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tE
oLab is an agent based modeling system for C++ programmers,strongly in
uen
ed by the design of Swarm. This paper is just a briefoutline of E
oLab's features, more details 
an be found in other publishedarti
les, do
umentation and sour
e 
ode from the E
oLab website.1 E
oLabE
oLab is an ABM system for C++ programmers. This is not the time or pla
eto debate the merits of C++ over any other obje
t oriented language. If youhave 
hosen C++ as an implementation language for your models be
ause ofperforman
e, expressibility, familiarity or 
ompatibility with other software li-braries, then ABM environments su
h as Swarm or Repast o�er little supportto you. In this 
ase, you should 
onsider E
oLab.2 S
riptingE
oLab uses the Classdes
[2℄ obje
t des
riptor te
hnology. This provides a formof obje
t re
e
tion, or the ability to query an obje
t's internal stru
ture atruntime. This may seem obvious to a Java or Obje
tive C programmer, asobje
t re
e
tion is built into the language.How is Classdes
 used in E
oLab? The user 
odes their entire model as a 
lass.Usually, there will only be one instantiated obje
t of that 
lass (the model).Most model instan
e variables, and model methods adhering to parti
ular 
alling
onventions are exposed to a TCL interpreter. This allows great 
exibility to1




on�gure di�erent sorts of experiments at runtime. For example, if your model
lass is:
lass model_t {publi
:int tstep; double foo;void step();double average_something();} model;then by inserting the ma
ro 
all make_model(model) into your 
ode, the fol-lowing TCL s
ript is possible:model.tstep 0model.foo 0while {[model.tstep℄<100000} {model.stepif {[model.tstep℄%1000==0} {puts stdout [model.average_something℄}}This initialises the instan
e variables, and runs the model for 100000 steps,writing out the average of something every 1000th timestep.3 GUI mode for explorationThe TCL interpreter also has a 
omplete GUI toolkit (Tk), and a visualisa-tion and analysis toolkit (BLT). It is possible to turn the above s
ript into a
ontinuously updated plot by 
hanging one line:if {[model.tstep℄%1000==0} {set av_something [model.average_something℄plot av av_something} With this ability to s
ript experiments at runtime, one 
an use one s
ript forexploratory visualisation or debugging, and another for bat
h produ
tion work.Items in 
ommon, su
h as the model's parameters 
an be stored in a third �leand in
luded using TCL's sour
e 
ommand.The main point is that it is not ne
essary to be pro�
ient at TCL program-ming to be produ
tive with E
oLab. Many example s
ripts exist in the sour
e
ode that 
an be adapted for you use. However, a pro�
ient TCL programmer
an exploit a large amount of fun
tionality to 
reate some great visualisations| using Tk's ability to handle pixmaps for instan
e. The jelly�sh simulationexample provided as part of the pa
kage is a 
ase in point.2



4 Obje
t BrowserUsing Classdes
 to expose your C++ obje
ts to the TCL environment has someother interesting features. E
oLab 
omes with an obje
t browser, whi
h allows theuser to drill down into the model to see why a parti
ular obje
t is doing whatit is doing. The obje
t browser is E
oLab's answer to Swarms probes. To use theobje
t browser, just 
li
k on the \Obje
t Browser" button on the GUI toolbar.This will pop a list of TCL pro
edures, and top level obje
ts (pro
edures with\." in their name). Cli
king on obje
ts pops up another box 
ontaining thepro
edures within that (
orresponding to instan
e variables and methods) andobje
ts (
ompound instan
e variables). Cli
king on a pro
edure will exe
utethat pro
edure (using any arguments you have provided) and displays the result.You 
an also arrange to have the pro
edure exe
uted automati
ally every se
ondto give a 
ontinuous update of (say) and instan
e variable.5 Che
kpoint/RestartBy invoking Classdes
 on your model in this way, TCL 
ommands are 
reatedfor 
he
kpointing and restarting your model, with no further 
oding required ofyour model (provided the 
omplete state of your model is stored in the modelobje
t of 
ourse). So, if you are using a high performan
e 
omputing bureau,whi
h for
es you to 
ontinuously 
he
kpoint and restart your jobs to allow otherpeoples jobs to run, you 
an write something like the following TCL s
ript:if [file exists 
he
kpoint℄ {model.restart 
he
kpoint} else {sour
e model-parms}while {[model.tstep℄<100000} {model.stepif {[
putime℄ > 10000} {model.
he
kpoint 
he
kpointexit}}if {[model.tstep℄<100000} {exe
 qsub myjob.t
l}whi
h is self-submitting bat
h s
ript in whi
h ea
h job only runs for less that 3hours, but the 
hain of jobs 
ontinues until the 
al
ulation is 
omplete.3



6 Parallel Pro
essingE
oLab provides support for parallel pro
essing using the MPI[3℄ distributedmemory programming model. By turning on the MPI 
ag at 
ompile time,E
oLab will start an interpreter on ea
h pro
essor. Normally, your s
ript will runon pro
essor 0, but any TCL 
ommand 
an be run on all pro
essors simulta-neously with the parallel 
ommand. Plus, a method 
an be de
lared paral-lel, so when invoked, it will be invoked on all pro
essors simultaneously. TheClassdes
MP[4℄ 
an be used to easily 
ode 
ommuni
ation between pro
essors,or the full power of MPI used. At this point in time, it is the model implemen-tor's responsibility to arrange for obje
ts to be distributed a
ross the pro
essors,however an experimental proje
t 
alled Graph
ode[1℄ will allow arbitrary agentson an arbitrary grid topology (graph) to be automati
ally distributed a
rossparallel pro
essors, even having dynami
 updating of the obje
t distribution tooptimise load balan
ing.7 Supported Ma
hinesE
oLab is an open sour
e proje
t whi
h depends on ANSI standard C++, TCL,Tk and BLT. The primary development environment is Linux, but by its ad-heren
e to standards, E
oLab has been su

essfully ported to Irix, Solaris, AIX,Tru64, Ma
 OSX and Windows (under Cygwin), often using the native C++
ompiler rather than g

. It should be noted that the Ma
 OSX port of E
oLabwas 
ompleted about 6 months ago, and took about 2 days to do, whi
h isone area in whi
h it out 
ompeted Swarm. At present the interfa
e dependson X-windows, work on a native Aqua interfa
e is being planned in the next 6months.E
oLab has now been deployed for 5 distin
tly di�erent modelling proje
ts.Ea
h proje
t has its own requirements, whi
h are fed ba
k into the 
ore systemwhere it is useful.There are no plans for a Java interfa
e. The aim of this proje
t is to providean environment for C++ programmers, not Java programmers who are already
atered for with other pa
kages.We wel
ome 
ontributers to the E
oLab proje
t. The sour
e 
ode is managedby Peter Miller's AEGIS system, so you will need to email Russell Standishto obtain a user login to a

ess AEGIS. Anonymous readonly a

ess to therepository is however already available via the E
oLab website, where you 
anpi
k a version of E
oLab at any revision level as a gzipped tarball. Unlike CVS,AEGIS ensures that the 
ode 
ompiles, and that some 
onsisten
y 
he
ks areperformed at 
ode 
he
k in time. Plus whenever a bran
h is 
losed (E
oLab.4.Dxas opposed to E
oLab.4.x.Dy), further tests are performed to ensure that the
ode 
ompiles and runs a test suite on all supported platforms.4
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