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CCS op. semantics
p

µ�! q

p[�]
�(µ)���! q[�]

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

Rel)
p

µ�! q µ 62 {↵,↵}
p\↵ µ�! q\↵

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

Res)

p1
µ�! q1

p1|p2
µ�! q1|p2

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

p2
µ�! q2

p1|p2
µ�! p1|q2

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

p1
��! q1 p2

��! q2

p1|p2
⌧�! q1|q2

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

ParL) Com) ParR)

p[rec x. p/x]
µ�! q

rec x. p
µ�! q

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

Rec)

p1
µ�! q

p1 + p2
µ�! q

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

p2
µ�! q

p1 + p2
µ�! q

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

SumL) SumR)

µ.p
µ�! p

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

Act)
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CCS: guarded processes
the allowed form of recursion is very general

there are processes with infinitely many outgoing transitions

p
µ�! q

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

suppose take P , p|P

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

P , rec x. p|x

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

P

µ

✏✏
µ

##
µ

))
q|P p|q|P p|p|q|P · · ·

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

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

G(p,X)

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

X

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

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

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

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

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

X

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

G(nil, X) , true

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

G(x,X) , x 62 X

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

G(µ.p,X) , G(p, ;)

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

G(p\↵, X) , G(p,X)

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

G(p[�], X) , G(p,X)

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

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

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

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

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

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

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

a closed process    is guarded if              holds truep

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

G(p, ;)

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

G(nil, X) , true

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

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

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

G(x,X) , x 62 X

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

G(µ.p,X) , G(p, ;)

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

G(p\↵, X) , G(p,X)

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

G(p[�], X) , G(p,X)

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

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

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

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

<latexit sha1_base64="nAHVTOrGjWUIhwzQkWzIYqf7G4I=">AAACLnicbZDLSgMxFIYz3u9WXboJFkVByowIuhRd6FLBaqEdypn0WIOZzJicUcvYN/BhxK0+h+BC3Lr1DczULryd1Z/vPycn+aNUSUu+/+INDA4Nj4yOjU9MTk3PzJbm5k9skhmBVZGoxNQisKikxipJUlhLDUIcKTyNLvYK//QKjZWJPqZOimEMbS3PpAByqFla2V9Nby/Xa2sNMhJ0W+Eld6gA19hqozsUbrNU9it+r/hfEfRFmfXrsFn6aLQSkcWoSSiwth74KYU5GJJCYXeikVlMQVxAG+tOaojRhnnvP12+nFmghKdouFS8B/H7RA6xtZ04cp0x0Ln97RXwP6+e0dl2mEudZoRaFItIKuwtssJIFxTyljRIBMXLkUvNBRggQiM5COFg5pL7cSkoFeY3na7LKPidyF9xslEJNivbR5vlnd1+WmNskS2xVRawLbbDDtghqzLB7tgDe2RP3r337L16b1+tA15/ZoH9KO/9E2rpp9s=</latexit>
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Exercise: guarded?
R , rec x. ↵.x+ �

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

G(R, ;)?

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

G(rec x. ↵.x+ �, ;) = G(↵.x+ �, {x})

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

= G(↵.x, {x}) ^G(�, {x})

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

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

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

= x 62 ; ^ true

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

= true

<latexit sha1_base64="l1ZgUV+BhIMHpVDTKcRv0MUyDo8=">AAACGHicbVC7SgNBFJ31bXytWtoMBsEq7IpgGkG0sYxgopAs4e7kJg7OPpi5EwxLfkRs9TvsxNbOz/AP3I1baOKpDufcx+GEqZKGPO/TmZtfWFxaXlmtrK1vbG652zstk1gtsCkSlejbEAwqGWOTJCm8TTVCFCq8Ce8vCv9miNrIJL6mUYpBBINY9qUAyqWu657ySicCugv7GWmL465b9WreBHyW+CWpshKNrvvV6SXCRhiTUGBM2/dSCjLQJIXCcaVjDaYg7mGA7ZzGEKEJsknyMT+wBijhKWouFZ+I+Hsjg8iYURTmk0VIM+0V4n9e21K/HmQyTi1hLIpHJBVOHhmhZV4J8p7USARFcuQy5gI0EKGWHITIRZt39OcoKBVkD6OiI3+6kVnSOqr5x7X61XH17Lxsa4XtsX12yHx2ws7YJWuwJhNsyJ7YM3txHp1X5815/xmdc8qdXfYHzsc34rqgjw==</latexit>
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Exercise: guarded?
T , rec x. (↵|x) + �

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

G(T, ;)?

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

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

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

= G(↵|x, {x}) ^G(�, {x})

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

= G(↵, {x}) ^G(x, {x}) ^G(nil, ;)

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

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

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

= true ^ false

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

= false

<latexit sha1_base64="iAtXYNiN84vLKRPJbFtVdax5+yc=">AAACGXicbVC7TgJBFJ3FF+ILtLSZSEysyK4xkcaEaGOJiTwS2JC7wwUnzD4yc1clG77E2Op32BlbKz/DP3AXKQQ81ck593FyvEhJQ7b9ZeVWVtfWN/Kbha3tnd29Ymm/acJYC2yIUIW67YFBJQNskCSF7Ugj+J7Clje6yvzWPWojw+CWxhG6PgwDOZACKJV6xdIF7/pAd94gGYAyOCn0imW7Yk/Bl4kzI2U2Q71X/O72QxH7GJBQYEzHsSNyE9AkhUoPdmODEYgRDLGT0gB8NG4yjT7hx7EBCnmEmkvFpyL+3UjAN2bse+lkFtMsepn4n9eJaVB1ExlEMWEgskckFU4fGaFl2gnyvtRIBFly5DLgAjQQoZYchEjFOC1p7igo5SaP40nakbPYyDJpnlacs0r15qxcu5y1lWeH7IidMIedsxq7ZnXWYII9sGf2wl6tJ+vNerc+fkdz1mzngM3B+vwBjVug5A==</latexit>
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Exercise: guarded?
U , rec x. ↵|�.x

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

G(U, ;)?

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

G(rec x. ↵|�.x, ;) = G(↵|�.x, {x})

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

= G(↵, {x}) ^G(�.x, {x})

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

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

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

= true ^ x 62 ;

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

= true

<latexit sha1_base64="HVfXt+dCq/HlPgihmxKP74Ekxd0=">AAACGHicbVC7SgNBFJ31bXytWtoMBsEq7IpgGkG0sYxgopAs4e7kJg7OPpi5EwxLfkRs9TvsxNbOz/AP3I1baOKpDufcx+GEqZKGPO/TmZtfWFxaXlmtrK1vbG652zstk1gtsCkSlejbEAwqGWOTJCm8TTVCFCq8Ce8vCv9miNrIJL6mUYpBBINY9qUAyqWu655WOhHQXdjPSFscV7pu1at5E/BZ4pekyko0uu5Xp5cIG2FMQoExbd9LKchAkxQqP9ixBlMQ9zDAdk5jiNAE2ST5mB9YA5TwFDWXik9E/L2RQWTMKArzySKlmfYK8T+vbalfDzIZp5YwFsUjkgonj4zQMq8EeU9qJIIiOXIZcwEaiFBLDkLkos07+nMUlAqyh9E478ifbmSWtI5q/nGtfnVcPTsv21phe2yfHTKfnbAzdskarMkEG7In9sxenEfn1Xlz3n9G55xyZ5f9gfPxDcKIoHk=</latexit>
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Exercise: guarded?
rec x. x

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

unguarded

rec x. ↵.rec y. x

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

guarded

rec x. ↵.rec y. x+ y

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

unguarded

rec x. ↵.rec y. x|y

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

unguarded

rec x. ↵.rec y. x|�.y

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

guarded



Properties of
guarded processes
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Guarded variables
G(p,X [ {x}) ) G(p,X)

<latexit sha1_base64="5jsg0rwfbCSZhmS8ZzoqETPaWig=">AAACKnicbVDLSsNAFJ34rPVVdelmaBEUpCQi6FJ0ocsq1haaUG7Gax2cJMPMjVpC936MuNXvcCdu/QH/wDR2YdWzOpxznyfUSlpy3TdnYnJqema2NFeeX1hcWq6srF7YJDUCmyJRiWmHYFHJGJskSWFbG4QoVNgKb46GfusWjZVJfE59jUEEvVheSQGUS91K9XhTb7d9kWruZ/f+YMs/k71rAmOSO154W91Kza27Bfhf4o1IjY3Q6FY+/ctEpBHGJBRY2/FcTUEGhqRQOCj7qUUN4gZ62MlpDBHaICt+GfCN1AIlXKPhUvFCxJ8dGUTW9qMwr4yAru1vbyj+53VSutoPMhnrlDAWw0UkFRaLrDAyDwn5pTRIBMPLkcuYCzBAhEZyECIX0zy1saGgVJDd9wd5Rt7vRP6Si526t1vfP92tHRyO0iqxdVZlm8xje+yAnbAGazLBHtgTe2YvzqPz6rw579+lE86oZ42Nwfn4AoMOpv8=</latexit>

G(p,X) ^ x 62 fv(p) ) G(p,X [ {x})

<latexit sha1_base64="8T2yQ92dtT2BCJsxr7uHiwxd/XI="></latexit>

proofs by structural induction on    (omitted)p

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

TH.

TH.
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Substitutions preserve 
guardedness

G(p,X) ^
^

i2[1,n]

G(pi, X) ) G(p[p1/x1 , · · · ,pn /xn ], X)

<latexit sha1_base64="PjYplCBns5qRGz1V7nogeoURMq0="></latexit>

TH.

proof by structural induction on    (omitted)p

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

G(p,X) ^ p
µ�! q ) G(q, ;)

<latexit sha1_base64="ppn6dGB433RnEZNZ/pvnlcgAazE="></latexit>

TH.

proof by rule induction on             (omitted)p
µ�! q

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



Guarded processes are 
finitely branching
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is a finite set

we prove a stronger property:
X = {x1, ..., xn}

<latexit sha1_base64="L8exAuORXYuGkVfgtlbdBQ/7H80=">AAACGXicbVBNS8NAEN34WetX1aOXxSJ4kJCIoBdB9OKxgtVCG8JkHXVxswm7E20J/SXiVX+HN/HqyZ/hPzCpPdjWd3q8NzNveFGqpCXP+3Kmpmdm5+YrC9XFpeWV1dra+qVNMiOwKRKVmFYEFpXU2CRJClupQYgjhVfR/WnpXz2gsTLRF9RLMYjhVssbKYAKKayttY46eTf0d13X3e2GutMPa3XP9Qbgk8QfkjobohHWvjvXichi1CQUWNv2vZSCHAxJobBf7WQWUxD3cIvtgmqI0Qb54PU+384sUMJTNFwqPhDx70YOsbW9OComY6A7O+6V4n9eO6ObwyCXOs0ItSiDSCocBFlhZNEJ8mtpkAjKz5FLzQUYIEIjOQhRiFlR0shRUCrIu72yI3+8kUlyuef6++7h+X79+GTYVoVtsi22w3x2wI7ZGWuwJhPskT2zF/bqPDlvzrvz8Ts65Qx3NtgInM8fRmugIA==</latexit>

� = [p1/x1 , · · · ,pn /xn ]

<latexit sha1_base64="MDkkE21yfh1pi8+6MMM8q7h372k="></latexit>

is a finite set

proof: by structural induction on p

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

G(p, ;) ) 8µ. {q | p µ�! q}

<latexit sha1_base64="t1ZnDEPHioVKO0DKuQnGP2GxN9c="></latexit>

we only show some cases (and omit some details)

G(p,X) ^
^

i2[1,n]

G(pi, X) ) {q | 9µ. p� µ�! q}

<latexit sha1_base64="Gu1eNVJWHXZsHMBp/l5WVlqQ3PI="></latexit>

TH.

TH.

(see next slides)
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proof: by structural induction on p

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

p = nil

<latexit sha1_base64="3Ilt3PIoeUEELY9yYSN3d7gTPs8=">AAACFHicbVDLSsNAFJ3Ud31VXboZLIKrkkjBbgTRjUsFq0Iby830tg6dTMLMjVhCf0Pc6ne4E7fu/Qz/wCRmYdWzOpxzH4cTxEpact0PpzIzOze/sLhUXV5ZXVuvbWxe2igxAtsiUpG5DsCikhrbJEnhdWwQwkDhVTA6yf2rOzRWRvqCxjH6IQy1HEgBlEk38WE3BLoNBqmWatKr1d2GW4D/JV5J6qzEWa/22e1HIglRk1BgbcdzY/JTMCSFwkm1m1iMQYxgiJ2MagjR+mmResJ3EwsU8RgNl4oXIv7cSCG0dhwG2WSe0f72cvE/r5PQoOWnUscJoRb5I5IKi0dWGJnVgbwvDRJBnhy51FyAASI0koMQmZhk/UwdBaX89H6cd+T9buQvudxveM1G67xZPzou21pk22yH7TGPHbAjdsrOWJsJZtgje2LPzoPz4rw6b9+jFafc2WJTcN6/AMBWoBM=</latexit>

nil� = nil

<latexit sha1_base64="vouMK7KVkmkOW3PSMjt6YR9IIuk=">AAACKXicbVC7SgNBFJ31GeMramkzGgSrsCuCNkLQxjKCeUCyhLvjTRycnV1m7ophSe3HiK1+h53a+gX+gbsxRWI81eGc+zxBrKQl1/1w5uYXFpeWCyvF1bX1jc3S1nbDRokRWBeRikwrAItKaqyTJIWt2CCEgcJmcHeR+817NFZG+poGMfoh9LXsSQGUSd3SXicEug16qZZq2LGyHwI/45Nit1R2K+4IfJZ4Y1JmY9S6pe/OTSSSEDUJBda2PTcmPwVDUigcFjuJxRjEHfSxnVENIVo/Hb0y5AeJBYp4jIZLxUciTnakEFo7CIOsMr/R/vVy8T+vnVDv1E+ljhNCLfJFJBWOFllhZJYR8htpkAjyy5FLzQUYIEIjOQiRiUkW2tRQUMpPHwZ5Rt7fRGZJ46jiHVdOr47L1fNxWgW2y/bZIfPYCauyS1ZjdSbYI3tmL+zVeXLenHfn87d0zhn37LApOF8/lcmoSA==</latexit>

{q | 9µ. nil µ�! q} = ;

<latexit sha1_base64="MMh5238LUzHHnvFVhktZJDKQ74s="></latexit>

X = {x1, ..., xn}

<latexit sha1_base64="L8exAuORXYuGkVfgtlbdBQ/7H80=">AAACGXicbVBNS8NAEN34WetX1aOXxSJ4kJCIoBdB9OKxgtVCG8JkHXVxswm7E20J/SXiVX+HN/HqyZ/hPzCpPdjWd3q8NzNveFGqpCXP+3Kmpmdm5+YrC9XFpeWV1dra+qVNMiOwKRKVmFYEFpXU2CRJClupQYgjhVfR/WnpXz2gsTLRF9RLMYjhVssbKYAKKayttY46eTf0d13X3e2GutMPa3XP9Qbgk8QfkjobohHWvjvXichi1CQUWNv2vZSCHAxJobBf7WQWUxD3cIvtgmqI0Qb54PU+384sUMJTNFwqPhDx70YOsbW9OComY6A7O+6V4n9eO6ObwyCXOs0ItSiDSCocBFlhZNEJ8mtpkAjKz5FLzQUYIEIjOQhRiFlR0shRUCrIu72yI3+8kUlyuef6++7h+X79+GTYVoVtsi22w3x2wI7ZGWuwJhPskT2zF/bqPDlvzrvz8Ts65Qx3NtgInM8fRmugIA==</latexit>

� = [p1/x1 , · · · ,pn /xn ]

<latexit sha1_base64="MDkkE21yfh1pi8+6MMM8q7h372k="></latexit>

is a finite setG(p,X) ^
^

i2[1,n]

G(pi, X) ) {q | 9µ. p� µ�! q}

<latexit sha1_base64="Gu1eNVJWHXZsHMBp/l5WVlqQ3PI="></latexit>

TH. (continue)

p = x

<latexit sha1_base64="f699x67THxINTBiUVwKQMJctY8I=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKYC5C0IvHiOYByRJ6J504ZPbBTK8kLPkC8arf4U28+hV+hn/gZs3BJNapqOruasqLlDRk219WbmV1bX0jv1nY2t7Z3SvuHzRMGGuBdRGqULc8MKhkgHWSpLAVaQTfU9j0htdTv/mI2sgwuKdxhK4Pg0D2pQBKpbvoctQtluyynYEvE2dGSmyGWrf43emFIvYxIKHAmLZjR+QmoEkKhZNCJzYYgRjCANspDcBH4ybZqxN+EhugkEeouVQ8E/HvRgK+MWPfSyd9oAez6E3F/7x2TP2Km8ggigkDMQ0iqTALMkLLtAPkPamRCKafI5cBF6CBCLXkIEQqxmkpc0dBKTcZjSdpR85iI8ukcVZ2zsuV2/NS9WrWVp4dsWN2yhx2warshtVYnQk2YM/shb1aT9ab9W59/I7mrNnOIZuD9fkDjH2bFA==</latexit>

x 2 X

<latexit sha1_base64="5ubhe6wHVjNDdVh4GVKeALUFRuY=">AAACDHicbVC7TgJBFJ3FF+ILtbSZSEysyK4hkZJoY4mJPBLYkLvDBUdmH5m5ayAbfsHY6nfYGVv/wc/wD1xWCgFPdXLOfR4vUtKQbX9ZubX1jc2t/HZhZ3dv/6B4eNQ0YawFNkSoQt32wKCSATZIksJ2pBF8T2HLG13P/NYjaiPD4I4mEbo+DAM5kAIolZrjrgx4u1cs2WU7A18lzpyU2Bz1XvG72w9F7GNAQoExHceOyE1AkxQKp4VubDACMYIhdlIagI/GTbJrp/wsNkAhj1BzqXgm4t+OBHxjJr6XVvpA92bZm4n/eZ2YBlU3kUEUEwZitoikwmyREVqmMSDvS41EMLscefq7AA1EqCUHIVIxTnNZGApKucl4Mk0zcpYTWSXNi7JTKVdvK6Xa1TytPDthp+ycOeyS1dgNq7MGE+yBPbMX9mo9WW/Wu/XxW5qz5j3HbAHW5w+gUpww</latexit>

G(x,X) = false

<latexit sha1_base64="PVJA4as2MwGr9p4CDclJ+/HEoRs=">AAACH3icbVC7SgNBFJ31GeMramFhMxiECBJ2JWAaIWihZQQTA8kS7k5udHD2wcxdSVjyMWKr32EntvkM/8DdmMJET3U45z6PFylpyLbH1sLi0vLKam4tv76xubVd2NltmjDWAhsiVKFueWBQyQAbJElhK9IIvqfwznu8zPy7J9RGhsEtDSN0fbgPZF8KoFTqFvavSoOT1jE/5x0f6MHrJ31QBkfdQtEu2xPwv8SZkiKbot4tfHV6oYh9DEgoMKbt2BG5CWiSQuEo34kNRiAe4R7bKQ3AR+MmkwdG/Cg2QCGPUHOp+ETE3x0J+MYMfS+tzK40814m/ue1Y+pX3UQGUUwYiGwRSYWTRUZomSaDvCc1EkF2OXIZcAEaiFBLDkKkYpxGNTMUlHKTwTDLyJlP5C9pnpadSrl6UynWLqZp5dgBO2Ql5rAzVmPXrM4aTLARe2Gv7M16tt6tD+vzp3TBmvbssRlY429BQKLK</latexit>

x 62 X

<latexit sha1_base64="0OvjSs0Y3neTSf8hFyPJaNVN+A4=">AAACEHicbVDLSsNAFJ3Ud31VXboZLIKrkkjBLotuXCpYW2xDuZledXAyCTM3Ygn9CXGr3+FO3PoHfoZ/YBKzsNazOpxznyeIlbTkup9OZW5+YXFpeaW6ura+sVnb2r60UWIEdkSkItMLwKKSGjskSWEvNghhoLAb3J3kfvcejZWRvqBxjH4IN1peSwGUSVcPAx3RQGreG9bqbsMtwGeJV5I6K3E2rH0NRpFIQtQkFFjb99yY/BQMSaFwUh0kFmMQd3CD/YxqCNH6aXHxhO8nFijiMRouFS9E/N2RQmjtOAyyyhDo1v71cvE/r5/QdctPpY4TQi3yRSQVFousMDKLAvlIGiSC/HLk2e8CDBChkRyEyMQky2ZqKCjlpw/jSZaR9zeRWXJ52PCajdZ5s94+LtNaZrtsjx0wjx2xNjtlZ6zDBNPsiT2zF+fReXXenPef0opT9uywKTgf3/+GngU=</latexit>

x� = x

<latexit sha1_base64="IQvHVncbwQ+D9x3VLXFIJ4IV1jQ=">AAACEXicbVDLSgNBEJyNrxhfUY9eBoPgKexKwFyEoBePEcwDkiX0TjpxyOyDmV5JWPIV4lW/w5t49Qv8DP/ATdyDSaxTUdXd1ZQXKWnItr+s3Nr6xuZWfruws7u3f1A8PGqaMNYCGyJUoW57YFDJABskSWE70gi+p7DljW5mfusRtZFhcE+TCF0fhoEcSAGUSp1x18ihD/yKj3vFkl225+CrxMlIiWWo94rf3X4oYh8DEgqM6Th2RG4CmqRQOC10Y4MRiBEMsZPSAHw0bjJ/ecrPYgMU8gg1l4rPRfy7kYBvzMT30kkf6MEsezPxP68T06DqJjKIYsJAzIJIKpwHGaFl2gXyvtRIBLPPkcuAC9BAhFpyECIV47SchaOglJuMJ9O0I2e5kVXSvCg7lXL1rlKqXWdt5dkJO2XnzGGXrMZuWZ01mGAhe2Yv7NV6st6sd+vjdzRnZTvHbAHW5w831Z4Z</latexit>

{q | 9µ. x µ�! q} = ;

<latexit sha1_base64="5Gy3IgHCgRuy9KWyIjnWRaMvZRE="></latexit>

p = µ0.p0

<latexit sha1_base64="JBBXQkncQEs7XZ2o+6dHpuaqX20=">AAACD3icbVDLSgNBEJyNr/iOevQyGERPYVcCehFELx4jGI0ki/ROOnHIzO4w0yuGJR8hXvU7vIlXP8HP8A/cxBw0sU5FVXdXU5FR0pHvf3qFmdm5+YXi4tLyyuraemlj88olqRVYF4lKbCMCh0rGWCdJChvGIuhI4XXUOxv61/donUziS+obDDV0Y9mRAiiXbsxxS6d7FbN3Wyr7FX8EPk2CMSmzMWq3pa9WOxGpxpiEAueagW8ozMCSFAoHS63UoQHRgy42cxqDRhdmo4cHfDd1QAk3aLlUfCTi740MtHN9HeWTGujOTXpD8T+vmVLnKMxkbFLCWAyDSCocBTlhZd4E8ra0SATDz5HLmAuwQIRWchAiF9O8mj9HQakwe+gP8o6CyUamydVBJahWji6q5ZPTcVtFts122D4L2CE7YeesxupMMM2e2DN78R69V+/Ne/8ZLXjjnS32B97HNzzDnQI=</latexit>

{q | 9µ. p� µ�! q} = {p0�}

<latexit sha1_base64="SYLqmx4tSDljHSbjz/exiJ+UmG0="></latexit>
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<latexit sha1_base64="rl1RMmRWIHJknliqyLmhyNHDAzA=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexKwByDXjwmYB6QLKF30olDZh/M9IphyQeIV/0Ob+LVz/Az/AN34x5MtE5FVXdXU16kpCHb/rQKa+sbm1vF7dLO7t7+QfnwqGPCWAtsi1CFuueBQSUDbJMkhb1II/iewq43vc787j1qI8PglmYRuj5MAjmWAiiVWtGwXLGr9gL8L3FyUmE5msPy12AUitjHgIQCY/qOHZGbgCYpFM5Lg9hgBGIKE+ynNAAfjZssHp3zs9gAhTxCzaXiCxF/byTgGzPzvXTSB7ozq14m/uf1YxrX3UQGUUwYiCyIpMJFkBFapg0gH0mNRJB9jlwGXIAGItSSgxCpGKeVLB0FpdzkYTZPO3JWG/lLOhdVp1att2qVxlXeVpGdsFN2zhx2yRrshjVZmwmG7Ik9sxfr0Xq13qz3n9GCle8csyVYH98ZCppL</latexit>

X = {x1, ..., xn}

<latexit sha1_base64="L8exAuORXYuGkVfgtlbdBQ/7H80=">AAACGXicbVBNS8NAEN34WetX1aOXxSJ4kJCIoBdB9OKxgtVCG8JkHXVxswm7E20J/SXiVX+HN/HqyZ/hPzCpPdjWd3q8NzNveFGqpCXP+3Kmpmdm5+YrC9XFpeWV1dra+qVNMiOwKRKVmFYEFpXU2CRJClupQYgjhVfR/WnpXz2gsTLRF9RLMYjhVssbKYAKKayttY46eTf0d13X3e2GutMPa3XP9Qbgk8QfkjobohHWvjvXichi1CQUWNv2vZSCHAxJobBf7WQWUxD3cIvtgmqI0Qb54PU+384sUMJTNFwqPhDx70YOsbW9OComY6A7O+6V4n9eO6ObwyCXOs0ItSiDSCocBFlhZNEJ8mtpkAjKz5FLzQUYIEIjOQhRiFlR0shRUCrIu72yI3+8kUlyuef6++7h+X79+GTYVoVtsi22w3x2wI7ZGWuwJhPskT2zF/bqPDlvzrvz8Ts65Qx3NtgInM8fRmugIA==</latexit>

� = [p1/x1 , · · · ,pn /xn ]

<latexit sha1_base64="MDkkE21yfh1pi8+6MMM8q7h372k="></latexit>

is a finite setG(p,X) ^
^

i2[1,n]

G(pi, X) ) {q | 9µ. p� µ�! q}

<latexit sha1_base64="Gu1eNVJWHXZsHMBp/l5WVlqQ3PI="></latexit>

TH. (continue)

p = p0\↵

<latexit sha1_base64="9WugZufkW3bjexB09LMwPscDG6s=">AAACHHicbVDLSgNBEJz1Gd/xcfMyGERPYVcC5iIEvXiMYKKQLKF30prB2d1hpleMS35FvOp3eBOvgp/hHziJOaixTkVVd1dTkVbSku9/eFPTM7Nz84WFxaXlldW14vpG06aZEdgQqUrNZQQWlUywQZIUXmqDEEcKL6Kbk6F/cYvGyjQ5p77GMIbrRF5JAeSkTnFLH+m9dgTixiqwvTYo3YNOseSX/RH4JAnGpMTGqHeKn+1uKrIYExLujG0FvqYwB0NSKBwstjOL2mXANbYcTSBGG+aj7wd8N7NAKddouFR8JOLPjRxia/tx5CZjoJ796w3F/7xWRlfVMJeJzggTMQwiqXAUZIWRrhbkXWmQCIafI5cJF2CACI3kIIQTM9fTr6OgVJjf9Qeuo+BvI5OkeVAOKuXqWaVUOx63VWDbbIfts4Adsho7ZXXWYILds0f2xJ69B+/Fe/XevkenvPHOJvsF7/0LdyyieA==</latexit>

p� = p0�\↵

<latexit sha1_base64="P2H5n5S1JjRueDOskZGvyZVC6So=">AAACKnicbVDLSgNBEJz1Gd9Rj14Gg+gp7ErAXISgF48RTCJkl9A7tsng7O4w0yuGJXc/Rrzqd3gTr/6Af+Ak5uCrTkVVd9dMxVpJS77/6s3Mzs0vLJaWlldW19Y3yptbbZvlRmBLZCozlzFYVDLFFklSeKkNQhIr7MQ3p2O/c4vGyiy9oKHGKIF+Kq+lAHJSr7yrQyv7CfBjrve/aBiDuLEK7CAEpQfQK1f8qj8B/0uCKamwKZq98kd4lYk8wZSEO2O7ga8pKsCQFApHy2FuUbsM6GPX0RQStFEx+cuI7+UWKOMaDZeKT0T8vlFAYu0wid1kAjSwv72x+J/Xzem6HhUy1TlhKsZBJBVOgqww0pWE/EoaJILxy5HLlAswQIRGchDCiblr7cdRUCoq7oYj11Hwu5G/pH1YDWrV+nmt0jiZtlViO2yXHbCAHbEGO2NN1mKC3bNH9sSevQfvxXv13r5GZ7zpzjb7Ae/9E2IFqB4=</latexit>

G(p,X) = G(p0, X)

<latexit sha1_base64="yehkXFJl5xHuiyTGm8bzGZoIpmg=">AAACGHicbZC7SgNBFIZn4z3eVi1tBoMYQcKuCNoIooWWCsYEkiWcnZzEwdkLM2fFsORFxFafw05s7XwM38BJTGGMp/r4/3PjD1MlDXnep1OYmp6ZnZtfKC4uLa+sumvrNybJtMCqSFSi6yEYVDLGKklSWE81QhQqrIV3ZwO/do/ayCS+pl6KQQTdWHakALJSy3XPy+lefZcfcws7llpuyat4w+KT4I+gxEZ12XK/mu1EZBHGJBQY0/C9lIIcNEmhsF9sZgZTEHfQxYbFGCI0QT78vM+3MwOU8BQ1l4oPRfw9kUNkTC8KbWcEdGv+egPxP6+RUecoyGWcZoSxGBwiqXB4yAgtbSTI21IjEQw+Ry5jLkADEWrJQQgrZjajsaWgVJA/9Po2I/9vIpNws1/xDypHVwelk9NRWvNsk22xMvPZITthF+ySVZlg9+yJPbMX59F5dd6c95/WgjOa2WBj5Xx8A0M0nl4=</latexit>

finite, by inductive hypothesis
{q | 9µ. p� µ�! q} = {q0\↵ | 9µ 62 {↵,↵}.p0� µ�! q0}

<latexit sha1_base64="5+1I9ObcvRf8xoEnQT6JF0xPLqU="></latexit>

finite, by inductive hypotheses

p = p00 + p01

<latexit sha1_base64="nIEHz3p1lor9EtSU4NSBnuK3ahs=">AAACEXicbVDLSsNAFJ34rO+qSzeDRRSEkkjBboSiG5cVrBXSUG7Gqw5OkmHmRiyhXyFu9TvciVu/wM/wD0xiF7Z6FpfDOffFCbWSllz305manpmdm68sLC4tr6yuVdc3LmySGoEdkajEXIZgUckYOyRJ4aU2CFGosBvenRR+9x6NlUl8TgONQQQ3sbyWAiiXfH2kd/vufl68frXm1t0S/C/xRqTGRmj3q1+9q0SkEcYkFFjre66mIANDUigcLvZSixrEHdygn9MYIrRBVr485DupBUq4RsOl4qWIvycyiKwdRGHeGQHd2kmvEP/z/JSum0EmY50SxqI4RFJhecgKI/MskF9Jg0RQfI5cxlyAASI0koMQuZjm4YwtBaWC7GEwzDPyJhP5Sy4O6l6j3jxr1FrHo7QqbIttsz3msUPWYqeszTpMsIQ9sWf24jw6r86b8/7TOuWMZjbZGJyPbwsEnWQ=</latexit>

p� = p00� + p01�

<latexit sha1_base64="nVB4OYXuKTdeaOR/q7yq2Qe7OGw=">AAACKXicbVDLSsNAFJ34rO+qSzejRRSEkkjBboSiG5cVrC20odyM1zo4SYaZG7GErv0Ycavf4U7d+gX+gUnNwtdZnXvOfcycQCtpyXVfnYnJqemZ2dLc/MLi0vJKeXXt3MaJEdgSsYpNJwCLSkbYIkkKO9oghIHCdnB9nPvtGzRWxtEZDTX6IQwieSkFUCb1y5u6Z+UgBH7I9U7fLYq9vPC+in654lbdMfhf4hWkwgo0++WP3kUskhAjEgqs7XquJj8FQ1IoHM33EosaxDUMsJvRCEK0fjr+yohvJxYo5hoNl4qPRfw+kUJo7TAMss4Q6Mr+9nLxP6+b0GXdT2WkE8JI5IdIKhwfssLILCPkF9IgEeQvRy4jLsAAERrJQYhMTLLQfiwFpfz0djjKMvJ+J/KXnO9XvVq1flqrNI6KtEpsg22xXeaxA9ZgJ6zJWkywO/bAHtmTc+88Oy/O21frhFPMrLMfcN4/ARUHpjg=</latexit>

G(p,X) = G(p00, X) ^G(p01, X)

<latexit sha1_base64="FBpRbqKtyV1pzuZefesjMJpeBe0=">AAACKHicbVDLSgNBEJz1bXxFPXoZDGIECbsSMBdB9KBHBWMCyRJ6J504OPtgplcNS65+jHjV7/AmXv0D/8DJmoOvukx1Vff0TAWJkoZc982ZmJyanpmdmy8sLC4trxRX1y5NnGqBdRGrWDcDMKhkhHWSpLCZaIQwUNgIro9HfuMGtZFxdEGDBP0Q+pHsSQFkpU6Rn5ST3ebOgT22O65l7Vvs9pHntWfrTrHkVtwc/C/xxqTExjjrFD/a3VikIUYkFBjT8tyE/Aw0SaFwWGinBhMQ19DHlqURhGj8LP/JkG+lBijmCWouFc9F/D6RQWjMIAxsZwh0ZX57I/E/r5VSr+ZnMkpSwkiMFpFUmC8yQksbEfKu1EgEo5cjlxEXoIEIteQghBVTm9mPS0EpP7sbDG1G3u9E/pLLvYpXrdTOq6XDo3Fac2yDbbIy89g+O2Sn7IzVmWD37JE9sWfnwXlxXp23r9YJZzyzzn7Aef8EXgSkGA==</latexit>

{q | 9µ. p� µ�! q} = {q00 | 9µ. p00�
µ�! q00} [ {q01 | 9µ. p01�

µ�! q01}

<latexit sha1_base64="UVffJIPvpK1TrSHkbQ2laPtmG0U=">AAACsHicdVFNb9NAFFybrxKgBDhyWREhOEV2Fam9FFVw4Vgk0kaKLet5+5ou3bW3u28hkXF+D3+Jn8E/YG1yoE37TqOZNzureaVR0lGS/I7ie/cfPHy083jw5Omz3efDFy9PXO2twKmoVW1nJThUssIpSVI4MxZBlwpPy8tPnX76Ha2TdfWVVgZzDYtKnksBFKhi+Ctrrvj655pnuAxpLtN+vDaZkwsN2dLKxQWBtfWPJgjtVd YODgfB8a5Itk2BvMvXSW0mvOG9Ob3NnN5tTkNuMRwl46Qfvg3SDRixzRwXwz/ZWS28xoqEAufmaWIob8CSFArbQeYdGhCXsMB5gBVodHnTN9ryt94B1dyg5VLxnsT/HQ1o51a6DJsa6MLd1DryNm3u6fwgb2RlPGEluiCSCvsgJ6wMp0J+Ji0SQfdz5LLiAiwQoZUchAikD7e79igolTfLVRs6Sm82sg1O9sbpZHzwZTI6+rhpa4e9Zm/Ye5ayfXbEPrNjNmUi2o0m0WH0Id6LZ3ERw7/VONp4XrFrE3/7Cx452CE=</latexit>
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<latexit sha1_base64="rl1RMmRWIHJknliqyLmhyNHDAzA=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexKwByDXjwmYB6QLKF30olDZh/M9IphyQeIV/0Ob+LVz/Az/AN34x5MtE5FVXdXU16kpCHb/rQKa+sbm1vF7dLO7t7+QfnwqGPCWAtsi1CFuueBQSUDbJMkhb1II/iewq43vc787j1qI8PglmYRuj5MAjmWAiiVWtGwXLGr9gL8L3FyUmE5msPy12AUitjHgIQCY/qOHZGbgCYpFM5Lg9hgBGIKE+ynNAAfjZssHp3zs9gAhTxCzaXiCxF/byTgGzPzvXTSB7ozq14m/uf1YxrX3UQGUUwYiCyIpMJFkBFapg0gH0mNRJB9jlwGXIAGItSSgxCpGKeVLB0FpdzkYTZPO3JWG/lLOhdVp1att2qVxlXeVpGdsFN2zhx2yRrshjVZmwmG7Ik9sxfr0Xq13qz3n9GCle8csyVYH98ZCppL</latexit>

X = {x1, ..., xn}

<latexit sha1_base64="L8exAuORXYuGkVfgtlbdBQ/7H80=">AAACGXicbVBNS8NAEN34WetX1aOXxSJ4kJCIoBdB9OKxgtVCG8JkHXVxswm7E20J/SXiVX+HN/HqyZ/hPzCpPdjWd3q8NzNveFGqpCXP+3Kmpmdm5+YrC9XFpeWV1dra+qVNMiOwKRKVmFYEFpXU2CRJClupQYgjhVfR/WnpXz2gsTLRF9RLMYjhVssbKYAKKayttY46eTf0d13X3e2GutMPa3XP9Qbgk8QfkjobohHWvjvXichi1CQUWNv2vZSCHAxJobBf7WQWUxD3cIvtgmqI0Qb54PU+384sUMJTNFwqPhDx70YOsbW9OComY6A7O+6V4n9eO6ObwyCXOs0ItSiDSCocBFlhZNEJ8mtpkAjKz5FLzQUYIEIjOQhRiFlR0shRUCrIu72yI3+8kUlyuef6++7h+X79+GTYVoVtsi22w3x2wI7ZGWuwJhPskT2zF/bqPDlvzrvz8Ts65Qx3NtgInM8fRmugIA==</latexit>

� = [p1/x1 , · · · ,pn /xn ]

<latexit sha1_base64="MDkkE21yfh1pi8+6MMM8q7h372k="></latexit>

is a finite setG(p,X) ^
^

i2[1,n]

G(pi, X) ) {q | 9µ. p� µ�! q}

<latexit sha1_base64="Gu1eNVJWHXZsHMBp/l5WVlqQ3PI="></latexit>

TH. (continue)

finite, by inductive hypotheses

p = rec x.p0

<latexit sha1_base64="CUL9DU+ZzHD4QdtDFgkrTL+azgk=">AAACG3icbVDLSsNAFJ34rO+oSzeDRXRVEinYjVB041LBaqEN5WZ6W4dOkmHmRlpC/RNxq9/hTty68DP8A5Paha+zOpxzH4cTaiUted67MzM7N7+wWFpaXlldW99wN7eubJIagQ2RqMQ0Q7CoZIwNkqSwqQ1CFCq8DgenhX99i8bKJL6kkcYggn4se1IA5VLH3dbH7QjoJuxlBsX4bljR+x237FW8Cfhf4k9JmU1x3nE/2t1EpBHGJBRY2/I9TUEGhqRQOF5upxY1iAH0sZXTGCK0QTYJP+Z7qQVKuEbDpeITEb9vZBBZO4rCfLIIan97hfif10qpVwsyGeuUMBbFI5IKJ4+sMDJvBXlXGiSCIjlyGXMBBojQSA5C5GKa1/TjKCgVZMPROO/I/93IX3J1WPGrldpFtVw/mbZVYjtslx0wnx2xOjtj56zBBBuxB/bInpx759l5cV6/Rmec6c42+wHn7RPdB6Io</latexit>

without loss of generality

p� = rec x. p0�

<latexit sha1_base64="1UTvewM7z6Cbk3cN1xLSQQtY0yo=">AAACKnicbVDLSsNAFJ34rO+qSzeDRXQVEhF0IxTduKxgVWhCuRlv6+AkGWZupCW0az9G3Op3uCtu/QH/wKR24eusDufc54m0kpY8b+RMTc/Mzs1XFhaXlldW16rrG5c2zYzApkhVaq4jsKhkgk2SpPBaG4Q4UngV3Z2W/tU9GivT5IL6GsMYuonsSAFUSO3qtg6s7MbAj3kQA91GndygGAx77lDvflntas1zvTH4X+JPSI1N0GhXP4KbVGQxJiQUWNvyPU1hDoakUDhYDDKLGsQddLFV0ARitGE+/mXAdzILlHKNhkvFxyJ+78ghtrYfR0Vlea/97ZXif14ro85RmMtEZ4SJKBeRVDheZIWRRUjIb6RBIigvRy4TLsAAERrJQYhCzIrUfgwFpcK81x8UGfm/E/lLLvdd/8A9Oj+o1U8maVXYFttme8xnh6zOzliDNZlgD+yJPbMX59F5dUbO21fplDPp2WQ/4Lx/AsQ4qFY=</latexit>

G(p,X) = G(p0, X [ {x})

<latexit sha1_base64="I5VtnZ0xZIS8Ab6rAWtbkQpTqo8=">AAACH3icbVBNS8NAEN34/W3Vgwcvi0VUkJJIwV6Eogc9KthaaEKZrKMu3STL7kRaQn6MeNXf4U28+jP8B6a1B6u+yzzem9nZeaFW0pLrfjgTk1PTM7Nz8wuLS8srq6W19aZNUiOwIRKVmFYIFpWMsUGSFLa0QYhChddh93TgXz+gsTKJr6ivMYjgLpa3UgAVUqe0ebanD1r7x0XZPWj5ItV+1vPz/U6p7FbcIfhf4o1ImY1w0Sl9+jeJSCOMSSiwtu25moIMDEmhMF/wU4saRBfusF3QGCK0QTY8IOc7qQVKuEbDpeJDEX9OZBBZ24/CojMCure/vYH4n9dO6bYWZDLWKWEsBotIKhwussLIIhnkN9IgEQx+jlzGXIABIjSSgxCFmBZRjT0KSgVZr58XGXm/E/lLmocVr1qpXVbL9ZNRWnNsi22zPeaxI1Zn5+yCNZhgOXtiz+zFeXRenTfn/bt1whnNbLAxOB9fQb2iMA==</latexit>

x 62 X [
[

i2[1,n]

fv(pi)

<latexit sha1_base64="HPMZGrxANoiQvDsmKgvM0IYaooY="></latexit>

{q | 9µ. p� µ�! q} = {q0 | 9µ. p0�[rec x. p0�/x]
µ�! q0}

<latexit sha1_base64="B+oMYU0nnDnJ68VEBNcsBktnKBg="></latexit>


