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Do exercises3.1,3.2,3.4,3.5, 3.6,andoneof thetwo exercises3.7 and 3.8, dependingon your familiarity with sQL
syntax.Handin solutionsto all exceptexercise3.4and3.5.

Exercise 3.1 Write out therightmostderivation of this string from the expressiongrammarpresentedn the lecture,
correspondingo Expr par . gr m Take noteof thesequencef grammarnrules(1-9)used.

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

Exercise 3.2 Draw theabove derivationasatree.

Exercise 3.3 Determinethe stepstakenby the Expr par . gr mparserduringthe parsingof this string:
let z = (17) inz + 2 * 3 end ECF

For eachstep,shawv the remaininginput, the parsestack,andthe action(shift, reduce or goto) performed. You will
needa printoutof Expr par . out put to dothis exercise.Sanitycheck:the sequencef reduceactionrule numbers
in the parseshouldbethe exactreverseof thatfoundin thederivationin Exercise3.1.

Exercise 3.4 Generatahelexer andparseifor expressionscompiletheabstracsyntaxexpr/ Absyn. smi andthe
lexer andparserandloadeverythinginto theinteractie systemusing

nosm parse. sni
Try the parseron severalexampleexpressionsbothwell-formedandnon-well-formedones suchasthese:

parses "1 + 2 * 3";

parses "1 - 2 - 3";

parses "1 + -2";

parses "Xx++";

parses "1 + 1.2";

parses "1 + ";

parses "let z (17) inz + 2 * 3 end";

parses "let z 17) inz + 2 * 3 end";

parses "let in = (17) inz + 2 * 3 end";

parses "1 + let x =5 inlet y =7 +xiny +yend+ x end";

Exercise 3.5 Using the expressionparserfrom expr/ par se. sm andthe expression-to-stack-machirempiler
sconp andassociatedatatypegrom sen®. sni , defineafunctionpconp : string -> sinstr |ist that
parses stringasanexpressiorandcompilesit to stackmachinecode.

Exercise 3.6 Extendthe expressionanguageabstracsyntaxandthelexer andparserspecificationsvith conditional
expressionsTheabstracsyntaxshouldbel f (el, e2, e3).Theconcretesyntaxmaybe SML-style:

if el then e2 else e3
correspondingo thel et - i n- end style of variablebindings,or the morelight-weight C/C++/Jaa/C#-style:
el ? e2 : e3

Exercise 3.7 Extendthemicro-SQLlanguagédo coveralargerclassof SQL SELECT statementsLook attheexamples
belov and decideyour level of ambition. In all casesmodify the abstractsyntax(file usql / Absyn. sm ), the
informal grammar(in file usql / gr ammar . t xt ), thelexer specification(file usql / Sgl | ex. | ex) andthe parser
specificatior(file usql / Sgl par . gr m) asnecessaryYoushouldnotneedo modifyfile usql / par se. s . Don't
forgetto write someexamplesin concretesyntaxto show thatyour parsercanparsethem.

For instanceto permitanoptionalwHERE clause you mayaddonemorecomponento the Sel ect constructor:
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datatype stnt =

Sel ect of expr list (* fields are expressions *)

* string list (* FROM ... *)

* expr option (* optional WHERE cl ause *)

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

Theamumentto WHERE is justanexpressionwhichis likely to involve a comparison)asin theseexamples:

SELECT nane, zip FROM Person WHERE i ncone > 200000

SELECT nane, incone FROM Person WHERE zi p = 2300

SELECT zi p, AVEinconme) FROM Person GROUP BY zip

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

In asimilarway you mayaddoptional GROUP BY andORDER BY clausesTheamgumentdo thesearelists of column
namesasin this example:

SELECT town, profession, AVEincone) FROM Person, Zip
VWHERE Person.zip = Zip.zip

GROUP BY town, profession

CRDER BY town, profession

Exercise 3.8 Write lexer andparserspecificationgor a smallfirst-orderfunctionallanguage.The languagehasthis
abstracskyntax:

dat atype expr =

Cstl of int

Var of string

Let of string * expr * expr

Primof string * expr |ist

Letfun of string * string * expr * expr
Call of string * expr

If of expr * expr * expr

Thegrammamightlook lik e this:

expr ::=
I D vari abl e
const const ant
let 1D = expr in expr end vari abl e bi ndi ng
let IDID = expr in expr end function declaration
| D(expr) function call
if expr then expr else expr condi ti onal expression
expr + expr arithnetics
expr - expr arithnetics
expr * expr arithmetics
expr [/ expr arithmetics
expr = expr conpari son
expr <> expr conpari son
expr >= expr conpari son
etc ...

The keywordsareel se, end, fun,if,in,let,then. Identfiers(names)constantsandsoon may be asin
micro-Jaa. Give the operatorsomereasonabl@recedenced/Nrite someexamplesin concretesyntaxandshaw that
your parsercanparsethem.



