
Computer Engineering 175 Second Exam: Winter 2002

Answer the questions in the spaces provided on the question sheets. If you run out of room
for an answer, continue on the back of the page. The exam has 4 questions with equal

weight. Some questions have multiple parts. Point totals are given in the margin.

Name: Answer Key

1. 25

2. 25

3. 25

4. 25

Total 100

No notes or books may be used on the exam. If you have any
questions, please raise your hand and I will try to answer them.
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1.25 Consider the following grammar:

E → E1 + T
| T

T → T1 * F
| F

F → id
| real
| ( E ) { F.node = E.node }

Finish writing the actions to build theabstractsyntax tree for this grammar. Assume you have
only the following functions available:

• Node *mkleaf (char *label);

• Node *mknode (char *label, Node *left, Node *right);

You donot need to provide attribute type definitions for your grammar. You may assume that
id andreal have an attribute type of string (char *) and that all nonterminals have an attribute
namednode. As an example, the abstract syntax tree for1 + 2 * 3 is:

��

��

TT

TT
2 3

1 *

+

Answer:

E → E1 + T { E.node = mknode (“+”, E1.node, T.node) }
| T { E.node = T.node }

T → T1 * F { T.node = mknode (“*”, T1.node, F.node) }
| F { T.node = F.node }

F → id { F.node = mkleaf (id) }
| real { F.node = mkleaf (real) }
| ( E ) { F.node = E.node }
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2.25 Consider the following standard arithmetic operations on points (represented as a pair of real
numbers) and scalars (represented as a real number):

dot product: (a,b)× (c,d) = a×c+b×d
addition: (a,b)+(c,d) = (a+c,b+d)
scaling: (a,b)×x = (a×x,b×x)
translation: (a,b)+x = (a+x,b+x)

For example, the dot product of two points is a scalar. Finish writing the actions for the
following grammar totype checkexpressions involving points and scalars:

E → E1 + T
| T

T → T1 * F
| F

F → real { F.type = REAL }
| ( real , real ) { F.type = POINT }

Your actions should allow standard addition and multiplication on reals as well as the oper-
ations defined above. You may assume that all nonterminals have an attribute namedtype,
which can have either the valueREAL or POINT. Note that you are writing actions to type
check the expressions,not to evaluate them.

Answer:

E → E1 + T { if E1.type = POINT or T.type = POINT then E.type = POINT else E.type = REAL }
| T { E.type = T.type }

T → T1 * F { if T1.type = F.type then T.type = REAL else T.type = POINT }
| F { T.type = F.type }

F → real { F.type = REAL }
| ( real , real ) { F.type = POINT }
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3. (a)5 Give type signatures for the following declarations:

i. type t1 = array [1..10] of integer;

ii. type t2 = array [1..2] of array [3..4] of real;

iii. function f (x : array [1..10] of integer; y : real) : integer;

iv. function g (x : real; y : integer) : real;

v. function h (function i (x : integer) : real): real;
Answer:

i. array(1..10,integer)

ii. array(1..2,array(3..4,real))

iii. array(1..10,integer) × real→ integer

iv. real × integer→ real

v. (integer→ real)→ real

(b)5 Which of the following variables have equivalent types usingstrict name equivalence?

type t1 = array [1..10] of integer;
type t2 = integer;
var a, b : t1;
var x, y: array [1..10] of integer;
var i : integer;
var j : t2;
Answer:

• a and b

• x and y

(c)5 Which of the previous variables have equivalent types using structural equivalance?
Answer:

• a, b, x, and y

• i and j
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(d)5 Write type signatures for each of the following (possibly overloaded) Pascal operators
(assume that the usual coercions are performed and consider only the typesCHAR, REAL,
INTEGER, andBOOLEAN in your answer):

i. *

ii. /

iii. and

iv. not

v. <
Answer:

i. integer × integer→ integer
real × real→ real

ii. real × real→ real

iii. boolean × boolean→ boolean

iv. boolean→ boolean

v. integer × integer→ boolean
real × real→ boolean
char × char→ boolean
boolean × boolean→ boolean

(e)5 Write type signatures for the followingpolymorphiclist operations:

i. get: removes and returns the object on front of specified list

ii. concat: return the concatenation of two specified lists

iii. first: returns object on front of specified list

iv. empty: indicates whether specified list is empty

v. member: indicates whether a specified member is in a specified list

You may assume that you have a type calledlist. For example, an operation that returns
the size of a list would have a signature oflist→ integer.
Answer:

i. list→ α
ii. list × list→ list

iii. list→ α
iv. list→ boolean

v. list × α→ boolean
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4. Briefly (in a single sentence) answer the following questions:

(a)5 How does your compiler refer to a variable allocated using static allocation?
Answer: by its name

(b)5 How does your compiler refer to a variable allocated using stack allocation?
Answer: by its negative offset from the frame pointer

(c)5 Under what circumstances would a called functionnot need to save the return register?
Answer: if it calls no function

(d)5 Under what circumstances would a called functionnot need to allocate a stack frame?
Answer: if it uses no local variables nor any callee-saved registers (e.g., $fp)

(e)5 Why does static allocation not work for recursive functions?
Answer: each recursive call overwrites the values of the previous recursive call
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