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Programming Languages

August 29, 2000
More Core SML

Review

e Last class you saw lots of types:

— Base types:
i nt
char

— Product types:
i nt *bool
i nt*int

— Function types
i nt->int

r eal bool
uni t string

real *int*string
etc.

(real *int*int)->bool

(int*bool)->(bool *int) etc.

— List types
int |ist
(int list) |

(int*bool) i st
i st etc.




Review

e You saw ways to bind variables to values:

val x = [3+4, 5+6]
val succ = (fn x => x+1)
fun succ(x) = x+1

e You saw pattern-matching and clausal definitions

1.0
X * power(x,n-1)

fun power (x, 0)
| power (X, n)

fun prod [] =1
| prod (n::ns) = n * (prod ns)

Length of a List

e You saw a function to compute list length:

fun length [] =0
| length (_::xs) 1 + length xs

e What is the type of | engt h ?




Types of the Empty List

e Note that
[T : int list
[] : bool Iist
[l : ((string * string) -> string) |ist
[T : (string * (string -> string)) list

e In fact, for any type t we have:
[1] : tlist

Types of | engt h

0
1 + length xs

fun length []
| length (_::xs)

e Similarly, for any type t, we have

length : tlist ->int




Polymorphic Types

e SML permits variables representing types,
written with a leading prime
— For example, "aor'bor'c

e Then we can say
[] o ta list
length : "a list ->int

e Type variables in such types are implicitly
universally-quantified

More Polymorphic Functions

fun identity x = X
fun diag x = (x, Xx)
fun swap(x,y) = (y,x)

fun append([],ys) =ys

| append(x::xs, ys) = x :: append(xs.,ys)




Datatypes

e The dat at ype mechanism generalizes:
— Enumerated types
— Tagged unions
— Inductive types (lists, trees, etc.)

Enumerated Types

dat at ype day =

Sunday | Monday | Tuesday | Wednesday |
Thursday | Friday | Saturday

val weekdays : day list =
[ Monday, Tuesday, Wednesday,
Thur sday, Fri day]

fun i sWeekend Saturday = true

| isWeekend Sunday = true
| isWekend = fal se




Tagged Unions

= Suppose we want a list that can contain both
integers and reals. First, define:

datatype num =1 of int
| R of real
e Then
I (5) ©num
R(5.0) : num
R(3.1) : num

Tagged Unions

dat atype num =1 of int
| R of real

val nylist : numlist =
[ 3, R4.0, R1.1,
I (5+5), | ~17]

Note: The addition operator + does not work on nuni s!




Tagged Unions

datatype num = I NT of int

| REAL of real
fun addnuns (I n, I m = 1(n+m
| addnums (Rr, Rs) = R(r+s)
| addnunms (I n, Rs) = R((Real.fromnt n) + s)
| addnums (Rr, I m = R(r + (Real.fromnt m)

Tags and Enumerations

Red | Orange | Yellow | Blue

dat atype color =
| Geen | Indigo | Violet
|

RGB of int*int*int

Red . color
| ndi go : color
RGB( 25, 25, 25) : color




Dataless Trees

dat atype ttree = TLeaf
| TNode of ttree*ttree

TLeaf . ttree
TNode( TLeaf , TLeaf) . ttree
TNode( TLeaf , TNode( TLeaf , TLeaf)) : ttree

Dataless Trees

dat atype ttree = TLeaf
| TNode of ttree*ttree

fun nodes TLeaf =0
| nodes (TNode(left,right)) =
1 + (nodes left) + (nodes right)




Trees with Leaf Data

datatype itree = | Leaf of int
| 1 Node of itree*itree

| Leaf 3 citree
| Node( | Leaf 4, 1| Leaf 5) c itree

Trees with Leaf Data

datatype itree = | Leaf of int
| 1 Node of itree*itree

fun suntree (lLeaf n) =n
| sumree (I Node(left,right)) =
(sumree left)+(sunmtree right)




Arithmetic Expressions

= Num of real
| Sum of exp*exp
| Diff of exp*exp

dat at ype exp

Num 4.0 . exp
Sum(Num 3.0, Diff(Num 4.0, Num1.0)) : exp

Exercise: define the function eval : exp -> real

Type Abbreviations

The datatype construct always defines a new type
We can also give shorter names to existing types

int * int
bool * bool

type ip
type bp

Then i p is synonymous with i nt *i nt
Similarly bp is interchangeable with bool *bool
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Type Abbreviations with Parameters

e Definitions of types can be parameterized

type 'a pair ='a * 'a
e Then
—string pair issynonymous with string*string
—int pair = int*int = ip

Datatypes with Parameters

e Datatypes can also be parameterized

datatype 'a tree =
Leaf of 'a
Node of ('a tree) * (‘a tree)

e Then
Leaf 5 cint tree
Node(Leaf true, Leaf false) : bool tree
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Datatypes with Parameters

datatype 'a tree =
Leaf of 'a
Node of ('a tree) * ('a tree)

fun collect (Leaf x) = [X]
| collect (Node(left,right)) =

(collect left) @(collect right)

Predefined Datatypes: opti on

datatype 'a option = NONE

| SOVE of 'a
NONE > int option
SOMVE( 3) > int option

Int.fronString : string -> int option

12



Predefined Datatypes: | i st

datatype 'a list = nil
| :: of ("a * "a list)

infix ::

ni | cint list
3::(4::nil) : int list

(The [ X, y, z] notation is built-in magic, however.)
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