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IMPORTANT INSTRUCTIONS: You must write your name on the back page of the exam
(And above). You may do so now. Do not open the exam.

This is an open book, open notes exam, but you cannot share books/notes. Please follow the
university guidelines in reporting academic misconduct.

Note that there is an ASCII Table at the end of this exam. You will need it at some point. Do
NOT detach the ASCII table.

Please wait until everyone has their exam to begin. We will let you know when to start. -

Good luck!
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1) GDB Lies (10, 1pt each) ) .  *
Suppose we debug the following program (assignments omitted), and break at the printf: :
void main(int argc, char* argv) {
int im.,,,

unsigned u=,..
float f=,.,
double d=.,,
PrauEre™ .o o5 54 4) %
} |
List any outputs from gdb that must have been tampered with. (ie. if it might not have been

tampered with, then don't list it) For example, the output of the first command has been
tampered with, because the return value is not expected:

(gdb) print sizeof(double)
$0 = 37

(gdb) print sizeof(short)
$1 =2

(gdb) print sizeof(0)
$2 = 4

(gdm : =]
57 )

(gdb) print @ - 1
$4 = -1 v

(gdb) print 1U - 2

$5 = 4294967295 v oon
v o

(gdb) p (int)(float)i == i

$6 = 1

(gdb) p (int)(double)i ==J
$7 =0

(gdb) p (unsigned)(int) u == u J
$8 = 0

6%~

(gdb) p/f excﬁezqeeeg_ oM (1 |
$9 = 33 _ 5 54 N
(gdb) p/x (int)3.14159

$10 = em%ﬁefa‘a

vei &
List GDB Outputs Tampered With: $0, 42 , &7, 82 7 10
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2) One of a kind! (10, 1 pt each)

A. For ‘each instruction below, write one alternate instruction which performs the same
operation. The alternate should not use the same instruction type (known as an opcode). Itis

acceptable if the flags do not match.
1. leaq (%rbx, %rbp), %rbp
2. leaq (, %rdi, 2), %rdi
3. mov %rax, %rax

creay oul b

4. add $0, %eax

by

5. xor %rbx, %rbx

_6—CITq

~—

o dAa /by s 7:1PP
-
\mulq $2, fird
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B. Rewrite the following with one instruction:

(assume x is in %rax, yisin%rbx, ar

ray a (declared as int a[256]) isin address in %rcx,

and that array b (declared as char b[160] [4]) is at address 0x100.

Voxi=t(x <®9) 2 -1 :0
8. x = x+2*y+17

9. a[x]++

10.x = b[x][y]

gafq- S N/ray
Jdeat V\F( feax, 7.ebx, 3) /. ea ¥
. : (X
Udd,L k;lbanlw/‘/u}xl”)
AR
mov| oxi00(1 2ox -/,m{k ") e
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3) Bitwise Number Classification (10 pts, 2 pts each)

Match the following datalab implementations to their descriptions.

int funci(int X) LA

return (x>>31) & ox1;
} /

int func2(int x) {
return (!1x) & (!(x+x));

}

int func3(iqy/;) {
return Ix
¥ /

int func4(int x)/i/
int nx = ~x;
int nxnz/; Ilnx;

int nxevf = I(nx+nx);
return nxnz & nxovT;
&

int func5(int x) {
int minus_x = ~x+1;
return ((minus_x|x) >> 31) & 1;

}

—

;_rl.>sTmin: Returns 1 if x == Tmin, 0 otherwise
2. isTmax: Returns 1 if x == Tmax, 0 otherwise
3. isNegative: Returns 1 if x < 0, 0 otherwise

Q. \isNonZero: Returns 1 if x!=0, 0 otherwise

")

5. isZero: Returns 1 if x == 0, and 0 otherwise
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?' Q4) Array of hope (10 pts). Consider the following code on the left, and answer the questions
on the right:
typedef struct { 1. What is printed? (2 pts each, 6 pts total)
char g ;
"

short n[10]; ) 4%

int o; ‘g 4 +2

double w; 1 B a4 0 \/1 . 2

float r; 3 ’

’ \.0mwo0|] *r3*+7"x

} struct_elem;
2. Notice that get_val is missing a definition. The

typedef union { following is the disassembly from gdb:

char g;

short n[10]; Dump of assembler code for function get_val:

int o; 0x00000066a <+0>: movslq %esi,%rsi

double w; 0x00000066d <+3>: movslq %edi,‘%rdi.

float r; 0Xx000000670 <+6>: lea (%rdi,%rdi,2),%rax

. § Ox000000674 <+10>:  lea (%rsi,%rax,8),%rdx
} union_glem; 1 0x000000678 <+14>:  lea  ©x2009cl(%rip),%rax
Ox00000067F <+21>:  movzwl @x2(%rax,%rdx,2),%eax

struct_elem struct_array[10]; Ox000000684 <+26>:  retq :
union_elem union_array[10]; 32 4

What is the definition of get_val? (3pts)
(Hint: @x2009c1(%rip) is the address of either
struct_array or union_array)

get_val(int x, int y) {

}
ant get_val(int x, int y) {
int main(int argc, char** argv) { Lo Vb
L£town Hiuek.

int a[16][16]; SRR o il ( stuet-oray [x]. nrf])

printf("%1d\n", sizeof(struct_elem)); oo ren - AR 5

printf("%ld\n", sizeof(union_array)); lg ’ILZ '

union_array[@] .o=6x42§04‘69?0; e }

printf("%f\n", union_array[@].r);
¥ 3. Which of the following orders minimizes the size of the

4g oO4 00 ©© struct? (1pts)
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