CSE 341, Autumn 2005, Assignment 3
ML - MiniML Interpreter

Duez Thurs October 27, 10:(0pm

Mote: Ths s a much longer asspnment than anything we've seen up untill now. You are given two weeks
to complete this assipnment, but 1 strongly encourapge you to start early. Also, because this s a mouch more
in-depth project, 1t will be worth three times as much as either of the first two homeworks.

In this assypnment, we will be wnting an interpreter for MimML, a sulset of the ML language. We wall be
bulding on asspnment 2, 50 you are strongly encouraged to use your solution to that as a starting pomt.
[ You can also make wse of the sample solution to assignment 2 if you would like, perhaps studying it to clean
up your own solution before using your code as a basis for this assignment. )

To begin with, i asspnment 2 we had to implement a datatype defimtion leoking something hke this:

datatype exp =

Yar of string
Constant of int

Add of exp * exp

Sub of exp * exp

Mult of exp #= exp
Hegate of exp

Let of stmt list * exp

and
stmt = Bind of string * exp;

This was a pood start, but now we want more functionality! Rather than simply evaluating expresions, we
want to eventually et a full-blown interpreter of a subset of ML, which we'll call MimiML. The first step
toward this 15 to improve the exp datatype so that it includes not just imtegers but booleans as well. So
instesd of the Constant type, we want two types  Int amd Bool.

(Note that this means we need to change our environment to store string # exp pairs rather than
gtring * int pairs. Although theoretically this means that the environment could store complex expres-
gions hke Add(Int 3, Int 4), in reality the only exp types which should go in the environment are those
that cannot be simplified further, such as Int and Bool. See the hints section for more info on thas )

Mow that we have booleans, let’s add a few functions that take sdvantage of them. Fimst, companson
operators LessThan, GreaterThan, and EqualTo. Abko, we'll want to do basie boolean lopie, so we'll need
And, Or, and Not. Another useful ML operation 1z IfThenElse, which will take three arpuments and, if the
first one evaluates to Bool {true), return the second arpument; otherwnse it'll return the third arpoment.

At this point you're probably thinking that exp = petting pretty big, but we aren’t done yet! Another
important feature i ML s st mampulation. We've already seen in the qui sections that we can binld our
own lst type, and that’s exactly what we're poing to do here. So, let's add the following types to our exp
defimtion: Nil, Cons, Hd, T1, and Null. {In this case, Nil stands for the ML constant nil, or [J, while Ball
stands for the ML function null which returns true if a list 15 empty.)

Mow that we've pot our expanded exp datatype, let’s extend the eval unetion from sssignment 2 so that it
handles these additional types. Instead of returning an int, make eval return an exp type in as simplified
a form as possible. (e, If the result 15 an mnt, return Int{n) for some n, if the result s a bool, return
Bool{true) or Bool{false); il it's a list, return either il or a Cons object, ete.)



Just hke n ssmpnment 2, if there 1 an unbound vanable m the expression being evaluated, rase an
UnboundVariable exception. If vou ever encounter rmsmatched types, such as trying to add an Int and a
Bool, rame a TypeError exception.

For example, the following code should result in r evaluating to Int(4).

val e = Let{[Bind("x", Int 3), Bind("y", Add(Int 5, Var "x"))}].
IfThenElse(LessThan{Var "x", Var "y")},
Add(Var "x", Int 1),
Sub(Var "y*, Int 1)));
val r = eval(e, [("x", Int 12)]);

Up until now, the only type of stat object we've seen 15 Bind, which just binds a value to a vanable. Ths
i all fine and dandy, but the real fun of ML lLes in writing your own functions. (Hahaha... I erack me up
sometimes.] We want the same functionality in MimMIL! (Ok, that was just had.) So, let’s extend the stat
type to mclude not only Bind but Fun as well.

Like a Bind, a Fun also takes a string to identify the vanable name to bind the function to. In addition, a
Fun needs a st of arpument names {also represented as strings), and it needs an expression, of type exp,
Lo evaluate,

The tricky thing about funetions, however, 15 that they are evaluated in the emvironment i which they were

declared, not the one in which they're called. We've already seen this sort of thing in class, but just as a
review, X will be bound to 11 rather than 1€ at the end of this code:

val x = 3;
val ¥ = &;

fun plusx y = x + ¥;
val x = 8;
val vy = 13;

val x = plusx{x);

What this means 1 that, when we encounter a function declaration (via a Fun statement), we need to save the
environment. This & achieved through a clesure. We discussed closures in lecture, but to recap: A closure

15 essentially a function tied to the environment 1 which it was declared. When a function 15 imvoked, what
SML 15 really doing = extending the environment of its closure to mnclude the function parsmeters, and then
evaluating the lunction expresson in that environment.

Closures are essentially expressions that just happen to be lunctions. When you declare lunctions in ML,
the interpreter often spits back at you a statement similar to var f = fn : int -»> int. Think of the fn
as sipmifying that the value of £ 15 a closure.

Since closures are expressions, what this means 5 we need to add Closure to our exp datatype. Remembser:
closures take a vanable name (which will be the name of the function), a list of parameter names, an

expression to evaluate, and an environment in which to evaloate them.

This 1= all fine and dandy, but what pood are functions if we ean’t call them? So now we also want to add
one final type to exp (I promise, this is it!), called ApplyFun. ApplyFun takes an exp which should evaluate
to & closure, and also takes a list of exps which correspond to the parameters to that closure.

When eval encounters an ApplyFun, the first thing it should do s evaluate the first arpument and make
sure i1t's & Closure. Then all of the supphed function arpuments meed to be evaluated and added to the



closure’s environment. And m order for & lunction to be able to eall self recursively, 1t needs to be 1 its
own environment as well. Ths ean be done by adding a linding between the fonetion name {(which should be
part of the Closure) and the Closure itself to the environment. Finally, after the closure's environment 1s
extended with the calling arpuments and wiath itself, the elosure’s expression (the hinction body) 15 evaluated
in this new environment.

It's important to keep 1 mind a distinction between expressons and statements m MimML. An expression
evaluates to a value, while a statement generally binds an expression (which could be a function) to a variable
and adds this inding to the evironment. We've already written eval, which handles exps. Now we need to
write a corresponding function for stmts. Thus, we should mmplement a function exec which, when riven a

list of stat and an environment, returns that environment extended with all the new andings. For example,
suppose we have the following code:

val prog = [
Bind(®"x", Int 3),
Bind("y", Int &),
Fun("plusx", ["y"], Add{Var "x", Var "y")).
Bind(®"x", Int 8),
Bind(®"y", Int 13),
Bind{"x", ApplyFun(Var "plusx®, [Var "x"]))
1;

val e = exec(prog, [1);
The environment returmexd by exec should be equivalent to:

val e = [("x",Int 11), ("y",.Int 13}, ("x".Int 3),
("plusx",
Clozure ("pluax", ["y"].
Add{Var "x", Var "y"),
[(*y®.Int 6), ("x",Int 3)])),
(®™y®.Int 6), ("x",Int 3)];

Pretty-Printing
If you've made it this far, vou're doing well. You can almost see the hght at the end of the tunnel... Almost...

S0 far, we've pot a function exec which takes a lst of stmts and evaluates them i a piven environment.
Thus, we've essentially wnitten an interpreter for our MimML lanpuape. However, the next thing for us to
do 1 turn MimmML into real ML. In order to do this, we need to wnte a function called prettyprint which,
when given a list of stmts, actually pnnts out valid, erecutable SMI code for them.

To take our recent example, pretty-ponting the following:

val prog = [
Bind("x", Int 3),
Bind("y", Int &),
Fun("plusx", [®"y"], Add{Var "x", Var "y")),
Bind("x", Int 8),
Bind(®"y", Int 13),
Bind{"x", ApplyFun(Var "plusx®, [Var "x"]))



