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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)



Bisimulation game

4
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From your forms

(over 15 answers)

Bisimulation

73%

7%

13%
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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
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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!



CCS
Strong bisimulation

9
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Strong bisimulation
the notion of bisimulation is not restricted to CCS processes

it applies to any LTS

in the following we recall Milner’s original definition of
strong bisimulation relation

to keep in mind

there are many strong bisimulation relations
we are interested in the largest such relation, 
called strong bisimilarity

to prove that two processes are strong bisimilar
it is enough to show they are related by a strong bisimulation
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Strong bisimulation
P

<latexit sha1_base64="u7uSyVSJX7b/eu2Qu6f+/YZuXXM=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTykxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLa+sbmVnm7srO7t39QPTzqmjDWAjsiVKHue2BQyQA7JElhP9IIvqew582uM7/3gNrIMLijeYSuD9NATqQASqXB0Ae6F6CS9mJUrdl1OwdfJU5BaqxAe1T9Go5DEfsYkFBgzMCxI3IT0CSFwkVlGBuMQMxgioOUBuCjcZM88oKfxQYo5BFqLhXPRfy9kYBvzNz30sksoln2MvE/bxDTpOkmMohiwkBkh0gqzA8ZoWXaBfKx1EgEWXLkMuACNBChlhyESMU4LaeS9uEsf79Kuhd1p1Fv3jZqrauimTI7YafsnDnskrXYDWuzDhMsZE/smb1Yj9ar9Wa9/4yWrGLnmP2B9fENV6eV9g==</latexit>

set of processes

R ✓ P ⇥ P

<latexit sha1_base64="R7YRiwH825X/sP/3VvQMYnTc2ec=">AAACJXicbVDLSgNBEJz1GeMr6tHLYBA8hV0JmKPoxWMU84BsCL2TThycfTjTK8iy3+En+BVe9eRNBA/ir7i75hAT61RUdVPd5UVKGrLtT2thcWl5ZbW0Vl7f2Nzaruzstk0Ya4EtEapQdz0wqGSALZKksBtpBN9T2PFuz3O/c4/ayDC4pocI+z6MAzmSAiiTBhXH9YFuvFFylXLXxJ5BwjteiAJU0kxdkj6aKWFQqdo1uwCfJ86EVNkEzUHlyx2GIvYxIKHAmJ5jR9RPQJMUCtOyGxuMQNzCGHsZDSDL6yfFayk/jA1QyCPUXCpeiDi9kYBvzIPvZZP5iWbWy8X/vF5Mo0Y/kUEUEwYiDyKpsAgyQsusM+RDqZEI8suRy4AL0ECEWnIQIhPjrMRy1ocz+/08aR/XnHqtcVmvnp5NmimxfXbAjpjDTtgpu2BN1mKCPbJn9sJerSfrzXq3Pn5HF6zJzh77A+v7B6Gypr8=</latexit>

a binary relation

R

<latexit sha1_base64="LtVI7tgsfQIbH8DiNbKOWVypZOM=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGREqijSUa+YhAyN4y4Ia9vcvunAm54K+w1crO2PpfLPwv3iGFgq96eW8m8+b5kZKWXPfTya2srq1v5DcLW9s7u3vF/YOmDWMjsCFCFZq2zy0qqbFBkhS2I4M88BW2/PFl5rce0FgZ6luaRNgL+EjLoRScUumuG3C694fJzbRfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLPGUncSWU8giNEwqNhPx90bCA2sngZ9OZgntopeJ/3mdmIbVXiJ1FBNqkR0iqXB2yAoj0yqQDaRBIp4lRyY1E9xwIjSScSFSMU67KaR9eIvfL5PmWdmrlKvXlVLtYt5MHo7gGE7Bg3OowRXUoQECNDzBM7w4j86r8+a8/4zmnPnOIfyB8/ENj5yVhg==</latexit>

is a strong bisimulation if

p R q

<latexit sha1_base64="/pKAZpZ8FANjWwmLrFOtPaODp2E=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIREikjaCgDIg8pMdH5sgmnnM/mbo0UWUnBV9BCRYdo+RMK/gXbuICEqUYzu9rZ8UIpDNr2p1VYWl5ZXSuulzY2t7Z3yrt7LRNEmkOTBzLQHY8ZkEJBEwVK6IQamO9JaHvji9RvP4A2IlA3OAnB9dlIiaHgDBPpNpz1fIZ33jC+ns7u++WKXbUz0EXi5KRCcjT65a/eIOCRDwq5ZMZ0HTtEN2YaBZcwLfUiAyHjYzaCbkIV88G4cZZ6So8iwzCgIWgqJM1E+L0RM9+Yie8lk2lGM++l4n9eN8JhzY2FCiMExdNDKCRkhwzXIqkD6EBoQGRpcqBCUc40QwQtKOM8EaOkn1LShzP//SJpnVSd02rt6rRSP8+bKZIDckiOiUPOSJ1ckgZpEk40eSLP5MV6tF6tN+v9Z7Rg5Tv75A+sj28foZeL</latexit>

(p, q) 2 R

<latexit sha1_base64="SmwV5uOuKoX+DTtAPagoL8qGP60=">AAACBnicbVC7TsNAEDzzDOEVQklzIkIKEopsFImUETSUAZGHFEfR+bIJp5zP5m6NiKz0fAUtVHSIlt+g4F+wgwtImGo0s6udHS+UwqBtf1pLyyura+u5jfzm1vbObmGv2DJBpDk0eSAD3fGYASkUNFGghE6ogfmehLY3vkj99j1oIwJ1g5MQej4bKTEUnGEi9QvFcnhyd+wK5foMb71hfD3tF0p2xZ6BLhInIyWSodEvfLmDgEc+KOSSGdN17BB7MdMouIRp3o0MhIyP2Qi6CVXMB9OLZ9mn9CgyDAMagqZC0pkIvzdi5hsz8b1kMk1o5r1U/M/rRjis9WKhwghB8fQQCgmzQ4ZrkZQCdCA0ILI0OVChKGeaIYIWlHGeiFHSUj7pw5n/fpG0TitOtVK7qpbq51kzOXJADkmZOOSM1MklaZAm4eSBPJFn8mI9Wq/Wm/X+M7pkZTv75A+sj29TOpiY</latexit>

we write              when

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="6qE95YBD/wQsMQ5sAPudyot+sSA="></latexit>

intuitively: if two processes are related, then for any move
of Alice, Bob can find a move that leads to related processes
i.e., Bob has a winning strategy

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="6qE95YBD/wQsMQ5sAPudyot+sSA="></latexit>

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="6qE95YBD/wQsMQ5sAPudyot+sSA="></latexit>
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Example
;

<latexit sha1_base64="U9+rf4y5cYSnkJttLooauGskaqY=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccne27tZIkZWvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTRFJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6NowNhw4PZWj6AbMghYYOCpTQjwwwFUjoBbPrzO89grEi1Hc4j8BXbKrFRHCGqXQ/BBXh3AKOqjW37uagq8QrSI0UaI+qX8NxyGMFGrlk1g48N0I/YQYFl7CoDGMLEeMzNoVBSjVTYP0kD7ygZ7FlGNIIDBWS5iL83kiYsnaugnRSMXywy14m/ucNYpw0/UToKEbQPDuEQkJ+yHIj0iaAjoUBRJYlByo05cwwRDCCMs5TMU6rqaR9eMvfr5LuRd1r1Ju3jVrrqmimTE7IKTknHrkkLXJD2qRDOFHkiTyTF2fhvDpvzvvPaMkpdo7JHzgf3wIolTs=</latexit>

is a strong bisimulation

Id , {(p, p) | p 2 P}

<latexit sha1_base64="lk6+HXwzwL8bHIhb/PIrJWXHrUo="></latexit>

is a strong bisimulation

any graph isomorphism defines a strong bisimulation
Rf , {(p, f(p))}

<latexit sha1_base64="wxRFAuclw+F+zfuJZwKxJA56CO4=">AAACF3icbVC7TsNAEDzzJrwClDQnIqQgochGkYAOQUMJiABSHEXrYx1OnM/H3RoJWfkAPoGvoIWKDtFSUvAv2CEFr6lGM7Pa3YmMko58/90bGR0bn5icmq7MzM7NL1QXl05dmlmBLZGq1J5H4FBJjS2SpPDcWIQkUngWXe2X/tkNWidTfUK3BjsJ9LSMpQAqpG61FiZAl1GcH/e7cUhWgu4pvK6Eed1sxHWzvh72i5Tf8Afgf0kwJDU2xGG3+hFepCJLUJNQ4Fw78A11crAkhcJ+JcwcGhBX0MN2QTUk6Dr54Jk+X8scUMoNWi4VH4j4fSKHxLnbJCqS5enut1eK/3ntjOLtTi61yQi1KBeRVDhY5ISVRUvIL6RFIigvRy41F2CBCK3kIEQhZkVtlaKP4Pf3f8npZiNoNnaOmrXdvWEzU2yFrbI6C9gW22UH7JC1mGB37IE9sifv3nv2XrzXr+iIN5xZZj/gvX0CFbefaA==</latexit>
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Example

rec x. ↵.x

↵

ZZ

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

rec x. ↵.↵.x

↵

  
↵.rec x. ↵.↵.x

↵

aa

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

R ,
⇢

(rec x. ↵.x, rec x. ↵.↵.x),
(rec x. ↵.x,↵.rec x. ↵.↵.x)

�

<latexit sha1_base64="EMqlQN9TmO9wHkYXle+ncvN74iY="></latexit>

unlike graph isomorphisms,
the same process can be related to many processes
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Example
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>

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="ktMHSYbGJ542L3O3C/1hm0wH/hU="></latexit>
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Union
Lemma  If       and       are strong bisimulations,
               then                 is a strong bisimulation

R1

<latexit sha1_base64="OkUTfBwBycHjHx1zldRdnmBS7Dc=">AAAB/nicbVBNS8NAFNzUr1q/qh69LBbBU0mkYI9FLx6r2FpoStlsX+vSzWbZfRFKKPgrvOrJm3j1r3jwv5jEHLR1TsPMe7x5E2gpLLrup1NaWV1b3yhvVra2d3b3qvsHXRvFhkOHRzIyvYBZkEJBBwVK6GkDLAwk3AXTy8y/ewBjRaRucaZhELKJEmPBGaaS74cM74NxcjMfesNqza27Oegy8QpSIwXaw+qXP4p4HIJCLpm1fc/VOEiYQcElzCt+bEEzPmUT6KdUsRDsIMkzz+lJbBlGVIOhQtJchN8bCQutnYVBOplltIteJv7n9WMcNweJUDpGUDw7hEJCfshyI9IygI6EAUSWJQcqFOXMMEQwgjLOUzFO26mkfXiL3y+T7lnda9Sb141a66JopkyOyDE5JR45Jy1yRdqkQzjR5Ik8kxfn0Xl13pz3n9GSU+wckj9wPr4Bwq6WKg==</latexit>

R2

<latexit sha1_base64="vHrF42+GBlgaiSZ5RAuJofnCxlY=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrKjSKSMoKEMiDyk2IrOl0045Wyf7tZIkRWJr6CFig7R8isU/Au2cQEJU41mdrWz4yspDNr2p1VaW9/Y3CpvV3Z29/YPqodHPRPFmkOXRzLSA58ZkCKELgqUMFAaWOBL6Puzq8zvP4A2IgrvcK7AC9g0FBPBGaaS6wYM7/1JcrsYNUbVml23c9BV4hSkRgp0RtUvdxzxOIAQuWTGDB1boZcwjYJLWFTc2IBifMamMExpyAIwXpJnXtCz2DCMqAJNhaS5CL83EhYYMw/8dDLLaJa9TPzPG8Y4aXmJCFWMEPLsEAoJ+SHDtUjLADoWGhBZlhyoCClnmiGCFpRxnopx2k4l7cNZ/n6V9Bp1p1lv3TRr7cuimTI5IafknDjkgrTJNemQLuFEkSfyTF6sR+vVerPef0ZLVrFzTP7A+vgGxD2WKw==</latexit>

R1 [R2

<latexit sha1_base64="mnBOofkQaVOUV3HYUDFvunUT44U=">AAACEXicbVDLSsNAFJ3UV62vqksRBovgqiSlYJdFNy6r2Ac0IUymt3Xo5MHMjVBCV36CX+FWV+7ErV/gwn8xiVlo61kdzrmXe+7xIik0muanUVpZXVvfKG9WtrZ3dveq+wc9HcaKQ5eHMlQDj2mQIoAuCpQwiBQw35PQ96aXmd+/B6VFGNziLALHZ5NAjAVnmEpu9dj2Gd554+Rm7lo2jyP6S2i41ZpZN3PQZWIVpEYKdNzqlz0KeexDgFwyrYeWGaGTMIWCS5hX7FhDxPiUTWCY0oD5oJ0kf2NOT2PNMKQRKCokzUX4vZEwX+uZ76WTWUa96GXif94wxnHLSUQQxQgBzw6hkJAf0lyJtB+gI6EAkWXJgYqAcqYYIihBGeepGKeFVdI+rMXvl0mvUbea9dZ1s9a+KJopkyNyQs6IRc5Jm1yRDukSTh7IE3kmL8aj8Wq8Ge8/oyWj2Dkkf2B8fAM7a51y</latexit>

proof. take (p, q) 2 R1 [R2

<latexit sha1_base64="YmAD4hIiCzosqaQ+mOLOa9SplV8=">AAACGnicbVC7TgJBFJ3FF+ILtbSZSDSYGLJLSKQk2liikUfCEjI7XHDi7O44c9eEbPgDP8GvsNXKztjaWPgv7iIFgqc6Oefe3HOPp6QwaNtfVmZpeWV1Lbue29jc2t7J7+41TRhpDg0eylC3PWZAigAaKFBCW2lgvieh5d1dpH7rAbQRYXCDIwVdnw0DMRCcYSL18sdFdXp/4oqAuj7DW28QX497jssjNSuUe/mCXbInoIvEmZICmaLey3+7/ZBHPgTIJTOm49gKuzHTKLiEcc6NDCjG79gQOgkNmA+mG0/+GdOjyDAMqQJNhaQTEWY3YuYbM/K9ZDLNaOa9VPzP60Q4qHZjEagIIeDpIRQSJocM1yIpCmhfaEBkaXKgSS+caYYIWlDGeSJGSXO5pA9n/vtF0iyXnEqpelUp1M6nzWTJATkkReKQM1Ijl6ROGoSTR/JMXsir9WS9We/Wx+9oxpru7JM/sD5/ABX0oH0=</latexit>

take p
µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

we want to find q
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

with (p0, q0) 2 R1 [R2

<latexit sha1_base64="iwOXAkTEEoByqVv/T9Sm/CVd9jE=">AAACG3icbVA9S8RAEN347fkVtbRZPOROkCMRQUvRxlLFU+ESwmad08VNsu7OChLuJ/gT/BW2WtmJrYWF/8UkptDTV715b4aZebGSwqDnfTgjo2PjE5NT042Z2bn5BXdx6dRkVnPo8kxm+jxmBqRIoYsCJZwrDSyJJZzF1/ulf3YL2ogsPcE7BWHCLlPRF5xhIUVuq61aGzet9UCkNEgYXsX9/HgQ+QG36ke9GblNr+NVoH+JX5MmqXEYuZ/BRcZtAilyyYzp+Z7CMGcaBZcwaATWgGL8ml1Cr6ApS8CEefXQgK5ZwzCjCjQVklYi/JzIWWLMXRIXneWNZtgrxf+8nsX+TpiLVFmElJeLUEioFhmuRZEU0AuhAZGVlwMtYuFMM0TQgjLOC9EW0TWKPPzh7/+S082Ov9XZOdpq7u7VyUyRFbJK2sQn22SXHJBD0iWc3JNH8kSenQfnxXl13r5bR5x6Zpn8gvP+BYTRoLU=</latexit>

since (p, q) 2 R1 [R2

<latexit sha1_base64="YmAD4hIiCzosqaQ+mOLOa9SplV8=">AAACGnicbVC7TgJBFJ3FF+ILtbSZSDSYGLJLSKQk2liikUfCEjI7XHDi7O44c9eEbPgDP8GvsNXKztjaWPgv7iIFgqc6Oefe3HOPp6QwaNtfVmZpeWV1Lbue29jc2t7J7+41TRhpDg0eylC3PWZAigAaKFBCW2lgvieh5d1dpH7rAbQRYXCDIwVdnw0DMRCcYSL18sdFdXp/4oqAuj7DW28QX497jssjNSuUe/mCXbInoIvEmZICmaLey3+7/ZBHPgTIJTOm49gKuzHTKLiEcc6NDCjG79gQOgkNmA+mG0/+GdOjyDAMqQJNhaQTEWY3YuYbM/K9ZDLNaOa9VPzP60Q4qHZjEagIIeDpIRQSJocM1yIpCmhfaEBkaXKgSS+caYYIWlDGeSJGSXO5pA9n/vtF0iyXnEqpelUp1M6nzWTJATkkReKQM1Ijl6ROGoSTR/JMXsir9WS9We/Wx+9oxpru7JM/sD5/ABX0oH0=</latexit>

we have p Ri q

<latexit sha1_base64="TLPjzNty39kVy3/dtcmG9Q32GQs=">AAACBHicbVC7TsNAEDyHVwgvAyXNiQiJKrIREikjaCgDIg8psazzZRNOOT+4W0eKrKTkK2ihokO0/AcF/4JtXEDCVKOZXe3seJEUGi3r0yitrK6tb5Q3K1vbO7t75v5BW4ex4tDioQxV12MapAighQIldCMFzPckdLzxVeZ3JqC0CIM7nEbg+GwUiKHgDFPJNc1o3vcZ3nvD5HbmivmDa1atmpWDLhO7IFVSoOmaX/1ByGMfAuSSad2zrQidhCkUXMKs0o81RIyP2Qh6KQ2YD9pJ8uQzehJrhiGNQFEhaS7C742E+VpPfS+dzFLqRS8T//N6MQ7rTiKCKEYIeHYIhYT8kOZKpJUAHQgFiCxLDlQElDPFEEEJyjhPxTjtqJL2YS9+v0zaZzX7vFa/Oa82LotmyuSIHJNTYpML0iDXpElahJMJeSLP5MV4NF6NN+P9Z7RkFDuH5A+Mj28mr5iY</latexit>

for some i 2 {1, 2}

<latexit sha1_base64="KQ90ZS6efEYiznbBT/cU6w6rhtI=">AAAB/XicbVDLSsNAFJ3UV62vqks3g0VwISUpBbssunFZwT6gCWUyva1DJ5MwcyOUUPwKt7pyJ279Fhf+i0nMQlvP6nDOvdxzjx9JYdC2P63S2vrG5lZ5u7Kzu7d/UD086pkw1hy6PJShHvjMgBQKuihQwiDSwAJfQt+fXWd+/wG0EaG6w3kEXsCmSkwEZ5hKQ+EK5SbORcNdjKo1u27noKvEKUiNFOiMql/uOORxAAq5ZMYMHTtCL2EaBZewqLixgYjxGZvCMKWKBWC8JI+8oGexYRjSCDQVkuYi/N5IWGDMPPDTyYDhvVn2MvE/bxjjpOUlQkUxguLZIRQS8kOGa5F2AXQsNCCyLDlQoShnmiGCFpRxnopxWk4l7cNZ/n6V9Bp1p1lv3TZr7auimTI5IafknDjkkrTJDemQLuEkJE/kmbxYj9ar9Wa9/4yWrGLnmPyB9fENV7SVUw==</latexit>

since       is a strong bisimulation and Ri

<latexit sha1_base64="Sgglgp8vHTpDlcFvH8DzHIei9C8=">AAAB/nicbVBNS8NAFNzUr1q/qh69LBbBU0mkYI9FLx6r2FpoStlsX+vSzWbZfRFKKPgrvOrJm3j1r3jwv5jEHLR1TsPMe7x5E2gpLLrup1NaWV1b3yhvVra2d3b3qvsHXRvFhkOHRzIyvYBZkEJBBwVK6GkDLAwk3AXTy8y/ewBjRaRucaZhELKJEmPBGaaS74cM74NxcjMfimG15tbdHHSZeAWpkQLtYfXLH0U8DkEhl8zavudqHCTMoOAS5hU/tqAZn7IJ9FOqWAh2kOSZ5/QktgwjqsFQIWkuwu+NhIXWzsIgncwy2kUvE//z+jGOm4NEKB0jKJ4dQiEhP2S5EWkZQEfCACLLkgMVinJmGCIYQRnnqRin7VTSPrzF75dJ96zuNerN60atdVE0UyZH5JicEo+ckxa5Im3SIZxo8kSeyYvz6Lw6b877z2jJKXYOyR84H98aBZZi</latexit>

p
µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

we have q
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

with p0 Ri q
0

<latexit sha1_base64="5J1b/Sz19OAAuXYKFFLBrl0YGkQ=">AAACBnicbVC7TgJBFJ3FF+JrxdJmIjFYkV1DIiXRxhKNPBIgZHa44ITZhzN3jWQDtV9hq5WdsfU3LPwXd9ctFDzVyTn35p57nEAKjZb1aeRWVtfWN/Kbha3tnd09c7/Y0n6oODS5L33VcZgGKTxookAJnUABcx0JbWdykfjte1Ba+N4NTgPou2zsiZHgDGNpYBaD8rznMrx1RtH1bCDmd+WBWbIqVgq6TOyMlEiGxsD86g19HrrgIZdM665tBdiPmELBJcwKvVBDwPiEjaEbU4+5oPtRmn1Gj0PN0KcBKCokTUX4vRExV+up68STSUy96CXif143xFGtHwkvCBE8nhxCISE9pLkScSlAh0IBIkuSAxUe5UwxRFCCMs5jMYxbKsR92IvfL5PWacWuVmpX1VL9PGsmTw7JETkhNjkjdXJJGqRJOHkgT+SZvBiPxqvxZrz/jOaMbOeA/IHx8Q30OJj6</latexit>

and hence (p0, q0) 2 R1 [R2

<latexit sha1_base64="iwOXAkTEEoByqVv/T9Sm/CVd9jE=">AAACG3icbVA9S8RAEN347fkVtbRZPOROkCMRQUvRxlLFU+ESwmad08VNsu7OChLuJ/gT/BW2WtmJrYWF/8UkptDTV715b4aZebGSwqDnfTgjo2PjE5NT042Z2bn5BXdx6dRkVnPo8kxm+jxmBqRIoYsCJZwrDSyJJZzF1/ulf3YL2ogsPcE7BWHCLlPRF5xhIUVuq61aGzet9UCkNEgYXsX9/HgQ+QG36ke9GblNr+NVoH+JX5MmqXEYuZ/BRcZtAilyyYzp+Z7CMGcaBZcwaATWgGL8ml1Cr6ApS8CEefXQgK5ZwzCjCjQVklYi/JzIWWLMXRIXneWNZtgrxf+8nsX+TpiLVFmElJeLUEioFhmuRZEU0AuhAZGVlwMtYuFMM0TQgjLOC9EW0TWKPPzh7/+S082Ov9XZOdpq7u7VyUyRFbJK2sQn22SXHJBD0iWc3JNH8kSenQfnxXl13r5bR5x6Zpn8gvP+BYTRoLU=</latexit>

take we want to find with (p0, q0) 2 R1 [R2

<latexit sha1_base64="iwOXAkTEEoByqVv/T9Sm/CVd9jE=">AAACG3icbVA9S8RAEN347fkVtbRZPOROkCMRQUvRxlLFU+ESwmad08VNsu7OChLuJ/gT/BW2WtmJrYWF/8UkptDTV715b4aZebGSwqDnfTgjo2PjE5NT042Z2bn5BXdx6dRkVnPo8kxm+jxmBqRIoYsCJZwrDSyJJZzF1/ulf3YL2ogsPcE7BWHCLlPRF5xhIUVuq61aGzet9UCkNEgYXsX9/HgQ+QG36ke9GblNr+NVoH+JX5MmqXEYuZ/BRcZtAilyyYzp+Z7CMGcaBZcwaATWgGL8ml1Cr6ApS8CEefXQgK5ZwzCjCjQVklYi/JzIWWLMXRIXneWNZtgrxf+8nsX+TpiLVFmElJeLUEioFhmuRZEU0AuhAZGVlwMtYuFMM0TQgjLOC9EW0TWKPPzh7/+S082Ov9XZOdpq7u7VyUyRFbJK2sQn22SXHJBD0iWc3JNH8kSenQfnxXl13r5bR5x6Zpn8gvP+BYTRoLU=</latexit>

q
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

p
µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

analogous to the previous case
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Inverse
Lemma If      is a strong bisimulation,
              then                                     is a strong bisimulation

proof. take
take we want to find with
since we have
since      is a strong bisimulation and 
we have with and hence

take we want to find with
analogous to the previous case

R

<latexit sha1_base64="LtVI7tgsfQIbH8DiNbKOWVypZOM=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGREqijSUa+YhAyN4y4Ia9vcvunAm54K+w1crO2PpfLPwv3iGFgq96eW8m8+b5kZKWXPfTya2srq1v5DcLW9s7u3vF/YOmDWMjsCFCFZq2zy0qqbFBkhS2I4M88BW2/PFl5rce0FgZ6luaRNgL+EjLoRScUumuG3C694fJzbRfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLPGUncSWU8giNEwqNhPx90bCA2sngZ9OZgntopeJ/3mdmIbVXiJ1FBNqkR0iqXB2yAoj0yqQDaRBIp4lRyY1E9xwIjSScSFSMU67KaR9eIvfL5PmWdmrlKvXlVLtYt5MHo7gGE7Bg3OowRXUoQECNDzBM7w4j86r8+a8/4zmnPnOIfyB8/ENj5yVhg==</latexit>

(q, p) 2 R�1

<latexit sha1_base64="RoOGFTE+zvjGAEab/NiGCFmVMvs=">AAACDHicbVDLSgNBEJyNrxhfq14EL4NBiKBhVwLmGPTiMYp5QBLD7KQTh8w+nOkVwrJ+gl/hVU/exKv/4MF/cTfuQY11Kqq66epyAik0WtaHkZubX1hcyi8XVlbX1jfMza2m9kPFocF96au2wzRI4UEDBUpoBwqY60hoOeOz1G/dgdLC965wEkDPZSNPDAVnmEh9c6d0exgcdIVHuy7DG2cYXcbX0ZEd982iVbamoLPEzkiRZKj3zc/uwOehCx5yybTu2FaAvYgpFFxCXOiGGgLGx2wEnYR6zAXdi6YfxHQ/1Ax9GoCiQtKpCD83IuZqPXGdZDKNqf96qfif1wlxWO1FwgtCBI+nh1BImB7SXImkGqADoQCRpcmBJk1wphgiKEEZ54kYJl0Vkj7sv9/PkuZx2a6UqxeVYu00ayZPdskeKRGbnJAaOSd10iCc3JNH8kSejQfjxXg13r5Hc0a2s01+wXj/AjVUmqg=</latexit>

(q, p) 2 R�1

<latexit sha1_base64="RoOGFTE+zvjGAEab/NiGCFmVMvs=">AAACDHicbVDLSgNBEJyNrxhfq14EL4NBiKBhVwLmGPTiMYp5QBLD7KQTh8w+nOkVwrJ+gl/hVU/exKv/4MF/cTfuQY11Kqq66epyAik0WtaHkZubX1hcyi8XVlbX1jfMza2m9kPFocF96au2wzRI4UEDBUpoBwqY60hoOeOz1G/dgdLC965wEkDPZSNPDAVnmEh9c6d0exgcdIVHuy7DG2cYXcbX0ZEd982iVbamoLPEzkiRZKj3zc/uwOehCx5yybTu2FaAvYgpFFxCXOiGGgLGx2wEnYR6zAXdi6YfxHQ/1Ax9GoCiQtKpCD83IuZqPXGdZDKNqf96qfif1wlxWO1FwgtCBI+nh1BImB7SXImkGqADoQCRpcmBJk1wphgiKEEZ54kYJl0Vkj7sv9/PkuZx2a6UqxeVYu00ayZPdskeKRGbnJAaOSd10iCc3JNH8kSejQfjxXg13r5Hc0a2s01+wXj/AjVUmqg=</latexit>

p R q

<latexit sha1_base64="/pKAZpZ8FANjWwmLrFOtPaODp2E=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIREikjaCgDIg8pMdH5sgmnnM/mbo0UWUnBV9BCRYdo+RMK/gXbuICEqUYzu9rZ8UIpDNr2p1VYWl5ZXSuulzY2t7Z3yrt7LRNEmkOTBzLQHY8ZkEJBEwVK6IQamO9JaHvji9RvP4A2IlA3OAnB9dlIiaHgDBPpNpz1fIZ33jC+ns7u++WKXbUz0EXi5KRCcjT65a/eIOCRDwq5ZMZ0HTtEN2YaBZcwLfUiAyHjYzaCbkIV88G4cZZ6So8iwzCgIWgqJM1E+L0RM9+Yie8lk2lGM++l4n9eN8JhzY2FCiMExdNDKCRkhwzXIqkD6EBoQGRpcqBCUc40QwQtKOM8EaOkn1LShzP//SJpnVSd02rt6rRSP8+bKZIDckiOiUPOSJ1ckgZpEk40eSLP5MV6tF6tN+v9Z7Rg5Tv75A+sj28foZeL</latexit>

R

<latexit sha1_base64="LtVI7tgsfQIbH8DiNbKOWVypZOM=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGREqijSUa+YhAyN4y4Ia9vcvunAm54K+w1crO2PpfLPwv3iGFgq96eW8m8+b5kZKWXPfTya2srq1v5DcLW9s7u3vF/YOmDWMjsCFCFZq2zy0qqbFBkhS2I4M88BW2/PFl5rce0FgZ6luaRNgL+EjLoRScUumuG3C694fJzbRfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLPGUncSWU8giNEwqNhPx90bCA2sngZ9OZgntopeJ/3mdmIbVXiJ1FBNqkR0iqXB2yAoj0yqQDaRBIp4lRyY1E9xwIjSScSFSMU67KaR9eIvfL5PmWdmrlKvXlVLtYt5MHo7gGE7Bg3OowRXUoQECNDzBM7w4j86r8+a8/4zmnPnOIfyB8/ENj5yVhg==</latexit>

p0 R q0

<latexit sha1_base64="guesRXtbt7m/r1zLYmu+jxmncaQ=">AAACBHicbVC7TsNAEDzzDOFloKQ5EaFQRTaKRMoIGsqAyENKrOh82YRTzg/u1pEiKyn5Clqo6BAt/0HBv2AbF5Aw1WhmVzs7biiFRsv6NFZW19Y3Ngtbxe2d3b198+CwpYNIcWjyQAaq4zINUvjQRIESOqEC5rkS2u74KvXbE1BaBP4dTkNwPDbyxVBwhonUN82wPO95DO/dYXw7mz+U+2bJqlgZ6DKxc1IiORp986s3CHjkgY9cMq27thWiEzOFgkuYFXuRhpDxMRtBN6E+80A7cZZ8Rk8jzTCgISgqJM1E+L0RM0/rqecmk2lIveil4n9eN8JhzYmFH0YIPk8PoZCQHdJciaQSoAOhAJGlyYEKn3KmGCIoQRnniRglHRWTPuzF75dJ67xiVyu1m2qpfpk3UyDH5IScEZtckDq5Jg3SJJxMyBN5Ji/Go/FqvBnvP6MrRr5zRP7A+PgGZQaYHg==</latexit>

p
µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

q
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

p
µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

(q0, p0) 2 R�1

<latexit sha1_base64="Un5mf9pLGD1ZHldRw/fPi6yxS24=">AAACDnicbVDLTgJBEJzFF+IL9aaXicSAiZJdQyJHohePaOSRAJLZocEJsw9nek3IhsRP8Cu86smb8eovePBf3F33oGKdKlXd6eqyfSk0muaHkZmbX1hcyi7nVlbX1jfym1tN7QWKQ4N70lNtm2mQwoUGCpTQ9hUwx5bQssdnsd+6A6WF517hxIeew0auGArOMJL6+Z3SbfHQLx50hUu7DsMbexheTq/DI2vazxfMspmAzhIrJQWSot7Pf3YHHg8ccJFLpnXHMn3shUyh4BKmuW6gwWd8zEbQiajLHNC9MPlhSvcDzdCjPigqJE1E+LkRMkfriWNHk3FM/deLxf+8ToDDai8Urh8guDw+hEJCckhzJaJygA6EAkQWJwcaNcGZYoigBGWcR2IQtZWL+rD+fj9Lmsdlq1KuXlQKtdO0mSzZJXukRCxyQmrknNRJg3ByTx7JE3k2HowX49V4+x7NGOnONvkF4/0LAcqbCg==</latexit>

q
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

p
µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

(q0, p0) 2 R�1

<latexit sha1_base64="Un5mf9pLGD1ZHldRw/fPi6yxS24=">AAACDnicbVDLTgJBEJzFF+IL9aaXicSAiZJdQyJHohePaOSRAJLZocEJsw9nek3IhsRP8Cu86smb8eovePBf3F33oGKdKlXd6eqyfSk0muaHkZmbX1hcyi7nVlbX1jfym1tN7QWKQ4N70lNtm2mQwoUGCpTQ9hUwx5bQssdnsd+6A6WF517hxIeew0auGArOMJL6+Z3SbfHQLx50hUu7DsMbexheTq/DI2vazxfMspmAzhIrJQWSot7Pf3YHHg8ccJFLpnXHMn3shUyh4BKmuW6gwWd8zEbQiajLHNC9MPlhSvcDzdCjPigqJE1E+LkRMkfriWNHk3FM/deLxf+8ToDDai8Urh8guDw+hEJCckhzJaJygA6EAkQWJwcaNcGZYoigBGWcR2IQtZWL+rD+fj9Lmsdlq1KuXlQKtdO0mSzZJXukRCxyQmrknNRJg3ByTx7JE3k2HowX49V4+x7NGOnONvkF4/0LAcqbCg==</latexit>

q
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

(q0, p0) 2 R�1

<latexit sha1_base64="Un5mf9pLGD1ZHldRw/fPi6yxS24=">AAACDnicbVDLTgJBEJzFF+IL9aaXicSAiZJdQyJHohePaOSRAJLZocEJsw9nek3IhsRP8Cu86smb8eovePBf3F33oGKdKlXd6eqyfSk0muaHkZmbX1hcyi7nVlbX1jfym1tN7QWKQ4N70lNtm2mQwoUGCpTQ9hUwx5bQssdnsd+6A6WF517hxIeew0auGArOMJL6+Z3SbfHQLx50hUu7DsMbexheTq/DI2vazxfMspmAzhIrJQWSot7Pf3YHHg8ccJFLpnXHMn3shUyh4BKmuW6gwWd8zEbQiajLHNC9MPlhSvcDzdCjPigqJE1E+LkRMkfriWNHk3FM/deLxf+8ToDDai8Urh8guDw+hEJCckhzJaJygA6EAkQWJwcaNcGZYoigBGWcR2IQtZWL+rD+fj9Lmsdlq1KuXlQKtdO0mSzZJXukRCxyQmrknNRJg3ByTx7JE3k2HowX49V4+x7NGOnONvkF4/0LAcqbCg==</latexit>

<latexit sha1_base64="ssIpT5AeoFCqG2SwnlkqJDV3S/I="></latexit>

R�1 , {(q, p) | p R q}
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Composition
Lemma If      and      are strong bisimulations,
              then
              is a strong bisimulation

R1

<latexit sha1_base64="OkUTfBwBycHjHx1zldRdnmBS7Dc=">AAAB/nicbVBNS8NAFNzUr1q/qh69LBbBU0mkYI9FLx6r2FpoStlsX+vSzWbZfRFKKPgrvOrJm3j1r3jwv5jEHLR1TsPMe7x5E2gpLLrup1NaWV1b3yhvVra2d3b3qvsHXRvFhkOHRzIyvYBZkEJBBwVK6GkDLAwk3AXTy8y/ewBjRaRucaZhELKJEmPBGaaS74cM74NxcjMfesNqza27Oegy8QpSIwXaw+qXP4p4HIJCLpm1fc/VOEiYQcElzCt+bEEzPmUT6KdUsRDsIMkzz+lJbBlGVIOhQtJchN8bCQutnYVBOplltIteJv7n9WMcNweJUDpGUDw7hEJCfshyI9IygI6EAUSWJQcqFOXMMEQwgjLOUzFO26mkfXiL3y+T7lnda9Sb141a66JopkyOyDE5JR45Jy1yRdqkQzjR5Ik8kxfn0Xl13pz3n9GSU+wckj9wPr4Bwq6WKg==</latexit>

R2

<latexit sha1_base64="vHrF42+GBlgaiSZ5RAuJofnCxlY=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrKjSKSMoKEMiDyk2IrOl0045Wyf7tZIkRWJr6CFig7R8isU/Au2cQEJU41mdrWz4yspDNr2p1VaW9/Y3CpvV3Z29/YPqodHPRPFmkOXRzLSA58ZkCKELgqUMFAaWOBL6Puzq8zvP4A2IgrvcK7AC9g0FBPBGaaS6wYM7/1JcrsYNUbVml23c9BV4hSkRgp0RtUvdxzxOIAQuWTGDB1boZcwjYJLWFTc2IBifMamMExpyAIwXpJnXtCz2DCMqAJNhaS5CL83EhYYMw/8dDLLaJa9TPzPG8Y4aXmJCFWMEPLsEAoJ+SHDtUjLADoWGhBZlhyoCClnmiGCFpRxnopx2k4l7cNZ/n6V9Bp1p1lv3TRr7cuimTI5IafknDjkgrTJNemQLuFEkSfyTF6sR+vVerPef0ZLVrFzTP7A+vgGxD2WKw==</latexit>

proof. take
take p

µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

we want to find q
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

with
since we have for some
since       is a strong bisimulation and p µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

we have with

take we want to find withq
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

p
µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

analogous to the previous case

R2 �R1 , {(p, q) | 9r. p R1 r ^ r R2 q}

<latexit sha1_base64="QaG4j+dzyksXt+Gp5YW32YPQdeM="></latexit>

(p, q) 2 R2 �R1

<latexit sha1_base64="m32t3iM2vuzI+SCCNe7jhGbXJdU=">AAACG3icbVC7TsNAEDyHVwivACXNiQgRJBTZUSRSRtBQBkQeUmxZ58smnDg/uFsjRVY+gU/gK2ihokO0FBT8C3ZIERKmGs3samfHi6TQaJpfRm5peWV1Lb9e2Njc2t4p7u61dRgrDi0eylB1PaZBigBaKFBCN1LAfE9Cx7u7yPzOAygtwuAGRxE4PhsGYiA4w1Ryi8fl6PT+xBYBtX2Gt94guR67VZsLxWcVyy2WzIo5AV0k1pSUyBRNt/ht90Me+xAgl0zrnmVG6CRMoeASxgU71hAxfseG0EtpwHzQTjJ5aEyPYs0wpBEoKiSdiDC7kTBf65HvpZNZRj3vZeJ/Xi/GQd1JRBDFCAHPDqGQMDmkuRJpU0D7QgEiy5IDTYvhTDFEUIIyzlMxTqsrpH1Y898vkna1YtUq9ataqXE+bSZPDsghKROLnJEGuSRN0iKcPJJn8kJejSfjzXg3Pn5Hc8Z0Z5/8gfH5A9OBoOA=</latexit>

(p0, q0) 2 R2 �R1

<latexit sha1_base64="qLuKPPAyE4/kqh63CU8uu+jbQW0=">AAACHHicbVDLTgJBEJzFF+Jr1aOXicSAiSG7hESORC8e0cgjYQmZHRqcMPtwpteEbPgFP8Gv8Konb8ariQf/xV3kgGCdKlXd6epyQyk0WtaXkVlZXVvfyG7mtrZ3dvfM/YOmDiLFocEDGai2yzRI4UMDBUpohwqY50pouaPL1G89gNIi8G9xHELXY0NfDARnmEg9s1gMC2f3hVNH+NTxGN65g/hm0is7XCg+J9g9M2+VrCnoMrFnJE9mqPfMb6cf8MgDH7lkWndsK8RuzBQKLmGScyINIeMjNoROQn3mge7G048m9CTSDAMagqJC0qkI8xsx87Qee24ymWbUi14q/ud1IhxUu7HwwwjB5+khFBKmhzRXIqkKaF8oQGRpcqBJL5wphghKUMZ5IkZJd7mkD3vx+2XSLJfsSql6XcnXLmbNZMkROSZFYpNzUiNXpE4ahJNH8kxeyKvxZLwZ78bH72jGmO0ckj8wPn8AQmOhGA==</latexit>

(p, q) 2 R2 �R1

<latexit sha1_base64="m32t3iM2vuzI+SCCNe7jhGbXJdU=">AAACG3icbVC7TsNAEDyHVwivACXNiQgRJBTZUSRSRtBQBkQeUmxZ58smnDg/uFsjRVY+gU/gK2ihokO0FBT8C3ZIERKmGs3samfHi6TQaJpfRm5peWV1Lb9e2Njc2t4p7u61dRgrDi0eylB1PaZBigBaKFBCN1LAfE9Cx7u7yPzOAygtwuAGRxE4PhsGYiA4w1Ryi8fl6PT+xBYBtX2Gt94guR67VZsLxWcVyy2WzIo5AV0k1pSUyBRNt/ht90Me+xAgl0zrnmVG6CRMoeASxgU71hAxfseG0EtpwHzQTjJ5aEyPYs0wpBEoKiSdiDC7kTBf65HvpZNZRj3vZeJ/Xi/GQd1JRBDFCAHPDqGQMDmkuRJpU0D7QgEiy5IDTYvhTDFEUIIyzlMxTqsrpH1Y898vkna1YtUq9ataqXE+bSZPDsghKROLnJEGuSRN0iKcPJJn8kJejSfjzXg3Pn5Hc8Z0Z5/8gfH5A9OBoOA=</latexit>

p R1 r ^ r R2 q

<latexit sha1_base64="MHCiQAPySGtj5psHX+gEl/ZIMdg=">AAACHHicbVC7TgJBFJ31ifhatbSZSEyoyC4hkZJoY4lGHgkQMjtccMLsw5m7GrKBT/AT/ApbreyMrYmF/+LuugWCpzo5597cc48TSKHRsr6MldW19Y3N3FZ+e2d3b988OGxqP1QcGtyXvmo7TIMUHjRQoIR2oIC5joSWM75I/NY9KC187wYnAfRcNvLEUHCGsdQ3i8Gs6zK8dYbR9bRvz1T3AQYjoGpeLs/u8n2zYJWsFHSZ2BkpkAz1vvndHfg8dMFDLpnWHdsKsBcxhYJLmOa7oYaA8TEbQSemHnNB96L0oyk9DTVDnwagqJA0FWF+I2Ku1hPXiSeTmHrRS8T/vE6Iw2ovEl4QIng8OYRCQnpIcyXiqoAOhAJEliQHKjzKmWKIoARlnMdiGHeX9GEvfr9MmuWSXSlVryqF2nnWTI4ckxNSJDY5IzVySeqkQTh5JM/khbwaT8ab8W58/I6uGNnOEfkD4/MHh+6iaw==</latexit>

r

<latexit sha1_base64="lD4LI9MQsUye/tI9DY8UOH2ANrI=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKWOHldrbt3NQdeJV5AaKdAeV79Gk4jbEBRyyYwZem6MfsI0Ci5hWRlZAzHjczaDYUoVC8H4SR50SS+sYRjRGDQVkuYi/N5IWGjMIgzSyZDhg1n1MvE/b2hx2vQToWKLoHh2CIWE/JDhWqQNAJ0IDYgsSw5UKMqZZoigBWWcp6JNK6mkfXir36+T3lXda9SbnUatdVM0UyZn5JxcEo9ckxa5I23SJZwAeSLP5MWxzqvz5rz/jJacYueU/IHz8Q2AvZGG</latexit>

R1

<latexit sha1_base64="OkUTfBwBycHjHx1zldRdnmBS7Dc=">AAAB/nicbVBNS8NAFNzUr1q/qh69LBbBU0mkYI9FLx6r2FpoStlsX+vSzWbZfRFKKPgrvOrJm3j1r3jwv5jEHLR1TsPMe7x5E2gpLLrup1NaWV1b3yhvVra2d3b3qvsHXRvFhkOHRzIyvYBZkEJBBwVK6GkDLAwk3AXTy8y/ewBjRaRucaZhELKJEmPBGaaS74cM74NxcjMfesNqza27Oegy8QpSIwXaw+qXP4p4HIJCLpm1fc/VOEiYQcElzCt+bEEzPmUT6KdUsRDsIMkzz+lJbBlGVIOhQtJchN8bCQutnYVBOplltIteJv7n9WMcNweJUDpGUDw7hEJCfshyI9IygI6EAUSWJQcqFOXMMEQwgjLOUzFO26mkfXiL3y+T7lnda9Sb141a66JopkyOyDE5JR45Jy1yRdqkQzjR5Ik8kxfn0Xl13pz3n9GSU+wckj9wPr4Bwq6WKg==</latexit>

r
µ�! r0

<latexit sha1_base64="myFeWZyDdzcvVk03w3Uq7doXV2o=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7CMzvSpu+AG/wquevBmv/oUH/8UF96BgnSpV3enqckMlDdn2p5VZWl5ZXcuu5zY2t7Z38rt7dRNEWmBNBCrQTRcMKuljjSQpbIYawXMVNtzR5dRv3KI2MvBvaBxix4OBL/tSACVSN3+g2/daDoYEWgd3cduLJvqkmy/YRXsGvkiclBRYimo3/9XuBSLy0CehwJiWY4fUiUGTFAonuXZkMAQxggG2EuqDh6YTz9JP+HFkgAIeouZS8ZmIvzdi8IwZe24y6QENzbw3Ff/zWhH1y51Y+mFE6IvpIZIKZ4eM0DKpBXlPaiSCaXLk0ucCNBChlhyESMQo6SmX9OHMf79I6mdFp1QsX5cKlYu0mSw7ZEfslDnsnFXYFauyGhPsgT2xZ/ZiPVqv1pv1/jOasdKdffYH1sc3ZEeaYQ==</latexit>

p0 R1 r0

<latexit sha1_base64="7enFMrlkq/l09Sp6MZDnv7hoIX0=">AAACBnicbVC7TsNAEDzzDOFlQklzIkKhimwUiZQRNJQBkYeUWNH5sgmnnB+6WyMiK6n5Clqo6BAtv0HBv2AbF5Aw1WhmVzs7biiFRsv6NFZW19Y3Ngtbxe2d3b1986DU1kGkOLR4IAPVdZkGKXxooUAJ3VAB81wJHXdymfqde1BaBP4tTkNwPDb2xUhwhok0MEthZd73GN65o/hmNrDnqjIwy1bVykCXiZ2TMsnRHJhf/WHAIw985JJp3bOtEJ2YKRRcwqzYjzSEjE/YGHoJ9ZkH2omz7DN6EmmGAQ1BUSFpJsLvjZh5Wk89N5lMY+pFLxX/83oRjupOLPwwQvB5egiFhOyQ5kokpQAdCgWILE0OVPiUM8UQQQnKOE/EKGmpmPRhL36/TNpnVbtWrV/Xyo2LvJkCOSLH5JTY5Jw0yBVpkhbh5IE8kWfyYjwar8ab8f4zumLkO4fkD4yPb53YmMM=</latexit>

since       is a strong bisimulation and 
we have with

R2

<latexit sha1_base64="vHrF42+GBlgaiSZ5RAuJofnCxlY=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrKjSKSMoKEMiDyk2IrOl0045Wyf7tZIkRWJr6CFig7R8isU/Au2cQEJU41mdrWz4yspDNr2p1VaW9/Y3CpvV3Z29/YPqodHPRPFmkOXRzLSA58ZkCKELgqUMFAaWOBL6Puzq8zvP4A2IgrvcK7AC9g0FBPBGaaS6wYM7/1JcrsYNUbVml23c9BV4hSkRgp0RtUvdxzxOIAQuWTGDB1boZcwjYJLWFTc2IBifMamMExpyAIwXpJnXtCz2DCMqAJNhaS5CL83EhYYMw/8dDLLaJa9TPzPG8Y4aXmJCFWMEPLsEAoJ+SHDtUjLADoWGhBZlhyoCClnmiGCFpRxnopx2k4l7cNZ/n6V9Bp1p1lv3TRr7cuimTI5IafknDjkgrTJNemQLuFEkSfyTF6sR+vVerPef0ZLVrFzTP7A+vgGxD2WKw==</latexit>

r
µ�! r0

<latexit sha1_base64="myFeWZyDdzcvVk03w3Uq7doXV2o=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7CMzvSpu+AG/wquevBmv/oUH/8UF96BgnSpV3enqckMlDdn2p5VZWl5ZXcuu5zY2t7Z38rt7dRNEWmBNBCrQTRcMKuljjSQpbIYawXMVNtzR5dRv3KI2MvBvaBxix4OBL/tSACVSN3+g2/daDoYEWgd3cduLJvqkmy/YRXsGvkiclBRYimo3/9XuBSLy0CehwJiWY4fUiUGTFAonuXZkMAQxggG2EuqDh6YTz9JP+HFkgAIeouZS8ZmIvzdi8IwZe24y6QENzbw3Ff/zWhH1y51Y+mFE6IvpIZIKZ4eM0DKpBXlPaiSCaXLk0ucCNBChlhyESMQo6SmX9OHMf79I6mdFp1QsX5cKlYu0mSw7ZEfslDnsnFXYFauyGhPsgT2xZ/ZiPVqv1pv1/jOasdKdffYH1sc3ZEeaYQ==</latexit>

q
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

r0 R2 q0

<latexit sha1_base64="130ZtlgZUb7qgrrhFwxTx5lXIDA=">AAACBnicbVC7TgJBFJ31ifhasbSZSAxWZJeQSEm0sUQjjwQ2ZHa44ITZhzN3jWQDtV9hq5WdsfU3LPwXd3ELBU91cs69ueceN5RCo2V9Giura+sbm7mt/PbO7t6+eVBo6SBSHJo8kIHquEyDFD40UaCETqiAea6Etju+SP32PSgtAv8GJyE4Hhv5Yig4w0TqmwVVmvU8hrfuML6e9iuzu1LfLFplaw66TOyMFEmGRt/86g0CHnngI5dM665thejETKHgEqb5XqQhZHzMRtBNqM880E48zz6lJ5FmGNAQFBWSzkX4vREzT+uJ5yaTaUy96KXif143wmHNiYUfRgg+Tw+hkDA/pLkSSSlAB0IBIkuTAxU+5UwxRFCCMs4TMUpayid92IvfL5NWpWxXy7WrarF+njWTI0fkmJwSm5yROrkkDdIknDyQJ/JMXoxH49V4M95/RleMbOeQ/IHx8Q2hGpjF</latexit>

and hence (p0, q0) 2 R2 �R1

<latexit sha1_base64="qLuKPPAyE4/kqh63CU8uu+jbQW0=">AAACHHicbVDLTgJBEJzFF+Jr1aOXicSAiSG7hESORC8e0cgjYQmZHRqcMPtwpteEbPgFP8Gv8Konb8ariQf/xV3kgGCdKlXd6epyQyk0WtaXkVlZXVvfyG7mtrZ3dvfM/YOmDiLFocEDGai2yzRI4UMDBUpohwqY50pouaPL1G89gNIi8G9xHELXY0NfDARnmEg9s1gMC2f3hVNH+NTxGN65g/hm0is7XCg+J9g9M2+VrCnoMrFnJE9mqPfMb6cf8MgDH7lkWndsK8RuzBQKLmGScyINIeMjNoROQn3mge7G048m9CTSDAMagqJC0qkI8xsx87Qee24ymWbUi14q/ud1IhxUu7HwwwjB5+khFBKmhzRXIqkKaF8oQGRpcqBJL5wphghKUMZ5IkZJd7mkD3vx+2XSLJfsSql6XcnXLmbNZMkROSZFYpNzUiNXpE4ahJNH8kxeyKvxZLwZ78bH72jGmO0ckj8wPn8AQmOhGA==</latexit>

(p0, q0) 2 R2 �R1

<latexit sha1_base64="qLuKPPAyE4/kqh63CU8uu+jbQW0=">AAACHHicbVDLTgJBEJzFF+Jr1aOXicSAiSG7hESORC8e0cgjYQmZHRqcMPtwpteEbPgFP8Gv8Konb8ariQf/xV3kgGCdKlXd6epyQyk0WtaXkVlZXVvfyG7mtrZ3dvfM/YOmDiLFocEDGai2yzRI4UMDBUpohwqY50pouaPL1G89gNIi8G9xHELXY0NfDARnmEg9s1gMC2f3hVNH+NTxGN65g/hm0is7XCg+J9g9M2+VrCnoMrFnJE9mqPfMb6cf8MgDH7lkWndsK8RuzBQKLmGScyINIeMjNoROQn3mge7G048m9CTSDAMagqJC0qkI8xsx87Qee24ymWbUi14q/ud1IhxUu7HwwwjB5+khFBKmhzRXIqkKaF8oQGRpcqBJL5wphghKUMZ5IkZJd7mkD3vx+2XSLJfsSql6XcnXLmbNZMkROSZFYpNzUiNXpE4ahJNH8kxeyKvxZLwZ78bH72jGmO0ckj8wPn8AQmOhGA==</latexit>
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Notation

sometimes written

R2 �R1 , {(p, q) | 9r. p R1 r ^ r R2 q}

<latexit sha1_base64="QaG4j+dzyksXt+Gp5YW32YPQdeM="></latexit>

R1R2

<latexit sha1_base64="/FDFBCznP3HPLcjekvnoHFSIaHE=">AAACDHicbVC7TsNAEDyHVwgvAw0SzYkIiSqyo0ikjKChDIg8pMSyzpdNOOX80N0aKbLCJ/AVtFDRIVr+gYJ/wTYuIGGq0cyudna8SAqNlvVplFZW19Y3ypuVre2d3T1z/6Crw1hx6PBQhqrvMQ1SBNBBgRL6kQLmexJ63vQy83v3oLQIg1ucReD4bBKIseAMU8k1j4Y+wztvnNzMXfsXr7tm1apZOegysQtSJQXarvk1HIU89iFALpnWA9uK0EmYQsElzCvDWEPE+JRNYJDSgPmgnST/YE5PY80wpBEoKiTNRfi9kTBf65nvpZNZRr3oZeJ/3iDGcdNJRBDFCAHPDqGQkB/SXIm0GqAjoQCRZcmBioByphgiKEEZ56kYp11V0j7sxe+XSbdesxu15nWj2roomimTY3JCzohNzkmLXJE26RBOHsgTeSYvxqPxarwZ7z+jJaPYOSR/YHx8A5AIm3w=</latexit>
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Strong bisimilarity
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2020

Strong bisimilarity
often denoted     in the literature⇠

<latexit sha1_base64="NdQYR2N2fiZEIZOvLQIqMONwKYo=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIREikjaCiDRB5SYkXnyyY55e5s3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbMTRFJYdN1Pp7S2vrG5Vd6u7Ozu7R9UD486NowNhzYPZWh6AbMghYY2CpTQiwwwFUjoBrObzO8+gLEi1Pc4j8BXbKLFWHCGmTSwQg2rNbfu5qCrxCtIjRRoDatfg1HIYwUauWTW9j03Qj9hBgWXsKgMYgsR4zM2gX5KNVNg/STPuqBnsWUY0ggMFZLmIvzeSJiydq6CdFIxnNplLxP/8/oxjht+InQUI2ieHUIhIT9kuRFpCUBHwgAiy5IDFZpyZhgiGEEZ56kYp61U0j685e9XSeei7l3WG3eXteZ10UyZnJBTck48ckWa5Ja0SJtwMiVP5Jm8OI/Oq/PmvP+Mlpxi55j8gfPxDdCOktc=</latexit>

we use     to remark it is a congruence relation'

<latexit sha1_base64="Iwr7sRK9WIh8GJu08S1zpe5rclI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTykxIrOl004cnc2d2ukYOUfaKGiQ7T8DQX/gmNcQMJUo5ld7ewEkRQWXffTKaysrq1vFDdLW9s7u3vl/YO2DWPDocVDGZpuwCxIoaGFAiV0IwNMBRI6weRy7ncewFgR6hucRuArNtZiJDjDVGr3rVBwPyhX3KqbgS4TLycVkqM5KH/1hyGPFWjkklnb89wI/YQZFFzCrNSPLUSMT9gYeinVTIH1kyztjJ7ElmFIIzBUSJqJ8HsjYcraqQrSScXw1i56c/E/rxfjqO4nQkcxgubzQygkZIcsNyKtAehQGEBk8+RAhaacGYYIRlDGeSrGaS+ltA9v8ftl0j6rerVq/bpWaVzkzRTJETkmp8Qj56RBrkiTtAgnd+SJPJMX59F5dd6c95/RgpPvHJI/cD6+AWvRk8E=</latexit>

'

<latexit sha1_base64="Iwr7sRK9WIh8GJu08S1zpe5rclI=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTykxIrOl004cnc2d2ukYOUfaKGiQ7T8DQX/gmNcQMJUo5ld7ewEkRQWXffTKaysrq1vFDdLW9s7u3vl/YO2DWPDocVDGZpuwCxIoaGFAiV0IwNMBRI6weRy7ncewFgR6hucRuArNtZiJDjDVGr3rVBwPyhX3KqbgS4TLycVkqM5KH/1hyGPFWjkklnb89wI/YQZFFzCrNSPLUSMT9gYeinVTIH1kyztjJ7ElmFIIzBUSJqJ8HsjYcraqQrSScXw1i56c/E/rxfjqO4nQkcxgubzQygkZIcsNyKtAehQGEBk8+RAhaacGYYIRlDGeSrGaS+ltA9v8ftl0j6rerVq/bpWaVzkzRTJETkmp8Qj56RBrkiTtAgnd+SJPJMX59F5dd6c95/RgpPvHJI/cD6+AWvRk8E=</latexit>

i.e. Bob has a winning strategy

i.e. ' ,
[

R s.b.

R

<latexit sha1_base64="XCVxklee9HTlp4K/MwlniVIc2lk="></latexit>

a strong bisimulation is not necessarily an equivalence
is strong bisimilarity an equivalence relation?

p ' q i↵ 9R a strong bisimulation with (p, q) 2 R

<latexit sha1_base64="MwB67uppTT8jqGIihML3oKIyQdU="></latexit>
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Equivalence relation
⌘

<latexit sha1_base64="ysTUKkM45V2BUfytQdsfcvPr/rk=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIREikjaCiDRB5SEkXnyyYcOZ/N3V6kYOUfaKGiQ7T8DQX/gm1cQMJUo5ld7ez4kRQGXffTKaysrq1vFDdLW9s7u3vl/YOWCa3m0OShDHXHZwakUNBEgRI6kQYW+BLa/uQq9dtT0EaE6hZnEfQDNlZiJDjDRGr14MGK6aBccatuBrpMvJxUSI7GoPzVG4bcBqCQS2ZM13Mj7MdMo+AS5qWeNRAxPmFj6CZUsQBMP87SzumJNQxDGoGmQtJMhN8bMQuMmQV+MhkwvDOLXir+53Utjmr9WKjIIiieHkIhITtkuBZJDUCHQgMiS5MDFYpyphkiaEEZ54lok15KSR/e4vfLpHVW9c6rtZvzSv0yb6ZIjsgxOSUeuSB1ck0apEk4uSdP5Jm8OI/Oq/PmvP+MFpx855D8gfPxDXzqk8w=</latexit>

Reflexive

Symmetric

Transitive

8p 2 P

<latexit sha1_base64="nvR1lkN2OG3cIn1QZHlDvsG0GD0=">AAACC3icbVC7TsNAEDzzDOEVoKCgOREhUUU2ikTKCBrKIJGHFEfR+rIJp5zP1t0aKbLyCXwFLVR0iJaPoOBfsEMKSJhqNLOrnZ0gVtKS6346K6tr6xubha3i9s7u3n7p4LBlo8QIbIpIRaYTgEUlNTZJksJObBDCQGE7GF/nfvsBjZWRvqNJjL0QRloOpQDKpH7p2B9GBpTisS+1HwLdC1BpY9ovld2KOwNfJt6clNkcjX7pyx9EIglRk1BgbddzY+qlYEgKhdOin1iMQYxhhN2MagjR9tLZA1N+lligiMdouFR8JuLvjRRCaydhkE3mEe2il4v/ed2EhrVeKnWcEGqRHyKpcHbICiOzZpAPpEEiyJMjl5oLMECERnIQIhOTrKpi1oe3+P0yaV1UvGqldlst16/mzRTYCTtl58xjl6zObliDNZlgU/bEntmL8+i8Om/O+8/oijPfOWJ/4Hx8Aw8wmz4=</latexit>

8p, q, r 2 P

<latexit sha1_base64="N6Oq4jhPz7zErihE5ugXXddzx5w=">AAACD3icbVC7TsNAEDzzJrwClGlOREgUUWSjSKSMoKEMEnlIcRStL5twyvls7tZIyErBJ/AVtFDRIVo+gYJ/wQ4peE01mtnVzk4QK2nJdd+dhcWl5ZXVtfXCxubW9k5xd69to8QIbIlIRaYbgEUlNbZIksJubBDCQGEnmJzlfucGjZWRvqTbGPshjLUcSQGUSYNiyR9FBpTiceW6Ynyp/RDoSoBKm9NBsexW3Rn4X+LNSZnN0RwUP/xhJJIQNQkF1vY8N6Z+CoakUDgt+InFGMQExtjLqIYQbT+dPTHlh4kFiniMhkvFZyJ+30ghtPY2DLLJPKL97eXif14voVG9n0odJ4Ra5IdIKpwdssLIrB3kQ2mQCPLkyKXmAgwQoZEchMjEJKurkPXh/f7+L2kfV71atX5RKzdO582ssRI7YEfMYyeswc5Zk7WYYHfsgT2yJ+feeXZenNev0QVnvrPPfsB5+wSvs5yh</latexit>

8p, q 2 P

<latexit sha1_base64="4rPeVeBENj9QzdFUK9ISgzI27dM=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkChTZKBIpETSUQSIPKbai9bGBE+ezuVsjISviE/gKWqjoEC3fQMG/YAcXvKYazexqZydMlLTkuu/O1PTM7Nx8ZaG6uLS8slpbW+/aODUCOyJWsemHYFFJjR2SpLCfGIQoVNgLr44Lv3eDxspYn9FtgkEEF1qOpADKpWFt0x/FBpTiyd61L7UfAV0KUFl7PKzV3YY7Af9LvJLUWYn2sPbhn8cijVCTUGDtwHMTCjIwJIXCcdVPLSYgruACBznVEKENsskLY76TWqCYJ2i4VHwi4veNDCJrb6Mwnywi2t9eIf7nDVIatYJM6iQl1KI4RFLh5JAVRubdID+XBomgSI5cai7AABEayUGIXEzzsqp5H97v7/+S7n7DazZap8364VHZTIVtsW22yzx2wA7ZCWuzDhPsjj2wR/bk3DvPzovz+jU65ZQ7G+wHnLdPXgKb7w==</latexit>

p ⌘ p

<latexit sha1_base64="G8P4rXO4vcxoeBBWP6YQ60R8irg=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccraPu71IUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTKCkMuu6nU1hb39jcKm6Xdnb39g/Kh0dtE1vNocVjGetuwAxIEUELBUroKg0sDCR0gsl16nemoI2IozucKfBDNo7ESHCGiXSv+vBoxZSqQbniVt0MdJV4OamQHM1B+as/jLkNIUIumTE9z1Xoz5lGwSUsSn1rQDE+YWPoJTRiIRh/ngVe0DNrGMZUgaZC0kyE3xtzFhozC4NkMmT4YJa9VPzP61kc1f25iJRFiHh6CIWE7JDhWiRNAB0KDYgsTQ5URJQzzRBBC8o4T0SbVFNK+vCWv18l7YuqV6vWb2uVxlXeTJGckFNyTjxySRrkhjRJi3ASkifyTF6chfPqvDnvP6MFJ985Jn/gfHwDg6WU6g==</latexit>

p ⌘ q ) q ⌘ p

<latexit sha1_base64="ftePs1LGFFZMvA01QaYxRVKMw4U=">AAACEnicbVC7TsNAEDzzJrwClEjoRIREFdkoEikRNJSACIkUW9H6siSnnO3L3RqELDo+ga+ghYoO0fIDFPwLjkkBgalmZ3a1uxNqJS257oczNT0zOze/sFhaWl5ZXSuvb1zaJDUCGyJRiWmFYFHJGBskSWFLG4QoVNgMB8cjv3mNxsokvqBbjUEEvVheSQGUS53ytvZxmMprPvTPZa9PYExykxffou6UK27VLcD/Em9MKmyM00750+8mIo0wJqHA2rbnagoyMCSFwruSn1rUIAbQw3ZOY4jQBlnxxx3fTS1QwjUaLhUvRPw5kUFk7W0U5p0RUN9OeiPxP6+d0lU9yGSsU8JYjBaRVFgsssLIPCDkXWmQCEaXI5cxF2CACI3kIEQupnlipTwPb/L7v+Ryv+rVqvWzWuXwaJzMAttiO2yPeeyAHbITdsoaTLB79sie2LPz4Lw4r87bd+uUM57ZZL/gvH8BZMSeGg==</latexit>

p ⌘ q ^ q ⌘ r ) p ⌘ r

<latexit sha1_base64="vcpUvUCLGdwfTy7Aidc4o9tkv10=">AAACI3icbVDLTgJBEJz1ifhCPXqZSEw84a4hkSPRi0c0AiYsIb1DCxNmH8z0QgjhM/wEv8KrnrwZLx74F5eHiYJ1meqq7vR0eZGShmz7y1pZXVvf2Extpbd3dvf2MweHFRPGWmBZhCrUDx4YVDLAMklS+BBpBN9TWPU61xO/2kNtZBjc0yDCug+tQD5KAZRIjcx55GI3lj3edfvYbGHyzmrN3TvZahNoHfb5T5duZLJ2zp6CLxNnTrJsjlIjM3aboYh9DEgoMKbm2BHVh6BJCoWjtBsbjEB0oIW1hAbgo6kPp4eN+GlsgEIeoeZS8amIvyeG4Bsz8L2k0wdqm0VvIv7n1WJ6LNSHMohiwkBMFpFUOF1khJZJYsibUiMRTH6OXAZcgAYi1JKDEIkYJxGmkzycxeuXSeUi5+Rzhdt8tng1TybFjtkJO2MOu2RFdsNKrMwEe2Iv7JW9Wc/Wu/Vhfc5aV6z5zBH7A2v8DXpCpPY=</latexit>
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Induced equivalence
Any relation      induces an equivalence relationR

<latexit sha1_base64="LtVI7tgsfQIbH8DiNbKOWVypZOM=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGREqijSUa+YhAyN4y4Ia9vcvunAm54K+w1crO2PpfLPwv3iGFgq96eW8m8+b5kZKWXPfTya2srq1v5DcLW9s7u3vF/YOmDWMjsCFCFZq2zy0qqbFBkhS2I4M88BW2/PFl5rce0FgZ6luaRNgL+EjLoRScUumuG3C694fJzbRfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLPGUncSWU8giNEwqNhPx90bCA2sngZ9OZgntopeJ/3mdmIbVXiJ1FBNqkR0iqXB2yAoj0yqQDaRBIp4lRyY1E9xwIjSScSFSMU67KaR9eIvfL5PmWdmrlKvXlVLtYt5MHo7gGE7Bg3OowRXUoQECNDzBM7w4j86r8+a8/4zmnPnOIfyB8/ENj5yVhg==</latexit>

⌘R

<latexit sha1_base64="evZyyowfJO9NWuJnSARpu4BeUbs=">AAACB3icbVC7TgJBFJ3FF+JrldJmIjGxIruGREqijSUaeSQsIbPDBSfMPpy5Q0I2+wF+ha1WdsbWz7DwX9xFCgVPdXLOvbnnHj+WQqPjfFqFtfWNza3idmlnd2//wD48auvIKA4tHslIdX2mQYoQWihQQjdWwAJfQsefXOV+ZwpKiyi8w1kM/YCNQzESnGEmDeyyBw9GTAeJFzC890fJbZoO7IpTdeagq8RdkApZoDmwv7xhxE0AIXLJtO65Toz9hCkUXEJa8oyGmPEJG0MvoyELQPeTefiUnhrNMKIxKCoknYvweyNhgdazwM8m84h62cvF/7yewVG9n4gwNgghzw+hkDA/pLkSWStAh0IBIsuTAxUh5UwxRFCCMs4z0WQ1lbI+3OXvV0n7vOrWqvWbWqVxuWimSI7JCTkjLrkgDXJNmqRFOJmRJ/JMXqxH69V6s95/RgvWYqdM/sD6+AaRB5nu</latexit>

⌘R

<latexit sha1_base64="evZyyowfJO9NWuJnSARpu4BeUbs=">AAACB3icbVC7TgJBFJ3FF+JrldJmIjGxIruGREqijSUaeSQsIbPDBSfMPpy5Q0I2+wF+ha1WdsbWz7DwX9xFCgVPdXLOvbnnHj+WQqPjfFqFtfWNza3idmlnd2//wD48auvIKA4tHslIdX2mQYoQWihQQjdWwAJfQsefXOV+ZwpKiyi8w1kM/YCNQzESnGEmDeyyBw9GTAeJFzC890fJbZoO7IpTdeagq8RdkApZoDmwv7xhxE0AIXLJtO65Toz9hCkUXEJa8oyGmPEJG0MvoyELQPeTefiUnhrNMKIxKCoknYvweyNhgdazwM8m84h62cvF/7yewVG9n4gwNgghzw+hkDA/pLkSWStAh0IBIsuTAxUh5UwxRFCCMs4z0WQ1lbI+3OXvV0n7vOrWqvWbWqVxuWimSI7JCTkjLrkgDXJNmqRFOJmRJ/JMXqxH69V6s95/RgvWYqdM/sD6+AaRB5nu</latexit>

is the smallest equivalence that contains R

<latexit sha1_base64="LtVI7tgsfQIbH8DiNbKOWVypZOM=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGREqijSUa+YhAyN4y4Ia9vcvunAm54K+w1crO2PpfLPwv3iGFgq96eW8m8+b5kZKWXPfTya2srq1v5DcLW9s7u3vF/YOmDWMjsCFCFZq2zy0qqbFBkhS2I4M88BW2/PFl5rce0FgZ6luaRNgL+EjLoRScUumuG3C694fJzbRfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLPGUncSWU8giNEwqNhPx90bCA2sngZ9OZgntopeJ/3mdmIbVXiJ1FBNqkR0iqXB2yAoj0yqQDaRBIp4lRyY1E9xwIjSScSFSMU67KaR9eIvfL5PmWdmrlKvXlVLtYt5MHo7gGE7Bg3OowRXUoQECNDzBM7w4j86r8+a8/4zmnPnOIfyB8/ENj5yVhg==</latexit>

p R q

p ⌘R q

<latexit sha1_base64="lpsD0opoJEq7LPoviGLjq0Yg8oI=">AAACIXicbVBNS8NAEN34WetX1aOXxSJ4sSQi6FH04rGKVaEpZbJOdXGTbHcnQgnpn/An+Cu86smbeBPxv5jUgtr6To/3Zpg3L9BKWnLdd2dicmp6ZrY0V55fWFxarqysnts4MQIbIlaxuQzAopIRNkiSwkttEMJA4UVwe1T4F3dorIyjM+ppbIVwHcmOFEC51K5s+x0DItV9PwS6CTrpadbvZuVU+9hN5F07/dGzbtauVN2aOwAfJ96QVNkQ9Xbl07+KRRJiREKBtU3P1dRKwZAUCrOyn1jUIG7hGps5jSBE20oHb2V8M7FAMddouFR8IOLvjRRCa3thkE8WIe2oV4j/ec2EOvutVEY6IYxEcYikwsEhK4zM+0J+JQ0SQZEcuYy4AANEaCQHIXIxyQss5314o9+Pk/Odmrdb2z/ZrR4cDpspsXW2wbaYx/bYATtmddZggt2zR/bEnp0H58V5dd6+Ryec4c4a+wPn4wt7BqW6</latexit>

p ⌘R p

<latexit sha1_base64="jBaqA+ipJVjQIZjmJaqVUsD9Fa4=">AAACE3icbVC7TsNAEDzzDOEVoKTgRIREFdkoEpQRNJQBEUCKo2h9bMIpZ/u4WyNFlks+ga+ghYoO0fIBFPwLtknBa6rRzK52dgKtpCXXfXempmdm5+YrC9XFpeWV1dra+rmNEyOwI2IVm8sALCoZYYckKbzUBiEMFF4Eo6PCv7hFY2UcndFYYy+EYSQHUgDlUr+25Q8MiDSrptrHm0Te9lM/BLoOBulplumsX6u7DbcE/0u8CamzCdr92od/FYskxIiEAmu7nqupl4IhKRRmVT+xqEGMYIjdnEYQou2l5SMZ30ksUMw1Gi4VL0X8vpFCaO04DPLJIqT97RXif143ocFBL5WRTggjURwiqbA8ZIWReUPIr6RBIiiSI5cRF2CACI3kIEQuJnll1bwP7/f3f8n5XsNrNg5OmvXW4aSZCttk22yXeWyftdgxa7MOE+yOPbBH9uTcO8/Oi/P6NTrlTHY22A84b59Hm584</latexit>

p ⌘R q

q ⌘R p

<latexit sha1_base64="nvsOMfwhcnB3l+1Z7zPufSMU0Pw=">AAACKHicbVC7TsNAEDyHVwivACXNiQiJKrJRJFIiaCgDIoAUR9H62IRTzvblbo0UWf4RPoGvoIWKDqWg4UuwQwoITDWa2dXOTqCVtOS6E6e0sLi0vFJeraytb2xuVbd3rm2cGIFtEavY3AZgUckI2yRJ4a02CGGg8CYYnhX+zQMaK+PoisYauyEMItmXAiiXetWG3zcgUu3jKJEPvdQPge6DfnqZZaOsko7+0XXWq9bcujsF/0u8GamxGVq96od/F4skxIiEAms7nqupm4IhKRRmFT+xqEEMYYCdnEYQou2m0+8yfpBYoJhrNFwqPhXx50YKobXjMMgni5B23ivE/7xOQv1mN5WRTggjURwiqXB6yAoj89qQ30mDRFAkRy4jLsAAERrJQYhcTPIeK3kf3vz3f8n1Ud1r1JsXjdrJ6ayZMttj++yQeeyYnbBz1mJtJtgje2Yv7NV5ct6cd2fyPVpyZju77Beczy+ITajh</latexit>

p ⌘R q q ⌘R r

p ⌘R r

<latexit sha1_base64="oCMBkdr+UNtRTVkbxWMxpUf7qMs=">AAACQ3icbVDLSgNBEJyN7/iKevQyGARPYVcEPYpevPnAPCAbQu+ko0NmH5npEWTZz/IT/AgRb3ryJl4Fd2MOalKnoqqL7q4gUdKQ6z45pZnZufmFxaXy8srq2nplY7NhYqsF1kWsYt0KwKCSEdZJksJWohHCQGEzGJwWfvMOtZFxdE33CXZCuIlkXwqgXOpWzv2+BpEmPg6tvOumfgh0G/TTqywb+kMLPT6cYumsPDWis26l6tbcEfgk8cakysa46FZe/F4sbIgRCQXGtD03oU4KmqRQmJV9azABMYAbbOc0ghBNJx09nvFda4BinqDmUvGRiL8TKYTG3IdBPlkcaf57hTjNa1vqH3VSGSWWMBLFIpIKR4uM0DJvFHlPaiSC4nLkMuICNBChlhyEyEWbV1zO+/D+fz9JGvs176B2dHlQPT4ZN7PIttkO22MeO2TH7IxdsDoT7IE9s1f25jw6786H8/kzWnLGmS32B87XN3L9tO8=</latexit>

if      is a strong bisimulation,
then         is a strong bisimulation
R

<latexit sha1_base64="LtVI7tgsfQIbH8DiNbKOWVypZOM=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGREqijSUa+YhAyN4y4Ia9vcvunAm54K+w1crO2PpfLPwv3iGFgq96eW8m8+b5kZKWXPfTya2srq1v5DcLW9s7u3vF/YOmDWMjsCFCFZq2zy0qqbFBkhS2I4M88BW2/PFl5rce0FgZ6luaRNgL+EjLoRScUumuG3C694fJzbRfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLPGUncSWU8giNEwqNhPx90bCA2sngZ9OZgntopeJ/3mdmIbVXiJ1FBNqkR0iqXB2yAoj0yqQDaRBIp4lRyY1E9xwIjSScSFSMU67KaR9eIvfL5PmWdmrlKvXlVLtYt5MHo7gGE7Bg3OowRXUoQECNDzBM7w4j86r8+a8/4zmnPnOIfyB8/ENj5yVhg==</latexit>

⌘R

<latexit sha1_base64="evZyyowfJO9NWuJnSARpu4BeUbs=">AAACB3icbVC7TgJBFJ3FF+JrldJmIjGxIruGREqijSUaeSQsIbPDBSfMPpy5Q0I2+wF+ha1WdsbWz7DwX9xFCgVPdXLOvbnnHj+WQqPjfFqFtfWNza3idmlnd2//wD48auvIKA4tHslIdX2mQYoQWihQQjdWwAJfQsefXOV+ZwpKiyi8w1kM/YCNQzESnGEmDeyyBw9GTAeJFzC890fJbZoO7IpTdeagq8RdkApZoDmwv7xhxE0AIXLJtO65Toz9hCkUXEJa8oyGmPEJG0MvoyELQPeTefiUnhrNMKIxKCoknYvweyNhgdazwM8m84h62cvF/7yewVG9n4gwNgghzw+hkDA/pLkSWStAh0IBIsuTAxUh5UwxRFCCMs4z0WQ1lbI+3OXvV0n7vOrWqvWbWqVxuWimSI7JCTkjLrkgDXJNmqRFOJmRJ/JMXqxH69V6s95/RgvWYqdM/sD6+AaRB5nu</latexit>

Lemma
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Induced partition
Any equivalence relation induces a partition of processes
into equivalence classes

if        is a strong bisimulation⌘R

<latexit sha1_base64="evZyyowfJO9NWuJnSARpu4BeUbs=">AAACB3icbVC7TgJBFJ3FF+JrldJmIjGxIruGREqijSUaeSQsIbPDBSfMPpy5Q0I2+wF+ha1WdsbWz7DwX9xFCgVPdXLOvbnnHj+WQqPjfFqFtfWNza3idmlnd2//wD48auvIKA4tHslIdX2mQYoQWihQQjdWwAJfQsefXOV+ZwpKiyi8w1kM/YCNQzESnGEmDeyyBw9GTAeJFzC890fJbZoO7IpTdeagq8RdkApZoDmwv7xhxE0AIXLJtO65Toz9hCkUXEJa8oyGmPEJG0MvoyELQPeTefiUnhrNMKIxKCoknYvweyNhgdazwM8m84h62cvF/7yewVG9n4gwNgghzw+hkDA/pLkSWStAh0IBIsuTAxUh5UwxRFCCMs4z0WQ1lbI+3OXvV0n7vOrWqvWbWqVxuWimSI7JCTkjLrkgDXJNmqRFOJmRJ/JMXqxH69V6s95/RgvWYqdM/sD6+AaRB5nu</latexit>

[p]⌘ = {q | p ⌘ q}

<latexit sha1_base64="BiogIEt1kl+Xn3H/Lu/bxuG8A4g=">AAACFHicbVC7TsNAEDyHVwivACXNiQiJKrIREmmQImgog0QeUmxF58smnHK2L3frSJFJSj6Br6CFig7R0lPwLziPAhKmGs3sanfGV1IYtO0vK7Oyura+kd3MbW3v7O7l9w9qJoo1hyqPZKQbPjMgRQhVFCihoTSwwJdQ93vXE78+AG1EFN7hUIEXsG4oOoIzTKVWnjaV10pc6MdiMKKX1E3644exmgm0745a+YJdtKegy8SZkwKZo9LKf7vtiMcBhMglM6bp2Aq9hGkUXMIo58YGFOM91oVmSkMWgPGSaZIRPYkNw4gq0FRIOhXh90bCAmOGgZ9OBgzvzaI3Ef/zmjF2Sl4iQhUjhHxyCIWE6SHDtUgrAtoWGhDZ5HOgIqScaYYIWlDGeSrGaWe5tA9nMf0yqZ0VnfNi6fa8UL6aN5MlR+SYnBKHXJAyuSEVUiWcPJJn8kJerSfrzXq3PmajGWu+c0j+wPr8ATssnx0=</latexit>

q 2 [p]⌘R ^ p
µ�! p0 ) 9q0 2 [p0]⌘R . q

µ�! q0

<latexit sha1_base64="hm5VPEN8wKDFxwm7y180lf2NO+4="></latexit>

instead of listing all pairs of       
we list only its equivalence classes

⌘R

<latexit sha1_base64="evZyyowfJO9NWuJnSARpu4BeUbs=">AAACB3icbVC7TgJBFJ3FF+JrldJmIjGxIruGREqijSUaeSQsIbPDBSfMPpy5Q0I2+wF+ha1WdsbWz7DwX9xFCgVPdXLOvbnnHj+WQqPjfFqFtfWNza3idmlnd2//wD48auvIKA4tHslIdX2mQYoQWihQQjdWwAJfQsefXOV+ZwpKiyi8w1kM/YCNQzESnGEmDeyyBw9GTAeJFzC890fJbZoO7IpTdeagq8RdkApZoDmwv7xhxE0AIXLJtO65Toz9hCkUXEJa8oyGmPEJG0MvoyELQPeTefiUnhrNMKIxKCoknYvweyNhgdazwM8m84h62cvF/7yewVG9n4gwNgghzw+hkDA/pLkSWStAh0IBIsuTAxUh5UwxRFCCMs4z0WQ1lbI+3OXvV0n7vOrWqvWbWqVxuWimSI7JCTkjLrkgDXJNmqRFOJmRJ/JMXqxH69V6s95/RgvWYqdM/sD6+AaRB5nu</latexit>
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Example
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>

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="ktMHSYbGJ542L3O3C/1hm0wH/hU="></latexit>

⌘R,

8
>>>>>><

>>>>>>:

(B2
0 , B

2
0),

(B2
0 , B

1
0 |B1

0),
(B1

0 |B1
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2
0),

(B1
0 |B1

0 , B
1
0 |B1

0),
(B2

1 , B
2
1),

· · ·

9
>>>>>>=

>>>>>>;

<latexit sha1_base64="xcef8LwKJFvh1YMaa9zzSGNUoeA="></latexit>
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<latexit sha1_base64="hUflIMxvswIbYuSm7AxrD7zzq9k="></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="ktMHSYbGJ542L3O3C/1hm0wH/hU="></latexit>

⌘R,

8
<

:

{B2
0 , B

1
0 |B1

0},
{B2

1 , B
1
0 |B1

1 , B
1
1 |B1

0},
{B2

2 , B
1
1 |B1

1}

9
=

;

<latexit sha1_base64="Y6PHf4a4kwPa2MfRyxR+oPqFHcQ="></latexit>
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Bisimulation check

• p

<latexit sha1_base64="946xaOykt1lJytVNJIHgJGm2UDs=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiSSgxIrOl0045Xy27vaQIiv8BC1UdIiWj6HgX7CNC0iYajSzq52dIJbCoOt+OqWV1bX1jfJmZWt7Z3evun/QNZHVHDo8kpG+DZgBKRR0UKCE21gDCwMJvWB6mfm9B9BGROoGZzH4IZsoMRacYSrdDQIrJeBjPKzW3Lqbgy4TryA1UqA9rH4NRhG3ISjkkhnT99wY/YRpFFzCvDKwBmLGp2wC/ZQqFoLxkzzwnJ5YwzCiMWgqJM1F+L2RsNCYWRikkyHDe7PoZeJ/Xt/iuOknQsUWQfHsEAoJ+SHDtUibADoSGhBZlhyoUJQzzRBBC8o4T0WbVlNJ+/AWv18m3bO616g3rxu11kXRTJkckWNySjxyTlrkirRJh3ASkifyTF6cufPqvDnvP6Mlp9g5JH/gfHwD+hSVNg==</latexit>

• q

<latexit sha1_base64="J7qTMr0lcwQPl8Bj8KsTcW9o/yM=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccmebuz2kKAo/QQsVHaLlYyj4F2zjAhKmGs3samcniKUw6LqfTmFldW19o7hZ2tre2d0r7x+0TWQ1hxaPZKS7ATMgRQgtFCihG2tgKpDQCSaXqd95AG1EFN7gNAZfsXEoRoIzTKTbfmClBHy8H5QrbtXNQJeJl5MKydEclL/6w4hbBSFyyYzpeW6M/oxpFFzCvNS3BmLGJ2wMvYSGTIHxZ1ngOT2xhmFEY9BUSJqJ8HtjxpQxUxUkk4rhnVn0UvE/r2dxVPdnIowtQsjTQygkZIcM1yJpAuhQaEBkaXKgIqScaYYIWlDGeSLapJpS0oe3+P0yaZ9VvVq1fl2rNC7yZorkiByTU+KRc9IgV6RJWoQTRZ7IM3lx5s6r8+a8/4wWnHznkPyB8/EN+6OVNw==</latexit>

• q0

<latexit sha1_base64="fmD/vUIdD3Cyx1URo0QaB4BHwBw=">AAAB/HicbVC7TsNAEDyHVwivACXNiQhBFdkoEikjaCiDRB4isaLzZRNOOZ/N3RopspKvoIWKDtHyLxT8C7ZxAQlTjWZ2tbPjhVIYtO1Pq7Cyura+UdwsbW3v7O6V9w/aJog0hxYPZKC7HjMghYIWCpTQDTUw35PQ8SZXqd95BG1EoG5xGoLrs7ESI8EZJtJd34ukBJw/nA7KFbtqZ6DLxMlJheRoDspf/WHAIx8UcsmM6Tl2iG7MNAouYVbqRwZCxidsDL2EKuaDceMs8YyeRIZhQEPQVEiaifB7I2a+MVPfSyZ9hvdm0UvF/7xehKO6GwsVRgiKp4dQSMgOGa5FUgXQodCAyNLkQIWinGmGCFpQxnkiRkk3paQPZ/H7ZdI+rzq1av2mVmlc5s0UyRE5JmfEIRekQa5Jk7QIJ4o8kWfyYs2tV+vNev8ZLVj5ziH5A+vjG2FNlWg=</latexit>

• p0

<latexit sha1_base64="1iNvAZtj0e8hFz6F6xPPkLGTZ3Y=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESGoIhtFImUEDWWQyEMkVnS+bMIp5/Ppbo0URclX0EJFh2j5Fwr+Bdu4gISpRjO72tkJtBQWXffTWVldW9/YLGwVt3d29/ZLB4ctG8WGQ5NHMjKdgFmQQkETBUroaAMsDCS0g/F16rcfwVgRqTucaPBDNlJiKDjDRLrvBbGUgHN91i+V3YqbgS4TLydlkqPRL331BhGPQ1DIJbO267ka/SkzKLiEWbEXW9CMj9kIuglVLATrT7PEM3oaW4YR1WCokDQT4ffGlIXWTsIgmQwZPthFLxX/87oxDmv+VCgdIyieHkIhITtkuRFJFUAHwgAiS5MDFYpyZhgiGEEZ54kYJ90Ukz68xe+XSeui4lUrtdtquX6VN1Mgx+SEnBOPXJI6uSEN0iScKPJEnsmLM3denTfn/Wd0xcl3jsgfOB/fX72VZw==</latexit>

µ

<latexit sha1_base64="gpFieHjQi2NJctbUXT28uefIc70=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGQUKkxIrOl0045c627vZAkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQIoQOCpTQizUwFUi4C6aXmX/3ANqIKLzFWQy+YpNQjAVnmEo3A2WH1Zpbd3PQZeIVpEYKtIfVr8Eo4lZBiFwyY/qeG6OfMI2CS5hXBtZAzPiUTaCf0pApMH6SR53TE2sYRjQGTYWkuQi/NxKmjJmpIJ1UDO/NopeJ/3l9i+Omn4gwtgghzw6hkJAfMlyLtAOgI6EBkWXJgYqQcqYZImhBGeepaNNSKmkf3uL3y6R7Vvca9eZ1o9a6KJopkyNyTE6JR85Ji1yRNukQTibkiTyTF+fReXXenPef0ZJT7BySP3A+vgEJ1JJm</latexit>

µ

<latexit sha1_base64="gpFieHjQi2NJctbUXT28uefIc70=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGQUKkxIrOl0045c627vZAkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQIoQOCpTQizUwFUi4C6aXmX/3ANqIKLzFWQy+YpNQjAVnmEo3A2WH1Zpbd3PQZeIVpEYKtIfVr8Eo4lZBiFwyY/qeG6OfMI2CS5hXBtZAzPiUTaCf0pApMH6SR53TE2sYRjQGTYWkuQi/NxKmjJmpIJ1UDO/NopeJ/3l9i+Omn4gwtgghzw6hkJAfMlyLtAOgI6EBkWXJgYqQcqYZImhBGeepaNNSKmkf3uL3y6R7Vvca9eZ1o9a6KJopkyNyTE6JR85Ji1yRNukQTibkiTyTF+fReXXenPef0ZJT7BySP3A+vgEJ1JJm</latexit>
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<latexit sha1_base64="hUflIMxvswIbYuSm7AxrD7zzq9k="></latexit>
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<latexit sha1_base64="ZFDanafj5wy33zRGm+DOXQrSEog="></latexit>
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1
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=

;

<latexit sha1_base64="Y6PHf4a4kwPa2MfRyxR+oPqFHcQ="></latexit>



2828

Strong bisimilarity is an equivalence relation

proof.
reflexive Id ✓ '

<latexit sha1_base64="JArhxPhGI9ya43S+4hGg0SlDQ1c=">AAACEHicbVC7TsNAEDzzDOFloITiRIREFdkoEikjaKALEnlIsRWdL5twyvmRuzVSZKXhE/gKWqjoEC1/QMG/YBsXkDDVaGZXOzteJIVGy/o0lpZXVtfWSxvlza3tnV1zb7+tw1hxaPFQhqrrMQ1SBNBCgRK6kQLmexI63vgy8zv3oLQIg1ucRuD6bBSIoeAMU6lvHjk+wzuByfVg5ujY04AwcaijhQ+TvlmxqlYOukjsglRIgWbf/HIGIY99CJBLpnXPtiJ0E6ZQcAmzshNriBgfsxH0UhowH7Sb5F/M6EmsGYY0AkWFpLkIvzcS5ms99b10Msus571M/M/rxTisu4kIohgh4NkhFBLyQ5orkdYDdCAUILIsOVARUM4UQwQlKOM8FeO0r3Lahz3//SJpn1XtWrV+U6s0LopmSuSQHJNTYpNz0iBXpElahJMH8kSeyYvxaLwab8b7z+iSUewckD8wPr4BYHqdmg==</latexit>

symmetric assume p ' q

<latexit sha1_base64="H0pZRpzMmzp6e9c5L9w2w0QDvRQ=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccmdf7tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1hb39jcKm6Xdnb39g/Kh0dtG8WGQ4tHMjLdgFmQIoQWCpTQ1QaYCiR0gsl16ncewVgRhXc40+ArNg7FSHCGiXSv+1YomNLpoFxxq24Gukq8nFRIjuag/NUfRjxWECKXzNqe52r058yg4BIWpX5sQTM+YWPoJTRkCqw/zwIv6FlsGUZUg6FC0kyE3xtzpqydqSCZVAwf7LKXiv95vRhHdX8uQh0jhDw9hEJCdshyI5ImgA6FAUSWJgcqQsqZYYhgBGWcJ2KcVFNK+vCWv18l7YuqV6vWb2uVxlXeTJGckFNyTjxySRrkhjRJi3CiyBN5Ji/Ownl13pz3n9GCk+8ckz9wPr4BdAWU4A==</latexit>

we want to prove q ' p

<latexit sha1_base64="pqwhSkI22AivC/PWal806SN+4z0=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccmdf7tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1hb39jcKm6Xdnb39g/Kh0dtG8WGQ4tHMjLdgFmQIoQWCpTQ1QaYCiR0gsl16ncewVgRhXc40+ArNg7FSHCGiXQ/7VuhYEr1oFxxq24Gukq8nFRIjuag/NUfRjxWECKXzNqe52r058yg4BIWpX5sQTM+YWPoJTRkCqw/zwIv6FlsGUZUg6FC0kyE3xtzpqydqSCZVAwf7LKXiv95vRhHdX8uQh0jhDw9hEJCdshyI5ImgA6FAUSWJgcqQsqZYYhgBGWcJ2KcVFNK+vCWv18l7YuqV6vWb2uVxlXeTJGckFNyTjxySRrkhjRJi3CiyBN5Ji/Ownl13pz3n9GCk+8ckz9wPr4BdA2U4A==</latexit>

means there is a s.b.p ' q

<latexit sha1_base64="H0pZRpzMmzp6e9c5L9w2w0QDvRQ=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccmdf7tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1hb39jcKm6Xdnb39g/Kh0dtG8WGQ4tHMjLdgFmQIoQWCpTQ1QaYCiR0gsl16ncewVgRhXc40+ArNg7FSHCGiXSv+1YomNLpoFxxq24Gukq8nFRIjuag/NUfRjxWECKXzNqe52r058yg4BIWpX5sQTM+YWPoJTRkCqw/zwIv6FlsGUZUg6FC0kyE3xtzpqydqSCZVAwf7LKXiv95vRhHdX8uQh0jhDw9hEJCdshyI5ImgA6FAUSWJgcqQsqZYYhgBGWcJ2KcVFNK+vCWv18l7YuqV6vWb2uVxlXeTJGckFNyTjxySRrkhjRJi3CiyBN5Ji/Ownl13pz3n9GCk+8ckz9wPr4BdAWU4A==</latexit>

R

<latexit sha1_base64="LtVI7tgsfQIbH8DiNbKOWVypZOM=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGREqijSUa+YhAyN4y4Ia9vcvunAm54K+w1crO2PpfLPwv3iGFgq96eW8m8+b5kZKWXPfTya2srq1v5DcLW9s7u3vF/YOmDWMjsCFCFZq2zy0qqbFBkhS2I4M88BW2/PFl5rce0FgZ6luaRNgL+EjLoRScUumuG3C694fJzbRfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLPGUncSWU8giNEwqNhPx90bCA2sngZ9OZgntopeJ/3mdmIbVXiJ1FBNqkR0iqXB2yAoj0yqQDaRBIp4lRyY1E9xwIjSScSFSMU67KaR9eIvfL5PmWdmrlKvXlVLtYt5MHo7gGE7Bg3OowRXUoQECNDzBM7w4j86r8+a8/4zmnPnOIfyB8/ENj5yVhg==</latexit>

with (p, q) 2 R

<latexit sha1_base64="SmwV5uOuKoX+DTtAPagoL8qGP60=">AAACBnicbVC7TsNAEDzzDOEVQklzIkIKEopsFImUETSUAZGHFEfR+bIJp5zP5m6NiKz0fAUtVHSIlt+g4F+wgwtImGo0s6udHS+UwqBtf1pLyyura+u5jfzm1vbObmGv2DJBpDk0eSAD3fGYASkUNFGghE6ogfmehLY3vkj99j1oIwJ1g5MQej4bKTEUnGEi9QvFcnhyd+wK5foMb71hfD3tF0p2xZ6BLhInIyWSodEvfLmDgEc+KOSSGdN17BB7MdMouIRp3o0MhIyP2Qi6CVXMB9OLZ9mn9CgyDAMagqZC0pkIvzdi5hsz8b1kMk1o5r1U/M/rRjis9WKhwghB8fQQCgmzQ4ZrkZQCdCA0ILI0OVChKGeaIYIWlHGeiFHSUj7pw5n/fpG0TitOtVK7qpbq51kzOXJADkmZOOSM1MklaZAm4eSBPJFn8mI9Wq/Wm/X+M7pkZTv75A+sj29TOpiY</latexit>

then (q, p) 2 R�1

<latexit sha1_base64="6Hz7bL70jM7PyMHDCj+vCG7TpYI=">AAACC3icbVC7TgJBFJ3FF+ILtbCwmUhMMFGya0ikJNpYopFHAkhmhwtOmJ1dZ+6akM1+gl9hq5WdsfUjLPwXd5FCwVOdnHNv7rnHDaQwaNufVmZhcWl5JbuaW1vf2NzKb+80jB9qDnXuS1+3XGZACgV1FCihFWhgniuh6Y4uUr/5ANoIX93gOICux4ZKDARnmEi9/F7x/jg46gjV8RjeuYPoOr6NTpy4ly/YJXsCOk+cKSmQKWq9/Fen7/PQA4VcMmPajh1gN2IaBZcQ5zqhgYDxERtCO6GKeWC60eSBmB6GhqFPA9BUSDoR4fdGxDxjxp6bTKYxzayXiv957RAHlW4kVBAiKJ4eQiFhcshwLZJmgPaFBkSWJgcqFOVMM0TQgjLOEzFMqsolfTiz38+TxmnJKZcqV+VC9XzaTJbskwNSJA45I1VySWqkTjiJyRN5Ji/Wo/VqvVnvP6MZa7qzS/7A+vgG2bqafg==</latexit>

and is a s.b.R�1

<latexit sha1_base64="8wldyCVNwdfJadBFA8nL4YmjHv8=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRINEQ2ikTKCBrKgMhDSkx0vmzCKeeH7tZIkeWSr6CFig7R8iEU/Au2cQEJU41mdrWz44ZSaLSsT6O0srq2vlHerGxt7+xWzb39rg4ixaHDAxmovss0SOFDBwVK6IcKmOdK6Lmzy8zvPYDSIvBvcR6C47GpLyaCM0ylkVkdegzv3Ul8k9zFp3YyMmtW3cpBl4ldkBop0B6ZX8NxwCMPfOSSaT2wrRCdmCkUXEJSGUYaQsZnbAqDlPrMA+3EefCEHkeaYUBDUFRImovweyNmntZzz00ns5h60cvE/7xBhJOmEws/jBB8nh1CISE/pLkSaSNAx0IBIsuSAxU+5UwxRFCCMs5TMUorqqR92IvfL5PuWd1u1JvXjVrromimTA7JETkhNjknLXJF2qRDOInIE3kmL8aj8Wq8Ge8/oyWj2Dkgf2B8fAOBc5ed</latexit>

thus (q, p) 2 R�1 ✓ '

<latexit sha1_base64="bDGjZhxWVHGr6zJXy9EHZjYX/zA=">AAACHHicbVDLTgJBEJzFF+IL9ehlIjHBRMmuIZEj0YtHNPJIWCSzQ4MTZ2eXmV4TsuEX/AS/wquevBmvJh78F3eRg4J1qlR1p6vLC6UwaNufVmZhcWl5JbuaW1vf2NzKb+80TBBpDnUeyEC3PGZACgV1FCihFWpgvieh6d2dp37zHrQRgbrGUQgdnw2U6AvOMJG6+WJxeBQeukK5PsNbrx9fjW/iY2fsmsgzgDB0qWuED8NuvmCX7AnoPHGmpECmqHXzX24v4JEPCrlkxrQdO8ROzDQKLmGccyMDIeN3bADthCrmg+nEk4/G9CAyDAMagqZC0okIvzdi5hsz8r1kMs1tZr1U/M9rR9ivdGKhwghB8fQQCgmTQ4ZrkVQFtCc0ILI0OVChKGeaIYIWlHGeiFHSXS7pw5n9fp40TkpOuVS5LBeqZ9NmsmSP7JMiccgpqZILUiN1wskDeSLP5MV6tF6tN+v9ZzRjTXd2yR9YH9+c36Hn</latexit>

i.e. q ' p

<latexit sha1_base64="pqwhSkI22AivC/PWal806SN+4z0=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccmdf7tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1hb39jcKm6Xdnb39g/Kh0dtG8WGQ4tHMjLdgFmQIoQWCpTQ1QaYCiR0gsl16ncewVgRhXc40+ArNg7FSHCGiXQ/7VuhYEr1oFxxq24Gukq8nFRIjuag/NUfRjxWECKXzNqe52r058yg4BIWpX5sQTM+YWPoJTRkCqw/zwIv6FlsGUZUg6FC0kyE3xtzpqydqSCZVAwf7LKXiv95vRhHdX8uQh0jhDw9hEJCdshyI5ImgA6FAUSWJgcqQsqZYYhgBGWcJ2KcVFNK+vCWv18l7YuqV6vWb2uVxlXeTJGckFNyTjxySRrkhjRJi3CiyBN5Ji/Ownl13pz3n9GCk+8ckz9wPr4BdA2U4A==</latexit>

transitive assume p ' q

<latexit sha1_base64="H0pZRpzMmzp6e9c5L9w2w0QDvRQ=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccmdf7tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1hb39jcKm6Xdnb39g/Kh0dtG8WGQ4tHMjLdgFmQIoQWCpTQ1QaYCiR0gsl16ncewVgRhXc40+ArNg7FSHCGiXSv+1YomNLpoFxxq24Gukq8nFRIjuag/NUfRjxWECKXzNqe52r058yg4BIWpX5sQTM+YWPoJTRkCqw/zwIv6FlsGUZUg6FC0kyE3xtzpqydqSCZVAwf7LKXiv95vRhHdX8uQh0jhDw9hEJCdshyI5ImgA6FAUSWJgcqQsqZYYhgBGWcJ2KcVFNK+vCWv18l7YuqV6vWb2uVxlXeTJGckFNyTjxySRrkhjRJi3CiyBN5Ji/Ownl13pz3n9GCk+8ckz9wPr4BdAWU4A==</latexit>

we want to proveq ' r

<latexit sha1_base64="U5CMVFmb/D9OmGX7r55nrszj/w0=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccnd27tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTRFJYdN1Pp7C2vrG5Vdwu7ezu7R+UD4/aNowNhxYPZWi6AbMghYYWCpTQjQwwFUjoBJPr1O88grEi1Hc4i8BXbKzFSHCGiXQ/7VuhYErNoFxxq24Gukq8nFRIjuag/NUfhjxWoJFLZm3PcyP058yg4BIWpX5sIWJ8wsbQS6hmCqw/zwIv6FlsGYY0AkOFpJkIvzfmTFk7U0EyqRg+2GUvFf/zejGO6v5c6ChG0Dw9hEJCdshyI5ImgA6FAUSWJgcqNOXMMEQwgjLOEzFOqiklfXjL36+S9kXVq1Xrt7VK4ypvpkhOyCk5Jx65JA1yQ5qkRThR5Ik8kxdn4bw6b877z2jByXeOyR84H993K5Ti</latexit>

p ' r

<latexit sha1_base64="fY3GCJDXY8oE0iGUw1FItZsvNr0=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiSSgxIrOl0045c4+7tZIkZWvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK3AbMgRQgdFCjhVhtgKpDQC6aXmd97BGNFFN7gTIOv2CQUY8EZptKdHlih4IGaYbXm1t0cdJl4BamRAu1h9WswinisIEQumbV9z9XoJ8yg4BLmlUFsQTM+ZRPopzRkCqyf5IHn9CS2DCOqwVAhaS7C742EKWtnKkgnFcN7u+hl4n9eP8Zx009EqGOEkGeHUEjID1luRNoE0JEwgMiy5EBFSDkzDBGMoIzzVIzTaippH97i98uke1b3GvXmdaPWuiiaKZMjckxOiUfOSYtckTbpEE4UeSLP5MWZO6/Om/P+M1pyip1D8gfOxzd1lJTh</latexit>

means there is a s.b.p ' q

<latexit sha1_base64="H0pZRpzMmzp6e9c5L9w2w0QDvRQ=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccmdf7tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1hb39jcKm6Xdnb39g/Kh0dtG8WGQ4tHMjLdgFmQIoQWCpTQ1QaYCiR0gsl16ncewVgRhXc40+ArNg7FSHCGiXSv+1YomNLpoFxxq24Gukq8nFRIjuag/NUfRjxWECKXzNqe52r058yg4BIWpX5sQTM+YWPoJTRkCqw/zwIv6FlsGUZUg6FC0kyE3xtzpqydqSCZVAwf7LKXiv95vRhHdX8uQh0jhDw9hEJCdshyI5ImgA6FAUSWJgcqQsqZYYhgBGWcJ2KcVFNK+vCWv18l7YuqV6vWb2uVxlXeTJGckFNyTjxySRrkhjRJi3CiyBN5Ji/Ownl13pz3n9GCk+8ckz9wPr4BdAWU4A==</latexit>

withR1

<latexit sha1_base64="OkUTfBwBycHjHx1zldRdnmBS7Dc=">AAAB/nicbVBNS8NAFNzUr1q/qh69LBbBU0mkYI9FLx6r2FpoStlsX+vSzWbZfRFKKPgrvOrJm3j1r3jwv5jEHLR1TsPMe7x5E2gpLLrup1NaWV1b3yhvVra2d3b3qvsHXRvFhkOHRzIyvYBZkEJBBwVK6GkDLAwk3AXTy8y/ewBjRaRucaZhELKJEmPBGaaS74cM74NxcjMfesNqza27Oegy8QpSIwXaw+qXP4p4HIJCLpm1fc/VOEiYQcElzCt+bEEzPmUT6KdUsRDsIMkzz+lJbBlGVIOhQtJchN8bCQutnYVBOplltIteJv7n9WMcNweJUDpGUDw7hEJCfshyI9IygI6EAUSWJQcqFOXMMEQwgjLOUzFO26mkfXiL3y+T7lnda9Sb141a66JopkyOyDE5JR45Jy1yRdqkQzjR5Ik8kxfn0Xl13pz3n9GSU+wckj9wPr4Bwq6WKg==</latexit>

(p, q) 2 R1

<latexit sha1_base64="ggQxsqKeKgmodOTD3rL/af9Gfq0=">AAACCHicbVC7TsNAEDyHVwiv8OhoTkRIQUKRjSKRMoKGMiDykGIrOl824cT5bO7WSMHKD/AVtFDRIVr+goJ/wQ4pIGGq0cyudnb8SAqDtv1p5RYWl5ZX8quFtfWNza3i9k7LhLHm0OShDHXHZwakUNBEgRI6kQYW+BLa/u155rfvQRsRqmscReAFbKjEQHCGqdQr7pWj47sjVyg3YHjjD5Krcc/pFUt2xZ6AzhNnSkpkikav+OX2Qx4HoJBLZkzXsSP0EqZRcAnjghsbiBi/ZUPoplSxAIyXTNKP6WFsGIY0Ak2FpBMRfm8kLDBmFPjpZJbRzHqZ+J/XjXFQ8xKhohhB8ewQCgmTQ4ZrkdYCtC80ILIsOVChKGeaIYIWlHGeinHaUyHtw5n9fp60TipOtVK7rJbqZ9Nm8mSfHJAyccgpqZML0iBNwskDeSLP5MV6tF6tN+v9ZzRnTXd2yR9YH9+LzJk8</latexit>

means there is a s.b. withq ' r

<latexit sha1_base64="U5CMVFmb/D9OmGX7r55nrszj/w0=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccnd27tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTRFJYdN1Pp7C2vrG5Vdwu7ezu7R+UD4/aNowNhxYPZWi6AbMghYYWCpTQjQwwFUjoBJPr1O88grEi1Hc4i8BXbKzFSHCGiXQ/7VuhYErNoFxxq24Gukq8nFRIjuag/NUfhjxWoJFLZm3PcyP058yg4BIWpX5sIWJ8wsbQS6hmCqw/zwIv6FlsGYY0AkOFpJkIvzfmTFk7U0EyqRg+2GUvFf/zejGO6v5c6ChG0Dw9hEJCdshyI5ImgA6FAUSWJgcqNOXMMEQwgjLOEzFOqiklfXjL36+S9kXVq1Xrt7VK4ypvpkhOyCk5Jx65JA1yQ5qkRThR5Ik8kxdn4bw6b877z2jByXeOyR84H993K5Ti</latexit>

R2

<latexit sha1_base64="vHrF42+GBlgaiSZ5RAuJofnCxlY=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrKjSKSMoKEMiDyk2IrOl0045Wyf7tZIkRWJr6CFig7R8isU/Au2cQEJU41mdrWz4yspDNr2p1VaW9/Y3CpvV3Z29/YPqodHPRPFmkOXRzLSA58ZkCKELgqUMFAaWOBL6Puzq8zvP4A2IgrvcK7AC9g0FBPBGaaS6wYM7/1JcrsYNUbVml23c9BV4hSkRgp0RtUvdxzxOIAQuWTGDB1boZcwjYJLWFTc2IBifMamMExpyAIwXpJnXtCz2DCMqAJNhaS5CL83EhYYMw/8dDLLaJa9TPzPG8Y4aXmJCFWMEPLsEAoJ+SHDtUjLADoWGhBZlhyoCClnmiGCFpRxnopx2k4l7cNZ/n6V9Bp1p1lv3TRr7cuimTI5IafknDjkgrTJNemQLuFEkSfyTF6sR+vVerPef0ZLVrFzTP7A+vgGxD2WKw==</latexit>

(q, r) 2 R2

<latexit sha1_base64="ytaahE8LsZUh7iWYzg8KbZiyJ9E=">AAACCHicbVDLTgJBEJzFF+Jrfdy8TCQmmBiyS0jkSPTiEY08EiBkdmhwwuzsOtNrght+wK/wqidvxqt/4cF/cRc5KFinSlV3urq8UAqDjvNpZZaWV1bXsuu5jc2t7R17d69hgkhzqPNABrrlMQNSKKijQAmtUAPzPQlNb3SR+s170EYE6gbHIXR9NlRiIDjDROrZB4W7U33SEarjM7z1BvH1pFfq2Xmn6ExBF4k7I3kyQ61nf3X6AY98UMglM6btOiF2Y6ZRcAmTXCcyEDI+YkNoJ1QxH0w3nqaf0OPIMAxoCJoKSaci/N6ImW/M2PeSyTSjmfdS8T+vHeGg0o2FCiMExdNDKCRMDxmuRVIL0L7QgMjS5ECFopxphghaUMZ5IkZJT7mkD3f++0XSKBXdcrFyVc5Xz2fNZMkhOSIF4pIzUiWXpEbqhJMH8kSeyYv1aL1ab9b7z2jGmu3skz+wPr4BkJuZPw==</latexit>

then and is a s.b.(p, r) 2 R2 �R1

<latexit sha1_base64="EFyFMOJn10r7mw1D2CXytigoKG8=">AAACGXicbVC7TgJBFJ3FF+ILtbSZSEgwMWSXkEhJtLFEI4+EJWR2uOCE2dnNzF0TsuEL/AS/wlYrO2NrZeG/uIsUCJ7q5Jx7c889XiiFQdv+sjJr6xubW9nt3M7u3v5B/vCoZYJIc2jyQAa64zEDUihookAJnVAD8z0JbW98lfrtB9BGBOoOJyH0fDZSYig4w0Tq54ul8FyfuUK5PsN7bxjfTvsVlwvNFwSnny/YZXsGukqcOSmQORr9/Lc7CHjkg0IumTFdxw6xFzONgkuY5tzIQMj4mI2gm1DFfDC9ePbOlBYjwzCgIWgqJJ2JsLgRM9+Yie8lk2lGs+yl4n9eN8JhrRcLFUYIiqeHUEiYHTJci6QnoAOhAZGlyYEKRTnTDBG0oIzzRIyS4nJJH87y96ukVSk71XLtplqoX86byZITckpKxCEXpE6uSYM0CSeP5Jm8kFfryXqz3q2P39GMNd85Jn9gff4AFbugjQ==</latexit>

R2 �R1

<latexit sha1_base64="ZdM6LPTuJ734tqKlAVFDDQjZbS4=">AAACEXicbVDLSsNAFJ3UV62vqksRBovgqiSlYJdFNy6r2Ac0IUymt3Xo5MHMjVBCV36CX+FWV+7ErV/gwn8xiVlo61kdzrmXe+7xIik0muanUVpZXVvfKG9WtrZ3dveq+wc9HcaKQ5eHMlQDj2mQIoAuCpQwiBQw35PQ96aXmd+/B6VFGNziLALHZ5NAjAVnmEpu9dj2Gd554+Rm7jZsLhT/JVhutWbWzRx0mVgFqZECHbf6ZY9CHvsQIJdM66FlRugkTKHgEuYVO9YQMT5lEximNGA+aCfJ35jT01gzDGkEigpJcxF+byTM13rme+lkllEvepn4nzeMcdxyEhFEMULAs0MoJOSHNFci7QfoSChAZFlyoCKgnCmGCEpQxnkqxmlhlbQPa/H7ZdJr1K1mvXXdrLUvimbK5IickDNikXPSJlekQ7qEkwfyRJ7Ji/FovBpvxvvPaMkodg7JHxgf35bpnas=</latexit>

thus i.e. p ' r

<latexit sha1_base64="fY3GCJDXY8oE0iGUw1FItZsvNr0=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiSSgxIrOl0045c4+7tZIkZWvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK3AbMgRQgdFCjhVhtgKpDQC6aXmd97BGNFFN7gTIOv2CQUY8EZptKdHlih4IGaYbXm1t0cdJl4BamRAu1h9WswinisIEQumbV9z9XoJ8yg4BLmlUFsQTM+ZRPopzRkCqyf5IHn9CS2DCOqwVAhaS7C742EKWtnKkgnFcN7u+hl4n9eP8Zx009EqGOEkGeHUEjID1luRNoE0JEwgMiy5EBFSDkzDBGMoIzzVIzTaippH97i98uke1b3GvXmdaPWuiiaKZMjckxOiUfOSYtckTbpEE4UeSLP5MWZO6/Om/P+M1pyip1D8gfOxzd1lJTh</latexit>

(p, r) 2 R2 �R1 ✓ '

<latexit sha1_base64="faHCNyhrAGJRqzl6FdEfviYmUt8=">AAACKnicbVDLSsRAEJz4dn2tevQyuAgKsiTLoh4XvXhUcVXYhDAZe7VxMokzHWEJ+yd+gl/hVU/eRLz5ISZxD77qVFR109UVpQotue6rMzY+MTk1PTNbm5tfWFyqL6+c2SQzEroyUYm5iIQFhRq6hKTgIjUg4kjBeXRzUPrnd2AsJvqUBikEsbjS2EcpqJDC+s5mum22fNR+LOg66ucnw7DlSzTym+D5NossENz63LcYw21Yb7hNtwL/S7wRabARjsL6u3+ZyCwGTVIJa3uem1KQC0MoFQxrfmYhFfJGXEGvoFrEYIO8+m/INzIrKOEpGI6KVyJ838hFbO0gjorJMrT97ZXif14vo/5ekKNOMwIty0OECqpDVhosigN+iQaIRJkcOGouhRFEYJALKQsxK5qsFX14v7//S85aTa/d3DtuNzr7o2Zm2BpbZ5vMY7usww7ZEesyye7ZI3tiz86D8+K8Om9fo2POaGeV/YDz8Qk4b6f2</latexit>

TH.



2929

Strong bisimilarity is a strong bisimulation

proof.
take p ' q

<latexit sha1_base64="H0pZRpzMmzp6e9c5L9w2w0QDvRQ=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccmdf7tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1hb39jcKm6Xdnb39g/Kh0dtG8WGQ4tHMjLdgFmQIoQWCpTQ1QaYCiR0gsl16ncewVgRhXc40+ArNg7FSHCGiXSv+1YomNLpoFxxq24Gukq8nFRIjuag/NUfRjxWECKXzNqe52r058yg4BIWpX5sQTM+YWPoJTRkCqw/zwIv6FlsGUZUg6FC0kyE3xtzpqydqSCZVAwf7LKXiv95vRhHdX8uQh0jhDw9hEJCdshyI5ImgA6FAUSWJgcqQsqZYYhgBGWcJ2KcVFNK+vCWv18l7YuqV6vWb2uVxlXeTJGckFNyTjxySRrkhjRJi3CiyBN5Ji/Ownl13pz3n9GCk+8ckz9wPr4BdAWU4A==</latexit>

take p
µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

we want to find q
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

with

take we want to find withq
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

p
µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

follows from previous case (strong bisimilarity is symmetric)

p0 ' q0

<latexit sha1_base64="owHWRz2cxwEpgOze3+hCIh48v64=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiFKrJRJKCLoKEMEnlIiRWdL5twytm+3K2RIiviK2ihokO0fAsF/4JtXEDCVKOZXe3seEoKg7b9aRVWVtfWN4qbpa3tnd298v5B24SR5tDioQx112MGpAighQIldJUG5nsSOt7kOvU7D6CNCIM7nClwfTYOxEhwhonUU9W+ET5M6bQ6KFfsmp2BLhMnJxWSozkof/WHIY98CJBLZkzPsRW6MdMouIR5qR8ZUIxP2Bh6CQ2YD8aNs8hzehIZhiFVoKmQNBPh90bMfGNmvpdM+gzvzaKXiv95vQhHF24sAhUhBDw9hEJCdshwLZIugA6FBkSWJgcqAsqZZoigBWWcJ2KUlFNK+nAWv18m7bOaU69d3tYrjau8mSI5IsfklDjknDTIDWmSFuEkJE/kmbxYj9ar9Wa9/4wWrHznkPyB9fENPUOVQw==</latexit>

p0 ' q0

<latexit sha1_base64="owHWRz2cxwEpgOze3+hCIh48v64=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiFKrJRJKCLoKEMEnlIiRWdL5twytm+3K2RIiviK2ihokO0fAsF/4JtXEDCVKOZXe3seEoKg7b9aRVWVtfWN4qbpa3tnd298v5B24SR5tDioQx112MGpAighQIldJUG5nsSOt7kOvU7D6CNCIM7nClwfTYOxEhwhonUU9W+ET5M6bQ6KFfsmp2BLhMnJxWSozkof/WHIY98CJBLZkzPsRW6MdMouIR5qR8ZUIxP2Bh6CQ2YD8aNs8hzehIZhiFVoKmQNBPh90bMfGNmvpdM+gzvzaKXiv95vQhHF24sAhUhBDw9hEJCdshwLZIugA6FBkSWJgcqAsqZZoigBWWcJ2KUlFNK+nAWv18m7bOaU69d3tYrjau8mSI5IsfklDjknDTIDWmSFuEkJE/kmbxYj9ar9Wa9/4wWrHznkPyB9fENPUOVQw==</latexit>

means there is a s.b.p ' q

<latexit sha1_base64="H0pZRpzMmzp6e9c5L9w2w0QDvRQ=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTxQYkXnyyaccmdf7tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1hb39jcKm6Xdnb39g/Kh0dtG8WGQ4tHMjLdgFmQIoQWCpTQ1QaYCiR0gsl16ncewVgRhXc40+ArNg7FSHCGiXSv+1YomNLpoFxxq24Gukq8nFRIjuag/NUfRjxWECKXzNqe52r058yg4BIWpX5sQTM+YWPoJTRkCqw/zwIv6FlsGUZUg6FC0kyE3xtzpqydqSCZVAwf7LKXiv95vRhHdX8uQh0jhDw9hEJCdshyI5ImgA6FAUSWJgcqQsqZYYhgBGWcJ2KcVFNK+vCWv18l7YuqV6vWb2uVxlXeTJGckFNyTjxySRrkhjRJi3CiyBN5Ji/Ownl13pz3n9GCk+8ckz9wPr4BdAWU4A==</latexit>

withR

<latexit sha1_base64="nxGf00W53o3U7mLzh58QuhSrFUs=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIneGRO2INpZo5CMCIXPLgBv29i67cybkgr/CVis7Y+t/sfC/eIcUCr7q5b2ZzJvnR0pact1PJ7e0vLK6ll8vbGxube8Ud/caNoyNwLoIVWhaPlhUUmOdJClsRQYh8BU2/dFl5jcf0FgZ6lsaR9gNYKjlQAqgVLrrBED3/iC5mfSKJbfsTsEXiTcjJTZDrVf86vRDEQeoSSiwtu25EXUTMCSFwkmhE1uMQIxgiO2UagjQdpNp4gk/ii1QyCM0XCo+FfH3RgKBtePATyezhHbey8T/vHZMg7NuInUUE2qRHSKpcHrICiPTKpD3pUEiyJIjl5oLMECERnIQIhXjtJtC2oc3//0iaZyUvUr5/LpSql7MmsmzA3bIjpnHTlmVXbEaqzPBNHtiz+zFeXRenTfn/Wc058x29tkfOB/fj+6Vhw==</latexit>

(p, q) 2 R

<latexit sha1_base64="8njQhaog5hO0ILIjupeQBuyttys=">AAACBnicbVC7TsNAEDyHVwivEEqaExFSkFBko0hAF0FDGRB5SHEUnS+bcMr5bO7WiMhKz1fQQkWHaPkNCv4F26SAwFSjmV3t7HihFAZt+8PKLSwuLa/kVwtr6xubW8XtUssEkebQ5IEMdMdjBqRQ0ESBEjqhBuZ7Etre+Dz123egjQjUNU5C6PlspMRQcIaJ1C+WKuHh7YErlOszvPGG8dW0XyzbVTsD/UucGSmTGRr94qc7CHjkg0IumTFdxw6xFzONgkuYFtzIQMj4mI2gm1DFfDC9OMs+pfuRYRjQEDQVkmYi/NyImW/MxPeSyTShmfdS8T+vG+HwpBcLFUYIiqeHUEjIDhmuRVIK0IHQgMjS5ECFopxphghaUMZ5IkZJS4WkD2f++7+kdVR1atXTy1q5fjZrJk92yR6pEIcckzq5IA3SJJzck0fyRJ6tB+vFerXevkdz1mxnh/yC9f4FU4yYmQ==</latexit>

since      is a strong bisimulation and R

<latexit sha1_base64="LtVI7tgsfQIbH8DiNbKOWVypZOM=">AAAB/HicbVA9TwJBEJ3DL8Qv1NJmIzGxIneGREqijSUa+YhAyN4y4Ia9vcvunAm54K+w1crO2PpfLPwv3iGFgq96eW8m8+b5kZKWXPfTya2srq1v5DcLW9s7u3vF/YOmDWMjsCFCFZq2zy0qqbFBkhS2I4M88BW2/PFl5rce0FgZ6luaRNgL+EjLoRScUumuG3C694fJzbRfLLlldwa2TLw5KcEc9X7xqzsIRRygJqG4tR3PjaiXcENSKJwWurHFiIsxH2EnpZoHaHvJLPGUncSWU8giNEwqNhPx90bCA2sngZ9OZgntopeJ/3mdmIbVXiJ1FBNqkR0iqXB2yAoj0yqQDaRBIp4lRyY1E9xwIjSScSFSMU67KaR9eIvfL5PmWdmrlKvXlVLtYt5MHo7gGE7Bg3OowRXUoQECNDzBM7w4j86r8+a8/4zmnPnOIfyB8/ENj5yVhg==</latexit>

p
µ�! p0

<latexit sha1_base64="NBbljpH8SzX2mN+BZs5S36boLfQ=">AAACCHicbVC7TsNAEDzzDOEVHh3NiQhBFdkoEikRNJRBIhApsaL1ZQknzvbpbs3Lyg/wFbRQ0SFa/oKCf8ExLiBhqtHMrnZ2Aq2kJdf9dKamZ2bn5ksL5cWl5ZXVytr6uY0TI7AlYhWbdgAWlYywRZIUtrVBCAOFF8H18ci/uEFjZRyd0b1GP4RBJC+lAMqkXmVTd++MHFwRGBPfpt0wGerdXqXq1twcfJJ4BamyAs1e5avbj0USYkRCgbUdz9Xkp2BICoXDcjexqEFcwwA7GY0gROunefoh30ksUMw1Gi4Vz0X8vZFCaO19GGSTIdCVHfdG4n9eJ6HLhp/KSCeEkRgdIqkwP2SFkVktyPvSIBGMkiOXERdggAiN5CBEJiZZT+WsD2/8+0lyvl/z6rXGab16eFQ0U2JbbJvtMY8dsEN2wpqsxQR7YE/smb04j86r8+a8/4xOOcXOBvsD5+MbXeOaXQ==</latexit>

we have withq
µ�! q0

<latexit sha1_base64="Z2TMlwB1K7B4nS1S3sSRPhaB/V8=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JHIkevGIiTwSIKR3aGDC7IOZXhU3/IBf4VVP3oxX/8KD/+KCHBSsU6WqO11dbqikIdv+tFJLyyura+n1zMbm1vZOdnevaoJIC6yIQAW67oJBJX2skCSF9VAjeK7Cmju4nPi1W9RGBv4NjUJsedDzZVcKoERqZw+GzXste30CrYO7uOlF4+FJO5uz8/YUfJE4M5JjM5Tb2a9mJxCRhz4JBcY0HDukVgyapFA4zjQjgyGIAfSwkVAfPDSteJp+zI8jAxTwEDWXik9F/L0Rg2fMyHOTSQ+ob+a9ifif14ioW2zF0g8jQl9MDpFUOD1khJZJLcg7UiMRTJIjlz4XoIEIteQgRCJGSU+ZpA9n/vtFUj3LO4V88bqQK13MmkmzQ3bETpnDzlmJXbEyqzDBHtgTe2Yv1qP1ar1Z7z+jKWu2s8/+wPr4BmEVml8=</latexit>

(p0, q0) 2 R

<latexit sha1_base64="nCgV+NoR3Hs3nkrdw69m771Fxzs=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQglSCiyUSSgi6ChDIg8pCSKzpdNOOV8NndrpGDlB/gKWqjoEC1/QcG/YIcUkDDVaGZXOzteKIVBx/m05uYXFpeWMyvZ1bX1jU17a7tmgkhzqPJABrrhMQNSKKiiQAmNUAPzPQl1b3CR+vV70EYE6gaHIbR91leiJzjDROrYu4Uwf3SXP2wJ1fIZ3nq9+HrUsXNO0RmDzhJ3QnJkgkrH/mp1Ax75oJBLZkzTdUJsx0yj4BJG2VZkIGR8wPrQTKhiPph2PE4/ogeRYRjQEDQVko5F+L0RM9+Yoe8lk2lCM+2l4n9eM8LeaTsWKowQFE8PoZAwPmS4FkktQLtCAyJLkwMVinKmGSJoQRnniRglPWWTPtzp72dJ7bjolopnV6Vc+XzSTIbskX1SIC45IWVySSqkSjh5IE/kmbxYj9ar9Wa9/4zOWZOdHfIH1sc3HhWY+w==</latexit>

since               we haveR ✓ '

<latexit sha1_base64="ngpZlNepusJfbpHFbQRnjBzcRhI=">AAACD3icbVC7TsNAEDyHVwgvA2WaExESVWQjJKCLoKEMiDyk2IrOl0045fzI3RopslLwCXwFLVR0iJZPoOBfsI0LSJhqNLOrnR0vkkKjZX0apaXlldW18nplY3Nre8fc3WvrMFYcWjyUoep6TIMUAbRQoIRupID5noSON77M/M49KC3C4BanEbg+GwViKDjDVOqbVcdneOcNk5uZo2NPA8LEoY4WPkz6Zs2qWznoIrELUiMFmn3zyxmEPPYhQC6Z1j3bitBNmELBJcwqTqwhYnzMRtBLacB80G6SPzGjh7FmGNIIFBWS5iL83kiYr/XU99LJLLKe9zLxP68X4/DMTUQQxQgBzw6hkJAf0lyJtB2gA6EAkWXJgYqAcqYYIihBGeepGKd1VdI+7PnvF0n7uG6f1M+vT2qNi6KZMqmSA3JEbHJKGuSKNEmLcPJAnsgzeTEejVfjzXj/GS0Zxc4++QPj4xuBM50h</latexit>

p0 ' q0

<latexit sha1_base64="owHWRz2cxwEpgOze3+hCIh48v64=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiFKrJRJKCLoKEMEnlIiRWdL5twytm+3K2RIiviK2ihokO0fAsF/4JtXEDCVKOZXe3seEoKg7b9aRVWVtfWN4qbpa3tnd298v5B24SR5tDioQx112MGpAighQIldJUG5nsSOt7kOvU7D6CNCIM7nClwfTYOxEhwhonUU9W+ET5M6bQ6KFfsmp2BLhMnJxWSozkof/WHIY98CJBLZkzPsRW6MdMouIR5qR8ZUIxP2Bh6CQ2YD8aNs8hzehIZhiFVoKmQNBPh90bMfGNmvpdM+gzvzaKXiv95vQhHF24sAhUhBDw9hEJCdshwLZIugA6FBkSWJgcqAsqZZoigBWWcJ2KUlFNK+nAWv18m7bOaU69d3tYrjau8mSI5IsfklDjknDTIDWmSFuEkJE/kmbxYj9ar9Wa9/4wWrHznkPyB9fENPUOVQw==</latexit>

TH.
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Strong bisimilarity is the largest strong bisimulation

proof.
strong bisimilarity is a strong bisimulation (previous TH.)

by definition
' ,

[

R s.b.

R

<latexit sha1_base64="XCVxklee9HTlp4K/MwlniVIc2lk="></latexit>

any other strong bisimulation is included in '

<latexit sha1_base64="WEWEHZgdVOvauGr4T0a34SHTue0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnlIiRWdL5tw5O5s7tZIIco/0EJFh2j5Gwr+Bdu4gISpRjO72tkJIiksuu6nU1haXlldK66XNja3tnfKu3stG8aGQ5OHMjSdgFmQQkMTBUroRAaYCiS0g/Fl6rcfwFgR6hucROArNtJiKDjDRGr1rFBw3y9X3KqbgS4SLycVkqPRL3/1BiGPFWjkklnb9dwI/SkzKLiEWakXW4gYH7MRdBOqmQLrT7O0M3oUW4YhjcBQIWkmwu+NKVPWTlSQTCqGt3beS8X/vG6MwzN/KnQUI2ieHkIhITtkuRFJDUAHwgAiS5MDFZpyZhgiGEEZ54kYJ72Ukj68+e8XSeuk6tWq59e1Sv0ib6ZIDsghOSYeOSV1ckUapEk4uSNP5Jm8OI/Oq/PmvP+MFpx8Z5/8gfPxDWwjk8I=</latexit>

Cor.



3131

Recursive definition of strong bisimilarity

proof.

8p, q. p ' q ,

8
<

:

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

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

<latexit sha1_base64="UiTexIA4rXiWpn0f4eIGJK1Pfxs="></latexit>

8
<

:

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

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

<latexit sha1_base64="5GOD/UrdpAIZshPM9CTKx0/5sAw="></latexit>

))

<latexit sha1_base64="FBHsq2YwO8J++3E0IEQDdfFhTxg=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoOgl7ArAfUW9OIxinlANoTeSScZMvtgplcJIeBXeNWTN/Hqr3jwX9yNe9DEOhVV3XR1eZGShmz708otLa+sruXXCxubW9s7xd29hgljLbAuQhXqlgcGlQywTpIUtiKN4HsKm97oKvWb96iNDIM7GkfY8WEQyL4UQInkurdyMCTQOnw46RZLdtmegS8SJyMllqHWLX65vVDEPgYkFBjTdu yIOhPQJIXCacGNDUYgRjDAdkID8NF0JrPMU34UG6CQR6i5VHwm4u+NCfjGjH0vmfSBhmbeS8X/vHZM/fPORAZRTBiI9BBJhbNDRmiZlIG8JzUSQZocuQy4AA1EqCUHIRIxTtopJH04898vksZp2amUL24qpepl1kyeHbBDdswcdsaq7JrVWJ0JFrEn9sxerEfr1Xqz3n9Gc1a2s8/+wPr4Bsu3ljE=</latexit>

follows immediately because      is a strong bisimulation'

<latexit sha1_base64="WEWEHZgdVOvauGr4T0a34SHTue0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnlIiRWdL5tw5O5s7tZIIco/0EJFh2j5Gwr+Bdu4gISpRjO72tkJIiksuu6nU1haXlldK66XNja3tnfKu3stG8aGQ5OHMjSdgFmQQkMTBUroRAaYCiS0g/Fl6rcfwFgR6hucROArNtJiKDjDRGr1rFBw3y9X3KqbgS4SLycVkqPRL3/1BiGPFWjkklnb9dwI/SkzKLiEWakXW4gYH7MRdBOqmQLrT7O0M3oUW4YhjcBQIWkmwu+NKVPWTlSQTCqGt3beS8X/vG6MwzN/KnQUI2ieHkIhITtkuRFJDUAHwgAiS5MDFZpyZhgiGEEZ54kYJ72Ukj68+e8XSeuk6tWq59e1Sv0ib6ZIDsghOSYeOSV1ckUapEk4uSNP5Jm8OI/Oq/PmvP+MFpx8Z5/8gfPxDWwjk8I=</latexit>

()

<latexit sha1_base64="scoJwQ06YqwJWYSqB3jh5lLnANY=">AAAB/XicbVC7TsNAEDyHVwivACXNiQgJmshGkYAugoaCIkjkITlWtL5swinnh+7WoMiK+ApaqOgQLd9Cwb/gBBcQmGo0s6udHT9W0pBtf1iFhcWl5ZXiamltfWNzq7y90zJRogU2RaQi3fHBoJIhNkmSwk6sEQJfYdsfXUz99h1qI6PwhsYxegEMQzmQAiiT3O4VDgi0ju6PeuWKXbVn4H+Jk5MKy9HolT+7/UgkAYYkFBjjOn ZMXgqapFA4KXUTgzGIEQzRzWgIARovnUWe8IPEAEU8Rs2l4jMRf26kEBgzDvxsMgC6NfPeVPzPcxManHqpDOOEMBTTQyQVzg4ZoWXWBfK+1EgE0+TIZcgFaCBCLTkIkYlJVk4p68OZ//4vaR1XnVr17LpWqZ/nzRTZHttnh8xhJ6zOLlmDNZlgEXtkT+zZerBerFfr7Xu0YOU7u+wXrPcv7rWVtA==</latexit>

take p,q s.t.

we want to prove p ' q

<latexit sha1_base64="o+/ycETwroeL9l7OT6YlcTyW5MA=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnmgJIrOl0045c6+3K2RIitfQQsVHaLlYyj4F2zjAhKmGs3samfH11JYdN1Pp7Cyura+UdwsbW3v7O6V9w9aNowMhyYPZWg6PrMgRQBNFCihow0w5Uto+5Pr1G8/grEiDO5wpqGv2DgQI8EZJtK97lmhYEqng3LFrboZ6DLxclIhORqD8ldvGPJIQYBcMmu7nquxHzODgkuYl3qRBc34hI2hm9CAKbD9OAs8pyeRZRhSDYYKSTMRfm/ETFk7U34yqRg+2EUvFf/zuhGOLvqxCHSEEPD0EAoJ2SHLjUiaADoUBhBZmhyoCChnhiGCEZRxnohRUk0p6cNb/H6ZtM6qXq16eVur1K/yZorkiByTU+KRc1InN6RBmoQTRZ7IM3lx5s6r8+a8/4wWnHznkPyB8/ENdFeU4Q==</latexit>

this is done by proving that                              is a s.b.R , {(p, q)} [ '

<latexit sha1_base64="EHU5HzpddpYIrAOrdMuRbQB+uZo="></latexit>

(see next slide)

TH.
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(continue)

is a s.b.R , {(p, q)} [ '

<latexit sha1_base64="EHU5HzpddpYIrAOrdMuRbQB+uZo="></latexit>

take (r, s) 2 R

<latexit sha1_base64="tWeFr6tww461L9uz2z2PLtGaAEg=">AAACBnicbVC7TsNAEDyHVwivEEqaExFSkFBko0hAF0FDGRB5SHEUnS+bcMr5bN2tEZGVnq+ghYoO0fIbFPwLdnABCVONZna1s+OFUhi07U8rt7S8srqWXy9sbG5t7xR3Sy0TRJpDkwcy0B2PGZBCQRMFSuiEGpjvSWh748vUb9+DNiJQtzgJoeezkRJDwRkmUr9Yquhjc+QK5foM77xhfDPtF8t21Z6BLhInI2WSodEvfrmDgEc+KOSSGdN17BB7MdMouIRpwY0MhIyP2Qi6CVXMB9OLZ9mn9DAyDAMagqZC0pkIvzdi5hsz8b1kMk1o5r1U/M/rRjg868VChRGC4ukhFBJmhwzXIikF6EBoQGRpcqBCUc40QwQtKOM8EaOkpULShzP//SJpnVSdWvX8ulauX2TN5Mk+OSAV4pBTUidXpEGahJMH8kSeyYv1aL1ab9b7z2jOynb2yB9YH99aBJid</latexit>

take we want to find with

take we want to find with

r
µ�! r0

<latexit sha1_base64="4/YB12frw9jjcKfOX3Emej9vHFY=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JOqN6MUjJvJIgJDeoYEJs4/M9Kq44Qf8Cq968ma8+hce/BeXlYOCdapUdaeryw2VNGTbn1ZmYXFpeSW7mltb39jcym/v1EwQaYFVEahAN1wwqKSPVZKksBFqBM9VWHeHlxO/fovayMC/oVGIbQ/6vuxJAZRInfyebt1r2R8QaB3cxS0vGuujTr5gF+0UfJ44U1JgU1Q6+a9WNxCRhz4JBcY0HTukdgyapFA4zrUigyGIIfSxmVAfPDTtOE0/5oeRAQp4iJpLxVMRf2/E4Bkz8txk0gMamFlvIv7nNSPqnbVj6YcRoS8mh0gqTA8ZoWVSC/Ku1EgEk+TIpc8FaCBCLTkIkYhR0lMu6cOZ/X6e1E6KTql4fl0qlC+mzWTZPjtgx8xhp6zMrliFVZlgD+yJPbMX69F6td6s95/RjDXd2WV/YH18A2SZmmI=</latexit>

s
µ�! s0

<latexit sha1_base64="ftWaMHoBlpkqs6pyTDymIoL3Wj4=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JOqN6MUjJvJIgJDeoYEJs4/M9Kq44Qf8Cq968ma8+hce/BeXlYOCdapUdaeryw2VNGTbn1ZmYXFpeSW7mltb39jcym/v1EwQaYFVEahAN1wwqKSPVZKksBFqBM9VWHeHlxO/fovayMC/oVGIbQ/6vuxJAZRInfyead1r2R8QaB3cxS0vGpujTr5gF+0UfJ44U1JgU1Q6+a9WNxCRhz4JBcY0HTukdgyapFA4zrUigyGIIfSxmVAfPDTtOE0/5oeRAQp4iJpLxVMRf2/E4Bkz8txk0gMamFlvIv7nNSPqnbVj6YcRoS8mh0gqTA8ZoWVSC/Ku1EgEk+TIpc8FaCBCLTkIkYhR0lMu6cOZ/X6e1E6KTql4fl0qlC+mzWTZPjtgx8xhp6zMrliFVZlgD+yJPbMX69F6td6s95/RjDXd2WV/YH18A2fLmmQ=</latexit>

(r0, s0) 2 R

<latexit sha1_base64="tRf+8VIIYMoM/yWKP5zabtLLAXQ=">AAACCHicbVDLTgJBEJzFF+Jrfdy8TCQGTAzZNSTqjejFIxp5JEDI7NDghNnZzUyvCW74Ab/Cq568Ga/+hQf/xV3koGCdKlXd6eryQikMOs6nlVlYXFpeya7m1tY3Nrfs7Z26CSLNocYDGeimxwxIoaCGAiU0Qw3M9yQ0vOFl6jfuQRsRqFschdDx2UCJvuAME6lr7xV14dgUjtpCtX2Gd14/vhl37bxTciag88SdkjyZotq1v9q9gEc+KOSSGdNynRA7MdMouIRxrh0ZCBkfsgG0EqqYD6YTT9KP6WFkGAY0BE2FpBMRfm/EzDdm5HvJZJrQzHqp+J/XirB/1omFCiMExdNDKCRMDhmuRVIL0J7QgMjS5ECFopxphghaUMZ5IkZJT7mkD3f2+3lSPym55dL5dTlfuZg2kyX75IAUiUtOSYVckSqpEU4eyBN5Ji/Wo/VqvVnvP6MZa7qzS/7A+vgGJJOY/w==</latexit>

s
µ�! s0

<latexit sha1_base64="ftWaMHoBlpkqs6pyTDymIoL3Wj4=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JOqN6MUjJvJIgJDeoYEJs4/M9Kq44Qf8Cq968ma8+hce/BeXlYOCdapUdaeryw2VNGTbn1ZmYXFpeSW7mltb39jcym/v1EwQaYFVEahAN1wwqKSPVZKksBFqBM9VWHeHlxO/fovayMC/oVGIbQ/6vuxJAZRInfyead1r2R8QaB3cxS0vGpujTr5gF+0UfJ44U1JgU1Q6+a9WNxCRhz4JBcY0HTukdgyapFA4zrUigyGIIfSxmVAfPDTtOE0/5oeRAQp4iJpLxVMRf2/E4Bkz8txk0gMamFlvIv7nNSPqnbVj6YcRoS8mh0gqTA8ZoWVSC/Ku1EgEk+TIpc8FaCBCLTkIkYhR0lMu6cOZ/X6e1E6KTql4fl0qlC+mzWTZPjtgx8xhp6zMrliFVZlgD+yJPbMX69F6td6s95/RjDXd2WV/YH18A2fLmmQ=</latexit>

r
µ�! r0

<latexit sha1_base64="4/YB12frw9jjcKfOX3Emej9vHFY=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JOqN6MUjJvJIgJDeoYEJs4/M9Kq44Qf8Cq968ma8+hce/BeXlYOCdapUdaeryw2VNGTbn1ZmYXFpeSW7mltb39jcym/v1EwQaYFVEahAN1wwqKSPVZKksBFqBM9VWHeHlxO/fovayMC/oVGIbQ/6vuxJAZRInfyebt1r2R8QaB3cxS0vGuujTr5gF+0UfJ44U1JgU1Q6+a9WNxCRhz4JBcY0HTukdgyapFA4zrUigyGIIfSxmVAfPDTtOE0/5oeRAQp4iJpLxVMRf2/E4Bkz8txk0gMamFlvIv7nNSPqnbVj6YcRoS8mh0gqTA8ZoWVSC/Ku1EgEk+TIpc8FaCBCLTkIkYhR0lMu6cOZ/X6e1E6KTql4fl0qlC+mzWTZPjtgx8xhp6zMrliFVZlgD+yJPbMX69F6td6s95/RjDXd2WV/YH18A2SZmmI=</latexit>

(r0, s0) 2 R

<latexit sha1_base64="tRf+8VIIYMoM/yWKP5zabtLLAXQ=">AAACCHicbVDLTgJBEJzFF+Jrfdy8TCQGTAzZNSTqjejFIxp5JEDI7NDghNnZzUyvCW74Ab/Cq568Ga/+hQf/xV3koGCdKlXd6eryQikMOs6nlVlYXFpeya7m1tY3Nrfs7Z26CSLNocYDGeimxwxIoaCGAiU0Qw3M9yQ0vOFl6jfuQRsRqFschdDx2UCJvuAME6lr7xV14dgUjtpCtX2Gd14/vhl37bxTciag88SdkjyZotq1v9q9gEc+KOSSGdNynRA7MdMouIRxrh0ZCBkfsgG0EqqYD6YTT9KP6WFkGAY0BE2FpBMRfm/EzDdm5HvJZJrQzHqp+J/XirB/1omFCiMExdNDKCRMDhmuRVIL0J7QgMjS5ECFopxphghaUMZ5IkZJT7mkD3f2+3lSPym55dL5dTlfuZg2kyX75IAUiUtOSYVckSqpEU4eyBN5Ji/Wo/VqvVnvP6MZa7qzS/7A+vgGJJOY/w==</latexit>

if            then we can find             withr ' s

<latexit sha1_base64="naEBORbZAeFsMwMox6WtTc39npU=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrIREtBF0FAGiTxQYkXnyyaccnc2d2ukyMpX0EJFh2j5GAr+Bdu4gISpRjO72tkJIiksuu6nU1paXlldK69XNja3tnequ3ttG8aGQ4uHMjTdgFmQQkMLBUroRgaYCiR0gslV5ncewVgR6lucRuArNtZiJDjDVLozfSsUPFA7qNbcupuDLhKvIDVSoDmofvWHIY8VaOSSWdvz3Aj9hBkUXMKs0o8tRIxP2Bh6KdVMgfWTPPCMHsWWYUgjMFRImovweyNhytqpCtJJxfDeznuZ+J/Xi3F07idCRzGC5tkhFBLyQ5YbkTYBdCgMILIsOVChKWeGIYIRlHGeinFaTSXtw5v/fpG0T+reaf3i5rTWuCyaKZMDckiOiUfOSINckyZpEU4UeSLP5MWZOa/Om/P+M1pyip198gfOxzd6o5Tl</latexit>

s
µ�! s0

<latexit sha1_base64="ftWaMHoBlpkqs6pyTDymIoL3Wj4=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JOqN6MUjJvJIgJDeoYEJs4/M9Kq44Qf8Cq968ma8+hce/BeXlYOCdapUdaeryw2VNGTbn1ZmYXFpeSW7mltb39jcym/v1EwQaYFVEahAN1wwqKSPVZKksBFqBM9VWHeHlxO/fovayMC/oVGIbQ/6vuxJAZRInfyead1r2R8QaB3cxS0vGpujTr5gF+0UfJ44U1JgU1Q6+a9WNxCRhz4JBcY0HTukdgyapFA4zrUigyGIIfSxmVAfPDTtOE0/5oeRAQp4iJpLxVMRf2/E4Bkz8txk0gMamFlvIv7nNSPqnbVj6YcRoS8mh0gqTA8ZoWVSC/Ku1EgEk+TIpc8FaCBCLTkIkYhR0lMu6cOZ/X6e1E6KTql4fl0qlC+mzWTZPjtgx8xhp6zMrliFVZlgD+yJPbMX69F6td6s95/RjDXd2WV/YH18A2fLmmQ=</latexit>

(r0, s0) 2 ' ✓ R

<latexit sha1_base64="oCh9p7nTsM1v8i2xiLDO5U0hxag=">AAACHXicbZA9SwNBEIb34leMX1FLm8UgSUDCnQTULmhjGcV8QC6Evc0kLtnbO3fnhHDkN/gT/BW2WtmJrVj4X7yLKTQ61cP7zjAzrxdKYdC2P6zMwuLS8kp2Nbe2vrG5ld/eaZog0hwaPJCBbnvMgBQKGihQQjvUwHxPQssbnad+6w60EYG6xnEIXZ8NlRgIzjCRevlySRcPTbHsCuVS1wgfbmkKkWcAU/YZ3niD+GrSyxfsij0t+hecGRTIrOq9/KfbD3jkg0IumTEdxw6xGzONgkuY5NzIQMj4iA2hk6BiPphuPH1pQg8iwzCgIWgqJJ2K8HMiZr4xY99LOtMLzbyXiv95nQgHJ91YqDBCUDxdhELCdJHhWiRZAe0LDYgsvRyoUJQzzRBBC8o4T8QoCS+X5OHMf/8XmkcVp1o5vawWamezZLJkj+yTEnHIMamRC1InDcLJPXkkT+TZerBerFfr7bs1Y81mdsmvst6/AK3QoUw=</latexit>

because       is a strong bisimulation'

<latexit sha1_base64="WEWEHZgdVOvauGr4T0a34SHTue0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnlIiRWdL5tw5O5s7tZIIco/0EJFh2j5Gwr+Bdu4gISpRjO72tkJIiksuu6nU1haXlldK66XNja3tnfKu3stG8aGQ5OHMjSdgFmQQkMTBUroRAaYCiS0g/Fl6rcfwFgR6hucROArNtJiKDjDRGr1rFBw3y9X3KqbgS4SLycVkqPRL3/1BiGPFWjkklnb9dwI/SkzKLiEWakXW4gYH7MRdBOqmQLrT7O0M3oUW4YhjcBQIWkmwu+NKVPWTlSQTCqGt3beS8X/vG6MwzN/KnQUI2ieHkIhITtkuRFJDUAHwgAiS5MDFZpyZhgiGEEZ54kYJ72Ukj68+e8XSeuk6tWq59e1Sv0ib6ZIDsghOSYeOSV1ckUapEk4uSNP5Jm8OI/Oq/PmvP+MFpx8Z5/8gfPxDWwjk8I=</latexit>

if                        then             and (r, s) = (p, q)

<latexit sha1_base64="Ribt6kiVw2ayyjNwvTh5EReeMpY=">AAAB/XicbVDLSsNAFJ3UV62vqks3g0VooZRECupCKLpxWcE+IA1lMr2tg5OHMzdCCcWvcKsrd+LWb3Hhv5jELLT1rA7n3Ms997ihFBpN89MoLC2vrK4V10sbm1vbO+Xdva4OIsWhwwMZqL7LNEjhQwcFSuiHCpjnSui5d5ep33sApUXg3+A0BMdjE1+MBWeYSHZV1XXtvBrW72vDcsVsmBnoIrFyUiE52sPy12AU8MgDH7lkWtuWGaITM4WCS5iVBpGGkPE7NgE7oT7zQDtxFnlGjyLNMKAhKCokzUT4vREzT+up5yaTHsNbPe+l4n+eHeH41ImFH0YIPk8PoZCQHdJciaQLoCOhAJGlyYEKn3KmGCIoQRnniRgl5ZSSPqz57xdJ97hhNRtn181K6yJvpkgOyCGpEouckBa5Im3SIZwE5Ik8kxfj0Xg13oz3n9GCke/skz8wPr4B+KaUdg==</latexit>

p
µ�! r0

<latexit sha1_base64="jPWO92Tx/XL4+fVOdd4RMcXeQrk=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4nRE9k1JOqN6MUjJvJIgJDeoYEJs4/M9Kq44Qf8Cq968ma8+hce/BeXlYOCdapUdaeryw2VNGTbn1ZmYXFpeSW7mltb39jcym/v1EwQaYFVEahAN1wwqKSPVZKksBFqBM9VWHeHlxO/fovayMC/oVGIbQ/6vuxJAZRInfxe2LrXsj8g0Dq4i1teNNZHnXzBLtop+DxxpqTApqh08l+tbiAiD30SCoxpOnZI7Rg0SaFwnGtFBkMQQ+hjM6E+eGjacZp+zA8jAxTwEDWXiqci/t6IwTNm5LnJpAc0MLPeRPzPa0bUO2vH0g8jQl9MDpFUmB4yQsukFuRdqZEIJsmRS58L0ECEWnIQIhGjpKdc0ocz+/08qZ0UnVLx/LpUKF9Mm8myfXbAjpnDTlmZXbEKqzLBHtgTe2Yv1qP1ar1Z7z+jGWu6s8v+wPr4BmFVmmA=</latexit>

8
<

:

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

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

<latexit sha1_base64="5GOD/UrdpAIZshPM9CTKx0/5sAw="></latexit>

thus we can find             with (r0, s0) 2 ' ✓ R

<latexit sha1_base64="oCh9p7nTsM1v8i2xiLDO5U0hxag=">AAACHXicbZA9SwNBEIb34leMX1FLm8UgSUDCnQTULmhjGcV8QC6Evc0kLtnbO3fnhHDkN/gT/BW2WtmJrVj4X7yLKTQ61cP7zjAzrxdKYdC2P6zMwuLS8kp2Nbe2vrG5ld/eaZog0hwaPJCBbnvMgBQKGihQQjvUwHxPQssbnad+6w60EYG6xnEIXZ8NlRgIzjCRevlySRcPTbHsCuVS1wgfbmkKkWcAU/YZ3niD+GrSyxfsij0t+hecGRTIrOq9/KfbD3jkg0IumTEdxw6xGzONgkuY5NzIQMj4iA2hk6BiPphuPH1pQg8iwzCgIWgqJJ2K8HMiZr4xY99LOtMLzbyXiv95nQgHJ91YqDBCUDxdhELCdJHhWiRZAe0LDYgsvRyoUJQzzRBBC8o4T8QoCS+X5OHMf/8XmkcVp1o5vawWamezZLJkj+yTEnHIMamRC1InDcLJPXkkT+TZerBerFfr7bs1Y81mdsmvst6/AK3QoUw=</latexit>

q
µ�! s0

<latexit sha1_base64="bVvc8JyDMI5PIYzLUW/LsE1Dkck=">AAACCHicbVDLTgJBEJz1ifjCx83LRGL0RHYNiXojevGIiTwSIKR3aGDC7MOZXhU3/IBf4VVP3oxX/8KD/+IuclCwTpWq7nR1uaGShmz705qbX1hcWs6sZFfX1jc2c1vbVRNEWmBFBCrQdRcMKuljhSQprIcawXMV1tzBRerXblEbGfjXNAyx5UHPl10pgBKpndu9ad5r2esTaB3cxU0vGpnDdi5vF+wx+CxxJiTPJii3c1/NTiAiD30SCoxpOHZIrRg0SaFwlG1GBkMQA+hhI6E+eGha8Tj9iB9EBijgIWouFR+L+HsjBs+Yoecmkx5Q30x7qfif14ioe9qKpR9GhL5ID5FUOD5khJZJLcg7UiMRpMmRS58L0ECEWnIQIhGjpKds0ocz/f0sqR4XnGLh7KqYL51PmsmwPbbPjpjDTliJXbIyqzDBHtgTe2Yv1qP1ar1Z7z+jc9ZkZ4f9gfXxDWSHmmI=</latexit>

analogous to the previous case

Recursive definition of strong bisimilarityTH.
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Compositionality

recall that an equivalence       is a congruence when≡

<latexit sha1_base64="mjhC5mt506v7YvGKddHuvrGoQfU=">AAACDnicbVDLTsJAFJ3iC/GFunQzkZi4Iq0hUXdEN25MMMojgYZMhwuOTKd15paENPwDW/0Qd8atv+B3+AO2lYWAZ3Vyzr05J8cLpTBo219WbmV1bX0jv1nY2t7Z3SvuHzRMEGkOdR7IQLc8ZkAKBXUUKKEVamC+J6HpDa9TvzkCbUSgHnAcguuzgRJ9wRkmUqMDz5EYdYslu2xnoMvEmZESmaHWLX53egGPfFDIJTOm7dghujHTKLiESaETGQgZH7IBtBOqmA/GjbO2E3oSGYYBDUFTIWkmwt+PmPnGjH0vufQZPppFLxX/89oR9i/cWKgwQlA8DUIhIQsyXItkBqA9oQGRpc2BCkU50wwRtKCM80SMkl3mAm/VfdIlkJNCspKzuMkyaZyVnUr58q5Sql7N9sqTI3JMTolDzkmV3JAaqRNOnsiUvJBXa2q9We/Wx+9pzpr9HJI5WJ8/iM2c+Q==</latexit>

we can replace equivalent processes in any context
without changing the abstract semantics

∀C[⋅]. ∀p, q. p ≡ q ⇒ C[p] ≡ C[q]

<latexit sha1_base64="Os58qb+t2dvF6NNY6i+bhqpUqCg="></latexit>
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1. ∀p, q. p � q ⇒ ∀µ. µ.p � µ.q
2. ∀p, q. p � q ⇒ ∀↵. p�↵ � q�↵
3. ∀p, q. p � q ⇒ ∀�. p[�] � q[�]
4. ∀p0, q0, p1, q1. p0 � q0 ∧ p1 � q1 ⇒ p0 + p1 � q0 + q1
5. ∀p0, q0, p1, q1. p0 � q0 ∧ p1 � q1 ⇒ p0�p1 � q0�q1

<latexit sha1_base64="PRzKGbjJorFm5Q+82MSpTXMoMrc="></latexit>

let us omit quantification to make the statement more readable

1. ∀p, q. p � q ⇒ ∀µ. µ.p � µ.q
2. ∀p, q. p � q ⇒ ∀↵. p�↵ � q�↵
3. ∀p, q. p � q ⇒ ∀�. p[�] � q[�]
4. ∀p0, q0, p1, q1. p0 � q0 ∧ p1 � q1 ⇒ p0 + p1 � q0 + q1
5. ∀p0, q0, p1, q1. p0 � q0 ∧ p1 � q1 ⇒ p0�p1 � q0�q1

<latexit sha1_base64="PRzKGbjJorFm5Q+82MSpTXMoMrc="></latexit>

1. ∀p, q. p � q ⇒ ∀µ. µ.p � µ.q
2. ∀p, q. p � q ⇒ ∀↵. p�↵ � q�↵
3. ∀p, q. p � q ⇒ ∀�. p[�] � q[�]
4. ∀p0, q0, p1, q1. p0 � q0 ∧ p1 � q1 ⇒ p0 + p1 � q0 + q1
5. ∀p0, q0, p1, q1. p0 � q0 ∧ p1 � q1 ⇒ p0�p1 � q0�q1

<latexit sha1_base64="PRzKGbjJorFm5Q+82MSpTXMoMrc="></latexit>

1. ∀p, q. p � q ⇒ ∀µ. µ.p � µ.q
2. ∀p, q. p � q ⇒ ∀↵. p�↵ � q�↵
3. ∀p, q. p � q ⇒ ∀�. p[�] � q[�]
4. ∀p0, q0, p1, q1. p0 � q0 ∧ p1 � q1 ⇒ p0 + p1 � q0 + q1
5. ∀p0, q0, p1, q1. p0 � q0 ∧ p1 � q1 ⇒ p0�p1 � q0�q1

<latexit sha1_base64="PRzKGbjJorFm5Q+82MSpTXMoMrc="></latexit>

1. ∀p, q. p � q ⇒ ∀µ. µ.p � µ.q
2. ∀p, q. p � q ⇒ ∀↵. p�↵ � q�↵
3. ∀p, q. p � q ⇒ ∀�. p[�] � q[�]
4. ∀p0, q0, p1, q1. p0 � q0 ∧ p1 � q1 ⇒ p0 + p1 � q0 + q1
5. ∀p0, q0, p1, q1. p0 � q0 ∧ p1 � q1 ⇒ p0�p1 � q0�q1

<latexit sha1_base64="PRzKGbjJorFm5Q+82MSpTXMoMrc="></latexit>

Strong bisimilarity is a congruenceTH.



3636

proof technique: 
“guess” a relation large enough to contain all pairs of interest;
show that it is a bisimulation relation;
then it is contained in the strong bisimilarity relation

1. p � q ⇒ µ.p � µ.q
2. p � q ⇒ p�↵ � q�↵
3. p � q ⇒ p[�] � q[�]
4. p0 � q0 ∧ p1 � q1 ⇒ p0 + p1 � q0 + q1
5. p0 � q0 ∧ p1 � q1 ⇒ p0�p1 � q0�q1

<latexit sha1_base64="I4fIeEaUaag3TmTZZeWFlDgnpgg="></latexit>

Strong bisimilarity is a congruenceTH.
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take R , {(p[�], q[�]) | p ' q}

<latexit sha1_base64="jSqPVM1pwy38GwxLZ0/4rrpJZNY="></latexit>

we show that      is a strong bisimulation relationR

<latexit sha1_base64="nxGf00W53o3U7mLzh58QuhSrFUs=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIneGRO2INpZo5CMCIXPLgBv29i67cybkgr/CVis7Y+t/sfC/eIcUCr7q5b2ZzJvnR0pact1PJ7e0vLK6ll8vbGxube8Ud/caNoyNwLoIVWhaPlhUUmOdJClsRQYh8BU2/dFl5jcf0FgZ6lsaR9gNYKjlQAqgVLrrBED3/iC5mfSKJbfsTsEXiTcjJTZDrVf86vRDEQeoSSiwtu25EXUTMCSFwkmhE1uMQIxgiO2UagjQdpNp4gk/ii1QyCM0XCo+FfH3RgKBtePATyezhHbey8T/vHZMg7NuInUUE2qRHSKpcHrICiPTKpD3pUEiyJIjl5oLMECERnIQIhXjtJtC2oc3//0iaZyUvUr5/LpSql7MmsmzA3bIjpnHTlmVXbEaqzPBNHtiz+zFeXRenTfn/Wc058x29tkfOB/fj+6Vhw==</latexit>

take                              (i.e. with             )(p[�], q[�]) 2 R

<latexit sha1_base64="k5Zm1UPSePW/d9B7Jd8U8hbj4dk=">AAACEnicbVDLSgNBEJz1GeMr6lGQwSAoSNgVQb0FvXiMYh6QXcLspJMMzs6OM72CLLn5CX6FVz15E6/+gAf/xd0kB1916aKqm+6uUEth0XU/nKnpmdm5+cJCcXFpeWW1tLbesHFiONR5LGPTCpkFKRTUUaCEljbAolBCM7w+y/3mLRgrYnWFdxqCiPWV6AnOMJM6pa1d3fb1QAT7N+O65wvlRwwHYS+9HHZKZbfijkD/Em9CymSCWqf06XdjnkSgkEtmbdtzNQYpMyi4hGHRTyxoxq9ZH9oZVSwCG6SjP4Z0J7EMY6rBUCHpSITvEymLrL2Lwqwzv9D+9nLxP6+dYO84SIXSCYLi+SIUEkaLLDciCwhoVxhAZPnlQIWinBmGCEZQxnkmJllixSwP7/f3f0njoOIdVk4uDsvV00kyBbJJtsku8cgRqZJzUiN1wsk9eSRP5Nl5cF6cV+dt3DrlTGY2yA8471/CD527</latexit>

p ' q

<latexit sha1_base64="o+/ycETwroeL9l7OT6YlcTyW5MA=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnmgJIrOl0045c6+3K2RIitfQQsVHaLlYyj4F2zjAhKmGs3samfH11JYdN1Pp7Cyura+UdwsbW3v7O6V9w9aNowMhyYPZWg6PrMgRQBNFCihow0w5Uto+5Pr1G8/grEiDO5wpqGv2DgQI8EZJtK97lmhYEqng3LFrboZ6DLxclIhORqD8ldvGPJIQYBcMmu7nquxHzODgkuYl3qRBc34hI2hm9CAKbD9OAs8pyeRZRhSDYYKSTMRfm/ETFk7U34yqRg+2EUvFf/zuhGOLvqxCHSEEPD0EAoJ2SHLjUiaADoUBhBZmhyoCChnhiGCEZRxnohRUk0p6cNb/H6ZtM6qXq16eVur1K/yZorkiByTU+KRc1InN6RBmoQTRZ7IM3lx5s6r8+a8/4wWnHznkPyB8/ENdFeU4Q==</latexit>

take                  we want to find                  withp[�]
µ�! p0

<latexit sha1_base64="gWm+GB//Vst8nFBAg0g3wEAU/JM=">AAACD3icbVC7TsNAEDyHd3gFKGlORAiqyEaRgC6ChhIkQiLFVrQ+luSUs326WwORlYJP4CtooaJDtHwCBf+CE1JAwlSjmV3tzoRaSUuu++kUZmbn5hcWl4rLK6tr66WNzSubpEZgXSQqMc0QLCoZY50kKWxqgxCFChth73ToN27RWJnEl9TXGETQieWNFEC51C5t65avuzLw743sdAmMSe4yP0oHXO+1S2W34o7Ap4k3JmU2xnm79OVfJyKNMCahwNqW52oKMjAkhcJB0U8tahA96GArpzFEaINsFGLAd1MLlHCNhkvFRyL+3sggsrYfhflkBNS1k95Q/M9rpXRzFGQy1ilhLIaHSCocHbLCyLwd5NfSIBEMP0cuYy7AABEayUGIXEzzuop5H95k+mlydVDxqpXji2q5djJuZpFtsx22zzx2yGrsjJ2zOhPsgT2xZ/biPDqvzpvz/jNacMY7W+wPnI9vdnidGQ==</latexit>

q[�]
µ�! q0

<latexit sha1_base64="6Lhf1pyO7k8JAY/Ng4dbfVGS3gk=">AAACD3icbVC7TgJBFJ3FN75QS5uJxGhFdg2J2hFtLDURIWE35O5wgQmzD2buqmRD4Sf4FbZa2RlbP8HCf3FBCgVPdXLOvbn3HD9W0pBtf1q5ufmFxaXllfzq2vrGZmFr+8ZEiRZYFZGKdN0Hg0qGWCVJCuuxRgh8hTW/dz7ya7eojYzCaxrE6AXQCWVbCqBMahZ2+w037krPvdey0yXQOrpL3SAZ8v5Bs1C0S/YYfJY4E1JkE1w2C19uKxJJgCEJBcY0HDsmLwVNUigc5t3EYAyiBx1sZDSEAI2XjkMM+X5igCIeo+ZS8bGIvzdSCIwZBH42GQB1zbQ3Ev/zGgm1T7xUhnFCGIrRIZIKx4eM0DJrB3lLaiSC0efIZcgFaCBCLTkIkYlJVlc+68OZTj9Lbo5KTrl0elUuVs4mzSyzXbbHDpnDjlmFXbBLVmWCPbAn9sxerEfr1Xqz3n9Gc9ZkZ4f9gfXxDXmxnRs=</latexit>

(p0, q0) 2 R

<latexit sha1_base64="nCgV+NoR3Hs3nkrdw69m771Fxzs=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQglSCiyUSSgi6ChDIg8pCSKzpdNOOV8NndrpGDlB/gKWqjoEC1/QcG/YIcUkDDVaGZXOzteKIVBx/m05uYXFpeWMyvZ1bX1jU17a7tmgkhzqPJABrrhMQNSKKiiQAmNUAPzPQl1b3CR+vV70EYE6gaHIbR91leiJzjDROrYu4Uwf3SXP2wJ1fIZ3nq9+HrUsXNO0RmDzhJ3QnJkgkrH/mp1Ax75oJBLZkzTdUJsx0yj4BJG2VZkIGR8wPrQTKhiPph2PE4/ogeRYRjQEDQVko5F+L0RM9+Yoe8lk2lCM+2l4n9eM8LeaTsWKowQFE8PoZAwPmS4FkktQLtCAyJLkwMVinKmGSJoQRnniRglPWWTPtzp72dJ7bjolopnV6Vc+XzSTIbskX1SIC45IWVySSqkSjh5IE/kmbxYj9ar9Wa9/4zOWZOdHfIH1sc3HhWY+w==</latexit>

take                  we want to find                  with (p0, q0) 2 R

<latexit sha1_base64="nCgV+NoR3Hs3nkrdw69m771Fxzs=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQglSCiyUSSgi6ChDIg8pCSKzpdNOOV8NndrpGDlB/gKWqjoEC1/QcG/YIcUkDDVaGZXOzteKIVBx/m05uYXFpeWMyvZ1bX1jU17a7tmgkhzqPJABrrhMQNSKKiiQAmNUAPzPQl1b3CR+vV70EYE6gaHIbR91leiJzjDROrYu4Uwf3SXP2wJ1fIZ3nq9+HrUsXNO0RmDzhJ3QnJkgkrH/mp1Ax75oJBLZkzTdUJsx0yj4BJG2VZkIGR8wPrQTKhiPph2PE4/ogeRYRjQEDQVko5F+L0RM9+Yoe8lk2lCM+2l4n9eM8LeaTsWKowQFE8PoZAwPmS4FkktQLtCAyJLkwMVinKmGSJoQRnniRglPWWTPtzp72dJ7bjolopnV6Vc+XzSTIbskX1SIC45IWVySSqkSjh5IE/kmbxYj9ar9Wa9/4zOWZOdHfIH1sc3HhWY+w==</latexit>

q[�]
µ�! q0

<latexit sha1_base64="6Lhf1pyO7k8JAY/Ng4dbfVGS3gk=">AAACD3icbVC7TgJBFJ3FN75QS5uJxGhFdg2J2hFtLDURIWE35O5wgQmzD2buqmRD4Sf4FbZa2RlbP8HCf3FBCgVPdXLOvbn3HD9W0pBtf1q5ufmFxaXllfzq2vrGZmFr+8ZEiRZYFZGKdN0Hg0qGWCVJCuuxRgh8hTW/dz7ya7eojYzCaxrE6AXQCWVbCqBMahZ2+w037krPvdey0yXQOrpL3SAZ8v5Bs1C0S/YYfJY4E1JkE1w2C19uKxJJgCEJBcY0HDsmLwVNUigc5t3EYAyiBx1sZDSEAI2XjkMM+X5igCIeo+ZS8bGIvzdSCIwZBH42GQB1zbQ3Ev/zGgm1T7xUhnFCGIrRIZIKx4eM0DJrB3lLaiSC0efIZcgFaCBCLTkIkYlJVlc+68OZTj9Lbo5KTrl0elUuVs4mzSyzXbbHDpnDjlmFXbBLVmWCPbAn9sxerEfr1Xqz3n9Gc9ZkZ4f9gfXxDXmxnRs=</latexit>

p[�]
µ�! p0

<latexit sha1_base64="gWm+GB//Vst8nFBAg0g3wEAU/JM=">AAACD3icbVC7TsNAEDyHd3gFKGlORAiqyEaRgC6ChhIkQiLFVrQ+luSUs326WwORlYJP4CtooaJDtHwCBf+CE1JAwlSjmV3tzoRaSUuu++kUZmbn5hcWl4rLK6tr66WNzSubpEZgXSQqMc0QLCoZY50kKWxqgxCFChth73ToN27RWJnEl9TXGETQieWNFEC51C5t65avuzLw743sdAmMSe4yP0oHXO+1S2W34o7Ap4k3JmU2xnm79OVfJyKNMCahwNqW52oKMjAkhcJB0U8tahA96GArpzFEaINsFGLAd1MLlHCNhkvFRyL+3sggsrYfhflkBNS1k95Q/M9rpXRzFGQy1ilhLIaHSCocHbLCyLwd5NfSIBEMP0cuYy7AABEayUGIXEzzuop5H95k+mlydVDxqpXji2q5djJuZpFtsx22zzx2yGrsjJ2zOhPsgT2xZ/biPDqvzpvz/jNacMY7W+wPnI9vdnidGQ==</latexit>

by rule rel) it must be p
µ0

�! p00

<latexit sha1_base64="v3LubAzXYTPagXYW5yZGqnUcNJs=">AAACCnicbVA9TwJBEN3zW/xCTWxsNhKDFbkzJGpntLHURIQECJlbBtiwd7fZnVPJyT/wV9hqZWds/RMW/hePk0LBV728N5N583ytpCXX/XRmZufmFxaXlnMrq2vrG/nNrRsbxUZgRUQqMjUfLCoZYoUkKaxpgxD4Cqt+/3zkV2/RWBmF1zTQ2AygG8qOFECp1Mrv6Ma9kd0egTHRXdII4uJQF4utfMEtuRn4NPHGpMDGuGzlvxrtSMQBhiQUWFv3XE3NBAxJoXCYa8QWNYg+dLGe0hACtM0kyz/k+7EFirhGw6XimYi/NxIIrB0EfjoZAPXspDcS//PqMXWOm4kMdUwYitEhkgqzQ1YYmRaDvC0NEsEoOXIZcgEGiNBIDkKkYpw2lUv78Ca/nyY3hyWvXDq5KhdOz8bNLLFdtscOmMeO2Cm7YJeswgR7YE/smb04j86r8+a8/4zOOOOdbfYHzsc3MnyawA==</latexit>

µ = �(µ0)

<latexit sha1_base64="AS7JLfbjSF8AEbWTviJ7dD3kiPc=">AAACAHicbVC7TsNAEDyHVwivACXNiQgRmshGkYACKYKGMkjkIcUmOl82ySnnh+7WSJGVhq+ghYoO0fInFPwLtnEBCVONZna1s+OGUmg0zU+jsLS8srpWXC9tbG5t75R399o6iBSHFg9koLou0yCFDy0UKKEbKmCeK6HjTq5Tv/MASovAv8NpCI7HRr4YCs4wke5tL7q0w7GoJuT4pF+umDUzA10kVk4qJEezX/6yBwGPPPCRS6Z1zzJDdGKmUHAJs5IdaQgZn7AR9BLqMw+0E2epZ/Qo0gwDGoKiQtJMhN8bMfO0nnpuMukxHOt5LxX/83oRDs+dWPhhhODz9BAKCdkhzZVI6gA6EAoQWZocqPApZ4ohghKUcZ6IUdJPKenDmv9+kbRPa1a9dnFbrzSu8maK5IAckiqxyBlpkBvSJC3CiSJP5Jm8GI/Gq/FmvP+MFox8Z5/8gfHxDU+ElmU=</latexit>

p0 = p00[�]

<latexit sha1_base64="kVA51HTHLRaoWXmpOats4+8i4IY=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSCxCrsSUAshaGMZwTwgWcLs5CYZMjs7zNwVQgj4FbZa2Ymtv2Lhv7gbt9DEUx3OuZd77gm0FBZd99PJrayurW/kNwtb2zu7e8X9g6aNYsOhwSMZmXbALEihoIECJbS1ARYGElrB+Cb1Ww9grIjUPU40+CEbKjEQnGEidXX5SpfLna4eCb9XLLkVdw66TLyMlEiGeq/41e1HPA5BIZfM2o7navSnzKDgEmaFbmxBMz5mQ+gkVLEQrD+dZ57Rk9gyjKgGQ4WkcxF+b0xZaO0kDJLJkOHILnqp+J/XiXFw4U+F0jGC4ukhFBLmhyw3IikDaF8YQGRpcqBCUc4MQwQjKOM8EeOknULSh7f4/TJpnlW8auXyrlqqXWfN5MkROSanxCPnpEZuSZ00CCeaPJFn8uI8Oq/Om/P+M5pzsp1D8gfOxzePPJVq</latexit>

since            then                withp ' q

<latexit sha1_base64="o+/ycETwroeL9l7OT6YlcTyW5MA=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnmgJIrOl0045c6+3K2RIitfQQsVHaLlYyj4F2zjAhKmGs3samfH11JYdN1Pp7Cyura+UdwsbW3v7O6V9w9aNowMhyYPZWg6PrMgRQBNFCihow0w5Uto+5Pr1G8/grEiDO5wpqGv2DgQI8EZJtK97lmhYEqng3LFrboZ6DLxclIhORqD8ldvGPJIQYBcMmu7nquxHzODgkuYl3qRBc34hI2hm9CAKbD9OAs8pyeRZRhSDYYKSTMRfm/ETFk7U34yqRg+2EUvFf/zuhGOLvqxCHSEEPD0EAoJ2SHLjUiaADoUBhBZmhyoCChnhiGCEZRxnohRUk0p6cNb/H6ZtM6qXq16eVur1K/yZorkiByTU+KRc1InN6RBmoQTRZ7IM3lx5s6r8+a8/4wWnHznkPyB8/ENdFeU4Q==</latexit>

q
µ0

�! q00

<latexit sha1_base64="kpBJREKI9np41ytjxnAlmlSx5/k=">AAACCnicbVDLTgJBEJz1ifhCTbx4mUgMnsiuIVFvRC8eMZFHAoT0Dg1MmH0w06uSlT/wK7zqyZvx6k948F9ckIOCdapUdaeryw2VNGTbn9bC4tLyympqLb2+sbm1ndnZrZgg0gLLIlCBrrlgUEkfyyRJYS3UCJ6rsOr2L8d+9Ra1kYF/Q8MQmx50fdmRAiiRWpn9QeNey26PQOvgLm54UW40yOVamaydtyfg88SZkiybotTKfDXagYg89EkoMKbu2CE1Y9AkhcJRuhEZDEH0oYv1hPrgoWnGk/wjfhQZoICHqLlUfCLi740YPGOGnptMekA9M+uNxf+8ekSds2Ys/TAi9MX4EEmFk0NGaJkUg7wtNRLBODly6XMBGohQSw5CJGKUNJVO+nBmv58nlZO8U8ifXxeyxYtpMyl2wA7ZMXPYKSuyK1ZiZSbYA3tiz+zFerRerTfr/Wd0wZru7LE/sD6+ATWxmsI=</latexit>

p00 ' q00

<latexit sha1_base64="k0lS1HSYcGlIb/2YApSolqv2II4=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiZKrJRJKCLoKEMEnlIiRWdL5twyp3t3K2RoigFX0ELFR2i5VMo+Bds4wISphrN7Gpnx4+kMOg4n1ZhZXVtfaO4Wdra3tndK+8ftEwYaw5NHspQd3xmQIoAmihQQifSwJQvoe2Pr1O//QDaiDC4w2kEnmKjQAwFZ5hIXmTbPSMUTOjEtvvlilN1MtBl4uakQnI0+uWv3iDksYIAuWTGdF0nQm/GNAouYV7qxQYixsdsBN2EBkyB8WZZ6Dk9iQ3DkEagqZA0E+H3xowpY6bKTyYVw3uz6KXif143xuGFNxNBFCMEPD2EQkJ2yHAtkjaADoQGRJYmByoCyplmiKAFZZwnYpzUU0r6cBe/Xyats6pbq17e1ir1q7yZIjkix+SUuOSc1MkNaZAm4WRCnsgzebEerVfrzXr/GS1Y+c4h+QPr4xsG05Wl</latexit>

by rule rel)
take                   so thatq0 = q00[�]

<latexit sha1_base64="XNuubxvyfJQ/RUPJ0O2xgHxLsHA=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSCxCrsSUAshaGMZwTwgu4TZyU0yZHZ3MnNXCCHgV9hqZSe2/oqF/+Ju3EITT3U4517uucdXUhi07U8rt7K6tr6R3yxsbe/s7hX3D5omijWHBo9kpNs+MyBFCA0UKKGtNLDAl9DyRzep33oAbUQU3uNEgRewQSj6gjNMJHdcvhqXyx1XDYXXLZbsij0HXSZORkokQ71b/HJ7EY8DCJFLZkzHsRV6U6ZRcAmzghsbUIyP2AA6CQ1ZAMabzjPP6ElsGEZUgaZC0rkIvzemLDBmEvjJZMBwaBa9VPzP68TYv/CmIlQxQsjTQygkzA8ZrkVSBtCe0IDI0uRARUg50wwRtKCM80SMk3YKSR/O4vfLpHlWcaqVy7tqqXadNZMnR+SYnBKHnJMauSV10iCcKPJEnsmL9Wi9Wm/W+89ozsp2DskfWB/fkm2VbA==</latexit>

(p0, q0) = (p00[�], q00[�]) 2 R

<latexit sha1_base64="dKhRsNlbgEaAUidlAm9TMoOFXeU=">AAACHnicbVDLLgRBFK32Nl6DpU3FRAaRSbdIsJAIG0vEIJnuTKrLHSpTXV2qbkukM//gE3yFLSs7sWXhX1SPXnidTZ06597ce0+spbDo++/ewODQ8Mjo2HhlYnJqeqY6O3dq08xwaPJUpuY8ZhakUNBEgRLOtQGWxBLO4u5+4Z/dgLEiVSd4qyFK2KUSHcEZOqldXV3W9bXr+sqOe+utUF+JyH1LthIKFSYMr+JOftxrV2t+w++D/iVBSWqkxGG7+hFepDxLQCGXzNpW4GuMcmZQcAm9SphZ0Ix32SW0HFUsARvl/Zt6dCmzDFOqwVAhaV+E7x05S6y9TWJXWWxof3uF+J/XyrCzFeVC6QxB8WIQCgn9QZYb4cICeiEMILJic6BCUc4MQwQjKOPciZlLr+LyCH5f/5ecrjeCjcb20UZtd69MZowskEWyTAKySXbJATkkTcLJHXkgj+TJu/eevRfv9at0wCt75skPeG+fz02guA==</latexit>

analogous to the previous case

q[�]
�(µ0)���! q00[�]

<latexit sha1_base64="jktMIlViLD3L6Z0O2XhPIYN3Wo0=">AAACHHicbVC7TsNAEDzzDOEVoKQ5EaGEJrIREtAhaCiDRAJSbEXry5KcOD9ytwYiK7/AJ/AVtFDRIVokCv4FO6QAwlSjmVnt7vixkoZs+8Oamp6ZnZsvLBQXl5ZXVktr600TJVpgQ0Qq0pc+GFQyxAZJUngZa4TAV3jhX5/k/sUNaiOj8JwGMXoBdEN5JQVQJrVL1X7LjXvSc++07PYItI5u01ypukFS2Rn2K5XvQLtUtmv2CHySOGNSZmPU26VPtxOJJMCQhAJjWo4dk5eCJikUDotuYjAGcQ1dbGU0hACNl44+GvLtxABFPEbNpeIjEX9OpBAYMwj8LBkA9cxfLxf/81oJXR14qQzjhDAU+SKSCkeLjNAyqwp5R2okgvxy5DLkAjQQoZYchMjEJOuumPXh/P1+kjR3a85e7fBsr3x0PG6mwDbZFqsyh+2zI3bK6qzBBLtnj+yJPVsP1ov1ar19R6es8cwG+wXr/QvxTqIO</latexit>

Strong bisimilarity is a congruence (3)TH.
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take

we show that      is a strong bisimulation relationR

<latexit sha1_base64="nxGf00W53o3U7mLzh58QuhSrFUs=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIneGRO2INpZo5CMCIXPLgBv29i67cybkgr/CVis7Y+t/sfC/eIcUCr7q5b2ZzJvnR0pact1PJ7e0vLK6ll8vbGxube8Ud/caNoyNwLoIVWhaPlhUUmOdJClsRQYh8BU2/dFl5jcf0FgZ6lsaR9gNYKjlQAqgVLrrBED3/iC5mfSKJbfsTsEXiTcjJTZDrVf86vRDEQeoSSiwtu25EXUTMCSFwkmhE1uMQIxgiO2UagjQdpNp4gk/ii1QyCM0XCo+FfH3RgKBtePATyezhHbey8T/vHZMg7NuInUUE2qRHSKpcHrICiPTKpD3pUEiyJIjl5oLMECERnIQIhXjtJtC2oc3//0iaZyUvUr5/LpSql7MmsmzA3bIjpnHTlmVXbEaqzPBNHtiz+zFeXRenTfn/Wc058x29tkfOB/fj+6Vhw==</latexit>

take                                     (i.e. with                                )

take                      we need                        with (p0, q0) 2 R

<latexit sha1_base64="nCgV+NoR3Hs3nkrdw69m771Fxzs=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQglSCiyUSSgi6ChDIg8pCSKzpdNOOV8NndrpGDlB/gKWqjoEC1/QcG/YIcUkDDVaGZXOzteKIVBx/m05uYXFpeWMyvZ1bX1jU17a7tmgkhzqPJABrrhMQNSKKiiQAmNUAPzPQl1b3CR+vV70EYE6gaHIbR91leiJzjDROrYu4Uwf3SXP2wJ1fIZ3nq9+HrUsXNO0RmDzhJ3QnJkgkrH/mp1Ax75oJBLZkzTdUJsx0yj4BJG2VZkIGR8wPrQTKhiPph2PE4/ogeRYRjQEDQVko5F+L0RM9+Yoe8lk2lCM+2l4n9eM8LeaTsWKowQFE8PoZAwPmS4FkktQLtCAyJLkwMVinKmGSJoQRnniRglPWWTPtzp72dJ7bjolopnV6Vc+XzSTIbskX1SIC45IWVySSqkSjh5IE/kmbxYj9ar9Wa9/4zOWZOdHfIH1sc3HhWY+w==</latexit>

if rule suml) was used:

since               then                with

by rule suml)

but unfortunately                     not necessarily

R , {(p0 + p1, q0 + q1) | p0 ' q0 ^ p1 ' q1}

<latexit sha1_base64="U0ZAPAJv99IpGcedSFwKAypCx0E="></latexit>

(p0 + p1, q0 + q1) 2 R

<latexit sha1_base64="wfawG3qYatYKoo2CF0Yoyb5V+Uo=">AAACE3icbVA9SwNBEN2LXzF+RS0tXAxCRAl3ElA70cYyiolCEo69zSQu2bvb7M4JcqT0J/grbLWyE1t/gIX/xb2YQo2vmcd7M8zMC5QUBl33w8lNTc/MzuXnCwuLS8srxdW1hokTzaHOYxnr64AZkCKCOgqUcK00sDCQcBX0TzP/6ha0EXF0iXcK2iHrRaIrOEMr+cXNsvLdXeV7ewNbB7630xIRbYUMb4JuejH0iyW34o5AJ4k3JiUyRs0vfrY6MU9CiJBLZkzTcxW2U6ZRcAnDQisxoBjvsx40LY1YCKadjh4Z0u3EMIypAk2FpCMRfk6kLDTmLgxsZ3ah+etl4n9eM8HuYTsVkUoQIp4tQiFhtMhwLWxCQDtCAyLLLgdqQ+BMM0TQgjLOrZjYyAo2D+/v95OksV/xqpWj82rp+GScTJ5skC1SJh45IMfkjNRInXByTx7JE3l2HpwX59V5+27NOeOZdfILzvsXJk2csA==</latexit>

p0 ' q0

<latexit sha1_base64="+c5xuFp22NcGeYyn1SQ8vPsm2jk=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnlIiWWdL5twytm+3K2RIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx1dSGLTtT6u0srq2vlHerGxt7+zuVfcPOiaKNYc2j2Skez4zIEUIbRQooac0sMCX0PUn15nffQBtRBTe4UyBG7BxKEaCM0wlV3n2wIgApnTq2V61ZtftHHSZOAWpkQItr/o1GEY8DiBELpkxfcdW6CZMo+AS5pVBbEAxPmFj6Kc0ZAEYN8lDz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDeLXib+5/VjHF24iQhVjBDy7BAKCfkhw7VI2wA6FBoQWZYcqAgpZ5ohghaUcZ6KcVpPJe3DWfx+mXTO6k6jfnnbqDWvimbK5Igck1PikHPSJDekRdqEkyl5Is/kxXq0Xq036/1ntGQVO4fkD6yPb9Rrlic=</latexit>

p1 ' q1

<latexit sha1_base64="6BoG5SydlaWutr8MqnaultkFLGU=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnlIiWWdL5twytm+3K2RIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx1dSGLTtT6u0srq2vlHerGxt7+zuVfcPOiaKNYc2j2Skez4zIEUIbRQooac0sMCX0PUn15nffQBtRBTe4UyBG7BxKEaCM0wlV3nOwIgApnTqOV61ZtftHHSZOAWpkQItr/o1GEY8DiBELpkxfcdW6CZMo+AS5pVBbEAxPmFj6Kc0ZAEYN8lDz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDeLXib+5/VjHF24iQhVjBDy7BAKCfkhw7VI2wA6FBoQWZYcqAgpZ5ohghaUcZ6KcVpPJe3DWfx+mXTO6k6jfnnbqDWvimbK5Igck1PikHPSJDekRdqEkyl5Is/kxXq0Xq036/1ntGQVO4fkD6yPb9eTlik=</latexit>

p0 + p1
µ�! p0

<latexit sha1_base64="76g0wnl8h5dUoHzUzH++LCthZLo=">AAACD3icbVDLSgNBEJz1GeMr6jGXwSAKQtiVgHoLevEYwTwgCUvvpI2Ds7vDTK8alhz8BL/Cq568iVc/wYP/4ibmoMY6FVXddFcFWklLrvvhzMzOzS8s5pbyyyura+uFjc2GjRMjsC5iFZtWABaVjLBOkhS2tEEIA4XN4Pp05Ddv0FgZRxc00NgNoR/JSymAMskvFLXv7mvf69wZ2b8iMCa+TTthMuR61y+U3LI7Bp8m3oSU2AQ1v/DZ6cUiCTEiocDatudq6qZgSAqFw3wnsahBXEMf2xmNIETbTcchhnwnsUAx12i4VHws4s+NFEJrB2GQTYZAV/avNxL/89oJXR51UxnphDASo0MkFY4PWWFk1g7ynjRIBKPPkcuICzBAhEZyECITk6yufNaH9zf9NGkclL1K+fi8UqqeTJrJsSLbZnvMY4esys5YjdWZYPfskT2xZ+fBeXFenbfv0RlnsrPFfsF5/wJ3U5x+</latexit>

q0 + q1
µ�! q0

<latexit sha1_base64="uGgyxFKSd+yc7f3v075jyu3wV1Q=">AAACD3icbVDLSgNBEJz1GeMr6jGXwSAKQtiVgHoLevEYwTwgCUvvpBMHZx+Z6VXDkoOf4Fd41ZM38eonePBf3MQcNLFORVU33VVepKQh2/605uYXFpeWMyvZ1bX1jc3c1nbNhLEWWBWhCnXDA4NKBlglSQobkUbwPYV17+Z85NdvURsZBlc0iLDtQy+QXSmAUsnN5fuufdh3nda9lr1rAq3Du6Tlx0Pe33dzBbtoj8FniTMhBTZBxc19tTqhiH0MSCgwpunYEbUT0CSFwmG2FRuMQNxAD5spDcBH007GIYZ8LzZAIY9Qc6n4WMTfGwn4xgx8L530ga7NtDcS//OaMXVP2okMopgwEKNDJBWODxmhZdoO8o7USASjz5HLgAvQQIRachAiFeO0rmzahzOdfpbUjopOqXh6WSqUzybNZFie7bID5rBjVmYXrMKqTLAH9sSe2Yv1aL1ab9b7z+icNdnZYX9gfXwDfDGcgQ==</latexit>

p0
µ�! p0

<latexit sha1_base64="3SD6c/hLUAAYrV0HvArDuSBssMw=">AAACC3icbVC7TgJBFJ31ifhCLSxsJhKjFdk1JGpHtLHERB4JEHJ3uMCE2d3JzF2VbPgEv8JWKztj60dY+C8uSKHgqU7OuTf3nuNrJS257qezsLi0vLKaWcuub2xubed2dqs2io3AiohUZOo+WFQyxApJUljXBiHwFdb8wdXYr92hsTIKb2mosRVAL5RdKYBSqZ3b1223+WBkr09gTHSfNIN4xPVxO5d3C+4EfJ54U5JnU5Tbua9mJxJxgCEJBdY2PFdTKwFDUigcZZuxRQ1iAD1spDSEAG0rmQQY8aPYAkVco+FS8YmIvzcSCKwdBn46GQD17aw3Fv/zGjF1z1uJDHVMGIrxIZIKJ4esMDJtBnlHGiSC8efIZcgFGCBCIzkIkYpxWlU27cObTT9PqqcFr1i4uCnmS5fTZjLsgB2yE+axM1Zi16zMKkywEXtiz+zFeXRenTfn/Wd0wZnu7LE/cD6+AfMVmys=</latexit>

p0 ' q0

<latexit sha1_base64="+c5xuFp22NcGeYyn1SQ8vPsm2jk=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnlIiWWdL5twytm+3K2RIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx1dSGLTtT6u0srq2vlHerGxt7+zuVfcPOiaKNYc2j2Skez4zIEUIbRQooac0sMCX0PUn15nffQBtRBTe4UyBG7BxKEaCM0wlV3n2wIgApnTq2V61ZtftHHSZOAWpkQItr/o1GEY8DiBELpkxfcdW6CZMo+AS5pVBbEAxPmFj6Kc0ZAEYN8lDz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDeLXib+5/VjHF24iQhVjBDy7BAKCfkhw7VI2wA6FBoQWZYcqAgpZ5ohghaUcZ6KcVpPJe3DWfx+mXTO6k6jfnnbqDWvimbK5Igck1PikHPSJDekRdqEkyl5Is/kxXq0Xq036/1ntGQVO4fkD6yPb9Rrlic=</latexit>

q0
µ�! q0

<latexit sha1_base64="wv1R6huLf0MPsM2fsY7zNfEfC68=">AAACC3icbVC7TgJBFJ31ifhCLSxsJhKjFdk1JGpHtLHERB4JEHJ3uMCE2Qczd1Wy2U/wK2y1sjO2foSF/+KCFAqe6uSce3PvOW6opCHb/rQWFpeWV1Yza9n1jc2t7dzObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDX2a3eojQz8WxqF2PKg58uuFECp1M7tD9t280HLXp9A6+A+bnpRwofH7VzeLtgT8HniTEmeTVFu576anUBEHvokFBjTcOyQWjFokkJhkm1GBkMQA+hhI6U+eGha8SRAwo8iAxTwEDWXik9E/L0Rg2fMyHPTSQ+ob2a9sfif14ioe96KpR9GhL4YHyKpcHLICC3TZpB3pEYiGH+OXPpcgAYi1JKDEKkYpVVl0z6c2fTzpHpacIqFi5tivnQ5bSbDDtghO2EOO2Mlds3KrMIES9gTe2Yv1qP1ar1Z7z+jC9Z0Z4/9gfXxDfZKmy0=</latexit>

p0 ' q0

<latexit sha1_base64="owHWRz2cxwEpgOze3+hCIh48v64=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiFKrJRJKCLoKEMEnlIiRWdL5twytm+3K2RIiviK2ihokO0fAsF/4JtXEDCVKOZXe3seEoKg7b9aRVWVtfWN4qbpa3tnd298v5B24SR5tDioQx112MGpAighQIldJUG5nsSOt7kOvU7D6CNCIM7nClwfTYOxEhwhonUU9W+ET5M6bQ6KFfsmp2BLhMnJxWSozkof/WHIY98CJBLZkzPsRW6MdMouIR5qR8ZUIxP2Bh6CQ2YD8aNs8hzehIZhiFVoKmQNBPh90bMfGNmvpdM+gzvzaKXiv95vQhHF24sAhUhBDw9hEJCdshwLZIugA6FBkSWJgcqAsqZZoigBWWcJ2KUlFNK+nAWv18m7bOaU69d3tYrjau8mSI5IsfklDjknDTIDWmSFuEkJE/kmbxYj9ar9Wa9/4wWrHznkPyB9fENPUOVQw==</latexit>

q0 + q1
µ�! q0

<latexit sha1_base64="uGgyxFKSd+yc7f3v075jyu3wV1Q=">AAACD3icbVDLSgNBEJz1GeMr6jGXwSAKQtiVgHoLevEYwTwgCUvvpBMHZx+Z6VXDkoOf4Fd41ZM38eonePBf3MQcNLFORVU33VVepKQh2/605uYXFpeWMyvZ1bX1jc3c1nbNhLEWWBWhCnXDA4NKBlglSQobkUbwPYV17+Z85NdvURsZBlc0iLDtQy+QXSmAUsnN5fuufdh3nda9lr1rAq3Du6Tlx0Pe33dzBbtoj8FniTMhBTZBxc19tTqhiH0MSCgwpunYEbUT0CSFwmG2FRuMQNxAD5spDcBH007GIYZ8LzZAIY9Qc6n4WMTfGwn4xgx8L530ga7NtDcS//OaMXVP2okMopgwEKNDJBWODxmhZdoO8o7USASjz5HLgAvQQIRachAiFeO0rmzahzOdfpbUjopOqXh6WSqUzybNZFie7bID5rBjVmYXrMKqTLAH9sSe2Yv1aL1ab9b7z+icNdnZYX9gfXwDfDGcgQ==</latexit>

(p0, q0) 2 '

<latexit sha1_base64="olHXMyFDyXMCSAoXt6Hwmp+kDzI=">AAACBnicbVC7TgJBFJ3FF+ILsbSZSAyYGLJrSNSOaGOJiTwSdkNmhwtOnJ1dZu4aCaH3K2y1sjO2/oaF/+KyUih4qpNz7s099/iRFAZt+9PKLC2vrK5l13Mbm1vbO/ndQtOEsebQ4KEMddtnBqRQ0ECBEtqRBhb4Elr+3eXUb92DNiJUNziKwAvYQIm+4AwTqZsvlKPS8bB05ArlUteIAIbdfNGu2CnoInFmpEhmqHfzX24v5HEACrlkxnQcO0JvzDQKLmGSc2MDEeN3bACdhCoWgPHGafYJPYwNw5BGoKmQNBXh98aYBcaMAj+ZDBjemnlvKv7ndWLsn3ljoaIYQfHpIRQS0kOGa5GUArQnNCCyaXKgQlHONEMELSjjPBHjpKVc0ocz//0iaZ5UnGrl/LparF3MmsmSfXJAysQhp6RGrkidNAgnD+SJPJMX69F6td6s95/RjDXb2SN/YH18AwKxl8Y=</latexit>

(p0, q0) 2 R

<latexit sha1_base64="nCgV+NoR3Hs3nkrdw69m771Fxzs=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQglSCiyUSSgi6ChDIg8pCSKzpdNOOV8NndrpGDlB/gKWqjoEC1/QcG/YIcUkDDVaGZXOzteKIVBx/m05uYXFpeWMyvZ1bX1jU17a7tmgkhzqPJABrrhMQNSKKiiQAmNUAPzPQl1b3CR+vV70EYE6gaHIbR91leiJzjDROrYu4Uwf3SXP2wJ1fIZ3nq9+HrUsXNO0RmDzhJ3QnJkgkrH/mp1Ax75oJBLZkzTdUJsx0yj4BJG2VZkIGR8wPrQTKhiPph2PE4/ogeRYRjQEDQVko5F+L0RM9+Yoe8lk2lCM+2l4n9eM8LeaTsWKowQFE8PoZAwPmS4FkktQLtCAyJLkwMVinKmGSJoQRnniRglPWWTPtzp72dJ7bjolopnV6Vc+XzSTIbskX1SIC45IWVySSqkSjh5IE/kmbxYj9ar9Wa9/4zOWZOdHfIH1sc3HhWY+w==</latexit>

how can we repair the proof?

Strong bisimilarity is a congruence (4)TH.
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take

we show that      is a strong bisimulation relationR

<latexit sha1_base64="nxGf00W53o3U7mLzh58QuhSrFUs=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIneGRO2INpZo5CMCIXPLgBv29i67cybkgr/CVis7Y+t/sfC/eIcUCr7q5b2ZzJvnR0pact1PJ7e0vLK6ll8vbGxube8Ud/caNoyNwLoIVWhaPlhUUmOdJClsRQYh8BU2/dFl5jcf0FgZ6lsaR9gNYKjlQAqgVLrrBED3/iC5mfSKJbfsTsEXiTcjJTZDrVf86vRDEQeoSSiwtu25EXUTMCSFwkmhE1uMQIxgiO2UagjQdpNp4gk/ii1QyCM0XCo+FfH3RgKBtePATyezhHbey8T/vHZMg7NuInUUE2qRHSKpcHrICiPTKpD3pUEiyJIjl5oLMECERnIQIhXjtJtC2oc3//0iaZyUvUr5/LpSql7MmsmzA3bIjpnHTlmVXbEaqzPBNHtiz+zFeXRenTfn/Wc058x29tkfOB/fj+6Vhw==</latexit>

take                                     (i.e. with                                )

take                      we need                        with (p0, q0) 2 R

<latexit sha1_base64="nCgV+NoR3Hs3nkrdw69m771Fxzs=">AAACCHicbVC7TsNAEDzzDOFlHh3NiQglSCiyUSSgi6ChDIg8pCSKzpdNOOV8NndrpGDlB/gKWqjoEC1/QcG/YIcUkDDVaGZXOzteKIVBx/m05uYXFpeWMyvZ1bX1jU17a7tmgkhzqPJABrrhMQNSKKiiQAmNUAPzPQl1b3CR+vV70EYE6gaHIbR91leiJzjDROrYu4Uwf3SXP2wJ1fIZ3nq9+HrUsXNO0RmDzhJ3QnJkgkrH/mp1Ax75oJBLZkzTdUJsx0yj4BJG2VZkIGR8wPrQTKhiPph2PE4/ogeRYRjQEDQVko5F+L0RM9+Yoe8lk2lCM+2l4n9eM8LeaTsWKowQFE8PoZAwPmS4FkktQLtCAyJLkwMVinKmGSJoQRnniRglPWWTPtzp72dJ7bjolopnV6Vc+XzSTIbskX1SIC45IWVySSqkSjh5IE/kmbxYj9ar9Wa9/4zOWZOdHfIH1sc3HhWY+w==</latexit>

if rule suml) was used:

since               then                with

by rule suml)

then

R , {(p0 + p1, q0 + q1) | p0 ' q0 ^ p1 ' q1}

<latexit sha1_base64="U0ZAPAJv99IpGcedSFwKAypCx0E="></latexit>

(p0 + p1, q0 + q1) 2 R

<latexit sha1_base64="wfawG3qYatYKoo2CF0Yoyb5V+Uo=">AAACE3icbVA9SwNBEN2LXzF+RS0tXAxCRAl3ElA70cYyiolCEo69zSQu2bvb7M4JcqT0J/grbLWyE1t/gIX/xb2YQo2vmcd7M8zMC5QUBl33w8lNTc/MzuXnCwuLS8srxdW1hokTzaHOYxnr64AZkCKCOgqUcK00sDCQcBX0TzP/6ha0EXF0iXcK2iHrRaIrOEMr+cXNsvLdXeV7ewNbB7630xIRbYUMb4JuejH0iyW34o5AJ4k3JiUyRs0vfrY6MU9CiJBLZkzTcxW2U6ZRcAnDQisxoBjvsx40LY1YCKadjh4Z0u3EMIypAk2FpCMRfk6kLDTmLgxsZ3ah+etl4n9eM8HuYTsVkUoQIp4tQiFhtMhwLWxCQDtCAyLLLgdqQ+BMM0TQgjLOrZjYyAo2D+/v95OksV/xqpWj82rp+GScTJ5skC1SJh45IMfkjNRInXByTx7JE3l2HpwX59V5+27NOeOZdfILzvsXJk2csA==</latexit>

p0 ' q0

<latexit sha1_base64="+c5xuFp22NcGeYyn1SQ8vPsm2jk=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnlIiWWdL5twytm+3K2RIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx1dSGLTtT6u0srq2vlHerGxt7+zuVfcPOiaKNYc2j2Skez4zIEUIbRQooac0sMCX0PUn15nffQBtRBTe4UyBG7BxKEaCM0wlV3n2wIgApnTq2V61ZtftHHSZOAWpkQItr/o1GEY8DiBELpkxfcdW6CZMo+AS5pVBbEAxPmFj6Kc0ZAEYN8lDz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDeLXib+5/VjHF24iQhVjBDy7BAKCfkhw7VI2wA6FBoQWZYcqAgpZ5ohghaUcZ6KcVpPJe3DWfx+mXTO6k6jfnnbqDWvimbK5Igck1PikHPSJDekRdqEkyl5Is/kxXq0Xq036/1ntGQVO4fkD6yPb9Rrlic=</latexit>

p1 ' q1

<latexit sha1_base64="6BoG5SydlaWutr8MqnaultkFLGU=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnlIiWWdL5twytm+3K2RIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx1dSGLTtT6u0srq2vlHerGxt7+zuVfcPOiaKNYc2j2Skez4zIEUIbRQooac0sMCX0PUn15nffQBtRBTe4UyBG7BxKEaCM0wlV3nOwIgApnTqOV61ZtftHHSZOAWpkQItr/o1GEY8DiBELpkxfcdW6CZMo+AS5pVBbEAxPmFj6Kc0ZAEYN8lDz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDeLXib+5/VjHF24iQhVjBDy7BAKCfkhw7VI2wA6FBoQWZYcqAgpZ5ohghaUcZ6KcVpPJe3DWfx+mXTO6k6jfnnbqDWvimbK5Igck1PikHPSJDekRdqEkyl5Is/kxXq0Xq036/1ntGQVO4fkD6yPb9eTlik=</latexit>

p0 + p1
µ�! p0

<latexit sha1_base64="76g0wnl8h5dUoHzUzH++LCthZLo=">AAACD3icbVDLSgNBEJz1GeMr6jGXwSAKQtiVgHoLevEYwTwgCUvvpI2Ds7vDTK8alhz8BL/Cq568iVc/wYP/4ibmoMY6FVXddFcFWklLrvvhzMzOzS8s5pbyyyura+uFjc2GjRMjsC5iFZtWABaVjLBOkhS2tEEIA4XN4Pp05Ddv0FgZRxc00NgNoR/JSymAMskvFLXv7mvf69wZ2b8iMCa+TTthMuR61y+U3LI7Bp8m3oSU2AQ1v/DZ6cUiCTEiocDatudq6qZgSAqFw3wnsahBXEMf2xmNIETbTcchhnwnsUAx12i4VHws4s+NFEJrB2GQTYZAV/avNxL/89oJXR51UxnphDASo0MkFY4PWWFk1g7ynjRIBKPPkcuICzBAhEZyECITk6yufNaH9zf9NGkclL1K+fi8UqqeTJrJsSLbZnvMY4esys5YjdWZYPfskT2xZ+fBeXFenbfv0RlnsrPFfsF5/wJ3U5x+</latexit>

q0 + q1
µ�! q0

<latexit sha1_base64="uGgyxFKSd+yc7f3v075jyu3wV1Q=">AAACD3icbVDLSgNBEJz1GeMr6jGXwSAKQtiVgHoLevEYwTwgCUvvpBMHZx+Z6VXDkoOf4Fd41ZM38eonePBf3MQcNLFORVU33VVepKQh2/605uYXFpeWMyvZ1bX1jc3c1nbNhLEWWBWhCnXDA4NKBlglSQobkUbwPYV17+Z85NdvURsZBlc0iLDtQy+QXSmAUsnN5fuufdh3nda9lr1rAq3Du6Tlx0Pe33dzBbtoj8FniTMhBTZBxc19tTqhiH0MSCgwpunYEbUT0CSFwmG2FRuMQNxAD5spDcBH007GIYZ8LzZAIY9Qc6n4WMTfGwn4xgx8L530ga7NtDcS//OaMXVP2okMopgwEKNDJBWODxmhZdoO8o7USASjz5HLgAvQQIRachAiFeO0rmzahzOdfpbUjopOqXh6WSqUzybNZFie7bID5rBjVmYXrMKqTLAH9sSe2Yv1aL1ab9b7z+icNdnZYX9gfXwDfDGcgQ==</latexit>

p0
µ�! p0

<latexit sha1_base64="3SD6c/hLUAAYrV0HvArDuSBssMw=">AAACC3icbVC7TgJBFJ31ifhCLSxsJhKjFdk1JGpHtLHERB4JEHJ3uMCE2d3JzF2VbPgEv8JWKztj60dY+C8uSKHgqU7OuTf3nuNrJS257qezsLi0vLKaWcuub2xubed2dqs2io3AiohUZOo+WFQyxApJUljXBiHwFdb8wdXYr92hsTIKb2mosRVAL5RdKYBSqZ3b1223+WBkr09gTHSfNIN4xPVxO5d3C+4EfJ54U5JnU5Tbua9mJxJxgCEJBdY2PFdTKwFDUigcZZuxRQ1iAD1spDSEAG0rmQQY8aPYAkVco+FS8YmIvzcSCKwdBn46GQD17aw3Fv/zGjF1z1uJDHVMGIrxIZIKJ4esMDJtBnlHGiSC8efIZcgFGCBCIzkIkYpxWlU27cObTT9PqqcFr1i4uCnmS5fTZjLsgB2yE+axM1Zi16zMKkywEXtiz+zFeXRenTfn/Wd0wZnu7LE/cD6+AfMVmys=</latexit>

p0 ' q0

<latexit sha1_base64="+c5xuFp22NcGeYyn1SQ8vPsm2jk=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnlIiWWdL5twytm+3K2RIisFX0ELFR2i5VMo+Bds4wISphrN7Gpnx1dSGLTtT6u0srq2vlHerGxt7+zuVfcPOiaKNYc2j2Skez4zIEUIbRQooac0sMCX0PUn15nffQBtRBTe4UyBG7BxKEaCM0wlV3n2wIgApnTq2V61ZtftHHSZOAWpkQItr/o1GEY8DiBELpkxfcdW6CZMo+AS5pVBbEAxPmFj6Kc0ZAEYN8lDz+lJbBhGVIGmQtJchN8bCQuMmQV+OhkwvDeLXib+5/VjHF24iQhVjBDy7BAKCfkhw7VI2wA6FBoQWZYcqAgpZ5ohghaUcZ6KcVpPJe3DWfx+mXTO6k6jfnnbqDWvimbK5Igck1PikHPSJDekRdqEkyl5Is/kxXq0Xq036/1ntGQVO4fkD6yPb9Rrlic=</latexit>

q0
µ�! q0

<latexit sha1_base64="wv1R6huLf0MPsM2fsY7zNfEfC68=">AAACC3icbVC7TgJBFJ31ifhCLSxsJhKjFdk1JGpHtLHERB4JEHJ3uMCE2Qczd1Wy2U/wK2y1sjO2foSF/+KCFAqe6uSce3PvOW6opCHb/rQWFpeWV1Yza9n1jc2t7dzObtUEkRZYEYEKdN0Fg0r6WCFJCuuhRvBchTV3cDX2a3eojQz8WxqF2PKg58uuFECp1M7tD9t280HLXp9A6+A+bnpRwofH7VzeLtgT8HniTEmeTVFu576anUBEHvokFBjTcOyQWjFokkJhkm1GBkMQA+hhI6U+eGha8SRAwo8iAxTwEDWXik9E/L0Rg2fMyHPTSQ+ob2a9sfif14ioe96KpR9GhL4YHyKpcHLICC3TZpB3pEYiGH+OXPpcgAYi1JKDEKkYpVVl0z6c2fTzpHpacIqFi5tivnQ5bSbDDtghO2EOO2Mlds3KrMIES9gTe2Yv1qP1ar1Z7z+jC9Z0Z4/9gfXxDfZKmy0=</latexit>

p0 ' q0

<latexit sha1_base64="owHWRz2cxwEpgOze3+hCIh48v64=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiFKrJRJKCLoKEMEnlIiRWdL5twytm+3K2RIiviK2ihokO0fAsF/4JtXEDCVKOZXe3seEoKg7b9aRVWVtfWN4qbpa3tnd298v5B24SR5tDioQx112MGpAighQIldJUG5nsSOt7kOvU7D6CNCIM7nClwfTYOxEhwhonUU9W+ET5M6bQ6KFfsmp2BLhMnJxWSozkof/WHIY98CJBLZkzPsRW6MdMouIR5qR8ZUIxP2Bh6CQ2YD8aNs8hzehIZhiFVoKmQNBPh90bMfGNmvpdM+gzvzaKXiv95vQhHF24sAhUhBDw9hEJCdshwLZIugA6FBkSWJgcqAsqZZoigBWWcJ2KUlFNK+nAWv18m7bOaU69d3tYrjau8mSI5IsfklDjknDTIDWmSFuEkJE/kmbxYj9ar9Wa9/4wWrHznkPyB9fENPUOVQw==</latexit>

q0 + q1
µ�! q0

<latexit sha1_base64="uGgyxFKSd+yc7f3v075jyu3wV1Q=">AAACD3icbVDLSgNBEJz1GeMr6jGXwSAKQtiVgHoLevEYwTwgCUvvpBMHZx+Z6VXDkoOf4Fd41ZM38eonePBf3MQcNLFORVU33VVepKQh2/605uYXFpeWMyvZ1bX1jc3c1nbNhLEWWBWhCnXDA4NKBlglSQobkUbwPYV17+Z85NdvURsZBlc0iLDtQy+QXSmAUsnN5fuufdh3nda9lr1rAq3Du6Tlx0Pe33dzBbtoj8FniTMhBTZBxc19tTqhiH0MSCgwpunYEbUT0CSFwmG2FRuMQNxAD5spDcBH007GIYZ8LzZAIY9Qc6n4WMTfGwn4xgx8L530ga7NtDcS//OaMXVP2okMopgwEKNDJBWODxmhZdoO8o7USASjz5HLgAvQQIRachAiFeO0rmzahzOdfpbUjopOqXh6WSqUzybNZFie7bID5rBjVmYXrMKqTLAH9sSe2Yv1aL1ab9b7z+icNdnZYX9gfXwDfDGcgQ==</latexit>

how can we repair the proof?

[ '

<latexit sha1_base64="upM4iYKxA9RMiZDaJNCv3sf6SME=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrIREtBF0FAGiTwk24rOl0045Xw2d2ukyIr4Clqo6BAt30LBv2AbF5Aw1WhmVzs7QSyFQdv+tCpLyyura9X12sbm1vZOfXeva6JEc+jwSEa6HzADUijooEAJ/VgDCwMJvWBylfu9B9BGROoWpzH4IRsrMRKcYSa5Hk9i6hkRwv2g3rCbdgG6SJySNEiJ9qD+5Q0jnoSgkEtmjOvYMfop0yi4hFnNSwzEjE/YGNyMKhaC8dMi8oweJYZhRGPQVEhaiPB7I2WhMdMwyCZDhndm3svF/zw3wdG5nwoVJwiK54dQSCgOGa5F1gXQodCAyPLkQIWinGmGCFpQxnkmJlk5tawPZ/77RdI9aTqnzYub00brsmymSg7IITkmDjkjLXJN2qRDOInIE3kmL9aj9Wq9We8/oxWr3Nknf2B9fAP0SJW4</latexit>

(no need to check the pairs in       )'

<latexit sha1_base64="OvDLNUEKqIiAZU8rBrJPQ+sHhb4=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEnlIiRWdL5twyt3Z3K2RIisfQQsVHaLlayj4F2zjAhKmGs3samcniKSw6LqfTmlldW19o7xZ2dre2d2r7h90bBgbDm0eytD0AmZBCg1tFCihFxlgKpDQDabXmd99BGNFqO9wFoGv2ESLseAMU6lLB1YoeBhWa27dzUGXiVeQGinQGla/BqOQxwo0csms7XtuhH7CDAouYV4ZxBYixqdsAv2UaqbA+kked05PYsswpBEYKiTNRfi9kTBl7UwF6aRieG8XvUz8z+vHOL7wE6GjGEHz7BAKCfkhy41IewA6EgYQWZYcqNCUM8MQwQjKOE/FOC2mkvbhLX6/TDpnda9Rv7xt1JpXRTNlckSOySnxyDlpkhvSIm3CyZQ8kWfy4iTOq/PmvP+Mlpxi55D8gfPxDcO8k+w=</latexit>

(p0, q0) 2 ' ✓ R

<latexit sha1_base64="n9MBwqxMpSTopIxCxWkWExf1728=">AAACHHicbVDLSgNBEJyNrxhfUY9eBoMkgoRdCai3oBePUcwDsiHMTjpxcHZ2M9MrhCW/4Cf4FV715E28Ch78F3djDppYly6quunu8kIpDNr2p5VZWFxaXsmu5tbWNza38ts7DRNEmkOdBzLQLY8ZkEJBHQVKaIUamO9JaHp3F6nfvAdtRKBucBRCx2cDJfqCM0ykbr5UCotHw+KhK5RLXSN8GKY18gwgDKnrM7z1+vH1uJsv2GV7AjpPnCkpkClq3fyX2wt45INCLpkxbccOsRMzjYJLGOfcyEDI+B0bQDuhivlgOvHkozE9iAzDgIagqZB0IsLviZj5xox8L+lMLzSzXir+57Uj7J92YqHCCEHxdBEKCZNFhmuRRAW0JzQgsvRyoEJRzjRDBC0o4zwRoyS7XJKHM/v9PGkcl51K+eyqUqieT5PJkj2yT0rEISekSi5JjdQJJw/kiTyTF+vRerXerPef1ow1ndklf2B9fANHLKEe</latexit>

fill in the missing details
- sumr)
-             movesq0 + q1

<latexit sha1_base64="NiaBlLg+zwNfhWDhcHiRZ/8f7p8=">AAAB+XicbVDLSsNAFJ3UV62vqks3g0UQhJJIQd0V3bisYB/QhjCZ3tahk0k6cyOU0I9wqyt34tavceG/mMQstPWsDufcyz33+JEUBm370yqtrK6tb5Q3K1vbO7t71f2DjgljzaHNQxnqns8MSKGgjQIl9CINLPAldP3JTeZ3H0EbEap7nEXgBmysxEhwhqnUnXr22dRzvGrNrts56DJxClIjBVpe9WswDHkcgEIumTF9x47QTZhGwSXMK4PYQMT4hI2hn1LFAjBuksed05PYMAxpBJoKSXMRfm8kLDBmFvjpZMDwwSx6mfif149xdOkmQkUxguLZIRQS8kOGa5H2AHQoNCCyLDlQoShnmiGCFpRxnopxWkwl7cNZ/H6ZdM7rTqN+ddeoNa+LZsrkiByTU+KQC9Ikt6RF2oSTCXkiz+TFSqxX6816/xktWcXOIfkD6+MbFuyTfQ==</latexit>

Strong bisimilarity is a congruence (4)TH.
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CCS: some laws
p+ nil ' p

<latexit sha1_base64="DuyIPUn/zjP8Z5GpKjM55GwzRL4=">AAACC3icbVC7SgNBFJ31GeMramFhMxgEQQi7ElC7oI1lBPOAbAizk5s4ZHZ2nLkrhCWf4FfYamUntn6Ehf/i7ppCE091OOde7rkn0FJYdN1PZ2FxaXlltbBWXN/Y3Nou7ew2bRQbDg0eyci0A2ZBCgUNFCihrQ2wMJDQCkZXmd96AGNFpG5xrKEbsqESA8EZplKvtK9P/JDhXTBIlJAT6lsRwj3VvVLZrbg56DzxpqRMpqj3Sl9+P+JxCAq5ZNZ2PFdjN2EGBZcwKfqxBc34iA2hk1LFQrDdJH9gQo9iyzCiGgwVkuYi/N5IWGjtOAzSySysnfUy8T+vE+PgvJsIpWMExbNDKCTkhyw3Im0GaF8YQGRZcqBCUc4MQwQjKOM8FeO0qmLahzf7/Txpnla8auXiplquXU6bKZADckiOiUfOSI1ckzppEE4m5Ik8kxfn0Xl13pz3n9EFZ7qzR/7A+fgGlNCa8Q==</latexit>

p+ q ' q + p

<latexit sha1_base64="Tw7b3W+qPqY+sq6ZWCLmUBDn8mI=">AAACAHicbVDLSsNAFJ34rPVVdelmsAhCoSRSUHdFNy4r2Ae0sUymt3XoJJnO3AgldONXuNWVO3Hrn7jwX0xiFtp6Vodz7uWeezwlhUHb/rSWlldW19YLG8XNre2d3dLefsuEkebQ5KEMdcdjBqQIoIkCJXSUBuZ7Etre+Cr12w+gjQiDW5wqcH02CsRQcIaJdKcqE9ozwocJnVRUv1S2q3YGukicnJRJjka/9NUbhDzyIUAumTFdx1boxkyj4BJmxV5kQDE+ZiPoJjRgPhg3zlLP6HFkGIZUgaZC0kyE3xsx842Z+l4y6TO8N/NeKv7ndSMcnruxCFSEEPD0EAoJ2SHDtUjqADoQGhBZmhyoCChnmiGCFpRxnohR0k8x6cOZ/36RtE6rTq16cVMr1y/zZgrkkByRE+KQM1In16RBmoQTTZ7IM3mxHq1X6816/xldsvKdA/IH1sc3VL6Wag==</latexit>

p+ (q + r) ' (p+ q) + r

<latexit sha1_base64="ONvSFJX/7BBPlQ8Af/RegkZiR0k=">AAACCnicbVDLSgNBEJyNrxhfq4IXL4NBSAiEXQmot6AXjxHMA5IQZiedODi7O5npFULMH/gVXvXkTbz6Ex78FzfrHjSxTkVVN11dnpLCoON8Wpml5ZXVtex6bmNza3vH3t1rmDDSHOo8lKFuecyAFAHUUaCEltLAfE9C07u7nPnNe9BGhMENjhV0fTYMxEBwhrHUsw9UqTAq6SLtGOHDiBZUaVQs6Z6dd8pOArpI3JTkSYpaz/ 7q9EMe+RAgl8yYtuso7E6YRsElTHOdyIBi/I4NoR3TgPlgupMk/5QeR4ZhSBVoKiRNRPi9MWG+MWPfiyd9hrdm3puJ/3ntCAdn3YkIVIQQ8NkhFBKSQ4ZrERcDtC80ILJZcqAioJxphghaUMZ5LEZxU7m4D3f++0XSOCm7lfL5dSVfvUibyZJDckQKxCWnpEquSI3UCScP5Ik8kxfr0Xq13qz3n9GMle7skz+wPr4BBBSYxw==</latexit>

p+ p ' p

<latexit sha1_base64="+jm7zAqaSYj3bgj/xdQ+hTx4oLw=">AAAB/nicbVDLSsNAFJ3UV62vqks3g0UQhJJIQd0V3bisYB/QhDKZ3tahk2ScuRFKKPgVbnXlTtz6Ky78F5OYhbae1eGce7nnHl9JYdC2P63S0vLK6lp5vbKxubW9U93d65go1hzaPJKR7vnMgBQhtFGghJ7SwAJfQtefXGV+9wG0EVF4i1MFXsDGoRgJzjCVXHWiqGtEAPdUDao1u27noIvEKUiNFGgNql/uMOJxACFyyYzpO7ZCL2EaBZcwq7ixAcX4hI2hn9KQBWC8JM88o0exYRhRBZoKSXMRfm8kLDBmGvjpZMDwzsx7mfif149xdO4lIlQxQsizQygk5IcM1yItA+hQaEBkWXKgIqScaYYIWlDGeSrGaTuVtA9n/vtF0jmtO436xU2j1rwsmimTA3JIjolDzkiTXJMWaRNOFHkiz+TFerRerTfr/We0ZBU7++QPrI9vDUyVuQ==</latexit>

p|(q|r) ' (p|q)|r

<latexit sha1_base64="H6PLIAYpttgVXS4eoaSIjp4l6DM=">AAACCnicbVC7TgJBFJ3FF+ILNbGxmUhMoCG7hkTtiDaWmMgjAUJmhwtOmN0dZu6aEJY/8CtstbIztv6Ehf/iLm6h4KlOzrk399zjKikM2vanlVlZXVvfyG7mtrZ3dvfy+wcNE4SaQ50HMtAtlxmQwoc6CpTQUhqY50pouqPrxG8+gDYi8O9woqDrsaEvBoIzjKVe/khFxXGkS7RjhAdjWlTRuBTpXr5gl+056DJxUlIgKWq9/FenH/DQAx+5ZMa0HVthd8o0Ci5hluuEBhTjIzaEdkx95oHpTuf5Z/Q0NAwDqkBTIelchN8bU+YZM/HceNJjeG8WvUT8z2uHOLjoToWvQgSfJ4dQSJgfMlyLuBigfaEBkSXJgQqfcqYZImhBGeexGMZN5eI+nMXvl0njrOxUype3lUL1Km0mS47JCSkSh5yTKrkhNVInnETkiTyTF+vRerXerPef0YyV7hySP7A+vgEKeJoL</latexit>

p|q ' q|p

<latexit sha1_base64="nZFN+9pVYD6Ffo6Fj7+3hlozCdY=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIREtBF0FAGiTykxETnyyaccrYvd2ukyEnDV9BCRYdo+RMK/gXbuICEqUYzu9rZ8ZQUBm370yosLa+srhXXSxubW9s75d29pgkjzaHBQxnqtscMSBFAAwVKaCsNzPcktLzRVeq3HkAbEQa3OFHg+mwYiIHgDBPpTk3HtGuED2M6nqpeuWJX7Qx0kTg5qZAc9V75q9sPeeRDgFwyYzqOrdCNmUbBJcxK3ciAYnzEhtBJaMB8MG6cpZ7Ro8gwDKkCTYWkmQi/N2LmGzPxvWTSZ3hv5r1U/M/rRDg4d2MRqAgh4OkhFBKyQ4ZrkdQBtC80ILI0OVARUM40QwQtKOM8EaOkn1LShzP//SJpnlSd0+rFzWmldpk3UyQH5JAcE4eckRq5JnXSIJxo8kSeyYv1aL1ab9b7z2jBynf2yR9YH99VaJcM</latexit>

p|nil ' p

<latexit sha1_base64="PLRqqbpG7GXO7vgMInWBfwUiSbI=">AAACC3icbVC7TsNAEDzzDOEVoKCgOREhUUU2igR0ETSUQSIPKbGi82UTTjmfj7s1UmTyCXwFLVR0iJaPoOBfsE0KSJhqNLOrnZ1AS2HRdT+dhcWl5ZXVwlpxfWNza7u0s9u0UWw4NHgkI9MOmAUpFDRQoIS2NsDCQEIrGF1mfusejBWRusGxBj9kQyUGgjNMpV5pXz90Q4a3wSBRQk5o14oQ7qjulcpuxc1B54k3JWUyRb1X+ur2Ix6HoJBLZm3HczX6CTMouIRJsRtb0IyP2BA6KVUsBOsn+QMTehRbhhHVYKiQNBfh90bCQmvHYZBOZmHtrJeJ/3mdGAdnfiKUjhEUzw6hkJAfstyItBmgfWEAkWXJgQpFOTMMEYygjPNUjNOqimkf3uz386R5UvGqlfPrarl2MW2mQA7IITkmHjklNXJF6qRBOJmQJ/JMXpxH59V5c95/Rhec6c4e+QPn4xsZw5tC</latexit>

nil\↵ ' nil

<latexit sha1_base64="peZV2doy4FqBCVTIZUgcEnlgSwI=">AAACJHicbVC7SgNBFJ31GeMramkzGASrsCuC2gVtLCOYKGRDuDu5MYOzs+vMXSEs+Q0/wa+w1cpOLCz0W5yNKeLjVIdzz32dKFXSku+/ezOzc/MLi6Wl8vLK6tp6ZWOzZZPMCGyKRCXmKgKLSmpskiSFV6lBiCOFl9HNaVG/vENjZaIvaJhiJ4ZrLftSADmpW/HDGGgQ9XMt1SiMQNxYBXYQgkoHwEMrY7zl055uperX/DH4XxJMSJVN0OhWPsJeIrIYNQk32rYDP6VODoakUDgqh5nF1O2Fa2w7qiFG28nHn434bmaBEp6i4VLxsYjTHTnE1g7jyDmLG+3vWiH+V2tn1D/q5FKnGaEWxSKSCseLrDDSRYa8Jw0SQXE5cqm5AANEaCQHIZyYuQzLLo/g9/d/SWu/FhzUjs8PqvWTSTIlts122B4L2CGrszPWYE0m2D17ZE/s2XvwXrxX7+3bOuNNerbYD3ifX9bEplM=</latexit>

(µ.p)\↵ ' nil if µ 2 {↵,↵}

<latexit sha1_base64="blP97rfa/j9+aOgEEur6cGNdCVI="></latexit>

(µ.p)\↵ ' µ.(p\↵) if µ 62 {↵,↵}

<latexit sha1_base64="zMQKCxS81tfSQWazqTAmTsKyvHA="></latexit>

(p+ q)\↵ ' (p\↵) + (q\↵)

<latexit sha1_base64="6y/Tu7O/MZuWMvie2df2MGFJErg=">AAACOHicbVDLSgNBEJz1bXxFPXoZDEIkEHYloN5EPXiMYBIhG0LvpDWDs7uTmV5Bgj/kJ/gVXiMI3sSrX+Ak5qCJdSqquqemK9JKWvL9gTczOze/sLi0nFtZXVvfyG9u1W2aGYE1karUXEdgUckEayRJ4bU2CHGksBHdnQ39xj0aK9Pkih40tmK4TeSNFEBOaufPi7rU2w8jEHdWge2GoHQXeGhljD1e1JPOfqnYm9La+YJf9kfg0yQYkwIbo9rOv4WdVGQxJiTcO7YZ+JpafTAkhcLHXJhZ1C4EbrHpaAIx2lZ/dO0j38ssUMo1Gi4VH4n4e6MPsbUPceQmY6CunfSG4n9eM6Obo1ZfJjojTMQwiKTCUZAVRroakXekQSIY/hy5TLgAA0RoJAchnJi5XnOuj2Dy+mlSPygHlfLxZaVwcjpuZontsF1WZAE7ZCfsglVZjQn2xF7YgL16z9679+F9/ozOeOOdbfYH3tc3R+Ss6A==</latexit>

nil[�] ' nil

<latexit sha1_base64="AcUDGMJCGk/SzeN8K2PKNjIJPQk=">AAACGnicbVC7TsNAEDzzJrwClDQnIhBVZKNIQBdBQwkSgUixFZ0vG7LK+Wzu1kiRlT/gE/gKWqjoEC0NBf+CHVJAwlSjmV3t7ISJQkuu++nMzM7NLywuLZdWVtfWN8qbW9c2To2EhoxVbJqhsKBQQ4OQFDQTAyIKFdyE/bPCv7kHYzHWVzRIIIjErcYuSkG51C7v+5GgXtjNNKphy096GHDfYgR3/LfTLlfcqjsCnybemFTYGBft8pffiWUagSaphLUtz00oyIQhlAqGJT+1kAjZF7fQyqkWEdggG/0z5HupFRTzBAxHxUci/N7IRGTtIArzySKjnfQK8T+vlVL3OMhQJymBlsUhQgWjQ1YazIsC3kEDRKJIDhw1l8IIIjDIhZS5mObNlfI+vMnvp8n1YdWrVU8ua5X66biZJbbDdtkB89gRq7NzdsEaTLIH9sSe2Yvz6Lw6b877z+iMM97ZZn/gfHwDVdyh2g==</latexit>

(µ.p)[�] ' �(µ).(p[�])

<latexit sha1_base64="9fKfWT7vIfdUp9ua7+X/+juQbX4=">AAACHHicbVC7TsNAEDzzDOEVoKQ5ESEljWWjSEAXQUMZJPKQYis6XxY4cWcfd2ukKMov8Al8BS1UdIgWiYJ/wU5SQMJUszO72t2JtBQWPe/LWVhcWl5ZLawV1zc2t7ZLO7stm6SGQ5MnMjGdiFmQIoYmCpTQ0QaYiiS0o7vz3G8/gLEiia9woCFU7CYW14IzzKReqVIJVOrqajfQtyKkgRUK7mle5EbVreiJU+2Vyp7rjUHniT8lZTJFo1f6DvoJTxXEyCWztut7GsMhMyi4hFExSC1oxu/YDXQzGjMFNhyOPxrRw9QyTKgGQ4WkYxF+TwyZsnagoqxTMby1s14u/ud1U7w+CYci1ilCzPNFKCSMF1luRBYV0L4wgMjyy4GKmHJmGCIYQRnnmZhm2RWzPPzZ7+dJ68j1a+7pZa1cP5smUyD75IBUiE+OSZ1ckAZpEk4eyTN5Ia/Ok/PmvDsfk9YFZzqzR/7A+fwBT4SgeQ==</latexit>

(p+ q)[�] ' (p[�]) + (q[�])

<latexit sha1_base64="RtE2Em1GfH0hQ6rTvERVmdcL6Ow=">AAACGnicbVA9TwJBEN3zE/ELtbTZSDQQEnJnSNSOaGOJiXwkcCF7ywAb9u6W3TkTQvgH/gR/ha1WdsbWxsL/4gFXKPiqN+/NZGaep6QwaNtf1srq2vrGZmorvb2zu7efOTismTDSHKo8lKFueMyAFAFUUaCEhtLAfE9C3RvcTP36A2gjwuAeRwpcn/UC0RWcYSy1M2c5VRjmmy3VFy5tGeHDkObUvM4XcsOEtTNZu2jPQJeJk5AsSVBpZ75bnZBHPgTIJTOm6dgK3THTKLiESboVGVCMD1gPmjENmA/GHc/+mdDTyDAMqQJNhaQzEX5PjJlvzMj34k6fYd8selPxP68ZYffSHYtARQgBny5CIWG2yHAt4qCAdoQGRDa9HKgIKGeaIYIWlHEei1GcXDrOw1n8fpnUzotOqXh1V8qWr5NkUuSYnJAcccgFKZNbUiFVwskjeSYv5NV6st6sd+tj3rpiJTNH5A+szx96bZ99</latexit>

p\↵\↵ ' p\↵

<latexit sha1_base64="4Toqbr52DqkU/miYauCDXo5TqAY=">AAACRHicbVC7TgMxEPTxJrwClDQWERJVdIeQeFQRNJRBIoCUi6I9Z5NY+O6MvYcURfkXvoYWWv6BLqJF+I4UkLDVeGbWY0+klbTk++/e3PzC4tLyymppbX1jc6u8vXNr08wIbIhUpeY+AotKJtggSQrvtUGII4V30cNlrt89obEyTW5ooLEVQy+RXSmAHNUun+swAvFgFdh+CEr3YfrMQytjfOQzxna54lf9YvgsCCagwiZTb5fHYScVWYwJCXeNbQa+ptYQDEmhcFQKM4vaZUAPmw4mEKNtDYs/jvhBZoFSrtFwqXhB4u+NIcTWDuLIOWOgvp3WcvI/rZlR97Q1lInOCBORB5FUWARZYaQrD3lHGiSC/OXIZcIFGCBCIzkI4cjMtfknMI+hNFV25FoKpjuZBbdH1eC4enZ9XKldTPpaYXtsnx2ygJ2wGrtiddZggj2zF/bK3rwX78Mbe58/1jlvsrPL/oz39Q3jNLQl</latexit>

p\↵\� ' p\�\↵

<latexit sha1_base64="f9sHpp1PNKpx1SP3M1NosR1nYpM=">AAACUnicbVLLTgIxFC34QnyhLt00EhNXZMaQqDuiG5aaiJIwE3KnXKGhM1PbOyaG8Et+jRsX+hPuXNlBFjJ4VqfnPk570kgracnz3kvlldW19Y3KZnVre2d3r7Z/cG/TzAjsiFSlphuBRSUT7JAkhV1tEOJI4UM0vs7rD89orEyTO3rRGMYwTOSjFEBO6tfaOohAjK0COwpA6RH8OUdIwAMrY3ziuqAXx/q1utfwZuDLxJ+TOpvjpl/7CgapyGJMSLg1tud7msIJGJJC4bQaZBa184Ah9hxNIEYbTmYvnvKTzAKlXKPhUvGZiH8nJhBb+xJHrjMGGtliLRf/q/UyerwIJzLRGWEiciOSCmdGVhjpokQ+kAaJIL85cplwAQaI0EgOQjgxc9kuGOY2lKbKTl1KfjGTZXJ/1vCbjcvbZr11Nc+rwo7YMTtlPjtnLdZmN6zDBHtlb+yDfZbeSt9l90t+W8ul+cwhW0B5+wdAe7dK</latexit>

p[�][⌘] ' p[⌘ � �]

<latexit sha1_base64="QOCsT62y5e6xb41ATTJwdMVfQrw=">AAACL3icbVC7TsNAEDzzDO8AJc2JCIkqshES0EXQUAaJAJJtRetjgRVn+7hbI6EoX8DX0MKHIBpES80PYJsUvKaam9nV7E1iNDn2/RdvbHxicmq6MTM7N7+wuNRcXjlxeWEV9lSuc3uWgENNGfaYWOOZsQhpovE0uT6o/NNbtI7y7JjvDMYpXGZ0QQq4lPrNDRNG5oriMEKGWEaOUryRpn5Giqyq3X6z5bf9GvIvCUakJUbo9psf0XmuihQzVhqcCwPfcDwAy6Q0DmejwqEBdQ2XGJY0gxRdPKi/M5QbhQPOpUErSctaxO8bA0idu0uTcjIFvnK/vUr8zwsLvtiNB5SZgjFTVRCTxjrIKUtlTyjPySIzVJejpEwqsMCMliQoVYpFWdyPwCqG81y7YdlS8LuTv+Rkqx1st/eOtlud/VFfDbEm1sWmCMSO6IhD0RU9ocS9eBCP4sl78J69V+/ta3TMG+2sih/w3j8B7yaqoA==</latexit>

how to prove them? find a strong bisimulation for each of them


