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Advanced XODUS Techniques:
Simulation Visualization

UPINDERS.BHALLA

22.1 Intr oduction

One of the biggesthazardsin developing a simulationis the pressureto make it user-
friendly. If you ever make the mistake of making a simulationeasyfor peopleto play
with andunderstand,they will suddenlydiscover gapingholesin your modeldesign,and
startto think upall sortsof “improvements”for youto make. An evenmoreunpleasantsit-
uationcanarisewhenyouhave sentoff the�nal pageproofsof yoursimulationpaper, and
decidethatnow is a goodtime to provide it with a colorful displaysothatpeoplereading
your papercanrun thesimulationthemselves. Inevitably, thedisplaywill reveala funda-
mentalbug in thesimulationthatno one(leastof all yourself)would ever have noticedin
all thehundredsof linesof simulationcode.Theprudentbuilder of simulationswill avoid
any compromiseswhen it comesto obfuscation. This chapter, then, is for the reckless,
sinceits statedgoalis to revealall, to shinethebright light of dayonthehiddencranniesof
simulationswherebugslurk, andto displaythegorydetailsusingtherainbow colorscalein
ananimatedthree-dimensionaldraw widget.
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382 Chapter 22.AdvancedXODUSTechniques:SimulationVisualization

22.2 What Can Your User Interface Do for You?

A userinterfaceis a tool for communication.It hasa role wherever you wish to interact
with thecomputer, with data,or with otherpeople.Teaching,demonstratingsimulations,
or facilitatingdevelopmentareall commonapplications.A graphicalinterfacecanbemuch
morethanasetof buttonstelling asimulationto startandstop,with agraphor two thrown
in. Youhave alreadymetexamplesof someof themoreinterestingthingsonecandowith
XODUSin theform of thedemossuchasOrient tut (Chapter17) andsimulationbuilding
tools suchas Neurokit (Chapter7). In the technicalsense,though,thereare four main
operationsfor whichuserinterfaces,andXODUSin particular, aredesigned.

1. Input . An interfaceshouldmake it easierto providecontrolsignalsfor asimulation,
andto assignparameters.

2. Output . An interfaceshouldsimplify themonitoringof interestingaspectsof sim-
ulation, andespeciallybe able to provide an easily interpretedview of a complex
simulation.

3. Checkingfor errors. Thisincludes,but goesbeyond,simplymonitoringtheprogress
of a simulationto seeif it is behaving strangely. Several of the advancedXODUS
widgetsaredesignedto help with analyzingthe structureof a simulation,so asto
checkthatthesimulationis connectedup thewayyou think it is.

4. Building simulations. Writing a tool to help usersbuild simulationsis aboutthe
hardestuserinterfacetask.It embodiesall of theaspectslistedabove,andhasspecial
challengesall its own.

In thecourseof working throughthis chapteryou will be introducedto graphicalcompo-
nentsthatareusedfor carryingout all theabove userinterfaceoperations.The latterpart
of the chapterconsistsof an extendedexamplethatusesmany of the userinterfacecom-
ponentsto put togethera simulationbuilder. Along the way you will get to seesomeof
theorganizingprinciplesof XODUS,andhow they all �t into theframework of GENESIS
objects,actions,andfunctions.

22.3 Draw/Pix Philosoph y

As long asoneis restrictedto displayingsingledatapoints(dialogs)or arrangingwidgets
on the screen(forms), the graphicalinterfaceworld is simple. Displayinganything more
complex thantext or bitmappedimagesbringsin all sortsof complicationssuchasscaling,
rotation,managingevents,andso on. In XODUS, all thesemorecomplex displaysare
handledby an elite family of widgetscalleddraw widgets,andtheir children,which are
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pix widgets.1 Evensuchanapparentlysimpleoperationasplottinga graphturnsout to be
suf�ciently complex that it is handledby a specializedversionof a draw widget,although
mostof thecomplexities arehiddenfrom you.

Fromthepoint of view of theuser, a draw widget is a window ontothree-dimensional
space,anda pix is any item visible in that space. Dependingon the perspective of the
window, a pix maynot bevisible (for example,it maybeoff to the sideof thewindow),
or it maybeoccluded(anotherpix maybein front of it) or it maysimply betoo small to
see(a 5-micronneuronis not easyto �nd in a window representinga volumeof spacethat
is a meteron eachside). Thereis the inevitabletradeoff here:the�e xibility in beingable
to look at three-dimensionalobjectsanddozooms,pansandrotationshasto bepaidfor by
specifyingmoreparametersandby having to domoredisplaycomputations.

Therearesomeparallelsbetweenthedraw/pix relationshipandthefamiliarform/widget
relationship.First,a pix canonly bedisplayedin a draw. Second,in orderto bedisplayed
by a draw, thepix mustbea child (or descendant)of thedraw. Third, thedraw “manages”
thepix. Justasa widget is at themercy of theparentform with regardto resizing,hiding
and so on, a pix is only displayedaccordingto what the parentdraw decides. A basic
organizingprinciple is thatany pix canbedisplayedin any draw. Thereis a commonset
of propertiesfor all draws, andlikewise a commonsetof propertiesfor all pixes,which
make this work uniformly. To put it in computerscienceterms,all draws aresubclassed
from thecoredraw object,andall pixesaresubclassedfrom thepix object.Theoperations
performedby thecoredraw objectandits subclassesinclude:

1. Performingcoordinatetransformsfor the pixes. Different draws project pixes in
differentwaysaccordingto thetransformationsavailablein thedraw widget.

2. Managingeventsfor the pixes. Theseincludeall interfaceeventssuchas mouse
clicks, dragsanddrops,andresizerequests.For eachmouseevent thedraw widget
mustidentify thedestinationpix andpasstheeventon to it.

Similarly, all pix subclassescarryout thefollowing setof commonoperations.

1. Managingasetof coordinatesfor thedisplay.

2. Doing theactualgraphicaldisplayoncethetransformationshave beencompletedby
theparentdraw widget.

3. Dealingwith interfaceeventsthathave beenforwardedfrom theparentdraw widget.

1If oneis really particularaboutnomenclature,oneshouldrefer to pixesasgadgets ratherthanwidgets,
sincegadget is whatthegurusatProjectAthenahave chosento call windowlesswidgets.I do not botherwith
thisdistinction.
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22.4 Meet the Cast

Theforms,buttonsanddialogsyou have metin earlierchaptersarethelower invertebrates
on theinterfaceevolutionarytree. Thegraphwidget is actuallya highly evolved interface
componentthat hastaken to slummingwith the “simple widgets,” Thereis even a rumor
that it underwenta frontal lobotomyin orderto �t in better— braindamage,by any other
name.Youhavehadglimpsesof someof theadvancedwidgetsin thetutorialssuchasOri-
ent tut andNeurokit. In thissectionweprovidebrief sketchesof theirfunctionandasimple
exampleor two. As always,for detailedinformation,readthemanualsanddocumentation,
andlook at theexamples.

A note on nomenclature:all XODUS widgetsand almostall XODUS-relatedcom-
mandsbegin with an“x”. Thispreceding“x” is usuallyomittedin thetext, althoughall the
exampleshave thecommandsandnamesin full.

22.4.1 The Draw Widg et Famil y

Coredra w

This is thebaseclassof all draw widgets.Theonly transformationit knowsaboutis projec-
tion in thex-y plane.It is usefulif thepix beingdisplayedis �at andhasnobusinessusing
anotherprojection.

Graph

This is ahighly specializeddraw widget,whosefunctionyoualreadyknow. Its projections
arealsocon�ned to thex-yplane.It is designedspeci�cally to manageaxesandplot pixes,
anddoesso in a very stereotypicalandbossymanner, even interferingwith their creation
anddestruction.As youhavealreadyseen,it createschild plotsautomaticallywhenaPLOT
messageis sentto the graphwidget. However, onecanexplicitly addany pix (including
plotsandaxes)to thegraphanddo theusualmanipulationson them.

Dumbdra w

Thisexistsonly asanexamplefor thosewishingto understandtheC-codeimplementation
of thedraw widgethierarchy, andhow to manageinheritancefrom thecoredraw widget. It
only differsfrom thecoredraw in beingableto performprojectionsin thex-zandy-zplanes
aswell asthex-y plane. If onereally needsthex-zandy-zplanes,onecould just aswell
usethedraw widget.
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Draw

This is themostgeneraldraw widget,providing generalorthographicaswell asperspective
transformations.In theexamplesthatfollow weusethisasillustrative of all theotherdraw
classes,althoughthey cannothandleall of thetransformationsthatthisdoes.

1. Createadraw widget,specifyingtheregionof spacethatit displaysandafunctionto
execute.�
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2. In orderto seehow thecoordinatetransformationswork in thedraw widget,weneed
to have somethingto displayin it. We will usea simplexshape, which is a generic
pix for drawing shapes,to draw anopengreenrectangle:�
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3. Let us �rst investigatethe keyboardcontrolsof the draw widget for zoomandpan.
In orderto usekeyboardcontrolsfor manipulatingadraw widget,themousemustbe
positionedon thewidget.

G Move themouseontothedraw widget.
G Pressthearrow keys on your keyboard.Therectangleshouldmove aroundon

thedraw widgetin theappropriatedirections.Thesearethepancontrols.
G Presstheangle-bracketskeys (i.e., thecommaandperiodkeys). Theseshould

shrinkandexpandtherectangle,respectively.
G Returntherectangleto a reasonablesizeandpositionfor thenext step.

4. Now let uslook at thetransformationsprovidedby thedraw widget.

G Youarecurrentlyin thex-yplane,lookingdown from thezaxis.So,thecurrent
transformationis identi�ed by the “z” key. Hit the “y” key to go into the x-z
plane.Therectanglewill probablyjump a little, becauseof thepanoperations
you did earlier. Its dimensionswill alsochange,becauseyou arenow looking
at it from anotherdirection.
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G Gointo they-zplaneby hitting the“x” key. Now therectangleturnsinto atilted
line. This is becauseyouarenow lookingat it edge-on.

G To get a betterfeel for the rectangle's orientationin three-dimensionalspace,
we will now go into anorthographicprojection.This letsuslook at theobject
from any direction,but without usingperspective. Hit the “o” key to go into
orthographicmode.Therectanglewill jumpagain,andchangeshape.

G As before,thearrow andanglebracket keys canbeusedto manipulatethepan
andzoomof thedisplay. Now, however, thepanoperationscanaffect all three
axes.

G In theorthographicmode,wecanchangetheviewpointof thedraw widget.The
viewpoint is a three-dimensionalvectoralongwhich theobserver looksat the
draw widget,andis de�ned by the �elds vx, vy andvz. It is equivalentto the
normalto the planeof projectionof the draw widget. To rotatethe rectangle
aboutthez-axis,keepthe“shift” key pressedwhile you presstheleft andright
arrow keys. Checkhow thevxandvy �elds changewhenyoudo this,while the
vz�eld staysthesame.Conversely, youcanalsoassignvaluesto thevx, vy and
vz�elds to setupprede�nedviewpointsfrom scripts.

G To rotateaboutthehorizontal,keepthe“shift” key pressedwhile youhit theup
anddown arrows.

G It is very likely thatby now youhaveexperiencedtheNeckercubeillusion with
the rectangle— it is hardto decidewhich endof it is nearyou, andwhich is
furtheraway. This is a drawbackof the orthographicprojection. So let usgo
thewholehog,andtry theperspective projection.Hit the“p” key.

G Therectangleshouldchangeshapeslightly, andwill alsoshrinkby afactorof 2
or so.Try therotationoperationsagain.Canyouseeany effectof perspective?

G Theperspective transformationintroducesyet anotherparameter:thedistance
of theobserver from theobject.As you getcloserto theobject,theamountof
distortionintroducedby perspective increases.If you get too nearthe object,
reallystrangethingsmighthappenaserror-trappingcodekicks in. Playaround
with the perspective distortionby hitting the squarebracket keys on the key-
board,i.e.,“[” and“]”, andthenwatchingtheeffectof rotatingtheviewpoint.

G Notethat in thelimit, asonegetsfurtheraway from theobject,theperspective
transformationapproachesthe orthographicprojection(exceptfor the scaling
factor).Testthis by togglingbetweenthe“o” and“p” projections.

5. Finally, let's checkout the effect of mouseactionson thedraw widgetandits con-
tents.Eventsin thedraw widgetaredirectedto thenearestpix, if it is within acertain
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distance(usuallyaround10 pixels)of themouseevent. Otherwisethedraw widget
handlestheeventsitself.

G Click on a line of the rectangle. The rectangleshouldbe transientlyhigh-
lighted,anda line shouldappearon theconsolewindow saying: ������������	
���
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G If you click on a clearareaof the draw widget, the event getsdirectedto the

draw. Theconsolenow says:�
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Wego into considerablymoredetailoneventsin XODUSin a latersectionof this chapter.
Now weproceedto themembersof thepix family of widgets.

22.4.2 The Pix Famil y

pix

Thisis thebaseclassof all pix widgets,andits only purposeis to actasthefamily patriarch.
If onecreatesa pix, it will draw a setof cross-hairs,which arenot particularlyuseful,but
wedemonstrateit anyway. Continuingwith thepreviousexampleof thedraw widget:�
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will put a pix widgetin thedraw. Thepix widgetlooksthesame,no matterwhattransfor-
mationyou use. Try themout. Whenyou have convincedyourself,go into thex-y plane
(the“z” key) for thenext setof examples.

Thepix widget,andall its subclasses,have thefollowing commonsetof �elds:

fg – foregroundcolor. Try it outby settingfg to variouscolors:
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If you loadacolorscale,then64colorsareaccessibleasnumbersfrom 0 to 63:
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tx, ty, tz – translationsto beappliedto thepix asa whole,to move it aroundin space.For
example:
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will move thepix by 1 unit in thenegative x direction.

script – scriptcommand(s)to executein responseto interfaceevents.Assigna command
to thepix:
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Now click at theintersectionof thecrossbarsto seewhathappens.

value – atext stringwith avalueassociatedwith thepix. This is oftenusedasanargument
for thescriptcommand,usingtheangle-bracket notationdiscussedin Sec.22.5.1.
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Now click on thepix again.

pix�ags – a setof �ags thatdeterminemany of thepropertiesof thepix includingvisibil-
ity, sensitivity to mouseevents,how it handlestransformations,highlighting,andso
on. Thepix�ags commandfrom thecommandline lists theoptions. A typical �ag
operationis to make thepix invisible:
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Thenyoucan�ip the�ag back:
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Anothercommon�ag is usedto turnoff thesensitivity to themouse:
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Now it will ignoremouseevents.

sphere

This draws a circle. Its mainpurposeis to serve asa codingexamplefor thosewishingto
createtheirown pixes.�
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gif

This loadsin a gif-format image�le anddisplaysit within the draw widget. It doesnot
attemptto scaletheimageaccordingto thetransformationsof thedraw widget,but it does
repositionthecenterof theimageappropriately. Locatea suitablegif �le. Thereshouldbe
onecalledxodus.gifin theScripts/examples/XODUSdirectory.�
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If you cannot�nd a gif �le, do not despair. Thegif exampleis not neededfor any of the
following steps.

plot

This makesplots. It is createdautomaticallyby thegraphwidgetwhenit receivesa PLOT
message,but canbe createdexplicitly and is perfectlycapableof handlingmessageson
its own. It is a perfectlynormalpix, so it canbecreatedin otherclassesof draw widgets
aswell. It hasall sortsof optionsrelatingto datacompression,displaymodes,andsoon,
whichareillustratedin previousexamplesandin thexgraph documentationandexamples.
Thereis agenericpix�ags optionthatis especiallyrelevantto theplot pix. This is the�ush
option,whichturnsoff theforcedupdatingof apix afteranupdate.Whenyouhaveadozen
or soplots,it becomesprettytime-consumingto updatethedisplaya dozentimespertime
step.

axis

This makesaxesin threedimensions.Two axispixesarecreatedautomatically(for thex
andy axes,respectively) whenagraphwidgetis created.Again,theaxispix canbecreated
explicitly aswell, andis at homein any kind of draw widget.Onecanprovide a vectorfor
boththeaxisdirectionandfor its tick marks,soit is not restrictedto providing axesin the
x-yplane.

shape

This is the workhorsepix. It doeswhat its nameimplies, which is to draw shapes.The
xshapepix is usedextensively asan icon bothon its own in a draw widget,andalsoasa
subordinatepix for someof thereallypowerful pixesdescribedbelow. Wealreadyhave an
exampleof thexshapeup in thedraw widget,which we will continueto manipulatehere.
First,wehave to dig it out from underneaththegif widget.
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Onecandisplaytext in ashapewidget:
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Thexshapehasseveraldrawmodes:
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andsoon.
Thexshapemanagesa setof coordinatesin theform of threeinterpol structs(tables),

for the x, y andz coordinates.Thesecanbe examinedusingthe usual“
���
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command.Sincethecoordinatesarestoredin standardinterpol structs,onecanuseseveral
commandsfor manipulatingthem.Themostobviousis to simplysetthem:
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Therearemany otheroptionsfor manipulatinginterpol structs,someof whicharelisted
in Chapter18. Thereis a specialcoordinatespeci�cationmodefor xshapeswhich is re-
tainedfor backwardscompatibilityandsimplicity. It is meantto beusedwhentheshapeis
beingcreated,but youcanalsouseit later:�
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var

This pix is usedto display valuesgraphically. It can vary almostany of the graphical
parametersof xshape(e.g.,color;coordinates;text x, y andzoffsets)to representchanging
values.This is quiteacomplex pix, andwehonorit with a longexample.Theold example
is prettyclutteredby now, solet's cleanit upabit:
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Thexvar assumesthatacolorscalehasbeenloaded.Thiswasdoneseveralstepsago.If
youhaven't beenfollowing throughall theexamples,now is thetimeto loadin acolorscale.
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Now createthenew xvar:�
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Thexvar displaysvaluesby interpolatingbetweentherelevantdisplayparametersof two
subordinatexshapes,whicharecreatedby defaultwhenthexvar is created.
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Beforewegoany further, let's setupacoupleof tablesto useasinputsto thexvar.�
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First, let's look at thedefault displaymodesof thexvar.
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Youshouldseeanexpandingbox,whichchangescolorasit expands.Thisis thedefault
displaymode,calledcolorboxview. If youaretheownerof anobscenelyfastmachine,this
examplemayhave whizzedby too fastto see.You canhandicapyour machineto get it to
displayat humanspeedsby reducingthestepsizeof the tablesby anorderof magnitude,
andincreasingthenumberof stepscorrespondingly.

Thereareseveralotherbuilt-in displaymodes,whichdofairly straightforwardthingsto
thedisplay. Try:
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Therearefar moreinterestingthingsonecandowith thevar widget.
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1. At thispointyouareusingthedefaultsquareshapesthatthevarcreated.Let'schange
thecoordinatesof the�rst shape,sothatinsteadof startingoutasasmallsquare,the
var startsoutasabig triangle:
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You shouldseea triangle“morphing” into a square.As alreadymentioned,theway
thatvardisplaysvaluesisby interpolatingbetweendisplayparameterswhoseextreme
valuesarespeci�edby thechild xshapes. In the�llboxview modewesaw previously,
theoriginalshapeswereasmallanda largesquare,respectively. Now theshapesare
a triangleandasquare.Sincethecurrentdisplayparameterrefersto thecoordinates,
theneteffectof interpolationis morphing.

2. You candisplaya valueusingmorethanonegraphicalparameterat a time. Let us
usethey offsetasanothersuchparameter. Firstweneedto havedifferenty offsetsin
theshapes:
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Now we needto tell thevar thatit shouldusetheinformationcomingin onmessage
VAL1 to displayusingthey offset:
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andyou seethat in additionto changingshape,thedisplayis alsobouncingup and
down.

3. Youcandisplaymorethanonevalueatatime. Wealreadyhavetwomessagescoming
in to thevar. Let'sdisplaythesecondoneusingcolorsfrom 0 to 63.
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Note that the rangeof /tab2 is from 0 to 2. Theminimumvalueis the sameasthe
default,but wehave to specifytheappropriateupperlimit in thevaluemaxtable.
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Many of theseconceptsof displayingvaluesin termsof differentgraphicalparametersare
usedin otherpixesaswell, suchasthexview pix andthexcell.

view

As a �rst approximation,this pix is somethinglike anarrayof xvars, but muchmoreef�-
cient. Suppose,in theprevious example,you wantedto display100 versionsof /tab1. If
youwereto make 100xvars, thatwouldmean200child xshapes, andeachof themwould
have to besetup independently. Instead,you coulduseanxview. This would requirejust
2 xshapes, but thedisplaywould look just thesame.

Whenanxview displaysthevaluesof many elementsit usuallyarrangesall theelement
icons on the screenbasedon the three-dimensionalcoordinatesof the elements. These
coordinatesarespeci�edautomaticallywhenusingthepath �eld option illustratedbelow,
or usingtheCOORDmessagewhenusingthemessage-baseddisplayoptions.

An xview hasa supersetof the optionsavailableto xvar. Oneof the mostimportant
enhancementsis the ability to use“paths” aswell asmessagesfor sendingvaluesto the
xview. Thepath�eld speci�esawildcardlist of elementsthatwill sendvaluesto thexview.
Thereareseveralotheroptionsrelatedto thepath�eld, whichenabledisplayof subelements
from the path,of messagesconnectedto the path,andso on. Theseareillustratedin the
Orient tut tutorial (Chapter18),anddiscussedin somedetailin thereferencemanual.

Thexview happensto beidealfor building a very usefuldisplayfeature,which I illus-
tratehere:�
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Voila! you have just constructeda colorscale.Try loadingin othercolorscalesto seewhat
they look like:
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cell

The xcell pix, like the xview pix, is dedicatedto displayinga lot of valuesat the same
time. It is highly specializedfor displayingcells,thatis, compartmentalmodelsof neurons,
whereeachcompartmentis assigneda diameterandpositionin three-dimensionalspace.
Thereaderis referredto thereferencemanualandexamplesfor furtherinformation.

tree

Thispix is usedto display, edit,andbuild simulationsin XODUS.Typicalusesincludeex-
ploringandmanipulatingtheelementhierarchy, managingalibrary of objects,andbuilding
simulationsusingdrag-dropoperations.Thextreeis relatedsomewhat to thexview wid-
get, in that it usesa setof subordinatexshapesto representthe simulationcomponentsit
is displaying.Typically, eachclassof objectis assigneda distinctxshapeicon. Thereare
severalaspectsto whatxtreedoes:

1. It displaysobjectsor elementsgraphically. Thepositioningcanbein atreehierarchy,
or basedon the three-dimensionalcoordinatesof theelements,or in a grid, or user-
de�ned.

2. It displaysmessagesbetweenelements.

3. It managesgraphicalinterfaceevents,especiallydrag-dropoperations,betweenele-
mentsit displays.In particular, it enablestheuserto attachscript functionsto drag-
dropsbetweensubsetsof elementsin thedisplay.

Section22.6givesanextendedexampleof anetwork builderusingthextreepix.

22.5 XODUS Events

At variouspoints,wehave mysteriouslymentionedeventsassomethingto whichXODUS
objectsrespond.To bemorespeci�c, eventsareany useroperationsthatimpingeuponthe
userinterface. In XODUS, all eventsaremappedonto standardGENESISactions. Not
all widgetsor pixesrecognizeall events.Someof them(suchaslabelsandforms)do not
recognizeany eventsatall.

All widgetsthataresensitive to eventshave a script �eld (anda
�����

	 
���� optionused
with create) which,asdescribedin previouschapters,executesfunctionswhensomething
happensto thewidget. So far, you have mainly usedthedefault event,a standardmouse
click. In order to selecta speci�c event, onecanattacha suf�x to the endof the script
functionname.For example,wecansetthescriptfor thedraw widgetto respondto aclick
of mousebutton#2(themiddlebutton):
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Or, wecouldhave it respondto adoubleclick onany mousebutton:
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We canspecifymultiple functionsin the script �eld, andeachcanbe associatedwith
any event.Eachsuchfunctionis separatedby asemicolon:

0

�����/&���7��<��������
+���������

0

�

�+&)1��,#

24�

�

5

�	�@��� ����� �

�

5

� �@��� 
�7

0

� ����� �

�

5

� �@��C ��C�� ���

0

��� ����D+2

Table22.1shows themappingof eventsto widgets.

Event Action Suf�x Widgets
1 Mousebuttonclick B1DOWN etc. none;or d, d1,d2,d3 all
2 Returnto off state B1UPetc. u, u1,u2,or u3 toggle
3 Mousedoubleclick B1DOUBLEetc. D, D1, D2, or D3 all
4 Update(internal) XUPDATE Not available all
5 Keypress KEYPRESS k dialog
6 Dragfrom (called XODRAG y draw/pix

from sourcewidget)
7 Drop into (called XODROP p draw/pix

from destwidget)
8 Drop into (called XOWASDROPPED w draw/pix

from sourcewidget)
9 Scriptaccess XOCOMMAND c shape

Table22.1 Mappingof XODUSeventsto actions.

22.5.1 Returning Arguments to Script Functions

A verypowerful featureof thescript-callingsyntaxis theability to passspeci�c arguments
to thefunction.Theseargumentsarepassedin usinganglebrackets.All widgetsthathave
a script functioncantake the ��� 


���

����� argument,usuallyabbreviated ����� . This returns
thepathnameof thewidgetthatcalledthem.In addition,all widgetsthathave avalue�eld
(or in thecaseof thetogglewidget,astate�eld) canalsopassthevalueusingthe �
	
����� �
�

(or �
	�� ) argument.Thedialogwidgetcanpassindividual keypressesin the �
��� argument.
Whenone is doing drag-and-dropoperations,oneneedsto keeptrack of the sourceand
destinationwidgetandtheir values.Theseareidenti�ed by the �

�

� , �

�

� andthe �
�
� , �
���

argumentpairs,respectively. Finally, draws andpixescanall passcoordinatearguments:
����� , ����� and ����� . Mostof theseareillustratedin thenetwork builderexamplethatfollows.



396 Chapter 22.AdvancedXODUSTechniques:SimulationVisualization

22.6 Using Advanced Widg ets: A Network Builder

Asaworkingexampleof many of thefeatureswehavediscussedsofar, wewill build Netkit,
a skeletoninterfacefor constructingnetwork simulations.At a �rst pass,you canseehow
thevariousXODUS componentswork together. At a moreadvancedlevel, particularlyif
youeverplantobuild yourown interface,it maybeworthwhiletonotehow theinterfacehas
beenmodularized.This modulardesignhasbeendevelopedfor several recentsimulation
tools includingNeurokit2 andKinetikit, andwill enableyou to mergeyour interfacewith
theseexistingonesandmakeuseof someof thepowerful toolssuchastheparametersearch
genie.Thenetwork builder is designedto do thefollowing operations.

1. Manageasetof prototypecellsusinganxtreeelement.

2. Dragprototypecellsinto aneditorwindow.

3. Double-clickoncellsto edit them.

4. Click-and-dragbetweencellsto setupconnections.

5. Dragcellsto agraphwindow to setupplots.

To avoid clutteringup thechapterwith non-XODUSrelatedcode,thecell modelshave
beenrelegatedto AppendixB. Herewe only go over the interface-speci�cportionsof the
network builder. If the prospectof typing in all this code(althoughit is under150 lines)
is intimidating,you may retrieve it from the Scripts/examplesdirectoryof the GENESIS
distribution. Theexamplepresentedhereis organizedin a stepwiseprogressionsuitedto
a tutorial. In theexample�les, andin realsimulations,onewould organizeit muchmore
systematicallyin theform of modulesrelatedto speci�c componentsof theinterface.

22.6.1 The Librar y Windo w

To startoff, wewill setupthelibrary window andthextreethatmanagestheprototypes.In
this case,thextreeis doingtwo thingsof note.First, it is arrangingthecell prototypesfor
you, by putting theminto a grid, i.e., a rectangulararray. Theseprototypesareidenti�ed
hereusing the wildcard path, assumingthat all objectsof type compartment underthe
/proto elementarecells. Second,thextreespeci�esa functioncall (createcell, which we
will write later)thatwill beinvokedwhentheprototypesaredraggedinto thework window.
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22.6.2 Making Prototype Cells

In orderto give the library somethingto display, let ussetup a coupleof cell prototypes.
First, theexcitatorycell. Becausethereis a lot of uninteresting(at leastfrom a graphical
perspective) codeinvolved in settingup a cell model,we will just load in the cell, using
themake cell functionde�ned in thecellproto.g�le. This putsit underthe/proto element
which is alwayscreatedby default.
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Alternatively, if you can't �nd cellproto.g andareeagerto proceed,just createa dummy
cell by typing:�
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This will not spike, of course,but for now it will get thingsstarted.Now we cansetabout
turningthisinto anexcitatorycell for ourinterface.First,weneedto usethemovecommand
to renamethecell:
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Now we addsomeextended�elds to thecell to handleuser-interfaceinformation.The
transmitter�eld, obviously enough,indicateswhat transmittertype the cell uses. The
xtree fg req �eld is a special�eld namethat the xtreewidget recognizes,and is usedto
assignacolor to thecell icon.
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Well, thatwaseasyenough.Now we make a copy for an inhibitory cell, which is just the
sameastheexcitatorycell exceptfor thecolorandthetransmitter:
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Where,you mightask,arethecell iconsthatthextreewidgetis supposedto display?The
widgetneedsto beexplicitly told to go andupdateits contents,usingthecall commandto
invoke its RESETaction:�

��7�78�����/&4����7=& �;��������� ��
���
	�

Now we have a coupleof cells in the library. They getassigneda niceboringrectangular
icon by default; this is the shapechild elementyou would have seenif you did an “ ���
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��	���� ”. We can make them appeara little more interestingby creatingan
xshapeasanicon for them:�
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Well, I only saida little more interesting. If you feel creative, you canput any fanciful
shapeyou like to actasanicon for thecells.Notethatthextreewidgetusesthevalue�eld
of thexshapesto decidewhichobjectclassesthexshapesaremeantto represent.

22.6.3 The Work Windo w

Thenext stepis tosetuptheworkwindow. In thiscase,thetreeusesthegeometrytreemode,
which displayselementsaccordingto their positionin space.Therearetwo functioncalls
handledby this treeelement.First, it callsa functionto edit thecellswhenthey aredouble-
clicked (edit cell). Second,it handlesrepositioningof cells in spaceby click-and-drag
operations(move cell).�
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We arealmostreadyto do the �rst of our Netkit operations:draggingcells from the
library into the work window. We just needto write the createcell function which the
/edit/lib/treewidgetwill use:�
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Note the useof the wildcardsymbol“
�

” so that the RESETactionwill be calledfor
all elementsdirectly below /edit/work. This is all you needin orderto dragtheprototype
cells from the library into the work window. Go aheadand try it! If you list the child
elementsof /net, (type “ ���


��

� � ”) you will seeall the cells you have created,which of
coursecorrespondto theonesvisible in thework window.

By now youshouldhave draggedin enoughcellsto clutterupyourwork window, soit
is time to write a little functionthat letsyou repositionthem.This functionis very similar
to thelastone.
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22.6.4 Editing Cells

At this point, thecellsyou have createdarejust coloredtrianglesin thework window. To
make thema little moreusefulyou have to beableto edit their �elds. This requiresthree
things: a parametereditorwindow, a function to updateparametervalues,anda function
thatcallsuptheparametereditorwhenacell is double-clicked. In addition,thereis autility
functionsetnamed�eld whosepurposeis obvious.Noneof thesefunctionsis particularly
exciting, soI presentthemwithout furthercomment.
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Now you shouldbe able to double-clickon any of the cells andget a window with
thevital statisticsof thecell. If thereis any interface-relatedlessonto belearnedfrom this
editorfunction,it is thattheboilerplatecode,whichdoesreallyboringandbasicstuff, takes
upmorespacethanall theinterestingcodeput together.

22.6.5 Connecting Cells

To prove my lastpoint,herewe setup thefunctionthatdoesthefar moreinterestingoper-
ationof connectingcells.First, thefunctionitself:
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Then we set up the work tree to invoke the connectfunction. The argumentshere
includesourceanddestinationpaths,valid messagetypesanddestinationelementtypes,a
colorfor thearrows(whichthisparticulartreedoesnotactuallyhave to dealwith), acouple
of �ags, andthenthreescriptfunctionsthatarecalledin differentsituations.Thesyntaxfor
thefollowing exampleis explainedin gorydetailin theGENESISReferenceManual.�
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Thereis a little complicationhere. In mostsituations,onewould usea singletreeto
displayelements,call functionsto setup interconnections,anddisplaytheinterconnections
asarrows. If thatwerethecase,we would bedoneby now. In this example,however, we
wantto interconnectcells,but theactualmessagesarebetweentheaxonandsynapsechild
elementsof thecells.Sowecreateanotherxtreeto displaythemessagesasredarrows,and
changeits default shapeicon to draw pointssothatit doesn't clutterup thescreen.�
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Now you canconnectcellsby thesimpleoperationof clicking on cell A, anddraggingit
ontocell B. A redarrow appearsbetweenthetwo to representtheconnection.

22.6.6 Plotting Cell Activity

By now you have a skeletonsimulationbuilder, but it doesn't actuallydo anything! One
possibleway of watchingwhatthesimulationwasdoingwould beto put anxview widget
in thework window aswell, andusecolorsto representcellularactivity. Here,though,we
will draw graphsinstead.All weneedto do is setupa graphwindow, andwrite a function
to generatea graphwhena cell is draggedfrom thework window into thegraphwindow.
Dragin a few cellsto seehow it works.�
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22.6.7 Running Netkit

Almosteverythingis in placenow. Westill needto setupafew basicsimulationparameters:
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To roundoff thenetwork builder, let usput in a controlpanelasa �nal amenity. As with
thecell parametereditor, this is alsoboringold boilerplatecode.
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And thatis it for ournetwork builderexample.If youhave correctlyfollowedthesteps
outlinedabove, you shouldberewardedwith a displaysimilar to thatshown in Fig. 22.1.
As promised,younow haveasimulation-builder interfacethatmanagesasetof prototypes,
usesclick-and-dragoperationsfor creatingcells,connectingthemandgraphingthem,and
givesyouaccessto yourcell parameters.
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Figure 22.1 The displayproducedby the completedNetkit example. The generalsimulationcontrolsare
locatedin theupperleft-handcorner. Theedit window, containingthedraw widgetsfor the library andwork
areas,is below them. The library widget containsiconsfor the excitatory (ecell) and inhibitory (icell) cell
prototypes.Thework widgetcontainstheactualnetwork. Thegraphwidget is displayedon theupperright,
andtheparametereditingwindow (currentlydisplayingtheexcitatorycell in thenetwork) is below this. The
simplenetwork illustratedherehasaninhibitory cell ®ring at its basalrate,connectedto anexcitatorycell that
is beingdrivenby 50 pAof injectedcurrent.

22.6.8 Extending Netkit

Theversionof Netkityouhave justwritten is avery limited one,althoughit doesaremark-
ableamountfor under150linesof code.Althoughthetutorial formatof theexampleblurs
the organizationsomewhat, it shouldbe apparentthat the interfacecan be ratherneatly
dividedinto thegeneralinterfacemodules(like theedit andgraphwindows) andthecom-
ponentmodulesthathandlethecell-speci�coperationsof prototyping,interconnectionand
parameterediting. If you wantedto addan entirely new module,say, a modulefor de-
livering a repetitive stimulus,you would simply have to adda �le with the functionsfor
thesethreeoperations.Thisorganizationis clearlyvisible in theNetkitexample�les in the
GENESISdistribution. Thestructureof thecodeshouldmake it fairly clearhow it could
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beextended:

1. Thereareobviousenhancementsto theoverall interface,suchasa save andrestore
option,morecontroloversimulationparameterssuchasclocksandtherun time,and
soon.

2. Therearea whole slew of othernetwork componentsthat arenot represented,for
example,stimulusobjects,globally appliedneuromodulators,and so on. Eachof
thesecouldbebuilt up in thesamesortof framework usedfor thesinglecell module.

3. The editing interface for the cell is presentlyvery limited. Thereare a lot more
parametersonemightwishto change,suchasthechannelkinetics,synapticweights,
etc.

4. Thisleadstowardsafundamentalquestion:how shouldthisnetwork builderinterface
belinked into otherrelatedinterfaces?For instance,for makingandeditingthecell
prototypesonewould want a completeneuron-building interfacesuchasNeurokit,
andfor hookingtogetherpopulationsof cells perhapswe needyet anotherlevel of
network interface.

I leave this examplewith theselittle “exercisesfor the reader.” The objective is not
somuchto lure you into anendlessexercisein improving Netkit, which will probablybe
carriedout by dedicatedhackerslong beforeyou readthis chapter. It is ratherto get you
thinking in termsof interfacesasmodularconstructs,andto seehow thebuilding blocksof
XODUS canthemselvesbe lumpedinto larger prefabricatedmodulesthatslot togetherto
make prettypowerful interfaces.

22.7 Interface vs. Simulation

Themostimportantpartof anXODUSinterfaceis thesimulation.Wehavealreadystressed
modularityin building aninterface.The�rst steptowardsthisis keepingthesimulationand
theinterfaceseparate.Thisappliesbothto theGENESIScode(scripts)thatsetsupthesim-
ulation,andto thehierarchyof thesimulationitself. In otherwords,writeseparatefunctions
for building thegraphicsandthesimulation,andtry to keepyour simulationcomponents
on differentelementhierarchiesfrom your interfacecomponents.This is importantboth
from theviewpoint of managingthecode,andalsofor ef�ciency. Graphicsaddoverhead,
nomatterhow ef�ciently youdothem.In fact,graphicscaneasilyconsumemorecomputer
resourcesthanthesimulationitself. Thereareafew key pointsto keepin mindto minimize
thisoverhead:
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1. Althoughit mayseemstrangeadvicein achapteron interfaces,oneof the�rst things
youarelikely to wantto doonceyouarein “productionmode”with asimulationis to
turn off theinterface.This is a goodreasonfor keepingtheinterfaceandsimulation
separate!

2. Useslow clock ratesfor thegraphicalcomponents.You rarelyneedto keeptabson
valuesmoreoftenthanoncein ahundredor sonumericaltimesteps.

3. Usemessagesfor passingdatato widgetsif they are beingupdatedcontinuously.
The draw, plot, dialog, var, view andcell widgetscanall usemessagesaswell as
scriptvalueassignments.Messagesarethenative constructfor shuntinginformation
aroundin GENESISandaremuchfasterthanscript-basedupdates.Messagesare
alsoreadilyparallelizedin GENESIS,which maybeimportantwhenyou decideto
runyoursimulationonmultiplemachines.

22.8 Summar y

In this chapteryou have meta menagerieof widgets,with a few examplesfor thesimpler
ones. We have seenhow mouseandkeyboardoperationsrelateto actionsandfunctions
in the simulator. We thenworked throughthe Netkit examplewherewe saw several of
the widgetsin action,andlearnedaboutsomebasicdesignprinciplesfor XODUS-based
interfaces.Beyondall this,thechapterhasalsohadahiddenagenda,whichmayhavebeen
obviousto you. It is to persuadeyou to take theleapfrom learningaboutsimulations,and
tryingoutotherpeople'smodels,to buildingyourown. Havingcomethisfar, youhavebeen
exposedto a spectrumof neuralsimulationlore,rangingfrom theoryandbasicphysiology
to thespeci�csof GENESISsimulationobjects.Theseareall just tools.Now goaheadand
usethem.
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