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Select four out of five problems.

QUESTION 1. [25 points, 2.5 each]: Indicate which of the followings are architectural and which are
not. Explain why yes or why no.

a) cache

b) pipelines

c) Register Windows

d) Register coloring

e) Bit pairing multiplication
f) floating point numbers

g) interrupts

h) stack

1) subroutines

j) branch prediction
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QUESTION 2. [25 points]: Pipelining
Consider the following operations:

A=B+C
D=A-F

The corresponding assembly code instruction list generated by a compiler is:

load  [%r0 + 4], %rl
load  [%r10 + 8], %12
add  %rl, %r2, %r3
load  [%r10 + 12], %r4
sub 9013, Y014, Y015
store  %r3, [%10 + 16]
store %15, [%10 + 20]
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a) Identify the potential pipeline hazards. [10 points]
b) State if the found hazards can be eliminated and if so, propose a scheme that eliminates all hazards.
[15 points]

QUESTION 3. [25 points]: The code shown below is written in SPARC machine code and begins in
memory location 0. All are instructions except for lines 11 and 12.

a) Provide the SPARC assembly language version of each of the instructions. (20 points)

10000010000000000010000000101000
11000100000010000000000000000001
11000110000010000110000000000001
10001010000000000000000000000000
10001010000000001000000000000101
10000110101000001110000000000001
00010010101111111111111111111110
10000000000000000000000000000000
11001010001010000110000000000100
00010000100000000000000000000100
00011001000001010000011100000100
00000000000000000000000000000000
00010000100000000000000000000000
10000000000000000000000000000000

b) Describe the functional operation of the program (what the program does) without stating what each
instruction does. (5 points) 5
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QUESTION 4. [25 points]: Cache Memory [25 points]

Consider the following list of memory block references:
2,3,7,12,159,21,44,64,16,2,80,39,2,66,18,55,7,2,63.

If we have a reconfigurable cache (either on direct-mapped or fully-associative mode-LRU) with a total
of 16 blocks, for each configuration and starting with an empty cache:

a) Mark each memory reference as a hit or miss to the cache. [15 points]
b) Show the final contents of the cache. [10 points]

QUESTION 5. [25 points]: The SPARC rett instruction has the following operation:

If WIM(CWP-1) <=0
CWP <= CWP+1;
PC <=nPC
nPC <=rd <= rs1+rs2 or rs1+simm13
S =0 Dissable supervisor mode
ET =1 (enable trap)

Assume that WIM(CWP-1) <= 0.

a) For the following data path show which values (zero or one) should every control signal has on
each state to execute the re#t instruction (use the following page for your answer). You only
need to specify the cycle after the fetch. If it is necessary to modify the data path or any of its
components show the modifications and take them into consideration in your answer. (20
points).

b) Show the state diagram corresponding to the cycles of part a. (5 points).
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Session of Analysis of algorithms
Qualifying Exam — Thursday, September 12, 2013

For these problems, when asked to provide an algorithm, always describe it first in plain
language. If you are also providing pseudocode, is should be at a level of detail only fine
enough that a competent programmer could take your code and implement it. You may
assume that low-level data structures have been provided for you. So, it is clearer to say
“Delete x from the head of the queque Q”’ than to give code for pointer manipulation. Any
pseudo-code must include comments describing the main variables used.

Select four out of five problems.

QUESTION 1. [25 points]:

(a) 12 points
Given the recurrence

T(n) = k, n=1
()= 3T(ni2)y+kn, n>1

use induction (NOT the “Master Theorem”™) to prove that 7(2") = (3™+! - 2"* )k for
all nonegative integers m.

(b) 13 points
Give a O(3'°") algorithm for multiplying two n-bit integers and prove your answer.
You may assume that # is a power of two.

QUESTION 2. |25 points]: Suppose in a 0-1 knapsack problem, that the order of items when
sorted by increasing weight (or volume, according to the constraint on the knapsack) is the same as
their order when sorted by decreasing value. Give an efficient algorithm to find the optimal
solution in this case, and show that your algorithm is correct.
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QUESTION 3. [25 points]:

(5+20 pts) A prison is constructed as an rectangular array of mn cells, with m rows and n
columns. The outer perimeter is a thick wall, but any two contiguous cells are separated by a
thin wall in which a door can be made, allowing the cells to communicate. Contiguous cells
are of the form CipCipnj (same column)or ¢, i Cije (same row). Inner cell have 4 neighbours,
side or corner cclls have 3 or 2 neighbours mspecuvely A 2 x 2 prison has four inner walls
(so 4 doors can be made); a 3 x 2 prison has seven inner walls.

(a) How many inner walls (hence how many potential doors) does an m x n prison have?

(b) Inanm x n prison, what is the least number of doors to be made so as to allow a
communicating path between any two cells? For example, in the 2 X 2 case, making a
door between ¢,  and ¢, , and another between ¢, and c,, allows cells ¢,;,¢,,, ¢, all to
communicate, but not with cell ¢ ,. Prove your claim, and indicate specifically a way to
make the doors using this optlmal number (you may draw an example diagramme).

QUESTION 4. [25 points]:

(3+10+12 pts) Let G = (V, E) be a connected, undirected graph. A bridge of G is defined
to be an edge whose removal disconnects G.

(a) Give an example of a bridge.

(b) Prove that an edge of G is a bridge if and only if it does not lie on any simple cycle
of G.(Note: a cycle (v, v, ..., % = V) is said to be simple if the Vs Vyy oony Yy are
all distinct.)

(¢) Give an algorithm for determining whether or not a given undirected graph is con-
nected.

QUESTION 5. [25 points]: Assume you have a list of English words (say, all in lower-case). One
of the words occurs once, all the others twice. Describe an efficient procedure for identifying the
word that occurs once.
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Session of Theory of Computation
Qualifying Exam — Friday, September 13, 2013

Select four out of five problems.

The problems allow you to demonstrate your skill in applying the theoretical tools. Justify
your claims. Your proofs do not need to exhibit full technical detail. However, all relevant
steps have to be presented clearly.

QUESTION 1. [25 points]:
(25 total points) Undecidability

a. (5 points) Define decidable, recursive, and Turing-recognizable.

b. (20 points) Let M be any Turing machine. Let N be any finite state automa-
ton. Is the question: “Is L(N) C L(M)?” decidable?

QUESTION 2. [25 points]:
(25 total points) Languages

a. (5 points) Define regular language and inherently ambiguous context-free lan-
gquage

b. (20 points) For both of the following languages: what is the least class in the
language hierarchy in which the language is a member (e.g. regular languages
C context-free languages C decidable languages C Turing-recognizable lan-
guages)? Prove your claim about one of them; you can leave the claim for
the other without proof.

1. L= {ad"ad"ala e {a,b}* N#q4(a) > n}

2. L= {am™b"d"c™|n,m > 0}
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QUESTION 3. [25 points]:
(25 total points) Reduction

The 3-Dimensional Matching and Meal Planning are the following decision prob-
lems:

3-Dimensional Matching

Problem instance: Three disjoint sets B, G, and H with |B| = |G| = |H| = m
and a subset T C B x G x H.

Question: Does T contain a matching, that is, a subset M C T such that
M = m and no two elements of M agree in any coordinate?

Meal Planning

Problem instance: A collection Ry, Rs..... Ry of subsets of a set I and a
positive interger k < .

Question: Is there a k element subcollection R;,, R;,,...,R;, of Ry,... Ry
such that R; U...UR;, = I and such that R; ..., R;, are pairwise disjoint?

Prove each of the following two statements

a. (10 points) Meal Planning is in N'P. (Recall that NP is the class of decision
problems that have polynomial time verifiers.)

b. The translation from 3-Dimensional Matching to Meal Planning that is de-
fined below is correct and can be performed in polynomial time. That is, it
satisfies s, is a “yes” instance of 3-Dimensional Matching & s, is a “yes”
instance of Meal Planning.

Translation:

Let sy be an instance of the 3-Dimensional Matching. Let t be the number of

triples in T and let T = {a1,a9,...,a;}. Let a;(1),a;(2), and a;(3) denote the

15¢, the 2" and the 3" coordinate of a;, respectively, where i = 1,...,t. That

is, a; = (ai(1),ai(2),ai(3)) for i = 1,...,t. Notice that a;(1) € B,ai(2) € G,

and a;(3) € H fori=1,...,t.

The instance s, of the Meal Planning that is assigned to s, by the translation

is defined as follows:

I=BUGUH
R,' = {ai(l),ai(2),ai(3)} for 2 = 1,2, . ,t
k=m.
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QUESTION 4. [25 points]:
(25 total points) Push-Down Automata

Consider the following PDA

M = ({p,q,r,s,t,u,v},{a,b},{A, L} A, s {p,q,t,v})

where {p,q,r,s,t,u,v} is the set of states, {a,b} is the input alphabet, {A, L}
is the stack alphabet with L being the initial stack symbol, s is the start state,
{p,q,t,v} is the set of accepting states, and where 4 is the transition relation
which we grouped into 4 groups for the sake of clarity and the role they play:
Group I:

((Sr a, J—) (p, A _L))
((p,a,A), (p,AA))

Group II:

((s:6,1),(q, L))
((g;b.1),(q, 1))

Group III:

((p,e. A),(r, A))
((r,0, A), (r,€))
((r,e, A), (t,€))

Group IV:

((p,€, A), (u, A))

((u,b, A), (u,€))

((u,b, 1), (v, 1))

((v,6,1),(v, 1))
Do the following:

a. (7 points) Describe the language accepted by M by final state. You may leave
out a proof that your description is correct. If it turns out to be correct, you
will get the full credit for this part.
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b. (18 points) Describe the language accepted by M by empty stack and prove
that your description is correct.

QUESTION 5. [25 points] Automata:

a. (5 points) Define ﬁlnitc state automaton, explain the Pumping Lemma for reg-
ular languages, and explain the usefulness and the common way of applying

the Pumping Lemma for regular languages.

b. (20 points) Let A xa B = {wy|wzy € A for some z € B}. Show that if A is
regular and B is any language then A 0 B is regular.



