
COP4020 Spring 2011 – Midterm Exam

Name: (Please print)
Put the answers on these sheets. Use additional sheets when necessary or write on the back. Show how
you derived your answer (this is required for full credit and helpful for partial credit). You can collect 100
points in total for this exam.

1. Which of the following programming languages is a functional programming language? (mark
one) (4 points)

(a) Fortran 77

(b) COBOL

(c) Haskell

(d) Pascal

2. In a recursive decent parser, the attribute values of nonterminals can be passed along function calls
as. . . ? (mark one or more) (4 points)

(a) function input parameters are synthesized attributes values

(b) function input parameters are inherited attributes values

(c) function return and output parameter values are synthesized attributes values

(d) function return and output parameter values are inherited attributes values

3. A syntax error in the source code input stream is detected by the compiler in its. . . ? (mark one) (4 points)

(a) scanner

(b) parser

(c) semantic analyzer

(d) intermediate code generator

4. Given the grammar below, what is the set FIRST(B C a)? That is, the set of tokens that start the
strings derived from the sentential form “B C a”? (mark one) (4 points)

A → B C a
B → b D

| ε
C → c
D → d

(a) { b }
(b) { b, c }
(c) { a, b, c, d }
(d) { b, c, d }
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5. Which string is recognized by the regular expression R below? (mark one) (4 points)

R → D (, D D D)? with D → 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9

(a) 4,3,2,1

(b) 1,432,5

(c) 1234

(d) 9,876

6. Consider the Prolog unification of two terms containing variables. Which variables (X, Y, and Z) are
bound after unification and to which terms? (mark one) (4 points)

foo(X, bar(Y, a, b), Z) = foo(bar(Z, a, b), X, c).

(a) X = bar(c, a, b), Y = c, Z = c

(b) X = bar(Y, a, b), Z = c (Y is not set)

(c) Z = c (X and Y are not set)

(d) None of the above, because unification fails

7. Consider the following recursive Scheme function that translates a list containing certain items:

(define buy-or-sell
(lambda (items)

(if (null? items)
’()
(let ( (item (car items))

(rest (cdr items))
)
(cons (cons (if (> (car item) 0) ’buy ’sell) (cdr item))

(buy-or-sell rest)
)

)
)

)
)

Which one of the following function evaluations is correct? (mark one) (4 points)

(a) (buy-or-sell ’((thing 1) (thing 2))
evaluates to ’((buy 1) (buy 2))

(b) (buy-or-sell ’((1 pie) (0 jolt) (2 pen))
evaluates to ’((buy pie) (sell jolt) (buy pen))

(c) (buy-or-sell ’(1 0 2)
evaluates to ’(buy sell buy)

(d) (buy-or-sell ’((1 x) (0 y) (2 z))
evaluates to ’(x z z)
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8. An abstract syntax tree is. . . ? (mark one) (4 points)

(a) a parse tree

(b) a parse tree decorated with attributes and values

(c) a tree data structure produced by a parser implemented by an augmented grammar with transla-
tion rules

(d) an abstract grammar that defines the syntax of a tree data structure

9. Consider following grammar:

S → if X then S end
| if X then S else S end
| id = X

X → id
| num

(a) The productions for S do not make the grammar LL(1), why? Change it to make it LL(1). (5 points)

(b) Given you changed it to LL(1), implement a recursive descent parser (in C or pseudo code, you
can use built-in match(token) and lookahead() functions). (5 points)
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10. In Project 1 we implemented a translator. What is the Scheme s-expression that the translator pro-
duces for the following MicroPL fragment? A rough outline is fine, as long as the necessary Scheme
components are shown. (8 points)

declare
x = 10

begin
set x call + x 1 $
call display x $

end

11. What is the forward chaining resolution strategy to deduce theorems in logic programming? Ex-
plain. (7 points)
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12. Given the following NFA, write a regular expression R that accepts the same strings. (10 points)

!"

#"

Note: unlabeled arcs denote empty (a.k.a. “epsilon”) transitions.

13. Describe one example of static semantic checks performed by the compiler. (8 points)
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14. Lambda calculus beta reduction is the process of substituting actual argument values for the formal
arguments in a lambda abstraction body (a function body). Apply beta reduction to the following
Scheme example, until no further beta reductions can be made. (10 points)

( (lambda (f g x) (g (f x))) (lambda (y) (* y y)) display 3 )

15. Consider the following augmented grammar for a language that describes floating-point fractions,
consisting of a decimal period and a fractional part:

F → . N F .val = N .val
N1 → D N2 N1 .val =(D.val + N2 .val)/10.0
N → ε N .val = 0
D → 0 D .val = 0
D → 1 D .val = 1

...
...

...
D → 9 D .val = 9

(a) Draw the parse tree of “. 4 2” . (5 points)

(b) Determine which attributes are synthesized and which are inherited. (5 points)

(c) Decorate the parse tree with the attributes and their values as defined in the semantic rules of the
augmented grammar. (5 points)
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