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Abstract— As technologyadvances,the needfor having recon-
�gurable devicesbecomesmore of a necessitydue to the growing
complexity of applications. Programmable devices lik e Cypress
Semiconductor's Programmable System-on-a-Chip(PSoC)allow
its users the �exibility to program one device that meetsmany
of their application needs. Being that this technology is becom-
ing more wide spread, it is now time to research a higher level
of abstraction for programmabledevicessothat they can be even
more versatile and robust. This paper will demonstratehow the
programming of recon�gurable devicesareaffectedwhenthey are
constrained primarily on a system's physical speci�cations. This
resultsin a Booleanconstraint formulation which can be framed
asa classicCNF satis�ability problem.

I . INTRODUCTION

Time to market pressures,designcomplexity, andcost of
ownership(Non-RecurringEngineeringcosts)are all hurdles
thatmanufacturesof electronicdevicesarefacingnow andwill
continueto facein the future [1] . New designmethodologies
though,arebeingresearchedandimplementedto helpalleviate
this currentsituation. Recon�gurabledevicesare being used
morefrequentlydueto thecomplexity of applicationsin addi-
tion to the issuesmentionedpreviously. Onemethodologyis
to applyaPlatformBasedDesign(PBD) approachto recon�g-
urabledevices.This approachwill provide industrywith a new
tool to assistin their designof applications.

In this paper, Cypress MicroSystems's Programmable
System-on-a-Chip(PSoC)was usedto explore how the pro-
grammingof recon�gurabledevices are affected when they
areconstrainedby a system'sphysicalperipheralspeci�cation.
In accomplishingthis, an ApplicationSpeci�cationLanguage
(ASL)wascreated.This languageis parsedandput into a set
of robust datastructures.Thesedatastructuresare then ma-
nipulatedto determineall of thepossiblePSoCdevice con�g-
urationsbasedon ASL peripheralrequirements.This repre-
sentationis referredto astheunconstrainedPlatformAbstrac-
tion Text (RAW PAT). Constraintsspeci�ed in ASL areadded
to RAW PAT resultingin PAT. PAT is theplatformabstraction
portionof PBD which will beusedin designspaceexploration
of thePSoC.

I I . OBJECTIVES

Thegoalsfor this projectareasfollows:
� CreateanApplication Speci�cation Language(ASL)

Thisrequiresthatwede�ne boththesemanticsandsyntax.
In addition,constructgraphicaluserinterface(GUI) front
end.

� ParseASL and createan unconstrainedPlatform Ab-
straction Text (RAW PAT)
In doing this an ef�cient datastructureshouldbe made.
Thesenewly createddatastructurewill beusedin thePars-
ing of ASL, andin theSystem,& Constraintlibraries.

� Apply anApplication Constraint Transform (ACT) us-
ing BooleanConstraintsto augmentRAW PAT
This is the top down portion of Platform BasedDesign
methodology.

� Resultis a CNF formula thatpossessesthepossiblecon-
�gurations of thedevice.

UsingCNFsatisifability onecanenumeratedevicecon�g-
urationsanduseonethatbest�ts theusersrequirements.
This is thedesignexplorationphase.

A. Organizationof thePaper

Therestof thepaperwill beorganizedasfollows: SectionIII
will providebackgroundon thePSoCandits role in this inves-
tigation. SectionIV givesbackgroundon the PlatformBased
Designmethodology. SectionsV, VI, VII all provide infor-
mationregardingthemethodologyandtoolsdevelopedfor this
project. SectionsVIII andIX provide conclusionsand future
work respectively. Lastly sectionX is theplacewherepeople
thatassistedin theprojectarerecognized.

I I I . PSOC BACKGROUND

CypressMicroSystems's ProgrammableSystem-on-a-Chip
is a dynamically(at runtime)recon�gurabledevice [3]. It con-
sistsof �ash memory, SRAM memory, M8C 8-bit microcon-
troller, analog,anddigital blocks.Thechangingof thecon�g-
urationsof theanaloganddigital blocksis theprimarycontrib-
utor to therecon�guablityof thedevice. Ampli�ers and�lters
areexamplesof analogblock typeswhile countersandtimers
areexamplesof digital typeblocks.Thegeneralorientationof
thePSoCblock typesareasfollows:

� Analog Blocks - 12 Analog blocks; 72 registers;8 bits
each;Thereare threetypesof analogblocks. They are
continuoustime analogblocksand two setsof switched
capacitorblocks(”A” and”B”). They canbepositionedin
locationslabeledACA(X), ASA(X), andASB(X).

� Digital Blocks- 8 digital blocks;56 registers;8-bit each;
Theseblocksare8-bit peripheralsandarecon�gured via
their function, input, output, data,and control registers.
They can be positionedin locationslabeledDBA(X) or
DCA(X) which standfor Digital Basic (DB) andDigital
Communication(DC) .

Figure1 [3] showsthemicroarchitectureof thePSoC.In par-
ticularnoticethepresenceof theanaloganddigital blockarrays
aswell astheM8C microcontrollerwhich coordinateson-chip
activities.

IV. PLATFORM BASED DESIGN OVERVIEW

Platformbaseddesign(PDB) [1] is a top down, bottomup,
”meet in themiddle” approachto designingapplications.It in
many waysresemblestwo funnels. A top funnel constraining
applicationsasthey propagateto lowerabstractionlevels,while
a bottom funnel constrainsimplementationinstancesas they
propagateup it. An exampleof our topdown approachof PBD
is demonstratedin �gure 2. In this speci�c projectwe focused
primarily onthetopportion(funnel/triangle)of PBD.Thisarea
is referredto astheApplicationSpace. TheApplicationSpace
is an abstractareain which the fundamentalrequirementsof
an applicationcanbe de�ned. From the ApplicactionSpace,
ASL is implementedasa meansto describethe requirements
of theapplication.OnceASL hasbeenwritten ACT is applied
on ASL (top down constraints)thusresultingin PAT (platform
representation;”meetingin middle”).
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Fig. 1. PSoCMicroarchitecture

Fig. 2. PlatformBasedDesignElements

V. ASL

Therewasa needto abstractlyconstructa way for the user
to have theablilty to specifydesignswithout addingunneces-
sarybiaswhich would leadthedesignto oneparticularimple-
mentation(PSoCcon�guration). To meetthis needASL was
formed. ASL is a netlist type languagethat allows the user
the ability to describeapplicationsabstractlyin termsof the
peripheralrequirements.In ASL, the designerhasthe ability
to specify both performanceand relationshipconstraintsfor
peripherals. Being that the PSoCwas used,we setupASL
so that it would be de�ned aroundperipherals(usermodules)
eachrelatedto eachother in termsof the PSoC's con�gura-
tion page. A con�gurationpageis oneparticularsettingsof the
setof con�guration registers. Becauseof this, ASL doesnot
work at the level of the switchedcapacitorsor logic gatesbut
it insteadit recognizesADCs, DACs,etc. Thereare8 periph-
eraltypesthatarede�ned in ASL: Counter, Timer, DAC, ADC,
PWM, PSR,AMP, and Filters (ADCs arenot fully de�ned in
ASL sincenot all permutationswereincluded).ASL is broken
into 2 sections#Moduleand #Perf. #Module is followed by
peripherals,which areconnectedto oneanotherbe it through
input/outputs,sharedclocks,or connectedto thesamebusare
denotedby beingencompassedby parenthesis”()”. #Perfhas
the syntaxof: < Peripheralname> < Peripheralperformance
type> < Peripheralperformance> . In this project #Perf was
not fully developedin detail. An exampleof ASL is shown in
�gure 3:

#Module // keyword everything after it are peripherals
(ADC TIMER DAC) COUNTER// ADC, Timer, and DAC are connected
FILTER // Filter on separate configuration page

#Perf // keyword everything after this associates a performance to a peripheral
ADC CLK ACLK1 // ADC: Peripheral type, CLK: Performance type, ACLK1: Performance
TIMER SECONDS20
DAC CLK ACLK1
; // semicolons in #Perf symbolize a new a line
FILTER BAND HIGH
;

Fig. 3. ASL examplecode

A. ParsingASL

ASL wasoriginally parsedby a programwritten in Perlbut
for this project it was redoneusing Java. The algorithm for
parsingASL wassequentialandstraightforwarddueto thefact
that the syntaxof the languagewas purposelydesignso that
parsingwould not be too dif�cult. What follows aresections
detailingthis process.

1) #Module: ASL is read in a line at a time from a �le
until the string ”#Module” is read. When this occursthere
are two typesof statementswhich can follow it; a singlepe-
ripheral statement< peripheral> or a linked peripheral state-
ment< peripheral>< peripheral> . For linkedperipheralsthey
arestrippedof their parenthesis”()”. A new object is created
< peripher al > per = new < peripher al > andevery pe-
ripheralreadin is usedin theconstructorto make thenew pe-
ripheralobject. This new objectis storedinto a linkedlist. An
arraylist is alsocreatedto storethekeys of this object. These
keysarenecessarybecausethelinkedlistsareeventuallyadded
to ahashtable.Thisprocessof creatinganew peripheralobject
andaddingit to a linkedlist is O(n) wheren is the numberof
linkedperipherals.Adding theselinkedliststo a hashtbalehas
a run time of O(x) wherex is thenumberof linkedperipheral
sets. Keys arein the format of ”X.Y” whereX representsthe
line numberafter the#ModuleandY representsthenumberof
peripheralsona speci�c line.

If asingularperipheralis readthesameprocessasthelinked
peripheralsis doneexcepttheir is noneedto strip theparenthe-
sisoff. All togetheraftertakinginto accountaddingperipheral
objectsto a linkedlist (O(n)), addinglinkedliststo a hashtable
(O(x)), andhaving onemajorloopthatis readingASL from the
�le, O(ASL Lines) #Modulehasa runtimeapproximatelyof
O(n3) sincen is thedominatingfactor.

See�gure 4 for a visualrepresentationof how #Modulewas
addedto theparsingdatastructure.
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Fig. 4. DataStructuresfor ParsedASL



4

2) #Perf: #Perfis theonly thing thatcanfollow a #Module
declaration(this is the semanticsof ASL). As mentionedbe-
fore,#Perfhastheperformancespeci�cationsof ASL. After the
keyword#Perfis readthenext line hastheform of < peripheral
name> , < peripheraltype> , and < peripheralperformance> .
The keys from the hashtablein the #Modulesectionareused
to properly index the correspondinglines in #Module . The
linkedlistsareretrievedfrom thehashtableandthenareiterated
throughto acquirethe peripheralobjectsto modify with the
#Perf information. The processof getting the linkedlist from
thehashtableis O(1) (constant).Theprocessof addingthe in-
formationto theelementin the list is O(n) wheren is thesize
of thelist. Oncetheperipheralobjectis accessedits class�elds
aresetfrom the correspondinglines of #Perf. An exampleof
this is below in �gure 5.

Semicolons“;” in #Perfaredesignatedto show new con�gu-
rationpages.Theparsingof #Perfhasa runtimeof O(n2) due
to having to iteratethroughthe linkedlist for eachline 0(ASL
Lines) beforeaccessingtheperipheralobjectin the linkedlist.
Sincethe linkedlistwill dominatetheASL line count,we can
still approximatelystandby theO(n2) complexity �gure.

Peripheral: Name
 Peripheral: Performance Type
 Peripheral: Performance


Timer 
 Seconds
 20


Peripheral Object


Fig. 5. #PerfImplementation

B. ASLGraphicalUserInterface(GUI)

A major reasonfor why ASL was parsedusing Java in-
steadof Perl was that makingGUI's in Java aresigni�cantly
more natural than in most other languages. A GUI was
decidedto be part of this projectbecauseit providesthe user
a friendly environment. The GUI attachedto the program
gives the user a window where there are three button la-
beledFile, Run,andHelp respectively. TheGUI alsocontains
otheroptions.A highlevel implementationof this is asfollows:

< JFrameframe= new Jframe()>
// new JFrameframe
< Containercp= frame.getContentPane()>
// Containercp initialized
< Jbuttonbutton= new Jubtton(“File”)>
// buttonlabeledFile made
< cp.add(button)>
< frame.pack>
// setstheJFramesized
< frame.setVisilble(true)>
//letsJFramebeseen

If theFile button is selectedit opensup a �le choosermenu
wheretheusercanselectandopenanASL �le. TheRunbut-
ton actuallystartstheparserandthe restof the program.The

helpmenudisplaysaREADME�le whichincludesinformation
aboutthesyntaxof ASL andsomeothergeneralinformation.

Figure 6 shows someof what the GUI elementsfor this
projectlookslike.

File dialog chooser


GUI front end


Fig. 6. GUI Frontend

VI. RAW PAT

RAW PAT is acquiredafterASL hasbeenread,parsed,and
put into a datastructure. It is an unconstrainedPlatformAb-
strtactionText that list all possiblecon�gurationsstrictly from
ASL peripheral.This includescon�gurationsthat can't occur
dueto theASL peripheralconstraints.TruePAT will take these
constraintsinto accountaswill bediscussedin sectionVII.

The result of RAW PAT is a CNF formula [2] such as
(A + B + C)(D + E + F ). What eachclauserepresentsis
a possiblecon�gurationchoicefor eachperipheralspeci�ed in
ASL. Therefore,in orderto satisfythis function,oneperipheral
assignmentmustbe made. For example,onecould chooseA
andD or B andF, etc.Thekey to noteis thattheequationcan-
notbesatis�edwithoutselectingat leastoneliteral perclause.

As a sidenote,it shouldbementionedthateachliteral is ac-
tually acube.For example,A = T imer 16� DB A01� DB A02.
Thisactuallywill causethisto nolongerbeatrueCNFformula.
However, theliteral representationis just anabstractionandin
thefuturea look-up-tablewill storethetrueliteral information.

A. SystemLibrary

In generatingRAW PAT therewas neededa way to make
a library of all the possible types of peripheralsand their
locations.Thelibrary neededto becomprehensivebut alsonot
too costly with respectsto time traversingit. It shouldalso
have the ability to add peripheralperformanceinformation
for the bottom up portion of the toolset (to be implemented
later). With thesefactors in mind the �gure below depicts
graphicallyhow the library was designed. See�gure 7. A
hashtablehas keys that representthe literal peripheraltype.
Hereis essentiallyhow this datastructurewascreated:
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< hashtabletable= new hashtable()>
< table.put(“DAC”,makeList(“DAC”))>
“makeList” is a methodthat storesall of the speci�c typesof
a peripheralin a linkedlist. The exampleabove would have a
makeList like :
< linkedListlist = new LinkedList()>
< list.add(new blockinfoDAC6)>
< list.add(new blockinfoDAC8)> .......
“blockinfo is an object which hasa the actualpossibleloca-
tions of the PSoCblocks. Linkedlistscontainspeci�c block
positionsandthosepositionsarestoredin anarraylist.Ex:
< linkedlistlist2.add(DBA00)>
< Arraylist array.add(list2)>

Class blockinfo calls blockentry which is an object that
neatlycontainsthe informationthat blockinfo possesses.The
blown upsquarein �gure 7 depictsthis.

Fig. 7. SystemLibrary

VII . PAT

PAT is the combinationof RAW PAT plus the constraints
from the ACT. ACT is formulated from the constraint
library. RAW PAT is outputted in the form of clauses:
(A1+ A2+ A3)(B 1+ B 2+ B 3) asmentionedpreviously. All
that is neededto satisfythis expressionis to have onevaluein
eachclauseto betrue.Thisyieldsmany possiblecon�gurations
becauseeach combinationrepresentsa con�guration. PAT
though,hasadditionalclausesthatRAW PAT doesnot. When
theseconstraintclausesareintroducedit addsmoreadditional
conditionsthatlimit con�gurations.

Ex: PAT = RAW PAT + ConstraintClauses
(A1+A2+A3)(B1+B2+B3)(A1+B 2)(A3+B 2)

Now noticethat the usingA1 andB2 or A3 andB2 areno
longer two valid selectionsof peripheralcon�gurations. The
constraintclauseseffectively reducethe numberof possible
con�gurations. Theseclauseswill representthe additionalin-
formationin ASL providedby the”( )” andthe#Perfsections.

Thesekeywordsgenerateconstraintclausesfor theCNFformu-
lation. For exampleif two devicesareassociatedin parenthe-
sissuchas(DAC ADC), thenconstraintclausescanbegener-
atedwhichrequirethatif bothperipheralsareonseparatebuses
they cannotbeconnectedtogether. Theseconstraintclausesare
basedon thedevelopmentof a constraintlibrary which is dis-
cussedin thenext section.

Theoverall goal,will be the take this CNF formulationand
�nd a satisfyingassignmentfor it. Thesetof satisfyingassign-
mentsarethepossiblecon�gurations.Oncethesystemlibrary
isaugmentedwith performanceinformation,eachcon�guration
canbeevaluatedautomaticallyandtherefore,all con�gurations
canbeexhaustively analyzed.

A. Constraint Library

In this projecttheconstraintlibrary wasnot fully developed
for both theanaloganddigital blocks. Only thedigital blocks
werefully completed.Theessencebehindtheconstraintlibrary
was a datastructurethat can be usedto show what typesof
connections/con�gurationscannotbemadedueto thesystems
physicalconstraints.For this project it wasdecidedthat only
digital blocksonthesamebuswouldbeableto beconnectedto
oneanother. Theconstraintlibrary is no morethana classthat
hastwo arraylistwhich returnlinkedlistsof theblock locations
thatcanoccur.

0
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 DBA01


DCA00
DCA00


System Constraint Library


ArrayLists


LinkedLists


Fig. 8. ConstraintLibrary

Using this library peripheralsin ASL placed togetherin
parenthesiswill generateconstraintclauseswhich re�ect the
fact that their counterpartin the parenthesiscannotbe on the
other bus. This can be assembledby making literals for the
clauseswhich areconjunctionsof theperipheralandeachspot
in thecorrespondingarray.

VI I I . CONCLUSION

This projectexhaustively constructeda Booleanformulation
of a PSoCconstrainedapplication. In having this approach,
themaximumamountof informationabouttherecon�gurablil-
ity of the device is known. While this may have to be pruned
heuristicallyfor performancereasons,thekey is thatall thein-
formation is therewhich will provide maximumimplementa-
tion �e xibility . The implementationof theupperhalf tools for
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designexplorationwith thePSoCwasalsoaccomplishedwhich
includedtheGUI, ASL, ASL parser, System,andConstraintli-
braries.Ef�cient datastructureswerealsomadein this project
to increasethe program's operationalspeed. This providesa
solid theoreticalfoundationon which to completethe rest of
thetoolset.

Fig. 9. FutureToolsetFlow

IX. FUTURE WORK

Continuingresearchin the project would include complet-
ing thePerformanceEstimationof thePBD(see�gure 9). PAT
would have to beableto producemultiple con�gurationswith
varying performancelevels. This would be donewith a com-
mercialCNF SAT solver. New heuristicswill have to bemade
to reducethesizeof thevariableswhentrying to constrainRAW
PAT to PAT. More complex constraintswill alsoneedto bede-
velopedso that #Perfportion of ASL will be put into consid-
erationwhentrying to determinePAT. Whenthis is all accom-
plishedsampleapplicationsusingthePBDwill needto becon-
structedto actuallyapply new designtechniquesandmeasure
actualeffectiveness.
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