CSE 341, Winter 2008, Lecture 9 Summary

Standard [Maclaimer: These comments may prove wseful, buf certainly are nof a complete summary of
all the smportant sfulf we did m class. They may make bttle sense if you missed closgs, bud bopefully will help
ot ofganize amnd process ahal gou have learmned

We ocontinue describing programming wdioms cnabled by funetion closures.
Implementing an Abstract Data Type

The key to an abstract data type ia requiring clienta to use it via a collection of functions rather than
directly accessing its private state. Thanks to this abstraction, we can later change how the data type
1a implemented wathout changing how it behaves for clients. In an object-onented language, you might
implement an abstract data type be defining a class with all private fields (inaccessible to clienta) and some
public methoda (the interface with clients). We can do the aame thing in ML with a record of cloaures;
the wvariables that the closures wse from the environment correspond to the private fields. Admittedly,
this programming idiom can appear very fancy/clever /subtle, but it suggests (correctly) that functional
programming and object-oriented programming are more similar than they might first appear (a topic we
will revisit later in the course; there are important differences).

Az an example, consider an implementation of a set of integera that supporta ereating a new bigger set
and seeing if an integer B In & set. (dur sets are mutation-free in the somse that adding an integer to a set

produces a new, different set. In ML, we could define & type that describes this interface:
datatype set = 5 of { add : int -> set, member : int -> bool }

Houghly speaking, a set i8 a record with two fields, ecach of which holds a function. It would be simpler to
Write:

type eet = { add : int -* set, member : imt -> bool }

but this does not work in ML because type bindings cannot be recursive. 5o we have to deal with the
mild incomvenienee of having a constroctor S aronnd our record of hinetions dehining a set. Notice we are
not using any new types or features; we simply have a type describing a record with helds named add and
mesber, fach of which holds a funetion.

Omece we have an empty set, we can use its add held to create a one—element set, and then use that set’s
add bheld to create a two-clement set and s0 on. 50 the only other thing our interface necds i3 a binding like
this:

val empty_get = ... : 2et
Hefore implementing this interface, lot’s see how a client might use it:

fun use_a_get () =
let val 8 8l = empty_set
val 5 82 = (ffadd =21) 34
val § 83 = (#fadd =22) 19

if (#member =3) 42

then 99

elge 1f (#member a23) 19
then 17

elge O

Lol

Agrain we are uging no new features. #add 21 18 reading a record beld, which in this case prodoces a function
that we can then call with 4. If we were in Java, we might write 81 . add{34) to do something similar. The

val bindings use pattern-matching to “get nd of™ the S constructors on valoes of type set.
There are many ways we could dehine empty_set; they will all use the technigque of using a closure to
“remember” what elements a set has. Here 18 one way:



val empty_set =
let fun existe(]j,lst) = (# could use currying and/or fold to be fancier #)
cage lat of
L] => falzse
| hd::tl => j=hd orelse exists(j.tl)
fun make get lat = (* lgt iz a "private field" =)
5 { add = fn 1 => make_set (1::1a8t),
memher = fn i1 => exieta (i,lat) }
in
make_aet []
end

The helper funetion exdiata just secs if a list has an element; we could also just use List . exdiets in the
atandard library. All the fanciness is in nake_set and empty_get is just the record returned by make_set [].
What make_set returns is a value of type set. It 15 cssentially a record with two functions. The closures

produced from fon 4 => make _set (1::1et) and fn 1 => exiets (1,lat) are values that when called use
lat  which ia the “private field™ we need to produce either a bool (for member) or a new set (for add).

Callbacks

Ancther common idiom is to implement a library that detects when “events™ oocur and informs clients
that have previously “registered” their interest in hearing about events. Clents can register their interest
by providing a “callback™ a funetion that gets called when the event oeeeurs.  Examples of events for

which you might want this sort of library include things like wers moving the monse or pressing a key. Data
armiving from a network interface is another example.

The purpose of these ibraries is to allow multiple clients to register callbacks. The library implementer
has no wlea what clienta need to compute when an event occurs, and the chients may need “extra data® to

do the computation. So the library implementor should not restrict what “extra data® each client uses. A
closure i deal for this became a funetion’s type t1 -> t2 doesn’'t specify the types of any other variables
a closure wses, a0 we can put the “extra data™ in the closure’s environment.

If you have used “event listemers” in Java's hwing library, then you hase uaed this idiom in an object-
orented setting. In Java, you get “extra data®™ by delining a subclass with additional telds. This can take
an awful lot of keystrokes for a simple listener, which ia a (the?) main reason the Java language added
anonymous inner classes (which you do not need to know about for this course), which are closer to the
convenicnee of closures.

To see an example in ML, we will finally introdeee ML 8 support for mnmtation. Mutation i olay in some
settings. In this case, we really do want registering a callback to “change the state of the world™ whien
an event oocurs, there are now more callbacks to invoke. In ML, most things really cannot be mmtated.
Instead you mmst create a reference, which is a container whose contents can be changed. You ereate a new

reference with the expression ref e (the initial contents are the result of evaluating e). You get a reference
r's current contenta with !'r (not to be confosed with negation in Java or (), and you change r's contenta

with r := e. The type of a reference that containg values of type t 8 written © ref.

Our example will wae the idea that callbacks sboaild be called when a key on the keyvboard i@ pressed.
We will pass the callbacks an int that encodes which key it was. Our interface just neosds a way to register
callbacka. (In a real library, you might also want a way to unregister them. )

val onKeyEvent : (imt -> unit) -> unit

Clhents will pass a int -> unit that, when called later with an int will do whatever they want. ‘I
implement this function, we just use a referenee that holds a list of the callbacks. Then when an event
actually cocurs, we assume the function on_event is called and it calla each callback in the list:

val cbha : (int -> umit) list ref = ref []
fun onKeyEvent f = cba := f::(lcba)
fun on_event 1 =



let fun loop 1 =
cage 1 of
== 0
| £f::t1 => £ 1 loop tl
in loop (!cbz) end

Most importantly, the type of onKeyEvent places no restriction on what extra data a callback can acocess
when it ia called. Here are three different clients (calls to onKeyEvent that use different variables in functions

in thor emaronment:

onKeyEvent (fm i1 => write_to_log(int. toString i
- " got presszed\n®));

val f4_key = 75, (* no idea what it really iz *)
onKeyEvent (fm 1 =*> if i=f4_key then minimizeWindow() elae (});

fun probibit_keys let =
onKeyEvent (fm i => if (List.exiate (fmn j => j=1) l=at)
then exitFrogram()
elae ());
prohibit_keys [13, 42, 99];

We deseribe the List _exiats library function below.

Partial application (“currying”)

The tinal Whom we consider i very oconvenient, especially when dehining and using iterators over data
atructures (see last lecture). We have already aeen that in ML every function takes exactly one arpument, a0
youl have to nse an diom to get the effect of multiple arpuments. Previously we have done this by passing a
tuple as the one arpument, a0 each part of the tuple s conceptually one of the multiple arpuments. Another
mare clever and often more convenient way i8 to have a function take the first conceptual arpument and
return another function that takes the second coneeptual arpument and s0 on.

This technigue i8 called “currying” because someone named Carry was a researcher who studied the idea.

Here s an example of a “JFarpument™ function that nses carrying:

val inorder3d = fn x => fn y => fn 2 =>
z »= vy pndales y »= x

If we call inorderd 4 we will get a elosure that has x in its environment. If we then call this closure with 5,
we et a closures that has x and y in its environment. 1f we then call this closure wath 6, we will gpet true
becanse 6 is greater than 5 and b s greater than 4. That 8 just how closures work.

420 ((inorderd 4) 5) 6 computes exactly what we want and fecls pretty close to calling inorder3
with 3 arpumenta. Ewven better, the parentheses are optional, a0 we can write exactly the same thing as

inorderd 4 5 6, which ig actually fewer non-space charactera than our old tuple approach where we would
hawe:

fun inorderd (x.,y.2) = 2 >= y andalao y >= X
val someClient = inorder3(4,5.6)

Moreower, oven though we might expect most elients of our enrmied inorder3 to provide all 3 conceptual
arpuments, they might provide fewer and wse the resulting closure later. This is called “partial application™
becanse we are providing a subset (more precisely, a prefix) of the conceptual arpument. As a silly example,
inorderd 0 0 returns a function that returng troe if its arpument is nonnegative.

Churrying is particularly comvenient for creating similar functions with iterators. For example, here i &
carried version of a fold funetion for lists:



