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⬛ & | ~ ^
▪

▪ long, int, short, char, unsigned
▪
▪

⬛

▪ ~0x41 → 0xBE
▪ ~010000012 → 101111102

▪ ~0x00 → 0xFF
▪ ~000000002 → 111111112

▪ 0x69 & 0x55 → 0x41
▪ 011010012 & 010101012 → 010000012

▪ 0x69 | 0x55 → 0x7D
▪ 011010012 | 010101012 → 011111012

⬛ & | ~ ^
▪

▪ long, int, short, char, unsigned
▪
▪

⬛

▪ ~0x41 → 0xBE
▪ ~0100 00012 → 1011 11102

▪ ~0x00 → 0xFF
▪ ~0000 00002 → 1111 11112

▪ 0x69 & 0x55 → 0x41
▪ 0110 10012 & 0101 01012 → 0100 00012

▪ 0x69 | 0x55 → 0x7D
▪ 0110 10012 | 0101 01012 → 0111 11012

0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
A 10 1010
B 11 1011
C 12 1100
D 13 1101
E 14 1110
F 15 1111

Hex
Decim

al

Binary
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▪ !0x41 →  0x00
▪ !0x00 →  0x01
▪ !!0x41→  0x01

▪ 0x69 && 0x55 →  0x01
▪ 0x69 || 0x55 →  0x01
▪ p && *p 
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10 = 

-16 8 4 2 1

0 1 0 1 0

-10 = 
-16 8 4 2 1

1 0 1 1 0

8+2 = 10

-16+4+2 = -10
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int unsigned
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• • •
• • •

u

v+

• • •u + 
v • • •UAdd

w
(u 

, v)

   1110 1001
+  1101 0101

 1 1011 1110

   1011 1110

  E9
+ D5

 1BE

  BE

0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
A 10 1010
B 11 1011
C 12 1100
D 13 1101
E 14 1110
F 15 1111

Hex
Decim

al

Binary

  223
+ 213

  446

  190

unsigned char
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▪
int s, t, u, v;
s = (int) ((unsigned) u + (unsigned) v);

 t = u + v

▪  s == t

• • •
• • •

u

v+
• • •u + 

v • • •TAdd
w
(u , v)

   1110 1001
+  1101 0101

 1 1011 1110

   1011 1110

  E9
+ D5

 1BE

  BE

  -23
+ -43

  446

  -66
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⬛
 ~x + 1 == -x

⬛

▪ ~x + x == 1111…111 == -1
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• • •
• • •

u

v*
• • •u · 

v • • •UMult
w
(u 

, v)

• • •

           1110 1001
*          1101 0101

 1100 0001 1101 0010

           1101 1101

   E9
*  D5

 C1DD

   DD

    223
*   213

  47499

    221
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u

v*
• • •u · 

v • • •TMult
w
(u 

, v)

• • •

    -23
*   -43

  16896

    -35

           1110 1001
*          1101 0101

 1100 0001 1101 0010

           1101 1101

   E9
*  D5

 C1DD

   DD
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⬛

▪ u << k u * 

▪

⬛

▪ u << 3 == u * 8

▪ (u << 5) – (u << 3)== u * 24

▪
▪

u

2
k

*
u · 
2k

UMult
w
(u , 2k)

k

TMult
w
(u , 2k)
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▪ u >> k ⎣ u / ⎦
▪

u

2
k

/
u / 
2k

k

⎣ u / 2k ⎦
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▪ x >> k ⎣ x / ⎦
▪
▪ u < 0

x

2
k

/
x / 
2k

k
••• •••

•••0 ••• •••
RoundDown(x / 2k) •••0 •••
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⬛

▪ ⎡ x / ⎤
▪ ⎣ (x+ -1)/ ⎦

▪ (x + (1<<k)-1) >> k
▪

u

2
k

/
 ⎡ u / 
2k  ⎤

k

+2k 

–1
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x

2
k

/
 ⎡ x / 
2k  ⎤

k

+2k 

–1
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⬛

▪
unsigned i;
for (i = cnt-2; i >= 0; i--)
  a[i] += a[i+1];

▪
#define DELTA sizeof(int)
int i;
for (i = CNT; i-DELTA >= 0; i-= DELTA)
  . . .
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⬛

unsigned i;
for (i = cnt-2; i < cnt; i--)
  a[i] += a[i+1];

⬛

▪

▪ →
⬛

size_t i;
for (i = cnt-2; i < cnt; i--)
  a[i] += a[i+1];

▪ size_t

▪  cnt

▪ cnt
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0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
A 10 1010
B 11 1011
C 12 1100
D 13 1101
E 14 1110
F 15 1111

Hex
Decim

al

Binary

   1111 0011
+  0101 0010

 1 0100 0101

   0101 0101

  F3
+ 52

 145

  45

  243
+  82

  325

   69

unsigned char

   0001 1001
*  0000 0010

 0 0011 0010

   0011 0010

  19
* 02

 032

  32

  25
*  2

  50

  50

unsigned char
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0000
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011

32-bit
Words

Bytes Addr.

0012
0013
0014
0015

64-bit
Words

Addr 
=
??

Addr 
=
??

Addr 
=
??

Addr 
=
??

Addr 
=
??

Addr 
=
??

0000

0004

0008

0012

0000

0008
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char

short

int

long

float

double
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0x100 0x101 0x102 0x103

01 23 45 67

0x100 0x101 0x102 0x103

67 45 23 01

Big Endian

Little Endian

01 23 45 67

67 45 23 01
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Decimal: 15213

Binary:  0011 1011 0110 
1101

Hex:    3    B    6    D

6D
3B
00
00

IA32, x86-64

3B
6D

00
00

Sun

int A = 15213;

93
C4
FF
FF

IA32, x86-64

C4
93

FF
FF

Sun

Two’s complement representation

int B = -15213;

long int C = 15213;

00
00
00
00

6D
3B
00
00

x86-64

3B
6D

00
00

Sun

6D
3B
00
00

IA32
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▪

typedef unsigned char *pointer;

void show_bytes(pointer start, size_t len){
  size_t i;
  for (i = 0; i < len; i++)
    printf(”%p\t0x%.2x\n",start+i, start[i]);
  printf("\n");
}
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show_bytes

int a = 15213;
printf("int a = 15213;\n");
show_bytes((pointer) &a, sizeof(int));

Result (Linux x86-64):

int a = 15213;
0x7fffb7f71dbc 6d
0x7fffb7f71dbd 3b
0x7fffb7f71dbe 00
0x7fffb7f71dbf 00
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int B = -15213;
int *P = &B;

x86-64Sun IA32

EF

FF

FB

2C

AC

28

F5

FF

3C

1B

FE

82

FD

7F

00

00
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char S[6] = "18213";
⬛

▪
▪

▪
▪

▪
▪

⬛

▪

IA32 Sun

31

38

32

31

33

00

31

38

32

31

33

00
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 Address Instruction CodeAssembly Rendition
 8048365: 5b                   pop    %ebx
 8048366: 81 c3 ab 12 00 00    add    $0x12ab,%ebx
 804836c: 83 bb 28 00 00 00 00 cmpl   $0x0,0x28(%ebx)

⬛

▪
▪

⬛

⬛

▪ 0x12ab

▪ 0x000012ab

▪ 00 00 12 ab

▪ ab 12 00 00



Carnegie Mellon

x < 0 ⇒ ((x*2) < 0)
ux >= 0
x & 7 == 7 ⇒ (x<<30) < 0
ux > -1
x > y ⇒ -x < -y
x * x >= 0
x > 0 && y > 0 ⇒ x + y > 0
x >= 0⇒ -x <= 0
x <= 0⇒ -x >= 0
(x|-x)>>31 == -1
ux >> 3 == ux/8
x >> 3 == x/8
x & (x-1) != 0

int x = foo();

int y = bar();

unsigned ux = x;

unsigned uy = y;
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