
Lecture 19:
Huffman Codes 

and 
Priority Queues

8/08/22

https://www.youtube.com/watch?v=5Cdv932eoU0

https://www.youtube.com/watch?v=5Cdv932eoU0




Cats and Codes

How many patterns can you make with 3 cats?



Cats and Codes

How many patterns can you make with 3 cats? 2^3



Cats and Codes

How many encoding can you make with 3 bits?

1 0

2^3

000

100

010

110

001

101

011

111



Herman Hollerith Story - Census



Hollerith Story - Punched Card

Hollerith's electronic tabulator, 1902.
A pantograph used to create punch cards

More Info: https://www.census.gov/history/www/innovations/technology/the_hollerith_tabulator.html

https://www.census.gov/history/www/innovations/technology/the_hollerith_tabulator.html


Ascii

American

Standard

Code for

Information 

Interchange 

128 characters
How many bits?



Ascii

American

Standard

Code for

Information 

Interchange 

128 characters
How many bits?

7



Unicode (UTF-8) 



What can we do to compress some text?



Making a HuffmanCode - Example

Extracted Letters:
c x yy aaa bbb

Text:
babyyaxcab



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 



Making a HuffmanCode - Priority Queue

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’Freq: 2

Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’Freq: 3

Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’Freq: 3

Letter: ‘a’
Freq: 3

Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 

Freq: 6
Letter: 



Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 

Freq: 6
Letter: 



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 

Freq: 6
Letter: 



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 

Freq: 6
Letter: 

Freq: 10

Letter: 



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Making a HuffmanCode Extracted Letters:
c x yy aaa bbb



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Making a HuffmanCode Extracted Letters:
c x yy aaa bbb

0 1

0

0

01

1

1



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Decoding a Message Binary Bits:
010101111

0 1

0

0

01

1

1



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Decoding a Message Binary Bits:
010101111

0 1

0

0

01

1

1

Output:



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Decoding a Message Binary Bits:
010101111

0 1

0

0

01

1

1

Output:
c



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Decoding a Message Binary Bits:
010101111

0 1

0

0

01

1

1

Output:
ca



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Decoding a Message Binary Bits:
010101111

0 1

0

0

01

1

1

Output:
cab



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Decoding a Message Binary Bits:
010101111

0 1

0

0

01

1

1

Output:
cabb



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Decoding a Message Binary Bits:
010101111

0 1

0

0

01

1

1

Output:
cabb

BitInputStream:
Binary Bits, not Ascii 
1’s and 0’s



Freq: 1
Letter: ‘c’

Freq: 1
Letter: ‘x’

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Decoding a Message Binary Bits:
01010111 10000000

0 1

0

0

01

1

1

8 8
Output:
cabbyyy?

Problem:
Can only write 
characters, which are 8 
bits long



Solution: 
Making a HuffmanCode - Example with Psudo EOF

Extracted Letters:
c yy aaa bbb

Text:
babyyacab



Making a HuffmanCode With EOF Extracted Letters:
c yy aaa bbb

Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Making a HuffmanCode 
With EOF

Extracted Letters:
c yy aaa bbb

0 1

0

0

01

1

1



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Making a HuffmanCode 
With EOF

Binary Bits:
01010111 10110000

0 1

0

0

01

1

1



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Making a HuffmanCode 
With EOF

Binary Bits:
01010111 10110000

0 1

0

0

01

1

1

Output:
c



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Making a HuffmanCode 
With EOF

Binary Bits:
01010111 10110000

0 1

0

0

01

1

1

Output:
ca



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Making a HuffmanCode 
With EOF

Binary Bits:
01010111 10110000

0 1

0

0

01

1

1

Output:
cab



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Making a HuffmanCode 
With EOF

Binary Bits:
01010111 10110000

0 1

0

0

01

1

1

Output:
cabb



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Making a HuffmanCode 
With EOF

Binary Bits:
01010111 10110000

0 1

0

0

01

1

1

Output:
cabb



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Making a HuffmanCode 
With EOF

Binary Bits:
01010111 10110000

0 1

0

0

01

1

1

Output:
cabb

Extra 0’s don’t matter 
because we stop at 
eof



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Saving HuffmanCode

0 1

0

0

01

1

1



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Saving HuffmanCode, .code file

0 1

0

0

01

1

1

121
00
99
010
255
011
97
10
98
11

taxi.code



Freq: 1
Letter: ‘c’

Freq: 1
Letter: eof

Freq: 2
Letter: ‘y’

Freq: 3
Letter: ‘a’

Freq: 3
Letter: ‘b’

Freq: 2
Letter: 

Freq: 4

Letter: 
Freq: 6
Letter: 

Freq: 10

Letter: 

Saving HuffmanCode, .code file

0 1

0

0

01

1

1

121 (y)
00
99 (c)
010
255 (eof)
011
97 (a)
10
98 (b)
11

taxi.code


