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Motivating questions and ideas:

1. How does connectivity shape dynamics? 

2. The relationship between connectivity and neural activity depends on the  
dynamical system you associate to the connectome.


3. By studying neuroscience-inspired (nonlinear!) dynamical systems on graphs, we can  
generate hypotheses about the dynamic meaning/role of various network motifs.



Threshold-linear network dynamics:

TLNs — nonlinear recurrent network models 

<latexit sha1_base64="vtlUqIJ7L/iBmKBB8itiC5MW6W4=">AAACFHicbVBNS8NAEN3Ur1q/oh69LBZBEEoiRT0WvXisYD+gDWWz3bRLN5uwO5GW0B/hxb/ixYMiXj1489+4TXPQ1gcDj/dmmJnnx4JrcJxvq7Cyura+UdwsbW3v7O7Z+wdNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oZua3HpjSPJL3MImZF5KB5AGnBIzUs89auAtsDCnmGhOJp1gagYdMZyRzQgKKj/G0Z5edipMBLxM3J2WUo96zv7r9iCYhk0AF0brjOjF4KVHAqWDTUjfRLCZ0RAasY6gkZq2XZk9N8YlR+jiIlCkJOFN/T6Qk1HoS+qbTHDjUi95M/M/rJBBceSmXcQJM0vmiIBEYIjxLCPe5YhTExBBCFTe3YjokilAwOZZMCO7iy8ukeV5xLyrVu2q5dp3HUURH6BidIhddohq6RXXUQBQ9omf0it6sJ+vFerc+5q0FK585RH9gff4AUOedxQ==</latexit>

W is an n⇥ n matrix
<latexit sha1_base64="N2RKhs1peO4xKZA943bmPB62yCQ=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE1GXRjcsq9gFNLJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2ra/rdLK6tr6RnmzsrW9s7tX3a91VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPrnO/+0ilYpG419OYeiEeCRYwgrWRBtWaj1wmkBtiPfb99C57MGLdbtgzoGXiFKQOBVqD6pc7jEgSUqEJx0r1HTvWXoqlZoTTrOImisaYTPCI9g0VOKTKS2fZM3RslCEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XT3Rw6aVMxImmgswPBQlHOkJ5EWjIJCWaTw3BRDKTFZExlphoU1fFlOAsfnmZdE4bznnj7Pas3rwq6ijDIRzBCThwAU24gRa0gcATPMMrvFmZ9WK9Wx/z0ZJV7BzAH1ifP3/llB0=</latexit>

b 2 Rn

The TLN is defined by 
<latexit sha1_base64="zkmN8F0X6kh5aBFu3LpfwvFyU+Y=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx4KXHCm5baJeSTbNtaJJdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53CxubW9k5xt7S3f3B4VD4+aes4VYT6JOax6oZYU84k9Q0znHYTRbEIOe2Ek/u533miSrNYPpppQgOBR5JFjGBjJb/auQovB+WKW3MXQOvEy0kFcrQG5a/+MCapoNIQjrXueW5iggwrwwins1I/1TTBZIJHtGepxILqIFscO0MXVhmiKFa2pEEL9fdEhoXWUxHaToHNWK96c/E/r5ea6C7ImExSQyVZLopSjkyM5p+jIVOUGD61BBPF7K2IjLHCxNh8SjYEb/XlddK+rnk3tfpDvdJo5nEU4QzOoQoe3EIDmtACHwgweIZXeHOk8+K8Ox/L1oKTz5zCHzifP6EGjfE=</latexit>

(W, b)



Threshold-linear network dynamics:

TLNs — nonlinear recurrent network models 

Basic Question: Given (W,b), what are the network dynamics?

<latexit sha1_base64="vtlUqIJ7L/iBmKBB8itiC5MW6W4=">AAACFHicbVBNS8NAEN3Ur1q/oh69LBZBEEoiRT0WvXisYD+gDWWz3bRLN5uwO5GW0B/hxb/ixYMiXj1489+4TXPQ1gcDj/dmmJnnx4JrcJxvq7Cyura+UdwsbW3v7O7Z+wdNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oZua3HpjSPJL3MImZF5KB5AGnBIzUs89auAtsDCnmGhOJp1gagYdMZyRzQgKKj/G0Z5edipMBLxM3J2WUo96zv7r9iCYhk0AF0brjOjF4KVHAqWDTUjfRLCZ0RAasY6gkZq2XZk9N8YlR+jiIlCkJOFN/T6Qk1HoS+qbTHDjUi95M/M/rJBBceSmXcQJM0vmiIBEYIjxLCPe5YhTExBBCFTe3YjokilAwOZZMCO7iy8ukeV5xLyrVu2q5dp3HUURH6BidIhddohq6RXXUQBQ9omf0it6sJ+vFerc+5q0FK585RH9gff4AUOedxQ==</latexit>

W is an n⇥ n matrix
<latexit sha1_base64="N2RKhs1peO4xKZA943bmPB62yCQ=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE1GXRjcsq9gFNLJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2ra/rdLK6tr6RnmzsrW9s7tX3a91VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPrnO/+0ilYpG419OYeiEeCRYwgrWRBtWaj1wmkBtiPfb99C57MGLdbtgzoGXiFKQOBVqD6pc7jEgSUqEJx0r1HTvWXoqlZoTTrOImisaYTPCI9g0VOKTKS2fZM3RslCEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XT3Rw6aVMxImmgswPBQlHOkJ5EWjIJCWaTw3BRDKTFZExlphoU1fFlOAsfnmZdE4bznnj7Pas3rwq6ijDIRzBCThwAU24gRa0gcATPMMrvFmZ9WK9Wx/z0ZJV7BzAH1ifP3/llB0=</latexit>

b 2 Rn

The TLN is defined by 
<latexit sha1_base64="zkmN8F0X6kh5aBFu3LpfwvFyU+Y=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx4KXHCm5baJeSTbNtaJJdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53CxubW9k5xt7S3f3B4VD4+aes4VYT6JOax6oZYU84k9Q0znHYTRbEIOe2Ek/u533miSrNYPpppQgOBR5JFjGBjJb/auQovB+WKW3MXQOvEy0kFcrQG5a/+MCapoNIQjrXueW5iggwrwwins1I/1TTBZIJHtGepxILqIFscO0MXVhmiKFa2pEEL9fdEhoXWUxHaToHNWK96c/E/r5ea6C7ImExSQyVZLopSjkyM5p+jIVOUGD61BBPF7K2IjLHCxNh8SjYEb/XlddK+rnk3tfpDvdJo5nEU4QzOoQoe3EIDmtACHwgweIZXeHOk8+K8Ox/L1oKTz5zCHzifP6EGjfE=</latexit>

(W, b)



Threshold-linear network dynamics:

TLNs — nonlinear recurrent network models 

Basic Question: Given (W,b), what are the network dynamics?

<latexit sha1_base64="zOCbdLHQ9kecvune5b3MgE6gdY4=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWQRBKIkXdCFU3LivYB7ShTCaTdujkwcxEWkI2/oobF4q49TPc+TdO2yy09cCFwzn3cu89bsyZVJb1bRSWlldW14rrpY3Nre0dc3evKaNEENogEY9E28WSchbShmKK03YsKA5cTlvu8Hbitx6pkCwKH9Q4pk6A+yHzGcFKSz3zoOv5ApPUG2WppzJ0ha5H6BS5PbNsVawp0CKxc1KGHPWe+dX1IpIENFSEYyk7thUrJ8VCMcJpVuomksaYDHGfdjQNcUClk04fyNCxVjzkR0JXqNBU/T2R4kDKceDqzgCrgZz3JuJ/XidR/qWTsjBOFA3JbJGfcKQiNEkDeUxQovhYE0wE07ciMsA6EKUzK+kQ7PmXF0nzrGKfV6r31XLtJo+jCIdwBCdgwwXU4A7q0AACGTzDK7wZT8aL8W58zFoLRj6zD39gfP4AYZ2VnQ==</latexit>

dx

dt
= Ax+ b

Linear network dynamics:

<latexit sha1_base64="k0BAp4v1bQ6z/rCjvHCiK7H+2cM=">AAACE3icbVBNS8NAEN34WetX1KOXxSKIh5JIUY9VLx4r2A9oQ9lsN+3SzSbsTqQl9D948a948aCIVy/e/Ddu0xy09cHA470ZZub5seAaHOfbWlpeWV1bL2wUN7e2d3btvf2GjhJFWZ1GIlItn2gmuGR14CBYK1aMhL5gTX94M/WbD0xpHsl7GMfMC0lf8oBTAkbq2qdXuANsBCnmGhOJJ1gagYdMZyRzQgKKjyZdu+SUnQx4kbg5KaEcta791elFNAmZBCqI1m3XicFLiQJOBZsUO4lmMaFD0mdtQyUxW700+2mCj43Sw0GkTEnAmfp7IiWh1uPQN53mvoGe96bif147geDSS7mME2CSzhYFicAQ4WlAuMcVoyDGhhCquLkV0wFRhIKJsWhCcOdfXiSNs7J7Xq7cVUrV6zyOAjpER+gEuegCVdEtqqE6ougRPaNX9GY9WS/Wu/Uxa12y8pkD9AfW5w/HP52F</latexit>

A is an n⇥ n matrix
<latexit sha1_base64="N2RKhs1peO4xKZA943bmPB62yCQ=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE1GXRjcsq9gFNLJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2ra/rdLK6tr6RnmzsrW9s7tX3a91VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPrnO/+0ilYpG419OYeiEeCRYwgrWRBtWaj1wmkBtiPfb99C57MGLdbtgzoGXiFKQOBVqD6pc7jEgSUqEJx0r1HTvWXoqlZoTTrOImisaYTPCI9g0VOKTKS2fZM3RslCEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XT3Rw6aVMxImmgswPBQlHOkJ5EWjIJCWaTw3BRDKTFZExlphoU1fFlOAsfnmZdE4bznnj7Pas3rwq6ijDIRzBCThwAU24gRa0gcATPMMrvFmZ9WK9Wx/z0ZJV7BzAH1ifP3/llB0=</latexit>

b 2 Rn

Long-term behavior is easy to

infer from eigenvalues, eigenvectors

— linear algebra tells us everything.

<latexit sha1_base64="vtlUqIJ7L/iBmKBB8itiC5MW6W4=">AAACFHicbVBNS8NAEN3Ur1q/oh69LBZBEEoiRT0WvXisYD+gDWWz3bRLN5uwO5GW0B/hxb/ixYMiXj1489+4TXPQ1gcDj/dmmJnnx4JrcJxvq7Cyura+UdwsbW3v7O7Z+wdNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oZua3HpjSPJL3MImZF5KB5AGnBIzUs89auAtsDCnmGhOJp1gagYdMZyRzQgKKj/G0Z5edipMBLxM3J2WUo96zv7r9iCYhk0AF0brjOjF4KVHAqWDTUjfRLCZ0RAasY6gkZq2XZk9N8YlR+jiIlCkJOFN/T6Qk1HoS+qbTHDjUi95M/M/rJBBceSmXcQJM0vmiIBEYIjxLCPe5YhTExBBCFTe3YjokilAwOZZMCO7iy8ukeV5xLyrVu2q5dp3HUURH6BidIhddohq6RXXUQBQ9omf0it6sJ+vFerc+5q0FK585RH9gff4AUOedxQ==</latexit>

W is an n⇥ n matrix
<latexit sha1_base64="N2RKhs1peO4xKZA943bmPB62yCQ=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE1GXRjcsq9gFNLJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DPHjzlT2ra/rdLK6tr6RnmzsrW9s7tX3a91VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPrnO/+0ilYpG419OYeiEeCRYwgrWRBtWaj1wmkBtiPfb99C57MGLdbtgzoGXiFKQOBVqD6pc7jEgSUqEJx0r1HTvWXoqlZoTTrOImisaYTPCI9g0VOKTKS2fZM3RslCEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XT3Rw6aVMxImmgswPBQlHOkJ5EWjIJCWaTw3BRDKTFZExlphoU1fFlOAsfnmZdE4bznnj7Pas3rwq6ijDIRzBCThwAU24gRa0gcATPMMrvFmZ9WK9Wx/z0ZJV7BzAH1ifP3/llB0=</latexit>

b 2 Rn

The TLN is defined by 
<latexit sha1_base64="zkmN8F0X6kh5aBFu3LpfwvFyU+Y=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx4KXHCm5baJeSTbNtaJJdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53CxubW9k5xt7S3f3B4VD4+aes4VYT6JOax6oZYU84k9Q0znHYTRbEIOe2Ek/u533miSrNYPpppQgOBR5JFjGBjJb/auQovB+WKW3MXQOvEy0kFcrQG5a/+MCapoNIQjrXueW5iggwrwwins1I/1TTBZIJHtGepxILqIFscO0MXVhmiKFa2pEEL9fdEhoXWUxHaToHNWK96c/E/r5ea6C7ImExSQyVZLopSjkyM5p+jIVOUGD61BBPF7K2IjLHCxNh8SjYEb/XlddK+rnk3tfpDvdJo5nEU4QzOoQoe3EIDmtACHwgweIZXeHOk8+K8Ox/L1oKTz5zCHzifP6EGjfE=</latexit>

(W, b)



Idea: network of excitatory 

and inhibitory cells

Graph G determines the matrix W

parameter constraints:

TLN dynamics:
graph G 

The graph encodes the pattern

of weak and strong inhibition


Think: generalized WTA networks

For fixed parameters, 

only the graph changes – 

isolates the role of connectivity

The most special case: Combinatorial Threshold-Linear Networks (CTLNs)



Idea: network of excitatory 

and inhibitory cells TLN dynamics:

graph G 

The graph encodes the pattern

of weak and strong inhibition

Less special: generalized Combinatorial Threshold-Linear Networks (gCTLNs)

weak inhibition
strong inhibition

<latexit sha1_base64="Phiymqnd2wbkudmpjDiHdTGdQXM=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9iVoF6UgJccI5gHJMsyO+kkQ2YfzPQGwpI/8eJBEa/+iTf/xkmyB00saCiquunuChIpNDrOt1XY2Nza3inulvb2Dw6P7OOTlo5TxaHJYxmrTsA0SBFBEwVK6CQKWBhIaAfjh7nfnoDSIo6ecJqAF7JhJAaCMzSSb9uBL+gd7eEIkNF76vh22ak4C9B14uakTHI0fPur1495GkKEXDKtu66ToJcxhYJLmJV6qYaE8TEbQtfQiIWgvWxx+YxeGKVPB7EyFSFdqL8nMhZqPQ0D0xkyHOlVby7+53VTHNx6mYiSFCHiy0WDVFKM6TwG2hcKOMqpIYwrYW6lfMQU42jCKpkQ3NWX10nrquJeV6qP1XKtnsdRJGfknFwSl9yQGqmTBmkSTibkmbySNyuzXqx362PZWrDymVPyB9bnDzvDkiE=</latexit>

bi = ✓ > 0 for all neurons

(default is uniform across neurons,

constant in time)

The gCTLN is defined by a graph G and 

two vectors of parameters:

<latexit sha1_base64="vzysV0hN1tqiwRiA2WUhNRpJgFc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFPVY8NJjBVsLTSibzbRdutmE3U0hhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2QuIAs4EdDTTHHqJBBIFHB6Dyd3cf5yCVCwWDzpLwI/ISLAho0QbaWBXvSmRkCjGY3GJvRC4JgO75tSdBfA6cQtSQwXaA/vLC2OaRiA05USpvusk2s+J1IxymFW8VEFC6ISMoG+oIBEoP18cP8PnRgnxMJamhMYL9fdETiKlsigwnRHRY7XqzcX/vH6qh7d+zkSSahB0uWiYcqxjPE8Ch0wC1TwzhFDJzK2YjokkVJu8KiYEd/XlddK9qrvX9cZ9o9ZsFXGU0Sk6QxfIRTeoiVqojTqIogw9o1f0Zj1ZL9a79bFsLVnFTBX9gfX5A6GZlMk=</latexit>

", �



Idea: network of excitatory 

and inhibitory cells TLN dynamics:

graph G 

The graph encodes the pattern

of weak and strong inhibition

Less special: generalized Combinatorial Threshold-Linear Networks (gCTLNs)

weak inhibition
strong inhibition

Special case: if the parameters        are the same for all neurons, we have a CTLN.

CTLNs
gCTLNs <latexit sha1_base64="I0FGF1TpcmLXCKlyk4y0wKM6LFk=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJpKjLohuXFewDmhAmk5t22smDmUmhhG78FTcuFHHrZ7jzb5y2WWjrgQtnzrmXuff4KWdSWda3sbK6tr6xWdoqb+/s7u2bB4ctmWSCQpMmPBEdn0jgLIamYopDJxVAIp9D2x/eTf32CIRkSfyoxim4EenFLGSUKC155rEzIgJSybh+DS6wEwBXxBt4ZsWqWjPgZWIXpIIKNDzzywkSmkUQK8qJlF3bSpWbE6EY5TApO5mElNAh6UFX05hEIN18dsAEn2klwGEidMUKz9TfEzmJpBxHvu6MiOrLRW8q/ud1MxXeuDmL00xBTOcfhRnHKsHTNHDABFDFx5oQKpjeFdM+EYQqnVlZh2AvnrxMWpdV+6pae6hV6rdFHCV0gk7RObLRNaqje9RATUTRBD2jV/RmPBkvxrvxMW9dMYqZI/QHxucPtmCWfQ==</latexit>

"j , �j

<latexit sha1_base64="Phiymqnd2wbkudmpjDiHdTGdQXM=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9iVoF6UgJccI5gHJMsyO+kkQ2YfzPQGwpI/8eJBEa/+iTf/xkmyB00saCiquunuChIpNDrOt1XY2Nza3inulvb2Dw6P7OOTlo5TxaHJYxmrTsA0SBFBEwVK6CQKWBhIaAfjh7nfnoDSIo6ecJqAF7JhJAaCMzSSb9uBL+gd7eEIkNF76vh22ak4C9B14uakTHI0fPur1495GkKEXDKtu66ToJcxhYJLmJV6qYaE8TEbQtfQiIWgvWxx+YxeGKVPB7EyFSFdqL8nMhZqPQ0D0xkyHOlVby7+53VTHNx6mYiSFCHiy0WDVFKM6TwG2hcKOMqpIYwrYW6lfMQU42jCKpkQ3NWX10nrquJeV6qP1XKtnsdRJGfknFwSl9yQGqmTBmkSTibkmbySNyuzXqx362PZWrDymVPyB9bnDzvDkiE=</latexit>

bi = ✓ > 0 for all neurons

(default is uniform across neurons,

constant in time)

The gCTLN is defined by a graph G and 

two vectors of parameters:

<latexit sha1_base64="vzysV0hN1tqiwRiA2WUhNRpJgFc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFPVY8NJjBVsLTSibzbRdutmE3U0hhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2QuIAs4EdDTTHHqJBBIFHB6Dyd3cf5yCVCwWDzpLwI/ISLAho0QbaWBXvSmRkCjGY3GJvRC4JgO75tSdBfA6cQtSQwXaA/vLC2OaRiA05USpvusk2s+J1IxymFW8VEFC6ISMoG+oIBEoP18cP8PnRgnxMJamhMYL9fdETiKlsigwnRHRY7XqzcX/vH6qh7d+zkSSahB0uWiYcqxjPE8Ch0wC1TwzhFDJzK2YjokkVJu8KiYEd/XlddK9qrvX9cZ9o9ZsFXGU0Sk6QxfIRTeoiVqojTqIogw9o1f0Zj1ZL9a79bFsLVnFTBX9gfX5A6GZlMk=</latexit>

", �



TLNs, CTLNs, and gCTLNs
all recurrent network models

TLNs
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TLNs, CTLNs, and gCTLNs
all recurrent network models

TLNs

competitive TLNs
CTLNs

gCTLNs

linear 

models



TLNs, CTLNs, and gCTLNs
1. Display rich nonlinear dynamics: multistability, limit cycles, chaos… 

2. Mathematically tractable: we can prove theorems directly connecting graph structure to dynamics. 

3. Both stable and unstable fixed points play a critical role in shaping the dynamics (the vector field).

static attractors (fixed pts) dynamic attractors

(correspond to certain unstable fixed pts)

Curto & Morrison, 2023 (review paper): Graph rules for recurrent neural network dynamics



TLNs, CTLNs, and gCTLNs
1. Display rich nonlinear dynamics: multistability, limit cycles, chaos… 

2. Mathematically tractable: we can prove theorems directly connecting graph structure to dynamics. 

3. Both stable and unstable fixed points play a critical role in shaping the dynamics (the vector field).

static attractors (fixed pts) dynamic attractors

(correspond to certain unstable fixed pts)

graph structure

<latexit sha1_base64="pwa0j5Wb02muvM+i4gX2O9lYsGc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD+aYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjft+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhrT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe9flSqNSqtayOPJwBudwCR7cQBVqUIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AaCxjNo=</latexit>

G

Curto & Morrison, 2023 (review paper): Graph rules for recurrent neural network dynamics



TLNs, CTLNs, and gCTLNs
1. Display rich nonlinear dynamics: multistability, limit cycles, chaos… 

2. Mathematically tractable: we can prove theorems directly connecting graph structure to dynamics. 

3. Both stable and unstable fixed points play a critical role in shaping the dynamics (the vector field).

<latexit sha1_base64="k7Pu1Oa2F4pKONrHUkNcHHPS4x8="></latexit>

FP(G) = FP(G, ", �) = { fixed points (stable and unstable) }

static attractors (fixed pts) dynamic attractors

(correspond to certain unstable fixed pts)

graph structure
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TLNs, CTLNs, and gCTLNs
all recurrent network models

TLNs

competitive TLNs
CTLNs

gCTLNs

linear 

models

E-I TLNs 

from graphs

… and E-I TLNs from graphs



E-I TLNs from graphs
A E-I network

global 
inhibition

excitatory neurons
in a sea of inhibition

B C graph G

Curto 2025 (preprint soon!)
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There is a mapping from E-I TLNs to gCTLNs that preserves fixed points
A E-I network

global 
inhibition

excitatory neurons
in a sea of inhibition

B C graph G

23

1
Example G:

W for E-I TLN

W for gCTLN
Parameter mapping 
to get the same 
fixed points:

C. Lienkaemper, G. Ocker. Dynamics of clustered spiking networks via the CTLN model (2025) Curto 2025 (preprint soon!)

inhibitory interaction



There is a mapping from E-I TLNs to gCTLNs that preserves fixed points
A E-I network

global 
inhibition

excitatory neurons
in a sea of inhibition

B C graph G

23

1
Example G:

W for E-I TLN

W for gCTLN

The mapping says nothing about the timescale of inhibition! 

Parameter mapping 
to get the same 
fixed points:
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Beyond fixed points: do E-I TLNs produce similar dynamics to gCTLNs?
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Beyond fixed points: do E-I TLNs produce similar dynamics to gCTLNs?

0 10 20 30 40 50 60
0

2

4

6

fir
in

g 
ra

te

0 10 20 30 40 50 60
0

2

4

fir
in

g 
ra

te

0 10 20 30 40 50 60
0

1

2

3

fir
in

g 
ra

te

0 10 20 30 40 50 60
0

1

2

fir
in

g 
ra

te

0 10 20 30 40 50 60
0

0.2

0.4

0.6

fir
in

g 
ra

te
0 10 20 30 40 50 60

0

0.2

0.4

0.6

fir
in

g 
ra

te

1 2 3 4 5

1

2

3

4

5
-1

-0.5

0

0.5

1

1.5

1 2 3 4

1

2

3

4 -1.5

-1

-0.5

0
W for gCTLNW for E-I TLN1

23

G

4

W =





0 0 0 a4 −1
a1 0 a3 0 −1
a1 a2 0 0 −1
0 a2 a3 0 −1
c1 c2 c3 c4 0





W for E-I TLN

gCTLN

τI = 1

τI = 0.7

τI = 0.4

A

B
τI = 0.2

τI = 0.2

time time

global inhibition
total excitation



Beyond fixed points: do E-I TLNs produce similar dynamics to gCTLNs?
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Even “exotic” attractors like Gaudi and 


baby chaos look the same 



We had many mathematical results, called “graph rules” on CTLNs. 

Now many of those results also apply to E-I TLNs built from graphs!

Curto & Morrison, 2023 (review paper): Graph rules for recurrent neural network dynamics
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k > j

“k dominates j”
“j is a dominated node”

domination is a property of GCurto, Geneson, Morrison, 2019
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1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="FJxSjJbC8+ruCz/ELH+lkatQfr8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEcSLxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlxnW/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ456dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7K3k250qiUqrUsjjycwTlcgge3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIJhjMY=</latexit>

3

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="Qc7txwmvy7SpsBYpK2570TgjH4I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNEY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/K3m250qyUavUsjjxcwCVcgwdVqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/iHGMyg==</latexit>

7

Example



Domination

domination is a property of G

<latexit sha1_base64="fsC8a/oJ2RbAty8oGnR89VchQZY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8kXjhCIo8ENmR2aGBgdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A6mDwu//YRK80g+mlmMfkhHkg85o8ZKjUm/WHLL7hJkk3gZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgv9BKNMWVTOsKupZKGqP10eeicXFllQIaRsiUNWaq/J1Iaaj0LA9sZUjPW695C/M/rJmZ476dcxolByVaLhokgJiKLr8mAK2RGzCyhTHF7K2FjqigzNpuCDcFbf3mTtG7K3m250qiUqrUsjjxcwCVcgwd3UIUa1KEJDBCe4RXenInz4rw7H6vWnJPNnMMfOJ8/1b2M/Q==</latexit>

j

<latexit sha1_base64="0fddBLYN4Kotuy7Vi9jTPnEUNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasI7P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6N9Xr5nWlVs/jKMIZnMMleHALNahDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH10GM/g==</latexit>

k

<latexit sha1_base64="1FOiKyDsTxqvePeO914dsaJHpZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ+8QbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKvVGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/mDjaA=</latexit>

i1

<latexit sha1_base64="XyhXGC0eeLbCP7Xr5b8Zj59+52E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLz1WtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rF8MNME/YiOJA85o8ZK93xQG5QrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2uXmk08ziKcAbncAkeXEMDmtCCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AH7B42h</latexit>

i2
<latexit sha1_base64="w8/UNwoRCBPvQRaRSaRLwAZZovw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpeOmxgqmFNpTNdtqu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFUOfxSJW7ZBqFFyib7gR2E4U0igU+BCOb2f+wxMqzWN5byYJBhEdSj7gjBor+WNyQx575Ypbdecgq8TLSQVyNHvlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWD6yDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHVR9S6rtbtapd7I4yjCCZzCOXhwBXVoQBN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AM1Djg4=</latexit>

k > j

“k dominates j”
“j is a dominated node”

<latexit sha1_base64="pwa0j5Wb02muvM+i4gX2O9lYsGc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD+aYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjft+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhrT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe9flSqNSqtayOPJwBudwCR7cQBVqUIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AaCxjNo=</latexit>

G
<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="FJxSjJbC8+ruCz/ELH+lkatQfr8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEcSLxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlxnW/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ456dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7K3k250qiUqrUsjjycwTlcgge3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIJhjMY=</latexit>

3

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="Qc7txwmvy7SpsBYpK2570TgjH4I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNEY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/K3m250qyUavUsjjxcwCVcgwdVqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/iHGMyg==</latexit>

7 <latexit sha1_base64="gPHLM1kmpwfk96VsblMeoWz3D7U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJJ4k4CXHiOYByRJmJ7PJkNnZZaZXCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3cbz9xbUSsHnGScD+iQyVCwSha6aFyW+0XS27ZXYCsEy8jJcjQ6Be/eoOYpRFXyCQ1puu5CfpTqlEwyWeFXmp4QtmYDnnXUkUjbvzp4tQZubDKgISxtqWQLNTfE1MaGTOJAtsZURyZVW8u/ud1Uwxv/KlQSYpcseWiMJUEYzL/mwyE5gzlxBLKtLC3EjaimjK06RRsCN7qy+ukdVX2KuXr++tSrZ7FkYczOIdL8KAKNahDA5rAYAjP8ApvjnRenHfnY9mac7KZU/gD5/MHgsSNUg==</latexit>

6 > 7

Example



Domination

domination is a property of G

<latexit sha1_base64="fsC8a/oJ2RbAty8oGnR89VchQZY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8kXjhCIo8ENmR2aGBgdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A6mDwu//YRK80g+mlmMfkhHkg85o8ZKjUm/WHLL7hJkk3gZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgv9BKNMWVTOsKupZKGqP10eeicXFllQIaRsiUNWaq/J1Iaaj0LA9sZUjPW695C/M/rJmZ476dcxolByVaLhokgJiKLr8mAK2RGzCyhTHF7K2FjqigzNpuCDcFbf3mTtG7K3m250qiUqrUsjjxcwCVcgwd3UIUa1KEJDBCe4RXenInz4rw7H6vWnJPNnMMfOJ8/1b2M/Q==</latexit>

j

<latexit sha1_base64="0fddBLYN4Kotuy7Vi9jTPnEUNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasI7P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6N9Xr5nWlVs/jKMIZnMMleHALNahDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH10GM/g==</latexit>

k

<latexit sha1_base64="1FOiKyDsTxqvePeO914dsaJHpZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ+8QbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKvVGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/mDjaA=</latexit>

i1

<latexit sha1_base64="XyhXGC0eeLbCP7Xr5b8Zj59+52E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLz1WtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rF8MNME/YiOJA85o8ZK93xQG5QrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2uXmk08ziKcAbncAkeXEMDmtCCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AH7B42h</latexit>

i2
<latexit sha1_base64="w8/UNwoRCBPvQRaRSaRLwAZZovw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpeOmxgqmFNpTNdtqu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFUOfxSJW7ZBqFFyib7gR2E4U0igU+BCOb2f+wxMqzWN5byYJBhEdSj7gjBor+WNyQx575Ypbdecgq8TLSQVyNHvlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWD6yDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHVR9S6rtbtapd7I4yjCCZzCOXhwBXVoQBN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AM1Djg4=</latexit>

k > j

“k dominates j”
“j is a dominated node”

<latexit sha1_base64="pwa0j5Wb02muvM+i4gX2O9lYsGc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD+aYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjft+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhrT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe9flSqNSqtayOPJwBudwCR7cQBVqUIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AaCxjNo=</latexit>

G
<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="FJxSjJbC8+ruCz/ELH+lkatQfr8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEcSLxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlxnW/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ456dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7K3k250qiUqrUsjjycwTlcgge3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIJhjMY=</latexit>

3

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="Qc7txwmvy7SpsBYpK2570TgjH4I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNEY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/K3m250qyUavUsjjxcwCVcgwdVqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/iHGMyg==</latexit>

7 <latexit sha1_base64="gPHLM1kmpwfk96VsblMeoWz3D7U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJJ4k4CXHiOYByRJmJ7PJkNnZZaZXCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3cbz9xbUSsHnGScD+iQyVCwSha6aFyW+0XS27ZXYCsEy8jJcjQ6Be/eoOYpRFXyCQ1puu5CfpTqlEwyWeFXmp4QtmYDnnXUkUjbvzp4tQZubDKgISxtqWQLNTfE1MaGTOJAtsZURyZVW8u/ud1Uwxv/KlQSYpcseWiMJUEYzL/mwyE5gzlxBLKtLC3EjaimjK06RRsCN7qy+ukdVX2KuXr++tSrZ7FkYczOIdL8KAKNahDA5rAYAjP8ApvjnRenHfnY9mac7KZU/gD5/MHgsSNUg==</latexit>

6 > 7
<latexit sha1_base64="ldqJVlNPVtP5e5EfbJ/WIJjSq9s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUE8S8JJjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5aMYJ+hEdSB5yRo2VHiq3l71iyS27c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasIbf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVH2rsqV+0qpWsviyMMJnMI5eHANVahBHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHeaiNTA==</latexit>

4 > 3

Example



Domination Theorems
Theorem 1 (2024) 
If j is a dominated node in G, then it drops out! 
I.e., in any gCTLN, we have:

<latexit sha1_base64="fsC8a/oJ2RbAty8oGnR89VchQZY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8kXjhCIo8ENmR2aGBgdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A6mDwu//YRK80g+mlmMfkhHkg85o8ZKjUm/WHLL7hJkk3gZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgv9BKNMWVTOsKupZKGqP10eeicXFllQIaRsiUNWaq/J1Iaaj0LA9sZUjPW695C/M/rJmZ476dcxolByVaLhokgJiKLr8mAK2RGzCyhTHF7K2FjqigzNpuCDcFbf3mTtG7K3m250qiUqrUsjjxcwCVcgwd3UIUa1KEJDBCe4RXenInz4rw7H6vWnJPNnMMfOJ8/1b2M/Q==</latexit>

j

<latexit sha1_base64="0fddBLYN4Kotuy7Vi9jTPnEUNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasI7P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6N9Xr5nWlVs/jKMIZnMMleHALNahDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH10GM/g==</latexit>

k

<latexit sha1_base64="1FOiKyDsTxqvePeO914dsaJHpZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ+8QbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKvVGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/mDjaA=</latexit>

i1

<latexit sha1_base64="XyhXGC0eeLbCP7Xr5b8Zj59+52E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLz1WtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rF8MNME/YiOJA85o8ZK93xQG5QrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2uXmk08ziKcAbncAkeXEMDmtCCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AH7B42h</latexit>

i2 <latexit sha1_base64="w8/UNwoRCBPvQRaRSaRLwAZZovw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpeOmxgqmFNpTNdtqu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFUOfxSJW7ZBqFFyib7gR2E4U0igU+BCOb2f+wxMqzWN5byYJBhEdSj7gjBor+WNyQx575Ypbdecgq8TLSQVyNHvlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWD6yDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHVR9S6rtbtapd7I4yjCCZzCOXhwBXVoQBN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AM1Djg4=</latexit>

k > j

<latexit sha1_base64="WZNzWZ4H4rPj/axq8kmE+wjsdl8=">AAACJnicbVBNSwMxEM3W7/q16tFLsAjtpeyKqBdBENRjBatCu5RsOtXYbLIks0JZ+2u8+Fe8eFBEvPlTTGsPWvtg4PHeDDPz4lQKi0Hw6RWmpmdm5+YXiotLyyur/tr6pdWZ4VDnWmpzHTMLUiioo0AJ16kBlsQSruLu8cC/ugdjhVYX2EshStiNEh3BGTqp5R82dQqGoTaKJZCf1Prl0wo9pBPkh1beUFHTAiZCZZbe9SstvxRUgyHofxKOSImMUGv5r8225lkCCrlk1jbCIMUoZwYFl9AvNjMLKeNddgMNRwfLbZQP3+zTbae0aUcbVwrpUP09kbPE2l4Su86E4a0d9wbiJK+RYecgyoVKMwTFfxZ1MklR00FmtC0McJQ9Rxg3wt1K+S0zjKNLtuhCCMdf/k8ud6rhXnX3fLd0dDaKY55ski1SJiHZJ0fkjNRInXDySJ7JK3nznrwX7937+GkteKOZDfIH3tc3332mDg==</latexit>

FP(G) = FP(G|[n]\j)

<latexit sha1_base64="pwa0j5Wb02muvM+i4gX2O9lYsGc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD+aYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjft+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhrT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe9flSqNSqtayOPJwBudwCR7cQBVqUIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AaCxjNo=</latexit>

G

Curto 2024 (unpublished)



Theorem 1 (2024) 
If j is a dominated node in G, then it drops out! 
I.e., in any gCTLN, we have:

<latexit sha1_base64="fsC8a/oJ2RbAty8oGnR89VchQZY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8kXjhCIo8ENmR2aGBgdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A6mDwu//YRK80g+mlmMfkhHkg85o8ZKjUm/WHLL7hJkk3gZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgv9BKNMWVTOsKupZKGqP10eeicXFllQIaRsiUNWaq/J1Iaaj0LA9sZUjPW695C/M/rJmZ476dcxolByVaLhokgJiKLr8mAK2RGzCyhTHF7K2FjqigzNpuCDcFbf3mTtG7K3m250qiUqrUsjjxcwCVcgwd3UIUa1KEJDBCe4RXenInz4rw7H6vWnJPNnMMfOJ8/1b2M/Q==</latexit>

j

<latexit sha1_base64="0fddBLYN4Kotuy7Vi9jTPnEUNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasI7P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6N9Xr5nWlVs/jKMIZnMMleHALNahDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH10GM/g==</latexit>

k

<latexit sha1_base64="1FOiKyDsTxqvePeO914dsaJHpZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ+8QbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKvVGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/mDjaA=</latexit>

i1

<latexit sha1_base64="XyhXGC0eeLbCP7Xr5b8Zj59+52E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLz1WtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rF8MNME/YiOJA85o8ZK93xQG5QrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2uXmk08ziKcAbncAkeXEMDmtCCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AH7B42h</latexit>

i2 <latexit sha1_base64="w8/UNwoRCBPvQRaRSaRLwAZZovw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpeOmxgqmFNpTNdtqu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFUOfxSJW7ZBqFFyib7gR2E4U0igU+BCOb2f+wxMqzWN5byYJBhEdSj7gjBor+WNyQx575Ypbdecgq8TLSQVyNHvlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWD6yDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHVR9S6rtbtapd7I4yjCCZzCOXhwBXVoQBN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AM1Djg4=</latexit>

k > j

<latexit sha1_base64="WZNzWZ4H4rPj/axq8kmE+wjsdl8=">AAACJnicbVBNSwMxEM3W7/q16tFLsAjtpeyKqBdBENRjBatCu5RsOtXYbLIks0JZ+2u8+Fe8eFBEvPlTTGsPWvtg4PHeDDPz4lQKi0Hw6RWmpmdm5+YXiotLyyur/tr6pdWZ4VDnWmpzHTMLUiioo0AJ16kBlsQSruLu8cC/ugdjhVYX2EshStiNEh3BGTqp5R82dQqGoTaKJZCf1Prl0wo9pBPkh1beUFHTAiZCZZbe9SstvxRUgyHofxKOSImMUGv5r8225lkCCrlk1jbCIMUoZwYFl9AvNjMLKeNddgMNRwfLbZQP3+zTbae0aUcbVwrpUP09kbPE2l4Su86E4a0d9wbiJK+RYecgyoVKMwTFfxZ1MklR00FmtC0McJQ9Rxg3wt1K+S0zjKNLtuhCCMdf/k8ud6rhXnX3fLd0dDaKY55ski1SJiHZJ0fkjNRInXDySJ7JK3nznrwX7937+GkteKOZDfIH3tc3332mDg==</latexit>

FP(G) = FP(G|[n]\j)

<latexit sha1_base64="pwa0j5Wb02muvM+i4gX2O9lYsGc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD+aYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjft+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhrT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe9flSqNSqtayOPJwBudwCR7cQBVqUIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AaCxjNo=</latexit>

G

<latexit sha1_base64="0fddBLYN4Kotuy7Vi9jTPnEUNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasI7P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6N9Xr5nWlVs/jKMIZnMMleHALNahDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH10GM/g==</latexit>

k

<latexit sha1_base64="1FOiKyDsTxqvePeO914dsaJHpZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ+8QbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKvVGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/mDjaA=</latexit>

i1

<latexit sha1_base64="XyhXGC0eeLbCP7Xr5b8Zj59+52E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLz1WtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rF8MNME/YiOJA85o8ZK93xQG5QrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2uXmk08ziKcAbncAkeXEMDmtCCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AH7B42h</latexit>

i2

<latexit sha1_base64="pZAEiVNa1g90OY/e+jN39FNY+qo=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1GXBhV1WsA9IQ5hMJ+3YmUmYmQgh1l9x40IRt36IO//GaZuFth64cDjnXu69J0wYVdpxvq3S2vrG5lZ5u7Kzu7d/YB8edVWcSkw6OGax7IdIEUYF6WiqGeknkiAeMtILJ9czv/dApKKxuNNZQnyORoJGFCNtpMCu3jwGuSf8gSKaU5EqeD8N7JpTd+aAq8QtSA0UaAf212AY45QToTFDSnmuk2g/R1JTzMi0MkgVSRCeoBHxDBWIE+Xn8+On8NQoQxjF0pTQcK7+nsgRVyrjoenkSI/VsjcT//O8VEdXfk5Fkmoi8GJRlDKoYzhLAg6pJFizzBCEJTW3QjxGEmFt8qqYENzll1dJ97zuXtQbt41as1XEUQbH4AScARdcgiZogTboAAwy8AxewZv1ZL1Y79bHorVkFTNV8AfW5w8XMZUW</latexit>

G|[n]\j

Curto 2024 (unpublished)

Domination Theorems



Theorem 1 (2024) 
If j is a dominated node in G, then it drops out! 
I.e., in any gCTLN, we have:

<latexit sha1_base64="fsC8a/oJ2RbAty8oGnR89VchQZY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8kXjhCIo8ENmR2aGBgdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A6mDwu//YRK80g+mlmMfkhHkg85o8ZKjUm/WHLL7hJkk3gZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgv9BKNMWVTOsKupZKGqP10eeicXFllQIaRsiUNWaq/J1Iaaj0LA9sZUjPW695C/M/rJmZ476dcxolByVaLhokgJiKLr8mAK2RGzCyhTHF7K2FjqigzNpuCDcFbf3mTtG7K3m250qiUqrUsjjxcwCVcgwd3UIUa1KEJDBCe4RXenInz4rw7H6vWnJPNnMMfOJ8/1b2M/Q==</latexit>

j

<latexit sha1_base64="0fddBLYN4Kotuy7Vi9jTPnEUNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasI7P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6N9Xr5nWlVs/jKMIZnMMleHALNahDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH10GM/g==</latexit>

k

<latexit sha1_base64="1FOiKyDsTxqvePeO914dsaJHpZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ+8QbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKvVGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/mDjaA=</latexit>

i1

<latexit sha1_base64="XyhXGC0eeLbCP7Xr5b8Zj59+52E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLz1WtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rF8MNME/YiOJA85o8ZK93xQG5QrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2uXmk08ziKcAbncAkeXEMDmtCCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AH7B42h</latexit>

i2 <latexit sha1_base64="w8/UNwoRCBPvQRaRSaRLwAZZovw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpeOmxgqmFNpTNdtqu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxPBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFUOfxSJW7ZBqFFyib7gR2E4U0igU+BCOb2f+wxMqzWN5byYJBhEdSj7gjBor+WNyQx575Ypbdecgq8TLSQVyNHvlr24/ZmmE0jBBte54bmKCjCrDmcBpqZtqTCgb0yF2LJU0Qh1k82On5MwqfTKIlS1pyFz9PZHRSOtJFNrOiJqRXvZm4n9eJzWD6yDjMkkNSrZYNEgFMTGZfU76XCEzYmIJZYrbWwkbUUWZsfmUbAje8surpHVR9S6rtbtapd7I4yjCCZzCOXhwBXVoQBN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AM1Djg4=</latexit>

k > j

<latexit sha1_base64="WZNzWZ4H4rPj/axq8kmE+wjsdl8=">AAACJnicbVBNSwMxEM3W7/q16tFLsAjtpeyKqBdBENRjBatCu5RsOtXYbLIks0JZ+2u8+Fe8eFBEvPlTTGsPWvtg4PHeDDPz4lQKi0Hw6RWmpmdm5+YXiotLyyur/tr6pdWZ4VDnWmpzHTMLUiioo0AJ16kBlsQSruLu8cC/ugdjhVYX2EshStiNEh3BGTqp5R82dQqGoTaKJZCf1Prl0wo9pBPkh1beUFHTAiZCZZbe9SstvxRUgyHofxKOSImMUGv5r8225lkCCrlk1jbCIMUoZwYFl9AvNjMLKeNddgMNRwfLbZQP3+zTbae0aUcbVwrpUP09kbPE2l4Su86E4a0d9wbiJK+RYecgyoVKMwTFfxZ1MklR00FmtC0McJQ9Rxg3wt1K+S0zjKNLtuhCCMdf/k8ud6rhXnX3fLd0dDaKY55ski1SJiHZJ0fkjNRInXDySJ7JK3nznrwX7937+GkteKOZDfIH3tc3332mDg==</latexit>

FP(G) = FP(G|[n]\j)

Theorem 2 (2024) 
By iteratively removing dominated nodes, the final reduced graph 
G-tilde is unique. Moreover, <latexit sha1_base64="Kazg9AXu1/J+TKXyJ1RlLLpuFpA=">AAACIHicbVDLSgNBEJyNrxhfqx69DAZBL2FXgnoRBMHkGMEkQhLC7GxHh8zuLDO9SljyKV78FS8eFNGbfo2Tx0GNBQ1FVTfdXUEihUHP+3Ryc/MLi0v55cLK6tr6hru51TAq1RzqXEmlrwNmQIoY6ihQwnWigUWBhGbQPx/5zTvQRqj4CgcJdCJ2E4ue4Ayt1HWP2yoBzVDpmEWQXdSG+5UDekpn5fa9CAGFDCGrDA+6btEreWPQWeJPSZFMUeu6H+1Q8TSCGLlkxrR8L8FOxjQKLmFYaKcGEsb77AZalo7Wmk42fnBI96wS0p7StmKkY/XnRMYiYwZRYDsjhrfmrzcS//NaKfZOOpmIkxQh5pNFvVRSVHSUFg2FBo5yYAnjWthbKb9lmnG0mRZsCP7fl2dJ47DkH5XKl+XiWXUaR57skF2yT3xyTM5IldRInXDyQJ7IC3l1Hp1n5815n7TmnOnMNvkF5+sbB7Sjig==</latexit>

FP(G) = FP( eG)

<latexit sha1_base64="BXpneFvRhQp1sFPTejWHOGAgcms=">AAAB9HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHgwR4r2A9oQ9lsJu3SzSbuTiol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiK4Rsf5tgpr6xubW8Xt0s7u3v5B+fCopeNUMWiyWMSq41MNgktoIkcBnUQBjXwBbX90O/PbY1Cax/IBJwl4ER1IHnJG0Uhe74kHgFwEkN1N++WKU3XmsFeJm5MKydHol796QczSCCQyQbXuuk6CXkYVciZgWuqlGhLKRnQAXUMljUB72fzoqX1mlMAOY2VKoj1Xf09kNNJ6EvmmM6I41MveTPzP66YY3ngZl0mKINliUZgKG2N7loAdcAUMxcQQyhQ3t9psSBVlaHIqmRDc5ZdXSeui6l5VL+8vK7V6HkeRnJBTck5cck1qpE4apEkYeSTP5JW8WWPrxXq3PhatBSufOSZ/YH3+ACckkmE=</latexit>

eG

<latexit sha1_base64="0fddBLYN4Kotuy7Vi9jTPnEUNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasI7P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6N9Xr5nWlVs/jKMIZnMMleHALNahDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH10GM/g==</latexit>

k

<latexit sha1_base64="1FOiKyDsTxqvePeO914dsaJHpZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ+8QbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKvVGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/mDjaA=</latexit>

i1

<latexit sha1_base64="XyhXGC0eeLbCP7Xr5b8Zj59+52E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLz1WtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rF8MNME/YiOJA85o8ZK93xQG5QrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2uXmk08ziKcAbncAkeXEMDmtCCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AH7B42h</latexit>

i2
<latexit sha1_base64="iUctE1pAM7er1NuKZAIVo7ph5a8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6kkKXnqsYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz329nY3Nre2S3sFfcPDo+OSyenbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7ud+5wmV5rF8NNME/YiOJA85o8ZKHT6okjsyGZTKbsVdgKwTLydlyNEclL76w5ilEUrDBNW657mJ8TOqDGcCZ8V+qjGhbEJH2LNU0gi1ny3OnZFLqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwls/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiEijYEb/XlddKuVrzrSu2hVq438jgKcA4XcAUe3EAdGtCEFjCYwDO8wpuTOC/Ou/OxbN1w8pkz+APn8wf02Y6y</latexit>

i2 > k

<latexit sha1_base64="1FOiKyDsTxqvePeO914dsaJHpZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ+8QbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKvVGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/mDjaA=</latexit>

i1

<latexit sha1_base64="XyhXGC0eeLbCP7Xr5b8Zj59+52E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLz1WtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rF8MNME/YiOJA85o8ZK93xQG5QrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2uXmk08ziKcAbncAkeXEMDmtCCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AH7B42h</latexit>

i2

<latexit sha1_base64="pwa0j5Wb02muvM+i4gX2O9lYsGc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD+aYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjft+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhrT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe9flSqNSqtayOPJwBudwCR7cQBVqUIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AaCxjNo=</latexit>

G
<latexit sha1_base64="pZAEiVNa1g90OY/e+jN39FNY+qo=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS1GXBhV1WsA9IQ5hMJ+3YmUmYmQgh1l9x40IRt36IO//GaZuFth64cDjnXu69J0wYVdpxvq3S2vrG5lZ5u7Kzu7d/YB8edVWcSkw6OGax7IdIEUYF6WiqGeknkiAeMtILJ9czv/dApKKxuNNZQnyORoJGFCNtpMCu3jwGuSf8gSKaU5EqeD8N7JpTd+aAq8QtSA0UaAf212AY45QToTFDSnmuk2g/R1JTzMi0MkgVSRCeoBHxDBWIE+Xn8+On8NQoQxjF0pTQcK7+nsgRVyrjoenkSI/VsjcT//O8VEdXfk5Fkmoi8GJRlDKoYzhLAg6pJFizzBCEJTW3QjxGEmFt8qqYENzll1dJ97zuXtQbt41as1XEUQbH4AScARdcgiZogTboAAwy8AxewZv1ZL1Y79bHorVkFTNV8AfW5w8XMZUW</latexit>

G|[n]\j

Curto 2024 (unpublished)

Domination Theorems



<latexit sha1_base64="pwa0j5Wb02muvM+i4gX2O9lYsGc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD+aYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjft+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhrT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe9flSqNSqtayOPJwBudwCR7cQBVqUIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AaCxjNo=</latexit>

G
<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="FJxSjJbC8+ruCz/ELH+lkatQfr8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEcSLxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlxnW/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ456dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7K3k250qiUqrUsjjycwTlcgge3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIJhjMY=</latexit>

3

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="Qc7txwmvy7SpsBYpK2570TgjH4I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNEY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/K3m250qyUavUsjjxcwCVcgwdVqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/iHGMyg==</latexit>

7

<latexit sha1_base64="gPHLM1kmpwfk96VsblMeoWz3D7U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJJ4k4CXHiOYByRJmJ7PJkNnZZaZXCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3cbz9xbUSsHnGScD+iQyVCwSha6aFyW+0XS27ZXYCsEy8jJcjQ6Be/eoOYpRFXyCQ1puu5CfpTqlEwyWeFXmp4QtmYDnnXUkUjbvzp4tQZubDKgISxtqWQLNTfE1MaGTOJAtsZURyZVW8u/ud1Uwxv/KlQSYpcseWiMJUEYzL/mwyE5gzlxBLKtLC3EjaimjK06RRsCN7qy+ukdVX2KuXr++tSrZ7FkYczOIdL8KAKNahDA5rAYAjP8ApvjnRenHfnY9mac7KZU/gD5/MHgsSNUg==</latexit>

6 > 7
<latexit sha1_base64="ldqJVlNPVtP5e5EfbJ/WIJjSq9s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUE8S8JJjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5aMYJ+hEdSB5yRo2VHiq3l71iyS27c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasIbf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVH2rsqV+0qpWsviyMMJnMI5eHANVahBHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHeaiNTA==</latexit>

4 > 3

Theorem 1 (2024) 
If j is a dominated node in G, then it drops out! 
I.e., in any gCTLN, we have:

Example

<latexit sha1_base64="WZNzWZ4H4rPj/axq8kmE+wjsdl8=">AAACJnicbVBNSwMxEM3W7/q16tFLsAjtpeyKqBdBENRjBatCu5RsOtXYbLIks0JZ+2u8+Fe8eFBEvPlTTGsPWvtg4PHeDDPz4lQKi0Hw6RWmpmdm5+YXiotLyyur/tr6pdWZ4VDnWmpzHTMLUiioo0AJ16kBlsQSruLu8cC/ugdjhVYX2EshStiNEh3BGTqp5R82dQqGoTaKJZCf1Prl0wo9pBPkh1beUFHTAiZCZZbe9SstvxRUgyHofxKOSImMUGv5r8225lkCCrlk1jbCIMUoZwYFl9AvNjMLKeNddgMNRwfLbZQP3+zTbae0aUcbVwrpUP09kbPE2l4Su86E4a0d9wbiJK+RYecgyoVKMwTFfxZ1MklR00FmtC0McJQ9Rxg3wt1K+S0zjKNLtuhCCMdf/k8ud6rhXnX3fLd0dDaKY55ski1SJiHZJ0fkjNRInXDySJ7JK3nznrwX7937+GkteKOZDfIH3tc3332mDg==</latexit>

FP(G) = FP(G|[n]\j)

Theorem 2 (2024) 
By iteratively removing dominated nodes, the final reduced graph 
G-tilde is unique. Moreover, <latexit sha1_base64="Kazg9AXu1/J+TKXyJ1RlLLpuFpA=">AAACIHicbVDLSgNBEJyNrxhfqx69DAZBL2FXgnoRBMHkGMEkQhLC7GxHh8zuLDO9SljyKV78FS8eFNGbfo2Tx0GNBQ1FVTfdXUEihUHP+3Ryc/MLi0v55cLK6tr6hru51TAq1RzqXEmlrwNmQIoY6ihQwnWigUWBhGbQPx/5zTvQRqj4CgcJdCJ2E4ue4Ayt1HWP2yoBzVDpmEWQXdSG+5UDekpn5fa9CAGFDCGrDA+6btEreWPQWeJPSZFMUeu6H+1Q8TSCGLlkxrR8L8FOxjQKLmFYaKcGEsb77AZalo7Wmk42fnBI96wS0p7StmKkY/XnRMYiYwZRYDsjhrfmrzcS//NaKfZOOpmIkxQh5pNFvVRSVHSUFg2FBo5yYAnjWthbKb9lmnG0mRZsCP7fl2dJ47DkH5XKl+XiWXUaR57skF2yT3xyTM5IldRInXDyQJ7IC3l1Hp1n5815n7TmnOnMNvkF5+sbB7Sjig==</latexit>

FP(G) = FP( eG)

Domination Theorems



<latexit sha1_base64="pwa0j5Wb02muvM+i4gX2O9lYsGc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD+aYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjft+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhrT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe9flSqNSqtayOPJwBudwCR7cQBVqUIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AaCxjNo=</latexit>

G
<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="FJxSjJbC8+ruCz/ELH+lkatQfr8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEcSLxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlxnW/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ456dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7K3k250qiUqrUsjjycwTlcgge3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIJhjMY=</latexit>

3

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="Qc7txwmvy7SpsBYpK2570TgjH4I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNEY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/K3m250qyUavUsjjxcwCVcgwdVqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/iHGMyg==</latexit>

7

<latexit sha1_base64="gPHLM1kmpwfk96VsblMeoWz3D7U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJJ4k4CXHiOYByRJmJ7PJkNnZZaZXCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3cbz9xbUSsHnGScD+iQyVCwSha6aFyW+0XS27ZXYCsEy8jJcjQ6Be/eoOYpRFXyCQ1puu5CfpTqlEwyWeFXmp4QtmYDnnXUkUjbvzp4tQZubDKgISxtqWQLNTfE1MaGTOJAtsZURyZVW8u/ud1Uwxv/KlQSYpcseWiMJUEYzL/mwyE5gzlxBLKtLC3EjaimjK06RRsCN7qy+ukdVX2KuXr++tSrZ7FkYczOIdL8KAKNahDA5rAYAjP8ApvjnRenHfnY9mac7KZU/gD5/MHgsSNUg==</latexit>

6 > 7
<latexit sha1_base64="ldqJVlNPVtP5e5EfbJ/WIJjSq9s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUE8S8JJjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5aMYJ+hEdSB5yRo2VHiq3l71iyS27c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasIbf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVH2rsqV+0qpWsviyMMJnMI5eHANVahBHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHeaiNTA==</latexit>

4 > 3

Theorem 1 (2024) 
If j is a dominated node in G, then it drops out! 
I.e., in any gCTLN, we have:

Example

<latexit sha1_base64="WZNzWZ4H4rPj/axq8kmE+wjsdl8=">AAACJnicbVBNSwMxEM3W7/q16tFLsAjtpeyKqBdBENRjBatCu5RsOtXYbLIks0JZ+2u8+Fe8eFBEvPlTTGsPWvtg4PHeDDPz4lQKi0Hw6RWmpmdm5+YXiotLyyur/tr6pdWZ4VDnWmpzHTMLUiioo0AJ16kBlsQSruLu8cC/ugdjhVYX2EshStiNEh3BGTqp5R82dQqGoTaKJZCf1Prl0wo9pBPkh1beUFHTAiZCZZbe9SstvxRUgyHofxKOSImMUGv5r8225lkCCrlk1jbCIMUoZwYFl9AvNjMLKeNddgMNRwfLbZQP3+zTbae0aUcbVwrpUP09kbPE2l4Su86E4a0d9wbiJK+RYecgyoVKMwTFfxZ1MklR00FmtC0McJQ9Rxg3wt1K+S0zjKNLtuhCCMdf/k8ud6rhXnX3fLd0dDaKY55ski1SJiHZJ0fkjNRInXDySJ7JK3nznrwX7937+GkteKOZDfIH3tc3332mDg==</latexit>

FP(G) = FP(G|[n]\j)

Theorem 2 (2024) 
By iteratively removing dominated nodes, the final reduced graph 
G-tilde is unique. Moreover, <latexit sha1_base64="Kazg9AXu1/J+TKXyJ1RlLLpuFpA=">AAACIHicbVDLSgNBEJyNrxhfqx69DAZBL2FXgnoRBMHkGMEkQhLC7GxHh8zuLDO9SljyKV78FS8eFNGbfo2Tx0GNBQ1FVTfdXUEihUHP+3Ryc/MLi0v55cLK6tr6hru51TAq1RzqXEmlrwNmQIoY6ihQwnWigUWBhGbQPx/5zTvQRqj4CgcJdCJ2E4ue4Ayt1HWP2yoBzVDpmEWQXdSG+5UDekpn5fa9CAGFDCGrDA+6btEreWPQWeJPSZFMUeu6H+1Q8TSCGLlkxrR8L8FOxjQKLmFYaKcGEsb77AZalo7Wmk42fnBI96wS0p7StmKkY/XnRMYiYwZRYDsjhrfmrzcS//NaKfZOOpmIkxQh5pNFvVRSVHSUFg2FBo5yYAnjWthbKb9lmnG0mRZsCP7fl2dJ47DkH5XKl+XiWXUaR57skF2yT3xyTM5IldRInXDyQJ7IC3l1Hp1n5815n7TmnOnMNvkF5+sbB7Sjig==</latexit>

FP(G) = FP( eG)

<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="YQgsHLuCyuQLCHANRnYsbRuS8iE=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4kLJbSvUkBS89VnDbQruUbJptQ7PJkmSFsvQ3ePGgiFd/kDf/jWm7B219MPB4b4aZeWHCmTau++1sbG5t7+wW9or7B4dHx6WT07aWqSLUJ5JL1Q2xppwJ6htmOO0miuI45LQTTu7nfueJKs2keDTThAYxHgkWMYKNlXzvrnpdH5TKbsVdAK0TLydlyNEalL76Q0nSmApDONa657mJCTKsDCOczor9VNMEkwke0Z6lAsdUB9ni2Bm6tMoQRVLZEgYt1N8TGY61nsah7YyxGetVby7+5/VSE90GGRNJaqggy0VRypGRaP45GjJFieFTSzBRzN6KyBgrTIzNp2hD8FZfXiftasWrV2oPtXKjmcdRgHO4gCvw4AYa0IQW+ECAwTO8wpsjnBfn3flYtm44+cwZ/IHz+QNTaY2+</latexit>

1 > 2, 6

Domination Theorems



<latexit sha1_base64="pwa0j5Wb02muvM+i4gX2O9lYsGc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD+aYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjft+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhrT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe9flSqNSqtayOPJwBudwCR7cQBVqUIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AaCxjNo=</latexit>

G
<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="FJxSjJbC8+ruCz/ELH+lkatQfr8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEcSLxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlxnW/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ456dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7K3k250qiUqrUsjjycwTlcgge3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIJhjMY=</latexit>

3

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="Qc7txwmvy7SpsBYpK2570TgjH4I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNEY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/K3m250qyUavUsjjxcwCVcgwdVqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/iHGMyg==</latexit>

7

<latexit sha1_base64="gPHLM1kmpwfk96VsblMeoWz3D7U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJJ4k4CXHiOYByRJmJ7PJkNnZZaZXCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3cbz9xbUSsHnGScD+iQyVCwSha6aFyW+0XS27ZXYCsEy8jJcjQ6Be/eoOYpRFXyCQ1puu5CfpTqlEwyWeFXmp4QtmYDnnXUkUjbvzp4tQZubDKgISxtqWQLNTfE1MaGTOJAtsZURyZVW8u/ud1Uwxv/KlQSYpcseWiMJUEYzL/mwyE5gzlxBLKtLC3EjaimjK06RRsCN7qy+ukdVX2KuXr++tSrZ7FkYczOIdL8KAKNahDA5rAYAjP8ApvjnRenHfnY9mac7KZU/gD5/MHgsSNUg==</latexit>

6 > 7
<latexit sha1_base64="ldqJVlNPVtP5e5EfbJ/WIJjSq9s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUE8S8JJjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5aMYJ+hEdSB5yRo2VHiq3l71iyS27c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasIbf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVH2rsqV+0qpWsviyMMJnMI5eHANVahBHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHeaiNTA==</latexit>

4 > 3

Theorem 1 (2024) 
If j is a dominated node in G, then it drops out! 
I.e., in any gCTLN, we have:

Example

<latexit sha1_base64="WZNzWZ4H4rPj/axq8kmE+wjsdl8=">AAACJnicbVBNSwMxEM3W7/q16tFLsAjtpeyKqBdBENRjBatCu5RsOtXYbLIks0JZ+2u8+Fe8eFBEvPlTTGsPWvtg4PHeDDPz4lQKi0Hw6RWmpmdm5+YXiotLyyur/tr6pdWZ4VDnWmpzHTMLUiioo0AJ16kBlsQSruLu8cC/ugdjhVYX2EshStiNEh3BGTqp5R82dQqGoTaKJZCf1Prl0wo9pBPkh1beUFHTAiZCZZbe9SstvxRUgyHofxKOSImMUGv5r8225lkCCrlk1jbCIMUoZwYFl9AvNjMLKeNddgMNRwfLbZQP3+zTbae0aUcbVwrpUP09kbPE2l4Su86E4a0d9wbiJK+RYecgyoVKMwTFfxZ1MklR00FmtC0McJQ9Rxg3wt1K+S0zjKNLtuhCCMdf/k8ud6rhXnX3fLd0dDaKY55ski1SJiHZJ0fkjNRInXDySJ7JK3nznrwX7937+GkteKOZDfIH3tc3332mDg==</latexit>

FP(G) = FP(G|[n]\j)

Theorem 2 (2024) 
By iteratively removing dominated nodes, the final reduced graph 
G-tilde is unique. Moreover, <latexit sha1_base64="Kazg9AXu1/J+TKXyJ1RlLLpuFpA=">AAACIHicbVDLSgNBEJyNrxhfqx69DAZBL2FXgnoRBMHkGMEkQhLC7GxHh8zuLDO9SljyKV78FS8eFNGbfo2Tx0GNBQ1FVTfdXUEihUHP+3Ryc/MLi0v55cLK6tr6hru51TAq1RzqXEmlrwNmQIoY6ihQwnWigUWBhGbQPx/5zTvQRqj4CgcJdCJ2E4ue4Ayt1HWP2yoBzVDpmEWQXdSG+5UDekpn5fa9CAGFDCGrDA+6btEreWPQWeJPSZFMUeu6H+1Q8TSCGLlkxrR8L8FOxjQKLmFYaKcGEsb77AZalo7Wmk42fnBI96wS0p7StmKkY/XnRMYiYwZRYDsjhrfmrzcS//NaKfZOOpmIkxQh5pNFvVRSVHSUFg2FBo5yYAnjWthbKb9lmnG0mRZsCP7fl2dJ47DkH5XKl+XiWXUaR57skF2yT3xyTM5IldRInXDyQJ7IC3l1Hp1n5815n7TmnOnMNvkF5+sbB7Sjig==</latexit>

FP(G) = FP( eG)

<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="YQgsHLuCyuQLCHANRnYsbRuS8iE=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4kLJbSvUkBS89VnDbQruUbJptQ7PJkmSFsvQ3ePGgiFd/kDf/jWm7B219MPB4b4aZeWHCmTau++1sbG5t7+wW9or7B4dHx6WT07aWqSLUJ5JL1Q2xppwJ6htmOO0miuI45LQTTu7nfueJKs2keDTThAYxHgkWMYKNlXzvrnpdH5TKbsVdAK0TLydlyNEalL76Q0nSmApDONa657mJCTKsDCOczor9VNMEkwke0Z6lAsdUB9ni2Bm6tMoQRVLZEgYt1N8TGY61nsah7YyxGetVby7+5/VSE90GGRNJaqggy0VRypGRaP45GjJFieFTSzBRzN6KyBgrTIzNp2hD8FZfXiftasWrV2oPtXKjmcdRgHO4gCvw4AYa0IQW+ECAwTO8wpsjnBfn3flYtm44+cwZ/IHz+QNTaY2+</latexit>

1 > 2, 6

<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5
<latexit sha1_base64="hPRI7cEXbiAZ1qmrgEW5jIAZLv8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9SQFLz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mkmCfkSHkoecUWOlh+qt1y+V3Yo7B1klXk7KkKPRL331BjFLI5SGCap113MT42dUGc4ETou9VGNC2ZgOsWuppBFqP5ufOiXnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhDd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHpFG0I3vLLq6R1WfGuKtX7arlWz+MowCmcwQV4cA01qEMDmsBgCM/wCm+OcF6cd+dj0brm5DMn8AfO5w92oI1K</latexit>

4 > 1

Domination Theorems



<latexit sha1_base64="pwa0j5Wb02muvM+i4gX2O9lYsGc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BD+aYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjft+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhrT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10roqe9flSqNSqtayOPJwBudwCR7cQBVqUIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AaCxjNo=</latexit>

G
<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="FJxSjJbC8+ruCz/ELH+lkatQfr8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEcSLxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlxnW/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ456dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7K3k250qiUqrUsjjycwTlcgge3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIJhjMY=</latexit>

3

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="Qc7txwmvy7SpsBYpK2570TgjH4I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNEY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/K3m250qyUavUsjjxcwCVcgwdVqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/iHGMyg==</latexit>

7

<latexit sha1_base64="gPHLM1kmpwfk96VsblMeoWz3D7U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJJ4k4CXHiOYByRJmJ7PJkNnZZaZXCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3cbz9xbUSsHnGScD+iQyVCwSha6aFyW+0XS27ZXYCsEy8jJcjQ6Be/eoOYpRFXyCQ1puu5CfpTqlEwyWeFXmp4QtmYDnnXUkUjbvzp4tQZubDKgISxtqWQLNTfE1MaGTOJAtsZURyZVW8u/ud1Uwxv/KlQSYpcseWiMJUEYzL/mwyE5gzlxBLKtLC3EjaimjK06RRsCN7qy+ukdVX2KuXr++tSrZ7FkYczOIdL8KAKNahDA5rAYAjP8ApvjnRenHfnY9mac7KZU/gD5/MHgsSNUg==</latexit>

6 > 7
<latexit sha1_base64="ldqJVlNPVtP5e5EfbJ/WIJjSq9s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUE8S8JJjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5aMYJ+hEdSB5yRo2VHiq3l71iyS27c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasIbf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVH2rsqV+0qpWsviyMMJnMI5eHANVahBHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHeaiNTA==</latexit>

4 > 3

Theorem 1 (2024) 
If j is a dominated node in G, then it drops out! 
I.e., in any gCTLN, we have:

Example

<latexit sha1_base64="WZNzWZ4H4rPj/axq8kmE+wjsdl8=">AAACJnicbVBNSwMxEM3W7/q16tFLsAjtpeyKqBdBENRjBatCu5RsOtXYbLIks0JZ+2u8+Fe8eFBEvPlTTGsPWvtg4PHeDDPz4lQKi0Hw6RWmpmdm5+YXiotLyyur/tr6pdWZ4VDnWmpzHTMLUiioo0AJ16kBlsQSruLu8cC/ugdjhVYX2EshStiNEh3BGTqp5R82dQqGoTaKJZCf1Prl0wo9pBPkh1beUFHTAiZCZZbe9SstvxRUgyHofxKOSImMUGv5r8225lkCCrlk1jbCIMUoZwYFl9AvNjMLKeNddgMNRwfLbZQP3+zTbae0aUcbVwrpUP09kbPE2l4Su86E4a0d9wbiJK+RYecgyoVKMwTFfxZ1MklR00FmtC0McJQ9Rxg3wt1K+S0zjKNLtuhCCMdf/k8ud6rhXnX3fLd0dDaKY55ski1SJiHZJ0fkjNRInXDySJ7JK3nznrwX7937+GkteKOZDfIH3tc3332mDg==</latexit>

FP(G) = FP(G|[n]\j)

Theorem 2 (2024) 
By iteratively removing dominated nodes, the final reduced graph 
G-tilde is unique. Moreover, <latexit sha1_base64="Kazg9AXu1/J+TKXyJ1RlLLpuFpA=">AAACIHicbVDLSgNBEJyNrxhfqx69DAZBL2FXgnoRBMHkGMEkQhLC7GxHh8zuLDO9SljyKV78FS8eFNGbfo2Tx0GNBQ1FVTfdXUEihUHP+3Ryc/MLi0v55cLK6tr6hru51TAq1RzqXEmlrwNmQIoY6ihQwnWigUWBhGbQPx/5zTvQRqj4CgcJdCJ2E4ue4Ayt1HWP2yoBzVDpmEWQXdSG+5UDekpn5fa9CAGFDCGrDA+6btEreWPQWeJPSZFMUeu6H+1Q8TSCGLlkxrR8L8FOxjQKLmFYaKcGEsb77AZalo7Wmk42fnBI96wS0p7StmKkY/XnRMYiYwZRYDsjhrfmrzcS//NaKfZOOpmIkxQh5pNFvVRSVHSUFg2FBo5yYAnjWthbKb9lmnG0mRZsCP7fl2dJ47DkH5XKl+XiWXUaR57skF2yT3xyTM5IldRInXDyQJ7IC3l1Hp1n5815n7TmnOnMNvkF5+sbB7Sjig==</latexit>

FP(G) = FP( eG)

<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="YQgsHLuCyuQLCHANRnYsbRuS8iE=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4kLJbSvUkBS89VnDbQruUbJptQ7PJkmSFsvQ3ePGgiFd/kDf/jWm7B219MPB4b4aZeWHCmTau++1sbG5t7+wW9or7B4dHx6WT07aWqSLUJ5JL1Q2xppwJ6htmOO0miuI45LQTTu7nfueJKs2keDTThAYxHgkWMYKNlXzvrnpdH5TKbsVdAK0TLydlyNEalL76Q0nSmApDONa657mJCTKsDCOczor9VNMEkwke0Z6lAsdUB9ni2Bm6tMoQRVLZEgYt1N8TGY61nsah7YyxGetVby7+5/VSE90GGRNJaqggy0VRypGRaP45GjJFieFTSzBRzN6KyBgrTIzNp2hD8FZfXiftasWrV2oPtXKjmcdRgHO4gCvw4AYa0IQW+ECAwTO8wpsjnBfn3flYtm44+cwZ/IHz+QNTaY2+</latexit>

1 > 2, 6

<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5
<latexit sha1_base64="hPRI7cEXbiAZ1qmrgEW5jIAZLv8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9SQFLz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mkmCfkSHkoecUWOlh+qt1y+V3Yo7B1klXk7KkKPRL331BjFLI5SGCap113MT42dUGc4ETou9VGNC2ZgOsWuppBFqP5ufOiXnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhDd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHpFG0I3vLLq6R1WfGuKtX7arlWz+MowCmcwQV4cA01qEMDmsBgCM/wCm+OcF6cd+dj0brm5DMn8AfO5w92oI1K</latexit>

4 > 1

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="BXpneFvRhQp1sFPTejWHOGAgcms=">AAAB9HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHgwR4r2A9oQ9lsJu3SzSbuTiol9Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5fiK4Rsf5tgpr6xubW8Xt0s7u3v5B+fCopeNUMWiyWMSq41MNgktoIkcBnUQBjXwBbX90O/PbY1Cax/IBJwl4ER1IHnJG0Uhe74kHgFwEkN1N++WKU3XmsFeJm5MKydHol796QczSCCQyQbXuuk6CXkYVciZgWuqlGhLKRnQAXUMljUB72fzoqX1mlMAOY2VKoj1Xf09kNNJ6EvmmM6I41MveTPzP66YY3ngZl0mKINliUZgKG2N7loAdcAUMxcQQyhQ3t9psSBVlaHIqmRDc5ZdXSeui6l5VL+8vK7V6HkeRnJBTck5cck1qpE4apEkYeSTP5JW8WWPrxXq3PhatBSufOSZ/YH3+ACckkmE=</latexit>

eG

<latexit sha1_base64="Nz2B1ZEGIFjGCtbOKyvFeMNDCrs=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWR+tgIBUG7rGAf0IQymU7aoZNMmJkIJWTlxl9x40IRt36DO//GSZuFth64cDjnXu69x4sYlcqyvo3C0vLK6lpxvbSxubW9Y+7utSWPBSYtzBkXXQ9JwmhIWooqRrqRICjwGOl44+vM7zwQISkP79UkIm6AhiH1KUZKS33z0OEREUhxEaKAJDfNyu1JCq+gk9TOnLRvlq2qNQVcJHZOyiBHs29+OQOO44CECjMkZc+2IuUmSCiKGUlLTixJhPAYDUlP02yndJPpGyk81soA+lzoChWcqr8nEhRIOQk83RkgNZLzXib+5/Vi5V+6CQ2jWJEQzxb5MYOKwywTOKCCYMUmmiAsqL4V4hESCCudXEmHYM+/vEjap1X7vFq7q5XrjTyOIjgAR6ACbHAB6qABmqAFMHgEz+AVvBlPxovxbnzMWgtGPrMP/sD4/AG1F5gB</latexit>

FP(G) = {45}
<latexit sha1_base64="Rkj+r9d/m3m8m1/qPkIWVYiWpeQ=">AAACDnicbVA9SwNBEN2LXzF+nVraLAYhNuFO4kcjBARNGcGokAthbzPRJXu3x+6cEI77BTb+FRsLRWyt7fw3bmIKNT4YeLw3w8y8MJHCoOd9OoWZ2bn5heJiaWl5ZXXNXd+4NCrVHFpcSaWvQ2ZAihhaKFDCdaKBRaGEq3BwMvKv7kAboeILHCbQidhNLPqCM7RS190JVAKaodIxiyA7bVYCFLIH2Vm+m9NjGmS1/SDvumWv6o1Bp4k/IWUyQbPrfgQ9xdMIYuSSGdP2vQQ7GdMouIS8FKQGEsYH7Abalo52m042fienO1bp0b7StmKkY/XnRMYiY4ZRaDsjhrfmrzcS//PaKfaPOpmIkxQh5t+L+qmkqOgoG9oTGjjKoSWMa2FvpfyWacbRJliyIfh/X54ml3tV/6BaO6+V641JHEWyRbZJhfjkkNRJgzRJi3ByTx7JM3lxHpwn59V5+24tOJOZTfILzvsXbzSbtw==</latexit>

FP(G̃) = {45}

Domination Theorems Since E-I TLNs map to  
gCTLNs with the same

fixed points, the  
domination theorems hold 
for E-I TLNs, too!
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Can domination be useful for connectome analysis?
Every graph has a unique domination reduction: 
 
Two graphs with the same reduction are in the same domination equivalence class. 

<latexit sha1_base64="z43o0n5a+YTI0Srg9FP+1mQev2c=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCncS1DJooaWCiUISwt7eJFnc2z125wzhSGnjX7GxUMTWn2Dnv3GTXOHXg4HHezPMzAsTKSz6/qc3Mzs3v7BYWCour6yurZc2NhtWp4ZDnWupzU3ILEihoI4CJdwkBlgcSrgOb0/H/vUdGCu0usJhAu2Y9ZToCs7QSZ3SzhltSa16RvT6yIzRA9oaiAhQyAiys1GnVPYr/gT0LwlyUiY5Ljqlj1akeRqDQi6Ztc3AT7CdMYOCSxgVW6mFhPFb1oOmo4rFYNvZ5JER3XNKRLvauFJIJ+r3iYzF1g7j0HXGDPv2tzcW//OaKXaP25lQSYqg+HRRN5UUNR2nQiNhgKMcOsK4Ee5WyvvMMI4uu6ILIfj98l/SOKgEh5XqZbVcO8njKJBtskv2SUCOSI2ckwtSJ5zck0fyTF68B+/Je/Xepq0zXj6zRX7Ae/8CMdOaHA==</latexit>

G �! eG

<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="FJxSjJbC8+ruCz/ELH+lkatQfr8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEcSLxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlxnW/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ456dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7K3k250qiUqrUsjjycwTlcgge3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIJhjMY=</latexit>

3

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="Qc7txwmvy7SpsBYpK2570TgjH4I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNEY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/K3m250qyUavUsjjxcwCVcgwdVqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/iHGMyg==</latexit>

7
<latexit sha1_base64="fsC8a/oJ2RbAty8oGnR89VchQZY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8kXjhCIo8ENmR2aGBgdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A6mDwu//YRK80g+mlmMfkhHkg85o8ZKjUm/WHLL7hJkk3gZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgv9BKNMWVTOsKupZKGqP10eeicXFllQIaRsiUNWaq/J1Iaaj0LA9sZUjPW695C/M/rJmZ476dcxolByVaLhokgJiKLr8mAK2RGzCyhTHF7K2FjqigzNpuCDcFbf3mTtG7K3m250qiUqrUsjjxcwCVcgwd3UIUa1KEJDBCe4RXenInz4rw7H6vWnJPNnMMfOJ8/1b2M/Q==</latexit>

j

<latexit sha1_base64="0fddBLYN4Kotuy7Vi9jTPnEUNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasI7P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6N9Xr5nWlVs/jKMIZnMMleHALNahDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH10GM/g==</latexit>

k

<latexit sha1_base64="1FOiKyDsTxqvePeO914dsaJHpZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ+8QbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKvVGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/mDjaA=</latexit>

i1

<latexit sha1_base64="XyhXGC0eeLbCP7Xr5b8Zj59+52E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLz1WtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rF8MNME/YiOJA85o8ZK93xQG5QrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2uXmk08ziKcAbncAkeXEMDmtCCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AH7B42h</latexit>

i2

<latexit sha1_base64="IoSRoPLSg88KIUOKSQzfD/R88HU=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U6CWoo2KRWMBpIj7O3NJYt7u8funCEcKW38KzYWitj6E+z8N25iCo0+GHi8N8PMvCiTwqLvf3ozs3PzC4tLy6WV1bX1jfLm1rXVueHQ4Fpq04yYBSkUNFCghGZmgKWRhJvo9nzk39yBsUKrKxxkEKasq0QiOEMndcq7ddqWWnWN6PaQGaP7tN0XMaCQMRT1Yadc8av+GPQvCSakQia46JQ/2rHmeQoKuWTWtgI/w7BgBgWXMCy1cwsZ47esCy1HFUvBhsX4kSHdd0pME21cKaRj9edEwVJrB2nkOlOGPTvtjcT/vFaOyUlYCJXlCIp/L0pySVHTUSo0FgY4yoEjjBvhbqW8xwzj6LIruRCC6Zf/kuvDanBUrV3WKqdnkziWyA7ZIwckIMfklNTJBWkQTu7JI3kmL96D9+S9em/frTPeZGab/IL3/gU0+poe</latexit>

H �! eH
<latexit sha1_base64="z43o0n5a+YTI0Srg9FP+1mQev2c=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCncS1DJooaWCiUISwt7eJFnc2z125wzhSGnjX7GxUMTWn2Dnv3GTXOHXg4HHezPMzAsTKSz6/qc3Mzs3v7BYWCour6yurZc2NhtWp4ZDnWupzU3ILEihoI4CJdwkBlgcSrgOb0/H/vUdGCu0usJhAu2Y9ZToCs7QSZ3SzhltSa16RvT6yIzRA9oaiAhQyAiys1GnVPYr/gT0LwlyUiY5Ljqlj1akeRqDQi6Ztc3AT7CdMYOCSxgVW6mFhPFb1oOmo4rFYNvZ5JER3XNKRLvauFJIJ+r3iYzF1g7j0HXGDPv2tzcW//OaKXaP25lQSYqg+HRRN5UUNR2nQiNhgKMcOsK4Ee5WyvvMMI4uu6ILIfj98l/SOKgEh5XqZbVcO8njKJBtskv2SUCOSI2ckwtSJ5zck0fyTF68B+/Je/Xepq0zXj6zRX7Ae/8CMdOaHA==</latexit>

G �! eG <latexit sha1_base64="3XyxOM1kakBIsRMN8ubEKblN1kY=">AAACCnicbVA9SwNBEN2LXzF+nVrarAbBKtxJUMughSkjmA/IhbC3N0mW7O0du3tKOFLb+FdsLBSx9RfY+W/cJFfExAcDj/dmmJnnx5wp7Tg/Vm5ldW19I79Z2Nre2d2z9w8aKkokhTqNeCRbPlHAmYC6ZppDK5ZAQp9D0x/eTPzmA0jFInGvRzF0QtIXrMco0Ubq2sfeIwtAMx5AejvGHo1EH89p1XHXLjolZwq8TNyMFFGGWtf+9oKIJiEITTlRqu06se6kRGpGOYwLXqIgJnRI+tA2VJAQVCedvjLGp0YJcC+SpoTGU3V+IiWhUqPQN50h0QO16E3E/7x2ontXnZSJONEg6GxRL+FYR3iSCw6YBKr5yBBCJTO3YjogklBt0iuYENzFl5dJ47zkXpTKd+Vi5TqLI4+O0Ak6Qy66RBVURTVURxQ9oRf0ht6tZ+vV+rA+Z605K5s5RH9gff0CuWOa7g==</latexit>

eG ⇠= eH



Can domination be useful for connectome analysis?

1. Are overrepresented graphical motifs more likely to be reducible or irreducible?


2. Which motifs are domination-equivalent?


3. What about larger portions of the connectome: do they reduce via domination?

Every graph has a unique domination reduction: 
 
Two graphs with the same reduction are in the same domination equivalence class. 

<latexit sha1_base64="z43o0n5a+YTI0Srg9FP+1mQev2c=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCncS1DJooaWCiUISwt7eJFnc2z125wzhSGnjX7GxUMTWn2Dnv3GTXOHXg4HHezPMzAsTKSz6/qc3Mzs3v7BYWCour6yurZc2NhtWp4ZDnWupzU3ILEihoI4CJdwkBlgcSrgOb0/H/vUdGCu0usJhAu2Y9ZToCs7QSZ3SzhltSa16RvT6yIzRA9oaiAhQyAiys1GnVPYr/gT0LwlyUiY5Ljqlj1akeRqDQi6Ztc3AT7CdMYOCSxgVW6mFhPFb1oOmo4rFYNvZ5JER3XNKRLvauFJIJ+r3iYzF1g7j0HXGDPv2tzcW//OaKXaP25lQSYqg+HRRN5UUNR2nQiNhgKMcOsK4Ee5WyvvMMI4uu6ILIfj98l/SOKgEh5XqZbVcO8njKJBtskv2SUCOSI2ckwtSJ5zck0fyTF68B+/Je/Xepq0zXj6zRX7Ae/8CMdOaHA==</latexit>

G �! eG

<latexit sha1_base64="Fn3YVUG00FKtJXj0/M5UIknba9A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGdn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSq+dxFOEMzuESPLiFGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDf1mMxA==</latexit>

1

<latexit sha1_base64="lZank0OPkLKg+SxsOd4Ddoi+y64=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzcqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtl76ZcbVZLtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gN2MxQ==</latexit>

2

<latexit sha1_base64="FJxSjJbC8+ruCz/ELH+lkatQfr8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEcSLxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlxnW/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ456dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtK7K3k250qiUqrUsjjycwTlcgge3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIJhjMY=</latexit>

3

<latexit sha1_base64="l9WrwlY4Vl+VxZTkDUYgJV4jgdo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHgpccK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fR+4XefUWmeyEczSzGI6VjyiDNqrPRQH1aqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0V2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Sua/5NrV5tNIswynAOF3AFPtxCA5rQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxlfi50=</latexit>

4
<latexit sha1_base64="uCt3GKlIA4HpWlYxKYYyO54oBZI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo4kXjhCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rwzp9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV2VvZtypVEpVWtZHHk4g3O4BA9uoQo1qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AIVpjMg=</latexit>

5

<latexit sha1_base64="2xjrTlhsLBwQvjUDoCe0OgjBeY0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/KXrVcaVZKtXoWRx4u4BKuwYNbqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/hu2MyQ==</latexit>

6

<latexit sha1_base64="Qc7txwmvy7SpsBYpK2570TgjH4I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNEY8kXjhCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Amm9wu/84RK80g+mFmMfkjHko84o8ZKzeqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ056dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtG/K3m250qyUavUsjjxcwCVcgwdVqEEdGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/iHGMyg==</latexit>

7
<latexit sha1_base64="fsC8a/oJ2RbAty8oGnR89VchQZY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8kXjhCIo8ENmR2aGBgdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A6mDwu//YRK80g+mlmMfkhHkg85o8ZKjUm/WHLL7hJkk3gZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgv9BKNMWVTOsKupZKGqP10eeicXFllQIaRsiUNWaq/J1Iaaj0LA9sZUjPW695C/M/rJmZ476dcxolByVaLhokgJiKLr8mAK2RGzCyhTHF7K2FjqigzNpuCDcFbf3mTtG7K3m250qiUqrUsjjxcwCVcgwd3UIUa1KEJDBCe4RXenInz4rw7H6vWnJPNnMMfOJ8/1b2M/Q==</latexit>

j

<latexit sha1_base64="0fddBLYN4Kotuy7Vi9jTPnEUNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasI7P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6N9Xr5nWlVs/jKMIZnMMleHALNahDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH10GM/g==</latexit>

k

<latexit sha1_base64="1FOiKyDsTxqvePeO914dsaJHpZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ+8QbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqnddrd3XKvVGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/mDjaA=</latexit>

i1

<latexit sha1_base64="XyhXGC0eeLbCP7Xr5b8Zj59+52E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLz1WtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmt3P/8QmV5rF8MNME/YiOJA85o8ZK93xQG5QrbtVdgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKpVb2rav2uXmk08ziKcAbncAkeXEMDmtCCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AH7B42h</latexit>

i2

<latexit sha1_base64="IoSRoPLSg88KIUOKSQzfD/R88HU=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQhW4U6CWoo2KRWMBpIj7O3NJYt7u8funCEcKW38KzYWitj6E+z8N25iCo0+GHi8N8PMvCiTwqLvf3ozs3PzC4tLy6WV1bX1jfLm1rXVueHQ4Fpq04yYBSkUNFCghGZmgKWRhJvo9nzk39yBsUKrKxxkEKasq0QiOEMndcq7ddqWWnWN6PaQGaP7tN0XMaCQMRT1Yadc8av+GPQvCSakQia46JQ/2rHmeQoKuWTWtgI/w7BgBgWXMCy1cwsZ47esCy1HFUvBhsX4kSHdd0pME21cKaRj9edEwVJrB2nkOlOGPTvtjcT/vFaOyUlYCJXlCIp/L0pySVHTUSo0FgY4yoEjjBvhbqW8xwzj6LIruRCC6Zf/kuvDanBUrV3WKqdnkziWyA7ZIwckIMfklNTJBWkQTu7JI3kmL96D9+S9em/frTPeZGab/IL3/gU0+poe</latexit>

H �! eH
<latexit sha1_base64="z43o0n5a+YTI0Srg9FP+1mQev2c=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCncS1DJooaWCiUISwt7eJFnc2z125wzhSGnjX7GxUMTWn2Dnv3GTXOHXg4HHezPMzAsTKSz6/qc3Mzs3v7BYWCour6yurZc2NhtWp4ZDnWupzU3ILEihoI4CJdwkBlgcSrgOb0/H/vUdGCu0usJhAu2Y9ZToCs7QSZ3SzhltSa16RvT6yIzRA9oaiAhQyAiys1GnVPYr/gT0LwlyUiY5Ljqlj1akeRqDQi6Ztc3AT7CdMYOCSxgVW6mFhPFb1oOmo4rFYNvZ5JER3XNKRLvauFJIJ+r3iYzF1g7j0HXGDPv2tzcW//OaKXaP25lQSYqg+HRRN5UUNR2nQiNhgKMcOsK4Ee5WyvvMMI4uu6ILIfj98l/SOKgEh5XqZbVcO8njKJBtskv2SUCOSI2ckwtSJ5zck0fyTF68B+/Je/Xepq0zXj6zRX7Ae/8CMdOaHA==</latexit>

G �! eG <latexit sha1_base64="3XyxOM1kakBIsRMN8ubEKblN1kY=">AAACCnicbVA9SwNBEN2LXzF+nVrarAbBKtxJUMughSkjmA/IhbC3N0mW7O0du3tKOFLb+FdsLBSx9RfY+W/cJFfExAcDj/dmmJnnx5wp7Tg/Vm5ldW19I79Z2Nre2d2z9w8aKkokhTqNeCRbPlHAmYC6ZppDK5ZAQp9D0x/eTPzmA0jFInGvRzF0QtIXrMco0Ubq2sfeIwtAMx5AejvGHo1EH89p1XHXLjolZwq8TNyMFFGGWtf+9oKIJiEITTlRqu06se6kRGpGOYwLXqIgJnRI+tA2VJAQVCedvjLGp0YJcC+SpoTGU3V+IiWhUqPQN50h0QO16E3E/7x2ontXnZSJONEg6GxRL+FYR3iSCw6YBKr5yBBCJTO3YjogklBt0iuYENzFl5dJ47zkXpTKd+Vi5TqLI4+O0Ak6Qy66RBVURTVURxQ9oRf0ht6tZ+vV+rA+Z605K5s5RH9gff0CuWOa7g==</latexit>

eG ⇠= eH



C. elegans E-E network:


G has143 nodes


reduced G: 104 nodes

Jordan Matelsky (also at Penn)

Patricia Rivlin

Michael Robinette

Erik Johnson

Brock Wester


Johns Hopkins University Applied Physics Laboratory, 

Research & Exploratory Development Department


Very preliminary analysis

Graph motifs team at JHU

We first strip out everything but chemical synapses, then tag neurons by their small‑molecule neurotransmitters—acetylcholine/
glutamate as excitatory, GABA as inhibitory—next we grab the induced subgraph of neurons that fire ACh/Glu but no GABA. 
That’s our ‘excitatory’ network. And yes—it’s just a conservative, transmitter-based proxy for valence; real C. elegans synaptic 
polarity is far messier (receptors, modulators, co‑transmission, gap junctions, etc.) All blame goes to Jordan Matelsky, Carina 
did nothing wrong.

Joaquín Castañeda Castro




C. elegans E-E network:


G has143 nodes


reduced G: 104 nodes

Very preliminary analysis

Joaquín Castañeda Castro


Is a reduction from 143 -> 104 nodes

common or rare in a random graph with

matching edge probability? 



C. elegans E-E network:


G has143 nodes


reduced G: 104 nodes

Very preliminary analysis

Joaquín Castañeda Castro


1 million E-R random graphs

with matching p = 0.054


Distribution of domination

reductions:


• 143 nodes: 782,590

• 142 nodes: 189,951

• 141 nodes: 24,951

• 140 nodes: 2,307

• 139 nodes: 185

• 138 nodes: 15

• 137 nodes: 1

Is a reduction from 143 -> 104 nodes

common or rare in a random graph with

matching edge probability? 

VERY RARE!!



1 million E-R random graphs

with matching p = 0.054


Distribution of domination

reductions:


• 143 nodes: 782,590

• 142 nodes: 189,951

• 141 nodes: 24,951

• 140 nodes: 2,307

• 139 nodes: 185

• 138 nodes: 15

• 137 nodes: 1

C. elegans E-E network 

reduction:


G has143 nodes


reduced G: 104 nodes

Reduction sizes of E-R random graphs of size n=143

with p = 0.05, 0.1, 0.25, 0.5

137 138 139 140 141 142 143

size of reduced graph



Back to our motivating questions and ideas:

1. How does connectivity shape dynamics? 

2. The relationship between connectivity and neural activity depends on the  
dynamical system you associate to the connectome.


3. By studying neuroscience-inspired (nonlinear!) dynamical systems on graphs, we can  
generate hypotheses about the dynamic meaning/role of various network motifs.

Domination is a graph property that comes out of the nonlinear dynamics,

it is not something that graph theorists or network scientists were already

paying attention to.



Thank you!

grad student:

Zelong Li


Katie Morrison Caitlyn Parmelee

Juliana Londoño 

Alvarez

Caitlin LienkaemperJesse Geneson

Chris Langdon
Nicole Sanderson Safaan Sadiq

Joaquín Castañeda Castro


Jency (Yuchen) Jiang


Jordan Matelsky (also at Penn)

Patricia Rivlin

Michael Robinette

Erik Johnson

Brock Wester


Johns Hopkins University Applied Physics Laboratory, 

Research & Exploratory Development Department



