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va
l it =

 ( ) : u
n
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(A
lthough M

L stands for M
eta Language, w

e are
dealing w

ith a real and very elegant program
m

ing
language!)

T
he presentation is a series of exam

ples (all of them
 run in our

U
nix-based dialect of M

L). T
here is m

uch m
ore to M

L —
 as there

is to S
chem

e —
 so this is only an attem

pt to w
het your appetite 

.

%
 sm

l
S

ta
n
d
a
rd

 M
L
 o

f N
e
w

 Je
rse

y,
V

e
rsio

n
 7

5
, N

o
ve

m
b
e
r 1

1
, 1

9
9
1

va
l it =

 ( ) : u
n
it

T
his tells us how

 to interpret M
L’s output: 

it
stands for the value of the expression evaluated in
this step of the top-level loop; 

u
n
it

 is the type.
M

L’s prom
pt is the - sign, and it changes to 

=
w

hen the expression has several lines of parts.
T

erm
inate your input w

ith a sem
icolon.

(* th
e
 sim

p
le

st stu
ff *)

-2
 +

 3
 * 4

;
va

l it =
 1

4
 : in

t
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A
 function definition. N

ote that the value of 
su

cc
is the functional expression 

fn
:in

t->
in

t
.

-fu
n
 su

cc x =
 x +

 1
;

va
l su

cc =
 fn

 : in
t ->

 in
t

A
nd an application of this function:

-3
 * su

cc 4
 * su

cc 5
;

va
l it =

 9
0
 : in

t

M
L is great w

ith lists (as expected!).
-fu

n
 le

n
g
th

( x ) =
    if n

u
ll( x ) th

e
n
 0

    e
lse

 1
+

le
n
g
th

( tl( x ) );
va

l le
n
g
th

 =
 fn

 : 'a
 list ->

 in
t

T
he type of list elem

ents has not been determ
ined.

M
L leaves it open, as indicated by the type

“placeholder” 'a
: a list of “things” m

aps into
in

t
.

-le
n
g
th

( [1
1
, 3

3
, 5

5
] );

va
l it =

 3
 : in

t
-le

n
g
th

( ["1
1
", "a

b
c"] );

va
l it =

 2
 : in

t
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T
he sam

e function could be defined as a series of
patterns (rather like in P

rolog):
-fu

n
  le

n
g
th

( n
il ) =

 0
 |

  le
n
g
th

( a
::x ) =

 1
+

le
n
g
th

( x );
va

l le
n

g
th

 =
 fn

 : 'a
 list ->

 in
t

A
 sm

all test:
-le

n
g
th

( n
il );

va
l it =

 0
 : in

t

Y
et another form

, w
ithout parentheses:

-fu
n

  le
n
g
th

 n
il =

 0
 |

  le
n
g
th

 ( a
::x ) =

 1
+

le
n
g
th

 x;
va

l le
n
g
th

 =
 fn

 : 'a
 list ->

 in
t

-le
n
g
th

 ( ["a
", "b

b
", "ccc"] );

va
l it =

 3
 : in

t

(N
ote that the type of the elem

ents is not
im

portant!)
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N
o presentation w

ould be com
plete w

ithout this:
-fu

n
 a

p
p
e
n
d
( x, z ) =

    if n
u
ll( x ) th

e
n
 z e

lse
    h

d
(x) :: a

p
p
e
n
d
( tl(x), z );

va
l a

p
p
e
n
d
 =

 fn
 :

 'a
 list * 'a

 list ->
 'a

 list

(T
he ::

 denotes list construction, the sam
e as

co
n
s

 in S
chem

e.) T
he argum

ents are lists of
“things”, as is the value of the function. T

he 
*

denotes the cross-product.
-a
p
p
e
n
d
([1

, 2
, 3

, 4
], [5

, 6
, 7

]);
va

l it =
 [1

,2
,3

,4
,5

,6
,7

] :
    in

t list

A
nd a definition w

ith patterns:
-fu

n
  a

p
p
e
n
d
( n

il, z ) =
 z |

  a
p
p
e
n
d
( a

::y, z ) =
          a

 :: a
p
p
e
n
d
( y, z );

va
l a

p
p
e
n
d
 =

 fn
 :

 'a
 list * 'a

 list ->
 'a

 list
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A
 sim

ple application:
-a
p
p
e
n
d
( [1

, 2
, 3

, 4
], [5

, 6
] );

va
l it =

 [1
,2

,3
,4

,5
,6

] : in
t list

A
nother application?... O

uch!
-a
p
p
e
n
d
( ["a

", "b
"], [3

] );
std

_
in

:1
.1

-1
.2

5
 E

rro
r: o

p
e
ra

to
r a

n
d
 o

p
e
ra

n
d

d
o
n
't a

g
re

e
 (tyco

n
 m

ism
a
tch

)
  o

p
e

ra
to

r d
o

m
a

in
: strin

g
 list * strin

g
 list

  o
p
e
ra

n
d
:         strin

g
 list * in

t list
  in

 e
xp

re
ssio

n
:

    a
p
p
e
n
d
 ("a

" :: "b
" :: n

il,3
 :: n

il)

T
hat’s right: M

L requires type agreem
ent! T

his
w

ill w
ork—

there are only strings on the lists.
-a
p
p
e
n
d
(["a

", "b
"], ["cc", "d

d
"]);

va
l it =

 ["a
", "b

", "cc", "d
d

"] :
    strin

g
 list

Incidentally, a
p
p
e
n
d

 is built-in, naturally, and
conveniently available as an infix operator:
-["a

", "b
"] @

 ["cc", "d
d
"];

va
l it =

 ["a
", "b

", "cc", "d
d
"] :

    strin
g
 list
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B
y the w

ay, string concatenation is available too:
-"a

b
cd

" ^ "e
fg

h
ijk";

va
l it =

 "a
b
cd

e
fg

h
ijk" : strin

g
M

ore function definitions... T
his reverses the first

list and tucks it onto the second list:
-fu

n
 re

ve
rse

( n
il, z ) =

 z |
    re

ve
rse

( a
::y, z ) =

             re
ve

rse
( y, a

::z );
va

l re
ve

rse
 =

 fn
 :

    'a
 list * 'a

 list ->
 'a

 list
W

ill it w
ork?...

-re
ve

rse
( [1

, 2
, 3

], [4
] );

va
l it =

 [3
, 2

, 1
, 4

] : in
t list

W
hew

. N
ow

, how
 do w

e reverse a list?
-fu

n
 re

v x =
 re

ve
rse

( x, n
il );

va
l re

v =
 fn

 : 'a
 list ->

 'a
 list

D
oes this w

ork?
-re

v( [1
, 2

, 3
] );

va
l it =

 [3
, 2

, 1
] : in

t list
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W
e already did this in S

chem
e:

-fu
n
 sa

m
e
_
n
e
ig

h
b
o
u
rs L

 =
   if n

u
ll L

 th
e
n
 fa

lse
 e

lse
   if n

u
ll (tl L

) th
e
n
 fa

lse
 e

lse
   if h

d
 L

 =
 h

d
 (tl L

) th
e

n
 tru

e
   e

lse
 sa

m
e
_
n
e
ig

h
b
o
u
rs (tl L

);
va

l sa
m

e
_
n
e
ig

h
b
o
u
rs =

    fn
 : ''a

 list ->
 b

o
o
l

-sa
m

e
_
n
e
ig

h
b
o
u
rs [3

, 4
, 5

, 6
];

va
l it =

 fa
lse

 : b
o
o
l

-sa
m

e
_
n
e
ig

h
b
o
u
rs [3

, 4
, 4

, 5
, 6

];
va

l it =
 tru

e
 : b

o
o
l

T
he sam

e w
ith patterns:

-fu
n

 sa
m

e
_
n
e
ig

h
b
o
u
rs n

il =
 fa

lse
 |

 sa
m

e
_
n
e
ig

h
b
o
u
rs (a

::n
il) =

      fa
lse

 |
 sa

m
e
_
n
e
ig

h
b
o
u
rs (a

::b
::L

) =
   if a

 =
 b

 th
e
n

      tru
e

   e
lse

      sa
m

e
_
n
e
ig

h
b
o
u
rs (b

::L
);



C
S

I3125, F
unctional program

m
ing, page 

121

T
ype inference in M

L is very elaborate, and quite
pow

erful. F
irst, w

hat happens w
hen operand types

are not specified? H
ere M

L notices that 
1

 is an
integer:
-fu

n
 su

cc x =
 x +

 1
;

va
l su

cc =
 fn

 : in
t ->

 in
t

H
ere, 1

.0
 is a real num

ber:
-fu

n
 su

ccr x =
 x +

 1
.0

;
va

l su
ccr =

 fn
 : re

a
l ->

 re
a
l

H
ere, how

ever, there is nothing to help M
L:

-fu
n
 sq

 x =
 x * x;

std
_

in
:5

.1
3

 E
rro

r: o
ve

rlo
a

d
e

d
 va

ria
b

le
 "*"

ca
n

n
o

t b
e

 re
so

lve
d

A
 hint is necessary—

just one hint w
ill be enough:

-fu
n
 sq

 x: in
t =

 x * x;
va

l sq
 =

 fn
 : in

t ->
 in

t
O

r any of these:
- fu

n
 sq

 x =
 x * x : in

t;
va

l sq
 =

 fn
 : in

t ->
 in

t

- fu
n
 sq

 x =
(x: in

t) * x;
va

l sq
 =

 fn
 : in

t ->
 in

t
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P
recedence of operations in M

L—
one exam

ple...
-le

n
g
th

 7
::[];

std
_

in
:1

0
.1

-1
0

.1
2

 E
rro

r: o
p

e
ra

to
r a

n
d

o
p

e
ra

n
d

 d
o

n
't a

g
re

e
 ( tyco

n
 m

ism
a

tch
 )

 o
p

e
ra

to
r d

o
m

a
in

: 'Z
 list

 o
p

e
ra

n
d

:         in
t

 in
 e

xp
re

ssio
n

:
   le

n
g

th
 7

T
ry parentheses to evaluate 

::
 before le

n
g
th

.
-le

n
g
th

( 7
::[] );

va
l it =

 1
 : in

t
-le

n
g
th

( 7
::8

::n
il );

va
l it =

 2
 : in

t
T

w
o other (m

ore elaborate) exam
ples:

-"a
"::"b

b
"::n

il @
"c"^"cc"::"d

d
d
d
"::"e

e
e
"::n

il;
va

l it =
  ["a

","b
b
","ccc","d

d
d
d
","e

e
e
"] :

  strin
g
 list

-le
n
g
th

 ["a
b
cd

"]::2
*1

1
::n

il @
3
3
3
::4

4
0
0
+

4
4
::5

5
5
::n

il;
va

l it =
 [1

,2
2
,3

3
3
,4

4
4
4
,5

5
5
] :

         in
t list
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H
igher-order functions are very sim

ilar to the
sam

e functions in S
chem

e. F
irst, the built-in 

m
a
p.

-m
a
p
 sq

 [1
, 3

, 5
];

va
l it =

 [1
, 9

, 2
5
] : in

t list
(O

bserve the parenthesis-free notation.)
-m

a
p

  sq
  ( m

a
p
 h

d
 [ 1

::[1
1
],

            2
::[2

2
, 2

2
2
, 2

2
2
2
],

            3
::[3

3
, 3

3
3
]] );

va
l it =

 [1
, 4

, 9
] : in

t list
H

ere's how
 this form

 is defined:
-fu

n
 m

a
p
 f n

il =
 n

il |
    m

a
p
 f ( a

::y ) =
        ( f a

 ) :: m
a
p
 f y;

va
l m

a
p
 =

 fn
 :

    ( 'a
 ->

 'b
 ) ->

    'a
 list ->

    'b
 list

T
he interpretation of this functional value is a

little com
plicated: m

a
p
 f

 is a function from
 'a

list
 to 'b

 list
.
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Let’s explore this situation on a sim
pler exam

ple:
- fu

n
 a

d
d
 x y: in

t =
 x +

 y;
va

l a
d
d
 =

 fn
 : in

t ->
 in

t ->
 in

t
H

ere, a
d
d
 x

 is a function from
 int

 to in
t

. In
particular,  ad

d
 2

 is such a function:
- va

l su
cc2

 =
 a

d
d
 2

;
va

l su
cc2

 =
 fn

 : in
t ->

 in
t

- su
cc2

 7
;

va
l it =

 9
 : in

t
S

im
ilarly, m

a
p
 sq

 is a function from
 int list

to in
t list

, and m
a
p
 le

n
g
th

 is a function
from

 a list of lists to a list of integers.
-va

l sq
u
a
re

list =
 m

a
p
 sq

;
va

l sq
u
a
re

list =
 fn

 :
    in

t list ->
 in

t list
-sq

u
a
re

list [5
,7

,1
1
];

va
l it =

 [2
5
,4

9
,1

2
1
] : in

t list
-va

l le
n
g
th

s =
 m

a
p
 le

n
g
th

;
va

l le
n
g
th

s =
 fn

 :
    'a

 list list ->
 in

t list
-le

n
g
th

s [[1
], [2

, 3
], [4

,5
,6

]];
va

l it =
 [1

,2
,3

] : in
t list
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A
 form

 of m
a
p w

ith parentheses is also possible:
-fu

n
 m

a
p
p
( f, n

il ) =
 n

il |
    m

a
p
p
( f, a

::y ) =
       ( f a

 ) :: m
a
p
p
( f, y );

va
l m

a
p
p
 =

 fn
 :

    ('a
 ->

 'b
) * 'a

 list ->
    'b

 list

-m
a
p
p
( sq

, [1
, 2

, 3
] );

va
l it =

 [1
, 4

, 9
] : in

t list
m

a
p w

orks w
ell w

ith anonym
ous functions (they

correspond to lam
bda expressions in S

chem
e):

-m
a
p
 ( fn

 x =
>

 x*x*x ) [2
, 3

, 4
];

va
l it =

 [8
, 2

7
, 6

4
] : in

t list

-va
l sq

 =
 fn

 x:in
t =

>
 x*x;

va
l sq

 =
 fn

 : in
t ->

 in
t

- sq
 1

2
;

va
l it =

 1
4
4
 : in

t
B

y the w
ay, to negate a num

ber use 
~

:
- sq

 ~
1
2
;

va
l it =

 1
4
4
 : in

t

C
S

I3125, F
unctional program

m
ing, page 

126

F
unction com

position:
-m

a
p
 ( sq

 o
 sq

 ) [2
, 3

, 4
];

va
l it =

 [1
6
, 8

1
, 2

5
6
] : in

t list

-va
l p

o
w

4
 =

 sq
 o

 sq
;

va
l p

o
w

4
 =

 fn
 : in

t ->
 in

t
- p

o
w

4
 4

;
va

l it =
 2

5
6
 : in

t

-va
l se

co
n
d
 =

 h
d
 o

 tl;
va

l se
co

n
d
 =

 fn
 : 'a

 list ->
 'a

- se
co

n
d
 [5

, 3
, 8

];
va

l it =
 3

 : in
t

P
recedences m

ay be confusing—
w

rite 
(

h
d

 o
 tl

)
.

- h
d
 o

 tl [5
, 3

, 8
];

std
_
in

:2
.1

-2
.1

7
 E

rro
r: o

p
e
ra

to
r a

n
d
 o

p
e
ra

n
d
 d

o
n
't a

g
re

e
(tyco

n
 m

ism
a
tch

)
  o

p
e
ra

to
r d

o
m

a
in

: ('Z
 list ->

 'Z
) * ('Y

 ->
 'Z

 list)
  o

p
e
ra

n
d
:         ('Z

 list ->
 'Z

) * in
t list

  in
 e

xp
re

ssio
n
:

    o
 (h

d
,tl 5

 :: <
e
xp

>
 :: <

e
xp

>
)

A
nd now

, the dessert :
-(h

d
 o

 tl)
[fn

 x=
>

x:in
t, fn

 x=
>

x*x:in
t] 7

;
va

l it =
 4

9
 : in

t
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R
educers (see the corresponding S

chem
e notes!):

-fu
n
 re

d
u
ce

(f, n
il, v0

) =
 v0

 |
    re

d
u

ce
(f, ( a

::y ), v0
) =

      f(a
, re

d
u

ce
(f, y, v0

));
va

l re
d
u
ce

 =
 fn

 : ('a
 * 'b

 ->
 'b

)
* 'a

 list * 'b
 ->

 'b
W

e can use red
u
ce

 w
ith anonym

ous functions:
- re

d
u
ce

(fn
(x, y:in

t)=
>

x+
y,

         [1
, 2

, 3
, 4

], 0
);

va
l it =

 1
0
 : in

t
- re

d
u
ce

(fn
(x, y:in

t)=
>

 x*y,
         [1

, 2
, 3

, 4
], 1

);
va

l it =
 2

4
 : in

t
T

he sam
e, m

ore sim
ply, w

ith an operator
prom

oted to a function:
- re

d
u
ce

(o
p
 +

, [1
, 2

, 3
, 4

], 0
);

va
l it =

 1
0
 : in

t
- re

d
u
ce

(o
p
 *, [1

, 2
, 3

, 4
], 1

);
va

l it =
 2

4
 : in

t

F
inally, a parenthesis-free version of 

re
d
u
ce

:
fu

n
 re

d
u

ce
 f n

il v0
 =

 v0
 |

    re
d

u
ce

 f ( a
::y ) v0

 =
      f( a

, re
d

u
ce

 f y v0
 );

va
l re

d
u

ce
 =

 fn
 :

  ( 'a
 * 'b

 ->
 'b

 ) ->
 'a

 list ->
 'b

 ->
 'b
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U
ser-defined data types. A

n enum
erated type:

-d
a
ta

typ
e
 co

lo
u
r =

         re
d
 | a

m
b
e
r | g

re
e
n
;

d
a
ta

typ
e
  co

lo
u
r

co
n
 a

m
b
e
r : co

lo
u
r

co
n

 g
re

e
n

 : co
lo

u
r

co
n
 re

d
 : co

lo
u
r

- re
d
;

va
l it =

 re
d
 : co

lo
u
r

- le
n
g
th

 [re
d
,g

re
e
n
,re

d
,a

m
b
e
r];

va
l it =

 4
 : in

t

A
 type w

ith functions as m
em

bers:
-d
a
ta

typ
e
 tre

e
 =

 n
u
l | n

o
d
e
 o

f in
t * tre

e
 * tre

e
;

d
a
ta

typ
e
  tre

e
co

n
 n

o
d
e
 :

    in
t * tre

e
 * tre

e
 ->

 tre
e

co
n
 n

u
l : tre

e

- n
o
d
e
;

va
l it =

 fn
 :

    in
t * tre

e
 * tre

e
 ->

 tre
e
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M
L checks com

pleteness of definitions:
- fu

n
 le

ft(n
o
d
e
(a

, L
, R

)) =
 L

;
std

_
in

:2
.1

-2
.3

1
 W

a
rn

in
g

: m
a

tch
 n

o
t

e
xh

a
u

stive
        n

o
d

e
 (a

,L
,R

) =
>

 ...
va

l le
ft =

 fn
 : tre

e
 ->

 tre
e

W
e can use exceptions to m

ake it com
plete:

- e
xce

p
tio

n
 N

o
R

ig
h
t;

e
xce

p
tio

n
 N

o
R

ig
h
t;

- fu
n
 rig

h
t(n

o
d
e
(a

, L
, R

)) =
 R

 |
      rig

h
t(n

u
l) =

 ra
ise

 N
o

R
ig

h
t;

va
l rig

h
t =

 fn
 : tre

e
 ->

 tre
e

- rig
h
t n

u
l;

u
n
ca

u
g
h
t e

xce
p
tio

n
 N

o
R

ig
h
t

Inserting into a tree (treated as a B
S

T
):

-fu
n

in
se

rt( a
, n

u
l ) =

   n
o
d
e
( a

, n
u
l, n

u
l ) |

in
se

rt( a
, n

o
d
e
( b

, L
, R

 ) ) =
   if a

 <
 b

 th
e
n

     n
o
d
e
( b

, in
se

rt( a
, L

 ), R
 )

   e
lse

 if a
 >

 b
 th

e
n

     n
o
d
e
( b

, L
, in

se
rt( a

, R
 ) )

   e
lse

 n
o
d
e
( b

, L
, R

 );
va

l in
se

rt =
 fn

 :
    in

t * tre
e
 ->

 tre
e
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T
ree traversal:

- fu
n
 in

o
rd

e
r(n

u
l) =

 n
il |

      in
o
rd

e
r(n

o
d
e
(a

, L
, R

)) =
    in

o
rd

e
r(L

) @
 (a

::in
o
rd

e
r(R

));
va

l in
o
rd

e
r =

 fn
 :

    tre
e
 ->

 in
t list

-va
l m

y_
tre

e
 =

    in
se

rt(7
, in

se
rt(3

, in
se

rt(9
,

    in
se

rt(4
, in

se
rt(3

, n
u

l)))));
va

l m
y_

tre
e
 =

 n
o
d
e
 (3

,n
u
l,

    n
o
d
e
 (4

,n
u
l,n

o
d
e
 #

)) : tre
e

- rig
h
t(m

y_
tre

e
);

va
l it =

 n
o
d
e
 (4

,n
u
l,

         n
o
d
e
 (9

,n
o
d
e
 #

,n
u
l)) :

                             tre
e

- rig
h
t(rig

h
t(m

y_
tre

e
));

va
l it =

 n
o
d
e
 (9

,
         n

o
d
e
 (7

,n
u
l,n

u
l),n

u
l) :

                             tre
e

-in
o
rd

e
r( m

y_
tre

e
 );

va
l it =

 [3
,4

,7
,9

] : in
t list
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Locality in M
L.

-le
t va

l a
a
 =

 [1
,2

]
in

 tl a
a

e
n
d
;

va
l it =

 [2
] : in

t list
B

ut a
a

 rem
ains undefined:

-a
a
;

std
_
in

:2
.1

-2
.2

 E
rro

r: u
n
b
o
u
n
d

va
ria

b
le

 o
r co

n
stru

cto
r a

a
M

ore local objects:
-le

t va
l a

a
=

[1
,2

] a
n
d
 b

b
=

[3
,4

,5
]

in
 a

a
 @

 b
b

e
n
d
;

va
l it =

 [1
,2

,3
,4

,5
] : in

t list
N

esting is also possible
-le

t va
l a

a
 =

 [1
,2

]
in

 le
t va

l b
b
 =

 [3
,4

,5
]

   in
 a

a
 @

 b
b

   e
n
d

e
n
d
;

va
l it =

 [1
,2

,3
,4

,5
] : in

t list
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T
he sam

e w
ithout nesting:

-le
t va

l (a
a
,    b

b
) =

        ([1
,2

], [3
,4

,5
])

in
 a

a
 @

 b
b

e
n
d
;

va
l it =

 [1
,2

,3
,4

,5
] : in

t list

Local functions:
-lo

ca
l fu

n
 d

ivid
e
s(x, y) =

          y m
o
d
 x =

 0
in

 fu
n
 a

n
n
ive

rsa
ry a

g
e
 =

          d
ivid

e
s(1

0
, a

g
e
) o

re
lse

          d
ivid

e
s(2

5
, a

g
e
)

e
n
d
;

va
l a

n
n
ive

rsa
ry =

 fn
 :

    in
t ->

 b
o
o
l

- a
n
n
ive

rsa
ry 3

0
;

va
l it =

 tru
e
 : b

o
o
l

- a
n
n
ive

rsa
ry 4

5
;

va
l it =

 fa
lse

 : b
o
o
l
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Local patterns:
-fu

n
 m

irro
r ( p

 a
s ( x, y ) ) =

   ( p
, ( y, x ) );

va
l m

irro
r =

 fn
 :

 'a
 * 'b

 ->
 ('a

 * 'b
) * ('b

 * 'a
)

-m
irro

r (6
,1

7
);

va
l it =

 ((6
,1

7
),(1

7
,6

)) :
    (in

t * in
t) * (in

t * in
t)

M
inim

um
 of a list:

-lo
ca

l
  fu

n
 m

in
l_

a
u
x(e

lt, lst): in
t =

    if n
u
ll lst th

e
n
 e

lt
    e

lse
 if e

lt >
 h

d
(lst) th

e
n

       m
in

l_
a

u
x(h

d
 lst, tl lst)

    e
lse

 m
in

l_
a

u
x(e

lt, tl lst)
in  fu

n
 m

in
l L

 =
    if n

u
ll L

 th
e
n
 ~

1
0
0
0
0
0
0
0
0
0

    e
lse

 m
in

l_
a
u
x(h

d
 L

, tl L
)

e
n
d
;

va
l m

in
l =

 fn
 : in

t list ->
 in

t

- m
in

l [1
, 2

, 3
, 0

, 5
, 4

, ~
9
, 8

];
va

l it =
 ~

9
 : in

t
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T
uples versus records in M

L.
-( 3

, 4
 ) =

 ( 4
, 3

 );
va

l it =
 fa

lse
 : b

o
o
l

R
ecords have nam

ed 
fields, and the order of the

field values in a record is not im
portant:

-{ a
=

3
, b

=
4
 } =

 { b
=

4
, a

=
3
 };

va
l it =

 tru
e
 : b

o
o
l

T
uples have elem

ents of the sam
e type:

-( 3
, "fo

u
r" ) =

 ( "fo
u
r", 3

 );
std

_
in

:3
.1

-3
.2

9
 E

rro
r: o

p
e

ra
to

r a
n

d
o

p
e

ra
n

d
 d

o
n

't a
g

re
e

 (tyco
n

 m
ism

a
tch

)
  o

p
e

ra
to

r d
o

m
a

in
: (in

t * strin
g

) * (in
t *

strin
g

)
  o

p
e

ra
n

d
:         (in

t * strin
g

) *
(strin

g
 * in

t)
  in

 e
xp

re
ssio

n
:

    =
 ((3

,"fo
u

r"),("fo
u

r",3
))

R
ecords m

ay have elem
ents of m

ixed types:
-{ a

 =
 3

, b
 =

 "fo
u
r" } =

{ b
 =

 "fo
u

r", a
 =

 3
 };

va
l it =

 tru
e
 : b

o
o
l
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G
eneric types in M

L.
- d

a
ta

typ
e
 'a

 list =
  n

u
ll | co

n
s o

f 'a
 * ('a

 list);
d
a
ta

typ
e
 'a

  list
co

n
 co

n
s :

 'a
 * 'a

 list ->
 'a

 list
co

n
 n

u
ll : 'a

 list

- co
n
s(1

, co
n
s(2

, n
u
ll));

va
l it =

 co
n
s (1

,co
n
s (2

,n
u
ll)) :

    in
t list

- co
n
s("a

a
", co

n
s("b

b
", n

u
ll));

va
l it =

  co
n
s ("a

a
",co

n
s ("b

b
",n

u
ll)) :

  strin
g
 list

- va
l tw

o
F

u
n
c =

        co
n
s(fn

 x:in
t=

>
x*x*x,

          co
n
s(fn

 x=
>

x*x, n
u
ll));

va
l tw

o
F

u
n
c =

 co
n
s (fn

,co
n
s

(fn
,n

u
ll)) : (in

t ->
 in

t) list

- fu
n
 h

e
a
d
(co

n
s(x, y)) =

 x;
std

_
in

:8
.1

-8
.2

7
 W

a
rn

in
g

: m
a

tch
 n

o
t

e
xh

a
u

stive
        co

n
s (x,y) =

>
 ...

va
l h

e
a
d
 =

 fn
 : 'a

 list ->
 'a

- h
e
a
d
(tw

o
F

u
n
c) 3

;
va

l it =
 2

7
 : in

t
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