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The suggested solutions below are not the only possible ones

Question 1 (25 %): Standard ML

Question 1.1
val add = fn : int ->int list ->int |ist
val mul = fn int ->int list ->int |ist
val fromlo = fn: int ->int ->int |ist
val 'a tabulate = fn : int * (int ->'a) ->"a list
val resl =12, 3, 4, 5] : int list
val res2 =[6, 9, 12, 15] : int list
val res3 =[] : int list
val res4d =[] : int list
val res5 = true : bool
val res6 = [25, 16, 9, 4, 1, 0] : int list

The applicatioradd k xs returns the list resulting from addirgto every member ofs.
The applicatiomul k xs returns the list resulting from multiplying every membeixaf by k.
The applicatiorf r omlo m n returns the lisf m m+1, . . . , n] whennx=n, and the empty list ifr>n.
The applicatiort abul ate(m f) returns the lis(f m f(m1), ..., f 1, f 0] whennm=0,
and the empty list ifrc0.

Question 1.2

fun addl k xs map (fn x => k+x) xs
fun mul 1 k xs map (fn x => k*x) xs
fun fronTol mn = tabulate(n-m fn x => n-x)

Question 1.3
fun sequence (a, i, k) = add a (mul i (fronmTo 0 (k-1)))

Question 1.4

fun isRegSeq [] = true
| isRegSeq [_] = true
| isRegSeq (x0 :: x1 :: xr) =
let val i = x1-x0

fun check last [] = true
| check last (y::yr) = (y-last) =i andal so check y yr
in check x1 xr end
Question 1.5
fun getRegSeq [] = (1,1,0)
| getRegSeq [x] = (x,1,1)
| getRegSeq (x0 :: x1 :: xr) =
let val i = x1-x0
fun get k last [] = (x0, i, k)

| get k last (y::yr)
if (y-last) =i then get (k+1) y yr else raise Fail "not regular”
in get 2 x1 xr end
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Question 2 (25 %): Grammar and abstract syntax

Question 2.1

Expr ::=m
| [ ]

| [ m: n]

| Expr + Expr
| Expr * Expr
| Expr ++ Expr
| max Expr

|  mn Expr

| rev Expr

| ( Expr )

Question 2.2

% eft PLUSPLUS /* | owest precedence */
% eft PLUS
%eft TIMES /* highest precedence */

Question 2.3 and 2.4

Mai n:
Expr ECF { $1}
Expr:

At Expr { 81 }
| Expr PLUS Expr { Add($1, $3) }
| Expr TIMES Expr { Ml ($1, $3) }
| Expr PLUSPLUS Expr { Append($1, $3) }
| MAX At Expr { Max $2 }
| MN AtExpr { Mn $2 }
| REV At Expr { Rev $2 }

At Expr:

I nt { Cstl $1 }
| LBRACKET Int COLON I nt RBRACKET { FronTo($2, $4) }
| LBRACKET RBRACKET { Enpty }
| LPAR Expr RPAR { $2 }

I nt:

I NT { $1 }

|  MNUS I NT { ~ %2 }
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Question 3
Question 3.1
fun eval (e : expr) val ue
case e of
Cstl i => | nt

| Fromfo(m n) => Seq (fronto mn)

| Enpty
| Add(el, e2) =>
(case (eval el,

=> Seq []

eval

(Int i1, Int

| (Int i1, Seq s2)

| (Seq si1, Int

| (Seq _, Seq _

| Ml (el, e2) =>
(case (eval e1l,

eval

(Int i1, Int

| (Int i1, Seq s2)

| (Seq s1, Int

| (Seq _, Seq _

| Append(el, e2) =>
(case (eval el,

I (s _
| Mn el =>

(case eval el of
Seq s1 => Int (foldl
| => rai se Eval

| Max el =>

(case eval el of
Seq s1 => Int (foldl
| => rai se Eval

| Rev el =>

(case eval el of

eval
(Seq s1, Seq s2)
=> rai se Eval

)

rai se Eval

of

Int (il+i2)

Seq (map (fn x =>i1+x) s2)
Seq (map (fn x => x+i2) sl)

Seq (map (fn x =>i1*x) s2)
Seq (map (fn x => x*i2) sl)
"cannot multiply two sequences"”)

of
Seq (s1 @s?2)
"append works only on sequences")

Int.mn 1073741823 s1)
"m n works on sequences only")

Int. max ~1073741824 s1)
"max wor ks on sequences only")

Seq s1 => Seq (List.rev si)

| => rai se Eval

"rev works on sequences only")
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rai se Eval "cannot add two sequences")
of
Int (i1%i2)
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Question 3.2
fun check (e : expr) : typ =
case e of
Cstl _  => Typ
| Fromlfo _ => TypS
| Enpty => TypS

| Add(el, e2) =>
(case (check el, check e2)
(Typl, Typl) => Typl
| (Typl, TypS) => TypS
| (TypS, Typl) => TypS
| (TypS, TypS) => raise
| Ml (el, e2) =>
(case (check el, check e2)
(Typl, Typl) => Typl
| (Typl, TypS) => TypS
| (TypS, Typl) => TypS
| (TypS, TypS) => raise
| Append(el, e2) =>
(case (check el, check e2)
(TypS, TypS) => TypS
| (_, _ ) => raise
| Mn el =>
(case check el of
TypS => Typl

| _ => rai se Type "mi

| Max el =>
(case check el of
TypS => Typl

| => rai se Type "max works on sequences only")

| Rev el =
(case check el of
TypS => TypS

| _ => rai se Type "rev works on sequences only")

n wor ks on sequences only")
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Type "cannot add two sequences")

Type "cannot nultiply two sequences")

Type "append works only on sequences")
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Question 4
Question 4.1

Here are some additional simplifications, but even thisidistot exhaustive. The question asked only for four
additional simplifications.

[T ++ ys can be simplified to ys

Xs ++ [] can be simplified to xs

[k, ++ [mtl, n] can be simplifiedto [k, n] whenk<=nx=n
ki * (e * k2) can be simplifiedto (k1 * k2) * e

kil + k2 can be simplified to k3 wherek3=k1+k2 andk1, k2 constants
[mn] + Kk can be simplified to [ m+k: n+k]

rev(-1 * [mn]) can be simplifiedto [-n:-m

max(rev e) can be simplified to max e

mn(rev e) can be simplifiedto min e

rev(el ++ e2) can be simplifiedto rev e2 ++ rev el

k * (el ++ e2) can be simplifiedto k * el ++ k * e2

k + (el ++ e2) can be simplifiedto k + el ++ k + e2

k * rev e can be simplifiedto rev (k * e)

k + rev e can be simplifiedto rev (k + e)
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Question 4.2

Functionsi np implements the basic reductions shown in the exam questan their symmetric variants,
and a few additional simplifications. Functiemn npl i fy repeatedly applies functiosi np as long as more
simplifications are possible.

fun sinp (e : expr) : expr =

case e of
Cstl _ = e
| Fromlfo(m n) =>if nmpn then Enpty el se e
| Empty = e

| Add(el, e2) =>
(case (simp el, sinp e2) of

(Cstl k1, Cstl k2) => Cstl (k1+k2)
| (Cstl k1, FromTo(m n)) => Fronlo(kl+m ki1+n)
| (Cstl 0, e2") = g2’
| (el’, Cstl 0) = el’
| (Fromlfo(m n), Cstl k2) => FronilTo(k2+m k2+n)
| (el, e2") => Add(el’, e2'))

| Ml (el, e2) =>
(case (sinp el, sinmp e2) of

(Cstl k1, GCstl k2) => Cstl (k1*k2)
| (Cstl 1, e2') => g2’
| (el’, Cstl 1) => el’
| (el’, e2') => Ml (el', €2'))

| Append(el, e2) =>
(case (simp el, sinp e2) of
(el, e2) => Append(el’, e2'))
| Mn el =>
(case sinp el of
Enpty => Cstl 1073741823
| Fronmfo(m n) => Cstl m
| Ml (Cstl k, el2') =>
if k >0 then
Mul (Cstl k, sinmp(M
else if k=0 then
Cstl O
el se
Mul (Cstl k, sinmp(Max el2'))
| el’” => Mn el")
| Max el =>
(case sinp el of
Enpty => Cstl ~1073741824
| Fronifo(m n) => Cstl n
| Ml (Cstl k, el2') =>
if k>0 then
Mul (Cstl Kk, sinmp(Max el2'))
else if k=0 then
Cstl O
el se
Mul (Cstl k, sinp(Mn el2"))
| el” => Max el’)
| Rev el =>
(case sinmp el of
Enmpty => Empty
| Rev ell => ell
| ell => Rev ell)

=]

el12'))

fun sinplify e
let val e’ sinmp e
inif e =¢€ then e else sinplify e end
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Question 4.3

1. The first ‘'simplification’ is wrong becauge * [ 1: 3] evaluates t¢ 2, 4, 6] wheread 2: 6] evaluates
to[ 2, 3,4,5, 6].

2. The second ‘simplification’ is wrong becausen [ 3: 2] evaluatestd 073741823 whereas evaluates
to 3.

3. The third ‘simplification’ is wrong becausmx [ 3: 2] evaluateste 1073741824 wherea® evaluates
to2.

4. The fourth ‘simplification’ is wrong becauseev [ 3: 2] evaluates tg ] whereaqd 2: 3] evaluates to
[2,3].



