
Project 4: Garbage Collection

CS4536 CS536

Due Midnight, end of Wednesday 29 Feb.

Goal of this assignment. In this assignment, you will implement and
test basic version of garbage collection, namely the classical mark-and-sweep
algorithm due to John McCarthy (CACM, April 1960 1).

Your job is to write two main procedures. One that implements the
mark phase, which traces through the heap, marking all the objects that
are still active. It must start from every pointer into the heap contained
in the virtual machine control state, namely the accumulator, environment,
argument stack, and control stack. Since we will not actually use the garbage
collector in a live VM, being near the end of the term, it is enough to test
your garbage collector starting from a pointer into the heap.

Grading. 35 points are devoted to the mark phase. It should be a depth-
first search which uses the marked bit on each header to record when it
encounters an object for the first time. You should ensure that every pointer
you encounter will be traversed (5 points), that you set the marked bit on
the objects you reach (5 points), that the search can never enter a loop (20
points), and that it never touches any part of the heap that is not accessible
(5 points).

If you need a refresher on depth first search, all Algorithms books describe
it. In Cormen, Leiserson, Rivest, Stein, 3rd ed., it’s in Section 22.3; in
Kleinberg, Tardos, it’s in Section 3.3.

In the sweep phase, you need to first find the first object that is not in
use, either because it was previously free, or because it was an object in use,
but was not reached and marked in the mark phase. This first word will be

1Versions of the paper are listed on Google Scholar, e.g. at http://mail.tamps.

cinvestav.mx/~gtoscano/clases/LP/archivos/recursive.pdf. See pp. 26–7 for
garbage collection.
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the one with the lowest heap address. The address of the first word in this
object will be your return value; that tells the VM where to start allocating
from after garbage collection is finished. (20 points)

Then you must ensure that memory contains a linked list that includes
all of the free objects. This means that each free object must contain, as its
first entry, a pointer to the first word of the next free object. When you are
collecting garbage, you must find these objects and insert into each object
a pointer to the next. Each of these objects must also have a header that
identifies it as a free object, rather than as a vector, a list cons cell, and so
on. (20 points)

The last free block should have a pointer that points past the end of
the heap. This tells the allocator when it will be time for the next garbage
collection. (5 points)

You will receive 20 points for testing your code, demonstrating that it
behaves correctly on three non-trivial heaps. There are two examples in
some_heaps.ml. You should construct a third substantial example. Your
submission should contain a file some_results.txt that contains the heaps
before marking; at the end of the mark phase, and at the end of the sweep
phase. We will also try your code on an additional heap.

Starter files. The most important starter file is vm_data.ml. It provides
all the data structures for the heap, as well as data structures in OCaml for
the argument stack and control stack. Please read it carefully, since it has
many procedures you will want to use. Notice especially how it defines the
heap as an array of entries where each entry is either

• A header entry, which tells the kind of object and the number of ordi-
nary (non-header) words in the object; or

• An object entry, which is a boolean, integer, pointer elsewhere into the
heap, etc.

It is very important that every pointer points to the first entry in an
object. That is, if p is a pointer into the heap, then the entry at index
p− 1 is a header.

The function pointer_valid checks that a pointer points to a location p
such that a header is in location p− 1; moreover if that pointer claims that
the object has k entries, then there are k object entries before any following
header.
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The file gc_ms.ml is the place to put your garbage collection code.
The file some_heaps.ml contains code to create two heaps, and to run

the mark phase and the sweep phase on them.
File load_em.ml contains code to load the necessary files into the OCaml

interactive loop. It sets up the environment so that some_heaps.ml can
execute.
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