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Abstract— As technology advances,the needfor having recon-
gurable devicesbecomeamore of a necessitydue to the growing
complexity of applications. Programmable devices like Cypress
Semiconductor's Programmable System-on-a-Chip(PSoC) allow
its usersthe exibility to program one device that meets many
of their application needs. Being that this technologyis becom-
ing more wide spread, it is now time to reseach a higher level
of abstraction for programmable devicessothat they can be even
more versatile and robust. This paper will demonstrate how the
programming of recon gurable devicesare affectedwhenthey are
constrained primarily on a systems physical speci cations. This
resultsin a Booleanconstraint formulation which can be framed
asa classicCNF satis ability problem.

|. INTRODUCTION

Time to market pressuresdesigncomplexity, and cost of
ownership(Non-Recurringéngineeringcosts)are all hurdles
thatmanuficturesof electronicdevicesarefacingnow andwill
continueto facein thefuture[1] . New designmethodologies
though,arebeingresearchedndimplementedo helpalleviate
this currentsituation. Recon gurabledevices are beingused
morefrequentlydueto the compleity of applicationsn addi-
tion to the issuesmentionedpreviously. One methodologyis
to applyaPlatform BasedDesign(PBD) approactto recon g-
urabledevices.This approactwill provideindustrywith anew
tool to assistin their designof applications.

In this paper Cypress MicroSystemss Programmable
System-on-a-ChigfPSoC)was usedto explore how the pro-
grammingof recon gurable devices are affected when they
areconstrainedy a systems physicalperipherakpeci cation.
In accomplishinghis, an Application Speci cationLanguaje
(ASL)wascreated.This languagds parsedand put into a set
of robust datastructures. Thesedatastructuresare then ma-
nipulatedto determineall of the possiblePSoCdevice con g-
urationsbasedon ASL peripheralrequirements. This repre-
sentations referredto asthe unconstrainedPlatform Abstrac-
tion Text (RAW PAT). Constraintsspeci edin ASL areadded
to RAW PAT resultingin PAT. PAT is the platform abstraction
portionof PBD which will beusedin designspaceexploration
of thePSoC.

Il. OBJECTIVES

Thegoalsfor this projectareasfollows:
CreateanApplication Speci cation Language(ASL)
Thisrequireghatwe de ne boththesemanticandsyntax.
In addition,constructgraphicaluserinterface(GUI) front
end.

Parse ASL and createan unconstrainedPlatform Ab-
straction Text (RAW PAT)

In doing this an ef cient datastructureshouldbe made.
Thesenewly creatediatastructurewill beusedn thePars-
ing of ASL, andin the System& Constraintibraries.
Apply an Application Constraint Transform (ACT) us-
ing BooleanConstraintgo augmenRAW PAT

This is the top down portion of Platform BasedDesign
methodology

Resultis a CNF formula that possessethe possiblecon-
gurations of the device.

UsingCNF satisifability onecanenumeratelevice con g-
urationsanduseonethatbest ts the usersrequirements.
Thisis thedesignexplorationphase.

A. Organizationof the Paper

Therestof thepapemwill beorganizedasfollows: Sectionlll
will provide backgroundnthe PSoCandits rolein this inves-
tigation. SectionlV givesbackgroundon the PlatformBased
Designmethodology SectionsV, VI, VII all provide infor-
mationregardingthe methodologyandtools developedfor this
project. SectionsVIIl andIX provide conclusionsand future
work respectiely. Lastly sectionX is the placewherepeople
thatassistedn the projectarerecognized.

I11. PSOC BACKGROUND

CypressMicroSystemss ProgrammableSystem-on-a-Chip
is adynamically(at runtime)recon gurabledevice [3]. It con-
sistsof ash memory SRAM memory M8C 8-hit microcon-
troller, analog,anddigital blocks. The changingof the con g-
urationsof theanaloganddigital blocksis the primary contrib-
utor to therecon guablity of the device. Ampli ers and lters
are examplesof analogblock typeswhile countersandtimers
areexamplesof digital type blocks. The generalorientationof
thePSoCblock typesareasfollows:

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

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

Figurel[3] shavsthemicroarchitecturef thePSoC.In par
ticularnoticethepresencef theanaloganddigital block arrays
aswell asthe M8C microcontrollerwhich coordinaten-chip
actities.

1V. PLATFORM BASED DESIGN OVERVIEW

Platformbaseddesign(PDB) [1] is a top down, bottomup,
"meetin the middle” approacho designingapplications.It in
mary waysresemblegwo funnels. A top funnel constraining
applicationsasthey propagateo lowerabstractiorevels,while
a bottom funnel constrainsimplementationinstancesas they
propagataipit. An exampleof ourtop down approactof PBD
is demonstrateth gure 2. In this speci ¢ projectwe focused
primarily onthetop portion(funnel/triangle)of PBD. Thisarea
is referredto asthe ApplicationSpace The Application Space
is an abstractareain which the fundamentarequirementf
an applicationcanbe de ned. From the Applicaction Space,
ASL is implementedasa meansto describethe requirements
of the application.OnceASL hasbeenwritten ACT is applied
on ASL (top down constraintsthusresultingin PAT (platform
representatior’meetingin middle”).
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V. ASL

Therewasa needto abstractlyconstructa way for the user
to have the ablilty to specifydesignswithout addingunneces-
sarybiaswhich would leadthe designto 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 setup ASL
sothatit would be de ned aroundperipheralgusermodules)
eachrelatedto eachotherin termsof the PSoCs con gura-
tion page. A con gurationpageis onepatrticularsettingsof the
setof con guration registers. Becauseof this, ASL doesnot
work at the level of the switchedcapacitorsor logic gatesbut
it insteadit recognizesADCs, DACs, etc. Thereare 8 periph-
eraltypesthatarede nedin ASL: Counter Timer, DAC, ADC,
PWM, PSR,AMP, and Filters (ADCs arenot fully de ned in
ASL sincenotall permutationsvereincluded).ASL is broken
into 2 sections#Module and#Perf. #Moduleis followed by
peripheralswhich are connectedo one anotherbe it through
input/outputs sharedclocks, or connectedo the samebus are
denotedby beingencompassely parenthesis()”. #Perfhas
the syntaxof: < Peripheralname> < Peripheralperformance
type> < Peripheralperformance . In this project#Perfwas
not fully developedin detail. An exampleof ASL is shavnin
gure 3:

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

#Perf /I keyword everything after  this associates
ADC CLK ACLK1 // ADC: Peripheral type,
TIMER SECONDS20
DAC CLK ACLK1
; Il semicolons
FILTER BAND HIGH

a performance
CLK: Performance type,

to a peripheral
ACLK1: Performance

in #Perf symbolize a new a line

Fig.3. ASL examplecode

A. ParsingASL

ASL wasoriginally parsedoy a programwritten in Perl but
for this projectit was redoneusing Java. The algorithm for
parsingASL wassequentiahndstraightforvarddueto thefact
that the syntaxof the languagewas purposelydesignso that
parsingwould not be too dif cult. What follows are sections
detailingthis process.

1) #Module: ASL is readin aline at a time from a le
until the string "#Module” is read. When this occursthere
aretwo typesof statementsvhich canfollow it; a single pe-
ripheral statemenk peripherl> or alinked peripheal state-
ment< peripheal>< peripheal> . For linked peripheralghey
are strippedof their parenthesi$()”. A new objectis created
< peripheral > per= new < peripheral > andevery pe-
ripheralreadin is usedin the constructoito make the new pe-
ripheralobject. This new objectis storedinto a linkedlist An
arraylistis alsocreatedo storethe keys of this object. These
keys arenecessarypecausé¢helinkedlistsareeventuallyadded
to ahashtableThis procesof creatinganew peripherabbject
andaddingit to a linkedlistis O(n) wheren is the numberof
linked peripherals.Adding theselinkedliststo a hashtbaléhas
aruntime of O(x) wherex is the numberof linked peripheral
sets. Keys arein the format of "X.Y” whereX representshe
line numberafterthe#ModuleandY representshe numberof
peripheralonaspeci c line.

If asingularperipherais readthesameprocessasthelinked
peripheralss doneexcepttheiris no needto 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) #Module hasa runtime approximatelyof
0O(n®) sincen is thedominatingfactor

See gure 4 for avisualrepresentatioof how #Modulewas
addedo the parsingdatastructure.

11 11
LinkedList of
peripheral
— — objects
ArrayList Hashtable
of Keys

Fig. 4. DataStructuredor ParsedASL



2) #Perf: #Perfis the only thing thatcanfollow a#Module
declaration(this is the semanticof ASL). As mentionedbe-
fore,#Perfhastheperformancepeci cationsof ASL. After the
keyword#Perfis readthe next line hastheform of < peripheral
name>, <peripheraltype>, and < peripheralperformance .
The keys from the hashtablen the #Module sectionare used
to properlyindex the correspondindines in #Module. The
linkedlistsareretrievedfrom thehashtablendthenareiterated
throughto acquirethe peripheralobjectsto modify with the
#Perfinformation. The processof gettingthe linkedlist from
the hashtablaés O(1) (constant).The procesf addingthein-
formationto the elementin thelist is O(n) wheren is the size
of thelist. Oncetheperipherabbjectis accesseds class elds
aresetfrom the correspondindines of #Perf. An exampleof
thisis below in gure 5.

Semicolons;” in #Perfaredesignatedo shov new con gu-
ration pages.The parsingof #Perfhasa runtimeof O(n?) due
to having to iteratethroughthe linkedlistfor eachline O(ASL
Lines) beforeaccessinghe peripheralobjectin the linkedlist.
Sincethe linkedlistwill dominatethe ASL line count,we can
still approximatelystandoy the O(n?) complexity gure.

Peripheral Object

Peripheral: Name Peripheral: Performance Type Peripheral: Performance

Timer | | Seconds | | 20

Fig.5. #Perflmplementation

B. ASLGraphicalUserInterface(GUI)

A major reasonfor why ASL was parsedusing Java in-
steadof Perl wasthat making GUI's in Java are signi cantly
more natural than in most other languages. A GUI was
decidedto be part of this projectbecauset providesthe user
a friendly ernvironment. The GUI attachedto the program
gives the user a window where there are three button la-
beledFile, Run,andHelp respectiely. The GUI alsocontains
otheroptions.A highlevelimplementatiorof thisis asfollows:

< JFramdrame= new Jframe(y

/I new JFramdrame

< Containercp = frame.getContentihe(p
// Containercpinitialized

< Jhuttonbutton= new Jubtton(“File”}>
/ buttonlabeledFile made

< cp.add(littony>

< frame.pack

I setsthe JFramesized

< frame.set\&ilble(true
lletsJFramebe seen

If the File buttonis selectedt opensupa le choosemenu
wherethe usercanselectandopenanASL le. TheRunbut-
ton actually startsthe parserandthe restof the program. The

helpmenudisplaysaREADME le whichincludesinformation
aboutthe syntaxof ASL andsomeothergenerainformation.

Figure 6 shavs some of what the GUI elementsfor this
projectlookslike.

GUI front end

8 nsi-ar Generatae I
| Pe [ ron || wER |

N File dialog chooser
T— 4
Leck i My Docurats. * @EEoEE

il
ey My
Iy Piciures
CHmatice
Dhmibo_ Stides

Filesof v Al “les =

1| concal |

Fig.6. GUI Frontend

VI. RAW PAT

RAW PAT is acquiredafter ASL hasbeenread,parsedand
put into a datastructure. It is an unconstrainedPlatform Ab-
strtactionText thatlist all possiblecon gurationsstrictly from
ASL peripheral. This includescon gurationsthat can't occur
dueto the ASL peripherakonstraintsTrue PAT will takethese
constraintsnto accountaswill bediscussedn sectionViIl.

The result of RAW PAT is a CNF formula [2] such as
(A+ B + C)(D + E + F). Whateachclauserepresentss
apossiblecon guration choicefor eachperipherakspeci edin
ASL. Thereforejn orderto satisfythis function,oneperipheral
assignmentnustbe made. For example,one could chooseA
andD or B andF, etc. Thekey to noteis thatthe equationcan-
not besatis ed without selectingat leastoneliteral perclause.

As asidenote,it shouldbe mentionedhateachliteral is ac-
tually acube.Forexample A = Timer 16 DBAO1 DBAO2
Thisactuallywill causehisto nolongerbeatrueCNFformula.
However, the literal representatiors just anabstractiorandin
thefuturealook-up-tablewill storethetrueliteral information.

A. Systeniibrary

In generatingRAW PAT therewas neededa way to make

a library of all the possibletypes of peripheralsand their
locations.Thelibrary neededo be comprehensie but alsonot
too costly with respectdo time traversingit. It shouldalso
have the ability to add peripheral performanceinformation
for the bottom up portion of the toolset (to be implemented
later). With thesefactorsin mind the gure below depicts
graphically how the library was designed. See gure 7. A

hashtablehas keys that representthe literal peripheraltype.
Hereis essentiallyhow this datastructurewascreated:



< hashtableable= new hashtable
<table.put(*"DAC”",makeList("DAC"))>

“makeList” is a methodthat storesall of the speci ¢ typesof
a peripheralin alinkedlist. The exampleabove would have a
maleListlike:

<linkedListlist = new LinkedList(»

< list.add(nev blockinfoDAC6)>

< list.add(nev blockinfoDAC8)> .......

“blockinfo is an objectwhich hasa the actual possibleloca-
tions of the PSoCblocks. Linkedlistscontainspeci c block
positionsandthosepositionsarestoredin anarraylist. Ex:
<linkedlistlist2.add(DBAOO)>

< Arraylist arrayadd(list2y

Class blockinfo calls blockentry which is an object that
neatly containsthe informationthat blockinfo possessesThe
blown up squardn gure 7 depictsthis.
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Fig.7. SystemLibrary

VII. PAT

PAT is the combinationof RAW PAT plus the constraints
from the ACT. ACT is formulated from the constaint
library. RAW PAT is outputtedin the form of clauses:
(Al+ A2+ A3)(B1+ B2+ B3)asmentionedoreviously. All
thatis neededo satisfythis expressionis to have onevaluein
eachclauseo betrue. Thisyieldsmary possiblecon gurations
becauseeach combinationrepresentsa con guration. PAT
though,hasadditionalclausegshat RAW PAT doesnot. When
theseconstrainiclausesareintroducedit addsmoreadditional
conditionsthatlimit con gurations.

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

Now noticethatthe usingAl andB2 or A3 andB2 areno
longertwo valid selectionsof peripheralcon gurations. The
constraintclauseseffectively reducethe numberof possible
con gurations. Theseclauseswill representhe additionalin-
formationin ASL providedby the”( )" andthe#Perfsections.

Thesekeywordsgenerateonstraintlausesor the CNFformu-
lation. For exampleif two devicesareassociatedn parenthe-
sissuchas(DAC ADC), thenconstraintclausescanbe gener
atedwhichrequirethatif bothperipheralareon separatduses
they cannotbe connectedogether Theseconstraintlausesre
basedon the developmentof a constraintlibrary which is dis-
cussedn thenext section.

The overall goal, will be the take this CNF formulationand
nd asatisfyingassignmentor it. Thesetof satisfyingassign-
mentsarethe possiblecon gurations. Oncethe systemlibrary
is augmenteavith performancénformation,eachcon guration
canbeevaluatedautomaticallyandthereforeall con gurations
canbeexhaustvely analyzed.

A. Constaint Library

In this projectthe constraintibrary wasnot fully developed
for boththe analoganddigital blocks. Only the digital blocks
werefully completed Theessenc&ehindtheconstraintibrary
was a datastructurethat can be usedto shav what types of
connections/con gurationsannotbe madedueto the systems
physicalconstraints.For this projectit wasdecidedthat only
digital blocksonthe samebuswould beableto beconnectedo
oneanother The constraintibrary is no morethana classthat
hastwo arraylistwhich returnlinkedlistsof the blocklocations
thatcanoccur

System Constraint Library
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Fig.8. Constraintibrary

Using this library peripheralsin ASL placedtogetherin
parenthesisvill generateconstraintclauseswhich re ect the
fact that their counterparin the parenthesig€annotbe on the
otherbus. This canbe assembledy makingliterals for the
clausesvhich are conjunctionsof the peripheralandeachspot
in thecorrespondingirray

VIIl. CONCLUSION

This projectexhaustvely constructedh 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 performanceeasonsthekey is thatall thein-
formationis therewhich will provide maximumimplementa-
tion e xibility. Theimplementatiorof the upperhalf tools for



designexplorationwith thePSoCwasalsoaccomplishedvhich
includedthe GUI, ASL, ASL parseySystemandConstrainti-

braries.Ef cient datastructuresverealsomadein this project
to increasethe programs operationalspeed. This providesa
solid theoreticalfoundationon which to completethe rest of
thetoolset.
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Application
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Fig.9. FutureToolsetFlow

IX. FUTURE WORK

Continuingresearchin the projectwould include complet-
ing the Performancéstimationof the PBD (see gure 9). PAT
would have to be ableto producemultiple con gurationswith
varying performancdevels. This would be donewith a com-
mercial CNF SAT solver. New heuristicswill have to bemade
toreduceahesizeof thevariablesvhentrying to constrairRAW
PAT to PAT. More complex constraintawill alsoneedto bede-
velopedso that #Perfportion of ASL will be put into consid-
erationwhentrying to determinePAT. Whenthis is all accom-
plishedsampleapplicationausingthe PBD will needto becon-
structedto actuallyapply newv designtechniquesand measure
actualeffectiveness.

X. ACKNOWLEDGEMENTS

Without the efforts of mary individuals this projectwould
not have happened.l give thanksto the Superb-ITcoordina-
torsfor giving me an opportunityto do researchat one of the
most premiereuniversitiesin the country | am alsothankful
for the assistancéhe peopleat the DOP Centergave me, they
werevery accommodating | amvery appreciatie for Profes-
sor Alberto Sangivanni-Vincentellifor letting me to work in
his groupwith his graduatestudents A specialthanksthough,
goesoutto my graduatenentorDouglasDensmoreHewasthe
onethatworkedwith methemostandwithout him this project
surelywould not have beenaccomplished.

REFERENCES

[1] A.Sangivanni-incenteli. De ning platform-basedlesign. EEDesign
February2002.

[2] SohaHassounand TsutomuSasao. Logic Synthesisand Veri cation.
Kluwer AcademicPublishers2002.

[3] CypressMicrosystemsCY8C25xxx/26xxReviceDataSheetkersion3.21
http://wwwcypressmicro.com/pdf/8 C25KEashee.pdf, November2002.



