
Integers, Bits and Bytes oh my! 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What is the value of:
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Why Donʼt Computers Use Base 10?
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Binary Representations


0.0V

0.5V


2.8V

3.3V


0
 1
 0
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Byte-Oriented Memory Organization
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Encoding Byte Values


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 
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Machine Words
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Word-Oriented Memory 
Organization


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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Data Representations
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Byte Ordering
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Byte Ordering Example


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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Reading Byte-Reversed Listings


 Address 
Instruction Code 
Assembly 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) 
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Examining Data Representations


typedef unsigned char *pointer; 

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

Printf directives: 
%p: 
Print pointer

%x: 
Print Hexadecimal
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show_bytes Execution Example


int a = 15213; 

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

Result (Linux):

int a = 15213; 

0x11ffffcb8  0x6d 
0x11ffffcb9  0x3b 

0x11ffffcba  0x00 
0x11ffffcbb  0x00 
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Representing Integers

Decimal: 
15213

Binary:   0011 1011 0110 
1101 

Hex:     3    B    6    D 

6D 
3B 
00 
00 

Linux/Alpha A


3B 
6D 

00 
00 

Sun A


93 
C4 
FF 
FF 

Linux/Alpha B


C4 
93 

FF 
FF 

Sun B


Twoʼs complement representation

(Covered next lecture)


00 
00 
00 
00 

6D 
3B 
00 
00 

Alpha C


3B 
6D 

00 
00 

Sun C


6D 
3B 
00 
00 

Linux C
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Representing Pointers


Alpha Address

Hex:     1    F    F    F    F    F    C    A    0 

Binary:   0001 1111 1111 1111 1111 1111 1100 1010 
0000 

01 
00 
00 
00 

A0 
FC 
FF 
FF 

Alpha P


Sun Address

Hex:     E    F    F    F    F    B    2    C    
Binary:   1110 1111 1111 1111 1111 1011 0010 
1100 

Different compilers & machines assign different locations to objects


FB 
2C 

EF 
FF 

Sun P


FF 
BF 

D4 
F8 

Linux P


Linux Address

Hex:     B    F    F    F    F    8    D    4    
Binary:   1011 1111 1111 1111 1111 1000 1101 
0100 
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Representing Floats


IEEE Single Precision Floating Point Representation

Hex:     4    6    6    D    B    4    0    0    
Binary:   0100 0110 0110 1101 1011 0100 0000 
0000 

15213:             1110 1101 1011 01 

Not same as integer representation, but consistent across machines


00 
B4 
6D 
46 

Linux/Alpha F


B4 
00 

46 
6D 

Sun F


Can see some relation to integer representation, but not obvious


IEEE Single Precision Floating Point Representation

Hex:     4    6    6    D    B    4    0    0    
Binary:   0100 0110 0110 1101 1011 0100 0000 
0000 

15213:             1110 1101 1011 01 

IEEE Single Precision Floating Point Representation

Hex:     4    6    6    D    B    4    0    0    
Binary:   0100 0110 0110 1101 1011 0100 0000 
0000 

15213:             1110 1101 1011 01 
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Representing Strings


Linux/Alpha S
Sun S


32 
31 

31 
35 

33 
00 

32 
31 

31 
35 

33 
00 
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Machine-Level Code Representation
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Representing Instructions


Different machines use totally different instructions and encodings


00 
00 
30 
42 

Alpha sum


01 
80 
FA 
6B 

E0 
08 

81 
C3 

Sun sum


90 
02 
00 
09 

E5 
8B 

55 
89 

PC sum


45 
0C 
03 
45 
08 
89 
EC 
5D 
C3 
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Boolean Algebra


& 0 1
0 0 0
1 0 1

~
0 1
1 0

| 0 1
0 0 1
1 1 1

^ 0 1
0 0 1
1 1 0
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A


~A


~B


B


Connection when


 A&~B | ~A&B


Application of Boolean Algebra


A&~B


~A&B
 = A^B
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Integer Algebra
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Boolean Algebra
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  Commutativity


 
A | B    =  B | A 
A + B  =  B + A


 
A & B    =  B & A 
A * B  =  B * A


  Associativity


 
(A |  B)  | C    =  A | (B | C) 
(A + B) + C  =  A + (B + C)


 
(A & B) & C    =  A & (B & C) 
(A * B) * C  =  A * (B * C)


  Product distributes over sum


 
A & (B | C)  =  (A & B) | (A & C) 
A * (B + C)  =  A * B + A * C


  Sum and product identities


 
A | 0  =  A 
A + 0  =  A


 
A & 1  =  A 
A * 1  = A 


  Zero is product annihilator


 
A & 0  =  0 
A * 0  =  0


  Cancellation of negation


 
~ (~ A) =  A 
– (– A)  =  A
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  Boolean: Sum distributes over product


 
A | (B & C)  =  (A | B) & (A | C) 
A + (B * C)  ≠  (A + B) * (B + 
C)


  Boolean: Idempotency


 
A | A  =  A 
A  + A ≠ A

 “A is true” or “A is true” = “A is true”



 
A & A  =  A 
A  * A ≠ A

  Boolean: Absorption


 
A | (A & B)  =  A 
A + (A * B) ≠ A

 “A is true” or “A is true and B is true” = “A is true”



 
A & (A | B)  =  A 
A * (A + B) ≠ A

  Boolean: Laws of Complements


 
A | ~A  =  1 
A  + –A ≠ 1

 “A is true” or “A is false”


  Ring: Every element has additive inverse


 
A | ~A ≠ 0 
A + –A = 0
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Properties of & and ^
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Relations Between Operations
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General Boolean Algebras


  01101001 
& 01010101 
  01000001 

  01101001 
| 01010101 
  01111101 

  01101001 
^ 01010101 
  00111100 

~ 01010101 
  10101010   01000001 01111101 00111100 10101010 
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Representing & Manipulating Sets
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Bit-Level Operations in C
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Contrast: Logic Operations in C
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Shift Operations


01100010 Argument x


00010000 << 3


00011000  >> 2 

00011000 >> 2 

10100010 Argument x


00010000 << 3


00101000  >> 2 

11101000 >> 2 

00010000 00010000 

00011000 00011000 

00011000 00011000 

00010000 

00101000 

11101000 

00010000 

00101000 

11101000 
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Cool Stuff with Xor


  Bitwise Xor is form 
of addition


  With extra property 
that every value is 
its own additive 
inverse


 A ^ A = 0


B A Begin

B A^B 1


(A^B)^B = A A^B 2

A (A^B)^A = B 3

A B End


*y *x 
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Main Points



