COP 4020 — Programming Languages I April 12,2015

Homework 5: Erlang and Programming Language
Concepts

See [Webcourses|and the syllabus| for due dates.

Purpose

In this homework there are problems to try to bring out and reinforce concepts related to Erlang and
programming languages in general, including the relation of these concepts to languages like Java, C, and
C++. [Concepts] [MapToLanguages].

Directions

For this homework we suggest that you work individually. (However, per the course’s grading policy|you
can work in a group if you wish, provided that carefully follow the jpolicy on cooperation described in the
course’s grading policyl)

Don’t hesitate to contact the staff if you are stuck at some point.

What to Turn In

For English answers, please paste your answer into the assignment as a “text answer” in the problem’s
“assignment” on Webcourses.

What to Read

A good reference for this homework should be your class notes.

For supporting answers about questions about various languages, we recommend reading the language’s
reference manual. For Erlang, see The Erlang Reference Manual| (Feb. 2013). For Haskell, see the [Haskell
2010 Language Report (2010). For Java, see the Java Language Specification (Feb. 2013). There is an ANSI
standard for C and C++, which should be at the UCF library.

Problems

1. [Concepts] This problem is about free and bound identifier occurrences. We define an identifer in
Erlang as either a function name or a variable name. That is, in Erlang we consider function names to be
identifiers, even though they syntactically look like atoms. Variables are also considered to be
identifiers. However, atoms are not identifiers (and neither are reserved words nor numeric literals).

Consider the following Erlang expression.
G(foo(G, F(length([zero, true, fun(X,Y) -> X(3) end]))))
(a) (8 points) In set brackets ({ and }), list the complete set of all identifiers that occur free in the
above expression.
(b) (4 points) In set brackets ({ and }), list the complete set of all identifiers that occur bound in the
above expression.
2. [Concepts] This is another problem about free and bound identifier occurrences.

Consider the following Erlang expression.
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A(fun(A,B) -> A(foo(bar({what, fun(X,Y) -> plus(Y,3) end}))) end, I, J)

(a) (12 points) In set brackets ({ and }), list the complete set of all identifiers that occur free in the
above expression.

(b) (4 points) In set brackets ({ and }), list the complete set of all identifiers that occur bound in the
above expression.
3. [Concepts] This problem is about scope rules.
(a) (5 points) How are variable names in Erlang scoped (statically or dynamically)?

(b) (5 points) Suppose a programming language has a way to create function values at runtime, like
Erlang does. Explain how you can you tell if that language has static or dynamic scoping for
variable names?

(c) (5 points) If a language makes closures for function values that are created at runtime, what kind
of identifiers that occur within the text of the function’s code does it need to remember values for:
free identifiers or bound identifiers?

(d) (5 points) Is static scoping more useful for variables than dynamic scoping? Explain why (or why
not).

4. (5 points) [MapToLanguages] How are exception handlers in Java (or C# or C++) scoped (statically or
dynamically)?
5. [Concepts] This problem is about type checking.
(a) (5 points) By default, does Erlang do static or dynamic type checking?
(b) (5 points) What kind of type checking does Haskell do: static or dynamic?
(c) (5 points) Give a brief example of an expression in Erlang that generates a type error.

(d) (5 points) Which kind of type checking allows the programmer more flexibility: static or dynamic
type checking?

(e) (5 points) Give an example, in Erlang, of an expression or program that will run without a type
error that would not type check if it were translated into Haskell.

(f) (5 points) In Erlang, does the representation of every value need to be encoded in such a way that
the runtime system can tell what its type is during program execution?

(g) (5 points) In Haskell, does the representation of every value need to be encoded in such a way that
the runtime system can tell what its type is during program execution?
6. [Concepts] This question is about modules, data abstraction, and information hiding.

(a) (5 points) Briefly describe how one could implement an abstract data type, such as a stack of
items, in Erlang in such a way that the internal implementation details of the stack are completely
hidden? (You don’t have to provide code, but you can show what it would look like if you wish.)

(b) (5 points) How is representing an abstract data type, such as a stack of items, different in Haskell
than in Erlang?

(c) (5 points) Is data abstraction (the hiding of implementation details) enforced in Java (or C#) in a
way that is more like Haskell or more like Erlang? Choose either Haskell or Erlang, and give a
brief explanation of why

7. (5 points) Briefly describe some syntactic form (e.g., an expression) in Erlang that is an example of a
syntactic sugar, and say what other expression it translates into.

Points

This homework’s total points: 108.



