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Non-electronic Foreign language to English dictionaries are
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Instructions: Answer all questions.

You may answer the questions in any order.

Make sure you clearly identify the question you are answer-
ing.

The exam will be marked out of a total of 120 marks.

Questions Marks

1. Grammars and Parsing 20

2. Types and Type Checking 20

3. Static Analysis 20

4. Java Byte Code 20

5. Machine Code 20

6. Advanced Topics 20
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1. Grammars and Parsing (20 marks)

(a) (10 marks) Explain the division of responsibility between a scanner and a
parser, in a compiler.

What are the practical advantages of making this separation?

(b) (10 marks) When you are using a recursive descent parser, the grammar
(and the language) must be designed so that the parser can always determine
which option to take on the basis of one (or sometimes two or more) look-
ahead symbols.

For the features you added to the While parser in your assignment, briefly
discuss which of these were easy to add, how you handled those that were
more difficult, and how you decided where in the grammar/parser method
hierarchy each feature should be added.

2. Types and Type Checking (20 marks)

(a) (8 marks) Explain what is meant by the terms covariant and contravariant,
and how they arise in type systems for programming languages.

(b) (12 marks) Some programming language designers choose to do type check-
ing at run-time, rather than at compile-time. Given your experience in work-
ing with an interpreter, and with generating both Java Bytecode and x86 ma-
chine code, discuss briefly how each of these would be affected if you were
to do run-time type checking.

3. Static Analysis (20 marks)

(a) (4 marks) Explain, using an example, what is meant by dead code, and why
it is helpful for a compiler to detect dead code.

(b) (6 marks) Briefly, describe an algorithm for detecting dead code.

(c) (5 marks) Explain briefly, using an example, why no algorithm can be guar-
anteed to detect all cases of dead code.

(d) (5 marks) Explain briefly, using an example, how the algorithm you de-
scribed in part (b) can be extended to detect uninitialised variables.
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4. Java Bytecode (20 marks)

Describe the approach you took to translating while and switch statements in
your assignment, including the effects of break and continue statements, and
short circuit evaluation of Boolean operators.

Your discussion should highlight the features of Java Bytecode which made this
easier, or more difficult, than it might have been, and should mention other ap-
proaches you considered and why you rejected them.

5. Machine Code (20 marks)

(a) (5 marks) During execution of a machine code program, a stack frame is
created at runtime to hold critical information. Briefly, describe the layout of
a stack frame in the x86 programs you generated in your assignment.

(b) (5 marks) Describe the main addressing modes provided in the x86 instruc-
tion set, and how they are used in accessing different data structures.

(c) (10 marks) Using the method below as an example, explain how live variable
analysis is used as part of the register allocation mechamism in a compiler.

i n t a = 9 ;
i n t b = 8 ;
i n t c = a + b ;
b = c + a ;
a = c + b ;
c = 8 ;
b = 9 ∗ c ;

6. Advanced Topics (20 marks)

(a) Class Hierarchy Analysis is a technique for approximating a program’s call
graph.

i. (5 marks) Briefly, discuss what Class Hierarchy Analysis does.

ii. (5 marks) Devirtualisation is a technique where dynamically-dispatched
messages are replaced with direct procedure calls. Briefly, discuss why
class hierarchy analysis is useful for this.

(b) Garbage collection is a technique used for memory management, for exam-
ple, in the Java Virtual Machine.

i. (5 marks) Briefly, outline the main challenges faced by a garbage collec-
tor.

ii. (5 marks) Briefly, outline one approach to implementing a garbage col-
lector, and how it addresses the challenges you mentioned in part i.

* * * * * * * * * * * * * * *
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