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CCS
Calculus of Communicating Systems
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Sequential vs concurrent
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Concurrency
IMP/HOFL (sequential paradigms)
- determinacy
- any two non-terminating programs are equivalent

concurrent paradigms
- exhibit intrinsic nondeterminism to external observers
- nontermination can be a desirable feature (e.g. servers)
- not all nonterminating processes are equivalent
- interaction is a primary issue
- new notions of behaviour / equivalence are needed
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CCS: basics
Process algebra
- focus on few primitive operators (essential features)
- concise syntax to construct and compose processes
- not a full-fledged programming language
- full computational power (Turing equivalent)

Structural Operational Semantics
- small-step style (Labelled Transition System)
- processes as states
- ongoing interactions as labels
- defined by inference rules
- defined by induction on the structure of processes

Communication
- binary, message-passing over channels



6

From your forms

(over 8 answers)

LTS

75%

13%

13%

5 stelle 4 stelle 3 stelle
2 stelle 1 stella
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a process
in its current state

ongoing interaction
with the environment
(with other processes)

the process
state after the
interaction

p
µ�! q

<latexit sha1_base64="B3/yF2xaaoqVWDAiFRTvxYNtLzk=">AAACCXicbVDLTgJBEJz1ifhCjScvE4mJJ7JrSPBI9OIRE3kkQEjv0MCE2YczvSrZ8AV+hVc9eTNe/QoP/ou7uAcF61Sp6k5Xlxsqaci2P62l5ZXVtfXcRn5za3tnt7C33zBBpAXWRaAC3XLBoJI+1kmSwlaoETxXYdMdX6Z+8w61kYF/Q5MQux4MfTmQAiiReoXDkHcetByOCLQO7uOOF035ba9QtEv2DHyROBkpsgy1XuGr0w9E5KFPQoExbccOqRuDJikUTvOdyGAIYgxDbCfUBw9NN57Fn/KTyAAFPETNpeIzEX9vxOAZM/HcZNIDGpl5LxX/89oRDc67sfTDiNAX6SGSCmeHjNAy6QV5X2okgjQ5culzARqIUEsOQiRilBSVT/pw5r9fJI2zklMuVa7LxepF1kyOHbFjdsocVmFVdsVqrM4Ei9kTe2Yv1qP1ar1Z7z+jS1a2c8D+wPr4Bq3LmoA=</latexit>

number of states/transitions
can be infinite

Labelled transitions
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Example: counter

<latexit sha1_base64="iSb6NVB2gdVwhfxcIrSIecBXbgQ="></latexit>

A0 ... An

val

** inc //

reset

cc

stop

✏✏

An+1 ...

Nil
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LTS: Labelled Transition 
System

<latexit sha1_base64="fPioP3EEs4nO2sxr3+8XTQJGLQ0=">AAACCXicbVC7TsNAEDyHVwivACXNiQiJyrJTAGUEDWUQ5CElVrS+bMIp54fu1ojIyhcgWvgOOkTLV/AZ/AFOcEESphrN7O6sxo+VNOQ4X1ZhZXVtfaO4Wdra3tndK+8fNE2UaIENEalIt30wqGSIDZKksB1rhMBX2PJHV1O/9YDayCi8o3GMXgDDUA6kAMqkW9u2e+WKYzsz8GXi5qTCctR75e9uPxJJgCEJBcZ0XCcmLwVNUiiclLqJwRjECIbYyWgIARovnb064SeJAYp4jJpLxWci/t1IITBmHPjZZAB0bxa9qfif10locOGlMowTwlBMg0gqnAUZoWXWAfK+1EgE08+Ry5AL0ECEWnIQIhOTrJS5o6CUlz6OJ1lH7mIjy6RZtd0zu3pTrdQu87aK7Igds1PmsnNWY9eszhpMsCF7Zi/s1Xqy3qx36+N3tGDlO4dsDtbnD4xGmnM=</latexit>...
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CCS: states and labels
What is a process    ?
a sequential agent
a system where many sequential agents interact

What is a label    ?µ

<latexit sha1_base64="F3w5bmBRFcdHpFYn5B/E09q5PzE=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRpFBG0FAGQUKkxIrOl0045c627vZAkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQIoQOCpTQizUwFUi4C6aXmX/3ANqIKLzFWQy+YpNQjAVnmEo3A2WH1Zpbd3PQZeIVpEYKtIfVr8Eo4lZBiFwyY/qeG6OfMI2CS5hXBtZAzPiUTaCf0pApMH6SR53TE2sYRjQGTYWkuQi/NxKmjJmpIJ1UDO/NopeJ/3l9i+NzPxFhbBFCnh1CISE/ZLgWaQdAR0IDIsuSAxUh5UwzRNCCMs5T0aalVNI+vMXvl0n3rO416s3rRq11UTRTJkfkmJwSjzRJi1yRNukQTibkiTyTF+fReXXenPef0ZJT7BySP3A+vgEJgpJl</latexit>

an action (e.g. an output)
a dual action (e.g. an input)

an internal action (silent action)
(no interaction with the environment)

⌧

<latexit sha1_base64="L+nCcYpzKJsC4dyTTaRzCrJoOAQ=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIRUigjaCiDRB5SYkXryyY55fzQ3RoRWfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhjwlgLbItQhbrngUElA2yTJIW9SCP4nsKuN7vJ/O4DaiPD4J7mEbo+TAI5lgIokwYE8bBas+t2Dr5KnILUWIHWsPo1GIUi9jEgocCYvmNH5CagSQqFi8ogNhiBmMEE+ykNwEfjJnnWBT+LDVDII9RcKp6L+HsjAd+Yue+lkz7Q1Cx7mfif149pfOUmMohiwkBkh0gqzA8ZoWVaAvKR1EgEWXLkMuACNBChlhyESMU4baWS9uEsf79KOhd157LeuLusNa+LZsrshJ2yc+awBmuyW9ZibSbYlD2xZ/ZiPVqv1pv1/jNasoqdY/YH1sc30cWS1w==</latexit>

↵!v

<latexit sha1_base64="cxDmhVEJIMbpe7CCWepzztjpIPk=">AAAB+nicbVA9TwJBEN3DL8Qv1NJmlZhYkTtDgiXRxhITQRK4kLllgA17H9mdIyHIn7DVys7Y+mcs/C/enVco+KqX92Yyb54XKWnItj+twtr6xuZWcbu0s7u3f1A+PGqbMNYCWyJUoe54YFDJAFskSWEn0gi+p/DBm9yk/sMUtZFhcE+zCF0fRoEcSgGUSJ0eqGgMp9N+uWJX7Qx8lTg5qbAczX75qzcIRexjQEKBMV3HjsidgyYpFC5KvdhgBGICI+wmNAAfjTvP8i74eWyAQh6h5lLxTMTfG3PwjZn5XjLpA43NspeK/3ndmIZX7lwGUUwYiPQQSYXZISO0TIpAPpAaiSBNjlwGXIAGItSSgxCJGCfNlJI+nOXvV0n7surUqvW7WqVxnTdTZCfsjF0wh9VZg92yJmsxwRR7Ys/sxXq0Xq036/1ntGDlO8fsD6yPb36TlFI=</latexit>

↵?v

<latexit sha1_base64="QZn2AUQzzbMof28Isr50x561apc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRUuiIoKEMEnlIiRWtL5vklPNDd+tIkclP0EJFh2j5GQr+Bce4gISpRjO72tnxIiUN2fanVVhb39jcKm6Xdnb39g/Kh0ctE8ZaYFOEKtQdDwwqGWCTJCnsRBrB9xS2vcntwm9PURsZBg80i9D1YRTIoRRAqdTpgYrGcD3tlyt21c7AV4mTkwrL0eiXv3qDUMQ+BiQUGNN17IjcBDRJoXBe6sUGIxATGGE3pQH4aNwkyzvnZ7EBCnmEmkvFMxF/byTgGzPzvXTSBxqbZW8h/ud1YxpeuYkMopgwEItDJBVmh4zQMi0C+UBqJIJFcuQy4AI0EKGWHIRIxThtppT24Sx/v0paF1Xnslq7v6zUb/JmiuyEnbJz5rAaq7M71mBNJphiT+yZvViP1qv1Zr3/jBasfOeY/YH18Q2tc5Rw</latexit>

send    on channelv

<latexit sha1_base64="adD7HirHf0X7Yi8OLGk6QfgBpaA=">AAAB83icbVBNT8JAFNziF+IX6tHLRmLiibSGBI9ELx4hESSBhmyXB27YbpvdtySk4Rd41ZM349Uf5MH/Ylt7UHBOk5n38uZNEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUj3A2ZACgVdFCihH2tgYSDhIZjdZv7DHLQRkbrHRQx+yKZKTARnmEqd+ahac+tuDrpOvILUSIH2qPo1HEfchqCQS2bMwHNj9BOmUXAJy8rQGogZn7EpDFKqWAjGT/KgS3phDcOIxqCpkDQX4fdGwkJjFmGQToYMH82ql4n/eQOLk2s/ESq2CIpnh1BIyA8ZrkXaANCx0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+v066V3VvUa92WnUWjdFM2VyRs7JJfFIk7TIHWmTLuEEyBN5Ji+OdV6dN+f9Z7TkFDun5A+cj2+Gp5GJ</latexit>

↵

<latexit sha1_base64="+1vtOyCB6arOQ+RE++R+/RL6K8E=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJRpFBG0FAGiTykxIrWl01y5PzQ3RopRPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON71O/c4DaiPD4I5mEbo+jAM5kgIokdp9UNEEBuWKXbUz8FXi5KTCcjQH5a/+MBSxjwEJBcb0HDsidw6apFC4KPVjgxGIKYyxl9AAfDTuPEu74GexAQp5hJpLxTMRf2/MwTdm5nvJpA80McteKv7n9WIaXbpzGUQxYSDSQyQVZoeM0DKpAflQaiSCNDlyGXABGohQSw5CJGKc9FJK+nCWv18l7YuqU6vWb2uVxlXeTJGdsFN2zhxWZw12w5qsxQS7Z0/smb1Yj9ar9Wa9/4wWrHznmP2B9fENRFKTpw==</latexit>

receive    on channelv

<latexit sha1_base64="adD7HirHf0X7Yi8OLGk6QfgBpaA=">AAAB83icbVBNT8JAFNziF+IX6tHLRmLiibSGBI9ELx4hESSBhmyXB27YbpvdtySk4Rd41ZM349Uf5MH/Ylt7UHBOk5n38uZNEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUj3A2ZACgVdFCihH2tgYSDhIZjdZv7DHLQRkbrHRQx+yKZKTARnmEqd+ahac+tuDrpOvILUSIH2qPo1HEfchqCQS2bMwHNj9BOmUXAJy8rQGogZn7EpDFKqWAjGT/KgS3phDcOIxqCpkDQX4fdGwkJjFmGQToYMH82ql4n/eQOLk2s/ESq2CIpnh1BIyA8ZrkXaANCx0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+v066V3VvUa92WnUWjdFM2VyRs7JJfFIk7TIHWmTLuEEyBN5Ji+OdV6dN+f9Z7TkFDun5A+cj2+Gp5GJ</latexit>

↵

<latexit sha1_base64="+1vtOyCB6arOQ+RE++R+/RL6K8E=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJRpFBG0FAGiTykxIrWl01y5PzQ3RopRPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON71O/c4DaiPD4I5mEbo+jAM5kgIokdp9UNEEBuWKXbUz8FXi5KTCcjQH5a/+MBSxjwEJBcb0HDsidw6apFC4KPVjgxGIKYyxl9AAfDTuPEu74GexAQp5hJpLxTMRf2/MwTdm5nvJpA80McteKv7n9WIaXbpzGUQxYSDSQyQVZoeM0DKpAflQaiSCNDlyGXABGohQSw5CJGKc9FJK+nCWv18l7YuqU6vWb2uVxlXeTJGdsFN2zhxWZw12w5qsxQS7Z0/smb1Yj9ar9Wa9/4wWrHznmP2B9fENRFKTpw==</latexit>

concluded 
communication

p

<latexit sha1_base64="Xm/ASdckfw9AsGAcus1Nh4wicFI=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrJRpFBG0FAGRB5SYkXnyyaccj6f7taRIit/QAsVHaLlfyj4F2zjAgJTjWZ2tbMTaCksuu6HU1pb39jcKm9Xdnb39g+qh0ddG8WGQ4dHMjL9gFmQQkEHBUroawMsDCT0gtl15vfmYKyI1D0uNPghmyoxEZxhKt1pOqrW3Lqbg/4lXkFqpEB7VP0cjiMeh6CQS2btwHM1+gkzKLiEZWUYW9CMz9gUBilVLATrJ3nSJT2LLcOIajBUSJqL8HMjYaG1izBIJ0OGD3bVy8T/vEGMk0s/EUrHCIpnh1BIyA9ZbkRaAdCxMIDIsuRAhaKcGYYIRlDGeSrGaSeVtA9v9fu/pHtR9xr15m2j1roqmimTE3JKzolHmqRFbkibdAgnE/JInsizM3denFfn7Xu05BQ7x+QXnPcv1IyRrQ==</latexit>
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CCS: actions & coactions
We can be even more abstract than that
without losing computational expressiveness

↵!v

<latexit sha1_base64="cxDmhVEJIMbpe7CCWepzztjpIPk=">AAAB+nicbVA9TwJBEN3DL8Qv1NJmlZhYkTtDgiXRxhITQRK4kLllgA17H9mdIyHIn7DVys7Y+mcs/C/enVco+KqX92Yyb54XKWnItj+twtr6xuZWcbu0s7u3f1A+PGqbMNYCWyJUoe54YFDJAFskSWEn0gi+p/DBm9yk/sMUtZFhcE+zCF0fRoEcSgGUSJ0eqGgMp9N+uWJX7Qx8lTg5qbAczX75qzcIRexjQEKBMV3HjsidgyYpFC5KvdhgBGICI+wmNAAfjTvP8i74eWyAQh6h5lLxTMTfG3PwjZn5XjLpA43NspeK/3ndmIZX7lwGUUwYiPQQSYXZISO0TIpAPpAaiSBNjlwGXIAGItSSgxCJGCfNlJI+nOXvV0n7surUqvW7WqVxnTdTZCfsjF0wh9VZg92yJmsxwRR7Ys/sxXq0Xq036/1ntGDlO8fsD6yPb36TlFI=</latexit>

↵?v

<latexit sha1_base64="QZn2AUQzzbMof28Isr50x561apc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRUuiIoKEMEnlIiRWtL5vklPNDd+tIkclP0EJFh2j5GQr+Bce4gISpRjO72tnxIiUN2fanVVhb39jcKm6Xdnb39g/Kh0ctE8ZaYFOEKtQdDwwqGWCTJCnsRBrB9xS2vcntwm9PURsZBg80i9D1YRTIoRRAqdTpgYrGcD3tlyt21c7AV4mTkwrL0eiXv3qDUMQ+BiQUGNN17IjcBDRJoXBe6sUGIxATGGE3pQH4aNwkyzvnZ7EBCnmEmkvFMxF/byTgGzPzvXTSBxqbZW8h/ud1YxpeuYkMopgwEItDJBVmh4zQMi0C+UBqJIJFcuQy4AI0EKGWHIRIxThtppT24Sx/v0paF1Xnslq7v6zUb/JmiuyEnbJz5rAaq7M71mBNJphiT+yZvViP1qv1Zr3/jBasfOeY/YH18Q2tc5Rw</latexit>

we disregard communicated values
(imagine there is a dedicated channel for each value)

becomes just ↵v

<latexit sha1_base64="gFQAW9/91OKS1GTFZ9MzvGpjMjg=">AAACB3icbVDLTgJBEJzFF+IL5ehlIjHxRHaNCR6JXjxiIo+E3ZDeoYEJs4/M9JKQDR/gV3jVkzfj1c/w4L+4ixwUrFOlqivdXX6spCHb/rQKG5tb2zvF3dLe/sHhUfn4pG2iRAtsiUhFuuuDQSVDbJEkhd1YIwS+wo4/uc39zhS1kVH4QLMYvQBGoRxKAZRJ/XLFjTI7T6cuqHgM/em8X67aNXsBvk6cJamyJZr98pc7iEQSYEhCgTE9x47JS0GTFArnJTcxGIOYwAh7GQ0hQOOli+Pn/DwxQBGPUXOp+ELE34kUAmNmgZ9NBkBjs+rl4n9eL6HhtZfKME4IQ5EvIqlwscgILbO3kQ+kRiLIL0cuQy5AAxFqyUGITEyymkpZH87q9+ukfVlzrmr1+6tq42bZTJGdsjN2wRxWZw12x5qsxQSbsSf2zF6sR+vVerPef0YL1jJTYX9gfXwDh6CZ5w==</latexit>

becomes just ↵v

<latexit sha1_base64="Tffw+R7Q6rbhYGN4x6KOn5mNq3U=">AAAB+nicbVDLTgJBEJzFF+IL9ehlIjHxRHYNCR6JXjxiIo8ENqR3aGDC7CMzvSRk5Se86smb8erPePBf3MU9KFinSlV3urq8SElDtv1pFTY2t7Z3irulvf2Dw6Py8UnbhLEW2BKhCnXXA4NKBtgiSQq7kUbwPYUdb3qb+Z0ZaiPD4IHmEbo+jAM5kgIolbp9UNEEBrNBuWJX7SX4OnFyUmE5moPyV38YitjHgIQCY3qOHZGbgCYpFC5K/dhgBGIKY+ylNAAfjZss8y74RWyAQh6h5lLxpYi/NxLwjZn7XjrpA03MqpeJ/3m9mEbXbiKDKCYMRHaIpMLlISO0TItAPpQaiSBLjlwGXIAGItSSgxCpGKfNlNI+nNXv10n7qurUqvX7WqVxkzdTZGfsnF0yh9VZg92xJmsxwRR7Ys/sxXq0Xq036/1ntGDlO6fsD6yPb99zlJA=</latexit>

or just

or just

↵

<latexit sha1_base64="+1vtOyCB6arOQ+RE++R+/RL6K8E=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJRpFBG0FAGiTykxIrWl01y5PzQ3RopRPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON71O/c4DaiPD4I5mEbo+jAM5kgIokdp9UNEEBuWKXbUz8FXi5KTCcjQH5a/+MBSxjwEJBcb0HDsidw6apFC4KPVjgxGIKYyxl9AAfDTuPEu74GexAQp5hJpLxTMRf2/MwTdm5nvJpA80McteKv7n9WIaXbpzGUQxYSDSQyQVZoeM0DKpAflQaiSCNDlyGXABGohQSw5CJGKc9FJK+nCWv18l7YuqU6vWb2uVxlXeTJGdsFN2zhxWZw12w5qsxQS7Z0/smb1Yj9ar9Wa9/4wWrHznmP2B9fENRFKTpw==</latexit>

↵

<latexit sha1_base64="wr21JEX7twWsqRVBEmObyTSabsk=">AAACBXicbVC7TsNAEDyHVwivBEqaExESVWQjpFBG0FAGiTykOIrWl01yyvmhuzUoslLzFbRQ0SFavoOCf8E2KSBhqtHMjnZ3vEhJQ7b9aRXW1jc2t4rbpZ3dvf2DcuWwbcJYC2yJUIW664FBJQNskSSF3Ugj+J7Cjje9zvzOPWojw+COZhH2fRgHciQFUCoNyhU3TO0snbigognMB+WqXbNz8FXiLEiVLdAclL/cYShiHwMSCozpOXZE/QQ0SaFwXnJjgxGIKYyxl9IAfDT9JD99zk9jAxTyCDWXiuci/k4k4Bsz87100geamGUvE//zejGNLvuJDKKYMBDZIpIK80VGaJk+jXwoNRJBdjlyGXABGohQSw5CpGKcllRK+3CWv18l7fOac1Gr315UG1eLZorsmJ2wM+awOmuwG9ZkLSbYA3tiz+zFerRerTfr/We0YC0yR+wPrI9v4ruY/g==</latexit>

�

<latexit sha1_base64="kjMSfPdnMGxrxnq6p0GvnuWdwlU=">AAAB+XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKEI9BLx4jmAckS+iddOKQ2QczvUJY8hFe9eRNvPo1HvwXZ+MeNLFORVU13V1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18Khj4lQLbItYxboXgEElI2yTJIW9RCOEgcJuML3J/e4jaiPj6J5mCfohTCI5lgLISt2BstERDKs1t+4uwFeJV5AaK9AaVr8Go1ikIUYkFBjT99yE/Aw0SaFwXhmkBhMQU5hg39IIQjR+tjh3zs9SAxTzBDWXii9E/D2RQWjMLAxsMgR6MMteLv7n9VMaX/mZjJKUMBL5IpIKF4uM0NL2gHwkNRJBfjlyGXEBGohQSw5CWDG1xVRsH97y96ukc1H3LuuNu8ta87popsxO2Ck7Zx5rsCa7ZS3WZoJN2RN7Zi9O5rw6b877T7TkFDPH7A+cj2/5e5QM</latexit>

denotes either

↵

<latexit sha1_base64="+1vtOyCB6arOQ+RE++R+/RL6K8E=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJRpFBG0FAGiTykxIrWl01y5PzQ3RopRPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON71O/c4DaiPD4I5mEbo+jAM5kgIokdp9UNEEBuWKXbUz8FXi5KTCcjQH5a/+MBSxjwEJBcb0HDsidw6apFC4KPVjgxGIKYyxl9AAfDTuPEu74GexAQp5hJpLxTMRf2/MwTdm5nvJpA80McteKv7n9WIaXbpzGUQxYSDSQyQVZoeM0DKpAflQaiSCNDlyGXABGohQSw5CJGKc9FJK+nCWv18l7YuqU6vWb2uVxlXeTJGdsFN2zhxWZw12w5qsxQS7Z0/smb1Yj9ar9Wa9/4wWrHznmP2B9fENRFKTpw==</latexit>

↵

<latexit sha1_base64="wr21JEX7twWsqRVBEmObyTSabsk=">AAACBXicbVC7TsNAEDyHVwivBEqaExESVWQjpFBG0FAGiTykOIrWl01yyvmhuzUoslLzFbRQ0SFavoOCf8E2KSBhqtHMjnZ3vEhJQ7b9aRXW1jc2t4rbpZ3dvf2DcuWwbcJYC2yJUIW664FBJQNskSSF3Ugj+J7Cjje9zvzOPWojw+COZhH2fRgHciQFUCoNyhU3TO0snbigognMB+WqXbNz8FXiLEiVLdAclL/cYShiHwMSCozpOXZE/QQ0SaFwXnJjgxGIKYyxl9IAfDT9JD99zk9jAxTyCDWXiuci/k4k4Bsz87100geamGUvE//zejGNLvuJDKKYMBDZIpIK80VGaJk+jXwoNRJBdjlyGXABGohQSw5CpGKcllRK+3CWv18l7fOac1Gr315UG1eLZorsmJ2wM+awOmuwG9ZkLSbYA3tiz+zFerRerTfr/We0YC0yR+wPrI9v4ruY/g==</latexit>

�

<latexit sha1_base64="q9ACCUpl1WDzBsBb4SecNqYLkQE=">AAACBnicbVC7TgJBFJ3FF+ILsbSZSEysyK4hwZJoY4mJPBIg5O5wwQmzj8zcNZINvV9hq5WdsfU3LPwXZ5FCwVOdnHNP7r3Hj5U05LqfTm5tfWNzK79d2Nnd2z8oHpZaJkq0wKaIVKQ7PhhUMsQmSVLYiTVC4Cts+5OrzG/fozYyCm9pGmM/gHEoR1IAWWlQLPUia2fptKdsbAizQbHsVtw5+CrxFqTMFmgMil+9YSSSAEMSCozpem5M/RQ0SaFwVuglBmMQExhj19IQAjT9dH77jJ8mBijiMWouFZ+L+DuRQmDMNPDtZAB0Z5a9TPzP6yY0uuinMowTwlBki0gqnC8yQkv7NfKh1EgE2eXIZcgFaCBCLTkIYcXEtlSwfXjL36+S1nnFq1ZqN9Vy/XLRTJ4dsxN2xjxWY3V2zRqsyQR7YE/smb04j86r8+a8/4zmnEXmiP2B8/ENnL6ZYw==</latexit>

denotes its dual (assume              )↵ = ↵

<latexit sha1_base64="bqHsMYKbbmfmdsaeJwn51zD9ma8=">AAACGXicbVC7TgJBFJ3FF+ILtbSZSEisyK4hwcaEaGOJiTwSIOTucIEJs4/M3DUhG77AT/ArbLWyM7ZWFv6Lu0CB4KlOzrkn957rhkoasu1vK7OxubW9k93N7e0fHB7lj08aJoi0wLoIVKBbLhhU0sc6SVLYCjWC5ypsuuPb1G8+ojYy8B9oEmLXg6EvB1IAJVIvX+wEiZ2m4yUGKhzBdMqv+Zz28gW7ZM/A14mzIAW2QK2X/+n0AxF56JNQYEzbsUPqxqBJCoXTXCcyGIIYwxDbCfXBQ9ONZ3WmvBgZoICHqLlUfCbiciIGz5iJ5yaTHtDIrHqp+J/Xjmhw1Y2lH0aEvkgXkVQ4W2SElkl95H2pkQjSy5FLnwvQQIRachAiEaPkcbnkH85q+3XSuCw55VLlvlyo3iw+k2Vn7JxdMIdVWJXdsRqrM8Ge2At7ZW/Ws/VufVif89GMtcicsj+wvn4BerOhXQ==</latexit>
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CCS: communication

p1
��! q1

<latexit sha1_base64="X6BSexAHHyMlxED8New8m/RVXZw=">AAACEXicbVDLTgJBEJzFF+IL9WhMJhITT2TXkOCR6MUjJvJIgGx6hwYmzD6c6VXJhpOf4Fd41ZM349Uv8OC/uCAHBetUqepKd5cXKWnItj+tzNLyyupadj23sbm1vZPf3aubMNYCayJUoW56YFDJAGskSWEz0gi+p7DhDS8mfuMWtZFhcE2jCDs+9APZkwIoldz8YeQ6vH2vZX9AoHV4l7RVmu7CmN+4jpsv2EV7Cr5InBkpsBmqbv6r3Q1F7GNAQoExLceOqJOAJikUjnPt2GAEYgh9bKU0AB9NJ5m+MebHsQEKeYSaS8WnIv5OJOAbM/K9dNIHGph5byL+57Vi6p11EhlEMWEgJotIKpwuMkLLtB/kXamRCCaXI5cBF6CBCLXkIEQqxmlhubQPZ/77RVI/LTqlYvmqVKicz5rJsgN2xE6Yw8qswi5ZldWYYA/siT2zF+vRerXerPef0Yw1y+yzP7A+vgE2MZ1v</latexit>

p2
��! q2

<latexit sha1_base64="E4W7H4HYUzBRfLHdlLnz0YxMEGU=">AAACHHicbVC7SgNBFJ31GeMramkzGASrsBuEWAZtLCMYDWTDcndyjYOzD2fuqmHJL/gJfoWtVnZiK1j4L87GFGo81eHccx/nhqmShlz3w5mZnZtfWCwtlZdXVtfWKxubZybJtMC2SFSiOyEYVDLGNklS2Ek1QhQqPA+vjor6+Q1qI5P4lIYp9iIYxPJCCiArBZW9NKhz/07LwSWB1slt7ifWX4zLfWXn9GE04tdBPahU3Zo7Bp8m3oRU2QStoPLp9xORRRiTUGBM13NT6uWgSQqFo7KfGUxBXMEAu5bGEKHp5eNEI76bGaCEp6i5VHws4s+OHCJjhlFonRHQpflbK8T/at2MLg56uYzTjDAWxSKSCseLjNDSRkfelxqJoLgcuYy5AA1EqCUHIayY2d+V7T+8v+mnyVm95u3XGif71ebh5DMlts122B7zWIM12TFrsTYT7J49sif27Dw4L86r8/ZtnXEmPVvsF5z3L8f6opc=</latexit>

p1|p2
⌧�! q1|q2

<latexit sha1_base64="3wpHtucaNSxU0xkmKw1Qg2Fdb9g=">AAACFnicbVC7TsNAEDzzDOEVoKQ5ESFRRXaEBCWChjJI5CElkbU+NsmJs325WwORSc8n8BW0UNEhWloK/gU7pOA11WhmV7szgVbSkuu+OzOzc/MLi4Wl4vLK6tp6aWOzYePECKyLWMWmFYBFJSOskySFLW0QwkBhM7g8yf3mFRor4+icRhq7IfQj2ZMCKJP80o72vVvtV3nnxsj+gMCY+DrtECRjPsysoV/1S2W34k7A/xJvSspsippf+uhcxCIJMSKhwNq252rqpmBICoXjYiexqEFcQh/bGY0gRNtNJ1nGfDexQDHXaLhUfCLi940UQmtHYZBNhkAD+9vLxf+8dkK9w24qI50QRiI/RFLh5JAVRmYlIb+QBokg/xy5jLgAA0RoJAchMjHJWitmfXi/0/8ljWrF268cnO2Xj46nzRTYNtthe8xjB+yInbIaqzPB7tgDe2RPzr3z7Lw4r1+jM850Z4v9gPP2CR1Nn4U=</latexit>
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Example: vending machine

<latexit sha1_base64="DSQb5J0SXVe4iBoujpB45g4SLPo="></latexit>

VendMach
coin // Serve1

co↵ee

}}

tea

aa

coin
✏✏

Serve2cappuccino

QQ

<latexit sha1_base64="UyHZc/+uy3b9uq7RUzrPvb36zvk="></latexit>

Tired

coin

%%
Student

study
88

HoldCup
drink
oo Select

co↵ee
oo
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From your forms

(over 8 answers)

Process algebras

88%

13%

5 stelle 4 stelle 3 stelle
2 stelle 1 stella
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CCS: syntax

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

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

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

parallel composition
recursion

(operators are listed in order of precedence)



1717

CCS: syntax

(operators are listed in order of precedence)

to be read as

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

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

<latexit sha1_base64="yvek89snLoHGsfSMXl46Y4D9Hg8="></latexit>

rec x. co↵ee.x+ tea.nil |water.nil

<latexit sha1_base64="VVNmo+wbl7ZTW88HkYdocQx+Hu4="></latexit>

rec x. (((co↵ee.x) + tea.nil) |water.nil)
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CCS: syntax
the only binder is the recursion operator

the notion of free (process) variable is defined as usual

the notion of capture avoiding substitution is defined as usual
p[q/x]

<latexit sha1_base64="6/zGujBelI+LAyTs1UOfm80sx2M=">AAACDnicbVDLTgJBEJzFF+IL9ehlIjHxhLuGRI5ELx4xkUcCK+kdGpww+3Cm10A2/IPxqt/hzXj1F/wM/8AFOQhYp0pVd1envEhJQ7b9ZWVWVtfWN7Kbua3tnd29/P5B3YSxFlgToQp10wODSgZYI0kKm5FG8D2FDW9wNfEbj6iNDINbGkXo+tAPZE8KoFRqRq27h7PO0O3kC3bRnoIvE2dGCmyGaif/3e6GIvYxIKHAmJZjR+QmoEkKheNcOzYYgRhAH1spDcBH4ybTf8f8JDZAIY9Qc6n4VMS/Gwn4xox8L530ge7NojcR//NaMfXKbiKDKCYMxCSIpMJpkBFapkUg70qNRDD5HLkMuAANRKglByFSMU6bmTsKSrnJcDROO3IWG1km9fOiUyqWb0qFyuWsrSw7YsfslDnsglXYNauyGhNMsWf2wl6tJ+vNerc+fkcz1mznkM3B+vwBU+qdHg==</latexit>

a process is called closed if it has no free variables

processes are taken up-to alpha-renaming of bound vars

rec x. p

<latexit sha1_base64="Lzo4czGKGLl1ONdYmRi3pvl/zgs=">AAACBXicbVC7TsNAEDyHVwgvB0qaExESlWUjJKCLoKEMEnlIiRWdL5twyvmhuzUQWUnLV9BCRYdo+Q4K/gXbuICEqUYzu9rZ8SIpNNr2p1FaWl5ZXSuvVzY2t7Z3zOpuS4ex4tDkoQxVx2MapAigiQIldCIFzPcktL3xZea370BpEQY3OInA9dkoEEPBGaZS36z2fIa33jBRwKezB2sW9c2abdk56CJxClIjBRp986s3CHnsQ4BcMq27jh2hmzCFgkuYVnqxhojxMRtBN6UB80G7SR59Sg9jzTCkESgqJM1F+L2RMF/rie+lk1lQPe9l4n9eN8bhmZuIIIoRAp4dQiEhP6S5EmknQAdCASLLkgMVAeVMMURQgjLOUzFOS6qkfTjz3y+S1rHlnFjn1ye1+kXRTJnskwNyRBxySurkijRIk3ByT57IM3kxHo1X4814/xktGcXOHvkD4+Mb1mSY+A==</latexit>

fv(p)

<latexit sha1_base64="Y51ei9Wvd1Z/VJVnwk6UZIk0p2E=">AAACAHicbVC7TsNAEDyHVwivACXNiQgpNJGNIgFdBA1lkMhDSkx0vmzCKWf7dLeOFFlp+ApaqOgQLX9Cwb9gGxeQMNVoZlc7O56SwqBtf1qFldW19Y3iZmlre2d3r7x/0DZhpDm0eChD3fWYASkCaKFACV2lgfmehI43uU79zhS0EWFwhzMFrs/GgRgJzjCR7vs+wwczikfTeVWdDsoVu2ZnoMvEyUmF5GgOyl/9YcgjHwLkkhnTc2yFbsw0Ci5hXupHBhTjEzaGXkID5oNx4yz1nJ5EhmFIFWgqJM1E+L0RM9+Yme8lk1nKRS8V//N6EY4u3FgEKkIIeHoIhYTskOFaJHUAHQoNiCxNDlQElDPNEEELyjhPxCjpp5T04Sx+v0zaZzWnXru8rVcaV3kzRXJEjkmVOOScNMgNaZIW4USTJ/JMXqxH69V6s95/RgtWvnNI/sD6+AZV9pcL</latexit>

<latexit sha1_base64="GMqVLclj7E307WM1wu3N6UVtmWE=">AAACNXicbVDLTgJBEJzFF+IL9ehlIjHxtNklRr2YoF48YiKPBAiZHRqcMDu7mek1kA38jp/gV3jVeOBmvPoLLisHAftUXVWd7i4vlMKg43xYmZXVtfWN7GZua3tndy+/f1A1QaQ5VHggA133mAEpFFRQoIR6qIH5noSa17+d6rUn0EYE6gGHIbR81lOiKzjDhGrnr5s+w0evG2vgo/HAHqe96cY8EGpkD+gVnXMMFx3Ddr7g2E5adBm4M1Agsyq385NmJ+CRDwq5ZMY0XCfEVsw0Ci5hlGtGBkLG+6wHjQQq5oNpxemrI3oSGYYBDUFTIWlKwt+JmPnGDH0vcaZnLmpT8j+tEWH3shULFUYIik8XoZCQLjJciyRDoB2hAZFNLwcqFOVMM0TQgjLOEzJKQs0lebiL3y+DatF2z+3i/VmhdDNLJkuOyDE5JS65ICVyR8qkQjh5Jq/kjbxbL9bE+rS+fq0ZazZzSObK+v4Be5St0A==</latexit>

rec x. coin.x = rec y. coin.y
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CCS: labels
set of (input) actions, ranged by

set of observable actions, ranged by

a distinguished silent action

set of actions, ranged by

C

<latexit sha1_base64="kf8yqu4vBjcachvt2v5JkNpkMII=">AAACHnicbVDLTgJBEJz1ifhCTbx4mUhMPJFdQyJHIhePmMgjgQ3pHRqcMPvITK+RrPyL8arf4c141c/wD9xFDgL2qVLVNV1TXqSkIdv+slZW19Y3NnNb+e2d3b39wsFh04SxFtgQoQp12wODSgbYIEkK25FG8D2FLW9Uy/TWPWojw+CWxhG6PgwDOZACKKV6heNumMqZO+n6QHcCVFKbTHqFol2yp8OXgTMDRTabeq/w3e2HIvYxIKHAmI5jR+QmoEkKhZN8NzYYgRjBEDspDMBH4ybT/BN+FhugkEeouVR8SuJfRwK+MWPfSzezjGZRy8j/tE5Mg4qbyCCKCQORHSKpcHrICC3TnyPvS41EkCVHLgMuQAMRaslBiJSM06bmHgWl3ORhnHXkLDayDJoXJadcqtyUi9WrWVs5dsJO2Tlz2CWrsmtWZw0m2CN7Zi/s1Xqy3qx36+N3dcWaeY7Y3FifP0f9pAc=</latexit>

C

<latexit sha1_base64="ay2Bhcu0AKyDyCQ7PI6Kk2296qU=">AAACEXicbVDJTgJBFOzBDXFDPXrpSEw8kRljIkciF4+YyJLAhLxpHtihZ0n3GyOZ8BXGq36HN+PVL/Az/ANnRg4C1qlS9ZZKeZGShmz7yyqsrW9sbhW3Szu7e/sH5cOjtgljLbAlQhXqrgcGlQywRZIUdiON4HsKO96kkfmdB9RGhsEdTSN0fRgHciQFUCr1+j7QvQCVNGaDcsWu2jn4KnHmpMLmaA7K3/1hKGIfAxIKjOk5dkRuApqkUDgr9WODEYgJjLGX0gB8NG6SR57xs9gAhTxCzaXiuYh/NxLwjZn6XjqZRTTLXib+5/ViGtXcRAZRTBiI7BFJhfkjI7RMu0A+lBqJIEuOXAZcgAYi1JKDEKkYp+UsHAWl3ORxmnXkLDeyStoXVeeyWru9rNSv520V2Qk7ZefMYVeszm5Yk7WYYCF7Zi/s1Xqy3qx36+N3tGDNd47ZAqzPHy+enrA=</latexit>

↵

<latexit sha1_base64="DJu+X/EeY3Ho8+dgWqn9iFUBKKE=">AAACBXicbVC7TsNAEDyHVwivBEqaExESVWQjJFJG0FAGiTykOIrWl01yyvmhuzUoslLzFbRQ0SFavoOCf8E2KSBhqtHMjnZ3vEhJQ7b9aRXW1jc2t4rbpZ3dvf2DcuWwbcJYC2yJUIW664FBJQNskSSF3Ugj+J7Cjje9zvzOPWojw+COZhH2fRgHciQFUCoNyhU3TO0snbigognMB+WqXbNz8FXiLEiVLdAclL/cYShiHwMSCozpOXZE/QQ0SaFwXnJjgxGIKYyxl9IAfDT9JD99zk9jAxTyCDWXiuci/k4k4Bsz87100geamGUvE//zejGN6v1EBlFMGIhsEUmF+SIjtEyfRj6UGokguxy5DLgADUSoJQchUjFOSyqlfTjL36+S9nnNuajVby+qjatFM0V2zE7YGXPYJWuwG9ZkLSbYA3tiz+zFerRerTfr/We0YC0yR+wPrI9v4w2Y/w==</latexit>

↵

<latexit sha1_base64="zuP7d5yZuXvu1TEatAy36xw74Qg=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGiTykxIrWl01y5PzQ3RopRPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON71O/c4DaiPD4I5mEbo+jAM5kgIokdp9UNEEBuWKXbUz8FXi5KTCcjQH5a/+MBSxjwEJBcb0HDsidw6apFC4KPVjgxGIKYyxl9AAfDTuPEu74GexAQp5hJpLxTMRf2/MwTdm5nvJpA80McteKv7n9WIa1d25DKKYMBDpIZIKs0NGaJnUgHwoNRJBmhy5DLgADUSoJQchEjFOeiklfTjL36+S9kXVqVXrt7VK4ypvpshO2Ck7Zw67ZA12w5qsxQS7Z0/smb1Yj9ar9Wa9/4wWrHznmP2B9fENRKSTqA==</latexit>

C \ C = ;

<latexit sha1_base64="fO4GCa3Ut2x7VZSsMruCozg7kF0=">AAACJXicbVDLSsNAFJ3Ud31VXboZLIKrkkjBbgTRjUsFq0ITys30tg6dJMPMjVBCv8NP8Cvc6sqdCC7EXzGJXVTrXR3OOfd1Qq2kJdf9cCpz8wuLS8sr1dW19Y3N2tb2tU1SI7AtEpWY2xAsKhljmyQpvNUGIQoV3oTDs0K/uUdjZRJf0UhjEMEgln0pgHKqW/P8COhOgMrOxr4A7Se5uxiWTQljfsx9jDSNLFK3Vncbbll8FngTUGeTuujWPv1eItIIYxIKrO14rqYgA0NSKBxX/dSiBjGEAXZyGEOENsjK18Z8P7VACddouFS8JHG6I4PI2lEU5s7iXvtXK8j/tE5K/VaQyVinhLEoFpFUWC6ywsg8BeQ9aZAIisuRy5gLMECERnIQIifTPMRqnof39/tZcH3Y8JqN1mWzfnI6SWaZ7bI9dsA8dsRO2Dm7YG0m2AN7Ys/sxXl0Xp035/3HWnEmPTvsVzlf331BpqM=</latexit>

⇤ = C [ C

<latexit sha1_base64="YLDwxLRbe/CfBpt4ltv2/Lml3QY=">AAACI3icbVC7SgNBFJ31GeNr1dJmMAhWcVcEbQQxjYVFBBOFbAh3JzdxcPbBzF1BlnyGn+BX2GplJzYW+RdnY4qYeKvDOfd1Tpgqacjzvp25+YXFpeXSSnl1bX1j093abpok0wIbIlGJvgvBoJIxNkiSwrtUI0ShwtvwoVbot4+ojUziG3pKsR1BP5Y9KYAs1XEPgyvb3AV+xoMI6F6AymuDQGRpkNi5Ym0+IQw6bsWreqPis8AfgwobV73jDoNuIrIIYxIKjGn5XkrtHDRJoXBQDjKDKYgH6GPLwhgiNO18ZGzA9zMDlPAUNZeKj0icnMghMuYpCm1n8aOZ1gryP62VUe+0ncs4zQhjURwiqXB0yAgtrXPkXamRCIrPkcuYC9BAhFpyEMKSmY2wbPPwp93PguZR1T+unl4fV84vxsmU2C7bYwfMZyfsnF2yOmswwZ7ZK3tj786L8+F8Ol+/rXPOeGaH/Sln+AMiy6Vp</latexit>

�

<latexit sha1_base64="iHEB0giwjzOa6Q3+0+ErZM+WnjI=">AAAB+XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS+iddOKQ2QczvUJY8hFe9eRNvPo1HvwXZ+MeNLFORVU13V1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18Khj4lQLbItYxboXgEElI2yTJIW9RCOEgcJuML3J/e4jaiPj6J5mCfohTCI5lgLISt2BstERDKs1t+4uwFeJV5AaK9AaVr8Go1ikIUYkFBjT99yE/Aw0SaFwXhmkBhMQU5hg39IIQjR+tjh3zs9SAxTzBDWXii9E/D2RQWjMLAxsMgR6MMteLv7n9VMaN/xMRklKGIl8EUmFi0VGaGl7QD6SGokgvxy5jLgADUSoJQchrJjaYiq2D2/5+1XSuah7l/XG3WWteV00U2Yn7JSdM49dsSa7ZS3WZoJN2RN7Zi9O5rw6b877T7TkFDPH7A+cj2/5zZQN</latexit>

�

<latexit sha1_base64="pmMgdgEBZjguDiaGcVGDeolAQWo=">AAACBnicbVC7TgJBFJ3FF+ILsbSZSEysyK4hkZJoY4mJPBIg5O5wwQmzj8zcNZINvV9hq5WdsfU3LPwXZ5FCwVOdnHNP7r3Hj5U05LqfTm5tfWNzK79d2Nnd2z8oHpZaJkq0wKaIVKQ7PhhUMsQmSVLYiTVC4Cts+5OrzG/fozYyCm9pGmM/gHEoR1IAWWlQLPUia2fptKdsbAizQbHsVtw5+CrxFqTMFmgMil+9YSSSAEMSCozpem5M/RQ0SaFwVuglBmMQExhj19IQAjT9dH77jJ8mBijiMWouFZ+L+DuRQmDMNPDtZAB0Z5a9TPzP6yY0qvVTGcYJYSiyRSQVzhcZoaX9GvlQaiSC7HLkMuQCNBChlhyEsGJiWyrYPrzl71dJ67ziVSu1m2q5frloJs+O2Qk7Yx67YHV2zRqsyQR7YE/smb04j86r8+a8/4zmnEXmiP2B8/ENnRCZZA==</latexit>

L = ⇤ [ {⌧}

<latexit sha1_base64="aYkWJ+JdZSUt85n4lf2UM/EfjOE=">AAACE3icbVC7SgNBFJ31GeMramnhYBCswq4EtBGCNhYpIhgNZJdwd3LVwdkHM3cEWVL6CX6FrVZ2YusHWPgv7q4p1Hiqwzn3cO89YaqkIdf9cKamZ2bn5isL1cWl5ZXV2tr6uUmsFtgViUp0LwSDSsbYJUkKe6lGiEKFF+HNceFf3KI2MonP6C7FIIKrWF5KAZRLg9qWHwFdC1BZe3Tot/PgEHxhUz/zCaw/GtTqbsMtwSeJNyZ1NkZnUPv0h4mwEcYkFBjT99yUggw0SaFwVPWtwRTEDVxhP6cxRGiCrHxkxHesAUp4ippLxUsRfyYyiIy5i8J8sjjb/PUK8T+vb+nyIMhknFrCWBSLSCosFxmhZd4Q8qHUSATF5chlzAVoIEItOQiRizavrJr34f39fpKc7zW8ZuPgtFlvHY2bqbBNts12mcf2WYudsA7rMsHu2SN7Ys/Og/PivDpv36NTzjizwX7Bef8ChlGevw==</latexit>

µ

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

⌧ 62 ⇤

<latexit sha1_base64="mMqkHX13f3/JNo0IqybrzsJ6hIQ=">AAACBnicbVA9TwJBEN3DL8QvxNJmIzGxInfGREqijYUFJvKRcITMLQNu2Nu77M4ZCaH3V9hqZWds/RsW/hfvkELBV728Ny8z84JYSUuu++nkVlbX1jfym4Wt7Z3dveJ+qWmjxAhsiEhFph2ARSU1NkiSwnZsEMJAYSsYXWZ+6x6NlZG+pXGM3RCGWg6kAEqlXrHkEyS+jsiX2r9Oc33oFctuxZ2BLxNvTspsjnqv+OX3I5GEqEkosLbjuTF1J2BICoXTgp9YjEGMYIidlGoI0XYns9un/DixQBGP0XCp+EzE34kJhNaOwyCdDIHu7KKXif95nYQG1e5E6jgh1CJbRFLhbJEVRqalIO9Lg0SQXY5cai7AABEayUGIVEzSlgppH97i98ukeVrxzirVm7Ny7WLeTJ4dsiN2wjx2zmrsitVZgwn2wJ7YM3txHp1X5815/xnNOfPMAfsD5+MbG3OZEg==</latexit>

set of (output) co-actions, ranged by
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LTS of a process

• µ�! •

<latexit sha1_base64="krcgxqsETA33Pnpmz9cICeW1Zn8=">AAACE3icbVC7TsNAEDzzDOEVoKTgRIREFdkoEikjaCiDRB5SHEXrYwknzg/d7QGRlZJP4CtooaJDtHwABf+CE1xAwlSjmV3tzgSJkoZc99OZm19YXFourBRX19Y3Nktb2y0TWy2wKWIV604ABpWMsEmSFHYSjRAGCtvBzenYb9+iNjKOLmiYYC+EQSSvpADKpH5pzw+sUkj+vZaDawKt47vUD+0o1/ulsltxJ+CzxMtJmeVo9Etf/mUsbIgRCQXGdD03oV4KmqRQOCr61mAC4gYG2M1oBCGaXjoJMuIH1gDFPEHNpeITEX9vpBAaMwyDbDIEujbT3lj8z+tauqr1UhklljAS40MkFU4OGaFl1hDyS6mRCMafI5cRF6CBCLXkIEQm2qyyYtaHN51+lrSOKl61UjuvlusneTMFtsv22SHz2DGrszPWYE0m2AN7Ys/sxXl0Xp035/1ndM7Jd3bYHzgf39Lwn4w=</latexit>

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

p

<latexit sha1_base64="l7lNDk1vIYTjyx9lC6jUahRXbFc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAmEnlIiRWdL5twyvl8ulsjRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OoKWw6LqfTmljc2t7p7xb2ds/ODyqHp/0bBQbDl0eycgMAmZBCgVdFChhoA2wMJDQD+a3md9/BGNFpO5xocEP2UyJqeAMU6mjx9WaW3dz0HXiFaRGCrTH1a/RJOJxCAq5ZNYOPVejnzCDgktYVkaxBc34nM1gmFLFQrB+kgdd0ovYMoyoBkOFpLkIvzcSFlq7CIN0MmT4YFe9TPzPG8Y4bfqJUDpGUDw7hEJCfshyI9IGgE6EAUSWJQcqFOXMMEQwgjLOUzFOK6mkfXir36+T3lXda9SbnUatdVM0UyZn5JxcEo9ckxa5I23SJZwAeSLP5MWJnVfnzXn/GS05xc4p+QPn4xt9n5GE</latexit>

starting from     , consider all reachable states:p

<latexit sha1_base64="l7lNDk1vIYTjyx9lC6jUahRXbFc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAmEnlIiRWdL5twyvl8ulsjRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OoKWw6LqfTmljc2t7p7xb2ds/ODyqHp/0bBQbDl0eycgMAmZBCgVdFChhoA2wMJDQD+a3md9/BGNFpO5xocEP2UyJqeAMU6mjx9WaW3dz0HXiFaRGCrTH1a/RJOJxCAq5ZNYOPVejnzCDgktYVkaxBc34nM1gmFLFQrB+kgdd0ovYMoyoBkOFpLkIvzcSFlq7CIN0MmT4YFe9TPzPG8Y4bfqJUDpGUDw7hEJCfshyI9IGgE6EAUSWJQcqFOXMMEQwgjLOUzFOK6mkfXir36+T3lXda9SbnUatdVM0UyZn5JxcEo9ckxa5I23SJZwAeSLP5MWJnVfnzXn/GS05xc4p+QPn4xt9n5GE</latexit>

the LTS of CCS is infinite (one state for each process)

the LTS of a process can be finite/infinite
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Nil process
nil 6�!

<latexit sha1_base64="SiTYsaQnU4O8Mj8/i8WwHseeDrk=">AAACE3icbVC7TsNAEDzzDOEVoKTgRIREFdkoEikRNJRBIglSHEXrYxNOnM/W3ZqHLJd8Al9BCxUdouUDKPgX7OCC11SjmV3t7ASxkpZc992Zmp6ZnZuvLFQXl5ZXVmtr610bJUZgR0QqMmcBWFRSY4ckKTyLDUIYKOwFl0eF37tCY2WkT+k2xkEIYy1HUgDl0rC25YdAF8Eo1VJl3NcR+TdGji8IjImu02xYq7sNdwL+l3glqbMS7WHtwz+PRBKiJqHA2r7nxjRIwZAUCrOqn1iMQVzCGPs51RCiHaSTRzK+k1igiMdouFR8IuL3jRRCa2/DIJ8sYtvfXiH+5/UTGrUGqdRxQqhFcYikwskhK4zMG0J+Lg0SQZEcudRcgAEiNJKDELmY5JVV8z6839//Jd29htdstE6a9YPDspkK22TbbJd5bJ8dsGPWZh0m2B17YI/sybl3np0X5/VrdMopdzbYDzhvn4IXn1w=</latexit>

the inactive process does nothing

no interaction is possible with the environment

represents a terminated agent

no operational semantics rule associated with nil
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LTS of a process

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

nil

<latexit sha1_base64="APngiTYbwtNXtEOM8b6JcZmdGlU=">AAAB/nicbVC7SgNBFJ2NrxhfUUubwSBYhV0JmDJoYxnBPCAbwuzkJg6ZnR1m7gphCfgVtlrZia2/YuG/uLtuoYmnOpxzL/fcE2gpLLrup1NaW9/Y3CpvV3Z29/YPqodHXRvFhkOHRzIy/YBZkEJBBwVK6GsDLAwk9ILZdeb3HsBYEak7nGsYhmyqxERwhqnk+yHD+2CSKCEXo2rNrbs56CrxClIjBdqj6pc/jngcgkIumbUDz9U4TJhBwSUsKn5sQTM+Y1MYpFSxEOwwyTMv6FlsGUZUg6FC0lyE3xsJC62dh0E6mWW0y14m/ucNYpw0h4lQOkZQPDuEQkJ+yHIj0jKAjoUBRJYlByoU5cwwRDCCMs5TMU7bqaR9eMvfr5LuRd1r1Ju3jVrrqmimTE7IKTknHrkkLXJD2qRDONHkiTyTF+fReXXenPef0ZJT7ByTP3A+vgFaJZaL</latexit>
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Action prefix

an action prefixed process can perform the action
and continue as expected

the action may involve an interaction with the environment

µ.p
µ�! p

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

waits a coin, then gives a coffee and then it stops

coin.co↵e.nil
coin���! co↵e.nil

co↵e���! nil

<latexit sha1_base64="OI3CO+VBHS6YqPwNrKOaOtwpc6U="></latexit>

coin.co↵ee.nil

<latexit sha1_base64="sIFOcK+OPpzpzxGmC58gkiPbpLk=">AAACKXicbVDLSsNAFJ34tr6qLt0MFsFVSUTRpejGZQVbhbaUyfSmXjqZhJkbQUK+xE/wK9zqyp0KrvwRJ7Xgo97V4ZxzXydMFVry/Vdvanpmdm5+YbGytLyyulZd32jZJDMSmjJRibkKhQWFGpqEpOAqNSDiUMFlODwt9csbMBYTfUG3KXRjMdAYoRTkqF71oBMLukbKZYK6qHcSZy5n5d98FAEUTiqJMMo1qqJXrfl1f1R8EgRjUGPjavSq751+IrMYNEklrG0HfkrdXBhCqaCodDILqZBDMYC2g1rEYLv56L2C72RWUMJTMBwVH5HwsyMXsbW3ceic5Y32r1aS/2ntjKKjbo46zQi0LBcRKhgtstKgiwJ4Hw0QifJy4Ki5FEYQgUEupHRk5oKsuDyCv99PgtZePdivH53v145PxskssC22zXZZwA7ZMTtjDdZkkt2xB/bInrx779l78d6+rFPeuGeT/Srv4xMwD6kx</latexit>

coin.co↵e.nil
coin���! co↵e.nil

co↵e���! nil

<latexit sha1_base64="OI3CO+VBHS6YqPwNrKOaOtwpc6U="></latexit>

Act)
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LTS of a process

p

<latexit sha1_base64="l7lNDk1vIYTjyx9lC6jUahRXbFc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAmEnlIiRWdL5twyvl8ulsjRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OoKWw6LqfTmljc2t7p7xb2ds/ODyqHp/0bBQbDl0eycgMAmZBCgVdFChhoA2wMJDQD+a3md9/BGNFpO5xocEP2UyJqeAMU6mjx9WaW3dz0HXiFaRGCrTH1a/RJOJxCAq5ZNYOPVejnzCDgktYVkaxBc34nM1gmFLFQrB+kgdd0ovYMoyoBkOFpLkIvzcSFlq7CIN0MmT4YFe9TPzPG8Y4bfqJUDpGUDw7hEJCfshyI9IGgE6EAUSWJQcqFOXMMEQwgjLOUzFOK6mkfXir36+T3lXda9SbnUatdVM0UyZn5JxcEo9ckxa5I23SJZwAeSLP5MWJnVfnzXn/GS05xc4p+QPn4xt9n5GE</latexit>

µ.p

<latexit sha1_base64="tJsyxAS8mtxylIFf3kEpRDNStOM=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJyrJRJFJG0FAGCYdIiRWdL5twyt3ZulsjRVa+gRYqOkTL51DwL9jBBSRMNZrZ1c5OlEhh0fM+ncra+sbmVnW7trO7t39QPzzq2jg1HAIey9j0ImZBCg0BCpTQSwwwFUm4j6bXhX//CMaKWN/hLIFQsYkWY8EZ5lIwUKmbDOsNz/UWoKvEL0mDlOgM61+DUcxTBRq5ZNb2fS/BMGMGBZcwrw1SCwnjUzaBfk41U2DDbBF2Ts9SyzCmCRgqJF2I8HsjY8ramYryScXwwS57hfif109x3AozoZMUQfPiEAoJi0OWG5G3AHQkDCCyIjlQoSlnhiGCEZRxnotpXkst78Nf/n6VdC9cv+m2bpuN9lXZTJWckFNyTnxySdrkhnRIQDgR5Ik8kxdn5rw6b877z2jFKXeOyR84H99Mt5MY</latexit>

• µ�! •

<latexit sha1_base64="krcgxqsETA33Pnpmz9cICeW1Zn8=">AAACE3icbVC7TsNAEDzzDOEVoKTgRIREFdkoEikjaCiDRB5SHEXrYwknzg/d7QGRlZJP4CtooaJDtHwABf+CE1xAwlSjmV3tzgSJkoZc99OZm19YXFourBRX19Y3Nktb2y0TWy2wKWIV604ABpWMsEmSFHYSjRAGCtvBzenYb9+iNjKOLmiYYC+EQSSvpADKpH5pzw+sUkj+vZaDawKt47vUD+0o1/ulsltxJ+CzxMtJmeVo9Etf/mUsbIgRCQXGdD03oV4KmqRQOCr61mAC4gYG2M1oBCGaXjoJMuIH1gDFPEHNpeITEX9vpBAaMwyDbDIEujbT3lj8z+tauqr1UhklljAS40MkFU4OGaFl1hDyS6mRCMafI5cRF6CBCLXkIEQm2qyyYtaHN51+lrSOKl61UjuvlusneTMFtsv22SHz2DGrszPWYE0m2AN7Ys/sxXl0Xp035/1ndM7Jd3bYHzgf39Lwn4w=</latexit>

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>
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Nondeterministic choice

process               can behave either as      or as

p1
µ�! q

p1 + p2
µ�! q

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

p2
µ�! q

p1 + p2
µ�! q

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

p1 + p2

<latexit sha1_base64="gjsX03V7FQzXlO1l2flTu7psORg=">AAAB+XicbVDLSsNAFJ34rPVVdelmsAiCUJJSsMuiG5cV7APaUCbT2zp0MhlmboQS+hFudeVO3Po1LvwXk5iFtp7V4Zx7ueeeQEth0XU/nbX1jc2t7dJOeXdv/+CwcnTctVFsOHR4JCPTD5gFKRR0UKCEvjbAwkBCL5jdZH7vEYwVkbrHuQY/ZFMlJoIzTKWeHnmXelQfVapuzc1BV4lXkCop0B5VvobjiMchKOSSWTvwXI1+wgwKLmFRHsYWNOMzNoVBShULwfpJHndBz2PLMKIaDBWS5iL83khYaO08DNLJkOGDXfYy8T9vEOOk6SdC6RhB8ewQCgn5IcuNSHsAOhYGEFmWHKhQlDPDEMEIyjhPxTgtppz24S1/v0q69ZrXqDXvGtXWddFMiZySM3JBPHJFWuSWtEmHcDIjT+SZvDiJ8+q8Oe8/o2tOsXNC/sD5+AYWlpN8</latexit>

p1

<latexit sha1_base64="glxzMy2w5odLSGDqun40fiCnTHQ=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGQUKkxIrOl0045Xw+3a1BkZVPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pZXVvfKG9WtrZ3dveq+wddG8WGQ4dHMjK9gFmQQkEHBUroaQMsDCTcBdPLzL97AGNFpG5xpsEP2USJseAMU+lGD71htebW3Rx0mXgFqZEC7WH1azCKeByCQi6ZtX3P1egnzKDgEuaVQWxBMz5lE+inVLEQrJ/kUef0JLYMI6rBUCFpLsLvjYSF1s7CIJ0MGd7bRS8T//P6MY6bfiKUjhEUzw6hkJAfstyItAOgI2EAkWXJgQpFOTMMEYygjPNUjNNSKmkf3uL3y6R7Vvca9eZ1o9a6KJopkyNyTE6JR85Ji1yRNukQTibkiTyTF+fReXXenPef0ZJT7BySP3A+vgGpPZIo</latexit>

p2

<latexit sha1_base64="dV5MJYvjpuiBYKxymHt0u16H/TM=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrKjSKSMoKEMgjykxIrOl0045Xw+3a1BUZRPoIWKDtHyPRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1hb39jcKm6Xdnb39g/Kh0cdG8WGQ5tHMjK9gFmQQkEbBUroaQMsDCR0g+lV6ncfwFgRqTucafBDNlFiLDjDRLrVw9qwXHGrbga6SrycVEiO1rD8NRhFPA5BIZfM2r7navTnzKDgEhalQWxBMz5lE+gnVLEQrD/Poi7oWWwZRlSDoULSTITfG3MWWjsLg2QyZHhvl71U/M/rxzhu+HOhdIygeHoIhYTskOVGJB0AHQkDiCxNDlQoyplhiGAEZZwnYpyUUkr68Ja/XyWdWtWrVxs39UrzMm+mSE7IKTknHrkgTXJNWqRNOJmQJ/JMXpxH59V5c95/RgtOvnNM/sD5+AaqzJIp</latexit>

waits a coin, then gives a coffee or a tea, then it stops
coin.(co↵ee.nil+ tea.nil)

coin
✏✏

co↵ee.nil+ tea.nil

co↵ee

��
tea
  

nil

<latexit sha1_base64="zoLYEOKgG4ZKXwqTEnLh3WD2LUE="></latexit>

coin.(co↵ee.nil+ tea.nil)

<latexit sha1_base64="DqS8/Bef+Ra35XN6OUyA0I12HRc="></latexit>

coin.(co↵ee.nil+ tea.nil)

coin
✏✏

co↵ee.nil+ tea.nil

co↵ee

��
tea
  

nil

<latexit sha1_base64="zoLYEOKgG4ZKXwqTEnLh3WD2LUE="></latexit>

SumL) SumR)
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LTS of a process
p

<latexit sha1_base64="l7lNDk1vIYTjyx9lC6jUahRXbFc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAmEnlIiRWdL5twyvl8ulsjRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OoKWw6LqfTmljc2t7p7xb2ds/ODyqHp/0bBQbDl0eycgMAmZBCgVdFChhoA2wMJDQD+a3md9/BGNFpO5xocEP2UyJqeAMU6mjx9WaW3dz0HXiFaRGCrTH1a/RJOJxCAq5ZNYOPVejnzCDgktYVkaxBc34nM1gmFLFQrB+kgdd0ovYMoyoBkOFpLkIvzcSFlq7CIN0MmT4YFe9TPzPG8Y4bfqJUDpGUDw7hEJCfshyI9IGgE6EAUSWJQcqFOXMMEQwgjLOUzFOK6mkfXir36+T3lXda9SbnUatdVM0UyZn5JxcEo9ckxa5I23SJZwAeSLP5MWJnVfnzXn/GS05xc4p+QPn4xt9n5GE</latexit>

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

q

<latexit sha1_base64="bEP2aONPY+LrlU50StdLi7xotc0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREikjaCgTiTykxIrOl0045Xw2d3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gjYiUnc4j8EP2VSJieAMU6n9MKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtC9rzeuimTI5IafknHjkijTJLWmRDuEEyBN5Ji+OdV6dN+f9Z7TkFDvH5A+cj29/LpGF</latexit>

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

p+ q

<latexit sha1_base64="xix6ghdNgQPGLTl+1g2IcEX5KRA=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBAEIexKwByDXjxGNA9IQpiddOKQ2dlxplcJSz7Bq568iVe/x4P/4u66B02sU1HVTVeXr6Ww6LqfztLyyuraemGjuLm1vbNb2ttv2TAyHJo8lKHp+MyCFAqaKFBCRxtggS+h7U8uU7/9AMaKUN3iVEM/YGMlRoIzTKQbfXo/KJXdipuBLhIvJ2WSozEoffWGIY8CUMgls7bruRr7MTMouIRZsRdZ0IxP2Bi6CVUsANuPs6gzehxZhiHVYKiQNBPh90bMAmungZ9MBgzv7LyXiv953QhHtX4slI4QFE8PoZCQHbLciKQDoENhAJGlyYEKRTkzDBGMoIzzRIySUopJH97894ukdVbxqpXadbVcv8ibKZBDckROiEfOSZ1ckQZpEk7G5Ik8kxfn0Xl13pz3n9ElJ985IH/gfHwDu72SNA==</latexit>
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Recursion

like a recursive definition 

waits a coin, then gives a coffee and is ready again 
                                  or a tea and stops

p[rec x. p/x]
µ�! q

rec x. p
µ�! q

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

rec x. coin.(co↵ee.x+ tea.nil)

coin
⌦⌦

co↵ee.(rec x. coin.(co↵ee.x+ tea.nil)) + tea.nil

co↵ee

II

tea
✏✏

nil

<latexit sha1_base64="JNACfBfplYJXBQ1UOlX9/T2tMPQ="></latexit>

rec x. coin.(co↵ee.x+ tea.nil)

<latexit sha1_base64="j7pPKXeHvfcbnRH1OBDWI4ZPkDA="></latexit>

let x = p in x

<latexit sha1_base64="ik/r2yRfqYGVkVvQRFLWzFQwaJ8=">AAACKHicbVC7SgNBFJ2Nr/iOWtoMBsEq7ErANIJoYxnBJEKyhLvjTRwy+2DmrhiWpPRjxFa/w07S+gf+gZM1gq9THc65zxMkShpy3YlTmJtfWFwqLq+srq1vbJa2tpsmTrXAhohVrK8CMKhkhA2SpPAq0QhhoLAVDM6mfusWtZFxdEnDBP0Q+pHsSQFkpW6Jd0KgG9PLFNJofMePeTL+kmRklW6p7FbcHPwv8WakzGaod0vvnetYpCFGJBQY0/bchPwMNEmhcLTSSQ0mIAbQx7alEYRo/Cz/ZMT3UwMU8wQ1l4rnIn7vyCA0ZhgGtjI/8rc3Ff/z2in1ar79KEkJIzFdRFJhvsgILW1EyK+lRiKYXo5cRlyABiLUkoMQVkxtZj+GglJ+djcc2Yy834n8Jc3Dilet1C6q5ZPTWVpFtsv22AHz2BE7YeeszhpMsHv2yJ7Ys/PgvDivzuSztODMenbYDzhvH6S/qGM=</latexit>

rec x. coin.(co↵ee.x+ tea.nil)

coin
⌦⌦

co↵ee.(rec x. coin.(co↵ee.x+ tea.nil)) + tea.nil

co↵ee

II

tea
✏✏

nil

<latexit sha1_base64="JNACfBfplYJXBQ1UOlX9/T2tMPQ="></latexit>

Rec)

P , rec x. coin.(co↵ee.x+ tea.nil)

coin
⌦⌦

co↵ee.P + tea.nil

co↵ee

II

tea
✏✏

nil

<latexit sha1_base64="sm7qIcMc5XultzpRj6IGgQaLosk="></latexit>

P , rec x. coin.(co↵ee.x+ tea.nil)

coin
⌦⌦

co↵ee.P + tea.nil

co↵ee

II

tea
✏✏

nil

<latexit sha1_base64="sm7qIcMc5XultzpRj6IGgQaLosk="></latexit>
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Recursion via process 
constants

imagine some process constants     are available
together with a set      of declarations of the form

one for each constant

A , p 2 � p
µ�! q

A
µ�! q

<latexit sha1_base64="JS663FjlqqydZgnbuwu4RGf7E6Y="></latexit>

A

<latexit sha1_base64="ZanKptpX2vJMgodaVvq3quVbTRI=">AAACB3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRxRLx4hkUcCG9I7NDhh9pGZXiPZ8AHGq36HN+PVz/Az/AN3kYOAdapUdXd1youUNGTbX1ZubX1jcyu/XdjZ3ds/KB4etUwYa4FNEapQdzwwqGSATZKksBNpBN9T2PbGN5nffkBtZBjc0SRC14dRIIdSAKVS46pfLNllewa+Spw5KbE56v3id28QitjHgIQCY7qOHZGbgCYpFE4LvdhgBGIMI+ymNAAfjZvMHp3ys9gAhTxCzaXiMxH/biTgGzPxvXTSB7o3y14m/ud1YxpW3UQGUUwYiCyIpMJZkBFapg0gH0iNRJB9jlwGXIAGItSSgxCpGKeVLBwFpdzkcTJNO3KWG1klrYuyUylXG5VS7XreVp6dsFN2zhx2yWrsltVZkwmG7Jm9sFfryXqz3q2P39GcNd85ZguwPn8AzA6aHA==</latexit>

�

<latexit sha1_base64="DqunJeJTLVd8VqUUQjvq3ONfkQ4=">AAACDHicbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRyJevCIiTwS2JDeocGR2Udmeo1kwy8Yr/od3oxX/8HP8A9cVg4C1qlS1d3VKS9S0pBtf1m5ldW19Y38ZmFre2d3r7h/0DRhrAU2RKhC3fbAoJIBNkiSwnakEXxPYcsbXU791gNqI8PglsYRuj4MAzmQAiiVmt0rVAS9Ysku2xn4MnFmpMRmqPeK391+KGIfAxIKjOk4dkRuApqkUDgpdGODEYgRDLGT0gB8NG6SfTvhJ7EBCnmEmkvFMxH/biTgGzP2vXTSB7ozi95U/M/rxDSouokMopgwENMgkgqzICO0TGtA3pcaiWD6OXIZcAEaiFBLDkKkYpz2MncUlHKTx/Ek7chZbGSZNM/KTqVcvamUaheztvLsiB2zU+awc1Zj16zOGkywe/bMXtir9WS9We/Wx+9ozprtHLI5WJ8/2POcUw==</latexit>

A , p

<latexit sha1_base64="zC0KL54HJeG2TXOOrBjK/Zhpf4k=">AAACE3icbVC7TsNAEDzzJrwClDQnIiSqyEZIUPJoKEEiDymx0PqyCSfOZ+dujYisfAaihe+gQ7R8AJ/BH2AbF5Aw1Whmd2c1QaykJdf9dGZm5+YXFpeWKyura+sb1c2tpo0SI7AhIhWZdgAWldTYIEkK27FBCAOFreDuPPdb92isjPQ1jWL0Qxho2ZcCKJP80y4ZCXqgcMjjm2rNrbsF+DTxSlJjJS5vql/dXiSSEDUJBdZ2PDcmPwVDUigcV7qJxRjEHQywk1ENIVo/LZ4e873EAkU8RsOl4oWIvzdSCK0dhUE2GQLd2kkvF//zOgn1j/1U6jgh1CIPIqmwCLLCyKwN5D1pkAjyz5FLzQUYIEIjOQiRiUlWz5+joJSfPozGWUfeZCPTpHlQ9w7rx1eHtZOzsq0ltsN22T7z2BE7YRfskjWYYEP2xJ7Zi/PovDpvzvvP6IxT7myzP3A+vgFYNp9H</latexit>

Const)

P , coin.(co↵ee.P + tea.nil)

<latexit sha1_base64="TkIt7gxvI4e31gP8XGWM8KuKJTU="></latexit>
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CCS: capacity 1 buffer
B1

0

in

⌦⌦
B1

1

out

II

<latexit sha1_base64="RkqIPc175JbdoOrR6SInZCB7Z1w="></latexit>

rec x. in.out .x

<latexit sha1_base64="IpYmEnVKFb+Zl9mebHZOYnY1zEc="></latexit>

� = { B1
0 , in.B1

1 , B1
1 , out .B1

0 }

<latexit sha1_base64="gwW2ccZXEbSVXMGY9QQ4PLa9AsQ="></latexit>

B1
0

<latexit sha1_base64="/NI9YjCuL0Sct49MJn0NH2FN/k4=">AAACC3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRwJXjxiIo8EVtI7NDhh9pGZXiPZ8AnGq36HN+PVj/Az/AOXlYOAdapUdXd1youUNGTbX1ZubX1jcyu/XdjZ3ds/KB4etUwYa4FNEapQdzwwqGSATZKksBNpBN9T2PbGVzO//YDayDC4pUmErg+jQA6lAEqlZr1v3zn9Ysku2xn4KnHmpMTmaPSL371BKGIfAxIKjOk6dkRuApqkUDgt9GKDEYgxjLCb0gB8NG6SPTvlZ7EBCnmEmkvFMxH/biTgGzPxvXTSB7o3y95M/M/rxjSsuokMopgwELMgkgqzICO0TFtAPpAaiWD2OXIZcAEaiFBLDkKkYpzWsnAUlHKTx8k07chZbmSVtC7KTqVcvamUavV5W3l2wk7ZOXPYJauxa9ZgTSaYZM/shb1aT9ab9W59/I7mrPnOMVuA9fkDOPObYw==</latexit>

in •

<latexit sha1_base64="Ng216oT1R27BnZLR9h66idWH7rQ=">AAACG3icbVDLTgJBEJzFF+IL5ehlIjHxRHYNiRyJXjxiIo8ENqR3aHDC7CMzvUaywT8xXvU7vBmvHvwM/8Bd5CBgnSpV3dM15UVKGrLtLyu3tr6xuZXfLuzs7u0fFA+PWiaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvjq8xv36M2MgxuaRKh68MokEMpgFKpXyz1fKA7SYkMpo89L1YKqV8s2xV7Br5KnDkpszka/eJ3bxCK2MeAhAJjuo4dkZuAJikUTgu92GAEYgwj7KY0AB+Nm8zCT/lpbIBCHqHmUvGZiH83EvCNmfheOplFNcteJv7ndWMa1tz0X1FMGIjsEEmFs0NGaJm2gnwgNRJBlhy5DLgADUSoJQchUjFOa1p4FJRyk4fJNO3IWW5klbTOK061UrupluuX87by7JidsDPmsAtWZ9eswZpMsAl7Zi/s1Xqy3qx36+N3NGfNd0psAdbnD/q5otQ=</latexit>

• out

<latexit sha1_base64="xmCOsPjaY7K5OPVBEagXhFb7wbc=">AAACHHicbVDJSgNBFOxxN27jcvPSGARPYUYEPYpePEYwUUiG8Kbzoo09C92vxTjETxGv+h3exKvgZ/gHzow5mMQ6FVVvKSpMlTTkeV/O1PTM7Nz8wmJlaXlldc1d32iaxGqBDZGoRF+FYFDJGBskSeFVqhGiUOFleHta+Jd3qI1M4gvqpxhEcB3LnhRAudRxt9qhVQrpsR0B3UjKEkuDjlv1al4JPkn8IamyIeod97vdTYSNMCahwJiW76UUZKBJCoWDStsaTEHcwjW2chpDhCbIyvQDvmsNUMJT1FwqXor4dyODyJh+FOaTRUYz7hXif17LUu8oyGScWsJYFI9IKiwfGaFlXgvyrtRIBEVy5DLmAjQQoZYchMhFm/c0chSUCrL7ftGRP97IJGnu1/yD2tH5QfX4ZNjWAttmO2yP+eyQHbMzVmcNJtgDe2Yv7NV5ct6cd+fjd3TKGe5sshE4nz/6dKNf</latexit>
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CCS: capacity 2 buffer
B2

0 , in.B2
1

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

B2
1 , in.B2

2 + out .B2
0

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

B2
2 , out .B2

1

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

B2
0 , in.B2

1

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

B2
1 , in.B2

2 + out .B2
0

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

B2
2 , out .B2

1

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

B2
0

in

⌦⌦
B2

1

in

⌦⌦

out

II

B2
2

out

II

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

in •

<latexit sha1_base64="Ng216oT1R27BnZLR9h66idWH7rQ=">AAACG3icbVDLTgJBEJzFF+IL5ehlIjHxRHYNiRyJXjxiIo8ENqR3aHDC7CMzvUaywT8xXvU7vBmvHvwM/8Bd5CBgnSpV3dM15UVKGrLtLyu3tr6xuZXfLuzs7u0fFA+PWiaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvjq8xv36M2MgxuaRKh68MokEMpgFKpXyz1fKA7SYkMpo89L1YKqV8s2xV7Br5KnDkpszka/eJ3bxCK2MeAhAJjuo4dkZuAJikUTgu92GAEYgwj7KY0AB+Nm8zCT/lpbIBCHqHmUvGZiH83EvCNmfheOplFNcteJv7ndWMa1tz0X1FMGIjsEEmFs0NGaJm2gnwgNRJBlhy5DLgADUSoJQchUjFOa1p4FJRyk4fJNO3IWW5klbTOK061UrupluuX87by7JidsDPmsAtWZ9eswZpMsAl7Zi/s1Xqy3qx36+N3NGfNd0psAdbnD/q5otQ=</latexit>

• out

<latexit sha1_base64="xmCOsPjaY7K5OPVBEagXhFb7wbc=">AAACHHicbVDJSgNBFOxxN27jcvPSGARPYUYEPYpePEYwUUiG8Kbzoo09C92vxTjETxGv+h3exKvgZ/gHzow5mMQ6FVVvKSpMlTTkeV/O1PTM7Nz8wmJlaXlldc1d32iaxGqBDZGoRF+FYFDJGBskSeFVqhGiUOFleHta+Jd3qI1M4gvqpxhEcB3LnhRAudRxt9qhVQrpsR0B3UjKEkuDjlv1al4JPkn8IamyIeod97vdTYSNMCahwJiW76UUZKBJCoWDStsaTEHcwjW2chpDhCbIyvQDvmsNUMJT1FwqXor4dyODyJh+FOaTRUYz7hXif17LUu8oyGScWsJYFI9IKiwfGaFlXgvyrtRIBEVy5DLmAjQQoZYchMhFm/c0chSUCrL7ftGRP97IJGnu1/yD2tH5QfX4ZNjWAttmO2yP+eyQHbMzVmcNJtgDe2Yv7NV5ct6cd+fjd3TKGe5sshE4nz/6dKNf</latexit>

B2
0

<latexit sha1_base64="iUoNkDpKoYvAtuPilhkVrJ+cB8c=">AAACC3icbVDLTgJBEJz1ifhCPXqZSEw8kV1Cot4IXjxiIo8EVtI7NDhh9pGZXiPZ8AnGq36HN+PVj/Az/AN3kYOAdapUdXd1youUNGTbX9bK6tr6xmZuK7+9s7u3Xzg4bJow1gIbIlShbntgUMkAGyRJYTvSCL6nsOWNrjK/9YDayDC4pXGErg/DQA6kAEqlRq1n35V7haJdsqfgy8SZkSKbod4rfHf7oYh9DEgoMKbj2BG5CWiSQuEk340NRiBGMMROSgPw0bjJ9NkJP40NUMgj1FwqPhXx70YCvjFj30snfaB7s+hl4n9eJ6bBhZvIIIoJA5EFkVQ4DTJCy7QF5H2pkQiyz5HLgAvQQIRachAiFeO0lrmjoJSbPI4naUfOYiPLpFkuOZXS5U2lWK3N2sqxY3bCzpjDzlmVXbM6azDBJHtmL+zVerLerHfr43d0xZrtHLE5WJ8/OuibZQ==</latexit>
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CCS: boolean buffer
B;

intww inf &&
Bt

outt
88

Bf

outf
gg

<latexit sha1_base64="VqqzeTbiEve9H/SXNXx7CZRNrTY="></latexit>

B; , int.Bt + inf .Bf

<latexit sha1_base64="gO/mKZ5t072uLp3c2x0LUKaTvE0="></latexit>

Bt , out t.B;

<latexit sha1_base64="7JmoBLb/hRuYP8uNrfo/HZm+b0g="></latexit>

Bf , outf .B;

<latexit sha1_base64="n09VajmmvljLHALa1aBrlXv5omc="></latexit>

B; , int.Bt + inf .Bf

<latexit sha1_base64="gO/mKZ5t072uLp3c2x0LUKaTvE0="></latexit>

Bt , out t.B;

<latexit sha1_base64="7JmoBLb/hRuYP8uNrfo/HZm+b0g="></latexit>

Bf , outf .B;

<latexit sha1_base64="n09VajmmvljLHALa1aBrlXv5omc="></latexit>

int •

<latexit sha1_base64="Oo/G1WxNB5g6s/Kl1pYDy/DMo8I=">AAACHXicbVDLTgJBEJzFF+ILNZ68TCQmnsiuIZEj0YtHTOSRwIb0Dg1OmH1kptdINvgrxqt+hzfj1fgZ/oG7yEHAOlWquqdryouUNGTbX1ZuZXVtfSO/Wdja3tndK+4fNE0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PJGV5nfukdtZBjc0jhC14dhIAdSAKVSr3jU9YHuJCUymPTosevFSiH1iiW7bE/Bl4kzIyU2Q71X/O72QxH7GJBQYEzHsSNyE9AkhcJJoRsbjECMYIidlAbgo3GTafwJP40NUMgj1FwqPhXx70YCvjFj30sns7Bm0cvE/7xOTIOqm/4sigkDkR0iqXB6yAgt016Q96VGIsiSI5cBF6CBCLXkIEQqxmlRc4+CUm7yMJ6kHTmLjSyT5nnZqZSrN5VS7XLWVp4dsxN2xhx2wWrsmtVZgwmWsGf2wl6tJ+vNerc+fkdz1mznkM3B+vwBrxmjuw==</latexit>

inf •

<latexit sha1_base64="NVQF/SZNGaLMZJytt7r0FKXotak=">AAACHXicbVDLTgJBEJzFF+ILNZ68TCQmnsiuIZEj0YtHTOSRwIb0Dg1OmH1kptdINvgrxqt+hzfj1fgZ/oG7yEHAOlWquqdryouUNGTbX1ZuZXVtfSO/Wdja3tndK+4fNE0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PJGV5nfukdtZBjc0jhC14dhIAdSAKVSr3jU9YHuJCUymPQGj10vVgqpVyzZZXsKvkycGSmxGeq94ne3H4rYx4CEAmM6jh2Rm4AmKRROCt3YYARiBEPspDQAH42bTONP+GlsgEIeoeZS8amIfzcS8I0Z+146mYU1i14m/ud1YhpU3fRnUUwYiOwQSYXTQ0ZomfaCvC81EkGWHLkMuAANRKglByFSMU6LmnsUlHKTh/Ek7chZbGSZNM/LTqVcvamUapeztvLsmJ2wM+awC1Zj16zOGkywhD2zF/ZqPVlv1rv18Tuas2Y7h2wO1ucPl7+jrQ==</latexit>

• out t

<latexit sha1_base64="PMMuzG5yAzCjtwmOKU0KvbHU0BU=">AAACHnicbVC7SgNBFJ31bXxFBRubwSBYhV0RtBRtLCOYKCTLcndyo4OzD2buiGGN3yK2+h12Yquf4R+4G7cwiac6nHMfhxOmShpy3S9nanpmdm5+YbGytLyyulZd32iZxGqBTZGoRF+FYFDJGJskSeFVqhGiUOFleHta+Jd3qI1M4gvqp+hHcB3LnhRAuRRUtzqhVQrpsRMB3UjKEkuDgIJqza27Q/BJ4pWkxko0gup3p5sIG2FMQoExbc9Nyc9AkxQKB5WONZiCuIVrbOc0hgiNnw3zD/iuNUAJT1FzqfhQxL8bGUTG9KMwnyxSmnGvEP/z2pZ6R34m49QSxqJ4RFLh8JERWubFIO9KjURQJEcuYy5AAxFqyUGIXLR5UyNHQSk/u+8P8o688UYmSWu/7h3Uj84PascnZVsLbJvtsD3msUN2zM5YgzWZYA/smb2wV+fJeXPenY/f0Smn3NlkI3A+fwCwBqRG</latexit>

• outf

<latexit sha1_base64="1VgQzUwSXDRQaWUeDIglvmThaXA=">AAACHnicbVC7SgNBFJ31Gd9RwcZmMAhWYVcCWoo2lhFMIiTLcndyo4OzD2buiGGN3yK2+h12Yquf4R+4G7fQ6KkO59zH4YSpkoZc98OZmp6ZnZuvLCwuLa+srlXXN9omsVpgSyQq0RchGFQyxhZJUniRaoQoVNgJr08Kv3OD2sgkPqdhin4El7EcSAGUS0F1qxdapZDuexHQlaQssTQKBkG15tbdMfhf4pWkxko0g+pnr58IG2FMQoExXc9Nyc9AkxQKR4s9azAFcQ2X2M1pDBEaPxvnH/Fda4ASnqLmUvGxiD83MoiMGUZhPlmkNJNeIf7ndS0NDv1MxqkljEXxiKTC8SMjtMyLQd6XGomgSI5cxlyABiLUkoMQuWjzpn4dBaX87HY4yjvyJhv5S9r7da9RPzxr1I6Oy7YqbJvtsD3msQN2xE5Zk7WYYHfskT2xZ+fBeXFenbfv0Smn3Nlkv+C8fwGZHKQ4</latexit>

<latexit sha1_base64="KlB8qp6K/Rgjb0rVYb0OeuIasuE=">AAACEXicbVDLTgJBEJzFF+IL9ehlIjHxRHaJUY8ELx4xETCBDekdGpww+8hMr3Gz4SuMV/0Ob8arX+Bn+AcuKwcB61Sp6u7qlBcpaci2v6zCyura+kZxs7S1vbO7V94/aJsw1gJbIlShvvPAoJIBtkiSwrtII/iewo43vpr6nQfURobBLSURuj6MAjmUAiiTuo1+D/2IEoPUL1fsqp2DLxNnRipshma//N0bhCL2MSChwJiuY0fkpqBJCoWTUi82GIEYwwi7GQ3AR+Om+csTfhIboJBHqLlUPBfx70YKvjGJ72WTPtC9WfSm4n9eN6bhpZvKIIoJAzENIqkwDzJCy6wL5AOpkQimnyOXAReggQi15CBEJsZZOXNHQSk3fUwmWUfOYiPLpF2rOufV2s1Zpd6YtVVkR+yYnTKHXbA6u2ZN1mKCheyZvbBX68l6s96tj9/RgjXbOWRzsD5/ADignrM=</latexit>

B;
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Parallel composition

processes running in parallel can interleave their actions
or synchronize when dual actions are performed

p1
µ�! q1

p1|p2
µ�! q1|p2

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

p2
µ�! q2

p1|p2
µ�! p1|q2

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

p1
��! q1 p2

��! q2

p1|p2
⌧�! q1|q2

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

P , coin.co↵ee.nil

<latexit sha1_base64="uUibm6Y9R17adxhr57t+oMt24L0="></latexit>

M , coin.(co↵ee.nil+ tea.nil)

<latexit sha1_base64="RwP0S7P4D8qzFwECuvnn8KcCz6o="></latexit>

P |M coin���! co↵ee.nil|M

<latexit sha1_base64="l9HcYwJu5wbJDx3uUZIUBa/Lqkk="></latexit>

P |M coin���! P |(co↵ee.nil+ tea.nil)

<latexit sha1_base64="fp76AGk5nqZSqkCXh5b0oa1jDpc="></latexit>

P |M ⌧�! co↵ee.nil|(co↵ee.nil+ tea.nil)

<latexit sha1_base64="9PKlRg4BCcwQevUTOOC6mlMnwk8="></latexit>

ParL) Com) ParR)



3434

LTS of a process
p

<latexit sha1_base64="l7lNDk1vIYTjyx9lC6jUahRXbFc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAmEnlIiRWdL5twyvl8ulsjRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OoKWw6LqfTmljc2t7p7xb2ds/ODyqHp/0bBQbDl0eycgMAmZBCgVdFChhoA2wMJDQD+a3md9/BGNFpO5xocEP2UyJqeAMU6mjx9WaW3dz0HXiFaRGCrTH1a/RJOJxCAq5ZNYOPVejnzCDgktYVkaxBc34nM1gmFLFQrB+kgdd0ovYMoyoBkOFpLkIvzcSFlq7CIN0MmT4YFe9TPzPG8Y4bfqJUDpGUDw7hEJCfshyI9IGgE6EAUSWJQcqFOXMMEQwgjLOUzFOK6mkfXir36+T3lXda9SbnUatdVM0UyZn5JxcEo9ckxa5I23SJZwAeSLP5MWJnVfnzXn/GS05xc4p+QPn4xt9n5GE</latexit>

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

q

<latexit sha1_base64="bEP2aONPY+LrlU50StdLi7xotc0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIREikjaCgTiTykxIrOl0045Xw2d3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gjYiUnc4j8EP2VSJieAMU6n9MKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtC9rzeuimTI5IafknHjkijTJLWmRDuEEyBN5Ji+OdV6dN+f9Z7TkFDvH5A+cj29/LpGF</latexit>

p|q

<latexit sha1_base64="woocYZuk5O/KxCcfHaSrCQkRx4A=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAGQR5SYkXnyyaccj4fd2tQFPIJtFDRIVq+h4J/wTYuIDDVaGZXOzuBlsKi6344haXlldW14nppY3Nre6e8u9e2UWw4tHgkI9MNmAUpFLRQoISuNsDCQEInmJynfucOjBWRusapBj9kYyVGgjNMpCv9cDsoV9yqm4H+JV5OKiRHc1D+7A8jHoegkEtmbc9zNfozZlBwCfNSP7agGZ+wMfQSqlgI1p9lUef0KLYMI6rBUCFpJsLPjRkLrZ2GQTIZMryxi14q/uf1YhzV/ZlQOkZQPD2EQkJ2yHIjkg6ADoUBRJYmByoU5cwwRDCCMs4TMU5KKSV9eIvf/yXtk6pXq9Yva5XGWd5MkRyQQ3JMPHJKGuSCNEmLcDImj+SJPDv3zovz6rx9jxacfGef/ILz/gU6XJKF</latexit>

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

• ⌧�!
•

<latexit sha1_base64="/bDjRWDcwGwh45PmF5sIiqNr66M=">AAACFHicbVC7TsNAEDyHd3gFKGlOREhUkY0ikTKChhIkQiLFVrQ+lnDi/NDdHg9ZafkEvoIWKjpES0/Bv2AHF5Aw1WhmV7szYaqkIdf9dCozs3PzC4tL1eWV1bX12sbmuUmsFtgRiUp0LwSDSsbYIUkKe6lGiEKF3fD6qPC7N6iNTOIzuk8xiGAYy0spgHJpUON+aJVC8u+0HF4RaJ3cZj6BHZXGoFZ3G+4YfJp4JamzEieD2pd/kQgbYUxCgTF9z00pyECTFApHVd8aTEFcwxD7OY0hQhNk4yQjvmsNUMJT1FwqPhbx90YGkTH3UZhPRkBXZtIrxP+8vqXLVpDJOLWEsSgOkVQ4PmSElnlFyC+kRiIoPkcuYy5AAxFqyUGIXLR5Z9W8D28y/TQ53294zUbrtFlvH5bNLLJttsP2mMcOWJsdsxPWYYI9sCf2zF6cR+fVeXPef0YrTrmzxf7A+fgGp1Wf/g==</latexit>
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CCS: parallel buffers
B1

0 , in.B1
1

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

B1
1 , out .B1

0

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

B1
0 |B1

0

inww in ''
B1

1 |B1
0

in

��

out
77

B1
0 |B1

1
in

��

out
gg

B1
1 |B1

1

out

]]

out

AA

<latexit sha1_base64="hUflIMxvswIbYuSm7AxrD7zzq9k="></latexit>
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CCS: parallel buffers
B1

0 , in.B1
1

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

B1
1 , out .B1

0

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

B1
0 |B1

0

inww in ''
B1

1 |B1
0

in

��

out
77

B1
0 |B1

1
in

��

out
gg

B1
1 |B1

1

out

]]

out

AA

<latexit sha1_base64="hUflIMxvswIbYuSm7AxrD7zzq9k="></latexit>
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CCS: parallel buffers
B1

0 , in.B1
1

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

B1
1 , out .B1

0

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

B1
0 |B1

0

inww in ''
B1

1 |B1
0

in

��

out
77

B1
0 |B1

1
in

��

out
gg

B1
1 |B1

1

out

]]

out

AA

<latexit sha1_base64="hUflIMxvswIbYuSm7AxrD7zzq9k="></latexit>
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CCS: parallel buffers
B1

0 , in.B1
1

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

B1
1 , out .B1

0

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

B1
0 |B1

0

inww in ''
B1

1 |B1
0

in

��

out
77

B1
0 |B1

1
in

��

out
gg

B1
1 |B1

1

out

]]

out

AA

<latexit sha1_base64="hUflIMxvswIbYuSm7AxrD7zzq9k="></latexit>
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CCS: parallel buffers
B1

0 , in.B1
1

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

B1
1 , out .B1

0

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

B1
0 |B1

0

inww in ''
B1

1 |B1
0

in

��

out
77

B1
0 |B1

1
in

��

out
gg

B1
1 |B1

1

out

]]

out

AA

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

B2
0

in

⌦⌦
B2

1

in

⌦⌦

out

II

B2
2

out

II

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

compare with the 2-capacity buffer
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Restriction

makes the channel      private to

p
µ�! q µ 62 {↵,↵}
p\↵ µ�! q\↵

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

↵

<latexit sha1_base64="Wja9GhJXmoOVdlVg9sTjDkwO5IE=">AAACDHicbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRyJXjxiIo8ENqR3aGBk9pGZXiPZ8AvGq36HN+PVf/Az/AOXlYOAdapUdXd1youUNGTbX1ZubX1jcyu/XdjZ3ds/KB4eNU0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PLG1zO/9YDayDC4o0mErg/DQA6kAEqlZhdUNIJesWSX7Qx8lThzUmJz1HvF724/FLGPAQkFxnQcOyI3AU1SKJwWurHBCMQYhthJaQA+GjfJvp3ys9gAhTxCzaXimYh/NxLwjZn4XjrpA43MsjcT//M6MQ2qbiKDKCYMxCyIpMIsyAgt0xqQ96VGIph9jlwGXIAGItSSgxCpGKe9LBwFpdzkcTJNO3KWG1klzYuyUylXbyul2tW8rTw7YafsnDnsktXYDauzBhPsnj2zF/ZqPVlv1rv18Tuas+Y7x2wB1ucPB1ucbw==</latexit>

p

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

no interaction on     with the environment↵

<latexit sha1_base64="Wja9GhJXmoOVdlVg9sTjDkwO5IE=">AAACDHicbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRyJXjxiIo8ENqR3aGBk9pGZXiPZ8AvGq36HN+PVf/Az/AOXlYOAdapUdXd1youUNGTbX1ZubX1jcyu/XdjZ3ds/KB4eNU0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PLG1zO/9YDayDC4o0mErg/DQA6kAEqlZhdUNIJesWSX7Qx8lThzUmJz1HvF724/FLGPAQkFxnQcOyI3AU1SKJwWurHBCMQYhthJaQA+GjfJvp3ys9gAhTxCzaXimYh/NxLwjZn4XjrpA43MsjcT//M6MQ2qbiKDKCYMxCyIpMIsyAgt0xqQ96VGIph9jlwGXIAGItSSgxCpGKe9LBwFpdzkcTJNO3KWG1klzYuyUylXbyul2tW8rTw7YafsnDnsktXYDauzBhPsnj2zF/ZqPVlv1rv18Tuas+Y7x2wB1ucPB1ucbw==</latexit>

if     is the parallel composition of processes, then
they can synchronise on ↵

<latexit sha1_base64="Wja9GhJXmoOVdlVg9sTjDkwO5IE=">AAACDHicbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRyJXjxiIo8ENqR3aGBk9pGZXiPZ8AvGq36HN+PVf/Az/AOXlYOAdapUdXd1youUNGTbX1ZubX1jcyu/XdjZ3ds/KB4eNU0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PLG1zO/9YDayDC4o0mErg/DQA6kAEqlZhdUNIJesWSX7Qx8lThzUmJz1HvF724/FLGPAQkFxnQcOyI3AU1SKJwWurHBCMQYhthJaQA+GjfJvp3ys9gAhTxCzaXimYh/NxLwjZn4XjrpA43MsjcT//M6MQ2qbiKDKCYMxCyIpMIsyAgt0xqQ96VGIph9jlwGXIAGItSSgxCpGKe9LBwFpdzkcTJNO3KWG1klzYuyUylXbyul2tW8rTw7YafsnDnsktXYDauzBhPsnj2zF/ZqPVlv1rv18Tuas+Y7x2wB1ucPB1ucbw==</latexit>

p

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

P , coin.co↵ee.nil

<latexit sha1_base64="uUibm6Y9R17adxhr57t+oMt24L0="></latexit>

M , coin.(co↵ee.nil+ tea.nil)

<latexit sha1_base64="RwP0S7P4D8qzFwECuvnn8KcCz6o="></latexit>

(P |M)\coin\co↵ee\tea ⌧�! (co↵ee.nil|co↵ee.nil+ tea.nil)\coin\co↵ee\tea

<latexit sha1_base64="Id+TD+ZPahQrPBTiOv5U7jasUxA="> A6GRycH/eN3K7f22Av2kg1YxA7ZMfvARmzMuLfwvnrfvO/+F/+H/9P/9Zfqe6ue52wt/JtbeNwJog==</latexit>

(co↵ee.nil|co↵ee.nil+ tea.nil)\coin\co↵ee\tea ⌧�! (nil|nil)\coin\co↵ee\tea

<latexit sha1_base64="mfe638CeYVcyoXnMP5GV7ubn+18="></latexit>

(P |M)\coin\co↵ee\tea ⌧�! (co↵ee.nil|co↵ee.nil+ tea.nil)\coin\co↵ee\tea

<latexit sha1_base64="Id+TD+ZPahQrPBTiOv5U7jasUxA="> A6GRycH/eN3K7f22Av2kg1YxA7ZMfvARmzMuLfwvnrfvO/+F/+H/9P/9Zfqe6ue52wt/JtbeNwJog==</latexit>

Res)
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Restriction: shorthand
given S = {↵1, ...,↵n}

<latexit sha1_base64="+bsKnspofbdshZ37Uh1s8ZcUnuo=">AAACI3icbVC7TsNAEDzzJrwClDQnIiQKZNkoEmmQImgoQRBAiq1ofSxw4ny27taIyErBxyBa+A46REPBR/AH2MEFBKaandm9vZ0oVdKS5707Y+MTk1PTM7O1ufmFxaX68sqpTTIjsCMSlZjzCCwqqbFDkhSepwYhjhSeRTf7pX92i8bKRJ9QP8UwhistL6UAKqRefe14N8gDUOk19Pwt13W3qkIHg1694bneEPwv8SvSYBUOe/XP4CIRWYyahAJru76XUpiDISkUDmpBZjEFcQNX2C2ohhhtmA+PGPCNzAIlPEXDpeJDEX9O5BBb24+jojMGurajXin+53UzumyFudRpRqhFuYikwuEiK4ws0kF+IQ0SQflz5FJzAQaI0EgOQhRiVsT161FQKszv+mVG/mgif8nptus33dZRs9Heq9KaYWtsnW0yn+2wNjtgh6zDBLtnj+yJPTsPzovz6rx9t4451cwq+wXn4wtC0KRT</latexit>

we write p\S

<latexit sha1_base64="VzJoF6gSZCVn3eCmEnZgLR2Cu6M=">AAACE3icbVC7TsNAEDyHV3gHKGlOREhUkY2QSBlBQxkEAaTEitaXDZxyfnC3RkRWPgPRwnfQIVo+gM/gDzgbFwSYajSzO7uaIFHSkOt+OJWZ2bn5heri0vLK6tp6bWPzwsSpFtgRsYr1VQAGlYywQ5IUXiUaIQwUXgaj49y/vENtZByd0zhBP4TrSA6lALKSn/QCECOjwNzws36t7jbcAvwv8UpSZyXa/dpnbxCLNMSIhI0wXc9NyM9AkxQKJ0u91GBi8+Eau5ZGEKLxs+LpCd9NDVDME9RcKl6I+HMjg9CYcRjYyRDoxvz2cvE/r5vSsOlnMkpSwkjkh0gqLA4ZoaVtA/lAaiSC/HPkMuICNBChlhyEsGJq65kKBaX87H48sR15vxv5Sy72G95Bo3l6UG8dlW1V2TbbYXvMY4esxU5Ym3WYYLfskT2xZ+fBeXFenbfv0YpT7myxKTjvX0qbnz4=</latexit>

instead of p\↵1 . . . \↵n

<latexit sha1_base64="HpSFGypBfdVa9WM2EM+aDNVVL18=">AAACNHicbVDLSgNBEJz1Gd9Rj14Gg+BBwq4E9Ch68RjBJEKyhN5JxwzO7g4zvWJY8hN+jHjVvxC8iVfBP3A25qDGPhVV3VUzFWklLfn+izczOze/sFhaWl5ZXVvfKG9uNW2aGYENkarUXEVgUckEGyRJ4ZU2CHGksBXdnBV66xaNlWlySUONYQzXiexLAeSobvlAdyIQN1aBHfAOKD2AbtDppWSnebde8av+ePg0CCagwiZT75Y/nZXIYkxIOCfbDnxNYQ6GpFA4Wu5kFrWLgWtsO5hAjDbMx78a8b3MAqVco+FS8TGJPy9yiK0dxpHbjIEG9q9WkP9p7Yz6x2EuE50RJqIIIqlwHGSFka4u5D1pkAiKlyOXCRdggAiN5CCEIzPX3y9TUCrM74Yj11Hwt5Fp0DysBrXq8UWtcnI6aavEdtgu22cBO2In7JzVWYMJds8e2RN79h68V+/Ne/9enfEmN9vs13gfX1I0rLE=</latexit>

we omit trailing nil

<latexit sha1_base64="ovSSLMUGyNVif8xMY7Ui4XCYASU=">AAACEnicbVDLSsNAFJ3UV62vqks3g0VwVRIp2GXRjcsK9gFtKDfjbR06mYSZG7GE/oW41e9wJ279AT/DPzCpXWjrWR3OuY/DCWIlLbnup1NYWV1b3yhulra2d3b3yvsHbRslRmBLRCoy3QAsKqmxRZIUdmODEAYKO8H4Mvc792isjPQNTWL0QxhpOZQCKJP6/RDoLhimWqrpoFxxq+4MfJl4c1JhczQH5a/+bSSSEDUJBdb2PDcmPwVDUiiclvqJxRjEGEbYy6iGEK2fzjJP+UligSIeo+FS8ZmIvzdSCK2dhEE2mWe0i14u/uf1EhrW/VTqOCHUIn9EUuHskRVGZmUgv5UGiSBPjlxqLsAAERrJQYhMTLJ2/hwFpfz0YZJ35C02skzaZ1WvVq1f1yqNi3lbRXbEjtkp89g5a7Ar1mQtJljMntgze3EenVfnzXn/GS04851D9gfOxzdSYJ9S</latexit>

P , coin.co↵ee

<latexit sha1_base64="Y+8DDKbwZxv4Y+jeCW8lEVFSYcQ=">AAACKXicbVDLTuNAEBzzJssjwJHLiGglTpGNQHBEy4VjkAiJFEdRe+iEFuOxmWkjIctfsp/AV3CFE7ddJE78CHaIxLNPNVXV090VpZoc+/5/b2p6ZnZufmGx9mtpeWW1vrZ+5pLMKmyrRCe2G4FDTQbbTKyxm1qEONLYiS6PKr1zjdZRYk75JsV+DCNDQ1LAJTWo77VkyJbAjDReyTApvdVXeRgDXxDnKiFTFM3353CIWAzqDb/pj0t+B8EENMSkWoP6c3ieqCxGw0qDc73AT7mfg2VSGotamDlMQV3CCHslNBCj6+fj8wr5O3PAiUzRStJyTOLHjhxi527iqHRWa7qvWkX+pPUyHh70czJpxmhUNYhJ43iQU5bKLFCek0VmqDZHSUYqsMCMliQoVZJZGWStzCP4ev13cLbTDHabBye7jcM/k2QWxKbYEtsiEPviUByLlmgLJf6KO3EvHrxb79H75z29Wae8Sc+G+FTeyytH3ait</latexit>

M , coin.(co↵ee + tea)

<latexit sha1_base64="gvxKb2j3+AzNvpmRZ2OFhNYjZj0="></latexit>

S , {coin, co↵ee, tea}

<latexit sha1_base64="ErGHc9PYL0K8au71kgyvBmNCvyM="></latexit>

(P |M)\S ⌧�! (co↵ee|co↵ee + tea)\S

<latexit sha1_base64="FdjDPoteVPdg/6UOk1SsUrfchuY="></latexit>

⌧�! (nil|nil)\S

<latexit sha1_base64="Oc2XAEXlkVsVjr1rgPpTkqRt3Jg="></latexit>
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LTS of a process

p

<latexit sha1_base64="l7lNDk1vIYTjyx9lC6jUahRXbFc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAmEnlIiRWdL5twyvl8ulsjRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OoKWw6LqfTmljc2t7p7xb2ds/ODyqHp/0bBQbDl0eycgMAmZBCgVdFChhoA2wMJDQD+a3md9/BGNFpO5xocEP2UyJqeAMU6mjx9WaW3dz0HXiFaRGCrTH1a/RJOJxCAq5ZNYOPVejnzCDgktYVkaxBc34nM1gmFLFQrB+kgdd0ovYMoyoBkOFpLkIvzcSFlq7CIN0MmT4YFe9TPzPG8Y4bfqJUDpGUDw7hEJCfshyI9IGgE6EAUSWJQcqFOXMMEQwgjLOUzFOK6mkfXir36+T3lXda9SbnUatdVM0UyZn5JxcEo9ckxa5I23SJZwAeSLP5MWJnVfnzXn/GS05xc4p+QPn4xt9n5GE</latexit>

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>
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LTS of a process

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

• 6
↵�!
•

<latexit sha1_base64="ZXO0WUI71KuslUdTV4i5eVwd4/Q=">AAACGnicbVC7TsNAEDzzDOEVoKQ5EYGoIhtFIiWChjJIJEGKrWh9LMmJ89m6W/OQlT/gE/gKWqjoEC0NBf+CY1zwmmo0s6vdmTBR0pLrvjtT0zOzc/OVheri0vLKam1tvWvj1AjsiFjF5iwEi0pq7JAkhWeJQYhChb3w8mji967QWBnrU7pNMIhgqOWFFEC5NKjt+GGqFJKvY/JvjByOCIyJrzMfVDKCcWkPanW34Rbgf4lXkjor0R7UPvzzWKQRahIKrO17bkJBBoakUDiu+qnFBMQlDLGfUw0R2iAr8oz5dmqBYp6g4VLxQsTvGxlE1t5GYT4ZAY3sb28i/uf1U7poBZnUSUqoxeQQSYXFISuMzItCfi4NEsHkc+RScwEGiNBIDkLkYpo3V8378H6n/0u6ew2v2WidNOsHh2UzFbbJttgu89g+O2DHrM06TLA79sAe2ZNz7zw7L87r1+iUU+5ssB9w3j4BnrKiow==</latexit>

• 6 ↵�!
•

<latexit sha1_base64="w5Y3XypyZ6FaI9FCIuZs2Kh6YHU=">AAACJXicbVC7TsNAEDzzJrwClDQnIiSqyEZIpIygoQSJAFIcRevLkpw431l3ayCy8h18Al9BCxUdQqJA/Ap2cAGErUazM7c3EyVKOvL9d29qemZ2bn5hsbK0vLK6Vl3fOHcmtQJbwihjLyNwqKTGFklSeJlYhDhSeBFdHxX7ixu0Thp9RsMEOzH0tbySAiinutUgjFKlkEJtKLyzsj8gsNbcZqHJbcWrWQgqGcBoVCq71Zpf98fDJ0FQghor56Rb/Qh7RqQxahIKnGsHfkKdDCxJoXBUCVOHCYhr6GM7hxpidJ1sHG3Ed1IHZHiClkvFxyT+dGQQOzeMo1wZAw3c311B/rdrp3TV6GRSJymhFsUhkgrHh5ywMg+PvCctEkHxc+RScwEWiNBKDkLkZJqXWMn7CP6mnwTne/Vgv9443a81D8tmFtgW22a7LGAHrMmO2QlrMcHu2SN7Ys/eg/fivXpv39Ipr/Rssl/jfX4BXXqnyQ==</latexit>

p\↵

<latexit sha1_base64="NHhGyEHGvbLMrrPukPNqeGjxs2I=">AAACBXicbVC7TgJBFJ3FF+ILtLSZSEysyK4xkZJoY4mJPBIg5O5wgQmzu5OZuxpCqP0KW63sjK3fYeG/OCCFgqc6OefeOXdOqJW05PufXmZtfWNzK7ud29nd2z/IFw7rNkmNwJpIVGKaIVhUMsYaSVLY1AYhChU2wtH1zG/co7Eyie9orLETwSCWfSmAnNTNF3Q7BDGyCuywDUoPoZsv+iV/Dr5KggUpsgWq3fxXu5eINMKYhHvGtgJfU2cChqRQOM21U4vaZcAAW47GEKHtTOanT/lpaoESrtFwqfhcxN8bE4isHUehm4yAhnbZm4n/ea2U+uXORMY6JYzFLIikwnmQFUa6TpD3pEEimF2OXMZcgAEiNJKDEE5MXUk510ew/PtVUj8vBRel8u1FsXK1aCbLjtkJO2MBu2QVdsOqrMYEe2BP7Jm9eI/eq/fmvf+MZrzFzhH7A+/jG31tmL8=</latexit>
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Relabelling

we assume

allows one to reuse processes

p
µ�! q

p[�]
�(µ)���! q[�]

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

renames the action channels according to �

<latexit sha1_base64="ibEriMQ3nF1yJNj4GuwqVuXUEHI=">AAACCnicbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS+iddJIhsw9mesWw5A/Eq36HN/HqT/gZ/oG7cQ8msU5FVXdXU16kpCHb/rIKa+sbm1vF7dLO7t7+QfnwqGXCWAtsilCFuuOBQSUDbJIkhZ1II/iewrY3ucn89gNqI8PgnqYRuj6MAjmUAiiTetFY9ssVu2rPwVeJk5MKy9Hol797g1DEPgYkFBjTdeyI3AQ0SaFwVurFBiMQExhhN6UB+GjcZP7rjJ/FBijkEWouFZ+L+HcjAd+Yqe+lkz7Q2Cx7mfif141pWHMTGUQxYSCyIJIK50FGaJmWgHwgNRJB9jlyGXABGohQSw5CpGKctrJwFJRyk8fpLO3IWW5klbQuqs5ltXZ3Walf520V2Qk7ZefMYVeszm5ZgzWZYGP2zF7Yq/VkvVnv1sfvaMHKd47ZAqzPH3c6m5Y=</latexit>

�(⌧) = ⌧

<latexit sha1_base64="PVIPgdSiAOJ0QtwHtyk3HCLAiks=">AAACF3icbVC7SgNBFJ31Gd9RS5vBIMQm7EpAGyFoYxnBPCBZwt3xaobMPpi5I4YlHyK2+h12YmvpZ/gH7q4pNHqKy+Gc++IEiZKGXPfDmZtfWFxaLq2srq1vbG6Vt3faJrZaYEvEKtbdAAwqGWGLJCnsJhohDBR2gtF57nfuUBsZR1c0TtAP4TaSN1IAZdKgvNVPhrLaJ7CHp3kdlCtuzS3A/xJvSipsiuag/Nm/joUNMSKhwJie5ybkp6BJCoWT1b41mIAYwS32MhpBiMZPi8cn/MAaoJgnqLlUvBDx50QKoTHjMMg6Q6ChmfVy8T+vZ+nmxE9llFjCSOSHSCosDhmhZZYI8mupkQjyz5HLiAvQQIRachAiE20W0a+loJSf3o8nWUbebCJ/Sfuo5tVrJ5f1SuNsmlaJ7bF9VmUeO2YNdsGarMUEs+yRPbFn58F5cV6dt+/WOWc6s8t+wXn/Avx1oA8=</latexit>

�(�) = �(�)

<latexit sha1_base64="R6QM6ad4//guw1uZmZ7T9nuzRkQ=">AAACOXicbVDLSsNAFJ3UV31HXboZLIJuSiIF3QiiG5cVrApNKDfT23bo5MHMjVhCv8OPEbf6DS7diTvxB0xiF1a9q8M5575OkChpyHFerMrM7Nz8QnVxaXlldW3d3ti8MnGqBbZErGJ9E4BBJSNskSSFN4lGCAOF18HwrNCvb1EbGUeXNErQD6EfyZ4UQDnVsV0vGcg9L849xYjMU3lvF8b7xz+40vIt7I87ds2pO2Xxv8CdgBqbVLNjf3jdWKQhRiQUGNN2nYT8DDRJoXC85KUGExBD6GM7hxGEaPysfG3Md1MDFPMENZeKlyT+7MggNGYUBrkzBBqY31pB/qe1U+od+ZmMkpQwEsUikgrLRUZomf+OvCs1EkFxOXIZcQEaiFBLDkLkZJqHODUUlPKzu1GRkfs7kb/g6qDuNupHF43ayekkrSrbZjtsj7nskJ2wc9ZkLSbYPXtkT+zZerBerTfr/dtasSY9W2yqrM8vx3qu7w==</latexit>

P , coin.co↵ee

<latexit sha1_base64="Y+8DDKbwZxv4Y+jeCW8lEVFSYcQ=">AAACKXicbVDLTuNAEBzzJssjwJHLiGglTpGNQHBEy4VjkAiJFEdRe+iEFuOxmWkjIctfsp/AV3CFE7ddJE78CHaIxLNPNVXV090VpZoc+/5/b2p6ZnZufmGx9mtpeWW1vrZ+5pLMKmyrRCe2G4FDTQbbTKyxm1qEONLYiS6PKr1zjdZRYk75JsV+DCNDQ1LAJTWo77VkyJbAjDReyTApvdVXeRgDXxDnKiFTFM3353CIWAzqDb/pj0t+B8EENMSkWoP6c3ieqCxGw0qDc73AT7mfg2VSGotamDlMQV3CCHslNBCj6+fj8wr5O3PAiUzRStJyTOLHjhxi527iqHRWa7qvWkX+pPUyHh70czJpxmhUNYhJ43iQU5bKLFCek0VmqDZHSUYqsMCMliQoVZJZGWStzCP4ev13cLbTDHabBye7jcM/k2QWxKbYEtsiEPviUByLlmgLJf6KO3EvHrxb79H75z29Wae8Sc+G+FTeyytH3ait</latexit>

�(coin) = moneta

<latexit sha1_base64="NzwNNTI4G5gZUXIwlcgrLllxnT8=">AAACGXicbVA9SwNBEN3zM8avqKXNYghoE+5E0EYQbSwjGA0kIcytow7u7R27c4Ic+QX+BH+FrVZ2Ymtl4X/xLkbQxFc93pth3rww0eTY9z+8icmp6ZnZ0lx5fmFxabmysnrm4tQqbKpYx7YVgkNNBptMrLGVWIQo1Hge3hwV/vktWkexOeW7BLsRXBm6JAWcS71KrZNc02YnAr4mzlRMpr8l9+WPEMUGGfq9StWv+wPIcRIMSVUM0ehVPjsXsUojNKw0ONcO/IS7GVgmpbFf7qQOE1A3cIXtnBqI0HWzwTt9WUsdcCwTtJK0HIj4eyODyLm7KMwni5hu1CvE/7x2ypd73YxMkjIaVRxi0jg45JSlvCeUF2SRGYrkKMlIBRaY0ZIEpXIxzYsr530Eo9+Pk7PterBT3zvZqR4cDpspiXWxITZFIHbFgTgWDdEUStyLR/Eknr0H78V79d6+Rye84c6a+APv/QvKjKD7</latexit>

�(co↵ee) = ca↵è

<latexit sha1_base64="+4UNSB2al7mQ6P/3/ZMYkYpldi8="></latexit>

Rel)

P [�]
moneta�����! co↵ee[�]

ca↵è���! nil[�]

<latexit sha1_base64="euTEYOKyQIc6s0CIaZ3UpKrlxV8="></latexit>
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LTS of a process

• µ�! •

<latexit sha1_base64="krcgxqsETA33Pnpmz9cICeW1Zn8=">AAACE3icbVC7TsNAEDzzDOEVoKTgRIREFdkoEikjaCiDRB5SHEXrYwknzg/d7QGRlZJP4CtooaJDtHwABf+CE1xAwlSjmV3tzgSJkoZc99OZm19YXFourBRX19Y3Nktb2y0TWy2wKWIV604ABpWMsEmSFHYSjRAGCtvBzenYb9+iNjKOLmiYYC+EQSSvpADKpH5pzw+sUkj+vZaDawKt47vUD+0o1/ulsltxJ+CzxMtJmeVo9Etf/mUsbIgRCQXGdD03oV4KmqRQOCr61mAC4gYG2M1oBCGaXjoJMuIH1gDFPEHNpeITEX9vpBAaMwyDbDIEujbT3lj8z+tauqr1UhklljAS40MkFU4OGaFl1hDyS6mRCMafI5cRF6CBCLXkIEQm2qyyYtaHN51+lrSOKl61UjuvlusneTMFtsv22SHz2DGrszPWYE0m2AN7Ys/sxXl0Xp035/1ndM7Jd3bYHzgf39Lwn4w=</latexit>

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

p

<latexit sha1_base64="l7lNDk1vIYTjyx9lC6jUahRXbFc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRJFJG0FAmEnlIiRWdL5twyvl8ulsjRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OoKWw6LqfTmljc2t7p7xb2ds/ODyqHp/0bBQbDl0eycgMAmZBCgVdFChhoA2wMJDQD+a3md9/BGNFpO5xocEP2UyJqeAMU6mjx9WaW3dz0HXiFaRGCrTH1a/RJOJxCAq5ZNYOPVejnzCDgktYVkaxBc34nM1gmFLFQrB+kgdd0ovYMoyoBkOFpLkIvzcSFlq7CIN0MmT4YFe9TPzPG8Y4bfqJUDpGUDw7hEJCfshyI9IGgE6EAUSWJQcqFOXMMEQwgjLOUzFOK6mkfXir36+T3lXda9SbnUatdVM0UyZn5JxcEo9ckxa5I23SJZwAeSLP5MWJnVfnzXn/GS05xc4p+QPn4xt9n5GE</latexit>



4646

LTS of a process

•

<latexit sha1_base64="SWoLJMTudRl+nmr1qr2AVtstC4c=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS5iddOKQ2QczPUJY8hFe9eRNvPo1HvwXd+MeNLFORVU3XV1BoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhjYqsFtkWsYt0LuEElI2yTJIW9RCMPA4XdYHqT+91H1EbG0T3NEvRDPonkWApOmdQdBFYppGG15tbdBdgq8QpSgwKtYfVrMIqFDTEiobgxfc9NyE+5JikUzisDazDhYson2M9oxEM0frqIO2dn1nCKWYKaScUWIv7eSHlozCwMssmQ04NZ9nLxP69vadzwUxklljAS+SGSCheHjNAy6wHZSGok4nlyZDJigmtOhFoyLkQm2qyYStaHt/z9Kulc1L3LeuPusta8Lpopwwmcwjl4cAVNuIUWtEHAFJ7gGV6c1Hl13pz3n9GSU+wcwx84H9821ZQ0</latexit>

p[�]

<latexit sha1_base64="7BXTnjmYrjneg+0iO+5NuNig/vM=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrIREikjaCiDRB4osaLzZZOccmef7tZIkZWvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTaCksuu6nU1pb39jcKm9Xdnb39g+qh0cdG8WGQ5tHMjK9gFmQIoQ2CpTQ0waYCiR0g9lN5ncfwVgRhfc41+ArNgnFWHCGqfSg+wM9FT6tDKs1t+7moKvEK0iNFGgNq1+DUcRjBSFyyazte65GP2EGBZewqAxiC5rxGZtAP6UhU2D9JA+8oGexZRhRDYYKSXMRfm8kTFk7V0E6qRhO7bKXif95/RjHDT8RoY4RQp4dQiEhP2S5EWkTQEfCACLLkgMVIeXMMEQwgjLOUzFOq8n68Ja/XyWdi7p3WW/cXdaa10UzZXJCTsk58cgVaZJb0iJtwokiT+SZvDgL59V5c95/RktOsXNM/sD5+AaXlZRT</latexit>

• �(µ)���! •

<latexit sha1_base64="xq9rQn/GPfCD6GEXdLJiaduNvVk=">AAACGXicbVC7TsNAEDzzDOEVoKQ5ESFBE9koEikjaCiDRBKkOIrWx5KcOD90twdEVr6AT+AraKGiQ7RUFPwLdnDBa6rRzK52Z4JESUOu++7MzM7NLyyWlsrLK6tr65WNzY6JrRbYFrGK9XkABpWMsE2SFJ4nGiEMFHaDq+Pc716jNjKOzmicYD+EYSQvpQDKpEFl1w+sUkj+rZbDEYHW8U3qJyO554d2f1K4g0rVrblT8L/EK0iVFWgNKh/+RSxsiBEJBcb0PDehfgqapFA4KfvWYALiCobYy2gEIZp+Oo0z4bvWAMU8Qc2l4lMRv2+kEBozDoNsMgQamd9eLv7n9SxdNvqpjBJLGIn8EEmF00NGaJn1hPxCaiSC/HPkMuICNBChlhyEyESbFVfO+vB+p/9LOgc1r15rnNarzaOimRLbZjtsj3nskDXZCWuxNhPsjj2wR/bk3DvPzovz+jU64xQ7W+wHnLdPA6qhtg==</latexit>
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CCS op. semantics
p

µ�! q

p[�]
�(µ)���! q[�]

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

Rel)
p

µ�! q µ 62 {↵,↵}
p\↵ µ�! q\↵

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

Res)

p1
µ�! q1

p1|p2
µ�! q1|p2

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

p2
µ�! q2

p1|p2
µ�! p1|q2

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

p1
��! q1 p2

��! q2

p1|p2
⌧�! q1|q2

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

ParL) Com) ParR)

p[rec x. p/x]
µ�! q

rec x. p
µ�! q

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

Rec)

p1
µ�! q

p1 + p2
µ�! q

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

p2
µ�! q

p1 + p2
µ�! q

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

SumL) SumR)

µ.p
µ�! p

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

Act)



4848

Linked buffers
B1

0 , in.B1
1

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

B1
1 , out .B1

0

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

⌘(out) = c

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

�(in) = c

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

B1
0 [⌘]

in

⌦⌦
B1

1 [⌘]

c

II

<latexit sha1_base64="WgPDbERltd0Q9cvBKMm2cs/tnPw="></latexit>

B1
0 [�]

c

⌦⌦
B1

1 [�]

out

II

<latexit sha1_base64="6Sed5k3qJDrc46z5d+l+0QRgERo="></latexit>

(B1
0 [⌘]|B1

0 [�])\c
in

vv
(B1

1 [⌘]|B1
0 [�])\c

⌧ // (B1
0 [⌘]|B1

1 [�])\c

out

hh

invv
(B1

1 [⌘]|B1
1 [�])\c

out

hh

<latexit sha1_base64="iX3PxjT1pk6vMtZInmu6I52qB2I="></latexit>



4949

Linked buffers
B1

0 , in.B1
1

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

B1
1 , out .B1

0

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

⌘(out) = c

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

�(in) = c

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

B1
0 [⌘]

in

⌦⌦
B1

1 [⌘]

c

II

<latexit sha1_base64="WgPDbERltd0Q9cvBKMm2cs/tnPw="></latexit>

B1
0 [�]

c

⌦⌦
B1

1 [�]

out

II

<latexit sha1_base64="6Sed5k3qJDrc46z5d+l+0QRgERo="></latexit>

B1
0

<latexit sha1_base64="/NI9YjCuL0Sct49MJn0NH2FN/k4=">AAACC3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRwJXjxiIo8EVtI7NDhh9pGZXiPZ8AnGq36HN+PVj/Az/AOXlYOAdapUdXd1youUNGTbX1ZubX1jcyu/XdjZ3ds/KB4etUwYa4FNEapQdzwwqGSATZKksBNpBN9T2PbGVzO//YDayDC4pUmErg+jQA6lAEqlZr1v3zn9Ysku2xn4KnHmpMTmaPSL371BKGIfAxIKjOk6dkRuApqkUDgt9GKDEYgxjLCb0gB8NG6SPTvlZ7EBCnmEmkvFMxH/biTgGzPxvXTSB7o3y95M/M/rxjSsuokMopgwELMgkgqzICO0TFtAPpAaiWD2OXIZcAEaiFBLDkKkYpzWsnAUlHKTx8k07chZbmSVtC7KTqVcvamUavV5W3l2wk7ZOXPYJauxa9ZgTSaYZM/shb1aT9ab9W59/I7mrPnOMVuA9fkDOPObYw==</latexit>

in •

<latexit sha1_base64="Ng216oT1R27BnZLR9h66idWH7rQ=">AAACG3icbVDLTgJBEJzFF+IL5ehlIjHxRHYNiRyJXjxiIo8ENqR3aHDC7CMzvUaywT8xXvU7vBmvHvwM/8Bd5CBgnSpV3dM15UVKGrLtLyu3tr6xuZXfLuzs7u0fFA+PWiaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvjq8xv36M2MgxuaRKh68MokEMpgFKpXyz1fKA7SYkMpo89L1YKqV8s2xV7Br5KnDkpszka/eJ3bxCK2MeAhAJjuo4dkZuAJikUTgu92GAEYgwj7KY0AB+Nm8zCT/lpbIBCHqHmUvGZiH83EvCNmfheOplFNcteJv7ndWMa1tz0X1FMGIjsEEmFs0NGaJm2gnwgNRJBlhy5DLgADUSoJQchUjFOa1p4FJRyk4fJNO3IWW5klbTOK061UrupluuX87by7JidsDPmsAtWZ9eswZpMsAl7Zi/s1Xqy3qx36+N3NGfNd0psAdbnD/q5otQ=</latexit>

• out

<latexit sha1_base64="xmCOsPjaY7K5OPVBEagXhFb7wbc=">AAACHHicbVDJSgNBFOxxN27jcvPSGARPYUYEPYpePEYwUUiG8Kbzoo09C92vxTjETxGv+h3exKvgZ/gHzow5mMQ6FVVvKSpMlTTkeV/O1PTM7Nz8wmJlaXlldc1d32iaxGqBDZGoRF+FYFDJGBskSeFVqhGiUOFleHta+Jd3qI1M4gvqpxhEcB3LnhRAudRxt9qhVQrpsR0B3UjKEkuDjlv1al4JPkn8IamyIeod97vdTYSNMCahwJiW76UUZKBJCoWDStsaTEHcwjW2chpDhCbIyvQDvmsNUMJT1FwqXor4dyODyJh+FOaTRUYz7hXif17LUu8oyGScWsJYFI9IKiwfGaFlXgvyrtRIBEVy5DLmAjQQoZYchMhFm/c0chSUCrL7ftGRP97IJGnu1/yD2tH5QfX4ZNjWAttmO2yP+eyQHbMzVmcNJtgDe2Yv7NV5ct6cd+fjd3TKGe5sshE4nz/6dKNf</latexit>

B1
0

<latexit sha1_base64="/NI9YjCuL0Sct49MJn0NH2FN/k4=">AAACC3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRwJXjxiIo8EVtI7NDhh9pGZXiPZ8AnGq36HN+PVj/Az/AOXlYOAdapUdXd1youUNGTbX1ZubX1jcyu/XdjZ3ds/KB4etUwYa4FNEapQdzwwqGSATZKksBNpBN9T2PbGVzO//YDayDC4pUmErg+jQA6lAEqlZr1v3zn9Ysku2xn4KnHmpMTmaPSL371BKGIfAxIKjOk6dkRuApqkUDgt9GKDEYgxjLCb0gB8NG6SPTvlZ7EBCnmEmkvFMxH/biTgGzPxvXTSB7o3y95M/M/rxjSsuokMopgwELMgkgqzICO0TFtAPpAaiWD2OXIZcAEaiFBLDkKkYpzWsnAUlHKTx8k07chZbmSVtC7KTqVcvamUavV5W3l2wk7ZOXPYJauxa9ZgTSaYZM/shb1aT9ab9W59/I7mrPnOMVuA9fkDOPObYw==</latexit>

in •

<latexit sha1_base64="Ng216oT1R27BnZLR9h66idWH7rQ=">AAACG3icbVDLTgJBEJzFF+IL5ehlIjHxRHYNiRyJXjxiIo8ENqR3aHDC7CMzvUaywT8xXvU7vBmvHvwM/8Bd5CBgnSpV3dM15UVKGrLtLyu3tr6xuZXfLuzs7u0fFA+PWiaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvjq8xv36M2MgxuaRKh68MokEMpgFKpXyz1fKA7SYkMpo89L1YKqV8s2xV7Br5KnDkpszka/eJ3bxCK2MeAhAJjuo4dkZuAJikUTgu92GAEYgwj7KY0AB+Nm8zCT/lpbIBCHqHmUvGZiH83EvCNmfheOplFNcteJv7ndWMa1tz0X1FMGIjsEEmFs0NGaJm2gnwgNRJBlhy5DLgADUSoJQchUjFOa1p4FJRyk4fJNO3IWW5klbTOK061UrupluuX87by7JidsDPmsAtWZ9eswZpMsAl7Zi/s1Xqy3qx36+N3NGfNd0psAdbnD/q5otQ=</latexit>

• out

<latexit sha1_base64="xmCOsPjaY7K5OPVBEagXhFb7wbc=">AAACHHicbVDJSgNBFOxxN27jcvPSGARPYUYEPYpePEYwUUiG8Kbzoo09C92vxTjETxGv+h3exKvgZ/gHzow5mMQ6FVVvKSpMlTTkeV/O1PTM7Nz8wmJlaXlldc1d32iaxGqBDZGoRF+FYFDJGBskSeFVqhGiUOFleHta+Jd3qI1M4gvqpxhEcB3LnhRAudRxt9qhVQrpsR0B3UjKEkuDjlv1al4JPkn8IamyIeod97vdTYSNMCahwJiW76UUZKBJCoWDStsaTEHcwjW2chpDhCbIyvQDvmsNUMJT1FwqXor4dyODyJh+FOaTRUYz7hXif17LUu8oyGScWsJYFI9IKiwfGaFlXgvyrtRIBEVy5DLmAjQQoZYchMhFm/c0chSUCrL7ftGRP97IJGnu1/yD2tH5QfX4ZNjWAttmO2yP+eyQHbMzVmcNJtgDe2Yv7NV5ct6cd+fjd3TKGe5sshE4nz/6dKNf</latexit>

in •

<latexit sha1_base64="Ng216oT1R27BnZLR9h66idWH7rQ=">AAACG3icbVDLTgJBEJzFF+IL5ehlIjHxRHYNiRyJXjxiIo8ENqR3aHDC7CMzvUaywT8xXvU7vBmvHvwM/8Bd5CBgnSpV3dM15UVKGrLtLyu3tr6xuZXfLuzs7u0fFA+PWiaMtcCmCFWoOx4YVDLAJklS2Ik0gu8pbHvjq8xv36M2MgxuaRKh68MokEMpgFKpXyz1fKA7SYkMpo89L1YKqV8s2xV7Br5KnDkpszka/eJ3bxCK2MeAhAJjuo4dkZuAJikUTgu92GAEYgwj7KY0AB+Nm8zCT/lpbIBCHqHmUvGZiH83EvCNmfheOplFNcteJv7ndWMa1tz0X1FMGIjsEEmFs0NGaJm2gnwgNRJBlhy5DLgADUSoJQchUjFOa1p4FJRyk4fJNO3IWW5klbTOK061UrupluuX87by7JidsDPmsAtWZ9eswZpMsAl7Zi/s1Xqy3qx36+N3NGfNd0psAdbnD/q5otQ=</latexit>

B1
0 [⌘]

<latexit sha1_base64="evmMSqlFOrQssj0AiobwfbjyUW0=">AAACEXicbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRwJXjxiIo9kWUnv0OCE2Udmeo1kw1cYr/od3oxXv8DP8A9ckIOAdapUdXd1yo+VNGTbX1ZubX1jcyu/XdjZ3ds/KB4etUyUaIFNEalId3wwqGSITZKksBNrhMBX2PZHV1O//YDayCi8pXGMXgDDUA6kAMokt96z7xy3iwRer1iyy/YMfJU4c1JiczR6xe9uPxJJgCEJBca4jh2Tl4ImKRROCt3EYAxiBEN0MxpCgMZLZy9P+FligCIeo+ZS8ZmIfzdSCIwZB342GQDdm2VvKv7nuQkNql4qwzghDMU0iKTCWZARWmZdIO9LjUQw/Ry5DLkADUSoJQchMjHJylk4Ckp56eN4knXkLDeySloXZadSrt5USrX6vK08O2Gn7Jw57JLV2DVrsCYTLGLP7IW9Wk/Wm/VuffyO5qz5zjFbgPX5A+sone0=</latexit>

• c

<latexit sha1_base64="pWMBtt5LZwxR7b2DPXTzFnf2L6c=">AAACD3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRyJXjxiIg8DG9I7NDhh9pGZXiPZ4D8Yr/od3oxXP8HP8A/cRQ4C1qlS1d3VKS9S0pBtf1m5ldW19Y38ZmFre2d3r7h/0DRhrAU2RKhC3fbAoJIBNkiSwnakEXxPYcsbXWZ+6x61kWFwQ+MIXR+GgRxIAZRKt10vVgrpUfSKJbtsT8GXiTMjJTZDvVf87vZDEfsYkFBgTMexI3IT0CSFwkmhGxuMQIxgiJ2UBuCjcZPpwxN+EhugkEeouVR8KuLfjQR8Y8a+l076QHdm0cvE/7xOTIOqm8ggigkDkQWRVDgNMkLLtAnkfamRCLLPkcuAC9BAhFpyECIV47SauaOglJs8jCdpR85iI8ukeVZ2KuXqdaVUu5i1lWdH7JidMoedsxq7YnXWYIL57Jm9sFfryXqz3q2P39GcNds5ZHOwPn8AxICd8A==</latexit>

• out

<latexit sha1_base64="xmCOsPjaY7K5OPVBEagXhFb7wbc=">AAACHHicbVDJSgNBFOxxN27jcvPSGARPYUYEPYpePEYwUUiG8Kbzoo09C92vxTjETxGv+h3exKvgZ/gHzow5mMQ6FVVvKSpMlTTkeV/O1PTM7Nz8wmJlaXlldc1d32iaxGqBDZGoRF+FYFDJGBskSeFVqhGiUOFleHta+Jd3qI1M4gvqpxhEcB3LnhRAudRxt9qhVQrpsR0B3UjKEkuDjlv1al4JPkn8IamyIeod97vdTYSNMCahwJiW76UUZKBJCoWDStsaTEHcwjW2chpDhCbIyvQDvmsNUMJT1FwqXor4dyODyJh+FOaTRUYz7hXif17LUu8oyGScWsJYFI9IKiwfGaFlXgvyrtRIBEVy5DLmAjQQoZYchMhFm/c0chSUCrL7ftGRP97IJGnu1/yD2tH5QfX4ZNjWAttmO2yP+eyQHbMzVmcNJtgDe2Yv7NV5ct6cd+fjd3TKGe5sshE4nz/6dKNf</latexit>

B1
0 [�]

<latexit sha1_base64="gB9+phjQuQ+5Pz+vu7HbGJuMlBs=">AAACEXicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiRwJXjxiIo9kWUnv0MCE2Udmeo1kw1cYr/od3oxXv8DP8A9ckIOAdapUdXd1yo+VNGTbX1ZubX1jcyu/XdjZ3ds/KB4eNU2UaIENEalIt30wqGSIDZKksB1rhMBX2PJH11O/9YDayCi8o3GMXgCDUPalAMokt9a17x23Ew+l1y2W7LI9A18lzpyU2Bz1bvG704tEEmBIQoExrmPH5KWgSQqFk0InMRiDGMEA3YyGEKDx0tnLE36WGKCIx6i5VHwm4t+NFAJjxoGfTQZAQ7PsTcX/PDehfsVLZRgnhKGYBpFUOAsyQsusC+Q9qZEIpp8jlyEXoIEIteQgRCYmWTkLR0EpL30cT7KOnOVGVknzouxcliu3l6Vqbd5Wnp2wU3bOHHbFquyG1VmDCRaxZ/bCXq0n6816tz5+R3PWfOeYLcD6/AH2rp30</latexit>

c •

<latexit sha1_base64="9OeqBEX1ZyoG4gIOkEmcPPuPYvs=">AAACD3icbVDLTgJBEJzFF+IL9ehlIjHxRHYNiRyJXjxiIg8DG9I7NDhh9pGZXiPZ4D8Yr/od3oxXP8HP8A/cRQ4C1qlS1d3VKS9S0pBtf1m5ldW19Y38ZmFre2d3r7h/0DRhrAU2RKhC3fbAoJIBNkiSwnakEXxPYcsbXWZ+6x61kWFwQ+MIXR+GgRxIAZRKt+Kx68VKIfWKJbtsT8GXiTMjJTZDvVf87vZDEfsYkFBgTMexI3IT0CSFwkmhGxuMQIxgiJ2UBuCjcZPpwxN+EhugkEeouVR8KuLfjQR8Y8a+l076QHdm0cvE/7xOTIOqm8ggigkDkQWRVDgNMkLLtAnkfamRCLLPkcuAC9BAhFpyECIV47SauaOglJs8jCdpR85iI8ukeVZ2KuXqdaVUu5i1lWdH7JidMoedsxq7YnXWYIL57Jm9sFfryXqz3q2P39GcNds5ZHOwPn8AxMSd8A==</latexit>



5050

Linked buffers
B1

0 , in.B1
1

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

B1
1 , out .B1

0

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

⌘(out) = c

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

�(in) = c

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

p _ q , (p[⌘]|q[�])\c

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

B1
0 _ B1

0

in

xx
B1

1 _ B1
0

⌧ // B1
0 _ B1

1

out

ff

inxx
B1

1 _ B1
1

out

ff

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



5151

Linked boolean buffers
B; , int.Bt + inf .Bf

<latexit sha1_base64="gO/mKZ5t072uLp3c2x0LUKaTvE0="></latexit>

Bt , out t.B;

<latexit sha1_base64="7JmoBLb/hRuYP8uNrfo/HZm+b0g="></latexit>

Bf , outf .B;

<latexit sha1_base64="n09VajmmvljLHALa1aBrlXv5omc="></latexit>

B; , int.Bt + inf .Bf

<latexit sha1_base64="gO/mKZ5t072uLp3c2x0LUKaTvE0="></latexit>

Bt , out t.B;

<latexit sha1_base64="7JmoBLb/hRuYP8uNrfo/HZm+b0g="></latexit>

Bf , outf .B;

<latexit sha1_base64="n09VajmmvljLHALa1aBrlXv5omc="></latexit>

⌘(out t) = ct

<latexit sha1_base64="0Ejpx3Cy0dwNr72KM4XazEHvN70=">AAACDnicbVDLSgNBEJz1GeMr6k0vg0GIl7ArAXMRgl48RjAPSMLSO+nEIbMPZnqFsAT8BL/Cq568iVd/wYP/4m7MQRPrVFR109XlRUoasu1Pa2l5ZXVtPbeR39za3tkt7O03TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXmd+6R21kGNzSOMKeD8NADqQASiW3cNhFglLXB7qTlIQxTVw65RdcuOQWinbZnoIvEmdGimyGulv46vZDEfsYkFBgTMexI+oloEkKhZN8NzYYgRjBEDspDcBH00umP0z4SWyAQh6h5lLxqYi/NxLwjRn7XjqZhTXzXib+53ViGlR7iQyimDAQ2SGSCqeHjNAyLQd5X2okgiw5chlwARqIUEsOQqRinLaVT/tw5r9fJM2zslMpV28qxdrlrJkcO2LHrMQcds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZXbJmOwfsD6yPb2V+m98=</latexit>

⌘(outf ) = cf

<latexit sha1_base64="XSYxaybp1Y4mTbNsikIHkPGRyJ8=">AAACDnicbVDLSgNBEJz1GeMr6k0vg0GIl7ArAXMRgl48RjAPSMLSO+nEIbMPZnqFsAT8BL/Cq568iVd/wYP/4m7MQRPrVFR109XlRUoasu1Pa2l5ZXVtPbeR39za3tkt7O03TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXmd+6R21kGNzSOMKeD8NADqQASiW3cNhFglLXB7qTlIQxTdzBKb/gwh24haJdtqfgi8SZkSKboe4Wvrr9UMQ+BiQUGNNx7Ih6CWiSQuEk340NRiBGMMROSgPw0fSS6Q8TfhIboJBHqLlUfCri740EfGPGvpdOZmHNvJeJ/3mdmAbVXiKDKCYMRHaIpMLpISO0TMtB3pcaiSBLjlwGXIAGItSSgxCpGKdt5dM+nPnvF0nzrOxUytWbSrF2OWsmx47YMSsxh52zGrtmddZggj2wJ/bMXqxH69V6s95/Rpes2c4B+wPr4xs5eJvD</latexit>

�(inf ) = cf

<latexit sha1_base64="u5VmGeYgQe9eFBUEWqHZyL3RdoI=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQxCbMKuBEwjBG0sI5gHZJdldnKTDJl9MHNXCEvwE/wKW63sxNZvsPBf3F1TaOKpDufcy73neJEUGk3z0yisrK6tbxQ3S1vbO7t75f2Djg5jxaHNQxmqnsc0SBFAGwVK6EUKmO9J6HqT68zv3oPSIgzucBqB47NRIIaCM0wlt3xkR2NRtX2GY4GJCGbu8IxeUu4O3XLFrJk56DKx5qRC5mi55S97EPLYhwC5ZFr3LTNCJ2EKBZcwK9mxhojxCRtBP6UB80E7SR5hRk9jzTCkESgqJM1F+L2RMF/rqe+lk9mvetHLxP+8fozDhpMGi2KEgGeHUEjID2muRNoN0IFQgMiyz4GKgHKmGCIoQRnnqRinZZXSPqzF9Mukc16z6rXGbb3SvJo3UyTH5IRUiUUuSJPckBZpE04eyBN5Ji/Go/FqvBnvP6MFY75zSP7A+PgGS5KbPw==</latexit>

�(int) = ct

<latexit sha1_base64="nxHEBmHWTfVnp9ar7yl0r0g32iw=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQxCbMKuBEwjBG0sI5gHJGGZndwkQ2YfzNwVQgh+gl9hq5Wd2PoNFv6Ls+sWmniqwzn3cu85XiSFRtv+tHIrq2vrG/nNwtb2zu5ecf+gpcNYcWjyUIaq4zENUgTQRIESOpEC5nsS2t7kOvHb96C0CIM7nEbQ99koEEPBGRrJLR71orEo93yGY4EzEcxdPKOXlLvoFkt2xU5Bl4mTkRLJ0HCLX71ByGMfAuSSad117Aj7M6ZQcAnzQi/WEDE+YSPoGhowH3R/lkaY09NYMwxpBIoKSVMRfm/MmK/11PfMZPKrXvQS8T+vG+Ow1jfBohgh4MkhFBLSQ5orYboBOhAKEFnyOVARUM4UQwQlKOPciLEpq2D6cBbTL5PWecWpVmq31VL9KmsmT47JCSkTh1yQOrkhDdIknDyQJ/JMXqxH69V6s95/RnNWtnNI/sD6+AZ3mJtb</latexit>

p _ q , (p[⌘]|q[�])\{ct, cf}

<latexit sha1_base64="sZox7OinYONbi+B0Yxquc+cOQkk="></latexit>



5252

Linked boolean buffers
B; , int.Bt + inf .Bf

<latexit sha1_base64="gO/mKZ5t072uLp3c2x0LUKaTvE0="></latexit>

Bt , out t.B;

<latexit sha1_base64="7JmoBLb/hRuYP8uNrfo/HZm+b0g="></latexit>

Bf , outf .B;

<latexit sha1_base64="n09VajmmvljLHALa1aBrlXv5omc="></latexit>

B; , int.Bt + inf .Bf

<latexit sha1_base64="gO/mKZ5t072uLp3c2x0LUKaTvE0="></latexit>

Bt , out t.B;

<latexit sha1_base64="7JmoBLb/hRuYP8uNrfo/HZm+b0g="></latexit>

Bf , outf .B;

<latexit sha1_base64="n09VajmmvljLHALa1aBrlXv5omc="></latexit>

int •

<latexit sha1_base64="Oo/G1WxNB5g6s/Kl1pYDy/DMo8I=">AAACHXicbVDLTgJBEJzFF+ILNZ68TCQmnsiuIZEj0YtHTOSRwIb0Dg1OmH1kptdINvgrxqt+hzfj1fgZ/oG7yEHAOlWquqdryouUNGTbX1ZuZXVtfSO/Wdja3tndK+4fNE0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PJGV5nfukdtZBjc0jhC14dhIAdSAKVSr3jU9YHuJCUymPTosevFSiH1iiW7bE/Bl4kzIyU2Q71X/O72QxH7GJBQYEzHsSNyE9AkhcJJoRsbjECMYIidlAbgo3GTafwJP40NUMgj1FwqPhXx70YCvjFj30sns7Bm0cvE/7xOTIOqm/4sigkDkR0iqXB6yAgt016Q96VGIsiSI5cBF6CBCLXkIEQqxmlRc4+CUm7yMJ6kHTmLjSyT5nnZqZSrN5VS7XLWVp4dsxN2xhx2wWrsmtVZgwmWsGf2wl6tJ+vNerc+fkdz1mznkM3B+vwBrxmjuw==</latexit>

inf •

<latexit sha1_base64="NVQF/SZNGaLMZJytt7r0FKXotak=">AAACHXicbVDLTgJBEJzFF+ILNZ68TCQmnsiuIZEj0YtHTOSRwIb0Dg1OmH1kptdINvgrxqt+hzfj1fgZ/oG7yEHAOlWquqdryouUNGTbX1ZuZXVtfSO/Wdja3tndK+4fNE0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PJGV5nfukdtZBjc0jhC14dhIAdSAKVSr3jU9YHuJCUymPQGj10vVgqpVyzZZXsKvkycGSmxGeq94ne3H4rYx4CEAmM6jh2Rm4AmKRROCt3YYARiBEPspDQAH42bTONP+GlsgEIeoeZS8amIfzcS8I0Z+146mYU1i14m/ud1YhpU3fRnUUwYiOwQSYXTQ0ZomfaCvC81EkGWHLkMuAANRKglByFSMU6LmnsUlHKTh/Ek7chZbGSZNM/LTqVcvamUapeztvLsmJ2wM+awC1Zj16zOGkywhD2zF/ZqPVlv1rv18Tuas2Y7h2wO1ucPl7+jrQ==</latexit>

• out t

<latexit sha1_base64="PMMuzG5yAzCjtwmOKU0KvbHU0BU=">AAACHnicbVC7SgNBFJ31bXxFBRubwSBYhV0RtBRtLCOYKCTLcndyo4OzD2buiGGN3yK2+h12Yquf4R+4G7cwiac6nHMfhxOmShpy3S9nanpmdm5+YbGytLyyulZd32iZxGqBTZGoRF+FYFDJGJskSeFVqhGiUOFleHta+Jd3qI1M4gvqp+hHcB3LnhRAuRRUtzqhVQrpsRMB3UjKEkuDgIJqza27Q/BJ4pWkxko0gup3p5sIG2FMQoExbc9Nyc9AkxQKB5WONZiCuIVrbOc0hgiNnw3zD/iuNUAJT1FzqfhQxL8bGUTG9KMwnyxSmnGvEP/z2pZ6R34m49QSxqJ4RFLh8JERWubFIO9KjURQJEcuYy5AAxFqyUGIXLR5UyNHQSk/u+8P8o688UYmSWu/7h3Uj84PascnZVsLbJvtsD3msUN2zM5YgzWZYA/smb2wV+fJeXPenY/f0Smn3NlkI3A+fwCwBqRG</latexit>

• outf

<latexit sha1_base64="1VgQzUwSXDRQaWUeDIglvmThaXA=">AAACHnicbVC7SgNBFJ31Gd9RwcZmMAhWYVcCWoo2lhFMIiTLcndyo4OzD2buiGGN3yK2+h12Yquf4R+4G7fQ6KkO59zH4YSpkoZc98OZmp6ZnZuvLCwuLa+srlXXN9omsVpgSyQq0RchGFQyxhZJUniRaoQoVNgJr08Kv3OD2sgkPqdhin4El7EcSAGUS0F1qxdapZDuexHQlaQssTQKBkG15tbdMfhf4pWkxko0g+pnr58IG2FMQoExXc9Nyc9AkxQKR4s9azAFcQ2X2M1pDBEaPxvnH/Fda4ASnqLmUvGxiD83MoiMGUZhPlmkNJNeIf7ndS0NDv1MxqkljEXxiKTC8SMjtMyLQd6XGomgSI5cxlyABiLUkoMQuWjzpn4dBaX87HY4yjvyJhv5S9r7da9RPzxr1I6Oy7YqbJvtsD3msQN2xE5Zk7WYYHfskT2xZ+fBeXFenbfv0Smn3Nlkv+C8fwGZHKQ4</latexit>

int •

<latexit sha1_base64="Oo/G1WxNB5g6s/Kl1pYDy/DMo8I=">AAACHXicbVDLTgJBEJzFF+ILNZ68TCQmnsiuIZEj0YtHTOSRwIb0Dg1OmH1kptdINvgrxqt+hzfj1fgZ/oG7yEHAOlWquqdryouUNGTbX1ZuZXVtfSO/Wdja3tndK+4fNE0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PJGV5nfukdtZBjc0jhC14dhIAdSAKVSr3jU9YHuJCUymPTosevFSiH1iiW7bE/Bl4kzIyU2Q71X/O72QxH7GJBQYEzHsSNyE9AkhcJJoRsbjECMYIidlAbgo3GTafwJP40NUMgj1FwqPhXx70YCvjFj30sns7Bm0cvE/7xOTIOqm/4sigkDkR0iqXB6yAgt016Q96VGIsiSI5cBF6CBCLXkIEQqxmlRc4+CUm7yMJ6kHTmLjSyT5nnZqZSrN5VS7XLWVp4dsxN2xhx2wWrsmtVZgwmWsGf2wl6tJ+vNerc+fkdz1mznkM3B+vwBrxmjuw==</latexit>

inf •

<latexit sha1_base64="NVQF/SZNGaLMZJytt7r0FKXotak=">AAACHXicbVDLTgJBEJzFF+ILNZ68TCQmnsiuIZEj0YtHTOSRwIb0Dg1OmH1kptdINvgrxqt+hzfj1fgZ/oG7yEHAOlWquqdryouUNGTbX1ZuZXVtfSO/Wdja3tndK+4fNE0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PJGV5nfukdtZBjc0jhC14dhIAdSAKVSr3jU9YHuJCUymPQGj10vVgqpVyzZZXsKvkycGSmxGeq94ne3H4rYx4CEAmM6jh2Rm4AmKRROCt3YYARiBEPspDQAH42bTONP+GlsgEIeoeZS8amIfzcS8I0Z+146mYU1i14m/ud1YhpU3fRnUUwYiOwQSYXTQ0ZomfaCvC81EkGWHLkMuAANRKglByFSMU6LmnsUlHKTh/Ek7chZbGSZNM/LTqVcvamUapeztvLsmJ2wM+awC1Zj16zOGkywhD2zF/ZqPVlv1rv18Tuas2Y7h2wO1ucPl7+jrQ==</latexit>

• out t

<latexit sha1_base64="PMMuzG5yAzCjtwmOKU0KvbHU0BU=">AAACHnicbVC7SgNBFJ31bXxFBRubwSBYhV0RtBRtLCOYKCTLcndyo4OzD2buiGGN3yK2+h12Yquf4R+4G7cwiac6nHMfhxOmShpy3S9nanpmdm5+YbGytLyyulZd32iZxGqBTZGoRF+FYFDJGJskSeFVqhGiUOFleHta+Jd3qI1M4gvqp+hHcB3LnhRAuRRUtzqhVQrpsRMB3UjKEkuDgIJqza27Q/BJ4pWkxko0gup3p5sIG2FMQoExbc9Nyc9AkxQKB5WONZiCuIVrbOc0hgiNnw3zD/iuNUAJT1FzqfhQxL8bGUTG9KMwnyxSmnGvEP/z2pZ6R34m49QSxqJ4RFLh8JERWubFIO9KjURQJEcuYy5AAxFqyUGIXLR5UyNHQSk/u+8P8o688UYmSWu/7h3Uj84PascnZVsLbJvtsD3msUN2zM5YgzWZYA/smb2wV+fJeXPenY/f0Smn3NlkI3A+fwCwBqRG</latexit>

• outf

<latexit sha1_base64="1VgQzUwSXDRQaWUeDIglvmThaXA=">AAACHnicbVC7SgNBFJ31Gd9RwcZmMAhWYVcCWoo2lhFMIiTLcndyo4OzD2buiGGN3yK2+h12Yquf4R+4G7fQ6KkO59zH4YSpkoZc98OZmp6ZnZuvLCwuLa+srlXXN9omsVpgSyQq0RchGFQyxhZJUniRaoQoVNgJr08Kv3OD2sgkPqdhin4El7EcSAGUS0F1qxdapZDuexHQlaQssTQKBkG15tbdMfhf4pWkxko0g+pnr58IG2FMQoExXc9Nyc9AkxQKR4s9azAFcQ2X2M1pDBEaPxvnH/Fda4ASnqLmUvGxiD83MoiMGUZhPlmkNJNeIf7ndS0NDv1MxqkljEXxiKTC8SMjtMyLQd6XGomgSI5cxlyABiLUkoMQuWjzpn4dBaX87HY4yjvyJhv5S9r7da9RPzxr1I6Oy7YqbJvtsD3msQN2xE5Zk7WYYHfskT2xZ+fBeXFenbfv0Smn3Nlkv+C8fwGZHKQ4</latexit>

• out t

<latexit sha1_base64="PMMuzG5yAzCjtwmOKU0KvbHU0BU=">AAACHnicbVC7SgNBFJ31bXxFBRubwSBYhV0RtBRtLCOYKCTLcndyo4OzD2buiGGN3yK2+h12Yquf4R+4G7cwiac6nHMfhxOmShpy3S9nanpmdm5+YbGytLyyulZd32iZxGqBTZGoRF+FYFDJGJskSeFVqhGiUOFleHta+Jd3qI1M4gvqp+hHcB3LnhRAuRRUtzqhVQrpsRMB3UjKEkuDgIJqza27Q/BJ4pWkxko0gup3p5sIG2FMQoExbc9Nyc9AkxQKB5WONZiCuIVrbOc0hgiNnw3zD/iuNUAJT1FzqfhQxL8bGUTG9KMwnyxSmnGvEP/z2pZ6R34m49QSxqJ4RFLh8JERWubFIO9KjURQJEcuYy5AAxFqyUGIXLR5UyNHQSk/u+8P8o688UYmSWu/7h3Uj84PascnZVsLbJvtsD3msUN2zM5YgzWZYA/smb2wV+fJeXPenY/f0Smn3NlkI3A+fwCwBqRG</latexit>

• outf

<latexit sha1_base64="1VgQzUwSXDRQaWUeDIglvmThaXA=">AAACHnicbVC7SgNBFJ31Gd9RwcZmMAhWYVcCWoo2lhFMIiTLcndyo4OzD2buiGGN3yK2+h12Yquf4R+4G7fQ6KkO59zH4YSpkoZc98OZmp6ZnZuvLCwuLa+srlXXN9omsVpgSyQq0RchGFQyxhZJUniRaoQoVNgJr08Kv3OD2sgkPqdhin4El7EcSAGUS0F1qxdapZDuexHQlaQssTQKBkG15tbdMfhf4pWkxko0g+pnr58IG2FMQoExXc9Nyc9AkxQKR4s9azAFcQ2X2M1pDBEaPxvnH/Fda4ASnqLmUvGxiD83MoiMGUZhPlmkNJNeIf7ndS0NDv1MxqkljEXxiKTC8SMjtMyLQd6XGomgSI5cxlyABiLUkoMQuWjzpn4dBaX87HY4yjvyJhv5S9r7da9RPzxr1I6Oy7YqbJvtsD3msQN2xE5Zk7WYYHfskT2xZ+fBeXFenbfv0Smn3Nlkv+C8fwGZHKQ4</latexit>

ct •

<latexit sha1_base64="Kbw7KOy6KJCrX2ECpmzpH3bXCIs=">AAACEXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI5BLx4jmAdsltA76cQhsw9mesWwxJ8Qr/od3sSrX+Bn+AfuxhxMYp2Kqu6upvxYSUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QctEiRbYFJGKdMcHg0qG2CRJCjuxRgh8hW1/dJX77XvURkbhLY1j9AIYhnIgBVAmuaJHj10/UQqpV67YVXsKvkycGamwGRq98ne3H4kkwJCEAmNcx47JS0GTFAonpW5iMAYxgiG6GQ0hQOOl05cn/CQxQBGPUXOp+FTEvxspBMaMAz+bDIDuzKKXi/95bkKDmpfKME4IQ5EHkVQ4DTJCy6wL5H2pkQjyz5HLkAvQQIRachAiE5OsnLmjoJSXPownWUfOYiPLpHVWdc6rtZvzSv1y1laRHbFjdsocdsHq7Jo1WJMJFrFn9sJerSfrzXq3Pn5HC9Zs55DNwfr8AXAgntc=</latexit>

cf •

<latexit sha1_base64="SbIUqfP3PEIAI2JIIvjAsKKEwzE=">AAACEXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS+iddOKQ2QczvWJY4k+IV/0Ob+LVL/Az/AM36x5MYp2Kqu6uprxISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QcuEsRbYFKEKdccDg0oG2CRJCjuRRvA9hW1vfDXz2/eojQyDW5pE6PowCuRQCqBU6or+8LHnxUoh9csVu2pn4MvEyUmF5Wj0y9+9QShiHwMSCozpOnZEbgKapFA4LfVigxGIMYywm9IAfDRukr085SexAQp5hJpLxTMR/24k4Bsz8b100ge6M4veTPzP68Y0rLmJDKKYMBCzIJIKsyAjtEy7QD6QGolg9jlyGXABGohQSw5CpGKcljN3FJRyk4fJNO3IWWxkmbTOqs55tXZzXqlf5m0V2RE7ZqfMYReszq5ZgzWZYCF7Zi/s1Xqy3qx36+N3tGDlO4dsDtbnD1jGnsk=</latexit>

int •

<latexit sha1_base64="Oo/G1WxNB5g6s/Kl1pYDy/DMo8I=">AAACHXicbVDLTgJBEJzFF+ILNZ68TCQmnsiuIZEj0YtHTOSRwIb0Dg1OmH1kptdINvgrxqt+hzfj1fgZ/oG7yEHAOlWquqdryouUNGTbX1ZuZXVtfSO/Wdja3tndK+4fNE0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PJGV5nfukdtZBjc0jhC14dhIAdSAKVSr3jU9YHuJCUymPTosevFSiH1iiW7bE/Bl4kzIyU2Q71X/O72QxH7GJBQYEzHsSNyE9AkhcJJoRsbjECMYIidlAbgo3GTafwJP40NUMgj1FwqPhXx70YCvjFj30sns7Bm0cvE/7xOTIOqm/4sigkDkR0iqXB6yAgt016Q96VGIsiSI5cBF6CBCLXkIEQqxmlRc4+CUm7yMJ6kHTmLjSyT5nnZqZSrN5VS7XLWVp4dsxN2xhx2wWrsmtVZgwmWsGf2wl6tJ+vNerc+fkdz1mznkM3B+vwBrxmjuw==</latexit>

inf •

<latexit sha1_base64="NVQF/SZNGaLMZJytt7r0FKXotak=">AAACHXicbVDLTgJBEJzFF+ILNZ68TCQmnsiuIZEj0YtHTOSRwIb0Dg1OmH1kptdINvgrxqt+hzfj1fgZ/oG7yEHAOlWquqdryouUNGTbX1ZuZXVtfSO/Wdja3tndK+4fNE0Ya4ENEapQtz0wqGSADZKksB1pBN9T2PJGV5nfukdtZBjc0jhC14dhIAdSAKVSr3jU9YHuJCUymPQGj10vVgqpVyzZZXsKvkycGSmxGeq94ne3H4rYx4CEAmM6jh2Rm4AmKRROCt3YYARiBEPspDQAH42bTONP+GlsgEIeoeZS8amIfzcS8I0Z+146mYU1i14m/ud1YhpU3fRnUUwYiOwQSYXTQ0ZomfaCvC81EkGWHLkMuAANRKglByFSMU6LmnsUlHKTh/Ek7chZbGSZNM/LTqVcvamUapeztvLsmJ2wM+awC1Zj16zOGkywhD2zF/ZqPVlv1rv18Tuas2Y7h2wO1ucPl7+jrQ==</latexit>

• cf

<latexit sha1_base64="K3esRdugJqxwH2bDkruLb4TK7C4=">AAACEXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI5BLx4jmAckS+iddOKQ2QczvWJY4k+IV/0Ob+LVL/Az/AM36x5MYp2Kqu6uprxISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QcuEsRbYFKEKdccDg0oG2CRJCjuRRvA9hW1vfDXz2/eojQyDW5pE6PowCuRQCqBU6va8WCmkR9Ef9ssVu2pn4MvEyUmF5Wj0y9+9QShiHwMSCozpOnZEbgKapFA4LfVigxGIMYywm9IAfDRukr085SexAQp5hJpLxTMR/24k4Bsz8b100ge6M4veTPzP68Y0rLmJDKKYMBCzIJIKsyAjtEy7QD6QGolg9jlyGXABGohQSw5CpGKcljN3FJRyk4fJNO3IWWxkmbTOqs55tXZzXqlf5m0V2RE7ZqfMYReszq5ZgzWZYCF7Zi/s1Xqy3qx36+N3tGDlO4dsDtbnD1kensk=</latexit>

• ct

<latexit sha1_base64="KDFZWLH6KsG3VhsculQ7MOuwBA8=">AAACEXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKYI5BLx4jmAdsltA76cQhsw9mesWwxJ8Qr/od3sSrX+Bn+AfuxhxMYp2Kqu6upvxYSUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QctEiRbYFJGKdMcHg0qG2CRJCjuxRgh8hW1/dJX77XvURkbhLY1j9AIYhnIgBVAmuV0/UQrpUfSoV67YVXsKvkycGamwGRq98ne3H4kkwJCEAmNcx47JS0GTFAonpW5iMAYxgiG6GQ0hQOOl05cn/CQxQBGPUXOp+FTEvxspBMaMAz+bDIDuzKKXi/95bkKDmpfKME4IQ5EHkVQ4DTJCy6wL5H2pkQjyz5HLkAvQQIRachAiE5OsnLmjoJSXPownWUfOYiPLpHVWdc6rtZvzSv1y1laRHbFjdsocdsHq7Jo1WJMJFrFn9sJerSfrzXq3Pn5HC9Zs55DNwfr8AXAIntc=</latexit>

B;

<latexit sha1_base64="6Que/41aX40bEFPAYjH/ZHfb/kI=">AAACEXicbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXojePGIiYAJbEjv0OCE2Udmeo2bDV9hvOp3eDNe/QI/wz9wWTkIWKdKVXdXp7xISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QduEsRbYEqEK9Z0HBpUMsEWSFN5FGsH3FHa88dXU7zygNjIMbimJ0PVhFMihFECZ1G30e+hHlBikfrliV+0cfJk4M1JhMzT75e/eIBSxjwEJBcZ0HTsiNwVNUiiclHqxwQjEGEbYzWgAPho3zV+e8JPYAIU8Qs2l4rmIfzdS8I1JfC+b9IHuzaI3Ff/zujENL9xUBlFMGIhpEEmFeZARWmZdIB9IjUQw/Ry5DLgADUSoJQchMjHOypk7Ckq56WMyyTpyFhtZJu2zqlOrXt7UKvXGrK0iO2LH7JQ57JzV2TVrshYTLGTP7IW9Wk/Wm/VuffyOFqzZziGbg/X5Azo2nrg=</latexit>

B;

<latexit sha1_base64="6Que/41aX40bEFPAYjH/ZHfb/kI=">AAACEXicbVDLTgJBEJzFF+IL9ehlIjHxRHYNiXojePGIiYAJbEjv0OCE2Udmeo2bDV9hvOp3eDNe/QI/wz9wWTkIWKdKVXdXp7xISUO2/WUVVlbX1jeKm6Wt7Z3dvfL+QduEsRbYEqEK9Z0HBpUMsEWSFN5FGsH3FHa88dXU7zygNjIMbimJ0PVhFMihFECZ1G30e+hHlBikfrliV+0cfJk4M1JhMzT75e/eIBSxjwEJBcZ0HTsiNwVNUiiclHqxwQjEGEbYzWgAPho3zV+e8JPYAIU8Qs2l4rmIfzdS8I1JfC+b9IHuzaI3Ff/zujENL9xUBlFMGIhpEEmFeZARWmZdIB9IjUQw/Ry5DLgADUSoJQchMjHOypk7Ckq56WMyyTpyFhtZJu2zqlOrXt7UKvXGrK0iO2LH7JQ57JzV2TVrshYTLGTP7IW9Wk/Wm/VuffyOFqzZziGbg/X5Azo2nrg=</latexit>

B;[⌘]

<latexit sha1_base64="WAlND8QrssTntuyL14Ro+NBM3q4=">AAACGXicbVDLTgJBEJzFF+IL9OhlIjHxRHaNiXojePGIiTwS2JDeocEJs4/M9Kpkw5cYr/od3oxXT36Gf+AuchCwTpWq7q5OeZGShmz7y8qtrK6tb+Q3C1vbO7t7xdJ+04SxFtgQoQp12wODSgbYIEkK25FG8D2FLW90lfmte9RGhsEtjSN0fRgGciAFUCr1iqVar4t+RGOD1Okigdsrlu2KPQVfJs6MlNkM9V7xu9sPRexjQEKBMR3HjshNQJMUCieFbmwwAjGCIXZSGoCPxk2mr0/4cWyAQh6h5lLxqYh/NxLwjRn7XjrpA92ZRS8T//M6MQ0u3EQGUUwYiCyIpMJpkBFapp0g70uNRJB9jlwGXIAGItSSgxCpGKclzR0FpdzkcTxJO3IWG1kmzdOKc1a5vDkrV2uztvLskB2xE+awc1Zl16zOGkywB/bMXtir9WS9We/Wx+9ozprtHLA5WJ8/ewahcw==</latexit>

B;[�]

<latexit sha1_base64="63why1jc/b8ml75YcuGrIxMn3Oc=">AAACGXicbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLoKEMEoFIiWWtjyWcONunuzUQWfkSRAvfQYdoqfgM/gAnuCAJU41mdndWE2olLbnul1Oam19YXCovV1ZW19Y3qptblzZJjcC2SFRiOiFYVDLGNklS2NEGIQoVXoV3pyP/6h6NlUl8QQONfgT9WN5IAZRLQXXzJOhhpGlgkbo9fSv9oFpz6+4YfJZ4BamxAq2g+t27TkQaYUxCgbVdz9XkZ2BICoXDSi+1qEHcQR+7OY0hQutn49eHfC+1QAnXaLhUfCzi340MImsHUZhPRkC3dtobif953ZRujvxMxjoljMUoiKTCcZAVRuadIL+WBolg9DlyGXMBBojQSA5C5GKalzRxFJTys8fBMO/Im25kllwe1L1G/fi8UWueFG2V2Q7bZfvMY4esyc5Yi7WZYA/smb2wV+fJeXPenY/f0ZJT7GyzCTifP4aMoXo=</latexit>



5353

Linked boolean buffers
B; , int.Bt + inf .Bf

<latexit sha1_base64="gO/mKZ5t072uLp3c2x0LUKaTvE0="></latexit>

Bt , out t.B;

<latexit sha1_base64="7JmoBLb/hRuYP8uNrfo/HZm+b0g="></latexit>

Bf , outf .B;

<latexit sha1_base64="n09VajmmvljLHALa1aBrlXv5omc="></latexit>

B; , int.Bt + inf .Bf

<latexit sha1_base64="gO/mKZ5t072uLp3c2x0LUKaTvE0="></latexit>

Bt , out t.B;

<latexit sha1_base64="7JmoBLb/hRuYP8uNrfo/HZm+b0g="></latexit>

Bf , outf .B;

<latexit sha1_base64="n09VajmmvljLHALa1aBrlXv5omc="></latexit>

⌘(out t) = ct

<latexit sha1_base64="0Ejpx3Cy0dwNr72KM4XazEHvN70=">AAACDnicbVDLSgNBEJz1GeMr6k0vg0GIl7ArAXMRgl48RjAPSMLSO+nEIbMPZnqFsAT8BL/Cq568iVd/wYP/4m7MQRPrVFR109XlRUoasu1Pa2l5ZXVtPbeR39za3tkt7O03TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXmd+6R21kGNzSOMKeD8NADqQASiW3cNhFglLXB7qTlIQxTVw65RdcuOQWinbZnoIvEmdGimyGulv46vZDEfsYkFBgTMexI+oloEkKhZN8NzYYgRjBEDspDcBH00umP0z4SWyAQh6h5lLxqYi/NxLwjRn7XjqZhTXzXib+53ViGlR7iQyimDAQ2SGSCqeHjNAyLQd5X2okgiw5chlwARqIUEsOQqRinLaVT/tw5r9fJM2zslMpV28qxdrlrJkcO2LHrMQcds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZXbJmOwfsD6yPb2V+m98=</latexit>

⌘(outf ) = cf

<latexit sha1_base64="XSYxaybp1Y4mTbNsikIHkPGRyJ8=">AAACDnicbVDLSgNBEJz1GeMr6k0vg0GIl7ArAXMRgl48RjAPSMLSO+nEIbMPZnqFsAT8BL/Cq568iVd/wYP/4m7MQRPrVFR109XlRUoasu1Pa2l5ZXVtPbeR39za3tkt7O03TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXmd+6R21kGNzSOMKeD8NADqQASiW3cNhFglLXB7qTlIQxTdzBKb/gwh24haJdtqfgi8SZkSKboe4Wvrr9UMQ+BiQUGNNx7Ih6CWiSQuEk340NRiBGMMROSgPw0fSS6Q8TfhIboJBHqLlUfCri740EfGPGvpdOZmHNvJeJ/3mdmAbVXiKDKCYMRHaIpMLpISO0TMtB3pcaiSBLjlwGXIAGItSSgxCpGKdt5dM+nPnvF0nzrOxUytWbSrF2OWsmx47YMSsxh52zGrtmddZggj2wJ/bMXqxH69V6s95/Rpes2c4B+wPr4xs5eJvD</latexit>

�(inf ) = cf

<latexit sha1_base64="u5VmGeYgQe9eFBUEWqHZyL3RdoI=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQxCbMKuBEwjBG0sI5gHZJdldnKTDJl9MHNXCEvwE/wKW63sxNZvsPBf3F1TaOKpDufcy73neJEUGk3z0yisrK6tbxQ3S1vbO7t75f2Djg5jxaHNQxmqnsc0SBFAGwVK6EUKmO9J6HqT68zv3oPSIgzucBqB47NRIIaCM0wlt3xkR2NRtX2GY4GJCGbu8IxeUu4O3XLFrJk56DKx5qRC5mi55S97EPLYhwC5ZFr3LTNCJ2EKBZcwK9mxhojxCRtBP6UB80E7SR5hRk9jzTCkESgqJM1F+L2RMF/rqe+lk9mvetHLxP+8fozDhpMGi2KEgGeHUEjID2muRNoN0IFQgMiyz4GKgHKmGCIoQRnnqRinZZXSPqzF9Mukc16z6rXGbb3SvJo3UyTH5IRUiUUuSJPckBZpE04eyBN5Ji/Go/FqvBnvP6MFY75zSP7A+PgGS5KbPw==</latexit>

�(int) = ct

<latexit sha1_base64="nxHEBmHWTfVnp9ar7yl0r0g32iw=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQxCbMKuBEwjBG0sI5gHJGGZndwkQ2YfzNwVQgh+gl9hq5Wd2PoNFv6Ls+sWmniqwzn3cu85XiSFRtv+tHIrq2vrG/nNwtb2zu5ecf+gpcNYcWjyUIaq4zENUgTQRIESOpEC5nsS2t7kOvHb96C0CIM7nEbQ99koEEPBGRrJLR71orEo93yGY4EzEcxdPKOXlLvoFkt2xU5Bl4mTkRLJ0HCLX71ByGMfAuSSad117Aj7M6ZQcAnzQi/WEDE+YSPoGhowH3R/lkaY09NYMwxpBIoKSVMRfm/MmK/11PfMZPKrXvQS8T+vG+Ow1jfBohgh4MkhFBLSQ5orYboBOhAKEFnyOVARUM4UQwQlKOPciLEpq2D6cBbTL5PWecWpVmq31VL9KmsmT47JCSkTh1yQOrkhDdIknDyQJ/JMXqxH69V6s95/RnNWtnNI/sD6+AZ3mJtb</latexit>

p _ q , (p[⌘]|q[�])\{ct, cf}

<latexit sha1_base64="sZox7OinYONbi+B0Yxquc+cOQkk="></latexit>

Bt _ B;

⌧

✏✏

B; _ B;
intoo

inf // Bf _ B;

⌧

✏✏
Bt _ Bt

outt
88

B; _ Bt

outt

88

int

oo

inf

✏✏

B; _ Bf

outf

ff

inf

//

int

✏✏

Bf _ Bf

outf
ff

Bf _ Bt
outt

??

Bt _ Bf
outf

__

<latexit sha1_base64="MoEAhWpjtlbo9tXfrF1zapg+o5c=">AAAEjHicfZNNb9NAEIa3iYFioKRwAi4rIqJySW2IRCWEFAUJcSwSaSvFjrXZjMuq6w/tjiGR5RO/kr/AjX/A2nHbfDTZ02hm55l539VOUik0Os6fvUbTunf/wf5D+9HjJwdPW4fPznSSKQ5DnshEXUyYBiliGKJACRepAhZNJJxPrj6X9fOfoLRI4u84T8GP2GUsQsEZmlRw2PjtzeYRQyVmud2h+SBAL1TJr5gOAg+iFOcasKAeU6OpP849ZFlBO9TOl8rbGqQf5J5h/xCYi7gI6rQqOUvp0ABLXrh9cFAP9jx7ZcNrYlYiE6OztOEGnmRYVFO37XvbHuxqX2gZ36Vluiax1LJQs zktrEm7lg2vLdrA3rzA6hJrzt3O2K4oLIyN1VOHa070jwO366b8eKRUZhBH3fdvd/vaWX2PsMaMa4yUBjPeiQkLuwhabafrVIduBm4dtEl9ToPWP2+a8CyCGLlkWo9cJ0U/ZwoFl1DYXqYhZfyKXcLIhDGLQPt59VsK+ibTDBOagqJC0ioJyx05i7SeRxNzs9xUr9fK5F21UYbhiW8eJs0QYl4OQiGhGqS5EkY/0KlQgMjKzYGKmHKmGCIoQRnnJpmZf7kCZVL6+WxeeuSuO7IZnL3rur3uybdeuz+o3donr8hrckRc8oH0yVdySoaEN/42W80XzZfWgdWzPlqfFlcbe3XPc7JyrC//AUr3jW0=</latexit>



5454

Linked boolean buffers
B; , int.Bt + inf .Bf

<latexit sha1_base64="gO/mKZ5t072uLp3c2x0LUKaTvE0="></latexit>

Bt , out t.B;

<latexit sha1_base64="7JmoBLb/hRuYP8uNrfo/HZm+b0g="></latexit>

Bf , outf .B;

<latexit sha1_base64="n09VajmmvljLHALa1aBrlXv5omc="></latexit>

B; , int.Bt + inf .Bf

<latexit sha1_base64="gO/mKZ5t072uLp3c2x0LUKaTvE0="></latexit>

Bt , out t.B;

<latexit sha1_base64="7JmoBLb/hRuYP8uNrfo/HZm+b0g="></latexit>

Bf , outf .B;

<latexit sha1_base64="n09VajmmvljLHALa1aBrlXv5omc="></latexit>

⌘(out t) = ct

<latexit sha1_base64="0Ejpx3Cy0dwNr72KM4XazEHvN70=">AAACDnicbVDLSgNBEJz1GeMr6k0vg0GIl7ArAXMRgl48RjAPSMLSO+nEIbMPZnqFsAT8BL/Cq568iVd/wYP/4m7MQRPrVFR109XlRUoasu1Pa2l5ZXVtPbeR39za3tkt7O03TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXmd+6R21kGNzSOMKeD8NADqQASiW3cNhFglLXB7qTlIQxTVw65RdcuOQWinbZnoIvEmdGimyGulv46vZDEfsYkFBgTMexI+oloEkKhZN8NzYYgRjBEDspDcBH00umP0z4SWyAQh6h5lLxqYi/NxLwjRn7XjqZhTXzXib+53ViGlR7iQyimDAQ2SGSCqeHjNAyLQd5X2okgiw5chlwARqIUEsOQqRinLaVT/tw5r9fJM2zslMpV28qxdrlrJkcO2LHrMQcds5q7JrVWYMJ9sCe2DN7sR6tV+vNev8ZXbJmOwfsD6yPb2V+m98=</latexit>

⌘(outf ) = cf

<latexit sha1_base64="XSYxaybp1Y4mTbNsikIHkPGRyJ8=">AAACDnicbVDLSgNBEJz1GeMr6k0vg0GIl7ArAXMRgl48RjAPSMLSO+nEIbMPZnqFsAT8BL/Cq568iVd/wYP/4m7MQRPrVFR109XlRUoasu1Pa2l5ZXVtPbeR39za3tkt7O03TRhrgQ0RqlC3PTCoZIANkqSwHWkE31PY8kZXmd+6R21kGNzSOMKeD8NADqQASiW3cNhFglLXB7qTlIQxTdzBKb/gwh24haJdtqfgi8SZkSKboe4Wvrr9UMQ+BiQUGNNx7Ih6CWiSQuEk340NRiBGMMROSgPw0fSS6Q8TfhIboJBHqLlUfCri740EfGPGvpdOZmHNvJeJ/3mdmAbVXiKDKCYMRHaIpMLpISO0TMtB3pcaiSBLjlwGXIAGItSSgxCpGKdt5dM+nPnvF0nzrOxUytWbSrF2OWsmx47YMSsxh52zGrtmddZggj2wJ/bMXqxH69V6s95/Rpes2c4B+wPr4xs5eJvD</latexit>

�(inf ) = cf

<latexit sha1_base64="u5VmGeYgQe9eFBUEWqHZyL3RdoI=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQxCbMKuBEwjBG0sI5gHZJdldnKTDJl9MHNXCEvwE/wKW63sxNZvsPBf3F1TaOKpDufcy73neJEUGk3z0yisrK6tbxQ3S1vbO7t75f2Djg5jxaHNQxmqnsc0SBFAGwVK6EUKmO9J6HqT68zv3oPSIgzucBqB47NRIIaCM0wlt3xkR2NRtX2GY4GJCGbu8IxeUu4O3XLFrJk56DKx5qRC5mi55S97EPLYhwC5ZFr3LTNCJ2EKBZcwK9mxhojxCRtBP6UB80E7SR5hRk9jzTCkESgqJM1F+L2RMF/rqe+lk9mvetHLxP+8fozDhpMGi2KEgGeHUEjID2muRNoN0IFQgMiyz4GKgHKmGCIoQRnnqRinZZXSPqzF9Mukc16z6rXGbb3SvJo3UyTH5IRUiUUuSJPckBZpE04eyBN5Ji/Go/FqvBnvP6MFY75zSP7A+PgGS5KbPw==</latexit>

�(int) = ct

<latexit sha1_base64="nxHEBmHWTfVnp9ar7yl0r0g32iw=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQxCbMKuBEwjBG0sI5gHJGGZndwkQ2YfzNwVQgh+gl9hq5Wd2PoNFv6Ls+sWmniqwzn3cu85XiSFRtv+tHIrq2vrG/nNwtb2zu5ecf+gpcNYcWjyUIaq4zENUgTQRIESOpEC5nsS2t7kOvHb96C0CIM7nEbQ99koEEPBGRrJLR71orEo93yGY4EzEcxdPKOXlLvoFkt2xU5Bl4mTkRLJ0HCLX71ByGMfAuSSad117Aj7M6ZQcAnzQi/WEDE+YSPoGhowH3R/lkaY09NYMwxpBIoKSVMRfm/MmK/11PfMZPKrXvQS8T+vG+Ow1jfBohgh4MkhFBLSQ5orYboBOhAKEFnyOVARUM4UQwQlKOPciLEpq2D6cBbTL5PWecWpVmq31VL9KmsmT47JCSkTh1yQOrkhDdIknDyQJ/JMXqxH69V6s95/RnNWtnNI/sD6+AZ3mJtb</latexit>

p _ q , (p[⌘]|q[�])\{ct, cf}

<latexit sha1_base64="sZox7OinYONbi+B0Yxquc+cOQkk="></latexit>

Bt _ B;

⌧

✏✏

B; _ B;
intoo

inf // Bf _ B;

⌧

✏✏
Bt _ Bt

outt
88

B; _ Bt

outt

88

int

oo

inf

✏✏

B; _ Bf

outf

ff

inf

//

int

✏✏

Bf _ Bf

outf
ff

Bf _ Bt
outt

??

Bt _ Bf
outf

__

<latexit sha1_base64="MoEAhWpjtlbo9tXfrF1zapg+o5c=">AAAEjHicfZNNb9NAEIa3iYFioKRwAi4rIqJySW2IRCWEFAUJcSwSaSvFjrXZjMuq6w/tjiGR5RO/kr/AjX/A2nHbfDTZ02hm55l539VOUik0Os6fvUbTunf/wf5D+9HjJwdPW4fPznSSKQ5DnshEXUyYBiliGKJACRepAhZNJJxPrj6X9fOfoLRI4u84T8GP2GUsQsEZmlRw2PjtzeYRQyVmud2h+SBAL1TJr5gOAg+iFOcasKAeU6OpP849ZFlBO9TOl8rbGqQf5J5h/xCYi7gI6rQqOUvp0ABLXrh9cFAP9jx7ZcNrYlYiE6OztOEGnmRYVFO37XvbHuxqX2gZ36Vluiax1LJQs zktrEm7lg2vLdrA3rzA6hJrzt3O2K4oLIyN1VOHa070jwO366b8eKRUZhBH3fdvd/vaWX2PsMaMa4yUBjPeiQkLuwhabafrVIduBm4dtEl9ToPWP2+a8CyCGLlkWo9cJ0U/ZwoFl1DYXqYhZfyKXcLIhDGLQPt59VsK+ibTDBOagqJC0ioJyx05i7SeRxNzs9xUr9fK5F21UYbhiW8eJs0QYl4OQiGhGqS5EkY/0KlQgMjKzYGKmHKmGCIoQRnnJpmZf7kCZVL6+WxeeuSuO7IZnL3rur3uybdeuz+o3donr8hrckRc8oH0yVdySoaEN/42W80XzZfWgdWzPlqfFlcbe3XPc7JyrC//AUr3jW0=</latexit>



5555

CCS with value passing
↵?x.p

↵v��! p[v/x]

<latexit sha1_base64="QU1ZgBjuJ5Fn+h3PqJiuvDr3NTA="></latexit>

↵!v.p
↵v��! p

<latexit sha1_base64="su0syTsQBkce9X+iIQ+I2F4T7lI="></latexit>

V , {v1, ..., vn}

<latexit sha1_base64="Di4ob/1wE6z65Jbe63209tFNHCI=">AAACJHicbVC7SsRAFJ34XN+rlloMLoKFhEQELRdtLBXcVdiEcDNe18HJJM7cLC5hGz9GbPU77MTCxn/wD0zWLXyd6nDOfZ44U9KS5705Y+MTk1PTtZnZufmFxaX68krbprkR2BKpSs15DBaV1NgiSQrPM4OQxArP4uvDyj/robEy1afUzzBMoKvlpRRApRTV19s8ICNBdxXe8KDoRf6267rbvUgHg6je8FxvCP6X+CPSYCMcR/WP4CIVeYKahAJrO76XUViAISkUDmaD3GIG4hq62CmphgRtWAy/GPDN3AKlPEPDpeJDEb93FJBY20/isjIBurK/vUr8z+vkdLkfFlJnOaEW1SKSCoeLrDCyjAf5hTRIBNXlyKXmAgwQoZEchCjFvMzrx1BQKixu+1VG/u9E/pL2juvvuvsnu43mwSitGltjG2yL+WyPNdkRO2YtJtgde2CP7Mm5d56dF+f1q3TMGfWssh9w3j8B+zWkrg==</latexit>

↵!v.p ⌘ ↵v.p

<latexit sha1_base64="IVb3Ghqd0yhbMbMMGjXK9cMbYTc=">AAACL3icbVA7TsNAFFzzJ/wClDQLEYLKshESlAgayiCRBCm2ouflASvW9rL7HBFZOQKHQbRwDkSDaCm5AXaSggBTjWbedyKtpCXPe3MmJqemZ2bn5isLi0vLK9XVtaZNMyOwIVKVmosILCqZYIMkKbzQBiGOFLai25PSb3XRWJkm59TTGMZwncgrKYAKqVPdCUDpG9jsupoHeJfJLg/SoqGclw+9Trfv6k615rneAPwv8Uekxkaod6pfwWUqshgTEgqsbfuepjAHQ1Io7FeCzKIGcQvX2C5oAjHaMB881OfbmQVKuUbDpeIDEX925BBb24ujojIGurG/vVL8z2tndHUY5jLRGWEiykUkFQ4WWWFk8TjyS2mQCMrLkcuECzBAhEZyEKIQsyK6saGgVJjf9/pFRv7vRP6S5p7r77uHZ/u1o+NRWnNsg22xXeazA3bETlmdNZhgD+yJPbMX59F5dd6dj2HphDPqWWdjcD6/AeJ1qnI=</latexit>

when the set of values is finite

↵?x.p ⌘ ↵v1 .p[
v1/x] + · · ·+ ↵vn .p[

vn/x]

<latexit sha1_base64="5a+CYX3Ca6Biz9Ug7twK+Q3S6NI="></latexit>

receive
      v -> p
      w -> q
      _ -> r
end

⌘ ↵v.p+ ↵w.q +
X

z 6=v,w

↵z.r

<latexit sha1_base64="OjfOVog9AODLki8GfSFmhzF4dvU="></latexit>



5656

Exercise: LTS?
P , (rec x. ↵.x) + (rec x. �.x)

<latexit sha1_base64="UYtMIgCuonRF1EPmtohqswMzAWs="></latexit>

P

↵

zz

�

$$
rec x. ↵.x

↵

ZZ rec x. �.x

�

XX

<latexit sha1_base64="XHLwb2hfYY76yqHQSi9LXirCke4="></latexit>

P

↵

zz

�

$$
rec x. ↵.x

↵

ZZ rec x. �.x

�

XX

<latexit sha1_base64="XHLwb2hfYY76yqHQSi9LXirCke4="></latexit>

P

↵

zz

�

$$
rec x. ↵.x

↵

ZZ rec x. �.x

�

XX

<latexit sha1_base64="XHLwb2hfYY76yqHQSi9LXirCke4="></latexit>



5757

Exercise: LTS?

Q↵
&&

�
xx

<latexit sha1_base64="ysrV4TkmoLNQDbFGstPMPbxB/wA="></latexit>

Q , rec x. (↵.x+ �.x)

<latexit sha1_base64="D+Q8xSzf7vlBMwXE6DB64uoqKnk="></latexit>

Q , rec x. ↵.x+ �.x

<latexit sha1_base64="a6OHoFsgNaDUPuERwevAAssCkA4="></latexit>

Q , ↵.Q+ �.Q

<latexit sha1_base64="/GFSjkAASF58ykgrOk6/DkrYSpQ=">AAACJXicbVBNS8NAEN3Ur/pd9SjCYhEEoSRS0KPoxWMLthWaUCbbsS7dbOLuRCyhJ3+MeNXf4U0ET/4G/4Fp7UGt7zKP92Z2dl6YKGnJdd+dwszs3PxCcXFpeWV1bb20sdm0cWoENkSsYnMZgkUlNTZIksLLxCBEocJW2D8b+a1bNFbG+oIGCQYR9LS8kgIolzqlnTr3yUjQPYU33AeVXEOlfuCHSHntlMpuxR2DTxNvQspsglqn9Ol3Y5FGqEkosLbtuQkFGRiSQuFwyU8tJiD60MN2TjVEaINsfMaQ76UWKOYJGi4VH4v4cyKDyNpBFOadEdC1/euNxP+8dkpXx0EmdZISajFaRFLheJEVRub5IO9Kg0Qw+jlyqbkAA0RoJAchcjHNA/v1KCgVZHeDYZ6R9zeRadI8rHjVynG9Wj45naRVZNtsl+0zjx2xE3bOaqzBBLtnj+yJPTsPzovz6rx9txacycwW+wXn4ws5baVb</latexit>



5858

Exercise: LTS?
R , rec x. (↵.x+ �.nil)

<latexit sha1_base64="PuItcd4p2aJCG4WaZ9XvMsD0bXY="></latexit>

R↵
&&

�
✏✏

nil

<latexit sha1_base64="DFjx4nKDzOlVjWGSItF3q6nlV1k="></latexit>

R , rec x. ↵.x+ �

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

R , ↵.R+ �

<latexit sha1_base64="eMZ0gWFezuKwccvENl/aE8LnF1o=">AAACJHicbVC7SgNBFJ31Gd9RSy0GgyAIYVcCWoo2ljGYKGSXcHe8SYbMzq4zd8WwpPFjxFa/w04sbPwH/8BNTKHRUx3Ouc8TJkpact13Z2p6ZnZuvrCwuLS8srpWXN9o2Dg1AusiVrG5CsGikhrrJEnhVWIQolDhZdg7HfqXt2isjPUF9RMMIuho2ZYCKJdaxe2aT0aC7ii84T6opAvlGt/nfogErWLJLbsj8L/EG5MSG6PaKn7617FII9QkFFjb9NyEggwMSaFwsOinFhMQPehgM6caIrRBNvpiwHdTCxTzBA2Xio9E/NmRQWRtPwrzygioaye9ofif10ypfRRkUicpoRbDRSQVjhZZYWQeD/JraZAIhpcjl5oLMECERnIQIhfTPK9fQ0GpILvrD/KMvMlE/pLGQdmrlI/OK6Xjk3FaBbbFdtge89ghO2ZnrMrqTLB79sie2LPz4Lw4r87bd+mUM+7ZZL/gfHwBdXik9A==</latexit>



5959

Exercise: LTS?

nil ↵|nil ↵|↵|nil · · ·

T

�

OO

�
::

�
44

↵

✏✏

↵
$$

↵
**

nil|T ↵|nil|T ↵|↵|nil|T · · ·

<latexit sha1_base64="3E/9jG7OxDA+/zWG4J+qLTVYngg="></latexit>

T , rec x. (↵|x) + �

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

T , rec x. ((↵.nil|x) + �.nil)

<latexit sha1_base64="CC6Ecfib+XnRpXd6+RJIbKTQcdc="></latexit>

T , (↵|T ) + �

<latexit sha1_base64="jufBM3plXP2QvvfK43Voig/1Oes=">AAACJnicbVDLSsNAFJ34rO+qS0EGi6AIJZGCXRbduKzQqtCEcjNe6+BkEmduxBK782PErX6HOxF3/oJ/YFq7sNWzOpxznydMlLTkuh/OxOTU9MxsYW5+YXFpeaW4unZq49QIbIpYxeY8BItKamySJIXniUGIQoVn4fVR3z+7RWNlrBvUTTCIoKPlpRRAudQubjZ8MhJ0R+EN3/FBJVdw39jle9wPkaBdLLlldwD+l3hDUmJD1NvFL/8iFmmEmoQCa1uem1CQgSEpFPbm/dRiAuIaOtjKqYYIbZAN/ujx7dQCxTxBw6XiAxF/d2QQWduNwrwyArqy415f/M9rpXRZDTKpk5RQi/4ikgoHi6wwMg8I+YU0SAT9y5FLzQUYIEIjOQiRi2me2MhQUCrI7rq9PCNvPJG/5HS/7FXK1ZNKqXY4TKvANtgW22EeO2A1dszqrMkEe2BP7Jm9OI/Oq/PmvP+UTjjDnnU2AufzG95Wpas=</latexit>

nil ↵|nil ↵|↵|nil · · ·

T

�

OO

�
::

�
44

↵

✏✏

↵
$$

↵
**

nil|T ↵|nil|T ↵|↵|nil|T · · ·

<latexit sha1_base64="3E/9jG7OxDA+/zWG4J+qLTVYngg="></latexit>

nil ↵|nil ↵|↵|nil · · ·

T

�

OO

�
::

�
44

↵

✏✏

↵
$$

↵
**

nil|T ↵|nil|T ↵|↵|nil|T · · ·

<latexit sha1_base64="3E/9jG7OxDA+/zWG4J+qLTVYngg="></latexit>



6060

Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>

U
� //

↵

✏✏

↵|U � //

↵

��

↵

✏✏

↵|↵|U

↵

✏✏

� //

↵

##

· · ·

nil|�.U

�

✏✏

↵|nil|�.U
�
//

↵

✏✏

↵|nil|U

↵

✏✏

�
//

↵

##

· · ·

nil|U nil|nil|�.U
�
// nil|nil|U

�
// · · ·

<latexit sha1_base64="oMI9UMlQ42JcBB8NukSwlHvjFJ4="></latexit>
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Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>

U
� //

↵

✏✏

↵|U � //

↵

��

↵

✏✏

↵|↵|U

↵

✏✏

� //

↵

##

· · ·

nil|�.U

�

✏✏

↵|nil|�.U
�
//

↵

✏✏

↵|nil|U

↵

✏✏

�
//

↵

##

· · ·

nil|U nil|nil|�.U
�
// nil|nil|U

�
// · · ·

<latexit sha1_base64="oMI9UMlQ42JcBB8NukSwlHvjFJ4="></latexit>
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Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>

U
� //

↵

✏✏

↵|U � //

↵

��

↵

✏✏

↵|↵|U

↵

✏✏

� //

↵

##

· · ·

nil|�.U

�

✏✏

↵|nil|�.U
�
//

↵

✏✏

↵|nil|U

↵

✏✏

�
//

↵

##

· · ·

nil|U nil|nil|�.U
�
// nil|nil|U

�
// · · ·

<latexit sha1_base64="oMI9UMlQ42JcBB8NukSwlHvjFJ4="></latexit>
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Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>
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�
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<latexit sha1_base64="oMI9UMlQ42JcBB8NukSwlHvjFJ4="></latexit>
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Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>
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<latexit sha1_base64="oMI9UMlQ42JcBB8NukSwlHvjFJ4="></latexit>
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Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>
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<latexit sha1_base64="oMI9UMlQ42JcBB8NukSwlHvjFJ4="></latexit>
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Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>

let’s ignore nil
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<latexit sha1_base64="9940SmeG5M+wpzFsQO9i2ptXF34="></latexit>
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Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>

let’s ignore nil

U
�
++

↵

��

↵|U
�
,,

↵
jj

↵

��

↵|↵|U
↵

kk

�
,,

↵

��

· · ·
↵

ll

�.U

�

VV

↵|�.U

�

UU

↵
oo ↵|↵|�.U↵

oo

�

UU

· · ·↵
oo

<latexit sha1_base64="9940SmeG5M+wpzFsQO9i2ptXF34="></latexit>
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Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>

let’s ignore nil

U
�
++

↵

��

↵|U
�
,,

↵
jj

↵

��

↵|↵|U
↵

kk

�
,,

↵

��

· · ·
↵

ll

�.U

�

VV

↵|�.U

�

UU

↵
oo ↵|↵|�.U↵

oo

�

UU

· · ·↵
oo

<latexit sha1_base64="9940SmeG5M+wpzFsQO9i2ptXF34="></latexit>
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Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>

let’s ignore nil
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<latexit sha1_base64="9940SmeG5M+wpzFsQO9i2ptXF34="></latexit>
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Exercise: LTS?
U , rec x. ((↵.nil)|�.x)

<latexit sha1_base64="yj7yXs/F61qPSKGQFMtA1UfA948="></latexit>

U , rec x. ↵|�.x

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

U , ↵|�.U

<latexit sha1_base64="IydxehA+4WhSFbFYrrPRGY4vsxQ=">AAACInicbVDLSsNAFJ34flt1p5vBIrgqiRTsUnTjsoKpQhPKzXjbDp1M4syNWGLBjxG3+h3uxJXgT/gHprULtZ7V4Zz7PFGqpCXXfXempmdm5+YXFpeWV1bX1ksbmw2bZEagLxKVmMsILCqp0SdJCi9TgxBHCi+i3snQv7hBY2Wiz6mfYhhDR8u2FECF1Cpt+wEZCbqj8JoHoNIu3AURElT8VqnsVtwR+CTxxqTMxqi3Sp/BVSKyGDUJBdY2PTelMAdDUigcLAWZxRREDzrYLKiGGG2Yj34Y8L3MAiU8RcOl4iMRf3bkEFvbj6OiMgbq2r/eUPzPa2bUroW51GlGqMVwEUmFo0VWGFmEg/xKGiSC4eXIpeYCDBChkRyEKMSsSOvXUFAqzG/7gyIj728ik6RxUPGqldpZtXx0PE5rge2wXbbPPHbIjtgpqzOfCXbPHtkTe3YenBfn1Xn7Lp1yxj1b7Becjy9DoqT3</latexit>

let’s ignore nil
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<latexit sha1_base64="9940SmeG5M+wpzFsQO9i2ptXF34="></latexit>
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Badge exercise

Write an interactive counter modulo 4 in CCS 

The counter process has four input channels: 
inc, val, reset, stop 

and four output channels: 
c0, c1, c2, c3 

used to display the current value of the counter 

Draw the LTS of the counter process.


