. Concept of information (through an example)
Information theory

Intuitive concept:

Concept of inform ation (through an example)
“informare" (Lat.): ,to give form to the mind", orto teach, instruct somebody

Information contert of data streams, information rate Thus: e can only change our minds, when we recieve information "

or:
Entropy and information .8 type of input to an organism or designed device" : Ecology, sensory input
{Smell of food — movement of animal)
or:
Jnformation is any type of pattern that influences
the formation or transformation of other pattemns."
{RMA sequence — Protein structure)

“wizly | could be as calm #s B when il comnes 1o
maklng dechaionzs"

*Iwibzly | could be as calm as JB when il cones 1o
making declalona.”

Transmitting information — information content Transmitting information — information coding
in general

Event and information: .
wWhat happened? Information source which ewent occured from a set of possibilities?

JInformation content” of everts:
-Itis light traffic this marning
-Itwill rain torm omow.

-| have won the lottery!

v
Information reciever
destination

How can we encode infarmation?
{news)




Transmitting information — information coding
in general

Information source which event occured from a set of possibilities?

v
Transmission channel

v
Information reciever

N N (news)
destination

Transmitting information — information coding

in general an example
Information source Tossing a dime

encoding

v
Transmission channel

decoding

v
Information reciever
destination Head or Tail?

Transmitting information — information coding

in general

Information source which event occured from a set of possibilities?

encoding Encoding: We represent events with NUMBERS

v
Transmission channel

decoding Decoding We reconstruct events from NUMBERS

v
Information reciever

N N (news)
destination

Transmitting information — information coding

in general

f % an example
. e
Information source {_vj_‘ =~ Which side is up?

v .
Information reciever w}-‘;’!ﬁr Decide who wins
destination wiNHER




Transmitting information — information coding

in general

Information source

encoding

v
Information reciever
destination

f " an example
fﬁ’%‘ Which side is up?

encoding !

Sides - Head or Tail
Y into Numbers: 1,0

v

'T’ Decide who wins

Transmitting information — information coding

in general

Information source

encoding

v
Transmission channel

decoding

v
Information reciever
destination

r % an example
= I‘ Which side is up?

encoding | Sides: Head or Tail
into Numbers: 1,0

v
Speech, waves in the air, sms

decoding | 10— head tail

'T’ Decide who wins )

Transmitting information — information coding

in general

Information source

encoding

v
Transmission channel

v
Information reciever
destination

r % an example
= I‘ Which side is up?
W&

encoding | Sides: Head or Tail
into Numbers: 1,0

v
Speech, waves in the air, sms

?

3 N

'T’ Decide who wins

Transmitting information — information coding

in general

Information source

encoding

v
Transmission channel

decoding

v
Information reciever
destination

an example
Which side is up?

Sides : Head or Tail
encoding | into Numbers:
1,0

v
Speech, waves in the air, sms

decoding | 1,0— head, tail

\j
Decide who wins



Transmitting information — digital coding

Murmber Digital code

1 1
0 0
- a 1 001
-~ £/ 21 2 010
. .ag' .-*) 3 oM
@ 0 ] 4 100
\ © : B 5 101
r
.~ N : B 6 110
2-hase numbers: example: 1012 = 1*2%40%2'+1*F = 5
bit =, binary digit"
Transmitting information — digifal coding
How many bits we need? Event Mumber Digital code Bits needed
; 1 1 1
Bit: binary digit 0 0
Dort
[ - | 1 001
7] 2 010
'] 3 011 3
] 4 100
B 5 101
B 5 110

Transmitting information — digifal coding

Huow mary bits we need?

Bit: binary digit

0or

Transmitting information — coding efficiency

Event Mumber Digital code Bits needed Maximurm number of events

! ! 1 2
0 0

B 1 001

7] 2 010

] 3 017 3 8

-] 4 100

-] 5 107

= 3] 110 Here we only have 6 events,

hut could encode 8 in 3 hits!

7 111
0 000



Transmitting information — coding efficiency Transmitting information — coding efficiency

Event Mumber Digital code Bits needed Maximurm number of events Event Mumber Digital code Bits needed Maximurm number of events
[ - | 1 001 [ - | 1 001
%) 2 010 %) 2 010
-] 3 oM 3 g -] 3 oM 3 g
2] 4 100 2] 4 100
B 5 101 B 5 101
H 3] 110 Here we only have 6 events, H B 110 Here we only have 6 events,
but could encode 8 in 3 hits! but could encode 8 in 3 hits!
7 111 7 111
0 000 0 000
Ahetter encoding: Ahetter encoding:
[ X )t group 3 events together [ X #H group 3 events together : number of possibiliies = £ =218
Classic coding Classic coding 256 = 27
3%3 hits = 9 hits %3 bits = 9 hits ———————»  Itis possible to encode 3 events in B hits
1 hit less!
Transmitting information — information content Transmitting information — information content
Information content= how many bits do we minimaily need to encode Information content= how many bits do we minimaily need to encode
(This also gives the encoding efficiency limit) (This also gives the encoding efficiency limit)

How does this connect with intuitive information content?

-l have tossed a dime. Head or Tail?
-It is light traffic this rmoming
-1t will rain tomorrow.

-| hawve won the 1ottery!



Transmitting information — information content

Information content= how many bits do we minimally need to encode

{This also gives the encoding efficiency limit)

How does this connect with intuitive information content?

-l have tossed a dime. Head or Tail? e

-It is light traffic this moming e

It will rain tomorrow . 1%

-I have won the lottery! 1/13383 816

Transmitting information — information content

%

99%

0.989...

Information content= how many bits do we minimally need to encode

{This also gives the encoding efficiency limit)

How does this connect with intuitive information content?

-l have tossed a dime. Head or Tail? 'Eiz

-It is light traffic this rmoming Vi

-1t will rain tomorrow. 1%

-l have won the lottery! 1/13,585,816

y No idea
34
99%

0.999.... Probably
no win

Gained information is inverse proportional to the probability (p)

Transmitting information — information content

Information content= how many bits do we minimally need to encode

{This also gives the encoding efficiency limit)

How does this connect with intuitive information content?

-l have tossed a dime. Head or Tail?

-It is light traffic this rmoming

-1t will rain tomorrow.

-| hawve won the 1ottery!

p
Ve

Vi

1%

1/13,585,816

Transmitting information — measure of information

Far P

1/6
1/6
1/6
1/6
1/6
1/6

Loaded P

142
144
/8
1116
1432
1432

0.5
0,25
U114
0,06
0,03
0,03

probability  code exarnple
0,17 noa
0,17 01
0,17 ma
0,17 o1
U1 Tl
U1 m

Expected nurrber of bits needed:

We can encaode mare efficiently here:

0
10
1

1110
11110
M

Expected nurrber of bits needed:

hits needed

[T FC R SUN FUR )

1
2
4
4
5
5

0.5
0.5
0.5
0.5
Ua
Ua

3

0.5
0.5
U, 34
0,25
0,16
0,16

1.9

y No idea
34
99%

0.999.... Probably
no win

prinumber of bits needed)



Transmitting information — measure of information

Far P

a 1/6
1/6

.|

s BRG
] s
] s
16

probability

(AN
(AN
(AN
017
017
017

code exarrple  bits needed

Ly
[Ty}
i
I
100
101

[FUI T R SURN FUN P

Expected number of bits needed:

p{nurmber of bits needed)

(U]
1,

(U]
0.5

05 Maximal uncertainity
05

Here we do NOT
Expect anything

3

Loaded Gained information is proportional to the number of bits needed

142
144
/8
1116
1432
1432

Transmitting information — measure of information

1
Shannon: define measure as: H: p-lOgE -_—
b

(U]
U245
0,13
U, Uk
(INTN]
(INTN]

u
10
1
JRAIT
mn

L N

Expected number of bits needed:

s Herewe expect
U& LONE" (most probable)

0,38

26 On average
we leam less

(1M1

(1M1

1,94

Here the information contert is less.

log, : >-hase logarithm
Exarmples:

log, (2) =
log, (4)
log, (8)

1
2
3

Transmitting information — measure of information

How should be information content matem atically specified? (shannon 1948)

1..H should be eoréinuous in the p, (small change in p, — small change inH)

2.0 Unlikely events carry a high irfarmation content:
H should be in same way irverse proportional to p
If all the p, are equal, (p, = 1i)

then H should be a ronotonic increasing function of n.
with equally likely events there iz more choice, or uncertainty, when there are more possible events.
3. Branching Chioces:

If & choice can be broken down into two sucCcessive choices,
the ariginal H should be the weighted surm of the individual values of H.

Transmitting information — measure of information

Shannon H:p-logz(%) [bit]

If we have multiple events inthe set, then it is a sum for every possible event:

H=} P;"Ing(ﬁ J= > —pelog,p,

other log-bazes
Iog_ any o [nat]

log, ) [han]



measure of information - entropy

) ) Fair dime: p= 1%
measure of information - entropy
ho expectations
maximal uncertainity
Dime tossing Dime tossing
Lo — Lo
a \ a
o/ \ o/ \
EIT: 7/ EIT: 7/
N !; \'-.. . !,x \'.
{ | / |
3 In" '\I 3 In" '\I
: | * III|
1 II | 1 II 1
JII 4 r " v i} JII 4 ¥ " v )

H=Z —pologyp=—plogy p—glog,g=—plog,p—(1-pllog,(1-p) =

H=Z —pologyp=—plogy p—glog,g=—plog,p—(1-pllog,(1-p)

) ) Fair dime: p= 1%
measure of information - entropy

measure of information - entropy
ho expectations

maximal uncertainity

Dime tossing Dime tossing
Lo Lo —_—
a a \
LG ; \\ . 8 ¢ \\
EIT { EIT {
: !..f \"'. : !..f \".
I.'ll 4 ) I."I
i '\I i
H has ancther name: Shannon-entropy 1 |'I [ H has ancther name: Shannon-entropy
JII N # 3 4 5 " i " uooT 4 [}
H has a maximurm when we know nothing in advance (al p-s are equal, p, = 1/n) H wvanishes OMLY if we are absaolutely certain of the outcome: p=0ar p=1
Expected outcomes are maximized: each state is equally probable

T g

Physical entropy (S) vanishes ONLY if there is exactly 1 microstate
Physical entropy (S) has a maximurn if the number of microstates is maximal.




BExamples of usage in medicine

Bayes-theorem based methods:

Information (bots]

The armourt of infornation gained by performing
a diagnostic test can be quantified by calculating
the relative entropy between the posttest and
pretest probability distributions

Eratast Probability

Application: a; pretest probability

- Diagnostic tests b, post test probability
- expert systems

N = g, i)
(

T

Teesiney Siluaton Rl
Areast CANEET AETGENING with mammo- Hreihe
araphy r e
Mammegraphy green palpablc reast oz [EECIRVRE i) Homtes
s Megsaive
Serwering fur 1Y vith wboly e, 0031 03 a0 Fusilive
Negave
Teence U LRl et vl [EE GG Ll
nosng il Wi g 5 e Megsaive
fre]
Sulon e sereening by el ool 0035 040050 Fuilive a0z 0.0 bits
bk lesling Mepsaive 200 0.0005 Lics

Databases store information:

Databases are used for:
storage, structuring and extraction of information gathered previously.

BExamples of usage in medicine

Gene technology,sequencing
Gene interactions

Gene and function identification
Proteorme mapping

Systerns biology

Information theory methods in a recent publication
0. 15, AUlE, W XENg, W, Molar,etal, Nicki Aokt Res, 2006

FOSVER OIY EYE CANE - CIMTUMETUC CENJER
Catabases TFNT RISHCHY G ERTICHKAIRE

o _Dusalmh

ot ‘Crenfurér Darers P Lo
Luttgeas vuatet 3 byl 2o .
Tiar rlie o 7eana Thilwed?
H:

Databases store information: Ao ST
T
Databases are used for: b
storage, structuring and
extraction of information

gathered previously.

Itis hard to extract or modify
information stored on
[aper




Databases — storing information

e N T
RN

£ |

Ji %

B A s R e

&AL

(Excel, OpenCffice, efc)

m

Databases — storing information

;e e =) m - - -

W oD oaw

Instead of paper, one could start typing the data into a spreadsheet

s - AE =
4 ] | [ ) | H = o |

1 I/ Mame Telephone Insurance Diagnosis Physician Room BBU\
: Sam Small (T63) 865 345 Medicaid Influenza Dr. Barkins 37 2
Sara Goldmann (691) 579 467 Medicare Ascites Dr. Magenheim 21 1
Dan Trideman (631) 556 322 Medicaid Malaria Dr. Haydens 17 2
Bill Hardy (691) 654 321  Medicare Diabetes Or. Haydens 43 1
Eob Mindy (6917143 613 Tricare Mot vet known  Dr. Barkins 33 1
. Yo Him (691) 244 567 Medicare Colitis Dr. Magenheim 27 3
[ Kim Suhan (691)3T9 788 Tricare Pneumonia Dr. Earkins ar 1

Tahle : ordered set of data (infarmation)

Databases — storing information

Ds ot lime [rses fgmet Tws [ae cOciab Whnow L

H-En=E 285 M- e CER NN T TR
I = B4 U —[-- - AeWUE e O
5 ¥ NE =]
I T 3 T < 3 3 I £ = —
Name Telephone Insurance Diagnasis Physician Room Bed
| = Sam Small (TE3) 865 345 Medicaid Influenza Dr. Barkins 37 2
| : Sara Goldmann  (891) 579 467 Medicare Ascites Dr. Magenheim 21 1
|+ DanTrideman (891) 556 322 Medicaid Malaria Dr. Haydens 17 2
|5 Bill Hardy (8917 854 321 Medicare Diabetes Dr. Haydens 43 1
| & Bob Mindy (6911143613  Tricare Notvetknown  Dr. Barkins 33 1
E) Yo Him (6917 244 567 Medicare Colitis Dr. Magenheim 27 &
P Kim Suhan  (691) 379786 Tricare  Pneumonia  Dr. Barkins v
Databases — storing information
P e e L B A oMo oWl WE e L @ o
m - Ax =
4 ] | Q ) | H = | o
g MName Telephone Insurance Diagnosis Physician Roam Bed
2 Sam Small (T63) 865 345 Medicaid Influenza Dr. Barkins 37 2
+(| Sara Goldmann _[(691) 578 467 Medicare Aseites | Dr. Magenheim 21 1]
+ | Dan Tridernan  (691) 556 322 Medicaid Malaria Dr. Haydens 17 2
5 Bill Hardy (691) 654 321 Medicare Diabetes Dr. Haydens 43 1
5 Eob Mindy (691 143 613 Tricare Mot yet known  Dr. Barkins 33 1
. Yo Him (691) 244 567 Medicare Colitis Dr. Magenheim 27 3
n Kim Suhan \691) 379 738 Tricare FPneumonia Dr. Barkins 3r 1

Record : Information growed together
{one ROW in a Tabig)

Each row is a selected set of data
Ewvery row has the same structure



Databases — storing information

Pome e N I R TR R R it B R I
n 5 A E =
I ] [ C ] I/ = r [
1 Narme Telephane Insurance Diagnasis Physician Roam Bed
Sam Small (763) 865 345 Medicaid Influenza Dr. Earkins ar 2
> | Sara Goldmann (691) 579 467 Medicare Ascites Or. Magenheim)| 21 1
< | Dan Trdeman (691) 556 322 Maedicaid Malaria Dr. Haydens 17 2
Bill Hardy (691) 654 321 Medicare Dizbetes Dr. Haydens 43 1
- Eob Mindy (691) 143 613 Tricare Mot yet known | Dr. Barkins 33 1
L7 | Yo Him (691) 244 567 Medicare Colitis Or. Magenheim)| 27 3
z Kim Suhan (691 379 T&8 Tricare Pneumania Dr. Barkins 37 1
Column: data type
Databases — manipulating information
- n e e v e = = =
B - AE =
T E ] ] 3 T = = s
1 Name Telephone Insurance Diagnesis Fhysician Room Eed
Sam Small (763) 865 345  Medicaid Influenza Dr. Barkins 37 2
Dan Trideman (691) 556 322  Medicaid Malzria Or. Haydens 17 2
Eill Hardy (691) 654 321 Medicare Diabetes Cr. Haydens 43 1
Sara Goldmann  (691) 579 467 Medicare Ascites Dr. Magenheim 21 1
Yo Him (691) 244 567 Medicare Colitis Dr. Magenhsim 27 3
Bob Mindy (691 143 613 Tricare  |Motyet known  Dr. Barkins 33 1
Kim Suhan (691) 379 788 Tricare Freumonia Dr. Barkins ar 1

Databases — manipulating information

Sorting data

15 5D G0 QR [GsD L) o | i £

L e I

L. .

- |-

E | P EE S @,
SI2CE MK L e T @

Insurance Diagnosis Fhysician Bed

Sam Small ki e | Tiledicaid  Influenza Dr. Barkins a7 z

Sara Goldmann e Medicare Ascites Dr. Magenheim 21 1

Dan Trideman puwzmccaw | Medicaid Malaria Dr. Haydens 17 2

Bill Hardy o | Medicare Diabetes Dir. Haydens. 43 1

Bob Mindy  cewryrremed Trcare  Motyetknown  Or. Barkins 33 1

Yo Him (691) 244 567  Medicare Colitis Cr. IMagenheim 27 3

Kim Suhan (691) 379 788  Tricare Pneumonia Or. Barkins a7 | 1 |
Databases — retrieving information
BN M EEL @
‘ % ¥ U W e Do B

i * . T @ T - | > 0

. :’I ':; . | Telephone  Insurance | Diagnasis Physician Room Bed
Pre e, cm-mmay | 163) 865 345 Medicaid Influenza Cr. Barkins a7 2
A W ssena e |691) 556 322 Medicaid Malaria Dr. Haydens 17 2
[ET— . 691 €54 321 Medicars Cigbetes Cr. Haydens 43 1
L Voroes emoech 91) 579 467 Medicars Ascites Dr. Magenhaim | 1
5 Medicare Calitis Dr. Magenheim 27 3
Tricare  Matvyet known — Dr. Barkins 33 1
91) 378 788 Tricare Pneumonia Cr. Barkins 3r 1




Databases — problems with simple methods

0 : < I 5 e < - L
Marg Teleohone  Irsurance  Ciagnosis Prysician [ Medication = Medization Room Eed

Sarn Srrall (TE3) B63 345 Medicaid Influen.za Ci. Bankins Aspityn 37 2

| » | DanTrideman (E91) 568 332 Medicaid Malsris Dr. Haydans | F i 17 2
[+] Dillllardy  i€91)65432° Medicare = Diabetes Cr. llaydens | Insulin 43 1
s | Sara Goldmann | (E91) 579467 Medicare Ascites Dr. SElro 21 il

N Yo Him (ED1) 244 567 Ncdicerc Coitis Dr. Magznhcing ar 3
|+ | 3ok Mindy (€91)143613  Tricare  MNotyed known  Dr. Barking 32 1
f AmBuhan  ES1) 379 88 Incare | Pneumonia  Ur Harking Aspinm Augrisntin 3f 1

Fecords do not have the same size

Waste of space
Adding new data types tedious
Inconsistency © is a field empty by errar?

Databases — SQL

fnfsrmation Redrieval

. BAEDALS, Bk

A Relatioral Madel of Data for
Large Shared Thatn Banks

E. 7. Coce

1Y Rernarch Leborary, v Jam, Calijau
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Databases — problems with simple methods

Lo wems 4 wmin o amc e e ) e W
bl wa B 7 U mfafm = om0 A
Foo =
[ E 4 E E | 5 r '
1 Name Telephare  Inswarce  Ciagnosis Physician Medication  Medication Raoam Bed
Sam Small {7E3) BES 31E  Medicaid Influerza Dr. Barkires Aspiryn ar 2
Dan Trideman  {591) 556 322 Me Malaria Dr. Faydens  Halofantrire 17 2
Bil Hardy {591) B84 321  Madicara Disbatas Cr. Heydans Inzulin 13 1
Sara Goldmarn (591) 579 467 Medicare Asiites Dr. Magenneim “riamierere  spiranalactane el 1
Yo Him {591) 244 567 Medicare Caolitis Dr. MEQEH'\El'n sulfasalazine 27 3
Bob Mindy  {551) *43 613 Tricare Mot yet known e 33 1
Kim Suhan {591) 379 TEE Tricare Pneumaria Aspiryn Augmentin ar 1
Entering the same data multiple times:
Typos
Redundancy
Later change almostimpossible —too many items
Databases
rpatier
Fh [imn
Ticte 2devited

Dt lpaz-or s
ExceckdCactors Dok

Lu

gD |

roBID

ot




Information entropy and physical entropy

. in anisolated system, entropy never decreases.” Second Law of Thermodynamics

Extension material: inform ation entropy and physical entropy The Maxwell demon

A B A B
L] Lo' P [ ']
l. - . . ™ -
.
~ " 5 . @

Temperature of A decreses, B increases  — violation of the Second Law ?

Information entropy and physical entropy Information entropy and physical entropy
1. molecule's position unknown
) ) \ ) 2. measure position, information = 1 hit
. in anisalated system, entropy never decreases.” Second Law of Thermodynamics 3. : move appropriate piston, no malecules moved here contaner gt
4. release doar : isothermal expansion Iston
The Maxwell deman 5. door opened, position infarm ation 1ost! Gas molecule /
A B A B
. L s ® « "(n 1 p— 7 ? —
L]
. - - L ™ ™
. -
[ ] - 2, — L] —_
- o - :

3.}7 ] —_|

Temperature of A decreses, B increases  — Violation of Law 1. ?

4

4
S S &
Solution: MO, since the demon interacts with the systern, it must be considered. work is produced herel |
\
|

The dermon acquires information, and this changes it's state!

5 p— H




EESEEREE

Information entropy and physical entropy

: molecule's position unknown
: measure position, infarmation = 1 hit
. move appropriate pistan, no molecules moved here Pistan
- release doar : isothermal expansion
. door opened, position information 1ost!
Isothermal expansion:
v 1 p— ? —
W =MiTln| =2
£ 7
2, I ) ) i
In this case: s
=1 s S
V.anzz ) }* ._ "_ —"‘l
Hence
R S—— A, S E—
W = KT In(2) WWork is produced here! |
5 b—orl ? { ? —
|

Information entropy and physical entropy

Leo Szilard:

From Law |I. taking into account that W = TAS

produced by piston lo=s of information

TAS,, = KT In2

AS =kIn2

Ereasing 1 bit of information increases physical entropy by k-In2

(Landauer 1977, logically irreversible processes, eq. AND-gate)

ook Lk

Information entropy and physical entropy

: molecule's position unknown
: measure position, information = 1 hit
| move appropriate piston, no molecules moved here container  piston
- release door : isothermal expansion
_: door opened, position infarmation lost! /
Isothermal expansion:
¥ {F N 7 ? —
W =NkTln| =2
£ 7
2, I ) ) i
Inthis case: s
=1 , =
V.anzz ) }* ._ ' —"‘l
Hence
4, { o —
W = KT In(2) WWork is produced here! | &5
r 4
5 p— | ? 7 ? —_
Information is lost herel |

Gas molecule



