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Chapter 1. Intr oduction

Figure 1-1.UserManual for EmbeddedSystemEnvir onment.

The EmbeddedSystemEnvironment(ESE)is shown in Figure1-1. The input to ESE
front-endis thesystemde�nition consistingof aplatformandapplicationcode.A library
of processingelements,buses,bridgesandRTOSis providedin ESEto developsucha
platform.Theretargetabletiming estimationtool in ESEis usedto annotatetiming to the
applicationcodebasedonthemappingof applicationcodeontheplatformcomponents.
The timed applicationandplatform are input to the TransactionLevel Model (TLM)
generatortool that usesthe bus andbridgemodelsto generatea SystemCTLM. This
SystemCTLM canbesimulatedby any commercialor freely availableSystemCsimu-
lator to provide theperformancemetrics.Thedesignercanusethemetricsto optimize
(i) theapplicationcode,(ii) theplatform,and/or(iii) themappingfrom theapplication
to the platform. Sincetiming estimationand high-speedTLM generationin ESEare
extremelyfast,TLMs canbegeneratedandsimulatedin minutes.This allows fastand
earlyexplorationof variousdesignoptionswith ESE.

TheESEprovidesanenvironmentfor modeling,estimationandvalidation.It includesa
graphicaluserinterface(GUI) andasetof toolsto facilitatethedesign�o w andperform
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the aforementionedoptimizationsteps.The two major componentsof the GUI arethe
DesignDecisionInterface(DDI) and the Validation User Interface(VUI). The DDI
allows designersto make and input designdecisions,suchas allocationof HW and
SW componentsin theplatform,andthemappingof applicationto theplatform.With
designdecisionsmade,TLM generationandestimationtoolscanbeinvokedto generate
functionalandtimedTLMs. TheVUI allowsthesimulationof all TLMs usingtheOSCI
SystemCsimulatorto validatethedesignateachstageof thedesign�o w.

With theassistanceof theGUI andautomaticTLM generationtools,it is relatively easy
for designerto stepthroughthedesignprocess.With theediting,browsingandalgorithm
selectioncapabilityprovidedby theGUI, theC applicationprocessescanbeef�ciently
capturedby designers.Communicationchannelsbetweentheapplicationprocessescan
becreatedusinganintuitive channelwizard.TheHW platformcanbeallocatedeasily
by simpledrag-dropof componentsfrom thedatabase.Theprocessingelements(PEs),
bridgesandbusescanbe connectedusingports.The mappingof the procesessto PEs
andchannelsto buses/routescanalsobedoneeasilyin theGUI. TheTLM generation
toolscanbeusedto verify boththefunctionalcorrectnessof thedesignandto accurately
estimatetheperformance.Variousstatisticsaregeneratedautomaticallyby thetiedTLM
simulation.ThesestatisticscanbeviewedgraphicallyusingtheGUI.

© 2008,CECS 2
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Chapter 2. Usage

In the following sections,the generalusageof the ESE applicationwill be outlined.
Followedby a descriptionof basicformattingconventionsusedthroughoutthemanual,
informationpertinentto runningtheESEapplicationwill beprovided.

2.1. Manual Conventions

Thefollowing styleandformattingconventionsareusedthroughoutthetext of thisman-
ual to referto commands,actions,or GUI elements:

Command

Refersto acommandor otherdatainput typedin andenteredby theuser.

Message

Referstoalogor othertext messageproducedby theESEapplicationonthescreen.

Key

Refersto akey thata usercanpresson thekeyboard.

Label

Refersto a button,menuor any othergenerallabel in the GUI of the ESEmain
application.

Win::Sub

Refersto asub-iteminsideoneof thepartsof theESEapplicationmainwindow.

Win refers to one of the following parts of the applicationmain window (see
Chapter3 Main Window(page7)):

• Main representstheMain Window itself (i.e. its menuor tool bar).

• Project representstheProjectWindow.

• Output representstheOutputWindow.

• Design representstheDesignWindow.

Sub refersto drop-down menusor subwindows(tabs):

© 2008,CECS 3
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• For the Main Window, Sub is eitherFile, View, Project, Synthesis, or Win-
dows (drop-down menusintroducedin Section3.1MenuBar (page8)).

• For theProjectWindow, Sub is eitherModels, Imports, or Sources (tabsin-
troducedin.

• For theOutputWindow, Sub is eitherCompile or Re�ne (tabsintroducedin.

• For the DesignWindow, Sub is either Hierarchy, Behaviors, or Channels
(sidebartabsintroduced.

For example,Project::Models refersto themodelstabin theProjectWindow.

Menu� ! Command

Refersto amainmenuor context menucommand(describedin) whereCommand
refersto themenucommandandMenu refersto amainmenuentryor to acontext
menuin anamedsubwindow (tab).

For example, Main::File� ! Open... refers to the Open... command
in the File menu of the Main Window menu bar. On the other hand,
Project::Models� ! Open refersto the Open commandin the context menuof
theProjectWindow Modelstab.

2.2. Star ting ESE

ESEis invokedby entering

%ese

at thecommandline prompt(%). This will starttheapplicationandopenthemainwin-
dow (Chapter3 Main Window(page7)) of the combinedSCEgraphicaluserinterface
(GUI).

2.2.1. Scripting

ESEsupportsscriptingof thecompleteenvironmentfrom thecommandline without the
needto invoke theGUI. For scriptingpurposes,a GUI-lesscommandshellof ESEcan
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beinvokedby entering

%scsh
at the commandline prompt(%). This will start the ESEshell without the GUI layer.
Instead,a prompt(>> ) is offeredto entercommandsthatallow to drive the ESEenvi-
ronmentinteractively (or from ESEshell scriptsreadfrom �les suppliedon the scsh
commandline).

The ESE shell is basedon an embeddedPythoninterpreter. As such,it conformsto
Pythonsyntaxandthe full semanticsof the Pythonlanguageis available.In addition,
the ESEshell extendsthe Pythoninterpreterwith an API for accessto ESEfunction-
ality. However, the ESEshell API only providesundocumentlow-level accessto ESE
internalsfor developers.

For user-level scriptingof ESEby designers,a completesetof high-level scriptson top
of the ESEshell areavailable.The setof scriptsprovidesa convenientcommand-line
interfacefor all necessaryESEfunctionality . Togetherwith command-lineinterfaces
to modelre�nement tools andto the SpecCcompiler , completescriptingof the ESE
design�o w from thecommandline, throughshellscriptsor via Make�les is possible.

2.2.2. Envir onment Variab les

HOME

Determinesthelocationof theuser's homedirectoryandconsequentlythedefault
pathto the�le with user-speci�c applicationpreferences($HOME/.ese/eserc ).

ESERC_PATH

Determinesthe list of directorieswhere�les serrc with user-speci�c application
preferencesarestored.Multiple directoriescanbe provided,separatedby colons
(“ : ”). Directoriesaresearchedfor andpreference�les arereadin thegivenorder,
i.e.preference�les in laterdirectoriescanoverridesettingsin earlierones.Modi�ed
preferenceswill bewritten to the �rst directoryin the list that is writeableby the
user.

If ESERC_PATH is not set,thelocation(directory)of theuser-speci�c serrc �le
defaultsto $HOME/.ese .
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Chapter 3. Main Windo w

Figure3-1.Main Window of ESE.

The primary GUI of ESEis the Main Window, which is displayedin Figure3-1. The
Main Window consistsof eightparts:

1. A Menu Bar that containsseven columnsof commands.Eachcolumn is a drop-
down menu.

2. A Tool Bar thatcontainsa list of short-cuticons.Eachicon representsa command
in themenubar.

3. A PEWindow thatcontainsthecurrentdesign'sPE's.

4. A ChannelWindow thatcontainsthecurrentdesign'sbussesandchannels.

© 2008,CECS 7



UserManualfor EmbeddedSystemEnvironment: ESEVersion2.0.0

5. A DatabaseWindow thatcontainsthecurrentdatabase'savailablecomponents.

6. A DesignCanvasthat containsthe graphicalrepresentationsof the objectsof the
currentdesign.

7. An OutputWindow.

8. A StatusBarthatdisplaysthecurrentstatusof ESE,suchasLoading... or Ready .

In this section,we introduceorganization-relatedanddisplay-relateddetailsof Menu
Bar,PEWindow, ChannelWindow, DatabaseWindow, DesignCanvas,andOutputWin-
dow. Somewindows containdrop-down menusor pop-upmenus.The menusfurther
containdesigncommands.The usageandfunctionality behindthe commandswill be
describedlater.

3.1. Menu Bar

TheMenuBar containssevenmainmenuentries:File, Edit, View, Synthesis, Valida-
tion, Windows, andHelp. Eachmainmenuentryis a drop-down menuwhich contains
anumberof commands.In general,unlessotherwisenoted,selectingamainmenuentry
will applythecorrespondingactionto thecurrentlyactivedesign,i.e. to thedesignthat
is currentlyopen.If thereis no currentlyactive design,menucommandswill silently
fail (donothing).

3.1.1. File Menu

TheFile menucontainstencommands:

File� ! New...

Selecting New... will create a new design �le (see
Section4.2.1DesignCreation(page34)).

File� ! Open...

SelectingOpen... will allow loadingandopeningof an existing design�le (see
Section4.2.2DesignOpening(page34)).

© 2008,CECS 8
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File� ! Close

Selecting Close will close the current design (see
Section4.2.5DesignClosing(page37)).

File� ! Reload

SelectingReload will trigger reloadingof the currentdesign�le from disk (e.g.
in casethe �le haschangedon disk or reverting to the last saved version)(see
Section4.2.4DesignReloading(page37)).

File� ! Save

Selecting Save will save the current design �le (see
Section4.2.3DesignSaving(page36)).

File� ! Save As...

SelectingSave As... will save the current design �le as a another �le (see
Section4.2.3DesignSaving(page36)).

File� ! Export...

SelectingExport... will allow saving andexportingof thecurrentdesignin acom-
pressed�le format(seeSection4.2.6DesignExporting(page38)).

File� ! Settings...

SelectingSettings... will display the settingsof the current design �le (see
Section4.2.7DesignSettingsEditing (page39)).

File� ! Exit

Selecting Exit will exit from and quit ESE (see
Section4.2.9ESEExiting (page41)).

© 2008,CECS 9
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3.1.2. Edit Menu

TheEdit menucontainsonecommand:

Edit� ! Preferences...

SelectingPreferences... will allow viewing andmodifying of applicationprefer-
ences(seeSection4.1ApplicationPreferences(page29)).

3.1.3. View Menu

TheView menucontainsthreecommands:

View� ! Source...

SelectingSource... will allow viewing of thesource�le of thecurrentdesign(see
Section4.2.8DesignSourceViewing (page40)).

View� ! Chart...

SelectingChart... will displaythechartof thecurrentdesign.

View� ! Connectivity...

SelectingConnectivity... will displaytheconnectivity chartof thecurrentdesign.

3.1.4. Synthesis Menu

TheSynthesis menucontains� vecommands:

Synthesis� ! Generate Functional TLM...

SelectingGenerate Functional TLM... generatesthefunctionaltlm for thecurrent
design(seeSection4.4.1GenerateFunctionalTLM (page64)).

Synthesis� ! Generate Timed TLM...

SelectingGenerate Timed TLM... generatesthetimedtlm for thecurrentdesign
(seeSection4.4.2GenerateTLM (page64)).

© 2008,CECS 10



UserManualfor EmbeddedSystemEnvironment: ESEVersion2.0.0

Synthesis� ! Select Board...

SelectingSelect Board... presentsasub-menu,whichallowsselectionof theboard
to which thecurrentdesigncanbesynthesized.

Synthesis� ! Synthesize to Board...

SelectingSynthesize to Board... synthesizesthecurrentdesignontotheselected
board.

Synthesis� ! Stop

SelectingStop stopsany running generationand synthesizingprocessesfor the
currentdesign.

3.1.5. Validation Menu

TheValidation menucontainsfour commands:

Validation� ! Simulate Functional TLM...

SelectingSimulate Functional TLM... simulatesthefunctionaltlm for thecurrent
design(seeSection4.5.1SimulateFunctionalTLM (page64)).

Validation� ! Simulate Timed TLM...

SelectingSimulate Timed TLM... simulatesthe timedtlm for thecurrentdesign
(seeSection4.5.2SimulateTimedTLM (page64)).

Validation� ! Kill Simulation...

SelectingKill Simulation... presentsa sub-menuallowing the selectionof which
activesimulationto terminatefrom thecurrentdesign.

Validation� ! View Log...

SelectingView Log... showsthelog of thecurrentdesign.

© 2008,CECS 11
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3.1.6. Windo ws Menu

TheWindows menucontainstwo commands:

Windows� ! Output Window

SelectingOutput Window will display or undisplay the Output Window (see
Section3.6OutputWindow(page25)).

Windows� ! Toolbars

SelectingToolbars presentsa sub-menuallowing the selectionof toolbar(s)to
show/hide.

3.1.7. Help

TheHelp menucontainstwo commands:

Help� ! Manual...

SelectingManual... will opentheESEusermanualin theonlinehelpbrowser.

Help� ! About...

SelectingAbout... will popup a dialogwith versionandcopyright informationof
theESEenvironment.

© 2008,CECS 12
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3.2. Design Canvas

Figure 3-2.DesignCanvas.

TheDesignCanvasdisplaysthecontentandtheattributesof anopeneddesigngraphi-
cally, andit allowsbrowsingandmanipulatingof thedesignobjects.TheDesignCanvas
is displayedin Figure3-2.

Thecanvassupportsmodifyingthelayoutandattributesof thedesignvia drag-and-drop
andthroughacontext menu.DraggingobjectsfromtheDatabaseWindow addsanobject
to thedesign.Draggingobjectswithin theDesignCanvasrepositionstheobjectaccord-
ingly. Deletion,renaming,addingandremoving ports,aswell asviewing propertiesare
accessedvia thecontext menuandavailabledependentuponthetypeof objectcurrently
selected(seeSection4.2DesignHandling(page32)).

© 2008,CECS 13
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3.3. PE Windo w

Figure3-3.PE Window.

In the PE Window side bar, all the processes,source�les, local memoriesand local
channelsassociatedwith eachPE in the designare listed.Every PE is representedas
a tab in thePEWindow. Unmappedprocesses,local memories,andlocal channelsare
displayedin theUnmapped tab. ThePEWindow is displayedin Figure3-3.

EachPE tab containsprocesses,local memories,andlocal channels.The Processes
category containsall processesfor the PE. If available,eachprocessdisplaysassoci-
atedProcess Ports andSource Files. Internal Memories andExposed Memories
aredisplayedundertheMemories category. TheChannels category displaysthePE's
Process Channels, Memory Channels andFIFO Channels.

3.3.1. PE Windo w Processes

Right-clicking on the Processes category in the PE Window opensa context-menu
pop-upfor theselectedprocesses.Thecontext menufor Processes containstwo com-
mands:

Add Process

SelectingAdd Process will add a new instanceof the selectedentity (see
Section4.3.2PE Mapping(page45)).

© 2008,CECS 14
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Remove All Processes

SelectingRemove All Processes will removeall entitiesof theselectedtype(see
Section4.3.2PE Mapping(page45)).

Right-clicking on a processunderthe Processes category in the PE Window opens
a context-menupop-upfor the selectedprocess.The context menufor eachprocess
containseightcommands:

Rename Process

Selecting Rename Process will rename the selected entity (see
Section4.3.2PE Mapping(page45)).

Add Process

SelectingAdd Process will add a new instanceof the selectedentity (see
Section4.3.2PE Mapping(page45)).

Remove Process(es)

SelectingRemove Process(es) will remove all entitiesof theselectedtype(see
Section4.3.2PE Mapping(page45)).

Add .C File(s)

SelectingAdd .C File(s) will add a new source�le of the speci�ed type (see
Section4.3.2PE Mapping(page45)).

Add .H File(s)

SelectingAdd .H File(s) will add a new source�le of the speci�ed type (see
Section4.3.2PE Mapping(page45)).

Remove All Source File(s)

SelectingRemove All Source File(s) will removeall entitiesof theselectedtype
from theprocess(seeSection4.3.2PE Mapping(page45)).

Add Process Port

SelectingAdd Process Port will adda new instanceof theselectedentity to the
process(seeSection4.3.2PE Mapping(page45)).

© 2008,CECS 15
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Remove All Process Port(s)

SelectingRemove All Process Port(s) will remove all entitiesof the selected
typefrom theprocess(seeSection4.3.2PE Mapping(page45)).

Right-clickingon Process Ports undera Processin the PEWindow opensa context-
menupop-upfor theselectedprocessports.Thecontext menufor Process Ports con-
tainstwo commands:

Add Process Port

SelectingAdd Process Port will adda new instanceof theselectedentity to the
process(seeSection4.3.2PE Mapping(page45)).

Remove All Process Port(s)

SelectingRemove All Process Port(s) will remove all entitiesof the selected
typefrom theprocess(seeSection4.3.2PE Mapping(page45)).

Right-clicking on a processport under Process Ports in the PE Window opensa
context-menupop-upfor theselectedprocessclass.Thecontext menufor eachprocess
port containsthreecommands:

Add Process Port

SelectingAdd Process Port will adda new instanceof theselectedentity to the
process(seeSection4.3.2PE Mapping(page45)).

Remove Process Port(s)

SelectingRemove Process Port(s) will remove the selectedentitiesof the se-
lectedtypefrom theprocess(seeSection4.3.2PEMapping(page45)).

Properties

SelectingProperties will openapropertiesdialogbox theselectedentity from the
process.Theuseris ableto renamethefunctionnamesfor theentity in this dialog
box (seeSection4.3.2PE Mapping(page45)).

Right-clicking on Source Files undera processin the PE Window opensa context-
menupop-upfor theselectedsource�les. Thecontext menufor Source Files contains
threecommands:

© 2008,CECS 16
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Add .C File(s)

SelectingAdd .C File(s) will add a new source�le of the speci�ed type (see
Section4.3.2PE Mapping(page45)).

Add .H File(s)

SelectingAdd .H File(s) will add a new source�le of the speci�ed type (see
Section4.3.2PE Mapping(page45)).

Remove All Source File(s)

SelectingRemove All Source File(s) will removeall entitiesof theselectedtype
from theprocess(seeSection4.3.2PE Mapping(page45)).

Right-clickingon a source�le underSource Files in thePEWindow opensa context-
menupop-upfor theselectedsource�les. Thecontext menufor eachsource�le contains
four commands:

Add .C File(s)

SelectingAdd .C File(s) will add a new source�le of the speci�ed type (see
Section4.3.2PE Mapping(page45)).

Add .H File(s)

SelectingAdd .H File(s) will add a new source�le of the speci�ed type (see
Section4.3.2PE Mapping(page45)).

Remove File(s)

SelectingRemove File(s) will remove all selectedentitiesof the selectedtype
from theprocess(seeSection4.3.2PE Mapping(page45)).

View Source

SelectingView Source will openthe Design Viewer andshow the sourcecode
for the�le (seeSection4.3.2PE Mapping(page45)).

3.3.2. PE Windo w Memories

Right-clicking on the Memories category in the PE Window opensa context-menu
pop-upfor the selectedprocessclass.The context menufor Memories containsthree
commands:

© 2008,CECS 17
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Add Exposed Memory

SelectingAdd Exposed Memory will adda new instanceof the selectedentity
(seeSection4.3.2PEMapping(page45)).

Add Internal Memory

SelectingAdd Internal Memory will addanew instanceof theselectedentity (see
Section4.3.2PE Mapping(page45)).

Remove All Selected Memories

SelectingRemove All Selected Memories will removeall entitiesof theselected
type(seeSection4.3.2PE Mapping(page45)).

Right-clicking on the Exposed sub-category underthe Memories category in the PE
Window opensa context-menupop-upfor theselectedprocessclass.Thecontext menu
for Exposed containstwo commands:

Add Exposed Memory

SelectingAdd Exposed Memory will adda new instanceof the selectedentity
(seeSection4.3.2PEMapping(page45)).

Remove All Exposed Memories

SelectingRemove All Exposed Memories will removeall entitiesof theselected
type(seeSection4.3.2PE Mapping(page45)).

Right-clickingon amemoryundertheExposed sub-category in thePEWindow opens
a context-menupop-upfor theselectedprocessclass.Thecontext menufor Exposed
containsfour commands:

Rename Memory

SelectingRename Memory will allow theuserto renametheselectedentity (see
Section4.3.2PE Mapping(page45)).

Add Exposed Memory

SelectingAdd Exposed Memory will adda new instanceof the selectedentity
(seeSection4.3.2PEMapping(page45)).
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Remove Selected Memories

SelectingRemove Selected Memories will remove selectedentitiesof the se-
lectedtypefrom theprocess(seeSection4.3.2PEMapping(page45)).

Set Memory Size

SelectingSet Memory Size will allow theuserto setthesizeof theentity under
theDetails column(seeSection4.3.2PE Mapping(page45)).

Right-clicking on the Internal sub-category underthe Memories category in the PE
Window opensa context-menupop-upfor theselectedprocessclass.Thecontext menu
for Internal containstwo commands:

Add Internal Memory

SelectingAdd Internal Memory will addanew instanceof theselectedentity (see
Section4.3.2PE Mapping(page45)).

Remove All Internal Memories

SelectingRemove All Internal Memories will removeall entitiesof theselected
type(seeSection4.3.2PE Mapping(page45)).

3.3.3. PE Windo w Channels

Right-clickingontheChannels category in thePEWindow opensacontext-menupop-
up for the selectedchannelclass.The context menufor Channels containsonecom-
mand:

Remove Selected Channels

SelectingRemove Selected Channels will remove all entitiesof the selected
type(seeSection4.3.2PE Mapping(page45)).

Right-clickingontheProcess Channels sub-categoryundertheChannels categoryin
thePEWindow opensacontext-menupop-upfor theselectedchannelclass.Thecontext
menufor Process Channels containsonecommand:

Remove Selected Channels

SelectingRemove Selected Channels will remove all entitiesof the selected
type(seeSection4.3.2PE Mapping(page45)).
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Right-clickingon achannelundertheProcess Channels sub-category in thePEWin-
dow opensa context-menupop-upfor theselectedchannelclass.Thecontext menufor
Process Channels containstwo commands:

Remove Channel(s)

SelectingRemove Channel(s) will remove all selectedentities of type (see
Section4.3.2PE Mapping(page45)).

Properties

SelectingProperties will openapropertiesdialogbox for theselectedentity from
theprocess.Theuseris ableto modify port androutepropertiesin thisdialogbox.

Right-clickingontheMemory Channels sub-categoryundertheChannels categoryin
thePEWindow opensacontext-menupop-upfor theselectedchannelclass.Thecontext
menufor eachchannelcontainsonecommand:

Remove Selected Channels

SelectingRemove Selected Channels will remove all entitiesof the selected
type(seeSection4.3.2PE Mapping(page45)).

Right-clickingonachannelundertheMemory Channels sub-category in thePEWin-
dow opensa context-menupop-upfor theselectedchannelclass.Thecontext menufor
eachchannelcontainstwo commands:

Remove Channel(s)

SelectingRemove Channel(s) will remove all selectedentities of type (see
Section4.3.2PE Mapping(page45)).

Properties

SelectingProperties will openapropertiesdialogbox for theselectedentity from
the process.The useris ableto modify port, address,androutepropertiesin this
dialogbox (seeSection4.3.2PEMapping(page45)).

Right-clicking on the FIFO Channels sub-category underthe Channels category in
thePEWindow opensacontext-menupop-upfor theselectedchannelclass.Thecontext
menufor FIFO Channels containsonecommand:
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Remove Selected Channels

SelectingRemove Selected Channels will remove all entitiesof the selected
type(seeSection4.3.2PE Mapping(page45)).

Right-clickingonachannelundertheFIFO Channels sub-category in thePEWindow
opensacontext-menupop-upfor theselectedchannelclass.Thecontext menufor each
channelcontainstwo commands:

Remove Channel(s)

SelectingRemove Channel(s) will remove all selectedentities of type (see
Section4.3.2PE Mapping(page45)).

Properties

SelectingProperties will openapropertiesdialogbox for theselectedentity from
theprocess.Theuseris ableto modify port,mapping,androutepropertiesin this
dialogbox.

3.4. Channel Windo w

Figure3-4.ChannelWindow.
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In theChannelWindow sidebar, all the channelsassociatedwith eachBus andCE in
the designare listed. Every Bus andCE is representedasa tab in the ChannelWin-
dow. Unmappedchannelsaredisplayedin theUnmapped tab. TheChannelWindow is
displayedin Figure3-4.

EachChanneltabcontainschannelsorganizedby channelcategories:Process Chan-
nels, Memory Channels, andFIFO Channels.

3.4.1. Channel Windo w Process Channels

Right-clicking on the Process Channels category in the ChannelWindow opensa
context-menupop-upfor the selectedchannelclass.The context menufor Process
Channels containstwo commands:

Add Channel

Selecting Add Channel will open a dialog box for adding a channel.The
user is able to specify the new channel's propertiesin this dialog box (see
Section4.3.4ChannelMapping(page58)).

Remove All Process Channels

SelectingRemove All Process Channels will removeall entitiesof theselected
typefrom thetab(seeSection4.3.4ChannelMapping(page58)).

Right-clickingon a channelundertheProcess Channels category in thePEWindow
opensacontext-menupop-upfor theselectedchannelclass.Thecontext menufor Pro-
cess Channels containsthreecommands:

Add Channel

Selecting Add Channel will open a dialog box for adding a channel.The
user is able to specify the new channel's propertiesin this dialog box (see
Section4.3.4ChannelMapping(page58)).

Remove Channel(s)

SelectingRemove Channel(s) will remove all selectedentities of type (see
Section4.3.4ChannelMapping(page58)).
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Properties

SelectingProperties will openapropertiesdialogbox for theselectedentity from
theprocess.Theuseris ableto modify port androutepropertiesin thisdialogbox.

3.4.2. Channel Windo w Memor y Channels

Right-clicking on the Memory Channels category in the ChannelWindow opensa
context-menupop-upfor the selectedchannelclass.The context menufor Memory
Channels containstwo commands:

Add Channel

Selecting Add Channel will open a dialog box for adding a channel.The
user is able to specify the new channel's propertiesin this dialog box (see
Section4.3.4ChannelMapping(page58)).

Remove All Memory Channels

SelectingRemove All Memory Channels will removeall entitiesof theselected
typefrom thetab(seeSection4.3.4ChannelMapping(page58)).

Right-clickingon a channelundertheMemory Channels category in thePEWindow
opensacontext-menupop-upfor theselectedchannelclass.Thecontext menufor each
channelcontainsthreecommands:

Add Channel

Selecting Add Channel will open a dialog box for adding a channel.The
user is able to specify the new channel's propertiesin this dialog box (see
Section4.3.4ChannelMapping(page58)).

Remove Channel(s)

SelectingRemove Channel(s) will remove all selectedentities of type (see
Section4.3.4ChannelMapping(page58)).

Properties

SelectingProperties will openapropertiesdialogbox for theselectedentity from
the process.The useris ableto modify port, address,androutepropertiesin this
dialogbox.
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3.4.3. Channel Windo w FIFO Channels

Right-clickingontheFIFO Channels categoryin theChannelWindow opensacontext-
menupop-upfor the selectedchannelclass.The context menufor FIFO Channels
containstwo commands:

Add Channel

Selecting Add Channel will open a dialog box for adding a channel.The
user is able to specify the new channel's propertiesin this dialog box (see
Section4.3.4ChannelMapping(page58)).

Remove All FIFO Channels

SelectingRemove All FIFO Channels will removeall entitiesof theselectedtype
from thetab(seeSection4.3.4ChannelMapping(page58)).

Right-clicking on a channelunderthe FIFO Channels category in the PE Window
opensacontext-menupop-upfor theselectedchannelclass.Thecontext menufor each
channelcontainstwo commands:

Add Channel

Selecting Add Channel will open a dialog box for adding a channel.The
user is able to specify the new channel's propertiesin this dialog box (see
Section4.3.4ChannelMapping(page58)).

Remove Channel(s)

SelectingRemove Channel(s) will remove all selectedentities of type (see
Section4.3.4ChannelMapping(page58)).

Properties

SelectingProperties will openapropertiesdialogbox for theselectedentity from
theprocess.Theuseris ableto modify port,mapping,androutepropertiesin this
dialogbox.
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3.5. Database Windo w

Figure3-5.DatabaseWindow.

In the DatabaseWindow side bar, all the databaseitems associatedwith the design
are listed. Eachcomponentfrom the databaseis representedasa tab in the Database
Window. Eachcomponentcontainsa numberof categories,which containa numberof
databaseitemtypes.Thedatabaseitemtypescanbedraggeddirectly from theDatabase
Window onto the DesignCanvasto createan instanceof that type for the design.The
DatabaseWindow is displayedin Figure3-5.

3.6. Output Windo w

Figure3-6.Output Window.

The Output Window displaysthe information relatedto the processof ESE,suchas
loggedstatus,diagnosticanderroroutputof backgroundcommands.TheOutputWin-
dow is displayedin Figure3-6. TheOutputWindow containssix tabs:Compile, Sim-
ulate, Verify, Analyze, Synthesize andShell. TheCompile tabdisplaysthelog mes-

© 2008,CECS 25



UserManualfor EmbeddedSystemEnvironment: ESEVersion2.0.0

sagesgeneratedduring preprocessingand parsingof the design�le during Synthe-
sis.TheSimulate tabdisplaysthe log messagesgeneratedby the commandline tools
spawnedby the main applicationGUI during simulation.The Verify tab displaysthe
log messagesgeneratedby the commandline tools spawnedby the main application
GUI during veri�cation. The Analyze tab displaysthe log messagesgeneratedby the
commandline tools spawnedby the main applicationGUI during analysis.The Syn-
thesize tabdisplaysthelog messagesgeneratedby thecommandline toolsspawnedby
themainapplicationGUI duringsynthesis.Finally, theShell tabcontainsaninstanceof
theinteractiveESEshell interpreter.

TheOutputWindow is mainlyfor informationalpurposesanddoesn't containany button
that userscan click. Only the Shell tab allows to enterESE commandsinteractively
to be executedby the embeddedscripting interpreter. In addition, all tabssupporta
context menuthroughwhich theusercansave thecontentsof thetabto a �le, cut,copy
and pastetext betweena tab and other applications,toggle line wrapping,and clear
or completelyresetthe tab. Furthermore,the Shell tabsupportshistorysubstitutionof
previouslyenteredcommandsvia Undo andRedo context menuentries.

TheOutputWindow canbedetachedor docked.Userscandragthewindow (by its title
baror handle)to thedesiredplace.If theOutputWindow is detached,it canbe�oating
anddisplayedanywhereon the desktop.If the OutputWindow is docked, it hasto be
attachedto any of thebordersof theMain Window.

3.7. Message Boxes

As a resultof certainactions,theESEapplicationwill popup messagebox dialogsfor
feedbackto or input from theuserabouthandlingof specialsituations.Messageboxes
areusedto provide informativemessagesandto asksimplequestions.In general,there
aretwo typesof messageboxes:errordialogsandinformationdialogs.
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3.7.1. Error Dialogs

Figure3-7.Err or dialog.

If the applicationencountersan abnormalerror situation in which user noti�cation
aboutthe failure of the initiated actionis required,an Error dialog will be poppedup
(Figure3-7). TheErrordialogdisplaysanerrormessageat thetop-halfof theErrordia-
log. At thebottom-half,anErrordialogcontainsonebutton:Ok. Clicking Ok will close
theError dialogandoriginal dialog(if any) thatpromptedthemessage.After clicking,
theoriginalactionthatpromptedthemessageis abortedandcancelled.

3.7.2. Information Dialogs

Figure 3-8. Inf ormation dialog.

If theapplicationencountersanabnormalsituationin whichusernoti�cation is required
andtheuseris givenseveralchoiceson how to continue,anInformationdialogwill be
poppedup(Figure3-8). An informationmessageandassociatedquestionis displayedat
thetop-halfof thedialog.Thebottom-halfof thedialogcontainsthreebuttons:Yes, No,
andCancel. Clicking Yes will acceptthe recommendationanddo the corresponding
action.Clicking No will notaccepttherecommendationandwill notdo thecorrespond-
ing actionbut will continuethe original action that promptedthe messagein the �rst
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place.Finally, clicking Cancel will notdo therecommendedactionandwill alsocancel
theoriginal actionthatpromptedthemessage.Clicking oneof above threebuttonswill
closetheInformationdialogandoriginaldialog(if any) thatpromptedthemessage.
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Chapter 4. Functionality

Thefunctionalityof ESEcanbeclassi�edinto thefollowing categories:application,�le
handling,design-entityhandling,andsynthesis& simulation,

4.1. Application Preferences

Themainapplicationof ESEsupportsasetof persistentapplicationpreferences.Appli-
cationpreferencesarepersistentlystoredacrossdifferentinvocationsof thetool. In fact,
applicationpreferencesaresharedamongall toolsin theESEenvironment,i.e. they are
persistentacrossinvocationof differenttoolsatdifferenttimes.

Applicationpreferencesarestoredin bothsystem-wideanduser-speci�c locations(see
Section4.2.7DesignSettingsEditing (page39)). System-wideapplicationpreferences
affectall usersof ESEapplicationsonthesystem.User-speci�c applicationpreferences,
ontheotherhand,arestoredin a �le in theuser'sLinux homedirectory. Theapplication
�rst readsthesystem-wideandthentheuser-speci�c settings,i.e. user-speci�c settings
canoverride(if given) system-widesettingsandif no user-speci�c settingsaregiven,
applicationsettingsdefault to thesystem-widesettings.If no system-widesettingsare
available,compiled-indefaultsareused.

Applicationpreferencesin generalprovide the standardsettings(paths,etc.) to useby
default for thedifferentpartsof ESEapplications.

Application preferences can be edited by the user by selecting
Main::Edit� ! Preferences.... This will pop-up the Edit Preferencesdialog, which
allow users to browse and specify individual settings.At the bottom of the Edit
Preferencesdialog,buttonsOk andCancel areavailable.If usersclick the Ok button,
all the editedpreferencesare saved. If usersclick the Cancel button, all the edited
preferencesarediscarded.Either clicking Ok or Cancel button will closePreference
dialog.
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4.1.1. Application Preferences

Figure 4-1.Edit Preferencesdialog.

Databasepreferencesde�ne thelocationof thedatabaseEDB �le for theDatabaseWin-
dows

TheApplication tabof theEdit Preferencesdialogallows for viewing andselectingof
database�le path,aswell as other include and library paths.The Application tab is
shown in Figure4-1.

Userscantype in the �le nameandpathof thedatabasein the Application's line edit
boxes.Besidestyping in the �le name,userscan also selectthe namesby using ...
buttonsnext to theedit box.Clicking ... buttonwill popup a DatabaseSelectiondialog
displayedin FigureFigure4-2.
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Figure4-2. DatabaseSelectiondialog.

TheDatabaseSelectiondialogallows usersto chooseandselectexisting database�les
ondisk to usefor thedatabase.In theDatabaseSelectiondialog,usersshould�rst spec-
ify thedatabasedirectoryin Look-in box.Thecontentof thedirectorywill beautomat-
ically displayedin the displaybox in the center. The databasetype in the File Type
box defaultsto EDB �les for databasesbut canbechosenby theuser. All thedatabase
�les with thespeci�ed typewill be displayedin thedisplaybox. Usersfurther type in
the databasenamein File Name box. Finally, by clicking Open button, the database
with thespeci�ednamewill beselected.If usersclick Cancel button,thentheactionof
databaseselectionwill becancelled.Eitherclicking Open or Cancel buttonwill close
theDatabaseSelectiondialog.

Userscanalsotypein the�le nameandpathof theSystemCincludeandlibrary pathsin
theApplication's line edit boxes.Besidestyping in the �le name,userscanalsoselect
thenamesby using... buttonsnext to theappropriateedit box. Clicking ... buttonwill
popupa SystemCPathSelectiondialogdisplayedin Figurexref linkend="�g-systemc-
path-selection">.

© 2008,CECS 31



UserManualfor EmbeddedSystemEnvironment: ESEVersion2.0.0

Figure4-3. SystemCPath Selectiondialog.

TheSystemCSelectiondialogallows usersto chooseandselecta directoryon disk to
usefor the SystemC include path or the SystemC library path. By clicking Open
button, the directory with the speci�ed namewill be selected.If usersclick Cancel
button,thentheactionof databaseselectionwill becancelled.Eitherclicking Open or
Cancel buttonwill closetheDatabaseSelectiondialog.

4.2. Design Handling

Design handling deals with issues relating to manipulation of design and its
corresponding �les within ESE. It allows for tracking of design meta-data
over the whole lifetime of a design. A design contains design-speci�c
settings that can override or extend application-speci�c compiler settings (see
Section4.1ApplicationPreferences(page29)). Speci�cally, a design contains the
following information:

Sources

A list of source�les. Thelist of sourcescontainstheunionof all C and/orSystemC
source�les from which themodelsthatarepartof thedesignhavebeencompiled.
For eachsource�le, thelocation(path)of the�le ondisk is storedin thedesign.
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Compilersettings

A setof design-speci�coptionsfor preprocessingandparsingSystemCsource�les.
Compilersettingscontainincludepaths,importpaths,compileroptions,andmacro
de�nesandunde�nes.Design-speci�ccompilersettingsgenerallyoverwriteor ex-
tend the correspondingapplication-speci�csettings.In the caseof paths,design
pathsareprependedto the standardpathsde�ned in the applicationsettings(i.e.
they areprependedto thedirectorysearchlist). In all othercases,optionsor macro
de�nes/unde�nedareappendedto the compilercommandline after the standard
optionsandmacrosde�ned in theapplicationsettings.

DesignsarestoredasESEDataStructure(EDS, *.eds ) �les on disk. The design�le
format is the samefor all tools in the ESEenvironment,i.e. a design�le canbe read,
modi�ed andwrittenby any ESEtool.

Designcanbe readfrom andsaved asdesign�les at any time in the ESEapplication.
At any time, however, at maximumonly onedesigncanbe openandloaded.While a
certaindesignis openandloaded,its settingsapplyto all actionsperformedduringthat
time. In addition,certainactionswill automaticallyupdateandadddatain thecurrently
openedandloadeddesign.

Note: All paths in the design settings are de�ned to be relative to the location of
the design �le , i.e. relative paths in a design �le are converted into absolute paths
by appending the design �le' s directory during loading/opening of a design �le .
During saving/writing of design �les , absolute paths are in turn converted back to
relative paths if they point to a location below the target design �le directory.

In order to deal with managementof design �les, ESE supports a set of �le
handling functions. Design handling includes opening, saving, and closing
of design �les on disk. Design handling is closely related to Design Canvas
(Section3.2DesignCanvas(page12)) and Design Canvas Management
(Section4.7WindowManagement(page69)). In general, there is a one-to-one
associationbetweendesignmodels,design�les on disk and designcanvasesin the
Workspace.Each Design Canvas representsa view onto one loaded design �le
which in turn storesthe data of one design model, and vice versa.For example,
both �le closing (Section4.2.5DesignClosing(page37)) and window closing
(Section4.7WindowManagement(page69)) will closethe design�le andthe Design
Canvasandunloadthedesignfrom ESE'smemory.
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Speci�cally, �le handlingconsistsof thefollowing tasks:

1. Design Creation to create a new design (see
Section4.2.1DesignCreation(page34)).

2. Design Opening to open and load existing design �les from disk (see
Section4.2.2DesignOpening(page34)).

3. Design Saving to save the current design on disk (see
Section4.2.3DesignSaving(page36)).

4. Design Closing to close the current design (see
Section4.2.5DesignClosing(page37)).

5. Design Reloading to reload the current design's last saved instance (see
Section4.2.4DesignReloading(page37)).

6. DesignExporting to createa compressedarchive �le of the currentdesign(see
Section4.2.6DesignExporting(page38)).

7. Design Settings to display and edit the settings of the opened design (see
Section4.2.7DesignSettingsEditing (page39)).

8. ESEExiting to exit theESEapplication(seeSection4.2.9ESEExiting (page41)).

4.2.1. Design Creation

Userscancreatea new designby selectingMain::File� ! New.... This actionwill clear
all windows (DesignCanvas,PE,ChannelandDatabaseWindows) in preparationfor a
new design.

Err or/Inf ormation Messages:Assumingbeforedesigncreation,usershaveopenedan-
other designin ESE, the currently openeddesignhasbeenmodi�ed and the opened
designis not saved yet. When usersselectMain::File� ! New, an Information dia-
log will be poppedup queryingwhetherto save the currentdesign�rst beforecreat-
ing a new one. If the usersacceptthe recommendation,a DesignSaving action (see
Section4.2.3DesignSaving(page36)) is performed�rst. In caseof errorscreatingthe
design�le (�le errors,wrong �le format), an error dialog with a correspondingerror
messageis poppedup.Uponcon�rming theerror, the�le creatingactionis cancelled.
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4.2.2. Design Opening

Figure4-4. DesignOpendialog.

Operation: Users can open an existing design �le on disk by selecting
Main::File� ! Open.... The DesignOpendialog window will pop up in which users
canchooseandselectanexisting �le ondisk to openandload.TheDesignOpendialog
is illustratedin Figure4-4.

Usersshould�rst specify the directoryof the �le in Look-in box. The contentof the
directorywill beautomaticallydisplayedin thedisplaybox in thecenter. The�le type
defaultsto EDS�les (*.eds ). All the �les with thespeci�ed typewill bedisplayedin
thedisplaybox. Usersthenfurtherselectthe �le namein the File Name box. Finally,
by clicking theOpen button,the�le with thespeci�ednamewill beopen.If usersclick
theCancel button,theactionof �le openingwill becancelled.Eitherclicking Open or
Cancel buttonwill closetheFile Opendialog.

Openingandloadingadesign�le will resultin acorrespondingdesignappearingin the
DesignCanvas.

Err or/Inf ormation Messages:If thespeci�eddesign�le doesnotexist beforeclicking
Open button,thenclicking Open buttonhasno effect.

In caseof errorsreadingthedesign�le from disk(�le errors,wrong�le format),anerror
dialogwith acorrespondingerrormessageis poppedup.Uponcon�rming theerror, the
DesignOpeningactionis cancelled.
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Assumingbeforedesignopening,usershaveopenedanotherdesignin ESE,theopened
designis modi�ed andtheopeneddesignis not savedyet.Whenusersopena different
design,theInformationdialogwill bepoppedup to recommendusersto save theprevi-
ousdesign�rst and,if therecommendationis accepted,a DesignSaving actionwill be
performed.This is thesameasthecasein taskSection4.2.1DesignCreation(page34).

4.2.3. Design Saving

Figure4-5. DesignSavedialog.

Operation: Userscan save openedand loadeddesign�les (DesignWindows in the
Workspace)by oneof thefollowing threemethods:

1. SelectingMain::File� ! Save will savethe�le of thecurrentlyactiveDesignWin-
dow usingits currentname.

2. Userscansavethe�le of thecurrentlyactiveDesignCanvasunderany (new) name
by selectingMain::File� ! Save As.... Theselectionwill popup theDesignSave
dialog in which userscan choosethe directory and �le nameto save the design
under. TheDesignSave dialogis shown in Figure4-5.

In theFile Savedialog,usersshould�rst specifythedirectoryof the�le in Look-in
box. The contentof directorywill be automaticallydisplayedin the displaybox
in the center. The �le type defaults to EDS �les (*.eds ). All the �les with the
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speci�edtypewill bedisplayedin thedisplaybox.Usersthenfurtherselectthe�le
namein File Name box. Finally, by clicking Save button,thecurrentopened�le
will besavedasthe�le with thespeci�edname.If usersclick Cancel button,then
theactionof �le saving will becancelled.Eitherclicking Save or Cancel button
will closetheDesignSavedialog.

Err or/Inf ormation Messages:WhenselectingMain::File� ! Save As... andspecify-
ing the �le nameof an existing design�le on disk, an Informationdialog will pop up
askingwhetherto overwritetheexisting �le. If theusersdeclinethis, thedesignsaving
actionwill becancelled.

WhenselectingMain::File� ! Save orMain::File� ! Save As..., errorsmayoccur(�le
errors,e.g.if nospaceis availableon thedisk). In this case,anErrordialogasshown in
Figure3-7 will bepoppedup, correspondingerrormessageswill bedisplayed,andthe
designsaving actionwill becancelled.

4.2.4. Design Reloading

Operation: Userscan save reload the current design �le (Design Windows in the
Workspace)by thefollowing method:

1. SelectingMain::File� ! Reload... will save the�le of thecurrentlyactive Design
Window usingits currentname.

Err or/Inf ormation Messages:When selectingMain::File� ! Reload..., errorsmay
occur (�le errors,e.g. if no spaceis availableon the disk). In this case,an Error di-
alog asshown in Figure3-7 will be poppedup, correspondingerror messageswill be
displayed,andthedesignsaving actionwill becancelled.

4.2.5. Design Closing

Operation: Userscanclosethe�le andwindow of thecurrentlyactive DesignWindow
in theWorkspacebyselectingMain::File� ! Close. Closinga�le will unloadthedesign
from memoryandwill closethecorrespondingDesignCanvasin theWorkspace.

Err or/Inf ormation Messages:If the current designis modi�ed and not yet saved,
selectingClose will pop up an Information dialog which recommendsto save the
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currentdesign�rst. If the usersacceptthe recommendation,a designsaving action
(Section4.2.3DesignSaving(page36)) is performedbeforeclosingthedesign.

4.2.6. Design Expor ting

Figure4-6. DesignExport dialog.

Operation: Userscanexportopenedandloadeddesign�les (DesignWindow) ascom-
pressedarchive�le (*.tbz ) ondiskby selectingMain::File� ! Export.... Theselection
will pop up the DesignExport dialog in which userscanchoosethe directoryand�le
nameto save thedesignunder. TheDesignExportdialogis shown in Figure4-6.

In theDesignExportdialog,usersshould�rst specifythedirectoryof the �le in Look
in box.Thecontentof directorywill beautomaticallydisplayedin thedisplayboxin the
center. The �le typedefaultsto ESEExportedDesignFiles (*.tbz ). All the �les with
thespeci�edtypewill bedisplayedin thedisplaybox.Usersthenfurtherselectthe�le
namein File Name box. Finally, by clicking Save button,thecurrentopened�le will
be exportedto the �le with the speci�ed name.If usersclick Cancel button, thenthe
actionof designexportingwill becancelled.Eitherclicking Save or Cancel buttonwill
closetheFile Exportdialog.

Err or/Inf ormation Messages:WhenselectingMain::File� ! Export... andspecifying
the�le nameof anexisting�le ondisk,anInformationdialogwill popupaskingwhether
to overwrite the existing �le. If the usersdeclinethis, the �le exporting actionwill be
cancelled.
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Whenwriting �les to disk,errorsmayoccur(�le errors,e.g.if no spaceis availableon
thedisk). In this case,anErrordialogwill bepoppedup,correspondingerrormessages
will bedisplayed,andthe�le exportingactionwill becancelled.

4.2.7. Design Settings Editing

Figure 4-7. DesignSettings(TLM Compiler tab) dialog.

Operation: Design setting allows usersto edit design settings.Unlike application
preferencesediting in Section4.1ApplicationPreferences(page29), design setting
apply only to the current design. Users start design settingsediting by selecting
Main::File� ! Settings.... Theselectionwill popup theDesignSettingsdialog,which
is displayedin Figure4-7. In theDesignSettingsdialog,userscanaccessandedit the
TLM Compiler and TLM Simulator tags with correspondingsettingsstoredin the
design.The TLM Compiler tab containsline edit boxesfor all compilersettings.The
Compile Options andLink Options lines allow usersto customizecompilationand
linking of designsource�les. The text in the Include Path and Import Path lines
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de�nes the directory lists (separatedby colons “ : ”) for the project-speci�c include
and import paths,respectively. The text in the De�nes and Unde�nes lines de�ne
the list of macrode�nes and unde�nes (separatedby semicolons“ ; ”), respectively.
The text in the Options line de�nes the project's compiler options/switches.Finally,
Verbosity Level andWarning Level de�ne verbositylevel andwarninglevel so that
all tasks performed are logged and warning messagesare enabled,respectively.
See Section4.1ApplicationPreferences(page29) for more details about compiler
settings.Similarly, the TLM Simulatortab includesthe following optionsfor output
display of simulation(Output): No terminal,Terminal window, or outputting in the
External consolede�ned by users.Further, userscan enablesimulation logging by
checkingthe appropriatecheck-box.Finally, line edit boxesSimulation Options and
Post-simulation command de�ne directivesto thesimulationengineduringandafter
TLM simulation.

4.2.8. Design Sour ce Viewing

Figure4-8. DesignSourceViewing dialog.

Operation: The source�le of the designcanbe viewed via View� ! Source.... The
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resultof View� ! Source... is shown in Figure4-8.

4.2.9. ESE Exiting

Operation: SelectingMain::File� ! Exit will exit the ESE applicationand closethe
ESEGUI.

Err or/Inf ormation Messages:If thereis anopenDesignCanvasthat is modi�ed and
not yet saved,an Informationdialog will pop up queryingwhetherto save the corre-
spondingdesign.The userswill be ableto cancelthe whole exit actionvia the corre-
spondingdialog button. If the usersacceptthe recommendationto save the �le, a �le
saving actionwill be triggered(seeSection4.2.3DesignSaving(page36)). Note that
thedesignsaving actioncantriggeradditionalError dialogswhich in turn canabortthe
wholeexit operationin caseof �le errorsduringsaving.

4.3. Transaction Level Modeling

TransactionLevel Modeling is a processof implementinga systemspeci�cationon a
platformconsistingof PEsandmemoriesinterconnectedwith bussesandCEs(bridges,
transducers),in orderto generatea respective transactionlevel model(TLM) of thede-
sign.During TL Modeling, the designersallocatePEsandmemories,bussesandCEs
andconnecttheminto anintergralsystemplatform.Duringmapping,thedesignersmap
computationprocessesto the PEsandend-to-endcommunicationchannelsto the net-
work of PEs,CEsandbusses.Processesareunits of computationin the speci�cation.
Theend-to-endchannelsconnectprocessestoenableinterprocessdataexchange,or con-
nectaprocesswith thememoryfor datastoring.Speci�cally, TransactionLevel Model-
ing consistsof thefollowing tasks:

1. PE Allocation to allocate and select PEs/memories from the PE
database in order to assemble the system's computing architecture (see
Section4.3.1PE Allocation(page42)).

2. PEMappingto mapthedesign'scomputationentities(or processes)to theselected
PEs(seeSection4.3.2PEMapping(page45)).

3. Network Allocationto allocate,selectandde�ne thecommunicationnetwork topol-
ogy (seeSection4.3.3NetworkAllocation(page49)).
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4. ChannelMappingto mapthedesign'sglobal,system-level channelsto theselected
network of PEs,bussesandCEs(seeSection4.3.4ChannelMapping(page58)).

5. TLM synthesisto automaticallygeneratean TransactionLevel Model from the
givenspeci�cationbasedonthedecisionmadeduringtheallocationof components
andapplication-to-platformmapping(seeSection4.4TLM Synthesis(page63)).

In orderto performTL Modeling,not all thetasksdescribedin previoussectionsneed
to be done.However, sometasksmustbe executedandmustbe executedin a certain
order. Thesemandatorytasksandtheir executionsequenceare:

1. DesignCreationor DesignOpening.

2. PreferencesEditingandDesignSettingsEditing.

3. PEAllocation.

4. PEMapping.

5. Network Allocation.

6. ChannelMapping.

7. TLM Synthesis.

8. DesignSaving and/orESEExiting.

Note thatsteps3 through7 canbeperformedrepeatedlyin a loop in orderto generate
multiplecandidateTL modelsin onedesignmodelingsession.
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4.3.1. PE Allocation

Figure4-9. PE Allocation result.

UserscanselectPEs/memoriesoutof thePEdatabasein orderto allocateandassemble
thesystemarchitecture.PEallocationinformationis storedin thedesignitself (*.eds )
asanannotatedDataStructurecomponent.
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Figure4-10. PE Parametersdialog.

Operation: In orderto doPEallocation,users�rst selectProcessingtabin theDatabase
Window. The Processingtab containsthe PE category table,with eachrow represent-
ing onecategory of PEsin the database.For example,row SW Processors contains
all the general-purposeprocessorsin the database.The supportedEDS categoriesare
HardwareIPs,CustomHardwareor SWProcessor. TheusersaddthePEto thedesign's
platformby draggingthedesiredEDScomponentfrom its categoryanddroppingit into
theDesignCanvas.This createsa PE in the DesignCanvaswith thedefault PE_name.
Theresultof a PEAllocationactionis shown in Figure4-9.

In thePEWindow, list of tabswith currentlyallocatedPEswill beshown (Figure4-9).
Eachtablists thenamesof Processes,MemoriesandChannelsbelongingto thatPE.

PEscanbe parametrizedafter instantiationby right-clicking on the componentin the
DesignCanvas.TheComponentParameterdialogwill bepoppedup (seeFigure4-10).
In this dialog, the userscanenterandcon�rm all parametersfor the givencomponent
instanceto beallocated.Userscanenterany valuefor any parameter(within thevalue
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rangeallowed by the component)by clicking into eachparameter's value�eld in the
dialog. Clicking the Ok button of the dialog will generatea new customizedcompo-
nent type with the selectedparametersand will then allocatea new instanceof this
parametrizedtype.Clicking theCancel buttonabortscomponentparametrization.

In orderto remove a PEfrom thedesign's platform,userscanright-click on the target
PEto beremovedin theDesignCanvasandselecttheRemove PE option.Clicking on
theRemove PE will remove theselectedPEfrom thelist of allocatedPEs.

Err or/Inf ormation Messages:DuringPEediting,if userstry to givePEsanamewhich
is alreadyusedasthenameof anotherPEin thedesign,anError dialogwill bepopped
upwith acorrespondingerrormessageandaqueryto continuewithoutsaving changes.
Answering'no' will closetheError dialog.Answering'yes' will abortandcancelthe
PEParameterseditingoperation.

During PE adding,whenaddinga PE, theselectedPE type is readfrom the database.
In caseof errorsduringdatabaseopening(e.g.�le errorsor wrong�le format),anError
dialogwill bepoppedup andthePEaddingoperationwill beaborted.

4.3.2. PE Mapping

In orderto implementthecomputationin thedesignmodelontheallocatedcomputation
architectureconsistingof PEsandmemories,usershaveto beableto maptheprocesses,
variables(memory)and channelsin the speci�cation onto the allocatedPEs.Hence,
mappingconsistsof separateprocessmapping,memorymapping,andchannelmapping
tasks.

4.3.2.1. Process Mapping

Processmappingallows for mappingof processtypes/classesin the designonto al-
locatedPEs,i.e. processmappinginformation is storedasannotationsat the process
classesin the design.A processis mappedto the PE by right-clicking on the corre-
spondingPE tab in the PE Window andselectingAdd Processoption.This createsa
processlisting in thePEtabwith thedefault processname.Processmappinginforma-
tion consistsof procesname,source�les andprocessportsandit canbe accessedfor
editingwith right-clickingon theprocesslisting.
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ProcessRenaming

Figure 4-11. ProcessRenamingdialog.

Processrenamingis accessedby right-clickingon theprocesslisting andselecting
RenameProcessoption.Theprocessnameline boxcanbeediteduntil key Enteris
pressed.Processrenamingis shown in Figure4-11.

AddingSourceFile(s)to theProcess

Figure4-12. Adding Sourcesto a Process(C File) dialog.
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Theuserscanaddsource�les (*.c and*.h ) to theprocessby right-clickingonthe
processlisting andselectingAdd .CFile(s)andAdd .H File(s)options,respectively.
An Opendialog will be poppedup (seeFigure4-12). In this dialog,usersshould
�rst specifythe�le(s) directoryin Look-in box.Thecontentof thedirectorywill be
automaticallydisplayedin thedisplaybox in thecenter. The�le(s) typein theFile
Typeboxdefaultsto C source�les (*.c ) or C header�les (*.h ), dependingonthe
selectedoption.All thesource/header�les with thespeci�edtypewill bedisplayed
in thedisplaybox.Usersfurther typein the�le name(s)in File Typebox.Finally,
by clicking Open button,the�le(s) with thespeci�edname(s)will beselected.If
usersclick Cancel button,thentheactionof databaseselectionwill becancelled.
Eitherclicking Open or Cancel buttonwill closetheOpendialog.

Viewing SourceFile(s)of theProcess

Figure4-13. Adding Sourcesto a Process(C File) dialog.
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The userscanview the source�le( *.c and*.h ) of the processby right-clicking
on the processlisting andselectingView Source.An ESEDesignViewer dialog
will bepoppedup (seeFigure4-13). In this dialog,userscanview thesource�le
textually andsearchfor keywords.ChoosingMain::File� ! Close will closethe
ESEDesignViewerdialog.

AddingProcessPort(s)to theProcess

Figure4-14. Adding a ProcessPort to a Processdialog.

Theusersaddprocessportsto theprocessby right-clicking on theprocesslisting
andselectingAdd ProcessPortoption.An Add ProcessPortdialogwill bepopped
up,asshown in Figure4-14. Theuserscannametheprocessport in Nameline box,
andde�ne its typeby selectingoneoption in the Type dropbox. Uponselection,
the API box will automaticallydisplay the selectedtype(s)of API(s). The users
canthennametheAPI(s)belongingto thatportby double-clickingandwriting the
API functionsin theappropriatelinesof thedisplaybox.Finally, by clicking Add
button, the processport with the speci�ed API(s) will be selected.If usersclick
Cancel button,thentheactionof creatinga processport will becancelled.Either
clicking Open or Cancel buttonwill closetheAdd ProcessPortdialog.
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4.3.2.2. Local Memor y Mapping

Memory mappingallows for mappingof variableinstancesin the designinto exposed
memoriesof allocatedregular PEs.An exposedmemoryis addedto the PE by right-
clicking on the correspondingPE tab in the PE Window and selectingAdd Exposed
Memory option.This createsa memorylisting in the PE tab with the default memory
name.Memory mappinginformationconsistsof memorynameandsizeandit canbe
accessedfor editingwith right-clickingon thememorylisting.

4.3.2.3. Local Channel Mapping

Channelmappingattributesan end-to-endchannelto a pair of processes.Depending
on the selectedroute, a channel can be either local (i.e. belonging to a single
PE), or global (i.e. connectingprocessesof different PEs),mappedto the network
of bussesand CEs. Local and global channelmapping is uniformly describedin
Section4.3.4ChannelMapping(page58).

4.3.3. Network Allocation

Network allocationandconnectioninformationis storedin thedesignitself (*.eds ) as
anannotatedDataStructureallocationandconnectiontables.

Network topology includesan interconnectionof communicationbussesandcommu-
nicationelements(CEs).The end-to-endchannelsthat implementcommunicationbe-
tweenprocessesare then mappedto the routesof bussesand CEs connectingthose
processes.Hence,network allocationconsistsof separatebusallocation,CE allocation,
network connectingandchannelmappingtasks.
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4.3.3.1. Bus Allocation

Figure4-15. BusAllocation result.

Operation: In order to allocatea bus, users�rst selectCommunicationtab in the
DatabaseWindow. The Communicationtab contains the communicationcategory
table, with each row representingone category of communicationmedia in the
database.For example,category Bus includesall bussessupportedwith the database.
The EDS communicationcategoriesare Network, Bus and Link. The useraddsthe
communicationcomponentto the design's platform by dragging the desiredEDS
componentfrom its categoryanddroppingit into theDesignCanvas.This createsa bus
in the DesignCanvaswith the default Bus_name.The resultof a Network Allocation
(addingabus)actionis shown in Figure4-15.

In the ChannelWindow, list of tabs with currently allocatedbusseswill be shown
(Figure4-15). Eachtabliststhenamesof ProcessChannels,MemorychannelsandFIFO
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channelsbelongingto thatbus.

Figure 4-16. Bus Parametersdialog.

Bussescan be parametrizedafter instantiationby right-clicking on the bus compo-
nent in the DesignCanvas.The ComponentParameterdialog will be poppedup (see
Figure4-16). In this dialog, the userhasto enterand con�rm all parameters(within
categoriesof Arbitration,AddressingandSynch/Transfer)for thegivenbuscomponent
instance.For example,addressingthecomponentsconnectedto thebus is donewithin
thetabAddressing(seeFigure4-17). Userscanentervaluesfor Low andHigh Address
for any component(aChannel,CEportor aMemory)by clicking into eachparameter's
value�eld in thedialog.To setthesynchronizationtypefor eachchannel,theuserhas
to click on theSync/Transfertab(seeFigure4-18). Here,synchronizationandpacketi-
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zationoptionsaresetperchannel.

Figure 4-17. BusAddressingdialog.
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Figure 4-18. BusSynchronization dialog.

Clicking the Ok button of the dialog will generatea new customizedcomponenttype
with theselectedparametersandwill thenallocatea new instanceof this parametrized
type.Clicking theCancel buttonabortscomponentparametrization.

In orderto remove a busfrom thedesign's platform,userscanright-click on thetarget
busto beremovedin theDesignCanvasandselecttheRemove Bus option.Clicking on
theRemove Bus will removetheselectedBusandall its connectionsfromtheplatform.

Err or/Inf ormation Messages:During bus editing, if userstry to give bussesa name
which is alreadyusedasthenameof anotherbusin thedesign,anError dialogwill be
poppedup with a correspondingerrormessageanda queryto continuewithout saving
changes.Answering'no' will closethe Error dialog. Answering'yes' will abort and
canceltheBusParameterseditingoperation.
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Whenaddinga bus, the selectedbus type is readfrom the database.In caseof errors
duringdatabaseopening(e.g. �le errorsor wrong �le format),an Error dialog will be
poppedup andthePEaddingoperationwill beaborted.

4.3.3.2. CE Allocation

Figure4-19. CE Allocation result.

Operation: In orderto allocateaCE,users�rst selectCE tabin theDatabaseWindow.
TheCE tabcontainstheCE category table,with eachrow representingonecategory of
CEsin thedatabase.For example,category Bridge includesall bridgessupportedwith
the database.The EDS communicationcategoriesareRouter, TransducerandBridge.
TheuseraddstheCE componentto thedesign's platformby draggingthedesiredEDS
componentfrom its category anddroppingit into theDesignCanvas.Thiscreatesa CE
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in theDesignCanvaswith thedefaultCE_name.TheNetwork Allocation(addingaCE)
is shown in Figure4-19.

In the ChannelWindow, list of tabs with currently allocatedCEs will be shown
(Figure4-19). Each tab lists the namesof ProcessChannels,Memory channelsand
FIFO channelsbelongingto thatCE.

Figure4-20. CE Parametersdialog.
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Figure4-21. CE Schedulingdialog.

CEscanbeparametrizedafterinstantiationby right-clickingontheCEcomponentin the
DesignCanvas.TheComponentParameterdialogwill bepoppedup (seeFigure4-20).
In this dialog, the userhasto enterand con�rm all parameters(within categoriesof
FIFO andScheduling)for thegivenbuscomponentinstance.Userscanenterany value
for any parameter(within thevaluerangeallowedby thecomponent)by clicking into
eachparameter's value�eld in thedialog.Therearetwo tabs= Fifo andScheduling.In
theFifo tabe,thesizeandpartitiontypesareset.In theSchedulingtab(seeFigure4-21),
thetransducerschedulingpolicy is set.Clicking theOk buttonof thedialogwill generate
a new customizedcomponenttypewith theselectedparametersandwill thenallocatea
new instanceof this parametrizedtype.Clicking the Cancel button abortscomponent
parametrization.

In orderto remove a CE from thedesign's platform,userscanright-click on the target
componentto be removed in the DesignCanvas and selectthe Remove CE option.
Clicking on theRemove CE will remove theselectedCE andall its connectionsfrom
theplatform.

Err or/Inf ormation Messages:DuringCEediting,if userstry to giveCEsanamewhich
is alreadyusedasthenameof anotherCE in thedesign,anError dialogwill bepopped
upwith acorrespondingerrormessageandaqueryto continuewithoutsaving changes.
Answering'no' will closetheError dialog.Answering'yes' will abortandcancelthe
CEParameterseditingoperation.
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Whenaddinga CE, the selectedCE type is readfrom the database.In caseof errors
duringdatabaseopening(e.g. �le errorsor wrong �le format),an Error dialog will be
poppedup andthePEaddingoperationwill beaborted.

4.3.3.3. Connecting the netw ork

The network is constructedby connectingPEsandCEsto the busses.This processis
donewith thefollowing operations:

PortAdding

Figure4-22. Port Adding dialog.

By right-clicking onto a PE or CE in the DesignCanvasandselectingAdd Port
option,theuserattributedthecommunicationport to thatPE/CE.ThePortAdding
is shown in Figure4-22.

RemovePort

Right-clickingontoa PE's or CE's port andselectingthe Remove Port from the
context menuwill remove thatport from thecorrespondingPEor CE.
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Connectingto theBus

Figure 4-23. Connectingto the busdialog.

Userscanconnectthe PE/CEto the bus (namedBus_name)by right-clicking on
thecreatedPE/CE's port andselectingConnect toBus_name option.Generally,
PE/CEportscanconnectedto busseseitherasbusmaster(M), busslave (S) or as
combinedbusmaster/slave(MS). asshown in Figure4-23.

4.3.4. Channel Mapping

Figure4-24. Add Channel contextmenu.
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Channelmappingattributesan end-to-endchannelto a pair of processes.Creatinga
channelbegins by right-clicking onto a ChannelWindow and selectingAdd Chan-
nel option.This actionis shown on in Figure4-24. TheChannelTypedropboxallows
theusersto selectamongthefollowing typesof channels:Process-to-ProcessChannel,
MemoryChannelandFIFO Channel.

Process-to-ProcessChannel

Figure4-25. Process-to-ProcessChanneldialog.

Process-to-ProcessChannelis de�ned with theinputtingthevaluesof thefollow-
ing parameters,asshown in Figure4-25:

1. Name line boxde�nesauniquenameidenti�er for thechannel.

2. DropboxDirection providesoptionsof UnidirectionalandBidirectionalchan-
nel. Unidirectionalchannelsonly transferdatafrom Process 1 to Process
2.

3. If thechannelis de�nesasUnidirectional,dropboxProcess 1 allowstheusers
to selectthesendingprocess.Otherwise,it de�nesthe�rst processin thecom-
municatingprocesspair.
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4. DropboxProcess Port providestheuserswith thelist of availableportsof the
selectedprocess.Availableportshavenopreviouslyassignedchannelsto them
andare,if thechannelis Unidirectional,de�ned assendingor writing ports.

5. Similarly to Process 1, dropboxProcess 2 de�nes eitherprocessreceiver,
or thesecondprocessin thecommunicatingprocesspair.

6. Process Port lists previously unassignedportsof theselectedprocess.If the
channelis Unidirectional,the listed portsarede�ned asreceiving or reading
ports.

7. Finally, two dropboxesfor routing give the usersthe list of availableroutes
betweenprocesses.If thechannelis Unidirectional,only oneof thedropboxes
is active.

MemoryChannel

Figure4-26. Memory Channeldialog.

MemoryChannelis a channelthatconnectsa processwith theMemoryelement.
Thechannelis de�ned with thefollowing parameters,asshown in Figure4-26:
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1. Name line boxde�nesauniquenameidenti�er for thechannel.

2. DropboxDirection allowsusersto de�ne a channelas:Readonly, Write only
or Read/writechannel.

3. Userscanselectthe processthat accessesthe Memory from the list of pro-
cessespresentedin thedropboxProcess.

4. DropboxProcess Port providestheuserswith thelist of availableportsof the
selectedprocess.Availableportshavenopreviouslyassignedchannelsto them
andarede�ned asreadingand/orwriting ports(dependingon theselectionin
channelDirection).

5. Userscande�ne the Memory that Processreadsfrom and/orwrites into by
selectingfrom thedropboxMemory. Only memoriesaccessable(i.e.exposed)
to thechannelarelistedhere.

6. Low Address andHigh Address line boxesallow theuserto de�ne thead-
dressrangeof theMemorythatis accessableto theProcessvia this channel.

7. Finally, two dropboxesfor routing give the usersthe list of availableroutes
betweena Processanda Memory. If the channelis Readonly, the dropbox
Memory->Process is theonly oneactivefor selection.If thechannelis Write
only, theactivedropboxis Process->Memory.
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FIFO Channel

Figure 4-27. FIFO Channeldialog.
FIFO Channelis de�ned with thefollowing parameters,asshown in Figure4-27.

1. Name line boxde�nesauniquenameidenti�er for thechannel.

2. Next, theline box Size de�nes thestoragecapacityof theFIFO channel.(i.e.
thedepthof theFIFO queue).

3. The sendingprocessis de�ned with selectionfrom the dropboxWriter, and
thecorresponding(i.e. writing) processport canbeselectedfrom thedropbox
Port.

4. Similarly, the reading processis de�ned by selecting from the dropbox
Reader, with thedropboxPort de�ning its (reading)port.

5. Mapping line box allows theuserto de�ne whethertheFIFO will bemapped
to theWRITER PE or READER PE.

6. Finally, thedropboxRoute givestheusersthelist of availableroutesbetween
two processes.SinceFIFO channelis by de�nition unidirectional,only one
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dropboxde�nestheroute.

Reviewing ChannelProperties

After creatinga channel,userscanaccesschannelpropertiesby right-clicking on
thelisting of thechannelwhosepropertiesthey wishto review andselectingProper-
tiesoption.ChannellistingsProcessChannels,MemoryChannelsandFIFOChan-
nelsfor arelocatedin theChannelWindow.

Removing aChannel

Userscanremove createdchannelsby right-clicking on thechannellisting in the
ChannelWindow andselectingRemove Channeloption. This actionreleasesall
theportsthatwereassignedto theremovedchannel.

In order to adda de�ned channelto the design,userscanedit the listed channelpa-
rametersandclick the Add button.If usersclick Cancel button,thenall unsaveduser
selectionswill be cancelled.Either clicking the Add or Cancel button will closethe
Add Channeldialog.

Every channelconnectedto a systembusmustbeassignedanaddressrange.Basead-
dressesandaddressmasksde�ne theaddressspaceoccupiedby thechannelon thebus,
i.e. they de�ne theaddressdecodingto beperformedfor thatchannel.Notethataddress
rangeswill later be usedfor automaticaddressselectionduring bus parameterassign-
ment.Theaddressesof channelsmappedto thesamebusmustnotoverlap.

Err or/Inf ormation Messages:Thereareseveralerrorsthat canhappenduringbus or
CEallocation:

1. Whenaddinga busor CE to theallocationvia theBusor CE Selectiondialog,the
selectedbus/CEtypeis readfrom thedatabase.In caseof databasereaderrors(�le
errors,databaseformaterrors)duringthisoperation,anErrordialogwill bepopped
up andtheBus/CEAddingoperationaborted.

2. In addition, if during port nameediting userstry to give ports a namewhich is
alreadyusedasthenameof anotherportof thesamePE/CE,acorrespondingError
dialogwill beshown andtherenamingoperationis cancelled.
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4.4. TLM Synthesis

4.4.1. Generate Functional TLM

Generationof the functional TLM includesgeneratingSystemCcodefor the created
design,compilingandlinking thedesign�les into anexecutabletlm binary. Thecode
generationis startedby selectingMain::Synthesis� ! Generate Timed TLM option
in themainmenu.

4.4.2. Generate TLM

Generationof thetimedTLM includesgeneratingSystemCcodeannotatedwith thees-
timatedvaluesof executiontime for computationandcommunication,compiling and
linking thedesign�les into an executabletlm . Thecodegenerationis initiatedby se-
lectingMain::Synthesis� ! Generate Timed TLM.

4.5. TLM Validation

4.5.1. Simulate Functional TLM

Simulationof thefunctionalTLM is startedby selectingMain::Validation� ! Simulate
Functional TLM. Thiswill pop-uptheSimulationOutputWindow dialog,which allow
usersto validatethecorrectnessof thefunctionalTLM execution.

4.5.2. Simulate Timed TLM

Simulationof the timed TLM is startedby selectingMain::Validation� ! Simulate
Timed TLM. Thiswill pop-uptheSimulationOutputWindow dialog,whichallow users
to validatethecorrectnessof thetimedTLM execution.

4.6. Performance Anal ysis

Following a successfultimed TLM simulation,userscanaccessandanalyzethe esti-
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matedperformanceof thecreateddesignat thetransactionlevel of communication.The
totalcyclesfor thesystemsimulationis shown in theoutputterminal,andit is alsorecor-
denin the �le {project_name}.cyc. Theperformanceof PEs,CEsandbuscomponents
in thedesignmodelcanbereviewedby right-clicking on thecomponentof interestin
theDesignCanvasandselectingtheView Graph...option.

4.6.1. PE Performance Anal ysis

Figure 4-28.PE PerformanceAnalysisdialog.
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Figure4-29.PE Computation graph dialog.

Figure 4-30.ProcessComputation graph dialog.

PE PerformanceAnalysisgraphis accessedwith right-clicking on that PE in the De-
signCanvasandselectingView Graph...option.This actionpops-upa pie chartof the
selectedPE's performance,divided into the categoriesof idle time, Real-Time Oper-
ating System(RTOS) overheadtime, time spenton communicationandtime spenton
computation(idle, RTOS,comm,comp,respectively). ThePEperformancepie chartis
shown in Figure4-28. By clicking on thecomputationslice,anotherpie chartis shown
(seeFigure4-29). It displaystheprocessesslicein thePEcomputationtime.By further
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clicking on a process,the usercanseethedifferentfunctionswhich composethepro-
cess(seeFigure4-30). Thepiechartcanbecustomizedby accessingMain::Customize
menu.Theavailableoptionsin viewing theperformancegraphareasfollows:

No Explode/ MediumExplode/ Heavy Explode

No Explodeis a default option for viewing a pie chart,which differentiatesthe
seperateslicesof the pie by color alone.Userscanemphasizethe separationbe-
tweenpie slicesby selectingMediumor Heavy Explode,which, in additionto use
of color, injectsextraspacebetweenpie slices.

QuantifyingPEPerformance

PE's performancein termsof idle time and times spenton communicationand
computationcanbequanti�ed with a ratio, their absolutevalues(in clock cycles),
percentagevaluesor with their respective idle/comm/complabels.

ClosingPerformanceAnalysisWindow

Thepie chartwindow is closedby selectingMain::Window� ! Close menu.

4.6.2. Bus Performance Anal ysis

Figure4-31.BusPerformanceAnalysisdialog.
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Figure4-32.BusData Transfer Analysisdialog.

Bus PerformanceAnalysisgraphis accessedwith right-clicking on the desiredbus in
theDesignCanvasandselectingView Graph...option.This actionpops-upa pie chart
of theselectedbus' performance,dividedinto thecategoriesof idle time, time spenton
fetchinginstruction/data(if theProgram/Datais storedin theexternalmemory)andtime
spenton transferringmessagesbetweenprocesses(idle, Program/Data,datatransfer,
respectively). The bus performancepie chart is shown in Figure4-31. By clicking on
the DataTransferslice, the breakdown of the datatransferby channelsis shown (see
Figure4-32). The pie chartcanbe customizedby accessingMain::Customize menu.
Theavailableoptionsin viewing theperformancegraphareasfollows:

No Explode/ MediumExplode/ Heavy Explode

No Explodeis a default option for viewing a pie chart,which differentiatesthe
seperateslicesof the pie by color alone.Userscanemphasizethe separationbe-
tweenpie slicesby selectingMediumor Heavy Explode,which, in additionto use
of color, injectsextraspacebetweenpie slices.

QuantifyingBusPerformance

Thebusperformancein termsof idle timeandtimesspenton fetchingprogramin-
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structions/dataanddatatransfercanbequanti�edwith aratio,theirabsolutevalues
(in clockcycles),percentagevaluesor with their respective labels.

ClosingPerformanceAnalysisWindow

Thepie chartwindow is closedby selectingMain::Window� ! Close menu.

4.6.3. CE Performance Anal ysis

CE PerformanceAnalysisgraphis accessedwith right-clicking on the desiredCE in
theDesignCanvasandselectingView Graph...option.This actionpops-upa pie chart
of the selectedCE's performance,divided into the categoriesof time spentchecking
for processrequestsand time spenton storingand forwardingmessagesto and from
the internalFIFO (�fo_check and�fo_read_write, respectively). The pie chartcanbe
customizedby accessingMain::Customize menu.Theavailableoptionsin viewing the
performancegraphareasfollows:

No Explode/ MediumExplode/ Heavy Explode

No Explodeis a default option for viewing a pie chart,which differentiatesthe
seperateslicesof the pie by color alone.Userscanemphasizethe separationbe-
tweenpie slicesby selectingMediumor Heavy Explode,which, in additionto use
of color, injectsextraspacebetweenpie slices.

QuantifyingCE Performance

The bus performancein termsof timesspenton checkingthe internalFIFO and
readingfrom andwriting into theFIFOcanbequanti�edwith aratio,theirabsolute
values(in clockcycles),percentagevaluesor with their respective labels.

ClosingPerformanceAnalysisWindow

Thepie chartwindow is closedby selectingMain::Window� ! Close menu.
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4.7. Windo w Management

Window managementdealswith themanagementof DesignWindowsin theWorkspace.
Window managementallows for closing,resizing,andarrangingof multiplesimultane-
ouslyopenedDesignWindowswithin theWorkspace.Speci�cally, thetasksfor window
managementare:

Window Closing

Userscanclosethecurrentlyactive DesignCanvasin theWorkspaceby selecting
Main::Window� ! Close. In addition,any of theDesignWindows canbeclosed
by clicking ona respective icon in thewindow's title bar.

Userscancloseall thecurrentlyopenedDesignCanvassin the Workspaceby se-
lectingMain::Window� ! Close All.

In all cases,closinga DesignCanvastriggersa �le closingaction for the corre-
spondingdesign�le (seeSection4.2.5DesignClosing(page37)).

Window Arranging

Userscan automaticallyarrangeDesignCanvassin the Workspacein a variety
of manners.SelectingMain::Window� ! Tile will rearrangethe DesignCanvass
in the Workspacein a tiled fashion.SelectingMain::Window� ! Cascade will
rearrangetheDesignCanvassin theWorkspacein a cascadedmanner. Apart from
that,windows canbefreely resizedandmovedwithin theWorkspaceby dragging
their title bar or borders.In addition,userscan maximizeandminimize Design
Windowsby clicking on a respective icon on thewindow's title bar.

Window Switching

SelectingMain::Window� ! Next or Main::Window� ! Previous will switchthe
focusto andactivatethenext/previousDesignWindow in the list of openedwin-
dows. Using theseactions,userscan cycle throughthe list of windows. Design
Windowsareorderedin thewindow list accordingto theorderin which they were
opened.In addition,userscanactivateandraiseany of theopenedDesignWindows
by clicking into thewindow.

Finally, the bottomof the Main::Window menucontainsentriesfor all currently
openedDesignWindows. Selectingany of thesemenuentrieswill activate and
raisethecorrespondingDesignCanvas.
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Window Toggling

Selecting Main::Window� ! Project Manager or Main::Window� ! Output
Window will toggle (turn on and off) displaying of the Project Window and
OutputWindow, respectively.
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Chapter 5. Data Modeling

5.1. Processing Element (PE) Data Model

PEDataModel characterizesthestructureof PEanda memorysub-system.It consists
of the following threedatamodels:DatapathModel, ExecutionModel, andMemory
Model.

Table5-1.Model

Name Sub-Models

ProcUnit DPModel,ExecModel,MemModel

Table5-2.Attrib ute

Name Description Value Type Sour ce

type
Namefor type
of processing
element

Userde�ned
Identi�er

String Userde�ne

5.1.1. Datapath Model

Datapathmodelhasasetof functionalunitsandpipelines.It enumeratesall thepipelines
andfunctionalunitsavailablein thePE.Multiple pipelinesareallowedfor superscalar
architectures.Thismodelis composedof asetof pipelinemodelsandasetof functional
unit models.

Table5-3.Model

Name Sub-Models

DPModel FuncUnit,Pipeline

5.1.1.1. Functional Unit Model

Thismodelconsistsof typeof a functionalunit andits quantityin thePE.Delayfor the
functionalunit is speci�edin operationmodelexplainedlater.
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Table5-4.Model

Name Sub-Models

FuncUnit OperMode

Table5-5.Attrib ute

Name Description Value Type Sour ce

type
Namefor type
of functional
unit

Userde�ned
Identi�er

String Userde�ne

quantity

Numberof the
functionalunits
availablein the
PE

� 1 Int Datasheet

5.1.1.1.1. Operation Model

Functionalunit canoperatein several modes.For eachmodes,it hasdifferentdelays.
For example,ALU mayhave additionandmultiplication modeswith differentdelays.
In thismodel,delaysfor eachoperationmodesarespeci�ed.

Table5-6.Model

Name Sub-Models

OperMode

Table5-7.Attrib ute

Name Description Value Type Sour ce

mode
Namefor type
of mode

Userde�ned
Identi�er

String Userde�ne

oplat

Delayof
functionalunit
for the
operationmode

� 1 Int Datasheet

© 2008,CECS 73



UserManualfor EmbeddedSystemEnvironment: ESEVersion2.0.0

5.1.1.2. Pipeline Model

Pipelinemodelconsistsof a nameanda setof pipelinestages.It alsode�nes branch
delaymodelwhich is a statisticalmodelthatstoresthebranchpredictionpolicy, cycles
lost for mis-predictionand the averagemis-predictionratio. Pleasenote that current
versionof ESEdoesnot usebranchpredictionpolicy for now. This attribute will be
usedwhenESEsupportsadynamicbranchpredictionmodel.

Table5-8.Model

Name Sub-Models

Pipeline Stage

Table5-9.Attrib ute

Name Description Value Type Sour ce

name
Identi�er for
thepipeline

Userde�ned
Identi�er

String Userde�ne

br_pred_policy
Branch
prediction
policy

TAKEN,
NOT_TAKEN

String Userselect

br_penalty
Cyclelost for
mis-prediction

Numberof
cycles

Int
Datasheeton
PE

br_pred_hit_ratio
Hit ratio from
branch
prediction

� 0.00,
� 100.00

FP

Simulation
resultby ISSor
virtual platform

5.1.1.2.1. Pipeline Stage Model

Pipelinestagemodelhasa setof pointersto a functionalunit that is availablein that
pipelinestage.It consistsof asetof pointersto functionalunitmodel.Pleasenotethatwe
candescribenon-pipelineddatapathby de�ning only 1 stageinsideof pipelinemodel.
For this,pleasereferto theexampleof customhardwarein anAppendixB.

Table5-10.Model

Name Sub-Models
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Name Sub-Models
Stage FURef

Table5-11.Attrib ute

Name Description Value Type Sour ce

name
Identi�er for
thepipeline
stage

Userde�ned
Identi�er

String Userde�ne

5.1.1.2.1.1. Pointer to Functional Unit Model.

Pointerto functionalunit modelconsistsof typeof functionalunit andnumberof avail-
ablefunctionalunitsin thepipelinestage.

Table5-12.Model

Name Sub-Models

FURef

Table5-13.Attrib ute

Name Description Value Type Sour ce

type
Namefor type
of a functional
unit

Typeof a
functionalunit

String
Datapathmodel

quantity

Numberof
functionalunits
availablein the
pipelinestage

� 1, � the
quantityof
functionalunit
in Datapath
model

Int
Datapathmodel
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5.1.2. Execution Model

Executionmodelconsistsof asetof operationmodelsandschedulingpolicy. Eachoper-
ationmodelmapsa operationto Datapathmodelandtheschedulingpolicy decidesthe
executionorderfor a givenstreamof operations.

Table5-14.Model

Name Sub-Models

ExecModel Operation

Table5-15.Attrib ute

Name Description Value Type Sour ce

sched

Operation
scheduling
algorithmused
by thePEsuch
asASAP,
ALAP, List
schedulingetc.

PIPELINE,
LIST_SCHED

String Userselect

5.1.2.1. Operation Model

This modelconsistsof theLLVM operationsandtheir mappingto a pipelineddatapath
asde�ned in Datapathmodel.PleasenotethatoperationmodelusesLLVM operations
insteadof the speci�c setinstructionsetsor operationsto make estimationframework
re-targettable.LLVM operationscanbeeasilymappedto theoperationsor instructions
supportedby thePE.To giveanexample,'add', 'addc', 'addk' and'addkc' instructions
in theinstructionsetof MicroBlazecanbemappedto 'add' operationin LLVM instruc-
tion set.OneLLVM operationcantake careof severaldatatypes.Therefore,datatype
of variablefor theoperationshouldbealsospeci�ed.Unlessdatatypefor theoperation
is not speci�ed,no inputor integertypeis assumed.

Themappingof LLVM operationto apipelineddatapathconsistsof two steps.The�rst
stepis to mapanoperationto asetof pipelinestagesandthesecondis to mapavailable
functionalunits to thepipelinestage.This mappingis doneby two references,pipeline
stagereferenceandfunctionalunit referenceexplainedlater.
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Table5-16.Model

Name Sub-Models

Operation StgRef

Table5-17.Attrib ute

Name Description Value Type Sour ce

name
Nameof LLVM
instruction

LLVM
instruction

String
A setof LLVM
instruction

var_type
Typeof operand
for LLVM
instruction

int, �oat,
double

String Userselect

5.1.2.1.1. Pipeline Stage Reference

Thepipelinestagereferenceconsistsof two �ags andapointertoapipelinestagede�ned
in Datapathmodel.Two �ags are'demandoperand'and'commit result' thatspecifythe
pipelinestageswheretheoperationneedsoperandandcommitstheresult,respectively.

Table5-18.Model

Name Sub-Models

StgRef FURef

Table5-19.Attrib ute

Name Description Value Type Sour ce

name
Pointerto a
pipelinestage

Nameof a
pipelinestage

String
Datapathmodel

�ags

Specify
'demand
operand'and
'commit result'

'COMMIT',
'DEMAND'
'COMMIT
DEMAND'

String Userselect

5.1.2.1.1.1. Functional Unit Reference

Functionalunit referenceis usedto associateapipelinestagewith functionalunitsused
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by operationin the pipelinestage.It speci�es a type of functionalunit alongwith its
operationmode.

Table5-20.Model

Name Sub-Models

FURef

Table5-21.Attrib ute

Name Description Value Type Sour ce

type
Pointerto a
functionalunit

Nameof a
functionalunit

String
Datapathmodel

mode
Operationmode
for a functional
unit

Operationmode
String

Datapathmodel

5.1.3. Memor y Model

Memory modelde�nes cachemodelandexternalmemorymodel.Currentversionof
ESEcansupportonelevel cachein a memorysub-system.

Table5-22.Model

Name Sub-Models

MemModel Cache,Memory

5.1.3.1. Cache Model

Currentcachemodel is a statisticalmodel.The model speci�es cachepolicy and its
delayfor aninstructioncacheandadatacache.It alsode�nesaveragecachehit ratio for
a setof cachesizes.Pleasenotethatcachepolicy is not usedin currentversionof ESE
now. Thisattributewill beusedwhenESEsupportsadynamiccachemodel.
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Table5-23.Model

Name Sub-Models

Cache InstCache,DataCache

Table5-24.Attrib ute

Name Description Value Type Sour ce

policy Cachepolicy
D-Mapped,
2way-Set

String Userselect

i_cache_delay
Delayfor an
instruction
cache

Numberof
cycles

Int Datasheet

d_cache_delay
Delayfor an
datacache

Numberof
cycles

Int Datasheet

5.1.3.1.1. Instruction Cache Model

Instructioncachemodelde�nescachehit ratio for acachesize.

Table5-25.Model

Name Sub-Models

InstCache

Table5-26.Attrib ute

Name Description Value Type Sour ce

i_cache_size
Cachesizefor
instruction
cache

Cachesize Int Datasheet

i_cache_hit_ratio
Cachehit ratio � 0.00,� 1.00 FP

Simulation
resultby ISSor
virtual platform
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5.1.3.1.2. Data Cache Model

Datacachemodelde�nescachehit ratio for acachesize.

Table5-27.Model

Name Sub-Models

DataCache

Table5-28.Attrib ute

Name Description Value Type Sour ce

d_cache_size
Cachesizefor
datacache

Cachesize Int Datasheet

d_cache_hit_ratio
Cachehit ratio � 0.00,� 1.00 FP

Simulation
resultby ISSor
virtual platform

5.1.3.2. External Memor y Model

Theexternalmemorylatenciesfor memoryreadandmemorywrite arespeci�edhere.

Table5-29.Model

Name Sub-Models

Memory

Table5-30.Attrib ute

Name Description Value Type Sour ce

r_delay
Theexternal
memoryaccess
latency for read

Numberof
cycles

Int Datasheet
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Name Description Value Type Sour ce

w_delay

Theexternal
memoryaccess
latency for
write

Numberof
cycles

Int Datasheet

5.2. Bus Model

Thebusmodelde�nestheavailablefeaturesanddelaysthatdistinguisheachprotocol.

Table5-31.Attrib ute

Name Description Value Type

type
Busprotocol
identi�er

Nameof a
functionalunit

String

address_bus_width
Width of theaddress
bus

Width in bits Integer

data_bus_width
Width of thedata
bus

Width in bits Integer

max_number_masters
Maximumnumber
of mastersthebus
allows

Numberof masters Integer

fcfs
First ComeFirst
Servedarbitration
policy

TRUE, FALSE Bool

round_robin
RoundRobin
arbitrationpolicy

TRUE, FALSE Bool

priority
Priority arbitration
policy

TRUE, FALSE Bool

least_freq_used
LeastFrequently
Usedarbitration
policy

TRUE, FALSE Bool
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Name Description Value Type

arbitration_pipelining
Supportfor
Arbitration
pipelinedwith
Addressphase

TRUE, FALSE Bool

arb_req_delay
ArbitrationRequest
delay

� 1 Integer

default_master
If aPEis adefault
master(busparking) TRUE, FALSE Bool

split_transactions
Supportfor Split
transactions

TRUE, FALSE Bool

retry
Supportfor RETRY
operations

TRUE, FALSE Bool

retry_cycles
Numberof cycles
beforeaPEretries

� 1 Integer

timeout
Supportfor Timeout
if aPEdoesnot
respond

TRUE, FALSE Bool

timeout_cycles
Numberof cycles
beforeaTimeoutis
called

� 1 Integer

preemption
Supportfor process
preemption

TRUE, FALSE Bool

master_abort Supportfor Abort TRUE, FALSE Bool

bus_lock
Supportfor locking
abusto aPE

TRUE, FALSE Bool

burst_mode
Supportfor burst
modedatatransfer

TRUE, FALSE Bool

burst_mode_length
Lengthin cyclesof
theburst

� 1 Integer

control_phase
Presenceof a
controlphasebefore
address/dataphase

TRUE, FALSE Bool
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Name Description Value Type

control_phase_length
Lengthof the
controlphasein
cycles

� 1 Integer

address_data_pipelining
Supportfor
pipeliningbetween
addressanddata
phases

TRUE, FALSE Bool
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Appendix A. XML stylesheet for PE Data Model

Thisappendixcontainsa full XML stylesheetfor PEDataModel.

A.1. Data Type

< xs:simpleTypename="IdentName">
< xs:restrictionbase="xs:string">
< xs:patternvalue="_*[a-zA-Z][a-zA-Z0-9_]*"/>

< /xs:restriction>
< /xs:simpleType>

< xs:simpleTypename="IdentNameList">
< xs:list itemType="IdentName"/>

< /xs:simpleType>

A.2. Elements

< xs:complexTypename="ProcUnitModel">
< xs:attributename="version"type="xs:string"use="required"/>

< xs:elementname="procunit"type="ProcUnit"minOccurs="1"maxOccurs="unbounded">
< xs:complexType>
< xs:attributename="type"type="xs:string"/>

< xs:elementname="execmodel"type="ExecModel"minOccurs="1"maxOccurs="unbounded"/>
< xs:elementname="memmodel"type="MemModel"minOccurs="1"maxOccurs="unbounded"/>
< xs:elementname="dpmodel"type="DPModel"minOccurs="1"maxOccurs="unbounded"/>
< /xs:complexType>

< /xs:element>

< /xs:complexType>

< xs:complexTypename="ExecModel">
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< xs:attributename="sched"type="IdentName"use="required"/>

< xs:elementname="operation"type="Operation"minOccurs="1"maxOccurs="unbounded">
< xs:complexType>
< xs:attributename="name"type="IdentName"use="required"/>
< xs:attributename="var_type"type="IdentName"use="required"/>

< xs:elementname="stgref"type="StgRef"minOccurs="1"maxOccurs="unbounded">
< xs:complexType>
< xs:attributename="name"type="IdentName"use="required"/>
< xs:attributename="�ags"use="required">
< xs:simpleType>
< xs:restrictionbase="xs:string">
< xs:enumerationvalue="COMMIT"/>
< xs:enumerationvalue="DEMAND"/>
< xs:enumerationvalue="DEMANDCOMMIT"/>
< /xs:restriction>
< /xs:simpleType>
< /xs:attribute>

< xs:elementname="furef"type="FURef"minOccurs="1"maxOccurs="unbounded"/>
< /xs:complexType>
< /xs:element>

< /xs:complexType>
< /xs:element>

< /xs:complexType>

< xs:complexTypename="FURef">
< xs:attributename="type"type="IdentName"use="required"/>
< xs:attributename="quantity"type="IdentName"use="required"/>
< xs:attributename="mode"type="IdentName"use="required"/>

< /xs:complexType>

< xs:complexTypename="MemModel">
< xs:elementname="cache"type="Cache"minOccurs="0"maxOccurs="unbounded">

< xs:complexType>
< xs:attributename="policy" type="IdentName"use="required"/>
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< !-- below is for cachewhichhasdistinctionbtn i cacheandd cache-->
< xs:attributename="i_cache_delay"type="xs:int"/>
< xs:attributename="d_cache_delay"type="xs:int"/>

< !-- below is for cachewhichhasnodistinctionbtn i cacheandd cache-->
< xs:attributename="delay"type="xs:string"/>
< xs:attributename="cache_size"type="xs:string"/>
< xs:attributename="i_cache_ratio"type="xs:�oat"/>
< xs:attributename="d_cache_ratio"type="xs:�oat"/>

< xs:elementname="InstCache"type="InstCache"minOccurs="0"maxOccurs="unbounded">
< xs:attributename="i_cache_size"type="xs:string"use="required"/>
< xs:attributename="i_cache_ratio"type="xs:�oat" use="required"/>
< /xs:element>

< xs:elementname="DataCache"type="DataCache"minOccurs="0"maxOccurs="unbounded">
< xs:attributename="d_cache_size"type="xs:string"use="required"/>
< xs:attributename="d_cache_ratio"type="xs:�oat" use="required"/>
< /xs:element>

< /xs:complexType>
< /xs:element>
< xs:elementname="memory"type="Memory"minOccurs="1"maxOccurs="unbounded">

< xs:complexType>
< xs:attributename="w_delay"type="xs:int"use="required"/>
< xs:attributename="r_delay"type="xs:int"use="required"/>

< /xs:complexType>
< /xs:element>

< /xs:complexType>

< xs:complexTypename="DPModel">
< xs:elementname="pipeline"type="Pipeline"minOccurs="1"maxOccurs="unbounded">

< xs:complexType>
< xs:attributename="name"type="IdentName"use="required"/>
< xs:attributename="br_pred_policy" type="IdentName"use="required">
< xs:simpleType>
< xs:restrictionbase="xs:string">
< xs:enumerationvalue="TAKEN"/>
< xs:enumerationvalue="NOT_TAKEN"/>
< /xs:restriction>
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< /xs:simpleType>
< /xs:attribute>
< xs:attributename="br_pred_hit_ratio"type="xs:�oat" use="required"/>
< xs:attributename="br_penalty"type="xs:int"use="required"/>

< xs:elementname="stage"type="Stage"minOccurs="1"maxOccurs="unbounded">
< xs:complexType>
< xs:attributename="name"type="IdentName"use="required"/>

< xs:elementname="furef"type="FURef"minOccurs="1"maxOccurs="unbounded"/>
< /xs:complexType>
< /xs:element>

< /xs:complexType>
< /xs:element>

< xs:elementname="funcunit"type="FuncUnit"minOccurs="1"maxOccurs="unbounded">
< xs:complexType>
< xs:attributename="type"type="IdentName"use="required"/>
< xs:attributename="quantity"type="xs:int"use="required"/>

< xs:elementname="opermode"type="OperMode"minOccurs="1"maxOccurs="unbounded">
< xs:complexType>
< xs:attributename="mode"type="IdentName"use="required"/>
< xs:attributename="oplat"type="xs:int"use="required"/>
< /xs:complexType>
< /xs:element>

< /xs:complexType>
< /xs:element>

< /xs:complexType>
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Appendix B. XML stylesheet for Bus Models

< xs:complexTypename="BUS">
< xs:attributename="type"type="IdentName"/>
< xs:attributename="address_bus_width"type="xs:int"/>
< xs:attributename="data_bus_width"type="xs:int"/>
< xs:attributename="max_number_masters"type="xs:int"/>
< xs:attributename="fcfs"type="xs:bool"/>
< xs:attributename="round_robin"type="xs:bool"/>
< xs:attributename="priority"type="xs:bool"/>
< xs:attributename="least_freq_used"type="xs:bool"/>
< xs:attributename="arbitration_pipelining"type="xs:bool"/>
< xs:attributename="arb_req_delay"type="xs:int"/>
< xs:attributename="default_master"type="xs:bool"/>
< xs:attributename="split_transactions"type="xs:bool"/>
< xs:attributename="retry"type="xs:bool"/>
< xs:attributename="retry_cycles"type="xs:int"/>
< xs:attributename="timeout"type="xs:bool"/>
< xs:attributename="timeout_cycles"type="xs:int"/>
< xs:attributename="preemption"type="xs:bool"/>
< xs:attributename="master_abort"type="xs:bool"/>
< xs:attributename="bus_lock"type="xs:bool"/>
< xs:attributename="burst_mode"type="xs:bool"/>
< xs:attributename="burst_mode_length"type="xs:int"/>
< xs:attributename="control_phase"type="xs:bool"/>
< xs:attributename="control_phase_length"type="xs:int"/>
< xs:attributename="address_data_pipelining"type="xs:bool"/>

< /xs:complexType>
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Appendix C. Example XMLs

Thisappendixcontainsa full XML stylesheetfor PEDataModel.

C.1. Example XML for Micr oBlaz e

< ProcUnitModelversion= "0.0.1">
< ProcUnittype="MICROBLAZE">

< ExecModelsched="PIPELINE">
< Operationname="ret">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="reg" mode="RdReg"/>
< /StgRef>

< /Operation>
< Operationname="malloc"> < !-- allocatememoryfrom systemheap-->

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="reg" mode="WrReg"/>
< /StgRef>

< /Operation>
< Operationname="free"> < !-- returnsmemorybackto systemheap-->

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
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< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="reg" mode="WrReg"/>
< /StgRef>

< /Operation>
< Operationname="alloca"> < !-- allocatememoryfrom currentstackframe-->

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="reg" mode="WrReg"/>
< /StgRef>

< /Operation>
< Operationname="load"> < !-- readfrom memory-->

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="mem-Port"mode="RdPort"/>
< /StgRef>

< /Operation>
< Operationname="store"> < !-- write to memory-->

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="mem-Port"mode="WrPort"/>
< /StgRef>

< /Operation>

© 2008,CECS 90



UserManualfor EmbeddedSystemEnvironment: ESEVersion2.0.0

< Operationname="call"> < !-- functioncall -->
< StgRefname= "IF">

< FUReftype= "InstFetch"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="reg" mode="RdReg"/>
< /StgRef>

< /Operation>

< Operationname="br">
< StgRefname= "IF">

< FUReftype= "InstFetch"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="add"var_type="int">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="add"var_type="�oat">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
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< StgRefname= "ID" �ags ="DEMAND" >
< FUReftype= "InstDecode"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-ALU"mode="FPAdd"/>
< /StgRef>

< /Operation>
< Operationname="sub"var_type="int">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="sub"var_type="�oat">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-ALU"mode="FPAdd"/>
< /StgRef>

< /Operation>
< Operationname="mul"var_type="int">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-Mult/Div" mode="IntMult"/>
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< /StgRef>
< /Operation>
< Operationname="mul"var_type="�oat">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-Mult/Div" mode="FPMult"/>
< /StgRef>

< /Operation>
< Operationname="udiv">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-Mult/Div" mode="IntDiv"/>
< /StgRef>

< /Operation>
< Operationname="sdiv">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-Mult/Div" mode="IntDiv"/>
< /StgRef>

< /Operation>
< Operationname="fdiv">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>
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< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-Mult/Div" mode="FPDiv"/>
< /StgRef>

< /Operation>
< Operationname="urem"> < !-- returnsremainderof a division-->

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-Mult/Div" mode="IntDiv"/>
< /StgRef>

< /Operation>
< Operationname="srem">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-Mult/Div" mode="IntDiv"/>
< /StgRef>

< /Operation>
< Operationname="frem">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >
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< FUReftype="FP-Mult/Div" mode="FPDiv"/>
< /StgRef>

< /Operation>
< Operationname="shl"> < !-- shift -->

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="shr"> < !-- shift -->

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="lshr"> < !-- logical shift -->

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="ashr"> < !-- arithmeticshift -->

< StgRefname= "IF">
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< FUReftype= "InstFetch"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="and">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="or">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="xor">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
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< StgRefname= "EX" �ags ="COMMIT" >
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="fptoui">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-ALU"mode="FPCvt"/>
< /StgRef>

< /Operation>
< Operationname="fptosi">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-ALU"mode="FPCvt"/>
< /StgRef>

< /Operation>
< Operationname="uitofp">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-ALU"mode="FPCvt"/>
< /StgRef>

< /Operation>
< Operationname="sitofp">
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< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-ALU"mode="FPCvt"/>
< /StgRef>

< /Operation>
< Operationname="icmp">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="fcmp">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-ALU"mode="FPCmp"/>
< /StgRef>

< /Operation>
< Operationname="seteq">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
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< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="setne">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="setle">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="setge">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
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< Operationname="setlt">
< StgRefname= "IF">

< FUReftype= "InstFetch"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="setgt">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="cast"var_type="int">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="cast"var_type="�oat">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >
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< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-ALU"mode="FPCvt"/>
< /StgRef>

< /Operation>
< Operationname="cast"var_type="double">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="FP-ALU"mode="FPCvt"/>
< /StgRef>

< /Operation>

< Operationname="getelementptr">
< StgRefname= "IF">

< FUReftype= "InstFetch"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="phi">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
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< /StgRef>
< /Operation>
< Operationname="unreachable">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="invoke">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="unwind">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="switch">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>
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< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="select">

< StgRefname= "IF">
< FUReftype= "InstFetch"mode= "DEFAULT"/>

< /StgRef>
< StgRefname= "ID" �ags ="DEMAND" >

< FUReftype= "InstDecode"mode= "DEFAULT"/>
< /StgRef>
< StgRefname= "EX" �ags ="COMMIT" >

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< /ExecModel>

< MemModel>
< Cachepolicy = "D-Mapped"i_cache_delay= "1" d_cache_delay= "1">

< InstCachei_cache_size= "1K" i_cache_ratio= "0.6614"/>
< InstCachei_cache_size= "2K" i_cache_ratio= "0.7917"/>
< InstCachei_cache_size= "4K" i_cache_ratio= "0.8606"/>
< InstCachei_cache_size= "8K" i_cache_ratio= "0.9503"/>
< InstCachei_cache_size= "16K" i_cache_ratio= "0.9779"/>
< InstCachei_cache_size= "32K" i_cache_ratio= "0.9805"/>
< InstCachei_cache_size= "64K" i_cache_ratio= "0.9817"/>
< DataCached_cache_size= "2K" d_cache_ratio= "0.6379"/>
< DataCached_cache_size= "4K" d_cache_ratio= "0.6661"/>
< DataCached_cache_size= "8K" d_cache_ratio= "0.6714"/>
< DataCached_cache_size= "16K" d_cache_ratio= "0.6996"/>
< DataCached_cache_size= "32K" d_cache_ratio= "0.6996"/>
< DataCached_cache_size= "64K" d_cache_ratio= "0.6996"/>

< /Cache>
< Memoryr_delay= "8" w_delay= "3"/>
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< /MemModel>

< DPModel>
< Pipelinename= "default"br_pred_policy = "TAKEN" br_pred_hit_ratio= "60.00"br_penalty= "2">

< Stagename= "IF">
< FUReftype= "InstFetch"quantity= "1"/>

< /Stage>
< Stagename= "ID" >

< FUReftype= "InstDecode"quantity= "1"/>
< /Stage>
< Stagename= "EX">

< FUReftype= "reg" quantity= "32"/>
< FUReftype= "mem-Port"quantity= "1"/>
< FUReftype= "int-ALU" quantity= "1"/>
< FUReftype= "int-Mult/Di v" quantity= "1"/>
< FUReftype= "FP-ALU" quantity= "1"/>
< FUReftype= "FP-Mult/Div" quantity= "1"/>

< /Stage>
< /Pipeline>
< FuncUnittype="InstFetch"quantity="1">

< OperModemode="DEFAULT" oplat="1"/>
< /FuncUnit>
< FuncUnittype="InstDecode"quantity="1">

< OperModemode="DEFAULT" oplat="1"/>
< /FuncUnit>
< FuncUnittype="reg" quantity="32">

< OperModemode="RdReg" oplat="1"/>
< OperModemode="WrReg" oplat="1"/>

< /FuncUnit>
< FuncUnittype="mem-Port"quantity="1">

< OperModemode="RdPort"oplat="2"/>
< OperModemode="WrPort"oplat="1"/>

< /FuncUnit>
< FuncUnittype="int-ALU" quantity="1">

< OperModemode="IntALU" oplat="1"/>
< /FuncUnit>
< FuncUnittype="int-Mult/Div" quantity="1">

< OperModemode="IntMult"oplat="3"/>
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< OperModemode="IntDiv" oplat="34"/>
< /FuncUnit>
< FuncUnittype="FP-ALU"quantity="1">

< OperModemode="FPAdd" oplat="6"/>
< OperModemode="FPCmp"oplat="3"/>
< OperModemode="FPCvt"oplat="3"/>

< /FuncUnit>
< FuncUnittype="FP-Mult/Div" quantity="1">

< OperModemode="FPMult"oplat="6"/>
< OperModemode="FPDiv" oplat="30"/>
< OperModemode="FPSqrt"oplat="6"/>

< /FuncUnit>

< /DPModel>
< /ProcUnit>

< /ProcUnitModel>

C.2. Example XML for Custom Hardware

< ProcUnitModelversion= "0.0.1">
< ProcUnittype="DCT32">

< ExecModelsched="LIST_SCHED">
< Operationname="ret">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="reg" mode="RdReg"/>

< /StgRef>
< /Operation>
< Operationname="malloc"> < !-- allocatememoryfrom systemheap-->

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="reg" mode="WrReg"/>

< /StgRef>
< /Operation>
< Operationname="free"> < !-- returnsmemorybackto systemheap-->

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="reg" mode="WrReg"/>
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< /StgRef>
< /Operation>

< Operationname="alloca"> < !-- allocatememoryfrom currentstackframe-->
< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">

< FUReftype="reg" mode="WrReg"/>
< /StgRef>

< /Operation>
< Operationname="load"> < !-- readfrom memory-->

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="mem-Port"mode="RdPort"/>

< /StgRef>
< /Operation>
< Operationname="store"> < !-- write to memory-->

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="mem-Port"mode="WrPort"/>

< /StgRef>
< /Operation>
< Operationname="call"> < !-- functioncall -->

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="reg" mode="RdReg"/>

< /StgRef>
< /Operation>

< Operationname="br">
< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="add"var_type="int">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="add"var_type="�oat">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="FP-ALU"mode="FPAdd"/>

< /StgRef>
< /Operation>
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< Operationname="sub"var_type="int">
< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="sub"var_type="�oat">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="FP-ALU"mode="FPAdd"/>

< /StgRef>
< /Operation>
< Operationname="mul"var_type="int">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-Mult/Div" mode="IntMult"/>

< /StgRef>
< /Operation>
< Operationname="mul"var_type="�oat">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="FP-Mult/Div" mode="FPMult"/>

< /StgRef>
< /Operation>
< Operationname="udiv">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-Mult/Div" mode="IntDiv"/>

< /StgRef>
< /Operation>
< Operationname="sdiv">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-Mult/Div" mode="IntDiv"/>

< /StgRef>
< /Operation>
< Operationname="fdiv">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="FP-Mult/Div" mode="FPDiv"/>

< /StgRef>
< /Operation>
< Operationname="urem"> < !-- returnsremainderof a division-->

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-Mult/Div" mode="IntDiv"/>
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< /StgRef>
< /Operation>
< Operationname="srem">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-Mult/Div" mode="IntDiv"/>

< /StgRef>
< /Operation>
< Operationname="frem">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="FP-Mult/Div" mode="FPDiv"/>

< /StgRef>
< /Operation>
< Operationname="shl"> < !-- shift -->

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="shr"> < !-- shift -->

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="lshr"> < !-- logical shift -->

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="logic-SHIFT"mode="shift"/>

< /StgRef>
< /Operation>
< Operationname="ashr"> < !-- arithmeticshift -->

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="and">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="or">
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< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="xor">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="fptoui">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="FP-ALU"mode="FPCvt"/>

< /StgRef>
< /Operation>
< Operationname="fptosi">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="FP-ALU"mode="FPCvt"/>

< /StgRef>
< /Operation>
< Operationname="uitofp">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="FP-ALU"mode="FPCvt"/>

< /StgRef>
< /Operation>
< Operationname="sitofp">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="FP-ALU"mode="FPCvt"/>

< /StgRef>
< /Operation>
< Operationname="icmp">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="fcmp">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="FP-ALU"mode="FPCmp"/>

< /StgRef>
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< /Operation>
< Operationname="seteq">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="setne">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="setle">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="setge">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="setlt">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="setgt">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="cast"var_type="int">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="cast"var_type="�oat">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
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< FUReftype="FP-ALU"mode="FPCvt"/>
< /StgRef>

< /Operation>

< Operationname="getelementptr">
< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">

< FUReftype="int-ALU" mode="IntALU"/>
< /StgRef>

< /Operation>
< Operationname="phi">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="unreachable">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="invoke">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="unwind">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="switch">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
< /Operation>
< Operationname="select">

< StgRefname= "SINGLE" �ags = "COMMIT DEMAND">
< FUReftype="int-ALU" mode="IntALU"/>

< /StgRef>
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< /Operation>
< /ExecModel>
< DPModel>
< Pipelinename= "default"br_pred_policy = "TAKEN" br_pred_hit_ratio= "100.00"br_penalty= "0">

< Stagename= "SINGLE">
< FUReftype= "reg" quantity= "32"/>
< FUReftype= "mem-Port"quantity= "1"/>
< FUReftype= "int-ALU" quantity= "1"/>
< FUReftype= "int-Mult/Di v" quantity= "1"/>
< FUReftype= "logic-SHIFT" quantity= "3"/>
< FUReftype= "FP-ALU" quantity= "1"/>
< FUReftype= "FP-Mult/Div" quantity= "1"/>

< /Stage>
< /Pipeline>
< FuncUnittype="reg" quantity="32">

< OperModemode="RdReg" oplat="1"/>
< OperModemode="WrReg" oplat="1"/>

< /FuncUnit>
< FuncUnittype="mem-Port"quantity="1">

< OperModemode="RdPort"oplat="1"/>
< OperModemode="WrPort"oplat="1"/>

< /FuncUnit>
< FuncUnittype="int-ALU" quantity="1">

< OperModemode="IntALU" oplat="1"/>
< /FuncUnit>
< FuncUnittype="int-Mult/Div" quantity="1">

< OperModemode="IntMult"oplat="3"/>
< OperModemode="IntDiv" oplat="20"/>

< /FuncUnit>
< FuncUnittype="logic-SHIFT"quantity="3">

< OperModemode="shift"oplat="1"/>
< /FuncUnit>
< FuncUnittype="FP-ALU"quantity="1">

< OperModemode="FPAdd" oplat="2"/>
< OperModemode="FPCmp"oplat="2"/>
< OperModemode="FPCvt"oplat="2"/>

< /FuncUnit>
< FuncUnittype="FP-Mult/Div" quantity="1">
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< OperModemode="FPMult"oplat="4"/>
< OperModemode="FPDiv" oplat="12"/>
< OperModemode="FPSqrt"oplat="24"/>

< /FuncUnit>
< /DPModel>

< /ProcUnit>
< /ProcUnitModel>

C.3. Example XML for OPB

< BUS data_bus_width= "32"
arb_req_delay= "1"
arbitration_pipelining= "true"
address_data_pipelining= "true"
address_bus_width= "32"
default_master= "true"
bus_lock= "true"
split_transactions= "false"
retry= "true"
retry_cycles= "1"
timeout= "true"
timeout_cycles= "16"
preemption= "true"
burst_mode= "true"
burst_mode_length= "240"
fcfs = "true"
round_robin= "true"
priority = "true"
least_freq_used= "true"/>

© 2008,CECS 113


	Table of Contents
	List of Tables
	List of Figures
	Chapter 1. Introduction 
	Chapter 2. Usage 
	2.1. Manual Conventions
	2.2. Starting ESE
	2.2.1. Scripting
	2.2.2. Environment Variables


	Chapter 3. Main Window 
	3.1. Menu Bar
	3.1.1. File Menu
	3.1.2. Edit Menu
	3.1.3. View Menu
	3.1.4. Synthesis Menu
	3.1.5. Validation Menu
	3.1.6. Windows Menu
	3.1.7. Help

	3.2. Design Canvas
	3.3. PE Window
	3.3.1. PE Window Processes
	3.3.2. PE Window Memories
	3.3.3. PE Window Channels

	3.4. Channel Window
	3.4.1. Channel Window Process Channels
	3.4.2. Channel Window Memory Channels
	3.4.3. Channel Window FIFO Channels

	3.5. Database Window
	3.6. Output Window
	3.7. Message Boxes
	3.7.1. Error Dialogs
	3.7.2. Information Dialogs


	Chapter 4. Functionality 
	4.1. Application Preferences
	4.1.1. Application Preferences

	4.2. Design Handling
	4.2.1. Design Creation
	4.2.2. Design Opening
	4.2.3. Design Saving
	4.2.4. Design Reloading
	4.2.5. Design Closing
	4.2.6. Design Exporting
	4.2.7. Design Settings Editing
	4.2.8. Design Source Viewing
	4.2.9. ESE Exiting

	4.3. Transaction Level Modeling
	4.3.1. PE Allocation
	4.3.2. PE Mapping
	4.3.2.1. Process Mapping
	4.3.2.2. Local Memory Mapping
	4.3.2.3. Local Channel Mapping

	4.3.3. Network Allocation
	4.3.3.1. Bus Allocation
	4.3.3.2. CE Allocation
	4.3.3.3. Connecting the network

	4.3.4. Channel Mapping

	4.4. TLM Synthesis
	4.4.1. Generate Functional TLM
	4.4.2. Generate TLM

	4.5. TLM Validation
	4.5.1. Simulate Functional TLM
	4.5.2. Simulate Timed TLM

	4.6. Performance Analysis
	4.6.1. PE Performance Analysis
	4.6.2. Bus Performance Analysis
	4.6.3. CE Performance Analysis

	4.7. Window Management

	Chapter 5. Data Modeling 
	5.1. Processing Element (PE) Data Model
	5.1.1. Datapath Model
	5.1.1.1. Functional Unit Model
	5.1.1.1.1. Operation Model

	5.1.1.2. Pipeline Model
	5.1.1.2.1. Pipeline Stage Model


	5.1.2. Execution Model
	5.1.2.1. Operation Model
	5.1.2.1.1. Pipeline Stage Reference


	5.1.3. Memory Model
	5.1.3.1. Cache Model
	5.1.3.1.1. Instruction Cache Model
	5.1.3.1.2. Data Cache Model

	5.1.3.2. External Memory Model


	5.2. Bus Model

	Appendix A. XML stylesheet for PE Data Model
	A.1. Data Type
	A.2. Elements

	Appendix B. XML stylesheet for Bus Models

