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Posterioragreenenttlowlevalidalealgorithmen ?
A : X -distr.pl/X)ooersolutidusteringdatasetduster assignmentsofpoints

startest path pathsfran ATB
from Atß graph

linear regression dataset linear models
of point



Posterioragreenenttlowlerabiate algorithmen ?
A : X - pl. IXI

Expected lag posterior gerammt:

- Ex:#legtenlx:))
where

KG:X") = HIpklx")

= Ltpc. (pl Ix")



Posterioragreenenttxpectedlag posterior gerammt:
1

+Ex:#legteKH)
In practice, emp . lag PA =#lag (KIKA:X

")) .

When compariny di and Az , Moose the one
that maximiges KCXIX

")
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Communication on a noisy channel
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For a noisy channel,
the max # of msgs
is definiert by the

capacity mapx
Ils ;D



The max # of msgs
is znc



A channel can be

evaluated by its
channel capacity



④¥

Algorithmus are also channels !





④¥

→



④¥

An algo is evaluatecl by its
"channels capacity'



5¥Posteräragreenatthm
HirnforschungAimforalgorithmswithhghwith high
capacity-exp-g.pt.gr.

More capacity thjherexp.by. PA
⇒ more message> ⇒ more message
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If the Go is robust.. .
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": in
code
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If the algo is not robust . . .
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Ä"code space

Channel capacity = exp.bg. post. agr.



We praelatur that , with high probability,

prob feat <
# ofmsgs

const.expf-loyklfexp.logPA-kggY-j-EDSo-ifexp.bgPA > lagen then
logic

prob. fail
n→an



const.expflayklfexp.logPA-hggY-j.ae)
An algorithmen von rubra prob of fail by !

marini ging exp. lag . post . agreements
-

This allowz a large number nen of msgs
that sender am communicator tetheriver

.



Organisation
What is PA?

Rationale of PA

Roadmap
Shannon's coding theorem
Formaligation of PA



Shannon's channel

coding theorem



Channels
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channelapjyjutputmaxICS.es)

HT
distr over random

alphabet input super )

Otte : Typewriter 's capacity > binary channels
capacity



Channel capacity-
* The max rote in bits /transmission with

arbitrarihg low prob. oferror.

* max # of different messenger thatcan
be communicator

=znCapacity



Qwickr-ap.HU/):----EpGIlogplx) "

info in X
"

" residual info left in XHIXH) :-. -{plpf.pl hgp)) after learning Y "

Ihr;D - fgplxipbg-p.tl/nfothatYrevealsabautX"
MHH ?



Qwickrecap.HU/):----EpGIlogplx) "

info in X
"

"residual infoleftin XHIXH) :< -{plpf.pl kgp)) after learning Y "

Ihr;D :-[gptxybgnp " Info that Y
reveals aboutX"

HIX) -_ Ilx;) THIXH)

ICX;) -- HH) - MHH)
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Proof:
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Chomutov
goutput

max ICs :3 )
pl) f9

distr over random

alphabet input

Otte : Typewriter 's capacity > binary channels
capacity



Gangsta
Zero -weise bin channel

wg Ils = ?



Kampfe
Zero -weise bin channel

wg Ils ist = my Us
) - HGÜ

= mag Hls ) =L

I bit per Transmission



Zero -weise tgpewrüter

my
Ils : = ?



Zero -weise tgpewrüter

my
Ils ist = mg

H -MCs ts )

= mag
Hls ) = lag 26=4.7

4.7 bit per transmission



Noisytypewiiter with E- 0.5

mag
ICs = ?



Noisy tgpewiiter with E- 0.5

mag
ICs ist =

. . .
= lag 46127
= leg 26 - L
= 4.7 - L
= 3.7

3.7 bit pertransmission
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Naive alphabetcode

Ef Är
a. 00000 - codewords
b 00001

( 00010

0
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Z 11001



Neue alphabetabging
@Edo Itf

q 00000

b 00001

( 00010

0

:

Z 11010



Info theory has come up with

⑤webt
. . .

. . .
but at the cost of
tessrausmission



5- redundant code

Eh D

a 00000

b 11111



Naive n - redundant

codeword n n

bugth
# message

2
"
± 2 In

prod . fail L K O ±
n- N

bitsftrans In % 0 !
„→ an

Goal: Max. rate asprob. fail- O an neo



Shannon's coding them

If # of msgs=L
" (with r< c)

⇒ there is a code

prob . error- 0
ns

(The converse is true )

This means⇒ max #msgs =2
"

⇒ capacity as a channel measure



Shannon's random code
M

, si :> Sisi . . _ In
n

Mz Sz :< Susi . . .SI"
:
(

n
⑨
zur Sznr := . . .



Shannon's random code
m

, Si - Sisi . . - s!
n

Mz Sz :< süszz . . .SI"
:
'

n

zur Sznr := . . .

5)£ # = argnpnax is) EoerysgmbolofS

Symbol everycadewordischosenwidep.atrandom
from pj-argmgxIG.is)



Shannon's random code
m

, si - Sisi . . - s!
n

Mz Sz : > SISI . . .SI"
:
'

n

zur Sznr := . . .

5)£ # = argnpnax is) EoerysgmbolofS

Symbol everycadewordischosenwidep.atrandomSteps :< TYP; fromptsargmgib:S)Codewort



What's the max # of msgs we can canmunicale ?
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What's the max # of msgs we can canmunicale ?
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You can sendmore
msgs !
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What's the max # of msgs we can canmunicale ?
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What's the max # of msgs we can communicator ?
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If you choose 2
""

codewords at random
,

then w. h .p. , the typica sehr
don't overlap !

meh



Definition
* Channel:( 2L

, { pl I a) } aezi)
* An (M, n) - code is a pair (Em, Dee)

Ewe : { I , . . .

.
M} → 2L

"

Dee : 2L"- It. . . . . M}

* The rote is legend bits/transmission

* Prob
. conn error = MI#Pr(Deelö)# its?Endi)

M



Tgpicakty.TW
: (Asymptote eguipartition ) If
Si
,
Sz
, . . .in are ii.d. -pl) then

- In log pls. . . _in→ HH in prob .
-n→•

\
Codewort
-HAS

n→an
, if you Doge a codewort s" at random,

by chasing each of its symbols at random usiug pl),
then pls) zu 2- "MPw. h .p.



Proof
→
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- f- logpls . . .sn)

= - f-%fagplsit.tn?n-lagplsi)5Egl.-logpGBinprob.
= Hlp) -- HG) .

zithsnpc)



n)Def : The ftp.uol.setttkw.r.t.pl) in
the set of segnen such that
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the : pltypüoalcodeword )
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Proof
e) Sf (s. . . . . .sn ) EÄY,

1- f-lag pls. . .sn) - HCPYEE
Hlp)- E E - f- lag pls. . - Sa) EH TE

2-nltllptt! pls. . . .sn) <2-
alte -c)

pltypicabcodaoard) = 2-
" HG)
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Proof :
2) Pr [AY]> 1-E , forsuffiuätlglargen .

- flogpls . . ..sn) ¥343
for c>0 , Pdf-tbgpls . . . .sn/-HlpIkc)z1-Ethere is N,_
fern> N (s . . ..sn)E. Atf

Pr(Cs . . . .sn) EÄ! )> f-E
Pr ( Atf) > 1-E .

If you cheese acaduord s
" at random

,
then

w.h.p.sn is typisch wert. pl) .
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Def : The set A) of jointtgtgpicalpairsofseqsw.at.
&

ps.gl .) is the set of pairs of bequemer
such that

(s"ist e- AY iff
2. ttlogpsnl)-H KE 2. /-FlagBET-HEIKE

3. f-flogpsn.fi?sI-Hls.sIfeE
In our context : s

"

input codeword , 5
"

output cocbword
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Shannon's caching them

If r < channels capacity then
there is a code st

.

* rate = r ( i. e.
,
#msgs

--2
")

* prob . error - 0
„→ an

(The converse is also true )
If #msgs = 2

" with r< C
,
then there

is a (VI.n)- code with pr-error]! .



Remer:

A (L2
") n) - code is a pair (Ena,Dee)

* Ehc :{I . . . 12
"]}→ 21

"

*Dee : 21
"
- { 2 . . .

K
"]}

Prob. www.erraz#nrg&PjDalsnHmIs?EndmI



Shannon's random code

•
②o-i.IQ

Letr < channel up .

m . me: Pieck (2) msgs .



Shannon's random code

•
Ösen:

0Erst

(m .

'

mir] Encoder

Choose the codewords
at random from # = argmpax Ils

The codewordsaretgpicalw.h.pe.
S



Shannon's random code

GO For which si
"

n / an④osi-os.GG: EÄ! ?

ÄOertel

Mi MEI

Decoder



Shannon's random code

GO For which s!

④o-sisosflsni.sn)EÄ! ?

Ä0Erst

Mi MEI

We now prove that
as n-o/

rat:kgY÷
* rate : r

* prob . error- O
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< PIEEEEYHKG.ir?EncWi-D
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ZEWELZ")

= In t ( L2
"] -f)2-

"Als:S)-3D

Eln t 2
"2-
ne:D -3C)

= g. + 2-
" ( Shs) - r-3D if r< Ils:3)

=L

⇒ 0 Da



Shannon's coding them

If # of msgs=L
" (with r< c)

⇒ there is a code

prob . error- 0
ns

(The converse is true )

This means⇒ max #msgs =2
"

⇒ capacity as a channel measure


