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Problem 1. (50 points) C has functions malloc and free that allow programmers to dy-
namically allocate and deallocate heap space. Research these two functions and compare
their similarities and differences with the function new and delete.

Solution. You can refer to: Link

Feature new/delete malloc/free
Memory allocated from ’Free Store’ ’Heap’

Returns Fully typed pointer void*
On failure Throws(never returns NULL) Returns NULL

Required size Calculated by compiler Must be specified in bytes
Handling arrays Has an explicit version Requires manual calculations

Reallocating Not handled intuitively Simple (no copy constructor)
Call of reverse Implementation defined No

Low memory cases Can add a new memory allocator Not handled by user code
Overridable Yes No

Use of (con-)/destructor Yes No

Problem 2. (25 points) Can you think of a better Mark-n-Sweep algorithm that reduces
the amount of waiting time when garbage collecting?

Solution.
1. Tri-color Marking Algorithm1

In tri-color makring, there are three sets: white, gray and black:

� White: This object is not marked.

� Gray: The object is marked but its members are not marked.

� Black: The object and its members are all marked.

There are four steps for tri-color marking.

� Initial Marking (STW): When allocate a new object, we put it in white set.

1https://en.wikipedia.org/wiki/Tracing garbage collection#Tri-color marking
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https://stackoverflow.com/questions/240212/what-is-the-difference-between-new-delete-and-malloc-free
https://en.wikipedia.org/wiki/Tracing_garbage_collection#Tri-color_marking


� Parallel Marking (Parallel): 1. Move all objects in roots from white set to gray
set. 2. Then move objects from gray set to black set and move each white object it
references to the gray set. 3. Repeat 2 until gray set is empty. During this step, if
the main program allocates new object or change the references, these will be recorded
and passed to the next step.

� Remarking (STW): Do remarking depends on the records.

� Sweep (Parallel): Sweep all the objects in white set.

� Reset (Parallel): Reset all objects into white set.

How to solve two problems:

� allocate new object: If the program allocates new object during parallel marking or
parallel sweep, it will be move to white set and be swept. To solve this problem we
can change the mark strategy. When doing parallel marking, if the program allocate
a new object, it will be moved to gray set.

� references change: Suppose A references B. During parallel marking, when A is in
gray, B is in white, C is in Black, the main program let C references to B and delete
the reference between A and B. In this case B will not be moved to gray so it will be
swept. To solve this problem we can record all the reference change. One solution is
during remarking, we move A back to gray since it has a new reference.

Compare to the original mark-n-sweep algorithm, tri-color algorithm can reduce the waiting
time because some of it’s steps are parallel.

2. Lazy sweep
During sweep, we can only sweep until there is enough space in the freelist to satisfy the
allocation and the sweep process can be done parallelly.

3. Generational Collection algorithm
Divide the heap into 3 spaces: Yong, Old and Full according to the survival age.

We use 3 individual garbage collection algorithms for there 3 spaces.

In practical, most garbage collection happens in Yong so that in the most time we only doing
garbage collection over Yong instead of the whole heap, which reduce the waiting time.

4. Other Solutions
......

Problem 3. (50 points) Read the Java code program below and answer the question.
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Object [ ] p = new Object [ 2 ] ;
Object [ ] q = new Object [ 2 ] ;
Object [ ] s = new Object [ 2 ] ;
Object [ ] t = new Object [ 2 ] ;
p [ 0 ] = q ;
p [ 1 ] = s ;
q [ 0 ] = p ;
q [ 1 ] = t ;
s [ 0 ] = t ;
s [ 1 ] = null ;
t [ 0 ] = s ;
t [ 1 ] = null ;
for ( int i = 0 ; i < 3 ; i++) {
s = new Object [ 2 ] ;
t = new Object [ 2 ] ;
s [ 0 ] = t ;
s [ 1 ] = p ;
t [ 0 ] = s ;
t [ 1 ] = q ;
p [ 1 ] = null ;
q [ 1 ] = null ;
p = s ;
q = t ;
}

(a) Show the configuration of memory cells under reference counting.(After the final step)

(b) Suppose we use mark-and-sweep GC on the same program, and the maximum heap size
is 20 memory cells (one cell for one object). When GC action happens, and after GC,
what is the configuration of the memory?
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Figure 1: a

Figure 2: b begin
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Figure 3: b after
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