CS3733-D01:Software Engineering

The SoftwarelntegrationProject: (Individual)
Due: SundayApril 15,11:59pm(via turnin)

1 Project Description

Your compaly designscircuitsfor someof its products.Thedesignersoutinely proposeoptimizationsto the circuits.
Before acceptingan optimizeddesign,however, the compaty wantsto know whetherthe optimizedcircuit hasthe
samebehaior (produceghe sameoutput) asthe original circuit. The compaly thereforewantsto build a software
tool to determinewhethentwo circuits have the samebehaior.

The compaly haspurchasedn existing software packagethat providesefficient representationandimplemen-
tationsof booleanlogic expressionandkey operationson them. Thatpackages written in C, while the compary’s
circuit designtoolsarewritten in MzScheme.Your job is provide a MzSchemdfile thatusesthe C-basedackageo
implementthe comparatoffor combinationakircuits (ie, circuitswith and,or, andnot gates but no latches/memory
elements)Your codemustusethe compaly’s existing datastructuredor circuits.

This documentescribeghe desiredcircuit comparatorthe C packageyou mustinterfaceto, andhow to extend
MzSchemaewith codewrittenin C. It alsoprovidesdetailsof whatto turnin for this assignment.

1.1 Goal/Purposeof This Assignment

Realsoftwareengineeringftenrequiresyouto build oneproductout of codewrittenin two differentlanguagesThis
projectintroducesyou to someof the potentialpitfalls thatarisewhenintegratingcodefrom two languagesincluding

¢ differencesn typesystems,
o differencesn memorymanagemerdtrategies,and
e sharingdatarepresentationacrosdanguages.

Thesdssuescanarise(to differentextentsandin differentforms)in anypair of languageshatyoutry to integrate. This
exerciseis designedo make you confronttheseissuesn a context with alot of contrastbetweerthe two languages;
thiswill prepareyouto handlethesessuedor any givenpair of languages.

2 The Desired Cir cuit Comparator

Circuits definefunctionsfrom inputsto outputs. Two circuits are equivalentif they have the sameinput and output
namesandif the functioncomputedor eachoutputis the samein bothcircuits. The compaly’s softwarerepresents
circuits with objects. To implementthe comparatoryou needto extendthe circuit classwith a methodched-equiv
thatacceptsa circuit and determinesvhetherthe two circuits are equivalent. For example,given circuit objectsC1
andC2representingquivalentcircuits, thefollowing expressiordemonstrateaninteractionwith your code:

> (sendC1 chek-equivC2)
#t

If the circuits are not equivalent, your codewill raisevariousexceptionsdependingupon the reasonwhy the
circuitsarenotequivalent. The preciseexceptionsaredescribedaterin this document.
2.1 The (Provided) Classes
2.1.1 The ClassHierar chy

Figure 1 shows the classhierarchyfor circuits. Theseclassesequirethe initialization argumentsand satisfy the
interfacesshavn in thefollowing table. All classesmplementheinterfacef theirancestoclassesTheinitialization
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Figurel: Classdiagramfor Circuits.

argumentsaregivenin the orderthattheclassexpectsto recevethem. If aclassis notlisted,it requiresgheconstraints
onits closestancestar

Class Initialization Args Interfaces

Circuit% list-of-InputElt, list-of-OutputElt | Circuitl

OutputElt% | string(name)CircElt NamedEltl,CircOutputl
INnputElt% string (hame) NamedEltl
BinaryGate%,| CircElt, CircElt (thegateinputs) | BinaryGatel
UnaryGate% | CircElt (thegateinput) UnaryGatel

As an example of how the hierarchyis usedto capturea circuit, considerthe following simple circuit and its

representatiom objects:
a —
R
C

(defineC1
(let ([a (male-objectinputElt%" a" )]
[b (male-objectinputElt%" b")]
[c (male-objectinputElt%" c¢")])
(let ([o (make-objectOutputElt%" 0"
(male-objectOrGate%(male-objectAndGate¥%a b) c))])
(male-objectCircuit% (list a b ¢) (list 0)))))

This circuit capturesthe expression‘(aAb) v ¢”. AssumeC2 capturescircuit “(aV c) A (bV c)”, C3 captures
circuit“av c’, andC4 capturesan c¢”. Thenyour comparatoshouldbehave asfollows (theexceptionsarediscussed
in moredetaillaterin thedocument):

e (sendCl1 ched-equivC2) returns#t
e (sendC1 chedk-equivC3) resultsin anInputMismatchExrcontainingmismatchednput nameg(list “b”)

¢ (sendC3 chedk-equivC4) resultsin a FunctionMismatchExmontainingoutputname“o” andanassignmento
a andc representinga countergample. One possiblecountergamplewould be (list (make-varassign“a” 1)
(male-varassign‘b” 0)); varassignsarediscussedn moredetaillaterin thedocument.
2.1.2 TheInterfaces

o NamedEltl : allows accesto thenameof anelement



— get-name — string

e CircOutputl : allows accesgo thecircuit elementhatdrivesanoutput
— get-gate: — CircElt

e BinaryGatel : allows accesdo theinputsto abinarygate

— get-inl: — CircElt
— get-in2: — CircElt
e UnaryGatel : allows accesdo theinputto aunarygate
— get-in: — CircElt
e Circuitl : methoddor accessing/processimiycuit attributes
— get-inputs: — list-of-InputElt
— get-outputs — list-of-OutputElt
— get-input-names — list-of-string
Returnghenamedabellingtheinputsobjects
— get-output-names— list-of-string
Returnghenamedabellingthe outputobjects

— find-output-elt string — OutputElt

Returnsthe OutputEltwith the namegivenin theinput string. Raisesa NoMatchingOutpugxceptionif
no suchoutputexists.

2.2 What Your CodeMust Provide

Your comparatofile mustdefineextensiongo the existing classesasneededo implementthe new comparatointer-
facefor the Circuit% class.The new interface,Cir cComparel, supportghe following method:
e chedk-equiv: Circuit — true
Givenacircuit, returntrueif the givencircuit andthe currentcircuit areequialent. If they arenot equivalent,
raiseoneof thefollowing exceptions:
— OutputMismatchExn if thecircuitsdo notagreeon their outputnames
— InputMismatchExn if thecircuitsdo notagreeontheirinputnames
— FunctionMismatchExnif theinputsandoutputsagree put the circuitsdisagreen thefunctioncomputed
by someoutput

Your codemay defineextensionsto ary of the classesat the leaves of the hierarchyshown in Figure 1. To be
compatiblewith ourtestsuite,theextendedclasseshatyou defineshouldhave the samenamesasthe original classes.
Your extensionsmay not addinitialization argumentsto the classes.You canassumehatthe compary’s codebase
defineghefollowing datastructuresclassesandfunctions:

e Theclasseshowvn in Figurel, satisfyingtheinterfacesdescribedn thetablein Section2.1.

e male-varassign: string {0,1} — VarAssign

Consumes string (for the nameof a variable)andeitherO or 1 (for the valueof a booleanvariable). Returns
aninstanceof the VarAssigndatastructurecontainingtheinput data.

e NoMatchingOutputExn? value— boolean
Indicateswhethera valueis a NoMatchingOutpugexception.



e raise-output-mismateexn: list-of-string— void

Consumes list of outputnameghatthe circuits disagreeon andraisesan OutputMismatchExmexceptionwith
thatinformation.

e raise-input-mismate-exn: list-of-string— void

Consumes list of input namesthat the circuits disagreeon andraisesan InputMismatchExrexceptionwith
thatinformation.

¢ raise-function-mismateexn: stringlist-of-VarAssign— void

Consumeshe nameof anoutputanda list of assignmentsf valuesto input variablesthat demonstratethat
two circuits computedifferentfunctionsfor the namedoutput. Raisesa FunctionMismatchExmexceptionwith
thisinformation.

Theweb pageprovidesa sampleof the compary’s codebasethatyou canusefor testingyour work. You should
not edit this file or duplicate its contents aswe maytestyour codewith adifferentimplementatiorof thecompaty’s
codebasethanwhatis onthewebpage.Your codeshouldbein a separatdile andshouldsimply extendthe existing
codebase.

3 The C-BasedPropositional Logic Package

The C-basedpropositionallogic package(called CUDD) providesa compactand canonicalrepresentatiorfcalled

a DdNode) of booleanexpressionsand operationsover thoseexpressions. A canonicalrepresentatiorof boolean
formulasrepresent&quivalentformulaswith the samedatastructure. In CUDD, logically equivalentexpressions
point to the sameaddressso you cantestwhethertwo expressionsare logically equivalentby testingwhetherthe

DdNodesarethe same(i.e. ddnodel== ddnode?2).

In orderto maintainsharedaddresse$or equivalentexpressionsgachexpression/DdNodés associatedvith a
managematastructure(the details of which areirrelevantto this project). Two expressiongnay be combinedor
comparednly if they areassociateavith thesamemanagerYou shouldthereforeuseonly onemanagestructureper
circuit comparison.

The packagehandlesmemorymanagementising a techniquecalled referencecounting. A referencecounting
systemmaintainsa countof how mary referencegessentiallyariables)referto eachdatum. Whena datumhasa
referencecountof zero,the systemreclaimsits memory Programmersareresponsibldor maintainingthe reference
counts;the systemperformsthe actualmalloc andfree operations Whenerer you createa new expressionyou must
incrementits referencecount(usingthe function Cudd Ref); whenever you would normally free an expressionyou
must decremenits referencecount (using the function Cudd RecursiveDerefwhich decrementshe countsfor an
expressiorandits subepressions).

For this assignmentyou may usethe following CUDD functions(andno others):

e CuddlInit which createsa (new) DdManager*.Call this functionas
Cudd_Init(0, 0, CUDD_UNI QUE_SLOTS, CUDD CACHE SLOTS, 0);
whereCUDD_UNIQUE_SLOTSandCUDD_CACHE_SLOTS areprovidedby cudd.hwhichyourinterfacefile
mustinclude.

e CuddbddNewvVar: DdManager*— DdNode*
Returnsa new expressiorconsistingof a singlevariable registeringthatvariablewith the givenManager

e CuddNot: DdNode*— DdNode*
Returngheexpressiorrepresentinghe negationof the givenexpression Doesnot requirethe Manager



CuddbddOr: DdManager*DdNode*DdNode* — DdNode*

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

CuddReadZera DdManager*— DdNode*
Returngheexpressiorfor falseasdefinedin thegivenManager

CuddRecursveDeref: DdManager*DdNode* — void
Decrementshereferencecountfor the givenexpressionn the givenManager

CuddRef: DdNode*— void
Incrementghereferencecountfor the givenexpression.

CUDD is providedasa setof objectfiles. Youthereforeneedto interactwith this packagevia MzSchemesforeign
functioninterface.

4 Extending MzSchemewith C Code

At ahighlevel, addingfunctionswrittenin C to MzSchemeequireswriting andcompilingsomewrappercode(in C)
thatperformsthreetasks:

1.

2.

3.

Createsiew Schemeypetagsfor eachtype of datafrom the C codethatwill pasgo the Schemecode.(Scheme
tagseachvaluewith atypethatis usedto checkwhetherprimitivesareproperlyappliedat run-time. This step
createsagsfor the new kindsof valuesthatthe C codeprovides).

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

Registersthe new functionswith Schemesothatthey becomeglobally availablewith MzScheme.

Therestof this sectiondescribeghe low-level stepsrequiredfor thesetasks.Createa singleC file calledadapt.c.
All of the codedescribedn thefollowing list goesinto thisfile. Figure2 providesa sampleadapt.dile shaving the
key steps.

1.
2.

Includeheadeffile escheme.h.

Declarenew schemaypetagsfor eachtype of valuethatwill passbetweerthe C codeandthe Schemecode.
Eachdeclaratiortakesthe form
SchemeTypenenv_schemetype

wherenev_schemetypeis a nameyou chosefor the new typetagandSchemeTypeis providedin escheme.h.

. Definea setof C-structsthat packagea C valuewith a schemeypetag. You shoulddefineonestructfor each

typetagyou definedin the previousstep.Definenew C typesfor eachof thesestructs.

. ForeachC functionthatyouwishto make availablein Schemewrite awrapperfunctionto providestheinterface

betweerthe SchemeandC functions. The wrappershouldreturna valueof type SchemeObject* (escheme.h
providesthis type). The wrappershouldconsumeawo arguments:anint (giving the aggumentcount)andan
arrayof SchemeObjects(theargumentsomingfrom Scheme)A samplewrapperheademlappearsasfollows:

Scheme_Obj ect* wrapper_func (int argCount , Schene(hject **arglist)

<body of wrapper here>

}



#i ncl ude <eschene. h>
Scheme_Type schene_frob_type ;

struct scheme_frob_struct

{
Scheme_Type type ;
frob* data ;
} dumy_schene_frob_struct ;

typedef struct scheme_frob_struct * scheme_frob ;

Scheme_Obj ect* process_frob_wap (int argCount , Scheme_Object **argList)

{

scheme_frob a frob ;
frob *new frob ;
schene_frob new scheme frob ;

a_frob = (scheme _frob) argList [ 0] ;
/* insert error checking */
new frob = process_frob ( ( a_frob -> data) ) ;

/* wite construct_scheme_frob, which packages new frob in a scheme frob struct */
/* Use scheme_mal |l oc (sizeof (dummy_scheme frob struct)) to allocate the nemory */

new scheme_frob = construct_scheme frob ( new frob ) ;

return ( (Scheme_Qbject*) new scheme frob ) ;

}

Scheme_QObj ect* schenme_initialize (Scheme_Env  *env)

{

schenme_frob_type = scheme_nmake_type ( "<scheme-frob>" ) ;

scheme_add_gl obal ("handl e-frob",
scheme_make primwarity (process_frob_wap,
"handl e-frob", 1, 1),
env) ;

return schene_void ;

}

Scheme_QObj ect *schene_rel oad(Schene_Env *env) {
return schene_initialize(env);

}

Figure 2: A sampleadapt.cfile. This exampleextendsSchemewith someC codethat createsdataof type frob
andprovidesa function process-frolwhich consumesndreturnsa frob. Functionprocess-frob-wrajs the wrapper
function. Wewishto createa Schemédunctionhandle-frolthatconsumes frob andcallsprocess-frolvia thewrapper



Thebody of thewrappemustdo four things:

(a) Extracttheargumentdrom theargList. Eachargumentwill be oneof the structuretypesthatyou declared
in step3.

(b) Checkthat eachargumenthasthe desiredtype tag. If someargumentdoesnot, print an error message
indicatingwhich algumentwasincorrect(usingprintf) andexit (this suppliesSchemes requiredrun-time
checkingthatoperatorsareonly appliedto valuesof the correcttype).

(c) Callthecorresponding function. Youmaydo ary necessarpre-or post-processingf the C datahere.
(d) Createa structure(from step3) containingthe returnedvalue and its appropriatetype tag. Castthat
structureto SchemeObject* andreturnit from thewrapper

5. Write a function schemeinitialize that createsthe namesof the new Schemefunctionsand associategach
namewith one of the wrappersyou wrote in the previous step. This function consumesan argumentof type
SchemeEnv (definedin escheme.hqindreturnssomethingof type SchemeObject*. The body of thefunction
creategheactualschemeypetagsusingfunctionschememalke_type andregistersthewrapperfunctionsusing
functionschemeadd global (both providedin escheme.h)Figure2 showvs how to usethesefunctions.

6. Includethefollowing definitionin adapt.c:

Scheme_QObj ect *schene_rel oad(Scheme_Env *env) {
return schene_initialize(env);

}

4.1 Loading ExtensionCodeinto MzScheme

MzSchemeprovides a compilerthat compilesC extensionsinto shared-objecfiles that MzScheme/DrSchemean
load. Thedirectory/ hone/ kf i sl er/ CS3733/ Conpar at or/ on CCCprovidesanappropriatdMakefile. Runmalke to
createfile adapt.soThenuseMzScheme/DrSchenmmmmandload-extension' adapt.so" ) to addyour new functions
to Scheme.

5 Whatto TurniIn

Submittwo files via turnin, underassignmenhamecompaator:

e adapt.cwhich containsthe wrappercodedescribedabore. Do not useabsolutepathnamesvhenyou include
escheme.landcudd.h,aswe will be compilingtheseon CSratherthanon CCC.

e comparatass,which containsghe Schemecodeyou wroteto implementthe comparatar

6 Grading Criteria

Youwill begradedon thefollowing criteria:

Whetheryour adapt.dile compilesandwhetheryour comparatassfile loads.

Whetheryour classextensionssatisfythe specifiedsignaturesandinterfaces.

How mary featureg(multiple outputcircuits, correctexceptionraising, counterexamplegenerationgtc) your
codeimplementscorrectly

Whetheryour adapt.dile providessufficienttype checking.

Whetheryou adequatehaddressnemorymanagemenssues.



¢ Whetheryou usedonly theallowable CUDD functions.

e Whetheryour codeis well-designeduseshelperfunctionsasappropriateandis well-documented We won'’t
wastetime trying to understandg/our code. If it doesnt run andisn’'t documentedyou won't get muchcredit
for it. (If it doesrun, it still needgo bewell-documented).

7 Collaboration Policy

Youmaytalk to otherstudentsaboutadapt.andproblemsyou encountegettingit to compile. You may not share or
borr ow adapt.c codewith or from other students. Your design,implementation, and work on the comparator
file must be entirely your own. You may, asalways,talk to the coursestaf aboutthe project.

8 MiscellaneousNotes

e escheme.ldefinesconstantschemetrue andschemefalse,which you canuseto returnbooleangrom C func-
tionsto Schemedunctions.

¢ Youmayinstallthe CUDD packageon your own computer(it runsundermary Unix/Linux flavors). Thesource
is availableon CCCin thedirectory
I hore/ kf i sl er/ CS3733/ Conpar at or / CUDDY cudd-2. 3. 0. tar. gz

e TheMzSchemdibrary “function.ss”definesquicksort,in caseyou needa sortingroutine. Seethe helpdeskor
detailson theargumentghatquicksortexpects.



