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Hopcroft’s algorithm

Moore's algorithm
Revuz’s algorithm

Double-reversal method

Partition of the set of states Combination of  
automata constructions

1.Reverse

3.Reverse

2.Determinization4.Determinization

• the double-reversal method, and

• its connection with the partition-based methods

Give new language-theoretical insights on:
Goal

Automata Minimization Algorithms

Motivation
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⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

4

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

Common purpose: Build Nerode’s equivalence relation on words

Language-theoretical Perspective
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⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

4

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

Common purpose: Build Nerode’s equivalence relation on words
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Common purpose: Build Nerode’s equivalence relation on words

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

Language-theoretical Perspective
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Common purpose: Build Nerode’s equivalence relation on words

u ⇠ v
<latexit sha1_base64="09vzaQMaqNi/nvGHe75pIDhP3CA=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NsmuSLZSlf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wju5nfGjNteKwe7SRhgSQDxSNOiXVSO8VdwyUe90plr+LNgVeJn5My5Kj3Sl/dfkxTyZSlghjT8b3EBhnRllPBpsVualhC6IgMWMdRRSQzQTa/d4rPndLHUaxdKYvn6u+JjEhjJjJ0nZLYoVn2ZuJ/Xie10U2QcZWklim6WBSlAtsYz57Hfa4ZtWLiCKGau1sxHRJNqHURFV0I/vLLq6RZrfiXlerDVbl2m8dRgFM4gwvw4RpqcA91aAAFAc/wCm/oCb2gd/SxaF1D+cwJ/AH6/AGBWI+e</latexit>

u
<latexit sha1_base64="wnFhQNKUlf0HWa+NJZ/ckTw+BdQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4vuM/Q==</latexit>

v
<latexit sha1_base64="gfGd9lilLkuqmwOX+dBCP3vq/yw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuypX6tel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOR/jP4=</latexit>

u, v 2 ⌃⇤
<latexit sha1_base64="maKqJ+XB4DtSnzRfhmjQgRJvz4w=">AAAB+XicbVBNSwMxEJ31s9avVY9egkUQkbJbBT0WvHisaD+gW0s2zbahSXZJsoWy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5YcKZNp737aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDv1myOqNIvloxkntCNwX7KIEWys1HXd9GKEAiZR8MD6Aj+dd92SV/ZmQMvEz0kJctS67lfQi0kqqDSEY63bvpeYToaVYYTTSTFINU0wGeI+bVsqsaC6k80un6BTq/RQFCtb0qCZ+nsiw0LrsQhtp8BmoBe9qfif105NdNPJmExSQyWZL4pSjkyMpjGgHlOUGD62BBPF7K2IDLDCxNiwijYEf/HlZdKolP3LcuX+qlSt5HEU4BhO4Ax8uIYq3EEN6kBgBM/wCm9O5rw4787HvHXFyWeO4A+czx8brZKe</latexit> ⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>
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Common purpose: Build Nerode’s equivalence relation on words

u ⇠ v
<latexit sha1_base64="09vzaQMaqNi/nvGHe75pIDhP3CA=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NsmuSLZSlf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wju5nfGjNteKwe7SRhgSQDxSNOiXVSO8VdwyUe90plr+LNgVeJn5My5Kj3Sl/dfkxTyZSlghjT8b3EBhnRllPBpsVualhC6IgMWMdRRSQzQTa/d4rPndLHUaxdKYvn6u+JjEhjJjJ0nZLYoVn2ZuJ/Xie10U2QcZWklim6WBSlAtsYz57Hfa4ZtWLiCKGau1sxHRJNqHURFV0I/vLLq6RZrfiXlerDVbl2m8dRgFM4gwvw4RpqcA91aAAFAc/wCm/oCb2gd/SxaF1D+cwJ/AH6/AGBWI+e</latexit>

u
<latexit sha1_base64="wnFhQNKUlf0HWa+NJZ/ckTw+BdQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4vuM/Q==</latexit>

v
<latexit sha1_base64="gfGd9lilLkuqmwOX+dBCP3vq/yw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuypX6tel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOR/jP4=</latexit>

u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

u, v 2 ⌃⇤
<latexit sha1_base64="maKqJ+XB4DtSnzRfhmjQgRJvz4w=">AAAB+XicbVBNSwMxEJ31s9avVY9egkUQkbJbBT0WvHisaD+gW0s2zbahSXZJsoWy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5YcKZNp737aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDv1myOqNIvloxkntCNwX7KIEWys1HXd9GKEAiZR8MD6Aj+dd92SV/ZmQMvEz0kJctS67lfQi0kqqDSEY63bvpeYToaVYYTTSTFINU0wGeI+bVsqsaC6k80un6BTq/RQFCtb0qCZ+nsiw0LrsQhtp8BmoBe9qfif105NdNPJmExSQyWZL4pSjkyMpjGgHlOUGD62BBPF7K2IDLDCxNiwijYEf/HlZdKolP3LcuX+qlSt5HEU4BhO4Ax8uIYq3EEN6kBgBM/wCm9O5rw4787HvHXFyWeO4A+czx8brZKe</latexit> ⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

Language-theoretical Perspective



E. Gutiérrez, IMDEA Software, Madrid5

Common purpose: Build Nerode’s equivalence relation on words

u ⇠ v
<latexit sha1_base64="09vzaQMaqNi/nvGHe75pIDhP3CA=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NsmuSLZSlf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wju5nfGjNteKwe7SRhgSQDxSNOiXVSO8VdwyUe90plr+LNgVeJn5My5Kj3Sl/dfkxTyZSlghjT8b3EBhnRllPBpsVualhC6IgMWMdRRSQzQTa/d4rPndLHUaxdKYvn6u+JjEhjJjJ0nZLYoVn2ZuJ/Xie10U2QcZWklim6WBSlAtsYz57Hfa4ZtWLiCKGau1sxHRJNqHURFV0I/vLLq6RZrfiXlerDVbl2m8dRgFM4gwvw4RpqcA91aAAFAc/wCm/oCb2gd/SxaF1D+cwJ/AH6/AGBWI+e</latexit>

u
<latexit sha1_base64="wnFhQNKUlf0HWa+NJZ/ckTw+BdQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4vuM/Q==</latexit>

v
<latexit sha1_base64="gfGd9lilLkuqmwOX+dBCP3vq/yw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuypX6tel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOR/jP4=</latexit>

u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

{w | uw 2 L}
<latexit sha1_base64="BxiTLrmbGsS0bFFz7RgUd0MxSNM=">AAACd3iclVHLTgIxFO2ML8QX6k4XNqKGhSEziCI7ohsXLjCRR8JMSKcUaOh0Jm1HQybzC36cO//DjTsLjAmi LjxJk5Nzzr29udcLGZXKst4Mc2l5ZXUts57d2Nza3snt7jVlEAlMGjhggWh7SBJGOWkoqhhph4Ig32Ok5Y1uJ37riQhJA/6oxiFxfTTgtE8xUlrq5l5iZ9qkIwaeG1tFa4rzHyRx4oXkpWVXr+z55ExJnhPo+LQHo/8UUA7vnSTp5vJ26kOrWNWolFNSteGXlQcp6t3cq9MLcOQTrjBDUnZsK1RujISimJEk60SShAiP0IB0NOXIJ9KNp3Ml8FQrPdgPhH5cwak6XxEjX8qx7+mkj9RQLnoT8TevE6n+tRtTHkaKcDz7qB8xqAI4OQLsUUGwYmNNEBZUzwrxEAmElT5Vdn4Jf5NmqWhfFEsP5XztJl1HBhyCY1AANqiAGrgDddAAGLwbB0beODE+zCPzzCzMoqaR1uyDbzDtT7NftDA=</latexit>

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

u, v 2 ⌃⇤
<latexit sha1_base64="maKqJ+XB4DtSnzRfhmjQgRJvz4w=">AAAB+XicbVBNSwMxEJ31s9avVY9egkUQkbJbBT0WvHisaD+gW0s2zbahSXZJsoWy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5YcKZNp737aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDv1myOqNIvloxkntCNwX7KIEWys1HXd9GKEAiZR8MD6Aj+dd92SV/ZmQMvEz0kJctS67lfQi0kqqDSEY63bvpeYToaVYYTTSTFINU0wGeI+bVsqsaC6k80un6BTq/RQFCtb0qCZ+nsiw0LrsQhtp8BmoBe9qfif105NdNPJmExSQyWZL4pSjkyMpjGgHlOUGD62BBPF7K2IDLDCxNiwijYEf/HlZdKolP3LcuX+qlSt5HEU4BhO4Ax8uIYq3EEN6kBgBM/wCm9O5rw4787HvHXFyWeO4A+czx8brZKe</latexit> ⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

Language-theoretical Perspective



E. Gutiérrez, IMDEA Software, Madrid5

Common purpose: Build Nerode’s equivalence relation on words

u ⇠ v
<latexit sha1_base64="09vzaQMaqNi/nvGHe75pIDhP3CA=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NsmuSLZSlf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wju5nfGjNteKwe7SRhgSQDxSNOiXVSO8VdwyUe90plr+LNgVeJn5My5Kj3Sl/dfkxTyZSlghjT8b3EBhnRllPBpsVualhC6IgMWMdRRSQzQTa/d4rPndLHUaxdKYvn6u+JjEhjJjJ0nZLYoVn2ZuJ/Xie10U2QcZWklim6WBSlAtsYz57Hfa4ZtWLiCKGau1sxHRJNqHURFV0I/vLLq6RZrfiXlerDVbl2m8dRgFM4gwvw4RpqcA91aAAFAc/wCm/oCb2gd/SxaF1D+cwJ/AH6/AGBWI+e</latexit>

u
<latexit sha1_base64="wnFhQNKUlf0HWa+NJZ/ckTw+BdQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4vuM/Q==</latexit>

v
<latexit sha1_base64="gfGd9lilLkuqmwOX+dBCP3vq/yw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuypX6tel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOR/jP4=</latexit>

u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

u, v 2 ⌃⇤
<latexit sha1_base64="maKqJ+XB4DtSnzRfhmjQgRJvz4w=">AAAB+XicbVBNSwMxEJ31s9avVY9egkUQkbJbBT0WvHisaD+gW0s2zbahSXZJsoWy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5YcKZNp737aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDv1myOqNIvloxkntCNwX7KIEWys1HXd9GKEAiZR8MD6Aj+dd92SV/ZmQMvEz0kJctS67lfQi0kqqDSEY63bvpeYToaVYYTTSTFINU0wGeI+bVsqsaC6k80un6BTq/RQFCtb0qCZ+nsiw0LrsQhtp8BmoBe9qfif105NdNPJmExSQyWZL4pSjkyMpjGgHlOUGD62BBPF7K2IDLDCxNiwijYEf/HlZdKolP3LcuX+qlSt5HEU4BhO4Ax8uIYq3EEN6kBgBM/wCm9O5rw4787HvHXFyWeO4A+czx8brZKe</latexit> ⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

Language-theoretical Perspective



E. Gutiérrez, IMDEA Software, Madrid5

Common purpose: Build Nerode’s equivalence relation on words

u ⇠ v
<latexit sha1_base64="09vzaQMaqNi/nvGHe75pIDhP3CA=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NsmuSLZSlf8KLB0W8+ne8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wju5nfGjNteKwe7SRhgSQDxSNOiXVSO8VdwyUe90plr+LNgVeJn5My5Kj3Sl/dfkxTyZSlghjT8b3EBhnRllPBpsVualhC6IgMWMdRRSQzQTa/d4rPndLHUaxdKYvn6u+JjEhjJjJ0nZLYoVn2ZuJ/Xie10U2QcZWklim6WBSlAtsYz57Hfa4ZtWLiCKGau1sxHRJNqHURFV0I/vLLq6RZrfiXlerDVbl2m8dRgFM4gwvw4RpqcA91aAAFAc/wCm/oCb2gd/SxaF1D+cwJ/AH6/AGBWI+e</latexit>

u
<latexit sha1_base64="wnFhQNKUlf0HWa+NJZ/ckTw+BdQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4vuM/Q==</latexit>

v
<latexit sha1_base64="gfGd9lilLkuqmwOX+dBCP3vq/yw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuypX6tel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOR/jP4=</latexit>

u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

• Finite number of equivalence classes

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

u, v 2 ⌃⇤
<latexit sha1_base64="maKqJ+XB4DtSnzRfhmjQgRJvz4w=">AAAB+XicbVBNSwMxEJ31s9avVY9egkUQkbJbBT0WvHisaD+gW0s2zbahSXZJsoWy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5YcKZNp737aysrq1vbBa2its7u3v77sFhQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDv1myOqNIvloxkntCNwX7KIEWys1HXd9GKEAiZR8MD6Aj+dd92SV/ZmQMvEz0kJctS67lfQi0kqqDSEY63bvpeYToaVYYTTSTFINU0wGeI+bVsqsaC6k80un6BTq/RQFCtb0qCZ+nsiw0LrsQhtp8BmoBe9qfif105NdNPJmExSQyWZL4pSjkyMpjGgHlOUGD62BBPF7K2IDLDCxNiwijYEf/HlZdKolP3LcuX+qlSt5HEU4BhO4Ax8uIYq3EEN6kBgBM/wCm9O5rw4787HvHXFyWeO4A+czx8brZKe</latexit> ⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>
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E. Gutiérrez, IMDEA Software, Madrid5

Common purpose: Build Nerode’s equivalence relation on words

u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

• Finite number of equivalence classes

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>
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u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

• Finite number of equivalence classes
• Congruence

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>
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Common purpose: Build Nerode’s equivalence relation on words

u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

• Finite number of equivalence classes
• Congruence
• Precisely represents L

<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>
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E. Gutiérrez, IMDEA Software, Madrid5

Common purpose: Build Nerode’s equivalence relation on words

u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

• Finite number of equivalence classes
• Congruence
• Precisely represents L

<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

L
<latexit sha1_base64="H9dp4/aQC157zq+UlGw2EyCMnz4=">AAACKnicbVDLSsNAFJ3xWeurtUs3g0VwVZIq6LLoxoWLFuwD2lAmk0k7dCYJMxMhhHyBW/0Lv8ZdceuHOGmzsI8LFw7n3Mu597gRZ0pb1hzu7O7tHxyWjsrHJ6dn55XqRU+FsSS0S0IeyoGLFeUsoF3NNKeDSFIsXE777uwp1/tvVCoWBq86iagj8CRgPiNYG6rzMq7UrYa1KLQJ7ALUQVHtcRXWRl5IYkEDTThWamhbkXZSLDUjnGblUaxohMkMT+jQwAALqpx0cWmGrg3jIT+UpgONFuz/jRQLpRLhmkmB9VStazm5TRvG2n9wUhZEsaYBWRr5MUc6RPnbyGOSEs0TAzCRzNyKyBRLTLQJZ8VFaYFlIr1sq/c6mb+hsrKJ0V4PbRP0mg37ttHs3NVbj0WgJXAJrsANsME9aIFn0AZdQAAF7+ADfMIv+A3n8Gc5ugOLnRpYKfj7B43kp5I=</latexit>
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E. Gutiérrez, IMDEA Software, Madrid5

Common purpose: Build Nerode’s equivalence relation on words

u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

• Finite number of equivalence classes
• Congruence
• Precisely represents L

<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

Build a deterministic automaton for   

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

L
<latexit sha1_base64="H9dp4/aQC157zq+UlGw2EyCMnz4=">AAACKnicbVDLSsNAFJ3xWeurtUs3g0VwVZIq6LLoxoWLFuwD2lAmk0k7dCYJMxMhhHyBW/0Lv8ZdceuHOGmzsI8LFw7n3Mu597gRZ0pb1hzu7O7tHxyWjsrHJ6dn55XqRU+FsSS0S0IeyoGLFeUsoF3NNKeDSFIsXE777uwp1/tvVCoWBq86iagj8CRgPiNYG6rzMq7UrYa1KLQJ7ALUQVHtcRXWRl5IYkEDTThWamhbkXZSLDUjnGblUaxohMkMT+jQwAALqpx0cWmGrg3jIT+UpgONFuz/jRQLpRLhmkmB9VStazm5TRvG2n9wUhZEsaYBWRr5MUc6RPnbyGOSEs0TAzCRzNyKyBRLTLQJZ8VFaYFlIr1sq/c6mb+hsrKJ0V4PbRP0mg37ttHs3NVbj0WgJXAJrsANsME9aIFn0AZdQAAF7+ADfMIv+A3n8Gc5ugOLnRpYKfj7B43kp5I=</latexit>

Language-theoretical Perspective

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>



E. Gutiérrez, IMDEA Software, Madrid5

Common purpose: Build Nerode’s equivalence relation on words

u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

• Finite number of equivalence classes
• Congruence
• Precisely represents L

<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

Build a deterministic automaton for   

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

L
<latexit sha1_base64="H9dp4/aQC157zq+UlGw2EyCMnz4=">AAACKnicbVDLSsNAFJ3xWeurtUs3g0VwVZIq6LLoxoWLFuwD2lAmk0k7dCYJMxMhhHyBW/0Lv8ZdceuHOGmzsI8LFw7n3Mu597gRZ0pb1hzu7O7tHxyWjsrHJ6dn55XqRU+FsSS0S0IeyoGLFeUsoF3NNKeDSFIsXE777uwp1/tvVCoWBq86iagj8CRgPiNYG6rzMq7UrYa1KLQJ7ALUQVHtcRXWRl5IYkEDTThWamhbkXZSLDUjnGblUaxohMkMT+jQwAALqpx0cWmGrg3jIT+UpgONFuz/jRQLpRLhmkmB9VStazm5TRvG2n9wUhZEsaYBWRr5MUc6RPnbyGOSEs0TAzCRzNyKyBRLTLQJZ8VFaYFlIr1sq/c6mb+hsrKJ0V4PbRP0mg37ttHs3NVbj0WgJXAJrsANsME9aIFn0AZdQAAF7+ADfMIv+A3n8Gc5ugOLnRpYKfj7B43kp5I=</latexit>

Language-theoretical Perspective

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>
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Common purpose: Build Nerode’s equivalence relation on words

u ⇠L v , u�1L = v�1L
<latexit sha1_base64="kUp00NYi6RyD4+4rwNzcKIq2CXo=">AAACFXicbZC7SgNBFIZnvcZ4W7W0GQyChYbdKGgjBG0sUkQwF8iuYXYymwyZvTBzNhKWvISNr2JjoYitYOfbOEm20MQfBj7+cw5nzu/FgiuwrG9jYXFpeWU1t5Zf39jc2jZ3dusqSiRlNRqJSDY9opjgIasBB8GasWQk8ARreP3rcb0xYFLxKLyDYczcgHRD7nNKQFtt8zjBjuJBu4IH2KkwHyTv9oBIGT3g5D49sUcVfIkHU2qbBatoTYTnwc6ggDJV2+aX04loErAQqCBKtWwrBjclEjgVbJR3EsViQvuky1oaQxIw5aaTq0b4UDsd7EdSvxDwxP09kZJAqWHg6c6AQE/N1sbmf7VWAv6Fm/IwToCFdLrITwSGCI8jwh0uGQUx1ECo5PqvmPaIJBR0kHkdgj178jzUS0X7tFi6PSuUr7I4cmgfHaAjZKNzVEY3qIpqiKJH9Ixe0ZvxZLwY78bHtHXByGb20B8Znz9zh526</latexit>

• Finite number of equivalence classes
• Congruence
• Precisely represents L

<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

Build a deterministic automaton for   

• Coarsest congruence satisfying the latter 
properties

Build the minimal deterministic automaton for L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

Given an automaton and its language    :L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

set of all words over the alphabet ⌃
<latexit sha1_base64="BPJq+0/bflPPUVaVxn+aiuvMPUE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWNE84BkCbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1knN7j0bCNwrlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdu0EnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gIouhGDx5WXSrFaC80r17qJcu87jKMAxnMAZBHAJNbiFOjSAwCM8wyu8ecp78d69j3nripfPHMEfeJ8/bK2PBw==</latexit>

def
=<latexit sha1_base64="INecsUZJZhXA+mcgEPw413ahP+4=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBsFbYSgjWUE84BsCLOTu8mQ2Qczd4VlySfY+Cs2ForYWtr5N06SLTTxwAyHc+7l3nu8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaObid96AKVFFN5jGkM3YINQ+IIzNFKvdOJqZHykQGauClzNlYgx/zGVQPvgj7Orca9Utiv2FHSRODkpkxz1XunL7Uc8CSBELpnWHceOsZsxhYJLGBfdRENsJrMBdAwNWQC6m00PGtNjo/SpHynzQqRT9XdHxgKt08AzlQHDoZ73JuJ/XidB/7KbiTBOEEI+G+QnkmJEJ+nQvlDAUaaGMBOC2ZXyIVOMo8mwaEJw5k9eJM1qxTmrVO/Oy7XrPI4COSRH5JQ45ILUyC2pkwbh5JE8k1fyZj1ZL9a79TErXbLyngPyB9bnD9dfnlg=</latexit>

L
<latexit sha1_base64="H9dp4/aQC157zq+UlGw2EyCMnz4=">AAACKnicbVDLSsNAFJ3xWeurtUs3g0VwVZIq6LLoxoWLFuwD2lAmk0k7dCYJMxMhhHyBW/0Lv8ZdceuHOGmzsI8LFw7n3Mu597gRZ0pb1hzu7O7tHxyWjsrHJ6dn55XqRU+FsSS0S0IeyoGLFeUsoF3NNKeDSFIsXE777uwp1/tvVCoWBq86iagj8CRgPiNYG6rzMq7UrYa1KLQJ7ALUQVHtcRXWRl5IYkEDTThWamhbkXZSLDUjnGblUaxohMkMT+jQwAALqpx0cWmGrg3jIT+UpgONFuz/jRQLpRLhmkmB9VStazm5TRvG2n9wUhZEsaYBWRr5MUc6RPnbyGOSEs0TAzCRzNyKyBRLTLQJZ8VFaYFlIr1sq/c6mb+hsrKJ0V4PbRP0mg37ttHs3NVbj0WgJXAJrsANsME9aIFn0AZdQAAF7+ADfMIv+A3n8Gc5ugOLnRpYKfj7B43kp5I=</latexit>

Language-theoretical Perspective

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>
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Hopcroft’s algorithm

Revuz’s algorithm

Double-reversal 
method

Moore’s algorithm

Partition of the set of states Combination of 
automata constructions 

Refinement
Fusion

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

Nerode’s equivalence 
 relation on words

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

1.Reverse

3.Reverse

2.Determinization4.Determinization

L
<latexit sha1_base64="H9dp4/aQC157zq+UlGw2EyCMnz4=">AAACKnicbVDLSsNAFJ3xWeurtUs3g0VwVZIq6LLoxoWLFuwD2lAmk0k7dCYJMxMhhHyBW/0Lv8ZdceuHOGmzsI8LFw7n3Mu597gRZ0pb1hzu7O7tHxyWjsrHJ6dn55XqRU+FsSS0S0IeyoGLFeUsoF3NNKeDSFIsXE777uwp1/tvVCoWBq86iagj8CRgPiNYG6rzMq7UrYa1KLQJ7ALUQVHtcRXWRl5IYkEDTThWamhbkXZSLDUjnGblUaxohMkMT+jQwAALqpx0cWmGrg3jIT+UpgONFuz/jRQLpRLhmkmB9VStazm5TRvG2n9wUhZEsaYBWRr5MUc6RPnbyGOSEs0TAzCRzNyKyBRLTLQJZ8VFaYFlIr1sq/c6mb+hsrKJ0V4PbRP0mg37ttHs3NVbj0WgJXAJrsANsME9aIFn0AZdQAAF7+ADfMIv+A3n8Gc5ugOLnRpYKfj7B43kp5I=</latexit>

Language-theoretical Perspective



E. Gutiérrez, IMDEA Software, Madrid7

Hopcroft’s algorithm

Revuz’s algorithm

Double-reversal 
method

Moore’s algorithm

Partition of the set of states Combination of 
automata constructions 

Refinement
Fusion

1.Reverse

3.Reverse

2.Determinization4.Determinization

Language-theoretical Perspective

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

L
<latexit sha1_base64="H9dp4/aQC157zq+UlGw2EyCMnz4=">AAACKnicbVDLSsNAFJ3xWeurtUs3g0VwVZIq6LLoxoWLFuwD2lAmk0k7dCYJMxMhhHyBW/0Lv8ZdceuHOGmzsI8LFw7n3Mu597gRZ0pb1hzu7O7tHxyWjsrHJ6dn55XqRU+FsSS0S0IeyoGLFeUsoF3NNKeDSFIsXE777uwp1/tvVCoWBq86iagj8CRgPiNYG6rzMq7UrYa1KLQJ7ALUQVHtcRXWRl5IYkEDTThWamhbkXZSLDUjnGblUaxohMkMT+jQwAALqpx0cWmGrg3jIT+UpgONFuz/jRQLpRLhmkmB9VStazm5TRvG2n9wUhZEsaYBWRr5MUc6RPnbyGOSEs0TAzCRzNyKyBRLTLQJZ8VFaYFlIr1sq/c6mb+hsrKJ0V4PbRP0mg37ttHs3NVbj0WgJXAJrsANsME9aIFn0AZdQAAF7+ADfMIv+A3n8Gc5ugOLnRpYKfj7B43kp5I=</latexit>
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Hopcroft’s algorithm

Revuz’s algorithm

Double-reversal 
method

Moore’s algorithm

Partition of the set of states Combination of 
automata constructions 

Refinement
Fusion

1.Reverse

3.Reverse

2.Determinization4.Determinization

Language-theoretical Perspective

Contributions

• Automata constructions based on equivalences

• New simple proof of double-reversal method

• Revisit generalization of the double-reversal 
method

• Invariant of Moore’s algorithm

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

L
<latexit sha1_base64="H9dp4/aQC157zq+UlGw2EyCMnz4=">AAACKnicbVDLSsNAFJ3xWeurtUs3g0VwVZIq6LLoxoWLFuwD2lAmk0k7dCYJMxMhhHyBW/0Lv8ZdceuHOGmzsI8LFw7n3Mu597gRZ0pb1hzu7O7tHxyWjsrHJ6dn55XqRU+FsSS0S0IeyoGLFeUsoF3NNKeDSFIsXE777uwp1/tvVCoWBq86iagj8CRgPiNYG6rzMq7UrYa1KLQJ7ALUQVHtcRXWRl5IYkEDTThWamhbkXZSLDUjnGblUaxohMkMT+jQwAALqpx0cWmGrg3jIT+UpgONFuz/jRQLpRLhmkmB9VStazm5TRvG2n9wUhZEsaYBWRr5MUc6RPnbyGOSEs0TAzCRzNyKyBRLTLQJZ8VFaYFlIr1sq/c6mb+hsrKJ0V4PbRP0mg37ttHs3NVbj0WgJXAJrsANsME9aIFn0AZdQAAF7+ADfMIv+A3n8Gc5ugOLnRpYKfj7B43kp5I=</latexit>
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Language-theoretical Perspective

Hopcroft’s algorithm

Revuz’s algorithm

Double-reversal 
method

Moore’s algorithm

Partition of the set of states Combination of 
automata constructions 

Refinement
Fusion

1.Reverse

3.Reverse

2.Determinization4.Determinization

In this talk

• Automata constructions based on equivalences

• New simple proof of double-reversal method

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

⇠<latexit sha1_base64="YmFkX3Xr57GcCOOf2uS/Na7Gyy0=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lvuFyUKl6NW8OvEr8glShQHNQ+eoPY5pKpiwVxJie7yU2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3zulCGOYu1KWTxXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKbGOcP46HXDNqxdQRQjV3t2I6JppQ6+IpuxD85ZdXSbte8y9r9YerauO2iKMEp3AGF+DDNTTgHprQAgpjeIZXeEMSvaB39LFoXUPFzAn8Afr8ASD9jks=</latexit>

L
<latexit sha1_base64="H9dp4/aQC157zq+UlGw2EyCMnz4=">AAACKnicbVDLSsNAFJ3xWeurtUs3g0VwVZIq6LLoxoWLFuwD2lAmk0k7dCYJMxMhhHyBW/0Lv8ZdceuHOGmzsI8LFw7n3Mu597gRZ0pb1hzu7O7tHxyWjsrHJ6dn55XqRU+FsSS0S0IeyoGLFeUsoF3NNKeDSFIsXE777uwp1/tvVCoWBq86iagj8CRgPiNYG6rzMq7UrYa1KLQJ7ALUQVHtcRXWRl5IYkEDTThWamhbkXZSLDUjnGblUaxohMkMT+jQwAALqpx0cWmGrg3jIT+UpgONFuz/jRQLpRLhmkmB9VStazm5TRvG2n9wUhZEsaYBWRr5MUc6RPnbyGOSEs0TAzCRzNyKyBRLTLQJZ8VFaYFlIr1sq/c6mb+hsrKJ0V4PbRP0mg37ttHs3NVbj0WgJXAJrsANsME9aIFn0AZdQAAF7+ADfMIv+A3n8Gc5ugOLnRpYKfj7B43kp5I=</latexit>

• Revisit generalization of the double-reversal 
method

• Invariant of Moore’s algorithm
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a
a b

b

Deterministic

(DFA)

⌃ = {
<latexit sha1_base64="pkO62TkJ/rGiLgDn7fmXDFwHISo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CIUvXisaD8gCWWz3bRLd7NhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmRangBlz321lZXVvf2Cxtlbd3dvf2KweHbaMyTVmLKqF0NyKGCZ6wFnAQrJtqRmQkWCca3U79zhPThqvkEcYpCyUZJDzmlICV/OCBDyTB1zjIe5WqW3NnwMvEK0gVFWj2Kl9BX9FMsgSoIMb4nptCmBMNnAo2KQeZYSmhIzJgvqUJkcyE+ezkCT61Sh/HSttKAM/U3xM5kcaMZWQ7JYGhWfSm4n+en0F8FeY8STNgCZ0vijOBQeHp/7jPNaMgxpYQqrm9FdMh0YSCTalsQ/AWX14m7XrNO6/V7y+qjZsijhI6RifoDHnoEjXQHWqiFqJIoWf0it4ccF6cd+dj3rriFDNH6A+czx82OJCN</latexit>

}
<latexit sha1_base64="z9I03uDaA3bS8qEriCB/zLQ+3nM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5/ajWs=</latexit>

a b,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

a  b+ +

The Basics
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a
a b

b

a

a

a

a

b
b

b
Nondeterministic


(NFA)

Deterministic

(DFA)

⌃ = {
<latexit sha1_base64="pkO62TkJ/rGiLgDn7fmXDFwHISo=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CIUvXisaD8gCWWz3bRLd7NhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmRangBlz321lZXVvf2Cxtlbd3dvf2KweHbaMyTVmLKqF0NyKGCZ6wFnAQrJtqRmQkWCca3U79zhPThqvkEcYpCyUZJDzmlICV/OCBDyTB1zjIe5WqW3NnwMvEK0gVFWj2Kl9BX9FMsgSoIMb4nptCmBMNnAo2KQeZYSmhIzJgvqUJkcyE+ezkCT61Sh/HSttKAM/U3xM5kcaMZWQ7JYGhWfSm4n+en0F8FeY8STNgCZ0vijOBQeHp/7jPNaMgxpYQqrm9FdMh0YSCTalsQ/AWX14m7XrNO6/V7y+qjZsijhI6RifoDHnoEjXQHWqiFqJIoWf0it4ccF6cd+dj3rriFDNH6A+czx82OJCN</latexit>

}
<latexit sha1_base64="z9I03uDaA3bS8qEriCB/zLQ+3nM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5/ajWs=</latexit>

a b,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

a  b+ +

The Basics



E. Gutiérrez, IMDEA Software, Madrid

a
a b

ba

10

a
a b

baN
<latexit sha1_base64="AizTeXplBvn9PWeWHAXHzWaqlVY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN66kgn3AdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7woQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uc397hNVmknxaKYJDWI8EixiBBsr+f0YmzHBPLufDao1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp176LeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzTHOi/PufCxGS06xcwx/4Hz+AIVdkWg=</latexit>

The Basics
Reverse 

Construction 
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Reverse 
Construction 

a
a b

ba

11

NR
<latexit sha1_base64="Og6Q/Y2V5WfjVis6xj6EzAO21Ik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpgi6LblxJFfuANpbJdNoOnUzCzESoIV/ixoUibv0Ud/6NkzYLbT0wcDjnXu6Z40ecKe0431ZhZXVtfaO4Wdra3tkt23v7LRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k6vMbz9SqVgo7vU0ol6AR4INGcHaSH273AuwHhPMk5v0IblL+3bFqTozoGXi5qQCORp9+6s3CEkcUKEJx0p1XSfSXoKlZoTTtNSLFY0wmeAR7RoqcECVl8yCp+jYKAM0DKV5QqOZ+nsjwYFS08A3k1lMtehl4n9eN9bDCy9hIoo1FWR+aBhzpEOUtYAGTFKi+dQQTCQzWREZY4mJNl2VTAnu4peXSatWdU+rtduzSv0yr6MIh3AEJ+DCOdThGhrQBAIxPMMrvFlP1ov1bn3MRwtWvnMAf2B9/gAoLJNp</latexit>

Reverse

Automaton


a
a b

b

bbaaa . . .
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

L(NR) = {
<latexit sha1_base64="fnqFscc0v9yqZf2FS1byy94sSzQ=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QtGNC5Eq9gJNLJPppB06mYSZiVBClm58FTcuFHHrI7jzbZy0RbT1h4GP/5zDnPN7EaNSWdaXkZubX1hcyi8XVlbX1jfMza2GDGOBSR2HLBQtD0nCKCd1RRUjrUgQFHiMNL3BeVZv3hMhachv1TAiboB6nPoUI6WtjrnrBEj1MWLJZVr64av07uYAnkIn6ZhFq2yNBGfBnkARTFTrmJ9ON8RxQLjCDEnZtq1IuQkSimJG0oITSxIhPEA90tbIUUCkm4wOSeG+drrQD4V+XMGR+3siQYGUw8DTndmqcrqWmf/V2rHyT9yE8ihWhOPxR37MoAphlgrsUkGwYkMNCAuqd4W4jwTCSmdX0CHY0yfPQqNStg/LleujYvVsEkce7IA9UAI2OAZVcAFqoA4weABP4AW8Go/Gs/FmvI9bc8ZkZhv8kfHxDdP0mTA=</latexit>

}
<latexit sha1_base64="z9I03uDaA3bS8qEriCB/zLQ+3nM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5/ajWs=</latexit>

baa bbaa b  a ba =<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

+ +

N
<latexit sha1_base64="AizTeXplBvn9PWeWHAXHzWaqlVY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN66kgn3AdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7woQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uc397hNVmknxaKYJDWI8EixiBBsr+f0YmzHBPLufDao1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp176LeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzTHOi/PufCxGS06xcwx/4Hz+AIVdkWg=</latexit>
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The Basics
Co-deterministic 

automaton

a
a b

ba

NR
<latexit sha1_base64="Og6Q/Y2V5WfjVis6xj6EzAO21Ik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpgi6LblxJFfuANpbJdNoOnUzCzESoIV/ixoUibv0Ud/6NkzYLbT0wcDjnXu6Z40ecKe0431ZhZXVtfaO4Wdra3tkt23v7LRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k6vMbz9SqVgo7vU0ol6AR4INGcHaSH273AuwHhPMk5v0IblL+3bFqTozoGXi5qQCORp9+6s3CEkcUKEJx0p1XSfSXoKlZoTTtNSLFY0wmeAR7RoqcECVl8yCp+jYKAM0DKV5QqOZ+nsjwYFS08A3k1lMtehl4n9eN9bDCy9hIoo1FWR+aBhzpEOUtYAGTFKi+dQQTCQzWREZY4mJNl2VTAnu4peXSatWdU+rtduzSv0yr6MIh3AEJ+DCOdThGhrQBAIxPMMrvFlP1ov1bn3MRwtWvnMAf2B9/gAoLJNp</latexit>

Reverse

Automaton


a
a b

b

bbaaa . . .
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

L(NR) = {
<latexit sha1_base64="fnqFscc0v9yqZf2FS1byy94sSzQ=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QtGNC5Eq9gJNLJPppB06mYSZiVBClm58FTcuFHHrI7jzbZy0RbT1h4GP/5zDnPN7EaNSWdaXkZubX1hcyi8XVlbX1jfMza2GDGOBSR2HLBQtD0nCKCd1RRUjrUgQFHiMNL3BeVZv3hMhachv1TAiboB6nPoUI6WtjrnrBEj1MWLJZVr64av07uYAnkIn6ZhFq2yNBGfBnkARTFTrmJ9ON8RxQLjCDEnZtq1IuQkSimJG0oITSxIhPEA90tbIUUCkm4wOSeG+drrQD4V+XMGR+3siQYGUw8DTndmqcrqWmf/V2rHyT9yE8ihWhOPxR37MoAphlgrsUkGwYkMNCAuqd4W4jwTCSmdX0CHY0yfPQqNStg/LleujYvVsEkce7IA9UAI2OAZVcAFqoA4weABP4AW8Go/Gs/FmvI9bc8ZkZhv8kfHxDdP0mTA=</latexit>

}
<latexit sha1_base64="z9I03uDaA3bS8qEriCB/zLQ+3nM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5/ajWs=</latexit>

baa bbaa b  a ba =<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

+ +

N
<latexit sha1_base64="AizTeXplBvn9PWeWHAXHzWaqlVY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN66kgn3AdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7woQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uc397hNVmknxaKYJDWI8EixiBBsr+f0YmzHBPLufDao1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp176LeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzTHOi/PufCxGS06xcwx/4Hz+AIVdkWg=</latexit>

12



E. Gutiérrez, IMDEA Software, Madrid12

The Basics
Co-deterministic 

automaton

a
a b

ba

NR
<latexit sha1_base64="Og6Q/Y2V5WfjVis6xj6EzAO21Ik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpgi6LblxJFfuANpbJdNoOnUzCzESoIV/ixoUibv0Ud/6NkzYLbT0wcDjnXu6Z40ecKe0431ZhZXVtfaO4Wdra3tkt23v7LRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k6vMbz9SqVgo7vU0ol6AR4INGcHaSH273AuwHhPMk5v0IblL+3bFqTozoGXi5qQCORp9+6s3CEkcUKEJx0p1XSfSXoKlZoTTtNSLFY0wmeAR7RoqcECVl8yCp+jYKAM0DKV5QqOZ+nsjwYFS08A3k1lMtehl4n9eN9bDCy9hIoo1FWR+aBhzpEOUtYAGTFKi+dQQTCQzWREZY4mJNl2VTAnu4peXSatWdU+rtduzSv0yr6MIh3AEJ+DCOdThGhrQBAIxPMMrvFlP1ov1bn3MRwtWvnMAf2B9/gAoLJNp</latexit>

Reverse

Automaton


Co-deterministic

 (co-DFA)

a
a b

b

bbaaa . . .
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

,
<latexit sha1_base64="q6zCDYXs2BSzlDW6xbJ7xw9qA5E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3RXjLQ=</latexit>

L(NR) = {
<latexit sha1_base64="fnqFscc0v9yqZf2FS1byy94sSzQ=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QtGNC5Eq9gJNLJPppB06mYSZiVBClm58FTcuFHHrI7jzbZy0RbT1h4GP/5zDnPN7EaNSWdaXkZubX1hcyi8XVlbX1jfMza2GDGOBSR2HLBQtD0nCKCd1RRUjrUgQFHiMNL3BeVZv3hMhachv1TAiboB6nPoUI6WtjrnrBEj1MWLJZVr64av07uYAnkIn6ZhFq2yNBGfBnkARTFTrmJ9ON8RxQLjCDEnZtq1IuQkSimJG0oITSxIhPEA90tbIUUCkm4wOSeG+drrQD4V+XMGR+3siQYGUw8DTndmqcrqWmf/V2rHyT9yE8ihWhOPxR37MoAphlgrsUkGwYkMNCAuqd4W4jwTCSmdX0CHY0yfPQqNStg/LleujYvVsEkce7IA9UAI2OAZVcAFqoA4weABP4AW8Go/Gs/FmvI9bc8ZkZhv8kfHxDdP0mTA=</latexit>

}
<latexit sha1_base64="z9I03uDaA3bS8qEriCB/zLQ+3nM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5/ajWs=</latexit>

baa bbaa b  a ba =<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

+ +

N
<latexit sha1_base64="AizTeXplBvn9PWeWHAXHzWaqlVY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN66kgn3AdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7woQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uc397hNVmknxaKYJDWI8EixiBBsr+f0YmzHBPLufDao1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp176LeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzTHOi/PufCxGS06xcwx/4Hz+AIVdkWg=</latexit>
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Right congruences:

u ⇠r v ) ua ⇠r va
<latexit sha1_base64="am4YCFETgE8jtfkn/jtenqtegjs=">AAACEHicbVC7TgJBFJ31ifhatbSZSIxWZBdNtCTaWKKRRwIruTvMwoTZR+aBIRs+wcZfsbHQGFtLO//GAbZA8CQ3OTnn3tx7j59wJpXj/FhLyyura+u5jfzm1vbOrr23X5OxFoRWScxj0fBBUs4iWlVMcdpIBIXQ57Tu96/Hfn1AhWRxdK+GCfVC6EYsYASUkdr2icYtycKHVIzwALfuWLenQIj4EWuYcaBtF5yiMwFeJG5GCihDpW1/tzox0SGNFOEgZdN1EuWlIBQjnI7yLS1pAqQPXdo0NIKQSi+dPDTCx0bp4CAWpiKFJ+rsRAqhlMPQN50hqJ6c98bif15Tq+DSS1mUaEUjMl0UaI5VjMfp4A4TlCg+NASIYOZWTHoggCiTYd6E4M6/vEhqpaJ7VizdnhfKV1kcOXSIjtApctEFKqMbVEFVRNATekFv6N16tl6tD+tz2rpkZTMH6A+sr1+P/Zzs</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

u
<latexit sha1_base64="wnFhQNKUlf0HWa+NJZ/ckTw+BdQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4vuM/Q==</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

, 8a 2 ⌃
<latexit sha1_base64="ZNs/Y/+Vj0l3q8CHl+CG+wrZQxc=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXEhJqqDLohuXFe0DmlBuppN26GQSZiZCiV34K25cKOLW33Dn3zhts9DWAwOHc+7lnjlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJejxLqR9AXLGQEtJG69sEp9sJYAucYsMcE9u5YP4KuXXYqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+b5h/jY6P0sIlhntB4qv7eyCBSahQFZjICPVDz3kT8z+ukOrz0MyaSVFNBZofClGMd40kZuMckJZqPDAEimcmKyQAkEG0qK5kS3PkvL5JmteKeVaq35+XaVV5HER2iI3SCXHSBaugG1VEDEfSIntErerOerBfr3fqYjRasfGcf/YH1+QM4/5T0</latexit>

v
<latexit sha1_base64="gfGd9lilLkuqmwOX+dBCP3vq/yw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuypX6tel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOR/jP4=</latexit>

ua
<latexit sha1_base64="wGqBUCVC85gp3ni1yqGHLKBQ1BA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oUy2m3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKDyn2yxW36s5BVomXkwrkaPTLX71BTNOISUMFat313MT4GSrDqWDTUi/VLEE6xiHrWioxYtrP5pdOyZlVBiSMlS1pyFz9PZFhpPUkCmxnhGakl72Z+J/XTU147WdcJqlhki4WhakgJiazt8mAK0aNmFiCVHF7K6EjVEiNDadkQ/CWX14lrVrVu6jW7i8r9Zs8jiKcwCmcgwdXUIc7aEATKITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AZtnjWg=</latexit>

va
<latexit sha1_base64="QJkSwJ+4Gj8JqmxrMJ4VQAKjXIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGK/YA2lM120i7dbMLuplBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LJTBL0IzqQPOSMGis9jmmvVHYr7hxklXg5KUOOeq/01e3HLI1QGiao1h3PTYyfUWU4EzgtdlONCWUjOsCOpZJGqP1sfumUnFulT8JY2ZKGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhPe+BmXSWpQssWiMBXExGT2NulzhcyIiSWUKW5vJWxIFWXGhlO0IXjLL6+SZrXiXVaqD1fl2m0eRwFO4QwuwINrqME91KEBDEJ4hld4c0bOi/PufCxa15x85gT+wPn8AZzsjWk=</latexit>

:
<latexit sha1_base64="zwC6Bfw5dy/ff5msesQiATHJ8mA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQfEU9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6je9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3N4sjDCZzCOXhwBVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD4mPjMI=</latexit>



E. Gutiérrez, IMDEA Software, Madrid13

Congruences

Equivalences on words with good properties w.r.t. concatenation of 
symbols

av
<latexit sha1_base64="A916bshAwEt2UhiGN1r4ScfeDo0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGK/YA2lM120i7dbMLuplBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LJTBL0IzqQPOSMGis90nGvVHYr7hxklXg5KUOOeq/01e3HLI1QGiao1h3PTYyfUWU4EzgtdlONCWUjOsCOpZJGqP1sfumUnFulT8JY2ZKGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhPe+BmXSWpQssWiMBXExGT2NulzhcyIiSWUKW5vJWxIFWXGhlO0IXjLL6+SZrXiXVaqD1fl2m0eRwFO4QwuwINrqME91KEBDEJ4hld4c0bOi/PufCxa15x85gT+wPn8AZzXjWk=</latexit>

au
<latexit sha1_base64="R1QXgwdZuFI58yzFccEIGkpNHWg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oUy2m3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD5j2yxW36s5BVomXkwrkaPTLX71BTNOISUMFat313MT4GSrDqWDTUi/VLEE6xiHrWioxYtrP5pdOyZlVBiSMlS1pyFz9PZFhpPUkCmxnhGakl72Z+J/XTU147WdcJqlhki4WhakgJiazt8mAK0aNmFiCVHF7K6EjVEiNDadkQ/CWX14lrVrVu6jW7i8r9Zs8jiKcwCmcgwdXUIc7aEATKITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AZtTjWg=</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

u
<latexit sha1_base64="wnFhQNKUlf0HWa+NJZ/ckTw+BdQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4vuM/Q==</latexit>

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>

u ⇠` v ) au ⇠` av
<latexit sha1_base64="c9Rg0MNE7q+7J8UEdzDIijSBxVE=">AAACFnicbVBNS8NAEN34WetX1KOXxSJ4sSRV0GPRi8cq9gOaWCbbbbt0swm7m0oJ/RVe/CtePCjiVbz5b9y2OdjWBwOP92aYmRfEnCntOD/W0vLK6tp6biO/ubW9s2vv7ddUlEhCqyTikWwEoChnglY105w2YkkhDDitB/3rsV8fUKlYJO71MKZ+CF3BOoyANlLLPk2wp1j4kHqU8xEeYO+OdXsapIweMcyaMGjZBafoTIAXiZuRAspQadnfXjsiSUiFJhyUarpOrP0UpGaE01HeSxSNgfShS5uGCgip8tPJWyN8bJQ27kTSlNB4ov6dSCFUahgGpjME3VPz3lj8z2smunPpp0zEiaaCTBd1Eo51hMcZ4TaTlGg+NASIZOZWTHoggWiTZN6E4M6/vEhqpaJ7VizdnhfKV1kcOXSIjtAJctEFKqMbVEFVRNATekFv6N16tl6tD+tz2rpkZTMHaAbW1y9NMp92</latexit>

Left congruences:

, 8a 2 ⌃
<latexit sha1_base64="ZNs/Y/+Vj0l3q8CHl+CG+wrZQxc=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXEhJqqDLohuXFe0DmlBuppN26GQSZiZCiV34K25cKOLW33Dn3zhts9DWAwOHc+7lnjlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJejxLqR9AXLGQEtJG69sEp9sJYAucYsMcE9u5YP4KuXXYqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+b5h/jY6P0sIlhntB4qv7eyCBSahQFZjICPVDz3kT8z+ukOrz0MyaSVFNBZofClGMd40kZuMckJZqPDAEimcmKyQAkEG0qK5kS3PkvL5JmteKeVaq35+XaVV5HER2iI3SCXHSBaugG1VEDEfSIntErerOerBfr3fqYjRasfGcf/YH1+QM4/5T0</latexit>

v
<latexit sha1_base64="gfGd9lilLkuqmwOX+dBCP3vq/yw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuypX6tel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOR/jP4=</latexit>

:
<latexit sha1_base64="zwC6Bfw5dy/ff5msesQiATHJ8mA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQfEU9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6je9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3N4sjDCZzCOXhwBVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD4mPjMI=</latexit>

Right congruences:

u ⇠r v ) ua ⇠r va
<latexit sha1_base64="am4YCFETgE8jtfkn/jtenqtegjs=">AAACEHicbVC7TgJBFJ31ifhatbSZSIxWZBdNtCTaWKKRRwIruTvMwoTZR+aBIRs+wcZfsbHQGFtLO//GAbZA8CQ3OTnn3tx7j59wJpXj/FhLyyura+u5jfzm1vbOrr23X5OxFoRWScxj0fBBUs4iWlVMcdpIBIXQ57Tu96/Hfn1AhWRxdK+GCfVC6EYsYASUkdr2icYtycKHVIzwALfuWLenQIj4EWuYcaBtF5yiMwFeJG5GCihDpW1/tzox0SGNFOEgZdN1EuWlIBQjnI7yLS1pAqQPXdo0NIKQSi+dPDTCx0bp4CAWpiKFJ+rsRAqhlMPQN50hqJ6c98bif15Tq+DSS1mUaEUjMl0UaI5VjMfp4A4TlCg+NASIYOZWTHoggCiTYd6E4M6/vEhqpaJ7VizdnhfKV1kcOXSIjtApctEFKqMbVEFVRNATekFv6N16tl6tD+tz2rpkZTMH6A+sr1+P/Zzs</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

u
<latexit sha1_base64="wnFhQNKUlf0HWa+NJZ/ckTw+BdQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4vuM/Q==</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

, 8a 2 ⌃
<latexit sha1_base64="ZNs/Y/+Vj0l3q8CHl+CG+wrZQxc=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXEhJqqDLohuXFe0DmlBuppN26GQSZiZCiV34K25cKOLW33Dn3zhts9DWAwOHc+7lnjlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJejxLqR9AXLGQEtJG69sEp9sJYAucYsMcE9u5YP4KuXXYqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+b5h/jY6P0sIlhntB4qv7eyCBSahQFZjICPVDz3kT8z+ukOrz0MyaSVFNBZofClGMd40kZuMckJZqPDAEimcmKyQAkEG0qK5kS3PkvL5JmteKeVaq35+XaVV5HER2iI3SCXHSBaugG1VEDEfSIntErerOerBfr3fqYjRasfGcf/YH1+QM4/5T0</latexit>

v
<latexit sha1_base64="gfGd9lilLkuqmwOX+dBCP3vq/yw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzUrZuypX6tel6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOR/jP4=</latexit>

ua
<latexit sha1_base64="wGqBUCVC85gp3ni1yqGHLKBQ1BA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oUy2m3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKDyn2yxW36s5BVomXkwrkaPTLX71BTNOISUMFat313MT4GSrDqWDTUi/VLEE6xiHrWioxYtrP5pdOyZlVBiSMlS1pyFz9PZFhpPUkCmxnhGakl72Z+J/XTU147WdcJqlhki4WhakgJiazt8mAK0aNmFiCVHF7K6EjVEiNDadkQ/CWX14lrVrVu6jW7i8r9Zs8jiKcwCmcgwdXUIc7aEATKITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AZtnjWg=</latexit>

va
<latexit sha1_base64="QJkSwJ+4Gj8JqmxrMJ4VQAKjXIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGK/YA2lM120i7dbMLuplBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LJTBL0IzqQPOSMGis9jmmvVHYr7hxklXg5KUOOeq/01e3HLI1QGiao1h3PTYyfUWU4EzgtdlONCWUjOsCOpZJGqP1sfumUnFulT8JY2ZKGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhPe+BmXSWpQssWiMBXExGT2NulzhcyIiSWUKW5vJWxIFWXGhlO0IXjLL6+SZrXiXVaqD1fl2m0eRwFO4QwuwINrqME91KEBDEJ4hld4c0bOi/PufCxa15x85gT+wPn8AZzsjWk=</latexit>

:
<latexit sha1_base64="zwC6Bfw5dy/ff5msesQiATHJ8mA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQfEU9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6je9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3N4sjDCZzCOXhwBVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD4mPjMI=</latexit>
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How to build a deterministic automaton from a right congruence

•           is a finite right congruence

•                                (         precisely represents     )P⇠r (L) = L

<latexit sha1_base64="wOf+nM9oGiPnbly99cP68tY1vPc=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQN2WmCroRim5cdFHBPqAdh0yaaUOTzJBklDL2U9y4UMStX+LOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Zxf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoeuq3H4hUNBJ3ehwTj6OBoCHFSBvJt4sNP+0pyu/lpFw/gZew7tslp+LMAJeJm5ESyNDw7a9eP8IJJ0JjhpTquk6svRRJTTEjk0IvUSRGeIQGpGuoQJwoL52dPoHHRunDMJKmhIYz9fdEirhSYx6YTo70UC16U/E/r5vo8MJLqYgTTQSeLwoTBnUEpznAPpUEazY2BGFJza0QD5FEWJu0CiYEd/HlZdKqVtzTSvX2rFS7yuLIg0NwBMrABeegBm5AAzQBBo/gGbyCN+vJerHerY95a87KZg7AH1ifP4Tqkts=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

The DFA accepts L<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

[Gutiérrez et. al, MFCS 2019] 
[Hopcroft and Ullman, 1979]

L
<latexit sha1_base64="H9dp4/aQC157zq+UlGw2EyCMnz4=">AAACKnicbVDLSsNAFJ3xWeurtUs3g0VwVZIq6LLoxoWLFuwD2lAmk0k7dCYJMxMhhHyBW/0Lv8ZdceuHOGmzsI8LFw7n3Mu597gRZ0pb1hzu7O7tHxyWjsrHJ6dn55XqRU+FsSS0S0IeyoGLFeUsoF3NNKeDSFIsXE777uwp1/tvVCoWBq86iagj8CRgPiNYG6rzMq7UrYa1KLQJ7ALUQVHtcRXWRl5IYkEDTThWamhbkXZSLDUjnGblUaxohMkMT+jQwAALqpx0cWmGrg3jIT+UpgONFuz/jRQLpRLhmkmB9VStazm5TRvG2n9wUhZEsaYBWRr5MUc6RPnbyGOSEs0TAzCRzNyKyBRLTLQJZ8VFaYFlIr1sq/c6mb+hsrKJ0V4PbRP0mg37ttHs3NVbj0WgJXAJrsANsME9aIFn0AZdQAAF7+ADfMIv+A3n8Gc5ugOLnRpYKfj7B43kp5I=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit> L

<latexit sha1_base64="H9dp4/aQC157zq+UlGw2EyCMnz4=">AAACKnicbVDLSsNAFJ3xWeurtUs3g0VwVZIq6LLoxoWLFuwD2lAmk0k7dCYJMxMhhHyBW/0Lv8ZdceuHOGmzsI8LFw7n3Mu597gRZ0pb1hzu7O7tHxyWjsrHJ6dn55XqRU+FsSS0S0IeyoGLFeUsoF3NNKeDSFIsXE777uwp1/tvVCoWBq86iagj8CRgPiNYG6rzMq7UrYa1KLQJ7ALUQVHtcRXWRl5IYkEDTThWamhbkXZSLDUjnGblUaxohMkMT+jQwAALqpx0cWmGrg3jIT+UpgONFuz/jRQLpRLhmkmB9VStazm5TRvG2n9wUhZEsaYBWRr5MUc6RPnbyGOSEs0TAzCRzNyKyBRLTLQJZ8VFaYFlIr1sq/c6mb+hsrKJ0V4PbRP0mg37ttHs3NVbj0WgJXAJrsANsME9aIFn0AZdQAAF7+ADfMIv+A3n8Gc5ugOLnRpYKfj7B43kp5I=</latexit>
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How to build a co-deterministic automata from a left congruence

•           is a finite left congruence

•

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>

L0
<latexit sha1_base64="vV2D8H/SzcKMOd9h5bwx03/XmNs=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNoFe6ioGXQxsIiivmAJIS9zVyyZG/v2N0TwpF/YGOhiK3/yM5/4ya5QhMfDDzem2Fmnh8Lro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+6GbqN59QaR7JRzOOsRvSgeQBZ9RY6eHutFcsuWV3BrJMvIyUIEOtV/zq9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+ns0gk5sUqfBJGyJQ2Zqb8nUhpqPQ592xlSM9SL3lT8z2snJrjqplzGiUHJ5ouCRBATkenbpM8VMiPGllCmuL2VsCFVlBkbTsGG4C2+vEwalbJ3Xq7cX5Sq11kceTiCYzgDDy6hCrdQgzowCOAZXuHNGTkvzrvzMW/NOdnMIfyB8/kDBTKNBQ==</latexit>

The co-DFA accepts L0
<latexit sha1_base64="vV2D8H/SzcKMOd9h5bwx03/XmNs=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNoFe6ioGXQxsIiivmAJIS9zVyyZG/v2N0TwpF/YGOhiK3/yM5/4ya5QhMfDDzem2Fmnh8Lro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+6GbqN59QaR7JRzOOsRvSgeQBZ9RY6eHutFcsuWV3BrJMvIyUIEOtV/zq9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+ns0gk5sUqfBJGyJQ2Zqb8nUhpqPQ592xlSM9SL3lT8z2snJrjqplzGiUHJ5ouCRBATkenbpM8VMiPGllCmuL2VsCFVlBkbTsGG4C2+vEwalbJ3Xq7cX5Sq11kceTiCYzgDDy6hCrdQgzowCOAZXuHNGTkvzrvzMW/NOdnMIfyB8/kDBTKNBQ==</latexit>

P⇠`(L0) = L0
<latexit sha1_base64="/OI2ExB2rK2hG8mRs+jnNCua57I=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWCR1k1JqqAboejGRRcV7AOaGCbTaTt0MgkzE6GEuPFX3LhQxK1/4c6/cdpmoa0HLhzOuZd77/EjRqWyrG8jt7S8srqWXy9sbG5t75i7ey0ZxgKTJg5ZKDo+koRRTpqKKkY6kSAo8Blp+6Prid9+IELSkN+pcUTcAA047VOMlJY886DhJY6kwX3iEMbStFwvncBLWC95ZtGqWFPARWJnpAgyNDzzy+mFOA4IV5ghKbu2FSk3QUJRzEhacGJJIoRHaEC6mnIUEOkm0w9SeKyVHuyHQhdXcKr+nkhQIOU48HVngNRQznsT8T+vG6v+hZtQHsWKcDxb1I8ZVCGcxAF7VBCs2FgThAXVt0I8RAJhpUMr6BDs+ZcXSatasU8r1duzYu0qiyMPDsERKAMbnIMauAEN0AQYPIJn8ArejCfjxXg3PmatOSOb2Qd/YHz+AGzllY4=</latexit>

[Gutiérrez et. al, MFCS 2019] 

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit> L0

<latexit sha1_base64="vV2D8H/SzcKMOd9h5bwx03/XmNs=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNoFe6ioGXQxsIiivmAJIS9zVyyZG/v2N0TwpF/YGOhiK3/yM5/4ya5QhMfDDzem2Fmnh8Lro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+6GbqN59QaR7JRzOOsRvSgeQBZ9RY6eHutFcsuWV3BrJMvIyUIEOtV/zq9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+ns0gk5sUqfBJGyJQ2Zqb8nUhpqPQ592xlSM9SL3lT8z2snJrjqplzGiUHJ5ouCRBATkenbpM8VMiPGllCmuL2VsCFVlBkbTsGG4C2+vEwalbJ3Xq7cX5Sq11kceTiCYzgDDy6hCrdQgzowCOAZXuHNGTkvzrvzMW/NOdnMIfyB8/kDBTKNBQ==</latexit>



E. Gutiérrez, IMDEA Software, Madrid16

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>⇠r

<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

Lemma:

[Gutiérrez et. al, MFCS 2019] 

A property of dual congruences         and    

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>

LR
<latexit sha1_base64="yIGlbS2Taff8l44rSCfCUbrj5Pg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxYOH+MgDkjXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8GriN55QaR7JBzOK0Q9pX/IeZ9RY6f7m8a5TKLoldwqySLyMFCFDtVP4ancjloQoDRNU65bnxsZPqTKcCRzn24nGmLIh7WPLUklD1H46PXVMjq3SJb1I2ZKGTNXfEykNtR6Fge0MqRnoeW8i/ue1EtO78FMu48SgZLNFvUQQE5HJ36TLFTIjRpZQpri9lbABVZQZm07ehuDNv7xI6uWSd1oq354VK5dZHDk4hCM4AQ/OoQLXUIUaMOjDM7zCmyOcF+fd+Zi1LjnZzAH8gfP5A/pmjZg=</latexit>



E. Gutiérrez, IMDEA Software, Madrid16

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>⇠r

<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

Lemma: Given u ⇠r v
<latexit sha1_base64="WHelTkdd2i9NGR56+UvpONXsiQU=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBT0WvXisYD+kXUs2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CoqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up35rTFVmsXywUwSGgg8kCxiBBsrPaZdzcSTQuOeW/Yq3hxolfg5KUOOes/96vZjkgoqDeFY647vJSbIsDKMcDotdVNNE0xGeEA7lkosqA6y+cFTdGaVPopiZUsaNFd/T2RYaD0Roe0U2Az1sjcT//M6qYmug4zJJDVUksWiKOXIxGj2PeozRYnhE0swUczeisgQK0yMzahkQ/CXX14lzWrFv6hU7y/LtZs8jiKcwCmcgw9XUIM7qEMDCAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/thaQWA==</latexit>

, uR ⇠` vR
<latexit sha1_base64="SHcnX0uBF4xlg4OF7wkEZjF2w9U=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhd0oaBm0sbBQMSpkkzA7uZsMmZ1dZu5GwpIPsPFXbCwUsfUD7PwbJ3ELXwcGDuecy517gkQKg6774RRmZufmF4qLpaXlldW18vrGlYlTzaHBYxnrm4AZkEJBAwVKuEk0sCiQcB0Mjif+9RC0EbG6xFECrYj1lAgFZ2ilTrnin0KIWvT6yLSOb2navqC+EVE780HKMR22L2zKrbpT0L/Ey0mF5DjrlN/9bszTCBRyyYxpem6CrYxpFFzCuOSnBhLGB6wHTUsVi8C0sukxY7pjlS4NY22fQjpVv09kLDJmFAU2GTHsm9/eRPzPa6YYHrYyoZIUQfGvRWEqKcZ00gztCg0c5cgSxrWwf6W8zzTjaPsr2RK83yf/JVe1qrdXrZ3vV+pHeR1FskW2yS7xyAGpkxNyRhqEkzvyQJ7Is3PvPDovzutXtODkM5vkB5y3T9uwm3w=</latexit>

[Gutiérrez et. al, MFCS 2019] 

A property of dual congruences         and    

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>

LR
<latexit sha1_base64="yIGlbS2Taff8l44rSCfCUbrj5Pg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxYOH+MgDkjXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8GriN55QaR7JBzOK0Q9pX/IeZ9RY6f7m8a5TKLoldwqySLyMFCFDtVP4ancjloQoDRNU65bnxsZPqTKcCRzn24nGmLIh7WPLUklD1H46PXVMjq3SJb1I2ZKGTNXfEykNtR6Fge0MqRnoeW8i/ue1EtO78FMu48SgZLNFvUQQE5HJ36TLFTIjRpZQpri9lbABVZQZm07ehuDNv7xI6uWSd1oq354VK5dZHDk4hCM4AQ/OoQLXUIUaMOjDM7zCmyOcF+fd+Zi1LjnZzAH8gfP5A/pmjZg=</latexit>
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then

( )=

Lemma:

[Gutiérrez et. al, MFCS 2019] 

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>

LR
<latexit sha1_base64="yIGlbS2Taff8l44rSCfCUbrj5Pg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxYOH+MgDkjXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8GriN55QaR7JBzOK0Q9pX/IeZ9RY6f7m8a5TKLoldwqySLyMFCFDtVP4ancjloQoDRNU65bnxsZPqTKcCRzn24nGmLIh7WPLUklD1H46PXVMjq3SJb1I2ZKGTNXfEykNtR6Fge0MqRnoeW8i/ue1EtO78FMu48SgZLNFvUQQE5HJ36TLFTIjRpZQpri9lbABVZQZm07ehuDNv7xI6uWSd1oq354VK5dZHDk4hCM4AQ/OoQLXUIUaMOjDM7zCmyOcF+fd+Zi1LjnZzAH8gfP5A/pmjZg=</latexit>

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>⇠r

<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>A property of dual congruences         and    

R
<latexit sha1_base64="eGtwfmepOBN8i9OU2bE334Cj/B8=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadndLEm8Bb14TMQ8IFnC7KSTjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJKBIUWjXgkuj6RwFkILcUUh24sgAQ+h44/vcr8zj0IyaLwVs1i8AIyDtmIUaK01LwZFEuWeVGrOG4FW6ZlVW3HzohTdcsutrWSoYRWaAyK7/1hRJMAQkU5kbJnW7HyUiIUoxzmhX4iISZ0SsbQ0zQkAUgvXRw6x2daGeJRJHSFCi/U7xMpCaScBb7uDIiayN9eJv7l9RI1qnkpC+NEQUiXi0YJxyrC2dd4yARQxWeaECqYvhXTCRGEKp1NQYfw9Sn+n7Qd0y6bTtMt1S9XceTRCTpF58hGVVRH16iBWogiQA/oCT0bd8aj8WK8LltzxmrmGP2A8fYJDg2NHA==</latexit>

, uR ⇠` vR
<latexit sha1_base64="SHcnX0uBF4xlg4OF7wkEZjF2w9U=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhd0oaBm0sbBQMSpkkzA7uZsMmZ1dZu5GwpIPsPFXbCwUsfUD7PwbJ3ELXwcGDuecy517gkQKg6774RRmZufmF4qLpaXlldW18vrGlYlTzaHBYxnrm4AZkEJBAwVKuEk0sCiQcB0Mjif+9RC0EbG6xFECrYj1lAgFZ2ilTrnin0KIWvT6yLSOb2navqC+EVE780HKMR22L2zKrbpT0L/Ey0mF5DjrlN/9bszTCBRyyYxpem6CrYxpFFzCuOSnBhLGB6wHTUsVi8C0sukxY7pjlS4NY22fQjpVv09kLDJmFAU2GTHsm9/eRPzPa6YYHrYyoZIUQfGvRWEqKcZ00gztCg0c5cgSxrWwf6W8zzTjaPsr2RK83yf/JVe1qrdXrZ3vV+pHeR1FskW2yS7xyAGpkxNyRhqEkzvyQJ7Is3PvPDovzutXtODkM5vkB5y3T9uwm3w=</latexit>

Given u ⇠r v
<latexit sha1_base64="WHelTkdd2i9NGR56+UvpONXsiQU=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBT0WvXisYD+kXUs2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CoqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up35rTFVmsXywUwSGgg8kCxiBBsrPaZdzcSTQuOeW/Yq3hxolfg5KUOOes/96vZjkgoqDeFY647vJSbIsDKMcDotdVNNE0xGeEA7lkosqA6y+cFTdGaVPopiZUsaNFd/T2RYaD0Roe0U2Az1sjcT//M6qYmug4zJJDVUksWiKOXIxGj2PeozRYnhE0swUczeisgQK0yMzahkQ/CXX14lzWrFv6hU7y/LtZs8jiKcwCmcgw9XUIM7qEMDCAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/thaQWA==</latexit>
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Instances of right congruences

•           is a finite right congruence

• P⇠r (L) = L

<latexit sha1_base64="wOf+nM9oGiPnbly99cP68tY1vPc=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQN2WmCroRim5cdFHBPqAdh0yaaUOTzJBklDL2U9y4UMStX+LOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Zxf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoeuq3H4hUNBJ3ehwTj6OBoCHFSBvJt4sNP+0pyu/lpFw/gZew7tslp+LMAJeJm5ESyNDw7a9eP8IJJ0JjhpTquk6svRRJTTEjk0IvUSRGeIQGpGuoQJwoL52dPoHHRunDMJKmhIYz9fdEirhSYx6YTo70UC16U/E/r5vo8MJLqYgTTQSeLwoTBnUEpznAPpUEazY2BGFJza0QD5FEWJu0CiYEd/HlZdKqVtzTSvX2rFS7yuLIg0NwBMrABeegBm5AAzQBBo/gGbyCN+vJerHerY95a87KZg7AH1ifP4Tqkts=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>
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Instances of right congruences

[Büchi, 1989; Khoussainov and Nerode, 2001]

⇠r
L

<latexit sha1_base64="XiRR+ar/TFVJSRpK+Q2B7y+Ld+w=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIigvnA5Ax7m71kye7esbsnhCP/wsZCEVv/jZ3/xs3lCk18MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw989tPVGkWyXsziakv8FCykBFsrPTQ00w8pmrav+2XK27VzYCWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X6aXTxFJ1YZoDBStqRBmfp7IsVC64kIbKfAZqQXvZn4n9dNTHjpp0zGiaGSzBeFCUcmQrP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJp1areWbV2d16pX+VxFOEIjuEUPLiAOtxAA5pAQMIzvMKbo50X5935mLcWnHzmEP7A+fwBxW6Q+g==</latexit>

Language-based

u ⇠r
L v , u�1L = v�1L

<latexit sha1_base64="40Rc69UdcSd8MClOBldv2ObPpDc=">AAACF3icbZC7SgNBFIZnvcZ4W7W0GQyCjWE3CtoIQRuLFBHMBXJjdjKbDJnZXWbORsKSt7DxVWwsFLHVzrdxkmyhiT8MfPznHM6c34sE1+A439bS8srq2npmI7u5tb2za+/tV3UYK8oqNBShqntEM8EDVgEOgtUjxYj0BKt5g5tJvTZkSvMwuIdRxFqS9ALuc0rAWB07H+Om5rKtOiU8xM0S80HxXh+IUuEDjtvJqTsu4Ss8nFHHzjl5Zyq8CG4KOZSq3LG/mt2QxpIFQAXRuuE6EbQSooBTwcbZZqxZROiA9FjDYEAk061ketcYHxuni/1QmRcAnrq/JxIitR5Jz3RKAn09X5uY/9UaMfiXrYQHUQwsoLNFfiwwhHgSEu5yxSiIkQFCFTd/xbRPFKFgosyaENz5kxehWsi7Z/nC3XmueJ3GkUGH6AidIBddoCK6RWVUQRQ9omf0it6sJ+vFerc+Zq1LVjpzgP7I+vwBHUueng==</latexit>

Given a regular language L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

The minimal DFA for L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

•           is a finite right congruence

• P⇠r (L) = L

<latexit sha1_base64="wOf+nM9oGiPnbly99cP68tY1vPc=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQN2WmCroRim5cdFHBPqAdh0yaaUOTzJBklDL2U9y4UMStX+LOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Zxf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoeuq3H4hUNBJ3ehwTj6OBoCHFSBvJt4sNP+0pyu/lpFw/gZew7tslp+LMAJeJm5ESyNDw7a9eP8IJJ0JjhpTquk6svRRJTTEjk0IvUSRGeIQGpGuoQJwoL52dPoHHRunDMJKmhIYz9fdEirhSYx6YTo70UC16U/E/r5vo8MJLqYgTTQSeLwoTBnUEpznAPpUEazY2BGFJza0QD5FEWJu0CiYEd/HlZdKqVtzTSvX2rFS7yuLIg0NwBMrABeegBm5AAzQBBo/gGbyCN+vJerHerY95a87KZg7AH1ifP4Tqkts=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>
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⇠r
L

<latexit sha1_base64="XiRR+ar/TFVJSRpK+Q2B7y+Ld+w=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIigvnA5Ax7m71kye7esbsnhCP/wsZCEVv/jZ3/xs3lCk18MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw989tPVGkWyXsziakv8FCykBFsrPTQ00w8pmrav+2XK27VzYCWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X6aXTxFJ1YZoDBStqRBmfp7IsVC64kIbKfAZqQXvZn4n9dNTHjpp0zGiaGSzBeFCUcmQrP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJp1areWbV2d16pX+VxFOEIjuEUPLiAOtxAA5pAQMIzvMKbo50X5935mLcWnHzmEP7A+fwBxW6Q+g==</latexit>

Language-based

u ⇠r
L v , u�1L = v�1L

<latexit sha1_base64="40Rc69UdcSd8MClOBldv2ObPpDc=">AAACF3icbZC7SgNBFIZnvcZ4W7W0GQyCjWE3CtoIQRuLFBHMBXJjdjKbDJnZXWbORsKSt7DxVWwsFLHVzrdxkmyhiT8MfPznHM6c34sE1+A439bS8srq2npmI7u5tb2za+/tV3UYK8oqNBShqntEM8EDVgEOgtUjxYj0BKt5g5tJvTZkSvMwuIdRxFqS9ALuc0rAWB07H+Om5rKtOiU8xM0S80HxXh+IUuEDjtvJqTsu4Ss8nFHHzjl5Zyq8CG4KOZSq3LG/mt2QxpIFQAXRuuE6EbQSooBTwcbZZqxZROiA9FjDYEAk061ketcYHxuni/1QmRcAnrq/JxIitR5Jz3RKAn09X5uY/9UaMfiXrYQHUQwsoLNFfiwwhHgSEu5yxSiIkQFCFTd/xbRPFKFgosyaENz5kxehWsi7Z/nC3XmueJ3GkUGH6AidIBddoCK6RWVUQRQ9omf0it6sJ+vFerc+Zq1LVjpzgP7I+vwBHUueng==</latexit>

Given a regular language L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

The minimal DFA for L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

Minr(L)
<latexit sha1_base64="9R/fYZds9/mOMn8meCseGPl1NR0=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItQNyWpgi6LblwoVLAPaGOZTCft0MkkzEyEEuKvuHGhiFs/xJ1/4zTNQlsPDBzOuZd75ngRo1LZ9rdRWFldW98obpa2tnd298z9g7YMY4FJC4csFF0PScIoJy1FFSPdSBAUeIx0vMnVzO88EiFpyO/VNCJugEac+hQjpaWBWe4HSI2ln9xSnj4kIq3enAzMil2zM1jLxMlJBXI0B+ZXfxjiOCBcYYak7Dl2pNwECUUxI2mpH0sSITxBI9LTlKOASDfJwqfWsVaGlh8K/biyMvX3RoICKaeBpyezqIveTPzP68XKv3ATyqNYEY7nh/yYWSq0Zk1YQyoIVmyqCcKC6qwWHiOBsNJ9lXQJzuKXl0m7XnNOa/W7s0rjMq+jCIdwBFVw4BwacA1NaAGGKTzDK7wZT8aL8W58zEcLRr5Thj8wPn8At5GUzQ==</latexit>

•           is a finite right congruence

• P⇠r (L) = L

<latexit sha1_base64="wOf+nM9oGiPnbly99cP68tY1vPc=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQN2WmCroRim5cdFHBPqAdh0yaaUOTzJBklDL2U9y4UMStX+LOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Zxf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoeuq3H4hUNBJ3ehwTj6OBoCHFSBvJt4sNP+0pyu/lpFw/gZew7tslp+LMAJeJm5ESyNDw7a9eP8IJJ0JjhpTquk6svRRJTTEjk0IvUSRGeIQGpGuoQJwoL52dPoHHRunDMJKmhIYz9fdEirhSYx6YTo70UC16U/E/r5vo8MJLqYgTTQSeLwoTBnUEpznAPpUEazY2BGFJza0QD5FEWJu0CiYEd/HlZdKqVtzTSvX2rFS7yuLIg0NwBMrABeegBm5AAzQBBo/gGbyCN+vJerHerY95a87KZg7AH1ifP4Tqkts=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>
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⇠r
L

<latexit sha1_base64="XiRR+ar/TFVJSRpK+Q2B7y+Ld+w=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIigvnA5Ax7m71kye7esbsnhCP/wsZCEVv/jZ3/xs3lCk18MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw989tPVGkWyXsziakv8FCykBFsrPTQ00w8pmrav+2XK27VzYCWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X6aXTxFJ1YZoDBStqRBmfp7IsVC64kIbKfAZqQXvZn4n9dNTHjpp0zGiaGSzBeFCUcmQrP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJp1areWbV2d16pX+VxFOEIjuEUPLiAOtxAA5pAQMIzvMKbo50X5935mLcWnHzmEP7A+fwBxW6Q+g==</latexit>

Language-based

u ⇠r
L v , u�1L = v�1L

<latexit sha1_base64="40Rc69UdcSd8MClOBldv2ObPpDc=">AAACF3icbZC7SgNBFIZnvcZ4W7W0GQyCjWE3CtoIQRuLFBHMBXJjdjKbDJnZXWbORsKSt7DxVWwsFLHVzrdxkmyhiT8MfPznHM6c34sE1+A439bS8srq2npmI7u5tb2za+/tV3UYK8oqNBShqntEM8EDVgEOgtUjxYj0BKt5g5tJvTZkSvMwuIdRxFqS9ALuc0rAWB07H+Om5rKtOiU8xM0S80HxXh+IUuEDjtvJqTsu4Ss8nFHHzjl5Zyq8CG4KOZSq3LG/mt2QxpIFQAXRuuE6EbQSooBTwcbZZqxZROiA9FjDYEAk061ketcYHxuni/1QmRcAnrq/JxIitR5Jz3RKAn09X5uY/9UaMfiXrYQHUQwsoLNFfiwwhHgSEu5yxSiIkQFCFTd/xbRPFKFgosyaENz5kxehWsi7Z/nC3XmueJ3GkUGH6AidIBddoCK6RWVUQRQ9omf0it6sJ+vFerc+Zq1LVjpzgP7I+vwBHUueng==</latexit>

Given a regular language L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

The minimal DFA for L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

Minr(L)
<latexit sha1_base64="9R/fYZds9/mOMn8meCseGPl1NR0=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItQNyWpgi6LblwoVLAPaGOZTCft0MkkzEyEEuKvuHGhiFs/xJ1/4zTNQlsPDBzOuZd75ngRo1LZ9rdRWFldW98obpa2tnd298z9g7YMY4FJC4csFF0PScIoJy1FFSPdSBAUeIx0vMnVzO88EiFpyO/VNCJugEac+hQjpaWBWe4HSI2ln9xSnj4kIq3enAzMil2zM1jLxMlJBXI0B+ZXfxjiOCBcYYak7Dl2pNwECUUxI2mpH0sSITxBI9LTlKOASDfJwqfWsVaGlh8K/biyMvX3RoICKaeBpyezqIveTPzP68XKv3ATyqNYEY7nh/yYWSq0Zk1YQyoIVmyqCcKC6qwWHiOBsNJ9lXQJzuKXl0m7XnNOa/W7s0rjMq+jCIdwBFVw4BwacA1NaAGGKTzDK7wZT8aL8W58zEcLRr5Thj8wPn8At5GUzQ==</latexit>

•           is a finite right congruence

• P⇠r (L) = L

<latexit sha1_base64="wOf+nM9oGiPnbly99cP68tY1vPc=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQN2WmCroRim5cdFHBPqAdh0yaaUOTzJBklDL2U9y4UMStX+LOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Zxf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoeuq3H4hUNBJ3ehwTj6OBoCHFSBvJt4sNP+0pyu/lpFw/gZew7tslp+LMAJeJm5ESyNDw7a9eP8IJJ0JjhpTquk6svRRJTTEjk0IvUSRGeIQGpGuoQJwoL52dPoHHRunDMJKmhIYz9fdEirhSYx6YTo70UC16U/E/r5vo8MJLqYgTTQSeLwoTBnUEpznAPpUEazY2BGFJza0QD5FEWJu0CiYEd/HlZdKqVtzTSvX2rFS7yuLIg0NwBMrABeegBm5AAzQBBo/gGbyCN+vJerHerY95a87KZg7AH1ifP4Tqkts=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠r
N

<latexit sha1_base64="V3JGycsyxmLsGBFX0rd/g+SzKb0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6MaVVLAP6IxDJk3b0CQzJBmhjLPwV9y4UMStv+HOvzHTzkJbDwQO59zLPTlhzKjSjvNtlZaWV1bXyuuVjc2t7R17d6+tokRi0sIRi2Q3RIowKkhLU81IN5YE8ZCRTji+yv3OA5GKRuJOT2LiczQUdEAx0kYK7ANPUX6fyixIPY70CCOW3mRZYFedmjMFXCRuQaqgQDOwv7x+hBNOhMYMKdVznVj7KZKaYkayipcoEiM8RkPSM1QgTpSfTvNn8NgofTiIpHlCw6n6eyNFXKkJD81knlHNe7n4n9dL9ODCT6mIE00Enh0aJAzqCOZlwD6VBGs2MQRhSU1WiEdIIqxNZRVTgjv/5UXSrtfc01r99qzauCzqKINDcAROgAvOQQNcgyZoAQwewTN4BW/Wk/VivVsfs9GSVezsgz+wPn8AGSmWyw==</latexit>

Automata-based
N

<latexit sha1_base64="AizTeXplBvn9PWeWHAXHzWaqlVY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN66kgn3AdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7woQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uc397hNVmknxaKYJDWI8EixiBBsr+f0YmzHBPLufDao1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp176LeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzTHOi/PufCxGS06xcwx/4Hz+AIVdkWg=</latexit>

Given an NFA        with L(N ) = L
<latexit sha1_base64="YOVjPWDYJMuyjnwyoQSpAjUji7U=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYkVdCNUHTjokgFe4E2lMl00g6dXJiZCCUU3Pgqblwo4taXcOfbOGmDaOsPAx//OYc553cjzqSyrC9jYXFpeWU1t5Zf39jc2jZ3dhsyjAWhdRLyULRcLClnAa0rpjhtRYJi3+W06Q6v0nrzngrJwuBOjSLq+LgfMI8RrLTVNfc7PlYDgnlSHRd/+GZ8fFHtmgWrZE2E5sHOoACZal3zs9MLSezTQBGOpWzbVqScBAvFCKfjfCeWNMJkiPu0rTHAPpVOMrlhjI6000NeKPQLFJq4vycS7Es58l3dmW4pZ2up+V+tHSvv3ElYEMWKBmT6kRdzpEKUBoJ6TFCi+EgDJoLpXREZYIGJ0rHldQj27Mnz0CiX7JNS+fa0ULnM4sjBARxCEWw4gwpcQw3qQOABnuAFXo1H49l4M96nrQtGNrMHf2R8fAOnGZeD</latexit>

A DFA for     :L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

u ⇠r
N v , postN (u) = postN (v)

<latexit sha1_base64="SXVzolnJ6ETwkHH6TUfdfgVHWpQ="></latexit>
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the usual “determinization” 
operation
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Instances of right congruences

[Büchi, 1989; Khoussainov and Nerode, 2001]

⇠r
L

<latexit sha1_base64="XiRR+ar/TFVJSRpK+Q2B7y+Ld+w=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIigvnA5Ax7m71kye7esbsnhCP/wsZCEVv/jZ3/xs3lCk18MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw989tPVGkWyXsziakv8FCykBFsrPTQ00w8pmrav+2XK27VzYCWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X6aXTxFJ1YZoDBStqRBmfp7IsVC64kIbKfAZqQXvZn4n9dNTHjpp0zGiaGSzBeFCUcmQrP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJp1areWbV2d16pX+VxFOEIjuEUPLiAOtxAA5pAQMIzvMKbo50X5935mLcWnHzmEP7A+fwBxW6Q+g==</latexit>

Language-based

u ⇠r
L v , u�1L = v�1L

<latexit sha1_base64="40Rc69UdcSd8MClOBldv2ObPpDc=">AAACF3icbZC7SgNBFIZnvcZ4W7W0GQyCjWE3CtoIQRuLFBHMBXJjdjKbDJnZXWbORsKSt7DxVWwsFLHVzrdxkmyhiT8MfPznHM6c34sE1+A439bS8srq2npmI7u5tb2za+/tV3UYK8oqNBShqntEM8EDVgEOgtUjxYj0BKt5g5tJvTZkSvMwuIdRxFqS9ALuc0rAWB07H+Om5rKtOiU8xM0S80HxXh+IUuEDjtvJqTsu4Ss8nFHHzjl5Zyq8CG4KOZSq3LG/mt2QxpIFQAXRuuE6EbQSooBTwcbZZqxZROiA9FjDYEAk061ketcYHxuni/1QmRcAnrq/JxIitR5Jz3RKAn09X5uY/9UaMfiXrYQHUQwsoLNFfiwwhHgSEu5yxSiIkQFCFTd/xbRPFKFgosyaENz5kxehWsi7Z/nC3XmueJ3GkUGH6AidIBddoCK6RWVUQRQ9omf0it6sJ+vFerc+Zq1LVjpzgP7I+vwBHUueng==</latexit>

Given a regular language L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

The minimal DFA for L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

Minr(L)
<latexit sha1_base64="9R/fYZds9/mOMn8meCseGPl1NR0=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItQNyWpgi6LblwoVLAPaGOZTCft0MkkzEyEEuKvuHGhiFs/xJ1/4zTNQlsPDBzOuZd75ngRo1LZ9rdRWFldW98obpa2tnd298z9g7YMY4FJC4csFF0PScIoJy1FFSPdSBAUeIx0vMnVzO88EiFpyO/VNCJugEac+hQjpaWBWe4HSI2ln9xSnj4kIq3enAzMil2zM1jLxMlJBXI0B+ZXfxjiOCBcYYak7Dl2pNwECUUxI2mpH0sSITxBI9LTlKOASDfJwqfWsVaGlh8K/biyMvX3RoICKaeBpyezqIveTPzP68XKv3ATyqNYEY7nh/yYWSq0Zk1YQyoIVmyqCcKC6qwWHiOBsNJ9lXQJzuKXl0m7XnNOa/W7s0rjMq+jCIdwBFVw4BwacA1NaAGGKTzDK7wZT8aL8W58zEcLRr5Thj8wPn8At5GUzQ==</latexit>

Detr(N )
<latexit sha1_base64="x/EFEHrcsDwCT2l/6Ku3+niNS2I=">AAACBnicbVBNS8NAEN34WetX1KMIwSLUS0mqoMeiHjxJBfsBbSyb7aRdutmE3Y1QQk5e/CtePCji1d/gzX/jNs1BWx8MPN6bYWaeFzEqlW1/GwuLS8srq4W14vrG5ta2ubPblGEsCDRIyELR9rAERjk0FFUM2pEAHHgMWt7ocuK3HkBIGvI7NY7ADfCAU58SrLTUMw+6AVZD6SdXoNL7RKTlTCCYJTfpcc8s2RU7gzVPnJyUUI56z/zq9kMSB8AVYVjKjmNHyk2wUJQwSIvdWEKEyQgPoKMpxwFIN8neSK0jrfQtPxS6uLIy9fdEggMpx4GnO7OjZ72J+J/XiZV/7iaUR7ECTqaL/JhZKrQmmVh9KoAoNtYEE0H1rRYZYoGJ0skVdQjO7MvzpFmtOCeV6u1pqXaRx1FA++gQlZGDzlANXaM6aiCCHtEzekVvxpPxYrwbH9PWBSOf2UN/YHz+ANjjmVo=</latexit>

•           is a finite right congruence

• P⇠r (L) = L

<latexit sha1_base64="wOf+nM9oGiPnbly99cP68tY1vPc=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQN2WmCroRim5cdFHBPqAdh0yaaUOTzJBklDL2U9y4UMStX+LOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Zxf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoeuq3H4hUNBJ3ehwTj6OBoCHFSBvJt4sNP+0pyu/lpFw/gZew7tslp+LMAJeJm5ESyNDw7a9eP8IJJ0JjhpTquk6svRRJTTEjk0IvUSRGeIQGpGuoQJwoL52dPoHHRunDMJKmhIYz9fdEirhSYx6YTo70UC16U/E/r5vo8MJLqYgTTQSeLwoTBnUEpznAPpUEazY2BGFJza0QD5FEWJu0CiYEd/HlZdKqVtzTSvX2rFS7yuLIg0NwBMrABeegBm5AAzQBBo/gGbyCN+vJerHerY95a87KZg7AH1ifP4Tqkts=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠r
N

<latexit sha1_base64="V3JGycsyxmLsGBFX0rd/g+SzKb0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6MaVVLAP6IxDJk3b0CQzJBmhjLPwV9y4UMStv+HOvzHTzkJbDwQO59zLPTlhzKjSjvNtlZaWV1bXyuuVjc2t7R17d6+tokRi0sIRi2Q3RIowKkhLU81IN5YE8ZCRTji+yv3OA5GKRuJOT2LiczQUdEAx0kYK7ANPUX6fyixIPY70CCOW3mRZYFedmjMFXCRuQaqgQDOwv7x+hBNOhMYMKdVznVj7KZKaYkayipcoEiM8RkPSM1QgTpSfTvNn8NgofTiIpHlCw6n6eyNFXKkJD81knlHNe7n4n9dL9ODCT6mIE00Enh0aJAzqCOZlwD6VBGs2MQRhSU1WiEdIIqxNZRVTgjv/5UXSrtfc01r99qzauCzqKINDcAROgAvOQQNcgyZoAQwewTN4BW/Wk/VivVsfs9GSVezsgz+wPn8AGSmWyw==</latexit>

Automata-based
N

<latexit sha1_base64="AizTeXplBvn9PWeWHAXHzWaqlVY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN66kgn3AdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7woQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uc397hNVmknxaKYJDWI8EixiBBsr+f0YmzHBPLufDao1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp176LeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzTHOi/PufCxGS06xcwx/4Hz+AIVdkWg=</latexit>

Given an NFA        with L(N ) = L
<latexit sha1_base64="YOVjPWDYJMuyjnwyoQSpAjUji7U=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYkVdCNUHTjokgFe4E2lMl00g6dXJiZCCUU3Pgqblwo4taXcOfbOGmDaOsPAx//OYc553cjzqSyrC9jYXFpeWU1t5Zf39jc2jZ3dhsyjAWhdRLyULRcLClnAa0rpjhtRYJi3+W06Q6v0nrzngrJwuBOjSLq+LgfMI8RrLTVNfc7PlYDgnlSHRd/+GZ8fFHtmgWrZE2E5sHOoACZal3zs9MLSezTQBGOpWzbVqScBAvFCKfjfCeWNMJkiPu0rTHAPpVOMrlhjI6000NeKPQLFJq4vycS7Es58l3dmW4pZ2up+V+tHSvv3ElYEMWKBmT6kRdzpEKUBoJ6TFCi+EgDJoLpXREZYIGJ0rHldQj27Mnz0CiX7JNS+fa0ULnM4sjBARxCEWw4gwpcQw3qQOABnuAFXo1H49l4M96nrQtGNrMHf2R8fAOnGZeD</latexit>

A DFA for     :L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

u ⇠r
N v , postN (u) = postN (v)

<latexit sha1_base64="SXVzolnJ6ETwkHH6TUfdfgVHWpQ="></latexit>
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the usual “determinization” 
operation



E. Gutiérrez, IMDEA Software, Madrid

Instances of right congruences

⌫
<latexit sha1_base64="36Nd5lM32SYYbayZJsA8dmXn1X8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7umUMXzslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0qpVvYtq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH3N3j6Q=</latexit>

[Büchi, 1989; Khoussainov and Nerode, 2001]

⇠r
L

<latexit sha1_base64="XiRR+ar/TFVJSRpK+Q2B7y+Ld+w=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIigvnA5Ax7m71kye7esbsnhCP/wsZCEVv/jZ3/xs3lCk18MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw989tPVGkWyXsziakv8FCykBFsrPTQ00w8pmrav+2XK27VzYCWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X6aXTxFJ1YZoDBStqRBmfp7IsVC64kIbKfAZqQXvZn4n9dNTHjpp0zGiaGSzBeFCUcmQrP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJp1areWbV2d16pX+VxFOEIjuEUPLiAOtxAA5pAQMIzvMKbo50X5935mLcWnHzmEP7A+fwBxW6Q+g==</latexit>

Language-based

u ⇠r
L v , u�1L = v�1L

<latexit sha1_base64="40Rc69UdcSd8MClOBldv2ObPpDc=">AAACF3icbZC7SgNBFIZnvcZ4W7W0GQyCjWE3CtoIQRuLFBHMBXJjdjKbDJnZXWbORsKSt7DxVWwsFLHVzrdxkmyhiT8MfPznHM6c34sE1+A439bS8srq2npmI7u5tb2za+/tV3UYK8oqNBShqntEM8EDVgEOgtUjxYj0BKt5g5tJvTZkSvMwuIdRxFqS9ALuc0rAWB07H+Om5rKtOiU8xM0S80HxXh+IUuEDjtvJqTsu4Ss8nFHHzjl5Zyq8CG4KOZSq3LG/mt2QxpIFQAXRuuE6EbQSooBTwcbZZqxZROiA9FjDYEAk061ketcYHxuni/1QmRcAnrq/JxIitR5Jz3RKAn09X5uY/9UaMfiXrYQHUQwsoLNFfiwwhHgSEu5yxSiIkQFCFTd/xbRPFKFgosyaENz5kxehWsi7Z/nC3XmueJ3GkUGH6AidIBddoCK6RWVUQRQ9omf0it6sJ+vFerc+Zq1LVjpzgP7I+vwBHUueng==</latexit>

Given a regular language L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

The minimal DFA for L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

Minr(L)
<latexit sha1_base64="9R/fYZds9/mOMn8meCseGPl1NR0=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItQNyWpgi6LblwoVLAPaGOZTCft0MkkzEyEEuKvuHGhiFs/xJ1/4zTNQlsPDBzOuZd75ngRo1LZ9rdRWFldW98obpa2tnd298z9g7YMY4FJC4csFF0PScIoJy1FFSPdSBAUeIx0vMnVzO88EiFpyO/VNCJugEac+hQjpaWBWe4HSI2ln9xSnj4kIq3enAzMil2zM1jLxMlJBXI0B+ZXfxjiOCBcYYak7Dl2pNwECUUxI2mpH0sSITxBI9LTlKOASDfJwqfWsVaGlh8K/biyMvX3RoICKaeBpyezqIveTPzP68XKv3ATyqNYEY7nh/yYWSq0Zk1YQyoIVmyqCcKC6qwWHiOBsNJ9lXQJzuKXl0m7XnNOa/W7s0rjMq+jCIdwBFVw4BwacA1NaAGGKTzDK7wZT8aL8W58zEcLRr5Thj8wPn8At5GUzQ==</latexit>

Detr(N )
<latexit sha1_base64="x/EFEHrcsDwCT2l/6Ku3+niNS2I=">AAACBnicbVBNS8NAEN34WetX1KMIwSLUS0mqoMeiHjxJBfsBbSyb7aRdutmE3Y1QQk5e/CtePCji1d/gzX/jNs1BWx8MPN6bYWaeFzEqlW1/GwuLS8srq4W14vrG5ta2ubPblGEsCDRIyELR9rAERjk0FFUM2pEAHHgMWt7ocuK3HkBIGvI7NY7ADfCAU58SrLTUMw+6AVZD6SdXoNL7RKTlTCCYJTfpcc8s2RU7gzVPnJyUUI56z/zq9kMSB8AVYVjKjmNHyk2wUJQwSIvdWEKEyQgPoKMpxwFIN8neSK0jrfQtPxS6uLIy9fdEggMpx4GnO7OjZ72J+J/XiZV/7iaUR7ECTqaL/JhZKrQmmVh9KoAoNtYEE0H1rRYZYoGJ0skVdQjO7MvzpFmtOCeV6u1pqXaRx1FA++gQlZGDzlANXaM6aiCCHtEzekVvxpPxYrwbH9PWBSOf2UN/YHz+ANjjmVo=</latexit>

•           is a finite right congruence

• P⇠r (L) = L

<latexit sha1_base64="wOf+nM9oGiPnbly99cP68tY1vPc=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQN2WmCroRim5cdFHBPqAdh0yaaUOTzJBklDL2U9y4UMStX+LOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Zxf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoeuq3H4hUNBJ3ehwTj6OBoCHFSBvJt4sNP+0pyu/lpFw/gZew7tslp+LMAJeJm5ESyNDw7a9eP8IJJ0JjhpTquk6svRRJTTEjk0IvUSRGeIQGpGuoQJwoL52dPoHHRunDMJKmhIYz9fdEirhSYx6YTo70UC16U/E/r5vo8MJLqYgTTQSeLwoTBnUEpznAPpUEazY2BGFJza0QD5FEWJu0CiYEd/HlZdKqVtzTSvX2rFS7yuLIg0NwBMrABeegBm5AAzQBBo/gGbyCN+vJerHerY95a87KZg7AH1ifP4Tqkts=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠r
N

<latexit sha1_base64="V3JGycsyxmLsGBFX0rd/g+SzKb0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6MaVVLAP6IxDJk3b0CQzJBmhjLPwV9y4UMStv+HOvzHTzkJbDwQO59zLPTlhzKjSjvNtlZaWV1bXyuuVjc2t7R17d6+tokRi0sIRi2Q3RIowKkhLU81IN5YE8ZCRTji+yv3OA5GKRuJOT2LiczQUdEAx0kYK7ANPUX6fyixIPY70CCOW3mRZYFedmjMFXCRuQaqgQDOwv7x+hBNOhMYMKdVznVj7KZKaYkayipcoEiM8RkPSM1QgTpSfTvNn8NgofTiIpHlCw6n6eyNFXKkJD81knlHNe7n4n9dL9ODCT6mIE00Enh0aJAzqCOZlwD6VBGs2MQRhSU1WiEdIIqxNZRVTgjv/5UXSrtfc01r99qzauCzqKINDcAROgAvOQQNcgyZoAQwewTN4BW/Wk/VivVsfs9GSVezsgz+wPn8AGSmWyw==</latexit>

Automata-based
N

<latexit sha1_base64="AizTeXplBvn9PWeWHAXHzWaqlVY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN66kgn3AdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7woQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uc397hNVmknxaKYJDWI8EixiBBsr+f0YmzHBPLufDao1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp176LeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzTHOi/PufCxGS06xcwx/4Hz+AIVdkWg=</latexit>

Given an NFA        with L(N ) = L
<latexit sha1_base64="YOVjPWDYJMuyjnwyoQSpAjUji7U=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYkVdCNUHTjokgFe4E2lMl00g6dXJiZCCUU3Pgqblwo4taXcOfbOGmDaOsPAx//OYc553cjzqSyrC9jYXFpeWU1t5Zf39jc2jZ3dhsyjAWhdRLyULRcLClnAa0rpjhtRYJi3+W06Q6v0nrzngrJwuBOjSLq+LgfMI8RrLTVNfc7PlYDgnlSHRd/+GZ8fFHtmgWrZE2E5sHOoACZal3zs9MLSezTQBGOpWzbVqScBAvFCKfjfCeWNMJkiPu0rTHAPpVOMrlhjI6000NeKPQLFJq4vycS7Es58l3dmW4pZ2up+V+tHSvv3ElYEMWKBmT6kRdzpEKUBoJ6TFCi+EgDJoLpXREZYIGJ0rHldQj27Mnz0CiX7JNS+fa0ULnM4sjBARxCEWw4gwpcQw3qQOABnuAFXo1H49l4M96nrQtGNrMHf2R8fAOnGZeD</latexit>

A DFA for     :L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

u ⇠r
N v , postN (u) = postN (v)

<latexit sha1_base64="SXVzolnJ6ETwkHH6TUfdfgVHWpQ="></latexit>
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the usual “determinization” 
operation
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Instances of right congruences

[Büchi, 1989; Khoussainov and Nerode, 2001]

⇠r
L

<latexit sha1_base64="XiRR+ar/TFVJSRpK+Q2B7y+Ld+w=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIigvnA5Ax7m71kye7esbsnhCP/wsZCEVv/jZ3/xs3lCk18MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw989tPVGkWyXsziakv8FCykBFsrPTQ00w8pmrav+2XK27VzYCWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X6aXTxFJ1YZoDBStqRBmfp7IsVC64kIbKfAZqQXvZn4n9dNTHjpp0zGiaGSzBeFCUcmQrP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJp1areWbV2d16pX+VxFOEIjuEUPLiAOtxAA5pAQMIzvMKbo50X5935mLcWnHzmEP7A+fwBxW6Q+g==</latexit>

Language-based

u ⇠r
L v , u�1L = v�1L

<latexit sha1_base64="40Rc69UdcSd8MClOBldv2ObPpDc=">AAACF3icbZC7SgNBFIZnvcZ4W7W0GQyCjWE3CtoIQRuLFBHMBXJjdjKbDJnZXWbORsKSt7DxVWwsFLHVzrdxkmyhiT8MfPznHM6c34sE1+A439bS8srq2npmI7u5tb2za+/tV3UYK8oqNBShqntEM8EDVgEOgtUjxYj0BKt5g5tJvTZkSvMwuIdRxFqS9ALuc0rAWB07H+Om5rKtOiU8xM0S80HxXh+IUuEDjtvJqTsu4Ss8nFHHzjl5Zyq8CG4KOZSq3LG/mt2QxpIFQAXRuuE6EbQSooBTwcbZZqxZROiA9FjDYEAk061ketcYHxuni/1QmRcAnrq/JxIitR5Jz3RKAn09X5uY/9UaMfiXrYQHUQwsoLNFfiwwhHgSEu5yxSiIkQFCFTd/xbRPFKFgosyaENz5kxehWsi7Z/nC3XmueJ3GkUGH6AidIBddoCK6RWVUQRQ9omf0it6sJ+vFerc+Zq1LVjpzgP7I+vwBHUueng==</latexit>

Given a regular language L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

•           is a finite right congruence

• P⇠r (L) = L

<latexit sha1_base64="wOf+nM9oGiPnbly99cP68tY1vPc=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQN2WmCroRim5cdFHBPqAdh0yaaUOTzJBklDL2U9y4UMStX+LOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Zxf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoeuq3H4hUNBJ3ehwTj6OBoCHFSBvJt4sNP+0pyu/lpFw/gZew7tslp+LMAJeJm5ESyNDw7a9eP8IJJ0JjhpTquk6svRRJTTEjk0IvUSRGeIQGpGuoQJwoL52dPoHHRunDMJKmhIYz9fdEirhSYx6YTo70UC16U/E/r5vo8MJLqYgTTQSeLwoTBnUEpznAPpUEazY2BGFJza0QD5FEWJu0CiYEd/HlZdKqVtzTSvX2rFS7yuLIg0NwBMrABeegBm5AAzQBBo/gGbyCN+vJerHerY95a87KZg7AH1ifP4Tqkts=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠r
N

<latexit sha1_base64="V3JGycsyxmLsGBFX0rd/g+SzKb0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6MaVVLAP6IxDJk3b0CQzJBmhjLPwV9y4UMStv+HOvzHTzkJbDwQO59zLPTlhzKjSjvNtlZaWV1bXyuuVjc2t7R17d6+tokRi0sIRi2Q3RIowKkhLU81IN5YE8ZCRTji+yv3OA5GKRuJOT2LiczQUdEAx0kYK7ANPUX6fyixIPY70CCOW3mRZYFedmjMFXCRuQaqgQDOwv7x+hBNOhMYMKdVznVj7KZKaYkayipcoEiM8RkPSM1QgTpSfTvNn8NgofTiIpHlCw6n6eyNFXKkJD81knlHNe7n4n9dL9ODCT6mIE00Enh0aJAzqCOZlwD6VBGs2MQRhSU1WiEdIIqxNZRVTgjv/5UXSrtfc01r99qzauCzqKINDcAROgAvOQQNcgyZoAQwewTN4BW/Wk/VivVsfs9GSVezsgz+wPn8AGSmWyw==</latexit>

Automata-based
N

<latexit sha1_base64="AizTeXplBvn9PWeWHAXHzWaqlVY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN66kgn3AdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7woQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uc397hNVmknxaKYJDWI8EixiBBsr+f0YmzHBPLufDao1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp176LeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzTHOi/PufCxGS06xcwx/4Hz+AIVdkWg=</latexit>

Given an NFA        with L(N ) = L
<latexit sha1_base64="YOVjPWDYJMuyjnwyoQSpAjUji7U=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYkVdCNUHTjokgFe4E2lMl00g6dXJiZCCUU3Pgqblwo4taXcOfbOGmDaOsPAx//OYc553cjzqSyrC9jYXFpeWU1t5Zf39jc2jZ3dhsyjAWhdRLyULRcLClnAa0rpjhtRYJi3+W06Q6v0nrzngrJwuBOjSLq+LgfMI8RrLTVNfc7PlYDgnlSHRd/+GZ8fFHtmgWrZE2E5sHOoACZal3zs9MLSezTQBGOpWzbVqScBAvFCKfjfCeWNMJkiPu0rTHAPpVOMrlhjI6000NeKPQLFJq4vycS7Es58l3dmW4pZ2up+V+tHSvv3ElYEMWKBmT6kRdzpEKUBoJ6TFCi+EgDJoLpXREZYIGJ0rHldQj27Mnz0CiX7JNS+fa0ULnM4sjBARxCEWw4gwpcQw3qQOABnuAFXo1H49l4M96nrQtGNrMHf2R8fAOnGZeD</latexit>

u ⇠r
N v , postN (u) = postN (v)

<latexit sha1_base64="SXVzolnJ6ETwkHH6TUfdfgVHWpQ="></latexit>
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=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

?
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Instances of right congruences

[Büchi, 1989; Khoussainov and Nerode, 2001]

⇠r
L

<latexit sha1_base64="XiRR+ar/TFVJSRpK+Q2B7y+Ld+w=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIigvnA5Ax7m71kye7esbsnhCP/wsZCEVv/jZ3/xs3lCk18MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw989tPVGkWyXsziakv8FCykBFsrPTQ00w8pmrav+2XK27VzYCWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X6aXTxFJ1YZoDBStqRBmfp7IsVC64kIbKfAZqQXvZn4n9dNTHjpp0zGiaGSzBeFCUcmQrP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJp1areWbV2d16pX+VxFOEIjuEUPLiAOtxAA5pAQMIzvMKbo50X5935mLcWnHzmEP7A+fwBxW6Q+g==</latexit>

Language-based

u ⇠r
L v , u�1L = v�1L

<latexit sha1_base64="40Rc69UdcSd8MClOBldv2ObPpDc=">AAACF3icbZC7SgNBFIZnvcZ4W7W0GQyCjWE3CtoIQRuLFBHMBXJjdjKbDJnZXWbORsKSt7DxVWwsFLHVzrdxkmyhiT8MfPznHM6c34sE1+A439bS8srq2npmI7u5tb2za+/tV3UYK8oqNBShqntEM8EDVgEOgtUjxYj0BKt5g5tJvTZkSvMwuIdRxFqS9ALuc0rAWB07H+Om5rKtOiU8xM0S80HxXh+IUuEDjtvJqTsu4Ss8nFHHzjl5Zyq8CG4KOZSq3LG/mt2QxpIFQAXRuuE6EbQSooBTwcbZZqxZROiA9FjDYEAk061ketcYHxuni/1QmRcAnrq/JxIitR5Jz3RKAn09X5uY/9UaMfiXrYQHUQwsoLNFfiwwhHgSEu5yxSiIkQFCFTd/xbRPFKFgosyaENz5kxehWsi7Z/nC3XmueJ3GkUGH6AidIBddoCK6RWVUQRQ9omf0it6sJ+vFerc+Zq1LVjpzgP7I+vwBHUueng==</latexit>

Given a regular language L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

•           is a finite right congruence

• P⇠r (L) = L

<latexit sha1_base64="wOf+nM9oGiPnbly99cP68tY1vPc=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQN2WmCroRim5cdFHBPqAdh0yaaUOTzJBklDL2U9y4UMStX+LOvzFtZ6GtBy4czrmXe+8JYkaVdpxvK7eyura+kd8sbG3v7O7Zxf2WihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHoeuq3H4hUNBJ3ehwTj6OBoCHFSBvJt4sNP+0pyu/lpFw/gZew7tslp+LMAJeJm5ESyNDw7a9eP8IJJ0JjhpTquk6svRRJTTEjk0IvUSRGeIQGpGuoQJwoL52dPoHHRunDMJKmhIYz9fdEirhSYx6YTo70UC16U/E/r5vo8MJLqYgTTQSeLwoTBnUEpznAPpUEazY2BGFJza0QD5FEWJu0CiYEd/HlZdKqVtzTSvX2rFS7yuLIg0NwBMrABeegBm5AAzQBBo/gGbyCN+vJerHerY95a87KZg7AH1ifP4Tqkts=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⇠r
N

<latexit sha1_base64="V3JGycsyxmLsGBFX0rd/g+SzKb0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZKuiy6MaVVLAP6IxDJk3b0CQzJBmhjLPwV9y4UMStv+HOvzHTzkJbDwQO59zLPTlhzKjSjvNtlZaWV1bXyuuVjc2t7R17d6+tokRi0sIRi2Q3RIowKkhLU81IN5YE8ZCRTji+yv3OA5GKRuJOT2LiczQUdEAx0kYK7ANPUX6fyixIPY70CCOW3mRZYFedmjMFXCRuQaqgQDOwv7x+hBNOhMYMKdVznVj7KZKaYkayipcoEiM8RkPSM1QgTpSfTvNn8NgofTiIpHlCw6n6eyNFXKkJD81knlHNe7n4n9dL9ODCT6mIE00Enh0aJAzqCOZlwD6VBGs2MQRhSU1WiEdIIqxNZRVTgjv/5UXSrtfc01r99qzauCzqKINDcAROgAvOQQNcgyZoAQwewTN4BW/Wk/VivVsfs9GSVezsgz+wPn8AGSmWyw==</latexit>

Automata-based
N

<latexit sha1_base64="AizTeXplBvn9PWeWHAXHzWaqlVY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN66kgn3AdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7woQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uc397hNVmknxaKYJDWI8EixiBBsr+f0YmzHBPLufDao1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp176LeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzTHOi/PufCxGS06xcwx/4Hz+AIVdkWg=</latexit>

Given an NFA        with L(N ) = L
<latexit sha1_base64="YOVjPWDYJMuyjnwyoQSpAjUji7U=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYkVdCNUHTjokgFe4E2lMl00g6dXJiZCCUU3Pgqblwo4taXcOfbOGmDaOsPAx//OYc553cjzqSyrC9jYXFpeWU1t5Zf39jc2jZ3dhsyjAWhdRLyULRcLClnAa0rpjhtRYJi3+W06Q6v0nrzngrJwuBOjSLq+LgfMI8RrLTVNfc7PlYDgnlSHRd/+GZ8fFHtmgWrZE2E5sHOoACZal3zs9MLSezTQBGOpWzbVqScBAvFCKfjfCeWNMJkiPu0rTHAPpVOMrlhjI6000NeKPQLFJq4vycS7Es58l3dmW4pZ2up+V+tHSvv3ElYEMWKBmT6kRdzpEKUBoJ6TFCi+EgDJoLpXREZYIGJ0rHldQj27Mnz0CiX7JNS+fa0ULnM4sjBARxCEWw4gwpcQw3qQOABnuAFXo1H49l4M96nrQtGNrMHf2R8fAOnGZeD</latexit>

u ⇠r
N v , postN (u) = postN (v)

<latexit sha1_base64="SXVzolnJ6ETwkHH6TUfdfgVHWpQ="></latexit>
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=<latexit sha1_base64="MWbL6R2hZsQThSAdMNvF0orSXwY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2UK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP44bjMU=</latexit>

?

⇠r
L=⇠r

N iff u�1L = v�1L , postN (u) = postN (v)
<latexit sha1_base64="qYL5O+3sZtXvuyuTrnZ8P4sil8U="></latexit>

Lemma:
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Instances of left congruences

•           is a finite left congruence

•

Automata-based
N

<latexit sha1_base64="AizTeXplBvn9PWeWHAXHzWaqlVY=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN66kgn3AdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7woQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uc397hNVmknxaKYJDWI8EixiBBsr+f0YmzHBPLufDao1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roOsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp176LeeLisNW+KOspwAqdwDh5cQRPuoAVtICDhGV7hzTHOi/PufCxGS06xcwx/4Hz+AIVdkWg=</latexit>

Given an NFA        with L(N ) = L
<latexit sha1_base64="YOVjPWDYJMuyjnwyoQSpAjUji7U=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYkVdCNUHTjokgFe4E2lMl00g6dXJiZCCUU3Pgqblwo4taXcOfbOGmDaOsPAx//OYc553cjzqSyrC9jYXFpeWU1t5Zf39jc2jZ3dhsyjAWhdRLyULRcLClnAa0rpjhtRYJi3+W06Q6v0nrzngrJwuBOjSLq+LgfMI8RrLTVNfc7PlYDgnlSHRd/+GZ8fFHtmgWrZE2E5sHOoACZal3zs9MLSezTQBGOpWzbVqScBAvFCKfjfCeWNMJkiPu0rTHAPpVOMrlhjI6000NeKPQLFJq4vycS7Es58l3dmW4pZ2up+V+tHSvv3ElYEMWKBmT6kRdzpEKUBoJ6TFCi+EgDJoLpXREZYIGJ0rHldQj27Mnz0CiX7JNS+fa0ULnM4sjBARxCEWw4gwpcQw3qQOABnuAFXo1H49l4M96nrQtGNrMHf2R8fAOnGZeD</latexit>

A co-DFA for L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

u ⇠`
N v , preN (u) = preN (v)

<latexit sha1_base64="kNcOMPDzvGTsVWSiLU1w958Gky8="></latexit>

Language-based
Given a regular language L

<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

The minimal co-DFA for L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

u ⇠`
L v , Lu�1 = Lv�1

<latexit sha1_base64="oIOhwe9zTXRIshApgvDyyqiXPws=">AAACHHicbZC7SgNBFIZnvcZ4i1raDAbBxrBrBG2EoI1FiggmCtkkzE7OJkNmL8ycjYRlH8TGV7GxUMTGQvBtnFwKbz8MfPznHM6c34ul0Gjbn9bc/MLi0nJuJb+6tr6xWdjabugoURzqPJKRuvWYBilCqKNACbexAhZ4Em68wcW4fjMEpUUUXuMohlbAeqHwBWdorE6hnLhaBO3UBSmzTlrN6NCtgo9K9PrIlIruaDVpp4dORs9odTihTqFol+yJ6F9wZlAkM9U6hXe3G/EkgBC5ZFo3HTvGVsoUCi4hy7uJhpjxAetB02DIAtCtdHJcRveN06V+pMwLkU7c7xMpC7QeBZ7pDBj29e/a2Pyv1kzQP22lIowThJBPF/mJpBjRcVK0KxRwlCMDjCth/kp5nynG0eSZNyE4v0/+C42jklMuHV0dFyvnszhyZJfskQPikBNSIZekRuqEk3vyS J7Ji/VgPVmv1tu0dc6azeyQH7I+vgCma6Gn</latexit>

P⇠`(L) = L
<latexit sha1_base64="LVG2+KfrElK6zIpie+vGFN4XbZU=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5JUQTdC0Y2LLirYBzQhTKaTdujMJMxMhBqKv+LGhSJu/Q93/o3TNgttPXDhcM693HtPmDCqtON8W0vLK6tr64WN4ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc3kz89gORisbiXo8S4nPUFzSiGGkjBfZhI8g8RXngEcbG5fopvIL1wC45FWcKuEjcnJRAjkZgf3m9GKecCI0ZUqrrOon2MyQ1xYyMi16qSILwEPVJ11CBOFF+Nr1+DE+M0oNRLE0JDafq74kMcaVGPDSdHOmBmvcm4n9eN9XRpZ9RkaSaCDxbFKUM6hhOooA9KgnWbGQIwpKaWyEeIImwNoEVTQju/MuLpFWtuGeV6t15qXadx1EAR+AYlIELLkAN3IIGaAIMHsEzeAVv1pP1Yr1bH7PWJSufOQB/YH3+AMoslCE=</latexit>

⇠`
<latexit sha1_base64="pbu4+PHYvbfIqYRkrFNiAAiiPpc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ic0oWy2k3bpbhJ2N0Ip/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCalGwWNsGm4EdlKFVIYC2+Hodua3n1BpnsQPZpxiIOkg5hFn1Fjp0ddc9nwUoleuuFV3DrJKvJxUIEejV/7y+wnLJMaGCap113NTE0yoMpwJnJb8TGNK2YgOsGtpTCXqYDI/eErOrNInUaJsxYbM1d8TEyq1HsvQdkpqhnrZm4n/ed3MRNfBhMdpZjBmi0VRJohJyOx70ucKmRFjSyhT3N5K2JAqyozNqGRD8JZfXiWtWtW7qNbuLyv1mzyOIpzAKZyDB1dQhztoQBMYSHiGV3hzlPPivDsfi9aCk88cwx84nz/hr5B1</latexit>

Min`(L) Det`(N )

⌫
<latexit sha1_base64="36Nd5lM32SYYbayZJsA8dmXn1X8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7umUMXzslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0qpVvYtq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH3N3j6Q=</latexit>
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⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

⇠`
L

<latexit sha1_base64="fXQqp0f5boHD0czH/7ZzHJNfYwk=">AAACNnicbVC7TsMwFHXKq5RXS0cWiwqJqUoKEowVLAwMRaIPqQmV4zitVTsJtoMURfkOVvgLfoWFDbHyCThtBvo4kqWjc+7VuT5uxKhUpvlplDY2t7Z3yruVvf2Dw6Nq7bgnw1hg0sUhC8XARZIwGpCuooqRQSQI4i4jfXd6m/v9FyIkDYNHlUTE4WgcUJ9ipLTk2JLyp9QmjGWj+1G1YTbNGeAqsQrSAAU6o5pRt70Qx5wECjMk5dAyI+WkSCiKGckqdixJhPAUjclQ0wBxIp10dnUGz7TiQT8U+gUKztT/GyniUibc1ZMcqYlc9nJxnTeMlX/tpDSIYkUCPA/yYwZVCPMKoEcFwYolmiAsqL4V4gkSCCtd1EKKVByJRHjZ2uxlMf+GzCq6Rmu5tFXSazWti2br4bLRvikKLYMTcArOgQWuQBvcgQ7oAgyewSt4A+/Gh/FlfBs/89GSUezUwQKM3z8zsqz9</latexit>

LR
<latexit sha1_base64="yIGlbS2Taff8l44rSCfCUbrj5Pg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxYOH+MgDkjXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8GriN55QaR7JBzOK0Q9pX/IeZ9RY6f7m8a5TKLoldwqySLyMFCFDtVP4ancjloQoDRNU65bnxsZPqTKcCRzn24nGmLIh7WPLUklD1H46PXVMjq3SJb1I2ZKGTNXfEykNtR6Fge0MqRnoeW8i/ue1EtO78FMu48SgZLNFvUQQE5HJ36TLFTIjRpZQpri9lbABVZQZm07ehuDNv7xI6uWSd1oq354VK5dZHDk4hCM4AQ/OoQLXUIUaMOjDM7zCmyOcF+fd+Zi1LjnZzAH8gfP5A/pmjZg=</latexit>LR

<latexit sha1_base64="yIGlbS2Taff8l44rSCfCUbrj5Pg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxYOH+MgDkjXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8GriN55QaR7JBzOK0Q9pX/IeZ9RY6f7m8a5TKLoldwqySLyMFCFDtVP4ancjloQoDRNU65bnxsZPqTKcCRzn24nGmLIh7WPLUklD1H46PXVMjq3SJb1I2ZKGTNXfEykNtR6Fge0MqRnoeW8i/ue1EtO78FMu48SgZLNFvUQQE5HJ36TLFTIjRpZQpri9lbABVZQZm07ehuDNv7xI6uWSd1oq354VK5dZHDk4hCM4AQ/OoQLXUIUaMOjDM7zCmyOcF+fd+Zi1LjnZzAH8gfP5A/pmjZg=</latexit>

⇠`
N

<latexit sha1_base64="71Hh1FXbB1xornSU3C5TpZRbK10=">AAACRHicbVDLSsNAFJ3UV62v1q7ETbAIrkpSBV0W3biSCrYWmhgmk2k7dGYSZiZCCMGvcat/4T/4D+7ErThps7CPCxcO59zLuff4ESVSWdanUVpb39jcKm9Xdnb39g+qtcOeDGOBcBeFNBR9H0pMCcddRRTF/UhgyHyKH/3JTa4/PmMhScgfVBJhl8ERJ0OCoNKUVz1yJGFPqYMpzbzUYVCNEaTpXZZ51YbVtKZlLgO7AA1QVMerGXUnCFHMMFeIQikHthUpN4VCEURxVnFiiSOIJnCEBxpyyLB00+kPmXmqmcAchkI3V+aU/b+RQiZlwnw9mR8pF7WcXKUNYjW8clPCo1hhjmZGw5iaKjTzQMyACIwUTTSASBB9q4nGUECkdGxzLlIxKBIRZCu9F8n8DZlVdIz2YmjLoNdq2ufN1v1Fo31dBFoGx+AEnAEbXII2uAUd0AUIvIBX8AbejQ/jy/g2fmajJaPYqYO5Mn7/APVMss4=</latexit>
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then

( )
R

=

Lemma: Given u ⇠r v
<latexit sha1_base64="WHelTkdd2i9NGR56+UvpONXsiQU=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBT0WvXisYD+kXUs2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CoqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up35rTFVmsXywUwSGgg8kCxiBBsrPaZdzcSTQuOeW/Yq3hxolfg5KUOOes/96vZjkgoqDeFY647vJSbIsDKMcDotdVNNE0xGeEA7lkosqA6y+cFTdGaVPopiZUsaNFd/T2RYaD0Roe0U2Az1sjcT//M6qYmug4zJJDVUksWiKOXIxGj2PeozRYnhE0swUczeisgQK0yMzahkQ/CXX14lzWrFv6hU7y/LtZs8jiKcwCmcgw9XUIM7qEMDCAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/thaQWA==</latexit> , uR ⇠` vR

<latexit sha1_base64="SHcnX0uBF4xlg4OF7wkEZjF2w9U=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhd0oaBm0sbBQMSpkkzA7uZsMmZ1dZu5GwpIPsPFXbCwUsfUD7PwbJ3ELXwcGDuecy517gkQKg6774RRmZufmF4qLpaXlldW18vrGlYlTzaHBYxnrm4AZkEJBAwVKuEk0sCiQcB0Mjif+9RC0EbG6xFECrYj1lAgFZ2ilTrnin0KIWvT6yLSOb2navqC+EVE780HKMR22L2zKrbpT0L/Ey0mF5DjrlN/9bszTCBRyyYxpem6CrYxpFFzCuOSnBhLGB6wHTUsVi8C0sukxY7pjlS4NY22fQjpVv09kLDJmFAU2GTHsm9/eRPzPa6YYHrYyoZIUQfGvRWEqKcZ00gztCg0c5cgSxrWwf6W8zzTjaPsr2RK83yf/JVe1qrdXrZ3vV+pHeR1FskW2yS7xyAGpkxNyRhqEkzvyQJ7Is3PvPDovzutXtODkM5vkB5y3T9uwm3w=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>

LR
<latexit sha1_base64="yIGlbS2Taff8l44rSCfCUbrj5Pg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxYOH+MgDkjXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8GriN55QaR7JBzOK0Q9pX/IeZ9RY6f7m8a5TKLoldwqySLyMFCFDtVP4ancjloQoDRNU65bnxsZPqTKcCRzn24nGmLIh7WPLUklD1H46PXVMjq3SJb1I2ZKGTNXfEykNtR6Fge0MqRnoeW8i/ue1EtO78FMu48SgZLNFvUQQE5HJ36TLFTIjRpZQpri9lbABVZQZm07ehuDNv7xI6uWSd1oq354VK5dZHDk4hCM4AQ/OoQLXUIUaMOjDM7zCmyOcF+fd+Zi1LjnZzAH8gfP5A/pmjZg=</latexit>
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then

( )
R

=

Lemma: Given u ⇠r v
<latexit sha1_base64="WHelTkdd2i9NGR56+UvpONXsiQU=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbBT0WvXisYD+kXUs2zbahSXZJsoWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CoqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up35rTFVmsXywUwSGgg8kCxiBBsrPaZdzcSTQuOeW/Yq3hxolfg5KUOOes/96vZjkgoqDeFY647vJSbIsDKMcDotdVNNE0xGeEA7lkosqA6y+cFTdGaVPopiZUsaNFd/T2RYaD0Roe0U2Az1sjcT//M6qYmug4zJJDVUksWiKOXIxGj2PeozRYnhE0swUczeisgQK0yMzahkQ/CXX14lzWrFv6hU7y/LtZs8jiKcwCmcgw9XUIM7qEMDCAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/thaQWA==</latexit> , uR ⇠` vR

<latexit sha1_base64="SHcnX0uBF4xlg4OF7wkEZjF2w9U=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhd0oaBm0sbBQMSpkkzA7uZsMmZ1dZu5GwpIPsPFXbCwUsfUD7PwbJ3ELXwcGDuecy517gkQKg6774RRmZufmF4qLpaXlldW18vrGlYlTzaHBYxnrm4AZkEJBAwVKuEk0sCiQcB0Mjif+9RC0EbG6xFECrYj1lAgFZ2ilTrnin0KIWvT6yLSOb2navqC+EVE780HKMR22L2zKrbpT0L/Ey0mF5DjrlN/9bszTCBRyyYxpem6CrYxpFFzCuOSnBhLGB6wHTUsVi8C0sukxY7pjlS4NY22fQjpVv09kLDJmFAU2GTHsm9/eRPzPa6YYHrYyoZIUQfGvRWEqKcZ00gztCg0c5cgSxrWwf6W8zzTjaPsr2RK83yf/JVe1qrdXrZ3vV+pHeR1FskW2yS7xyAGpkxNyRhqEkzvyQJ7Is3PvPDovzutXtODkM5vkB5y3T9uwm3w=</latexit>

⇠r
<latexit sha1_base64="YR/YYmJM6tv65Y/Pt0p2yOi//jg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrmHiQfdKZb/iz4CWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp5NiNzU0wWSEB7TjqMSCmjCbXTtBp07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoKILIVh8eZk0q5XgvFK9uyjXrvM4CnAMJ3AGAVxCDW6hDg0g8AjP8ApvnvJevHfvY9664uUzR/AH3ucPqcqPLw==</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

⌃⇤
<latexit sha1_base64="E7K8BVFaogNpKrw5thxQ527z8Lk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBPJTdVtBj0YvHivYD2rVk02wbmmTXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qiSrNI3ptxTH2BB5KFjGBjpXb3jg0EfjjrFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbvBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGaPo/6TFFi+NgSTBSztyIyxAoTYyMq2BC8xZeXSbNS9qrlyu15qXaVxZGHIziGU/DgAmpwA3VoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP4myj6M=</latexit>

⇠`
<latexit sha1_base64="DqZqbGXPBWIscdzQEYcif1rGSkU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AcksWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYJKyUJJhwmNOCVjJDwyXj3nAhJj2qzW37s6BV4lXkBoq0OpXv4KBoplkCVBBjPE9N4UwJxo4FWxaCTLDUkLHZMh8SxMimQnz+clTfGaVAY6VtpUAnqu/J3IijZnIyHZKAiOz7M3E/zw/g/g6zHmSZsASulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6jbp3UW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6oVkYA=</latexit>

LR
<latexit sha1_base64="yIGlbS2Taff8l44rSCfCUbrj5Pg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxYOH+MgDkjXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8GriN55QaR7JBzOK0Q9pX/IeZ9RY6f7m8a5TKLoldwqySLyMFCFDtVP4ancjloQoDRNU65bnxsZPqTKcCRzn24nGmLIh7WPLUklD1H46PXVMjq3SJb1I2ZKGTNXfEykNtR6Fge0MqRnoeW8i/ue1EtO78FMu48SgZLNFvUQQE5HJ36TLFTIjRpZQpri9lbABVZQZm07ehuDNv7xI6uWSd1oq354VK5dZHDk4hCM4AQ/OoQLXUIUaMOjDM7zCmyOcF+fd+Zi1LjnZzAH8gfP5A/pmjZg=</latexit>
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True if     is a co-DFAN
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Thm: [Brzozowski, 1962] Let        be an NFA. Then N
<latexit sha1_base64="dAb3PeTBqYTImFWFeLdDW+U2Jxs="></latexit>

L(N )
<latexit sha1_base64="zUJAwQ7OaTQ+ckKrp8c23u9nag4="></latexit>

is isomorphic to the minimal DFA for

[Gutiérrez et. al, MFCS 2019] 
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Contributions of This Work

Double-reversal 
Method

Moore’s algorithm

Generalization of 
the Double-reversal 
Method

[Brzozowski, 1962]

Detr(Det`(N ))
<latexit sha1_base64="fSQYHWhDI4V6PRlKaXIyilIAsDM="></latexit>

⌘<latexit sha1_base64="EgdstFTg4WPdFsehCiIKaLOS/po="></latexit> Minimal DFA for

[Brzozowski and Tamm, 2014]

L
<latexit sha1_base64="1xZwa6M5VwdXXwsd+b2n650ITyE="></latexit>

N
<latexit sha1_base64="+aBBQrAQLTH37D0KfMOSwc199K8="></latexit>

L
<latexit sha1_base64="1xZwa6M5VwdXXwsd+b2n650ITyE="></latexit>

: NFA
: language of 

[Moore, 1956]

N
<latexit sha1_base64="+aBBQrAQLTH37D0KfMOSwc199K8="></latexit>

[Gutiérrez et. al, MFCS 2019] 
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[Moore, 1956]
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[Moore, 1956]
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P (n)
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L
(Lq) = Lq

<latexit sha1_base64="uej/2KwQ5HguYnyvT5vCURkHxRw="></latexit>

8q 2 Q(n) :
<latexit sha1_base64="MarihnnpXO/GXufgP9WPTAO3KIQ="></latexit>

n
<latexit sha1_base64="2Wj5ScB8VI8mGnsdbCkbbflp7SM="></latexit>

N
<latexit sha1_base64="+aBBQrAQLTH37D0KfMOSwc199K8="></latexit>

[Gutiérrez et. al, MFCS 2019] 
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• More general view on the method
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explain double-reversal method

N

NR

Det`

Det`(N )

Detr(NR)
Detr

Detr

Det`

R R

Minr

Detr(Det`(N ))

Det`(Detr(NR))

Min`

R

P⇠r
L
(Lq) = Lq

<latexit sha1_base64="j3OWKc8pf1PwFHekcmD3r6XW/ZE="></latexit>

, 8q 2 Q
<latexit sha1_base64="u1iGQavFybdvubuOxSx85+P0jho=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkrSCrosunHZgn1AE8pkOmmHTiZxZlIooX/ixoUibv0Td/6N0zYLbT0wcDjnXu6ZEyScKe0431ZhY3Nre6e4W9rbPzg8so9P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxvdzvzOhUrFYPOppQv0IDwULGcHaSH3bvvLCWGLO0RPymEDNvl12Ks4CaJ24OSlDjkbf/vIGMUkjKjThWKme6yTaz7DUjHA6K3mpogkmYzykPUMFjqjys0XyGbowygCZBOYJjRbq740MR0pNo8BMRliP1Ko3F//zeqkOb/2MiSTVVJDloTDlSMdoXgMaMEmJ5lNDMJHMZEVkhCUm2pRVMiW4q19eJ+1qxa1Vqs3rcv0ur6MIZ3AOl+DCDdThARrQAgITeIZXeLMy68V6tz6WowUr3zmFP7A+fwAe6ZKs</latexit>

• More general view on the method

Questions?

Sim`(N , )
<latexit sha1_base64="oZuBsa1R+6bB4yGH+A4yjpNQgmU=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVSpmpgi6LblxJRfuATi2Z9E4bmnmQZJQyzE+48VfcuFDEreDOvzGddqGtBwKHc+7l5hw34kwqy/o2FhaXlldWc2v59Y3NrW1zZ7chw1hQqNOQh6LlEgmcBVBXTHFoRQKI73JousOLsd+8ByFZGNyqUQQdn/QD5jFKlJa6ZsnxiRpIL7lhfnqXOMB5Wsw0SnhylZaww8FTRIjw4ahrFqyylQHPE3tKCmiKWtf8cnohjX0IFOVEyrZtRaqTEKEY5ZDmnVhCROiQ9KGtaUB8kJ0kS5XiQ630sBcK/QKFM/X3RkJ8KUe+qyezDLPeWPzPa8fKO+skLIhiBQGdHPJijlWIxxXhHhNAFR9pQqhg+q+YDoggVOki87oEezbyPGlUyvZxuXJ9UqieT+vIoX10gIrIRqeoii5RDdURRY/oGb2iN+PJeDHejY/J6IIx3dlDf2B8/gB+zZ+h</latexit>



E. Gutiérrez, IMDEA Software, Madrid26

Auxiliary Material
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u�1L = v�1L () postNu (I) = postNv (I)

Let N be a co-DFA. Then, for each u, v 2 ⌃⇤ :Theorem:

Proof:

))

()

Assume postNu (I) 6= postNv (I) . Then,
Trivial ( since            always finer than           ).

u

v

=

=But contradicts that            is a co-DFA!N

postNu (I) = postNv (I)Therefore,
E. Gutiérrez (IMDEA Software Institute)

⇠r
N ⇠r

L

w0

w0

There cannot be one word w0 that allows 
me to reach the final state from two different 
states in a co-DFA


