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Motto
Branched covers               = higher degree braids
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S2 ! S2

A central goal in complex dynamics is to determine 
which branched covers are equivalent to rational maps



Thurston’s Theorem

1. Rational 

2.   Topologically obstructed 

* Outside of a class of well-understood examples called Lattés maps

branched cover
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f is either:*
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(S2, P ) ! (S2, P )
<latexit sha1_base64="iJNKqoknj5nLYmMiYcHKxu9hD5Y=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgadmNQRPwEPTiMYJ5YLKE2clsMmR2dpnpFZYkf+HFgyJe/Rtv/o2TF6hoQUNR1U13lx8LrsFxPq3Myura+kZ2M7e1vbO7l98/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0h9dTv/nAlOaRvIM0Zl5I+pIHnBIw0v24Nr7scBlA2s0XHNuplJ2zCp6TUnFJHOzazgwFtECtm//o9CKahEwCFUTrtuvE4I2IAk4Fm+Q6iWYxoUPSZ21DJQmZ9kaziyf4xCg9HETKlAQ8U79PjEiodRr6pjMkMNC/van4l9dOICh7Iy7jBJik80VBIjBEePo+7nHFKIjUEEIVN7diOiCKUDAh5UwIy0/x/6RRtN1z270tFapXiziy6Agdo1PkogtURTeohuqIIoke0TN6sbT1ZL1ab/PWjLWYOUQ/YL1/ARnWkTc=</latexit>

|P | < 1



A central goal in complex dynamics is to determine 
which branched covers are equivalent to rational maps

Belk–Lanier–Margalit–W: Algorithm for polynomials

Motto
Branched covers               = higher degree braids
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Main Result

Algorithm (Belk–Lanier–Margalit–W)
1. If polynomial

2. Otherwise, finds an obstruction
determines the polynomial

canonical obstruction

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

post-critically finite branched cover C ! C
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Branched covers
Portraits
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Branched covers
Portraits

postcritical set P
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Equivalence

branched covers

<latexit sha1_base64="NJL9Wma4RB3hg6fRGJH5QBuLeD8=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YWbRdC0Y3LCvYB06Fk0kwbmkmGJCOUaT/DjQtF3Po17vwb0xeo6IGEwzn3cu89YcKZNgh9Oiura+sbm7mt/PbO7t5+4eCwqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBUOb6Z+64EqzaS4N6OEBjHuCxYxgo2V/HG9G42v7N8fdwtF5KJqBZ1X4ZyUS0uCoOeiGYpggXq38NHpSZLGVBjCsda+hxITZFgZRjid5DuppgkmQ9ynvqUCx1QH2WzlCTy1Sg9GUtknDJyp3zsyHGs9ikNbGWMz0L+9qfiX56cmqgQZE0lqqCDzQVHKoZFwej/sMUWJ4SNLMFHM7grJACtMjE0pb0NYXgr/J82S61243l25WLtexJEDx+AEnAEPXIIauAV10AAESPAInsGLY5wn59V5m5euOIueI/ADzvsXuOqRjw==</latexit>

|Pf | = |Pg|

<latexit sha1_base64="HeyNS1lYdPVzyV5j2G5Ni7az5xc="></latexit>

f : (S2, Pf ) ! (S2, Pf )

g : (S2, Pg) ! (S2, Pg)



Equivalence

Equivalence = conjugation

branched covers
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|Pf | = |Pg|

<latexit sha1_base64="HeyNS1lYdPVzyV5j2G5Ni7az5xc="></latexit>

f : (S2, Pf ) ! (S2, Pf )

g : (S2, Pg) ! (S2, Pg)

+ isotopy



Equivalence

<latexit sha1_base64="0KCFX71wd90acz7q1BzHotw3DKg=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJUkJKpRdtd0Y3LivYh7VgyaaYNTTJDkhHK0K9w40IRt36OO//G9AUqeuDC4Zx7ufceP+JMG4Q+ndTS8srqWno9s7G5tb2T3d1r6DBWhNZJyEPV8rGmnElaN8xw2ooUxcLntOkPLyd+84EqzUJ5a0YR9QTuSxYwgo2V7vI398WTWjc47mZzqIAqZXRagTNSKi4Igm4BTZEDc9S62Y9OLySxoNIQjrVuuygyXoKVYYTTcaYTaxphMsR92rZUYkG1l0wPHsMjq/RgECpb0sCp+n0iwULrkfBtp8BmoH97E/Evrx2boOwlTEaxoZLMFgUxhyaEk+9hjylKDB9Zgoli9lZIBlhhYmxGGRvC4lP4P2kUC+5Zwb0u5aoX8zjS4AAcgjxwwTmogitQA3VAgACP4Bm8OMp5cl6dt1lrypnP7IMfcN6/AIa2j5g=</latexit>

(S2, Pf )

<latexit sha1_base64="0KCFX71wd90acz7q1BzHotw3DKg=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJUkJKpRdtd0Y3LivYh7VgyaaYNTTJDkhHK0K9w40IRt36OO//G9AUqeuDC4Zx7ufceP+JMG4Q+ndTS8srqWno9s7G5tb2T3d1r6DBWhNZJyEPV8rGmnElaN8xw2ooUxcLntOkPLyd+84EqzUJ5a0YR9QTuSxYwgo2V7vI398WTWjc47mZzqIAqZXRagTNSKi4Igm4BTZEDc9S62Y9OLySxoNIQjrVuuygyXoKVYYTTcaYTaxphMsR92rZUYkG1l0wPHsMjq/RgECpb0sCp+n0iwULrkfBtp8BmoH97E/Evrx2boOwlTEaxoZLMFgUxhyaEk+9hjylKDB9Zgoli9lZIBlhhYmxGGRvC4lP4P2kUC+5Zwb0u5aoX8zjS4AAcgjxwwTmogitQA3VAgACP4Bm8OMp5cl6dt1lrypnP7IMfcN6/AIa2j5g=</latexit>

(S2, Pf )

<latexit sha1_base64="qawp8oNUtwM5qXaU6VHTbphdoRU=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJUkCFTi7a7ohuXFe1D2rFk0rQNTTJDkhHK0K9w40IRt36OO//G9AUqeuDC4Zx7ufeeIOJMG4Q+ndTS8srqWno9s7G5tb2T3d2r6zBWhNZIyEPVDLCmnElaM8xw2owUxSLgtBEMLyd+44EqzUJ5a0YR9QXuS9ZjBBsr3eVv7gsn1U7/uJPNIReVS+i0DGekWFgQBD0XTZEDc1Q72Y92NySxoNIQjrVueSgyfoKVYYTTcaYdaxphMsR92rJUYkG1n0wPHsMjq3RhL1S2pIFT9ftEgoXWIxHYToHNQP/2JuJfXis2vZKfMBnFhkoyW9SLOTQhnHwPu0xRYvjIEkwUs7dCMsAKE2MzytgQFp/C/0m94HpnrnddzFUu5nGkwQE4BHnggXNQAVegCmqAAAEewTN4cZTz5Lw6b7PWlDOf2Qc/4Lx/AYg7j5k=</latexit>

(S2, Pg)

<latexit sha1_base64="qawp8oNUtwM5qXaU6VHTbphdoRU=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJUkCFTi7a7ohuXFe1D2rFk0rQNTTJDkhHK0K9w40IRt36OO//G9AUqeuDC4Zx7ufeeIOJMG4Q+ndTS8srqWno9s7G5tb2T3d2r6zBWhNZIyEPVDLCmnElaM8xw2owUxSLgtBEMLyd+44EqzUJ5a0YR9QXuS9ZjBBsr3eVv7gsn1U7/uJPNIReVS+i0DGekWFgQBD0XTZEDc1Q72Y92NySxoNIQjrVueSgyfoKVYYTTcaYdaxphMsR92rJUYkG1n0wPHsMjq3RhL1S2pIFT9ftEgoXWIxHYToHNQP/2JuJfXis2vZKfMBnFhkoyW9SLOTQhnHwPu0xRYvjIEkwUs7dCMsAKE2MzytgQFp/C/0m94HpnrnddzFUu5nGkwQE4BHnggXNQAVegCmqAAAEewTN4cZTz5Lw6b7PWlDOf2Qc/4Lx/AYg7j5k=</latexit>

(S2, Pg)

<latexit sha1_base64="BOK9hwHSNtXL7fG9nQkpltIo5NQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNQZNbwIvHiOYByRJmJ7PJkNnZZWZWCEs+wYsHRbz6Rd78GycvUNGChqKqm+6uIBFcG4w/ndza+sbmVn67sLO7t39QPDxq6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8/89gNTmsfy3kwS5kdkKHnIKTFWuhv1y/1iCbu4VsUXNbQglfKKYOS5eI4SLNHoFz96g5imEZOGCqJ118OJ8TOiDKeCTQu9VLOE0DEZsq6lkkRM+9n81Ck6s8oAhbGyJQ2aq98nMhJpPYkC2xkRM9K/vZn4l9dNTVj1My6T1DBJF4vCVCATo9nfaMAVo0ZMLCFUcXsroiOiCDU2nYINYfUp+p+0yq536Xq3lVK9uowjDydwCufgwRXU4QYa0AQKQ3iEZ3hxhPPkvDpvi9acs5w5hh9w3r8AXcGN1g==</latexit>

h2
<latexit sha1_base64="3E2kx8uUcdHhJMQUcdRiwVSmHpo=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbMxaHILePGYgHlAsoTZSW8yZnZ2mZkVwpIv8OJBEa9+kjf/xskLVLSgoajqprsrSATXhpBPZ219Y3NrO7eT393bPzgsHB23dJwqBk0Wi1h1AqpBcAlNw42ATqKARoGAdjC+mfntB1Cax/LOTBLwIzqUPOSMGis1wn6hSFxSrZDLKl6QcmlFCPZcMkcRLVHvFz56g5ilEUjDBNW665HE+BlVhjMB03wv1ZBQNqZD6FoqaQTaz+aHTvG5VQY4jJUtafBc/T6R0UjrSRTYzoiakf7tzcS/vG5qwoqfcZmkBiRbLApTgU2MZ1/jAVfAjJhYQpni9lbMRlRRZmw2eRvC6lP8P2mVXO/K9RrlYq2yjCOHTtEZukAeukY1dIvqqIkYAvSIntGLc+88Oa/O26J1zVnOnKAfcN6/ADPtjS8=</latexit>

f
<latexit sha1_base64="1dcv4+NkAxDtRISUW4/rruKG8fs=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8LbMxaHILePGYgHlAsoTZyWwyZnZ2mZkVwpIv8OJBEa9+kjf/xskLVLSgoajqprsrSATXBuNPZ219Y3NrO7eT393bPzgsHB23dJwqypo0FrHqBEQzwSVrGm4E6ySKkSgQrB2Mb2Z++4EpzWN5ZyYJ8yMylDzklBgrNYb9QhG7uFrBl1W0IOXSimDkuXiOIixR7xc+eoOYphGThgqiddfDifEzogyngk3zvVSzhNAxGbKupZJETPvZ/NApOrfKAIWxsiUNmqvfJzISaT2JAtsZETPSv72Z+JfXTU1Y8TMuk9QwSReLwlQgE6PZ12jAFaNGTCwhVHF7K6Ijogg1Npu8DWH1KfqftEqud+V6jXKxVlnGkYNTOIML8OAaanALdWgCBQaP8Awvzr3z5Lw6b4vWNWc5cwI/4Lx/ATVxjTA=</latexit>g

Equivalence = conjugation

branched covers

<latexit sha1_base64="NJL9Wma4RB3hg6fRGJH5QBuLeD8=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YWbRdC0Y3LCvYB06Fk0kwbmkmGJCOUaT/DjQtF3Po17vwb0xeo6IGEwzn3cu89YcKZNgh9Oiura+sbm7mt/PbO7t5+4eCwqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBUOb6Z+64EqzaS4N6OEBjHuCxYxgo2V/HG9G42v7N8fdwtF5KJqBZ1X4ZyUS0uCoOeiGYpggXq38NHpSZLGVBjCsda+hxITZFgZRjid5DuppgkmQ9ynvqUCx1QH2WzlCTy1Sg9GUtknDJyp3zsyHGs9ikNbGWMz0L+9qfiX56cmqgQZE0lqqCDzQVHKoZFwej/sMUWJ4SNLMFHM7grJACtMjE0pb0NYXgr/J82S61243l25WLtexJEDx+AEnAEPXIIauAV10AAESPAInsGLY5wn59V5m5euOIueI/ADzvsXuOqRjw==</latexit>

|Pf | = |Pg|

<latexit sha1_base64="HeyNS1lYdPVzyV5j2G5Ni7az5xc="></latexit>

f : (S2, Pf ) ! (S2, Pf )

g : (S2, Pg) ! (S2, Pg)

+ isotopy

<latexit sha1_base64="eWqchMn/78pPOpuNkV3mTyPmZPU=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNQZNbwIvHiOYByRJmJ7PJkNnZZWZWCEs+wYsHRbz6Rd78GycvUNGChqKqm+6uIBFcG4w/ndza+sbmVn67sLO7t39QPDxq6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8/89gNTmsfy3kwS5kdkKHnIKTFWuhv1vX6xhF1cq+KLGlqQSnlFMPJcPEcJlmj0ix+9QUzTiElDBdG66+HE+BlRhlPBpoVeqllC6JgMWddSSSKm/Wx+6hSdWWWAwljZkgbN1e8TGYm0nkSB7YyIGenf3kz8y+umJqz6GZdJapiki0VhKpCJ0exvNOCKUSMmlhCquL0V0RFRhBqbTsGGsPoU/U9aZde7dL3bSqleXcaRhxM4hXPw4ArqcAMNaAKFITzCM7w4wnlyXp23RWvOWc4cww84719cPY3V</latexit>

h1



Equivalence

<latexit sha1_base64="0KCFX71wd90acz7q1BzHotw3DKg=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJUkJKpRdtd0Y3LivYh7VgyaaYNTTJDkhHK0K9w40IRt36OO//G9AUqeuDC4Zx7ufceP+JMG4Q+ndTS8srqWno9s7G5tb2T3d1r6DBWhNZJyEPV8rGmnElaN8xw2ooUxcLntOkPLyd+84EqzUJ5a0YR9QTuSxYwgo2V7vI398WTWjc47mZzqIAqZXRagTNSKi4Igm4BTZEDc9S62Y9OLySxoNIQjrVuuygyXoKVYYTTcaYTaxphMsR92rZUYkG1l0wPHsMjq/RgECpb0sCp+n0iwULrkfBtp8BmoH97E/Evrx2boOwlTEaxoZLMFgUxhyaEk+9hjylKDB9Zgoli9lZIBlhhYmxGGRvC4lP4P2kUC+5Zwb0u5aoX8zjS4AAcgjxwwTmogitQA3VAgACP4Bm8OMp5cl6dt1lrypnP7IMfcN6/AIa2j5g=</latexit>

(S2, Pf )

<latexit sha1_base64="0KCFX71wd90acz7q1BzHotw3DKg=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJUkJKpRdtd0Y3LivYh7VgyaaYNTTJDkhHK0K9w40IRt36OO//G9AUqeuDC4Zx7ufceP+JMG4Q+ndTS8srqWno9s7G5tb2T3d1r6DBWhNZJyEPV8rGmnElaN8xw2ooUxcLntOkPLyd+84EqzUJ5a0YR9QTuSxYwgo2V7vI398WTWjc47mZzqIAqZXRagTNSKi4Igm4BTZEDc9S62Y9OLySxoNIQjrVuuygyXoKVYYTTcaYTaxphMsR92rZUYkG1l0wPHsMjq/RgECpb0sCp+n0iwULrkfBtp8BmoH97E/Evrx2boOwlTEaxoZLMFgUxhyaEk+9hjylKDB9Zgoli9lZIBlhhYmxGGRvC4lP4P2kUC+5Zwb0u5aoX8zjS4AAcgjxwwTmogitQA3VAgACP4Bm8OMp5cl6dt1lrypnP7IMfcN6/AIa2j5g=</latexit>

(S2, Pf )

<latexit sha1_base64="qawp8oNUtwM5qXaU6VHTbphdoRU=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJUkCFTi7a7ohuXFe1D2rFk0rQNTTJDkhHK0K9w40IRt36OO//G9AUqeuDC4Zx7ufeeIOJMG4Q+ndTS8srqWno9s7G5tb2T3d2r6zBWhNZIyEPVDLCmnElaM8xw2owUxSLgtBEMLyd+44EqzUJ5a0YR9QXuS9ZjBBsr3eVv7gsn1U7/uJPNIReVS+i0DGekWFgQBD0XTZEDc1Q72Y92NySxoNIQjrVueSgyfoKVYYTTcaYdaxphMsR92rJUYkG1n0wPHsMjq3RhL1S2pIFT9ftEgoXWIxHYToHNQP/2JuJfXis2vZKfMBnFhkoyW9SLOTQhnHwPu0xRYvjIEkwUs7dCMsAKE2MzytgQFp/C/0m94HpnrnddzFUu5nGkwQE4BHnggXNQAVegCmqAAAEewTN4cZTz5Lw6b7PWlDOf2Qc/4Lx/AYg7j5k=</latexit>

(S2, Pg)

<latexit sha1_base64="qawp8oNUtwM5qXaU6VHTbphdoRU=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJUkCFTi7a7ohuXFe1D2rFk0rQNTTJDkhHK0K9w40IRt36OO//G9AUqeuDC4Zx7ufeeIOJMG4Q+ndTS8srqWno9s7G5tb2T3d2r6zBWhNZIyEPVDLCmnElaM8xw2owUxSLgtBEMLyd+44EqzUJ5a0YR9QXuS9ZjBBsr3eVv7gsn1U7/uJPNIReVS+i0DGekWFgQBD0XTZEDc1Q72Y92NySxoNIQjrVueSgyfoKVYYTTcaYdaxphMsR92rJUYkG1n0wPHsMjq3RhL1S2pIFT9ftEgoXWIxHYToHNQP/2JuJfXis2vZKfMBnFhkoyW9SLOTQhnHwPu0xRYvjIEkwUs7dCMsAKE2MzytgQFp/C/0m94HpnrnddzFUu5nGkwQE4BHnggXNQAVegCmqAAAEewTN4cZTz5Lw6b7PWlDOf2Qc/4Lx/AYg7j5k=</latexit>

(S2, Pg)
<latexit sha1_base64="eWqchMn/78pPOpuNkV3mTyPmZPU=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNQZNbwIvHiOYByRJmJ7PJkNnZZWZWCEs+wYsHRbz6Rd78GycvUNGChqKqm+6uIBFcG4w/ndza+sbmVn67sLO7t39QPDxq6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8/89gNTmsfy3kwS5kdkKHnIKTFWuhv1vX6xhF1cq+KLGlqQSnlFMPJcPEcJlmj0ix+9QUzTiElDBdG66+HE+BlRhlPBpoVeqllC6JgMWddSSSKm/Wx+6hSdWWWAwljZkgbN1e8TGYm0nkSB7YyIGenf3kz8y+umJqz6GZdJapiki0VhKpCJ0exvNOCKUSMmlhCquL0V0RFRhBqbTsGGsPoU/U9aZde7dL3bSqleXcaRhxM4hXPw4ArqcAMNaAKFITzCM7w4wnlyXp23RWvOWc4cww84719cPY3V</latexit>

h1

<latexit sha1_base64="BOK9hwHSNtXL7fG9nQkpltIo5NQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNQZNbwIvHiOYByRJmJ7PJkNnZZWZWCEs+wYsHRbz6Rd78GycvUNGChqKqm+6uIBFcG4w/ndza+sbmVn67sLO7t39QPDxq6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8/89gNTmsfy3kwS5kdkKHnIKTFWuhv1y/1iCbu4VsUXNbQglfKKYOS5eI4SLNHoFz96g5imEZOGCqJ118OJ8TOiDKeCTQu9VLOE0DEZsq6lkkRM+9n81Ck6s8oAhbGyJQ2aq98nMhJpPYkC2xkRM9K/vZn4l9dNTVj1My6T1DBJF4vCVCATo9nfaMAVo0ZMLCFUcXsroiOiCDU2nYINYfUp+p+0yq536Xq3lVK9uowjDydwCufgwRXU4QYa0AQKQ3iEZ3hxhPPkvDpvi9acs5w5hh9w3r8AXcGN1g==</latexit>

h2
<latexit sha1_base64="3E2kx8uUcdHhJMQUcdRiwVSmHpo=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbMxaHILePGYgHlAsoTZSW8yZnZ2mZkVwpIv8OJBEa9+kjf/xskLVLSgoajqprsrSATXhpBPZ219Y3NrO7eT393bPzgsHB23dJwqBk0Wi1h1AqpBcAlNw42ATqKARoGAdjC+mfntB1Cax/LOTBLwIzqUPOSMGis1wn6hSFxSrZDLKl6QcmlFCPZcMkcRLVHvFz56g5ilEUjDBNW665HE+BlVhjMB03wv1ZBQNqZD6FoqaQTaz+aHTvG5VQY4jJUtafBc/T6R0UjrSRTYzoiakf7tzcS/vG5qwoqfcZmkBiRbLApTgU2MZ1/jAVfAjJhYQpni9lbMRlRRZmw2eRvC6lP8P2mVXO/K9RrlYq2yjCOHTtEZukAeukY1dIvqqIkYAvSIntGLc+88Oa/O26J1zVnOnKAfcN6/ADPtjS8=</latexit>

f
<latexit sha1_base64="1dcv4+NkAxDtRISUW4/rruKG8fs=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8LbMxaHILePGYgHlAsoTZyWwyZnZ2mZkVwpIv8OJBEa9+kjf/xskLVLSgoajqprsrSATXBuNPZ219Y3NrO7eT393bPzgsHB23dJwqypo0FrHqBEQzwSVrGm4E6ySKkSgQrB2Mb2Z++4EpzWN5ZyYJ8yMylDzklBgrNYb9QhG7uFrBl1W0IOXSimDkuXiOIixR7xc+eoOYphGThgqiddfDifEzogyngk3zvVSzhNAxGbKupZJETPvZ/NApOrfKAIWxsiUNmqvfJzISaT2JAtsZETPSv72Z+JfXTU1Y8TMuk9QwSReLwlQgE6PZ12jAFaNGTCwhVHF7K6Ijogg1Npu8DWH1KfqftEqud+V6jXKxVlnGkYNTOIML8OAaanALdWgCBQaP8Awvzr3z5Lw6b4vWNWc5cwI/4Lx/ATVxjTA=</latexit>g

Equivalence = conjugation

branched covers

<latexit sha1_base64="NJL9Wma4RB3hg6fRGJH5QBuLeD8=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YWbRdC0Y3LCvYB06Fk0kwbmkmGJCOUaT/DjQtF3Po17vwb0xeo6IGEwzn3cu89YcKZNgh9Oiura+sbm7mt/PbO7t5+4eCwqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBUOb6Z+64EqzaS4N6OEBjHuCxYxgo2V/HG9G42v7N8fdwtF5KJqBZ1X4ZyUS0uCoOeiGYpggXq38NHpSZLGVBjCsda+hxITZFgZRjid5DuppgkmQ9ynvqUCx1QH2WzlCTy1Sg9GUtknDJyp3zsyHGs9ikNbGWMz0L+9qfiX56cmqgQZE0lqqCDzQVHKoZFwej/sMUWJ4SNLMFHM7grJACtMjE0pb0NYXgr/J82S61243l25WLtexJEDx+AEnAEPXIIauAV10AAESPAInsGLY5wn59V5m5euOIueI/ADzvsXuOqRjw==</latexit>

|Pf | = |Pg|

<latexit sha1_base64="HeyNS1lYdPVzyV5j2G5Ni7az5xc="></latexit>

f : (S2, Pf ) ! (S2, Pf )

g : (S2, Pg) ! (S2, Pg)

+ isotopy

h1 ' h2
<latexit sha1_base64="2i/3QifhBk7TqquX3B2auIJnaN4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA2hM120izd3aS7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemHKmjet+OxubW9s7u6W98v7B4dFx5eS0rZNMUWjRhCeqGxINnEloGWY4dFMFRIQcOuHofu53JqA0S+STmabgCzKULGKUGCv5ceD1NRMwxnFQDypVt+YugNeJV5AqKtAMKl/9QUIzAdJQTrTueW5q/JwowyiHWbmfaUgJHZEh9CyVRID288XRM3xplQGOEmVLGrxQf0/kRGg9FaHtFMTEetWbi/95vcxEt37OZJoZkHS5KMo4NgmeJ4AHTAE1fGoJoYrZWzGNiSLU2JzKNgRv9eV10q7XPLfmPV5XG3dFHCV0ji7QFfLQDWqgB9RELUTRGD2jV/TmTJwX5935WLZuOMXMGfoD5/MH7KGRiA==</latexit><latexit sha1_base64="2i/3QifhBk7TqquX3B2auIJnaN4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA2hM120izd3aS7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemHKmjet+OxubW9s7u6W98v7B4dFx5eS0rZNMUWjRhCeqGxINnEloGWY4dFMFRIQcOuHofu53JqA0S+STmabgCzKULGKUGCv5ceD1NRMwxnFQDypVt+YugNeJV5AqKtAMKl/9QUIzAdJQTrTueW5q/JwowyiHWbmfaUgJHZEh9CyVRID288XRM3xplQGOEmVLGrxQf0/kRGg9FaHtFMTEetWbi/95vcxEt37OZJoZkHS5KMo4NgmeJ4AHTAE1fGoJoYrZWzGNiSLU2JzKNgRv9eV10q7XPLfmPV5XG3dFHCV0ji7QFfLQDWqgB9RELUTRGD2jV/TmTJwX5935WLZuOMXMGfoD5/MH7KGRiA==</latexit><latexit sha1_base64="2i/3QifhBk7TqquX3B2auIJnaN4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA2hM120izd3aS7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemHKmjet+OxubW9s7u6W98v7B4dFx5eS0rZNMUWjRhCeqGxINnEloGWY4dFMFRIQcOuHofu53JqA0S+STmabgCzKULGKUGCv5ceD1NRMwxnFQDypVt+YugNeJV5AqKtAMKl/9QUIzAdJQTrTueW5q/JwowyiHWbmfaUgJHZEh9CyVRID288XRM3xplQGOEmVLGrxQf0/kRGg9FaHtFMTEetWbi/95vcxEt37OZJoZkHS5KMo4NgmeJ4AHTAE1fGoJoYrZWzGNiSLU2JzKNgRv9eV10q7XPLfmPV5XG3dFHCV0ji7QFfLQDWqgB9RELUTRGD2jV/TmTJwX5935WLZuOMXMGfoD5/MH7KGRiA==</latexit><latexit sha1_base64="2i/3QifhBk7TqquX3B2auIJnaN4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA2hM120izd3aS7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemHKmjet+OxubW9s7u6W98v7B4dFx5eS0rZNMUWjRhCeqGxINnEloGWY4dFMFRIQcOuHofu53JqA0S+STmabgCzKULGKUGCv5ceD1NRMwxnFQDypVt+YugNeJV5AqKtAMKl/9QUIzAdJQTrTueW5q/JwowyiHWbmfaUgJHZEh9CyVRID288XRM3xplQGOEmVLGrxQf0/kRGg9FaHtFMTEetWbi/95vcxEt37OZJoZkHS5KMo4NgmeJ4AHTAE1fGoJoYrZWzGNiSLU2JzKNgRv9eV10q7XPLfmPV5XG3dFHCV0ji7QFfLQDWqgB9RELUTRGD2jV/TmTJwX5935WLZuOMXMGfoD5/MH7KGRiA==</latexit>

rel.Pf
<latexit sha1_base64="e0tNmiCoNWusRYRDPeS0Ya+hCus=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WjmSXoR3QsecgZNVZ6aA3DYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6PKcCZwXhmkGhPKpnSMfUsljVD72eLUObmwyoiEsbIlDVmovycyGmk9iwLbGVEz0ateLv7n9VMTNvyMyyQ1KNlyUZgKYmKS/01GXCEzYmYJZYrbWwmbUEWZselUbAje6svrpHNV99y6d39dazaKOMpwBudwCR7cQBPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5AxwSjaM=</latexit><latexit sha1_base64="e0tNmiCoNWusRYRDPeS0Ya+hCus=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WjmSXoR3QsecgZNVZ6aA3DYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6PKcCZwXhmkGhPKpnSMfUsljVD72eLUObmwyoiEsbIlDVmovycyGmk9iwLbGVEz0ateLv7n9VMTNvyMyyQ1KNlyUZgKYmKS/01GXCEzYmYJZYrbWwmbUEWZselUbAje6svrpHNV99y6d39dazaKOMpwBudwCR7cQBPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5AxwSjaM=</latexit><latexit sha1_base64="e0tNmiCoNWusRYRDPeS0Ya+hCus=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WjmSXoR3QsecgZNVZ6aA3DYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6PKcCZwXhmkGhPKpnSMfUsljVD72eLUObmwyoiEsbIlDVmovycyGmk9iwLbGVEz0ateLv7n9VMTNvyMyyQ1KNlyUZgKYmKS/01GXCEzYmYJZYrbWwmbUEWZselUbAje6svrpHNV99y6d39dazaKOMpwBudwCR7cQBPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5AxwSjaM=</latexit><latexit sha1_base64="e0tNmiCoNWusRYRDPeS0Ya+hCus=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WjmSXoR3QsecgZNVZ6aA3DYbXm1t0FyDrxClKDAq1h9WswilkaoTRMUK37npsYP6PKcCZwXhmkGhPKpnSMfUsljVD72eLUObmwyoiEsbIlDVmovycyGmk9iwLbGVEz0ateLv7n9VMTNvyMyyQ1KNlyUZgKYmKS/01GXCEzYmYJZYrbWwmbUEWZselUbAje6svrpHNV99y6d39dazaKOMpwBudwCR7cQBPuoAVtYDCGZ3iFN0c4L86787FsLTnFzCn8gfP5AxwSjaM=</latexit>



Thurston’s Theorem

1. Rational 

2.   Topologically obstructed 

* Outside of a class of well-understood examples called Lattés maps

branched cover
<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f is either:*
<latexit sha1_base64="8c3+PawjzhYgU9lDvJv4YkIhu1g=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEClKSIuqx6MVjRfsBbSyb7bZdusmG3Y1SQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMzzI86UdpxvK7OwuLS8kl3Nra1vbG7Z2zs1JWJJaJUILmTDx4pyFtKqZprTRiQpDnxO6/7gcuzX76lUTIS3ehhRL8C9kHUZwdpIbXuvcHNXOq4ctSTr9TWWUjygVGrbeafoTIDmiZuSPKSotO2vVkeQOKChJhwr1XSdSHsJlpoRTke5VqxohMkA92jT0BAHVHnJ5IcROjRKB3WFNBVqNFF/TyQ4UGoY+KYzwLqvZr2x+J/XjHX33EtYGMWahmS6qBtzpAUaB4I6TFKi+dAQTCQztyLSxxITbWLLmRDc2ZfnSa1UdE+L7vVJvnyRxpGFfTiAArhwBmW4ggpUgcAjPMMrvFlP1ov1bn1MWzNWOrMLf2B9/gAIQJXa</latexit>

(S2, P ) ! (S2, P )
<latexit sha1_base64="iJNKqoknj5nLYmMiYcHKxu9hD5Y=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgadmNQRPwEPTiMYJ5YLKE2clsMmR2dpnpFZYkf+HFgyJe/Rtv/o2TF6hoQUNR1U13lx8LrsFxPq3Myura+kZ2M7e1vbO7l98/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0h9dTv/nAlOaRvIM0Zl5I+pIHnBIw0v24Nr7scBlA2s0XHNuplJ2zCp6TUnFJHOzazgwFtECtm//o9CKahEwCFUTrtuvE4I2IAk4Fm+Q6iWYxoUPSZ21DJQmZ9kaziyf4xCg9HETKlAQ8U79PjEiodRr6pjMkMNC/van4l9dOICh7Iy7jBJik80VBIjBEePo+7nHFKIjUEEIVN7diOiCKUDAh5UwIy0/x/6RRtN1z270tFapXiziy6Agdo1PkogtURTeohuqIIoke0TN6sbT1ZL1ab/PWjLWYOUQ/YL1/ARnWkTc=</latexit>

|P | < 1



Topological obstructions
Stable multicurves:

<latexit sha1_base64="gWzMz5iuMoTPEsNZYFdxBTPw7Qk=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQFw4ZW+rMrujGTaGCfUBbSybNtKGZB0lGLEN/xY0LRdz6I+78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN3Nb2zu7e+Z+vimjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vhy5rfuqJAsCm/UJKa9AA9D5jOClZb6Zr7WlYknqYL+bXpqT4u1k75ZQJbrOC5yILLKCJUdV5OS67qVErQtNEcBLFHvm+/dQUSSgIaKcCxlx0ax6qVYKEY4nea6iaQxJmM8pB1NQxxQ2Uvnt0/hsVYG0I+ErlDBufp9IsWBlJPA050BViP525uJf3mdRPlOL2VhnCgaksUiP+FQRXAWBBwwQYniE00wEUzfCskIC0yUjiunQ/j6FP5PmmeWXbHs63KherGMIwsOwREoAhucgyq4AnXQAATcgwfwBJ6NqfFovBivi9aMsZw5AD9gvH0CLGyT5g==</latexit>

M ⇢ f�1(M)



Topological obstructions
Stable multicurves:

<latexit sha1_base64="uXhyXLFdT7MTp1kEFl7811pXgMg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpMiDO3oBePCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaYw/rNza+sbmVn67sLO7t39QPDxqqSSTlDVpIhLZCYhigsesqbkWrJNKRqJAsHYwvp777XsmFU/iWz1JmR+RYcxDTok2UiPsF0vY9lzXwy7CdgXjiusZUvY8r1pGjo0XKMEK9X7xvTdIaBaxWFNBlOo6ONX+lEjNqWCzQi9TLCV0TIasa2hMIqb86eLQGTozygCFiTQVa7RQv09MSaTUJApMZ0T0SP325uJfXjfToetPeZxmmsV0uSjMBNIJmn+NBlwyqsXEEEIlN7ciOiKSUG2yKZgQvj5F/5PWhe1UbadRKdWuVnHk4QRO4RwcuIQa3EAdmkCBwQM8wbN1Zz1aL9brsjVnrWaO4Qest09mdI1a</latexit>

f

<latexit sha1_base64="gWzMz5iuMoTPEsNZYFdxBTPw7Qk=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQFw4ZW+rMrujGTaGCfUBbSybNtKGZB0lGLEN/xY0LRdz6I+78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN3Nb2zu7e+Z+vimjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vhy5rfuqJAsCm/UJKa9AA9D5jOClZb6Zr7WlYknqYL+bXpqT4u1k75ZQJbrOC5yILLKCJUdV5OS67qVErQtNEcBLFHvm+/dQUSSgIaKcCxlx0ax6qVYKEY4nea6iaQxJmM8pB1NQxxQ2Uvnt0/hsVYG0I+ErlDBufp9IsWBlJPA050BViP525uJf3mdRPlOL2VhnCgaksUiP+FQRXAWBBwwQYniE00wEUzfCskIC0yUjiunQ/j6FP5PmmeWXbHs63KherGMIwsOwREoAhucgyq4AnXQAATcgwfwBJ6NqfFovBivi9aMsZw5AD9gvH0CLGyT5g==</latexit>

M ⇢ f�1(M)



Topological obstructions
Stable multicurves:

<latexit sha1_base64="uXhyXLFdT7MTp1kEFl7811pXgMg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpMiDO3oBePCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaYw/rNza+sbmVn67sLO7t39QPDxqqSSTlDVpIhLZCYhigsesqbkWrJNKRqJAsHYwvp777XsmFU/iWz1JmR+RYcxDTok2UiPsF0vY9lzXwy7CdgXjiusZUvY8r1pGjo0XKMEK9X7xvTdIaBaxWFNBlOo6ONX+lEjNqWCzQi9TLCV0TIasa2hMIqb86eLQGTozygCFiTQVa7RQv09MSaTUJApMZ0T0SP325uJfXjfToetPeZxmmsV0uSjMBNIJmn+NBlwyqsXEEEIlN7ciOiKSUG2yKZgQvj5F/5PWhe1UbadRKdWuVnHk4QRO4RwcuIQa3EAdmkCBwQM8wbN1Zz1aL9brsjVnrWaO4Qest09mdI1a</latexit>

f

<latexit sha1_base64="gWzMz5iuMoTPEsNZYFdxBTPw7Qk=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQFw4ZW+rMrujGTaGCfUBbSybNtKGZB0lGLEN/xY0LRdz6I+78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN3Nb2zu7e+Z+vimjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vhy5rfuqJAsCm/UJKa9AA9D5jOClZb6Zr7WlYknqYL+bXpqT4u1k75ZQJbrOC5yILLKCJUdV5OS67qVErQtNEcBLFHvm+/dQUSSgIaKcCxlx0ax6qVYKEY4nea6iaQxJmM8pB1NQxxQ2Uvnt0/hsVYG0I+ErlDBufp9IsWBlJPA050BViP525uJf3mdRPlOL2VhnCgaksUiP+FQRXAWBBwwQYniE00wEUzfCskIC0yUjiunQ/j6FP5PmmeWXbHs63KherGMIwsOwREoAhucgyq4AnXQAATcgwfwBJ6NqfFovBivi9aMsZw5AD9gvH0CLGyT5g==</latexit>

M ⇢ f�1(M)

1

1

1
2

2
3



Topological obstructions
Stable multicurves:

<latexit sha1_base64="uXhyXLFdT7MTp1kEFl7811pXgMg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpMiDO3oBePCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaYw/rNza+sbmVn67sLO7t39QPDxqqSSTlDVpIhLZCYhigsesqbkWrJNKRqJAsHYwvp777XsmFU/iWz1JmR+RYcxDTok2UiPsF0vY9lzXwy7CdgXjiusZUvY8r1pGjo0XKMEK9X7xvTdIaBaxWFNBlOo6ONX+lEjNqWCzQi9TLCV0TIasa2hMIqb86eLQGTozygCFiTQVa7RQv09MSaTUJApMZ0T0SP325uJfXjfToetPeZxmmsV0uSjMBNIJmn+NBlwyqsXEEEIlN7ciOiKSUG2yKZgQvj5F/5PWhe1UbadRKdWuVnHk4QRO4RwcuIQa3EAdmkCBwQM8wbN1Zz1aL9brsjVnrWaO4Qest09mdI1a</latexit>

f

<latexit sha1_base64="gWzMz5iuMoTPEsNZYFdxBTPw7Qk=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQFw4ZW+rMrujGTaGCfUBbSybNtKGZB0lGLEN/xY0LRdz6I+78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN3Nb2zu7e+Z+vimjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vhy5rfuqJAsCm/UJKa9AA9D5jOClZb6Zr7WlYknqYL+bXpqT4u1k75ZQJbrOC5yILLKCJUdV5OS67qVErQtNEcBLFHvm+/dQUSSgIaKcCxlx0ax6qVYKEY4nea6iaQxJmM8pB1NQxxQ2Uvnt0/hsVYG0I+ErlDBufp9IsWBlJPA050BViP525uJf3mdRPlOL2VhnCgaksUiP+FQRXAWBBwwQYniE00wEUzfCskIC0yUjiunQ/j6FP5PmmeWXbHs63KherGMIwsOwREoAhucgyq4AnXQAATcgwfwBJ6NqfFovBivi9aMsZw5AD9gvH0CLGyT5g==</latexit>

M ⇢ f�1(M)

1

1

1
2

2
3



Topological obstructions
Stable multicurves:

<latexit sha1_base64="uXhyXLFdT7MTp1kEFl7811pXgMg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpMiDO3oBePCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaYw/rNza+sbmVn67sLO7t39QPDxqqSSTlDVpIhLZCYhigsesqbkWrJNKRqJAsHYwvp777XsmFU/iWz1JmR+RYcxDTok2UiPsF0vY9lzXwy7CdgXjiusZUvY8r1pGjo0XKMEK9X7xvTdIaBaxWFNBlOo6ONX+lEjNqWCzQi9TLCV0TIasa2hMIqb86eLQGTozygCFiTQVa7RQv09MSaTUJApMZ0T0SP325uJfXjfToetPeZxmmsV0uSjMBNIJmn+NBlwyqsXEEEIlN7ciOiKSUG2yKZgQvj5F/5PWhe1UbadRKdWuVnHk4QRO4RwcuIQa3EAdmkCBwQM8wbN1Zz1aL9brsjVnrWaO4Qest09mdI1a</latexit>

f

<latexit sha1_base64="gWzMz5iuMoTPEsNZYFdxBTPw7Qk=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQFw4ZW+rMrujGTaGCfUBbSybNtKGZB0lGLEN/xY0LRdz6I+78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN3Nb2zu7e+Z+vimjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vhy5rfuqJAsCm/UJKa9AA9D5jOClZb6Zr7WlYknqYL+bXpqT4u1k75ZQJbrOC5yILLKCJUdV5OS67qVErQtNEcBLFHvm+/dQUSSgIaKcCxlx0ax6qVYKEY4nea6iaQxJmM8pB1NQxxQ2Uvnt0/hsVYG0I+ErlDBufp9IsWBlJPA050BViP525uJf3mdRPlOL2VhnCgaksUiP+FQRXAWBBwwQYniE00wEUzfCskIC0yUjiunQ/j6FP5PmmeWXbHs63KherGMIwsOwREoAhucgyq4AnXQAATcgwfwBJ6NqfFovBivi9aMsZw5AD9gvH0CLGyT5g==</latexit>

M ⇢ f�1(M)

1

1

1
2

2
3

3



Topological obstructions
Stable multicurves:

<latexit sha1_base64="uXhyXLFdT7MTp1kEFl7811pXgMg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpMiDO3oBePCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaYw/rNza+sbmVn67sLO7t39QPDxqqSSTlDVpIhLZCYhigsesqbkWrJNKRqJAsHYwvp777XsmFU/iWz1JmR+RYcxDTok2UiPsF0vY9lzXwy7CdgXjiusZUvY8r1pGjo0XKMEK9X7xvTdIaBaxWFNBlOo6ONX+lEjNqWCzQi9TLCV0TIasa2hMIqb86eLQGTozygCFiTQVa7RQv09MSaTUJApMZ0T0SP325uJfXjfToetPeZxmmsV0uSjMBNIJmn+NBlwyqsXEEEIlN7ciOiKSUG2yKZgQvj5F/5PWhe1UbadRKdWuVnHk4QRO4RwcuIQa3EAdmkCBwQM8wbN1Zz1aL9brsjVnrWaO4Qest09mdI1a</latexit>

f

<latexit sha1_base64="gWzMz5iuMoTPEsNZYFdxBTPw7Qk=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQFw4ZW+rMrujGTaGCfUBbSybNtKGZB0lGLEN/xY0LRdz6I+78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN3Nb2zu7e+Z+vimjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vhy5rfuqJAsCm/UJKa9AA9D5jOClZb6Zr7WlYknqYL+bXpqT4u1k75ZQJbrOC5yILLKCJUdV5OS67qVErQtNEcBLFHvm+/dQUSSgIaKcCxlx0ax6qVYKEY4nea6iaQxJmM8pB1NQxxQ2Uvnt0/hsVYG0I+ErlDBufp9IsWBlJPA050BViP525uJf3mdRPlOL2VhnCgaksUiP+FQRXAWBBwwQYniE00wEUzfCskIC0yUjiunQ/j6FP5PmmeWXbHs63KherGMIwsOwREoAhucgyq4AnXQAATcgwfwBJ6NqfFovBivi9aMsZw5AD9gvH0CLGyT5g==</latexit>

M ⇢ f�1(M)

1

1

1
2

2
3

2 2



Topological obstructions
Stable multicurves:

<latexit sha1_base64="uXhyXLFdT7MTp1kEFl7811pXgMg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpMiDO3oBePCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaYw/rNza+sbmVn67sLO7t39QPDxqqSSTlDVpIhLZCYhigsesqbkWrJNKRqJAsHYwvp777XsmFU/iWz1JmR+RYcxDTok2UiPsF0vY9lzXwy7CdgXjiusZUvY8r1pGjo0XKMEK9X7xvTdIaBaxWFNBlOo6ONX+lEjNqWCzQi9TLCV0TIasa2hMIqb86eLQGTozygCFiTQVa7RQv09MSaTUJApMZ0T0SP325uJfXjfToetPeZxmmsV0uSjMBNIJmn+NBlwyqsXEEEIlN7ciOiKSUG2yKZgQvj5F/5PWhe1UbadRKdWuVnHk4QRO4RwcuIQa3EAdmkCBwQM8wbN1Zz1aL9brsjVnrWaO4Qest09mdI1a</latexit>

f

<latexit sha1_base64="gWzMz5iuMoTPEsNZYFdxBTPw7Qk=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQFw4ZW+rMrujGTaGCfUBbSybNtKGZB0lGLEN/xY0LRdz6I+78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN3Nb2zu7e+Z+vimjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vhy5rfuqJAsCm/UJKa9AA9D5jOClZb6Zr7WlYknqYL+bXpqT4u1k75ZQJbrOC5yILLKCJUdV5OS67qVErQtNEcBLFHvm+/dQUSSgIaKcCxlx0ax6qVYKEY4nea6iaQxJmM8pB1NQxxQ2Uvnt0/hsVYG0I+ErlDBufp9IsWBlJPA050BViP525uJf3mdRPlOL2VhnCgaksUiP+FQRXAWBBwwQYniE00wEUzfCskIC0yUjiunQ/j6FP5PmmeWXbHs63KherGMIwsOwREoAhucgyq4AnXQAATcgwfwBJ6NqfFovBivi9aMsZw5AD9gvH0CLGyT5g==</latexit>

M ⇢ f�1(M)

1

1

1
2

2
3

1 1 1



Topological obstructions
Stable multicurves:

<latexit sha1_base64="uXhyXLFdT7MTp1kEFl7811pXgMg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpMiDO3oBePCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaYw/rNza+sbmVn67sLO7t39QPDxqqSSTlDVpIhLZCYhigsesqbkWrJNKRqJAsHYwvp777XsmFU/iWz1JmR+RYcxDTok2UiPsF0vY9lzXwy7CdgXjiusZUvY8r1pGjo0XKMEK9X7xvTdIaBaxWFNBlOo6ONX+lEjNqWCzQi9TLCV0TIasa2hMIqb86eLQGTozygCFiTQVa7RQv09MSaTUJApMZ0T0SP325uJfXjfToetPeZxmmsV0uSjMBNIJmn+NBlwyqsXEEEIlN7ciOiKSUG2yKZgQvj5F/5PWhe1UbadRKdWuVnHk4QRO4RwcuIQa3EAdmkCBwQM8wbN1Zz1aL9brsjVnrWaO4Qest09mdI1a</latexit>

f

<latexit sha1_base64="gWzMz5iuMoTPEsNZYFdxBTPw7Qk=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQFw4ZW+rMrujGTaGCfUBbSybNtKGZB0lGLEN/xY0LRdz6I+78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN3Nb2zu7e+Z+vimjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vhy5rfuqJAsCm/UJKa9AA9D5jOClZb6Zr7WlYknqYL+bXpqT4u1k75ZQJbrOC5yILLKCJUdV5OS67qVErQtNEcBLFHvm+/dQUSSgIaKcCxlx0ax6qVYKEY4nea6iaQxJmM8pB1NQxxQ2Uvnt0/hsVYG0I+ErlDBufp9IsWBlJPA050BViP525uJf3mdRPlOL2VhnCgaksUiP+FQRXAWBBwwQYniE00wEUzfCskIC0yUjiunQ/j6FP5PmmeWXbHs63KherGMIwsOwREoAhucgyq4AnXQAATcgwfwBJ6NqfFovBivi9aMsZw5AD9gvH0CLGyT5g==</latexit>

M ⇢ f�1(M)

1

1

1
2

2
3

3 2 2 1 1 1



Topological obstructions
Stable multicurves:

<latexit sha1_base64="uXhyXLFdT7MTp1kEFl7811pXgMg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpMiDO3oBePCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaYw/rNza+sbmVn67sLO7t39QPDxqqSSTlDVpIhLZCYhigsesqbkWrJNKRqJAsHYwvp777XsmFU/iWz1JmR+RYcxDTok2UiPsF0vY9lzXwy7CdgXjiusZUvY8r1pGjo0XKMEK9X7xvTdIaBaxWFNBlOo6ONX+lEjNqWCzQi9TLCV0TIasa2hMIqb86eLQGTozygCFiTQVa7RQv09MSaTUJApMZ0T0SP325uJfXjfToetPeZxmmsV0uSjMBNIJmn+NBlwyqsXEEEIlN7ciOiKSUG2yKZgQvj5F/5PWhe1UbadRKdWuVnHk4QRO4RwcuIQa3EAdmkCBwQM8wbN1Zz1aL9brsjVnrWaO4Qest09mdI1a</latexit>

f

<latexit sha1_base64="gWzMz5iuMoTPEsNZYFdxBTPw7Qk=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQFw4ZW+rMrujGTaGCfUBbSybNtKGZB0lGLEN/xY0LRdz6I+78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN3Nb2zu7e+Z+vimjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vhy5rfuqJAsCm/UJKa9AA9D5jOClZb6Zr7WlYknqYL+bXpqT4u1k75ZQJbrOC5yILLKCJUdV5OS67qVErQtNEcBLFHvm+/dQUSSgIaKcCxlx0ax6qVYKEY4nea6iaQxJmM8pB1NQxxQ2Uvnt0/hsVYG0I+ErlDBufp9IsWBlJPA050BViP525uJf3mdRPlOL2VhnCgaksUiP+FQRXAWBBwwQYniE00wEUzfCskIC0yUjiunQ/j6FP5PmmeWXbHs63KherGMIwsOwREoAhucgyq4AnXQAATcgwfwBJ6NqfFovBivi9aMsZw5AD9gvH0CLGyT5g==</latexit>

M ⇢ f�1(M)

<latexit sha1_base64="Mrky54XE5Z/OkHiGdClSoBC6v0A=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJ1+phd0Y3LCvYB7VAymUwbmsmMSUYopT/hxoUibv0dd/6N6UNQ0QMXDufcy733BClnSiP0YeXW1jc2t/LbhZ3dvf2D4uFRWyWZJLRFEp7IboAV5UzQlmaa024qKY4DTjvB+Grud+6pVCwRt3qSUj/GQ8EiRrA2UrfPKQ6VTgbFErJRxXNrZYjsCnI898IQz6u71Qp0bLRACazQHBTf+2FCspgKTThWquegVPtTLDUjnM4K/UzRFJMxHtKeoQLHVPnTxb0zeGaUEEaJNCU0XKjfJ6Y4VmoSB6Yzxnqkfntz8S+vl+mo7k+ZSDNNBVkuijIOdQLnz8OQSUo0nxiCiWTmVkhGWGKiTUQFE8LXp/B/0i7bTtV2btxS43IVRx6cgFNwDhxQAw1wDZqgBQjg4AE8gWfrznq0XqzXZWvOWs0cgx+w3j4BuwmQcg==</latexit> 

<latexit sha1_base64="0EHEzqD4Rgc/lpIt4WrqEZuUjhI="></latexit>2
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Topological obstructions
Stable multicurves:

<latexit sha1_base64="uXhyXLFdT7MTp1kEFl7811pXgMg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpMiDO3oBePCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaYw/rNza+sbmVn67sLO7t39QPDxqqSSTlDVpIhLZCYhigsesqbkWrJNKRqJAsHYwvp777XsmFU/iWz1JmR+RYcxDTok2UiPsF0vY9lzXwy7CdgXjiusZUvY8r1pGjo0XKMEK9X7xvTdIaBaxWFNBlOo6ONX+lEjNqWCzQi9TLCV0TIasa2hMIqb86eLQGTozygCFiTQVa7RQv09MSaTUJApMZ0T0SP325uJfXjfToetPeZxmmsV0uSjMBNIJmn+NBlwyqsXEEEIlN7ciOiKSUG2yKZgQvj5F/5PWhe1UbadRKdWuVnHk4QRO4RwcuIQa3EAdmkCBwQM8wbN1Zz1aL9brsjVnrWaO4Qest09mdI1a</latexit>

f

<latexit sha1_base64="gWzMz5iuMoTPEsNZYFdxBTPw7Qk=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQFw4ZW+rMrujGTaGCfUBbSybNtKGZB0lGLEN/xY0LRdz6I+78G9OHoKIHLhzOuZd77/FizqRC6MPIrKyurW9kN3Nb2zu7e+Z+vimjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vhy5rfuqJAsCm/UJKa9AA9D5jOClZb6Zr7WlYknqYL+bXpqT4u1k75ZQJbrOC5yILLKCJUdV5OS67qVErQtNEcBLFHvm+/dQUSSgIaKcCxlx0ax6qVYKEY4nea6iaQxJmM8pB1NQxxQ2Uvnt0/hsVYG0I+ErlDBufp9IsWBlJPA050BViP525uJf3mdRPlOL2VhnCgaksUiP+FQRXAWBBwwQYniE00wEUzfCskIC0yUjiunQ/j6FP5PmmeWXbHs63KherGMIwsOwREoAhucgyq4AnXQAATcgwfwBJ6NqfFovBivi9aMsZw5AD9gvH0CLGyT5g==</latexit>

M ⇢ f�1(M)

<latexit sha1_base64="Mrky54XE5Z/OkHiGdClSoBC6v0A=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJ1+phd0Y3LCvYB7VAymUwbmsmMSUYopT/hxoUibv0dd/6N6UNQ0QMXDufcy733BClnSiP0YeXW1jc2t/LbhZ3dvf2D4uFRWyWZJLRFEp7IboAV5UzQlmaa024qKY4DTjvB+Grud+6pVCwRt3qSUj/GQ8EiRrA2UrfPKQ6VTgbFErJRxXNrZYjsCnI898IQz6u71Qp0bLRACazQHBTf+2FCspgKTThWquegVPtTLDUjnM4K/UzRFJMxHtKeoQLHVPnTxb0zeGaUEEaJNCU0XKjfJ6Y4VmoSB6Yzxnqkfntz8S+vl+mo7k+ZSDNNBVkuijIOdQLnz8OQSUo0nxiCiWTmVkhGWGKiTUQFE8LXp/B/0i7bTtV2btxS43IVRx6cgFNwDhxQAw1wDZqgBQjg4AE8gWfrznq0XqzXZWvOWs0cgx+w3j4BuwmQcg==</latexit> 

<latexit sha1_base64="0EHEzqD4Rgc/lpIt4WrqEZuUjhI="></latexit>2
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Obstruction if eigenvalue 
<latexit sha1_base64="kM0ASbfoiZTq6Dae3L27OzWvNFs=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjK21Jld0Y3LCvYB7VAyaaaNzSRjkhFK6T+4caGIW//HnX9j+hBU9MCFwzn3cu89UcqZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q1DJThDaI5FK1I6wpZ4I2DDOctlNFcRJx2opGlzO/dU+VZlLcmHFKwwQPBIsZwcZKze6A3kGvVywhN/D9APkQuRWEKn5gSTkIgmoZei6aowSWqPeK792+JFlChSEca93xUGrCCVaGEU6nhW6maYrJCA9ox1KBE6rDyfzaKTyxSh/GUtkSBs7V7xMTnGg9TiLbmWAz1L+9mfiX18lM7IcTJtLMUEEWi+KMQyPh7HXYZ4oSw8eWYKKYvRWSIVaYGBtQwYbw9Sn8nzTPXK/qeteVUu1iGUceHIFjcAo8cA5q4ArUQQMQcAsewBN4dqTz6Lw4r4vWnLOcOQQ/4Lx9AnDSjxA=</latexit>� 1



Characterization Theorem(s)



Nielsen–Thurston classification
 homeomorphism is homotopic to one:

<latexit sha1_base64="UopXyD3cA2mBLJI12ibl05UhcE8=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEVHxVPTisaL9gDaUzXbTLt1swu5GKaFe/CtePCji1X/hzX/jNu1Bqw8GHu/NMDPPjzlT2nG+rNzc/MLiUn65sLK6tr5hb27VVZRIQmsk4pFs+lhRzgStaaY5bcaS4tDntOEPLsd+445KxSJxq4cx9ULcEyxgBGsjdeyd4Lx0c1g9aEvW62ssZXSPMqFjF52ykwH9Je6UFGGKasf+bHcjkoRUaMKxUi3XibWXYqkZ4XRUaCeKxpgMcI+2DBU4pMpLsw9GaN8oXRRE0pTQKFN/TqQ4VGoY+qYzxLqvZr2x+J/XSnRw5qVMxImmgkwWBQlHOkLjOFCXSUo0HxqCiWTmVkT6WGKiTWgFE4I7+/JfUj8quydl9/q4WLmYxpGHXdiDErhwChW4girUgMADPMELvFqP1rP1Zr1PWnPWdGYbfsH6+AbtYpVG</latexit>

f : (S, P ) ! (S, P )

1. Periodic 

2.   Reducible 

3.   pseudo-Anosov



Nielsen–Thurston classification
 homeomorphism is homotopic to one:

<latexit sha1_base64="UopXyD3cA2mBLJI12ibl05UhcE8=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEVHxVPTisaL9gDaUzXbTLt1swu5GKaFe/CtePCji1X/hzX/jNu1Bqw8GHu/NMDPPjzlT2nG+rNzc/MLiUn65sLK6tr5hb27VVZRIQmsk4pFs+lhRzgStaaY5bcaS4tDntOEPLsd+445KxSJxq4cx9ULcEyxgBGsjdeyd4Lx0c1g9aEvW62ssZXSPMqFjF52ykwH9Je6UFGGKasf+bHcjkoRUaMKxUi3XibWXYqkZ4XRUaCeKxpgMcI+2DBU4pMpLsw9GaN8oXRRE0pTQKFN/TqQ4VGoY+qYzxLqvZr2x+J/XSnRw5qVMxImmgkwWBQlHOkLjOFCXSUo0HxqCiWTmVkT6WGKiTWgFE4I7+/JfUj8quydl9/q4WLmYxpGHXdiDErhwChW4girUgMADPMELvFqP1rP1Zr1PWnPWdGYbfsH6+AbtYpVG</latexit>

f : (S, P ) ! (S, P )

1. Periodic 

2.   Reducible 

3.   pseudo-Anosov

<latexit sha1_base64="VBQDExyajcKzJTh6poM6Jy/8SlM=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU9jYUpOb4MVjBatCE8tms9Glmw92J2IJ/SdePCji1X/izX/jtlZQ0QcDj/dmmJkXFVJoIOTdqs3NLywu1ZcbK6tr6xv25ta5zkvFeI/lMleXEdVcioz3QIDkl4XiNI0kv4iGxxP/4pYrLfLsDEYFD1N6nYlEMApGGth2cjUMtEgD4HdQiXg8sJvE8T3PJx4mTpuQtucb0vJ9v9PCrkOmaKIZugP7LYhzVqY8Ayap1n2XFBBWVIFgko8bQal5QdmQXvO+oRlNuQ6r6eVjvGeUGCe5MpUBnqrfJyqaaj1KI9OZUrjRv72J+JfXLyHxwkpkRQk8Y5+LklJiyPEkBhwLxRnIkSGUKWFuxeyGKsrAhNUwIXx9iv8n5weO23Hc03bzyJvFUUc7aBftIxcdoiN0grqohxi6RffoET1ZlfVgPVsvn601azazjX7Aev0Azm6Uaw==</latexit>

fk ⇠ id



Nielsen–Thurston classification
 homeomorphism is homotopic to one:

<latexit sha1_base64="UopXyD3cA2mBLJI12ibl05UhcE8=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEVHxVPTisaL9gDaUzXbTLt1swu5GKaFe/CtePCji1X/hzX/jNu1Bqw8GHu/NMDPPjzlT2nG+rNzc/MLiUn65sLK6tr5hb27VVZRIQmsk4pFs+lhRzgStaaY5bcaS4tDntOEPLsd+445KxSJxq4cx9ULcEyxgBGsjdeyd4Lx0c1g9aEvW62ssZXSPMqFjF52ykwH9Je6UFGGKasf+bHcjkoRUaMKxUi3XibWXYqkZ4XRUaCeKxpgMcI+2DBU4pMpLsw9GaN8oXRRE0pTQKFN/TqQ4VGoY+qYzxLqvZr2x+J/XSnRw5qVMxImmgkwWBQlHOkLjOFCXSUo0HxqCiWTmVkT6WGKiTWgFE4I7+/JfUj8quydl9/q4WLmYxpGHXdiDErhwChW4girUgMADPMELvFqP1rP1Zr1PWnPWdGYbfsH6+AbtYpVG</latexit>

f : (S, P ) ! (S, P )

1. Periodic 

2.   Reducible 

3.   pseudo-Anosov

fixes some multicurve
<latexit sha1_base64="jqtqOoDHDsmmqyqQ/xS+d3/9/1Q=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Gno0xJlbwIvHBMwCyRB6OjVJm56F7h4hDPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaUI+rMLa+sbmVnG7tLO7t39QPjxqqySTDFosEYnsBlSB4DG0NNcCuqkEGgUCOsHkeu537kEqnsS3epqCH9FRzEPOqDZSMxyUK8T2XNcjLiZ2lZCq6xly6Xle7RI7NlmgglZoDMrv/WHCsghizQRVqueQVPs5lZozAbNSP1OQUjahI+gZGtMIlJ8vDp3hM6MMcZhIU7HGC/X7RE4jpaZRYDojqsfqtzcX//J6mQ5dP+dxmmmI2XJRmAmsEzz/Gg+5BKbF1BDKJDe3YjamkjJtsimZEL4+xf+T9oXt1GynWa3U3VUcRXSCTtE5ctAVqqMb1EAtxBCgB/SEnq0769F6sV6XrQVrNXOMfsB6+wRjco1Q</latexit>

f

<latexit sha1_base64="VBQDExyajcKzJTh6poM6Jy/8SlM=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU9jYUpOb4MVjBatCE8tms9Glmw92J2IJ/SdePCji1X/izX/jtlZQ0QcDj/dmmJkXFVJoIOTdqs3NLywu1ZcbK6tr6xv25ta5zkvFeI/lMleXEdVcioz3QIDkl4XiNI0kv4iGxxP/4pYrLfLsDEYFD1N6nYlEMApGGth2cjUMtEgD4HdQiXg8sJvE8T3PJx4mTpuQtucb0vJ9v9PCrkOmaKIZugP7LYhzVqY8Ayap1n2XFBBWVIFgko8bQal5QdmQXvO+oRlNuQ6r6eVjvGeUGCe5MpUBnqrfJyqaaj1KI9OZUrjRv72J+JfXLyHxwkpkRQk8Y5+LklJiyPEkBhwLxRnIkSGUKWFuxeyGKsrAhNUwIXx9iv8n5weO23Hc03bzyJvFUUc7aBftIxcdoiN0grqohxi6RffoET1ZlfVgPVsvn601azazjX7Aev0Azm6Uaw==</latexit>

fk ⇠ id



Nielsen–Thurston classification
 homeomorphism is homotopic to one:

<latexit sha1_base64="UopXyD3cA2mBLJI12ibl05UhcE8=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEVHxVPTisaL9gDaUzXbTLt1swu5GKaFe/CtePCji1X/hzX/jNu1Bqw8GHu/NMDPPjzlT2nG+rNzc/MLiUn65sLK6tr5hb27VVZRIQmsk4pFs+lhRzgStaaY5bcaS4tDntOEPLsd+445KxSJxq4cx9ULcEyxgBGsjdeyd4Lx0c1g9aEvW62ssZXSPMqFjF52ykwH9Je6UFGGKasf+bHcjkoRUaMKxUi3XibWXYqkZ4XRUaCeKxpgMcI+2DBU4pMpLsw9GaN8oXRRE0pTQKFN/TqQ4VGoY+qYzxLqvZr2x+J/XSnRw5qVMxImmgkwWBQlHOkLjOFCXSUo0HxqCiWTmVkT6WGKiTWgFE4I7+/JfUj8quydl9/q4WLmYxpGHXdiDErhwChW4girUgMADPMELvFqP1rP1Zr1PWnPWdGYbfsH6+AbtYpVG</latexit>

f : (S, P ) ! (S, P )

1. Periodic 

2.   Reducible 

3.   pseudo-Anosov

fixes some multicurve
<latexit sha1_base64="jqtqOoDHDsmmqyqQ/xS+d3/9/1Q=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4Gno0xJlbwIvHBMwCyRB6OjVJm56F7h4hDPkCLx4U8eonefNv7CyCij4oeLxXRVW9IBVcaUI+rMLa+sbmVnG7tLO7t39QPjxqqySTDFosEYnsBlSB4DG0NNcCuqkEGgUCOsHkeu537kEqnsS3epqCH9FRzEPOqDZSMxyUK8T2XNcjLiZ2lZCq6xly6Xle7RI7NlmgglZoDMrv/WHCsghizQRVqueQVPs5lZozAbNSP1OQUjahI+gZGtMIlJ8vDp3hM6MMcZhIU7HGC/X7RE4jpaZRYDojqsfqtzcX//J6mQ5dP+dxmmmI2XJRmAmsEzz/Gg+5BKbF1BDKJDe3YjamkjJtsimZEL4+xf+T9oXt1GynWa3U3VUcRXSCTtE5ctAVqqMb1EAtxBCgB/SEnq0769F6sV6XrQVrNXOMfsB6+wRjco1Q</latexit>

f

<latexit sha1_base64="VBQDExyajcKzJTh6poM6Jy/8SlM=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU9jYUpOb4MVjBatCE8tms9Glmw92J2IJ/SdePCji1X/izX/jtlZQ0QcDj/dmmJkXFVJoIOTdqs3NLywu1ZcbK6tr6xv25ta5zkvFeI/lMleXEdVcioz3QIDkl4XiNI0kv4iGxxP/4pYrLfLsDEYFD1N6nYlEMApGGth2cjUMtEgD4HdQiXg8sJvE8T3PJx4mTpuQtucb0vJ9v9PCrkOmaKIZugP7LYhzVqY8Ayap1n2XFBBWVIFgko8bQal5QdmQXvO+oRlNuQ6r6eVjvGeUGCe5MpUBnqrfJyqaaj1KI9OZUrjRv72J+JfXLyHxwkpkRQk8Y5+LklJiyPEkBhwLxRnIkSGUKWFuxeyGKsrAhNUwIXx9iv8n5weO23Hc03bzyJvFUUc7aBftIxcdoiN0grqohxi6RffoET1ZlfVgPVsvn601azazjX7Aev0Azm6Uaw==</latexit>

fk ⇠ id

<latexit sha1_base64="KDZ1MHAJN/82fQKsZmji33flaQI=">AAAB9HicdVDLSgMxFM3UV61Wqy7dBEvB1ZCxpc7sCkJxWcE+oB1KJs20oZmHSaZQhn6HGxeK6NKP8BPc+TdmWgUVPRA4nHMv9+R4MWdSIfRu5NbWNza38tuFnd3i3n7p4LAjo0QQ2iYRj0TPw5JyFtK2YorTXiwoDjxOu970IvO7Myoki8JrNY+pG+BxyHxGsNKSOwiwmhDM0+ZimAxLZWQ6tu0gGyKzhlDNdjSpOo5Tr0LLREuUG8XXpNIsPLeGpbfBKCJJQENFOJayb6FYuSkWihFOF4VBImmMyRSPaV/TEAdUuuky9AJWtDKCfiT0CxVcqt83UhxIOQ88PZmFlL+9TPzL6yfKt92UhXGiaEhWh/yEQxXBrAE4YoISxeeaYCKYzgrJBAtMlO6poEv4+in8n3TOTKtu1q50GzZYIQ+OwQk4BRY4Bw1wCVqgDQi4AbfgHjwYM+POeDSeVqM543PnCPyA8fIBK26VSA==</latexit>

Fu

<latexit sha1_base64="jMbXse+Mam4UhpuTN7XtDT2O6Rg=">AAAB9HicdVDLSsNAFJ34rNFq1aWbwVJwFZKaPrIrCMVlBfuANpTJdNIOnTycmRRK6He4caGILv0IP8Gdf+OkVVDRAwOHc+7lnjlezKiQpvmura1vbG5t53b03b38/kHh8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut70IvO7M8IFjcJrOY+JG6BxSH2KkVSSOwiQnGDE0uZiKIaFommYFceulaFpVEzLsc8VcZy6Xa1AyzCXKDbyr0mpqT+3hoW3wSjCSUBCiRkSom+ZsXRTxCXFjCz0QSJIjPAUjUlf0RAFRLjpMvQClpQygn7E1QslXKrfN1IUCDEPPDWZhRS/vUz8y+sn0q+7KQ3jRJIQrw75CYMyglkDcEQ5wZLNFUGYU5UV4gniCEvVk65K+Pop/J90yoZVNewr1UYdrJADJ+AUnAEL1EADXIIWaAMMbsAtuAcP2ky70x61p9Xomva5cwx+QHv5ABCzlTY=</latexit>

Fs

<latexit sha1_base64="f0EGi5OA8iMJotse55LojwauS/U="></latexit>

f(Fs) = �Fs

f(Fu) =
1

�
Fu



übertheorem

is one of:

1. Holomorphic 

2. Fixes multicurve 

3. Pseudo-Anosov

branched cover
<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f
<latexit sha1_base64="8c3+PawjzhYgU9lDvJv4YkIhu1g=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEClKSIuqx6MVjRfsBbSyb7bZdusmG3Y1SQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMzzI86UdpxvK7OwuLS8kl3Nra1vbG7Z2zs1JWJJaJUILmTDx4pyFtKqZprTRiQpDnxO6/7gcuzX76lUTIS3ehhRL8C9kHUZwdpIbXuvcHNXOq4ctSTr9TWWUjygVGrbeafoTIDmiZuSPKSotO2vVkeQOKChJhwr1XSdSHsJlpoRTke5VqxohMkA92jT0BAHVHnJ5IcROjRKB3WFNBVqNFF/TyQ4UGoY+KYzwLqvZr2x+J/XjHX33EtYGMWahmS6qBtzpAUaB4I6TFKi+dAQTCQztyLSxxITbWLLmRDc2ZfnSa1UdE+L7vVJvnyRxpGFfTiAArhwBmW4ggpUgcAjPMMrvFlP1ov1bn1MWzNWOrMLf2B9/gAIQJXa</latexit>

(S2, P ) ! (S2, P )

Theorem (Thurston)+epsilon

* Also true for self-covers of tori, but those aren’t braids

*
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<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f
<latexit sha1_base64="8c3+PawjzhYgU9lDvJv4YkIhu1g=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEClKSIuqx6MVjRfsBbSyb7bZdusmG3Y1SQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMzzI86UdpxvK7OwuLS8kl3Nra1vbG7Z2zs1JWJJaJUILmTDx4pyFtKqZprTRiQpDnxO6/7gcuzX76lUTIS3ehhRL8C9kHUZwdpIbXuvcHNXOq4ctSTr9TWWUjygVGrbeafoTIDmiZuSPKSotO2vVkeQOKChJhwr1XSdSHsJlpoRTke5VqxohMkA92jT0BAHVHnJ5IcROjRKB3WFNBVqNFF/TyQ4UGoY+KYzwLqvZr2x+J/XjHX33EtYGMWahmS6qBtzpAUaB4I6TFKi+dAQTCQztyLSxxITbWLLmRDc2ZfnSa1UdE+L7vVJvnyRxpGFfTiAArhwBmW4ggpUgcAjPMMrvFlP1ov1bn1MWzNWOrMLf2B9/gAIQJXa</latexit>

(S2, P ) ! (S2, P )

Theorem (Thurston)+epsilon

* Also true for self-covers of tori, but those aren’t braids

*

d=1
periodic



übertheorem

is one of:

1. Holomorphic 

2. Fixes multicurve 

3. Pseudo-Anosov

branched cover
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f
<latexit sha1_base64="8c3+PawjzhYgU9lDvJv4YkIhu1g=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEClKSIuqx6MVjRfsBbSyb7bZdusmG3Y1SQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMzzI86UdpxvK7OwuLS8kl3Nra1vbG7Z2zs1JWJJaJUILmTDx4pyFtKqZprTRiQpDnxO6/7gcuzX76lUTIS3ehhRL8C9kHUZwdpIbXuvcHNXOq4ctSTr9TWWUjygVGrbeafoTIDmiZuSPKSotO2vVkeQOKChJhwr1XSdSHsJlpoRTke5VqxohMkA92jT0BAHVHnJ5IcROjRKB3WFNBVqNFF/TyQ4UGoY+KYzwLqvZr2x+J/XjHX33EtYGMWahmS6qBtzpAUaB4I6TFKi+dAQTCQztyLSxxITbWLLmRDc2ZfnSa1UdE+L7vVJvnyRxpGFfTiAArhwBmW4ggpUgcAjPMMrvFlP1ov1bn1MWzNWOrMLf2B9/gAIQJXa</latexit>

(S2, P ) ! (S2, P )

Theorem (Thurston)+epsilon

* Also true for self-covers of tori, but those aren’t braids

*

d=1
periodic

reducible
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3. Pseudo-Anosov

branched cover
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f
<latexit sha1_base64="8c3+PawjzhYgU9lDvJv4YkIhu1g=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEClKSIuqx6MVjRfsBbSyb7bZdusmG3Y1SQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMzzI86UdpxvK7OwuLS8kl3Nra1vbG7Z2zs1JWJJaJUILmTDx4pyFtKqZprTRiQpDnxO6/7gcuzX76lUTIS3ehhRL8C9kHUZwdpIbXuvcHNXOq4ctSTr9TWWUjygVGrbeafoTIDmiZuSPKSotO2vVkeQOKChJhwr1XSdSHsJlpoRTke5VqxohMkA92jT0BAHVHnJ5IcROjRKB3WFNBVqNFF/TyQ4UGoY+KYzwLqvZr2x+J/XjHX33EtYGMWahmS6qBtzpAUaB4I6TFKi+dAQTCQztyLSxxITbWLLmRDc2ZfnSa1UdE+L7vVJvnyRxpGFfTiAArhwBmW4ggpUgcAjPMMrvFlP1ov1bn1MWzNWOrMLf2B9/gAIQJXa</latexit>

(S2, P ) ! (S2, P )

Theorem (Thurston)+epsilon

* Also true for self-covers of tori, but those aren’t braids

*

d=1
periodic

reducible

<latexit sha1_base64="KDZ1MHAJN/82fQKsZmji33flaQI=">AAAB9HicdVDLSgMxFM3UV61Wqy7dBEvB1ZCxpc7sCkJxWcE+oB1KJs20oZmHSaZQhn6HGxeK6NKP8BPc+TdmWgUVPRA4nHMv9+R4MWdSIfRu5NbWNza38tuFnd3i3n7p4LAjo0QQ2iYRj0TPw5JyFtK2YorTXiwoDjxOu970IvO7Myoki8JrNY+pG+BxyHxGsNKSOwiwmhDM0+ZimAxLZWQ6tu0gGyKzhlDNdjSpOo5Tr0LLREuUG8XXpNIsPLeGpbfBKCJJQENFOJayb6FYuSkWihFOF4VBImmMyRSPaV/TEAdUuuky9AJWtDKCfiT0CxVcqt83UhxIOQ88PZmFlL+9TPzL6yfKt92UhXGiaEhWh/yEQxXBrAE4YoISxeeaYCKYzgrJBAtMlO6poEv4+in8n3TOTKtu1q50GzZYIQ+OwQk4BRY4Bw1wCVqgDQi4AbfgHjwYM+POeDSeVqM543PnCPyA8fIBK26VSA==</latexit>

Fu

<latexit sha1_base64="jMbXse+Mam4UhpuTN7XtDT2O6Rg=">AAAB9HicdVDLSsNAFJ34rNFq1aWbwVJwFZKaPrIrCMVlBfuANpTJdNIOnTycmRRK6He4caGILv0IP8Gdf+OkVVDRAwOHc+7lnjlezKiQpvmura1vbG5t53b03b38/kHh8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut70IvO7M8IFjcJrOY+JG6BxSH2KkVSSOwiQnGDE0uZiKIaFommYFceulaFpVEzLsc8VcZy6Xa1AyzCXKDbyr0mpqT+3hoW3wSjCSUBCiRkSom+ZsXRTxCXFjCz0QSJIjPAUjUlf0RAFRLjpMvQClpQygn7E1QslXKrfN1IUCDEPPDWZhRS/vUz8y+sn0q+7KQ3jRJIQrw75CYMyglkDcEQ5wZLNFUGYU5UV4gniCEvVk65K+Pop/J90yoZVNewr1UYdrJADJ+AUnAEL1EADXIIWaAMMbsAtuAcP2ky70x61p9Xomva5cwx+QHv5ABCzlTY=</latexit>

Fs



übertheorem

is one of:

1. Holomorphic 

2. Fixes multicurve 

3. Pseudo-Anosov

branched cover
<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f
<latexit sha1_base64="8c3+PawjzhYgU9lDvJv4YkIhu1g=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEClKSIuqx6MVjRfsBbSyb7bZdusmG3Y1SQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMzzI86UdpxvK7OwuLS8kl3Nra1vbG7Z2zs1JWJJaJUILmTDx4pyFtKqZprTRiQpDnxO6/7gcuzX76lUTIS3ehhRL8C9kHUZwdpIbXuvcHNXOq4ctSTr9TWWUjygVGrbeafoTIDmiZuSPKSotO2vVkeQOKChJhwr1XSdSHsJlpoRTke5VqxohMkA92jT0BAHVHnJ5IcROjRKB3WFNBVqNFF/TyQ4UGoY+KYzwLqvZr2x+J/XjHX33EtYGMWahmS6qBtzpAUaB4I6TFKi+dAQTCQztyLSxxITbWLLmRDc2ZfnSa1UdE+L7vVJvnyRxpGFfTiAArhwBmW4ggpUgcAjPMMrvFlP1ov1bn1MWzNWOrMLf2B9/gAIQJXa</latexit>

(S2, P ) ! (S2, P )

Theorem (Thurston)+epsilon

* Also true for self-covers of tori, but those aren’t braids

*

d=1 d>1
periodic rational

reducible

<latexit sha1_base64="KDZ1MHAJN/82fQKsZmji33flaQI=">AAAB9HicdVDLSgMxFM3UV61Wqy7dBEvB1ZCxpc7sCkJxWcE+oB1KJs20oZmHSaZQhn6HGxeK6NKP8BPc+TdmWgUVPRA4nHMv9+R4MWdSIfRu5NbWNza38tuFnd3i3n7p4LAjo0QQ2iYRj0TPw5JyFtK2YorTXiwoDjxOu970IvO7Myoki8JrNY+pG+BxyHxGsNKSOwiwmhDM0+ZimAxLZWQ6tu0gGyKzhlDNdjSpOo5Tr0LLREuUG8XXpNIsPLeGpbfBKCJJQENFOJayb6FYuSkWihFOF4VBImmMyRSPaV/TEAdUuuky9AJWtDKCfiT0CxVcqt83UhxIOQ88PZmFlL+9TPzL6yfKt92UhXGiaEhWh/yEQxXBrAE4YoISxeeaYCKYzgrJBAtMlO6poEv4+in8n3TOTKtu1q50GzZYIQ+OwQk4BRY4Bw1wCVqgDQi4AbfgHjwYM+POeDSeVqM543PnCPyA8fIBK26VSA==</latexit>

Fu

<latexit sha1_base64="jMbXse+Mam4UhpuTN7XtDT2O6Rg=">AAAB9HicdVDLSsNAFJ34rNFq1aWbwVJwFZKaPrIrCMVlBfuANpTJdNIOnTycmRRK6He4caGILv0IP8Gdf+OkVVDRAwOHc+7lnjlezKiQpvmura1vbG5t53b03b38/kHh8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut70IvO7M8IFjcJrOY+JG6BxSH2KkVSSOwiQnGDE0uZiKIaFommYFceulaFpVEzLsc8VcZy6Xa1AyzCXKDbyr0mpqT+3hoW3wSjCSUBCiRkSom+ZsXRTxCXFjCz0QSJIjPAUjUlf0RAFRLjpMvQClpQygn7E1QslXKrfN1IUCDEPPDWZhRS/vUz8y+sn0q+7KQ3jRJIQrw75CYMyglkDcEQ5wZLNFUGYU5UV4gniCEvVk65K+Pop/J90yoZVNewr1UYdrJADJ+AUnAEL1EADXIIWaAMMbsAtuAcP2ky70x61p9Xomva5cwx+QHv5ABCzlTY=</latexit>

Fs
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branched cover
<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f
<latexit sha1_base64="8c3+PawjzhYgU9lDvJv4YkIhu1g=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEClKSIuqx6MVjRfsBbSyb7bZdusmG3Y1SQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMzzI86UdpxvK7OwuLS8kl3Nra1vbG7Z2zs1JWJJaJUILmTDx4pyFtKqZprTRiQpDnxO6/7gcuzX76lUTIS3ehhRL8C9kHUZwdpIbXuvcHNXOq4ctSTr9TWWUjygVGrbeafoTIDmiZuSPKSotO2vVkeQOKChJhwr1XSdSHsJlpoRTke5VqxohMkA92jT0BAHVHnJ5IcROjRKB3WFNBVqNFF/TyQ4UGoY+KYzwLqvZr2x+J/XjHX33EtYGMWahmS6qBtzpAUaB4I6TFKi+dAQTCQztyLSxxITbWLLmRDc2ZfnSa1UdE+L7vVJvnyRxpGFfTiAArhwBmW4ggpUgcAjPMMrvFlP1ov1bn1MWzNWOrMLf2B9/gAIQJXa</latexit>

(S2, P ) ! (S2, P )

Theorem (Thurston)+epsilon

* Also true for self-covers of tori, but those aren’t braids

*

d=1 d>1
periodic rational

reducible obstructed

<latexit sha1_base64="KDZ1MHAJN/82fQKsZmji33flaQI=">AAAB9HicdVDLSgMxFM3UV61Wqy7dBEvB1ZCxpc7sCkJxWcE+oB1KJs20oZmHSaZQhn6HGxeK6NKP8BPc+TdmWgUVPRA4nHMv9+R4MWdSIfRu5NbWNza38tuFnd3i3n7p4LAjo0QQ2iYRj0TPw5JyFtK2YorTXiwoDjxOu970IvO7Myoki8JrNY+pG+BxyHxGsNKSOwiwmhDM0+ZimAxLZWQ6tu0gGyKzhlDNdjSpOo5Tr0LLREuUG8XXpNIsPLeGpbfBKCJJQENFOJayb6FYuSkWihFOF4VBImmMyRSPaV/TEAdUuuky9AJWtDKCfiT0CxVcqt83UhxIOQ88PZmFlL+9TPzL6yfKt92UhXGiaEhWh/yEQxXBrAE4YoISxeeaYCKYzgrJBAtMlO6poEv4+in8n3TOTKtu1q50GzZYIQ+OwQk4BRY4Bw1wCVqgDQi4AbfgHjwYM+POeDSeVqM543PnCPyA8fIBK26VSA==</latexit>

Fu

<latexit sha1_base64="jMbXse+Mam4UhpuTN7XtDT2O6Rg=">AAAB9HicdVDLSsNAFJ34rNFq1aWbwVJwFZKaPrIrCMVlBfuANpTJdNIOnTycmRRK6He4caGILv0IP8Gdf+OkVVDRAwOHc+7lnjlezKiQpvmura1vbG5t53b03b38/kHh8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut70IvO7M8IFjcJrOY+JG6BxSH2KkVSSOwiQnGDE0uZiKIaFommYFceulaFpVEzLsc8VcZy6Xa1AyzCXKDbyr0mpqT+3hoW3wSjCSUBCiRkSom+ZsXRTxCXFjCz0QSJIjPAUjUlf0RAFRLjpMvQClpQygn7E1QslXKrfN1IUCDEPPDWZhRS/vUz8y+sn0q+7KQ3jRJIQrw75CYMyglkDcEQ5wZLNFUGYU5UV4gniCEvVk65K+Pop/J90yoZVNewr1UYdrJADJ+AUnAEL1EADXIIWaAMMbsAtuAcP2ky70x61p9Xomva5cwx+QHv5ABCzlTY=</latexit>

Fs



übertheorem

is one of:

1. Holomorphic 

2. Fixes multicurve 

3. Pseudo-Anosov

branched cover
<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f
<latexit sha1_base64="8c3+PawjzhYgU9lDvJv4YkIhu1g=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEClKSIuqx6MVjRfsBbSyb7bZdusmG3Y1SQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMzzI86UdpxvK7OwuLS8kl3Nra1vbG7Z2zs1JWJJaJUILmTDx4pyFtKqZprTRiQpDnxO6/7gcuzX76lUTIS3ehhRL8C9kHUZwdpIbXuvcHNXOq4ctSTr9TWWUjygVGrbeafoTIDmiZuSPKSotO2vVkeQOKChJhwr1XSdSHsJlpoRTke5VqxohMkA92jT0BAHVHnJ5IcROjRKB3WFNBVqNFF/TyQ4UGoY+KYzwLqvZr2x+J/XjHX33EtYGMWahmS6qBtzpAUaB4I6TFKi+dAQTCQztyLSxxITbWLLmRDc2ZfnSa1UdE+L7vVJvnyRxpGFfTiAArhwBmW4ggpUgcAjPMMrvFlP1ov1bn1MWzNWOrMLf2B9/gAIQJXa</latexit>

(S2, P ) ! (S2, P )

Theorem (Thurston)+epsilon

* Also true for self-covers of tori, but those aren’t braids

*

d=1 d>1
periodic rational

reducible obstructed

<latexit sha1_base64="KDZ1MHAJN/82fQKsZmji33flaQI=">AAAB9HicdVDLSgMxFM3UV61Wqy7dBEvB1ZCxpc7sCkJxWcE+oB1KJs20oZmHSaZQhn6HGxeK6NKP8BPc+TdmWgUVPRA4nHMv9+R4MWdSIfRu5NbWNza38tuFnd3i3n7p4LAjo0QQ2iYRj0TPw5JyFtK2YorTXiwoDjxOu970IvO7Myoki8JrNY+pG+BxyHxGsNKSOwiwmhDM0+ZimAxLZWQ6tu0gGyKzhlDNdjSpOo5Tr0LLREuUG8XXpNIsPLeGpbfBKCJJQENFOJayb6FYuSkWihFOF4VBImmMyRSPaV/TEAdUuuky9AJWtDKCfiT0CxVcqt83UhxIOQ88PZmFlL+9TPzL6yfKt92UhXGiaEhWh/yEQxXBrAE4YoISxeeaYCKYzgrJBAtMlO6poEv4+in8n3TOTKtu1q50GzZYIQ+OwQk4BRY4Bw1wCVqgDQi4AbfgHjwYM+POeDSeVqM543PnCPyA8fIBK26VSA==</latexit>

Fu

<latexit sha1_base64="jMbXse+Mam4UhpuTN7XtDT2O6Rg=">AAAB9HicdVDLSsNAFJ34rNFq1aWbwVJwFZKaPrIrCMVlBfuANpTJdNIOnTycmRRK6He4caGILv0IP8Gdf+OkVVDRAwOHc+7lnjlezKiQpvmura1vbG5t53b03b38/kHh8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut70IvO7M8IFjcJrOY+JG6BxSH2KkVSSOwiQnGDE0uZiKIaFommYFceulaFpVEzLsc8VcZy6Xa1AyzCXKDbyr0mpqT+3hoW3wSjCSUBCiRkSom+ZsXRTxCXFjCz0QSJIjPAUjUlf0RAFRLjpMvQClpQygn7E1QslXKrfN1IUCDEPPDWZhRS/vUz8y+sn0q+7KQ3jRJIQrw75CYMyglkDcEQ5wZLNFUGYU5UV4gniCEvVk65K+Pop/J90yoZVNewr1UYdrJADJ+AUnAEL1EADXIIWaAMMbsAtuAcP2ky70x61p9Xomva5cwx+QHv5ABCzlTY=</latexit>

Fs



Proof Summary

=
<latexit sha1_base64="/HtREncn3dB5NmxR91W/yZSFJIw="></latexit>

{complex structures (S2, P )}/Di↵0(S
2, P )

<latexit sha1_base64="0/HUk9T1qLLPnoNON4XoQ46evoA=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKCLLMadPcmevEY0aiQxDA76Zghsw9mesWwxF/x4kERr36IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnC3PzC4lJxeeXcJJkWUBWJSvRlyA0oGUMVJSq4TDXwKFRwEXaPBv7FDWgjk/gMeyk0In4dy7YUHK3ULK7WEW4xPwMpOv3N06ud7cpWs1hibuD7AfMpc8uMlf3Akt0gCP Z2qeeyIUpkhEqz+FZvJSKLIEahuDE1j6XYyLlGKRT0C/XMQMpFl19DzdKYR2Aa+fD4Pt2wSou2E20rRjpUv0/kPDKmF4W2M+LYMb+9gfiXV8uw7TdyGacZQiw+F7UzRTGhgyRoS2oQqHqWcKGlvZWKDtdcoM2rYEP4+pT+T853XG/P9U7KpYPDURwzZI2sk03ikX1yQI5JhVSJID1yTx7Jk3PnPDjPzstn65gzmlklP+C8fgBNyZSP</latexit>

Teich(S2, P )

Bers’ Proof of Nielsen–Thurston (see Farb–Margalit)



Proof Summary

<latexit sha1_base64="UaU8XwSSTR6hgdcak7Ow6uOkohw=">AAAB8XicdVDLSgMxFM3UVx1fVZdugkVwNaS21JmFWOzGZQX7wLaUTJq2oZnMkGSEMvQv3LhQRJd+iHs34t+YaRVU9MCFwzn3cs+9fsSZ0gi9W5mFxaXlleyqvba+sbmV295pqDCWhNZJyEPZ8rGinAla10xz2ookxYHPadMfV1O/eU2lYqG41JOIdgM8FGzACNZGuuoEWI98P6lOe7k8cjzX9ZALkVNCqOR6hhQ9zysXYcFBM+RPX+yT6OnNrvVyr51+SOKACk04VqpdQJHuJlhqRjid2p1Y0QiTMR7StqECB1R1k1niKTwwSh8OQmlKaDhTv08kOFBqEvimM02ofnup+JfXjvXA7SZMRLGmgswXDWIOdQjT82GfSUo0nxiCiWQmKyQjLDHR5km2ecLXpfB/0jhyCmWndIHylTMwRxbsgX1wCArgGFTAOaiBOiBAgBtwB+4tZd1aD9bjvDVjfc7sgh+wnj8AopSUkw==</latexit>

C

=
<latexit sha1_base64="/HtREncn3dB5NmxR91W/yZSFJIw="></latexit>

{complex structures (S2, P )}/Di↵0(S
2, P )

<latexit sha1_base64="0/HUk9T1qLLPnoNON4XoQ46evoA=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKCLLMadPcmevEY0aiQxDA76Zghsw9mesWwxF/x4kERr36IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnC3PzC4lJxeeXcJJkWUBWJSvRlyA0oGUMVJSq4TDXwKFRwEXaPBv7FDWgjk/gMeyk0In4dy7YUHK3ULK7WEW4xPwMpOv3N06ud7cpWs1hibuD7AfMpc8uMlf3Akt0gCP Z2qeeyIUpkhEqz+FZvJSKLIEahuDE1j6XYyLlGKRT0C/XMQMpFl19DzdKYR2Aa+fD4Pt2wSou2E20rRjpUv0/kPDKmF4W2M+LYMb+9gfiXV8uw7TdyGacZQiw+F7UzRTGhgyRoS2oQqHqWcKGlvZWKDtdcoM2rYEP4+pT+T853XG/P9U7KpYPDURwzZI2sk03ikX1yQI5JhVSJID1yTx7Jk3PnPDjPzstn65gzmlklP+C8fgBNyZSP</latexit>

Teich(S2, P )

Bers’ Proof of Nielsen–Thurston (see Farb–Margalit)



Proof Summary

<latexit sha1_base64="dWrPYk6maN1x2c85FLLVS51YTTY="></latexit>

�f : Teich(S2, P ) ! Teich(S2, P )

=
<latexit sha1_base64="/HtREncn3dB5NmxR91W/yZSFJIw="></latexit>

{complex structures (S2, P )}/Di↵0(S
2, P )

<latexit sha1_base64="0/HUk9T1qLLPnoNON4XoQ46evoA=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKCLLMadPcmevEY0aiQxDA76Zghsw9mesWwxF/x4kERr36IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnC3PzC4lJxeeXcJJkWUBWJSvRlyA0oGUMVJSq4TDXwKFRwEXaPBv7FDWgjk/gMeyk0In4dy7YUHK3ULK7WEW4xPwMpOv3N06ud7cpWs1hibuD7AfMpc8uMlf3Akt0gCP Z2qeeyIUpkhEqz+FZvJSKLIEahuDE1j6XYyLlGKRT0C/XMQMpFl19DzdKYR2Aa+fD4Pt2wSou2E20rRjpUv0/kPDKmF4W2M+LYMb+9gfiXV8uw7TdyGacZQiw+F7UzRTGhgyRoS2oQqHqWcKGlvZWKDtdcoM2rYEP4+pT+T853XG/P9U7KpYPDURwzZI2sk03ikX1yQI5JhVSJID1yTx7Jk3PnPDjPzstn65gzmlklP+C8fgBNyZSP</latexit>

Teich(S2, P )

Bers’ Proof of Nielsen–Thurston (see Farb–Margalit)



Proof Summary

<latexit sha1_base64="MK++zklX8zyEw6F16U1YDAG91xE="></latexit>

d(�(X),�(Y ))  d(X,Y )weak contraction:<latexit sha1_base64="ZIHpTOjMf+ctTIEl9xB99l3BQeI=">AAAB73icdVDLSgNBEOyNr5j4iHr0MhgFT8tu8HkLevEYwTwgCWF2MpsMmZ1dZ2YDYclPePGgiFd/wB/wD7z5IXp2NjGgogUNRVU33V1exJnSjvNmZebmFxaXssu5/Mrq2nphY7OmwlgSWiUhD2XDw4pyJmhVM81pI5IUBx6ndW9wnvr1IZWKheJKjyLaDnBPMJ8RrI3UaCnWC3DH7xSKju2epkCOXXIMDmekhFzbmaBY3n1/fhnmPyqdwmurG5I4oEITjpVquk6k2wmWmhFOx7lWrGiEyQD3aNNQgQOq2snk3jHaM0oX+aE0JTSaqN8nEhwoNQo80xlg3Ve/vVT8y2vG2j9pJ0xEsaaCTBf5MUc6ROnzqMskJZqPDMFEMnMrIn0sMdEmopwJYfYp+p/USrZ7ZB9cmjTOYIosbMMO7IMLx1CGC6hAFQhwuIE7uLeurVvrwXqctmasr5kt+AHr6RMuw5SD</latexit>�f

<latexit sha1_base64="dWrPYk6maN1x2c85FLLVS51YTTY="></latexit>

�f : Teich(S2, P ) ! Teich(S2, P )

=
<latexit sha1_base64="/HtREncn3dB5NmxR91W/yZSFJIw="></latexit>

{complex structures (S2, P )}/Di↵0(S
2, P )

<latexit sha1_base64="0/HUk9T1qLLPnoNON4XoQ46evoA=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKCLLMadPcmevEY0aiQxDA76Zghsw9mesWwxF/x4kERr36IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnC3PzC4lJxeeXcJJkWUBWJSvRlyA0oGUMVJSq4TDXwKFRwEXaPBv7FDWgjk/gMeyk0In4dy7YUHK3ULK7WEW4xPwMpOv3N06ud7cpWs1hibuD7AfMpc8uMlf3Akt0gCP Z2qeeyIUpkhEqz+FZvJSKLIEahuDE1j6XYyLlGKRT0C/XMQMpFl19DzdKYR2Aa+fD4Pt2wSou2E20rRjpUv0/kPDKmF4W2M+LYMb+9gfiXV8uw7TdyGacZQiw+F7UzRTGhgyRoS2oQqHqWcKGlvZWKDtdcoM2rYEP4+pT+T853XG/P9U7KpYPDURwzZI2sk03ikX1yQI5JhVSJID1yTx7Jk3PnPDjPzstn65gzmlklP+C8fgBNyZSP</latexit>

Teich(S2, P )

Bers’ Proof of Nielsen–Thurston (see Farb–Margalit)



Proof Summary

<latexit sha1_base64="MK++zklX8zyEw6F16U1YDAG91xE="></latexit>

d(�(X),�(Y ))  d(X,Y )weak contraction:<latexit sha1_base64="ZIHpTOjMf+ctTIEl9xB99l3BQeI=">AAAB73icdVDLSgNBEOyNr5j4iHr0MhgFT8tu8HkLevEYwTwgCWF2MpsMmZ1dZ2YDYclPePGgiFd/wB/wD7z5IXp2NjGgogUNRVU33V1exJnSjvNmZebmFxaXssu5/Mrq2nphY7OmwlgSWiUhD2XDw4pyJmhVM81pI5IUBx6ndW9wnvr1IZWKheJKjyLaDnBPMJ8RrI3UaCnWC3DH7xSKju2epkCOXXIMDmekhFzbmaBY3n1/fhnmPyqdwmurG5I4oEITjpVquk6k2wmWmhFOx7lWrGiEyQD3aNNQgQOq2snk3jHaM0oX+aE0JTSaqN8nEhwoNQo80xlg3Ve/vVT8y2vG2j9pJ0xEsaaCTBf5MUc6ROnzqMskJZqPDMFEMnMrIn0sMdEmopwJYfYp+p/USrZ7ZB9cmjTOYIosbMMO7IMLx1CGC6hAFQhwuIE7uLeurVvrwXqctmasr5kt+AHr6RMuw5SD</latexit>�f
<latexit sha1_base64="J7ARn/O0+PdUKOrwevn3M6cxa5o=">AAAB8XicdVDLSsNAFL2pr1pfVZduBosgCCEpPndFNy4r2Ae2sUymk3boZBJmJkIJ/QK3blwoIu78G3d+iHsnrQUVPXDhcM693HuPH3OmtOO8W7mZ2bn5hfxiYWl5ZXWtuL5RV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/OMv8xg2VikXiUg9j6oW4J1jACNZGumor1gtxJ7gud4olx3ZPMiDHLjsGB1NSRq7tjFGq7H283NJSXO0U39rdiCQhFZpwrFTLdWLtpVhqRjgdFdqJojEmA9yjLUMFDqny0vHFI7RjlC4KImlKaDRWv0+kOFRqGPqmM8S6r357mfiX10p0cOylTMSJpoJMFgUJRzpC2fuoyyQlmg8NwUQycysifSwx0Sakgglh+in6n9TLtnto71+YNE5hgjxswTbsggtHUIFzqEINCAi4gwd4tJR1bz1Zz5PWnPU1swk/YL1+AlZxlGU=</latexit>

�2
f contraction unless special (parabolic orbifold with 4 branch points)

<latexit sha1_base64="dWrPYk6maN1x2c85FLLVS51YTTY="></latexit>

�f : Teich(S2, P ) ! Teich(S2, P )

=
<latexit sha1_base64="/HtREncn3dB5NmxR91W/yZSFJIw="></latexit>

{complex structures (S2, P )}/Di↵0(S
2, P )

<latexit sha1_base64="0/HUk9T1qLLPnoNON4XoQ46evoA=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKCLLMadPcmevEY0aiQxDA76Zghsw9mesWwxF/x4kERr36IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnC3PzC4lJxeeXcJJkWUBWJSvRlyA0oGUMVJSq4TDXwKFRwEXaPBv7FDWgjk/gMeyk0In4dy7YUHK3ULK7WEW4xPwMpOv3N06ud7cpWs1hibuD7AfMpc8uMlf3Akt0gCP Z2qeeyIUpkhEqz+FZvJSKLIEahuDE1j6XYyLlGKRT0C/XMQMpFl19DzdKYR2Aa+fD4Pt2wSou2E20rRjpUv0/kPDKmF4W2M+LYMb+9gfiXV8uw7TdyGacZQiw+F7UzRTGhgyRoS2oQqHqWcKGlvZWKDtdcoM2rYEP4+pT+T853XG/P9U7KpYPDURwzZI2sk03ikX1yQI5JhVSJID1yTx7Jk3PnPDjPzstn65gzmlklP+C8fgBNyZSP</latexit>

Teich(S2, P )

Bers’ Proof of Nielsen–Thurston (see Farb–Margalit)



Proof Summary

<latexit sha1_base64="MK++zklX8zyEw6F16U1YDAG91xE="></latexit>

d(�(X),�(Y ))  d(X,Y )
<latexit sha1_base64="ZIHpTOjMf+ctTIEl9xB99l3BQeI=">AAAB73icdVDLSgNBEOyNr5j4iHr0MhgFT8tu8HkLevEYwTwgCWF2MpsMmZ1dZ2YDYclPePGgiFd/wB/wD7z5IXp2NjGgogUNRVU33V1exJnSjvNmZebmFxaXssu5/Mrq2nphY7OmwlgSWiUhD2XDw4pyJmhVM81pI5IUBx6ndW9wnvr1IZWKheJKjyLaDnBPMJ8RrI3UaCnWC3DH7xSKju2epkCOXXIMDmekhFzbmaBY3n1/fhnmPyqdwmurG5I4oEITjpVquk6k2wmWmhFOx7lWrGiEyQD3aNNQgQOq2snk3jHaM0oX+aE0JTSaqN8nEhwoNQo80xlg3Ve/vVT8y2vG2j9pJ0xEsaaCTBf5MUc6ROnzqMskJZqPDMFEMnMrIn0sMdEmopwJYfYp+p/USrZ7ZB9cmjTOYIosbMMO7IMLx1CGC6hAFQhwuIE7uLeurVvrwXqctmasr5kt+AHr6RMuw5SD</latexit>�f

<latexit sha1_base64="J7ARn/O0+PdUKOrwevn3M6cxa5o=">AAAB8XicdVDLSsNAFL2pr1pfVZduBosgCCEpPndFNy4r2Ae2sUymk3boZBJmJkIJ/QK3blwoIu78G3d+iHsnrQUVPXDhcM693HuPH3OmtOO8W7mZ2bn5hfxiYWl5ZXWtuL5RV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/OMv8xg2VikXiUg9j6oW4J1jACNZGumor1gtxJ7gud4olx3ZPMiDHLjsGB1NSRq7tjFGq7H283NJSXO0U39rdiCQhFZpwrFTLdWLtpVhqRjgdFdqJojEmA9yjLUMFDqny0vHFI7RjlC4KImlKaDRWv0+kOFRqGPqmM8S6r357mfiX10p0cOylTMSJpoJMFgUJRzpC2fuoyyQlmg8NwUQycysifSwx0Sakgglh+in6n9TLtnto71+YNE5hgjxswTbsggtHUIFzqEINCAi4gwd4tJR1bz1Zz5PWnPU1swk/YL1+AlZxlGU=</latexit>

�2
f

<latexit sha1_base64="dWrPYk6maN1x2c85FLLVS51YTTY="></latexit>

�f : Teich(S2, P ) ! Teich(S2, P )

weak contraction:

contraction unless special (parabolic orbifold with 4 branch points)

=
<latexit sha1_base64="/HtREncn3dB5NmxR91W/yZSFJIw="></latexit>

{complex structures (S2, P )}/Di↵0(S
2, P )

<latexit sha1_base64="0/HUk9T1qLLPnoNON4XoQ46evoA=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKCLLMadPcmevEY0aiQxDA76Zghsw9mesWwxF/x4kERr36IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnC3PzC4lJxeeXcJJkWUBWJSvRlyA0oGUMVJSq4TDXwKFRwEXaPBv7FDWgjk/gMeyk0In4dy7YUHK3ULK7WEW4xPwMpOv3N06ud7cpWs1hibuD7AfMpc8uMlf3Akt0gCP Z2qeeyIUpkhEqz+FZvJSKLIEahuDE1j6XYyLlGKRT0C/XMQMpFl19DzdKYR2Aa+fD4Pt2wSou2E20rRjpUv0/kPDKmF4W2M+LYMb+9gfiXV8uw7TdyGacZQiw+F7UzRTGhgyRoS2oQqHqWcKGlvZWKDtdcoM2rYEP4+pT+T853XG/P9U7KpYPDURwzZI2sk03ikX1yQI5JhVSJID1yTx7Jk3PnPDjPzstn65gzmlklP+C8fgBNyZSP</latexit>

Teich(S2, P )

Bers’ Proof of Nielsen–Thurston (see Farb–Margalit)

Teichmüller maps     <latexit sha1_base64="g3SoLKsZbdcSpPmgh1FNafWLmGc=">AAAB7nicdVDLSgMxFM34rOOr6tJNsAiuhkztaxZi0Y3LCvYB7VAyaaYNzcyEJCOU0o9w40IRF278E/duxL8xbRVU9MCFwzn3cs+9geBMaYTerYXFpeWV1cyavb6xubWd3dltqCSVhNZJwhPZCrCinMW0rpnmtCUkxVHAaTMYnk/95jWViiXxlR4J6ke4H7OQEayN1OxEWCiddLM55KCiVyjnIXKKyPUKx4Z4XqVQKkLXQTPkTl/sE/H0Zte62ddOLyFpRGNNOFaq7SKh/TGWmhFOJ3YnVVRgMsR92jY0xhFV/ngWdwIPjdKDYSJNxRrO1O8TYxwpNYoC0xlhPVC/van4l9dOdVjxxywWqaYxmS8KUw51Aqe3wx6TlGg+MgQTyUxWSAZYYqLNh2zzhK9L4f+kkXfcklO4RLnqGZgjA/bBATgCLiiDKrgANVAHBAzBDbgD95awbq0H63HeumB9zuyBH7CePwBunpNQ</latexit>7! “Teichmüller maps”     stretch factor
<latexit sha1_base64="Y4VBphS3gn9t5zwBm7+QvcTzmaY=">AAAB63icdVDLSgMxFM34rPVV7dJNsCguZMjU6WN2FTcuK9gHtEPJpGkbmnmYZIRh6C+4caGIW3/InZ/gX5hpFVT0wIXDOfdy7z1exJlUCL0ZS8srq2vruY385tb2zm5hb78tw1gQ2iIhD0XXw5JyFtCWYorTbiQo9j1OO970IvM7t1RIFgbXKomo6+NxwEaMYJVJfU5vBoUSMlHFsWtliMwKshz7TBPHqdvVCrRMNEepUTzNWcfvSXNQeO0PQxL7NFCEYyl7FoqUm2KhGOF0lu/HkkaYTPGY9jQNsE+lm85vncEjrQzhKBS6AgXn6veJFPtSJr6nO32sJvK3l4l/eb1YjepuyoIoVjQgi0WjmEMVwuxxOGSCEsUTTTARTN8KyQQLTJSOJ69D+PoU/k/aZdOqmvaVTuMcLJADB+AQnAAL1EADXIImaAECJuAOPIBHwzfujSfjedG6ZHzOFMEPGC8fnI6Q3g==</latexit>



Proof Summary

<latexit sha1_base64="MK++zklX8zyEw6F16U1YDAG91xE="></latexit>

d(�(X),�(Y ))  d(X,Y )
<latexit sha1_base64="ZIHpTOjMf+ctTIEl9xB99l3BQeI=">AAAB73icdVDLSgNBEOyNr5j4iHr0MhgFT8tu8HkLevEYwTwgCWF2MpsMmZ1dZ2YDYclPePGgiFd/wB/wD7z5IXp2NjGgogUNRVU33V1exJnSjvNmZebmFxaXssu5/Mrq2nphY7OmwlgSWiUhD2XDw4pyJmhVM81pI5IUBx6ndW9wnvr1IZWKheJKjyLaDnBPMJ8RrI3UaCnWC3DH7xSKju2epkCOXXIMDmekhFzbmaBY3n1/fhnmPyqdwmurG5I4oEITjpVquk6k2wmWmhFOx7lWrGiEyQD3aNNQgQOq2snk3jHaM0oX+aE0JTSaqN8nEhwoNQo80xlg3Ve/vVT8y2vG2j9pJ0xEsaaCTBf5MUc6ROnzqMskJZqPDMFEMnMrIn0sMdEmopwJYfYp+p/USrZ7ZB9cmjTOYIosbMMO7IMLx1CGC6hAFQhwuIE7uLeurVvrwXqctmasr5kt+AHr6RMuw5SD</latexit>�f

<latexit sha1_base64="J7ARn/O0+PdUKOrwevn3M6cxa5o=">AAAB8XicdVDLSsNAFL2pr1pfVZduBosgCCEpPndFNy4r2Ae2sUymk3boZBJmJkIJ/QK3blwoIu78G3d+iHsnrQUVPXDhcM693HuPH3OmtOO8W7mZ2bn5hfxiYWl5ZXWtuL5RV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/OMv8xg2VikXiUg9j6oW4J1jACNZGumor1gtxJ7gud4olx3ZPMiDHLjsGB1NSRq7tjFGq7H283NJSXO0U39rdiCQhFZpwrFTLdWLtpVhqRjgdFdqJojEmA9yjLUMFDqny0vHFI7RjlC4KImlKaDRWv0+kOFRqGPqmM8S6r357mfiX10p0cOylTMSJpoJMFgUJRzpC2fuoyyQlmg8NwUQycysifSwx0Sakgglh+in6n9TLtnto71+YNE5hgjxswTbsggtHUIFzqEINCAi4gwd4tJR1bz1Zz5PWnPU1swk/YL1+AlZxlGU=</latexit>

�2
f

<latexit sha1_base64="835Wv7UOp3igfTsoAO2i6MM3sr4=">AAAB/nicdVDLSgMxFM3UV219VMWVm2AVpiBlphZtd0U3LivYB7SlZDKZNjSTGZJMoQwFf8WNC0XciXv/wJ0fomvT1oKKHrhwOOde7r3HCRmVyrLejMTC4tLySnI1lV5b39jMbG3XZRAJTGo4YIFoOkgSRjmpKaoYaYaCIN9hpOEMzid+Y0iEpAG/UqOQdHzU49SjGCktdTO7bco90zWbR21Jez7qemYzl+tmslbeKpes4zKckWJhTixo560pspWD96eXYfqj2s28tt0ARz7hCjMkZcu2QtWJkVAUMzJOtSNJQoQHqEdamnLkE9mJp+eP4aFWXOgFQhdXcKp+n4iRL+XId3Snj1Rf/vYm4l9eK1JeqRNTHkaKcDxb5EUMqgBOsoAuFQQrNtIEYUH1rRD3kUBY6cRSOoT5p/B/Ui/k7ZN88VKncQZmSII9sA9MYINTUAEXoApqAIMY3IA7cG9cG7fGg/E4a00YXzM74AeM509eYJjp</latexit>

inf(d(X,�f (X))

<latexit sha1_base64="dWrPYk6maN1x2c85FLLVS51YTTY="></latexit>

�f : Teich(S2, P ) ! Teich(S2, P )

weak contraction:

contraction unless special (parabolic orbifold with 4 branch points)

=
<latexit sha1_base64="/HtREncn3dB5NmxR91W/yZSFJIw="></latexit>

{complex structures (S2, P )}/Di↵0(S
2, P )

<latexit sha1_base64="0/HUk9T1qLLPnoNON4XoQ46evoA=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKCLLMadPcmevEY0aiQxDA76Zghsw9mesWwxF/x4kERr36IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnC3PzC4lJxeeXcJJkWUBWJSvRlyA0oGUMVJSq4TDXwKFRwEXaPBv7FDWgjk/gMeyk0In4dy7YUHK3ULK7WEW4xPwMpOv3N06ud7cpWs1hibuD7AfMpc8uMlf3Akt0gCP Z2qeeyIUpkhEqz+FZvJSKLIEahuDE1j6XYyLlGKRT0C/XMQMpFl19DzdKYR2Aa+fD4Pt2wSou2E20rRjpUv0/kPDKmF4W2M+LYMb+9gfiXV8uw7TdyGacZQiw+F7UzRTGhgyRoS2oQqHqWcKGlvZWKDtdcoM2rYEP4+pT+T853XG/P9U7KpYPDURwzZI2sk03ikX1yQI5JhVSJID1yTx7Jk3PnPDjPzstn65gzmlklP+C8fgBNyZSP</latexit>

Teich(S2, P )

Bers’ Proof of Nielsen–Thurston (see Farb–Margalit)

Teichmüller maps     <latexit sha1_base64="g3SoLKsZbdcSpPmgh1FNafWLmGc=">AAAB7nicdVDLSgMxFM34rOOr6tJNsAiuhkztaxZi0Y3LCvYB7VAyaaYNzcyEJCOU0o9w40IRF278E/duxL8xbRVU9MCFwzn3cs+9geBMaYTerYXFpeWV1cyavb6xubWd3dltqCSVhNZJwhPZCrCinMW0rpnmtCUkxVHAaTMYnk/95jWViiXxlR4J6ke4H7OQEayN1OxEWCiddLM55KCiVyjnIXKKyPUKx4Z4XqVQKkLXQTPkTl/sE/H0Zte62ddOLyFpRGNNOFaq7SKh/TGWmhFOJ3YnVVRgMsR92jY0xhFV/ngWdwIPjdKDYSJNxRrO1O8TYxwpNYoC0xlhPVC/van4l9dOdVjxxywWqaYxmS8KUw51Aqe3wx6TlGg+MgQTyUxWSAZYYqLNh2zzhK9L4f+kkXfcklO4RLnqGZgjA/bBATgCLiiDKrgANVAHBAzBDbgD95awbq0H63HeumB9zuyBH7CePwBunpNQ</latexit>7! “Teichmüller maps”     stretch factor
<latexit sha1_base64="Y4VBphS3gn9t5zwBm7+QvcTzmaY=">AAAB63icdVDLSgMxFM34rPVV7dJNsCguZMjU6WN2FTcuK9gHtEPJpGkbmnmYZIRh6C+4caGIW3/InZ/gX5hpFVT0wIXDOfdy7z1exJlUCL0ZS8srq2vruY385tb2zm5hb78tw1gQ2iIhD0XXw5JyFtCWYorTbiQo9j1OO970IvM7t1RIFgbXKomo6+NxwEaMYJVJfU5vBoUSMlHFsWtliMwKshz7TBPHqdvVCrRMNEepUTzNWcfvSXNQeO0PQxL7NFCEYyl7FoqUm2KhGOF0lu/HkkaYTPGY9jQNsE+lm85vncEjrQzhKBS6AgXn6veJFPtSJr6nO32sJvK3l4l/eb1YjepuyoIoVjQgi0WjmEMVwuxxOGSCEsUTTTARTN8KyQQLTJSOJ69D+PoU/k/aZdOqmvaVTuMcLJADB+AQnAAL1EADXIImaAECJuAOPIBHwzfujSfjedG6ZHzOFMEPGC8fnI6Q3g==</latexit>



Proof Summary

<latexit sha1_base64="MK++zklX8zyEw6F16U1YDAG91xE="></latexit>

d(�(X),�(Y ))  d(X,Y )
<latexit sha1_base64="ZIHpTOjMf+ctTIEl9xB99l3BQeI=">AAAB73icdVDLSgNBEOyNr5j4iHr0MhgFT8tu8HkLevEYwTwgCWF2MpsMmZ1dZ2YDYclPePGgiFd/wB/wD7z5IXp2NjGgogUNRVU33V1exJnSjvNmZebmFxaXssu5/Mrq2nphY7OmwlgSWiUhD2XDw4pyJmhVM81pI5IUBx6ndW9wnvr1IZWKheJKjyLaDnBPMJ8RrI3UaCnWC3DH7xSKju2epkCOXXIMDmekhFzbmaBY3n1/fhnmPyqdwmurG5I4oEITjpVquk6k2wmWmhFOx7lWrGiEyQD3aNNQgQOq2snk3jHaM0oX+aE0JTSaqN8nEhwoNQo80xlg3Ve/vVT8y2vG2j9pJ0xEsaaCTBf5MUc6ROnzqMskJZqPDMFEMnMrIn0sMdEmopwJYfYp+p/USrZ7ZB9cmjTOYIosbMMO7IMLx1CGC6hAFQhwuIE7uLeurVvrwXqctmasr5kt+AHr6RMuw5SD</latexit>�f

<latexit sha1_base64="J7ARn/O0+PdUKOrwevn3M6cxa5o=">AAAB8XicdVDLSsNAFL2pr1pfVZduBosgCCEpPndFNy4r2Ae2sUymk3boZBJmJkIJ/QK3blwoIu78G3d+iHsnrQUVPXDhcM693HuPH3OmtOO8W7mZ2bn5hfxiYWl5ZXWtuL5RV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/OMv8xg2VikXiUg9j6oW4J1jACNZGumor1gtxJ7gud4olx3ZPMiDHLjsGB1NSRq7tjFGq7H283NJSXO0U39rdiCQhFZpwrFTLdWLtpVhqRjgdFdqJojEmA9yjLUMFDqny0vHFI7RjlC4KImlKaDRWv0+kOFRqGPqmM8S6r357mfiX10p0cOylTMSJpoJMFgUJRzpC2fuoyyQlmg8NwUQycysifSwx0Sakgglh+in6n9TLtnto71+YNE5hgjxswTbsggtHUIFzqEINCAi4gwd4tJR1bz1Zz5PWnPU1swk/YL1+AlZxlGU=</latexit>

�2
f

= 0 realized <latexit sha1_base64="DcO1dXQqOEWcV1lyddVEs6q67Nw=">AAAB73icdZDLSgMxFIYzXut4q7p0EyyCqyFTi7YLsejGZQV7gXYomUymDc1MxiQjlNKXcONCEcGVT+Lejfg2ph0LKvpD4OP/zyHnHD/hTGmEPqy5+YXFpeXcir26tr6xmd/abiiRSkLrRHAhWz5WlLOY1jXTnLYSSXHkc9r0B+eTvHlDpWIivtLDhHoR7sUsZARrY7U6nOJAadHNF5CDKmV0WIEZlIozQNB10FSF01f7JHl+t2vd/FsnECSNaKwJx0q1XZRob4SlZoTTsd1JFU0wGeAebRuMcUSVN5rOO4b7xglgKKR5sYZT93vHCEdKDSPfVEZY99XvbGL+lbVTHZa9EYuTVNOYZB+FKYdawMnyMGCSEs2HBjCRzMwKSR9LTLQ5kW2OMNsU/g+NouMeOaVLVKiegUw5sAv2wAFwwTGoggtQA3VAAAe34B48WNfWnfVoPWWlc9ZXzw74IevlEwPDk6E=</latexit> 

<latexit sha1_base64="835Wv7UOp3igfTsoAO2i6MM3sr4=">AAAB/nicdVDLSgMxFM3UV219VMWVm2AVpiBlphZtd0U3LivYB7SlZDKZNjSTGZJMoQwFf8WNC0XciXv/wJ0fomvT1oKKHrhwOOde7r3HCRmVyrLejMTC4tLySnI1lV5b39jMbG3XZRAJTGo4YIFoOkgSRjmpKaoYaYaCIN9hpOEMzid+Y0iEpAG/UqOQdHzU49SjGCktdTO7bco90zWbR21Jez7qemYzl+tmslbeKpes4zKckWJhTixo560pspWD96eXYfqj2s28tt0ARz7hCjMkZcu2QtWJkVAUMzJOtSNJQoQHqEdamnLkE9mJp+eP4aFWXOgFQhdXcKp+n4iRL+XId3Snj1Rf/vYm4l9eK1JeqRNTHkaKcDxb5EUMqgBOsoAuFQQrNtIEYUH1rRD3kUBY6cRSOoT5p/B/Ui/k7ZN88VKncQZmSII9sA9MYINTUAEXoApqAIMY3IA7cG9cG7fGg/E4a00YXzM74AeM509eYJjp</latexit>

inf(d(X,�f (X))

holomorphic

<latexit sha1_base64="dWrPYk6maN1x2c85FLLVS51YTTY="></latexit>

�f : Teich(S2, P ) ! Teich(S2, P )

weak contraction:

contraction unless special (parabolic orbifold with 4 branch points)

=
<latexit sha1_base64="/HtREncn3dB5NmxR91W/yZSFJIw="></latexit>

{complex structures (S2, P )}/Di↵0(S
2, P )

<latexit sha1_base64="0/HUk9T1qLLPnoNON4XoQ46evoA=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKCLLMadPcmevEY0aiQxDA76Zghsw9mesWwxF/x4kERr36IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnC3PzC4lJxeeXcJJkWUBWJSvRlyA0oGUMVJSq4TDXwKFRwEXaPBv7FDWgjk/gMeyk0In4dy7YUHK3ULK7WEW4xPwMpOv3N06ud7cpWs1hibuD7AfMpc8uMlf3Akt0gCP Z2qeeyIUpkhEqz+FZvJSKLIEahuDE1j6XYyLlGKRT0C/XMQMpFl19DzdKYR2Aa+fD4Pt2wSou2E20rRjpUv0/kPDKmF4W2M+LYMb+9gfiXV8uw7TdyGacZQiw+F7UzRTGhgyRoS2oQqHqWcKGlvZWKDtdcoM2rYEP4+pT+T853XG/P9U7KpYPDURwzZI2sk03ikX1yQI5JhVSJID1yTx7Jk3PnPDjPzstn65gzmlklP+C8fgBNyZSP</latexit>

Teich(S2, P )

Bers’ Proof of Nielsen–Thurston (see Farb–Margalit)

Teichmüller maps     <latexit sha1_base64="g3SoLKsZbdcSpPmgh1FNafWLmGc=">AAAB7nicdVDLSgMxFM34rOOr6tJNsAiuhkztaxZi0Y3LCvYB7VAyaaYNzcyEJCOU0o9w40IRF278E/duxL8xbRVU9MCFwzn3cs+9geBMaYTerYXFpeWV1cyavb6xubWd3dltqCSVhNZJwhPZCrCinMW0rpnmtCUkxVHAaTMYnk/95jWViiXxlR4J6ke4H7OQEayN1OxEWCiddLM55KCiVyjnIXKKyPUKx4Z4XqVQKkLXQTPkTl/sE/H0Zte62ddOLyFpRGNNOFaq7SKh/TGWmhFOJ3YnVVRgMsR92jY0xhFV/ngWdwIPjdKDYSJNxRrO1O8TYxwpNYoC0xlhPVC/van4l9dOdVjxxywWqaYxmS8KUw51Aqe3wx6TlGg+MgQTyUxWSAZYYqLNh2zzhK9L4f+kkXfcklO4RLnqGZgjA/bBATgCLiiDKrgANVAHBAzBDbgD95awbq0H63HeumB9zuyBH7CePwBunpNQ</latexit>7! “Teichmüller maps”     stretch factor
<latexit sha1_base64="Y4VBphS3gn9t5zwBm7+QvcTzmaY=">AAAB63icdVDLSgMxFM34rPVV7dJNsCguZMjU6WN2FTcuK9gHtEPJpGkbmnmYZIRh6C+4caGIW3/InZ/gX5hpFVT0wIXDOfdy7z1exJlUCL0ZS8srq2vruY385tb2zm5hb78tw1gQ2iIhD0XXw5JyFtCWYorTbiQo9j1OO970IvM7t1RIFgbXKomo6+NxwEaMYJVJfU5vBoUSMlHFsWtliMwKshz7TBPHqdvVCrRMNEepUTzNWcfvSXNQeO0PQxL7NFCEYyl7FoqUm2KhGOF0lu/HkkaYTPGY9jQNsE+lm85vncEjrQzhKBS6AgXn6veJFPtSJr6nO32sJvK3l4l/eb1YjepuyoIoVjQgi0WjmEMVwuxxOGSCEsUTTTARTN8KyQQLTJSOJ69D+PoU/k/aZdOqmvaVTuMcLJADB+AQnAAL1EADXIImaAECJuAOPIBHwzfujSfjedG6ZHzOFMEPGC8fnI6Q3g==</latexit>



Proof Summary

<latexit sha1_base64="MK++zklX8zyEw6F16U1YDAG91xE="></latexit>

d(�(X),�(Y ))  d(X,Y )
<latexit sha1_base64="ZIHpTOjMf+ctTIEl9xB99l3BQeI=">AAAB73icdVDLSgNBEOyNr5j4iHr0MhgFT8tu8HkLevEYwTwgCWF2MpsMmZ1dZ2YDYclPePGgiFd/wB/wD7z5IXp2NjGgogUNRVU33V1exJnSjvNmZebmFxaXssu5/Mrq2nphY7OmwlgSWiUhD2XDw4pyJmhVM81pI5IUBx6ndW9wnvr1IZWKheJKjyLaDnBPMJ8RrI3UaCnWC3DH7xSKju2epkCOXXIMDmekhFzbmaBY3n1/fhnmPyqdwmurG5I4oEITjpVquk6k2wmWmhFOx7lWrGiEyQD3aNNQgQOq2snk3jHaM0oX+aE0JTSaqN8nEhwoNQo80xlg3Ve/vVT8y2vG2j9pJ0xEsaaCTBf5MUc6ROnzqMskJZqPDMFEMnMrIn0sMdEmopwJYfYp+p/USrZ7ZB9cmjTOYIosbMMO7IMLx1CGC6hAFQhwuIE7uLeurVvrwXqctmasr5kt+AHr6RMuw5SD</latexit>�f

<latexit sha1_base64="J7ARn/O0+PdUKOrwevn3M6cxa5o=">AAAB8XicdVDLSsNAFL2pr1pfVZduBosgCCEpPndFNy4r2Ae2sUymk3boZBJmJkIJ/QK3blwoIu78G3d+iHsnrQUVPXDhcM693HuPH3OmtOO8W7mZ2bn5hfxiYWl5ZXWtuL5RV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/OMv8xg2VikXiUg9j6oW4J1jACNZGumor1gtxJ7gud4olx3ZPMiDHLjsGB1NSRq7tjFGq7H283NJSXO0U39rdiCQhFZpwrFTLdWLtpVhqRjgdFdqJojEmA9yjLUMFDqny0vHFI7RjlC4KImlKaDRWv0+kOFRqGPqmM8S6r357mfiX10p0cOylTMSJpoJMFgUJRzpC2fuoyyQlmg8NwUQycysifSwx0Sakgglh+in6n9TLtnto71+YNE5hgjxswTbsggtHUIFzqEINCAi4gwd4tJR1bz1Zz5PWnPU1swk/YL1+AlZxlGU=</latexit>

�2
f

= 0 realized <latexit sha1_base64="DcO1dXQqOEWcV1lyddVEs6q67Nw=">AAAB73icdZDLSgMxFIYzXut4q7p0EyyCqyFTi7YLsejGZQV7gXYomUymDc1MxiQjlNKXcONCEcGVT+Lejfg2ph0LKvpD4OP/zyHnHD/hTGmEPqy5+YXFpeXcir26tr6xmd/abiiRSkLrRHAhWz5WlLOY1jXTnLYSSXHkc9r0B+eTvHlDpWIivtLDhHoR7sUsZARrY7U6nOJAadHNF5CDKmV0WIEZlIozQNB10FSF01f7JHl+t2vd/FsnECSNaKwJx0q1XZRob4SlZoTTsd1JFU0wGeAebRuMcUSVN5rOO4b7xglgKKR5sYZT93vHCEdKDSPfVEZY99XvbGL+lbVTHZa9EYuTVNOYZB+FKYdawMnyMGCSEs2HBjCRzMwKSR9LTLQ5kW2OMNsU/g+NouMeOaVLVKiegUw5sAv2wAFwwTGoggtQA3VAAAe34B48WNfWnfVoPWWlc9ZXzw74IevlEwPDk6E=</latexit> 

<latexit sha1_base64="835Wv7UOp3igfTsoAO2i6MM3sr4=">AAAB/nicdVDLSgMxFM3UV219VMWVm2AVpiBlphZtd0U3LivYB7SlZDKZNjSTGZJMoQwFf8WNC0XciXv/wJ0fomvT1oKKHrhwOOde7r3HCRmVyrLejMTC4tLySnI1lV5b39jMbG3XZRAJTGo4YIFoOkgSRjmpKaoYaYaCIN9hpOEMzid+Y0iEpAG/UqOQdHzU49SjGCktdTO7bco90zWbR21Jez7qemYzl+tmslbeKpes4zKckWJhTixo560pspWD96eXYfqj2s28tt0ARz7hCjMkZcu2QtWJkVAUMzJOtSNJQoQHqEdamnLkE9mJp+eP4aFWXOgFQhdXcKp+n4iRL+XId3Snj1Rf/vYm4l9eK1JeqRNTHkaKcDxb5EUMqgBOsoAuFQQrNtIEYUH1rRD3kUBY6cRSOoT5p/B/Ui/k7ZN88VKncQZmSII9sA9MYINTUAEXoApqAIMY3IA7cG9cG7fGg/E4a00YXzM74AeM509eYJjp</latexit>

inf(d(X,�f (X))

holomorphic
not realized <latexit sha1_base64="DcO1dXQqOEWcV1lyddVEs6q67Nw=">AAAB73icdZDLSgMxFIYzXut4q7p0EyyCqyFTi7YLsejGZQV7gXYomUymDc1MxiQjlNKXcONCEcGVT+Lejfg2ph0LKvpD4OP/zyHnHD/hTGmEPqy5+YXFpeXcir26tr6xmd/abiiRSkLrRHAhWz5WlLOY1jXTnLYSSXHkc9r0B+eTvHlDpWIivtLDhHoR7sUsZARrY7U6nOJAadHNF5CDKmV0WIEZlIozQNB10FSF01f7JHl+t2vd/FsnECSNaKwJx0q1XZRob4SlZoTTsd1JFU0wGeAebRuMcUSVN5rOO4b7xglgKKR5sYZT93vHCEdKDSPfVEZY99XvbGL+lbVTHZa9EYuTVNOYZB+FKYdawMnyMGCSEs2HBjCRzMwKSR9LTLQ5kW2OMNsU/g+NouMeOaVLVKiegUw5sAv2wAFwwTGoggtQA3VAAAe34B48WNfWnfVoPWWlc9ZXzw74IevlEwPDk6E=</latexit> invariant multi-curve

<latexit sha1_base64="dWrPYk6maN1x2c85FLLVS51YTTY="></latexit>

�f : Teich(S2, P ) ! Teich(S2, P )

weak contraction:

contraction unless special (parabolic orbifold with 4 branch points)

=
<latexit sha1_base64="/HtREncn3dB5NmxR91W/yZSFJIw="></latexit>

{complex structures (S2, P )}/Di↵0(S
2, P )

<latexit sha1_base64="0/HUk9T1qLLPnoNON4XoQ46evoA=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKCLLMadPcmevEY0aiQxDA76Zghsw9mesWwxF/x4kERr36IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnC3PzC4lJxeeXcJJkWUBWJSvRlyA0oGUMVJSq4TDXwKFRwEXaPBv7FDWgjk/gMeyk0In4dy7YUHK3ULK7WEW4xPwMpOv3N06ud7cpWs1hibuD7AfMpc8uMlf3Akt0gCP Z2qeeyIUpkhEqz+FZvJSKLIEahuDE1j6XYyLlGKRT0C/XMQMpFl19DzdKYR2Aa+fD4Pt2wSou2E20rRjpUv0/kPDKmF4W2M+LYMb+9gfiXV8uw7TdyGacZQiw+F7UzRTGhgyRoS2oQqHqWcKGlvZWKDtdcoM2rYEP4+pT+T853XG/P9U7KpYPDURwzZI2sk03ikX1yQI5JhVSJID1yTx7Jk3PnPDjPzstn65gzmlklP+C8fgBNyZSP</latexit>

Teich(S2, P )

Bers’ Proof of Nielsen–Thurston (see Farb–Margalit)

<latexit sha1_base64="Y4VBphS3gn9t5zwBm7+QvcTzmaY=">AAAB63icdVDLSgMxFM34rPVV7dJNsCguZMjU6WN2FTcuK9gHtEPJpGkbmnmYZIRh6C+4caGIW3/InZ/gX5hpFVT0wIXDOfdy7z1exJlUCL0ZS8srq2vruY385tb2zm5hb78tw1gQ2iIhD0XXw5JyFtCWYorTbiQo9j1OO970IvM7t1RIFgbXKomo6+NxwEaMYJVJfU5vBoUSMlHFsWtliMwKshz7TBPHqdvVCrRMNEepUTzNWcfvSXNQeO0PQxL7NFCEYyl7FoqUm2KhGOF0lu/HkkaYTPGY9jQNsE+lm85vncEjrQzhKBS6AgXn6veJFPtSJr6nO32sJvK3l4l/eb1YjepuyoIoVjQgi0WjmEMVwuxxOGSCEsUTTTARTN8KyQQLTJSOJ69D+PoU/k/aZdOqmvaVTuMcLJADB+AQnAAL1EADXIImaAECJuAOPIBHwzfujSfjedG6ZHzOFMEPGC8fnI6Q3g==</latexit>Teichmüller maps     <latexit sha1_base64="g3SoLKsZbdcSpPmgh1FNafWLmGc=">AAAB7nicdVDLSgMxFM34rOOr6tJNsAiuhkztaxZi0Y3LCvYB7VAyaaYNzcyEJCOU0o9w40IRF278E/duxL8xbRVU9MCFwzn3cs+9geBMaYTerYXFpeWV1cyavb6xubWd3dltqCSVhNZJwhPZCrCinMW0rpnmtCUkxVHAaTMYnk/95jWViiXxlR4J6ke4H7OQEayN1OxEWCiddLM55KCiVyjnIXKKyPUKx4Z4XqVQKkLXQTPkTl/sE/H0Zte62ddOLyFpRGNNOFaq7SKh/TGWmhFOJ3YnVVRgMsR92jY0xhFV/ngWdwIPjdKDYSJNxRrO1O8TYxwpNYoC0xlhPVC/van4l9dOdVjxxywWqaYxmS8KUw51Aqe3wx6TlGg+MgQTyUxWSAZYYqLNh2zzhK9L4f+kkXfcklO4RLnqGZgjA/bBATgCLiiDKrgANVAHBAzBDbgD95awbq0H63HeumB9zuyBH7CePwBunpNQ</latexit>7! “Teichmüller maps”     stretch factor
<latexit sha1_base64="Y4VBphS3gn9t5zwBm7+QvcTzmaY=">AAAB63icdVDLSgMxFM34rPVV7dJNsCguZMjU6WN2FTcuK9gHtEPJpGkbmnmYZIRh6C+4caGIW3/InZ/gX5hpFVT0wIXDOfdy7z1exJlUCL0ZS8srq2vruY385tb2zm5hb78tw1gQ2iIhD0XXw5JyFtCWYorTbiQo9j1OO970IvM7t1RIFgbXKomo6+NxwEaMYJVJfU5vBoUSMlHFsWtliMwKshz7TBPHqdvVCrRMNEepUTzNWcfvSXNQeO0PQxL7NFCEYyl7FoqUm2KhGOF0lu/HkkaYTPGY9jQNsE+lm85vncEjrQzhKBS6AgXn6veJFPtSJr6nO32sJvK3l4l/eb1YjepuyoIoVjQgi0WjmEMVwuxxOGSCEsUTTTARTN8KyQQLTJSOJ69D+PoU/k/aZdOqmvaVTuMcLJADB+AQnAAL1EADXIImaAECJuAOPIBHwzfujSfjedG6ZHzOFMEPGC8fnI6Q3g==</latexit>



Teichmüller maps     <latexit sha1_base64="g3SoLKsZbdcSpPmgh1FNafWLmGc=">AAAB7nicdVDLSgMxFM34rOOr6tJNsAiuhkztaxZi0Y3LCvYB7VAyaaYNzcyEJCOU0o9w40IRF278E/duxL8xbRVU9MCFwzn3cs+9geBMaYTerYXFpeWV1cyavb6xubWd3dltqCSVhNZJwhPZCrCinMW0rpnmtCUkxVHAaTMYnk/95jWViiXxlR4J6ke4H7OQEayN1OxEWCiddLM55KCiVyjnIXKKyPUKx4Z4XqVQKkLXQTPkTl/sE/H0Zte62ddOLyFpRGNNOFaq7SKh/TGWmhFOJ3YnVVRgMsR92jY0xhFV/ngWdwIPjdKDYSJNxRrO1O8TYxwpNYoC0xlhPVC/van4l9dOdVjxxywWqaYxmS8KUw51Aqe3wx6TlGg+MgQTyUxWSAZYYqLNh2zzhK9L4f+kkXfcklO4RLnqGZgjA/bBATgCLiiDKrgANVAHBAzBDbgD95awbq0H63HeumB9zuyBH7CePwBunpNQ</latexit>7! “Teichmüller maps”     stretch factor
<latexit sha1_base64="Y4VBphS3gn9t5zwBm7+QvcTzmaY=">AAAB63icdVDLSgMxFM34rPVV7dJNsCguZMjU6WN2FTcuK9gHtEPJpGkbmnmYZIRh6C+4caGIW3/InZ/gX5hpFVT0wIXDOfdy7z1exJlUCL0ZS8srq2vruY385tb2zm5hb78tw1gQ2iIhD0XXw5JyFtCWYorTbiQo9j1OO970IvM7t1RIFgbXKomo6+NxwEaMYJVJfU5vBoUSMlHFsWtliMwKshz7TBPHqdvVCrRMNEepUTzNWcfvSXNQeO0PQxL7NFCEYyl7FoqUm2KhGOF0lu/HkkaYTPGY9jQNsE+lm85vncEjrQzhKBS6AgXn6veJFPtSJr6nO32sJvK3l4l/eb1YjepuyoIoVjQgi0WjmEMVwuxxOGSCEsUTTTARTN8KyQQLTJSOJ69D+PoU/k/aZdOqmvaVTuMcLJADB+AQnAAL1EADXIImaAECJuAOPIBHwzfujSfjedG6ZHzOFMEPGC8fnI6Q3g==</latexit>

Proof Summary

<latexit sha1_base64="MK++zklX8zyEw6F16U1YDAG91xE="></latexit>

d(�(X),�(Y ))  d(X,Y )
<latexit sha1_base64="ZIHpTOjMf+ctTIEl9xB99l3BQeI=">AAAB73icdVDLSgNBEOyNr5j4iHr0MhgFT8tu8HkLevEYwTwgCWF2MpsMmZ1dZ2YDYclPePGgiFd/wB/wD7z5IXp2NjGgogUNRVU33V1exJnSjvNmZebmFxaXssu5/Mrq2nphY7OmwlgSWiUhD2XDw4pyJmhVM81pI5IUBx6ndW9wnvr1IZWKheJKjyLaDnBPMJ8RrI3UaCnWC3DH7xSKju2epkCOXXIMDmekhFzbmaBY3n1/fhnmPyqdwmurG5I4oEITjpVquk6k2wmWmhFOx7lWrGiEyQD3aNNQgQOq2snk3jHaM0oX+aE0JTSaqN8nEhwoNQo80xlg3Ve/vVT8y2vG2j9pJ0xEsaaCTBf5MUc6ROnzqMskJZqPDMFEMnMrIn0sMdEmopwJYfYp+p/USrZ7ZB9cmjTOYIosbMMO7IMLx1CGC6hAFQhwuIE7uLeurVvrwXqctmasr5kt+AHr6RMuw5SD</latexit>�f

<latexit sha1_base64="J7ARn/O0+PdUKOrwevn3M6cxa5o=">AAAB8XicdVDLSsNAFL2pr1pfVZduBosgCCEpPndFNy4r2Ae2sUymk3boZBJmJkIJ/QK3blwoIu78G3d+iHsnrQUVPXDhcM693HuPH3OmtOO8W7mZ2bn5hfxiYWl5ZXWtuL5RV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/OMv8xg2VikXiUg9j6oW4J1jACNZGumor1gtxJ7gud4olx3ZPMiDHLjsGB1NSRq7tjFGq7H283NJSXO0U39rdiCQhFZpwrFTLdWLtpVhqRjgdFdqJojEmA9yjLUMFDqny0vHFI7RjlC4KImlKaDRWv0+kOFRqGPqmM8S6r357mfiX10p0cOylTMSJpoJMFgUJRzpC2fuoyyQlmg8NwUQycysifSwx0Sakgglh+in6n9TLtnto71+YNE5hgjxswTbsggtHUIFzqEINCAi4gwd4tJR1bz1Zz5PWnPU1swk/YL1+AlZxlGU=</latexit>

�2
f

= 0 realized <latexit sha1_base64="DcO1dXQqOEWcV1lyddVEs6q67Nw=">AAAB73icdZDLSgMxFIYzXut4q7p0EyyCqyFTi7YLsejGZQV7gXYomUymDc1MxiQjlNKXcONCEcGVT+Lejfg2ph0LKvpD4OP/zyHnHD/hTGmEPqy5+YXFpeXcir26tr6xmd/abiiRSkLrRHAhWz5WlLOY1jXTnLYSSXHkc9r0B+eTvHlDpWIivtLDhHoR7sUsZARrY7U6nOJAadHNF5CDKmV0WIEZlIozQNB10FSF01f7JHl+t2vd/FsnECSNaKwJx0q1XZRob4SlZoTTsd1JFU0wGeAebRuMcUSVN5rOO4b7xglgKKR5sYZT93vHCEdKDSPfVEZY99XvbGL+lbVTHZa9EYuTVNOYZB+FKYdawMnyMGCSEs2HBjCRzMwKSR9LTLQ5kW2OMNsU/g+NouMeOaVLVKiegUw5sAv2wAFwwTGoggtQA3VAAAe34B48WNfWnfVoPWWlc9ZXzw74IevlEwPDk6E=</latexit> 

<latexit sha1_base64="835Wv7UOp3igfTsoAO2i6MM3sr4=">AAAB/nicdVDLSgMxFM3UV219VMWVm2AVpiBlphZtd0U3LivYB7SlZDKZNjSTGZJMoQwFf8WNC0XciXv/wJ0fomvT1oKKHrhwOOde7r3HCRmVyrLejMTC4tLySnI1lV5b39jMbG3XZRAJTGo4YIFoOkgSRjmpKaoYaYaCIN9hpOEMzid+Y0iEpAG/UqOQdHzU49SjGCktdTO7bco90zWbR21Jez7qemYzl+tmslbeKpes4zKckWJhTixo560pspWD96eXYfqj2s28tt0ARz7hCjMkZcu2QtWJkVAUMzJOtSNJQoQHqEdamnLkE9mJp+eP4aFWXOgFQhdXcKp+n4iRL+XId3Snj1Rf/vYm4l9eK1JeqRNTHkaKcDxb5EUMqgBOsoAuFQQrNtIEYUH1rRD3kUBY6cRSOoT5p/B/Ui/k7ZN88VKncQZmSII9sA9MYINTUAEXoApqAIMY3IA7cG9cG7fGg/E4a00YXzM74AeM509eYJjp</latexit>

inf(d(X,�f (X))

holomorphic
not realized <latexit sha1_base64="DcO1dXQqOEWcV1lyddVEs6q67Nw=">AAAB73icdZDLSgMxFIYzXut4q7p0EyyCqyFTi7YLsejGZQV7gXYomUymDc1MxiQjlNKXcONCEcGVT+Lejfg2ph0LKvpD4OP/zyHnHD/hTGmEPqy5+YXFpeXcir26tr6xmd/abiiRSkLrRHAhWz5WlLOY1jXTnLYSSXHkc9r0B+eTvHlDpWIivtLDhHoR7sUsZARrY7U6nOJAadHNF5CDKmV0WIEZlIozQNB10FSF01f7JHl+t2vd/FsnECSNaKwJx0q1XZRob4SlZoTTsd1JFU0wGeAebRuMcUSVN5rOO4b7xglgKKR5sYZT93vHCEdKDSPfVEZY99XvbGL+lbVTHZa9EYuTVNOYZB+FKYdawMnyMGCSEs2HBjCRzMwKSR9LTLQ5kW2OMNsU/g+NouMeOaVLVKiegUw5sAv2wAFwwTGoggtQA3VAAAe34B48WNfWnfVoPWWlc9ZXzw74IevlEwPDk6E=</latexit> invariant multi-curve
> 0 realized <latexit sha1_base64="DcO1dXQqOEWcV1lyddVEs6q67Nw=">AAAB73icdZDLSgMxFIYzXut4q7p0EyyCqyFTi7YLsejGZQV7gXYomUymDc1MxiQjlNKXcONCEcGVT+Lejfg2ph0LKvpD4OP/zyHnHD/hTGmEPqy5+YXFpeXcir26tr6xmd/abiiRSkLrRHAhWz5WlLOY1jXTnLYSSXHkc9r0B+eTvHlDpWIivtLDhHoR7sUsZARrY7U6nOJAadHNF5CDKmV0WIEZlIozQNB10FSF01f7JHl+t2vd/FsnECSNaKwJx0q1XZRob4SlZoTTsd1JFU0wGeAebRuMcUSVN5rOO4b7xglgKKR5sYZT93vHCEdKDSPfVEZY99XvbGL+lbVTHZa9EYuTVNOYZB+FKYdawMnyMGCSEs2HBjCRzMwKSR9LTLQ5kW2OMNsU/g+NouMeOaVLVKiegUw5sAv2wAFwwTGoggtQA3VAAAe34B48WNfWnfVoPWWlc9ZXzw74IevlEwPDk6E=</latexit> pseudo-Anosov

<latexit sha1_base64="dWrPYk6maN1x2c85FLLVS51YTTY="></latexit>

�f : Teich(S2, P ) ! Teich(S2, P )

weak contraction:

contraction unless special (parabolic orbifold with 4 branch points)

=
<latexit sha1_base64="/HtREncn3dB5NmxR91W/yZSFJIw="></latexit>

{complex structures (S2, P )}/Di↵0(S
2, P )

<latexit sha1_base64="0/HUk9T1qLLPnoNON4XoQ46evoA=">AAAB/HicdVDLSgNBEJz1bXxFPXoZDIKCLLMadPcmevEY0aiQxDA76Zghsw9mesWwxF/x4kERr36IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnC3PzC4lJxeeXcJJkWUBWJSvRlyA0oGUMVJSq4TDXwKFRwEXaPBv7FDWgjk/gMeyk0In4dy7YUHK3ULK7WEW4xPwMpOv3N06ud7cpWs1hibuD7AfMpc8uMlf3Akt0gCP Z2qeeyIUpkhEqz+FZvJSKLIEahuDE1j6XYyLlGKRT0C/XMQMpFl19DzdKYR2Aa+fD4Pt2wSou2E20rRjpUv0/kPDKmF4W2M+LYMb+9gfiXV8uw7TdyGacZQiw+F7UzRTGhgyRoS2oQqHqWcKGlvZWKDtdcoM2rYEP4+pT+T853XG/P9U7KpYPDURwzZI2sk03ikX1yQI5JhVSJID1yTx7Jk3PnPDjPzstn65gzmlklP+C8fgBNyZSP</latexit>

Teich(S2, P )

Bers’ Proof of Nielsen–Thurston (see Farb–Margalit)



übertheorem

is one of:

1. Holomorphic 

2. Fixes multicurve 

3. Pseudo-Anosov

branched cover
<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f
<latexit sha1_base64="8c3+PawjzhYgU9lDvJv4YkIhu1g=">AAACA3icbVBNS8NAEJ3Ur1q/ot70sliEClKSIuqx6MVjRfsBbSyb7bZdusmG3Y1SQsGLf8WLB0W8+ie8+W/ctjlo64OBx3szzMzzI86UdpxvK7OwuLS8kl3Nra1vbG7Z2zs1JWJJaJUILmTDx4pyFtKqZprTRiQpDnxO6/7gcuzX76lUTIS3ehhRL8C9kHUZwdpIbXuvcHNXOq4ctSTr9TWWUjygVGrbeafoTIDmiZuSPKSotO2vVkeQOKChJhwr1XSdSHsJlpoRTke5VqxohMkA92jT0BAHVHnJ5IcROjRKB3WFNBVqNFF/TyQ4UGoY+KYzwLqvZr2x+J/XjHX33EtYGMWahmS6qBtzpAUaB4I6TFKi+dAQTCQztyLSxxITbWLLmRDc2ZfnSa1UdE+L7vVJvnyRxpGFfTiAArhwBmW4ggpUgcAjPMMrvFlP1ov1bn1MWzNWOrMLf2B9/gAIQJXa</latexit>

(S2, P ) ! (S2, P )

Theorem (Thurston)+epsilon

* Also true for self-covers of tori, but those aren’t braids

*

d=1 d>1
periodic rational

reducible obstructed

<latexit sha1_base64="KDZ1MHAJN/82fQKsZmji33flaQI=">AAAB9HicdVDLSgMxFM3UV61Wqy7dBEvB1ZCxpc7sCkJxWcE+oB1KJs20oZmHSaZQhn6HGxeK6NKP8BPc+TdmWgUVPRA4nHMv9+R4MWdSIfRu5NbWNza38tuFnd3i3n7p4LAjo0QQ2iYRj0TPw5JyFtK2YorTXiwoDjxOu970IvO7Myoki8JrNY+pG+BxyHxGsNKSOwiwmhDM0+ZimAxLZWQ6tu0gGyKzhlDNdjSpOo5Tr0LLREuUG8XXpNIsPLeGpbfBKCJJQENFOJayb6FYuSkWihFOF4VBImmMyRSPaV/TEAdUuuky9AJWtDKCfiT0CxVcqt83UhxIOQ88PZmFlL+9TPzL6yfKt92UhXGiaEhWh/yEQxXBrAE4YoISxeeaYCKYzgrJBAtMlO6poEv4+in8n3TOTKtu1q50GzZYIQ+OwQk4BRY4Bw1wCVqgDQi4AbfgHjwYM+POeDSeVqM543PnCPyA8fIBK26VSA==</latexit>

Fu

<latexit sha1_base64="jMbXse+Mam4UhpuTN7XtDT2O6Rg=">AAAB9HicdVDLSsNAFJ34rNFq1aWbwVJwFZKaPrIrCMVlBfuANpTJdNIOnTycmRRK6He4caGILv0IP8Gdf+OkVVDRAwOHc+7lnjlezKiQpvmura1vbG5t53b03b38/kHh8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut70IvO7M8IFjcJrOY+JG6BxSH2KkVSSOwiQnGDE0uZiKIaFommYFceulaFpVEzLsc8VcZy6Xa1AyzCXKDbyr0mpqT+3hoW3wSjCSUBCiRkSom+ZsXRTxCXFjCz0QSJIjPAUjUlf0RAFRLjpMvQClpQygn7E1QslXKrfN1IUCDEPPDWZhRS/vUz8y+sn0q+7KQ3jRJIQrw75CYMyglkDcEQ5wZLNFUGYU5UV4gniCEvVk65K+Pop/J90yoZVNewr1UYdrJADJ+AUnAEL1EADXIIWaAMMbsAtuAcP2ky70x61p9Xomva5cwx+QHv5ABCzlTY=</latexit>

Fs



Topological polynomials



Topological polynomials

P ⇢ C
<latexit sha1_base64="Ul4L5/jBTaP9d2Z66aXIVTejL4Y=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GWxG5cV7AOaUCbTSTt0MgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPq73VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M2oXff6RSsVg86HlC/QhPBAsZwdpII7ve8VQaKKq9COtpEGTtfGQ3nKazAFonbkkaUKIzsr+8cUzSiApNOFZq6DqJ9jMsNSOc5jUvVTTBZIYndGiowBFVfrbInqNzo4xRGEvzhEYL9fdGhiOl5lFgJouEatUrxP+8YarDGz9jIkk1FWR5KEw50jEqikBjJinRfG4IJpKZrIhMscREm7pqpgR39cvrpHfZdJ2me3/VaN2WdVThFM7gAly4hhbcQQe6QOAJnuEV3qzcerHerY/laMUqd07gD6zPH2JvlKY=</latexit><latexit sha1_base64="Ul4L5/jBTaP9d2Z66aXIVTejL4Y=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GWxG5cV7AOaUCbTSTt0MgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPq73VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M2oXff6RSsVg86HlC/QhPBAsZwdpII7ve8VQaKKq9COtpEGTtfGQ3nKazAFonbkkaUKIzsr+8cUzSiApNOFZq6DqJ9jMsNSOc5jUvVTTBZIYndGiowBFVfrbInqNzo4xRGEvzhEYL9fdGhiOl5lFgJouEatUrxP+8YarDGz9jIkk1FWR5KEw50jEqikBjJinRfG4IJpKZrIhMscREm7pqpgR39cvrpHfZdJ2me3/VaN2WdVThFM7gAly4hhbcQQe6QOAJnuEV3qzcerHerY/laMUqd07gD6zPH2JvlKY=</latexit><latexit sha1_base64="Ul4L5/jBTaP9d2Z66aXIVTejL4Y=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GWxG5cV7AOaUCbTSTt0MgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPq73VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M2oXff6RSsVg86HlC/QhPBAsZwdpII7ve8VQaKKq9COtpEGTtfGQ3nKazAFonbkkaUKIzsr+8cUzSiApNOFZq6DqJ9jMsNSOc5jUvVTTBZIYndGiowBFVfrbInqNzo4xRGEvzhEYL9fdGhiOl5lFgJouEatUrxP+8YarDGz9jIkk1FWR5KEw50jEqikBjJinRfG4IJpKZrIhMscREm7pqpgR39cvrpHfZdJ2me3/VaN2WdVThFM7gAly4hhbcQQe6QOAJnuEV3qzcerHerY/laMUqd07gD6zPH2JvlKY=</latexit><latexit sha1_base64="Ul4L5/jBTaP9d2Z66aXIVTejL4Y=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GWxG5cV7AOaUCbTSTt0MgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPq73VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M2oXff6RSsVg86HlC/QhPBAsZwdpII7ve8VQaKKq9COtpEGTtfGQ3nKazAFonbkkaUKIzsr+8cUzSiApNOFZq6DqJ9jMsNSOc5jUvVTTBZIYndGiowBFVfrbInqNzo4xRGEvzhEYL9fdGhiOl5lFgJouEatUrxP+8YarDGz9jIkk1FWR5KEw50jEqikBjJinRfG4IJpKZrIhMscREm7pqpgR39cvrpHfZdJ2me3/VaN2WdVThFM7gAly4hhbcQQe6QOAJnuEV3qzcerHerY/laMUqd07gD6zPH2JvlKY=</latexit>

Topological polynomials: branched self-covers
post-critical set

(C, P )
<latexit sha1_base64="zyu1JAfgatm0LMJ0QfRwr+FqMH8=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBEqSJkRQZfFblxWsA9ox5JJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7G9cxvP1KlmRT3ZhJTP8JDwUJGsLHSQ6UXYTMKgrQ+PW+c9Utlt+rOgJaJl5My5Gj0S1+9gSRJRIUhHGvd9dzY+ClWhhFOp8VeommMyRgPaddSgSOq/XSWeopOrTJAoVT2CYNm6u+NFEdaT6LATmYh9aKXif953cSE137KRJwYKsj8UJhwZCTKKkADpigxfGIJJorZrIiMsMLE2KKKtgRv8cvLpHVR9dyqd3dZrt3kdRTgGE6gAh5cQQ1uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD4AJkdg=</latexit><latexit sha1_base64="zyu1JAfgatm0LMJ0QfRwr+FqMH8=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBEqSJkRQZfFblxWsA9ox5JJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7G9cxvP1KlmRT3ZhJTP8JDwUJGsLHSQ6UXYTMKgrQ+PW+c9Utlt+rOgJaJl5My5Gj0S1+9gSRJRIUhHGvd9dzY+ClWhhFOp8VeommMyRgPaddSgSOq/XSWeopOrTJAoVT2CYNm6u+NFEdaT6LATmYh9aKXif953cSE137KRJwYKsj8UJhwZCTKKkADpigxfGIJJorZrIiMsMLE2KKKtgRv8cvLpHVR9dyqd3dZrt3kdRTgGE6gAh5cQQ1uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD4AJkdg=</latexit><latexit sha1_base64="zyu1JAfgatm0LMJ0QfRwr+FqMH8=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBEqSJkRQZfFblxWsA9ox5JJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7G9cxvP1KlmRT3ZhJTP8JDwUJGsLHSQ6UXYTMKgrQ+PW+c9Utlt+rOgJaJl5My5Gj0S1+9gSRJRIUhHGvd9dzY+ClWhhFOp8VeommMyRgPaddSgSOq/XSWeopOrTJAoVT2CYNm6u+NFEdaT6LATmYh9aKXif953cSE137KRJwYKsj8UJhwZCTKKkADpigxfGIJJorZrIiMsMLE2KKKtgRv8cvLpHVR9dyqd3dZrt3kdRTgGE6gAh5cQQ1uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD4AJkdg=</latexit><latexit sha1_base64="zyu1JAfgatm0LMJ0QfRwr+FqMH8=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBEqSJkRQZfFblxWsA9ox5JJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7G9cxvP1KlmRT3ZhJTP8JDwUJGsLHSQ6UXYTMKgrQ+PW+c9Utlt+rOgJaJl5My5Gj0S1+9gSRJRIUhHGvd9dzY+ClWhhFOp8VeommMyRgPaddSgSOq/XSWeopOrTJAoVT2CYNm6u+NFEdaT6LATmYh9aKXif953cSE137KRJwYKsj8UJhwZCTKKkADpigxfGIJJorZrIiMsMLE2KKKtgRv8cvLpHVR9dyqd3dZrt3kdRTgGE6gAh5cQQ1uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD4AJkdg=</latexit>



Topological polynomials

P ⇢ C
<latexit sha1_base64="Ul4L5/jBTaP9d2Z66aXIVTejL4Y=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GWxG5cV7AOaUCbTSTt0MgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPq73VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M2oXff6RSsVg86HlC/QhPBAsZwdpII7ve8VQaKKq9COtpEGTtfGQ3nKazAFonbkkaUKIzsr+8cUzSiApNOFZq6DqJ9jMsNSOc5jUvVTTBZIYndGiowBFVfrbInqNzo4xRGEvzhEYL9fdGhiOl5lFgJouEatUrxP+8YarDGz9jIkk1FWR5KEw50jEqikBjJinRfG4IJpKZrIhMscREm7pqpgR39cvrpHfZdJ2me3/VaN2WdVThFM7gAly4hhbcQQe6QOAJnuEV3qzcerHerY/laMUqd07gD6zPH2JvlKY=</latexit><latexit sha1_base64="Ul4L5/jBTaP9d2Z66aXIVTejL4Y=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GWxG5cV7AOaUCbTSTt0MgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPq73VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M2oXff6RSsVg86HlC/QhPBAsZwdpII7ve8VQaKKq9COtpEGTtfGQ3nKazAFonbkkaUKIzsr+8cUzSiApNOFZq6DqJ9jMsNSOc5jUvVTTBZIYndGiowBFVfrbInqNzo4xRGEvzhEYL9fdGhiOl5lFgJouEatUrxP+8YarDGz9jIkk1FWR5KEw50jEqikBjJinRfG4IJpKZrIhMscREm7pqpgR39cvrpHfZdJ2me3/VaN2WdVThFM7gAly4hhbcQQe6QOAJnuEV3qzcerHerY/laMUqd07gD6zPH2JvlKY=</latexit><latexit sha1_base64="Ul4L5/jBTaP9d2Z66aXIVTejL4Y=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GWxG5cV7AOaUCbTSTt0MgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPq73VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M2oXff6RSsVg86HlC/QhPBAsZwdpII7ve8VQaKKq9COtpEGTtfGQ3nKazAFonbkkaUKIzsr+8cUzSiApNOFZq6DqJ9jMsNSOc5jUvVTTBZIYndGiowBFVfrbInqNzo4xRGEvzhEYL9fdGhiOl5lFgJouEatUrxP+8YarDGz9jIkk1FWR5KEw50jEqikBjJinRfG4IJpKZrIhMscREm7pqpgR39cvrpHfZdJ2me3/VaN2WdVThFM7gAly4hhbcQQe6QOAJnuEV3qzcerHerY/laMUqd07gD6zPH2JvlKY=</latexit><latexit sha1_base64="Ul4L5/jBTaP9d2Z66aXIVTejL4Y=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE0GWxG5cV7AOaUCbTSTt0MgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPq73VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB/M2oXff6RSsVg86HlC/QhPBAsZwdpII7ve8VQaKKq9COtpEGTtfGQ3nKazAFonbkkaUKIzsr+8cUzSiApNOFZq6DqJ9jMsNSOc5jUvVTTBZIYndGiowBFVfrbInqNzo4xRGEvzhEYL9fdGhiOl5lFgJouEatUrxP+8YarDGz9jIkk1FWR5KEw50jEqikBjJinRfG4IJpKZrIhMscREm7pqpgR39cvrpHfZdJ2me3/VaN2WdVThFM7gAly4hhbcQQe6QOAJnuEV3qzcerHerY/laMUqd07gD6zPH2JvlKY=</latexit>

Topological polynomials: branched self-covers
post-critical set

(C, P )
<latexit sha1_base64="zyu1JAfgatm0LMJ0QfRwr+FqMH8=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBEqSJkRQZfFblxWsA9ox5JJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7G9cxvP1KlmRT3ZhJTP8JDwUJGsLHSQ6UXYTMKgrQ+PW+c9Utlt+rOgJaJl5My5Gj0S1+9gSRJRIUhHGvd9dzY+ClWhhFOp8VeommMyRgPaddSgSOq/XSWeopOrTJAoVT2CYNm6u+NFEdaT6LATmYh9aKXif953cSE137KRJwYKsj8UJhwZCTKKkADpigxfGIJJorZrIiMsMLE2KKKtgRv8cvLpHVR9dyqd3dZrt3kdRTgGE6gAh5cQQ1uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD4AJkdg=</latexit><latexit sha1_base64="zyu1JAfgatm0LMJ0QfRwr+FqMH8=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBEqSJkRQZfFblxWsA9ox5JJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7G9cxvP1KlmRT3ZhJTP8JDwUJGsLHSQ6UXYTMKgrQ+PW+c9Utlt+rOgJaJl5My5Gj0S1+9gSRJRIUhHGvd9dzY+ClWhhFOp8VeommMyRgPaddSgSOq/XSWeopOrTJAoVT2CYNm6u+NFEdaT6LATmYh9aKXif953cSE137KRJwYKsj8UJhwZCTKKkADpigxfGIJJorZrIiMsMLE2KKKtgRv8cvLpHVR9dyqd3dZrt3kdRTgGE6gAh5cQQ1uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD4AJkdg=</latexit><latexit sha1_base64="zyu1JAfgatm0LMJ0QfRwr+FqMH8=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBEqSJkRQZfFblxWsA9ox5JJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7G9cxvP1KlmRT3ZhJTP8JDwUJGsLHSQ6UXYTMKgrQ+PW+c9Utlt+rOgJaJl5My5Gj0S1+9gSRJRIUhHGvd9dzY+ClWhhFOp8VeommMyRgPaddSgSOq/XSWeopOrTJAoVT2CYNm6u+NFEdaT6LATmYh9aKXif953cSE137KRJwYKsj8UJhwZCTKKkADpigxfGIJJorZrIiMsMLE2KKKtgRv8cvLpHVR9dyqd3dZrt3kdRTgGE6gAh5cQQ1uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD4AJkdg=</latexit><latexit sha1_base64="zyu1JAfgatm0LMJ0QfRwr+FqMH8=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBEqSJkRQZfFblxWsA9ox5JJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7G9cxvP1KlmRT3ZhJTP8JDwUJGsLHSQ6UXYTMKgrQ+PW+c9Utlt+rOgJaJl5My5Gj0S1+9gSRJRIUhHGvd9dzY+ClWhhFOp8VeommMyRgPaddSgSOq/XSWeopOrTJAoVT2CYNm6u+NFEdaT6LATmYh9aKXif953cSE137KRJwYKsj8UJhwZCTKKkADpigxfGIJJorZrIiMsMLE2KKKtgRv8cvLpHVR9dyqd3dZrt3kdRTgGE6gAh5cQQ1uoQFNIKDgGV7hzXlyXpx352M+uuLkO0fwB87nD4AJkdg=</latexit>

<latexit sha1_base64="ibTUko1GLfmLbDBS08wTJWBK1oE=">AAAB+HicdVDJSgNBEO1xjXFJ1KOXxiB4GmbiZLsFvXjwEMEskAyhp9OTNOlZ6K5R4pAv8eJBEa9+ijf/xs4iqOiDgsd7VVTV82LBFVjWh7Gyura+sZnZym7v7O7l8vsHLRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW98cXMb98yqXgU3sAkZm5AhiH3OSWgpX4+17tiPkg+HAGRMrrr5wuWaZVqTqWILbNk2TXnTJNareqUS9g2rTkKaIlGP//eG0Q0CVgIVBClurYVg5sSCZwKNs32EsViQsdkyLqahiRgyk3nh0/xiVYG2I+krhDwXP0+kZJAqUng6c6AwEj99mbiX143Ab/qpjyME2AhXSzyE4EhwrMU8IBLRkFMNCFUcn0rpiMiCQWdVVaH8PUp/p+0iqZdNu1rp1A/X8aRQUfoGJ0iG1VQHV2iBmoiihL0gJ7Qs3FvPBovxuuidcVYzhyiHzDePgG795PR</latexit>,
branched covers

<latexit sha1_base64="DMHqd4t0CRctsmLp2B5aspwM+uc="></latexit>

f : (S2, P [1) ! (S2, P [1)
<latexit sha1_base64="PAcGOvg2fJdStQijlJF4EpRRbC8=">AAACAnicdZDLSsNAFIYn9VbrLepK3AwWoS4sSS3aLoSiG5cV7AWaWCbTSTt0MgkzEyGE4sZXceNCEbc+hTvfxukNVPSHgY//nMOZ83sRo1JZ1qeRWVhcWl7JrubW1jc2t8ztnaYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOHluN66I0LSkN+oJCJugPqc+hQjpa2uueffpsf2qOBQ7qvk6NxJp+SMumbeKlrVinVShVMol+ZgQbtoTZQHM9W75ofTC3EcEK4wQ1J2bCtSboqEopiRUc6JJYkQHqI+6WjkKCDSTScnjOChdnrQD4V+XMGJ+30iRYGUSeDpzgCpgfxdG5t/1Tqx8ituSnkUK8LxdJEfM6hCOM4D9qggWLFEA8KC6r9CPEACYaVTy+kQ5pfC/6FZKtqnRfu6nK9dzOLIgn1wAArABmegBq5AHTQABvfgETyDF+PBeDJejbdpa8aYzeyCHzLevwA0dZdY</latexit>

f�1(1) = {1}such that

<latexit sha1_base64="wbVDPljvVxqBefQzNYZFLD6VYzw=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0WoC0NS00cWQsGNywr2gW0sk+mkHTqZhJmJ0Jb+hRsXirj1b9z5N04fgooeuHA4517uvcePGZXKsj6M1Mrq2vpGejOztb2zu5fdP2jIKBGY1HHEItHykSSMclJXVDHSigVBoc9I0x9ezvzmPRGSRvxGjWLihajPaUAxUlq6DfLj04vxXeHM7mZzlmkVXadcgJZZtGzXOdfEdStOqQht05ojB5aodbPvnV6Ek5BwhRmSsm1bsfImSCiKGZlmOokkMcJD1CdtTTkKifQm84un8EQrPRhEQhdXcK5+n5igUMpR6OvOEKmB/O3NxL+8dqKCijehPE4U4XixKEgYVBGcvQ97VBCs2EgThAXVt0I8QAJhpUPK6BC+PoX/k0bBtEumfe3kqpVlHGlwBI5BHtigDKrgCtRAHWDAwQN4As+GNB6NF+N10ZoyljOH4AeMt09X/JAK</latexit>

f(z) = z2 � 1
<latexit sha1_base64="/R+3X04TEWv3r2gV/ynqCyeFVuM=">AAAB73icdVDLSsNAFJ34rPVVdelmsAh1E5KaPrIQCm5cVrAPaGOZTCft0MkkzkyENvQn3LhQxK2/486/cfoQVPTAhcM593LvPX7MqFSW9WGsrK6tb2xmtrLbO7t7+7mDw6aMEoFJA0csEm0fScIoJw1FFSPtWBAU+oy0/NHlzG/dEyFpxG/UOCZeiAacBhQjpaV2UJicXUxu+71c3jKtkutUitAyS5btOueauG7VKZegbVpz5MES9V7uvduPcBISrjBDUnZsK1ZeioSimJFptptIEiM8QgPS0ZSjkEgvnd87hada6cMgErq4gnP1+0SKQinHoa87Q6SG8rc3E//yOokKql5KeZwowvFiUZAwqCI4ex72qSBYsbEmCAuqb4V4iATCSkeU1SF8fQr/J82iaZdN+9rJ16rLODLgGJyAArBBBdTAFaiDBsCAgQfwBJ6NO+PReDFeF60rxnLmCPyA8fYJxjqPyg==</latexit>

f(z) = zd



Theorem (W. Thurston) 
   post-critically finite topological polynomial, either 

1.   is equivalent to a polynomial 

2.   obstructed

Thurston’s Theorem

f

<latexit sha1_base64="JIPSKlqv1b4lmIl5tAGpYQSiSfw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE 5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzYmM8g==</latexit>
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<latexit sha1_base64="JIPSKlqv1b4lmIl5tAGpYQSiSfw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzYmM8g==</latexit>
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<latexit sha1_base64="JIPSKlqv1b4lmIl5tAGpYQSiSfw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzYmM8g==</latexit>



Thurston’s Theorem

Characterization problem:

Given a topological polynomial, determine whether or not it 
is equivalent to a polynomial.  If so, which one?

f

<latexit sha1_base64="JIPSKlqv1b4lmIl5tAGpYQSiSfw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE 5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzYmM8g==</latexit>

f

<latexit sha1_base64="JIPSKlqv1b4lmIl5tAGpYQSiSfw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzYmM8g==</latexit>
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<latexit sha1_base64="JIPSKlqv1b4lmIl5tAGpYQSiSfw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzYmM8g==</latexit>

Theorem (W. Thurston) 
   post-critically finite topological polynomial, either 

1.   is equivalent to a polynomial 

2.   obstructed



Thurston’s Theorem

= has a Hubbard tree

f

<latexit sha1_base64="JIPSKlqv1b4lmIl5tAGpYQSiSfw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE 5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzYmM8g==</latexit>
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<latexit sha1_base64="JIPSKlqv1b4lmIl5tAGpYQSiSfw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzYmM8g==</latexit>

f

<latexit sha1_base64="JIPSKlqv1b4lmIl5tAGpYQSiSfw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzYmM8g==</latexit>

Characterization problem:

Given a topological polynomial, determine whether or not it 
is equivalent to a polynomial.  If so, which one?

Theorem (W. Thurston) 
   post-critically finite topological polynomial, either 

1.   is equivalent to a polynomial 

2.   obstructed



Strategy

Maps (homeomorphisms) Curves/Arcs
(Degree 1) braids

Alexander method



Strategy

Hubbard tree Polynomial
Postcriticially finite

Higher degree/Dynamical

Maps (homeomorphisms) Curves/Arcs
(Degree 1) braids

Alexander method



Higher degree/Dynamical

Maps (homeomorphisms) Curves/Arcs
(Degree 1) braids

Alexander method

Strategy

Hubbard tree Polynomial
Tree + action 
Invariant under preimage

Postcriticially finite



Higher degree/Dynamical

Maps (homeomorphisms) Curves/Arcs
(Degree 1) braids

Alexander method

Strategy

Hubbard tree Polynomial
Tree + action 
Invariant under preimage

Postcriticially finite

<latexit sha1_base64="APWQPMaNuAYoWpmrbjD/TZKD4hw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXinosevFYwX5Au5Zsmm1js8mSZIWy7H/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67SeqNJPi3kxi6kd4KFjICDZWaoUP6ZmX9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGupwBHVfjq7NkMnVhmgUCpbwqCZ+nsixZHWkyiwnRE2I73oTcX/vG5iwis/ZSJODBVkvihMODISTV9HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvUuqrW7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8g5Y7Z</latexit>

f�1



Higher degree/Dynamical

Maps (homeomorphisms) Curves/Arcs
(Degree 1) braids

Alexander method

Strategy

Curves/Arcs

Hubbard tree Polynomial
Tree + action 
Invariant under preimage

Postcriticially finite

<latexit sha1_base64="APWQPMaNuAYoWpmrbjD/TZKD4hw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXinosevFYwX5Au5Zsmm1js8mSZIWy7H/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67SeqNJPi3kxi6kd4KFjICDZWaoUP6ZmX9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGupwBHVfjq7NkMnVhmgUCpbwqCZ+nsixZHWkyiwnRE2I73oTcX/vG5iwis/ZSJODBVkvihMODISTV9HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvUuqrW7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8g5Y7Z</latexit>

f�1 Hull



Higher degree/Dynamical

Maps (homeomorphisms) Curves/Arcs
(Degree 1) braids

Alexander method
Curves/Arcs

Alexander method

Strategy

Curves/Arcs

Hubbard tree Polynomial
Tree + action 
Invariant under preimage

Postcriticially finite

<latexit sha1_base64="APWQPMaNuAYoWpmrbjD/TZKD4hw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXinosevFYwX5Au5Zsmm1js8mSZIWy7H/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67SeqNJPi3kxi6kd4KFjICDZWaoUP6ZmX9csVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGupwBHVfjq7NkMnVhmgUCpbwqCZ+nsixZHWkyiwnRE2I73oTcX/vG5iwis/ZSJODBVkvihMODISTV9HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1XvUuqrW7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz8g5Y7Z</latexit>

f�1 Hull



Hubbard tree Polynomial
Douady–Hubbard

Poirier
Alexander method Tree + action 

Invariant under preimage

Postcriticially finite

Higher degree/Dynamical

Maps (homeomorphisms) Curves/Arcs
(Degree 1) braids

Alexander method

Strategy



[          ][         ]

Strategy

Curves/Arcs

Hubbard tree Polynomial
Douady–Hubbard

Poirier
Alexander method Tree + action 

Invariant under preimage

Postcriticially finite

~

Higher degree/Dynamical

Maps (homeomorphisms) Curves/Arcs
(Degree 1) braids

Alexander method



Main Result

Algorithm (Belk–Lanier–Margalit–W)
1. Finds the Hubbard tree if equivalent to a polynomial

2. Otherwise, finds an obstruction
determines the polynomial

canonical obstruction

Strategy

1. Build a simplicial complex 
2. Define simplicial map 
3. Iterating     converges to a finite set or horocycle 
4. Check a neighborhood       Hubbard tree or obstruction <latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

post-critically finite branched cover C ! C
<latexit sha1_base64="+6T8GAa/vdzV0Fho+0FIiyBdCpQ=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEBF0Wu3FZwT6gCWUynbRDJ5MwcyOUkI2/4saFIm79DHf+jZM2oLYeGDhzzr3ce0+QCK7Bcb6sldW19Y3NylZ1e2d3b98+OOzoOFWUtWksYtULiGaCS9YGDoL1EsVIFAjWDSbNwu8+MKV5LO9hmjA/IiPJQ04JGGlgH3sRgXEQZM3cg/jnM7BrTt2ZAS8TtyQ1VKI1sD+9YUzTiEmggmjdd50E/Iwo4FSwvOqlmiWETsiI9Q2VJGLaz2YH5PjMKEMcxso8CXim/u7ISKT1NApMZbGhXvQK8T+vn0J47WdcJikwSeeDwlRgiHGRBh5yxSiIqSGEKm52xXRMFKFgMquaENzFk5dJ56LuOnX37rLWuCnjqKATdIrOkYuuUAPdohZqI4py9IRe0Kv1aD1bb9b7vHTFKnuO0B9YH99P5Zba</latexit><latexit sha1_base64="+6T8GAa/vdzV0Fho+0FIiyBdCpQ=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEBF0Wu3FZwT6gCWUynbRDJ5MwcyOUkI2/4saFIm79DHf+jZM2oLYeGDhzzr3ce0+QCK7Bcb6sldW19Y3NylZ1e2d3b98+OOzoOFWUtWksYtULiGaCS9YGDoL1EsVIFAjWDSbNwu8+MKV5LO9hmjA/IiPJQ04JGGlgH3sRgXEQZM3cg/jnM7BrTt2ZAS8TtyQ1VKI1sD+9YUzTiEmggmjdd50E/Iwo4FSwvOqlmiWETsiI9Q2VJGLaz2YH5PjMKEMcxso8CXim/u7ISKT1NApMZbGhXvQK8T+vn0J47WdcJikwSeeDwlRgiHGRBh5yxSiIqSGEKm52xXRMFKFgMquaENzFk5dJ56LuOnX37rLWuCnjqKATdIrOkYuuUAPdohZqI4py9IRe0Kv1aD1bb9b7vHTFKnuO0B9YH99P5Zba</latexit><latexit sha1_base64="+6T8GAa/vdzV0Fho+0FIiyBdCpQ=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEBF0Wu3FZwT6gCWUynbRDJ5MwcyOUkI2/4saFIm79DHf+jZM2oLYeGDhzzr3ce0+QCK7Bcb6sldW19Y3NylZ1e2d3b98+OOzoOFWUtWksYtULiGaCS9YGDoL1EsVIFAjWDSbNwu8+MKV5LO9hmjA/IiPJQ04JGGlgH3sRgXEQZM3cg/jnM7BrTt2ZAS8TtyQ1VKI1sD+9YUzTiEmggmjdd50E/Iwo4FSwvOqlmiWETsiI9Q2VJGLaz2YH5PjMKEMcxso8CXim/u7ISKT1NApMZbGhXvQK8T+vn0J47WdcJikwSeeDwlRgiHGRBh5yxSiIqSGEKm52xXRMFKFgMquaENzFk5dJ56LuOnX37rLWuCnjqKATdIrOkYuuUAPdohZqI4py9IRe0Kv1aD1bb9b7vHTFKnuO0B9YH99P5Zba</latexit><latexit sha1_base64="+6T8GAa/vdzV0Fho+0FIiyBdCpQ=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEBF0Wu3FZwT6gCWUynbRDJ5MwcyOUkI2/4saFIm79DHf+jZM2oLYeGDhzzr3ce0+QCK7Bcb6sldW19Y3NylZ1e2d3b98+OOzoOFWUtWksYtULiGaCS9YGDoL1EsVIFAjWDSbNwu8+MKV5LO9hmjA/IiPJQ04JGGlgH3sRgXEQZM3cg/jnM7BrTt2ZAS8TtyQ1VKI1sD+9YUzTiEmggmjdd50E/Iwo4FSwvOqlmiWETsiI9Q2VJGLaz2YH5PjMKEMcxso8CXim/u7ISKT1NApMZbGhXvQK8T+vn0J47WdcJikwSeeDwlRgiHGRBh5yxSiIqSGEKm52xXRMFKFgMquaENzFk5dJ56LuOnX37rLWuCnjqKATdIrOkYuuUAPdohZqI4py9IRe0Kv1aD1bb9b7vHTFKnuO0B9YH99P5Zba</latexit>

�f
<latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit>

�f
<latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit>

<latexit sha1_base64="9qI4TNCKqeZwg2F4BTB1mAqqbu0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJa6syu6MZlBfuAdiiZTKYNzSRjkhFK6U+4caGIW3/HnX9j+hBU9MCFwzn3cu89UcaZNgh9OIWV1bX1jeJmaWt7Z3evvH/Q0jJXhDaJ5FJ1IqwpZ4I2DTOcdjJFcRpx2o5GVzO/fU+VZlLcmnFGwxQPBEsYwcZKnR6nONZG9ssV5Aa+HyAfIreKUNUPLDkPgqB2Dj0XzVEBSzT65fdeLEmeUmEIx1p3PZSZcIKVYYTTaamXa5phMsID2rVU4JTqcDK/dwpPrBLDRCpbwsC5+n1iglOtx2lkO1Nshvq3NxP/8rq5SfxwwkSWGyrIYlGSc2gknD0PY6YoMXxsCSaK2VshGWKFibERlWwIX5/C/0nrzPVqrndTrdQvl3EUwRE4BqfAAxegDq5BAzQBARw8gCfw7Nw5j86L87poLTjLmUPwA87bJ9K8kII=</latexit> 



Main Result

Algorithm (Belk–Lanier–Margalit–W)
1. Finds the Hubbard tree if equivalent to a polynomial

2. Otherwise, finds an obstruction
determines the polynomial

canonical obstruction

Strategy

1. Build a simplicial complex 
2. Define simplicial map 
3. Iterating     converges to a finite set or horocycle 
4. Check a neighborhood       Hubbard tree or obstruction <latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

post-critically finite branched cover C ! C
<latexit sha1_base64="+6T8GAa/vdzV0Fho+0FIiyBdCpQ=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEBF0Wu3FZwT6gCWUynbRDJ5MwcyOUkI2/4saFIm79DHf+jZM2oLYeGDhzzr3ce0+QCK7Bcb6sldW19Y3NylZ1e2d3b98+OOzoOFWUtWksYtULiGaCS9YGDoL1EsVIFAjWDSbNwu8+MKV5LO9hmjA/IiPJQ04JGGlgH3sRgXEQZM3cg/jnM7BrTt2ZAS8TtyQ1VKI1sD+9YUzTiEmggmjdd50E/Iwo4FSwvOqlmiWETsiI9Q2VJGLaz2YH5PjMKEMcxso8CXim/u7ISKT1NApMZbGhXvQK8T+vn0J47WdcJikwSeeDwlRgiHGRBh5yxSiIqSGEKm52xXRMFKFgMquaENzFk5dJ56LuOnX37rLWuCnjqKATdIrOkYuuUAPdohZqI4py9IRe0Kv1aD1bb9b7vHTFKnuO0B9YH99P5Zba</latexit><latexit sha1_base64="+6T8GAa/vdzV0Fho+0FIiyBdCpQ=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEBF0Wu3FZwT6gCWUynbRDJ5MwcyOUkI2/4saFIm79DHf+jZM2oLYeGDhzzr3ce0+QCK7Bcb6sldW19Y3NylZ1e2d3b98+OOzoOFWUtWksYtULiGaCS9YGDoL1EsVIFAjWDSbNwu8+MKV5LO9hmjA/IiPJQ04JGGlgH3sRgXEQZM3cg/jnM7BrTt2ZAS8TtyQ1VKI1sD+9YUzTiEmggmjdd50E/Iwo4FSwvOqlmiWETsiI9Q2VJGLaz2YH5PjMKEMcxso8CXim/u7ISKT1NApMZbGhXvQK8T+vn0J47WdcJikwSeeDwlRgiHGRBh5yxSiIqSGEKm52xXRMFKFgMquaENzFk5dJ56LuOnX37rLWuCnjqKATdIrOkYuuUAPdohZqI4py9IRe0Kv1aD1bb9b7vHTFKnuO0B9YH99P5Zba</latexit><latexit sha1_base64="+6T8GAa/vdzV0Fho+0FIiyBdCpQ=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEBF0Wu3FZwT6gCWUynbRDJ5MwcyOUkI2/4saFIm79DHf+jZM2oLYeGDhzzr3ce0+QCK7Bcb6sldW19Y3NylZ1e2d3b98+OOzoOFWUtWksYtULiGaCS9YGDoL1EsVIFAjWDSbNwu8+MKV5LO9hmjA/IiPJQ04JGGlgH3sRgXEQZM3cg/jnM7BrTt2ZAS8TtyQ1VKI1sD+9YUzTiEmggmjdd50E/Iwo4FSwvOqlmiWETsiI9Q2VJGLaz2YH5PjMKEMcxso8CXim/u7ISKT1NApMZbGhXvQK8T+vn0J47WdcJikwSeeDwlRgiHGRBh5yxSiIqSGEKm52xXRMFKFgMquaENzFk5dJ56LuOnX37rLWuCnjqKATdIrOkYuuUAPdohZqI4py9IRe0Kv1aD1bb9b7vHTFKnuO0B9YH99P5Zba</latexit><latexit sha1_base64="+6T8GAa/vdzV0Fho+0FIiyBdCpQ=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEBF0Wu3FZwT6gCWUynbRDJ5MwcyOUkI2/4saFIm79DHf+jZM2oLYeGDhzzr3ce0+QCK7Bcb6sldW19Y3NylZ1e2d3b98+OOzoOFWUtWksYtULiGaCS9YGDoL1EsVIFAjWDSbNwu8+MKV5LO9hmjA/IiPJQ04JGGlgH3sRgXEQZM3cg/jnM7BrTt2ZAS8TtyQ1VKI1sD+9YUzTiEmggmjdd50E/Iwo4FSwvOqlmiWETsiI9Q2VJGLaz2YH5PjMKEMcxso8CXim/u7ISKT1NApMZbGhXvQK8T+vn0J47WdcJikwSeeDwlRgiHGRBh5yxSiIqSGEKm52xXRMFKFgMquaENzFk5dJ56LuOnX37rLWuCnjqKATdIrOkYuuUAPdohZqI4py9IRe0Kv1aD1bb9b7vHTFKnuO0B9YH99P5Zba</latexit>

�f
<latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit>

�f
<latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit><latexit sha1_base64="SLyx+opaP8zcGKAVrOiw2AIx6zw=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDeFCteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB7cjkFY=</latexit>

<latexit sha1_base64="mXTTqJLVGzQHkYptyoikscqKUlE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPzd+M8w==</latexit>

f unobstructed converges to finite subcomplex
<latexit sha1_base64="+kJFsc6co0RHbg923rhzP7ibD4c=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS1GXRjcsq9gFNCDfTSTt0MgkzE6WEgr/ixoUibv0Od/6N0zYLbT0wcDjnHu6dE6acKe0439bS8srq2nppo7y5tb2za+/tt1SSSUKbJOGJ7ISgKGeCNjXTnHZSSSEOOW2Hw+uJ336gUrFE3OtRSv0Y+oJFjIA2UmAfenesP9AgZfKIPW6CPQiiwK44VWcKvEjcglRQgUZgf3m9hGQxFZpwUKrrOqn2c5CaEU7HZS9TNAUyhD7tGiogpsrPp+eP8YlRejhKpHlC46n6O5FDrNQoDs1kDHqg5r2J+J/XzXR06edMpJmmgswWRRnHOsGTLnCPSUo0HxkCRDJzKyYDkEC0aaxsSnDnv7xIWmdV97xau61V6ldFHSV0hI7RKXLRBaqjG9RATURQjp7RK3qznqwX6936mI0uWUXmAP2B9fkDPOSVrQ==</latexit>

) �f

<latexit sha1_base64="9qI4TNCKqeZwg2F4BTB1mAqqbu0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjJa6syu6MZlBfuAdiiZTKYNzSRjkhFK6U+4caGIW3/HnX9j+hBU9MCFwzn3cu89UcaZNgh9OIWV1bX1jeJmaWt7Z3evvH/Q0jJXhDaJ5FJ1IqwpZ4I2DTOcdjJFcRpx2o5GVzO/fU+VZlLcmnFGwxQPBEsYwcZKnR6nONZG9ssV5Aa+HyAfIreKUNUPLDkPgqB2Dj0XzVEBSzT65fdeLEmeUmEIx1p3PZSZcIKVYYTTaamXa5phMsID2rVU4JTqcDK/dwpPrBLDRCpbwsC5+n1iglOtx2lkO1Nshvq3NxP/8rq5SfxwwkSWGyrIYlGSc2gknD0PY6YoMXxsCSaK2VshGWKFibERlWwIX5/C/0nrzPVqrndTrdQvl3EUwRE4BqfAAxegDq5BAzQBARw8gCfw7Nw5j86L87poLTjLmUPwA87bJ9K8kII=</latexit> 
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<latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit>

= simplicial complex



Tree Complex
Fixed set P

TP
<latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit>

= simplicial complex

vertices: isotopy classes of trees
simplices: subforest collapses/expansions



Tree Complex
Fixed set P

TP
<latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit>

= simplicial complex

vertices: isotopy classes of trees
simplices: subforest collapses/expansions



Tree Complex
Fixed set P

TP
<latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit>

= simplicial complex

vertices: isotopy classes of trees
simplices: subforest collapses/expansions



Example

TP
<latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit>



Example



Tree Complex

Proposition: TP
<latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit><latexit sha1_base64="jIIN6EtQDD0ioNuqT564QbJiwXA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV+oJ2KJk0bUMzmTG5UyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcO653JMTxFIYdN1vp7CxubW9U9wt7e0fHB6Vj09aJko0400WyUh3Amq4FIo3UaDknVhzGgaSt4PJfTZvT7k2IlINnMXcD+lIiaFgFK3k90KKY0Zl2pj36/1yxa26C5B14uWkAjms/6s3iFgScoVMUmO6nhujn1KNgkk+L/USw2PKJnTEu5YqGnLjp4vQc3JhlQEZRto+hWSh/t5IaWjMLAysMwtpVmeZ+N+sm+Dw1k+FihPkii0PDRNJMCJZA2QgNGcoZ5ZQpoXNStiYasrQ9lSyJXirX14nrauq51a9x+tK7S6vowhncA6X4MEN1OAB6tAEBk/wDK/w5kydF+fd+VhaC06+cwp/4Hz+AOnNki0=</latexit>

is connected (actually, simply connected)

Proof: (Hubbard–Masur, Penner) 

Dual to Teichmüller space.
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Example



The Simplicial Map



Lifting map
Postcritically finite topological polynomial f



Image: Glendale City Trees



Lifting:

Lifting map
Postcritically finite topological polynomial f

f⇤ : TP ! TP
<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>



Lifting map

Lifting:

Postcritically finite topological polynomial f
f⇤ : TP ! TP

<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>



Lifting map

Lifting:

f�1
<latexit sha1_base64="H223bYvLaubJzwPKgEwVuKC1Crk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2Z++4lpw5W8t5OEBTEZSh5xSqyTWtFDdoGn/XLFr/pzoFWCc1KBHI1++as3UDSNmbRUEGO62E9skBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTtGZUwYoUtqVtGiu/p7ISGzMJA5dZ0zsyCx7M/E/r5vaqBZkXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SlqXVexX8d1VpV7L4yjCCZzCOWC4hjrcQgOaQOERnuEV3jzlvXjv3seiteDlM8fwB97nDxr1jsY=</latexit><latexit sha1_base64="H223bYvLaubJzwPKgEwVuKC1Crk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2Z++4lpw5W8t5OEBTEZSh5xSqyTWtFDdoGn/XLFr/pzoFWCc1KBHI1++as3UDSNmbRUEGO62E9skBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTtGZUwYoUtqVtGiu/p7ISGzMJA5dZ0zsyCx7M/E/r5vaqBZkXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SlqXVexX8d1VpV7L4yjCCZzCOWC4hjrcQgOaQOERnuEV3jzlvXjv3seiteDlM8fwB97nDxr1jsY=</latexit><latexit sha1_base64="H223bYvLaubJzwPKgEwVuKC1Crk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2Z++4lpw5W8t5OEBTEZSh5xSqyTWtFDdoGn/XLFr/pzoFWCc1KBHI1++as3UDSNmbRUEGO62E9skBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTtGZUwYoUtqVtGiu/p7ISGzMJA5dZ0zsyCx7M/E/r5vaqBZkXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SlqXVexX8d1VpV7L4yjCCZzCOWC4hjrcQgOaQOERnuEV3jzlvXjv3seiteDlM8fwB97nDxr1jsY=</latexit><latexit sha1_base64="H223bYvLaubJzwPKgEwVuKC1Crk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2Z++4lpw5W8t5OEBTEZSh5xSqyTWtFDdoGn/XLFr/pzoFWCc1KBHI1++as3UDSNmbRUEGO62E9skBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTtGZUwYoUtqVtGiu/p7ISGzMJA5dZ0zsyCx7M/E/r5vaqBZkXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SlqXVexX8d1VpV7L4yjCCZzCOWC4hjrcQgOaQOERnuEV3jzlvXjv3seiteDlM8fwB97nDxr1jsY=</latexit>

Postcritically finite topological polynomial f
f⇤ : TP ! TP

<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>



Lifting map

Lifting:

f�1
<latexit sha1_base64="H223bYvLaubJzwPKgEwVuKC1Crk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2Z++4lpw5W8t5OEBTEZSh5xSqyTWtFDdoGn/XLFr/pzoFWCc1KBHI1++as3UDSNmbRUEGO62E9skBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTtGZUwYoUtqVtGiu/p7ISGzMJA5dZ0zsyCx7M/E/r5vaqBZkXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SlqXVexX8d1VpV7L4yjCCZzCOWC4hjrcQgOaQOERnuEV3jzlvXjv3seiteDlM8fwB97nDxr1jsY=</latexit><latexit sha1_base64="H223bYvLaubJzwPKgEwVuKC1Crk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2Z++4lpw5W8t5OEBTEZSh5xSqyTWtFDdoGn/XLFr/pzoFWCc1KBHI1++as3UDSNmbRUEGO62E9skBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTtGZUwYoUtqVtGiu/p7ISGzMJA5dZ0zsyCx7M/E/r5vaqBZkXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SlqXVexX8d1VpV7L4yjCCZzCOWC4hjrcQgOaQOERnuEV3jzlvXjv3seiteDlM8fwB97nDxr1jsY=</latexit><latexit sha1_base64="H223bYvLaubJzwPKgEwVuKC1Crk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2Z++4lpw5W8t5OEBTEZSh5xSqyTWtFDdoGn/XLFr/pzoFWCc1KBHI1++as3UDSNmbRUEGO62E9skBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTtGZUwYoUtqVtGiu/p7ISGzMJA5dZ0zsyCx7M/E/r5vaqBZkXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SlqXVexX8d1VpV7L4yjCCZzCOWC4hjrcQgOaQOERnuEV3jzlvXjv3seiteDlM8fwB97nDxr1jsY=</latexit><latexit sha1_base64="H223bYvLaubJzwPKgEwVuKC1Crk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWN//9gpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrWm4F6ySakTgUrB2Ob2Z++4lpw5W8t5OEBTEZSh5xSqyTWtFDdoGn/XLFr/pzoFWCc1KBHI1++as3UDSNmbRUEGO62E9skBFtORVsWuqlhiWEjsmQdR2VJGYmyObXTtGZUwYoUtqVtGiu/p7ISGzMJA5dZ0zsyCx7M/E/r5vaqBZkXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SlqXVexX8d1VpV7L4yjCCZzCOWC4hjrcQgOaQOERnuEV3jzlvXjv3seiteDlM8fwB97nDxr1jsY=</latexit>

hull

Postcritically finite topological polynomial f
f⇤ : TP ! TP

<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>



Lifting map

Lifting:

f⇤
<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>�!

<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

Postcritically finite topological polynomial f
f⇤ : TP ! TP

<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>



Lifting map

Lifting:

Known: there is a fixed point (Hubbard tree)

f⇤
<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>�!

<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

Postcritically finite topological polynomial f
f⇤ : TP ! TP

<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>



Lifting map

Lifting:

Known: there is a fixed point (Hubbard tree)

f⇤
<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>�!

<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

Postcritically finite topological polynomial f
f⇤ : TP ! TP

<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>

Strategy: Lift until you find it



Airplane example



Airplane example
Choose a tree T



Airplane example
Take the preimage.



Airplane example
Take the preimage.



Airplane example
Take the hull.



Airplane example
Simplify.

Not the same, repeat.



Airplane example
Take the preimage.



Airplane example
Take the preimage.



Airplane example
Take the hull.



Airplane example
Simplify.

Not the same, repeat.



Airplane example
Take the preimage.



Airplane example
Take the preimage.



Airplane example
Take the hull.

It is the same!  You found an invariant tree!



Lifting map

Lifting:

Known: there is a fixed point (Hubbard tree)
Hope: global attracting fixed point

f⇤
<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>�!

<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

Postcritically finite topological polynomial f
f⇤ : TP ! TP

<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>



Lifting map

Lifting:

Hope: global attracting fixed point
Known: there is a fixed point (Hubbard tree)

f⇤
<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>�!

<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

Postcritically finite topological polynomial f
f⇤ : TP ! TP

<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>



Example



Lifting map

Lifting:

Hope: global attracting fixed point
Known: there is a fixed point (Hubbard tree)

f⇤
<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>�!

<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

Postcritically finite topological polynomial f
f⇤ : TP ! TP

<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>



Lifting:

Hope: global attracting fixed point
New hope: Finite nucleus (global attracting subcomplex)

Lifting map

Known: there is a fixed point (Hubbard tree)

f⇤
<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>�!

<latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit><latexit sha1_base64="3/1i5i2CQ15DNvrwDu9getiZtJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhrLZbtKlm92wO1Fq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwA5737ZTW1jc2t8rblZ3dvf2qe3DYNirTlLWoEkp3Q2KY4JK1gINg3VQzkoSCdcLxzczvPDBtuJL3MElZkJBY8ohTAlYauNW+UDLWPB4B0Vo9DtyaV/fmwKvEL0gNFWgO3K/+UNEsYRKoIMb0fC+FICcaOBVsWulnhqWEjknMepZKkjAT5PPDp/jUKkMcKW1LAp6rvydykhgzSULbmRAYmWVvJv7n9TKIroKcyzQDJuliUZQJDArPUsBDrhkFMbGEUM3trZiOiCYUbFYVG4K//PIqaZ/Xfa/u313UGtdFHGV0jE7QGfLRJWqgW9RELURRhp7RK3pznpwX5935WLSWnGLmCP2B8/kDcjiTlg==</latexit>

Postcritically finite topological polynomial f
f⇤ : TP ! TP

<latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit><latexit sha1_base64="07E3fSW+GmVhC5n2sm64S3nsklw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgiWBIRFFdFNy4r9AVNDJPppB06mQkzE6WEfoUbf8WNC0Xcijv/xkmbhbYeuHA4517uvSdMGFXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUpMmlgwITshUoRRTpqaakY6iSQoDhlph8Pr3G/fE6mo4A09Sogfoz6nEcVIGymwT6K740svRnqAEcsa4yCrjz1J+wONpBQPM05gV5yqMwGcJ25BKqBAPbC/vJ7AaUy4xgwp1XWdRPsZkppiRsZlL1UkQXiI+qRrKEcxUX42eWsMD43Sg5GQpriGE/X3RIZipUZxaDrzM9Wsl4v/ed1URxd+RnmSasLxdFGUMqgFzDOCPSoJ1mxkCMKSmlshHiCJsDZJlk0I7uzL86R1WnWdqnt7VqldFXGUwD44AEfABeegBm5AHTQBBo/gGbyCN+vJerHerY9p64JVzOyBP7A+fwAGP6CM</latexit>
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Theorem (Belk–Lanier–Margalit–W) 
   unobstructed topological polynomial           finite nucleusf⇤

<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

)
<latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit>

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

Contains the Hubbard tree



Our results
Theorem (Belk–Lanier–Margalit–W) 
   unobstructed topological polynomial           finite nucleusf⇤

<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

)
<latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit>

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

Contains the Hubbard tree



Our results
Theorem (Belk–Lanier–Margalit–W) 
   unobstructed topological polynomial           finite nucleusf⇤

<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

)
<latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit>

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

Contains the Hubbard tree
Is contained in a 2-nbhd of Hubbard tree



Our results
Theorem (Belk–Lanier–Margalit–W) 
   unobstructed topological polynomial           finite nucleusf⇤

<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

)
<latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit>
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Contains the Hubbard tree
Is contained in a 2-nbhd of Hubbard tree
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Our results
Theorem (Belk–Lanier–Margalit–W) 
   unobstructed topological polynomial           finite nucleusf⇤
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Contains the Hubbard tree
Is contained in a 2-nbhd of Hubbard tree

finite check to find the Hubbard tree<latexit sha1_base64="+E+fu0Uqz+qHka4x28VjL3HnpPc=">AAAB73icdVDLSsNAFJ3UV42vqks3g0VwFSZaarIQi25cVrAPaEOZTCbt0MnDmYlQQn/CjQtFBFd+iXs34t84bRVU9MCFwzn3cs+9fsqZVAi9G4W5+YXFpeKyubK6tr5R2txqyiQThDZIwhPR9rGknMW0oZjitJ0KiiOf05Y/PJv4rWsqJEviSzVKqRfhfsxCRrDSUrvLKQ6kSnqlMrJcx3GRA5FVQajiuJocuq5bPYS2haYon7yYx+nTm1nvlV67QUKyiMaKcCxlx0ap8nIsFCOcjs1uJmmKyRD3aUfTGEdUevk07xjuaSWAYSJ0xQpO1e8TOY6kHEW+7oywGsjf3kT8y+tkKnS8nMVppmhMZovCjEOVwMnxMGCCEsVHmmAimM4KyQALTJR+kamf8HUp/J80Dyy7alUuULl2CmYogh2wC/aBDY5ADZyDOmgAAji4AXfg3rgybo0H43HWWjA+Z7bBDxjPHzNIk8I=</latexit> 
= polynomial



Summary

Thurston’s theorem for branched covers  
= 

Nielsen–Thurston for mapping classes

Belk–Lanier–Margalit–W: Algorithm for polynomials

Branched covers               = higher degree braids
<latexit sha1_base64="sAzZv8UDJlsUJSi9JqGAdZ3U+SU=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgasi0pc7sCrpwWdE+oB1LJs20oZkHSUYtQ3/FjQtF3Poj7vwb04egogcunJxzL7n3+AlnUiH0YeRWVtfWN/Kbha3tnd09c7/YknEqCG2SmMei42NJOYtoUzHFaScRFIc+p21/fDbz27dUSBZH12qSUC/Ew4gFjGClpb5ZvLop9wQbjhQWIr6D+tk3S8hyHcdFDkRWFaGq42pScV23VoG2heYogSUaffO9N4hJGtJIEY6l7NooUV6GhWKE02mhl0qaYDLGQ9rVNMIhlV42330Kj7UygEEsdEUKztXvExkOpZyEvu4MsRrJ395M/MvrpipwvIxFSapoRBYfBSmHKoazIOCACUoUn2iCiWB6V0hGWGCidFwFHcLXpfB/0ipbds2yL6ul+vkyjjw4BEfgBNjgFNTBBWiAJiDgHjyAJ/BsTI1H48V4XbTmjOXMAfgB4+0T3PmUXA==</latexit>

S2 ! S2





Obstructions
f post-critically finite topological polynomial  <latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit>

equiv. to?
polynomial?



Obstructions

Levy cycle: multicurve                    s.t. :{c1, . . . , cn}
<latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit>

f post-critically finite topological polynomial  <latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit>

equiv. to?
polynomial?



Obstructions

Levy cycle: multicurve                    s.t. :{c1, . . . , cn}
<latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit>

1.                      (mod n)f(ci) = ci�1
<latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit>

f post-critically finite topological polynomial  <latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit>

equiv. to?
polynomial?



Obstructions

Levy cycle: multicurve                    s.t. :{c1, . . . , cn}
<latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit>

1.                      (mod n)f(ci) = ci�1
<latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit>

2. deg f |ci = 1
<latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit><latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit><latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit><latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit>

f post-critically finite topological polynomial  <latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit>

equiv. to?
polynomial?



Obstructions

Levy cycle: multicurve                    s.t. :{c1, . . . , cn}
<latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit>

1.                      (mod n)f(ci) = ci�1
<latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit>

2. deg f |ci = 1
<latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit><latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit><latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit><latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit>

f post-critically finite topological polynomial  <latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit>

equiv. to?
polynomial?

Theorem (Thurston, Berstein, Levy, Shishikura, Tan, Hubbard) 
f equivalent to polynomial         f does not have a Levy cycle.,

<latexit sha1_base64="h6gYGp2Cr1tJ6DvbrHD8a/Z3Sbk=">AAAB+HicbVA9SwNBEN3zM8aPnFraLAbBKtyJoGXQxsIigvmA5Ah7m7lkyd7tsTunxJBfYmOhiK0/xc5/4ya5QhMfDDzem2FmXphKYdDzvp2V1bX1jc3CVnF7Z3ev5O4fNIzKNIc6V1LpVsgMSJFAHQVKaKUaWBxKaIbD66nffABthErucZRCELN+IiLBGVqp65Y6txChFv0BMq3VY9ctexVvBrpM/JyUSY5a1/3q9BTPYkiQS2ZM2/dSDMZMo+ASJsVOZiBlfMj60LY0YTGYYDw7fEJPrNKjkdK2EqQz9ffEmMXGjOLQdsYMB2bRm4r/ee0Mo8tgLJI0Q0j4fFGUSYqKTlOgPaGBoxxZwrgW9lbKB0wzjjarog3BX3x5mTTOKr5X8e/Oy9WrPI4COSLH5JT45IJUyQ2pkTrhJCPP5JW8OU/Oi/PufMxbV5x85pD8gfP5Azg2k3E=</latexit><latexit sha1_base64="h6gYGp2Cr1tJ6DvbrHD8a/Z3Sbk=">AAAB+HicbVA9SwNBEN3zM8aPnFraLAbBKtyJoGXQxsIigvmA5Ah7m7lkyd7tsTunxJBfYmOhiK0/xc5/4ya5QhMfDDzem2FmXphKYdDzvp2V1bX1jc3CVnF7Z3ev5O4fNIzKNIc6V1LpVsgMSJFAHQVKaKUaWBxKaIbD66nffABthErucZRCELN+IiLBGVqp65Y6txChFv0BMq3VY9ctexVvBrpM/JyUSY5a1/3q9BTPYkiQS2ZM2/dSDMZMo+ASJsVOZiBlfMj60LY0YTGYYDw7fEJPrNKjkdK2EqQz9ffEmMXGjOLQdsYMB2bRm4r/ee0Mo8tgLJI0Q0j4fFGUSYqKTlOgPaGBoxxZwrgW9lbKB0wzjjarog3BX3x5mTTOKr5X8e/Oy9WrPI4COSLH5JT45IJUyQ2pkTrhJCPP5JW8OU/Oi/PufMxbV5x85pD8gfP5Azg2k3E=</latexit><latexit sha1_base64="h6gYGp2Cr1tJ6DvbrHD8a/Z3Sbk=">AAAB+HicbVA9SwNBEN3zM8aPnFraLAbBKtyJoGXQxsIigvmA5Ah7m7lkyd7tsTunxJBfYmOhiK0/xc5/4ya5QhMfDDzem2FmXphKYdDzvp2V1bX1jc3CVnF7Z3ev5O4fNIzKNIc6V1LpVsgMSJFAHQVKaKUaWBxKaIbD66nffABthErucZRCELN+IiLBGVqp65Y6txChFv0BMq3VY9ctexVvBrpM/JyUSY5a1/3q9BTPYkiQS2ZM2/dSDMZMo+ASJsVOZiBlfMj60LY0YTGYYDw7fEJPrNKjkdK2EqQz9ffEmMXGjOLQdsYMB2bRm4r/ee0Mo8tgLJI0Q0j4fFGUSYqKTlOgPaGBoxxZwrgW9lbKB0wzjjarog3BX3x5mTTOKr5X8e/Oy9WrPI4COSLH5JT45IJUyQ2pkTrhJCPP5JW8OU/Oi/PufMxbV5x85pD8gfP5Azg2k3E=</latexit><latexit sha1_base64="h6gYGp2Cr1tJ6DvbrHD8a/Z3Sbk=">AAAB+HicbVA9SwNBEN3zM8aPnFraLAbBKtyJoGXQxsIigvmA5Ah7m7lkyd7tsTunxJBfYmOhiK0/xc5/4ya5QhMfDDzem2FmXphKYdDzvp2V1bX1jc3CVnF7Z3ev5O4fNIzKNIc6V1LpVsgMSJFAHQVKaKUaWBxKaIbD66nffABthErucZRCELN+IiLBGVqp65Y6txChFv0BMq3VY9ctexVvBrpM/JyUSY5a1/3q9BTPYkiQS2ZM2/dSDMZMo+ASJsVOZiBlfMj60LY0YTGYYDw7fEJPrNKjkdK2EqQz9ffEmMXGjOLQdsYMB2bRm4r/ee0Mo8tgLJI0Q0j4fFGUSYqKTlOgPaGBoxxZwrgW9lbKB0wzjjarog3BX3x5mTTOKr5X8e/Oy9WrPI4COSLH5JT45IJUyQ2pkTrhJCPP5JW8OU/Oi/PufMxbV5x85pD8gfP5Azg2k3E=</latexit>



Proof:  <latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit>

f⇤ : Teich(C, P ) ! Teich(C, P )
<latexit sha1_base64="h9YdIx+u56kRbC/gplRBuvg/CGk=">AAACLXicdVDLSgNBEJyN7/iKevQyGIQoEnZFUDyJ8eAxglEhuyyzk95kyOyDmV41LPkhL/6KCB4i4tXfcBJzUKMFA0VVNdNdQSqFRtseWIWp6ZnZufmF4uLS8spqaW39SieZ4tDgiUzUTcA0SBFDAwVKuEkVsCiQcB10a0P/+haUFkl8ib0UvIi1YxEKztBIfuks9HePXYR7zC9B8E6/4kYMO0GQ1/p79R1XiXYHmVLJHf0/5ZfKdtUegU4SZ0zKZIy6X3p2WwnPIoiRS6Z107FT9HKmUHAJ/aKbaUgZ77I2NA2NWQTay0fX9um2UVo0TJR5MdKR+n0iZ5HWvSgwyeGS+rc3FP/ymhmGR14u4jRDiPnXR2EmKSZ0WB1tCQUcZc8QxpUwu1LeYYpxNAUXTQnO75MnydV+1bGrzsVB+eR0XMc82SRbpEIcckhOyDmpkwbh5IE8kQF5tR6tF+vNev+KFqzxzAb5AevjE5yOqPE=</latexit><latexit sha1_base64="h9YdIx+u56kRbC/gplRBuvg/CGk=">AAACLXicdVDLSgNBEJyN7/iKevQyGIQoEnZFUDyJ8eAxglEhuyyzk95kyOyDmV41LPkhL/6KCB4i4tXfcBJzUKMFA0VVNdNdQSqFRtseWIWp6ZnZufmF4uLS8spqaW39SieZ4tDgiUzUTcA0SBFDAwVKuEkVsCiQcB10a0P/+haUFkl8ib0UvIi1YxEKztBIfuks9HePXYR7zC9B8E6/4kYMO0GQ1/p79R1XiXYHmVLJHf0/5ZfKdtUegU4SZ0zKZIy6X3p2WwnPIoiRS6Z107FT9HKmUHAJ/aKbaUgZ77I2NA2NWQTay0fX9um2UVo0TJR5MdKR+n0iZ5HWvSgwyeGS+rc3FP/ymhmGR14u4jRDiPnXR2EmKSZ0WB1tCQUcZc8QxpUwu1LeYYpxNAUXTQnO75MnydV+1bGrzsVB+eR0XMc82SRbpEIcckhOyDmpkwbh5IE8kQF5tR6tF+vNev+KFqzxzAb5AevjE5yOqPE=</latexit><latexit sha1_base64="h9YdIx+u56kRbC/gplRBuvg/CGk=">AAACLXicdVDLSgNBEJyN7/iKevQyGIQoEnZFUDyJ8eAxglEhuyyzk95kyOyDmV41LPkhL/6KCB4i4tXfcBJzUKMFA0VVNdNdQSqFRtseWIWp6ZnZufmF4uLS8spqaW39SieZ4tDgiUzUTcA0SBFDAwVKuEkVsCiQcB10a0P/+haUFkl8ib0UvIi1YxEKztBIfuks9HePXYR7zC9B8E6/4kYMO0GQ1/p79R1XiXYHmVLJHf0/5ZfKdtUegU4SZ0zKZIy6X3p2WwnPIoiRS6Z107FT9HKmUHAJ/aKbaUgZ77I2NA2NWQTay0fX9um2UVo0TJR5MdKR+n0iZ5HWvSgwyeGS+rc3FP/ymhmGR14u4jRDiPnXR2EmKSZ0WB1tCQUcZc8QxpUwu1LeYYpxNAUXTQnO75MnydV+1bGrzsVB+eR0XMc82SRbpEIcckhOyDmpkwbh5IE8kQF5tR6tF+vNev+KFqzxzAb5AevjE5yOqPE=</latexit><latexit sha1_base64="h9YdIx+u56kRbC/gplRBuvg/CGk=">AAACLXicdVDLSgNBEJyN7/iKevQyGIQoEnZFUDyJ8eAxglEhuyyzk95kyOyDmV41LPkhL/6KCB4i4tXfcBJzUKMFA0VVNdNdQSqFRtseWIWp6ZnZufmF4uLS8spqaW39SieZ4tDgiUzUTcA0SBFDAwVKuEkVsCiQcB10a0P/+haUFkl8ib0UvIi1YxEKztBIfuks9HePXYR7zC9B8E6/4kYMO0GQ1/p79R1XiXYHmVLJHf0/5ZfKdtUegU4SZ0zKZIy6X3p2WwnPIoiRS6Z107FT9HKmUHAJ/aKbaUgZ77I2NA2NWQTay0fX9um2UVo0TJR5MdKR+n0iZ5HWvSgwyeGS+rc3FP/ymhmGR14u4jRDiPnXR2EmKSZ0WB1tCQUcZc8QxpUwu1LeYYpxNAUXTQnO75MnydV+1bGrzsVB+eR0XMc82SRbpEIcckhOyDmpkwbh5IE8kQF5tR6tF+vNev+KFqzxzAb5AevjE5yOqPE=</latexit>

pullback
f top. polynomial

Obstructions

Levy cycle: multicurve                    s.t. :{c1, . . . , cn}
<latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit><latexit sha1_base64="0DWqk/TRHdO3+u8YF6ySol+0rho=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopREBF0W3bisYB/QhDCZTtqhk0mYuVFK7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnhKngGhzn2yqtrW9sbpW3Kzu7e/sHdvWwo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHiYp82MylDzilICRArvq5TRw694gAV2ngfSmgV1zGs4ceJW4BamhAq3A/jJpmsVMAhVE677rpODnRAGngk0rXqZZSuiYDFnfUElipv18fvoUnxplgKNEmScBz9XfiZzEWk/i0EzGBEZ62ZuJ/3n9DKIrP+cyzYBJulgUZQJDgmc94AFXjIKYGEKo4uZWTEdEEQqmrYopwV3+8irpnDdcp+HeXdSa10UdZXSMTtAZctElaqJb1EJtRNEjekav6M16sl6sd+tjMVqyiswR+gPr8wejRZOW</latexit>

1.                      (mod n)f(ci) = ci�1
<latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit><latexit sha1_base64="MsUdZQRWrhctR/b2tOWaX8LxDBE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUg2VXBL0IRS8eK9gPaNclm2bb0CS7JFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXphwpo3rfjtLyyura+uFjeLm1vbObmlvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+K1HqjSL5b0ZJdQXuC9ZxAg2VnqIKiRgJ1ckyNipNw5KZbfqToEWiZeTMuSoB6Wvbi8mqaDSEI617nhuYvwMK8MIp+NiN9U0wWSI+7RjqcSCaj+bXj1Gx1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+TmujSz5hMUkMlmS2KUo5MjCYRoB5TlBg+sgQTxeytiAywwsTYoIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQUPAMr/DmPDkvzrvzMWtdcvKZA/gD5/MHMRiRpg==</latexit>

2. deg f |ci = 1
<latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit><latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit><latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit><latexit sha1_base64="Kp/Hv4cHA2YkEQyVTNOtesqax5o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv3ANpTNdtMu3WzC7kQosf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqtx65NiJW9zhOuB/RgRKhYBSt9BA+9TLWE5Mrr1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns4gk5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTN8nfaE5Qzm2hDIt7K2EDammDG1IJRuCt/jyMmmeVT236t2dV2rXeRxFOIJjOAUPLqAGt1CHBjBQ8Ayv8OYY58V5dz7mrQUnnzmEP3A+fwBaJJCw</latexit>

f post-critically finite topological polynomial  <latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit><latexit sha1_base64="3hZIUCuqBloY6HNKbDamMBghTvw=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4xvZ37nCbQRiXrASQp+zIZKRIIztFK3L4GFBpNBtebW3TnoKvEKUiMFmoPqVz9MeBaDQi6ZMT3PTdHPmUbBJUwr/cxAyviYDaFnqWIxGD+f3zulZ1YJaZRoWwrpXP09kbPYmEkc2M6Y4cgsezPxP6+XYXTt50KlGYLii0VRJikmdPY8DYUGjnJiCeNa2FspHzHNONqIKjYEb/nlVdK+qHtu3bu/rDVuijjK5IScknPikSvSIHekSVqEE0meySt5cx6dF+fd+Vi0lpxi5pj8gfP5AzdIkBI=</latexit>

equiv. to?
polynomial?

Theorem (Thurston, Berstein, Levy, Shishikura, Tan, Hubbard) 
f equivalent to polynomial         f does not have a Levy cycle.,

<latexit sha1_base64="h6gYGp2Cr1tJ6DvbrHD8a/Z3Sbk=">AAAB+HicbVA9SwNBEN3zM8aPnFraLAbBKtyJoGXQxsIigvmA5Ah7m7lkyd7tsTunxJBfYmOhiK0/xc5/4ya5QhMfDDzem2FmXphKYdDzvp2V1bX1jc3CVnF7Z3ev5O4fNIzKNIc6V1LpVsgMSJFAHQVKaKUaWBxKaIbD66nffABthErucZRCELN+IiLBGVqp65Y6txChFv0BMq3VY9ctexVvBrpM/JyUSY5a1/3q9BTPYkiQS2ZM2/dSDMZMo+ASJsVOZiBlfMj60LY0YTGYYDw7fEJPrNKjkdK2EqQz9ffEmMXGjOLQdsYMB2bRm4r/ee0Mo8tgLJI0Q0j4fFGUSYqKTlOgPaGBoxxZwrgW9lbKB0wzjjarog3BX3x5mTTOKr5X8e/Oy9WrPI4COSLH5JT45IJUyQ2pkTrhJCPP5JW8OU/Oi/PufMxbV5x85pD8gfP5Azg2k3E=</latexit><latexit sha1_base64="h6gYGp2Cr1tJ6DvbrHD8a/Z3Sbk=">AAAB+HicbVA9SwNBEN3zM8aPnFraLAbBKtyJoGXQxsIigvmA5Ah7m7lkyd7tsTunxJBfYmOhiK0/xc5/4ya5QhMfDDzem2FmXphKYdDzvp2V1bX1jc3CVnF7Z3ev5O4fNIzKNIc6V1LpVsgMSJFAHQVKaKUaWBxKaIbD66nffABthErucZRCELN+IiLBGVqp65Y6txChFv0BMq3VY9ctexVvBrpM/JyUSY5a1/3q9BTPYkiQS2ZM2/dSDMZMo+ASJsVOZiBlfMj60LY0YTGYYDw7fEJPrNKjkdK2EqQz9ffEmMXGjOLQdsYMB2bRm4r/ee0Mo8tgLJI0Q0j4fFGUSYqKTlOgPaGBoxxZwrgW9lbKB0wzjjarog3BX3x5mTTOKr5X8e/Oy9WrPI4COSLH5JT45IJUyQ2pkTrhJCPP5JW8OU/Oi/PufMxbV5x85pD8gfP5Azg2k3E=</latexit><latexit sha1_base64="h6gYGp2Cr1tJ6DvbrHD8a/Z3Sbk=">AAAB+HicbVA9SwNBEN3zM8aPnFraLAbBKtyJoGXQxsIigvmA5Ah7m7lkyd7tsTunxJBfYmOhiK0/xc5/4ya5QhMfDDzem2FmXphKYdDzvp2V1bX1jc3CVnF7Z3ev5O4fNIzKNIc6V1LpVsgMSJFAHQVKaKUaWBxKaIbD66nffABthErucZRCELN+IiLBGVqp65Y6txChFv0BMq3VY9ctexVvBrpM/JyUSY5a1/3q9BTPYkiQS2ZM2/dSDMZMo+ASJsVOZiBlfMj60LY0YTGYYDw7fEJPrNKjkdK2EqQz9ffEmMXGjOLQdsYMB2bRm4r/ee0Mo8tgLJI0Q0j4fFGUSYqKTlOgPaGBoxxZwrgW9lbKB0wzjjarog3BX3x5mTTOKr5X8e/Oy9WrPI4COSLH5JT45IJUyQ2pkTrhJCPP5JW8OU/Oi/PufMxbV5x85pD8gfP5Azg2k3E=</latexit><latexit sha1_base64="h6gYGp2Cr1tJ6DvbrHD8a/Z3Sbk=">AAAB+HicbVA9SwNBEN3zM8aPnFraLAbBKtyJoGXQxsIigvmA5Ah7m7lkyd7tsTunxJBfYmOhiK0/xc5/4ya5QhMfDDzem2FmXphKYdDzvp2V1bX1jc3CVnF7Z3ev5O4fNIzKNIc6V1LpVsgMSJFAHQVKaKUaWBxKaIbD66nffABthErucZRCELN+IiLBGVqp65Y6txChFv0BMq3VY9ctexVvBrpM/JyUSY5a1/3q9BTPYkiQS2ZM2/dSDMZMo+ASJsVOZiBlfMj60LY0YTGYYDw7fEJPrNKjkdK2EqQz9ffEmMXGjOLQdsYMB2bRm4r/ee0Mo8tgLJI0Q0j4fFGUSYqKTlOgPaGBoxxZwrgW9lbKB0wzjjarog3BX3x5mTTOKr5X8e/Oy9WrPI4COSLH5JT45IJUyQ2pkTrhJCPP5JW8OU/Oi/PufMxbV5x85pD8gfP5Azg2k3E=</latexit>
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obstruction

Curves     0 under lifting!
<latexit sha1_base64="WkRdxGdTDX1O6c17Z6jMaINMuOY=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYwdZCu5Rsmm1Ds5slmVVK6c/w4kERr/4ab/4bs20FFX0w8Hhvhpl5QaKkBUI+vNzK6tr6Rn6zsLW9s7tX3D9oW50aLlpcK206AbNCyVi0QIISncQIFgVK3Abjy8y/vRPGSh3fwCQRfsSGsQwlZ+Ckbs/I4QiYMfq+XyyRMiGEUoozQqvnxJF6vVahNUwzy6GElmj2i++9geZpJGLgilnbpSQBf8oMSK7ErNBLrUgYH7Oh6Doas0hYfzo/eYZPnDLAoTauYsBz9fvElEXWTqLAdUYMRva3l4l/ed0Uwpo/lXGSgoj5YlGYKgwaZ//jgTSCg5o4wriR7lbMR8wwDi6lggvh61P8P2lXypSU6fVZqXGxjCOPjtAxOkUUVVEDXaEmaiGONHpAT+jZA+/Re/FeF605bzlziH7Ae/sED8CRww==</latexit><latexit sha1_base64="WkRdxGdTDX1O6c17Z6jMaINMuOY=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYwdZCu5Rsmm1Ds5slmVVK6c/w4kERr/4ab/4bs20FFX0w8Hhvhpl5QaKkBUI+vNzK6tr6Rn6zsLW9s7tX3D9oW50aLlpcK206AbNCyVi0QIISncQIFgVK3Abjy8y/vRPGSh3fwCQRfsSGsQwlZ+Ckbs/I4QiYMfq+XyyRMiGEUoozQqvnxJF6vVahNUwzy6GElmj2i++9geZpJGLgilnbpSQBf8oMSK7ErNBLrUgYH7Oh6Doas0hYfzo/eYZPnDLAoTauYsBz9fvElEXWTqLAdUYMRva3l4l/ed0Uwpo/lXGSgoj5YlGYKgwaZ//jgTSCg5o4wriR7lbMR8wwDi6lggvh61P8P2lXypSU6fVZqXGxjCOPjtAxOkUUVVEDXaEmaiGONHpAT+jZA+/Re/FeF605bzlziH7Ae/sED8CRww==</latexit><latexit sha1_base64="WkRdxGdTDX1O6c17Z6jMaINMuOY=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYwdZCu5Rsmm1Ds5slmVVK6c/w4kERr/4ab/4bs20FFX0w8Hhvhpl5QaKkBUI+vNzK6tr6Rn6zsLW9s7tX3D9oW50aLlpcK206AbNCyVi0QIISncQIFgVK3Abjy8y/vRPGSh3fwCQRfsSGsQwlZ+Ckbs/I4QiYMfq+XyyRMiGEUoozQqvnxJF6vVahNUwzy6GElmj2i++9geZpJGLgilnbpSQBf8oMSK7ErNBLrUgYH7Oh6Doas0hYfzo/eYZPnDLAoTauYsBz9fvElEXWTqLAdUYMRva3l4l/ed0Uwpo/lXGSgoj5YlGYKgwaZ//jgTSCg5o4wriR7lbMR8wwDi6lggvh61P8P2lXypSU6fVZqXGxjCOPjtAxOkUUVVEDXaEmaiGONHpAT+jZA+/Re/FeF605bzlziH7Ae/sED8CRww==</latexit><latexit sha1_base64="WkRdxGdTDX1O6c17Z6jMaINMuOY=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYwdZCu5Rsmm1Ds5slmVVK6c/w4kERr/4ab/4bs20FFX0w8Hhvhpl5QaKkBUI+vNzK6tr6Rn6zsLW9s7tX3D9oW50aLlpcK206AbNCyVi0QIISncQIFgVK3Abjy8y/vRPGSh3fwCQRfsSGsQwlZ+Ckbs/I4QiYMfq+XyyRMiGEUoozQqvnxJF6vVahNUwzy6GElmj2i++9geZpJGLgilnbpSQBf8oMSK7ErNBLrUgYH7Oh6Doas0hYfzo/eYZPnDLAoTauYsBz9fvElEXWTqLAdUYMRva3l4l/ed0Uwpo/lXGSgoj5YlGYKgwaZ//jgTSCg5o4wriR7lbMR8wwDi6lggvh61P8P2lXypSU6fVZqXGxjCOPjtAxOkUUVVEDXaEmaiGONHpAT+jZA+/Re/FeF605bzlziH7Ae/sED8CRww==</latexit>
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<latexit sha1_base64="WkRdxGdTDX1O6c17Z6jMaINMuOY=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYwdZCu5Rsmm1Ds5slmVVK6c/w4kERr/4ab/4bs20FFX0w8Hhvhpl5QaKkBUI+vNzK6tr6Rn6zsLW9s7tX3D9oW50aLlpcK206AbNCyVi0QIISncQIFgVK3Abjy8y/vRPGSh3fwCQRfsSGsQwlZ+Ckbs/I4QiYMfq+XyyRMiGEUoozQqvnxJF6vVahNUwzy6GElmj2i++9geZpJGLgilnbpSQBf8oMSK7ErNBLrUgYH7Oh6Doas0hYfzo/eYZPnDLAoTauYsBz9fvElEXWTqLAdUYMRva3l4l/ed0Uwpo/lXGSgoj5YlGYKgwaZ//jgTSCg5o4wriR7lbMR8wwDi6lggvh61P8P2lXypSU6fVZqXGxjCOPjtAxOkUUVVEDXaEmaiGONHpAT+jZA+/Re/FeF605bzlziH7Ae/sED8CRww==</latexit><latexit sha1_base64="WkRdxGdTDX1O6c17Z6jMaINMuOY=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYwdZCu5Rsmm1Ds5slmVVK6c/w4kERr/4ab/4bs20FFX0w8Hhvhpl5QaKkBUI+vNzK6tr6Rn6zsLW9s7tX3D9oW50aLlpcK206AbNCyVi0QIISncQIFgVK3Abjy8y/vRPGSh3fwCQRfsSGsQwlZ+Ckbs/I4QiYMfq+XyyRMiGEUoozQqvnxJF6vVahNUwzy6GElmj2i++9geZpJGLgilnbpSQBf8oMSK7ErNBLrUgYH7Oh6Doas0hYfzo/eYZPnDLAoTauYsBz9fvElEXWTqLAdUYMRva3l4l/ed0Uwpo/lXGSgoj5YlGYKgwaZ//jgTSCg5o4wriR7lbMR8wwDi6lggvh61P8P2lXypSU6fVZqXGxjCOPjtAxOkUUVVEDXaEmaiGONHpAT+jZA+/Re/FeF605bzlziH7Ae/sED8CRww==</latexit><latexit sha1_base64="WkRdxGdTDX1O6c17Z6jMaINMuOY=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYwdZCu5Rsmm1Ds5slmVVK6c/w4kERr/4ab/4bs20FFX0w8Hhvhpl5QaKkBUI+vNzK6tr6Rn6zsLW9s7tX3D9oW50aLlpcK206AbNCyVi0QIISncQIFgVK3Abjy8y/vRPGSh3fwCQRfsSGsQwlZ+Ckbs/I4QiYMfq+XyyRMiGEUoozQqvnxJF6vVahNUwzy6GElmj2i++9geZpJGLgilnbpSQBf8oMSK7ErNBLrUgYH7Oh6Doas0hYfzo/eYZPnDLAoTauYsBz9fvElEXWTqLAdUYMRva3l4l/ed0Uwpo/lXGSgoj5YlGYKgwaZ//jgTSCg5o4wriR7lbMR8wwDi6lggvh61P8P2lXypSU6fVZqXGxjCOPjtAxOkUUVVEDXaEmaiGONHpAT+jZA+/Re/FeF605bzlziH7Ae/sED8CRww==</latexit><latexit sha1_base64="WkRdxGdTDX1O6c17Z6jMaINMuOY=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYwdZCu5Rsmm1Ds5slmVVK6c/w4kERr/4ab/4bs20FFX0w8Hhvhpl5QaKkBUI+vNzK6tr6Rn6zsLW9s7tX3D9oW50aLlpcK206AbNCyVi0QIISncQIFgVK3Abjy8y/vRPGSh3fwCQRfsSGsQwlZ+Ckbs/I4QiYMfq+XyyRMiGEUoozQqvnxJF6vVahNUwzy6GElmj2i++9geZpJGLgilnbpSQBf8oMSK7ErNBLrUgYH7Oh6Doas0hYfzo/eYZPnDLAoTauYsBz9fvElEXWTqLAdUYMRva3l4l/ed0Uwpo/lXGSgoj5YlGYKgwaZ//jgTSCg5o4wriR7lbMR8wwDi6lggvh61P8P2lXypSU6fVZqXGxjCOPjtAxOkUUVVEDXaEmaiGONHpAT+jZA+/Re/FeF605bzlziH7Ae/sED8CRww==</latexit>

Selinger: Exterior of canonical obstruction is a polynomial
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!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>



Bubble trees

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>



Bubble trees

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

In the boundary      TP

<latexit sha1_base64="45MY3wZ9jk1sk/KVuj5VvkSWspQ=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWakosuiG5cV+oJ2LJk004ZmMkOSUcrQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+T4seDaOM43Kqytb2xuFbdLO7t7+wflw6O2jhJFWYtGIlJdn2gmuGQtw41g3VgxEvqCdfzJbeZ3HpnSPJJNM42ZF5KR5AGnxFjpoR8SM6ZEpM3ZoFEalCtO1ZkDrxI3JxXI0RiUv/rDiCYhk4YKonXPdWLjpUQZTgWblfqJZjGhEzJiPUslCZn20nnqGT6zyhAHkbJPGjxXf2+kJNR6Gvp2Mkupl71M/M/rJSa49lIu48QwSReHgkRgE+GsAjzkilEjppYQqrjNiumYKEKNLSorwV3+8ippX1TdWvXyvlap3+R1FOEETuEcXLiCOtxBA1pAQcEzvMIbekIv6B19LEYLKN85hj9Anz8lyZJJ</latexit>



Bubble trees

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

In the boundary      TP

<latexit sha1_base64="45MY3wZ9jk1sk/KVuj5VvkSWspQ=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWakosuiG5cV+oJ2LJk004ZmMkOSUcrQ/3DjQhG3/os7/8ZMOwttPRA4nHMv9+T4seDaOM43Kqytb2xuFbdLO7t7+wflw6O2jhJFWYtGIlJdn2gmuGQtw41g3VgxEvqCdfzJbeZ3HpnSPJJNM42ZF5KR5AGnxFjpoR8SM6ZEpM3ZoFEalCtO1ZkDrxI3JxXI0RiUv/rDiCYhk4YKonXPdWLjpUQZTgWblfqJZjGhEzJiPUslCZn20nnqGT6zyhAHkbJPGjxXf2+kJNR6Gvp2Mkupl71M/M/rJSa49lIu48QwSReHgkRgE+GsAjzkilEjppYQqrjNiumYKEKNLSorwV3+8ippX1TdWvXyvlap3+R1FOEETuEcXLiCOtxBA1pAQcEzvMIbekIv6B19LEYLKN85hj9Anz8lyZJJ</latexit>



Bubble trees

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Proposition (Belk–Lanier–Margalit–W) 
Every (obstructed) topological polynomial has a Hubbard 
bubble tree.



Bubble trees
Proposition (Belk–Lanier–Margalit–W) 
Every (obstructed) topological polynomial has a Hubbard 
bubble tree.

Boundary of TP
<latexit sha1_base64="K0n58WFpqkmvLRLkTbuIkm10EKI=">AAAB9HicdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTUsDNUEfMm+cp4PzPpqZJ8jD39GmRRFt+zHt+jfNU4OKOjBwOOde7pnjxVJog/GHk1tb39jcym8Xdnb39g+Kh0cdHSWK8TaLZKS6HtVcipC3jTCSd2PFaeBJfudNrjP/bsqVFlHYMrOYuwEdhcIXjBoruf2AmjGjMm3NB81BsYTLGGNCCMoIqV5iS+r1WoXUEMksixKsYOff+8OIJQEPDZNU6x7BsXFTqoxgks8L/UTzmLIJHfGepSENuHbTReg5OrPKEPmRsi80aKF+30hpoPUs8OxkFlL/9jLxL6+XGL/mpiKME8NDtjzkJxKZCGUNoKFQnBk5s4QyJWxWxMZUUWZsTwVbwtdP0f+kUykTXCa3F6XG1aqOPJzAKZwDgSo04Aaa0AYG9/AAT/DsTJ1H58V5XY7mnNXOMfyA8/YJNtKSYw==</latexit><latexit sha1_base64="K0n58WFpqkmvLRLkTbuIkm10EKI=">AAAB9HicdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTUsDNUEfMm+cp4PzPpqZJ8jD39GmRRFt+zHt+jfNU4OKOjBwOOde7pnjxVJog/GHk1tb39jcym8Xdnb39g+Kh0cdHSWK8TaLZKS6HtVcipC3jTCSd2PFaeBJfudNrjP/bsqVFlHYMrOYuwEdhcIXjBoruf2AmjGjMm3NB81BsYTLGGNCCMoIqV5iS+r1WoXUEMksixKsYOff+8OIJQEPDZNU6x7BsXFTqoxgks8L/UTzmLIJHfGepSENuHbTReg5OrPKEPmRsi80aKF+30hpoPUs8OxkFlL/9jLxL6+XGL/mpiKME8NDtjzkJxKZCGUNoKFQnBk5s4QyJWxWxMZUUWZsTwVbwtdP0f+kUykTXCa3F6XG1aqOPJzAKZwDgSo04Aaa0AYG9/AAT/DsTJ1H58V5XY7mnNXOMfyA8/YJNtKSYw==</latexit><latexit sha1_base64="K0n58WFpqkmvLRLkTbuIkm10EKI=">AAAB9HicdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTUsDNUEfMm+cp4PzPpqZJ8jD39GmRRFt+zHt+jfNU4OKOjBwOOde7pnjxVJog/GHk1tb39jcym8Xdnb39g+Kh0cdHSWK8TaLZKS6HtVcipC3jTCSd2PFaeBJfudNrjP/bsqVFlHYMrOYuwEdhcIXjBoruf2AmjGjMm3NB81BsYTLGGNCCMoIqV5iS+r1WoXUEMksixKsYOff+8OIJQEPDZNU6x7BsXFTqoxgks8L/UTzmLIJHfGepSENuHbTReg5OrPKEPmRsi80aKF+30hpoPUs8OxkFlL/9jLxL6+XGL/mpiKME8NDtjzkJxKZCGUNoKFQnBk5s4QyJWxWxMZUUWZsTwVbwtdP0f+kUykTXCa3F6XG1aqOPJzAKZwDgSo04Aaa0AYG9/AAT/DsTJ1H58V5XY7mnNXOMfyA8/YJNtKSYw==</latexit><latexit sha1_base64="K0n58WFpqkmvLRLkTbuIkm10EKI=">AAAB9HicdVBNS0JBFL3Pvsy+rJZthiRoJTMSqTupTUsDNUEfMm+cp4PzPpqZJ8jD39GmRRFt+zHt+jfNU4OKOjBwOOde7pnjxVJog/GHk1tb39jcym8Xdnb39g+Kh0cdHSWK8TaLZKS6HtVcipC3jTCSd2PFaeBJfudNrjP/bsqVFlHYMrOYuwEdhcIXjBoruf2AmjGjMm3NB81BsYTLGGNCCMoIqV5iS+r1WoXUEMksixKsYOff+8OIJQEPDZNU6x7BsXFTqoxgks8L/UTzmLIJHfGepSENuHbTReg5OrPKEPmRsi80aKF+30hpoPUs8OxkFlL/9jLxL6+XGL/mpiKME8NDtjzkJxKZCGUNoKFQnBk5s4QyJWxWxMZUUWZsTwVbwtdP0f+kUykTXCa3F6XG1aqOPJzAKZwDgSo04Aaa0AYG9/AAT/DsTJ1H58V5XY7mnNXOMfyA8/YJNtKSYw==</latexit>



Bubble trees
Proposition (Belk–Lanier–Margalit–W) 
Every (obstructed) topological polynomial has a Hubbard 
bubble tree.

Theorem (Belk–Lanier–Margalit–W) 
   obstructed topological polynomial       all trees land in 2-
nbhd of the Hubbard bubble tree under  f⇤

<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

)
<latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit>

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>



Bubble trees
Proposition (Belk–Lanier–Margalit–W) 
Every (obstructed) topological polynomial has a Hubbard 
bubble tree.

Theorem (Belk–Lanier–Margalit–W) 
   obstructed topological polynomial       all trees land in 2-
nbhd of the Hubbard bubble tree under  f⇤

<latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit><latexit sha1_base64="pBsJxI0IhjN3jLCQqvizVAUbPdc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisaD+gjWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUr3YePZ71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/kFI2G</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgb NSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

)
<latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit><latexit sha1_base64="8udOUjGHFLeeq7Qc44+gyehQMEw=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbHsrevFYxX5Au5Rsmrah2c2SzCql9Gd48aCIV3+NN/+N2baCij4YeLw3w8y8IFbSAiEfXmZldW19I7uZ29re2d3L7x80rU4MFw2ulTbtgFmhZCQaIEGJdmwECwMlWsH4MvVbd8JYqaNbmMTCD9kwkgPJGTip072RwxEwY/R9L18gRUIIpRSnhJbPiSPVaqVEK5imlkMBLVHv5d+7fc2TUETAFbO2Q0kM/pQZkFyJWa6bWBEzPmZD0XE0YqGw/nR+8gyfOKWPB9q4igDP1e8TUxZaOwkD1xkyGNnfXir+5XUSGFT8qYziBETEF4sGicKgcfo/7ksjOKiJI4wb6W7FfMQM4+BSyrkQvj7F/5NmqUhJkV6fFWoXyziy6Agdo1NEURnV0BWqowbiSKMH9ISePfAevRfvddGa8ZYzh+gHvLdP3hGRow==</latexit>

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

Infinite set



Infinite nucleus



Algorithm
0. Start with any tree 



Algorithm
0. Start with any tree 

1. Apply  
<latexit sha1_base64="qgy4e7/Z3CItLNi2kwXDB+rGWFs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDbbTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3nrg2QsX3OE64H9FBLELBKFqpGT50qcFeueJW3RnIMvFyUoEc9V75q9tXLI14jExSYzqem6CfUY2CST4pdVPDE8pGdMA7lsY04sbPZtdOyIlV+iRU2laMZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jMRJynymM0XhakkqMj0ddIXmjOUY0so08LeStiQasrQBlSyIXiLLy+T5lnVu6h6d+eV2nUeRxGO4BhOwYNLqMEt1KEBDB7hGV7hzVHOi/PufMxbC04+cwh/4Hz+AJZ0jyQ=</latexit>

f⇤



Algorithm
0. Start with any tree 

1. Apply  

2. Check a 2-neighborhood for Poirier’s conditions 

and canonical obstruction. 

<latexit sha1_base64="qgy4e7/Z3CItLNi2kwXDB+rGWFs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDbbTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3nrg2QsX3OE64H9FBLELBKFqpGT50qcFeueJW3RnIMvFyUoEc9V75q9tXLI14jExSYzqem6CfUY2CST4pdVPDE8pGdMA7lsY04sbPZtdOyIlV+iRU2laMZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jMRJynymM0XhakkqMj0ddIXmjOUY0so08LeStiQasrQBlSyIXiLLy+T5lnVu6h6d+eV2nUeRxGO4BhOwYNLqMEt1KEBDB7hGV7hzVHOi/PufMxbC04+cwh/4Hz+AJZ0jyQ=</latexit>

f⇤



Algorithm
0. Start with any tree 

1. Apply  

2. Check a 2-neighborhood for Poirier’s conditions 

and canonical obstruction. 

3. If you don’t find a Hubbard tree or canonical 

obstruction, return to 1.

<latexit sha1_base64="qgy4e7/Z3CItLNi2kwXDB+rGWFs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDbbTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3nrg2QsX3OE64H9FBLELBKFqpGT50qcFeueJW3RnIMvFyUoEc9V75q9tXLI14jExSYzqem6CfUY2CST4pdVPDE8pGdMA7lsY04sbPZtdOyIlV+iRU2laMZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jMRJynymM0XhakkqMj0ddIXmjOUY0so08LeStiQasrQBlSyIXiLLy+T5lnVu6h6d+eV2nUeRxGO4BhOwYNLqMEt1KEBDB7hGV7hzVHOi/PufMxbC04+cwh/4Hz+AJZ0jyQ=</latexit>

f⇤


