Programming L anguages

Possible solutions for
Written examination
18 June 2003 *

Updated 2003-06-22: More cases added to solution 2.5

The suggested solutions below are not the only possible ones.

Question 1 (25 %): Standard ML

Question 1.1

> val isSorted = fn : int list -> bool
> val resl = false : bool

val "a isSortedGen = fn: ('a->int) ->"a list -> bool
> val res2 = true : bool

val "a makelntv =fn: "a->"alist -> ("a* "a) list
> val nakelntervals = fn : int list -> (int * int) list
> val res3 =[(0, 2), (2, 5, (5 8)] : (int * int) list
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The applicationi sSort ed xs returnst r ue if the list xs of numbers appears in strictly increasing order; otherwise
f al se. (The overloading resolution defaults to i nt , but with a suitable type constraint the function could work on

stringorreal also; this is not an important point in the question).

The application i sSort edGen f xs returnst r ue if the list of integers resulting from applying f to the ele-

ments of xs appears in strictly increasing order; otherwise f al se.

The application makel nt er val s xs first checks that the elements of xs appear in strictly increasing order; if
not, it raises exception Fai | . If they do, it creates a list of integer pairs which represent the intervals between the

elements of the integer list xs.

Question 1.2
fun checkNonEnpty (t1, t2) = tl<t2

fun checkAl | NonEmpty intvs = List.all checkNonEnpty intvs;

Question 1.3

fun total Length intvs =
List.foldl (fn ((t1,t2), res) =>res+(t2-t1l)) O intvs

Question 1.4

fun checkActivities [] true
| checkActivities [intvl] = true
| checkActivities ((t11, t12) :: (t21, t22) :: rest) =
t12 <= t21 andal so checkActivities ((t21, t22) :: rest)

Question 1.5
fun move k intvs = List.map (fn (t1, t2) => (t1+k, t2+k)) intvs

Question 1.6

fun belongs2 t intvs =
List.exists (fn (t1,t2) =>t1l <=t andalsot < t2) intvs
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Question 2 (25 %): Grammar and abstract syntax

Question 2.1

Drawing ::= white

bl ack

Drawi ng - Draw ng
Drawi ng | Draw ng
n *- Draw ng

n *| Draw ng

< Drawi ng

> Dr awi ng

( Drawing )

let x = Drawing in Drawi ng end
X

Question 2.2
% eft DASH /* | owest precedence */
% eft BAR
%monassoc STARDASH STARBAR
%onassoc LEFT RI GHT /* highest precedence */

Question 2.3and 2.4

RepC ($1, $3) }

I NT STARBAR Dr awi ng RepR ($1, $3) }
LPAR Drawi ng RPAR $2 }

LET I D EQUALS Drawing IN Drawing END { Let($2, $4, $6) }
I D { Var $1}

Mai n:
Drawi ng ECF { $1}
Dr awi ng:
VWH TE { Fill Wite }
BLACK { Fill Black }
Drawi ng DASH Dr awi ng { Col2 (%1, $3) }
Drawi ng BAR Dr awi ng { Row2 ($1, $3) }
LEFT Drawi ng { RotL $2 }
RI GHT Draw ng { RotR $2 }
{
{
{

I
I
I
I
I
| I NT STARDASH Dr awi ng
I
I
I
I
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Question 2.5

Here’s a super deluxe simplifier for expressions that represent drawings. Even so I’m not sure | have not missed some
cases. The function si np performs the actual simplifications, and si npl i f y repeats the application of si np until
no more simplifications are made.

To solve the exam question, it would suffice to do approximately half of si np; there was no requirement to
implement a function like si mpl i fy.

fun simp (RepC(1, d)) =sinmp d
| sinp (RepC(n, d)) =
(case sinmp d of
Fill c = Fill c
| Row2(dl, d2) => Row2(dl, d2)
| RepC(n2, d2) => RepC(n*n2, d2)
| sinpd => RepC(n, sinpd))
| sinp (RepR(n, d)) =
(case sinmp d of
Fill c = Fill c
| Col 2(d1, d2) => Col 2(d1, d2)
| RepR(n2, d2) => RepR(n*n2, d2)
| sinpd => RepR(n, sinpd))
| sinp (Col 2(d1, d2)) =
let val dls = sinp dl
val d2s = sinp d2
in
if dls = d2s then
dis
el se
Col 2(dls, d2s)
end
| simp (Row2(d1, d2)) =
let val dils = sinp dil
val d2s = sinp d2
in
if dls = d2s then

dls
el se
Row2(dls, d2s)
end
| simp (RotR d) =
(case sinmp d of
Fill c = Fill c
Rot L di = di

I
| RotR (RotR d) => RotL d
| Col2 (dl, d2) => Row2(RotR d2, RotR dl)
| Row2 (dl, d2) => Col 2(RotR d1, RotR d2)
| sinpd => Rot R si npd)
| sinmp (RotL d) =
(case sinmp d of
Fill c = Fill c
| RotR d1l => d1
| RotL (RotL d) => RotR d
| Col2(dl, d2) => Row2(RotL dl1l, RotL d2)
| Row2(dl, d2) => Col2(RotL d2, RotL dl)

| sinpd => RotL sinmpd)
| sinp (Let(x, dl, d2)) = Let(x, sinp dl, sinp d2)
| sinp d = d;

fun sinmplify d =
let val res =sinp d
in
if res=d then res else sinplify res
end
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Question 3 (25 %)
Question 3.1

First, manually execute the code p below on the stack machine. Show the stack contents after every instruction, and
draw the corresponding drawing:

FILL 1 Fill(1)
FILL O Fill(1) : Fill(0)

ROV2 Row(Fi I 1(1), Fill(0))

FILL O Row(Fi I 1 (1), Fill(0)) : Fill(0)
coL2 Col (Row(Fill(1), Fill(0)), Fill(0))
STOP

The lower half of the resulting drawing is black; the upper half’s left half is white and its right half is black. The result
is a black square with a white square in the upper left-hand quarter.

Question 3.2

FILL O
FILL 1
CcoL2
STOP

Question 3.3

fun board n =
[FILL 1, FILL O, CO.2, FILL O, FILL 1, CO.2, ROA2, REPC n, REPR n, STOP];

Question 3.4

case VAR
s[sp+l] = s[sp-p[pc++]];
Sp++;
br eak;
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Question 4 (25 %): Compilation

Question 4.1

fun comp4l e =
case e of
Fill ¢ =>
[FILL (case c of Black => 0 | Wiite => 1)]
| Col 2(d1, d2) =>
conp4l d1 @conp4l d2 @[ COL2]
| Row2(d1, d2) =>
conp4l d1 @conp4l d2 @[ ROAZ]
| RepC(n, d) =>
conp4l d @[ REPC n]
| RepR(n, d) =>
conp4l d @[ REPR n]
| RotL d =>
conp4l d @[ ROTL]
| ROtR d =>
conp4l d @[ ROTR]
| Let(x, dx, dbody) => raise Fail "not inplenmented"
| Var x => raise Fail "not inplenmented"

fun compiled4l e = conp4l e @[ STOP];

Question 4.2

FILL 1, FILL 0, ROwe, [l let pair = white | black
VAR 0, VAR 1, ROTL, ROTL, CO.2, /1 let square = pair - < < pair
VAR 0, REPC 4, REPR 4, Il 4 *| (4 *- square)
SWAP, POP, SWAP, POP, /1 drop variables palr and square
STOP /1 stop and draw

Question 4.3

The compilation function conp takes two arguments: a compile-time environment cenv and an expression e to
compile. The compile-time environment is a list of r t val ues that describe the values on the stack at runtime. The
idea is that Bound " x" stands for a variable " x" , and | nt r mstands for an intermediate result on the stack. See
lecture slide 2-22.

dat atype rtval ue =

Bound of string
| I'ntrm

rai se Fail "Unknown vari abl e"
if y=x then O else 1 + getlndex r x;

fun getlndex [] X
| getlndex (y::r) x

fun comp cenv e =
case e of
Fill ¢ =
[FILL (case ¢ of Black => 0 | Wite => 1)]
| Col 2(d1, d2) =>
comp cenv d1 @conp (Intrm:: cenv) d2 @[ COL2]
| Row2(dl, d2) =>
comp cenv d1 @conp (Intrm:: cenv) d2 @[ ROAZ]
| RepC(n, d) =>
comp cenv d @[ REPC n]
| RepR(n, d) =>
comp cenv d @[ REPR n]
| RotL d =>
conp cenv d @[ ROTL]
| RotR d =>
conp cenv d @[ ROTR]
| Let(x, dx, dbody) =>
conp cenv dx @conp (Bound x :: cenv) dbody @[ SWAP, POP]
Var x =>
[ VAR (getl ndex cenv (Bound x))];

fun conpile e = conp [] e @[STOP];



