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CCS syntax

inactive process
process variable (for recursion)
action prefix
restricted channel
channel relabelling
nondeterministic choice (sum)

p, q ::= nil
| x
| µ.p
| p\↵
| p[�]
| p+ q
| p|q
| rec x. p

<latexit sha1_base64="uT0LkpQKsi7jkU4csmomSJEBSko="></latexit>

parallel composition
recursion

(operators are listed in order of precedence)
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CCS op. semantics
p

µ�! q

p[�]
�(µ)���! q[�]

<latexit sha1_base64="c8TRPe923kw8jnEVi8CxhsxGNLo="></latexit>

Rel)
p

µ�! q µ 62 {↵,↵}
p\↵ µ�! q\↵

<latexit sha1_base64="evOZCK6hL14zN0ukm97vpTEdTJY="></latexit>

Res)

p1
µ�! q1

p1|p2
µ�! q1|p2

<latexit sha1_base64="tSCAWNIeG4pA5jgibywmg60D+7M=">AAACOHicbZDPSsNAEMY3/rf+q3r0slgETyURwR6LevCoYFVoSpis07q4SdbdiVpiXshH8Cm8KgjexKtPYFJ70NY5fXy/GWbmC7WSllz3xZmYnJqemZ2brywsLi2vVFfXzmySGoEtkajEXIRgUckYWyRJ4YU2CFGo8Dy8Pij5+S0aK5P4lPoaOxH0YtmVAqiwguqh3zUgMh143L83sndFYExyl/lRmvObwMsrJXvQwc7/vCR5UK25dXdQfFx4Q1FjwzoOqm/+ZSLSCGMSCqxte66mTgaGpFCYV/zUogZxDT1sFzKGCG0nG3yb863UAiVco+FS8YGJvycyiKztR2HRGQFd2VFWmv+xdkrdRieTsU4JY1EuIqlwsMgKI4sYkV9Kg0RQXo5cxlyAASI0koMQhZkWuVaKPLzR78fF2U7d2603TnZrzf1hMnNsg22ybeaxPdZkR+yYtZhgj+yZvbBX58l5dz6cz5/WCWc4s87+lPP1DR2grfc=</latexit>

p2
µ�! q2

p1|p2
µ�! p1|q2

<latexit sha1_base64="fJa0QTl/AOW1nH90BOWKXN7vr+Q=">AAACOHicbVDLSgNBEJz1GeMr6tHLYBA8hd0gmGNQDx4jmETIhqV37MTB2YczvWpY80N+gl/hNYLgTbz6Be7GPfiqU1FVTXeXHytpyLYn1szs3PzCYmmpvLyyurZe2djsmCjRAtsiUpE+98GgkiG2SZLC81gjBL7Crn91lPvdG9RGRuEZjWLsBzAM5UAKoEzyKsfuQINIY6/O3Tsth5cEWke3qRskY37t1cflzHPu//dzJ894lapds6fgf4lTkCor0PIqL+5FJJIAQxIKjOk5dkz9FDRJoXBcdhODMYgrGGIvoyEEaPrp9Nsx300MUMRj1FwqPhXx+0QKgTGjwM+SAdCl+e3l4n9eL6FBo5/KME4IQ5EvIqlwusgILbMakV9IjUSQX45chlyABiLUkoMQmZhkvZazPpzf3/8lnXrN2a81TverzcOimRLbZjtsjznsgDXZCWuxNhPsgT2xCXu2Hq1X6816/4rOWMXMFvsB6+MTIRqt+Q==</latexit>

p1
��! q1 p2

��! q2

p1|p2
⌧�! q1|q2

<latexit sha1_base64="hRuW0tatAaKGLR7Qdqk+aVl0fsc="></latexit>

ParL) Com) ParR)

p[rec x. p/x]
µ�! q

rec x. p
µ�! q

<latexit sha1_base64="llZym87nlxBxMZ5x4ykuoZ/+DFo="></latexit>

Rec)

p1
µ�! q

p1 + p2
µ�! q

<latexit sha1_base64="mV8EbR86+dHTcsUlzVOKKOHtgnc=">AAACMHicbVDLSgNBEJz1GeMr6tHLYBAEIewGQQ8eRC8eIxgNZMPSO3bikNndcabXB0t+xk/wK7zqSQ8iXv0Kd2MOaqxTUdVNd1WolbTkuq/OxOTU9Mxsaa48v7C4tFxZWT2zSWoENkWiEtMKwaKSMTZJksKWNghRqPA87B8V/vk1GiuT+JTuNHYi6MWyKwVQLgWVfb9rQGQ68Lh/a2TvksCY5Cbzo3TArwblwtnWQf1fN6hU3Zo7BB8n3ohU2QiNoPLmXyQijTAmocDatudq6mRgSAqFg7KfWtQg+tDDdk5jiNB2smHKAd9MLVDCNRouFR+K+HMjg8jauyjMJyOgS/vXK8T/vHZK3b1OJmOdEsaiOERS4fCQFUbm9SG/kAaJoPgcuYy5AANEaCQHIXIxzfss5314f9OPk7N6zdup7Z3sVA8OR82U2DrbYFvMY7vsgB2zBmsywe7ZI3tiz86D8+K8Ox/foxPOaGeN/YLz+QWa/aq5</latexit>

p2
µ�! q

p1 + p2
µ�! q

<latexit sha1_base64="3nHTyzNxgeZpgZhFtb0qD8/lhTA=">AAACMHicdVDLSgNBEJz1GeMr6tHLYBAEIeyGgDl4CHrxGME8IBtC79iJQ2YfzvSqYcnP+Al+hVc96UHEq1/hJuagidapqOqmu8qLlDRk26/W3PzC4tJyZiW7ura+sZnb2q6bMNYCayJUoW56YFDJAGskSWEz0gi+p7Dh9U9HfuMGtZFhcEGDCNs+9ALZlQIolTq5Y7erQSRRp8jdOy17VwRah7eJ68dDfj3Mpo5z+J/byeXtgj0GnyXOhOTZBNVO7s29DEXsY0BCgTEtx46onYAmKRQOs25sMALRhx62UhqAj6adjFMO+X5sgEIeoeZS8bGIPzcS8I0Z+F466QNdmWlvJP7ltWLqltuJDKKYMBCjQyQVjg8ZoWVaH/JLqZEIRp8jlwEXoIEIteQgRCrGaZ/ZtA9nOv0sqRcLTqlQPi/lKyeTZjJsl+2xA+awI1ZhZ6zKakywe/bIntiz9WC9WO/Wx/fonDXZ2WG/YH1+AZy/qro=</latexit>

SumL) SumR)

µ.p
µ�! p

<latexit sha1_base64="sinDyGSX9d6pIMlOFlS6cjWHKmc=">AAACF3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FCCRAJSHKH1sUlOOdunuzUPWf4APoGvoIWKDtFSUvAv2CYFr6lGM7Pa3Qm0kpZc992pzMzOzS9UF2tLyyura/X1jZ6NEyOwK2IVm/MALCoZYZckKTzXBiEMFJ4Fk8PCP7tCY2UcndKtxkEIo0gOpQDKpYt6wx8aEGlWS/0waWru3xg5GhMYE18XUsZ1lqfcpluC/yXelDTYFMcX9Q//MhZJiBEJBdb2PVfTIAVDUijMan5iUYOYwAj7OY0gRDtIy2cyvpNYoJhrNFwqXor4fSKF0NrbMMiTIdDY/vYK8T+vn9CwPUhlpBPCSBSLSCosF1lhZN4S8ktpkAiKy5HLiAswQIRGchAiF5O8tlreh/f7+7+kt9f0Ws32SavROZg2U2VbbJvtMo/tsw47YsesywS7Yw/skT05986z8+K8fkUrznRmk/2A8/YJppugag==</latexit>

Act)



CCS
Weak transitions
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Sequential buffer
B2

0 , in.B2
1

<latexit sha1_base64="+fPYyB9jLkUafmvofsXxmrFZqGo=">AAACKnicbVC5TsNAFFxzE64AJc2KCIkqsiMkKFFoKEEih5Q41vPmEVas12b3GRFZ6fkYRAvfQRfR8gP8AXZIAYSpRjPvnDBR0pLrjp25+YXFpeWV1dLa+sbmVnl7p2nj1AhsiFjFph2CRSU1NkiSwnZiEKJQYSu8PSv81j0aK2N9RcME/QgGWl5LAZRLQXm/Hri9Gu+SkaAHCu94NwK6kZRJParWA69XC8oVt+pOwGeJNyUVNsVFUP7s9mORRqhJKLC247kJ+RkYkkLhqNRNLSYgbmGAnZxqiND62eSXET9ILVDMEzRcKj4R8WdHBpG1wyjMK4tD7V+vEP/zOildn/j5V0lKqEWxiKTCySIrjMxDQt6XBomguBy51FyAASI0koMQuZjmqf0aCkr52cNwlGfk/U1kljRrVe+oenJ5VDmtT9NaYXtsnx0yjx2zU3bOLliDCfbIntkLe3WenDdn7Lx/l845055d9gvOxxccVKdc</latexit>

B2
1 , in.B2

2 + out .B2
0

<latexit sha1_base64="2pLRNRoJPXyO5CJgM8Yded8xQco="></latexit>

B2
2 , out .B2

1

<latexit sha1_base64="MzX/8uKQYcfJBICGzu3rxtzUDbk="></latexit>

B2
0 , in.B2

1

<latexit sha1_base64="+fPYyB9jLkUafmvofsXxmrFZqGo=">AAACKnicbVC5TsNAFFxzE64AJc2KCIkqsiMkKFFoKEEih5Q41vPmEVas12b3GRFZ6fkYRAvfQRfR8gP8AXZIAYSpRjPvnDBR0pLrjp25+YXFpeWV1dLa+sbmVnl7p2nj1AhsiFjFph2CRSU1NkiSwnZiEKJQYSu8PSv81j0aK2N9RcME/QgGWl5LAZRLQXm/Hri9Gu+SkaAHCu94NwK6kZRJParWA69XC8oVt+pOwGeJNyUVNsVFUP7s9mORRqhJKLC247kJ+RkYkkLhqNRNLSYgbmGAnZxqiND62eSXET9ILVDMEzRcKj4R8WdHBpG1wyjMK4tD7V+vEP/zOildn/j5V0lKqEWxiKTCySIrjMxDQt6XBomguBy51FyAASI0koMQuZjmqf0aCkr52cNwlGfk/U1kljRrVe+oenJ5VDmtT9NaYXtsnx0yjx2zU3bOLliDCfbIntkLe3WenDdn7Lx/l845055d9gvOxxccVKdc</latexit>

B2
1 , in.B2

2 + out .B2
0

<latexit sha1_base64="2pLRNRoJPXyO5CJgM8Yded8xQco="></latexit>

B2
2 , out .B2

1

<latexit sha1_base64="MzX/8uKQYcfJBICGzu3rxtzUDbk="></latexit>

B2
0

in

⌦⌦
B2

1

in

⌦⌦

out

II

B2
2

out

II

<latexit sha1_base64="ZFDanafj5wy33zRGm+DOXQrSEog="></latexit>
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Parallel buffer
B1

0 , in.B1
1

<latexit sha1_base64="f6z6USopAr7wDCuxlBRmy5jltY0=">AAACKnicbVA7TsNAFFzzDf8AJc2KCIkqshESKaPQUAaJJEiJYz0vj7BivTa7z4jISs9hEC2cgy6i5QLcADukIMBUo5n3nTBR0pLrjp25+YXFpeXSyura+sbmVnl7p23j1AhsiVjF5jIEi0pqbJEkhZeJQYhChZ3w9rTwO/dorIz1BQ0T9CMYaHktBVAuBeX9RuD2Pd4jI0EPFN7xXgR0IymTelRtBF7fC8oVt+pOwP8Sb0oqbIpmUP7sXcUijVCTUGBt13MT8jMwJIXC0WovtZiAuIUBdnOqIULrZ5NfRvwgtUAxT9BwqfhExJ8dGUTWDqMwrywOtb+9QvzP66Z0XfPzr5KUUItiEUmFk0VWGJmHhPxKGiSC4nLkUnMBBojQSA5C5GKapzYzFJTys4fhKM/I+53IX9I+qnrH1dr5caXemKZVYntsnx0yj52wOjtjTdZigj2yZ/bCXp0n580ZO+/fpXPOtGeXzcD5+AIY8ada</latexit>

B1
1 , out .B1

0

<latexit sha1_base64="+wRT4PY3mt440S7BK2iY2+8ciV4="></latexit>

B1
0 |B1

0

inww in ''
B1

1 |B1
0

in

��

out
77

B1
0 |B1

1
in

��

out
gg

B1
1 |B1

1

out

]]

out

AA

<latexit sha1_base64="hUflIMxvswIbYuSm7AxrD7zzq9k="></latexit>
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Linked buffer
B1

0 , in.B1
1

<latexit sha1_base64="f6z6USopAr7wDCuxlBRmy5jltY0=">AAACKnicbVA7TsNAFFzzDf8AJc2KCIkqshESKaPQUAaJJEiJYz0vj7BivTa7z4jISs9hEC2cgy6i5QLcADukIMBUo5n3nTBR0pLrjp25+YXFpeXSyura+sbmVnl7p23j1AhsiVjF5jIEi0pqbJEkhZeJQYhChZ3w9rTwO/dorIz1BQ0T9CMYaHktBVAuBeX9RuD2Pd4jI0EPFN7xXgR0IymTelRtBF7fC8oVt+pOwP8Sb0oqbI pmUP7sXcUijVCTUGBt13MT8jMwJIXC0WovtZiAuIUBdnOqIULrZ5NfRvwgtUAxT9BwqfhExJ8dGUTWDqMwrywOtb+9QvzP66Z0XfPzr5KUUItiEUmFk0VWGJmHhPxKGiSC4nLkUnMBBojQSA5C5GKapzYzFJTys4fhKM/I+53IX9I+qnrH1dr5caXemKZVYntsnx0yj52wOjtjTdZigj2yZ/bCXp0n580ZO+/fpXPOtGeXzcD5+AIY8ada</latexit>

B1
1 , out .B1

0

<latexit sha1_base64="+wRT4PY3mt440S7BK2iY2+8ciV4=">AAACNnicbVC7TsNAEDzzDO8AJc2JCIkqshESKRE0lEEigBSbaH0s4cT5bO7WiMjyX/AxiBZ+goYO0cIfcA4peE01mp19TZwpacn3n72x8YnJqenazOzc/MLiUn155dimuRHYEalKzWkMFpXU2CFJCk8zg5DECk/iq/2qfnKDxspUH9EgwyiBvpYXUgA5qVdv7vWCs4CHZCTovsJrHqbOX40rwgToUlKR5lSWzuifBb16w2/6Q/ C/JBiRBhuh3at/hOepyBPUJBRY2w38jKICDEmhsJwNc4sZiCvoY9dRDQnaqBj+VfKN3AKlPEPDpeJDEb93FJBYO0hi56xOtb9rlfhfrZvTRSsqpM5yQi2qRSQVDhdZYaQLAPm5NEgE1eXIpeYCDBChkRyEcGLuEvwxFJSKittB6TIKfifylxxvNYPtZutwu7G7N0qrxtbYOttkAdthu+yAtVmHCXbHHtgje/LuvRfv1Xv7so55o55V9gPe+ycfZa0L</latexit>

⌘(out) = c

<latexit sha1_base64="NE6JjWhBSYfr5fGvT19q/bVB8dA=">AAACCnicbVDLSgNBEJz1GeMrKnjxMhiEeAm7EjAXIejFYwTzgCSE3kknDpl9MNMrhDV/4Fd41ZM38epPePBf3F1z0MQ6FVXddHW5oZKGbPvTWlpeWV1bz23kN7e2d3YLe/tNE0RaYEMEKtBtFwwq6WODJClshxrBcxW23PFV6rfuURsZ+Lc0CbHnwciXQymAEqlfOOwiQanrAd1JioOIpqf8got+oWiX7Qx8kTgzUmQz1PuFr+4gEJGHPgkFxnQcO6ReDJqkUDjNdyODIYgxjLCTUB88NL04yz/lJ5EBCniImkvFMxF/b8TgGTPx3GQyDWrmvVT8z+tENKz2YumHEaEv0kMkFWaHjNAyKQb5QGokgjQ5culzARqIUEsOQiRilDSVT/pw5r9fJM2zslMpV28qxdrlrJkcO2LHrMQcds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZXbJmOwfsD6yPbxpSmhE=</latexit>

�(in) = c

<latexit sha1_base64="d/sOaLI1f/fhTkWr8WKFGatWN+Q=">AAACCXicbVDLSsNAFJ34rPUVFVduBotQNyWRgt0IRTcuK9gHNKFMprft0MmDmRuhhH6BX+FWV+7ErV/hwn8xiVlo61kdzrmXe+7xIik0WtansbK6tr6xWdoqb+/s7u2bB4cdHcaKQ5uHMlQ9j2mQIoA2CpTQixQw35PQ9aY3md99AKVFGNzjLALXZ+NAjARnmEoD89iJJqLq+AwnAhMRzM/pFeUDs2LVrBx0mdgFqZACrYH55QxDHvsQIJdM675tRegmTKHgEuZlJ9YQMT5lY+inNGA+aDfJ48/pWawZhjQCRYWkuQi/NxLmaz3zvXQyy6kXvUz8z+vHOGq46VNRjBDw7BAKCfkhzZVIewE6FAoQWZYcqAgoZ4ohghKUcZ6KcVpUOe3DXvx+mXQuana91rirV5rXRTMlckJOSZXY5JI0yS1pkTbhJCFP5Jm8GI/Gq/FmvP+MrhjFzhH5A+PjGy5cmY0=</latexit>

p _ q , (p[⌘]|q[�])\c

<latexit sha1_base64="rYed+iJs4B0QU86PTyguaTh3CDA="></latexit>

B1
0 _ B1

0

in

xx
B1

1 _ B1
0

⌧ // B1
0 _ B1

1

out

ff

inxx
B1

1 _ B1
1

out

ff

<latexit sha1_base64="hzWuRaFg10fxkprr8J3kJ42Tyuo="></latexit>
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Comparing buffers

B1
0 _ B1

0

in

xx
B1

1 _ B1
0

⌧ // B1
0 _ B1

1

out

ff

inxx
B1

1 _ B1
1

out

ff

<latexit sha1_base64="hzWuRaFg10fxkprr8J3kJ42Tyuo="></latexit>

B1
0 |B1

0

inww in ''
B1

1 |B1
0

in

��

out
77

B1
0 |B1

1
in

��

out
gg

B1
1 |B1

1

out

]]

out

AA

<latexit sha1_base64="hUflIMxvswIbYuSm7AxrD7zzq9k="></latexit>

B2
0

in

⌦⌦
B2

1

in

⌦⌦

out

II

B2
2

out

II

<latexit sha1_base64="ZFDanafj5wy33zRGm+DOXQrSEog="></latexit>

are they all
strong bisimilar?

F , 3in3⌧tt

<latexit sha1_base64="3TI+7K0+n/wNl4b5kyRzVCLNNx0="></latexit>

B1
0 _ B1

0 |= F

<latexit sha1_base64="1+q3erx3FvdpmQ4DHdvFuY1mA+4=">AAACInicbVDLSsNAFJ3UV31H3elmsAiuSiIFdScK4rKCVaGN5WZ6W4dOJmHmRi2h4MeIW/0Od+JK8Cf8A9PahVXP6nDOfZ4wUdKS5707hYnJqemZ4uzc/MLi0rK7snpu49QIrIlYxeYyBItKaqyRJIWXiUGIQoUXYfdo4F/coLEy1mfUSzCIoKNlWwqgXGq664dN78pvtE18q/k3j+IWKsuPm27JK3tD8L/EH5ESG6HadD8brVikEWoSCqyt+15CQQaGpFDYn2ukFhMQXehgPacaIrRBNvyhz7dSCxTzBA2Xig9F/NmRQWRtLwrzygjo2v72BuJ/Xj2l9l6QSZ2khFoMFpFUOFxkhZF5OMhb0iARDC5HLjUXYIAIjeQgRC6meVpjQ0GpILvr9fOM/N+J/CXnO2W/Ut4/rZQODkdpFdkG22TbzGe77ICdsCqrMcHu2SN7Ys/Og/PivDpv36UFZ9SzxsbgfHwBH2ajtQ==</latexit>

B1
0 |B1

0 6|= F

<latexit sha1_base64="p2BpAAP04z22wWac5EhBGc4541k=">AAACIXicbVBNS8NAEN3Ur/pd9SReFovgqSQiqDepIB4rWCu0sUy2U13cbMLuRCyx+GPEq/4Ob+JN/BX+A9PYg7W+yzzem9nZeUGspCXX/XAKE5NT0zPF2bn5hcWl5dLK6rmNEiOwLiIVmYsALCqpsU6SFF7EBiEMFDaCm6OB37hFY2Wkz6gXox/ClZZdKYAyqV1ar7bdS++e56WlI2qFUQeV5cftUtmtuDn4OPGGpMyGqLVLX61OJJIQNQkF1jY9NyY/BUNSKOzPtRKLMYgbuMJmRjWEaP00P6HPtxILFPEYDZeK5yL+nkghtLYXBllnCHRt/3oD8T+vmVB330+ljhNCLQaLSCrMF1lhZJYN8o40SASDnyOXmgswQIRGchAiE5MsrJFHQSk/vev1s4y8v4mMk/OdirdbOTjdLR9Wh2kV2QbbZNvMY3vskJ2wGqszwR7YE3tmL86j8+q8Oe8/rQVnOLPGRuB8fgNRyaNM</latexit>

B2
0 6|= F

<latexit sha1_base64="8NiaJ0vECe5ONaiG1O0+k5YWdl4=">AAACGnicbVDLTgJBEJzFN75Qj14mEhNPZNeQqDeCifGoiQgJrKR3aHDi7OxmptdANvyJ8arf4c149eJn+AcuyEHAOlWqurs6FcRKWnLdLye3sLi0vLK6ll/f2NzaLuzs3tooMQJrIlKRaQRgUUmNNZKksBEbhDBQWA8ezkd+/RGNlZG+oUGMfgg9LbtSAGVSu7Bbbbt3xy0dUSuMOqgsv2gXim7JHYPPE29CimyCq3bhu9WJRBKiJqHA2qbnxuSnYEgKhcN8K7EYg3iAHjYzqiFE66fj34f8MLFAEY/RcKn4WMS/GymE1g7CIJsMge7trDcS//OaCXVP/VTqOCHUYhREUuE4yAojs1KQd6RBIhh9jlxqLsAAERrJQYhMTLKWpo6CUn7aHwyzjrzZRubJ7XHJK5fOrsvFSnXS1irbZwfsiHnshFXYJbtiNSZYnz2zF/bqPDlvzrvz8TuacyY7e2wKzucP5N2hCw==</latexit>
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Silent transitions
τ-transitions are silent, non observable

they represent internal steps of the system

they can be used just for bookkeeping 

can we find a broader equivalence?

necessary to relate an abstract specification (little use of τ)

can we abstract away from them?

with a concrete implementation (lots/tons of τ)
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Weak bisimulation game
coarser equivalence: more power to the defender!

Alice picks a process and an ordinary transition

Bob replies possibly using many additional silent transitions

such sequences are called weak transitions
arbitrarily many, but finitely many

p
µ
=) q

<latexit sha1_base64="1EqLcQNc8YGlDaQbxjSYYNSIjIw=">AAACH3icbVC7TsNAEDzzfhNAVDQnIiSqyEaRgC6ChhIQgUhxFK2PJTnl7DN3ayCy8jFp4UPoEC3fwQ9gBxckYarRzK5mNEGspCXX/XJmZufmFxaXlldW19Y3Nktb27dWJ0ZgXWilTSMAi0pGWCdJChuxQQgDhXdB7zz3757QWKmjG+rH2AqhE8kHKYAyqV3ajbn/ci07XQJj9HPqh8mAP7ZLZbfijsCniVeQMitw2S59+/daJCFGJBRY2/TcmFopGJJC4WDFTyzGIHrQwWZGIwjRttJR/QE/SCyQ5jEaLhUfifj3I4XQ2n4YZJchUNdOern4n9dM6OGklcooTggjkQeRVDgKssLIbBfk99IgEeTNkcuICzBAhEZyECITk2yoscA8hrRWdpCt5E1uMk1ujypetXJ6VS3Xzoq9ltge22eHzGPHrMYu2CWrM8FSNmSv7M0ZOu/Oh/P5ezrjFD87bAzO1w9avaQu</latexit>

what if Alice picks a silent transition?

Bob can just leave the other process idle
i.e. can choose not to move
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Weak transitions
p

⌧
=) q i↵ p (

⌧�!)⇤q

<latexit sha1_base64="COCAcBsXjDDxg3L0mfw4IjbgJ1g="></latexit>

p = q _ p
⌧�! . . .

⌧�! q

<latexit sha1_base64="w9GoVnieS4+kR0R7Y2aowA4EaJA="></latexit>

p can reach q via a (possibly empty)
finite sequence of τ-transitions

p
�
=) q i↵ 9p0, q0. p ⌧

=) p0
��! q0

⌧
=) q

<latexit sha1_base64="bvum3CpDStZtZQ0EHJMwVlE7vy0="></latexit>

p can reach q via a λ-transition 
possibly preceded and followed
by empty/finite sequences of τ-transitions
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Example
B1

0 _ B1
0

in

xx
B1

1 _ B1
0

⌧ // B1
0 _ B1

1

out

ff

inxx
B1

1 _ B1
1

out

ff

<latexit sha1_base64="hzWuRaFg10fxkprr8J3kJ42Tyuo="></latexit>

B1
0 _ B1

0
⌧
=) B1

0 _ B1
0

<latexit sha1_base64="ZiPMER1aNRZF294v3nOksoM4adw=">AAACQHicbVC5TsNAFFxz3wQoaVZESFSRjRBHh6ChBEQSpDhEz8tLWLHetXafOWTlT/gaWvgB/oAOIToqbJMCCFONZuZpdidKlHTk+y/eyOjY+MTk1PTM7Nz8wmJlabnhTGoF1oVRxp5H4FBJjXWSpPA8sQhxpLAZXR8WfvMGrZNGn9F9gu0Yelp2pQDKpU5l+6DjXwRh15pbzUvOw7tT2bsisLmWhQRpnw+FOpWqX/NL8GESDEiVDXDcqXyEl0akMWoSCpxrBX5C7QwsSaGwPxOmDhMQ19DDVk41xOjaWfm/Pl9PHZDhCVouFS9F/HmRQezcfRzlyRjoyv31CvE/r5VSd7edSZ2khFoURSQVlkVOWJkPh/xSWiSC4uXIpeYCLBChlRyEyMU0X/JXYVFDxijXz1cK/m4yTBqbtWCrtneyVd0/GOw1xVbZGttgAdth++yIHbM6E+yBPbIn9uw9eq/em/f+HR3xBjcr7Be8zy/NX6/P</latexit>

B1
0 _ B1

0
in
=) B1

0 _ B1
1

<latexit sha1_base64="GXgxW0ZALSboreL8fVsnfDpj7pU="></latexit>

B1
1 _ B1

0
out
==) B1

0 _ B1
0

<latexit sha1_base64="7rGuD3SOsy+HDb7flPsufY+ErdY="></latexit>



CCS
weak bisimulation

13
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Weak bisimulation

R

<latexit sha1_base64="LtVI7tgsfQIbH8DiNbKOWVypZOM=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGREqijSUa+YhAyN4y4Ia9vcvunAm54K+w1crO2PpfLPwv3iGFgq96eW8m8+b5kZKWXPfTya2srq1v5DcLW9s7u3vF/YOmDWMjsCFCFZq2zy0qqbFBkhS2I4M88BW2/PFl5rce0FgZ6luaRNgL+EjLoRScUumuG3C694fJzbRfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3Pja iXcENSKJwWurHFiIsxH2EnpZoHaHvJLPGUncSWU8giNEwqNhPx90bCA2sngZ9OZgntopeJ/3mdmIbVXiJ1FBNqkR0iqXB2yAoj0yqQDaRBIp4lRyY1E9xwIjSScSFSMU67KaR9eIvfL5PmWdmrlKvXlVLtYt5MHo7gGE7Bg3OowRXUoQECNDzBM7w4j86r8+a8/4zmnPnOIfyB8/ENj5yVhg==</latexit>

is a weak bisimulation if

8p, q. (p, q) 2 R )

8
<

:

8µ, p0. p µ�! p0 ) 9q0. q µ
=) q0 ^ p0 R q0

^
8µ, q0. q µ�! q0 ) 9p0. p µ

=) p0 ^ p0 R q0

<latexit sha1_base64="lXTq21C/TJ6dOOlLi4vOunQm68c="></latexit>

weak transitions

Alice plays Bob replies
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Weak bisimilariity

p ⇡ q i↵ 9R a weak bisimulation with (p, q) 2 R

<latexit sha1_base64="gLGm81hvksK0oUVuibwNHi+cfyE="></latexit>

TH.   weak bisimilarity is an equivalence relation 

weak bisimilarity:

TH.   any strong bisimulation is a weak bisimulation

Cor.  strong bisimilarity implies weak bisimilarity
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Weaker bisimilarity?
what if we give extra power to Alice as well?

weak transitions

nothing changes: we still get the same weak bisimilarity

8p, q. (p, q) 2 R )

8
<

:

8µ, p0. p µ
=) p0 ) 9q0. q µ

=) q0 ^ p0 R q0

^
8µ, q0. q µ

=) q0 ) 9p0. p µ
=) p0 ^ p0 R q0

<latexit sha1_base64="7nspK8FfZPA/LJqs0mOQU0jEdcA="></latexit>

Alice plays Bob replies
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Example
B1

0 _ B1
0

in

xx
B1

1 _ B1
0

⌧ // B1
0 _ B1

1

out

ff

inxx
B1

1 _ B1
1

out

ff

<latexit sha1_base64="hzWuRaFg10fxkprr8J3kJ42Tyuo="></latexit>

B2
0

in

⌦⌦
B2

1

in

⌦⌦

out

II

B2
2

out

II

<latexit sha1_base64="ZFDanafj5wy33zRGm+DOXQrSEog="></latexit>

R ,

8
>><

>>:

(B2
0 , B

1
0 _ B1

0),
(B2

1 , B
1
1 _ B1

0),
(B2

1 , B
1
0 _ B1

1),
(B2

2 , B
1
1 _ B1

1)

9
>>=

>>;

<latexit sha1_base64="urPKCG0ALirQ94xgKjWjKV4fY3c="></latexit>

is a weak bisimulation relation
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Example
B1

0 _ B1
0

in

xx
B1

1 _ B1
0

⌧ // B1
0 _ B1

1

out

ff

inxx
B1

1 _ B1
1

out

ff

<latexit sha1_base64="hzWuRaFg10fxkprr8J3kJ42Tyuo="></latexit>

B2
0

in

⌦⌦
B2

1

in

⌦⌦

out

II

B2
2

out

II

<latexit sha1_base64="ZFDanafj5wy33zRGm+DOXQrSEog="></latexit>

B2
0 R B1

0 _ B1
0

<latexit sha1_base64="xH/jWWY+FQYCZrEU4LO5bCOvQxQ=">AAACInicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAjoEDWVABCLFIVpfNnDifDZ3axCy8hd8Al9BCxUdokKCf8FOXEDCVKOZXe3sBLGSllz305mYnJqemS3NlecXFpeWKyur5zZKjMCGiFRkmgFYVFJjgyQpbMYGIQwUXgQ3R7l/cYfGykif0UOM7RCutOxJAZRJnUrtsONebvu3twl0uR8CXQe99LRfCLnp+T0T3esh71Sqbs0dgI8TryBVVqDeqXz73UgkIWoSCqxteW5M7RQMSaGwX/YTizGIG7jCVkY1hGjb6eCvPt9MLFDEYzRcKj4Q8fdGCqG1D2GQTebJ7aiXi/95rYR6e+1U6jgh1CI/RFLh4JAVRmaFIe9Kg0SQJ0cuNRdggAiN5CBEJiZZg+WsD2/0+3Fyvl3zdmr7JzvVg8OimRJbZxtsi3lslx2wY1ZnDSbYI3tmL+zVeXLenHfnYzg64RQ7a+wPnK8fT8ujGQ==</latexit>

in
✏✏

B2
1

<latexit sha1_base64="7u31R5Svyp4zgNiPbg6uZo+FK70="></latexit>

in
↵◆

B1
1 _ B1

0

<latexit sha1_base64="iTrp1CfDvAVZhzWArHbmUVi1S18="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>

B2
0 R B1

0 _ B1
0

<latexit sha1_base64="xH/jWWY+FQYCZrEU4LO5bCOvQxQ=">AAACInicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCAjoEDWVABCLFIVpfNnDifDZ3axCy8hd8Al9BCxUdokKCf8FOXEDCVKOZXe3sBLGSllz305mYnJqemS3NlecXFpeWKyur5zZKjMCGiFRkmgFYVFJjgyQpbMYGIQwUXgQ3R7l/cYfGykif0UOM7RCutOxJAZRJnUrtsONebvu3twl0uR8CXQe99LRfCLnp+T0T3esh71Sqbs0dgI8TryBVVqDeqXz73UgkIWoSCqxteW5M7RQMSaGwX/YTizGIG7jCVkY1hGjb6eCvPt9MLFDEYzRcKj4Q8fdGCqG1D2GQTebJ7aiXi/95rYR6e+1U6jgh1CI/RFLh4JAVRmaFIe9Kg0SQJ0cuNRdggAiN5CBEJiZZg+WsD2/0+3Fyvl3zdmr7JzvVg8OimRJbZxtsi3lslx2wY1ZnDSbYI3tmL+zVeXLenHfnYzg64RQ7a+wPnK8fT8ujGQ==</latexit>

in
✏✏

B1
1 _ B1

0

<latexit sha1_base64="80ql0DcNd933fmmzA4MJjOQh27w="></latexit>

in
↵◆

B2
1

<latexit sha1_base64="EqWAmZKPXqUkMyaUq4EX3ISVDDc="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>
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Example
B1

0 _ B1
0

in

xx
B1

1 _ B1
0

⌧ // B1
0 _ B1

1

out

ff

inxx
B1

1 _ B1
1

out

ff

<latexit sha1_base64="hzWuRaFg10fxkprr8J3kJ42Tyuo="></latexit>

B2
0

in

⌦⌦
B2

1

in

⌦⌦

out

II

B2
2

out

II

<latexit sha1_base64="ZFDanafj5wy33zRGm+DOXQrSEog="></latexit>

B2
1 R B1

1 _ B1
0

<latexit sha1_base64="mIxiEpuGDBquyVh2NrpWqPtRK1E=">AAACInicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUCegQNJQBEYgUh2h92cCJ89ncrUHIyl/wCXwFLVR0iAoJ/gU7uADCVKOZXe3sBLGSllz33ZmYnJqemS3NlecXFpeWKyurpzZKjMCWiFRk2gFYVFJjiyQpbMcGIQwUngVXB7l/doPGykif0F2M3RAutBxIAZRJvUptv+ed1/3r6wT63A+BLoNBejwshNz0/IGJbnXG3XOvV6m6NXcEPk68glRZgWav8un3I5GEqEkosLbjuTF1UzAkhcJh2U8sxiCu4AI7GdUQou2mo7+GfDOxQBGP0XCp+EjEnxsphNbehUE2mSe3f71c/M/rJDTY6aZSxwmhFvkhkgpHh6wwMisMeV8aJII8OXKpuQADRGgkByEyMckaLGd9eH+/Hyen9ZrXqO0eNap7+0UzJbbONtgW89g222OHrMlaTLB79sie2LPz4Lw4r87b9+iEU+yssV9wPr4AUyKjGw==</latexit>

in
✏✏

B2
2

<latexit sha1_base64="IN5OIw+DfzwEBIDIT9lfMPF7bvY="></latexit>

in
↵◆

B1
1 _ B1

1

<latexit sha1_base64="U5wN0j7BPY4vntCR1oBjOZk8rw0="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>

B2
1 R B1

1 _ B1
0

<latexit sha1_base64="mIxiEpuGDBquyVh2NrpWqPtRK1E=">AAACInicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUCegQNJQBEYgUh2h92cCJ89ncrUHIyl/wCXwFLVR0iAoJ/gU7uADCVKOZXe3sBLGSllz33ZmYnJqemS3NlecXFpeWKyurpzZKjMCWiFRk2gFYVFJjiyQpbMcGIQwUngVXB7l/doPGykif0F2M3RAutBxIAZRJvUptv+ed1/3r6wT63A+BLoNBejwshNz0/IGJbnXG3XOvV6m6NXcEPk68glRZgWav8un3I5GEqEkosLbjuTF1UzAkhcJh2U8sxiCu4AI7GdUQou2mo7+GfDOxQBGP0XCp+EjEnxsphNbehUE2mSe3f71c/M/rJDTY6aZSxwmhFvkhkgpHh6wwMisMeV8aJII8OXKpuQADRGgkByEyMckaLGd9eH+/Hyen9ZrXqO0eNap7+0UzJbbONtgW89g222OHrMlaTLB79sie2LPz4Lw4r87b9+iEU+yssV9wPr4AUyKjGw==</latexit>

out
✏✏

B2
0

<latexit sha1_base64="tKySXhOoo+Yp/Q9d9RuLO0doOO0="></latexit>

out
↵◆

B1
0 _ B1

0

<latexit sha1_base64="6UAYhgCW3sRkvcXsHV/EB+FrpOQ="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>
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Example
B1

0 _ B1
0

in

xx
B1

1 _ B1
0

⌧ // B1
0 _ B1

1

out

ff

inxx
B1

1 _ B1
1

out

ff

<latexit sha1_base64="hzWuRaFg10fxkprr8J3kJ42Tyuo="></latexit>

B2
0

in

⌦⌦
B2

1

in

⌦⌦

out

II

B2
2

out

II

<latexit sha1_base64="ZFDanafj5wy33zRGm+DOXQrSEog="></latexit>

B2
1 R B1

1 _ B1
0

<latexit sha1_base64="mIxiEpuGDBquyVh2NrpWqPtRK1E=">AAACInicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUCegQNJQBEYgUh2h92cCJ89ncrUHIyl/wCXwFLVR0iAoJ/gU7uADCVKOZXe3sBLGSllz33ZmYnJqemS3NlecXFpeWKyurpzZKjMCWiFRk2gFYVFJjiyQpbMcGIQwUngVXB7l/doPGykif0F2M3RAutBxIAZRJvUptv+ed1/3r6wT63A+BLoNBejwshNz0/IGJbnXG3XOvV6m6NXcEPk68glRZgWav8un3I5GEqEkosLbjuTF1UzAkhcJh2U8sxiCu4AI7GdUQou2mo7+GfDOxQBGP0XCp+EjEnxsphNbehUE2mSe3f71c/M/rJDTY6aZSxwmhFvkhkgpHh6wwMisMeV8aJII8OXKpuQADRGgkByEyMckaLGd9eH+/Hyen9ZrXqO0eNap7+0UzJbbONtgW89g222OHrMlaTLB79sie2LPz4Lw4r87b9+iEU+yssV9wPr4AUyKjGw==</latexit>

⌧
✏✏

B1
0 _ B1

1

<latexit sha1_base64="cW4IPG8kUPFgFV5rSnUOXrB+Ztg="></latexit>

⌧
↵◆

B2
1

<latexit sha1_base64="VC5m0T/03dqIg9Ls19zRE3kDX4k="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>

(stays idle!) (etc. for the
other pairs)
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Weak bis as a fixpoint

maps relations to relations

a weak bisimulation

 (R) ,

8
<

:(p, q)

������

8µ, p0. p µ�! p0 ) 9q0. q µ
=) q0 ^ p0 R q0

^
8µ, q0. q µ�! q0 ) 9p0. p µ

=) p0 ^ p0 R q0

9
=

;

<latexit sha1_base64="b1wTp7G+dzSmHh3n8wtdC/gGPdk=">AAADVnicfZLNbhMxEMe9CaVl+WgKRy4WESRIVZSgSpRbBRckLiEibaU4irzOZGvV6/Xa3jbRsnkonqYc4RW4I+x0BW0CzGXH/5nxb2bWkRLc2G73a1Cr39m6u71zL7z/4OGj3cbe42OT5prBkKUi1acRNSC4hKHlVsCp0kCTSMBJdP7Ox08uQBueyk92oWCc0FjyGWfUOmmyF3wgfcPbJKH2LJoVg/IlJlZzKmMBWUgEzCwpwr baz1zAnz6HJIKYy4JqTRdlIZgoQzJLNRUCkyTfV63OEisy1zw+sy4pvSycXGLVeoHJ4LeI3QnmbkCDM1eRkflgrSBrkUuYxuAql3/6WzqZhNcR79wg+3twtknO/kn2vapNsvofGeS0mj0kK1Kn+pJy0mh2O92V4U2nVzlNVFl/0vhBpinLE5CWCWrMqNdVduyut5wJcIDcgKLsnMYwcq6kCZhxsfrrJX6eG2pTrEBjLvBKhJsVBU2MWSSRy/QzmPWYF/8WG+V2djguuFS5Bck8yHIBK5BhmrvnBHjKNVhLfeeAucSMamotaI4pY07M3fu6BfQYm6bC+C311ney6Ry/6vQOOm8+HjSP3lb72kFP0TPURj30Gh2h96iPhogFX4Kr4FvwvXZV+1nfqm9fp9aCquYJumX1xi8+ahVf</latexit>

 : }(P ⇥ P) ! }(P ⇥ P)

<latexit sha1_base64="UlN22ASkCjgRvO5dmYcXnxEfT3A=">AAACPnichVDLSgNBEJz1GeMr6tHLYBD0EnYl4OMU9CKeIpgHZEPonXTikNkHM71KWPJPfoJfIXgQPXkTrx7djTloFOxTUVVNdZcXKWnIth+tmdm5+YXF3FJ+eWV1bb2wsVk3YawF1kSoQt30wKCSAdZIksJmpBF8T2HDG5xleuMGtZFhcEXDCNs+9APZkwIopTqFC7dq5Il7G+25PtC1AJVURy5JH803Yt+l8F9Pp1C0S/Z4+G/gTECRTabaKTy53VDEPgYkFBjTcuyI2glokkLhKO/GBiMQA+hjK4UBpIHtZPzziO/GBijkEWouFR+T+H0jAd+Yoe+lzuxGM61l5F9aK6beUTuRQRQTBiILIqlwHGSElmmZyLtSIxFklyOXAReggQi15CBESsZpu/m0D2f6+9+gflByyqXjy3KxcjppJse22Q7bYw47ZBV2zqqsxgS7Yw/smb1Y99ar9Wa9f1lnrMnOFvsx1scnbzyxPQ==</latexit>

R ✓  (R)

<latexit sha1_base64="tvwzyt+mRQjP/o0hpET3f30NO7Q=">AAACGHicbVC7TsNAEDyHVwgvAyXNiYAUmshGkYAugoYyIPKQ4ig6XzbhxPnB3RopsvIDfAJfQQsVHaKlo+BfsI0lIGGq0cyudnbcUAqNlvVhFObmFxaXisulldW19Q1zc6ulg0hxaPJABqrjMg1S+NBEgRI6oQLmuRLa7s1Z6rfvQGkR+Fc4DqHnsZEvhoIzTKS+ued4DK/dYXw5cXTkakC4pU5Di8qPcdA3y1bVykBniZ2TMsnR6JufziDgkQc+csm07tpWiL2YKRRcwqTkRBpCxm/YCLoJ9ZkHuhdn30zofqQZBjQERYWkmQi/N2LmaT323GQyjainvVT8z+tGODzuxcIPIwSfp4dQSMgOaa5EUhPQgVCAyNLkQIVPOVMMEZSgjPNEjJLeSkkf9vT3s6R1WLVr1ZOLWrl+mjdTJDtkl1SITY5InZyTBmkSTu7JI3kiz8aD8WK8Gm/fowUj39kmf2C8fwESqqCV</latexit>

weak bisimilarity is a fixpoint
⇡ =  (⇡)

<latexit sha1_base64="Y92wT5LkHr50MMH5SHmrERnpdpQ=">AAACDHicbVA9SwNBEN2LXzF+RW0Em8UgxCbciaAWQtDGMoL5gFwIc5tJXNy7W3bnRAnxJ/grbLWyE1v/g4X/xUu8QqOvevPeDDPzAq2kJdf9cHIzs3PzC/nFwtLyyupacX2jYePECKyLWMWmFYBFJSOskySFLW0QwkBhM7g+G/vNGzRWxtEl3WnshDCIZF8KoFTqFrd80NrEtz4/4X7NynJW73WLJbfiTsD/Ei8jJZah1i1++r1YJCFGJBRY2/ZcTZ0hGJJC4ajgJxY1iGsYYDulEYRoO8PJByO+m1igmGs0XCo+EfHnxBBCa+/CIO0Mga7stDcW//PaCfWPOkMZ6YQwEuNFJBVOFllhZBoN8p40SATjy5HLiAswQIRGchAiFZM0q0Kahzf9/V/S2K94B5Xji4NS9TRLJs+22Q4rM48dsio7ZzVWZ4Lds0f2xJ6dB+fFeXXevltzTjazyX7Bef8CcCeayg==</latexit>
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Exercise
<latexit sha1_base64="NPNAmf/JWhM2gffYUkP3VOEmt08=">AAACEHicbVC7TsNAEDyHVwivACUUJyIkqshGCOiIoKFMJPKQYstaHwuccrZPd2sEstLwCXwFLVR0iJY/oOBfcEIKXlONZnY1uxNpJS257rtTmpqemZ0rz1cWFpeWV6qrax2bZkZgW6QqNb0ILCqZYJskKexpgxBHCrvR4GTkd6/RWJkmZ3SrMYjhMpEXUgAVUljdbIaubwnEwKDKj4a5D1qb9GbIW6EbVmtu3R2D/yXehNTYBM2w+uGfpyKLMSGhwNq+52oKcjAkhcJhxc8s6iILLrFf0ARitEE+/mLItzMLlHKNhkvFxyJ+38ghtvY2jorJGOjK/vZG4n9eP6OLwyCXic4IEzEKIqlwHGSFkUU9yM+lQSIYXY5cJlyAASI0koMQhZgVfVWKPrzf3/8lnd26t1/fb+3VGseTZspsg22xHeaxA9Zgp6zJ2kywO/bAHtmTc+88Oy/O69doyZnsrLMfcN4+AXtanQw=</latexit>

P0
?⇡ Q0

is a weak bisimulation!
<latexit sha1_base64="2dHpn+8kg5bKemnjllmZ4Yspd1w="></latexit>

R = { {P0, Q0} , {P1, Q1} , {P2, Q2} , {nil} }

<latexit sha1_base64="5TaFFRlZSI4qv44y5iyn3gmHUog="></latexit>

P0

⌧

  

� // nil

P1

⌧

  

�

II

P2

�

II

⌧

XX

<latexit sha1_base64="S5ua2/p92vOgWWZNKfixI1mtMDU="></latexit>

Q0

⌧

  

� // nil

Q1

⌧

  

�

II

⌧
uu

Q2

�

II
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<latexit sha1_base64="eGrqQFRY7QufalXBwtGqa/Mj8ws=">AAACF3icbVA9SwNBEN3z2/gVtbRZDIIiHHci0VK0sYxgVMgFmVsnccnu3rk7J0jwB/gT/BW2WtmJraWF/8VNTKGJr3q894aZeWmupKMo+gzGxicmp6ZnZktz8wuLS+XllTOXFVZgXWQqsxcpOFTSYJ0kKbzILYJOFZ6nnaOef36L1snMnNJdjk0NbSNbUgB56bJcqSVkJZi2wptSQlCEm0mKBGFtO2mD1p5s+VQURn3wURIPSIUNULssfyVXmSg0GhIKnGvEUU7NLliSQuF9KSkc5iA60MaGpwY0uma3/8w93ygcUMZztFwq3hfx90QXtHN3OvVJDXTthr2e+J/XKKi13+xKkxeERvQWkVTYX+SElb4l5FfSIhH0LkcuDRdggQit5CCEFwtfW8n3EQ9/P0rOdsK4GlZPdisHh4NmZtgaW2ebLGZ77IAdsxqrM8Ee2BN7Zi/BY/AavAXvP9GxYDCzyv4g+PgG9n2euQ==</latexit>

P , ⌧.(�.P + �.P )

<latexit sha1_base64="cyZuo9A8UWLcQLrflO+8zJVjEsI="></latexit>

P

⌧

✏✏
�.P + �.P

�

AA

�

]]

<latexit sha1_base64="i7E/J8ELr/gQFWH6bquyrz2wjKs=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBAUYdkViR6DXjwmYKKQDaF3bOPgzOw60yuEkG/wE/wKr3ryJl7Fg//i5nHwVafqqm66u+JUSUdB8OFNTc/Mzs0XFoqLS8srq6W19aZLMiuwIRKV2IsYHCppsEGSFF6kFkHHCs/jm5Ohf36H1snEnFEvxbaGrpFXUgDlUqe0W4/ISjBdhbe8GBFkfhQjgV/ne3xcdkHrvO6UyoEfjMD/knBCymyCWqf0GV0mItNoSChwrhUGKbX7YEkKhYNilDlMQdxAF1s5NaDRtfujlwZ8O3NACU/Rcqn4SMTvE33QzvV0nHdqoGv32xuK/3mtjK6O2n1p0ozQiOEikgpHi5ywMs8K+aW0SATDy5FLwwVYIEIrOQiRi1keXjHPI/z9/V/S3PfDil+pH5Srx5NkCmyTbbEdFrJDVmWnrMYaTLB79sie2LP34L14r97buHXKm8xssB/w3r8AFGWg2w==</latexit>

Q , ⌧.�.Q+ ⌧.�.Q

<latexit sha1_base64="WbLMErQErEg/izoMLZJYm4GaNeI="></latexit>

Q
⌧

↵↵

⌧

◆◆
�.Q �

KK

�.Q
�

SS

<latexit sha1_base64="9jQeLnnPlYkCD/Pv3ghE1sDDypM=">AAACDHicbVDLTgJBEJzFF+IL9WLiZSIx8UR2jUFvEr14hEQeCRDSOzQ4YXZ3MtNrJBv8BL/Cq568Ga/+gwf/xQU5KFqnSlV3qrt8raQl1/1wMguLS8sr2dXc2vrG5lZ+e6duo9gIrIlIRabpg0UlQ6yRJIVNbRACX2HDH15O/MYtGiuj8JpGGjsBDELZlwIolbr5vUrbEoihQZWcj5M2aG2iuzGvdvMFt+hOwf8Sb0YKbIZKN//Z7kUiDjAkocDaludq6iRgSAqF41w7tqjTJBhgK6UhBGg7yfSDMT+MLVDENRouFZ+K+HMjgcDaUeCnkwHQjZ33JuJ/Xium/lknkaGOCUMxCSKpcBpkhZFpNch70iARTC5HLkMuwAARGslBiFSM065yaR/e/Pd/Sf246JWKpepJoXwxaybL9tkBO2IeO2VldsUqrMYEu2eP7Ik9Ow/Oi/PqvH2PZpzZzi77Bef9CwXzm8Y=</latexit>

P
?⇡ Q

Exercise

<latexit sha1_base64="h/TzHDQNjhWWS28oc1xPeX9t8is="></latexit>

Q
⌧�! �.Q

<latexit sha1_base64="TrgTDd8LArnnzUhI1OQGXXom3QQ=">AAACHnicdVDLSgNBEJz1bXzFx83LYBA8hd0gMbkFvXiMYlRIgvSObRyc3Vlmen0t+Rev+iHexKt+hz/gbIxgROtUVFVTTYWJkpZ8/90bG5+YnJqemS3MzS8sLhWXV46tTo3AltBKm9MQLCoZY4skKTxNDEIUKjwJr/Zy/+QajZU6PqK7BLsR9GJ5IQWQk86Ka83O7aHsXRIYo2+yDkHab54VS37Zd6hWeU6Cmh84Uq/XKpU6DwaW75fYEC7/0TnXIo0wJqHA2nbgJ9TNwJAUCvuFTmoxAXEFPWw7GkOEtpsNvu/zzdQCaZ6g4VLxgYg/LzKIrL2LQpeMgC7tby8X//LaKV3UupmMk5QwFnkRSYWDIiuMdLMgP5cGiSD/HLmMuQADRGgkByGcmLqdRgrzGtJa2b5b6XsK/j85rpSDarl6sF1q7A73mmHrbINtsYDtsAbbZ03WYoLdswf2yJ68B+/Ze/Fev6Jj3vBmlY3Ae/sEZiekRw==</latexit>

P
⌧
=) P

<latexit sha1_base64="eMrUejKZ2iZj128kB7Rj/KkK+ro="></latexit>

P
⌧�! �.P + �.P

<latexit sha1_base64="cgNRi3Dqb6/r2DmhDKd66dYuj10="></latexit>

�.Q
⌧
=) �.Q

<latexit sha1_base64="icdsS1Eca+EPSG1Q0hh8cntq8Vs="></latexit>

�.P + �.P
��! P

<latexit sha1_base64="ErmClb5jRRP+Ypf3nPkezUxjOdc="></latexit>

�.Q 6 �=) Alice wins!
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<latexit sha1_base64="9jQeLnnPlYkCD/Pv3ghE1sDDypM=">AAACDHicbVDLTgJBEJzFF+IL9WLiZSIx8UR2jUFvEr14hEQeCRDSOzQ4YXZ3MtNrJBv8BL/Cq568Ga/+gwf/xQU5KFqnSlV3qrt8raQl1/1wMguLS8sr2dXc2vrG5lZ+e6duo9gIrIlIRabpg0UlQ6yRJIVNbRACX2HDH15O/MYtGiuj8JpGGjsBDELZlwIolbr5vUrbEoihQZWcj5M2aG2iuzGvdvMFt+hOwf8Sb0YKbIZKN//Z7kUiDjAkocDaludq6iRgSAqF41w7tqjTJBhgK6UhBGg7yfSDMT+MLVDENRouFZ+K+HMjgcDaUeCnkwHQjZ33JuJ/Xium/lknkaGOCUMxCSKpcBpkhZFpNch70iARTC5HLkMuwAARGslBiFSM065yaR/e/Pd/Sf246JWKpepJoXwxaybL9tkBO2IeO2VldsUqrMYEu2eP7Ik9Ow/Oi/PqvH2PZpzZzi77Bef9CwXzm8Y=</latexit>

P
?⇡ Q

<latexit sha1_base64="ZoRqtWYFsL/vGWMLOq68fV8sJ1c=">AAACFnicbVA9SwNBEN3z2/gVtbRZEgRFOO5E1FK0sTzBqJALYW4ziYu7e+funCDB3p/gr7DVyk5sbS38L17OFGp8xfB4b4aZeUmmpKMg+PDGxicmp6ZnZitz8wuLS9XllTOX5lZgQ6QqtRcJOFTSYIMkKbzILIJOFJ4nV0cD//wGrZOpOaXbDFsaekZ2pQAqpHa1FsVkJZiewutKTJD7G2WNtuIeaA1+tNmu1gM/KMFHSTgkdTZE1K5+xp1U5BoNCQXONcMgo1YfLEmh8K4S5w4zEFfQw2ZBDWh0rX75yx1fzx1QyjO0XCpeivhzog/auVudFJ0a6NL99Qbif14zp+5+qy9NlhMaMVhEUmG5yAkri5CQd6RFIhhcjlwaLsACEVrJQYhCzIvUKkUe4d/vR8nZth/u+rsnO/WDw2EyM2yN1dgGC9keO2DHLGINJtg9e2RP7Nl78F68V+/tu3XMG86ssl/w3r8ARZeeXQ==</latexit>

P , ⌧.(⌧.P + �.P )

<latexit sha1_base64="cKFPmNAeXg1dGPUWeEWlVrdZeMU="></latexit>

P

⌧

✏✏
⌧.P + �.P

⌧

AA

�

]]

<latexit sha1_base64="V9US11cILogs15ATGUH30ABuXlY=">AAACHHicbVA9SwNBEN2LXzF+RS1tFoMgCMedSLQUbSwTMFFIQphbJ3HJ7t65OydIyF/wJ/grbLWyE1vBwv/i5Uyh0Vcsb96bYXZelCjpKAg+vMLM7Nz8QnGxtLS8srpWXt9ouji1AhsiVrG9jMChkgYbJEnhZWIRdKTwIhqcjv2LW7ROxuac7hLsaOgb2ZMCKJO65d16m6wE01d4w0ttgtTPnzrf499VH7QGv94tVwI/yMH/knBCKmyCWrf82b6KRarRkFDgXCsMEuoMwZIUCkelduowATGAPrYyakCj6wzzi0Z8J3VAMU/Qcql4LuLPiSFo5+50lHVqoGs37Y3F/7xWSr2jzlCaJCU0YryIpMJ8kRNWZlEhv5IWiWD8c+TScAEWiNBKDkJkYpplV8ryCKev/0ua+35Y9av1g8rxySSZItti22yXheyQHbMzVmMNJtg9e2RP7Nl78F68V+/tu7XgTWY22S94719hf6B/</latexit>

Q , ⌧.⌧.Q+ ⌧.�.Q

<latexit sha1_base64="xWkb2oobOen6Gg6+vRuPFCfjjF4="></latexit>

Q
⌧

↵↵

⌧

◆◆
⌧.Q

⌧

KK

�.Q
�

SS

Exercise

<latexit sha1_base64="sgKHHjMyQQelf5kxYv0ZPJ7YEGk="></latexit>

R0 = { {P , Q , ⌧.P + �.P , ⌧.Q , �.Q} }
is a weak bisimulation!
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<latexit sha1_base64="9jQeLnnPlYkCD/Pv3ghE1sDDypM=">AAACDHicbVDLTgJBEJzFF+IL9WLiZSIx8UR2jUFvEr14hEQeCRDSOzQ4YXZ3MtNrJBv8BL/Cq568Ga/+gwf/xQU5KFqnSlV3qrt8raQl1/1wMguLS8sr2dXc2vrG5lZ+e6duo9gIrIlIRabpg0UlQ6yRJIVNbRACX2HDH15O/MYtGiuj8JpGGjsBDELZlwIolbr5vUrbEoihQZWcj5M2aG2iuzGvdvMFt+hOwf8Sb0YKbIZKN//Z7kUiDjAkocDaludq6iRgSAqF41w7tqjTJBhgK6UhBGg7yfSDMT+MLVDENRouFZ+K+HMjgcDaUeCnkwHQjZ33JuJ/Xium/lknkaGOCUMxCSKpcBpkhZFpNch70iARTC5HLkMuwAARGslBiFSM065yaR/e/Pd/Sf246JWKpepJoXwxaybL9tkBO2IeO2VldsUqrMYEu2eP7Ik9Ow/Oi/PqvH2PZpzZzi77Bef9CwXzm8Y=</latexit>

P
?⇡ Q

Exercise
<latexit sha1_base64="bnMqZl4bAbIhCqsy1exvjN9Ku0k=">AAACGHicbVC7TsNAEDzzJrwClDQnAlIQkmUjFCgRNJRGIhApjqL1sYQTd2dzt0aKovwAn8BX0EJFh2jpKPgXnJCC11SjmV3tziSZko6C4N0bG5+YnJqemS3NzS8sLpWXV85cmluBdZGq1DYScKikwTpJUtjILIJOFJ4n10cD//wWrZOpOaVuhi0NHSMvpQAqpHZ5I4rJSjAdhTelGFR2BX41Jsj9aDvugNbgR1vtciXwgyH4XxKOSIWNELXLH/FFKnKNhoQC55phkFGrB5akUNgvxbnDDMQ1dLBZUAMaXas3TNPnm7kDSnmGlkvFhyJ+3+iBdq6rk2JSA125395A/M9r5nS53+pJk+WERgwOkVQ4POSElUVNyC+kRSIYfI5cGi7AAhFayUGIQsyL3kpFH+Hv9H/J2Y4f1vzayW7l4HDUzAxbY+usykK2xw7YMYtYnQl2xx7YI3vy7r1n78V7/Rod80Y7q+wHvLdPzv2fLQ==</latexit>

P , ↵.(⌧.P + �.P )

<latexit sha1_base64="Cdtwbn772hOKoVgipsZi9RYaHRw="></latexit>

P

↵

✏✏
⌧.P + �.P

⌧

AA

�

]]

<latexit sha1_base64="ONJn0kBhayH7E0J1Zl30+4+bOjA=">AAACIHicbVDLSgNBEJz1GeMr6tHLYBAEZdkViR6DXjwaMCpkQ+idtHFwZnad6RVCyE/4CX6FVz15E48K/oubGEGNdaqu6qa7K06VdBQEb97E5NT0zGxhrji/sLi0XFpZPXNJZgXWRaISexGDQyUN1kmSwovUIuhY4Xl8fTTwz2/ROpmYU+qm2NTQMfJSCqBcapV2ahFZCaaj8IYXI1DpFfgRQebX+Db/rjugNfi1Vqkc+MEQfJyEI1JmI5y0Sh9ROxGZRkNCgXONMEip2QNLUijsF6PMYQriGjrYyKkBja7ZG37V55uZA0p4ipZLxYci/pzogXauq+O8UwNdub/eQPzPa2R0edDsSZNmhEYMFpFUOFzkhJV5XMjb0iIRDC5HLg0XYIEIreQgRC5meX7FPI/w7/fj5GzXDyt+pbZXrh6OkimwdbbBtljI9lmVHbMTVmeC3bEH9sievHvv2XvxXr9aJ7zRzBr7Be/9E3xmoh8=</latexit>

Q , ↵.⌧.Q+ ↵.�.Q

<latexit sha1_base64="Voy9cM7hCtNf5Jq75qbGaVk56g4="></latexit>

Q
↵

↵↵

↵

◆◆
⌧.Q

⌧

KK

�.Q
�

SS

Alice wins!

<latexit sha1_base64="Q7gORt9CrYdFcK5Bk0CzoC0Y56U="></latexit>

P
↵
=) ⌧.P + �.P

<latexit sha1_base64="bxnRaEE/BKLpcG7tSMJd+nBEQmA="></latexit>

⌧.P + �.P
⌧�! P

<latexit sha1_base64="ZCtZV7efUZtkGl4TUhdWf111ibI="></latexit>

�.Q
⌧
=) �.Q

<latexit sha1_base64="Zu53iFv3GEa5G9bO3BJ/gDazWB0="></latexit>

Q
↵�! �.Q

<latexit sha1_base64="F3aqKa1iUoVDPEYPTw+tWhuISPo="></latexit>

P
↵�! ⌧.P + �.P

<latexit sha1_base64="CHQ2eGDL78gUV3rjQ1jslWgMvYA="></latexit>

�.Q 6 ↵=)
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Problems with weak bis
with respect to weak transitions, 
guarded processes can have infinitely branching LTS

P , rec x. (↵.x|↵|�)\↵

<latexit sha1_base64="43nXXGkMTOFYCqKtEAwqrIDemAM="></latexit>

assume

P

�

✏✏

⌧ // P |�

�

✏✏

⌧ // P |�|�

�

✏✏

⌧ // · · ·

⌧.P ⌧.P |� ⌧.P |�|�

<latexit sha1_base64="LzQgLkCQ1QZqoKSuasIzebOc3TA=">AAACznicjVFNb9QwEHVCoWX5WuDIxWIF4oBWCaoEvVXl0mNAbFspDquJd1qsOh+yJ9WuTNQrv6z/oT+j/wAnu4h220Pn9Pze88zoTV5rZSmKLoPwwcbDR5tbjwdPnj57/mL48tWBrRojcSIrXZmjHCxqVeKEFGk8qg1CkWs8zE+/dvrhGRqrqvIHLWrMCjgp1bGSQJ6aDi/EfFEAGTV3A5e0XIBJZ9nUiRwJlk+T/XSCoGn5e2 /5fU25h/F+du6EnFVk24EQg54cJ32XJfzXZI34T7fT4SgaR33x2yBegRFbVTIdXolZJZsCS5IarE3jqKbMgSElNfo9Gos1yFM4wdTDEgq0mevzbvm7xgJVvEbDleY9idd/OCisXRS5d/psf9l1rSPv0tKGjr9kTpV1Q1jKbhApjf0gK43yh0Q+UwaJoNscuSq5BANEaBQHKT3Z+MveaApaZ26+6DKK1xO5DQ4+jePt8c637dHu3iqtLfaGvWUfWMw+s122zxI2YTL4GHwP0kCESXgWtuH50hoGqz+v2Y0K//wFBj/hUA==</latexit>

P

�

↵◆ � �&

�

%-

⌧ // P |�

�

✏✏

⌧ // P |�|�

�

✏✏

⌧ // · · ·

⌧.P ⌧.P |� ⌧.P |�|�

<latexit sha1_base64="gV2mJKDWtZN/VZyVLw2EliIZG4c=">AAAC/XicjZI9b9RAEIbXJpDk+DqgTLPKCUR1slEkoACdSEN5SLkkkm1O471JWGX9od1xdKfFQrTkd9AhWn4LP4OCPmvHKMnlCqZ6/cy7765mnJZKGgqC355/a+32nfWNzd7de/cfPOw/erxvikoLnIhCFfowBYNK5jghSQoPS42QpQoP0pPdpn9witrIIt+jRYlJBse5PJICyKFp/288X2RAWs5tz45rHoMe2Tdv62iWTG2cIs FVpldCnXzsqINR+0VQ1fyZS/x8aV+KXGn8Pzu3sZgVZOpeHPdaOBy3KRfyX8gSuMT1tD8IhkFb/KYIOzFgXY2n/T/xrBBVhjkJBcZEYVBSYkGTFArdOyqDJYgTOMbIyRwyNIlt11Pzp5UBKniJmkvFW4hXT1jIjFlkqXO6VXwyy70GrupFFR29SqzMy4owF81FJBW2Fxmhpds78pnUSATNy5HLnAvQQIRachDCwcr9CNdCQanEzhfNjMLlidwU+y+G4c7w9YedwehdN60NtsW22XMWspdsxN6zMZsw4UXeV++bd+Z/8b/7P/yfF1bf6848YdfK/3UOjBn06A==</latexit>

P , rec x. ⌧.x|�

<latexit sha1_base64="iJIBCI2MgzaxZ7OJSVYqrz9Yn20=">AAACHHicbVC7TsNAEDzzJrwClDQnIiQqy0ZIQBdBQxkkApHiKFofm3DifDZ3a5TIhE/gE/gKWqjoEC0SBf+CHVIAYarRzK52dsJESUue9+FMTE5Nz8zOzZcWFpeWV8qra2c2To3AuohVbBohWFRSY50kKWwkBiEKFZ6HV0eFf36DxspYn1I/wVYEXS07UgDlUru8XQvISNBdhdc8iIAuw05mUAzueu5dQJC6vdsgRIJ2ueK53hB8nPgjUmEj1Nrlz+AiFmmEmoQCa5u+l1ArA0NSKByUgtRiAuIKutjMqYYIbSsbfjTgW6kFinmChkvFhyL+3MggsrYfhflkkdn+9QrxP6+ZUme/lUmdpIRaFIdIKhwessLIvCrkF9IgERTJkUvNBRggQiM5CJGLad5dKe/D//v9ODnbcf1d9+Bkt1I9HDUzxzbYJttmPttjVXbMaqzOBLtnj+yJPTsPzovz6rx9j044o5119gvO+xcHZaLB</latexit>

many arrows omitted
p|nil = p

<latexit sha1_base64="wcAQbMyeWfG2R4H7G0242QUj1WE=">AAACBHicbVC7SgNBFJ2Nrxhfq5Y2g0GwCrsiqIUQtLGMYB6QhDA7uYlDZmeHmbuBsKb1K2y1shNb/8PCf3F3TaGJpzqccy/33BNoKSx63qdTWFpeWV0rrpc2Nre2d9zdvYaNYsOhziMZmVbALEihoI4CJbS0ARYGEprB6Drzm2MwVkTqDicauiEbKjEQnGEq9VxXP3RChvfBIFFCTi91zy17FS8HXST+jJTJDLWe+9XpRzwOQSGXzNq272nsJsyg4BKmpU5sQTM+YkNop1SxEGw3yZNP6VFsGUZUg6FC0lyE3xsJC62dhEE6maW0814m/ue1YxycdxOhdIygeHYIhYT8kOVGpJUA7QsDiCxLDlQoyplhiGAEZZynYpx2VEr78Oe/XySNk4p/Wrm4PS1Xr2bNFMkBOSTHxCdnpEpuSI3UCSdj8kSeyYvz6Lw6b877z2jBme3skz9wPr4B/QuYfg==</latexit>

avoid τ-prefixes?
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Problems with weak bis
weak bisimilarity is not a congruence (w.r.t. +)

take P , ↵

<latexit sha1_base64="/mdT5qkTOJUvBKFAiepTaIJ1jXg=">AAACBnicbVA9TwJBEN3DL8QvxNJmIzGxIneGRO2INpaYyEcChMwtA2zY2zt354yE0PsrbLWyM7b+DQv/i3dIoeCrXt6bybx5fqSkJdf9dDIrq2vrG9nN3Nb2zu5efr9Qt2FsBNZEqELT9MGikhprJElhMzIIga+w4Y+uUr9xj8bKUN/SOMJOAAMt+1IAJVI3X6i2yUjQA4V3vA0qGkI3X3RL7gx8mXhzUmRzVLv5r3YvFHGAmoQCa1ueG1FnAoakUDjNtWOLEYgRDLCVUA0B2s5kln3Kj2MLFPIIDZeKz0T8vTGBwNpx4CeTAdDQLnqp+J/Xiql/3plIHcWEWqSHSCqcHbLCyKQU5D1pkAjS5Mil5gIMEKGRHIRIxDhpKZf04S1+v0zqpyWvXLq4KRcrl/NmsuyQHbET5rEzVmHXrMpqTLAH9sSe2Yvz6Lw6b877z2jGme8csD9wPr4B0bWY5Q==</latexit>

Q , ⌧.↵

<latexit sha1_base64="evwkkIH8NoyIAwQYG/nx7G+ru64=">AAACC3icbVC7TgJBFJ3FF+ILtbCwmUhMrMiuIVE7oo0lJPJIWELuDheYMDu7ztw1IYRP8CtstbIztn6Ehf/ighQKnurknHtz7zlBrKQl1/10Miura+sb2c3c1vbO7l5+/6Buo8QIrIlIRaYZgEUlNdZIksJmbBDCQGEjGN5M/cYDGisjfUejGNsh9LXsSQGUSp38UdUnI0H3Fd5znyAp+qDiAXTyBbfozsCXiTcnBTZHpZP/8ruRSELUJBRY2/LcmNpjMCSFwknOTyzGIIbQx1ZKNYRo2+NZgAk/TSxQxGM0XCo+E/H3xhhCa0dhkE6GQAO76E3F/7xWQr3L9ljqOCHUYnqIpMLZISuMTJtB3pUGiWD6OXKpuQADRGgkByFSMUmryqV9eIvpl0n9vOiVilfVUqF8PW8my47ZCTtjHrtgZXbLKqzGBJuwJ/bMXpxH59V5c95/RjPOfOeQ/YHz8Q2M4Jrs</latexit>

P ⇡ Q

<latexit sha1_base64="YxJmvaLvE57UKevgclcIJrZ73Tg=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGRO2INpaQyEcEQuaWATfs7W1254yE4K+w1crO2PpfLPwvHkih4Kte3pvJvHmhUdKR7396maXlldW17HpuY3Nreye/u1dzcWIFVkWsYtsIwaGSGqskSWHDWIQoVFgPB1cTv36P1slY39DQYDuCvpY9KYBS6bbcAmNs/MArnXzBL/pT8EUSzEiBzVDu5L9a3VgkEWoSCpxrBr6h9ggsSaFwnGslDg2IAfSxmVINEbr2aJp4zI8SBxRzg5ZLxaci/t4YQeTcMArTyQjozs17E/E/r5lQ77w9ktokhFpMDpFUOD3khJVpFci70iIRTJIjl5oLsECEVnIQIhWTtJtc2kcw//0iqZ0Ug9PiReW0ULqcNZNlB+yQHbOAnbESu2ZlVmWCafbEntmL9+i9em/e+89oxpvt7LM/8D6+AffvlSY=</latexit>

P
↵�! nil

<latexit sha1_base64="TnjdJp7ct1EEFsxt05MFcTAW56w=">AAACFXicbVC7TsNAEDzzDOEVoKQ5iJCoIhtFAjoEDWWQyEOKo2h92SQnzmfrbs1DVmo+ga+ghYoO0VJT8C/YIQUEphrN7GpnJ4iVtOS6H87M7Nz8wmJhqbi8srq2XtrYbNgoMQLrIlKRaQVgUUmNdZKksBUbhDBQ2AyuznK/eY3Gykhf0l2MnRAGWvalAMqkbmmn5t8aORgSGBPdpD6oeAgjPwQaBv1USzXqlspuxR2D/yXehJTZBLVu6dPvRSIJUZNQYG3bc2PqpGBICoWjop9YjEFcwQDbGdUQou2k41dGfC+xQBGP0XCp+FjEnxsphNbehUE2mWe0014u/ue1E+ofdVKp44RQi/wQSYXjQ1YYmXWEvCcNEkGeHLnUXIABIjSSgxCZmGSlFbM+vOnv/5LGQcWrVo4vquWT00kzBbbNdtk+89ghO2HnrMbqTLB79sie2LPz4Lw4r87b9+iMM9nZYr/gvH8BT6qgVg==</latexit>

Q
↵
=) nil

<latexit sha1_base64="mKEJrvrtRWcEINzG7EGGmZT9hBo=">AAACK3icbVC7TsNAEDzzfhOgpDmIkKgiG0UCOgQNJSACkeIoWl82yYnznXW35iErNV9DCx9CBaLlC/gB7JCCBKYazexqdidKlHTk+2/exOTU9Mzs3PzC4tLyymppbf3KmdQKrAmjjK1H4FBJjTWSpLCeWIQ4Ungd3ZwU/vUtWieNvqSHBJsxdLXsSAGUS63S1nl4fyG7PQJrzV0Wgkp60A9joF7UybRU/Vap7Ff8AfhfEgxJmQ1x1ip9hW0j0hg1CQXONQI/oWYGlqRQ2F8IU4cJiBvoYiOnGmJ0zWzwSp/vpA7I8AQtl4oPRPy9kUHs3EMc5ZPFjW7cK8T/vEZKnYNmJnWSEmpRBJFUOAhywsq8I+RtaZEIisuRS80FWCBCKzkIkYtpXtpIYBFDxihXtBSMd/KXXO1Vgmrl8LxaPjoe9jXHNtk222UB22dH7JSdsRoT7JE9sWf24j15r9679/EzOuENdzbYCLzPb3MNqgM=</latexit>

Q
⌧�! ↵

<latexit sha1_base64="vNo9wf4IdTwvvwi2Yy2yXJwqtRo=">AAACI3icbVC7TsNAEDzzDOEVoEI0JyIkqshGkYAugoYSJJIgxVG0vmySU84+624NRFbE16SFD6FDNBR8BT+AHVLwmmo0s6vZnSBW0pLrvjlz8wuLS8uFleLq2vrGZmlru2F1YgTWhVba3ARgUckI6yRJ4U1sEMJAYTMYnud+8xaNlTq6plGM7RD6kexJAZRJndLulX9vZH9AYIy+S32CZOyDigfQKZXdijsF/0u8GSmzGS47pQ+/q0USYkRCgbUtz42pnYIhKRSOi35iMQYxhD62MhpBiLadTl8Y84PEAmkeo+FS8amI3zdSCK0dhUE2GQIN7G8vF//zWgn1TtqpjOKEMBJ5EEmF0yArjMy6Qd6VBokgvxy5jLgAA0RoJAchMjHJyvoRmMeQ1sqOs5a83538JY2jiletnF5Vy7WzWV8Ftsf22SHz2DGrsQt2yepMsAc2YY/syZk4z86L8/o1OufMdnbYDzjvn5AfpnA=</latexit>

P
⌧
=) P

<latexit sha1_base64="NdPZVTXmmYbVBfvkjwbpXttVgTI=">AAACHnicbVDLTgJBEJz1Lb7wcfMykZh4IruGRL0RvXhEI0oChPQODUyY3dnM9Kq44V+86od4M171O/wBd5GDgHWqVFWnOuVHSlpy3S9nbn5hcWl5ZTW3tr6xuZXf3rm1OjYCq0IrbWo+WFQyxCpJUliLDELgK7zz+xeZf3ePxkod3tAgwmYA3VB2pABKpVZ+r9J4vJbdHoEx+iFpEMTDSitfcIvuCHyWeGNSYGOk+e9GW4s4wJCEAmvrnhtRMwFDUigc5hqxxQhEH7pYT2kIAdpmMvp+yA9jC6R5hIZLxUci/r1IILB2EPhpMgDq2WkvE//z6jF1TpuJDKOYMBRZEUmFoyIrjExnQd6WBokg+xy5DLkAA0RoJAchUjFOd5oozGpIa2WH6Ure9Caz5Pa46JWKZ1elQvl8vNcK22cH7Ih57ISV2SWrsCoT7Ik9sxf26jw7b8678/EbnXPGN7tsAs7nDwdTpAs=</latexit>

if                   then

if                   then

take the context C[·] , [·] + �

<latexit sha1_base64="P1Fc8QwSURENLAVCQvTA6URioMM=">AAACMnicbVBNS8NAEN34/W3Vo5fFIghCSURQb6IXjwrWFppQJttpXdzsxt2JIKF/wV/jVf+H3sSrN/+ASc1Bq+/0eG+GN/PiVElHvv/iTUxOTc/Mzs0vLC4tr6zW1tavnMmswKYwyth2DA6V1NgkSQrbqUVIYoWt+Oa09Ft3aJ00+pLuU4wSGGjZlwKokLq1nTABuo7j/HTYCUXPUBSSlaAHCm8rYTeMkaBbq/sNfwT+lwQVqbMK593aZ9gzIktQk1DgXCfwU4pysCSFwuFCmDlMQdzAADsF1ZCgi/LRR0O+nTkgw1O0XCo+EvHnRg6Jc/dJXEyW97txrxT/8zoZ9Q+jXOo0I9SiDCKpcBTkhJVFVch70iIRlJcjl5oLsECEVnIQohCzortfgWUMGaPcsGgpGO/kL7naawT7jaOL/frxSdXXHNtkW2yHBeyAHbMzds6aTLAH9sie2LP36L16b9779+iEV+1ssF/wPr4AR0+sXw==</latexit>

C[P ] 6⇡ C[Q]

<latexit sha1_base64="4Xh0b/jK6vUp25IfbYudVTa5Pj0=">AAACMHicbVC7TsNAEDzzfhOgpDkRgagiG0UCOkQayiARQIqtaH0scOJ8d7pbI5CVP+Br0sKHQIVoafkB7JCC11SjmV3N7qRWSU9h+BKMjU9MTk3PzM7NLywuLddWVk+9yZ3AjjDKuPMUPCqpsUOSFJ5bh5ClCs/Sm1bln92i89LoE7q3mGRwpeWlFECl1KttxRnQdZoWrX63ncTaUAzWOnPHvxnHSa9WDxvhEPwviUakzkZo92of8YUReYaahALvu1FoKSnAkRQK+3Nx7tGCuIEr7JZUQ4Y+KYb/9Plm7oEMt+i4VHwo4veNAjLv77O0nKyO9L+9SvzP6+Z0uZcUUtucUIsqiKTCYZAXTpZFIb+QDomguhy51FyAAyJ0koMQpZiXzf0IrGLIGOX7ZUvR707+ktOdRtRs7B836weHo75m2DrbYNssYrvsgB2xNuswwR7YgD2yp2AQPAevwdvX6Fgw2lljPxC8fwJbn6ti</latexit>

Alice plays

Bob can only reply

Alice plays

C[Q]
⌧�! ↵

<latexit sha1_base64="K4xmyv11x2OOFsSBtel8M7J6lX8="></latexit>

C[P ]
��! nil

<latexit sha1_base64="hTDLPtt6/3r9DofExX0r6ukbalo="></latexit>

Bob cannot reply

C[P ]
⌧
=) C[P ]

<latexit sha1_base64="AYY5VtAeCAOq7ZZaSyKvhX0yGXo="></latexit>

Alice wins!

C[P ] , ↵+ �

<latexit sha1_base64="6DjRLE/Nd0TjOmmyeganHoodqhE=">AAACLXicbVDLSgNBEJyN73fUo5fBIAhC2JWAegvm4jGCUSG7SO+kkwyZnV1neoWw5AP8mlz1QzwI4tUP8AfcjTlotE5FdTXVXWGipCXXfXVKc/MLi0vLK6tr6xubW+XtnWsbp0ZgS8QqNrchWFRSY4skKbxNDEIUKrwJB41ifvOAxspYX9EwwSCCnpZdKYBy6a5c8SOgfhhmjVG7GfhkJOiewnsfVNKHIz9EgtzlVt0J+F/iTUmFTdG8K3/6nVikEWoSCqxte25CQQaGpFA4WvVTiwmIAfSwnVMNEdogmzwz4gepBYp5goZLxSci/tzIILJ2GIW5szjdzs4K8b9ZO6XuaZBJnaSEWhRBJBVOgqwwMm8JeUcaJILicuRScwEGiNBIDkLkYprX9iuwiKE4VnaUt+TNdvKXXB9XvVr17LJWqZ9P+1pme2yfHTKPnbA6u2BN1mKCPbIxe2LPzth5cd6c929ryZnu7LJfcD6+ANh6qhs=</latexit>

C[Q] , ⌧.↵+ �

<latexit sha1_base64="223La8+bBD2v1LK6PSDQALe5X1o="></latexit>

↵ 6 �=)

<latexit sha1_base64="CzKlESrscSxmoglflNeR875ocIc="></latexit>
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Problems with weak bis
cannot distinguish between deadlock
                                     and silent divergence

rec x. ⌧.x ⇡ nil

<latexit sha1_base64="1YO7mGWWAfBcYExDpYrIdLZGiGk="></latexit>

rec x. ⌧.x
⌧�! rec x. ⌧.x

<latexit sha1_base64="oEPXp1QXna1bQ4IM+bFCWiD4U0o="></latexit>

nil
⌧
=) nil

<latexit sha1_base64="HtcD8invIyO4GH06I0ocJSS++Iw=">AAACNnicbVC7TgMxEPSF9ztASWMRIVGg6A5FAjoEDSUgAkhJFO05m8SKzz7Zezx04if4Glr4Cxo6RIvED3B3pAiBqUYzu571hLGSjnz/1StNTE5Nz8zOzS8sLi2vlFfXLp1JrMC6MMrY6xAcKqmxTpIUXscWIQoVXoWD49y/ukHrpNEXdB9jK4Kell0pgDKpXd5pRkD9sJtqqR7mm3fnstcnsNbcpk2CJJNG/Ha54lf9AvwvCYakwoY4bZe/mh0jkgg1CQXONQI/plYKlqRQmD2eOIxBDKCHjYxqiNC10uJXD3wrcUCGx2i5VLwQcXQjhci5+yjMJvMb3biXi/95jYS6+61U6jgh1CIPIqmwCHLCyqwu5B1pkQjyy5FLzQVYIEIrOQiRiUnW36/APIaMUS5vKRjv5C+53K0GterBWa1yeDTsa5ZtsE22zQK2xw7ZCTtldSbYI3tiz+zFe/LevHfv42e05A131tkveJ/fYMGugQ==</latexit>
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Weak obs congruence
p u q i↵ p ⇡ q ^ 8r. p+ r ⇡ q + r

<latexit sha1_base64="mE2qkuSq2ttQfdqeTxprTN/E6i4="></latexit>

Equivalently

not a recursive definition!
(refers to weak bisimilarity)at the level of bisimulation game:

Bob is not allowed to use an idle move at the very first turn
(at the following turns, ordinary weak bisimulation game)

p u q i↵

8
><

>:

8p0. p ⌧�! p0 ) 9q0, q00. q ⌧�! q00
⌧
=) q0 ^ p0 ⇡ q0

8�, p0. p ��! p0 ) 9q0. q �
=) q0 ^ p0 ⇡ q0

and vice versa

<latexit sha1_base64="sXiVuxQcBpQdp+W4oBNmbHIxuNQ="></latexit>

TH.      is the largest congruence contained inu

<latexit sha1_base64="H9lWzfd13mXLANTPfcXrL2i5aRE=">AAACEXicbVA7TsNAFFyHXwi/ACXNigiJKrIREtBF0FAGifBREkXPmwessvYuu8+IyMop0sJB6BAtJ+AcXADbpCDAVKOZ9zSjCY2Sjnz/wyvNzM7NL5QXK0vLK6tr1fWNC6cTK7AltNL2KgSHSsbYIkkKr4xFiEKFl+HgJPcvH9A6qeNzGhrsRnAbyxspgDLpugPGWP2I971qza/7BfhfEkxIjU3Q7FU/O30tkghjEgqcawe+oW4KlqRQOKp0EocGxABusZ3RGCJ03bQoPOI7iQPS3KDlUvFCxJ8fKUTODaMwu4yA7txvLxf/89oJ3Rx2UxmbhDAWeRBJhUWQE1ZmSyDvS4tEkDdHLmMuwAIRWslBiExMsmmmAvMY0lq5UbZS8HuTv+Rirx7s14/O9muN48leZbbFttkuC9gBa7BT1mQtJljExuyJPXtj78V79d6+T0ve5GeTTcF7/wJp7J79</latexit>

⇡

<latexit sha1_base64="2Ip0HmlcCgT//qipqLIHKU1SnbE=">AAACJXicbVDLSgNBEJz1GeMr6tHLYBA8hV0R1FvQi0cFY4RkCb2Tjg6Z3RlmeiVhyUd41Q/wa7yJ4MlfcTfmYBLrVFR1U90VGSUd+f6Xt7C4tLyyWlorr29sbm1XdnbvnE6twIbQStv7CBwqmWCDJCm8NxYhjhQ2o/5l4Tef0Dqpk1saGgxjeEhkTwqgXGq2wRirB51K1a/5Y/B5EkxIlU1w3dnxSu2uFmmMCQkFzrUC31CYgSUpFI7K7dShAdGHB2zlNIEYXZiN7x3xw9QBaW7Qcqn4WMS/GxnEzg3jKJ+MgR7drFeI/3mtlHpnYSYTkxImoggiqXAc5ISVeRHIu9IiERSXI5cJF2CBCK3kIEQupnkzU4FFDGmt3PRXoFSYDYajvLtgtql5cndcC05q5zcn1frFpMUS22cH7IgF7JTV2RW7Zg0mWJ89sxf26r15796H9/k7uuBNdvbYFLzvH4KBpfE=</latexit>



3232

Weak obs congruence
Note:      is not a weak bisimulation!u

<latexit sha1_base64="H9lWzfd13mXLANTPfcXrL2i5aRE=">AAACEXicbVA7TsNAFFyHXwi/ACXNigiJKrIREtBF0FAGifBREkXPmwessvYuu8+IyMop0sJB6BAtJ+AcXADbpCDAVKOZ9zSjCY2Sjnz/wyvNzM7NL5QXK0vLK6tr1fWNC6cTK7AltNL2KgSHSsbYIkkKr4xFiEKFl+HgJPcvH9A6qeNzGhrsRnAbyxspgDLpugPGWP2I971qza/7BfhfEkxIjU3Q7FU/O30tkghjEgqcawe+oW4KlqRQOKp0EocGxABusZ3RGCJ03bQoPOI7iQPS3KDlUvFCxJ8fKUTODaMwu4yA7txvLxf/89oJ3Rx2UxmbhDAWeRBJhUWQE1ZmSyDvS4tEkDdHLmMuwAIRWslBiExMsmmmAvMY0lq5UbZS8HuTv+Rirx7s14/O9muN48leZbbFttkuC9gBa7BT1mQtJljExuyJPXtj78V79d6+T0ve5GeTTcF7/wJp7J79</latexit>

P , ↵

<latexit sha1_base64="/mdT5qkTOJUvBKFAiepTaIJ1jXg=">AAACBnicbVA9TwJBEN3DL8QvxNJmIzGxIneGRO2INpaYyEcChMwtA2zY2zt354yE0PsrbLWyM7b+DQv/i3dIoeCrXt6bybx5fqSkJdf9dDIrq2vrG9nN3Nb2zu5efr9Qt2FsBNZEqELT9MGikhprJElhMzIIga+w4Y+uUr9xj8bKUN/SOMJOAAMt+1IAJVI3X6i2yUjQA4V3vA0qGkI3X3RL7gx8mXhzUmRzVLv5r3YvFHGAmoQCa1ueG1FnAoakUDjNtWOLEYgRDLCVUA0B2s5kln3Kj2MLFPIIDZeKz0T8vTGBwNpx4CeTAdDQLnqp+J/Xiql/3plIHcWEWqSHSCqcHbLCyKQU5D1pkAjS5Mil5gIMEKGRHIRIxDhpKZf04S1+v0zqpyWvXLq4KRcrl/NmsuyQHbET5rEzVmHXrMpqTLAH9sSe2Yvz6Lw6b877z2jGme8csD9wPr4B0bWY5Q==</latexit>

Q , ⌧.↵

<latexit sha1_base64="evwkkIH8NoyIAwQYG/nx7G+ru64=">AAACC3icbVC7TgJBFJ3FF+ILtbCwmUhMrMiuIVE7oo0lJPJIWELuDheYMDu7ztw1IYRP8CtstbIztn6Ehf/ighQKnurknHtz7zlBrKQl1/10Miura+sb2c3c1vbO7l5+/6Buo8QIrIlIRaYZgEUlNdZIksJmbBDCQGEjGN5M/cYDGisjfUejGNsh9LXsSQGUSp38UdUnI0H3Fd5znyAp+qDiAXTyBbfozsCXiTcnBTZHpZP/8ruRSELUJBRY2/LcmNpjMCSFwknOTyzGIIbQx1ZKNYRo2+NZgAk/TSxQxGM0XCo+E/H3xhhCa0dhkE6GQAO76E3F/7xWQr3L9ljqOCHUYnqIpMLZISuMTJtB3pUGiWD6OXKpuQADRGgkByFSMUmryqV9eIvpl0n9vOiVilfVUqF8PW8my47ZCTtjHrtgZXbLKqzGBJuwJ/bMXpxH59V5c95/RjPOfOeQ/YHz8Q2M4Jrs</latexit>

P 6u Q

<latexit sha1_base64="fJmBgtE5llZK/fFa1VQ/wQ/vknI=">AAACGnicbVC7TsNAEDzzDG8DJc2JCIkqshES0CFoKBOJJEhxFK2PBU6c7467NQJF+RNa+BA6REvDd/AD2MEFr6lGM7ua0aRWSU9R9B5MTE5Nz8zW5uYXFpeWV8LVtY43uRPYFkYZd5aCRyU1tkmSwjPrELJUYTe9Pi797i06L40+pXuL/QwutbyQAqiQBmHYTLShBKx15g5veGsQ1qNGNAb/S+KK1FmF5iD8SM6NyDPUJBR434sjS/0hOJJC4Wg+yT1aENdwib2CasjQ94fj5iO+lXsgwy06LhUfi/j9YwiZ9/dZWlxmQFf+t1eK/3m9nC72+0OpbU6oRRlEUuE4yAsni0mQn0uHRFA2Ry41F+CACJ3kIEQh5sVGPwLLGDJG+VGxUvx7k7+ks9OIdxsHrd364VG1V41tsE22zWK2xw7ZCWuyNhPslj2wR/YUPATPwUvw+nU6EVQ/6+wHgrdPCfKh4g==</latexit>

�.P

�

✏✏

u �.Q

�

✏✏
P ⇡ Q

<latexit sha1_base64="AdR8zmvgVOHsRA2cMe5CphpsSvw="></latexit>

u 6✓  (u)

<latexit sha1_base64="lgHIQNspeNnfVQ0lTpGzPk8JKdY="></latexit>



3333

Weak obs congruence
All the laws for strong bisimilarity are still valid

Additionally: Milner’s  τ-laws

p+ ⌧.p u ⌧.p

<latexit sha1_base64="pI9MPdBcd4ZwKjhCoo/WSuzSl1U=">AAACOXicbVDLSgNBEJz1GeMr6km8DAZBEMKuBNSb6MWjglEhWULv2MYhszvjTK8YluDXeNUP8Es8ehOv/oC7MQcTrVNR1U11V2SUdOT7b97E5NT0zGxprjy/sLi0XFlZvXA6tQIbQittryJwqGSCDZKk8MpYhDhSeBl1jwv/8h6tkzo5p57BMIZOIm+kAMqldmXd7LQI0prhLTDG6ge84z9Cu1L1a/4A/C8JhqTKhjhtr3il1rUWaYwJCQXONQPfUJiBJSkU9sut1KEB0YUONnOaQIwuzAY/9PlW6oA0N2i5VHwg4u+NDGLnenGUT8ZAt27cK8T/vGZKN/thJhOTEiaiCCKpcBDkhJV5OcivpUUiKC5HLhMuwAIRWslBiFxM87ZGAosY0lq50a9AqTB76PXz7oLxpv6Si91aUK8dnNWrh0fDFktsg22ybRawPXbITtgpazDBHtkTe2Yv3qv37n14nz+jE95wZ42NwPv6BsmurQ8=</latexit>

µ.(p+ ⌧.q) u µ.(p+ ⌧.q) + µ.q

<latexit sha1_base64="/wfLuMbcKtmXnRopOj01TPmWiyk="></latexit>

µ.⌧.p u µ.p

<latexit sha1_base64="OMn6q4OhgSNPvvEbkmQisiZWE/A="></latexit>


