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CCS
Graph isomorphism
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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)
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Isomorphic LTS
syntactically different processes 
can exhibit exactly the same behaviour

p+ nil

<latexit sha1_base64="l9hMrCKbTlfVabc6AMT7izB+q0E=">AAACFHicbVDLSsNAFJ3Ud31VXboZLIIglEQKdll041LBaqGN5WZ6W4dOJmHmRiyhvyFu9TvciVv3foZ/YFK7sK1ndTjnPg4niJW05LpfTmFhcWl5ZXWtuL6xubVd2tm9sVFiBDZEpCLTDMCikhobJElhMzYIYaDwNhic5/7tAxorI31Nwxj9EPpa9qQAyqS7+LgdAt0HvVRLNeqUym7FHYPPE29CymyCy07pu92NRBKiJqHA2pbnxuSnYEgKhaNiO7EYgxhAH1sZ1RCi9dNx6hE/TCxQxGM0XCo+FvHvRgqhtcMwyCbzjHbWy8X/vFZCvZqfSh0nhFrkj0gqHD+ywsisDuRdaZAI8uTIpeYCDBChkRyEyMQk62fqKCjlp4/DvCNvtpF5cnNS8aqV2lW1XD+btLXK9tkBO2IeO2V1dsEuWYMJZtgze2GvzpPz5rw7H7+jBWeys8em4Hz+AKIIoAE=</latexit>

p

<latexit sha1_base64="rl1RMmRWIHJknliqyLmhyNHDAzA=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexKwByDXjwmYB6QLKF30olDZh/M9IphyQeIV/0Ob+LVz/Az/AN34x5MtE5FVXdXU16kpCHb/rQKa+sbm1vF7dLO7t7+QfnwqGPCWAtsi1CFuueBQSUDbJMkhb1II/iewq43vc787j1qI8PglmYRuj5MAjmWAiiVWtGwXLGr9gL8L3FyUmE5msPy12AUitjHgIQCY/qOHZGbgCYpFM5Lg9hgBGIKE+ynNAAfjZssHp3zs9gAhTxCzaXiCxF/byTgGzPzvXTSB7ozq14m/uf1YxrX3UQGUUwYiCyIpMJFkBFapg0gH0mNRJB9jlwGXIAGItSSgxCpGKeVLB0FpdzkYTZPO3JWG/lLOhdVp1att2qVxlXeVpGdsFN2zhx2yRrshjVZmwmG7Ik9sxfr0Xq13qz3n9GCle8csyVYH98ZCppL</latexit>

p+ q

<latexit sha1_base64="QVMFSpD3iwujXNzRcJIhNz+QPPo=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBAEIexKwByDXjxGNA9IltA76cQhsw9nesWw5AvEq36HN/HqV/gZ/oG7MQeTWKeiqrurKS9S0pBtf1lLyyura+u5jfzm1vbObmFvv2HCWAusi1CFuuWBQSUDrJMkha1II/iewqY3vMz85gNqI8PglkYRuj4MAtmXAiiVbqLT+26haJfsCfgicaakyKaodQvfnV4oYh8DEgqMaTt2RG4CmqRQOM53YoMRiCEMsJ3SAHw0bjJ5dcyPYwMU8gg1l4pPRPy7kYBvzMj30kkf6M7Me5n4n9eOqV9xExlEMWEgsiCSCidBRmiZdoC8JzUSQfY5chlwARqIUEsOQqRinJYycxSUcpPH0TjtyJlvZJE0zkpOuVS5LherF9O2cuyQHbET5rBzVmVXrMbqTLABe2Yv7NV6st6sd+vjd3TJmu4csBlYnz9jgJr7</latexit>

q + p

<latexit sha1_base64="q377IkEq2KU+3VhAMVMz6wLM3GY=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBAEIexKwByDXjxGNA9IltA76cQhsw9nesWw5AvEq36HN/HqV/gZ/oG7MQeTWKeiqrurKS9S0pBtf1lLyyura+u5jfzm1vbObmFvv2HCWAusi1CFuuWBQSUDrJMkha1II/iewqY3vMz85gNqI8PglkYRuj4MAtmXAiiVbu5Po26haJfsCfgicaakyKaodQvfnV4oYh8DEgqMaTt2RG4CmqRQOM53YoMRiCEMsJ3SAHw0bjJ5dcyPYwMU8gg1l4pPRPy7kYBvzMj30kkf6M7Me5n4n9eOqV9xExlEMWEgsiCSCidBRmiZdoC8JzUSQfY5chlwARqIUEsOQqRinJYycxSUcpPH0TjtyJlvZJE0zkpOuVS5LherF9O2cuyQHbET5rBzVmVXrMbqTLABe2Yv7NV6st6sd+vjd3TJmu4csBlYnz9jgpr7</latexit>

p|q

<latexit sha1_base64="0xVmbG1BLahpiNsNHkY9dKKi23s=">AAACCXicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiRyJXjxilEcCG9I7NDhh9uFMr5GsfIHxqt/hzXj1K/wM/8Bd5CBgnSpV3V2d8iIlDdn2l5VbWl5ZXcuvFzY2t7Z3irt7DRPGWmBdhCrULQ8MKhlgnSQpbEUawfcUNr3hReY371EbGQY3NIrQ9WEQyL4UQKl0HT3edYslu2xPwBeJMyUlNkWtW/zu9EIR+xiQUGBM27EjchPQJIXCcaETG4xADGGA7ZQG4KNxk8mrY34UG6CQR6i5VHwi4t+NBHxjRr6XTvpAt2bey8T/vHZM/YqbyCCKCQORBZFUOAkyQsu0A+Q9qZEIss+Ry4AL0ECEWnIQIhXjtJSZo6CUmzyMxmlHznwji6RxUnZOy5Wr01L1fNpWnh2wQ3bMHHbGquyS1VidCTZgz+yFvVpP1pv1bn38juas6c4+m4H1+QPoZJtM</latexit>

p+ p

<latexit sha1_base64="RupGLGYejP8/gZejLksSsE4sK+w=">AAACCXicbVDLSgNBEOz1bXxFPXoZDIIghF0R9Ch68ahoTCBZQu+kEwdnd4eZXjEs+QLxqt/hTbz6FX6Gf+Am5qDGOhVV3V1NRUYrx77/4U1Nz8zOzS8slpaWV1bXyusb1y7NrKSaTHVqGxE60iqhGivW1DCWMI401aPb06FfvyPrVJpccd9QGGMvUV0lkQvp0uyZdrniV/0RxCQJxqQCY5y3y5+tTiqzmBKWGp1rBr7hMEfLSmoalFqZI4PyFnvULGiCMbkwH706EDuZQ06FISuUFiORfm7kGDvXj6NiMka+cX+9ofif18y4exTmKjEZUyKHQaw0jYKctKrogERHWWLG4eckVCIkWmQmqwRKWYhZUcqvo6h1mN/3B0VHwd9GJsn1fjU4qB5dHFSOT8ZtLcAWbMMuBHAIx3AG51ADCT14hCd49h68F+/Ve/senfLGO5vwC977F2Hdmvo=</latexit>

p|nil

<latexit sha1_base64="aMp++8lhQMJ0WBb+ZOBoWweM69Y=">AAACFHicbVA7TsNAFFyHf/gFKGlWREhUkY0ikRJBQwkSAaTERM+bF1ixXlu7z4jI5BqIFs5Bh2jpOQY3wDYuSMJUo5n3GU0QK2nJdb+cyszs3PzC4lJ1eWV1bb22sXlho8QIbItIReYqAItKamyTJIVXsUEIA4WXwd1x7l/eo7Ey0uc0jNEP4UbLgRRAmXQdP3ZDoNtgkGqpRr1a3W24Bfg08UpSZyVOe7Xvbj8SSYiahAJrO54bk5+CISkUjqrdxGIM4g5usJNRDSFaPy1Sj/huYoEiHqPhUvFCxL8bKYTWDsMgm8wz2kkvF//zOgkNWn4qdZwQapE/IqmweGSFkVkdyPvSIBHkyZFLzQUYIEIjOQiRiUnWz9hRUMpPH4Z5R95kI9PkYr/hNRuts2b98Khsa5Ftsx22xzx2wA7ZCTtlbSaYYc/shb06T86b8+58/I5WnHJni43B+fwBKnagUg==</latexit>

q|p

<latexit sha1_base64="8B9OTybwcnuqMYDPC+d9KvaDPrg=">AAACCXicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiRyJXjxilEcCG9I7NDhh9uFMr5GsfIHxqt/hzXj1K/wM/8Bd5CBgnSpV3V2d8iIlDdn2l5VbWl5ZXcuvFzY2t7Z3irt7DRPGWmBdhCrULQ8MKhlgnSQpbEUawfcUNr3hReY371EbGQY3NIrQ9WEQyL4UQKl0ffcYdYslu2xPwBeJMyUlNkWtW/zu9EIR+xiQUGBM27EjchPQJIXCcaETG4xADGGA7ZQG4KNxk8mrY34UG6CQR6i5VHwi4t+NBHxjRr6XTvpAt2bey8T/vHZM/YqbyCCKCQORBZFUOAkyQsu0A+Q9qZEIss+Ry4AL0ECEWnIQIhXjtJSZo6CUmzyMxmlHznwji6RxUnZOy5Wr01L1fNpWnh2wQ3bMHHbGquyS1VidCTZgz+yFvVpP1pv1bn38juas6c4+m4H1+QPoZptM</latexit>

their LTS are different (states syntactically different)

graph isomorphism abstracts away from states

<latexit sha1_base64="KxTK7wBiId91S8YeFOnV/zrCLDI=">AAACEnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLotuXFawrdCGcjO9rYOTSZi5EUvoX4hb/Q534tYf8DP8A5OahW09q8M593E4QaykJdf9chYWl5ZXVktr5fWNza3tys5uy0aJEdgUkYrMbQAWldTYJEkKb2ODEAYK28H9Ze63H9BYGekbGsXohzDUciAFUCZ1uyHQXTBItVTjXqXq1twJ+DzxClJlBRq9yne3H4kkRE1CgbUdz43JT8GQFArH5W5iMQZxD0PsZFRDiNZPJ5nH/DCxQBGP0XCp+ETEvxsphNaOwiCbzDPaWS8X//M6CQ3O/VTqOCHUIn9EUuHkkRVGZmUg70uDRJAnRy41F2CACI3kIEQmJlk7U0dBKT99HOUdebONzJPWcc07rR1fn1TrF0VbJbbPDtgR89gZq7Mr1mBNJljMntkLe3WenDfn3fn4HV1wip09NgXn8wdRHJ9O</latexit>

nil
<latexit sha1_base64="YCtXF5Wn/s42j2EodzpjGGU14VU=">AAACJHicbVC7TsNAEDzzJrwClFCciJCoIhshoETQUIJECFJsRetjQ06cz9bdGhFZafgYRAvfQYcoaPgH/oBzSEEIW41mdnd2J86UtOT7H97E5NT0zOzcfGVhcWl5pbq6dmnT3AhsiFSl5ioGi0pqbJAkhVeZQUhihc349qTUm3dorEz1BfUyjBK40bIjBZCj2tXNMAHqxp1CS9UPYxC3VoHthqCyLrSrNb/uD4qPg2AIamxYZ+3qV3idijxBTcKtsa3AzygqwJAUCvuVMLeYOQ+4wZaDGhK0UTH4os+3cwuU8gwNl4oPSPw9UUBibS+JXWd5s/2rleR/WiunzmFUSJ3lhFqURiQVDoysMNLFg/xaGiSC8nLkUnMBBojQSA5CODJ3eY0sBaWi4r7XdxkFfxMZB5e79WC/vnu+Vzs6HqY1xzbYFtthATtgR+yUnbEGE+yBPbFn9uI9eq/em/f+0zrhDWfW2Uh5n98hMqaJ</latexit>

nil\↵
<latexit sha1_base64="H4oX3nI7JJw5bM2EOKiFtTlqgqM=">AAACGnicbVDLSsNAFJ34rO+qSzeDRXBVkiLqUnTjsoJthSaUm/G2HTqZhJkbaQn9E3Gr3+FO3LrxM/wDk5qFr7M6nHMfhxMmSlpy3Xdnbn5hcWm5srK6tr6xuVXd3mnbODUCWyJWsbkJwaKSGlskSeFNYhCiUGEnHF0UfucOjZWxvqZJgkEEAy37UgDlUq+640dAw7CfaammXT8ZyqBXrbl1dwb+l3glqbESzV71w7+NRRqhJqHA2q7nJhRkYEgKhdNVP7WYgBjBALs51RChDbJZ9ik/SC1QzBM0XCo+E/H7RgaRtZMozCeLpPa3V4j/ed2U+qdBJnWSEmpRPCKpcPbICiPzUpDfSoNEUCRHLjUXYIAIjeQgRC6meUs/joJSQTaeTPOOvN+N/CXtRt07rjeujmpn52VbFbbH9tkh89gJO2OXrMlaTLAxe2CP7Mm5d56dF+f1a3TOKXd22Q84b5+hA6IQ</latexit>

nil[�]
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Graph isomorphism
G = (V,E)

<latexit sha1_base64="yMn7oMUrISXLgD2EDiOB8GWygcQ=">AAACDXicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBMxFCIroMYJ5QFykd2zjkNkHM71iWPIN4lW/w5t49Rv8DP/A3ZiDSaxTUdXd1ZQXKWnItr+s3Nz8wuJSfrmwsrq2vlHc3GqZMNYCmyJUoe54YFDJAJskSWEn0gi+p7Dt9U8zv/2A2sgwuKJBhK4PvUDeSQGUSu3z43Lr4Gz/pliyK/YIfJY4Y1JiYzRuit/Xt6GIfQxIKDCm69gRuQlokkLhsHAdG4xA9KGH3ZQG4KNxk9G7Q74XG6CQR6i5VHwk4t+NBHxjBr6XTvpA92bay8T/vG5MdzU3kUEUEwYiCyKpcBRkhJZpD8hvpUYiyD5HLgMuQAMRaslBiFSM02ImjoJSbvI4GKYdOdONzJLWYcWpVmqX1VL9ZNxWnu2wXVZmDjtidXbBGqzJBOuzZ/bCXq0n6816tz5+R3PWeGebTcD6/AHndpuz</latexit>

G0 = (V 0, E0)

<latexit sha1_base64="YU+Z1Pj5YmWHLqcNrT6OmJWs93M=">AAACEHicbVDLSgNBEJz1Gd9Rj14Gg0RBwq4E9CKIInqMYB6YLNI7duKQ2dllplcMS35CvOp3eBOv/oGf4R+4iTmosU5FVXdXU0GspCXX/XAmJqemZ2Zzc/MLi0vLK/nVtZqNEiOwKiIVmUYAFpXUWCVJChuxQQgDhfWgezLw63dorIz0JfVi9EPoaNmWAiiTrs6Kh9u14u5pcec6X3BL7hB8nHgjUmAjVK7zn62bSCQhahIKrG16bkx+CoakUNifbyUWYxBd6GAzoxpCtH46/LjPtxILFPEYDZeKD0X8uZFCaG0vDLLJEOjW/vUG4n9eM6H2gZ9KHSeEWgyCSCocBllhZFYF8htpkAgGnyOXmgswQIRGchAiE5Osm19HQSk/ve/1s468v42Mk9peySuXDi7KhaPjUVs5tsE22Tbz2D47YueswqpMMM0e2RN7dh6cF+fVefsenXBGO+vsF5z3Lxr9nEY=</latexit>

f : V ! V 0

<latexit sha1_base64="LfWVaDhCXvYqRYYIMMwmmL+8sG0=">AAACD3icbVDLTgJBEJzFF+IL9ehlIjF6IruGROKJ6MUjJvIwsCG9Q4MTZh+Z6TWSDR9hvOp3eDNe/QQ/wz9wFzkIWqdKVXdXp7xISUO2/WnllpZXVtfy64WNza3tneLuXtOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vdJn5rXvURobBDY0jdH0YBnIgBVAq3Q7Om10KefO4VyzZZXsK/pc4M1JiM9R7xa9uPxSxjwEJBcZ0HDsiNwFNUiicFLqxwQjECIbYSWkAPho3mT484UexgTQ2Qs2l4lMRf28k4Bsz9r100ge6M4teJv7ndWIaVN1EBlFMGIgsiKTCaZARWqZNIO9LjUSQfY5cBlyABiLUkoMQqRin1cwdBaXc5GE8STtyFhv5S5qnZadSrl5XSrWLWVt5dsAO2Qlz2BmrsStWZw0mmM+e2DN7sR6tV+vNev8ZzVmznX02B+vjGzRUnP0=</latexit>

bijective
v

µ�! w , f(v)
µ�! f(w)

<latexit sha1_base64="wcWcIe7gGI3BMIWtHcEgmHl/zR8="></latexit>

↵+ nil

↵

✏✏
nil

<latexit sha1_base64="oXr3EHeyAKz5O+N3TGBFOrymPs0="></latexit>

↵

↵
✏✏

nil

<latexit sha1_base64="WgYcczSAZ31VLBf9KfTsXehTauk="></latexit>

↵+ ↵

↵

✏✏
nil

<latexit sha1_base64="DaJfc7kvPF0DXHUtd9+fbD9AO5E="></latexit>

↵|nil

↵

✏✏
nil|nil

<latexit sha1_base64="RPRk2is3jPsFEB9fp6aXMhSTn6U="></latexit>
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Graph isomorphism
G = (V,E)

<latexit sha1_base64="yMn7oMUrISXLgD2EDiOB8GWygcQ=">AAACDXicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBMxFCIroMYJ5QFykd2zjkNkHM71iWPIN4lW/w5t49Rv8DP/A3ZiDSaxTUdXd1ZQXKWnItr+s3Nz8wuJSfrmwsrq2vlHc3GqZMNYCmyJUoe54YFDJAJskSWEn0gi+p7Dt9U8zv/2A2sgwuKJBhK4PvUDeSQGUSu3z43Lr4Gz/pliyK/YIfJY4Y1JiYzRuit/Xt6GIfQxIKDCm69gRuQlokkLhsHAdG4xA9KGH3ZQG4KNxk9G7Q74XG6CQR6i5VHwk4t+NBHxjBr6XTvpA92bay8T/vG5MdzU3kUEUEwYiCyKpcBRkhJZpD8hvpUYiyD5HLgMuQAMRaslBiFSM02ImjoJSbvI4GKYdOdONzJLWYcWpVmqX1VL9ZNxWnu2wXVZmDjtidXbBGqzJBOuzZ/bCXq0n6816tz5+R3PWeGebTcD6/AHndpuz</latexit>

G0 = (V 0, E0)

<latexit sha1_base64="YU+Z1Pj5YmWHLqcNrT6OmJWs93M=">AAACEHicbVDLSgNBEJz1Gd9Rj14Gg0RBwq4E9CKIInqMYB6YLNI7duKQ2dllplcMS35CvOp3eBOv/oGf4R+4iTmosU5FVXdXU0GspCXX/XAmJqemZ2Zzc/MLi0vLK/nVtZqNEiOwKiIVmUYAFpXUWCVJChuxQQgDhfWgezLw63dorIz0JfVi9EPoaNmWAiiTrs6Kh9u14u5pcec6X3BL7hB8nHgjUmAjVK7zn62bSCQhahIKrG16bkx+CoakUNifbyUWYxBd6GAzoxpCtH46/LjPtxILFPEYDZeKD0X8uZFCaG0vDLLJEOjW/vUG4n9eM6H2gZ9KHSeEWgyCSCocBllhZFYF8htpkAgGnyOXmgswQIRGchAiE5Osm19HQSk/ve/1s468v42Mk9peySuXDi7KhaPjUVs5tsE22Tbz2D47YueswqpMMM0e2RN7dh6cF+fVefsenXBGO+vsF5z3Lxr9nEY=</latexit>

f : V ! V 0

<latexit sha1_base64="LfWVaDhCXvYqRYYIMMwmmL+8sG0=">AAACD3icbVDLTgJBEJzFF+IL9ehlIjF6IruGROKJ6MUjJvIwsCG9Q4MTZh+Z6TWSDR9hvOp3eDNe/QQ/wz9wFzkIWqdKVXdXp7xISUO2/WnllpZXVtfy64WNza3tneLuXtOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vdJn5rXvURobBDY0jdH0YBnIgBVAq3Q7Om10KefO4VyzZZXsK/pc4M1JiM9R7xa9uPxSxjwEJBcZ0HDsiNwFNUiicFLqxwQjECIbYSWkAPho3mT484UexgTQ2Qs2l4lMRf28k4Bsz9r100ge6M4teJv7ndWIaVN1EBlFMGIgsiKTCaZARWqZNIO9LjUSQfY5cBlyABiLUkoMQqRin1cwdBaXc5GE8STtyFhv5S5qnZadSrl5XSrWLWVt5dsAO2Qlz2BmrsStWZw0mmM+e2DN7sR6tV+vNev8ZzVmznX02B+vjGzRUnP0=</latexit>

bijective
v

µ�! w , f(v)
µ�! f(w)

<latexit sha1_base64="wcWcIe7gGI3BMIWtHcEgmHl/zR8="></latexit>

<latexit sha1_base64="ldHgGHQwsyQt38Yi367FaqJHmEg="></latexit>

↵+ �.�

↵

⌧⌧

�

✏✏
�

�

✏✏
nil

<latexit sha1_base64="o119CSfRmriNu8SBX5IT/XCSios="></latexit>

�.� + ↵

↵

⇥⇥

�

✏✏
�

�

✏✏
nil
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Graph isomorphism

↵|↵
↵

{{
⌧

✏✏

↵

##
nil|↵

↵ ##

↵|nil

↵
{{

nil|nil

<latexit sha1_base64="meClilmud0Y/a8V3FvrT8/25qfs=">AAAC+nicdVJNb9NAEF2br2K+UjhyWRFRcYpsVKk9VvTCsUikjRS70XgzaVddf2h3jBJtzRV+BzfElT/Dz4BfwG7qVkkDs5fZN/Pemx07r5U0FMe/gvDO3Xv3H2w9jB49fvL0WW/7+bGpGi1wKCpV6VEOBpUscUiSFI5qjVDkCk/yi0NfP/mE2siq/EiLGrMCzko5kwLIQZPen3S+KIC0nNtoh9sUVH0Ol2nlOF6yA9qWp6DHU5 VNrpErYOoBgqa76uzUbnKjNI1s6lzO85ktpWr/q6+93GZtx53oZrYVoZuxTq+bvZd/x5rbKiNqJ71+PIiXwTeTpEv6rIujSe93Oq1EU2BJQoEx4ySuKbOgSQqFzrIxWIO4gDMcu7SEAk1ml9+m5a8bA1TxGjWXii9BXGVYKIxZFLnr9GOa2zUP/qs2bmi2n1lZ1g1hKbwRSYVLIyO0dEtEPpUaicBPjlyWXIAGItSSgxAObNxfsCYKSmV2vvA7Sm5vZDM5fjtIdgf7H3b7B++6bW2xl+wVe8MStscO2Ht2xIZMBKPgc/Al+Bpeht/C7+GPq9Yw6Dgv2FqEP/8CVJf4uQ==</latexit>

↵|↵
↵

{{
⌧

✏✏

↵

##
nil|↵

↵
##

↵|nil

↵{{
nil|nil

<latexit sha1_base64="z1ZG9yoDqVj7FqiYtCK17RWtNFE="></latexit>

G = (V,E)

<latexit sha1_base64="yMn7oMUrISXLgD2EDiOB8GWygcQ=">AAACDXicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBMxFCIroMYJ5QFykd2zjkNkHM71iWPIN4lW/w5t49Rv8DP/A3ZiDSaxTUdXd1ZQXKWnItr+s3Nz8wuJSfrmwsrq2vlHc3GqZMNYCmyJUoe54YFDJAJskSWEn0gi+p7Dt9U8zv/2A2sgwuKJBhK4PvUDeSQGUSu3z43Lr4Gz/pliyK/YIfJY4Y1JiYzRuit/Xt6GIfQxIKDCm69gRuQlokkLhsHAdG4xA9KGH3ZQG4KNxk9G7Q74XG6CQR6i5VHwk4t+NBHxjBr6XTvpA92bay8T/vG5MdzU3kUEUEwYiCyKpcBRkhJZpD8hvpUYiyD5HLgMuQAMRaslBiFSM02ImjoJSbvI4GKYdOdONzJLWYcWpVmqX1VL9ZNxWnu2wXVZmDjtidXbBGqzJBOuzZ/bCXq0n6816tz5+R3PWeGebTcD6/AHndpuz</latexit>

G0 = (V 0, E0)

<latexit sha1_base64="YU+Z1Pj5YmWHLqcNrT6OmJWs93M=">AAACEHicbVDLSgNBEJz1Gd9Rj14Gg0RBwq4E9CKIInqMYB6YLNI7duKQ2dllplcMS35CvOp3eBOv/oGf4R+4iTmosU5FVXdXU0GspCXX/XAmJqemZ2Zzc/MLi0vLK/nVtZqNEiOwKiIVmUYAFpXUWCVJChuxQQgDhfWgezLw63dorIz0JfVi9EPoaNmWAiiTrs6Kh9u14u5pcec6X3BL7hB8nHgjUmAjVK7zn62bSCQhahIKrG16bkx+CoakUNifbyUWYxBd6GAzoxpCtH46/LjPtxILFPEYDZeKD0X8uZFCaG0vDLLJEOjW/vUG4n9eM6H2gZ9KHSeEWgyCSCocBllhZFYF8htpkAgGnyOXmgswQIRGchAiE5Osm19HQSk/ve/1s468v42Mk9peySuXDi7KhaPjUVs5tsE22Tbz2D47YueswqpMMM0e2RN7dh6cF+fVefsenXBGO+vsF5z3Lxr9nEY=</latexit>

f : V ! V 0

<latexit sha1_base64="LfWVaDhCXvYqRYYIMMwmmL+8sG0=">AAACD3icbVDLTgJBEJzFF+IL9ehlIjF6IruGROKJ6MUjJvIwsCG9Q4MTZh+Z6TWSDR9hvOp3eDNe/QQ/wz9wFzkIWqdKVXdXp7xISUO2/WnllpZXVtfy64WNza3tneLuXtOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vdJn5rXvURobBDY0jdH0YBnIgBVAq3Q7Om10KefO4VyzZZXsK/pc4M1JiM9R7xa9uPxSxjwEJBcZ0HDsiNwFNUiicFLqxwQjECIbYSWkAPho3mT484UexgTQ2Qs2l4lMRf28k4Bsz9r100ge6M4teJv7ndWIaVN1EBlFMGIgsiKTCaZARWqZNIO9LjUSQfY5cBlyABiLUkoMQqRin1cwdBaXc5GE8STtyFhv5S5qnZadSrl5XSrWLWVt5dsAO2Qlz2BmrsStWZw0mmM+e2DN7sR6tV+vNev8ZzVmznX02B+vjGzRUnP0=</latexit>

bijective
v

µ�! w , f(v)
µ�! f(w)

<latexit sha1_base64="wcWcIe7gGI3BMIWtHcEgmHl/zR8="></latexit>
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Graph isomorphism

↵|�
↵

{{

�

##
nil|�

� ##

↵|nil

↵
{{

nil|nil

<latexit sha1_base64="RxhAg4OQq3WoCSKmkQNcFbkvj88=">AAACvHicbVFNb9NAEF27QIv5SuEGlxURFafIRpXaUxXBBTgVibSVYjcabybtKusP7Y6rRIv/Vf8MP4N/wG5iqqRl9jL7Zt57o5m8VtJQHP8Owp1Hj5/s7j2Nnj1/8fJVb//1makaLXAkKlXpixwMKlniiCQpvKg1QpErPM/nX3z9/Aa1kVX5k5Y1ZgVclXImBZCDJr3bdLEsgLRc2OiA2xRUfQ2/0hwJWp6CHk9VNunglq8RnV 3adUeUppFNHf86n9lSqnaLqT1z/T9wL7pT3yDcmVz+M/GafpIt1U1G1E56/XgQr4I/TJIu6bMuTie9P+m0Ek2BJQkFxoyTuKbMgiYpFDrLxmANYg5XOHZpCQWazK622/IPjQGqeI2aS8VXIG4yLBTGLIvcdfoxzf2aB/9XGzc0O86sLOuGsBTeiKTClZERWrqzIZ9KjUTgJ0cuSy5AAxFqyUEIBzbujluioFRmF0u/o+T+Rh4mZ58GyeHg+Mdhf/i529Yee8fes48sYUdsyL6yUzZiIngbDINvwffwJJyG87BYt4ZBx3nDtiK8+QshmdwZ</latexit>

↵.� + �.↵

↵

zz

�

$$
�

� $$

↵

↵
zz

nil

<latexit sha1_base64="crZ0hXhDNGYKCJcDf625dU1wamo="></latexit>

G = (V,E)

<latexit sha1_base64="yMn7oMUrISXLgD2EDiOB8GWygcQ=">AAACDXicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBMxFCIroMYJ5QFykd2zjkNkHM71iWPIN4lW/w5t49Rv8DP/A3ZiDSaxTUdXd1ZQXKWnItr+s3Nz8wuJSfrmwsrq2vlHc3GqZMNYCmyJUoe54YFDJAJskSWEn0gi+p7Dt9U8zv/2A2sgwuKJBhK4PvUDeSQGUSu3z43Lr4Gz/pliyK/YIfJY4Y1JiYzRuit/Xt6GIfQxIKDCm69gRuQlokkLhsHAdG4xA9KGH3ZQG4KNxk9G7Q74XG6CQR6i5VHwk4t+NBHxjBr6XTvpA92bay8T/vG5MdzU3kUEUEwYiCyKpcBRkhJZpD8hvpUYiyD5HLgMuQAMRaslBiFSM02ImjoJSbvI4GKYdOdONzJLWYcWpVmqX1VL9ZNxWnu2wXVZmDjtidXbBGqzJBOuzZ/bCXq0n6816tz5+R3PWeGebTcD6/AHndpuz</latexit>

G0 = (V 0, E0)

<latexit sha1_base64="YU+Z1Pj5YmWHLqcNrT6OmJWs93M=">AAACEHicbVDLSgNBEJz1Gd9Rj14Gg0RBwq4E9CKIInqMYB6YLNI7duKQ2dllplcMS35CvOp3eBOv/oGf4R+4iTmosU5FVXdXU0GspCXX/XAmJqemZ2Zzc/MLi0vLK/nVtZqNEiOwKiIVmUYAFpXUWCVJChuxQQgDhfWgezLw63dorIz0JfVi9EPoaNmWAiiTrs6Kh9u14u5pcec6X3BL7hB8nHgjUmAjVK7zn62bSCQhahIKrG16bkx+CoakUNifbyUWYxBd6GAzoxpCtH46/LjPtxILFPEYDZeKD0X8uZFCaG0vDLLJEOjW/vUG4n9eM6H2gZ9KHSeEWgyCSCocBllhZFYF8htpkAgGnyOXmgswQIRGchAiE5Osm19HQSk/ve/1s468v42Mk9peySuXDi7KhaPjUVs5tsE22Tbz2D47YueswqpMMM0e2RN7dh6cF+fVefsenXBGO+vsF5z3Lxr9nEY=</latexit>

f : V ! V 0

<latexit sha1_base64="LfWVaDhCXvYqRYYIMMwmmL+8sG0=">AAACD3icbVDLTgJBEJzFF+IL9ehlIjF6IruGROKJ6MUjJvIwsCG9Q4MTZh+Z6TWSDR9hvOp3eDNe/QQ/wz9wFzkIWqdKVXdXp7xISUO2/WnllpZXVtfy64WNza3tneLuXtOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vdJn5rXvURobBDY0jdH0YBnIgBVAq3Q7Om10KefO4VyzZZXsK/pc4M1JiM9R7xa9uPxSxjwEJBcZ0HDsiNwFNUiicFLqxwQjECIbYSWkAPho3mT484UexgTQ2Qs2l4lMRf28k4Bsz9r100ge6M4teJv7ndWIaVN1EBlFMGIgsiKTCaZARWqZNIO9LjUSQfY5cBlyABiLUkoMQqRin1cwdBaXc5GE8STtyFhv5S5qnZadSrl5XSrWLWVt5dsAO2Qlz2BmrsStWZw0mmM+e2DN7sR6tV+vNev8ZzVmznX02B+vjGzRUnP0=</latexit>

bijective
v

µ�! w , f(v)
µ�! f(w)

<latexit sha1_base64="wcWcIe7gGI3BMIWtHcEgmHl/zR8="></latexit>
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Equivalent or not?

intuitively equivalent, but not isomorphic!

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>
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Iso is too strict
if two processes have isomorphic LTS,
then they must be considered as equivalent

graph isomorphism captures some interesting equivalences

but is it enough?

rec x. ↵.x

↵

ZZ

<latexit sha1_base64="zQN2Zu8gKHKGw+qn29Njj0s96Z0="></latexit>

rec x. ↵.↵.x

↵

  
↵.rec x. ↵.↵.x

↵

aa

<latexit sha1_base64="Lv3oU7AUzurBsYD+Okj+9XG5HCY="></latexit>

↵.rec x. ↵.x

↵

✏✏
rec x. ↵.x

↵

ZZ

<latexit sha1_base64="96fHld9RXGczfPL7NK1XE0JM3UA="></latexit>

intuitively equivalent, but not isomorphic!

<latexit sha1_base64="lEz5CkdPJ8OYLx/MTjFPhCmG29w=">AAACHXicbVC7SgNBFJ31GeMrKlY2g0GwCrtB1FKwsYxgHpAs4e7kJhkyO7vO3BXDkm8RW/0OO7EVP8M/cBNTmMRTHc4598EJYiUtue6Xs7S8srq2ntvIb25t7+wW9vZrNkqMwKqIVGQaAVhUUmOVJClsxAYhDBTWg8H12K8/oLEy0nc0jNEPoadlVwqgTGoXDiu8RUaC7im85y1QcR9KlXah6JbcCfgi8aakyKbI8t+tTiSSEDUJBdY2PTcmPwVDUigc5VuJxRjEAHrYzKiGEK2fTt4f8ZPEAkU8RsOl4hMR/06kEFo7DIMsGQL17bw3Fv/zmgl1L/1U6jgh1GJ8iKTCySErjMx6Qd6RBolg/DlyqbkAA0RoJAchMjHJippZCkr56eNwlHXkzTeySGrlkndeKt+eFa8up23l2BE7ZqfMYxfsit2wCqsywVL2zF7Yq/PkvDnvzsdvdMmZzhywGTifP3H+olk=</latexit>

P , ↵.P
<latexit sha1_base64="oH1PIgzXSe6ODFicIPaWFoedbeE=">AAACJHicbVC7TsNAEDzzJrwClFCciJCoIhshoESioSQSeUiJFa2PTXLifDZ3a0RkpeFjEC18Bx2ioOEf+AMc44IQptnRzO7t7QSxkpZc98OZmZ2bX1hcWi6trK6tb5Q3txo2SozAuohUZFoBWFRSY50kKWzFBiEMFDaDm/Ox37xDY2Wkr2gYox9CX8ueFECZ1C3v1niHjATdV3jLO6DiAVSLUuuWK27VzcGniVeQCitw2S1/da4jkYSoSSiwtu25MfkpGJJC4ajUSSzGIG6gj+2MagjR+ml+xYjvJxYo4jEaLhXPRfw9kUJo7TAMss4QaGD/emPxP6+dUO/UT6WOE0ItxotIKswXWWFkFg/ya2mQCMY/Ry41F2CACI3kIEQmJlleE4+CUn56PxxlGXl/E5kmjcOqd1w9rB1Vzk6LtJbYDttjB8xjJ+yMXbBLVmeCPbAn9sxenEfn1Xlz3n9aZ5xiZptNwPn8BuotpTE=</latexit>

Q , ↵.↵.Q
<latexit sha1_base64="QsjlRR94GNmbLLnHlox5Nl5GuCk=">AAACDnicbVDJTgJBFOzBDXFDPXrpSEw8kRlilCOJF4+YyJLAxLxpHtChZ0n3GyOZ8A/Gq36HN+PVX/Az/ANnRg4C1qlSVW9JeZGShmz7yyqsrW9sbhW3Szu7e/sH5cOjtgljLbAlQhXqrgcGlQywRZIUdiON4HsKO97kOvM7D6iNDIM7mkbo+jAK5FAKoFTq9kFFY6g278sVu2rn4KvEmZMKmyPNf/cHoYh9DEgoMKbn2BG5CWiSQuGs1I8NRiAmMMJeSgPw0bhJ/u+Mn8UGKOQRai4Vz0X8O5GAb8zU99KkDzQ2y14m/uf1YhrW3UQGUUwYiOwQSYX5ISO0TItAPpAaiSD7HLkMuAANRKglByFSMU6bWVgKSrnJ43SWduQsN7JK2rWqc1mt3V5UGvV5W0V2wk7ZOXPYFWuwG9ZkLSaYYs/shb1aT9ab9W59/EYL1nzmmC3A+vwBIGyc8w==</latexit>

↵.P
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Trace equivalence
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Trace equivalence
in automata theory: language equivalence

p = p0
µ1�! p1

µ2�! · · · µk��! pk = q

<latexit sha1_base64="0VhI/AGmUkeQ6OFKCWrlDieCeA4="></latexit>

notion of (finite) trace p
µ1µ2···µk������! q

<latexit sha1_base64="8TswOcNSwkSe+mMYp+LN0SvoUyI="></latexit>

T (p) = {µ1µ2 · · ·µk | 9q. p µ1µ2···µk������! q}

<latexit sha1_base64="1IlDunQz68N7mJkd90IwfWwEN3s="></latexit>

(finite) trace semantics of a process

two processes are trace equivalent 
if they have the same trace semantics

p ⌘tr q

<latexit sha1_base64="ltfwkh+tarerM/+M3y8dGL3pJRo=">AAACH3icbVDLSsNAFJ3UV62vqAsXbgaL4KokUrBL0Y3LClYLbSg3420dOnl05kYsIR8jbvU73IlbP8M/MIldqPWsDufc5/FjJQ05zodVWVhcWl6prtbW1jc2t+ztnWsTJVpgR0Qq0l0fDCoZYockKezGGiHwFd744/PCv7lHbWQUXtE0Ri+AUSiHUgDl0sDei/s4SeT9IO0HQHdmmJLOMj4Z2HWn4ZTg88SdkTqboT2wP/u3kUgCDEkoMKbnOjF5KWiSQmFW6ycGYxBjGGEvpyEEaLy0fCDjh4kBiniMmkvFSxF/dqQQGDMN/LyyvPKvV4j/eb2Ehi0vlWGcEIaiWERSYbnICC3zZJDfSo1EUFyOXIZcgAYi1JKDELmY5FH9GgpKeenDNMszcv8mMk+ujxtus9G6bNZPz2ZpVdk+O2BHzGUn7JRdsDbrMMEy9sSe2Yv1aL1ab9b7d2nFmvXssl+wPr4AMlukgw==</latexit>

iff T (p) = T (q)

<latexit sha1_base64="BRy2EoWzbg6ulqM9nKGwhK2ZNnw=">AAACJnicbVC7SgNBFJ2Nrxhfq5aCDAYhNmFXAqYRgjaWERINJEu4O97okNmHM3fFsKTzY8RWv8NOxM5f8A/cjSl8nerMOfc1x4+VNOQ4b1ZhZnZufqG4WFpaXllds9c3zkyUaIFtEalId3wwqGSIbZKksBNrhMBXeO4Pj3P//Aa1kVHYolGMXgCXoRxIAZRJfXu7FwBdCVBpa1yJ9w759/f1Xt8uO1VnAv6XuFNSZlM0+/ZH7yISSYAhCQXGdF0nJi8FTVIoHJd6icEYxBAusZvREAI0Xjr5x5jvJgYo4jFqLhWfiPi9I4XAmFHgZ5X5lea3l4v/ed2EBnUvlWGcEIYiX0RS4WSREVpmASG/kBqJIL8cuQy5AA1EqCUHITIxyRL7MRSU8tLb0TjLyP2dyF9ytl91a9X6aa3cOJqmVWRbbIdVmMsOWIOdsCZrM8Hu2AN7ZE/WvfVsvVivX6UFa9qzyX7Aev8Eii6mEg==</latexit>

is trace equivalent a good notion for concurrent systems?
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Trace equivalence
graph isomorphism implies trace equivalence

we preserves all the useful equivalences seen before

p+ nil

<latexit sha1_base64="l9hMrCKbTlfVabc6AMT7izB+q0E=">AAACFHicbVDLSsNAFJ3Ud31VXboZLIIglEQKdll041LBaqGN5WZ6W4dOJmHmRiyhvyFu9TvciVv3foZ/YFK7sK1ndTjnPg4niJW05LpfTmFhcWl5ZXWtuL6xubVd2tm9sVFiBDZEpCLTDMCikhobJElhMzYIYaDwNhic5/7tAxorI31Nwxj9EPpa9qQAyqS7+LgdAt0HvVRLNeqUym7FHYPPE29CymyCy07pu92NRBKiJqHA2pbnxuSnYEgKhaNiO7EYgxhAH1sZ1RCi9dNx6hE/TCxQxGM0XCo+FvHvRgqhtcMwyCbzjHbWy8X/vFZCvZqfSh0nhFrkj0gqHD+ywsisDuRdaZAI8uTIpeYCDBChkRyEyMQk62fqKCjlp4/DvCNvtpF5cnNS8aqV2lW1XD+btLXK9tkBO2IeO2V1dsEuWYMJZtgze2GvzpPz5rw7H7+jBWeys8em4Hz+AKIIoAE=</latexit>

p

<latexit sha1_base64="rl1RMmRWIHJknliqyLmhyNHDAzA=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexKwByDXjwmYB6QLKF30olDZh/M9IphyQeIV/0Ob+LVz/Az/AN34x5MtE5FVXdXU16kpCHb/rQKa+sbm1vF7dLO7t7+QfnwqGPCWAtsi1CFuueBQSUDbJMkhb1II/iewq43vc787j1qI8PglmYRuj5MAjmWAiiVWtGwXLGr9gL8L3FyUmE5msPy12AUitjHgIQCY/qOHZGbgCYpFM5Lg9hgBGIKE+ynNAAfjZssHp3zs9gAhTxCzaXiCxF/byTgGzPzvXTSB7ozq14m/uf1YxrX3UQGUUwYiCyIpMJFkBFapg0gH0mNRJB9jlwGXIAGItSSgxCpGKeVLB0FpdzkYTZPO3JWG/lLOhdVp1att2qVxlXeVpGdsFN2zhx2yRrshjVZmwmG7Ik9sxfr0Xq13qz3n9GCle8csyVYH98ZCppL</latexit>

p+ q

<latexit sha1_base64="QVMFSpD3iwujXNzRcJIhNz+QPPo=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBAEIexKwByDXjxGNA9IltA76cQhsw9nesWw5AvEq36HN/HqV/gZ/oG7MQeTWKeiqrurKS9S0pBtf1lLyyura+u5jfzm1vbObmFvv2HCWAusi1CFuuWBQSUDrJMkha1II/iewqY3vMz85gNqI8PglkYRuj4MAtmXAiiVbqLT+26haJfsCfgicaakyKaodQvfnV4oYh8DEgqMaTt2RG4CmqRQOM53YoMRiCEMsJ3SAHw0bjJ5dcyPYwMU8gg1l4pPRPy7kYBvzMj30kkf6M7Me5n4n9eOqV9xExlEMWEgsiCSCidBRmiZdoC8JzUSQfY5chlwARqIUEsOQqRinJYycxSUcpPH0TjtyJlvZJE0zkpOuVS5LherF9O2cuyQHbET5rBzVmVXrMbqTLABe2Yv7NV6st6sd+vjd3TJmu4csBlYnz9jgJr7</latexit>

q + p

<latexit sha1_base64="q377IkEq2KU+3VhAMVMz6wLM3GY=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBAEIexKwByDXjxGNA9IltA76cQhsw9nesWw5AvEq36HN/HqV/gZ/oG7MQeTWKeiqrurKS9S0pBtf1lLyyura+u5jfzm1vbObmFvv2HCWAusi1CFuuWBQSUDrJMkha1II/iewqY3vMz85gNqI8PglkYRuj4MAtmXAiiVbu5Po26haJfsCfgicaakyKaodQvfnV4oYh8DEgqMaTt2RG4CmqRQOM53YoMRiCEMsJ3SAHw0bjJ5dcyPYwMU8gg1l4pPRPy7kYBvzMj30kkf6M7Me5n4n9eOqV9xExlEMWEgsiCSCidBRmiZdoC8JzUSQfY5chlwARqIUEsOQqRinJYycxSUcpPH0TjtyJlvZJE0zkpOuVS5LherF9O2cuyQHbET5rBzVmVXrMbqTLABe2Yv7NV6st6sd+vjd3TJmu4csBlYnz9jgpr7</latexit>

p|q

<latexit sha1_base64="0xVmbG1BLahpiNsNHkY9dKKi23s=">AAACCXicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiRyJXjxilEcCG9I7NDhh9uFMr5GsfIHxqt/hzXj1K/wM/8Bd5CBgnSpV3V2d8iIlDdn2l5VbWl5ZXcuvFzY2t7Z3irt7DRPGWmBdhCrULQ8MKhlgnSQpbEUawfcUNr3hReY371EbGQY3NIrQ9WEQyL4UQKl0HT3edYslu2xPwBeJMyUlNkWtW/zu9EIR+xiQUGBM27EjchPQJIXCcaETG4xADGGA7ZQG4KNxk8mrY34UG6CQR6i5VHwi4t+NBHxjRr6XTvpAt2bey8T/vHZM/YqbyCCKCQORBZFUOAkyQsu0A+Q9qZEIss+Ry4AL0ECEWnIQIhXjtJSZo6CUmzyMxmlHznwji6RxUnZOy5Wr01L1fNpWnh2wQ3bMHHbGquyS1VidCTZgz+yFvVpP1pv1bn38juas6c4+m4H1+QPoZJtM</latexit>

p+ p

<latexit sha1_base64="RupGLGYejP8/gZejLksSsE4sK+w=">AAACCXicbVDLSgNBEOz1bXxFPXoZDIIghF0R9Ch68ahoTCBZQu+kEwdnd4eZXjEs+QLxqt/hTbz6FX6Gf+Am5qDGOhVV3V1NRUYrx77/4U1Nz8zOzS8slpaWV1bXyusb1y7NrKSaTHVqGxE60iqhGivW1DCWMI401aPb06FfvyPrVJpccd9QGGMvUV0lkQvp0uyZdrniV/0RxCQJxqQCY5y3y5+tTiqzmBKWGp1rBr7hMEfLSmoalFqZI4PyFnvULGiCMbkwH706EDuZQ06FISuUFiORfm7kGDvXj6NiMka+cX+9ofif18y4exTmKjEZUyKHQaw0jYKctKrogERHWWLG4eckVCIkWmQmqwRKWYhZUcqvo6h1mN/3B0VHwd9GJsn1fjU4qB5dHFSOT8ZtLcAWbMMuBHAIx3AG51ADCT14hCd49h68F+/Ve/senfLGO5vwC977F2Hdmvo=</latexit>

p|nil

<latexit sha1_base64="aMp++8lhQMJ0WBb+ZOBoWweM69Y=">AAACFHicbVA7TsNAFFyHf/gFKGlWREhUkY0ikRJBQwkSAaTERM+bF1ixXlu7z4jI5BqIFs5Bh2jpOQY3wDYuSMJUo5n3GU0QK2nJdb+cyszs3PzC4lJ1eWV1bb22sXlho8QIbItIReYqAItKamyTJIVXsUEIA4WXwd1x7l/eo7Ey0uc0jNEP4UbLgRRAmXQdP3ZDoNtgkGqpRr1a3W24Bfg08UpSZyVOe7Xvbj8SSYiahAJrO54bk5+CISkUjqrdxGIM4g5usJNRDSFaPy1Sj/huYoEiHqPhUvFCxL8bKYTWDsMgm8wz2kkvF//zOgkNWn4qdZwQapE/IqmweGSFkVkdyPvSIBHkyZFLzQUYIEIjOQiRiUnWz9hRUMpPH4Z5R95kI9PkYr/hNRuts2b98Khsa5Ftsx22xzx2wA7ZCTtlbSaYYc/shb06T86b8+58/I5WnHJni43B+fwBKnagUg==</latexit>

q|p

<latexit sha1_base64="8B9OTybwcnuqMYDPC+d9KvaDPrg=">AAACCXicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiRyJXjxilEcCG9I7NDhh9uFMr5GsfIHxqt/hzXj1K/wM/8Bd5CBgnSpV3V2d8iIlDdn2l5VbWl5ZXcuvFzY2t7Z3irt7DRPGWmBdhCrULQ8MKhlgnSQpbEUawfcUNr3hReY371EbGQY3NIrQ9WEQyL4UQKl0ffcYdYslu2xPwBeJMyUlNkWtW/zu9EIR+xiQUGBM27EjchPQJIXCcaETG4xADGGA7ZQG4KNxk8mrY34UG6CQR6i5VHwi4t+NBHxjRr6XTvpAt2bey8T/vHZM/YqbyCCKCQORBZFUOAkyQsu0A+Q9qZEIss+Ry4AL0ECEWnIQIhXjtJSZo6CUmzyMxmlHznwji6RxUnZOy5Wr01L1fNpWnh2wQ3bMHHbGquyS1VidCTZgz+yFvVpP1pv1bn38juas6c4+m4H1+QPoZptM</latexit>

⌘tr

<latexit sha1_base64="yjMBVYNAfX5rCgKEn/MhCvMK++s=">AAACHHicbVDJSgNBFOxxjXGLy81LYxA8hRkJmGPQi8cIZoFkCG86L9rYs9j9JhiH/Ip41e/wJl4FP8M/cGbMwRjrVFS9pSgvUtKQbX9aC4tLyyurhbXi+sbm1nZpZ7dlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2d3ue+e0RaiPD4IrGEbo+XAdyKAVQKvVL+z28i+Won/R8oBszTEhPJv1S2a7YOfg8caakzKZo9EtfvUEoYh8DEgqM6Tp2RG4CmqRQOCn2YoMRiFu4xm5KA/DRuEmefsKPYgMU8gg1l4rnIv7eSMA3Zux76WSe8a+Xif953ZiGNTeRQRQTBiJ7RFJh/sgILdNakA+kRiLIkiOXAReggQi15CBEKsZpTzNHQSk3uR9nHTl/G5knrZOKU63ULqvl+tm0rQI7YIfsmDnslNXZBWuwJhPsgT2xZ/ZiPVqv1pv1/jO6YE139tgMrI9vAsijZA==</latexit>

⌘tr

<latexit sha1_base64="yjMBVYNAfX5rCgKEn/MhCvMK++s=">AAACHHicbVDJSgNBFOxxjXGLy81LYxA8hRkJmGPQi8cIZoFkCG86L9rYs9j9JhiH/Ip41e/wJl4FP8M/cGbMwRjrVFS9pSgvUtKQbX9aC4tLyyurhbXi+sbm1nZpZ7dlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2d3ue+e0RaiPD4IrGEbo+XAdyKAVQKvVL+z28i+Won/R8oBszTEhPJv1S2a7YOfg8caakzKZo9EtfvUEoYh8DEgqM6Tp2RG4CmqRQOCn2YoMRiFu4xm5KA/DRuEmefsKPYgMU8gg1l4rnIv7eSMA3Zux76WSe8a+Xif953ZiGNTeRQRQTBiJ7RFJh/sgILdNakA+kRiLIkiOXAReggQi15CBEKsZpTzNHQSk3uR9nHTl/G5knrZOKU63ULqvl+tm0rQI7YIfsmDnslNXZBWuwJhPsgT2xZ/ZiPVqv1pv1/jO6YE139tgMrI9vAsijZA==</latexit>

⌘tr

<latexit sha1_base64="yjMBVYNAfX5rCgKEn/MhCvMK++s=">AAACHHicbVDJSgNBFOxxjXGLy81LYxA8hRkJmGPQi8cIZoFkCG86L9rYs9j9JhiH/Ip41e/wJl4FP8M/cGbMwRjrVFS9pSgvUtKQbX9aC4tLyyurhbXi+sbm1nZpZ7dlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2d3ue+e0RaiPD4IrGEbo+XAdyKAVQKvVL+z28i+Won/R8oBszTEhPJv1S2a7YOfg8caakzKZo9EtfvUEoYh8DEgqM6Tp2RG4CmqRQOCn2YoMRiFu4xm5KA/DRuEmefsKPYgMU8gg1l4rnIv7eSMA3Zux76WSe8a+Xif953ZiGNTeRQRQTBiJ7RFJh/sgILdNakA+kRiLIkiOXAReggQi15CBEKsZpTzNHQSk3uR9nHTl/G5knrZOKU63ULqvl+tm0rQI7YIfsmDnslNXZBWuwJhPsgT2xZ/ZiPVqv1pv1/jO6YE139tgMrI9vAsijZA==</latexit>

⌘tr

<latexit sha1_base64="yjMBVYNAfX5rCgKEn/MhCvMK++s=">AAACHHicbVDJSgNBFOxxjXGLy81LYxA8hRkJmGPQi8cIZoFkCG86L9rYs9j9JhiH/Ip41e/wJl4FP8M/cGbMwRjrVFS9pSgvUtKQbX9aC4tLyyurhbXi+sbm1nZpZ7dlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2d3ue+e0RaiPD4IrGEbo+XAdyKAVQKvVL+z28i+Won/R8oBszTEhPJv1S2a7YOfg8caakzKZo9EtfvUEoYh8DEgqM6Tp2RG4CmqRQOCn2YoMRiFu4xm5KA/DRuEmefsKPYgMU8gg1l4rnIv7eSMA3Zux76WSe8a+Xif953ZiGNTeRQRQTBiJ7RFJh/sgILdNakA+kRiLIkiOXAReggQi15CBEKsZpTzNHQSk3uR9nHTl/G5knrZOKU63ULqvl+tm0rQI7YIfsmDnslNXZBWuwJhPsgT2xZ/ZiPVqv1pv1/jO6YE139tgMrI9vAsijZA==</latexit>

⌘tr

<latexit sha1_base64="yjMBVYNAfX5rCgKEn/MhCvMK++s=">AAACHHicbVDJSgNBFOxxjXGLy81LYxA8hRkJmGPQi8cIZoFkCG86L9rYs9j9JhiH/Ip41e/wJl4FP8M/cGbMwRjrVFS9pSgvUtKQbX9aC4tLyyurhbXi+sbm1nZpZ7dlwlgLbIpQhbrjgUElA2ySJIWdSCP4nsK2d3ue+e0RaiPD4IrGEbo+XAdyKAVQKvVL+z28i+Won/R8oBszTEhPJv1S2a7YOfg8caakzKZo9EtfvUEoYh8DEgqM6Tp2RG4CmqRQOCn2YoMRiFu4xm5KA/DRuEmefsKPYgMU8gg1l4rnIv7eSMA3Zux76WSe8a+Xif953ZiGNTeRQRQTBiJ7RFJh/sgILdNakA+kRiLIkiOXAReggQi15CBEKsZpTzNHQSk3uR9nHTl/G5knrZOKU63ULqvl+tm0rQI7YIfsmDnslNXZBWuwJhPsgT2xZ/ZiPVqv1pv1/jO6YE139tgMrI9vAsijZA==</latexit>

trace semantics is prefix closed
(if a trace is present, all its prefixes are also present)
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Trace equivalence
rec x. ↵.x

↵

ZZ

<latexit sha1_base64="zQN2Zu8gKHKGw+qn29Njj0s96Z0="></latexit>

rec x. ↵.↵.x

↵

  
↵.rec x. ↵.↵.x

↵

aa

<latexit sha1_base64="Lv3oU7AUzurBsYD+Okj+9XG5HCY="></latexit>

↵.rec x. ↵.x

↵

✏✏
rec x. ↵.x

↵

ZZ

<latexit sha1_base64="96fHld9RXGczfPL7NK1XE0JM3UA="></latexit>

T (rec x. ↵.x) = {↵n | n 2 N}

<latexit sha1_base64="pCIW5Pj2T+rqGBijykhVcxLJPD0="></latexit>

T (rec x. ↵.↵.x) = {↵n | n 2 N}

<latexit sha1_base64="nt6lT5xF53+PJDoarRLZzFjOYcM="></latexit>

T (↵.rec x. ↵.x) = {↵n | n 2 N}

<latexit sha1_base64="kEWnRW5OEa13Yptbc0d1Fs6RgMI="></latexit>
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Trace equivalence
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>

T (B2
0) = T (B1

0 |B1
0)

<latexit sha1_base64="sLmyKUzqvr68LopfHIK2zMeyseE=">AAACNXicbVC7SgNBFJ2Nr/iOWtoMBiEpDLsiaCNIbCwVjAaSNdyd3MTB2Qczd8Ww5iv8GLHVr7CwE1vxD9xdU2jiKYbDOfc1x4uUNGTbr1Zhanpmdq44v7C4tLyyWlpbvzBhrAU2RKhC3fTAoJIBNkiSwmakEXxP4aV3c5z5l7eojQyDcxpE6PrQD2RPCqBU6pR22j7QtQCVnA8r9Y59tVvlh3xcdO7zt9ople2anYNPEmdEymyE007pq90NRexjQEKBMS3HjshNQJMUCocL7dhgBOIG+thKaQA+GjfJvzXk27EBCnmEmkvFcxF/dyTgGzPwvbQyu9eMe5n4n9eKqXfgJjKIYsJAZItIKswXGaFlmhfyrtRIBNnlyGXABWggQi05CJGKcRrgn6GglJvcDYZpRs54IpPkYrfm7NUOzvbKR/VRWkW2ybZYhTlsnx2xE3bKGkywB/bEntmL9Wi9We/Wx09pwRr1bLA/sD6/Ab+KqoQ=</latexit>

tentative description:
0 ≤ #in - #out ≤ 2 (for any prefix)
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Two Vending Machines
coin.(co↵ee + tea)

<latexit sha1_base64="KosPaB1858x4RaYs8iJM1QmnPXU=">AAACS3icbVDLSsNAFJ3UV31XXboZLIIilEQKdim6cVnBVqEN5Wa81cHJJMzciCXkg/wYcWs/Q9yJC5NY8FHv6nDOua8TxEpact2xU5mZnZtfqC4uLa+srq3XNja7NkqMwI6IVGSuArCopMYOSVJ4FRuEMFB4GdydFvrlPRorI31Boxj9EG60HEoBlFOD2mk/BLqVlIpI6qyx149ydzEs/RaGQ8Qs4wfTGiFk2f6gVncbbll8GngTUGeTag9qr/3rSCQhahIKrO15bkx+CoakUJgt9ROLMYg7uMFeDjWEaP20fDbju4kFiniMhkvFSxJ/dqQQWjsKg9xZXGn/agX5n9ZLaNjyU6njhFCLYhFJheUiK4zMf0d+LQ0SQXE5cqm5AANEaCQHIXIyyWP9NRSU8tOHUZZn5P1NZBp0Dxtes9E6b9aPTyZpVdk222F7zGNH7JidsTbrMMEe2TN7YWPnyXlz3p2PL2vFmfRssV9VmfsEUoC2tw==</latexit>

coin.co↵ee + coin.tea

<latexit sha1_base64="neYWjZwAAyDyZngd6swgF0dta7c=">AAACV3ichVDLSsNAFJ1GrfXd6tLNYBEEoSRS0KXoxp0VbBXaUG6mtzo4mYSZG7GEfJYfU9zqB/gFmtSC1gre1eGcc18niJW05LrjkrOwuFRerqysrq1vbG5Va9sdGyVGYFtEKjK3AVhUUmObJCm8jQ1CGCi8CR7OC/3mEY2Vkb6mUYx+CHdaDqUAyql+9bIXAt1LSkUkddboRbm5mJV+88MhYpbxw/+chJBl/WrdbbiT4vPAm4I6m1arX33vDSKRhKhJKLC267kx+SkYkkJhttpLLMYgHuAOuznUEKL108njGd9PLFDEYzRcKj4h8WdHCqG1ozDIncWR9rdWkH9p3YSGJ34qdZwQalEsIqlwssgKI/PXkQ+kQSIoLkcuNRdggAiN5CBETiZ5xDNDQSk/fRoVGXm/E5kHnaOG12ycXDXrp2fTtCpsl+2xA+axY3bKLliLtZlgz+yFvbK30rj04ZSdypfVKU17dthMObVPDzi6kg==</latexit>

coin.co↵ee + coin.tea

coin

vv

coin

''
co↵ee

co↵ee
((

tea

tea
vv

nil

<latexit sha1_base64="b1ko5UbM+ro6+YehXwlJF3cuFkQ="></latexit>

coin.(co↵ee + tea)

coin
✏✏

co↵ee + tea

co↵ee

��
tea
  

nil

<latexit sha1_base64="fNDYqsKTOjS/PP3VLX6uHogJ96I=">AAADB3iclVLLbtQwFHXCqwyvAZZsLEZIRUjTCapElyPYsCwS01aapNGN56ZYdZzIvkEzivwBiC18BzvEls/gM/gCcDJZdDplwV0dnXPu8fW1s0pJS5PJryC8dv3GzVs7twd37t67/2D48NGRLWsjcCZKVZqTDCwqqXFGkhSeVAahyBQeZ+dvWv34IxorS/2eVhUmBZxpmUsB5Kl0+CdergogI5fNoIk9+iCpEaXUbrwbl76zDb 4g5Dmic/zFtkYIzj13gxjMfJGkm2Eujn38/+c57uOme+neOvKfAb3vtPWdXuFbh3VDtEyWN1oq5wYuHY4m40lXfBtEPRixvg7T4e94UYq6QE1CgbXzaFJR0oAhKRT669cWKxDncIZzDzUUaJOmeyjHn9UWqOQVGi4V70i82NFAYe2qyLyzHdNe1lryKm1eU36QNFJXNaEW7UEkFXYHWWGkXwfyhTRIBO3kyKXmAgwQoZEchPBk7b/ERigolTTLVbuj6PJGtsHRy3G0Pz54tz+avu63tcOesKdsl0XsFZuyt+yQzZgIMPgcfAm+hp/Cb+H38MfaGgZ9z2O2UeHPvzKsARA=</latexit>

not isomorphic, but trace equivalent
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Customer’s view

insert a coin, then choose the drink

coin.(co↵ee + tea)

coin
✏✏

co↵ee + tea

co↵ee

��
tea
  

nil

<latexit sha1_base64="fNDYqsKTOjS/PP3VLX6uHogJ96I=">AAADB3iclVLLbtQwFHXCqwyvAZZsLEZIRUjTCapElyPYsCwS01aapNGN56ZYdZzIvkEzivwBiC18BzvEls/gM/gCcDJZdDplwV0dnXPu8fW1s0pJS5PJryC8dv3GzVs7twd37t67/2D48NGRLWsjcCZKVZqTDCwqqXFGkhSeVAahyBQeZ+dvWv34IxorS/2eVhUmBZxpmUsB5Kl0+CdergogI5fNoIk9+iCpEaXUbrwbl76zDb 4g5Dmic/zFtkYIzj13gxjMfJGkm2Eujn38/+c57uOme+neOvKfAb3vtPWdXuFbh3VDtEyWN1oq5wYuHY4m40lXfBtEPRixvg7T4e94UYq6QE1CgbXzaFJR0oAhKRT669cWKxDncIZzDzUUaJOmeyjHn9UWqOQVGi4V70i82NFAYe2qyLyzHdNe1lryKm1eU36QNFJXNaEW7UEkFXYHWWGkXwfyhTRIBO3kyKXmAgwQoZEchPBk7b/ERigolTTLVbuj6PJGtsHRy3G0Pz54tz+avu63tcOesKdsl0XsFZuyt+yQzZgIMPgcfAm+hp/Cb+H38MfaGgZ9z2O2UeHPvzKsARA=</latexit>

which vending machine would you prefer?
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insert a coin, then get the drink chosen by the machine

coin.co↵ee + coin.tea

coin

vv

coin

''
co↵ee

co↵ee
((

tea

tea
vv

nil

<latexit sha1_base64="b1ko5UbM+ro6+YehXwlJF3cuFkQ="></latexit>

which vending machine would you prefer?
Customer’s view
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Recursive Machines

M1 , coin.

M 0
1z }| {

(co↵ee.M1 + tea.M1)

<latexit sha1_base64="q8a4bsNw5XA9abDIJLsrU4bKXSM="></latexit>

M1 , coin.

M 0
1z }| {

(co↵ee.M1 + tea.M1)

<latexit sha1_base64="q8a4bsNw5XA9abDIJLsrU4bKXSM="></latexit>

M1 ⌘tr M2

<latexit sha1_base64="fP/vaAIZqZIRb9DVJsWnZcr5EaM=">AAACJHicbVC7SgNBFJ31Gd9RSy0Gg2AVdkPAlKKNTSCCiUKyLHfHmzhk9uHMXTEs2/gxYqvfYScWNv6Df+BmTaHGUx3Ouc/jx0oasu13a2Z2bn5hsbS0vLK6tr5R3tzqmCjRAtsiUpG+9MGgkiG2SZLCy1gjBL7CC394MvYvblEbGYXnNIrRDWAQyr4UQLnklXebnsN7eJPIWy/tBUDXpp+SzjLe9GpeuWJX7QJ8mjgTUmETtLzyZ+8qEkmAIQkFxnQdOyY3BU1SKMyWe4nBGMQQBtjNaQgBGjctvsj4fmKAIh6j5lLxQsSfHSkExowCP68s7vzrjcX/vG5C/YabyjBOCEMxXkRSYbHICC3zeJBfSY1EML4cuQy5AA1EqCUHIXIxyfP6NRSUctO7UZZn5PxNZJp0alWnXm2c1StHx5O0SmyH7bED5rBDdsROWYu1mWD37JE9sWfrwXqxXq2379IZa9KzzX7B+vgCqJylrw==</latexit>

M2 , coin.

M 0
2z }| {

co↵ee.M2 +coin.

M 00
2z }| {

tea.M2

<latexit sha1_base64="J1XqQ2cMXjfn3VYrvKR6ycxqJJQ="></latexit>

M2 , coin.

M 0
2z }| {

co↵ee.M2 +coin.

M 00
2z }| {

tea.M2

<latexit sha1_base64="J1XqQ2cMXjfn3VYrvKR6ycxqJJQ="></latexit>

<latexit sha1_base64="JqibbJnCyZlmM3UYgC1QIwhLrD0="></latexit>

M1

coin
✏✏

M 0
1

co↵ee

33

tea

kk

<latexit sha1_base64="sSsrIByYnm4VPDxq9INUXOLw0GQ="></latexit>

M2

coin

✏✏

coin
// M 00

2

tea

��

M 0
2

co↵ee

33
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System View

S , {coin, co↵ee, tea}

<latexit sha1_base64="9fwjWLTiBg5QjxPLID6wqj59gts="></latexit>

P , (C|M1)\S

<latexit sha1_base64="7C7wTP3fvD6trsU8wbGO38OkvI8=">AAACJ3icbVC7TgMxEPTxfhOgpMAiQgpNdIeQoETQ0CAFQSBScor2nCVY+HyHvYeIjpR8DKKF76BDUPIJ/AFOSAGBqUYzu7P2RKmSlnz/3RsZHRufmJyanpmdm19YLCwtn9kkMwKrIlGJqUVgUUmNVZKksJYahDhSeB5dHfT88xs0Vib6lDophjG0tbyQAshJzcJapUFGgm4rvOalg7ujZrDZiEBcWQX2kp80C0W/7PfB/5JgQIpsgEqz8NloJSKLUZNwEbYe+CmFORiSQmF3ppFZTF0+tLHuqIYYbZj3P9LlG5kFSniKhkvF+yL+3MghtrYTR24yBrq0w15P/M+rZ3SxG+ZSpxmhFr1DJBX2D1lhpGsIeUsaJILey5FLzQUYIEIjOQjhxMxV9isUlArz207XdRQMN/KXnG2Vg+3y7vF2cW9/0NYUW2XrrMQCtsP22CGrsCoT7J49sif27D14L96r9/Y9OuINdlbYL3gfX9ropjM=</latexit>

Q , (C|M2)\S

<latexit sha1_base64="YV93bkUIe8O7x48qsIhri7puRBE=">AAACJ3icbVC7TgMxEPTxfhOgpMAiQoImuosikRJBQ4MEggBScor2zBIsfL7D3kNER0o+BtHCd9AhKPkE/gAnpCCEqUYzu7P2RKmSlnz/wxsZHRufmJyanpmdm19YLCwtn9okMwJrIlGJOY/AopIaayRJ4XlqEOJI4Vl0vdf1z27RWJnoE2qnGMbQ0vJSCiAnNQtrRw0yEnRL4Q3f3Ls/aJa3GhGIa6vAXvHjZqHol/we+DAJ+qTI+jhsFr4aF4nIYtQkXIStB35KYQ6GpFDYmWlkFlOXDy2sO6ohRhvmvY90+EZmgRKeouFS8Z6IvzdyiK1tx5GbjIGu7F+vK/7n1TO6rIa51GlGqEX3EEmFvUNWGOkaQn4hDRJB9+XIpeYCDBChkRyEcGLmKhsIBaXC/K7dcR0FfxsZJqflUlApVY8qxZ3dfltTbJWts00WsG22w/bZIasxwR7YE3tmL96j9+q9ee8/oyNef2eFDcD7/AbeWaY1</latexit>

M1 , coin.

M 0
1z }| {

(co↵ee.M1 + tea.M1)

<latexit sha1_base64="q8a4bsNw5XA9abDIJLsrU4bKXSM="></latexit>

C , coin.

C0

z }| {
co↵ee.C

<latexit sha1_base64="K21i7yy0xv/93xk0owmhH9oZ8tc=">AAACTnicbVDLTttAFB2nLU2B0tAuuxk1QrCy7AqpLCMiVV0GiQBSbKLr4Sa9Yjx2Z64RkeU/6sdU3VXwE2y6Q2C7WfDoWR2dc58nyTU5DoI/XufFy1crr7tvVtfW3268622+P3JZYRWOVaYze5KAQ00Gx0ys8SS3CGmi8Tg5Hzb+8QVaR5k55EWOcQpzQzNSwLU07X0dRmwJzFzjjyirK5tBZZQCfycuVUamqvzWSCyoh85shl j5w+q0HG5X014/8IMW8jkJl6QvlhhNezfRWaaKFA0rDc5NwiDnuATLpDRWq1HhMAd1DnOc1NRAii4u238ruVU44EzmaCVp2Yr4sKOE1LlFmtSVzbnuqdeI//MmBc/24pJMXjAa1Sxi0tgucspSnQLKM7LIDM3lKMlIBRaY0ZIEpWqxqJN9NBS0jsvLRZNR+DSR5+Tosx/u+nsHu/3B/jKtrvgoPokdEYovYiC+iZEYCyV+it/iSlx7v7y/3q1396+04y17PohH6HTvASl2uBA=</latexit>

P

⌧

��
(C 0|M 0

1)\S

⌧

VV

<latexit sha1_base64="qwKpIVr/7OikQksfLjhEdEPRB2M="></latexit>

Q
⌧

��

⌧

��
(C 0|M 0

2)\S
⌧

AA

(C 0|M 00
2 )\S

<latexit sha1_base64="H95opFngXrifpoHNO93/899MAjY="></latexit>

M1 , coin.

M 0
1z }| {

(co↵ee.M1 + tea.M1)

<latexit sha1_base64="q8a4bsNw5XA9abDIJLsrU4bKXSM="></latexit>

C , coin.

C0

z }| {
co↵ee.C

<latexit sha1_base64="K21i7yy0xv/93xk0owmhH9oZ8tc=">AAACTnicbVDLTttAFB2nLU2B0tAuuxk1QrCy7AqpLCMiVV0GiQBSbKLr4Sa9Yjx2Z64RkeU/6sdU3VXwE2y6Q2C7WfDoWR2dc58nyTU5DoI/XufFy1crr7tvVtfW3268622+P3JZYRWOVaYze5KAQ00Gx0ys8SS3CGmi8Tg5Hzb+8QVaR5k55EWOcQpzQzNSwLU07X0dRmwJzFzjjyirK5tBZZQCfycuVUamqvzWSCyoh85shl j5w+q0HG5X014/8IMW8jkJl6QvlhhNezfRWaaKFA0rDc5NwiDnuATLpDRWq1HhMAd1DnOc1NRAii4u238ruVU44EzmaCVp2Yr4sKOE1LlFmtSVzbnuqdeI//MmBc/24pJMXjAa1Sxi0tgucspSnQLKM7LIDM3lKMlIBRaY0ZIEpWqxqJN9NBS0jsvLRZNR+DSR5+Tosx/u+nsHu/3B/jKtrvgoPokdEYovYiC+iZEYCyV+it/iSlx7v7y/3q1396+04y17PohH6HTvASl2uBA=</latexit>

deadlock!

M1 ⌘tr M2

<latexit sha1_base64="fP/vaAIZqZIRb9DVJsWnZcr5EaM=">AAACJHicbVC7SgNBFJ31Gd9RSy0Gg2AVdkPAlKKNTSCCiUKyLHfHmzhk9uHMXTEs2/gxYqvfYScWNv6Df+BmTaHGUx3Ouc/jx0oasu13a2Z2bn5hsbS0vLK6tr5R3tzqmCjRAtsiUpG+9MGgkiG2SZLCy1gjBL7CC394MvYvblEbGYXnNIrRDWAQyr4UQLnklXebnsN7eJPIWy/tBUDXpp+SzjLe9GpeuWJX7QJ8mjgTUmETtLzyZ+8qEkmAIQkFxnQdOyY3BU1SKMyWe4nBGMQQBtjNaQgBGjctvsj4fmKAIh6j5lLxQsSfHSkExowCP68s7vzrjcX/vG5C/YabyjBOCEMxXkRSYbHICC3zeJBfSY1EML4cuQy5AA1EqCUHIXIxyfP6NRSUctO7UZZn5PxNZJp0alWnXm2c1StHx5O0SmyH7bED5rBDdsROWYu1mWD37JE9sWfrwXqxXq2379IZa9KzzX7B+vgCqJylrw==</latexit>

P ⌘tr Q

<latexit sha1_base64="t+/jQL+P/X0Mv0as8kpQ2Y7sycI=">AAACIHicbVDLSsNAFJ34rPVVdSO4GSyCq5KIoEvRjcsWbCu0IdxMb3Vw8nDmRiwhfoy41e9wJy71L/wD05iFtp7V4Zz7PH6spCHb/rBmZufmFxYrS9XlldW19drGZsdEiRbYFpGK9KUPBpUMsU2SFF7GGiHwFXb9m7Ox371DbWQUXtAoRjeAq1AOpQDKJa+23eR9vE3knZf2A6BrM0xJZxlvebW63bAL8GnilKTOSjS92ld/EIkkwJCEAmN6jh2Tm4ImKRRm1X5iMAZxA1fYy2kIARo3LT7I+F5igCIeo+ZS8ULE3x0pBMaMAj+vLK6c9Mbif14voeGxm8owTghDMV5EUmGxyAgt82iQD6RGIhhfjlyGXIAGItSSgxC5mORZ/RkKSrnp/SjLM3ImE5kmnYOGc9g4bh3WT07LtCpsh+2yfeawI3bCzlmTtZlgD+yJPbMX69F6td6s95/SGavs2WJ/YH1+AyOZpG0=</latexit>

M2 , coin.

M 0
2z }| {

co↵ee.M2 +coin.

M 00
2z }| {

tea.M2

<latexit sha1_base64="J1XqQ2cMXjfn3VYrvKR6ycxqJJQ="></latexit>

M2 , coin.

M 0
2z }| {

co↵ee.M2 +coin.

M 00
2z }| {

tea.M2

<latexit sha1_base64="J1XqQ2cMXjfn3VYrvKR6ycxqJJQ="></latexit>
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Coming next: bisimilarity
graph isomorphism distinguishes too many processes

trace equivalence identifies too many processes

we need some notion of equivalence in between the two

we introduce the notion of strong bisimilarity

as a game
as a fixpoint
as a logical equivalence

to keep in mind: two processes are equivalent unless we
have some good reasons to distinguish them



Bisimulation game

23
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From your forms

(over 19 answers)

Bisimulation

63%

26%

5%5%

5 stelle 4 stelle 3 stelle
2 stelle 1 stella
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Bisimulation game
two processes p,q and two opposing players

Alice, the attacker, aims to prove p and q are not equivalent 

Bob, the defender, aims to prove p and q are equivalent

the game is turn based, at each turn:

Alice chooses one process and one of its outgoing transitions
Bob must reply with a transition of the other process,
matching the label of the transition chosen by Alice

at the next turn, if any, the players will consider the
equivalence of the target processes of the chosen transitions



2626

Bisimulation game
Alice wins if, at some stage, 
she can make a move that Bob cannot match

Bob wins in all other cases
if Alice cannot find a move
if the game does not terminate

Alice has a winning strategy
if she can make a move that Bob cannot match;
or if she can make a move that no matter what Bob replies, 
at the next turn she wins;
or so the like after any (finite) number of moves…
Alice has a winning strategy if she can disprove the 
equivalence of p and q in a finite number of moves
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Bisimulation game
coin.co↵ee + coin.tea

coin

vv

coin

''
co↵ee

co↵ee
((

tea

tea
vv

nil

<latexit sha1_base64="b1ko5UbM+ro6+YehXwlJF3cuFkQ="></latexit>

coin.(co↵ee + tea)

coin
✏✏

co↵ee + tea

co↵ee

��
tea
  

nil

<latexit sha1_base64="fNDYqsKTOjS/PP3VLX6uHogJ96I=">AAADB3iclVLLbtQwFHXCqwyvAZZsLEZIRUjTCapElyPYsCwS01aapNGN56ZYdZzIvkEzivwBiC18BzvEls/gM/gCcDJZdDplwV0dnXPu8fW1s0pJS5PJryC8dv3GzVs7twd37t67/2D48NGRLWsjcCZKVZqTDCwqqXFGkhSeVAahyBQeZ+dvWv34IxorS/2eVhUmBZxpmUsB5Kl0+CdergogI5fNoIk9+iCpEaXUbrwbl76zDb 4g5Dmic/zFtkYIzj13gxjMfJGkm2Eujn38/+c57uOme+neOvKfAb3vtPWdXuFbh3VDtEyWN1oq5wYuHY4m40lXfBtEPRixvg7T4e94UYq6QE1CgbXzaFJR0oAhKRT669cWKxDncIZzDzUUaJOmeyjHn9UWqOQVGi4V70i82NFAYe2qyLyzHdNe1lryKm1eU36QNFJXNaEW7UEkFXYHWWGkXwfyhTRIBO3kyKXmAgwQoZEchPBk7b/ERigolTTLVbuj6PJGtsHRy3G0Pz54tz+avu63tcOesKdsl0XsFZuyt+yQzZgIMPgcfAm+hp/Cb+H38MfaGgZ9z2O2UeHPvzKsARA=</latexit>

Alice plays
coin.(co↵ee + tea)

coin���! co↵ee + tea

<latexit sha1_base64="Ooo4ocjeOJj9rOBB0Gx1pnvu1XI="></latexit>

coin.co↵ee + coin.tea
coin���! co↵ee

<latexit sha1_base64="9qA5RUnTwx0OBZULGSlRqQABbCQ="></latexit>

Bob can only reply
Alice plays co↵ee + tea

tea��! nil

<latexit sha1_base64="1+4yL7GukckEJFFC/qM/DsEwbps="></latexit>

co↵ee 6 tea��!

<latexit sha1_base64="6gs48vs91gGvH9AXzdV5ZyRHDQE="></latexit>

Bob cannot reply Alice wins!
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Bisimulation game
B0 ≜ b . B0

a . B0 + a . b
B1 ≜ b . B1 + b

a . B1

B0 b B1

nil nil

a a a

bb

bb

Alice wins!
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Bisimulation game

a . B1 + a . b
B1 ≜ b . B1 + b

a . B1

B1 b B1

nil nil

a a a

bb

bb

nil

b

Alice wins!
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Bisimulation game
A0 ≜ a . B0

A0

B0 ≜ b . B0 + b . A0

A1

B0

a

b

b

A1 ≜ a . B1 + a . B2

B1

a
b

B1 ≜ b . A1 + b . B2

B2 b
b

B2 ≜ b . A1 + b . B1 + b . B2

b

Bob wins!

a
b


