Network Construction

1) Define the types of cells
2) Create each cell in the network

3) Connect the cells




Define the types of cells
""Real"' cell types

Sections + density nechani sns + synapses.

The |l atter are Poi nt Processes t hat
have a NET_RECEI VE bl ock that affects
menbr ane current.

ExpSyn
Exp2Syn

Encapsulate in a class
begi ntenpl ate Cel

public soma, E, |
Create sonm

objref E, |

proc init() {
soma insert hh
soma { E = new ExpSyn(.5) | = new ExpSyn(.5) }
l.e = -80

}
endtenpl ate Cel |

Artificial cell types

Poi nt Processes that have a NET_RECElI VE
bl ock that calls net_event

Net Stim
IntFirel
IntFire2
IntFire4
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G-Protein synapse -- gsyn.mod

NEURON {
PO NT_PROCESS GSyn
RANGE taul, tau2, e, i
RANGE G aul, G au2, G nc
NONSPECI FI C_CURRENT i
RANGE ¢

} 0025 GSyn[0].g
PARAVETER { uS
taul=0.1 (ms)
tau2 = 1 (ns) 0.02 - tau=2
Gaul = 20 (ns) weight=.001
gﬁgzz_lzl (s) 0.015 Gtau=20
e=0 (M) Ginc=24
} 0.01
STATE {
A (unho)
B (urho) 0.005
}
{ 0 NNNNN
I NI TI AL
LOCAL tp 0 20 40 g 60 80 100
A=0
B=0
tp = (taul*tau2)/(tau2 - taul) * |og(tau2/taul)
factor = -exp(-tp/taul) + exp(-tp/tau2)
factor = 1/factor
tp = (Gaul*Gau2)/(Gau2 - Gaul) * |log(&au2/ G aul)
Gactor = -exp(-tp/ Gaul) + exp(-tp/ Gau2)
Gactor = 1/ Gactor
}
BREAKPO NT {
SOLVE state METHOD chexp
g=B- A
i =g*(v - e)
}
DERI VATI VE state {
A = -Ataul
B = -B/tau2
}
NET_RECEI VE(wei ght (umho), w, Gl, &, t0 (ms)) {
INNTIAL { GL =0 & =0 t0 =0}
GlL = Gl*exp(-(t-t0)/ G aul)
@ = @*exp(-(t-t0)/ G au2)
GlL = GL + Gnc*G actor
& = & + Gne*Gactor
t0 =t

w=weight*(1 + & - Gl)
state_discontinuity(A, A + wfactor)
state _discontinuity(B, B + wfactor)




L N

NEURON {
ARTIFICIAL _CELL IntFire
RANGE tau, m

}

...declarations...
INITIAL{m=0 t0O=t}

NET RECEIVE (w) {
m = m*exp(—(t — t0)/tau)
t0 =1t
m=m-+w
if (m>1){
net_event(t)
m=0
}
}

100
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: dm/dt = (minf — m)/tau
. input event adds w to m
:when m = 1, or event makes m >= 1, cell fires
: minf is calculated so that the natural
interval between spikes is invl

INITIAL {
minf = 1/(1 — exp(-invl/tau))
m=0
t0=t
net_send(firetime(), 1)
}

NET _RECEIVE (w) {
m = minf + (m — minf)*exp(—(t — t0)/tau)
t0=t
if (flag == 0) {
m=m+w
if (m>1){
m=20
net_event(t)

net_move(t+firetime())
telse{
net_event(t)
m =0
net_send(firetime(), 1)
}
}

FUNCTION firetime() { : m < 1 < minf
firetime = tau*log((minf-m)/(minf — 1))

}
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NetCon and NET_RECEIVE

Net Con(source, target, threshold, delay, weight)
Event delivery with axonal del ay

Watch the source for threshold crossing in positive
di rection.
&soma. v(.5)
Presynapti cCbj ect . x
O PresynapticObj ect has a NET_RECEI VE bl ock and calls
net _event(tl) (discrete event simnulation)

Al'l Net Con objects with sane source use sane threshold
det ect or.

If threshold occurs at tinme, tl, insert
Net Con objects with that source into delivery queue
for delivery at tine t2 = t1 + NetCon. del ay

Bal anced binary tree queue inplenentation.
No | oss of events. Wirks for del ay=0.

Event delivered to target NET_RECEI VE block at tine t2.
Sane synaptic target equations used by many Net Con s.

Al |l declared NET_RECEI VE argunents are call by
reference with separate storage in each Net Con.
Cal cul ations for different streans can be done once
per event instead of once per dt.

A target can send itself an event wth
net send(delay, flag) and nove it to a newtine wth
net nove(t)

Wth variable step nethods, and 1 or nore events at tine
t, fadvance() returns at tine t before the events are
delivered and at tine t after the events are delivered.




Networks with Artificial Cells

Model
| 1]

L

Artificial Integrate and Fire cell stimulated by a burst
of action potentials.

Simulation

The strategy is to

1) define the types of cells (and stimulators),

2) create each cell in the network,

3) connect the cells together,

4) specify parameters such as delays and connection weights,

5) run a simulation and plot the input and output spike trains.
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& Locate Create a new cell by dragging from the list on the left
v are = Tar C Place a new cell over another to replace the old one
s Source i tiove a cell to a new location
s largets Cells dragged off the view are discarded
~ larget

SOuUrces

Show all edges

Use variable dt

Local variahle dt




Network ready cells
from the CellBuilder

Model

HH |
Passive

Ball-Stick model cell with distal excitation
and proximal inhibition.

Simulation

The strategy is to

1) Use a CellBuilder window to create a cell type
with specific morphology and membrane properties.

2) Define synapse types with a SynTypeGUI.
3) Define a network ready cell type with a NetReadyCell GUI.
4) Use a NetGUI to construct the network

5) Run a simulation and plot the input and output spike trains.




