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Compiler project tasks— part 5, due Monday 12 November

Thegoalin this phasés to verify thetype-correctnessf the program.

Write a type-checkr: compilerphasethatwill traversethe abstractsyntaxtreeandannotatdt with types,
reportingary errorsfoundalongtheway, andprinting its annotationgo a diagnostidile.

Given input programprimes.m , the outputfile shouldbe namedprimes.typeche ck. Teston all
programswe have usedsofar.

Implementation Hints
Types

Within the compiler you will needto representhetypesof the sourcelanguage Thetypesareeitherbase
types(integers,reals,booleanspr constructedypes(subrangesecordsarrays references)(However, the
INTEGER typeis bestrepresentedsa subrangeMININT..MAXINT.)

Thisrepresentatioshouldincludetype equalitytestingandtype assignabilitytesting.

Values

You will needto representhe constantvaluesof ary type. This involvesrepresentingaluesof basetypes
asvaluesof appropriateypesin your implementatiorlanguageandbuilding datastructuredor valuesof
constructedypes.

This representatioshouldinclude arithmeticon constantvalues,which will be neededater for constant
folding.

Environments

You will needa compile-timerepresentationf referencingervironments.The kinds of objectsthatcanbe
boundto namesare: variablesconstantsproceduresparametersypes,andmodules.

Hereis asnippetof ML codewith a possiblerepresentatiofor anervironment:

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

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

datatype  binding

ject * bool) list}
| PARAMof {id: id, object: object, Ival: bool}
| TYPE of {id: id, ty: ty}
| MODULEof {id: id}



CS454/554CompilerConstructionfall 2001 2

type env = binding list

val empty = nil

fun bindvar (env, id, object) = VAR {id=id, object=object} ooenv
fun lookupvar  (nil, id) = impossible ("VAR "id)
| lookupvar (VAR {id=id’, object=object} oot oid) =

if id =id" then object
else lookupvar (t, id)
| lookupvar  (_:t, id) = lookupvar (t, id)

Herel groupedall kinds of objectsinto a single construct,which recordsthe type (if relevant), value (if
relevant),andthe staticnestinglevel of the binding:

datatype object = ENTRY of

{ty:
va: va,
display: int
}

Initial ernvironment

An initial outermosenvironmentshouldbe built containingthe bindingsfor the predefinechamesof base
typesandpredefinechameof constantsINTEGER, REAL, BOOLEAN, TRUE, FALSE, MININT, MAX-
INT.

Type checking

Type checkingproceedsn the mannerof attribute grammars.You do not needto formalizethe processas
anL-attributedattribute grammaythoughyou could. Thetwo attributesneededaretypesandenvironments,
andthey areattachedappropriatelyto mostconstructsn theabstracsyntax.

Forinstance:

datatype  Program =
PROGRAMf 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 * (*Yis Ivalue?:*) bool * env

and BaseExpr =
EXPROR of Expr * Expr
| EXPRAND of Expr * Expr

Typecheckingsynthesizesypesfor complex expressiongrom typesof constituenexpressionshottom-up.
Meanwhile,ernvironmentscarry typeinformationfor individual namesup from declarationanddown into
statements.

Note thatin my implementatiorone setof ML datatypess usedfor the original abstractsyntaxtree,and
anotherfor theannotatedbstracsyntaxtree.| traversethefirst treeandbuild the secondreefrom scratch.
Otherimplementationanguagesnayfavor in-placeupdateof trees.



