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Compiler project tasks— part 5, dueMonday 12 November

Thegoalin thisphaseis to verify thetype-correctnessof theprogram.

Write a type-checker: compilerphasethatwill traversetheabstractsyntaxtreeandannotateit with types,
reportingany errorsfoundalongtheway, andprinting its annotationsto a diagnosticfile.

Given input programprimes.m , the output file shouldbe namedprimes.typeche ck . Test on all
programswe have usedsofar.

Implementation Hints

Types

Within thecompiler, you will needto representthetypesof thesourcelanguage.Thetypesareeitherbase
types(integers,reals,booleans)or constructedtypes(subranges,records,arrays,references).(However, the
INTEGER typeis bestrepresentedasasubrangeMININT..MAXINT.)

This representationshouldincludetypeequalitytestingandtypeassignabilitytesting.

Values

You will needto representtheconstantvaluesof any type. This involvesrepresentingvaluesof basetypes
asvaluesof appropriatetypesin your implementationlanguage,andbuilding datastructuresfor valuesof
constructedtypes.

This representationshouldincludearithmeticon constantvalues,which will be neededlater for constant
folding.

Environments

You will needa compile-timerepresentationof referencingenvironments.Thekindsof objectsthatcanbe
boundto namesare:variables,constants,procedures,parameters,types,andmodules.

Hereis asnippetof ML codewith a possiblerepresentationfor anenvironment:

datatype kind = VARKIND | CONSTKIND| PROCKIND| PARAMKIND| TYPEKIND | MOD-
ULEKIND

datatype binding = VAR of {id: id, object: object}
| CONSTof {id: id, object: object}
| PROCof {id: id, object: object, params: (id * ob-

ject * bool) list}
| PARAMof {id: id, object: object, lval: bool}
| TYPE of {id: id, ty: ty}
| MODULEof {id: id}
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type env = binding list

val empty = nil

fun bindvar (env, id, object) = VAR {id=id, object=object} :: env

fun lookupvar (nil, id) = impossible ("VAR "ˆid)
| lookupvar (VAR {id=id’, object=object} :: t, id) =

if id = id’ then object
else lookupvar (t, id)

| lookupvar (_::t, id) = lookupvar (t, id)

HereI groupedall kinds of objectsinto a singleconstruct,which recordsthe type (if relevant), value(if
relevant),andthestaticnestinglevel of thebinding:

datatype object = ENTRY of
{ty: ty,

va: va,
display: int

}

Initial environment

An initial outermostenvironmentshouldbebuilt containingthebindingsfor thepredefinednamesof base
typesandpredefinednamesof constants:INTEGER, REAL, BOOLEAN, TRUE, FALSE, MININT, MAX-
INT.

Typechecking

Typecheckingproceedsin themannerof attributegrammars.You do not needto formalizetheprocessas
anL-attributedattributegrammar, thoughyoucould.Thetwo attributesneededaretypesandenvironments,
andthey areattachedappropriatelyto mostconstructsin theabstractsyntax.

For instance:

datatype Program =
PROGRAMof Module * env

...
and Declaration =

DECLCONST of id * object
...

and Stmt =
STMTBLOCK of Block * env

| STMTASSIGN of Expr * Expr * env
...
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and Expr =
EXP of BaseExpr * ty * (*is lvalue?:*) bool * env

and BaseExpr =
EXPROR of Expr * Expr

| EXPRAND of Expr * Expr
...

Typecheckingsynthesizestypesfor complex expressionsfrom typesof constituentexpressions,bottom-up.
Meanwhile,environmentscarrytypeinformationfor individual namesup from declarationsanddown into
statements.

Note that in my implementationonesetof ML datatypesis usedfor theoriginal abstractsyntaxtree,and
anotherfor theannotatedabstractsyntaxtree.I traversethefirst treeandbuild thesecondtreefrom scratch.
Otherimplementationlanguagesmayfavor in-placeupdateof trees.


