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Note: boldface page numbers indicate main or defining entry for a term.

3/2 rule. See Branch

Accuracy, 24-26, 77-79, 99, 263-264, 271
Action potential
initiation, 274
model of, 12-23, 100, 108-111, 123-125, 127-
128
phase-plane analysis, 12-17
role in transmitter release, 148, 153
Activated complex, 117-118
Activation. See Channel
Active membrane model, 259-283, 286289, 326—
327
Activity ratio, 90
Adaptation, 182, 325-327, 353
Adaptive EIF. See Integrate-and-fire neuron
model, adaptive exponential
Adaptive step. See Time step, adaptive
Affinity, 64
Alexa dye, 188, 191
ALIF. See Integrate-and-fire neuron model,
adaptive
Alignment, 203-204
Alpha function. See Synapse model
Alternating direction implicit method, 99
Amira software, 203, 205, 206
AMPA receptor, 63-64, 140, 144, 146, 149
EPSC, 146
model, 150-151
regulation, 149
temperature sensitivity, 145
Amplification, 62, 350
Apical dendrite, 218-220
Apical tuft, 218-220, 231
Artifact, 194-195, 213, 340
edge, 339
Artificial conductance, 306, 309-310
Artificial synapse, 308, 311-312
Asymmetry, 231
Attenuation. See Voltage, attenuation

Attractor, 10
global, 14-15
Autocorrelation, 342
Automated parameter fitting. See Parameter fitting
Autonomous. See Differential equation,
autonomous
Average. See Mean value
Axial current, 100, 235-236, 261
Axon, 274-275, 327-328
delay, 148, 312, 321, 329-332, 347, 353
model, 18-20, 275, 327-328
hillock, 274
initial segment, 274, 276
morphology, 274-275, 328
myelinated, 274
repair of morhology, 227-230

Balanced network. See Inhibition, balanced
BCM rule. See Bienenstock-Cooper-Munro rule
Beads, 189
Bernouilli process, 87
Bienenstock-Cooper-Munro rule, 157
Bifurcation, 10-11, 15-17

branch (see Branch)

diagram, 10-11

Hopf, 15-17, 169, 171

saddle node, 16-17, 169, 171

SNIC (see saddle node)
Binding step, 64. See also Stoichiometry
Binomial distribution, 155-156
Biocytin, 188—191
Biophysical mechanism, 271
Biophysical model, 65
Biotinylated dextran amine, 192
Bistability, 10-11, 17, 62
BK-type channel. See Potassium channel, BK-type

Ca’*-activated

Blebbing, 191, 194-195
Boltzmann equation, 31-32, 111, 128
Boltzmann-Gibbs distribution, 45
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Borg-Graham equation, 120
Boundary, 86-88
Boundary condition, 18, 20, 29, 82-83, 237-239,
339
Neumann-type, 83
volumetric, 220-223, 231
Boundary-value problem, 21, 24, 26-27
Branch
3/2 rule, 239-340, 245
axial resistance, 263
bifurcation, 213, 215, 221-225
continuation, 215
cut, 195-196, 218-227, 231
definition, 214
impedance match, 245
order, 213, 215-216, 219, 221
order-based algorithm, 213
termination, 213, 215, 221-225
Briggs-Haldane equation, 67
Brownian motion, 27, 85-86
Buffer, 97-99, 102-104
capacity, 98, 103
concentration, 98
mobile, 98, 103—104
saturation, 103
Bursting, 180184

Ca-ATPase pump, 95-96

Ca?*. See Calcium

Cable
equation, 28-29, 100, 236-237
equivalent, 250-251, 265 (see also Cylinder)
model, 236-237, 259, 263
nonuniform parameters, 242, 248-250, 257
parameter, 239, 246-251, 255-257, 261
theory, 233-246

Calbindin, 98, 102

CalC software, 99, 355

Calcium
-activated channel (see Potassium channel,

Ca’*-activated)

activation by, 260, 265
buffer (see Buffer)
channel, 148, 154, 261
concentration, 69, 93—-105, 148, 152, 154, 279
current, 93, 148, 293, 295
diffusion, 99, 103-104
dye, 102, 104
fractional current, 94, 145
influx, 63, 93-94, 100-103, 145, 148, 158
low-threshold current, 111-115, 127-136
oscillation, 96-97
pool, 101-102, 282
pump, 103 (see also Ca-ATPase pump)
release, 96-97
removal, 95-96, 101
spark, 101
spike, 135-136

Index

store, 96-98, 104
T-type current, 111-115, 127-136
wave, 96
Calibration, 204
Calmodulin, 63-64, 98
Calreticulin, 98
Calsequestrin, 98
CaMKII, 64, 158
Canonical model, 271, 289-291, 296-297
Capacitance, 1
load, 274
membrane, 234-235, 246, 250, 255-256, 260-261
Carnoy’s fixative, 191
Catacomb software, 355
CCH. See Cross-correlation histogram
Cell Centered Database, 209
Central pattern generator, 289-291, 310, 315-316.
See also Leech, heartbeat timing network
Central peak, 343
Cerebellar cortex model, 336
Channel 107-137. See also State; Thermodynamic
model
activation, 109-113, 115, 120, 125, 128-130, 133—
134
activation gate, 110, 115, 123
calcium (see Calcium, channel)
conductance, 109-110, 115, 263-264
conformational change, 108, 117-122, 132
data, 137, 274
deactivation, 112-113, 121
deinactivation, 112, 114
density, 131, 136, 263, 265, 276
gating, 109-112, 117-123, 149, 154, 260, 279
inactivation, 110-116, 123-127, 133-134
kinetic equation, 122—123
kinetic table, 264-265, 350
kinetics, 109-114, 117-121, 274-276 (see also
Parameter fitting)
leak (see Leak)
permeability, 116, 145
potassium (see Potassium channel)
rate constant, 22, 109-110, 117-119, 122, 127
single, 107-108, 121-124
sodium (see Sodium channel)
stochastic model, 22-23, 27-28, 121-123, 275
time constant, 111, 113-115, 120-121, 128-130,
132-134
ChannelDB database, 137
Characteristic polynomial, 6-7
Charge, 94, 109, 116
equalization, 247
Chemical master equation, 72-74
Chi-square test, 33, 59
CICR. See Calcium, release
Closed-loop system, 313-316
Clustering, 333
cm; Cp,. See Capacitance, membrane
CME. See Chemical master equation
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Cobalt chloride, 188, 190-191
Coefficient of variation, 167-168, 342
Coevolution, 55
Collision, 69, 71, 85-86
Collocation, 26-27
Communication, 348
Compartment
asymmetric, 261, 263
chemical, 66
isopotential, 24, 109, 240, 259-260, 263
size, 263-264
symmetric, 261, 263
Compartmental model, 18, 240, 247, 259-265,
266-267, 269-282
accuracy, 263-264
chemical, 66
parameter, 261-263 (see also Parameter fitting)
solution method, 264-265
surface area, 202
Computation
chemical, 61-63
function of, 318
Concentration, 6668, 81-82, 116. See also
Calcium
Conductance. See also Channel; Synaptic
conductance
-based model, 161, 285-288, 295-297
coupling, 267
input (see Resistance, input)
maximal, 110, 263, 288-290, 295-296, 299-300,
304
Conducting state, 153
Conduction delay. See Axon, delay
Confocal image, 200-201
Conformational change. See Channel
Conjugate gradient method, 39, 58, 255
Connection, 288, 324-325
delay (see Axon)
density, 335
topology, 333-334
Constant field equation. See Goldman-Hodgkin-
Katz equation
Constraint, 56-57
Continuation, 215
Convolution, 322-323
Coordination, 294, 297-298, 314-315
intersegmental, 316
Core conductor, 233
Cost function. See Fitness function
CPG. See Central pattern generator
CPU, 347-350
Crank-Nicholson method, 99, 264, 340
Cricket interneuron, 190-191, 208
Cross-correlation histogram, 342-344
Current, 107-116
cancellation, 310
fitting, 123-136
gating current, 124
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injection, 234, 238, 240-241, 252, 259-261, 286
(see also Input)
leak (see Leak)
membrane, 234-235, 260261, 286288
ohmic, 116, 144, 260-261
synapse model, 144
synaptic, 143-145
tail, 112-113, 115
threshold, 176
CV. See Coefficient of variation
CVapp software, 206-207
CVODE software, 26
Cylinder, 261-263
equivalent, 239-240, 245-246, 257
infinite, 237-239

Database, 137, 208-210, 305
modeling approach, 300-305
DE. See Direct evolution
Deactivation. See Channel
Decay. See Synaptic conductance; Voltage
Decorrelation, 153
Dehydration, 190-191, 195, 197
Deinactivation. See Channel
Delay, 315. See also Axon
Delay-differential equation, 4
Delayed rectifier. See Potassium channel
Dendrite, 266. See also Branch; Dendritic spine;
Spike
filtering, 243
growth model, 213-214
repair of morphology, 214-227
topology, 261, 263
unraveling, 216-217, 230
Dendritic spine, 64, 69, 94, 187-189, 196-197, 202,
245-246
compensation, 253-255, 280
density, 99-100, 253, 274, 280
model, 99-100, 102-104
Depression. See Synaptic depression
Desensitization, 63. See also Synaptic conductance
Deterministic solution method. See Diffusion;
Reaction
Deterministic search method, 42-44
Development, 145-146, 149
Dialysis, 248
Diameter, 195, 198-199, 201-203, 238-239, 243—
245, 255-256
Diaminobenzidine, 190, 195
Differential equation, 1-30
autonomous, 47
homogeneous, 5
linear, 5-8
order, 3-4
ordinary, 1, 2-4, 21, 24-26, 29
partial, 20-21, 24, 28-29
stochastic, 27, 78-80
Differential evolution, 49-50, 58
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Differentiation, 63
Diffusion, 80-83, 85-86, 99-100
1-D, 99, 103-104
3-D, 99-100, 104-105
anomalous diffusion, 99100
apparent diffusion constant, 99, 103-104
approximation, 167
calcium (see Calcium)
constant 81-82, 85-87, 98-99, 149
deterministic solution method, 83-85
electrodiffusion, 100
growth model, 214
in membrane, 154
lateral, 154
numerical integration, 83-85, 99-100
stochastic solution method, 85-88
transmitter, 145, 148-149, 155
Dil labeling, 192-193
Dimensional stacking, 302-304
Dimensionality, 99
DIRECT algorithm, 42-44, 58
Direction vector, 216
Discrete-event simulation, 147-148, 348
Discretization, 83, 87-88, 263-264
Disinhibition, 351
Dissociation constant. See Reaction
Dominance, 53-54
Dose-response curve, 90
Downhill simplex method, 39-40
DReAMM software, 206, 358
Driving force, 115, 144, 148, 241, 244
Dye leakage, 213
Dynamic clamp, 278, 305-312

E-Cell software, 356

EA. See Evolutionary algorithm

EEG, 341

EIF. See Integrate-and-fire neuron model,

exponential

Eigenfunction, 247

Eigenvalue, 6-7, 9, 15, 247

Eigenvector, 6

Electric field, 100, 117-120, 273, 338, 341

Electrical coupling. See Gap junction

Electrodiffusion, 100

Electron microscopy, 196-199, 202-203

Electron tomography, 196, 205-206, 210
tracing, 206207

Electrophysiological data, 33-34, 36, 251-253,
257-258, 271-273, 343-344. See also Patch-
clamp recording; Sharp electrode recording

Electrotonic
distance, 237
length, 237-239, 244-246, 250, 263-264
parameter (see Cable)
Endoplasmic reticulum, 83, 85, 95-96, 104
Energy barrier, 117-120
Entrainment, 298, 315

Index

Enzyme, 67, 89-90
purification series, 90
Ephaptic coupling, 236, 338
Equilibrium point. See fixed point
Error function. See Fitness function
Erythrocyte, 188
ES. See Evolutionary strategy
Euler’s method, 24-25, 27
backward, 25-26
Event-driven simulation. See Discrete-event
simulation
Evolutionary algorithm, 46-49
Evolutionary strategy, 47-49, 54, 57-58
Excitability, 107, 145, 175-176, 267, 271, 273, 326~
327
Excitation, 242-243
feedback, 325, 350-351
feedforward, 337
Excitatory postsynaptic current (EPSC), 141-142
Excitatory postsynaptic potential (EPSP), 141, 144,
243
Existence, 2, 26
Experimental data. See Electrophysiological data
Explicit method. See Integration method
Exploration-exploitation balance, 40-42
Exponential function, 5, 101
Exponential peeling, 246-248
Extracellular space, 338. See also Resistance,
extracellular
Eyring theory, 117

Facilitation. See Synaptic facilitation
Feature-based fitting. See Fitness measure
Feedback, 320, 350-351, 353. See also Excitation;
Inhibition

connection, 339, 350

delayed, 353

effect of synaptic plasticity, 331

mechanical, 313-316

negative, 315

proprioceptive, 313, 315

sensory, 313-316
Fick’s law, 81-82
Field potential, 334, 341

local, 326, 334, 342
Field representation

continuous field model, 322

mean-field approximation, 323
Finite-difference method, 24-26, 83
Finite-element method, 84-85
Finite-volume method, 84-85, 99, 101
Firing mode

repetitive, 15-17, 310

spontaneous, 279-280, 353

type I, 175-177

type 11, 174175, 327
Firing rate, 164168, 174-179

adaptation, 179-180, 182184, 325, 353
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model, 322, 350-351
network, 321-323, 329-332, 343-344
Fitness function, 31-37, 40, 45-46, 53-55, 57-58.
See also Penalty function
dynamic, 55
feature-based, 35, 271, 273
multiobjective, 53-54
noisy, 54-55
FitzHugh-Nagumo model, 174175
Fixation, 188-189, 191-193, 197-198
Fixed point, 6, 7-13, 15-17, 169-171
Flow field, 10-15
Fluorescent dye, 104, 188, 195, 199-200
Flux, 81-83
Frequency tuning, 331
Frequency-intensity curve ( f~I), 167, 174, 176-179,
184-185, 326-327, 329
Fusion pore, 148-149, 154

G-protein model, 152
GA. See Genetic algorithm
GABAA, receptor, 143—-144, 146147, 150-151. See
also Inhibition
GABAg receptor, 152
Gain adaptation, 153, 179
Gain control, 152, 311, 329, 331, 337, 351
Gamma process, 163-164, 337-338
Gap junction, 191, 244, 288, 292, 322, 327, 331-
334, 340, 348
Gating. See Channel; Current
Gaussian distribution, 85-87
Gear method, 26
Generalization, 271, 345
GIF. See Integrate-and-fire neuron model,
generalized
Generation, 46—49
GENESIS software, 24, 206, 240, 251, 260-265,
316, 335, 338-341, 348-350, 357, 362
Genetic algorithm, 47, 49, 55, 58
Geometric approach, 9-17
Geometry, 83-84, 87, 238-239
GFP. See Green fluorescent protein
GHK equation. See Goldman-Hodgkin-Katz
equation
Gillespie algorithm, 28, 70, 73-80. See also Tau-
leaping method
and diffusion, 87-88
direct method, 74-76
first reaction method, 75-76
next reaction method, 76
Glia, 190, 198
Global. See Minimum, Parameter fitting
Glutamate, 140, 143-146, 150-152
Glycerol, 190, 192, 195
Goldman-Hodgkin-Katz equation, 93-94, 100,
116, 145, 261
Golgi cell model, 336, 344
Golgi method, 191-192
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Graded transmission, 288, 295, 348
Gradient, 61, 80-88

Grand probability distribution, 69-73
Graph theory, 333

Green fluorescent protein, 193—-194
Grid, 83-84, 86-87

H-current. See hyperpolarization-activated current

Half-center oscillator, 287, 292-294, 296-298

Hardware, 147, 305, 347-350

Heart interneuron. See Leech

Hebbian learning, 157

Hessian matrix, 39

Heterogeneity, 249, 256, 312, 325, 334-335, 339

Heun’s method, 25

Hill-equation, 95

Hines method, 264

Hippocampus, 194, 312

Hodgkin-Huxley equation, 31-32, 108-111, 115,
161, 184, 260, 264, 274, 287, 295

Hodgkin-Huxley model, 108-111, 116, 121, 123,
125-128, 169-170

Homeostatis, 158, 277-278, 283, 325

Homogeneous. See Differential equation

Horseradish peroxidase (HRP), 188, 190, 196

Hybrid network, 305, 308-311

Hyperpolarization-activated current, 170, 173, 249,
252,272, 277-278, 293, 295, 297, 310, 353

IF. See Integrate-and-fire neuron model
IFB. See Integrate-and-fire neuron model, or-burst
I,. See hyperpolarization-activated current
Image stack, 193-194, 200-201, 203
ImagelJ software, 201, 203
Immunocytochemistry, 276
Impedance, 168169, 171, 173, 184
match, 245
Impulse response, 352
Inactivation. See Channel
Inactive state, 153
Inferior olive model, 312
Influx. See Calcium
Inhibition. See also GABAA receptor, GABAp
receptor
balanced, 281, 325, 337
divisive, 144, 243, 325, 329, 351-352
feedback, 325, 336, 350-351
feedforward, 325-326, 344, 350-351
lateral, 322, 324-325, 351
location, 242-243
shunting (see divisive)
subtractive, 325, 329, 352
Initial condition, 2, 10, 14, 20, 90, 279-280
Initial-value problems, 24-26
Inositol triphosphate
diffusion, 99, 103
metabolism, 97
receptor, 96-97
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Input
colored noise, 177-178
constant, 165-167, 174, 178—179, 241-242, 244,
343
oscillatory, 168
periodic, 174, 338, 352
relation to output, 318-319
stochastic, 167-168, 337
synaptic, 165, 167, 240-241, 280-282
synchronous, 282
transient, 241-242, 244
white noise, 166-167, 174, 177-178, 272-273,
319, 337-338
Integrate-and-fire neuron model, 161163, 165, 166—
186
adaptive, 179-180, 184
adaptive exponential, 182183
exponential, 176-179, 184
generalized, 168-174, 182, 184
leaky, 165-169, 184185, 326
nonlinear, 175-179
or-burst, 180-181, 184
refractory period, 165, 167, 176
quadratic, 176-178, 182, 326
Integration method, 24-29. See also Diffusion;
Reaction
explicit, 24-26, 68, 77-78
implicit, 26, 68, 78, 264
order, 25
step size, 24-27, 29, 99, 263-264, 340-341, 353
voltage equation, 264-265
Interspike interval distribution, 163-164, 167-168,
342
Invertebrate neuron, 190-191, 274. See also
Cricket; Leech
Ion channel. See Channel
Tonic current. See Current
IP;. See Inositol triphosphate
ISI distribution. See Interspike interval distribution
Isopotential cell, 237, 247. See also Compartment
I,. See hyperpolarization-activated current
Izhikevich model, 182-183

K™ channel. See Potassium channel
K. See Reaction, dissociation constant
Kinetics. See also Channel conductance; Synaptic
conductance
mass-action, 66—69
Kinetikit software, 357

A. See Electrotonic, length
Lamprey swimming, 316
Langevin equation, 70-71, 78-79
Lapicque’s model, 161-162
Lattice, 87
Leak

conductance, 278, 296

Index

current, 109, 260
reversal potential, 278
Leaping method. See Tau-leaping method
Learning rule, 156159
divergence 157, 158
rate-based, 157-158
stability, 159, 331
Least-square error, 32—33
Leech
heart interneuron (HN), 287, 292-299, 309-310
heart motor neuron, 292
heartbeat timing network, 292-299
swimming, 314-316
Levenberg-Marquardt method, 39
Light microscopy, 187-196
measurement error, 202—-203
Limit cycle, 8-9, 15-17
Linear congruential generator, 60
Linear equation. See Differential equation
Linearity, 5-7, 240-241, 244, 252-253, 338, 352
Linearization, 8-9, 12, 15, 169-170
Lipophilic dye, 192-193
L-Measure software, 206-207
L-Neuron software, 213
Load balance, 347-348
Long-term depression, 157-158, 268-270
Long-term potentiation, 157159
LSODE software, 26, 68
LTD. See Long-term depression
LTP. See Long-term potentiation
Lucifer yellow, 188

Magnesium
block, 144-146, 150
concentration, 145
MAPK cascade, 62
Markov model, 28, 108, 121-123, 124, 126-128,
133, 136, 149150, 156
Master equation, 72-74, 122
MCell software, 86, 104, 155, 205-206, 358
Mean value, 275, 289
Mechanical model, 313. See also Neuromechanical
model
Membrane. See also Capacitance; Current;
Potential; Resistivity
-bound molecule, 68
equation, 1, 109, 286-288, 321-322
lipid bilayer, 234-235
surface, 16, 202, 261, 263, 265, 280
time constant, 165-167, 237-239, 243, 246, 337,
350
Memory model, 152-153, 156-157
Mersenne twister method, 60
Mesh, 83-86
Mesocopic scale, 69-71
MesoRD software, 88, 358
Metabotropic receptor, 97, 140, 152
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Michaelis-Menten equation, 67, 96
Microdomain, 100—-101, 104
MIEN software, 207-28
Minimum
global, 40, 55-57
local, 38, 40, 42, 45-46, 55-57, 254, 257
Mitochondrium, 95
ModelDB database, 137, 273
Modigliani software, 359
Monte Carlo method, 73
MOOSE software, 357, 359-360
Morphoelectrotonic transform, 242
Morphology, 187-210, 247-248, 250, 261, 263,
265, 274, 286287, 327-328
artifact, 194-195, 213, 277
class, 211-212
correction factor, 202-203
diversity, 211-212
parameter, 255
reconstruction, 187-210, 212-213, 249, 255-258
symmetry, 214-215, 218, 221, 227, 230
tracing, 199, 201
Morris-Lecar model, 12-14, 22-23, 174-175
Motor pattern generation. See Central pattern
generator
Multiobjective method, 53-54, 57
Mutation, 4649, 55

Na* channel. See Sodium channel
Na*-Ca>* exchanger, 95-96
Nanodomain, 99-101, 104
Navigation modeling, 356
NCS software, 360
Nernst potential, 94, 100, 109, 116
Nernst-Planck equation, 100
NEST software, 339, 347, 360-362
Network dynamics, 142, 145, 152, 311, 320-321,
324-325, 329-333, 350-354
Network model, 285-354
architecture, 323, 354
design, 318, 323-338
dilution, 339
inhibitory, 296-298, 321, 329-332
large-scale, 317-345, 347-350
number of neurons, 321, 339
number of synapses, 320-321, 333, 335-336, 339,
348
parameter randomization, 324, 333-335
scale, 328, 339
semisynthetic, 312
size, 320, 336-337
small, 285-299
stability, 325, 327, 329, 351, 353
symmetry breaking, 335
Neuron_Morpho software, 201, 207
Neurobiotin, 189-191
neuroConstruct software, 346-347, 361

415

NeuroExplorer software, 206
NEUROFIT software, 137
Neurofitter software, 37, 58, 278, 362
Neurolucida software, 198-201, 206-207
Neuromechanical model, 312-316
closed-loop, 313-316
open-loop, 313
NeuroML language, 347
Neuromodulation, 271, 297, 313
NeuroMorpho.Org database, 209, 251, 273
Neuromuscular transform, 313
NEURON software, 24, 137, 206-207, 240, 249,
251, 254-255, 260261, 264-265, 338, 347-348,
350, 362-363
Neuron class, 211-212, 324
NeuronDB database, 137
Neuroscience Information Framework (NIF), 208
Neurospaces software, 347
Neurotransmitter. See Transmitter
Newton method, 38-39
NLIF. See Integrate-and-fire neuron model, non-
linear
NMDA receptor, 140, 144-146, 149. See also
Magnesium, block
calcium influx, 94, 145
EPSC, 146
model, 150-151
temperature sensitivity, 145
No-free-lunch theorem, 57-58
Node of Ranvier, 100, 274
Noise, 22-23, 54-55, 69, 335-337. See also Input
Nonlinearity, 7-17, 176, 323, 325-327, 329, 338,
352-353
Nonuniqueness, 257, 277-278, 299-305, 335
Normalization factor, 143
NSL software, 361
Nullcline, 12-17
Numerical methods, 24-29. See also Integration
method

ODE. See Differential equation, ordinary
Ornstein-Uhlenbeck process, 337
Oscillation, 62, 179, 292-299, 311, 327, 329, 333—
334, 336, 338, 342. See also Half-center oscillator

axonal delay, 148, 329-332, 353

damped, 172, 174

frequency, 315-316, 321, 329-333, 353

of input, 168, 171, 178

period, 289-293, 297-299, 310, 316

phase, 290, 293-294, 297-299, 315-316, 322
Overshoot, 171-174

Parallel processing, 49, 347-349
Parameter fitting, 31-60, 256, 288-291, 345. See
also Fitness function; Minimum; Nonuniqueness
brute force search method, 42
channel kinetics, 111-115, 123-136
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Parameter fitting (cont.)
chemical model, 88-91
compartmental model, 256-257, 270-271, 274,
276-278, 280
global search method, 40-52
hybrid search method, 55-56, 302
local search method, 37-40
Markov model, 133-134
memorization strategy, 55
random search method, 44
stochastic search method, 44-52
synaptic channel, 159
Parameter space, 31, 40-42, 56; 289-291. See also
Nonuniqueness
Pareto front, 53-54
Particles swarm optimization, 49—52
Partitioning, 347-349
Parvalbumin, 98, 102
Passive membrane model, 233-258, 261-263, 277—
278
Patch-clamp recording
perforated, 248-249
whole-cell, 112, 189, 212, 248-249, 270, 276
Path length, 333
PDE. See Differential equation, partial
Penalty function, 56
Periodic trajectory, 8-9, 1415
Peristimulus histogram, 282
Permeability. See Channel
PGENESIS software, 348-349, 357
Phase. See also Oscillation
locking, 333, 344
plane, 11-17, 21, 23, 174175
plane trajectory density method, 3638
-response curve, 326-327
space, 8—11
shift, 178-179, 315
Phenomenological model, 153, 156, 159, 265-266
Photobleaching, 188
Pinsky and Rinzel model, 266-267
PMCA pump, 95-96
Point neuron model, 161-185, 265, 285, 326
Point process, 163-164
nonstationary, 164
Poisson process, 22, 28, 163-164, 166168, 337,
341, 344
Poisson distribution, 77-78, 337
Population, 46-49, 54-55, 322, 342
Population vector, 69-72, 74-75
Postsynaptic potential, 141, 144, 243
Potassium channel
BK-type Ca’*-activated, 101-102, 260
delayed rectifier, 108—111, 123-124
SK-type Ca”*-activated, 102
Potential. See also Field Potential; Postsynaptic
potential; Voltage
extracellular, 235, 273
half-activation, 33,120

Index

membrane potential, 1, 109, 165-167, 234
reset, 165
resting, 144, 146, 165, 182, 234
reversal, 109, 116, 144, 146
threshold, 14, 17, 19, 165, 167, 176, 179, 182, 184
Prediction, 1-2, 125-127, 269-270, 291-292, 298—
299, 310, 312
Presynaptic terminal, 104, 139-140, 148-149, 154
PRNG. See Random number generator
Probability density, 215, 220-221, 230-231
Probability distribution, 69-74, 77, 85-86
Propagation, 18-19, 244
Propensity, 69-78
function, 69-72
zero, 72
Pseudorandom number generator. See Random
number generator
PSICS software, 275, 363
PSO. See Particle swarm optimization
Pumps, 95-96, 102-103
electrogenic, 95-96
Purkinje cell, 98-99, 102, 250, 262, 280, 300
model, 263-264, 269-270, 279, 280-281, 305
Push-pull connectivity, 324-325, 352
Pyramidal cell, 146, 194, 212, 214, 217-230, 235,
250, 252, 311-312
model, 17, 184, 266267, 269, 280, 310
Python language, 347, 356, 359, 363, 364

Q10 factor, 130, 145

QIF. See Integrate-and-fire neuron model,
quadratic

Quantal size, 155

ra. See Resistance, axial
R,. See Resistivity, axial
rand function, 60
Random number generator, 59-60, 341, 346
Random walk method, 86—-87
RANDU function, 60
Raster plot, 341
Reaction, 61-80
continuous solution, 79
deterministic solution method, 6668
-diffusion system (see Diffusion)
dimerization, 71-72
discrete solution, 79
dissociation constant, 65, 90, 96, 98
joint probability density function, 73-75
kinetics, 66—80
membrane-limited, 68
mesoscopic rate constant, 69, 71-72
mixed method, 78-80
number of molecules, 68—72, 78—79
numerical integration, 68, 78—80
rate, 64, 67-68, 117
second-order, 71
stochastic, 68—73
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stochastic solution method, 73-76, 79
unimolecular, 71
Readout neuron, 343
Rebound depolarization, 327
Receptor. See Synaptic receptor
Reciprocity, 241
Recombination operation, 4648
Reconstruct software, 203-204
Reconstruction. See Morphology
Recovery. See Channel, inactivation
Rectification. See Goldman-Hodgkin-Katz
equation
Reduced model, 265-266. See also Cylinder,
equivalent
Refractory period. See Integrate-and-fire neuron
model; Poission process
Relevance, 345
Renewal process. See Point process
Repair. See Axon, Dendrite
Repressilator circuit, 62
Residual, 32-33, 152
Resistance
axial, 235-236, 246-250
cytoplasmic, 261-263
extracellular, 235-237
intracellular (see axial)
input, 234, 236, 239-241, 244-245, 248, 250, 252—
253
local input, 243
membrane, 234-235, 243, 260-261
Resistivity
axial, 18, 236, 246, 255
membrane, 26-27, 234-235, 243, 246, 248-250,
255-256, 261
Resonance
intrinsic, 326-327
network, 315, 329, 332, 353
stochastic, 337
subthreshold, 169, 172, 174, 182184
Resonate-and-fire model, 174
Respiratory pattern generation, 316
Retina, 353
rm. See Resistance, membrane
R,,. See Resistivity, membrane
R,. See Resistance, input
Robustness, 278, 289-290, 305, 345
Routh-Hurwitz criterion, 7
Runge-Kutta method, 24-25, 68
Ryanodine receptor, 97

Sag, 172, 252

Sarcoplasmic reticulum, 96

Saturation, 281, 327

SBML. See Systems Biology Markup Language
SDE. See Differential equation, stochastic
Search method, 31-60. See also Parameter fitting
Selection, 46-49

Sensitivity, 257, 290-291, 300
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Sensorimotor model, 315
SERCA pump, 95-96
Serial section technique, 198
Shell, 215-216
Sharp electrode recording, 212, 248-249
Sholl, 215-217
Shooting, 21, 26-27
Shrinkage, 190-191, 195, 207, 213, 216-218, 255,
274
Shunt. See Soma
Signaling model, 61-66, 88-91
Silent synapse, 146
Simplex algorithm, 39-41
Simulated annealing, 44-46, 58
Simulator independence, 347
SK-type channel. See Potassium channel, SK-type
Ca’*-activated
Slice preparation, 154, 188-189, 214, 218
Small-world topology, 333
Smoldyn software, 86
SNNAP software, 363
Sodium channel
inactivating, 108—-111, 123-127, 287
persistent, 172-173, 310
Solution space, 300-305. See also Parameter space
connectedness, 304-305
Soma, 266-267, 269, 274
dissociated, 276
shunt, 248-250
Space clamp, 146, 242, 275-276
Space constant, 27, 237, 243-244
Sparse connectivity, 325, 333, 335,
Spatial gradient, 66, 80—82
Spectrogram, 342, 344
SPICE software, 338
Spike. See also Firing mode; Firing frequency;
Periodic trajectory
conduction, 275, 328
dendritic, 265-266
initiation, 265, 274
response model, 162, 326
shape, 270, 296
train analysis, 342-343
-time histogram, 334-342
-timing-dependent plasticity (see Synaptic
plasticity)
Spine. See Dendritic spine
Squid giant axon, 107108, 234, 236, 274
srand function, 60
SSA. See Gillespie method
Stability, 5-10, 1213, 15, 17, 25-27. See also
Network model; Synaptic plasticity
asymptotic, 6-10
neutral, 6-7
Staining, 187-194, 213
State. See also Channel, gating
closed, 27-28, 119, 123-124
open, 22, 27-28, 119-121, 123
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State (cont.)
resting, 9, 13-14, 16-17, 21, 153
space, 69, 72-73 (see also Phase, space)
STDP. See Synaptic plasticity, spike-timing-
dependent
Steady state. See Fixed point
Steady-state assumption, 66, 264
Steepest-descent method, 39
STEPS software, 88, 104, 364
Stiff system, 25-26, 29, 68, 264
Stochastic simulation algorithm. See Gillespie
method
StochSim software, 364
Stoichiometry, 67
Stomatogastric ganglion, 288, 290, 299
Subthreshold dynamics, 14, 168—172. See also
Resonance
Superposition principle, 352
Surface-to-volume ratio, 94
Susceptibility, 167, 178
SWC format, 201, 206-207, 210
Swelling, 189, 191, 195
Synapse Model. See also Signaling model
alpha function, 141-142
difference of two exponentials, 141, 143
dynamic, 152154, 331
single-exponential decay, 142
stochastic, 154-156
Synapse Web, 210
Synaptic conductance, 139159, 281. See also
Postsynaptic potential; Synapse Model
decay, 141-143, 153
decay time constant, 142-143, 145-147
desensitization, 152
kinetics, 140-143, 149152
peak of, 141-143
rise time, 141-143, 146, 243
stochastic rate constant, 149-151
weight, 156-158, 328, 334-335, 339
Synaptic current 94, 143-144, 241, 261, 281-282.
See also Excitatory postsynaptic current
Synaptic depression, 152-154, 325, 331, 353
Synaptic facilitation, 152-153, 331, 353
Synaptic failure, 325, 327-328
Synaptic input, 243-244, 337
background, 281-282 (see also Inhibition,
balanced)
diffusion approximation, 167
Synaptic latency. See Axon, delay
Synaptic noise, 156, 281
Synaptic plasticity, 96, 103, 145, 331. See also
Synaptic depression; Synaptic facilitation
long-term, 157-159
short-term, 152154
spike-timing-dependent, 148, 157-158, 331
Synaptic receptor, 144-147, 149-152, 156
AMPA (see AMPA receptor)
binding, 149-151

Index

GABA (see GABA, receptor, GABAg receptor)
metabotropic (see Metabotropic receptor)
NMDA (see NMDA receptor)
subunit, 149
Synaptic transmission. See Transmitter
Synchronization, 311-312, 333, 335-336, 353. See
also Oscillation, axonal delay
artifactual, 340
measure of, 342-344
rate covariance, 343344
Synfire chain model, 326, 350
SYNU software, 205-206
Systems biology, 90-91, 282
Systems Biology Markup Language, 356358

7-leaping method. See Tau-leaping method
T-type current. See Calcium current
Table, 264-265, 349
Tau-leaping method, 76-79
Temperature, 45-46, 111, 274-275
dependence, 130, 145, 159
Temporal filtering, 153
Thalamic relay neuron, 112-114, 127-136, 180—
181
Thermodynamic model, 117-121, 130-133,
136
Theta neuron model, 176177
Threshold, 54, 157, 352. See also Current; Potential
Time constant, 153, 247, 350. See also Channel;
Membrane; Synaptic conductance
Time scale, 65, 75, 80, 276-277, 353
Time shift, 34-35, 37
Time step. See Integration method, step size
Topology. See Connection; Dendrite
Tortuosity, 216
Tracing. See Electron tomography; Morphology
Trajectory. See Periodic trajectory
Transfer function, 352
Transition probability, 122
Transmitter, 140, 148—-152. See also Diffusion
release site, 154-155
reuptake, 149
transporter, 149, 152, 155
unbinding, 142-143, 146
vesicle, 140, 148-149, 152, 154155
vesicle depletion, 152153
Trapezoidal rule, 25
Type I/II mode. See Firing mode

Ultrastructural level. See Electron microscopy
Uniqueness, 2, 5, 345. See also Nonuniqueness
Unit, 236, 277

extensive, 68

intensive, 68

Valence. See Charge
Validation, 227, 229, 271, 278-279, 340-342, 345,
349
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Variability, 289-290, 299. See also Nonuniqueness
synaptic, 149, 154-156
Varicosity, 189, 194, 200, 202
VCELL software, 365
Vesicle. See Transmitter
VIAS software, 201
VLSI, 147, 154
V. See Potential, membrane
V;. See Potential, threshold
Voltage. See also Potential; Sag
attenuation 241-245, 280
clamp, 108, 111-114, 125-127, 242, 275, 281 (see
also Space clamp)
decay, 237-239, 243, 247
dependence (see Channel, kinetics)
Volume, 68—69, 71, 94, 101
Voxel, 83-84, 87-88

Wave propagation, 19-21, 315, 322, 333, 335
Well-mixed system, 66-68, 87

Wiener process, 27

Winner-takes-all model, 325, 351

XPPAUTO software, 12, 27, 316, 323, 365-366
Xvotrace software, 205
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