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Assignment #5: Closures

Note: Your modifications will be made to the files from the previous assignment. As such, the
files must be named as before.

Educational Goals

• Static Scope

• Closures

• Parameter Passing

Overview
This assignment requires that you extend the evaluator from the previous assignment to support functions

and static scoping through closures.
Note: You should begin by reading the updated ast.sml and exceptions.sml files.

Evaluation
Update the evaluation functions to support the new language features through the implementation of closures.

Pay careful attention to the scoping issues discussed below.
This assignment introduces a new type of value (i.e., a closure). The primary operation on closures will

be a function call (also referred to as an invocation or application), but some of the other operations should be
updated to work with closure values. These modifications are included below.

The evaluation and type checking rules are summarized below. There are new exceptions defined for use in
signaling that an error has occurred.

Semantic Rules

Evaluation

• After processing variable declarations and function declarations, execution of the program will begin by
executing the program’s statements.

• A function/closure value can be used in an (in)equality comparison, but is equal only to itself. This is
the reference equality that you should be familiar with from using Java. In order to compare functions for
equality, you must add a distinguishing characteristic to your function/closure value. One simple way to
do this is to embed a ref () value (with type unit ref) in your function/closure value. Each of these
references will compare as distinct (compare the references, not the values they reference). This is the only
explicit use of ref that I will allow at this time1. Note that this is really just an approach to give each
closure a unique identifier.

• A function value will print as function.

• Evaluation of a function declaration results in a new function/closure value bound to the specified name
within the current scope. This is only the declaration of the function; the function body is not evaluated
at this point. See the Scope section below for further discussion.

• An anon expression evaluates to a new function/closure value (evaluation of this expression does not itself
bind this value to any name).

• Evaluation of a variable declaration adds names to the current scope (an extension of prior behavior). This
is the way that one introduces local variables; introducing a variable by assigning a value to it does not
create a local variable. See the Scope section below for further discussion.

• Evaluation of a return statement must terminate the function and the invoking call expression will result in
the value of the expression in the return. If the return is not provided an expression, then the call evaluates
to the none value. A call of a function that does not execute a return statement results in the none value.

1This can be accomplished in other ways including an implementation that eliminates the reliance on the mutable hash table.
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• A call expression will evaluate the expression preceding the arguments to obtain a function/closure value.
It will then evaluate each of the arguments and “pass” the resulting values (i.e., call-by-value) to the
function/closure by associating them with the formal parameters of the function/closure value (this is done
in left-to-right order). Review the discussion of closures from lecture for more details.

Scope
You must implement static scoping using the closure model discussed in lecture. In short, a closure (created

via the evaluation of a declaration or an anonymous expression) has access to those names visible in the context
visible when the function is created (as opposed to where it is called).

When attempting to evaluate an identifier, the chain of tables representing the environment must be searched
to determine the identifier’s value. If the identifier is not found, then an UndeclaredVariableException must
be raised.

A similar search is done when evaluating an assignment; an UndeclaredVariableAssignmentException

must be raised if the identifier is not found.
The scope/visibility rules for nexus are as follows.

• All top-level function declarations must be added to the global scope before execution of the program’s
statements. As such, each declared function can invoke every other declared function.

• A variable declaration introduces a variable local to the current function invocation initialized with the
none value.

• Each of the following issues will be reported by raising a VariableRedeclarationException.

– Local variable declarations cannot hide parameters with the same name.

– A variable and a function in the same scope cannot have the same name.

– A function cannot declaring multiple parameters with the same name.

– A variable cannot be redeclared in the same scope.

Dynamic Checks

• Update existing type checking to account for the new function value.

• A call expression (denoted by arguments) is only valid when applied to a function value. An attempt to
invoke a non-function must result in raising a NonFunctionException with the type of the offending value
(as a string).

• If a function is called with a number of actual arguments that does not match the number of formal
parameters, then either CallTooManyArgumentsException or CallTooFewArgumentsException must be
raised, as appropriate.

• If a return statement is evaluated outside of a function, then a ReturnOutsideFunctionException must
be raised.

Notes

• Your program will be exercised by some shell scripts, which will be provided.

• Grading will be divided as follows.

Feature Percentage

Evaluation 80
Dynamic Checks 20

• Get started now to avoid the last minute rush.


