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T ward baic u f hsolve
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Chapter 2

I r duci g Hsolve fr Si

2.1 Basic Use: A short overview

Set the simulation clock(s)
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Create the model

g > /

g > /

g 2 P 1

g > 1R 0.5R 10 0. 01 -0 .065

g > p /b /N F1 /NF

g > g 1 1/NFVOGV ; g 1/NF1 NN G

g > p /b /K 1/K
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g > P 1 2
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Create hsolve

g > /

g >

Set the ’path’ field p
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Set the numerical method

g > 11
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nitial values
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2.2 The chanmode Field : Modes of Operation
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2.3 Tabulated Calculations
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2.4 Interpreting the Mode of Operation
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P
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2.5 Exercise:

2.6 Communication with Other Elements
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2.7 A Practical Example 1: Hsolve and the efield Object
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2.8 A Practical Example 2 : Experimental Setups with Hsolve
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Chapter 3

N w rks of Cells

3.1 Introduction

To simulate networks of connected cells, you could use hsolve as for simulating single cells This
means that you have to create, setup and reset an hsolve element for every cell in the network As
a consequence every hsolve element will have its private internal data structures, something that is
memory expensive in the higher chanmodes To improve this situation, hsolve actively supports the
simulation of network simulations for networks with cells of the same type

3.2 The DUPLICATE Action

To understand how to use hsolve for network simulations, remember for a moment how hsolve
examines the model it has to compute :

F irst during the SETUP action, hsolve examines the structure of the model and stores parameters
that describe it

2 S econd during a RESET, hsolve stores recalculated quantitative values in its private data struc-
tures

With the DUPLICATE action it is possible to have multiple hsolve elements share the structure be-
tween identical neurons (neurons with an identical morphology, number of channels etc The descriptive
quantitative aspects like reversal potential of channels may differ between these neurons)

To use hsolve for a population of resembling cells, you have to :
create and use SETUP to have hsolve examine the structure of the first cell

2 create an hsolve element for every other cell in the population This is not done with a regular
create command, but by calling the DUPLICATE action on the solver element for the first cell,
to have the new hsolve element share some of its internal data structures with the first hsolve
element The syntax for the DUPLICATE action is:

genesis > call hsolvel DUPLICATE hsolve2 <path>

The <path> argument points to the compartments to be computed by the hsolve about to be
created and is (as always) a wild card specification that will be expanded relative to the hsolve
element

3 call the RESET action on every hsolve element This is most conveniently done with the reset
command

NOTE : Never use the -hsolve option for readcell for cells that you want to duplicate. The
layout of the cells when using e.g. createmap assumes that all cells reside in neutral elements.
Such commands do not take special precautions when copying hsolve elements. The net result is
that you are not allowed to use the DUPLICATE action on hsolve elements created by the -hsolve
option of the readcell.

20
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Let us examine an example :

genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis
genesis

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>

include ht_granule_compartments.g
granule_make_compartments
setclock 0 0.000010
readcell granule.p /granule
createmap \
/granule /granule_cell_layer 5 1 \
—delta le-4 7.5e-5 -origin 5e-5 3.75e-5
ce /granule_cell_layer/granule[0]
create hsolve solver
setmethod granule 11
setfield solver chanmode 4 path "../[][TYPE=compartment]"
call solver SETUP
int i
for (i=1; i<5;i=1i+1)
call solver DUPLICATE \
/granule_cell_layer/granule[{i}]/solver \
. ./##[] [TYPE=compartment]
end
reset

As already noted, we do not use the -hsolve option for readcell here. After creating a grid of
cells, we manually create an hsolve element for the first cell in the grid and initialize it with SETUP
after proper configuration. Then comes a small for-loop that walks over the remaining cells of the
population and calls the DUPLICATE action for each cell. Note that the wild card specification that
points to the compartments to be computed is — as usual — relative to the hsolve element that will do
the wild card expansion, it is not relative the current working element or the original hsolve element
(that was initialized with SETUP). At this point we have a correctly initialized set of hsolve elements
regarding structure. Finally we still have to initialize all data structures with the computed values,
that is done with the 'reset’ command.

Although almost complete, there is still one caveat in this example that becomes clear if we inspect
the simulation schedule :

genesis > showsched

WORKING SIMULATION SCHEDULE

[1] Simulate /##[CLASS=segment] -action INIT

[2] Simulate /##[CLASS=segment] [CLASS!=membrane] [CLASS!=gate] \
[CLASS!=concentration] [CLASS!=concbuffer] -action PROCESS

[3] Simulate /##[CLASS=membrane] -action PROCESS

[4] Simulate /##[CLASS=hsolver] -action PROCESS

[56] Simulate /##[CLASS=concentration] —-action PROCESS

As apparent from the simulation schedule, some compartment(s) and channel(s) are still scheduled
to compute their internal state. Requesting a list of elements at the top of the element hierarchy makes

all clear :

genesis > le /

*proto
output

x1ibrary/

granule/

granule_cell_layer/

The original cell that was used to create the grid of cells in the population is still scheduled for
simulation (indicated by the lacking asterisk ’*’). Disabling it, solves the situation, only hsolve will
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be scheduled for computations. It is necessary to do reset again such that Genesis recomputes the
simulation schedule. If the disable command is put at an appropriate place in the script, only one
reset is necessary of course.

genesis > disable /granule
0K

genesis > reset

genesis > le /

*proto

output

x1ibrary/

xgranule/
granule_cell_layer/

genesis > showsched
WORKING SIMULATION SCHEDULE
[1] Simulate /##[CLASS=hsolver] —action PROCESS

NOTE : The way to setup input or output for hsolve that has been created with a DUPLICATE is not
the same as for hsolve elements that have been created with SETUP. Only with the findsolvefield
command you will be able to access computed fields. Messages created before the DUPLICATE action
are ignored. (also take a look at the exercises for networks)



Exercises

1. If you use the -hsolve option of readcell, why does it make good sense not to call the SETUP
action after the readcell command has been completed. This means that you always have to
manually call the SETUP action to get everything work.

2. About the demo for interfacing to an efield element :

(a) How can you be sure that indeed two plots have been created ?
(b) Add a plot for the conductance of a channel.

(¢) Add an xcell display. You should know that this can be done in two different ways (which
ones 7). Implement these two methods and try to figure out if there is a performance
difference.

3. Examine the Purkinje cell tutorial that comes with the Genesis distribution. Try to understand
the different experiments that can be done with the tutorial.

(a) The tutorial supports two different protocols for current injection : (1) a constant current
and (2) a pulsed current via the use of the pulsegen object. Is this invisible to hsolve ?
Why ? It is possible to switch the current on or off during the simulation. How is that made
possible ?

(b) Find and examine the code to update the frequency field of synaptic channels (you have
to know the actions HSAVE and HRESTORE, but the comments in the code clarify what they
are supposed to do). How efficient or inefficient is this implementation ? Can this be imple-
mented with a script_out element ? Would that make any difference ?

(¢) It is possible to synchronously activate synaptic channels of the Purkinje cell (via the
synapses of the parallel fibers). Examine how the code is organized to implement this
functionality.

(d) The climbing fiber gives excitatory input to the Purkinje cell at different locations, with
various time delays. Examine the implementation of the time delay.

(e) The code that links the membrane potential of the excitatory currents with the xcell element
uses findsolvefield. Examine the Genesis element hierarchy to locate the elements that
are the original sources for the messages (not hsolve). What is peculiar in this use of
findsolvefield?

4. Improve the example for the DUPLICATE action :

(a) Create a second population, let’s say 10 cells. You could use the multi-compartmental
cell that is used for the single cell part of this tutorial. Create connections between the
populations (when do you have to create these connections and how does this restriction
propagate to your Genesis script 7). Create hsolve elements for both populations.

(b) Add input to the network with a population of randomspike elements.

(c) Add output to the network: plot some of the membrane potentials (use findsolvefield).

NOTE : The examples as well as the exercises originate from scripts that have been used for
scientific research. These scripts are available from http://www.bbf.uia.ac.be/

23



Part 11

Some Useful Tricks with Hsolve
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Chapter 4

Beyond Simple Use

4.1 Advanced Actions

In the higher chanmodes, the modeling elements describe properties of the model that hsolve has
to compute. If you change one or more properties — field values in the modeling elements — hsolve
has to be notified of the change. This defines a data stream from the modeling elements to hsolve’s
internal data structures.

On the other hand, sometimes you will be interested in the many variables computed by hsolve.
In that case hsolve is able to store all the computed variables back in the appropriate fields of the
modeling elements. This defines a data stream from hsolve’s internal data structures to the modeling
elements.

These two data streams are not physically available, but parts of them are implemented via the
actions explained in the following sections.

4.1.1 Setting/Getting Fields for Individual Elements

Sometimes it might be useful to set a field or property of a modeling element that is not accessible
via findsolvefield. Hsolve allows you to do this with two actions that are called with the following
syntax :

genesis > call solver <action> <path>

The solver is a path leading to an hsolve element. The path should be replaced with the pathname
leading to the element for which you are modifying a property or field value. It is expressed relative
to the current working element (not relative to the hsolve element as the path field of hsolve). The
action is one of the following two :

1. HPUT : copies field values from a modeling element to hsolve’s internal data structures. This
action will only copy descriptive values to the hsolve element.

2. HGET : copies field values from hsolve’s internal data structures to the fields of a modeling element.
This action will only copy computed values to the modeling element.

Since these actions only work after a SETUP and RESET, it is important that your modifications to
the modeling elements do not change the structure of the model. You must not remove or add any
messages between the elements, you must not add or change tables from tabulated channels etc.

NOTE : Sometimes these actions may have side-effects : for example in chanmode 3, the HGET
action will initialize the conductance (Gk) and the current (Ik) of the original modeling element to
zero if it is a channel like element. These values are not available in hsolve’s internal data structures
in chanmode 3. However, in chanmode 4 these computed variables are available in hsolve’s internal
data structures and will be filled in in the fields of the modeling element.

NOTE : In combination with the script_out object, the HPUT and HGET actions give you yet a
third way to interface hsolve to other elements.

25
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4.1.2 Setting all Computed Fields at the Same Time

If it is necessary to set all the fields at the same time, hsolve provides you the following two actions,
which are automated versions of the two previous ones :

1. HSAVE: copies all computed field values from hsolve’s internal data structures to the field values
of the modeling elements.

2. HRESTORE : copies all descriptive field values from the modeling elements to hsolve’s internal data
structures.

Both commands are called with the following syntax :
genesis > call solwer [ HSAVE | HRESTORE ]
Again the solver is a path leading to an hsolve element.

NOTE : The HRESTORE action is part of the the RESET action. Besides calling the HRESTORE action,
the RESET action also initializes values like membrane potential, channel activation etc.

4.2 Advanced Fields

Some fields have a special meaning for hsolve. We already encountered some of them. Here we
review the ones we already encountered, and we introduce some new ones.

4.2.1 calcmode

As already mentioned in a previous section (section 2.3, page 12), this field corresponds to the
calc_mode field of tabulated elements. It is shared between all tables that go in hsolve’s internal data
structures.

4.2.2 storemode

Sometimes you will be interested in the contribution of a single channel type to the behavior of
a complex multi-compartmental model, say you are interested in the overall Ca®" influx. Computing
this variable would imply getting the current or conductance from each channel of the specified type in
each compartment and then adding them up. From viewpoint of single elements that act as a model
description for hsolve, such values are simply not accessible, nevertheless since hsolve has access to
all computed variables in chanmode 4 and 5, it will compute such an integrated current or conductance
when the storemode field is set. You will not be able to find these variables with the findsolvefield
command, but with a small trick, hsolve will report in your terminal where to find these variables.

These variables are defined as the summation of the field Ik or Gk for each channel of the same
type in the model. For this to work correctly, each channel of the same type must have the same name
in each compartment. Then, before the SETUP action, the storemode field should be set to one of the
following values :

0: the default value, no sums are stored.
1: total currents are stored.

2: total conductances are stored.

Afterwards, you use hsolve as usual (set other fields, call SETUP etc.).

Now if you want hsolve to report where it will store the totals of currents or conductances for
each channel type, set the silent flag of Genesis to a negative value, call the RESET action on the
hsolve element and reset the silent flag to its original value. Hsolve will then report where to find the
computed fields for each channel type (or better for each unique channel name that is encountered in
the model) :
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genesis > silent -1

genesis > call solver RESET
storing leak in itotall[O0]
storing CaP in itotal[1]
storing KC in itotal[2]
storing K2 in itotall[3]
storing Ca_pool in itotal[4]
storing Ca_nernst in itotal[5]
storing stellate in itotall[6]
storing Kdr in itotall7]
storing NaF in itotall[8]
transferring element field values into solve arrays
genesis > silent 0

Now you can use the getfield and showfield commands to examine the values of the variables.

genesis > step

genesis > showfield solve itotall1]

[ /Purkinje/solve ]

itotall3] = 8.777549691e-10

The storemode field does not influence any other functionality of hsolve. So you are still able to
use findsolvefield to inspect other computed values of interest.

4.2.3 no_elminfo

This field has its origins in the DUPLICATE action : if this field is set, hsolve does not store some
information about the model because it is already present in the hsolve element that was duplicated.
A side effect of this is that this field can also be used without using DUPLICATE: this saves some
memory, but the command findsolvefield and the actions HPUT and HGET fail to work. When you
create the right incoming and outgoing messages before the SETUP, this is no problem. Nevertheless
the no_elminfo field was used in times where computers were shipped with small memories, but in the
current era it has become obsolete.

4.2.4 outclock

This is the clock number used to give output to external objects for chanmodes 3,4,5. This allows
have output every N time steps, which can speed up your simulation. Note that this affects all outgoing
messages that were created before the SETUP of hsolve to all elements that are not computed by hsolve.

4.2.5 Other Fields

Some read-only fields can be of interest while debugging your simulations. These fields are availabe
after a successful SETUP, but must never be changed.

1. symflag: the symflag can be inspected to see if hsolve is computing symmetric compartments.
2. ncompts: the number of compartments that are in the model that hsolve is computing.

3. nchildren: this array contains the number of intracellular mechanisms in the model.
4

. nelm names : Element names can be shared for different elements with the same name. This field
is a count on the number of different element names in the model.

o

ntab: The number of distinctive tables in the model.

6. dt : The value of the simulation clock that hsolve uses to do its computations.

NOTE : The comptmode field is not used anymore, but it is still there for backward compatibility.
The Genesis documentation has not been updated yet.



Exercises

1. In the Purkinje cell tutorial, plot the overall contribution of one of the Ca®* channels in a graph.
Add code that allows to inspect the overall Ca®" influx in the cell (the Ca®" currents are modeled
with two separate channels).

2. To randomize the properties of a population before a simulation, I once encountered code a bit
like the following (I summarized it to the pieces of interest) :

echo "Randomizing granule cells"
for (i = {number_granule_cells}; i > 0; i =i - 1)
pushe /granule_cell_layer/Granule[{i-1}]/soma
initvm = {rand {Vm_init_1b} {Vm_init_ubl}}
setfield . initVm {initvm}
setfield . Vm {initvm}
setfield . Em {rand {Granule_E_leak_1b} {Granule_E_leak_ubl}}
call /granule_cell_layer/Granule[{i-1}]/solve \
HPUT /granule_cell_layer/Granule[{i-1}]/soma
pope
pushe /granule_cell_layer/Granule[{i-1}]/soma/mf_AMPA
setfield . \
gmax {{getfield . gmax}
* (1 + {weight_distribution} * {rand -1 1})}
call /granule_cell_layer/Granule[{i-1}]/solve HPUT .
pope
end

The man that sent me the code complained that hsolve is indeed very fast, but the setup of
hsolve takes ages. What is redundant in the code above ? Why ? Is this causing a bottleneck
during the simulation ?
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Chapter 5

Synchan - hsolve coordination

5.1 A word about events

In the documentation you will find that hsolve is able to ’take over’ synaptic channels. This is
correct regarding the numerical computations that the synaptic channels perform. However, besides
these numerical computations, the synaptic channels also perform event buffering. Event buffering is
the management of synaptic events during simulation time : (1) receiving incoming events, (2) sorting
events in order of firing time and (3) scheduling events by adding the weight of the firing synapse
to the activation value of the channel at the appropriate simulated time step (the activation is the
neuro-transmitter concentration in the synaptic cleft during a single time step).

5.2 Implementation

Hsolve never handles any event. To have synchans do the event buffering and hsolve do the
numerical computations, a special coordination mechanism that is part of both elements has been
implemented. The next sections explain what happens when a synchan has been taken over by hsolve.

5.2.1 Synchan event handling

For every synaptic channel hsolve keeps an internal counter that tracks when the next event on
that channel arrives. If the counter is zero, hsolve puts a zero in the activation field of the channel.
Then it asks the channel to calculate the activation for all events that should be fired during the next
time step by calling the HPROCESS action on the channel element. The channel then computes the
activation value for all firing events by summing the weights of the synapses at which the events arrive,
but without doing any numerical computations for the conductance (i.e. the computations that are
part of a normal PROCESS cycle for a synaptic channel). The result is put in the activation field of
the synaptic channel. Hsolve then fetches the value of the activation field and incorporates it in
its own computations to compute the conductance of the channel. The internal counter that hsolve
maintains for the channel, is set to the number of time steps before the next synaptic event arrives on
that channel by inspecting the (sorted) list of pending events of the channel.

NOTE : The Genesis scheduler never schedules the synaptic channels taken over by an hsolve
element. It is hsolve that calls the HPROCESS action on the appropriate channel when needed.
These channels are therefore not represented in the simulation schedule.

5.2.2 New Incoming Events

When new events arrive on a synaptic channel that has been taken over by hsolve, there is a
possibility that the event must be scheduled before any other pending event i.e. the new event is the
first one in the sorted list of events. As a consequence the internal counter that tracks the occurrence
of the next synaptic event for that channel must be updated. A synaptic channel receiving a new
first event, notifies hsolve of this situation by calling the hsolve element with an HSEVENT action.
The arguments to this action describe the synaptic channel at which the event arrives with a unique
identifier and the time when the event will be scheduled. Hsolve uses this information to update the
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internal counter for the synaptic channel. The unique identifier is determined by hsolve during SETUP
time and can be found in the solve_index field of the synaptic channel. The hsolve element that has
taken over the synaptic channel is found in the hsolve field of the channel.

NOTE : For the outgoing spike events hsolve uses a message loop on the messages of the spikegen
element that produces the spikes. There is nothing really fancy about this except for the fact that
hsolve uses memory that is supposed to be private to the spikegen element. This way the events
arrive automatically at the wright synchan element, and that element will in turn notify an hsolve
element if needed by means of an HSEVENT action. This also guarantees that there is no interference

with pgenesis.



Chapter 6

Byte-codes

We already talked about the compilation into byte-code when using the higher chanmodes. The
aim of this chapter is to give a rough idea about what we mean by that. Although the topics discussed
here are certainly not complete, you should get some feeling with the internal workings of hsolve.

6.1 Compilation

In computer science compilation means transforming one language into another. The first reason
to introduce compilers in computer science was expressiveness: people implement the solution to a
problem in a computer language in which they are able to express themselves without difficulty. Then
this solution was compiled into a language that is understandable for a computer : a machine language.

The same reasoning can be applied to (neuronal) modeling : you express the model with something
you feel comfortable with (e.g. the modeling elements of Genesis). Then to simulate the model, it
must be compiled into a language that is understandable for a machine and efficient to solve numerical
calculations. This language is the byte-code that hsolve deals with. To put it in other words, the
byte-codes are tailored to encode the numerical calculations required to solve the equations that occur
in a neuronal model. The compilation step consists of two phases: in the first phase an intermediary
representation is built and optimized for structure. In the second phase the optimized intermediary
representation is used to generate the actual byte-codes. The generated byte-codes are again optimized
such that e.g. redundant computations are removed (see figure 6.1).

After a successful SETUP and RESET, hsolve has examined the full model and has stored all the
byte-codes necessary to compute the behavior of the model. But besides the byte-codes that encode
the model, hsolve also stores the results of the calculations and descriptive values necessary to do the
calculations. For technical reasons hsolve stores the operators (the byte-codes) separately from the
operands (the results of the calculations and descriptive values).

6.1.1 Data Model

As already explained in the chapter on the numerical background, hsolve solves the equations in
the model on a staggered time grid (see section 1.2.1, page 5). The decoupling of the equations of
intracellular mechanisms and conductances from the cable equation propagates to the design of the
implementation for the emulation of the byte-code. Basically hsolve can be split into two almost
separate parts : one part for the intracellular mechanisms and one part for the cable equations. These
two parts have their own byte-code engine. Since hsolve stores the byte-code separately from the
result values, each byte-code engine maintains two arrays (see figure 6.1). So for conductance equations
and cable equations, hsolve maintains four arrays in total as follows :

1. For cable equations :

(a) The array that contains the byte-code is called the funcs array. It uses the conductance
values to compute membrane potentials on a future time point.

(b) The array that contains the computed values is partitioned into three distinct subparts :
ravals, results and vm.

2. For conductance equations :
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(a) The array that contains the byte-code is called the ops array. It uses the membrane potentials
for membrane potential dependent conductances.

(b) The array that contains the computed values is called the chip array.
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Figure 6.1: Byte code compilation phases

The advantages of this design are:

1. Optimizations can be implemented that are not possible at the modeling level.

2. Because of a high cache use, you get extra performance (cache misses are identified as a bottleneck
in some application areas).

3. Easy to emulate a single byte code.

NOTE : We did not consider diffusion or concentration elements till now. If these elements would
be incorporated into the discussion we would have to say that hsolve can be split into three separate
parts : also the diffusion and concentration elements have their own byte code engine.

6.2 Hsolve as a Virtual Machine

In this section we shortly discuss what the byte-codes that hsolve internally uses, look like. The
examples we show are taken from the Purkinje cell tutorial that comes with the Genesis distribution([3].
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6.2.1 Solution of The Cable Equation.

The solution of the matrix that emerges from the spatial discretization of the cable equation is done
by looping over the byte-code in an array called funcs. The number of entries in this array is given by
the field nfuncs:

genesis > showfield solve nfuncs
[ /Purkinje/solve ]
nfuncs = 25810

The funcs array contains the actual code to be executed and also encodes the structure of the
matrix (which corresponds to the morphology of the neuron). Remember that this matrix is inverted
in two phases that are known as forward elimination and backward substitution. If we disassemble a
small part of the funcs array, we get something like the following :

genesis > printfuncs solve 0 20

00000 :: O 0 FOBA_ELIM 0
00002 :: 1 SET_DIAG
00003 :: O 2 FOBA_ELIM 2
00005 :: 2 SKIP_DIAG
00006 :: O 6 FOBA_ELIM 6
00008 :: 1 SET_DIAG
00009 :: O 4 FOBA_ELIM 4
00011 :: O 3 FOBA_ELIM 3
00013 :: 2 SKIP_DIAG
00014 :: O 12 FOBA_ELIM 12
00016 :: 1 SET_DIAG
00017 :: O 10 FOBA_ELIM 10
00019 :: O 14 FOBA_ELIM 14

The first FOBA_ELIM opcode tells that the coefficient at offset 0 should be eliminated from the
matrix. Since we are at the start of the funcs array, hsolve knows that it is in the process of forward
elimination (the opcode FOBA_ELIM encodes forward elimination as well as backward substitution).

Second the SET_DIAG opcode calculates a new value for the coeflicient on the diagonal of the matrix.

The SKIP_DIAG opcode calculates a new value for the coefficient on the diagonal of the matrix, but
then skips on to the next row in the matrix. This means that we are dealing with a tip of a dendrite.
At positions 9 and 11 we encounter two consecutive elimination steps. This a witness of a branch point
in the morphology of the neuron.

Note that the coefficients to be eliminated, are found in the ravals and results arrays. When
walking over the funcs array, hsolve also automatically sweeps through these two data arrays.

The separation between forward elimination and backward substitution is done with a FINISH
opcode :

genesis > printfuncs solve 12164 12171

12164 :: 1 SET_DIAG

12165 :: 0 9092 FOBA_ELIM 9092
12167 :: 7 FINISH

12168 :: 0 9094 FOBA_ELIM 9094
12170 :: 6 CALC_RESULTS
12171 :: 0 9092 FOBA_ELIM 9092

After the FINISH opcode, hsolve starts the backward substitution cycle (so from then on the
FOBA_ELIM opcode encodes a backward substitution operation. Finally the CALC_RESULTS operation
tells that all coeflicients from the current row have been eliminated and that the final result for that
row can be calculated. There are yet some other opcodes that are used for symmetric compartments.
These are not discussed.

The emulation of this byte-code is done in the source file hines_solve.c.
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6.2.2 Solution of Conductance Equations.

The solution of conductance equations is done by looping over the byte-code in an array called ops.
The number of entries in this array can be found by inspecting the field nops:

genesis > showfield solve nops
[ /Purkinje/solve ]
nops = 127132

The byte-code in the ops array walks over the conductance equations for all compartments. For the
purposes of efficiency, the conductance equations are grouped per compartment and these groups are
put in the same order as the compartments in the funcs array. Every time a new group is encountered,
the next membrane potential is fetched from the vm array. The groups are separated with COMPT_OP
operations (and sometimes other operations with a resembling name). Disassembling the opcodes gives
something like the following output :

genesis > printops solve 0 25

00000 :: 101 FCOMPT_OP

00001 :: 3001 CHAN_EK_0OP

00002 :: 4101 o -1 1 0 SYN3_0P o -1 1 0
00007 :: 100 COMPT_OP

00008 :: 100 COMPT_OP

00009 :: 5100 NEWVOLT_OP

00010 :: 3001 CHAN_EK_OP

00011 :: 4001 4 1 IPOL1V_0OP 4 1
00014 :: 3200 ADD_CURR_OP

00015 :: 1000 0 CONC_VAL_OP 0
00017 :: 5110 NEWCONC1_0P

00018 :: 3000 CHAN_OP

00019 :: 4001 6 1 IPOL1V_0OP 6 1
00022 :: 4002 0 2 IPOL1C_OP 0 2
00025 :: 3200 ADD_CURR_OP

The first opcode FCOMPT_OP simply loads the first membrane potential from the vm array. Then we
encounter a compartment that contains a single synaptic channel (SYN3_0P opcode). Then we encounter
two consecutive COMPT_OP opcodes, indicating the presence of a passive compartment : if you inspect
the Purkinje cell tutorial, you see that there are lots of spines consisting of a spine head that contains
a synaptic channel and a spine neck that is a passive compartment. The way hines numbering is
implemented in hsolve forces the computations for the dendritic tips to be done first. In the Purkinje
cell tutorial all dendritic tips are spines which explains why we encounter a compartment with a single
synaptic channel followed by a passive compartment.

Next we encounter a NEWVOLT_OP. This operation loads a pointer to a table that contains an entry
for each tabulated channel type in the model and that corresponds to the membrane potential of the
current compartment. The CHAN_EK_0OP loads the maximal conductance and the reversal potential (that
come from the current entries in the chip array). Then the IPOL1V_0OP computes a gate factor from
a one-dimensional table (the table type is 4, the exponent is 1). The next operation, ADD_CURR_OP,
computes the current contribution for the channel. After this we see opcodes encoding an analog
scenario for a concentration dependent conductance.

The emulation of this byte-code is done in the source file hines_chip.c.

NOTE : The printfuncs and printops commands are not available in release 2.2 of Genesis.
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