Universidad de Fuerto Rico
Recinto Universitario de Mayagllez

Qualifving Exam — Thursday, February 3, 2005
Theory of Computation

1. (total: 30 points)Answer the following:
(a) (10 points) Let A be an alphabet and A* the set of all strings over
A. Use induction to define formally A*.

(b) (10 points) Let A and B be alphabets, and let L C A* and M C
B*. Prove or disprove:

(L*M™)* = (LU M)". (1)

(¢} (10 points) Let A be an alphabet and f : A* — A* a bijective
mapping satisfying

fle = € and 2)

fluv) = f(u)f(v), for any u,v € A" (3)

Let L € A* be a regular language. Prove or disprove: f~'(L) =
{w e A*: f(w) € L} is also regular.

2. (totel: 30 points) Answer the following:

(a) (10 points) Define formally the concepts of computation and time
complexity both for deterministic and nondeterministic Turing
machines.

(b) (10 points) Let A be an alphabet, and T be the set of all Turing
machines with input alphabet A. Let () : T'— A* be an encoding

m ATy machine M & T ig said + minimal i
mMappiing. A LuUling madlaine M & £ 18 Sala o be minimal if

| (M) | < |(N)| for all Turing machines N that are equivalent to
M (i.e accept the same language). Let

S4 = {(M) : M is minimal with input alphabet A}  (4)

Prove that S4 is unbounded, this is, for any ¢ > 0 there always
exists a minimal Turing machine M such that ¢ < | (M) |.

(c) (10 points) Is it decidable whether a Turing machine with input
alphabet {0, 1} rejects w = 01101107 Provide a formal answer.
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Theory of Computation

3. (total: 20 points) Answer the following:

(a) (10 points) Show that the language {a"b™a™™ : n, m > 0} is not
context-free.

(b} (10 points) A context-free grammar is said to be in Chomsky
normal form if every rule is of the foom A — BC or A — aq,
where a is a terminal, and A, B, and C are variables, except
that B and C may not be the start variable. Give a context-free
grammar in Chomsky normal form for generating the language
{a"b" : n > 1}.

4. (total: 20 points)

(a) (10 points)Let L be the language of all binary strings that contain
an odd number of 1’s. No restriction is placed in the number of
0’s. Determine whether this language is regular or not. Prove
your claim.

(b) (10 points) Describe a Turing machine that computes the follow-
ing:

Input: A sring of the form of #bFa™, with k,n > 1. The tape
head is located in the leftmost cell in tape.
Output:

e 16Fa” if n is a multiple of k,
e 0bFa" if n is not a multiple of k.

The tape head ends in the leftmost cell in tape.
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Qualifying Exam - Friday, February 4, 2005
Session of Computer Architecture and Systems

1. (Total 20 points) The execution of a SPARC subroutine could cause an Overflow Trap
or an Underflow Trap on the Register Windows mechanisms. Using SPARC assembly
notation write the code for the Overflow Trap and the Underflow Trap subroutines
needed to appropriately solve the overflow and underflow problem. Assume that the
Register Windows mechanism has moved to the next window once the jump to the
Overflow Trap takes place and that it has moved to the previous window once the jump
to the Underflow Trap takes place. Also assume that there is a return from tarp
instruction (rett) that returns to the instruction that caused the trap.

2. (Each configuration is 7.5 points for a total of 30 points) Assume a four-block cache of
8 words per block. Assume that the architectural memory is organized in words and
that it has 2** words. Assume that the cache is initially empty. For the sequence of
accesses to memory locations shown in the following table identify with an x in the
corresponding cell those accesses that produce a cache hit for the cache configurations
shown. Show your annotations and calculations.

Sequence of Accesses to Memory Locations
(the extreme left access is the first of the sequence)
73 1209 | 476 | 68 | 211 | 76 | 466 | 214 | 89 | 451 | 466 | 65 | 201 | 81
Direct
map
FA -
LRU
FA -
FIFO
FA-
Optimum
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3. (Total of 24 points) Branch Prediction
(3 points)What is the problem solved by branch prediction?
(3 points)Why is it important?
(3 points)What issues limit the complexity of branch predictors?
(3 points)How might a compiler advice be propagated to a branch predictor?
Describe
i. (3 points) Stall pipeline

ii. (3 points) Predict taken

iii. (3 points) Predict not taken

iv. (3 points) Delayed Branch

o pooe

4. (Total of 26 points) Imagine you have an unknown architecture.
a. (16 points) Describe an experiment that you would perform in order to discover
what caching hardware is used on that machine.
b. (10 points) Explain how your experiment would let you discover how many
levels of cache hierarchy there are and how big each level is.

Research & Development Center, Office 208, Road 108, Km 1.0, Miradero, Mayaguez, Puerto Rico 00680

U P R P.O. Box 5028, Mayagiiez, P.R. 00681/ Tel. 1-787-833-3338 Fax 1-787-833-3331

PATRONO CON IGUALDAD DE OPORTUNIDADES EN EL EMPLEO — M/F/V/I - AN EQUAL OPPORLTUNITY EMPLOYER - M/F/V/H



