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Diagonal constraints in Timed Automata

{x1}
<latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit>

{y1}
<latexit sha1_base64="0wyqSZx7jzxUNd9sDqYELq3EoTw=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTI1tHVXdOOygn1AE8pkOmmHTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyScKe04H1ZpbX1jc6u8XdnZ3ds/qB4e9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfzK4Lv39PpWKxuNNZQv0ITwQLGcHaSH0vz0bIm4+qNce+bDXqbgM6tuM0UR0VpN50L1yIjFKgBlbojKrv3jgmaUSFJhwrNUROov0cS80Ip/OKlyqaYDLDEzo0VOCIKj9fnDuHZ0YZwzCWpoSGC/X7RI4jpbIoMJ0R1lP12yvEv7xhqsOWnzORpJoKslwUphzqGBa/wzGTlGieGYKJZOZWSKZYYqJNQhUTwten8H/Sq9vIsdGtW2tfreIogxNwCs4BAk3QBjegA7qAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5bbj7s=</latexit><latexit sha1_base64="0wyqSZx7jzxUNd9sDqYELq3EoTw=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTI1tHVXdOOygn1AE8pkOmmHTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyScKe04H1ZpbX1jc6u8XdnZ3ds/qB4e9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfzK4Lv39PpWKxuNNZQv0ITwQLGcHaSH0vz0bIm4+qNce+bDXqbgM6tuM0UR0VpN50L1yIjFKgBlbojKrv3jgmaUSFJhwrNUROov0cS80Ip/OKlyqaYDLDEzo0VOCIKj9fnDuHZ0YZwzCWpoSGC/X7RI4jpbIoMJ0R1lP12yvEv7xhqsOWnzORpJoKslwUphzqGBa/wzGTlGieGYKJZOZWSKZYYqJNQhUTwten8H/Sq9vIsdGtW2tfreIogxNwCs4BAk3QBjegA7qAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5bbj7s=</latexit><latexit sha1_base64="0wyqSZx7jzxUNd9sDqYELq3EoTw=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTI1tHVXdOOygn1AE8pkOmmHTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyScKe04H1ZpbX1jc6u8XdnZ3ds/qB4e9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfzK4Lv39PpWKxuNNZQv0ITwQLGcHaSH0vz0bIm4+qNce+bDXqbgM6tuM0UR0VpN50L1yIjFKgBlbojKrv3jgmaUSFJhwrNUROov0cS80Ip/OKlyqaYDLDEzo0VOCIKj9fnDuHZ0YZwzCWpoSGC/X7RI4jpbIoMJ0R1lP12yvEv7xhqsOWnzORpJoKslwUphzqGBa/wzGTlGieGYKJZOZWSKZYYqJNQhUTwten8H/Sq9vIsdGtW2tfreIogxNwCs4BAk3QBjegA7qAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5bbj7s=</latexit><latexit sha1_base64="0wyqSZx7jzxUNd9sDqYELq3EoTw=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTI1tHVXdOOygn1AE8pkOmmHTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyScKe04H1ZpbX1jc6u8XdnZ3ds/qB4e9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfzK4Lv39PpWKxuNNZQv0ITwQLGcHaSH0vz0bIm4+qNce+bDXqbgM6tuM0UR0VpN50L1yIjFKgBlbojKrv3jgmaUSFJhwrNUROov0cS80Ip/OKlyqaYDLDEzo0VOCIKj9fnDuHZ0YZwzCWpoSGC/X7RI4jpbIoMJ0R1lP12yvEv7xhqsOWnzORpJoKslwUphzqGBa/wzGTlGieGYKJZOZWSKZYYqJNQhUTwten8H/Sq9vIsdGtW2tfreIogxNwCs4BAk3QBjegA7qAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5bbj7s=</latexit>

{x2}
<latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit>

{y2}
<latexit sha1_base64="dfSaWf6mVccTQ+0/MC8W9yMC4Hg=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AE8pkOm2HTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyacKY3Qh1VaW9/Y3CpvV3Z29/YPqodHXRWnktAOiXks+yFWlDNBO5ppTvuJpDgKOe2Fs+vC791TqVgs7nSW0CDCE8HGjGBtpJ6fZ0PXnw+rNWRfNuuuV4fIRqjhuE5B3IZ34UHHKAVqYIX2sPruj2KSRlRowrFSAwclOsix1IxwOq/4qaIJJjM8oQNDBY6oCvLFuXN4ZpQRHMfSlNBwoX6fyHGkVBaFpjPCeqp+e4X4lzdI9bgZ5EwkqaaCLBeNUw51DIvf4YhJSjTPDMFEMnMrJFMsMdEmoYoJ4etT+D/puraDbOfWq7WuVnGUwQk4BefAAQ3QAjegDTqAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5hhj7w=</latexit><latexit sha1_base64="dfSaWf6mVccTQ+0/MC8W9yMC4Hg=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AE8pkOm2HTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyacKY3Qh1VaW9/Y3CpvV3Z29/YPqodHXRWnktAOiXks+yFWlDNBO5ppTvuJpDgKOe2Fs+vC791TqVgs7nSW0CDCE8HGjGBtpJ6fZ0PXnw+rNWRfNuuuV4fIRqjhuE5B3IZ34UHHKAVqYIX2sPruj2KSRlRowrFSAwclOsix1IxwOq/4qaIJJjM8oQNDBY6oCvLFuXN4ZpQRHMfSlNBwoX6fyHGkVBaFpjPCeqp+e4X4lzdI9bgZ5EwkqaaCLBeNUw51DIvf4YhJSjTPDMFEMnMrJFMsMdEmoYoJ4etT+D/puraDbOfWq7WuVnGUwQk4BefAAQ3QAjegDTqAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5hhj7w=</latexit><latexit sha1_base64="dfSaWf6mVccTQ+0/MC8W9yMC4Hg=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AE8pkOm2HTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyacKY3Qh1VaW9/Y3CpvV3Z29/YPqodHXRWnktAOiXks+yFWlDNBO5ppTvuJpDgKOe2Fs+vC791TqVgs7nSW0CDCE8HGjGBtpJ6fZ0PXnw+rNWRfNuuuV4fIRqjhuE5B3IZ34UHHKAVqYIX2sPruj2KSRlRowrFSAwclOsix1IxwOq/4qaIJJjM8oQNDBY6oCvLFuXN4ZpQRHMfSlNBwoX6fyHGkVBaFpjPCeqp+e4X4lzdI9bgZ5EwkqaaCLBeNUw51DIvf4YhJSjTPDMFEMnMrJFMsMdEmoYoJ4etT+D/puraDbOfWq7WuVnGUwQk4BefAAQ3QAjegDTqAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5hhj7w=</latexit><latexit sha1_base64="dfSaWf6mVccTQ+0/MC8W9yMC4Hg=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AE8pkOm2HTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyacKY3Qh1VaW9/Y3CpvV3Z29/YPqodHXRWnktAOiXks+yFWlDNBO5ppTvuJpDgKOe2Fs+vC791TqVgs7nSW0CDCE8HGjGBtpJ6fZ0PXnw+rNWRfNuuuV4fIRqjhuE5B3IZ34UHHKAVqYIX2sPruj2KSRlRowrFSAwclOsix1IxwOq/4qaIJJjM8oQNDBY6oCvLFuXN4ZpQRHMfSlNBwoX6fyHGkVBaFpjPCeqp+e4X4lzdI9bgZ5EwkqaaCLBeNUw51DIvf4YhJSjTPDMFEMnMrJFMsMdEmoYoJ4etT+D/puraDbOfWq7WuVnGUwQk4BefAAQ3QAjegDTqAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5hhj7w=</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit> b

<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit> d

<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

e
<latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit>

e
<latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit>

x1 � y1 = 1 ^ x2 � y2 = 0
<latexit sha1_base64="fOmMU0pCzqhMqU4CxKtDXBN7vY8="></latexit><latexit sha1_base64="fOmMU0pCzqhMqU4CxKtDXBN7vY8="></latexit><latexit sha1_base64="fOmMU0pCzqhMqU4CxKtDXBN7vY8="></latexit><latexit sha1_base64="fOmMU0pCzqhMqU4CxKtDXBN7vY8="></latexit>

x1 � y1 = 0 ^ x2 � y2 = 1
<latexit sha1_base64="rPWNBssyy2rQu1QsXzl9jWM04zY="></latexit><latexit sha1_base64="rPWNBssyy2rQu1QsXzl9jWM04zY="></latexit><latexit sha1_base64="rPWNBssyy2rQu1QsXzl9jWM04zY="></latexit><latexit sha1_base64="rPWNBssyy2rQu1QsXzl9jWM04zY="></latexit>

diagonal  
constraint

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

{x1}
<latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit>

{x2}
<latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit> d

<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

e
<latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit>

e
<latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit>

{x2}
<latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit> d

<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

x 1
=
1

<latexit sha1_base64="PihQFM8+bnWUl+FKh6M+/gu9vRc=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/QDBC4gG5Ypjn9errleFju04NeSinLg178yDyCg5KmCJ5qD83h/GJI2o0IRjpXrISbSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5ufO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vh3c+YSFJNBVksClMOdQzz3+GQSUo0nxqCiWTmVkjGWGKiTUIlE8LXp/B/0nZt5Njoxqs0LpdxFMEROAanAIEaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMW464</latexit><latexit sha1_base64="PihQFM8+bnWUl+FKh6M+/gu9vRc=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/QDBC4gG5Ypjn9errleFju04NeSinLg178yDyCg5KmCJ5qD83h/GJI2o0IRjpXrISbSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5ufO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vh3c+YSFJNBVksClMOdQzz3+GQSUo0nxqCiWTmVkjGWGKiTUIlE8LXp/B/0nZt5Njoxqs0LpdxFMEROAanAIEaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMW464</latexit><latexit sha1_base64="PihQFM8+bnWUl+FKh6M+/gu9vRc=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/QDBC4gG5Ypjn9errleFju04NeSinLg178yDyCg5KmCJ5qD83h/GJI2o0IRjpXrISbSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5ufO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vh3c+YSFJNBVksClMOdQzz3+GQSUo0nxqCiWTmVkjGWGKiTUIlE8LXp/B/0nZt5Njoxqs0LpdxFMEROAanAIEaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMW464</latexit><latexit sha1_base64="PihQFM8+bnWUl+FKh6M+/gu9vRc=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/QDBC4gG5Ypjn9errleFju04NeSinLg178yDyCg5KmCJ5qD83h/GJI2o0IRjpXrISbSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5ufO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vh3c+YSFJNBVksClMOdQzz3+GQSUo0nxqCiWTmVkjGWGKiTUIlE8LXp/B/0nZt5Njoxqs0LpdxFMEROAanAIEaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMW464</latexit>

x
1 =

0

<latexit sha1_base64="Yz9xYZf5xwN+RsVbP3fwOp6pmDo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpJxaOtCKLpxWcE+oB1KJs20oZkHSUYsQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7j58IrjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSspaNBax7PpEMcEj1tJcC9ZNJCOhL1jHn1zlfueOScXj6FZPE+aFZBTxgFOijdS5H2B4AdGgXEH2eb3quFWIbIRq2ME5cWrumQuxUXJUwBLNQfm9P4xpGrJIU0GU6mGUaC8jUnMq2KzUTxVLCJ2QEesZGpGQKS+bnzuDJ0YZwiCWpiIN5+r3iYyESk1D33SGRI/Vby8X//J6qQ7qXsajJNUsootFQSqgjmH+OxxyyagWU0MIldzcCumYSEK1SahkQvj6FP5P2o6NkY1v3ErjchlHERyBY3AKMKiBBrgGTdACFEzAA3gCz1ZiPVov1uuitWAtZw7BD1hvnwrXjrc=</latexit><latexit sha1_base64="Yz9xYZf5xwN+RsVbP3fwOp6pmDo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpJxaOtCKLpxWcE+oB1KJs20oZkHSUYsQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7j58IrjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSspaNBax7PpEMcEj1tJcC9ZNJCOhL1jHn1zlfueOScXj6FZPE+aFZBTxgFOijdS5H2B4AdGgXEH2eb3quFWIbIRq2ME5cWrumQuxUXJUwBLNQfm9P4xpGrJIU0GU6mGUaC8jUnMq2KzUTxVLCJ2QEesZGpGQKS+bnzuDJ0YZwiCWpiIN5+r3iYyESk1D33SGRI/Vby8X//J6qQ7qXsajJNUsootFQSqgjmH+OxxyyagWU0MIldzcCumYSEK1SahkQvj6FP5P2o6NkY1v3ErjchlHERyBY3AKMKiBBrgGTdACFEzAA3gCz1ZiPVov1uuitWAtZw7BD1hvnwrXjrc=</latexit><latexit sha1_base64="Yz9xYZf5xwN+RsVbP3fwOp6pmDo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpJxaOtCKLpxWcE+oB1KJs20oZkHSUYsQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7j58IrjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSspaNBax7PpEMcEj1tJcC9ZNJCOhL1jHn1zlfueOScXj6FZPE+aFZBTxgFOijdS5H2B4AdGgXEH2eb3quFWIbIRq2ME5cWrumQuxUXJUwBLNQfm9P4xpGrJIU0GU6mGUaC8jUnMq2KzUTxVLCJ2QEesZGpGQKS+bnzuDJ0YZwiCWpiIN5+r3iYyESk1D33SGRI/Vby8X//J6qQ7qXsajJNUsootFQSqgjmH+OxxyyagWU0MIldzcCumYSEK1SahkQvj6FP5P2o6NkY1v3ErjchlHERyBY3AKMKiBBrgGTdACFEzAA3gCz1ZiPVov1uuitWAtZw7BD1hvnwrXjrc=</latexit><latexit sha1_base64="Yz9xYZf5xwN+RsVbP3fwOp6pmDo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpJxaOtCKLpxWcE+oB1KJs20oZkHSUYsQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7j58IrjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSspaNBax7PpEMcEj1tJcC9ZNJCOhL1jHn1zlfueOScXj6FZPE+aFZBTxgFOijdS5H2B4AdGgXEH2eb3quFWIbIRq2ME5cWrumQuxUXJUwBLNQfm9P4xpGrJIU0GU6mGUaC8jUnMq2KzUTxVLCJ2QEesZGpGQKS+bnzuDJ0YZwiCWpiIN5+r3iYyESk1D33SGRI/Vby8X//J6qQ7qXsajJNUsootFQSqgjmH+OxxyyagWU0MIldzcCumYSEK1SahkQvj6FP5P2o6NkY1v3ErjchlHERyBY3AKMKiBBrgGTdACFEzAA3gCz1ZiPVov1uuitWAtZw7BD1hvnwrXjrc=</latexit>

x2 = 0
<latexit sha1_base64="g9DCzz6WmhX/uulTVuJiTYyvyO4=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zt3VCoWi1s9Tagf4ZFgISNYG6lzP3DhBUSDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+bkzeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8dzhkkhLNp4ZgIpm5FZIxlphok1DJhPD1KfyftF3bQbZz41Ual8s4iuAIHINT4IAaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMX464</latexit><latexit sha1_base64="g9DCzz6WmhX/uulTVuJiTYyvyO4=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zt3VCoWi1s9Tagf4ZFgISNYG6lzP3DhBUSDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+bkzeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8dzhkkhLNp4ZgIpm5FZIxlphok1DJhPD1KfyftF3bQbZz41Ual8s4iuAIHINT4IAaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMX464</latexit><latexit sha1_base64="g9DCzz6WmhX/uulTVuJiTYyvyO4=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zt3VCoWi1s9Tagf4ZFgISNYG6lzP3DhBUSDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+bkzeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8dzhkkhLNp4ZgIpm5FZIxlphok1DJhPD1KfyftF3bQbZz41Ual8s4iuAIHINT4IAaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMX464</latexit><latexit sha1_base64="g9DCzz6WmhX/uulTVuJiTYyvyO4=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zt3VCoWi1s9Tagf4ZFgISNYG6lzP3DhBUSDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+bkzeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8dzhkkhLNp4ZgIpm5FZIxlphok1DJhPD1KfyftF3bQbZz41Ual8s4iuAIHINT4IAaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMX464</latexit>

x2 = 1
<latexit sha1_base64="yQrSQ5JiQ6OlhqUyDV4UF3ufGMM=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/cCFFxANyhXHPq9XXa8KHdtxashFOXFr3pkHkVFyVMASzUH5vT+MSRpRoQnHSvWQk2g/w1Izwums1E8VTTCZ4BHtGSpwRJWfzc+dwROjDGEYS1NCw7n6fSLDkVLTKDCdEdZj9dvLxb+8XqrDup8xkaSaCrJYFKYc6hjmv8Mhk5RoPjUEE8nMrZCMscREm4RKJoSvT+H/pO3ayLHRjVdpXC7jKIIjcAxOAQI10ADXoAlagIAJeABP4NlKrEfrxXpdtBas5cwh+AHr7RMN4465</latexit><latexit sha1_base64="yQrSQ5JiQ6OlhqUyDV4UF3ufGMM=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/cCFFxANyhXHPq9XXa8KHdtxashFOXFr3pkHkVFyVMASzUH5vT+MSRpRoQnHSvWQk2g/w1Izwums1E8VTTCZ4BHtGSpwRJWfzc+dwROjDGEYS1NCw7n6fSLDkVLTKDCdEdZj9dvLxb+8XqrDup8xkaSaCrJYFKYc6hjmv8Mhk5RoPjUEE8nMrZCMscREm4RKJoSvT+H/pO3ayLHRjVdpXC7jKIIjcAxOAQI10ADXoAlagIAJeABP4NlKrEfrxXpdtBas5cwh+AHr7RMN4465</latexit><latexit sha1_base64="yQrSQ5JiQ6OlhqUyDV4UF3ufGMM=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/cCFFxANyhXHPq9XXa8KHdtxashFOXFr3pkHkVFyVMASzUH5vT+MSRpRoQnHSvWQk2g/w1Izwums1E8VTTCZ4BHtGSpwRJWfzc+dwROjDGEYS1NCw7n6fSLDkVLTKDCdEdZj9dvLxb+8XqrDup8xkaSaCrJYFKYc6hjmv8Mhk5RoPjUEE8nMrZCMscREm4RKJoSvT+H/pO3ayLHRjVdpXC7jKIIjcAxOAQI10ADXoAlagIAJeABP4NlKrEfrxXpdtBas5cwh+AHr7RMN4465</latexit><latexit sha1_base64="yQrSQ5JiQ6OlhqUyDV4UF3ufGMM=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/cCFFxANyhXHPq9XXa8KHdtxashFOXFr3pkHkVFyVMASzUH5vT+MSRpRoQnHSvWQk2g/w1Izwums1E8VTTCZ4BHtGSpwRJWfzc+dwROjDGEYS1NCw7n6fSLDkVLTKDCdEdZj9dvLxb+8XqrDup8xkaSaCrJYFKYc6hjmv8Mhk5RoPjUEE8nMrZCMscREm4RKJoSvT+H/pO3ayLHRjVdpXC7jKIIjcAxOAQI10ADXoAlagIAJeABP4NlKrEfrxXpdtBas5cwh+AHr7RMN4465</latexit>

non-diagonal 
constraint

Timed automaton 

with 
diagonal constraints

Timed automaton 

without 
diagonal constraints

These two timed automata are language equivalent

g := x ◃ c ∣ c ◃ x ∣ x − y ◃ c ∣ g ∧ g

g := x ◃ c ∣ c ◃ x ∣ g ∧ g



Can we already handle  
diagonal constraints?

Yes!

Then why are you here?

We think we can do better 
than what we do now

Really? Do you have 
concrete evidence?

Yes!
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A : contains diagonals Adf : diagonal-free euivalent of A
TChecker with vLU

G UPPAAL UPPAAL TChecker

Model #D Time Nodes
count Time Nodes

count Time Nodes
count Time Nodes

count
Cex 1 2 0.004 7 0.001 26 0.001 17 0.006 17
Cex 2 4 0.047 241 0.026 2180 0.005 1039 0.067 1039
Cex 3 6 7.399 7111 111.168 182394 1.028 60982 40.092 60982
Cex 4 8 857.662 185209 timeout - 734.543 3447119 timeout -
Fischer 3 3 0.007 104 0.087 4272 0.001 268 0.013 268
Fischer 4 4 0.032 452 307.836 357687 0.009 1815 0.100 1815
Fischer 5 5 0.257 1842 timeout - 0.116 12511 1.856 12511
Fischer 7 7 15.032 26812 timeout - 174.560 693603 timeout -
Job Shop 3 12 0.420 278 23.093 31711 0.003 845 0.312 845
Job Shop 5 20 285.421 10592 timeout - 4.633 179607 150.811 179607
Job Shop 7 28 timeout - timeout - timeout - timeout -
Job Shop 3 12 0.019 38 22.435 31607 0.004 839 0.013 29
Job Shop 5 20 0.279 98 timeout - 4.552 179597 0.012 67
Job Shop 7 28 1.754 192 timeout - timeout - 0.036 121
Job Shop 9 36 7.040 318 timeout - timeout - 0.056 191

Table 1. Experiments: the column #D gives the number of diagonal constraints. There
are three algorithm titled vLU

G (A), UPPAAL (A) and UPPAAL (Adf ). First algorithm
is our implementation of simulation based reachability using state based guards and
vLU

G simulation; second algorithm is the result of running the model with diagonal
constraints in UPPAAL; third algorithm gives the result of running an equivalent
diagonal-free automaton in UPPAAL. Experiments were run on a MacBook Pro laptop
with 2.3 GHz Intel core i5 processor, and 8 GB RAM. Time is reported in seconds. We
set a timeout of 15 minutes.

the job-shop scheduling using (diagonal-free) timed automata [1]. Here the tasks
within a job were logically independent. We add some timing dependency be-
tween them which gets naturally modeled using diagonal constraints (more de-
tails in Appendix E). Each model considered above is a product of a number of
k timed automata. In the table we write the name of the model and the number
k of automata involved in the product. Along with this, we report the number
of diagonal constraints in each of them.

Experimental results. We considered three algorithms as mentioned in the cap-
tion of Table 1. Under each algorithm, we report on the number of zones enumer-
ated and the time taken. The first algorithm gives a huge gain over the second
algorithm (upto four orders of magnitude in the number of nodes, and even bet-
ter for time) and gives a less marked, but still significant, gain over the third
algorithm. We provide a brief explanation of this phenomenon. The performance
of the reachability algorithm is dependent on three factors:
– the parameters on which the extrapolation or simulation is based on: the

maximum constant based M -simulations which use the maximum constant
appearing in the guards, versus the LU -simulations which make a distinction
between lower bound guards c / x and upper bound guards x / c (refer to
[4] for the exact definitions of extrapolations based on these parameters, and
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A : contains diagonals Adf : diagonal-free euivalent of A
TChecker with vLU
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tween them which gets naturally modeled using diagonal constraints (more de-
tails in Appendix E). Each model considered above is a product of a number of
k timed automata. In the table we write the name of the model and the number
k of automata involved in the product. Along with this, we report the number
of diagonal constraints in each of them.

Experimental results. We considered three algorithms as mentioned in the cap-
tion of Table 1. Under each algorithm, we report on the number of zones enumer-
ated and the time taken. The first algorithm gives a huge gain over the second
algorithm (upto four orders of magnitude in the number of nodes, and even bet-
ter for time) and gives a less marked, but still significant, gain over the third
algorithm. We provide a brief explanation of this phenomenon. The performance
of the reachability algorithm is dependent on three factors:
– the parameters on which the extrapolation or simulation is based on: the

maximum constant based M -simulations which use the maximum constant
appearing in the guards, versus the LU -simulations which make a distinction
between lower bound guards c / x and upper bound guards x / c (refer to
[4] for the exact definitions of extrapolations based on these parameters, and
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Overview

Timed Automata with diagonal constraints
<latexit sha1_base64="dw80xK8Qlni5TGqs9BxqHckt70o="></latexit><latexit sha1_base64="dw80xK8Qlni5TGqs9BxqHckt70o="></latexit><latexit sha1_base64="dw80xK8Qlni5TGqs9BxqHckt70o="></latexit><latexit sha1_base64="dw80xK8Qlni5TGqs9BxqHckt70o="></latexit>

Diagonal-free Timed Automata
<latexit sha1_base64="0zebIAnN1m/qj46PwFjM0kfUbMU="></latexit><latexit sha1_base64="0zebIAnN1m/qj46PwFjM0kfUbMU="></latexit><latexit sha1_base64="0zebIAnN1m/qj46PwFjM0kfUbMU="></latexit><latexit sha1_base64="0zebIAnN1m/qj46PwFjM0kfUbMU="></latexit>

Zone-based forward analysis
<latexit sha1_base64="Q8bx/Ky9K69EPZf5p+aEevLwvMQ="></latexit><latexit sha1_base64="Q8bx/Ky9K69EPZf5p+aEevLwvMQ="></latexit><latexit sha1_base64="Q8bx/Ky9K69EPZf5p+aEevLwvMQ="></latexit><latexit sha1_base64="Q8bx/Ky9K69EPZf5p+aEevLwvMQ="></latexit>

“Naive” zone-based forward analysis
is wrong [Bou04]

<latexit sha1_base64="S142Ux9uRY4wt0QHEXC5uHdA3ZM="></latexit><latexit sha1_base64="S142Ux9uRY4wt0QHEXC5uHdA3ZM="></latexit><latexit sha1_base64="S142Ux9uRY4wt0QHEXC5uHdA3ZM="></latexit><latexit sha1_base64="7DPU6oj2yJdjfUgWignsTBYETTc="></latexit><latexit sha1_base64="0/HI8BZiwrBzJhqYryY9tWd3CdU="></latexit><latexit sha1_base64="0/HI8BZiwrBzJhqYryY9tWd3CdU="></latexit><latexit sha1_base64="/L5GMGRXsDYpRtGEG6stTgQamiQ="></latexit><latexit sha1_base64="S142Ux9uRY4wt0QHEXC5uHdA3ZM="></latexit><latexit sha1_base64="S142Ux9uRY4wt0QHEXC5uHdA3ZM="></latexit><latexit sha1_base64="S142Ux9uRY4wt0QHEXC5uHdA3ZM="></latexit><latexit sha1_base64="S142Ux9uRY4wt0QHEXC5uHdA3ZM="></latexit><latexit sha1_base64="S142Ux9uRY4wt0QHEXC5uHdA3ZM="></latexit><latexit sha1_base64="S142Ux9uRY4wt0QHEXC5uHdA3ZM="></latexit>

Our contribution
<latexit sha1_base64="nupU1v396ld9EpoDRXUJVpVLevA="></latexit><latexit sha1_base64="nupU1v396ld9EpoDRXUJVpVLevA="></latexit><latexit sha1_base64="nupU1v396ld9EpoDRXUJVpVLevA="></latexit><latexit sha1_base64="nupU1v396ld9EpoDRXUJVpVLevA="></latexit>

Motivation 1
<latexit sha1_base64="wTIDK4WSUhy1pGPZmzDy6qOVeBk="></latexit><latexit sha1_base64="wTIDK4WSUhy1pGPZmzDy6qOVeBk="></latexit><latexit sha1_base64="wTIDK4WSUhy1pGPZmzDy6qOVeBk="></latexit><latexit sha1_base64="wTIDK4WSUhy1pGPZmzDy6qOVeBk="></latexit>

Automata with diagonal
constraints are exponentially

more succinct [BC05]
<latexit sha1_base64="0Bv/E/YXHl4yJaESE2qQYm+6gSM="></latexit><latexit sha1_base64="0Bv/E/YXHl4yJaESE2qQYm+6gSM="></latexit><latexit sha1_base64="0Bv/E/YXHl4yJaESE2qQYm+6gSM="></latexit><latexit sha1_base64="0Bv/E/YXHl4yJaESE2qQYm+6gSM="></latexit>

Motivation 2
<latexit sha1_base64="nI1zWIFxOCpHjhimBVFsT0TZ+bc="></latexit><latexit sha1_base64="nI1zWIFxOCpHjhimBVFsT0TZ+bc="></latexit><latexit sha1_base64="nI1zWIFxOCpHjhimBVFsT0TZ+bc="></latexit><latexit sha1_base64="nI1zWIFxOCpHjhimBVFsT0TZ+bc="></latexit>

Lift existing optimizations for diagonal-free
automata to automata with diagonal constraints

<latexit sha1_base64="7l8oPjZut7ZVRH6E2xSautQCqwk="></latexit><latexit sha1_base64="7l8oPjZut7ZVRH6E2xSautQCqwk="></latexit><latexit sha1_base64="7l8oPjZut7ZVRH6E2xSautQCqwk="></latexit><latexit sha1_base64="7l8oPjZut7ZVRH6E2xSautQCqwk="></latexit>

Problem we are interested in: Practically e�cient algorithms for reachability
<latexit sha1_base64="www+y5dxDOONa6ynBd995mR7HIw="></latexit><latexit sha1_base64="www+y5dxDOONa6ynBd995mR7HIw="></latexit><latexit sha1_base64="www+y5dxDOONa6ynBd995mR7HIw="></latexit><latexit sha1_base64="www+y5dxDOONa6ynBd995mR7HIw="></latexit>

Current algorithms
<latexit sha1_base64="pMbA5K4XbmPFJJySc6xYURkaFfc="></latexit><latexit sha1_base64="pMbA5K4XbmPFJJySc6xYURkaFfc="></latexit><latexit sha1_base64="pMbA5K4XbmPFJJySc6xYURkaFfc="></latexit><latexit sha1_base64="pMbA5K4XbmPFJJySc6xYURkaFfc="></latexit>

1.
<latexit sha1_base64="XLPD+J1qDJgOb3he3pHdVxAmV3Q="></latexit><latexit sha1_base64="XLPD+J1qDJgOb3he3pHdVxAmV3Q="></latexit><latexit sha1_base64="XLPD+J1qDJgOb3he3pHdVxAmV3Q="></latexit><latexit sha1_base64="XLPD+J1qDJgOb3he3pHdVxAmV3Q="></latexit> Convert diagonal to diagonal-free + apply

zone-based forward analysis on diagonal-free
<latexit sha1_base64="D93/GyywJZhuu5sR/1mIW2qvp8c="></latexit><latexit sha1_base64="D93/GyywJZhuu5sR/1mIW2qvp8c="></latexit><latexit sha1_base64="D93/GyywJZhuu5sR/1mIW2qvp8c="></latexit><latexit sha1_base64="D93/GyywJZhuu5sR/1mIW2qvp8c="></latexit>

“Correct” zone-based forward
analysis, that works directly on

diagonal automata
<latexit sha1_base64="Vy893cw0XDGQ5OgD8ajZJa8K78A="></latexit><latexit sha1_base64="Vy893cw0XDGQ5OgD8ajZJa8K78A="></latexit><latexit sha1_base64="Vy893cw0XDGQ5OgD8ajZJa8K78A="></latexit><latexit sha1_base64="Vy893cw0XDGQ5OgD8ajZJa8K78A="></latexit>

2.
<latexit sha1_base64="t/Ala8W5yF3+2aR1Wm0yjiRlAS8="></latexit><latexit sha1_base64="t/Ala8W5yF3+2aR1Wm0yjiRlAS8="></latexit><latexit sha1_base64="t/Ala8W5yF3+2aR1Wm0yjiRlAS8="></latexit><latexit sha1_base64="t/Ala8W5yF3+2aR1Wm0yjiRlAS8="></latexit>

[BY04] Forward analysis with Zone-splitting
<latexit sha1_base64="2H6cgSpmu+8YvPCQ98uEsZGdq08="></latexit><latexit sha1_base64="2H6cgSpmu+8YvPCQ98uEsZGdq08="></latexit><latexit sha1_base64="2H6cgSpmu+8YvPCQ98uEsZGdq08="></latexit><latexit sha1_base64="2H6cgSpmu+8YvPCQ98uEsZGdq08="></latexit>

[BLR05] Abstraction refinement framework,
zone-based “forward-backward” analysis

<latexit sha1_base64="n5FU2zFeRzstko3Bi7WORnzOYvU="></latexit><latexit sha1_base64="n5FU2zFeRzstko3Bi7WORnzOYvU="></latexit><latexit sha1_base64="n5FU2zFeRzstko3Bi7WORnzOYvU="></latexit><latexit sha1_base64="n5FU2zFeRzstko3Bi7WORnzOYvU="></latexit>

3.
<latexit sha1_base64="Oq3+2mYEdm5fwbholWArdQCNGAg="></latexit><latexit sha1_base64="Oq3+2mYEdm5fwbholWArdQCNGAg="></latexit><latexit sha1_base64="Oq3+2mYEdm5fwbholWArdQCNGAg="></latexit><latexit sha1_base64="Oq3+2mYEdm5fwbholWArdQCNGAg="></latexit>

BY04, BBLP06,
BBFL03, . . .

<latexit sha1_base64="+yL9G2bPGLDJQfMTNTTJqUq68ao="></latexit><latexit sha1_base64="+yL9G2bPGLDJQfMTNTTJqUq68ao="></latexit><latexit sha1_base64="+yL9G2bPGLDJQfMTNTTJqUq68ao="></latexit><latexit sha1_base64="+yL9G2bPGLDJQfMTNTTJqUq68ao="></latexit>

TCheckerUPPAAL
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Method 1 : Removing all diagonals

Zone based  forward analysis  
on diagonal-free automata

Timed automaton 
with 

diagonal constraints

Timed automaton 
without 

diagonal constraints

Algorithm is well studied

Exponential 
blowup

{x1}
<latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit>

{y1}
<latexit sha1_base64="0wyqSZx7jzxUNd9sDqYELq3EoTw=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTI1tHVXdOOygn1AE8pkOmmHTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyScKe04H1ZpbX1jc6u8XdnZ3ds/qB4e9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfzK4Lv39PpWKxuNNZQv0ITwQLGcHaSH0vz0bIm4+qNce+bDXqbgM6tuM0UR0VpN50L1yIjFKgBlbojKrv3jgmaUSFJhwrNUROov0cS80Ip/OKlyqaYDLDEzo0VOCIKj9fnDuHZ0YZwzCWpoSGC/X7RI4jpbIoMJ0R1lP12yvEv7xhqsOWnzORpJoKslwUphzqGBa/wzGTlGieGYKJZOZWSKZYYqJNQhUTwten8H/Sq9vIsdGtW2tfreIogxNwCs4BAk3QBjegA7qAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5bbj7s=</latexit><latexit sha1_base64="0wyqSZx7jzxUNd9sDqYELq3EoTw=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTI1tHVXdOOygn1AE8pkOmmHTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyScKe04H1ZpbX1jc6u8XdnZ3ds/qB4e9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfzK4Lv39PpWKxuNNZQv0ITwQLGcHaSH0vz0bIm4+qNce+bDXqbgM6tuM0UR0VpN50L1yIjFKgBlbojKrv3jgmaUSFJhwrNUROov0cS80Ip/OKlyqaYDLDEzo0VOCIKj9fnDuHZ0YZwzCWpoSGC/X7RI4jpbIoMJ0R1lP12yvEv7xhqsOWnzORpJoKslwUphzqGBa/wzGTlGieGYKJZOZWSKZYYqJNQhUTwten8H/Sq9vIsdGtW2tfreIogxNwCs4BAk3QBjegA7qAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5bbj7s=</latexit><latexit sha1_base64="0wyqSZx7jzxUNd9sDqYELq3EoTw=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTI1tHVXdOOygn1AE8pkOmmHTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyScKe04H1ZpbX1jc6u8XdnZ3ds/qB4e9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfzK4Lv39PpWKxuNNZQv0ITwQLGcHaSH0vz0bIm4+qNce+bDXqbgM6tuM0UR0VpN50L1yIjFKgBlbojKrv3jgmaUSFJhwrNUROov0cS80Ip/OKlyqaYDLDEzo0VOCIKj9fnDuHZ0YZwzCWpoSGC/X7RI4jpbIoMJ0R1lP12yvEv7xhqsOWnzORpJoKslwUphzqGBa/wzGTlGieGYKJZOZWSKZYYqJNQhUTwten8H/Sq9vIsdGtW2tfreIogxNwCs4BAk3QBjegA7qAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5bbj7s=</latexit><latexit sha1_base64="0wyqSZx7jzxUNd9sDqYELq3EoTw=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTI1tHVXdOOygn1AE8pkOmmHTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyScKe04H1ZpbX1jc6u8XdnZ3ds/qB4e9VScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfzK4Lv39PpWKxuNNZQv0ITwQLGcHaSH0vz0bIm4+qNce+bDXqbgM6tuM0UR0VpN50L1yIjFKgBlbojKrv3jgmaUSFJhwrNUROov0cS80Ip/OKlyqaYDLDEzo0VOCIKj9fnDuHZ0YZwzCWpoSGC/X7RI4jpbIoMJ0R1lP12yvEv7xhqsOWnzORpJoKslwUphzqGBa/wzGTlGieGYKJZOZWSKZYYqJNQhUTwten8H/Sq9vIsdGtW2tfreIogxNwCs4BAk3QBjegA7qAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5bbj7s=</latexit>

{x2}
<latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit>

{y2}
<latexit sha1_base64="dfSaWf6mVccTQ+0/MC8W9yMC4Hg=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AE8pkOm2HTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyacKY3Qh1VaW9/Y3CpvV3Z29/YPqodHXRWnktAOiXks+yFWlDNBO5ppTvuJpDgKOe2Fs+vC791TqVgs7nSW0CDCE8HGjGBtpJ6fZ0PXnw+rNWRfNuuuV4fIRqjhuE5B3IZ34UHHKAVqYIX2sPruj2KSRlRowrFSAwclOsix1IxwOq/4qaIJJjM8oQNDBY6oCvLFuXN4ZpQRHMfSlNBwoX6fyHGkVBaFpjPCeqp+e4X4lzdI9bgZ5EwkqaaCLBeNUw51DIvf4YhJSjTPDMFEMnMrJFMsMdEmoYoJ4etT+D/puraDbOfWq7WuVnGUwQk4BefAAQ3QAjegDTqAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5hhj7w=</latexit><latexit sha1_base64="dfSaWf6mVccTQ+0/MC8W9yMC4Hg=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AE8pkOm2HTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyacKY3Qh1VaW9/Y3CpvV3Z29/YPqodHXRWnktAOiXks+yFWlDNBO5ppTvuJpDgKOe2Fs+vC791TqVgs7nSW0CDCE8HGjGBtpJ6fZ0PXnw+rNWRfNuuuV4fIRqjhuE5B3IZ34UHHKAVqYIX2sPruj2KSRlRowrFSAwclOsix1IxwOq/4qaIJJjM8oQNDBY6oCvLFuXN4ZpQRHMfSlNBwoX6fyHGkVBaFpjPCeqp+e4X4lzdI9bgZ5EwkqaaCLBeNUw51DIvf4YhJSjTPDMFEMnMrJFMsMdEmoYoJ4etT+D/puraDbOfWq7WuVnGUwQk4BefAAQ3QAjegDTqAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5hhj7w=</latexit><latexit sha1_base64="dfSaWf6mVccTQ+0/MC8W9yMC4Hg=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AE8pkOm2HTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyacKY3Qh1VaW9/Y3CpvV3Z29/YPqodHXRWnktAOiXks+yFWlDNBO5ppTvuJpDgKOe2Fs+vC791TqVgs7nSW0CDCE8HGjGBtpJ6fZ0PXnw+rNWRfNuuuV4fIRqjhuE5B3IZ34UHHKAVqYIX2sPruj2KSRlRowrFSAwclOsix1IxwOq/4qaIJJjM8oQNDBY6oCvLFuXN4ZpQRHMfSlNBwoX6fyHGkVBaFpjPCeqp+e4X4lzdI9bgZ5EwkqaaCLBeNUw51DIvf4YhJSjTPDMFEMnMrJFMsMdEmoYoJ4etT+D/puraDbOfWq7WuVnGUwQk4BefAAQ3QAjegDTqAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5hhj7w=</latexit><latexit sha1_base64="dfSaWf6mVccTQ+0/MC8W9yMC4Hg=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1AE8pkOm2HTiZhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyacKY3Qh1VaW9/Y3CpvV3Z29/YPqodHXRWnktAOiXks+yFWlDNBO5ppTvuJpDgKOe2Fs+vC791TqVgs7nSW0CDCE8HGjGBtpJ6fZ0PXnw+rNWRfNuuuV4fIRqjhuE5B3IZ34UHHKAVqYIX2sPruj2KSRlRowrFSAwclOsix1IxwOq/4qaIJJjM8oQNDBY6oCvLFuXN4ZpQRHMfSlNBwoX6fyHGkVBaFpjPCeqp+e4X4lzdI9bgZ5EwkqaaCLBeNUw51DIvf4YhJSjTPDMFEMnMrJFMsMdEmoYoJ4etT+D/puraDbOfWq7WuVnGUwQk4BefAAQ3QAjegDTqAgBl4AE/g2UqsR+vFel22lqzVzDH4AevtE5hhj7w=</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit> b

<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit> d

<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

e
<latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit>

e
<latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit>

x1 � y1 = 1 ^ x2 � y2 = 0
<latexit sha1_base64="fOmMU0pCzqhMqU4CxKtDXBN7vY8="></latexit><latexit sha1_base64="fOmMU0pCzqhMqU4CxKtDXBN7vY8="></latexit><latexit sha1_base64="fOmMU0pCzqhMqU4CxKtDXBN7vY8="></latexit><latexit sha1_base64="fOmMU0pCzqhMqU4CxKtDXBN7vY8="></latexit>

x1 � y1 = 0 ^ x2 � y2 = 1
<latexit sha1_base64="rPWNBssyy2rQu1QsXzl9jWM04zY="></latexit><latexit sha1_base64="rPWNBssyy2rQu1QsXzl9jWM04zY="></latexit><latexit sha1_base64="rPWNBssyy2rQu1QsXzl9jWM04zY="></latexit><latexit sha1_base64="rPWNBssyy2rQu1QsXzl9jWM04zY="></latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

{x1}
<latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit><latexit sha1_base64="FGAc1archUOKdJjbiAEhCEnubsU=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPHnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5VTj7o=</latexit>

{x2}
<latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit> d

<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

e
<latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit>

e
<latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit>

{x2}
<latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit><latexit sha1_base64="nOXR4Un6SKFUSUOt/mb6VHlue3k=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWsA9oQplMJ+3QySTMTMQS+hFuXCji1u9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Krwu3dUKpaIWz1NaRDjkWARI1gbqevn9wPXnw0qVWRfNGquV4PIRqjuuE5B3Lp37kHHKAWqYInWoPLuDxOSxVRowrFSfQelOsix1IxwOiv7maIpJhM8on1DBY6pCvL5uTN4apQhjBJpSmg4V79P5DhWahqHpjPGeqx+e4X4l9fPdNQIcibSTFNBFouijEOdwOJ3OGSSEs2nhmAimbkVkjGWmGiTUNmE8PUp/J90XNtBtnPjVZuXyzhK4BicgDPggDpogmvQAm1AwAQ8gCfwbKXWo/VivS5aV6zlzBH4AevtE5bZj7s=</latexit>

c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit> d

<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

x 1
=
1

<latexit sha1_base64="PihQFM8+bnWUl+FKh6M+/gu9vRc=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/QDBC4gG5Ypjn9errleFju04NeSinLg178yDyCg5KmCJ5qD83h/GJI2o0IRjpXrISbSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5ufO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vh3c+YSFJNBVksClMOdQzz3+GQSUo0nxqCiWTmVkjGWGKiTUIlE8LXp/B/0nZt5Njoxqs0LpdxFMEROAanAIEaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMW464</latexit><latexit sha1_base64="PihQFM8+bnWUl+FKh6M+/gu9vRc=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/QDBC4gG5Ypjn9errleFju04NeSinLg178yDyCg5KmCJ5qD83h/GJI2o0IRjpXrISbSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5ufO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vh3c+YSFJNBVksClMOdQzz3+GQSUo0nxqCiWTmVkjGWGKiTUIlE8LXp/B/0nZt5Njoxqs0LpdxFMEROAanAIEaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMW464</latexit><latexit sha1_base64="PihQFM8+bnWUl+FKh6M+/gu9vRc=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/QDBC4gG5Ypjn9errleFju04NeSinLg178yDyCg5KmCJ5qD83h/GJI2o0IRjpXrISbSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5ufO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vh3c+YSFJNBVksClMOdQzz3+GQSUo0nxqCiWTmVkjGWGKiTUIlE8LXp/B/0nZt5Njoxqs0LpdxFMEROAanAIEaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMW464</latexit><latexit sha1_base64="PihQFM8+bnWUl+FKh6M+/gu9vRc=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/QDBC4gG5Ypjn9errleFju04NeSinLg178yDyCg5KmCJ5qD83h/GJI2o0IRjpXrISbSfYakZ4XRW6qeKJphM8Ij2DBU4osrP5ufO4IlRhjCMpSmh4Vz9PpHhSKlpFJjOCOux+u3l4l9eL9Vh3c+YSFJNBVksClMOdQzz3+GQSUo0nxqCiWTmVkjGWGKiTUIlE8LXp/B/0nZt5Njoxqs0LpdxFMEROAanAIEaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMW464</latexit>

x
1 =

0

<latexit sha1_base64="Yz9xYZf5xwN+RsVbP3fwOp6pmDo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpJxaOtCKLpxWcE+oB1KJs20oZkHSUYsQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7j58IrjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSspaNBax7PpEMcEj1tJcC9ZNJCOhL1jHn1zlfueOScXj6FZPE+aFZBTxgFOijdS5H2B4AdGgXEH2eb3quFWIbIRq2ME5cWrumQuxUXJUwBLNQfm9P4xpGrJIU0GU6mGUaC8jUnMq2KzUTxVLCJ2QEesZGpGQKS+bnzuDJ0YZwiCWpiIN5+r3iYyESk1D33SGRI/Vby8X//J6qQ7qXsajJNUsootFQSqgjmH+OxxyyagWU0MIldzcCumYSEK1SahkQvj6FP5P2o6NkY1v3ErjchlHERyBY3AKMKiBBrgGTdACFEzAA3gCz1ZiPVov1uuitWAtZw7BD1hvnwrXjrc=</latexit><latexit sha1_base64="Yz9xYZf5xwN+RsVbP3fwOp6pmDo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpJxaOtCKLpxWcE+oB1KJs20oZkHSUYsQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7j58IrjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSspaNBax7PpEMcEj1tJcC9ZNJCOhL1jHn1zlfueOScXj6FZPE+aFZBTxgFOijdS5H2B4AdGgXEH2eb3quFWIbIRq2ME5cWrumQuxUXJUwBLNQfm9P4xpGrJIU0GU6mGUaC8jUnMq2KzUTxVLCJ2QEesZGpGQKS+bnzuDJ0YZwiCWpiIN5+r3iYyESk1D33SGRI/Vby8X//J6qQ7qXsajJNUsootFQSqgjmH+OxxyyagWU0MIldzcCumYSEK1SahkQvj6FP5P2o6NkY1v3ErjchlHERyBY3AKMKiBBrgGTdACFEzAA3gCz1ZiPVov1uuitWAtZw7BD1hvnwrXjrc=</latexit><latexit sha1_base64="Yz9xYZf5xwN+RsVbP3fwOp6pmDo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpJxaOtCKLpxWcE+oB1KJs20oZkHSUYsQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7j58IrjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSspaNBax7PpEMcEj1tJcC9ZNJCOhL1jHn1zlfueOScXj6FZPE+aFZBTxgFOijdS5H2B4AdGgXEH2eb3quFWIbIRq2ME5cWrumQuxUXJUwBLNQfm9P4xpGrJIU0GU6mGUaC8jUnMq2KzUTxVLCJ2QEesZGpGQKS+bnzuDJ0YZwiCWpiIN5+r3iYyESk1D33SGRI/Vby8X//J6qQ7qXsajJNUsootFQSqgjmH+OxxyyagWU0MIldzcCumYSEK1SahkQvj6FP5P2o6NkY1v3ErjchlHERyBY3AKMKiBBrgGTdACFEzAA3gCz1ZiPVov1uuitWAtZw7BD1hvnwrXjrc=</latexit><latexit sha1_base64="Yz9xYZf5xwN+RsVbP3fwOp6pmDo=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpJxaOtCKLpxWcE+oB1KJs20oZkHSUYsQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7j58IrjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSspaNBax7PpEMcEj1tJcC9ZNJCOhL1jHn1zlfueOScXj6FZPE+aFZBTxgFOijdS5H2B4AdGgXEH2eb3quFWIbIRq2ME5cWrumQuxUXJUwBLNQfm9P4xpGrJIU0GU6mGUaC8jUnMq2KzUTxVLCJ2QEesZGpGQKS+bnzuDJ0YZwiCWpiIN5+r3iYyESk1D33SGRI/Vby8X//J6qQ7qXsajJNUsootFQSqgjmH+OxxyyagWU0MIldzcCumYSEK1SahkQvj6FP5P2o6NkY1v3ErjchlHERyBY3AKMKiBBrgGTdACFEzAA3gCz1ZiPVov1uuitWAtZw7BD1hvnwrXjrc=</latexit>

x2 = 0
<latexit sha1_base64="g9DCzz6WmhX/uulTVuJiTYyvyO4=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zt3VCoWi1s9Tagf4ZFgISNYG6lzP3DhBUSDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+bkzeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8dzhkkhLNp4ZgIpm5FZIxlphok1DJhPD1KfyftF3bQbZz41Ual8s4iuAIHINT4IAaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMX464</latexit><latexit sha1_base64="g9DCzz6WmhX/uulTVuJiTYyvyO4=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zt3VCoWi1s9Tagf4ZFgISNYG6lzP3DhBUSDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+bkzeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8dzhkkhLNp4ZgIpm5FZIxlphok1DJhPD1KfyftF3bQbZz41Ual8s4iuAIHINT4IAaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMX464</latexit><latexit sha1_base64="g9DCzz6WmhX/uulTVuJiTYyvyO4=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zt3VCoWi1s9Tagf4ZFgISNYG6lzP3DhBUSDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+bkzeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8dzhkkhLNp4ZgIpm5FZIxlphok1DJhPD1KfyftF3bQbZz41Ual8s4iuAIHINT4IAaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMX464</latexit><latexit sha1_base64="g9DCzz6WmhX/uulTVuJiTYyvyO4=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0oj9GEVVlbX1jeKm6Wt7Z3dvfL+QVvFqSS0RWIey26AFeVM0JZmmtNuIimOAk47weQq9zt3VCoWi1s9Tagf4ZFgISNYG6lzP3DhBUSDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+bkzeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8dzhkkhLNp4ZgIpm5FZIxlphok1DJhPD1KfyftF3bQbZz41Ual8s4iuAIHINT4IAaaIBr0AQtQMAEPIAn8Gwl1qP1Yr0uWgvWcuYQ/ID19gkMX464</latexit>

x2 = 1
<latexit sha1_base64="yQrSQ5JiQ6OlhqUyDV4UF3ufGMM=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/cCFFxANyhXHPq9XXa8KHdtxashFOXFr3pkHkVFyVMASzUH5vT+MSRpRoQnHSvWQk2g/w1Izwums1E8VTTCZ4BHtGSpwRJWfzc+dwROjDGEYS1NCw7n6fSLDkVLTKDCdEdZj9dvLxb+8XqrDup8xkaSaCrJYFKYc6hjmv8Mhk5RoPjUEE8nMrZCMscREm4RKJoSvT+H/pO3ayLHRjVdpXC7jKIIjcAxOAQI10ADXoAlagIAJeABP4NlKrEfrxXpdtBas5cwh+AHr7RMN4465</latexit><latexit sha1_base64="yQrSQ5JiQ6OlhqUyDV4UF3ufGMM=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/cCFFxANyhXHPq9XXa8KHdtxashFOXFr3pkHkVFyVMASzUH5vT+MSRpRoQnHSvWQk2g/w1Izwums1E8VTTCZ4BHtGSpwRJWfzc+dwROjDGEYS1NCw7n6fSLDkVLTKDCdEdZj9dvLxb+8XqrDup8xkaSaCrJYFKYc6hjmv8Mhk5RoPjUEE8nMrZCMscREm4RKJoSvT+H/pO3ayLHRjVdpXC7jKIIjcAxOAQI10ADXoAlagIAJeABP4NlKrEfrxXpdtBas5cwh+AHr7RMN4465</latexit><latexit sha1_base64="yQrSQ5JiQ6OlhqUyDV4UF3ufGMM=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/cCFFxANyhXHPq9XXa8KHdtxashFOXFr3pkHkVFyVMASzUH5vT+MSRpRoQnHSvWQk2g/w1Izwums1E8VTTCZ4BHtGSpwRJWfzc+dwROjDGEYS1NCw7n6fSLDkVLTKDCdEdZj9dvLxb+8XqrDup8xkaSaCrJYFKYc6hjmv8Mhk5RoPjUEE8nMrZCMscREm4RKJoSvT+H/pO3ayLHRjVdpXC7jKIIjcAxOAQI10ADXoAlagIAJeABP4NlKrEfrxXpdtBas5cwh+AHr7RMN4465</latexit><latexit sha1_base64="yQrSQ5JiQ6OlhqUyDV4UF3ufGMM=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHUhFN24rGAf0IYymU7aoZNJmJmIJfQj3LhQxK3f486/cdJWUNEDFw7n3Mu99wQJZ0o7zodVWFldW98obpa2tnd298r7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJOr3O/cUalYLG71NKF+hEeChYxgbaTO/cCFFxANyhXHPq9XXa8KHdtxashFOXFr3pkHkVFyVMASzUH5vT+MSRpRoQnHSvWQk2g/w1Izwums1E8VTTCZ4BHtGSpwRJWfzc+dwROjDGEYS1NCw7n6fSLDkVLTKDCdEdZj9dvLxb+8XqrDup8xkaSaCrJYFKYc6hjmv8Mhk5RoPjUEE8nMrZCMscREm4RKJoSvT+H/pO3ayLHRjVdpXC7jKIIjcAxOAQI10ADXoAlagIAJeABP4NlKrEfrxXpdtBas5cwh+AHr7RMN4465</latexit>

Bérard, Diekert, 
Gastin, Petit This translation is always possible‘98

In worst case, exponential blowupBouyer, 
Chevalier ‘05
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Method 2 : Removing relevant diagonals

Timed automaton with 
diagonal constraints

Bouyer, 
Laroussinie, 

Reynier 
‘05

Diagonal-free analysis 
ignoring the existing 

diagonals

Not reachable check if the 
computation is 

correct

Reachable

Diagonal-free 
construction based on 

chosen diagonals

Find the diagonals 
that forced the  

mistake

not reachable reachable

correct
not correct

Only a few diagonals 
may be required to remove

In worst case, may still incur 
exponential blowup in states



Can we already handle  
diagonal constraints?

Yes!
Then why are you here?

We think we can do better 
than what we do now

Really? Do you have 
concrete evidence?

Yes!
What are the 

existing methods?
Can we avoid 

Removing diagonals?
Yes!
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Zones

x
<latexit sha1_base64="VDNUHE0dgzwJLPBu+yvnvqVQ0VQ="></latexit><latexit sha1_base64="VDNUHE0dgzwJLPBu+yvnvqVQ0VQ="></latexit><latexit sha1_base64="VDNUHE0dgzwJLPBu+yvnvqVQ0VQ="></latexit><latexit sha1_base64="VDNUHE0dgzwJLPBu+yvnvqVQ0VQ="></latexit>

y
<latexit sha1_base64="Q0Ek7pPa6cMoYk4yERRSeNSNAms="></latexit><latexit sha1_base64="Q0Ek7pPa6cMoYk4yERRSeNSNAms="></latexit><latexit sha1_base64="Q0Ek7pPa6cMoYk4yERRSeNSNAms="></latexit><latexit sha1_base64="Q0Ek7pPa6cMoYk4yERRSeNSNAms="></latexit>

A valuation is a function v : X ! R�0
<latexit sha1_base64="PtQA7nn+uZPjBpi5i6FwfLjURKM="></latexit><latexit sha1_base64="PtQA7nn+uZPjBpi5i6FwfLjURKM="></latexit><latexit sha1_base64="PtQA7nn+uZPjBpi5i6FwfLjURKM="></latexit><latexit sha1_base64="PtQA7nn+uZPjBpi5i6FwfLjURKM="></latexit>

x
<latexit sha1_base64="VDNUHE0dgzwJLPBu+yvnvqVQ0VQ="></latexit><latexit sha1_base64="VDNUHE0dgzwJLPBu+yvnvqVQ0VQ="></latexit><latexit sha1_base64="VDNUHE0dgzwJLPBu+yvnvqVQ0VQ="></latexit><latexit sha1_base64="VDNUHE0dgzwJLPBu+yvnvqVQ0VQ="></latexit>

y
<latexit sha1_base64="Q0Ek7pPa6cMoYk4yERRSeNSNAms="></latexit><latexit sha1_base64="Q0Ek7pPa6cMoYk4yERRSeNSNAms="></latexit><latexit sha1_base64="Q0Ek7pPa6cMoYk4yERRSeNSNAms="></latexit><latexit sha1_base64="Q0Ek7pPa6cMoYk4yERRSeNSNAms="></latexit>

x� y  1
<latexit sha1_base64="yOVhIPpPWpzNzS4cHRQ46G75DX4="></latexit><latexit sha1_base64="yOVhIPpPWpzNzS4cHRQ46G75DX4="></latexit><latexit sha1_base64="yOVhIPpPWpzNzS4cHRQ46G75DX4="></latexit><latexit sha1_base64="yOVhIPpPWpzNzS4cHRQ46G75DX4="></latexit>

y � x  1
<latexit sha1_base64="DGpa4LzaP/joiZsjhzDy6TUWr9s="></latexit><latexit sha1_base64="DGpa4LzaP/joiZsjhzDy6TUWr9s="></latexit><latexit sha1_base64="DGpa4LzaP/joiZsjhzDy6TUWr9s="></latexit><latexit sha1_base64="DGpa4LzaP/joiZsjhzDy6TUWr9s="></latexit>

x � 1
<latexit sha1_base64="zQN/K6XlBtyAAkUQXFTdxq49VkI="></latexit><latexit sha1_base64="zQN/K6XlBtyAAkUQXFTdxq49VkI="></latexit><latexit sha1_base64="zQN/K6XlBtyAAkUQXFTdxq49VkI="></latexit><latexit sha1_base64="zQN/K6XlBtyAAkUQXFTdxq49VkI="></latexit>

A zone is a collection of valuations described by a conjunction
of constraints of the form x� y ⇠ c or x ⇠ c, ⇠2 {<,,�, >}

<latexit sha1_base64="vI0t7ypk6y8pGNWUcIM3NvWaxaM="></latexit><latexit sha1_base64="vI0t7ypk6y8pGNWUcIM3NvWaxaM="></latexit><latexit sha1_base64="vI0t7ypk6y8pGNWUcIM3NvWaxaM="></latexit><latexit sha1_base64="vI0t7ypk6y8pGNWUcIM3NvWaxaM="></latexit>
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Zone based forward analysis

q0 q1
{x, y}

y = 1 {y}

<latexit sha1_base64="4i57H2cKpQq3RYuxV+cx3h3K67s="></latexit><latexit sha1_base64="4i57H2cKpQq3RYuxV+cx3h3K67s="></latexit><latexit sha1_base64="4i57H2cKpQq3RYuxV+cx3h3K67s="></latexit><latexit sha1_base64="4i57H2cKpQq3RYuxV+cx3h3K67s="></latexit>

x
<latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit>

y
<latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit>

(q0, Z0)
<latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit>



Successor computation
<latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit>
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Zone based forward analysis

q0 q1
{x, y}

y = 1 {y}

<latexit sha1_base64="YQXyUGz/69O0PIIAE09QmGDIC2g="></latexit><latexit sha1_base64="YQXyUGz/69O0PIIAE09QmGDIC2g="></latexit><latexit sha1_base64="YQXyUGz/69O0PIIAE09QmGDIC2g="></latexit><latexit sha1_base64="YQXyUGz/69O0PIIAE09QmGDIC2g="></latexit>

x
<latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit>

y
<latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit>

(q0, Z0)
<latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit>

(q1, Z1)
<latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit>

q
g�!
R

q0
<latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit>

(q, Z) ! (q0, Z 0)
<latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit>

where Z 0 =
�������!
[R](Z \ g)

<latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit>



Successor computation
<latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit>

 11

Zone based forward analysis

q0 q1
{x, y}

y = 1 {y}

<latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit>

x
<latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit>

y
<latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit>

(q0, Z0)
<latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit>

(q1, Z1)
<latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit>

(q1, Z2)
<latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit>

q
g�!
R

q0
<latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit>

(q, Z) ! (q0, Z 0)
<latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit>

where Z 0 =
�������!
[R](Z \ g)

<latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit>



Successor computation
<latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit>

 11

Zone based forward analysis

q0 q1
{x, y}

y = 1 {y}

<latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit>

x
<latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit>

y
<latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit>

(q0, Z0)
<latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit>

(q1, Z1)
<latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit>

(q1, Z2)
<latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit>

q
g�!
R

q0
<latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit>

(q, Z) ! (q0, Z 0)
<latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit>

where Z 0 =
�������!
[R](Z \ g)

<latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit>



Successor computation
<latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit>

 11

Zone based forward analysis

q0 q1
{x, y}

y = 1 {y}

<latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit>

x
<latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit>

y
<latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit>

(q0, Z0)
<latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit>

(q1, Z1)
<latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit>

(q1, Z2)
<latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit>

q
g�!
R

q0
<latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit>

(q, Z) ! (q0, Z 0)
<latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit>

where Z 0 =
�������!
[R](Z \ g)

<latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit>



Successor computation
<latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit>

 11

Zone based forward analysis

q0 q1
{x, y}

y = 1 {y}

<latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit>

x
<latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit>

y
<latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit>

(q0, Z0)
<latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit>

(q1, Z1)
<latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit>

(q1, Z2)
<latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit>

q
g�!
R

q0
<latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit>

(q, Z) ! (q0, Z 0)
<latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit>

where Z 0 =
�������!
[R](Z \ g)

<latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit>



Successor computation
<latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit>

 11

Zone based forward analysis

q0 q1
{x, y}

y = 1 {y}

<latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit>

x
<latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit>

y
<latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit>

(q0, Z0)
<latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit>

(q1, Z1)
<latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit>

(q1, Z2)
<latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit>

Is Z2 ✓ Z1?
<latexit sha1_base64="4p0ecg57nXz80avdRmSDinx/4vY="></latexit><latexit sha1_base64="4p0ecg57nXz80avdRmSDinx/4vY="></latexit><latexit sha1_base64="4p0ecg57nXz80avdRmSDinx/4vY="></latexit><latexit sha1_base64="4p0ecg57nXz80avdRmSDinx/4vY="></latexit>

No
<latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit><latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit><latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit><latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit>

q
g�!
R

q0
<latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit>

(q, Z) ! (q0, Z 0)
<latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit>

where Z 0 =
�������!
[R](Z \ g)

<latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit>



Successor computation
<latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit>

 11

Zone based forward analysis

q0 q1
{x, y}

y = 1 {y}

<latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit>

x
<latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit>

y
<latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit>

(q0, Z0)
<latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit>

(q1, Z1)
<latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit>

(q1, Z2)
<latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit>

(q1, Z3)
<latexit sha1_base64="vacL7WNroxbjWxmQ4dMC+Bz3bq8="></latexit><latexit sha1_base64="vacL7WNroxbjWxmQ4dMC+Bz3bq8="></latexit><latexit sha1_base64="vacL7WNroxbjWxmQ4dMC+Bz3bq8="></latexit><latexit sha1_base64="vacL7WNroxbjWxmQ4dMC+Bz3bq8="></latexit>

Is Z3 ✓ Z2?
<latexit sha1_base64="UnzjCqojH9wgCbgbWllttcNF62A="></latexit><latexit sha1_base64="UnzjCqojH9wgCbgbWllttcNF62A="></latexit><latexit sha1_base64="UnzjCqojH9wgCbgbWllttcNF62A="></latexit><latexit sha1_base64="UnzjCqojH9wgCbgbWllttcNF62A="></latexit>

Is Z3 ✓ Z1?
<latexit sha1_base64="gbOUQsi0jCRQSlxhSrZiP3t4Avs="></latexit><latexit sha1_base64="gbOUQsi0jCRQSlxhSrZiP3t4Avs="></latexit><latexit sha1_base64="gbOUQsi0jCRQSlxhSrZiP3t4Avs="></latexit><latexit sha1_base64="gbOUQsi0jCRQSlxhSrZiP3t4Avs="></latexit>

No
<latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit><latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit><latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit><latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit>

No
<latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit><latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit><latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit><latexit sha1_base64="cC9VpHNJhEG1EwADWnD4ibS8a74="></latexit>

q
g�!
R

q0
<latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit>

(q, Z) ! (q0, Z 0)
<latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit>

where Z 0 =
�������!
[R](Z \ g)

<latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit>



Successor computation
<latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit><latexit sha1_base64="uoS6bqUPijcmd8whP32s7O536ro="></latexit>
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Zone based forward analysis

q0 q1
{x, y}

y = 1 {y}

<latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit><latexit sha1_base64="SHhziQ7l0vraRTSR90kpBUOoL7E="></latexit>

x
<latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit><latexit sha1_base64="YJqV1COze6TdsMHFTkvfkUKorE4="></latexit>

y
<latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit><latexit sha1_base64="unuGemozVtPnx+ZP262wTm7aXPI="></latexit>

(q0, Z0)
<latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit><latexit sha1_base64="YWHCEg79IELaArLomX2KDlbohPU="></latexit>

(q1, Z1)
<latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit><latexit sha1_base64="9fKzs01/tW/dS7HlQetdJHhz7IQ="></latexit>

(q1, Z2)
<latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit><latexit sha1_base64="dtd8qr9hslEvRof+zBd3zdLGex8="></latexit>

(q1, Z3)
<latexit sha1_base64="vacL7WNroxbjWxmQ4dMC+Bz3bq8="></latexit><latexit sha1_base64="vacL7WNroxbjWxmQ4dMC+Bz3bq8="></latexit><latexit sha1_base64="vacL7WNroxbjWxmQ4dMC+Bz3bq8="></latexit><latexit sha1_base64="vacL7WNroxbjWxmQ4dMC+Bz3bq8="></latexit>

. . .
<latexit sha1_base64="6AccdAlb12TJFQXY8PRRp2Ats5s="></latexit><latexit sha1_base64="6AccdAlb12TJFQXY8PRRp2Ats5s="></latexit><latexit sha1_base64="6AccdAlb12TJFQXY8PRRp2Ats5s="></latexit><latexit sha1_base64="6AccdAlb12TJFQXY8PRRp2Ats5s="></latexit>

q
g�!
R

q0
<latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit><latexit sha1_base64="N9VZQ77C3wyNMVPVe8DLJAYInkc="></latexit>

(q, Z) ! (q0, Z 0)
<latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit><latexit sha1_base64="I9zdghInmMgK1U//0sa0etQgtKE="></latexit>

where Z 0 =
�������!
[R](Z \ g)

<latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit><latexit sha1_base64="QcB3twtdLYjBHJznlzHVCrpvmcU="></latexit>

This method may not terminate
<latexit sha1_base64="8gw2GwPhKTkm0//2dJj7tKrntEU="></latexit><latexit sha1_base64="8gw2GwPhKTkm0//2dJj7tKrntEU="></latexit><latexit sha1_base64="8gw2GwPhKTkm0//2dJj7tKrntEU="></latexit><latexit sha1_base64="8gw2GwPhKTkm0//2dJj7tKrntEU="></latexit>

Two solutions: Extrapolate or Simulate!



 12

Extrapolation

q, Z

q, Extrapo late(Z )

Updated successor computation

q q′�g
R

(q, Z ) ⟶ (q′�, Z′�)

Z′� = Extrapo late ( [R](Z ∩ g) )
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Extrapolation

q, Z

q, Extrapo late(Z )

Updated successor computation

q q′�g
R

(q, Z ) ⟶ (q′�, Z′�)

Z′� = Extrapo late ( [R](Z ∩ g) )

Extrapolation operators for diagonal-free

ExtraMDaws, Tripakis ‘98

ExtraLU  Behrmann, Bouyer, 
Larsen, Pelanek ‘06
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Extrapolation

q, Z

q, Extrapo late(Z )

Updated successor computation

q q′�g
R

(q, Z ) ⟶ (q′�, Z′�)

Z′� = Extrapo late ( [R](Z ∩ g) )

Bouyer ‘03 No extrapolation operator is correct when the  
underlying TA has diagonal constraints

Extrapolation operators for diagonal-free

ExtraMDaws, Tripakis ‘98

ExtraLU  Behrmann, Bouyer, 
Larsen, Pelanek ‘06



Method 3 : Zone Splitting

 13

Timed automaton 
with 

diagonal constraints 
q0, Z0

Splitting

Extrapolation

Bengtsson, 
Yi ‘04

g1, g2



Method 3 : Zone Splitting

 13

Timed automaton 
with 

diagonal constraints 
q0, Z0

Splitting

Extrapolation

Bengtsson, 
Yi ‘04

g1, g2



Method 3 : Zone Splitting

 13

Timed automaton 
with 

diagonal constraints 
q0, Z0 ∩ g1 ∩ ¬g2 q0, Z0 ∩ ¬g1 ∩ g2 q0, Z0 ∩ ¬g1 ∩ ¬g2q0, Z0 ∩ g1 ∩ g2

Splitting

Extrapolation

Bengtsson, 
Yi ‘04

g1, g2



Method 3 : Zone Splitting

 13

Timed automaton 
with 

diagonal constraints 
q0, Z0 ∩ g1 ∩ ¬g2 q0, Z0 ∩ ¬g1 ∩ g2 q0, Z0 ∩ ¬g1 ∩ ¬g2q0, Z0 ∩ g1 ∩ g2

Splitting

Extrapolation

Bengtsson, 
Yi ‘04

g1, g2



Method 3 : Zone Splitting

 13

Timed automaton 
with 

diagonal constraints 
q0, Z0 ∩ g1 ∩ ¬g2 q0, Z0 ∩ ¬g1 ∩ g2 q0, Z0 ∩ ¬g1 ∩ ¬g2q0, Z0 ∩ g1 ∩ g2

Splitting

Extrapolation

Bengtsson, 
Yi ‘04

g1, g2



Method 3 : Zone Splitting

 13

Timed automaton 
with 

diagonal constraints 
q0, Z0 ∩ g1 ∩ ¬g2 q0, Z0 ∩ ¬g1 ∩ g2 q0, Z0 ∩ ¬g1 ∩ ¬g2q0, Z0 ∩ g1 ∩ g2

Splitting

Extrapolation

Bengtsson, 
Yi ‘04

g1, g2



Method 3 : Zone Splitting

 13

Timed automaton 
with 

diagonal constraints 
q0, Z0 ∩ g1 ∩ ¬g2 q0, Z0 ∩ ¬g1 ∩ g2 q0, Z0 ∩ ¬g1 ∩ ¬g2q0, Z0 ∩ g1 ∩ g2

Splitting

Extrapolation

Bengtsson, 
Yi ‘04

g1, g2



Method 3 : Zone Splitting

 13

Timed automaton 
with 

diagonal constraints 
q0, Z0 ∩ g1 ∩ ¬g2 q0, Z0 ∩ ¬g1 ∩ g2 q0, Z0 ∩ ¬g1 ∩ ¬g2

q0, Z′�∩ g1 ∩ ¬g2

q0, Z0 ∩ g1 ∩ g2

Splitting

Extrapolation

Bengtsson, 
Yi ‘04

g1, g2



Method 3 : Zone Splitting

 13

Timed automaton 
with 

diagonal constraints 
q0, Z0 ∩ g1 ∩ ¬g2 q0, Z0 ∩ ¬g1 ∩ g2 q0, Z0 ∩ ¬g1 ∩ ¬g2

q0, Z′�∩ g1 ∩ ¬g2

⊆ ? ⊆ ?

⊆ ?

⊆ ?

q0, Z0 ∩ g1 ∩ g2

Splitting

Extrapolation

Bengtsson, 
Yi ‘04

g1, g2



Method 3 : Zone Splitting

 13

Timed automaton 
with 

diagonal constraints 
q0, Z0 ∩ g1 ∩ ¬g2 q0, Z0 ∩ ¬g1 ∩ g2 q0, Z0 ∩ ¬g1 ∩ ¬g2

q0, Z′�∩ g1 ∩ ¬g2

⊆ ? ⊆ ?
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Method 3 : Zone Splitting
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Timed automaton 
with 

diagonal constraints 
q0, Z0 ∩ g1 ∩ ¬g2 q0, Z0 ∩ ¬g1 ∩ g2 q0, Z0 ∩ ¬g1 ∩ ¬g2

q0, Z′�∩ g1 ∩ ¬g2

Each check is only subset containment

Each zone is split into exponentially many zones

Zone graph incurs exponential blowup!

q0, Z0 ∩ g1 ∩ g2

Splitting

Extrapolation

Bengtsson, 
Yi ‘04

g1, g2



Can we already handle  
diagonal constraints?

Yes!
Then why are you here?

We think we can do better 
than what we do now

Really? Do you have 
concrete evidence?

Yes!
What are the 

existing methods?
Can we avoid 

Removing diagonals?
Yes!

What is your method?

Avoid blowups in 
both states and zones



Reachability algorithm using simulation

(q0, Z0)
<latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit>

(q1, Z1)
<latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit>

……

further exploration not 
required from here

Ans: Yes
<latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit>

(q1, Z2)
<latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit>

Z2 simulated by Z1?
<latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit>
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Reachability algorithm using simulation

(q0, Z0)
<latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit>

(q1, Z1)
<latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit>

……

further exploration not 
required from herefurther exploration 

required from here

Ans: Yes
<latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit>

Ans: No
<latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit><latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit><latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit><latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit>

(q1, Z2)
<latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit>

(q2, Z3)
<latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit><latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit><latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit><latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit>

(q1, Z4)
<latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit><latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit><latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit><latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit>

Z2 simulated by Z1?
<latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit>

Z4 simulated by Z1?
<latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit><latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit><latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit><latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit>
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Reachability algorithm using simulation

(q0, Z0)
<latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit>

(q1, Z1)
<latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit>

……

further exploration not 
required from herefurther exploration 

required from here

Ans: Yes
<latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit>

Ans: No
<latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit><latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit><latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit><latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit>

The simulation check
better be e�cient

<latexit sha1_base64="fwN/9FWUlUw2BXzm04krsXzA1yQ="></latexit><latexit sha1_base64="fwN/9FWUlUw2BXzm04krsXzA1yQ="></latexit><latexit sha1_base64="fwN/9FWUlUw2BXzm04krsXzA1yQ="></latexit><latexit sha1_base64="fwN/9FWUlUw2BXzm04krsXzA1yQ="></latexit>

(q1, Z2)
<latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit>

(q2, Z3)
<latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit><latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit><latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit><latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit>

(q1, Z4)
<latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit><latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit><latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit><latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit>

Z2 simulated by Z1?
<latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit>

Z4 simulated by Z1?
<latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit><latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit><latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit><latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit>

The simulation relation
needs to ensure termination

<latexit sha1_base64="DWhL2dH0MBXyE5C6A7CO198VYFg="></latexit><latexit sha1_base64="DWhL2dH0MBXyE5C6A7CO198VYFg="></latexit><latexit sha1_base64="DWhL2dH0MBXyE5C6A7CO198VYFg="></latexit><latexit sha1_base64="DWhL2dH0MBXyE5C6A7CO198VYFg="></latexit>

[BBLP06] Simulation relation 4LU ,
for diagonal-free timed automata

<latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit>

[HSW12] Checking Z 4LU Z 0

can be done in O(| clocks |2)
<latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit>
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Reachability algorithm using simulation

(q0, Z0)
<latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit><latexit sha1_base64="FMXtSULVjzgqglCNOxBFWzmWN/g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nhh/Oyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDv1W09MaR7LBzNOmBeRgeQhp8RYqVN59PE56vj4zC+VcRXPgJaJm5My5Kj7pa9eP6ZpxKShgmjddXFivIwow6lgk2Iv1SwhdEQGrGupJBHTXja7eIJOrdJHYaxsSYNm6u+JjERaj6PAdkbEDPWiNxX/87qpCa+9jMskNUzS+aIwFcjEaPo+6nPFqBFjSwhV3N6K6JAoQo0NqWhDcBdfXibNi6qLq+79Zbl2k8dRgGM4gQq4cAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdcCY9k</latexit>

(q1, Z1)
<latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit><latexit sha1_base64="pP+iS1SKA8VbXINp/Vh3xR/OepI=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIRQY9FLx4r2A/aLks2zbah2eyaZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0e3Ubz0xpXksH8w4YV5EBpKHnBJjpU7l0cfnqOPjM79UdqvuDGiZ4JyUIUfdL331+jFNIyYNFUTrLnYT42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZxRN0apU+CmNlSxo0U39PZCTSehwFtjMiZqgXvan4n9dNTXjtZVwmqWGSzheFqUAmRtP3UZ8rRo0YW0Ko4vZWRIdEEWpsSEUbAl58eZk0L6rYreL7y3LtJo+jAMdwAhXAcAU1uIM6NICChGd4hTdHOy/Ou/Mxb11x8pkj+APn8wdfGI9m</latexit>

……

further exploration not 
required from herefurther exploration 

required from here

Ans: Yes
<latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit><latexit sha1_base64="bVkZZrdsLlmAF3A+vNO+wZ1NbRg="></latexit>

Ans: No
<latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit><latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit><latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit><latexit sha1_base64="fiZE5J4Yl3zRAYPM7Ahb5XtqmLM="></latexit>

Our goal 1: Define a simulation

relation in the presence of

diagonal constraints
<latexit sha1_base64="P1l2bFMGH2ZQ2bd8VKgiOxooF+s="></latexit><latexit sha1_base64="P1l2bFMGH2ZQ2bd8VKgiOxooF+s="></latexit><latexit sha1_base64="P1l2bFMGH2ZQ2bd8VKgiOxooF+s="></latexit><latexit sha1_base64="P1l2bFMGH2ZQ2bd8VKgiOxooF+s="></latexit>

Our goal 2: Algorithm for Z simulated
by Z 0

, for that simulation relation
<latexit sha1_base64="RxNMp6GxoCQHEJZ1TPxn1klEP4Q="></latexit><latexit sha1_base64="RxNMp6GxoCQHEJZ1TPxn1klEP4Q="></latexit><latexit sha1_base64="RxNMp6GxoCQHEJZ1TPxn1klEP4Q="></latexit><latexit sha1_base64="RxNMp6GxoCQHEJZ1TPxn1klEP4Q="></latexit>

The simulation check
better be e�cient

<latexit sha1_base64="fwN/9FWUlUw2BXzm04krsXzA1yQ="></latexit><latexit sha1_base64="fwN/9FWUlUw2BXzm04krsXzA1yQ="></latexit><latexit sha1_base64="fwN/9FWUlUw2BXzm04krsXzA1yQ="></latexit><latexit sha1_base64="fwN/9FWUlUw2BXzm04krsXzA1yQ="></latexit>

(q1, Z2)
<latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit><latexit sha1_base64="xnF/QmPdZbiJU9gyEQ/09L4vq1E="></latexit>

(q2, Z3)
<latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit><latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit><latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit><latexit sha1_base64="lhAxePAya7MKp+fw/BgMrO4RJeo="></latexit>

(q1, Z4)
<latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit><latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit><latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit><latexit sha1_base64="Mygzi5avXEawKM2KiXwlOp6xS5Q="></latexit>

Z2 simulated by Z1?
<latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit><latexit sha1_base64="SEwDinLjZVRDUMOADEFhiXli+xs="></latexit>

Z4 simulated by Z1?
<latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit><latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit><latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit><latexit sha1_base64="K6N9ziG0H72PfeH8ns7tg8knH7E="></latexit>

The simulation relation
needs to ensure termination

<latexit sha1_base64="DWhL2dH0MBXyE5C6A7CO198VYFg="></latexit><latexit sha1_base64="DWhL2dH0MBXyE5C6A7CO198VYFg="></latexit><latexit sha1_base64="DWhL2dH0MBXyE5C6A7CO198VYFg="></latexit><latexit sha1_base64="DWhL2dH0MBXyE5C6A7CO198VYFg="></latexit>

[BBLP06] Simulation relation 4LU ,
for diagonal-free timed automata

<latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit>

[HSW12] Checking Z 4LU Z 0

can be done in O(| clocks |2)
<latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit>
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What is a simulation relation?

(q, v) 4 (q, v0)
<latexit sha1_base64="JYnA6FO+xo/buRmKbuWeRBqWs6w="></latexit><latexit sha1_base64="JYnA6FO+xo/buRmKbuWeRBqWs6w="></latexit><latexit sha1_base64="JYnA6FO+xo/buRmKbuWeRBqWs6w="></latexit><latexit sha1_base64="JYnA6FO+xo/buRmKbuWeRBqWs6w="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

q
',R��! q0

<latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

R
<latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit>

R
<latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

8�
<latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit> 9�0

<latexit sha1_base64="uJTPwpkcmxZVcoiNmG0VGImotnw="></latexit><latexit sha1_base64="uJTPwpkcmxZVcoiNmG0VGImotnw="></latexit><latexit sha1_base64="uJTPwpkcmxZVcoiNmG0VGImotnw="></latexit><latexit sha1_base64="uJTPwpkcmxZVcoiNmG0VGImotnw="></latexit>

(q, v + �) 4 (q, v0 + �0)
<latexit sha1_base64="LxKv1TYuVBMflg+mCtdALan1GPo="></latexit><latexit sha1_base64="LxKv1TYuVBMflg+mCtdALan1GPo="></latexit><latexit sha1_base64="LxKv1TYuVBMflg+mCtdALan1GPo="></latexit><latexit sha1_base64="LxKv1TYuVBMflg+mCtdALan1GPo="></latexit>

16



What is a simulation relation?

(q, v) 4 (q, v0)
<latexit sha1_base64="JYnA6FO+xo/buRmKbuWeRBqWs6w="></latexit><latexit sha1_base64="JYnA6FO+xo/buRmKbuWeRBqWs6w="></latexit><latexit sha1_base64="JYnA6FO+xo/buRmKbuWeRBqWs6w="></latexit><latexit sha1_base64="JYnA6FO+xo/buRmKbuWeRBqWs6w="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

q
',R��! q0

<latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

R
<latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit>

R
<latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit><latexit sha1_base64="zhmpG/4YLtKWc/UFWibHFTT7ZBw="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

8�
<latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit> 9�0

<latexit sha1_base64="uJTPwpkcmxZVcoiNmG0VGImotnw="></latexit><latexit sha1_base64="uJTPwpkcmxZVcoiNmG0VGImotnw="></latexit><latexit sha1_base64="uJTPwpkcmxZVcoiNmG0VGImotnw="></latexit><latexit sha1_base64="uJTPwpkcmxZVcoiNmG0VGImotnw="></latexit>

(q, v + �) 4 (q, v0 + �0)
<latexit sha1_base64="LxKv1TYuVBMflg+mCtdALan1GPo="></latexit><latexit sha1_base64="LxKv1TYuVBMflg+mCtdALan1GPo="></latexit><latexit sha1_base64="LxKv1TYuVBMflg+mCtdALan1GPo="></latexit><latexit sha1_base64="LxKv1TYuVBMflg+mCtdALan1GPo="></latexit>

16

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v + �) 4 (q, v0 + �)
<latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit>

8�
<latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit>

�
<latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit>

Time abstract

Precise time
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Simulation over valuations

v vG v0
<latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit>

8' 2 G 8� � 0 v + � ✏ ' =) v0 + � ✏ '
<latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit>

Example  

v vG v0
<latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit>

X = {x, y}
<latexit sha1_base64="cqW1ri0jBz9cPxq1ky4dmk7gFwQ="></latexit><latexit sha1_base64="cqW1ri0jBz9cPxq1ky4dmk7gFwQ="></latexit><latexit sha1_base64="cqW1ri0jBz9cPxq1ky4dmk7gFwQ="></latexit><latexit sha1_base64="cqW1ri0jBz9cPxq1ky4dmk7gFwQ="></latexit><latexit sha1_base64="cqW1ri0jBz9cPxq1ky4dmk7gFwQ="></latexit>

v = (1.3, 4)
<latexit sha1_base64="kBu1lsY6r9/jRV3dqhW2Y1Zl2yY="></latexit><latexit sha1_base64="kBu1lsY6r9/jRV3dqhW2Y1Zl2yY="></latexit><latexit sha1_base64="kBu1lsY6r9/jRV3dqhW2Y1Zl2yY="></latexit><latexit sha1_base64="kBu1lsY6r9/jRV3dqhW2Y1Zl2yY="></latexit><latexit sha1_base64="kBu1lsY6r9/jRV3dqhW2Y1Zl2yY="></latexit>

v0 = (3, 1)
<latexit sha1_base64="Wq/wVBTXHE3cOip8+nu9F3wheRI="></latexit><latexit sha1_base64="Wq/wVBTXHE3cOip8+nu9F3wheRI="></latexit><latexit sha1_base64="Wq/wVBTXHE3cOip8+nu9F3wheRI="></latexit><latexit sha1_base64="Wq/wVBTXHE3cOip8+nu9F3wheRI="></latexit><latexit sha1_base64="Wq/wVBTXHE3cOip8+nu9F3wheRI="></latexit>

G = {x < 4, y � x  1}
<latexit sha1_base64="I+rCnpwZFkhXyw8Ytb2Qwmf3ou4="></latexit><latexit sha1_base64="I+rCnpwZFkhXyw8Ytb2Qwmf3ou4="></latexit><latexit sha1_base64="I+rCnpwZFkhXyw8Ytb2Qwmf3ou4="></latexit><latexit sha1_base64="I+rCnpwZFkhXyw8Ytb2Qwmf3ou4="></latexit><latexit sha1_base64="I+rCnpwZFkhXyw8Ytb2Qwmf3ou4="></latexit>

v + 2 ✏ x < 4
<latexit sha1_base64="KN5LseHboxxp13b3zuvnZN90SAI="></latexit><latexit sha1_base64="KN5LseHboxxp13b3zuvnZN90SAI="></latexit><latexit sha1_base64="KN5LseHboxxp13b3zuvnZN90SAI="></latexit><latexit sha1_base64="KN5LseHboxxp13b3zuvnZN90SAI="></latexit><latexit sha1_base64="KN5LseHboxxp13b3zuvnZN90SAI="></latexit>

v0 + 2 6✏ x < 4
<latexit sha1_base64="jmUGQ8ySgR+B/WP9TUkib/eJnO0="></latexit><latexit sha1_base64="jmUGQ8ySgR+B/WP9TUkib/eJnO0="></latexit><latexit sha1_base64="jmUGQ8ySgR+B/WP9TUkib/eJnO0="></latexit><latexit sha1_base64="jmUGQ8ySgR+B/WP9TUkib/eJnO0="></latexit><latexit sha1_base64="jmUGQ8ySgR+B/WP9TUkib/eJnO0="></latexit>

v 6vG v0
<latexit sha1_base64="OeuwW0Il4yhsv4LiV/GFjxKDsrk="></latexit><latexit sha1_base64="OeuwW0Il4yhsv4LiV/GFjxKDsrk="></latexit><latexit sha1_base64="OeuwW0Il4yhsv4LiV/GFjxKDsrk="></latexit><latexit sha1_base64="OeuwW0Il4yhsv4LiV/GFjxKDsrk="></latexit><latexit sha1_base64="OeuwW0Il4yhsv4LiV/GFjxKDsrk="></latexit>

G = set of constraints
<latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit>

if
<latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit>

G = {1 < x, x� y  2}
<latexit sha1_base64="OnNy+znn6hsgtF5BSdXWhBh3Jkg="></latexit><latexit sha1_base64="OnNy+znn6hsgtF5BSdXWhBh3Jkg="></latexit><latexit sha1_base64="OnNy+znn6hsgtF5BSdXWhBh3Jkg="></latexit><latexit sha1_base64="OnNy+znn6hsgtF5BSdXWhBh3Jkg="></latexit><latexit sha1_base64="OnNy+znn6hsgtF5BSdXWhBh3Jkg="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v + �) 4 (q, v0 + �)
<latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit>

8�
<latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit>

�
<latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit>
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Simulation over valuations

v vG v0
<latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit>

8' 2 G 8� � 0 v + � ✏ ' =) v0 + � ✏ '
<latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit>

Example  

v vG v0
<latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit>

X = {x, y}
<latexit sha1_base64="cqW1ri0jBz9cPxq1ky4dmk7gFwQ="></latexit><latexit sha1_base64="cqW1ri0jBz9cPxq1ky4dmk7gFwQ="></latexit><latexit sha1_base64="cqW1ri0jBz9cPxq1ky4dmk7gFwQ="></latexit><latexit sha1_base64="cqW1ri0jBz9cPxq1ky4dmk7gFwQ="></latexit><latexit sha1_base64="cqW1ri0jBz9cPxq1ky4dmk7gFwQ="></latexit>

v = (1.3, 4)
<latexit sha1_base64="kBu1lsY6r9/jRV3dqhW2Y1Zl2yY="></latexit><latexit sha1_base64="kBu1lsY6r9/jRV3dqhW2Y1Zl2yY="></latexit><latexit sha1_base64="kBu1lsY6r9/jRV3dqhW2Y1Zl2yY="></latexit><latexit sha1_base64="kBu1lsY6r9/jRV3dqhW2Y1Zl2yY="></latexit><latexit sha1_base64="kBu1lsY6r9/jRV3dqhW2Y1Zl2yY="></latexit>

v0 = (3, 1)
<latexit sha1_base64="Wq/wVBTXHE3cOip8+nu9F3wheRI="></latexit><latexit sha1_base64="Wq/wVBTXHE3cOip8+nu9F3wheRI="></latexit><latexit sha1_base64="Wq/wVBTXHE3cOip8+nu9F3wheRI="></latexit><latexit sha1_base64="Wq/wVBTXHE3cOip8+nu9F3wheRI="></latexit><latexit sha1_base64="Wq/wVBTXHE3cOip8+nu9F3wheRI="></latexit>

G = {x < 4, y � x  1}
<latexit sha1_base64="I+rCnpwZFkhXyw8Ytb2Qwmf3ou4="></latexit><latexit sha1_base64="I+rCnpwZFkhXyw8Ytb2Qwmf3ou4="></latexit><latexit sha1_base64="I+rCnpwZFkhXyw8Ytb2Qwmf3ou4="></latexit><latexit sha1_base64="I+rCnpwZFkhXyw8Ytb2Qwmf3ou4="></latexit><latexit sha1_base64="I+rCnpwZFkhXyw8Ytb2Qwmf3ou4="></latexit>

v + 2 ✏ x < 4
<latexit sha1_base64="KN5LseHboxxp13b3zuvnZN90SAI="></latexit><latexit sha1_base64="KN5LseHboxxp13b3zuvnZN90SAI="></latexit><latexit sha1_base64="KN5LseHboxxp13b3zuvnZN90SAI="></latexit><latexit sha1_base64="KN5LseHboxxp13b3zuvnZN90SAI="></latexit><latexit sha1_base64="KN5LseHboxxp13b3zuvnZN90SAI="></latexit>

v0 + 2 6✏ x < 4
<latexit sha1_base64="jmUGQ8ySgR+B/WP9TUkib/eJnO0="></latexit><latexit sha1_base64="jmUGQ8ySgR+B/WP9TUkib/eJnO0="></latexit><latexit sha1_base64="jmUGQ8ySgR+B/WP9TUkib/eJnO0="></latexit><latexit sha1_base64="jmUGQ8ySgR+B/WP9TUkib/eJnO0="></latexit><latexit sha1_base64="jmUGQ8ySgR+B/WP9TUkib/eJnO0="></latexit>

v 6vG v0
<latexit sha1_base64="OeuwW0Il4yhsv4LiV/GFjxKDsrk="></latexit><latexit sha1_base64="OeuwW0Il4yhsv4LiV/GFjxKDsrk="></latexit><latexit sha1_base64="OeuwW0Il4yhsv4LiV/GFjxKDsrk="></latexit><latexit sha1_base64="OeuwW0Il4yhsv4LiV/GFjxKDsrk="></latexit><latexit sha1_base64="OeuwW0Il4yhsv4LiV/GFjxKDsrk="></latexit>

G = set of constraints
<latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit>

if
<latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit>

Can we get rid of ∀δ ≥ 0 ?

G = {1 < x, x� y  2}
<latexit sha1_base64="OnNy+znn6hsgtF5BSdXWhBh3Jkg="></latexit><latexit sha1_base64="OnNy+znn6hsgtF5BSdXWhBh3Jkg="></latexit><latexit sha1_base64="OnNy+znn6hsgtF5BSdXWhBh3Jkg="></latexit><latexit sha1_base64="OnNy+znn6hsgtF5BSdXWhBh3Jkg="></latexit><latexit sha1_base64="OnNy+znn6hsgtF5BSdXWhBh3Jkg="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v + �) 4 (q, v0 + �)
<latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit>

8�
<latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit>

�
<latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit>
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A useful characterisation

v vG v0
<latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit>

8' 2 G 8� � 0 v + � ✏ ' =) v0 + � ✏ '
<latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit>

G = set of constraints
<latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit>

if
<latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit>

Gdf = set of non-diagonal constraints of G
<latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit>

Gd = set of diagonal constraints of G
<latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit>

8'd 2 Gd 8� � 0
<latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit>

v + � ✏ 'd =) v0 + � ✏ 'd
<latexit sha1_base64="IF9MajW3Uqu+8k0Ylc7QMffLxg0="></latexit><latexit sha1_base64="IF9MajW3Uqu+8k0Ylc7QMffLxg0="></latexit><latexit sha1_base64="IF9MajW3Uqu+8k0Ylc7QMffLxg0="></latexit><latexit sha1_base64="IF9MajW3Uqu+8k0Ylc7QMffLxg0="></latexit><latexit sha1_base64="IF9MajW3Uqu+8k0Ylc7QMffLxg0="></latexit>

v + � ✏ 'df =) v0 + � ✏ 'df
<latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit>

8'df 2 Gdf 8� � 0
<latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit> and

<latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit>

8'd 2 Gd 8� � 0
<latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit>
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v vG v0
<latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit>

8' 2 G 8� � 0 v + � ✏ ' =) v0 + � ✏ '
<latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit>

G = set of constraints
<latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit>

if
<latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit>

Gdf = set of non-diagonal constraints of G
<latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit>

Gd = set of diagonal constraints of G
<latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit>

8'd 2 Gd 8� � 0
<latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit>

v + � ✏ 'd =) v0 + � ✏ 'd
<latexit sha1_base64="IF9MajW3Uqu+8k0Ylc7QMffLxg0="></latexit><latexit sha1_base64="IF9MajW3Uqu+8k0Ylc7QMffLxg0="></latexit><latexit sha1_base64="IF9MajW3Uqu+8k0Ylc7QMffLxg0="></latexit><latexit sha1_base64="IF9MajW3Uqu+8k0Ylc7QMffLxg0="></latexit><latexit sha1_base64="IF9MajW3Uqu+8k0Ylc7QMffLxg0="></latexit>

v + � ✏ 'df =) v0 + � ✏ 'df
<latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit>

8'df 2 Gdf 8� � 0
<latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit> and

<latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit>

v ✏ 'd =) v0 ✏ 'd
<latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit>

This is same as

8'd 2 Gd 8� � 0
<latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit>
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A useful characterisation

v vG v0
<latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit>

8' 2 G 8� � 0 v + � ✏ ' =) v0 + � ✏ '
<latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit>

G = set of constraints
<latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit>

if
<latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit>

Gdf = set of non-diagonal constraints of G
<latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit>

Gd = set of diagonal constraints of G
<latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit>

8'd 2 Gd 8� � 0
<latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit>

v + � ✏ 'df =) v0 + � ✏ 'df
<latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit>

8'df 2 Gdf 8� � 0
<latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit> and

<latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit>

v ✏ 'd =) v0 ✏ 'd
<latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit>
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A useful characterisation

v vG v0
<latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit>

8' 2 G 8� � 0 v + � ✏ ' =) v0 + � ✏ '
<latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit>

G = set of constraints
<latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit>

if
<latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit>

Gdf = set of non-diagonal constraints of G
<latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit>

Gd = set of diagonal constraints of G
<latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit>

8'd 2 Gd 8� � 0
<latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit>

v + � ✏ 'df =) v0 + � ✏ 'df
<latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit>

8'df 2 Gdf 8� � 0
<latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit> and

<latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit>

v ✏ 'd =) v0 ✏ 'd
<latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit>

v ✏ 'df =) v0 ✏ 'df
<latexit sha1_base64="/QssZCoqR/7a59G/fezrn88TvjM="></latexit><latexit sha1_base64="/QssZCoqR/7a59G/fezrn88TvjM="></latexit><latexit sha1_base64="/QssZCoqR/7a59G/fezrn88TvjM="></latexit><latexit sha1_base64="/QssZCoqR/7a59G/fezrn88TvjM="></latexit><latexit sha1_base64="/QssZCoqR/7a59G/fezrn88TvjM="></latexit>

This is not equivalent
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A useful characterisation

v vG v0
<latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit>

8' 2 G 8� � 0 v + � ✏ ' =) v0 + � ✏ '
<latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit>

G = set of constraints
<latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit>

if
<latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit>

Gdf = set of non-diagonal constraints of G
<latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit>

Gd = set of diagonal constraints of G
<latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit>

8'd 2 Gd 8� � 0
<latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit>

v + � ✏ 'df =) v0 + � ✏ 'df
<latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit>

8'df 2 Gdf 8� � 0
<latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit> and

<latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit>

v ✏ 'd =) v0 ✏ 'd
<latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit>

⟹

⟹

v ≼LU v′�

almost

[BBLP06] Simulation relation 4LU ,
for diagonal-free timed automata

<latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit>

[HSW12] Checking Z 4LU Z 0

can be done in O(| clocks |2)
<latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit>
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A useful characterisation

v vG v0
<latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit><latexit sha1_base64="IxmDknHzAxdIOEGhUXQKbuWPcbQ="></latexit>

8' 2 G 8� � 0 v + � ✏ ' =) v0 + � ✏ '
<latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit><latexit sha1_base64="FsewxH8/UmL6S4bEmwmR+X9UqPM="></latexit>

G = set of constraints
<latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit><latexit sha1_base64="nIYUpRl5wVcHHWU8VUnoWhrzkKI="></latexit>

if
<latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit><latexit sha1_base64="mIccq8l2A7e/nwwRH/puOIjBrH8="></latexit>

Gdf = set of non-diagonal constraints of G
<latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit><latexit sha1_base64="NxAkduq+FKd/pcL5a/OMvOLp9Yc="></latexit>

Gd = set of diagonal constraints of G
<latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit><latexit sha1_base64="6DLrqdgSfiSV4iFthPpM3fXaNVs="></latexit>

8'd 2 Gd 8� � 0
<latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit><latexit sha1_base64="854D2Eh3gc90cQoUID7N56X6tGA="></latexit>

v + � ✏ 'df =) v0 + � ✏ 'df
<latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit><latexit sha1_base64="RTssImyJzMr81H+EEkGMQpHraKg="></latexit>

8'df 2 Gdf 8� � 0
<latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit><latexit sha1_base64="8vhaHEtyEsuVEvgKOm4k/UMTM04="></latexit> and

<latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit><latexit sha1_base64="fKhwh9TsK+ZlGB5OLNo950X+m0o="></latexit>

v ✏ 'd =) v0 ✏ 'd
<latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit><latexit sha1_base64="HTIi86m8m1QFoxKKGzsWZVDMOfk="></latexit>

v vLU
G v0 if v 4LU v0 and 8 diagonal ' 2 G, v ✏ ' =) v0 ✏ '

<latexit sha1_base64="EQYghS4PzsmkhlDAWalY3qS6fh8="></latexit><latexit sha1_base64="EQYghS4PzsmkhlDAWalY3qS6fh8="></latexit><latexit sha1_base64="EQYghS4PzsmkhlDAWalY3qS6fh8="></latexit><latexit sha1_base64="EQYghS4PzsmkhlDAWalY3qS6fh8="></latexit><latexit sha1_base64="EQYghS4PzsmkhlDAWalY3qS6fh8="></latexit>

⟹

⟹

v ≼LU v′�

almost

[BBLP06] Simulation relation 4LU ,
for diagonal-free timed automata

<latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit><latexit sha1_base64="w0oFFOxFyGDYXtBerj4Y/Tek0vQ="></latexit>

[HSW12] Checking Z 4LU Z 0

can be done in O(| clocks |2)
<latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit><latexit sha1_base64="fmwkxWcWrefTuecZ5tTCkAAsSt0="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

Simulation
q

',R��! q0
<latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v + �) 4 (q, v0 + �)
<latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit>

8�
<latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit>

�
<latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

Simulation
q

',R��! q0
<latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v + �) 4 (q, v0 + �)
<latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit>

8�
<latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit>

�
<latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

Simulation
q

',R��! q0
<latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit><latexit sha1_base64="PPP6KgpvaYd43Ey48metpOngtGw="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v + �) 4 (q, v0 + �)
<latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit>

8�
<latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit>

�
<latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

[y]v vG(q0) [y]v0
<latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

[y]v vG(q0) [y]v0
<latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

8� � 0 [y]v + � |= y > 8 =) [y]v0 + � |= y > 8
<latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

[y]v vG(q0) [y]v0
<latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

8� � 0 [y]v + � |= y > 8 =) [y]v0 + � |= y > 8
<latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit>

8� � 0 [y]v + � |= x� y  1 =) [y]v0 + � |= x� y  1
<latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

[y]v vG(q0) [y]v0
<latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

x  1
<latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit>

8� � 0 [y]v + � |= y > 8 =) [y]v0 + � |= y > 8
<latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit>

8� � 0 [y]v + � |= x� y  1 =) [y]v0 + � |= x� y  1
<latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

[y]v vG(q0) [y]v0
<latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

x  1
<latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit>

8� � 0 [y]v + � |= y > 8 =) [y]v0 + � |= y > 8
<latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit>

8� � 0 [y]v + � |= x� y  1 =) [y]v0 + � |= x� y  1
<latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

[y]v vG(q0) [y]v0
<latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

x  1
<latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

8� � 0 [y]v + � |= y > 8 =) [y]v0 + � |= y > 8
<latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit>

8� � 0 [y]v + � |= x� y  1 =) [y]v0 + � |= x� y  1
<latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

[y]v vG(q0) [y]v0
<latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

�x  3
<latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit>

x  1
<latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit>

8� � 0 [y]v + � |= y > 8 =) [y]v0 + � |= y > 8
<latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit>

8� � 0 [y]v + � |= x� y  1 =) [y]v0 + � |= x� y  1
<latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

[y]v vG(q0) [y]v0
<latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit><latexit sha1_base64="RlH73Xylubut4F2uuUNyf2UM774="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

�x  3
<latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit>

x  1
<latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit>

8� � 0 [y]v + � |= y > 8 =) [y]v0 + � |= y > 8
<latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit><latexit sha1_base64="DCdsgFn8f7EbWAnonRQH8TOUnSY="></latexit>

8� � 0 [y]v + � |= x� y  1 =) [y]v0 + � |= x� y  1
<latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit><latexit sha1_base64="8qEl1NrtFrAJlEozi6+Qk/07PtY="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

{y}
<latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit><latexit sha1_base64="vNPIaImHMAJPnIDIqDTf4x4Xk58="></latexit>

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

�x  3
<latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit><latexit sha1_base64="M/d+WOEaeujg/putn2UT6h4Z/v0="></latexit>

x  1
<latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit><latexit sha1_base64="UwtatSD74gXNJ8/ZL6g8JN18VfE="></latexit> No new constant gets generated

This least fixed-point computation 
always terminates

4A
<latexit sha1_base64="x2I9wtBLJqeR2hdkNkgAA0zQqHs="></latexit><latexit sha1_base64="x2I9wtBLJqeR2hdkNkgAA0zQqHs="></latexit><latexit sha1_base64="x2I9wtBLJqeR2hdkNkgAA0zQqHs="></latexit><latexit sha1_base64="x2I9wtBLJqeR2hdkNkgAA0zQqHs="></latexit><latexit sha1_base64="x2I9wtBLJqeR2hdkNkgAA0zQqHs="></latexit>

is a finite (time-concrete) 
simulation relation

For all q
',R��! q0

<latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit>

G(q) ◆ {'} [ wp(vG(q0), R)
<latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit>
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What about zones?

Z vG Z 0 if 8v 2 Z 9v0 2 Z 0 such that v vG v0
<latexit sha1_base64="AlFDIEf5QZ/8JA1UZCguW0phgLY="></latexit><latexit sha1_base64="AlFDIEf5QZ/8JA1UZCguW0phgLY="></latexit><latexit sha1_base64="AlFDIEf5QZ/8JA1UZCguW0phgLY="></latexit><latexit sha1_base64="AlFDIEf5QZ/8JA1UZCguW0phgLY="></latexit><latexit sha1_base64="AlFDIEf5QZ/8JA1UZCguW0phgLY="></latexit>

This check is NP-hard v 4LU v0 and 8 diagonal ' 2 G, v ✏ ' =) v0 ✏ '
<latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit>
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Check Z 4LU Z 0
<latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit>
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<latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit>
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<latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit>
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<latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit>

False
No
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<latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit>

False

G
<latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit>

Yes

No
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<latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit>

False

G
<latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit>

True

Yes
No

No
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<latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit>

False

G
<latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit>

G0 = G \ {'}
<latexit sha1_base64="4bIQ/n0S7t/thSHWskVvKi6TVjA="></latexit><latexit sha1_base64="4bIQ/n0S7t/thSHWskVvKi6TVjA="></latexit><latexit sha1_base64="4bIQ/n0S7t/thSHWskVvKi6TVjA="></latexit><latexit sha1_base64="4bIQ/n0S7t/thSHWskVvKi6TVjA="></latexit>

True

Yes

Yes
' 2 Gd

<latexit sha1_base64="KjKw18vvGXNljKkDLlfERCFzF68="></latexit><latexit sha1_base64="KjKw18vvGXNljKkDLlfERCFzF68="></latexit><latexit sha1_base64="KjKw18vvGXNljKkDLlfERCFzF68="></latexit><latexit sha1_base64="KjKw18vvGXNljKkDLlfERCFzF68="></latexit>

Pick

No

No
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Z vG Z 0 if 8v 2 Z 9v0 2 Z 0 such that v vG v0
<latexit sha1_base64="AlFDIEf5QZ/8JA1UZCguW0phgLY="></latexit><latexit sha1_base64="AlFDIEf5QZ/8JA1UZCguW0phgLY="></latexit><latexit sha1_base64="AlFDIEf5QZ/8JA1UZCguW0phgLY="></latexit><latexit sha1_base64="AlFDIEf5QZ/8JA1UZCguW0phgLY="></latexit><latexit sha1_base64="AlFDIEf5QZ/8JA1UZCguW0phgLY="></latexit>

Contains 
diagonals

Check Z 4LU Z 0
<latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit><latexit sha1_base64="SIjIM9CuYFnj1Im4QZqP3utN4YQ="></latexit>

Check Z \ ' vG0 Z 0 \ '
<latexit sha1_base64="cy4AkE/KT6H10HQdIURAdfWrh38="></latexit><latexit sha1_base64="cy4AkE/KT6H10HQdIURAdfWrh38="></latexit><latexit sha1_base64="cy4AkE/KT6H10HQdIURAdfWrh38="></latexit><latexit sha1_base64="cy4AkE/KT6H10HQdIURAdfWrh38="></latexit><latexit sha1_base64="cy4AkE/KT6H10HQdIURAdfWrh38="></latexit>

Check Z \ ¬' vG0 Z 0
<latexit sha1_base64="Wt40pPJav24Akufr3CRPCk5jk7Q="></latexit><latexit sha1_base64="Wt40pPJav24Akufr3CRPCk5jk7Q="></latexit><latexit sha1_base64="Wt40pPJav24Akufr3CRPCk5jk7Q="></latexit><latexit sha1_base64="Wt40pPJav24Akufr3CRPCk5jk7Q="></latexit><latexit sha1_base64="Wt40pPJav24Akufr3CRPCk5jk7Q="></latexit>

This check is NP-hard v 4LU v0 and 8 diagonal ' 2 G, v ✏ ' =) v0 ✏ '
<latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit><latexit sha1_base64="C5aZXa+dlfRPcEczi4iutxq4lCo="></latexit>

False

G
<latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit><latexit sha1_base64="x8iPkZniNH4VQfO4ln+5YM705gI="></latexit>

G0 = G \ {'}
<latexit sha1_base64="4bIQ/n0S7t/thSHWskVvKi6TVjA="></latexit><latexit sha1_base64="4bIQ/n0S7t/thSHWskVvKi6TVjA="></latexit><latexit sha1_base64="4bIQ/n0S7t/thSHWskVvKi6TVjA="></latexit><latexit sha1_base64="4bIQ/n0S7t/thSHWskVvKi6TVjA="></latexit>

True

Yes

Yes
' 2 Gd

<latexit sha1_base64="KjKw18vvGXNljKkDLlfERCFzF68="></latexit><latexit sha1_base64="KjKw18vvGXNljKkDLlfERCFzF68="></latexit><latexit sha1_base64="KjKw18vvGXNljKkDLlfERCFzF68="></latexit><latexit sha1_base64="KjKw18vvGXNljKkDLlfERCFzF68="></latexit>

Pick

False
No

No

No

Yes

We are only doing 4LU tests
<latexit sha1_base64="S94S3Ld1VIRhUEFMIovSAaHmaNw="></latexit><latexit sha1_base64="S94S3Ld1VIRhUEFMIovSAaHmaNw="></latexit><latexit sha1_base64="S94S3Ld1VIRhUEFMIovSAaHmaNw="></latexit><latexit sha1_base64="S94S3Ld1VIRhUEFMIovSAaHmaNw="></latexit>

Z vG Z 0

if and only if

Z \ ¬' vG0 Z 0 and

Z \ ' vG0 Z 0 \ '
<latexit sha1_base64="f40p1gax/UaS1F7IJbom9xzj1YU="></latexit><latexit sha1_base64="f40p1gax/UaS1F7IJbom9xzj1YU="></latexit><latexit sha1_base64="f40p1gax/UaS1F7IJbom9xzj1YU="></latexit><latexit sha1_base64="f40p1gax/UaS1F7IJbom9xzj1YU="></latexit>



Can we already handle  
diagonal constraints?

Yes!
Then why are you here?

We think we can do better 
than what we do now

Really? Do you have 
concrete evidence?

Yes!
What are the 

existing methods?
Can we avoid 

Removing diagonals?
Yes!

What is your method?

Avoid blowups in 
both states and zones

What about updates?
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Updatable Timed Automata

Timed Automata

+

Updates

Update ::= x := c ∣ x := y + d y ∈X, d ∈ℤ, c ∈ℕ

Bouyer, Dufourd, 
Fleury, Petit ’04 

Use cases

UPPAAL-TIMES (Tool for Scheduling) x := x − c, x := c

Adaptive Task Automata with EDF Scheduling 
[ Hatvani, David, Seceleanu, Pettersson     AVoCS ’14 ]

x := y
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y := x − 2

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v + �) 4 (q, v0 + �)
<latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit>

8�
<latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit>

�
<latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit>

Simulation

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y := x − 2

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

'
<latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit><latexit sha1_base64="AFp1EDllV1ZoA0PF4wR4EMU13VU="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

(q, v + �) 4 (q, v0 + �)
<latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit><latexit sha1_base64="bxRlHGvXZIUOdDvr6ilGj8OarLg="></latexit>

8�
<latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit><latexit sha1_base64="1Ezx45r/L6TQELSCaHmreNNAO4s="></latexit>

�
<latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit><latexit sha1_base64="PiBMlASHzr42x/wqVepmTRoDIaY="></latexit>

Simulation

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y := x − 2

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

[y := x� 2]v vG(q0) [y := x� 2]v0
<latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

For all q
',R��! q0

<latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit>

G(q) ◆ {'} [ wp(vG(q0), R)
<latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

y := x − 2

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

[y := x� 2]v vG(q0) [y := x� 2]v0
<latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

For all q
',R��! q0

<latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit>

G(q) ◆ {'} [ wp(vG(q0), R)
<latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y := x − 2
x − 2 > 8

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

[y := x� 2]v vG(q0) [y := x� 2]v0
<latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

For all q
',R��! q0

<latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit>

G(q) ◆ {'} [ wp(vG(q0), R)
<latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y := x − 2

x − 2 > 8

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

[y := x� 2]v vG(q0) [y := x� 2]v0
<latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

For all q
',R��! q0

<latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit>

G(q) ◆ {'} [ wp(vG(q0), R)
<latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y := x − 2

x − 2 > 8

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

[y := x� 2]v vG(q0) [y := x� 2]v0
<latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

For all q
',R��! q0

<latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit>

G(q) ◆ {'} [ wp(vG(q0), R)
<latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y := x − 2

x − 2 > 8

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

[y := x� 2]v vG(q0) [y := x� 2]v0
<latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

For all q
',R��! q0

<latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit>

G(q) ◆ {'} [ wp(vG(q0), R)
<latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit>



 26

State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y := x − 2

x − 2 > 8

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

[y := x� 2]v vG(q0) [y := x� 2]v0
<latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

For all q
',R��! q0

<latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit>

G(q) ◆ {'} [ wp(vG(q0), R)
<latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y := x − 2

x − 2 > 8

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

Simulation

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q, v) 4 (q, v0)
<latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit><latexit sha1_base64="bhRWhepQe/7P45t9ZjHxIsb10h8="></latexit>

[R]
<latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit><latexit sha1_base64="v8UVngyb0qNw8LdTerZ43JjQoVc="></latexit>

(q0, [R]v) 4 (q0, [R]v0)
<latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit><latexit sha1_base64="sydxd3rS98EeOqu2WEjfOIrlknA="></latexit>

v vG(q) v
0 if 8' 2 G(q) 8� � 0 v + � ✏ ' =) v0 + � ✏ '

<latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit><latexit sha1_base64="zmvceecpncD9eZ6XmlItiJNvJ7o="></latexit>

v vG(q) v0
<latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit><latexit sha1_base64="2dGep+mj01j3FrzuyAhcR74YVyM="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

[y := x� 2]v vG(q0) [y := x� 2]v0
<latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit><latexit sha1_base64="j6CzhrKUoJ0p9t2jpbrSB8phoJU="></latexit>

y := x� 2
<latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit><latexit sha1_base64="QAYyIYmldvxVQEKrmu6tq88/hfk="></latexit>

For all q
',R��! q0

<latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit>

G(q) ◆ {'} [ wp(vG(q0), R)
<latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit>
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State based guards

q q′�
x < 4 ^ x� y � 2

<latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit><latexit sha1_base64="S/TAcWF78YrBFpT3FTLx0NQBHaE="></latexit>

x < 4
<latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit><latexit sha1_base64="TfIgFfUsa/zwR7hJfZVnCUw7Gvs="></latexit>

x� y � 2
<latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit><latexit sha1_base64="8XRX3sjnbyxaBeWgBQlqbtKwhaE="></latexit>

G(q)
<latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit><latexit sha1_base64="RvN5y741SZ7G8istz87/stqBlog="></latexit>

G(q0)
<latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit><latexit sha1_base64="H3BG423LxRzZ+z7/zzwN8Ko+peU="></latexit>

y > 8
<latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit><latexit sha1_base64="IyytkU/V00u+DU1Rr2GvqpkehIM="></latexit>

x� y  1
<latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit><latexit sha1_base64="DEb+YvHcA/rKlVPkadNrfo2W+g8="></latexit>

y � x  3
<latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit><latexit sha1_base64="fsFFiCrDY+eXogQFZpUldZ2Jec0="></latexit>

y := x − 2

x − 2 > 8

Given A associate G(q) to every state q of A so that 4A is a simulation where
<latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit><latexit sha1_base64="6DJltqx1DNFknpUoDTK3FzsDt5U="></latexit>

(q, v) 4A (q, v0) if v vG(q) v
0

<latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit><latexit sha1_base64="a68E42kdXlnHlWW/0mR+l8Nr20Y="></latexit>

For all q
',R��! q0

<latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit><latexit sha1_base64="ihhE0HRFNy0uIfQE7KXwnDGh+lQ="></latexit>

G(q) ◆ {'} [ wp(vG(q0), R)
<latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit><latexit sha1_base64="dt5If1iIwY2bZ0z6gl/t3jJHP8M="></latexit>

New constants may get generated

This least fixed-point computation 
may not always terminate

If number of iterations crosses a fixed number, 
we can conclude that it will never terminate

If this fixed-point computation terminates  
reachability can be checked
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Algorithm

Timed automaton with 
diagonal constraints  

and 
updates

Compute 

State-based guards

if terminates

Zone-based 

forward analysis 

vG
<latexit sha1_base64="tTlvXAqGaNw7YCEw2FvaSqT+xig="></latexit><latexit sha1_base64="tTlvXAqGaNw7YCEw2FvaSqT+xig="></latexit><latexit sha1_base64="tTlvXAqGaNw7YCEw2FvaSqT+xig="></latexit><latexit sha1_base64="tTlvXAqGaNw7YCEw2FvaSqT+xig="></latexit><latexit sha1_base64="tTlvXAqGaNw7YCEw2FvaSqT+xig="></latexit>

Bouyer, Dufourd, 
Fleury, Petit ‘04

Region-based  
approach
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Conclusions and future work

Encouraging experiments

Simulation approach avoids exponential blowups 
in both state and zone levels

Difficulty transferred to the Simulation check (NP-hard)

Optimized simulation test

Incorporating Updates in the implementation and 
applying it to Scheduling 

Further optimizations to the simulation based algorithm



Can we already handle  
diagonal constraints?

Yes!
Then why are you here?

We think we can do better 
than what we do now

Really? Do you have 
concrete evidence?

Yes!
What are the 

existing methods?
Can we avoid 

Removing diagonals?
Yes!

What is your method?

Avoid blowups in 
both states and zones

What about updates?

More questions?


