CSE341, Fall 2011, Lecture 7 Summary

Standard Ihsclaimer: This lecture summary i nod necessarily a complete subsiifute for atfending class,
reading the associated code, efc. I iz designed to be a useful resource for students whoe aftended class and
are lnfer revieudng the material

Lectures 7, 8, and 9 will foens on first-class functions and function closares. By “hrat-class” we mean that
functions can be computed and passed whereser other values can in ML. As examples, we can pass them
to unctions, return them from functions, put them in paira, have them be part of the data a datatype
conatructor carries, ete.  Function closures refer to functions that use variables defimed outaide of them,
which we will start secing next lecture. The term figher-order funclion just refers to a function that takes
or returng other functions.

Taking functions as arguments

The moat common use of Arst-class funetions 8 passing them as arpuments to other functions, 8o we motivate
this use firat.

Here i a iirst example of a funetion that takes another function:

fun n_times (f m, x) =
if n=0
then x
elae f (n_times(f n-1,x))

We can tell the arpument £ i8 a function becanse the last line calls £ with an arpoment. What n_times does

18 compute £(£0. .. (£{x)))) where the number of calls to £ 18 n. That is a pemminely nseful belper function
to have aronnd. For example, here are 3 dilferent uses of it:

fun double x = x+x
wal 1 = n_times(double 4,7} (* answer: 112 =*)

fun increment ¥ = x+1
wal x2 = o_times(increment 4.7} (# anawer: 11 #)

val x3 = n_times(tl,?,[4,8,12,16]) (* answer: [12,16] =*)

Like any helper function, n_times lets us absiract the common parts of mmltiple computations so we can
rewse soane codde in different waya by passing in different arguments. The main novelty s making one of
those arpuments a function, shich i a powerful and Hexible programming idiom. 1t also makes perfect pense

we are not introducing any new lanpuage constraets here, just wing ones we already know in ways you
may not have thought of.

Oneee we debine such abstractiona, we can find additional vses for them, For example, even if our program
today docs ot need to triple any valoes o times, maybe tomorrow it will, in which case we can just detine
the function triple_n_times using n_times:

fun triple x = 3Jsx

fun triple _n_timee (n,x) = n_times{triple . n,x)

Polymorphic Types



Let ua now consider the type of n_timea, which ia (*a -> *a) # int * *a —> *a It might be simpler at
firat to consider the type (int -> int) * int * int -> int, which is how n_tises i uaed for x1 and =2
above: It takes 3 arpuments, the brst of which i3 itself a function that takes and returns an int. Similarly, for
x3 we use n_times as though it has type (int 1ist > int list) # int * int list -> int list. Hut
chomsing cither one of these types for n_times would make it less useful becanse only some of our example
usea would type-check. The type (& -> fa) = int * *a -> ‘asays the third arpument and result can be
any type, but they have to be the same type, as does the arpument and retorn type for the st arpoment .
When types can be any type and do not have to be the same as other types, we use different. letters (*b, ? ¢,
ete.)

This 8 callesd parametric polyymorphism, or perhaps more commonly generic types. It lets functions take
arpuments of any type. It i technically a separate msoe from first-class functions: there are functions that

take fanctions and do not have polymorphic types and there are functions with polymorphic types that do
not take functions. However, many of our examples with hrst-class functions will have polymorphic types.

That is a good thing becange it makes onr code more rengable.

It 15 quite essential to ML For example, without parametric polymorphiam, we would have to redefine lists
for every type of element that a list might have. Instead, we can have functions that work for any kind
of list, ke length, which has type *a list -> int even though it does not use any function arguments.
Conversely, here is a higher-order function that is not polymorphic: it has type (int->int) * int -> int:'

fun times_until_zero (f.x) =
if x = 0 then O else 1 + times_wontil_zerol(f, f x)

Anonymouns functions

There ia no reason that a function like triple that is passed to another function like n_times needs to he
defined at top-level. As usual, it is better style to define such funetions locally if they are needed only locally.
=0 we could write:

fun triple n_timee (mn,x) =
let fun triple x = 3*x in n_timea(triple,n.x) end

In fact, we could give the triple function an even smaller scope: we need it only as the first argument to
n_times so we could have a let-cxpresgion there that evaluates to the triple function:

fun triple n_times3 (n,x) = n_timea((let fun triple y = 3*y in triple end), n, x)

Motice that in this example, which is actually poor style, we need to have the let-expression “return™ triple
ginee, a8 always, a let-expression produces the result of the expression between in and end. In this case, we
gimply look up triple in the environment, and the resulting function ia the value that we then pass as the
hirat arpument to n_times.

ML has a much more concise way to define functions right where yvou use them, a8 in this final, best version:
fun triple _n_timee3 (n,x) = n_timea((fn y => 3*y), n, x)

This code dehnes an anonymons function fo vy => J+y. It i3 a funection that takes an argument vy and has
boddy 35y, The fn is a keyword and => (not =) is also part of the syntax. We never gave the fonetion a name

(it’s anonymous, see? ), which is convenient becanse we did not need one. We just wanted to pass a function
to n_times, and in the body of n_tises, this function is hound to £.

"t would be better to make this unction tail recursive using an accumnlator; see Lecture 6.



It i3 ocommon to wse anonymous hinctions as arguments to other fonetions.  Moreower, you can put an
anmymous unection anywhere you can put an expression it simply 18 a value, the funetion itself. The
only thing you cannot do with an anonymouns function B8 recursion, exactly becanse you have no name to
use for the recursive call. In such cases, you need to use a fun binding a8 before, and fun bindings must be
in let-expressions or at top-level.

For non-recuraive functions, you conld use anonymous functions with val hindings instead of a fun bindinge.
For example, these two hindings are exactly the same thing:

fun increment ¥ = ¥ + 1
wal increment = fmn x =* x+1

They both bind increment to a value that is a function that returns its arpument plus 1. 50 funetion- hindings
are almost syntactic sugar, but they support recarsion, which is essential.

Unmnnmecessary Function Wrapping

While anonymouns hunctions are incredibly convenient, there 8 one poor idiom where they pet used for no
o resson. Consider:

fun nth_tail lame {(n.x) = n_timezs((fn y => tl1 y), n, x)

What is fon vy => tl ¥ It ig a function that returns the hst-tail of its arpument. But there i al-
resady a variable bound to a function that does the exact same thing: tl! In general, there is no rea-

aon to write fn x => f x when we can just wse £, This 15 analogpus to the beginner's habit of writing
if x then true else falase nstead of x. Just do this:

fun nth_tail (n.x) = o_timea(tl, n, x)

Maps and filters
We now consider a very uwseful higher-order funetion over lists:

fun map (f,lst) =
caze lst of

1 => 1
| fat::reat => (f fat)::(map(f.rest))

The map function takes a list and a function £ and produces a new list by applying f to each element of the
list. Here are two example nses:

val x4 = pap (increment, [4,8,12,16]) (* anewer: [5,9,13,17] #)
wval x5 = map (hd, [[1,2],[3.4],.05,6,7]11) (* smewer: [1,3.5] *)

The type of map I8 illuminating: (fa -> ‘b)) * fa list -> 'b list. You can pass map any kimd of list
you want, but the argument type of £ must be the element type of the list (they are both *a). But the
return type of £ can be a different type *b. The resulting list i3 a *b list. For x4, both *a and 'b are
instanticted with int. For x5, *a is int list and ‘b is int.

The ML standard library provides a very similar function List map, but it is defined in a cwrried form, a
topic we will discuss in an upooming lecture.

The definition and use of map is an incredibly important idiom even though our particular example is simple.
We could have easily written a recursive function over lists of integers that incremented all the elements, bat



