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The Parallel Problem

Classical NEURON Specification Style

nc = new NetCon(PreSyn, PostSyn)

pc = new ParallelContext()
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for (gid = pc.id; gid < ncell; gid += pc.nhost) {
    pc.set_gid2node(gid, pc.id)
}

Every spike source (cell) must have a global id number.
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Create cell only where the gid exists.

if (pc.gid_exists(7)) {
    PreCell = new Cell()
}

Associate gid with spike source.

nc = new NetCon(PreSyn, nil)
pc.cell(7, nc)
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Create NetCon on CPU where target exists.
nc = new pc.gid_connect(7, PostSyn)

Run using the idiom pc.set_maxstep(10)
stdinit()
pc.psolve(tstop)

pc.set_maxstep() uses
MPI_Allreduce
to determine minimum delay.

minimum delay
exchangeexchange

any spike here must be delivered here
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Spike Communication
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More Efficient Spike Management

ARTIFICIAL_CELL SelfEvents bypass queue

Spike exchange buffer compression (Requires fixed step method)

Bin Queue (Requires fixed step method)

need at least maximum NetCon delay / dt bins

(Requires the integration interval be <= the positive global minimum NetCon delay)

On every incoming NetCon event check to see if SelfEvent < t

Select reasonable MPI_Allgather buffer size to send n spikes before
requiring an MPI_Allgatherv overflow message.

If there are < 256 cells on each CPU code the int gid as a char local_id.

Reduce integration interval to < 256 dt steps, code the double spiketime as a byte. 

After each integration interval iterate over outstanding SelfEvents
to deliver all that are < t.
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Bush, Prince, & Miller (1999) J. Neurophys. 82:1748

Increased pyramidal excitability and posttraumatic
epileptogenesis without disinhibition: a model.
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artificial cell

point process

spike compression + bin queue
    + self events not on queue

Artificial Spiking Net Performance

weight = 0
delay = 1(ms)
tstop = 200(ms)

65K cells, 1000 random connections per cell
256K cells, 10,000 random connections per cell

Each cell fires randomly every 10 to 20 ms. 

pc.source_var(&source_var, sgid)
pc.target_var(&target_var, sgid)

s2.v(x2)

s1.v(x1)

g1.vpre

s1 { g1 = new HalfGap(x1) }

g2.vpre

s2 { g2 = new HalfGap(x2) }

2
sgid

1
sgid

pc.source_var(&s1.v(x1), 1)

pc.source_var(&s2.v(x2), 2)

pc.target_var(&g2.vpre, 1)

pc.target_var(&g1.vpre, 2)

gap.mod
NEURON {

  POINT_PROCESS HalfGap

  ELECTRODE_CURRENT i

  RANGE r, i, vgap

}

ASSIGNED {

  v (millivolt)

  vgap (millivolt)

  i (nanoamp)

}

BREAKPOINT { i = (vgap − v)/r }PARAMETER { r = 1e9 (megohm) }

Continuous Voltage Exchange
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Traub et. al. (2005) J. Neurophysiol 93: 2194
A single column thalamocortical network model
exhibiting gamma oscillations, sleep spindles and
epileptogenic bursts.

3560 cells 14 types
3500 gap junctions
5,596,810 equations
73,465 spikes
1,122,520 connections
19,844,187 delivered
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Load Balance

Round Robin

7 cells    3 cpus  (or heterogeneous cells)

Fill cpu i ...

overflow on cpu i + 1

up to (total complexity) / ncpu

but... what is the overhead of splitting a cell?
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Also exchange ra and rb.

Optimal Gaussian elimination:
Triangularize from leaves to root.

Accuracy

Complexity

No change in Stability

Any tree can be split into two
subtrees with a shared root node.
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equations
559,808356 cells

100 suppyrRS (2926)

5 suppyrFRB (2926)
9 supbask (2306)
9 supaxax (2306)
9 supLTS (2306)

24 spinstell (2140)

80 tuftIB (2304)

20 tuftRS (2304)

50 nontuftRS (1789)
10 deepbask (2306)
10 deepaxax (2306)
10 deepLTS (2306)
10 TCR (5237)
10 nRT (2306)
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