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Abstract

EDA tools are implementedto automatea designtaskefficiently,
but they often lack flexibility to be highly customizableor pro-
grammable.SomeEDA tools have a primitive anduniquecom-
mandlanguageto realizeprogrammability, but usually it further
complicatesa designflow. We thusproposemethodsandcrucial
techniquesto fastlink EDA toolswith apopularscriptinglanguage
suchasPerl[1],Tcl[2] or Python[3] for ease-of-useandbetterinte-
gration.Thisapproachencouragesrapidprototypingof algorithms,
codereuse,customizability, extensibility, interoperabilitybetween
tools, and easiertestingof applicationprograminterface(API)’s.
Basedon the proposedmethodsand techniques,we efficiently
built several Perl/Tcl/Pythoninterfacesto EDA packagessuchas
LEF/DEF parser, Synopsys.lib parser, Verilog PLI2.0 routines,
SDFreader/writerandsoon. Thesetoolsaregreatassestsfor chip
designersto build a robustandpowerful designflow, andthis tech-
niqueis a very genericapproachtowardsintegratingall thedesign
toolstogether.

1 Intr oduction

Scriptingplaysanimportantrolein thecurrentchipdesignmethod-
ology. Conventionally, it hasbeenusedto automatea designflow,
integratea variety of tools, patcha buggy tool, extract required
information,modify anoutputforamt,andpreparea configuration
file. Moreover, scriptinglanguagesarealsousedextensively within
someEDA toolsto provideabasicprogrammingcapabilitysuchas
defininga variable,settinganoptionvalue,executinga command
sequence,recordingacommandsequence,switchingon/off atool’s
feature,capturingoutputresults,branchingandlooping. It is thus
importanthow to fastintegratea scriptinglanguageinto theexist-
ing EDA code.

Our Contrib ution

In this paper, asa complementandextendedwork to [14], we first
discussand addresscrucial techniquesusing simplified wrapper
and interfacegenerator(SWIG)[15] to link the featuresor func-
tions which an EDA tool may have to a mostpopularscript lan-
guagesuchPerl,Tcl or Python.Wethenprovide interfacebuilding
techniqueswhich SWIG doesnot supportbut exist in almostEDA
tools.Finally, we will examineseveralinterfacepackageswe have
implementedefficiently basedon thesetechniques.

The Needfor a Popular Scripting Language

EDA toolsaretypically characterizedasa highly efficient compu-
tationengineto optimizea designor do designanalysis.However,
they lack flexibility to be highly programmableto satisfy users’
needs.Sometools have a limited or very primitive scriptinglan-
guagesuchasSis[4] or Vis[5], but they areneitherextensiblenor
flexible anduneasyto program,anddon’t havea full programming
capabilitywhich is importantfor automatinga realisticdesignjob.
Commercialtools typically adopta dialectof a popularlanguage

suchasSkill for Silicon Ensemble[6], Schemefor Apollo II[7], or
Tcl[2] for DesignCompiler[8]. However, a specificprogramming
languagemay be anotherstoppingfactorfor a userto further ex-
plore the tool, just becausea long learningcurve is requiredfor a
new programminglanguage.For modernchip design,a designer
hasto dealwith at leastadozenof tools,eachof whichmayhavea
uniquecommandlanguageplusseveralspecificinputformats.This
couldbeaveryerror-proneprocessandimpededesignproductivity
seriously.

PerlandTcl have beenextensively usedin thedesigncommu-
nity for a long time dueto their powerful string patternmatchby
regularexpressions,scriptingcapability, popularity, andextensibil-
ity. Bothcanprocessasimpletext file veryefficiently usingregular
expressionswithout thetediumto programa full parseranda lexi-
cal analyzer.

Prosand Consof Scripting Languages

Scriptinglanguagesarewell-known to be ideal for a higher level
programmingjob and systemintegration. Most detail of a pro-
grammingtask have beenhandledautomaticallyin the language
itself so thata usercanwrite lesscodeto do thesamejob. Script-
ing languagesare typically characterizedas interpreted,typeless
programminglanguage,high productivity andshortdevelopment
timewith lessfavorableperformance[9, 10] comparedwith system
programminglanguagessuchC or C++. For thesamefunctional-
ity, a factorof at least4X moredevelopmenttime is reportedfor
programmingin C/C++comparedwith scriptinglanguagesuchas
Perl,Pythonor Tcl[10, 9]. This factoris observed ashigh as60X
for a specialdatabaseapplication[10]. Also, the lengthof a pro-
gram in a scripting languagecan be much shorterthan that in a
systemprogramminglanguage,which implies scriptingprograms
couldbeeasierto revisionor maintain.However, for aperformance
orientedtask, scripting languagesare not most efficient or opti-
mal comparedwith systemprogramminglanguagessuchasC or
C++[9]. This areais wherea traditional programminglanguage
canwork very well. We observed a factor20X to 50X speed-up
for the performanceof an optimizedC or C++ programover that
of thesamefunctionalityof a Perlprogram.In summary, scripting
languagestradeoff executionspeedto reducedevelopmenttime.

Ideal EDA Tool Ar chitecture

A mixed languageapproachcancombinea scripting languageat
the top and usesthe dedicatedand optimizedalgorithm engines
from systemprogramminglanguagessuchas C/C++ for the un-
derlyingstructures.Thesystemconfigurationmaybeasshown in
Figure1,wherea scriptinglanguageis usedto integrateor ”glue”
toolstogether. This architecturepartitionof a softwareapplication
systemfollowstheguidelinesin [10] suchthatthesystemprogram-
minglanguagesareusedin speedcritical tasks,implementingcom-
plex algorithmsanddatastructures,beingwell-definedandchang-
ing slowly, while the scripting languageis usedto connectexist-
ing components,build a graphicaluser interface(GUI),maintain
consistency work or routinejobs,andadaptto rapidevolving end-
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Figure1: Tool Integrationby aScriptingLanguage

users’applications.This approachis very flexible, extensible,and
easyfor scriptingandrapidprototypingof anapplicationsystemor
building a designflow.

In [11, 12], the authorsimplementeda tool, vex, which inte-
gratesseveral C++ packagesto achieve non-trivial designtasks
such as designbrowsing, tri-state checker, module partitioning,
FSM graph browsing, alias removal and a netlist connection
database.It alsointerfeceswith Tk[2], a graphicaluserinterface,
anda binary decisiondiagram(BDD)package[13] for morecom-
plex applications. This representsa paradigmof the ideal EDA
tool architecture.In [13], the authorsimplementeda BDD pack-
agewith a Perl interface,PerlDD, which alsoenablesa graphical
BDD calculator, DDcal. Basedon the Perl platform,DDcal com-
binesaBDD packageandaGUI package(Tk)to displayBDD data
structuresgraphically. This shows anotherexamplefor the ideal
EDA tool architecture.Also, many commercialEDA toolsseemto
haveadoptedthisarchitectureinternally, but they areeitherlimited
to onesingletool or a very closeenvironmentwhich is difficult to
integratewith theothertools.

Useful for Software Reuseand Rapid Prototyping

This tool architectureprovides a full programmingcapability to
end-usersanda platformfor dynamicallyloadingmodules,which
can selectively load or replacesoftware moduleswithout affect-
ing thesystemintegrity. Also, it canimmediatelyleveragetheex-
isting modulesor packagesof a scripting languageto extend its
functionality suchas graphicaluserinterface,a databaseengine,
numericalcomputationalgorithms,networkingmodulesandsoon.
Therefore,rapidprototypingandsoftwarereusecanbemucheasier
without tediouscompilationor linking in a traditionalC/C++ de-
velopmentenvironment. If theoriginal C/C++ sourcecodeswere
notavailable,thiscouldbeespeciallyusefulsincetheAPIsof each
tool arestill accessiblefrom thescriptinglanguage’s interface.

Inter operability Consideration

EDA toolshave beenlack of interoperabilityfor a long time. Sev-
eral methodsare available for communicatingbetweentwo pro-
gramsor working processes[14]. Considera delaycalculatorand
a Verilog simulatorasanexample(Figure2).Thedelaycalculator
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Figure2: DelayDataExchangebetweenDelayCalculatorandVer-
ilog Simulator

will senddelaydatabackto theVerilogsimulator. Thereareseveral
approachesto exchangingdata:

1. SpecificFormat by Text or Binary File
The first approachusesa specific format to exchangedata
throughnormalOS files, for example,usingstandarddelay
format(SDF)to exchangedelaydata.Thisapproachhasthree
seriousdrawbacks:

1. Extradumpingof datainto thespecificformatandpars-
ing of thatformatarerequired,

2. Theinputandoutputformatsbetweentwo toolscanbe
possiblymismatchedor incompatible,

3. Theinput or outputformatsarethusfixedwithout any
flexibility to changeunlessany furtherpostprocessing
is performed.

In practice,onemayfix theformat incompatibilityproblems
with ad-hocmethodsby usinga script suchasa Perl or Tcl
script. However, it resultsin a very complicatedandunreli-
abledesignflow.

2. Programming LanguageInterface
Thesecondapproachusesasetof programminglanguagein-
terface(PLI)’s to communicatebetweentools. For example,
the delaycalculatorwill provide serviceroutines,linked to
a host, the Verilog simulator, throughthesePLIs. Onehas
to be very carefulaboutdatatypesandthe usagedetailsof
PLIs to make it work smoothly. It requiresa separatelinking
passto make it an executablesimulator, resultingin a very
time-consuming,non-extensible,andinflexible solution.

3. Client-Server Mode or Inter processCommunication
The third approachusesa client-server mode. For exam-
ple, thedelaycalculatorrunsasa server waiting for theVer-
ilog simulatorto input informationandfeedbackswith delay
data.It canwork asa distributedcomputationmanner. How-
ever, this requiresa validatedsetof communicationprotocol
to make this possible. The developmenttime can be much
longer beforeit is reliable and efficient for realistic design
tasks.Also, the network traffic may further impedetheeffi-
ciency of thisapproach.

4. Dir ectAccessof Inter nal Data Structur e
The fourth approachusesinternal dataaccess. This is the
most efficient one. However, due to dataabstraction,code
consistency, anddifferenttool providers,it is almostagainst
all thesoftwareengineeringprinciples.It is notonly difficult
to maintain,but alsoeasyto crasha wholesystem.

5. API Accessthr ougha Scripting Language
As we proposed,all the designtaskscanbe integratedinto
a uniform platform to reducethe text/binary file exchange,
andend-userscanaccessthe APIs of EDA tools to do cus-
tomizationto fit their needsusinga most popularscripting
languagesuchasPerl,Tcl or Python.Thedevelopmenttime
can be much reduced. Eachcomponentcan be hooked up
to thatplatform dynamicallyunderthe control of a script to
completeadesigntask.

Easeof APIs’ Testing

Comprehensive testingof software’s APIs is generallyvery diffi-
cult andtime-consuming.Thecommontestingapproachis based
onanouterinput andoutputpair. It cannothandlefinergraintest-
ing for any specificAPI. However, with the integratedAPIs in a
scriptinglanguage,a tool developercandesigna setof very dedi-
catedscriptsto testeachAPI anddoesnothave to compileanother
testingprogramsto intervenewith theproductioncode.Therefore,
a variety of regressiontestsfor the API can be easily createdto
guaranteehigh qualitysoftware.



Speedingup Integration by Using an Interface Wrapper

Typically, integratingAPIs into a popularscriptinglanguageis not
very straightforward. A lot of extra work is requiredto make the
interfaceself-consistent.We emphasizeminimal extra coding to
link asetof APIs into ascriptinglanguage,andprovideseveralap-
proachesto easingthe integrationwork. SWIG[15] is designedto
automaticallygeneratethewrapperor interfaceroutines.It canre-
ducemostof routinejobsinto a simpleconfigurationandgenerate
therequiredcodeto bridgethegap.

Organizationof this Paper

We will first introducethe SWIG functionality briefly. It is fol-
lowedby a varietyof techniquesusefulfor linking commonEDA
tool’s functionsin Section3. In Section4, we will discussan in-
terfacecreationflow. Section5 dealswith interfacedesignconsid-
eration.In Section6, we will examineseveralapplicationsystems
which implementourapproachandshow comparisonbetweendif-
ferentapproaches.

2 Review of an Interface Generator

An interfacegenerator[15, 16, 17,18] is usedto generatethenec-
essarywrapperfunctionsfor a C/C++programto interfacewith a
scriptinglanguage.It cantranslateor mapdatatypesbetweenlan-
guagesto fit the interfaceneeds. Typically, a scripting language
musthave several specificstepsfor calling a C/C++ function in-
cluding:

1. Globally initialize a C/C++module,

2. Registerthefunctions’namein thetargetscriptinglanguage,

3. Map the scripting language’s typelessargument data into
typedonesfor theC/C++function,

4. Checktheargumentsfor thecorrectnumberandtype,

5. Call theC/C++function,

6. Translatethe outputtypeddatainto the scriptinglanguage’s
typelessdataandplacethemontotheargumentreturnstack,

7. Releaseextramemoryspaceallocatedduringthestepsabove.

Therefore,aninterfacegeneratorshouldbeableto generatewrap-
percodesto automaticallyhandlemostof theabove correctly, and
suppliesmethodsto mapor translatedatabetweena scriptinglan-
guageanda systemprogramminglanguage.It canberegardedas
atemplate-drivencodegenerationtechnique[16], whichis usedex-
tensively in computeraidedsoftware engineering(CASE).SWIG
is a tool usedto generatewrappercodesautomaticallyfor C/C++
codes to interface with scripting languagessuch as Perl, Tcl,
Python,Guile, andetc. Moreover, it canalsogeneratedatastruc-
tureaccesssubroutinesto reador write aC/C++structure,variable
or object.

2.1 Simple Example

The following is a simpleexampleto show how to useSWIG to
easilygenerateaninterface.Considera simpleC++point class:

class point{
public:

int x,y;
point(int xin,int yin):x(xin),y(yin){}
void print(){
cout << "(" << x << "," << y << ")";

}
};

Wecancreateaninterfacefile in SWIG as:

%module point
%{
#include "point.h"
%}
%include "point.h"

After compilationand linking[15, 19], SWIG will createa con-
structorfunctionnew point which wrapsthe constructorof class
point,andseveralmemberfunctionsin Perl/Tcl/Pythonwith apre-
fix point suchaspoint print. Moreover, the datafield access
functionsarealsogenerated,for example,a readfunctionfor field
x aspoint x get, andawrite functionfor field x aspoint x set.
A Perlscriptcanbeusedto createapoint andmanipulatethedata
fieldsasthefollowing:

use point;
package point;
$a = new_point(3,2);
print "X=",point_x_get($a),"\n";
point_y_set($a,8);
print "Y=",point_y_get($a),"\n";

In Tcl, onecanusethefollowing script:

load ./point.so;
set a [new_point 3 2]
puts "X=[point_x_get $a]"
point_y_set $a 8
puts "Y=[point_y_get $a]

SWIG alsosupportsobject-orientedinterfaces.With an addi-
tional SWIG switch(-shadow for Perl), onecanusea Perl script
suchas:

use point;
package point;
$a = new point(3,2);
print "X=$a->{x}\n";
$a->{y}=8;
print "Y=$a->{y}\n";

In Tcl, it becomes:

load ./point.so;
point a 3 2
puts "X=[a cget -x]"
a configure -y 8
puts "Y=[a cget -y]"

In Python,onecanuse:

from point import *
a=point(3,2)
print "X=",a.x
a.y=8
print "Y=",a.y

Note that for a simple C++ class,onemay not even have to
changethe interfaceconfigurationfile for a differenttargetscript-
ing language. SWIG usesa techniquecalled typemapfunctions
whicharethecustomizabletransformaioncodethattranslateinter-
facedatatypesbetweenscriptinglanguagesandC/C++functions.

3 UsefulTechniques

In the following sections,we will discusstechniquesusedto fast
link EDA toolswith scriptinglanguages[14]. Most of SWIG tech-
niqueshave beenshown in [15, 19]. However, someof critical
techniquesthatanEDA tool needsarestill notsupportedin SWIG.
The detail of thesetechniquesare also provided in our web site
[20].



3.1 Reuseof an Existing CommandDispatcher

Many EDA toolshavetheirown commanddispatcherfor theirorig-
inal scriptinglanguage.It is possibleto leveragethismechanismto
transparentlyimport theiroriginalcommandsetinto atargetscript-
ing language[14]. In theinitialization code,theoriginal command
shouldberegisteredoneby oneinto thetargetscriptinglanguage’s
commandtable. A Tcl anda Perl interfacefor Sis[4] have been
built in this way[20]. It is surprisingthat the original Sis scripts
canbeexecutedwithoutany modificationusingthis approach[14].

3.2 Handling Variable Number of Ar guments

It is notuncommonanEDA tool hasahigherlevel API with afunc-
tion interfacelike foo(int argc, char **argv). SWIG does
not supportthis kind of functionprototypewell. Thework-around
solutioncanbeshown as:

%typemap(perl5,in) char **argv {
$target = (char **)

malloc(n_arg*sizeof(char *));
for (;n_arg;--n_arg) {

$target[n_arg-1]=
(char *)SvPV(ST(n_arg-1),PL_na);

}
}
%typemap(perl5,ignore) int argc(int n_arg){

$target=n_arg=items;
items=1;

}
%typemap(perl5,freearg) char **argv {

free($source);
}

wherewe skillfully useignore typemapin SWIG to carry infor-
mation aboutargc and relax the SWIG check(items=1) for the
numberof input arguments.A Perl subroutinecall canthuslook
like:

foo("-i",5,"-f","-x","bar.dat");

Similarly, for Tcl, onecanusethefollowing codeto wrapthisfunc-
tion interface:

%typemap(tcl8,ignore) int argc(int n_arg){
$target=n_arg=objc-1;
objc=2;

}
%typemap(tcl8,in) char **argv{

int templength,i;
$target = (char **)

malloc(n_arg*sizeof(char *));
for (i=0; i < n_arg; i++) {

$target[i]=Tcl_GetStringFromObj(
objv[i+1], &templength);

}
}
%typemap(tcl8,freearg) char **argv {

free($source);
}

wherewe skillfully manipulatethe argumentsin the Tcl’s calling
convention[2, 15] to achieve our desiredinterface.TheTcl proce-
durecall canthuslook like:

foo -i 5 -f -x bar.dat

3.3 Automatic Callback Function Generation

A callbackfunctionis afunctionthatwill betriggeredor calledfor
a specialevent. Whenthespecialeventoccurs,thecallbackfunc-
tion is executed.Thistechniqueis quitecommonin acustomizable
C/C++ applicationlibrary suchas LEF/DEF parsersin [21]. In
oppositeof thenormalcalling direction,theexecutionof callback

functionis from C/C++codeto invokeascriptinglanguagesubrou-
tine. However, SWIG hasno supportfor this kind of mechanisms.

The techniqueto createa callbackfunction is first to register
a C/C++callbackfunctionwhich will executea scriptingfunction
with its input andoutputargumentsproperlytranslated.For exam-
ple, a nodeprocessingcallbackfunction in Sis canbe shown[20]
as:

%init %{
node_register_daemon(DAEMON_ALLOC,

node_alloc_C_daemon);
%}
static char *Perl_callback_fn=NULL;
void node_alloc_C_daemon(node_t *node){

dSP ;
SV *sv;
if(Perl_callback_fn==NULL)return;
ENTER ;
SAVETMPS;
PUSHMARK(SP) ;
sv=sv_newmortal();
SWIG_MakePtr(sv,(void *)node,

SWIGTYPE_p_network_t);
XPUSHs(sv);
PUTBACK ;
perl_call_pv(Perl_callback_fn,

G_DISCARD);
FREETMPS ;
LEAVE ;

}
%}

whereSWIG MakePtr is usedto encodea pointerinto a Perlrepre-
sentation,andperl call pv is a Perlbuilt-in functionfor calling
a function with a string argument.Thecapital letter wordsabove
arepre-definedmacrosin the Perl internalcore[16], andthey are
actuallyhandlingthe Perl stackandtemporaryvariables.We use
Perl callback fn to recorda registeredPerl callbackfunction.
More sophisticatedexamplescan be found in [19, 16, 20]. For
Tcl version,it canapply thesamestepswith Tcl built-in function
calls[14].

For automaticcallback generation,we improve this manual
translationprocessinto a tool[20]. For example,a global function
pointer

int (*FooPtr)(double, char *);

canbe translatedinto a C-to-Pythoncallbackautomaticallyusing
our tool:

static PyObject* PyCallBack_FooPtr=0;
int _cbwrap_FooPtr(double f,char *msg){

PyObject *arglist,*result;
int ret ;

PyObject *arg0, *arg1;
if(!PyCallBack_FooPtr)return ret;
arg0 = PyFloat_FromDouble(f);
arg1 = PyString_FromString(msg);

arglist=Py_BuildValue("(OO)",arg0,arg1);
result=PyEval_CallObject(PyCallBack_FooPtr,arglist);
Py_DECREF(arglist);
{ PyObject *args=Py_BuildValue("(O)",result);

Py_XDECREF(result);
if(!PyArg_ParseTuple(args,"i:CALLBACK",&ret))

return (int) NULL;
Py_XDECREF(args);

}
return ret;

}

Also, theassociatedinterfaceconfigurationwill begeneratedas:



%typemap(python,in) PyObject *{ $target=$source;}
%inline %{
void register_FooPtr(PyObject *pyfunc){

if(PyCallBack_FooPtr)
Py_DECREF(PyCallBack_FooPtr);

PyCallBack_FooPtr=pyfunc;
Py_INCREF(pyfunc);

}
%init %{

FooPtr=_cbwrap_FooPtr;
%}

register FooPtr is thususedin Pythonto registeracallbackfuc-
tion pointedby FooPtr. That is to say, this tool will generatethe
necessarycallbackinterfacefor a user to usea Pythoncallback
without writing any interfacecode. Our tool actuallyrunsseveral
passesof SWIG to obtain the necessarytypemapcodes,and af-
ter pruningandmerging themtogether, the callbackcodewill be
generatedfor theinterfacefile.

3.4 Output Captureand Redirection

Rich regular expressionoperationsin Perl, Tcl, or Pythoncanbe
usedto extract run-time output information of an API. The idea
is similar to UNIX’ s outputredirection.A monitoredAPI canbe
executedwith its standardoutputandstandarderror redirectedto
variables,respectively. A post-processingby stringpatternmatch-
ing usingregular expressioncanextract useful information. This
approachis very straightforward andflexible in analyzingoutput
results.It canbeusedwhennothingis disclosedabouttheinternal
datastructuresof anAPI. Theredirectionmethodcanbefound in
[14, 16]. The drawback is its inefficiency dueto the print-out of
redundantdata.

Thisapproachis notuncommonin commercialEDA toolssuch
asDesignCompiler[8]. Also, it is perfectfor ablack-boxtestingof
anAPI. Onedoesnothave to understandany internaloperationsof
anAPI to testit.

3.5 Automatic Structur eMarshaling CodeGeneration

SWIGdoesnotsupporttranslationof aC’sstruct into ascripting
language’s element.However, it mayberequiredfor somesimple
datastructures.For example,a simpledatastructure

strucrt coord{
float x,y;

};

canbeeasilytranslatedinto a list in Perl,Tcl or Python,For exam-
ple, we get two typemapsfor struct coord whenusingPython
asthetargetscriptinglanguage:

%typemap(python,out) struct coord {
struct coord *arg0=$source;
PyObject *obj_x,*obj_y;
float result ;
result = (float) (arg0->x);
obj_x = PyFloat_FromDouble(result);
result = (float) (arg0->y);
obj_y = PyFloat_FromDouble(result);
resultobj = Py_BuildValue("[OO]",obj_x,obj_y);
Py_DECREF(obj_x);
Py_DECREF(obj_y);
free($source);

}
%typemap(python,in) struct coord {

float arg_x ;
float arg_y ;
static struct coord temp;
$target=&temp;
$source=PyList_AsTuple($source);
if(!PyArg_ParseTuple($source,"ff",

&arg_x,&arg_y))return NULL;

$target->x = arg_x;
$target->y = arg_y;

}

Then, the list can be processedand managedby the mem-
ory managementsystemin Pythonuniformly, which simplifiesthe
codeto handlethis datastructure.We write a tool supportingthis
translation,which generatesthenecessarytypemapcode.Onecan
thususethistool to generatethenecessarytypemapsin SWIGwith-
outwriting any interfacecode.

3.6 Handling C++ STL

Standardtemplatelibrary(STL) is a very flexible, popular and
handylibrary for basicdatastructuretemplatesin C++. Among
the templatesin STL, vector classis especiallyusefulfor build-
ing a list efficiently. It is naturallytranslatedinto a list of objects
in a targetscriptinglanguage,for example,a typemapin SWIG to
handleaCell vectoroutput:

%define vector_typemap(T)
%typemap(perl5,out) vector<T *> *{
if($source){

if($source->size()>items)
EXTEND(sp,$source->size()-items);

for(vector<T *>::iterator i=$source->begin();
i!=$source->end();i++){

ST(argvi) = sv_newmortal();
SWIG_MakePtr(ST(argvi++), (void *)(*i),

SWIGTYPE_p_##T);
}

}
}
%enddef

vector_typemap(Cell);

wherewe useSWIG preprocessingfeatureto definea multi-line
macro;$source is thereturnvalueof aC++ function;EXTEND() is
a Perlmacroto extendthereturnstackspace;ST() is a macrofor
the Perl stackelement;And, SWIG MakePtr is usedto translatea
C++representationof pointerinto thePerlrepresentation.Onecan
thususe:

@cell_list=all_cells();
foreach $cell(@cell_list){

print $cell->name(),"\n";
}

to accesseachcell in a cell list. For Tcl andPython,it canbedone
similarly[20].

3.7 Handling Data Structur eTraversal Command

It is commonthatsomedatastructuresneedto beexaminedoneby
one,for example,in Sis[4], foreach node is definedasa macro
usedto traverseeachnode in a network. Similar to the STL’s
iterator implementation,it can be very efficiently implemented
without building anotherlist of nodes. The Tcl implementation
of foreach node commandis very similar to the Tcl command
while implementation[2].

%native(foreach_node) int _foreach_node();
%{
static int _foreach_node(

ClientData clientData,
Tcl_Interp *interp,
int argc, char *argv[]) {
node_t* _arg3 = NULL;
network_t * _arg1 = NULL;
lsGen gen;
int code;
if (SWIG_GetPtr(argv[2],(void **)&_arg1,



"_network_t_p"))
return TCL_ERROR;

foreach_node(_arg1,gen,_arg3){
char result[256];
Tcl_ResetResult(interp);
SWIG_MakePtr(result, (void *)_arg3,

"_node_t_p");
Tcl_SetVar(interp,argv[1],result,0);
code=Tcl_Eval(interp,argv[3]);
if(code == TCL_CONTINUE)

continue;
else if(code == TCL_BREAK)

return TCL_OK;
else if(code != TCL_OK)

return code;
}
return TCL_OK;

}
%}

Therefore,onecanuse

foreach_node x $network {
puts "Node [node_name $x]"

}

to dumpall thenameof thenodesin $network. For Perl,unfortu-
nately, it cannot have this kind of syntaxsugar, but we canmimic
thesyntaxas

while($x=each_node $network){
print node_name($x),"\n"; }

or

for(;$x=each_node($network);){
print(node_name($x),"\n"); }

Theimplementationof each node canbe:

%inline %{
node *each_node(network_t *n){

static network_t *network=NULL;
static lsGen gen;
node_t* node;
if(network!=n){

network=n;
foreach_node(network,gen,node){

return node;
next_node:

}
network=NULL;
return NULL;

}else
goto next_node;

}
%}

Notethatweskillfully makeeach node returnonenodeeachtime
it is calledby usingstatic variabletechniques.Only onetraver-
sal is valid for thewholeprogramdueto its singleanchor(static
lsGen gen) to point to thenext node.

Alternatively, onemayusetheapproachin theprevioussection
usingSTL to build anothervectoror list to collectthepointerswith
thecostof extra memoryallocationandrelease.

3.8 Automatic MakefileGeneration

Thecompilationandlinking environmentcanbevery tediousbe-
fore thefirst interfacecodeis built andworking. Perlhasa module
ExtUtils::MakeMaker usedto automaticallywriteMakefile that
will compileandlink thenecessaryheadersandlibrariesto create
a dynamicallysharedmodule.Consideraninterfaceconfiguration
file Graph.i anda C++ file Graph.cpp. We canusethefollowing
Perlcode(Makefile.PL) to generatetheMakefile:

use ExtUtils::MakeMaker;
$module=’Graph’;
WriteMakefile(
’NAME’ => $module,
’OBJECT’=>"${module}_wrap.o ${module}.o",
’LDDLFLAGS’ => ’-shared’,
’CC’ => ’g++’, ’LD’ => ’g++’

);
sub MY::postamble {
return << ’END’;
SWIG = swig
SWIGFLAGS= -c++ -perl5 -shadow
$(NAME)_wrap.c :: $(NAME).i $(NAME).h

$(SWIG) $(SWIGFLAGS) $(NAME).i
END
}

Thespecificstepsinclude:

perl Makefile.PL
make
make install

We alsoprovide a scriptusedto automatetheMakefile generation
basedon this Perl module[20]. It currentlysupportsPerl,Python
andTcl.

3.9 MiscellaneousTechniques

Weareaslobuilding a library to collecttheinterfacehandlingtech-
niquesin [20], for example,how to handleanarrayof pointers,how
to make void* compatiblewith otherdatatypes,how to wrap a
C++functionwhichhasmultiple interfaces,how to write typemaps
for C++ referencesandso on. With thesetechniques,a scripting
languagecanbeusedmoresmoothlyat higherlevel without much
detailof its original C/C++APIs, for example,usingobjects,lists
andhashesextensively to manipulateobjectsin Perl,Tcl or Python.

4 Interface Creation Flow

With thehelpof interfacegenerator, interfacebuilding canbevery
efficient andmucheasierthanhand-craft.SWIG[22] reportsa first
time userused10minutesto wrapOpenGL,a 3D graphicslibrary.
In general,we observe aniterative building flow as:

1. Start with the headerfiles of C/C++ library, and createan
initial configurationfile,

2. Edit aMakefile templateto generatea project’sMakefile,

3. Testcompilationandlinking, andremove parsingdifficulties
for SWIG,

4. Write atestscriptin thetargetscriptinglanguageto checkfor
theexpectedAPI’sbehavior,

5. Finetunetheinterfacefor consistency andease-of-use,

6. Createatemplateto generatetheinterfacefor therestof APIs,

7. Install this interfacelibrary into thecentralrepositoryof the
targetscriptinglanguage’s library.

5 Interface DesignConsideration

Naive translationof headerfilescanresultin anunusableinterface.
It is thusrequiredsomeattentionto designanease-of-useinterface.



5.1 Implementation Independency

A goodinterfacecanbe served asisolationor informationhiding
for implementationfrom theexternalapplications.Therevision of
implementationcan be thus independentof the external applica-
tions. Therefore,a betterinterfaceshouldinvolve fewer internal
structures.Using C/C++ macrodefinitionsandSWIG supported
mechanisms,suchas”ignore” typemapfunction,anddefault argu-
mentvalues,canbehelpful to reducecomplexity of aninterface.

5.2 Consistencyand Ease-of-Use

An interfaceshouldbedesignedwith consistency, includinganam-
ing convention,anargumentpassingconvention,a functioncalling
convention, memoryallocation/release,object handling, list data
structurerepresentation,and even the documentationstyle, etc.
Sometimes,it may requireextra helperfunctionsor macrodefi-
nitions to make the interfaceconsistent. SWIG supports%name,
%rename andtypemap mechanismsto refineaninterface.

5.3 Selective API Export

Blindly exportingall APIsof anEDA tool canresultin a hugeand
inefficient interfacelibrary. The target applicationdomainhasto
be taken into considerationwhendesigningan scriptinglanguage
interface. SWIG supportsa switch macro(i.e. #ifdef SWIG) to
selectively export API fuctionsfor interfacecodegeneration.

It is also possibleto partition an interfaceof EDA tools into
severaldynamicalloadablemodules,eachof which is groupedac-
cordingto similar functionality or objectclasses.An application
canloadthenecessarymodulesto completeits task.Perlsupports
AUTOLOAD[1, 16] mechanismandpackagereferenceto selectively
loadmodules.PythonandTcl supportasimilarmechanismaswell.

5.4 Completeness

Completenessis themostimportantfactorto decideif oneinterface
library is usablefor a specificapplication.Typically, applications
arefavorableto be written in onescripting languagewith library
supporteitherfrom scriptmodulesor C/C++ libraries. Therefore,
theinterfacehasto provide all thefeaturesor functionsanapplica-
tion needs.In practice,we have to iteratethe interfacedesignand
test throughtypical domain-specificapplicationsto make it com-
plete.

6 CaseStudy

We implementedseveral interfacepackagesin [20] to experiment
with our idea.

6.1 Perl/Python/Tcl interfacesto LEF/DEF Parsers

Conventionally, theLEF/DEFfiles areparsedby assumingcertain
format rulesin additionto its syntax. Perl is oftenusedto extract
informationin this context usingstringpatternmatchingby regu-
lar expressions.Due to the formatassumption,onecanusea Perl
script to do simpleparsingandobtaindesigninformationin very
short time. However, the script is hardly reusable,and this ap-
proachis clearlyslow andunreliable,andaddsa lot of complexity
andreliability issueto adesignflow.

UsingSWIGplusthetechniquesin Section3, we implemented
Perl/Python/Tclinterfacesto LEF/DEF parsersfrom [21]. These
parsersarereleasedfrom theoriginator. Therefore,it is complete
and formal without any parsingglitches. With the scripting lan-
guageinterface,one can easily process(read/write)designinfor-
mationefficientlyusinghigherlevel programmingconstructssuch
as object, list, hashandstring. For example,pin namescan be
extractedfrom a LEF file usinga Pythonscript:

from LEF import *
def pinf(t,pin,ud):

if t==lefrPinCbkType:

print "This is a lefrSetPinCbkType",
print "Pin=",pin.name()

return 0

lefrSetPinCbk(pinf)
lefrRead("complete.5.2.lef")

wherelefrSetPinCbk registersa Pythoncallbackfunctionpinf.
Whenthe parsertop level routinelefrRead is invoked anda pin
statementis parsed,pinf will becalledor triggeredto processthe
pin object.

DEF and LEF parsershave actually very similar structurein
sourcecodestyle. It was thusvery easyto implementone inter-
facepackageafter theothersinceonly thenamereplacementwas
involved.

6.2 Perl/Python/Tcl interface to Synopsys.lib Parser

Similarly, weimplementedaninterfacepackagefor Synopsys.lib
parser, which is releasedfrom SynopsysTAP-in program[8]. Syn-
opsys.lib format is an ASIC library format usedextensively in
Synopsys’tools. The ability to interfacewith the parsersenables
thepossibilityto efficiently andcorrectlyextracta varietyof infor-
mationfrom a cell library, suchastiming information,logic func-
tion of a cell, power consumptioninformationandso on. This is
crucial in developingASIC designtools,andimportantfor check-
ing or ensuringthequalityof a cell library.

Using this package,for example,we canextract the areaof a
cell in Tcl as:

load "./si2dr.so" si2dr
PISetDebugMode
ReadLibertyFile "sample.lib"
proc cellArea {libName cellName} {

set lib [PIFindGroupByName $libName library]
set cell [GroupFindGroupByName $lib $cellName cell]
return [SimpleAttrGetFloat64Value \
[GroupFindAttrByName $cell area]]

}
puts "AND2 area=[cellArea std018 AND2]"

ThisapproachhelpsCAD developersto rapidprototypeanapplica-
tion systemandreducethe tediumto codea completeparsereach
time, but still have a completeand fast low level parserroutine
available.

6.3 Perl/Python/Tcl interface to Verilog PLI2.0 interface

WealsoimplementedaPerl/Python/Tclinterfaceto VerilogPLI2.0
usingour callbackgenerationtool. Althoughthis approachhasno
benefitoverspeed,it still servesasaverygoodstartingpointtopro-
totypea PLI application.For example,we canmodela hardware
module,asynchronousmultiplier, in Perlas:

use vlog;
package vlog;
require "my_model.pl";

sub mult_ab{
my ($A,$B,$W)=@_;
printf " A=0x%02X B=0x%02X\n",

$A->{value},$B->{value};
assign($W,$A->{value}*$B->{value});

}

sub py_mult{
my ($CK,$A,$B,$W)=@_;
always(posedge($CK),\&mult_ab,[$A,$B,$W]);

}

Comparedto a C hardwaremodelusingPLIs, the detail is much
reducedin this approach,andchip designerscanthusfocushow



to modela systembehavior in thefirst placeinsteadof tweakinga
PLI routineto run.

Also, this approachenablesa Verilog simulator to execute
Perl/Python/Tclcodesduring its simulationusingVerilog system
tasks. It is thus easierfor usersto explore in-depthinformation
aboutanetlistor simulationusingthis approach.

6.4 An SDF Readerand Writer

We will examinean SDF readerand writer package(includedin
Perl/Tcl Interface for Gate-level Netlist Engine[20])
in thissection.

Due to incompatibleSDF formats betweenEDA tools, we
experiencedmany difficulties in annotatingdelay information
smoothlybackto Verilogsimulatorsor statictiming analyzersfrom
aP&R tool. Thetraditionalad-hocapproachusesPerlscriptsto fix
theproblemswhena tool complainsaboutsyntaxproblemor tim-
ing recordmismatch.We implementeda C++ parserfor SDFfiles
anda delayvaluedatabaseto fix theformatincompatibleproblem.
Using the proposedapproach,we employ Perl or Tcl as the top
level controlingscriptsto programthewholeapplicationtool. The
applicationsystemarchitectureis shown in Figure3. It enablesus

Application Scripts

Reader/Parser SDF File

Interface

Database
Delay

Perl or Tcl

Results

Figure3: SDFReader/WriterApplicationSystem

to do any checking,statisticsor queriesbasedon the C++ delay
databaseengine,for example,checkingif somenetsor cells are
under-drivenor over-driven,giving statisticsabouta specificcell’s
delay, deratinga specificcell’s timing, computingtiming skews,
checkinghold time problemor comparingtwo SDF files to iden-
tify thelargesttiming difference.

C++ STL hasbeenusedextensively in this SDFparserengine
to build adelaydatabase.Somehelperfunctionsarebuilt to output
alist structurein thePerlor Tcl interface.Forcomparison,webuild
a pureC++ versionanda purePerlversionSDFreaderandwriter
with thesamesetof YACC syntaxrules. We found the following
metricsin Table1,whereourproposedapproachismarkedas”Pro-
posed”in thethird column.Notethatin theproposedapproachthe

PureC++ Proposed PurePerl
Runtime 3.25secs 20.09secs 85.72secs
MemoryUsage(bytes) 6.7M 7.4M 10.0M
CodeLength 819lines 155lines 232lines
Interactive Use No Yes Yes
Easefor Revision No Yes Yes
Re-Compilationfor
differentapplications Yes No No

Table1: Comparisonbetweendifferent implementationarchitec-
tures

readeris called from the interfaceto accessthe C++ parser, and
thewriter is a Perlscriptwhich accessestheC++ database’s APIs
throughtheinterface.This resultseemsto follow thestudyof [9].
Theperformancedifferencecanbe26XbetweenthepureC++code
andthepurePerlcode,while ourapproachexhibitsgracefuldegra-
dationwith minor increasein memoryconsumption.Ourapproach
clearly combinesthe advantagesof pureC++ codeandpurePerl
code.

7 Conclusion

Weintroducedaveryflexible, extensible,ease-of-use,andefficient
approachfor EDA tool integrationusinga modernscripting lan-
guageasa platform. Also, we suggestedtechniquesandtools for
linking smoothlyandefficiently with a popularscriptinglanguage.
Basedon theproposedmethodsandtechniques,we demonstrated
how we efficiently built severalPerl/Tcl/Pythoninterfacesto EDA
packagessuchasLEF/DEFparser, Synopsys.lib parser, Verilog
PLI2.0 routines,SDF reader/writerandso on. We expect in the
nearfuturemoreandmoreEDA toolswill provide thesescripting
languageinterfacesfor bettertool interoperability, or supportAPIs
for easierintegration.
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