
CS3733-D01:SoftwareEngineering

TheSoftwareIntegrationProject: (Individual)
Due: Sunday, April 15,11:59pm(via turnin)

1 Project Description

Yourcompany designscircuitsfor someof its products.Thedesignersroutinelyproposeoptimizationsto thecircuits.
Beforeacceptingan optimizeddesign,however, the company wantsto know whetherthe optimizedcircuit hasthe
samebehavior (producesthe sameoutput)asthe original circuit. The company thereforewantsto build a software
tool to determinewhethertwo circuitshavethesamebehavior.

The company haspurchasedan existing softwarepackagethatprovidesefficient representationsandimplemen-
tationsof booleanlogic expressionsandkey operationson them. Thatpackageis written in C, while thecompany’s
circuit designtoolsarewritten in MzScheme.Your job is provide a MzSchemefile thatusestheC-basedpackageto
implementthecomparatorfor combinationalcircuits (ie, circuitswith and,or, andnot gates,but no latches/memory
elements).Your codemustusethecompany’sexisting datastructuresfor circuits.

This documentdescribesthedesiredcircuit comparator, theC packageyou mustinterfaceto, andhow to extend
MzSchemewith codewritten in C. It alsoprovidesdetailsof whatto turn in for this assignment.

1.1 Goal/Purposeof This Assignment

Realsoftwareengineeringoftenrequiresyouto build oneproductoutof codewritten in two differentlanguages.This
projectintroducesyou to someof thepotentialpitfalls thatarisewhenintegratingcodefrom two languages,including

� differencesin typesystems,

� differencesin memorymanagementstrategies,and

� sharingdatarepresentationsacrosslanguages.

Theseissuescanarise(to differentextentsandin differentforms)in anypairof languagesthatyoutry to integrate.This
exerciseis designedto make you confronttheseissuesin a context with a lot of contrastbetweenthetwo languages;
this will prepareyou to handletheseissuesfor any givenpair of languages.

2 The DesiredCir cuit Comparator

Circuits definefunctionsfrom inputsto outputs.Two circuits areequivalentif they have the sameinput andoutput
namesandif thefunctioncomputedfor eachoutputis thesamein bothcircuits. Thecompany’ssoftwarerepresents
circuits with objects.To implementthecomparator, you needto extendthe circuit classwith a methodcheck-equiv
thatacceptsa circuit anddetermineswhetherthe two circuits areequivalent. For example,givencircuit objectsC1
andC2representingequivalentcircuits,thefollowing expressiondemonstratesaninteractionwith yourcode:
� (sendC1 check-equivC2)
#t

If the circuits are not equivalent, your codewill raisevariousexceptionsdependingupon the reasonwhy the
circuitsarenot equivalent.Thepreciseexceptionsaredescribedlaterin this document.

2.1 The (Provided) Classes

2.1.1 The ClassHierar chy

Figure 1 shows the classhierarchyfor circuits. Theseclassesrequirethe initialization argumentsand satisfy the
interfacesshown in thefollowing table.All classesimplementtheinterfacesof theirancestorclasses.Theinitialization
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Figure1: Classdiagramfor Circuits.

argumentsaregivenin theorderthattheclassexpectsto receivethem.If aclassis not listed,it requirestheconstraints
on its closestancestor.

Class Initialization Ar gs Interfaces
Circuit% list-of-InputElt, list-of-OutputElt CircuitI
OutputElt% string(name),CircElt NamedEltI,CircOutputI
InputElt% string(name) NamedEltI
BinaryGate% CircElt, CircElt (thegateinputs) BinaryGateI
UnaryGate% CircElt (thegateinput) UnaryGateI

As an exampleof how the hierarchyis usedto capturea circuit, considerthe following simple circuit and its
representationin objects:

a
b
c

o

(defineC1
(let ([a (make-objectInputElt%"a")]

[b (make-objectInputElt%"b")]
[c (make-objectInputElt%"c")])

(let ([o (make-objectOutputElt%"o"
(make-objectOrGate%(make-objectAndGate%a b) c))])

(make-objectCircuit% (list a b c) (list o)))))

This circuit capturesthe expression“ � a � b ��� c”. AssumeC2 capturescircuit “ � a � c����� b � c� ”, C3 captures
circuit “a � c”, andC4captures“a � c”. Thenyourcomparatorshouldbehaveasfollows(theexceptionsarediscussed
in moredetail laterin thedocument):

� (sendC1 check-equivC2) returns#t

� (sendC1 check-equivC3) resultsin anInputMismatchExncontainingmismatchedinputnames(list “b”)

� (sendC3 check-equivC4) resultsin a FunctionMismatchExncontainingoutputname“o” andanassignmentto
a andc representinga counterexample. Onepossiblecounterexamplewould be (list (make-var-assign“a” 1)
(make-var-assign“b” 0)); var-assignsarediscussedin moredetail laterin thedocument.

2.1.2 The Interfaces
� NamedEltI : allowsaccessto thenameof anelement
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– get-name: 	 string

� Cir cOutputI : allowsaccessto thecircuit elementthatdrivesanoutput

– get-gate: 	 CircElt

� BinaryGateI : allowsaccessto theinputsto a binarygate

– get-in1: 	 CircElt

– get-in2: 	 CircElt

� UnaryGateI : allowsaccessto theinput to aunarygate

– get-in : 	 CircElt

� Cir cuitI : methodsfor accessing/processingcircuit attributes

– get-inputs: 	 list-of-InputElt

– get-outputs: 	 list-of-OutputElt

– get-input-names: 	 list-of-string

Returnsthenameslabellingtheinputsobjects

– get-output-names: 	 list-of-string

Returnsthenameslabellingtheoutputobjects

– find-output-elt: string 	 OutputElt

ReturnstheOutputEltwith the namegiven in the input string. Raisesa NoMatchingOutputexceptionif
no suchoutputexists.

2.2 What Your CodeMust Provide

Your comparatorfile mustdefineextensionsto theexisting classesasneededto implementthenew comparatorinter-
facefor theCircuit%class.Thenew interface,Cir cCompareI, supportsthefollowing method:

� check-equiv: Circuit 	 true

Givena circuit, returntrue if thegivencircuit andthecurrentcircuit areequivalent. If they arenot equivalent,
raiseoneof thefollowing exceptions:

– OutputMismatchExn: if thecircuitsdo not agreeon their outputnames

– InputMismatchExn: if thecircuitsdonot agreeon their inputnames

– FunctionMismatchExn: if theinputsandoutputsagree,but thecircuitsdisagreeonthefunctioncomputed
by someoutput

Your codemay defineextensionsto any of the classesat the leavesof the hierarchyshown in Figure1. To be
compatiblewith our testsuite,theextendedclassesthatyoudefineshouldhavethesamenamesastheoriginalclasses.
Your extensionsmay not addinitialization argumentsto the classes.You canassumethat the company’s codebase
definesthefollowing datastructures,classesandfunctions:

� Theclassesshown in Figure1, satisfyingtheinterfacesdescribedin thetablein Section2.1.

� make-var-assign: string 
 0 � 1 �
	 VarAssign

Consumesa string(for thenameof a variable)andeither0 or 1 (for thevalueof a booleanvariable).Returns
aninstanceof theVarAssigndatastructurecontainingtheinputdata.

� NoMatchingOutputExn?: value 	 boolean

Indicateswhethera valueis a NoMatchingOutputexception.
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� raise-output-mismatch-exn : list-of-string 	 void

Consumesa list of outputnamesthatthecircuitsdisagreeonandraisesanOutputMismatchExnexceptionwith
thatinformation.

� raise-input-mismatch-exn : list-of-string 	 void

Consumesa list of input namesthat the circuits disagreeon andraisesan InputMismatchExnexceptionwith
thatinformation.

� raise-function-mismatch-exn : string list-of-VarAssign	 void

Consumesthe nameof an outputanda list of assignmentsof valuesto input variablesthat demonstratesthat
two circuitscomputedifferentfunctionsfor thenamedoutput. Raisesa FunctionMismatchExnexceptionwith
this information.

Thewebpageprovidesa sampleof thecompany’scodebasethatyou canusefor testingyour work. You should
not edit this file or duplicate its contents, aswemaytestyourcodewith adifferentimplementationof thecompany’s
codebasethanwhatis on thewebpage.Your codeshouldbein a separatefile andshouldsimply extendtheexisting
codebase.

3 The C-BasedPropositionalLogic Package

The C-basedpropositionallogic package(calledCUDD) providesa compactand canonicalrepresentation(called
a DdNode)of booleanexpressionsand operationsover thoseexpressions.A canonicalrepresentationof boolean
formulasrepresentsequivalent formulaswith the samedatastructure. In CUDD, logically equivalentexpressions
point to the sameaddress,so you cantestwhethertwo expressionsare logically equivalentby testingwhetherthe
DdNodesarethesame(i.e. ddnode1== ddnode2).

In order to maintainsharedaddressesfor equivalentexpressions,eachexpression/DdNodeis associatedwith a
managerdatastructure(the detailsof which are irrelevant to this project). Two expressionsmay be combinedor
comparedonly if they areassociatedwith thesamemanager. Youshouldthereforeuseonly onemanagerstructureper
circuit comparison.

The packagehandlesmemorymanagementusinga techniquecalled referencecounting. A referencecounting
systemmaintainsa countof how many references(essentiallyvariables)refer to eachdatum. Whena datumhasa
referencecountof zero,thesystemreclaimsits memory. Programmersareresponsiblefor maintainingthereference
counts;thesystemperformstheactualmallocandfreeoperations.Wheneveryou createa new expression,you must
incrementits referencecount(usingthe functionCuddRef); whenever you would normally freeanexpression,you
must decrementits referencecount (using the function CuddRecursiveDerefwhich decrementsthe countsfor an
expressionandits subexpressions).

For this assignment,youmayusethefollowing CUDD functions(andno others):

� CuddInit which createsa (new) DdManager*.Call this functionas

Cudd_Init(0, 0, CUDD_UNIQUE_SLOTS, CUDD_CACHE_SLOTS, 0);

whereCUDD UNIQUE SLOTSandCUDD CACHE SLOTSareprovidedby cudd.h,whichyour interfacefile
mustinclude.

� CuddbddNewVar : DdManager*	 DdNode*

Returnsanew expressionconsistingof a singlevariable,registeringthatvariablewith thegivenManager.

� CuddNot : DdNode* 	 DdNode*

Returnstheexpressionrepresentingthenegationof thegivenexpression.Doesnot requiretheManager.
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� CuddbddOr: DdManager*DdNode*DdNode* 	 DdNode*

Returnsthe expressionrepresentingthe disjunction(or) of the two givenexpressions.Both input expressions
must have beencreatedwith the given manager. The returnedexpressionis also registeredwith the given
manager.

� CuddReadZero: DdManager*	 DdNode*

Returnstheexpressionfor falseasdefinedin thegivenManager.

� CuddRecursiveDeref: DdManager*DdNode* 	 void

Decrementsthereferencecountfor thegivenexpressionin thegivenManager.

� CuddRef : DdNode* 	 void

Incrementsthereferencecountfor thegivenexpression.

CUDD is providedasasetof objectfiles. Youthereforeneedto interactwith thispackagevia MzScheme’sforeign
functioninterface.

4 Extending MzSchemewith C Code

At ahigh level, addingfunctionswritten in C to MzSchemerequireswriting andcompilingsomewrappercode(in C)
thatperformsthreetasks:

1. Createsnew Schemetypetagsfor eachtypeof datafrom theC codethatwill passto theSchemecode.(Scheme
tagseachvaluewith a typethat is usedto checkwhetherprimitivesareproperlyappliedat run-time.This step
createstagsfor thenew kindsof valuesthattheC codeprovides).

2. Defineswrappersfor eachC function that you wish to export to Scheme.Thesewrappersadd,remove, and
checkthetypetagson all valuespassedbetweentheC andSchemecode.

3. Registersthenew functionswith Scheme,sothatthey becomegloballyavailablewith MzScheme.

Therestof this sectiondescribesthelow-level stepsrequiredfor thesetasks.Createa singleC file calledadapt.c.
All of thecodedescribedin thefollowing list goesinto this file. Figure2 providesa sampleadapt.cfile showing the
key steps.

1. Includeheaderfile escheme.h.

2. Declarenew schemetypetagsfor eachtypeof valuethatwill passbetweentheC codeandtheSchemecode.
Eachdeclarationtakestheform

SchemeTypenew schemetype

wherenew schemetypeis a nameyouchosefor thenew typetagandSchemeTypeis providedin escheme.h.

3. Definea setof C-structsthatpackagea C valuewith a schemetypetag. You shoulddefineonestructfor each
typetagyou definedin thepreviousstep.Definenew C typesfor eachof thesestructs.

4. ForeachCfunctionthatyouwishto makeavailablein Scheme,writeawrapperfunctiontoprovidestheinterface
betweentheSchemeandC functions.Thewrappershouldreturna valueof typeSchemeObject* (escheme.h
providesthis type). The wrappershouldconsumetwo arguments:an int (giving the argumentcount)andan
arrayof SchemeObjects(theargumentscomingfrom Scheme).A samplewrapperheaderappearsasfollows:

Scheme_Object* wrapper_func (int argCount , SchemeObject **argList)
{
<body of wrapper here>
}
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#include <escheme.h>

Scheme_Type scheme_frob_type ;

struct scheme_frob_struct
{

Scheme_Type type ;
frob* data ;

} dummy_scheme_frob_struct ;

typedef struct scheme_frob_struct * scheme_frob ;

Scheme_Object* process_frob_wrap (int argCount , Scheme_Object **argList)
{

scheme_frob a_frob ;
frob *new_frob ;
scheme_frob new_scheme_frob ;

a_frob = (scheme_frob) argList [ 0 ] ;

/* insert error checking */

new_frob = process_frob ( ( a_frob -> data ) ) ;

/* write construct_scheme_frob, which packages new_frob in a scheme_frob struct */
/* Use scheme_malloc (sizeof (dummy_scheme_frob_struct)) to allocate the memory */

new_scheme_frob = construct_scheme_frob ( new_frob ) ;

return ( (Scheme_Object*) new_scheme_frob ) ;
}

Scheme_Object* scheme_initialize (Scheme_Env *env)
{

scheme_frob_type = scheme_make_type ( "<scheme-frob>" ) ;

scheme_add_global ("handle-frob",
scheme_make_prim_w_arity (process_frob_wrap,

"handle-frob", 1, 1),
env) ;

return scheme_void ;
}

Scheme_Object *scheme_reload(Scheme_Env *env) {
return scheme_initialize(env);

}

Figure 2: A sampleadapt.cfile. This exampleextendsSchemewith someC codethat createsdataof type frob
andprovidesa functionprocess-frobwhich consumesandreturnsa frob. Functionprocess-frob-wrapis thewrapper
function.Wewishto createaSchemefunctionhandle-frobthatconsumesafrob andcallsprocess-frobvia thewrapper.
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Thebodyof thewrappermustdo four things:

(a) Extracttheargumentsfrom theargList. Eachargumentwill beoneof thestructuretypesthatyoudeclared
in step3.

(b) Checkthat eachargumenthasthe desiredtype tag. If someargumentdoesnot, print an error message
indicatingwhich argumentwasincorrect(usingprintf) andexit (thissuppliesScheme’s requiredrun-time
checkingthatoperatorsareonly appliedto valuesof thecorrecttype).

(c) Call thecorrespondingC function.Youmaydo any necessarypre-or post-processingof theC datahere.

(d) Createa structure(from step3) containingthe returnedvalue and its appropriatetype tag. Cast that
structureto SchemeObject*andreturnit from thewrapper.

5. Write a function schemeinitialize that createsthe namesof the new Schemefunctionsand associateseach
namewith oneof the wrappersyou wrote in the previousstep. This function consumesan argumentof type
SchemeEnv (definedin escheme.h)andreturnssomethingof typeSchemeObject*. Thebodyof thefunction
createstheactualschemetypetagsusingfunctionschememake typeandregistersthewrapperfunctionsusing
functionschemeaddglobal(bothprovidedin escheme.h).Figure2 showshow to usethesefunctions.

6. Includethefollowing definitionin adapt.c:

Scheme_Object *scheme_reload(Scheme_Env *env) {
return scheme_initialize(env);

}

4.1 Loading ExtensionCodeinto MzScheme

MzSchemeprovidesa compiler that compilesC extensionsinto shared-objectfiles that MzScheme/DrSchemecan
load.Thedirectory/home/kfisler/CS3733/Comparator/ on CCCprovidesanappropriateMakefile. Runmake to
createfile adapt.so.ThenuseMzScheme/DrSchemecommand(load-extension"adapt.so") to addyournew functions
to Scheme.

5 What to Turn In

Submittwo filesvia turnin,underassignmentnamecomparator:

� adapt.c,which containsthewrappercodedescribedabove. Do not useabsolutepathnameswhenyou include
escheme.handcudd.h,aswe will becompilingtheseonCSratherthanon CCC.

� comparator.ss,which containstheSchemecodeyou wroteto implementthecomparator.

6 Grading Criteria

You will begradedon thefollowing criteria:

� Whetheryouradapt.cfile compilesandwhetheryourcomparator.ssfile loads.

� Whetheryourclassextensionssatisfythespecifiedsignaturesandinterfaces.

� How many features(multiple outputcircuits,correctexceptionraising,counter-examplegeneration,etc) your
codeimplementscorrectly.

� Whetheryouradapt.cfile providessufficient typechecking.

� Whetheryouadequatelyaddressmemorymanagementissues.

7



� Whetheryouusedonly theallowableCUDD functions.

� Whetheryour codeis well-designed,useshelperfunctionsasappropriate,andis well-documented.We won’t
wastetime trying to understandyour code. If it doesn’t run andisn’t documented,you won’t get muchcredit
for it. (If it doesrun, it still needsto bewell-documented).

7 Collaboration Policy

Youmaytalk to otherstudentsaboutadapt.candproblemsyouencountergettingit to compile.You may not shareor
borr ow adapt.c codewith or fr om other students. Your design,implementation, and work on the comparator
file must be entirely your own. You may, asalways,talk to thecoursestaff abouttheproject.

8 MiscellaneousNotes
� escheme.hdefinesconstantsschemetrueandschemefalse,whichyou canuseto returnbooleansfrom C func-

tionsto Schemefunctions.

� Youmayinstall theCUDD packageonyourown computer(it runsundermany Unix/Linux flavors).Thesource
is availableon CCCin thedirectory

/home/kfisler/CS3733/Comparator/CUDD/cudd-2.3.0.tar.gz

� TheMzSchemelibrary “function.ss”definesquicksort,in caseyou needa sortingroutine.Seethehelpdeskfor
detailson theargumentsthatquicksortexpects.
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