gobooooogoooo

(What is required in communication ?)

e O OO (efficiently)
— 0000 (Information Theory)

e 00O (certainly)
— 0000 (Coding Theory)

e 00O (safely)
— 0000 (Cryptography)
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0000 (0000ooooooooon)

(Information Theory, Source coding)

e JUUOUOOODODODODODODDOOOODO
(How to communicate more efficiently)
e JUUUOUOLODODODO
(quantify (formulate) “efficiency”)
*» 0000000 0000oooo
(quantify “information”)
> 0000 0oooogaaad
(quantify “cost to transmit”)
— Shannon
guooooooooobbbbbooboogo

(“quantity of information = minimum cost”)
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000000 (Coding)

Analog data (continuous data)

|} sampling

Digital data (discrete, finite)
T “O0 (information)” to be treated here
(D OO, source)

I «— “000 (coding)” to be treated here

Digital data for transmission (0 D000 0)
- 00(00o0ooo)oooooooo

(a sequence of specific alphabets)
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gobooooodgdn
(Formulation of source coding)

source (0 0 ) alphabet S : a finite set
St:=1|JS*:SO000 10000000

n>1
¢ : 00 (the empty word), SO = {e}
S*=1JS*:SO0O0D0 00000000
n>0
=St U{e}

weSTO0O000dwl:=n
(the length of a sequence)

—O0o0o00iooooooo
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gobooooodgdn
(Formulation of source coding)

code alphabet T : a finite set
(typically T ={0,1})

C:S— Tt : 00 (code)
w e ImC: 000 (code-word)

— 00O0ogog ¢c*:S*—T000
(extended by concatnation)
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000000 (Requirement for good codes)

e Uniquely decodable (0O O0OOO) ?

e Furthermore, instantaneously decodable
(Dooooo)?

e Furthermore, efficient (0O 0) ?
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gooooooood
(Ex. not uniquely decodable)

0

S ={a,b,c} @

T—{O n C: b — 01
I ¢ — 007

000100 abO cOODOODO
(cannot distinguish between “ab” and “c”)

— ooooooooon
(NOT uniquely decodable!!)

—Ooooiooooooo 7—



gobooooodgdn

(Ex. not instantaneously decodable)

a— 0

S ={a,b,c}
T—01 C:{ br—01
Y cr— 11

e Uniquely decodable (00000000 O0O)

PY 51011. .. ” ﬁ llac. .. ” Or “bC' . ” ?
(“Oll]_"ﬁ“bc" , l‘01111ll$‘laccll)
— NOT instantaneously decodable
(Dooooooono)
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goooboodn

(Ex. instantaneously decodable)

a— 0

S ={a,b,c}
T=001 C:-¢{b—10
Y cr— 11

— How can one distinguish
instantaneously decodable codes
by looking only at C(S) ={0,10,11} Cc Tt ?
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000000 (Requirement for good codes)

e 0O OO (uniquely decodable code):
C*:S* — T" tinjective (0 O)

e 1000 (instantaneously decodable code):
C*'(x) =C(s)w = x = sy

(If the received sequence starts with C(s),
the source sequence starts with s.)

e 1O OO0 (efficient)
- the lengths |C(s)| of code-words are small
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goodogn
(Properties of instantaneously decodable codes)

e C: instant. decodable — C: uniq. decodable

e C : instant. decodable
& C : prefix code (00O 0O)
(C(s) =C(s)x = s =s,x =¢)

goobogogdn
(How to construct instant. decodable codes)

000 (codetree) OO OO
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000 (code tree)

Ex. T=1{0,1,2)
C(S) = 1{0,10,11,12,20,210,211,212,220, 221}

210 211 212 220 221
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gobooboogdgoon

(Code trees and instantaneous decodablity)
Ex. T={0,1}

C(S) =1{0,01,11} C(S) ={0,10,11}
0 1
0
1 1
01 11 10 11

not instant. decodable instant. decodable
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goodogn
(Efficency of instantaneously decodable codes)

O0ooOoOoOoooooooood
oo0oboooooooooo
(Under the condition to be instant. decodable,
make it as efficient as possible.)

The list of the lengths of the code-words
(IC(s)Dses = (C(s1),C(s2), ..., C(sk))

is to be as “small” as possible.
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Kraft 0 0 00O (Kraft’s inequality)

S={s1,...,SK}, #T =1 (r-ary code)
For a sequence ({;,...,{;) of natural numbers,

3 an r-ary instant. decodable code C

1
<:)Zr“ <
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instant. decodable — uniq. decodable
(the converse is not true)
(Uniq. decodability is a weaker condition.)

If we allow uniq. decodable codes,
can we make the list of lengths more small ?

— No!!

(For any uniq. decodable code,
there exists a instant. decodable code
with the same list of lengths.)
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McMillan 00 00O (McMillan’s inequality)

S={s1,..., s}, #T =1 (r-ary code)
For a sequence ({;,...,{;) of natural numbers,

3 an r-ary uniq. decodable code C
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