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CCS
Strong bisimulation
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CCS syntax

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

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

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

parallel composition
recursion

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

µ�! q

p[�]
�(µ)���! q[�]

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

Rel)
p

µ�! q µ 62 {↵,↵}
p\↵ µ�! q\↵

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

Res)

p1
µ�! q1

p1|p2
µ�! q1|p2

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

p2
µ�! q2

p1|p2
µ�! p1|q2

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

p1
��! q1 p2

��! q2

p1|p2
⌧�! q1|q2

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

ParL) Com) ParR)

p[rec x. p/x]
µ�! q

rec x. p
µ�! q

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

Rec)

p1
µ�! q

p1 + p2
µ�! q

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

p2
µ�! q

p1 + p2
µ�! q

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

SumL) SumR)

µ.p
µ�! p

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

Act)
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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



99

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>



CCS
Strong bisimilarity
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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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Example
B1

0 |B1
0

inww in ''
B1

1 |B1
0
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��

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
0 , B

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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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
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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
0 , B

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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Example
B1

0 |B1
0

inww in ''
B1

1 |B1
0
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out
77

B1
0 |B1

1
in

��

out
gg

B1
1 |B1

1

out
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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
<
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0 , B

1
0 |B1
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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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Example
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<latexit sha1_base64="hUflIMxvswIbYuSm7AxrD7zzq9k="></latexit>

B2
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1
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out
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out

II

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

⌘R,

8
<

:

{B2
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1
0 |B1

0},
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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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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.
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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.
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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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� : }(P ⇥ P) ! }(P ⇥ P)

<latexit sha1_base64="C3uhiFA1zxuXbQmFNdbpMyF3/Es=">AAACPnichVDJSgNBEO1xjXGLevTSGIR4CTMiuJyCXsRTBLNAJoSaTiVp0rPQXaPIkH/yE/wKwYPoyZt49ehMzCEuYJ0e773iVT0vUtKQbT9aM7Nz8wuLuaX88srq2nphY7NuwlgLrIlQhbrpgUElA6yRJIXNSCP4nsKGNzzL9MY1aiPD4IpuI2z70A9kTwqglOoULtzqQJ64N1HJ9YEGAlRSHbkkfTRTxJ5L4b+eTqFol+3x8N/AmYAim0y1U3hyu6GIfQxIKDCm5dgRtRPQJIXCUd6NDUYghtDHVgoDSAPbyfjnEd+NDVDII9RcKj4mcXojAd+YW99LndmN5qeWkX9prZh6R+1EBlFMGIgsiKTCcZARWqZlIu9KjUSQXY5cBlyABiLUkoMQKRmn7ebTPpyf3/8G9f2yc1A+vjwoVk4nzeTYNtthJeawQ1Zh56zKakywO/bAntmLdW+9Wm/W+5d1xprsbLFvY318AlsKsTI=</latexit>

maps relations to relations

R ✓ �(R)

<latexit sha1_base64="/X8KsvhLyj0aM/03Y1C9oVupawc=">AAACGHicbVC7TsNAEDyHVwivACXNiYAUmshGkYAugoYyIPKQYis6XzbJKecHd2ukyMoP8Al8BS1UdIiWjoJ/wTaRgISpRjO72tlxQyk0muaHkVtYXFpeya8W1tY3NreK2ztNHUSKQ4MHMlBtl2mQwocGCpTQDhUwz5XQckcXqd+6A6VF4N/gOATHYwNf9AVnmEjd4oHtMRy6/fh6YuvI1YBwS+36UJR/jKNusWRWzAx0nlhTUiJT1LvFT7sX8MgDH7lkWncsM0QnZgoFlzAp2JGGkPERG0AnoT7zQDtx9s2EHkaaYUBDUFRImonweyNmntZjz00m04h61kvF/7xOhP1TJxZ+GCH4PD2EQkJ2SHMlkpqA9oQCRJYmByp8ypliiKAEZZwnYpT0Vkj6sGa/nyfN44pVrZxdVUu182kzebJH9kmZWOSE1MglqZMG4eSePJIn8mw8GC/Gq/H2PZozpju75A+M9y8A9qCK</latexit>

a strong bisimulation

Strong bis as fix

�(R) ,

8
<

:(p, q)

������

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

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

9
=

;

<latexit sha1_base64="trJuzz9jXyRUwPpxo1ctvm46SR0="></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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� : }(P ⇥ P) ! }(P ⇥ P)

<latexit sha1_base64="C3uhiFA1zxuXbQmFNdbpMyF3/Es=">AAACPnichVDJSgNBEO1xjXGLevTSGIR4CTMiuJyCXsRTBLNAJoSaTiVp0rPQXaPIkH/yE/wKwYPoyZt49ehMzCEuYJ0e773iVT0vUtKQbT9aM7Nz8wuLuaX88srq2nphY7NuwlgLrIlQhbrpgUElA6yRJIXNSCP4nsKGNzzL9MY1aiPD4IpuI2z70A9kTwqglOoULtzqQJ64N1HJ9YEGAlRSHbkkfTRTxJ5L4b+eTqFol+3x8N/AmYAim0y1U3hyu6GIfQxIKDCm5dgRtRPQJIXCUd6NDUYghtDHVgoDSAPbyfjnEd+NDVDII9RcKj4mcXojAd+YW99LndmN5qeWkX9prZh6R+1EBlFMGIgsiKTCcZARWqZlIu9KjUSQXY5cBlyABiLUkoMQKRmn7ebTPpyf3/8G9f2yc1A+vjwoVk4nzeTYNtthJeawQ1Zh56zKakywO/bAntmLdW+9Wm/W+5d1xprsbLFvY318AlsKsTI=</latexit>

maps relations to relations

Strong bis as fix

�(R) ,

8
<

:(p, q)

������

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

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

9
=

;

<latexit sha1_base64="trJuzz9jXyRUwPpxo1ctvm46SR0="></latexit>

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>

' = �(')

<latexit sha1_base64="l0zmenVxt0KlrItNIDrnQdOEioE=">AAACCnicbVC7TsNAEDyHVwivABINzYkIKTSRjSIBBVIEDWWQyEOKreh82SSnnB/crZEikz/gK2ihokO0/AQF/4LjuICEqWZndrW744ZSaDTNLyO3tLyyupZfL2xsbm3vFHf3mjqIFIcGD2Sg2i7TIIUPDRQooR0qYJ4roeWOrqd+6wGUFoF/h+MQHI8NfNEXnGEidYsHthYe3Nv0ktr1oSjPypNusWRWzBR0kVgZKZEM9W7x2+4FPPLARy6Z1h3LDNGJmULBJUwKdqQhZHzEBtBJqM880E6c3j+hx5FmGNAQFBWSpiL8noiZp/XYc5NOj+FQz3tT8T+vE2H/3ImFH0YIPp8uQiEhXaS5EkkwQHtCASKbXg5U+JQzxRBBCco4T8QoSaqQ5GHNf79ImqcVq1q5uK2WaldZMnlySI5ImVjkjNTIDamTBuHkkTyTF/JqPBlvxrvxMWvNGdnMPvkD4/MHgj+ZtQ==</latexit>

strong bisimilarity is a fixpoint
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Fixpoint: which CPO?
Can we reuse Kleene’s fix point theorem?

Idea: reverse the usual order (inclusion)!

a relation with more pairs is 
smaller than one with less pairs R v R0 , R0 ✓ R

<latexit sha1_base64="YcGY+bJJGCOE04Ij0FMdGZJ70F8="></latexit>

(}(P ⇥ P),v)

<latexit sha1_base64="JMdpS4Fz245qXeR2IWRDwlCH3yU=">AAACI3icbVDLTgJBEJzFN75Qj14mEhNIDO4aEvVG9OIRE1ESlpDeodEJsw9mejVkw2f4CX6FVz15M148+C/uIgdE61Sp6k51lxcpaci2P63c3PzC4tLySn51bX1js7C1fW3CWAtsiFCFuumBQSUDbJAkhc1II/iewhuvf575N/eojQyDKxpG2PbhNpA9KYBSqVM4LLkPUcn1ge4EqKQ+ckn6aKaE8oFrBib2DBIOyp1C0a7YY/C/xJmQIpug3il8ud1QxD4GJBQY03LsiNoJaJJC4SjvxgYjEH24xVZKA0jT28n4sRHfjw1QyCPUXCo+FnF6IwHfmKHvpZPZwWbWy8T/vFZMvZN2IoMoJgxEFkRS4TjICC3TxpB3pUYiyC5HLgMuQAMRaslBiFSM0wrzaR/O7Pd/yfVRxalWTi+rxdrZpJlltsv2WIk57JjV2AWrswYT7JE9sxf2aj1Zb9a79fEzmrMmOzvsF6yvb/0PpUk=</latexit>

? = P ⇥ P

<latexit sha1_base64="+UCwkhlol5klU8L1wEkqv/x8QpY=">AAACF3icbVC7SgNBFJ2NrxhfUUubwSBYhV0JqIUQtLGMYFTILnJ3vOrg7IOZu0JY8gF+gl9hq5Wd2Fpa+C/Orlto4q0O55zLufeEqZKGXPfTqU1Nz8zO1ecbC4tLyyvN1bUzk2RaYF8kKtEXIRhUMsY+SVJ4kWqEKFR4Ht4dFfr5PWojk/iUhikGEdzE8loKIEtdNlt+mBA/4H4EdCtA5b2RTzJC84uwLrftlsMngVeBFqumd9n88q8SkUUYk1BgzMBzUwpy0CSFwlHDzwymIO7gBgcWxmDzgrx8ZsS3MgOU8BQ1l4qXJP7eyCEyZhiF1lmcaMa1gvxPG2R0vRfkMk4zwlgUQSQVlkFGaGlbQn4lNRJBcTlyGXMBGohQSw5CWDKztTVsH97495PgbKftddr7J51W97Bqps422CbbZh7bZV12zHqszwR7YE/smb04j86r8+a8/1hrTrWzzv6M8/ENRV2gMg==</latexit>

we want to find the coarsest relation,
not the least relation
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Least fixpoint… reversed

? = P ⇥ P

<latexit sha1_base64="+UCwkhlol5klU8L1wEkqv/x8QpY=">AAACF3icbVC7SgNBFJ2NrxhfUUubwSBYhV0JqIUQtLGMYFTILnJ3vOrg7IOZu0JY8gF+gl9hq5Wd2Fpa+C/Orlto4q0O55zLufeEqZKGXPfTqU1Nz8zO1ecbC4tLyyvN1bUzk2RaYF8kKtEXIRhUMsY+SVJ4kWqEKFR4Ht4dFfr5PWojk/iUhikGEdzE8loKIEtdNlt+mBA/4H4EdCtA5b2RTzJC84uwLrftlsMngVeBFqumd9n88q8SkUUYk1BgzMBzUwpy0CSFwlHDzwymIO7gBgcWxmDzgrx8ZsS3MgOU8BQ1l4qXJP7eyCEyZhiF1lmcaMa1gvxPG2R0vRfkMk4zwlgUQSQVlkFGaGlbQn4lNRJBcTlyGXMBGohQSw5CWDKztTVsH97495PgbKftddr7J51W97Bqps422CbbZh7bZV12zHqszwR7YE/smb04j86r8+a8/1hrTrWzzv6M8/ENRV2gMg==</latexit>

> = ;

<latexit sha1_base64="NbDFuWufdiy0UN4tBCwkSi2MVZs=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrJRJKBAiqChDBJ5SLGJzpdNOOVsn+7WSJGVhq+ghYoO0fInFPwLtnEBCVONZna1s+MrKQza9qdVWlpeWV0rr1c2Nre2d6q7ex0TxZpDm0cy0j2fGZAihDYKlNBTGljgS+j6k6vM7z6ANiIKb3GqwAvYOBQjwRmm0p2LkbpwIVA4NYCDas2u2znoInEKUiMFWoPqlzuMeBxAiFwyY/qOrdBLmEbBJcwqbmxAMT5hY+inNGQBGC/JU8/oUWwYRlSBpkLSXITfGwkLjJkGfjoZMLw3814m/uf1YxydeYkIVYwQ8uwQCgn5IcO1SOsAOhQaEFmWHKgIKWeaIYIWlHGeinHaTyXtw5n/fpF0TupOo35+06g1L4tmyuSAHJJj4pBT0iTXpEXahBNNnsgzebEerVfrzXr/GS1Zxc4++QPr4xvP8Jda</latexit>

pre-fixpoints �(R) v R

<latexit sha1_base64="Lro9axn3fBwe/MB8d1SXpVSZ59A=">AAACGnicbVC7TsNAEDzzDOEVoKQ5EYFCE9koEtBF0FAGRB5SbEXnyyY55fzI3RopsvIHfAJfQQsVHaKloeBfsE0kIGGq0cyudnbcUAqNpvlhLCwuLa+s5tby6xubW9uFnd2GDiLFoc4DGaiWyzRI4UMdBUpohQqY50pousPL1G/egdIi8G9xHILjsb4veoIzTKRO4ciuDUTJ9hgO3F58Mzm29UhHrgaEEf2RO4WiWTYz0HliTUmRTFHrFD7tbsAjD3zkkmndtswQnZgpFFzCJG9HGkLGh6wP7YT6zAPtxNk/E3oYaYYBDUFRIWkmwu+NmHlajz03mUwT6lkvFf/z2hH2zpxY+GGE4PP0EAoJ2SHNlUiKAtoVChBZmhyo8ClniiGCEpRxnohR0lw+6cOa/X6eNE7KVqV8fl0pVi+mzeTIPjkgJWKRU1IlV6RG6oSTe/JInsiz8WC8GK/G2/fogjHd2SN/YLx/AcEGoYI=</latexit>

(R ✓ �(R))

<latexit sha1_base64="Sap7sIDMazQYnMwgAq82iYQeFcc=">AAACGnicbVC7TsNAEDzzDOEVoKQ5EYGSJrJRJKCLoKEMiDyk2IrOl01yyvnB3RopsvIHfAJfQQsVHaKloeBfsIOLkDDVaGZXOztuKIVG0/wylpZXVtfWcxv5za3tnd3C3n5TB5Hi0OCBDFTbZRqk8KGBAiW0QwXMcyW03NFV6rceQGkR+Hc4DsHx2MAXfcEZJlK3cFKyPYZDtx/fTqitI1cDwr1dH4oZo1zuFopmxZyCLhIrI0WSod4tfNu9gEce+Mgl07pjmSE6MVMouIRJ3o40hIyP2AA6CfWZB9qJp/9M6HGkGQY0BEWFpFMRZjdi5mk99txkMs2o571U/M/rRNg/d2LhhxGCz9NDKCRMD2muRFIU0J5QgMjS5ECFTzlTDBGUoIzzRIyS5vJJH9b894ukeVqxqpWLm2qxdpk1kyOH5IiUiEXOSI1ckzppEE4eyTN5Ia/Gk/FmvBsfv6NLRrZzQP7A+PwB2uWg7w==</latexit>

strong bisimulations

least pre-fixpoint
strong bisimilarity"

<latexit sha1_base64="GielyV66rtJhvCPBPNWdeK4l2nw=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIREtBF0FAGiTykxIrWl0045fzQ3RoUmfwELVR0iJafoeBfsI0LSJhqNLOrnR0vUtKQbX9apaXlldW18nplY3Nre6e6u9c2YawFtkSoQt31wKCSAbZIksJupBF8T2HHm1xlfucetZFhcEvTCF0fxoEcSQGUSt1+HIHW4cOgWrPrdg6+SJyC1FiB5qD61R+GIvYxIKHAmJ5jR+QmoEkKhbNKPzYYgZjAGHspDcBH4yZ53hk/ig1QyCPUXCqei/h7IwHfmKnvpZM+0J2Z9zLxP68X0+jcTWQQxYSByA6RVJgfMkLLtAjkQ6mRCLLkyGXABWggQi05CJGKcdpMJe3Dmf9+kbRP6s5p/eLmtNa4LJopswN2yI6Zw85Yg12zJmsxwRR7Ys/sxXq0Xq036/1ntGQVO/vsD6yPbzNhlMc=</latexit>

finer,
smaller

#

<latexit sha1_base64="XsJ9pYYtaBV4kEGy5/n0VYOnu/I=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGRO2INpaYyEeEC5lbBtywt3fZnZMQgr/CVis7Y+t/sfC/eOAVCr7q5b15mZkXxEpact1PJ7e0vLK6ll8vbGxube8Ud/fqNkqMwJqIVGSaAVhUUmONJClsxgYhDBQ2gsHV1G88oLEy0rc0itEPoa9lTwqgVLprd6OhBmOiYadYcsvuDHyReBkpsQzVTvErDYskRE1CgbUtz43JH4MhKRROCu3EYgxiAH1spVRDiNYfzy6e8KPEAkU8RsOl4jMRfyfGEFo7CoN0MgS6t/PeVPzPayXUO/fHUscJoRbTRSQVzhZZYWRaBfKuNEgE08uRS80FGCBCIzkIkYpJ2k0h7cOb/36R1E/K3mn54ua0VLnMmsmzA3bIjpnHzliFXbMqqzHBNHtiz+zFeXRenTfn/Wc052SZffYHzsc3zSyVrg==</latexit>

coarser,
larger

R0

<latexit sha1_base64="sDYLvOhoOHfGbjlQsTvMmFtSwZQ=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIREtBF0FAGRB5SHEXnyyaccj6f7tZIkRWJr6CFig7R8isU/Au2cQEJU41mdrWzE2gpLLrup1NaWl5ZXSuvVzY2t7Z3qrt7bRvFhkOLRzIy3YBZkEJBCwVK6GoDLAwkdILJVeZ3HsBYEak7nGroh2ysxEhwhqnk+yHD+2CU3M4G7qBac+tuDrpIvILUSIHmoPrlDyMeh6CQS2Ztz3M19hNmUHAJs4ofW9CMT9gYeilVLATbT/LMM3oUW4YR1WCokDQX4fdGwkJrp2GQTmYZ7byXif95vRhH5/1EKB0jKJ4dQiEhP2S5EWkZQIfCACLLkgMVinJmGCIYQRnnqRin7VTSPrz57xdJ+6TundYvbk5rjcuimTI5IIfkmHjkjDTINWmSFuFEkyfyTF6cR+fVeXPef0ZLTrGzT/7A+fgGwXGWKg==</latexit>

R1 = �(R0)

<latexit sha1_base64="pUHvkvw0egriK1dBI93bVazMhGM=">AAACE3icbVC7SgNBFJ2NrxhfUUsLB4MQm7ArAbUQgjaWUcwDskuYndwkQ2YfzNwVwpLST/ArbLWyE1s/wMJ/cXdNERNPdTjnXu65xw2l0GiaX0ZuaXlldS2/XtjY3NreKe7uNXUQKQ4NHshAtV2mQQofGihQQjtUwDxXQssdXad+6wGUFoF/j+MQHI8NfNEXnGEidYuHtsdw6Pbju0nXurTrQ1GeUcyTbrFkVswMdJFYU1IiU9S7xW+7F/DIAx+5ZFp3LDNEJ2YKBZcwKdiRhpDxERtAJ6E+80A7cfbIhB5HmmFAQ1BUSJqJMLsRM0/rsecmk2lIPe+l4n9eJ8L+uRMLP4wQfJ4eQiEhO6S5EklDQHtCASJLkwMVPuVMMURQgjLOEzFKKiskfVjz3y+S5mnFqlYubqul2tW0mTw5IEekTCxyRmrkhtRJg3DySJ7JC3k1now34934+B3NGdOdffIHxucPA/2dzA==</latexit>

R2 = �(R1)

<latexit sha1_base64="VPNCv/WlAClJzutWL187oVH9hLo=">AAACE3icbVC7SgNBFJ31GeMramnhYBBiE3ZDQC2EoI1lFPOA7BJmJzfJkNkHM3eFsKT0E/wKW63sxNYPsPBf3F1TxMRTHc65l3vucUMpNJrml7G0vLK6tp7byG9ube/sFvb2mzqIFIcGD2Sg2i7TIIUPDRQooR0qYJ4roeWOrlO/9QBKi8C/x3EIjscGvugLzjCRuoUj22M4dPvx3aRbubTrQ1GaUazTbqFols0MdJFYU1IkU9S7hW+7F/DIAx+5ZFp3LDNEJ2YKBZcwyduRhpDxERtAJ6E+80A7cfbIhJ5EmmFAQ1BUSJqJMLsRM0/rsecmk2lIPe+l4n9eJ8L+uRMLP4wQfJ4eQiEhO6S5EklDQHtCASJLkwMVPuVMMURQgjLOEzFKKssnfVjz3y+SZqVsVcsXt9Vi7WraTI4ckmNSIhY5IzVyQ+qkQTh5JM/khbwaT8ab8W58/I4uGdOdA/IHxucPBy+dzg==</latexit>

...

<latexit sha1_base64="UmIv+hhm3ZU361RBmgDjOZpQ09k=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrJRJKCLoKEMEnlISRSdL5tw5PzQ3TpSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTH5QaV9LFJkhR2Qo3ccxW23cl16renqI0M/Duahdj3+NiXIyk4JVKrNx0GZAblil21M7Bl4uSkAjkag/JXbxiIyEOfhOLGdB07pH7MNUmhcF7qRQZDLiZ8jN2E+txD04+ztHN2EhlOAQtRM6lYJuLvjZh7xsw8N5n0ON2bRS8V//O6EY0u+rH0w4jQF+khkgqzQ0ZomdSAbCg1EvE0OTLpM8E1J0ItGRciEaOkl1LSh7P4/TJpnVWdWvXytlapX+XNFOEIjuEUHDiHOtxAA5og4AGe4BlerEfr1Xqz3n9GC1a+cwh/YH18A4ayk9M=</latexit>

' = �(')

<latexit sha1_base64="Jr+WzmExwGHNBcvnHscXQ0u0zQM=">AAACCXicbVC7TsNAEDzzDOFlQFQ0JyKk0EQ2igQUSBE0lEEiDym2ovNlk5xyfnC3RoqsfAFfQQsVHaLlKyj4F+zEBSRMNTuzq90dL5JCo2V9GUvLK6tr64WN4ubW9s6uubff1GGsODR4KEPV9pgGKQJooEAJ7UgB8z0JLW90k/mtR1BahME9jiNwfTYIRF9whqnUNQ8dLXx4cOiVUx+K8qw67Zolq2JNQReJnZMSyVHvmt9OL+SxDwFyybTu2FaEbsIUCi5hUnRiDRHjIzaATkoD5oN2k+n5E3oSa4YhjUBRIelUhN8TCfO1Hvte2ukzHOp5LxP/8zox9i/cRARRjBDwbBEKCdNFmiuR5gK0JxQgsuxyoCKgnCmGCEpQxnkqxmlQxTQPe/77RdI8q9jVyuVdtVS7zpMpkCNyTMrEJuekRm5JnTQIJwl5Ji/k1Xgy3ox342PWumTkMwfkD4zPHyZ1mYs=</latexit>

}(P ⇥ P)

<latexit sha1_base64="6T/HxMvHHRULW4WPYy4NFPtJoss=">AAACFXicbVC7TsNAEDyHVwivACXNQYQUmshGSEAXQUMZJPKQ4ihaXzbhlPNDd2sQslLzCXwFLVR0iJaagn/BDilCwlSjmV3N7niRkoZs+8vKLSwuLa/kVwtr6xubW8XtnYYJYy2wLkIV6pYHBpUMsE6SFLYijeB7Cpve8DLzm3eojQyDG3qIsOPDIJB9KYBSqVvcd++jsusD3QpQSW3kkvTRTAlH3WLJrthj8HniTEiJTVDrFr /dXihiHwMSCoxpO3ZEnQQ0SaFwVHBjgxGIIQywndIA0sBOMn5lxA9jAxTyCDWXio9FnN5IwDfmwffSyexGM+tl4n9eO6b+WSeRQRQTBiILIqlwHGSElmlHyHtSIxFklyOXAReggQi15CBEKsZpaYW0D2f2+3nSOK44J5Xz65NS9WLSTJ7tsQNWZg47ZVV2xWqszgR7ZM/shb1aT9ab9W59/I7mrMnOLvsD6/MHF7aflA==</latexit>

R v R0 , R0 ✓ R

<latexit sha1_base64="UlGLWHatjbwHxvka8ESwnVlC2Js="></latexit>
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Computing fixpoints

start from the universal relation (all pairs, a unique partition)
all processes are equivalent

we apply       to distinguish more and more processes�

<latexit sha1_base64="e7z8tUz1GLVDKpSW2kBYfA/g65k=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIREtBF0FAGiTykxIrOl01yyvmhuzUisvILtFDRIVp+h4J/wTYuIGGq0cyudna8SElDtv1plVZW19Y3ypuVre2d3b3q/kHbhLEW2BKhCnXX4waVDLBFkhR2I43c9xR2vOlN5nceUBsZBvc0i9D1+TiQIyk4ZVK/OZGDas2u2znYMnEKUoMCzUH1qz8MRexjQEJxY3qOHZGbcE1SKJxX+rHBiIspH2MvpQH30bhJnnXOTmLDKWQRaiYVy0X8vZFw35iZ76WTPqeJWfQy8T+vF9Po0k1kEMWEgcgOkVSYHzJCy7QEZEOpkYhnyZHJgAmuORFqybgQqRinrVTSPpzF75dJ+6zunNev7s5rjeuimTIcwTGcggMX0IBbaEILBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN5JBkrA=</latexit>

distinguishable in one stepR1

<latexit sha1_base64="x5rLwvN1pbuXVjE0xYezL50cb68=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrIREtBF0FAGRB5SHEXnyyaccj6f7tZIkRWJr6CFig7R8isU/Au2cQEJU41mdrWzE2gpLLrup1NaWl5ZXSuvVzY2t7Z3qrt7bRvFhkOLRzIy3YBZkEJBCwVK6GoDLAwkdILJVeZ3HsBYEak7nGroh2ysxEhwhqnk+yHD+2CU3M4G3qBac+tuDrpIvILUSIHmoPrlDyMeh6CQS2Ztz3M19hNmUHAJs4ofW9CMT9gYeilVLATbT/LMM3oUW4YR1WCokDQX4fdGwkJrp2GQTmYZ7byXif95vRhH5/1EKB0jKJ4dQiEhP2S5EWkZQIfCACLLkgMVinJmGCIYQRnnqRin7VTSPrz57xdJ+6TundYvbk5rjcuimTI5IIfkmHjkjDTINWmSFuFEkyfyTF6cR+fVeXPef0ZLTrGzT/7A+fgGwwCWKw==</latexit>

R2

<latexit sha1_base64="22a4fI0oldCapWs6gkojC3H0Q+Y=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJKrKjSEAXQUMZEHlIsRWdL5twyvls3a2RIisSX0ELFR2i5Vco+Bds4wISphrN7Gpnx4+kMGjbn1ZpZXVtfaO8Wdna3tndq+4fdE0Yaw4dHspQ931mQAoFHRQooR9pYIEvoedPrzK/9wDaiFDd4SwCL2ATJcaCM0wl1w0Y3vvj5HY+bAyrNbtu56DLxClIjRRoD6tf7ijkcQAKuWTGDBw7Qi9hGgWXMK+4sYGI8SmbwCCligVgvCTPPKcnsWEY0gg0FZLmIvzeSFhgzCzw08kso1n0MvE/bxDj+NxLhIpiBMWzQygk5IcM1yItA+hIaEBkWXKgQlHONEMELSjjPBXjtJ1K2oez+P0y6TbqTrN+cdOstS6LZsrkiByTU+KQM9Ii16RNOoSTiDyRZ/JiPVqv1pv1/jNasoqdQ/IH1sc3xI+WLA==</latexit>

distinguishable in two steps
...

<latexit sha1_base64="UmIv+hhm3ZU361RBmgDjOZpQ09k=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrJRJKCLoKEMEnlISRSdL5tw5PzQ3TpSsPIPtFDRIVr+hoJ/wTYuIGGq0cyudnbcUElDtv1pFVZW19Y3ipulre2d3b3y/kHLBJEW2BSBCnTH5QaV9LFJkhR2Qo3ccxW23cl16renqI0M/Duahdj3+NiXIyk4JVKrNx0GZAblil21M7Bl4uSkAjkag/JXbxiIyEOfhOLGdB07pH7MNUmhcF7qRQZDLiZ8jN2E+txD04+ztHN2EhlOAQtRM6lYJuLvjZh7xsw8N5n0ON2bRS8V//O6EY0u+rH0w4jQF+khkgqzQ0ZomdSAbCg1EvE0OTLpM8E1J0ItGRciEaOkl1LSh7P4/TJpnVWdWvXytlapX+XNFOEIjuEUHDiHOtxAA5og4AGe4BlerEfr1Xqz3n9GC1a+cwh/YH18A4ayk9M=</latexit>

the number of partitions increases at each step

can we reuse Kleene’s fix point theorem to compute      ?'

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

' ?
=

G
�n(P ⇥ P)

<latexit sha1_base64="GLNMTwFxXEnW6s6qq0QOGfp2ROc="></latexit>

intersection
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is monotone�

<latexit sha1_base64="e7z8tUz1GLVDKpSW2kBYfA/g65k=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIREtBF0FAGiTykxIrOl01yyvmhuzUisvILtFDRIVp+h4J/wTYuIGGq0cyudna8SElDtv1plVZW19Y3ypuVre2d3b3q/kHbhLEW2BKhCnXX4waVDLBFkhR2I43c9xR2vOlN5nceUBsZBvc0i9D1+TiQIyk4ZVK/OZGDas2u2znYMnEKUoMCzUH1qz8MRexjQEJxY3qOHZGbcE1SKJxX+rHBiIspH2MvpQH30bhJnnXOTmLDKWQRaiYVy0X8vZFw35iZ76WTPqeJWfQy8T+vF9Po0k1kEMWEgcgOkVSYHzJCy7QEZEOpkYhnyZHJgAmuORFqybgQqRinrVTSPpzF75dJ+6zunNev7s5rjeuimTIcwTGcggMX0IBbaEILBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN5JBkrA=</latexit>

proof.
take                   we need to prove R1 v R2

<latexit sha1_base64="v0G1Ek2DMJ116sq15lEVRDZGkhg=">AAACGHicbVC7TsNAEDzzDOFloKQ5EZCoIjuKBHQRNJQBkYcUR9H5sgmnnB+5WyNFVn6AT+AraKGiQ7R0FPwLtnEREqYazexqZ8cNpdBoWV/G0vLK6tp6YaO4ubW9s2vu7Td1ECkODR7IQLVdpkEKHxooUEI7VMA8V0LLHV2lfusBlBaBf4eTELoeG/piIDjDROqZx47H8N4dxLfTnu3osY5cDQhjOqNXembJKlsZ6CKxc1IiOeo989vpBzzywEcumdYd2wqxGzOFgkuYFp1IQ8j4iA2hk1CfeaC7cfbNlJ5EmmFAQ1BUSJqJMLsRM0/riecmk2lGPe+l4n9eJ8LBeTcWfhgh+Dw9hEJCdkhzJZKagPaFAkSWJgcqfMqZYoigBGWcJ2KU9FZM+rDnv18kzUrZrpYvbqql2mXeTIEckiNySmxyRmrkmtRJg3DySJ7JC3k1now34934+B1dMvKdA/IHxucPV5SgwQ==</latexit>

R2 ✓ R1

<latexit sha1_base64="t/yRl6tdmU7ksmE+L68sRK6aP0E=">AAACFnicbVC7TsNAEDyHVwivACXNKRESVWRHkYAugoYyIPKQkig6XzbhlPPZ3K2RIis9n8BX0EJFh2hpKfgXbOMiJEw1mtnVzo4bSGHQtr+s3Mrq2vpGfrOwtb2zu1fcP2gZP9QcmtyXvu64zIAUCpooUEIn0MA8V0LbnVwmfvsBtBG+usVpAH2PjZUYCc4wlgbFUs9jeOeOopvZoNozoWsA4Z7Oqc6gWLYrdgq6TJyMlEmGxqD43Rv6PPRAIZfMmK5jB9iPmEbBJcwKvdBAwPiEjaEbU8U8MP0o/WVGj0PD0KcBaCokTUWY34iYZ8zUc+PJJKNZ9BLxP68b4uisHwkVhAiKJ4dQSEgPGa5FXBLQodCAyJLkQIWinGmGCFpQxnkshnFrhbgPZ/H7ZdKqVpxa5fy6Vq5fZM3kyREpkRPikFNSJ1ekQZqEk0fyTF7Iq/VkvVnv1sfvaM7Kdg7JH1ifP4xfn8k=</latexit>

�(R2) ✓ �(R1)

<latexit sha1_base64="ZP8+E54iKv1p4x3EIbPWttxWl+A=">AAACInicbVDLTgJBEJzFF+IL9ehlIjGBy2aXkKg3ohePaOSRsITMDg1MmH0402tCNvyFn+BXeNWTN+PJRP/F3ZWDgnWqVHWnq8sNpdBoWR9GbmV1bX0jv1nY2t7Z3SvuH7R0ECkOTR7IQHVcpkEKH5ooUEInVMA8V0LbnVymfvselBaBf4vTEHoeG/liKDjDROoXTacxFmXHYzh2h/HNrF+tODpyNSDc0UXPrvSLJcu0MtBlYs9JiczR6Be/nEHAIw985JJp3bWtEHsxUyi4hFnBiTSEjE/YCLoJ9ZkHuhdnf83oSaQZBjQERYWkmQi/N2LmaT313GQyDakXvVT8z+tGODzrxcIPIwSfp4dQSMgOaa5EUhjQgVCAyNLkQIVPOVMMEZSgjPNEjJIGC0kf9uL3y6RVNe2aeX5dK9Uv5s3kyRE5JmVik1NSJ1ekQZqEkwfyRJ7Ji/FovBpvxvvPaM6Y7xySPzA+vwGOcqPd</latexit>

�(R1) v �(R2)

<latexit sha1_base64="17XVpmkcR1XaFSJ4aTYwu/7igwc=">AAACJHicbVC7TgJBFJ31ifhCLW0mEhNoyC4hUTuijSUaeSTshswOF5gw+2DmrgnZ8Bt+gl9hq5WdsbDQb3F3pVDwVCfn3Jt77nFDKTSa5oexsrq2vrGZ28pv7+zu7RcODls6iBSHJg9koDou0yCFD00UKKETKmCeK6Htjq9Sv30PSovAv8NpCI7Hhr4YCM4wkXoF026MRMn2GI7cQXw761llW0905GpAmNBFt1ruFYpmxcxAl4k1J0UyR6NX+LT7AY888JFLpnXXMkN0YqZQcAmzvB1pCBkfsyF0E+ozD7QTZ5/N6GmkGQY0BEWFpJkIvzdi5mk99dxkMg2pF71U/M/rRjg4d2LhhxGCz9NDKCRkhzRXIqkMaF8oQGRpcqDCp5wphghKUMZ5IkZJh/mkD2vx+2XSqlasWuXiplasX86byZFjckJKxCJnpE6uSYM0CScP5Ik8kxfj0Xg13oz3n9EVY75zRP7A+PoGYsWk1Q==</latexit>

take                        we need to prove (p, q) 2 �(R2)

<latexit sha1_base64="3gpevUHKl1eBLe8kvcLt2rQTcz8=">AAACD3icbVC7TgJBFJ3FF+ILtaSZSEwgMWSXkKgd0cYSjTwSlpDZ4QITZh/O3DUhGwo/wa+w1crO2PoJFv6LuyuFgqc6Oefe3HOPE0ih0TQ/jczK6tr6RnYzt7W9s7uX3z9oaT9UHJrcl77qOEyDFB40UaCETqCAuY6EtjO5TPz2PSgtfO8WpwH0XDbyxFBwhrHUzxdKwcld2RYetRtjUbJdhmNnGN3M+tVyP180K2YKukysOSmSORr9/Jc98HnogodcMq27lhlgL2IKBZcwy9mhhoDxCRtBN6Yec0H3ovSJGT0ONUOfBqCokDQV4fdGxFytp64TTyYh9aKXiP953RCHZ71IeEGI4PHkEAoJ6SHNlYjbAToQChBZkhxoXAZniiGCEpRxHothXFcu7sNa/H6ZtKoVq1Y5v64V6xfzZrKkQI5IiVjklNTJFWmQJuHkgTyRZ/JiPBqvxpvx/jOaMeY7h+QPjI9vxkubcg==</latexit>

(p, q) 2 �(R1)

<latexit sha1_base64="X9LnL99NxBkxxYY1EeJpxnYGUjE=">AAACD3icbVC7SgNBFJ31GeMraplmMAgJSNiVgNoFbSyjmAdklzA7uUmGzD6cuSuEJYWf4FfYamUntn6Chf/ibtxCE091OOde7rnHDaXQaJqfxtLyyuraem4jv7m1vbNb2Ntv6SBSHJo8kIHquEyDFD40UaCETqiAea6Etju+TP32PSgtAv8WJyE4Hhv6YiA4w0TqFYrl8PiuYguf2o2RKNsew5E7iG+mPavSK5TMqjkDXSRWRkokQ6NX+LL7AY888JFLpnXXMkN0YqZQcAnTvB1pCBkfsyF0E+ozD7QTz56Y0qNIMwxoCIoKSWci/N6Imaf1xHOTyTSknvdS8T+vG+HgzImFH0YIPk8PoZAwO6S5Ekk7QPtCASJLkwNNyuBMMURQgjLOEzFK6sonfVjz3y+S1knVqlXPr2ul+kXWTI4UySEpE4uckjq5Ig3SJJw8kCfyTF6MR+PVeDPef0aXjGzngPyB8fENxLubcQ==</latexit>

take              we want to find             withp
µ�! p0

<latexit sha1_base64="Si+T+egzOC1qerJ0sRJBAORIKFM=">AAACCXicbVDLTgJBEJz1ifhCjScvE4nRE9k1JOqN6MUjJvJIgJDeoYEJs7uTmV6VbPgCv8KrnrwZr36FB//FBTkoWKdKVXe6unytpCXX/XQWFpeWV1Yza9n1jc2t7dzObtVGsRFYEZGKTN0Hi0qGWCFJCuvaIAS+wpo/uBr7tTs0VkbhLQ01tgLohbIrBVAqtXP7uvlgZK9PYEx0nzSDeMT1cTuXdwvuBHyeeFOSZ1OU27mvZicScYAhCQXWNjxXUysBQ1IoHGWbsUUNYgA9bKQ0hABtK5nEH/Gj2AJFXKPhUvGJiL83EgisHQZ+OhkA9e2sNxb/8xoxdc9biQx1TBiK8SGSCieHrDAy7QV5RxokgnFy5DLkAgwQoZEchEjFOC0qm/bhzX4/T6qnBa9YuLgp5kuX02Yy7IAdshPmsTNWYteszCpMsIQ9sWf24jw6r86b8/4zuuBMd/bYHzgf371Mmog=</latexit>

q
µ�! q0

<latexit sha1_base64="xrD16q7iwYFeNnt+cGAmqtoTkYU=">AAACCXicbVDLTgJBEJz1ifhaNZ68TCRGT2TXkKg3ohePmMgjAUJ6hwYmzD6Y6VXJhi/wK7zqyZvx6ld48F9ckIOCdapUdaery4uUNOQ4n9bC4tLyympmLbu+sbm1be/sVkwYa4FlEapQ1zwwqGSAZZKksBZpBN9TWPX6V2O/eofayDC4pWGETR+6gexIAZRKLXt/0HjQstsj0Dq8Txp+POKD45adc/LOBHyeuFOSY1OUWvZXox2K2MeAhAJj6q4TUTMBTVIoHGUbscEIRB+6WE9pAD6aZjKJP+JHsQEKeYSaS8UnIv7eSMA3Zuh76aQP1DOz3lj8z6vH1DlvJjKIYsJAjA+RVDg5ZISWaS/I21IjEYyTI5cBF6CBCLXkIEQqxmlR2bQPd/b7eVI5zbuF/MVNIVe8nDaTYQfskJ0wl52xIrtmJVZmgiXsiT2zF+vRerXerPef0QVrurPH/sD6+AbAf5qK</latexit>

since                         we have             with(p, q) 2 �(R2)

<latexit sha1_base64="3gpevUHKl1eBLe8kvcLt2rQTcz8=">AAACD3icbVC7TgJBFJ3FF+ILtaSZSEwgMWSXkKgd0cYSjTwSlpDZ4QITZh/O3DUhGwo/wa+w1crO2PoJFv6LuyuFgqc6Oefe3HOPE0ih0TQ/jczK6tr6RnYzt7W9s7uX3z9oaT9UHJrcl77qOEyDFB40UaCETqCAuY6EtjO5TPz2PSgtfO8WpwH0XDbyxFBwhrHUzxdKwcld2RYetRtjUbJdhmNnGN3M+tVyP180K2YKukysOSmSORr9/Jc98HnogodcMq27lhlgL2IKBZcwy9mhhoDxCRtBN6Yec0H3ovSJGT0ONUOfBqCokDQV4fdGxFytp64TTyYh9aKXiP953RCHZ71IeEGI4PHkEAoJ6SHNlYjbAToQChBZkhxoXAZniiGCEpRxHothXFcu7sNa/H6ZtKoVq1Y5v64V6xfzZrKkQI5IiVjklNTJFWmQJuHkgTyRZ/JiPBqvxpvx/jOaMeY7h+QPjI9vxkubcg==</latexit>

q
µ�! q0

<latexit sha1_base64="xrD16q7iwYFeNnt+cGAmqtoTkYU=">AAACCXicbVDLTgJBEJz1ifhaNZ68TCRGT2TXkKg3ohePmMgjAUJ6hwYmzD6Y6VXJhi/wK7zqyZvx6ld48F9ckIOCdapUdaery4uUNOQ4n9bC4tLyympmLbu+sbm1be/sVkwYa4FlEapQ1zwwqGSAZZKksBZpBN9TWPX6V2O/eofayDC4pWGETR+6gexIAZRKLXt/0HjQstsj0Dq8Txp+POKD45adc/LOBHyeuFOSY1OUWvZXox2K2MeAhAJj6q4TUTMBTVIoHGUbscEIRB+6WE9pAD6aZjKJP+JHsQEKeYSaS8UnIv7eSMA3Zuh76aQP1DOz3lj8z6vH1DlvJjKIYsJAjA+RVDg5ZISWaS/I21IjEYyTI5cBF6CBCLXkIEQqxmlR2bQPd/b7eVI5zbuF/MVNIVe8nDaTYQfskJ0wl52xIrtmJVZmgiXsiT2zF+vRerXerPef0QVrurPH/sD6+AbAf5qK</latexit>

take              we want to find             withq
µ�! q0

<latexit sha1_base64="xrD16q7iwYFeNnt+cGAmqtoTkYU=">AAACCXicbVDLTgJBEJz1ifhaNZ68TCRGT2TXkKg3ohePmMgjAUJ6hwYmzD6Y6VXJhi/wK7zqyZvx6ld48F9ckIOCdapUdaery4uUNOQ4n9bC4tLyympmLbu+sbm1be/sVkwYa4FlEapQ1zwwqGSAZZKksBZpBN9TWPX6V2O/eofayDC4pWGETR+6gexIAZRKLXt/0HjQstsj0Dq8Txp+POKD45adc/LOBHyeuFOSY1OUWvZXox2K2MeAhAJj6q4TUTMBTVIoHGUbscEIRB+6WE9pAD6aZjKJP+JHsQEKeYSaS8UnIv7eSMA3Zuh76aQP1DOz3lj8z6vH1DlvJjKIYsJAjA+RVDg5ZISWaS/I21IjEYyTI5cBF6CBCLXkIEQqxmlR2bQPd/b7eVI5zbuF/MVNIVe8nDaTYQfskJ0wl52xIrtmJVZmgiXsiT2zF+vRerXerPef0QVrurPH/sD6+AbAf5qK</latexit>

p
µ�! p0

<latexit sha1_base64="Si+T+egzOC1qerJ0sRJBAORIKFM=">AAACCXicbVDLTgJBEJz1ifhCjScvE4nRE9k1JOqN6MUjJvJIgJDeoYEJs7uTmV6VbPgCv8KrnrwZr36FB//FBTkoWKdKVXe6unytpCXX/XQWFpeWV1Yza9n1jc2t7dzObtVGsRFYEZGKTN0Hi0qGWCFJCuvaIAS+wpo/uBr7tTs0VkbhLQ01tgLohbIrBVAqtXP7uvlgZK9PYEx0nzSDeMT1cTuXdwvuBHyeeFOSZ1OU27mvZicScYAhCQXWNjxXUysBQ1IoHGWbsUUNYgA9bKQ0hABtK5nEH/Gj2AJFXKPhUvGJiL83EgisHQZ+OhkA9e2sNxb/8xoxdc9biQx1TBiK8SGSCieHrDAy7QV5RxokgnFy5DLkAgwQoZEchEjFOC0qm/bhzX4/T6qnBa9YuLgp5kuX02Yy7IAdshPmsTNWYteszCpMsIQ9sWf24jw6r86b8/4zuuBMd/bYHzgf371Mmog=</latexit>

analogous to the previous case
hence(p, q) 2 �(R1)

<latexit sha1_base64="X9LnL99NxBkxxYY1EeJpxnYGUjE=">AAACD3icbVC7SgNBFJ31GeMraplmMAgJSNiVgNoFbSyjmAdklzA7uUmGzD6cuSuEJYWf4FfYamUntn6Chf/ibtxCE091OOde7rnHDaXQaJqfxtLyyuraem4jv7m1vbNb2Ntv6SBSHJo8kIHquEyDFD40UaCETqiAea6Etju+TP32PSgtAv8WJyE4Hhv6YiA4w0TqFYrl8PiuYguf2o2RKNsew5E7iG+mPavSK5TMqjkDXSRWRkokQ6NX+LL7AY888JFLpnXXMkN0YqZQcAnTvB1pCBkfsyF0E+ozD7QTz56Y0qNIMwxoCIoKSWci/N6Imaf1xHOTyTSknvdS8T+vG+HgzImFH0YIPk8PoZAwO6S5Ekk7QPtCASJLkwNNyuBMMURQgjLOEzFK6sonfVjz3y+S1knVqlXPr2ul+kXWTI4UySEpE4uckjq5Ig3SJJw8kCfyTF6MR+PVeDPef0aXjGzngPyB8fENxLubcQ==</latexit>

(p0, q0) 2 R1

<latexit sha1_base64="Z/w7AkL6EVHx+rzvt2w6VYL0tHA=">AAACCnicbVDLSgNBEJz1GeNrVfDiZTBIIkjYlYB6C3rxGMU8IAlhdtKJQ2Zn15leIaz5A7/Cq568iVd/woP/4m7MQRPrVFR109XlhVIYdJxPa25+YXFpObOSXV1b39i0t7ZrJog0hyoPZKAbHjMghYIqCpTQCDUw35NQ9wYXqV+/B21EoG5wGELbZ30leoIzTKSOvVsI80d3+cOWUC2f4a3Xi69HHbdj55yiMwadJe6E5MgElY791eoGPPJBIZfMmKbrhNiOmUbBJYyyrchAyPiA9aGZUMV8MO14nH9EDyLDMKAhaCokHYvweyNmvjFD30sm04xm2kvF/7xmhL3TdixUGCEonh5CIWF8yHAtkmKAdoUGRJYmByoU5UwzRNCCMs4TMUqayiZ9uNPfz5LacdEtFc+uSrny+aSZDNkj+6RAXHJCyuSSVEiVcPJAnsgzebEerVfrzXr/GZ2zJjs75A+sj29XS5mf</latexit>

(p0, q0) 2 R1

<latexit sha1_base64="Z/w7AkL6EVHx+rzvt2w6VYL0tHA=">AAACCnicbVDLSgNBEJz1GeNrVfDiZTBIIkjYlYB6C3rxGMU8IAlhdtKJQ2Zn15leIaz5A7/Cq568iVd/woP/4m7MQRPrVFR109XlhVIYdJxPa25+YXFpObOSXV1b39i0t7ZrJog0hyoPZKAbHjMghYIqCpTQCDUw35NQ9wYXqV+/B21EoG5wGELbZ30leoIzTKSOvVsI80d3+cOWUC2f4a3Xi69HHbdj55yiMwadJe6E5MgElY791eoGPPJBIZfMmKbrhNiOmUbBJYyyrchAyPiA9aGZUMV8MO14nH9EDyLDMKAhaCokHYvweyNmvjFD30sm04xm2kvF/7xmhL3TdixUGCEonh5CIWF8yHAtkmKAdoUGRJYmByoU5UwzRNCCMs4TMUqayiZ9uNPfz5LacdEtFc+uSrny+aSZDNkj+6RAXHJCyuSSVEiVcPJAnsgzebEerVfrzXr/GZ2zJjs75A+sj29XS5mf</latexit>

(p0, q0) 2 R2 ✓ R1

<latexit sha1_base64="V/h4ygqMi3+LYC8OVXiTPpVRFBU=">AAACH3icbVC7TsNAEDzzJrwMlDQnIgQIFNkoEtAhaCgBERIpjqLzZRNOnM+XuzUSsvIRfAJfQQsVHaJNwb9gmxThMdVoZlc7O6GWwqLnDZ2Jyanpmdm5+dLC4tLyiru6dmPjxHCo8VjGphEyC1IoqKFACQ1tgEWhhHp4d5b79XswVsTqGh80tCLWU6IrOMNMart7O3p7v7+9GwgVRAxvw256NWgfBDYJLSD0x0S/7Za9ileA/iX+iJTJCBdt9zPoxDyJQCGXzNqm72lspcyg4BIGpSCxoBm/Yz1oZlSxCGwrLZ4a0K3EMoypBkOFpIUI4xspi6x9iMJsMs9of3u5+J/XTLB71EqF0gmC4vkhFBKKQ5YbkbUFtCMMILI8OVChKGeGIYIRlHGeiUlWXynrw//9/V9yc1Dxq5Xjy2r55HTUzBzZIJtkh/jkkJyQc3JBaoSTR/JMXsir8+S8Oe/Ox/fohDPaWSc/4Ay/AIS+ouI=</latexit>

TH.
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is continuous (for finitely branching processes)�

<latexit sha1_base64="e7z8tUz1GLVDKpSW2kBYfA/g65k=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIREtBF0FAGiTykxIrOl01yyvmhuzUisvILtFDRIVp+h4J/wTYuIGGq0cyudna8SElDtv1plVZW19Y3ypuVre2d3b3q/kHbhLEW2BKhCnXX4waVDLBFkhR2I43c9xR2vOlN5nceUBsZBvc0i9D1+TiQIyk4ZVK/OZGDas2u2znYMnEKUoMCzUH1qz8MRexjQEJxY3qOHZGbcE1SKJxX+rHBiIspH2MvpQH30bhJnnXOTmLDKWQRaiYVy0X8vZFw35iZ76WTPqeJWfQy8T+vF9Po0k1kEMWEgcgOkVSYHzJCy7QEZEOpkYhnyZHJgAmuORFqybgQqRinrVTSPpzF75dJ+6zunNev7s5rjeuimTIcwTGcggMX0IBbaEILBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN5JBkrA=</latexit>

proof.
take a chain {Rn}n2N

<latexit sha1_base64="BPzQxNzd/JHx0U0IGBlmwJmgTQs=">AAACFXicbVC7TsNAEDyHVwivACXNQYREFdkoEtBF0FChgMhDiiPrfNmEU85n626NFFmu+QS+ghYqOkRLTcG/YCcpIDDVaGZXOzt+JIVB2/60CguLS8srxdXS2vrG5lZ5e6dlwlhzaPJQhrrjMwNSKGiiQAmdSAMLfAltf3SR++170EaE6hbHEfQCNlRiIDjDTPLK+27iBgzv/EFyk3rKTb1EuUJNNT+5SlOvXLGr9gT0L3FmpEJmaHjlL7cf8jgAhVwyY7qOHWEvYRoFl5CW3NhAxPiIDaGbUcUCML1k8kpKD2PDMKQRaCoknYjwcyNhgTHjwM8m84hm3svF/7xujIPTXiJUFCMonh9CIWFyyHAtso6A9oUGRJYnByoU5UwzRNCCMs4zMc5KK2V9OPPf/yWt46pTq55d1yr181kzRbJHDsgRccgJqZNL0iBNwskDeSLP5MV6tF6tN+t9OlqwZju75Besj2/936Aj</latexit>

R0 v R1 v · · · v Rn v . . .

<latexit sha1_base64="0wABuVBjH2Cjvpk9j83MuPWrtRA=">AAACV3icdVA9TwJBEF1ORcQv1NJmIzGxIneGRO2INpZoREiAkL1lwA17e8fOnAm58AP9CRb+Blut9A4pQPRVL++9ycw8P9IKyXVfc87a+kZ+s7BV3N7Z3dsvHRw+YhhbCQ0Z6tC2fIGglYEGKdLQiiyIwNfQ9Ec3md98BosqNA80iaAbiKFRAyUFpVKvJDuBoCd/kNxPe24Hxxj7CARjXlwwvGWjHxLy/7JmNdsrld2KOwNfJd6clNkc9V7pLZ2TcQCGpBaIbc+NqJsIS0pqmBY7MUIk5EgMoZ1SIwLAbjIrY8pPYxQU8ggsV5rPRFicSESAOAn8NJldjb+9TPzLa8c0uOwmykQxgZHZIlIaZotQWpW2DLyvLBCJ7HLgynAprCACq7iQMhXjtPZi2of3+/tV8nhe8aqVq7tquXY9b6bAjtkJO2Meu2A1dsvqrMEke2Hv7IN95l5zX07eKfxEndx85ogtwTn4Bpwut/U=</latexit>

R0 ◆ R1 ◆ · · · ◆ Rn ◆ . . .

<latexit sha1_base64="bN5DUlogt0QwbpS84u51jM/IPaE=">AAACT3icbVC7TsNAEDyHVxJeBkqaExESVWSjSEAXQUMZEHlIThSdL5twyvls7tZIkZWP4xMoKahpoaJD2JaLEDLVaGZWuzt+JIVBx3mzSmvrG5tb5Up1e2d3b98+OOyYMNYc2jyUoe75zIAUCtooUEIv0sACX0LXn95kfvcZtBGhesBZBIOATZQYC84wlYa21w8YPvrj5H4+dPomjgwgPNHqguwuyqMQDV2dU8u5oV1z6k4O+p+4BamRAq2h/Z7O8TgAhVwyYzzXiXCQMI2CS5hX+7GBiPEpm4CXUsUCMIMkL2FOT2PDMKQRaCokzUVYnEhYYMws8NNkdrNZ9jJxlefFOL4cJEJFMYLi2SIUEvJFhmuRtgt0JDQgsuxyoEJRzjRDBC0o4zwV47TuatqHu/z9f9I5r7uN+tVdo9a8Lpopk2NyQs6ISy5Ik9ySFmkTTl7IB/kkX9ar9W39lIpoySrIEfmDUuUXK4+1TA==</latexit>

we need to prove �

 
G

n2N
Rn

!
=
G

n2N
�(Rn)

<latexit sha1_base64="wfwS6uhrAQqotlY1XayL1GAeY1g="></latexit>

�

 
G

n2N
Rn

!
v
G

n2N
�(Rn)

<latexit sha1_base64="qZ0iaCF+jlvMAbhQcwQdqJ//LkE="></latexit>

�

 
G

n2N
Rn

!
w
G

n2N
�(Rn)

<latexit sha1_base64="ZgOAkjxpEze416HcaukdPBt1tTc="></latexit>

�

 
\

n2N
Rn

!
◆
\

n2N
�(Rn)

<latexit sha1_base64="9zAW/g+D20gJ56wA9qaOyRL33j8="></latexit>

follows from monotonicity

take                               we want to prove(p, q) 2
\

n2N
�(Rn)

<latexit sha1_base64="coGbaHM7wjccPEHXK4vr58HcflQ="></latexit>

(p, q) 2 �

 
\

n2N
Rn

!

<latexit sha1_base64="RdLbRoezGmiFjMbXdRECgJI0xuQ="></latexit>

8n. (p, q) 2 �(Rn)

<latexit sha1_base64="S0+wvsO73xXGz7eR8f9W5zsjh4Q=">AAACHHicbVDLSgNBEJz1GeMr6tHLYBAiSNiVgHoTvXiMYqKQDaF30kkGZ2fXmV5BlvyCn+BXeNWTN/EqePBf3I05qLFORVU3XV1BrKQl1/1wpqZnZufmCwvFxaXlldXS2nrTRokR2BCRisxVABaV1NggSQqvYoMQBgovg+uT3L+8RWNlpC/oLsZ2CH0te1IAZVKnVPF7kQGluK76vBLv3uz4UnO/PpAVPwQaBL30fNjRO7xTKrtVdwQ+SbwxKbMx6p3Sp9+NRBKiJqHA2pbnxtROwZAUCodFP7EYg7iGPrYyqiFE205HHw35dmKBIh6j4VLxkYg/N1IIrb0Lg2wyT2n/ern4n9dKqHfQTqWOE0It8kMkFY4OWWFkVhXyrjRIBHly5FkbAgwQoZEchMjEJOuumPXh/f1+kjT3ql6tenhWKx8dj5spsE22xSrMY/vsiJ2yOmswwe7ZI3tiz86D8+K8Om/fo1POeGeD/YLz/gUra6Bk</latexit>

(continue)

TH.
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proof. (continue)

take              we want to find             withp
µ�! p0

<latexit sha1_base64="Si+T+egzOC1qerJ0sRJBAORIKFM=">AAACCXicbVDLTgJBEJz1ifhCjScvE4nRE9k1JOqN6MUjJvJIgJDeoYEJs7uTmV6VbPgCv8KrnrwZr36FB//FBTkoWKdKVXe6unytpCXX/XQWFpeWV1Yza9n1jc2t7dzObtVGsRFYEZGKTN0Hi0qGWCFJCuvaIAS+wpo/uBr7tTs0VkbhLQ01tgLohbIrBVAqtXP7uvlgZK9PYEx0nzSDeMT1cTuXdwvuBHyeeFOSZ1OU27mvZicScYAhCQXWNjxXUysBQ1IoHGWbsUUNYgA9bKQ0hABtK5nEH/Gj2AJFXKPhUvGJiL83EgisHQZ+OhkA9e2sNxb/8xoxdc9biQx1TBiK8SGSCieHrDAy7QV5RxokgnFy5DLkAgwQoZEchEjFOC0qm/bhzX4/T6qnBa9YuLgp5kuX02Yy7IAdshPmsTNWYteszCpMsIQ9sWf24jw6r86b8/4zuuBMd/bYHzgf371Mmog=</latexit>

q
µ�! q0

<latexit sha1_base64="xrD16q7iwYFeNnt+cGAmqtoTkYU=">AAACCXicbVDLTgJBEJz1ifhaNZ68TCRGT2TXkKg3ohePmMgjAUJ6hwYmzD6Y6VXJhi/wK7zqyZvx6ld48F9ckIOCdapUdaery4uUNOQ4n9bC4tLyympmLbu+sbm1be/sVkwYa4FlEapQ1zwwqGSAZZKksBZpBN9TWPX6V2O/eofayDC4pWGETR+6gexIAZRKLXt/0HjQstsj0Dq8Txp+POKD45adc/LOBHyeuFOSY1OUWvZXox2K2MeAhAJj6q4TUTMBTVIoHGUbscEIRB+6WE9pAD6aZjKJP+JHsQEKeYSaS8UnIv7eSMA3Zuh76aQP1DOz3lj8z6vH1DlvJjKIYsJAjA+RVDg5ZISWaS/I21IjEYyTI5cBF6CBCLXkIEQqxmlR2bQPd/b7eVI5zbuF/MVNIVe8nDaTYQfskJ0wl52xIrtmJVZmgiXsiT2zF+vRerXerPef0QVrurPH/sD6+AbAf5qK</latexit>

since                              then                          with8n. (p, q) 2 �(Rn)

<latexit sha1_base64="S0+wvsO73xXGz7eR8f9W5zsjh4Q=">AAACHHicbVDLSgNBEJz1GeMr6tHLYBAiSNiVgHoTvXiMYqKQDaF30kkGZ2fXmV5BlvyCn+BXeNWTN/EqePBf3I05qLFORVU3XV1BrKQl1/1wpqZnZufmCwvFxaXlldXS2nrTRokR2BCRisxVABaV1NggSQqvYoMQBgovg+uT3L+8RWNlpC/oLsZ2CH0te1IAZVKnVPF7kQGluK76vBLv3uz4UnO/PpAVPwQaBL30fNjRO7xTKrtVdwQ+SbwxKbMx6p3Sp9+NRBKiJqHA2pbnxtROwZAUCodFP7EYg7iGPrYyqiFE205HHw35dmKBIh6j4VLxkYg/N1IIrb0Lg2wyT2n/ern4n9dKqHfQTqWOE0It8kMkFY4OWWFkVhXyrjRIBHly5FkbAgwQoZEchMjEJOuumPXh/f1+kjT3ql6tenhWKx8dj5spsE22xSrMY/vsiJ2yOmswwe7ZI3tiz86D8+K8Om/fo1POeGeD/YLz/gUra6Bk</latexit>

8n. 9qn. q
µ�! qn

<latexit sha1_base64="gAtVNr+Ox5zdsk6LRCke4xQeqi4=">AAACJHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCAjoEDSVIhESKo2h92SQnzmfnbg1EVn6DT+AraKGiQxQU8C3YIQWvqeZmdjW3EyZKWvK8N2dqemZ2br60UF5cWl5ZddfWL22cGoE1EavYNEKwqKTGGklS2EgMQhQqrIdXJ4Vfv0ZjZawvaJhgK4Kell0pgHKp7XpBNzagFNfVgAd4mydaPmgXr0Fwa2SvT2BMfJMFUToqjLZb8areGPwv8SekwiY4a7vvQScWaYSahAJrm76XUCsDQ1IoHJWD1GIC4gp62MyphghtKxtfNuLbqQWKeYKGS8XHIn7fyCCydhiF+WQE1Le/vUL8z2um1D1oZVInKaEWRRBJheMgK4zMK0PekQaJoPg5cqm5AANEaCQHIXIxzTss5334v6//Sy53q/5e9fB8r3J0PGmmxDbZFtthPttnR+yUnbEaE+yOPbBH9uTcO8/Oi/P6NTrlTHY22A84H58nSaVW</latexit>

(p0, qn) 2 Rn

<latexit sha1_base64="gES/bhGRioiNvKsvj6mW8yLxO2M=">AAACDXicbVDLSgNBEJyNrxhfUU/iZTCIESTsSkC9Bb14jGIekIRldtKJQ2Zn15leISzBT/ArvOrJm3j1Gzz4L+7GHDSxTkVVN11dXiiFQdv+tDJz8wuLS9nl3Mrq2vpGfnOrboJIc6jxQAa66TEDUiiooUAJzVAD8z0JDW9wkfqNe9BGBOoGhyF0fNZXoic4w0Ry8zvF8ODozlWHbaFo22d46/Xi65GrqJsv2CV7DDpLnAkpkAmqbv6r3Q145INCLpkxLccOsRMzjYJLGOXakYGQ8QHrQyuhivlgOvH4hRHdjwzDgIagqZB0LMLvjZj5xgx9L5lMQ5ppLxX/81oR9k47sVBhhKB4egiFhPEhw7VIugHaFRoQWZocaNIDZ5ohghaUcZ6IUVJWLunDmf5+ltSPS065dHZVLlTOJ81kyS7ZI0XikBNSIZekSmqEkwfyRJ7Ji/VovVpv1vvPaMaa7GyTP7A+vgGmTprg</latexit>

R0 ◆ R1 ◆ · · · ◆ Rn ◆ . . .

<latexit sha1_base64="bN5DUlogt0QwbpS84u51jM/IPaE=">AAACT3icbVC7TsNAEDyHVxJeBkqaExESVWSjSEAXQUMZEHlIThSdL5twyvls7tZIkZWP4xMoKahpoaJD2JaLEDLVaGZWuzt+JIVBx3mzSmvrG5tb5Up1e2d3b98+OOyYMNYc2jyUoe75zIAUCtooUEIv0sACX0LXn95kfvcZtBGhesBZBIOATZQYC84wlYa21w8YPvrj5H4+dPomjgwgPNHqguwuyqMQDV2dU8u5oV1z6k4O+p+4BamRAq2h/Z7O8TgAhVwyYzzXiXCQMI2CS5hX+7GBiPEpm4CXUsUCMIMkL2FOT2PDMKQRaCokzUVYnEhYYMws8NNkdrNZ9jJxlefFOL4cJEJFMYLi2SIUEvJFhmuRtgt0JDQgsuxyoEJRzjRDBC0o4zwV47TuatqHu/z9f9I5r7uN+tVdo9a8Lpopk2NyQs6ISy5Ik9ySFmkTTl7IB/kkX9ar9W39lIpoySrIEfmDUuUXK4+1TA==</latexit>

8k  n. (p0, qn) 2 Rk

<latexit sha1_base64="QSph5we6ByqLp3OJZwo/XuNPz6s=">AAACHnicbVC7TsNAEDyHd3gFKGlORIiHUGQjJKBD0FACIiFSHFnrYwOnnM/mbo2ErPwDn8BX0EJFh2ih4F+wQwogTDWa2dXOTpgoacl1P5zSyOjY+MTkVHl6ZnZuvrKw2LBxagTWRaxi0wzBopIa6yRJYTMxCFGo8CLsHhX+xS0aK2N9TncJtiO40rIjBVAuBZVNvxMbUIp3fYU3XNd8vp6sbd0EesOXmvsR0HXYyc56QTeoVN2a2wcfJt6AVNkAJ0Hl07+MRRqhJqHA2pbnJtTOwJAUCntlP7WYgOjCFbZyqiFC2876P/X4amqBYp6g4VLxvog/NzKIrL2LwnyyyGj/eoX4n9dKqbPXzqROUkItikMkFfYPWWFkXhbyS2mQCIrkyPMaBBggQiM5CJGLad5eOe/D+/v9MGls17yd2v7pTvXgcNDMJFtmK2ydeWyXHbBjdsLqTLB79sie2LPz4Lw4r87b92jJGewssV9w3r8AarmhpA==</latexit>

is finitely branching:                       is finiteq

<latexit sha1_base64="brh/W6zDc2V3QdNeW5Kdswgx6fw=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKFMJBIiJVZ0vmzCKeezudtDiqx8AS1UdIiWD6LgX7CNC0iYajSzq52dIJbCoOt+OqWV1bX1jfJmZWt7Z3evun/QNZHVHDo8kpHuBcyAFAo6KFBCL9bAwkDCXTC9zvy7R9BGROoWZzH4IZsoMRacYSq1H4bVmlt3c9Bl4hWkRgq0htWvwSjiNgSFXDJj+p4bo58wjYJLmFcG1kDM+JRNoJ9SxUIwfpIHndMTaxhGNAZNhaS5CL83EhYaMwuDdDJkeG8WvUz8z+tbHF/4iVCxRVA8O4RCQn7IcC3SBoCOhAZEliUHKhTlTDNE0IIyzlPRppVU0j68xe+XSfes7jXql+1GrXlVNFMmR+SYnBKPnJMmuSEt0iGcAHkiz+TFsc6r8+a8/4yWnGLnkPyB8/ENf4CRhg==</latexit>

{q0 | q µ�! q0}

<latexit sha1_base64="azdlbAi5iNHWoBdzutFIHeYtJn4=">AAACEXicbVA5TgNBEJw1lzHXAiFCGmEhiKxdZAnIECSERsKH5LWs3qExI88enunl0GInPIFXkEJEhkh5AQF/YW0ccFVUqupWd5UfK2nIcd6t3MTk1PRMfrYwN7+wuGQvr9RMlGiBVRGpSDd8MKhkiFWSpLARa4TAV1j3u0dDv36J2sgoPKWbGFsBdEJ5LgVQJrXtdS/tbQ1uBz3vWsvOBYHW0VXqBUm/t+X123bRKTkj8L/EHZMiG6PStj+8s0gkAYYkFBjTdJ2YWilokkJhv+AlBmMQXehgM6MhBGha6ShGn28mBijiMWouFR+J+H0jhcCYm8DPJgOgC/PbG4r/ec2EzvdaqQzjhDAUw0MkFY4OGaFl1g/yM6mRCIafI5chF6CBCLXkIEQmJllhhawP93f6v6S2U3LLpf2TcvHgcNxMnq2xDbbNXLbLDtgxq7AqE+yOPbBH9mTdW8/Wi/X6NZqzxjur7Aest0/iWp56</latexit>

thus               such that                         is infinite{n | qn = qm}

<latexit sha1_base64="No96IJjf8Uc+dhWfDFZqk2kLdDQ=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIVJGNkIACKYKGMkjkISWWdb5swinns3O3RopM0vEVtFDRIVo+hIJ/wQ4pIGGq0cyudnb8SAqDtv1p5ZaWV1bX8uuFjc2t7WJpZ7dhwlhzqPNQhrrlMwNSKKijQAmtSAMLfAlNf3CV+c170EaE6hZHEbgB6yvRE5xhKnmlYidRk4fJ0FMXQy/ojL1S2a7YU9BF4sxImcxQ80pfnW7I4wAUcsmMaTt2hG7CNAouYVzoxAYixgesD+2UKhaAcZNp8DE9jA3DkEagqZB0KsLvjYQFxowCP50MGN6ZeS8T//PaMfbO3ESoKEZQPDuEQsL0kOFapI0A7QoNiCxLDlQoyplmiKAFZZynYpxWVEj7cOa/XySN44pzUjm/OSlXL2fN5Mk+OSBHxCGnpEquSY3UCScxeSLP5MV6tF6tN+v9ZzRnzXb2yB9YH99PlZgg</latexit>

9m 2 N

<latexit sha1_base64="N/AO21Gmjvu72pT+10V6paBSkTE=">AAACCnicbVC7TsNAEDyHVwivABINzYkIiSqyUSSgi6ChQkEiDym2ovNlE045n627NSIy+QO+ghYqOkTLT1DwL9gmBSRMNZrZ1c6OH0lh0LY/rcLC4tLySnG1tLa+sblV3t5pmTDWHJo8lKHu+MyAFAqaKFBCJ9LAAl9C2x9dZH77DrQRobrBcQRewIZKDARnmEq98p4L9+kVQwNXKDdgeOv7ydWkV67YVTsHnSfOlFTIFI1e+cvthzwOQCGXzJiuY0foJUyj4BImJTc2EDE+YkPoplSxAIyX5Pkn9DA2DEMagaZC0lyE3xsJC4wZB346mSU0s14m/ud1YxyceolQUYygeHYIhYT8kOFapMUA7QsNiCxLDlQoyplmiKAFZZynYpw2VUr7cGa/nyet46pTq55d1yr182kzRbJPDsgRccgJqZNL0iBNwskDeSLP5MV6tF6tN+v9Z7RgTXd2yR9YH99lNZrk</latexit>

hence                              and we take8n. (p0, qm) 2 Rn

<latexit sha1_base64="kfsPx0zaMG/CFs/E0e6MM10Hgz4=">AAACGXicbVC7TsNAEDzzDOEVoKQ5ESFAQpGNkIAugoYyIPKQ4shaHxs4cT6buzUSsvIFfAJfQQsVHaKlouBfsEMKXlONZna1sxMmSlpy3XdnbHxicmq6NFOenZtfWKwsLbdsnBqBTRGr2HRCsKikxiZJUthJDEIUKmyHV0eF375BY2Wsz+g2wV4EF1r2pQDKpaCy7vdjA0pxXfP5ZrKxfR1EW77U3I+ALsN+djoINA8qVbfmDsH/Em9EqmyERlD58M9jkUaoSSiwtuu5CfUyMCSFwkHZTy0mIK7gArs51RCh7WXDdwZ8PbVAMU/QcKn4UMTvGxlE1t5GYT5ZhLS/vUL8z+um1N/vZVInKaEWxSGSCoeHrDAy7wn5uTRIBEVy5HkPAgwQoZEchMjFNC+unPfh/f7+L2nt1Lzd2sHJbrV+OGqmxFbZGttkHttjdXbMGqzJBLtjD+yRPTn3zrPz4rx+jY45o50V9gPO2yc+9J9r</latexit>

q0 = qm

<latexit sha1_base64="spru6otl9vH+4yYqviUwl+nUUoA=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5ESGoIhtFAgqkCBrKIJGHlFjR+bIJR85n526NFKz8Ay1UdIiWv6HgX7CNC0iYajSzq50dL5TCoG1/WguLS8srq4W14vrG5tZ2aWe3aYJIc2jwQAa67TEDUihooEAJ7VAD8z0JLW90lfqtB9BGBOoWJyG4PhsqMRCcYSI1x0cX457fK5Xtip2BzhMnJ2WSo94rfXX7AY98UMglM6bj2CG6MdMouIRpsRsZCBkfsSF0EqqYD8aNs7RTehgZhgENQVMhaSbC742Y+cZMfC+Z9BnemVkvFf/zOhEOztxYqDBCUDw9hEJCdshwLZIagPaFBkSWJgcqFOVMM0TQgjLOEzFKeikmfTiz38+T5knFqVbOb6rl2mXeTIHskwNyTBxySmrkmtRJg3ByT57IM3mxHq1X6816/xldsPKdPfIH1sc3xySTWQ==</latexit>

(p0, q0) 2
\

n2N
Rn

<latexit sha1_base64="4x3ho4YFo6xOylXFcQki/ZHNrAo="></latexit>

8n. (p0, q0) 2 Rn

<latexit sha1_base64="zYiMKDVmzgwYTbm9FdM+ol7kLUI=">AAACGHicbVC7TsNAEDzzDOEVoKQ5EVCChCIbIQFdBA0lIAJIcRStLxs45Xw2d2skZOUH+AS+ghYqOkRLR8G/YIcUQJhqNLOrnZ0gVtKS6344Y+MTk1PThZni7Nz8wmJpafncRokR2BCRisxlABaV1NggSQovY4MQBgovgt5h7l/corEy0md0F2MrhCstu1IAZVK7tO53IwNKcV3zeTWubN1UNn2puR8CXQfd9LTf1rxdKrs1dwA+SrwhKbMhjtulT78TiSRETUKBtU3PjamVgiEpFPaLfmIxBtGDK2xmVEOItpUOvunzjcQCRTxGw6XiAxF/bqQQWnsXBtlkHtL+9XLxP6+ZUHevlUodJ4Ra5IdIKhwcssLIrCbkHWmQCPLkyLMeBBggQiM5CJGJSdZbMevD+/v9KDnfrnk7tf2TnXL9YNhMga2yNVZlHttldXbEjlmDCXbPHtkTe3YenBfn1Xn7Hh1zhjsr7Bec9y8G/Z68</latexit>

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

n2N
Rn

<latexit sha1_base64="4x3ho4YFo6xOylXFcQki/ZHNrAo="></latexit>

q
µ�! q0

<latexit sha1_base64="xrD16q7iwYFeNnt+cGAmqtoTkYU=">AAACCXicbVDLTgJBEJz1ifhaNZ68TCRGT2TXkKg3ohePmMgjAUJ6hwYmzD6Y6VXJhi/wK7zqyZvx6ld48F9ckIOCdapUdaery4uUNOQ4n9bC4tLyympmLbu+sbm1be/sVkwYa4FlEapQ1zwwqGSAZZKksBZpBN9TWPX6V2O/eofayDC4pWGETR+6gexIAZRKLXt/0HjQstsj0Dq8Txp+POKD45adc/LOBHyeuFOSY1OUWvZXox2K2MeAhAJj6q4TUTMBTVIoHGUbscEIRB+6WE9pAD6aZjKJP+JHsQEKeYSaS8UnIv7eSMA3Zuh76aQP1DOz3lj8z6vH1DlvJjKIYsJAjA+RVDg5ZISWaS/I21IjEYyTI5cBF6CBCLXkIEQqxmlR2bQPd/b7eVI5zbuF/MVNIVe8nDaTYQfskJ0wl52xIrtmJVZmgiXsiT2zF+vRerXerPef0QVrurPH/sD6+AbAf5qK</latexit>

p
µ�! p0

<latexit sha1_base64="Si+T+egzOC1qerJ0sRJBAORIKFM=">AAACCXicbVDLTgJBEJz1ifhCjScvE4nRE9k1JOqN6MUjJvJIgJDeoYEJs7uTmV6VbPgCv8KrnrwZr36FB//FBTkoWKdKVXe6unytpCXX/XQWFpeWV1Yza9n1jc2t7dzObtVGsRFYEZGKTN0Hi0qGWCFJCuvaIAS+wpo/uBr7tTs0VkbhLQ01tgLohbIrBVAqtXP7uvlgZK9PYEx0nzSDeMT1cTuXdwvuBHyeeFOSZ1OU27mvZicScYAhCQXWNjxXUysBQ1IoHGWbsUUNYgA9bKQ0hABtK5nEH/Gj2AJFXKPhUvGJiL83EgisHQZ+OhkA9e2sNxb/8xoxdc9biQx1TBiK8SGSCieHrDAy7QV5RxokgnFy5DLkAgwQoZEchEjFOC0qm/bhzX4/T6qnBa9YuLgp5kuX02Yy7IAdshPmsTNWYteszCpMsIQ9sWf24jw6r86b8/4zuuBMd/bYHzgf371Mmog=</latexit>

analogous to the previous case

is continuous (for finitely branching processes)�

<latexit sha1_base64="e7z8tUz1GLVDKpSW2kBYfA/g65k=">AAAB9nicbVC7TsNAEFyHVwivACXNiQiJKrIREtBF0FAGiTykxIrOl01yyvmhuzUisvILtFDRIVp+h4J/wTYuIGGq0cyudna8SElDtv1plVZW19Y3ypuVre2d3b3q/kHbhLEW2BKhCnXX4waVDLBFkhR2I43c9xR2vOlN5nceUBsZBvc0i9D1+TiQIyk4ZVK/OZGDas2u2znYMnEKUoMCzUH1qz8MRexjQEJxY3qOHZGbcE1SKJxX+rHBiIspH2MvpQH30bhJnnXOTmLDKWQRaiYVy0X8vZFw35iZ76WTPqeJWfQy8T+vF9Po0k1kEMWEgcgOkVSYHzJCy7QEZEOpkYhnyZHJgAmuORFqybgQqRinrVTSPpzF75dJ+6zunNev7s5rjeuimTIcwTGcggMX0IBbaEILBEzgCZ7hxXq0Xq036/1ntGQVO4fwB9bHN5JBkrA=</latexit>

TH.

8n. (p, q) 2 �(Rn)

<latexit sha1_base64="S0+wvsO73xXGz7eR8f9W5zsjh4Q=">AAACHHicbVDLSgNBEJz1GeMr6tHLYBAiSNiVgHoTvXiMYqKQDaF30kkGZ2fXmV5BlvyCn+BXeNWTN/EqePBf3I05qLFORVU3XV1BrKQl1/1wpqZnZufmCwvFxaXlldXS2nrTRokR2BCRisxVABaV1NggSQqvYoMQBgovg+uT3L+8RWNlpC/oLsZ2CH0te1IAZVKnVPF7kQGluK76vBLv3uz4UnO/PpAVPwQaBL30fNjRO7xTKrtVdwQ+SbwxKbMx6p3Sp9+NRBKiJqHA2pbnxtROwZAUCodFP7EYg7iGPrYyqiFE205HHw35dmKBIh6j4VLxkYg/N1IIrb0Lg2wyT2n/ern4n9dKqHfQTqWOE0It8kMkFY4OWWFkVhXyrjRIBHly5FkbAgwQoZEchMjEJOuumPXh/f1+kjT3ql6tenhWKx8dj5spsE22xSrMY/vsiJ2yOmswwe7ZI3tiz86D8+K8Om/fo1POeGeD/YLz/gUra6Bk</latexit>

(p, q) 2 �

 
\

n2N
Rn

!

<latexit sha1_base64="RdLbRoezGmiFjMbXdRECgJI0xuQ="></latexit>

<latexit sha1_base64="SbvqDSMUNlOie+N8jlC5ILvsN8g=">AAACGnicbVDLTgJBEJzFF+IL9ehlIjHxRHaJUY9ELx7RyCOBDekdGpgw+8hMr0oIn+HN6L94M169+CueXHBjBKxTpao7VSkvUtKQbX9amaXlldW17HpuY3Nreye/u1czYawFVkWoQt3wwKCSAVZJksJGpBF8T2HdG1xO/PodaiPD4JaGEbo+9ALZlQIokZqtG9nrE2gd3rfzBbtoT8EXiZOSAktRaee/Wp1QxD4GJBQY03TsiNwRaJJC4TjXig1GIAbQw2ZCA/DRuKNp5TE/ig1QyCPUXCo+FfHvxwh8Y4a+l1z6QH0z703E/7xmTN1zdySDKCYMxCSIpMJpkBFaJlsg70iNRDBpjlwGXIAGItSSgxCJGCfjzAQqIHxI6vwmJmM589Msklqp6JwWS9cnhfJFOluWHbBDdswcdsbK7IpVWJUJFrJH9sxerCfr1Xqz3n9OM1b6s89mYH18A+AXofc=</latexit>)
(p, q) 2

\

n2N
�(Rn)

<latexit sha1_base64="coGbaHM7wjccPEHXK4vr58HcflQ="></latexit>
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Pf

<latexit sha1_base64="91vCJhjKa5+eZ0oKE1Xo2cUWD5Q=">AAACE3icbVDJSgNBFOyJW4xb1KOXxiB4CjMiqLegF48RzALJEN50XmKTnsXuN2IY5jPEq36HN/HqB/gZ/oEzMQeTWKei6i1FeZGShmz7yyosLa+srhXXSxubW9s75d29pgljLbAhQhXqtgcGlQywQZIUtiON4HsKW97oKvdbD6iNDINbGkfo+jAM5EAKoExyuz7QnQCV1NPeoFeu2FV7Ar5InCmpsCnqvfJ3tx+K2MeAhAJjOo4dkZuAJikUpqVubDACMYIhdjIagI/GTSahU34UG6CQR6i5VHwi4t+NBHxjxr6XTeYhzbyXi/95nZgG524igygmDET+iKTCySMjtMzaQN6XGokgT45cBlyABiLUkoMQmRhn9cwcBaXc5HGcZh05840skuZJ1TmtXtycVmqX07aK7IAdsmPmsDNWY9eszhpMsHv2zF7Yq/VkvVnv1sfvaMGa7uyzGVifP9tNn5c=</latexit>

finitely branching processes

how do we know a process is finitely branching?

we can restrict the syntax: guarded processes

Strong bis as fix

<latexit sha1_base64="PCJswCupouGR6w/fBUms+pjaB8s="></latexit>

' =
G

n2N
�n(Pf ⇥ Pf )
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CCS: guarded processes
the allowed form of recursion is very general

there are processes with infinitely many outgoing transitions

p
µ�! q

<latexit sha1_base64="ewhzfpYyY1wZa+R4QtDxTWEHAek=">AAACHHicbVC7TsNAEDyH99s8OpoTERJVZKNIpETQUIJEHlJiRevLJpxyfnC3BoKVX0G08B10iBaJz+APsIMLCEw1mtndWY0fK2nIcT6s0szs3PzC4tLyyura+oa9udUwUaIF1kWkIt3ywaCSIdZJksJWrBECX2HTH57mfvMGtZFReEmjGL0ABqHsSwGUSV17J+7caTm4ItA6uk07QTLm11277FScCfhf4hakzAqcd+3PTi8SSYAhCQXGtF0nJi8FTVIoHC93EoMxiCEMsJ3REAI0Xjr5fsz3EwMU8Rg1l4pPRPy5kUJgzCjws8kA6MpMe7n4n9dOqF/zUhnGCWEo8iCSCidBRmiZ1YK8JzUSQf45chlyARqIUEsOQmRikvX06ygo5aV3o3HWkTvdyF/SOKy41Urtolo+PinaWmS7bI8dMJcdsWN2xs5ZnQl2zx7ZE3u2HqwX69V6+x4tWcXONvsF6/0LkVyjHg==</latexit>

suppose take P , p|P

<latexit sha1_base64="UrCsdhEFyLAj70WeoBh51XvgErQ=">AAACF3icbVC7TgJBFJ3FF+ILtbSZSEysyK4x0ZJoY4mJPBLYkLvDBSfMzq4zd41k5UOMrX6HnbG19DP8AxekEPBUJ+ec+8gJYiUtue6Xk1taXlldy68XNja3tneKu3t1GyVGYE1EKjLNACwqqbFGkhQ2Y4MQBgobweBy7Dfu0VgZ6RsaxuiH0NeyJwVQJnWKO9U2GQm6r/COx4/VTrHklt0J+CLxpqTEpsjy3+1uJJIQNQkF1rY8NyY/BUNSKBwV2onFGMQA+tjKqIYQrZ9OHh/xo8QCRTxGw6XiExH/TqQQWjsMgywZAt3aeW8s/ue1Euqd+6nUcUKoxfgQSYWTQ1YYmTWCvCsNEsH4c+RScwEGiNBIDkJkYpJVNLMUlPLTh+Eo68ibb2SR1E/K3mn5/Pq0VLmYtpVnB+yQHTOPnbEKu2JVVmOCJeyZvbBX58l5c96dj99ozpnO7LMZOJ8/j6mgZw==</latexit>

P , rec x. p|x

<latexit sha1_base64="m/0p3wnkriInd0tWDemiabs/hoI=">AAACJ3icbVA7TsNAFFzzDeEXoKRgRYREFdkICUoEDWWQSEBKrOh58xJWrNdm9xklMqHjMIgWzkGHoOQI3AA7pCCEqUYz7ztBrKQl1/1wpqZnZufmCwvFxaXlldXS2nrdRokRWBORisxlABaV1FgjSQovY4MQBgovguuT3L+4RWNlpM+pH6MfQlfLjhRAmdQqbVWbZCTorsIb3gyBroJOalAM7nuV+/iu1yqV3Yo7BJ8k3oiU2QjVVumr2Y5EEqImocDahufG5KdgSAqFg2IzsRiDuIYuNjKqIUTrp8NHBnwnsUARj9FwqfhQxN8dKYTW9sMgq8xPtX+9XPzPayTUOfRTqeOEUIt8EUmFw0VWGJklhLwtDRJBfjlyqbkAA0RoJAchMjHJIhsbCkr5aa8/yDLy/iYySep7FW+/cni2Xz46HqVVYJtsm+0yjx2wI3bKqqzGBHtgT+yZvTiPzqvz5rz/lE45o54NNgbn8xuQZ6fR</latexit>

P

µ

✏✏
µ

##
µ

))
q|P p|q|P p|p|q|P · · ·

<latexit sha1_base64="CjAUiYeaB3OYH8248ca+rn195A0="></latexit>

such processes are called infinitely branching and are BAD
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CCS: guarded processes
guarded processes guarantee that process variables occur
under a prefix (recursion is guarded by some action)

G(p,X)

<latexit sha1_base64="N97ypBWDM2gSvvHYI6NEp56qX3Q=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoMQQcKuBMwx6EGPEcwDkiX0TjpxdPbBTK8YlvyCeNXv8CZe/Qc/wz9wE3MwiXUqqrq7mvIiJQ3Z9peVWVpeWV3Lruc2Nre2d/K7ew0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa9+4ux33xAbWQY3NAwQteHQSD7UgClUuOyGJ20jrv5gl2yJ+CLxJmSApui1s1/d3qhiH0MSCgwpu3YEbkJaJJC4SjXiQ1GIO5hgO2UBuCjcZPJtyN+FBugkEeouVR8IuLfjQR8Y4a+l076QLdm3huL/3ntmPoVN5FBFBMGYhxEUuEkyAgt0xqQ96RGIhh/jlwGXIAGItSSgxCpGKe9zBwFpdzkcThKO3LmG1kkjdOSUy5VrsuF6vm0rSw7YIesyBx2xqrsitVYnQl2x57ZC3u1nqw36936+B3NWNOdfTYD6/MHpyKbmQ==</latexit>

X

<latexit sha1_base64="MfUWA7awaT9EfDGtj7YSn9J0HHU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexKwByDXjwmYB6QLKF30olDZh/M9IphyQeIV/0Ob+LVz/Az/AN34x5MtE5FVXdXU16kpCHb/rQKa+sbm1vF7dLO7t7+QfnwqGPCWAtsi1CFuueBQSUDbJMkhb1II/iewq43vc787j1qI8PglmYRuj5MAjmWAiiVWr1huWJX7QX4X+LkpMJyNIflr8EoFLGPAQkFxvQdOyI3AU1SKJyXBrHBCMQUJthPaQA+GjdZPDrnZ7EBCnmEmkvFFyL+3kjAN2bme+mkD3RnVr1M/M/rxzSuu4kMopgwEFkQSYWLICO0TBtAPpIaiSD7HLkMuAANRKglByFSMU4rWToKSrnJw2yeduSsNvKXdC6qTq1ab9Uqjau8rSI7YafsnDnskjXYDWuyNhMM2RN7Zi/Wo/VqvVnvP6MFK985ZkuwPr4B8bOaMw==</latexit>

let      be a set of process variables
all recursively defined names are guarded in p

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

if a name in    occurs free in    it is prefixed by an actionp

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

X

<latexit sha1_base64="MfUWA7awaT9EfDGtj7YSn9J0HHU=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexKwByDXjwmYB6QLKF30olDZh/M9IphyQeIV/0Ob+LVz/Az/AN34x5MtE5FVXdXU16kpCHb/rQKa+sbm1vF7dLO7t7+QfnwqGPCWAtsi1CFuueBQSUDbJMkhb1II/iewq43vc787j1qI8PglmYRuj5MAjmWAiiVWr1huWJX7QX4X+LkpMJyNIflr8EoFLGPAQkFxvQdOyI3AU1SKJyXBrHBCMQUJthPaQA+GjdZPDrnZ7EBCnmEmkvFFyL+3kjAN2bme+mkD3RnVr1M/M/rxzSuu4kMopgwEFkQSYWLICO0TBtAPpIaiSD7HLkMuAANRKglByFSMU4rWToKSrnJw2yeduSsNvKXdC6qTq1ab9Uqjau8rSI7YafsnDnskjXYDWuyNhMM2RN7Zi/Wo/VqvVnvP6MFK985ZkuwPr4B8bOaMw==</latexit>

G(nil, X) , true

<latexit sha1_base64="JqILztI8IAWu5m0fDj+R2NKRj/c=">AAACMXicbVDLSsNAFJ34rO+qSzeDRVCQkkjBLosudKlgtdCGcjPe1sHJJM7ciCX0G/wYcavf0Z24deUfmNQK2npWh3Pu8wSxkpZcd+BMTc/Mzs0XFhaXlldW14rrG5c2SozAuohUZBoBWFRSY50kKWzEBiEMFF4Ft8e5f3WPxspIX1AvRj+ErpYdKYAyqV3cO9lthUA3QSfVUvX3G3stMhJ0V+Ed/3HIJNhvF0tu2R2CTxJvREpshLN28bN1HYkkRE1CgbVNz43JT8GQFAr7i63EYgziFrrYzKiGEK2fDl/q853EAkU8RsOl4kMRf3ekEFrbC4OsMj/Sjnu5+J/XTKhT9VOp44RQi3wRSYXDRVYYmWWF/FoaJIL8cuRScwEGiNBIDkJkYpKF92coKOWnD708I288kUlyeVD2KuXqeaVUOxqlVWBbbJvtMo8dsho7ZWeszgR7ZM/shb06T87AeXPev0unnFHPJvsD5+ML9kSrig==</latexit>

G(x,X) , x 62 X

<latexit sha1_base64="3/tKU7bh+Qt42s1wbCFtkkvjO0w=">AAACI3icbVC7SgNBFJ31Gd9RS5vBIChI2JWAKYMWWkYwGsgu4e54jYOzs+vMXUlYUvgxYqvfYSc2Fn6Ef+AmpjDGUx3Ouc8TJkpact0PZ2p6ZnZuvrCwuLS8srpWXN+4sHFqBDZErGLTDMGikhobJElhMzEIUajwMrw9HviX92isjPU59RIMIuhoeS0FUC61i1snu9395p5PRoLuKLzjXV/H5EvNm+1iyS27Q/BJ4o1IiY1Qbxe//KtYpBFqEgqsbXluQkEGhqRQ2F/0U4sJiFvoYCunGiK0QTZ8os93UgsU8wQNl4oPRfzdkUFkbS8K88oI6Mb+9Qbif14rpetqkEmdpIRaDBaRVDhcZIWReTrIr6RBIhhcjjz/XYABIjSSgxC5mOZxjQ0FpYKs2+vnGXl/E5kkFwdlr1KunlVKtaNRWgW2xbbZLvPYIauxU1ZnDSbYA3tiz+zFeXRenTfn/ad0yhn1bLIxOJ/f6gyktw==</latexit>

G(µ.p,X) , G(p, ;)

<latexit sha1_base64="sbIVE1a5o5QtyYXJjF+vCFIqZe8=">AAACK3icbVDLSgNBEJz1/Tbq0ctgECJI2BVBj6IHPSoYDWQX6R3bODgzO870imHJB/gx4lW/w5Pi1Q/wD9zEHHzVqaiqnu6p1CrpKQxfgqHhkdGx8YnJqemZ2bn5ysLiic9yJ7AhMpW5ZgoelTTYIEkKm9Yh6FThaXq11/NPb9B5mZlj6lhMNLSNvJACqJTOKtX9Wqzzul1vrsXkJJi2wmu+X7PrMWpLHY+0VqbCetgH/0uiAamyAQ7PKh/xeSZyjYaEAu9bUWgpKcCRFAq7U3Hu0YK4gja2SmpAo0+K/me6fDX3QBm36LhUvC/i94kCtPcdnZZJDXTpf3s98T+vldPFdlJIY3NCI3qLSCrsL/LCybIl5OfSIRH0LkcuDRfggAid5CBEKeZlbT8eBaWS4rbTLTuKfjfyl5xs1KPN+vbRZnVnd9DWBFtmK6zGIrbFdtgBO2QNJtgde2CP7Cm4D56D1+DtKzoUDGaW2A8E75+vhKem</latexit>

G(p\↵, X) , G(p,X)

<latexit sha1_base64="KbrK39IwjEtMjIGrfB+sxH6XesA="></latexit>

G(p[�], X) , G(p,X)

<latexit sha1_base64="XyGol7J5h5DGTNF/Zkzv9YNWpuI=">AAACJXicbZBNSwMxEIazfn9b9ShCsAgKUnaloEfRgx4VrBbapczGsQaz2ZjMimXpyR8jXvV3eBPBk7/Bf2Bae/BrTi/PO5OZvIlR0lEYvgVDwyOjY+MTk1PTM7Nz86WFxVOX5VZgTWQqs/UEHCqpsUaSFNaNRUgThWfJ1X7PP7tB62SmT6hjME6hreWFFEAetUorB+um0TSXMt6sbzTJStBthdfcYw9apXJYCfvF/4poIMpsUEet0kfzPBN5ipqEAucaUWgoLsCSFAq7U83coQFxBW1seKkhRRcX/W90+VrugDJu0HKpeB/i94kCUuc6aeI7U6BL99vrwf+8Rk4XO3EhtckJtegtIqmwv8gJK30+yM+lRSLoXY5cai7AAhFayUEID3Mf2I9HQam4uO10fUbR70T+itOtSlSt7BxXy7t7g7Qm2DJbZessYttslx2yI1Zjgt2xB/bInoL74Dl4CV6/WoeCwcwS+1HB+ydWiqTU</latexit>

G(p+ q,X) , G(p,X) ^G(q,X)

<latexit sha1_base64="QRhnfXuRgMy2i5uK1nRDhB5w7oA=">AAACLnicbZDLSgMxFIYz3u9WXboJFkVRyowIuhRd6FLBaqEdypn0WIOZzJicUcvQN/BhxK0+h+BC3Lr1DczULryd1Z/vPycn+aNUSUu+/+INDA4Nj4yOjU9MTk3PzJbm5k9tkhmBVZGoxNQisKikxipJUlhLDUIcKTyLLvcL/+wajZWJPqFOimEMbS3PpQByqFlaOVhN1682amsNMhJ0W+EVd6gAN9hqozsUbrNU9it+r/hfEfRFmfXrqFn6aLQSkcWoSSiwth74KYU5GJJCYXeikVlMQVxCG+tOaojRhnnvP12+nFmghKdouFS8B/H7RA6xtZ04cp0x0IX97RXwP6+e0flOmEudZoRaFItIKuwtssJIFxTyljRIBMXLkUvNBRggQiM5COFg5pL7cSkoFea3na7LKPidyF9xulkJtio7x1vl3b1+WmNskS2xVRawbbbLDtkRqzLB7tgDe2RP3r337L16b1+tA15/ZoH9KO/9E9uFp4o=</latexit>

G(p|q,X) , G(p,X) ^G(q,X)

<latexit sha1_base64="nAHVTOrGjWUIhwzQkWzIYqf7G4I=">AAACLnicbZDLSgMxFIYz3u9WXboJFkVByowIuhRd6FLBaqEdypn0WIOZzJicUcvYN/BhxK0+h+BC3Lr1DczULryd1Z/vPycn+aNUSUu+/+INDA4Nj4yOjU9MTk3PzJbm5k9skhmBVZGoxNQisKikxipJUlhLDUIcKTyNLvYK//QKjZWJPqZOimEMbS3PpAByqFla2V9Nby/Xa2sNMhJ0W+Eld6gA19hqozsUbrNU9it+r/hfEfRFmfXrsFn6aLQSkcWoSSiwth74KYU5GJJCYXeikVlMQVxAG+tOaojRhnnvP12+nFmghKdouFS8B/H7RA6xtZ04cp0x0Ln97RXwP6+e0dl2mEudZoRaFItIKuwtssJIFxTyljRIBMXLkUvNBRggQiM5COFg5pL7cSkoFeY3na7LKPidyF9xslEJNivbR5vlnd1+WmNskS2xVRawLbbDDtghqzLB7tgDe2RP3r337L16b1+tA15/ZoH9KO/9E2rpp9s=</latexit>

G(rec x. p,X) , G(p,X [ {x})

<latexit sha1_base64="dHt3mIEJ0Uvkf7+ur/K+14T0+Yo="></latexit>

a closed process    is guarded if              holds truep

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

G(p, ;)

<latexit sha1_base64="VMnct9tBNia2L2O+lewtPs975f0=">AAACFHicbVDLSgNBEJz1bXxFPXoZDIKChF0R9Ch60GME84Bkld5JRwdnd4eZXnFZ8hviVb/Dm3j17mf4B27iHkxinYqq7q6mAq2kJdf9cqamZ2bn5hcWS0vLK6tr5fWNho0TI7AuYhWbVgAWlYywTpIUtrRBCAOFzeD+bOA3H9BYGUdXlGr0Q7iNZE8KoFy6Pt/V+x0MNaUWae+mXHGr7hB8kngFqbACtZvyd6cbiyTEiIQCa9ueq8nPwJAUCvulTmJRg7iHW2znNIIQrZ8Nv+7zncQCxVyj4VLxoYh/NzIIrU3DIJ8Mge7suDcQ//PaCfWO/UxGOiGMxCCIpMJhkBVG5nUg70qDRDD4HLmMuAADRGgkByFyMcn7GTkKSvnZY9rPO/LGG5kkjYOqd1g9vjysnJwWbS2wLbbNdpnHjtgJu2A1VmeCGfbMXtir8+S8Oe/Ox+/olFPsbLIROJ8/o8afaA==</latexit>

G(nil, X) , true

<latexit sha1_base64="JqILztI8IAWu5m0fDj+R2NKRj/c=">AAACMXicbVDLSsNAFJ34rO+qSzeDRVCQkkjBLosudKlgtdCGcjPe1sHJJM7ciCX0G/wYcavf0Z24deUfmNQK2npWh3Pu8wSxkpZcd+BMTc/Mzs0XFhaXlldW14rrG5c2SozAuohUZBoBWFRSY50kKWzEBiEMFF4Ft8e5f3WPxspIX1AvRj+ErpYdKYAyqV3cO9lthUA3QSfVUvX3G3stMhJ0V+Ed/3HIJNhvF0tu2R2CTxJvREpshLN28bN1HYkkRE1CgbVNz43JT8GQFAr7i63EYgziFrrYzKiGEK2fDl/q853EAkU8RsOl4kMRf3ekEFrbC4OsMj/Sjnu5+J/XTKhT9VOp44RQi3wRSYXDRVYYmWWF/FoaJIL8cuRScwEGiNBIDkJkYpKF92coKOWnD708I288kUlyeVD2KuXqeaVUOxqlVWBbbJvtMo8dsho7ZWeszgR7ZM/shb06T87AeXPev0unnFHPJvsD5+ML9kSrig==</latexit>

G(rec x. p,X) , G(p,X [ {x})

<latexit sha1_base64="dHt3mIEJ0Uvkf7+ur/K+14T0+Yo="></latexit>

G(x,X) , x 62 X

<latexit sha1_base64="3/tKU7bh+Qt42s1wbCFtkkvjO0w=">AAACI3icbVC7SgNBFJ31Gd9RS5vBIChI2JWAKYMWWkYwGsgu4e54jYOzs+vMXUlYUvgxYqvfYSc2Fn6Ef+AmpjDGUx3Ouc8TJkpact0PZ2p6ZnZuvrCwuLS8srpWXN+4sHFqBDZErGLTDMGikhobJElhMzEIUajwMrw9HviX92isjPU59RIMIuhoeS0FUC61i1snu9395p5PRoLuKLzjXV/H5EvNm+1iyS27Q/BJ4o1IiY1Qbxe//KtYpBFqEgqsbXluQkEGhqRQ2F/0U4sJiFvoYCunGiK0QTZ8os93UgsU8wQNl4oPRfzdkUFkbS8K88oI6Mb+9Qbif14rpetqkEmdpIRaDBaRVDhcZIWReTrIr6RBIhhcjjz/XYABIjSSgxC5mOZxjQ0FpYKs2+vnGXl/E5kkFwdlr1KunlVKtaNRWgW2xbbZLvPYIauxU1ZnDSbYA3tiz+zFeXRenTfn/ad0yhn1bLIxOJ/f6gyktw==</latexit>

G(µ.p,X) , G(p, ;)

<latexit sha1_base64="sbIVE1a5o5QtyYXJjF+vCFIqZe8=">AAACK3icbVDLSgNBEJz1/Tbq0ctgECJI2BVBj6IHPSoYDWQX6R3bODgzO870imHJB/gx4lW/w5Pi1Q/wD9zEHHzVqaiqnu6p1CrpKQxfgqHhkdGx8YnJqemZ2bn5ysLiic9yJ7AhMpW5ZgoelTTYIEkKm9Yh6FThaXq11/NPb9B5mZlj6lhMNLSNvJACqJTOKtX9Wqzzul1vrsXkJJi2wmu+X7PrMWpLHY+0VqbCetgH/0uiAamyAQ7PKh/xeSZyjYaEAu9bUWgpKcCRFAq7U3Hu0YK4gja2SmpAo0+K/me6fDX3QBm36LhUvC/i94kCtPcdnZZJDXTpf3s98T+vldPFdlJIY3NCI3qLSCrsL/LCybIl5OfSIRH0LkcuDRfggAid5CBEKeZlbT8eBaWS4rbTLTuKfjfyl5xs1KPN+vbRZnVnd9DWBFtmK6zGIrbFdtgBO2QNJtgde2CP7Cm4D56D1+DtKzoUDGaW2A8E75+vhKem</latexit>

G(p\↵, X) , G(p,X)

<latexit sha1_base64="KbrK39IwjEtMjIGrfB+sxH6XesA="></latexit>

G(p[�], X) , G(p,X)

<latexit sha1_base64="XyGol7J5h5DGTNF/Zkzv9YNWpuI=">AAACJXicbZBNSwMxEIazfn9b9ShCsAgKUnaloEfRgx4VrBbapczGsQaz2ZjMimXpyR8jXvV3eBPBk7/Bf2Bae/BrTi/PO5OZvIlR0lEYvgVDwyOjY+MTk1PTM7Nz86WFxVOX5VZgTWQqs/UEHCqpsUaSFNaNRUgThWfJ1X7PP7tB62SmT6hjME6hreWFFEAetUorB+um0TSXMt6sbzTJStBthdfcYw9apXJYCfvF/4poIMpsUEet0kfzPBN5ipqEAucaUWgoLsCSFAq7U83coQFxBW1seKkhRRcX/W90+VrugDJu0HKpeB/i94kCUuc6aeI7U6BL99vrwf+8Rk4XO3EhtckJtegtIqmwv8gJK30+yM+lRSLoXY5cai7AAhFayUEID3Mf2I9HQam4uO10fUbR70T+itOtSlSt7BxXy7t7g7Qm2DJbZessYttslx2yI1Zjgt2xB/bInoL74Dl4CV6/WoeCwcwS+1HB+ydWiqTU</latexit>

G(p+ q,X) , G(p,X) ^G(q,X)

<latexit sha1_base64="QRhnfXuRgMy2i5uK1nRDhB5w7oA=">AAACLnicbZDLSgMxFIYz3u9WXboJFkVRyowIuhRd6FLBaqEdypn0WIOZzJicUcvQN/BhxK0+h+BC3Lr1DczULryd1Z/vPycn+aNUSUu+/+INDA4Nj4yOjU9MTk3PzJbm5k9tkhmBVZGoxNQisKikxipJUlhLDUIcKTyLLvcL/+wajZWJPqFOimEMbS3PpQByqFlaOVhN1682amsNMhJ0W+EVd6gAN9hqozsUbrNU9it+r/hfEfRFmfXrqFn6aLQSkcWoSSiwth74KYU5GJJCYXeikVlMQVxCG+tOaojRhnnvP12+nFmghKdouFS8B/H7RA6xtZ04cp0x0IX97RXwP6+e0flOmEudZoRaFItIKuwtssJIFxTyljRIBMXLkUvNBRggQiM5COFg5pL7cSkoFea3na7LKPidyF9xulkJtio7x1vl3b1+WmNskS2xVRawbbbLDtkRqzLB7tgDe2RP3r337L16b1+tA15/ZoH9KO/9E9uFp4o=</latexit>

G(p|q,X) , G(p,X) ^G(q,X)

<latexit sha1_base64="nAHVTOrGjWUIhwzQkWzIYqf7G4I=">AAACLnicbZDLSgMxFIYz3u9WXboJFkVByowIuhRd6FLBaqEdypn0WIOZzJicUcvYN/BhxK0+h+BC3Lr1DczULryd1Z/vPycn+aNUSUu+/+INDA4Nj4yOjU9MTk3PzJbm5k9skhmBVZGoxNQisKikxipJUlhLDUIcKTyNLvYK//QKjZWJPqZOimEMbS3PpAByqFla2V9Nby/Xa2sNMhJ0W+Eld6gA19hqozsUbrNU9it+r/hfEfRFmfXrsFn6aLQSkcWoSSiwth74KYU5GJJCYXeikVlMQVxAG+tOaojRhnnvP12+nFmghKdouFS8B/H7RA6xtZ04cp0x0Ln97RXwP6+e0dl2mEudZoRaFItIKuwtssJIFxTyljRIBMXLkUvNBRggQiM5COFg5pL7cSkoFeY3na7LKPidyF9xslEJNivbR5vlnd1+WmNskS2xVRawLbbDDtghqzLB7tgDe2RP3r337L16b1+tA15/ZoH9KO/9E2rpp9s=</latexit>



4242

Exercise: guarded?
R , rec x. ↵.x+ �

<latexit sha1_base64="6AS6n1I0EgdIlkdlZ5wfCjaRpbk="></latexit>

G(R, ;)?

<latexit sha1_base64="qS5zoCAnNUU8EvIerTeFu57PV2U=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR7M2iBz2q2FZoQ5lsR13cTcLuRAyhP0S86u/wJl49+jP8Bya1B62+0+O9mXnDC2IlLbnuhzMxOTU9Mzs3X1pYXFpeKa+utWyUGIFNEanIXAZgUckQmyRJ4WVsEHSgsB3cHhV++w6NlVF4QWmMvobrUF5JAZRLvfLKcfV8p4s6ptQibR/0yhW35g7B/xJvRCpshNNe+bPbj0SiMSShwNqO58bkZ2BICoWDUjexGIO4hWvs5DQEjdbPho8P+FZigSIeo+FS8aGIPzcy0NamOsgnNdCNHfcK8T+vk9BV3c9kGCeEoSiCSCocBllhZN4I8r40SATF58hlyAUYIEIjOQiRi0le0a+joJSf3aeDvCNvvJG/pLVb8/Zq9bO9SuNw1NYc22CbrMo8ts8a7ISdsiYTLGGP7Ik9Ow/Oi/PqvH2PTjijnXX2C877F34On8Q=</latexit>

G(rec x. ↵.x+ �, ;) = G(↵.x+ �, {x})

<latexit sha1_base64="K+YSkG0U8DWaTLP7zdOw48tRv3E="></latexit>

= G(↵.x, {x}) ^G(�, {x})

<latexit sha1_base64="H5fPRpRz0i6I5mXxSsbu9GnUpzs="></latexit>

= G(x, ;) ^G(nil, ;)

<latexit sha1_base64="Mu2jjoNpbtr0SZtas9SnNbYD4QU="></latexit>

= x 62 ; ^ true

<latexit sha1_base64="rkNlywQQBrxT2f9q2WkldyvP0kg=">AAACMHicbVDLSsNAFJ34tr6qLt0MFqGrkoigG0F047KCrUITys30tg5OJmHmRi2hv+DHiFv9Dl2JW3f+gUntwrae1eGc+zxhoqQl1313Zmbn5hcWl5ZLK6tr6xvlza2mjVMjsCFiFZvrECwqqbFBkhReJwYhChVehbdnhX91h8bKWF9SP8Eggp6WXSmAcqldrh7z0oOvY/Kl9jFKqG+R/Hvs9JD7EdBN2M3IpDholytuzR2CTxNvRCpshHq7/O13YpFGqEkosLbluQkFGRiSQuGg5KcWExC30MNWTjVEaINs+NGA76UWKOYJGi4VH4r4tyODyNp+FOaVxZF20ivE/7xWSt2jIJM6SQm1KBaRVDhcZIWReVTIO9IgERSXI5eaCzBAhEZyECIX0zy7saGgVJA99IuMvMlEpklzv+Yd1I4uDionp6O0ltgO22VV5rFDdsLOWZ01mGCP7Jm9sFfnyXlzPpzP39IZZ9SzzcbgfP0ARhqrNg==</latexit>

= true

<latexit sha1_base64="l1ZgUV+BhIMHpVDTKcRv0MUyDo8=">AAACGHicbVC7SgNBFJ31bXytWtoMBsEq7IpgGkG0sYxgopAs4e7kJg7OPpi5EwxLfkRs9TvsxNbOz/AP3I1baOKpDufcx+GEqZKGPO/TmZtfWFxaXlmtrK1vbG652zstk1gtsCkSlejbEAwqGWOTJCm8TTVCFCq8Ce8vCv9miNrIJL6mUYpBBINY9qUAyqWu657ySicCugv7GWmL465b9WreBHyW+CWpshKNrvvV6SXCRhiTUGBM2/dSCjLQJIXCcaVjDaYg7mGA7ZzGEKEJsknyMT+wBijhKWouFZ+I+Hsjg8iYURTmk0VIM+0V4n9e21K/HmQyTi1hLIpHJBVOHhmhZV4J8p7USARFcuQy5gI0EKGWHITIRZt39OcoKBVkD6OiI3+6kVnSOqr5x7X61XH17Lxsa4XtsX12yHx2ws7YJWuwJhNsyJ7YM3txHp1X5815/xmdc8qdXfYHzsc34rqgjw==</latexit>



4343

Exercise: guarded?
T , rec x. (↵|x) + �

<latexit sha1_base64="O3pcFEV8AJzmMLnLYeedTzD5BX0="></latexit>

G(T, ;)?

<latexit sha1_base64="zEZuEJh7QVg+3Qr6O7XI2VVqiVw=">AAACF3icbVDLSgNBEJz1GZ9Z9ehlMAgKEnYlYG4GPegxQhKFZAm9k04cnH0w0yuGJR8iXvU7vIlXj36Gf+Bm3YOvOhVV3V1N+bGShhzn3ZqZnZtfWCwtLa+srq2X7Y3NjokSLbAtIhXpKx8MKhlimyQpvIo1QuArvPRvTqf+5S1qI6OwReMYvQBGoRxKAZRJfbt8ttc66GEQ09gg7R/37YpTdXLwv8QtSIUVaPbtj94gEkmAIQkFxnRdJyYvBU1SKJws9xKDMYgbGGE3oyEEaLw0f3zCdxMDFPEYNZeK5yJ+30ghMGYc+NlkAHRtfntT8T+vm9Cw7qUyjBPCUEyDSCrMg4zQMmsE+UBqJILp58hlyAVoIEItOQiRiUlW0Y+joJSX3o0nWUfu70b+ks5h1a1V6xe1SuOkaKvEttkO22MuO2INds6arM0ES9gDe2RP1r31bL1Yr1+jM1axs8V+wHr7BIFsn8Y=</latexit>

G(rec x. (↵|x) + �, ;) = G((↵|x) + �, {x})

<latexit sha1_base64="UHckTCHGQCKD8xtyL3qPS7fu9z0="></latexit>

= G(↵|x, {x}) ^G(�, {x})

<latexit sha1_base64="XkqUNPe0Dw34/mD7iHCOu5hyySM=">AAACMXicbVDLSsNAFJ34tr6qLt0MFqEFKYkUdCOILnSpYFVoQrmZ3tbByYOZG22J/QY/Rtzqd7gTt678A5OahVXP6nDOfR4/VtKQbb9aE5NT0zOzc/OlhcWl5ZXy6tqFiRItsCkiFekrHwwqGWKTJCm8ijVC4Cu89G+Ocv/yFrWRUXhOgxi9AHqh7EoBlEntcm2fH1ddUPE13Pe33bTvDmsl9w47PcwNHwkKtV2u2HV7BP6XOAWpsAKn7fKn24lEEmBIQoExLceOyUtBkxQKhyU3MRiDuIEetjIaQoDGS0cvDflWYoAiHqPmUvGRiD87UgiMGQR+VhkAXZvfXi7+57US6u55qQzjhDAU+SKSCkeLjNAyywp5R2okgvxy5DLkAjQQoZYchMjEJAtvbCgo5aX9wTDLyPmdyF9ysVN3GvW9s0bl4LBIa45tsE1WZQ7bZQfshJ2yJhPsgT2xZ/ZiPVqv1pv1/l06YRU962wM1scX0MupsQ==</latexit>

= G(↵, {x}) ^G(x, {x}) ^G(nil, ;)

<latexit sha1_base64="j4KBOdlVQOZGQcUAWgLgWukDvgs="></latexit>

= G(nil, ;) ^ x 62 {x} ^ true

<latexit sha1_base64="VTdXKKMfeuBsSW0pffffChclti8="></latexit>

= true ^ false

<latexit sha1_base64="q0y5nBT2S9P7GWBy0ryP7ZxMQbk=">AAACLnicbVC7SgNBFJ31Gd9RS5vBoFiFXQmYRgjaWEYwKiRLuDu5iUNmH8zcVcOyf+DHiK1+h2Ahtrb+gbsxiEk81eGc+zxepKQh236zZmbn5hcWC0vLK6tr6xvFza1LE8ZaYEOEKtTXHhhUMsAGSVJ4HWkE31N45fVPc//qFrWRYXBBgwhdH3qB7EoBlEnt4v4xb/lAN143IR1jylt32Onhr9gFZTBdbhdLdtkegk8TZ0RKbIR6u/jV6oQi9jEgocCYpmNH5CagSQqVDWzFBiMQfehhM6MB+GjcZPhPyvdiAxTyCDWXig9F/NuRgG/MwPeyyvxMM+nl4n9eM6Zu1U1kEMWEgcgXkVQ4XGSElllQyDtSIxHklyOXAReggQi15CBEJsZZcmNDQSk3uR+kWUbOZCLT5PKw7FTK1fNKqXYySqvAdtguO2AOO2I1dsbqrMEEe2BP7Jm9WI/Wq/VuffyUzlijnm02BuvzG9mOqeQ=</latexit>

= false

<latexit sha1_base64="iAtXYNiN84vLKRPJbFtVdax5+yc=">AAACGXicbVC7TgJBFJ3FF+ILtLSZSEysyK4xkcaEaGOJiTwS2JC7wwUnzD4yc1clG77E2Op32BlbKz/DP3AXKQQ81ck593FyvEhJQ7b9ZeVWVtfWN/Kbha3tnd29Ymm/acJYC2yIUIW67YFBJQNskCSF7Ugj+J7Clje6yvzWPWojw+CWxhG6PgwDOZACKJV6xdIF7/pAd94gGYAyOCn0imW7Yk/Bl4kzI2U2Q71X/O72QxH7GJBQYEzHsSNyE9AkhUoPdmODEYgRDLGT0gB8NG4yjT7hx7EBCnmEmkvFpyL+3UjAN2bse+lkFtMsepn4n9eJaVB1ExlEMWEgskckFU4fGaFl2gnyvtRIBFly5DLgAjQQoZYchEjFOC1p7igo5SaP40nakbPYyDJpnlacs0r15qxcu5y1lWeH7IidMIedsxq7ZnXWYII9sGf2wl6tJ+vNerc+fkdz1mzngM3B+vwBjVug5A==</latexit>



4444

Exercise: guarded?
U , rec x. ↵|�.x

<latexit sha1_base64="PLVByUXiMPU3VdvX/ijKlO5XI6k="></latexit>

G(U, ;)?

<latexit sha1_base64="jDPn3Shkssj3+eyZWJvtH11keV4=">AAACF3icbVDLSgNBEJyNrxgfWfXoZTAIESTsiqA3gx70GMGNQrKE3rGNQ2YfzPSKYcmHiFf9Dm/i1aOf4R+4iXtQY52Kqu6upoJESUOO82GVZmbn5hfKi5Wl5ZXVqr223jZxqgV6IlaxvgrAoJIReiRJ4VWiEcJA4WUwOBn7l3eojYyjCxom6IfQj+SNFEC51LOrp3Vvt4thQkODtHPUs2tOw5mATxO3IDVWoNWzP7vXsUhDjEgoMKbjOgn5GWiSQuGo0k0NJiAG0MdOTiMI0fjZ5PER304NUMwT1FwqPhHx50YGoTHDMMgnQ6Bb89cbi/95nZRuDv1MRklKGIlxEEmFkyAjtMwbQX4tNRLB+HPkMuICNBChlhyEyMU0r+jXUVDKz+6Ho7wj928j06S913D3G4fn+7XmcdFWmW2yLVZnLjtgTXbGWsxjgqXskT2xZ+vBerFerbfv0ZJV7GywX7DevwCDG5/H</latexit>

G(rec x. ↵|�.x, ;) = G(↵|�.x, {x})

<latexit sha1_base64="6cJxD40GgdGU3rUe4ZAYLkXAu18="></latexit>

= G(↵, {x}) ^G(�.x, {x})

<latexit sha1_base64="S+kicNDAVIxAbElY1flQrpodlws="></latexit>

= G(nil, ;) ^G(x, ;)

<latexit sha1_base64="hJa+JHUx4sg9PMVw847/Pboq3E0="></latexit>

= true ^ x 62 ;

<latexit sha1_base64="4NIEBA7vEGSB00r0nu8Wy0IMU8E="></latexit>

= true

<latexit sha1_base64="HVfXt+dCq/HlPgihmxKP74Ekxd0=">AAACGHicbVC7SgNBFJ31bXytWtoMBsEq7IpgGkG0sYxgopAs4e7kJg7OPpi5EwxLfkRs9TvsxNbOz/AP3I1baOKpDufcx+GEqZKGPO/TmZtfWFxaXlmtrK1vbG652zstk1gtsCkSlejbEAwqGWOTJCm8TTVCFCq8Ce8vCv9miNrIJL6mUYpBBINY9qUAyqWu655WOhHQXdjPSFscV7pu1at5E/BZ4pekyko0uu5Xp5cIG2FMQoExbd9LKchAkxQqP9ixBlMQ9zDAdk5jiNAE2ST5mB9YA5TwFDWXik9E/L2RQWTMKArzySKlmfYK8T+vbalfDzIZp5YwFsUjkgonj4zQMq8EeU9qJIIiOXIZcwEaiFBLDkLkos07+nMUlAqyh9E478ifbmSWtI5q/nGtfnVcPTsv21phe2yfHTKfnbAzdskarMkEG7In9sxenEfn1Xlz3n9G55xyZ5f9gfPxDcKIoHk=</latexit>



4545

Exercise: guarded?
rec x. x

<latexit sha1_base64="Gj/De5fZi/8oyI7/Ns5KXw5HTFM=">AAACGXicbVC7SgNBFJ2N7/hKtLQZDIJV2BXBlEEbywhGhWQJd8cbHTL7YOauJizJj4itfoed2Fr5Gf6Bu+sWJvFUh3Pu43C8SElDtv1llRYWl5ZXVtfK6xubW9uV6s6VCWMtsC1CFeobDwwqGWCbJCm8iTSC7ym89gZnmX/9gNrIMLikUYSuD3eB7EsBlEq9SrXrA917/USjGE+G9cmwV6nZdTsHnydOQWqsQKtX+e7ehiL2MSChwJiOY0fkJqBJCoXjcjc2GIEYwB12UhqAj8ZN8uhjfhAboJBHqLlUPBfx70YCvjEj30sns6Bm1svE/7xOTP2Gm8ggigkDkT0iqTB/ZISWaSfIb6VGIsiSI5cBF6CBCLXkIEQqxmlJU0dBKTcZjsZpR85sI/Pk6qjuHNcbF8e15mnR1irbY/vskDnshDXZOWuxNhPskT2zF/ZqPVlv1rv18TtasoqdXTYF6/MHBvihxg==</latexit>

unguarded

rec x. ↵.rec y. x

<latexit sha1_base64="tp8Ilu0Iyn/P7xvHmesXcEGPQOY=">AAACMXicbVC7SgNBFJ2Nr/hetbQZDII2y64EtBRtLCOYKCRLuDve6JDZBzN3JWFJfsGPEVv9jnRia+UfuBtTmMRTHc65zxMkShpy3ZFVWlhcWl4pr66tb2xubds7uw0Tp1pgXcQq1ncBGFQywjpJUniXaIQwUHgbdC8L//YJtZFxdEP9BP0QHiLZkQIol9r2cSsEegw6mUYxGPacYQtU8gjOlMz7zrDXtiuu447B54k3IRU2Qa1tf7fuY5GGGJFQYEzTcxPyM9AkhcLBWis1mIDowgM2cxpBiMbPxi8N+GFqgGKeoOZS8bGIfzsyCI3ph0FeWVxqZr1C/M9rptQ58zMZJSlhJIpFJBWOFxmhZZ4V8nupkQiKy5HLiAvQQIRachAiF9M8vKmhoJSf9fqDPCNvNpF50jhxvKpzdl2tnF9M0iqzfXbAjpjHTtk5u2I1VmeCPbNX9sberRdrZH1Yn7+lJWvSs8emYH39AN7frAk=</latexit>

guarded

rec x. ↵.rec y. x+ y

<latexit sha1_base64="YqD8PDcom7XclY9gbrf/1RAjcpI=">AAACM3icbVDLSsNAFJ34tr6qLt0MFkEQQiKCLkU3LhWsLbSh3Exv7dDJg5kbaQjtP/gx4lY/Q9yJWxf+gUntwrae1eGc+zx+rKQhx3mz5uYXFpeWV1ZLa+sbm1vl7Z07EyVaYFVEKtJ1HwwqGWKVJCmsxxoh8BXW/N5l4dceUBsZhbeUxugFcB/KjhRAudQqHzUDoK7fyTSKwbBvD5ug4i7YEzJP7WH/KG2VK47tjMBniTsmFTbGdav83WxHIgkwJKHAmIbrxORloEkKhYNSMzEYg+jBPTZyGkKAxstGTw34QWKAIh6j5lLxkYh/OzIIjEkDP68sbjXTXiH+5zUS6px5mQzjhDAUxSKSCkeLjNAyTwt5W2okguJy5DLkAjQQoZYchMjFJI9vYigo5WX9dJBn5E4nMkvujm33xD67OamcX4zTWmF7bJ8dMpedsnN2xa5ZlQn2yJ7ZC3u1nqx368P6/C2ds8Y9u2wC1tcPV1SswQ==</latexit>

unguarded

rec x. ↵.rec y. x|y

<latexit sha1_base64="PbPQxTbMNcIacSP/hmEllEPpAhE=">AAACM3icbVDLSsNAFJ34rPVVdelmsAiCEBIp6FJ047KC1UIbys14q4OTBzM30hDbf/BjxK1+hrgTty78A5PahW09q8M593n8WElDjvNmzczOzS8slpbKyyura+uVjc1LEyVaYENEKtJNHwwqGWKDJClsxhoh8BVe+XenhX91j9rIKLygNEYvgJtQdqUAyqVOZb8dAN363Uyj6A969qANKr4Fe0zmqT3oPaSdStWxnSH4NHFHpMpGqHcq3+3rSCQBhiQUGNNynZi8DDRJobBfbicGYxB3cIOtnIYQoPGy4VN9vpsYoIjHqLlUfCji344MAmPSwM8ri1vNpFeI/3mthLpHXibDOCEMRbGIpMLhIiO0zNNCfi01EkFxOXIZcgEaiFBLDkLkYpLHNzYUlPKyXtrPM3InE5kmlwe2W7OPzmvV45NRWiW2zXbYHnPZITtmZ6zOGkywR/bMXtir9WS9Wx/W52/pjDXq2WJjsL5+ANw4rRI=</latexit>

unguarded

rec x. ↵.rec y. x|�.y

<latexit sha1_base64="Vs6Q3HIxsblEsCgqBcaqwpMdjGs=">AAACOXicbVDLSsNAFJ34tr6qLt0MFsFVSETQpejGpYJ9QBPKzfS2Dk4ezNxIQ2x/w48Rt/oNLt2JO/EHTGoXVj2rwzn3eYJESUOO82LNzM7NLywuLVdWVtfWN6qbWw0Tp1pgXcQq1q0ADCoZYZ0kKWwlGiEMFDaDm7PSb96iNjKOrihL0A+hH8meFECF1Km6Xgh0HfRyjWI4GtgjD1RyDfaUzDN7NLjzAiSws0615tjOGPwvcSekxia46FQ/vG4s0hAjEgqMabtOQn4OmqRQOKx4qcEExA30sV3QCEI0fj5+bcj3UgMU8wQ1l4qPRfzZkUNoTBYGRWV5sfntleJ/Xjul3rGfyyhJCSNRLiKpcLzICC2LzJB3pUYiKC9HLiMuQAMRaslBiEJMixCnhoJSfj7IhkVG7u9E/pLGge0e2seXh7WT00laS2yH7bJ95rIjdsLO2QWrM8Hu2SN7Ys/Wg/VqvVnv36Uz1qRnm03B+vwCrv+vdA==</latexit>

guarded


