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Session of Theory of Computation
Qualifying Exam — Wednesday, August 29, 2007

(Total: 30 points) Answer the following questions about preblem reducibility:

1.1 (5 points) Define formally the concept of map reduction

1.2 (10 points) Is it possible for an infinite language to be map reducible to a finite language? Show
an example or disprove with a formal argument.

1.3 (15 points) Is a decidable language map reducible to the language of all Boolean formulas that
are satisfiable (SAT)? Prove with a formal argument, or show a counterexample.

(Total: 30 points) Answer the following questions about context-free languages:

2.1 (6 points) Demonstrate that a context-free grammar in Chomsky normal form generates a string
of length n>1 in exactly 2n -1 derivations.

2.2 (12 points) Define formally a pushdown automaton for recognizing the language {0"1" : n 2 0} .

2.3 (12 points) Demonstrate that all regular languages are context-free languages.

(Total: 30 points) Answer the following questions about Turing machines:

3.1 (5 points) Provide a logical sentence for characterizing the rejection of a string by a
nondeterministic Turing machine (not necessarily a decider)

3.2 (11 points) The graph of a function f: 4 — Bis the set{(x, f(x)) 1 x € 4} . Assuming that fisa
computable function, construct a Turing machine whose language is the graph of /. Provide a
high-level but nonetheless accurate description of the machine.

3.3 (14 points) Is it decidable whether a computer program P and input / for P would print “hello,
world”? Justify your answer.

(Total: 10 points) Answer the following questions about NP problems:
4.1 (5 points) Suppose that an algorithm for solving the Boolean satisfiability problem (SAT) in

O(n"*" ) time is discovered. What would this mean for NP problems? Justify your answer.
. /1, (5 points) Is NP closed under set concatenation? Justify your answer.
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Session of Analysis of Algorithms
Qualifying Exam — Thursday, August 30, 2007

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 @ than to give code for pointer manipulation. Any pseudo-code must include
comments describing the main variables used.

1. (20) You are given an array A[1.n] of real numbers, some positive, some negative. Design an
O(n log n) algorithm to find whether A contains two elements adding to zero. For instance,
3 and -3 have sum zero. (If A contains the element 0, then the answer is always yes.)

2. (20) Given an array of integersA[1. .n] such that, for Eq I <=1i<n, we have |A[{}— Ali +
1]] < 1.Let A[1] = x and A[n] = y, such that x < y.Design an efficient search algorithm to
find j such that A[j] = z, for a given integer value z,x < z <y. What is the minimal number
of comparisons to z that your algorithm makes. NOTE: sequential search as a solution is

not allowed.

3. (10+10) Consider the following function. The array arx is global, of type int, and of length
not smaller than the value of the third parameter (k). The variable count is also global and

of type int.
void ppplint n, int m, int k) {
if (n == k)
count++;
else
for (int 1 = 0; i<m; 1i++) {
arrin}] = 1i;

ppp(n+l, m, k);

}

Using the previous function, answer the following:
(a) Determine the value of count after executing the following sequence of instructions:

count = 0;
ppp (0, 3, 3);

(b) Determine an expression in terms of m and k, that corresponds to the value of count,
after execution of the following sequence of statements. Assume that m and k have

positive value. Prove your answer.

int m = .. some positive value ..
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Session of Analysis of Algorithms
Qualifying Exam — Thursday, August 30, 2007

2.

int k = .. some positive value ..

pep{0, m, k);

4.  (16) A simple graph is one where there is at most one edge between any two vertices.
Show that a simple graph with at least two vertices contains at least two vertices with the

same degree.

5.  (6+12+6) A bipartite graph G = (V, E) is defined to be an undirected graph whose vertices
can be partitioned into two disjoint sets V and V, = V\V with the property that no two
vertices of V/ are adjacent in G, and no two vertices of V) are adjacent in G.

(a) Show that if G is bipartite, then it does not have an odd-length cycle.

(b) Write an O (n+e) algorithm, where n is the number of vertices and e the number of
edges, which takes an input graph represented in adjacency list form and decides if the
graph is bipartite. If the graph is bipartite, the algorithm should produce V and V, .

(c) Show that if a graph G does not have an odd-length cycle, then G is bipartite.
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Session of Computer Architecture and Systems
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Problem 1.

Assume a pipelined instruction execution unit with the following stages:

First stage - instruction decoding
Second stage - Operand accessing
Third stage — Execution

Assume that the instructions are supplied cycle after cycle to the pipeline except when a branch
instruction is executed and the instruction sequence that needs to be executed is not the one predicted.
In this case it takes 15 cycles until the instructions that must be executed after the branch is supplied to

the pipeline.

Assume a code segment that implements a loop that should be executed 2,000 times and that uses a
branch instruction to determine if the loop is repeated or not. Indicate the total number of cycles that
are wasted from the first iteration of the loop until the last caused by the branch instruction when the
branch instruction is of the following type:

a) static prediction that predicts that the branch will take place. (5 points)

b) static prediction that predicts that the branch will not take place. (5 points)

¢) dynamic prediction that predicts that the same action taken when it was evaluated last time will
happen. Assume that the branch was not taken the first time the branch instruction is evaluated. (5

points)
d) “delayed branch” of two instructions. (5 points)

Justify your answer for each case.
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Problem 2.

Consider the following SPARC assembly language program:

Assume r2=600

Loc. Instruction

500  1d [%r2+%r10],%r10
st %r10, [Yor2-84]
1d [%or2+4],%r11
st %rl 1, [%r2-80]
subcc %r10, %rl11,%r0
bne -5
add %r17.%120,%r0

Loc -Data

600 100 0 0 0 0 0. 12000 00 0 0 0 o001 1 1 1 1 1 1t 1 0000
000 00010 1 0 0.0 00002000 0000 0 0001011
¢°1 t 1 1 1. 070 000000 000 1 1 1 1 1 1 00 000000
0070 1002070 1 0 1ol bbbt b e e ]
60 0 0 0 0000 0 10 0 1 0 0O 00 1t 1 1 1 1 b 1 1 =021 10

a) Write the above program in SPARC machine code in the space provided. (12 points)

500  Id [%r2+%r0],%r10
st %r10, [Yr2-84]
Id [Yor2+4],%r11
st %r11, [%r2-80]
subce %r10, %r11,%r0
bne -5
add %r17,%r20,%r0

b) Describe what this program does when it actually runs. (8 points)
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Problem 3.

Consider the following control unit:

Incrementer

Pipeline Register J

| [TT = 1]
Control Signals ~ PL5-PLO

rR Research & Development Center, Office 208, Road 108, Kim 1.0, Miradero, Mayaguez, Puerto Rico 00680
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NS82 NS1 NSO Stsi M1 MO Seleccion Inv In Out
0 0 g b 4 g g Encoder

0 0 1 X 0 1 ? 0 0 0
g 1 0 X 1 0 Pipeline 0 1 4
0 1 1 X 1 1 Incrementer 1 0 1
1 0 0 g 0 ] 7 1 1 0
1 0 0 1 1 0 Pipeline

1 ] 1 g 1 1 Incrementer

1 0 1 1 1 0 Pipeline

1 1 g 0 1 1 incrementer

1 1 g 1 b ] Encoder

1 1 1 b 4 0 | R

For the above control unit indicate the values of the control signals needed to implement the following state
diagram. Indicate any assumption you make. (20 points)

A 1 3 e

State S1 S0 | Inv | NS2-NSO PL5-PLO
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Problem 4.
(20 points) Describe some of the basic RISC design features and how they differ from older processors

designed using the CISC philosophy. How are these feature differences demonstrated for instruction
encoding on a RISC vs a CISC processor? How are these feature differences demonstrated for ALU

instruction types on a RISC vs a CISC processor?

Problem 5.
(5a 8 points) Describe the concepts of temporal locality and spatial locality in a generalized memory cache

organization

(5b 12 points) Describe the concepts of write back, write through and snooping in a generalized memory
cache organization under a cache hit scenario. Explain which method is more efficient for a uni-processor.

.

U P P.0. Box 5028. Mayagiicz, P.R. 00681/ Tel. 1-787-833-3338 Fax 1-787-831-3244

VR Research & Development Center, Office 208, Road 08, Km 1.0, Mir dduo Mayaguez, Puerto Rico 00680

PATRONO CON IGUALDAD DE OPORTUNIDADES EN EL EMPLEO ~ M/F/V/T+ AN EQUAL OPPORLTUNITY EM PLOYER -~ M/F/VAH



SPARC: Registros % SPARC: Registros de Numeros Enteros

+ PC-Program Counter ; r0-r7 {g0-g7) - registros globales
. nPC - Next Program Counter
« IR - Instruction Register r8-r15 (00-07) - registros de salida
. Y - Multiply Step Register
TBR - Trap Base Register r16-r23 (10-17) - registros locales
« WIM - Window Invalid Mask
CWP - Current Window Pointer ] r24-r31 (i0-i7) - registros de entrada
PSR - Processor Status Register ]
r0-r31 - Integer Registers
f0-f31 - Floating Point Registers

SPARC: Formatos de Instrucciones SPARC: Formatos de Instrucciones

- branches

- Floating Point i
« sethi

+ Data Movement

28 2. 322
. ALU 313029282524 2221

op |a cond | op2 disp22
op rd op2 disp22

313029 23524 1918 1413 12
op rd op3 rsl opf

« call

op rd op3 rsl asi

op rd op3 rsl simm13

313029
[op |

%
»
&4
»
-
.
&4
»
%4
*
ad
»
&
S
=

SPARC: Claves para Formatos de

, SPARC: Memoria Primaria
Instrucciones

. op - opcode formato 1 . 2% pytes
. op2 - opcode formato 2
. op2-opcode formato 3 . Tamaf#os:
. Bytes {8 bits}
Halfword (16 bits}
. Word (32 bits}

. Doubleword {84 bits}

. rs1-registro fuente 1

. rs2-registro fuente 2

. rd - registro destino

.+ simmi3 - nimero inmediato con signo
. i-registro o valor inmediato

. opf - sub-opcode para punto flotante « Big-endian

Address Data

;g(: > La localizacién 300 tiene
ey el valor de DOFOCT0A
303

. disp22 - desplazamiento de 22 bits
. disp30 - desplazamiento de 30 bits

P BLOOLVOLOOLUR GG

. a-annul bit para branches
. cond - seleccion de dicion parab




SPARC: Instrucciones Aritméticas y & SPARC: Instrucciones Aritméticas y
Lagicas Légicas

54
ast i rs2
simmi3 ‘

Mnemonic__op3 Meaning

R
s
&
add 080000  add -
addx 0510060  add with carry ®
z:gx g;?:gg ;3:2::22: with carry 5 S - set condition code bit (S=1 permite afterar CC)
and 050001 and bitwise = Ejemplos de “assembler”:
andn 050161 nand bitwise Y
4S0610 or bitwise
0S0110  nor bitwise -
080011  xor bitwise »
080111 xnor bitwise &
100101 shift left logical by rs2 or simm13
160116 shift right logical by rs2 or simm13 & )
100111 shift right arithmetic by rs2 or simm1 3 » rar los 'C‘“’“""“ S 8 atiade ¢ o

Instrucgion

add %7, %5, %rd
subcc %ré, - 20, %erl
sub %r2, %3, %r?

SPARC: Ejemplos de Instrucciones SPARC:
Aritméticas y Logicas -® Otras Instrucciones Aritméticas

Instruccién Mnemonic___op3 Meaning

add %rd, %rS, %rt antes taddce 100000 tagged add and modify icc

después ) taddeety 100010 taddee and trap on overflow
tsubec 1060601 tagged substract and modify icc
tsubeety 160611 tsubce and trap on overflow
antes mulsce 160101 multiply step and modify icc

sub %r4, - 12, %5 umul 081010 unsigned integer multuply
después smul 081011 signed integer muituply

udiv 081110 unsigned integer divide

sdiv 0811 signed integer divide

antes - 128
sra %1, %rs, %ré
después -128

SPARC: taddce y taddccty SPARC: wmul y smul

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

taddcc realiza una suma como addce pero el
overflow bit que se genera es un tagged overflow

que se determina como sigue:
. Yrd=rstxrs20

v = 1sielbit 100 de cualquiera de los operandos fuentes

es distinto de cero o la suma genera un overflow aritmético Y:rd = rst x simm13 (sign extended)}

Los condition codes N y Z se modifican

v=0 para cualquier otra condicion
de acuerdo al resultad de rd.

taddcctv opera como taddcc si v=0, pero si v=1
entonces produce un trap, la suma no ocurre y los smul es similar a umul excepto que los

condition codes no se ateran. w» operandos se consideran con signos

P ERPEOL OO OGP B




SPARC: Instrucciones load/store SPARC: Instrucciones load/store

31 3029 2824 1918 14 13 12 4 0

Mnemonic op3 Meaning "
iop rd op3 sl 10 asi sz

ERERN R simmli3

»
i 4
: ]
»
-
kdsb 601001 Load signed byte »
tdsh 401010 Load signed halfword »
14 001000 Load word @ v o1
idub 000001 Load unsigned bytes $ . Localizacion efectiva:
-
o*
»
»
-
-
-

iduh 000010 Load unsigned halfword . .
1ad 000011  Losd doubleword bsfl +Irs2] Je) dersi s ol de rs2
sth 000101 Store byte [rs1] + simm13 /el contenido de rs1 + valor inmediato simm13
sth 000110 Store halfword
st 000100 Store word
stad 000111 Store doubleword

001111 Swap register with memory word

« Ejemplos de “assembler”:

1d simmi3

1d [%rd & %r5), %6 6
td [%rd - 12], %1 1 ~12
2

300 @

5t%r2, [%r3 + 300]

SPARC: Ejemplos de Instrucciones
load|store

SPARC: Instrucciones de Brinco

Instruccién loc18 loc62 foc30d < Por coédigos condicionales de enteros

antes 360 2000
id [%r4 + %15}, %r1

después 360 2000 + Por cédigos condicionales de punto

flotante

&
e
& d
A
L4
»
-
»

»
antes 2000 4
id {%r4 - 12], %r5 -

después 2000 -’ Por c6digos condicionales de
Coprocesador

antes 2000 -

st %, [%r5 + 300] ]
después 40 :

:

SPARC: Instrucciones de Brinco por .« SPARC: Instrucciones de Brinco
Cadigos Condicionales de Enteros #* Condicional
Muemonie cond  Meaning Flags test
b

&4
1000 Brinca siempre ® 3130 2928 2524 222
0000 Brinca nunca @ 00 |a|cond| 010 ] disp22
: ]
£

1601 Brinca si no igual notZ
0001 Brinca si iguat z
1010 Brinca si mayor not {Z or (N xor V)
0010 Brinca st menor o igual Z or (Nxor V) -
1011 Brinca si mayor o ignal not (Nxor Vy
0011 Brinca si menos Nxor V -
1100 Brinca si mayor sin signo not (CorZ) &
0100  Brinca si menor o igual sin signo (CorZy
1501 Brinca sf carry=0 not C d . .

_ tnstruccion disp22
0101 Brinca st carry=1 c Jnstruccion | dispee
1116 Brinca si positive not N be +300 +300
0119 Brinca s negative N bneg, a, ~120
11 Brinca si overflow=0 otV £ 3
0111 Brinea st overflow=] v

. Lalocalizacién efectiva def brinco es PC + 4*disp22

{PC =nPC,
ARG = PC + 4'disp2?)

. Ejemplos de “assembler”:

-120 {a=1)




PARC: Instrucciones de Brinco

5.4
e
: ]
®
»
®
2
&
s
&
»
4
&
s 4
%
&

S
Condicional

Sia=1 (el annul bit) y se da ef brinco la instniccion que sigue el
branch se ejecuta y luego se brinca,

PC = nPC {normalmente PC + 4), nPC = PC + 4*disp22

$i a=1y no se da el brinco Ja instruccion que sigue el branch se
anula (no se ejecuta} y se ejecuta la que sigue .

PC=PC+8, nPC=PC+12

Sia=0 y se da el brinco la instruccién gue sigue el branch se
ejecuta y luego se brinca,

PC = nPC (normaimente PC + 4}, nPC = PC + 4*disp22

Si a=0 y no se da el brinco la instruccion que sigue el branch se
ejecuta y luego la que le sigue a esta.

SPARC: Delayed Control-Transfer
Couples (DCTI)

Cuando la instruccién que sigue a un brinco
incondicional es una instruccion de brinco (una
instruccién de brinco no puede seguir una de
brinco condicional)

La secuencia de ejecucién de instrucciones
depende de la combinacion de Instrucciones CTl
{control tansfer instructions)

SPARC: Instrucciones de Subrutinas

Mnemonic  op opd Meaning

call 01 Brinca y guarda PCenris
Jmpl 16 111000  Brincay guarda PCenrd

u Las instrucciones de subrutinas son de tipo “delayed”

SPARC: Ejemplos de Instrucciones de
Brinco Condicional

Instruccion Brinca No brinca
PC  nPC PC nPC

1000 be +300 1000 1004 1006 1004
1004 1300 1004 1008
1300 1304 1008 1012

4000 bneg, a, -120 4000 4004 4000 4004
4004 3880 4004 > 4008
3880 3884 4008 4012

No s cjocuts

SPARC: Orden de ejecucion de DCTI

12 CTI 48 16 CT160 Order of Execution

s ]

s 4

»

»

P

» .

» DCTI Uncond. | DCTT tuken 12,16,40,60,64, ...
DCTI Uneond. | B*ce{a=0) untaken 12,16,40.44, ...

* DCTI Uncond. | B*oe(a=1) untaken | 12,16,4448, ... (40 annulled)

- 12,16,60.64, ... (40 annubied)

= 3 124044, ... (16 annulled)

- 12, unpredictable

9

™

DCTI Uncond. | B*AG=1)
B*A(s=1) any CT1
Brce DCTI

B'A -+ BA FBA0CBA
Bco ~$ Bice, FBfce, o CBece
i DCTHuncond. —» CALL, JMPL, RETT, o B*A (con 8=0}
-~ CALL, JMPL, RETT, B*A (con a=0), 0 B'cc taken

SPARC: Instruccion call

disp3o

Operacion:
r15=PC
PC =nPC

nPC = PC + 4*disp30

Ejemplo de “assembler”

call 4008
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SPARC: Instruccion jmpl

1918 14 13 12
st o] asi

forsto 1 simmi3

Operacién:
rd = PC
PC =nPC
nPC =rs1 +rs2 orst+simmi3

Ejemplos de “assembler”

jmpl %ord %t6 %ort
jmpl %rd 12 %0 (Return from subroutine}

SPARC: Instrucciones Save y Restore

Mnemonic op op3 Meaning

save 10 111100 H WIM(CWP-D)=0
CWP = CWP-1; (nueva ventana}
rd=rsi+rs2 or rd=rsi+simmli3
I WIM{CWP-1}=1
Overflow trap

restore 10 111161 WIM(CWP+1)=0
CWP =CWP+1; (ventana de retorno)
rd=rsl+rs? or rd=rsi+simmi3
H WIMICWP-1)=1
Underflos trap

SPARC: Ejemplos de Instrucciones Save y
Restore si no Ocurre Underflow o Overflow

instruccién

antes
save %ré4, %15, %rt
después

antes
restore %4, - 12, %15
después

. ]
4
: 4
»

&
*
»
.
*
»
*
&
&

SPARC: Ejemplos de Instrucciones de
Subrutinas

Instruccion

antes
call 4008
después

antes
jmpl%rd, %6, %r1
después

antes
jmpl %rd, 12, %0
después

SPARC: Instrucciones Save y Restore

»
*»
»
»
»
*
*
s 4
*
&
..
»
*
®
»
o

*
#*

54 0
[m2
stmm13 }

Los regi fuente de la op de suma corresp ala
ventana original a la que apunta el CWP antes de la ejecucion de
las instrucciones Save or Restore.

de suma p ala

El registro destino de fa op
nueva ventana a que apunta el CWP como consecuencia de la
ejecucion de las instrucciones Save or Restore.

+ Laoperacién de suma no se lleva a cabo si ocurre el trap.

Ejemplos de Assembler:
save %rd, %18, %r1
restore %r4, -30, %r1

SPARC: Instrucciones de trap por

® Codigos Condicionales de Enteros

Mnemonic cond  Meaning Flags test
1000 Brinca siempre

0000 Brinca punca

1001 Brinea sino igual not Z.
0001 Brinca st igual Z
1016 Brinca si mayor not(Z or (N xer V))
6610 Brinca sf menor o igual Zor {NxorVy
1011 Brinea si mayor o igunl not (N xor V)
0611 Brinea si menos NxorV
1100 Brinea st mayor sin signo not (CorZ)
0100 Brinea si menor o igual sin signo (CorZy
1101 Brinea si carry=0 not C
0101 Brinca si carry=1 <
$110  Brinca si positive not N
0110 Brinca s negativo N
111t Brinca si overfiows0 not ¥V
L1333 Brinca si overflow=1 Y

h



SPARC: Instrucciones de Trap
Condicional

3136 2928 2524 1918 14 1312 5 +  §ila condicién es cierta y no existen interrupts o traps de
10 i* Teond|111010 | rsl |g! mayor prioridad pendientes entonces se genera un trap.
IBTIRL imm‘ 111010 | sl 8i la condicion no se da la instruccién se comporta como
: : un NOP.

* reservado
Cuando se da el trap, an el campo tt del Trap Base Register
{TBR) se escribe 128 mas jos 7 bits menos significativos

Ejemplos de “assembler”: de rs1 + 182 6 rs1 + imm7 {signo extendido).

Una vez se genera el trap e} procesador entra en modo
supervisor, inhabilita los traps (ET=0), decrementa el CWP
(nueva ventana), y guarda el PC en el registro r17 y el nPC
en r18. Entonces el PC=TBR y nPC=TBR+4

instruccion
te software_trap¥
s

SPARC: Instruccion de Retorno de

SPARC: Trap Base Register (TBR) Trap - rett

V430

) ' 31 3029 28324 1918 1413 12
| # o izero | . rd opd st 101 ad
w [

.
1 op3 ‘ simm13

i
i
;
i

Trap #8 (4 instrucciones)

Trap #1 {4 instrucciones),

- bap type Trap #2 (4 Instrucciones)
0 a 127 hardware traps
128 a 257 softwars fraps

Muemonic  op  opd Meaning

: rett 10 111001 HWINOWP-11=0

M : CWP = CWP+;

: PC=nPC

aPC = rd=rst+rs2 or pdarsi+simmi3
restaura § de PS

‘Frap #2354 (4 inviruceivnes ET = 1 {enable trap)

Trap #253 (4 instruceivnes)

Trap #255 (4 instraceiones)
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sk > Ins 17 Ret de . . .
* ARC struccion de orno SPARC: Instruccion sethi

« La instruccion rett debe ser precedida por s Mnemonic op op2  Meaning
una instruccién jmp! (formando un DCTI)

sethi 00 100 Cavga valor inmediato de 22 hits en
los 22 bits mis significativos de rd. Los
Jmpt %117, %0 } viejo PC ‘ restantes 10 bit menos significativos se

Rett %r18 } viejo nPC toman e} vator de 0.
]

Jmpl %118, %10 } viejo nPC Ejemplo:

Reft %r18 + 4 }viejonPC+ 4

Instruccion 1

« Un trap podria ocasionar otro trap. <othi 3EFFEFR. 51 antes  ACC3D5BOh

después FFFFFCO0h
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SPARC: Sintetizacion de Instrucciones

ret  mmp jmpl %r5, %r21, %r0

move mE) or %r0, %r1, %ré

SPARC: Sintetizacion de Modos de
Acceso a Operandos

register add %r5, %r21, %r0

inmediate add %r5, +34, %13
%r21, %r2

base-indexed Id %r5,

displacement Id %15, -158, %ré

register indirect st %t5, %r0, %r6
absolute st %r0, 1004, %r6
ba +3004

relative



