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Question 1 (30 %): Standard ML

Question 1.1

fun cell Nane (c, r) = letter ¢ »~ Int.toString (r+1)

A fancier version that works aso for column number 26 and greater (not required in the question) is this:

fun col umName ¢ =

if ¢c <26 then letter ¢

el se col umNane(c div 26 - 1) ~ letter(c nod 26)
fun cell Nane (c, r) = columName ¢ ™ Int.toString (r+1)

Question 1.2

fun union ([], ys)
| union (x1::xr, ys) =
if menmber x1 ys then
uni on( xr, ys)
el se
x1 :: union(xr, ys);

ys : set

fun rectangle ((c1,rl), (c2,r2)) =
let fun fromo i j =if i >j then [] elsei :: fromo (i+1) j
fun conbine [] ys [1
| conbine (x1::xr) ys map (fny =>(x1, y)) ys @conbine xr ys
val cs = fronto cl1 c2
val rs = fronto rl r2
in conmbine cs rs end

Here's another solution for r ect angl e, using theLi st . t abul at e function:

fun rectangle ((c1,rl), (c2,r2)) : set =
Li st.concat (List.tabulate (c2-cl+1,
fn c => List.tabul ate(r2-r1+1,
fnr => (cl+c, rl+r))));

Question 1.3

fun showRef 1 (Ref(ck, col, rk, row)) =
let fun dollar Rel "

| dollar Abs = "$"
in
dollar ck ~ letter col ™~ dollar rk ~ Int.toString(rowtl)
end;
Question 1.4

fun nove Rel delta value = value+delta
| nmove Abs delta val ue = val ue

fun moveRef (dc, dr) (Ref(ck, col, rk, row)) : cellref =
Ref (ck, nove ck dc col, rk, nove rk dr row)
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Question 2 (25 %): Grammar and abstract syntax

Question 2.1

Formula :: =
= Expr

Expr ::=
Number

| Cell Ref

| Cell Ref: Cel | Ref

| Expr - Expr

| Expr + Expr

| Expr * Expr

| f(ExprlList)

| ( Expr )

ExprList ::=
<enpty>
| ExprListl

ExprListl ::=
Expr

| Expr, ExprlListl

Question 2.2

% eft PLUS M NUS
%Weft TIMES

Questions 2.3 and 2.4

For nul a:
EQUALS Expr EOF

Expr:
Nurber
| CELLREF
| CELLREF COLON CELLREF
| Expr M NUS Expr
| Expr PLUS Expr
| Expr TIMES Expr
| NAME LPAR ExprlList RPAR
| LPAR Expr RPAR

ExprLi st :
/* enpty */
| ExprListl

ExprListl :
Expr
| Expr SEM COLON ExprlListl

Nunber :
REAL
| M NUS REAL

/* 1 owest precedence */
[ * highest precedence */

Nurmber $1

Cell $1

Area($1, $3)
Fun("-", [$1, $3])
Fun("+", [$1, $3])
Fun("*", [$1, $3])
Fun($1, $3)

$2

{ $1

{ [$1] }
{ $1 :: $3

{ 81
{ -~ %2
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Questions 2.5 and 2.6

rul e Token = parse
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CELLREF (convertRef (getLexene |exbuf)) }

NAME (get Lexene | exbuf) }

{ case Real .fronttring (getLexenme | exbuf) of
NONE  => |l exerError |exbuf "internal error”
| SOME i => REAL i

}
{ ECF}
{ l'exerError |exbuf

"“Ill egal synmbol in input" }
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Question 3
Question 3.1
fun showkxpr e =
case e of
Nunber n => Real .toString n
| Fun(f, [1]) =fr"()"
| Fun(f, el::er) =>
| et fun commaShow ex =", " ~ showExpr ex
inf ~"(" ™ showExpr el N String.concat(List.mp cormaShow er) ~ ")" end
| Cell cref => showRef cref
| Area (crefl, cref2) => showRef crefl ~ ":" ~ showRef cref2
Question 3.2
fun nmoveExpr (dc, dr) e : expr =
case e of
Nunber _ =>¢e

| Fun(f, es) => Fun(f, List.map (noveExpr (dc, dr)) es)
| Cell cref => Cell(nmoveRef (dc, dr) cref)
| Area (crefl, cref2) => Area(noveRef (dc, dr) crefl, noveRef (dc, dr) cref2)

Question 3.3

exception Shape

fun check (e : expr) : shape =

case e of
Nunber _ => Single
| Fun(ope, [el, e2]) =>
if ope="-" orelse ope="+" orelse ope="*" then
case (check el, check e2) of
(Single, Single) => Single
| _ => rai se Shape
el se

rai se Shape
| Fun("SumMm', [el]) =>
(check el; Single)
| Fun("SIN', [el]) =>
(case check el of
Single => Single
| _ => rai se Shape)
| Fun _ => raise Shape
| Cell _ => Single
| Area _ => Milti
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Question 3.4

exception Eval;

fun eval (sheet : expr list list) (e : expr) : real =

case e of
Nunber n =>n
Fun("-", [el, e2]) => eval sheet el - eval sheet e2

I
| Fun("+", [el, e2]) => eval sheet el + eval sheet e2
| Fun("*", [el, e2]) => eval sheet el * eval sheet e2
| Fun("Su™m', [el]) =>
(case el of
Area (Ref(_, c1, _, rl1l), Ref(_, ¢c2, _, r2)) =>
let val cells = rectangle ((c1, rl), (c2, r2))
fun getval (col, row) = eval sheet (sheet sub (col, row))
in
List.foldr (op+) 0.0 (List.nmap getval cells)
end
| _ =>raise Eval)
| Fun("SIN', [el]) =>
Mat h. si n(eval sheet el)

| Fun _ => raise Eval
| Cell (Ref(_, col, _, row)) => eval sheet (sheet sub (col, row))
| Area _ => raise Eval



