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1. (Total: 20 points) Let L be the language of all strings of length 4 over the
alphabet {0, 1, 2} which start with 0, have only a 1 in the third place but no
string without the symbol 2.

a. (7 points) Design a Nondeterministic Finite State Automaton whose
language is L.(it is sufficient to provide a digraph for the automaton)

b. (7 points) Provide an equivalent Deterministic Finite State
Automaton. (Again, it is sufficient to provide a digraph of the
automaton)

¢c. (6 points) Provide a regular expression for L.

2. (Total: 20 points) Prove that the following statements are equivalent:

a. L is an infinite regular language

b. Every regular expression of L contains a star operation

c. Every graph representation of a Finite State Automaton whose
language is L has a cycle

3. (Total: 20 points) Let L be the language over {0, 1} defined by induction
as:
Base condition: the null string is a member of L
Induction: If w is a member of L then 1w0 is also a member of L

a. (10 points) Show formally that L is not regular
b. (10 points) Show that L is contexi-free by constructing a context-
free grammar in Chomsky Normal Form for generating L

4. (Total: 20 points) Let Lbe a Turing-recognizable language. Is it decidable
whether there is a Finite State Automaton for recognizing L? Justify your
answer.

5. (Total: 20 points)

a. (5 points) Define computable function and polynomial time
reducibility between languages

b. (15 points) Does polynomial time reducibility induce an order
relation over the collection of all Turing-decidable languages?
Answer by providing either a formal proof or a counterexample.
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Qualifier Problems (Algorithms), Feb 07

For these problems, when asked to provide an algorithm, always describe it first in plain
language. If you are also providing pseudocode, it 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 queue Q7 than to give code for pointer manipuiation. Any pseudo-code must include

comments describing the main variables used.

I, The Fibonacci numbers F, are defined recursively as follows: F, = L F, = 1, and F, = F_,
+F _,fornz2.

a) (6 pts) Consider the following recursive algorithm for computing £

function F(n}
if n <= 2 then return (1)

erl?em = F{n-1) C )‘/ka&"‘\.&%i WLU Q*KF(%)“ l>

F2 = F(n-2) M

(FL+F2) 3 K
} return(F / Q‘?}LM

e

Prove that a call to F(n) useg | gecursive calls to F.

b) (6 pts) Provide, in pseudo-code, a function F(n) which computes F, using O(n) ad-
ditions.

g

¢) (6 pts) Prove that 1 1”= Favr T foralln =2
At o F F e

n n-1

d) (6 pts) Use the results of ¢) to devise an Q(logn) algorithm for computing £, .

[S¥]

(16 pts) Suppose we use three digits — say, 0, 1 and 2 — to code symbols. A set of strings
C formed from these digits is error detecting if any two different strings in C differ by at
icast two positions. For example, {00, 11, 22} is an error-detecting set with strings of length
two, using the digits 0, 1 and 2. Show that for any n = 1, an error-detecting set of strings of
jength n using the digits 0, 1 and 2, cannot have more than 3" ! strings.

3. (20 pts) We have n apparently identical gold coins. One of them is an amalgam and is
lighter, but otherwise undistinguishable from the others. We also have a balance with two
pans, allowing us to compare between any two weights. How many measurements arc
sufficient to find the false coin? (Few is better). Explain the strategy, and feel free to indicate
any assumptions on the number of coins so as to get a simple formula for the number
of measurements.
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4. An induced subgraph of a an undirected graph G =(V,E)yisa graph H = (U,F) such that U/
cVand F=En(UxU). Consider the problem: given G with n vertices and e edges,
and given a fixed integer k, find an induced subgraph H of G, such that each vertex in H has
degree at least k.

a) (6 pts) By maximal solution of the stated problem, we mean a solution H, induced
subgraph of G, such that if B’ is any other solution, with H induced subgraph of H’.
then H = H’. Show that if H1 and Hz are maximal solutions of the problem, then H1 =
H,.

b) (10 pts) Give an O(n+e) algorithm which finds the maximal solution of the problem
{which may possibly be emply).

¢) (4 pts) Show that the induced subgraph that your algorithm finds has the largest
number of vertices among all possible solutions.

(20 pts) Consider the following version of the Bubble Sort method to sort an array of n
elements. Assume that the values are integer numbers.

o

void sorti(int(] a, int n) {
for (int m = n-1, m > 0, m—-)
for (int § = 0; 3 < m, J++)
if (aljl > aldi+l])
swapElements (&, 3, d+1):
// swaps values alil and ali+1]

3
3

If one keeps only the internal loop, then the algorithm is incorrect, but it still sorts correctly
some permutations of I, 2. ...n. You will have the following:

void sort2{int{l a, int n) {
for {(int 3 = 0; 3 < n-1; J++)
if (alj) > alji+1l)
swapElements (a, g, d+1);
// swaps values aljl and alj+l]
3

Determine how many different permutations of the numbers 1,2, ... n are correctly sorted

by sort2.
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1.

Session of Computer Architecture and Systems
Qualifying Exam — February 9, 2007

(20 points) Describe in detail what happens when a page fault of a virtual memory system takes place.

a) at the hardware level (10 points)
b) at the operating system level (10 points)

(20 points) Assume a SPARC like “register windows” scheme with three windows. Given the following
sequence of subroutine calls, indicate when an “overflow trap” or an “underflow trap” occurs in the sequence
below. A letter “c” before the letter that identifies the subroutine indicates a call to the subroutine while a
letier “r” after the letter that identifies the subroutine indicates a return from the subroutine. Assume that at
the beginning a subroutine A occupies the first window and that remaining windows are free. Assume that
subroutine B is called from subroutine A. Use an “O” to indicate an overflow trap and a “U” to indicate an

underflow trap.

cAcBcCrCtBcBcCcDcErEcGrGrDeNrNcM cH eJ el rl eXcZrZ X cLrL 1) tHeM rC B

(20 points) Consider to sets of 8000 words, the first starting at location 600 and the second at location
340,000. Using the SPARC instructions included in the attached handout (excluding multiplication
instructions) write an assembly level program that multiplies the first word of the first set by the first word of
the second set and repeat it with each successive corresponding pair of words of the two sets. The result of
each multiplication must replace the corresponding value of the memory location of the first set. Assume that
the result is expressed in 32 bits. Each multiplication must be performed with a subroutine. You should

clearly identify:

a) the main program (/0 points)
b) the multiplication subroutine (10 points)

(20 points) Assume that M[c] denotes the content of the memory location ¢ and that R[a] denotes the content
of register a. Assume a generic architecture with the following instructions :

load ra, x(tb)  Loads the content of memory location M[x+R[rb]] in register a.

add ra, b, rc  Adds the content of register b and ¢ and saves it in register a.

beq ra, rb, z If the content of register a is equal to the content of register b jump to location z.
store ra, x(rb)  Stores the content of register a in memory location M[x+R][rb]].
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Information 5¢

Consider the following code:

load r1, 0(r2)
load 13, 12(r4)
add 15, rl, 13
beq 15,15, L1
store 15, 0(1r3)
L1: store r5, 12(r4)

Assume the following:

The previous instructions are executed in a pipeline unit with three stages (fetch, decode and execute).
The load and store instructions take three cycles on the execute stage.

Instructions can not be executed concurrently on the execute stage.

Arithmetic logic instructions can not proceed to the execution stage until its operands are available at

the CPU.
e The branch instruction uses static prediction and the prediction is than the branch will take place.

a) Show a diagram indicating how the instructions proceed through the pipeline stages cycle after cycle (10
points).

b) Indicate the throughput (number of instructions per cycle) that results for the sequence of instructions. (5
points)

¢) Indicate what can be done in order to improve the throughput of the program. (3 points)

5. (20 points)Branch prediction
i.  What is branch prediction and what is being predicted? (3 pts)

ii. Why do we need to compute a target? (3 pts)

iii. Why some architectures do predict branch direction instead of executing all possible paths?
3 pts)

iv. Devise and describe a methodology to test the performance of two branch prediction
strategies. (0)

v. Compare and contrast dynamic versus static prediction mechanisms.(5 pts)
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" Insirucciones Aritméficas y
Légicas

SR Instrucciones Aritméticas y

% [agicas

opd Meaging

Mpemonie

add 450060 add

addx 051006 add with carry

sub 850108 substract

subx 051186 substract with carry
and 450001 and bitwise

andn 456101 mand bitwise

ar 456018 oF bitwis

orn 086110 aor bitwise

xor VRO xor bitwise

XOFT 480111 anor bitwise

160181 shift left Jogical by rs2 or simm i3
a1 shift right logical by rs2 or simm13
160111 shift vight arithmetic by rs2 or simm1

STy

Aritméticas y Logicas

R

3t 3029 2824 1918 14 13 32
d | oopd Lol 0 st

Top e ops TR sl 4

ap = 18
5. set condition code Dt (851 per
Ejemplos de “assembls”

SECLGGE

Ingtruccitn o1

* (hras Instrucciones Aritméticas
%

antes 40
add %rd, %8, %t
despuds 52

antes 40
sub %ré4, - 12, %8
después 40

antes - 128
sra %tf, %rb, %ed
después -128

Mnemonie | opd Menning

taddee 106066 tagged add and modily icc
faddenty 100418 taddee and trap on overfiow
tsuboe j60001 sagged substract and modify tee
truberty 10811 ssubee and trap on overflow
mulsee 166161 multiply step and modify ice
upne 451018 wnsigned tnteger muliuply
s} 451011 signed integer multuply

udiv GE1HID uhnsigned integer divide

sdiv PEILYE signed integer divide

cumael y smui

tadde realiza una suma como addee pero el
overflow bit que se genera es un tagged overfiow
que se determing como sigue:

taddocty opera como taddec si ve0, pero si v=1
anionces produce un frap, 1s suma no oourre ¥ 108
condition codes no se alteran.

umul multiplica dos operandos de 32 bits
y genera un resultado de 64 bits.

Yoo = s xrs8 G

Yord = st x simmi3 (sign extended]
Los condition codes Ny Z se modifican
de acuerdo al resultad de rd.

smul es similar a umul excepto que los
operandos se consideran con signos




Mnemanic opd Meaning

idsh Ge10681 Load signed byte
sl 481018 Load signed halfword
5] 001000 Load word

B p cioned bytes
tdub G00601 Load unsﬁgmﬂ bytes > 4 Localieacion sfoctiva:
tdul 000618 {.oad unsigned halfword T R N

4 a1+ [ra#] el contenido de rs1 + el contenido de 82

ledd Ha0alt t.oad doubleword o i ido d 5 i odi "
b 000181 Store byte . 12 fef contenido de rsi + valor inmediato simm13
sth 080110 Store halfword . <sssembl
st 000108 Store word e
std G001 Store doubleword
swap 001111 Swap register with memory word

ap =11

“RE Ejemplos de Instrucciones s .
I

2] B
e R
loadlstore -

instruccidn 1or4 5 joels locs2 Por codigos condicionales de enteros

antes 5 380 |
id {%r4 + %r5], %1 (G - L
’ después 15 360 I Por codigos condicionales de punto
flotante

antes 360

después : 360 : ] Por cddigos condicionales de
) Coprocesador

teh [Yerd - 12}, %5

antes
8t %1, [%rb + 300}
después

AR Iastrucciones de Brinco por
Codigos Condicionales de Enteros

Muemonds_cond  Meandn Flogs test
a 1600 Brinea siempre
6906  Brinca nunca LK o Ta | comd;
1001 Brinea si no igual ot 7 v
0061 Brines siignal Z
1010 Brinca st mayor #GLZ or (N xor Vi £ La localizasion 6 s dei brince

3130 3938 2824 2221

014

0010 Brinca si menor o iguai

1011 Brince simayor o igual

601t Brinca stmenos

1100 Brinea st mayor sin signo ot (Car Zi
0106 Brinca si menor o igual si signo Cor s
U101 Brinca s carry=0 wot ©
G101 Brivea si carry S
1116 Brinea si positive Bot N
0110 Brinea si negativo N
FELE Brinca sj overflow=0 not ¥
G111 Brinea sioverfiows! v




SPARC Instrucciones de Brinco L, AR Ejemplos de Instrucciones de
Condicional . » Brinco Condicional

Sia=t (el annul bit} v se da & brinco ta instruccion que sigue el
wranch s sjecuta v lvego se brinca.

%
&
&
&
%=
S

mormalmante PC + 4, nPC = PO $displ2 4 instrucelén Hinca bo brinca
£C PG PG

&

W Sia=1y no se da &l brinco la nstruccion que sigue ef branch se u
» anula {no se gjecutal ¥ 5e gjecuta la que sigue . be +300 1008 1004 1004
E k 1004 1300 1008
& PCHE nPC=RC+ 12 i 1300 1304 012
B

. Si v se da el brinco Ia instruccidn que sigue el branch se -
S giecuta ¥ hiego se brinca, . B bneg, @ 120 4000 4004
4004 3880

FC o= nPC (nermatmente PO+ 4], nPC s + @ dispd 3080 3884

B

*® $ia=l y no se da el bringo la instruccion que sigue el branch se
& elecuta vy luego la que fe sigue & esta,
£

 Delaved Control-Transfer
Couples (DCTT)

Cuando s instruccion que sigue a un brinco . 120740 16 CTT68 Grder of Execution
incondicional es una instruccién de brinco (una .
instruccién de brinco no puede seguir una de
Brinco condicional)

BCTL Uncond. | DCTHiaben 12,16,40.60464,

DOTT Uncond, | Brecfa=) uataben § 206,444,

BOTT Uneend. | Brecfam]) untaken 121604448, 4 annutied)
DOTT Uneand, | BYAL 3 12,16.60.64, ... 48 annuiledy
ta secuencia de ejecucion de instrucciones L Brafst) any € {24044, {16 annulled)
depende de la combinacién de Instrucciones CTI Bree pert {2 wnpredictable
{control tansfer instructions)

< Instrucciones de Subrutings

op  opd Mesning

01 Brinea y guarda PC en 118
10 111000 Brinca y guarda PC en rd

de subrutings son de tipo “delayed

Elemplo ds

call 4008




s Instruccion jmpl

(" Ejemplos de Instrucciones de
Subrutinas

1938 34 13 12
SR

11000
1HHO50

ot i simm13

peracion:
ref = A0
MRS
AfFC = st v ss2 0 181+ simm 3
miplos de v

Yord %t

3

fmpt
jmpt

Restore

nstruccion

antes 304

call 4008

despuds Anoe

antes
jrapt %rd, %r6, %l
P
despues

antas
jmpl %rd, 12, %0
dospuds

op opd

1EWIMICWE 1120
CWR = CWPL;
ra=rsiared or it
SEWIRICOWE
Overflow trap

0 (1100
¢nueva veniana)

Lesipunid

WP il
TWPH: (ventanas de retornor
rdarslers2 or rdursbesimm i3
IEWIME WP
Underfiow trap

restore [RONNE Y 152

"B N EEERNERNENRREEMS.

- Ejemplos de Instrucciones Save y
Restore si no Qcurre Underflow o Overflow

instruccion

save %4, %8, %rt

restore %4, - 12, %8

It 3029 3824 1918 14 13 12 A4 a
ap | ol opd st 0 asi [
op | oo apd et 1 stmmid

Los registros fuente de Iz operacion de suma corresponden a ia
ventana original a la que apunta of CWP antes de la ejecucion de
tas instruccionss Save or Restare.

Ei registro destine de la operacion de suma corresponds a 13
aueva ventana a que apunta el CWP come consecuencha dela
gjecusion de las instrucciones Save of Restore.

1.3 operacion de suma no se Heva a cabo st courre f rap

fompius de A mibler:

save %4, %8, R
restore %rd, -30, %11
KA a8

s

AR Imstrucciones de trap por
Cadigos Condicionales de Enteros

AMuemonle  cond  Meanhy Flags test
2 000 Brinca siempre
tn 0000 Hrinea nunca
tne 1061 Briven st vo igoal wot 7
e 0001 Brincysi igead z
iy JOH Brinea sl mayor notZ or (N xor Vit
e 0910 Brinea si menor o igual Lor (N xer ¥
g 1011 Brinca st mayer o igual Bot (N xor V3
i ot Brinca si menos Noxor ¥V
g 1100 Brines sl mayor sin signe wot(C or 21
thew D100 Brinea st menor o ignal sin signo Wler
e LU Brinca si earry=0 nof O
tes Q01 Brinca st zarrpsl o
tpos 1119 Briscs sfpos not N
toeg 9110 Brinea si negative =
tve Pttt Brinca st overflow=0 wot Y
[IRR Hrincs stoverflowsi :
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AR Instrucciones de Trap
Condicional

31 3 2938 2824 1918
16 « leond 111010

i % lcond

servacin

ap L (4 instracciones)

Trap #2 ¢4 instrucciones)

Trap #2133 (4 instrucciones)

Trap #1584 (4 instructioney)

Trap #4235 (4 instrucciones)

Instruccion de Retorne de
Trap - rett

£ ]
&
&
="
B
W
&%
]

La instruccion rett debe ser precedida por
una instruccion jmpl (formando un DCTH)

dmpi %17 } viejo PC

Rett %r18 } visjo nPC

} visjo nFC
pvigjo nPC + 4

Un trap podria ocasionar ofro trap.

B 9 B B

S0 Imstrucciones de Trap
Condicional

& la candiold 8
mayor prieridad pent
Sila condicitn

iy NOP

10 Instruccion de Retorno de
Trap - rett

3t 3029 124 908 1413 12
[ w0 asl

op3 el 110 smmtd

Muemasis  sp  opd Mesning

rett 10 111001 IEWIRHOWE- L0

- sheps2 or rdsrs+simmid
aura S de PS
= 1 (enable trap!

- Instruccicn sethi

Mpemenle op  opl  Meaning

sethi 60 160 Carga valor tnmediato de 12 bitsen
fos 22 bits mas significativos de vl Los
vestantes 1 bit menos significativos se
toman ef valor de 6,

Ejemplo:

instryccion Al

anies ACCIDSRON

despugs  FFFFFCOON




- Sintetizacion de Instrucciones

SPaRCT Sintetizacion de Modos de
Acceso a Operandos

jmpl %r8, %21, %0

move Yy or %10, %, %6

register
inmediate
hase-indexed
displacement
register indirect
absolute

relative

add %rS, %r2i, %0
add %r8, +34, %rd
td %S, %r2l, %r2
id %8, -18, %16

st %78, %0, %ré
st %r0, 1004, %6
ba +3004




