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The first letter is greater than other letters

qcheck( 3 )

2/4



Register automata

3  2  2  1  5  2

A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

qcheck( 3 )

2/4



Register automata

3  2  2  1  5  2

A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

qcheck( 3 )

2/4



Register automata

3  2  2  1  5  2

A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

qcheck( 3 )
5

?
 2

<latexit sha1_base64="FNGpUBhdMe5VM0yQW5XmBpPmQJs=">AAAB/3icbVDJSgNBEK2JW4xbXPDipTEInsJMVPRm0IvHCGaBTAg9nUrSpGexu0cIYw7+ihcPinj1N7z5N3YmOWjig4LHe1VU1fMiwZW27W8rs7C4tLySXc2trW9sbuW3d2oqjCXDKgtFKBseVSh4gFXNtcBGJJH6nsC6N7ge+/UHlIqHwZ0eRtjyaS/gXc6oNlI7v39GXKUpG0gUyeUocQXej0ipnS/YRTsFmSfOlBTKe5Ci0s5/uZ2QxT4GmgmqVNOxI91KqNScCRzl3FhhZNbQHjYNDaiPqpWk94/IkVE6pBtKU4Emqfp7IqG+UkPfM50+1X01643F/7xmrLsXrYQHUawxYJNF3VgQHZJxGKTDJTIthoZQJrm5lbA+lZRpE1nOhODMvjxPaqWic1Is3Z4WyleTNCALB3AIx+DAOZThBipQBQaP8Ayv8GY9WS/Wu/Uxac1Y05ld+APr8wfYpJYI</latexit>

2/4



Register automata

3  2  2  1  5  2

A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

qcheck( 3 )
Yes

2/4



Register automata

3  2  2  1  5  2

A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

qfail ( )

2/4



Register automata

3  2  2  1  5  2

A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

qfail ( )

2/4



Register automata

3  2  2  1  5  2

A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

qfail ( )
Reject

2/4



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

3/4

Every read access to a register has the side effect of destroying its contents



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

3  2  2  1  5  2

The first letter is greater than other letters

qstart ( )

3/4

Every read access to a register has the side effect of destroying its contents



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

3  2  2  1  5  2

qcheck(   )3

3/4

Every read access to a register has the side effect of destroying its contents



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

3  2  2  1  5  2

qcheck(   )
3

?
 2

<latexit sha1_base64="e4Y53zDiX42ZYZ3HPMvnowcrG6Y=">AAAB/3icbVDJSgNBEK2JW4zbuODFS2MQPIWZRNCbQS8eI5gFMiH0dCpJk57F7h4hjDn4K148KOLV3/Dm39hZDpr4oODxXhVV9fxYcKUd59vKLC2vrK5l13Mbm1vbO/buXk1FiWRYZZGIZMOnCgUPsaq5FtiIJdLAF1j3B9djv/6AUvEovNPDGFsB7YW8yxnVRmrbhyXiKU3ZQKJIL0epJ/B+RIptO+8UnAnIInFnJF8+gAkqbfvL60QsCTDUTFClmq4T61ZKpeZM4CjnJQpjs4b2sGloSANUrXRy/4icGKVDupE0FWoyUX9PpDRQahj4pjOguq/mvbH4n9dMdPeilfIwTjSGbLqomwiiIzIOg3S4RKbF0BDKJDe3EtankjJtIsuZENz5lxdJrVhwS4Xi7Vm+fDVNA7JwBMdwCi6cQxluoAJVYPAIz/AKb9aT9WK9Wx/T1ow1m9mHP7A+fwDVcpYG</latexit>

3

3/4

Every read access to a register has the side effect of destroying its contents



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

3  2  2  1  5  2

qcheck(   )
3

?
 2

<latexit sha1_base64="e4Y53zDiX42ZYZ3HPMvnowcrG6Y=">AAAB/3icbVDJSgNBEK2JW4zbuODFS2MQPIWZRNCbQS8eI5gFMiH0dCpJk57F7h4hjDn4K148KOLV3/Dm39hZDpr4oODxXhVV9fxYcKUd59vKLC2vrK5l13Mbm1vbO/buXk1FiWRYZZGIZMOnCgUPsaq5FtiIJdLAF1j3B9djv/6AUvEovNPDGFsB7YW8yxnVRmrbhyXiKU3ZQKJIL0epJ/B+RIptO+8UnAnIInFnJF8+gAkqbfvL60QsCTDUTFClmq4T61ZKpeZM4CjnJQpjs4b2sGloSANUrXRy/4icGKVDupE0FWoyUX9PpDRQahj4pjOguq/mvbH4n9dMdPeilfIwTjSGbLqomwiiIzIOg3S4RKbF0BDKJDe3EtankjJtIsuZENz5lxdJrVhwS4Xi7Vm+fDVNA7JwBMdwCi6cQxluoAJVYPAIz/AKb9aT9WK9Wx/T1ow1m9mHP7A+fwDVcpYG</latexit>

3/4

Every read access to a register has the side effect of destroying its contents



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

3  2  2  1  5  2

qcheck(   )
No

3/4

Every read access to a register has the side effect of destroying its contents



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

3  2  2  1  5  2

qcheck(   )

3/4

Every read access to a register has the side effect of destroying its contents



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

3  2  2  1  5  2

???

3/4

Every read access to a register has the side effect of destroying its contents



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

Not recognisable by single-use automata,

3/4



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

Not recognisable by single-use automata,

but recognisable by orbit-finite monoids 
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Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters
Not recognisable by single-use automata,
but recognisable by orbit-finite monoids 

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids
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Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make single-use automata stronger?
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Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make single-use automata stronger?
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r1 := max(r1, r2)
<latexit sha1_base64="EKaIxLrbz/sSIAiw3nd1DW08LAA=">AAAB/nicbZDLSsNAFIZP6q3WW7yt3AwWoYKUpAqKIBTduKxgL9CGMJlO26GTCzMTsYSCr+LGhSJufQ53vo2TtAtt/WHg4z/ncM78XsSZVJb1beQWFpeWV/KrhbX1jc0tc3unIcNYEFonIQ9Fy8OSchbQumKK01YkKPY9Tpve8CatNx+okCwM7tUooo6P+wHrMYKVtlxzX7g2urxCPn4saTxBwq0cF1yzaJWtTGge7CkUq3uQqeaaX51uSGKfBopwLGXbtiLlJFgoRjgdFzqxpBEmQ9ynbY0B9ql0kuz8MTrSThf1QqFfoFDm/p5IsC/lyPd0p4/VQM7WUvO/WjtWvQsnYUEUKxqQyaJezJEKUZoF6jJBieIjDZgIpm9FZIAFJkonloZgz355HhqVsn1artydFavXkzQgDwdwCCWw4RyqcAs1qAOBBJ7hFd6MJ+PFeDc+Jq05YzqzC39kfP4A1BCTgA==</latexit>



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make single-use automata stronger?

But what about second max?
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r1 := max(r1, r2)
<latexit sha1_base64="EKaIxLrbz/sSIAiw3nd1DW08LAA=">AAAB/nicbZDLSsNAFIZP6q3WW7yt3AwWoYKUpAqKIBTduKxgL9CGMJlO26GTCzMTsYSCr+LGhSJufQ53vo2TtAtt/WHg4z/ncM78XsSZVJb1beQWFpeWV/KrhbX1jc0tc3unIcNYEFonIQ9Fy8OSchbQumKK01YkKPY9Tpve8CatNx+okCwM7tUooo6P+wHrMYKVtlxzX7g2urxCPn4saTxBwq0cF1yzaJWtTGge7CkUq3uQqeaaX51uSGKfBopwLGXbtiLlJFgoRjgdFzqxpBEmQ9ynbY0B9ql0kuz8MTrSThf1QqFfoFDm/p5IsC/lyPd0p4/VQM7WUvO/WjtWvQsnYUEUKxqQyaJezJEKUZoF6jJBieIjDZgIpm9FZIAFJkonloZgz355HhqVsn1artydFavXkzQgDwdwCCWw4RyqcAs1qAOBBJ7hFd6MJ+PFeDc+Jq05YzqzC39kfP4A1BCTgA==</latexit>



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make single-use automata stronger?

But what about second max?
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r1 := max(r1, r2)
<latexit sha1_base64="EKaIxLrbz/sSIAiw3nd1DW08LAA=">AAAB/nicbZDLSsNAFIZP6q3WW7yt3AwWoYKUpAqKIBTduKxgL9CGMJlO26GTCzMTsYSCr+LGhSJufQ53vo2TtAtt/WHg4z/ncM78XsSZVJb1beQWFpeWV/KrhbX1jc0tc3unIcNYEFonIQ9Fy8OSchbQumKK01YkKPY9Tpve8CatNx+okCwM7tUooo6P+wHrMYKVtlxzX7g2urxCPn4saTxBwq0cF1yzaJWtTGge7CkUq3uQqeaaX51uSGKfBopwLGXbtiLlJFgoRjgdFzqxpBEmQ9ynbY0B9ql0kuz8MTrSThf1QqFfoFDm/p5IsC/lyPd0p4/VQM7WUvO/WjtWvQsnYUEUKxqQyaJezJEKUZoF6jJBieIjDZgIpm9FZIAFJkonloZgz355HhqVsn1artydFavXkzQgDwdwCCWw4RyqcAs1qAOBBJ7hFd6MJ+PFeDc+Jq05YzqzC39kfP4A1BCTgA==</latexit>

r1, r2 := sort(r1, r2)
<latexit sha1_base64="hjrDB1pWt5noo3hoAvkhrAvaZQQ=">AAACBHicbVDLSsNAFL2pr1pf8bHrZrAIFaQkVVAEoejGZQX7gDaEyXTSDp1kwsxEKKULN/6KGxeKuPUj3Pk3JmkFrR64cDjnXu69x4s4U9qyPo3cwuLS8kp+tbC2vrG5ZW7vNJWIJaENIriQbQ8ryllIG5ppTtuRpDjwOG15w6vUb91RqZgIb/Uook6A+yHzGcE6kVyzKF37CEm3is4vkBJSl7+Fw4JrlqyKlQH9JfaMlGp7kKHumh/dniBxQENNOFaqY1uRdsZYakY4nRS6saIRJkPcp52EhjigyhlnT0zQQaL0kC9kUqFGmfpzYowDpUaBl3QGWA/UvJeK/3mdWPtnzpiFUaxpSKaL/JgjLVCaCOoxSYnmo4RgIllyKyIDLDHRSW5pCPb8y39Js1qxjyvVm5NS7XKaBuShCPtQBhtOoQbXUIcGELiHR3iGF+PBeDJejbdpa86YzezCLxjvX50nlY0=</latexit>



Single-use restriction A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make single-use automata stronger?

Orbit-finite monoids

6✓<latexit sha1_base64="b70czK+8p7gGKb3z4ncpzYVOmDY=">AAAB+HicbVDLTgJBEOz1ifgAHzcvE4mJJ7KLJnokevGIiTwSIGR2aGDC7Ow602uChC/x4kFjvPop3vwbl4WDgpV0UqnqTneXHylpyXW/nZXVtfWNzcxWdntndy+X3z+o2TA2AqsiVKFp+NyikhqrJElhIzLIA19h3R/eTP36IxorQ31PowjbAe9r2ZOCUyJ18rmWDom1bOxbJHzIdvIFt+imYMvEm5NC+QhSVDr5r1Y3FHGAmoTi1jY9N6L2mBuSQuEk24otRlwMeR+bCdU8QNsep4dP2GmidFkvNElpYqn6e2LMA2tHgZ90BpwGdtGbiv95zZh6V+2x1FFMqMVsUS9WjEI2TYF1pUFBapQQLoxMbmViwA0XlGQ1DcFbfHmZ1EpF77xYursolK9naUAGjuEEzsCDSyjDLVSgCgJieIZXeHOenBfn3fmYta4485lD+APn8wfPEpM4</latexit>

But what about second max?
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r1 := max(r1, r2)
<latexit sha1_base64="EKaIxLrbz/sSIAiw3nd1DW08LAA=">AAAB/nicbZDLSsNAFIZP6q3WW7yt3AwWoYKUpAqKIBTduKxgL9CGMJlO26GTCzMTsYSCr+LGhSJufQ53vo2TtAtt/WHg4z/ncM78XsSZVJb1beQWFpeWV/KrhbX1jc0tc3unIcNYEFonIQ9Fy8OSchbQumKK01YkKPY9Tpve8CatNx+okCwM7tUooo6P+wHrMYKVtlxzX7g2urxCPn4saTxBwq0cF1yzaJWtTGge7CkUq3uQqeaaX51uSGKfBopwLGXbtiLlJFgoRjgdFzqxpBEmQ9ynbY0B9ql0kuz8MTrSThf1QqFfoFDm/p5IsC/lyPd0p4/VQM7WUvO/WjtWvQsnYUEUKxqQyaJezJEKUZoF6jJBieIjDZgIpm9FZIAFJkonloZgz355HhqVsn1artydFavXkzQgDwdwCCWw4RyqcAs1qAOBBJ7hFd6MJ+PFeDc+Jq05YzqzC39kfP4A1BCTgA==</latexit>

r1, r2 := sort(r1, r2)
<latexit sha1_base64="hjrDB1pWt5noo3hoAvkhrAvaZQQ=">AAACBHicbVDLSsNAFL2pr1pf8bHrZrAIFaQkVVAEoejGZQX7gDaEyXTSDp1kwsxEKKULN/6KGxeKuPUj3Pk3JmkFrR64cDjnXu69x4s4U9qyPo3cwuLS8kp+tbC2vrG5ZW7vNJWIJaENIriQbQ8ryllIG5ppTtuRpDjwOG15w6vUb91RqZgIb/Uook6A+yHzGcE6kVyzKF37CEm3is4vkBJSl7+Fw4JrlqyKlQH9JfaMlGp7kKHumh/dniBxQENNOFaqY1uRdsZYakY4nRS6saIRJkPcp52EhjigyhlnT0zQQaL0kC9kUqFGmfpzYowDpUaBl3QGWA/UvJeK/3mdWPtnzpiFUaxpSKaL/JgjLVCaCOoxSYnmo4RgIllyKyIDLDHRSW5pCPb8y39Js1qxjyvVm5NS7XKaBuShCPtQBhtOoQbXUIcGELiHR3iGF+PBeDJejbdpa86YzezCLxjvX50nlY0=</latexit>



Orbit-finite monoids A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

3  2  2  1  5  23 5
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Orbit-finite monoids A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

3  2  2  1  5  2

3 5

7! <latexit sha1_base64="VqvQW7LcokfxQ+urHAwKyHISwKM=">AAAB73icbVDJSgNBEK1xjXGLy81LYxA8hZko6DHoxWMEs0AyhJ5OT9Kkl7G7RwghP+HFgyJe/R1v/o09kxw08UHB470qqupFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0m/mtJ6oNU/LBjhMaCjyQLGYEWye1uwInxqpir1T2K34OtEyCOSnXjiFHvVf66vYVSQWVlnBsTCfwExtOsLaMcDotdlNDE0xGeEA7jkosqAkn+b1TdOaUPoqVdiUtytXfExMsjBmLyHUKbIdm0cvE/7xOauPrcMJkkloqyWxRnHJkFcqeR32mKbF87AgmmrlbERlijYl1EWUhBIsvL5NmtRJcVKr3l+XazSwNKMAJnMI5BHAFNbiDOjSAAIdneIU379F78d69j1nrijefOYI/8D5/ADTSkBw=</latexit>

( , )
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Orbit-finite monoids A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

The first letter is greater than other letters

3  2  2  1  5  2

3 5

7! <latexit sha1_base64="VqvQW7LcokfxQ+urHAwKyHISwKM=">AAAB73icbVDJSgNBEK1xjXGLy81LYxA8hZko6DHoxWMEs0AyhJ5OT9Kkl7G7RwghP+HFgyJe/R1v/o09kxw08UHB470qqupFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0m/mtJ6oNU/LBjhMaCjyQLGYEWye1uwInxqpir1T2K34OtEyCOSnXjiFHvVf66vYVSQWVlnBsTCfwExtOsLaMcDotdlNDE0xGeEA7jkosqAkn+b1TdOaUPoqVdiUtytXfExMsjBmLyHUKbIdm0cvE/7xOauPrcMJkkloqyWxRnHJkFcqeR32mKbF87AgmmrlbERlijYl1EWUhBIsvL5NmtRJcVKr3l+XazSwNKMAJnMI5BHAFNbiDOjSAAIdneIU379F78d69j1nrijefOYI/8D5/ADTSkBw=</latexit>

( , )

First letter Max of 
the rest 
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Orbit-finite monoids A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids
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Orbit-finite monoids A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make orbit-finite monoids weaker?
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Orbit-finite monoids A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make orbit-finite monoids weaker?

Some monoids have infinite J-height.
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Orbit-finite monoids A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make orbit-finite monoids weaker?

hQ,maxi
<latexit sha1_base64="+3jqRXv2eEMPwn5ftgnF4bGgG5Q=">AAACCnicbVDLSsNAFL2pr1pf8bFzM1oEF1KSKuiy6MZlC/YBTSiT6bQdOpmEmYlYQtdu/BU3LhRx6xe482/MowttPXDhcM693HuPF3KmtGV9G4Wl5ZXVteJ6aWNza3vH3N1rqSCShDZJwAPZ8bCinAna1Exz2gklxb7Hadsb36R++55KxQJxpychdX08FGzACNaJ1DOPHI7FkFPk+FiPPC9uTM+Qjx+QI3O91DPLVsXKgBaJPSPl2gFkqPfML6cfkMinQhOOleraVqjdGEvNCKfTkhMpGmIyxkPaTajAPlVunL0yRSeJ0keDQCYlNMrU3xMx9pWa+F7SmR6s5r1U/M/rRnpw5cZMhJGmguSLBhFHOkBpLqjPJCWaTxKCiWTJrYiMsMREJ+mlIdjzLy+SVrVin1eqjYty7TpPA4pwCMdwCjZcQg1uoQ5NIPAIz/AKb8aT8WK8Gx95a8GYzezDHxifPz+cmgA=</latexit>

Some monoids have infinite J-height.
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Orbit-finite monoids A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make orbit-finite monoids weaker?

hQ,maxi
<latexit sha1_base64="+3jqRXv2eEMPwn5ftgnF4bGgG5Q=">AAACCnicbVDLSsNAFL2pr1pf8bFzM1oEF1KSKuiy6MZlC/YBTSiT6bQdOpmEmYlYQtdu/BU3LhRx6xe482/MowttPXDhcM693HuPF3KmtGV9G4Wl5ZXVteJ6aWNza3vH3N1rqSCShDZJwAPZ8bCinAna1Exz2gklxb7Hadsb36R++55KxQJxpychdX08FGzACNaJ1DOPHI7FkFPk+FiPPC9uTM+Qjx+QI3O91DPLVsXKgBaJPSPl2gFkqPfML6cfkMinQhOOleraVqjdGEvNCKfTkhMpGmIyxkPaTajAPlVunL0yRSeJ0keDQCYlNMrU3xMx9pWa+F7SmR6s5r1U/M/rRnpw5cZMhJGmguSLBhFHOkBpLqjPJCWaTxKCiWTJrYiMsMREJ+mlIdjzLy+SVrVin1eqjYty7TpPA4pwCMdwCjZcQg1uoQ5NIPAIz/AKb8aT8WK8Gx95a8GYzezDHxifPz+cmgA=</latexit>

Some monoids have infinite J-height.

1, 2, 3, 4, 5, 6, 7, 9, 10, . . .
<latexit sha1_base64="uVcKQUCAA5TEqu9WtuWjBeiumK4=">AAACC3icbVDJSgNBEK2Je9zicvNSGAQPTZhJXG9BLx4VTAwkQ+jpdJImPQvdPUIYvHvxV7x4UMSrP+DNv7GTeFDjg4LHe1VU1QsSKbRx3U8nNzM7N7+wuJRfXlldWy9sbNZ1nCrGayyWsWoEVHMpIl4zwkjeSBSnYSD5TTA4H/k3t1xpEUfXZphwP6S9SHQFo8ZK7cKuR7BMsELwgOAhwSOCxwRPCXouwZbsxEa3C0W35I6B08T7JsXqNoxx2S58tDoxS0MeGSap1k3PTYyfUWUEk/wu30o1Tygb0B5vWhrRkGs/G/9yh3tW6WA3VrYig2P150RGQ62HYWA7Q2r6+q83Ev/zmqnpnviZiJLU8IhNFnVTiSbGUTDYEYozI4eWUKaEvRVZnyrKjI0vb0Pw/r48Terlklcpla8OitWzSRqwCDuwC/vgwTFU4QIuoQYM7uERnuHFeXCenFfnbdKac75ntuAXnPcvMMeViw==</latexit>
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Orbit-finite monoids A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make orbit-finite monoids weaker?

hQ,maxi
<latexit sha1_base64="+3jqRXv2eEMPwn5ftgnF4bGgG5Q=">AAACCnicbVDLSsNAFL2pr1pf8bFzM1oEF1KSKuiy6MZlC/YBTSiT6bQdOpmEmYlYQtdu/BU3LhRx6xe482/MowttPXDhcM693HuPF3KmtGV9G4Wl5ZXVteJ6aWNza3vH3N1rqSCShDZJwAPZ8bCinAna1Exz2gklxb7Hadsb36R++55KxQJxpychdX08FGzACNaJ1DOPHI7FkFPk+FiPPC9uTM+Qjx+QI3O91DPLVsXKgBaJPSPl2gFkqPfML6cfkMinQhOOleraVqjdGEvNCKfTkhMpGmIyxkPaTajAPlVunL0yRSeJ0keDQCYlNMrU3xMx9pWa+F7SmR6s5r1U/M/rRnpw5cZMhJGmguSLBhFHOkBpLqjPJCWaTxKCiWTJrYiMsMREJ+mlIdjzLy+SVrVin1eqjYty7TpPA4pwCMdwCjZcQg1uoQ5NIPAIz/AKb8aT8WK8Gx95a8GYzezDHxifPz+cmgA=</latexit>

Some monoids have infinite J-height.

1, 2, 3, 4, 5, 6, 7, 9, 10, . . .
<latexit sha1_base64="uVcKQUCAA5TEqu9WtuWjBeiumK4=">AAACC3icbVDJSgNBEK2Je9zicvNSGAQPTZhJXG9BLx4VTAwkQ+jpdJImPQvdPUIYvHvxV7x4UMSrP+DNv7GTeFDjg4LHe1VU1QsSKbRx3U8nNzM7N7+wuJRfXlldWy9sbNZ1nCrGayyWsWoEVHMpIl4zwkjeSBSnYSD5TTA4H/k3t1xpEUfXZphwP6S9SHQFo8ZK7cKuR7BMsELwgOAhwSOCxwRPCXouwZbsxEa3C0W35I6B08T7JsXqNoxx2S58tDoxS0MeGSap1k3PTYyfUWUEk/wu30o1Tygb0B5vWhrRkGs/G/9yh3tW6WA3VrYig2P150RGQ62HYWA7Q2r6+q83Ev/zmqnpnviZiJLU8IhNFnVTiSbGUTDYEYozI4eWUKaEvRVZnyrKjI0vb0Pw/r48Terlklcpla8OitWzSRqwCDuwC/vgwTFU4QIuoQYM7uERnuHFeXCenFfnbdKac75ntuAXnPcvMMeViw==</latexit>

Single-use automata Orbit-finite monoids 
of finite J-height=

<latexit sha1_base64="ID48WvUOBU3T8gQ3RjygBbQFiZA=">AAAB6HicbVDLSgNBEOyNrxhf8XHzMhgET2E3CnoRgl48JmBMIFnC7KQ3GTM7u8zMCmHJF3jxoIhXP8mbf+PkcdDEgoaiqpvuriARXBvX/XZyK6tr6xv5zcLW9s7uXnH/4EHHqWLYYLGIVSugGgWX2DDcCGwlCmkUCGwGw9uJ33xCpXks780oQT+ifclDzqixUv26Wyy5ZXcKsky8OSlVj2CKWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuiYnFqlR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+RmXSWpQstmiMBXExGTyNelxhcyIkSWUKW5vJWxAFWXGZlOwIXiLLy+Th0rZOy9X6hel6s0sDcjDMZzAGXhwCVW4gxo0gAHCM7zCm/PovDjvzsesNefMZw7hD5zPHwBGjRk=</latexit>
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Orbit-finite monoids A = hQ,i
<latexit sha1_base64="iN224+nk8nySWzfio9hD9u49vII=">AAACFXicbZBNSwMxEIZn/bZ+1Y+bl2ARPJSyWwW9CFUvHi1YFbqlZNNpG5rNrklWKEv/hBf/ihcPingVvPlvTLcV1PpC4OWZGTLzBrHg2rjupzM1PTM7N7+wmFtaXlldy69vXOkoUQxrLBKRugmoRsEl1gw3Am9ihTQMBF4HvbNh/foOleaRvDT9GBsh7Uje5owai5r5oh9S0w2C9GRAjokvqOwIJN+wOihahre+yngzX3BLbiYyabyxKVS2INNFM//htyKWhCgNE1TruufGppFSZTgTOMj5icaYsh7tYN1aSUPUjTS7akB2LWmRdqTsk4Zk9OdESkOt+2FgO4fr6r+1IfyvVk9M+6iRchknBiUbfdROBDERGUZEWlwhM6JvDWWK210J61JFmbFB5mwI3t+TJ81VueTtl8rVg0LldJQGLMA27MAeeHAIFTiHC6gBg3t4hGd4cR6cJ+fVeRu1TjnjmU34Jef9C1XGnvw=</latexit>

Single-use automata (
<latexit sha1_base64="pJ5tCO26Bl6uzojXXMslUaxbvUE=">AAAB8nicbVDJSgNBEK1xjXGLy83LYBA8hZko6DHoxWMEs0ASQk+nJmnS0z121whhyGd48aCIV7/Gm3/jZDlo4oOCx3tVVNULYiksed63s7K6tr6xmdvKb+/s7u0XDg7rVieGY41rqU0zYBalUFgjQRKbsUEWBRIbwfB24jee0Fih1QONYuxErK9EKDijTGq1bRJYJIWP+W6h6JW8Kdxl4s9JsXIMU1S7ha92T/MkQkVcMmtbvhdTJ2WGBJc4zrcTizHjQ9bHVkYVi9B20unJY/csU3puqE1Wityp+nsiZZG1oyjIOiNGA7voTcT/vFZC4XUnFSpOCBWfLQoT6ZJ2J/+7PWGQkxxlhHEjsltdPmCGccpSmoTgL768TOrlkn9RKt9fFis3szQgBydwCufgwxVU4A6qUAMOGp7hFd4ccl6cd+dj1rrizGeO4A+czx+ddpGA</latexit>

Orbit-finite monoids

How to make orbit-finite monoids weaker?

hQ,maxi
<latexit sha1_base64="+3jqRXv2eEMPwn5ftgnF4bGgG5Q=">AAACCnicbVDLSsNAFL2pr1pf8bFzM1oEF1KSKuiy6MZlC/YBTSiT6bQdOpmEmYlYQtdu/BU3LhRx6xe482/MowttPXDhcM693HuPF3KmtGV9G4Wl5ZXVteJ6aWNza3vH3N1rqSCShDZJwAPZ8bCinAna1Exz2gklxb7Hadsb36R++55KxQJxpychdX08FGzACNaJ1DOPHI7FkFPk+FiPPC9uTM+Qjx+QI3O91DPLVsXKgBaJPSPl2gFkqPfML6cfkMinQhOOleraVqjdGEvNCKfTkhMpGmIyxkPaTajAPlVunL0yRSeJ0keDQCYlNMrU3xMx9pWa+F7SmR6s5r1U/M/rRnpw5cZMhJGmguSLBhFHOkBpLqjPJCWaTxKCiWTJrYiMsMREJ+mlIdjzLy+SVrVin1eqjYty7TpPA4pwCMdwCjZcQg1uoQ5NIPAIz/AKb8aT8WK8Gx95a8GYzezDHxifPz+cmgA=</latexit>

Some monoids have infinite J-height.

1, 2, 3, 4, 5, 6, 7, 9, 10, . . .
<latexit sha1_base64="uVcKQUCAA5TEqu9WtuWjBeiumK4=">AAACC3icbVDJSgNBEK2Je9zicvNSGAQPTZhJXG9BLx4VTAwkQ+jpdJImPQvdPUIYvHvxV7x4UMSrP+DNv7GTeFDjg4LHe1VU1QsSKbRx3U8nNzM7N7+wuJRfXlldWy9sbNZ1nCrGayyWsWoEVHMpIl4zwkjeSBSnYSD5TTA4H/k3t1xpEUfXZphwP6S9SHQFo8ZK7cKuR7BMsELwgOAhwSOCxwRPCXouwZbsxEa3C0W35I6B08T7JsXqNoxx2S58tDoxS0MeGSap1k3PTYyfUWUEk/wu30o1Tygb0B5vWhrRkGs/G/9yh3tW6WA3VrYig2P150RGQ62HYWA7Q2r6+q83Ev/zmqnpnviZiJLU8IhNFnVTiSbGUTDYEYozI4eWUKaEvRVZnyrKjI0vb0Pw/r48Terlklcpla8OitWzSRqwCDuwC/vgwTFU4QIuoQYM7uERnuHFeXCenFfnbdKac75ntuAXnPcvMMeViw==</latexit>

Single-use automata Orbit-finite monoids 
of finite J-height=

<latexit sha1_base64="ID48WvUOBU3T8gQ3RjygBbQFiZA=">AAAB6HicbVDLSgNBEOyNrxhf8XHzMhgET2E3CnoRgl48JmBMIFnC7KQ3GTM7u8zMCmHJF3jxoIhXP8mbf+PkcdDEgoaiqpvuriARXBvX/XZyK6tr6xv5zcLW9s7uXnH/4EHHqWLYYLGIVSugGgWX2DDcCGwlCmkUCGwGw9uJ33xCpXks780oQT+ifclDzqixUv26Wyy5ZXcKsky8OSlVj2CKWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuiYnFqlR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+RmXSWpQstmiMBXExGTyNelxhcyIkSWUKW5vJWxAFWXGZlOwIXiLLy+Th0rZOy9X6hel6s0sDcjDMZzAGXhwCVW4gxo0gAHCM7zCm/PovDjvzsesNefMZw7hD5zPHwBGjRk=</latexit>

Recognised by an orbit-finite 
monoid of finite J-height

Syntactic monoid is orbit-finite 
and has finite J-height

6=
<latexit sha1_base64="dAdLAt9Dh3DXK+l3LF0KMPGykAo=">AAAB7HicbVBNS8NAEJ34WetX/bh5WSyCp5JUQY9FLx4rmLbQhrLZTtqlm03c3Qgl9Dd48aCIV3+QN/+NSdqDtj4YeLw3w8w8PxZcG9v+tlZW19Y3Nktb5e2d3b39ysFhS0eJYuiySESq41ONgkt0DTcCO7FCGvoC2/74NvfbT6g0j+SDmcTohXQoecAZNZnk9iQ+lvuVql2zC5Bl4sxJtXEMBZr9yldvELEkRGmYoFp3HTs2XkqV4UzgtNxLNMaUjekQuxmVNETtpcWxU3KWKQMSRCoraUih/p5Iaaj1JPSzzpCakV70cvE/r5uY4NpLuYwTg5LNFgWJICYi+edkwBUyIyYZoUzx7FbCRlRRZrJ88hCcxZeXSatecy5q9fvLauNmlgaU4ARO4RwcuIIG3EETXGDA4Rle4c2S1ov1bn3MWles+cwR/IH1+QPBKY6u</latexit>
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