
Programming Languages IT-C, F2002

Exercise sheet 3
for 27 February 2002

2002-02-20*

Do exercises3.1,3.2,3.4,3.5,3.6,andoneof thetwo exercises3.7and3.8,dependingon your familiarity with SQL

syntax.Handin solutionsto all exceptexercise3.4and3.5.

Exercise 3.1 Write out therightmostderivationof this string from theexpressiongrammarpresentedin the lecture,
correspondingto Exprpar.grm. Takenoteof thesequenceof grammarrules(1–9)used.

let z = (17) in z + 2 * 3 end EOF

Exercise 3.2 Draw theabovederivationasa tree.

Exercise 3.3 Determinethestepstakenby theExprpar.grm parserduringtheparsingof thisstring:

let z = (17) in z + 2 * 3 end EOF

For eachstep,show theremaininginput, theparsestack,andtheaction(shift, reduce,or goto)performed.You will
needa printoutof Exprpar.output to do this exercise.Sanitycheck:thesequenceof reduceactionrule numbers
in theparseshouldbetheexactreverseof thatfoundin thederivationin Exercise3.1.

Exercise 3.4 Generatethelexer andparserfor expressions,compiletheabstractsyntaxexpr/Absyn.sml andthe
lexerandparser, andloadeverythinginto theinteractivesystemusing

mosml parse.sml

Try theparseron severalexampleexpressions,bothwell-formedandnon-well-formedones,suchasthese:

parses "1 + 2 * 3";
parses "1 - 2 - 3";
parses "1 + -2";
parses "x++";
parses "1 + 1.2";
parses "1 + ";
parses "let z = (17) in z + 2 * 3 end";
parses "let z = 17) in z + 2 * 3 end";
parses "let in = (17) in z + 2 * 3 end";
parses "1 + let x = 5 in let y = 7 + x in y + y end + x end";

Exercise 3.5 Using the expressionparserfrom expr/parse.sml andthe expression-to-stack-machinecompiler
scomp andassociateddatatypesfrom sem2.sml, definea functionpcomp : string -> sinstr list that
parsesa stringasanexpressionandcompilesit to stackmachinecode.

Exercise 3.6 Extendtheexpressionlanguageabstractsyntaxandthelexer andparserspecificationswith conditional
expressions.TheabstractsyntaxshouldbeIf(e1, e2, e3). TheconcretesyntaxmaybeSML-style:

if e1 then e2 else e3

correspondingto thelet-in-end styleof variablebindings,or themorelight-weightC/C++/Java/C#-style:

e1 ? e2 : e3

Exercise 3.7 Extendthemicro-SQLlanguageto coveralargerclassof SQL SELECT statements.Look attheexamples
below and decideyour level of ambition. In all cases,modify the abstractsyntax(file usql/Absyn.sml), the
informal grammar(in file usql/grammar.txt), thelexerspecification(file usql/Sqllex.lex) andtheparser
specification(file usql/Sqlpar.grm) asnecessary. Youshouldnotneedto modify file usql/parse.sml. Don’t
forgetto write someexamplesin concretesyntaxto show thatyourparsercanparsethem.

For instance,to permitanoptionalWHERE clause,youmayaddonemorecomponentto theSelect constructor:
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datatype stmt =
Select of expr list (* fields are expressions *)

* string list (* FROM ... *)
* expr option (* optional WHERE clause *)

sothatSELECT ... FROM ... WHERE ... givesSelect(..., ..., SOME ...),
andSELECT ... FROM ... givesSelect(..., ..., NONE).

Theargumentto WHERE is just anexpression(which is likely to involveacomparison),asin theseexamples:

SELECT name, zip FROM Person WHERE income > 200000

SELECT name, income FROM Person WHERE zip = 2300

SELECT zip, AVG(income) FROM Person GROUP BY zip

SELECT name, town FROM Person, Zip WHERE Person.zip = Zip.zip

In asimilarwayyoumayaddoptionalGROUP BY andORDER BY clauses.Theargumentsto thesearelistsof column
names,asin thisexample:

SELECT town, profession, AVG(income) FROM Person, Zip
WHERE Person.zip = Zip.zip
GROUP BY town, profession
ORDER BY town, profession

Exercise 3.8 Write lexer andparserspecificationsfor a small first-orderfunctionallanguage.The languagehasthis
abstractsyntax:

datatype expr =
CstI of int

| Var of string
| Let of string * expr * expr
| Prim of string * expr list
| Letfun of string * string * expr * expr
| Call of string * expr
| If of expr * expr * expr

Thegrammarmight look like this:

expr ::=
ID variable
const constant
let ID = expr in expr end variable binding
let ID ID = expr in expr end function declaration
ID(expr) function call
if expr then expr else expr conditional expression
expr + expr arithmetics
expr - expr arithmetics
expr * expr arithmetics
expr / expr arithmetics
expr = expr comparison
expr <> expr comparison
expr >= expr comparison
... etc ...

The keywordsareelse, end, fun, if, in, let, then. Identifiers(names),constants,andso on may be as in
micro-Java. Give theoperatorssomereasonableprecedences.Write someexamplesin concretesyntaxandshow that
yourparsercanparsethem.
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