Informacioelmélet

Az informacié fogalma (példan keresztul)
Adatok, adatfolyamok informaciotartalma, kédolas, tovabbitas

Informacié és entrdpia

Barcsak olyan nyugodt lehetnék mint J.B. amikor
fontos dontésekrél van szé!



Az informacio fogalma (példaval)

Intuitivan
"informare" (Lat.) : ,az elmet formalni”, tanitani, utasitani valakit

Azaz: akkor tudunk tanulni, vélekedésuinket megvaltoztatni, ha informaciohoz jutunk

vagy:
,egy eszkozbe vagy él6lénybe bevitt jel, mely valaszt valt ki’
(Pl. Pavlovi reflex: taplalék illata — nyalelvalasztas, mozdulatok)

vagy:
, az informacio olyan mintazat amely mas mintazato
(Pl. DNS szekvencia — fehérje szerkezet)

Barcsak olyan nyugodt lehetnék mint J.B. amikor
fontos dontésekrél van szé!



Informacio atvitel — informacio tartalom

Esemény és informacio:
, mi tortént?”

Az egyes események informacidtartalma eltérd
-megint dugo van reggel
-holnap esni fog.

-nyertem a lotton!

Hogyan kodolhatjuk az informaciot?
Mi kell az informacidatvitelhez?




Informacioatvitel - kodolas

altalanssagban

Informacio forras A lehetséges események kozlil
melyik kOvetkezett be?

kodolas eseményeket SZAMOKKAL reprezentalunk

v

Atviteli csatorna

dekddolas SZAMOKBOL visszaallitjuk az eseményeketet
(at)vevo (hir)

cél(pont)



Informacioatvitel - kddolas

altalanssagban példa

Fej vagy iras?

kddolas

v

Atviteli csatorna

dekddolas

(at)vevo
cél(pont)




Informaciodatvitel - kddolas

altalanssagban

Informacio forras

kodolas

v

Atviteli csatorna

dekddolas

(at)vevo
cél(pont)

15

| ‘ Fej vagy iras?

: &)
7
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kodolas
Fejliras — 1,0

\J

Beszéd, SMS, radio, stb.

dekddolas
1,0 —Fejliras

v

1 Ki nyert?

Ugyanazt a kulcsot kell a kédoléshoz,
és a dekodolashoz hasznaini!

A példaban




Informacioatvitel — digitalis kédolas

Esemény szam  digitalis kod
0 0

001
010
011
100
101
110

OO, WN -




Informacioatvitel — digitalis kédolas

Hany bitre van szukségunk a kodolashoz?

Bit: binary digit

0 vagy 1 Szamjegyek : csak két jegy van: 0 és 1.

(10-es rendszerben 9 jegy van: 0,1,2,...,9)

A szamjegyeknek helyiertéke van, amit az alap
hatvanyai adnak meg:

22, 21 ’ 20

(10-esben 10°=100,10"'=10, 10°=1)

Pl: 101, = 1*2%+ 0*2' + 1*2° = 4+0+1 = 5,,



Informacidatvitel — kédolasi hatasfok

Esemény szam  digitalis kod Bitek szama Maximalis eseményszam
1 2
0 0
[ 1 001
B 2 010
k2 3 011 3 8
i 4 100
M S 101
B 6 110
7 111 1tt 6 eseményt koédoltunk 3 biten, csakhogy 2°=8,
0 000 azaz 8 esemenyt is lehetne kodolni ennyi bit segitségével



Informacioatvitel — kddolasi hatasfok
Esemény szam  digitalis kod Bitek szama Maximalis eseményszam

001
010
011
100
101
110

HEEAER
OUAWN =

111 Itt 6 eseményt kddoltunk 3 biten, csakhogy 2°=8,
000 azaz 8 esemenyt is lehetne kddolni ennyi bit segitségével

o N

Egy jobb hatasfoku kodolas:

{X X_X,} csoportositsuk az esemenyeket 3-asaval Osszesen 6° = 216 lehetdség van

de 2°=256, igy 8 bit is elég

Ez az elébbiek szerint Y :
» (SOt sok is).

3x3 bit = 9 bit igényt jelent

1 bittel kevesebb is bdven eleg!



Informacidatvitel — kédolasi hatasfok

Az informaciétartalom definialhaté a legjobb hatasfoku kédolassal

azaz:

Egy jel, esemény informaciotartalma megadhato azzal, hogy
minimalisan hany bitre van szukség az atvitiéhez.

Ez egyben a kddolasi hatasfok elméleti hatara is.

Hogyan kapcsolodik ez az intuitiv informaciétartalomhoz?

-Fej vagy iras? 1p/2 :}2 nem tudjuk eldre
-Ma reggel nincs dugo. Va ¥,

-Holnap esni fog. 1% 99%

-nyertem a lotton! 113,983,816  0.999... /2oszind

nem nyert...

A nyert informacié az esemény valoszinliségével forditottan aranyos!



informacioatvitel — az informacio mértéke

srendes” p valdszinlség kodolasi példa bit igény p*(bitek szama)

.| 16 0.17 000 3 0.5 itt nem tudunk elére
e 1/6 0.17 001 3 0.5 semmit, azaz
K 1/6 0.17 010 3 0.5 a bizonytalansag
il 16 0.17 011 3 0.5 maximalis
m 1/6 0.17 100 3 0.5
E 1/6 0.17 101 3 0.5

bitek szamanak varhato értéke: 3

cinkelt Pi
-] 12 0.5 0 1 0.5 jtt van el6ismeretiink
Ll /4 0.25 10 2 0.5 az 1-est esetleg a 2-est
-] 1/8 0.13 110 3 0.38  varjuk.
.l 116 0.06 1110 4 0.25 ,
=] 132 003 11110 5 016 ‘\Wlagosan kevesebbet
= 1/32 0.03 1111 c 0.16 ,,tanu!unk a cinkelt
- : kockaval

bitek szamanak varhato értéke: 1.94



informacioatvitel — az informacio mértéke

Shannon : H:p.10g2 l

P

H az atlagos, varhaté informaciotartalmat adja meg, ez hozhatd kapcsolatba
a kodolassal.
Szokas megadni egyetlen esemény informaciotartalmat is (1):

[=log, 1

P

Ezzel H= p*l, azaz a bekdvetkezési valdszinliséggel sulyozott informaciotartalom.



informacioatvitel — az informacidé méertéke

Shannon H= p-logz(l) [bit]
p

Ha a teljes eseményteret la akarjuk fedni, akkor 6sszegezni kell minden eseményre

1
— :Z —p;-log, p,

H:Zpi.logz Pi i

2 helyettmas log alappal is lehet:
log, (In) :[nat]

log. (lg) :[ban]



az informacié mértéke - entropia Fair érme: p =2

Nincs el6feltevés,
Maximalis bizonytalansag

Fej vagy iras

B AN
. /| AN
/ \

BITs 0 / \
B

H masik neve: Shannon-entropia 1

} t
»-..._\__.\
|---""""'l

H akkor maximalis ha semmit sem tudunk el6re azaz minden esemenyhez egyforma p. (= 1/n)
Minden lehet6ség egyforman valdszind, legtobbféle eléfordulast latjuk

1

A fizikai entropia (S) maximuma is ott van ahol a mikroallapotok szama maximalis



Adatbazisok

Adatbazisokban informaciot tarolnak, rendszereznek és olvasnak ki.



Adatbazisok

Lehetne papiron is tarolni,
de ez nem hatékony

FOSTER CITY EYE CARE - OPTOMETRIC CENTER

PATIENT HISTORY QUESTIONNAIRE

Last natme First name MrQ Mre Miss.0 Ms.2

Address

Telephone (W) (H) (CclD)

SSN - - Datc of Birth Age_

Qccupation Computer Hours Per Day

Employer

Emergency contact/Telephone no.

Date of last eyc exam Dilared? Today’s Dawe

Hobbies or Sparts

Primary reason for woday’s exam

MEDICAL INFORMATION

What is your gcncr:l healeh:

Do you have any problems with any of these systems? {please circle all that apply} Eyes Y/N
Gastrointestinal YN Nervous YN Mental YN
Ear/Nose/Throat Y/N Genitourinary Y/N Endocrine (glands) YN
Cardiovascular Y/IN Musculaskeletal Y/N Blood/lymph YN
Respiratory YN Integumentary (skin) Y/N Allergic/immunologic  ¥/N

Pregpanc or nussing YN

Pleasc explain

Plcase answer all that apply:

Diaberes Y/N Type Date of diagnosis

Allergies Y/N Allergic wo what? What happens?

Medieavon allergy Y/N What happens? Headaches Y/N

Other health problems HIV/AIDS Y/N

Current medication(s)

Have you had any operations?  Y/N Kind? When?

Do you use cigarerres/tobacco? Alcohal? Orther substance(s)?

Name of family docror Dare of last visit

Date of last tetanus shot

FAMILY HISTORY

High blaod pressure Y/N Relation Macular degeneradon Y/N Relation

Diaberes Y/N Relation Retinal detachment Y/N Relation

Glaucoma Y/N Relatien Cararacts Y/N Relation

QOrther eye condition(s) Y/N Whar kind? Relation

PERSONAL EYE INFORMATION

Have you had an eye operation? Y/N Type Date

Have you had an eye injury? Y/N Kind Date

Do you have glaucoma? Y/N Canaracts? Y/N Dty eyes? YIN Blurred vision? YIN

Other eye problems? ¥Y/N What kind?

Do you wear glasses? Y/N Conracr lenses? Y/N Type

Additional information Are you interested in new contact lenses? Y/N

Whom may we thank for referring you?

Dector’s initials




Adatbazisok - informaciotarolas

Al ) | (W M P o H.I‘:’-EEEI‘-J'"iﬁ.fﬂl‘:'_ﬁll—l-'ﬂ'-"a"!

111 v AE = |

A

Tabla : rendezett adathalmaz



Adatbazisok - informaciotarolas

e AN i [ VoD I N === = SH 7 T pio 00 V= W= T amToE T B
11 v A E = |
- l B I c l D l E l = G
1 Name Telephone Insurance Diagnosis Physician Room Bed
2| Sam Small (763) 865 345 Medicaid Influenza Dr. Barkins 37 2
3 | Sara Goldmann (691) 579 467 Medicare Ascites Dr. Magenheim 21 1
s+ | Dan Trideman (691) 556 322 Medicaid Malaria  Dr. Haydens 17 2
5 Bill Hardy (691) 654 321 Medicare Diabetes Dr. Haydens 43 1
6 Bob Mindy (691) 143613  Tricare Not yetknown Dr. Barkins 33 1
7 Yo Him (691) 244 567 Medicare Colitis Dr. Magenheim 27 3
3 Kim Suhan (691) 379788  Tricare Pneumonia Dr. Barkins 37 1

Rekord : csoportositott informaciocsomag
(egy sor a tablaban)

Minden sor egy adat-csoport

Minden sor szerkezete azonos



Adatbazisok - informaciotarolas

@@ |Ana v |

v| A E = |

w

M D I u

oszlop: adat tipus

A [ B I c l D l E - G
1 Name Telephone Insurance Diagnosis Physician Room Bed
2 Sam Small (763) 865 345 Medicaid Influenza | Dr. Barkins o7 2
3 | Sara Goldmann (691) 579 467 Medicare Ascites Dr. Magenheim 21 1
s+ | Dan Trideman (691) 556 322 Medicaid Malaria ~ Dr. Haydens | 17 2
5 Bill Hardy (691) 654 321 Medicare Diabetes | Dr. Haydens 43 1
6 Bob Mindy (691) 143613  Tricare  Notyetknown Dr. Barkins a9 1
7 Yo Him (691) 244 567 Medicare Colitis Dr. Magenheim 27 3
8 Kim Suhan (691) 379788  Tricare Pneumonia  Dr. Barkins 37 1

4



Adatbazisok — problémak

File Edit View Insert Format Tools Data OOoStat Window Help

- BUe ([ BER YE XD B @4 N by ACEE] @,

| 59 [aa v @ B/7\U ===m= J % XM = O-2-A-

AE =]

A | B | c | D | E H 1

1 Name Telephone Insurance Diagnosis Physician oom Bed
2 Sam Small  (763) 865 345 Medicaid  Influenza ~  Dr. Barkins 37 2
s | DanTrideman (691)556 322 Medicaid  Malaria  Dr. Haydens 17 2
- Bill Hardy  (691) 654 321 Medicare Diabetes Dr. Haydens 43 1
s | Sara Goldmann (691) 579 467 Medicare @~ Ascites  Dr. Magenhei 21 1
6 Yo Him (691) 244 567 Medicare Colitis Dr. Magenhei 27 3
- Bob Mindy  (691) 143613  Tricare  Notyetknown Dr. Barkins 33 1
8 Kim Suhan  (691) 379788  Tricare Pneumonia  Dr. Barkins 37 1

Az egyes rekordok eltér6 méretlek lehetnek

Helypazarlo
Uj adat-tipusok hozzaadasa nagyon korulményes
Inkonzisztens : ha egy mez6 ures az baj, vagy direkt van?



Adatbazisok — problémak

C @l |Adal vijlon ~ B J U =|=[== Jb % e == O-2-A-
c14 vl AE = |
' A | B [ — D E i F | G | H I

1 Name Telephone Insurance Diagnosis Physician Medication = Medication Room Bed
2 Sam Small (763) 865 345 Medicaid Influenza Dr. Barkins Aspiryn 37 2
3 | Dan Trideman (691)556 322 Medicaid Malaria Dr. Haydens Halofantrine 17 2
- Bill Hardy (691) 654 321 Medicare Diabetes Dr. Haydens Insulin 43 1
s | Sara Goldmann (691) 579 467 Medicare Ascites Dr. Magenheim Triamterene spironolactone 21 1
6 Yo Him (691) 244 567 Medicare Colitis Dr. Magenheim sulfasalazine 27 3

7 | Bob Mindy (691) 143613  Tricare  Not yet known  Dr. Barkins < 5 1
8 Kim Suhan (691) 379788  Tricare Pneumonia qr. Barpins Aspiryn Augmentin 37 1
9 _

Ugyanazt tobbszor is be kell gépelni:

Elirasok
Feleslegesen tobbszor is taroljuk
Késbbb lehetetlen mddositani — tul sok példanyban van meg



Adatbazisok — SQL

Information Retrieval

F. BAXENDALE, Editor

A Relational Model of Data for
Large Shared Data Banks

E. F. Coon
IBM Research Laboratory, San Jose, California

Future users of lorge dota banks must be protected from
having to know how the dota s organized in the machine (the
intemal representation). A prompting service which supplies
such information is not o satisfactory solution. Activities of users
at terminals and most application programe chould remain
vnaffected when the internal representation of dota is changed
end even when some cspects of the external representation
are changed. Changes in data representation will often be
needed os o rewlt of chonges in query, update, ond report
traffic and natural grewth in the types of stored infermation.

Existing neninferential, formatted data systems provide users
with tree-structured files or slighly more general network
models of the data, In Section 1, inodequaocies of these modeks
are discussed. A madel bosed on n-ory relations, o normal
form for date base relations, and the concept of a universal
data sublonguage are introduced. In Section 2, certain opera-
tiens on relations (other than logical inference) are discussed
ond opplied to the problems of redundancy and consistency
in the user's model.

KEY WORDS AMD PHRASES: data benk, deta baie, data struchere, data

Grganizabion, hioforthion of dato, mobworks of dato, rolations, daerivability,
dundancy, i ¥e fain, languoge, predicats

eokulus, security, dato infegrity

CR CATEGORES: 370, 3,73, .75, 4.20, 4.22, 4,29

1. Relational Model and Normal Form

L1, INTRODUCTION

Thiz paper is concerned with the applieation of ele-
mentary relation theory to systems which provide shared
access to large banks of formatted data. Except for a paper
by Childs [1], the principal application of relations to data
systems has been to deductive question-answering systems.
Levein and Mearon [2] provide numerous references to work
in this area.

In contrast, the problems treated here are those of data
independence—the independence of application programs
and terminal activities from growth in data types and
changes in data representation—and certain kinds of data
tneonsistency which are expected to become troublesome
even in nondeduetive svstems.

Volume 13 / Number & / June, 1970

The relational view (or model) of data deseribed in
Section 1 appears to be superior in several respects to the
graph or network model [3, 4] presently in vogue for non-
inferential systems, It provides a means of describing data
with its natural structure only—that is, without superim-
posing any additional strueture for machine representation
purposes. Accordingly, it provides a basis for a high level
data language which will yield maximal independence be-
tween programs on the one hand and machine representa-
tion and organization of data on the other.

A further advantage of the relational view is that it
forms a sound basis for treating derivability, redundancy,
and consistency of relations—these are diseussed in Section
2. The networli moedel, on the other hand, hos spawned o
number of confusions, not the least of which is mistaking
the derivation of conneetions for the derivation of rela-
tions (see remarks in Section 2 on the “connection trap™).

Finally, the relational view permits a clearer evaluation
of the scope and logieal limitations of present formatted
data systems, and also the relative merits (from a logical
standpoint } of competing representations of data within a
gingle system. Examples of this clearer perspective are
cited in varicus partz of this paper. Implementations of
systems to support the relational model are not discussed,

1.2. Dara Dorovpexoiss v Presenr Sverems

The provision of data deseription tables in recently de-
veloped information systems represents a major advance
toward the goal of data independence [5, 6, 7]. Such tables
facilitate changing certain characteristics of the data repre-
sentation stored in a data bank. However, the variety of
data representation characteristics which can be ¢hanged
without loyically fmpairing some application programs is
still guite limited. Further, the model of data with which
users interact is still cluttered with representational prop-
erties, particularly in regard to the representation of col-
lections of data (as opposed to individual items ). Three of
the principal kinds of data dependencies which still need
to be removed are: ordering dependence, indexing depend-
ence, and access path dependence, In some systems these
dependencies are not clearly separable from one another.

121. Ovdering Dependence. Elemeuts of dala in a
data bank may be stored in a variety of ways, some involv-
ing no coneern for ordering, some permitting each element
to parlicipste in ane ordering only, others permitting each
element to participate in several orderings. Let us consider
those existing systems which either require or permit data
elements to be stored in at least one total ordering which is
closely associated with the hardware-determined ordenng
of addresses. For example, the records of a file concerning
parts might be stored in ascending order by part serial
number. Such systems normally permit application pro-
grams to assume: that the onder of presentation of records
from such a file is identical to (or is a subordering of ) the

Communications of the ACM 377



A relacios adatbazisban minden csak egyszer tarolddik, az egyes adat-tipusok
kozOtti kapcsolatokat taroljuk.

Ehhez egy matematikai leiras és programozasi nyelv is tartozik,
tetszbleges feladatra 0sszeallithatd egy adatbazis-szerkezet.
Az adatbazisban a kapcsolatok az informacié-aramias iranyat is jelzik.



