CS 243 — Discrete Math and Functional Programming

Huffman encoding

Nov 14, 2008

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.
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ASCIl /Unicode (last four bits):

Sample encoding:

Encoding

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
0001 | 1110 | 1110 | 1001 | 1011 | OOO1
A N \ I K A

Message size: 4 X 6 = 24 bits.
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Encoding

Variable-length codes (frequent letters are shorter):

F 100
B 10 G 101 || L 0000
C 001 | H 110 | M 11
D 010
E 011 | J 111 | O 0001

Sample encoding:

110001 ]Q0
N | K A

Z| —

0
A
_|_

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

F 100

B 10 G 101 || L 0000
C 001|H 110 M 11
D 010
E 011 (| J 111 | O 0001

O|l1 1 (00|01]O0

A N N I K A

Or did you mean
011 | 0001 | O

E O A
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Encoding

Prefix code
F
B G L
C H M
D
E J .. O
010 | 10 | 110 | 111

A N N I K

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

CSClI 243



Trees

{ABCDEF G H} 17

BACADAEAFABBAAAGAH
0
100
1010
1011
1100
1101
1110
1111

{(BCDETFGH} 9

{EF G H} 4

ToHommOn >

{G H} 2
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Building the tree

[ N5 A 4 2 R2 E2 V1 Ul K1 I1 61 b1 Cc1 ]~
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Building the tree

[ N5 A4 _ 2 R2 E2 {DC} 2 vli Ul K1 I1 G1 ]
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Building the tree

[ N5 A4 2 R2 E2 {DC} 2 {I G} 2 vl U1l K 1
D 1 c1 I1 G 1
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R 2

E

2

Building the tree

{D C} 2 {I G} 2

D1 c1l1 I1

G1

U

{U
1

K}

2

=

v

1

]
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{0, K,

{U K} 2

N

1

v

1

Building the tree

R2 E2 {DC} 2

~ S

{I g} 2

AN

]
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A

4

{DCIG} 4

{DC} 2

S

D1 c1

Building the tree

{u, K, V} 3 _
{I G} 2 {U K} 2 v
1 K1

I1 G1 U

2

R 2

2
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A

4

{DCTIG} 4

{DC} 2

Building the tree

13
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A

4

Building the tree

{(DCTIG} 4 {R E}

{D C} 2 {I g} 2 R
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[

{(DCIGRE} 8

\\\\\\\\\\\\\\\\\\\

{DCTIG} 4

[T

{D C} 2 {I G} 2

U NS
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Building the tree

N 5 K, v, _} 5

\

{R E} 4 {u
R 2 E 2 {U K} 2 \%
U1l K 1

A

4
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Building the tree

{(DCIGRE} 8 N 5 1
{DCTIG} 4 {?Ex
{(D C} 2 {I G} 2 R 2 E 2

U NS
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Building the tree
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Building the tree

{(DCIGRENTUZ KV _ A} 22

T

{(DCIGREN} 13 {u, XK, Vv, _, A} 9

{DCIGRE} 8 {Uu, K, v, _} 5 A 4
{DCIG} 4 {R E} 4 {u, K, vV} 3 2
{D C} 2 {I G} 2 R 2 E 2 {U K} 2 v
N N /N
D1 c1 I1 G1 U1l K1
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Encoding the message

{(DCIGRENTUZ KV _ A} 22

{(DCIGREN} 13 {U, XK, V, _, A} 9
[T /T
{(DCIGRE} S8 {U, K, V, _} 5 A4
J — T
{DCIG}) 4 {R E} 4 {u, K, vV} 3 _ 2
[T N T
{D C} 2 {I G} 2 R 2 E 2 {U K} 2 V1
N /N
D 1 c1 11 G 1 U1 K 1
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Encoding the message

{DCIGRENUIKYV_ A} 22

T

{(DCIGREN} 13 {u, XK, Vv, _, A} 9

A /T
{(DCIGRE} S8 {U, K, V, _} 5 A4
J o— T
{(DCIG} 4 {R E} 4 {u, K, V} 3 _ 2
VAN T
{D C} 2 {I G} 2 R 2 E 2 {U K} 2 v 1
SN [N\
D1 c1 11 G 1 U1 K 1
11
A
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Encoding the message

{(DCIGRENTUZ KV _ A} 22

/\

{(DCIGREN} 13 {u, K, v, _,
{D c/; G\B¥Ei\f\\\\\\\\\\\\ {U, K,\Y\\:;\\\\

{DC1IG} 4 {R E} 4 {U, K, V} 3
[T N T~

{D C} 2 {I G} 2 R 2 E 2 {U K} 2 V1
AN /N
c1 11 G 1 | U1 K 1

11 | 01

A N
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Encoding the message

{(DCIGRENTUZ KV _ A} 22

L T

{(DCIGREN} 13 {u, K, v, _,
{(DCIGRE} 8 {U, K, VvV, _
0 / \ \

{(DCIG)} 4 {R E} 4 {Uu, K, V} 3
T~ VRN T~

{D C} 2 {I G} 2 R 2 E 2 {U K} 2 vi1

o) / N\

D1 c1 I1 G 1 Ul K1

11 { 01 | 01

A N N
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Encoding the message

{(DCIGRENTUZ KV _ A} 22

T

{(DCIGREN)} 13 {U, K, V, _, A} 9
/ o/ T
{(DCIGRE} S8 N 5 {U, K, V, _} 5 A 4
/\ o\
{(DCIG} 4 {R E} 4 {u, K, V} 3 2
/T VAN o] T~
{(D C} 2 {I G} 2 R 2 E 2 {U K} 2 \2
N N /o
1 K 1

D1 cC1l1 I1 G1 U

11 | 01 | 01 | 00010
A N N I
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Encoding the message

{(DCIGRENTUZ KV _ A} 22

{(DCIGREN)} 13 {U, K, V,_,A}9
{(DCIGRE} S8 {u, K,V_\

{(DCIG} 4 {R E} 4 {U,K,{
{(D C} 2 {I G} 2 R 2 E 2 {U K} 2 \2
1 K 1

cC1l1 I1 G1 U

11 | 01 | 01 | 00010 | 10001
A N N I K

CSClI 243

24



