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Previous TODOs
● Assignment 0 tasks before next class:

– Read Syllabus
– Play and beat Bowdoin Dungeon Crawler
– Play Ant (try to make it to at least level 2)
– Finish vimtutor Lessons 1.1 through 1.4

https://tildesites.bowdoin.edu/~j.knockel/dungeon.py
https://tildesites.bowdoin.edu/~j.knockel/ant/


  



  



  



  

How did it go?
● How far did you get in Ant?  In vimtutor?
● Was it easy?  Frustrating?

A lot of this class will be spent learning new ways 
of interfacing with computers.



  

Overview for today
● Data representation
● Different number systems
● Data types
● Binary and logical operations



  

Binary



  

Why binary?



  

Why binary?
● Computers are composed of digital electronics
● Uses 0s and 1s
● Voltage either on or off
● Robust!
● 0.9 → 1
● 0.2 → 0



  

Analog media
● VHS tapes

– Every time you make a copy, the quality gets a little 
worse

● But DVD, Bluray, *.mp4, etc.
– Every copy is identical

● “Digitizing” → converting from analog to digital



  

Is digital always better?



  

Is digital always better?



  

Is digital always better?



  

Decimal
● 6789
● 6*103 + 7*102 + 8*101 + 9*100



  

Why do humans use decimal?



  

Why do humans use decimal?
● No mathematical reason



  

Decimal
● 6789
● 6*103 + 7*102 + 8*101 + 9*100



  

Binary
● 1001
● 1*23 + 0*22 + 0*21 + 1*20



  

Converting from binary → decimal
● 1001
● 1*23 + 0*22 + 0*21 + 1*20

● 1*8 + 0*4 + 0*2 + 1*1
● 9



  

Converting from decimal → binary
● 154 / 2 = 77 R0
● 77 / 2 = 38 R1
● 38 / 2 = 19 R0
● 19 / 2 = 9 R1
● 9 / 2 = 4 R1
● 4 / 2 = 2 R0
● 2 / 2 = 1 R0
● 1 / 2 = 0 R1
●  → 10011010



  

Converting from decimal → binary
● 154 / 2 = 77 R0 Dividing by 2
● 77 / 2 = 38 R1 Dividing by 4
● 38 / 2 = 19 R0 Dividing by 8
● 19 / 2 = 9 R1 …
● 9 / 2 = 4 R1
● 4 / 2 = 2 R0
● 2 / 2 = 1 R0
● 1 / 2 = 0 R1 Dividing by high bit
●  → 10011010



  

Highest possible value in n bits
● n = 1 → 1 → 1



  

Highest possible value in n bits
● n = 1 → 1 → 1
● n = 2



  

Highest possible value in n bits
● n = 1 → 1 → 1
● n = 2 → 11 → 3



  

Highest possible value in n bits
● n = 1 → 1 → 1
● n = 2 → 11 → 3
● n = 3



  

Highest possible value in n bits
● n = 1 → 1 → 1
● n = 2 → 11 → 3
● n = 3 → 111 → 7



  

Highest possible value in n bits
● n = 1 → 1 → 1
● n = 2 → 11 → 3
● n = 3 → 111 → 7
● n = 4



  

Highest possible value in n bits
● n = 1 → 1 → 1
● n = 2 → 11 → 3
● n = 3 → 111 → 7
● n = 4 → 1111 → 15



  

Highest possible value in n bits
● n = 1 → 1 → 1
● n = 2 → 11 → 3
● n = 3 → 111 → 7
● n = 4 → 1111 → 15
● n



  

Highest possible value in n bits
● n = 1 → 1 → 1
● n = 2 → 11 → 3
● n = 3 → 111 → 7
● n = 4 → 1111 → 15
● n → … → 2n-1



  

Highest possible value in n bits
● n = 1 → 1 → 1 # we can represent 2 values
● n = 2 → 11 → 3 # we can represent 4 values
● n = 3 → 111 → 7 # we can represent 8 values
● n = 4 → 1111 → 15 # we can represent 16 values
● n → … → 2n-1 # we can represent 2n values
● Zero counts as a value



  

Bytes
● Computers deal with groups of 8 bits at a time
● 8 bits == byte
● You have 32 gigabytes of memory
● Your file is 700 bytes
● You cannot have a file that is 5 bits
● The smallest (non-empty) file you can have is 1 
byte



  

Why bytes? Why not bits?
● Bits are usually more precision than we need
● Makes everything slower



  

Why 8?
● A power of 2 (faster hardware)
● How many values can a byte store?



  

Why 8?
● A power of 2 (faster hardware)
● How many values can a byte store? 256
● 26 lowercase letters, 26 uppercase, some 

numbers, some punctuation, etc.



  

Java integer types
● 8 bits → 
● 16 bits → 
● 32 bits → 
● 64 bits → 



  

Java integer types
● 8 bits → byte
● 16 bits → short (also char)
● 32 bits → int
● 64 bits → long



  

C integer types
● 8 bits → char
● 16 bits → short
● 32 bits → int
● 64 bits → long / long long
● *on the machines we will be working on



  

Hexadecimal
● Base 16!?
● Base 2: 01
● Base 10: 0123456789
● Base 16: 0123456789abcdef



  

What do we call a “digit”?

● Base 2: bit
● Base 10: digit
● Base 16: nibble



  

What do we call a “digit”?

● Base 2: bit
● Base 10: digit
● Base 16: nibble
● Nibble is 4 bits (half a byte)



  

How should we represent a byte?
● Binary: 10011001
● Decimal: 153
● Hex: 99



  

How should we represent a byte?
● Binary: 10011001
● Decimal: 153
● Hex: 99



  



  



  

Converting from hex → decimal
● 89ab
● 8*163 + 9*162 + a10*161 + b11*160

● 8*4096 + 9*256 + 10*16 + 11*1
● 35243



  

Converting from decimal → hex
● 154 / 16 = 9 R10
● 9 / 16 = 0 R9



  

Converting from decimal → hex
● 154 / 16 = 9 R10A
● 9 / 16 = 0 R9



  

Converting from decimal → hex
● 154 / 16 = 9 R10A
● 9 / 16 = 0 R9
●  → 9A



  

Is this binary, decimal, or hex?
● 100



  

Disambiguate
● 1002 = 410

● 10010

● 10016 = 25610



  

Disambiguate
● 0b100 = 4
● 100
● 0x100 = 256



  

To decimal
>>> 0b100
4
>>> 100
100
>>> 0x100
256



  

From decimal
>>> bin(4)
'0b100'
>>> str(100)
'100'
>>> hex(256)
'0x100'



  

Hex → binary, binary → hex

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 → binary
● 0xa → 0b???

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 → binary
● 0xa → 0b1010

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 → binary
● 0xa → 0b1010
● 0xab → 0b??? 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 → binary
● 0xa → 0b1010
● 0xab → 0b10101011 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 → binary
● 0xa → 0b1010
● 0xab → 0b10101011
● 0xabc → 0b???

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 → binary
● 0xa → 0b1010
● 0xab → 0b10101011
● 0xabc → 0b101010111100

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 



  

Binary → hex
● 0b1011111011101111 → 0x???

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 



  

Binary → hex
● 0b1011111011101111 → 0x???
● 0b1011→ 0x?
● 0b1110 → 0x?
● 0b1110 → 0x?
● 0b1111 → 0x?

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 



  

Binary → hex
● 0b1011111011101111 → 0x???
● 0b1011→ 0xb
● 0b1110 → 0xe
● 0b1110 → 0xe
● 0b1111 → 0xf

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 



  

Binary → hex
● 0b1011111011101111 → 0x???
● 0b1011→ 0xb
● 0b1110 → 0xe
● 0b1110 → 0xe
● 0b1111 → 0xf
● 0b1011111011101111 → 0xbeef

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 



  

Byte representation
● We use two hexadecimal nibbles (0xe9)
● Why not use a base 256 number system?
● We would only need one “digit” that way…



  

First in-class exercise!

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 



  

Binary arithmetic
● We will be learning some old tricks and some 

new tricks here!
● Revisiting grade school arithmetic: +, *
● New stuff: ^, &, |, !, ~



  



  

Binary arithmetic

  0110

+ 0100



  

Binary arithmetic

  0110

+ 0100

     0



  

Binary arithmetic

  0110

+ 0100

    10



  

Binary arithmetic
  1

  0110

+ 0100

   010



  

Binary arithmetic

  0110

+ 0100

  1010



  

Binary arithmetic

  0110 =  610

+ 0100 =  410

  1010 = 1010



  

Binary arithmetic

  110

*  11



  

Binary arithmetic

  110

*  11

    0



  

Binary arithmetic

  110

*  11

   10



  

Binary arithmetic

  110

*  11

  110



  

Binary arithmetic

  110

*  11

  110

    0



  

Binary arithmetic

  110

*  11

  110

   00



  

Binary arithmetic

  110

*  11

  110

  100



  

Binary arithmetic

  110

*  11

  110

 1100



  

Binary arithmetic

  110

*  11

  110

 1100



  

Binary arithmetic

  110

*  11

  110

 1100

    0



  

Binary arithmetic

  110

*  11

  110

 1100

   10



  

Binary arithmetic

  110

*  11

 1

  110

 1100

  010



  

Binary arithmetic

  110

*  11

11

  110

 1100

 0010



  

Binary arithmetic

  110

*  11

11

  110

 1100

10010



  

Binary arithmetic

  110 =  610

*  11 =  310

11

  110

 1100

10010 = 1810



  

Binary and logical operators

& bitwise and

| bitwise or

^ bitwise xor

~ bitwise negation

&& logical and
|| logical or
! logical negation



  

Truth tables

~: a unary operator that flips the bit



  

Binary operations

   1100

 & 1010

   ????



  

Binary operations

   1100

 & 1010

   1000



  

Binary operations

   1100

 | 1010

   ????



  

Binary operations

   1100

 | 1010

   1110



  

Binary operations

   1100

 ^ 1010

   ????



  

Binary operations

   1100

 ^ 1010

   0110



  

Binary operations

  ~1100 = ????



  

Binary operations

  ~1100 = 0011



  

TODO
● Assignment 0 is assigned (due September 11)
● Assignment 1 will be assigned end of next week
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