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n ERBLE? . BROEBERZHYLL " m  Whatis it? ... want to measure the importance of
information w
- 1 EEHRIA: “RABBIIHAHF DL
SBIR1B: “HIEMK(THHF DL - Ex.1 Message 1A: “A dog bite a professor.”
- 1BIZWZIZRIYESIZEL > BRELTOMENSLY > Message 1B: “A professor bite a dog.”
TEIREBAKEL - 1B is not likely to happen - information value is high >
information content must be large
- fl2 @EI2A: “TORIF6ATEoF"
ER2B: “FDHIL6 8 TREo" - Ex.2 Message 2A: “That day was snowing in June.”
- 2AIEWBICERIYESIZAL S EHRELTOMBEAZLY Message 2B: “That day was raining in June.”
> FEREAKE - 2Ais not likely to happen - information value is high >
information content must be large
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== =8 H
FE|R=E(2) Information Content(2)
B EREBLLTHAINDIMEL . BERAAEIIERMENFEKXR m  Desired nature of information content (1) ... Value should be

large when event has low probability

- Desired measure satisfies that information content 1(x)
becomes large along with the occurrence probability p(x)
of an event x becomes small

- Information content becomes I(x)=0 when p(x)=1 since it
always occurs and there is no value as an information

- Information content I(x) approaches o when p(x) is close to
0 since such event seldom occurs
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Information Content(3)

m  Desired nature of information content (2) ... Total information
content of multiple independent events is given by
summation of all event’s information contents

- Let the occurrence probabilities and information contents
of the independent event x and y be p(x), p(y) and 1(x), I(y).
The combined probability p(t) of the events x and y is
p(H)=p(x)p(y), and combined information content I(t) should

be an addition of two information contents I(t)=1(x)+I(y)

- When Ex.1 and 2 are combined, each event is
independent. i.e. “A professor bite a dog.” is independent
from “That day was snowing in June.”
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n EREOER
- EREOMEEL (BEARME) SLUMEE2 (AN 27
BA%L... XEBI%K (log)
- RBOEZ2SRALZRERE I(X) DER... HIRFEE p(x) T
HHEZ x DACIEHRE (Self Information Content)

I(x)=log, —— = log, p(x)
p(x)

- HifI(&bit: Binary Unit DR

Information Content(4)

m  Definition of Information Content
- Find function which satisfies desired nature (1)
(Monotonic decreasing) and nature (2) (Addition) ...
Logarithmic function (log)
- Definition of Information Content I(x) having 2 for
logarithmic base I(x) ... Self Information Content of event x
with the occurrence probability p(x)

I(x)=log, —— = log, p(x)
p(x)

- Unit is bit: abbreviation of Binary Unit
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log,x=y < x=a’
- HEOHH

log, xy =log, x+log, y
- REROHY

log, x* = ylog, x
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m  Calculation of logarithm
- Definition of logarithm

log,x=y < x=a’
- Logarithm of multiplied variables
log, xy =log, x+log, y

- Logarithm of the variable to the power of other
variable

log, x¥ = ylog, x
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—log, 1 —log, x* =log, x
X

- EOL#
log, x
log, b
log, a
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Review(2)

m  Calculation of logarithm
- Relation often used in information theory

—log, 1 ~log, x* =log, x
X

- Change of base

log, x

log, x=
log, a
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A E(5)

HIRFEE p()=pX)ply) HFDOBER x Ly DHAEHESER tIZ
st HECERE () OIMEEOHER
I(t)=—log, p(t)
=-log, p(x)p(y)
=-log, p(x)—log, p(y)
=1(x)+1(y)
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Information Content(5)

m  Confirmation of additional characteristics of information
content I(t) where the combined event t (combined by x
and y) has the occurrence probability p(t)=p(x)p(y)

I(t)=-log, p(t)
=-log, p(x)p(y)
=-log, p(x)—log, p(y)
=1(x)+1(y)
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Quiz

m  How much is the information content when you get 1
by casting one dice?

m  How much is the information content when you get ace
by drawing one card?

SO

P
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- p(hazy sunshine)=0.95, p(shower)=0.05

- [FEAEBNEOT, FHMICERIFPRITSEEZTEAL
o HR(G6A)DRRTFTH

- p(H¥h)=0.6, p(F4)=0.4

- BAANRIOALANDT, RAFRIZERE

%S WSEH / Coding Theory and Cryptography 19

Mean Information Content

m  Self Information Content
- Information Content of one message

®  Mean Information Content
- Measure of mean importance of messages occur in a
certain probability
- Example of different importance
e Weather forecast of LA in June
- p(hazy sunshine)=0.95, p(shower)=0.05
- Weather forecast is not important in average since it is
almost always hazy sunshine.

e Weather forecast of Tokyo in June
- p(fine)=0.6, p(occasionally rain)=0.4
- Weather forecast is important since it is uncertain.
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THIFEHRE(2)

. FHEREOER
- NEOER a,a, ...
DFEERE |,

ay DHIRFEEE p,p, ... py ELIEE

N
w=—2. P log, p,
i=1

- FHFEREBETIUIOE—LLTF(EN, ELEFRR S (SxT
BIVRAE—% H(s) £RET D

N
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Mean Information Content(2)

m  Definition of Mean Information Content

- To N events a,, a,, ... .8, having occurrence
probabilities py, p,, ... ,py , the mean information
content I,..is given as follows.

N
w=—2, P iog, p,
i=1

- Mean information content is called “Entropy.”
Entropy H(S) for the memory-less source S is

denoted by
N
H(S): Iave :_z Pi IOQZ pi
i=1
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THMERE(3)

. FHEREOFEA
- LAGABIURROADKIFHROFYIFREE 1,.(L),
lue(T) £EF5&

l,.(L)=-0.95log,0.95-0.05log, 0.05 = 0.286
l.(T)=-0.610g,0.6 —0.4l0g, 0.4 = 0.997
LY, RR6ADRSFROAH . FHHRRANAS, TH

Mean Information Content(3)

m  Example of Mean Information Content

- Let mean information content to weather forecast
LA in July and Tokyo in July be l,,(L), l.(T)

I,.(L)=-0.95log,0.95-0.05log, 0.05 = 0.286
l..(T)=-0.6l0g,0.6 —0.4l0g, 0.4 = 0.997

Thus, mean information content of weather forecast

LB THIENDHMD Tokyo in July has larger value, and is recognized
¢ more important message.
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Mutual Information

m  Definition of Mutual Information

- Define information content when receiving incorrect
information

- Weather forecast and real weather
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HEFRE(2)

B RKTFHROB

- X: REOXRKR - -
- Y RETH t PP e
- PXy): ThThorx =
W% |0.45|0.12|0.57
- P(x),P(y): & RS % "
M |0.15(0.28 |0.43
P(Y) 0.60 | 0.40
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Mutual Information(2)

m  Example

- X: Real weather . .
- Y: Weather forecast ) fine | rain ®

— P(xy): Individual probability
- P(x), P(y): Joint probability

fine |0.45|0.12 | 0.57

rain |0.15(0.28 | 0.43

P(y) 0.60 | 0.40
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HEFRE(3)

B EEOXSOIVFAE—: H(X)
H(X)=H,(0.57)=0.986
B CCITOH ETvrOE—RE%
H(p)=-plog, p—(1-p)log,(1-p)
B RRFREBHMEL-EEDEBORT D EM(THER
P(x.y)
P(Y)

P(xly)=

#5123 155723 / Coding Theory and Cryptography

Mutual Information(3)

m  Entropy of real weather: H(X)
H(X)=H,(0.57)=0.986

m  where, H; denotes entropy function
H(p)=-plog, p—(1-p)log,(1-p)

m  conditional probability of real weather when we know
weather forecast

PUxly)=ied)
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HERRE4) Mutual Information(4)

B SRR (RRTFHREEE) m  Conditional probability (under
- REFTHRHIBOEEZEROD Y known weather forecast) Y
KL, WOMERIX0.75, Pily) - P(fine)=0.75, P(rain)=0.25 PXlY)
y B 551 “v;ihn?’ weather forecast says Y fain | rain
. XSFREHDBRMOHEDRE # |0.75]0.30 fine [0.75 |0.30
BOXKOIUrOE—: H(X|f) X m  Real weather’s entropy : H(X|f) X
& |0.25]0.70 when forecast “fine” is known rain | 0.25 | 0.70
H(X|f)=H,(0.75)=0.81 H(X | f)=H,(0.75)=0.81
- = g 8A M
é%;gmﬁlﬁgﬁgiﬁﬁgff m  Real weather’s entropy : H(X|r)
when forecast “rain” is known
H(X]r)=H,(0.70)=0.88 H(X |r)=H,(0.70)=0.88
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HEFHE(S) Mutual Information(5)
n EHfFTIUrRE— m  Conditional entropy
- RETFHEFMELIEZDERBFEORTOIIOE—: - Real weather’s entropy with known weather
H(XIY) forecast: H(X|Y)
H(X]Y)=0.60x0.81+0.40x0.88 =0.838 H(X]Y)=0.60x0.81+0.40x0.88 =0.838
- EHMIVFOE—-DEE - Definition of conditional entropy
H(XY)==>"P(y)>.P(x|y)log,P(x]y) H(XY)==2>"P(y)Y.P(x|y)log,P(x]y)
y X y X
=-> > P(x,y)log, P(x]y) * =-> > P(x,y)log, P(x]y) *
X oy Xy
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HEFHRE(6) Mutual Information(6)

m MEEHRE (Mutual Information (content)) m  Mutual Information (content)
I(X;Y)=H(X)-H(X]Y) I(X;Y)=H(X)-H(X]Y)
n EEFEREX. FRICIOTHALEHVFENVEORE m  Mutual Information is a measure of ambiguity by
- REFHOHITIE. H(X)=0.986, H(X|Y)=0.838 THY. HBEE receiving information
$REIL 1(X;Y)=0.986-0.838=0.146 &7i% - In the example, H(X)=0.986, H(X|Y)=0.838. Thus,
- RRF]RICEH>T. REOXKICEL T, F15 0.146 EvbD mutual information is given by I(X;Y)=0.986-
ERBASZONDLEERT S 0.838=0.146

- This means that 0.146 bits information is given in
average by weather forecast in regard to real
weather
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