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Abstract

The standardized formal specification of microelectronic
circuitsis a precondition for computer-aided design reuse.
Unfortunately, the hardware-description languages (HDL
in short) that are usually used for the formal specification
offer a variety of alternative means. This may cause serious
problems in the communication between human designers
and, particularly, within the reuse process. Guidelines to
restrict the freedom in HDL coding enforce a standardized
coding style. Consequently, analyzers for checking HDL
code against a given set of coding style guidelines are
important to achieve a high design quality in a reuse-based
design flow. The present paper describes an approach for
the efficient analyzer generation regarding a given set of
guidelines. It applies proved strategies known from
compiler generator techniques and utilizes a C/C++ user
interface.

1 Introduction

1.1 Motivation

Becausef the steadygrowing integrationdensityin micro-
electronicsthe compleity of integratedcircuits is redou-
bled every 1.5 years[1]. Furthersignificantchallengegor
design stratgies are causedby time-to-marlet require-
mentswhich becomemore and more the most important
design constraint. Computeraided reuse of already
designedcomponentgalso called IP - Intellectual Prop-
erty) is thekey to copewith the availablehigh designcom-
plexity in the required short design time.

Hardware descriptionlanguagesre proven specification
meansfor microelectronicsystems.In practice,standard-
izedHDLs like VHDL or Verilog arealsoappliedto spec-
ify IPsorto describedesigndor IP integration.SuchHDLs
enablethe CAD-conform formal specificationof design
objectsfor synthesisyalidation,or retrieval at differentlev-
elsof abstractione.g.behaior, RT, logic gate).Moreover,
this HDLs provide flexible andadaptablegenericconcepts
for theparametrizatiomf circuit descriptionsFurthermore,
HDL specificationscan be easily modified. If a predesti-
natedlanguagestandards kept, HDL portinginto a differ-
ent design enronment is possible, too.

However, seriousproblemsof HDLs are the variety in
alternatve specificationmeans,the diversity in phraseol-
ogy, andtheinherentambiguityor redundang. A coupleof
differentspecificationwaysfor the samefunctionalityyield
to particularpersonakodingstylesof the humandesigners.
This worsenthe adaptabilityof anIP or circuit description
into anotherdesignervironmentwith a distinctdesignflow
and differentdesigntools. Furtherproblemsare the more
complicatedcommunicatiorbetweendesignersthe rejec-
tion of particularcircuit descriptionby designtoolsif they
only accepta HDL subset,and difficulties in IP retrieval
searching databanks.

To reducethe prementionedproblemsand therefore,to
achieve a higher design quality, circuit descriptionsby
HDLs should meeta certain standarddefinedby coding
styleguidelines Codingstyle guidelinesalwaysrestrictthe
useof ary HDL. Following suchguidelinesHDL codecan
be adjustedfor particular requirementse.g. for optimal
synthesigesultsusinga concretesynthesizero fastencir-
cuit validation using a given simulator or for simplified
identificationof theHDL codein adatabank.Besidescod-
ing style guidelinescontrituteto createanefficient IP code
sinceflexibility andportability of reusablecomponentare
affected by the ay of coding, too.

In practice, coding standardsare usually derived by
requirement®f the applicationclass,e.g.|[EEE 1076.6for
synthesis-suitabldescriptionsCodingstandard$or reuse-
conformspecificationareprovided, e.g.in ReuseMethod-
ology Manuals[6], [9]. Otherguidelinesconfirmtool- and
technology-specifistandarder recommendationg.g.for
HDL descriptions fitting Actel target technology [8].
Besides,a couple of firms have enforcedhouse-internal
standards.

To attest whether or not a given HDL specification
obsenesa certaincodingstyle guideline,suitableanalysis
tools are necessaryThe implementationof coding style
guidelinesin the analysistool shouldbe facilitatedby an
efficient, flexible, and userfriendly stratgy applying
extendable and portable sofive technologies.

1.2 Requirements

In orderto checkby a tool whetherthe restrictionsof cod-
ing guidelinesare obsered it is very importantto distin-



guishtheartsof guidelineruleswith respecto thedifferent
levelsin thestructureof aHDL. So,for instancetheguide-
lines may concern:

* the typographicallevel: formatting like indents,tabs,
newlines, line length, ...

* thelexicographicalevel: capitalization)Jengthof iden-
tifiers, use of special comments,...

* thesyntacticalevel: exclusionof specialkind of state-
ments, nesting of statementscombination of state-
ments,...

* the semantidevel: rangesof types,cardinalities,rela-
tions between parts of descriptions,...

« thelevel of theervironment:structureandorganization
of file-system,specialinterpretationof codeby con-
text-information.

Thedifferentrestrictionamaybe formulatedby the notions
of the correspondingevel alone, e.g. forbidden tabs as
pure typographicrestrictions,or they dependon several
levels like contet-sensitve identifiers,indentsin front of
nested statementsa.s.o., and therefore, have to be
expressed by mied notions.

By "instanceof aHDL" we denotethe code,i.e. thetext,
for the specificatiorof hardware(circuit). Thesemantic®f
anHDL andthereforethe behaior of hardware described
by suchaninstancejs eitherformally definedor - atleast-
by the outputof a simulator Suchansimulatormaybecon-
sideredasaninterpreterof anHDL which evaluatesmper-
ative partsof the instance- like setoperationsarithmetic
operationsrepetitions switchesjogical operationscondi-
tions - aswell asdeclaratie parts- like type definitions,
register descriptions.

It is alsoimportantthat much of the informationwhich
determineshe behaior of the describechardwaremustbe
derived from the ervironmentin which the instanceis
embedded.That means, beside the analysis of syntax
(scanningandparsing)we may needadditionalknowvledge
stored in the ervironment. Moreover, the kind of this
knowledgedependsn generalon theinstancetself. As an
example, the simulator if arny, must refer to a certain
library in orderto identify the function of a component
specifiedby nameand ports. Analogously special com-
mentsmay refer to a file wherethe meaningsof themare
defined.

2 Analysis concepts

2.1 Classification of methods

In orderto implementthe coding style guidelines,we can
implementan analyzerusingvariousapproachesThe par-
ticular approachesmainly differ in the formal way how the
guidelinesbhecomeknown for the analysissoftware. The
commoncharacteristiof all approachess thatthey readin

aninstanceof HDL and,if required additionalinformation
from theernvironmentregardingthe context specificseman-

tics. As output, eachanalyzerproducesmessagesbout
place(e.g.line andcolumnin the specificationandtype of

guideline violation.
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Figure 1: Analysis approaches

Fig. 1 shavs the follaving methods:

» Use of an available commercialanalysissystem(e.g.
PROTON of LEDA or VHDLLInt of InterHDL) anda
special purposelanguageso describecoding guide-
lines (e.g. VRSL for PRTON) - .

» Use of front-endtools, consistingof parserand data-
base(e.g.LVS systemof LEDA, AIRE of FTL) anda
user interéce (LPI for IVS) to the database O
a. Descriptionof the codingguidelineswith universal

language (e.g. C code) O

b. Extensionof [0 towards a special purposelan-
guages utilizing an interpreter [

c. like O, but useof a proved scriptlanguageas Tcl
for the specificationof the coding guidelines;this
approachrequiresthe extensionof the script lan-
guage by access routines to the databage

» Use of a compiler generatarwith which the coding
guidelinesare tied up directly to the grammarof the
language- O

For analyzerapproachesf type 00 and the possibilities
to considerthe additional ervironment information are
mostly restricted.In Fig. 1 only thetools of LEDA [2] are
indicated as a representati

Thedescribednethodshave differentproandcons.In the

next chaptettheadwantage®f the compilergeneratomethod
for the implementation of an analysis tool are justified.



2.2 Compiler generator approach

As shavn in chapter 1.2 coding style guidelines may

 concern the grammar of a HDL,

* requirecontet-specificinformationwhich mustdravn

from the emironment of the HDL instance.

To analyzeinformationof the secondupstrole, thereis no
generally applicable approach.The kind of the related
information processingstrongly dependon the natureof
the ervironmentinformation (record, library, file system,
...). For the sale of simplicity, in the following sections
ervironment informations are not going to be considered.

For theimplementatiorof ananalysistool it is necessary
to transform the verbal describedanalysistask (coding
guidelines)into programcode. Since guidelinesconcern
typographical,lexical, syntactical,and semanticrestric-
tions of the HDL grammay compilergeneratotechniques
offer suitablecapabilitiesfor the analyzerimplementation.
The following characteristicof compiler generatortools
are adantageous for this purpose:

Grammar specification. The formal constructionprinci-
ple of theanalyzedHDL is thegrammarlt is e.g.speci-
fiedin LanguageReferenceManuals(LRM in short).In
compiler generatortools the grammar is available
explicitly (e.g.thesyntaxin thescannetool Yacchy the
Extended Backus Naur Form - EBNF). Therefore,
grammarulescanbe usedto assignsuitableprocessing
functions for the implementationof guidelines. This
yields to a high transparenéor the programmer

Generation. Correspondingto the compiler generator
principle the analyzeris producedautomaticallyunder
usageof generatottools (e.g. standardJnix tools Lex/
Yacc, C compiler).

Inter pretative operation.Thegeneratednalyzemoperates
interpretatvely and following, the compilationinto an
intermediatformatis not necessaryConsequentlythe
multi-level procedureof other admissions(translation
into an intermediateformat . illustration of the lexis,
syntaxandsemantiaestrictionsof acodingguidelinein
dataof theintermediatdormat — acces®nto theinter-
mediate format) is not necessary

Profiling. Trough profiling it is possibleto detect,which
partsof the grammardescriptionare passedhroughfor
a concreteHDL code sggment. This provides the pro-
grammerwith information aboutthe possible,places*
for the later connection of guidelines to the grammar

Connection.The implementationof coding style guide-
lines is carried out by adding processingfunctions at
grammarules(e.g.setting/@aluationof conditionflags
to tracethe run throughpathsin the syntaxtree,check
of rangerestrictions).Compilergeneratoitools usually
provide ainterfaceto highlevel programmindanguages
for this purpose (e.g. C code byx{l¥acc).

Extensibility. Thesoftwareof thecompilergeneratospec-
ification (e.g. main routine, scannerparser utilities) is
availableassourcecode.lt is easilypossibleto modify
the sourcecode for further requirementsTricky solu-
tions can also be performed (e.g. multiple parser
passes).

Tools.Becauseof the usageof standardJnix tools and/or
GNU softwarethe developmeniof theanalyzerdoesnot
depend of commercial tool producer

Data capture. Similar to other approachesthe compiler
generator method must also utilize temporary data
structuredo save informations.This datacanbe simple
structured and be declared specific to the guidelines.

Beside the adantages therexist some disacntages:

Maintenance All the coding style guidelinesare imple-
mentedby a commoncodebecausef theredirectcon-
nection to the grammar definition. This is
disadwantageoudor the unambiguousmaintenanceof
guideline (changing,deleting). By meansof the inter-
face conceptexplained in chapter3.2.2 a conceptto
overcome this disadntage is introduced

Information accessin alternatve analysis approaches
which are basedon an internal databasgseeFig. 1),
mostof the requireddatafor evaluationareavailablein
analreadypreparedorm (e.qg.lists). Consequentlywith
suchapproachedilter functionscanbe usedto extract
information efficiently. Neverthelessthe internal struc-
ture of databasess ratherorganizedconcerningan effi-
cient computeraided executionthan regarding content
aspects.

3 System concept of the compiler generator
approach

3.1 Scanner and parser

Fig. 1 shavs the main component®f our software system
for the codinganalysis.In a prototypeimplementationve
usethe standardJnix tools Lex (scanneriexical analysis)
andYacc(parser:syntaxanalysis)in a C/C++erviroment.
Othercompilergeneratottools (e.g. PCCTS,JavaCC)and
other ermironments (e.g. da) are suitable, too.

Language Instance Scanner Parser
—
Record E:> "
Lexis U Syntax
[ Interface
X Trace
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<
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Action

Figure 2: System conception



Within acompilergeneratoapproachtheformal construc-
tion principle of the analysesHDL is given explicitly -
namlyin form of thegrammarin our prototype(Lex/Yacc)
the grammaris available as EBNF It correspondgo the
HDL definitionin the LRM and consistsof a setof rules.
The following example shavs an extract from a VHDL
grammarspecificationaccordingto the IEEE 1076-1993
standard:

el ement _subtype_definition ::
entity_aspect ::=
entity entity_name [(architecture_identifier)]
| configuration configuration_nane
| open

= subtype_indi cation

entity_class ::=

entity | architecture
| configuration
| procedure | function | package
| type | subtype | constant
| signal | variable | conponent
| Iabel | literal | units
| group | file

Thespecificatiorof agrammarcanbeillustratedasagraph
of all combinationsof HDL codesegments.ScannelLex)

and parser(Yacc) organize the traversing of the relevant
partsof this syntaxgraphfor agivenHDL instance Syntax
errorswill beautomaticallyidentified,becaus¢heredo not
existsrelatedpathsin the graph.The scanneidentifiesthe
smallestunit of the HDL code (morpheme,often also
called token) and qualifies them (identifier, keywords,
operatorsdelimiter, comments,...). Output of the parser
andthereforeinput for the scanneiis the recognizedseries
of qualified morphemesThe scannercarriesout the syn-
tactical analysis. This is done accordingto the allowed
sequencesf morphemeswhich aredescribedy rules[3],

[4], [5].
3.2 Connection of coding style guidelines

According to chapterl.l coding guidelines can be
expressedy restrictionsin useof the HDL. To implement
an analyzerutilizing the compilergeneratorapproachit is
sufficient to add theserestrictionsat the formal language
specificationgiven by the HDL grammarIn our prototype
we utilize the C/C++ interfaceof Lex and Yacc specifica-
tions (andthe surroundingmain, pre,andpostroutines)for
this purpose After performingsucha connectiorof coding
guidelines,the executableanalyzersoftware is generated
automatically running the Ixeand Yacc tools.

3.2.1 Direct Connection

The generalpossibilitiesto connectcoding guidelinesto
the routines of a compiler generatorervironment are
shavn in Fig. 3. The following remarksillustrate basic
ideas of these assignments.

If we assumegain thatthe syntaxof a HDL grammaris
interpretedasa graph,it is easyto representiDL restric-
tionsin this syntaxgraph.So, somepathsor sequence
the graph could be prohibited and transitions may be

allowed only undera certain condition. Since the syntax
specificatioris usuallydoneby rulesin a compilergenera-
tor ervironment, it is possibleto assignthe above stated
steps directly to the rules inside the parser

Similarly, the lexis partof the grammarwhich describes
the constructiorof morphemess specifiedby rules,too. In
simplecodingstyle guidelines the permissiblevariety of a
morphemeconstructoftenis restrictedonly. In this caseit
is enoughto addrelatedchecksfor the restrictionsto the
formal definition of the morphemes inside the scanner
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main —» (file system check,

+ — 71 dependence check, add. pass)
pre — . .

°- — Fe particular actions f(syntax tree)
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Figure 3: Connection of coding guide lines

The following exampleshaws the direct connectionof a
very simple coding style guidelineto syntaxrulesinside
the scanner The guideline of the example saysthat the
numberof entity declarationsn a VHDL instanceis lim-
ited to one.

;entity_decl @ entity_start entity_decl_1
entity_decl _2 entity_decl_3 entity_decl_4
t_END entity_decl _5 t_Semicol on

;entity start: t_ENTITY
{if(++nbrEntities >1)
putErrorString("Error");}

bold: direct
connection

Benefit of the direct connectionof guidelinesis a short
developingtime. However, the direct connectionis mainly
suitablefor a limited set of coding style guidelines.For
more extensie setsthe direct varianthasa crucial draw-
back.Causediy mixing grammarulesandguidelinecode
theanalyzersoftwarebecomeslmosta confusedstructure.
Consequentlyguidelinemaintenancéespeciallychanging
anddeletion)may be moredifficult. Theinterfaceconcept,
sketchedin the next section,shouldhelp to overcomethis
problem.

3.2.2 Connection by a strict interface

By technologicalreasonsijt seemsadwantageoudo us to
separatevery strictly the implementationof analyzerand
guidelinerules[7]. In suchaway, change®f thegrammar



of the HDL do notimmediatelyinfluencethe implementa-
tion of therules.Ontheotherhand,change®f therulesdo
not alwaysimply a re-compilationof the analyzer Addi-
tionally, the whole systemis much more structured As a
consequenceye did not have ary problemsto transferthe
systemfrom oneplatformto anotherAnd, it is betterlegi-
ble than a migd implementation of analyzer and rules.

The connectionbetweenanalyzerand rules is imple-
mentedby an interface.In Fig. 4, the class-modeDbf this
conceptis sketched.The module "interface.cpp"imple-
ments the correspondinginterface-functions.These are
fixed in an unified format for Lex-rulesof the scanneras
well asfor Yacc-rulesof the parser Thesefunctionscall
the correspondingmethodsfor filling and checking the
databaseslhemodules'lexrules.cpp'and"yaccrules.cpp”
bothincludemethodswvhich checkthe guideline-rulesThe
classlexrulescontainsall thosecheckswhich arecalledby
Lex-interface-functionsand where information are trans-
feredby Lex-rules. The analogoussituationwe have with
respect to ¥cc-rules.

verilogkeys.txt

(interface.cpp)

Figure 4: Interface concept

4 Implementation

Currently we have implementedwo prototypedo analyze
selecteccodingstyle guidelinesof industrialpartners One
of themis basedn a subsebf theVHDL IEEE 1076-1993
grammay the otherone utilizes a grammarsubsetof Ver-

ilog IEEE 1364.0ur analyzergproducean errorfile repre-
sentingthe detectedguideline violations. A visualization
software(seescreerplot of Fig. 5) writtenin Jasareadshe
error file and the file of the HDL instanceto shov the
resultsof analysis.If coding guidelinesare classifiedby

types,the violatedguidelineclassexanbe selectedeasily
(upperright window in Fig. 5). Thelink from thevisualiza-
tion to an editor (XEmacs)is alsoavailablein our experi-

mental prototype.
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Figure5: Visualization of analysisresults

5 Conclusion

Following coding style guidelines,designeranay contrib-
ute to a high quality in the processof HDL-baseddesign
reuse.We have developedan easyand flexible approach
towardsthe analysisof HDL codingstyle guidelines With
the approachwe exploit methodsknowvn from compiler
constructionThe baseideais connectingguidelinesto the
rulesof the formal HDL grammardescription.We usethe
C/C++interfaceof provedcompilergeneratotoolsfor this
purposeThis universalinterfacealsoenableaus to imple-
ment semanticrequirementsof guidelineswhich are not
derivable from the specificationmeansof the HDL but
dravn off the ervironment. Prototype implementations
confirm the practicability of our approach.

Futurework comprisesxertionsto extend our approach
in orderto obtainanalysisdatarequiredfor othertasksin
computeraddedreuse(like testbenchgeneration synthe-
sizer control, or component retvad).
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