CS5E341, Fall 2011, Lecture 3 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

This lecture has three topics:

& Let-expressions, an abasolutely erucial feature that allows for local vanables in a very simple, general
and fHexible way. It ia crucial for style and for efhiciency.

& (ptions, which are a way to build data that has 0 or 1 items. We could uwse O~element and 1-element
lista instead, but using options 8 better style becamsme it makes clear that the number of items must be
i or 1.

» Henefits of not being able to mmtate (Le., assign to) variables and parte of data stroctures.

Let expressions

A let-expression lets ws have local variables. In fact, it lets us have local bindings of any sort, including
function Mndings. Because it 18 a Kind of expression, it can appear anywhere an exXpressiodn CAn.

ayntactically, a let-expression ia:
let bl B2 ... o in e end

where each bi is & binding and e 8 an expression.

The type-checking and semantics of a let-expression 8 moch like the semantics of the top-level hindings
in our ML program. We evaloate each binding in turn, creating a larger environment for the subseoquent
bindinga. S50 we can e all the earlier bindings for the later ones, and we can wee them all for e, We call the

soope of a binding “where it can be used,” s0 the soope of a binding in a let-expression 18 the later bindings
in that let-expression and the “body™ of the let-expresgion (the e). The valne e evalnates to is the value for
the entire let-expression, and, unsurprisingly, the type of e is the type for the entire let-expression.

For example, this expresgion evaluates to 7; notioe how one inner hinding: for x shadonws an outer one.

let val x = 1
in

(let val * = 2 in x+1 end) + (let val y = x+2 in y+1 end)
end

Also notice how let-expressions are expressions so they can appear as a subexpression in an addition (though
this example iz silly and bad style becanse it is hard to read).

Let-expressions can bind functions too, sinee anetions are just another kind of binding. If a belper function
18 needed by only one other funetion and i unlikely to be useful elpewhere, it B good style to bind it locally.
For example, here we e a local helper function to help produce the list [1,2,....x]:

fun countup_froml (x:int) =
let fun count {from:imnt, to:imt) =
if from=to
then to::[]



elge from :: count{from+l,to)
in
count{l, x)
and

Howewver, we can o better. When we evaluate a call to count, we evaluate count’s body in a dynamic
environment that is the environment where count was defined, extended with bindings for count’s arguments.
The eode above does not really utilize this: count’as body uses only from, te, and count (for recursion). 1t
colld also use x, since that is in the environment when count is dehined. Then we do not need to at all,
gince in the code above it always has the same valoe as x. 5o this 8 better style:

fun countup_froml_better (x:imt) =
let fun count {(from:imnt) =

if from=x
then x::[]
elee from :: count{from+1)
in
count 1
and

This techniguoe define a local honction that vses other varnables in sBeope 18 a mgely common and
conwenicnt thing to do in functional programming. It is a ghame that many non-hinctional lanruages have

little or mo support for doing something like it.

Local variables are often good style for keeping oode readable. They can be much more important than that
when they bind to the results of potentially expensive computations. For example, congider this code that
does not use let-expressions:

fun bad_max (lat : int liat) =
if nmll lat
then O
elae if mall (tl lsat)
then hd lat
elae if hd lst > bad_max(tl lst)
then hd lat
elae bad_max(tl lsat)

If you call bad_max with countup_froml 30, it will make approximately 2 (ower one hillion) recursive calls
to iteelf. The resson is an “exponential blowuap” the eode calls bad_max(tl let) twice and each of those
calls call bad_max two more times (80 four total) and go on. This sort of programming “error” can be difficult
to detect becanse it can depend on your test data (if the list counts down, the algorithm makes only 30

recursive calls instead of 277).

We can nae let-expressions to avold repeated computations. This version computes the max of the tail of
the list once and stores the resulting value in t1_ans.

fun good max (lat : int list) =
if null lat
then O
elae if moll (tl lsat)

then hd lat
alae



{* for style, could also use a let-binding for hd lst =}
let val tl_ans = good max(tl lst)
in

if hd 1lst > tl_ans

then hd lst

elge tl_ans
amnd

Options

The previous example does not properly handle the empty list it returns (. This is bad style because ()
18 really not the maximum valoe of () mmmbsers. There 18 no pood answer, but we should deal with this case
reasonably. (One possibility is to raise an exception; you can earn about SML exeeptions on your own if yon

are interested. Instead, let's change the retum type to either returm the maximom numbser or indicate the
mmput list was empty a0 there 15 no maxmum. Given the constructs we have, we could “ecode this up®™ by

return an int list, using [ if the input waa the empty list and a list with one integer {the masdimum) if
the mput list was not empty.

While that works, lista are “owverkill™ wie will always return a list with 0 or 1 elements. 50 a list is not
really a precise deseription of what we are returning.  The ML library has "options™ which are a precise
description: an option value has either 0 or 1 thing: NONE is an option value “carrying: nothing” whereas
SOME & evaluates e to a value v and becomes the option carrying the one value v. The type of NONE is
*a option amd the type of S0ME e is ¢t option if e has type t.

Liven a value, how do yvon use itY Just like we have aull to see if a list is empty, we have 1aSome which
evaluates to false if its arpument is NONE. Just like we have hd and tl to get parts of lists (raising an
exception for the empty list), we have valDf to get the valoe carried by SOME (raiging an exception for NONE).

Uzing options, here i a better version with retum type int option

fun better_max {(lst : int list) =
if null lat
then NONE
aelae
let wal tl_ang = better_max({tl lst)
in if isSome tl_ans andalso wvalllf tl_ans > hd 1st
then tl_ans
elae SOME (hd lst)
e

The version above works just fine and 8 a ressonable recursive function becanse it does not repeat any
potentially expensive compotations. But it i both awkward and a little incfhcient to have each recursive
call except the last one create an option with S0ME just to have its caller access the value underneath. Here
ia an alternative approach where we use a local helper function for non-empty lista and then just have the
outer function return an option. Notice the helper funetion would raise an exception if called with [, but
gince it 18 defined locally, we can be sure that wall never happen.

fun better _max2 (lst : imnt list) =
if moll lat
then NONE
elae let (* fine to assume argument nonempty becanse it iz local #)
fun max_nonempty (lst : imt liat) =
if mull (tl lst) (* lat better not be [] *)



