
StdpC(Spike timing dependent plasticity
Clamp),

a modi�ed versionof DYNCLAMP2, developed by R. Pinto et al.,

originally published in (Pinto et al., 2001)

MANUAL

La Jolla, November 2004,

Thomas Nowotny
Reynaldo Daniel Pinto,
Robert C. Elson,
Attila Sz•ucs,
M. I. Rabinovich,
A. I. Selverston,
H. D. I. Abarbanel

Institute for Nonlinear Science,
University of California, San Diego,
9500Gilman Dr.#0402 La Jolla, CA 92093-0402
E-mail: tnowotny@ucsd.edu



Theseare preliminary versionsof the program, but they have beenexhaustively usedby
us and proved to be functional and safe. However, there can be still somesmall problems, so
if you �nd it useful we will really appreciateyour feedback. We have a short paper in Journal
of NeuroscienceMethods 108 (2001) 39-48describing the program and its use,so if you use
it to make experiments you are going to publish somewhere,we would appreciate to seeour
work cited by you. Feel free to contact us for any further questions(tnowotny@ucsd.edu).
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1 In tro duction

The Dynamic Clamp protocol, developed by (Sharp et al., 1993) and independently by and
(Robinson and Kawai, 1993) allows "insertion" of simulated membrane conductancesin,
and/or simulated synapsesbetweenbiological neuronsand a variety of other manipulations.
Here we describe StdpC, a method for controlling up to 2 neurons and an internal spike
generator in real time, dynamic clamp mode.

PC-basedsoftware permits up to 6 Hodgkin-Huxley conductancesand up to 6 synaptic
connections(chemical, non-recti�er electrical and recti�er electrical)

We used a ADC/D AC DIGID ATA 1200A board from Axon Instruments, Inc. The pro-
gram was written in C++ (Borland C++ Builder) and runs under Windows NT 4.0 but the
program is also compatible with Windows 95/98/2000. The StdpC does not needauxiliary
circuitry and runs at ca. 10 kHz on a modern PC.

2 Hardw are and soft ware requiremen ts

Pentium PC compatible computer ; Windows NT 4.0, 95, 98 or 2000;The Desktop Area in
the Display Properties menu should be set to a minimum of 1152x864pixels; DIGID ATA
1200A ADC/D AC board from Axon Instruments, Inc.;

The program was tested in a PC Compatible computer with a Pentium 4, 2.8GHz CPU
and Windows NT 4.0 operation system. We also used a much slower PC, Pentium 3, 450
MHz, which works �ne as well. We suggestthe use of Windows NT becauseit allows the
control of the priorit y of the various programs running simultaneously and one can set the
priorit y of the StdpC to maximum, ensuring the program will generate accurate currents
updated at very fast rates, but the other versionsof windows are also possible.

3 Async hronous Dynamic Clamp Cycle

The dynamic clamp protocol consists in a cycle of reading the membrane potential of the
cells, calculate the current to be injected in the cells through to all the synapsesand con-
ductancesone wants to simulate, and to generate the voltage commandscorresponding to
thesecurrents. This cycle should be repeated as fast as possibleto simulate the continuous
biological processesand the currents need to be calculated in real time according to the
changesin the membrane potentials of the cells. SinceWindows is not a real time operating
system, we will never know "a priori" exactly how long the digitalization of the membrane
potentials, the calculation of the currents, and the generation of the command voltageswill
take. To solve theseproblem we made our program basedin a asynchronous dynamic clamp
cycle. Every time the program updates the membrane potential of the cells it also readsthe
real time clock in the Digidata 1200A ADC/D AC board, so it knows exactly how long does
it take between two successive updates. These time intervals between the updates are used
in the dynamic computation of the currents and they not only allowed the implementation
of the dynamic clamp protocol in the Windows environment but alsomadethe program very

exible and optimized, since it can run faster if just a few synapsesor conductancesare im-
plemented than if onehave a loadedcomplexcon�guration with many di�eren t conductances
and synapses.
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4 How to install the soft ware

4.1 Binary package

First thing one needsto do is to copy the driver �le Ioport.sys into the drivers directory
of Windows. In Windows NT it is generally C:nWinntnsystem32ndrivers. Unzip StdpC.zip
This is the description of the �les contained in the zip �le StdpC.zip:

IOPORT.SYS: The driver �le that allows direct accessto windows I/O ports neededby
StdpC to accessthe DigiData board

StdpC.exe: Is the only �le one needto run the program (after copying Ioport.sys to the
Windows drivers directory). Simply copy it to the directory you want and run it by clicking
over the icon as usual;

4.2 Source package

*.bpr, *.res, *.tds, *.cpp, *.h, *.dfm: Files with the source code, the visual project, and
information that one needsto modify or to recompile the program.

ioport.zip: The complete IOport package/ module which is copyrighted (c) 1998-2000by
Erik Salaj. For more information unzip the ioport.zip �le and refer to the README.TXT
included.

For modi�cation and recompilation of the StdpC program, Borland C++ Builder 5
or newer is required. One also will need to install in the C++ Builder the IOport soft-
ware component driver to enable the accessto the input/output hardware ports of the
ADC/D AC board within C++ Builder. This software component usedto resideon the web
site http://www.cyb ermagic.co.nz/ in a subdirectory /winsoft but has since disappeared.
The original README.TXT �le is included which sets the copyright provisions. Once the
IOport C++ Builder component is installed, just click over StdpC.bpr to open the Borland
C++ Builder project.

5 Troublsho oting

5.1 If the StdpC windo w doesn't show up

If you install StdpC following the instructions above and when you run the program nothing
appears in the screenbut the task manager says the program is running and using a lot
of CPU time it is probably becauseyou have an I/O con
ict of addressesbetween your
DIGID ATA Board and someother computer hardware device. This can happen even if the
DIGID ATA board works �ne with Axon programs like Axoscope. This problem happens
becauseDynClamp needsto read the Real Time Counter (RTC) in the Digidata board that
is never read by most Axon programs. Usually the DIGID ATA board is con�gured to usethe
I/O address320, and in this casethe RTC reading ports are in the range 330 - 332. Many
computers use the address330 for somedeviceslike sound cards, etc... And when you run
DynClamp it freezesthe program becausethe RTC cannot be reset.

5.1.1 Ho w to diagnose and solv e the I/O con
ict?

Windows NT, 2000:
Open: Start ! Programs ! Administrativ e Tools ! Windows NT Diagnostics. Choosethe
folder hResourcesi , click in hI/O Port i and use the cursor to browse the list of used ports.
You should look for 330. Note that 320 will not appear becausethe Digidata Board is not
detected by Windows. If you �nd any referencein the range 330 - 33F and your Digidata
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board is con�gured to use the base address320 you need to change I/O addressof your
Digidata board to run DynClamp and avoid other problems due to the I/O con
ict.
Windows 95, 98:
Open: Start ! Settings ! Control Panel ! System. Choosethe folder hDevice Manageri ,
click hI/O Port i and usethe cursor to browsethe list of usedports. You should look for 330.
Note that 320 will not appear becausethe Digidata Board is not detected by Windows. If
you �nd any referencein the range330- 33F and your Digidata board is con�gured to usethe
baseaddress320 you needto changeI/O addressof your Digidata board to run DynClamp
and avoid other problems due to the I/O con
ict.
Changing the baseaddressof the Digidata Board and in the DynClamp programs:
You should look carefully for somefree spacein the list of port addresses,if 330 is beenused,
usually there is a lot of spacearound 340-370that's enough for the whole Digidata board
ports. Recon�gure manualy the Digidata board for the baseaddress340 or 350 (the RTC
will be 350 or 360 and no con
icts!) and run the StdpC program. The control screenwill
appear with the default Digidata baseaddress320 and you should change it to 340 or 350
(or whatever you have con�gured in your board) and click hchange addressi . The program
will �nd the board and signalize it in the screen.

6 Changes to DYNCLAMP2

The StdpC software is entirely basedon DYNCLAMP2, see
http://inls.ucsd.edu/ � rpinto/dynclamp.h tml. In contrast to this earlier software the follow-
ing improvements and changeshave beenimplemented

� Spike generator
A spike generator can replace a biological presynaptic neuron. Spikes are generated
either periodically in a �xed pattern or from a �le containing prede�ned spike times.
This feature is actually an original feature of R. Pinto but was not published yet.

� Hidden parameter panels
To de-clutter the screen of the dynamic clamp computer, in StdpC the parameter
dialogs for chemical synapsesand Hodgkin-Huxley conductanceshave been moved to
seperate popup windows.

� Data displays for debugging
To allow for easydebuggingof wiring and gain problemsthe software now hastwo data
displays that can show input and/ or output channels or functions thereof (averages,
spikesdetetected).

� Saveand load parameter settings
You can now save and load the current parameter settings of the clamp. This way one
does not have to redo parameter settings every time the StdpC program is restarted.
The settingsarestored in a simpleASCII format that allowsediting by hand or snooping
around for curiosity.

� Spike timing dependent plasticity
The two chemical synapsescan now be madeplastic abeying a Spike Timing Dependent
Plasticit y protocol. There are two di�eren t protocols to choosefrom and a variety of
paramters determining the details of the learning mechanism

� Experimental automatization and scripting
The StdpC supports a simple form of experimental protocol automization (scripting).
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The user can specify a script �le that contains events at given times. These events
include switching on and o� of synaptic connections or Hodgkin=Huxley type con-
ductancesas well as arbitrary parameter changes.The script is loaded on starting the
clamping processand executesthe commandsat the given times after clamping started.

7 Changes to StdpC version 3

� Since this version of StdpC, all synapsesare freely recon�gurable as chemical or elec-
trical synapses.

� the presynaptic and postsynaptic neuron of each synapseis freely recon�gurable. In
particular it is now possible to combine synapsesbetween two biological neurons (on
channelsIN0/OUT0 and IN1/OUT1) with synapsesfrom the spike generator (channel
SPG) to either of the neurons. This givesmore 
exibilit y in the experimental design

� Each chemical synapsecan now beenchosenindividually to be plastic or not.

� The initial value for a plastic synapseis given by its individual G s setting, not by a
global initialization value in the plasticit y block. The displays for the synaptic strength
have been removed becausethey turned out to be disruptiv e for the clamping perfor-
mance.

� Some smaller adjustments aiming at better user interaction and performance of the
data displays. We, however, still recommendnot to use the data displays during real
experiments. They are for debuggingpurposesonly and degradeclamping performance
considerably when used.

8 How to use StdpC

8.1 "Connecting" the program to the cells

We encouragethe insertion of two electrodesinto each cell (or a careful impedancecompen-
sation of a single electrode) to avoid the generation of a wrong current command due to any
artifacts produced by the current injection in the membrane potential signal.

The membrane potential output of the microelectrode ampli�ers should be connectedto
the analog inputs 0 and 1 of the Digidata board. The command voltage for the injection
of current into the cells will be in the analog outputs 0 and 1 respectively and should be
connectedto the current command input of the microelectrode ampli�ers. The built-in spike
generator is internally mapped to be input channel SPG. The voltage output of the spike
generator can be redirected to OUT1 by clicking the appropriate box on the main window.

The currents are calculated individually for each conductanceand synapseand then are
summedfor each cell to generatethe corresponding voltage command for the microelectrode
ampli�ers. A recommendedprocedure is before turning on the injection of the current in
the microelectrode ampli�er, to turn on the dynamic clamp cycle and to monitor the current
command voltage in an oscilloscope to seeif it looks like what is expected and if its value
is not too big, avoiding damaging the cell due to mistakeswhen choosing parametersor any
hardware miscon�guration.
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Figure 1: The complete control panel. One can seethe main control block (upper left),
synapsecontrol blocks (upper right), Spike generator control block (middle left), Hodgkin-
Huxley control blocks (middle right), Spike timing dependent plasticit y control block (lower
left), data displays (lower right).
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Figure 2: Main control block of the StdpC.

8.2 Con trol Panel of the Program

The control panel of the program can be divided in four di�eren t regions, one of them
correspond to the con�guration of the hardware and program control and the other three
correspond to setsof similar blocks for controlling each individual electrical synapse,chemical
synapseor conductancebeing simulated by the program. To change a numeric value in a
�eld one should click the mouseof the computer over the �eld and edit the value using the
keyboard. There is no needto pressEnter after editing the values. New valueswill only take
e�ect when the main button Start/Up date is pressed(with exception of the Digidata Board
Address �eld that can be changedby its respective button).

8.3 Con�guration of the Hardw are and Con trol of the Program

Once you run the program you can identify in the upper right corner of the control panel
the block shown in Figure 2. Theseupper labels, Ch 0, Ch 1, indicate to which channel the
con�guration �elds correspond.

If everything is OK the status window should show that the Digidata board was found.
If it says "Digidata board not found" (lik e in �gure 2) you should check if there is a Digidata
board properly connected and working in the computer and, if positive, you should try
another hardware address for the board. StdpC default address for the board is 0x320
(hexadecimal), which is the default addressof the board, but the speci�c board can have
beencon�gured to useanother range of addresses.Possiblevaluesare 0x340, 0x360, 0x380,
0x3A0, 0x3C0, etc.

� new Address: Button used to change the hardware address of the Digidata board.
A new hexadecimal value should be typed in the corresponding �eld before pressing
this button. When the board is found the Status Window will display the respective
message.

� AMP X: �eld that indicates the gain factor of the microelectrode ampli�er connected
to the channel X. To changethe default value click in the �eld containing the address
and edit the value using the keyboard.

� ADC X: con�gures the input gain of the ADC channel X in the Digidata board. It
is related to the precision of the A/D conversion and should be selected as big as
possible. Allowed values for this parameter are: 8, 4, 2, 1, respectively corresponding
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Figure 3: Chemical and electrical synapsemain control blocks.

to the rangesof input voltages -1.25V to +1.25V, -2.5V to +2.5V, -5.0V to + 5.0V,
and -10.0V to +10.0V.

� mV/nA: correspond to the calibration of the current input command voltage in the
microelectrode ampli�ers in mV/nA for each channel. Since the range of the current
voltage command output is -10V to +10V, one can select a higher ratio mv/nA and
use a divider to match it to the input of the microelectrode ampli�er, increasing the
precision of the current generation.

� The output channel 1 is either used for clamping in which casethe settings are as for
channel 0 or it outputs the membrane voltage of the spike generator if it is used. Then,
the setting CN Vm = > CH1 sets a gain factor for the output of the spike generator
membrane voltage.

� Start/Up date: button that initializes the internal variables with the parametersfound
in the control panel and starts the dynamic clamp cycle. The parameters used in the
synapsesand conductancescan be changedin the control panel during the running of
the program, but the changeswill only modify the internal parameters responsible for
the currents being generatedafter one pressStart/Up date.

� Stop/Reset: button usedto stop the dynamic clamp cycleand to generatenull currents
in all the outputs.

� Write State: Upon pressingthis button the state of the StdpC, i.e. the values of all
prameters and all status buttons is saved in a �le (t ypically with extension \.set").

� Read State: Upon pressing this button a �le dialog appears and one can choose a
previously \.set" �le to be loaded. This will update all parametersand status buttons.

� Exit: Exits the StdpC program.

The Status Window changesits color to indicate if the dynamic clamp cycle is active or
not. The �eld that indicates the name of each synapseor conductancealso change its color
during the time the dynamic clamp cycle is running to indicate that the particular synapse
or conductanceis active and is being consideredin the generation of the currents.

8.4 Electrical synapses

Figure 3 shows the control blocks of synapseson the right. Each block can be con�gured
to be a chemical or an electrical synapse. clicking the \mo dify" button will open a control
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Figure 4: Control panel for electrical synapses

panel that allows to changepropertis of the synapse. If the synapseblock is not turned on
no xontrol panel will appear.

If con�gured as an electrical synapsethe control window shown in �gure 4 will appear
after clicking the modify button. In this you can choose which cell is \presynaptic" and
which one is \p ostsynaptic". This nomenclature is only meaningful for rectifying synapses
in which positive current 
o ws from pre- to postsynaptic cell. Otherwise the rle of the cells
is of coursesymmetric.

During the cycle of dynamic clamp if an electrical synapseis active, the currents I pre and
I post to be injected in the cells \pre" and \p ost", respectively, are calculated according to:

I post (t) = G e[Vpre (t) � Vpost (t)]; (1)

and I pre (t) = � I post (t):; (2)

where Vpre (t) and Vpost (t) are the membrane potential of the two cells respectively.

� Presynaptic channel: Combo to choosethe presynaptic cell (SPG= spike generator)

� Postynaptic channel: Combo to choosethe postynaptic cell (SPG doesn't make sense
here)

� G s: total conductanceof the electrical synapsein nS (nano Siemens).

� Rectifying: Combo used to change the synapsefrom normal (OFF) to recti�er (ON).
If recti�er synapseis chosen,the current will be null unlessthe membrane potential of
the cell de�ned as presynaptic is at an higher level than the membrane potential of the
cell de�ned as postsynaptic.

8.5 Chemical Synapses

The control blocks of chemical synapsesare shown in Figure 3 on the left. The current
to be injected in the postsynaptic cell is calculated according to the membrane potential
of the presynaptic cell. StdpC has two chemical synapsesfor each pair of presynaptic and
postsynaptic cells, allowing one to play with the characteristic time constants and reversal
potentials to simulate the e�ect of biphasic synapses.During the cycle of dynamic clamp if a
chemicalsynapseis active, the membranepotentials of the cells\pre" and \p ost", respectively
Vpre and Vpost are used to compute the current I post to be injected in the postsynaptic
cell. I post is calculated using a �rst order kinetics model of the releaseof neurotransmitter
(Destexhe et al., Neural Comp. 6, 14, 1994) and an additional inactivation term (h(t)) to
simulate depression:

I post = G sS(t) h(t)[V s � Vpost (t)]; (3)
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Figure 5: Control dialog for the parametersof a chemical synapse.

where the instantaneous activation, S(t), and inactivation, h(t), terms are given by the
di�eren tial equations

(1 � S1 (Vpre ))Tau s
dS(t)

dt
= (S1 (Vpre ) � S(t)) (4)

� h
dh(t)

dt
= h1 (Vpre ) � h(t); (5)

where

S1 (Vpre (t)) =

(
tanh

h
vx ( t ) � V th

V sl

i
ifVpre > V th

0 otherwise
(6)

h1 (Vpre ) =
a

1 + exp
�

Vpre � V th
V sl

� ; (7)

� h (Vpre ) = Tau 0 �
a T

1 + exp
�

Vpre � V th T
V sl T

� (8)

Pressingthe \Mo dify" button opensthe controls shown in �gure 5.
The control is the details paramter dialog for the chemical synapseare

� Presynaptic channel: Combo to choosethe presynaptic cell (SPG = spike generator)

� Postynaptic channel: Combo to choosethe postynaptic cell (SPG doesn't make sense
here)

� G s: maximum conductanceof the chemical synapsein nS.
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� V s: reversal potential in mV.

activation S(t):

� Tau s: synaptic characteristic time constant in msec.

� V th: threshold potential for the releaseof neurotransmitter in mV.

� V sl: slope voltage in mV.

inactivation h(t):

� a: 0: synapsewithout depression,1: synapsewith depression.

� V th: threshold potential for the inactivation in mV.

� V sl: inactivation slope voltage in mV.

� Tau 0, a T, Vth T, and Vsl T: parameters for the inactivation characteristic time.

� Plasticit y combo box allows to choosewhether the synapseis subject to the plasticit y
rule de�ned in the plasticit y block/ controls or not. This allows to combine \normal"
synapsesand plastic synapsesin the sameexperiment.

8.6 Ho dgkin-Huxley T yp e Conductances

StdpC provides six Hodgkin-Huxley type conductancesthat can be individually con�gured.
This permits all the six conductancesto be inserted in a singlecell or into two cellswith any
desiredcombination. The control blocks of Hodgkin- Huxley type conductanceare shown in
Figure 6. The current (IHH) to be injected in the cell with membrane potential given by
V(t) is calculated using representations of the activation (m(t)) and inactivation (h(t)) of
the conductanceaccording to

I H H = Gmax m(t)ph(t)q(E r � V (t)) ; (9)

where m and h are modeled as

� m (V )
dm
dt

= m1 (V ) � m; (10)

� h (V )
dh
dt

= h1 (V ) � h; (11)

m1 ; h1 =
a

1 + exp
�

V � V th
V sl

� (12)

� m ; � h = Tau 0 �
a T

1 + exp
�

V � V th T
V sl T

� (13)

where we represented the expressionsfor m1 , h1 , and � m , � h sharing the sameparame-
ters for simplicit y, but these parameters are individually con�gured for the activation and
inactivation in the control block of the conductance.

� On/O� Combo usedto turn on or o� each Hodgkin-Huxley type conductance.

� Modify: Upon pressingthis button the more detailed dialog shown in �gure 6 appears
in which the parametersof the conductancecan be modi�ed.
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Figure 6: Control window for a Hodgkin-Huxley type conductance.

� Cell #: button usedto changethe channel in which the conductanceis inserted.

� Gmax: maximum value of the conductancein nS.

� Er: reversal potential in mV.

� activ. exp: exponent of the activation term m(t).

� inactv. exp: exponent of the inactivation term h(t).

Activ ation/Inactiv ation parameters:

� a: should be left in 1 since one can turn o� the activation/inactiv ation setting the
respective exponent = 0.

� V th: threshold potential in mV.

� V sl: slope voltage in mV.

� Tau 0, a T, Vth T, Vsl T: parameters that de�ne the timing of activation or inactiva-
tion.

8.7 Spik e generator

The spike generatorunit can replacea presynaptic cell. Spike have a pre-de�ned form an are
elicited at either given spike times relative to a periodic burt period or at times speci�ed in
a one column �le. The main control block for the spike generator is shown in �gure 7.

� On/O� combo switchesthe spike genrator on or o�.

� method: Choice between periodic spike generation at prede�ned spike times or spike
times from a �le (both can be combined with a burst detection trigger on a di�eren t
channel (seebelow)

� input �le: Name of the �le that contains spike times in secondsin a single column

� Spk Amp: Amplitude of the spikesof the spike genrator
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Figure 7: Main control block of the spike generator.

Figure 8: Dialog to set spike times within a \burst" of periodic or triggered activit y.

� Spk Width: Width of the spike at half height

� Rest pot: Resting potential of the spike generator

� period: Period of the periodic spike generation if spike times are not read from a �le

� # of Spk: Number of spikeswithin one spike generation period (e.g. a burst)

� Spike times: Pressingthis button displays a dialog in which up to ten spike times can
be entered. The dialog is shown in �gure 8.

� hi= > low Burst detection combo allows to turn on the burst trigger. The explicit spike
times from the dialog discussedabove can either be usedperiodically with the period
speci�ed or the \bursts" can be triggered by the determination of a burst in a biological
neuron on the speci�ed input channel. In that casea \burst" is triggered whenever the
V Thres value is passedfrom above to below and a certain bu�er of \downtime" has
been observed. If spike times are read from a �le the detection of a burst is followed
by a �le accessin which StdpC expects to �nd recordsconsisting of an integer number
indicating the number of spikes to generate followed by that many double precision
numbers indicating the spike times in secondsrelative to the trigger time. For details
of thesemechanismspleaserefer to the sourcecode.
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Figure 9: Main control block for the spike timing dependent plasticit y.

8.8 Synaptic plasticit y

Synaptic plasticit y can be applied to both chemical synapses.The type of plasticit y and the
detailed paramters are, however identical for both. The main control window is shown in
�gure 9.

� Plast method: There is a choice betweentwo methods of spike timing dependent plas-
ticit y. Either spike are detected, spike time di�erences calculated and an according
change of maximal synaptic conductanceis added. The amount added is determined
according to a plasticit y function of the form

� g = � A �

�
j� t j
� �

� q

exp
�

�
j� t j
� �

�
(14)

Alternativ ely the synaptic strength is governed by a set of di�eren tial equations ac-
cording to the model of synaptic plasticit y in (Abarbanel et al., 2002)

� Spike detect: Spike detection method in casethe additiv e spike timing rule is chosen.
Spikesare either detected on a simple voltage threshold or by a threshold on the slope
of the membrane voltage.

� Thresh 0, Thresh 1, D Thresh 0, D Thresh 1: Thresholds for spike detection for either
method and neuron 0 or 1

� Gsyn output: Name of a �le in which to output the time seriesof synaptic strengths. If
the userdoesn't interact the restart of the clamp with Start/Up date will auto-increment
the three digit number at the end of the �lename such that no data is overwritten.

� Show Gsyn: Switcheson and o� the displays of synaptic strength in the main chemical
synapseblocks. During the real experiments usageof thesedisplays is discouraged.

� Modify: Pressingthis button will display the detailed dialog for the synaptic plasticit y
(dialog shown on the left sideof �gure 10 for the explicit rule and the right side for the
DGL basedrule).

We will only discussthe additiv e �xed-curv e STDP rule here. For the other model please
refer to (Abarbanel et al., 2002). The parametersare

� tau-: � � , width of the t� t < 0 learning window, expected to be positive

� tau+: � + , width of the � t > 0 learning window, expected to be positive
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Figure 10: Control dialogs for the synaptic plasticit y parameters. The left block appears if
an additiv e curve-basedplasticit y rule is chosen. The right block contains the parametersof
the dynamic synaptic plasticit y model in (Abarbanel et al., 2002).

� A-: A � , amplitude of changesin the t� t < 0 learning window, can be positive (\normal
STDP"), or negative (\in verseSTDP" like in electric �sh)

� STDP exponent: q in above equation, non-integer valuesare allowed

� # precedingspikesused: If neuron x is spiking its spike time will be comparedto this
number of previousspike times of the other neuron and accordingupdateswill be made.

� usetable: Use a lookup table for the learning function?

� dt, dg min: time step and left (and symmetrically right) boundary of the table

� \tanh": Sigmoid �lter function to bound the total synaptic strength according to

g = gmax tanh
�

gr aw � g1=2

gsl ope

�
(15)

where � g is applied to gr aw .

� g max, g 1/2, slope: parameters in above equation.

� usetable: Use a lookup table for the sigmoid �lter function?

� dg, max g: step sizeof the lookup table and right boundary.

� initial g: Initial value of the synaptic strength. This overrides the value �xed for the
individual synapsesin there respective control dialogs.
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Figure 11: Data displays.

Figure 12: Display control dialog.

8.9 Data displa ys

teh data display block is shown in �gure 11.

� On/O�: Switches the display on and o�. Use of displays during a real experiment is
strongly discouraged. Thesedisplay are solely for debuggingpurposes,e.g. to look at
the input on an input channel or the expectedoutput of an output channel as opposed
to what is really generatedat the DAC and can be seenon an oscilloscope.

� Modify: Pressingthis buttn displays the dialog shown in �gure 12.

� Points Displayed: Number of points that are displayed within the visible area of the
display

� Samplerate: Rate with which point are acquired to be displayed

� Refresh: Rate with which the display is refreshed.The display is not a very specialized
element optimized for fast data display. It is therefore a good idea to stay conservative
with the refresh rates
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� y Axis Minim um, Y Axis Maximum: Minim um and maximum value displayed on the
y Axis

� h list of choiceswhat to display i

9 Exp erimen t automatization

The StdpC can read a scripting �le in which each line describesan event and is of the simple
form

htime in seci hparameter namei hnew valuei
This �le is read upon pressingthe Start/Up date button. It is speci�ed in the text �eld

\script �le" in the main control block, see�gure 2. If the time denoted in the �rst column
has passedsincelast pressingthe Start/Up date button, the parameter named in the second
column will be updated to the value given in the third column.

The prede�ned parameter namesare:
for i=0 to 5 f

Elec i rectifying
Elec i presyn channel
Elec i postsyn channel
Elec i G s
Chem i G s
Chem i V s
Chem i Tau s
Chem i V th
Chem i V sl
Chem i STD a
Chem i STD V th
Chem i STD V sl
Chem i STD Tau 0
Chem i STD a T
Chem i STD Vth T
Chem i STD Vsl T
Chem i Fix Vpost
Chem i Vpost
HH i Cell#
HH i Gmax
HH i Er
HH i activ exponent
HH i inactiv exponent
HH i activ a
HH i activ V th
HH i activ V sl
HH i activ Tau 0
HH i activ a T
HH i activ Vth T
HH i activ Vsl T
HH i inactiv a
HH i inactiv V th
HH i inactiv V sl
HH i inactiv Tau 0
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HH i inactiv a T
HH i inactiv Vth T
HH i inactiv Vsl T
g
time spike 0
time spike 1
time spike 2
time spike 3
time spike 4
time spike 5
time spike 6
time spike 7
time spike 8
time spike 9
# of Spk
Spk Amp
Rest pot
V thresh
period
Spk Width
hi= > lo detection on
learning on

The parameters representing switches of \on" or \o� " are to be set as integers (0 for
\o� " and 1 for \on"). The parameters names are chosen to resemble the labels of the
parameters on the interactive screen. Pleasenote that parameter changesinvoked by the
scripting mechanism are not visible on the screenand will not a�ect the next run of the
clamping (for which the valueson the screenwill be the initial values).

10 User feedback

This is documentation of the StdpC program is rather preliminary for shortnessof time, so
it is probably not always completely clear and complete... Any comments or questions to
improve this document or the operation of the program are very welcomeand can be sendto
the main author: tnowotny@ucsd.edu.If you changethe code, pleasesendme the alterations
you did and a short explanation, so I can update the program in the web site.
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