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� �Â} ikjne�ds`Pe|pN��Q=\(��������������������������������������������������������������������������� 0
� � � o�Q=¨;cNe�jnQ=ORQPdE]h\ ����������������������������������������������������������������������� �

� � #21 ¯ �$�H��3�� +�« �=�b�)�.-���� ¯ � 4
ws��� U�gb\�]nQ=j ������������������������������������������������������������������������������� 5
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ws�=< Y;]naEpNpNe�dN� Y[Q={bQPjhgm��S#abORpqabdNQ=dE]_\������������������������������������������������������ �C}
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JLKNef\'j_QPpqabjn]'e�\*\�e|]ncsgm]nQCr e|d ]_KNQ�`�abd;]nQP¥;]Rab��rNe�\�]nj_e|�sc2]nQCr `�aEO'pqaEdNQPd;]RpNjnaE�bjhgmO'ORe�dN�s�kgbdsr O'aEjnQ
psgbj�]_e�`PcN�fgmj_�|Z�e�]k\nab��{bQ=\�]_KNQ�psjnaE�N�|Q=O£am�q\�]nabpspNe|ds�Vg�pqabjn]ne�abd
ab��g�KNe�QPjhgmjh`_Kse�`=gm�;`PabORpqabdsQPdE]�gE\n\nQPO
�N��Z
e�d ]_KNQ�`PgE\�Q�am�/r2ef\�]nj_e|�NcN]nQ=r�gmcN]nabdsabORabcs\L`PabORpqabdsQPdE]h\P�

6 \#cNd�r2QPj_�|e�dNQCr e|d
� 5��5�[O*gbe|d;]_gme�dNe�dN�
e�dE]_QP�Ejne|]^ZRrNcNjne�dN�$jnQC`�abdN²s�bcNjhg�]ne�abd gmdsr9gbrsgmp2]hg�]ne�abd ef\�`�j_c2�
`Pe�gb��� U�abj_Q�pNj_Q=`�ef\nQP��Zb�#e�d aEj_r2Q=j']_a��qQ�j_Q=`Pabd2²��bcNj_Q=r���g�`PabORpqabdNQ=dE]9gb\_\�Q=O
�N�|Z \�KsabcN�fr j_Q=gE`_K g
\�]_gm]nQ'¢�KNQ=jnQR`�aEO'pqaEdNQPd;]_\�gmj_Q'\�]naEpNpqQ=r���gmd�r&`�abd�\�efr2QPj_Q=r7gE\�QCgb\ne|��Z�jnQC`�abdN²s�bcNjhgm�N��Qb��JLKse�\�jnQ=pqabjn]
pNj_abpqa;\�QC\Vg�`_Ksgbj_gE`�]_QPj_e| Cg±]_e�abd7am�L\^]hg�]_Q=\�¢�KNQPj_QRjnQC`�abdN²s�bcNjhg�]ne�abd7ef\�Q=gE\�ZE��]naE�bQ�]_KNQPj�¢�e�]_K�gbdxgb�|�Eam�
j_e�]_KNO ]_a�j_Q=gb`hK'e|]@¢�KNe��|Q¡\�]nabpspNe|dN��g�`�abORpqabdsQPdE]#\�cN��\�Z2\�]nQPO���Y[cs`hK g��bQ=dNQPjhgm�N\�]naEpNpNe�dN��gm���baEjne|]nKNO
]_ab�bQP]nKNQ=j#¢�e|]nK j_Q=`�aEd2²s�EcNj_g�]_e|aEd*pNjne�ORe�]_e�{bQ=\#¢�e����qpNj_a�{;efr2QVgmc2]_abdNaEO'aEcs\#gbrsgmp2]hg�]ne�abd9`=gmpsgb�Ne��|e|]ne�Q=\@]na
r2ef\�]nj_e|�NcN]nQ=r�`�aEORpqabdNQPd;]+\nZ2\^]_QPO*\P�

�)a[a;\�QP��Z9`PabcNps�|QCr�`�aEO'pqaEdNQPd;]+ORa2r2Q=��\¡gmj_Q�ORaEjnQ�gbrNgbp2]nQCr ]na9r2ef\^]_jne��Nc2]_e|aEd�pscNjnpqa;\�QC\P���¤d�r2QPQCr��
��a[aE\nQ `PabcNpN��e�dN��jnQCr2cs`PQ=\�]_KNQ9e�O'psgE`�]$am�+��gm]nQ=ds`�ZE�/gbdsr���e�O'e|]_\
]nKNQ e|d;]nQPj_��Q=g±{;e�dN���qQ�]^¢#QPQ=dG`PabORpqam�
dNQ=dE]h\;:&Q=gE`_K `PabORpqabdsQPdE]9e�\ j_Q=\npqabds\ne��N�|Q���abj9e�]h\ a�¢�d \^]hg�]_Qb� U�abj_QPa�{bQPj=���|a[a;\�Q�`�aEcNpN��e|dN� gm���|a�¢
gbc2]naEdNabORef`�O*gmdsgb�bQ=O'Q=dE]kam��`PabORpqabdsQPdE]h\P�/JLKsg�]@ef\�¢�K;Z$¢�QL]nKse|d 9$]nKsgm]#g�r2ef\^]_jne��Nc2]_Q=r*`�aEO'pqaEdNQPd;]
\nZ2\^]_QPO \nKNabcN�fr�jnQ=�|Z&abd�j_QP�fg�]ne�{bQP��Z&gbc2]naEdNabORaEcs\�`PabORpqabdsQPdE]$`PabORO
cNdNef`Pg�]_e�dN���[ZxgE\�Z[ds`hKNj_abdNabc�\
`PabORO
cNdNef`Pg�]_e�abds\=�Lgbdsr dsam] \nKsgmj_e|dN�Ggmd;Z ORQPORaEjnZE�BJ�a�e�ds`�j_Q=gb\nQ�]_KNQ�psjnaE�bjhg�ORO*gm�Ne���e�]^ZGab�V]_KNQ
ORa2r2Q=���)¢#QRdNQPQ=rxg ORQ=`hKsgmdNef\nOXgb�|��a�¢�e|dN�9]_KNQRpNj_ab�bjhgmORO'Q=j¡]na�cs\�Q']nKNQRj_Q=\ncN��]h\Vam��gE\�Z[ds`hKNj_abdNabc�\
`=gm����\L¢�e|]nKNaEc2]�]_KNQ��NcNjhr2QPd�am��`Pgm���|�5�sgE` 92\=���xQ�\ncN�b�EQ=\�]�]na*cs\nQ ���B����� ��� ��abjL]_KNef\�pNcNj_pqaE\nQ�:�g'��c2]ncNj_Q
���=v2� <���ef\�gmd7efr2QPd;]ne|²sQPj ¦.9[e|d�r7am�@Q=O'pN]¤Z�ab�2l^Q=`�]h§+]_Ksg�]�j_QPpsjnQC\�QPd;]�]nKNQ'j_Q=\ncN�|]Vam��gmd&gE\�Z[ds`hKNj_abdNabc�\
ORQ�]_KNa2r�`=gm����\�]nKsgm]�Ksgb\LdNab]��qQPQPd�`=gm�f`�cN�fg�]_Q=r9ZbQP]=���xQ�`�aEds\ne�r2Q=j��¤²sjh\�]�`��fgb\_\#��c2]_cNjnQC\ �V]nKsgm]+`Pgbd �qQ
]_j_gbds\�ORe|]�]_Q=r �qQP]¤¢#Q=QPd�pNj_a2`�Q=\_\nQ=\=�
J�aG\ncNO'�5cNp��L¢#Q�`�aEds\ne�r2Q=j g�`�aEORpqabdNQ=dE] ORa2r2Q=��]_Ksg�] \�Q=psgmjhg�]_Q=\']nKNQ7`�aEORpqabdNQ=dE]_\*e�dE]_aGgbc2�

]_abdNaEO'aEcs\=��gmd�r�j_QP�fg�]_e|{bQ=�|Z���a[aE\nQP��Z�`�abcspN�|QCr�Q=dE]ne|]ne�Q=\=�/JLK;cs\=�mabcNj/gb�|�Eabj_e�]_KNO jnQ=�|e�Q=\�abd�]_KNQ#��aE�|��a±¢�e�dN�
gE\n\ncNORp2]ne�abd�\�j_QP�fg�]_e|{bQ=�|Z*]naR]nKNQ�`�aEORpqabdNQ=dE]�ORa2r2Q=� :

! S#aEO'pqaEdNQPd;]_\�r2a$dNab]L\�K�gmj_Q¡O'Q=ORabj_Zb�[gmd�rR]_KNQPj_Q�ef\#dNa'\nKsgmj_Q=r `�aEORpqabdNQPd;]=�[e5� QE��`�aEO'pqaEdNQPd;]
KNe�QPjhgmjh`hK;Z*ef\�g$]_jnQ=Qb�

! S#aEO'pqaEdNQPd;]_\�`�aEORO
cNdNef`Pg�]_Q#�;Z�gb\nZ[ds`hKNjnaEdNabcs\ � ��"	�Q�	�S�#� ¢�KNef`_K'`Pgmd
�qQ�jnQ=O'ab]nQ#O'QP]nKNaNr
`Pgb�|�f\
aEj�gbd;Z ab]nKNQ=j+gb\nZ[ds`_KNj_abdsabcs\�`PabORO
cNdNef`Pgm]ne�abd)�

! 6 �|�N`�aEORO
cNdNef`Pg�]_e|aEds\�gbjnQ#pqQPjn��abj_ORQ=r�a�{bQPj/\nabORQ$���Ne�dsr2e|ds�E\%�@ORQCgmdNe�dN�¡]_Ksg�]/]¤¢�aV`PabORpqabdsQPdE]h\
`=gmdNdNab]+`�abORO
cNdse�`=g�]nQ��;Z9�;Z[psgE\n\ne�dN�$]nKNQ�`PabORpqabdNQ=dE]�Kse|Q=j_gbj_`hK;ZE�

! JLKNQ�`�abORO
cNdse�`=g�]ne�abd ORQ=`hKsgmdNef\nO(`Pgbd9�qQ�e|ds\�]_jncNORQPd;]nQCr9�;Z9gErNr2e�dN�$e�d2��aEjnO*g�]_e|aEds\@]_a'QP{bQ=jnZ
ORQ=\_\_gm�bQE�

! � ]�e�\�pqaE\_\�e��N��Q$]na�efr2QPd;]ne|��Z&\_g���Q*\�]_g�]_Q=\V��abj�gbd;Z��be�{bQPd�`�abORpqaEdNQPdE]A:�KNQPj_Qb��g �;� ���&�S���O���
�'�
�
� �O�
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JLKNQ D�S�U `�aEORp�aEdNQPd;]�O'aNr2QP�6� v���ef\�g `PabORpqabdNQ=dE]�ORa2r2QP��]_Ksg�]�\ngm]nef\^²�Q=\+ORaE\�]�am��]nKNa;\�Q
pNj_Q��
j_Q=¨;cNef\�e|]nQC\P�b]_Ksg�]#ef\k¢�K[Z'¢#Q¡O*gbr2Q�g�pNjnab]nab]¤Z[pqQ+e|ORpN��QPORQPd;]_gm]ne�abd am�)abcNj#gb�|�Eabj_e�]_KNO a�{bQPjk]nKse�\#`PabO'�
pqaEdNQPdE]
O'aNr2QP�5�9o�QP��Z[e|ds��abdx]nKNQ*��Q=g�]_cNj_Q=\�ORQ=dE]ne�aEdNQ=r�gm�qa�{bQb��abcsj�gm���baEjne|]nKNOXKsgE\V]_KNQR��aE�|��a±¢�e�dN�
`hKsgmjhgb`�]nQPj_ef\^]_e�`=\;:
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! � ]Lef\Lgm�s�|Q¡]_aR\^]_abp g'\�cN��\�Z2\�]nQPO©e�d�g$\_g���QV\�]_gm]nQE�;]nKsgm]Le�\�e�d�g$\�]_gm]nQV¢�KNQPj_Q¡]nKsQ�\^]hg�]_cs\�am�)]_KNQ
e�dNdNQ=j�`�abORpqabdsQPdE]h\V`=gmd&�qQ'jnQCr2cs`�QCr�]_a�g9ORe�dNe|O
cNO��)]na�gb�|��a±¢£]nKsQ'j_Q=`�aEd2²s�EcNj_g�]_e|aEd�ab�k]_KNQ
\�]naEpNpqQ=r�`PabORpqabdNQ=dE]C�

! �xQ�`Pabds\ne�rNQPj+gR\�]_gm]nQ�gb\+\ngm��Q�e|��gm����]nKNQ
\�cs�I`�abORpqabdsQPdE]h\Lab��]_KNQ�\�]naEpNpqQ=r�abdNQ�Ksg±{bQV²sdNef\nKNQ=r
]_KNQPe�j�pqQPd�r2e|ds�9jnQC¨;cNQ=\�]_\=� � ��]nKsQ$`PabORpqabdNQ=dE]�ef\�\^]hg�]_QP��Q=\_\P��e|]�`Pgmd�]nKsQPd7�qQ
jnQ=pN�fgb`�QCr��;Z�gmd[Z
dNQ=¢��|Z `�j_Q=gm]nQCr9abdsQb�
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 Phase 1 

 Phase 2 

Started 
 (started)

Idle1
 (wait for stopping)

Receive Master stop   
Create Marker (M) 

  

Receive 
replies   

Receive  
Request R   

Processing1
 (wait for stopping)

Serve  Request R   

Idle2
(stopping)

 [All futures in the component are marked] 
 Send STOPPING to subcomponents   

Send Reply  

Receive  
Request R   

Receive  
replies   

Send Request R’ to C2
Mark it 

Mark the future 

Receive 
Request R  

Receive R2S 
and NOT_R2S   

Receive replies   

Processing2
(stopping)

Serve Request R  
there is a marked request after 

or if it is internal call

Ready to stop
 (ready to stop)

No marked request in queue   
All subcomponents are R2S    

Send Reply   

Receive 
Request R  

Receive R2S 
and NOT_R2S   

Receive replies   
Send Request R’ to C2 

Mark it 

Stopped
 (stopped)

Send STOP to 
all subcomponents   
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