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Graph Products, Wreath Products, 
and Polyhedral Products in 
Geometric Group Theory
Lecture I: Cell Complexes, Cellular Homology, and Geometric 
Finiteness Conditions
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Lecture I
CELLULAR HOMOLOGY
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Lecture I
INFINITE COMPLEX PROJECTIVE SPACE
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Lecture I
Eilenberg–Mac Lane spaces
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Lecture I
van Kampen and Hurewicz
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Lecture I
Geometric Finiteness Conditions
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geometric finiteness conditions

finiteness conditions

• type FP1

<latexit sha1_base64="3fCJZ3VnvIsObumLwIYOoBXm6iU=">AAACEXicbVBNS8NAEN3Ur1q/qh69BIvQU0mkoN6KgnisYD+gKWWznbRLN5uwOxFL6F/w4l/x4kERr968+W/ctjlo68DC2/feMDPPjwXX6DjfVm5ldW19I79Z2Nre2d0r7h80dZQoBg0WiUi1fapBcAkN5CigHSugoS+g5Y+upnrrHpTmkbzDcQzdkA4kDzijaKhesez5iRCAHsIDqjC1pyZ74oUUh+Z7XZ/0PC4DHPeKJafizMpeBm4GSiSreq/45fUjloQgkQmqdcd1YuymVCFnAiYFL9EQUzaiA+gYKGkIupvOLprYJ4bp20GkzJNoz9jfHSkNtR6HvnFON9WL2pT8T+skGJx3Uy7jBEGy+aAgETZG88v7XAFDMTaAMsXNrjYbUkUZmhALJgR38eRl0DytuNXKxW21VLvM4siTI3JMysQlZ6RGbkidNAgjj+SZvJI368l6sd6tj7k1Z2U9h+RPWZ8/I3iefQ==</latexit>

• type FPn

<latexit sha1_base64="pOWIfea93TLo1mF7Tk5NXmr5vOM=">AAACDHicbVDLSsNAFJ3UV62vqks3wSK4KokI6q4oiMsK9gFNKJPpTTt08mDmRiwhH+DGX3HjQhG3foA7/8ZJm4W2Hhg4c+653HuuFwuu0LK+jdLS8srqWnm9srG5tb1T3d1rqyiRDFosEpHselSB4CG0kKOAbiyBBp6Ajje+yuude5CKR+EdTmJwAzoMuc8ZRS31qzXHS4QAdBAeUAapmZvMzAkojvT3upn1c5dVt6YwF4ldkBop0OxXv5xBxJIAQmSCKtWzrRjdlErkTEBWcRIFMWVjOoSepiENQLnpNExmHmllYPqR1C9Ec6r+7khpoNQk8LQzX1LN13Lxv1ovQf/cTXkYJwghmw3yE2FiNAs94BIYiokmlEmudzXZiErKUN+voo9gz0deJO2Tun1av7g9rTUui3OUyQE5JMfEJmekQW5Ik7QII4/kmbySN+PJeDHejY+ZtWQUPfvkD4zPH/HsnDM=</latexit>

• type FP

<latexit sha1_base64="Ae/FxseQE6XZx4hrSYE1QFSk498=">AAACCnicbVDLSsNAFJ3UV62vqEs30SK4KokU1F1REJcV7AOaUibT23boZBJmbsQSsnbjr7hxoYhbv8Cdf+P0sdDWCwNnzjmXe+8JYsE1uu63lVtaXlldy68XNja3tnfs3b26jhLFoMYiEalmQDUILqGGHAU0YwU0DAQ0guHVWG/cg9I8knc4iqEd0r7kPc4oGqpjH/pBIgSgj/CAKkydscnJ/JDiwHyvq1nHLrold1LOIvBmoEhmVe3YX343YkkIEpmgWrc8N8Z2ShVyJiAr+ImGmLIh7UPLQElD0O10ckrmHBum6/QiZZ5EZ8L+7khpqPUoDIxzvKKe18bkf1orwd55O+UyThAkmw7qJcLBaHpylytgKEYGUKa42dVhA6ooQ5NewYTgzZ+8COqnJa9curgtFyuXszjy5IAckRPikTNSITekSmqEkUfyTF7Jm/VkvVjv1sfUmrNmPfvkT1mfP1Wgm1I=</latexit>

• torsion-free

<latexit sha1_base64="wFQuTODzKZ021KFINwSljimHSDI=">AAACB3icbVC7SgNBFJ2Nrxhfq5aCDAbBxrArAbUL2lhGMA/IhjA7uZsMmX0wc1cMSzobf8XGQhFbf8HOv3HyKDTxwMDhnHO5c4+fSKHRcb6t3NLyyupafr2wsbm1vWPv7tV1nCoONR7LWDV9pkGKCGooUEIzUcBCX0LDH1yP/cY9KC3i6A6HCbRD1otEIDhDI3XsQ89PpQT0EB5QhRnFeBI+DRQAHXXsolNyJqCLxJ2RIpmh2rG/vG7M0xAi5JJp3XKdBNsZUyi4hFHBSzUkjA9YD1qGRiwE3c4md4zosVG6NIiVeRHSifp7ImOh1sPQN8mQYV/Pe2PxP6+VYnDRzkSUpAgRny4KUmmOpeNSaFco4CiHhjCuhPkr5X2mGEdTXcGU4M6fvEjqZyW3XLq8LRcrV7M68uSAHJET4pJzUiE3pEpqhJNH8kxeyZv1ZL1Y79bHNJqzZjP75A+szx+3qpnc</latexit>

• residual finiteness

<latexit sha1_base64="MYgDaA9Mu2P5PpsFSlaqkDT+VC0=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2gyFgFXZFULugjWUE84AkhNnJ3WTI7Owyc1cMS77Axl+xsVDE1trOv3HyKDTxwMDhnHu5c06QSGHQ876d3Mrq2vpGfrOwtb2zu+fuH9RNnGoONR7LWDcDZkAKBTUUKKGZaGBRIKERDK8nfuMetBGxusNRAp2I9ZUIBWdopa5bageplIBthAfUUUY1GNFLmaShUAJBgTF03HWLXtmbgi4Tf06KZI5q1/1q92KeRqCQS2ZMy/cS7GRMo+ASxoV2aiBhfMj60LJUsQhMJ5vGGdOSVXo0jLV9CulU/b2RsciYURTYyYjhwCx6E/E/r5VieNHJhEpSG4zPDoWppBjTSTe0JzRwlCNLGNfC/pXyAdOMo22wYEvwFyMvk/pp2T8rX96eFStX8zry5IgckxPik3NSITekSmqEk0fyTF7Jm/PkvDjvzsdsNOfMdw7JHzifP2IunPY=</latexit>

• finite presentability

<latexit sha1_base64="wT04FNqFDBuTML6jyIw9FgSs2OA=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIhWYVcCahe0sYxgHpCEMDu5mwyZnV1m7ophySfY+Cs2ForYWtr5N04ehSYeGDiccx9zT5BIYdDzvp2l5ZXVtfXcRn5za3tn193br5k41RyqPJaxbgTMgBQKqihQQiPRwKJAQj0YXI/9+j1oI2J1h8ME2hHrKREKztBKHfekFaRSArYQHlBHGQ2FEgjUDjGgkAVCChzSUccteEVvArpI/BkpkBkqHfer1Y15GtkhXDJjmr6XYDtjGgWXMMq3UgMJ4wPWg6alikVg2tnkoBE9tkqXhrG2TyGdqL87MhYZM4wCWxkx7Jt5byz+5zVTDC/amVBJiqD4dFGYSooxHadDu0IDRzm0hHEt7F8p7zPNONoM8zYEf/7kRVI7K/ql4uVtqVC+msWRI4fkiJwSn5yTMrkhFVIlnDySZ/JK3pwn58V5dz6mpUvOrOeA/IHz+QMZuZ3n</latexit>

• finiteness of

<latexit sha1_base64="stzXoS3UaUveBlHidhiayzuKnzw=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSBYhV0JqF3QxjKCeUASwuzkbjJkdnaZuSuGJaWNv2JjoYitn2Dn3zh5FJp4YOBwzr3cOSdIpDDoed/O0vLK6tp6biO/ubW9s+vu7ddMnGoOVR7LWDcCZkAKBVUUKKGRaGBRIKEeDK7Hfv0etBGxusNhAu2I9ZQIBWdopY571ApSKQFbCA+oo4yGQgkEBcbQOKSjjlvwit4EdJH4M1IgM1Q67lerG/M0AoVcMmOavpdgO2MaBZcwyrdSAwnjA9aDpqWKRWDa2STIiJ5YpUvDWNunkE7U3xsZi4wZRoGdjBj2zbw3Fv/zmimGF+1MqCS12fj0UJhKijEdt0K7QgNHObSEcS3sXynvM8042u7ytgR/PvIiqZ0V/VLx8rZUKF/N6siRQ3JMTolPzkmZ3JAKqRJOHskzeSVvzpPz4rw7H9PRJWe2c0D+wPn8AWGnmjY=</latexit>

cohomological dimension

<latexit sha1_base64="hY81tL12BvlZIYqUJCMoST9wIjE=">AAACCnicbVDLSgMxFM34rPU16tJNtAiuyowU1F3RjcsK9gHtUDJp2oYmkyG5I5ahazf+ihsXirj1C9z5N2baWWjrgcDhnHu4uSeMBTfged/O0vLK6tp6YaO4ubW9s+vu7TeMSjRldaqE0q2QGCZ4xOrAQbBWrBmRoWDNcHSd+c17pg1X0R2MYxZIMoh4n1MCVuq6Rx1gD6BliqkaKmnnB9YTuMcli7LUpOuWvLI3BV4kfk5KKEet6351eoomNg9UEGPavhdDkBINnAo2KXYSw2JCR2TA2pZGRDITpNNTJvjEKj3cV9q+CPBU/Z1IiTRmLEM7KQkMzbyXif957QT6F0HKozgBFtHZon4iMCic9WIP1oyCGFtCqOb2r5gOiSYUbHtFW4I/f/IiaZyV/Ur58rZSql7ldRTQITpGp8hH56iKblAN1RFFj+gZvaI358l5cd6dj9nokpNnDtAfOJ8/Z7+bXw==</latexit>

• amenability

<latexit sha1_base64="WhrtzzY4FDWT6RGgMPI6n9toRYA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokU1F3RjcsK9gFNKJPppB06mYSZGzGEbtz4K25cKOLWf3Dn3zhts9DWAwOHc+5j7gkSwTU4zre1tLyyurZe2ihvbm3v7Np7+y0dp4qyJo1FrDoB0UxwyZrAQbBOohiJAsHaweh64rfvmdI8lneQJcyPyEDykFMCRurZR16QCsHAA/YAKsoxiZgkARccsnHPrjhVZwq8SNyCVFCBRs/+8voxTc0IoIJo3XWdBPycKOBUsHHZSzVLCB2RAesaKs0y7efTK8b4xCh9HMbKPAl4qv7uyEmkdRYFpjIiMNTz3kT8z+umEF74OZdJCkzS2aIwFRhiPIkE97liFERmCKGKm79iOiSKUDDBlU0I7vzJi6R1VnVr1cvbWqV+VcRRQofoGJ0iF52jOrpBDdREFD2iZ/SK3qwn68V6tz5mpUtW0XOA/sD6/AGuk5la</latexit>

• nilpotency

<latexit sha1_base64="eANhMW4DUE4869pQhypCPBiN7k4=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwCrsiqF3QxjKCeUCyhNnJTTJkdnaZuSsuSwobf8XGQhFbP8LOv3HyKDTxwMDhnHu5c04QS2HQdb+d3Mrq2vpGfrOwtb2zu1fcP2iYKNEc6jySkW4FzIAUCuooUEIr1sDCQEIzGF1P/OY9aCMidYdpDH7IBkr0BWdopW6x1AkSKQE7CA+ow4wqIeMIQfF03C2W3Yo7BV0m3pyUyRy1bvGr04t4EoJCLpkxbc+N0c+YRsEljAudxEDM+IgNoG2pYiEYP5uGGNNjq/RoP9L2KaRT9fdGxkJj0jCwkyHDoVn0JuJ/XjvB/oWfCRUnk1izQ/1EUozopBHaExo4ytQSxrWwf6V8yDTjaHsr2BK8xcjLpHFa8c4ql7dn5erVvI48KZEjckI8ck6q5IbUSJ1w8kieySt5c56cF+fd+ZiN5pz5ziH5A+fzBw9nmQY=</latexit>
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<latexit sha1_base64="75jO9Xl0+DFeGmoi/w3QlDO9smU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIQV216MZlBfuANtTJdNIOnWTCzI0YQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee/xYcA2O823llpZXVtfy64WNza3tHXt3r6FloiirUymkavlEM8EjVgcOgrVixUjoC9b0h1djv3nPlOYyuoU0Zl5I+hEPOCVgpK590AH2ACrMKndaGplDWhl17aJTcibAi8SdkSKaoda1vzo9SZOQRUAF0brtOjF4GVHAqWCjQifRLCZ0SPqsbWhEQqa9bHL9CB8bpYcDqUxFgCfq74mMhFqnoW86QwIDPe+Nxf+8dgLBuZfxKE6ARXS6KEgEBonHUeAeV4yCSA0hVHFzK6YDoggFE1jBhODOv7xIGqclt1y6uCkXq5ezOPLoEB2hE+SiM1RF16iG6oiiR/SMXtGb9WS9WO/Wx7Q1Z81m9tEfWJ8/O5mVvw==</latexit>

• solvability

<latexit sha1_base64="mxZ1A6pRWHnmjx+DsW3U9Oi4A3s=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRgEq3AnAbUL2lhGMB+QhLC3mSRL9j7YnQseRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXleJIVGx/m2ciura+sb+c3C1vbO7p69f1DXYaw41HgoQ9X0mAYpAqihQAnNSAHzPQkNb3Qz9RtjUFqEwT0mEXR8NghEX3CGRurax20vlhKwjfCAyk+pDuWYeUIKTCZdu+iUnBnoMnEzUiQZql37q90LeexDgFwyrVuuE2EnZQoFlzAptGMNEeMjNoCWoQHzQXfS2RcTemqUHu2HylSAdKb+nkiZr3Xie6bTZzjUi95U/M9rxdi/7KQiiGKEgM8X9WNJMaTTSGhPKOAoE0MYV8LcSvmQKcbRBFcwIbiLLy+T+nnJLZeu7srFynUWR54ckRNyRlxyQSrkllRJjXDySJ7JK3mznqwX6936mLfmrGzmkPyB9fkD5PiZfQ==</latexit>

A geom fumbeness condition



Lecture I
Polyhedral products


