CS 243 — Discrete Math and Functional Programming

Huffman encoding

Fom Discrete Mathematics and Functional Programming by Thomas VanDrunen; example and code originally

adapted from Structure and Interpretation of Computer Programs by Abelson and Sussman.



Encoding

ASCIl/Unicode (last four bits):

A 0001 || F 0110 || K 1011
B 0010 || G 0111 | L 1100
C 0011 | H 1000 || M 1101
D 0100 | I 1001 | N 1110
E 0101 | J 1010| O 1111

Sample encoding:

0001 | 1110 | 1110 | 1001 | 1011 [ 0001

A N N I K A

Message size: 4 x 6 = 24 bits.



Encoding

Variable-length codes (frequent letters are shorter):

F 100
10 G 101 || L 0000
001 |H 110 | M 11

010
011 | J 111 | O 0001

moonw

Sample encoding:

Message size: 1 +1+1+2+4 2+ 1 = 8 bits.



Encoding

Or did you mean

F 100
B 10 ||[G 101 | L 0000
C 00l|H 110 | M 11
D 010
E 011]J 111] O 0001
Of1]1]o0[01]0
AN N I KA
011 [ 0001 | 0

E o A




Encoding

Prefix code
F

B ..||G .. |L

C . |H . |M™

D

E J .. ||o
0O[10[10]110]111] 0
AN N T K A

Message size: 1+2+ 243+ 3+ 1 =12 bits.



Trees

{FRIA}S

RIFFRAFF
F 4 {RIA}4 ik
F| O
R 2 {I A} 2 0
R| 10




Building the tree

[K1 c1 L1 Vi1



Building the tree

[L1 V1 R1 U



Building the tree



Building the tree



Building the tree

[ {KC} 2 {LV} 2 {RU} 2 I3 s3 {ED} 3 _4 N6 AT ]
K1 C1 L1 vl R1 U1l E1 D 2



Building the tree

KCILV} 4 N6 A7 ]
{L
L1

[(720}\2 I3 s3
U



Building the tree

[s 3 {ED} 3 _ 4 {KCLV} 4 {RUI} 5 N6 A7 ]

2 {RU} 2 I 3



Building the tree

4 {KCLV} 4 {RUI} 5 N6 {SED} 6 A 7 ]

e

C} 2 {Lv} 2 {RU} 2 I 3 s 3 {ED} 3

s

K1 C L

-
by

[y

1 R1 U1l E 1 D 2



Building the tree

[ {RUI} 5 N 6
{RU} 2 I 3

R 1 Ul

{SED} 6

[N

S 3

E

;?D

1

A

}\<i
D

7

2

{_KCLV} 8 1]

AN

_ 4 {KCLV} 4

{KC} 2

K1 cCcl1

{(LV} 2

AN

L1 v

1



Building the tree

[ {SED} 6 A 7 {_KCLV} 8 ({RUIN} 11 ]



Building the tree

[ {_KCLV} 8 {RUIN} 11 {SEDA} 13 ]

4 (KCLV} 4 {RUI} 5 N 6 {SED} 6 a7

{KC} 2 {Lv} 2 {RU} 2 I 3 s 3 {ED} 3

TS |

K1 cCcl1 L



Building the tree

[ {SEDA} 13 {_KCLVRUIN} 19 ]
{SED} 6 A7 {_KCLV} 8 {RUIN} 11
/N TN
s 3 {ED} 3 _ 4 {KCLV} 4 {(RUI} 5 N 6
\
E1 D2 {KC} 2 V} 2 {RU} 2 I 3

AN

K1 cCc1 L R1



Building the tree

{SEDA_KCLVRUIN} 32

{SEDA} 13 {_KCLVRUIN} 19
N
{SED} 6 A7 {_KCLV} 8 {RUIN} 11
JRN /N TN
{ED} 3 _ 4 {KCLV} 4 {(RUI} 5 N 6
\ /
E1 D2 {KC} 2 {LV} 2 {RU} 2 I 3

T TN

c1 L1 vVv1 R1 U1l



Encoding the message

{SEDA_KCLVRUIN} 32

o
/,/
{SEDA} 13 {_KCLVRUIN} 19
SN T
{SED} 6 A7 {_KCLV} 8 {RUIN} 11

s 3 {ED} 3 {KCLV} 4 {RUI} 5
E1 D {KC} 2 {LV} 2 {RU} 2 I




Encoding the message

{SEDA_KCLVRUIN} 32
1

(SEDA} 13 {_KCLVRUIN} 19
{SED} 6 A7 {_KCLV} 8 " (RUIN} 11
NN RS
(ED} "4 {RCLV} 4 (RUI} 5 N
E 1 (KC} 2 {LV} 2 {RU} 2 I 3

01




Encoding the message

{SEDA_KCLVRUIN} 32
1

{SEDA} 13 {_KCLVRUIN} 19

{S/ED}G\ A7 {_7:LV<
s 3 {ED} 3 _ 4 {KCLV} 4
E1 D {KC} 2 ({Lv}

{RUIN} 11

N

{RUI} 5 N



Encoding the message

{SEDA_KCLVRUIN} 32
1

(SEDA} 13 {_KCLVRUIN} 19
{SED} 6 A7 {_KCLV} 8 " (RUIN} 11
N / N\ :
S 3 {ED} 3 "4 {RCLV} 4 {RUI} 5

01111 | 111 |
A N N




Encoding the message

{SEDA_KCLVRUIN} 32

1

{SEDA} 13 {_KCLVRUIN} 19
N o/ \
/
{SED} 6 A7 {_KCLV} 8 {RUIN} 11
{ED} 4 {KCL {RUI} 5 N 6
o/ \ \
E 1 {KC} 2 {LV} 2 {RU} 2 I 3

K1 C1 L

01| 111 [ 111 | 1101 |
A N N |




Encoding the message

{SEDA_KCLVRUIN} 32

o
/,/
{SEDA} 13 {_KCLVRUIN} 19
/ N1 / \
\
{SED} 6 A7 {_KCLV} 8 {RUIN} 11

s 3 {ED} 3 {KCLV} 4 {RUI} 5
E1 D2 {KC} 2 {LV} 2 {RU} 2 I

K1 C1 L

01 | 111 [ 111 | 1101 [ 10100 |
A N N | K




