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“It must be really difficult to
construct a large system that is
completely bug free in a typeless
language?”

Yes

“It is really difficult to construct a
large system that is completely bug
free in any language.”
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Type Checking

“It 1s well known that
typechecking, while very useful,
captures only a small part of what
it means for a program to be
correct; ...”

BL + JW
p.1812 JACM 1994
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A Large Program
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Another Large Program
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ML Puzzle

<insert>

fun f gg=g; £ x x;
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datatype T = g; val x = g;

fun f g g =g;, £ x x;
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Pathological
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Pathological

When run under Moscow ML, this program
generates 2,874,641 bytes of output on 42,297

lines.
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if (1 = 1b) then x

else x

What does x now equal?
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ML Fragments

fun fib 1
| fib 1
| fib fib(n-1) + fib(n-2);

fun gcd(a, b) =
if a=b then a
else if a>b then gcd(a mod b, b)
else gcd(a, b mod a);
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Permutations

perm_prefix a = map (fn xs

perm_iter(left, [1) = []
perm_iter(left, a::rest) =
perm_prefix a (perm(rev left@rest)) @

perm_iter(a::left, rest)

perm [] = [[]]

perm xs = perm_iter([], xs);

perm[1,2,3];

Output

val it =
(1, 2, 31, [1, 3, 21, [2, 1, 3],
(2, 3, 11, [3, 1, 2], [3, 2, 1]1]
int list list
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flat( N, [N|IE], E) :- letter(N).

flat(n(L,R), B, E) :- flat(L, B, M),
flat(R, M, E).

letter(a).

letter(b).

letter(c).

letter(d).

7- flat(n(n(a,b),n(c,d)), R, [1).

Output

[a, b, c, d]
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Max Copy

mcopy (X, Y) :- mc(X, Y, O, M, M).
mc(x, x, N, N, _).

mc(n(N,L,R), n(V,L1,R1), MO, M2, V)
N =< MO,
mc(L, L1, MO, M1, V),
mc(R, R1, M1, M2, V).

mc(n(N,L,R), n(V,L1,R1), MO, M2, V)
N > MO,
mc(L, L1, N, M1, V),
mc(R, R1, M1, M2, V).

try(X) :- write(X), nl,
mcopy (X, Y),
write(Y), nl.

7- try( n(10,
n(15,n(12,x,n(13,x,x)),
n(17,x,x)
),

n(11,n(16,n(10,x,x) ,x),Xx)
)
) .
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Max Copy

Output

n(17,
n(17,n(17,x,n(17,x,x)),
n(17,x,x)
),

n(17,n(17,n(17,x,x) ,xX) ,X)
)
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rotate([],[]).

rotate([X|Xs],Y) :- ap(Xs, [X],Y).

ap([],X,X).
ap([AlAs],X,[AIR]) :- ap(As,X,R).

7- rotate([nice, to, see, youl, R).

Output

[to, see, you, nice]
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1
n *x f(n-1);

=>1
=>n *x f(n-1)
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ML

fun fib O 1
| fib 1 1
| fib n = fib(n-1) + fib(n-2);

MCPL

FUN fib : .1 =>1
=> fib(n-1) + fib(n-2)
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ML

fun gcd(a, b) =
if a=b then a
else if a>b then gcd(a mod b, b)
else gcd(a, b mod a);

MCPL

FUN gcd

:a, =a a

. a, (<a)b gcd(a MOD b, b)
: a b gcd(a, b MOD a)
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ML

fun gcd(a, b) =
if a=b then a
else if a>b then gcd(a-b, b)
else gcd(a, b-a);

MCPL

FUN gcd

. a, =a a

: a, (ka)b gcd(a-b, b)
:a b gcd(a, b-a)
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Coins

In how many ways can you form
change for a given sum of money

using coins of denominations, 50,
20, 10, 5, 2 and 1p?
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ML

fun ways (s, [1] ) =1
| ways (s, d::ds) =
if d>s then ways(s, ds)
else ways(s, ds) +
ways(s-d, d::ds);

fun try s = ways(s, [50,20,10,5,2,1]1);
try 75;
MCPL

FUN ways
: s, [ 1] => 1
s, coins[>s] => ways(s, @coins!1)
s, coins[ d] => ways(s, Qcoins!1l) +
ways(s-d, coins)

FUN try : ways(s, [50,20,10,5,2,1])

try 75
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Coins

S
s=0

1
1-2)1-22)(1-25)(1 - Z10)(1 - Z29)(1 — Z59)
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FUN lookup

: 7, => RAISE E_Lookup
=> val
=> lookup(v, e)

FUN eval
: [Id, lookup (v, e)

[Num, : k

[Mul, => eval(x, e) *
[Div, => eval(x, e) /
[Add, eval(x, e) +
[Sub, => eval(x, e) -

RAISE E_Eval
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Lex

MANIFEST
Id, Num, Mul, Div, Add, Sub, // Tokens
Lparen, Rparen, Eof

STATIC strp, ch, token, lexval

FUN lex_init
str => strp := str; rch()

FUN rch : => ch := Ystrp
UNLESS ch=0 DO strp++

FUN lex : =
MATCH ch

0 token := Eof; RETURN
rch(); lex(); RETURN
lexval := ch
token Id
lexval := ch-’0’
token Num
token Lparen

token Rparen
token Mul
token Div
token Add
token := Sub
RAISE E_syntax
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FUN parse : str => lex_init str
LET tree = nexp O
RETURN tree

FUN check : tok =>
UNLESS token=tok RAISE E_Syntax

lex ()
FUN prim : => MATCH token

Id|Num => LET a = mk2(token, lexval)

lex()

: Lparen => LET a = nexp O
check_for Rparen

a
=> RAISE E_syntax
FUN nexp : n => lex(); exp n

FUN exp : n =>
LET a = prim()

MATCH (token, n)
: Mul, <2 => .

a := mk3(Mul,

: Div, <2 => a := mk3(Div,

: Add, <1 => a := mk3(Add,

: Sub, <1 a := mk3(Sub,
R

: ETURN a
. REPEAT
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MANIFEST // Exceptions
E_Syntax=100, E_Lookup, E_Eval, E_Space

STATIC spv, spp

FUN mk2 : x, y => MATCH @spp!-2
: <spv => RAISE E_Space
: pl:=x,:=y] => spp := p; RETURN p

FUN mk3 : x, y, z => MATCH @spp!-3
: <spv => RAISE E_Space
: pl:=x,:=y,:=z] => spp := p; RETURN p

FUN start : =>
spv := getvec 10_000
spp := @ spv!10_000

{ LET tree = parse "(3*A+4x%B)/2"
LET env = [’A’,10, [’B’,11, 0]]
writef ("%d\n", eval(tree, env))

} HANDLE
: E_Syntax => writef "Syntax\n"
: E_Lookup, v => writef("Var %c\n", v)
: E_Space => writef "Space\n"
: E_Eval => writef "Eval\n"

freevec spacev
RETURN O
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// rotleft n promotes the right child

720

n r

/ \ / \
X T X z
/ \ / \
y 2 0y

FUN rotleft
: nlkey, val,

pl?,?,7,pl,pr],

X
r[?,?,rp,y[?,?,yp,?,7],2],
] =

IF p TEST n=pl THEN pl :
ELSE pr :

IF y DO yp :=n

r, y, rp, p =y, n, D,
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FUN rotleft
: nlkey, val,

pl?,7,?7,pl,prl,

X
r[?,?,rp,y[?,7,yp,7,7],2],
] =>

IF p TEST n=pl THEN pl :
ELSE pr :

IF y DO yp :=n

r, y, Ip, P =y, 1, P,
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FUN splay : x => // Promote node x to the root
MATCH x

[?,?

A

0,7,7]1 =>
RETURN

[»,7,pl?,7, 0,=x, 71,7,7] =>
rotright

[»,7,pl?,7, 0o, ?,=x],7,7] =>
rotleft

[»,?,pl?,7,807,7,7,=p, 71,=x, 7],7,7] =>
LET p’=p
rotright

rotright

[?’?’p[?’?’g[?’?’?’=p’ ?]’ ?’=X]’?’?] =>
LET g’=g
rotleft
rotright

[?’?’p[?’?’g[?’?’?’ ?’=p]’=x’ ?]’?’?] =>
LET g’=g
rotright
rotleft

(z,?,pl?,?,gl?,?,?, ?,=pl, 7,=x1,7,7]1 =>
LET p’=p
rotleft g
rotleft p’
. REPEAT
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Rotate Left
typedef

struct node { int key, val;
struct node* parent;

struct nodex* left;
struct node* right;

X T
/ \
y z

void rotleft(Node *n){
Node *p = n->parent;
Node *r = n->right;
Node *y = r->left;

if(p) if(n == p->left) p->left
else p—>right

if(y) y->parent = n;

n->right
r->left
r->parent
n->parent

ys
n,
P;

r;
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Splay
void splay(Node *x){
for(;;){

Node *p = x->parent;

Node *g;

if (p==0) return; X is root

g = p—>parent;

if (g==0)

if(x == p—>left) { rotright(p);
continue;

else rotleft (p);
continue;

if(p == g->left)
if(x == p->left) { rotright(g);
rotright (p);
continue;

rotleft (p);
rotright(g);
continue;

if (p == g->right)
if (x == p->left) { rotright(p);
rotleft (g);
continue;

rotleft (g);
rotleft (p);
continue;
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FUN pushterm: rel, x, y, z =>
MATCH curts : [vm, vmax, tl, tp, tt, n] =>

IF tp>tt RAISE(E_Space, "Too many terms\n")

UNLESS TsVmax=1 DO abort 999

EVERY curts : [7, =x] =>
. [7, =y] =>
[?, =z] =>

MATCH tp
[:=rel, :=x,:=y,:=z,np] => n++
tp := Onp
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FUN compact : [v, vmax, tl, tp, tt, n] =>
LET p = tp // Form histogram
FOR 1 = 0 TO vmax DO v!i := 0

FOR i = 1 TO n MATCH p
[rel, x, y, 2z, npl => (vIx)++
(v!y)++
(viz)++
p := Onp

newvmax = 2 // Form mapping

i = 3 TO vmax MATCH v!i

=> // Never used
=> yli := 2 // Used once
=> v!i := ++newvmax // Multi used

p := tp // Apply the mapping
FOR i = 1 TO n MATCH p
[rel,x:=v!x,y:=v!y,z:=v!z,np] => p := Qnp

n = newvmax
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Pentominoes
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Pentominoes

STATIC board, count=0,
pl=0, p2=0, p3=0, p4=0,
p7=0, p8=0, p9=0, pA=0,

FUN try

£ => count++
pr board

~=0,al 1 => try(n,0al)

a,al,a2,a3,a4,
b,bl1,b2,b3, 7,
c,cl,c2, 7, 7
d,dl, 72, 7, 7

b
b
e ]

Martin Richards 39 Seminar 10/Dec/97



Pentominoes
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Pentominoes

writef ("\nSolution no: %d", count)
FOR 1 = 0 TO 12x8-1 DO
{ LET n = board!'i
LET ch = ’%’
IF 0<=n<=12 DO
ch := ".ABCDEFGHIJKL" % n
UNLESS i MOD 8 DO newline()
writef (" %c", ch)
}

newline ()

FUN start : =>
LET x = -1
board := [

M OOO0000O0O0OO N
M OO0O0O0O00OOON
M O00000O0O0OON
M OOO0000O0O0OO N
M O00000O0O0OON
M O00000O0O0O O N
DRI AR

eI IS Il B B B Bl o o o

try (0, board)

writef ("\nNumber of solutions: %d\n", count)
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Eight Queens
GET "mcpl.h"

STATIC count, all

FUN try
: 7?7, =all, 7 => count++

: 1d, row, rd =>
LET poss = "(1d | row | rd) & all
WHILE poss DO
{ LET bit = poss & -poss
poss —:= bit
try ((1d|lbit)<<1, rowlbit, (rdlbit)>>1)

+

FUN start : =>
all := #b1111_1111
count := 0
try(0, 0, 0)
writef ("Solutions: %d\n", count)
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ojlojo|1l1l0[0]0O

Current row ——=
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Eight Queens

fun depthfirst(next, pred) X =
let fun dfs [] =[]
| dfs(y::ys) =
if pred y
then y::dfs(next y @ ys)
else dfs(next y @ ys)
in dfs [x]
end;

fun notmem x  [] true
| notmem x (y::ys) = if x=y
then false
else notmem X ys;

secr Ty x = £f(x, y);

upto(i, n) = if i>n
then []
else i :: upto (i+1, n);

filter f [] []
filter f (x::x8)
if £f x then x :: filter f xs
else filter £ xs;
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Eight Queens

fun safequeen oldgs newq =
let fun nodiag(i, [] ) = true
| nodiag (i, q::qgs) =
abs (newg-q)<>i

andalso
nodiag(i+1,qgs)

in notmem newq oldgs

andalso
nodiag(1l,o0ldqgs)
end;

fun nextqueen n gs =
map (secr op:: Qgs)
(filter (safequeen gs) (upto(1l,n)));

fun isfull n gs = length gs = n;

fun nqueens n =
depthfirst (nextqueen n, isfull n) [];

length(nqueens 8);
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Eight Queens

filter _  [] =[]
filter p (x::x8) =
if p x then x :: filter p
else filter p

free(x,y,z) =

filter (fn(a,b,c) => x<>a andalso
y<>b andalso
z<>c) ;

try [] 1

try ([::2) =0

try((sq::r)::8) = try(map(free sq)s)
+ try(r::s);
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Eight Queens

( 5,2,10),( 6,3, 9),( 7,4, 8),
(9,6, 6),(10,7, 5),(11,8, 4)

N\
o) 0
< 00
o0 AN
i
 \
N\
o O
i
M N~
N~
~i
v
N\
— N~
i
AN ©
© O
i
-
N\
AN 00
i
— L0
Lo Oy
o\

E 6,1,13),( 7,2,12),( 8,3,11),( 9,4,10),
(10,5, 9),(11,6, 8),(12,7, 7),(13,8, 6)

11,5,10), (12,6, 9),(13,7, 8),(14,8, 7)

Z 7,1,14),( 8,2,13),( 9,3,12),(10,4,11),
(11

E 8,1,15),( 9,2,14),(10,3,13),(11,4,12),
(12,5,11),(13,6,10),(14,7, 9),(15,8, 8)
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Eight Queens

try 8 _ =1
try n gs = try_iter (n+1) 8 gs

try_iter n 0 gs =
try_iter n q gs =
if ok q (q+1) (g-1) gs
then try n (q::qgs) +
try_iter n (g-1) gs
else try_iter n (gq-1) gs

ok a bc [] true
ok a b c (q::qgs)

a<>q andalso

b<>q andalso

c<>q andalso

ok a (b+1) (c-1) gs;

try 0 [1;
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A Turing Machine
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- " T str xs;

output (std_out,
str x °
" [Il
C
n] n
str y
"\I’l");
fun tr s ch (x,y) =
( pr (rev x, ch, y );

s ch (x,y)
);

fun R ¢ s (xs, y::ys) =
tr s y (c::xs, ys)

| Rcs (xs, [1) =
tr s " " (c::xs, [1);

fun L ¢ s (x::xs8, ys) =
tr s x (xs, c::ys)

| Lcs (I , ys) =
tr s " " (L], c::y8);

fun HALT ¢ (x, y) = pr(rev x, c, y);
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fun turing(lstr, ch, rstr) =
sO ch (rev(explode 1lstr), explode rstr)

and sO "1" R "O" si
| SO IIAII R n n 82
sO c L c¢c sO

Sl IIAII IIAII S3
Sl IIXII Il1ll Sl
sl c c sl

g2 "AM AT S§
g9 _ nonog9

SB I|B|| ||B|I SO
83 l|1ll IIXII S4
C c s3

IIXII SB
c s4

L
R
R
R
R
L
R
L
L
R

C

n n HALT IIAII
llel R n 1 n S5
C R ¢ sb;

turing("A11", "B", "111A");
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STATIC ltape, ch, rtape

FUN right : c
EVERY rtape

0 rtape := mk2(0, ’ )

[1ink, k] link, ltape, rtape,
ltape, rtape, 1link,
pr()

RETURN ch

FUN left : c =
EVERY ltape

0 ltape := mk2(0, ’> ’)

[1ink, k] link, rtape, ltape,
rtape, ltape, 1link,
pr()

RETURN ch

FUN halt : ¢ => ch := c; prQ)
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FUN turing : init_state, lstr, char, rstr =>
ltape, ch, rtape := 0, char, O

LET i = 0
WHILE rstr’i DO i++
WHILE i DO rtape:=mk2(rtape, rstri—-i)

WHILE 1str’%i DO ltape:=mk2(ltape, lstrii++)

pr()
init_state ch

FUN pr : =>
prb ltape // Print left tape

writef("[/cl]", ch) // Print the current ch
prf rtape // Print right tape

newline ()

FUN prb // Print chars backwards
: => RETURN

0
[chs, ch] => prb chs; wrch ’ ’; wrch ch

FUN prf // Print chars forwards

O => RETURN
[chs, ch] => wrch ch; wrch ’ ’; prf chs
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Q0
=
e
-

Call

turing(sO, "A11", ’B’, "111A")

—
el e lalalalalal
——

(-
AAAAAAAAAAM.AAAAAAAAAAAAA
—m——- s
11111111XXXXXVAVAXXXXXXXVAX
—_— —— ——  ——
e B
BBBBBBBBBBBBBBBBBBBBBBBB
—
1.“.0000000000000000000000

AT ATl A A A A A A A A A
CAILC<TILITLITIALLCITGTITCICIATCITCITIATCITCITICACAIAIAT

.. lots of lines until ...
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s
XXXXXXXXXXXXXXXXVAll
XXXXXXXXXXXXXXXXill

XXXXXXVAXVAXXXXXXllll

XXXXXXXXVAVAVAXXX11111
XXXXXXXXXXXvAvAllllll
XVAXXXXXXXVAXX1111111
AAAAAAAAAAAAAAAAAAA
XXXXXXXXXX
VAVAXXXXVAXX

XXXXXXXX

I.e. 2 times 3 equals 6
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Conclusions

Typeless pattern matching is possible.
It is readable and easy to understand.
It is simple to implement and efficient.

The MCPL compiler is small (35,268 bytes).

It will compile itself in 0.4 seconds on a 200
MHz Pentium Pro.
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