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Principles for software composition 2020/21
06 - Erlang and CCS

[Ex. 1]Write a server in erlang to convert temperatures from Celsius degrees
to Fahrenheit degrees and vice versa, using the formula F = 1.8C +32. The
server receives requests of the form (Pid , cs, C) or (Pid , ft, F ) and replies
to Pid by sending messages in analogous format. The server can be stopped
by sending the message stop. All the other messages are ignored. Spawn
a copy of the server, send it some temperatures to convert, check out the
results and stop the server.

[Ex. 2] Write an erlang function copy that receives an integer n and if n is
positive it prints n copies of n (one per line). Write an erlang function that
receives a list of integers and spawn an instance of copy for each integer in
the list.

[Ex. 3] Write an erlang function view that displays the content of the
mailbox but makes all messages remain available in the mailbox afterwards.

[Ex. 4] Define a CCS process Bn
k that represents an in/out bu↵er with

capacity n of which k positions are taken. Show that Bn
0 is strongly bisimilar

to n copies of B1
0 that run in parallel.

[Ex. 5] Write a guarded CCS process whose LTS has infinitely many states
without using parallel composition.

[Ex. 6] Prove that CCS strong bisimilarity is a congruence w.r.t. restriction,
i.e., that for all p, q,↵:

p ' q ) p\↵ ' q\↵

[Ex. 7] Prove that the CCS agents

p
def
= ↵.(↵.�.nil+ ↵.(�.nil+ �.nil)) and q

def
= ↵.(↵.�.nil+ ↵.�.nil)

are not strong bisimilar.

[Ex. 8] Let us consider the guarded CCS processes

p
def
= rec x.(↵.x+ �.x) q

def
= rec y.(↵.nil+ �.y) r

def
= rec z.(�.nil+ �.z)

1. Draw the LTSs of the processes p, q, r and s
def
= (p|q|r)\↵\�\�.

2. Show that s is strong bisimilar to the process t
def
= rec w.(⌧.w+⌧.⌧.nil).

[Ex. 9] Prove that the following property is valid for any agent p, where ⇡
is the weak bisimilarity:

p+ ⌧.p ⇡ ⌧.p
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Ex. 4, buffers
Bn

0 , in.Bn
1

<latexit sha1_base64="AIwJjLAp6bRqUI/axiln86di9iY=">AAACFnicbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLQkMZJAJISYjWxyaccj6buzVSFKXnE/gKWqjoEC0tBf/CObjgtdVoZla7M2GipCXff/cKM7Nz8wvFxdLS8srqWnl948zGqRHYErGKzUUIFpXU2CJJCi8SgxCFCs/D4VGmn9+isTLWpzRKsBvBQMu+FECO6pW3Gz3/UvMOGQl6oPCGdyKga0ljqSfVRi+4dKaKX/Wnw/+CIAcVlk+zV/7oXMUijVCTUGBtO/AT6o7BkBQKJ6VOajEBMYQBth3UEKHtjqdZJnwntUAxT9BwqfiUxO8bY4isHUWhc2aP2t9aRv6ntVPqH3RdqiQl1CI7RFLh9JAVRrqSkF9Jg0SQfY5cai7AABEayUEIR6autZLrI/id/i8426sGterhSa1Sb+TNFNkW22a7LGD7rM6OWZO1mGB37IE9sifv3nv2XrzXL2vBy3c22Y/x3j4BVlefDg==</latexit>

Bn
k , in.Bn

k+1 + out .Bn
k�1 with 0 < k < n

<latexit sha1_base64="QxKFyAtnMYUEOjwvkyksBynUykI="></latexit>

Bn
n , out .Bn

n�1

<latexit sha1_base64="xVYqwwai3nJ6ovdlIBHlsyfCc10=">AAACJnicbVC7SgNBFJ31GeMramkzGAQbw64E1E5iYxnBqJCN4e54jYOzs+vMXUGW/Q8/wa+w1cpOxELwU5yNKXzd6nDOua8TpUpa8v03b2x8YnJqujJTnZ2bX1isLS0f2yQzAjsiUYk5jcCikho7JEnhaWoQ4kjhSXS1X+onN2isTPQR3abYi2Gg5YUUQI7q17ZafX2meUhGgh4ovOZh4vzluDyMgS4l5UlGRdFo9XO9GRRnrqnuN/xh8b8gGIE6G1W7X3sPzxORxahJKLC2G/gp9XIwJIXCohpmFlMQVzDAroMaYrS9fPhbwdczC5TwFA2Xig9J/N6RQ2ztbRw5Z3mu/a2V5H9aN6OLnV4udZoRalEuIqlwuMgKI10IyM+lQSIoL0cuNRdggAiN5CCEIzOXYtXlEfz+/i843moEzcbuYbO+1xolU2GrbI1tsIBtsz12wNqswwS7Yw/skT15996z9+K9flnHvFHPCvtR3scnteOmuA==</latexit>

we want to prove Bn
0 ' B1

0 | · · · |B1
0| {z }

n

<latexit sha1_base64="iLGQF/Lu7BTcWQi1bktlgQso29w=">AAACJHicbVC7TsNAEDzzJrwClDQnIiSqyEaRgA5BQwkSIZHiYK0vGzhxPpu7NRIy+Q0+ga+ghYoOUVDAt2CbFJAw1ezMrnZ3wkRJS6774UxMTk3PzM7NVxYWl5ZXqqtr5zZOjcCmiFVs2iFYVFJjkyQpbCcGIQoVtsLro8Jv3aKxMtZndJdgN4JLLftSAOVSUHUPA/dCc9/KCG+4n+oemtCAwKwwvHtf9GKy92UxCDI9CKo1t+6W4OPEG5IaG+IkqH76vVikEWoSCqzteG5C3QwMSaFwUPFTiwmIa7jETk41RGi7WfnZgG+lFijmCRouFS9F/D2RQWTtXRTmnRHQlR31CvE/r5NSf6+bSZ2khFoUi0gqLBdZYWQeGfKeNEgExeXIpeYCDBChkRyEyMU0z7CS5+GNfj9OznfqXqO+f9qoHRwOk5ljG2yTbTOP7bIDdsxOWJMJ9sCe2DN7cR6dV+fNef9pnXCGM+vsD5yvb1pVpNk=</latexit>

R , {(Bn
k , B

1
k1
| · · · |B1

kn
) | 8i. ki 2 {0, 1} ^

nX

i=1

ki = k}

<latexit sha1_base64="nJ9BzrQ3GiE5H+NvcMDYR5h+Sbk="></latexit>

we prove that R is a strong bisimulation

Bn
0 , in.Bn

1

<latexit sha1_base64="AIwJjLAp6bRqUI/axiln86di9iY=">AAACFnicbVC7TsNAEDyHVwivACXNiQiJKrJRJKCLQkMZJAJISYjWxyaccj6buzVSFKXnE/gKWqjoEC0tBf/CObjgtdVoZla7M2GipCXff/cKM7Nz8wvFxdLS8srqWnl948zGqRHYErGKzUUIFpXU2CJJCi8SgxCFCs/D4VGmn9+isTLWpzRKsBvBQMu+FECO6pW3Gz3/UvMOGQl6oPCGdyKga0ljqSfVRi+4dKaKX/Wnw/+CIAcVlk+zV/7oXMUijVCTUGBtO/AT6o7BkBQKJ6VOajEBMYQBth3UEKHtjqdZJnwntUAxT9BwqfiUxO8bY4isHUWhc2aP2t9aRv6ntVPqH3RdqiQl1CI7RFLh9JAVRrqSkF9Jg0SQfY5cai7AABEayUEIR6autZLrI/id/i8426sGterhSa1Sb+TNFNkW22a7LGD7rM6OWZO1mGB37IE9sifv3nv2XrzXL2vBy3c22Y/x3j4BVlefDg==</latexit>

Bn
k , in.Bn

k+1 + out .Bn
k�1 with 0 < k < n

<latexit sha1_base64="QxKFyAtnMYUEOjwvkyksBynUykI="></latexit>

Bn
n , out .Bn

n�1

<latexit sha1_base64="xVYqwwai3nJ6ovdlIBHlsyfCc10=">AAACJnicbVC7SgNBFJ31GeMramkzGAQbw64E1E5iYxnBqJCN4e54jYOzs+vMXUGW/Q8/wa+w1cpOxELwU5yNKXzd6nDOua8TpUpa8v03b2x8YnJqujJTnZ2bX1isLS0f2yQzAjsiUYk5jcCikho7JEnhaWoQ4kjhSXS1X+onN2isTPQR3abYi2Gg5YUUQI7q17ZafX2meUhGgh4ovOZh4vzluDyMgS4l5UlGRdFo9XO9GRRnrqnuN/xh8b8gGIE6G1W7X3sPzxORxahJKLC2G/gp9XIwJIXCohpmFlMQVzDAroMaYrS9fPhbwdczC5TwFA2Xig9J/N6RQ2ztbRw5Z3mu/a2V5H9aN6OLnV4udZoRalEuIqlwuMgKI10IyM+lQSIoL0cuNRdggAiN5CCEIzOXYtXlEfz+/i843moEzcbuYbO+1xolU2GrbI1tsIBtsz12wNqswwS7Yw/skT15996z9+K9flnHvFHPCvtR3scnteOmuA==</latexit>
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Ex. 4, buffers
Bn

0 R B1
0 | · · · |B1

0

<latexit sha1_base64="da/31K1QJSFQu/AAw497Z1WBEpo=">AAACI3icbVC7TsNAEDzzDOEVoKQ5ESFRBRshAV0EDWVABJDiEK0vGzhxPpu7NVJk8hl8Al9BCxUdoqHgX7CNC15Tzc7sancniJW05Lrvztj4xOTUdGWmOjs3v7BYW1o+tVFiBLZFpCJzHoBFJTW2SZLC89gghIHCs+D6IPfPbtFYGekTGsbYDeFSy4EUQJnUq23u99wL7d/cJNDnfgh0FQzS41Ep5KZ354t+RPauKHq1uttwC/C/xCtJnZVo9Woffj8SSYiahAJrO54bUzcFQ1IoHFX9xGIM4housZNRDSHablo8NuLriQWKeIyGS8ULEb9PpBBaOwyDrDM/3f72cvE/r5PQYLebSh0nhFrki0gqLBZZYWSWGPK+NEgE+eXIpeYCDBChkRyEyMQki7Ca5eH9/v4vOd1qeNuNvaPtenO/TKbCVtka22Ae22FNdsharM0Eu2eP7Ik9Ow/Oi/PqvH21jjnlzAr7AefjEykGpCg=</latexit>

in
✏✏

Bn
1

<latexit sha1_base64="Q9VOU1/8Umd+TTvOHZquQiSo1zs="></latexit>

in
✏✏

B1
1 | · · · |B1

0

<latexit sha1_base64="2+OzRaTGOvmbaIj3PG05j3pbj0Q="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>

Bn
0 R B1

0 | · · · |B1
0

<latexit sha1_base64="da/31K1QJSFQu/AAw497Z1WBEpo=">AAACI3icbVC7TsNAEDzzDOEVoKQ5ESFRBRshAV0EDWVABJDiEK0vGzhxPpu7NVJk8hl8Al9BCxUdoqHgX7CNC15Tzc7sancniJW05Lrvztj4xOTUdGWmOjs3v7BYW1o+tVFiBLZFpCJzHoBFJTW2SZLC89gghIHCs+D6IPfPbtFYGekTGsbYDeFSy4EUQJnUq23u99wL7d/cJNDnfgh0FQzS41Ep5KZ354t+RPauKHq1uttwC/C/xCtJnZVo9Woffj8SSYiahAJrO54bUzcFQ1IoHFX9xGIM4housZNRDSHablo8NuLriQWKeIyGS8ULEb9PpBBaOwyDrDM/3f72cvE/r5PQYLebSh0nhFrki0gqLBZZYWSWGPK+NEgE+eXIpeYCDBChkRyEyMQki7Ca5eH9/v4vOd1qeNuNvaPtenO/TKbCVtka22Ae22FNdsharM0Eu2eP7Ik9Ow/Oi/PqvH21jjnlzAr7AefjEykGpCg=</latexit>

in
✏✏

B1
0 | · · · |B1

1 | · · · |B1
0

<latexit sha1_base64="8yFJkpUPjVIZv+BL34QLhY3KADw="></latexit>

in
✏✏

Bn
1

<latexit sha1_base64="Q9VOU1/8Umd+TTvOHZquQiSo1zs="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>
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Ex. 4, buffers
Bn

k R B1
k1
| · · · |B1

kn

<latexit sha1_base64="ZVE1XQ+TXjopHHkUG4kdYwKY7aw="></latexit>

in
✏✏

Bn
k+1

<latexit sha1_base64="5GvdxViLCiDDQ4d3BeBA+8ALYdU="></latexit>

0 < k < n

<latexit sha1_base64="FzPLSMb0udVzysvEBIX/R5vd2DI=">AAACC3icbVDLSgNBEJyNrxhfUY9eBoPgKexKQAUPohePEcwDkiX0TjpxyOzsMtMrhiWfIF71O7yJVz/Cz/AP3MQcTGKdiqrurqaCWElLrvvl5JaWV1bX8uuFjc2t7Z3i7l7dRokRWBORikwzAItKaqyRJIXN2CCEgcJGMLge+40HNFZG+o6GMfoh9LXsSQGUSTX3YnChO8WSW3Yn4IvEm5ISm6LaKX63u5FIQtQkFFjb8tyY/BQMSaFwVGgnFmMQA+hjK6MaQrR+Onl2xI8SCxTxGA2Xik9E/LuRQmjtMAyyyRDo3s57Y/E/r5VQ78xPpY4TQi3GQSQVToKsMDJrAXlXGiSC8efIpeYCDBChkRyEyMQkq2XmKCjlp4/DUdaRN9/IIqmflL1K+fy2Urq8mraVZwfskB0zj52yS3bDqqzGBJPsmb2wV+fJeXPenY/f0Zwz3dlnM3A+fwBu65uF</latexit>

9ki = 0

<latexit sha1_base64="qdCBxchpN/zAX2mZqxHwnIE7i3Y=">AAACF3icbVDLSgNBEJyNrxgfiXr0MhgET2FXBPUgBL14jGAekCyhd9KJQ2YfzPRKwpIPEa/6Hd7Eq0c/wz9ws+ZgEutUVHV3NeVFShqy7S8rt7K6tr6R3yxsbe/sFkt7+w0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa94c3Ubz6iNjIM7mkcoevDIJB9KYBSqVsqdnCUphg+7Ep+xe1uqWxX7Ax8mTgzUmYz1Lql704vFLGPAQkFxrQdOyI3AU1SKJwUOrHBCMQQBthOaQA+GjfJHp/w49gAhTxCzaXimYh/NxLwjRn7XjrpAz2YRW8q/ue1Y+pfuIkMopgwENMgkgqzICO0TBtB3pMaiWD6OXIZcAEaiFBLDkKkYpxWNHcUlHKT0XiSduQsNrJMGqcV56xyeXdWrl7P2sqzQ3bETpjDzlmV3bIaqzPBYvbMXtir9WS9We/Wx+9ozprtHLA5WJ8/Nb2flQ==</latexit>

in
✏✏

B1
k1
| · · · |Bn

ki+1| · · · |B1
kn

<latexit sha1_base64="E8AtiLANeQHEzkm6InvFZOJUt4w="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>

nX

i=1

ki = k

<latexit sha1_base64="6n2H02lEBv5naA9e1RL8x5ud3ys=">AAACHHicbVDLSsNAFJ34flsfOzeDRXBVEimoi0LRjUsFq0Ibw830tg6dTMLMjVhDf0Xc6ne4E7eCn+EfmNYstHoWl8M598UJEyUtue6HMzE5NT0zOze/sLi0vLJaWlu/sHFqBDZErGJzFYJFJTU2SJLCq8QgRKHCy7B3PPQvb9FYGetz6ifoR9DVsiMFUC4Fpc2WTaMgkzVvcK15L5C8ltdS2a24I/C/xCtImRU4DUqfrXYs0gg1CQXWNj03IT8DQ1IoHCy0UosJiB50sZlTDRFaPxt9P+A7qQWKeYKGS8VHIv6cyCCyth+FeWcEdGPHvaH4n9dMqXPgZ1InKaEWw0MkFY4OWWFkHgvytjRIBMPPkUvNBRggQiM5CJGLaZ7Tr6WglJ/d9Qd5Rt54In/JxV7Fq1YOz6rl+lGR1hzbYttsl3lsn9XZCTtlDSbYPXtkT+zZeXBenFfn7bt1wilmNtgvOO9fMYGhsQ==</latexit>

Bn
k R B1

k1
| · · · |B1

kn

<latexit sha1_base64="ZVE1XQ+TXjopHHkUG4kdYwKY7aw="></latexit>

9ki = 0

<latexit sha1_base64="qdCBxchpN/zAX2mZqxHwnIE7i3Y=">AAACF3icbVDLSgNBEJyNrxgfiXr0MhgET2FXBPUgBL14jGAekCyhd9KJQ2YfzPRKwpIPEa/6Hd7Eq0c/wz9ws+ZgEutUVHV3NeVFShqy7S8rt7K6tr6R3yxsbe/sFkt7+w0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa94c3Ubz6iNjIM7mkcoevDIJB9KYBSqVsqdnCUphg+7Ep+xe1uqWxX7Ax8mTgzUmYz1Lql704vFLGPAQkFxrQdOyI3AU1SKJwUOrHBCMQQBthOaQA+GjfJHp/w49gAhTxCzaXimYh/NxLwjRn7XjrpAz2YRW8q/ue1Y+pfuIkMopgwENMgkgqzICO0TBtB3pMaiWD6OXIZcAEaiFBLDkKkYpxWNHcUlHKT0XiSduQsNrJMGqcV56xyeXdWrl7P2sqzQ3bETpjDzlmV3bIaqzPBYvbMXtir9WS9We/Wx+9ozprtHLA5WJ8/Nb2flQ==</latexit>

in
✏✏

B1
k1
| · · · |Bn

ki+1| · · · |B1
kn

<latexit sha1_base64="E8AtiLANeQHEzkm6InvFZOJUt4w="></latexit>

in
✏✏

Bn
k+1

<latexit sha1_base64="5GvdxViLCiDDQ4d3BeBA+8ALYdU="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>
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Ex. 4, buffers
Bn

k R B1
k1
| · · · |B1

kn

<latexit sha1_base64="ZVE1XQ+TXjopHHkUG4kdYwKY7aw="></latexit>

0 < k < n

<latexit sha1_base64="FzPLSMb0udVzysvEBIX/R5vd2DI=">AAACC3icbVDLSgNBEJyNrxhfUY9eBoPgKexKQAUPohePEcwDkiX0TjpxyOzsMtMrhiWfIF71O7yJVz/Cz/AP3MQcTGKdiqrurqaCWElLrvvl5JaWV1bX8uuFjc2t7Z3i7l7dRokRWBORikwzAItKaqyRJIXN2CCEgcJGMLge+40HNFZG+o6GMfoh9LXsSQGUSTX3YnChO8WSW3Yn4IvEm5ISm6LaKX63u5FIQtQkFFjb8tyY/BQMSaFwVGgnFmMQA+hjK6MaQrR+Onl2xI8SCxTxGA2Xik9E/LuRQmjtMAyyyRDo3s57Y/E/r5VQ78xPpY4TQi3GQSQVToKsMDJrAXlXGiSC8efIpeYCDBChkRyEyMQkq2XmKCjlp4/DUdaRN9/IIqmflL1K+fy2Urq8mraVZwfskB0zj52yS3bDqqzGBJPsmb2wV+fJeXPenY/f0Zwz3dlnM3A+fwBu65uF</latexit>

nX

i=1

ki = k

<latexit sha1_base64="6n2H02lEBv5naA9e1RL8x5ud3ys=">AAACHHicbVDLSsNAFJ34flsfOzeDRXBVEimoi0LRjUsFq0Ibw830tg6dTMLMjVhDf0Xc6ne4E7eCn+EfmNYstHoWl8M598UJEyUtue6HMzE5NT0zOze/sLi0vLJaWlu/sHFqBDZErGJzFYJFJTU2SJLCq8QgRKHCy7B3PPQvb9FYGetz6ifoR9DVsiMFUC4Fpc2WTaMgkzVvcK15L5C8ltdS2a24I/C/xCtImRU4DUqfrXYs0gg1CQXWNj03IT8DQ1IoHCy0UosJiB50sZlTDRFaPxt9P+A7qQWKeYKGS8VHIv6cyCCyth+FeWcEdGPHvaH4n9dMqXPgZ1InKaEWw0MkFY4OWWFkHgvytjRIBMPPkUvNBRggQiM5CJGLaZ7Tr6WglJ/d9Qd5Rt54In/JxV7Fq1YOz6rl+lGR1hzbYttsl3lsn9XZCTtlDSbYPXtkT+zZeXBenFfn7bt1wilmNtgvOO9fMYGhsQ==</latexit>

out
✏✏

Bn
k�1

<latexit sha1_base64="Yw6Ljs2MNDRpbrQ3lTV75CgePgo="></latexit>

out
✏✏

B1
k1
| · · · |Bn

ki�1| · · · |B1
kn

<latexit sha1_base64="P0iDAzoNxFQ9WChAgtOBoQxw+Ww="></latexit>

9ki = 1

<latexit sha1_base64="jNGKzw5DV0DRuvgqgMyhPyHGCMA=">AAACF3icbVDLSgNBEJyNrxgfiXr0MhgET2FXBPUgBL14jGAekCyhd9KJQ2YfzPRKwpIPEa/6Hd7Eq0c/wz9ws+ZgEutUVHV3NeVFShqy7S8rt7K6tr6R3yxsbe/sFkt7+w0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa94c3Ubz6iNjIM7mkcoevDIJB9KYBSqVsqdnCUphg+7Ep+xZ1uqWxX7Ax8mTgzUmYz1Lql704vFLGPAQkFxrQdOyI3AU1SKJwUOrHBCMQQBthOaQA+GjfJHp/w49gAhTxCzaXimYh/NxLwjRn7XjrpAz2YRW8q/ue1Y+pfuIkMopgwENMgkgqzICO0TBtB3pMaiWD6OXIZcAEaiFBLDkKkYpxWNHcUlHKT0XiSduQsNrJMGqcV56xyeXdWrl7P2sqzQ3bETpjDzlmV3bIaqzPBYvbMXtir9WS9We/Wx+9ozprtHLA5WJ8/N2Cflg==</latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>

Bn
k R B1

k1
| · · · |B1

kn

<latexit sha1_base64="ZVE1XQ+TXjopHHkUG4kdYwKY7aw="></latexit>

9ki = 1

<latexit sha1_base64="jNGKzw5DV0DRuvgqgMyhPyHGCMA=">AAACF3icbVDLSgNBEJyNrxgfiXr0MhgET2FXBPUgBL14jGAekCyhd9KJQ2YfzPRKwpIPEa/6Hd7Eq0c/wz9ws+ZgEutUVHV3NeVFShqy7S8rt7K6tr6R3yxsbe/sFkt7+w0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa94c3Ubz6iNjIM7mkcoevDIJB9KYBSqVsqdnCUphg+7Ep+xZ1uqWxX7Ax8mTgzUmYz1Lql704vFLGPAQkFxrQdOyI3AU1SKJwUOrHBCMQQBthOaQA+GjfJHp/w49gAhTxCzaXimYh/NxLwjRn7XjrpAz2YRW8q/ue1Y+pfuIkMopgwENMgkgqzICO0TBtB3pMaiWD6OXIZcAEaiFBLDkKkYpxWNHcUlHKT0XiSduQsNrJMGqcV56xyeXdWrl7P2sqzQ3bETpjDzlmV3bIaqzPBYvbMXtir9WS9We/Wx+9ozprtHLA5WJ8/N2Cflg==</latexit>

out
✏✏

B1
k1
| · · · |Bn

ki�1| · · · |B1
kn

<latexit sha1_base64="P0iDAzoNxFQ9WChAgtOBoQxw+Ww="></latexit>

out
✏✏

Bn
k�1

<latexit sha1_base64="Yw6Ljs2MNDRpbrQ3lTV75CgePgo="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>
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Ex. 4, buffers
Bn

n R B1
1 | · · · |B1

1

<latexit sha1_base64="mAiqY6FLuE3a6oQGldSoLZ/73ew=">AAACI3icbVC7TsNAEDzzJrwClDQnIiSqYKNIQIdCQwmIAFIcrPVlAyfOZ3O3RkImn8En8BW0UNEhGgr+Bdu44DXV7MyudnfCRElLrvvujIyOjU9MTk3XZmbn5hfqi0snNk6NwI6IVWzOQrCopMYOSVJ4lhiEKFR4Gl7tFf7pDRorY31Mtwn2IrjQciAFUC4F9Y12oM+1f32dQp/7EdBlOMiOhpXQDrxz784X/ZjsXVkE9YbbdEvwv8SrSINVOAjqH34/FmmEmoQCa7uem1AvA0NSKBzW/NRiAuIKLrCbUw0R2l5WPjbka6kFinmChkvFSxG/T2QQWXsbhXlncbr97RXif143pcF2L5M6SQm1KBaRVFgussLIPDHkfWmQCIrLkUvNBRggQiM5CJGLaR5hLc/D+/39X3Ky2fRazZ3DVmO3XSUzxVbYKltnHttiu2yfHbAOE+yePbIn9uw8OC/Oq/P21TriVDPL7Aecj0+Xf6Ro</latexit>

out
✏✏

Bn
n�1

<latexit sha1_base64="uO9kS7+H0mV+hwBWsYGrlSHncTs="></latexit>

out
✏✏

B1
0 | · · · |B1

1

<latexit sha1_base64="fZXSQR7fy3s7qTfzY7zalOzRGsY="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>

Bn
n R B1

1 | · · · |B1
1

<latexit sha1_base64="mAiqY6FLuE3a6oQGldSoLZ/73ew=">AAACI3icbVC7TsNAEDzzJrwClDQnIiSqYKNIQIdCQwmIAFIcrPVlAyfOZ3O3RkImn8En8BW0UNEhGgr+Bdu44DXV7MyudnfCRElLrvvujIyOjU9MTk3XZmbn5hfqi0snNk6NwI6IVWzOQrCopMYOSVJ4lhiEKFR4Gl7tFf7pDRorY31Mtwn2IrjQciAFUC4F9Y12oM+1f32dQp/7EdBlOMiOhpXQDrxz784X/ZjsXVkE9YbbdEvwv8SrSINVOAjqH34/FmmEmoQCa7uem1AvA0NSKBzW/NRiAuIKLrCbUw0R2l5WPjbka6kFinmChkvFSxG/T2QQWXsbhXlncbr97RXif143pcF2L5M6SQm1KBaRVFgussLIPDHkfWmQCIrLkUvNBRggQiM5CJGLaR5hLc/D+/39X3Ky2fRazZ3DVmO3XSUzxVbYKltnHttiu2yfHbAOE+yePbIn9uw8OC/Oq/P21TriVDPL7Aecj0+Xf6Ro</latexit>

out
✏✏

B1
1 | · · · |B1

0 | · · · |B1
1

<latexit sha1_base64="JnUQWi8WkdGDlw9V09Ufm5xlM7c="></latexit>

out
✏✏

Bn
n�1

<latexit sha1_base64="uO9kS7+H0mV+hwBWsYGrlSHncTs="></latexit>

R

<latexit sha1_base64="GIRBiDJhOPkIfggPJGxSavGLeiI=">AAACEHicbVA7TsNAFFyHf/gFKGlWREhUkY0iAR2ChhIQgYjEip6Xl7DKem3tPiMiK5dAtHAOOkTLDTgGN8A2LoAw1WjmfUYTxEpact0PpzI1PTM7N79QXVxaXlmtra1f2igxAlsiUpFpB2BRSY0tkqSwHRuEMFB4FQyPc//qDo2Vkb6gUYx+CAMt+1IAZdJ1NwS6Dfrp+bhXq7sNtwCfJF5J6qzEaa/22b2JRBKiJqHA2o7nxuSnYEgKheNqN7EYgxjCADsZ1RCi9dMi8ZhvJxYo4jEaLhUvRPy5kUJo7SgMssk8of3r5eJ/Xieh/r6fSh0nhFrkj0gqLB5ZYWRWBfIbaZAI8uTIpeYCDBChkRyEyMQk6+bXUVDKT+9HeUfe30YmyeVuw2s2Ds6a9cOjsq15tsm22A7z2B47ZCfslLWYYJo9sif27Dw4L86r8/Y9WnHKnQ32C877F3Utnk4=</latexit>
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Principles for software composition 2020/21
06 - Erlang and CCS

[Ex. 1]Write a server in erlang to convert temperatures from Celsius degrees
to Fahrenheit degrees and vice versa, using the formula F = 1.8C +32. The
server receives requests of the form (Pid , cs, C) or (Pid , ft, F ) and replies
to Pid by sending messages in analogous format. The server can be stopped
by sending the message stop. All the other messages are ignored. Spawn
a copy of the server, send it some temperatures to convert, check out the
results and stop the server.

[Ex. 2] Write an erlang function copy that receives an integer n and if n is
positive it prints n copies of n (one per line). Write an erlang function that
receives a list of integers and spawn an instance of copy for each integer in
the list.

[Ex. 3] Write an erlang function view that displays the content of the
mailbox but makes all messages remain available in the mailbox afterwards.

[Ex. 4] Define a CCS process Bn
k that represents an in/out bu↵er with

capacity n of which k positions are taken. Show that Bn
0 is strongly bisimilar

to n copies of B1
0 that run in parallel.

[Ex. 5] Write a guarded CCS process whose LTS has infinitely many states
without using parallel composition.

[Ex. 6] Prove that CCS strong bisimilarity is a congruence w.r.t. restriction,
i.e., that for all p, q,↵:

p ' q ) p\↵ ' q\↵

[Ex. 7] Prove that the CCS agents

p
def
= ↵.(↵.�.nil+ ↵.(�.nil+ �.nil)) and q

def
= ↵.(↵.�.nil+ ↵.�.nil)

are not strong bisimilar.

[Ex. 8] Let us consider the guarded CCS processes

p
def
= rec x.(↵.x+ �.x) q

def
= rec y.(↵.nil+ �.y) r

def
= rec z.(�.nil+ �.z)

1. Draw the LTSs of the processes p, q, r and s
def
= (p|q|r)\↵\�\�.

2. Show that s is strong bisimilar to the process t
def
= rec w.(⌧.w+⌧.⌧.nil).

[Ex. 9] Prove that the following property is valid for any agent p, where ⇡
is the weak bisimilarity:

p+ ⌧.p ⇡ ⌧.p
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Ex. 5, infinite LTS
P , rec x. ↵.(x|�.nil)

<latexit sha1_base64="D8qgxMtxi8vcx5k1nzneiMfcT6g="></latexit>

P
↵✏✏

P |�
↵✏✏

� // · · ·

(P |�)|�
↵✏✏

� // · · ·

((P |�)|�)|�
↵
✏✏

� // · · ·

· · ·

<latexit sha1_base64="1i+5LVu5+EM40VHah3tPKuNi7LQ="></latexit>

using par P , ↵.(P |�)

<latexit sha1_base64="MODBWBAJZL13oaGILMvShznsdYQ=">AAACJHicbVA7TsNAFFzzDeEXoIRiRYQETWSjSEAXQUMZJBKQYit6Xh5hxXptdp8RkUnDYRAtnIMOUdBwB26AE1KQwFSjmfedMFHSkut+OBOTU9Mzs4W54vzC4tJyaWW1aePUCGyIWMXmPASLSmpskCSF54lBiEKFZ+H1Ud8/u0VjZaxPqZtgEEFHy0spgHKpXdqo+2Qk6I7CG+6DSq6gsl2/90Mk2GmXym7FHYD/Jd6QlNkQ9Xbpy7+IRRqhJqHA2pbnJhRkYEgKhb2in1pMQFxDB1s51RChDbLBFz2+lVqgmCdouFR8IOLvjgwia7tRmFdGQFd23OuL/3mtlC73g0zqJCXUor+IpMLBIiuMzONBfiENEkH/cuRScwEGiNBIDkLkYprnNTIUlAqyu24vz8gbT+Qvae5WvGrl4KRarh0O0yqwdbbJtpnH9liNHbM6azDBHtgTe2YvzqPz6rw57z+lE86wZ42NwPn8BhK7pVM=</latexit>
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Ex. 5, infinite LTS
P , rec x. (↵.x)\�

<latexit sha1_base64="sT52WxU05V0VjFyMYB10KGmhriA="></latexit>

P
↵✏✏

P\�
↵✏✏

P\�\�
↵✏✏

P\�\�\�
↵
✏✏

· · ·

<latexit sha1_base64="3JuiMdMjRRAZF7KSJXa6+UGte88="></latexit>

all states are bisimilar

P , (↵.P )\�

<latexit sha1_base64="W350tA5mvccnEasDkVyPzP9kwDk=">AAACLXicbVDLSgNBEJyN73fUo5fBIOgl7Iqg3kQvHiMYFbJL6J10kiGzs+tMrxiWfIEfI171OzwI4tWzf+Ak5uCrTkVVd9dMxZmSlnz/xStNTE5Nz8zOzS8sLi2vlFfXLmyaG4F1karUXMVgUUmNdZKk8CozCEms8DLunQz9yxs0Vqb6nPoZRgl0tGxLAeSkZnmrFpKRoDsKr/l2CCrrQrW2E8YgelaB7YYxEjTLFb/qj8D/kmBMKmyMWrP8EbZSkSeoSbgrthH4GUUFGJJC4WA+zC1mLgI62HBUQ4I2KkbfGfCt3AKlPEPDpeIjEb9vFJBY209iN5kAde1vbyj+5zVyah9EhdRZTqjFMIikwlGQFUa6npC3pEEiGL4cudRcgAEiNJKDEE7MXXE/joJSUXHbH7iOgt+N/CUXu9Vgr3p4tlc5Oh63Ncs22CbbZgHbZ0fslNVYnQl2xx7YI3vy7r1n79V7+xoteeOddfYD3vsnl/OpOQ==</latexit>
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Ex. 5, infinite LTS
�(↵i) = ↵i+1

<latexit sha1_base64="ln5Nf7ta320GJEP7Pk52S+KtY4A=">AAACJXicbVBNa9RQFH0Zq47VatRlER4OwkhhSMqAdSEMunE5gtMWJmG4eb3tXOYlebx3Ix3CrPwx4tb+ju5KwVV/g//AJM2infasDufcz5MYTY6D4K/XebDx8NHj7pPNp8+2nr/wX77ad3lhFU5UrnN7mIBDTRlOmFjjobEIaaLxIFl8qf2DH2gd5dl3XhqMUzjJ6JgUcCXN/DeRmVM/Am3mMKP38pNseUk74Wrm94JB0EDeJWFLeqLFeOb/i45yVaSYsdLg3DQMDMclWCalcbUZFQ4NqAWc4LSiGaTo4rJ5YyXfFQ44lwatJC0bEW92lJA6t0yTqjIFnrt1rxbv86YFH+/FJWWmYMxUvYhJY7PIKUtVPiiPyCIz1JejpEwqsMCMliQoVYlFFditoaB1XJ4u64zC9UTukv3dQTgcfPw27I0+t2l1xbZ4K/oiFB/ESHwVYzERSvwUv8Ufceb98s69C+/yurTjtT2vxS14V/8B+0KlOA==</latexit>

P
↵1✏✏

P [�]
↵2✏✏

P [�][�]
↵3✏✏

P [�][�][�]
↵4
✏✏

· · ·

<latexit sha1_base64="06UPPg/FaFYKlHYgSYrB7W/Ugvc="></latexit>

P , rec x. ↵1.(x[�])

<latexit sha1_base64="w0BQyQRyza7OgU6ZDfjN7sPn7xk="></latexit>
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Principles for software composition 2020/21
06 - Erlang and CCS

[Ex. 1]Write a server in erlang to convert temperatures from Celsius degrees
to Fahrenheit degrees and vice versa, using the formula F = 1.8C +32. The
server receives requests of the form (Pid , cs, C) or (Pid , ft, F ) and replies
to Pid by sending messages in analogous format. The server can be stopped
by sending the message stop. All the other messages are ignored. Spawn
a copy of the server, send it some temperatures to convert, check out the
results and stop the server.

[Ex. 2] Write an erlang function copy that receives an integer n and if n is
positive it prints n copies of n (one per line). Write an erlang function that
receives a list of integers and spawn an instance of copy for each integer in
the list.

[Ex. 3] Write an erlang function view that displays the content of the
mailbox but makes all messages remain available in the mailbox afterwards.

[Ex. 4] Define a CCS process Bn
k that represents an in/out bu↵er with

capacity n of which k positions are taken. Show that Bn
0 is strongly bisimilar

to n copies of B1
0 that run in parallel.

[Ex. 5] Write a guarded CCS process whose LTS has infinitely many states
without using parallel composition.

[Ex. 6] Prove that CCS strong bisimilarity is a congruence w.r.t. restriction,
i.e., that for all p, q,↵:

p ' q ) p\↵ ' q\↵

[Ex. 7] Prove that the CCS agents

p
def
= ↵.(↵.�.nil+ ↵.(�.nil+ �.nil)) and q

def
= ↵.(↵.�.nil+ ↵.�.nil)

are not strong bisimilar.

[Ex. 8] Let us consider the guarded CCS processes

p
def
= rec x.(↵.x+ �.x) q

def
= rec y.(↵.nil+ �.y) r

def
= rec z.(�.nil+ �.z)

1. Draw the LTSs of the processes p, q, r and s
def
= (p|q|r)\↵\�\�.

2. Show that s is strong bisimilar to the process t
def
= rec w.(⌧.w+⌧.⌧.nil).

[Ex. 9] Prove that the following property is valid for any agent p, where ⇡
is the weak bisimilarity:

p+ ⌧.p ⇡ ⌧.p
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Ex. 6, congruence \a
we prove R is a strong bisimulationR , {(p\↵, q\↵) | p ' q}

<latexit sha1_base64="9T3YR0OtbXYTReBiFHTNe7ilCmU=">AAACVXicbVBNbxMxEHW2oS3howGOXCwipCKhaBdFotyicukFqSCSVopX0aw7Sax6vY49i4i26Z/qj6l6bX8BPwAJb8iBpszp6b2ZeTMvs1p5iuObRrTVfLS9s/u49eTps+d77Rcvh74oncSBLHThTjPwqJXBASnSeGodQp5pPMnOP9f6yQ90XhXmOy0spjlMjZooCRSocfuLyIFm2aT6thTkFJipxjkXVWvfigzkudfgZwK0nc H7+Sbzjl9eXFrhVR5m5i2xHLc7cTdeFX8IkjXosHUdj9u/xFkhyxwNybDXj5LYUlqBIyU1Llui9GiDKUxxFKCBHH1ard5e8relByq4RceV5isS/52oIPd+kWehs37Sb2o1+T9tVNLkIK2UsSWhkbURKY0rIy+dCnkiP1MOiaC+HLkyXIIDInSKg5SBLEPA95aC1mn1c1FnlGwm8hAMP3STXvfT116nf7hOa5e9Zm/YPkvYR9ZnR+yYDZhkV+yG3bK7xnXjd9SMtv+2Ro31zCt2r6K9Pz2qt20=</latexit>

take (p\↵, q\↵) 2 R

<latexit sha1_base64="tFMTM358w5OObPVFQRuuKW6F+XE=">AAACSXicbVBNSyNBEO2J39HVrB69NEZBYQkzQVBv6l72qGJUyAyhpq2YJj0zbXeNbBjye/wx4nVlf4Y38WRPzEGjdXq8V1Wv6sVaSUu+/9+rTE3PzM7NL1QXl34sr9R+rl7YLDcCWyJTmbmKwaKSKbZIksIrbRCSWOFl3P9d6pd3aKzM0nMaaIwSuEllVwogR3VqR0Vou1WCPvLNbR3GIPpWge2FoHQPft1OMjuhTHmYAPXibn E23KwOO7W63/BHxb+CYAzqbFwnndpzeJ2JPMGUhFts24GvKSrAkBQKh9Uwt6idK9xg28EUErRRMXp1yLdyC5RxjYZLxUckfpwoILF2kMSuszzSTmol+Z3Wzqm7HxUy1TlhKkojkgpHRlYY6TJEfi0NEkF5OXKXgwADRGgkByEcmbtQPy0FpaLi76DMKJhM5Cu4aDaC3cbBabN+eDxOa56tsw22zQK2xw7ZH3bCWkywe/bI/rEn78F79l681/fWijeeWWOfqjL1Bla8s3c=</latexit>

take p\↵ µ�! p0

<latexit sha1_base64="UN8pIwJftiLAjcTvYEsEr16/AcE=">AAACOnicbVC7TsNAEDzzJrwClDQnAoIqsiMkoEPQUIJEEqTYitbHJjnlbJ/u1kBk5T/4GEQLv0BLh6iQ+ADskILXVKOZ3Z27CbWSllz32ZmYnJqemZ2bLy0sLi2vlFfXGjZJjcC6SFRiLkOwqGSMdZKk8FIbhChU2Az7J4XfvEZjZRJf0EBjEEE3lh0pgHKpXa5lvu2UCPrIt7QfguhbBbbng9I98G+N7PYIjEluMj9Kh3pnqz Rslytu1R2B/yXemFTYGGft8rt/lYg0wphEfty2PFdTkIEhKRQOS35qUefJ0MVWTmOI0AbZ6G9Dvp1aoIRrNFwqPhLx+0YGkbWDKMwnI6Ce/e0V4n9eK6XOQZDJWKeEsSiCSCocBVlhZF4a8itpkAiKlyOXMRdggAiN5CBELqZ5iz+OglJBdjsoOvJ+N/KXNGpVb696eF6rHB2P25pjG2yT7TKP7bMjdsrOWJ0Jdsce2CN7cu6dF+fVefsanXDGO+vsB5yPTwkvrwc=</latexit>

we want to find q\↵ µ�! q0 with p0 R q0

<latexit sha1_base64="iDacJ2+Rz6h/PxKGxPdHHDmzAiA="></latexit>

we want to find p\↵ µ�! p0 with p0 R q0

<latexit sha1_base64="IqobXAC2CeFewuaaEMIlCyW9tP0="></latexit>

take q\↵ µ�! q0

<latexit sha1_base64="BdNxDC7a9SL0RPY8j8CTpfma0Zc=">AAACOnicbVC7TsNAEDzzJrwClDQnEgRVZEdIQIegoQSJAFJsRevLJjnl/MjdGois/Acfg2jhF2jpEBUSH4AdUhDCVKOZ3Z278WMlDdn2qzU1PTM7N7+wWFhaXlldK65vXJko0QJrIlKRvvHBoJIh1kiSwptYIwS+wmu/e5r717eojYzCS+rH6AXQDmVLCqBMahSrqWtaBYIu8nLP9UF0jQLTcUHFHXDvtWx3CLSO7lI3SAa93X Jh0CiW7Io9BJ8kzoiU2AjnjeKn24xEEmBIIjtu6o4dk5eCJikUDgpuYjDOkqGN9YyGEKDx0uHfBnwnMUARj1FzqfhQxN8bKQTG9AM/mwyAOuavl4v/efWEWodeKsM4IQxFHkRS4TDICC2z0pA3pUYiyF+OXIZcgAYi1JKDEJmYZC2OHQWlvPS+n3fk/G1kklxVK85+5eiiWjo+GbW1wLbYNttjDjtgx+yMnbMaE+yBPbFn9mI9Wm/Wu/XxMzpljXY22Risr28Mn68J</latexit>

by rule res) it must be p
µ�! p00 with µ 62 {↵,↵} and p0 = p00\↵

<latexit sha1_base64="yRgwJ+1cSQo58XNfbVje8hIiYWQ=">AAACiXicbVFNb9NAEF2br5JSCCDBgcuKGAWkKrIrpBYkpIpeOBaJtJWyVjTeTOJV12trd9w2snzgZ/ILOPMPWKc+0JY5vX1vZt7obVZp5SiOfwXhvfsPHj7aejzYfrLz9Nnw+YsTV9ZW4lSWurRnGTjUyuCUFGk8qyxCkWk8zc6POv30Aq1TpflB6wrTAlZGLZUE8tR8+LMRbjnI1tzWGrlF94Er4kXtiGfIo0pcWbXKCawtLx tR1G01Hkf8UlHOI/8UpiShjGgE6CqHXVF6s+6WnmhFG3EwC79p/MWPigzkudPg8ms9GrTz4SiexJvid0HSgxHr63g+/CMWpawLNCT9JjdL4orSBiwpqbEdiNph5W1ghTMPDRTo0mYTVcvf1Q6o5BVarjTfkPjvRAOFc+si850FUO5uax35P21W0/IgbZSpakIjOyNSPtHOyEmrfCzIF8oiEXSXI1eGS7BAhFZxkNKTtf+UG0tB67S5WncZJbcTuQtO9ibJx8mn73ujw699WlvsDXvL3rOE7bND9o0dsymT7HewE7wKXofbYRIehJ+vW8Ogn3nJblR49Be9NcXB</latexit>

(with p ' q)

<latexit sha1_base64="IkcDmS2SrNjI3AmM18ZminDJERM=">AAACIXicbVC7TgJBFJ3FN75QK2MzEUy0IbvERO2MNpaYCJLAhtwdLzBh9sHMXZVsiB9jbPU77Iyd8Sv8A3eRwtepTs65z+NFShqy7TcrNzU9Mzs3v5BfXFpeWS2srddNGGuBNRGqUDc8MKhkgDWSpLARaQTfU3jp9U8z//IatZFhcEHDCF0fuoHsSAGUSu3CZtIynfzujaQeL0UtI30c8EFpLz9qF4p22R6D/yXOhBTZBNV24aN1FYrYx4CEAmOajh2Rm4AmKRSO8q3YYASiD11spjQAH42bjF8Y8Z3YAIU8Qs2l4mMRv3ck4Bsz9L200gfqmd9eJv7nNWPqHLqJDKKYMBDZIpIKx4uM0DLNBvmV1EgE2eXIZcAFaCBCLTkIkYpxGtaPoaCUm9wOs4yc34n8JfVK2dkvH51Xiscnk7Tm2RbbZrvMYQfsmJ2xKqsxwe7YA3tkT9a99Wy9WK9fpTlr0rPBfsB6/wQqzKMt</latexit>

since p ' q and p
µ�! p00 we have q

µ�! q00 with p00 ' q00

<latexit sha1_base64="FpOhWG0QwIObBdrblVngfdtHbpw=">AAACcnicbZBLb9NAFIUn5lXMK8AONgMJCgsU2RUSsKtgw7JIpK0UW9H15Ca57czYmbluG1n5j2z5GUiILdiWkWjDXZ055z5GX1Zo8hxF33vBjZu3bt/Zuxveu//g4aP+4ydHPi+dwonKde5OMvCoyeKEiTWeFA7BZBqPs7NPTX58js5Tbr/ypsDUwNLSghRwbc36p1XiF6Enq1AOi8STwbVcDyXYefO+dLRcMTiXX1SJKbfFaD SUFyhXcI4yHK53GtZtA/Gqnh6N/u6rzXA76w+icdSW3BVxJwaiq8NZ/0cyz1Vp0LLS4P00jgpOK3BMSuM2TEqPBagzWOK0lhYM+rRqmWzlq9ID57JAJ0nL1sR/Jyow3m9MVnca4JW/njXm/7JpyYv3aUW2KBmtag4xaWwPeeWoho1yTg6Zofk5SrJSgQNmdCRBqdosa/pXloLWaXW5aRjF14nsiqP9cfx2/OHL/uDgY0drTzwXL8VrEYt34kB8FodiIpT4Jn6J3z3R+xk8C14EHdqg1808FVcqePMHKcG9rg==</latexit>

analogous to the previous case

<latexit sha1_base64="rrXoJkB3fROMfkJZ/yy+rmCNYNM=">AAACLXicbVDLSgNBEJz1bXxFPXoZDIKnsBsE9SZ68ahgHpAsoXfsxCGzs8tMrxiWfIEfI171OzwI4tWzf+BszEGjfaqp6q7uqShV0pLvv3ozs3PzC4tLy6WV1bX1jfLmVsMmmRFYF4lKTCsCi0pqrJMkha3UIMSRwmY0OCv05i0aKxN9RcMUwxj6WvakAHJUt7yXd2yvBBpU0k8yyynhdIPcedzK4i2cd2nULVf8qj8u/hcEE1 Bhk7rolj8714nIYtQkFFjbDvyUwhwMSaFwVOpkFlMQA+hj20ENMdowH39nxPcyC+6OFA2Xio9J/DmRQ2ztMI5cZwx0Y6e1gvxPa2fUOwpzqdOMUItiEUmF40VWGOlyQn4tDRJBcTlyqV0ABojQSA5CODJzwf0yBaXC/G5YZBRMJ/IXNGrV4KB6fFmrnJxO0lpiO2yX7bOAHbITds4uWJ0Jds8e2RN79h68F+/Ne/9unfEmM9vsV3kfX6H+qTo=</latexit>

take q0 = q00\↵: by rule res) we have q\↵ µ�! q0 and (p0, q0) 2 R

<latexit sha1_base64="1HOCPunQtFqeWRqvR9rznuW7JVs=">AAAChXicbVFNb9NAFFybj7bmo6E9clkRI7cSRHZV0YKEqODCsSDSVoqj6HnzEq+yXtu7z20jyz+UM7+Af4CdRoK2vNNo3ryd0WxSKGkpDH867oOHjx5vbG55T54+e77de7FzZvPKCByKXOXmIgGLSmockiSFF4VByBKF58niS7c/v0RjZa5/0LLAcQZzLWdSALXUpNfUsZ15BAvkfhl8LIMgTkAsrAKbxqCKFPwPPFlyUynkBu 0+v0KewiV6fvlXyW+k8bWR85TAmPyqjrOqKQOfg55yf68I3pTBfix1nAGlyaz+3vheM+n1w0G4Gn4fRGvQZ+s5nfR+x9NcVBlqEq2xHUVhQeMaDEmhsPHiymLRpoI5jlqoIUM7rlc1Nfx1ZYFyXqDhUvEVif9e1JBZu8ySVtmFtHd3Hfm/3aii2fG4lrqoCLXojEi2dXVGVhjZ9o98Kg0SQZccudRcgAEiNJKDEC1ZtR9y61FQalxfL7uOoruN3AdnB4PocPD+20H/5PO6rU32kr1ieyxiR+yEfWWnbMgE++VsOTvOrrvhvnUP3Xc3UtdZ3+yyW+N++gPjPsKB</latexit>
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Principles for software composition 2020/21
06 - Erlang and CCS

[Ex. 1]Write a server in erlang to convert temperatures from Celsius degrees
to Fahrenheit degrees and vice versa, using the formula F = 1.8C +32. The
server receives requests of the form (Pid , cs, C) or (Pid , ft, F ) and replies
to Pid by sending messages in analogous format. The server can be stopped
by sending the message stop. All the other messages are ignored. Spawn
a copy of the server, send it some temperatures to convert, check out the
results and stop the server.

[Ex. 2] Write an erlang function copy that receives an integer n and if n is
positive it prints n copies of n (one per line). Write an erlang function that
receives a list of integers and spawn an instance of copy for each integer in
the list.

[Ex. 3] Write an erlang function view that displays the content of the
mailbox but makes all messages remain available in the mailbox afterwards.

[Ex. 4] Define a CCS process Bn
k that represents an in/out bu↵er with

capacity n of which k positions are taken. Show that Bn
0 is strongly bisimilar

to n copies of B1
0 that run in parallel.

[Ex. 5] Write a guarded CCS process whose LTS has infinitely many states
without using parallel composition.

[Ex. 6] Prove that CCS strong bisimilarity is a congruence w.r.t. restriction,
i.e., that for all p, q,↵:

p ' q ) p\↵ ' q\↵

[Ex. 7] Prove that the CCS agents

p
def
= ↵.(↵.�.nil+ ↵.(�.nil+ �.nil)) and q

def
= ↵.(↵.�.nil+ ↵.�.nil)

are not strong bisimilar.

[Ex. 8] Let us consider the guarded CCS processes

p
def
= rec x.(↵.x+ �.x) q

def
= rec y.(↵.nil+ �.y) r

def
= rec z.(�.nil+ �.z)

1. Draw the LTSs of the processes p, q, r and s
def
= (p|q|r)\↵\�\�.

2. Show that s is strong bisimilar to the process t
def
= rec w.(⌧.w+⌧.⌧.nil).

[Ex. 9] Prove that the following property is valid for any agent p, where ⇡
is the weak bisimilarity:

p+ ⌧.p ⇡ ⌧.p
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Ex. 7, non bisimilar
p , ↵.(↵.� + ↵.(� + �))

<latexit sha1_base64="MBvlqU7p1aGERMwKJZJ8CXFOGqs="></latexit>

q , ↵.(↵.� + ↵.�)

<latexit sha1_base64="23PP6JZWAqtVvpTHv4sabcbxm3A="></latexit>

p

↵

✏✏
•

↵

!!
↵

✏✏
•

�
✏✏

•
�

⌃⌃ �ww
nil

<latexit sha1_base64="yUdsh/o00AJy22ASQy8cNF5a4xc="></latexit>

q

↵

✏✏
•

↵

!!
↵

✏✏
•

�
✏✏

•

�~~
nil

<latexit sha1_base64="kKfxo3EeB0g7m5gm3PYjqXLhGMg="></latexit>

F1 , 3↵3↵(3�tt ^3�tt)

<latexit sha1_base64="ji6XPeIPwXcCSOQ7WnDBIuYoJwA="></latexit>

p |= F1

<latexit sha1_base64="Ojse/oYLZjEVz7zy+fjkyfIg/RQ=">AAACKXicbVDLTgJBEJz1BeIL9OhlIjHxRHaNiXojmhiPmMgjgQ3pHRqcMLs7mek1kA2/4VXvfo039eqPuCAHQetUqeqerqlAK2nJdT+cldW19Y1cfrOwtb2zu1cs7TdsnBiBdRGr2LQCsKhkhHWSpLClDUIYKGwGw+up33xEY2Uc3dNYox/CIJJ9KYAyqaM7YdxDZflN1+sWy27FnYH/Jd6clNkctW7JyXV6sUhCjEgosLbtuZr8FAxJoXBS6CQWNYghDLCd0QhCtH46Cz3hx4kFirlGw6XiMxF/b6QQWjsOg2wyBHqwy95U/M9rJ9S/8FMZ6YQwEtNDJBXODllhZNYG8p40SATT5MhlxAUYIEIjOQiRiUlWz8KjoJSfjsYLf0oVEI6yjJOsOm+5qL+kcVrxziqXd2fl6tW8xDw7ZEfshHnsnFXZLauxOhNMsyf2zF6cV+fNeXc+f0ZXnPnOAVuA8/UNx6OnCQ==</latexit>

q 6|= F1

<latexit sha1_base64="/QcR1S7s09yb4Pzo5AsXyD6HQzw=">AAACL3icbVBNS8NAFNz41Vq/Wj16WSyCp5KIoN6KgnisYFVoQ3nZPnVxs4m7L6Ul9J941bu/RryIV/+FaczBVuc0zLy3b3aCWElLrvvuzM0vLC6VysuVldW19Y1qbfPKRokR2BaRisxNABaV1NgmSQpvYoMQBgqvg4fTiX89QGNlpC9pFKMfwp2Wt1IAZVKvWn3s6oi6YdRHZflZz+tV627DzcH/Eq8gdVag1as5pW4/EkmImoQCazueG5OfgiEpFI4r3cRiDOIB7rCTUQ0hWj/No4/5bmKBIh6j4VLxXMTfGymE1o7CIJsMge7trDcR//M6Cd0e+anUcUKoxeQQSYX5ISuMzDpB3pcGiWCSHLnUXIABIjSSgxCZmGQlTT0KSvnpcDT1p1QB4TDLOM6q82aL+kuu9hveQeP44qDePClKLLNttsP2mMcOWZOdsxZrM8EG7Ik9sxfn1XlzPpzPn9E5p9jZYlNwvr4B2BKpEA==</latexit>

F2 , 2↵2↵3�tt

<latexit sha1_base64="hUoejqfXVVk5/ihEzG6auWwWYlw="></latexit>

p |= F2

<latexit sha1_base64="Fk5OYGZN7H3MuP+qAL08aSppIOs=">AAACKXicbVBNS8NAFNzUj2r9avXoZbEInkpSCupNFMSjgtVCE8rL9qlLN8my+yKW0L/hVe/+Gm/q1T9iWnOwrXMaZt7bNzuhVtKS6346pYXFpeXyymplbX1jc6ta276xSWoEtkWiEtMJwaKSMbZJksKONghRqPA2HJyN/dtHNFYm8TUNNQYR3MfyTgqgXPK1HyV9VJaf95q9at1tuBPweeIVpM4KXPZqTtnvJyKNMCahwNqu52oKMjAkhcJRxU8tahADuMduTmOI0AbZJPSI76cWKOEaDZeKT0T8u5FBZO0wCvPJCOjBznpj8T+vm9LdUZDJWKeEsRgfIqlwcsgKI/M2kPelQSIYJ0cuYy7AABEayUGIXEzzeqYeBaWC7Gk49adMAeFTnnGUV+fNFjVPbpoNr9U4vmrVT06LElfYLttjB8xjh+yEXbBL1maCafbMXtir8+a8Ox/O1+9oySl2dtgUnO8fyV2nCg==</latexit>

q 6|= F2

<latexit sha1_base64="XDEbC1zuvuMdcDs1FkRxJjpeLuY=">AAACL3icbVBNS8NAFNz4bf1q9ehlsQieSlIE9SYK4lHBaqEN5WX7WpduNnH3pbSE/hOvevfXiBfx6r8wjT3Y1jkNM+/tm50gVtKS6344C4tLyyura+uFjc2t7Z1iaffeRokRWBORikw9AItKaqyRJIX12CCEgcKHoHc59h/6aKyM9B0NY/RD6GrZkQIok1rF4lNTR9QMozYqy69a1Vax7FbcHHyeeBNSZhPctErOarMdiSRETUKBtQ3PjclPwZAUCkeFZmIxBtGDLjYyqiFE66d59BE/TCxQxGM0XCqei/h3I4XQ2mEYZJMh0KOd9cbif14joc6pn0odJ4RajA+RVJgfssLIrBPkbWmQCMbJkUvNBRggQiM5CJGJSVbS1KOglJ8OhlN/ShUQDrKMo6w6b7aoeXJfrXjHlbPb4/L5xaTENbbPDtgR89gJO2fX7IbVmGB99sxe2Kvz5rw7n87X7+iCM9nZY1Nwvn8A2cypEQ==</latexit>

F c
2 , 3↵3↵2�↵

<latexit sha1_base64="9jRzYoEguzfxhG9+iJnq7C3/6gM="></latexit>

p 6|= F c
2

<latexit sha1_base64="801fMwiyHyn0jUel9C9Fyfgi0ow=">AAACMXicbVDLTgJBEJzFB4gvxKOXicTEE9k1JOrNaGI8YiJKAivpHRqcODu7mek1kA2/4lXvfg0349WfcEEOAtapUtU9XVNBrKQl1x07uZXVtfV8YaO4ubW9s1vaK9/bKDECGyJSkWkGYFFJjQ2SpLAZG4QwUPgQPF9N/IcXNFZG+o6GMfoh9LXsSQGUSZ1SOW7riNph1EVl+XXn5FF0ShW36k7Bl4k3IxU2Q72z5+Tb3UgkIWoSCqxteW5MfgqGpFA4KrYTizGIZ+hjK6MaQrR+Og0/4keJBYp4jIZLxaci/t1IIbR2GAbZZAj0ZBe9ifif10qod+anUscJoRaTQyQVTg9ZYWTWCvKuNEgEk+TIpeYCDBChkRyEyMQkq2nuUVDKTwfDuT+lCggHWcZRVp23WNQyuT+perXq+W2tcnE5K7HADtghO2YeO2UX7IbVWYMJNmCv7I29Ox/O2Pl0vn5Hc85sZ5/Nwfn+AXxRqeU=</latexit>

q |= F c
2

<latexit sha1_base64="7D/uEfCq8GaHaHE4keG8rBa9ks8=">AAACK3icbVBNS8NAFNz1+9uqRy+LRfBUEhHUmyiIRwWrQhvLy/a1Lu4mcfdFLKH/w6ve/TWeFK/+D5OYg1XnNMy8t292wkQrR573xsfGJyanpmdm5+YXFpeWayurFy5OrcSmjHVsr0JwqFWETVKk8SqxCCbUeBneHhX+5T1ap+LonAYJBgb6keopCZRL13dtE3dRO3Hc2b6WnVrda3glxF/iV6TOKpx2Vvh0uxvL1GBEUoNzLd9LKMjAkpIah3Pt1GEC8hb62MppBAZdkJWxh2IzdUCxSNAKpUUp4s+NDIxzAxPmkwboxv32CvE/r5VSby/IVJSkhJEsDpHSWB5y0qq8DxRdZZEIiuQoVCQkWCBCqwRImYtpXtDIo6B1kD0MRv6UaSB8yDMO8+r830X9JRfbDX+nsX+2Uz84rEqcYetsg20xn+2yA3bCTlmTSWbZI3tiz/yFv/J3/vE9OsarnTU2Av75BWvKp+A=</latexit>

F c
1 , 2↵2↵(2�↵ _2�↵)

<latexit sha1_base64="0jrNVXVn7KLCx1srw6Sh/hw+1Lg="></latexit>

p 6|= F c
1

<latexit sha1_base64="wm142ZHUDoa3law4U91D1OeypjY=">AAACMXicbVDLTgJBEJzFB4ov0KOXicTEE9k1JOqNaGI8aiKPBFbSOzQ4YXZ2M9NrIBt+xave/Rpvxqs/4YIcBK1Tpap7uqaCWElLrvvu5FZW19bzG5uFre2d3b1iab9ho8QIrItIRaYVgEUlNdZJksJWbBDCQGEzGF5N/eYTGisjfU/jGP0QBlr2pQDKpG5xP+7oiDph1ENl+XXXexDdYtmtuDPwv8SbkzKb47ZbcvKdXiSSEDUJBda2PTcmPwVDUiicFDqJxRjEEAbYzqiGEK2fzsJP+HFigSIeo+FS8ZmIvzdSCK0dh0E2GQI92mVvKv7ntRPqn/up1HFCqMX0EEmFs0NWGJm1grwnDRLBNDlyqbkAA0RoJAchMjHJalp4FJTy09F44U+pAsJRlnGSVectF/WXNE4rXrVycVct1y7nJW6wQ3bETpjHzliN3bBbVmeCjdgze2Gvzpvz7nw4nz+jOWe+c8AW4Hx9A3qVqeQ=</latexit>

q |= F c
1

<latexit sha1_base64="YtMed10rChmJiN8Qw2xH9Rq+mkA=">AAACK3icbVDLTgJBEJzFB4ov0KOXicTEE9k1JOqNaGI8aiJKAgvpHRqcMPtwptdANvyHV737NZ40Xv0Pd5GDgHWqVHVP15QXKWnItj+s3NLyymp+bb2wsbm1vVMs7d6ZMNYC6yJUoW54YFDJAOskSWEj0gi+p/DeG1xk/v0TaiPD4JZGEbo+9APZkwIoldqPLT/sojL8suO0RadYtiv2BHyROFNSZlNcd0pWvtUNRexjQEKBMU3HjshNQJMUCseFVmwwAjGAPjZTGoCPxk0mscf8MDZAIY9Qc6n4RMS/Gwn4xox8L530gR7MvJeJ/3nNmHqnbiKDKCYMRHaIpMLJISO0TPtA3pUaiSBLjlwGXIAGItSSgxCpGKcFzTwKSrnJcDTzp0QB4TDNOE6rc+aLWiR3xxWnWjm7qZZr59MS19g+O2BHzGEnrMau2DWrM8E0e2Yv7NV6s96tT+vrdzRnTXf22Ays7x9qDqff</latexit>
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06 - Erlang and CCS

[Ex. 1]Write a server in erlang to convert temperatures from Celsius degrees
to Fahrenheit degrees and vice versa, using the formula F = 1.8C +32. The
server receives requests of the form (Pid , cs, C) or (Pid , ft, F ) and replies
to Pid by sending messages in analogous format. The server can be stopped
by sending the message stop. All the other messages are ignored. Spawn
a copy of the server, send it some temperatures to convert, check out the
results and stop the server.

[Ex. 2] Write an erlang function copy that receives an integer n and if n is
positive it prints n copies of n (one per line). Write an erlang function that
receives a list of integers and spawn an instance of copy for each integer in
the list.

[Ex. 3] Write an erlang function view that displays the content of the
mailbox but makes all messages remain available in the mailbox afterwards.

[Ex. 4] Define a CCS process Bn
k that represents an in/out bu↵er with

capacity n of which k positions are taken. Show that Bn
0 is strongly bisimilar

to n copies of B1
0 that run in parallel.

[Ex. 5] Write a guarded CCS process whose LTS has infinitely many states
without using parallel composition.

[Ex. 6] Prove that CCS strong bisimilarity is a congruence w.r.t. restriction,
i.e., that for all p, q,↵:

p ' q ) p\↵ ' q\↵

[Ex. 7] Prove that the CCS agents

p
def
= ↵.(↵.�.nil+ ↵.(�.nil+ �.nil)) and q

def
= ↵.(↵.�.nil+ ↵.�.nil)

are not strong bisimilar.

[Ex. 8] Let us consider the guarded CCS processes

p
def
= rec x.(↵.x+ �.x) q

def
= rec y.(↵.nil+ �.y) r

def
= rec z.(�.nil+ �.z)

1. Draw the LTSs of the processes p, q, r and s
def
= (p|q|r)\↵\�\�.

2. Show that s is strong bisimilar to the process t
def
= rec w.(⌧.w+⌧.⌧.nil).

[Ex. 9] Prove that the following property is valid for any agent p, where ⇡
is the weak bisimilarity:

p+ ⌧.p ⇡ ⌧.p
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Ex. 8, bisimilar
p , rec x.(↵.x+ �.x)

<latexit sha1_base64="D3XlEd6mnBcgbXkti7lekZQKwYE="></latexit>

p↵
$$

�
zz

<latexit sha1_base64="mjGPBnkVvWBbJQHXzYnacdIRnd4="></latexit>

q , rec y.(↵+ �.y)

<latexit sha1_base64="6JhBMktEYoUxLs2N9eAoyWySrMc="></latexit>

q�
$$ ↵ // nil

<latexit sha1_base64="VBk8YJRxbGFCedom1VVm0D56TZA="></latexit>

r , rec z.(� + �.z)

<latexit sha1_base64="jg/+4jF1wAjLDbxoKGkHcUHAW2M="></latexit>

r�
$$ � // nil

<latexit sha1_base64="eQwI3Lj1MsIhOim3p+Cci53g750="></latexit>

s , (p|q|r)\↵\�\�

<latexit sha1_base64="UJoL9OvZzmJEPwAZzfiSl5g/pvs="></latexit>

C(p, q, r) , (p|q|r)\↵\�\�

<latexit sha1_base64="rqt//Cp0mZE0vuAVr2HemnYYtNo="></latexit>

s , C(p, q, r)

<latexit sha1_base64="YYh0MGAbXOHKIyQ61RSc1ewZZNo="></latexit>
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Ex. 8, bisimilar
p↵
$$

�
zz

<latexit sha1_base64="mjGPBnkVvWBbJQHXzYnacdIRnd4="></latexit>

q�
$$ ↵ // nil

<latexit sha1_base64="VBk8YJRxbGFCedom1VVm0D56TZA="></latexit>

r�
$$ � // nil

<latexit sha1_base64="eQwI3Lj1MsIhOim3p+Cci53g750="></latexit>

s

⌧

⇢⇢

⌧

vv

⌧

((
C(p,nil, r)

⌧
''

C(p, q,nil)

⌧
ww

C(p,nil,nil)

<latexit sha1_base64="ctr1CMfEUzft6AWx501LJCHf1xY="></latexit>

(on �)

<latexit sha1_base64="MPA1YIT4fLjFs6PAz+k8dOkrgd4=">AAACMnicbVC7TgMxEPTxDOGVQEljEZCgie4QEtBF0FCCRCBScor2zCZY2L6TvYcSnfIttNDzM9AhWj6Cu5CCAFONZna944kSJR35/qs3Mzs3v7BYWiovr6yurVeqG9cuTq3ApohVbFsROFTSYJMkKWwlFkFHCm+i+7PCv3lA62RsrmiYYKihb2RPCqBc6lY2s47r8b3Y8J1OH7SGnf1Rt1Lz6/4Y/C8JJqTGJrjoVr3Fzm0sUo2GhALn2oGfUJiBJSkUjsqd1GEC4h762M6pAY0uzMbpR3w3dUAxT9ByqfhYxJ8bGWjnhjrKJzXQnfvtFeJ/Xjul3nGYSZOkhEYUh0gqHB9ywsq8FuS30iIRFMmRS8MFWCBCKzkIkYtp3tPUo6BUmA2GU3/KFBAO8oxFdcHvov6S64N6cFg/uTyoNU4nJZbYFttmeyxgR6zBztkFazLBhuyRPbFn78V78969j+/RGW+ys8mm4H1+AdcfqXo=</latexit>

(on ↵)

<latexit sha1_base64="ZfmNh5HlhcMRljDuGThaLpIfhqE=">AAACMnicbVC7TsNAEDyHd3glUNKcSJBCE9kREtBF0FCCRAApsaL1ZQOnnM/W3RoRWfkWWuj5GegQLR+BHVwQYKrRzO7t3ASxkpZc99Upzc0vLC4tr5RX19Y3NivVrSsbJUZgR0QqMjcBWFRSY4ckKbyJDUIYKLwORqe5f32PxspIX9I4Rj+EWy2HUgBlUr+ynfbskDcizes9UPEd1Pcn/UrNbbpT8L/EK0iNFTjvV52l3iASSYiahAJru54bk5+CISkUTsq9xGIMYgS32M2ohhCtn07TT/heYoEiHqPhUvGpiD83UgitHYdBNhkC3dnfXi7+53UTGh75qdRxQqhFfoikwukhK4zMakE+kAaJIE+OXGouwAARGslBiExMsp5mHgWl/PRhPPOnVAHhQ5Yxr877XdRfctVqegfN44tWrX1SlLjMdtguazCPHbI2O2PnrMMEG7NH9sSenRfnzXl3Pr5HS06xs81m4Hx+AdxgqX0=</latexit>

(on �)

<latexit sha1_base64="0L9iSf/JbsAS3sdChWQyDYxbj4M=">AAACMXicbVC7TsNAEDzzSngnoaQ5EZCgiewICegiaCiDRB5SYkXrYwMnzmfrbo0SWfkVWuj5mnSIlp/ADikIMNVoZvd2boJYSUuuO3WWlldW1wrF9Y3Nre2d3VK50rZRYgS2RKQi0w3AopIaWyRJYTc2CGGgsBM8XuV+5wmNlZG+pXGMfgj3Wg6lAMqkQamS9u2QH0eaH/YDJDg8mQxKVbfmzsD/Em9OqmyO5qDsFPp3kUhC1CQUWNvz3Jj8FAxJoXCy0U8sxiAe4R57GdUQovXTWfgJP0osUMRjNFwqPhPx50YKobXjMMgmQ6AH+9vLxf+8XkLDcz+VOk4ItcgPkVQ4O2SFkVkryO+kQSLIkyOXmgswQIRGchAiE5OspoVHQSk/HY0X/pQqIBxlGfPqvN9F/SXtes07rV3c1KuNy3mJRbbPDtgx89gZa7Br1mQtJtiIPbMX9uq8OVPn3fn4Hl1y5jt7bAHO5xf5k6kJ</latexit>

(on �)

<latexit sha1_base64="0L9iSf/JbsAS3sdChWQyDYxbj4M=">AAACMXicbVC7TsNAEDzzSngnoaQ5EZCgiewICegiaCiDRB5SYkXrYwMnzmfrbo0SWfkVWuj5mnSIlp/ADikIMNVoZvd2boJYSUuuO3WWlldW1wrF9Y3Nre2d3VK50rZRYgS2RKQi0w3AopIaWyRJYTc2CGGgsBM8XuV+5wmNlZG+pXGMfgj3Wg6lAMqkQamS9u2QH0eaH/YDJDg8mQxKVbfmzsD/Em9OqmyO5qDsFPp3kUhC1CQUWNvz3Jj8FAxJoXCy0U8sxiAe4R57GdUQovXTWfgJP0osUMRjNFwqPhPx50YKobXjMMgmQ6AH+9vLxf+8XkLDcz+VOk4ItcgPkVQ4O2SFkVkryO+kQSLIkyOXmgswQIRGchAiE5OspoVHQSk/HY0X/pQqIBxlGfPqvN9F/SXtes07rV3c1KuNy3mJRbbPDtgx89gZa7Br1mQtJtiIPbMX9uq8OVPn3fn4Hl1y5jt7bAHO5xf5k6kJ</latexit>

(on ↵)

<latexit sha1_base64="ZfmNh5HlhcMRljDuGThaLpIfhqE=">AAACMnicbVC7TsNAEDyHd3glUNKcSJBCE9kREtBF0FCCRAApsaL1ZQOnnM/W3RoRWfkWWuj5GegQLR+BHVwQYKrRzO7t3ASxkpZc99Upzc0vLC4tr5RX19Y3NivVrSsbJUZgR0QqMjcBWFRSY4ckKbyJDUIYKLwORqe5f32PxspIX9I4Rj+EWy2HUgBlUr+ynfbskDcizes9UPEd1Pcn/UrNbbpT8L/EK0iNFTjvV52l3iASSYiahAJru54bk5+CISkUTsq9xGIMYgS32M2ohhCtn07TT/heYoEiHqPhUvGpiD83UgitHYdBNhkC3dnfXi7+53UTGh75qdRxQqhFfoikwukhK4zMakE+kAaJIE+OXGouwAARGslBiExMsp5mHgWl/PRhPPOnVAHhQ5Yxr877XdRfctVqegfN44tWrX1SlLjMdtguazCPHbI2O2PnrMMEG7NH9sSenRfnzXl3Pr5HS06xs81m4Hx+AdxgqX0=</latexit>
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Ex. 8, bisimilar

s

⌧

⇢⇢

⌧

yy

⌧

%%
C(p,nil, r)

⌧
$$

C(p, q,nil)

⌧
zz

C(p,nil,nil)

<latexit sha1_base64="Pv6oPBD36gFFuSXZCk6GEXeMtLM="></latexit>

t , rec w.(⌧.w + ⌧.⌧)

<latexit sha1_base64="9RrsNKpDQ1x19a9NgzQS7dkea0Y="></latexit>

t

⌧

⇢⇢

⌧

✏✏
⌧

⌧
✏✏

nil

<latexit sha1_base64="xZ4YoiuiMqT9kC8FXYB88TO3MuQ="></latexit>

R , { {s, t} , {⌧,C(p,nil, r),C(p, q,nil)} , {nil,C(p,nil,nil)} }

<latexit sha1_base64="yESzAXBMW0nQIixXRhavKcL3JC4=">AAACy3icdVFNb9QwEHXCR8vytS1HLhYrpFaKVgmqRLmV9sIFqSC2rbSOVhN3drHqOKk9QV1Mjvwb/hD/hiRdpE0X5mA9vzdvZjzOSq0cxfHvILx3/8HDre1Hg8dPnj57PtzZPXNFZSVOZKELe5GBQ60MTkiRxovSIuSZxvPs6qTVz7+hdaowX2hZYprDwqi5kkANNRv+EjnQ12zuP9eCrAKz0Hg9EF5EzeEiErWIou4iCKroNj vzJ/VeGf21GqXryO73xeuevL9WZ931/3ob7oGoZ8NRPI674JsgWYERW8XpbCfYEpeFrHI0JDU4N03iklIPlpTUWA9E5bAEeQULnDbQQI4u9d1aa/66ckAFL9FypXlH4rrDQ+7cMs+azHZYd1dryX9p04rmh6lXpqwIjWwbkdLYNXLSqua/kF8qi0TQTo5cGS7BAhFaxUHKhqyaD+wVBa1Tf7PsvclrILxpZmxXl9xd1CY4ezNODsbvPh2Mjo5XS9xmL9krtscS9pYdsQ/slE2YDHaDw+B9cBx+DF34PfxxmxoGK88L1ovw5x+4Yd+Z</latexit>

R is a strong bisimulation
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Principles for software composition 2020/21
06 - Erlang and CCS

[Ex. 1]Write a server in erlang to convert temperatures from Celsius degrees
to Fahrenheit degrees and vice versa, using the formula F = 1.8C +32. The
server receives requests of the form (Pid , cs, C) or (Pid , ft, F ) and replies
to Pid by sending messages in analogous format. The server can be stopped
by sending the message stop. All the other messages are ignored. Spawn
a copy of the server, send it some temperatures to convert, check out the
results and stop the server.

[Ex. 2] Write an erlang function copy that receives an integer n and if n is
positive it prints n copies of n (one per line). Write an erlang function that
receives a list of integers and spawn an instance of copy for each integer in
the list.

[Ex. 3] Write an erlang function view that displays the content of the
mailbox but makes all messages remain available in the mailbox afterwards.

[Ex. 4] Define a CCS process Bn
k that represents an in/out bu↵er with

capacity n of which k positions are taken. Show that Bn
0 is strongly bisimilar

to n copies of B1
0 that run in parallel.

[Ex. 5] Write a guarded CCS process whose LTS has infinitely many states
without using parallel composition.

[Ex. 6] Prove that CCS strong bisimilarity is a congruence w.r.t. restriction,
i.e., that for all p, q,↵:

p ' q ) p\↵ ' q\↵

[Ex. 7] Prove that the CCS agents

p
def
= ↵.(↵.�.nil+ ↵.(�.nil+ �.nil)) and q

def
= ↵.(↵.�.nil+ ↵.�.nil)

are not strong bisimilar.

[Ex. 8] Let us consider the guarded CCS processes

p
def
= rec x.(↵.x+ �.x) q

def
= rec y.(↵.nil+ �.y) r

def
= rec z.(�.nil+ �.z)

1. Draw the LTSs of the processes p, q, r and s
def
= (p|q|r)\↵\�\�.

2. Show that s is strong bisimilar to the process t
def
= rec w.(⌧.w+⌧.⌧.nil).

[Ex. 9] Prove that the following property is valid for any agent p, where ⇡
is the weak bisimilarity:

p+ ⌧.p ⇡ ⌧.p
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Ex. 9, weak bisimilar
R , {(p+ ⌧.p, ⌧.p) | p 2 P} [ Id

<latexit sha1_base64="ZSBEJDk8zwveK93BAFFjfp2iA8Y="></latexit>

no need to check pairs in Id

<latexit sha1_base64="UD/NsKsWk2BzaL2AYn/XPYmLa2Q="></latexit>

p+ ⌧.p R ⌧.p

<latexit sha1_base64="SCqqOkFMswInk3q+zuBPRihuk7A="></latexit>

p

µ

✏✏
p0

<latexit sha1_base64="dLj74tVpfVR2ymo/VFi5xB0Uo44="></latexit>

µ
✏✏
p0

<latexit sha1_base64="68YSdQhXebYepNHf2Rj8TKkDjuQ="></latexit>

µ
↵◆
p0

<latexit sha1_base64="F2ispxFif24WOF4YDU6WLF2XIrE="></latexit>

we check that R is a weak bisimulation

R

<latexit sha1_base64="RGGy3AupKEf/9ni4IdvQ5bkDhKw=">AAACJ3icbVC7TsNAEDyHRyC8ApQ0JyIkqshGSEAXQUMJiDxEYkXryyaccj5bd2tEZOUvaKHna+gQlPwJdkhBAlONZnZv5yaIlbTkup9OYWFxabm4slpaW9/Y3Cpv7zRslBiBdRGpyLQCsKikxjpJUtiKDUIYKGwGw4vcbz6gsTLStzSK0Q9hoGVfCqBMuuuEQPdBP70Zd8sVt+pOwP8Sb0oqbIqr7rZT7PQikYSoSSiwtu25MfkpGJJC4bjUSSzGIIYwwHZGNYRo/XQSecwPEgsU8RgNl4pPRPy9kUJo7SgMssk8op33cvE/r51Q/9RPpY4TQi3yQyQVTg5ZYWTWBfKeNEgEeXLkUnMBBojQSA5CZGKSlTPzKCjlp4+jmT+lCggfs4x5dd58UX9J46jqHVfPro8rtfNpiStsj+2zQ+axE1Zjl+yK1Zlgmj2xZ/bivDpvzrvz8TNacKY7u2wGztc3Jeimxw==</latexit>

p+ ⌧.p R ⌧.p

<latexit sha1_base64="SCqqOkFMswInk3q+zuBPRihuk7A="></latexit>

⌧

✏✏
p

<latexit sha1_base64="40Zq4GaVDUszdJknMxh/LIkLCKU="></latexit>

⌧

↵◆
p

<latexit sha1_base64="QxOJ+QgoMgbgJq228v/pcMkflQY="></latexit>

R

<latexit sha1_base64="RGGy3AupKEf/9ni4IdvQ5bkDhKw=">AAACJ3icbVC7TsNAEDyHRyC8ApQ0JyIkqshGSEAXQUMJiDxEYkXryyaccj5bd2tEZOUvaKHna+gQlPwJdkhBAlONZnZv5yaIlbTkup9OYWFxabm4slpaW9/Y3Cpv7zRslBiBdRGpyLQCsKikxjpJUtiKDUIYKGwGw4vcbz6gsTLStzSK0Q9hoGVfCqBMuuuEQPdBP70Zd8sVt+pOwP8Sb0oqbIqr7rZT7PQikYSoSSiwtu25MfkpGJJC4bjUSSzGIIYwwHZGNYRo/XQSecwPEgsU8RgNl4pPRPy9kUJo7SgMssk8op33cvE/r51Q/9RPpY4TQi3yQyQVTg5ZYWTWBfKeNEgEeXLkUnMBBojQSA5CZGKSlTPzKCjlp4+jmT+lCggfs4x5dd58UX9J46jqHVfPro8rtfNpiStsj+2zQ+axE1Zjl+yK1Zlgmj2xZ/bivDpvzrvz8TNacKY7u2wGztc3Jeimxw==</latexit>
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Ex. 9, weak bisimilar
R , {(p+ ⌧.p, ⌧.p) | p 2 P} [ Id

<latexit sha1_base64="ZSBEJDk8zwveK93BAFFjfp2iA8Y="></latexit>

no need to check pairs in Id

<latexit sha1_base64="UD/NsKsWk2BzaL2AYn/XPYmLa2Q="></latexit>

p+ ⌧.p R ⌧.p

<latexit sha1_base64="SCqqOkFMswInk3q+zuBPRihuk7A="></latexit>

we check that R is a weak bisimulation

⌧

✏✏
p

<latexit sha1_base64="40Zq4GaVDUszdJknMxh/LIkLCKU="></latexit>

⌧

↵◆
p

<latexit sha1_base64="QxOJ+QgoMgbgJq228v/pcMkflQY="></latexit>

R

<latexit sha1_base64="RGGy3AupKEf/9ni4IdvQ5bkDhKw=">AAACJ3icbVC7TsNAEDyHRyC8ApQ0JyIkqshGSEAXQUMJiDxEYkXryyaccj5bd2tEZOUvaKHna+gQlPwJdkhBAlONZnZv5yaIlbTkup9OYWFxabm4slpaW9/Y3Cpv7zRslBiBdRGpyLQCsKikxjpJUtiKDUIYKGwGw4vcbz6gsTLStzSK0Q9hoGVfCqBMuuuEQPdBP70Zd8sVt+pOwP8Sb0oqbIqr7rZT7PQikYSoSSiwtu25MfkpGJJC4bjUSSzGIIYwwHZGNYRo/XQSecwPEgsU8RgNl4pPRPy9kUJo7SgMssk8op33cvE/r51Q/9RPpY4TQi3yQyQVTg5ZYWTWBfKeNEgEeXLkUnMBBojQSA5CZGKSlTPzKCjlp4+jmT+lCggfs4x5dd58UX9J46jqHVfPro8rtfNpiStsj+2zQ+axE1Zjl+yK1Zlgmj2xZ/bivDpvzrvz8TNacKY7u2wGztc3Jeimxw==</latexit>


