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1. CIf You Can Solve This (28 points): The fo]lé_wing problem assumes the following declarations:

int x = rand();
inty =rand(),
int z = rand(),
unsigned ux = (unsigned) x;
unsigned uy = (unsigned) y;

For the following C expressions, circle either Y or N (but not both).
ot .7
0.y T+ F.-1 Always True?

K/Jx') \.j oo OF |
2 (x> 0)&&(y>0) && (x +y <0) = (x| y)> Tmax>>1)) & N
6o [ Hvv v
+ T\‘V\nv .
bo oo b (D=2 D@+ =x © ®
o = " ?
yo0 .-~ 0o ! \I + Twie = T Z\——TMM - |
Voo 2°) ¢ (ux * 15) == ((ux << 3) — ux) @ @
4+ (- TVV\(‘V‘.) ' ' i
d. > = >=( Y |
rvy\l’(ﬁ X ux X @
oe o O . [
SO T T
\ oc .. o0
T Note that “=>” represents an implication. A = B means that you assume A is true, and your answer

3

should indicate whether B should be implied by A —i.e. given that A is true, is B always true?

' M
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2. Complete Dis-Array (10 points): Consider the following array declaration:

char * array4(9 BEARASSS

. g{f}\)’»u 3 ?/b\,! Sk q Lo b pan v,
How much space (in bytes) would this array declaration allocate on an x86-64 machine?

64 ey

3. Jump Table Blues (20 points): A C function includes this switch statement:

switch(a) {

case 100:
i++;
J++;
break;

case 102:
i+=2;
j+=2;
break; .

o~ = edsx

case 103:
i++;

ca§e 104: tp —>
Jj+=2;

break;

case 105:
i+=2;
J++;
break;

default:
i=0;
3=0;

}

Some of the assembly code (x86-64) for this function is below:

0000000000400544 <func0>:

400544: 55 push $rbp

400545: 48 89 e5 mov $rsp, $rbp
400548: 48 83 ec 10 sub $0x10, $rsp
40054c: 89 7d fc mov $edi, -0x4 ($rbp)
40054f: 89 75 f8 mov %esi,-0x8 ($rbp)
400552: 89 55 f4 mov $edx, -0xc (%rbp)
400555: 8b 45 f4 - mov -0xc (%rbp), $eax
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400558: 83 e8 64
40055b: 83 f8 05
40055e: 77 34
400560: 89 cO

400562: 48 8b 04 c5 28 08 40

400569: 00
400506a: ff e0

sub
cmp
ja

mov
mov

jmpgq

$0x64, $eax

$0x5, $eax

400594 <func0+0x50>
%eax, seax

0x400828 (,%rax,8),%rax

*$rax

Which of the following memory dumps could possibly include the jump table for this switch statement:

L///Option Black:
(gdb) x/64bx 0x400828
100 0x400828: Ox6c 0x05 0x40
ol 0x400830: 0x94 0x05 0x40
o2 0x400838: 0x76- 0x05 0x40
| »70x400840: 0x80 0x05 0x40
) ««0x400848: 0x84 0x05 0x40
[ o 0x400850: Ox8a 0x05 0x40
0x400858: 0x62 0x72 0x6f
0x400860: 0x69 Ox6e 0x6b

Option Grey:
(gdb) x/64bx 0x400828
0x400828: 0x6c 0x05 0x40
0x400830: 0Ox76 0x05 0x40
}><0x400838: 0x94 0x05 0x40
0x400840: 0x80 0x05 0x40
0x400848: 0x84 0x05 0x40
0x400850: Ox8a 0x05 0x40
0x400858: 0Ox62 0x72 0Ox6f
0x400860: 0x69 0Ox6e 0x6b

Option White:
(gdb) x/64bx 0x400828
0x400828: Ox6c 0x05 0x40
\0\0x400830: 0x94 0x05 0x40
0x400838: 0x76 0x05 0x40
0x400840: 0x80 0x05 Qx40
-0x400848: 0x84 0x05 0x40
@ 0400850+ 0x94 0x05 0x40
0x400858: 0x8a 0x05 0x40
0x400860: 0x62 0x72 Ox6f

0x00
0x00
0x00
0x00
0x00
0x00
0x77
0x0a

0x00
0x00
0x00
0x00
0x00
0x00
0x77
0x0a

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x77

0x00
0x00
0x00
0x00
0x00
0x00
Ox6e
0x00

0x00
0x00
0x00
0x00
0x00
0x00
Ox6e
0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00
Oxb6e

0x00
0x00
0x00
0x00
0x00
0x00
0x0a
0x72

0x00
0x00
0x00
0x00
0x00
0x00
0x0a
0x72

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x0a

Answer ONE of Black, Grey, or White on the answer sheet.

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x65

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x65

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x70
0x64

0x00
0x00
0x00
0x00
0x00
0x00
0x70
0x64

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x70
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4. This Problem is a Pain in My Big Endian (42 points):
Consider the following C code:

struct node_t ({
short key;
long val;
char label[10];
struct node_t * next;

}i

struct node t * af[4];

int hash (int key)
{

return key%4; =~ '/ 'y W/ g =3
}

void search(int key)

{
int i=hash (key) ;
struct node t *ptr;
int §=0;

ptr=ali];
while (ptr)
{
if (ptr->key==key) |
printf ("SEARCH FOUND: $%$s\n", ptr->label);
ptr=ptr->next;
}
}

You need to figure out what is printed out when the following function call is performed:

search(11);

The next four pages contain everything you need to solve this problem. Fill in all blanks on the answer
sheet for credit.
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Here is some gdb interaction (on an x86-64 machine

" invocation of the function search:

(gdb) break *0x400a07
Breakpoint 1 at 0x400a07

(gdb) run

Starting program

Breakpoint 1,
(gdb) print &a

$1 = (struct node_t *(*)[4])

(gdb) x/8192bx
0x601320: 0x10
0x601328: 0x40
0x601330: 0x70
0x601338: 0xaO0

0x601320

0x23 0x60 0x00
0x23 0x60 0x00
0x23 0x60 0x00
0x23 0x60 0x00

0x601fel0: 0x00
0x601fe8: 0x00
0x601ff0: 0x00
0x601ff8: 0x00
0x602000: 0x00
0x602008: 0x31
0x602010: Ox1le6
0x602018: Oxlc
0x602020: 0x77
0x602028: 0x00
0x602030: 0x00
0x602038: 0x31
0x602040: 0x37
0x602048: 0x2b
0x602050: 0Ox62
0x602058: 0x00
0x602060: 0x00
0x602068: 0x31
0x602070: 0x21
0x602078: 0x48
0x602080: 0x74
0x602088: 0x00
0x602090: 0x00

0x00
0x00
0x00
0x00

. skipping ahead ..

0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
Ox6f Ox6c 0x66
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x65 0Ox61 0x72
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x00 0x00 0x00
0x69 0x67 0x65
0x00 0x00 0x00
0x00 0x00 0x00

Ox602098x00 0x00 0x00
0%602020 {{(0x0b_Dx00 0x00 0x00
5x6020a8: Dxif_0x00 0x00 0x00

0x6020b0: Ox6cLOx69»Ox6f Ox6%k
0x6020b8: 0x00 0xQ0 0x00 0x00 0x00
0x6020c0: 0x40 0x20 0x60 0x00 0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x72
0x00
0x00
0x00
0x00
0x00

0x0000000000400a07 in main

0x601320

0x00
0x00
0x00
0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00

0x00

0x00
0x00
0x00
0x00
0x00

0x00 .

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00

()

0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00

0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x00 0x00

0x00

0x00
0x00
0x00

0x00 0x00
0x00 0x00
0x00 0x00

) which should prove useful — a breakpoint is set after the
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0x6020c8:
0x6020d0:
0x6020d8:
0x6020e0:
0x6020e8:
0x6020f0:
0x6020f8:
0x602100:
0x602108:
0x602110:
0x602118:
0x602120:
0x602128:
0x602130:
0x602138:
0x602140:
0x602148:
0x602150:
0x602158:
0x602160:
0x602168:
0x602170:
0x602178:
0x602180:
0x602188:
0x602190:
0x602198:
0x6021a0:
0x6021a8:
0x6021b0:
0x6021b8"
0x6021cO:
0x6021c8:
0x6021d0:
0x6021d8:
0x6021e0:
0x6021e8:
0x6021f0:
0x6021f8:
0x602200:
0x602208:
0x602210:
0x602218:
0x602220:
0x602228:
0x602230:
0x602238:

- 0x00

0x31
Ox2c
0x17
0x68
0x00
0x00
0x31
0x42
0x46
Ox7a
0x00
0x10
0x31
Ox4d
0x37
0x63
0x00
0x70
0x31
0x58
0x27
0x66
0x00
0xdo
0x31 0x00
0x63 0x00
0x45 0x00

0x00
0x00
0x00
0x69
0x00
0x00
0x00
0x00
0x00
0x65
0x00
0x20
0x00
0x00
0x00
0x61
0x00
0x20
0x00
0x00
0x00
0x65
0x00
0x20

0x00
0x00
0x00
0x70
0x00
0x00
0x00
0x00
0x00
0x62
0x00
0x60
0x00
0x00
0x00
0x72
0x00
0x60
0x00
0x00
0x00
0x72
0x00
0x60
0x00
0x00
0x00

0x00
0x00
0x00
0x70
0x00
0x00
0x00
0x00
0x00
0x72
0x00
0x00
0x00
0x00
0x00
0x69
0x00
0x00
0x00
0x00
0x00
0x72
0x00
0x00
0x00
0x00
0x00

0x00
0x00
0x00
0x6f
0x00
0x00
0x00
0x00
0x00
Ox61
0x00
0x00
0x00
0x00
0x00
0x62
0x00
0x00
0x00
0x00
0x00
0x65
0x00
0x00
0x00
0x00
0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
Ox6f
0x00
0x00
0x00
0x00
0x00
O0x74
0x00
0x00
0x00
0x00
0x00

0x6d 0x65

—

0xQ0 0x00
Oxal0 0x20

0x65
0x00
0x60

0x72
0x00
0x00

0x63
0x00
0x00

0x61
0x00

0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x75
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
Qx74
0x00
0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00

0x31 0x00 Ox 0x00 0x00 0Ox00 0Ox00 0x00

0x34
0x01
0x77
0x00
0x60
0x31
0x3d
0x29
0x67

0x00
0x00
Oxo6f
0x00
0x21
0x00
0x00
0x00
Ox6f
0x00
0x21
0x00
0x00
0x00
0x69
0x00

0x30
0x31
Ox4a
0x28
0x67
0x00

0x00 0x00
0x00 0x00
Ox6d 0x62
0x00 0x00
0x60 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x72 0x69
0x00 0x00
0x60 0x00
0x00 0x00
0x00 0x00
0x00 0x00
0x72 0x61
0x00 0x00

0x00
0x00 .
Ox61l
0x00
0x00
0x00
0x00
0x00
Ox6c
0x00
0x00
0x00
0x00
0x00
0x66
0x00

0x00
0x00
O0x74
0x00
0x00
0x00
0x00
0x00
0x6¢C
0x00
0x00
0x00
0x00
0x00
0x66
0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
Ox61
0x00
0x00
0x00
0x00
0x00
0x65
0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
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0x602240: 0x00 0x21 O0x60 0x00 O0x00 0x00 0x00 0x00
0x602248: 0x31 0x00 0x00 0x00 0Ox00 0x00 0x00 0x00
0x602250: 0x55 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x602258: 0x05 0x00 0x00 0x00 O0x00 0x00 0x00 0x00
0x602260: 0x62 0x75 0x66 0x66 0x61 Ox6c Ox6f 0x00
0x602268: 0x00 0x00 0x00 0x00 0x00 0x00 O0x00 0x00
0x602270: Oxf0 0x21 O0x60 0x00 0x00 0x00 0x00 0x00
0x602278: 0x31 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x602280: 0x20 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x602288: 0x19 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x602290: 0x62 0x69 0x73 0x6f 0Ox6e 0x00 0x00 0x00
0x602298: 0x00 0x00 0x00 0x00 0Ox00 0x00 0x00 0x00
0x6022a0: 0xcO 0x21 0x60 0x00 0x00 0x00 0x00 0x00
0x6022a8: 0x31 0x00 0x00 Ox00 0x00 0Ox00 0x00 0xO00
0x6022b0: 0x2d 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x6022b8: 0x5f 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x6022c0: 0x76 0x75 0x6c 0x74 0x75 0x72 0x65 0x00
0x6022c8: 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x6022d0: 0x50 0x22 0x60 0x00 0x00 0x00 0x00 0x00
0x6022d8: 0x31 0x00 0x00 0x00 0x00 0x00 0x00 0x00
P0x6022e0: 0x2f 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x6022e8: Qx04 0x00 0x00 0x00 0x00 0x00 0x0Q 0x00
0x6022f0: 0x65 0x61 Qx67_0x6c 0x65 Ox00 0x00 0x00
0x6022f8: 0xDO Qx00 0x00 0x00 0x00 0x00 0x00 0x00
0x602300: 0x90 0x21 0x60 0x00 Ox00 0Ox00 0x00 0Ox00
0x602308: 0x31 0x00 0OxXU0 OX0U0 0x00 0OxX0U Ux00 OX00
0x602310: 0x30 0x00 0x00 0x00 0x00 0x00 Ox00 0Ox00
0x602318: 0x2a 0x00 0x00 Ox00 0x00 0Ox00 Ox00 0xQO0
0x602320: Ox66 0x61 Ox6c, 0x63 Ox6f Ox6e 0x00 0x00
0x602328: 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x602330: 0x80 0x22 0x60 0x00 0x00 0x00 0x00 0x00
0x602338: 0x31 0x00 0x00 0x00 O0x00 Ox00 Ox00 0x00
0x602340: 0x31 0x00 0x00 0x00 0x00 Ox00 Ox00 0x00
0x602348: 0x36 0x00 0x00 0x00 0x00 0x00 0x00 0x00
0x602350: 0x68 0x61 0x77 Ox6b 0x00 0x00 0x00 0xQ0
0x602358: 0x00 0x00 0x00 Qx00 0x00 0x00 0x00 0xQO0
0x602360: Oxb0 0x22 0x60 0x00 0x00 0x00 0x00 0x00
0x602368: 0x31 0x00 0x00 0x00 O0x00 0x00 0x00 0x00
0x602370: 0x32 0x00 0x00 Ox00 0x00 0x00 0x00 0x00
0x602378: 0x4f 0x00 0x00 O0x00 0x00 0x00 0x00 0x00
0x602380: Ox6f 0x77 Ox6c O0x00 O0x00 0x00 0x00 0x00
0x602388: 0x00 0x00 0x00 0x00 0Ox00 0x00 0x00 0x00
0x602390: 0x20 0x22 0x60 Ox00 0Ox00 0Ox00 0x00 0x00
0x602398: 0x31 Ox00 0x00 Ox00 Ox00 0x00 0x00 0x00
L 0x6023a0: 0x33 0x00 O0x00 0x00 0x00 0x00 0x00 0xO00
0x6023a8% 0x37 0x00 0x00 0x00 0x00 0x00 0x00Q 0x00
0x6023b0: 0x73 Ox6e 0x61 O%Eb 0x65 0xQ0 0x00 0x00
7

Scanned by CamScanner




i

T T

0x6023b8: 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00

0x6023c0: Oxe0 0x22 0x60 0x00 0x00 0x00 0x00 0x00

0x6023c8: 0Ox41 Ox0c Ox02 0x00 0x00 0x00 0x0U0 OX00O-

0x6023d0: 0x00 0x00 0x00 0x00 0x00 0x00 0x00 0x00

ASCII Table
Dec Hex Name “Char Ctri-char [Dec Hex Char |Dec Hex Char |Dec Hex .Char
0 0 Null NUL CTRL-@ |32 20 Space|64 40 @ 9% 60 -
1 1 Statcfheading SOH CTRL-A |33 21 ! 65 41 A 97 61 a
2 2  Startcftext STX CTRL-B |[3¢4 22 " 66 42 B 98 62 b
3 3 Endoftext ETX CTRL-C |35 23 & 67 43 C 9 63 ¢
4 4 Enrdof xmit EOT CTRL-D |36 24 ¢ 68 4 O 100 64 d
S 5 Enquiry ENQ CTRL-E 37 25 % 69 45 E 101 65 e
6 6  Ackrowledge AC¥ CTRLF |38 26 & 70 46 F 102 66 f
7 7 el BEL CTRL-G |39 27 ° 71 47 G 10367 g
8 B8 Backspate 8S CTRL-H [0 28 ( 72 48 H 104 68 h
9 9  Horizortd tab HT CTRL-1 41 28 ) 73 49 105 69 i
10 0A Linefeed LF  CTRL-) |42 2a ° 74 4A ) 106 64 j
11 0B Vertical tab vT CTRL-K 43 - 2B + 75 4B K 107:-68 k
12 0C Form feed FF CTRLL |44 2C 76  4C L 108 6C |
13 0D Carriage fesd CR CTRL-M [+ 20 - 77 4D M 109 60 m
14 (€ Shftout SO CTRL-N |46 2E . 78 4 N 110.6E n
15 OF Shiftin §I CTRL-O |47 2F [/ 79 4% O 111 & o
16 10 Datalineescape OLE CTRL-P |48 30 O B0 S0 P 11270 p
17 11 Devicecontud 1 DCT CTRL-Q [40 31 1 81 51 Q 113 71 q
18 12 Deviceeontrol2 DC2 CTRL-R S0 32 2 82 52 R 114 72 r
19 13 Devicecontrol3  DC3 CTRL-S |51 33 3 B3 'S3 S 115 73 s
20 14 Devicecontrol4 DC4# CTRL-T |52 34 4 (84 s+ T 116 74 ¢t
21 1S = Negacknowledpe NAK CTRLU |S3.35 S g5 S5 U 117.75 u
22 16 Synchronouside SYN CTRL-V [S4 36 6 86 %6 V (1187 v
23 17 Endof xmitblock ETB CTRLW S5 37 7 87 57 W |19 77 w
24 18 Carcd CAN CTRL-X |56 38 8 88 58 X 120 78 X
25 19 End of medium EM CTRL-Y |S7 39 O B9 S2 Y 12179 y
26 1A Substitute SU8 CTRL-Z S8 3a 90 SA 2z |122.7a :z
27 18 Escape ESC CTRL-[ S99 .38 ; 91 SB [ 123 78
28 . 1C File separaor FS CTRL-\ |60 3¢ < 92 SC \ 124 7C |
29 1D Groupseparator GS CTRL-] |61 3D = 93: 5D ] 125.70 '}
30 1E Recordseparator RS CTRL-~ [62 13E > 94 S 7 126 7~
31 IF  Unit separator US CTRL-. |63 i3F 2 95 S5F 127 7F DAL
g
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Answer Sheet

1. Circle the correct responses:
g ~7
y ®&F
® N AN
vy @

2. Space (in bytes) for the array declaration: 6 48l /

3. Answer ONE of Black, Grey, or White: S lacte -/

4. Fill in all blanks below

The value of variable i in function search(): s /

The value of afi] in function search(): Oxk0224a0 /

The value of ptr at the time of execution of the printf statement in
function search():

0,020 O

The value printed by the printf statement in
function search():

A

limﬂ
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