
Logica di  Hennessy-Milner 11.6

Linguaggi di Programmazione

Roberta Gori



processo inattivo
variabile di processo (per la ricorsione)
prefisso azione
canale ristretto
rietichettatura del canale
scelta nondeterministica (somma)
composizione parallela
ricorsione

(gli operatori sono elencati in ordine di precedenza)

CCS: sintassi
p, q ::= nil

| x
| µ.p
| p\↵
| p[�]
| p+ q
| p|q
| rec x. p

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



CCS semantica  
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)



HML
Logica di Hennessy-Milner



Equivalenza logica
Prendiamo un altro approccio all'equivalenza

definiamo una logica (insieme di formule)

due processi sono (logicamente) equivalenti 
quando soddisfano esattamente le stesse formule

le formule devono descrivere le proprietà comportamentali dei 
processi

allora, possiamo comporre le formule con i soliti operatori

la capacità/incapacità di eseguire transizioni
(logica modale: possibilmente, necessariamente)

un processo può soddisfare o meno una formula



Logica di Hennessy-Milner
Presentiamo gli operatori di base

nessuna negazione: 
anche la controparte di una formula può essere scritta come 
una formula

multi-modale: 
gli operatori modali sono parametrizzati da azioni

nessuna ricorsione: 
ogni formula esprime proprietà su un numero finito di passi in 
avanti



HML: sintassi

true
false
conjunction
disjunction
diamond operator
box operator

hµiF

<latexit sha1_base64="/aUr/IABb9FXdxm19nIlTfVF5L4=">AAACJHicbVDLSgNBEJyNr/he9ehlMAiewq4I6i0oiMcIRgPZEHrHThwyO7vM9Ioh5Fu8if6LN/HgxQ/x5GwM4qtPRVU3VV1xpqSlIHj1SlPTM7Nz5fmFxaXllVV/bf3CprkR2BCpSk0zBotKamyQJIXNzCAkscLLuH9c6Jc3aKxM9TkNMmwn0NOyKwWQozr+RqRA9xRGSR6ZMeInHb8SVIPx8L8gnIAKm0y9479HV6nIE9QkFFjbCoOM2kMwJIXC0UKUW8xA9KGHLQc1JGjbw3H4Ed/OLVDKMzRcKj4m8fvFEBJrB0nsNhOga/tbK8j/tFZO3YP2UOosJ9SiMCLp3iuMrDDStYL8ShokgiI5cqm5AANEaCQHIRyZu5p+GCogvHVxvhxdWeHvav6Ci91quFc9PNur1I4mtZXZJttiOyxk+6zGTlmdNZhgA3bHHtijd+89ec/ey+dqyZvcbLAf4719AFVupUA=</latexit>

[µ]F

<latexit sha1_base64="FoQcq42u2Ngaupv6MpdMzvQ3C2A=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FBfEYwTwgWULvpBOHzD6Y6RXDko/wJvov3sSrV3/Fk5s1iEmsU1HVTRXlRUoasu1PK7e0vLK6ll8vbGxube8Ud/caJoy1wLoIVahbHhhUMsA6SVLYijSC7ylsesPLid+8R21kGNzSKELXh0Eg+1IApVKz3fFjl191iyW7bGfgi8SZkhKbotYtfnV6oYh9DEgoMKbt2BG5CWiSQuG40IkNRiCGMMB2SgPw0bhJVnfMj2IDFPIINZeKZyL+/UjAN2bke+mlD3Rn5r2J+J/Xjql/5iYyiGLCQEyCSCrMgozQMt0BeU9qJIJJc+Qy4AI0EKGWHIRIxTgdZiZQAeFDWuc3MR3LmZ9mkTROyk6lfH5TKVUvprPl2QE7ZMfMYaesyq5ZjdWZYEP2yJ7Zi/VkvVpv1vvPac6a/uyzGVgf36Lgn6s=</latexit>

L

<latexit sha1_base64="yOCvOsrjMceTtedDfby8EHZLQzE=">AAACGnicbVC7SgNBFJ2NrxhfUUubwSBYhV0JqF3QxsIignlAEsLdyU0cMvtg5q4YlnyGnei/2Imtjb9i5W5cxCSe6nDOvZzDcUMlDdn2p5VbWl5ZXcuvFzY2t7Z3irt7DRNEWmBdBCrQLRcMKuljnSQpbIUawXMVNt3RZeo371EbGfi3NA6x68HQlwMpgBKp3fGA7gSo+HrSK5bssj0FXyRORkosQ61X/Or0AxF56JNQYEzbsUPqxqBJCoWTQicyGIIYwRDbCfXBQ9ONp5Un/CgyQAEPUXOp+FTEvx8xeMaMPTe5TCuaeS8V//PaEQ3OurH0w4jQF2kQSYXTICO0TLZA3pcaiSBtjlz6XIAGItSSgxCJGCXjzAQqIHxI6vwmJmM589MsksZJ2amUz28qpepFNlueHbBDdswcdsqq7IrVWJ0JFrBH9sxerCfr1Xqz3n9Oc1b2s89mYH18A8/fofE=</latexit>

insieme di tutte le formule

F,G ::= tt
| ↵
|

V
i2I Fi

|
W

i2I Fi

| 3µF
| 2µF

<latexit sha1_base64="qPAYxK6s/Q6c3ElZSoRUjW0L0oM="></latexit>



HML: semantica
p |= F

<latexit sha1_base64="zNwltfHxjdjNTE5BLUJSHDjiz94=">AAACGXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CgniMYB6YhNA76cQhs7PLTK8YQv7Cm+i/eBOvnvwVT27WICaxTkVVN1WUHylpyXU/nczC4tLySnY1t7a+sbmV396p2jA2AisiVKGp+2BRSY0VkqSwHhmEwFdY8/sXY792j8bKUN/QIMJWAD0tu1IAJdJt1AzCDirLL9v5glt0U/B54k1IgU1Qbue/mp1QxAFqEgqsbXhuRK0hGJJC4SjXjC1GIPrQw0ZCNQRoW8O08YgfxBYo5BEaLhVPRfz7MYTA2kHgJ5cB0J2d9cbif14jpu5payh1FBNqMQ4iqTANssLIZArkHWmQCMbNkUvNBRggQiM5CJGIcbLNVKACwoekzm9iMpY3O808qR4VvePi2fVxoXQ+mS3L9tg+O2QeO2EldsXKrMIE0+yRPbMX58l5dd6c95/TjDP52WVTcD6+AV8voSM=</latexit>

si legge  “ p soddisfa F “
definito induttivamente sulla struttura della formula

p |= tt

<latexit sha1_base64="OoESqIm/EZd88uHkQGvKAjbkzcE=">AAACJXicbVDJSgNBFOyJW4xbXG5eGoPgKcxIQL0FvXiMYBZIQnjTeYlNeha634hxyL94E/0XbyJ48j88ORMHMdE6FVXvUUW5oZKGbPvdyi0sLi2v5FcLa+sbm1vF7Z2GCSItsC4CFeiWCwaV9LFOkhS2Qo3guQqb7ugi9Zu3qI0M/Gsah9j1YOjLgRRAidQr7oUdL+ijMrzjAd24g5ho0iuW7LI9Bf9LnIyUWIZar/jZ6Qci8tAnocCYtmOH1I1BkxQKJ4VOZDAEMYIhthPqg4emG0/bT/hhZIACHqLmUvGpiL8/YvCMGXtucplWNPNeKv7ntSManHZj6YcRoS/SIJIKp0FGaJnMgrwvNRJB2hy59LkADUSoJQchEjFKdpoJVEB4l9T5SUzGcuan+Usax2WnUj67qpSq59lsebbPDtgRc9gJq7JLVmN1Jtg9e2BP7Nl6tF6sV+vt+zRnZT+7bAbWxxfnBKYg</latexit>

tutti i processi soddisfano true
(nessun processo soddisfa false)

p |=
^

i2I

Fi i↵ 8i 2 I. p |= Fi

<latexit sha1_base64="veQSFDFsDfMxcMQ1zScONQUxyNY="></latexit>

p soddisfa tutte le  Fi

p |=
_

i2I

Fi i↵ 9i 2 I. p |= Fi

<latexit sha1_base64="FBf6VAfCrErgU2pRu388tnLO9DQ="></latexit>

p almeno una delle Fi

p |= 3µF i↵ 9p0. p µ�! p0 ^ p0 |= F

<latexit sha1_base64="bxTla79HAqSB80gqCpHOEL+spOk="></latexit>

p fa un  μ-passo
e poi soddisfa  F

F e’ soddisfatta dopo ogni
μ-passo di p

p |= 2µF i↵ 8p0. p µ�! p0 ) p0 |= F

<latexit sha1_base64="c7i1iX6IVugvdS0nns9QgPbVXEI="></latexit>



Esempi
soddisfatta da qualsiasi processo che può fare un α-passo3↵tt

<latexit sha1_base64="wfUoyBK61XkksxjLxztSpLiadLo=">AAACK3icbVBNS8NAEN34bf2qetPLYhE8lUQK6q2oB48KVgtNKZPt1C7dbMLuRCyh4K/xJvpfPCle/ROeTGoRa53T470Z3psXxEpact1XZ2p6ZnZufmGxsLS8srpWXN+4slFiBNZEpCJTD8CikhprJElhPTYIYaDwOuid5Pr1LRorI31J/RibIdxo2ZECKKNaxS3/VEIY6XbLBxV3wQ+BukEnJRq0iiW37A6HTwJvBEpsNOet4q ffjkQSoiahwNqG58bUTMGQFAoHBT+xGIPowQ02MqghRNtMhz8M+G5igSIeo+FS8SGJvy9SCK3th0G2mUe0f7Wc/E9rJNQ5bKZSxwmhFrkRSYVDIyuMzMpB3pYGiSBPjlxqLsAAERrJQYiMTLK2xgwVEN5lcX4cs7K8v9VMgqv9slcpH11UStXjUW0LbJvtsD3msQNWZWfsnNWYYPfsgT2xZ+fReXHenPfv1SlndLPJxsb5+AICqKjF</latexit>

2�↵

<latexit sha1_base64="VeBssal/hBrKjAAToaSjn1x8NDY=">AAACJnicbVDLSgNBEJyNrxhfUfHkZTAInsKuCOotxIvHCOYB2RB6x14dMvtgplcMSz7Gm+i/eBPx5nd4cjcGMYl1Kqq6qaK8WElDtv1hFRYWl5ZXiqultfWNza3y9k7LRIkW2BSRinTHA4NKhtgkSQo7sUYIPIVtb3CR++171EZG4TUNY+wFcBtKXwqgTOqX99x69NB3PSRwA6A7z099f9QvV+yqPQafJ86EVNgEjX75y72JRB JgSEKBMV3HjqmXgiYpFI5KbmIwBjGAW+xmNIQATS8d1x/xw8QARTxGzaXiYxH/fqQQGDMMvOwyr2hmvVz8z+sm5J/1UhnGCWEo8iCSCsdBRmiZ7YL8Rmokgrw5chlyARqIUEsOQmRikg01FaiA8CGr85uYjeXMTjNPWsdV56R6fnVSqdUnsxXZPjtgR8xhp6zGLlmDNZlgKXtkz+zFerJerTfr/ee0YE1+dtkUrM9vmKumeg==</latexit>

soddisfatta da qualsiasi processo che non può fare nessun  β-passo

3↵↵

<latexit sha1_base64="4j+NzPPgyEzeO5msuBu17ONGDBM=">AAACK3icbVBNS8NAEN34Wb+r3vSyWARPJZGCeivqwWMFq0JTymQ70cXNJuxOxBIK/hpvov/Fk+LVP+HJpBax1jk93pvhvXlBoqQl1311JianpmdmS3PzC4tLyyvl1bVzG6dGYFPEKjaXAVhUUmOTJCm8TAxCFCi8CG6OCv3iFo2VsT6jXoLtCK60DKUAyqlOecM/lhDFutvxQSXX4EdA10GYhWG/U664VXcwfBx4Q1Bhw2l0yp 9+NxZphJqEAmtbnptQOwNDUijsz/upxQTEDVxhK4caIrTtbPBDn2+nFijmCRouFR+Q+Psig8jaXhTkm0VE+1cryP+0VkrhfjuTOkkJtSiMSCocGFlhZF4O8q40SARFcuRScwEGiNBIDkLkZJq3NWKogPAuj/PjmJfl/a1mHJzvVr1a9eC0VqkfDmsrsU22xXaYx/ZYnZ2wBmsywe7ZA3tiz86j8+K8Oe/fqxPO8GadjYzz8QXTn6ip</latexit>

stesso che  ff
se un processo non può fare α, la modalità non vale (deve esistere una 
transizione con modalità’ )
se esiste tale transizione dopo  non puo’ soddisfare ff

α

2�tt

<latexit sha1_base64="itaQyER0fq2VjnNOO3QCL47AZX0=">AAACJnicbVDLSsNAFJ34rO+ouHIzWARXJZGCuit147KCrUITws30tg5OHszcSEvox7gT/Rd3Iu78DlcmtYivszqccy/ncMJUSUOO82rNzM7NLyxWlpZXVtfWN+zNrY5JMi2wLRKV6KsQDCoZY5skKbxKNUIUKrwMb05L//IWtZFJfEGjFP0IBrHsSwFUSIG94zWTYeCFSOBFQNdhPycaB3bVqTkT8L/EnZIqm6IV2O9eLxFZhD EJBcZ0XSclPwdNUigcL3uZwRTEDQywW9AYIjR+Pqk/5vuZAUp4ippLxScifv/IITJmFIXFZVnR/PZK8T+vm1H/2M9lnGaEsSiDSCqcBBmhZbEL8p7USARlc+Qy5gI0EKGWHIQoxKwY6kegAsJhUecrsRjL/T3NX9I5rLn12sl5vdpoTmersF22xw6Yy45Yg52xFmszwXJ2xx7Yo3VvPVnP1svn6Yw1/dlmP2C9fQDHpaaW</latexit>

stesso che  tt
se un processo non può fare β la modalità è banalmente valida 
se un processo fa β la sua continuazione soddisfa tt

3↵(3�tt ^2�↵)

<latexit sha1_base64="BMwYfsO7TVhmjvZm1zEmRS0nnR4=">AAACWXicbVBNT+MwFHQDLKXLLgWOXCwqJPZSJSsk4IYKB44gUUBqqujFfSkWthPZL0AV9S/xa7ggBD+EE0mp+H6n8cx7mvHEmZKOfP++5s3Mzv2ary80fi/++bvUXF45dWluBXZFqlJ7HoNDJQ12SZLC88wi6FjhWXy5X+lnV2idTM0JjTLsaxgamUgBVFJR8zA8kKBTM4hCUNkFbL6/YyQINdBFnBREYx5e42CIPOykN1E4BK 3f1CQZ/4uaLb/tT4Z/B8EUtNh0jqLmczhIRa7RkFDgXC/wM+oXYEkKheNGmDvMQFzCEHslNKDR9YvJj8d8I3dAKc/Qcqn4hMSPFwVo50Y6LjerjO6rVpE/ab2ckp1+IU2WExpRGZFUODFywsqySuQDaZEIquTIpeECLBChlRyEKMm87PaToQLCmzLOm2NZVvC1mu/g9H872GrvHm+19jrT2upsja2zTRawbbbHDtkR6zLBbtkde2RPtQev5tW9xuuqV5verLJP462+AIKlt9I=</latexit>

soddisfatto da qualsiasi processo che può fare α 
e raggiungere un processo che può fare β ma non γ



Esempi

p

↵

✏✏

↵

��

↵

��
•

� ((

•
�

⌫⌫
�

⌥⌥

•

�vv•

<latexit sha1_base64="ulXx01s1NxNoJy9IXtk9j8tRUH4="></latexit>

p
?

|= 3↵tt

<latexit sha1_base64="5ZRrf3ruqL7ilnQlmxIBzYA+0Yw="></latexit>

p
?

|= 2↵3�tt

<latexit sha1_base64="I45cKMab0SFEH5aMJ59PfWmN0S0="></latexit>

p
?

|= 3↵2�↵ ^ 3↵2�↵

<latexit sha1_base64="X8Af7XLqe+INT+r5P9B58x6RgsQ="></latexit>

p
?

|= 2↵(3�tt _3�tt)

<latexit sha1_base64="xxg5ImPFeEmSI3RU3DZBI4sjKfw="></latexit>

<latexit sha1_base64="r75+NyWj90loe+PvBmvACWWwUKE="></latexit>

p
?

|= 2↵(3�tt ^3�tt)
<latexit sha1_base64="fZe42xoyMhEieNfEUGBLUSo587I="></latexit>

p
?

|= 3↵(3�tt ^3�tt)



Negazione
non presente nella sintassi, ma non necessaria
ogni formula F ha una formula inversa Fc tale che

8p. p |= F i↵ p 6|= F c

<latexit sha1_base64="FOVohyS9FtiX3TLYz1Ds5InrGjo="></latexit>

Fc può essere definito per induzione strutturale

ttc , ↵

<latexit sha1_base64="R4KaFoZSGY3GCHld2CiIySKZWFk=">AAACNXicbVC7TsNAEDyHV3gHKGlOBCSqyEaRgA5BQxkkAkhJiNaXdTjlfDZ3awSy8gN8DR2CP6GgQ7T0VNghIAhsNZrZ1cyOHytpyXWfnMLY+MTkVHF6ZnZufmGxtLR8YqPECKyLSEXmzAeLSmqskySFZ7FBCH2Fp37vINdPr9BYGeljuomxFUJXy0AKoIxql9abIdCFH6RE/XPBm2Qk6K7CS/4lBEG/XSq7FXcw/C/whqDMhlNrl96bnUgkIWoSCqxteG5MrRQMSaGwP9NMLMYgetDFRgY1hGhb6eCbPt9ILFDEYzRcKj4g8edFCqG1N6GfbeYR7aiWk/9pjYSCnVYqdZwQapEbkVQ4MLLCyKwm5B1pkAjy5Mil5gIMEKGRHITIyCTr7ZehAsLrLM63Y1aWN1rNX3CyVfGqld2janlvf1hbka2yNbbJPLbN9tghq7E6E+yW3bEH9ujcO8/Oi/P6uVpwhjcr7Nc4bx9rc60G</latexit>

↵ c , tt

<latexit sha1_base64="41C43+s8r8QAV8M5kN36wRmB0gk=">AAACNXicbVC7TsNAEDyHV3gHKGlOBCSqyEaRgA5BQxkkAkhJiNaXdTjlfDZ3awSy8gN8DR2CP6GgQ7T0VNghIAhsNZrZ1cyOHytpyXWfnMLY+MTkVHF6ZnZufmGxtLR8YqPECKyLSEXmzAeLSmqskySFZ7FBCH2Fp37vINdPr9BYGeljuomxFUJXy0AKoIxql9abIdCFH6RB0D8XvElGgu4qvORfAlG/XSq7FXcw/C/whqDMhlNrl96bnUgkIWoSCqxteG5MrRQMSaGwP9NMLMYgetDFRgY1hGhb6eCbPt9ILFDEYzRcKj4g8edFCqG1N6GfbeYR7aiWk/9pjYSCnVYqdZwQapEbkVQ4MLLCyKwm5B1pkAjy5Mil5gIMEKGRHITIyCTr7ZehAsLrLM63Y1aWN1rNX3CyVfGqld2janlvf1hbka2yNbbJPLbN9tghq7E6E+yW3bEH9ujcO8/Oi/P6uVpwhjcr7Nc4bx9ot60G</latexit>
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<latexit sha1_base64="CKgR8Ye3loIeg2EFYNtx2EEEm/Q="></latexit>
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_

i2I
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F c
i

<latexit sha1_base64="IVC0QIToZa2jagTMF0qF6faHA2I="></latexit>

(3µF )c , 2µF
c

<latexit sha1_base64="ncaieSKervSVWY1lhMOTz47fQw8="></latexit>

(2µF )c , 3µF
c

<latexit sha1_base64="t1YWE+EOnre/OxyN7eo4gS6OFZk="></latexit>

esempio
(3↵tt)

c = 2↵tt
c = 2↵↵ =

<latexit sha1_base64="0L6s6pgpTTfWC42/2gdoOQMekHs="></latexit>

(posso fare α)c = 
non posso fare α

(
^

i2I

Fi)
c ,

_

i2I

F c
i

<latexit sha1_base64="CKgR8Ye3loIeg2EFYNtx2EEEm/Q="></latexit>

(3µF )c , 2µF
c

<latexit sha1_base64="ncaieSKervSVWY1lhMOTz47fQw8="></latexit>

(3↵tt)
c = 2↵tt

c = 2↵↵ =

<latexit sha1_base64="0L6s6pgpTTfWC42/2gdoOQMekHs="></latexit>

(3↵tt)
c = 2↵tt

c = 2↵↵ =

<latexit sha1_base64="0L6s6pgpTTfWC42/2gdoOQMekHs="></latexit>



Sintassi estesa
<latexit sha1_base64="l0aemvTFMuEpE+bDONwumK4lpGw=">AAACNXicbVC7TsNAEDyHV3gHEBXNiQiJAll2hIAGiUdDCRIhSLEVrY9NOHE+W3drRGTlY2jhA/gWCjpEyy9ghxQEmGo0s6vZnShV0pLnvTqVicmp6Znq7Nz8wuLScm1l9commRHYFIlKzHUEFpXU2CRJCq9TgxBHClvR3Wnpt+7RWJnoS+qnGMbQ07IrBVAhdWrrx4dBHsRZx99xXXenZDoYdGp1z/WG4H+JPyJ1NsJ5Z8WpBjeJyGLUJBRY2/a9lMIcDEmhcDAXZBZTEHfQw3ZBNcRow3x4/4BvZRYo4SkaLhUfivhzI4fY2n4cFZMx0K397ZXif147o+5BmEudZoRalEEkFQ6DrDCyKAb5jTRIBOXlyKXmAgwQoZEchCjErGhqLLCMoSRRdvwrUCrMH/pld/7vpv6Sq4br77mNi9360cmoxSrbYJtsm/lsnx2xM3bOmkywnD2yJ/bsvDhvzrvz8T1acUY7a2wMzucXGMyqnA==</latexit>

A = {µ1, ..., µn}

<latexit sha1_base64="hq1yyPYrOe9qkhKH4789KpEx5jE="></latexit>

3AF , 3µ1F _ · · · _3µnF

<latexit sha1_base64="OK/nNI6ldVKNT6+xMSPtfa5LDVE="></latexit>

=
_

i2[1,n]

3µiF

<latexit sha1_base64="lQumwCXKTNkkH79HFTWpuCXNwnA="></latexit>

2AF , 2µ1F ^ · · · ^2µnF

<latexit sha1_base64="m7uHAp52WCFoatGILIK9+kZeuDw="></latexit>

=
^

i2[1,n]

2µiF

<latexit sha1_base64="6Dl+tja9OQm1p55Nv8rUspHJITE="></latexit>

3;F , ↵
<latexit sha1_base64="jS/rmLj3u724SlbmPuNX1JuF6JY="></latexit>

2;F , tt



HML: Equivalenza logica
due processi sono equivalenti sse soddisfano le stesse formule
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<latexit sha1_base64="ulXx01s1NxNoJy9IXtk9j8tRUH4="></latexit>

q
↵

��

↵

��
•

� ((

•

�
vv•

<latexit sha1_base64="+NgWmEEkkCeJO9hzhD6VhX+KEDw="></latexit>

p
?⌘HM q

<latexit sha1_base64="KgMXief71tB7q5uIjgZhSBDKucw="></latexit>

F , 3↵(3�tt ^3�tt)

<latexit sha1_base64="7/pdzfsxJVq+fqaN+J/EIfmH3BY="></latexit>

p |= F

<latexit sha1_base64="zNwltfHxjdjNTE5BLUJSHDjiz94=">AAACGXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoN6CgniMYB6YhNA76cQhs7PLTK8YQv7Cm+i/eBOvnvwVT27WICaxTkVVN1WUHylpyXU/nczC4tLySnY1t7a+sbmV396p2jA2AisiVKGp+2BRSY0VkqSwHhmEwFdY8/sXY792j8bKUN/QIMJWAD0tu1IAJdJt1AzCDirLL9v5glt0U/B54k1IgU1Qbue/mp1QxAFqEgqsbXhuRK0hGJJC4SjXjC1GIPrQw0ZCNQRoW8O08YgfxBYo5BEaLhVPRfz7MYTA2kHgJ5cB0J2d9cbif14jpu5payh1FBNqMQ4iqTANssLIZArkHWmQCMbNkUvNBRggQiM5CJGIcbLNVKACwoekzm9iMpY3O808qR4VvePi2fVxoXQ+mS3L9tg+O2QeO2EldsXKrMIE0+yRPbMX58l5dd6c95/TjDP52WVTcD6+AV8voSM=</latexit>

F c , 2↵(2�↵ _2�↵)

<latexit sha1_base64="cyfrbEQB4ZlxZ1liYD0eTHPZb9M="></latexit>

p 6|= F c

<latexit sha1_base64="vy2rT50x9EdZ1L/5e1mR16bBUEw=">AAACIXicbVDLSgNBEJz1GeNr1aOXwSB4CrsSUG9BQTxGMA9IYuiddOLg7Owy0xsMIX/iTfRfvIk38U88uYlBTGKdiqpuqqggVtKS5304C4tLyyurmbXs+sbm1ra7s1uxUWIElkWkIlMLwKKSGsskSWEtNghhoLAa3F+M/GoPjZWRvqF+jM0Qulp2pABKpZbrxg0dUSOM2qgsv7wVLTfn5b0x+DzxJyTHJii13K9GOxJJiJqEAmvrvhdTcwCGpFA4zDYSizGIe+hiPaUaQrTNwbj5kB8mFijiMRouFR+L+PdjAKG1/TBIL0OgOzvrjcT/vHpCndPmQOo4IdRiFERS4TjICiPTSZC3pUEiGDVHLjUXYIAIjeQgRCom6UZTgQoIH9I6v4npWP7sNPOkcpz3C/mz60KueD6ZLcP22QE7Yj47YUV2xUqszATrsUf2zF6cJ+fVeXPef04XnMnPHpuC8/kN6Tij/g==</latexit>

q 6|= F

<latexit sha1_base64="O0SvnIK8FhwlXTR1QK0sS/CDpeM=">AAACHXicbVBNSwJRFH1jX2ZfVss2jyRoJTMhVDspiJYG+QFqcud5tYdv3kzv3YlE/B/tov5Lu2gb/ZVWjSaR2lkdzrmXczh+pKQl1/10UguLS8sr6dXM2vrG5lZ2e6diw9gILItQhabmg0UlNZZJksJaZBACX2HV752P/Oo9GitDfU39CJsBdLXsSAGUSDd3DR1SIwjbqCy/aGVzbt4dg88Tb0JybIJSK/vVaIciDlCTUGBt3XMjag7AkBQKh5lGbDEC0YMu1hOqIUDbHIxbD/lBbIFCHqHhUvGxiH8/BhBY2w/85DIAurWz3kj8z6vH1DlpDqSOYkItRkEkFY6DrDAymQN5WxokglFz5FJzAQaI0EgOQiRinOwzFaiA8CGp85uYjOXNTjNPKkd5r5A/vSrkimeT2dJsj+2zQ+axY1Zkl6zEykwwwx7ZM3txnpxX5815/zlNOZOfXTYF5+Mb1gmi+Q==</latexit>

q |= F c

<latexit sha1_base64="v5Vy8QbrSLz4EIlaoOdI9dJ7uXw=">AAACG3icbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FBfEYwTwgiaF30olDZh/O9IphyW94E/0Xb+LVg7/iyU1cxCTWqajqpopyQyUN2fanlVlYXFpeya7m1tY3Nrfy2zs1E0RaYFUEKtANFwwq6WOVJClshBrBcxXW3cH52K/fozYy8K9pGGLbg74ve1IAJVLrruUFXVSGX9yITr5gF+0J+DxxUlJgKSqd/FerG4jIQ5+EAmOajh1SOwZNUigc5VqRwRDEAPrYTKgPHpp2POk84geRAQp4iJpLxSci/v2IwTNm6LnJpQd0a2a9sfif14yod9KOpR9GhL4YB5FUOAkyQstkDORdqZEIxs2RS58L0ECEWnIQIhGjZJ2pQAWED0md38RkLGd2mnlSOyo6peLpValQPktny7I9ts8OmcOOWZldsgqrMsFC9sie2Yv1ZL1ab9b7z2nGSn922RSsj2/1qaH5</latexit>

<latexit sha1_base64="J1ZyAHRDZOgu9QlFrq0zkJKf1+M="></latexit>

p ⌘HM q sse 8F 2 L. (p |= F , q |= F )



Bis. forte come equiv. logica 
TH.  per qualsiasi processo finitamente ramificato p,q

(prova omessa)

consequenze:
per dimostrare che due processi sono fortemente bisimili:
esibire una relazione di bisimulazione forte che li metta in 
relazione
per dimostrare che due processi non sono fortemente 
bisimili: esibire una formula HML che li distingua

<latexit sha1_base64="jKEgo22fkkeG02bOuIhFJaFOx2c="></latexit>p ' q sse p ⌘HM q



Esercizio
P0

↵

  

� // nil

P1

↵

  

�

II

P2

�

II

↵

XX

<latexit sha1_base64="S8umZDOidvl+CZgBFFuM7Gni2bo="></latexit>

trovare una formula HML che distingua i due processi
<latexit sha1_base64="eqjDCJ4w+g5+DW2g0a//DCIzRkE="></latexit>

R0

↵

  

� // nil

R1

↵

  

�

II

R2

�

II

<latexit sha1_base64="IX1ON3TbuTxM1130HkwHYfEFmUU=">AAACVXichVBNS8NAFNxGrVo/GvXoZbEInkpSRD0WFfGoYFVoSnnZvrZLN5u4+yJK6B/y13gT/SmCYFKL+AW+0+zMe8zshImSljzvueTMzM6V5xcWK0vLK6tVd2390sapEdgSsYrNdQgWldTYIkkKrxODEIUKr8LRUaFf3aKxMtYXdJ9gJ4KBln0pgHKq6x6fBGQk6IHCm0pwLCGKda8bgEqG8M8zAhqG/Yxo3HVrXt2bDP8N/Cmosemcdd3XoBeLNEJNQoG1bd9LqJOBISkUjitBajEBMYIBtnOoIULbySa/HfPt1ALFPEHDpeITEr9eZBBZex+F+WYR0f7UCvIvrZ1S/6CTSZ2khFoURiQVToysMDKvEXlPGiSCIjlyqbkAA0RoJAchcjLNe/1mqIDwLo/z6ZiX5f+s5je4bNT9vXrjfLfWPJzWtsA22RbbYT7bZ012ys5Yiwn2wB7ZM3spPZXenFmn/LHqlKY3G+zbONV3ztK3jA==</latexit>

F , 3↵3↵3↵tt
<latexit sha1_base64="JrbrcyovFGHPklZJt61d9neu0kw=">AAACG3icbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BQTxGMA9IltA76cQhsw9mesUQ8hveRP/Fm3j14K94cjcuYhLrVFR1U0V5kZKGbPvTyi0tr6yu5dcLG5tb2zvF3b2GCWMtsC5CFeqWBwaVDLBOkhS2Io3gewqb3vAy9Zv3qI0Mg1saRej6MAhkXwqgROrUunbHD3uoDL/qFkt22Z6CLxInIyWWodYtfnV6oYh9DEgoMKbt2BG5Y9AkhcJJoRMbjEAMYYDthAbgo3HH084TfhQboJBHqLlUfCri348x+MaMfC+59IHuzLyXiv957Zj65+5YBlFMGIg0iKTCaZARWiZjIO9JjUSQNkcuAy5AAxFqyUGIRIyTdWYCFRA+JHV+E5OxnPlpFkmjUnZOy5Wbk1L1Ipstzw7YITtmDjtjVXbNaqzOBIvYI3tmL9aT9Wq9We8/pzkr+9lnM7A+vgFmYKGh</latexit>

P0 |= F
<latexit sha1_base64="qMgssesQtdGNjOtihi2MKTgF0c8=">AAACQnicbZDLSgMxFIYz3q23qhvBTbAIrsqMiLosCuKyir1AW8qZ9KjBTGZIzogy1Kdxq0/hS/gK7sStCzO1iNX+q59zyX/yhYmSlnz/1ZuYnJqemZ2bLywsLi2vFFfX6jZOjcCaiFVsmiFYVFJjjSQpbCYGIQoVNsKb47zfuEVjZawv6D7BTgRXWl5KAeRK3eLGeddvC9SERseUtaO4h8r2+Um3WPLL/kD8vwmGpsSGqnZXvbV2LxZp5B4TCqxtBX5CnQwMSaGwX2inFhMQN3CFLWc1RGg72eALfb6dWqCYJ2i4VHxQxN8bGUTW3kehm4yAru3fXl4c12uldHnYyaROUkIt8iCSCgdBVhjp2CDvSYNEkF+OXGouwAA5IpKDyNmkDtZIoALCO3fO2Gt+aPZ5wVEM/jL7b+q75WC/vHu2V6ocDXnOsU22xXZYwA5YhZ2yKqsxwR7YI3tiz96L9+a9ex/foxPecGedjcj7/AJ/pbBy</latexit>

R0 6|= F

<latexit sha1_base64="z5JxjhuYWlhxVTFZg3v/SbSpb/k=">AAACGnicbVC7TsNAEDyHV3gHKGlOREhUkR0hoIygoQyIhEiJZa2PTTjlfDZ3a0Rk5U8QLXwHHaKl4TP4AxyTgtdUo5ndndWEiZKWXPfdKc3Mzs0vlBeXlldW19YrG5ttG6dGYEvEKjadECwqqbFFkhR2EoMQhQovw+HJxL+8RWNlrC9olKAfwUDLvhRAuRRUNpuBy3s6pp6VEd7w88ANKlW35hbgf4k3JVU2RTOofPSuYpFGqEkosLbruQn5GRiSQuF4qZdaTEAMYYDdnGqI0PpZ8fuY76YWKOYJGi4VL0T8vpFBZO0oCvPJCOja/vYm4n9eN6X+kZ9JnaSEWkyCSCosgqwwMi8F+ZU0SASTz5FLzQUYIEIjOQiRi2ne0o+joJSf3Y3GeUfe70b+kna95h3U6mf71cbxtK0y22Y7bI957JA12ClrshYT7I49sEf25Nw7z86L8/o1WnKmO1vsB5y3T5sKoNo=</latexit>

P0 6' R0



Esercizio
P0

↵

  

� // nil

P1

↵

  

�

II

P2

�

II

↵

XX

<latexit sha1_base64="S8umZDOidvl+CZgBFFuM7Gni2bo="></latexit>

Q0

↵

  

� // nil

Q1

↵

  

�

II

↵
uu

Q2

�

II

<latexit sha1_base64="g4gWqzPnGDvK31azUEP+UWDNDLA="></latexit>

P0 6' Q0

<latexit sha1_base64="uiFOYO3FwSSGiOwUqIcdv7oxbf0=">AAACGnicbVC7TsNAEDyHV3iHUNKciJCoIhtFAjoEDWUikYCUWNb6soET57O5WyMiK3+CaOE76BAtDZ/BH2CHFJAw1Whmd2c1YaKkJdf9dEpz8wuLS+XlldW19Y3Nyla1Y+PUCGyLWMXmKgSLSmpskySFV4lBiEKFl+HtWeFf3qOxMtYXNEzQj+Bay4EUQLkUVKrNwOU9HVPPygjveCtwg0rNrbtj8FniTUiNTdAMKl+9fizSCDUJBdZ2PTchPwNDUigcrfRSiwmIW7jGbk41RGj9bPz7iO+lFijmCRouFR+L+Hsjg8jaYRTmkxHQjZ32CvE/r5vS4MjPpE5SQi2KIJIKx0FWGJmXgrwvDRJB8TlyqbkAA0RoJAchcjHNW/pzFJTys4fhKO/Im25klnQO6l6jftxq1E5OJ22V2Q7bZfvMY4fshJ2zJmszwR7YE3tmL86j8+q8Oe8/oyVnsrPN/sD5+Aaa+6De</latexit>

<latexit sha1_base64="ArFiUNY29bEXxYKjqfSqsJ6rggo="></latexit>

F , 3↵2↵3↵tt
<latexit sha1_base64="JrbrcyovFGHPklZJt61d9neu0kw=">AAACG3icbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BQTxGMA9IltA76cQhsw9mesUQ8hveRP/Fm3j14K94cjcuYhLrVFR1U0V5kZKGbPvTyi0tr6yu5dcLG5tb2zvF3b2GCWMtsC5CFeqWBwaVDLBOkhS2Io3gewqb3vAy9Zv3qI0Mg1saRej6MAhkXwqgROrUunbHD3uoDL/qFkt22Z6CLxInIyWWodYtfnV6oYh9DEgoMKbt2BG5Y9AkhcJJoRMbjEAMYYDthAbgo3HH084TfhQboJBHqLlUfCri348x+MaMfC+59IHuzLyXiv957Zj65+5YBlFMGIg0iKTCaZARWiZjIO9JjUSQNkcuAy5AAxFqyUGIRIyTdWYCFRA+JHV+E5OxnPlpFkmjUnZOy5Wbk1L1Ipstzw7YITtmDjtjVXbNaqzOBIvYI3tmL9aT9Wq9We8/pzkr+9lnM7A+vgFmYKGh</latexit>

P0 |= F
<latexit sha1_base64="g6V75TqpwUlG3gqKR4J9mfgRAlM=">AAACQnicbZDLSsNAFIYn3q23VjeCm8EiuCpJEXUpCuJSwarQlnIyPerQySTMnIgl1Kdxq0/hS/gK7sStCyexiLX+q59zmf/MFyZKWvL9V29icmp6ZnZuvrSwuLS8Uq6sXtg4NQIbIlaxuQrBopIaGyRJ4VViEKJQ4WXYO8r7l3dorIz1OfUTbEdwo+W1FECu1Cmvn3X8lkBNaHRMWSuKu6jsgB93ylW/5hfi4yYYmiob6rRT8VZb3VikkXtMKLC2GfgJtTMwJIXCQamVWkxA9OAGm85qiNC2s+ILA76VWqCYJ2i4VLwo4u+NDCJr+1HoJiOgW/u3lxf/6zVTut5vZ1InKaEWeRBJhUWQFUY6Nsi70iAR5Jcjl5oLMECOiOQgcjapgzUSqIDw3p3z7zU/NAe85CgGf5mNm4t6Ldit1c92qgeHQ55zbINtsm0WsD12wE7YKWswwR7YI3tiz96L9+a9ex/foxPecGeNjcj7/AJ9ybBx</latexit>

Q0 6|= F

trovare una formula HML che distingua i due processi


