Victoria University of Wellington
School of Engineering and Computer Science
SWEN430: Compiler Engineering
Assignment 2 — Type Checking
Due: Monday 9th August @ 23:59

Overview
This assignment will extend the W HILE language compiler with unique references. Unique references have
a long history in the research literature [1–6], and have even found their their way into several mainstream
programming languages. For example, C++11 introduced unique_ptr as a smart pointer which replaced
the aged auto_ptr [7]. More recently, interest in the Rust language has been growing and many researchers
are exploring the benefits of its strong type system [8–14]. This assignment takes inspiration from Rust and
involves (amongst other things) developing a simplified form of borrow checker for W HILE.
You can download the latest version of the compiler from the SWEN430 homepage, along with the supplementary code associated with this assignment. We recommend that you start from a fresh version of the
compiler, rather than your extension from assignment 1.
NOTE!!! the language and compiler has been updated since Assignment 1 with reference types.

Unique References
W HILE contains the concept of references (roughly similar to pointers in C), as the following illustrates:
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void main() {
&int p = new 123; // Allocate memory
assert *p == 123;
delete p; // Deallocate memory
}







In this assignment you will extend W HILE with a new form of reference &T:1 called a unique reference.
The intention is that a variable of such type (e.g. &int:1 ) is the only reference to that variable (i.e. it is
unique). The following (valid program) illustrates:
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void main() {
&int:1 p = new 123;
assert *p == 123;
delete p;
}
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Here, new 1 returns a value of type &int:1 since it is freshly allocated. Furthermore, delete will
only accept a unique reference as its argument (i.e. because anything else would be unsafe).
There are several important requirements regarding safe use of unique references. For example, the following program is invalid:
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void main() {
&int:1 p = new 1;
&int:1 q = p;
assert *p == *q;
}







The above cannot be permitted because, otherwise, both p and q would refer to the same heap location
— thus violating the invariant of type &int:1 . Likewise, the following program is invalid:
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void main() {
&int:1 p = new 123;
delete p;
assert *p == 123;
}





This program is invalid because it attempts to use a reference after it has been deallocated. Finally, the
following program is also invalid:
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void main() {
&int p = new 123;
&int q = p;
delete p;
}







This program is invalid because delete expects a unique reference but, in this case, is given a general
reference (i.e. one which is not necessarily the only reference to the heap location in question).
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Part 1 — Syntactic Extensions (5%)

The first part of this assignment is to extend the parser and abstract syntax tree to support unique references.
The grammar is given as follows:
UniqueReferenceType ::= ReferenceType : 1
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Having completed this, programs such as the following should parse correctly:

void main() {
&int:1 p = new 123;
&int q = p;
delete p;
}







Observe that this program is actually invalid. However, we don’t expect the compiler to be able to determine
this yet!
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Part 2 — Uniqueness Typing (40%)

Checking unique references are used safely is done in two states: typing and analysis. In the typing stage, an
extended type checker ensures (amongst other things) correct use of subtyping involving unique references. For
example, the following fails type checking because &int:1 does not subtype of int :
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&int:1 p = new 123;
int q = p;




This part of the assignment is concerned only with implementing an extended type checker for unique
references. In particular, the following rules should be implemented:
• Memory Allocation / Deallocation. A new expression always returns a unique reference, whilst
delete always requires a unique reference.
• Reference Subtyping. A unique reference &T:1 is a subtype of a general reference of type &T . Thus,
the following is permitted:
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void main() {
&int:1 p = new 123;
&int q = p;
}



Observe, however, that the opposite is not true. This means, for example, we cannot directly assign a
generate reference to a unique reference. Thus, the following program is invalid:
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void f(&int p) { &int:1 q = p; }

• (Down casting). The ability to convert a general reference back into a unique reference is critical for
usability. However, this is an unsafe operation as it relies on the programmer’s knowledge that a general reference is, in fact, unique. To reinforce this, the programmer is required to write a cast in such
situations. The following (valid program) illustrates:
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&int:1 create() {
&int p = new 123;
return (&int:1) p;
}








This program is safe because the programmer knows that p is, in fact, unique (i.e. despite the fact that
its type is &int ).
In this part of the assignment, you should be focusing mainly on extending the TypeChecker class with the
above rules. Keep in mind that some programs which use unique references incorrectly will type check. To
catch such programs, we need a more advanced analysis (see later).
Relaxed subtyping. To ensure the type system of W HILE is sound, subtyping between general references
was not permitted. For example, the following program is invalid:
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void main() {
&{int x, int y} p = new {x:123,y:223};
&{int x} q = p;
*q = {x:0};
assert p->y == 223;
}





The above cannot be permitted as, otherwise, p would no longer reference a heap location of type
{int x, int y} at the assert statement. Whilst the limitation on subtyping for W HILE is entirely
sensible it can, in fact, be relaxed in the present of unique references. For example, the following should be
valid:
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void main() {
&{int x, int y}:1 p = new {x:123,y:223};
&{int x}:1 q = p;
*q = {x:0};
}







Observe that, unlike before, we cannot attempt to access p->y after the final statement because p has
been moved into q .
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Part 3 — Uniqueness Analysis (55%)

The TypeChecker operates in a relatively simplistic fashion and, as a result, cannot catch all kinds of error.
For example, the following program is invalid but still passes type checking:
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void main() {
&int:1 p = new 123;
&int:1 q = p;
&int:1 r = p;
}



The problem here is that p is used twice which violates the invariant that q is the only reference to the
given heap location. Another example is the following:
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void main() {
&int:1 p = new 123;
&int:1 q = p;
assert *p == 123;
}







Again, the problem here is that p is used after being assigned to q . In the terminology of Rust, one
would say that p is used after it has been moved to q . More specifically, after a unique reference has been
consumed it should be considered undefined. A key challenge is what it means here to be consumed. Clearly,
in the example above, when p is assigned to q it has been consumed. However, there are situations where
p might be used on temporarily and, thus, should not be considered consumed. The following illustrates one
such example:
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void main() {
&int:1 p = new 123;
&int:1 q = new 223;
assert p != q;
assert *p == 123;
}





In the above, we see that p is used within the equality expression without being consumed. This makes
sense as, once the equality expression is complete, p remains the only reference to the heap location in
question. Another example is the following:
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void main() {
&{int f}:1 p = new {f:123};
int i = p->f;
assert p->f == 123;
}







Again, p is used within the expression p->f without being consumed. For this part of the assignment two
classes have been provided to help you get started: ConsumptionAnalysis and UniquenessChecker.

Submission
Your assignment solution should be submitted electronically via the online submission system, linked from the
course homepage. You must ensure your submission meets the following requirements (which are needed for
the automatic marking script):
1. Your submission is packaged into a jar file, including the source code. Note, the jar file does not need
to be executable. See the following Eclipse tutorials for more on this:
http://ecs.victoria.ac.nz/Support/TechNoteEclipseTutorials
2. The names of all classes, methods and packages remain unchanged. That is, you may add new classes
and/or new methods and you may modify the body of existing methods. However, you may not change
the name of any existing class, method or package. This is to ensure the automatic marking script can
test your code.
3. The testing mechanism supplied with the assignment remain unchanged. Specifically, you cannot
alter the way in which your code is tested as the marking script relies on this. However, this does not
prohibit you from adding new tests. This is to ensure the automatic marking script can test your code.
4. You have removed any debugging code that produces output, or otherwise affects the computation.
This ensures the output seen by the automatic marking script does not include spurious information.
Note: Failure to meet these requirements could result in your submission being reject by the submission system
and/or zero marks being awarded.
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Assessment
Marks for this assignment will be awarded based on the number of passing tests, as determined by the automated marking system. Furthermore, it is expected that all of the original tests supplied with the W HILE
compiler (WhileLangTests) continue to pass, and marks will be deducted each test which fails.
NOTE: the test cases used for marking will differ from those in the supplementary code provided for this
assignment. However, the intention of these hidden tests is that they are largely equivalent to those provided.
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