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Binary	
  Representa*ons	
  

0.0V!
0.5V!

2.8V!
3.3V!

0! 1! 0
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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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Byte-­‐Oriented	
  Memory	
  Organiza*on	
  

• • •!
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Machine	
  Words	
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Word-­‐Oriented	
  Memory	
  
Organiza*on	
  

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	
  Representa*ons	
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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	
  Lis*ngs	
  

 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	
  Representa*ons	
  

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	
  Execu*on	
  Example	
  

int a = 15213; 

printf("int a = 15213;\n"); 

show_bytes((pointer) &a, sizeof(int)); 

Result (Little Endian):!
int a = 15213; 

0x11ffffcb8  0x6d 

0x11ffffcb9  0x3b 

0x11ffffcba  0x00 

0x11ffffcbb  0x00 
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Represen*ng	
  Integers	
  
Decimal: !15213!

Binary:   0011 1011 0110 1101 
Hex:     3    B    6    D 

6D 
3B 
00 
00 

IA32, x86-64 A!

3B 
6D 

00 
00 

Sun A!

93 
C4 
FF 
FF 

IA32, x86-64 B 

C4 
93 

FF 
FF 

Sun B!

Two’s complement representation!
(Covered later)!

00 
00 
00 
00 

6D 
3B 
00 
00 

x86-64 C!

3B 
6D 

00 
00 

Sun C!

6D 
3B 
00 
00 

IA32 C 
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Represen*ng	
  Pointers	
  

FF 
7F 
00 
00 

0C 
89 
EC 
FF 

x86-64 P!

Different compilers & machines assign different locations to objects!

FB 
2C 

EF 
FF 

Sun P!

FF 
BF 

D4 
F8 

IA32 P!
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Represen*ng	
  Strings	
  

Linux/Alpha S!Sun S!

32 
31 

31 
35 

33 
00 

32 
31 

31 
35 

33 
00 
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Boolean	
  Algebra	
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A!

~A!

~B!

B!

Connection when!

 A&~B | ~A&B!

Applica*on	
  of	
  Boolean	
  Algebra	
  

A&~B!

~A&B! = A^B!
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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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Represen*ng	
  &	
  Manipula*ng	
  Sets	
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Bit-­‐Level	
  Opera*ons	
  in	
  C	
  



Carnegie Mellon 

22	
  

Contrast:	
  Logic	
  Opera*ons	
  in	
  C	
  

0x00 

0x01 

0x01 

0x01 

0x01 

(avoids null pointer access) 
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ShiV	
  Opera*ons	
  

01100010 Argument x!

00010000 << 3!

00011000 Log. >> 2 

00011000 Arith. >> 2 

10100010 Argument x!

00010000 << 3!

00101000 Log. >> 2 

11101000 Arith. >> 2 

00010000 00010000 

00011000 00011000 

00011000 00011000 

00010000 

00101000 

11101000 

00010000 

00101000 

11101000 
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Cool	
  Stuff	
  with	
  Xor	
  (Code	
  example)	
  

  Bitwise	
  Xor	
  is	
  form	
  of	
  
addi=on	
  

  With	
  extra	
  property	
  
that	
  every	
  value	
  is	
  its	
  
own	
  addi=ve	
  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	
  

  It’s	
  All	
  About	
  Bits	
  &	
  Bytes	
  
  Numbers	
  

  Programs	
  
  Text	
  

  Different	
  Machines	
  Follow	
  Different	
  Conven*ons	
  
  Word	
  size	
  

  Byte	
  ordering	
  
  Representa=ons	
  

  Boolean	
  Algebra	
  is	
  Mathema*cal	
  Basis	
  
  Basic	
  form	
  encodes	
  “false”	
  as	
  0,	
  “true”	
  as	
  1	
  

  General	
  form	
  like	
  bit-­‐level	
  opera=ons	
  in	
  C	
  
  Good	
  for	
  represen=ng	
  &	
  manipula=ng	
  sets	
  


