|AtW��pr��j�h�p
¹�h6»U�I|9�N¹�j6|}»Wh�qe������À$»	�mneprqehU{�wy¹�{�¹4É#¹�h6¹���qc~mqehU{
ikj���lUqeh6��j��	Á8qe{?·_j���¸U��½W�¾Ä
j���¸�Àbg?hUÀ��W��j�����qe����¾'qezOj���{e|
t'Ø��`ÝMªN�h®!DW�B¦Á¸Â¹L¹L¹¼Ãr AÜ��E×q�EÚ�­�ÚRÞÄH���Ø�µk¤\��Ø�µ�Ü�£r�
 
�q�Å>AÚ{�UÜ���Øc­5Ú��EÞN��Ø�µKÜÆ�A�����q¨o|

��É&�v�Cpr��qe{�p�»6q8g?h�nK|
>� �ÚÆÝ`ß �MÝá×L�kß:�q�UÜÒ��®J�G£�Ú#Æ �q�Çt2��ß<�r�g@M©�©v©M>
¤mßàØ�ÚcÖ�ÚcÜáÜ�±½ÚeÜ$£ÉÈ��q¥��kÚRØ	BZ¸�×L�k×�Ü�£6ÚÆÚ��pª�È ¹K�K¹�prv�¹���vrq¿¹�{n½�U{�{�z(½¯WvWK·'·'·�| �A��qe{�pr»�q�| ncj�~`W�pr~¿¹���qc��WK�y��qe� �Cprvrqe��g?~&¹���qe��W»�jUne��~&qehU{��	W�ÑZ� �`������l w�l ¹A�R��©6| zO»UieÊ

�r�`�&�xlO|�Î�jUqev�¹�h�»mt�|�g?~&prqevrp�h6��¸UpE|�����qe»�prne{�prj�hUÀ?��¹���qe»4~&j�hUÀ
pr{�j���prh��½p�h,��qeh6��j��&h�qe{?·_j���¸3�n½
tW¹�¸3prh���v�qc����j�h��¿iE��j�~É4�N»åÎÂ|5¶N�L�2 (¥W�EÚRØQ¶N�L�Q��ª-È'Ú{�Rß Ú`Þ���¨���ÈE��ÊÎ�A�����6�K|

�r�����ZÄ�|q¾�|{Ñ8qeprh�Ãcqevr~m¹�h�� �5|�}_��¹�h�»6��¹�¸K¹���¹�h��K¹�h�»ZÑ5|�öN¹�v À¹�¸U��p�����h�¹�h�|W»Wh�qc������À?q
�mneprqehU{dnej�~m~¿��h6p�nc¹�{�pËj�hyz���j�{�jKÀ
nej�vÂikj��4·'pr��qevrqe���
~&p�nc��j���qeh���j��½h�qe{?·_j���¸U�c|£t'Ø$�RÝCªc�h®
Æ ¸{¶�>7>�¶N�L�I®�ªË���������



�r�`�&�²°�|]Ñ8qepr»�qe~&¹�h�h�� �M|FlUprvr�K¹���}y|
g?hU{�¹�h�¹���j�hU·'pr·N¹�{e�
¾�|3Î�jK�Uprh�»�¹�h���w5| »W��{���p�h&¹�h�»mw5|BÎ�¹�h6qe��¹�h�|Wö_��prvr»�prh��q
�mneprqehU{#·'pr��qevrqe���4��qch���j��4h�qe{?·_j���¸3�#·'pr{�� v�jK·_À?vrqe��qcv
h�¹�~mprh���|U�W��jUnK|�jKiW�8}'É�l�Ì�l��_�\�����6�

�r��¨&�c�I|�»_|Qg?j�¹�h�h�pr»�pr�8¹�h�»Å�I|"Z�¹�h6��|�¾'¹�h�»�j�~&prÃeqe»#¹�vr��j�À
��pr{���~m� ikj��yj�z�{�p�~&prÃeprh��Ivr¹�����q?�Æj�prh#ÁU��qe��prqe�c|=t'Ø��`ÝMªN�h®
¬c¶"±3>7¸�³L±´ÊN¸ ¶N�q�I®�ª��Q��ÉqÉ��

�r��©-�x}y|}»_|9°�j�h6qe�e��ZÂ|�É½|�lUpr�K¹�v�prh���¹�~#�A�C|Q�y����¹K·N¹�vk��¹�h�»
°�|�}y| }_�6qeh�|'� lU������qe��j�iô»Wh�qe�����ª»}�mneprqehU{\Á8qc{?À·_j���¸��W��j�{�j3ncj�vr�¿ikj��¿Ä�pr��qevrqe���\Áyqe{?·Nj���¸U�e|�¤&ß Ø�ÚcÖ�ÚcÜÆÜ
­�Ú{�EÞN��Ø�µ�ÜÆ��Ê�È:©3ÊÆ�A�����6�

�r�`�&�xlO|�É ¹�»�»�qch���É½|Ë°�|�����¹�h�¸Uvrprh��-°�| É½|(Ñ8qevrvrqe����{�qcp�h���¹�h�»Ä�|�Ñ8j�h���|UtW�JÎc½���{�prhU�I¹�������qe��¹�{�prj�hÂ��qc���Uprneqyikj��d¹�»
��jUn���qeh���j��8h�qc{?·Nj���¸U�e|-t'Ø$�RÝCª	�h®�Ê�>W¸ ¸��\�������

�r�`�&�xlO|�É ¹�»�»�qch���É½|Ë°�|�����¹�h�¸Uvrprh��-°�| É½|(Ñ8qevrvrqe����{�qcp�h���¹�h�»Ä�|(Ñ8j�h���|�t'��qÂw8qc��pr��h½jKiN¹�h4�8ncÁ3�6p���pr{�prj�h�¹�v µ ��qe���
�W��j3ncqe����j��,ikj��¾loqeh���j���Áyqe{?·Nj���¸U�e|�t'Ø$�RÝMªÃ��®)¬c¶"±
>7¸5³Ì±´ÊN¸ ¶N�q�I®5ªË�A�����q¨

�r��Ê&�Z·'·'·�|âj�z�h6qe{e|ânej�~
�r��µ&�²ZÂ|\�C¹��6v�¹K�K¹�h¿¹�h�»&��|-¢�qe��qe��ÁU��qK| ¤mß Ø�ÚeÖrÚeÜÆÜ�¸8�I®���Ø��Â×KÛ

�Eß<�q�
­5Ú��EÞN��Ø�µKÜÆ|7°�j���h#Ä�prvrqe�¿¹�h6»
lUj�h��e�W��ÉqÉ��
�r��É&�²ZÂ|A�C¹���vr¹K�K¹�hÂ¹�h6»
�C|[ZZ��pr����h�¹�~¿����{��U��|Xt Øeß<��ÝRß  AÖrÚeÜJ�h®

¤mßàØ�ÚcÖ�ÚcÜáÜg­5Ú��EÞN��Ø�µKÜ�¦�¬�Ã���ß �dÚ
¦�¬ó q \Ø��`×�Ý8£o|o����qehU{�prneq
Ñ8¹�vrvk�A�������

�â���&�²°�|¾�W��j�¹�¸3pr�c|À¸�ßËÙ�ß<�E×KÖ�¶N�L�Q�c¥���ß ÝÆ×q�Eß<�L�UÜÆ| É#n�Îx��¹K·
Ñ8prvrvE�o�����6�

�â�����xÉ½|'��|'lU��¹���¹Ki��Í°6|2öNqe¹K��qe�e�y��|Í¢�¹�����prh�pr»�pr�e�'¹�h�»��C|
ZÂ|:}_�����U��¹�hU{���pr�e|Nt'pGÁy�Z½d� lUnÆ��qe~&q¿ikj��¿tWqe~mzOj���¹�v
}_j��6qe��qeh6ne��Àb�y·N¹���qÂp�hoÀêÁyqe{?·Nj���¸&�8������qe��¹�{�p�j�h�|At Ø$�RÝCª
��®�¬c¶"±Î±V��u`ß3¸�¹¿¤\��Ø�µ�Ü�£r�
 O�������L¨

�â���&�x}y|¶lUnÆ�U������qe���c�¥<5|
t'��pr¹�{���pr��¹�h�» É½|¶lU��p��K¹���{�¹K�K¹�|lUtJ»dÉÀ½8tWj�zOj�vrj����FÉ#¹�h�¹���qe~mqehU{Âikj��`»Wh�qe�����ª»	�¿ÀneprqehU{mlUqeh6��j���Á8qe{?·_j���¸O|gt'Ø$�L�Cªe��®�¸p¹L¹L¹·¬8ÚRØ$��Ü� o×�ÝáÚ
¶N�q�P®�ªË�A�������

�â�q¨&�c�I| �N¹�j�¹�h6»
°�|3»_|�Îxqe����¸�qK|�t'��q�}_j��6��¹��_¹�z6z���j�¹�nÆ�m{�j
prhUÀ?h�qe{?·_j���¸
ÁU��qc���¾z6��jUneqe����prh��¾prh
��qeh���j��mh�qc{?·Nj���¸U�e|
>7¸5³Ì±´ÊN¸·È'ÚÆÝ
��Ø$¦���¨���È¿¨�ÊÎ�A�������

�â��©-�ZÄ�|[�Nq��+°�|�Ñ8qepr»�qc~m¹�h6hm¹�h6»
w5|�»W��{���prh�|O�8h`»Wh�qe������À
»	�mneprqehU{�É#�8}��W��j�{�jUnej�vQiEj��8Ä p���qevrqe����lUqch���j��JÁ8qc{?À·_j���¸U�c|At'Ø��`ÝMª	��® ¸p¹L¹L¹�¸p­cÏ#ÊÒ¶#ÊL±��A�������

�â���&�xÉ½|Ð�Nj���h6p��c�8É½|L�Nj�������qÆiI¹�h�»kZI|_�8��p�����¹�|2»Wh�qe������À¹K·_¹���q���j��6{�prh��¾prh�ncv��6��{�qc�?À?��¹���qe»���qeh���j��4h�qc{?·Nj���¸U�e|
t'Ø��`ÝMª���®#±�¬ >	¶#ÊQÑ9>6�\�������

�â���&�²<�|-¾O¹�»�j���j�Ãe��hU�#¹�h�»4�C|+ZÂ|�}_�����U��¹�hU{���pr�e|"¢�j3nc¹�{�prj�hUÀ
ö_¹���qc» }_j�~mz6��{�prh��6| g?h ÑOÚeÖrÚbÙ�Ú
��ß<�P®���Ø��Â×q�Eß ÝcÜ�¦
«	�`ÝÆ×q�Eß<�L�UÛ{Ò8×�ÜeÚ8¦ ¶N�L�2 (¥W�Eß<��Ù,×q�r¦É>OÚ`Ø��Rß ÝÆÚcÜá�'tW¹K�Uvrj��
¹�h6»È�6��¹�h�nepr�2ö_j3j�¸U�e�\�����L¨

�â�qÊ&�v¾�|
¾O��qch����U°�|ÃÑ8j��Ç¹�h�»Ó¢W|mlU�6¹�|¿�8���3h6ná�6��j�h6j����
Ä
¹�¸�qe��z#iEj��8�y»`Ñ8jUncÁ8qe{?·_j���¸U��½8t'��qcj�����¹�h�»¶����jKÀ{�jUnej�v�wyqe��p���h�|+t'Ø��`ÝMª���®#¬c¶"±�±V�vuRß¯ÆZ�RÝc�\�����q¨

�â�qµ&�v¾�|
¾O��qch��¼¹�h�»°¾�|�Z���¹K��qe{��c|
ÌyhUÀb»6qe~m¹�h�»Ç�CjK·Nqc�
É#¹�h�¹���qe~mqehU{Oikj��A�y»UÀ!Ñ8jUnNÁ8qc{?·Nj���¸U�e|vt'Ø��`ÝMª���®Ð¸Â¹Ð¹L¹
¸Â­�Ï#ÊÒ¶#ÊL± ¶N�q�I®�ª��A�����L¨

�â�qÉ&�Zg$»N»N»
lo{�»Qµ����U| �R�U|�©�|"¤&ß Ø�ÚcÖ�ÚcÜÆÜ=±½Ú8¦�ß<¥��Ô¬yÝÆÝáÚcÜÆÜ1¶N�L�UÛ
�EØ$�KÖ}¹G±�¬c¶�ºm×q�B¦�tN£ �KÜeß ÝÆ×KÖA«C×���ÚRØQ¹GtLÆÁHBº�>� �ÚáÝRß �dÝÆ×�Û
�Eß<�q�UÜc®n��Ø£«	��Þ�Û{È'×q�EÚk¤mß Ø�ÚeÖrÚeÜÆÜ�t'Ú`ØÎÜ��L��×KÖL¬�Ø�ÚÆ×
­5Ú��àÛ
ÞN��Ø�µKÜÏ¹{«9ÈyÛv¤£t-¬�­�Ü�ºK|mg$»N»N» }_j�~mz���{�qe��lUjUneprqe{?���Ìyne{�j��Aqc�x�����L¨


