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Introduction

I We consider a simplified Boolean model of the basal ganglia-
thalamocortical network (case study).

I The Boolean context, although relatively simple, allows for a
complete analysis of the attractor dynamics of the networks.

I We show that both local and global variations of the synaptic
weights significantly influence the attractor dynamics of the
network.

I We introduce an adaptive Spike Timing-Dependent Plasticity
rule (STDP) which improves and stabilizes the attractor dy-
namics of the network.
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Recurrent Neural Network
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Boolean Recurrent Neural Network
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Attractors and Cycles

Boolean Neural Network Finite State Automaton
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Boolean Neural Network Finite State Automaton
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Boolean Model of the Basal Ganglia-
Thalamocortical Network

Cerebral Cortex

STN

GPe

GPi/SNr

NRT

Thalamus

EXTERNAL

OUTOUT

int1 int2

Str

IN

SC

IN input node

SC superior colliculus

GPi/SNr output nuclei of the basal ganglia
formed by the GABAergic projection
neurons of the intermediate part of
the pallidum and of the substantia
nigra pars reticulata

Thalamus thalamus

GPe external part of the pallidum

NRT thalamic reticular nucleus

Str-D1 striatopallidal component
of the striatum

Str-D2 striatonigral component
of the striatum

STN subthalamic nucleus

Cerebral Cortex cerebral cortex
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Boolean Model of the Basal Ganglia-
Thalamocortical Network

Source Target (Node #)

Node # (Name) 0 1 2 3 4 5 6 7 8 9

0 (IN) · 1 1 · · · · · · ·
1 (SC) int1 · 1 · · · · · · ·
2 (Thalamus) · · · 1 · 1 1 1 1 1

3 (RTN) · · -1 · · · · · · ·
4 (GPi/SNr) · -1 -1 -1 · · · · · ·
5 (STN) · · · · 2 · 2 · · 2

6 (GPe) · · · -1/2 -1/2 -1/2 · -1/2 -1/2 ·
7 (Str-D2) · · · · · · -1 · · ·
8 (Str-D1) · · · · -1/2 · -1/2 · · ·
9 (CCortex) int2 1/2 1/2 1/2 · 1/2 · 1/2 1/2 ·

Table: Adjancency matrix
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BGT Network and Corresponding FSA
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Synaptic Weights and Attractor Dynamics
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Synaptic Weights and Attractor Dynamics
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Synaptic Weights and Attractor Dynamics

I Both global and local variations of the synaptic weights signif-
icantly influence the attractor dynamics of the network
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node 1

node 9

(c)
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(b)
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time steps27 500
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inputinput

node 1

node 9

input

node 1
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threshold ✓ = 0.5
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Synaptic Weights and Attractor Dynamics

I Both global and local variations of the synaptic weights signif-
icantly influence the attractor dynamics of the network
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Synaptic Weights and Attractor Dynamics

I Both global and local variations of the synaptic weights signif-
icantly influence the attractor dynamics of the network
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time steps27 500

18 50 time steps0
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threshold ✓ = 0.6 and weight “Thala ! STN” w2,5 = 0.9
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Interactivity and Attractor Dynamics
I A key feature to neural networks’ information processing is the

“circular causal relationships” (Wiener 48) – i.e., feedback loop
or interactivity – between the system and its environment.
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<latexit sha1_base64="m0CP0Xf0KkKGA/aK+Hq84+WTAUM=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2W33CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULD/6VDA==</latexit><latexit sha1_base64="m0CP0Xf0KkKGA/aK+Hq84+WTAUM=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2W33CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULD/6VDA==</latexit><latexit sha1_base64="m0CP0Xf0KkKGA/aK+Hq84+WTAUM=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2W33CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULD/6VDA==</latexit><latexit sha1_base64="m0CP0Xf0KkKGA/aK+Hq84+WTAUM=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2W33CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULD/6VDA==</latexit>

5
<latexit sha1_base64="JKK9+dISct5mlrI1YmLB4I922cg=">AAAB/HicbZDLSgMxFIbPeK31VnXpJtgKrspMUXRZcOOyor1AO5RMmrahmcyQnBHKUN/Arb6AO3Hru7j3QUzbWdjWHwIf/zmHc/IHsRQGXffbWVvf2Nzazu3kd/f2Dw4LR8cNEyWa8TqLZKRbATVcCsXrKFDyVqw5DQPJm8HodlpvPnFtRKQecRxzP6QDJfqCUbTWQ+mq1C0U3bI7E1kFL4MiZKp1Cz+dXsSSkCtkkhrT9twY/ZRqFEzySb6TGB5TNqID3raoaMiNn85OnZBz6/RIP9L2KSQz9+9ESkNjxmFgO0OKQ7Ncm5r/1doJ9m/8VKg4Qa7YfFE/kQQjMv036QnNGcqxBcq0sLcSNqSaMrTpLGxJlEAzsbF4yyGsQqNS9izfV4rVyyygHJzCGVyAB9dQhTuoQR0YDOAFXuHNeXbenQ/nc9665mQzJ7Ag5+sXF/GVEQ==</latexit><latexit sha1_base64="JKK9+dISct5mlrI1YmLB4I922cg=">AAAB/HicbZDLSgMxFIbPeK31VnXpJtgKrspMUXRZcOOyor1AO5RMmrahmcyQnBHKUN/Arb6AO3Hru7j3QUzbWdjWHwIf/zmHc/IHsRQGXffbWVvf2Nzazu3kd/f2Dw4LR8cNEyWa8TqLZKRbATVcCsXrKFDyVqw5DQPJm8HodlpvPnFtRKQecRxzP6QDJfqCUbTWQ+mq1C0U3bI7E1kFL4MiZKp1Cz+dXsSSkCtkkhrT9twY/ZRqFEzySb6TGB5TNqID3raoaMiNn85OnZBz6/RIP9L2KSQz9+9ESkNjxmFgO0OKQ7Ncm5r/1doJ9m/8VKg4Qa7YfFE/kQQjMv036QnNGcqxBcq0sLcSNqSaMrTpLGxJlEAzsbF4yyGsQqNS9izfV4rVyyygHJzCGVyAB9dQhTuoQR0YDOAFXuHNeXbenQ/nc9665mQzJ7Ag5+sXF/GVEQ==</latexit><latexit sha1_base64="JKK9+dISct5mlrI1YmLB4I922cg=">AAAB/HicbZDLSgMxFIbPeK31VnXpJtgKrspMUXRZcOOyor1AO5RMmrahmcyQnBHKUN/Arb6AO3Hru7j3QUzbWdjWHwIf/zmHc/IHsRQGXffbWVvf2Nzazu3kd/f2Dw4LR8cNEyWa8TqLZKRbATVcCsXrKFDyVqw5DQPJm8HodlpvPnFtRKQecRxzP6QDJfqCUbTWQ+mq1C0U3bI7E1kFL4MiZKp1Cz+dXsSSkCtkkhrT9twY/ZRqFEzySb6TGB5TNqID3raoaMiNn85OnZBz6/RIP9L2KSQz9+9ESkNjxmFgO0OKQ7Ncm5r/1doJ9m/8VKg4Qa7YfFE/kQQjMv036QnNGcqxBcq0sLcSNqSaMrTpLGxJlEAzsbF4yyGsQqNS9izfV4rVyyygHJzCGVyAB9dQhTuoQR0YDOAFXuHNeXbenQ/nc9665mQzJ7Ag5+sXF/GVEQ==</latexit><latexit sha1_base64="JKK9+dISct5mlrI1YmLB4I922cg=">AAAB/HicbZDLSgMxFIbPeK31VnXpJtgKrspMUXRZcOOyor1AO5RMmrahmcyQnBHKUN/Arb6AO3Hru7j3QUzbWdjWHwIf/zmHc/IHsRQGXffbWVvf2Nzazu3kd/f2Dw4LR8cNEyWa8TqLZKRbATVcCsXrKFDyVqw5DQPJm8HodlpvPnFtRKQecRxzP6QDJfqCUbTWQ+mq1C0U3bI7E1kFL4MiZKp1Cz+dXsSSkCtkkhrT9twY/ZRqFEzySb6TGB5TNqID3raoaMiNn85OnZBz6/RIP9L2KSQz9+9ESkNjxmFgO0OKQ7Ncm5r/1doJ9m/8VKg4Qa7YfFE/kQQjMv036QnNGcqxBcq0sLcSNqSaMrTpLGxJlEAzsbF4yyGsQqNS9izfV4rVyyygHJzCGVyAB9dQhTuoQR0YDOAFXuHNeXbenQ/nc9665mQzJ7Ag5+sXF/GVEQ==</latexit>

15
<latexit sha1_base64="7q7QR/KfLP4Gwd5IMUlIpY7ptlU=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruCpJUXRZcOOygr1AG8pkOmmHTiZh5kQoofgGbvUF3Ilbn8W9D+KkzcK2/jDw8Z9zOGd+PxZco+N8W4WNza3tneJuaW//4PCofHzS1lGiKGvRSESq6xPNBJeshRwF68aKkdAXrONP7rJ654kpzSP5iNOYeSEZSR5wSjCzqu51dVCuODVnLnsd3BwqkKs5KP/0hxFNQiaRCqJ1z3Vi9FKikFPBZqV+ollM6ISMWM+gJCHTXjq/dWZfGGdoB5EyT6I9d/9OpCTUehr6pjMkONartcz8r9ZLMLj1Ui7jBJmki0VBImyM7Ozj9pArRlFMDRCquLnVpmOiCEUTz9KWRHLUMxOLuxrCOrTrNdfwQ73SuMoDKsIZnMMluHADDbiHJrSAwhhe4BXerGfr3fqwPhetBSufOYUlWV+/iyeVTA==</latexit><latexit sha1_base64="7q7QR/KfLP4Gwd5IMUlIpY7ptlU=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruCpJUXRZcOOygr1AG8pkOmmHTiZh5kQoofgGbvUF3Ilbn8W9D+KkzcK2/jDw8Z9zOGd+PxZco+N8W4WNza3tneJuaW//4PCofHzS1lGiKGvRSESq6xPNBJeshRwF68aKkdAXrONP7rJ654kpzSP5iNOYeSEZSR5wSjCzqu51dVCuODVnLnsd3BwqkKs5KP/0hxFNQiaRCqJ1z3Vi9FKikFPBZqV+ollM6ISMWM+gJCHTXjq/dWZfGGdoB5EyT6I9d/9OpCTUehr6pjMkONartcz8r9ZLMLj1Ui7jBJmki0VBImyM7Ozj9pArRlFMDRCquLnVpmOiCEUTz9KWRHLUMxOLuxrCOrTrNdfwQ73SuMoDKsIZnMMluHADDbiHJrSAwhhe4BXerGfr3fqwPhetBSufOYUlWV+/iyeVTA==</latexit><latexit sha1_base64="7q7QR/KfLP4Gwd5IMUlIpY7ptlU=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruCpJUXRZcOOygr1AG8pkOmmHTiZh5kQoofgGbvUF3Ilbn8W9D+KkzcK2/jDw8Z9zOGd+PxZco+N8W4WNza3tneJuaW//4PCofHzS1lGiKGvRSESq6xPNBJeshRwF68aKkdAXrONP7rJ654kpzSP5iNOYeSEZSR5wSjCzqu51dVCuODVnLnsd3BwqkKs5KP/0hxFNQiaRCqJ1z3Vi9FKikFPBZqV+ollM6ISMWM+gJCHTXjq/dWZfGGdoB5EyT6I9d/9OpCTUehr6pjMkONartcz8r9ZLMLj1Ui7jBJmki0VBImyM7Ozj9pArRlFMDRCquLnVpmOiCEUTz9KWRHLUMxOLuxrCOrTrNdfwQ73SuMoDKsIZnMMluHADDbiHJrSAwhhe4BXerGfr3fqwPhetBSufOYUlWV+/iyeVTA==</latexit><latexit sha1_base64="7q7QR/KfLP4Gwd5IMUlIpY7ptlU=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruCpJUXRZcOOygr1AG8pkOmmHTiZh5kQoofgGbvUF3Ilbn8W9D+KkzcK2/jDw8Z9zOGd+PxZco+N8W4WNza3tneJuaW//4PCofHzS1lGiKGvRSESq6xPNBJeshRwF68aKkdAXrONP7rJ654kpzSP5iNOYeSEZSR5wSjCzqu51dVCuODVnLnsd3BwqkKs5KP/0hxFNQiaRCqJ1z3Vi9FKikFPBZqV+ollM6ISMWM+gJCHTXjq/dWZfGGdoB5EyT6I9d/9OpCTUehr6pjMkONartcz8r9ZLMLj1Ui7jBJmki0VBImyM7Ozj9pArRlFMDRCquLnVpmOiCEUTz9KWRHLUMxOLuxrCOrTrNdfwQ73SuMoDKsIZnMMluHADDbiHJrSAwhhe4BXerGfr3fqwPhetBSufOYUlWV+/iyeVTA==</latexit>

25
<latexit sha1_base64="3EqTRUTExXgZcnSaAqxV5Hr7jVw=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruCpJUXRZcOOygr1AG8pkOmmHTiZh5kQoofgGbvUF3Ilbn8W9D+KkzcK2/jDw8Z9zOGd+PxZco+N8W4WNza3tneJuaW//4PCofHzS1lGiKGvRSESq6xPNBJeshRwF68aKkdAXrONP7rJ654kpzSP5iNOYeSEZSR5wSjCzqvXr6qBccWrOXPY6uDlUIFdzUP7pDyOahEwiFUTrnuvE6KVEIaeCzUr9RLOY0AkZsZ5BSUKmvXR+68y+MM7QDiJlnkR77v6dSEmo9TT0TWdIcKxXa5n5X62XYHDrpVzGCTJJF4uCRNgY2dnH7SFXjKKYGiBUcXOrTcdEEYomnqUtieSoZyYWdzWEdWjXa67hh3qlcZUHVIQzOIdLcOEGGnAPTWgBhTG8wCu8Wc/Wu/VhfS5aC1Y+cwpLsr5+AYy/lU0=</latexit><latexit sha1_base64="3EqTRUTExXgZcnSaAqxV5Hr7jVw=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruCpJUXRZcOOygr1AG8pkOmmHTiZh5kQoofgGbvUF3Ilbn8W9D+KkzcK2/jDw8Z9zOGd+PxZco+N8W4WNza3tneJuaW//4PCofHzS1lGiKGvRSESq6xPNBJeshRwF68aKkdAXrONP7rJ654kpzSP5iNOYeSEZSR5wSjCzqvXr6qBccWrOXPY6uDlUIFdzUP7pDyOahEwiFUTrnuvE6KVEIaeCzUr9RLOY0AkZsZ5BSUKmvXR+68y+MM7QDiJlnkR77v6dSEmo9TT0TWdIcKxXa5n5X62XYHDrpVzGCTJJF4uCRNgY2dnH7SFXjKKYGiBUcXOrTcdEEYomnqUtieSoZyYWdzWEdWjXa67hh3qlcZUHVIQzOIdLcOEGGnAPTWgBhTG8wCu8Wc/Wu/VhfS5aC1Y+cwpLsr5+AYy/lU0=</latexit><latexit sha1_base64="3EqTRUTExXgZcnSaAqxV5Hr7jVw=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruCpJUXRZcOOygr1AG8pkOmmHTiZh5kQoofgGbvUF3Ilbn8W9D+KkzcK2/jDw8Z9zOGd+PxZco+N8W4WNza3tneJuaW//4PCofHzS1lGiKGvRSESq6xPNBJeshRwF68aKkdAXrONP7rJ654kpzSP5iNOYeSEZSR5wSjCzqvXr6qBccWrOXPY6uDlUIFdzUP7pDyOahEwiFUTrnuvE6KVEIaeCzUr9RLOY0AkZsZ5BSUKmvXR+68y+MM7QDiJlnkR77v6dSEmo9TT0TWdIcKxXa5n5X62XYHDrpVzGCTJJF4uCRNgY2dnH7SFXjKKYGiBUcXOrTcdEEYomnqUtieSoZyYWdzWEdWjXa67hh3qlcZUHVIQzOIdLcOEGGnAPTWgBhTG8wCu8Wc/Wu/VhfS5aC1Y+cwpLsr5+AYy/lU0=</latexit><latexit sha1_base64="3EqTRUTExXgZcnSaAqxV5Hr7jVw=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruCpJUXRZcOOygr1AG8pkOmmHTiZh5kQoofgGbvUF3Ilbn8W9D+KkzcK2/jDw8Z9zOGd+PxZco+N8W4WNza3tneJuaW//4PCofHzS1lGiKGvRSESq6xPNBJeshRwF68aKkdAXrONP7rJ654kpzSP5iNOYeSEZSR5wSjCzqvXr6qBccWrOXPY6uDlUIFdzUP7pDyOahEwiFUTrnuvE6KVEIaeCzUr9RLOY0AkZsZ5BSUKmvXR+68y+MM7QDiJlnkR77v6dSEmo9TT0TWdIcKxXa5n5X62XYHDrpVzGCTJJF4uCRNgY2dnH7SFXjKKYGiBUcXOrTcdEEYomnqUtieSoZyYWdzWEdWjXa67hh3qlcZUHVIQzOIdLcOEGGnAPTWgBhTG8wCu8Wc/Wu/VhfS5aC1Y+cwpLsr5+AYy/lU0=</latexit>

10
<latexit sha1_base64="J32IjFO0jrdPbULhvCL3o8X4KSs=">AAAB/XicbZDLSsNAFIZPvNZ6q7p0M9gKrkpSBF0W3LisYC/QhjKZTtuhk0mYORFKKL6BW30Bd+LWZ3Hvgzhps7CtPwx8/Occzpk/iKUw6Lrfzsbm1vbObmGvuH9weHRcOjltmSjRjDdZJCPdCajhUijeRIGSd2LNaRhI3g4md1m9/cS1EZF6xGnM/ZCOlBgKRjGzKp5b6ZfKbtWdi6yDl0MZcjX6pZ/eIGJJyBUySY3pem6Mfko1Cib5rNhLDI8pm9AR71pUNOTGT+e3zsildQZkGGn7FJK5+3cipaEx0zCwnSHFsVmtZeZ/tW6Cw1s/FSpOkCu2WDRMJMGIZB8nA6E5Qzm1QJkW9lbCxlRThjaepS2JEmhmNhZvNYR1aNWqnuWHWrl+nQdUgHO4gCvw4AbqcA8NaAKDMbzAK7w5z8678+F8Llo3nHzmDJbkfP0CgzSVRw==</latexit><latexit sha1_base64="J32IjFO0jrdPbULhvCL3o8X4KSs=">AAAB/XicbZDLSsNAFIZPvNZ6q7p0M9gKrkpSBF0W3LisYC/QhjKZTtuhk0mYORFKKL6BW30Bd+LWZ3Hvgzhps7CtPwx8/Occzpk/iKUw6Lrfzsbm1vbObmGvuH9weHRcOjltmSjRjDdZJCPdCajhUijeRIGSd2LNaRhI3g4md1m9/cS1EZF6xGnM/ZCOlBgKRjGzKp5b6ZfKbtWdi6yDl0MZcjX6pZ/eIGJJyBUySY3pem6Mfko1Cib5rNhLDI8pm9AR71pUNOTGT+e3zsildQZkGGn7FJK5+3cipaEx0zCwnSHFsVmtZeZ/tW6Cw1s/FSpOkCu2WDRMJMGIZB8nA6E5Qzm1QJkW9lbCxlRThjaepS2JEmhmNhZvNYR1aNWqnuWHWrl+nQdUgHO4gCvw4AbqcA8NaAKDMbzAK7w5z8678+F8Llo3nHzmDJbkfP0CgzSVRw==</latexit><latexit sha1_base64="J32IjFO0jrdPbULhvCL3o8X4KSs=">AAAB/XicbZDLSsNAFIZPvNZ6q7p0M9gKrkpSBF0W3LisYC/QhjKZTtuhk0mYORFKKL6BW30Bd+LWZ3Hvgzhps7CtPwx8/Occzpk/iKUw6Lrfzsbm1vbObmGvuH9weHRcOjltmSjRjDdZJCPdCajhUijeRIGSd2LNaRhI3g4md1m9/cS1EZF6xGnM/ZCOlBgKRjGzKp5b6ZfKbtWdi6yDl0MZcjX6pZ/eIGJJyBUySY3pem6Mfko1Cib5rNhLDI8pm9AR71pUNOTGT+e3zsildQZkGGn7FJK5+3cipaEx0zCwnSHFsVmtZeZ/tW6Cw1s/FSpOkCu2WDRMJMGIZB8nA6E5Qzm1QJkW9lbCxlRThjaepS2JEmhmNhZvNYR1aNWqnuWHWrl+nQdUgHO4gCvw4AbqcA8NaAKDMbzAK7w5z8678+F8Llo3nHzmDJbkfP0CgzSVRw==</latexit><latexit sha1_base64="J32IjFO0jrdPbULhvCL3o8X4KSs=">AAAB/XicbZDLSsNAFIZPvNZ6q7p0M9gKrkpSBF0W3LisYC/QhjKZTtuhk0mYORFKKL6BW30Bd+LWZ3Hvgzhps7CtPwx8/Occzpk/iKUw6Lrfzsbm1vbObmGvuH9weHRcOjltmSjRjDdZJCPdCajhUijeRIGSd2LNaRhI3g4md1m9/cS1EZF6xGnM/ZCOlBgKRjGzKp5b6ZfKbtWdi6yDl0MZcjX6pZ/eIGJJyBUySY3pem6Mfko1Cib5rNhLDI8pm9AR71pUNOTGT+e3zsildQZkGGn7FJK5+3cipaEx0zCwnSHFsVmtZeZ/tW6Cw1s/FSpOkCu2WDRMJMGIZB8nA6E5Qzm1QJkW9lbCxlRThjaepS2JEmhmNhZvNYR1aNWqnuWHWrl+nQdUgHO4gCvw4AbqcA8NaAKDMbzAK7w5z8678+F8Llo3nHzmDJbkfP0CgzSVRw==</latexit>

20
<latexit sha1_base64="p2MnAPlLodLFnmYyGM3Ql2NXwOw=">AAAB/XicbZDLSsNAFIZPvNZ6q7p0M9gKrkpSBF0W3LisYC/QhjKZTtqhk0mYORFKKb6BW30Bd+LWZ3Hvgzhps7CtPwx8/Occzpk/SKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd1m9/cS1EbF6xEnC/YgOlQgFo5hZlZpb6ZfKbtWdi6yDl0MZcjX6pZ/eIGZpxBUySY3pem6C/pRqFEzyWbGXGp5QNqZD3rWoaMSNP53fOiOX1hmQMNb2KSRz9+/ElEbGTKLAdkYUR2a1lpn/1bophrf+VKgkRa7YYlGYSoIxyT5OBkJzhnJigTIt7K2EjaimDG08S1tSJdDMbCzeagjr0KpVPcsPtXL9Og+oAOdwAVfgwQ3U4R4a0AQGI3iBV3hznp1358P5XLRuOPnMGSzJ+foFhMyVSA==</latexit><latexit sha1_base64="p2MnAPlLodLFnmYyGM3Ql2NXwOw=">AAAB/XicbZDLSsNAFIZPvNZ6q7p0M9gKrkpSBF0W3LisYC/QhjKZTtqhk0mYORFKKb6BW30Bd+LWZ3Hvgzhps7CtPwx8/Occzpk/SKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd1m9/cS1EbF6xEnC/YgOlQgFo5hZlZpb6ZfKbtWdi6yDl0MZcjX6pZ/eIGZpxBUySY3pem6C/pRqFEzyWbGXGp5QNqZD3rWoaMSNP53fOiOX1hmQMNb2KSRz9+/ElEbGTKLAdkYUR2a1lpn/1bophrf+VKgkRa7YYlGYSoIxyT5OBkJzhnJigTIt7K2EjaimDG08S1tSJdDMbCzeagjr0KpVPcsPtXL9Og+oAOdwAVfgwQ3U4R4a0AQGI3iBV3hznp1358P5XLRuOPnMGSzJ+foFhMyVSA==</latexit><latexit sha1_base64="p2MnAPlLodLFnmYyGM3Ql2NXwOw=">AAAB/XicbZDLSsNAFIZPvNZ6q7p0M9gKrkpSBF0W3LisYC/QhjKZTtqhk0mYORFKKb6BW30Bd+LWZ3Hvgzhps7CtPwx8/Occzpk/SKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd1m9/cS1EbF6xEnC/YgOlQgFo5hZlZpb6ZfKbtWdi6yDl0MZcjX6pZ/eIGZpxBUySY3pem6C/pRqFEzyWbGXGp5QNqZD3rWoaMSNP53fOiOX1hmQMNb2KSRz9+/ElEbGTKLAdkYUR2a1lpn/1bophrf+VKgkRa7YYlGYSoIxyT5OBkJzhnJigTIt7K2EjaimDG08S1tSJdDMbCzeagjr0KpVPcsPtXL9Og+oAOdwAVfgwQ3U4R4a0AQGI3iBV3hznp1358P5XLRuOPnMGSzJ+foFhMyVSA==</latexit><latexit sha1_base64="p2MnAPlLodLFnmYyGM3Ql2NXwOw=">AAAB/XicbZDLSsNAFIZPvNZ6q7p0M9gKrkpSBF0W3LisYC/QhjKZTtqhk0mYORFKKb6BW30Bd+LWZ3Hvgzhps7CtPwx8/Occzpk/SKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd1m9/cS1EbF6xEnC/YgOlQgFo5hZlZpb6ZfKbtWdi6yDl0MZcjX6pZ/eIGZpxBUySY3pem6C/pRqFEzyWbGXGp5QNqZD3rWoaMSNP53fOiOX1hmQMNb2KSRz9+/ElEbGTKLAdkYUR2a1lpn/1bophrf+VKgkRa7YYlGYSoIxyT5OBkJzhnJigTIt7K2EjaimDG08S1tSJdDMbCzeagjr0KpVPcsPtXL9Og+oAOdwAVfgwQ3U4R4a0AQGI3iBV3hznp1358P5XLRuOPnMGSzJ+foFhMyVSA==</latexit>

int1
<latexit sha1_base64="XpomdT30jwICGPq72Xy/W4vt0/4=">AAACB3icbZDLSsNAFIZPvNZ6q7p0E2wFVyUpgi4LblxWsBdoY5lMJ+3QySTMnIgl5AF8A7f6Au7ErY/h3gdx2mZhW38Y+PjPOZwzvx8LrtFxvq219Y3Nre3CTnF3b//gsHR03NJRoihr0khEquMTzQSXrIkcBevEipHQF6ztj2+m9fYjU5pH8h4nMfNCMpQ84JSgsR4qPWRPmHKJWd+t9Etlp+rMZK+Cm0MZcjX6pZ/eIKJJyCRSQbTuuk6MXkoUcipYVuwlmsWEjsmQdQ1KEjLtpbOrM/vcOAM7iJR5Eu2Z+3ciJaHWk9A3nSHBkV6uTc3/at0Eg2vP/ClOkEk6XxQkwsbInkZgD7hiFMXEAKGKm1ttOiKKUDRBLWxJJEedmVjc5RBWoVWruobvauX6ZR5QAU7hDC7AhSuowy00oAkUFLzAK7xZz9a79WF9zlvXrHzmBBZkff0CWSqaPg==</latexit><latexit sha1_base64="XpomdT30jwICGPq72Xy/W4vt0/4=">AAACB3icbZDLSsNAFIZPvNZ6q7p0E2wFVyUpgi4LblxWsBdoY5lMJ+3QySTMnIgl5AF8A7f6Au7ErY/h3gdx2mZhW38Y+PjPOZwzvx8LrtFxvq219Y3Nre3CTnF3b//gsHR03NJRoihr0khEquMTzQSXrIkcBevEipHQF6ztj2+m9fYjU5pH8h4nMfNCMpQ84JSgsR4qPWRPmHKJWd+t9Etlp+rMZK+Cm0MZcjX6pZ/eIKJJyCRSQbTuuk6MXkoUcipYVuwlmsWEjsmQdQ1KEjLtpbOrM/vcOAM7iJR5Eu2Z+3ciJaHWk9A3nSHBkV6uTc3/at0Eg2vP/ClOkEk6XxQkwsbInkZgD7hiFMXEAKGKm1ttOiKKUDRBLWxJJEedmVjc5RBWoVWruobvauX6ZR5QAU7hDC7AhSuowy00oAkUFLzAK7xZz9a79WF9zlvXrHzmBBZkff0CWSqaPg==</latexit><latexit sha1_base64="XpomdT30jwICGPq72Xy/W4vt0/4=">AAACB3icbZDLSsNAFIZPvNZ6q7p0E2wFVyUpgi4LblxWsBdoY5lMJ+3QySTMnIgl5AF8A7f6Au7ErY/h3gdx2mZhW38Y+PjPOZwzvx8LrtFxvq219Y3Nre3CTnF3b//gsHR03NJRoihr0khEquMTzQSXrIkcBevEipHQF6ztj2+m9fYjU5pH8h4nMfNCMpQ84JSgsR4qPWRPmHKJWd+t9Etlp+rMZK+Cm0MZcjX6pZ/eIKJJyCRSQbTuuk6MXkoUcipYVuwlmsWEjsmQdQ1KEjLtpbOrM/vcOAM7iJR5Eu2Z+3ciJaHWk9A3nSHBkV6uTc3/at0Eg2vP/ClOkEk6XxQkwsbInkZgD7hiFMXEAKGKm1ttOiKKUDRBLWxJJEedmVjc5RBWoVWruobvauX6ZR5QAU7hDC7AhSuowy00oAkUFLzAK7xZz9a79WF9zlvXrHzmBBZkff0CWSqaPg==</latexit><latexit sha1_base64="XpomdT30jwICGPq72Xy/W4vt0/4=">AAACB3icbZDLSsNAFIZPvNZ6q7p0E2wFVyUpgi4LblxWsBdoY5lMJ+3QySTMnIgl5AF8A7f6Au7ErY/h3gdx2mZhW38Y+PjPOZwzvx8LrtFxvq219Y3Nre3CTnF3b//gsHR03NJRoihr0khEquMTzQSXrIkcBevEipHQF6ztj2+m9fYjU5pH8h4nMfNCMpQ84JSgsR4qPWRPmHKJWd+t9Etlp+rMZK+Cm0MZcjX6pZ/eIKJJyCRSQbTuuk6MXkoUcipYVuwlmsWEjsmQdQ1KEjLtpbOrM/vcOAM7iJR5Eu2Z+3ciJaHWk9A3nSHBkV6uTc3/at0Eg2vP/ClOkEk6XxQkwsbInkZgD7hiFMXEAKGKm1ttOiKKUDRBLWxJJEedmVjc5RBWoVWruobvauX6ZR5QAU7hDC7AhSuowy00oAkUFLzAK7xZz9a79WF9zlvXrHzmBBZkff0CWSqaPg==</latexit>

in
t 2

<latexit sha1_base64="NtM0wJUtWcddzAGtyvWPmjVpv5g=">AAACB3icbZDLSsNAFIYnXmu9VV26CbaCq5IUQZcFNy4r2Au0sUymJ+3QySTMnIgl5AF8A7f6Au7ErY/h3gdx2mZhW38Y+PjPOZwzvx8LrtFxvq219Y3Nre3CTnF3b//gsHR03NJRohg0WSQi1fGpBsElNJGjgE6sgIa+gLY/vpnW24+gNI/kPU5i8EI6lDzgjKKxHio9hCdMucSsX6v0S2Wn6sxkr4KbQ5nkavRLP71BxJIQJDJBte66ToxeShVyJiAr9hINMWVjOoSuQUlD0F46uzqzz40zsINImSfRnrl/J1Iaaj0JfdMZUhzp5drU/K/WTTC49syf4gRBsvmiIBE2RvY0AnvAFTAUEwOUKW5utdmIKsrQBLWwJZEcdWZicZdDWIVWreoavquV65d5QAVySs7IBXHJFamTW9IgTcKIIi/klbxZz9a79WF9zlvXrHzmhCzI+voFWsGaPw==</latexit><latexit sha1_base64="NtM0wJUtWcddzAGtyvWPmjVpv5g=">AAACB3icbZDLSsNAFIYnXmu9VV26CbaCq5IUQZcFNy4r2Au0sUymJ+3QySTMnIgl5AF8A7f6Au7ErY/h3gdx2mZhW38Y+PjPOZwzvx8LrtFxvq219Y3Nre3CTnF3b//gsHR03NJRohg0WSQi1fGpBsElNJGjgE6sgIa+gLY/vpnW24+gNI/kPU5i8EI6lDzgjKKxHio9hCdMucSsX6v0S2Wn6sxkr4KbQ5nkavRLP71BxJIQJDJBte66ToxeShVyJiAr9hINMWVjOoSuQUlD0F46uzqzz40zsINImSfRnrl/J1Iaaj0JfdMZUhzp5drU/K/WTTC49syf4gRBsvmiIBE2RvY0AnvAFTAUEwOUKW5utdmIKsrQBLWwJZEcdWZicZdDWIVWreoavquV65d5QAVySs7IBXHJFamTW9IgTcKIIi/klbxZz9a79WF9zlvXrHzmhCzI+voFWsGaPw==</latexit><latexit sha1_base64="NtM0wJUtWcddzAGtyvWPmjVpv5g=">AAACB3icbZDLSsNAFIYnXmu9VV26CbaCq5IUQZcFNy4r2Au0sUymJ+3QySTMnIgl5AF8A7f6Au7ErY/h3gdx2mZhW38Y+PjPOZwzvx8LrtFxvq219Y3Nre3CTnF3b//gsHR03NJRohg0WSQi1fGpBsElNJGjgE6sgIa+gLY/vpnW24+gNI/kPU5i8EI6lDzgjKKxHio9hCdMucSsX6v0S2Wn6sxkr4KbQ5nkavRLP71BxJIQJDJBte66ToxeShVyJiAr9hINMWVjOoSuQUlD0F46uzqzz40zsINImSfRnrl/J1Iaaj0JfdMZUhzp5drU/K/WTTC49syf4gRBsvmiIBE2RvY0AnvAFTAUEwOUKW5utdmIKsrQBLWwJZEcdWZicZdDWIVWreoavquV65d5QAVySs7IBXHJFamTW9IgTcKIIi/klbxZz9a79WF9zlvXrHzmhCzI+voFWsGaPw==</latexit><latexit sha1_base64="NtM0wJUtWcddzAGtyvWPmjVpv5g=">AAACB3icbZDLSsNAFIYnXmu9VV26CbaCq5IUQZcFNy4r2Au0sUymJ+3QySTMnIgl5AF8A7f6Au7ErY/h3gdx2mZhW38Y+PjPOZwzvx8LrtFxvq219Y3Nre3CTnF3b//gsHR03NJRohg0WSQi1fGpBsElNJGjgE6sgIa+gLY/vpnW24+gNI/kPU5i8EI6lDzgjKKxHio9hCdMucSsX6v0S2Wn6sxkr4KbQ5nkavRLP71BxJIQJDJBte66ToxeShVyJiAr9hINMWVjOoSuQUlD0F46uzqzz40zsINImSfRnrl/J1Iaaj0JfdMZUhzp5drU/K/WTTC49syf4gRBsvmiIBE2RvY0AnvAFTAUEwOUKW5utdmIKsrQBLWwJZEcdWZicZdDWIVWreoavquV65d5QAVySs7IBXHJFamTW9IgTcKIIi/klbxZz9a79WF9zlvXrHzmhCzI+voFWsGaPw==</latexit>

1
<latexit sha1_base64="DWAabVqvg2zfBu2BkbPTpXTLMIQ=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2Wv3CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULEZWVDQ==</latexit><latexit sha1_base64="DWAabVqvg2zfBu2BkbPTpXTLMIQ=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2Wv3CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULEZWVDQ==</latexit><latexit sha1_base64="DWAabVqvg2zfBu2BkbPTpXTLMIQ=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2Wv3CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULEZWVDQ==</latexit><latexit sha1_base64="DWAabVqvg2zfBu2BkbPTpXTLMIQ=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2Wv3CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULEZWVDQ==</latexit>

0
<latexit sha1_base64="m0CP0Xf0KkKGA/aK+Hq84+WTAUM=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2W33CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULD/6VDA==</latexit><latexit sha1_base64="m0CP0Xf0KkKGA/aK+Hq84+WTAUM=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2W33CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULD/6VDA==</latexit><latexit sha1_base64="m0CP0Xf0KkKGA/aK+Hq84+WTAUM=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2W33CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULD/6VDA==</latexit><latexit sha1_base64="m0CP0Xf0KkKGA/aK+Hq84+WTAUM=">AAAB/HicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFe0F2qFk0rQNzWSG5IxQhvoGbvUF3Ilb38W9D2LazsK2/hD4+M85nJM/iKUw6LrfTm5jc2t7J79b2Ns/ODwqHp80TZRoxhsskpFuB9RwKRRvoEDJ27HmNAwkbwXj21m99cS1EZF6xEnM/ZAOlRgIRtFaD2W33CuW3Io7F1kHL4MSZKr3ij/dfsSSkCtkkhrT8dwY/ZRqFEzyaaGbGB5TNqZD3rGoaMiNn85PnZIL6/TJINL2KSRz9+9ESkNjJmFgO0OKI7Nam5n/1ToJDm78VKg4Qa7YYtEgkQQjMvs36QvNGcqJBcq0sLcSNqKaMrTpLG1JlEAztbF4qyGsQ7Na8SzfV0u1qyygPJzBOVyCB9dQgzuoQwMYDOEFXuHNeXbenQ/nc9Gac7KZU1iS8/ULD/6VDA==</latexit>

�1
<latexit sha1_base64="tezAQhGVpIVCLXroT9yrI+MvXrE=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruLEkRdBlwY3LCvYCbSiT6aQdOpmEmROhhOIbuNUXcCdufRb3PoiTNgvb+sPAx3/O4Zz5/VhwjY7zbRU2Nre2d4q7pb39g8Oj8vFJW0eJoqxFIxGprk80E1yyFnIUrBsrRkJfsI4/ucvqnSemNI/kI05j5oVkJHnAKcHMql651UG54tScuex1cHOoQK7moPzTH0Y0CZlEKojWPdeJ0UuJQk4Fm5X6iWYxoRMyYj2DkoRMe+n81pl9YZyhHUTKPIn23P07kZJQ62nom86Q4Fiv1jLzv1ovweDWS7mME2SSLhYFibAxsrOP20OuGEUxNUCo4uZWm46JIhRNPEtbEslRz0ws7moI69Cu11zDD/VK4zoPqAhncA6X4MINNOAemtACCmN4gVd4s56td+vD+ly0Fqx85hSWZH39An5rlUQ=</latexit><latexit sha1_base64="tezAQhGVpIVCLXroT9yrI+MvXrE=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruLEkRdBlwY3LCvYCbSiT6aQdOpmEmROhhOIbuNUXcCdufRb3PoiTNgvb+sPAx3/O4Zz5/VhwjY7zbRU2Nre2d4q7pb39g8Oj8vFJW0eJoqxFIxGprk80E1yyFnIUrBsrRkJfsI4/ucvqnSemNI/kI05j5oVkJHnAKcHMql651UG54tScuex1cHOoQK7moPzTH0Y0CZlEKojWPdeJ0UuJQk4Fm5X6iWYxoRMyYj2DkoRMe+n81pl9YZyhHUTKPIn23P07kZJQ62nom86Q4Fiv1jLzv1ovweDWS7mME2SSLhYFibAxsrOP20OuGEUxNUCo4uZWm46JIhRNPEtbEslRz0ws7moI69Cu11zDD/VK4zoPqAhncA6X4MINNOAemtACCmN4gVd4s56td+vD+ly0Fqx85hSWZH39An5rlUQ=</latexit><latexit sha1_base64="tezAQhGVpIVCLXroT9yrI+MvXrE=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruLEkRdBlwY3LCvYCbSiT6aQdOpmEmROhhOIbuNUXcCdufRb3PoiTNgvb+sPAx3/O4Zz5/VhwjY7zbRU2Nre2d4q7pb39g8Oj8vFJW0eJoqxFIxGprk80E1yyFnIUrBsrRkJfsI4/ucvqnSemNI/kI05j5oVkJHnAKcHMql651UG54tScuex1cHOoQK7moPzTH0Y0CZlEKojWPdeJ0UuJQk4Fm5X6iWYxoRMyYj2DkoRMe+n81pl9YZyhHUTKPIn23P07kZJQ62nom86Q4Fiv1jLzv1ovweDWS7mME2SSLhYFibAxsrOP20OuGEUxNUCo4uZWm46JIhRNPEtbEslRz0ws7moI69Cu11zDD/VK4zoPqAhncA6X4MINNOAemtACCmN4gVd4s56td+vD+ly0Fqx85hSWZH39An5rlUQ=</latexit><latexit sha1_base64="tezAQhGVpIVCLXroT9yrI+MvXrE=">AAAB/XicbZDLSsNAFIZP6q3WW9Wlm2AruLEkRdBlwY3LCvYCbSiT6aQdOpmEmROhhOIbuNUXcCdufRb3PoiTNgvb+sPAx3/O4Zz5/VhwjY7zbRU2Nre2d4q7pb39g8Oj8vFJW0eJoqxFIxGprk80E1yyFnIUrBsrRkJfsI4/ucvqnSemNI/kI05j5oVkJHnAKcHMql651UG54tScuex1cHOoQK7moPzTH0Y0CZlEKojWPdeJ0UuJQk4Fm5X6iWYxoRMyYj2DkoRMe+n81pl9YZyhHUTKPIn23P07kZJQ62nom86Q4Fiv1jLzv1ovweDWS7mME2SSLhYFibAxsrOP20OuGEUxNUCo4uZWm46JIhRNPEtbEslRz0ws7moI69Cu11zDD/VK4zoPqAhncA6X4MINNOAemtACCmN4gVd4s56td+vD+ly0Fqx85hSWZH39An5rlUQ=</latexit>
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Global Weights’ Change vs Interactivity

0 5 10 15 20 25

Number of attractors

θ = 0.4 θ = 0.5 θ = 0.6 θ = 0.7

θ = 0.8 θ = 0.9 θ = 1.0 θ = 1.1

θ = 0.0 θ = 0.1 θ = 0.2 θ = 0.3

0 1-1

-1

0

1

int1

in
t 2

Attractor Dynamics of the Basal Ganglia-Thalamocortical Network Jérémie Cabessa



Introduction B-RNNs & FSA BGT Network Weights & Attractors STDP & Attractors Conclusion

Local Weights’ Change vs Interactivity
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Adaptive STDP Rule

I Can we improve the attractor dynamics of the network by means
of a spike-timing dependent plasticity (STDP) rule?

I Yes. We consider an adaptive STDP rule.

I Adaptive: the learning rate of the rule evolves over time.

I The application of the rule improves the attractor complexity
of the BGT network throughout its computational process.

Attractor Dynamics of the Basal Ganglia-Thalamocortical Network Jérémie Cabessa



Introduction B-RNNs & FSA BGT Network Weights & Attractors STDP & Attractors Conclusion

Adaptive STDP Rule

I Can we improve the attractor dynamics of the network by means
of a spike-timing dependent plasticity (STDP) rule?

I Yes. We consider an adaptive STDP rule.

I Adaptive: the learning rate of the rule evolves over time.

I The application of the rule improves the attractor complexity
of the BGT network throughout its computational process.

Attractor Dynamics of the Basal Ganglia-Thalamocortical Network Jérémie Cabessa



Introduction B-RNNs & FSA BGT Network Weights & Attractors STDP & Attractors Conclusion

Adaptive STDP Rule

I Can we improve the attractor dynamics of the network by means
of a spike-timing dependent plasticity (STDP) rule?

I Yes. We consider an adaptive STDP rule.

I Adaptive: the learning rate of the rule evolves over time.

I The application of the rule improves the attractor complexity
of the BGT network throughout its computational process.

Attractor Dynamics of the Basal Ganglia-Thalamocortical Network Jérémie Cabessa



Introduction B-RNNs & FSA BGT Network Weights & Attractors STDP & Attractors Conclusion

Adaptive STDP Rule

I Can we improve the attractor dynamics of the network by means
of a spike-timing dependent plasticity (STDP) rule?

I Yes. We consider an adaptive STDP rule.

I Adaptive: the learning rate of the rule evolves over time.

I The application of the rule improves the attractor complexity
of the BGT network throughout its computational process.

Attractor Dynamics of the Basal Ganglia-Thalamocortical Network Jérémie Cabessa



Introduction B-RNNs & FSA BGT Network Weights & Attractors STDP & Attractors Conclusion

Adaptive STDP Rule: memory

M = memory of the network

n(t) = number of attractors of the network at time t

nmin(t) = min{n(t′) : max(0, t−M) < t′ ≤ t}
nmax(t) = max{n(t′) : max(0, t−M) < t′ ≤ t}.

n(t)
<latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit><latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit><latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit><latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit>

nmin(t)
<latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit><latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit><latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit><latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit>

nmax(t)
<latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit><latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit><latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit><latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit>

M
<latexit sha1_base64="gR08jLW968Xu/w8hfoXlO/bVCGY=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXrwIEc0DkhBmJ7PJkNnZZaZXCEv8A6/6A97Eq//i3Q9x8kBMYkFDUdVNd5cfS2HQdb+czNr6xuZWdju3s7u3f5A/PKqbKNGM11gkI930qeFSKF5DgZI3Y81p6Eve8IfXE7/xyLURkXrAUcw7Ie0rEQhG0Ur3xdtiN19wS+4U5Jd4y6QAc1S7+e92L2JJyBUySY1peW6MnZRqFEzyca6dGB5TNqR93rJU0ZCbTjo9dUzOrNIjQaRtKSRT9e9ESkNjRqFvO0OKA7PsTcT/vFaCwVUnFSpOkCs2WxQkkmBEJn+TntCcoRxZQpkW9lbCBlRThjadhS2JEmjGNpaVEFZJvVzy3JJ3Vy5ULuYBZeEETuEcPLiECtxAFWrAoA/P8AKvzpPz5rw7H7PWjDOfOYYFOJ8/P5eVKg==</latexit><latexit sha1_base64="gR08jLW968Xu/w8hfoXlO/bVCGY=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXrwIEc0DkhBmJ7PJkNnZZaZXCEv8A6/6A97Eq//i3Q9x8kBMYkFDUdVNd5cfS2HQdb+czNr6xuZWdju3s7u3f5A/PKqbKNGM11gkI930qeFSKF5DgZI3Y81p6Eve8IfXE7/xyLURkXrAUcw7Ie0rEQhG0Ur3xdtiN19wS+4U5Jd4y6QAc1S7+e92L2JJyBUySY1peW6MnZRqFEzyca6dGB5TNqR93rJU0ZCbTjo9dUzOrNIjQaRtKSRT9e9ESkNjRqFvO0OKA7PsTcT/vFaCwVUnFSpOkCs2WxQkkmBEJn+TntCcoRxZQpkW9lbCBlRThjadhS2JEmjGNpaVEFZJvVzy3JJ3Vy5ULuYBZeEETuEcPLiECtxAFWrAoA/P8AKvzpPz5rw7H7PWjDOfOYYFOJ8/P5eVKg==</latexit><latexit sha1_base64="gR08jLW968Xu/w8hfoXlO/bVCGY=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXrwIEc0DkhBmJ7PJkNnZZaZXCEv8A6/6A97Eq//i3Q9x8kBMYkFDUdVNd5cfS2HQdb+czNr6xuZWdju3s7u3f5A/PKqbKNGM11gkI930qeFSKF5DgZI3Y81p6Eve8IfXE7/xyLURkXrAUcw7Ie0rEQhG0Ur3xdtiN19wS+4U5Jd4y6QAc1S7+e92L2JJyBUySY1peW6MnZRqFEzyca6dGB5TNqR93rJU0ZCbTjo9dUzOrNIjQaRtKSRT9e9ESkNjRqFvO0OKA7PsTcT/vFaCwVUnFSpOkCs2WxQkkmBEJn+TntCcoRxZQpkW9lbCBlRThjadhS2JEmjGNpaVEFZJvVzy3JJ3Vy5ULuYBZeEETuEcPLiECtxAFWrAoA/P8AKvzpPz5rw7H7PWjDOfOYYFOJ8/P5eVKg==</latexit><latexit sha1_base64="gR08jLW968Xu/w8hfoXlO/bVCGY=">AAAB/HicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXrwIEc0DkhBmJ7PJkNnZZaZXCEv8A6/6A97Eq//i3Q9x8kBMYkFDUdVNd5cfS2HQdb+czNr6xuZWdju3s7u3f5A/PKqbKNGM11gkI930qeFSKF5DgZI3Y81p6Eve8IfXE7/xyLURkXrAUcw7Ie0rEQhG0Ur3xdtiN19wS+4U5Jd4y6QAc1S7+e92L2JJyBUySY1peW6MnZRqFEzyca6dGB5TNqR93rJU0ZCbTjo9dUzOrNIjQaRtKSRT9e9ESkNjRqFvO0OKA7PsTcT/vFaCwVUnFSpOkCs2WxQkkmBEJn+TntCcoRxZQpkW9lbCBlRThjadhS2JEmjGNpaVEFZJvVzy3JJ3Vy5ULuYBZeEETuEcPLiECtxAFWrAoA/P8AKvzpPz5rw7H7PWjDOfOYYFOJ8/P5eVKg==</latexit>

t
<latexit sha1_base64="mGvH1YY7A7g2extxOv+hapOWp6c=">AAAB/HicbVDLTgJBEOzFF+IL9ehlIph4IrvERI8kXjxilEcCGzI7DDBhdnYz02tCNvgHXvUHvBmv/ot3P8QB9iBgJZ1UqrrT3RXEUhh03W8nt7G5tb2T3y3s7R8cHhWPT5omSjTjDRbJSLcDargUijdQoOTtWHMaBpK3gvHtzG89cW1EpB5xEnM/pEMlBoJRtNJDGcu9YsmtuHOQdeJlpAQZ6r3iT7cfsSTkCpmkxnQ8N0Y/pRoFk3xa6CaGx5SN6ZB3LFU05MZP56dOyYVV+mQQaVsKyVz9O5HS0JhJGNjOkOLIrHoz8T+vk+Dgxk+FihPkii0WDRJJMCKzv0lfaM5QTiyhTAt7K2EjqilDm87SlkQJNFMbi7cawjppViueW/Huq6XaVRZQHs7gHC7Bg2uowR3UoQEMhvACr/DmPDvvzofzuWjNOdnMKSzB+foFfBiVUA==</latexit><latexit sha1_base64="mGvH1YY7A7g2extxOv+hapOWp6c=">AAAB/HicbVDLTgJBEOzFF+IL9ehlIph4IrvERI8kXjxilEcCGzI7DDBhdnYz02tCNvgHXvUHvBmv/ot3P8QB9iBgJZ1UqrrT3RXEUhh03W8nt7G5tb2T3y3s7R8cHhWPT5omSjTjDRbJSLcDargUijdQoOTtWHMaBpK3gvHtzG89cW1EpB5xEnM/pEMlBoJRtNJDGcu9YsmtuHOQdeJlpAQZ6r3iT7cfsSTkCpmkxnQ8N0Y/pRoFk3xa6CaGx5SN6ZB3LFU05MZP56dOyYVV+mQQaVsKyVz9O5HS0JhJGNjOkOLIrHoz8T+vk+Dgxk+FihPkii0WDRJJMCKzv0lfaM5QTiyhTAt7K2EjqilDm87SlkQJNFMbi7cawjppViueW/Huq6XaVRZQHs7gHC7Bg2uowR3UoQEMhvACr/DmPDvvzofzuWjNOdnMKSzB+foFfBiVUA==</latexit><latexit sha1_base64="mGvH1YY7A7g2extxOv+hapOWp6c=">AAAB/HicbVDLTgJBEOzFF+IL9ehlIph4IrvERI8kXjxilEcCGzI7DDBhdnYz02tCNvgHXvUHvBmv/ot3P8QB9iBgJZ1UqrrT3RXEUhh03W8nt7G5tb2T3y3s7R8cHhWPT5omSjTjDRbJSLcDargUijdQoOTtWHMaBpK3gvHtzG89cW1EpB5xEnM/pEMlBoJRtNJDGcu9YsmtuHOQdeJlpAQZ6r3iT7cfsSTkCpmkxnQ8N0Y/pRoFk3xa6CaGx5SN6ZB3LFU05MZP56dOyYVV+mQQaVsKyVz9O5HS0JhJGNjOkOLIrHoz8T+vk+Dgxk+FihPkii0WDRJJMCKzv0lfaM5QTiyhTAt7K2EjqilDm87SlkQJNFMbi7cawjppViueW/Huq6XaVRZQHs7gHC7Bg2uowR3UoQEMhvACr/DmPDvvzofzuWjNOdnMKSzB+foFfBiVUA==</latexit><latexit sha1_base64="mGvH1YY7A7g2extxOv+hapOWp6c=">AAAB/HicbVDLTgJBEOzFF+IL9ehlIph4IrvERI8kXjxilEcCGzI7DDBhdnYz02tCNvgHXvUHvBmv/ot3P8QB9iBgJZ1UqrrT3RXEUhh03W8nt7G5tb2T3y3s7R8cHhWPT5omSjTjDRbJSLcDargUijdQoOTtWHMaBpK3gvHtzG89cW1EpB5xEnM/pEMlBoJRtNJDGcu9YsmtuHOQdeJlpAQZ6r3iT7cfsSTkCpmkxnQ8N0Y/pRoFk3xa6CaGx5SN6ZB3LFU05MZP56dOyYVV+mQQaVsKyVz9O5HS0JhJGNjOkOLIrHoz8T+vk+Dgxk+FihPkii0WDRJJMCKzv0lfaM5QTiyhTAt7K2EjqilDm87SlkQJNFMbi7cawjppViueW/Huq6XaVRZQHs7gHC7Bg2uowR3UoQEMhvACr/DmPDvvzofzuWjNOdnMKSzB+foFfBiVUA==</latexit>t � M

<latexit sha1_base64="P4IRZKcC571VSH9uv65fja3XWTY=">AAACAHicbVDLSgNBEOz1GeMr6tHLYCJ4MewGQY8BL16ECOYByRJmJ5NkyOzsMtMrhCUX/8Cr/oA38eqfePdDnCR7MIkFDUVVN91dQSyFQdf9dtbWNza3tnM7+d29/YPDwtFxw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup36zSeujYjUI45j7od0oERfMIpWapaQXJL7UrdQdMvuDGSVeBkpQoZat/DT6UUsCblCJqkxbc+N0U+pRsEkn+Q7ieExZSM64G1LFQ258dPZuRNybpUe6UfalkIyU/9OpDQ0ZhwGtjOkODTL3lT8z2sn2L/xU6HiBLli80X9RBKMyPR30hOaM5RjSyjTwt5K2JBqytAmtLAlUQLNxMbiLYewShqVsueWvYdKsXqVBZSDUziDC/DgGqpwBzWoA4MRvMArvDnPzrvz4XzOW9ecbOYEFuB8/QI7GpYy</latexit><latexit sha1_base64="P4IRZKcC571VSH9uv65fja3XWTY=">AAACAHicbVDLSgNBEOz1GeMr6tHLYCJ4MewGQY8BL16ECOYByRJmJ5NkyOzsMtMrhCUX/8Cr/oA38eqfePdDnCR7MIkFDUVVN91dQSyFQdf9dtbWNza3tnM7+d29/YPDwtFxw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup36zSeujYjUI45j7od0oERfMIpWapaQXJL7UrdQdMvuDGSVeBkpQoZat/DT6UUsCblCJqkxbc+N0U+pRsEkn+Q7ieExZSM64G1LFQ258dPZuRNybpUe6UfalkIyU/9OpDQ0ZhwGtjOkODTL3lT8z2sn2L/xU6HiBLli80X9RBKMyPR30hOaM5RjSyjTwt5K2JBqytAmtLAlUQLNxMbiLYewShqVsueWvYdKsXqVBZSDUziDC/DgGqpwBzWoA4MRvMArvDnPzrvz4XzOW9ecbOYEFuB8/QI7GpYy</latexit><latexit sha1_base64="P4IRZKcC571VSH9uv65fja3XWTY=">AAACAHicbVDLSgNBEOz1GeMr6tHLYCJ4MewGQY8BL16ECOYByRJmJ5NkyOzsMtMrhCUX/8Cr/oA38eqfePdDnCR7MIkFDUVVN91dQSyFQdf9dtbWNza3tnM7+d29/YPDwtFxw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup36zSeujYjUI45j7od0oERfMIpWapaQXJL7UrdQdMvuDGSVeBkpQoZat/DT6UUsCblCJqkxbc+N0U+pRsEkn+Q7ieExZSM64G1LFQ258dPZuRNybpUe6UfalkIyU/9OpDQ0ZhwGtjOkODTL3lT8z2sn2L/xU6HiBLli80X9RBKMyPR30hOaM5RjSyjTwt5K2JBqytAmtLAlUQLNxMbiLYewShqVsueWvYdKsXqVBZSDUziDC/DgGqpwBzWoA4MRvMArvDnPzrvz4XzOW9ecbOYEFuB8/QI7GpYy</latexit><latexit sha1_base64="P4IRZKcC571VSH9uv65fja3XWTY=">AAACAHicbVDLSgNBEOz1GeMr6tHLYCJ4MewGQY8BL16ECOYByRJmJ5NkyOzsMtMrhCUX/8Cr/oA38eqfePdDnCR7MIkFDUVVN91dQSyFQdf9dtbWNza3tnM7+d29/YPDwtFxw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup36zSeujYjUI45j7od0oERfMIpWapaQXJL7UrdQdMvuDGSVeBkpQoZat/DT6UUsCblCJqkxbc+N0U+pRsEkn+Q7ieExZSM64G1LFQ258dPZuRNybpUe6UfalkIyU/9OpDQ0ZhwGtjOkODTL3lT8z2sn2L/xU6HiBLli80X9RBKMyPR30hOaM5RjSyjTwt5K2JBqytAmtLAlUQLNxMbiLYewShqVsueWvYdKsXqVBZSDUziDC/DgGqpwBzWoA4MRvMArvDnPzrvz4XzOW9ecbOYEFuB8/QI7GpYy</latexit>

n
b

of
at

tr
ac

to
rs

<latexit sha1_base64="JLlY4rbtdlu0ZdJ+DlgYkIX3t9U=">AAACC3icbZBLSgNBEIZrfMb4GnXppjEIrsJMNroMuHEZwTwgCaGn05M06ekeumsCIeQI3sCtXsCduPUQ7j2IPUkWJvGHgp+/qqjii1IpLAbBt7e1vbO7t184KB4eHZ+c+mfnDaszw3idaalNK6KWS6F4HQVK3koNp0kkeTMa3ef95pgbK7R6wknKuwkdKBELRtFFPd9XEdExoYiGMtTG9vxSUA7mIpsmXJoSLFXr+T+dvmZZwhUySa1th0GK3Sk1KJjks2InszylbEQHvO2sogm33en88xm5dkmfxNq4Ukjm6d+NKU2snSSRm0woDu16Lw//67UzjO+6U6HSDLlii0NxJglqkmMgfWE4QzlxhjIj3K+EDWnOwMFauZIpgXbmsITrEDZNo1IOg3L4WClVgyWgAlzCFdxACLdQhQeoQR0YjOEFXuHNe/bevQ/vczG65S13LmBF3tcvoP+bbw==</latexit><latexit sha1_base64="JLlY4rbtdlu0ZdJ+DlgYkIX3t9U=">AAACC3icbZBLSgNBEIZrfMb4GnXppjEIrsJMNroMuHEZwTwgCaGn05M06ekeumsCIeQI3sCtXsCduPUQ7j2IPUkWJvGHgp+/qqjii1IpLAbBt7e1vbO7t184KB4eHZ+c+mfnDaszw3idaalNK6KWS6F4HQVK3koNp0kkeTMa3ef95pgbK7R6wknKuwkdKBELRtFFPd9XEdExoYiGMtTG9vxSUA7mIpsmXJoSLFXr+T+dvmZZwhUySa1th0GK3Sk1KJjks2InszylbEQHvO2sogm33en88xm5dkmfxNq4Ukjm6d+NKU2snSSRm0woDu16Lw//67UzjO+6U6HSDLlii0NxJglqkmMgfWE4QzlxhjIj3K+EDWnOwMFauZIpgXbmsITrEDZNo1IOg3L4WClVgyWgAlzCFdxACLdQhQeoQR0YjOEFXuHNe/bevQ/vczG65S13LmBF3tcvoP+bbw==</latexit><latexit sha1_base64="JLlY4rbtdlu0ZdJ+DlgYkIX3t9U=">AAACC3icbZBLSgNBEIZrfMb4GnXppjEIrsJMNroMuHEZwTwgCaGn05M06ekeumsCIeQI3sCtXsCduPUQ7j2IPUkWJvGHgp+/qqjii1IpLAbBt7e1vbO7t184KB4eHZ+c+mfnDaszw3idaalNK6KWS6F4HQVK3koNp0kkeTMa3ef95pgbK7R6wknKuwkdKBELRtFFPd9XEdExoYiGMtTG9vxSUA7mIpsmXJoSLFXr+T+dvmZZwhUySa1th0GK3Sk1KJjks2InszylbEQHvO2sogm33en88xm5dkmfxNq4Ukjm6d+NKU2snSSRm0woDu16Lw//67UzjO+6U6HSDLlii0NxJglqkmMgfWE4QzlxhjIj3K+EDWnOwMFauZIpgXbmsITrEDZNo1IOg3L4WClVgyWgAlzCFdxACLdQhQeoQR0YjOEFXuHNe/bevQ/vczG65S13LmBF3tcvoP+bbw==</latexit><latexit sha1_base64="JLlY4rbtdlu0ZdJ+DlgYkIX3t9U=">AAACC3icbZBLSgNBEIZrfMb4GnXppjEIrsJMNroMuHEZwTwgCaGn05M06ekeumsCIeQI3sCtXsCduPUQ7j2IPUkWJvGHgp+/qqjii1IpLAbBt7e1vbO7t184KB4eHZ+c+mfnDaszw3idaalNK6KWS6F4HQVK3koNp0kkeTMa3ef95pgbK7R6wknKuwkdKBELRtFFPd9XEdExoYiGMtTG9vxSUA7mIpsmXJoSLFXr+T+dvmZZwhUySa1th0GK3Sk1KJjks2InszylbEQHvO2sogm33en88xm5dkmfxNq4Ukjm6d+NKU2snSSRm0woDu16Lw//67UzjO+6U6HSDLlii0NxJglqkmMgfWE4QzlxhjIj3K+EDWnOwMFauZIpgXbmsITrEDZNo1IOg3L4WClVgyWgAlzCFdxACLdQhQeoQR0YjOEFXuHNe/bevQ/vczG65S13LmBF3tcvoP+bbw==</latexit>

time
<latexit sha1_base64="gj8LBnABrJaSbVQRcsDTYEJMeXs=">AAAB/XicbVBNS8NAEN3Ur1q/qh69LBbBU0l60WPBi8cK9gPaUDbbSbt0swm7E6GE4j/wqn/Am3j1t3j3h7hNc7CtDwYe780wMy9IpDDout9OaWt7Z3evvF85ODw6PqmennVMnGoObR7LWPcCZkAKBW0UKKGXaGBRIKEbTO8WfvcJtBGxesRZAn7ExkqEgjPMJRHBsFpz624Oukm8gtRIgdaw+jMYxTyNQCGXzJi+5yboZ0yj4BLmlUFqIGF8ysbQt1SxCIyf5bfO6ZVVRjSMtS2FNFf/TmQsMmYWBbYzYjgx695C/M/rpxje+plQSYqg+HJRmEqKMV08TkdCA0c5s4RxLeytlE+YZhxtPCtbUiXQzG0s3noIm6TTqHtu3Xto1JpuEVCZXJBLck08ckOa5J60SJtwMiEv5JW8Oc/Ou/PhfC5bS04xc05W4Hz9AiM9lkk=</latexit><latexit sha1_base64="gj8LBnABrJaSbVQRcsDTYEJMeXs=">AAAB/XicbVBNS8NAEN3Ur1q/qh69LBbBU0l60WPBi8cK9gPaUDbbSbt0swm7E6GE4j/wqn/Am3j1t3j3h7hNc7CtDwYe780wMy9IpDDout9OaWt7Z3evvF85ODw6PqmennVMnGoObR7LWPcCZkAKBW0UKKGXaGBRIKEbTO8WfvcJtBGxesRZAn7ExkqEgjPMJRHBsFpz624Oukm8gtRIgdaw+jMYxTyNQCGXzJi+5yboZ0yj4BLmlUFqIGF8ysbQt1SxCIyf5bfO6ZVVRjSMtS2FNFf/TmQsMmYWBbYzYjgx695C/M/rpxje+plQSYqg+HJRmEqKMV08TkdCA0c5s4RxLeytlE+YZhxtPCtbUiXQzG0s3noIm6TTqHtu3Xto1JpuEVCZXJBLck08ckOa5J60SJtwMiEv5JW8Oc/Ou/PhfC5bS04xc05W4Hz9AiM9lkk=</latexit><latexit sha1_base64="gj8LBnABrJaSbVQRcsDTYEJMeXs=">AAAB/XicbVBNS8NAEN3Ur1q/qh69LBbBU0l60WPBi8cK9gPaUDbbSbt0swm7E6GE4j/wqn/Am3j1t3j3h7hNc7CtDwYe780wMy9IpDDout9OaWt7Z3evvF85ODw6PqmennVMnGoObR7LWPcCZkAKBW0UKKGXaGBRIKEbTO8WfvcJtBGxesRZAn7ExkqEgjPMJRHBsFpz624Oukm8gtRIgdaw+jMYxTyNQCGXzJi+5yboZ0yj4BLmlUFqIGF8ysbQt1SxCIyf5bfO6ZVVRjSMtS2FNFf/TmQsMmYWBbYzYjgx695C/M/rpxje+plQSYqg+HJRmEqKMV08TkdCA0c5s4RxLeytlE+YZhxtPCtbUiXQzG0s3noIm6TTqHtu3Xto1JpuEVCZXJBLck08ckOa5J60SJtwMiEv5JW8Oc/Ou/PhfC5bS04xc05W4Hz9AiM9lkk=</latexit><latexit sha1_base64="gj8LBnABrJaSbVQRcsDTYEJMeXs=">AAAB/XicbVBNS8NAEN3Ur1q/qh69LBbBU0l60WPBi8cK9gPaUDbbSbt0swm7E6GE4j/wqn/Am3j1t3j3h7hNc7CtDwYe780wMy9IpDDout9OaWt7Z3evvF85ODw6PqmennVMnGoObR7LWPcCZkAKBW0UKKGXaGBRIKEbTO8WfvcJtBGxesRZAn7ExkqEgjPMJRHBsFpz624Oukm8gtRIgdaw+jMYxTyNQCGXzJi+5yboZ0yj4BLmlUFqIGF8ysbQt1SxCIyf5bfO6ZVVRjSMtS2FNFf/TmQsMmYWBbYzYjgx695C/M/rpxje+plQSYqg+HJRmEqKMV08TkdCA0c5s4RxLeytlE+YZhxtPCtbUiXQzG0s3noIm6TTqHtu3Xto1JpuEVCZXJBLck08ckOa5J60SJtwMiEv5JW8Oc/Ou/PhfC5bS04xc05W4Hz9AiM9lkk=</latexit>
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Adaptive STDP Rule: learning rate

I The learning rate λ(t) depends on the current, min and max
number of attractors seen during the last M time steps.

λ(t) =

λmax +
(n(t)− nmin(t))(λmin − λmax)

nmax(t)− nmin(t)
if nmin(t) 6= nmax(t)

λmax otherwise

�max
<latexit sha1_base64="L5PbQ5nDTIqv6cVijE8irFxrEBM=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMpu3QmUmYh1hC/sA/cKs/4E7c+hPu/RCnbRbaeuDC4ZxzuZcTpYwq7XlfTmljc2t7p7xb2ds/OKy6R8ddlRiJSQcnLJH9CCnCqCAdTTUj/VQSxCNGetH0Zu73HohUNBH3epaSgKOxoCOKkbZS6FbrQ2bTMQozjh7zeujWvIa3AFwnfkFqoEA7dL+HcYINJ0JjhpQa+F6qgwxJTTEjeWVoFEkRnqIxGVgqECcqyBaP5/DcKjEcJdKO0HCh/t7IEFdqxiOb5EhP1Ko3F//zBkaProOMitRoIvDy0MgwqBM4bwHGVBKs2cwShCW1v0I8QRJhbbv6c8UIqlVua/FXS1gn3WbD9xr+XbPWuiwKKoNTcAYugA+uQAvcgjboAAwMeAYv4NV5ct6cd+djGS05xc4J+APn8wedFJrf</latexit><latexit sha1_base64="L5PbQ5nDTIqv6cVijE8irFxrEBM=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMpu3QmUmYh1hC/sA/cKs/4E7c+hPu/RCnbRbaeuDC4ZxzuZcTpYwq7XlfTmljc2t7p7xb2ds/OKy6R8ddlRiJSQcnLJH9CCnCqCAdTTUj/VQSxCNGetH0Zu73HohUNBH3epaSgKOxoCOKkbZS6FbrQ2bTMQozjh7zeujWvIa3AFwnfkFqoEA7dL+HcYINJ0JjhpQa+F6qgwxJTTEjeWVoFEkRnqIxGVgqECcqyBaP5/DcKjEcJdKO0HCh/t7IEFdqxiOb5EhP1Ko3F//zBkaProOMitRoIvDy0MgwqBM4bwHGVBKs2cwShCW1v0I8QRJhbbv6c8UIqlVua/FXS1gn3WbD9xr+XbPWuiwKKoNTcAYugA+uQAvcgjboAAwMeAYv4NV5ct6cd+djGS05xc4J+APn8wedFJrf</latexit><latexit sha1_base64="L5PbQ5nDTIqv6cVijE8irFxrEBM=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMpu3QmUmYh1hC/sA/cKs/4E7c+hPu/RCnbRbaeuDC4ZxzuZcTpYwq7XlfTmljc2t7p7xb2ds/OKy6R8ddlRiJSQcnLJH9CCnCqCAdTTUj/VQSxCNGetH0Zu73HohUNBH3epaSgKOxoCOKkbZS6FbrQ2bTMQozjh7zeujWvIa3AFwnfkFqoEA7dL+HcYINJ0JjhpQa+F6qgwxJTTEjeWVoFEkRnqIxGVgqECcqyBaP5/DcKjEcJdKO0HCh/t7IEFdqxiOb5EhP1Ko3F//zBkaProOMitRoIvDy0MgwqBM4bwHGVBKs2cwShCW1v0I8QRJhbbv6c8UIqlVua/FXS1gn3WbD9xr+XbPWuiwKKoNTcAYugA+uQAvcgjboAAwMeAYv4NV5ct6cd+djGS05xc4J+APn8wedFJrf</latexit><latexit sha1_base64="L5PbQ5nDTIqv6cVijE8irFxrEBM=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMpu3QmUmYh1hC/sA/cKs/4E7c+hPu/RCnbRbaeuDC4ZxzuZcTpYwq7XlfTmljc2t7p7xb2ds/OKy6R8ddlRiJSQcnLJH9CCnCqCAdTTUj/VQSxCNGetH0Zu73HohUNBH3epaSgKOxoCOKkbZS6FbrQ2bTMQozjh7zeujWvIa3AFwnfkFqoEA7dL+HcYINJ0JjhpQa+F6qgwxJTTEjeWVoFEkRnqIxGVgqECcqyBaP5/DcKjEcJdKO0HCh/t7IEFdqxiOb5EhP1Ko3F//zBkaProOMitRoIvDy0MgwqBM4bwHGVBKs2cwShCW1v0I8QRJhbbv6c8UIqlVua/FXS1gn3WbD9xr+XbPWuiwKKoNTcAYugA+uQAvcgjboAAwMeAYv4NV5ct6cd+djGS05xc4J+APn8wedFJrf</latexit>

�min
<latexit sha1_base64="h3r6RayfN12YLWkIJYJLovMZuqY=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMJu3QmUmYh1BC/8A/cKs/4E7c+hPu/RCnbRa29cCFwznnci8nyhhV2vO+ndLW9s7uXnm/cnB4dFx1T067KjUSkw5OWSr7EVKEUUE6mmpG+pkkiEeM9KLJ3dzvPRGpaCoe9TQjAUcjQROKkbZS6FbrQ2bTMQpzTsWsHro1r+EtADeJX5AaKNAO3Z9hnGLDidCYIaUGvpfpIEdSU8zIrDI0imQIT9CIDCwViBMV5IvHZ/DSKjFMUmlHaLhQ/27kiCs15ZFNcqTHat2bi/95A6OT2yCnIjOaCLw8lBgGdQrnLcCYSoI1m1qCsKT2V4jHSCKsbVcrV4ygWs1sLf56CZuk22z4XsN/aNZa10VBZXAOLsAV8MENaIF70AYdgIEBL+AVvDnPzrvz4XwuoyWn2DkDK3C+fgGZ7Jrd</latexit><latexit sha1_base64="h3r6RayfN12YLWkIJYJLovMZuqY=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMJu3QmUmYh1BC/8A/cKs/4E7c+hPu/RCnbRa29cCFwznnci8nyhhV2vO+ndLW9s7uXnm/cnB4dFx1T067KjUSkw5OWSr7EVKEUUE6mmpG+pkkiEeM9KLJ3dzvPRGpaCoe9TQjAUcjQROKkbZS6FbrQ2bTMQpzTsWsHro1r+EtADeJX5AaKNAO3Z9hnGLDidCYIaUGvpfpIEdSU8zIrDI0imQIT9CIDCwViBMV5IvHZ/DSKjFMUmlHaLhQ/27kiCs15ZFNcqTHat2bi/95A6OT2yCnIjOaCLw8lBgGdQrnLcCYSoI1m1qCsKT2V4jHSCKsbVcrV4ygWs1sLf56CZuk22z4XsN/aNZa10VBZXAOLsAV8MENaIF70AYdgIEBL+AVvDnPzrvz4XwuoyWn2DkDK3C+fgGZ7Jrd</latexit><latexit sha1_base64="h3r6RayfN12YLWkIJYJLovMZuqY=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMJu3QmUmYh1BC/8A/cKs/4E7c+hPu/RCnbRa29cCFwznnci8nyhhV2vO+ndLW9s7uXnm/cnB4dFx1T067KjUSkw5OWSr7EVKEUUE6mmpG+pkkiEeM9KLJ3dzvPRGpaCoe9TQjAUcjQROKkbZS6FbrQ2bTMQpzTsWsHro1r+EtADeJX5AaKNAO3Z9hnGLDidCYIaUGvpfpIEdSU8zIrDI0imQIT9CIDCwViBMV5IvHZ/DSKjFMUmlHaLhQ/27kiCs15ZFNcqTHat2bi/95A6OT2yCnIjOaCLw8lBgGdQrnLcCYSoI1m1qCsKT2V4jHSCKsbVcrV4ygWs1sLf56CZuk22z4XsN/aNZa10VBZXAOLsAV8MENaIF70AYdgIEBL+AVvDnPzrvz4XwuoyWn2DkDK3C+fgGZ7Jrd</latexit><latexit sha1_base64="h3r6RayfN12YLWkIJYJLovMZuqY=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMJu3QmUmYh1BC/8A/cKs/4E7c+hPu/RCnbRa29cCFwznnci8nyhhV2vO+ndLW9s7uXnm/cnB4dFx1T067KjUSkw5OWSr7EVKEUUE6mmpG+pkkiEeM9KLJ3dzvPRGpaCoe9TQjAUcjQROKkbZS6FbrQ2bTMQpzTsWsHro1r+EtADeJX5AaKNAO3Z9hnGLDidCYIaUGvpfpIEdSU8zIrDI0imQIT9CIDCwViBMV5IvHZ/DSKjFMUmlHaLhQ/27kiCs15ZFNcqTHat2bi/95A6OT2yCnIjOaCLw8lBgGdQrnLcCYSoI1m1qCsKT2V4jHSCKsbVcrV4ygWs1sLf56CZuk22z4XsN/aNZa10VBZXAOLsAV8MENaIF70AYdgIEBL+AVvDnPzrvz4XwuoyWn2DkDK3C+fgGZ7Jrd</latexit>

nmin(t)
<latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit><latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit><latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit><latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit>

nmax(t)
<latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit><latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit><latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit><latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit>

n(t)
<latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit><latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit><latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit><latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit>

�(t)
<latexit sha1_base64="DcSrdUeq+qtJpZRdx28O4PoNhtw=">AAACGHicbVC7SgNBFJ2Nrxhfq5YiLCZCbMJuELQM2FhGMA9IQpidvUmGzM4uM3fFsKTyL/wDW/0BO7G1s/dDnDwKk3hg4HDuPfcMx48F1+i631ZmbX1jcyu7ndvZ3ds/sA+P6jpKFIMai0Skmj7VILiEGnIU0IwV0NAX0PCHN5N54wGU5pG8x1EMnZD2Je9xRtFIXfu0jfCI0zupgmCcFtrCuANaxIvCuGvn3ZI7hbNKvDnJkzmqXfunHUQsCUEiE1TrlufG2EmpQs4EjHPtRENM2ZD2oWWopCHoTjqNHzvnRgmcXqTMk+hM1b+OlIZaj0LfbIYUB3p5NhH/m7US7F13Ui7jBEGyWVAvEQ5GzqQTJ+AKGIqRIZQpbv7qsAFVlKFpbiElkRz1pBZvuYRVUi+XPLfk3ZXzlct5QVlyQs5IkXjkilTILamSGmHkibyQV/JmPVvv1of1OVvNWHPPMVmA9fUL/xag/g==</latexit><latexit sha1_base64="DcSrdUeq+qtJpZRdx28O4PoNhtw=">AAACGHicbVC7SgNBFJ2Nrxhfq5YiLCZCbMJuELQM2FhGMA9IQpidvUmGzM4uM3fFsKTyL/wDW/0BO7G1s/dDnDwKk3hg4HDuPfcMx48F1+i631ZmbX1jcyu7ndvZ3ds/sA+P6jpKFIMai0Skmj7VILiEGnIU0IwV0NAX0PCHN5N54wGU5pG8x1EMnZD2Je9xRtFIXfu0jfCI0zupgmCcFtrCuANaxIvCuGvn3ZI7hbNKvDnJkzmqXfunHUQsCUEiE1TrlufG2EmpQs4EjHPtRENM2ZD2oWWopCHoTjqNHzvnRgmcXqTMk+hM1b+OlIZaj0LfbIYUB3p5NhH/m7US7F13Ui7jBEGyWVAvEQ5GzqQTJ+AKGIqRIZQpbv7qsAFVlKFpbiElkRz1pBZvuYRVUi+XPLfk3ZXzlct5QVlyQs5IkXjkilTILamSGmHkibyQV/JmPVvv1of1OVvNWHPPMVmA9fUL/xag/g==</latexit><latexit sha1_base64="DcSrdUeq+qtJpZRdx28O4PoNhtw=">AAACGHicbVC7SgNBFJ2Nrxhfq5YiLCZCbMJuELQM2FhGMA9IQpidvUmGzM4uM3fFsKTyL/wDW/0BO7G1s/dDnDwKk3hg4HDuPfcMx48F1+i631ZmbX1jcyu7ndvZ3ds/sA+P6jpKFIMai0Skmj7VILiEGnIU0IwV0NAX0PCHN5N54wGU5pG8x1EMnZD2Je9xRtFIXfu0jfCI0zupgmCcFtrCuANaxIvCuGvn3ZI7hbNKvDnJkzmqXfunHUQsCUEiE1TrlufG2EmpQs4EjHPtRENM2ZD2oWWopCHoTjqNHzvnRgmcXqTMk+hM1b+OlIZaj0LfbIYUB3p5NhH/m7US7F13Ui7jBEGyWVAvEQ5GzqQTJ+AKGIqRIZQpbv7qsAFVlKFpbiElkRz1pBZvuYRVUi+XPLfk3ZXzlct5QVlyQs5IkXjkilTILamSGmHkibyQV/JmPVvv1of1OVvNWHPPMVmA9fUL/xag/g==</latexit><latexit sha1_base64="DcSrdUeq+qtJpZRdx28O4PoNhtw=">AAACGHicbVC7SgNBFJ2Nrxhfq5YiLCZCbMJuELQM2FhGMA9IQpidvUmGzM4uM3fFsKTyL/wDW/0BO7G1s/dDnDwKk3hg4HDuPfcMx48F1+i631ZmbX1jcyu7ndvZ3ds/sA+P6jpKFIMai0Skmj7VILiEGnIU0IwV0NAX0PCHN5N54wGU5pG8x1EMnZD2Je9xRtFIXfu0jfCI0zupgmCcFtrCuANaxIvCuGvn3ZI7hbNKvDnJkzmqXfunHUQsCUEiE1TrlufG2EmpQs4EjHPtRENM2ZD2oWWopCHoTjqNHzvnRgmcXqTMk+hM1b+OlIZaj0LfbIYUB3p5NhH/m7US7F13Ui7jBEGyWVAvEQ5GzqQTJ+AKGIqRIZQpbv7qsAFVlKFpbiElkRz1pBZvuYRVUi+XPLfk3ZXzlct5QVlyQs5IkXjkilTILamSGmHkibyQV/JmPVvv1of1OVvNWHPPMVmA9fUL/xag/g==</latexit>
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Adaptive STDP Rule: learning rate

I The learning rate λ(t) depends on the current, min and max
number of attractors seen during the last M time steps.

λ(t) =

λmax +
(n(t)− nmin(t))(λmin − λmax)

nmax(t)− nmin(t)
if nmin(t) 6= nmax(t)

λmax otherwise

�max
<latexit sha1_base64="L5PbQ5nDTIqv6cVijE8irFxrEBM=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMpu3QmUmYh1hC/sA/cKs/4E7c+hPu/RCnbRbaeuDC4ZxzuZcTpYwq7XlfTmljc2t7p7xb2ds/OKy6R8ddlRiJSQcnLJH9CCnCqCAdTTUj/VQSxCNGetH0Zu73HohUNBH3epaSgKOxoCOKkbZS6FbrQ2bTMQozjh7zeujWvIa3AFwnfkFqoEA7dL+HcYINJ0JjhpQa+F6qgwxJTTEjeWVoFEkRnqIxGVgqECcqyBaP5/DcKjEcJdKO0HCh/t7IEFdqxiOb5EhP1Ko3F//zBkaProOMitRoIvDy0MgwqBM4bwHGVBKs2cwShCW1v0I8QRJhbbv6c8UIqlVua/FXS1gn3WbD9xr+XbPWuiwKKoNTcAYugA+uQAvcgjboAAwMeAYv4NV5ct6cd+djGS05xc4J+APn8wedFJrf</latexit><latexit sha1_base64="L5PbQ5nDTIqv6cVijE8irFxrEBM=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMpu3QmUmYh1hC/sA/cKs/4E7c+hPu/RCnbRbaeuDC4ZxzuZcTpYwq7XlfTmljc2t7p7xb2ds/OKy6R8ddlRiJSQcnLJH9CCnCqCAdTTUj/VQSxCNGetH0Zu73HohUNBH3epaSgKOxoCOKkbZS6FbrQ2bTMQozjh7zeujWvIa3AFwnfkFqoEA7dL+HcYINJ0JjhpQa+F6qgwxJTTEjeWVoFEkRnqIxGVgqECcqyBaP5/DcKjEcJdKO0HCh/t7IEFdqxiOb5EhP1Ko3F//zBkaProOMitRoIvDy0MgwqBM4bwHGVBKs2cwShCW1v0I8QRJhbbv6c8UIqlVua/FXS1gn3WbD9xr+XbPWuiwKKoNTcAYugA+uQAvcgjboAAwMeAYv4NV5ct6cd+djGS05xc4J+APn8wedFJrf</latexit><latexit sha1_base64="L5PbQ5nDTIqv6cVijE8irFxrEBM=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMpu3QmUmYh1hC/sA/cKs/4E7c+hPu/RCnbRbaeuDC4ZxzuZcTpYwq7XlfTmljc2t7p7xb2ds/OKy6R8ddlRiJSQcnLJH9CCnCqCAdTTUj/VQSxCNGetH0Zu73HohUNBH3epaSgKOxoCOKkbZS6FbrQ2bTMQozjh7zeujWvIa3AFwnfkFqoEA7dL+HcYINJ0JjhpQa+F6qgwxJTTEjeWVoFEkRnqIxGVgqECcqyBaP5/DcKjEcJdKO0HCh/t7IEFdqxiOb5EhP1Ko3F//zBkaProOMitRoIvDy0MgwqBM4bwHGVBKs2cwShCW1v0I8QRJhbbv6c8UIqlVua/FXS1gn3WbD9xr+XbPWuiwKKoNTcAYugA+uQAvcgjboAAwMeAYv4NV5ct6cd+djGS05xc4J+APn8wedFJrf</latexit><latexit sha1_base64="L5PbQ5nDTIqv6cVijE8irFxrEBM=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMpu3QmUmYh1hC/sA/cKs/4E7c+hPu/RCnbRbaeuDC4ZxzuZcTpYwq7XlfTmljc2t7p7xb2ds/OKy6R8ddlRiJSQcnLJH9CCnCqCAdTTUj/VQSxCNGetH0Zu73HohUNBH3epaSgKOxoCOKkbZS6FbrQ2bTMQozjh7zeujWvIa3AFwnfkFqoEA7dL+HcYINJ0JjhpQa+F6qgwxJTTEjeWVoFEkRnqIxGVgqECcqyBaP5/DcKjEcJdKO0HCh/t7IEFdqxiOb5EhP1Ko3F//zBkaProOMitRoIvDy0MgwqBM4bwHGVBKs2cwShCW1v0I8QRJhbbv6c8UIqlVua/FXS1gn3WbD9xr+XbPWuiwKKoNTcAYugA+uQAvcgjboAAwMeAYv4NV5ct6cd+djGS05xc4J+APn8wedFJrf</latexit>

�min
<latexit sha1_base64="h3r6RayfN12YLWkIJYJLovMZuqY=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMJu3QmUmYh1BC/8A/cKs/4E7c+hPu/RCnbRa29cCFwznnci8nyhhV2vO+ndLW9s7uXnm/cnB4dFx1T067KjUSkw5OWSr7EVKEUUE6mmpG+pkkiEeM9KLJ3dzvPRGpaCoe9TQjAUcjQROKkbZS6FbrQ2bTMQpzTsWsHro1r+EtADeJX5AaKNAO3Z9hnGLDidCYIaUGvpfpIEdSU8zIrDI0imQIT9CIDCwViBMV5IvHZ/DSKjFMUmlHaLhQ/27kiCs15ZFNcqTHat2bi/95A6OT2yCnIjOaCLw8lBgGdQrnLcCYSoI1m1qCsKT2V4jHSCKsbVcrV4ygWs1sLf56CZuk22z4XsN/aNZa10VBZXAOLsAV8MENaIF70AYdgIEBL+AVvDnPzrvz4XwuoyWn2DkDK3C+fgGZ7Jrd</latexit><latexit sha1_base64="h3r6RayfN12YLWkIJYJLovMZuqY=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMJu3QmUmYh1BC/8A/cKs/4E7c+hPu/RCnbRa29cCFwznnci8nyhhV2vO+ndLW9s7uXnm/cnB4dFx1T067KjUSkw5OWSr7EVKEUUE6mmpG+pkkiEeM9KLJ3dzvPRGpaCoe9TQjAUcjQROKkbZS6FbrQ2bTMQpzTsWsHro1r+EtADeJX5AaKNAO3Z9hnGLDidCYIaUGvpfpIEdSU8zIrDI0imQIT9CIDCwViBMV5IvHZ/DSKjFMUmlHaLhQ/27kiCs15ZFNcqTHat2bi/95A6OT2yCnIjOaCLw8lBgGdQrnLcCYSoI1m1qCsKT2V4jHSCKsbVcrV4ygWs1sLf56CZuk22z4XsN/aNZa10VBZXAOLsAV8MENaIF70AYdgIEBL+AVvDnPzrvz4XwuoyWn2DkDK3C+fgGZ7Jrd</latexit><latexit sha1_base64="h3r6RayfN12YLWkIJYJLovMZuqY=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMJu3QmUmYh1BC/8A/cKs/4E7c+hPu/RCnbRa29cCFwznnci8nyhhV2vO+ndLW9s7uXnm/cnB4dFx1T067KjUSkw5OWSr7EVKEUUE6mmpG+pkkiEeM9KLJ3dzvPRGpaCoe9TQjAUcjQROKkbZS6FbrQ2bTMQpzTsWsHro1r+EtADeJX5AaKNAO3Z9hnGLDidCYIaUGvpfpIEdSU8zIrDI0imQIT9CIDCwViBMV5IvHZ/DSKjFMUmlHaLhQ/27kiCs15ZFNcqTHat2bi/95A6OT2yCnIjOaCLw8lBgGdQrnLcCYSoI1m1qCsKT2V4jHSCKsbVcrV4ygWs1sLf56CZuk22z4XsN/aNZa10VBZXAOLsAV8MENaIF70AYdgIEBL+AVvDnPzrvz4XwuoyWn2DkDK3C+fgGZ7Jrd</latexit><latexit sha1_base64="h3r6RayfN12YLWkIJYJLovMZuqY=">AAACCnicbVDLSsNAFJ3UV62PRl26GWwFVyUpgi4LblxWsA9oQ5hMJu3QmUmYh1BC/8A/cKs/4E7c+hPu/RCnbRa29cCFwznnci8nyhhV2vO+ndLW9s7uXnm/cnB4dFx1T067KjUSkw5OWSr7EVKEUUE6mmpG+pkkiEeM9KLJ3dzvPRGpaCoe9TQjAUcjQROKkbZS6FbrQ2bTMQpzTsWsHro1r+EtADeJX5AaKNAO3Z9hnGLDidCYIaUGvpfpIEdSU8zIrDI0imQIT9CIDCwViBMV5IvHZ/DSKjFMUmlHaLhQ/27kiCs15ZFNcqTHat2bi/95A6OT2yCnIjOaCLw8lBgGdQrnLcCYSoI1m1qCsKT2V4jHSCKsbVcrV4ygWs1sLf56CZuk22z4XsN/aNZa10VBZXAOLsAV8MENaIF70AYdgIEBL+AVvDnPzrvz4XwuoyWn2DkDK3C+fgGZ7Jrd</latexit>

nmin(t)
<latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit><latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit><latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit><latexit sha1_base64="EQp+Z+OkVuFoHZcMLd5JwFFaYhE=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Qlq39A1v9ATux9Tvs/RAnyRaaeODC4Zx7OZcTxIIbcN0vp7CxubW9U9wt7e0fHB6Vj086Jko0ZW0aiUj3AmKY4Iq1gYNgvVgzIgPBusH0du53H5k2PFIPMIuZL8lY8ZBTAlYaVNUwlVxlNbisDssVt+4ugNeJl5MKytEalr8Ho4gmkimgghjT99wY/JRo4FSwrDRIDIsJnZIx61uqiGTGTxc/Z/jCKiMcRtqOArxQf1+kRBozk4HdlAQmZtWbi/95/QTCGz/lKk6AKboMChOBIcLzAvCIa0ZBzCwhVHP7K6YTogkFW9OflERxMJmtxVstYZ10GnXPrXv3jUrzKi+oiM7QOaohD12jJrpDLdRGFMXoGb2gV+fJeXPenY/lasHJb07RHzifPzGumQQ=</latexit>

nmax(t)
<latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit><latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit><latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit><latexit sha1_base64="1s9tnaALIFzlWkz6ugMyX1Z5dIs=">AAACBXicbVC7SgNBFJ2NrxhfUUubwUSITdgNgpYBG8sI5gHJEmYns8mQmdll5q4Ylq39A1v9ATux9Tvs/RAnj8IkHrhwOOdezuUEseAGXPfbyW1sbm3v5HcLe/sHh0fF45OWiRJNWZNGItKdgBgmuGJN4CBYJ9aMyECwdjC+nfrtR6YNj9QDTGLmSzJUPOSUgJV6ZdVPJXnKKnBZ7hdLbtWdAa8Tb0FKaIFGv/jTG0Q0kUwBFcSYrufG4KdEA6eCZYVeYlhM6JgMWddSRSQzfjr7OcMXVhngMNJ2FOCZ+vciJdKYiQzspiQwMqveVPzP6yYQ3vgpV3ECTNF5UJgIDBGeFoAHXDMKYmIJoZrbXzEdEU0o2JqWUhLFwWS2Fm+1hHXSqlU9t+rd10r1q0VBeXSGzlEFeega1dEdaqAmoihGL+gVvTnPzrvz4XzOV3PO4uYULcH5+gU03JkG</latexit>

n(t)
<latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit><latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit><latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit><latexit sha1_base64="cd5PjmtrBSggVmdOg8W7EWsVJtk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69BFuhXkpSBD0WvHisYD+gDWWz3bRrN5uwOxFK6MF/4FX/gDfx6k/x7g9x2+ZgWx8MPN6bYWaeHwuu0XG+rdzG5tb2Tn63sLd/cHhUPD5p6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vbHtzO//cSU5pF8wEnMvJAMJQ84JWikVllW8LLcL5acqjOHvU7cjJQgQ6Nf/OkNIpqETCIVROuu68TopUQhp4JNC71Es5jQMRmyrqGShEx76fzaqX1hlIEdRMqURHuu/p1ISaj1JPRNZ0hwpFe9mfif100wuPFSLuMEmaSLRUEibIzs2ev2gCtGUUwMIVRxc6tNR0QRiiagpS2J5KinJhZ3NYR10qpVXafq3tdK9assoDycwTlUwIVrqMMdNKAJFB7hBV7hzXq23q0P63PRmrOymVNYgvX1Cx1Nli0=</latexit>

�(t)
<latexit sha1_base64="DcSrdUeq+qtJpZRdx28O4PoNhtw=">AAACGHicbVC7SgNBFJ2Nrxhfq5YiLCZCbMJuELQM2FhGMA9IQpidvUmGzM4uM3fFsKTyL/wDW/0BO7G1s/dDnDwKk3hg4HDuPfcMx48F1+i631ZmbX1jcyu7ndvZ3ds/sA+P6jpKFIMai0Skmj7VILiEGnIU0IwV0NAX0PCHN5N54wGU5pG8x1EMnZD2Je9xRtFIXfu0jfCI0zupgmCcFtrCuANaxIvCuGvn3ZI7hbNKvDnJkzmqXfunHUQsCUEiE1TrlufG2EmpQs4EjHPtRENM2ZD2oWWopCHoTjqNHzvnRgmcXqTMk+hM1b+OlIZaj0LfbIYUB3p5NhH/m7US7F13Ui7jBEGyWVAvEQ5GzqQTJ+AKGIqRIZQpbv7qsAFVlKFpbiElkRz1pBZvuYRVUi+XPLfk3ZXzlct5QVlyQs5IkXjkilTILamSGmHkibyQV/JmPVvv1of1OVvNWHPPMVmA9fUL/xag/g==</latexit><latexit sha1_base64="DcSrdUeq+qtJpZRdx28O4PoNhtw=">AAACGHicbVC7SgNBFJ2Nrxhfq5YiLCZCbMJuELQM2FhGMA9IQpidvUmGzM4uM3fFsKTyL/wDW/0BO7G1s/dDnDwKk3hg4HDuPfcMx48F1+i631ZmbX1jcyu7ndvZ3ds/sA+P6jpKFIMai0Skmj7VILiEGnIU0IwV0NAX0PCHN5N54wGU5pG8x1EMnZD2Je9xRtFIXfu0jfCI0zupgmCcFtrCuANaxIvCuGvn3ZI7hbNKvDnJkzmqXfunHUQsCUEiE1TrlufG2EmpQs4EjHPtRENM2ZD2oWWopCHoTjqNHzvnRgmcXqTMk+hM1b+OlIZaj0LfbIYUB3p5NhH/m7US7F13Ui7jBEGyWVAvEQ5GzqQTJ+AKGIqRIZQpbv7qsAFVlKFpbiElkRz1pBZvuYRVUi+XPLfk3ZXzlct5QVlyQs5IkXjkilTILamSGmHkibyQV/JmPVvv1of1OVvNWHPPMVmA9fUL/xag/g==</latexit><latexit sha1_base64="DcSrdUeq+qtJpZRdx28O4PoNhtw=">AAACGHicbVC7SgNBFJ2Nrxhfq5YiLCZCbMJuELQM2FhGMA9IQpidvUmGzM4uM3fFsKTyL/wDW/0BO7G1s/dDnDwKk3hg4HDuPfcMx48F1+i631ZmbX1jcyu7ndvZ3ds/sA+P6jpKFIMai0Skmj7VILiEGnIU0IwV0NAX0PCHN5N54wGU5pG8x1EMnZD2Je9xRtFIXfu0jfCI0zupgmCcFtrCuANaxIvCuGvn3ZI7hbNKvDnJkzmqXfunHUQsCUEiE1TrlufG2EmpQs4EjHPtRENM2ZD2oWWopCHoTjqNHzvnRgmcXqTMk+hM1b+OlIZaj0LfbIYUB3p5NhH/m7US7F13Ui7jBEGyWVAvEQ5GzqQTJ+AKGIqRIZQpbv7qsAFVlKFpbiElkRz1pBZvuYRVUi+XPLfk3ZXzlct5QVlyQs5IkXjkilTILamSGmHkibyQV/JmPVvv1of1OVvNWHPPMVmA9fUL/xag/g==</latexit><latexit sha1_base64="DcSrdUeq+qtJpZRdx28O4PoNhtw=">AAACGHicbVC7SgNBFJ2Nrxhfq5YiLCZCbMJuELQM2FhGMA9IQpidvUmGzM4uM3fFsKTyL/wDW/0BO7G1s/dDnDwKk3hg4HDuPfcMx48F1+i631ZmbX1jcyu7ndvZ3ds/sA+P6jpKFIMai0Skmj7VILiEGnIU0IwV0NAX0PCHN5N54wGU5pG8x1EMnZD2Je9xRtFIXfu0jfCI0zupgmCcFtrCuANaxIvCuGvn3ZI7hbNKvDnJkzmqXfunHUQsCUEiE1TrlufG2EmpQs4EjHPtRENM2ZD2oWWopCHoTjqNHzvnRgmcXqTMk+hM1b+OlIZaj0LfbIYUB3p5NhH/m7US7F13Ui7jBEGyWVAvEQ5GzqQTJ+AKGIqRIZQpbv7qsAFVlKFpbiElkRz1pBZvuYRVUi+XPLfk3ZXzlct5QVlyQs5IkXjkilTILamSGmHkibyQV/JmPVvv1of1OVvNWHPPMVmA9fUL/xag/g==</latexit>
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Adaptive STDP Rule

I aji(t): synaptic weight between xi and xj at time t

aji(t+ 1) = aji(t) + λ(t)
[
xi(t)xj(t+ 1)− Cxj(t)xi(t+ 1)

]

xi
<latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit><latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit><latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit><latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit>

xj
<latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit><latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit><latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit><latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit>
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<latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit><latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit><latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit><latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit>
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<latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit><latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit><latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit><latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit>
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I aji(t): synaptic weight between xi and xj at time t

aji(t+ 1) = aji(t) + λ(t)
[
xi(t)xj(t+ 1)− Cxj(t)xi(t+ 1)

]

xi
<latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit><latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit><latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit><latexit sha1_base64="ZIMtCPGSoJ132QdP/V2jFpbX93E=">AAAB/nicbZDPSsNAEMYn9V+t/6oevQRbwVNJiqDHghePFUxbaEPZbDft0s0m7E7EEgq+gVd9AW/i1Vfx7oO4bXOwrR8s/Phmhpn9gkRwjY7zbRU2Nre2d4q7pb39g8Oj8vFJS8eposyjsYhVJyCaCS6ZhxwF6ySKkSgQrB2Mb2f19iNTmsfyAScJ8yMylDzklKCxvOpTn1f75YpTc+ay18HNoQK5mv3yT28Q0zRiEqkgWnddJ0E/Iwo5FWxa6qWaJYSOyZB1DUoSMe1n82On9oVxBnYYK/Mk2nP370RGIq0nUWA6I4IjvVqbmf/VuimGN37GZZIik3SxKEyFjbE9+7k94IpRFBMDhCpubrXpiChC0eSztCWVHPXUxOKuhrAOrXrNNXxfrzSu8oCKcAbncAkuXEMD7qAJHlDg8AKv8GY9W+/Wh/W5aC1Y+cwpLMn6+gUMGZYw</latexit>
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<latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit><latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit><latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit><latexit sha1_base64="BKbYZI/y6CkhSeBIe0wZO6aMIRA=">AAAB/nicbZDPSsNAEMYn/q31X9Wjl2AreCpJEfRY8OKxgmkLbSib7aZdu9mE3YlYQsE38Kov4E28+irefRC3bQ629YOFH9/MMLNfkAiu0XG+rbX1jc2t7cJOcXdv/+CwdHTc1HGqKPNoLGLVDohmgkvmIUfB2oliJAoEawWjm2m99ciU5rG8x3HC/IgMJA85JWgsr/LUe6j0SmWn6sxkr4KbQxlyNXqln24/pmnEJFJBtO64ToJ+RhRyKtik2E01SwgdkQHrGJQkYtrPZsdO7HPj9O0wVuZJtGfu34mMRFqPo8B0RgSHerk2Nf+rdVIMr/2MyyRFJul8UZgKG2N7+nO7zxWjKMYGCFXc3GrTIVGEoslnYUsqOeqJicVdDmEVmrWqa/iuVq5f5gEV4BTO4AJcuII63EIDPKDA4QVe4c16tt6tD+tz3rpm5TMnsCDr6xcNsJYx</latexit>
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Conclusions

I Feedback – or interactivity – regulation as well as global and
local variations of the synaptic weights significantly influence
the attractor dynamics of the BGT network.

I These processes can be combined with each other to stabilize
and/or improve the attractor dynamics of the network.

I It is possible to improve the attractor dynamics of the BGT
network by means of an adaptive STDP rule.

I The adaptive STDP rule implements a twofold evolving process:
the synaptic weights evolve according to the STDP rule, and
the STDP rule also evolves due to its adaptive learning rate.

I These considerations support the rationale that synaptic plas-
ticity might be crucially involved in the computational capabil-
ities of neural networks.
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