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Abstract

This technicalreportdescribestheRomeMultimediaPlatform (RMP), a modular, objectoriented,extendable
development environmentfor audioandvideoapplicationprogrammingfor theROME operatingsystem.It shows
thestructureof theplatform,describesthefeaturesof its toolkits andhow they interactwith userapplicationsand
therestof thesystem.

It alsoprovides informationon how to extend the toolkits andhow to incorporatenew componentsinto the
platformby takingadvantageof its modular design.

ROME andthe ROME util ities are free software; you canredistribute them and/ormodify themunderthe termsof the GNU General Public
Licenseaspublishedby theFreeSoftware Foundation; either version2 of thelicense,or (at your option) any later version.

They are distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; without even the implied warranty of MER-
CHANTABILITY or FITNESSFORA PARTICULAR PURPOSE.SeetheGNU GeneralPublicLicensefor moredetails.

Youshouldhavereceivedacopy of theGNU GeneralPublicLicensealong with thisprogram;if not,write to theFreeSoftwareFoundation,Inc.,
59 TemplePlace- Suite330,Boston,MA 02111-1307
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1 INTRODUCTION

1 Intr oduction

1.1 ROME

ROME is an operatingsystemthat hasbeendesigned to manage high speeddatastreamswithin a multimedia
environment. Thesystemis highly modular, with functionality split betweenmultiple processes.To ensurea high
throughput with minimal overheadROME providesa zero copyarchitecture wherepointer referencesto dataare
passedaround insteadof databeingcopied. The goal of this approachis to maximize the utilization of a given
hardware configurationmakingit possibleto:
� Createhighperformancesystemswith muchhigher datathroughput thanconventional systems;

� Build fastapplicationsfor embedded,mobilesystemswith lowerperformanceCPU.

Considering thelatterpoint — especiallyin aworld with moreandmoremobile computingdevices,a fastoperating
systemablefully to exploit theavailablehardwareis essentialfor reasonable performance.ROME is designedto
serve thispurpose.

1.1.1 First application concepts

Both typesof application have alreadybeenprovento work well with ROME in demonstrationsystems:Network-
basedvideodelivery systemsontheMCCPprototypeandVR4300development boardshaveshown highbandwidth
applicationsrunning under ROME, anda 4300-basedembeddedprocessorusedin a WebPanel,a mobileenduser
terminal,couldeasilyruna graphical demo.

Thesedemoapplication ransuccessfullyonROME over a long timeperiod,proving thestability andreliability
of ROME. However, beingspecificallywritten for the systemhardwareconfiguration, the application codewas
neithermodular nor re-usable.

1.1.2 Problems

Customizingapplications for every individual target system’s hardware configurationis time consuming andinef-
ficient. Building customizedmonolithic codemight beacceptable for demoapplications on developmentsystems,
but other, more efficientandeasierwaysof building userapplications hadto befound for building flexible enduser
applicationsin a reasonable amount of time without reinventing thewheel.

For example,porting adevicedriver of agraphics chip integrateddirectly into theapplication to anothersystem
might requiresubstantialrewriting, possiblybreaking systemcodedependenciesandmakingotherpartsof the
codeunusable. This couldrequire immenserecoding effort throughoutthewholecode,makingtimely application
developmenta realimpossibility.

1.1.3 New approach for application development

ROME’s architecture of sharedlibrariesandfastdata-passingpaths providesa good foundationfor designing and
developinga moreflexible support platform for multimediaapplications.As ROME doesnot have to becompliant
with any existing windowing systemor userinterfaces,new designsandtechniquescanbe explored. The Rome
MultimediaPlatform(RMP)wasdesignedto exploit thosecapabilitiesof ROME. RMP provides:
� Modulardesign

� Flexibility andextendibility

� Hardware independentre-usablecomponents

� Small,easyto port, hardware-dependentcomponents

� A genericAPI for userapplicationdevelopment

� Maximizedutilizationof ROME capabilities

Minimizing theamount of hardware dependentcomponents in RMP makesit easyto port RMP to otherhardware
configurationswithout rewriting any of thegeneric componentsor theuserapplication.
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1.2 RMP 1 INTRODUCTION

1.1.4 Futur edevelopment

The RMP designhasalready beenintegratedwith the othersubsystemsof ROME, including local file andNFS
support. The next stepwill be to improve configuration capabilities and flexibility using the emerging system
wide configuration database and the existing ROME systemmanager. A scripting languageis currently under
development for fastprototypingof avarietyof userapplications.

1.2 RMP

The aim of RMP is to provide an integratedprogramming environment for multimedia applications executing on
a wide variety of hardware configurations. The initial development for RMP was basicallydriven by potential
applications for the WebPanel, andso focusesmainly on graphical and sound components,but RMP’s flexible
designopenstheway for many othercomponentsto beembeddedinto theRMP architecture.

1.2.1 RMP overview

RMP is a collectionof modules,implementing processesor sharedlibrarieswithin ROME, which canbegrouped
into threelayers.Eachlayerhasa well defined taskwithin thesystem.

As Figure1 shows, RMP utilizes the full range of ROME communicationmechanisms. This designrequires
that the applicationwill conform to the ROME programming style andprovide a messagedispatcherto forward
messagesto thetoolkit eventor messagehandler. This requirementis similar to toolkit API’s in otherarchitectures
whereapplicationshaveto call a mainloop function for event processing.

Hardwaredependenciesin RMP areonly locatedin the device driver layer. Whenporting RMP to another
hardwareconfiguration, only affecteddevicedriver moduleshaveto bechanged.All othercomponentsin RMP are
hardwareindependent andcanbere-usedonotherhardware platformswithoutchanges.

1.2.2 Modules - RMP processesand shared libraries

The platform containsboth processesand sharedlibraries which collectively comprise the RMP modules. The
processesuseROME dataflow messages to communicateandpassdatabetweenthem. This avoids unnecessary
copiesof thedata.They alsousetheROME eventmechanism to distributenotificationsto upper-level processes.

Thesharedlibraries in RMP have differentpurposes.Someprovide pure library functionality while othersare
basicallyanextension for sendingmessagesto lower-layer processes.

Functionalityis split betweendifferent modulesandmodulesarekeptasindependentaspossible.This design
providesseveraladvantages:

� Modulescanbe addedto or removed from the systemwithout changing othercode. This is useful if new
hardwareis addedto or removedfrom thesystem;

� Modulescanbeaddedfrom or removed from thesystemduring runtime, if thehardwareconfigurationdy-
namically changes1;

� Codemaintenance on a per module basisis mucheasierthanmaintaining a complex systemwith lots of
dependencies;

� Codecanbeexactlyadaptedto anexistinghardwarethusoptimizing memoryusageandoverall performance.

1.3 RMP layering

Whencreatingcomplex systems,a gooddesignwill group differentfunctionalities andtaskswithin the system.
RMP useslayeringto separatedifferent stagesof dataprocessing,introducingthreemainlayers:

� Toolkit layer

� Adapter layer
1especially in mobilesystems,whereremovable deviceslike PC-Cardsarecommon
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1.4 RMP dataabstraction 1 INTRODUCTION

� Devicedriver layer

Theselayersseparatedifferentdegreesof deviceabstraction within RMP.

1.3.1 Toolkit layer

A toolkit is an API for userapplications. RMP currently implements two different toolkits. RTK, the rendering
toolkit, implementswindows,buttons,sliders,textfieldsandotherwidgetsthatarenecessarytobuild agraphic-based
application. STK, thesoundwidget toolkit, provideswidgets for loading, playing andmanaging soundsamples.

As shown in Figure 1, thereareno dependenciesbetweenthe toolkits. Toolkits canindependentlyincluded or
removedfrom a systemor new toolkits canbedevelopedandaddedto RMP in the future. This, again, shows the
flexibility of RMP.

Toolkits aresharedlibraries. They do not have queuesandcannot receive messages.They usetheprocesses
in theadapter layer to communicatewith thedevicedriver processes. However they implementmessageor event
handlers to handlereturnedmessagesfrom the adapter layer. This meansthat userapplications have to call the
toolkit event handlersoncethey receivemessages(seesection3.7.2, page33).

Thetoolkit APIsaretheonly interfacesavailablefor userapplications. Althoughit is possible,userapplications
shouldrarelyaccessadapter layer APIsby themselves.

1.3.2 Adapter layer

The main reasonfor introducing the adapter layer is to managerequestsfrom toolkits, and to prevent resource
conflictsif thereareparallelrequestsfrom differentuserapplications. This is necessaryif thehardware (e.g. the
soundchip)only allowsaccessfor oneprocessor userapplicationata time. Adapterswork asbothmultiplexers for
downstreamanddemultiplexers for upstream data,distributing incoming events to theassociatedprocess.

All processesthatarerequiredto communicatewith thedevicedriver layermustbelocatedin theadapter layer.
Usually thereexists oneadapterprocessper toolkit or device type. Additional toolkits might simply usealready
availableprocessesor, dependingon the device type, requirea new adapterprocessto be implemented. Figure 1
showstwoadapter-layerprocesses;onefor eachtoolkit. SIAis theSound InterfaceAdapter, andGIA is theGraphics
InterfaceAdapter.

Therôleof adapter layer processesis notnecessarilyrestrictedto multi- or de-multiplexing datastreams.In the
caseof GIA a lot of additional functionality is implemented. In additionto GIA’s multiplexing anddemultiplexing
features which take careof distributing mouseor key events to the active target application, GIA providesdesk-
top management,including drawing functions for drawables(seesection 8.3, page 53) andfurthermoreprovides
optional window manager capabilities usinga window manager sharedlibrary extension(RWM).

1.3.3 Devicedri ver layer

In thedevicedriver layer processescontrol thehardware of thesystem.For eachtypeof hardware (e.g.a graphics
chip) thereexistsa device driver process. IT hasa definedcommon API which all driversfor this hardware type
have to implement.

Device driver processes(or modules)aretheonly processesin RMP thatarehardwaredependent. Whenport-
ing RMP to anotherplatform only thesemodules have to be changedor replaced by modulessupporting thenew
hardware.

1.4 RMP data abstraction

Oneof themainaspectsin layeringRMPis theintroductionof successivedataabstractions.Different componentsin
RMParekeptasindependent aspossible,thusbothrequiring otherindependentdataabstractionsaswell asdefining
andimplementing their own. This mechanism allows higher-level componentsto be implementedindependently
from their hardwareenvironment, asthey canrely on certaindatatypes,or encapsulationsthey have to dealwith.
This transparent mechanism makesRMP componentsverypowerful, re-usableandflexible.

Dataabstractionlayersarenotdirectlyassociatedwith RMPlayers,they canbelocatedanywherein thesystem.
Different dataabstraction levelsapplyto differentgroupsof components,whichdonotnecessarilyhavetobelocated
in onelayeror definea wholelayer. Dataabstractionin RMP is achievedthrough following mechanisms:
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� Datamapping
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Figure 2: Dataabstractionmechanism in RMP

To reachdifferent levelsof abstraction, thesemethods maybeusedin combination. Figure 2 gives anexample
of differentstagesof abstraction.

1.4.1 Data encapsulation

Processesin thedevice driver layerdirectly control thehardwareof thesystem.Input andoutput operationoccurs
through defined databuffersin systemmemory or through processorandhardwarecontroller registers. Depending
onthehardwaretypetheprocessmayissueDMA operationsandhasto implement functionsfor reactingto interrupts
thatarecausedby I/O.

Devicedriver processesusemessagesoreventsto communicatewith theadapter layerwhile encapsulatingtheir
informationinto themessageoreventbody. Forupstreamdata,raw memory bufferdatawill beencapsulatedin more
abstractstructureslikemblks oreventsmaking it alsopossibletopassthisdataaround in thesystem.Encapsulation
alsomeansproviding moredetailedinformationabout thedata.Thedevice driver will usuallyincludeinformation
about thedatalike thelengthof thedatabuffer, or additionally provide informationabout thedatatypeor evenset
a timestampto makesynchronizationof datastreamspossiblein upperlayersof RMP.

Downstreamdatawill bepresentedencapsulatedto thedevicedriver, includingadditional informationthatmight
benecessaryfor thedevicedriver to interpret thecontaineddata.
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2 WIDGETS

Theadvantageof encapsulating datais thatupper layerprocessesdonothaveto know anythingabout theinternal
representationof the underlying layer. Their functionality is limited to processingthe datain the encapsulated
form from the lower level andproviding informationin encapsulatedform to the lower level. Changesin single
componentsdo not affect any of the othercomponentsas long as the encapsulation doesnot change. Even if a
componentchangesits internalbehaviour, this keepstherestof thesystemunaffected.

1.4.2 Data mapping

In somecasesthe structureor typeof datachangeswhenthey arepassedbetweenRMP components.For exam-
ple, in a device driver processtherecould be a lot of detailedinformation availabledescribing an incoming data
stream.Usuallythis kind of detailedlow level informationandparametersarenot required to bepassedto another
component,becausetheothercomponentsneedonly know selectedparameters of thedatastreamto processit. In
othercasesanother componentsimply mustnot know anything aboutthis detailedinformation. In eithercasethe
destinationcomponentwill useits own datastructure,or classof datastructureto receivedata,which is definedon
a percomponentbasis.

Whenpassingdatato sucha component,data mapping is required. The key datavaluesof the sourcedata
structureis mappedinto theassociatedfieldsof thedestinationdatatype. Multiple stagesof mapping within RMP
will resultin a datatypethatrepresents theoriginal informationat anmoreabstractlevel.

For example, theendpoint of datamapping within RMP is theabstraction into widgetsat theuserlevel, where
complex datatypesandbehaviour patternsaremappedinto a single, simpledatatypefor usein applications.

1.4.3 Changeof encapsulation

Datatransformationscanalsoresultin achangeof encapsulation. Databeingencapsulatedin amessageor anevent
can,for example, bemappedinto anactiondatastructure beforebeingpassedto othercomponents.In RMP this
mechanism is usedto isolatedifferent layersof communicationfrom eachotherto increasethe flexibility of the
communicationmechanism in RMP.

1.4.4 Data translation

Data translation is anotherkey featureof RMP. It providestheability to generategenericAPIs within RMP com-
ponents.Somecomponentsin RMP expect incoming datatypesandparametersto fit into aspecificrange, however
thesourcecomponent(or hardware) createsdatathatdoes not conform with theserequirements.In suchcasesthe
datawill be translatedbefore beingpassedto theothercomponent.Thetranslationcanhappenwithin thesource
componentor in a differentcomponent,suchasa translationprocess.

Data translationusuallydependson hardware featuresof the systemandis therefore not necessarilya static
procedure.This is especiallytrue,if hardware hasto becalibratedbefore being used.Translationcoefficients can
bedifferent onthesamehardwareduetoproductiontolerances.For thesecases,they canbedynamicallyconfigured.

2 Widgets

Widgetsarethebasiccomponentsout of which all toolkits in RMP arebuilt. Widgetscanbethought of assingle
building blockswith a well definedfunctionality, designed to fulfill specifictaskswithin thetoolkit’s environment.
Together, they implementmostof thefunctionality of a toolkit.

Eachindividualwidgetcanimplementits ownfunctionality andencapsulateprivatedatawhichisonlyaccessible
by thewidgetitself. Widgetsareusedthrough anexternalAPI.

2.1 Abstraction

A toolkit canprovidea largesetof widgetsof differentinternal types.Thesewidgetscanhavecompletelydifferent
functionality but for theuserapplicationthey areall representedby onedatatype.An userapplication doesnothave
to worry about thedetailsof a certainwidget implementation,it simply canreference thewidgetvia handles and
names.
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2 WIDGETS 2.2 Object-orienteddesign

The application usesthe widget handles to identify the widget wheninvoking widget methods for a specific
widget type. It canusethenamelookup function(seesection3.6.2) to find thehandle of a widgetusingits name
string.This is like theROME processnamesandqueuehandles.

2.1.1 Handles

Userapplicationsneedto keeptrackof widgetsthey created. This is doneby usingwidget handles. Every toolkit
function thatcreatesawidgetreturns awidgethandle to theapplication. Theapplicationusesthehandle to identify
thewidget on any further operation. Dueto theRMP design, thereexistsonly a singlehandletypeusedacrossall
toolkits (alsoseesection2.3).

2.1.2 Names

Another way of identifying widgetsis throughtheir names,which areassignedon creationof thewidgets. Names
of nestedwidgetsconsistof thenamesof all theirparents,separatedby a dot (.) followedby theirown name.

QUIT

"main_window"

"quit_label"

"quit_button"

Figure3: Widgetnaming

For example, thebuttonlabelwidgetin figure 3 wouldbenamed

"main_window.quit_button.quit_label"

Applications arefree to choose the namesthey give to the widgetsthey create. By usingstring-basednames,it
becomespossibleto represent themasROME URLsandsoreferencewidgetsacrossprocessandsystemboundaries.
Thenamingschemeenableshandlesto bespecifiedfor eachindividualwidget in asystem.Thisbecomesimportant
whensendingactionsto widgetsin otherprocesses.For example, RMP datawidgetscanbeusedfor inter process
communicationthrough widgets.

To avoid confusion widget namesmustnot containdotsandwidgetswithin the samenestinglevel shouldbe
nameddifferently. Widgetswith identicalnameswithin thesamenestinglevel cannot bedistinguishedafterwards.
For widgets"" (no name)is a name,theemptystring, which is treatedthesameway asany othernamestring. If
widgetsdonothaveto bereferencedby namewithin theapplication, they maybegivenemptynames.

2.2 Object-orienteddesign

Widgetsareembeddedin theRMPtoolkit framework. RMPprovidesageneric API for userapplications to manipu-
lateandmanagethem.Thisgeneric API simplifiesapplicationdevelopmentby abstractingwidgetseven of different
toolkits to a singletypeandmakesapplicationcode easierto maintain. To ensurethatall widgets work well within
this environment they needto havesomecommonproperties,namely:

� A setof genericattributes

� A genericAPI
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2.2 Object-orienteddesign 2 WIDGETS

� A genericbehaviour

RMP is designedto providea singleAPI for managing andmanipulatingthegenericcomponentsof widgetsacross
different toolkits. The idea is to be able to apply certainRMP functions to any widget type that is or will be
implementedin a toolkit. To makethispossible,RMPforcesanobject-orientedwidgetdesignby defining theRMP
genericwidgetclass.

2.2.1 Widget class

Whentalking aboutobjectorienteddesign,it is necessaryto definethe termsclassandobject. A widget class
definesa datastructure andthebehaviour. It is a static,compile-time definedstructurethatcontainsattributefields
andfunction prototypesfor theexternal widgetAPI. At run-time, theclassis usedto createinstancesof thewidget
class,alsocalledwidget objects. Theremaybemany instancesof oneclass.

TheRMP generic widgetclassdefinesbotha datastructureanda behaviour. Although it is technically possible
to createinstancesof theRMP generic widgetclass,theRMP API doesnot providea function to doso;thiswidget
instanceor widgetobjectwould provide only very limited functionality andwould beratheruseless.Thepurpose
of the RMP generic widget classis to provide a baseclasswhich toolkits canuseto implement new widgetsby
inheriting its features.

2.2.2 Abstract classes

RMP doesnot provide a function to createwidgetobjectsfrom theRMP generic widgetclass.This classis only
usedasabaseclassto derivesubclasses.A classwhich is only usedasa baseclassis calledanabstractclass.

New toolkits introduce their own abstract classes, by deriving themfrom the RMP genericwidget classand
adding functionalityandattributesto specializethemfor thetoolkit’s needs.

2.2.3 Classhierarchy

Widget classescanbe structuredto build a classhierarchy. Within the classhierarchy derivedclassesinherit at-
tributesandmethods from theirbaseclasses. Whentalkingabout aclassrelationtheinheritedclassis alwayscalled
derivedclasswhile theclassfrom which it is derivedis calledbaseclass. Baseclassescanalsobederived classes
of theirparent baseclasses.

* These classes are both derived and base classes

derived from

Toolkit 2Toolkit 1

DerivedDerived

class

Derived

class class

Generic widget Generic widget
base class* base class*

base class

RMP

Generic widget

Figure4: Widgetclasshierarchy example

Figure4 showsanexample for awidgetclasshierarchy. Thegeneric baseclassdefinesthecommondenominator
for all widgetsin theclasstree. Toolkit 1 derives its own genericwidgetbaseclassfrom the generic widgetbase
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2 WIDGETS 2.3 RMP generic widgetclass

class,sothetoolkit 1 genericwidgetbaseclassis bothderived classandbaseclassdependingon thepoint of view.
Thesamemechanism appliesto theToolkit 2 genericwidgetbaseclass.

2.2.4 Widget object

Eachclassdefines its own attributesandbehaviour. During run-time the application createsinstancesof classes,
calledwidget objects, or just widgets for short. Theseobjectshave the attributesand features described in the
associatedclass.Theapplication cancreatemany objects of thesameclassandcombine themin any way theRMP
API allows it to.

A classis only anabstractdefinitionof a widget. Only whena widgetobjectis createdis memory allocatedto
accommodatethewidgetobject’s attributes.At this pointawidgetobjectactuallyexistsin thesystem.

2.2.5 Object structur es (nesting)

Widgetsof the sameor different typescanbe arranged to build morecomplex structures. It is possibleto nest
widgetsin orderto combine their functionality. Whenwidgetsarenestedthey usuallybuild a widgettreestructure.
Nestingcombineswidgetobjectsnotwidget classesandmustnotbeconfusedwith classinheritance.

Widgetscanalsobeconnectedvia theactionmechanism (seesection2.8, page 25) whichenablesthemto pass
informationbetweeneachother. Toolkitscanusethesemechanismsto createmore complex widgets.For example,
theRTK labeledbuttoncreatesa structure out of threewidgets: a labeledbuttonwidgetcontaining a plain button
widgetanda labelwidget.For theapplication only asinglelabeledbuttonwidgetis immediately visible.

2.3 RMP genericwidget class

Thegenericwidget classdefinesthedatastructureandbehaviour of theRMP generic widget.As theRMP generic
widgetclassis theanchor for all widgetsof any toolkit in RMP, any widgetscanbe referencedasthe typeof the
RMP genericwidget.

Within themethods of this classis alsothe only placewherememory for widgetobjectsis allocatedor freed
during run-time. No otherwidget classmethod is allowed to allocateany widget relatedmemory, except for its
privatedatastructures.

2.3.1 Inter nal representation

RMP providesa definitionof theRMP genericwidget class.This definition is not usedby userapplications,only
by toolkit widget implementationsandtheRMP core. The internal definitionof theRMP generic widgetclassis
locatedin thefile:

rmp_widget.h

andis includedby toolkits to obtaintheRMP generic widgetclasspropertiesfor deriving their own widgets.The
typeof theRMP generic widgetis definedas:

rmp_widget_t

which representstheactualC-typeof thestructure. This definitionis only usedinternally by theRMP coreimple-
mentation. TheRMP generic widgetclassis implementedin theC-module:

rmp_widget.c

2.3.2 External representation

Userapplicationsdo not needto know anything abouttheRMP generic widgetclassdatadefinitions.They usethe
toolkit widgetclassdefinitionsderivedfrom theRMP generic widgetclassto createmoreusefulwidgets.

However, userapplications needinformationabout theRMP genericwidgetclasstype, asall widgetsin RMP
arereferencedthrough thatsingletype.This informationis locatedin theexternalRMP header file:
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2.4 Genericattributes 2 WIDGETS

rmp.h

andwill be includedby userapplications. All externalor public definitions of RMP arelocatedin this file. RMP
alsodefinestheRMPgenericwidgethandle which is definedas:

RMP_WIDGET

It providesrepresentationof widgetson a very abstractlevel. Usingthis handle, theuserapplication canreference
anywidget typein anyRMP toolkit.

2.4 Generic attrib utes

Thewidgetcommon attributesareusedto keepdatain thewidgetobjectthat is usedby theRMP coreto manage
singlewidgetsandwidgettrees.Someof theseattributesaresetduring thewidgetobjectcreation, othersaredefined
andusedduring the lifetimeof thewidget. As widget treesaredynamic structures,they canberearrangedduring
run-time. Theattributescomprise:

� Nameof thewidget

� Typeof thewidget

� A referenceto thewidget’sparentwidget

� A referencesto a child widget

� A referenceto a siblingwidget

� Generic API callbackfunctions, calledvirtual methods

All widgetsmustbeinheritedfrom this classfor RMP to work properly.

2.4.1 Nameof the widget

Theterminalcomponentof thewidgetnameis storedin a databuffer insidethewidget object,meaningthename
string is copied into the widgetnamebuffer. This means,that thereis a maximum lengthfor eachcomponentof
widgetnames.If longernamesaregivento widgets,they aretruncatedto themaximum length.

2.4.2 Type of the widget

Whena widget is created, the typeof thewidget is storedin thewidget typefield. Whenmethods of widgetsare
invokedby theuserapplication, thetypefield is checkedto makesurethatthewidgettypeis appropriate.

2.4.3 Parent widget reference

Every widgetkeepsa reference,or handle, to its parent widget.TheRMP coreusesthis handle,for example, when
sendingactionsto widgets.This field is setby theRMP coresupport functionsandusuallyshouldnot have to be
changedby widgetimplementations.

2.4.4 First child widget reference

Here,ahandleto thefirst child in thelist of childrenis stored.Thisinformationmaybeusedin many differentways.
For example,thenamelookupfunction(seesection3.6.2, page32) usesthisfield whensearching for awidget name
within a widget tree.

2.4.5 Sibling widget reference

All children of a widgetarekept in a linked list. This field providesthe link to the next child of thesameparent
widget.
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2 WIDGETS 2.5 Inheritance

2.4.6 Virtual methods

Everywidget mustimplement a setof genericmethods whichareusedby theRMP generic core.Thesearewidget
virtual methods. Eachwidgetregistersthesemethods in thevirtual method fieldsof thewidgetobject. This mech-
anismallows new widgetseitherto inherit thesemethods from their parent classor to override thevirtual methods
in orderto implementtheirown functionality.

2.5 Inheritance

Individual toolkit widgetclassesinherit featuresfrom thegenericwidgetclass.Themechanism of inheritancein
RMP is differentfrom the mechanism used,for example, by C++. As RMP is implementedin C it usesanother
approachto definea classhierarchy.

2.5.1 Data inheritance

Theway of inheriting datafrom anotherclassis relatively simple. Every classis definedby a datastructure. Data
structuresof classesarealwaysdefined to thetype:

XXX_WIDGET_CLASS

whereXXX is theacronym for thetoolkit name.For example, theRMP generic widgetclasstypeis named:

RMP_WIDGET_CLASS

Theclasstypeis definedin thewidgetclassheaderfile which is includedby widget classeswhich inherit from that
type.Theheaderfile is alsousedby userapplicationswhichwantto usea specificwidgetclass.

Whena new classis implemented,it definesits own classdatastructure,containingits additional attributesand
methods prototypes.To inherit thedataof its baseclass,it simply includesthedatastructureof its baseclassasits
first attribute. After that thenew classcandefineany new attributesthat it wantsto use.This mechanismensures
a memory layout like shown in figure 5. Thefirst dataattributesin a widgetobjectarealwaystheattributesof the
RMP genericwidgetclassandtheRMP corecanhandle widgetsof any type.

To accessattributes,eachtoolkit providesper-widget-classmacrodefinitions thatcasta givenwidgetobjectto
theappropriatetype.Widgetmethodscanusethesemacrosto accessattributesof thewidgetclassesthemselvesor
of thewidget’sbaseclasses.Themacrosareusedwith thesyntax:

TOOLKITNAME_WIDGETTYPE_DATA(widget)->attribute

where

widget widgethandle

attribute attributein thewidget class

As theaccessmacrosassumeaknownoffsetof theattributedatawithin thewidget object, it is notpossibleto inherit
datafrom multiplebasewidgetclasses.

2.5.2 Privatedata

Whendesigning anobject-orientedclasshierarchy, private datais a way to protect attributesof a baseclassfrom
accessesby a derived class. In object-orientedlanguageslike C++, whena baseclassdefinesprivate attributes,a
derived classinheritsboth,privateandpublic attributesof thebaseclass,but cannot seeor manipulate theprivate
ones.A C++ compilersupports this mechanism.

While implemented in the C language,the inheritancemechanismusedby RMP doesnot provide C++-like
implementationof privatedatain classes.However it is possibleto implement theconcept of privatedatain widget
classes.Whentheinstanceof a classis created,theimplementationcanallocatememory to storeits privatedata.

Insteadof definingthe privatedatastructurein an headerfile, it is definedonly in the C-file whereit will be
referenced.Thismeans,thattheseattributescannot beinherited by otherclasses.
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class attributes
Base widget

class attributes
Base widget

class attributes
Base widget

class attributes
Base widget

Base widget class

+

Derived class B

Class B attributes

+

Class A attributes

+

Class C attributes

Derived class C

Derived class A

+

Class A attributes

Figure5: Datainheritancein widgets

class attributes
Base widget

class attributes
Base widget

Base widget class

private data

Class A

Derived class C

Derived class A

+

Class A attributes

Figure6: Privatedatain widgets
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2 WIDGETS 2.5 Inheritance

2.5.3 Virtual methods

As describedearlierin this sectiontheRMP genericwidgetclassimplements a common or generic behaviour. A
partof this is implementedin form of virtual methods, which areregisteredin thewidgetobject whenthewidget
is createdby the userapplication. Whena widget classis derived from the RMP genericwidget classit inherits
bothdataandgeneric behaviour. If thederived widgetdoesnot change theseentries,it automatically inherits these
methods,astheRMPcorewill usethevirtual methodentriesin thewidgetobjecttocall thewidget’svirtualmethods.

draw

action

Common attributes draw

delete

action

Generic
callback
functions

Callback entries

RTK Generic Widget Definition

Common attributes

Button specific data

structure

Button
callback
functions

Callback entries

RTK Button Widget Definition

Figure7: Examplefor widgetmethod inheritance in RTK

New widget classescanextendtheir functionality by implementing their own virtual methods andregistering
thein thewidgetobject,thusoverwriting theentriesof thebaseclass.Figure 7 shows this mechanismfor RTK. A
new classcanalsointroducenew virtual methodswhichwill beinheritedby its derived classes.

Whena new widget classoverwrites a virtual method, it might be necessaryto rememberthe original virtual
method. For example,whenoverwritingthedeletemethod, thewidgetmustcall thedeletefunctionof its baseclass
within its own deletemethod. Thedeletemethodis theonly method wherethis is required.

Virtual methodsof widgetclassesarenot visible to theuserapplication asthey areonly registeredascallback
entriesin thewidgetobjects.Theuserapplication is notableto accessany virtual methodof awidgetclassdirectly.
How userapplications canusethesemethods is describedin section3.4, page30.

2.5.4 External genericclassmethods

Not all generic functionality of a widgetclassis implementedin form of virtual methods. Therealsoexist external
API methods , for example, thenew methodof a classis suchanexternal API method. Thesemethodsaredefined
in theheaderfile andareonly usedby derivedclassimplementations. If necessary, thewidgetclassmayprovide a
macrodefinitionfor accessingthenew methodin its header file.

External generic classmethods arenot implicitly inheritedlike virtual methods, nor canthey be overwritten,
they needto be implementedby the derived class. Thederivedclassknows about its basegenericmethods class
andcancall theappropriateexternal generic classmethod. Figure 8 shows this mechanism. It requiresdisciplined
codingwhenimplementing new widgetclasses.
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Base widget class

Derived class A

Derived class C

RMP_WIDGET derived__A_new();

  RMP_WIDGET w = base_new();
{

  return w;
}

RMP_WIDGET base_new()
{
  do_sth();
  return base_get_widget();
}

RMP_WIDGET_derived_C_new()
{

  do_sth_else();
  return w;
}

  RMP_WIDGET w = derived_A_new();

  do_sth_here();

Figure 8: Inheritanceof internalclassmethods

2.6 RMP widget genericAPI

Theuserapplication canapplycertaingeneric functionsonany widgetwithin anRMP toolkit. To providecommon
attributesfor all widgetsis onestepto achieve this goal. Another stepis to implement a common behaviour for all
widgetsusinga generic API. In this way, notonly doestheapplicationneednoknowledgeof theinternalattributes
of awidget,it canalsocountona pre-definedbehaviour or reactionto external stimuli, suchasevents.

The generic behaviour is implemented usingvirtual methodsandexternal classmethods. All widgetsmust
implement thesemethods or inherit them. Thesemethods have a definedreturntype andparameter list which is
usedthroughout all RMP toolkit widgets.Thegeneric behaviour of thegeneric RMP widget is very limited. It is
basicallyusedandextendedby widgetclassesof othertoolkits while specializingthemfor thetoolkit’s needs. The
RMP generic widgetdefinesthreegenericmethods:

� Createa widget (external classmethod)

� Deletea widget (virtual method)

� Handle anaction(virtual method)

Thegeneric behaviour is implementedin thefile:

rmp_widget.c

Thereasonfor having two different waysof implementing generic behaviour is thatsomemethodslike deleteand
handle action are independentof the widget type. The RMP coredoesnot needto know about the widget type
whencalling thesemethods.However, whencallinga new method, thetypeof thewidgetis importantandmustbe
provided.

2.6.1 Create a widget

Whena new widget is created,several thingshave to bedone:
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2 WIDGETS 2.6 RMP widgetgenericAPI

� Allocatememory for thewidgetobject
Whenanapplication wantsto createawidget,memory hastobeallocatedto holdtheattributesof thewidget’s
classdefinition. Thisalwayshappens in theRMP generic widgetclassnew method.

� Registervirtual methods in thewidgetobject
The default virtual methods areregisteredin the widget objectby the RMP andmay be overridden as the
widgetinstanceevolves.

� Setthetypeof thewidget
Thedefault type(RMP_TYPE_WIDGET) is setfor thenew widget.

� Initialize datafieldsandbuffersto default values
Default valuesfor parent, child andnext widgetareset.

Thegeneric widgetnew method takescareof all thesethingandpreparesanew widgetobjectto beused.Individual
widgetnew methodsusethegeneric widgetnew method to requestanew widgetobjectandthenrefinetheparameter
by overwriting theappropriatevalues.Thecommonsyntaxfor widgetclassnew methodsis:

RMP_WIDGET toolkitname_widgettype_new(uint wsize,
optional params,
const char *name);

where

wsize thesizeof thewidgetobject (seesection2.7.1)

optional params list of parametersfor thenew method

name thenameof thewidget

Thenumberandtypeof optional params for thewidgetdependson thetypeof thewidget.
However, thenew method of a widgetclassmustnot beusedby theuserapplication. To createa widgetobject

every widget classprovidesa macrodefinition that is usedby the userapplication. The macrois defined in the
headerfile of thewidgetclass:

TOOLKITNAME_WIDGETTYPE_NEW(optional params, const char *name);

Thewsize parameteris omittedin themacrodefinition. Theappropriatesizeof theindividual widgetobjectwill
befilled in by themacrodefinition. Theuserapplication does nothave to know abouttheactualwidget’ssize.

2.6.2 Deletea widget

Thegenericwidget deletemethod takescareof freeingtheallocatedwidget object memory. In individual widget
implementationsthis methodcanbeusedto take actions, whenthewidgetwill bedeleted, suchasfreeing widget
dependent, locally allocatedmemory or do somethingelse. It is even possibleto sendout an action to another
widget.

Thedeletemethodusesthefollowing syntax:

static void toolkitname_widgettype_delete(RMP_WIDGET w);

whereonly theparameterlist is mandatory. Thenaming candiffer, asthismethodactuallyis definedstaticin theC
module. However, it makessenseto keepa consistentnaming scheme.

Whena new widgetclassimplementsits own deletemethod andoverwritesthevirtual methodentryof its base
classin thewidgetobject,it hasto take carethat thedeletemethod of thebaseclassis calledat theendof its own
deletemethod. Thereforethewidgethasto keepa referenceof thebaseclassdeletefunction.
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2.7 Memory management 2 WIDGETS

2.6.3 Handle an action

Thismethodis alsodefinedemptyfor thegeneric widget,except it returnsa

RMP_NOT_HANDLED

code.Otherwidgetsusethis methodto implement theiractionhandlers.
Action handlers look like:

static void toolkitname_widgettype_action(RMP_WIDGET w,
uint action,
void *data);

where

w thewidgetto receive theaction

action theactioncode

data optional datastructure

Individualwidgetactionhandlers canindicatea successby returning:

RMP_HANDLED

Again, aswith thedeletemethod,only theparameterlist, not thenamingis mandatory.

2.7 Memory management

Whenwidget objectsarecreatedor deleted,memory hasto be allocatedor freed. RMP definesa mechanism to
ensurea safememorymanagementfor RMP widget classes.

2.7.1 Allocating memory

When the userapplicationwantsto createa widget it calls the new methodof the specifiedwidget class. The
mechanism describedin section2.5.2 causestheRMP generic widgetnew method to becalled.This methodneeds
to know aboutthesizeof theactualwidgetobject.Therefore thesizeof thewidgetobjectmustbepassedthrough
all new methodsup to theRMP generic widgetnew method. This is necessarybecausetheindividual widgetnew
methodonly knowsabout theobjectsize.

2.7.2 Freeingmemory

Whena widget object is deletedby the application, the associatedmemory buffers have to be freed. This can
beprivatedatastructurebufferswhich have beenallocatedby individual widget implementationsor dynamically,
during run-timeallocateddata.Additionally thememory for thewidgetobjectitself hasto befreed.

The RMP corealwayscalls the deletemethod of a widget whenit shouldbe deleted.The individual widget
deletemethods take careof freeingtheir own allocateddatabeforecalling the deletemethod of their baseclass.
Thisway allocatedmemory is successively freedduringthedeleteprocedure.

Finally, the deletemethodof the RMP generic widget classwill be called,freeing the memory of the widget
object.
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2 WIDGETS 2.8 Widgetcommunicationvia actions

2.8 Widget communication via actions

RMP extends theROME communicationmodelthrough a major innovation in its design,theconcept of widget–
widgetcommunication. Widgetscommunicateusingactions which arecompletely separatedfrom ROME events.
Theseactionsaredirectedto specificwidgetsinvoking thewidget’s actionhandler. As widget–widgetcommunica-
tion is onlybasedonactions,they implement theirowncommunicationmechanismwhichis completelyindependent
from therestof thesystem.

Introducing thisnew layerof communicationopensawidevariety of possibilitiesfor widgetcommunicationand
interaction. Allowing widgetsto sendactionsto otherwidgetsmakesit possibleto build chains of activity within
widgetstructuresthatcancompletecomplex tasks.As widgetsdonotknow whereactionsactuallycomefrom, they
canimplement a context independentbehaviour — they will alwaysbehave the sameway, no matterwho senta
specificaction. Figure9 shows anexample scenariowherea widgetreceivesthesameactionfrom threedifferent
sources.
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Figure9: Widgetevent-actionmechanism

Themechanismof eventtranslationis describedin section3.9, page35.

2.8.1 Sendingan action

Actionscanhavedifferentorigins.They canbesentby:

1. Thewidgetitself (seesection4.2.8)

2. Lower layerprocessesor libraries

3. Userapplications

4. Otherwidgets

To sendanactiontheRMP genericAPI providesthefunction:

void rmp_action(RMP_WIDGET widget, uint action, void *data);

This functionmustbeusedwhensending actionsto a widget.
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2.8.2 Action structur e

An actionusuallyconsistsof a singlecommand codeandanaccompanying datastructure.Thecommand codeis
a integervaluewhich is definedin the toolkit’s external header file (seesection3.7.3, page34). Action command
codes(or actionsfor short)arenameddepending on thetoolkit andwidgetnames:

#define TOOLKITNAME_AC_WIDGETTYPE_CLICKED 0x100

Whensendinganactiona datastructurecanalsobepassedto thewidget. Whetheror not a datastructure mustbe
defineddependson thewidgettypeandthewidgetimplementation.

If adatastructureis definedit is alwayspassedbyreference, evenit is a simpledatatypelikeint or char.
For example:

int x = 23;
rmp_action(widget, TOOLKIT_AC__WIDGET_DUMMY, (void *) &x);

hasto beusedinsteadof:

rmp_action(widget, TOOLKIT_AC_WIDGET_DUMMY, (void *) 23);

asthesizeof theexpecteddatatypeanda pointer datatypecannot beassumedto beequal.

2.8.3 Action purpose

An actionis thecausefor thewidget to do something. Usually it changesits stateor appearance,or both. Further-
moretheactionis forwardedto anusercallbackfunction, if onehasbeendefinedby theuserapplication. Thisway
it is possibleto connect differentwidgetswithin a userinterfaceto automatetheuserinterfacebehaviour.

2.8.4 Using actions for inter-processcommunication

As it is possibleto resolve a widget handle using its name, an applicationcan get a handle for any widget in
thesystem.It is possibleto gethandlesof widgetsthatareusedin otherprocessesor applications. This way it is
possibletosendactionsbetweenwidgetsof different processesandpassinformationbetweenthem.Thismechanism
providesaneasywayof inter-processcommunicationusingwidgets.

Thereis, however, adrawback.As actionsaresentusingAPI calls,thewidgetwhich receivestheactionrunsin
theprocesscontext of theprocesswhichcontains thesendingwidget.Thus,caremustbetakenwhenimplementing
suchactioncallbacks in userapplications.

2.8.5 User callback function support

Usercallbackfunctionscanbeconnectedto individual widgets.This way theuserapplicationwill be informedof
any actionthatoccurredin awidget.Thecallbackfunction will beprovidedwith usefulinformationsuchas:

� Thehandleof widgetthatcausedthecallback

� Thetypeof theaction

� A userdefinedopaque parameter

Eachwidgetonly allows thedefinitionof oneusercallbackfunction. Sotheapplicationhasto takecareto demulti-
plex thedifferentactionsthatcanoccurin aconnectedwidget.

3 Toolkit layer

Userapplicationsusewidgetsof differenttoolkits to implementfunctionality likebuilding agraphicaluserinterface
or managing soundsamples.To do so, they needanAPI thatprovidesall functions to create,manage anddelete
widgetsof different toolkits. The toolkit layer integrates all availabletoolkits in the system,building a working
environment for the userapplications. To the userlayer, it presentsa merged 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-to-useuserapplication
interface.Toolkits in RMP aredesignedto work seamlesslyin theRMP framework, following theimplementation
rulesof RMP.

Toolkits usewidgetsto implement their main functionality while the toolkit coreimplementsthemanagement
of thetoolkit’swidgets.

3.1.1 Modularity

Oneadvantageof having toolkits insteadof integratedfunctionality in a monolithic RMP is, that it allows toolkits
to bemodular. Toolkits for differentpurposescanbeintegratedinto RMP independently providing aflexible mech-
anismfor building a hardwareadapterapplication. On theotherhand, theactioncommunicationmechanism(see
section2.8, page25) allows the connection of widgetsof different typesin different toolkits without the needof
hardcodedmessagepathways,making thesystemevenmoreflexible.

3.1.2 Extendibility

Another advantageof usingtoolkits is that they consistof a hierarchy of widgets,which themselves aremostly
independentof eachother. By adding new widget classesto an existing toolkit it is easilypossibleto extendthe
functionality of antoolkit without changing othercodein thetoolkit. By usingpre-definedabstract widget classes
to derivenew widgetclasses,thedevelopmentof new functionality is madeextremely easy.

3.1.3 High level systemabstraction

Toolkitsintroduceanotherlayerof abstractionto thesystem.Usingwidgets,they canprovideahighlevelabstraction
of systemcomponents,encapsulated in aneasy-to-useframework. Theabstractionof thesysteminto widgetobjects
allowsa hardware independentapplicationdevelopmentwhich resultsin veryportablesourcecode.

The object-orienteddesignof toolkits makesit possibleto createobjectorientedprogramswhile usingthe C
programminglanguage.Theapplicationcantake advantageof boththeefficiency of theC languageandtheobject
abstractionprovidedby thetoolkit.

3.2 RMP genericframework

To definea generic framework, RMP providesthe RMP generic toolkit core API andthe definition of the RMP
genericwidget class. TheRMP generictoolkit coreprovidesthebasicfunctionality of managing widgets. Other
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toolkit coreswill interactwith it to integrate themselves into RMP. The RMP genericwidget class(describedin
section2.3, page17) definestheclassanchorfor all widgetclassesin toolkits.

Using the RMP generic framework, developing new toolkits is very easy. All common function arealready
providedby RMP andcanbeusedby new toolkits. Thus,toolkits only needto extendtheRMP functionality, not
re-implementeverything.

All C-modulesof theRMPgeneric framework arelocatedin aROME-module,calledRMP. ThisROME-module
is a prerequisitefor anytoolkit module usedwith RMP.

3.2.1 RMP core

TheRMP coreis thecentralaccesspoint within thetoolkit layer. It containsa list of all root widgets2 in thesystem
andimplementsall thefunctionality neededto manageandmaintainthis list. Toolkit coresandtoolkit widgetsas
well asuserapplicationsinteractwith theRMP corein order to addressotherwidgetsin thesystem.Whenwidgets
arecreatedby applicationsthey canbecombinedin more complex structures.Theroot widgetsof thesestructures
will registeredin theRMP coreroot widget list which givestheRMP corecompletecontrol over all widgets in the
system.

TheRMP coreis implementedin asingleC-module,called:

rmp.c

TheRMP coreonly providesa partof the functionality of thewholeRMP genericframework. TheRMP generic
widgetclassprovidesthebaseclassfor all widgetsin RMP. It is described in section2.3, page17.

3.2.2 Headerfiles

RMP providestwo headerfiles. Oneis for useby userapplicationsanddefinestheprototypesof theAPI functions
aswell asthedatadefinitions andexternal datatypes.Thisfile is called:

rmp.h

Theotherfile is only usedby toolkits anddefinesinternaldatastructures,types andtheprototypesof the internal
RMP corefunctions.Thefile is called:

rmp_internal.h

Userapplicationsshouldnot includetheinternal headerfile whenthey areusingRMPfunctions. Thispreventsuser
applications from becoming dependentof the internal architecture of RMP. By including only theexternal header
files, theuserapplicationstaysindependent of theimplementationdetailsof RMP.

3.2.3 Data widget

Additionally to theRMP generic widgetclass,which is anabstractclass,RMP alsoprovidesthedatawidget class
from which widgetobjectscanbecreated.Thepurposeof the datawidget is to provide a generic datacontainer
objectswhich canbeusedby userapplications to shareor sendinformation. An application (or process)canuseit
to storedataandanother application canreador change them.

As thedatawidget classis derivedfrom theRMP generic widgetclassit supports theactionandusercallback
mechanism. Userapplicationsuseactionsto manipulatedatawithin thedatawidgetsandthedatawidget itself uses
theusercallback mechanismto forwardtheaction. This enablesuserapplicationsto watch thecontents of certain
datawidgets.

Thedatawidget classdoesnot restrictthetypeof databeingstoredin thewidgetobjects.Therefore thewidgets
areveryversatileandcanbeused,for example, ascommondatapools for several processesor aninformationrelay
within a widget objecttree.

2Theterm root widget refers to thewidget in a widgettreewhich hasno parent.
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3.3 Toolkit integration

RMP providesa generic framework which makestheintegration of new toolkits very easy. To achieve anefficient
implementation,RMPtoolkitsarestructured aspecificwayto makesurethey fit into theenvironment. They consist
of several componentsthat implement different,well defined,functionality. Thesecomponentscanbedividedinto
threemaingroups:

� Toolkit core,implementingboththetoolkit coreAPI andthewidgetvirtual methods APIs

� Generic widgetclassimplementation

� Setsof individualwidgetclassimplementations

User Application

User callbacks

RMP toolkit core

rmp.h

rmp.c

rmp_internal.h

rmp_widget.c
RMP generic Widget

rmp_widget.h

Toolkit generic Widget

toolkitname_widget.h

toolkitname_widget.c

toolkitname.h

Toolkit core
toolkitname.c

toolkitname_internal.h

Toolkit widget
Implementation(s)

toolkitname_widgettype.h

toolkitname_widgettype.c

Figure11: Toolkit implementationoverview

Figure 11 shows anoverview of a individual toolkit integrated into theRMP toolkit framework with theRMP
toolkit coreandtheRMP genericwidgetclass.

3.3.1 Basiccomponents

Thecomponentsof a toolkit areusuallyimplemented in C-modules3. TheseC-modules follow a namingscheme
thatis consistentthroughoutall toolkits for ROME:

toolkitname.c: Toolkit core;

toolkitname.h: Toolkit external header file;

toolkitname_widget.c: Implementationof thegenericwidget classof thetoolkit;

3C-modulesarenot ROME modules.A C moduleis a singleC-sourcefile whereasa ROME modulecancontain several C-modulesto build
a processor a sharedlibrary
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toolkitname_widget.h: Internal header file of thegenericwidgetclassof thetoolkit;

toolkitname_widgettype.c: Individualwidgetimplementations;

toolkitname_widgettype.h: Individual widget headerfile usedby userapplications andwidgetswhich
arederivedfrom thatindividual widget.

EachC-module implementsa specificfunctionality. Within the toolkit the C-modulesarekeptasindependent as
possibleandcommunicatethrough well definedinterfaces.The modular designguaranteesthat a toolkit will be
easilyextendable.

3.3.2 Messageand event handling

All toolkits implementanevent handler for handling events from theadapter layer. As toolkitsaresharedlibraries,
they cannot implement a queuehandler andarenotableto receivemessagesor eventsdirectly. Instead,theprocess
that usesthe toolkit will receive thosemessagesandevents. To allow the toolkit to handle them,the application
hasto call thehandler functionsof eachof thetoolkits it is usingandpassdown everyreplymessageor eventto be
checkedby thetoolkit handler.

Eachtoolkit handler returnsa status,indicatingwhether it handled themessage(RMP_HANDLED) or event or
not (RMP_NOT_HANDLED). If so,theuserapplicationmustnot processit any further. Otherwiseit mustpassit to
thenext toolkit handler andsoforth. If themessageor event wasnot processedby anyof thetoolkit handlers, the
userapplication shouldtry to handleit itself.

3.4 Toolkit core

As described in section2.3, RMP providesa genericwidget classto definea generic anchor for all toolkit class
definitions in RMP. As all toolkit widgetclassesaredirectlyor indirectlyderivedfrom thisclass,they all inherit the
samegenericdataandbehaviour.

Everytoolkit implementsitsowncore,definingthegenericAPI andanAPI for thevirtualmethodsof its widgets.
Thetoolkit coreis implementedin the:

toolkitname.c

C-module. Every new toolkit coreextendstheexisting toolkit API of RMP.

3.4.1 Parameter shielding

Userapplications cannot accessthe toolkit widgetclassvirtual methods directly, they alwayshave to usetoolkit
corefunctions. Thetoolkit coreprovidesbothits own genericAPI andanAPI for all widget classvirtual methods.
It redirects virtual method calls from userapplications to the individual widget. This way it is possibleto check
for invalid parameters in thetoolkit coreratherthanin thewidgetclassitself, which gives theadvantageof having
a trustedrun-time environment at thewidget layer. This avoids thenecessityto run checks in everywidgetclass,
leadingto smallercodesizeandlessrun-time overhead.

3.4.2 Virtual methodmultiplexing

Another importanttaskof thetoolkit coreis to multiplex thecallsof virtual methodsin thewidgets.Within atoolkit
widgetclasshierarchy it is possiblethatnew widgetclassesaddnew virtual methods.Thesemethodsareonly valid
for thenew widgetclassandall its derived classes,not for classesin higher levelsof theclasstree.Soit is possible
thatsomewidgetclassesprovidea certainvirtual methodentry, others donot.

Thetoolkit coreprovidesanAPI for everyvirtual methodthatis implementedby its widgetclasses.As theuser
application usesthe toolkit coreto accesswidget’s virtual methods thetoolkit coreneedsto know if therequest is
valid for thewidget type,deciding if thecall shouldbeexecutedor not. Thetoolkit coreusesthe typefield in the
widgetobjectto determine its typeandto checkif thespecifiedwidgetimplements therequestedvirtual method.

This mechanismmakesit necessaryto change thetoolkit corecodewhenadding a new widgetclassthatintro-
ducesnew virtual methods. If thenew widgetclassdoesnot introduceany new virtual methods, no changes in the
toolkit corearenecessary.
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3.5 Toolkit widget implementation

Every toolkit definesasetof widget classes.Thetoolkit alwaysderives its own generic widgetclassfrom theRMP
genericwidget classto inherit all thegenericdataandbehaviour andto extendit by addingits own attributesand
methods.

3.5.1 Genericwidget class

The toolkit genericwidget classis the anchor for all widgetsin the toolkit. It definesthe genericattributesand
behaviour of all widgetsof the specifictoolkit. Every widget classin the toolkit is directly or indirectly derived
from this class.Thetoolkit genericwidgetclassis implementedin thefile:

toolkitname_widget.h

All generic API methodnamesof this classalsousethis prefix.

3.5.2 Other widget classes

Additionally a toolkit implements a setof widget classes.Usually, every widgetclassdefinitionis put in a separate
C-file called:

toolkitname_widgettype.c

All functionality of thewidgetclassis implementedin thissinglefile, including thenew method, thevirtual methods
andthegenericAPI aswell asspecificexternal support methods for the individual widget type. All external API
methods of a widgetclassusethefilenameasprefix.

3.6 RMP core genericAPI

TheRMP coreAPI providesboththegeneric API for managing widgetsaswell astheAPI to shieldwidgetclass
calls.TheAPI contains functionsto:

� Nestwidgets

� Lookupwidgetnames(findinghandlesof widgets)

� Settheusercallbackfunction of widgets

� Deletewidgets4

� Sendactionsto widgets

3.6.1 Nestwidgets

Whenwidgetsarecreated,they arenot integrated into any structureby default, they arecreatedassingleobjects.
To build more complex widget structureswhich provide morefunctionality it is possibleto combine widgets of
differenttypes.Thebasicfunction to do thatis thewidgetRMP add function:

void rmp_add_widget(RMP_WIDGET parent, RMP_WIDGET child);

Givenaparentanda child widget,it addsthechild widgetinto thechild list of theparentwidget.Theadd function
canbeappliedto anypairof widgets.Thismethodof combining widgetsis callednesting.

As only theRMP coreprovidesanAPI to nestwidgetsandall widgetreferencesarekeptinsidetheRMP core,
it is possibleto find anywidgetof anytypethatcurrently instantiatedin RMP. This,of course,requiresthattheuser
application registers its widgetsin theRMP coreby adding theroot widgetof its widget tree.

4Creating widgets is doneby usingtheindividual widget’s API.
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3.6.2 Lookup widget names

Whenanapplication wantsto applya function to a widgetit needsto know its widgethandle. Whenanapplication
createsa widget, it cankeepthehandle for its lateruse. however, it is not alwayspossibleto usestoredhandles.
For example, whencreatinga complex widget(seesection4.2.4) theapplicationcannot seethewidgethandleof
thenestedwidgetsinsidecomplex widgets. Or theapplicationmayneedto sendanactionto a widget in another
process.

In thesecasesthe application doesnot know about the widget handle, but it knows aboutthe widget name.
Complex widgets definea fixed namingschemefor their nestedwidgets. Oncethe applicationknows about the
complex widget’s name, it canbuild thenameandlookup thewidget handleof thenestedwidget.

Thefunctionto dosois called:

RMP_WIDGET rmp_lookup_widget_name(const char *widget_name);

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

3.6.3 Setuser callback function

In somecasesuserapplicationsneedto know whentheir widgets receive actionsin orderto reactto certainevents
in thesystem.It is possibleto seta usercallbackfunctionto getinformedof any actionsthatoccurin a widget.To
setthecallbackfunction theuseapplication usesthe:

void rmp_set_callback(
RMP_WIDGET widget,
void (*user_cb) (RMP_WIDGET, uint, void *),
void *data);

function.
Theuserapplicationhasto providea callbackfunction whichhastheprototype:

void user_cb(RMP_WIDGET widget, uint action, void *data);

Currentlyit is only possibleto setonecallbackfunctionperwidget.Thewidgetwill sendall actionsto thatcallback
function, sotheusercallbackfunctionhasto de-multiplex theactionsby itself.

3.6.4 Deletea widget

Whenwidgetsareno longerneededthey canbe deletedfrom the widget list. Deletinga widget alwayshappens
through the:

void rmp_delete_widget(RMP_WIDGET widget);

function, whichcallsthewidgetdeletevirtual methodandremovesthewidgetfrom thewidget list.
To avoid orphansin thewidgettree,theRMPcoredeletefunctiontakescarethatall child widgetsof thedeleted

widgetaredeletedaswell. This means,that thewholewidget treeunderthedeletedwidget will beremovedfrom
thewidgetlist andall deletemethodsof thesechild widgetswill becalled.

3.6.5 Sendactionsto widget

As describedin section2.8, widgetscancommunicatevia actions.It is alsopossiblefor userapplications to send
anactionto a widget.For sendingactionsto a widgetthe:

void rmp_action(RMP_WIDGET widget, uint action, void *data);

function is provided. Thevalueof action is definedin the individual toolkit’s externalheaderfile anddepends
on thewidgettype,andon what thewidgetshould do. Thedata parametermayneedto point to a datastructure
whichcanbeusedby thewidgetandis therefore alsodependenton theindividualwidgetimplementation.
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3.7 Toolkit core genericAPI

A toolkit mustimplementa setof mandatory generic interfacefunctions. Thesefunctionsfollow a namingscheme
andhave a definedbehaviour andfunctionality so they areeasyto identify within any toolkit in RMP. They are
implementedin eachindividual toolkit core:

� Initialize thetoolkit

� Messageor event handler

Of course,toolkitscanimplementmany othergeneric functions(ase.g.RTK does)for theirwidgets,but they must
at leastprovide theonesshown above.

Onemight arguethataprogrammercouldchoosewhateverimplementationstyleis suitablefor anew toolkit and
thetoolkit widgetsastheonly thingthetoolkit hasto providein thetoolkit is thegenericAPI. This is probablytrue,
but following acommonRMPimplementationschemefor all partsof thetoolkit makesit muchmoreconsistentand
easierto use.

3.7.1 Initialize the toolkit

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

int toolkitname_init(void);

function is provided.Eachprocessusingthetoolkit mustcall thisfunctionbeforeusageof anyothertoolkit function.
it ensuresthatthetoolkit is put in a definedstate.Thefunctions returns 0 for success,-1 if anerroroccurred.

3.7.2 Handling messagesand events

As toolkit modulesarenotprocessesthey havenomessagequeuesandcannot receivemessagesdirectly. However
they might sendmessagesto theadapter layer which will bereturnedafterbeingprocessed,or call API functions
in theadapter layer that triggereventsto besentback. For this reasonevery toolkit implements anevent handler
whichmustbecalledby theuserapplicationonceit receivesamessage.

1 API call

2 Message sent by RTK

3 Event reply by RTK

4 RTK handler API call

2

1 4

Toolkit (e.g. RTK)

Adapter process (e.g. GIA)

event handler

3

User application

event handler

Figure 12: Message/event handling in thetoolkit

Thetoolkit event handler will determine themessagetype,andhandle it, if necessary. It returns a statusto the
application to inform it whether themessagehasbeenhandledor not. Figure 12showsthismechanismfor RTK and
GIA. Theevent or messagehandler hastheformat:
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int toolkitname_handler(ROME_MESSAGE *msg);

andreturns

RMP_HANDLED

or

RMP_NOT_HANDLED

to indicatethestatusof theoperation.

3.7.3 Toolkit headerfiles

A toolkit coremustprovide two headerfiles. Oneof which is usedby theuserapplications andcontains all API
definitions,pre-processordefinesandtypedefinitions thatareexternally usedby thetoolkit. Thefile is called:

toolkitname.h

Theotherfile containsdefinitionsthatareuserinternallyby widgetclassimplementationsof thetoolkit. It contains
theinternalAPI for useby widgetclassesandotherinternal definitions.Thefile is called:

toolkitname_internal.h

3.8 Toolkit widgetsAPI

Oneof RMP’s goalsis to keepaconsistentnamingschemefor its API. This requires thatall toolkit implementation
follow certainrulesfor namingthegenericAPI functions. This is alsoa requirementfor thegeneric API methods
of widgetclasses.

However, RMP currently definesonly a singlegenericmethod for widgets,the new method,which hasto be
implementedby all RMP toolkit widget classes.

3.8.1 Create a widget

Toolkit coresdonotprovideageneric methodto createwidgets,becausethewidgetnew methodsaredependingon
thewidget type.Individualwidgetimplementationsmight require different parameter typesor differentnumbersof
parametersdepending onthecomplexity of thewidget.Although it is possibleto createagenericmethodto suit the
needs,lackof parametertypechecking generallymakesthis approachmorecomplex.

To keepa simpleAPI the widget new methods is provided by every individual widget implementation (see
section2.6.1, page22). This implies that theuserapplication hasto include theheaderfile of eachwidget type it
uses.

For abstractclasses(seesection2.2.2, page16) it is not necessaryto definean external referenceto the new
methodin form of a macro. For classesof which an applicationcancreateinstances,sucha macrodefinition is
mandatory.

3.8.2 Indi vidual widget API

New toolkitscanintroduceasetof new functionswith theirwidgetclasses.In thecaseof virtual methodsor generic
API functionsthey haveto follow therulesof inheritancedefinedby RMPin orderto work properlywithin theRMP
framework.

New generic functions, other than the new function are definedas external accessiblefunctions andcan be
directlyaccessedby theuserapplication. This makesit necessarythatthesefunctionscheckfor invalid parameters
asthereis noprotectionprovidedby thetoolkit core5.

New virtual methodsmustfollow theRMP implementationrules(seesection2.5.3, page21). This is theonly
way to ensure thatall toolkit widgetswill work properly.

Additionally a new widgetclasscanimplementa setof methods thatsupports specificfunctionsof thatwidget
type. Thesemethods also have to be accessiblefor the userapplication andhave to checktheir parametersat
run-time.

5Of course, a new toolkit could integrateall its widgetfunctionsinto thetoolkit coreandprovide protection for its widgets.
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3.8.3 Widget headerfiles

Everywidgetclassimplementationprovidesaheaderfile. Theheaderfile containsall typedefinitions,pre-processor
definesandmacros thatareassociatedwith thewidgetclassandarefor useby userapplications. It alsocontainsthe
new macrodiscussedearlier. Theheaderfile is called:

toolkitname_widgettype.h

This header file alsocontainsinformation that is provided for otherwidget classesthat derive from this class. It
contains, for example, thedatastructure of thewidgetclassandtypedefinitions.

3.9 Event to action translation

As describedin section2.8, widgetscommunicatevia actions.In ROME, however, processesusuallycommunicate
via messagesor events, whicharenotdirectlyunderstoodby widgets.

To beableto reactto eventsreceived from theadapter layer, theseeventsaretranslatedinto actionsat toolkit
level. Wherethis translationfrom events to actionsexactlyhappensis not important. Theonly thingof importance
is theresultingactionthatis sentto thewidget.

However, following theobject-orienteddesignof RMP, thetranslationmechanismis usuallyimplementedin the
widgetcodeitself. At first sight this might seemstrange, but the reasonto do so is theway events aretranslated.
Events arenot alwaysmapped to actionsoneby one. To create,for example, an clicked action for a widget, a
seriesof eventsis necessary. Theevent translationalgorithm hasto keeptrackof theevents andfinally createthe
appropriateaction,if acertainevent patternoccurred.For theclickedaction,thefollowing eventshaveto occur:

1. Buttonpushevent insidethewidget area

2. Any numberof otherevents,except buttonreleaseevent

3. Buttonreleaseevent insidethewidgetarea

Only afterall theconditionsaresatisfied,theclickedactionwill becreated.As therequirementsfor actioncanvary
with eachindividual widget type,eachwidget implements its own event translationalgorithm. This increasesthe
flexibility of creatingnew widgets.

4 RTK - Rendering ToolKit

Graphical userinterfaces(GUIs)areawaytomaketheinteractionbetweenuserandapplicationeasier. They provide
anobvious way of usingapplication featuresby usinggraphical elementsthatcanalsobefound in therealworld.
To achieveanconsistentlook andfeel,graphical userinterfacesshouldusethesamegraphical elementsthroughout
differentapplications.

TheRenderingToolKit is designedto provide featuresfor doing this in RMP. It implements widgetsto build
graphical userinterfaces,providing anabstractionfor variouscontrol elementsof different types. Theseelements
currently are:

� Windows

� Plainbuttons

� Buttonscontaining labels

� Buttonscontaining pixmaps

� Buttonscontaining labelsandpixmaps

� Togglebuttons

� Pixmappedbuttons
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� Pixmappedtogglebuttons

� Sliders

� Pixmaps

� Canvases

� Drawareas

� Labels

� Text inputfields

Thesewidgetscanbeusedto build aGUI. They arecompletely integratedinto theRMPwidgetframework, building
a subsetof theRMP generic widgetclass.All RMP functionscanbeappliedto any RTK widget.

4.1 RTK overview

RTK is locatedin the toolkit layer. RTK managesall windows andwidgetscreatedby userapplications. RTK
interactswith theadapter layer (GIA) aswell astheuserapplication. An overview of RTK in anapplicationcontext
is shown in figure13.

Widget

implementation

GIA

* This are actually API calls passing events

Widget list

GIA library extension

actions

RTK API

Generic

handler

Event

User application

RTK core

*

*

Figure13: RTK overview

RTK is a shared library and is locatedin the toolkit layer. As it interactswith the adapter layer (GIA in
particular), events aresentbackthathave to beprocessedby RTK. Theuserapplicationpassesany eventreceived
to theRTK event handler (seesection3.7.2). TheRTK handleranalyzes theevent andif appropriateforwards it to
thewidgetthatcurrently hasthefocus.

If theevent wasnot handled by RTK, theuserapplication canhandle theevent in its own handler afterwards.
TheRTK handler operation is completely independent of any userapplicationeventprocessing.
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4.1.1 RTK and GIA drawables

RTK usesGIA drawablesto draw widgetson thescreen.New drawables areonly allocatedfor windowwidgets,
otherwidgetslikebuttonsor labelsaredrawn into thedrawableof theirwindow widget.This technique hasseveral
advantages:

� Only onedrawable is neededfor eachwindow whichreduces memory usage;

� Fewerdrawablesresultin lessoverheadandhigherperformance;

� By keepingthewholewindow content in a singledrawabletheGIA cantake careof clipping andredrawing
exposedwindows.

RTK only keepsreferencesof GIA drawableswithin its widgets,theactualdrawablebuffer is kept in GIA. When
RTK deletesa window objectcontaininga drawablereferenceit alsorequestsGIA to deletethedrawable.

4.1.2 RTK color configuration

RTK canbeconfiguredusingthesystemconfigurationlibrary (seesection14.3, page73). It is possibleto definethe
following attributesof RTK widgetsthrough entriesin thesystemconfigurationdatabase:

� Buttoncolor (COLOR_BUTTON)

� Buttonshadow color (COLOR_BUTTON_DARK)

� Buttonlight color (COLOR_BUTTON_LIGHT)

� Slidercolor (COLOR_SLIDER)

� Slidershadow color (COLOR_SLIDER_DARK)

� Sliderlight color (COLOR_SLIDER_LIGHT)

� Labeltext color (COLOR_LABEL_TEXT)

� Labelbackgroundcolor (COLOR_LABEL_BACKGROUND)

� Text inputfield backgroundcolor (COLOR_TEXT_INPUT_BACK)

� Text inputfield focusedframecolor (COLOR_TEXT_INPUT_FRAME_FOCUS)

� Text inputfield unfocusedframecolor (COLOR_TEXT_INPUT_FRAME_NOFOCUS)

� Text inputfield text color (COLOR_TEXT_INPUT_TEXT)

� Text inputfield focusedcursorcolor (COLOR_TEXT_INPUT_CURSOR_FOCUS)

� Text inputfield unfocusedcursor(COLOR_TEXT_INPUT_CURSOR_NOFOCUS)

Theconfigurationdatabaseis usedby all widgets.If anentryin thedatabaseis changed,all applicationwidgetswill
beaffected. However, they will notbeautomaticallyupdatedonchangesto databaseentries.

4.2 RTK widget classes

RTK definesasetof widgetclassesfor creatingRTK widgets. ApplicationscreatewidgetsthroughRTK widgetAPI
callsandusuallyRTK widgets aregraphical elementsthatappearon thescreen.A RTK widget is a very versatile
object. It canbe very simpleandjust containsomedataor implement morecomplex graphic elements suchasa
labeledpixmapbutton.It cancontainotherwidgetsto form evenmorecomplex structures.
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4.2.1 RTK genericbasewidget class

RTK definesa baseclassfor RTK widgets, theRTK generic basewidgetclass.It is itself is derivedfrom theRMP
generic basewidgetclass.It extendsthefunctionality, implementing a setof methodsandaddinga setof attributes
thatareusedby all RTK widgetclasses.

TheRTK genericwidgetclassis alsoanabstract class.It is notnecessaryto createawidget objectof thisclass.

4.2.2 Widget new method

Every RTK widgetimplementsamandatory new method (seesection2.6.1, page22). Thenew method takescareof
theproper setupof thewidgetobject. In thecaseof complex widgetsit alsocreatesadditional widgetsfor internal
use.Theconstructor returns ahandleto thecreatedwidget.

4.2.3 Simple widgets

Simplewidgetsarethebasiccomponentsin RTK. Someof themcanbe integrateddirectly into a userapplication
while others arebasicallyusedto build morecomplex widgets. A label widget, for example, canbe usedin an
application to displaysometext information.A canvas widgetcanbeabox,or container for otherwidgetsto group
themin theuserinterface.

A button,however, rarely makessensewithout a label. It can be usedwithout a label,but the usermight be
confusedabout thepurposeof suchanelementon thescreen.Theapplicationshouldusea morecomplex button
widgetin this case.

4.2.4 Complexwidgets

Complex widgetsarebuilt from otherwidgets. Theseotherwidgetscanbe simplewidgets(which is usuallythe
case)or othercomplex widgets.Theconstructor of thewidgetwill take careof creatingall containedwidgetsand
nestingtheminto the widget structure. It alsoassignsdefault namesfor the nestedsubwidgetswhich allows the
application to identify them(seesection2.1.2, page15).

Regarding theresultingwidgettree,thereis nodifferenceif anapplication usesa complex widgetor builds the
complex widget structure by itself. However, the widget constructor greatly simplifies the procedure of creating
complex widgets.

4.2.5 Classhierarchy

RTK extends the generic functionality of the RMP generic widget classby introducing the RTK generic widget
class.TheRTK genericwidgetclassaddssomeattributesandgeneric methodsfor supporting RTK specifictasks.
Figure14 shows theclasstreefor RTK widgetclasses.

4.2.6 Widget tr ee

Main window widgetsarekeptin a linkedlist insidetheRMPcoremodule. However, RMP doesnotceratethis list
automatically. TheRTK mainwindow widgetregistersitself in theRMP widgetlist whenit is created.As defined
by theRMPgeneric widgetclass,everymainwindow itself cancontainotherchild widgetswhichagaincancontain
child widgetsthemselves. RMP keepstrack of thesewidgetsby building a widget treestructurefor every main
window.

Theuserapplicationusesthe:

void rmp_add_widget(RMP_WIDGET parent, RMP_WIDGET child);

function to nestwidgets.
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4.2.7 The window widget

Thewindow widget hasa specialrôle insideRTK. It is almostlike otherRTK widgets,so every function canbe
appliedon it, but therearesomepoints in which it differsfrom otherRTK widgets:

� It is theonly widgetthathasanassociateddrawable

� It hasnoparent

� It is theonly widgetthatis actuallydrawn on thescreenwhentheRTK showfunction is appliedon it

� It is theonly widgettypethatcausesthewindow manager to draw adecoration aroundit

All windows thatappearonthescreenarecreatedusingwindow widgets.

4.2.8 Event handling in widgets

RTK widgetscan handle certainGIA events by implementing a event handlermethod. If a GIA event (e.g. a
mouseclick) is receivedby RTK, theRTK coredeterminesthewidget thatshouldreceive theevent (if any). The
widgetitself implements its behaviour andreactsaccording to theevent by creatinganactionaccording to its event
translationalgorithm. Theseactionsareusuallysentto its own actionhandler. It canchangeits internal stateand,
for example,change its appearance.

Theconceptof dividing eventsandactionsmakeswidgetsextremely flexible. As well asfrom defaultbehaviour
to reactto mouseevents,widgetscanbemanipulatedby any otheractionthatis sentto themfrom any othersource.

4.2.9 Position and gravity

Whennestingwidgets,it is possibleto definethechildrenwidget’s positionwithin theparentwidget. Usually the
windowwidgetof anapplicationis therootwidgetandcontainsall child widgetsthatbuild theuserinterface.These
child widgetslike buttons,textfields or labelswill benestedinsidea windowwidget.Thepositionof child widgets
canbedefinedusing
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or

� relativecoordinatesandgravity
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Whenoffsetsaregiven in additionto thegravity thenthepositionof thewidgetresultsoutof therelativeposition
plustheoffset(seefigure 16).

4.2.10 Focus

Events from theadapterlayerthatarehandled by theRTK event handlerwill beforwardedto theactivewidget. To
determine which widget is currently active, RTK setsthe focus to a certainwidget. Whena widgetgetsactivated
by a mouseclick event,it automaticallygetsthefocus. It keepsthefocus aslong asno otherwidgetgetsactivated
by amouseclick. It losesthefocusif

� anotherwidgetgetsthefocus
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� amouseclick occurs in anotherdesktoparea

If auser, for example,wantsto moveaslider, it is notnecessarythatthefingerfollowsexactlytheshapeof theslider
on thescreen.As thesliderwidgetgetsthefocuson themouseclick, it will receive any mouseeventaslongasthe
mouseis moved, independentof themouse’s position,until thebuttonis released.Assumea horizontal slider, the
sliderwouldreceiveall mouseeventsandcoordinatesbut only processthex componentof themouse’s coordinates
regardlessof its positionon thescreen.

TheRTK corewill translatemousecoordinatesbefore sendingevents to thewidget’seventhandler. Themouse
coordinateswill berelative to theorigin of thewidget.Coordinatescanbenegative. It is up to thewidgetto decide
whetheror not thecoordinatesmakesense.

4.3 Widget abstraction

As with all toolkits in RMP, RTK usesthe RMP widget handle to abstractits widgets. Whena userapplication
createsa RTK widget,it returns a handle of thetype:

RMP_WIDGET

Thehandle is, perRMP definition, independentof theactualwidget typeandcanbetransparently usedby a user
application to referencethecreatedwidget.

4.4 RTK genericAPI

RTK providesthegenerictoolkit API describedin section3.7:

void rtk_init(void);
int rtk_handler(ROME_MESSAGE * ev);

Thesegeneric functionsimplement thebasicfunctionality of RTK within thestandardRMP framework.

4.4.1 Create a widget

To createa widgettheapplication simplyusesthenew macroof thedesiredwidget.Themacrois definedto:

RTK_WIDGETTYPE_NEW(optional params, const char *name);

Theapplicationcanprovideanamefor thewidget to identify it within theuserinterfaceor justgiveanemptystring,
if no nameis required. Themacrowill call thenew method of theappropriatewidgetwhich returns a RTK widget
handle to identify thewidgeton futureoperations.

The list of optional parametersdepends on the widget type. Somewidgetsallow additional parameterson
creationto simplify theprocedure. A labeledbutton,for example, canbecreatedwith oneAPI call, providing its
sizeandlabeltext in theparameter list.

4.4.2 Deletea widget

Deletinga widget is oneof theRMP corefunctions. RTK doesnot provide a deletefunctionin its core,but every
RTK widget implementsa deletevirtual method for theRMP core. Deletinga RTK widget is doneby calling the
RMPdeletefunction:

void rmp_delete_widget(RMP_WIDGET widget);

giving thewidgethandle.Thiswill deletethewidgetitself aswell asall nestedwidgets. If thismethodwereapplied
to the “main_window” widget in figure 3, all threewidgetswould be deleted.RMP will only deletethe internal
widgetstructure(s)by calling all their deletemethods, but it will not updateor remove any visible widgetson the
screen.
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4.5 RTK API extension

RTK widgetsmostlyrepresentvisibleobjectsonthescreen.RTK extendsits API to satisfytheneedsof theextended
functionality of the RTK toolkit itself andthe extendedcapabilitiesandpropertiesof its widgets. RTK provides
additional functionsto:

� Show a widget

� Setthepositionof a widget

� Settheorientation(gravity) of awidget

Thesemethodscanbeappliedon all RTK widgets.Othermethodsonly applyto a certainsubsetof widgetsor are
only availablefor aparticularwidget.

4.5.1 Show a widget

To show a widgettheapplication usestheRTK showfunction:

void rtk_show(RTK_WIDGET widget);

If the widget is a “window” widget, the window will be shown on the screen.RTK will causeGIA to copy the
offscreendrawablebuffer to videomemory. If otherwidgetsinsidethewindow arealready presentin thedrawable
buffer, they will alsoappearon thescreen.

If thewidgetis not a window widget, this function will only draw thewidgetinto its window drawable,but not
update or show it on thescreen,unlesstheautoupdate flag of thewidget is set.However, this feature shouldonly
beusedwhenthewindow is alreadypresentonthescreen.Otherwiseindividualwidgetsmightappear onthescreen
withoutany context.

To makeaa singlenonwindowwidgetappearon thescreen,theRTK updatefunctionmustbeused.

4.5.2 Updatea widget

Oncea widget is drawn insidea window andthewindow is shown on thescreen,it is usuallynecessaryto change
thewidget’sappearance.This is done by:

1. Drawing thenew widgetusingtheshowfunction (draw in offscreenmemory);

2. Updating thewidget usingoneof thetheupdate functions(to copy to videomemory):

void rtk_update_widget(RTK_WIDGET widget);

or

void rtk_update_widget_area(RTK_WIDGET widget, GIA_RECT * rect);

To increaseperformancetheupdate functionwill only copy theareaof thedrawable buffer thatis actuallycovered
by thewidgetor theareaof thewidgetthatis coveredby thedefinedrectangle.

Somewidget methods causeactions to be sent to the widget. Theseactionsusually causea change in the
appearanceof thewidget(e.g.text change in a label)andcausethewidgetto updateitself. In thesecasestheupdate
function needs not to becalledby theuserapplication.
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4.5.3 Setthe position of a widget

It is possibleto change thepositionof a widgetwhile it is presenton thescreen.To changethepositionthereare
two possibilities:

� changetheorientation(or gravity):

void rtk_set_orientation(RTK_WIDGET widget, uint gravity);

The valuefor gravity is definedasa logical or of possiblegravity values asdescribedin section 4.2.9,
page40. Whenchanging only gravity, thewidgetwill keepits coordinatesandusethemasoffsetsfor thenew
position;

� changethecoordinates:

void rtk_set_xy(RTK_WIDGET widget, int x, int y);

Whenchangingthecoordinatesonly, thewidgetwill keepits orientationandjustmoveto thenew coordinates,
whether they areabsoluteor relative to a gravity.

5 STK - SoundToolKit

In amulti-media environmentsoundplaysanimportantrôle. An userapplicationcanusesoundin many wayssuch
asemphasizinggraphical events onthescreenor giving acousticalfeedbackonuseractions.

For informationkiosksystems,soundsupport is aneffectivewayof presenting informationto theuser. It makes
theuseof suchsystemsmuchmoreintuitive for inexperiencedusers.

Onothersystems,soundI/O mightbetheonlywaytocommunicatewith thesystematall. Thiscouldbesystems
whichareoperatedby vision impaired usersor in environmentswhereit is notpossibleto usea screen.

Usingsoundwidgetsis a very convenient way to integrateaudiointo ROME applications. Theversatilenature
of the widget abstractionand the flexible widget–widget communicationmechanismmake it very easyto build
complex andpowerful multi-media applications.

For example,it is veryeasyto connect aclicked-actionof anRTK widgetwith aplay-action of aSTK widgetto
causeasound to beplayedwhenabuttonis clicked.All theframework needed to dothis is alreadyprovidedby the
toolkits.

5.1 STK overview

TheSoundToolKit (STK) presents,muchlike RTK, a setof widgetsto support soundI/O usinga relatively simple
API. STK is alsoasharedlibrary locatedin thetoolkit layer. It presentsanAPI to theuserapplication for managing
andusingsoundobjects,alsocalledwidgetsaspartof theRMP architecture.

STK againshows how flexible andpowerful RMP is. Figure 17 shows anoverview of theSTK integration in
thesystem.Thecomparisonof Figure 17 andFigure13 on page36 shows that thebasicconceptsof integratinga
toolkit into RMP arenearlythesamefor both toolkits. Theonly differencebetweenSTK andRTK integration is
thatSTK is handling dataflow messagesinsteadof events.

5.2 STK widget classes

STK implements a set of widget classesfor creatingSTK widgets. Thesewidget classesimplement the basic
functionality that is needed to play andrecordsoundsamples.Applications useSTK widgetsassoundobjects
whichabstractsoundsor soundsamplesat thelevel necessaryto implementtheiraudio capabilities.
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5.2.1 Classhierarchy

STK extends the functionality of its widgetsby introducing a STKgenericwidget class. TheSTKgenericwidget
classis derivedfrom theRMPgenericwidget classandprovidesa baseclassfor all STK widgetclasses.It is the
anchor for all widgetclassesin STK.

Figure 18 shows the STK classhierarchy which is relatively simple. Futurewidget classesare likely to be
developedandto be integratedinto thecurrent structure. As shown in this figure,STK currently implementstwo
widgetclasses:
� sound widgetclass
� sound file widgetclass

5.2.2 Soundwidgets

Soundwidgetsarethe basiccomponentsof the soundsystem.They provide the functionality to recordandplay
backsoundsamplesusingwidgetinternal memory buffers.Depending on theusageof thesoundwidget,it canuse
eitherits own memory buffer to storesoundsamplesor usea buffer providedby theuserapplication.

Soundwidgetsarevolatile. As soonasthewidgetis deletedby theuserapplication, thesoundsamplebuffer will
bedeletedaswell (unlesstheuserapplicationprovidedthebuffer). Soundwidgetsareusuallyusedfor temporary
purposesuchashandling streamedaudio.

5.2.3 Soundfile widgets

Soundfile widgetsarealwaysconnectedto aspecificfile (or URL). All theiroperationsareassociatedwith thatfile.
They canbeusedto playbackanexistingsoundfile from anURL or to createa soundfile andsave it.

5.3 Widget abstraction

As with all toolkits in RMP, STK usesthe RMP widget handle to abstractits widgets. Whena userapplication
createsa STK widget,it returns a handle of thetype:

RMP_WIDGET

Thehandle is, perRMP definition, independentof theactualwidget typeandcanbetransparently usedby a user
application to referencethecreatedwidget.

5.4 STK event handler

WhenusingSTK an userapplicationdoesnot needto handlerepliedRMP messages.However, it mustsendall
received messagesto theSTK messagehandlerbefore handling any messagesby itself. STK messagesaretagged
by theSTK corebefore beingsentsothey canberecognizedin theSTK event handler.

STK’s messagehandlerwill returna status:

RMP_HANDLED

or

RMP_NOT_HANDLED

to indicatethestatusof theoperation.

5.5 STK genericAPI

STK widgetsprovideasetof generic methodsthatcanbeusedonall STK widgets.Thesearethemandatorygeneric
functions:

void stk_init(void);
int stk_handler(ROME_MESSAGE *msg);

As with othertoolkits, all RMP genericfunctionscanbeappliedto STK widgets.
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5.5.1 Create a widget

To createa widgettheapplicationsimply usesthenew macroof thedesiredwidget. Theapplication canprovide a
namefor thewidget to identify it within theuserinterfaceor just giveanemptystring,if nonameis required. STK
will returna STK widgethandle to identify thewidgeton futureoperations.Thenew macros aredefinedas:

STK_WIDGETTYPE_NEW(optional params, const char *name);

Thenumberandtypeof optional params dependson theactualSTK widgettype.Themacroimplicitly calls
theappropriatewidgetnew methodandreturnsaRMP handle to thenew widget.

5.5.2 Deletea widget

DeletingaSTK widgetis done by calling theRMPdeletefunction:

void rmp_delete_widget(RMP_WIDGET widget);

giving thewidgethandle.Thedeletefunction will call thewidgetdeletevirtual method, so thewidgetcanfreeall
associatedbuffers or write any pending databackto disk.

5.6 STK user callback support

In many casesthe userapplicationneeds to know whena soundsamplehasbeenplayedor thereis an incoming
audiodatastream.As theRMParchitecturesupports themechanismof usercallbacksfor its widgets,STK usesthis
featureto interactwith theuserapplication.

All STK widgetsimplement anactionhandler to support RMP widget–widgetcommunication. Widgetaction
handlerswill forward theactionswhich they received to a usercallbackfunction if onehasbeendefined.

As well asforwarding receivedactionsto usercallbackfunctions,STK widgetscreateown actionsto inform the
userapplicationabout statuschangeswithin thewidget.Currently STK widgetsonly createthe:

STK_AC_READY

actionto inform theuserapplication thatthey enteredanidle stateandareableto receivenew commands.

5.7 STK API extension

In additionto theRMP mandatoryAPI, STK providesanextendedsetof functionsfor usewith soundwidgets.All
thesefunctionsareimplementedin theSTK coreandcauseactionsto besentto thespecifiedwidgets,whenthey
arecalled.ThissimplifiestheAPI andmakesthewidget implementationmoreflexible.

5.7.1 Start audio playback

To starttheplaybackof awidgetssoundbuffer, theapplication callsthe:

void stk_play(RMP_WIDGET widget);

function. Thewidgetwill playbackits associatedsamplebuffer andstopwhenfinished.

5.7.2 Stopaudio playback

Theplaybackof anaudiosamplecanbestopped usingthe:

void stk_stop(RMP_WIDGET widget);

function. Thewidgetwill stopplaybackat thecurrent positionandthereadpointerwill beresetto thebeginningof
theaudiosamplebuffer.
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5.7.3 Pauseaudio playback

To pausetheplaybacktheapplication canusethe:

void stk_pause(RMP_WIDGET widget);

function. Thepausefunctionwill stopthecurrent playbackbut keepthereadpointerat thecurrent position. This
emulatesthebehaviour of a pausebuttonona taperecorder.

5.7.4 Resumeaudio playback

Whena widget is in pausemode,playbackcanbecontinuedusingthe

void stk_resume(RMP_WIDGET widget);

function. Playbackwill resumefrom thepositionto whichthecurrentreadpointerpoints.

5.7.5 Start audio recording

Recording of soundsamplesis initiatedby calling the:

void stk_record(RMP_WIDGET widget);

function. Therecording will continueuntil it is stoppedor paused.

6 Futur e toolkits

Thecurrently supported toolkits in RMP focus on multimediacapabilities andmostlyprovide graphic andsound
support. But graphic andsoundsupport areonly two areasamongmany that areusedin a multi-mediaoriented
networking environment. Using thewidget abstractionmechanism of RMP onemight think of many otherimple-
mentations suchas:

� Network widgets
Network widgetscouldprovideasetof generic network operationsto simplify datatransport overavariety of
differentphysicalnetworking systems.They alsocouldprovidedataencryption,QoScapabilities or network
managementfeaturesonaveryabstractlevel.

� Videostreamwidgets
Unlike the fairly staticpropertiesof GUI elements,videostreamsarecharacterized by largedataflows with
timing andsynchronizationconstraints. Ratherthanattemptto extendtheRTK toolkit, videostreamwidgets
could contribute to thealreadyexisting RTK by handling videostreamsof different typeswhile interacting
with network widgets.Videostreamwidgetscouldeasilybeintegratedinto existing applicationsor usedto
build videoapplicationsfrom scratchwithout disturbing existingGUI applications.

� Servicewidgets
Servicewidgetscould be usedin active network systems,providing a certainsubsetof servicesthat could
berequestedovera network. By usingservicewidgets in combinationwith network widgets,active network
elements couldbeeasilybuilt andintegrated into existingnetworks.

Theshown examplesareonly a few possibilitiesof extending RMPwith new, innovative,flexible toolkits. Theflex-
ibility of RMP combinedwith thehigh performancearchitectureof ROME providesa solid basefor fast,efficient,
stableandreliablesystems.
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7 The Adapter layer

Within theRMParchitecture,toolkitsprovidethemostabstractrepresentationof thesystemandits hardware.They
presenta hardware independentsetof widgetsto theuserapplicationlayer, makingdevelopmentof portableuser
applicationsveryeasyandefficient.

Toolkits do not accessthesystemhardware or thehardwaredrivers directly. They do not differentiatebetween
deviceson a low level. Insteadthey group hardwareby functionality andprovide widgetsto represent a certain
functionality. For example, STK providesa widget for managing soundsamples.Thewidget only represents the
soundI/O asa hardware functionality, it hasno relationto any physicallyexistingsound support hardware.

Toolkit implementationsarebasedon another level of hardwareabstractionwhich is providedby adapter pro-
cessesin theadapter layer.

7.1 Adapter processes

The adapter layer providesa level of hardwareabstraction on which the RMP toolkits is based.The abstraction
is implementedasa setof adapter processeswhich are locatedin the adapter layer. Adapter processescanbe
rathersimpleor very complex, depending on thehardwaretypeandlevel of abstractionthey provide. They arenot
necessarilybound to onespecificdevice type,they canimplementsupport for differentdevices.

7.1.1 Minimal adapter processes

Thebasictaskof anadapterprocessis to provideaconnection betweenthetoolkit layerandthedevicedriver layer.
In thesimplestscenariothis meansthat theadapterprocessreceivesandforwardsmessagesfrom thetoolkit layer
andto thedevicedriver processesandviceversa.Thisbehaviour requiresasimplemultiplexing functionality which
is implicitly providedby theROME messageandeventqueue mechanism.

7.1.2 Complexadapter processes

It is possibleto put muchmore functionality into an adapter process. This makessenseif the adapterprocess
abstractsa complex typeof hardwareor a setof hardware components.As anadapterprocessis a ROME process
likeany otherROME processin thesystem,it canbeusedto implement complex algorithmsatarelatively low level
in thesystem.For theupper layerthefunctionality canbeprovidedin form of APIs or controlmessages.

For example theGIA adapter processimplements thecompletebehaviour of a desktop anda window manager
by takingcontrol over all graphical requestsandinput devicemessagesandevents.GIA is by far themostcomplex
adapterprocesscurrently integratedinto RMP.

Theexample of GIA show thatadapterprocessescanprovide an efficient control mechanismwithin an RMP
basedsystem.

7.1.3 Adapter processinterface

Communicationbetweenadapterprocessesandlower layer device driver processesalwayshappens through mes-
sagesor events.Adapterprocessescanimplement a queue handler for ROME messagesandevents just like any
otherROME process.The messagesystemprovidesall advantagesof the ROME messagemechanism suchas
messagepriorities andmultiplexing.

7.1.4 Adapter extensionlibraries

To simplify the communicationbetweena userprocess (or toolkit) andan adapterprocess,eachadapterprocess
providesa extensionlibrary. Extensionlibrariesprovide a sharedlibrary API for theuserprocessandtranslatethe
callsinto messagesthatcanbeunderstoodby theadapterprocess.Thismechanism hasseveral advantages:

� For the userapplicationit is easierto usean API thancreateandsendmessageswhich makesapplication
development faster;

� The ROME messagemechanismautomatically takescareof sequencing requestsandavoids resource con-
flicts;
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� TheROME messagepriority mechanism allows to definedifferentadapteraccesspriorities for different pro-
cesses;

� As messagescanbesentover a network, theuserapplication andthedisplaysystemdo not necessarilyhave
to resideon the samehardware. This makesit possibleto transparentlyrun distributedapplications over a
network.

Extensionlibrariescombine theadvantagesof having a sharedlibrary API with theevent-processinganddataflow
capabilitiesassociatedwith theROME processandmessagemechanism.

However, onemustconsider thatfor sendingmessagesover anetwork thewholemessageincluding any payload
datamight have to be copied at the senderand at the receiver location. This counteractsthe ROME zero copy
philosophyandshouldthereforenotbethecommoncase.

7.2 Virtual devices

Onetaskof adapterprocessesis to provide a level of hardwareabstraction. Adapterprocessescommunicatewith
thedevicedriversof thesystemandprovideamoreabstractinterfaceto theupperlayer. Theabstraction is achieved
by usingmethods likedataencapsulation, datamapping anddatatranslation(seesection1.4, page12).

With adapterprocessesit is possibleto abstracta setof devicesto a virtual device. For example, it doesnot
matterif the input device is a mouse, a touchpad or even a light pen. The adapterprocesswill translatethe data
andpresent a generic pointing device interfaceto theupper layer. Toolkits canimplementa functionality basedon
thepropertiesof thatvirtual pointing device ratherthanimplementing functionality for eachconceivablephysical
device.

If new devicesareaddedto anexisting system,it is only necessaryto implementa new abstraction algorithm
into theadapterprocess.Therestof thesystemdoesnothave to bechanged.

7.3 Devicepropertiesmapping

The principle of having virtual devices allows adapter processesto mapcertainphysical hardware functions to
logical functions. A virtual devicehasacertainsetof genericcharacteristics.For example,avirtual pointing device
currently supports a setof coordinatesandthedevice state.Becausedifferent hardware of a certainsetof devices
hasdifferentphysicalpropertiessuchasdifferentbuttonsandswitchesof amouseor a light pen, theadapterprocess
definesa mapping from thehardware propertiesto thevirtual deviceproperties.

Thismechanismmakesit possibleto definecompletelynew inputmethodswhile thefunctionof avirtual device
canbeemulatedby almostany availablehardware. This makesthe softwarenot only hardwareindependent,but
alsodevice typeindependent.

7.4 Messagesand events

Themechanism of virtual devicesanddevice propertiesmapping requires that theadapterprocessdefines a setof
new messagesandeventsfor thesystem.Thesemessagesandevents areusedto communicatewith therestof the
system. Adapterprocessimplementationsdefineboth messagesfor lower level device driversandmessagesfor
upper level processesandtoolkits or otheradapterprocesses. By definingthe typesof the messagesandevents
adapterprocessesenabletheothercomponentsto fit into theenvironment.

For example, anadapterprocessdefinesthemessagesandeventsfor thevirtual pointing device. To theupper
layersit presents a messagecontaining a setof coordinatesandthecurrentstate.For the lower level device driver
processanevent containing a setof coordinatesanda few opaquefields representingphysicaldevice buttonsand
switchesis provided.Devicedriverprocessesusethepre-definedevent andfill it with thedatareadfrom thedevice
while themapping algorithm in theadapterprocessmapsit into thevirtual pointing device messageandpassesit
up.

This schemeallows differentpointing devicesto work with a toolkit. For examplea touch-screenwill generate
absolutecoordinates,while a mouseindicatesonly relative movement.The representationsareunifiedwithin the
adapterlayer.
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7.5 Control mechanisms

7.5.1 Dataflow control

All datafrom andto devicespassesthroughtheadapterprocess.This makesanadapterprocesstheperfectplace
to take control over dataflows in RMP. Dataflow control canhappenin differentways,dependingon thedatatype
andtherequirementsof thesystem.Adapterprocessesallow thedataflow algorithmsto beadaptedto thehardware
requirementsin averyflexible way.

7.5.2 Multiplexing and demultiplexing

An adapterprocessescanwork together with many differentdevice drivers. Fromtheupper layers,many different
userprocessescanusetoolkits to accessthehardwarethrough theadapterprocess.Oneof its tasksis to multiplex
andde-multiplex the requestsfrom the different userapplications to the different hardware device drivers. The
complexity of this taskdependson thenumberof devicessupportedby theadapterprocess,theindividual device’s
multiplexing capabilitiesandonhow muchotherfunctionality is integratedinto theadapterprocessitself.

7.5.3 Resourceconflicts

By managing thedataflows in thesystem,adapterprocessesavoid resourceconflictsat a low level. For example,
if two userapplications want to accessthe samehardwareat the sametime, the adapterprocesscanresolve that
conflict. How theconflict is resolved,is defined by theadapter processpolicy. It might make senseto applya first
come, first servedpolicy or to serve therequestwith thehighestpriority first. In somecasesit might bepossibleto
merge to requests.For example,if two applicationseachwant to play a soundsampleon thesystem’s soundchip,
theadapterprocesscouldmerge thetwo samplesat run-timeandby doing soplay themsimultaneously.

8 GIA - Graphical Interface Adapter

TheGraphical InterfaceAdapter (GIA) processis locatedin theadapter layer. It implementsthestandardadapter
functionality of multiplexing andde-multiplexing messagesandeventsfrom userapplications andhardwaredevice
driversandpreventingresourceconflicts in thesystem.It includessupport for multiple input deviceslikeakeyboard,
mouseor touchpadaswell asoutput devices.Theoutputdevice currently supportedaretheWebPanelLCD screen
andtheNumber9graphics card.Input devicesarea touchscreenandakeyboardover aserialline aswell asaserial
mousewhichhasbeenaddedrecently.

Additionally, GIA implementstheconceptof drawables. Drawablesbasicallyarecontainers for graphical ele-
mentsthatcanbeusedby userapplications (seesection8.3, page53). Drawablebuffers will bemanagedby GIA
andcanbemanipulatedusingtheGIA API. This abstraction of thegraphics hardwaremakesapplication program-
ming very generic. Usuallya toolkit like RTK sitson top of GIA, utilizing drawablesfor drawing its windows and
widgets.

Keeping drawable buffers within GIA resultsin an improved performance. Buffers are kept as nearto the
graphics device driver aspossible,reducing datapathlengthsin thesystem.Furthermore,asGIA hastotal control
over thedrawable buffersit is possibleto implement very effective algorithmsfor clipping andrepaintingareason
thescreen.

GIA alsosupports the useof an optional windowmanager. Thestandardwindow manager (RWM) is imple-
mentedasasharedlibraryextensionto GIA andprovidesstandardwindowing functionality likemovingandresizing
windows onthedesktop.

8.1 GIA overview

GIA supports themanagementof drawableareasonly in avery elementaryway. It doesnotprovideframes,buttons
or menus. This functionality is implementedby toolkits like RTK (seesection4, page35) whichsit on topof GIA.
Themaintasksandkey featuresof GIA are:

� Managing andmanipulatingdrawables;
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� Keeping trackof all drawablesandtheir stackingorderon thedesktop;

� Interactionwith thelow level graphicsdriver;

� Paintingthedrawablesontothescreen;

� Receiving andprocessingeventsfrom mouse,touchpad,keyboardor otherinputdevices;

� Generatinghigh level mouse,keyboardanddrawable events for RTK;

� Interactionwith anoptionalwindow manager.

8.2 GIA configuration

As GIA is avery flexible, versatileprocessit mustbeconfiguredfor its inputandoutput devices. This is doneusing
theROME SystemManager, whereentriescaneitherbemadein the systemconfigurationfile or placedasstatic
entriesin theapplication build file. GIA is thensetupat boot timeusinga setof commandentries,for example:

[boot] :gia:graphics lcd
[boot] :gia:mouse mouse

After receiving aconfigurationcommand,GIA triesto openthespecifiedinputor output device.

8.3 GIA drawables

For abstracting output devicesGIA usestheconcept of drawables.Drawablesareoffscreenbuffers which represent
a potentialareaon thescreenandcanbemanipulatedby GIA API calls. Drawablesarecompletely encapsulated
into GIA andarereferencedusinghandles.

A drawableusuallyrepresents a window on thescreen,but in general it is just a genericcanvas. Changing the
drawable content is alwaysdoneoffscreen, thusonly changing theGIA internal drawable buffer. To make a change
in thedrawablevisible, thedrawablehasto beupdatedon thescreen.It is alsopossibleto updateor redraw only
certainareasof thedrawable to increaseperformance.Theconcept of GIA drawablesprovidesseveraladvantages:

� GIA is ableto controlall graphic output, asall screenaccesshaveto occurthroughdrawables;

� Keeping all drawable buffers insideGIA makes it possibleto implement effective algorithms for updating
screenareas.This codecanbeimplementedin theGIA core;

� Eventsfrom devicedriversthatonly affectdrawablescanbeprocessedwithin theGIA coreor event handler,
without interferenceof a userapplication process(for example,moving a window);

� Userapplicationsdo not have to repaint partsof their userinterfaceoncea hiddenareaof thewindow gets
exposed.

8.3.1 Drawable handles

Drawablesarealwaysreferencedby handles.Handlesareunique identifiersthatmustbeusedfor every operation
on a drawableusingtheGIA API. They arereturned to thecallerwhena new drawableis requestedandareof the
type:

GIA_DRAWABLE

Drawablehandlesarevalidatedonany operationthroughtheGIA API. Thispreventsinvalid handlesbeingprocessed
by theGIA core.
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8.3.2 Drawable types

GIA distinguishesbetweenseveraltypesof drawables.Thisseparationmakesit possibleto implementdifferentbe-
haviour orprocessingalgorithmsfor thedrawablesdepending ontheirtypeandpurpose.Forexample,abackground
drawable clearlyhasa differentintendedpurposeandbehaviour thanaspritedrawable.

Theuserapplication (or caller, in general)hasto specifythe typeof thedesireddrawable. All drawable types
arespecifiedin gia.h:

GIA_TYPE_MAIN_WINDOW Main window drawablesrepresent thestandardmainwindowsof applications.

GIA_TYPE_BACKGROUND Thereis usuallyonly onebackground drawable (perdesktop, if therearemany) exist-
ing in thesystem.Thebackground drawable will alwaysbe stacked lowestin thedrawablestackingorder.
Thisway, thegeneric redraw functionwill alwaysput it behind all otherdrawables.

GIA_TYPE_MOUSE On mostsystemsa pointingdevice will beattached.To represent thepositionof thedevice
on the screen,a mousedrawable is used. Mousedrawables behave differently whenotherdrawablesare
updatedon thescreen.Whentheupdatedareaoverlapswith themousedrawable,themousedrawable must
beswitchedoff during thepaintoperationandthenredrawn.

GIA_TYPE_OTHER otherdrawables,betterknownassprites,areusedfor smallobjectsliketooltips,iconsorsmall
pull down menus.Whenthesedrawablesarecreated,their current background on thescreenwill becaptured
andrepaintedwhenthey moveor disappear. However, theuseof thisdrawabletypeis only recommended for
relatively smalldrawables.

GIA_TYPE_OTHER_MASK This type basicallyrepresentsthe sametype asGIA_TYPE_OTHER, however the
drawablecancontaina transparentcolor. Otherwiseit canbeusedandbehaveslike theGIA_TYPE_OTHER
drawables.

8.3.3 Color depth, color translation

Whena drawable is requestedfrom GIA, it createsit basedon thedevice’s color depth. To compute the amount
of memoryneededfor thedrawable, GIA needsto know about thegraphics hardwarecapabilities andthecurrent
graphicsmode. Thegraphicsdevice driver mustrespond to a messageto requestthecurrent graphicsdevice capa-
bilities whichcontainsthesizeandthecolordepthof thescreen.GIA usesthismessageto determine theamount of
memory needed.Thissavesresourcesfor systemswith lesscolordepth.

However, to simplify things,applications alwayswork with 24 bit color depth. The application cansimply
assumethat thehardware supports 24 bit color depth. This way no additional codehasto be implemented in the
userapplication. For example, theXPM library alsoonly supportsimagetypeswith 24bit colordepth.

Internallyall GIA functionsprocesscolorswith 24 bit, soGIA transformsthecolorcodesif thehardwaredoes
not support 24 bit color depth. GIA requeststhecolor format from thedriver andusescolor databaselibrary (See
section14.3, page73) macros for translatingcolorcodesinto theappropriateformat.

As all GIA thedevelopmentfocusedon the WebPanel,GIA currently only supports translationto 16 bit, 565
RGB color format. Othercolor formatswill beaddedin future, if new graphicshardwarerequiresit.

8.3.4 Drawable graphic context

Usually, drawables representwindows on the desktop. When a userapplication wantsto draw somegraphical
elementsinto thedrawable, it usesthedrawing functionsprovidedbyGIA. All drawingcoordinatesinsidedrawables
arerelativeto thedrawableorigin. If theapplication wantedto addressanareawithin thedrawable,thusintroducing
acanvas insidethedrawable,it alwayswouldhaveto computethecoordinatesof thecanvasrelativeto thedrawable,
checking for valid coordinatepairs.

To simplify things,GIA introducesthe mechanism of graphic contexts. Graphic contexts definerectangular
areaswithin drawables, definedby an relative origin within the drawableanda size. they canbe understoodas
drawingwindowswithin adrawable.Theapplication canspecifyagraphic context to draw insidethatwindow. GIA
takescareof coordinatecheckingandsimply discardsany requestoutsidethegraphic context area.This makesit
possibleto use,for example, negative coordinatesto draw a line, asonly thevalid partof the line is visible in the
drawable.
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Themechanismof graphic contexts is heavily usedby theRTK toolkit. It usesgraphic contexts onaper-widget
basiswhichgreatlysimplifiesthehandling of thegraphical sideof RTK widgets.

8.4 Managing drawables

As GIA is anadapterprocess,usuallya toolkit is sitting on top of it. Userapplications mostlyarebuilt on top of
toolkitsandtherefore usethetoolkit’s features,while thetoolkit accessestheGIA API. Only in somecasesdouser
applicationsdirectlyusetheGIA API themselves.In thefollowing thetermuserapplication alwaysrefers to auser
application + toolkit combinationwherethetoolkit actuallyaccessestheGIA API.

To manage drawablesGIA providesasetof interfacefunctions.They areusedto:

� Createdrawables

� Deletedrawables

� Mapdrawablesto thescreen(make themvisible)

� Unmapdrawables(thiswill NOT deletethedrawables,just remove themfrom thescreen)

� Paintdrawables

� Repaintdrawables

� Move drawablesto another position(mostlyusedby a window manager)

� Resizedrawables

8.4.1 Create drawables

To createa new drawable theuserapplicationusesthe:

GIA_DRAWABLE gia_new_drawable(GIA_DRAWABLE_ATTR *attr);

function. Thefunction will return ahandleto thenew drawableorNULL, if thefunctionfailed.Theattr points to
anattributesstructurewhich is definedas:

typedef struct gia_drawable_attr_d
{

int type; /* drawable type */
char *name; /* optional name */
GIA_RECT rect; /* size and position */
GIA_RECT child_rect; /* rectangle of child area */
int back_buff; /* flag for background buffering */
char *image_buf; /* alternative image buffer */

}
GIA_DRAWABLE_ATTR;

andcontains thepropertiesof therequesteddrawable.

8.4.2 Deletedrawables

Whena drawableis no longerneededby anapplication, theapplicationcandeletethedrawable. This is doneusing
the:

int gia_delete_drawable(GIA_DRAWABLE drawable);

function. Thedrawablewill bedeletedfrom theGIA drawablelist andalsoremovedfrom thedesktop (unmapped).
All associatedmemory buffers will befreed(unlessthey wereprovidedby theuserapplication).

Thefunctionreturns 0 onsuccess,-1 if anerroroccurred.
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8.4.3 Map drawables

To makeadrawable visibleonthedesktopit mustbemapped. Whenadrawableis mapped,its drawable bufferwill
becopiedto thevideomemory by sendinga requestto thegraphicsdevicedriver. This is achievedby the:

int gia_map_drawable(GIA_DRAWABLE drawable);

function. Themapfunctionmustnot beconfusedwith thepaint or repaintfunction. Although they seemsto have
similar functionality, themapfunction additionally invokeswindowmanager functionswhich causesthe window
managerto createdecorationsfor thedrawable. In general adrawable maybemappedonly oncebut repaintedmany
times.

Thefunctionreturns 0 onsuccess,-1 if anerroroccurred.

8.4.4 Unmap drawables

Whenawindow is temporarily notusedby theapplicationit canbeunmapped.Unmappingadrawable only removes
it from thevisiblescreen,it doesnotdeleteany associatedstructureor buffers. Theunmap function is definedas:

int gia_unmap_drawable(GIA_DRAWABLE drawable);

Thefunction returns 0 onsuccess,-1 if anerror occurred.Themap/unmapcombinationmaybeusedto implement
pop-upstylewindows,or menus.

8.4.5 Paint drawables

To makea drawablevisibleon thescreen,the:

int gia_paint_drawable(GIA_DRAWABLE drawable);

function mustbeused.It is usuallynot necessaryto call thepaint function, asthemapfunction implicitly calls it
whena drawable is mappedontothescreen.Whenpartsof thewindow arecoveredby otherwindowsandexposed
again, GIA internallytakescareof painting andrepainting drawables.

However in thosecaseswheretheuserapplication needsto updateadrawableexplicitly thepaint function must
beused.

Thefunctionreturns 0 onsuccess,-1 if anerroroccurred.

8.4.6 Repaint drawables

On thesurface,theremayseemto beno differencebetweenthepaint andthe repaintfunction. However, thereis
one,it is subtle,but important. The paint function redraws the backgroundof a drawable if drawable moved to
another position. Therepaint function:

int gia_repaint_drawable(GIA_DRAWABLE drawable);

doesnotwhichreducestheinternalprocessingrequirementssincenochecksfor drawablemovementsareperformed.
Thus,the repaint function shouldonly be usedwhenthe drawablecontentshave to be updated, but the drawable
positiondid notchange.

Thefunctionreturns 0 onsuccess,-1 if anerroroccurred.

8.4.7 Moving drawables

Becausethe move function is integratedinto the GIA core,GIA hascomplete control over all necessarystepsto
move adrawable:

1. Remove thedrawableform thescreen(unmap)

2. Repaintthepreviously-obscuredareabehindthedrawable (done by unmap)
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3. Setthenew positionof thedrawable in thedrawablestructure

4. Paint thedrawable (paint)

Usuallythemovefunction:

int gia_move_drawable(GIA_DRAWABLE drawable, int x, int y);

is calledby thewindow manager, although it could becalledby any applicationif it wantsto forceapositionfor its
window.

At this point the concept of drawables shows its strengths.As all window (or drawable) contentsarealready
definedanddonotchangeduring a move,all repaintscanbedoneusingtheGIA internaldrawable buffers.thereis
noneedto interactwith applicationsto request new data.

8.4.8 Resizedrawables

Drawablesusually representwindows on the screen. During the lifetime of a window it might be necessaryto
change its size,eitherby a userrequestor dueto changesof its content. For example, if a window is usedfor
displaying pictures,it mightbeusefulto adapt thewindow sizeto theindividualpicture’ssize.thiscouldbecaused
by theview-applicationwhichsetsthewindow sizeor by auserrequest,manually resizingthewindow frame.

Userrequestsareprocessedby the ROME window manager, asthe userdragsthe corner of the frame of the
window. Applicationrequestsareprocessedinsideanuserapplicationandpassedto theGIA. eitherwaythey result
in thecall of the:

void gia_resize_drawable(GIA_DRAWABLE drawable, int dx, int dy);

function whichresizesthedesireddrawable in GIA. GIA takescareto freeandallocatedrawable associatedmemory
buffers, if nouserbuffers havebeendefinedfor thatdrawable.

8.5 Manipulating drawables

Oncea new drawable is created,the userapplication usuallyneedsto manipulate it. Drawablecontentscanbe
modifiedby usingfunctions to:

� Draw singlepixels

� Draw lines

� Draw boxes

� Draw frames6

� Putimages(e.g.createdby theXPM library)

� Cleardrawables

With anyoperationonadrawabletheapplication mustprovidethegraphic context of theareait wantstomanipulate.
An applicationcancalculatethe graphic context of the areait wantsto manipulateor obtainthe default graphic
context for thedrawable by usingthe:

GIA_DRAWABLE_GC gia_default_gc(GIA_DRAWABLE drawable);

function. Thefunction returnsagraphiccontext thatcovers thewholeclientareaof thedrawable.

6A frameis a box with a definedline width
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8.5.1 Draw singlepixels

It is possibleto setandresetsinglepixels insidea drawable. This might be useful to draw simplegraphs. The
application usesthe:

void gia_plot(GIA_DRAWABLE drawable,
GIA_DRAWABLE_GC gc,
int x, int y, uint col);

functionsto setandresetpixels. Resettingpixelsis doneby settingpixelswith thesamecolorasthebackgroundof
thedrawable. Notethatx andy arerelative to thegraphiccontext, not to theorigin of thedrawable.

8.5.2 Draw lines

GIA providesthe:

int gia_draw_line(GIA_DRAWABLE drawable,
GIA_DRAWABLE_GC gc,
int x1, int y1, int x2, int y2, uint col);

function to draw singlelinesof width 1 pixel into agraphic context. Thefunction returns0 onsuccess,-1 if anerror
occurred.

8.5.3 Draw boxes

Drawing rectangularboxes is donethroughthe:

int gia_draw_box(GIA_DRAWABLE drawable,
GIA_DRAWABLE_GC gc,
int x, int y, int dx, int dy,
uint col, int fill);

function. Thefill flagdefinesif theboxshouldbefilled or only a frameshouldbedrawn. Thefunction returns0
onsuccess,-1 if anerror occurred.

8.5.4 Draw frames

Theframefunction:

int gia_draw_frame(GIA_DRAWABLE drawable,
GIA_DRAWABLE_GC gc,
uint width, uint col);

draws a framewith a specifiedwidth around thespecifieddrawablegraphic context. This functionis mainly used
internallyby thewindow manager. Thefunction returns 0 onsuccess,-1 if anerror occurred.

8.5.5 Put images

In order to putsmallgraphicalelementslike iconsandsmallpicturesinto awindow the:

int gia_put_image(GIA_DRAWABLE drawable,
GIA_DRAWABLE_GC gc,
const char *image,
int x, int y, int dx, int dy,
int mask);

function is provided.Theimagedatamustbeprovidedin formof amemory buffer. Usuallysuchanimageis created
usingtheXPM library. Themaskparameter definesif theimageshould betreatedasa transparent image.Theput
image function returns0 onsuccess,-1 if anerror occurred.
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8.5.6 Clear drawables

To remove all contentsfrom a drawable,theapplicationusesthe:

int gia_clear_drawable(GIA_DRAWABLE drawable,
GIA_DRAWABLE_GC gc, int col);

function. Thefunctionclearsthewholedrawable areato thespecifiedcolor. Thefunctionreturns0 onsuccess,-1 if
anerroroccurred.

8.6 GIA strategies

Whenrunning multiple applications with many windows on a singledesktop,the GIA layer ensuresa consistent
desktopappearance.Window contentscanoverlap, mustberepaintedor movedaround on thevisible screen.New
windows canappear, or olderonesdisappearfrom thescreen.For all of thesecasesit is necessaryto repaintcertain
areasof thescreento alwaysrepresentthecurrent stateof theworking desktop. GIA implementsseveralstrategies
to achievethis goal.

8.6.1 Background buffering

Backgroundbuffering is relatively simple. Whenusingbackgroundbuffering, GIA capturesthebackgroundfor a
drawable andrepaintsthebackground, whenthedrawableis movedon thescreenor if it is deleted.However, this
methodhassomedisadvantages:

� Themethodis only efficient for smalldrawables,becausea buffer for thewholebackgroundof thedrawable
mustbeallocatedandthewholebackgroundmustberepaintedevery time which might resultin anextreme
videoI/O.

� The drawable background buffer hasto be refreshed,every time the backgroundof the drawable changes.
Otherwisethedrawable would remember thebackground before thechangeandrepaintit, whenit is moved
or hiddenthusundoing any changesin thebackground.

GIA keepstrackof suchdrawablesandhidesandunhides themautomatically, if thebackground beneath themgets
changed.

8.6.2 Background repainting

Repaintingthe background is moredifficult thanbackgroundbuffering. Every time a drawable is moved on or
deletedfrom thescreen,anareaon thescreenwill beexposed.Thecontentsof drawablesinsidethis areahasto be
repainted by GIA.

Whenmoving or deletinga drawableGIA determinesthe rectangle of theexposedarea. It builds a list of all
drawables that overlap with that areawhile alsoconsidering the drawable stacking on the desktop. For every of
thesedrawableit definesasetof rectanglesthathaveto berepaintedfor thatparticular drawable andrepaintsit (see
figure20).

This methodis desirablefor larger drawableswherebackground buffering would usetoo muchmemoryand
keepingtrackof changeswouldbetooprocessor-intensive.

8.6.3 Clipping

A common situationis thatareasof drawablesarehiddenby other drawableson thescreen.Whenpartially hidden
drawableshaveto beupdated, GIA determinestheactualvisiblepartsof thedrawable andonly updatestheseareas.
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Figure20: GIA background repainting
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8.6.4 External drawable buffers

If anapplication requestsa drawable,it candecideif thedrawablebuffer should beprovidedby thevideodriver,
or if theapplication hasits own buffer. This is useful,if the application for example receives videodatait wants
to display. Insteadof copying thedatafrom thevideobuffer into thedrawable buffer it coulddirectly provide the
drawable with thevideobuffer.

If an applicationprovides its own drawablebuffer it alsohasto careto provide it in the appropriateformat
according to thegraphics device capabilities.This option is only availableif thegraphic device is locatedon the
localsystem.

8.7 GIA window managerinteraction

In order to provide drawableswith decorationsandto allow themto bemoved around thescreen,to iconify them,
to resizethemor to rearrangethem,GIA interactswith a window manager (seesection10, page65). Thewindow
manager is a extensionto GIA in form of a sharedlibrary. For eventslike mouseor keyboardactions,specific
functionsof thewindow manager extensionlibrary arecalled. This makesit possiblefor thewindow managerto
positiondrawablesonthescreenor draw adecoration for window drawables.

8.8 Fonts

GIA supports Bitmap Distribution Format fonts (BDF). BDF is a format that is also widely usedin UNIX and
UNIX-lik eoperatingsystemsandfont files arefreelyavailableon theweb.

8.8.1 Font path configuration

The locationof the BDF font files mustbe configuredusingthe SystemManager database.This canbedoneby
addinganentry in thesystemconfigurationfile or the staticconfigurationlist in the build file. Theconfiguration
entrymustbein thegia sectionandspecifythefont path:

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

If thefontpathvariable is not defined in theconfigurationdatabaseGIA will usea default value.If no font files can
befound GIA will proceedwithout font support.

GIA will not fall backto compiledin fonts,astheoptionfor compiled in fontshasto besetatcompiletime.

8.8.2 Font file support

UsuallyGIA loadsBDF fontsfrom a disk whenthey areneededin thesystem.This savesresourcesasonly fonts
that arereally usedarekept in systemmemory. This allows a largevariety of fonts to be storedon disk without
wastingsystemresources. However, asonecannot alwaysassumethat the target configuration containsa filing
system,font file support mustbeexplicitly enabledby usingtheoption:

Option GIA_FONTFILE_SUPPORT

in theapplicationbuild file. With thisoptionenabled, GIA will scanthedisk for availablefont filesatboot timeand
build a smalldatabasewith the fontnamesandtheassociatedfile names. Thedatabaseis usedwhenGIA checks if
a font is availableandwhichfile containsthefont data.

8.8.3 Static fonts

If thesystemdoesnotsupport a filing system,it is possibleto compilestaticfonts in to theGIA code. If the:

Option GIA_FONTFILE_SUPPORT

optionis not definedin thesystembuild file, GIA will compilea generic terminalfont in to thecode.
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8.8.4 Handles

Fontsaremanagedvia font handles. If anapplication wantsto usea font it hasto requestahandlefor thefont from
GIA. Font handles arelater usedfor referencingthe font usingGIA interfacefunctions. The font handletype is
definedas:

GIA_FONT

Thismechanismworkslike thehandle mechanism of toolkits.

8.8.5 Names

On startupGIA scansthe entire font directory for valid font files andcreatesa mapping list of font namesand
filenames.Fontnamesarestructuredin thefollowing way:

family-size-weight-slant

for example:

Helvetica-18-Bold-R

Font names arecreatedbasedon entriesin theBDF font files on disk. GIA will mapeachfont nameto therelated
filenameto be ableto load themuponrequest. Fontsarealwaysreferencedby their font nameratherthantheir
filename.Applicationsmustusethefont nameformat. Thismakesthefont handling independentof theactualfiling
system.Applications canusethesamefont names onanysystemregardlessof theunderlying infrastructure.

8.8.6 Caching

To saveresourcesandshortensystemboottimeGIA only loadsthefont descriptionsratherthancompletefont data.
Whenaspecificfont is neededin thesystem,GIA loadsthefont dynamically into memory. Subsequentrequestsfor
thesamefont will resultin accessingthefont bitmapdatapreviouslycachedin systemmemory.

8.9 Mouseadapter

GIA abstractsseveraldevicesincluding thepointing device. However, in thecaseof thepointing device GIA does
not implement theabstraction algorithm itself. GIA doesnot receive eventsdirectly from pointing device drivers,
it receives suchevents from themouseadapterprocess.Themouseadapter is a separateadapterprocesslocatedin
theadapterlayer, andtakescareof a low level abstractionof differentpointing deviceclasses.

8.9.1 Deviceabstraction

Themouseadapter abstractsall attachedpointing devicesto a virtual pointing device. Thevirtual pointing device
alwaysdelivers absolutescreencoordinatesandthestateof a button.

If thepointing device alreadydeliversabsolutecoordinates,themouseadaptersimply mapstheminto its own
event andsendsthemto GIA. If the pointing device delivers coordinatedeltas,the mouseadaptercomputesthe
resultingabsolutecoordinatesbefore sendingevents to GIA.

8.9.2 Mousecontrol

Themouseadapter processdefinesthepositionof themousecursoron thescreen.As it hasto calculatethenew
positionof the cursor, whenit receives coordinatedeltas,it keepstrack about the current positionof the mouse
cursor.

An externalprocessmight wantto change thepositionof themouse.For example, thewindow manager might
wantto setthepositionof themouseto thecenterof a newly createdwindow. Themouseadapterprocesssupports
a commandto setthepositionof themousecursorwhichcanbesentfrom any otherprocess.
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8.9.3 Configuration

At boot time themouseadapterreceivestwo commandsfrom thesystemmanager:

� a devicecommand,which definesthepointing device processandif thedevice reports absolutecoordinates
or coordinatedeltas;

� a screencommand,whichdefinesthesizeof thescreen.Thescreencommand is only needed, if thepointing
device reports coordinatedeltas.

After this configurationthemouseadapteris ableto receive andprocessmouseeventsfrom thedevicedriver.
For example, thesystemmanagerdatabasecouldcontainfollowing entries:

[boot]:
:mouse:device serial_mouse 1
:mouse:screen 640 480

for settingupaserialmouseona 640x480screen.

9 SIA- Sound Interface Adapter

Unlike theGIA, theSoundInterfaceAdapter processis a relatively simpleprocess.Locatedin theadapter layer it
providesabstractionsof thesoundhardwarein thesystembydefiningagenericsoundsamplestructurein its external
headerfile. It providesamessageinterfacefor sendingmblks to thesounddriver processaswell asreceiving them.
Additionally it providesanAPI, whichprimarily createsmessageswhicharethensentto thesounddriver process.

9.1 Overview

driver
Sound

or
User application

Toolkit

Message Q

SIA message API

SIA core

SIA extension lib

Figure21: SIA overview

Figure 21showsanoverview of theintegration of SIA betweentheuserapplicationandthesounddevicedriver.
TheSIA corecontrols theflow of messagesin theSIA messagequeue which makesit possibleto manipulatedata
flowing in bothdirections. TheSIA corecanalsosendcontrolmessagesdown to thesounddriverprocess.
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9.2 SIA API

SIA providesanAPI for controlling theaudiodevice.TheSIA coregeneratescontrol messageswhicharesentdown
to thesounddevice driver process.Thehandling of thesemessagesis completely hiddenwithin theSIA process;
theuserapplicationis notevenawareof messagesbeingsentwhenusingtheAPI. Thesemessagesarecreatedusing
the:

int sia_send_cmd_play();
int sia_send_cmd_stop();
int sia_send_cmd_pause();
int sia_send_cmd_resume();

functionsandresultin control messagesdefinedas:

� ROME_M_SIA_CMD_SETUP
� ROME_M_SIA_CMD_PLAY
� ROME_M_SIA_CMD_STOP
� ROME_M_SIA_CMD_PAUSE
� ROME_M_SIA_CMD_RESUME

to besentto thesounddriver. Thesounddevicedriver implementsahandlerfor thesemessages.
Thesetupcommandmessageis sentautomatically whentheplay commandis issuedor theformatof theaudio

streamchanges. It doesnotneedto becreatedby theuserapplication. UsingtheSIA API only makessense,if there
aresound samplesbeingplayedby theaudiodevice. Otherwisetheuseof theSIA API hasno effect andthesent
messageswill beignored in thesounddriverprocess.

9.3 SIA messages

An applicationusesstandard ROME mblks for sendingsoundsamplesto SIA. For eachsamplethe application
mustsenda chain of two mblks connectedvia theb_cont field. Thefirst mblk contains thea definedheader
structure which is recognizedby theSIA core. Theheaderstructurecontains informationabout thesoundsample
suchassamplefrequencyor samplebit widthandmustbeprovidedfor SIA to work. Thesecondmblk containsthe
actualsoundsampledata.Theapplicationcanrequest a buffer from SIA or provide its own buffer andjust setup
themblk’s readandwrite pointersto its localbuffer.

This mechanism is more efficient astheuserapplication canreusetheheader mblk andonly needs to update
theb_cont field whensendinganew mblk to SIA.

9.4 Generic soundsamplestructure

SIA abstractsthesounddeviceby introducingagenericsound samplestructure. It is definedasaC-structurewhich
is locatedin theexternalSIA headerfile. SIA expectsmessagesto contain a headerof thespecifiedformat. This
generic structuredefinesthepossibleattributesof a virtual audiodevice(seesection9.6below).

9.5 Multiplexing

TheSIA adapter processcanbeusedbymany userapplicationsin parallel.It currently only implementsonemessage
queue for all messageswhichmeansthatmessagesfrom applicationsarehandledonafirst comefirstservedpolicy.
Downstreammessagesarecheckedfor theircontent beforebeingforwardedto thedevicedriverprocessandcontrol
messagesareinsertedinto themessagestream,if playbackformatschange.

This policy is adequate for current applications running on ROME, but future systemsmay require a more
sophisticatedapproach.
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9.6 Virtual audio device

All audiodatapassesthrough theSIA process.A level of abstractionin SIA definesa virtual audio devicewhich
is presentedto theupper layersby theSIA (much like thevirtual devicesin GIA). This audiodevice hasgeneric
propertiesandcanbeusedby applications to playany soundsamplethatmeetsthevirtual devicerequirements,such
assamplefrequency or samplebit width.

Thecurrent virtual devicesupports only 8 bit, mono, 22040hertzsoundsamples.

9.6.1 Audio stream transformation

A next stepcouldbeto transform theaudiostreamonthefly. Thevirtual devicewould belessrestrictive,allowing
any typeof audiodatato besentthrough SIA. TheSIA corewould transform theaudiodatabefore forwarding it
downstream,adaptingits parametersto the capabilities of the physical audiodevice. This may be applicable for
a multi-way conferencingapplication whereparticipants mayinterrupt andmultiple “voices”mustbepresentedat
once.

9.6.2 Audio stream merging

Usuallyonlyonesoundsamplecanbeplayedbyasingleaudiodevice. However, SIA couldimplementamechanism
that allows multiple userprocessesto opena device andplayback their soundsamples.SIA could merge sound
samplesfrom differentprocessesinto oneaudiostream,alsousingaudiostreamtransformation,andsendthestream
to theaudio devicedriver.

10 RWM - ROME Window Manager

Whenrunning multiple applications with multiple windows on onesystem,it is necessaryto provide theuserwith
theability to manipulatewindowsonthescreen.Thetaskof GIA is to managedrawableareasonthescreen.It does
not provide any windowrelatedfunctionality. GIA createddrawablesanddisplaysthemon thescreenasthey are
created,usingdefault screencoordinatesandstackingorder.

TheROMEwindow managerextendsthefunctionalityof GIA bypresentingwell definedsharedlibrary interface
toGIA. It implementsthefunctionalitytodecoratewindows,movethemaroundonthescreen,resizethemorchange
thestackingorder of windows. GIA usesthesharedlibrary interfaceat strategic pointsin thecode.

10.1 RWM overview

Unlike window managers thatcanbefound on UNIX or UNIX like systemstheROME window manager is not a
process.It is implementedasa sharedlibrary asanextensionto GIA. Thereasonfor usinga sharedlibrary instead
of a processare:

� Thememoryfootprint is verysmall

� Communicationvia anAPI is fasterthaninterprocesscommunicationvia messages

� Usingasharedlibrary requireslessadministrative effort thanusinga process

� The advantagesof flexibility that would be provided by implementing it asa processarenot required for
ROME

10.2 Window focus

Whenworking in anenvironment with multiple windows it is necessaryto defineanactivewindow thatcurrently
receivesinputsfromtheuser. If awindow is activethewindow managergivesit thefocus. If awindow getsfocused,
RWM automatically putsit in top of thedesktopandchangesits color to the“focusedcolor”. As it is put on top of
thestackingorder it will berepaintedandbefully visible.
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A window canreceive thefocusin many ways. If it is theonly window on thedesktop, it obviously musthave
the focus. Whenmultiple windows areon the desktop, the usercanchange the focusedwindow by selectingit.
Newly createdwindowswill alwaysbefocusedonce they appearonthescreen.

10.3 RWM–GIA interaction

Whenever GIA processesa mouse,keyboardor drawing event it will sendthe information to RWM before pro-
cessingit itself. This way RWM alwaysknows about userinputsanddrawing requests.RWM might changethe
informationaccording to its needsor keepit untouchedandjust recognizeit.

As RWM is a sharedlibrary GIA cannot communicatewith it usingmessages.RWM providesa well defined
API that allows GIA to “inform” RWM about eventslike mouseclicks or window events. GIA heavily interacts
with RWM andalsoreliesonRWM feedback. Table1 gives ashortoverview how GIA andRWM interact.

Event in GIA RWM API functionused RWM action
New drawable created rwm_size_hint() Calculatesandadjuststhesizeof thedraw-

able so RWM is able to paint itswindow
decorationsinto thedrawable. Setstheini-
tial positionof thenewwindow.

rwm_window_new() Createsa window structureinside RWM
and links it in to the RWM core list.This
function is only calledby GIA,if thedraw-
ableis a mainwindowdrawable.

Drawabledeleted rwm_delete_window() Removes the window structures from the
RWM corelist.

Drawable sizechanged rwm_resize_window() Calculatesandadjuststhenew sizeof the-
drawableandreturns theresult.

Drawable mapped rwm_map_window() Raises the drawable, paints its decora-
tionsandgivesthewindow thefocus.

Mousebuttonpressed rwm_mouse_button_pressed() Checks,if any window is affectedby the
mouseclick andreturnsRWM_HANDLED if
so.

Mousebuttonreleased rwm_mouse_button_released() Checks if any window isaffected by
the mouse button releaseand returns
RWM_HANDLED if so.

Key pressed rwm_keyboard_event() Checks,if any window isaffectedby the
keystroke andreturns RWM_HANDLED if
so.

Table1: GIA–RWM interaction

To createa systemwithout RWM a “NULL-RWM” canbeused. It providesenough functionality for GIA to
work properly, implementinga defineddefault behaviour andreturnvalueswithout providing a typical window
manager functionality.

10.3.1 Creating a window

WhenGIA createsadrawable,it requestsasizehint from RWM. RWM now hasthepossibilityto changethesizeof
thedrawable, sothereis enough spacefor its window decorations.GIA passesa structureto RWM whichcontains
thegraphic context of thewindow client areaandthewindow frame. RWM basicallyenlargesthe frame context
andoffsetstheclientareacontext.

GIA is not awareof changesthatRWM madein theattributesstructure, asit only usestheclient areagraphics
context for drawing.

RWM createsawindow structurewhichcontainsareferenceto thedrawablethatis associatedwith thatwindow.
Onfuturerequeststhis informationcanbelookedup in theRWM internal window list.
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10.3.2 Deletinga window

Deletinga window is straightforward. If RWM is notifiedthata mainwindow drawablehasbeendeletedit simply
deletestheassociatedwindow structure from its list.

10.3.3 Painting window decorations

Whena drawable is mappedontothescreen,GIA calls theRWM mapfunction. RWM will draw thedecorations
for thewindow into the(offscreen)drawablebuffer, raiseit to thetop of thestackingorder andassignit thefocus.
Whenfinishedit will return control to GIA whichwill paintthewindow on thescreen.

10.3.4 Processingmouseactions

Mouseactions arealso forwarded to RWM. RWM looks through the visible windows in its list andchecks if a
mouseoperation occurredin anactivearealike thetitlebarof acornerof thewindow. If anactionaffectsawindow,
RWM takescareof giving userfeedback by for example painting aghostwindowor othergraphical elements.

10.3.5 Processingkeyboardactions

RWM processeskeystrokesby checking if thereis any function associatedwith it for thecurrently focusedwindow.
If so,thefunctionwill beapplied.

10.4 RWM configuration

It is possibleto configureRWM windows to someextend. Configuration is donethrough thesystemcolor config-
urationlibrary which contains thedefault colors thatareusedfor active or inactive window decorationsor titlebar
font color. Thecolor library valuesarepredefinedat compiletimebut canbechanged during run-time by usingthe
colordatabaselibrary API.

11 The Device Dri ver Layer

Most of thecomponentsin RMP aredesignedto behardwareindependentby usingtheconceptof virtual devices
anddevice abstraction.Thebasichardwareabstractionis done in theadapterlayer, channeling all accessesto the
hardware throughadapterprocesses.

The device driver layer contains the hardware dependent componentsof RMP, the device driver processes.
Devicedriverprocessesdirectlyaccessthehardwareof thesystemata registerlevel,exploiting thefull capabilities
of theavailablechipsets.They communicatewith adapterlayerprocessesvia ROME messagesandevents.

11.1 Devicedri ver initialization

Most devicesmustbe initialized before they canbe used. This canusuallybe doneat boot time, except for dy-
namicallyaddeddevices like PC Cards. As device driversareprocesses,the ROME startupcodewill call their
init function whenthe systemis started.This gives the device driver the opportunity to initialize both,hardware
registers andsoftwaredatastructureswhich needto besetto a definedstate.It can,for example, setup interrupt
handlersandenable theinterrupt linesfor a device.

TheROME startupcodecallsthedevice’s init functionsoneafteranother in theorderin which they areentered
into thesystemprocesstable. If therearedependenciesbetweendevices’setupsit is theprogrammersresponsibility
to ensureacorrectorder whenbuilding a system.

11.2 Deviceclasses

As describedin section7.2, RMPgroupsdevicesintodeviceclassesto definevirtualdeviceswith generic properties.
Thesedevice classesdescribe a setof deviceswith similar featuressuchaspointing devices, screensor character
input devices.Devicesof thesameclasswill behave thesameway, independentof their hardwarestructure.This
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makesit possibleto exchangea hardwarecomponentandtheassociatedhardwaredevice driver without changing
othercode.

For example, thegraphics driver for theWebPanelLCD screenusesthesamecommunicationinterfaceasthe
driver of theNumber9videocard,although thehardware is completely different.

11.3 Communication interface

Device driver processescommunicatewith processesin the adapterlayer by ROME messagesor events. The
messageandevent typesaredefinedby the adapterprocessnot the device driver process. A device driver must
support thesetof messagesandevents thataredefinedby theadapterprocessin orderto provideagenericinterface
for theadapterprocess.Thetypesandstructuresof themessagesandeventsaredefinedonaper-deviceclassbasis.
They aredefinedin theBuild file of theadapter ROME module, for example:

Event GIA_MOUSE
{

uint event_type;
void *drawable;

int x;
int y;

}

definesanevent for themousepointing device.
Additionally, device driver processesmustprovide a certainsetof support messagesfor theadapterlayerto be

ableto determinehardware capabilities. Thesemessagesarealsodefined perdeviceclass.

12 Graphics devicedri ver

Graphics device drivers in RMP are relatively simpleprocesses.As most of the more complex functionality is
implemented in the hardware independent GIA adapterlayer process,the graphics device driver only needsto
implement elementary functionality suchas:

� copy animagefrom abuffer to videomemory

� copy animagefromvideomemory to abuffer

Thismakesthedevelopment of graphicsdevicedrivers veryeasy.

12.1 Messagetypes

As GIA abstractsscreendevices it also provides the definition of the messagetypesandstructurethat must be
supportedby agraphics devicedriver process.Thebasicmessagesaredesignedto sendimagebuffers to thedevice
driver process.They containtheimagebuffer, thesizeof theimageandthecoordinatesof wheretheimageshould
be displayedon the screen. To increaseperformance, the imagebuffer is not copied into the message,but the
messagecontains a pointer referenceto theimagebuffer. Sotherewill beonly onecopy operationwhentheimage
buffer is copiedinto videomemory.

Therealsoexists a support messageto retrieve the device capabilities. Currently GIA defines the following
messages:

ROME_M_GI_PUT Copy theimagerectangle into videomemory at thedefinedcoordinates;

ROME_M_GI_PUT_MASK Samefunctionality asROME_M_GI_PUT, but treatthecolor 0 (zero) asa transparent
color;

ROME_M_GI_XOR LogicalXOR theimagerectangleinto thescreen;
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ROME_M_GI_OR LogicalOR theimagerectangle into thescreen;

ROME_M_GI_AND LogicalAND theimagerectangle into thescreen;

ROME_T_GI_GET Retrieve thedefinedimagerectangle from thescreen;

ROME_T_GI_CAPS Retrieve thedevicecapabilitiessuchasscreenx size,screeny sizeandcolor depth.

The messagestructuresaredefinedin the GIA Build file andwill be translatedinto ROME messageswhich are
locatedin thefile:

Messages.h

in theglobal include directory.

12.2 Messagehandling

To increaseperformance, ROME processescanhandle messagesin their queue handlers. However, asqueuehan-
dlersareexecutedwithin a critical sectionall interrupts aredisabledwhenrunning in the queuehandler, which
meansthatthesystemcannot respond to any interruptswhile theprocessoris running in a process’queue handler.
Thereforeonly messagesthat require little computation time shouldbe completelyhandledin theprocess’queue
handler.

A graphics device driver usuallyhandleslargeblocks of imagedata. Assuminga 640x480 imagewith 16 bit
color depth, thedevice driver hasto copy 600kibibyte into videomemory andmight evenhave to apply a logical
function on the datarequiring that the current databe accessedin a read-modify-write cycle. Even on a high
performancesystemthisneedssometime.

To prevent thesystemfrom beingblockedduring this time, thegraphicsdevicedrivermustnot handle dataflow
messagesin its queue handler. All suchmessagesmustbehandled in thedevicedrivermainprocessmessageloop.

12.3 Graphic devicecapabilities

GIA needsto know the graphics device capabilitiesto be able to provide it with the appropriate imagebuffer
format. WhenGIA is configurefor a device it requeststhecapabilities from thegraphics device driver by sending
a ROME_M_GI_CAPS message.Therefore all graphics driversmustsupport this message.The structureof the
messageis definedas:

typedef struct
{

int dx;
int dy;
int depth;
int format;

}
ROME_T_GI_CAPS;

Thefieldsof thestructure mustbesetby thedevicedriveraccording to thegraphic device capabilities:

dx screenresolutionx (in pixels)

dy screenresolutiony (in pixels)

depth colordepth(bitsperpixel)

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

The low level graphics driver relieson the imagedatapassedin themessage.It doesnot convert any imagedata
into theappropriatecolor format. GIA is responsible for settingup the imagebuffer for theright size,formatand
color depth(seesection8.3.3). Theonly operationthat is appliedto theimagedatais theoperation definedby the
messageopcode.

As color conversionhappensin theupperlayer, thedriver coderemains smallandrelatively simplemaking the
development of new drivers or porting to otherhardwareplatformseasier.

13 Pointing device dri ver

In agraphicalenvironment with multiplewindowsonasinglescreen,theuserneedsto interactwith thesystemand
manipulate graphical elementson the screen.An easyway to manage this is to provide a pointingdevice which
itself is representedon thescreenasa smallgraphical element,calledmousecursor. Thedevicehardware allows
it to move themousecursor around on thescreen.By doing sotheusercanselectitemsandmanipulateor interact
with them.

In building a ROME systemtherearemany possibilitiesfor attachinga pointing device. The mostcommon
onemight be theuseof a conventional mouse,but touchscreensandpeninput devicesaregettingmorecommon,
especiallyin embedded,mobile systems.

13.1 Event type

Thedriver recognizesmovementof theattachedpointingdevice through its interrupt handler. Theinterrupt handler
alsohandleschangesof buttons,switchesorotherhardwareattachedor relatedto thepointingdevice. It encapsulates
changesin thedevices’ stateinto a pointingdevice event. Theevent is definedby themouseadapterprocess,asit
implements thefirst abstractionlevel of thepointingdevice. Theevent is definedas:

ROME_E_MOUSE

andencapsulatesthestructure:

typedef struct
{

int event_type;

int xvalue;
int yvalue;
int touch;

}
ROME_P_MOUSE;

13.2 Deviceclasses

RMP groupspointing devicesinto two different classes:

� Devicessending absolute coordinates

� Devicessending coordinatedeltas

Device driver processesof eitherclassarecommunicatingwith themouseadapterprocess.Depending on its con-
figuration, themouseadapterprocesstranslatesthecoordinatevaluesprovidedby thepointing device driver into a
generic format.

However, devicessendingabsolutecoordinateshave to provide real screencoordinates.This means,they have
to transform their internal physicalcoordinatesinto screencoordinates.To do sothey needto beconfiguredfor the
screensizeandscreenorientation.
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13.3 Deviceconfiguration

Depending on thedevice typetherecanbedifferentrequirementsfor configuring thedevice. Somedevicesdo not
needany configurationat all, otherdevicesneedextensive configuration involving userinteraction. For example,
a serialmouseusingcoordinatedeltasto report its movementwould not necessarilyhave to be configuredat all,
whereasa touchpanel mightneedto besetupby definingreferencecoordinatesandrequire userfeedback.

13.4 Configuration processes

Somepointing devicesrequiremore complex configuration procedures. For example, for the configuration of a
joystick, targetshave to beshown on thescreenwhile awaiting a userfeedback. This functionality is implemented
in a separateprocess,a configurationprocess.Usually this processis run at startuptime andterminatesafter the
device is configured.As it is a normal ROME processit cantakeadvantageof thefull RMP functionality.

The Gunzedevice driver for the WebPaneltouchscreenusessucha configuration process. The configuration
process requeststhe userto presstwo targets and awaits the raw coordinatesfrom the driver. Then it sendsa
configurationcommandto theGunzedriver, providing it with configurationparameters. After thattheGunzedevice
driver is able to translateits physical touchscreencoordinatesinto real screencoordinatesandsendthemto the
mouseadapter process.

TheGunzeconfigurationprocessitself is configuredthrough thesystemmanager configurationfile. Theentry
in theconfigurationfile definesthemouseadapter processnameandtheselectedscreenorientation,for example:

[boot]:
:mconfig:mouse 1

Thesystemmanager will sendacommand to theconfigurationprocess,initiating theconfigurationprocedure.

14 Support libraries

RMP currently includesthreesupport libraries.Oneis usedby STK, theothertwo areusedby RTK andGIA. The
purposeof theselibrariesis to provide functionality while keeping themodular RMP designandmakingit easyto
addnew functionality.

14.1 XPM

X PixMap(XPM) is an imageformat commonly usedin X11 systems.As almostevery graphic applicationsup-
portsXPM format, it is very usefulto implement anXPM library for ROME. TheXPM library supports thebasic
functionality for creatingimagesfrom files andcompiled in XPM structures.

14.1.1 Format

XPM imagesaredefinedin form of a C-structure. It is possibleto includea XPM imagefile into a C-file thesame
wayasincluding aheaderfile. TheXPM file definesastaticC variablewhichcanbeaccessedwithin theC-module
in which it is included.

Thevariabledefinesanarrayof zero terminatedstringswhich describetheimage.Thesestringscontain infor-
mationaboutthe imagesize,color depth,color tableandtheactualbitmap. An applicationcaneasilyscanthese
stringsandcreateanimagebuffer.

TheXPM library providesfunctions to scanloadedandincludedXPM files. Thesefunctionscreatean image
structurewhich is usedby theapplication to handle XPM images.Thestructureis definedas:

typedef struct
{

int dx;
int dy;
int depth;
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int mode;
char *image;

}
image_t;

TheXPM functions do not allocatememory for the imagestructure.Applications mustprovide structureswhich
areusedby theXPM functions.It is possibleto setoneof two differentmodesof thecreatedimage:

XPM_MODE_NORMAL The imagedatais usedas is. All colors will bedisplayedasthey aredefinedin theXPM
file.

XPM_MODE_MASK Thecolorzero (0) is interpretedasa transparentcolor. Thismakesit possibleto defineshaped
images.

14.1.2 Included XPMs

An applicationcaninclude XPM files directly into theC-modules. This makessenseif:

� Thesystemdoesnotsupport a filing systemandit is therefore notpossibleto readXPM files from disk;

� TheXPM imagefiles arereasonable small.

However, evenif anXPM file is included into theC-module, it cannot beuseddirectly. Beforeit canbehandled it
hasto betransformedinto anXPM imageformat. To do this XPM library providesthe:

int xpm_image_from_data(image_t *img, char **xpm);

function.

14.1.3 File support

Loading XPM filesfromdiskmakessensewhentheimagesareverybig. As XPM imagesarestoredin string format
including theminto C-coderesultsin hugedatasectionsin thetargetfiles. Thereforeit is usefulto beableto load
imagesfrom disk.

TheXPM library providesthe:

int xpm_image_from_file(image_t *img, char *filename);

function to createanimagebuffer from a XPM file storedon disk. It the imagebuffer is only neededtemporarily,
for example, to displayan icon in a dialog, it canbe deletedafterwards. This savesresourcesin memory critical
applications.

14.1.4 Memory images

Someapplicationsmightwantto compute imageswithoutusingXPM files. For example,avideoapplicationcould
receiveavideostreamandwantsto displayit onthescreen.TheXPM library providesafunctionto createanimage
from a memory buffer:

int xpm_image_from_mem(image_t *img, int dx, int dy, int mode, char *buf);

Theapplication mustprovideall propertiesof theimage, suchassize,colordepth, mode andtheimagebuffer.

14.2 Audio library

Theaudio library is usedby STK andcurrently simplifieshandling of soundfiles ona filing system.It abstractsthe
soundfiles to ahandleonwhich theapplication canapply actions.Thehandleis defined as:

H_AUDIO

Thehandle mustbeprovidedonany operation to identify theaudiofile.
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14.2.1 Basicfunctions

Theaudiolibrary providesbasicfunctionsto work with audiofiles. It is possibleto openandcloseaudio filesusing
the:

H_AUDIO audio_open(const char *filename, const char *mode);
void audio_close(H_AUDIO haudio);

functions.
To readfrom theaudiofile thefunctions:

size_t audio_read(H_AUDIO haudio, char *buf, uint len);
int audio_reset_fpos(H_AUDIO haudio);

canbeused.

14.2.2 Inf o structur e

Applications canrequestinformationabout anopenedaudiofile. Theaudiofile propertiesarereturnedin anaudio
info structure which is defined as:

typedef struct audio_info_d
{

ushort format; /* sample format */
ushort channels; /* number of channels */
uint rate; /* sample rate */
ushort bits; /* bits per sample */
uint datasize; /* size of the data (bytes) */

}
audio_info_t;

It canberequestedusingthe:

const audio_info_t *audio_info(H_AUDIO haudio);

function.

14.3 Color database

To keepa consistentlook andfeel betweendifferent applicationsit is necessaryto definea commoncolor scheme.
Thecolor databaselibrary providesanAPI to definecolorsfor differentelementson thescreensuchasbuttons or
window frames. Applicationscanusetheseentriesto setthecolor of their graphical elements.RTK, for example,
usesthecolor databaselibrary to setthecolor of all its widgets. Therefore, any applicationwhich usesRTK will
have thesamelook.

14.3.1 API

ThecolordatabaseAPI is quitesimple.It providestwo functions:

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

To requestandseta color. The application mustprovide the index of the requestedcolor. Changes in the color
databasedonotautomaticallycausethecurrent screento beupdated.An applicationwill haveto updateits windows
in orderto makethecolorchangesvisible.
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14.3.2 Color index

Thecolor databaseprovidesa setof index definitions for differentgraphical elementson thescreen.Thesedefini-
tionsarelocatedin thefile:

colors.h

It is possibleto addnew definitions for future elements.Thedefault valuesof thedatabasecolor entriesarehard-
codedinto thelibrary (file colors.c).

14.3.3 Color translation

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

COLOR_24TO16(_c)

Thesemacros aremainlyusedby GIA for theWebPanelLCD display.
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