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Select four out of five problems.

QUESTION 1. [25 points]:

In SPARC branch instructions, software trap instructions and the call instruction can change the
normal execution of a machine code program. With respect to the SPARC architecture answer
the following:

(5 points)

(5 points)
(5 points)
(5 points)

(5 points)

a)

In addition to branch instructions, software trap instructions and the call
instruction mention all the instructions that can change the normal execution of a
machine code program.

b) Explain how the trap instruction operates.

Explain the difference between a call instruction and a branch instruction.

d) Explain the difference between a call instruction and a trap instruction.

Explain the difference between software traps and hardware traps.

QUESTION 2. [25 points]:

Consider an execution pipeline with five (5) functional stages: Instruction Fetch (IF), Instruction
Decode (ID), Execute (EX), Memory Access (MEM), Write Result Back (WB). Using a pipeline
diagram show an example of the following:

(5 points)
(5 points)
(5 points)
(5 points)
(5 points)

a) No hazard

b) Data hazard (5 points)

¢) Structural hazard (5 points)
d) Control hazard (5 points)
e) Data forwarding (5 points)
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QUESTION 3. [25 points]:

ASCII codes represent text characters as bytes in a digital computer. Consider a group of ASCII
codes stored from location 4000 to 4009 as a sequence of characters that starts a location 4000.
Using SPARC assembly language do the following:

a) Write a subroutine that given an initial memory location determines if the sequence of
four characters starting at that location represents the word life. The initial memory
location is passed to the subroutines through register %r5S. The subroutine should return a
one in a register if the sequence is life. Otherwise it should return a zero. (15 points)

b) Write a program that determines how many times the sequence life is encountered in the
sequence of characters from location 4000 to 4009. (10 points)

(Include comments in your program. Identify variables and constants.)

ASCII Codes

15]15]1%) (nul> @16 »+ {(dle> 032 sp p48 @ A64 @ a8ea P A9%6 ° 112 p
A1 @ (soh> 0817 4 {(dcl1l> 633 * a49 1 865 A a81 qQ a927? a 113 ¢
AB2 B (stx> ©B18 T <(dc2> ©B34 v #5686 2 #66 B a82 R a98 b 114 »
AB3 v (etx> B19 ! d(dc3> G35 # a51 3 B67?7 C a83 S a929 c 115 s
P4 ¢ C(eot)> 020 9 <(dc4> 036 S a52 4 #68 D 884 T 100 d 116 t
A5 & (eng> 021 § <(nak> @37 « a53 5 #8692 E as8s U 101 e 117 u
A06 € C(ack> 0822 . (syn> 038 & a54 6 a78 F 886 U 102 f 118 v
AA7 « C(hel> 0823 &t <(eth> 639’ a55 ?7 a71 G as? u 183 g 119 w
9088 O <(hs> B24 1t {(can?> 848 ( a56 8 A72 H A88 X 104 h 1280 x
AA? - (tab> 0825 1 {(em> a41 > as? 9 A?73 I a89 v 185 i 121 vy
910 § <1f> B26 » (eof) B42 A58 : A?4 J A998 Z 186 j 122 =z
A11 & <vt) B27 « (esc)> B43 + as59 ; A75 K A91 [ 187 k 123 £
A12 ¢ <np> A28 - (fs n44 . pena < a76 L A92 \ 1688 1 124 |
A13 » {cr> A29 & (gs) a45 - A6l = 7?7 M #9293 1 169 m 125 >
A14 A (so> A38 & (»rs> f46 . #62 > a78 N a924 ~ 1180 n 126 ™
A15 % (sid A31 ¥ {us> |47 #63 ? a7? 0O a9s5 _ 111 o 127 a
128 ¢ 144 € 160 A 176 ¥ 192 ¢t 288 u 224 o 240 =
129 u 145 = 161 1 17?77 193 + 289 = 225 @ 241 *
130 é 146 & 162 & 178 7 194 210 II 226 T 242 2
131 & 147 o 163 @ 179 195 -I: 211 227 T 243 <
132 a 148 o 164 ﬁ 180 A 196 — 212 E 228 E 244 J‘
133 a 149 o 165 N 181 S 197 213 F 229 © 245

134 & 150 Q 166 = 182 {| 198 214 2380 n 246 =
135 ¢ 151 0 167 2 183 ¢ 199 215 {! 231 « 247 =
136 € 152 § 168 ¢ 184 3 200 216 T 232 9 248 °©
137 € 153 0 169 r 185 201 Ii 217 233 8 249 -
138 & 154 v 1780 - 186 I 202 = 218 234 258 -
139 1 155 ¢ 171 4% 187 ﬂ 203 i 219 i 235 & 251
140 i 156 £ 172 % 188 204 I, 220 236 ® 252 w
141 i 157 ¥ 1?73 & 189 U 285 = 221 237 & 253 2
142 @A 158 R 174 « 1909 4 206 ;E 222 238 € 254 1
143 8 159 175 » 191 4 287 = 223 2392 n 255
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QUESTION 4. [25 points]:

Assume a four blocks cache of eight words each. Assume an architectural memory of 2> words.
Assume that the cache is empty. For the sequence of memory accesses shown identify with an x
the box that corresponds to a cache hit for each configuration indicated. Show your calculations
and annotations. (25 points)

Memory accesses sequence (first access is the location at the extreme left)

137

273

540

132 | 275 | 140 | 530 | 278

153

530 | 515 | 129 | 265 | 159

Direct
map

2-Way -
LRU

QUESTION 5. [25 points]:

Consider the following control unit:

v

Encoder

Next State MO
Address
5 Selector

NS2 NS1 NSO

Incrementer

Microstore

(ROM)

v

Pipeline Register

e

RENS 8
Control Signals ~ PL5-PLO
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NS2 NS1 NSO Sts|] M1 MO  Seleccion Inv In Out
0 0 0 X 0 0 Encoder

0 0 1 X 0 1 @, 0 0 0
0 1 0 X |1 0 Pipeline 0 1 1
0 1 1 X 1 1 Incrementer 1 0 1
1 0 0 0 0 0 ? 1 1 0
1 0 0 1 1 0 Pipeline

1 0 1 0 1 1 Incrementer

1 0 1 1 1 0 Pipeline

1 1 0 0 1 1 Incrementer

1 1 0 1 0 0 Encoder

1 1 1 X 0 I

For the previous control unit show the values (0/1) of all the control signals needed to implement
the following state diagram. Indicate any assumption or modification made. (25 points)

State Diagram

State S1S0 | Inv | NS2-NSO PL5-PLO




« PC - Program Counter

r0-r7 (g0-g7) - registros globales

« nPC - Next Program Counter

s IR - Instruction Register r8-r15 (00-07) - registros de salida
« Y - Multiply Step Register

. TBR - Trap Base Register r16-r23 (10-17) - registros locales
u WIM - Window Invalid Mask

« CWP - Current Window Pointer r24-r31 (i0-i7) - registros de entrada
« PSR - Processor Status Register .

u r0-r31 - Integer Registers

« f0-f31 - Floating Point Registers

SPARC: Formatos de Instrucciones SPARC: Formatos de Instrucciones

- branches
- sethi

313029282524 2221
op |a ‘cond op2
op rd op2

- Floating Point
- Data Movement

>
-
c

313029 2524 1918 14 13 12 54

op rd op3 rsl opf rs2
op rd op3 rsl asi rs2
op rd op3 rsl simm13

=
=}

000 OOOLOOOLOILOLOGES
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- : SPARC: Claves para Formatos de
= Instrucciones

u op - opcode formato 1
u op2 - opcode formato 2
. op2 - opcode formato 3 « Tamanos:
u rs1 -registro fuente 1 . Bytes (8 bits)
u rs2 -registro fuente 2 . Halfword (16 bits)
v rd - registro destino . Word (32 bits)
v simm13 - nimero inmediato con signo . Doubleword (64 bits)
i -registro o valor inmediato . R .
u opf - sub-opcode para punto flotante v B’g'end’an
. n n Address Data
v disp22 - desplazamiento de 22 bits . 300 Do La localizacién 300 tiene
. disp30 - desplazamiento de 30 bits 301 Fo
u a-annul bit para branches . 302 C7 el valor de DOFOC70A
. cond - seleccién de condicién para branches 303 0A




3 : SPARC: Instrucciones Aritmeéticas y
=3 Logicas
2

Mnemonic __op3 Meaning

add 080000  add
addx 0S1000 add with carry
sub 050100 substract
subx 0S1100 substract with carry
and 050001 and bitwise
andn 050101 nand bitwise
or 050010 or bitwise
orn 0S0110 nor bitwise
xor 0S0011 xor bitwise
0S0111 xnor bitwise
sll 100101 shift left logical by rs2 or simm13
srl 100110 shift right logical by rs2 or simm13
sra 100111 shift right arithmetic by rs2 or simm1

Instruccién r

antes 40
add %r4, %r5, %r1
después 62

antes 40
sub %r4, - 12, %r5
después 40

antes -128
sra %r1, %r5, %rd
después -128

overflow bit que se genera es un tagged overflow
que se determina como sigue:

v =1 sielbit 100 de cualquiera de los operandos fuentes
es distinto de cero o la suma genera un overflow aritmético

v=0 para cualquier otra condicién

« taddcctv opera como taddcc si v=0, pero si v=1
entonces produce un trap, la suma no ocurre y los
condition codes no se alteran.

3 : SPARC: Instrucciones Aritmeéticas y
=3 Logicas

31 3029 2524 1918 14 13 12 54 0
‘ op ‘ rd ‘ op3 ‘ rsl ‘ 0 ‘ asi ‘ rs2
‘ op ‘ rd ‘ op3 ‘ sl ‘ 1 ‘ simm13

« S - set condition code bit (S=1 permite alterar CC)
« Ejemplos de “assembler”:

I . 2 y imm13
add %r7, %r5, %ré

subcc %r4, - 30, %r1

sub %r2, %r3, %r7

Nota: Para permitir alterar los “conditiol
“ onic” de la instri ion b a

Mnemonic __op3 Meaning

taddce 100000 tagged add and modify icc
taddcctv 100010 taddcc and trap on overflow
tsubce 100001 tagged substract and modify icc
tsubccty 100011 tsubcc and trap on overflow
mulscc 100101 multiply step and modify icc
umul 0S1010 unsigned integer multuply
smul 0S1011 signed integer multuply

udiv 0S1110 unsigned integer divide

sdiv 0S1111 signed integer divide

u Yrd=rs1xrs26

u Yird =rs1x simm13 (sign extended)

- Los condition codes N y Z se modifican

de acuerdo al resultad de rd.

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




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

31 3029 2524 1918 14 13 12 54 0
[op [ rd [ op3 i [rs2 |
‘ op ‘ rd ‘ op3 ‘

Mnemonic  op3 Meaning

1dsb 001001 Load signed byte

1dsh 001010 Load signed halfword

1d 001000 Load word

1dub 000001 Load unsigned bytes

1duh 000010 Load unsigned halfword

1dd 000011 Load doubleword

stb 000101 Store byte

sth 000110 Store halfword

st 000100 Store word

std 000111 Store doubleword
001111 Swap register with memory word

op =11

Localizacion efectiva:
[rs1] + [rs2] el ido de rs1 + el ido de rs2
[rs1] + simm13 /el contenido de rs1 + valor inmediato simm13

Ejemplos de “assembler”:

5 ; —
Id [%r4 + %r5], %r6 4

Id [%r4 - 12], %r1 12

st %r2, [%r3 + 300] 300 @

o000 OOOOOOLOLOGOGES
o000 OOOOOOLOLOGOGES

SPARC: Ejemplos de Instrucciones

SPARC: Instrucciones de Brinco
load/store

Instruccion loc18 loc62 loc304 - Por cédigos condicionales de enteros

antes 360 2000
1d [%r4 + %r5], %r1

después 360 2000 - Por cédigos condicionales de punto

flotante
antes 360 2000
1d [%r4 - 12], %r5

después 360 2000 - Por cédigos condicionales de

Coprocesador
antes 360 2000

st %r1, [%r5 + 300]
después 360 40

Psos0OOOOOLOLOLOLOGES
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SPARC: Instrucciones de Brinco por ! » SPARC: Instrucciones de Brinco
Codigos Condicionales de Enteros Condicional

Mnemonic _cond Meaning Flags test
1000  Brinca siempre 3130 2928 2524 2221
0000  Brinca nunca ‘ 00 ‘ a ‘ cond ‘ 010 ‘ disp22
1001  Brinca si no igual notZ
0001  Brinca si igual z
1010  Brinca si mayor not (Z or (N xor V)) . La localizacién efectiva del brinco es PC + 4*disp22
0010  Brinca si menor o igual Z or (Nxor V)
1011  Brinca si mayor o igual not (N xor V) (PC=nPC,
0011  Brinca si menos NxorV nPC = PC + 4*disp22)
1100  Brinca si mayor sin signo not (C or Z) .
0100  Brinca si menor o igual sin signo (CorZ) - « Ejemplos de “assembler”:
1101 Brinca si carry=0 not C neraceion disp22
0101 Brincasi carry=1 c : P
1110 Brinca si positivo not N be +300 +300
0110 Brinca si negativo N & ®  bneg, a,-120 120 (a=1)
1111 Brinca si overflow=0 not V >
0111  Brinca si overflow=1 A\ Py

Psos0OOOOOLOLOLOLOGES




SPARC: Instrucciones de Brinco
Condicional

SPARC: Ejemplos de Instrucciones de
Brinco Condicional

Si a=1 (el annul bit) y se da el brinco la instruccién que sigue el
branch se ejecuta y luego se brinca.
PC = nPC (normalmente PC + 4), nPC = PC + 4*disp22 Loc Instruccion Brinca No brinca
PC nPC PC nPC
Si a=1y no se da el brinco la instruccion que sigue el branch se
anula (no se ejecuta) y se ejecuta la que sigue .

1000 be +300 1000 1004 1000 1004
1004 1300 1004 1008

PC=PC+8 nPC=PC+12 1300 1304 1008 1012

Si a=0y se da el brinco la instruccién que sigue el branch se

ejecutay luego se brinca. 4000 bneg, a, -120 4000 4004 4000 4004

o - i 4004 3880 4004 4008
PC = nPC (normalmente PC + 4), nPC = PC + 4*disp22 3880 3884 2008 4012
Si a=0y no se da el brinco la instruccion que sigue el branch se

ejecuta y luego la que le sigue a esta. No se ejecuta

o000 OOOOOOLOLOGOGES
o000 OOOOOOLOLOGOGES

PC =nPC, nPC =nPC+4 .

- : SPARC: Delayed Control-Transfer
=3 Couples (DCTI)
2

12 CTI1 40 16 CTI 60 Order of Execution

incondicional es una instruccion de brinco (una
instruccion de brinco no puede seguir una de
brinco condicional)

DCTI Uncond. | DCTI taken 12,16,40,60,64, ...

DCTI Uncond. | B¥cc(a=0) untaken | 12,16,40,44, ...

DCTI Uncond. | B*cc(a=1) untaken | 12,16,44,48, ... (40 annulled)
DCTI Uncond. | B*A(a=1) 12,16,60,64, ... (40 annulled)
La secuencia de ejecucion de instrucciones BrA(a=1) any CTI 12:40,44, ... (16 annulled)
depende de la combinacion de Instrucciones CTI . B e 12, unpredictable
(control tansfer instructions)

—» BA, FBAoCBA
—» Bicc, FBfcc, o CBcce
=® DCTl uncond. =% CALL, JMPL, RETT, o B*A (con a=0)
=4 DCTltaken =% CALL, JMPL, RETT, B*A (con a=0), o B*cc taken

3130 29
(ot ]

Mnemonic op op3 Meaning

call 01 Brinca y guarda PC enr15 Operacion:
jmpl 10 111000 Brinca y guarda PC en rd

r15=PC

PC =nPC
u Las instrucciones de subrutinas son de tipo “delayed”

nPC = PC + 4*disp30

Ejemplo de “assembler”

call 4008




SPARC: Ejemplos de Instrucciones de

PARC: I ion j. 1
SPARC: Instruccion jmpl Subrutinas

313029 2524 1918 1413 12
[10 ] ra ] 111000 [ rst [0 |
[10 [ ra | 111000 [ rst |1 |

Instruccién

antes

call 4008

Operacion:
rd=PC

PC =nPC

después

antes
jmpl %r4, %r6, %r1

después
nPC =rs1+rs2ors1+simmi13
antes
Ejemplos de “assembler” jmpl %ré4, 12, %r0

. después
jmpl %r4 %r6 %r1

jmpl %ord 12 %r0 (Return from subroutine) .

o000 OOOOOOLOLOGOGES
o000 OOOOOOLOLOGOGES

SPARC: Instrucciones Save y Restore SPARC: Instrucciones Save y Restore

31 3029 2524 1918 14 13 12 54 0
‘op‘rd‘ op3 rsl 0‘ asi ‘rsz‘

Mnemonic op op3 Meaning ‘ ‘
‘op ‘ rd ‘ op3 ‘rsl ‘1‘ simm13 ‘

save 10 111100 If WIM(CWP-1)=0
CWP =CWP-1; (nueva ventana)
rd=rsl+rs2 or rd=rsl+simm13
If WIM(CWP-1)=1
Overflow trap

Los registros fuente de la op. i6n de suma corresponden a la

ventana original a la que apunta el CWP antes de la ejecucion de
las instrucciones Save or Restore.

restore 10 111101  If WIM(CWP+1)=0
CWP = CWP+1; (ventana de retorno)
rd=rsl+rs2 or rd=rsl+simm13
If WIM(CWP-1)=1
Underflow trap

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

La operacion de suma no se lleva a cabo si ocurre el trap.

Ejemplos de Assembler:
save %r4, %rS5, %r1
restore %r4, -30, %r1

*
-9
®
*
*
2
e
*
g
®
*
>
]
- 9
>
=9

Psos0OOOOOLOLOLOLOGES

%2}

PARC: Ejemplos de Instrucciones Save y
estore si no Ocurre Underflow o Overflow

SPARC: Instrucciones de trap por
Codigos Condicionales de Enteros

Mnemonic _cond Meaning Flags test
ta 1000  Brinca siempre

tn 0000  Brinca nunca

tne 1001  Brinca si no igual notZ
te 0001  Brinca si igual Z
tg 1010  Brinca si mayor not (Z or (N xor V))
tle 0010  Brinca si menor o igual Z or (N xor V)
tge 1011  Brinca si mayor o igual not (N xor V)
tl 0011  Brinca si menos N xor V
tgu 1100  Brinca si mayor sin signo not (C or Z)
tleu 0100  Brinca si menor o igual sin signo (CorZ)
tee 1101 Brinca si carry=0 not C
tes 0101  Brinca si carry=1 ©
tpos 1110  Brinca si positivo not N
tneg 0110  Brinca si negativo N
tve 1111 Brinca si overflow=0 not V
tvs 0111  Brinca si overflow=1 A\

LS

Instruccién

antes
save %r4, %r5, %r1
después

antes
restore %r4, - 12, %r5
después

Psos0OOOOOLOLOLOLOGES
Psos0OOOOOLOLOLOLOGES




5]

PARC: Instrucciones de Trap
ondicional

SPARC: Instrucciones de Trap
Condicional

Q

3130 2028 2524 1918 14 1312
[10 [* [cond[111010 ] rst o]
[10 [* [cond|111010 [ rs1 |1

Si la condicién es cierta y no existen interrupts o traps de
mayor prioridad pendientes entonces se genera un trap.
Si la condicion no se da la instruccion se comporta como
un NOP.

* reservado
Cuando se da el trap, en el campo tt del Trap Base Register
(TBR) se escribe 128 mas los 7 bits menos significativos

Ejemplos de “assembler”: de rs1 +rs2 6 rs1 + imm7 (signo extendido).

Una vez se genera el trap el 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

Instruccién
te software_trap#
tl 15

so0b0000OOLOLGS

o000 OOOOOOLOLOGOGES

SPARC: Instruccion de Retorno de
Trap - rett

31 3029 2524 1918 14 13 12 54 0
[oo [ d | o8 i m |
op3 ‘

Trap #0 (4 instrucciones)

Trap #1 (4 instrucciones)

Mnemonic op op3 Meaning

»
B @ f-taptype Trap #2 (4 instrucciones)
0 a 127 hardware traps rett 10 111001 If WIM(CWP-1)=0
S 128 a 257 software traps . = CWP = CWP+1;
~ ? ° ’

PC=nPC

PC = rd=rsl+rs2 =rs1+simm1.
Trap #253 (4 instrucciones) - :estCa urradsl;ise ;gs or rd=rsl+simm13
Trap #254 (4 instrucciones) = ET =1 (enable trap)

Trap #255 (4 instrucciones)

Mnemonic op op2 Meaning

sethi 00 100 Carga valor inmediato de 22 bits en

los 22 bits mas significativos de rd. Los
Jmpl %r17, %r0 } viejo PC restantes 10 bit menos significativos se
Rett %r18 } viejo nPC toman el valor de 0.
[
Jmpl %r18, %r0 } viejo nPC
Rett %r18 + 4 } viejonPC + 4

r

. i i = antes ACC3D5BOh
Un trap podria ocasionar otro trap. p——

después FFFFFC00h




: SPARC: Sintetizacion de Modos de

- SPARC: Sintetizacion de Instrucciones

=3 Acceso a Operandos
d

ret ‘ jmpl %r5, %r21, %r0 register add %r5, %r21, %r0
inmediate add %r5, +34, %r3
base-indexed Id %r5, %r21, %r2
displacement Id %r5, -15, %r6

®
move W) or %r0, %r1, %r6

register indirect st %r5, %r0, %ré
absolute st %r0, 1004, %r6
relative ba +3004
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Session of Analysis of Algorithms
Qualifying Exam — Friday, August 26, 2011

Select four out of five problems.

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 Q” than to give code for pointer manipulation. Any pseudo-code must include

comments describing the main variables used.

QUESTION 1. [25 points]:

Prove by induction that for any integer n, 7’ — n is a multiple of 5.(The sum and difference
of multiples of 5 is also a multiple of 5).

QUESTION 2. [25 points]:

Here, “lg” means logarithm in base two. For each of (a)—(d), state which function grows faster,

providing the proof:
(6.25 points) a)
(6.25 points) b)
(6.25 points) ¢)
(6.25 points)  d)

,.
n'"orlgn

22" or 2™

n'e" or (1g n)"

lg(lg"n) or 1g”(1g n), where lg”*(n) is the iterated logarithm function:

100 —

e

n,

lg

G+Dyy _q

glg

n,

lg"(n)=min{i > 0 : lg(')n < 1}.
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QUESTION 3. [25 points]:

The transitive closure G" = (V’, E’) of a directed graph G = (V. E) is defined as follows:
V=V and (i.j) € E"if and only if there is a pathin G from i to j.

(20 points)  a) Give an efficient algorithm for determining the transitive closure of a
directed graph. (Hint: Modify Floyd’s algorithm for finding all shortest paths of a weighted
graph.)

(5 points) b) Determine the big O complexity of your algorithm and explain your answer.

QUESTION 4. [25 points]:

A majority element of an array A[1...n] is an element that occurs in more than n/2 positions of A.
We are not assuming that the elements of A are from some ordered domain, so there can be no
comparison of the form “is A[i]> A[j]?” . However, you can answer questions of the form: is
A[i] = A[j]? in constant time.

(15 points)  a) Design a O log n) divide-and-conquer algorithm to find a majority element in
A (or to determine that no such element exists). You may not sort A, since there is no underlying
order.

(10 points)  b) Prove that your algorithm is correct and that its time complexity is e n log
n.

QUESTION 5. [25 points]:

Suppose thht you are given a set S of “activities”, each defined by a pair (s, f) of real
numbers where s, is the start time and f is the finish time. Two activities i and j are said to
be non-conflicting if either s, > 5 ors; > k.

(13 points) a) Design an algorithm that, given a set S of activities, determines a subset of
non-conflicting activities of maximum size. Hint: First sort the activities in order of increasing
finish times.

(12 points) b) Prove that your algorithm is correct, and determine its time complexity.
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Session of Theory of Computation
Qualifying Exam — Wednesday, August 31, 2011

Select four out of five problems.
QUESTION 1. [25 points]:

Prove that L = {aibick: j = max{i k}} is not context free.

QUESTION 2. [25 points]:
The reversal of a string w = a;a;...a,.1a, is defined to be the string w" = aya,....a,a;. The

reversal of a language L is, in turn, defined as the language L® = {w: w" is in L}. Prove that
regular languages are closed under language reversal.

QUESTION 3. [25 points]:

Demonstrate that Aty = {<M, w>: M a Turing machine, w a string and M accepts w} is Turing-
recognizable but not Turing-decidable.

QUESTION 4. [25 points] :
Is the assertion: “A decision search problem is NP-complete if and only if all known algorithms

for solving the problem perform an exhaustive search” true or false? Prove or disprove with a
counterexample.

QUESTION 5. [25 points]:

“Each decidable problem is map reducible to SAT” true or false? Prove or disprove with a
counterexample.



