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Overview

* Quick introduction to cells & synapses in LEMS & NeuroML 2
* Incorporating PyNN standard cells into this framework

* CSA & PyNN -> NeuroML 2

* NeuroML 2 -> Brian

* Future interaction of NineML & LEMS
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Example: Fitzhugh-Nagumo cell model
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Original model Model expressed in LEMS (Low Entropy Model
Specification language)

v V-V33-—W41I
W = 0.08(V 40.7— 0.8W)

<ComponentType name="fitzHughNagumoCell" extends="abstractCell"s
<Parameter name="I"" dimension="none" /=
<Constant name="SEC" dimension="time" value="1s"/=>

<Exposure name="V" dimension="none" /=
<Exposure name="W" dimension="none" /=

<Behavior=

=StateVariable name="V" dimension="none" exposure="V"/=
=StateVariable name="W" dimension="none" exposure="W"/=

<TimeDerivative variable="v" value="(V - (V*3)/3 - W+ I) / SEC"/=
<TimeDerivative variable="W" value="(0,08 * (V + 0.7 - 0,8%)) / SEC"/=

</Behavior=
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Component instance in NeuroML v2.0

Metwerk to be simulated

B ¢ .
A netl <fitzHughNagumoCell id="£fnl" I="0.8"/>
l <network id="netl">
<population id="fnPopl" component="fnl" size="1"/>
fnPopl </network>
\, v
1
Compgnents
c [ (&) Ex9: FitzHugh-Nagumo cell model in LEMS =R
fitzHughNagumoCell (id = fnl) @® Pan| ) Zoom O Box © Multi Frame
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Compongnt Types

fitzHughNagumoCell
V (none)
W (none)
| (none)
SEC (time) == 1s
Vi=(V-(V~3)3-W+1)/SEC
W'=(0.08*(V + 0.7 - 0.8%*W)) [ SEC
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( | Component which
iJ can be instantiated

{ abc Abstract component

¢ Contains

= Extends

=neuroml=
<ionChannel id="HH MNa" =
=/ionChannel=

=synapse id="ExpSyn" =
=/synapse=

=cell id="ExcCell" =
=/cell=>

<network id="PyrCellhet"=

<population id="Populationl"=
=/population=

<projection id="Frojl"=
=/projection=

=/netwark:=
</neuroml=
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=ComponentType name="pointCurrent"
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<Exposure name="i" dimension="current" /=
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=ComponentType name="synapse" extends="pointCurrent"=

<EyentPort name="in" direction="in"/=>

</ComponentType>

<ComponentType name="conductanceBasedSynapse" extends="synapse'=

<Parameter name="ghase" dimension="conductance" f=> ~
<Parameter name="erev" dimension="voltage" f>

<Exposure name="g" dimension="conductance"/>

</ComponentType=
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adExlaFCell
w (current)
| (current)

Adaptive EXponential .iSyn (current)
Integrate & Fire cell e (urrert]

gL (conductance), EL (voltage), VT (voltage),
thresh (voltage), reset (voltage), delT (voltage),
tauw (time), lamp (current), ldel (time),
Idur (time), a (conductance), b (current)

iSyn = synapses[*]/i (REDUCE: add)
iMemb = -1*gL*(v-EL) + gL*delT*exp((v - VT)/delT) - w + | + iSyn

v' = iMembfC
av_ V-r\ o o w' = (a*(v-EL) - w) / tauw
dw (v =reset) AND (w = w+h)
T aV— E) —w IF ((t > Idel) AND (t < (Idel + Idur))) THEN
At spike time (V> 20 mV): V — EL (I'= lamp)
w— wtb IF (t > (Idel + Idur)) THEN
(1 =0)
(a) (b) () J,
RS cell RS cell FS cell
(b=0.04) (b=0.005)

abstractCellMemhbPotCap
iSyn (current)
iMemb (current)

200 ms

C (capacitance)
(d) LTS cell (e) TC cell RE cell l{

(f)
abstractCellMembPot
v (voltage)

abstractCell
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Incorporating PyNN into NeuroML 2

*  PyNN is a Python package for simulator independent specification
of neuronal network models
* Model code can be developed using the PyNN API and then run
using NEURON, NEST, PCSIM, Brian or MOOSE, by replacing:
from pyNN.neuron import *
with
from pyNN.nest import *

4" NeuroML Development Workshop & CodeJam, Edinburgh, March 2012
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Incorporating PyNN into NeuroML 2

Initial implementation allowing export of the network structure to
NeuroML 2 using:

from pyNN.neuroml2 import *
Maps instances of PyNN standard cell models on to equivalent
defined in LEMS
Maps populations in PyNN to <population ...> in LEMS
Maps connections generated by PyNN to <explicitConnection ...>
in LEMS

4" NeuroML Development Workshop & CodeJam, Edinburgh, March 2012
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ifcell = create{IF cond exp, { 'i off=set' : 0.1, 'tau refrac' : 3.0,
'v_thresh' ¢ -51.0, 'tau syn E' : 2.0,
'tau syn I': 5.0, 'v_reset' : =70.0,
'e rev E' 1 0., 'e rev T : =80.})

spike sourceE = create(SpikeSourcelrray, {'spike times'
spike sourcel = create(SpikeScurcelArray, {'spike_times'

[float (i) for i in range(5,105,10)]1})
[fleat (i) for i im range(l155,255,10)]1})

connE = connect{spike sourceB, ifcell, weight=0.006, synapse typem'excitatory',delay=2.0)
connl = connect{spike sourcel, ifcell; weight=0.02, synapse type ='inhibitory',delay=4.0)

4" NeuroML Development Workshop & CodeJam, Edinburgh, March 2012
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<?xml version="1.0" 7>

<neuroml id="PyHNZNeuroMLwz2"
xmlne="http:/ vwww.neuroml.crg/schema/neuroml2"”
mlnsexsi="http:/ www.w3.org/2001/XMLSchema-instance"”
xsi:schemalocation="http://www.neuroml.org/schema/neuroml?2
http://neuroml.svn.sourceforge.net/viewve/neuroml /NeuroML2 /Schemas/NeuroML2 /HeuroML vZalpha.xsd">

<JF cond exp cm="1.0" & rev E="0.0" e rev I="-B0.0" i offset="0.1" id="cell populationd"
tau m="20.0" tau refrac="3.0" tau syn BE="2.0" taun syn I="5.0" v init="-65"
v_reset="-70.0" wv_rest="-65.0" v_thresh="-51.0"=>
“notes>
Component for PyNN IF cond exp cell type
</notes>
</IF cond exp>
<expCondSynapse e_rev="(.0" id="syn e cell population0" tau syn="2.0"/>
<expCondSynapse e_rev="-B0.0" id="syn i cell population0" tau_syn="5.0"/=>
<gpikeArray id="cell populationl">
<spike time="5.000000ms" />
<spike time="15.000000ms" />
<gpike time="25.000000ms" />
<spike time="35.000000ms" />
<gpike time="45.000000ms" />
<gpike time="55.000000ms" />
<spike time="65.000000ms" />
<gpike time="75.000000ms"/>
<spike time="85.000000ms" />
<spike time="95.000000ms" />
</apikehrray>
<spikeArray id="cell population2">
<spike time="155.000000ms" />
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<spikeArray id="cell populationl">

<gpike time="5.000000ms" />
<gpike time="15.000000ms"/>
<gpike time="25.000000ms" />
<spike time="35.000000ms" /=
<gpike time="45.000000ms"/>
<gpike time="55.000000ms"/>
<gpike time="65.000000ms" />
<gpike time="75.000000ms" />
<gpike time="85.000000ms"/>
<spike time="95.000000ms" />

</aspikehrray>
<gpikeArray id="cell populationi">

<spike time="155.000000ms" />
<spike time="165.000000ms" />
<gpike time="175.000000ms"/>
<gpike time="185.000000ms"/>
<spike time="195.000000ms" />
<gpike time="205.000000ms" />
<gpike time="215.000000ms" />
<spike time="225.000000ms"/>
<spike time="235.000000ms" />
<gpike time="245.000000ms"/>

</apikehArray>
<network id="network PyNNZNeuroMLwv2">

<population component="cell population(" id="population(" size="1"/>
<population component="cell populationl"” id="populationl” size="1"/>
<population component="cell population2" id="population2” size="1"/>
<synapticConnectionWD delay="2.0ms" from="populaticnl[0]"
synapse="syn e cell population0" to="populationO[0]" weight="0.006"/>
<synapticConnectionWD delay="4.0ms" from="populaticn2[0]"
synapse="syn_i cell population(" to="populationO[0]" weight="0.02"/>

</ network>

</nearoml>



http://Iwww.NeuroML.org

f

(UL o By

—1l:l|i{'I

/

100 200 300 300 500

200+~ & = 00+ |EA

® Pan ) Zoom O Box O Multi

4" NeuroML Development Workshop & CodeJam, Edinburgh, March 2012



‘f - ‘ Component which

_/ segment \ ‘ ~can be instantiated
\ morphology ( \ abc \ Abstract component
* : ' segmentGroup \ \ ’

Contains
—e

,_-———:ionChanneIHH | Extends

‘ ionChannel }<=—"/\ , \ eI

——k_lonChanneIKS |

— synapse |<—{ conductanceBasedSynapse \

\pothurrent% < ( \ N

N

— pulseGenerator \ / | ~

—— \expTwoSynapse\ |exp0neSynapse \
neuroml , 3 population | ‘ - "
L \ network ' \ S

' projection \ ( *

/{ abstractCellMembPotCap |

- \\E‘- —_
‘abstractCell < abstractCellMembPot F/ , I \
I A | ’ B ~ adExlaFCell
_, . — N
‘_\fitzHughNagumoCellJ \ izhikevichCell J |_\_pynr4|;aFCeII ‘_}<~\__" IF_curr_alpha ‘
— /"‘
L ‘ pynnlaFCondCell % — 4{": cond alpha‘
‘ HH_cond_exp | \.

\k EIF_cond_exp_isfa_ista \




¥ = MVOLT ® H el = S yubemi 4 v it - CeRIVULTI e niMESED

WERT fian o Tim
SIVILT vk os Lev

Eym s ryaspa[]1 RIOCCH: il
R Y e e —
UM ENTRY: [l phelme - (1 AKD fv - v_sme ™ MYULT]
P o (e e T + (ool @ BIS 10000 THEN
GOTO isrgrma g

e REGRMI: sngmmng ksl e

AF (= T pi b These + (om_refin ® MEECTD THEN
IO irgremay

eeeeeee BEGINE: fetvgroming {luki] —v
IF v = Crv_ihrmb ® MVOLTH THER

eee REGIME: —
O ENTRY: (9 pikeTime = % AKD (v = v_ron * SVILT
IF ) = d bk e T+ dm_sefo * RIEEC G THEX
TN e rin
s REEIVE: ek g Taisali =
W WVOLT = Lo+ By - v - (VTG e s MEED
TF i u_thoesh * RMOVOL TG THEN

GOTO relisssary

L ENTRY: (bt pleTime = ) AKD (v w_pme ® MVULT]

EF roud exp wia ois
w (s}
iy imeari
vivahge
r_lﬂl:nn:;r:;:p“l: mmu-:x
& lbadnand. o celrm dnane
ST g on By
MEEL (bt == o
MVELT vabage) == 1wt
i S ik [ owwe {wwc |
e s apngen ] (KEGICE  all)
RESTAE:

i EMTRY (bstfpmbeTinet = 0 A5 0% o %_pesed ® MVOLTH AD dao sl
W e VL T e - w0 MEEC
TF o1 = Ol g e T & (s ey = MAEC 0 THEW
GUTO i rgraag

¥ = BIVOL L ® F_olBis Syain + 00v_no - [wAOLTH | e b Ees

oo EEGIME  iafrgrotemg (Tndisl oo
W MVOLT = 0 10 bVOL T 7 o o deba Toepti o BOVOLTE - & e bidelin Tivte o« foBBet o« Bpa - s MEED
W w0 NERFC

IwtSpileTins ireer)
Hyn
- BEGHME. refrwctory
O ENTHY (ot pibeTime = & ARD iy v_roe ® MVOLT)
[ A1 = st il Tomer o [l e ™ WP 10 THEN
GO W ring.

WV S e+ Bl « v - (OWIVOT T | rs_ W EE D
[F o (s e b ® %L T THEH

T_coed_smp
mincas)
b ey
uinrer)
Eirniscars
v (vakagd
AR ity et Ao £ e i et
vk {sann, o v F (eae o ree_Timoad
SFC (rima < ln
MEEC jasi o Dea
BV Twodvgs e 1V
Eyn - mpaapnd )1 HEDUCL: s}
Lok s p_lesk®e_rev_lmk (v WaILTH
B g R e M VL T
- gl e e KM VaL T
lmmk = Lok + a0 olba - Sy
alphn - 091 * (13 - PONIVOL T+ v_aPuri¥enpl 13 - WMEVOL T+ 1_afieni®™ 0511
Mvtam = 88 % MV - v elbrr - B VOL TS - v ol - 4005 G513
phih = 0L o pl 1T ARV Do clBerli % 80
Brisk 4.0 11+ CpHE) SHRYUL Thy_ofhel® i
i = A AR T olferty it L3 e B Do lberin®- 1
bt = B g L VT Tty
= MVOLT * {idembrm el B
T e
LT T LR R Ve
o= o | - ek ® g VRIEET

PRl
Bym
il
om arfie lnears v ihmbednsnd e miecel,
¥_nax e |

A
Eyaiwand
¥
e o, i_sdHonn {wa, mou_wys 1 it
ey | Inesrh R [aoar)




Q NeuroM L] http://www.NeuroML.org

NeuroML & Connection Set Algebra

* PyNN & CSA already well integrated...

input_population = Population(10, SpikeSourceArray, {'spike times': spike_times }, label="input")
output_population = Population(10, IF curr_exp, cell params, label="output')

g=csa.qridzd(3)
d=csa.euclidMetric2d(g,q)
connector = CSAConnector(csa.cset(csa.random(0.5), csa.gaussian{(0.1,1.0)*d, 1.0))

projection = Projection(input_population, output_population, connector, rng=rng)

* Connections described with CSA can be used in PyNN
scripts & exported to NeuroML 2

4" NeuroML Development Workshop & CodeJam, Edinburgh, March 2012
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time="351.
time="358,
time="362,
time="365,
time="375,
time="403,
time="412,

<spike
<spike
<spike
<spike
<spike
<spike
<spike
<fspikeArray=

090862ms" />
827891ms" />
685506ms" />
812919ms"' />
407497/ms" />
008045ms" />
715018ms" /=

<IF_curr_exp cm="1,0" i _offset="0.0" id="cell output" tau_m="20.0" tau_refrac="2.0" tau_syn_E="2,0" tau_syn_I="2,

v_reset="-65.0" v_rest="-65,0" v_thresh="-50,0"=

</IF_curr_exp=
<expCurrSynapse id="syn_e cell output™ tau_syn="2.0"/=>
<expCurrSynapse id="syn_ i cell output™ tau_syn="2.0"/=>
=petwork id="network PyHNZNeuroMLvZ"=
<population component="cell input" id="input" size="10"/=
<population component="cell output" id="output" size="10"/>

=<synapticConnectionWD
<synapticConnectionWD
<synapticConnectionWD
<synapticConnectionWD
=synapticConnectionWD
<synapticConnectionWD
<synapticConnectionWD
<synapticConnectionWD
<synapticConnectionWD
<synapticConnectionWD
<synapticConnectionWD
<synapticConnectionWD
<synapticConnectionWD

delay="1.
delay="1.
delay="1.
delay="1.
delay="1.
delay="1.
delay="1.
delay="1.
delay="1.
delay="1.
delay="1.
delay="1.
delay="1.

oms"'
Ooms"'
oms"'
oms"'
oms"'
oms"'
oms"'
Oms"'
Oms"'
Oms"'
Oms"'
Oms"'
Oms"

from="input[3]"
from="input[7]"
from="input[8]"
from="input[9]"
from="input[0]"
from="input[1]"
from="input[2]"
from="input[4]"
from="input[8]"
from="input[9]"
from="input[1]"
from="input[2]"
from="input[6]"

synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"
synapse="syn_e_cell output"

to="output[o]"
to="output[o]"
to="output[o]"
to="output[o]"
to="outputl[1]"
to="outputl[1]"
to="outputl[1]"
to="output[1]"
to="output[1]"
to="output[1]"
to="output[2]"
to="output[2]"
to="output[2]"

weight="0,
weight="8,
weight="4,
weight="0,
weight="0.
weight="1.
weight="0,
weight="0.
weight="8.
weight="0,
weight="0,
weight="1.
weight="4,

http://Iwww.NeuroML.org

0" y_init="-65"

00386592013947" /=
63504075338e-13" />
98910939288 - 20" />
0" f=
00386592013947" /=
0" f=
00386592013947" /=
00386592013047" /=
63504075338e-13" />
0" f=
00386592013947" /=
0" f=
09891093928e- 20" f>
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NeuroML & Brian interoperability

* Brian is a pure Python simulator
* Easy to specify new neuron models

from brian import *

EqS:III

dv/dt = (ge+gi-(v+49*mV))/(20*ms) : wvolt
dge/dt = -ge/(5*ms) : volt

dgi/dt = -gi/(18*ms) : wvolt

P = NeuronGroup(4000, eqs, threshold=-50*mV, reset=-60*"mV)
P.wv = -Gg@*mV

Pe = P.subgroup(3208)

Pi = P.subgroup(280)

Ce = Connection{Pe, P, 'ge', weight=1.62*"mV, sparseness=0.02)
Ci = Connection{(Pi, P, 'gi', weight=-9*"mV, sparseness=0.02)

M = SpikeMonitor(P)

run{i*second)

raster_plot(M)

show( )
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Example

<neuroml xmlns="http: //www.neuroml.org/schema/neuromlz"

xmlns:xsi="http://www.w3.0rg/2001/XM Schema-instance"

xsi:schemalLocation="http:/ /www.neuroml.org/schema/neuroml2 ../Schemas/NeuroML2/NeuroML_v2alpha.xsd"
id="NML2_ AbstractCells"=

<iafTauCell id="iafTau" leakReversal="-56mV" thresh="-55mV" reset="-70mv" tau="30ms" />

<jafCell id="iafCell" leakReversal="-56mV" thresh="-55mV" reset="-70mV" C="0.2nF" leakConductance="0.01lus"f=

<izhikewvichCell id="izBurst" v0 = "-70mVy" thresh = "30mVy" a ="0,02" b = "0,2" ¢ = "-50,0" d = "2" Iamp="15" Idel="0Oms"
</neuroml> eqs = ' R " w
dv/dt = (0.04 * y*++2 f MWWOLT + 5 * v + (140.0 - U + I) * MVOLT)/MSEC : mvolt
dufdt =a * (b *v f MVOLT - U} f MSEC : 1
I:1

MSEC : msecond
MVOLT : mvolt
vl : mvolt

a
b :

e

C
d : 1

thresh : mvolt
Tamp : 1

Idel : msecond
Idur : msecond

Q NeuroM L] http://www.NeuroML.org

Tdur="2000ms" f=



N euroM L] http://Iwww.NeuroML.org

Figure 1
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N euroM L] http://www.NeuroML.org

LEMS/NeuroML & NineML

Much overlap between current NineML abstraction layer &
LEMS

Component - Component
ComponentType - ComponentClass
Parameter - Parameter

NineML missing key concepts like composition, extension
Proposed framework for interaction:

Have consistent way to “flatten” LEMS descriptions
Useful too for mappings to Brian, MATLAB, SBML...

4" NeuroML Development Workshop & CodeJam, Edinburgh, March 2012



N euroM L] http://www.NeuroML.org

Conclusions

* Declarative specifications of cell model behaviour useful for
cross simulator interoperability

* Procedural specification of network structure affords great
flexibility

¢ Combination of the two will be useful for moving forward &
sharing models

4" NeuroML Development Workshop & CodeJam, Edinburgh, March 2012
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