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Testing
testing can show the presence of bugs

how do you guarantee that your code is correct?

coverage of all cases: difficult to achieve

especially in concurrent systems! 
(because of nondeterminism)

not their absence
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Formal logics
what does it mean to be correct? to satisfy some properties

how are these properties expressed? in some syntax

formal logics serve to express properties about programs

model checking are certain properties satisfied
(by a model of the program)?

safety: something bad will not happen

liveness: something good will happen
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Temporal logics
notion of time (discrete, infinite)

linear operators at the next instant
always
never
eventually

path quantifiers (nondeterministic systems)
for all possible futures
in a possible future

properties of states (atomic proposition)
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Modal logics
notion of time (discrete, infinite)

modal operators at the next step
at any next step
(like HM logic)

fix point operators recursively defined formulas
minimal / maximal fixpoint
(meaning of a formula:
the set of states where it holds)

properties of states (atomic proposition)



LTL
Linear temporal logic

6
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Linear Temporal Logic
models • (( • (( • ** · · · (( • ** · · ·

<latexit sha1_base64="hzzLxmt4kn8xcExHA/w9yH0ChGw="></latexit>

 ::= tt | ↵ | ¬ |  0 ^  1 |  0 _  1

| p
| O 
| F 
| G 
|  0U 1

<latexit sha1_base64="pzcip4JKpuzdL7FnCBzeZWSVuHI="></latexit>

syntax

atomic proposition p 2 P

<latexit sha1_base64="JvFlPy3gEse27nTd2C+TitANOqU=">AAACDHicbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXojevGIiTwS2JjeocGR2Udmeo1kwy8Yr/od3oxX/8HP8A8ckIOAdapUVU/3VJAoach1v5zc0vLK6lp+vbCxubW9U9zda5g41QLrIlaxbgVgUMkI6yRJYSvRCGGgsBkMLsd+8wG1kXF0Q8ME/RD6kexJAWSlRtKREa/dFktu2Z2ALxJvSkpsCpv/7nRjkYYYkVBgTNtzE/Iz0CSFwlGhkxpMQAygj21LIwjR+Nnk2hE/Sg1QzBPUXCo+EfHvRAahMcMwsMkQ6M7Me2PxP6+dUu/Mz2SUpISRGC8iqXCyyAgtbQ3Iu1IjEYwvR27/LkADEWrJQQgrpraXmUdBKT97HI5sR958I4ukcVL2KuXz60qpejFtK88O2CE7Zh47ZVV2xWqszgS7Z8/shb06T86b8+58/EZzznRmn83A+fwBhkycIQ==</latexit>

NEXT:     holds at the next instant of time 

<latexit sha1_base64="4hS7DY+jx7ukQP6U4prRwH4XnsE=">AAACCnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76SRDZh/M9IphyR+IV/0Ob+LVn/Az/AN31xxMYp2Kqu6uprxISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QdOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vfJP5rQfURobBPU0idH0YBnIgBVAmdSMje+WKXbVz8GXizEiFzVDvlb+7/VDEPgYkFBjTceyI3AQ0SaFwWurGBiMQYxhiJ6UB+GjcJP91yk9iAxTyCDWXiuci/t1IwDdm4nvppA80MoteJv7ndWIaXLqJDKKYMBBZEEmFeZARWqYlIO9LjUSQfY5cBlyABiLUkoMQqRinrcwdBaXc5HEyTTtyFhtZJs2zqnNevbo7r9SuZ20V2RE7ZqfMYResxm5ZnTWYYCP2zF7Yq/VkvVnv1sfvaMGa7RyyOVifP4mYm6I=</latexit>

FINALLY:     holds sometimes in the future 

<latexit sha1_base64="4hS7DY+jx7ukQP6U4prRwH4XnsE=">AAACCnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76SRDZh/M9IphyR+IV/0Ob+LVn/Az/AN31xxMYp2Kqu6uprxISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QdOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vfJP5rQfURobBPU0idH0YBnIgBVAmdSMje+WKXbVz8GXizEiFzVDvlb+7/VDEPgYkFBjTceyI3AQ0SaFwWurGBiMQYxhiJ6UB+GjcJP91yk9iAxTyCDWXiuci/t1IwDdm4nvppA80MoteJv7ndWIaXLqJDKKYMBBZEEmFeZARWqYlIO9LjUSQfY5cBlyABiLUkoMQqRinrcwdBaXc5HEyTTtyFhtZJs2zqnNevbo7r9SuZ20V2RE7ZqfMYResxm5ZnTWYYCP2zF7Yq/VkvVnv1sfvaMGa7RyyOVifP4mYm6I=</latexit>

GLOBALLY:     holds always in the future 

<latexit sha1_base64="4hS7DY+jx7ukQP6U4prRwH4XnsE=">AAACCnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76SRDZh/M9IphyR+IV/0Ob+LVn/Az/AN31xxMYp2Kqu6uprxISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QdOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vfJP5rQfURobBPU0idH0YBnIgBVAmdSMje+WKXbVz8GXizEiFzVDvlb+7/VDEPgYkFBjTceyI3AQ0SaFwWurGBiMQYxhiJ6UB+GjcJP91yk9iAxTyCDWXiuci/t1IwDdm4nvppA80MoteJv7ndWIaXLqJDKKYMBBZEEmFeZARWqYlIO9LjUSQfY5cBlyABiLUkoMQqRinrcwdBaXc5HEyTTtyFhtZJs2zqnNevbo7r9SuZ20V2RE7ZqfMYResxm5ZnTWYYCP2zF7Yq/VkvVnv1sfvaMGa7RyyOVifP4mYm6I=</latexit>

UNTIL:      holds until      is true 0

<latexit sha1_base64="8eCrTnJP0H4GLWnH1ZqjT27woOs=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76cQxsw9mesWw5BfEq36HN/HqP/gZ/oG7aw4msU5FVXdXU16kpCHb/rIKS8srq2vF9dLG5tb2Tnl3r2nCWAtsiFCFuu2BQSUDbJAkhe1II/iewpY3usr81gNqI8PglsYRuj4MAzmQAiiVmt3IyJ7dK1fsqp2DLxJnSipsinqv/N3thyL2MSChwJiOY0fkJqBJCoWTUjc2GIEYwRA7KQ3AR+Mm+bcTfhQboJBHqLlUPBfx70YCvjFj30snfaA7M+9l4n9eJ6bBuZvIIIoJA5EFkVSYBxmhZVoD8r7USATZ58hlwAVoIEItOQiRinHay8xRUMpNHseTtCNnvpFF0jypOqfVi5vTSu1y2laRHbBDdswcdsZq7JrVWYMJds+e2Qt7tZ6sN+vd+vgdLVjTnX02A+vzB8F3nEU=</latexit>

 1

<latexit sha1_base64="oj35k8DkTyiZ0IJFF/KQS3yD+P4=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76cQxsw9mesWw5BfEq36HN/HqP/gZ/oG7aw4msU5FVXdXU16kpCHb/rIKS8srq2vF9dLG5tb2Tnl3r2nCWAtsiFCFuu2BQSUDbJAkhe1II/iewpY3usr81gNqI8PglsYRuj4MAzmQAiiVmt3IyJ7TK1fsqp2DLxJnSipsinqv/N3thyL2MSChwJiOY0fkJqBJCoWTUjc2GIEYwRA7KQ3AR+Mm+bcTfhQboJBHqLlUPBfx70YCvjFj30snfaA7M+9l4n9eJ6bBuZvIIIoJA5EFkVSYBxmhZVoD8r7USATZ58hlwAVoIEItOQiRinHay8xRUMpNHseTtCNnvpFF0jypOqfVi5vTSu1y2laRHbBDdswcdsZq7JrVWYMJds+e2Qt7tZ6sN+vd+vgdLVjTnX02A+vzB8ManEY=</latexit>

0 1 2 n

O sometimes written X or N 

<latexit sha1_base64="5Mk/a7TSek3yUZ2rlbQKR2WLofQ="></latexit>
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Linear Structure

set of atomic propositions

S : P ! }(N)

<latexit sha1_base64="lARiqgfXKVKG1Y5Q+34BtvVfwHA=">AAACHXicbVDJSgNBFOxxjXGLiicvjUGIlzAjAZdT0IsniWiMkBnCm/apTXoWut+oYci3iFf9Dm/iVfwM/8CZmIOJ1qmoektRfqykIdv+tCYmp6ZnZgtzxfmFxaXl0srqhYkSLbApIhXpSx8MKhlikyQpvIw1QuArbPndo9xv3aE2MgrPqRejF8BNKK+lAMqkTmn97KDhUuTexxU3ALr1/fSkv90ple2qPQD/S5whKbMhGp3Sl3sViSTAkIQCY9qOHZOXgiYpFPaLbmIwBtGFG2xnNIQAjZcO4vf5VmKAIh6j5lLxgYi/N1IIjOkFfjaZRzTjXi7+57UTut7zUhnGCWEo8kckFQ4eGaFl1gvyK6mRCPLkyGXIBWggQi05CJGJSVbUyFFQyksfev2sI2e8kb/kYqfq1Kr7p7Vy/XDYVoFtsE1WYQ7bZXV2zBqsyQRL2RN7Zi/Wo/VqvVnvP6MT1nBnjY3A+vgGwHSilQ==</latexit>

S(p)

<latexit sha1_base64="5UU07uNX9TL25ELuv1vkMW+tiwY=">AAACCnicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoN5ELx4jmhhIltA7aXVw9sFMrxiW/IF41e/wJl79CT/DP3A35qDGOhVV3V1NBYlWll33w5manpmdmy8tlBeXlldWK2vrLRunRlJTxjo27QAtaRVRkxVraieGMAw0XQa3J4V/eUfGqji64EFCfojXkbpSErmQzmvJTq9SdevuCGKSeGNShTEavcpntx/LNKSIpUZrO56bsJ+hYSU1Dcvd1FKC8havqZPTCEOyfjb6dSi2U4sci4SMUFqMRPq5kWFo7SAM8skQ+cb+9QrxP6+T8tWBn6koSZkiWQSx0jQKstKovAQSfWWIGYvPSahISDTITEYJlDIX07yVX0dRaz+7Hwzzjry/jUyS1m7d26sfnu1Vj47HbZVgE7agBh7swxGcQgOaIOEGHuEJnp0H58V5dd6+R6ec8c4G/ILz/gWWn5sO</latexit>

is the set of time instants
in which    holdsp

<latexit sha1_base64="mts6iV+ajk/5907b8CvNC+gsQfY=">AAACB3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXojevEIiYAJbEjv0OCE2Udmeo1kwwcYr/od3oxXP8PP8A/cxT0IWKdKVXdXp7xISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QduEsRbYEqEK9Z0HBpUMsEWSFN5FGsH3FHa88XXmdx5QGxkGtzSJ0PVhFMihFECp1Iz65YpdtWfgy8TJSYXlaPTL371BKGIfAxIKjOk6dkRuApqkUDgt9WKDEYgxjLCb0gB8NG4ye3TKT2IDFPIINZeKz0T8u5GAb8zE99JJH+jeLHqZ+J/XjWl44SYyiGLCQGRBJBXOgozQMm0A+UBqJILsc+Qy4AI0EKGWHIRIxTitZO4oKOUmj5Np2pGz2MgyaZ9VnVr1slmr1K/ytorsiB2zU+awc1ZnN6zBWkwwZM/shb1aT9ab9W59/I4WrHznkM3B+vwBGVyaTA==</latexit>

S(p) = {n | p holds at n}

<latexit sha1_base64="K2GjcNLe18QLuIpOiO9nVrg0a/M="></latexit>

Shift Sk : P ! }(N)

<latexit sha1_base64="Rh3scLz32/zw0M+320IQgCD38XU=">AAACH3icbVC5TsNAFFxzhnAFKChoVkRIoYlshMRRIWioUBAkIMUmet48YJX1od1nILL8MYgWvoMO0eYz+APskIJrqtHMO8ePlTRk2wNrbHxicmq6NFOenZtfWKwsLbdMlGiBTRGpSF/6YFDJEJskSeFlrBECX+GF3zsq/Is71EZG4Tn1Y/QCuAnltRRAudSprJ5d9fYbLkXufVxzA6Bb309Pss1OpWrX7SH4X+KMSJWN0OhUPtxuJJIAQxIKjGk7dkxeCpqkUJiV3cRgDKIHN9jOaQgBGi8dPpDxjcQARTxGzaXiQxG/d6QQGNMP/LyyONH89grxP6+d0PWul8owTghDUSwiqXC4yAgt82SQd6VGIiguRy5DLkADEWrJQYhcTPKofgwFpbz0oZ/lGTm/E/lLWlt1Z7u+d7pdPTgcpVVia2yd1ZjDdtgBO2YN1mSCZeyJPbMX69F6td6s96/SMWvUs8J+wBp8AmTbo3I=</latexit>

Sk(p) = {n� k | n � k ^ n 2 S(p)}

<latexit sha1_base64="MirNfVlegw1CqCMwxVnnjfbu6Rk="></latexit>

Sk(p) = {m | m+ k 2 S(p)}

<latexit sha1_base64="3cwz4aoCJ3tHblDEMK6byIRhHa0=">AAACInicbZBNS8NAEIY3fn9b9aaXxSIoQklEUA+C6MWjorWFJpbJOurS3STsTsQSK/4Y8aq/w5t4EvwT/gOT2oNfc3p535md2SdMlLTkum9OX//A4NDwyOjY+MTk1HRpZvbExqkRWBWxik09BItKRlglSQrriUHQocJa2Nor8toVGivj6JjaCQYaLiJ5LgVQbjVL80enreVkZdvP9O3NrV5t+TLiR7njd5qlsltxu8X/Cq8nyqxXB83Sh38Wi1RjREKBtQ3PTSjIwJAUCjtjfmoxAdGCC2zkMgKNNsi6f+jwpdQCxTxBw6XiXRO/T2SgrW3rMO/UQJf2d1aY/2WNlM43g0xGSUoYiWIRSYXdRVYYmcNBfiYNEkFxOfIcgAADRGgkByFyM81p/XgUlAqy63bByPtN5K84Wat465Wtw/Xyzm6P1ghbYItsmXlsg+2wfXbAqkywO/bAHtmTc+88Oy/O61drn9ObmWM/ynn/BNX/pCA=</latexit>
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Example
S : P ! }(N)

<latexit sha1_base64="lARiqgfXKVKG1Y5Q+34BtvVfwHA=">AAACHXicbVDJSgNBFOxxjXGLiicvjUGIlzAjAZdT0IsniWiMkBnCm/apTXoWut+oYci3iFf9Dm/iVfwM/8CZmIOJ1qmoektRfqykIdv+tCYmp6ZnZgtzxfmFxaXl0srqhYkSLbApIhXpSx8MKhlikyQpvIw1QuArbPndo9xv3aE2MgrPqRejF8BNKK+lAMqkTmn97KDhUuTexxU3ALr1/fSkv90ple2qPQD/S5whKbMhGp3Sl3sViSTAkIQCY9qOHZOXgiYpFPaLbmIwBtGFG2xnNIQAjZcO4vf5VmKAIh6j5lLxgYi/N1IIjOkFfjaZRzTjXi7+57UTut7zUhnGCWEo8kckFQ4eGaFl1gvyK6mRCPLkyGXIBWggQi05CJGJSVbUyFFQyksfev2sI2e8kb/kYqfq1Kr7p7Vy/XDYVoFtsE1WYQ7bZXV2zBqsyQRL2RN7Zi/Wo/VqvVnvP6MT1nBnjY3A+vgGwHSilQ==</latexit>

• (( • (( • ** · · · (( • ** · · ·

<latexit sha1_base64="hzzLxmt4kn8xcExHA/w9yH0ChGw="></latexit>

0 1 2 n
{p, q}

<latexit sha1_base64="P6e8PY2N9RY0/0Bzhhuh/gv/9EU=">AAACDXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuBNRb0IvHCOYByRJ6J504ZPbhTK8YlnyDeNXv8CZe/QY/wz9wN+ZgEutUVHV3NeVFShqy7S8rt7S8srqWXy9sbG5t7xR39xomjLXAughVqFseGFQywDpJUtiKNILvKWx6w6vMbz6gNjIMbmkUoevDIJB9KYBSqdlJopP7zrhbLNllewK+SJwpKbEpat3id6cXitjHgIQCY9qOHZGbgCYpFI4LndhgBGIIA2ynNAAfjZtM3h3zo9gAhTxCzaXiExH/biTgGzPyvXTSB7oz814m/ue1Y+qfu4kMopgwEFkQSYWTICO0THtA3pMaiSD7HLkMuAANRKglByFSMU6LmTkKSrnJ4yjryJlvZJE0TstOpXxxUylVL6dt5dkBO2THzGFnrMquWY3VmWBD9sxe2Kv1ZL1Z79bH72jOmu7ssxlYnz/D4JzV</latexit>

{p}

<latexit sha1_base64="QfYQHbvSKu/Kig2QwJMuKkbjdJg=">AAACC3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXojevGIiQsksCG9Q4MTZh+Z6TWSDZ9gvOp3eDNe/Qg/wz9wFzkIWKdKVXdXp/xYSUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QdNEiRboikhFuu2DQSVDdEmSwnasEQJfYcsfXed+6wG1kVF4R+MYvQCGoRxIAZRJbjeNu5NeuWJX7Sn4MnFmpMJmaPTK391+JJIAQxIKjOk4dkxeCpqkUDgpdRODMYgRDLGT0RACNF46fXbCTxIDFPEYNZeKT0X8u5FCYMw48LPJAOjeLHq5+J/XSWhw4aUyjBPCUORBJBVOg4zQMmsBeV9qJIL8c+Qy5AI0EKGWHITIxCSrZe4oKOWlj+O8I2exkWXSPKs6terlba1Sv5q1VWRH7JidMoedszq7YQ3mMsEke2Yv7NV6st6sd+vjd7RgzXYO2Ryszx90zpwk</latexit>

{q}

<latexit sha1_base64="DshSHqQRL4XXfjPg8f3r95oAHK4=">AAACC3icbVDLTgJBEJzFF+IL9ehlIjHxRHaNiXojevGIiQsksCG9Q4MTZh/O9BrJhk8wXvU7vBmvfoSf4R+4ixwErFOlqrurU36spCHb/rIKS8srq2vF9dLG5tb2Tnl3r2GiRAt0RaQi3fLBoJIhuiRJYSvWCIGvsOkPr3K/+YDayCi8pVGMXgCDUPalAMokt5Ped8bdcsWu2hPwReJMSYVNUe+Wvzu9SCQBhiQUGNN27Ji8FDRJoXBc6iQGYxBDGGA7oyEEaLx08uyYHyUGKOIxai4Vn4j4dyOFwJhR4GeTAdCdmfdy8T+vnVD/3EtlGCeEociDSCqcBBmhZdYC8p7USAT558hlyAVoIEItOQiRiUlWy8xRUMpLH0d5R858I4ukcVJ1TqsXN6eV2uW0rSI7YIfsmDnsjNXYNaszlwkm2TN7Ya/Wk/VmvVsfv6MFa7qzz2Zgff4AdnOcJQ==</latexit>

{q, r}

<latexit sha1_base64="XSwUUqx2JWfXDpUpfe4Va3A/fyg=">AAACDXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuBNRb0IvHCOYByRJ6J504ZPbhTK8YlnyDeNXv8CZe/QY/wz9wN+ZgEutUVHV3NeVFShqy7S8rt7S8srqWXy9sbG5t7xR39xomjLXAughVqFseGFQywDpJUtiKNILvKWx6w6vMbz6gNjIMbmkUoevDIJB9KYBSqdlJ7k90Z9wtluyyPQFfJM6UlNgUtW7xu9MLRexjQEKBMW3HjshNQJMUCseFTmwwAjGEAbZTGoCPxk0m7475UWyAQh6h5lLxiYh/NxLwjRn5XjrpA92ZeS8T//PaMfXP3UQGUUwYiCyIpMJJkBFapj0g70mNRJB9jlwGXIAGItSSgxCpGKfFzBwFpdzkcZR15Mw3skgap2WnUr64qZSql9O28uyAHbJj5rAzVmXXrMbqTLAhe2Yv7NV6st6sd+vjdzRnTXf22Qyszx/HLJzX</latexit>

S2 : P ! }(N)

<latexit sha1_base64="VOJOtX06BP/MpWQp2rnRs4qK1cI=">AAACH3icbVC5TsNAFFxzE64ABQXNiggpNJGNkDgqBA0VCoIkSLGJnpcHrLI+tPsMRJY/BtHCd9Ah2nwGf4AdUkBgqtHMO8ePlTRk231rbHxicmp6ZrY0N7+wuFReXmmaKNECGyJSkb70waCSITZIksLLWCMEvsKW3z0u/NY9aiOj8IJ6MXoB3IbyRgqgXOqU186vtg/qLkXuQ1x1A6A7309Ps61OuWLX7AH4X+IMSYUNUe+UP93rSCQBhiQUGNN27Ji8FDRJoTAruYnBGEQXbrGd0xACNF46eCDjm4kBiniMmkvFByL+7EghMKYX+HllcaIZ9QrxP6+d0M2el8owTghDUSwiqXCwyAgt82SQX0uNRFBcjlyGXIAGItSSgxC5mORR/RoKSnnpYy/LM3JGE/lLmts1Z6e2f7ZTOTwapjXD1tkGqzKH7bJDdsLqrMEEy9gze2Gv1pP1Zr1bH9+lY9awZ5X9gtX/AgMcozk=</latexit>

• (( • (( • ** · · · (( • ** · · ·

<latexit sha1_base64="hzzLxmt4kn8xcExHA/w9yH0ChGw="></latexit>

0
{q}

<latexit sha1_base64="DshSHqQRL4XXfjPg8f3r95oAHK4=">AAACC3icbVDLTgJBEJzFF+IL9ehlIjHxRHaNiXojevGIiQsksCG9Q4MTZh/O9BrJhk8wXvU7vBmvfoSf4R+4ixwErFOlqrurU36spCHb/rIKS8srq2vF9dLG5tb2Tnl3r2GiRAt0RaQi3fLBoJIhuiRJYSvWCIGvsOkPr3K/+YDayCi8pVGMXgCDUPalAMokt5Ped8bdcsWu2hPwReJMSYVNUe+Wvzu9SCQBhiQUGNN27Ji8FDRJoXBc6iQGYxBDGGA7oyEEaLx08uyYHyUGKOIxai4Vn4j4dyOFwJhR4GeTAdCdmfdy8T+vnVD/3EtlGCeEociDSCqcBBmhZdYC8p7USAT558hlyAVoIEItOQiRiUlWy8xRUMpLH0d5R858I4ukcVJ1TqsXN6eV2uW0rSI7YIfsmDnsjNXYNaszlwkm2TN7Ya/Wk/VmvVsfv6MFa7qzz2Zgff4AdnOcJQ==</latexit>

{q, r}

<latexit sha1_base64="XSwUUqx2JWfXDpUpfe4Va3A/fyg=">AAACDXicbVDLSgNBEJyNrxhfUY9eBoPgQcKuBNRb0IvHCOYByRJ6J504ZPbhTK8YlnyDeNXv8CZe/QY/wz9wN+ZgEutUVHV3NeVFShqy7S8rt7S8srqWXy9sbG5t7xR39xomjLXAughVqFseGFQywDpJUtiKNILvKWx6w6vMbz6gNjIMbmkUoevDIJB9KYBSqdlJ7k90Z9wtluyyPQFfJM6UlNgUtW7xu9MLRexjQEKBMW3HjshNQJMUCseFTmwwAjGEAbZTGoCPxk0m7475UWyAQh6h5lLxiYh/NxLwjRn5XjrpA92ZeS8T//PaMfXP3UQGUUwYiCyIpMJJkBFapj0g70mNRJB9jlwGXIAGItSSgxCpGKfFzBwFpdzkcZR15Mw3skgap2WnUr64qZSql9O28uyAHbJj5rAzVmXXrMbqTLAhe2Yv7NV6st6sd+vjdzRnTXf22Qyszx/HLJzX</latexit>

n-2

S(p) = {0, 1, ...}

<latexit sha1_base64="a4SVWboeKl/GO2BgjgIFyN/v4Lg=">AAACBnicbVC7SgNBFJ2NrxhfayxtBoMQISy7ElALIWhjGdE8IAlhdnITh8w+mLkrhiW9X2GrlZ3Y+hsW/oubdQtNPNXhnHu55x43lEKjbX8auaXlldW1/HphY3Nre8fcLTZ1ECkODR7IQLVdpkEKHxooUEI7VMA8V0LLHV/O/NY9KC0C/xYnIfQ8NvLFUHCGidQ3izfl8Iie025sV5yKZVndad8s2Zadgi4SJyMlkqHeN7+6g4BHHvjIJdO649gh9mKmUHAJ00I30hAyPmYj6CTUZx7oXpxmn9LDSDMMaAiKCklTEX5vxMzTeuK5yaTH8E7PezPxP68T4fC0Fws/jBB8PjuEQkJ6SHMlklKADoQCRDZLDlT4lDPFEEEJyjhPxChpqZD04cx/v0iax5ZTtc6uq6XaRdZMnuyTA1ImDjkhNXJF6qRBOHkgT+SZvBiPxqvxZrz/jOaMbGeP/IHx8Q3tQpZ0</latexit>

S(q) = {0, 2, n, ...}

<latexit sha1_base64="q3kYrone44CdrjkxNwXySCWY3T4=">AAACCHicbVDLTgJBEJzFF+ILHzcvE4kJJmSzS0jUgwnRi0eM8kiAkNmhwQmzs+tMrwlu+AG/wquevBmv/oUH/8UFOShYp0pVd7q6vFAKg47zaaUWFpeWV9KrmbX1jc2t7PZOzQSR5lDlgQx0w2MGpFBQRYESGqEG5nsS6t7gYuzX70EbEagbHIbQ9llfiZ7gDBOpk927zt8d0TPaip1CsaAKtm23Rp1szrGdCeg8cackR6aodLJfrW7AIx8UcsmMabpOiO2YaRRcwijTigyEjA9YH5oJVcwH044n6Uf0MDIMAxqCpkLSiQi/N2LmGzP0vWTSZ3hrZr2x+J/XjLB30o6FCiMExceHUEiYHDJci6QWoF2hAZGNkwMVinKmGSJoQRnniRglPWWSPtzZ7+dJrWi7Jfv0qpQrn0+bSZN9ckDyxCXHpEwuSYVUCScP5Ik8kxfr0Xq13qz3n9GUNd3ZJX9gfXwDNLGXJA==</latexit>

S(r) = {n, ...}

<latexit sha1_base64="OFiigPDZP9589fT9mj8C13/RQCk=">AAACBHicbVC7SgNBFJ2Nrxhfq5Y2g0GIIMuuBNRCCNpYRjQPSEKYndzEIbOzy8zdQFjS+hW2WtmJrf9h4b+4G1No4qkO59zLPff4kRQGXffTyi0tr6yu5dcLG5tb2zv27l7dhLHmUOOhDHXTZwakUFBDgRKakQYW+BIa/vA68xsj0EaE6h7HEXQCNlCiLzjDVOra9l1JH9NL2k7UieM47UnXLrqOOwVdJN6MFMkM1a791e6FPA5AIZfMmJbnRthJmEbBJUwK7dhAxPiQDaCVUsUCMJ1kmnxCj2LDMKQRaCoknYrweyNhgTHjwE8nA4YPZt7LxP+8Voz9804iVBQjKJ4dQiFheshwLdJKgPaEBkSWJQcqFOVMM0TQgjLOUzFOOyqkfXjz3y+S+qnjlZ2L23KxcjVrJk8OyCEpEY+ckQq5IVVSI5yMyBN5Ji/Wo/VqvVnvP6M5a7azT/7A+vgGb7mWQw==</latexit>
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LTL: satisfaction

S |=  

<latexit sha1_base64="Wi0iDIClQc2i+szWhzn5WEItF98=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMgjyk2IrOl0045Wwfd2ukyErBV9BCRYdo+RQK/gXbuICEqUYzu9rZ8ZUUBm370yotLa+srpXXKxubW9s71d29jolizaHNIxnpns8MSBFCGwVK6CkNLPAldP3JZeZ3H0AbEYW3OFXgBWwcipHgDFPJu3GDaAjSUFcZMajW7Lqdgy4SpyA1UqA1qH65w4jHAYTIJTOm79gKvYRpFFzCrOLGBhTjEzaGfkpDFoDxkjz0jB7FhmFEFWgqJM1F+L2RsMCYaeCnkwHDOzPvZeJ/Xj/G0ZmXiFDFCCHPDqGQkB8yXIu0DaBDoQGRZcmBipByphkiaEEZ56kYp/VU0j6c+e8XSeek7jTq59eNWvOiaKZMDsghOSYOOSVNckVapE04uSdP5Jm8WI/Wq/Vmvf+MlqxiZ5/8gfXxDWxnlog=</latexit>

linear structure

LTL formula
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S |= tt

<latexit sha1_base64="YBlEPNy2LdF290fOYSPNv/Pg/tA=">AAACJXicbVDJSgNBFOyJW4xbXG5eGoPgKcxIQL0FvXiMaBZIQnjTeYlNeha634hxyL94E/0XbyJ48j88ORODmMQ6FVXvUUW5oZKGbPvDyiwsLi2vZFdza+sbm1v57Z2aCSItsCoCFeiGCwaV9LFKkhQ2Qo3guQrr7uAi9et3qI0M/Bsahtj2oO/LnhRAidTJ7123vKCLyvCWB3Tr9mKiUSdfsIv2GHyeOBNSYBNUOvmvVjcQkY c+CQXGNB07pHYMmqRQOMq1IoMhiAH0sZlQHzw07XjcfsQPIwMU8BA1l4qPRfz7EYNnzNBzk8u0opn1UvE/rxlR77QdSz+MCH2RBpFUOA4yQstkFuRdqZEI0ubIpc8FaCBCLTkIkYhRstNUoALC+6TOb2IyljM7zTypHRedUvHsqlQon09my7J9dsCOmMNOWJldsgqrMsEe2CN7Zi/Wk/VqvVnvP6cZa/Kzy6ZgfX4DtGGmAw==</latexit>

S |= ¬ 

<latexit sha1_base64="8HEjclHs/Rm7dpb/x5/Dy7MUePc=">AAACInicbVDLSgNBEJz1GeMr0aOXwSB4CrsiqLegF48RzQOyIfROOnHI7Owy06uGkE/xJvov3sST4Jd4chODmMQ6FVXdVFFBrKQl1/1wFhaXlldWM2vZ9Y3Nre1cfqdqo8QIrIhIRaYegEUlNVZIksJ6bBDCQGEt6F2M/NodGisjfUP9GJshdLXsSAGUSq1c/toPozYqy32NXT+2spUruEV3DD5PvAkpsAnKrdyX345EEqImoc DahufG1ByAISkUDrN+YjEG0YMuNlKqIUTbHIyrD/lBYoEiHqPhUvGxiH8/BhBa2w+D9DIEurWz3kj8z2sk1DltDqSOE0ItRkEkFY6DrDAy3QR5WxokglFz5FJzAQaI0EgOQqRiko40FaiA8CGt85uYjuXNTjNPqkdF77h4dnVcKJ1PZsuwPbbPDpnHTliJXbIyqzDB7tkje2YvzpPz6rw57z+nC87kZ5dNwfn8BsfIpHU=</latexit>

i↵ S 6|=  

<latexit sha1_base64="Os2kjg61dm3M6xB5TZ93+eyPRq4=">AAACMnicbVDLSgNBEJz1/Tbq0ctoEDyFXQmoN9GLR0WjQjaE3kmvDs5jmekVZcnZr/Em+i16E69+gSc3MYivOhVV3VR3JZmSnsLwKRgaHhkdG5+YnJqemZ2brywsnnibO4ENYZV1Zwl4VNJggyQpPMscgk4UniaXez3/9Aqdl9Yc002GLQ3nRqZSAJVSu7IS68ReF7FPuUzTbsyPYmMp1raDyvM487JdqYa1sA/+l0QDUmUDHLQr73HHilyjIaHA+2YUZtQqwJEUCrtTce4xA3EJ59gsqQGNvlX0X+nytdwDWZ6h41LxvojfNwrQ3t/opJzUQBf+t9cT//OaOaVbrUKaLCc0ohdEUmE/yAsny46Qd6RDIuhdjlwaLsABETrJQYhSzMvSfgQqILwuz/lKLMuKflfzl5xs1KJ6bfuwXt3ZHdQ2wZbZKltnEdtkO2yfHbAGE+yW3bEH9hjcB8/BS/D6OToUDHaW2A8Ebx8AVas8</latexit>

S |=  0 ^  1

<latexit sha1_base64="Cz4Twmkdt4J6WZWwD/PiSI+dgTQ=">AAACLXicbVDLSgNBEJyNrxhfUY96GAyCp7ArAfUW9OIxonlANoTeSScOmX0w06uGkItf4030XzwI4tV/8OTmgZjEOtVUdVM95UVKGrLtdyu1sLi0vJJezaytb2xuZbd3KiaMtcCyCFWoax4YVDLAMklSWIs0gu8prHrdi6FfvUNtZBjcUC/Chg+dQLalAEqkZnb/2vXDFirD3cjIpu3eY6uD44fTzObsvD0CnyfOhOTYBKVm9t tthSL2MSChwJi6Y0fU6IMmKRQOMm5sMALRhQ7WExqAj6bRH/1iwA9jAxTyCDWXio9E/LvRB9+Ynu8lkz7QrZn1huJ/Xj2m9mmjL4MoJgzEMIikwlGQEVom9SBvSY1EMLwcuQy4AA1EqCUHIRIxTvqaClRA+JCc85uYlOXMVjNPKsd5p5A/uyrkiueT2tJsjx2wI+awE1Zkl6zEykywR/bEXtir9Wy9WR/W53g0ZU12dtkUrK8f9kWonA==</latexit>

i↵ S |=  0 and S |=  1

<latexit sha1_base64="jkIC2kanaK2bp/dJXEv7NcIreRw="></latexit>

i↵ S |=  0 or S |=  1

<latexit sha1_base64="RGxFss34zDtVCAlkK9MaTPKhNLw="></latexit>

i↵ 0 2 S(p)

<latexit sha1_base64="TTGJNUXTuWVp4uZrNj935pZns4U=">AAACKnicbVDLSgNBEJz1Gd9RT+JlMAjxEnZFUG9BLx4jmihkQ+id9MbB2QczvWJYgl/jTfRfvAWvfoUnJzGIRutUVHVT3RWkShpy3YEzNT0zOzdfWFhcWl5ZXSuubzRMkmmBdZGoRF8HYFDJGOskSeF1qhGiQOFVcHs69K/uUBuZxJfUS7EVQTeWoRRAVmoXt/woSO5z34RchmHf564vY35RTvfaxZJbcUfgf4k3JiU2Rq1d/PA7icgijEkoMKbpuSm1ctAkhcL+op8ZTEHcQheblsYQoWnloxf6fDczQAlPUXOp+EjEnxs5RMb0osBORkA3ZtIbiv95zYzCo1Yu4zQjjMUwiKTCUZARWtpukHekRiIYXo7cvi9AAxFqyUEIK2a2rF+BCgjv7TnfibYsb7Kav6SxX/EOKsfnB6Xqybi2AttmO6zMPHbIquyM1VidCfbAHtkze3GenFdn4Lx9jU45451N9gvO+yetUqbb</latexit>

i↵ S1 |=  

<latexit sha1_base64="kK5nW7PQgCcaSYhUwCf3zkkNLR0=">AAACMXicbVDLSgNBEJyN73fUo5fBIHgKuxJQb0EvHhVNImRj6J30xiGzD2Z6JbLk6td4E/0Xb+LVP/DkJC7iq05FVTfVXUGqpCHXfXZKU9Mzs3PzC4tLyyura+X1jaZJMi2wIRKV6MsADCoZY4MkKbxMNUIUKGwFg+Ox37pBbWQSX9Btip0I+rEMpQCyUrfM/ShIhrlvQi7DcOTz8yvPakkPleF+amS3XHGr7gT8L/EKUmEFTrvld7+XiCzCmIQCY9qem1InB01SKBwt+pnBFMQA+ti2NIYITSeffDLiO5kBSniKmkvFJyJ+38ghMuY2CuxkBHRtfntj8T+vnVF40MllnGaEsRgHkVQ4CTJCS1sR8p7USATjy5HLmAvQQIRachDCipnt7EegAsKhPecr0Zbl/a7mL2nuVb1a9fCsVqkfFbXNsy22zXaZx/ZZnZ2wU9Zggt2xe/bInpwH59l5cV4/R0tOsbPJfsB5+wAeaao0</latexit>

i↵ 9k 2 N. Sk |=  

<latexit sha1_base64="zgLzxCE0oiFNIZTLMiEbfVJBhGg="></latexit>

i↵ 8k 2 N. Sk |=  

<latexit sha1_base64="bKX1sZlaAnuuvrQZlqRNsnDJ7YI="></latexit>

S |=  0 _  1

<latexit sha1_base64="FkFDGX+U7Nu3lAMraNV9FM5X5i8=">AAACK3icbVDLSgNBEJyNrxhfUW96GQyCp7ArAfUW9OIxonlANoTeSScOmX0w0xsMIeDXeBP9F0+KV3/Ck5sHYhLrVFR1U93lRUoasu13K7W0vLK6ll7PbGxube9kd/cqJoy1wLIIVahrHhhUMsAySVJYizSC7ymset2rkV/toTYyDO6oH2HDh04g21IAJVIze3Dr+mELleFuZGTTdnuIE+o0szk7b4/BF4kzJTk2RamZ/XZboY h9DEgoMKbu2BE1BqBJCoXDjBsbjEB0oYP1hAbgo2kMxj8M+XFsgEIeoeZS8bGIfzcG4BvT971k0ge6N/PeSPzPq8fUPm8MZBDFhIEYBZFUOA4yQsukHOQtqZEIRpcjlwEXoIEIteQgRCLGSVszgQoIH5JzfhOTspz5ahZJ5TTvFPIXN4Vc8XJaW5odsiN2whx2xorsmpVYmQn2yJ7YC3u1nq0368P6nIymrOnOPpuB9fUDQiGnvA==</latexit>

S |= p

<latexit sha1_base64="tgZ2inTSPsZfRGMLIcreoXgiSME=">AAACGXicbVA9TwJBFNzDL8Qv1NJmIzGxInfGRO2INpYY5SMCIe+WB27Y27vsvjMSwr+wM/pf7IytlX/FyuMkRsCpJjPvZSbjR0pact1PJ7OwuLS8kl3Nra1vbG7lt3eqNoyNwIoIVWjqPlhUUmOFJCmsRwYh8BXW/P7F2K/do7Ey1Dc0iLAVQE/LrhRAiXR73QzCDirLo3a+4BbdFHyeeBNSYBOU2/mvZicUcYCahAJrG54bUW sIhqRQOMo1Y4sRiD70sJFQDQHa1jBtPOIHsQUKeYSGS8VTEf9+DCGwdhD4yWUAdGdnvbH4n9eIqXvaGkodxYRajINIKkyDrDAymQJ5RxokgnFz5FJzAQaI0EgOQiRinGwzFaiA8CGp85uYjOXNTjNPqkdF77h4dnVcKJ1PZsuyPbbPDpnHTliJXbIyqzDBNHtkz+zFeXJenTfn/ec040x+dtkUnI9vc+ahMA==</latexit>

S |= O 

<latexit sha1_base64="+IOOg+FOxbQiZV4UacfuEJ+2tzo=">AAACKHicbVDLSgNBEJz1GeMr6sGDl8EgeAq7Iqg30Ys3I5oHZEPonXTi4OyDmV4xLPs13kT/xZvk6md4crMGMYl9Kqq6qeryIiUN2fbQmptfWFxaLqwUV9fWNzZLW9t1E8ZaYE2EKtRNDwwqGWCNJClsRhrB9xQ2vIfLkd54RG1kGNzRIMK2D/1A9qQAyqhOaffW9cMuKsNdH+je9JLr1I2M7JTKdsXOh88CZwzKbDzVTunL7Y Yi9jEgocCYlmNH1E5AkxQK06IbG4xAPEAfWxkMwEfTTvIHUn4QG6CQR6i5VDwn8e9FAr4xA9/LNvOU09qI/E9rxdQ7bScyiGLCQIyMSCrMjYzQMmsGeVdqJIJRcuQy4AI0EKGWHITIyDirasJQAeFTFufXMSvLma5mFtSPKs5x5ezmuHx+Ma6twPbYPjtkDjth5+yKVVmNCZayZ/bK3qwX6936sIY/q3PW+GaHTYz1+Q0e7adB</latexit>

S |= F 

<latexit sha1_base64="UihTmBJllalX0KNw8EkKCsATyGo=">AAACKHicbVDLSgNBEJz1GeMr6sGDl8EgeAq7Iqg3URCPEc0DsiH0TjpxcPbBTK8Ylv0ab6L/4k1y9TM8uVmDmMQ+FVXdVHV5kZKGbHtozc0vLC4tF1aKq2vrG5ulre26CWMtsCZCFeqmBwaVDLBGkhQ2I43gewob3sPlSG88ojYyDO5oEGHbh34ge1IAZVSntHvr+mEXleGuD3RveslV6kZGdkplu2Lnw2eBMwZlNp5qp/Tldk MR+xiQUGBMy7EjaiegSQqFadGNDUYgHqCPrQwG4KNpJ/kDKT+IDVDII9RcKp6T+PciAd+Yge9lm3nKaW1E/qe1YuqdthMZRDFhIEZGJBXmRkZomTWDvCs1EsEoOXIZcAEaiFBLDkJkZJxVNWGogPApi/PrmJXlTFczC+pHFee4cnZzXD6/GNdWYHtsnx0yh52wc3bNqqzGBEvZM3tlb9aL9W59WMOf1TlrfLPDJsb6/AYPtKc4</latexit>

S |= G 

<latexit sha1_base64="Lhnv9JzFT+WM0MdSg740zQMIzOI=">AAACKHicbVDLSgNBEJz1GeMr6sGDl8EgeAq7Iqg30YMeI5oHZEPonXTi4OyDmV4xLPs13kT/xZvk6md4crMGMYl9Kqq6qeryIiUN2fbQmptfWFxaLqwUV9fWNzZLW9t1E8ZaYE2EKtRNDwwqGWCNJClsRhrB9xQ2vIfLkd54RG1kGNzRIMK2D/1A9qQAyqhOaffW9cMuKsNdH+je9JKr1I2M7JTKdsXOh88CZwzKbDzVTunL7YYi9jEgocCYlmNH1E5AkxQK06IbG4xAPEAfWxkMwEfTTvIHUn4QG6CQR6i5VDwn8e9FAr4xA9/LNvOU09qI/E9rxdQ7bScyiGLCQIyMSCrMjYzQMmsGeVdqJIJRcuQy4AI0EKGWHITIyDirasJQAeFTFufXMSvLma5mFtSPKs5x5ezmuHx+Ma6twPbYPjtkDjth5+yaVVmNCZayZ/bK3qwX6936sIY/q3PW+GaHTYz1+Q0RZac5</latexit>

S |=  0U 1

<latexit sha1_base64="d+INK273Gi2WhtMt0cZl+NbKKOY=">AAACMHicbVC7TsNAEDyH9ztAScGJCIkqslEkoIugoQSBCVIcRevLJpxyfuhujYislHwNHYJ/gQrR8glU2MZCvLaam9nVzI0fK2nItp+tysTk1PTM7Nz8wuLS8kp1de3CRIkW6IpIRfrSB4NKhuiSJIWXsUYIfIUtf3iU661r1EZG4TmNYuwEMAhlXwqgjOpWN8+8IOqhMtyLjezaXgB0ZfqpOy7eTrdas+t2MfwvcEpQY+WcdKvvXi8SSYAhCQXGtB07pk4KmqRQOJ73EoMxiCEMsJ3BEAI0nbT4yJhvJwYo4jFqLhUvSPx+kUJgzCjws80i528tJ//T2gn19zupDOOEMBS5EUmFhZERWmYNIe9JjUSQJ0cuQy5AAxFqyUGIjEyyyn4YKiC8yeJ8OWZlOb+r+QsudutOo35w2qg1D8vaZtkG22I7zGF7rMmO2QlzmWC37I49sEfr3nqyXqzXz9WKVd6ssx9jvX0ASTaqXg==</latexit>

current time: 0

i↵ 9k 2 N. Sk |=  1 and 8i < k. Si |=  0

<latexit sha1_base64="7Tlcfmq1jgARssv45V/U2CjxVVE="></latexit>

LTL: satisfaction
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Examples
• (( • (( • ** · · · (( • ** · · ·

<latexit sha1_base64="hzzLxmt4kn8xcExHA/w9yH0ChGw="></latexit>

0 1 2 n
{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

S |= O p

<latexit sha1_base64="UUG9+XxquIh+D4b6ZRMjqqol/yA=">AAACJnicbVDLSgNBEJyNrxhfUfHkZTAInsKuBNRb0Is3I5oHJCH0TjpxyOyDmV4xLPFfvIn+izcRb36HJzdrEBOtU1HVTRXlhkoasu13KzM3v7C4lF3OrayurW/kN7dqJoi0wKoIVKAbLhhU0scqSVLYCDWC5yqsu4OzsV+/RW1k4F/TMMS2B31f9qQASqROfueq5QVdVIa3PKAb04svRvdhJ1+wi3YK/pc4E1JgE1Q6+c9WNxCRhz4JBcY0HTukdgyapFA4yrUigyGIAfSxmVAfPDTtOK0/4vuRAQp4iJpLxVMRf3/E4Bkz9NzkMu04643F/7xmRL3jdiz9MCL0xTiIpMI0yAgtk12Qd6VGIhg3Ry59LkADEWrJQYhEjJKhpgIVEN4ldX4Sk7Gc2Wn+ktph0SkVTy5LhfLpZLYs22V77IA57IiV2TmrsCoTLGYP7Ik9W4/Wi/VqvX2fZqzJzzabgvXxBYxUpnM=</latexit>

• (( • (( • ** · · · (( • ** · · ·

<latexit sha1_base64="hzzLxmt4kn8xcExHA/w9yH0ChGw="></latexit>

0 1 2 n
{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

S |= F p

<latexit sha1_base64="9xXKH2+go72wszKf4+SWCgH5fNA=">AAACJnicbVDLSgNBEJyNrxhfUfHkZTAInsKuBNRbUBCPEc0DkhB6J504ZPbBTK8Ylvgv3kT/xZuIN7/Dk5s1iInWqajqpopyQyUN2fa7lZmbX1hcyi7nVlbX1jfym1s1E0RaYFUEKtANFwwq6WOVJClshBrBcxXW3cHZ2K/fojYy8K9pGGLbg74ve1IAJVInv3PV8oIuKsNbHtCN6cXno/uwky/YRTsF/0ucCSmwCSqd/GerG4jIQ5+EAmOajh1SOwZNUigc5VqRwRDEAPrYTKgPHpp2nNYf8f3IAAU8RM2l4qmIvz9i8IwZem5ymXac9cbif14zot5xO5Z+GBH6YhxEUmEaZISWyS7Iu1IjEYybI5c+F6CBCLXkIEQiRslQU4EKCO+SOj+JyVjO7DR/Se2w6JSKJ5elQvl0MluW7bI9dsAcdsTK7IJVWJUJFrMH9sSerUfrxXq13r5PM9bkZ5tNwfr4An0tpmo=</latexit>

• (( • (( • ** · · · (( • ** · · ·

<latexit sha1_base64="hzzLxmt4kn8xcExHA/w9yH0ChGw="></latexit>

0 1 2 n
{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

S |= G p

<latexit sha1_base64="QVAZPRtqtMk7rKdl0/SfwuIwf2k=">AAACJnicbVDLSgNBEJyNrxhfUfHkZTAInsKuBNRb0IMeI5oHJCH0TjpxyOyDmV4xLPFfvIn+izcRb36HJzdrEBOtU1HVTRXlhkoasu13KzM3v7C4lF3OrayurW/kN7dqJoi0wKoIVKAbLhhU0scqSVLYCDWC5yqsu4OzsV+/RW1k4F/TMMS2B31f9qQASqROfueq5QVdVIa3PKAb04vPR/dhJ1+wi3YK/pc4E1JgE1Q6+c9WNxCRhz4JBcY0HTukdgyapFA4yrUigyGIAfSxmVAfPDTtOK0/4vuRAQp4iJpLxVMRf3/E4Bkz9NzkMu04643F/7xmRL3jdiz9MCL0xTiIpMI0yAgtk12Qd6VGIhg3Ry59LkADEWrJQYhEjJKhpgIVEN4ldX4Sk7Gc2Wn+ktph0SkVTy5LhfLpZLYs22V77IA57IiV2QWrsCoTLGYP7Ik9W4/Wi/VqvX2fZqzJzzabgvXxBX7cpms=</latexit>

• (( • (( • ** · · · (( • ** · · ·

<latexit sha1_base64="hzzLxmt4kn8xcExHA/w9yH0ChGw="></latexit>

0 1 2 n
{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

{...q...}

<latexit sha1_base64="/9WbOVjH2rKd9iFkG1+6pRLc1CM=">AAACGnicbVDLSgNBEJyNr/iOevQyGARPy64E1FvQi8cIJhGSIL2Tjg7OPpzpFcOSz/Am+i/exKsXf8WTs+sivhoaiqpuqqggUdKQ5705lanpmdm56vzC4tLyymptbb1j4lQLbItYxfosAINKRtgmSQrPEo0QBgq7wdVRrndvUBsZR6c0TnAQwkUkR1IAWarXz1zXvbbbn5zX6p7rFcP/Ar8EdVZO67z23h/GIg0xIqHAmJ7vJTTIQJMUCicL/dRgAuIKLrBnYQQhmkFWRJ7w7dQAxTxBzaXiBYnfPzIIjRmHgb0MgS7Nby0n/9N6KY32B5mMkpQwErkRSYWFkRFa2i6QD6VGIsiTI5cRF6CBCLXkIIQlU1vOD0MFhLc2zpejLcv/Xc1f0Nl1/YZ7cNKoNw/L2qpsk22xHeazPdZkx6zF2kywmN2xB/bo3DtPzrPz8nlaccqfDfZjnNcPqjugrA==</latexit>

{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

{...p...}

<latexit sha1_base64="8J7Xs/lvlA82DsbIV+Hgpx1fRmM=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgadmVgHoLevEYwSRCEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk5MYxCQ2NBRV3VRRQaKkIc/7dHJLyyura/n1wsbm1vZOcXevbuJUC6yJWMX6NgCDSkZYI0kKbxONEAYKG8Hgcqw37lEbGUc3NEywHUI/kj0pgCzVbGWu6yZ2W6NOseS53mT4IvCnoMSmU+0Uv1rdWKQhRiQUGNP0vYTaGWiSQuGo0EoNJiAG0MemhRGEaNrZJPKIH6UGKOYJai4Vn5D49yOD0JhhGNjLEOjOzGtj8j+tmVLvrJ3JKEkJIzE2IqlwYmSElrYL5F2pkQjGyZHLiAvQQIRachDCkqktZ8ZQAeGDjfPraMvy56tZBPUT1y+759flUuViWlueHbBDdsx8dsoq7IpVWY0JFrNH9sxenCfn1Xlz3n9Oc870Z5/NjPPxDaiKoKs=</latexit>

S |= p U q

<latexit sha1_base64="CJAhHrSqL0sl7RW0dey603zvSlI=">AAACKHicbVC7TsNAEDyHV3gHKChoTkRIVJGNIgFdBA0lCEKQkihaXzbhlPODuzUispyfoUPwL3SIls+gwjYW4rXVaGZXMztuqKQh2361SlPTM7Nz5fmFxaXlldXK2vqlCSItsCkCFegrFwwq6WOTJCm8CjWC5ypsuaPjTG/dojYy8C9oHGLXg6EvB1IApVSvsnne8YI+KsPDSccDujaDuJlMbnqVql2z8+F/gVOAKivmtFd57/QDEXnok1BgTNuxQ+rGoEkKhclCJzIYghjBENsp9MFD043zBxK+ExmggIeouVQ8J/H7RQyeMWPPTTfzjL+1jPxPa0c0OOjG0g8jQl9kRiQV5kZGaJk2g7wvNRJBlhy59LkADUSoJQchUjJKq/phqIDwLo3z5ZiW5fyu5i+43Ks59drhWb3aOCpqK7Mtts12mcP2WYOdsFPWZIIl7J49sifrwXq2XqzXz9WSVdxssB9jvX0AgwanfA==</latexit>
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LTL: equivalent formulas

 0 )  1 ,  1 _ ¬ 0

<latexit sha1_base64="oRfzEibDZ6vepEo5iKx/nX4Uc98="></latexit>

 0 ⌘  1 i↵ 8S. S |=  0 , S |=  1

<latexit sha1_base64="D5xyITMgCOTc/glDLq9biCPS8Xk="></latexit>

F  ⌘ tt U  

<latexit sha1_base64="5oPk7hqi6Q6BW8kIb+Qx57W036s="></latexit>

G  ⌘ ¬(F ¬ )

<latexit sha1_base64="KpPark2LBs99ELrUBr7Jqdk52Sc="></latexit>

⌘ ¬(tt U ¬ )

<latexit sha1_base64="hgVe3gYGu1DUDEYKgyAoAFaf3XQ="></latexit>
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Examples
G ¬error

<latexit sha1_base64="AvnaDIVgG6Poo1zGPCLnEsDtnJg=">AAACLnicbVDLSsNAFJ34rO+qSxEGi+CqJFJQd0UXulSwWmhDuZne1sHJJMzciCXUjV/jTvRfBBfi1m9wZRqD+LqrM+fcyzlzglhJS6777IyNT0xOTZdmZufmFxaXyssrZzZKjMCGiFRkmgFYVFJjgyQpbMYGIQwUngeXByP9/AqNlZE+pUGMfgh9LXtSAGVUp7zeDoEubC89HN60Nfbzp6QUjYnMsFOuuFU3H/4XeAWosGKOO+X3djcSSYiahAJrW54bk5+CISkUDmfbicUYxCX0sZVBDSFaP82/MeSbiQWKeIyGS8VzEr9fpBBaOwiDbDMP/Vsbkf9prYR6u34qdZwQajEyIqkwN7LCyKwf5F1pkAhGyZFLzQUYIEIjOQiRkUlW2A9DBYTXWZwvx6ws73c1f8HZdtWrVfdOapX6flFbia2xDbbFPLbD6uyIHbMGE+yW3bEH9ujcO0/Oi/P6uTrmFDer7Mc4bx9uRqqT</latexit>

error will never arise

if you press now, an error will arise in the future
G F enter

<latexit sha1_base64="DgY7stAsi0oXBk8Hsj6r/VCE718=">AAACN3icbVDLSgNBEJyN7/eqRy+DQfEUdkVQb6KgHhWMBpIQeiedOGT2wUyvKMv6BX6NN9Ef8eRNvHr15GQNotE6FdVdVHcFiZKGPO/ZKY2Mjo1PTE5Nz8zOzS+4i0vnJk61wKqIVaxrARhUMsIqSVJYSzRCGCi8CHoH/fnFFWoj4+iMbhJshtCNZEcKICu13HXeCIEuTSc7ym+/+WF+W1BJGUaEOm+5Za/iFeB/iT8gZTbAScv9aLRjkYbWLhQYU/e9hJoZaJJCYT7dSA0mIHrQxbqlEYRomlnxT87XUgMU8wQ1l4oXIv50ZBAacxMGdrM4eHjWF/+b1VPq7DQzGSUpYST6QSQVFkFGaGmLQt6WGomgfzlyGXEBGsh2IDkIYcXUNvcrUAHhtT3nO9GW5Q9X85ecb1b8rcru6VZ5b39Q2yRbYatsg/lsm+2xY3bCqkywO3bPHtmT8+C8OK/O29dqyRl4ltkvOO+fjZOuJg==</latexit>

enter will happen infinitely often (fairness)
F G idle

<latexit sha1_base64="hP/a6KcLIR0vl1pQdo15pffVkWE=">AAACNnicbVDLSgNBEJz1Gd9Rj14GQ8BT2JWAegsK6jGCiYEkhN5JRwdnH8z0imFJfsCv8Sb6JV68iVfPnpysQdTYp6Kqe6qm/FhJQ6777ExNz8zOzecWFpeWV1bX8usbdRMlWmBNRCrSDR8MKhlijSQpbMQaIfAVXvjXRyP94ga1kVF4Tv0Y2wFchrInBZClOvkibwVAV6aXHg+G3/hkMMygpFR2FQ46+YJbcrPhk8AbgwIbT7WT/2h1I5EEGJJQYEzTc2Nqp6BJCvveYisxGIO4hktsWhhCgKadZt8Z8GJigCIeo+ZS8YzEnxcpBMb0A99uZnn/aiPyP62ZUG+/ncowTghDMTIiqTAzMkJL2xPyrtRIBKPkyGXIBWggQi05CGHJxBb3y1AB4a2N8+1oy/L+VjMJ6rslr1w6OCsXKofj2nJsi22zHeaxPVZhp6zKakywO3bPHtmT8+C8OK/O29fqlDO+2WS/xnn/BIL0rZw=</latexit>

the system will stay idle from some time in the future onward
G (req ) (req U eval))

<latexit sha1_base64="wgEXxIes4sQ1fwaGq/oMEUm59no="></latexit>

whenever a request is made, it holds until evaluated

press ) F error

<latexit sha1_base64="38Vqc7Kdnr/IcKslO49FNX9xun0="></latexit>
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LTL, again
models • (( • (( • ** · · · (( • ** · · ·

<latexit sha1_base64="hzzLxmt4kn8xcExHA/w9yH0ChGw="></latexit>

 ::= tt | ↵ | ¬ |  0 ^  1 |  0 _  1

| p
| O 
| F 
| G 
|  0U 1

<latexit sha1_base64="pzcip4JKpuzdL7FnCBzeZWSVuHI="></latexit>

syntax

atomic proposition p 2 P

<latexit sha1_base64="JvFlPy3gEse27nTd2C+TitANOqU=">AAACDHicbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXojevGIiTwS2JjeocGR2Udmeo1kwy8Yr/od3oxX/8HP8A8ckIOAdapUVU/3VJAoach1v5zc0vLK6lp+vbCxubW9U9zda5g41QLrIlaxbgVgUMkI6yRJYSvRCGGgsBkMLsd+8wG1kXF0Q8ME/RD6kexJAWSlRtKREa/dFktu2Z2ALxJvSkpsCpv/7nRjkYYYkVBgTNtzE/Iz0CSFwlGhkxpMQAygj21LIwjR+Nnk2hE/Sg1QzBPUXCo+EfHvRAahMcMwsMkQ6M7Me2PxP6+dUu/Mz2SUpISRGC8iqXCyyAgtbQ3Iu1IjEYwvR27/LkADEWrJQQgrpraXmUdBKT97HI5sR958I4ukcVL2KuXz60qpejFtK88O2CE7Zh47ZVV2xWqszgS7Z8/shb06T86b8+58/EZzznRmn83A+fwBhkycIQ==</latexit>

NEXT:     holds at the next instant of time 

<latexit sha1_base64="4hS7DY+jx7ukQP6U4prRwH4XnsE=">AAACCnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76SRDZh/M9IphyR+IV/0Ob+LVn/Az/AN31xxMYp2Kqu6uprxISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QdOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vfJP5rQfURobBPU0idH0YBnIgBVAmdSMje+WKXbVz8GXizEiFzVDvlb+7/VDEPgYkFBjTceyI3AQ0SaFwWurGBiMQYxhiJ6UB+GjcJP91yk9iAxTyCDWXiuci/t1IwDdm4nvppA80MoteJv7ndWIaXLqJDKKYMBBZEEmFeZARWqYlIO9LjUSQfY5cBlyABiLUkoMQqRinrcwdBaXc5HEyTTtyFhtZJs2zqnNevbo7r9SuZ20V2RE7ZqfMYResxm5ZnTWYYCP2zF7Yq/VkvVnv1sfvaMGa7RyyOVifP4mYm6I=</latexit>

FINALLY:     holds sometimes in the future 

<latexit sha1_base64="4hS7DY+jx7ukQP6U4prRwH4XnsE=">AAACCnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76SRDZh/M9IphyR+IV/0Ob+LVn/Az/AN31xxMYp2Kqu6uprxISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QdOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vfJP5rQfURobBPU0idH0YBnIgBVAmdSMje+WKXbVz8GXizEiFzVDvlb+7/VDEPgYkFBjTceyI3AQ0SaFwWurGBiMQYxhiJ6UB+GjcJP91yk9iAxTyCDWXiuci/t1IwDdm4nvppA80MoteJv7ndWIaXLqJDKKYMBBZEEmFeZARWqYlIO9LjUSQfY5cBlyABiLUkoMQqRinrcwdBaXc5HEyTTtyFhtZJs2zqnNevbo7r9SuZ20V2RE7ZqfMYResxm5ZnTWYYCP2zF7Yq/VkvVnv1sfvaMGa7RyyOVifP4mYm6I=</latexit>

GLOBALLY:     holds always in the future 

<latexit sha1_base64="4hS7DY+jx7ukQP6U4prRwH4XnsE=">AAACCnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76SRDZh/M9IphyR+IV/0Ob+LVn/Az/AN31xxMYp2Kqu6uprxISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QdOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vfJP5rQfURobBPU0idH0YBnIgBVAmdSMje+WKXbVz8GXizEiFzVDvlb+7/VDEPgYkFBjTceyI3AQ0SaFwWurGBiMQYxhiJ6UB+GjcJP91yk9iAxTyCDWXiuci/t1IwDdm4nvppA80MoteJv7ndWIaXLqJDKKYMBBZEEmFeZARWqYlIO9LjUSQfY5cBlyABiLUkoMQqRinrcwdBaXc5HEyTTtyFhtZJs2zqnNevbo7r9SuZ20V2RE7ZqfMYResxm5ZnTWYYCP2zF7Yq/VkvVnv1sfvaMGa7RyyOVifP4mYm6I=</latexit>

UNTIL:      holds until      is true 0

<latexit sha1_base64="8eCrTnJP0H4GLWnH1ZqjT27woOs=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76cQxsw9mesWw5BfEq36HN/HqP/gZ/oG7aw4msU5FVXdXU16kpCHb/rIKS8srq2vF9dLG5tb2Tnl3r2nCWAtsiFCFuu2BQSUDbJAkhe1II/iewpY3usr81gNqI8PglsYRuj4MAzmQAiiVmt3IyJ7dK1fsqp2DLxJnSipsinqv/N3thyL2MSChwJiOY0fkJqBJCoWTUjc2GIEYwRA7KQ3AR+Mm+bcTfhQboJBHqLlUPBfx70YCvjFj30snfaA7M+9l4n9eJ6bBuZvIIIoJA5EFkVSYBxmhZVoD8r7USATZ58hlwAVoIEItOQiRinHay8xRUMpNHseTtCNnvpFF0jypOqfVi5vTSu1y2laRHbBDdswcdsZq7JrVWYMJds+e2Qt7tZ6sN+vd+vgdLVjTnX02A+vzB8F3nEU=</latexit>

 1

<latexit sha1_base64="oj35k8DkTyiZ0IJFF/KQS3yD+P4=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76cQxsw9mesWw5BfEq36HN/HqP/gZ/oG7aw4msU5FVXdXU16kpCHb/rIKS8srq2vF9dLG5tb2Tnl3r2nCWAtsiFCFuu2BQSUDbJAkhe1II/iewpY3usr81gNqI8PglsYRuj4MAzmQAiiVmt3IyJ7TK1fsqp2DLxJnSipsinqv/N3thyL2MSChwJiOY0fkJqBJCoWTUjc2GIEYwRA7KQ3AR+Mm+bcTfhQboJBHqLlUPBfx70YCvjFj30snfaA7M+9l4n9eJ6bBuZvIIIoJA5EFkVSYBxmhZVoD8r7USATZ58hlwAVoIEItOQiRinHay8xRUMpNHseTtCNnvpFF0jypOqfVi5vTSu1y2laRHbBDdswcdsZq7JrVWYMJds+e2Qt7tZ6sN+vd+vgdLVjTnX02A+vzB8ManEY=</latexit>

0 1 2 n

O sometimes written X or N 

<latexit sha1_base64="5Mk/a7TSek3yUZ2rlbQKR2WLofQ="></latexit>
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Automata-like models

the formula must be satisfied along all (infinite) traces

(if we enter a deadlock state, the last state is repeated forever)

• (( •

vv ��

•

⌫⌫
•

GG

•

WW

<latexit sha1_base64="w0jC0QzqLLM1T67yhoQ+PTsYr7k="></latexit>

{p}

<latexit sha1_base64="A75mglL5gn+MGmm/kyNtCVrhsrA=">AAACKXicbVDLTgJBEJz1iagIevQykZh4IruGRL0RvXjERB4JbEjv0OCE2Udmeg1kwzd41W/wa7ypV3/EXeQgjzpVqrpTlfIiJQ3Z9pe1sbm1vbOb28vvHxwWjoql46YJYy2wIUIV6rYHBpUMsEGSFLYjjeB7Clve6C7zW8+ojQyDR5pE6PowDORACqBUanSTqDvtFct2xZ6BrxJnTspsjnqvZBW6/VDEPgYkFBjTceyI3AQ0SaFwmu/GBiMQIxhiJ6UB+GjcZNZ2ys9jAxTyCDWXis9E/P+RgG/MxPfSSx/oySx7mbjO68Q0uHYTGUQxYSCyIJIKZ0FGaJnOgLwvNRJB1hy5DLgADUSoJQchUjFOd1kIVEA4TuusTQSl3GQ8yRZ0lvdaJc3LilOt3DxUy7Xb+ZY5dsrO2AVz2BWrsXtWZw0mmGQv7JW9We/Wh/Vpff+dbljznxO2AOvnFzeYpyk=</latexit>

{p, q}

<latexit sha1_base64="Hn4C2KJPClsfmPJPR4Pu/dfpnLs=">AAACK3icbVDLSsRAEJzx/dbVo5fBRfAgSyIL6m3Ri0cF9wGbIJ2x1WEnkzjTEZewH+FVv8Gv8aR49T9M1hx81amo6qaKilKtHHneK5+YnJqemZ2bX1hcWl5ZXautd1ySWYltmejE9iJwqJXBNinS2EstQhxp7EaD49Lv3qF1KjHnNEwxjOHaqCslgQqpG+Tp7m0wulirew1vDPGX+BWpswqnFzW+ElwmMovRkNTgXN/3UgpzsKSkxtFCkDlMQQ7gGvsFNRCjC/Nx35HYzhxQIlK0QmkxFvH7Rw6xc8M4Ki5joBv32yvF/7x+RlcHYa5MmhEaWQaR0jgOctKqYggUl8oiEZTNUSgjJFggQqsESFmIWbHMj0ANhPdFnX8TQeswvx+WC/q/9/pLOnsNv9k4PGvWW0fVlnNsk22xHeazfdZiJ+yUtZlkA/bAHtkTf+Yv/I2/f51O8Opng/0A//gEmUyn2g==</latexit>

{q}

<latexit sha1_base64="2yF0vGdfpqe7E38oS2bQjS+EWxI=">AAACKXicbVC7TsNAELzj/X6WNCciJKrIRkhAF0FDCRKGSImF1scCJ85nc7dGiax8Ay18A19DB7T8CLZxQUimGs3sakYTpVo58rxPPjE5NT0zOze/sLi0vLK6tr5x6ZLMSgxkohPbjsChVgYDUqSxnVqEONJ4FT2clP7VE1qnEnNB/RTDGO6MulUSqJCCbv7YHVyvNbymV0GMEr8mDVbj7Hqdr3RvEpnFaEhqcK7jeymFOVhSUuNgoZs5TEE+wB12CmogRhfmVduB2MkcUCJStEJpUYn49yOH2Ll+HBWXMdC9+++V4jivk9HtYZgrk2aERpZBpDRWQU5aVcyA4kZZJIKyOQplhAQLRGiVACkLMSt2GQrUQNgr6oxNBK3DvNcvF/T/7zVKLvea/n7z6Hy/0Tqut5xjW2yb7TKfHbAWO2VnLGCSKfbMXtgrf+Pv/IN//Z5O8Ppnkw2Bf/8AOVunKg==</latexit>

{p}

<latexit sha1_base64="A75mglL5gn+MGmm/kyNtCVrhsrA=">AAACKXicbVDLTgJBEJz1iagIevQykZh4IruGRL0RvXjERB4JbEjv0OCE2Udmeg1kwzd41W/wa7ypV3/EXeQgjzpVqrpTlfIiJQ3Z9pe1sbm1vbOb28vvHxwWjoql46YJYy2wIUIV6rYHBpUMsEGSFLYjjeB7Clve6C7zW8+ojQyDR5pE6PowDORACqBUanSTqDvtFct2xZ6BrxJnTspsjnqvZBW6/VDEPgYkFBjTceyI3AQ0SaFwmu/GBiMQIxhiJ6UB+GjcZNZ2ys9jAxTyCDWXis9E/P+RgG/MxPfSSx/oySx7mbjO68Q0uHYTGUQxYSCyIJIKZ0FGaJnOgLwvNRJB1hy5DLgADUSoJQchUjFOd1kIVEA4TuusTQSl3GQ8yRZ0lvdaJc3LilOt3DxUy7Xb+ZY5dsrO2AVz2BWrsXtWZw0mmGQv7JW9We/Wh/Vpff+dbljznxO2AOvnFzeYpyk=</latexit>

{p, r}

<latexit sha1_base64="mSwDstIMW6qbCPlwOQPqH/JX25o=">AAACK3icbVDLSgNBEJzxGeMzevQyGAQPEnZFUG+iF48KxgSSJfROWh0yuzvM9IphyUd41W/wazwpXv0Pd2MO5lGnoqqbKio0WjnyvE8+N7+wuLRcWimvrq1vbG5Vtu9cklqJdZnoxDZDcKhVjHVSpLFpLEIUamyEvcvCbzyhdSqJb6lvMIjgIVb3SgLlUqOdmUPbHnS2ql7NG0JME39EqmyE606Fb7S7iUwjjElqcK7le4aCDCwpqXFQbqcODcgePGArpzFE6IJs2Hcg9lMHlAiDVigthiL+/8ggcq4fhfllBPToJr1CnOW1Uro/DTIVm5QwlkUQKY3DICetyodA0VUWiaBojkLFQoIFIrRKgJS5mObLjAVqIHzO68xMBK2D7LlfLOhP7jVN7o5q/nHt7Oa4en4x2rLEdtkeO2A+O2Hn7IpdszqTrMde2Ct74+/8g3/x77/TOT762WFj4D+/mw+n2w==</latexit>
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Exercise

{p}

<latexit sha1_base64="A75mglL5gn+MGmm/kyNtCVrhsrA=">AAACKXicbVDLTgJBEJz1iagIevQykZh4IruGRL0RvXjERB4JbEjv0OCE2Udmeg1kwzd41W/wa7ypV3/EXeQgjzpVqrpTlfIiJQ3Z9pe1sbm1vbOb28vvHxwWjoql46YJYy2wIUIV6rYHBpUMsEGSFLYjjeB7Clve6C7zW8+ojQyDR5pE6PowDORACqBUanSTqDvtFct2xZ6BrxJnTspsjnqvZBW6/VDEPgYkFBjTceyI3AQ0SaFwmu/GBiMQIxhiJ6UB+GjcZNZ2ys9jAxTyCDWXis9E/P+RgG/MxPfSSx/oySx7mbjO68Q0uHYTGUQxYSCyIJIKZ0FGaJnOgLwvNRJB1hy5DLgADUSoJQchUjFOd1kIVEA4TuusTQSl3GQ8yRZ0lvdaJc3LilOt3DxUy7Xb+ZY5dsrO2AVz2BWrsXtWZw0mmGQv7JW9We/Wh/Vpff+dbljznxO2AOvnFzeYpyk=</latexit>

{q}

<latexit sha1_base64="2yF0vGdfpqe7E38oS2bQjS+EWxI=">AAACKXicbVC7TsNAELzj/X6WNCciJKrIRkhAF0FDCRKGSImF1scCJ85nc7dGiax8Ay18A19DB7T8CLZxQUimGs3sakYTpVo58rxPPjE5NT0zOze/sLi0vLK6tr5x6ZLMSgxkohPbjsChVgYDUqSxnVqEONJ4FT2clP7VE1qnEnNB/RTDGO6MulUSqJCCbv7YHVyvNbymV0GMEr8mDVbj7Hqdr3RvEpnFaEhqcK7jeymFOVhSUuNgoZs5TEE+wB12CmogRhfmVduB2MkcUCJStEJpUYn49yOH2Ll+HBWXMdC9+++V4jivk9HtYZgrk2aERpZBpDRWQU5aVcyA4kZZJIKyOQplhAQLRGiVACkLMSt2GQrUQNgr6oxNBK3DvNcvF/T/7zVKLvea/n7z6Hy/0Tqut5xjW2yb7TKfHbAWO2VnLGCSKfbMXtgrf+Pv/IN//Z5O8Ppnkw2Bf/8AOVunKg==</latexit>

•:: // •

<latexit sha1_base64="WpMvD0Ye5RnU8evDJbT01pJK9dE="></latexit>

F q

<latexit sha1_base64="oabgFQxX5wDrFCgAk7t/b6OTn34=">AAACMHicbVDLSgNBEJyNrxif0aOXwSB4CrsSUG9BQTxGMA/ILqF30tHB2YczvWJY1s/wqt/g1+hJvPoVbtYcNFqnoqqbKsqPlTRk229WaW5+YXGpvFxZWV1b39isbnVMlGiBbRGpSPd8MKhkiG2SpLAXa4TAV9j1b04nfvcOtZFReEnjGL0ArkI5kgIol1w3ALo2o/Qse7gdbNbsul2A/yXOlNTYFK1B1Vp3h5FIAgxJKDCm79gxeSlokkJhVnETgzGIG7jCfk5DCNB4aVE643uJAYp4jJpLxQsRf36kEBgzDvz8sig5603E/7x+QqMjL5VhnBCGYhJEUmERZISW+RrIh1IjEUyaI5chF6CBCLXkIEQuJvk8vwIVEN7ndf5NBKW89H6c5Qs6s3v9JZ2DutOoH180as2T6ZZltsN22T5z2CFrsnPWYm0mWMwe2RN7tl6sV+vd+vg+LVnTn232C9bnF3MHqls=</latexit>

6|=

<latexit sha1_base64="NSoSNCVsxL8Po4R3eKQQOPsB3Io=">AAACL3icbVDLSgNBEJz1GV/R6NHLYBA8hV0JqLegF48RTCIkS+idtHHI7Mwy0yuGJZ/hVb/BrxEv4tW/cBP3oMY6FVXdVFFRoqQj33/zFhaXlldWS2vrG5tb5e2dym7bmdQKbAmjjL2JwKGSGlskSeFNYhHiSGEnGl1M/c49WieNvqZxgmEMQy1vpQDKpW5PG+rFZoDK9Xeqfs2fgc+ToCBVVqDZr3jl3sCINEZNQoFz3cBPKMzAkhQKJ+u91GECYgRD7OZUQ4wuzGadJ/wwdUCGJ2i5VHwm4s+PDGLnxnGUX8ZAd+6vNxX/87op3Z6GmdRJSqjFNIikwlmQE1bmYyAfSItEMG2OXGouwAIRWslBiFxM83V+BSogfMjr/JsISoXZw3iSLxj83WuetI9rQb12dlWvNs6LLUtsnx2wIxawE9Zgl6zJWkwwwx7ZE3v2XrxX7937+D5d8IqfPfYL3ucXaoip0g==</latexit>

G p

<latexit sha1_base64="nwcVIH7dIGZolfPuNP+N6jpPyHY=">AAACMHicbVDLSgNBEJz1GeMr0aOXwSB4CrsiqDfRgx4jmAckS+iddOKQ2d1hplcMS/wMr/oNfo2exKtf4WbNwWjqVFR1U0UFWklLrvvuLCwuLa+sFtaK6xubW9ul8k7DxokRWBexik0rAItKRlgnSQpb2iCEgcJmMLyc+M17NFbG0S2NNPohDCLZlwIokzqdEOjO9tOr8aPulipu1c3B/xNvSipsilq37Gx1erFIQoxIKLC27bma/BQMSaFwXOwkFjWIIQywndEIQrR+mpce84PEAsVco+FS8VzE3x8phNaOwiC7zEv+9SbiPK+dUP/UT2WkE8JITIJIKsyDrDAyWwN5Txokgklz5DLiAgwQoZEchMjEJJtnJlAB4UNWZ24iKOWnD6NxtqD3d6//pHFU9Y6rZzfHlfOL6ZYFtsf22SHz2Ak7Z9esxupMMM2e2DN7cV6dN+fD+fw5XXCmP7tsBs7XN3MKqls=</latexit>

6|=

<latexit sha1_base64="NSoSNCVsxL8Po4R3eKQQOPsB3Io=">AAACL3icbVDLSgNBEJz1GV/R6NHLYBA8hV0JqLegF48RTCIkS+idtHHI7Mwy0yuGJZ/hVb/BrxEv4tW/cBP3oMY6FVXdVFFRoqQj33/zFhaXlldWS2vrG5tb5e2dym7bmdQKbAmjjL2JwKGSGlskSeFNYhHiSGEnGl1M/c49WieNvqZxgmEMQy1vpQDKpW5PG+rFZoDK9Xeqfs2fgc+ToCBVVqDZr3jl3sCINEZNQoFz3cBPKMzAkhQKJ+u91GECYgRD7OZUQ4wuzGadJ/wwdUCGJ2i5VHwm4s+PDGLnxnGUX8ZAd+6vNxX/87op3Z6GmdRJSqjFNIikwlmQE1bmYyAfSItEMG2OXGouwAIRWslBiFxM83V+BSogfMjr/JsISoXZw3iSLxj83WuetI9rQb12dlWvNs6LLUtsnx2wIxawE9Zgl6zJWkwwwx7ZE3v2XrxX7937+D5d8IqfPfYL3ucXaoip0g==</latexit>

p U q

<latexit sha1_base64="+VNnx6bEhvOzrDQ91tC7hHzdYiw=">AAACMnicbVC7TsNAEDzzfj9LmhMRElVkIySgi6ChBAkDUmLQ+rIJp5zP5m6NiCzzHbTwDfwMdIiWj8A2Lggw1WhmVzOaMFHSkuu+OmPjE5NT0zOzc/MLi0vLK6tr5zZOjUBfxCo2lyFYVFKjT5IUXiYGIQoVXoSDo9K/uENjZazPaJhgEEFfy54UQIV0lTx0IqAb28v8/OH2eqXhNt0K/C/xatJgNU6uV52lTjcWaYSahAJr256bUJCBISkU5nOd1GICYgB9bBdUQ4Q2yKraOd9KLVDMEzRcKl6J+PMjg8jaYRQWl1XJ314p/ue1U+rtB5nUSUqoRRlEUmEVZIWRxR7Iu9IgEZTNkUvNBRggQiM5CFGIaTHQSKACwvuizr+JoFSQ3Q/zYkHv915/yflO09ttHpzuNlqH9ZYzbINtsm3msT3WYsfshPlMMMMe2RN7dl6cN+fd+fg+HXPqn3U2AufzC4UXq2w=</latexit>

6|=

<latexit sha1_base64="NSoSNCVsxL8Po4R3eKQQOPsB3Io=">AAACL3icbVDLSgNBEJz1GV/R6NHLYBA8hV0JqLegF48RTCIkS+idtHHI7Mwy0yuGJZ/hVb/BrxEv4tW/cBP3oMY6FVXdVFFRoqQj33/zFhaXlldWS2vrG5tb5e2dym7bmdQKbAmjjL2JwKGSGlskSeFNYhHiSGEnGl1M/c49WieNvqZxgmEMQy1vpQDKpW5PG+rFZoDK9Xeqfs2fgc+ToCBVVqDZr3jl3sCINEZNQoFz3cBPKMzAkhQKJ+u91GECYgRD7OZUQ4wuzGadJ/wwdUCGJ2i5VHwm4s+PDGLnxnGUX8ZAd+6vNxX/87op3Z6GmdRJSqjFNIikwlmQE1bmYyAfSItEMG2OXGouwAIRWslBiFxM83V+BSogfMjr/JsISoXZw3iSLxj83WuetI9rQb12dlWvNs6LLUtsnx2wIxawE9Zgl6zJWkwwwx7ZE3v2XrxX7937+D5d8IqfPfYL3ucXaoip0g==</latexit>

|=

<latexit sha1_base64="5jhlAVmrl8GAEssUMLQxHUPpUEE=">AAACK3icbVDLTgJBEJz1iagIevQykZh4IruGRL0RvXjERB4JbEjv0OCE2Udmeg1kw0d41W/wazxpvPofLrgHedSpUtWdqpQXKWnItj+tjc2t7Z3d3F5+/+CwcFQsHTdNGGuBDRGqULc9MKhkgA2SpLAdaQTfU9jyRnczv/WM2sgweKRJhK4Pw0AOpABKpVbXD/uoTK9Ytiv2HHyVOBkpswz1XskqdPuhiH0MSCgwpuPYEbkJaJJC4TTfjQ1GIEYwxE5KA/DRuMm875SfxwYo5BFqLhWfi/j/IwHfmInvpZc+0JNZ9mbiOq8T0+DaTWQQxYSBmAWRVDgPMkLLdAjkfamRCGbNkcuAC9BAhFpyECIV43SZhUAFhOO0ztpEUMpNxpNpuqCzvNcqaV5WnGrl5qFart1mW+bYKTtjF8xhV6zG7lmdNZhgI/bCXtmb9W59WF/W99/phpX9nLAFWD+/1wWn/Q==</latexit>

{p} {p} {p} · · ·

<latexit sha1_base64="cmgZsgwwEI+/FBNSmFLPDy3iFJY=">AAACD3icbVC7TsNAEDyHVzAvA2WaExESVWSjSEAXQUMZJPKQYis6XzbhlPNDd2ukyErBJ/AVtFDRIVo+gYJ/wTYuIGGaHc3sanfHj6XQaNufRmVldW19o7ppbm3v7O5Z+wddHSWKQ4dHMlJ9n2mQIoQOCpTQjxWwwJfQ86dXud+7B6VFFN7iLAYvYJNQjAVnmElDq+amsTt3zYXCRxHqoVW3G3YBukycktRJifbQ+nJHEU8CCJFLpvXAsWP0UqZQcAlz0000xIxP2QQGGQ1ZANpLiyfm9DjRDCMag6JC0kKE3xMpC7SeBX7WGTC804teLv7nDRIcn3upCOMEIeT5IhQSikWaK5GlA3QkFCCy/HKgIqScKYYISlDGeSYmWVxmloez+P0y6Z42nGbj4qZZb12WyVRJjRyRE+KQM9Ii16RNOoSTB/JEnsmL8Wi8Gm/G+09rxShnDskfGB/fN2ucVQ==</latexit>

{p} · · · {p} {q} {q} · · ·

<latexit sha1_base64="Jd5CMk9xK8DMnta1npJ35hrjlKg=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0XQTUmkoO6KblxWsK3QlDKZ3tahk4czN0IJ/QY/wa9wqyt34lZc+C8mMUJtPZs595x7uXOPF0mh0bY/jdLC4tLySnnVXFvf2NyytndaOowVhyYPZahuPKZBigCaKFDCTaSA+Z6Etje6yPz2PSgtwuAaxxF0fTYMxEBwhqnUs47cJHInrunyfoja/K2Su+kn93pWxa7aOeg8cQpSIQUaPevL7Yc89iFALpnWHceOsJswhYJLmJhurCFifMSG0ElpwHzQ3SQ/aUIPYs0wpBEoKiTNRZieSJiv9dj30k6f4a2e9TLxP68T4+C0m4ggihECni1CISFfpLkSaVZA+0IBIst+DlQElDPFEEEJyjhPxTgNz0zzcGavnyet46pTq55d1Sr18yKZMtkj++SQOOSE1MklaZAm4eSBPJFn8mI8Gq/Gm/H+01oyipld8gfGxzfJOKHs</latexit>

{p} {p} {p} · · ·

<latexit sha1_base64="cmgZsgwwEI+/FBNSmFLPDy3iFJY=">AAACD3icbVC7TsNAEDyHVzAvA2WaExESVWSjSEAXQUMZJPKQYis6XzbhlPNDd2ukyErBJ/AVtFDRIVo+gYJ/wTYuIGGaHc3sanfHj6XQaNufRmVldW19o7ppbm3v7O5Z+wddHSWKQ4dHMlJ9n2mQIoQOCpTQjxWwwJfQ86dXud+7B6VFFN7iLAYvYJNQjAVnmElDq+amsTt3zYXCRxHqoVW3G3YBukycktRJifbQ+nJHEU8CCJFLpvXAsWP0UqZQcAlz0000xIxP2QQGGQ1ZANpLiyfm9DjRDCMag6JC0kKE3xMpC7SeBX7WGTC804teLv7nDRIcn3upCOMEIeT5IhQSikWaK5GlA3QkFCCy/HKgIqScKYYISlDGeSYmWVxmloez+P0y6Z42nGbj4qZZb12WyVRJjRyRE+KQM9Ii16RNOoSTB/JEnsmL8Wi8Gm/G+09rxShnDskfGB/fN2ucVQ==</latexit>

q U p

<latexit sha1_base64="kyyueREul/66FhxWuKprUY8P7ko=">AAACMnicbVC7TsNAEDzzfj9LmhMRElVkIySgi6ChBAkDUmLQ+rIJp5zP5m6NiCzzHbTwDfwMdIiWj8A2Lggw1WhmVzOaMFHSkuu+OmPjE5NT0zOzc/MLi0vLK6tr5zZOjUBfxCo2lyFYVFKjT5IUXiYGIQoVXoSDo9K/uENjZazPaJhgEEFfy54UQIV0dfvQiYBubC/z84fkeqXhNt0K/C/xatJgNU6uV52lTjcWaYSahAJr256bUJCBISkU5nOd1GICYgB9bBdUQ4Q2yKraOd9KLVDMEzRcKl6J+PMjg8jaYRQWl1XJ314p/ue1U+rtB5nUSUqoRRlEUmEVZIWRxR7Iu9IgEZTNkUvNBRggQiM5CFGIaTHQSKACwvuizr+JoFSQ3Q/zYkHv915/yflO09ttHpzuNlqH9ZYzbINtsm3msT3WYsfshPlMMMMe2RN7dl6cN+fd+fg+HXPqn3U2AufzC4Ukq2w=</latexit>

|=

<latexit sha1_base64="5jhlAVmrl8GAEssUMLQxHUPpUEE=">AAACK3icbVDLTgJBEJz1iagIevQykZh4IruGRL0RvXjERB4JbEjv0OCE2Udmeg1kw0d41W/wazxpvPofLrgHedSpUtWdqpQXKWnItj+tjc2t7Z3d3F5+/+CwcFQsHTdNGGuBDRGqULc9MKhkgA2SpLAdaQTfU9jyRnczv/WM2sgweKRJhK4Pw0AOpABKpVbXD/uoTK9Ytiv2HHyVOBkpswz1XskqdPuhiH0MSCgwpuPYEbkJaJJC4TTfjQ1GIEYwxE5KA/DRuMm875SfxwYo5BFqLhWfi/j/IwHfmInvpZc+0JNZ9mbiOq8T0+DaTWQQxYSBmAWRVDgPMkLLdAjkfamRCGbNkcuAC9BAhFpyECIV43SZhUAFhOO0ztpEUMpNxpNpuqCzvNcqaV5WnGrl5qFart1mW+bYKTtjF8xhV6zG7lmdNZhgI/bCXtmb9W59WF/W99/phpX9nLAFWD+/1wWn/Q==</latexit>

G(q ) G q)

<latexit sha1_base64="ZfUM5hjZggDKONGCDu6ZI1ZrKgw="></latexit>

the formula must be satisfied along all (infinite) traces

(if we enter a deadlock state, the last state is repeated forever)
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Exercise

{p}

<latexit sha1_base64="A75mglL5gn+MGmm/kyNtCVrhsrA=">AAACKXicbVDLTgJBEJz1iagIevQykZh4IruGRL0RvXjERB4JbEjv0OCE2Udmeg1kwzd41W/wa7ypV3/EXeQgjzpVqrpTlfIiJQ3Z9pe1sbm1vbOb28vvHxwWjoql46YJYy2wIUIV6rYHBpUMsEGSFLYjjeB7Clve6C7zW8+ojQyDR5pE6PowDORACqBUanSTqDvtFct2xZ6BrxJnTspsjnqvZBW6/VDEPgYkFBjTceyI3AQ0SaFwmu/GBiMQIxhiJ6UB+GjcZNZ2ys9jAxTyCDWXis9E/P+RgG/MxPfSSx/oySx7mbjO68Q0uHYTGUQxYSCyIJIKZ0FGaJnOgLwvNRJB1hy5DLgADUSoJQchUjFOd1kIVEA4TuusTQSl3GQ8yRZ0lvdaJc3LilOt3DxUy7Xb+ZY5dsrO2AVz2BWrsXtWZw0mmGQv7JW9We/Wh/Vpff+dbljznxO2AOvnFzeYpyk=</latexit>

{q}

<latexit sha1_base64="2yF0vGdfpqe7E38oS2bQjS+EWxI=">AAACKXicbVC7TsNAELzj/X6WNCciJKrIRkhAF0FDCRKGSImF1scCJ85nc7dGiax8Ay18A19DB7T8CLZxQUimGs3sakYTpVo58rxPPjE5NT0zOze/sLi0vLK6tr5x6ZLMSgxkohPbjsChVgYDUqSxnVqEONJ4FT2clP7VE1qnEnNB/RTDGO6MulUSqJCCbv7YHVyvNbymV0GMEr8mDVbj7Hqdr3RvEpnFaEhqcK7jeymFOVhSUuNgoZs5TEE+wB12CmogRhfmVduB2MkcUCJStEJpUYn49yOH2Ll+HBWXMdC9+++V4jivk9HtYZgrk2aERpZBpDRWQU5aVcyA4kZZJIKyOQplhAQLRGiVACkLMSt2GQrUQNgr6oxNBK3DvNcvF/T/7zVKLvea/n7z6Hy/0Tqut5xjW2yb7TKfHbAWO2VnLGCSKfbMXtgrf+Pv/IN//Z5O8Ppnkw2Bf/8AOVunKg==</latexit>

•:: //

��

•
zz

✏✏
•

<latexit sha1_base64="aa/uFFp6e55Rw4/lxMfoYXZvgoQ="></latexit>

{p, q}

<latexit sha1_base64="Hn4C2KJPClsfmPJPR4Pu/dfpnLs=">AAACK3icbVDLSsRAEJzx/dbVo5fBRfAgSyIL6m3Ri0cF9wGbIJ2x1WEnkzjTEZewH+FVv8Gv8aR49T9M1hx81amo6qaKilKtHHneK5+YnJqemZ2bX1hcWl5ZXautd1ySWYltmejE9iJwqJXBNinS2EstQhxp7EaD49Lv3qF1KjHnNEwxjOHaqCslgQqpG+Tp7m0wulirew1vDPGX+BWpswqnFzW+ElwmMovRkNTgXN/3UgpzsKSkxtFCkDlMQQ7gGvsFNRCjC/Nx35HYzhxQIlK0QmkxFvH7Rw6xc8M4Ki5joBv32yvF/7x+RlcHYa5MmhEaWQaR0jgOctKqYggUl8oiEZTNUSgjJFggQqsESFmIWbHMj0ANhPdFnX8TQeswvx+WC/q/9/pLOnsNv9k4PGvWW0fVlnNsk22xHeazfdZiJ+yUtZlkA/bAHtkTf+Yv/I2/f51O8Opng/0A//gEmUyn2g==</latexit>

G(q U p)

<latexit sha1_base64="jmIWT0zHdeIgncRXYGJednXXndQ=">AAACQHicbVDLSgNBEJz1bdQY9aaXwSDoJexKQL0FPehRwUQhWULv2NEhsw9nesWwbPBrvOo3+Bf+gTfx6snNGkFN+lRT1U3VlBcpaci2X62Jyanpmdm5+cLC4lJxubSy2jBhrAXWRahCfemBQSUDrJMkhZeRRvA9hRde92igX9yhNjIMzqkXoevDdSA7UgBlVLu03vKBbkwnOU63b/s/j3raj3bapbJdsfPho8AZgjIbzml7xSq2rkIR+xiQUGBM07EjchPQJIXCtNCKDUYgunCNzQwG4KNxk/wTKd+KDVDII9RcKp6T+PsiAd+Ynu9lm3nK/9qAHKc1Y+rsu4kMopgwEAMjkgpzIyO0zNpBfiU1EsEgOXIZcAEaiFBLDkJkZJzV9cdQAeF9FmesIyjlJve9NGvQ+d/XKGjsVpxq5eCsWq4dDrucYxtsk20zh+2xGjthp6zOBHtgj+yJPVsv1pv1bn18r05Yw5s19meszy/opbCE</latexit>

G p _ F q

<latexit sha1_base64="lRQBEqv01OSvvdV9TnxOVGs+5vc=">AAACQ3icbVDLSgNBEJyN7/hK9CjCYBA8hV0JqDdRUI8KxgSSJfROOnFw9uFMrxiWzcWv8arf4Ef4Dd7Eq+BmjeCrT0VVN1VdXqSkIdt+tgoTk1PTM7NzxfmFxaXlUnnlwoSxFlgXoQp10wODSgZYJ0kKm5FG8D2FDe/qcKQ3blAbGQbnNIjQ9aEfyJ4UQBnVKa23faBL00uO02HUvkHkX8RROrzulCp21c6H/wXOGFTYeE47ZWup3Q1F7GNAQoExLceOyE1AkxQK02I7NhiBuII+tjIYgI/GTfI/Ur4ZG6CQR6i5VDwn8ftFAr4xA9/LNvOQv7UR+Z/Wiqm36yYyiGLCQIyMSCrMjYzQMisIeVdqJIJRcuQy4AI0EKGWHITIyDhr7IehAsLbLM6/jqCUm9wO0qxB53dff8HFdtWpVffOapX9g3GXs2yNbbAt5rAdts9O2CmrM8Hu2D17YI/Wk/VivVpvn6sFa3yzyn6M9f4B3M6x/g==</latexit>

|=

<latexit sha1_base64="5jhlAVmrl8GAEssUMLQxHUPpUEE=">AAACK3icbVDLTgJBEJz1iagIevQykZh4IruGRL0RvXjERB4JbEjv0OCE2Udmeg1kw0d41W/wazxpvPofLrgHedSpUtWdqpQXKWnItj+tjc2t7Z3d3F5+/+CwcFQsHTdNGGuBDRGqULc9MKhkgA2SpLAdaQTfU9jyRnczv/WM2sgweKRJhK4Pw0AOpABKpVbXD/uoTK9Ytiv2HHyVOBkpswz1XskqdPuhiH0MSCgwpuPYEbkJaJJC4TTfjQ1GIEYwxE5KA/DRuMm875SfxwYo5BFqLhWfi/j/IwHfmInvpZc+0JNZ9mbiOq8T0+DaTWQQxYSBmAWRVDgPMkLLdAjkfamRCGbNkcuAC9BAhFpyECIV43SZhUAFhOO0ztpEUMpNxpNpuqCzvNcqaV5WnGrl5qFart1mW+bYKTtjF8xhV6zG7lmdNZhgI/bCXtmb9W59WF/W99/phpX9nLAFWD+/1wWn/Q==</latexit>

F q ) ¬G p

<latexit sha1_base64="mlTcg4pUNY9HO0QaZzx91ehrD1A="></latexit>

6|=

<latexit sha1_base64="NSoSNCVsxL8Po4R3eKQQOPsB3Io=">AAACL3icbVDLSgNBEJz1GV/R6NHLYBA8hV0JqLegF48RTCIkS+idtHHI7Mwy0yuGJZ/hVb/BrxEv4tW/cBP3oMY6FVXdVFFRoqQj33/zFhaXlldWS2vrG5tb5e2dym7bmdQKbAmjjL2JwKGSGlskSeFNYhHiSGEnGl1M/c49WieNvqZxgmEMQy1vpQDKpW5PG+rFZoDK9Xeqfs2fgc+ToCBVVqDZr3jl3sCINEZNQoFz3cBPKMzAkhQKJ+u91GECYgRD7OZUQ4wuzGadJ/wwdUCGJ2i5VHwm4s+PDGLnxnGUX8ZAd+6vNxX/87op3Z6GmdRJSqjFNIikwlmQE1bmYyAfSItEMG2OXGouwAIRWslBiFxM83V+BSogfMjr/JsISoXZw3iSLxj83WuetI9rQb12dlWvNs6LLUtsnx2wIxawE9Zgl6zJWkwwwx7ZE3v2XrxX7937+D5d8IqfPfYL3ucXaoip0g==</latexit>

G(q ) O q)

<latexit sha1_base64="6CAj6hka7igbGIIepMll7j5Vzqc="></latexit>

|=

<latexit sha1_base64="5jhlAVmrl8GAEssUMLQxHUPpUEE=">AAACK3icbVDLTgJBEJz1iagIevQykZh4IruGRL0RvXjERB4JbEjv0OCE2Udmeg1kw0d41W/wazxpvPofLrgHedSpUtWdqpQXKWnItj+tjc2t7Z3d3F5+/+CwcFQsHTdNGGuBDRGqULc9MKhkgA2SpLAdaQTfU9jyRnczv/WM2sgweKRJhK4Pw0AOpABKpVbXD/uoTK9Ytiv2HHyVOBkpswz1XskqdPuhiH0MSCgwpuPYEbkJaJJC4TTfjQ1GIEYwxE5KA/DRuMm875SfxwYo5BFqLhWfi/j/IwHfmInvpZc+0JNZ9mbiOq8T0+DaTWQQxYSBmAWRVDgPMkLLdAjkfamRCGbNkcuAC9BAhFpyECIV43SZhUAFhOO0ztpEUMpNxpNpuqCzvNcqaV5WnGrl5qFart1mW+bYKTtjF8xhV6zG7lmdNZhgI/bCXtmb9W59WF/W99/phpX9nLAFWD+/1wWn/Q==</latexit>

6|=

<latexit sha1_base64="NSoSNCVsxL8Po4R3eKQQOPsB3Io=">AAACL3icbVDLSgNBEJz1GV/R6NHLYBA8hV0JqLegF48RTCIkS+idtHHI7Mwy0yuGJZ/hVb/BrxEv4tW/cBP3oMY6FVXdVFFRoqQj33/zFhaXlldWS2vrG5tb5e2dym7bmdQKbAmjjL2JwKGSGlskSeFNYhHiSGEnGl1M/c49WieNvqZxgmEMQy1vpQDKpW5PG+rFZoDK9Xeqfs2fgc+ToCBVVqDZr3jl3sCINEZNQoFz3cBPKMzAkhQKJ+u91GECYgRD7OZUQ4wuzGadJ/wwdUCGJ2i5VHwm4s+PDGLnxnGUX8ZAd+6vNxX/87op3Z6GmdRJSqjFNIikwlmQE1bmYyAfSItEMG2OXGouwAIRWslBiFxM83V+BSogfMjr/JsISoXZw3iSLxj83WuetI9rQb12dlWvNs6LLUtsnx2wIxawE9Zgl6zJWkwwwx7ZE3v2XrxX7937+D5d8IqfPfYL3ucXaoip0g==</latexit>

{p} · · · {p} {q} {q} · · ·

<latexit sha1_base64="Jd5CMk9xK8DMnta1npJ35hrjlKg=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0XQTUmkoO6KblxWsK3QlDKZ3tahk4czN0IJ/QY/wa9wqyt34lZc+C8mMUJtPZs595x7uXOPF0mh0bY/jdLC4tLySnnVXFvf2NyytndaOowVhyYPZahuPKZBigCaKFDCTaSA+Z6Etje6yPz2PSgtwuAaxxF0fTYMxEBwhqnUs47cJHInrunyfoja/K2Su+kn93pWxa7aOeg8cQpSIQUaPevL7Yc89iFALpnWHceOsJswhYJLmJhurCFifMSG0ElpwHzQ3SQ/aUIPYs0wpBEoKiTNRZieSJiv9dj30k6f4a2e9TLxP68T4+C0m4ggihECni1CISFfpLkSaVZA+0IBIst+DlQElDPFEEEJyjhPxTgNz0zzcGavnyet46pTq55d1Sr18yKZMtkj++SQOOSE1MklaZAm4eSBPJFn8mI8Gq/Gm/H+01oyipld8gfGxzfJOKHs</latexit>

{p} {p, q} {p, q} · · ·

<latexit sha1_base64="zQohX3SRfVIFQ2unzrmLbQnQYlY=">AAACE3icbVC7TsNAEDyHVzAvAyUFJyIkChTZKBLQRdBQBok8pNiKzpdNOOX84G6NFFkp+QS+ghYqOkTLB1DwL9gmBQlMs6OZXe3u+LEUGm370ygtLC4tr5RXzbX1jc0ta3unpaNEcWjySEaq4zMNUoTQRIESOrECFvgS2v7oMvfb96C0iMIbHMfgBWwYioHgDDOpZ+27aexOXDMrx3ezhPcj1D2rYlftAvQvcaakQqZo9Kwvtx/xJIAQuWRadx07Ri9lCgWXMDHdREPM+IgNoZvRkAWgvbR4ZEIPE80wojEoKiQtRPg9kbJA63HgZ50Bw1s97+Xif143wcGZl4owThBCni9CIaFYpLkSWUJA+0IBIssvBypCypliiKAEZZxnYpJFZmZ5OPPf/yWtk6pTq55f1yr1i2kyZbJHDsgRccgpqZMr0iBNwskDeSLP5MV4NF6NN+P9p7VkTGd2yQyMj2/cZJ23</latexit>

the formula must be satisfied along all (infinite) traces

(if we enter a deadlock state, the last state is repeated forever)
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Computational tree logic
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Computational Tree  Logic
models

syntax (CTL*)

classical ops

POSSIBLY: there is a path that satisfies
ALWAYS: every path satisfies  

<latexit sha1_base64="4hS7DY+jx7ukQP6U4prRwH4XnsE=">AAACCnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjxGMA9IltA76SRDZh/M9IphyR+IV/0Ob+LVn/Az/AN31xxMYp2Kqu6uprxISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QdOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vfJP5rQfURobBPU0idH0YBnIgBVAmdSMje+WKXbVz8GXizEiFzVDvlb+7/VDEPgYkFBjTceyI3AQ0SaFwWurGBiMQYxhiJ6UB+GjcJP91yk9iAxTyCDWXiuci/t1IwDdm4nvppA80MoteJv7ndWIaXLqJDKKYMBBZEEmFeZARWqYlIO9LjUSQfY5cBlyABiLUkoMQqRinrcwdBaXc5HEyTTtyFhtZJs2zqnNevbo7r9SuZ20V2RE7ZqfMYResxm5ZnTWYYCP2zF7Yq/VkvVnv1sfvaMGa7RyyOVifP4mYm6I=</latexit>

•
• //

77

•
•

''

//

77

• // •
•

''

77

• // • · · ·
• //

''
• // •
• //

''
•
•

<latexit sha1_base64="LJ9vn/aUIKDSGsdUM37+lCE0uXs="></latexit>

 ::= tt | ↵ | ¬ |  0 ^  1 |  0 _  1

| p | O | F | G |  0U 1

| E 
| A 

<latexit sha1_base64="JQCfE3Q9JQEcZ8fdhH53stRtgR0="></latexit>

linear ops
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Infinite Tree

T = (V,!)

<latexit sha1_base64="qugUDJDRM1uI3K+JBXBqMCi8TF0=">AAACD3icbVDLSgNBEJz1GeMr6tHLYBAUJOxKQD0IQS8eIyRRSRbpnXR0yOyDmV4xLPkI8arf4U28+gl+hn/g7roHNdapqOruasqLlDRk2x/W1PTM7Nx8aaG8uLS8slpZW++YMNYC2yJUob70wKCSAbZJksLLSCP4nsILb3ia+Rd3qI0MgxaNInR9uAnkQAqgVLpqHe909noU7l5XqnbNzsEniVOQKivQvK589vqhiH0MSCgwpuvYEbkJaJJC4bjciw1GIIZwg92UBuCjcZP84THfjg1QyCPUXCqei/hzIwHfmJHvpZM+0K3562Xif143psGhm8ggigkDkQWRVJgHGaFl2gTyvtRIBNnnyGXABWggQi05CJGKcVrNr6OglJvcj8ZpR87fRiZJZ7/m1GtH5/Vq46Roq8Q22RbbYQ47YA12xpqszQTz2SN7Ys/Wg/VivVpv36NTVrGzwX7Bev8C5WWczw==</latexit>

directed graph

v0 2 V root: a distinguished vertex (no incoming arc)

<latexit sha1_base64="JU57PFgDdP/dHdjIqPnBRtxhobQ="></latexit>

exactly one directed path from v0 to any other vertex v 2 V

<latexit sha1_base64="RvLzPByUCLIDVX9xjPvcxqF28Fg="></latexit>

tree

infinite
every node has a child

<latexit sha1_base64="3ic0oJfjBkiKxBl5s8s4EjRGQFQ=">AAACJXicbVDLSsNAFJ34Nr6qLkUYLIKrkoig7kQ3LhWsFdpQbqa3dnAyCTM3Ygld+THiVr/DnQiu/Ab/wKRmYVvP6nDOuXPnnjBR0pLnfTpT0zOzc/MLi+7S8srqWmV949rGqRFYF7GKzU0IFpXUWCdJCm8SgxCFChvh3VnhN+7RWBnrK+onGERwq2VXCqBcale2s5btuphH+lzHHeQ9sBy46EnVcQftStWreUPwSeKXpMpKXLQr361OLNIINQkF1jZ9L6EgA0NSKBy4rdRiAuIObrGZUw0R2iAbnjHgu6kFinmChkvFhyL+ncggsrYfhXkyAurZca8Q//OaKXWPgkzqJCXUolhEUuFwkRVG5scj70iDRFD8HLnUXIABIjSSgxC5mOaFjTwKSgXZQ7/oyB9vZJJc79f8g9rx5X715LRsa4FtsR22x3x2yE7YObtgdSbYI3tmL+zVeXLenHfn4zc65ZQzm2wEztcPM9SlVg==</latexit>

•
• //

77

•
•

''

//

77

• // •
•

''

77

• // • · · ·
• //

''
• // •
• //

''
•
•

<latexit sha1_base64="LJ9vn/aUIKDSGsdUM37+lCE0uXs="></latexit>
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Branching Structure
T = (V,!)

<latexit sha1_base64="qugUDJDRM1uI3K+JBXBqMCi8TF0=">AAACD3icbVDLSgNBEJz1GeMr6tHLYBAUJOxKQD0IQS8eIyRRSRbpnXR0yOyDmV4xLPkI8arf4U28+gl+hn/g7roHNdapqOruasqLlDRk2x/W1PTM7Nx8aaG8uLS8slpZW++YMNYC2yJUob70wKCSAbZJksLLSCP4nsILb3ia+Rd3qI0MgxaNInR9uAnkQAqgVLpqHe909noU7l5XqnbNzsEniVOQKivQvK589vqhiH0MSCgwpuvYEbkJaJJC4bjciw1GIIZwg92UBuCjcZP84THfjg1QyCPUXCqei/hzIwHfmJHvpZM+0K3562Xif143psGhm8ggigkDkQWRVJgHGaFl2gTyvtRIBNnnyGXABWggQi05CJGKcVrNr6OglJvcj8ZpR87fRiZJZ7/m1GtH5/Vq46Roq8Q22RbbYQ47YA12xpqszQTz2SN7Ys/Wg/VivVpv36NTVrGzwX7Bev8C5WWczw==</latexit>

infinite tree S : P ! }(V )

<latexit sha1_base64="ApRECh08M1sx2NaUOgMRMECZoak=">AAACEnicbVC7TsNAEDyHd3gFKGlOREjQRDaKxKNC0FAGQR5SbKH1ZRNOOdunuzUQWfkLRAvfQYdo+QE+gz/ACSl4TTWa2d1ZTaiVtOS6705hanpmdm5+obi4tLyyWlpbb9gkNQLrIlGJaYVgUckY6yRJYUsbhChU2Az7pyO/eYPGyiS+pIHGIIJeLLtSAOWSf3FU8ynxb/VOY/eqVHYr7hj8L/EmpMwmqF2VPvxOItIIYxIKrG17rqYgA0NSKBwW/dSiBtGHHrZzGkOENsjGPw/5dmqBEq7RcKn4WMTvGxlE1g6iMJ+MgK7tb28k/ue1U+oeBJmMdUoYi1EQSYXjICuMzMtA3pEGiWD0OXIZcwEGiNBIDkLkYpq38+MoKBVkd4Nh3pH3u5G/pLFX8aqVw/Nq+fhk0tY822RbbId5bJ8dszNWY3UmmGYP7JE9OffOs/PivH6NFpzJzgb7AeftE6a/nlA=</latexit>

S(p) = {x 2 V | x satisfies p}

<latexit sha1_base64="kUVj7t/1YrDcm3GziELOxXMta2k="></latexit>

•
• //
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•
•

''

//

77

• // •
•

''
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• // • · · ·
• //

''
• // •
• //

''
•
•

<latexit sha1_base64="LJ9vn/aUIKDSGsdUM37+lCE0uXs="></latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>
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Infinite Path
T = (V,!)

<latexit sha1_base64="qugUDJDRM1uI3K+JBXBqMCi8TF0=">AAACD3icbVDLSgNBEJz1GeMr6tHLYBAUJOxKQD0IQS8eIyRRSRbpnXR0yOyDmV4xLPkI8arf4U28+gl+hn/g7roHNdapqOruasqLlDRk2x/W1PTM7Nx8aaG8uLS8slpZW++YMNYC2yJUob70wKCSAbZJksLLSCP4nsILb3ia+Rd3qI0MgxaNInR9uAnkQAqgVLpqHe909noU7l5XqnbNzsEniVOQKivQvK589vqhiH0MSCgwpuvYEbkJaJJC4bjciw1GIIZwg92UBuCjcZP84THfjg1QyCPUXCqei/hzIwHfmJHvpZM+0K3562Xif143psGhm8ggigkDkQWRVJgHGaFl2gTyvtRIBNnnyGXABWggQi05CJGKcVrNr6OglJvcj8ZpR87fRiZJZ7/m1GtH5/Vq46Roq8Q22RbbYQ47YA12xpqszQTz2SN7Ys/Wg/VivVpv36NTVrGzwX7Bev8C5WWczw==</latexit>

branching structure

path shifting

S : P ! }(V )

<latexit sha1_base64="ApRECh08M1sx2NaUOgMRMECZoak=">AAACEnicbVC7TsNAEDyHd3gFKGlOREjQRDaKxKNC0FAGQR5SbKH1ZRNOOdunuzUQWfkLRAvfQYdo+QE+gz/ACSl4TTWa2d1ZTaiVtOS6705hanpmdm5+obi4tLyyWlpbb9gkNQLrIlGJaYVgUckY6yRJYUsbhChU2Az7pyO/eYPGyiS+pIHGIIJeLLtSAOWSf3FU8ynxb/VOY/eqVHYr7hj8L/EmpMwmqF2VPvxOItIIYxIKrG17rqYgA0NSKBwW/dSiBtGHHrZzGkOENsjGPw/5dmqBEq7RcKn4WMTvGxlE1g6iMJ+MgK7tb28k/ue1U+oeBJmMdUoYi1EQSYXjICuMzMtA3pEGiWD0OXIZcwEGiNBIDkLkYpq38+MoKBVkd4Nh3pH3u5G/pLFX8aqVw/Nq+fhk0tY822RbbId5bJ8dszNWY3UmmGYP7JE9OffOs/PivH6NFpzJzgb7AeftE6a/nlA=</latexit>

infinite path T = (V,!)

<latexit sha1_base64="qugUDJDRM1uI3K+JBXBqMCi8TF0=">AAACD3icbVDLSgNBEJz1GeMr6tHLYBAUJOxKQD0IQS8eIyRRSRbpnXR0yOyDmV4xLPkI8arf4U28+gl+hn/g7roHNdapqOruasqLlDRk2x/W1PTM7Nx8aaG8uLS8slpZW++YMNYC2yJUob70wKCSAbZJksLLSCP4nsILb3ia+Rd3qI0MgxaNInR9uAnkQAqgVLpqHe909noU7l5XqnbNzsEniVOQKivQvK589vqhiH0MSCgwpuvYEbkJaJJC4bjciw1GIIZwg92UBuCjcZP84THfjg1QyCPUXCqei/hzIwHfmJHvpZM+0K3562Xif143psGhm8ggigkDkQWRVJgHGaFl2gTyvtRIBNnnyGXABWggQi05CJGKcVrNr6OglJvcj8ZpR87fRiZJZ7/m1GtH5/Vq46Roq8Q22RbbYQ47YA12xpqszQTz2SN7Ys/Wg/VivVpv36NTVrGzwX7Bev8C5WWczw==</latexit>

⇡ : N ! V

<latexit sha1_base64="kkpPPJtl8kgnniV82HP9NqNY8YQ=">AAACG3icbVC7TsNAEDyHV3gbUtKciJCoIhsh8agiaKgQSCQgxVa0vixwyvmhuzXCsvIpiBa+gw7RUvAZ/AG2SUGArUYzuzujCRIlDTnOh1Wbmp6ZnavPLywuLa+s2mvrXROnWmBHxCrWVwEYVDLCDklSeJVohDBQeBkMj0v98g61kXF0QVmCfgg3kbyWAqig+nbDS+ShFwLdBkF+OvIo5t2+3XRaTjX8L3DHoMnGc9a3P71BLNIQIxIKjOm5TkJ+DpqkUDha8FKDCYgh3GCvgBGEaPy8Cj/iW6mBwjVBzaXiFYk/L3IIjcnCoNgsY5rfWkn+p/VSut73cxklKWEkSiOSCisjI7QsWkE+kBqJoEyOXEZcgAYi1JKDEAWZFjVNPAWl/Pw+GxUdub8b+Qu6Oy13t3VwvttsH43bqrMNtsm2mcv2WJudsDPWYYJl7JE9sWfrwXqxXq2379WaNb5psImx3r8Ahkmh9Q==</latexit>

(⇡ = v0v1 · · · )

<latexit sha1_base64="yQ+MQLVtvOLnc68tmMeKG4sEaEw=">AAACGnicbVDLTgJBEJzFF+IL8ehlIjHRC9k1JOrBhOjFIyYCJrDZ9A4NTph9ZKaXQDb8ifGq3+HNePXiZ/gHLshB0TpVqrq7OuXHShqy7Q8rt7S8srqWXy9sbG5t7xR3S00TJVpgQ0Qq0nc+GFQyxAZJUngXa4TAV9jyB1dTvzVEbWQU3tI4RjeAfih7UgBlklcsHXVieTH07KHndEQ3InPsFct2xZ6B/yXOnJTZHHWv+NnpRiIJMCShwJi2Y8fkpqBJCoWTQicxGIMYQB/bGQ0hQOOms98n/DAxQBGPUXOp+EzEnxspBMaMAz+bDIDuzaI3Ff/z2gn1ztxUhnFCGIppEEmFsyAjtMxKQd6VGolg+jlyGXIBGohQSw5CZGKStfTrKCjlpqPxJOvIWWzkL2meVJxq5fymWq5dztvKs312wI6Yw05ZjV2zOmswwUbskT2xZ+vBerFerbfv0Zw139ljv2C9fwHPG6D+</latexit>

such that 8k 2 N. vk ! vk+1

<latexit sha1_base64="W1fgw7/rWjhifFJLOHn2LEKQcUI="></latexit>

⇡ = v0v1 · · ·

<latexit sha1_base64="yepUNcdZhaPmCIQqEoNet0LLHLg=">AAACGHicbVDLSgNBEJyNrxhfqx69DAbBU9iVgHoQgl48RjAPSJald9LGIbMPZnqDYcmPiFf9Dm/i1Zuf4R+4iTkYY52Kqu6upoJESUOO82kVlpZXVteK66WNza3tHXt3r2niVAtsiFjFuh2AQSUjbJAkhe1EI4SBwlYwuJr4rSFqI+PolkYJeiH0I3knBVAu+bbdTeTF0HeGvtsVvZiMb5edijMFXyTujJTZDHXf/ur2YpGGGJFQYEzHdRLyMtAkhcJxqZsaTEAMoI+dnEYQovGy6edjfpQaoJgnqLlUfCri740MQmNGYZBPhkD35q83Ef/zOindnXmZjJKUMBKTIJIKp0FGaJlXgrwnNRLB5HPkMuICNBChlhyEyMU072juKCjlZQ+jcd6R+7eRRdI8qbjVyvlNtVy7nLVVZAfskB0zl52yGrtmddZggg3ZE3tmL9aj9Wq9We8/owVrtrPP5mB9fAP3WaCZ</latexit>

⇡k = vkvk+1 · · ·

<latexit sha1_base64="gIfP5dWg0e9qPEQfwQOxwvxs1BQ=">AAACHnicbVDLSgNBEJz1GeMrKnjxMhgEQQi7IqgHQfTiMYJ5QLIuvZNOHHb2wUxvMKz5F/Gq3+FNvOpn+AduYg6+6lRUdXc15SdKGrLtd2tqemZ2br6wUFxcWl5ZLa2t102caoE1EatYN30wqGSENZKksJlohNBX2PCD85Hf6KM2Mo6uaJCgG0Ivkl0pgHLJK222E3kdnPS9oO9lwZ4zbItOTMYrle2KPQb/S5wJKbMJql7po92JRRpiREKBMS3HTsjNQJMUCofFdmowARFAD1s5jSBE42bj/4d8JzVAMU9Qc6n4WMTvGxmExgxCP58MgW7Mb28k/ue1UuoeuZmMkpQwEqMgkgrHQUZomReDvCM1EsHoc+Qy4gI0EKGWHITIxTRv6sdRUMrNbgfDvCPndyN/SX2/4hxUji8Pyqdnk7YKbItts13msEN2yi5YldWYYHfsgT2yJ+veerZerNev0SlrsrPBfsB6+wQ5n6Nn</latexit>

⇡ : N ! V

<latexit sha1_base64="kkpPPJtl8kgnniV82HP9NqNY8YQ=">AAACG3icbVC7TsNAEDyHV3gbUtKciJCoIhsh8agiaKgQSCQgxVa0vixwyvmhuzXCsvIpiBa+gw7RUvAZ/AG2SUGArUYzuzujCRIlDTnOh1Wbmp6ZnavPLywuLa+s2mvrXROnWmBHxCrWVwEYVDLCDklSeJVohDBQeBkMj0v98g61kXF0QVmCfgg3kbyWAqig+nbDS+ShFwLdBkF+OvIo5t2+3XRaTjX8L3DHoMnGc9a3P71BLNIQIxIKjOm5TkJ+DpqkUDha8FKDCYgh3GCvgBGEaPy8Cj/iW6mBwjVBzaXiFYk/L3IIjcnCoNgsY5rfWkn+p/VSut73cxklKWEkSiOSCisjI7QsWkE+kBqJoEyOXEZcgAYi1JKDEAWZFjVNPAWl/Pw+GxUdub8b+Qu6Oy13t3VwvttsH43bqrMNtsm2mcv2WJudsDPWYYJl7JE9sWfrwXqxXq2379WaNb5psImx3r8Ahkmh9Q==</latexit>

⇡k : N ! V

<latexit sha1_base64="Ir0Lh2SOl7puqM3RCeTzHsmpHlo=">AAACHXicbVDLSgNBEJz1GeMrKp68DAbBU9iVgI9T0IsniWAekF1D79iJQ2YfzPSKYcm3iFf9Dm/iVfwM/8DdmINR+1RUdXcV5cdKGrLtD2tmdm5+YbGwVFxeWV1bL21sNk2UaIENEalIt30wqGSIDZKksB1rhMBX2PIHZ7neukNtZBRe0TBGL4B+KHtSAGVUt7TtxvJ6cOIGQLe+n16MXIp4s1sq2xV7PPwvcCagzCZT75Y+3ZtIJAGGJBQY03HsmLwUNEmhcFR0E4MxiAH0sZPBEAI0XjqOP+J7iYHMNUbNpeJjEn9epBAYMwz8bDOPaX5rOfmf1kmod+SlMowTwlDkRiQVjo2M0DLrBfmN1EgEeXLkMuQCNBChlhyEyMgkK2rqKSjlpffDUdaR87uRv6B5UHGqlePLarl2OmmrwHbYLttnDjtkNXbO6qzBBEvZI3tiz9aD9WK9Wm/fqzPW5GaLTY31/gUpSKLS</latexit>

⇡k(i) = ⇡(k + i)

<latexit sha1_base64="OHlEO3fcDkNDCrgAJs06WCQIdcE=">AAACGXicbVDLSgNBEJz1/TbRo5fBIESEsCsB9SAEvXhUMBpI1tA7ttpk9sFMrxqWfIl41e/wJl49+Rn+gZuYgxrrVFR1dzUVJJosu+6HMzY+MTk1PTM7N7+wuLRcKK6c2Tg1Cusq1rFpBGBRU4R1JtbYSAxCGGg8DzqHff/8Fo2lODrlboJ+CNcRXZECzqV2odhK6KJTps39nJQ7W7TZLpTcijuAHCXekJTEEMftwmfrMlZpiBErDdY2PTdhPwPDpDT25lqpxQRUB66xmdMIQrR+Nni9JzdSCxzLBI0kLQci/tzIILS2Gwb5ZAh8Y/96ffE/r5ny1a6fUZSkjJHqBzFpHARZZSjvBOUlGWSG/ucoKZIKDDCjIQlK5WKal/TrKGjtZ/fdXt6R97eRUXK2XfGqlb2Taql2MGxrRqyJdVEWntgRNXEkjkVdKHEnHsWTeHYenBfn1Xn7Hh1zhjur4hec9y9VB6An</latexit>
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CTL*: satisfaction

S,⇡ |=  

<latexit sha1_base64="VvT8L6mEc70yRBL5py+TxidsjWE=">AAACInicbVBNS8NAFNz4bf1K9ehlsQgepCRSUG9FLx4VrRaaUl62T13cJMvui1pKf4o30f/iTTwJ/hJPpjGItc5pmHmPGSbUSlryvHdnYnJqemZ2br60sLi0vOKWV89tkhqBDZGoxDRDsKhkjA2SpLCpDUIUKrwIbw6H/sUtGiuT+Ix6GtsRXMXyUgqgTOq45dPtQMsgSrqoLA+0lR234lW9HHyc+AWpsALHHfcz6CYijTAmocDalu9pavfBkBQKB6UgtahB3MAVtjIaQ4S23c+rD/hmaoESrtFwqXgu4u+PPkTW9qIwu4yAru1fbyj+57VSutxr92WsU8JYDINIKsyDrDAy2wR5VxokgmFz5DLmAgwQoZEchMjENBtpJFAB4X1W5ycxG8v/O804Od+p+rXq/kmtUj8oZptj62yDbTGf7bI6O2LHrMEEu2MP7Ik9O4/Oi/PqvH2fTjjFzxobgfPxBWy3pEA=</latexit>

branching structure

CTL* formulainfinite path
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S,⇡ |= tt

<latexit sha1_base64="VNhUnbBd4+ly4uuxrNCZzkrPyeM=">AAACKXicbVDLSgNBEJyN7/ha9SJ4GQyCBwm7ElBvohePEU0MZEPonXTikNkHM71iWOLXeBP9F2/q1b/w5G4MotE+FVXdVHX5sZKGHOfVKkxNz8zOzS8UF5eWV1bttfW6iRItsCYiFemGDwaVDLFGkhQ2Yo0Q+Aqv/P5prl/doDYyCi9pEGMrgF4ou1IAZVTb3rzY82LpBVEHleFeAHTtd1OiYdsuOWVnNPwvcMegxMZTbdsfXi cSSYAhCQXGNF0nplYKmqRQOCx6icEYRB962MxgCAGaVjr6YMh3EgMU8Rg1l4qPSPx5kUJgzCDws808opnUcvI/rZlQ97CVyjBOCEORG5FUODIyQsusGuQdqZEI8uTIZcgFaCBCLTkIkZFJ1tUvQwWEt1mcb8esLHeymr+gvl92K+Wj80rp+GRc2zzbYttsl7nsgB2zM1ZlNSbYHbtnj+zJerCerRfr7Wu1YI1vNtivsd4/AbU1p4w=</latexit>

S,⇡ |= ¬ 

<latexit sha1_base64="2OQNSDoRsz0bz+CcZ66bVVlXeYg=">AAACJnicbVA9SwNBFNzz2/gVFSubxSBYSLgTQe2CNpaKJhFyIbzbvMTFvb1l950oR36Mneh/sROx83dYeYlBNHGqYeY9ZpjIKOnI99+9icmp6ZnZufnCwuLS8kpxda3mktQKrIpEJfYqAodKaqySJIVXxiLEkcJ6dHPS9+u3aJ1M9CXdG2zG0NWyIwVQLrWKGxe7oZFhnLRROR5q7IbGyVax5Jf9Afg4CYakxIY4axU/w3Yi0h g1CQXONQLfUDMDS1Io7BXC1KEBcQNdbORUQ4yumQ3q9/h26oASbtByqfhAxN8fGcTO3cdRfhkDXbtRry/+5zVS6hw2M6lNSqhFP4ikwkGQE1bmuyBvS4tE0G+OXGouwAIRWslBiFxM86H+BCogvMvr/CTmYwWj04yT2l452C8fne+XKsfD2ebYJttiOyxgB6zCTtkZqzLBMvbAntiz9+i9eK/e2/fphDf8WWd/4H18AcRhpf4=</latexit>

i↵ S,⇡ 6|=  

<latexit sha1_base64="mRrS+8abFaxa+JeoXHZK5ZPHCC4="></latexit>

S,⇡ |=  0 ^  1

<latexit sha1_base64="bhR5P63SPg9nHVRyzG0qKyppUvI=">AAACMXicbVDLSgNBEJz1GeMr6tHLYBA8SNiVgHoLevEY0TwgG0LvpI2Ds7vDTK8aQq5+jTfRf8lNvPoHntw8EGOsU01VN9VTgVbSkusOnLn5hcWl5cxKdnVtfWMzt7VdtXFiBFZErGJTD8CikhFWSJLCujYIYaCwFtydD/3aPRor4+iauhqbIXQieSMFUCq1cvzq0NfSD+M2Kst9bWXL9R+w3cHxw2vl8m7BHYHPEm9C8myCci v35bdjkYQYkVBgbcNzNTV7YEgKhf2sn1jUIO6gg42URhCibfZGP+nz/cQCxVyj4VLxkYi/N3oQWtsNg3QyBLq1f72h+J/XSOjmpNmTkU4IIzEMIqlwFGSFkWlFyNvSIBEML0cuIy7AABEayUGIVEzSzqYCFRA+puf8JKZleX+rmSXVo4JXLJxeFvOls0ltGbbL9tgB89gxK7ELVmYVJtgTe2av7M15cQbOu/MxHp1zJjs7bArO5zcCcKol</latexit>

i↵ S,⇡ |=  0 and S,⇡ |=  1

<latexit sha1_base64="gNKCvKkN9EI/2S1xES/mT13k4B8="></latexit>

S,⇡ |=  0 _  1

<latexit sha1_base64="4BYQtRTwGMX2MEiRK9VZlw7cmro=">AAACL3icbVDLSgNBEJz1bXxFPQoyGAQPEnZFUG+iF48RzQOyS+iddOLg7O4w0ytK8ObXeBP9F/EiXv0FT242QUy0TkVVN9VdoVbSkuu+OROTU9Mzs3PzhYXFpeWV4upazSapEVgViUpMIwSLSsZYJUkKG9ogRKHCenh92vfrN2isTOJLutMYRNCNZUcKoExqFTcvdn0t/Shpo7Lc11a2XP8GcUC9VrHklt0c/C/xhqTEhqi0il 9+OxFphDEJBdY2PVdT0ANDUii8L/ipRQ3iGrrYzGgMEdqgl/9xz7dTC5RwjYZLxXMRf2/0ILL2LgqzyQjoyo57ffE/r5lS5zDoyVinhLHoB5FUmAdZYWRWEPK2NEgE/cuRy5gLMECERnIQIhPTrLGRQAWEt9k5P4lZWd54NX9Jba/s7ZePzvdLxyfD2ubYBttiO8xjB+yYnbEKqzLBHtgje2YvzpPz6rw7H4PRCWe4s85G4Hx+A0trqUU=</latexit>

i↵ S,⇡ |=  0 or S,⇡ |=  1

<latexit sha1_base64="CPvpw/hVJ3aIrUknEHHWYLz7xxA="></latexit>

S,⇡ |= p

<latexit sha1_base64="WuOv5bSNxYLvMaBd450+Ko6ZtaM=">AAACHXicbVBNSwJRFH1jX2ZfVss2jyRoETITQrWT2rQ0yg9QkzvPqz18M/N4704k4v9oF/Vf2kXb6K+0ajSJ1M7qcM69nMPxtZKWXPfTSS0sLi2vpFcza+sbm1vZ7Z2KjWIjsCwiFZmaDxaVDLFMkhTWtEEIfIVVv3cx8qv3aKyMwhvqa2wG0A1lRwqgRLq9Pmpo2QiiNirLdSubc/PuGHyeeBOSYxOUWtmvRjsScYAhCQXW1j 1XU3MAhqRQOMw0YosaRA+6WE9oCAHa5mDcesgPYgsUcY2GS8XHIv79GEBgbT/wk8sA6M7OeiPxP68eU+e0OZChjglDMQoiqXAcZIWRyRzI29IgEYyaI5chF2CACI3kIEQixsk+U4EKCB+SOr+JyVje7DTzpHKc9wr5s6tCrng+mS3N9tg+O2QeO2FFdslKrMwEM+yRPbMX58l5dd6c95/TlDP52WVTcD6+AWYkork=</latexit>

i↵ ⇡(0) 2 S(p)

<latexit sha1_base64="IQCeY7A5SrDP/ETsz0B699DjemI=">AAACL3icbVDLSgNBEJz1/TbqUZDBICSXsCuCehO9eFQ0KmRD6J306uDs7jDTK8qSm1/jTfRfxIt49Rc8OYlBjLFORVU31V2RVtKS7796I6Nj4xOTU9Mzs3PzC4ulpeUzm+VGYF1kKjMXEVhUMsU6SVJ4oQ1CEik8j64Puv75DRors/SU7jQ2E7hMZSwFkJNapbUwibLbIrQxl3HcCXmoZcWvhjLlJxVdbZXKfs3vgQ+ToE/KrI+jVukzbGciTzAlocDaRuBrahZgSAqFnZkwt6hBXMMlNhxNIUHbLHp/dPhGboEyrtFwqXhPxN8bBSTW3iWRm0yAruxfryv+5zVyineahUx1TpiKbhBJhb0gK4x0BSFvS4NE0L0cuXtfgAEiNJKDEE7MXWMDgQoIb905P4murOBvNcPkbLMWbNV2j7fKe/v92qbYKltnFRawbbbHDtkRqzPB7tkDe2LP3qP34r1579+jI15/Z4UNwPv4AiQ4qJM=</latexit>

S,⇡ |= O 

<latexit sha1_base64="I/AbY8cWuVNzh0mkaHbQiEjzjcU=">AAACLHicbVDLSgNBEJz1/Tbq0ctgEDxI2BVBvYlevKloHpANoXfSiUNmd4eZXlGWHPwab6L/4kXEqx/hyc0axCT2qajqpqor0Epact03Z2Jyanpmdm5+YXFpeWW1sLZesXFiBJZFrGJTC8CikhGWSZLCmjYIYaCwGnRP+3r1Fo2VcXRN9xobIXQi2ZYCKKOahc2rXV9LP4xbqCz3Q6Ab207Pe762slkouiU3Hz4OvAEossFcNA tffisWSYgRCQXW1j1XUyMFQ1Io7C34iUUNogsdrGcwghBtI82f6PHtxALFXKPhUvGcxL8XKYTW3odBtpmnHNX65H9aPaH2YSOVkU4II9E3IqkwN7LCyKwd5C1pkAj6yZHLiAswQIRGchAiI5OsriFDBYR3WZxfx6wsb7SacVDZK3n7paPL/eLxyaC2ObbJttgO89gBO2Zn7IKVmWAP7JE9sxfnyXl13p2Pn9UJZ3CzwYbG+fwGI/yoyg==</latexit>

i↵ S,⇡1 |=  

<latexit sha1_base64="rYh0GvD7Qetg1EYfY70yPPBzNwU="></latexit>

S,⇡ |= F 

<latexit sha1_base64="I1nHamaXDBQ35XOK6jm8bHQ5BQY=">AAACLHicbVDLSgNBEJz1/Tbq0ctgEDxI2BVBvYmCeFQ0D8iG0DvpxCGzu8NMryhLDn6NN9F/8SLi1Y/w5GYNYhL7VFR1U9UVaCUtue6bMzE5NT0zOze/sLi0vLJaWFuv2DgxAssiVrGpBWBRyQjLJElhTRuEMFBYDbqnfb16i8bKOLqme42NEDqRbEsBlFHNwubVrq+lH8YtVJb7IdCNbadnPV9b2SwU3ZKbDx8H3gAU2WAumo UvvxWLJMSIhAJr656rqZGCISkU9hb8xKIG0YUO1jMYQYi2keZP9Ph2YoFirtFwqXhO4t+LFEJr78Mg28xTjmp98j+tnlD7sJHKSCeEkegbkVSYG1lhZNYO8pY0SAT95MhlxAUYIEIjOQiRkUlW15ChAsK7LM6vY1aWN1rNOKjslbz90tHlfvH4ZFDbHNtkW2yHeeyAHbNzdsHKTLAH9sie2Yvz5Lw6787Hz+qEM7jZYEPjfH4DFMOowQ==</latexit>

i↵ 9k 2 N. S,⇡k |=  

<latexit sha1_base64="phfYU10OJrLIV5fSyjj61aTv8Hc="></latexit>

S,⇡ |= G 

<latexit sha1_base64="8Bu/19q8cmngRKPmnfSMbSaZ5TA=">AAACLHicbVDLSgNBEJz1/Tbq0ctgEDxI2BVBvYke9KhoHpANoXfSiUNmd4eZXlGWHPwab6L/4kXEqx/hyc0axCT2qajqpqor0Epact03Z2Jyanpmdm5+YXFpeWW1sLZesXFiBJZFrGJTC8CikhGWSZLCmjYIYaCwGnRP+3r1Fo2VcXRN9xobIXQi2ZYCKKOahc2rXV9LP4xbqCz3Q6Ab207Per62slkouiU3Hz4OvAEossFcNA tffisWSYgRCQXW1j1XUyMFQ1Io7C34iUUNogsdrGcwghBtI82f6PHtxALFXKPhUvGcxL8XKYTW3odBtpmnHNX65H9aPaH2YSOVkU4II9E3IqkwN7LCyKwd5C1pkAj6yZHLiAswQIRGchAiI5OsriFDBYR3WZxfx6wsb7SacVDZK3n7paPL/eLxyaC2ObbJttgO89gBO2bn7IKVmWAP7JE9sxfnyXl13p2Pn9UJZ3CzwYbG+fwGFnSowg==</latexit>

i↵ 8k 2 N. S,⇡k |=  

<latexit sha1_base64="fG9Nfm4SeyNGdYsXPSLYtbiqgfU="></latexit>

S,⇡ |=  0U 1

<latexit sha1_base64="ocEC0XQqK8hevJ8TSpoek3dNRrs=">AAACNHicbVDLSgNBEJz1bXxFPXoZDIIHCbsSUG9BLx4VjQrZEHonHR2c3R1mesWw5AP8Gm+inyJ4E69+gCcnaxA11qmmuprqqUgracn3n72x8YnJqemZ2dLc/MLiUnl55cymmRHYEKlKzUUEFpVMsEGSFF5ogxBHCs+j64PB/PwGjZVpcko9ja0YLhPZlQLISe1y5WQr1DKM0w4qy0NtZdsPY6Ar280b/eIdOJdf9QvwURIMSY UNcdQuf4SdVGQxJiQUWNsMfE2tHAxJobBfCjOLGsQ1XGLT0QRitK28+Eyfb2QWKOUaDZeKFyL+3MghtrYXR85Z3Pl3NhD/mzUz6u62cpnojDARgyCSCosgK4x0LSHvSINEMLgcuUy4AANEaCQHIZyYudp+BSogvHXnfCe6soK/1YySs+1qUKvuHdcq9f1hbTNsja2zTRawHVZnh+yINZhgd+yePbIn78F78V69ty/rmDfcWWW/4L1/AlmNq+c=</latexit>

S,⇡ |= E 

<latexit sha1_base64="Pjy3PqDzCJo4LfUcZEnwyNsFmuc=">AAACLHicbVDLSgNBEJz1/Tbq0ctgEDxI2BVBvYkieFQ0D8iG0DvpxCGzu8NMryhLDn6NN9F/8SLi1Y/w5GYNYhL7VFR1U9UVaCUtue6bMzE5NT0zOze/sLi0vLJaWFuv2DgxAssiVrGpBWBRyQjLJElhTRuEMFBYDbqnfb16i8bKOLqme42NEDqRbEsBlFHNwubVrq+lH8YtVJb7IdCNbadnPV9b2SwU3ZKbDx8H3gAU2WAumo UvvxWLJMSIhAJr656rqZGCISkU9hb8xKIG0YUO1jMYQYi2keZP9Ph2YoFirtFwqXhO4t+LFEJr78Mg28xTjmp98j+tnlD7sJHKSCeEkegbkVSYG1lhZNYO8pY0SAT95MhlxAUYIEIjOQiRkUlW15ChAsK7LM6vY1aWN1rNOKjslbz90tHlfvH4ZFDbHNtkW2yHeeyAHbNzdsHKTLAH9sie2Yvz5Lw6787Hz+qEM7jZYEPjfH4DExKowA==</latexit>

i↵ 9⇡0. ⇡0(0) = ⇡(0) and S,⇡0 |=  

<latexit sha1_base64="BGQOJSY5/FedOWRyopIpgM7jX+4="></latexit>

S,⇡ |= A 

<latexit sha1_base64="YCi76zvzI863IBXwdPZJMUScQqc=">AAACLHicbVDLSgNBEJz1/Tbq0ctgEDxI2BVBvfm4eFQ0D8iG0DvpxCGzu8NMryhLDn6NN9F/8SLi1Y/w5GYNYhL7VFR1U9UVaCUtue6bMzE5NT0zOze/sLi0vLJaWFuv2DgxAssiVrGpBWBRyQjLJElhTRuEMFBYDbpnfb16i8bKOLqme42NEDqRbEsBlFHNwubVrq+lH8YtVJb7IdCNbacnPV9b2SwU3ZKbDx8H3gAU2WAumo UvvxWLJMSIhAJr656rqZGCISkU9hb8xKIG0YUO1jMYQYi2keZP9Ph2YoFirtFwqXhO4t+LFEJr78Mg28xTjmp98j+tnlD7sJHKSCeEkegbkVSYG1lhZNYO8pY0SAT95MhlxAUYIEIjOQiRkUlW15ChAsK7LM6vY1aWN1rNOKjslbz90tHlfvH4dFDbHNtkW2yHeeyAHbNzdsHKTLAH9sie2Yvz5Lw6787Hz+qEM7jZYEPjfH4DDE6ovA==</latexit>

i↵ 8⇡0. ⇡0(0) = ⇡(0) implies S,⇡0 |=  

<latexit sha1_base64="wAuAmU0qrRtZ/yX3i8O1yDx5MA4="></latexit>

state ops

path ops

i↵ 9k 2 N. S,⇡k |=  1 and 8i < k. S,⇡i |=  0

<latexit sha1_base64="KH2qkCbA67ezoOJ8dFYxTN3dNHs="></latexit>

CTL*: satisfaction
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CTL*: equivalent formulas
 0 ⌘  1 i↵ 8S. 8⇡. S,⇡ |=  0 , S,⇡ |=  1

<latexit sha1_base64="rHl0l7mMDdhnvh6XbcU6PzJ7YDo="></latexit>

A  ⌘ ¬(E ¬ )

<latexit sha1_base64="DBZWznt1+U4P31V3dZl88XHH5X8="></latexit>

LTL formulas as CTL* ones

 

<latexit sha1_base64="6xW2ZKMFSPrYgxVp7R1YFHe2/l4=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIREtBF0FAGiTykxIrOl01yyvl8ulsjIiu/QAsVHaLldyj4F2zjAhKmGs3samcn0FJYdN1Pp7Syura+Ud6sbG3v7O5V9w/aNooNhxaPZGS6AbMghYIWCpTQ1QZYGEjoBNObzO88gLEiUvc40+CHbKzESHCGmdTXVgyqNbfu5qDLxCtIjRRoDqpf/WHE4xAUcsms7XmuRj9hBgWXMK/0Ywua8SkbQy+lioVg/STPOqcnsWUYUQ2GCklzEX5vJCy0dhYG6WTIcGIXvUz8z+vFOLr0E6F0jKB4dgiFhPyQ5UakJQAdCgOILEsOVCjKmWGIYARlnKdinLZSSfvwFr9fJu2zundev7o7rzWui2bK5Igck1PikQvSILekSVqEkwl5Is/kxXl0Xp035/1ntOQUO4fkD5yPb9WRkts=</latexit>

A  

<latexit sha1_base64="DnZh1ggaG0NgGOE2p4xQPaixO7w=">AAACA3icbVC7TsNAEDyHVwiPGChpTkRIVJGNkIAuQEMZJPKQYis6XzbhlPNDd3tIkRU6voIWKjpEy4dQ8C84xgUkTDWa2dXOTpBIodFxPq3S0vLK6lp5vbKxubVdtXd22zo2ikOLxzJW3YBpkCKCFgqU0E0UsDCQ0AnGVzO/cw9Kizi6xUkCfshGkRgKzjCT+nbVCxne6WF6MX3wEi36ds2pOznoInELUiMFmn37yxvE3IQQIZdM657rJOinTKHgEqYVz2hIGB+zEfQyGrEQtJ/mwaf00GiGMU1AUSFpLsLvjZSFWk/CIJvMY857M/E/r2dweOanIkoMQsRnh1BIyA9prkTWCNCBUIDIZsmBiohyphgiKEEZ55losooqWR/u/PeLpH1cd0/q5zcntcZl0UyZ7JMDckRcckoa5Jo0SYtwYsgTeSYv1qP1ar1Z7z+jJavY2SN/YH18AzSgmBA=</latexit>

A A  ⌘ A  

<latexit sha1_base64="DLFKiKzo0dS12sPEQUovFMT2ZVA=">AAACQnicbVDLSgNBEJyN7/ha9ehlMAiewq4I6i3qxaOC0UASQu+kE4fMPpzpDYYl/oZf4030G/wFb+JNPLhZg+Rhn4qqbqq6vEhJQ47zZuVmZufmFxaX8ssrq2vr9sbmtQljLbAsQhXqigcGlQywTJIUViKN4HsKb7zO2UC/6aI2MgyuqBdh3Yd2IFtSAKVUw3ZrPtCtaSUn/YdRGBmZr+FdLLv5CbphF5yikw2fBu4QFNhwLhr2V60ZitjHgIQCY6quE1E9AU1SKOzna7HBCEQH2lhNYQA+mnqSvdbnu7EBCnmEmkvFMxJHLxLwjen5XrqZxZzUBuR/WjWm1lE9kUEUEwZiYERSYWZkhJZpZ8ibUiMRDJIjlwEXoIEIteQgRErGaYljhgoI79M4f45pWe5kNdPger/oHhSPLw8KpdNhbYtsm+2wPeayQ1Zi5+yClZlgj+yJvbBX69l6tz6sz9/VnDW82WJjY33/AAaIstA=</latexit>

A E  ⌘ E  

<latexit sha1_base64="Um5JNS5pEaRtlMbsR3dU5tknjwI=">AAACQnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6iIniMYFRIQugdOzpk9uFMbzAs8Tf8Gm+i3+AveBNv4sHJGkWjfSqquqnq8mMlDbnuk5MbG5+YnMpPF2Zm5+YXiotLJyZKtMCaiFSkz3wwqGSINZKk8CzWCIGv8NTv7A/00y5qI6PwmHoxNgO4CGVbCiBLtYpeIwC6NO10t3/zBQ8sjI0sNPAqkd3CCN0qltyymw3/C7whKLHhVFvFt8Z5JJIAQxIKjKl7bkzNFDRJobBfaCQGYxAduMC6hSEEaJpp9lqfryUGKOIxai4Vz0j8eZFCYEwv8O1mFnNUG5D/afWE2tvNVIZxQhiKgRFJhZmREVrazpCfS41EMEiOXIZcgAYi1JKDEJZMbIm/DBUQXts43462LG+0mr/gZKPsbZZ3jjZLlb1hbXm2wlbZOvPYFquwQ1ZlNSbYLbtjD+zRuXeenRfn9XM15wxvltmvcd4/ABR0stg=</latexit>
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Examples
analogous to HML formula

p holds at any reachable state

p holds at some reachable state

on every path there is a state where p holds

there is a path where p holds until q

E O  

<latexit sha1_base64="x+baRb4UNYA2YzO0K6pZu2AlDcA=">AAACK3icbVDLSgNBEJz1GeNr1ZteBoPgKexKQL2JIngzgolCEkLv2NHB2QczvaIsEb/Gm+i/eFK8+hOenKxRNLFPRVU3VV1BoqQhz3txRkbHxicmC1PF6ZnZuXl3YbFu4lQLrIlYxfo0AINKRlgjSQpPE40QBgpPgsu9nn5yhdrIODqmmwRbIZxHsiMFkKXa7nIzBLownWy/e/sNDy1MjGy7Ja/s5cOHgd8HJdafatv9aJ7FIg0xIqHAmIbvJdTKQJMUCrvFZmowAXEJ59iwMIIQTSvLf+jytdQAxTxBzaXiOYm/LzIIjbkJA7uZxxzUeuR/WiOlzlYrk1GSEkaiZ0RSYW5khJa2HORnUiMR9JIjlxEXoIEIteQghCVT29YfQwWE1zbOj6Mtyx+sZhjUN8p+pbx9VCnt7PZrK7AVtsrWmc822Q47YFVWY4LdsXv2yJ6cB+fZeXXevlZHnP7NEvszzvsnqZypJA==</latexit>

3 

<latexit sha1_base64="r3l3eab1m2qBsia3ZvAt5uWODcQ=">AAACHHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CevAYwTwgWULvpBOHzM6uM71iCPkOb6L/4k28Cv6KJzcxiEmsU1HVTRUVxEpact1PJ7OwuLS8kl3Nra1vbG7lt3eqNkqMwIqIVGTqAVhUUmOFJCmsxwYhDBTWgt7FyK/do7Ey0jfUj9EPoatlRwqgVPKblxLCSLd5M7aylS+4RXcMPk+8CSmwCcqt/FezHYkkRE1CgbUNz43JH4AhKRQOc83EYgyiB11spFRDiNYfjEsP+UFigSIeo+FS8bGIfz8GEFrbD4P0MgS6tbPeSPzPayTUOfUHUscJoRajIJIKx0FWGJmugbwtDRLBqDlyqbkAA0RoJAchUjFJ55kKVED4kNb5TUzH8manmSfVo6J3XDy7Pi6UziezZdke22eHzGMnrMSuWJlVmGB37JE9sxfnyXl13pz3n9OMM/nZZVNwPr4By02iaw==</latexit>

A G p

<latexit sha1_base64="b95VeNkPaXTwMIQMs8wxMK6tV4s=">AAACKnicbVDLSgNBEJyNrxhfUU/iZTAInsKuBNRb1IMeFYwKyRJ6Jx0dnH0w0yuGJfFrvIn+izfx6ld4cncNQRP7VFR1U9XlRUoasu13qzA1PTM7V5wvLSwuLa+UV9cuTRhrgQ0RqlBfe2BQyQAbJEnhdaQRfE/hlXd3nOlX96iNDIML6kXo+nATyK4UQCnVLm/wlg90a7rJYX8wwif9QdQuV+yqnQ+fBM4QVNhwztrlr1YnFLGPAQkFxjQdOyI3AU1SKOyXWrHBCMQd3GAzhQH4aNwkf6HPt2MDFPIINZeK5yT+vkjAN6bne+lmnnFcy8j/tGZM3X03kUEUEwYiMyKpMDcyQsu0G+QdqZEIsuTIZcAFaCBCLTkIkZJxWtYfQwWED2mckWNaljNezSS43K06terBea1SPxrWVmSbbIvtMIftsTo7ZWeswQR7ZE/shb1az9ab9W59/KwWrOHNOvsz1uc3vBioFg==</latexit>

E F p

<latexit sha1_base64="pLn6p52hX5FwySoM5NdOPuT0TnQ=">AAACKnicbVDLSgNBEJyNrxhfUU/iZTAInsKuBNRbUBSPCkaFZAm9k44Ozj6Y6RXDkvg13kT/xZt49Ss8ubuGoIl9Kqq6qeryIiUN2fa7VZianpmdK86XFhaXllfKq2uXJoy1wIYIVaivPTCoZIANkqTwOtIIvqfwyrs7yvSre9RGhsEF9SJ0fbgJZFcKoJRqlzd4ywe6Nd3kuD8Y4ZP+IGqXK3bVzodPAmcIKmw4Z+3yV6sTitjHgIQCY5qOHZGbgCYpFPZLrdhgBOIObrCZwgB8NG6Sv9Dn27EBCnmEmkvFcxJ/XyTgG9PzvXQzzziuZeR/WjOm7r6byCCKCQORGZFUmBsZoWXaDfKO1EgEWXLkMuACNBChlhyESMk4LeuPoQLChzTOyDEtyxmvZhJc7ladWvXgvFapHw5rK7JNtsV2mMP2WJ2dsjPWYII9sif2wl6tZ+vNerc+flYL1vBmnf0Z6/MbwVWoGQ==</latexit>

A F p

<latexit sha1_base64="zJ5G5udkWVnFplN/cUXWGuOUWh8=">AAACKnicbVDLSgNBEJyNrxhfUU/iZTAInsKuBNRbVBCPCkaFZAm9k44Ozj6Y6RXDkvg13kT/xZt49Ss8ubuGoIl9Kqq6qeryIiUN2fa7VZianpmdK86XFhaXllfKq2uXJoy1wIYIVaivPTCoZIANkqTwOtIIvqfwyrs7zvSre9RGhsEF9SJ0fbgJZFcKoJRqlzd4ywe6Nd3ksD8Y4ZP+IGqXK3bVzodPAmcIKmw4Z+3yV6sTitjHgIQCY5qOHZGbgCYpFPZLrdhgBOIObrCZwgB8NG6Sv9Dn27EBCnmEmkvFcxJ/XyTgG9PzvXQzzziuZeR/WjOm7r6byCCKCQORGZFUmBsZoWXaDfKO1EgEWXLkMuACNBChlhyESMk4LeuPoQLChzTOyDEtyxmvZhJc7ladWvXgvFapHw1rK7JNtsV2mMP2WJ2dsjPWYII9sif2wl6tZ+vNerc+flYL1vBmnf0Z6/MbummoFQ==</latexit>

E (p U q)

<latexit sha1_base64="txZUl3FyHShCnK/itKkyqdKa/hg=">AAACLnicbVDLSgNBEJz1bXxFPYowGAS9hF0JqLegCB4VjAkkIfSOHR0y+3CmV5Qlufg13kT/RfAgXv0GT27WJZjEPtVUdVM15YZKGrLtd2ticmp6ZnZuPrewuLS8kl9duzRBpAVWRKACXXPBoJI+VkiSwlqoETxXYdXtHPf16h1qIwP/gh5CbHpw7cu2FEAJ1cpv8oYHdGPa8Um3txP2Bs9Kt3e728oX7KKdDh8HTgYKLJuzVv67cRWIyEOfhAJj6o4dUjMGTVIo7OYakcEQRAeusZ5AHzw0zTj9RpdvRwYo4CFqLhVPSfx7EYNnzIPnJptpyFGtT/6n1SNqHzRj6YcRoS/6RiQVpkZGaJn0g/xKaiSCfnLk0ucCNBChlhyESMgoKWzIUAHhfRJn4JiU5YxWMw4u94pOqXh4XiqUj7La5tgG22I7zGH7rMxO2RmrMMEe2RN7Ya/Ws/VmfVifv6sTVnazzobG+voBr1KpkA==</latexit>
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Example
A G p

<latexit sha1_base64="b95VeNkPaXTwMIQMs8wxMK6tV4s=">AAACKnicbVDLSgNBEJyNrxhfUU/iZTAInsKuBNRb1IMeFYwKyRJ6Jx0dnH0w0yuGJfFrvIn+izfx6ld4cncNQRP7VFR1U9XlRUoasu13qzA1PTM7V5wvLSwuLa+UV9cuTRhrgQ0RqlBfe2BQyQAbJEnhdaQRfE/hlXd3nOlX96iNDIML6kXo+nATyK4UQCnVLm/wlg90a7rJYX8wwif9QdQuV+yqnQ+fBM4QVNhwztrlr1YnFLGPAQkFxjQdOyI3AU1SKOyXWrHBCMQd3GAzhQH4aNwkf6HPt2MDFPIINZeK5yT+vkjAN6bne+lmnnFcy8j/tGZM3X03kUEUEwYiMyKpMDcyQsu0G+QdqZEIsuTIZcAFaCBCLTkIkZJxWtYfQwWED2mckWNaljNezSS43K06terBea1SPxrWVmSbbIvtMIftsTo7ZWeswQR7ZE/shb1az9ab9W59/KwWrOHNOvsz1uc3vBioFg==</latexit>

•
• //

77

•
•

''

//

77

• // •
•

''

77

• // • · · ·
• //

''
• // •
• //

''
•
•

<latexit sha1_base64="LJ9vn/aUIKDSGsdUM37+lCE0uXs="></latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>
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Example
•

• //

77

•
•

''

//

77

• // •
•

''

77

• // • · · ·
• //

''
• // •
• //

''
•
•

<latexit sha1_base64="LJ9vn/aUIKDSGsdUM37+lCE0uXs="></latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

E F p

<latexit sha1_base64="pLn6p52hX5FwySoM5NdOPuT0TnQ=">AAACKnicbVDLSgNBEJyNrxhfUU/iZTAInsKuBNRbUBSPCkaFZAm9k44Ozj6Y6RXDkvg13kT/xZt49Ss8ubuGoIl9Kqq6qeryIiUN2fa7VZianpmdK86XFhaXllfKq2uXJoy1wIYIVaivPTCoZIANkqTwOtIIvqfwyrs7yvSre9RGhsEF9SJ0fbgJZFcKoJRqlzd4ywe6Nd3kuD8Y4ZP+IGqXK3bVzodPAmcIKmw4Z+3yV6sTitjHgIQCY5qOHZGbgCYpFPZLrdhgBOIObrCZwgB8NG6Sv9Dn27EBCnmEmkvFcxJ/XyTgG9PzvXQzzziuZeR/WjOm7r6byCCKCQORGZFUmBsZoWXaDfKO1EgEWXLkMuACNBChlhyESMk4LeuPoQLChzTOyDEtyxmvZhJc7ladWvXgvFapHw5rK7JNtsV2mMP2WJ2dsjPWYII9sif2wl6tZ+vNerc+flYL1vBmnf0Z6/MbwVWoGQ==</latexit>
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•
• //

77

•
•

''

//

77

• // •
•

''

77

• // • · · ·
• //

''
• // •
• //

''
•
•

<latexit sha1_base64="LJ9vn/aUIKDSGsdUM37+lCE0uXs="></latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

A F p

<latexit sha1_base64="zJ5G5udkWVnFplN/cUXWGuOUWh8=">AAACKnicbVDLSgNBEJyNrxhfUU/iZTAInsKuBNRbVBCPCkaFZAm9k44Ozj6Y6RXDkvg13kT/xZt49Ss8ubuGoIl9Kqq6qeryIiUN2fa7VZianpmdK86XFhaXllfKq2uXJoy1wIYIVaivPTCoZIANkqTwOtIIvqfwyrs7zvSre9RGhsEF9SJ0fbgJZFcKoJRqlzd4ywe6Nd3ksD8Y4ZP+IGqXK3bVzodPAmcIKmw4Z+3yV6sTitjHgIQCY5qOHZGbgCYpFPZLrdhgBOIObrCZwgB8NG6Sv9Dn27EBCnmEmkvFcxJ/XyTgG9PzvXQzzziuZeR/WjOm7r6byCCKCQORGZFUmBsZoWXaDfKO1EgEWXLkMuACNBChlhyESMk4LeuPoQLChzTOyDEtyxmvZhJc7ladWvXgvFapHw1rK7JNtsV2mMP2WJ2dsjPWYII9sif2wl6tZ+vNerc+flYL1vBmnf0Z6/MbummoFQ==</latexit>

Example
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•
• //

77

•
•

''

//

77

• // •
•

''

77

• // • · · ·
• //

''
• // •
• //

''
•
•

<latexit sha1_base64="LJ9vn/aUIKDSGsdUM37+lCE0uXs="></latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

p

<latexit sha1_base64="GAJjGi1aULSfBEAmwjHOW+3L4Nk=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXhMwDwgCaF30olDZh/M9Ioh5Au8if6LN/HqH/grntxdFzGJdSqquqmi3FBJQ7b9aeVWVtfWN/Kbha3tnd294v5B0wSRFtgQgQp02wWDSvrYIEkK26FG8FyFLXd8nfite9RGBv4tTULseTDy5VAKoFiqh/1iyS7bKfgycTJSYhlq/eJXdxCIyEOfhAJjOo4dUm8KmqRQOCt0I4MhiDGMsBNTHzw0vWladMZPIgMU8BA1l4qnIv79mIJnzMRz40sP6M4seon4n9eJaHjRm0o/jAh9kQSRVJgGGaFlvADygdRIBElz5NLnAjQQoZYchIjFKJ5kLlAB4UNc5zcxHstZnGaZNM/KTqV8Wa+UqlfZbHl2xI7ZKXPYOauyG1ZjDSYYskf2zF6sJ+vVerPef05zVvZzyOZgfXwDhdOdgw==</latexit>

E (p U q)

<latexit sha1_base64="txZUl3FyHShCnK/itKkyqdKa/hg=">AAACLnicbVDLSgNBEJz1bXxFPYowGAS9hF0JqLegCB4VjAkkIfSOHR0y+3CmV5Qlufg13kT/RfAgXv0GT27WJZjEPtVUdVM15YZKGrLtd2ticmp6ZnZuPrewuLS8kl9duzRBpAVWRKACXXPBoJI+VkiSwlqoETxXYdXtHPf16h1qIwP/gh5CbHpw7cu2FEAJ1cpv8oYHdGPa8Um3txP2Bs9Kt3e728oX7KKdDh8HTgYKLJuzVv67cRWIyEOfhAJj6o4dUjMGTVIo7OYakcEQRAeusZ5AHzw0zTj9RpdvRwYo4CFqLhVPSfx7EYNnzIPnJptpyFGtT/6n1SNqHzRj6YcRoS/6RiQVpkZGaJn0g/xKaiSCfnLk0ucCNBChlhyESMgoKWzIUAHhfRJn4JiU5YxWMw4u94pOqXh4XiqUj7La5tgG22I7zGH7rMxO2RmrMMEe2RN7Ya/Ws/VmfVifv6sTVnazzobG+voBr1KpkA==</latexit>

q

<latexit sha1_base64="DEt4WTqm5YGzOeP8OrQNQ+CmCgI=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CXjwmYB6QLKF30olDZh/O9Ioh5Au8if6LN/HqH/grntysi5jEOhVV3VRRXqSkIdv+tHJLyyura/n1wsbm1vZOcXevYcJYC6yLUIW65YFBJQOskySFrUgj+J7Cpje8mvrNe9RGhsENjSJ0fRgEsi8FUCLV7rrFkl22U/BF4mSkxDJUu8WvTi8UsY8BCQXGtB07IncMmqRQOCl0YoMRiCEMsJ3QAHw07jgtOuFHsQEKeYSaS8VTEf9+jME3ZuR7yaUPdGvmvan4n9eOqX/ujmUQxYSBmAaRVJgGGaFlsgDyntRIBNPmyGXABWggQi05CJGIcTLJTKACwoekzm9iMpYzP80iaZyUndPyRe20VLnMZsuzA3bIjpnDzliFXbMqqzPBkD2yZ/ZiPVmv1pv1/nOas7KffTYD6+Mbh3+dhA==</latexit>

Example
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CTL formulas
each path op (A/E) appears immediately before a linear op
each linear op (O/F/G/U) appears immediately after a path op

E O  

<latexit sha1_base64="x+baRb4UNYA2YzO0K6pZu2AlDcA=">AAACK3icbVDLSgNBEJz1GeNr1ZteBoPgKexKQL2JIngzgolCEkLv2NHB2QczvaIsEb/Gm+i/eFK8+hOenKxRNLFPRVU3VV1BoqQhz3txRkbHxicmC1PF6ZnZuXl3YbFu4lQLrIlYxfo0AINKRlgjSQpPE40QBgpPgsu9nn5yhdrIODqmmwRbIZxHsiMFkKXa7nIzBLownWy/e/sNDy1MjGy7Ja/s5cOHgd8HJdafatv9aJ7FIg0xIqHAmIbvJdTKQJMUCrvFZmowAXEJ59iwMIIQTSvLf+jytdQAxTxBzaXiOYm/LzIIjbkJA7uZxxzUeuR/WiOlzlYrk1GSEkaiZ0RSYW5khJa2HORnUiMR9JIjlxEXoIEIteQghCVT29YfQwWE1zbOj6Mtyx+sZhjUN8p+pbx9VCnt7PZrK7AVtsrWmc822Q47YFVWY4LdsXv2yJ6cB+fZeXXevlZHnP7NEvszzvsnqZypJA==</latexit>

E F  

<latexit sha1_base64="12iF6qOi2alaySZYUitnmSVSLJQ=">AAACK3icbVDLSgNBEJz1GeNr1ZteBoPgKexKQL2JoniMYKKQhNA7dnRw9sFMryhLxK/xJvovnhSv/oQnJ2sUTexTUdVNVVeQKGnI816ckdGx8YnJwlRxemZ2bt5dWKybONUCayJWsT4NwKCSEdZIksLTRCOEgcKT4HKvp59coTYyjo7pJsFWCOeR7EgBZKm2u9wMgS5MJ9vv3n7DAwsTI9tuySt7+fBh4PdBifWn2nY/mmexSEOMSCgwpuF7CbUy0CSFwm6xmRpMQFzCOTYsjCBE08ryH7p8LTVAMU9Qc6l4TuLviwxCY27CwG7mMQe1Hvmf1kips9XKZJSkhJHoGZFUmBsZoaUtB/mZ1EgEveTIZcQFaCBCLTkIYcnUtvXHUAHhtY3z42jL8gerGQb1jbJfKW8fVUo7u/3aCmyFrbJ15rNNtsMOWZXVmGB37J49sifnwXl2Xp23r9URp3+zxP6M8/4JmlqpGw==</latexit>

E G  

<latexit sha1_base64="GEn8dTorLcvwmoxUPGh5J0VyL/A=">AAACK3icbVDLSgNBEJz1GeNr1ZteBoPgKexKQL2JInqMYKKQhNA7dnRw9sFMryhLxK/xJvovnhSv/oQnJ2sUTexTUdVNVVeQKGnI816ckdGx8YnJwlRxemZ2bt5dWKybONUCayJWsT4NwKCSEdZIksLTRCOEgcKT4HKvp59coTYyjo7pJsFWCOeR7EgBZKm2u9wMgS5MJ9vv3n7DAwsTI9tuySt7+fBh4PdBifWn2nY/mmexSEOMSCgwpuF7CbUy0CSFwm6xmRpMQFzCOTYsjCBE08ryH7p8LTVAMU9Qc6l4TuLviwxCY27CwG7mMQe1Hvmf1kips9XKZJSkhJHoGZFUmBsZoaUtB/mZ1EgEveTIZcQFaCBCLTkIYcnUtvXHUAHhtY3z42jL8gerGQb1jbJfKW8fVUo7u/3aCmyFrbJ15rNNtsMOWZXVmGB37J49sifnwXl2Xp23r9URp3+zxP6M8/4JnAypHA==</latexit>

E ( 0 U  1)

<latexit sha1_base64="gvxb6maRGZKmyNpiUmB56PUcKbM=">AAACNnicbVDLSgNBEJz1bXxFPXoZDIF4CbsSUG9BETwqGA0kIfROOnHI7IOZXjEsyQ/4Nd5Ev8SLN/Hq2ZObNYpJ7FNR1U1Vlxsqaci2X6yZ2bn5hcWl5czK6tr6RnZz68oEkRZYEYEKdNUFg0r6WCFJCquhRvBchddu92SoX9+iNjLwL6kXYsODji/bUgAlVDObr3tAN6Ydn/YHhXpoZNMe/FCV/iBlnL1mNmcX7XT4NHBGIMdGc97MftZbgYg89EkoMKbm2CE1YtAkhcJ+ph4ZDEF0oYO1BPrgoWnE6Tt9no8MUMBD1FwqnpL49yIGz5ie5yabadJJbUj+p9Uiah82YumHEaEvhkYkFaZGRmiZ9IS8JTUSwTA5culzARqIUEsOQiRklBQ3ZqiA8C6J8+uYlOVMVjMNrvaLTql4dFHKlY9HtS2xHbbLCsxhB6zMztg5qzDB7tkDe2LP1qP1ar1Z79+rM9boZpuNjfXxBdHnrS4=</latexit>

A ( 0 U  1)

<latexit sha1_base64="IYjlUqeNImexg2fl6/t0xo5lZew=">AAACNnicbVA9TwJBEN3zW/xCLW02EhJsyJ0hUTvUxlITURIgZG4ZcMPeR3bnjOQCf8BfY2f0l9jYGVtrK48TjYBTvbw3k/fmuaGShmz7xZqZnZtfWFxazqysrq1vZDe3rkwQaYEVEahAV10wqKSPFZKksBpqBM9VeO12T4f69S1qIwP/knohNjzo+LItBVBCNbP5ugd0Y9rxcX9QqIdGNu3BD1XpD1LG2Wtmc3bRTodPA2cEcmw0583sZ70ViMhDn4QCY2qOHVIjBk1SKOxn6pHBEEQXOlhLoA8emkacvtPn+cgABTxEzaXiKYl/L2LwjOl5brKZJp3UhuR/Wi2i9mEjln4YEfpiaERSYWpkhJZJT8hbUiMRDJMjlz4XoIEIteQgREJGSXFjhgoI75I4v45JWc5kNdPgar/olIpHF6Vc+WRU2xLbYbuswBx2wMrsjJ2zChPsnj2wJ/ZsPVqv1pv1/r06Y41uttnYWB9fysetKg==</latexit>

A G  

<latexit sha1_base64="gZlUKl8crzoEr0/KqNporz572ww=">AAACK3icbVDLSgNBEJz1GeNr1ZteBoPgKexKQL35OOgxgolCEkLv2NHB2QczvaIsEb/Gm+i/eFK8+hOenKxRNLFPRVU3VV1BoqQhz3txRkbHxicmC1PF6ZnZuXl3YbFu4lQLrIlYxfo0AINKRlgjSQpPE40QBgpPgsv9nn5yhdrIODqmmwRbIZxHsiMFkKXa7nIzBLownWy3e/sNDyxMjGy7Ja/s5cOHgd8HJdafatv9aJ7FIg0xIqHAmIbvJdTKQJMUCrvFZmowAXEJ59iwMIIQTSvLf+jytdQAxTxBzaXiOYm/LzIIjbkJA7uZxxzUeuR/WiOlzlYrk1GSEkaiZ0RSYW5khJa2HORnUiMR9JIjlxEXoIEIteQghCVT29YfQwWE1zbOj6Mtyx+sZhjUN8p+pbx9VCnt7PVrK7AVtsrWmc822Q47ZFVWY4LdsXv2yJ6cB+fZeXXevlZHnP7NEvszzvsnlRipGA==</latexit>

A F  

<latexit sha1_base64="34DuOy1BOQZu973PpatO2VZYseA=">AAACK3icbVDLSgNBEJz1GeNr1ZteBoPgKexKQL35APEYwUQhCaF37Ojg7IOZXlGWiF/jTfRfPCle/QlPTtYomtinoqqbqq4gUdKQ5704I6Nj4xOThani9Mzs3Ly7sFg3caoF1kSsYn0agEElI6yRJIWniUYIA4UnweV+Tz+5Qm1kHB3TTYKtEM4j2ZECyFJtd7kZAl2YTrbbvf2GBxYmRrbdklf28uHDwO+DEutPte1+NM9ikYYYkVBgTMP3EmploEkKhd1iMzWYgLiEc2xYGEGIppXlP3T5WmqAYp6g5lLxnMTfFxmExtyEgd3MYw5qPfI/rZFSZ6uVyShJCSPRMyKpMDcyQktbDvIzqZEIesmRy4gL0ECEWnIQwpKpbeuPoQLCaxvnx9GW5Q9WMwzqG2W/Ut4+qpR29vq1FdgKW2XrzGebbIcdsiqrMcHu2D17ZE/Og/PsvDpvX6sjTv9mif0Z5/0Tk2apFw==</latexit>

A O  

<latexit sha1_base64="3hH4Ml6KmzIYR2GrMtg6wPwF0DE=">AAACK3icbVDLSgNBEJz1GeNr1ZteBoPgKexKQL35uHgzgolCEkLv2NHB2QczvaIsEb/Gm+i/eFK8+hOenKxRNLFPRVU3VV1BoqQhz3txRkbHxicmC1PF6ZnZuXl3YbFu4lQLrIlYxfo0AINKRlgjSQpPE40QBgpPgsv9nn5yhdrIODqmmwRbIZxHsiMFkKXa7nIzBLownWy3e/sNDy1MjGy7Ja/s5cOHgd8HJdafatv9aJ7FIg0xIqHAmIbvJdTKQJMUCrvFZmowAXEJ59iwMIIQTSvLf+jytdQAxTxBzaXiOYm/LzIIjbkJA7uZxxzUeuR/WiOlzlYrk1GSEkaiZ0RSYW5khJa2HORnUiMR9JIjlxEXoIEIteQghCVT29YfQwWE1zbOj6Mtyx+sZhjUN8p+pbx9VCnt7PVrK7AVtsrWmc822Q47YFVWY4LdsXv2yJ6cB+fZeXXevlZHnP7NEvszzvsnoqipIA==</latexit>

A G F  

<latexit sha1_base64="8UXBmOEbS9EaMMrF/gVgbk1W2m4=">AAACNnicbZDJSgNBEIZ74h63qEcvjSHgKcyIoN5cQD0qGA0kIdR0KrFJz0J3jShDfAGfxpvok3jxJl49e7Izxi1ap4+/qvirfj9W0pDrPjq5kdGx8YnJqfz0zOzcfGFh8dREiRZYEZGKdNUHg0qGWCFJCquxRgh8hWd+d6/fP7tAbWQUntBVjI0AOqFsSwFkpWahVA+Azk073eldf+LBN+5bjI1sFopu2c2K/wVvAEU2qKNm4a3eikQSYEhCgTE1z42pkYImKRT28vXEYAyiCx2sWQwhQNNIs3d6vJQYoIjHqLlUPBPx50YKgTFXgW8nszOHe33xv14tofZmI5VhnBCGom9EUmFmZISWNifkLamRCPqXI5chF6CBCLXkIIQVExvcL0MFhJf2nC9HG5Y3HM1fOF0re+vlreP14vbuILZJtsxW2Crz2AbbZofsiFWYYDfslt2zB+fOeXKenZeP0Zwz2Fliv8p5fQdyM64h</latexit>

CTL*, not CTL



CTL Semantics: Intuitions (Cont.)

AX EX AG EG 

AF EF A[   U    ]1 2 E[   U    ]1 2
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CTL formulasCTL Semantics: Intuitions (Cont.)

AX EX AG EG 

AF EF A[   U    ]1 2 E[   U    ]1 2
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CTL Semantics: Intuitions (Cont.)

AX EX AG EG 

AF EF A[   U    ]1 2 E[   U    ]1 2

Fazle Rabbi et al. (UiO, HiB) Computation Tree Logic May 30, 2015 8 / 25

AO

<latexit sha1_base64="GDnAMAvVQbJ1utLQwx/ux3ePWAY=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6iXrwZwTwgCaF30olDZh/M9IphyWd4E/0Xb+LVi7/iyd01iEmsU1HVTRXlhkoasu1PK7ewuLS8kl8trK1vbG4Vt3fqJoi0wJoIVKCbLhhU0scaSVLYDDWC5ypsuMPL1G/cozYy8G9pFGLHg4Ev+1IAJVKr7QHdaS8+vx53iyW7bGfg88SZkBKboNotfrV7gYg89EkoMKbl2CF1YtAkhcJxoR0ZDEEMYYCthPrgoenEWeUxP4gMUMBD1Fwqnon49yMGz5iR5yaXaUUz66Xif14rov5pJ5Z+GBH6Ig0iqTALMkLLZAvkPamRCNLmyKXPBWggQi05CJGIUTLOVKACwoekzm9iMpYzO808qR+VnePy2c1xqXIxmS3P9tg+O2QOO2EVdsWqrMYEC9gje2Yv1pP1ar1Z7z+nOWvys8umYH18A7paoeQ=</latexit>

EO

<latexit sha1_base64="j+HHmN4WN/FFjYhVqpQeseBHswg=">AAACGnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CIngzgnlAEkLvpBOHzD6Y6RXDks/wJvov3sSrF3/Fk7trEJNYp6KqmyrKDZU0ZNufVm5hcWl5Jb9aWFvf2Nwqbu/UTRBpgTURqEA3XTCopI81kqSwGWoEz1XYcIcXqd+4R21k4N/SKMSOBwNf9qUASqRW2wO60158eT3uFkt22c7A54kzISU2QbVb/Gr3AhF56JNQYEzLsUPqxKBJCoXjQjsyGIIYwgBbCfXBQ9OJs8pjfhAZoICHqLlUPBPx70cMnjEjz00u04pm1kvF/7xWRP3TTiz9MCL0RRpEUmEWZISWyRbIe1IjEaTNkUufC9BAhFpyECIRo2ScqUAFhA9Jnd/EZCxndpp5Uj8qO8fls5vjUuV8Mlue7bF9dsgcdsIq7IpVWY0JFrBH9sxerCfr1Xqz3n9Oc9bkZ5dNwfr4BsESoeg=</latexit>
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CTL: minimal set of ops
¬ · · _ · EO · EG · E(·U·)

<latexit sha1_base64="WBvx36dCLEKF+/IG8eNbrAQ8s0A="></latexit>

EF  ⌘ E(tt U  )

<latexit sha1_base64="WJOuAmezUV9Hzk9hGuGTNJ6lcOw="></latexit>

AO  ⌘ ¬(EO ¬ )

<latexit sha1_base64="4s7cjEIHx17YOJuT+/OF2EMzvUc="></latexit>

AG  ⌘ ¬(EF ¬ )

<latexit sha1_base64="4JIl45dkckjLCkwwp65iLrIXumM="></latexit>

AG  ⌘ ¬E(tt U¬ )

<latexit sha1_base64="zLpXfXMDAnASNLNIUNva3dLcv5w="></latexit>

A ( 0 U  1) ⌘ ¬(EG ¬ 1 _ E(¬ 1 U ¬( 0 _  1)))

<latexit sha1_base64="pdbT/jsotz4xC+i0InTTw6uu+iM="></latexit>

AF  ⌘ ¬(EG ¬ )

<latexit sha1_base64="Wdnu4DmeGvi+7QzxZcXRCabK5DY="></latexit>
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Expressiveness

CTL*

LTL CTL
F G p

<latexit sha1_base64="mB8UCN+uyiDzoi2+153E2+0vwIg=">AAACKHicdVDLSgNBEJz1Gd9RDx68DAbBU9gR0eQmCupRwaiQhNA7dnRw9sFMryjL5me8if6LN/HqZ3hyNkZR0T4VVd1UdQWJVpZ8/8UbGh4ZHRsvTUxOTc/MzpXnF05snBqJDRnr2JwFYFGrCBukSONZYhDCQONpcLVb6KfXaKyKo2O6TbAdwkWkukoCOapTXmqFQJe2m+3lvU+4n/eSTrniV33fF0LwAoitTd+Ber22LmpcFJKbChvMYaf81jqPZRpiRFKDtU3hJ9TOwJCSGvPJVmoxAXkFF9h0MIIQbTvrP5Dz1dQCxTxBw5XmfRK/X2QQWnsbBm6zn/G3VpB/ac2UurV2pqIkJYxkYURKY9/ISqNcM8jPlUEiKJIjVxGXYIAIjeIgpSNTV9UPQw2ENy7Ol6Mr67MR/j84Wa+KjWr9aKOyvTOorcSW2QpbY4JtsW12wA5Zg0mWszv2wB69e+/Je/ZePlaHvMHNIvsx3us7W1qn/Q==</latexit>

AG EF p

<latexit sha1_base64="iDWNrRiLSYwQrsrQnB5E9SLIGv0="></latexit>

(F G p) _ (AG EF p)

<latexit sha1_base64="wN0wR54HR5YTIDbdyk7/G49f2Kc="></latexit>

µ

<latexit sha1_base64="7ChFHr+danwRRk8MPfgNWZ7XzO0=">AAACEnicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMaB6QLKF30olDZh/M9Ioh5BO8if6LN/HqD/grntyNi5jEOhVV3VRRXqSkIdv+tHJLyyura/n1wsbm1vZOcXevYcJYC6yLUIW65YFBJQOskySFrUgj+J7Cpje8TP3mPWojw+CWRhG6PgwC2ZcCKJFuOn7cLZbssj0FXyRORkosQ61b/Or0QhH7GJBQYEzbsSNyx6BJCoWTQic2GIEYwgDbCQ3AR+OOp1Un/Cg2QCGPUHOp+FTEvx9j8I0Z+V5y6QPdmXkvFf/z2jH1z9yxDKKYMBBpEEmF0yAjtEw2QN6TGokgbY5cBlyABiLUkoMQiRgno8wEKiB8SOr8JiZjOfPTLJLGSdmplM+vK6XqRTZbnh2wQ3bMHHbKquyK1VidCTZgj+yZvVhP1qv1Zr3/nOas7GefzcD6+AYpmJ5l</latexit>


