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Abstract
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developmen ervironmentfor audioandvideoapplicationprogrammingor the ROME operatingsystem It shavs
the structureof the platform, describeghe featuresof its toolkits andhow they interactwith userapplicationsand
therestof thesystem.

It alsoprovidesinformationon how to extend the toolkits and how to incorporatenew comporentsinto the
platform by takingadwantageof its moduar design.

ROME andthe ROME utilities are free software you canredistribute them and/ormodify themunderthe termsof the GNU Geneal Public
Licenseaspublishedby the FreeSoftware Foundaton; either version2 of thelicenseor (at your option) ary later version.

They are distributed in the hopethat it will be useful, but WITHOUT ANY WARRANTY; without even the implied warranty of MER-
CHANTABILITY or FITNESSFORA PARTICULAR PURPOSESeethe GNU GeneralPublic Licensefor moredetals.
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59 TemplePlace- Suite330,Boston,MA 02111-B07
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1 INTRODUCTION

1 Intr oduction
1.1 ROME

ROME is an operatingsystemthat has beendesigne to manae high speeddatastreamswithin a multimeda
ervironmen. Thesystemis highly modular, with functionality split betweermultiple processesTo ensurea high
throughpu with minimal ovetheadROME providesa zeio copyarchitectue wherepointer referercesto dataare
passedarourd insteadof databeingcopied The goal of this approachis to maximiz the utilization of a given
hardware configurationmakingit possibleto:

e Createhigh perfomancesystemawvith muchhighe datathroughpu thancorventioral systems;
o Build fastapplicaionsfor embedéd, mobile systemswith lower perfamanceCPU.

Consideriig thelatterpoint — especiallyin aworld with more andmoremohile computing devices,afastoperating
systemablefully to exploit the availablehhardvareis essentiafor reasonale perfaomance.ROME is designedo
sene this purpce.

1.1.1 First application concepts

Both typesof applicatio have alreadybeenprovento work well with ROME in demastrationsystems:Network-
based/ideodelivery systemonthe MCCP protaypeandVR4300developmen boadshave shavn high bardwidth
applications running uncer ROME, anda 430Gbasedembedeéd processorsedin a WebRanel,a mobile enduser
terminal,couldeasilyrunagraphcal demo

Thesedemoapplicdion ransuccessfullyon ROME over along time period,proving the stability andreliability
of ROME. However, being specificallywritten for the systemhardware configuration the apgication codewas
neithermoddar norre-usable.

1.1.2 Problems

Customizingapplications for every individual target systems hardware configurationis time consunng andinef-
ficient. Building customizednonolitic codemight be acceptale for demoapplicatiors on developmentsystems,
but other more efficientandeasiemwaysof building userapplicatiors hadto befound for building flexible enduser
applicatimsin areasonale amount of time withou reinventing thewheel.

For exanple, potting adevice driver of agraphcs chip integrateddirectly into the applicatian to anothersystem
might require substantiakrewriting, possiblybreakirg systemcodedepenlenciesand making other partsof the
codeunusale. This couldrequre immenserecodirg effort throughoutthe whole code,makingtimely application
developmentarealimpossibility

1.1.3 Newapproachfor application development

ROME's architectue of sharedibraries andfastdata-mssingpatts providesa goad foundationfor designig and
developing a moreflexible suppot platform for multimediaapgications. As ROME doesnot have to be compiant

with ary existing windowing systemor userinterfaces,new designsandtechniques canbe explored. The Rome
MultimediaPlatform (RMP) wasdesignedo exploit thosecapabilitiesof ROME. RMP provides:

e Modulardesign

Flexibility andexterdibility

Hardware independente-usableeompaments

Small,easyto pott, hardvare-depndentompaments

A genericAPI for userapgication development
e Maximized utilization of ROME capabilities

Minimizing theamount of hardware deperentcommnerns in RMP malesit easyto port RMP to otherhardware
configuationswithout rewriting ary of thegeneirc commpnentsor the userapplication



1.2 RMP 1 INTRODUCTION

1.14 Futuredevelopment

The RMP designhasalread beenintegratedwith the other subsystem®f ROME, including local file andNFS
suppat. The next stepwill be to improve configuation capalilities and flexibility usingthe emeging system
wide configuation databae and the existing ROME systemmanaer A scripting langwageis currerly under
devdlopmert for fastpratotypingof a variety of userapgications.

1.2 RMP

The aim of RMP is to provide an integratedprogammirg ervironment for multimedia applicatiors exectting on
a wide variety of hardvare configuations. The initial developmen for RMP was basically driven by potential
applications for the WebRanel, and so focusesmainly on graphcal and sourd compnents,but RMP’s flexible
designopengheway for mary othercompamentsto beembededinto the RMP architectue.

1.21 RMP overview

RMP is a collectionof modules,implementirg processe®r sharedibrarieswithin ROME, which canbe grouwped
into threelayers.Eachlayerhasawell definal taskwithin the system.

As Figure 1 showvs, RMP utilizes the full range of ROME comnunicationmechairsms. This designrequires
that the applicationwill corform to the ROME progammirg style and provide a messagelispatchetto forward
message thetoolkit eventor messagéander. This requilementis similar to toolkit API's in otherarchitectues
whereappicationshave to call a mainloop fundion for evert processing

Hardware depadenciesn RMP are only locatedin the device driver layer. When potting RMP to anotter
hardvareconfiguration only affecteddevicedriver moduleshave to bechangd. All othercompamentsin RMP are
hardvareindependem andcanbere-usedn otherhardware platformswithout changes.

1.22 Modules- RMP processesnd shared libraries

The platform containsboth processesand sharedlibraries which collectively compise the RMP modules The
proesseuse ROME datdlow messgesto communicateand passdatabetweenthem. This avoids unneessary
copiesof thedata.They alsousethe ROME eventmedarismto distribute notificationsto upperlevel processes.
The sharedibrariesin RMP have different puposes.Someprovide pure library fundionality while othersare
basicallyanextensia for sendingmessaget lower-layer processes.
Functionalityis split betweendifferert modues andmodues arekeptasindepenlentaspossible.This design
providesseveraladwartages:

e Modulescanbe addedto or remored from the systemwithout changimy othercode. This is usefulif new
hardvareis addedo or remosedfrom thesystem;

e Modulescanbe addedfrom or remaved from the systemduring runtime if the hardware configurationdy-
nanically chamges;

e Codemaintenane on a per modue basisis much easierthan maintainirg a comgex systemwith lots of
dependencis;

e Codecanbeexactlyadaptedo anexisting hardvarethusoptimizing memoryusageandoverdl performarce.

1.3 RMP layering

When creatingcompex systemsa gooddesignwill group differentfunctioralities and taskswithin the system.
RMP usedayeringto separatelifferent stagef dataprocessingintroducingthreemainlayers:

e Toolkit layer

e Adaperlayer

lespecidly in mobile systemswhereremavable deviceslike PC-Cadsarecommon

10
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e Devicedriverlayer

Thesdayersseparateifferentdegreesof device abstractia within RMP.

1.31 Toolkit layer

A toolkit is an API for userapgications. RMP currently implemerts two different toolkits. RTK, the renderirg
toolkit, implemens windows, buttors, sliders textfieldsandotherwidgetsthatarenecessarto build agraphc-based
application. STK, thesoundwidgettoolkit, provideswidgets for loading playing andmanagng soundsamples.

As shawvn in Figure 1, thereareno depemnlenciesbetweerthetoolkits. Toolkits canindependentlyincluded or
removed from a systemor new toolkits canbe developedandaddedto RMP in the future. This, again showvs the
flexibility of RMP.

Toolkits aresharedibraries. They do not have quaiesandcannot receve messagesThey usethe processes
in the adapter layer to communicatewith the device driver processesHowever they implementmessager event
handers to handleretumed messagefrom the adapter layer. This meansthat userapplications have to call the
toolkit event handersoncethey receve messageseesection3.7.2, page33).

Thetoolkit APIs aretheonly interfaces availablefor userapplicatiors. Althoughit is possible userapplicdions
shouldrarelyaccessadager layer APls by themseles.

1.32 Adapter layer

The main reasonfor introducing the adapter layer is to managerequestdrom toolkits, andto prevent resouce
conflictsif thereare parallelrequestdrom different userapplicatiors. This is necessaryf the hardware (e.g. the
soundchip) only allows accesdor oneproces®r userapplicationatatime. Adaptersvork asbothmultiplexers for
downstreamanddemultiplexers for upstrean data,distributing incoming everts to theassociategrocess.

All processeghatarerequiredto communicatewith thedevicedriver layer mustbelocatedn theadapterlayer.
Usually thereexists one adaptemprocesser toolkit or device type. Additional toolkits might simply usealread
available proessesr, depading on the device type, requirea new adaptemprocessto be implemened. Figure 1
shavstwo adaptetlayer processespnefor eachtoolkit. SIAis theSoum InterfaceAdager, andGlAis theGraphics
InterfaceAdapter

Therdle of adaper layer processess notnecessarilyestrictedo multi- or de-mdtiplexing datastreamsin the
caseof GIA alot of additioral functionality is implemerted. In additionto GIA’s multiplexing anddemultipleing
features which take careof distributing mouseor key everts to the active target application, GIA providesdesk-
top managment,including drawing fundions for drawables(seesection 8.3, page 53) andfurthermoreprovides
optioral window managr capaliities usingawindon managr sharedibrary extension(RWM).

1.33 Devicedriver layer

In thedevicedriver layer processesortrol the hardware of the system.For eachtype of hardware (e.g.a gragphics
chip) thereexists a device driver pracess. IT hasa definedcomma API which all driversfor this hardware type
have to implement.

Device driver processegor modues) arethe only processesh RMP thatarehardvaredepenént. Whenpott-
ing RMP to anothemplatform only thesemodues have to be chargedor replacel by modulessupporting the new
hardvare.

1.4 RMP data abstraction

Oneof themainaspectsn layeringRMP s theintroductionof successie dataabstractionsDifferert compaentsin
RMP arekeptasindegenden aspossiblethusbothrequirirg otherindependentdataabstractios aswell asdefining
andimplemerting their own. This mechaism allows higherlevel commpnentsto be implementedindegendenly
from their hardvareenvironmert, asthey canrely on certaindatatypes,or encapulationsthey have to dealwith.
Thistransparenmechaism makesRMP commnentsvery powerful, re-usableandflexible.

Dataabstractiodayersarenotdirectly associateavith RMP layers they canbelocatedanywherein the system.
Differert dataabstractia levelsapplyto differentgroypsof compamentswhichdonotnecessarilhaveto belocated
in onelayeror defineawholelayer Dataabstractionn RMP is achiezedthrough following mechanisms:
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1 INTRODUCTION 1.4 RMP dataabstraction

Dataencapsulgon

Datamappirg

Chang of encapslation (asa subsebf datamappng)

Datatranslation

Toolkit action action _
Event handler — r_> Widget
translation

generic event

data structure

generic event

data structure

Adapter process

event

mapping

event

event

encapsu-
Device driver lation

Hardware

Figure 2: Dataabstractiormechaismin RMP

To reachdifferentlevels of abstractionthesemethod maybe usedin combiration. Figure 2 gives anexamge
of differentstageof abstraction

1.4.1 Dataencapsulation

Processem thedevice driver layerdirectly contiol the hardvare of the system.Input andoutpu opeationoccurs
through defined databuffersin systemmemoy or throuch processorandhardwarecontoller registes. Depenmling
onthehardwaretypetheproessmayissueDMA opeationsandhastoimplement fundionsfor reactingo interrypts
thatarecausedy /0.

Devicedriver processesisemessgesor eventsto communicatewith theadgpter layer while encgsulatingtheir
informationinto themessager eventbody For upstreantdata,rav memoy buffer datawill beencagulatedn more
abstracstructurslikenbl ks oreventsmakirg it alsopossibleo passhisdataarourd in thesystem Encapsulation
alsomeangroviding moredetailedinformationabou the data. The device driver will usuallyincludeinformation
abou thedatalik e thelengthof the databuffer, or additiondly provide informationabou the datatype or evenset
atimestampo make synchramizationof datastreamsossiblein upperlayersof RMP.

Downstreandatawill bepresente@ncapslatedto thedevicedriver, includng additioral informationthatmight
benecessarjor thedevice driverto interpret the contaired data.
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2 WIDGETS

Theadwartageof encapsulatig datais thatuppe layerprocessedonothaveto know arything abou theinternal
representationof the undelying layer Their functionality is limited to processinghe datain the encapsulat
form from the lower level and providing informationin encapsulatefbrm to the lower level. Changesn single
commnentsdo not affect ary of the othercompnentsaslong asthe encapsulatio doesnot chang. Evenif a
commnentchargesits internalbehaiour, this keepstherestof the systemunafected.

1.42 Datamapping

In somecaseghe structureor type of datachang@swhenthey arepassedetweenRMP compaments. For exam
ple, in a device driver processherecould be a lot of detailedinformation available describimg anincomng data
stream.Usuallythis kind of detailediow level informationandparanetersarenotrequred to be passedo anotter
commnent,becausehe othercommnentsneedonly know selectecharametes of the datastreamto processt. In
othercasesanothe compmentsimply mustnot know anything aboutthis detailedinformation. In eithercasethe
destinatiorcompmnentwill useits own datastructure pr classof datastructureto receive data,whichis definedon
apercompaentbasis.

When passingdatato sucha compnent,data mappng is requiled. The key datavalues of the sourcedata
structureis mappedinto the associatedields of the destinatiordatatype. Multiple stagesof mappng within RMP
will resultin adatatypethatrepresets the original informationatanmoreabstractevel.

For exanple, the endpoint of datamappng within RMP is the abstractio into widgetsat the userlevel, where
compex datatypesandbehaiour patternsaremappedinto a single simpledatatypefor usein applicatiors.

1.43 Changeof encapsulation

Datatransfamationscanalsoresultin achange of encapslation. Databeingencapgulatedn amessge or anevent
can,for exampe, be mappednto an action datastructue beforebeingpassedo othercommnents.ln RMP this
mechaism is usedto isolate different layersof communicationfrom eachotherto increasethe flexibility of the
commuicationmechaismin RMP.

1.44 Datatranslation

Datatranslation is anotherkey featureof RMP. It providesthe ability to gererategenericAPIs within RMP com-
porents.Somecompnentsn RMP expect inconing datatypesandparanetersto fit into a specificrange however
the sourcecompament(or hardware) createdatathat does not confam with theserequrements.In suchcaseghe
datawill betranslatedbefore beingpassedo the othercompnent. The translationcanhappenwithin the source
commnentor in adifferentcompaent,suchasa translatiorprocess.

Datatranslationusually depends on hardvare featues of the systemand is therefae not necessarilya static
proeedure.Thisis especiallytrue, if hardware hasto be calibrated befoe being used. Translationcoeficients can
bedifferent onthesamehardvaredueto productiontolerarces.For thesecasesthey canbedynamicallyconfigued.

2 Widgets

Widgetsarethe basiccommnentsout of which all toolkits in RMP arebuilt. Widgetscanbethoudt of assingle
building blockswith awell definedfunctiorality, designé to fulfill specifictaskswithin thetoolkit’s ervironmen.
Togethe, they implementmostof the fundionality of atoolkit.

Eachindividualwidgetcanimplementits own functiorality andencapsulatprivate datawhichis only accessible
by thewidgetitself. Widgetsareusedthrouch anextemal API.

2.1 Abstraction

A toolkit canprovide alargesetof widgetsof differentinterral types.Thesewidgetscanhave completelydifferent
fundionality but for theuserapplicationthey areall representedby onedatatype. An userapplicdion doesnothave
to worry abou the detailsof a certainwidgetimplenentation,it simply canreferene the widgetvia handles and
names
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2 WIDGETS 2.2 Object-orieteddesign

The applicaion usesthe widget handes to identify the widget wheninvoking widget methals for a specific
widgettype. It canusethe namelookup function(seesection3.6.2 to find the hande of a widgetusingits name
string. Thisis like the ROME processnamesandqueuehandles.

2.1.1 Handles

Userapplicdions needto keeptrack of widgetsthey created This is doneby usingwidget hardles Every toolkit
function thatcreatesa widgetreturrs awidgethardle to the application Theapplicationuseshe hande to identify
thewidget on ary furthe operdion. Dueto the RMP design thereexists only a singlehandletype usedacrossall
toolkits (alsoseesection2.3).

2.1.2 Names

Anothe way of identifying widgetsis throughtheir nanmes,which areassignean creationof the widgets. Names
of nestedvidgetsconsistof the namesof all their parerts, separatetyy a dot(.) followedby their own name

] =] =

"mai n_wi ndow"

"quit_button

"quit_label” | --------

Figure3: Widgetnamirg
For examge, thebuttonlabelwidgetin figure 3 would benamed
“mai n_w ndow. qui t _button. quit_I| abel "

Applicatiors are free to chose the namesthey give to the widgetsthey create. By usingstring-basedamesit
beconespossibleo represefithemasROME URLsandsoreferene widgetsacrosprocessandsystembourdaries.
Thenamingschemesnablediandlego be specifiedor eachindividual widget in asystem.Thisbecomesmportant
whensendingactionsto widgetsin otherprocessesk-or exampe, RMP datawidgetscanbe usedfor inter process
commuicationthrouch widgets.

To avoid corfusion widget namesmustnot containdotsandwidgetswithin the samenestinglevel shouldbe
nameddifferertly. Widgetswith identicalnameswithin the samenestinglevel cannot bedistinguisted afterwards.
For widgets" " (noname)is a name the emptystring, which is treatedthe sameway asary othernamestring. If
widgetsdo nothave to berefeencedby namewithin the application they maybe givenemptynames.

2.2 Object-oriented design

Widgetsareembedédin the RMP toolkit framework. RMP providesageneic API for userapplicatiors to manipu
lateandmanag them. This geneic API simplifiesapgication developmentby abstractingvidgetseven of different
toolkitsto a singletypeandmalkesapplicationcocke easierto maintain To ensurethatall widgets work well within
this ervironmert they needto have somecomnon properties,namdy:

e A setof genericattributes

e A genericAPI
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2.2 Object-aienteddesign 2 WIDGETS

e A generichehaiour

RMP is desigredto provide a single API for managig andmanipulatingthe genericcompamentsof widgetsacross
different toolkits. The ideais to be ableto apply certainRMP functionsto any widget type that is or will be
implemertedin atoolkit. To make this possible RMP forcesanobject-aientedwidgetdesignby definirg the RMP
genericwidget class.

2.21 Widgetclass

Whentalking aboutobject orienteddesign,it is necessaryo definethe termsclassandobject A widget class
definesa datastructue andthe behaiour. It is a static,comple-time definedstructurethatcontainsattribute fields
andfunction protaypesfor the extemal widgetAPI. At runtime, the classis usedto createinstarcesof thewidget
classalsocalledwidget objects Theremaybe mary instance®f oneclass.

The RMP geneic widgetclassdefinesbotha datastructureanda behaiour. Althoughit is techrically possible
to createinstancef the RMP geneic widgetclassthe RMP API doesnot provide a function to do so;this widget
instanceor widgetobjectwould provide only very limited functionality andwould be ratheruselessThe purpse
of the RMP geneit widgetclassis to provide a baseclasswhich toolkits canuseto implemen new widgetsby
inheriting its features.

2.22 Abstract classes

RMP doesnot provide a function to createwidget objectsfrom the RMP geneic widgetclass. This classis only
usedasabaseclassto derive subclassesA classwhichis only usedasabaseclassis calledanabstract class

New toolkits introdwce their own abstiact classesby deriving themfrom the RMP genericwidget classand
addirg functionality andattributesto specializéhemfor thetoolkit' s need.

2.23 Classhierarchy

Widget classesanbe structuredo build a classhierachy. Within the classhierachy derivedclassesnheiit at-
tributesandmethod from their baseclassesWhentalking abou a classrelationtheinheiited classis alwayscalled
derivedclasswhile the classfrom whichit is derivedis calledbaseclass Baseclassesanalsobederived classes
of their paren baseclasses.

RMP
Generic widget
base class
derived from
Toolkit 1 Toolkit 2
Generic widget Generic widget
base class* base class*
Derived Derived Derived
class class class

* These classes are both derived and base classes
Figure4: Widgetclasshierarcly exampge

Figure4 shavsanexampe for awidgetclasshierarcly. Thegeneic baseclassdefineshecommondenoninator
for all widgetsin the classtree. Toolkit 1 derives its own genericwidget baseclassfrom the geneic widgetbase
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2 WIDGETS 2.3 RMP geneit widgetclass

class,sothetoolkit 1 genericwidgetbaseclassis bothderived classand baseclassdependingon the point of view.
The samemechaism appliesto the Toolkit 2 genericwidgetbaseclass.

2.2.4 Widget object

Eachclassdefines its own attributesandbehaiour. During runtime the application createsnstancesf classes,
called widget objects or just widgets for short. Theseobjectshave the attributesand feature descrited in the
associatedlass.Theapplication cancreatemary objeds of the sameclassandcomhbine themin arny way the RMP
APl allowsit to.

A classis only anabstracdefinition of awidget. Only whena widgetobjectis createds memoy allocatedto
accomnodatethewidgetobjects attributes.At this pointawidgetobjectactuallyexistsin thesystem.

2.2.5 Object structur es (nesting)

Widgetsof the sameor different typescanbe arrargedto build more complex structurs. It is possibleto nest
widgetsin orderto combire their functionality. Whenwidgetsarenestedhey usuallybuild a widgettreestructue.
Nestingcombireswidget objectsnot widget classesandmustnot be confusedwith classinheritarce.
Widgetscanalsobe conrectedvia the actionmecharsm (seesection2.8, page 25) which enablegshemto pass
informationbetweereachother Toolkits canusethesemecharsmsto createmore complex widgets.For examge,
the RTK labeledbutton createsa structue out of threewidgds: a labeledbutton widget contairning a plain button
widgetanda labelwidget. For the applicdion only a singlelabeledbuttonwidgetis immedately visible.

2.3 RMP genericwidget class

The genericwidget classdefinesthe datastructureandbehaiour of the RMP geneic widget. As the RMP geneic
widgetclassis the anchao for all widgetsof anytoolkit in RMP, arny widgetscanbe refelencedasthetype of the
RMP genericwidget.

Within the method of this classis alsothe only placewherememay for widget objectsis allocatedor freed
during runtime. No otherwidget classmethal is allowed to allocateary widget relatedmemay, excep for its
privatedatastructures.

2.3.1 Internal representadion

RMP providesa definition of the RMP genericwidge class. This definition is not usedby userapplicatians, only
by toolkit widgetimplementationsandthe RMP core. The interral definition of the RMP geneic widget classis
locatedin thefile:

rnp_w dget. h

andis included by toolkits to obtainthe RMP geneic widgetclasspropertiesfor deriving their own widgets. The
typeof theRMP geneit widgetis definedas:

rnmp_w dget _t

which representghe actualC-typeof the structue. This definitionis only usedinternally by the RMP coreimple-
mentation TheRMP gereric widgetclassis implementedin the C-module:

rmp_wi dget.c

2.3.2 External representation

Userapplicdionsdo not needto know anything aboutthe RMP geneic widgetclassdatadefinitions. They usethe

toolkit widgetclassdefinitionsderivedfrom the RMP geneic widgetclassto createmoreusefulwidgets.
However, userapplicatiors needinformationabaut the RMP genericwidgetclasstypg asall widgetsin RMP

arerefereredthrowgh thatsingletype. Thisinformationis locatedin the external RMP headr file:
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2.4 Genericattributes 2 WIDGETS

rnp. h

andwill beincludedby userapplicatiors. All external or pulic definitiors of RMP arelocatedin this file. RMP
alsodefineshe RMP genericwidgethande whichis definedas:

RVP_\W DGET

It providesrepresentatiorof widgetson a very abstracievel. Usingthis hande, the userapgication canrefererce
anywidge typein any RMP toolkit.

2.4 Genericattrib utes

Thewidgetcomma attributesareusedto keepdatain the widgetobjectthatis usedby the RMP coreto manag
singlewidgetsandwidgettrees.Someof theseattributesaresetduring thewidgetobjectcreation othersaredefinal
andusedduring the lifetime of the widget. As widgettreesaredynanic structues,they canberearangedduring
runtime. Theattributescompise:

Nameof thewidget

Typeof thewidget

A refererceto thewidget's parentwidget

A referercesto a child widget

A refererceto asibling widget

Generc API callbackfundions, calledvirtual method

All widgetsmustbeinheritedfrom this classfor RMP to work propely.

2.41 Nameof the widget

Theterminalcompmentof the widgetnameis storedin a databuffer insidethe widge object,meaningthe name
stringis copial into the widget namebuffer. This meansthatthereis a maximun lengthfor eachcompnentof
widgetnameslf longernamesaregivento widgets,they aretruncatedto themaximun length

2.42 Type of the widget

Whena widgetis createdthe type of the widgetis storedin the widget typefield. Whenmethals of widgetsare
invoked by the userapplication thetypefield is checledto make surethatthewidgettypeis appropiate.

2.43 Parentwidgetreference

Evely widgetkeepsarefererte, or hardle, to its parent widget. The RMP coreuseshis handle for examge, when
sendingactionsto widgets. This field is setby the RMP coresupmrt functions andusuallyshouldnot have to be
chan@dby widgetimplemeantations.
2.44 First child widget reference

Here,ahandleto thefirst child in thelist of childrenis stored.Thisinformationmaybeusedin mary differentways.
For exanple, thenamelookupfunction (seesection3.6.2 page3?2) useghisfield whensearchig for awidget name
within awidge tree.

2.45 Sibling widget reference

All children of awidgetarekeptin alinkedlist. This field providesthe link to the next child of the sameparent
widget.
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2 WIDGETS 2.5 Inheritance

2.4.6 Virtual methods

Everywidge mustimplement a setof genericmethod which areusedby the RMP geneic core. Thesearewidget
virtual method. Eachwidgetregistersthesemethod in thevirtual methdal fields of thewidgetobjed. This mech
anismallows new widgetseitherto inherit thesemethod from their paren classor to overridethe virtual methals
in orderto implementtheir own functionality.

2.5 Inheritance

Individual toolkit widget classesnherit featuresfrom the genericwidget class. The mechaism of inheiitancein
RMP is differentfrom the mechaism used,for examge, by C++. As RMP is implementedin C it usesanothe
apprachto definea classhierachy.

2.5.1 Datainheritance

Theway of inheiiting datafrom anotherclassis relatively simple. Every classis definedby a datastructue. Data
structuref classearealwaysdefinel to thetype:

XXX_W DCGET_CLASS
whereXXX is theacrorym for thetoolkit name.For exanple,the RMP geneic widgetclasstypeis namel:
RVP_W DGET_CLASS

Theclasstypeis definedin thewidgetclassheadeffile whichis includedby widget classesvhichinheritfrom that
type. Theheadefile is alsousedby userapplicdionswhich wantto usea specificwidgetclass.

Whenanew classis implemened, it definests own classdatastructure cortainingits additional attributesand
method protaypes.To inherit the dataof its baseclass,it simply includesthe datastructureof its baseclassasits
first attribute. After thatthe new classcandefineary new attributesthatit wantsto use. This mectanismensures
amemoy layoutlike shavn in figure 5. Thefirst dataattributesin awidgetobjectarealwaysthe attributesof the
RMP genericwidgetclassandthe RMP corecanhande widgetsof ary type.

To accesattributes,eachtoolkit providesperwidget-classnacrodefinitiors that casta givenwidgetobjectto
theappr@riatetype. Widgetmethals canusethesemacrosto accesattributesof thewidgetclassegshemselesor
of thewidget's baseclassesThe macrosareusedwith the syntax

TOOLKI TNAME_W DGETTYPE_DATA(w dget)->attri bute
where

wi dget widgethandle

attri but e attributein thewidget class

Astheaccessnacres assume known offsetof theattribute datawithin thewidge object, it is not possibleto inherit
datafrom multiple basewidgetclasses.

2.5.2 Privatedata

Whendesignirg an object-aientedclasshierardy, private datais a way to proted attributesof a baseclassfrom
accesseby a derived class. In object-gientedlanglageslike C++, whena baseclassdefinesprivate attributes,a
derived classinheritsboth, privateandpulic attributesof the baseclass,but cannot seeor manipulatethe private
ones.A C++compilersuppats thismecharsm.

While implemerted in the C language, the inheiitance mectanismusedby RMP doesnot provide C++-like
implemenationof privatedatain classesHowever it is possibleto implement the concep of privatedatain widget
classesWhentheinstanceof a classis createdtheimplemerationcanallocatememoy to storeits privatedata.

Insteadof definingthe private datastructurein an headeffile, it is definedonly in the C-file whereit will be
refererced. This meansthattheseattributescannot beinheiited by otherclasses.
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Base widget class

Base widget

class attributes

Derived class A

Derived class B

Base widget
class attributes

+

Class A attributes

Base widget
class attributes

+

Class B attributes

|

Derived class C

Base widget
class attributes

+

Class A attributes

+
Class C attributes

Figure5: Datainheitancein widgets

Base widget class

Base widget

class attributes

1

Derived class A

Base widget

class attributes

+

Class A attributes

Class A

1

— 0 |

Derived class C

private data

Figure6: Privatedatain widgets
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2 WIDGETS 2.5 Inheritance

2.5.3 Virtual methods

As describeckarlierin this sectionthe RMP genericwidget classimplemerts a comnon or gereric behaiour. A

partof this is implementedin form of virtual methodswhich areregisteredin the widget objed whenthe widget
is createdby the userapplication Whena widget classis derived from the RMP genericwidget classit inherits
bothdataandgeneic behaiour. If thederived widgetdoesnot chang theseentries it automaically inheiits these
method, astheRMP corewill usethevirtual methal entriesn thewidgetobjectto call thewidget'svirtual methals.

RTK Generic Widget Definition

dr aw
del ete
action

Common attributes ~ f—___|

Callback entries

Generic
callback
functions

RTK Button Widget Definition

Common attributes ~ (—"_dr aYV
Callback entries >l action
Button
Button specific data callback
structure functions

Figure7: Examplefor widgetmethal inheritane in RTK

New widge classexanextendtheir functionality by implemening their own virtual method andregistering
thein thewidgetobject,thusoverwriting the entriesof the baseclass.Figure 7 shavs this mectanismfor RTK. A
new classcanalsointroducenew virtual methaswhichwill beinheritedby its derived classes.

Whena new widget classoverwrites a virtual methal, it might be necessaryo remenberthe original virtual
method For exanple, whenoverwriting the deletemethod thewidgetmustcall the deletefunctionof its baseclass
within its own deletemethal. Thedeletemethodis the only methal wherethisis required.

Virtual methals of widgetclassesarenot visible to the userapgication asthey areonly registeredascallback
entriesin thewidgetobjects.Theuserapplicdion is notableto accessry virtual methodof awidgetclassdirectly.
How userapplicatiors canusethesemethod is describedn section3.4, page30.

2.5.4 External genericclassmethods

Not all gereric fundionality of awidgetclassis implemertedin form of virtual method. Therealsoexist exterral

API method , for examge, the new methodof a classis suchanexterral APl method Thesemethals aredefined
in theheadeffile andareonly usedby derivedclassimplementtions If necessarthewidgetclassmay provide a
macrodefinitionfor accessinghe new methodin its headrfile.

Extemal gereric classmethals are not implicitly inheritedlike virtual methals, nor canthey be overwritten,
they needto be implementedby the derived class. The derived classknows abod its basegenericmethod class
andcancall the appiopriateextemal geneic classmethod Figure 8 shavs this mechamsm. It requiresdisciplined
codingwhenimplemening new widgetclasses.
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2.6 RMP widgetgereric API 2 WIDGETS

Base widget class

RMP_W DGET base_new()

do_sth();
return base_get_wi dget();

Derived class A
RMP_W DGET derived__A new();
{

RVMP_W DGET w = base_new();

do_sth_here();
return w

}

Derived class C
RVP_W DGET_deri ved_C_new()
{

RVWP_W DGET w = derived_A new();
do_sth_el se();
return w,

Figure 8: Inheritarce of internalclassmethod

2.6 RMP widget genericAPI

Theuserapplication canapplycertaingereric functionson ary widgetwithin anRMP toolkit. To provide comma
attributesfor all widgetsis onestepto achieve this goal. Anothe stepis to implement acomman behaiour for all
widgetsusingageneic API. In thisway, notonly doesthe applicationneedno knowledgeof theinternalattributes
of awidget,it canalsocountonapre-cefinedbehaiour or reactionto externa stimuli, suchasevents.

The geneic behaiour is implementied using virtual methodsand external classmethods All widgetsmust
implemen thesemethals or inherit them. Thesemethod have a definedreturntype and paraméer list which is
usedthrowghou all RMP toolkit widgets. The geneic behaiour of the gengic RMP widgetis vely limited. It is
basicallyusedandextended by widgetclasseof othertoolkits while specializinghemfor thetoolkit's need. The
RMP geneic widgetdefineshreegenericmethod:

e Createawidge (exterral classmethod
e Deleteawidge (virtual method)
e Hande anaction(virtual method
Thegeneit behaiour is implemenedin thefile:
rmp_widget.c
Thereasorfor having two differert waysof implemening geneic behaiour is thatsomemethalslike deleteand
hardle action areindependentof the widgettype. The RMP core doesnot needto know abou the widget type

whencalling thesemethals. However, whencalling a new method thetype of thewidgetis impotantandmustbe
provided.

2.61 Creatawidget

Whenanew widge is createdseveral thingshave to bedone
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2 WIDGETS 2.6 RMP widgetgenericAPI

e Allocatememay for thewidgetobjed
Whenanapplication wantsto createawidget,memay hasto beallocatedo holdtheattributesof thewidget's
classdefinition Thisalwayshappesin the RMP geneic widgetclassnew method

e Rgjistervirtual method in thewidgetobject
The default virtual method areregisteredin the widget objectby the RMP and may be overridden as the
widgetinstancevolves.

e Setthetypeof thewidget
Thedefaulttype (RVMP_TYPE_W DGET) is setfor the new widget.

o Initialize datafieldsandbuffersto defaultvalues
Default valuesfor parert, child andnext widgetareset.

Thegeneit widgetnew methal takescareof all thesethingandprepaesa new widgetobjectto beused.Individual
widgetnen method usethegeneic widgetnew methal to requestanew widgetobjectandthenrefinetheparaméer
by overwriting the appopriatevalues. The comnon syntaxfor widgetclassnen methodss:

RVP_W DGET t ool kit nane_wi dgettype_new ui nt wsi ze,
optional parans,
const char *nane);

where

wsi ze thesizeof thewidgetobjed (seesection2.7.1)
opti onal parans list of paranetersfor thenew metha

nane thenameof thewidget

Thenumberandtypeof opt i onal par ans for thewidgetdepenlsonthetypeof thewidget.

However, the new methal of awidgetclassmustnot be usedby the userapplication To createa widgetobject
every widget classprovides a macrodefinition thatis usedby the userapplication The macrois definal in the
headefile of thewidgetclass:

TOOLKI TNAME_W DGETTYPE_NEW opt i onal paramns, const char *nane);

Thewsi ze parameters omittedin the macrodefinition The apprgriatesizeof theindividual widgetobjectwill
befilled in by themacrodefinition Theuserapplication does nothave to know abouttheactualwidget’s size.

2.6.2 Deleteawidget

The genericwidge deletemethal takescareof freeingthe allocatedwidget objed memay. In individual widget
implemenationsthis methodcanbe usedto take actiors, whenthe widgetwill be deleted suchasfreeirg widget
depeulent, locally allocatedmemay or do somethingelse. It is even possibleto sendout an actionto anothe
widget.

Thedeletemethodusesthefollowing syntax:

static void tool kitnane_wi dgettype_del et e( RMP_W DGET W) ;

whereonly the paraneterlist is mandaory. The namirg candiffer, asthis methodactuallyis definedstaticin the C
modue. However, it makessensdo keepa consistenhamirg scheme.

Whena new widgetclassimplementsits own deletemethal andoverwritesthe virtual methodentry of its base
classin thewidgetobject,it hasto take carethatthe deletemethal of the baseclassis calledat the endof its own
deletemethod Thereforethewidgethasto keepa refeirenceof the baseclassdeletefunction.
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2.63 Handle an action

This methodis alsodefinedemptyfor the geneic widget,except it retunsa
RMP_NOT_HANDLED

code.Otherwidgetsusethis methodto implemer their actionhanders.
Action handleslook like:

static void tool ki tname_wi dgettype_acti on( RVP_W DGET w,
ui nt action,
voi d *data);

where

w thewidgetto recevetheaction
action theactioncode

dat a optional datastructue
Individual widgetactionhandles canindicatea succesdy returring:
RMP_HANDLED

Again, aswith thedeletemethod only the paraneterlist, notthe namingis mandatoy.

2.7 Memory management

Whenwidget objectsare createdor deleted,memoy hasto be allocatedor freed RMP definesa mechaismto
ensurea safememorymanagmentfor RMP widget classes.

2.71 Allocating memory

Whenthe userapplicationwantsto createa widgetit calls the new methodof the specifiedwidget class. The
mechaism descriledin section2.5.2 causeshe RMP geneic widgetnen methal to be called. This methodneeds
to know aboutthe size of the actualwidgetobject. Therefae the sizeof the widget objectmustbe passedhrough
all new methals up to the RMP geneit widgetnew method This is necessarpecasetheindividual widgetnew
methodonly knows abaut the objectsize.

2.72 Freeingmemory

When a widget objed is deletedby the application the associatednemay buffers have to be freed This can
be private datastructurebufferswhich have beenallocatedby individual widgetimplementationsor dynamcally,
during run-timeallocateddata.Additionally the memoy for thewidgetobjectitself hasto befreed.

The RMP core always calls the deletemetha of a widget whenit shouldbe deleted. The individual widget
deletemethals take careof freeingtheir own allocateddatabeforecalling the deletemethal of their baseclass.
Thisway allocatedmemoy is successiely freedduringthedeleteprocealure.

Finally, the deletemethodof the RMP gereric widget classwill be called,freeirg the memoy of the widget
object.
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2.8 Widget communication via actions

RMP extends the ROME comnunicationmodelthrough a majorinnovationin its design,the concep of widge—
widgetcomnunication Widgetscommunicateusingactiors which arecomgetely separatedrom ROME events
Theseactionsaredirectedto specificwidgetsinvoking thewidget's actionhardler. As widge—widgetcommunica-
tionis onlybasednactionsthey implemer theirown comnunicationmechamsmwhichis competelyindepeent
from therestof thesystem.

Introducirg thisnew layerof comnunicationopers awide variety of possibilitiesfor widgetcommunicationand
interaction Allowing widgetsto sendactionsto otherwidgetsmakesit possibleto build chains of activity within
widgetstructureghatcancompete complex tasks.As widgetsdo notknow whereactionsactuallycomefrom, they
canimplemen a context independentbehaiour — they will alwaysbehae the sameway, no matterwho senta
specificaction. Figure 9 shavs an exanple scenariovherea widgetrecevesthe sameactionfrom threedifferent
sources.
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Figure9: Widgetevent-ation mechaism
Themechanisnof eventtranslationis describedn section3.9, page35.
2.8.1 Sendingan action

Actionscanhave differentorigins. They canbe sentby:

1. Thewidgetitself (seesection4.2.9
2. Lowerlayerprocesse®r libraries
3. Userapplicatiors

4. Otherwidgets
To sendanactionthe RMP genericAPI providesthe function:
void rnp_acti on(RMP_W DGET wi dget, uint action, void *data);

This functionmustbeusedwhensendimy actionsto awidge.
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2.82 Action structure

An actionusually consistsof a singlecommaid codeandan accomrying datastructure. The commail codeis
aintegervaluewhich is definedin thetoolkit’s exterral heacr file (seesection3.7.3, page34). Action conmand
codeg(or actionsfor short)arenameddepenthg onthetoolkit andwidgetnames:

#def i ne TOOLKI TNAME_AC W DGETTYPE_CLI CKED 0x100

Whensendinganactiona datastructurecanalsobe passedo the widget. Whetheror not a datastructue mustbe
defineddepeidsonthewidgettypeandthewidgetimplemenation.
If adatastructurds definedit is alwayspassedy refeence evenit is asimpledatatypelikei nt orchar.
For exampe:
int x = 23;
rmp_action(w dget, TOOLKIT _AC W DGET_DUMWY, (void *) &x);

hasto beusedinsteadof:
rnmp_action(w dget, TOOLKIT_AC W DGET_DUMW, (void *) 23);

asthesizeof theexpeded datatypeanda pointer datatype cannot beassumedo beequé

2.83 Action purpose

An actionis the causefor the widget to do something Usuallyit chargesits stateor appearanceor both Further
moretheactionis forwardedto anusercallbackfunction, if onehasbeendefinedby the userapplication Thisway
it is possibleto connet differentwidgetswithin a userinterfaceto autormatethe userinterfacebehaiour.

2.84 Usingactions for inter-processcommunication

As it is possibleto resole a widget hardle using its name an applicationcan get a hande for any widgetin
the system.lIt is possibleto gethandlesof widgetsthatareusedin otherprocessesr applicatiors. Thisway it is
possibleto sendactionshetweerwidgetsof differert processeandpassnformationbetweerthem. Thismechaism
providesaneasyway of inter-processcommnunicationusingwidgets.

Thereis, however, adravback. As actionsaresentusingAPI calls,thewidgetwhich recevestheactionrunsin
theprocesscontext of the processwhich contairs the sendingwidget. Thus, caremustbetakenwhenimplementing
suchactioncallbacls in userapplicdions.

2.85 Usercallback function support

Usercallbackfunctions canbe conrectedto individual widgets. This way the userapplicationwill beinformedof
ary actionthatoccuredin awidget. Thecallbackfunction will be providedwith usefulinformationsuchas:

e Thehandleof widgetthatcausedhe callback
e Thetypeof theaction
¢ A userdefinedopaqe paraneter

Eachwidgetonly allows the definitionof oneusercallbackfundion. Sotheapplicationhasto take careto demulti-
plex thedifferentactionsthatcanoccurin aconnectedvidget.

3 Toolkit layer

Userapplicatiors usewidgetsof differenttoolkits to implementfunctiorality like building a graphical userinterface
or managng soundsamples.To do so, they needan API that providesall functions to create,manag anddelete
widgetsof different toolkits. The toolkit layer integrates all availabletoolkits in the system,building a working
ervironmen for the userapplicdions. To the userlayer, it presentsa meged API of all toolkits availablein the
system.
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Figure10: Widgetusercallback

3.1 Toolkits

Toolkits arebasicallya collection of widgetclassesaround a toolkit core,providing a easy-teuseuserapplication
interface. Toolkits in RMP aredesignedo work seamlesslyn the RMP frameawork, following theimplementation
rulesof RMP.

Toolkits usewidgetsto implemer their main functionality while the toolkit coreimplenmentsthe mangement
of thetoolkit's widgets.

3.1.1 Modularity

Oneadvartageof having toolkits insteadof integratedfundionality in a morolithic RMP is, thatit allows toolkits
to bemodular. Toolkits for differentpumposescanbeintegratedinto RMP independenly providing aflexible mech

anismfor building a hardvareadaptempplication On the otherhard, the actioncommuiication mectanism(see
section2.8, page25) allows the connectim of widgetsof differert typesin different toolkits without the needof
hardodedmessag@athways, makirg the systemevenmoreflexible.

3.1.2 Extendibility

Anothe adwantageof usingtoolkits is that they consistof a hierardy of widgets,which themseles are mostly
indepandentof eachother By addirg new widget classego an existing toolkit it is easily possibleto extendthe
functionality of antoolkit without changng othercodein thetoolkit. By usingpre-ddinedabstiact widget classes
to derive new widgetclassesthe developmentof new functionality is madeextremdy easy

3.1.3 High level systemabstraction

Toolkitsintroduceanotterlayerof abstractiorio thesystem.Usingwidges, they canprovideahighlevel abstraction
of systemcompaments gncapsulatin aneasy-todseframework. Theabstractiorof the systeminto widgetobjects
allows a hardvare independentapplicationdevelopmentwhich resultsin very portablesourcecode.

The objed-orienteddesignof toolkits makesit possibleto createobjectorientedprogamswhile usingthe C
progamminglanglage. Theapplicationcantake advartageof boththe efficiency of the C langu@e andthe object
abstractiorprovided by thetoolkit.

3.2 RMP genericframework

To definea geneic framavork, RMP providesthe RMP generictoolkit core API andthe definition of the RMP
genericwidget class The RMP generictoolkit core providesthe basicfunctiorality of managiig widgets. Other
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toolkit coreswill interactwith it to integrate themseles into RMP. The RMP genericwidget class(describedn
section2.3, pagel?) definegheclassanchorfor all widgetclassesn toolkits.

Using the RMP gereric frameawork, developing new toolkits is very easy All comman fundion are alread
provided by RMP andcanbe usedby new toolkits. Thus,toolkits only needto extendthe RMP functionality, not
re-imgementeverything.

All C-modulesof theRMP geneic framavork arelocatedn aROME-madule,calledRMP. ThisROME-module
is aprerequisitefor anytoolkit modue usedwith RMP.

3.21 RMP core

TheRMP coreis the centralaccessgoint within thetoolkit layer It cortainsalist of all rootwidgets® in the system
andimplements all the functionality neeed to manageandmaintainthis list. Toolkit coresandtoolkit widgetsas
well asuserapplicatimsinteractwith the RMP corein order to addres®therwidgetsin the system Whenwidgets
arecreatecdby applicatimmsthey canbe combiredin more compgex structures.Theroot widgetsof thesestructures
will registeredn the RMP corerootwidget list which givesthe RMP corecomgete contrd over all widges in the
system.

The RMP coreis implemertedin asingleC-modile, called:

rnp.c

The RMP coreonly providesa partof the functionality of the whole RMP genericframenork. The RMP geneic
widgetclassprovidesthebaseclassfor all widgetsin RMP. It is describéd in section2.3, pagel?.

3.22 Headerfiles

RMP providestwo headeffiles. Oneis for useby userapplicaionsanddefinesthe pratotypesof the API fundions
aswell asthe datadefinitiors andextemal datatypes.Thisfile is called:

rnp. h

The otherfile is only usedby toolkits anddefinesinternaldatastructurestypes andthe protaypesof the internal
RMP corefunctions. Thefile is called:

ronp_internal . h

Userapplicatiors shouldnotincludetheinterral headefile whenthey areusingRMP functiors. This preventsuser
applications from becaming depenlentof the interral architectue of RMP. By including only the extemal heackr
files, theuserapplicationstaysindependenmn of theimplemenationdetailsof RMP.

3.23 Datawidget

Additionally to the RMP geneit widgetclass,whichis anabstractlass,RMP alsoprovidesthe datawidget class
from which widget objectscanbe created. The purposeof the datawidget s to provide a gereric datacontairer
objectswhich canbe usedby userapplicatiors to shareor sendinformation. An applicatian (or process)canuseit

to storedataandanothe application canreador chang them.

As the datawidge classis derived from the RMP geneic widgetclassit supprtstheactionandusercallbadk
mechaism. Userapplicdionsuseactionsto manipulatedatawithin the datawidgetsandthe datawidget itself uses
theusercallback mechanismo forwardthe action. This enableaiserapplicatimsto watdc the conterts of certain
datawidgets.

Thedatawidge classdoesnotrestrictthetypeof databeingstoredin thewidgetobjects.Therefae thewidgets
arevery versatileandcanbeused for examge, ascomnon datapods for severd processe®r aninformationrelay
within awidget objecttree.

2Thetermrootwidget refers to thewidgetin awidgettreewhich hasno parent
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3.3 Toolkit integration

RMP providesa geneic framewvork which makesthe integration of new toolkits very easy To achieve an efficient

implemenation,RMP toolkits arestructurel a specificway to make surethey fit into theervironmen. They consist
of several compnentghatimplemen different,well defined functionality. Thesecompnentscanbe dividedinto

threemaingroups:

e Toolkit core,implementingboththetoolkit coreAPI andthewidgetvirtual method APls
e Geneit widgetclassimplemenation

e Setsof individual widgetclassimplemertations

User Application

User callbacks
N

rnp. h

RMP toolkit core
rnp.c

rmp_internal . h

RMP generic Widget t ool ki t nane. h
rmp_wi dget. c
r._w dget Toolkit core
- i t ool ki t name. ¢

tool ki tnane_i nternal . h

Toolkit generic Widget [|f——————={ 100l kitname _w dgettype. h
t ool ki t name_wi dget. c

Toolkit widget
Implementation(s)
t ool ki t nane_wi dgettype. c

t ool ki t name_wi dget. h N

Figure11l: Toolkit implemenationoveriew

Figure 11 shavs an overview of a individual toolkit integrated into the RMP toolkit framewvork with the RMP
toolkit coreandthe RMP genericwidgetclass.

3.3.1 Basiccomponents

The commnentsof a toolkit areusuallyimplemertedin C-modiles®. TheseC-modues follow a namingscheme
thatis consistenthroudhoutall toolkits for ROME:

t ool ki t nane. c: Toolkit core;
t ool ki t nane. h: Toolkit exterral headefile;

t ool ki t name_wi dget . c: Implementationof thegenericwidget classof thetoolkit;

3C-modulesarenot ROME modules.A C moduleis a single C-sourcefile whereasa ROME modulecancontain several C-modulesto build
aprocessor asharedibrary
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t ool ki t name_wi dget . h: Intemal heacr file of the genericwidget classof thetoolkit;
t ool ki t name_wi dget t ype. c: Individualwidgetimplemenations;

t ool ki t name_wi dget t ype. h: Individual widget headerfile usedby userapplications and widgetswhich
arederivedfrom thatindividual widget.

EachC-modue implementsa specificfunctiorality. Within thetoolkit the C-modilesarekeptasindeendemn as
possibleand communicatethrough well definedinterfaces. The moduar designguaanteeghat a toolkit will be
easilyextendable.

3.32 Messageand event handling

All toolkitsimplementanevert hardler for handing everts from theadager layer. As toolkits aresharedibraries,
they canrot implemen a queuehardler andarenot ableto receve messagesr eventsdirectly. Insteadthe process
that usesthe toolkit will receve thosemessageandevents. To allow the toolkit to hande them, the applicatio
hasto call the hander functionsof eachof thetoolkits it is usingandpassdown everyreply messager eventto be
checledby thetoolkit handler

Eachtoolkit hander returnsa status,indicatingwhetter it handed the messagéRVP_HANDLED) or evert or
not (RMP_NOT_HANDLED). If so,theuserapplicationmustnot processit ary further Otherwiseit mustpassit to
the next toolkit hander andsoforth. If the messag®r evert wasnot processedy any of thetoolkit handles, the
userapplication shouldtry to handleit itself.

3.4 Toolkit core

As describe in section2.3, RMP provides a genericwidget classto definea geneic anclor for all toolkit class
definitiorsin RMP. As all toolkit widgetclassesredirectly or indirectly dervedfrom this class they all inheiit the
samegenericdataandbehaiour.

Everytoolkit implementsits own core,definingthegenericAPl andanAPI for thevirtual method of its widgets.
Thetoolkit coreis implemettedin the:

t ool ki t nane. c

C-modue. Every new toolkit coreexterdstheexisting toolkit AP of RMP.

3.41 Parameter shielding

Userapplicdions cannot accesghe toolkit widget classvirtual method directly, they alwayshave to usetoolkit
corefunctions. Thetoolkit coreprovidesbothits own genericAPI andanAPI for all widget classvirtual methods.
It redirects virtud methal calls from userapplications to the individual widget. This way it is possibleto check
for invalid parametesin thetoolkit coreratherthanin the widgetclassitself, which gives the advantageof having
a trustedrun-time environment at the widget layer This avoidsthe necessityto run checls in every widgetclass,
leadingto smallercodesizeandlessruntime overhead

3.42 Virtual method multiplexing

Anothe impoartanttaskof thetoolkit coreis to multiplex the callsof virtual methalsin thewidgets.Within atoolkit
widgetclasshierarcly it is possiblethatnew widgetclassesaddnew virtual methals. Thesemethalsareonly valid
for thenew widgetclassandall its derived classesnotfor classesn higher levelsof the classtree.Soit is possible
thatsomewidgetclassegrovide a certainvirtua methodentry, othes do not.

Thetoolkit coreprovidesanAPI for everyvirtual methodhatis implementedby its widgetclassesAs theuser
application usesthetoolkit coreto accessidget's virtual methals thetoolkit coreneedso know if therequestis
valid for thewidgettype, decidirg if the call shouldbe executed or not. Thetoolkit coreusesthe typefield in the
widgetobjectto deternine its typeandto checkif the specifiedvidgetimplemerts therequestedirtual methal.

This mechanismmalesit necessaryo chang thetoolkit corecodewhenaddirg a new widgetclassthatintro-
ducesnew virtual methods If the new widgetclassdoesnotintroduceary new virtual methodsno changsin the
toolkit corearenecessary
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3.5 Toolkit widgetimplementation

Everytoolkit definesa setof widge classesThetoolkit alwaysderives its own geneic widget classfrom the RMP
genericwidget classto inherit all the genericdataandbehaiour andto extendit by addingits own attributesand
method.

3.5.1 Genericwidget class

The toolkit genericwidget classis the ancha for all widgetsin the toolkit. It definesthe genericattributesand
behaiour of all widgetsof the specifictoolkit. Every widgetclassin the toolkit is directly or indirectly derived
from this class.Thetoolkit genericwidgetclassis implemertedin thefile:

t ool ki t name_wi dget . h

All geneic API methodnamesof this classalsousethis prefix

3.5.2 Other widget classes

Additionally atoolkit implemerts a setof widge classesUsually, every widgetclassdefinitionis putin a separate
C-file called:

t ool ki t name_wi dgettype. c

All fundtionality of thewidgetclassis implemertedin this singlefile, includng thenew methd, thevirtual methods
andthe genericAPI aswell asspecificexterral suppot method for the individual widgettype. All exterral API
method of awidgetclassusethefilenameasprefix

3.6 RMP core genericAPI

The RMP coreAPI providesboththe geneic API for managng widgetsaswell asthe API to shieldwidgetclass
calls. The API contairs functionsto:

Nestwidges

Lookup widgetnamegfinding handes of widgets)

Setthe usercallbackfunction of widgets

Deletewidgets'

e Sendactionsto widgets

3.6.1 Nestwidgets

Whenwidgetsarecreatedthey arenot integratal into ary structureby default, they arecreatedassingleobjects.
To build more complex widget structureswhich provide more fundionality it is possibleto combine widgets of
differenttypes.Thebasicfunctionto do thatis thewidgetRMP add function:

void rnp_add_wi dget (RVP_W DGET parent, RMP_W DGET child);

Givena parentanda child widget,it addsthechild widgetinto the child list of the parentwidget. Theadd function
canbeappliedto any pair of widgets.This methodof combining widgetsis callednesting

As only the RMP coreprovidesan API to nestwidgetsandall widgetrefereresarekeptinsidethe RMP core,
it is possibleto find anywidgetof anytypethatcurrently instantiatedn RMP. This, of course,requilesthattheuser
application registes its widgetsin the RMP coreby addirg theroot widgetof its widget tree.

4Creathgwidges is doneby usingtheindividual widget's API.
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3.62 Lookup widget names

Whenanapplication wantsto applya function to awidgetit needgo know its widgethardle. Whenanapplicatin
createsa widget, it cankeepthe hande for its later use. however, it is not alwayspossibleto usestoredhardles.
For exampe, whencreatinga comgex widget(seesection4.2.4 the applicationcannot seethe widgethandleof
the nestedwidgetsinside complex widgets. Or the applicationmay needto sendan actionto a widgetin anotter
process.

In thesecaseshe application doesnot know abou the widget hande, but it knows aboutthe widget name.
Comple widgés definea fixed namingschemefor their nestedwidgets. Oncethe applicationknows abou the
compex widget's nane, it canbuild thenameandlookup thewidget handleof the nestedvidget.

Thefunctionto dosois called:

RMP_W DGET rnp_| ookup_wi dget nane(const char *w dget nane);

andretunsthehandleto thewidgetif it wasfound or NULL if thenamedoes notexist or is invalid.

3.63 Setuser callback function

In somecaseduserapgicationsneedto know whentheir widges receie actionsin orderto reactto certainevents
in the system.lt is possibleto seta usercallbackfunctionto getinformedof any actionsthatoccurin awidget. To
setthecallbackfunction the useapplicdion usesthe:

void rnp_set_cal |l back(
RMP_W DGET wi dget,
void (*user_ch) (RMP_WDCET, uint, void *),
voi d *data);

fundtion.
Theuserapplicationhasto provide a callbackfunction which hasthe pratotype:

voi d user_ch(RVP_W DCGET wi dget, uint action, void *data);

Currentlyit is only possibleto setonecallbackfunction perwidget. Thewidgetwill sendall actionsto thatcallback
fundion, sotheusercallbackfunctionhasto de-nultiplex the actionsby itself.
3.64 Deleteawidget

Whenwidgetsareno longerneededhey canbe deletedfrom the widge list. Deletinga widget always happens
throughthe:

void rnp_del et e_wi dget (RMP_W DGET wi dget);

fundion, which callsthewidgetdeletevirtua methodandremoresthewidgetfrom thewidget list.

To avoid orphansin thewidgettree,the RMP coredeletefunctiontakescarethatall child widgetsof thedeleted
widgetaredeletedaswell. This meansthatthe wholewidget treeunderthe deletedwidge will be removed from
thewidgetlist andall deletemethals of thesechild widgetswill becalled.

3.65 Sendactionsto widget

As describedn section2.8 widgetscancommnunicatevia actions. It is alsopossiblefor userapplicaionsto send
anactionto awidget. For sendingactionsto awidgetthe:

void rnp_acti on(RMP_W DGET wi dget, uint action, void *data);

fundion is provided. Thevalueof act i on is definedin the individual toolkit's external headeffile anddepemnls
onthewidgettype,andon whatthewidgetshoud do. Thedat a paranetermay needto pointto a datastructure
which canbeusedby thewidgetandis therefae alsodepelenton theindividual widgetimplemenation.
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3.7 Toolkit core genericAPI

A toolkit mustimplementa setof mandatoy geneic interfacefunctions. Thesefunctions follow a namingscheme
and have a definedbehaiour andfundionality so they are easyto identify within anytoolkit in RMP. They are
implemenedin eachindividual toolkit core;

o [nitialize thetoolkit

¢ Messager evert hander

Of cousse,toolkits canimplementmary othergeneic functions (ase.g. RTK does)for theirwidgets,but they must
atleastprovide theonesshavn above.

Onemight amuethata progammercouldchosewhatererimplementationstyleis suitablefor anew toolkit and
thetoolkit widgetsastheonly thing thetoolkit hasto provide in thetoolkit is thegenericAPI. Thisis prabablytrue,
but following acomnon RMP implenmentationschemdor all partsof thetoolkit makesit muchmorecorsistentand
easiero use.

3.7.1 Initialize the toolkit

A toolkit keepsa lot of datathat hasto be maintaired during run-time. Usually, before a toolkit canbe usedits
internaldatastructurer statemustbeinitialized. For this taskthe:

i nt tool kitnanme_init(void);
functionis provided. Eachproessusingthetoolkit mustcall thisfunctionbefore usageof anyothertoolkit function.

it ensureshatthetoolkit is putin adefinedstate. Thefunctiors returrs O for success;1 if anerroroccured.

3.7.2 Handling messageand events

As toolkit modulesarenot processethey have no messageueuesandcannotreceivemessagedirectly. However
they might sendmessageto the adager layer which will bereturred afterbeingprocessedor call API functions
in the adaper layer thattrigger eventsto be sentback. For this reasonevery toolkit implemerts anevert hander
which mustbecalledby the userapplicationonceit recevesa message.

User application
event handler

4 1 API call

L 4 2 Message sent by RTK

3 Event reply by RTK
4 RTK handler API call

Toolkit (e.g. RTK)

|

|

|

|

|

|

event handler 1
|

|

|

|

2 |
|

|

|

[Adapter process (e.g. GIA)}

Figure 12: Messagehfent handing in thetoolkit
Thetoolkit evert hardler will determire the messageype,andhande it, if necessarylt returrs a statusto the

application to inform it whetterthemessag@asbeenhanded or not. Figure 12 shavs thismecharmsmfor RTK and
GIA. Theevert or messagdandle hastheformat:
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i nt tool ki tname_handl er (ROVE_MESSACGE *nsQ) ;
andretums

RVP_HANDLED
or

RVP_NOT_HANDLED

to indicatethe statusof the operaion.

3.73 Toolkit headerfiles

A toolkit coremustprovide two headeffiles. Oneof which is usedby the userapplicatios andcontairs all API
definitiors, pre-pocessodefinesandtype definitiors thatareextemally usedby thetoolkit. Thefile is called:

t ool ki t nane. h

Theotherfile contairs definitionsthatareuserinternally by widgetclassimplemenationsof thetoolkit. It contains
theinternal API for useby widgetclassesandotherinternd definitions. Thefile is called:

tool kitnane_internal.h

3.8 Toolkit widgetsAPI

Oneof RMP’s goalsis to keepa consistenhamingschemdor its API. Thisrequires thatall toolkit implenmentation
follow certainrulesfor namingthe genericAPI functiors. Thisis alsoa requiementfor the geneic APl methals
of widgetclasses.

However, RMP currently definesonly a single genericmethal for widgets,the nev method,which hasto be
implemenedby all RMP toolkit widget classes.

3.81 Creatawidget

Toolkit coresdo not provide ageneic methodto createwidgets,becaus¢hewidgetnew methalsaredepenlingon
thewidgé type. Individualwidgetimplemertationsmightrequre different paraméer typesor differentnunbersof
paranetersdepenthg onthecompleity of thewidget. Althoughit is possibleto createa genericmethodto suitthe
needs|ack of parametetype checling generallymakesthis appoachmorecomple.

To keepa simple API the widget new method is provided by every individual widget implemertation (see
section2.6.1, page22). Thisimpliesthatthe userapplication hasto include the headeffile of eachwidgettypeit
uses.

For abstractclasseqseesection2.22, pagel6) it is not necessaryo definean external refeenceto the new
methodin form of a macro For classef which an applicationcan createinstancessucha macrodefinitionis
mandtory.

3.82 Individual widget API

New toolkits canintroducea setof new functionswith theirwidgetclassesin the caseof virtua method or geneic
API functionsthey haveto follow therulesof inheritarcedefinedoy RMP in orderto work praoperly within theRMP
framework.

New generic fundions, otherthanthe new function are definedas exterral accessibl€unctions and can be
directly accessethy theuserapplication. This makesit necessaryhatthesefunctionscheckfor invalid paraneters
asthereis no protectionprovidedby thetoolkit core®.

New virtual methodanustfollow the RMP implenentationrules(seesection2.5.3 page21). Thisis theonly
way to ensue thatall toolkit widgetswill work properly.

Additionally a new widgetclasscanimplementa setof method thatsuppats specificfundions of thatwidget
type. Thesemethals also have to be accessibldor the userapplicdion and have to checktheir paranetersat
runtime.

50f course anew toolkit couldintegrateall its widgetfunctionsinto thetoolkit coreandprovide protedion for its widgers.
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3.8.3 Widget headerfiles

Everywidgetclassmplemenationprovidesaheadefile. Theheadefile containsall typedefinitiors, pre-pocessor
definesandmacrae thatareassociateavith thewidgetclassandarefor useby userapplicatiors. It alsocortainsthe
new macrodiscusse@arlier Theheadefile is called:

t ool ki t name_wi dgett ype. h

This heade file alsocontainsinformation thatis provided for otherwidge classedhat derive from this class. It
contairs, for exanple, the datastructue of thewidgetclassandtypedefinitions.

3.9 Eventto action translation

As describedn section2.8, widgetscommunicatevia actions.In ROME, however, processesusuallycomrunicate
via messgesor events whicharenotdirectly uncerstoodby widgets.

To be ableto reactto eventsreceved from the adapter layer, theseeventsaretranslatednto actionsat toolkit
level. Wherethis translationfrom everts to actionsexactly happ@&sis notimportan. Theonly thing of impartance
is theresultingactionthatis sentto thewidget.

However, following the object-orienteddesignof RMP, thetranslatiormechaismis usuallyimplemeredin the
widgetcodeitself. At first sightthis might seemstrange but the reasorto do sois the way everts aretranslated
Everts are not always mapped to actionsone by one. To create,for examge, an clicked actionfor a widge, a
seriesof eventsis necessaryThe evert translationalgotithm hasto keeptrack of the everts andfinally createthe
appr@riateaction,if acertainevert patternoccured. For the clicked action,thefollowing eventshave to occur

1. Buttonpushevert insidethewidget area
2. Any numter of othereverts, exceg buttonreleasesvernt

3. Buttonreleaseevert insidethewidgetarea

Only afterall the condtions aresatisfiedtheclicked actionwill becreated As therequrementsfor actioncanvary
with eachindividual widgettype, eachwidgetimplemerts its own event translationalgoiithm. This increaseshe
flexibility of creatingnew widges.

4 RTK - Rendering ToolKit

Graphial userinterfaceg GUlIs)areawayto make theinteractiorbetweeruserandapplication easier They provide
anobviows way of usingappication featuresby usinggraghical elementghat canalsobefound in the realworld.
To achieze anconsistentook andfeel, graphcal userinterfacesshouldusethe samegraphcal elementghroughait
differentapgications.

The RenderingToolKit is designedo provide featuresfor doing this in RMP. It implemens widgetsto build
graphcal userinterfaces providing anabstractiorfor various cortrol elementsf differenttypes. Theseelements
currenly are:

e Windows

Plainbuttons

Buttonscontainng labels

Buttonscontainng pixmays

Buttonscontainng labelsandpixmags

Togdebuttons

Pixmapedbuttors
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Pixmampedtogdebuttons

Sliders

Pixmaps

Carvases

Drawareas

Labds

e Textinputfields

Thesewidgetscanbeusedto build aGUI. They arecompetely integratedinto the RMP widgetframenwork, building
asubsebf the RMP generc widgetclass.All RMP functionscanbeappliedto any RTK widget.

4.1 RTK overview

RTK is locatedin the toolkit layer. RTK managesll windowvs andwidgetscreatedby userapplicatiors. RTK
interactawith theadager layer (GIA) aswell astheuserapplication An overview of RTK in anapplicationcontext
is shavn in figure 13.

GIA library extension

User application T T T ~~ . j
. . i
| . actions |

‘ ¥ " |

Generic . Event S SR :

R
RTKAPI | handler : Widget ¥
: A
™| implementation L
RTK core ‘4—: | : :
s |
Widget list L ‘:
% m l |
|
|
|
|
|
|
|
|
|

|
|
v

| |

* This are actually API calls passing events

Figurel3: RTK overview

RTK is a shaed library andis locatedin the toolkit layer. As it interactswith the adapter layer (GIA in
particula), everts aresentbackthathave to be processedy RTK. The userapplicationpassesry eventreceved
to the RTK evert hander (seesection3.72). TheRTK handleranalyzes the evert andif appopriateforwards it to
thewidgetthatcurrenly hasthefocus.

If the evert wasnot handed by RTK, the userapgication canhande the eventin its own hardler afterwards.
The RTK hander operatim is competely indgpendenof any userapplicationeventprocessing
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4.1.1 RTK and GIA drawables

RTK usesGIA dravablesto drav widgetson the screen.New dravales are only allocatedfor windowwidgets,
otherwidgetslik e buttonsor labelsaredravn into the dravableof their window widget. This techniqe hasseveral
adwartages:

e Only onedravalle is neededor eachwindow which reduce memay usage;
e Fewerdravablesresultin lessoverheadandhigherperfamance

e By keepingthewholewindow conten in a singledravablethe GIA cantake careof clipping andrediawing
exposedwindows.

RTK only keepsrefelencesof GIA dravaldeswithin its widgets,the actual dravablebuffer is keptin GIA. When
RTK deletesawindow objectcortaininga dravablerefererceit alsorequest$GIA to deletethe dravale.

4.1.2 RTK color configuration

RTK canbeconfiguredusingthe systemconfiguationlibrary (seesection14 .3, page73). It is possibleto definethe
following attributesof RTK widgetsthroudh entriesin the systemcorfigurationdatabase:

e Buttoncolor (COLOR_BUTTON)

e Buttonshadav color (COLOR_BUTTON DARK)

e Buttonlight color (COLOR_BUTTON_LI GHT)

e Slidercolor(COLOR _SLI DER)

e Slidershadev color (COLOR_SLI DER _DARK)

e Sliderlight color (COLOR_SLI DER _LI GHT)

e Labeltext color (COLOR_LABEL_TEXT)

e Labelbackgoundcolor (COLOR_LABEL BACKGROUND)

e Text inputfield backgpundcolor (COLOR_TEXT | NPUT_BACK)

e Text inputfield focusedramecolor (COLOR_TEXT | NPUT_FRAME_FOCUS)
e Text inputfield unfocusedframecolor (COLOR_TEXT_| NPUT_FRAME_NOFOCUS)
e Text inputfield text color (COLOR_TEXT | NPUT_TEXT)

e Text inputfield focusedcursorcolor (COLOR_TEXT_| NPUT_CURSOR_FOCUS)

e Text inputfield unfocusedcursor(COLOR_TEXT | NPUT _CURSOR_NOFQOCUS)

Theconfigurationdatabasés usedby all widgets.If anentryin thedatalaseis changd,all applicationwidgetswill
be affected However, they will notbeautomaticallyjupdded on changedo databasentries.

4.2 RTK widget classes

RTK definesasetof widgetclassedor creatingRTK widges. Applicatiors createwidgetsthroughRTK widgetAPI

callsandusuallyRTK widges aregraphcal elementghatappearton the screen.A RTK widgetis avery versatile
object. It canbe very simpleandjust containsomedataor implemern more complex graghic elemeits suchasa
labeledpixmapbutton. It cancontainotherwidgetsto form evenmorecomple structurs.
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4.21 RTK genericbasewidget class

RTK definesa baseclassfor RTK widges, the RTK geneic basewidgetclass.lt is itself is derived from the RMP
geneit basewidgetclass.It exterdsthe functionality, implemening a setof methalsandaddinga setof attributes
thatareusedby all RTK widgetclasses.

TheRTK genericwidgetclassis alsoanabstiact class.It is notnecessarjo createa widge objectof this class.

4.22 Widget new method

Evely RTK widgetimplemens amandatoy new metha (seesection2.61, page2?2). Thenew metha takescareof
the proper setupof thewidgetobject. In the caseof complex widgetsit alsocreatesaddtional widgetsfor internal
use.Theconstrctor returrs a handleto the createdwvidget.

4.23 Simplewidgets

Simplewidgetsarethe basiccommnentsin RTK. Someof themcanbe integrateddirectly into a userapplication
while othes are basicallyusedto build more compex widgets. A label widget, for examge, canbe usedin an
application to displaysometext information.A carnvas widgetcanbeabox, or contairer for otherwidgetsto grouyp
themin the userinterface.

A button, however, rarely makes sensewithout a label. It can be usedwithout a label, but the usermight be
confusedabou the pumposeof suchanelementon the screen.The applicationshouldusea morecomgex button
widgetin this case.

4.24 Complexwidgets

Complex widgetsare built from otherwidgets. Theseotherwidgetscanbe simplewidgets(which is usuallythe
case)or othercomplex widgets. The constretor of thewidgetwill take careof creatingall contaired widgetsand
nestingtheminto the widget structure It alsoassigndefaut namesfor the nestedsubwidgetswhich allows the
application to identify them(seesection2.1.2 pagel5s).

Regardirg theresultingwidgettree,thereis no differerceif anapgication usesa compex widgetor builds the
compex widget structue by itself. However, the widget constretor gredly simplifiesthe procedire of creating
compex widgets.

4.25 Classhierarchy

RTK extends the geneic functiorality of the RMP geneit widget classby introducing the RTK gereric widget
class.The RTK genericwidget classaddssomeattributesandgereric methodgor suppating RTK specifictasks.
Figure14 shavstheclasstreefor RTK widgetclasses.

4.26 Widgettree

Main window widgetsarekeptin alinkedlist insidethe RMP coremodule. However, RMP doesnot ceratethis list
automaically. The RTK mainwindow widgetregistersitself in the RMP widgetlist whenit is created As definel
by the RMP geneit widgetclassevery mainwindow itself cancortain otherchild widgetswhich againcancortain
child widgetsthemseles. RMP keepstrack of thesewidgetsby building a widget tree structurefor every main
window.

Theuserapplicationusesthe:

void rnp_add_wi dget (RMP_W DGET parent, RVP_W DGET chil d);
fundion to nestwidgets.
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Figurel4: RTK widgetclasshierarcly
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complex widget boundaries
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Figure15: RTK apgicationwidgettree

4.27 The window widget

The window widget hasa specialr6le inside RTK. It is almostlike otherRTK widgets,so every function canbe
appliedonit, but therearesomepoirtsin whichit differsfrom otherRTK widgets:

¢ It istheonly widgetthathasanassociatedravale
e It hasnoparent
¢ It istheonly widgetthatis actuallydravn onthe screerwhenthe RTK showfunction is appliedonit

¢ It istheonly widgettypethatcauseshewindon manageto draw a decoratio aroundit

All windows thatappearonthe screerarecreatedusingwindow widgets.

4.28 Eventhandling in widgets

RTK widgetscan hande certainGIA events by implementig a evert handlermethod If a GIA event(e.g. a
mouseclick) is recevedby RTK, the RTK coredeterninesthe widgetthat shouldreceie the event (if ary). The
widgetitself implemens its behaiour andreactsaccodingto theevert by creatinganactionaccordimg to its event
translationalgoithm. Theseactionsareusuallysentto its own actionhardler. It canchargeits interna stateand,
for exanple, chang its appeaance.

Theconcepof dividing eventsandactionsmakeswidgetsextremdy flexible. As well asfrom defaultbetaviour
to reactto mouseeverts, widgetscanbe manipuatedby ary otheractionthatis sentto themfrom ary othersouce.

4.29 Position and gravity

Whennestingwidgets,it is possibleto definethe children widget's positionwithin the parentwidget. Usually the
windowwidgetof anapplicationis therootwidgetandcontainsall child widgetsthatbuild theuserinterface. These
child widgetslik e buttonstextfields or labelswill be nestednsideawindowwidget. The positionof child widgets
canbedefinedusing
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e absolte coordnates
or
e relative coordnatesandgravity
Whenusingrelative coordnatesthe gravity canbeacombnationof
e top
e bottam
o left
e right
e center

gravity which causes widgetto snapinto the desireddirection If conarrrentgravities arecombnedthey will be
prioritized asshavn in thelist.

X o
L 1[=] X
0/0 __|]
T top/left top/center top/right
| I
! - |
! client area I
Y : |
! :
! |
|
v center/left center center/right
! :
! |
: bottom/left | offset: +7, -11 :
| |
|
bottom/left bottom/center bottom/right

Figure16: Widgetgravity

Whenoffsetsaregiven in additionto thegravity thenthe positionof thewidgetresultsoutof therelative position
plusthe offset(seefigure 16).
4.2.10 Focus

Everts from theadaptetayerthatarehanded by the RTK evert handlerwill beforwardedto theactivewidget. To
determire which widgetis currenly active RTK setsthefocus to a certainwidget. Whena widgetgetsactivated
by amouseclick event,it automaticallygetsthe focus. It keepsthe focus aslong asno otherwidgetgetsactivated
by amouseclick. It losesthefocusif

e andherwidgetgetsthefocus
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e amouseclick occusin andherdesktoparea

If auserfor examge, wantsto move aslider, it is notnecessarthatthefingerfollows exactly theshapeof theslider
onthescreenAs thesliderwidgetgetsthefocuson the mouseclick, it will receve any mouseeventaslongasthe
mouseis moved, independentof the mouses position,until the buttonis released Assumea horizantal slider, the
sliderwould receve all mouseeventsandcoodinatesbut only processthe x compnentof themouwse’s coordnates
regadlessof its positiononthescreen.

The RTK corewill translatemouwsecoordnatesbefore sendingeverts to thewidget’s eventhander. Themouse
coodinateswill berelative to the origin of thewidget. Coordnatescanbe negative. It is upto thewidgetto decide
whetheror notthe coordnatesmale sense.

4.3 Widget abstraction

As with all toolkits in RMP, RTK usesthe RMP widget hande to abstractits widgets. Whena userapplicatio
createsa RTK widget,it returrs a hande of thetype:

RVP_\W DGET

The hande is, per RMP definition indepadentof the actualwidgettype andcanbe transparetly usedby a user
application to referere the createdvidget.

4.4 RTK genericAPI
RTK providesthegenerictoolkit API descriledin section3.7:

void rtk_init(void);
int rtk_handl er (ROVE_MESSAGE * ev);

Thesegeneit functionsimplement the basicfunctionality of RTK within the standardRMP framework.

4.41 Creatawidget

To createa widgettheapplication simply usesthe new macroof the desiredwidget. The macrois definedto:
RTK_W DGETTYPE_NEW opt i onal paramns, const char *nane);

Theapplicationcanprovide anamefor thewidget to identify it within theuserinterfaceor justgive anemptystring,
if nonameis requred. Themacrowill call the new metha of the appopriatewidgetwhich returrs a RTK widget
hande to identify thewidgeton future operatiams.

The list of optional paranetersdepeids on the widget type. Somewidgetsallow additiond parangeterson
creationto simplify the procedure A labeledbutton, for exanple, canbe createdwith oneAPI call, providing its
sizeandlabeltext in the parametelist.

4.42 Deleteawidget

Deletinga widgetis oneof the RMP corefunctions. RTK doesnot provide a deletefunctionin its core,but every
RTK widgetimplenmentsa deletevirtual metha for the RMP core. Deletinga RTK widgetis doneby calling the
RMPdeletefunction

void rnp_del et e_wi dget (RMP_W DGET wi dget);
giving thewidgethandle.Thiswill deletethewidgetitself aswell asall nestedvidgés. If thismethodwereappied
to the “main_window” widgetin figure 3, all threewidgetswould be deleted. RMP will only deletethe internal

widgetstructue(s)by calling all their deletemethod, but it will not updateor remove ary visible widgetson the
screen.
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45 RTK API extension

RTK widgetsmostlyrepresentvisibleobjectsonthescreenRTK extendsits API to satisfytheneedof theexterded
functionality of the RTK toolkit itself andthe exterded capabilitiesand propertiesof its widgets. RTK provides
additioral fundionsto:

e Showv awidget
e Setthe positionof awidget

e Settheoriertation (gravity) of awidget

Thesemethals canbeappliedon all RTK widgets. Othermethals only applyto a certainsubseof widgetsor are
only availablefor a particularwidget.

4.5.1 Show awidget

To shov awidgettheapplication usesthe RTK showfunction:
void rtk_show( RTK W DGET wi dget);

If thewidgetis a “window widget, the window will be shavn on the screen. RTK will causeGIA to copy the
offscreendrawablebuffer to videomemay. If otherwidgetsinsidethewindow arealread presenin thedravalle
buffer, they will alsoappeaonthescreen.

If thewidgetis notawindow widge, this function will only draw thewidgetinto its window drawable,but not
updde or shaw it onthe screenunlessthe autoupdde flag of thewidgetis set. However, this featue shouldonly
beusedwhenthewindow is alreadypresenbnthe screenOtherwiseindividualwidgetsmightappeaonthescreen
withoutany context.

To make aa singlenonwindowwidgetappeaonthe screenthe RTK updatefunctionmustbeused.

4.5.2 Update awidget

Onceawidgetis dravn insidea window andthewindow is shavn onthe screenit is usuallynecessaryo chang
thewidget's appearace.Thisis dore by:

1. Drawing the new widgetusingthe showfundion (draw in offscreenmemory;
2. Updaing thewidge usingoneof thetheupdate functions(to copy to videomemory:
void rtk_update_w dget (RTK W DGET wi dget);
or
void rtk _update wi dget area( RTK W DGET wi dget, G A RECT * rect);

To increasgperfamancethe update functionwill only copy the areaof the dravalle buffer thatis actuallycovered
by thewidgetor theareaof thewidgetthatis coveredby thedefinedrectangle.

Somewidget method causeactiors to be sentto the widget. Theseactionsusually causea chang in the
appeaanceof thewidget(e.g.text chang in alabel)andcausehewidgetto updatstself. In thesecasesheupdae
function need notto becalledby the userapplicaion.
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453 Setthe position of a widget

It is possibleto chang the positionof a widgetwhile it is presenton the screen.To changethe positionthereare
two possibilities:

e chargetheoriertation (or gravity):
void rtk_set_orientati on(RTK W DGET wi dget, uint gravity);

Thevaluefor gr avi ty is definedasa logical or of possiblegravity values asdescribedn section4.2.9
page 40. Whenchangng only gravity, thewidgetwill keepits coordnatesandusethemasoffsetsfor thenew
position

e chamgethecoadinates:
void rtk_set xy(RTK WDGET wi dget, int x, int y);

Whencharmgingthecoadinatesonly, thewidgetwill keepits oriertationandjustmoveto thenew coordirates,
whether they areabsoluteor relative to a gravity.

5 STK - SoundToolKit

In amulti-meda environmentsoundplaysanimpartantrdle. An userapplicationcanusesoundin mary wayssuch
asemplasizinggraphcal everts onthe screeror giving acousticafeediackon useractions.

For informationkiosk systemssoundsuppot is aneffective way of preseting informationto theuser It makes
theuseof suchsystemsnuchmoreintuitive for inexpetiencedusers.

Onothersystemssound/O mightbetheonly wayto communicatewith thesystematall. Thiscouldbesystems
which areopeatedby visionimpaired usersor in ervironmentswhereit is not possibleto usea screen.

Using soundwidgetsis a very corveniert way to integrateaudiointo ROME applicatims. Theversatilenature
of the widget abstractionand the flexible widget-widget comnunicationmectanismmale it very easyto build
compex andpowerful multi-meda applicatims.

For exanple, it is very easyto connet a clicked-actionof anRTK widgetwith a play-actian of a STK widgetto
causea sourd to be playedwhena buttonis clicked. All theframeavork needd to dothisis alreadyprovidedby the
toolkits.

5.1 STK overview

The SoundToolKit (STK) presentsmuchlike RTK, a setof widgetsto supprt soundl/O usingarelatively simple
API. STK s alsoashamedlibrary locatedn thetoolkit layer. It presets anAPI to theuserapplicatiaon for maraging
andusingsoundobjects,alsocalledwidgetsaspartof the RMP architectue.

STK againshavs how flexible andpowerful RMP is. Figure 17 shows anovewiew of the STK integrationin
the system.The compaison of Figure 17 andFigure 13 on page36 shavs thatthe basiccorceptsof integrating a
toolkit into RMP arenearlythe samefor bothtoolkits. The only differencebetweenSTK andRTK integrationis
thatSTK is handing dataflav messagemsteadof events.

5.2 STK widget classes

STK implemerts a set of widget classedor creatingSTK widgets. Thesewidget classesmplemett the basic
fundionality that is neeed to play andrecordsoundsamples. Applicatiors use STK widgetsas soundobjects
which abstracsourds or soundsamplesatthelevel necessaryo implenenttheir audo capalities.
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5.21 Classhierarchy

STK extends the functionality of its widgetsby introdwing a STK genericwidget class The STKgenericwidget
classis derived from the RMP genericwidget classandprovidesa baseclassfor all STK widgetclasseslt is the
ancha for all widgetclassesn STK.

Figure 18 shaws the STK classhierarcly which is relatively simple. Futurewidge classesarelikely to be
devdlopedandto be integratedinto the curren structue. As shawvn in this figure, STK currently implementstwo
widgetclasses:

e sourd widgetclass

¢ sourd file widgetclass

5.22 Soundwidgets

Soundwidgetsarethe basiccommnentsof the soundsystem. They provide the functionality to recordand play
backsoundsamplesusingwidgetinterral memay buffers. Dependéhg onthe usageof the soundwidget,it canuse
eitherits own memay buffer to storesoundsamplesor usea buffer providedby the userapplication

Soundwidgetsarevolatile. As soonasthewidgetis deletedby theuserapplication, the soundsamplebuffer will
be deletedaswell (unlessthe userapplicationpravidedthe buffer). Soundwidgetsareusuallyusedfor tempaary
purppsesuchashandlirg streamedudio.

5.23 Soundfile widgets

Souwndfile widgetsarealwayscomectedo a specificfile (or URL). All theiroperaionsareassociateavith thatfile.
They canbeusedto play backanexisting soundfile from anURL or to createa soundfile andsaveiit.

5.3 Widget abstraction

As with all toolkits in RMP, STK usesthe RMP widget hande to abstractits widgets. Whena userapplicatio
createsa STK widget, it returrs ahande of thetype:

RVP_\W DGET

The hande is, per RMP definition indepadentof the actualwidgettype andcanbe transparetly usedby a user
application to referere the createdvidget.

5.4 STK event handler

Whenusing STK an userapplicationdoesnot needto handlerepliedRMP messagesHowever, it mustsendall
received messageto the STK messagéandlerbefae handing ary messageby itself. STK messagearetagge
by the STK corebefore beingsentsothey canberecoquizedin the STK evert handler

STK’s messagéandlemwill returna status:

RVP_HANDLED
or
RVP_NOT_HANDLED

to indicatethe statusof the operaion.

5.5 STK genericAPI

STKwidgetsprovide asetof geneic methalsthatcanbeusedonall STK widgets.Thesearethemandatorygeneic
fundions:

void stk _init(void);
int stk_handl er (ROVE_MESSAGE *nsg);

As with othertoolkits, all RMP genericfunctions canbeappliedto STK widgets.
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5.5.1 Creatawidget

To createa widgetthe applicationsimply usesthe new macroof the desiredwidget. The application canprovide a
namefor thewidge to identify it within theuserinterfaceor just give anemptystring,if no nameis requred. STK
will returna STK widgethande to identify thewidgeton future operatims. The new macre aredefinedas:

STK_W DGETTYPE_NEW opt i onal params, const char *nane);

Thenumberandtypeof opti onal par ans depenisontheactualSTK widgettype. Themacroimplicitly calls
theapprgriatewidgetnew methodandretumsa RMP hardle to the new widget.

5.5.2 Deleteawidget
Deletinga STK widgetis dore by callingthe RMP deletefunction:
voi d rnp_del et e_wi dget (RMP_W DGET wi dget);
giving thewidgethandle.The deletefunction will call thewidgetdeletevirtual methal, sothewidgetcanfreeall

associatedtuffers or write any pendng databackto disk.

5.6 STK user callback support

In mary caseghe userapplicationneed to know whena soundsamplehasbeenplayedor thereis anincoming
audiodatastream.As the RMP architectue suppats themechanisnof usercallbackgor its widgets,STK useghis
featureto interactwith the userapplicatian.

All STK widgetsimplemern anactionhander to suppot RMP widge—widgetcommunication Widgetaction
handerswill forward theactionswhichthey receved to a usercallbackfunction if onehasbeendefinal.

As well asforwardng recevedactionsto usercallbackfunctions, STK widgetscreateown actionsto inform the
userapplicationabou statuschangswithin thewidget. Currerlly STK widgetsonly createthe:

STK_AC_READY

actionto inform theuserapplicatio thatthey enteedanidle stateandareableto receve new commauds.

5.7 STK API extension

In additionto the RMP mandatory API, STK providesanexterdedsetof functionsfor usewith soundwidgets.All
thesefundions areimplementedin the STK coreandcauseactionsto be sentto the specifiedwidgets,whenthey
arecalled. This simplifiesthe APl andmakesthe widget implemenation moreflexible.

5.7.1 Start audio playback
To startthe playbackof awidgetssoundbuffer, theapplicatian callsthe:
void stk _play(RVP_W DGET wi dget);
function. Thewidgetwill play backits associatedamplebuffer andstopwhenfinished.
5.7.2 Stopaudio playback
Theplaybackof anaudiosamplecanbe stoppel usingthe:
voi d stk _stop(RVP_W DGET wi dget);

function. Thewidgetwill stopplaybackatthecurrent positionandthereadpointerwill beresetto thebeginning of
theaudiosamplebuffer.
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5.73 Pauseaudio playbadk

To pausethe playbackthe application canusethe:
voi d stk _pause( RVP_W DGET wi dget);

fundion. The pausefunctionwill stopthe curren playbackbut keepthereadpointerat the currert position. This
emulateghebehaiour of a pausebuttonon ataperecorder.

5.74 Resumeaudio playback

Whenawidgd is in pausanode, playback canbe continledusingthe
void stk_resune( RMP_W DGET wi dget);

fundion. Playbackwill resumerom the positionto whichthe currentreadpointerpoints.

5.75 Start audio recading

Recordimg of soundsampless initiated by calling the:
void stk _record( RMP_W DGET wi dget);

fundion. Therecordng will contirueuntil it is stopgedor patsed.

6 Futuretoolkits

The currerly suppaeted toolkits in RMP focus on multimediacapaliities andmostly provide graphic andsourd
suppot. But graplic andsoundsuppot areonly two areasamongmary thatareusedin a multi-media orientel
networking environment. Using the widget abstractiormechaism of RMP onemight think of mary otherimple-
mentatios suchas:

o Network widgets
Network widgetscouldprovide a setof geneic network opeationsto simplify datatranspor overavarigty of
differentphysicalnetworking systemsThey alsocouldprovide dataenciyption, QoScapaliities or network
maragemenfeatueson avery abstractevel.

e Videostreamwidgets
Unlike thefairly staticpropertiesof GUI elementsyideo streamsarecharacterize by large dataflavs with
timing andsynchraizationconstraims. Ratherthanattemptto extendthe RTK toolkit, video streamwidgets
coud contibute to the alreadyexisting RTK by handing video streamsf different typeswhile interactirg
with network widgets. Video streamwidgetscould easilybe integratedinto existing applicatios or usedto
build videoapgicationsfrom scratchwithout disturbirg existing GUI applicatiors.

e Servicewidgets
Servicewidgetscould be usedin active network systemsproviding a certainsubsetof servicesthat could
bereqglestedoveranetwork. By usingservicewidges in combnationwith network widgets,active network
elemerts couldbeeasilybuilt andintegrated into existing networks.

Theshavn exampesareonly afew possibilitiesof extendng RMP with new, innovative, flexible toolkits. Theflex-

ibility of RMP combiredwith the high performarce archtectureof ROME providesa solid basefor fast,efficient,
stableandreliablesystems.
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7 THEADAPTERLAYER

7 The Adapter layer

Within the RMP arclitecture toolkits provide the mostabstractepresentatiorof the systemandits hardvare. They
presenta hardware indepeentsetof widgetsto the userapplicationlayer, makingdevelgpmentof portableuser
applicatimsvery easyandefficient.

Toolkits do not accesghe systemhardware or the hardvaredrivers directly. They do not differentiatebetween
deviceson a low level. Insteadthey groyp hardware by functiorality and provide widgetsto represena certain
functionality. For exanple, STK providesa widgetfor managng soundsamples.The widge only represets the
soundl/O asa hardware fundionality, it hasno relationto arny physically existing sourd suppet hardvare.

Toolkit implemenationsarebasedon andherlevel of hardvareabstractiorwhich is provided by adapter pro-
cessedn theadapter layer.

7.1 Adapter processes

The adapter layer providesa level of hardvare abstractio on which the RMP toolkits is based. The abstraction
is implemented as a setof adager processesvhich arelocatedin the adgpter layer. Adaper processesanbe
rathersimpleor very comgex, depenthg onthe hardvaretype andlevel of abstractiorthey provide. They arenot

necessariljoound to onespecificdevice type, they canimplementsupport for differentdevices.

7.1.1 Minimal adapter processes

Thebasictaskof anadapteprocesss to provide a connetion betweerthetoolkit layerandthe device driver layer
In the simplestscenariahis meanghatthe adapteprocesgecevesandforwardsmessagefrom thetoolkit layer
andto thedevicedriver processesndvice versa.This behaiour requresasimplemultiplexing functionality which
is implicitly providedby the ROME messagandeventquewe mechaism.

7.1.2 Complexadapter processes

It is possibleto put much more functionality into an adaper process. This makes senseif the adapterprocess
abstractsa comple type of hardvareor a setof hardware compments.As anadapteproessis a ROME process
like any otherROME processn thesystemijt canbeusedto implemen comgex algorithmsatarelatively low level
in the system For the upger layerthefunctiorality canbe providedin form of APIs or controlmessages.

For exanple the GIA adaper processimplemetts the compgete behaiour of a deskt@ anda windov manage
by takingcontol over all grapfical reqiestsandinput device messageandevents.GIA is by farthe mostcomplex
adapteiprocessurrently integratedinto RMP.

The exanple of GIA shav thatadaptemproessesanprovide an efficient contrd mechanisnwithin an RMP
basedsystem.

7.1.3 Adapter procesdnterface

Commuiication betweeradaptemprocessesndlower layer device driver processeglwayshappes throuch mes-
sagesor events. Adapterpracessesanimplemen a quete hander for ROME messageandeverts just like any
other ROME process. The messageystemprovides all adwentagesof the ROME messagenecharsm suchas
message@riorities andmultiplexing.

7.1.4 Adapter extensionlibraries

To simplify the communicationbetweena userprocess (or toolkit) and an adaptemprocess, eachadaptemprocess
providesa extensionlibrary. Extensionlibrariesprovide a sharedibrary API for the userprocessandtranslatethe
callsinto messagethatcanbe understoodby the adapteprocessThis mechaimsm hasseveral advartages:

e For the userapplicationit is easierto usean API| than createand sendmessagesvhich makesapplication
developmenfaster;

e The ROME messagenectanismautomaically takes careof sequening reqiestsand avoids resouce con
flicts;
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7.2 Virtual devices 7 THEADAPTERLAYER

o TheROME messaggriority mechaism allows to definedifferentadaptelaccessriorities for different pro-
cesses;

¢ As messagesanbesentover anetwork, theuserapplication andthe displaysystemdo not necessarilhave
to resideon the samehardware. This makesit possibleto transgrentlyrun distributed applicatins over a
network.

Extensionlibraries combire the advantagsof having a sharedibrary API with the evert-processinganddataflav
capabilitiesassociateavith the ROME processandmessagenecharsm.

However, onemustconside thatfor sendingnessagesver anetwork thewholemessagéncluding any payloa
datamight have to be coped at the senderand at the recever location. This counteactsthe ROME zeio copy
philosgphyandshouldtherefae notbethecommoncase.

7.2 Virtual devices

Onetaskof adaptemprocessesis to provide a level of hardvareabstractio. Adapterprocessesommunicatewith
thedevice drivers of the systemandprovide a more abstractnterfaceto theupperayer Theabstractio is achieved
by usingmethod lik e dataencapslation, datamappirg anddatatranslation(seesection 1.4, pagel?2).

With adaptemprocessesit is possibleto abstracta setof devicesto a virtual device For examge, it doesnot
matterif theinput device is a mowse, a touchpad or even a light pen The adaptemprocesswill translatethe data
andpresehageneit poirting device interfaceto the upper layer Toolkits canimplementa functionality basedon
the propeties of that virtual pointing device ratherthanimplemerning functiorality for eachconcevablephysical
device.

If new devicesareaddedto an existing systemiit is only necessaryo implenmenta new abstractio algorithm
into theadapteprocessTherestof the systemdoesnothave to be charged.

7.3 Device propertiesmapping

The principle of having virtual devices allows adaper processedo map certainphysical hardware functions to
logical functiors. A virtual device hasa certainsetof genericcharactestics. For exanple, avirtud pointing device
currently suppats a setof coodinatesandthe device state. Becausdifferent hardware of a certainsetof devices
hasdifferentphysicalpropertiessuchasdifferentbuttonsandswitchesof amouseor alight pen theadapteprocess
definesa mapping from the hardware propertiesto thevirtual device properties.

This mecharsm makesit possibleto definecompletelynew inputmethaswhile thefunctionof avirtua device
canbe emulatedby almostary availablehardware. This makesthe softwarenot only hardvareindepadent,but
alsodevice typeindependent.

7.4 Messagesand events

The mechaism of virtual devicesanddevice propeties mappirg requresthatthe adaptetprocessdefines a setof
new messageandeventsfor the system.Thesemessageandeverts areusedto comnunicatewith therestof the
system. Adapterprocessimplementationsdefineboth message$or lower level device drivers and message$or
upper level processesandtoolkits or otheradaptemprocesses. By definingthe typesof the messagesndevents
adapteiprocessesnablethe othercompnentgo fit into the environment.

For exampe, anadaptemprocesdefinesthe messageandeventsfor the virtual poirting device. To the upper
layersit presets a messageontaning a setof coodinatesandthe current state.For the lower level device driver
proessan event containirg a setof coordnatesanda few opaaque fields repiesentingphysical device buttonsand
switchess provided. Device driver processessethepre-defied evert andfill it with thedatareadfrom thedevice
while the magping algorithm in the adaptemprocessmapsit into the virtual pointing device messagandpassest
up.

This schemallows different pointing devicesto work with atoolkit. For exampleatouch-sceenwill geneate
absolutecoordnates,while a mowse indicatesonly relatve movement. The representationsre unified within the
adaptefayer.

50



8 GIA - GRAPHICAL INTERFACEADAPTER 7.5 Controlmectanisms

7.5 Control mechanisms
7.5.1 Dataflow control

All datafrom andto devicespasseghroughthe adaptemprocess. This makesan adaptemproessthe perfectplace
to take contrd over dataflavs in RMP. Dataflov contrd canhappenn differentways,dependingon the datatype
andtherequrementsof the system.Adapterpracessesllow thedataflav algorithmsto beadaptedo the hardware
requiementsn avery flexible way.

7.5.2 Multiplexing and demultiplexing

An adaptelprocessescanwork togetter with mary differentdevice drivers. Fromthe upper layers,mary different
userprocessesanusetoolkits to accesghe hardvarethrowgh the adapteprocess.Oneof its tasksis to multiplex
and de-multiplex the requestdrom the different userapplicatiors to the different hardware device drivers. The
compl«ity of this taskdependson the nunberof devicessuppated by the adapteprocesstheindividual device’s
multiplexing capabilitiesandon how muchotherfunctionality is integratedinto the adapteiprocesstself.

7.5.3 Resourceconflicts

By managiig the dataflovs in the system,adaptemprocessesvoid resouce conflictsat a low level. For examge,
if two userapplicdions wantto accesghe samehardware at the sametime, the adaptemproesscanresolhe that
conflict. How the conflictis resoled,is defineal by the adaper processpolicy. It might make senseo applya first
come first servedpolicy or to senetherequestwith the highestpriority first. In somecasest might be possibleto
meige to reqlests.For example,if two applicatios eachwantto play a soundsampleon the systems soundchip,
theadapteiprocessouldmeige thetwo samplesat runtime andby doing soplay themsimultaneasly.

8 GIA - Graphical Interface Adapter

The Graphicd InterfaceAdager (GIA) processis locatedin the adapter layer. It implementsthe standarchdaper

functionality of multiplexing andde-nultiplexing messageandeventsfrom userapplicatiors andhardwaredevice

driversandpreventingresourceorflicts in thesystem.t includessuppot for multipleinput deviceslik e akeybaard,

mouseor touchpadaswell asoutpu devices. The outputdevice currerily suppatedarethe WebRanelLCD screen
andthe Numkbker9graplics card. Input devicesareatouchscreerandakeyboard over aserialline aswell asa serial
mousewhich hasbeenaddedecently

Additionally, GIA implenmentsthe conceptof drawalles. Drawalles basicallyarecontaines for graplical ele-
mentsthatcanbe usedby userapplicatiors (seesection8.3, page53). Drawablebuffers will be managedy GIA
andcanbe manipdatedusingthe GIA API. This abstractio of thegraplics hardwaremakesapplication progam-
ming very geneic. Usuallyatoolkit like RTK sitsontop of GIA, utilizing dravadesfor drawing its windows and
widgets.

Keepirg dravale buffers within GIA resultsin an improved performarce. Buffers are kept as nearto the
graphcs device driver aspossible reducirg datapathlengthsin the system.Furthemore,asGIA hastotal contiol
over thedrawalle buffersit is possibleto implemen very effective algoiithmsfor clipping andrepaintingareason
thescreen.

GIA alsosuppats the useof anoptional windowmanaer. The standardvindow managr (RWM) is imple-
mentedasasharedibrary extersionto GIA andprovidesstandardvindowing functionality like movingandresizing
windows onthedesktop.

8.1 GIA overview

GIA suppotsthemaragemenbf dravableareasonly in avery elememary way. It doesnot provide frames,buttons
or ments. This functionality is implemenedby toolkits like RTK (seesection4, page35) which sit ontop of GIA.
Themaintasksandkey featuesof GIA are:

e Managdng andmanipulatingdravables;
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8 GIA - GRAPHICAL INTERFACEADAPTER
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Keepirg trackof all dravalesandtheir stackingorderon the desktop

Interactionwith thelow level graghicsdriver;

Paintingthedravaldesontothescreen,;

Receving andprocessingaventsfrom mousetouchgad, keyboardor otherinput devices;

Geneatinghigh level mousekeyboardanddravale everts for RTK;

Interactionwith anoptionalwindow manayer.

8.2 GIA configuration

As GIA is avely flexible, versatileprocesst mustbeconfiguredfor its inputandoutpu devices. Thisis doneusing
the ROME SystemManagerwhereentriescaneitherbe madein the systemconfiguationfile or placedasstatic
entriesin theapplicdion build file. GIA is thensetupatboda time usinga setof conmandentries for exampe:

[ boot] :gia:graphics Icd
[ boot] :gia:nouse nouse

After receving a configuationcommnand,GIA triesto openthe specifiednput or output device.

8.3 GIA drawables

For abstractig output devicesGIA usegheconcep of dravables.Drawalesareoffscreen buffers which repesent
a potentialareaon the screenandcanbe manipuatedby GIA API calls. Drawablesare competely encapsulated
into GIA andarerefererwedusinghandes.

A drawableusuallyrepresets awindow onthe screenput in geneal it is justa genericcarnvas Changng the
dravalle conten is alwaysdoneoffscrea, thusonly changng the GIA interral dravalle buffer. To male achang
in the drawvablevisible, the dravable hasto be updatedon the screen.lt is alsopossibleto updateor redrav only
certainareasf thedravale to increaseperfamance.Theconcep of GIA dravaldes providesseveraladvantayes:

e GIA is ableto controlall graphc outpu, asall screeraccessave to occurthrough dravalles;

e Keepimg all dravalde buffersinside GIA makesit possibleto implemen effective algaithms for updating
screerareas.This codecanbeimplemenedin the GIA core

e Eventsfrom device driversthatonly affect dravablescanbe processedvithin the GIA coreor evert hander,
without interfelenceof a userapplication process(for example,moving awindow);

e Userapplicdions do not have to repairt partsof their userinterfaceoncea hiddenareaof the window gets
exposed.

8.3.1 Drawable handles

Drawablesarealwaysrefererredby handles.Handlesareuniqle identifiersthat mustbe usedfor every operation
on adrawableusingthe GIA API. They arereturnel to the callerwhena new dravableis requestedandareof the

type:
G A _ DRAWABLE

Drawablehardlesarevalidatedonany opertionthroughthe GIA API. This preventsinvadid handesbeingprocessed
by the GIA core.
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8.32 Drawable types

GIA distingushesbetweerseveraltypesof dravaldes. This separatiomalesit possibleto implementdifferentbe-
haviour or processinglgorithmsfor thedravablesdepenthg ontheirtypeandpurpce. For example,abackgourd
drawvalle clearlyhasa differentintendedpumposeandbehaiour thana sprite dravable.

The userapplicdion (or caller, in general)hasto specifythe type of the desireddravade. All dravale types
arespecifiedn gi a. h:

G A TYPE_MAI N W NDOW Main window dravabesrepresenthe standardnainwindows of apgications.

G A _TYPE_BACKGROUND Thereis usuallyonly onebackgound dravale (perdesktopif therearemary) exist-
ing in the system. The backgourd dravale will alwaysbe stacledlowestin the dravable stackingorder.
Thisway, the geneic rediaw functionwill alwaysputit behind all otherdravables.

G A TYPE _MOUSE Onmostsystemsa pointing device will be attached.To representhe positionof the device
on the screen,a mousedrawable is used. Mousedravalles behae differently when otherdravablesare
updatedon the screen.Whenthe updatedareaoverlapswith the mousedravable,the mouse dravade must
be switchedoff during the paintopeationandthenredrawvn.

G A _TYPE_OTHER otherdravables petterknown asspritesareusedior smallobjectdik etooltips,iconsor small
pull down menus Whenthesedravablesarecreatedtheir currert backgourd onthe screerwill becapturel
andrepantedwhenthey move or disappearHowever, the useof this dravabletypeis only reconmendel for
relatively smalldravales.

G A TYPE_OTHER _MASK This type basicallyrepesentsthe sametype as 3@ A TYPE_OTHER, however the
drawvablecancontainatranspaentcolor. Otherwisedt canbeusedandbelaveslikethe@ A TYPE_OTHER
drawables.

8.33 Color depth, color translation

Whena dravalle is reqiestedfrom GIA, it createst basedon the device’s color depth. To compue the amount
of memoryneededor the dravalle, GIA needsto know abou the graplics hardvare capaliities andthe current
graphicsmode Thegraghicsdevice driver mustrespoid to a messagéo requesthe curren graghics device capa-
bilities which containghe sizeandthe color depthof thescreen GIA useshis messagéo determire theamount of
memoy neededThis savesresouresfor systemswith lesscolor deph.

However, to simplify things, applicatiors always work with 24 bit color depth. The applicatiox can simply
assumehat the hardware suppots 24 bit color depth This way no additioral codehasto be implemente in the
userapplication. For exampe, the XPM library alsoonly supprtsimagetypeswith 24 bit color depth.

Internallyall GIA functions processcolorswith 24 bit, soGIA transfomsthe color codesf the hardvaredoes
not suppat 24 bit color depth GIA requestghe color format from the driver andusescolor datalaselibrary (See
sectionl4.3 page73) macra for translatingcolor codesinto theapprgriateforma.

As all GIA the develgpmentfocusedon the WebRanel, GIA currerly only supprts translationto 16 bit, 565
RGB colorformat. Othercolorformatswill beaddedn future, if new graghicshardvarerequresit.

8.34 Drawable graphic contex

Usually, dravales representwindows on the deskt@. When a userapplication wantsto drav somegraphcal
elementsnto thedravale, it useshedrawing functionsprovidedby GIA. All draving coordnatesinsidedravables
arerelativeto thedrawableorigin. If theapplicdion wantedto addresanareawithin thedrawable,thusintroducing
acarvasinsidethedravable,it alwayswould haveto compue the coordnatesof thecarvasrelative to thedravalle,
checkirg for valid coodinatepairs.

To simplify things, GIA introducesthe mechaism of graphc contexts. Graphic cortexts definerectamgular
areaswithin drawvables, definedby an relative origin within the dravableanda size. they canbe undestoodas
drawingwindowswithin adravable. Theapplicdion canspecifya graphic contet to draw insidethatwindow. GIA
takescareof coodinatecheckingandsimply discardsary reqiestoutsidethe graphic contect area. This makesit
possibleto use,for exanple, negative coordnatesto draw aline, asonly the valid partof theline is visible in the
drawalle.
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Themechaism of graphic contexts is heavily usedby the RTK toolkit. It usesgraphic contexts ona perwidget
basiswhich greatlysimplifiesthe handing of thegraphical sideof RTK widgets.

8.4 Managing drawables

As GIA is anadaptemprocessusuallya toolkit is sitting on top of it. Userapplicatiors mostly are built on top of
toolkits andtherefae usethetoolkit’s features, while thetoolkit accessethe GIA API. Only in somecaseslo user
applicatimsdirectly usethe GIA API themseles.In thefollowing thetermuserapplicaion alwaysrefeisto auser
applicaion + toolkit combiration wherethetoolkit actuallyaccessethe GIA API.

To mana@ dravalles GIA providesa setof interfacefunctions. They areusedto:

e Createdravalles
e Deletedravalles

Map drawablesto the screen(make themvisible)

Unmapdravables(thiswill NOT deletethe dravables just remove themfrom the screen)

Paintdravades

Repaintdravables
e Move drawablesto anothe position(mostly usedby a window manage)

e Resizedravables

8.4.1 Createdrawables

To createa new dravalle the userapplicationusesthe:
G A DRAWABLE gi a_new _drawabl e(G A DRAWABLE ATTR *attr);

function. Thefundion will retum ahandleto thenew dravableor NULL, if thefunctionfailed. Theat t r pointsto
anattributesstructurewhichis definedas:

typedef struct gia drawable attr_d

{
int type; /[* drawabl e type */
char *nane; /* optional name */
G A RECT rect; /* size and position */
G A RECT child_rect; /* rectangle of child area */
i nt back_buff; /* flag for background buffering */
char *i mage_buf; /* alternative inmage buffer */
}

G A_DRAWABLE_ATTR

andcontairs the propeties of therequestediravale.

8.4.2 Deletedrawables

Whenadrawableis nolongerneededy anapplicdion, theapplicationcandeletethedravalle. Thisis doneusing
the:

int gia delete _drawabl e(G A DRAWABLE dr awabl e) ;

function. Thedravablewill bedeletedrom the GIA drawvablelist andalsoremoredfrom thedesktg (unmapped)
All associatednemay bufferswill befreed(unlessthey wereprovidedby the userapplicatian).
Thefunctionreturrs 0 on success;1 if anerroroccured.
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8.43 Map drawables

To malke adravale visible onthedesktopat mustbemapged Whenadravableis mapped,its dravabe buffer will
be copiedto thevideomemoy by sendinga requestto thegraghicsdevice driver. Thisis achievedby the:

int gia nap_drawabl e(@ A DRAWABLE dr awabl e);

fundion. The mapfunctionmustnot be corfusedwith the paint or repaintfunction. Although they seemgo have
similar functionality, the mapfunction additiorally invokeswindowmanayer functionswhich causeshe window
managrto createdecordionsfor thedravalle. In generdadravade maybemappedonly oncebut repantedmary
times.

Thefunctionreturrs 0 onsuccess;1 if anerroroccured.
8.44 Unmap drawables

Whenawindaow is tempoarily notusedby theapplicationt canbeunmaged.Unmappng adravalde only removes
it from thevisible screenjt doesnotdeleteary associatedtructureor buffers. Theunma functionis definedas:

int gia unmap_drawabl e(G A DRAWABLE dr awabl e) ;

Thefunctionreturrs 0 onsuccess;1 if anerra occured. The map/umapcombnation maybe usedto implement
pop-up stylewindows, or ments.
8.45 Paint drawables

To make adrawvablevisible onthe screenthe:
int gia paint_drawabl e(G A DRAWABLE dr awabl e) ;

fundion mustbe used.It is usuallynot necessaryo call the paint function, asthe mapfunction implicitly callsit
whena dravale is mappedontothe screen Whenpartsof thewindow arecovered by otherwindows andexposed
again GIA internallytakescareof painting andrepairting dravables.

Howeverin thosecasesvherethe userapplicaion needgo updateadravableexplicitly the paintfundion must
beused.

Thefunctionreturrs 0 on success;1 if anerroroccured.

8.46 Repaintdrawables

On the surface,theremay seemto be no differerce betweerthe paint andtherepaintfunction However, thereis
one, it is subtle,but important. The pairt fundion redrawsthe badkground of a dravale if dravade moved to
anotler position Therepairt function:

int gia repaint_drawabl e(d A DRAWABLE dr awabl e);

doesnotwhichreducstheinternalprocessingequrementssincenochecls for dravablemovementsareperfomed.
Thus, the repairt fundion shouldonly be usedwhenthe dravable contentshave to be updded, but the dravable
positiondid notchang.

Thefunctionreturrs 0 on success;1 if anerroroccured.
8.47 Moving drawables

Becausehe move function is integratedinto the GIA core, GIA hascomgete contrd over all necessargtepsto
move adravable:

1. Remawethedravableform the screenlunmap

2. Repaintthe previously-doscuredareabehindthe dravabe (dore by unmap)
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3. Setthenew positionof thedravale in thedrawablestructue

4. Paintthedravalle (paint)
Usuallythemovefunction
i nt gia _nove_drawabl e(G A DRAWABLE drawable, int x, int y);

is calledby thewindow managr, althoudh it coud be calledby ary applicationif it wantsto forcea positionfor its
window.

At this point the concep of drawales shaows its strengths.As all window (or dravale) contentsare already
definedanddo notchamgeduring amove, all repaintscanbedoneusingthe GIA internaldravale buffers.thereis
no needto interactwith applicaticnsto request new data.

8.4.8 Resizedrawables

Drawablesusually representwindows on the screen. During the lifetime of a window it might be necessaryo
chang its size, eitherby a userrequestor dueto changef its contert. For exanple, if a window is usedfor
displayirg pictures,t mightbeusefulto adap thewindow sizeto theindividual pictures size.this couldbe caused
by the view-applicationwhich setsthewindow sizeor by a userrequestmarually resizingthewindow frame.

Userrequestsare processedby the ROME windov manage asthe userdragsthe correr of the frame of the
window. Applicationreqlestsareprocessethsideanuserapplicationandpassedo the GIA. eitherway they result
in thecall of the:

void gia_resize_drawabl e(G@ A DRAWABLE drawabl e, int dx, int dy);

function whichresizeghedesireddravale in GIA. GIA takescareto freeandallocatedravalde associatednemory
buffers, if no userbuffers have beendefinedfor thatdravable.

8.5 Manipulating drawables

Oncea new drawableis created the userapplication usually needsto manipuate it. Drawable contentscan be
modifiedby usingfunctiors to:

e Draw singlepixels
e Draw lines

Draw boxes

Draw frame$

Putimaged(e.g.createddy the XPM library)

e Cleardravales
With anyopeationonadravabletheapplicaion mustprovide thegraphc context of theareait wantsto manipuate.
An applicationcan calculatethe graphic cortext of the areait wantsto manipulate or obtainthe defaudt graptic
contet for thedravalde by usingthe:

G A DRAWABLE GC gi a_default_gc(3 A _DRAWABLE dr awabl e) ;

function. Thefunction retunsagraphiccontet thatcovers thewholeclientareaof thedravale.

6A frameis a boxwith adefinedline width
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8.51 Draw singlepixels

It is possibleto setandresetsingle pixels inside a dravable. This might be usefulto drav simplegrapts. The
application useghe:

voi d gia_plot (G A DRAWABLE dr awabl e,
G A_DRAWABLE_GC gc,
int x, int y, uint col);

fundionsto setandresetpixds. Resettingpixelsis doneby settingpixelswith the samecolor asthebackgoundof
thedravalle. Notethatx andy arerelative to the graphiccontext, notto the origin of thedrawable.
8.52 Draw lines

GIA providesthe:

int gia draw |ine(G A DRAWABLE drawabl e,
G A_DRAWABLE_GC gc,
int x1, int yl1, int x2, int y2, uint col);

fundion to draw singlelinesof width 1 pixelinto agraphc contect. Thefunction returnsO onsuccess;1 if anerra
occured.
8.53 Draw boxes

Drawing rectanglar boxes is donethroughthe:

int gia_draw box(3d A DRAWABLE dr awabl e,
G A_DRAWABLE _CC gc,
int x, int y, int dx, int dy,
uint col, int fill);

fundion. Thef i | | flagdefinesf theboxshouldbefilled or only aframeshouldbedravn. Thefunction returnsO
onsuccess;1if anerra occured.
8.54 Draw frames

Theframefunction:

int gia draw frame(d A DRAWABLE dr awabl e,
G A_DRAWABLE_GC gc,
uint width, uint col);

draws a framewith a specifiedwidth around the specifieddravable graphc contet. This functionis mainly used
internallyby thewindow mana@r. Thefunction returrs 0 onsuccess;1 if anerra occured.

8.55 Putimages
In orde to putsmallgraphical elementdik e iconsandsmallpicturesinto awindow the:

int gia put_inmge(G A DRAWABLE dr awabl e,
G A DRAWABLE GC gc,
const char *inage,
int x, int y, int dx, int dy,
i nt mask);

fundionis provided. Theimagedatamustbe providedin form of amemay buffer. Usuallysuchanimageis created
usingthe XPM library. The maskparaméer definesf theimageshoud betreatedasa transpaientimage.The put
image fundion returnsO on success;1 if anerra occured.
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8.5.6 Clear drawables

To remove all contentdfrom adrawable,the apgication usesthe:

int gia clear_drawabl e(d A DRAWABLE dr awabl e,
G A DRAWABLE GC gc, int col);

function. Thefunction clearsthewhole dravale areato the specifiedcolor. Thefunctionreturrs 0 onsuccess;1 if
anerroroccured.

8.6 GIA strategies

Whenrunring multiple applications with mary windows on a singledesktop the GIA layer ensuresa consistent
desktopappearace. Window cortentscanoverlgp, mustberepairied or moved around on the visible screen New
windows canappeayor olderonesdisappeafrom the screenFor all of thesecasest is necessaryo repaintcertain
areasof the screerto alwaysrepresenthe curren stateof the working deskt@. GIA implementsseveralstratgies
to achievethis goal.

8.6.1 Background buffering

Backgraund bufferingis relatively simple. Whenusingbackgoundbuffering, GIA captuesthe backgoundfor a
dravalle andrepaintsthe baclgrourd, whenthe dravableis moved onthescreeror if it is deleted.However, this
methodhassomedisadartages:

e Themethodis only efficientfor small dravables becasea buffer for thewhole backgoundof the dravade
mustbe allocatedandthe whole backgoundmustbe repairied every time which mightresultin anextreme
videol/O.

e Thedrawvale backgourd buffer hasto be refreshed,every time the backgound of the dravalle changs.
Otherwisethe dravalle would rememler the backgourd befae the charge andrepaintit, whenit is moved
or hiddenthusundang ary chargesin thebackgound

GIA keepgrackof suchdravablesandhidesandunhides themautomdically, if the backgourd benegh themgets
changd.

8.6.2 Background repainting

Repaintingthe backgourd is more difficult than backgound buffering. Evely time a drawableis moved on or
deletedfrom the screenanareaon the screerwill be exposed.The conteats of drawablesinsidethis areahasto be
repaintel by GIA.

Whenmoaving or deletinga dravable GIA deterninesthe rectande of the exposedarea. It builds a list of all
dravables that ovedap with that areawhile alsoconsideing the dravalle staking on the desktop For every of
thesedrawableit definesa setof rectandesthathave to berepaintedor thatparticdar dravalle andrepaintst (see
figure 20).

This methodis desirablefor larger dravableswherebackgound buffering would usetoo muchmemoryand
keepingtrack of changesvould betoo processorintensve.

8.6.3 Clipping

A comnon situationis thatareasof dravales arehiddenby othe dravables on the screen Whenpartially hidden
dravaldleshaveto beupdatedGIA deterninestheactualvisible partsof thedravalde andonly updatestheseareas.
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Window #3

Window #1

Window #2

Remove window #1

Window #3

W repaint rectangle window #3
w4 repaint rectangle window #2

Window #2

Figure20: GIA baclgrourd repaintirg
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8.6.4 External drawable buffers

If anapgication reqlestsa dravable,it candecideif the drawvablebuffer shodd be provided by the videodriver,
or if the application hasits own buffer. This is useful,if the apgication for examge receves video datait wants
to display Insteadof copying the datafrom the videobuffer into the dravalde buffer it could directly provide the
drawale with thevideobuffer.

If an applicationprovidesits own dravable buffer it also hasto careto provide it in the appopriateformat
accordng to the graptics device capabilities. This optionis only availableif the graphic device is locatedon the
local system.

8.7 GIA window managerinteraction

In order to provide dravableswith decaationsandto allow themto be moved arourd the screento iconify them,
to resizethemor to rearraagethem, GIA interactswith awindov managr (seesection 10, page65). Thewindow
managr is a extensionto GIA in form of a sharedlibrary. For eventslike mouse or keyboardactions,specific
functions of the windonv manage extensionlibrary arecalled. This makesit possiblefor the windowv manageto
positiondravablesonthe screeror drav adecoratio for window dravables.

8.8 Fonts

GIA suppots Bitmap Distribution Format fonts (BDF). BDF is a format thatis alsowidely usedin UNIX and
UNIX-lik e opertingsystemsandfont files arefreely availableon theweh

8.8.1 Font path configuration

Thelocationof the BDF font files mustbe corfiguredusingthe SystemManager database This canbe doneby
addinganentryin the systemconfigurationfile or the staticconfigurationlist in the build file. The configuation
entrymustbein the gia sectionandspecifythefont path:

[gia] fontpath:=dos:/c/fonts

If thefontpathvariabe is notdefinal in theconfiguationdatabas&IA will usea defaultvalue.If nofont files can
befound GIA will proeeedwithoutfont suppot.
GIA will notfall backto compiledin fonts, asthe optionfor compled in fontshasto be setat compiletime.

8.8.2 Font file support

Usually GIA loadsBDF fontsfrom a disk whenthey areneededn the system.This savesresoucesasonly fonts
thatarereally usedarekeptin systemmemay. This allows a large variety of fontsto be storedon disk without
wastingsystemresouces. However, asone cannot always assumehat the target configuation containsa filing
systemfont file supprt mustbeexplicitly enabledy usingthe option:

Option G A_FONTFI LE_SUPPORT
in theapplicationbuild file. With this optionenabledGIA will scanthediskfor availablefont files atboad time and

build a smalldatabaewith thefontnamesandthe associatedile names Thedatabaeis usedwhenGIA checls if
afont is availableandwhichfile containghefont data.

8.8.3 Static fonts
If thesystemdoesnotsuppot afiling systemit is possibleto compilestaticfontsin to the GIA code If the:

Option G A _FONTFI LE_SUPPORT

optionis notdefinedin the systembuild file, GIA will compileageneit terminalfont in to the code.
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8.84 Handles

Fontsaremanaedvia font handes. If anapplication wantsto useafont it hasto requesta handlefor thefont from
GIA. Font handes are later usedfor refeencingthe font using GIA interfacefunctiors. The font handletype is
definedas:

G A_FONT

This mechanisnworkslik e the hande mecharsm of toolkits.

8.85 Names

On startupGIA scansthe entire font directay for valid font files and createsa mappirg list of font namesand
filenames Fontnamesarestructuredn thefollowing way:

fam | y-si ze-wei ght - sl ant
for exanple:
Hel veti ca- 18- Bol d- R

Font names arecreatedbasedn entriesin the BDF font files on disk. GIA will mapeachfont nameto therelated
filenameto be ableto load themuponreqwest. Fonts are always refeencedby their font nameratherthantheir
filename.Applicationsmustusethefont nameformat. This makesthefont handing indepenlentof theactualfiling
system Applicatiors canusethe samefont names on any systenregaidlessof theundelying infrastructure.

8.86 Caching

To saveresouresandshortersystenboottime GIA only loadsthefont descripionsratherthancomgete font data.
Whena specificfont is neededn thesystemGIA loadsthefont dynamcally into memory Subsegantrequestsfor
thesamefont will resultin accessinghe font bitmapdatapreviously cachedn systemmemay.

8.9 Mouseadapter

GIA abstractseveraldevicesincluding the pointing device. However, in the caseof the pointing device GIA does
notimplementthe abstractia algoithm itself. GIA doesnotreceie eventsdirectly from pointing device drivers,

it receves sucheverts from the mowseadapteprocess. The mouseadaper is a separat@dapteprocesslocatedin

theadaptetayer, andtakescareof alow level abstractiorof differentpointing device classes.

8.91 Deviceabstracion

The mouseadaper abstractall attachedoointing devicesto a virtual pointing device. Thevirtual poirting device
alwaysdelivers absolutescreercoordnatesandthe stateof a button

If the poirting device alreadydeliversabsolutecoordnates,the mouwse adaptersimply mapstheminto its own
evert andsendsthemto GIA. If the pointing device delivers coordirate deltas,the mouseadaptercomputesthe
resultingabsolutecoodinateshefore sendingeverts to GIA.

8.92 Mousecontrol

The mouseadaper procesglefinesthe positionof the mousecursoron the screen.As it hasto calculatethe new
positionof the cursor whenit receves coodinatedeltas,it keepstrack abou the current position of the mouse
cursor

An externalprocessmight wantto chang the positionof the mouse.For exampe, the windonv managr might
wantto setthe positionof the mouseto the centerof a newly createdvindow. The mouseadapteprocessupports
acomnandto setthe positionof the mousecursorwhich canbe sentfrom ary otherprocess.
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8.9.3 Configuration
At boa time the mouseadapterecevestwo commandsfrom the systemmanagr:

e adevicecommand,which definesthe pointing device processandif the device repats absolutecoordnates
or coadinatedeltas;

e ascreencommnand,which definesthe sizeof the screen.Thescreencommaud is only neededif the pointing
device repats coordnatedeltas.

After this configurationthe mouseadapteis ableto receve andprocessnouseeventsfrom thedevice driver.
For examge, the systemmanaerdatabaseouldcontainfollowing entries:

[ boot]:
:mouse: devi ce serial _nouse 1
> nmouse: screen 640 480

for settingup a serialmouseon a 64x480screen.

9 SIA- Sourd Interface Adapter

Unlike the GIA, the SoundnterfaceAdapte processs arelatively simpleprocessLocatedin the adater layer it
providesabstractionsf thesoundhardvarein thesystenby definingagenericsoundsamplestructuran its exterral
headefile. It providesamessagterfacefor sendingrbl ks to thesounddriver processaswell asreceving them.
Additionally it providesanAPI, which primaiily createsnessagewhich arethensentto the sounddriver process.

9.1 Overview

User application
or

Toolkit
|
SIA extension lib :
|
I I
! I
1 :
Y !
SIA message API :
|
|
Y
SlIA core [~ ~ ™ Message Q

|
I
|

Sound
driver

Figure21: SIA ovewiew
Figure 21 shavs anoverview of theintegraion of SIA betweerthe userapgication andthe sounddevice driver.

The SIA corecontrds theflow of messagem the SIA messagejuele which makesit possibleto manipulatedata
flowing in bothdirectiors. The SIA corecanalsosendcontrolmessagedown to thesounddriver process.
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9.2 SIA API

SIA providesanAPI for contrdling theaudiodevice. The SIA coregeneatescontiol messagewhicharesentdovn
to the sounddevice driver proeess. The handlirg of thesemessages competely hiddenwithin the SIA process;
theuserapplicationis notevenawareof messagebeingsentwhenusingthe API. Thesemessagearecreatedising
the:

int sia send _cnd_play();
int sia send _cnd_stop();
int sia send _cnd_pause();
int sia_send_cnd_resune();

fundionsandresultin contrd messagedefinedas:
e ROVE_M SI A CMD_SETUP
e ROVE_M SI A CMD_PLAY
e ROVE_M SI A CMD_STOP
e ROVE_M SI A_CVD_PAUSE
e ROVE_M SI A CMD_RESUME

to besentto thesounddriver. The sounddevice driverimplementsa handlerfor thesemessages.

The setupcommandmessagés sentautonatically whenthe play commandis issuedor theformatof theaudio
streanchangs. It doesnotneedio becreatedy theuserapgication. Usingthe SIA API only makessenseif there
aresourd sampleseingplayed by the audiodevice. Otherwisethe useof the SIA API hasno effect andthe sent
messagewill beignored in the sounddriver process.

9.3 SIA messages

An applicationusesstandadl ROME nbl ks for sendingsoundsamplego SIA. For eachsamplethe application
mustsenda chain of two nbl ks conrectedviatheb_cont field. Thefirst nbl k contairs the a definedheader
structule which is recogiizedby the SIA core. The headerstructurecontairs informationabaut the soundsample
suchassamplerequencyr samplebit width andmustbe providedfor SIA to work. Thesecondrbl k cortainsthe
actualsoundsampledata. The applicationcanrequest a buffer from SIA or provide its own buffer andjust setup
thenbl k’sreadandwrite poirtersto its local buffer.

This mechaismis more efficient asthe userapplicdion canreusethe heade nbl k andonly need to update
theb_cont field whensendinganew nbl k to SIA.

9.4 Generic soundsamplestructure

SIA abstractshe sounddevice by introdwcing agenericsourd samplestructue. It is definedasa C-structue which
is locatedin the external SIA headeffile. SIA expectsmessage® contan a headerf the specifiedformat. This
geneit structuredefinesthe possibleattributesof a virtual audiodevice (seesection9.6 belaw).

9.5 Multiplexing

TheSIA adapteprocessanbeusedby mary userapgicationsin parallel.lt currerily onlyimplemernsonemessage
quete for all messagewhich meanghatmessagesom applicaionsarehandledon afirst comefirst servedpolicy.
Downstreanmessagearechecledfor their contern beforebeingforwardedto thedevice driver processandcontol
messgesareinsertednto the messagstreamjf playbackformatschame.

This policy is adequate for current applicatiors ruming on ROME, but future systemsmay requile a more
sophisticate@pprach.
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9.6 Virtual audio device

All audiodatapasseshroudh the SIA proaess. A level of abstractiorin SIA definesa virtual audo device which
is presentedo the upper layersby the SIA (much like the virtual devicesin GIA). This audiodevice hasgeneic
propertiesandcanbeusedby applicatiors to play any soundsamplehatmeetghevirtual device requiementssuch
assamplefrequeng/ or samplebit width.

Thecurren virtual device suppots only 8 bit, monqg 22040 hertzsoundsamples.

9.6.1 Audio strean transformation

A next stepcouldbeto transfam the audiostreamon thefly. Thevirtual device would belessrestrictive, allowing
ary type of audiodatato be sentthrough SIA. The SIA corewould transfam the audiodatabefore forwarding it
downstream,adaptingits paranetersto the capaliities of the physical audiodevice. This may be applicatbe for
a multi-way confeencingapplication whereparticipartis may interrupt andmultiple “voices” mustbe preseied at
once.

9.6.2 Audio strean merging

Usuallyonly onesoundsamplecanbeplayedby asingleaudiodevice. However, SIA couldimplementamechaism
that allows multiple userprocessesto opena device and playbad their soundsamples.SIA could mege sound
sampledgrom differentprocesseinto oneaudiostreamalsousingaudiostreantransfamation,andsendthe stream
to theaudo device driver.

10 RWM - ROME Window Manager

Whenrunring multiple applicatiors with multiple windowvs on onesystemit is necessaryo provide the userwith
theability to manipuatewindows onthescreenThetaskof GIA is to maragedravableareasonthescreenlt does
not provide ary windowrelatedfundionality. GIA createddravales anddisplaysthemon the screemasthey are
createdusingdefaut screercoordnatesandstackingorder.

TheROME windonv mangerexterdsthefunctionality of GIA by preseting well definedsharedibraryinterface
to GIA. It implemensthefunctionalityto decorde windows, movethemarowundonthescreenresizethemor chang
the stackingorder of windows. GIA usesthe sharedibrary interfaceat strategic pointsin thecoce.

10.1 RWM overview

Unlike window manages thatcanbe found on UNIX or UNIX like systemghe ROME windonv managr is nota
process. It is implemenedasa sharedibrary asanextensionto GIA. Thereasorfor usinga sharedibrary instead
of aprocessare:

e Thememoryfootprint is very small

¢ Commuicationvia anAPI is fasterthaninter processommuicationvia messages

e Usingasharedibrary requreslessadministratie effort thanusinga proess

e The adwartagesof flexibility thatwould be provided by implemening it asa processare not required for

ROME

10.2 Window focus

Whenworking in anervironmen with multiple windows it is necessaryo definean activewindow thatcurrerly
recevesinputsfromtheuser If awindow is activethewindon managr givesit thefocus If awindow getsfocused
RWM autonatically putsit in top of the desktopandchangests colorto the“focusedcolor”. As it is putontop of
thestackingorderit will berepairtedandbefully visible.
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A window canreceve the focusin mary ways. If it is the only window on the desktopit obviously musthave
the focus. When multiple windows are on the desktop the usercan chang the focusedwindow by selectingit.
Newly createdvindows will alwaysbefocusedonce they appearonthescreen.

10.3 RWM-GIA interaction

Wheneer GIA processes mouse keyboardor drawving evert it will sendthe informationto RWM before pro-
cessingt itself. This way RWM alwaysknows abou userinputsanddraving requests. RWM might changethe
informationaccoding to its needor keepit untauchedandjustrecogqizeit.

As RWM is a sharedibrary GIA cannot comnunicatewith it usingmessagesRWM providesa well definel
API thatallows GIA to “inform” RWM abou eventslike mouseclicks or window everts. GIA heaily interacts
with RWM andalsorelieson RWM feedbak. Table 1 gives a shortoverview how GIA andRWM interact.

Evertin GIA RWM API functionused RWM action

New dravalle created rwm si ze_hint() Calculatesandadjuststhe sizeof thediaw-
able so RWM is able to paint itswindow
decoratimsinto thedravale. Setstheini-
tial positionof the nevwindow.

rwm wi ndow_new() Createsa window structureinside RWM
andlinks it in to the RWM corelist.This
function is only calledby GIA,if thedraw-
ableis amainwindowdrawable.

Drawabledeleted rwm del et e_wi ndow() Remaores the window structues from the
RWM corelist.
Drawalle sizechangd rwmresize_ w ndow() Calculatesandadjuststhe new sizeof the-
drawvableandreturrs theresult.
Drawaldle mapped rwm nmap_wi ndow() Raisesthe drawale, pairts its decaoa-

tionsandgivesthewindow the focus.
Mousebuttonpressed | r wm nouse_button_pressed() | Checks,if ary window is affectedy the
mouseclick andreturrsRAWM_HANDL ED if
So.

Mousebuttonreleased | r wn nmouse_butt on_rel eased() | Checks if ary window isaffected by
the mouwse button releaseand returrs
RWM_HANDLED if so.

Key pressed rwm keyboard_event () Checks,if any window isaffected by the
keystrolke andeturns RM\M HANDLED if
so.

Tablel: GIA-RWM interaction

To createa systemwithout RWM a “NULL-RWM” canbe used. It providesenowgh fundionality for GIA to
work properly, implementinga defineddefadt behaviour andreturnvalueswithout providing a typical window
manag@r functionality.

10.31 Creding awindow

WhenGIA createsdravable, it reqestsa sizehint from RWM. RWM now hasthe possibilityto chan@ thesizeof
thedrawvalle, sothereis enoudp spacefor its window decaations.GIA passes structureto RWM which contains
the graphic context of the window client areaandthe windaw frame RWM basicallyenlagesthe frame context
andoffsetstheclientareacontext.

GIA is notawareof changethatRWM madein the attributesstructure asit only usesthe client areagraphics
context for drawing.

RWM createsawindow structurewhich contairs arefeienceto thedravablethatis associateavith thatwindow.
Onfuturerequestshis informationcanbelookedupin the RWM interral window list.
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10.32 Deletinga window

Deletingawindaow is straighforward If RWM is notifiedthata mainwindow dravablehasbeendeletedt simply
deleteghe associateavindow structue fromiits list.

10.33 Painting window decorations

Whena dravale is mappedontothe screenGIA callsthe RWM mapfundion. RWM will drav the decoratiois
for thewindow into the (offscreendravablebuffer, raiseit to thetop of the stackingorde andassignit thefocus.
Whenfinishedit will retun cortrol to GIA whichwill paintthewindow onthescreen.

10.34 Processingmouseactions

Mouseactiors are alsoforwarded to RWM. RWM looks through the visible windows in its list and checls if a
mouseoperdion occuredin anactivearealik e thetitlebarof a correr of thewindow. If anactionaffeadsawindow,
RWM takescareof giving userfeedbak by for exanple painting aghostwindowor othergraphcal elements.

10.35 Processingkeyboardactions

RWM processekeystrakesby checkirg if thereis ary function associatedvith it for the currently focusedwindow.
If so,thefunctionwill beapplied.

10.4 RWM configuration

It is possibleto corfigure RWM windows to someextend Configuationis donethrough the systemcolor config
urationlibrary which contairs the default colors thatare usedfor active or inactive window decoratims or titlebar
font color. Thecolor library valuesarepredefinedat compiletime but canbe change during rurrtime by usingthe
colordatabaséibrary API.

11 The Device Driver Layer

Most of the compnentsin RMP aredesigred to be hardvareindepadentby usingthe coneptof virtual devices
anddevice abstraction.The basichardvareabstractioris dore in the adaptetdayer, chanmling all accesseso the
hardware through adapteiproesses.

The device driver layer cortains the hardvare depenént compmentsof RMP, the device driver processes
Device driver proessedglirectly accesshe hardvareof the systemat aregisterlevel, exploiting thefull capaliities
of the availablechipsets.They communicatewith adaptetayerprocessesia ROME messageandevents.

11.1 Devicedriver initialization

Most devices mustbe initialized befae they canbe used. This canusuallybe doneat bod time, excep for dy-
namicallyaddeddeviceslike PC Cards. As device drivers are processesthe ROME startupcodewill call their
init function whenthe systemis started. This gives the device driver the oppatunity to initialize both, hardware
registers and softwaredata structueswhich needto be setto a definedstate. It can,for examge, setup interrypt
handersandenalte theinterrup linesfor a device.

The ROME startupcodecallsthedevice s init functionsoneafteranotterin the orderin which they areentered
into thesystemprocesdable If therearedepenénciesbetweerdevices’ setupst is the progammesrespomsibility
to ensurea correctorder whenbuilding a system.

11.2 Deviceclasses

As describedn section7.2, RMP groupsdevicesinto device classeso definevirtual deviceswith geneic properties.
Thesedevice classeglescrile a setof deviceswith similar featuessuchaspointing devices, screensor character
input devices. Devicesof the sameclasswill behae the sameway, indepadentof their hardvarestructure. This
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malkesit possibleto exchangea hardvarecompmentandthe associatedhardvare device driver without charmging
othercode.

For exanple, the graphics driver for the WebRanelLCD screerusesthe samecommunicationinterfaceasthe
driver of theNumber9videocard,althowh thehardware is completdy different.

11.3 Communication interface

Device driver processesomrunicatewith processesn the adapterlayer by ROME messagesr events. The
messageandevert typesare definedby the adaptemprocess not the device driver process. A device driver must
suppat thesetof messageandevertsthataredefinedby theadapteprocessn orderto provide agenericinterface
for theadapteprocess.Thetypesandstructuref the messageandeventsaredefinedon a perdevice classbasis.
They aredefinedin theBuild file of theadapte ROME modue, for examge:

Event A A MOUSE

{
ui nt event _type;
voi d *drawabl e;
int x;
int vy;

}

definesanevert for themousepoirting device
Additionally, device driver processemustprovide a certainsetof supmrt messagefor the adaptetayerto be
ableto determinéhardware capaliities. Thesemessagearealsodefinal perdevice class.

12 Graphics devicedriver

Graphics device drivers in RMP arerelatively simple processes.As mostof the more comgex functionality is
implemerted in the hardware independem GIA adapterayer processthe graphics device driver only needsto
implemen elementay functiorality suchas:

e copy animagefrom abuffer to videomemay

e copy animagefromvideomemay to a buffer

This makesthedevelopmen of graphicsdevice drivers very easy

12.1 Messageaypes

As GIA abstractsscreendevicesit also providesthe definition of the messagdypesand structurethat mustbe
suppeotedby a graplics device driver process.The basicmessagearedesignedo sendimagebuffers to thedevice
driver process.They containtheimagebuffer, the sizeof theimageandthe coodinatesof wheretheimageshoud
be displayedon the screen. To increaseperformane, the imagebuffer is not copiedinto the messagebut the
messageontairs a pointer refelenceto theimagebuffer. Sotherewill be only onecopy opeaationwhentheimage
buffer is copiedinto videomemoy.

Therealso exists a supprt messagédo retrieve the device capaliities. Currenly GIA defines the following
messages:

ROVE_M G _PUT Copy theimagerectande into videomemay atthe definedcoordirates;

ROVE_M G _PUT_MASK Samefundionality asROVE_M @G _PUT, but treatthe color O (zeo) asatranspaent
color;

ROVE_M G _XOR Logical XOR theimagerectanglento thescreen;
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ROVE_M G _OR Logical ORtheimagerectamle into thescreen;
ROVE_M G _AND Logical AND theimagerectandg into thescreen;
ROVE_T_d _CET Retrievethedefinedimagerectandge from thescreen;

ROVE_T_G _CAPS Retrieve thedevice capabilitiessuchasscreerx size,screery sizeandcolor depth.

The messagestructuresare definedin the GIA Build file andwill be translatednto ROME messagesvhich are
locatedin thefile:

Messages. h

in theglobal include directoy.

12.2 Messagehandling

To increaseperformane, ROME processesanhande messages their quete handles. However, asqueuehan
dlersare executedwithin a critical sectionall interrugs are disabledwhenrunring in the queuehander, which
meanghatthe systemcannotrespor to ary interryptswhile the processors runring in a process’quete hander.
Therebre only messagethatrequre little compuation time shouldbe conpletely handledin the process’quete
hander.

A graphics device driver usuallyhandledarge blocks of imagedata. Assuminga 640x480 imagewith 16 bit
color depth the device driver hasto copy 600kibibyte into videomemay andmight evenhave to apgy alogical
function on the datarequiiing that the current databe accessedn a readmodify-write cycle. Evenon a high
perfamancesystemhis needssometime.

To prevert the systemfrom beingblocked during this time, the graghics device driver mustnot hardle dataflav
messagem its quete hander. All suchmessagemustbe handlel in thedevice driver mainprocessnessagéoop.

12.3 Graphic device capabilities

GIA needsto know the graphics device capabilitiesto be ableto provide it with the apprgriate image buffer

format. WhenGIA is configure for a device it requeststhe capalilities from the graphcs device driver by sending
a ROVE_M G _CAPS message.Therefae all graphcs drivers mustsuppaot this message.The structureof the
messagés definedas:

t ypedef struct

{
int dx;
i nt dy;
i nt depth;
int format;
}

ROVE_T_G _CAPS;
Thefieldsof the structue mustbe setby the device driver accordiry to thegraphc device capabilities:

dx screerresolutionx (in pixels)
dy screerresolutiony (in pixels)
depth colordepth(bits perpixel)

format colorforma (e.g.RGB 565)
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12.4 Color depth

The low level graphics driver relieson theimagedatapassedn the messagelt doesnot convert ary imagedata
into the appopriatecolor format. GIA is responsike for settingup theimagebuffer for the right size,formatand
color depth(seesection8.3.3. Theonly opeationthatis appliedto theimagedatais the operaion definedby the
messagepcale.

As color corversionhappasin the upperlayer, thedriver coderemairs smallandrelatively simplemaking the
devdlopmert of new drivers or porting to otherhardwareplatforms easier

13 Pointing device driver

In agraphical ervironment with multiple windows onasinglescreenthe usemeeddo interactwith the systemand
manipuate graphcal elementson the screen.An easyway to manag this is to provide a pointing device which
itself is represeted on the screerasa small graphical elementcalledmousecursor. The device hardware allows
it to move themousecursa arourd on the screen By doing sothe usercanselectitemsandmanipuate or interact
with them.

In building a ROME systemthereare mary possibilitiesfor attachinga pointing device. The mostcomman
onemight bethe useof a corventioral mouse but touctscreensandpeninput devicesare gettingmorecomnon,
especiallyin embedied,molile systems.

13.1 Eventtype

Thedriver recogrizesmovementof theattachedointingdevice throwhits interrypt hander. Theinterrypt hander
alsohandeschargesof buttors, switchesor otherhardware attacheabr relatedo thepointing device. It encapsulates
changsin thedevices’ stateinto a pointingdevice event Theevert is definedby the mouseadaptelprocessasit
implemerts thefirst abstractiorevel of the pointingdevice. Theevert is definedas:

ROVE_E_MOUSE
andencapulateghestructure:

typedef struct

{
int event type;
i nt xval ue;
i nt yval ue;
int touch;
}
ROVE_P_MOUSE;

13.2 Deviceclasses
RMP grows poirting devicesinto two differert classes:

¢ Devicessendimg absdute coodinates

e Devicessendig coodinatedeltas

Device driver processesf eitherclassarecommunicatingwith the mouseadaptemproaess. Dependhg onits con-
figuration, the mouseadapteiprocesdranslateghe coordiratevalues provided by the pointing device driver into a
geneit format.

However, devicessendingabsolutecoodinateshave to provide real screercooidinates.This meansthey have
to transfam their interral physicalcoordnatesinto screercoordnates.To do sothey needto be configuredfor the
screersizeandscreerorientation.
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13.3 Device configuration

Depenihg onthe device typetherecanbe differentrequrementsfor configuring the device. Somedevicesdo not
needary configurationat all, otherdevices needextensie configurationinvolving userinteraction For exampe,
a serialmouseusing coordnate deltasto repot its movementwould not necessarilyhave to be configuredat all,
whereasatouchpané might needto be setup by definingrefererce coodinatesandrequre userfeedlack.

13.4 Configuration processes

Somepointing devices requiremore complex configuation procedires. For examge, for the configuration of a
joystick, targetshave to be shavn on the screenwhile awaiting a userfeedlack. This functionality is implermented
in a separatgrocess,a configurationprocess. Usually this procesds run at startuptime andterminatesafter the
deviceis corfigured.As it is anomal ROME processit cantake advartageof thefull RMP functiorality.

The Gunzedevice driver for the WebRaneltouchsceenusessucha configuration process. The configuation
process requestshe userto presstwo targets and awaits the raw coordiratesfrom the driver. Thenit sendsa
configuationcomnmandto the Gunzedriver, providing it with corfigurationparametes. After thatthe Gunzedevice
driver is ableto translateits physical touchsceencoordnatesinto real screencoodinatesand sendthemto the
mouseadayer process.

The Gunzecorfigurationprocesstself is configued through the systemmanagr configurationfile. The entry
in the corfigurationfile definesthe mouseadaper processnameandtheselectedscreeroriertation,for exanple:

[ boot]:
:nconfi g: nouse 1

Thesystemmanagewill sendacommaid to the configuration processjnitiating the configurationprocedire.

14 Support libraries

RMP currerily includesthreesuppat libraries. Oneis usedby STK, the othertwo areusedby RTK andGIA. The
purposeof theselibrariesis to provide functiorality while keepirg the modular RMP designandmakingit easyto
addnew functionality.

14.1 XPM

X PixMap (XPM) is animageformat commanly usedin X11 systems.As almostevery graphc applicationsup-
portsXPM forma, it is very usefulto implement an XPM library for ROME. The XPM library suppots the basic
functionality for creatingimagesfrom files andcompled in XPM structues.

14.11 Format

XPM imagesaredefinedin form of a C-structure It is possibleto includea XPM imagefile into a C-file thesame
way asincluding aheadefile. The XPM file definesa static C variablewhich canbeaccessewithin the C-modue
in whichit isincluded

Thevariabledefinesanarrayof zeio terminatedstringswhich describeheimage. Thesestringscortain infor-
mationaboutthe imagesize, color depth,color tableandthe actualbitmap. An applicationcaneasilyscanthese
stringsandcreateanimagebuffer.

The XPM library providesfunctionsto scanloadedandincluded XPM files. Thesefundions createanimage
structurewhich is usedby the application to hande XPM images.Thestructureis definedas:

t ypedef struct
{

int dx;
int dy;
i nt depth;
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i nt node;
char *i mge;
}
i mage_t;

The XPM fundions do not allocatememay for the imagestructure. Applicatiors mustprovide structureswvhich
areusedby the XPM functions. It is possibleto setoneof two differentmocdesof the createdmage:

XPM_MODE_NORMAL Theimagedatais usedasis. All colors will be displayedasthey aredefinedin the XPM
file.

XPM_MODE_MASK Thecolorzero (0) is interpretedasatranspaentcolor. This malesit possibleto defineshapel
images.
14.12 Included XPMs
An applicationcaninclude XPM files directly into the C-modules. This makessensef:
e Thesystemdoesnot supprt afiling systemandit is therefae notpossibleto readXPM files from disk;
e TheXPM imagefiles arereasonale small.

However, evenif anXPM file is included into the C-modue, it cannotbeuseddirectly. Beforeit canbe handed it
hasto betransfamedinto an XPM imageforma. To dothis XPM library providesthe:

int xpm.inmage fromdata(imge_ t *ing, char **xpnj;

fundion.

14.13 File support

Loading XPM filesfrom diskmakessensavhentheimagesareverybig. As XPM imagesarestoredn string format
including theminto C-coderesultsin hugedatasectionsn thetametfiles. Thereforeit is usefulto beableto load
imagesfrom disk.

The XPM library providesthe:

int xpminmge fromfile(imge_ t *ing, char *fil ename);
fundion to createanimagebuffer from a XPM file storedon disk. It theimagebuffer is only neeeéd tempoarily,
for exanple, to displayaniconin a dialog, it canbe deletedafterwards. This sasesresoucesin memay critical
applications.

14.124 Memory images

Someapgicationsmightwantto compue imageswithout usingXPM files. For exanple, avideoapplicationcould
receve avideostreamandwantsto displayit onthescreenThe XPM library providesa functionto createanimage
from amemay buffer;

int xpm.imge fromnmen(imge t *ing, int dx, int dy, int node, char *buf);

Theapplication mustprovide all propertiesof theimage suchassize,color depth mode andtheimagebuffer.

14.2 Audio library

Theaudo library is usedby STK andcurrently simplifieshandlirg of soundfiles onafiling system.lt abstractshe
soundfiles to ahandleon whichtheapplication canapgy actions.Thehandleis definal as:

H_AUDI O

Thehande mustbeprovidedon ary operaion to identify theaudiofile.
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14.21 Basicfunctions

Theaudiolibrary providesbasicfunctionsto work with audiofiles. It is possibleto openandcloseaudo files using
the:

H_AUDI O audi o_open(const char *fil ename, const char *node);
voi d audi o_cl ose(H_AUD O haudi o) ;

functions.
To readfrom theaudiofile thefunctions:

size_t audio_read(H AUD O haudi o, char *buf, uint len);
int audi o_reset fpos(H AUDI O haudi 0);

canbeused.

14.22 Info structure

Applicatiors canreqiestinformationabou anopenedaudiofile. Theaudiofile propertiesarereturredin anaudo
info structue whichis definel as:

t ypedef struct audio_info_d

{

ushort format; /* sanple format */

ushort channels; [/* nunber of channels */

uint rate; /* sanple rate */

ushort bits; /* bits per sanple */

ui nt datasi ze; /* size of the data (bytes) */
}

audio_info_t;
It canbereqlestedusingthe:
const audi o_info_t *audio_info(H_AUD O haudi 0);

function.

14.3 Color database

To keepa consistentook andfeel betweendifferert apgicationsit is necessaryo definea commoncolor scheme.
The color datalaselibrary providesan API to definecolorsfor differentelementson the screersuchasbuttors or
window frames. Applications canusetheseentriesto setthe color of their graghical elements RTK, for examge,
usesthe color databaséibrary to setthe color of all its widgets. Therefae, ary applicationwhich usesRTK will
have the samdook.

14.31 API

Thecolordatabas@PI is quitesimple. It providestwo functions:

uint color(color_t idx);
void color_set(color_t idx, uint col);

To requestandseta color. The applicdion mustprovide the index of the requestedcolor. Changesin the color

databasdonotautonatically causeéhecurren screeno beupdaded. An applicationwill haveto updateits windows
in orderto make thecolor changsuvisible.
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14.32 Color index

The color databasgrovidesa setof index definitiors for differentgraghical elementon the screen.Thesedefini-
tionsarelocatedin thefile:

colors. h

It is possibleto addnew definitiors for future elements.The default valuesof the database&olor entriesarehard
codedinto thelibrary (file col or s. c).

14.33 Color translation

Thecolordatabaealsoprovidesmacre to do color translation Currentlyonly a macrofor translating24 bit to 16
bit RGB 565is provided:

COLOR_24TOL6( _c)

Thesemacres aremainly usedby GIA for theWebRanelLCD display
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