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Safety Property P
<latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit>



Standard Reachability Analysis

Model M = (V, I, T )
<latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit>

Safety Property P
<latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit>



Standard Reachability Analysis

Model M = (V, I, T )
<latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit><latexit sha1_base64="FA9AqMVepF1+WhLeufw1RxpBqEM=">AAAB/XicbVBNS8NAEN34WetXVDx5WWyFCqUkRVAPQsGLHgoVmrbQhrLZbNqlm2zY3QglFPwrXjyoePV/ePPfuG1z0NYHA4/3ZpiZ58WMSmVZ38bK6tr6xmZuK7+9s7u3bx4ctiRPBCYO5oyLjockYTQijqKKkU4sCAo9Rtre6Hbqtx+JkJRHTTWOiRuiQUQDipHSUt88rnOfMFiswxtYapXhfRk2z4t9s2BVrBngMrEzUgAZGn3zq+dznIQkUpghKbu2FSs3RUJRzMgk30skiREeoQHpahqhkEg3nZ0/gWda8WHAha5IwZn6eyJFoZTj0NOdIVJDuehNxf+8bqKCKzelUZwoEuH5oiBhUHE4zQL6VBCs2FgThAXVt0I8RAJhpRPL6xDsxZeXiVOtXFesh2qhdpGlkQMn4BSUgA0uQQ3cgQZwAAYpeAav4M14Ml6Md+Nj3rpiZDNH4A+Mzx+84pI/</latexit>

Safety Property P
<latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit><latexit sha1_base64="Idfk9MbZYauzBM3+RwE6NvyMDaw=">AAAB+3icbZDNSsNAFIUn9a/Wv2iXbgZbwVVJiqDuCm5cVjS20IYymd60QyeZMDMRQqiv4saFiltfxJ1v47TNQlsPDHycey/3zgkSzpR2nG+rtLa+sblV3q7s7O7tH9iHRw9KpJKCRwUXshsQBZzF4GmmOXQTCSQKOHSCyfWs3nkEqZiI73WWgB+RUcxCRok21sCu3pEQdIbbUiQgDdTb9YFdcxrOXHgV3AJqqFB7YH/1h4KmEcSacqJUz3US7edEakY5TCv9VEFC6ISMoGcwJhEoP58fP8WnxhniUEjzYo3n7u+JnERKZVFgOiOix2q5NjP/q/VSHV76OYuTVENMF4vClGMt8CwJPGQSqOaZAUIlM7diOiaSUG3yqpgQ3OUvr4LXbFw1nNtmrXVepFFGx+gEnSEXXaAWukFt5CGKMvSMXtGb9WS9WO/Wx6K1ZBUzVfRH1ucP/eGT1Q==</latexit>



Frame Sequences

F0 F1 F2 F3 Fi

Basic:

Induction:

Terminate:

Check:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 = Reach(Fi)
<latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit><latexit sha1_base64="mDEhlMdl/HGI7BNC3ObJbdrO0lQ=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4utUBFKUgT1IBSE4rGKsYU2hM122i7dfLC7EUrswb/ixYOKV3+HN/+N2zYHrT4YeLw3w8w8P+ZMKsv6MnILi0vLK/nVwtr6xuaWub1zJ6NEUHBoxCPR8okEzkJwFFMcWrEAEvgcmv7wcuI370FIFoW3ahSDG5B+yHqMEqUlz9wr1b2UHdtjfIFvgNBBue6xo5JnFq2KNQX+S+yMFFGGhmd+droRTQIIFeVEyrZtxcpNiVCMchgXOomEmNAh6UNb05AEIN10ev8YH2qli3uR0BUqPFV/TqQkkHIU+LozIGog572J+J/XTlTvzE1ZGCcKQjpb1Es4VhGehIG7TABVfKQJoYLpWzEdEEGo0pEVdAj2/Mt/iVOtnFes62qxdpKlkUf76ACVkY1OUQ1doQZyEEUP6Am9oFfj0Xg23oz3WWvOyGZ20S8YH98QfpOz</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi \ ¬P 6= ;
<latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit>

Forward Reachability Sequence

Safety

Unsafety
(bug-finding)

Maintaining exact frame sequences is hard!
Use approximate sequences



Complementary Approximate Reachability

Maintains two approximate sequences

F0 F1 F2 F3 Fi B0 B1 B2 B3 Bj

Forward Sequence Backward Sequence

Basic:

Induction:

Terminate:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Fi+1 ✓
S

0ji Fj
<latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit><latexit sha1_base64="ixWQgSOHGj2d7eC8THmLt1nnkKE=">AAACGXicbVDLSgMxFM34rPU16tJNsBUEocwUQd0VhOKygrWFzjBk0jtt2szDJCOUod/hxl9x40LFpa78G9N2Ftp6IOTknHu5ucdPOJPKsr6NpeWV1bX1wkZxc2t7Z9fc27+TcSooNGnMY9H2iQTOImgqpji0EwEk9Dm0/OHVxG89gJAsjm7VKAE3JL2IBYwSpSXPtMt1L2On9hg7MvUlKLjHjs96NE28zMIO1+/B7GJjXPcGZc8sWRVrCrxI7JyUUI6GZ3463ZimIUSKciJlx7YS5WZEKEY5jItOKiEhdEh60NE0IiFIN5uuNsbHWuniIBb6RApP1d8dGQmlHIW+rgyJ6st5byL+53VSFVy4GYuSVEFEZ4OClGMV40lOuMsEUMVHmhAqmP4rpn0iCFU6zaIOwZ5feZE0q5XLinVTLdXO8jQK6BAdoRNko3NUQ9eogZqIokf0jF7Rm/FkvBjvxsesdMnIew7QHxhfPwoMnyU=</latexit>

Fi+1 ◆ Reach(Fi)
<latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit><latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit><latexit sha1_base64="EIMnWz0kHXTYdZDZt5AyhIId9qc=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7soklqDgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3/pSl5w=</latexit>

Basic:

Induction:

Check:

B0 = ¬P
<latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit>

Bj+1 ✓ Reach�1(Bj)
<latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit><latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit><latexit sha1_base64="NqBfyC5hMez2RJ4MsGhwlomK+y4=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JSRK0HBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AYC2Zbg==</latexit>

Bj \ I 6= ;
<latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit><latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit><latexit sha1_base64="xWZQja67+aEOb5B+89WLB/A3Oow=">AAACBHicbVA9SwNBEN2LXzF+nVpqsZgIVuESBLUQgjbaRTAmkAthbzNJ1uztHbtzQghpbPwrNhYqtv4IO/+Nm49CEx8MPN6bYWZeEEth0PO+ndTC4tLySno1s7a+sbnlbu/cmSjRHCo8kpGuBcyAFAoqKFBCLdbAwkBCNehdjvzqA2gjInWL/RgaIeso0RacoZWa7n7uonlPfc5iek19FeE59SGMsW8Ac0036+W9Meg8KUxJlkxRbrpffiviSQgKuWTG1AtejI0B0yi4hGHGTwzEjPdYB+qWKhaCaQzGXwzpoVVatB1pWwrpWP09MWChMf0wsJ0hw66Z9Ubif149wfZpYyBUnCAoPlnUTiTFiI4ioS2hgaPsW8K4FvZWyrtMM442uIwNoTD78jypFPNnee+mmC0dT9NIkz1yQI5IgZyQErkiZVIhnDySZ/JK3pwn58V5dz4mrSlnOrNL/sD5/AGxb5bz</latexit>

(over-approximate) (under-approximate)

Safety Checking Unsafety Checking

Forward-CAR



Complementary Approximate Reachability

Maintains two approximate sequences

F0 F1 F2 F3 Fi B0 B1 B2 B3 Bj

Forward Sequence Backward Sequence

Basic:
Induction:

Terminate:

F0 = I
<latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit><latexit sha1_base64="TeCsziR5oLWUP5OWcP2KU/lPhkc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7JbBPUgFATRWwXXKu1Ssmm2DU2yS5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq4cQa8qZpL5hhtOHRFEsQk5b4fBy4reeqNIslndmlNBA4L5kESPYWOmxetV10QW6qXbLFbfmToEWiZeTCuRodstfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2PXiMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFZkDGZpIZKMlsUpRyZGE2+Rz2mKDF8ZAkmitlbERlghYmxGZVsCN78y4vEr9fOa+5tvdI4ydMowgEcwjF4cAoNuIYm+EBAwDO8wpujnBfn3fmYtRacfGYf/sD5/AGjqY56</latexit>

Basic:
Induction:

Check:

B0 = ¬P
<latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit><latexit sha1_base64="sbU+j/xIvUc5KEyofsBLC6o6pxo=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYiJYhUsQ1EII2lhG8EwgOcPeZpIs2ds7dveUcOR/2Fio2Ppj7Pw3bpIrNPHBwOO9GWbmBbHg2rjut7O0vLK6tp7byG9ube/sFvb273WUKIYei0SkmgHVKLhEz3AjsBkrpGEgsBEMryd+4xGV5pG8M6MY/ZD2Je9xRo2VHkpXHZdckrbEPqmXOoWiW3anIIukkpEiZKh3Cl/tbsSSEKVhgmrdqrix8VOqDGcCx/l2ojGmbEj72LJU0hC1n06vHpNjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9M79lMs4MSjZbFEvEcREZBIB6XKFzIiRJZQpbm8lbEAVZcYGlbchVOZfXiRetXxRdm+rxdpplkYODuEITqACZ1CDG6iDBwwUPMMrvDlPzovz7nzMWpecbOYA/sD5/AEF35Bl</latexit>

(under-approximate) (over-approximate)

Unsafety Checking Safety Checking

Backward-CAR

Fi+1 ✓ Reach(Fi)
<latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit><latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit><latexit sha1_base64="foPscfKpQyBleh2BCAvMIxedbkE=">AAACBnicbVBNS8NAEN3Ur1q/oh4FWWyFilCSIqi3glA8VrG20Iaw2U7apZsPdzdCCb158a948aDi1d/gzX/jts1Bqw8GHu/NMDPPizmTyrK+jNzC4tLySn61sLa+sbllbu/cyigRFJo04pFoe0QCZyE0FVMc2rEAEngcWt7wYuK37kFIFoU3ahSDE5B+yHxGidKSa+6X6m7Kju0x7srEk6DgDl8DoYNy3WVHJdcsWhVrCvyX2BkpogwN1/zs9iKaBBAqyomUHduKlZMSoRjlMC50EwkxoUPSh46mIQlAOun0jzE+1EoP+5HQFSo8VX9OpCSQchR4ujMgaiDnvYn4n9dJlH/mpCyMEwUhnS3yE45VhCeh4B4TQBUfaUKoYPpWTAdEEKp0dAUdgj3/8l/SrFbOK9ZVtVg7ydLIoz10gMrIRqeohi5RAzURRQ/oCb2gV+PReDbejPdZa87IZnbRLxgf3+Q6l44=</latexit>

Bj+1 ◆ Reach�1(Bj)
<latexit sha1_base64="1vBDrfxhMmffB6dRuxbvZPI1XUk=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JRRKEHBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AdouZfA==</latexit><latexit sha1_base64="1vBDrfxhMmffB6dRuxbvZPI1XUk=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JRRKEHBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AdouZfA==</latexit><latexit sha1_base64="1vBDrfxhMmffB6dRuxbvZPI1XUk=">AAACC3icbVDLTgIxFO3gC/GFunTTCCYYI5khJuqO4MYlGkdIYCSdcoFC52HbMSGT+QA3/oobF2rc+gPu/BvLY6HgSZqcnHNubu9xQ86kMs1vI7WwuLS8kl7NrK1vbG5lt3duZRAJCjYNeCDqLpHAmQ+2YopDPRRAPJdDzR1cjPzaAwjJAv9GDUNwPNL1WYdRorTUyubylVbcP7IS3JRRKEHBPb4GQnt38bGVFCqt/mFep8yiOQaeJ9aU5NAU1Vb2q9kOaOSBrygnUjYsM1ROTIRilEOSaUYSQkIHpAsNTX3igXTi8TEJPtBKG3cCoZ+v8Fj9PRETT8qh5+qkR1RPznoj8T+vEanOmRMzP4wU+HSyqBNxrAI8aga3mQCq+FATQgXTf8W0RwShSveX0SVYsyfPE7tUPC+aV6Vc+WTaRhrtoX1UQBY6RWV0iarIRhQ9omf0it6MJ+PFeDc+JtGUMZ3ZRX9gfP4AdouZfA==</latexit>

Fi \ ¬P 6= ;
<latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit><latexit sha1_base64="gqg/TbKugk2wYbkvJy39kEvYrRU=">AAACCXicbVA9SwNBEN2LXzF+RS1tVhPBKlyCoBZCQBDLCJ4J5ELY20ySJXt7x+6cEEJqG/+KjYWKrf/Azn/jJrlCEx8M83hvht15QSyFQdf9djJLyyura9n13Mbm1vZOfnfv3kSJ5uDxSEa6ETADUijwUKCERqyBhYGEejC4mvj1B9BGROoOhzG0QtZTois4Qyu184fF67agPmcx9RX0aM22CC+pD2GMQwNYbOcLbsmdgi6SckoKJEWtnf/yOxFPQlDIJTOmWXZjbI2YRsEljHN+YiBmfMB60LRUsRBMazQ9ZUyPrdKh3UjbUkin6u+NEQuNGYaBnQwZ9s28NxH/85oJds9bI6HiBEHx2UPdRFKM6CQX2hEaOMqhJYxrYf9KeZ9pxtGml7MhlOdPXiRepXRRcm8rheppmkaWHJAjckLK5IxUyQ2pEY9w8kieySt5c56cF+fd+ZiNZpx0Z5/8gfP5A0OfmOU=</latexit>

Bj+1 ✓
S

0kj Bk
<latexit sha1_base64="mIMD+ZSARsKzCzjNETBiMBHV3VQ=">AAACGXicbVDLSgMxFM34rPVVdekm2AqCUGaKoO5K3bisYG2hU4ZMeqdNm3mYh1CG+Q43/oobFyoudeXfmD4W2nog5OSce7m5x084k8q2v62l5ZXVtfXcRn5za3tnt7C3fydjLSg0aMxj0fKJBM4iaCimOLQSAST0OTT94dXYbz6AkCyObtUogU5IehELGCXKSF7BKdW8dHDqZNiV2peg4B67PutRnXipjV1u3sPpNchwzRuWvELRLtsT4EXizEgRzVD3Cp9uN6Y6hEhRTqRsO3aiOikRilEOWd7VEhJCh6QHbUMjEoLspJPVMnxslC4OYmFOpPBE/d2RklDKUeibypCovpz3xuJ/Xlur4KKTsijRCiI6HRRojlWMxznhLhNAFR8ZQqhg5q+Y9okgVJk08yYEZ37lRdKolC/L9k2lWD2bpZFDh+gInSAHnaMqukZ11EAUPaJn9IrerCfrxXq3PqalS9as5wD9gfX1AwN4nyE=</latexit><latexit sha1_base64="mIMD+ZSARsKzCzjNETBiMBHV3VQ=">AAACGXicbVDLSgMxFM34rPVVdekm2AqCUGaKoO5K3bisYG2hU4ZMeqdNm3mYh1CG+Q43/oobFyoudeXfmD4W2nog5OSce7m5x084k8q2v62l5ZXVtfXcRn5za3tnt7C3fydjLSg0aMxj0fKJBM4iaCimOLQSAST0OTT94dXYbz6AkCyObtUogU5IehELGCXKSF7BKdW8dHDqZNiV2peg4B67PutRnXipjV1u3sPpNchwzRuWvELRLtsT4EXizEgRzVD3Cp9uN6Y6hEhRTqRsO3aiOikRilEOWd7VEhJCh6QHbUMjEoLspJPVMnxslC4OYmFOpPBE/d2RklDKUeibypCovpz3xuJ/Xlur4KKTsijRCiI6HRRojlWMxznhLhNAFR8ZQqhg5q+Y9okgVJk08yYEZ37lRdKolC/L9k2lWD2bpZFDh+gInSAHnaMqukZ11EAUPaJn9IrerCfrxXq3PqalS9as5wD9gfX1AwN4nyE=</latexit><latexit sha1_base64="mIMD+ZSARsKzCzjNETBiMBHV3VQ=">AAACGXicbVDLSgMxFM34rPVVdekm2AqCUGaKoO5K3bisYG2hU4ZMeqdNm3mYh1CG+Q43/oobFyoudeXfmD4W2nog5OSce7m5x084k8q2v62l5ZXVtfXcRn5za3tnt7C3fydjLSg0aMxj0fKJBM4iaCimOLQSAST0OTT94dXYbz6AkCyObtUogU5IehELGCXKSF7BKdW8dHDqZNiV2peg4B67PutRnXipjV1u3sPpNchwzRuWvELRLtsT4EXizEgRzVD3Cp9uN6Y6hEhRTqRsO3aiOikRilEOWd7VEhJCh6QHbUMjEoLspJPVMnxslC4OYmFOpPBE/d2RklDKUeibypCovpz3xuJ/Xlur4KKTsijRCiI6HRRojlWMxznhLhNAFR8ZQqhg5q+Y9okgVJk08yYEZ37lRdKolC/L9k2lWD2bpZFDh+gInSAHnaMqukZ11EAUPaJn9IrerCfrxXq3PqalS9as5wD9gfX1AwN4nyE=</latexit>



SimpleCAR

• Model checker based on Complementary Approximate Reachability
• Forward and Backward (and heuristics)

• Input: hardware circuit models expressed as AIG

• Configurable heuristics, uses Glucose as the underlying SAT solver

• Baseline performance measure for future extensions to CAR.

• Performance comparable to other state-of-the-art model checkers

Open-source under GNU GPLv3
http://temporallogic.org/research/CAV18/



Performance

• Tools compared:

§ ABC x 3 algorithms

§ IIMC x 2

§ IC3Ref x 1

§ Simplic3 x 4

§ CARChecker x 2

§ SimpleCAR x 4

• 6 tools, 16 algorithms, 748 SINGLE property benchmarks from HWMCC

• Identified a bug, and counterexample generation errors



Performance
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• Particularly suited for unsafety checking aka bug-finding 
• complements BMC and IC3 algorithm portfolios



Summary and Future Work

• SimpleCAR is a lightweight and extensible implementation of CAR

• Performance comparable to state-of-the-art tools
• Complements existing model checking algorithm portfolios

• Serves as the “bottom-line” performance measure for future extensions

• Backward-CAR is suited for unsafety checking!

• Future Work
• Tradeoff between heuristics and performance gain

• New heuristics, shorter SAT queries

Thank you!
http://temporallogic.org/research/CAV18/


