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x;(t): Activity level (e.g. voltage), ¢ =1... N

b;: Baseline activity level

W ;: Interactions

f; > 0: Nonlinearity (e.g. voltage to firing rate mapping)

I;(t): External input

Assumptions: First-order, 1-d dynamics per neuron, additive interactions



d:ci (t)

dt

—.CC‘Z'(t) -+ bz -+ Z W@‘jfj ($j (t)) -+ I@(t)



d:ci (t)
dt

= —z(t) + b + Z Wij f(2;(t) + Li(t)

Wi o< gij Aij



d:ci (t)
7

= —z(t) + b + Z Wij f(2;(t) + Li(t)

J

Wij o gij Aij

gi; = g Global scale factor



T b 2 Wy (e 0) £ L)
Wij o gij Aij
gi; = g Global scale factor
gi; — g Excitatory/inhibitory




T b 2 Wy (e 0) £ L)
Wij o gij Aij
gi; = g Global scale factor
gi; — g Excitatory/inhibitory
gij = =

:g/ g Aij Normalized by incoming weights
J



g )it Z Wij fi (i () + Li(t)
Wij o gij Aij
gi; = g Global scale factor
gi; — g Excitatory/inhibitory
gij = ::g/ Z Aij Normalized by incoming weights
J
gij; — IZg(NT)/ Z Aij Neurotransmitter-specific gain

J



3D reconstruction

Graph




3D reconstruction

Approaches:

Graph




3D reconstruction Graph

Approaches:
1) Direction simulation with hand-chosen parameters (often)



3D reconstruction Graph

Approaches:
1) Direction simulation with hand-chosen parameters (often)
2) Fit to perform a task and/or reproduce neural data (recorded z;(t))



3D reconstruction Graph

Approaches:

1) Direction simulation with hand-chosen parameters (often)

2) Fit to perform a task and/or reproduce neural data (recorded z;(t))
a) W fixed, other parameters trained (Turaga)



3D reconstruction Graph

Approaches:

1) Direction simulation with hand-chosen parameters (often)

2) Fit to perform a task and/or reproduce neural data (recorded z;(t))
a) W fixed, other parameters trained (Turaga)
b) W is initial condition



3D reconstruction Graph

S

® "* L
L) ~

Approaches:

1) Direction simulation with hand-chosen parameters (often)

2) Fit to perform a task and/or reproduce neural data (recorded z;(t))
a) W fixed, other parameters trained (Turaga)
b) W is initial condition

3) Analysis of fixed points/attractors (Curto)



3D reconstruction Graph

Approaches:

1) Direction simulation with hand-chosen parameters (often)

2) Fit to perform a task and/or reproduce neural data (recorded z;(t))
a) W fixed, other parameters trained (Turaga)
b) W is initial condition

3) Analysis of fixed points/attractors (Curto)

4) Mean-field approaches/low-rank approximations (Solla)



3D reconstruction Graph Family of network

models
| _ L [ ) ® [ ) @ _
2 /o |= |¢]
® o e o

Approaches:

1) Direction simulation with hand-chosen parameters (often)

2) Fit to perform a task and/or reproduce neural data (recorded z;(t))
a) W fixed, other parameters trained (Turaga)
b) W is initial condition

3) Analysis of fixed points/attractors (Curto)

4) Mean-field approaches/low-rank approximations (Solla)



3D reconstruction Graph Family of network
models

@ [ ) _

Synaptic Dendritic  Cellular Spike
nonlinearities integration integration generation

Lilg f ;
MOI—VE—PQ#%
lle s

T
Neuromodulation

Approaches:

1) Direction simulation with hand-chosen parameters (often)

2) Fit to perform a task and/or reproduce neural data (recorded z;(t))
a) W fixed, other parameters trained (Turaga)
b) W is initial condition

3) Analysis of fixed points/attractors (Curto)

4) Mean-field approaches/low-rank approximations (Solla)



d.fl?z' (t)
dt

= —a;(t) + b; + Z Wij fi(z;(t)) + Li(t)

fi(x) = Softplus(g;x)

Manuel Beiran



CZCBZ' (t)

— = —x;(t) + b; + Z Wi; fi(2;(t)) + 1 (t)

fi(x) = Softplus(g;x)

300 1

200

post-syn neuron

0 100 200 300
pre-syn neuron

Manuel Beiran



d%ft) — —:Iji(t) + b; + Z Wijfj(zj(t)) + I’i(t)

fi(x) = Softplus(g;x)

300 T
Teacher RNN
input 1 S
1 =
. 2 200
3 0 2
S 7
1
-ng 100
input 2 _10 5 =
- time :
0 100 200 300

pre-syn neuron

Manuel Beiran



diL’i (t)
dt

= —x;(t) + b; + Z Wij fi(x;(t)) + Li(t)

J
4

fi(x) = Softplus(g;x)  fi(x)

X

“Student” networks: Same W, other parameters initialized randomly,
trained through gradient descent to match teacher readout.



diL’i (t)
dt

= —x;(t) + b; + Z Wij fi(x;(t)) + Li(t)

J
4

fi(x) = Softplus(g;x)  fi(x)

X

“Student” networks: Same W, other parameters initialized randomly,
trained through gradient descent to match teacher readout.



dil?dzt(t) — —1137;(?5) —+ bz -+ Z Wijfj (il?j (t)) —+ [@(t)

J

fi(x) = Softplus(g;x)  fi(x)

4 1

0 e

X

“Student” networks: Same W, other parameters initialized randomly,
trained through gradient descent to match teacher readout.

1 input 1

input2  time

VW~

readout




dCIZi (t)

— = —x;(t) + b; + Z Wi; fi(z;(t)) + 1i(t)

4 1

fi(x) = Softplus(g;x)  fi(x)

“Student” networks: Same W, other parameters initialized randomly,
trained through gradient descent to match teacher readout.

input 1 : . ;
! G -0 input 1 Exc. unit 104 input1 Inh. unit
—— teacher

a students ey =
57 - - — = =
S p i g0 3 o
24 i time & 5 .
g pdL2 © = input 2
(] = 20 1 © 101
e 1 = =

D

VWV~ :

-1 . : , . N
¢ & L 12 0 5 10 15 20

time



dil]i (t)
dt

= —x;(t) + b; + Z Wij fi(25(t)) + Li(t)

J
4 4

fi(x) = Softplus(g;x)  fi(x)

0




diL’i (t)
dt

= —x;(t) + b; + Z Wij fi(x;(t)) + Li(t)

J
4

fi(x) = Softplus(g;x)  fi(x)

X

“Student” networks: Same W, other parameters initialized randomly,
trained through gradient descent to match subset of activity in
teacher.



dCIZi (t)
dt

= —x;(t) + b; + Z Wij fi(25(t)) + Li(t)

J
4

fi(x) = Softplus(g;x)  fi(x)

0 e
T

“Student” networks: Same W, other parameters initialized randomly,
trained through gradient descent to match subset of activity in
teacher.

Teacher RNN Student RNN
activity "N
x N = = E .
@ ———— ; ]
2 —treecorded : ]
S m{EE— : ;
= — recorded
c 1 p— 0 ‘.. '.c
0 T ‘-. """" 4

time



dCIZi (t)

— = —x;(t) + b; + Z Wi; fi(z;(t)) + 1i(t)

4 -

fi(x) = Softplus(g;x)  fi(x)

O | l ; : :

“Student” networks: Same W, other parameters initialized randomly,
trained through gradient descent to match subset of activity in
teacher.

Teacher RNN Student RNN

..........

activity

“HREecorded

ecorded

error unrecorded act.
>

neuron index
- = =
o
H H'H\"I"'HUT'” L
(Ul
©
8| I |
o

T el . S e 8
ligeg B2 oo T 1 10 100

rec. units



What are the right model classes?
What are the right benchmarks?

When can we be confident our models are sufficiently
constrained?
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