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           given t<=p(t)

Commute(<B1(t),B2(r,s)>: 
   given t<=p(t) ^ r<t<s)

   given t<p(t) ^ r<t<s)
Commute(<B1.a(t),B2(r,s)>:

   given t<p(t) ^ r<t<s)

   given t<p(t) ^ r<t<s)

   given t<p(t) ^ r<t<s)

   given t<=p(t) ^ r<r’^s>s’)
Commute(<B2(r,s),B2(r’,s’)>:

Commute(<B1.b(t),B2(r,s)>:

Commute(<B1.d(t),B2(r,s)>:

Commute(<B1.c(t),B2(r,s)>:

Independently True

Independently True

Independently True

Symbolically True

Independently True

Program 7(a)  =  Program 7(c)

~d�C�c£/�/¤h£�$Uu^t��Dvxt�������w(¾
z�������.Lypt4���������$z�{�Ä��

��+ �7�G-3¦9�"�hLi�4gkC�LvLl�m_?# q�4tmon�r>k # q�4tmon�rKx # q�4tm]��r32 # q]�%mon�r
� ËDW ^D�7¶7�1�hLiaj>kKl�mT?����
Ük # qJ(�m6j�r# qJ(�m6j�r>k # q]
*qJ(Yrtm6j�r# q]
*qJ(Yrtm6j�rKkG����


� Ë�W ^D��¶7�ª�hLi#j>k�l�m,?����
Kk # qJ(�m6j�r# qJ(�m6j�r>k # q]
*qJ(YrtmCj�r# q]
*qJ(Yrtm6j�r�k)����

�,+ ���)-�¦<�1�hLi�4gk
�LvLl�m_?# q�4tmon�r>k # q�4tmon�rÜx # q�4tm]��r32 # q]�
mon�r

y t*z,âa+ y ­äã���z5å�â5�8æ ¬ y6ç z y ¾�zOâ5�8æ ¬ y6ç z5å©âa+ y ­äã���z
~E�8��£*�/¥h£��M��w�sS���/¸prD¥«|+z�w�s�t�ux���xz4y

ô
ÔDV�Ð�\DV�T�j^X�Ñ6Ú�RUTQOQÐ�V�f�V�TQX�j^OQj+g
]�g
Ó
Ð4]�j�Ð4RUÔ^Ôl]�Ð�\lTnX6\lkcV�\+\lk
]�j^]JÐ�R�g
]�j$V�Ôl]$]�Õ�ÓcV�TxØ�ô�OnoSÓ
Ô^]ÜÎ�ù
OQTnTQÓ
jl\^ÔDV�\^]4j�\lk
OQj:Ò
Ô^R�Ð�]4j^j�RSf
\lk
]�\xÛ;R&Ð4Rpgh]�j}Ø"Ë+jlj^]�f�\lO¼V¸TQTnX�`¸ÖåÔ�V¸Ð�\�V¸TcjlXpÑ6Ú�RUTQOQÐ$V�fcV¸TnX�jlOnj;OQj
V�Ú
TQ]5\^RGÔ^]�ghÓ
Ð�]6\^kh]&TQ]�o�V�TQOQ\xX
R�Ö:\lk
]&ÔlOQoUk�\x×xTQ]DÖå\$OQf�\^]�ÔlÐ�k�V�f
oS]&\lR
\^kh]&jlXpÑ6Ú�RUTQOQÐ�TQ]�o�V�TQOQ\xX
R�Ö+Ô^]�RSÔ^g
]�ÔlOQf
o6j^Û$V�Ò
jHP3ÔAÎSÕ/Ö�T$V�f
gGÓ
Ò�gcV�\l]�jMP�Ô�ù
T4Ø
Ù$k
OQj
j^OQÑGÒ
TQ]�Ô
TQ]�o�V�TQOQ\xXÅ\^]4j^\2OQj3OQTQTQÓ
j^\lÔ�V¸\^]�g9OQf9OQfáô�OQoUÓhÔ^] Î}û
Ø$äJ]�Ò�]�f
g
]4f
Ð�]�j�V�Ôl]

j^\lOnTQT
_�OQRUTWV¸\^]�g�`¸Ú
Ó
\;\^k
]�jl]5Ò
Ô^RSoUÔ�V¸Ñ
j:V�Ôl]ºèlj^OQÑ
Ò
TQ];]�f
RSÓ
oUk"é�\^R�Úc]JÐ�RUÑGÒcV�Ôl]�g6Ú�X6g
OQÔ^]�Ð�\
j^X�Ñ6Ú�RUTQOQÐ�V�f�V�TQX�j^OQj}Ø4Ù$k
]�RSf
TQX5TnOQ_S]U`}V¸Tn\l]�Ô^]4g&_UV¸Ô^OWV�Ú
TQ]+OQf�]�OQ\^kh]�Ô:Ò
ÔlRUoUÔDV�ÑöOQj�\lk
]$V�Ô^ÔDV�X�ñ�`
V�f
g6\lk
]�Ð4RUÔ^]Jj^X�Ñ6Ú�RUTQOQÐ:]�f
oSOnfh]�oU]4f
]�Ô�V¸\^]�j$]4ÕpÓhOn_UV¸TQ]�f�\:oUÓcV¸Ô^g
]4g6j^X�Ñ6ÚcRSTQOnÐ;]�â�Ò
Ôl]�j^jlOnRSf
j
ÖåRUÔ ñ6Ö�Ô^RUÑ ]}V�ÐDk2Ò
Ô^RSoUÔDV�ÑÒ4

jZê�ë�ì y ~�ã�í*zml
nooooop oooooq

~ªl ç<î í
lÂ� x�jCï � y | y6ç z5ã���zñðòjCï � y | y6ç z5ã�­Hz"ó,jCï � y ­äã���z~ªlô| y6ç z î í)lÂ� x�j ï � y6ç ã��7z¤ðºj ï � y6ç ã�­Mz1ó,j ï � y ­äã���z~ªl ç<î í�õlÂ� x�j ï � y | y6ç z5ã�í*z~ªlô| y6ç z î í�õlÂ� x�j ï � y6ç ã3í/z~,õl ç<î ~�õlô| y6ç z î í
lÂ�bx�jCï � y ~�ã���zñðºjZï � y ~�ã�­Mz"óTjZï � y ­äã��7z~,õl ç<î ~�õlô| y6ç z î í�õlÂ�bx�jCï � y ~�ã�í*z
õ$\:\^k
OQj;ÒcRSOQfp\�`�\^kh]ÞjlX�Ñ6ÚcRSTnOQÐ:]4âpÒhÔ^]�jlj^OQRUf
j$Ð4RUÔ^Ôl]�j^Ò�RUfhg
OQf
o6\^R�]�V�ÐDk
oSÓcV�Ôlg
V�Ô^]Jj^X�f�×

\�V¸Ð�\^OQÐ}V¸TnTQX5]�Õ�Ó
OQ_UV�TQ]�f�\�Ø�Ù$k
OQj:f
]�]4g
f
RS\�Ú�]�\lk
]$Ð}V¸j^]�OQf�oU]�fh]�Ô�V¸TæØ�ð�R�Û;]�_S]�Ô}`SOQf&\lk
OQj:Ð}V�jl]U`
OQ\Þgh]�Ñ
RSf
j^\lÔ�V�\l]�j�\lkcV�\�\lk
]6Ò
ÔlRUoUÔDV�ÑGjÞOQf�ô�OnoSÓ
Ô^]QÎ�û\PåV¸f
g�`a\lk�Ó
j}`�\^k
]6RSÔ^OQoUOQfcV¸T+Ð�R�g
]�j
OQfBô�OnoSÓ
Ô^]ARUV2V¸f
gÍR¸Ð�T5V�Ôl]6Ð�RUÑGÒ
Ó
\�V¸\^OQRUf�V�TQTQX6]�Õ�Ó
OQ_UV�TQ]�f�\}Ø�Ù$kcV¸\ÞOQj�`�ÖåÔ�V¸Ð�\�V¸T+j^X�Ñ6ÚcRSTQOnÐ



V�fcV¸TQXpjlOQj�OQj�V�ÚhTn]�\^R6g
]�ÑGRUf
jl\^ÔDV�\^]5\lkcV�\Jf
R§PcRpV¸\^OQf
o6Ò�RUOQf�\�Ð4RUÑ
ÒhÓ
\�V¸\^OQRUfGOnj$Ôl]�RUÔlg
]�Ôl]�g
Úc]4\xÛ�]�]4fáÔlOnoSk�\x×ZV¸f
g9TQ]DÖå\º×æTQR�RUP�OQf
o[ÖåRUÔlÑ6Ó
TWV�\^OQR�f
j�R�Ö&íÀî�ÖæV¸Ð�\^RSÔ^OQç}V�\lOQRUf½Û$OQ\^k½ÒcV�Ôl\^OWV�T
Ò
OQ_URS\^OQf
oc`¸\^k
]�Ôl]DÖåRSÔ^]�\^k
]5\^ÔDV�f
jºÖåRUÔlÑ3V¸\^OQRUf6g
R�]�jJf
RU\�VMñ�]4Ð�\�f�Ó
ÑG]�Ô^OQÐ}V¸Tcjl\�V�ÚhOnTQOQ\xX�Ø

ö ÷BËLÈ�ÎZ`^Ía[�Ï^Ë:Èa[
éxfB\lk
OQj�ÒcV¸Òc]�Ô�`aÛ;]6kcV�_U]�j^\lÓ
g
OQ]�gÅÔlOQoUk�\�V�f
gãTQ]DÖå\JÖåRUÔlÑ6Ó
TWV�\lOnRSf
j;ÖåRSÔÞ\lk
Ô^]4]
OQÑ
Ò�RUÔl\�V�f�\
TQOnfh]}V�Ô&V¸TQoU]�Ú
ÔDV«PS]�Ô^fh]�TQj
V�f
g½V�Ô^oSÓ
]�gë\^k
]2OQÑ
Ò�RUÔl\�V�fhÐ�]6R�ÖÞV¸Ó
\^RSÑ3V�\lOQÐ}V�TQTQX2Ð�RUf�_U]4Ô^\^OQf
o
Úc]4\xÛ�]�]4f�\^k
]6\xÛ;RGÖåRUÔlÑ6Ó
TWV�\^OQRSf
j}Ø
ôhÓ
Ô^\lk
]�ÔlÑ
RUÔl]U`aÛ;]6kcV�_U]6V�Úhj^\^ÔDV�Ð�\l]�gÅ\lk
]6k
OQoUk¿×æTQ]�_S]�T
\^ÔDV�f
jºÖåRUÔlÑ3V�\lOQRUf
\lkcV�\5]�Õ�ÓcV¸\^]�j�\^k
]�\xÛ�R�ÖåRUÔlÑ6Ó
TWV�\lOnRSf
j;R�Ö�\lk
]�j^]6Ð4Rpgh]�j}Ø Ô�]�kcV�_S]&g
OQjº×
Ð�Ó
jlj^]�g9khR�ÛüÖ�Ô�V�Ð4\�V�T$jlX�Ñ6ÚcRSTnOQÐ
V¸fcV�TQX�j^OQj�Ñ2V�XBÚ�]2Ó
j^]�g½\lRB]�jl\�V¸Ú
TQOnjlkÅ\lk
]2Tn]4opV�TQOQ\xXãR�Ö
\^k
OQj:\lÔ�V¸f
jxÖåRSÔ^Ñ2V�\^OQRSf�`}V¸f
g6kcV�_U]$gh]�Ñ
RSf
j^\lÔ�V�\l]�g6OQ\^j�V¸Ò
Ò
TQOQÐ}V�ÚhOnTQOQ\xX5\^R&íÀî½ÖæV¸Ð�\^RSÔ^OQç}V�\lOQRUf
Û$OQ\^k6Ò
OQ_URS\^OQf
o�`UV5Ð}V¸j^]5OQf
Û$k
OQÐDk6g
]�Ò�]�f
g
]4f
Ð�]6V�fcV¸TnX�jlOnj*ÖæV�OQTQj}Ø�õJj:ÖxV�Ô$V�j;Û�]5V�Ô^]5V�Û�V¸Ô^]U`
ÖåÔ�V¸Ð�\�V¸T
j^X�Ñ6Ú�RUTQOQÐ�V¸fcV�TQX�j^OQj:OQj:\lk
]�RSf
TQX&\l]�ÐDk
f
OQÕ�Ó
]�oS]�f
]�ÔDV�Ta]�fhRUÓ
oSk6\^R�]�Õ�ÓcV¸\^]JTn]òÖå\�V¸f
g
Ô^OQoUk�\LÖåRUÔlÑ6Ó
TWV�\lOnRSf
j�ÖåRUÔ�V¸TQTc\lk
]�]�â
V�ÑGÒ
TQ]�j;Ñ
]�f�\^OQRSf
]�g
OQfG\^k
OQj$ÒcV¸Òc]�Ô�Ø
õ�j$V5ÖåÓh\^Ó
Ôl]ÞoSRpV¸Tæ`¸Û�]JÛ�RSÓ
TQg
TQOQPU]$\^R �� /
��8�
ÿ��B	6�}ÿ;\lÔ�V�fhjxÖåRSÔ^Ñ3V¸\^OQRUf�j^]4ÕpÓh]�f
Ð�]�j5Ó
jlOQf
o

ÖåÔ�V¸Ð�\�V¸T�j^X�Ñ6ÚcRSTQOnÐ;V�fcV¸TnX�jlOnj�Ø�ä�]4Òc]�fhg
]�f
Ð�]5OQf�ÖåRSÔ^Ñ2V�\^OQRSf�Ð}V¸f6Úc]$Ôl]�Ò
Ô^]4j^]�f�\^]4geV¸Ú
j^\lÔ�V¸Ð�\^TQX
Ó
j^OQf
oëg
]�Ò�]�f
g
]4f
Ð�]Å_S]�Ð�\lRUÔ^j2RSÔ
Ò�RUTQX�k
]�g
ÔDV
`$V�f
g�\^k
]�jl]�Ô^]�ÒhÔ^]�jl]�f�\�V�\lOQRUf
j«k�V�_U]«Ú�]�]�f
]�â�Ò
TQRUOQ\^]4g�\^Rãj^X�f�\^k
]�jlOQç�]«\^ÔDV�f
jºÖåRUÔlÑ3V¸\^OQRUfãj^]�Õ�Ó
]4f
Ð�]�jãø�ÎS`LD�ú^Ø�õ$\&ÒhÔ^]�jl]�f�\}`:Û;]
ghRBf
RS\
P�f
R�Û½j^Ó
OQ\�V¸Ú
TQ]$Ô^]�ÒhÔ^]�jl]�f�\�V�\lOQRUf
j(ÖåRUÔ;\^k
]JÔ^]�jlÓ
TQ\^j$R¸ÖaÖåÔ�V¸Ð�\�V¸TcjlXpÑ6Ú�RUTQOQÐ$V�fcV¸TnX�jlOnj�`UfhRUÔ;g
R
Û�]5P�f
R�Û9khR�Ûá\lR&jlXpf�\lk
]�j^OQç�]�\^ÔDV�f
jºÖåRUÔlÑ3V¸\^OQRUf6jl]�Õ�Ó
]�f
Ð�]4j�Ö�Ô^RUÑ j^Ó
ÐDk«OQf�ÖåRSÔ^Ñ2V�\^OQRSf�Ø

ø fªù�f�Ê�f�È�ÎZf [
�}»;��t4¦�t�t�Ãç.L�pw5rD¥
���L��ÁMz4��t���ý6t�vxr�rD����t�y�¥A�$rD����t��>ÈÀ��yp§�t����W»a����yUv��prD����Ãl��yp§5v�u^t4yp��{Wz4u^wÞt�v���z4yp�
{Wz�uJ��z���t4����v��BrlyU��t�y��Dr�w5rlyUv�z4{:��wJs
r^ux{WrD�Dv�����©WyprD�xvxrD¥[��z�z�sãyprD�xvx�D»3�¼yÂú�¬�µ�®>û,ü^·�¯6ý�¬l·�­�¯W¶Qµ�·p­�°þaµ�·�ªDý�¬�ý�·�®�ý$µ�·§ÿ����<ý�¬�®^µ�³����S¯W¶�·����}�¸t�yUvxt $pr��U�;rD¦øý6rD�����DzU��ý6t4�M+�,�,�,U»

+�» -:»å.:y�¥Urlu^�xz�y��	��»:ÿ+t4�W�À|�»�ÿ����x�º�pz4{x��
S»
q;rDw5wÞrl�W�	
S»cq;z4yp§�t�uxu^tS�	
S»
q:~B|�u^z�Ã��:.J»��Lu^r�rlyS©
¾pt4~pw����¿»dþ�t�w5w5t�ux����y�§U�#.J»çý6�D�$rlyUy�r����$��»��;�xv�u^z4~p�x��z�����t4yp¥ëq�»��¸z�u^rly��xr^y���rD¥���vxz4u^�D»
��

ú�
�þ�����±�ý4¬x±������U¶��aý>û1ÿ"ý^®lµ�·�������¶Q¯W¶Qµ�·S»��S��. ý2�5ÈÀ�U����t�¥Url��sU�S�ntS�+�t(�(M�¸»

�U»;Ä�»���»�ÿ���t��xÁ�{Wz4u^¥
��
S»�|��pz4�W�/-:»�q�� .�ÃDrD�}rD¥SzU��
S»}q;r�w5w5rl�W�U�x»�q:�S������z�y���
S»�q�z4yp§�t�uxu^tS�U��»/þ;t}wJ©
w5t�ux����y�§U�<�J»�þ�rlySu^�}�/.J»�ÈarDv���vxr�vD�a�5»���vxt4yU��rD���Uq�»�¤Å»�¤
t4��ÁMrlu��Ut4yp¥�&$»�|;»}¤[�pt4��rD��»¤ÿ¿®l­ ��
�!ú�
�þ�����±�ý�¬º±������S¶"�aýò»��U��. ý2�
Èa�S����t}¥Sr^��s��S�ntS����(�(/)�»

�U»C�;rlyprº�;z4��~U¾Åt4yp¥�|��pt4ux��rD�$#�t4yóÄ�z�t�y�»&%6­�¯W¬^¶('Çþaµ�³����S¯W­�¯W¶Qµ�·S±^» " ��r)
�z��Syp�Üþ;z4sUÁ���yp�
�:yS���}rlu^����v��AÈau^rD�x�D���t(�(�0S»

��»*#�»�ý6t�����z���»#-ayU��t�y��l��yp§
t4uxu^t���¥Ut�vxt>��z�¦½¥Urls
rlyp¥Urly���r�t�y�t����������5¦+��v��
z4yU©å¥SrDwÞt4yp¥G§���z4¾pt4�
��t4��~prGsUu^z4spt�§}t�v���z4yc»á�¼y�ú+¬åµ�®�ûLü^·p¯�ý�¬^·�­�¯W¶Qµ�·�­�°Oþaµ�·�ªDý�¬�ý�·�®�ý�µ�·Çÿ��+�<ý4¬å®lµ�³����U¯�¶n· ���
s�t}§�rD�
+�0���,%+�0�(S��
4~U���G��(�(���»

0U»;�:��Á�z4��t��Ðý6t}vxrDrD���-#:� .xt�� ý6r^y�z�y��at�y�¥ò�$rD����t��ßÈÀ��yp§�t����W»A$Su^t}�Dvxt4���x��w(¾¿z4�����6t4ypt4���������5{Wz�u
sUu^z�§�u^t�w9v�u^t4yp��{Wz4u^wÞt�v���z4yp�D» " rD�º�UyU���Dt4��&:rls¿z4u^v " &g+�,�,�,�©^��)4�U���U|+z�uxy�rl���¿�LyU����rlu^����vå���p|*z}wJ©
sU~�vxr^u����l��rlyp�Dr���
�t4y�~pt4u^� +�,�,�,S»

)�»;�:��Á�z4��t��Qý6t�vxr�rD���-#L� .æt4�ßý6rlypz4yc��t4yp¥¾�$rD���pt4� ÈÀ��yp§�t����W»2Ä�r^{Wv�©W��z�z4Á���yp§2vxz�ux��§4�Uv�©W��z�z4Á���yp§
t�y�¥������Dr���rlu^�xtUÂ�.:y�t4sUsU�����Dt�v���z�y2z�{h{nu^t��Dvxt��
�x��w(¾¿z4�����$t4ypt4����������vxz;����y�r�t4u�t4��§}rl¾Su^tÞ�Dz�¥Sr:u^rl©
�xv�ux~p�Dv�~Uux��y�§U» " r��º�UyS����t4�:&:rls
z4u^v " &g+�,�,�,�©^��)�(*)¸�¿|*z�uxy�r^�����:yS���}rlu^����v��}�
|+z�wJsU~pvxrlu����l��rlyp�Dr��

4~Uy�r>+�,�,�,S»

�U» ý����x��t}rl��¤
z4��{Wr�»0/$¶(�21 ú�ý�¬ýª�µ�¬l³�­�·�®�ý¾þaµ�³3�c¶�°7ý4¬x±$ª�µ�¬�ú�­�¬�­�°Q°7ýD°�þaµ�³3���U¯W¶Q·���»\.�¥S¥����xz4yU©
¤
rD����rD�MÈÀ~U¾S�������U��y�§
|+z�w�s�t�yU�����t(�(���»


