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Separating the Wheat from the Chaff:
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<latexit sha1_base64="y3eoYdxWEru4RDjOHIR3RMDfBK4=">AAACA3icbVA9SwNBEN2LX/H8ilraLIaAVbizUMuATcoI5gNzR9jb7CVLdveO3T0hHIcgWNnaKqS2E1t/iL0/xL0khUl8MPB4b4aZeUHMqNKO820V1tY3NreK2/bO7t7+QenwqKWiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2MLrO/fY9kYpG4laPY+JzNBA0pBhpI915AU+9WNHM7pXKTtWZAq4Sd07KtXLl+fFhMmn0Sj9eP8IJJ0JjhpTquk6s/RRJTTEjme0lisQIj9CAdA0ViBPlp9OLM1gxSh+GkTQlNJyqfydSxJUa88B0cqSHatnLxf+8bqLDKz+lIk40EXi2KEwY1BHM34d9KgnWbGwIwpKaWyEeIomwNiEtbAl4Ztt5LO5yCKukdV51L6oXNyafOpihCE7AKTgDLrgENVAHDdAEGAjwAl7Bm/VkvVsf1uestWDNZ47BAqyvX5cDmtw=</latexit>

 <latexit sha1_base64="omw4vwNy3kLX7M3UVAakKfZizmc=">AAACCnicbVDLSsNAFJ3UV42PRl26GSwFVyVxUV0W3HRZwT6gCWUynbRDZ5IwMymUEAS3+geuCvoD7sStP+HeD3HSdmFbD1w4nHMv53L8mFGpbPvbKGxt7+zuFffNg8Oj45J1ctqWUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj++zf3OhAhJo/BeTWPicTQMaUAxUlrqWyXX56npTpCIR9TMzL5Vtqv2HHCTOEtSrpcrT48Ps1mzb/24gwgnnIQKMyRlz7Fj5aVIKIoZyUw3kSRGeIyGpKdpiDiRXjp/PIMVrQxgEAk9oYJz9e9FiriUU+7rTY7USK57ufif10tUcOOlNIwTRUK8CAoSBlUE8xbggAqCFZtqgrCg+leIR0ggrHRXKyk+z0wzr8VZL2GTtK+qTq1au9P9NMACRXAOLsAlcMA1qIMGaIIWwCABL+AVvBnPxrvxYXwuVgvG8uYMrMD4+gX2pJyR</latexit>'
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2

<latexit sha1_base64="pNTlX7Gy4u6Lht3bqj6n6pnPkG8="></latexit>

 ⇤'

<latexit sha1_base64="y3eoYdxWEru4RDjOHIR3RMDfBK4=">AAACA3icbVA9SwNBEN2LX/H8ilraLIaAVbizUMuATcoI5gNzR9jb7CVLdveO3T0hHIcgWNnaKqS2E1t/iL0/xL0khUl8MPB4b4aZeUHMqNKO820V1tY3NreK2/bO7t7+QenwqKWiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2MLrO/fY9kYpG4laPY+JzNBA0pBhpI915AU+9WNHM7pXKTtWZAq4Sd07KtXLl+fFhMmn0Sj9eP8IJJ0JjhpTquk6s/RRJTTEjme0lisQIj9CAdA0ViBPlp9OLM1gxSh+GkTQlNJyqfydSxJUa88B0cqSHatnLxf+8bqLDKz+lIk40EXi2KEwY1BHM34d9KgnWbGwIwpKaWyEeIomwNiEtbAl4Ztt5LO5yCKukdV51L6oXNyafOpihCE7AKTgDLrgENVAHDdAEGAjwAl7Bm/VkvVsf1uestWDNZ47BAqyvX5cDmtw=</latexit>

 <latexit sha1_base64="omw4vwNy3kLX7M3UVAakKfZizmc=">AAACCnicbVDLSsNAFJ3UV42PRl26GSwFVyVxUV0W3HRZwT6gCWUynbRDZ5IwMymUEAS3+geuCvoD7sStP+HeD3HSdmFbD1w4nHMv53L8mFGpbPvbKGxt7+zuFffNg8Oj45J1ctqWUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj++zf3OhAhJo/BeTWPicTQMaUAxUlrqWyXX56npTpCIR9TMzL5Vtqv2HHCTOEtSrpcrT48Ps1mzb/24gwgnnIQKMyRlz7Fj5aVIKIoZyUw3kSRGeIyGpKdpiDiRXjp/PIMVrQxgEAk9oYJz9e9FiriUU+7rTY7USK57ufif10tUcOOlNIwTRUK8CAoSBlUE8xbggAqCFZtqgrCg+leIR0ggrHRXKyk+z0wzr8VZL2GTtK+qTq1au9P9NMACRXAOLsAlcMA1qIMGaIIWwCABL+AVvBnPxrvxYXwuVgvG8uYMrMD4+gX2pJyR</latexit>'



Separation Logic

• Logic for reasoning about shared resources

• We focus on memory in heap-manipulating programs

• Formulas capture properties over partitions  
of the heap

• Disjoint partitions of the heap can be composed 
through the separating conjunction

• Entailments capture verification conditions 

2

<latexit sha1_base64="pNTlX7Gy4u6Lht3bqj6n6pnPkG8="></latexit>

 ⇤'
<latexit sha1_base64="xy/x1igTzAbTe2cE43EFXDKON2k="></latexit>

 ⇤' ` ↵

<latexit sha1_base64="y3eoYdxWEru4RDjOHIR3RMDfBK4=">AAACA3icbVA9SwNBEN2LX/H8ilraLIaAVbizUMuATcoI5gNzR9jb7CVLdveO3T0hHIcgWNnaKqS2E1t/iL0/xL0khUl8MPB4b4aZeUHMqNKO820V1tY3NreK2/bO7t7+QenwqKWiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2MLrO/fY9kYpG4laPY+JzNBA0pBhpI915AU+9WNHM7pXKTtWZAq4Sd07KtXLl+fFhMmn0Sj9eP8IJJ0JjhpTquk6s/RRJTTEjme0lisQIj9CAdA0ViBPlp9OLM1gxSh+GkTQlNJyqfydSxJUa88B0cqSHatnLxf+8bqLDKz+lIk40EXi2KEwY1BHM34d9KgnWbGwIwpKaWyEeIomwNiEtbAl4Ztt5LO5yCKukdV51L6oXNyafOpihCE7AKTgDLrgENVAHDdAEGAjwAl7Bm/VkvVsf1uestWDNZ47BAqyvX5cDmtw=</latexit>

 <latexit sha1_base64="omw4vwNy3kLX7M3UVAakKfZizmc=">AAACCnicbVDLSsNAFJ3UV42PRl26GSwFVyVxUV0W3HRZwT6gCWUynbRDZ5IwMymUEAS3+geuCvoD7sStP+HeD3HSdmFbD1w4nHMv53L8mFGpbPvbKGxt7+zuFffNg8Oj45J1ctqWUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj++zf3OhAhJo/BeTWPicTQMaUAxUlrqWyXX56npTpCIR9TMzL5Vtqv2HHCTOEtSrpcrT48Ps1mzb/24gwgnnIQKMyRlz7Fj5aVIKIoZyUw3kSRGeIyGpKdpiDiRXjp/PIMVrQxgEAk9oYJz9e9FiriUU+7rTY7USK57ufif10tUcOOlNIwTRUK8CAoSBlUE8xbggAqCFZtqgrCg+leIR0ggrHRXKyk+z0wzr8VZL2GTtK+qTq1au9P9NMACRXAOLsAlcMA1qIMGaIIWwCABL+AVvBnPxrvxYXwuVgvG8uYMrMD4+gX2pJyR</latexit>'
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<latexit sha1_base64="slcWprarjc6lAcYgmhLVjGypcj4="></latexit>

list(x) := x = nil_
�
9u.x 7! u ⇤ list(u)

�

<latexit sha1_base64="MRL5nWOgWYoc/Is82KWkHThz7YI=">AAAB/nicbVC7SgNBFJ2Nr7i+opaCDAbBKuxaRDsDaSwTMQ9IljA7O5sMmZldZmaFsARs/AFbre3ENp/gL1ha+xPOJilM4oELh3Pu5d57/JhRpR3ny8qtrW9sbuW37Z3dvf2DwuFRU0WJxKSBIxbJto8UYVSQhqaakXYsCeI+Iy1/WM381gORikbiXo9i4nHUFzSkGGkjtbs+T+3AHvcKRafkTAFXiTsnxZvP+s/T6eSu1it8d4MIJ5wIjRlSquM6sfZSJDXFjIztbqJIjPAQ9UnHUIE4UV46vXcMz40SwDCSpoSGU/XvRIq4UiPum06O9EAte5n4n9dJdHjtpVTEiSYCzxaFCYM6gtnzMKCSYM1GhiAsqbkV4gGSCGsT0cIWn2eZuMsJrJLmZcktl8p1p1ipghny4AScgQvggitQAbegBhoAAwaewQt4tR6tN+vd+pi15qz5zDFYgDX5BYAgmfM=</latexit>

d <latexit sha1_base64="GNHBudJg4E+c17YzMNZQgHhls1g=">AAAB/nicbVC7SgNBFL0bX3F9RS0FGQyCVdi1iHYG0lgmYh6QLGF2MkmGzOwuM7NCWAI2/oCt1nZim0/wFyyt/QlnkxQm8cCFwzn3cu89fsSZ0o7zZWXW1jc2t7Lb9s7u3v5B7vCorsJYElojIQ9l08eKchbQmmaa02YkKRY+pw1/WE79xgOVioXBvR5F1BO4H7AeI1gbqdn2RWITe9zJ5Z2CMwVaJe6c5G8+qz9Pp5O7Sif33e6GJBY00IRjpVquE2kvwVIzwunYbseKRpgMcZ+2DA2woMpLpveO0blRuqgXSlOBRlP170SChVIj4ZtOgfVALXup+J/XinXv2ktYEMWaBmS2qBdzpEOUPo+6TFKi+cgQTCQztyIywBITbSJa2OKLNBN3OYFVUr8suMVCserkS2WYIQsncAYX4MIVlOAWKlADAhye4QVerUfrzXq3PmatGWs+cwwLsCa/fouZ8g==</latexit>c <latexit sha1_base64="49QW9iTZomAHuSDfh7fHegB4Nrs=">AAAB/nicbVC7SgNBFJ2Nr7i+opaCDAbBKuxaRDsDaSwTMQ9IljAzmSRDZmaXmVkhLAEbf8BWazuxzSf4C5bW/oSzSQqTeODC4Zx7ufceHHGmjed9OZm19Y3Nrey2u7O7t3+QOzyq6zBWhNZIyEPVxEhTziStGWY4bUaKIoE5beBhOfUbD1RpFsp7M4poIFBfsh4jyFip2cYicbE77uTyXsGbAq4Sf07yN5/Vn6fTyV2lk/tud0MSCyoN4Ujrlu9FJkiQMoxwOnbbsaYRIkPUpy1LJRJUB8n03jE8t0oX9kJlSxo4Vf9OJEhoPRLYdgpkBnrZS8X/vFZsetdBwmQUGyrJbFEv5tCEMH0edpmixPCRJYgoZm+FZIAUIsZGtLAFizQTfzmBVVK/LPjFQrHq5UtlMEMWnIAzcAF8cAVK4BZUQA0QwMEzeAGvzqPz5rw7H7PWjDOfOQYLcCa/fPaZ8Q==</latexit>

b <latexit sha1_base64="mlLy6dPLtj/QDbSWg2qbiiOx1EY=">AAAB/nicbVC7SgNBFL0bX3F9RS0FGQyCVdi1iHYG0lgmYh6QLGF2MkmGzOwuM7NCWAI2/oCt1nZim0/wFyyt/QlnkxQm8cCFwzn3cu89fsSZ0o7zZWXW1jc2t7Lb9s7u3v5B7vCorsJYElojIQ9l08eKchbQmmaa02YkKRY+pw1/WE79xgOVioXBvR5F1BO4H7AeI1gbqdn2RWJje9zJ5Z2CMwVaJe6c5G8+qz9Pp5O7Sif33e6GJBY00IRjpVquE2kvwVIzwunYbseKRpgMcZ+2DA2woMpLpveO0blRuqgXSlOBRlP170SChVIj4ZtOgfVALXup+J/XinXv2ktYEMWaBmS2qBdzpEOUPo+6TFKi+cgQTCQztyIywBITbSJa2OKLNBN3OYFVUr8suMVCserkS2WYIQsncAYX4MIVlOAWKlADAhye4QVerUfrzXq3PmatGWs+cwwLsCa/e2GZ8A==</latexit>a <latexit sha1_base64="N6q4+ZZpbehJw5CpCmlOeFj9Ono=">AAACC3icbVC7SgNBFJ2NrxhfqykFWQyCVdi1iHYG0lgmYh6QLGF2MpsMmZldZu6KYUlp6TfYam0jYiv4C5bW/oS7SQqTeODC4Zx7OZfjhZxpsO0vI7Oyura+kd3MbW3v7O6Z+wcNHUSK0DoJeKBaHtaUM0nrwIDTVqgoFh6nTW9YSf3mLVWaBfIGRiF1Be5L5jOCIZG6Zr7jiTjXAXoHALFkfJwbd82CXbQnsJaJMyOFy8/az/3R63W1a353egGJBJVAONa67dghuDFWwAin41wn0jTEZIj7tJ1QiQXVbjx5fmydJErP8gOVjARrov69iLHQeiS8ZFNgGOhFLxX/89oR+BduzGQYAZVkGuRH3ILASpuwekxRAnyUEEwUS361yAArTCDpay7FE2knzmIDy6RxVnRKxVLNLpQraIosOkTH6BQ56ByV0RWqojoiaIQe0RN6Nh6MF+PNeJ+uZozZTR7Nwfj4BXeGn3I=</latexit>

nil
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<latexit sha1_base64="slcWprarjc6lAcYgmhLVjGypcj4="></latexit>

list(x) := x = nil_
�
9u.x 7! u ⇤ list(u)

�

<latexit sha1_base64="MRL5nWOgWYoc/Is82KWkHThz7YI=">AAAB/nicbVC7SgNBFJ2Nr7i+opaCDAbBKuxaRDsDaSwTMQ9IljA7O5sMmZldZmaFsARs/AFbre3ENp/gL1ha+xPOJilM4oELh3Pu5d57/JhRpR3ny8qtrW9sbuW37Z3dvf2DwuFRU0WJxKSBIxbJto8UYVSQhqaakXYsCeI+Iy1/WM381gORikbiXo9i4nHUFzSkGGkjtbs+T+3AHvcKRafkTAFXiTsnxZvP+s/T6eSu1it8d4MIJ5wIjRlSquM6sfZSJDXFjIztbqJIjPAQ9UnHUIE4UV46vXcMz40SwDCSpoSGU/XvRIq4UiPum06O9EAte5n4n9dJdHjtpVTEiSYCzxaFCYM6gtnzMKCSYM1GhiAsqbkV4gGSCGsT0cIWn2eZuMsJrJLmZcktl8p1p1ipghny4AScgQvggitQAbegBhoAAwaewQt4tR6tN+vd+pi15qz5zDFYgDX5BYAgmfM=</latexit>

d <latexit sha1_base64="GNHBudJg4E+c17YzMNZQgHhls1g=">AAAB/nicbVC7SgNBFL0bX3F9RS0FGQyCVdi1iHYG0lgmYh6QLGF2MkmGzOwuM7NCWAI2/oCt1nZim0/wFyyt/QlnkxQm8cCFwzn3cu89fsSZ0o7zZWXW1jc2t7Lb9s7u3v5B7vCorsJYElojIQ9l08eKchbQmmaa02YkKRY+pw1/WE79xgOVioXBvR5F1BO4H7AeI1gbqdn2RWITe9zJ5Z2CMwVaJe6c5G8+qz9Pp5O7Sif33e6GJBY00IRjpVquE2kvwVIzwunYbseKRpgMcZ+2DA2woMpLpveO0blRuqgXSlOBRlP170SChVIj4ZtOgfVALXup+J/XinXv2ktYEMWaBmS2qBdzpEOUPo+6TFKi+cgQTCQztyIywBITbSJa2OKLNBN3OYFVUr8suMVCserkS2WYIQsncAYX4MIVlOAWKlADAhye4QVerUfrzXq3PmatGWs+cwwLsCa/fouZ8g==</latexit>c <latexit sha1_base64="49QW9iTZomAHuSDfh7fHegB4Nrs=">AAAB/nicbVC7SgNBFJ2Nr7i+opaCDAbBKuxaRDsDaSwTMQ9IljAzmSRDZmaXmVkhLAEbf8BWazuxzSf4C5bW/oSzSQqTeODC4Zx7ufceHHGmjed9OZm19Y3Nrey2u7O7t3+QOzyq6zBWhNZIyEPVxEhTziStGWY4bUaKIoE5beBhOfUbD1RpFsp7M4poIFBfsh4jyFip2cYicbE77uTyXsGbAq4Sf07yN5/Vn6fTyV2lk/tud0MSCyoN4Ujrlu9FJkiQMoxwOnbbsaYRIkPUpy1LJRJUB8n03jE8t0oX9kJlSxo4Vf9OJEhoPRLYdgpkBnrZS8X/vFZsetdBwmQUGyrJbFEv5tCEMH0edpmixPCRJYgoZm+FZIAUIsZGtLAFizQTfzmBVVK/LPjFQrHq5UtlMEMWnIAzcAF8cAVK4BZUQA0QwMEzeAGvzqPz5rw7H7PWjDOfOQYLcCa/fPaZ8Q==</latexit>

b <latexit sha1_base64="mlLy6dPLtj/QDbSWg2qbiiOx1EY=">AAAB/nicbVC7SgNBFL0bX3F9RS0FGQyCVdi1iHYG0lgmYh6QLGF2MkmGzOwuM7NCWAI2/oCt1nZim0/wFyyt/QlnkxQm8cCFwzn3cu89fsSZ0o7zZWXW1jc2t7Lb9s7u3v5B7vCorsJYElojIQ9l08eKchbQmmaa02YkKRY+pw1/WE79xgOVioXBvR5F1BO4H7AeI1gbqdn2RWJje9zJ5Z2CMwVaJe6c5G8+qz9Pp5O7Sif33e6GJBY00IRjpVquE2kvwVIzwunYbseKRpgMcZ+2DA2woMpLpveO0blRuqgXSlOBRlP170SChVIj4ZtOgfVALXup+J/XinXv2ktYEMWaBmS2qBdzpEOUPo+6TFKi+cgQTCQztyIywBITbSJa2OKLNBN3OYFVUr8suMVCserkS2WYIQsncAYX4MIVlOAWKlADAhye4QVerUfrzXq3PmatGWs+cwwLsCa/e2GZ8A==</latexit>a <latexit sha1_base64="N6q4+ZZpbehJw5CpCmlOeFj9Ono=">AAACC3icbVC7SgNBFJ2NrxhfqykFWQyCVdi1iHYG0lgmYh6QLGF2MpsMmZldZu6KYUlp6TfYam0jYiv4C5bW/oS7SQqTeODC4Zx7OZfjhZxpsO0vI7Oyura+kd3MbW3v7O6Z+wcNHUSK0DoJeKBaHtaUM0nrwIDTVqgoFh6nTW9YSf3mLVWaBfIGRiF1Be5L5jOCIZG6Zr7jiTjXAXoHALFkfJwbd82CXbQnsJaJMyOFy8/az/3R63W1a353egGJBJVAONa67dghuDFWwAin41wn0jTEZIj7tJ1QiQXVbjx5fmydJErP8gOVjARrov69iLHQeiS8ZFNgGOhFLxX/89oR+BduzGQYAZVkGuRH3ILASpuwekxRAnyUEEwUS361yAArTCDpay7FE2knzmIDy6RxVnRKxVLNLpQraIosOkTH6BQ56ByV0RWqojoiaIQe0RN6Nh6MF+PNeJ+uZozZTR7Nwfj4BXeGn3I=</latexit>

nil



(SLID)

Separation Logic with Inductive Definitions

• Inductively defined relations in the heap

• SLID is very expressive but incomplete

• Prominent proof mechanism: fold/unfold

3

<latexit sha1_base64="slcWprarjc6lAcYgmhLVjGypcj4="></latexit>

list(x) := x = nil_
�
9u.x 7! u ⇤ list(u)

�

<latexit sha1_base64="MRL5nWOgWYoc/Is82KWkHThz7YI=">AAAB/nicbVC7SgNBFJ2Nr7i+opaCDAbBKuxaRDsDaSwTMQ9IljA7O5sMmZldZmaFsARs/AFbre3ENp/gL1ha+xPOJilM4oELh3Pu5d57/JhRpR3ny8qtrW9sbuW37Z3dvf2DwuFRU0WJxKSBIxbJto8UYVSQhqaakXYsCeI+Iy1/WM381gORikbiXo9i4nHUFzSkGGkjtbs+T+3AHvcKRafkTAFXiTsnxZvP+s/T6eSu1it8d4MIJ5wIjRlSquM6sfZSJDXFjIztbqJIjPAQ9UnHUIE4UV46vXcMz40SwDCSpoSGU/XvRIq4UiPum06O9EAte5n4n9dJdHjtpVTEiSYCzxaFCYM6gtnzMKCSYM1GhiAsqbkV4gGSCGsT0cIWn2eZuMsJrJLmZcktl8p1p1ipghny4AScgQvggitQAbegBhoAAwaewQt4tR6tN+vd+pi15qz5zDFYgDX5BYAgmfM=</latexit>

d <latexit sha1_base64="GNHBudJg4E+c17YzMNZQgHhls1g=">AAAB/nicbVC7SgNBFL0bX3F9RS0FGQyCVdi1iHYG0lgmYh6QLGF2MkmGzOwuM7NCWAI2/oCt1nZim0/wFyyt/QlnkxQm8cCFwzn3cu89fsSZ0o7zZWXW1jc2t7Lb9s7u3v5B7vCorsJYElojIQ9l08eKchbQmmaa02YkKRY+pw1/WE79xgOVioXBvR5F1BO4H7AeI1gbqdn2RWITe9zJ5Z2CMwVaJe6c5G8+qz9Pp5O7Sif33e6GJBY00IRjpVquE2kvwVIzwunYbseKRpgMcZ+2DA2woMpLpveO0blRuqgXSlOBRlP170SChVIj4ZtOgfVALXup+J/XinXv2ktYEMWaBmS2qBdzpEOUPo+6TFKi+cgQTCQztyIywBITbSJa2OKLNBN3OYFVUr8suMVCserkS2WYIQsncAYX4MIVlOAWKlADAhye4QVerUfrzXq3PmatGWs+cwwLsCa/fouZ8g==</latexit>c <latexit sha1_base64="49QW9iTZomAHuSDfh7fHegB4Nrs=">AAAB/nicbVC7SgNBFJ2Nr7i+opaCDAbBKuxaRDsDaSwTMQ9IljAzmSRDZmaXmVkhLAEbf8BWazuxzSf4C5bW/oSzSQqTeODC4Zx7ufceHHGmjed9OZm19Y3Nrey2u7O7t3+QOzyq6zBWhNZIyEPVxEhTziStGWY4bUaKIoE5beBhOfUbD1RpFsp7M4poIFBfsh4jyFip2cYicbE77uTyXsGbAq4Sf07yN5/Vn6fTyV2lk/tud0MSCyoN4Ujrlu9FJkiQMoxwOnbbsaYRIkPUpy1LJRJUB8n03jE8t0oX9kJlSxo4Vf9OJEhoPRLYdgpkBnrZS8X/vFZsetdBwmQUGyrJbFEv5tCEMH0edpmixPCRJYgoZm+FZIAUIsZGtLAFizQTfzmBVVK/LPjFQrHq5UtlMEMWnIAzcAF8cAVK4BZUQA0QwMEzeAGvzqPz5rw7H7PWjDOfOQYLcCa/fPaZ8Q==</latexit>

b <latexit sha1_base64="mlLy6dPLtj/QDbSWg2qbiiOx1EY=">AAAB/nicbVC7SgNBFL0bX3F9RS0FGQyCVdi1iHYG0lgmYh6QLGF2MkmGzOwuM7NCWAI2/oCt1nZim0/wFyyt/QlnkxQm8cCFwzn3cu89fsSZ0o7zZWXW1jc2t7Lb9s7u3v5B7vCorsJYElojIQ9l08eKchbQmmaa02YkKRY+pw1/WE79xgOVioXBvR5F1BO4H7AeI1gbqdn2RWJje9zJ5Z2CMwVaJe6c5G8+qz9Pp5O7Sif33e6GJBY00IRjpVquE2kvwVIzwunYbseKRpgMcZ+2DA2woMpLpveO0blRuqgXSlOBRlP170SChVIj4ZtOgfVALXup+J/XinXv2ktYEMWaBmS2qBdzpEOUPo+6TFKi+cgQTCQztyIywBITbSJa2OKLNBN3OYFVUr8suMVCserkS2WYIQsncAYX4MIVlOAWKlADAhye4QVerUfrzXq3PmatGWs+cwwLsCa/e2GZ8A==</latexit>a <latexit sha1_base64="N6q4+ZZpbehJw5CpCmlOeFj9Ono=">AAACC3icbVC7SgNBFJ2NrxhfqykFWQyCVdi1iHYG0lgmYh6QLGF2MpsMmZldZu6KYUlp6TfYam0jYiv4C5bW/oS7SQqTeODC4Zx7OZfjhZxpsO0vI7Oyura+kd3MbW3v7O6Z+wcNHUSK0DoJeKBaHtaUM0nrwIDTVqgoFh6nTW9YSf3mLVWaBfIGRiF1Be5L5jOCIZG6Zr7jiTjXAXoHALFkfJwbd82CXbQnsJaJMyOFy8/az/3R63W1a353egGJBJVAONa67dghuDFWwAin41wn0jTEZIj7tJ1QiQXVbjx5fmydJErP8gOVjARrov69iLHQeiS8ZFNgGOhFLxX/89oR+BduzGQYAZVkGuRH3ILASpuwekxRAnyUEEwUS361yAArTCDpay7FE2knzmIDy6RxVnRKxVLNLpQraIosOkTH6BQ56ByV0RWqojoiaIQe0RN6Nh6MF+PNeJ+uZozZTR7Nwfj4BXeGn3I=</latexit>

nil



(SLID)

Separation Logic with Inductive Definitions

• Inductively defined relations in the heap

• SLID is very expressive but incomplete

• Prominent proof mechanism: fold/unfold

• Successful in some cases but fails in others
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�
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�

<latexit sha1_base64="MRL5nWOgWYoc/Is82KWkHThz7YI=">AAAB/nicbVC7SgNBFJ2Nr7i+opaCDAbBKuxaRDsDaSwTMQ9IljA7O5sMmZldZmaFsARs/AFbre3ENp/gL1ha+xPOJilM4oELh3Pu5d57/JhRpR3ny8qtrW9sbuW37Z3dvf2DwuFRU0WJxKSBIxbJto8UYVSQhqaakXYsCeI+Iy1/WM381gORikbiXo9i4nHUFzSkGGkjtbs+T+3AHvcKRafkTAFXiTsnxZvP+s/T6eSu1it8d4MIJ5wIjRlSquM6sfZSJDXFjIztbqJIjPAQ9UnHUIE4UV46vXcMz40SwDCSpoSGU/XvRIq4UiPum06O9EAte5n4n9dJdHjtpVTEiSYCzxaFCYM6gtnzMKCSYM1GhiAsqbkV4gGSCGsT0cIWn2eZuMsJrJLmZcktl8p1p1ipghny4AScgQvggitQAbegBhoAAwaewQt4tR6tN+vd+pi15qz5zDFYgDX5BYAgmfM=</latexit>

d <latexit sha1_base64="GNHBudJg4E+c17YzMNZQgHhls1g=">AAAB/nicbVC7SgNBFL0bX3F9RS0FGQyCVdi1iHYG0lgmYh6QLGF2MkmGzOwuM7NCWAI2/oCt1nZim0/wFyyt/QlnkxQm8cCFwzn3cu89fsSZ0o7zZWXW1jc2t7Lb9s7u3v5B7vCorsJYElojIQ9l08eKchbQmmaa02YkKRY+pw1/WE79xgOVioXBvR5F1BO4H7AeI1gbqdn2RWITe9zJ5Z2CMwVaJe6c5G8+qz9Pp5O7Sif33e6GJBY00IRjpVquE2kvwVIzwunYbseKRpgMcZ+2DA2woMpLpveO0blRuqgXSlOBRlP170SChVIj4ZtOgfVALXup+J/XinXv2ktYEMWaBmS2qBdzpEOUPo+6TFKi+cgQTCQztyIywBITbSJa2OKLNBN3OYFVUr8suMVCserkS2WYIQsncAYX4MIVlOAWKlADAhye4QVerUfrzXq3PmatGWs+cwwLsCa/fouZ8g==</latexit>c <latexit sha1_base64="49QW9iTZomAHuSDfh7fHegB4Nrs=">AAAB/nicbVC7SgNBFJ2Nr7i+opaCDAbBKuxaRDsDaSwTMQ9IljAzmSRDZmaXmVkhLAEbf8BWazuxzSf4C5bW/oSzSQqTeODC4Zx7ufceHHGmjed9OZm19Y3Nrey2u7O7t3+QOzyq6zBWhNZIyEPVxEhTziStGWY4bUaKIoE5beBhOfUbD1RpFsp7M4poIFBfsh4jyFip2cYicbE77uTyXsGbAq4Sf07yN5/Vn6fTyV2lk/tud0MSCyoN4Ujrlu9FJkiQMoxwOnbbsaYRIkPUpy1LJRJUB8n03jE8t0oX9kJlSxo4Vf9OJEhoPRLYdgpkBnrZS8X/vFZsetdBwmQUGyrJbFEv5tCEMH0edpmixPCRJYgoZm+FZIAUIsZGtLAFizQTfzmBVVK/LPjFQrHq5UtlMEMWnIAzcAF8cAVK4BZUQA0QwMEzeAGvzqPz5rw7H7PWjDOfOQYLcCa/fPaZ8Q==</latexit>

b <latexit sha1_base64="mlLy6dPLtj/QDbSWg2qbiiOx1EY=">AAAB/nicbVC7SgNBFL0bX3F9RS0FGQyCVdi1iHYG0lgmYh6QLGF2MkmGzOwuM7NCWAI2/oCt1nZim0/wFyyt/QlnkxQm8cCFwzn3cu89fsSZ0o7zZWXW1jc2t7Lb9s7u3v5B7vCorsJYElojIQ9l08eKchbQmmaa02YkKRY+pw1/WE79xgOVioXBvR5F1BO4H7AeI1gbqdn2RWJje9zJ5Z2CMwVaJe6c5G8+qz9Pp5O7Sif33e6GJBY00IRjpVquE2kvwVIzwunYbseKRpgMcZ+2DA2woMpLpveO0blRuqgXSlOBRlP170SChVIj4ZtOgfVALXup+J/XinXv2ktYEMWaBmS2qBdzpEOUPo+6TFKi+cgQTCQztyIywBITbSJa2OKLNBN3OYFVUr8suMVCserkS2WYIQsncAYX4MIVlOAWKlADAhye4QVerUfrzXq3PmatGWs+cwwLsCa/e2GZ8A==</latexit>a <latexit sha1_base64="N6q4+ZZpbehJw5CpCmlOeFj9Ono=">AAACC3icbVC7SgNBFJ2NrxhfqykFWQyCVdi1iHYG0lgmYh6QLGF2MpsMmZldZu6KYUlp6TfYam0jYiv4C5bW/oS7SQqTeODC4Zx7OZfjhZxpsO0vI7Oyura+kd3MbW3v7O6Z+wcNHUSK0DoJeKBaHtaUM0nrwIDTVqgoFh6nTW9YSf3mLVWaBfIGRiF1Be5L5jOCIZG6Zr7jiTjXAXoHALFkfJwbd82CXbQnsJaJMyOFy8/az/3R63W1a353egGJBJVAONa67dghuDFWwAin41wn0jTEZIj7tJ1QiQXVbjx5fmydJErP8gOVjARrov69iLHQeiS8ZFNgGOhFLxX/89oR+BduzGQYAZVkGuRH3ILASpuwekxRAnyUEEwUS361yAArTCDpay7FE2knzmIDy6RxVnRKxVLNLpQraIosOkTH6BQ56ByV0RWqojoiaIQe0RN6Nh6MF+PNeJ+uZozZTR7Nwfj4BXeGn3I=</latexit>
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lseg(x, y) := x = y _
�
x 6= y ⇤ 9u.x 7! u ⇤ lseg(u, y)
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lseg(a, c) ⇤ c 7! b ⇤ b 7! nil ` lseg(a, b) ⇤ b 7! nil

A list-segment can extended from the right

Provable by a single fold

Not provable by any fold/unfold
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�
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Running Example
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<latexit sha1_base64="sXJn/M3xe3DaeS03sGpPxntFX1I="></latexit>

lseg(a, c) ⇤ c 7! b ⇤ b 7! nil ` lseg(a, b) ⇤ b 7! nil

A list-segment can extended from the right

Provable by a single fold

Not provable by any fold/unfold

Why? And more generally, when?
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�
x 6= y ⇤ 9u.x 7! u ⇤ lseg(u, y)

�
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a 6= c ⇤ a 7! b ⇤ lseg(b, c) ` lseg(a, c)
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Understanding Fold/Unfold Failures

• Why fails? Because fold/unfold captures weaker semantics than SLID 
 
 

• When fails? When rogue counter-models exist

• Rogue meaning models not considered by SLID semantics

6
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Outline

• Weak Separation Logic (WSL): weaker semantics of separation logic

• Fold/unfold is sound for WSL

• Rogue models of WSL

• How to find them

• Do they capture all fold/unfold failures? Is fold/unfold complete for WSL?

• Rogue models in practice

• Conclusion
7
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Weak Separation Logic (WSL)

• WSL relaxes key requirements of SLID that are sources of 
incompleteness:

• Heaps in WSL are allowed to be infinite

• Interpretations of inductive definitions are allowed to be any fixpoint

• (*) Also relaxes semantics of background theories, see paper

• WSL contains strictly more models than SLID

8

THEOREM 5.4. Fold/unfold is sound for WSL
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9

SLID

Rogue Models

Rogue counter-models  fold/unfold failures⇒



Rogue Counter-Model

10
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When must 
they exist?
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THEOREM 4.21. There is a model-preserving 
translation from WSL entailments in the Effectively 

Determined-Heap fragment to FOL formulas 
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• On the FOL side we can use the formalism of symbolic structures[1] to 
represent and find these rogue models:

Rogue Models as Symbolic Structures

13

a i ≥ 0 c b nili + 1

[1] “An Infinite Needle in a Finite Haystack: Finding Infinite Counter-Models in Deductive Verification”, Elad et al. 
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THEOREM 5.6. Fold/unfold is complete for quantifier-free, theory-free WSL

Fold/unfold failures  WSL rogue counter-models⇔

Fold/unfold alone has no way to 
reason about theories or do any quantifier 
instantiation beyond the instantiation of 

inductive definitions
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THEOREM 4.22. The Effectively Determined-Heap 
fragment of WSL admits a complete proof mechanism 
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Evaluation

• Prototype implementation, artifact available

• Implements the WSL FOL translation→

• Extends FEST[1] to find rogue models

• SLS[2] benchmark with >700 examples, divided into 5 parts

• Found rogue models for 92% examples in one of the parts

17

[2] “Automated lemma synthesis in symbolic-heap separation logic”, Ta et al. 

[1] “An Infinite Needle in a Finite Haystack: Finding Infinite Counter-Models in Deductive Verification”, Elad et al. 
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Thanks!
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