Advanced XODUS Techniques:
Simulation Visualization

UPINDERS.BHALLA

22.1 Introduction

One of the biggesthazardsin developing a simulationis the pressureio malke it user
friendly. If you ever make the mistale of making a simulationeasyfor peopleto play
with andunderstandthey will suddenlydiscorer gapingholesin your modeldesign,and
startto think up all sortsof “improvements’for youto make. An evenmoreunpleasansit-
uationcanarisewhenyou have sentoff the nal pageproofsof your simulationpaperand
decidethatnow is a goodtime to provide it with a colorful displaysothatpeoplereading
your papercanrun the simulationthemseles. Inevitably, the displaywill reveal a funda-
mentalbug in the simulationthatno one(leastof all yourself)would ever have noticedin
all the hundredof lines of simulationcode. The prudentbuilder of simulationswill avoid
ary compromisesvhenit comesto obfuscation. This chapter then, is for the reckless,
sinceits statedgoalis to revealall, to shinethe brightlight of dayonthe hiddencranniesof
simulationsvherebugslurk, andto displaythegory detailsusingtherainbav colorscaldn
ananimatedhree-dimensionalrav widget.
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22.2 What Can Your User Interface Do for You?

A userinterfaceis a tool for communication.lt hasa role wherever you wish to interact
with the computerwith data,or with otherpeople. Teaching,demonstratingimulations,
or facilitatingdevelopmentareall commonapplications A graphicainterfacecanbemuch
morethana setof buttonstelling a simulationto startandstop,with a graphor two thrown

in. You have alreadymetexamplesof someof the moreinterestinghingsonecando with

XODUS in theform of thedemaossuchasOrient.tut (Chapterl7) andsimulationbuilding

tools suchas Neuokit (Chapter7). In the technicalsensethough,thereare four main
operationgor which userinterfacesandXODUS in particular aredesigned.

1. Input. An interfaceshouldmale it easietto provide controlsignalsfor a simulation,
andto assignparameters.

2. Output. An interfaceshouldsimplify the monitoringof interestingaspectof sim-
ulation, and especiallybe ableto provide an easilyinterpretedview of a comple
simulation.

3. Checkingfor errors. Thisincludesput goesbeyond,simply monitoringtheprogress
of a simulationto seeif it is behaing strangely Several of the advancedXODUS
widgetsare designedo help with analyzingthe structureof a simulation,so asto
checkthatthe simulationis connectedip theway you think it is.

4. Building simulations. Writing a tool to help usersbuild simulationsis aboutthe
hardesuserinterfacetask.It embodiesll of theaspectdistedabore, andhasspecial
challengesll its own.

In the courseof working throughthis chapteryou will beintroducedto graphicalcompo-
nentsthatareusedfor carryingout all the abore userinterfaceoperations.The latter part
of the chapterconsistsof an extendedexamplethatusesmary of the userinterfacecom-
ponentsto put togethera simulationbuilder. Along the way you will getto seesomeof
theorganizingprinciplesof XODUS, andhow they all t into theframevork of GENESIS
objectsactions,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
comple thantext or bitmappedmagesbringsin all sortsof complicationssuchasscaling,
rotation, managingevents,andso on. In XODUS, all thesemore complex displaysare
handledby an elite family of widgetscalled draw widgets,andtheir children, which are
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pix widgets! Evensuchanapparentlysimpleoperationasplotting a graphturnsoutto be
sufciently comple thatit is handledby a specializedrersionof a drav widget, although
mostof the complities arehiddenfrom you.

Fromthe point of view of theuser adrav widgetis a window ontothree-dimensional
space,anda pix is ary item visible in that space. Dependingon the perspectie of the
window, a pix may not be visible (for example,it may be off to the side of the window),
or it may be occluded(anotherpix maybein front of it) or it may simply betoo smallto
see(a5-micronneuronis noteasyto nd in awindow representing volumeof spacehat
is ameteron eachside). Thereis the inevitabletradeof here:the e xibility in beingable
to look atthree-dimensionailbjectsanddo zooms pansandrotationshasto be paidfor by
specifyingmoreparameterandby having to do moredisplaycomputations.

Therearesomeparallelshetweerthedraw/pix relationshipandthefamiliarform/widget
relationship.First, a pix canonly be displayedn adrav. Secondjn orderto be displayed
by a draw, the pix mustbea child (or descendan®f thedraw. Third, thedrav “manages”
thepix. Justasa widgetis at the merg/ of the parentform with regardto resizing,hiding
andso on, a pix is only displayedaccordingto what the parentdrav decides. A basic
organizingprincipleis thatary pix canbe displayedin ary drav. Thereis a commonset
of propertiesfor all dravs, andlikewise a commonsetof propertiesfor all pixes, which
male this work uniformly. To putit in computerscienceterms,all dravs aresubclassed
from the coredraw object,andall pixesaresubclasseffom the pix object. The operations
performedby the coredrav objectandits subclasseclude:

1. Performingcoordinatetransformsfor the pixes. Differentdrawns project pixesin
differentwaysaccordingo thetransformationsvailablein the drav widget.

2. Managingeventsfor the pixes. Theseinclude all interface eventssuchas mouse
clicks, dragsanddrops,andresizerequests For eachmouseeventthe drav widget
mustidentify thedestinatiorpix andpasshe eventonto it.

Similarly, all pix subclassesarryoutthefollowing setof commonoperations.

1. Managinga setof coordinatedor the display

2. Doingtheactualgraphicaldisplayoncethetransformationsiave beencompletedoy
the parentdrav widget.

3. Dealingwith interfaceeventsthathave beenforwardedfrom the parentdrav widget.

Lif oneis really particularaboutnomenclaturepne shouldrefer to pixes as gadgets ratherthanwidgets
sincegadget is whatthe gurusat ProjectAthenahave choserto call windowlesswidgets.l do not botherwith
this distinction.
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22.4 Meet the Cast

Theforms,buttonsanddialogsyou have metin earlierchaptersarethe lowerinvertebrates
ontheinterfaceevolutionarytree. The graphwidgetis actuallya highly evolved interface
componenthat hastaken to slummingwith the “simple widgets; Thereis evenarumor
thatit underwent frontal lobotomyin orderto t in better— braindamageby ary other
name.You have hadglimpsesof someof theadwancedwidgetsin thetutorialssuchasOri-
enttutandNeuookit. In thissectionwe provide brief sketcheof theirfunctionandasimple
exampleor two. As always,for detailedinformation,readthe manualsanddocumentation,
andlook attheexamples.

A note on nomenclature:all XODUS widgetsand almostall XODUS-relatedcom-

mandsbegin with an“x”. This preceding’x” is usuallyomittedin thetext, althoughall the
exampleshave thecommandsandnamesn full.

22.4.1 The Draw Widg et Family
Coredraw

Thisis thebaseclassof all drav widgets.Theonly transformatiorit knowvs aboutis projec-
tion in thex-y plane.lt is usefulif the pix beingdisplayeds at andhasno businessising
anotherprojection.

Graph

Thisis ahighly specializedirav widget,whosefunctionyou alreadyknow. Its projections
arealsocon nedto thex-y plane.lt is designedpeci cally to manageaxesandplot pixes,
anddoessoin a very stereotypicahndbossymanney eveninterferingwith their creation
anddestructionAs youhave alreadyseenijt createhild plotsautomaticallywhenaPLOT

messagés sentto the graphwidget. However, one canexplicitly addary pix (including

plotsandaxes)to thegraphanddo the usualmanipulation©nthem.

Dumbdra w

This existsonly asanexamplefor thosewishingto understandhe C-codeimplementation
of thedraw widgethierarchyandhow to managénheritancefrom the coredrav widget. It
only differsfrom thecoredrav in beingableto performprojectionsn thex-zandy-zplanes
aswell asthe x-y plane. If onereally needghe x-zandy-z planes,onecouldjust aswell
usethedrav widget.
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Draw

Thisis themostgeneradrav widget,providing generabrthographi@aswell asperspectie
transformationsln the exampleghatfollow we usethis asillustrative of all the otherdraw
classesalthoughthey cannothandleall of thetransformationshatthis does.

1. Createadrawv widget,specifyingtheregion of spacehatit displaysandafunctionto
execute.

2. In orderto seehow the coordinatdransformationsvork in thedrav widget,we need
to have somethingo displayin it. We will usea simplexshape which is a generic
pix for drawing shapesto drav anopengreenrectangle:

3. Let us rst investigatethe keyboardcontrolsof the drav widgetfor zoomandpan.
In orderto usekeyboardcontrolsfor manipulatinga drav widget,themousemustbe
positionedon thewidget.

Move the mouseontothedrav widget.

Presghearrown keys on your keyboard. The rectangleshouldmove aroundon
thedraw widgetin the appropriatalirections.Thesearethe pancontrols.

Presgheangle-bracktskeys (i.e., the commaandperiodkeys). Theseshould
shrinkandexpandtherectanglerespectiely.

Returntherectangldo areasonablsizeandpositionfor thenext step.
4. Now let uslook atthetransformationprovidedby the drav widget.

Youarecurrentlyin thex-y plane looking down from thez axis. So,thecurrent
transformatioris identi ed by the“z” key. Hit the“y” key to go into the x-z
plane.Therectanglewill probablyjump alittle, becausef the panoperations
you did earlier Its dimensionswill alsochangepecauseou arenow looking
atit from anotherirection.
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Gointo they-zplaneby hitting the“x” key. Now therectangldurnsinto atilted
line. Thisis becausgou arenow looking atit edge-on.

To geta betterfeel for the rectangles orientationin three-dimensionadpace,
we will now go into anorthographigrojection. This letsuslook at the object
from ary direction,but without using perspectie. Hit the “0” key to gointo
orthographianode.Therectanglewill jump again,andchangeshape.

As before thearrav andanglebraclet keys canbe usedto manipulatehe pan
andzoomof thedisplay Now, however, the panoperationcanaffect all three
axes.

In theorthographieanode we canchangaheviewpointof thedrav widget. The

viewpoint is a three-dimensionatectoralongwhich the obserer looks at the

drawv widget, andis de ned by the elds vx, vy andvz It is equivalentto the

normalto the planeof projectionof the drav widget. To rotatethe rectangle
aboutthe z-axis, keepthe “shift” key pressedvhile you presstheleft andright

arron keys. Checkhow thevxandvy elds changevhenyou dothis, while the

vz eld staysthe same.Corversely you canalsoassignvaluesto thevx, vy and
vz elds to setup prede nedviewpointsfrom scripts.

To rotateaboutthe horizontal keepthe“shift” key pressedvhile you hit theup
anddown arrowns.

It is verylikely thatby now you have experiencedhe Necler cubeillusion with
therectangle— it is hardto decidewhich endof it is nearyou, andwhich is
furtheraway. Thisis a dravbackof the orthographigrojection. Solet usgo
thewholehog,andtry the perspectie projection.Hit the“p” key.

Therectangleshouldchangeshapsslightly, andwill alsoshrinkby afactorof 2
or so. Try therotationoperationsgain.Canyou seeary effect of perspectie?

The perspectie transformatiorintroducesyet anotherparameterthe distance
of the obserer from the object. As you getcloserto the object,the amountof
distortionintroducedby perspectie increases.If you gettoo nearthe object,
really strangehingsmighthapperaserrortrappingcodekicksin. Playaround
with the perspectie distortion by hitting the squarebraclet keys on the key-
board,i.e.,“[" and“]", andthenwatchingtheeffectof rotatingthe viewpoint.

Notethatin thelimit, asonegetsfurtheraway from the object,the perspectie
transformatiorapproacheshe orthographicprojection(exceptfor the scaling
factor). Testthis by togglingbetweerthe“o” and“p” projections.

5. Finally, let's checkout the effect of mouseactionson the drawv widgetandits con-

tents.Eventsin thedrav widgetaredirectedto the nearespix, if it is within acertain
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distancg(usuallyaround10 pixels) of the mouseevent. Otherwisethe drav widget
handleghe eventsitself.

Click on a line of the rectangle. The rectangleshould be transientlyhigh-
lighted,anda line shouldappearon the consolewindow saying:

If you click on a clearareaof the drawv widget, the event getsdirectedto the
drav. Theconsolenow says:

We gointo considerablynoredetailon eventsin XODUS in alatersectionof this chapter
Now we proceedo the memberf the pix family of widgets.

22.4.2 The Pix Family
pix
Thisis thebaseclassof all pix widgets,andits only purposés to actasthefamily patriarch.

If onecreates pix, it will drav a setof cross-hairsyhich arenot particularlyuseful, but
we demonstraté aryway. Continuingwith the previousexampleof thedrav widget:

will putapix widgetin thedrawv. The pix widgetlooksthe sameno matterwhattransfor
mationyou use. Try themout. Whenyou have corvincedyourself,go into the x-y plane
(the“z” key) for thenext setof examples.

Thepix widget,andall its subclassedave thefollowing commonsetof elds:

fg —foregroundcolor. Try it outby settingfg to variouscolors:

If youloada colorscalethen64 colorsareaccessibl@asnumberdrom 0to 63:

tx, ty, tz —translationgo be appliedto the pix asawhole,to move it aroundin space For
example:
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will movethepix by 1 unitin thenegative x direction.

script — scriptcommand(sjo executein responséo interfaceevents. Assigna command
to the pix:

Now click attheintersectiorof the crossbarso seewhathappens.

value —atext stringwith avalueassociateavith the pix. Thisis oftenusedasanargument
for the scriptcommandusingthe angle-brackt notationdiscussedn Sec.22.5.1.

Now click onthepix again.

pix ags —asetof ags thatdeterminemary of the propertiesof the pix includingvisibil-
ity, sensitvity to mouseevents,how it handlegransformationshighlighting,andso
on. The pix ags commandrom the commandine lists the options. A typical ag
operationis to make the pix invisible:

Thenyoucan ip the ag back:

Anothercommon ag is usedto turn off the sensitvity to themouse:

Now it will ignoremouseevents.

sphere

This draws acircle. Its main purposds to sene asa codingexamplefor thosewishingto
createtheir own pixes.
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gif
This loadsin a gif-formatimage le anddisplaysit within the drav widget. It doesnot
attemptto scaletheimageaccordingo thetransformation®f the drav widget, but it does

repositionthe centerof theimageappropriatelyLocatea suitablegif le. Thereshouldbe
onecalledxodus.gifin the Scripts/@amples/XODUSirectory

If youcannotnd agif le, donotdespair Thegif exampleis not neededor ary of the
following steps.

plot

This makesplots. It is createdcautomaticallyby the graphwidgetwhenit recevesa PLOT
messagebut canbe createdexplicitly andis perfectly capableof handlingmessagesn
its own. It is a perfectlynormalpix, soit canbe createdn otherclassef drav widgets
aswell. It hasall sortsof optionsrelatingto datacompressiongdisplaymodes,andsoon,
whichareillustratedin previousexamplesandin thexgraph documentatiomndexamples.
Thereis agenericpix ags optionthatis especiallyrelevantto theplot pix. Thisis the ush
option,whichturnsoff theforcedupdatingof a pix afteranupdate Whenyou have adozen
or soplots,it becomegprettytime-consumindo updatethedisplaya dozentimespertime
step.

axis

This malesaxesin threedimensions.Two axis pixesare createdautomatically(for the x

andy axes,respectrely) whenagraphwidgetis created Again, theaxispix canbecreated
explicitly aswell, andis athomein ary kind of drav widget. Onecanprovide a vectorfor

boththe axisdirectionandfor its tick marks,soit is notrestrictedto providing axesin the

x-y plane.

shape

This is the workhorsepix. It doeswhatits nameimplies, which is to drav shapes.The
xshapepix is usedextensvely asanicon bothonits own in a drav widget,andalsoasa
subordinateix for someof thereally powverful pixesdescribedelon. We alreadyhave an
exampleof the xshapeup in thedrav widget,whichwe will continueto manipulatehere.
First,we have to dig it outfrom underneatithe gif widget.

Onecandisplaytext in ashapewidget:
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Thexshapehasseveraldravmodes:

andsoon.

Thexshapemanages setof coordinatesn theform of three|nterpoLstructs(tabIes)
for thex, y andz coordinates.Thesecanbe examinedusingthe usual®
commandSincethecoordinatesrestoredin standardnterpolstructs pnecanuseseveral
commandgor manipulatinghem. Themaostobviousis to simply setthem:

Therearemary otheroptionsfor manipulatingnterpol structs someof whicharelisted
in Chapterl8. Thereis a specialcoordinatespeci cationmodefor xshapeswhich is re-
tainedfor backwardscompatibilityandsimplicity. It is meantto be usedwhentheshapds
beingcreatedput you canalsouseit later:

var

This pix is usedto display valuesgraphically It canvary almostary of the graphical
parametersf xshapge.g.,color; coordinatestext x, y andz offsets)to representhanging
values.Thisis quitea comple pix, andwe honorit with along example.Theold example
is pretty clutteredby now, solet's cleanit up a bit:

Thexvar assumethata colorscaléehasbeenoaded.Thiswasdoneseveralstepsago. If
youhaven't beenfollowing throughall theexamplesnow is thetimeto loadin acolorscale.
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Now createthe new xvar:

Thexvar displaysvaluesby interpolatingbetweerthe relevant display parametersf two
subordinatexshapeswhich arecreateddy defaultwhenthexvar is created.

Beforewe goary further, let's setup a coupleof tablesto useasinputsto thexvar.

First, let'slook atthedefault displaymodesof the xvar.

Youshouldseeanexpandingbox, whichchangegolorasit expands.Thisis thedefault
displaymode,calledcolorboxviav. If you arethe ownerof anobscenelffastmachinethis
examplemay have whizzedby too fastto see.You canhandicapyour machineto getit to
displayat humanspeedsy reducingthe stepsize of the tablesby anorderof magnitude,

andincreasinghe numberof stepscorrespondingly
Therearesereralotherbuilt-in displaymodeswhich dofairly straightforvardthingsto
thedisplay Try:

Therearefar moreinterestinghingsonecando with the var widget.
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1. At thispointyouareusingthedefaultsquareshapeshatthevarcreatedLet'schange

thecoordinate®f the rst shapesothatinsteadof startingoutasa smallsquarethe
var startsoutasabig triangle:

You shouldseea triangle“morphing” into a square As alreadymentionedthe way
thatvardisplaysvaluesis by interpolatingoetweerdisplayparametersrthoseextreme
valuesarespeci edby thechild xshapes In the lIboxview modewe saw previously,
theoriginal shapesverea smallandalarge squarerespectiely. Now theshapesre
atriangleanda square Sincethe currentdisplayparameterefersto the coordinates,
theneteffect of interpolationis morphing.

. You candisplaya valueusingmorethanonegraphicalparameteat a time. Let us

usethey offsetasanothersuchparameterFirstwe needto have differenty offsetsin
theshapes:

Now we needto tell thevar thatit shouldusetheinformationcomingin on message
VAL1 to displayusingthey offset:

andyou seethatin additionto changingshapethe displayis alsobouncingup and
down.

. Youcandisplaymorethanonevalueatatime. We alreadyhave two messagesoming

in to thevar. Let's displaythe secondneusingcolorsfrom 0 to 63.

Note thatthe rangeof /tab2is from O to 2. The minimumvalueis the sameasthe
default, but we have to specifytheappropriataupperlimit in thevaluemaxtable.
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Many of theseconceptf displayingvaluesin termsof differentgraphicalparameterare
usedin otherpixesaswell, suchasthe xview pix andthexcell.

view

As a rst approximationthis pix is somethindike anarrayof xvars, but muchmoreef-
cient. Supposein the previous example,you wantedto display 100 versionsof /tabl If
youwereto make 100xvars, thatwould mean200child xshapesandeachof themwould
have to be setup independentlyinstead you coulduseanxview. Thiswould requirejust
2 xshapeshbut thedisplaywould look justthesame.

Whenanxview displaysthevaluesof mary elementst usuallyarrangesll theelement
iconson the screenbasedon the three-dimensionatoordinatef the elements. These
coordinatesrespeci ed automaticallywhenusingthe path eld optionillustratedbelow,
or usingthe COORDmessagevhenusingthe message-basealisplayoptions.

An xview hasa supersebf the optionsavailableto xvar. Oneof the mostimportant
enhancements the ability to use“paths” aswell asmessage$or sendingvaluesto the
xview. Thepath eld speci esawildcardlist of elementshatwill sendvaluesto thexview.
Thereareseveralotheroptionsrelatedo thepath eld, whichenabladisplayof subelements
from the path, of messagesonnectedo the path,andsoon. Theseareillustratedin the

Orient tut tutorial (Chapterl8), anddiscussed somedetailin thereferencenanual.
Thexview happengo beidealfor building a very usefuldisplayfeature which | illus-
tratehere:

Voila! you have just constructed colorscale. Try loadingin othercolorscalego seewhat
they look like:
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cell

The xcell pix, like the xview pix, is dedicatedo displayinga lot of valuesat the same
time. It is highly specializedor displayingcells,thatis, compartmentainodelsof neurons,
whereeachcompartments assigneda diameterand positionin three-dimensionapace.
Thereaderis referredto thereferencenanualandexampledor furtherinformation.

tree

This pix is usedto display edit,andbuild simulationan XODUS. Typical usesncludeex-
ploringandmanipulatingheelemenhierarchymanaginglibrary of objects andbuilding
simulationsusingdrag-dropoperations.The xtr eeis relatedsomevhatto the xview wid-
get, in thatit usesa setof subordinatexshapedo representhe simulationcomponentst
is displaying. Typically, eachclassof objectis assignedx distinctxshapeicon. Thereare
severalaspectso whatxtreedoes:

1. It displaysobjectsor elementgraphically Thepositioningcanbein atreehierarchy
or basedon the three-dimensionatoordinateof the elementspr in a grid, or user
de ned.

2. It displaysmessagebetweerelements.

3. It managegraphicalinterfaceevents,especiallydrag-dropoperationshetweerele-
mentsit displays.In particulay it enableghe userto attachscriptfunctionsto drag-
dropsbetweersubset®f elementsn thedisplay

Section22.6givesanextendedexampleof a network builder usingthe xtr eepix.

22.5 XODUS Events

At variouspoints,we have mysteriouslymentionedaventsassomethingo which XODUS
objectsrespond.To bemorespeci ¢, eventsareary useroperationghatimpingeuponthe
userinterface. In XODUS, all eventsare mappedonto standardGENESISactions. Not
all widgetsor pixesrecognizeall events. Someof them(suchaslabelsandforms)do not
recognizeary eventsatall.

All widgetsthataresensitve to eventshave a script eld (anda optionused
with creatg which, asdescribedn previous chaptersexecutedunctionswhensomething
happengo thewidget. Sofar, you have mainly usedthe default event, a standardnouse
click. In orderto selecta speci ¢ event, one canattacha sufx to the endof the script
functionname.For example we cansetthescriptfor thedrav widgetto respondo a click
of mousebutton#2 (the middle button):
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Or, we couldhave it respondo adoubleclick on any mousebutton:

We canspecifymultiple functionsin the script eld, andeachcanbe associatedvith
ary event. Eachsuchfunctionis separatethy a semicolon:

Table22.1shavs the mappingof eventsto widgets.

Event Action Sufx Widgets

1 Mousebuttonclick B1DOWN etc. none;ord,d1,d2,d3 all

2 Returnto off state  BlUPetc. u,ul,u2,oru3 toggle

3 Mousedoubleclick B1DOUBLEetc. D, D1,D2,0r D3 all

4 Update(internal) XUPDATE Not available all

5 Keypress KEYPRESS k dialog

6 Dragfrom (called XODRAG y draw/pix
from sourcewidget)

7 Dropinto (called XODROP p draw/pix
from destwidget)

8 Dropinto (called XOWASDROPPED w draw/pix
from sourcewidget)

9 Scriptaccess XOCOMMAND c shape

Table22.1 Mappingof XODUS eventsto actions.

22.5.1 Returning Arguments to Script Functions

A very powerful featureof the script-callingsyntaxis theability to passspeci ¢c aguments
to thefunction. Theseagumentsarepassedn usinganglebraclets. All widgetsthathave
a scriptfunction cantake the argument,usuallyabbreiated . Thisreturns
the pathnamef thewidgetthatcalledthem.In addition,all widgetsthathave avalue eld
(orin thecaseof thetogglewidget,astate eld) canalsopasshevalueusingthe
(or ) amument.Thedialogwidgetcanpassindividual keypressesn the amgument.
Whenoneis doing drag-and-dropperationspne needsto keeptrack of the sourceand
destinatiorwidgetandtheirvalues.Theseareidenti ed by the andthe
amgumentpairs, respectiely. Finally, dravs andpixescanall passcoordinateaguments:
, and . Mostof theseareillustratedin thenetwork builder examplethatfollows.
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22.6 Using Advanced Widgets: A Network Builder

As aworkingexampleof mary of thefeaturesve have discussedofar, wewill build Netkit
a skeletoninterfacefor constructinghetwork simulations.At a rst passyou canseehow
the variousXODUS componentsvork together At a moreadwancedlevel, particularlyif
youeverplanto build yourown interface,it maybeworthwhileto notehow theinterfacehas
beenmodularized.This modulardesignhasbeendevelopedfor seseral recentsimulation
toolsincluding Neuokit2 and Kinetikit, andwill enableyou to meige your interfacewith
theseaxistingonesandmake useof someof the powerful toolssuchastheparametesearch
genie.Thenetwork builderis designedo dothefollowing operations.

1. Managea setof prototypecellsusinganxtreeelement.
2. Dragprototypecellsinto aneditorwindow.

3. Double-clickon cellsto editthem.

4. Click-and-dragbetweercellsto setup connections.

5. Dragcellsto agraphwindow to setup plots.

To avoid clutteringup the chaptemwith non-XODUSrelatedcode the cell modelshave
beenrelegatedto AppendixB. Herewe only go over the interface-speci cportionsof the
network builder. If the prospecbf typing in all this code(althoughit is under150lines)
is intimidating, you may retrieve it from the Scripts/@amplesdirectoryof the GENESIS
distribution. The examplepresentedhereis organizedin a stepwiseprogressiorsuitedto
atutorial. In theexample les, andin realsimulations,onewould organizeit muchmore
systematicallyn the form of modulesrelatedto speci c componentsf theinterface.

22.6.1 The Librar y Window

To startoff, we will setupthelibrary window andthextr eethatmanageshe prototypesin
this casethextreeis doingtwo thingsof note. First, it is arrangingthe cell prototypedor
you, by puttingtheminto a grid, i.e., arectangulaarray Theseprototypesareidenti ed
hereusing the wildcard path, assuminghat all objectsof type compartment underthe
/proto elementarecells. Secondthe xtreespeci esa functioncall (createcell, whichwe
will write later)thatwill beinvokedwhentheprototypesaredraggednto thework window.
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22.6.2 Making Prototype Cells

In orderto give thelibrary somethingo display let us setup a coupleof cell prototypes.
First, the excitatory cell. Becausédhereis alot of uninterestingat leastfrom a graphical
perspectie) codeinvolved in settingup a cell model,we will justloadin the cell, using
themale_cell functionde ned in thecellproto.g le. This putsit underthe/proto element
whichis alwayscreatedy default.

Alternatively, if you cant nd cellproto.gandare eagerto proceedjust createa dummy
cell by typing:

This will notspike, of course put for now it will getthingsstarted.Now we cansetabout
turningthisinto anexcitatorycell for ourinterface.First,we needo usethemovecommand
to renamehecell:

Now we addsomeextended elds to the cell to handleuserinterfaceinformation. The
transmitter eld, obviously enough,indicateswhat transmittertype the cell uses. The
xtreefg_req eld is a special eld namethatthe xtree widgetrecognizesandis usedto
assigracolorto thecellicon.

Well, thatwaseasyenough.Now we make a copy for aninhibitory cell, whichis justthe
sameastheexcitatorycell exceptfor the color andthetransmitter:
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Where,you might ask,arethe cell iconsthatthe xtr eewidgetis supposedo display?The
widgetneedgo beexplicitly told to go andupdateits contentspsingthe call commando
invoke its RESETaction:

Now we have a coupleof cellsin thelibrary. They getassigned nice boringrectangular
icon by default; this is the shapechild elementyou would have seenif you did an “

. We can make them appeara little more interestingby creatingan
xshapeasanicon for them:

Well, I only saida little moreinteresting. If you feel creatve, you canput ary fanciful
shapeyoulike to actasaniconfor thecells. Notethatthe xtr eewidgetuseshevalue eld
of thexshapego decidewhich objectclasseshexshapesaremeantto represent.

22.6.3 The Work Windo w

Thenext stepisto setuptheworkwindow. In thiscasethetreeusegshegeometntreemode,
which displayselementsaccordingto their positionin space.Therearetwo functioncalls
handledby thistreeelementFirst, it callsafunctionto editthecellswhenthey aredouble-
clicked (edit cell). Second,it handlesrepositioningof cellsin spaceby click-and-drag
operationgmove cell).

We arealmostreadyto do the rst of our Netkit operations:draggingcells from the
library into the work windowv. We just needto write the createcell function which the
/edit/lib/treewidgetwill use:
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Note the useof the wildcard symbol“ " sothatthe RESETactionwill be calledfor
all elementdirectly belov /edit/work This is all you needin orderto dragthe prototype
cells from the library into the work window. Go aheadandtry it! If you list the child
elementsof /net, (type “ ") you will seeall the cells you have created which of

coursecorrespondo the onesvisible in thework window.

By now you shouldhave draggedn enoughcellsto clutterup yourwork window, soit
is time to write alittle functionthatletsyou repositionthem. This functionis very similar
to thelastone.

22.6.4 Editing Cells

At this point, the cellsyou have createdarejust coloredtrianglesin the work window. To
male thema little moreusefulyou have to be ableto edittheir elds. Thisrequiresthree
things: a parameteeditorwindow, a functionto updateparameteralues,anda function
thatcallsupthe parameteeditorwhenacell is double-clicled. In addition,thereis a utility

functionsetnamed eld whosepurposes obvious. Noneof thesefunctionsis particularly
exciting, sol presenthemwithout furthercomment.
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Now you shouldbe able to double-clickon ary of the cells and get a window with
thevital statisticsof thecell. If thereis ary interface-relatedessonto be learnedrom this
editorfunction,it is thattheboilerplatecode which doesreally boringandbasicstuf, takes
up morespacehanall theinterestingcodeputtogether

22.6.5 Connecting Cells

To prove my lastpoint, herewe setup thefunctionthatdoesthe far moreinterestingoper
ationof connectingcells. First, thefunctionitself:
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Thenwe setup the work tree to invoke the connectfunction. The agumentshere
includesourceanddestinatiorpaths valid messageypesanddestinatiorelementypes,a
colorfor thearravs (whichthis particulartreedoesnotactuallyhave to dealwith), acouple
of ags, andthenthreescriptfunctionsthatarecalledin differentsituations.The syntaxfor
thefollowing exampleis explainedin gory detailin the GENESISReferencévlanual.

Thereis a little complicationhere. In mostsituations,onewould usea singletreeto
displayelementscall functionsto setup interconnectionsgnddisplaytheinterconnections
asarraws. If thatwerethe case we would be doneby now. In this example,however, we
wantto interconnectells, but the actualmessagearebetweerthe axonandsynapsehild
element®f thecells. Sowe createanotheixtr eeto displaythemessageasredarrons, and
changaéts default shapeiconto drawv pointssothatit doesnt clutterup thescreen.

Now you canconnectcells by the simpleoperationof clicking on cell A, anddraggingit
ontocell B. A redarrav appeardbetweerthe two to representhe connection.

22.6.6 Plotting Cell Activity

By now you have a skeletonsimulationbuilder, but it doesnt actuallydo arything! One
possibleway of watchingwhatthe simulationwasdoingwould beto put anxview widget
in thework window aswell, andusecolorsto representellularactiity. Here,though,we
will drav graphsinstead.All we needto dois setup agraphwindow, andwrite a function
to generatea graphwhena cell is draggedrom thework window into the graphwindow.
Dragin afew cellsto seehow it works.
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22.6.7 Running Netkit

Almosteverythingisin placenow. Westill needto setupafew basicsimulationparameters:

If youwanta quick preview, you cando thefollowing:

To roundoff the network builder, let usputin a controlpanelasa nal amenity As with
thecell parameteeditor, thisis alsoboringold boilerplatecode.

And thatis it for our network builder example.If you have correctlyfollowedthe steps
outlinedabove, you shouldbe rewardedwith a displaysimilar to thatshavn in Fig. 22.1.
As promisedyou now have asimulation-lilder interfacethatmanages setof prototypes,
usesclick-and-dragoperationdor creatingcells, connectinghemandgraphingthem,and
givesyou accesdo your cell parameters.
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Figure 22.1 Thedisplay producedby the completedNetkit example. The generalsimulationcontrolsare
locatedin the upperleft-handcorner The edit window, containingthe drav widgetsfor the library andwork
areas,is belov them. The library widget containsiconsfor the excitatory (ecell) and inhibitory (icell) cell
prototypes.The work widget containsthe actualnetwork. The graphwidgetis displayedon the upperright,
andthe parameteeditingwindow (currentlydisplayingthe excitatory cell in the network) is below this. The
simplenetwork illustratedherehasaninhibitory cell ®ring atits basalrate,connectedo anexcitatorycell that
is beingdrivenby 50 pA of injectedcurrent.

22.6.8 Extending Netkit

Theversionof Netkityou have justwrittenis avery limited one,althoughit doesaremark-
ableamountfor under150linesof code.Althoughthetutorial formatof the exampleblurs
the organizationsomevhat, it shouldbe apparenthat the interface can be ratherneatly
dividedinto thegenerainterfacemodules(like the editandgraphwindows) andthe com-
ponentmodulegshathandlethe cell-speci c operation®f prototyping,interconnectiorand
parameteediting. If you wantedto add an entirely new module,say a modulefor de-
livering a repetitive stimulus,you would simply have to adda le with the functionsfor
thesethreeoperationsThis organizationis clearlyvisible in the Netkitexample les in the
GENESISdistribution. The structureof the codeshouldmale it fairly clearhow it could
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beextended:

1.

Thereareohvious enhancement® the overall interface,suchasa save andrestore
option,morecontrolover simulationparametersuchasclocksandtheruntime,and
soon.

. Therearea whole slew of othernetwork componentghat are not representedfor

example, stimulusobjects,globally appliedneuromodulatorsand so on. Eachof
thesecouldbebuilt upin thesamesortof framevork usedfor thesinglecell module.

. The editing interface for the cell is presentlyvery limited. Thereare a lot more

parametersnemightwishto changesuchasthechannekinetics,synapticweights,
etc.

. Thisleadstowardsafundamentatjuestion:how shouldthis network builderinterface

belinkedinto otherrelatedinterfaces?For instancefor makingandeditingthe cell
prototypesonewould wanta completeneuron-hilding interface suchas Neuokit,
andfor hookingtogetherpopulationsof cells perhapsve needyet anotherevel of
network interface.

| leave this examplewith theselittle “exercisesfor the readef The objective is not
so muchto lure you into an endlessexercisein improving Netkit which will probablybe
carriedout by dedicatechaclerslong beforeyou readthis chapter It is ratherto getyou
thinkingin termsof interfacesasmodularconstructsandto seehow thebuilding blocksof
XODUS canthemselesbe lumpedinto larger prefabricatednodulesthat slot togetherto
male pretty powerful interfaces.

22.7

Interface vs. Simulation

Themostimportantpartof anXODUS interfaceis thesimulation.We have alreadystressed
modaularityin building aninterface.The rst steptowardsthisis keepingthesimulationand
theinterfaceseparateThisappliesbothto the GENESIScode(scripts)thatsetsup thesim-
ulation,andto thehierarchyof thesimulationitself. In otherwords,write separatéunctions
for building the graphicsandthe simulation,andtry to keepyour simulationcomponents
on differentelementhierarchiesrom your interface components.This is importantboth
from the viewpoint of managinghe code,andalsofor ef ciency. Graphicsaddoverhead,
nomatterhow ef ciently youdothem.In fact,graphicscaneasilyconsumanorecomputer
resourceshanthesimulationitself. Thereareafew key pointsto keepin mindto minimize
this overhead:
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1. Althoughit mayseenstrangeadvicein achaptemoninterfacesponeof the rst things
youarelikely to wantto doonceyouarein “productionmode”with asimulationis to
turn off theinterface. This is a goodreasorfor keepingthe interfaceandsimulation
separate!

2. Useslow clock ratesfor the graphicalcomponentsYou rarely needto keeptabson
valuesmoreoftenthanoncein a hundredor sonumericaltime steps.

3. Usemessage$or passingdatato widgetsif they are being updatedcontinuously
The draw, plot, dialog, var, view andcell widgetscanall usemessageaswell as
scriptvalueassignmentdMessagesrethe natve constructor shuntinginformation
aroundin GENESISand are much fasterthan script-basedipdates. Messagesre
alsoreadily parallelizedin GENESIS which may be importantwhenyou decideto
run your simulationon multiple machines.

22.8 Summary

In this chapteryou have meta menagerief widgets,with a few examplesfor the simpler
ones. We have seenhow mouseand keyboardoperationgelateto actionsandfunctions
in the simulator We thenworked throughthe Netkit examplewherewe sav several of
the widgetsin action,andlearnedaboutsomebasicdesignprinciplesfor XODUS-based
interfaces.Beyondall this, the chaptethasalsohada hiddenagendawhich mayhave been
obviousto you. It is to persuadgou to take the leapfrom learningaboutsimulationsand
trying outotherpeoples modelsto building yourown. Having comethisfar, youhave been
exposedo a spectrunof neuralsimulationlore, rangingfrom theoryandbasicphysiology
to thespeci csof GENESISsimulationobjects.Theseareall justtools. Now goaheadand
usethem.
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