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Rozehrivaci vyhledavacka Q

Jak konci svéet podle dila, v némz se na
misté motta (epigrafu) vyskytuje kusa
informace o tom, ze centralni postava
romanu Josepha Conrada Srdce
temnoty, postava posedla
slonovinou, je mrtva?







Zakladni cil IR systemu

Vybrat na zakladé dotazu (q) relevantni
dokumenty (d) z kolekce dokumentu.

a) retrieve
b) rank



Indexovani dokumentu

» Shakespearovo sebrané dilo

* hledame dila, kde se vyskytuje Brutus
a Caesar, ale ne Cézarova zena Calpurnia



https://www.gutenberg.org/ebooks/100

Indexovani dokumentu

» Shakespearovo sebrané dilo

* hledame dila, kde se vyskytuje slovo Brutus
a Caesar, ale ne Cézarova zena Calpurnia

* Brutus AND Caesar NOT Calpurnia

« grepping — linearni prohledavani

 trva to, neradi to, logika?...

- fesenim je [



https://www.gutenberg.org/ebooks/100

Indexovani dokumentu

» Shakespearovo sebrané dilo

* hledame dila, kde se vyskytuje slovo Brutus
a Caesar, ale ne Cézarova zena Calpurnia

* Brutus AND Caesar NOT Calpurnia

« grepping — linearni prohledavani
 trva to, neradi to, logika?...

* resenim je indexovat dokumenty predem



https://www.gutenberg.org/ebooks/100

Indexovani dokumentu

Tri zakladni cile systému IR:

 reprezentace dokumentl (napr. indexovani)

* reprezentace dotazu

* porovnani obou
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Indexovani dokumentu

matice dokument-termin

Antony Julius The Hamlet Othello Macbeth

and Caesar Tempest
Cleopatra
Antony 1 1 0 0 0 1
Brutus 1 1 0 1 0 0
Caesar 1 1 0 1 1 1
Calpurnia 0 1 0 0 0 0
Cleopatra 1 0 0 0 0 0
mercy 1 0 1 1 1 1
worser 1 0 1 1 1 0



IndeXx

Sestavte index pro tyto ctyri dokumenty:

New bike sales! Bike sales rise in Increase in bike March: new bhike
Top forecast! March sales in March! sales rise...




IndeXx

Sestavte index pro tyto ctyri dokumenty:

d1: new bike sales top forecast
d2: bike sales rise in march

d3: increase in bike sales in march
d4: march new bike sales rise

Co budeme potrebovat,
abychom dokazali sestavit
index podobné jako pred chuvili
u Shakespeara?




d1: new bike sales top forecast
d2: bike sales rise in march

d3: increase in bike sales in march
d4: march new bike sales rise



neWw

sl

T gales
to

NI

foreczst
T\ e
N\
™ardn
\Qcse 2se

d1: new bike sales top forecast
d2: bike sales rise in march

d3: increase in bike sales in march
d4: march new bike sales rise
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— d1: new bike sales top forecast
d2: bike sales rise in march

d3: increase in bike sales in march
d4: march new bike sales rise
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— d1: new bike sales top forecast

d2: bike sales rise in march
Ak = 4‘ 4 | /\ ] O, O’ /l l O, 4‘ O, d3: increase in bike sales in march

d4: march new bike sales rise



d=1110,0,1,0,1,0;

Jaky problém bude mit tento
jednoduchy index v pripadé
realnych dokumentl?




d=1110,0,1,0,1,0;

\4

t1 = d1, da;



q = query = dotaz
d = dokument

Prevraceny index
« efektivnéjsi k ucelum IR
* nezname to odnekud?

Sestavte prevraceny index pro tyto Ctyri dokumenty:
d1: new bike sales top forecast

d2: bike sales rise in march

d3: increase in bike sales in march

d4: march new bike sales rise
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— d1: new bike sales top forecast

d2: bike sales rise in march
Ak = 4‘ 4 | /\ ] O, O’ /l l O, 4‘ O, d3: increase in bike sales in march

d4: march new bike sales rise
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bike AND new

New bike sales!
Top forecast!

Bike sales rise in
March

Increase in bike
sales in March!

March: new bike
sales rise...




Index a prevraceny index

e sestavte matici dokument-termin
» sestavte prevraceny index

d1: breakthrough drug for schizophrenia

d2: new schizophrenia drug

d3: new approach for treatment of schizophrenia
d4: new hopes for schizophrenia patients
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d1: breakthrough drug for schizophrenia

d2: new schizophrenia drug

d3: new approach for treatment of schizophrenia
d4: new hopes for schizophrenia patients
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d1: breakthrough drug for schizophrenia

d2: new schizophrenia drug

d3: new approach for treatment of schizophrenia
d4: new hopes for schizophrenia patients
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d1: breakthrough drug for schizophrenia

d2: new schizophrenia drug

d3: new approach for treatment of schizophrenia
d4: new hopes for schizophrenia patients



(drug OR treatment) AND schizophrenia



Indexovani a vyhledavani

* subject indexing — o cem je dokument?
v knihovnach je to jasne...

* jenze pocet dokumentl roste

* potrebujeme automatickou indexaci
 modely a postupy se vyvijeji

* nastup webu

« pocCitacova lingvistika; Al, NS, computer vision,...



Indexovani a vyhledavani

* velka oblast vyzkumu
« specifické systemy IR
* napr. lekarska dokumentace

* specifika ruznych druhd dokumentd



Modely IR

* existuje nespocet modell

* booleovsky model (50. leta)

« vektorovy model (70. léta)

* pravdépodobnostni modely (70. leta)

 modely zalozené na zpracovani jazyka (90. léta)
» Google PageRank (1998)

 desitky a stovky dalsich...



Booleovsky model

* booleovska logika
* prvni, rozsireny, Siroce aplikovany
« dokument i dotaz jsou pojimany jako soubor vyrazu

« vyhledani je zalozeno na vyskytu vyrazu z dotazu

» vyhledavani vyrazu ,jablko® jednoduse vraci
mnozinu dokumentl, kde je vyraz ,jablko

« pomoci logickych operatoru booleovské logiky
lze vytvaret nové mnoziny dokument(
odpovidajici vyhledavacimu dotazu



Booleovsky model

q: Brutus AND Caesar

najdi v prevracenem indexu vyskyt Brutus

natahni si ID dokumentu

najdi v prevracenem indexu vyskyt Caesar

natahni si ID dokumentu

najdi shodu

» priklad se schizofrenii — q: schizophrenia AND drug
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d1: breakthrough drug for schizophrenia

d2: new schizophrenia drug

d3: new approach for treatment of schizophrenia
d4: new hopes for schizophrenia patients



Booleovsky model

klasicky term-based retrieval

« potize: synonyma, polysemie, kontext

vysledky nejsou hodnoceny a razeny

model dokument prosté najde nebo ne

Jablko AND sad AND strudl”
nenajde ,letadlo AND pilot AND letani,

eV 7/

ale model nema jak urcit, ze tomu tak je...
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d1: breakthrough drug for schizophrenia

d2: new schizophrenia drug
jak to mUzu vyresit? — z pozice uzivatele? d3: new approach for treatment of schizophrenia

d4: new hopes for schizophrenia patients



Regionovy model

 rozsireni boolovského modelu
* regiony — tj. model pro jasné strukturované dokumenty
* co to muZe byt?

» dva zakladni operatory CONTAINING, CONTAINEDBY

(<LINE> CONTAINING farewell) CONTAINEDBY
(<SPEECH>CONTAINING (<SPEAKER> CONTAINING Hamlet))



Modely presne shody

* booleovsky, regionovy

» tak trochu WYSIWYG (S = search)
* nemoznost radit dokumenty
 existuji rozsireni

* napr. rozsireny booleovsky model



q —~ d

query augmentation
document augmentation



Vektorove modely

* nutnost razeni vysledkl jako vstupni bod
 Hans Peter Luhn (1957) — statisticky pristup

« k prohledani kolekce dokumentu by mél uzivatel pripravit
dokument podobny k tém, co potrebuje

* mira podobnosti mezi reprezentaci pripraveného dokumentu

a reprezentaci dokumentu v kolekci

« prvni krok: spocCitat pocet prvkd které dotaz

a indexovana reprezentace dokumentt sdileji



Vektorove modely

 Gerard Salton (1983)

« kazdy termin ma pridelenu
svou dimenzi v prostoru

* podobnost se meéeri jako cosinus
uhlu ktery oddéluje vektor dokumentu
a vektor dotazu

» vyzkumy oblasti seskupovani
dokumentu (clustering), automatické
kategorizace textu

political

social

economic
Podle ceho to vynesu?



Vektorove modely

d1: the man walked the dog
d2: the man took the dog to the park
d3: the dog went to the park

Zdroje prikladU: https://www.dissertations.se/dissertation/245456a998/
https://blog.seznam.cz/2011/08/semanticka-analyza-textu-1/



Vektorove modely

d1: the man walked the dog
d2: the man took the dog to the park
d3: the dog went to the park

[dog, man, park, the, to, took, walked, went]



Vektorove modely

d1: the man walked the dog
d2: the man took the dog to the park
d3: the dog went to the park

[dog, man, park, the, to, took, walked, went]

d1[1,1,0,1,0, 0, 1, O]
d2[1,1,1,1,1,1, 0, O]
d3[1,0,1,1,1,0, 0, 1]



Vektorove modely

d1: the man walked the dog

d2: the man took the dog to the park Jak zvazit, které terminy

jsou dulezité a které ne?

d3: the dog went to the park

[dog, man, park, the, to, took, walked, went]

d1[1,1,0,1,0, 0, 1, O]
d2[1,1,1,1,1,1, 0, O]
d3[1,0,1,1,1,0, 0, 1]




Vektorove modely

d1: the man walked the dog
d2: the man took the dog to the park
d3: the dog went to the park

[dog, man, park, the, to, took, walked, went]

d1[1,1,0, 2,0, 0,1, 0]
d2[1,1,1,3,1,1,0, 0]
d3[1,0,1,2,1,0, 0, 1]



TF-IDF

* TF problem: the man walked the dog,
and they walked and walked and walked...

* reseni: term frequency-inverse document frequency
* statistické vyjadreni dulezitosti vyrazu v dokumentu
* nejvyuzivanéjsSi metoda vazeni vyrazu

e D
idf, = log

{j:ti €d;}



TF-IDF

d1: the man walked the dog
d2: the man took the dog to the park
d3: the dog went to the park

[dog, man, park, the, to, took, walked, went]

d1 [, , o ] D

] idf; = lo
d2 9 9 9 9 9 9 _9 _] 5 ‘{.7 1t € d]}’




TF-IDF

d1: the man walked the dog
d2: the man took the dog to the park
d3: the dog went to the park

[dog, man, park, the, to, took, walked, went]

d1 [0, 0.18, O, 0, O, O, 0.48, 0] | D]
idf; = log

d2 [0, 0.18, 0.18, 0, 0.18, 0.48, 0, 0] {j:t; € d;}|
d3 [0, O, 0.18, O, 0.18, O, 0, 0.48]



TF-IDF

« term frequency-inverse document frequency
* statistické vyjadreni dulezitosti vyrazu v dokumentu
* nejvyuzivanéjsSi metoda vazeni vyrazu

d1 [0, 0.18, 0, 0, O, O, 0.48, O]
d2 [0, 0.18, 0.18, 0, 0.18, 0.48, 0, 0]
d3 [0, 0, 0.18, 0, 0.18, O, 0, 0.48]




Vektorove modely

* relevance = vektor g lezi nejblize vektoru d
* nemeérime vzdalenost

e merime Uhel

__——’_/_—*dl




Prilis mnoho dimenzi

* redukce dimenzionality

« omezeni slov, ktere bereme v potaz

 vybér priznaku (stop slova)

 extrakce priznakl (lemmatizace, stemnmatizace)

« desambiguace (letech — lemma let a leto), -

« oko - rada vyznamu, stejné lemma

« stomatolog, zubar - jeden vyznam, ruzné lemma



Prilis mnoho dimenzi

* redukce dimenzionality

« omezeni slov, ktere bereme v potaz

 vybér priznaku (stop slova)

 extrakce priznakl (lemmatizace, stemnmatizace)

« desambiguace (letech — lemma let a léto), kontext

« oko - rada vyznamu, stejné lemma

« stomatolog, zubar - jeden vyznam, ruzné lemma



NLP

e zpracovani prirozeneho jazyka (NLP)

« topic modelling / topic classification

 lat. semanticka analyza je klasickym pristupem NLP
* https://monkeylearn.com/topic-analysis/

* napf. automatickd klasifikace emailu
« automaticka indexace dotazu
 https://www.jstor.org/analyze/



https://monkeylearn.com/topic-analysis/
https://www.jstor.org/analyze/

Latentni sémanticka analyza

« automaticka identifikace kontextu
* pracuje se napr. se spolecnym vyskytem slov
* v nekolika urovnich (fotbal — tenis | sport)

d1: the man walked the dog

d2: the man took the dog to the park
d3: the dog went to the park

g: ,walked“ — co bude ve vysledcich?
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https://doi.org/10.1109/ACCESS.2023.3295776

fuzzy logika


https://doi.org/10.1109/ACCESS.2023.3295776

CR Plus, vysildni 1. 11. 2023



information retrieval



Indexovani webu

* stranek na webu jsou miliardy
* indexovani a vyhledavani na webu je obtizenée

* jak se indexuje web?



Indexovani webu

* stranek na webu jsou miliardy
e indexovani a vyhledavani na webu je obtizeneé

* jak se indexuje web?




4 N 8

PageRank — e e —
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« predchozi modely vraceji d T [ e 35
5 > 2: A
na zaklade shody s g Y s

Larry Page a Sergey Brin

cil PR = vracet kvalitni
a diveéryhodné dokumenty

vyuziti architektury hyperlinku
vyhodnoceni kvality dokumentu (stranky)

vice odkazu = vétsi kvalita



https://status.search.google.com/products/rGHU1u87FJnkP6W2GwMi/history
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Kam dal?
https://ir.webis.de/anthology/



https://ir.webis.de/anthology/

Hodnoceni modelu

* modelu je cela rada
* jak zjistime, co funguje a co ne?
* IR je znacné empirické odvetvi

* prinos modelu je treba dokazat

Jak mdzeme posoudit,

ktery model je lepsi
nez jiny model?




Hodnoceni modelu

e ustalené kolekce dokumentu
* pfifazeneé otazky a informacni potreby

e pro ukazku: Common IR Test Collections

* jak vypadad takovy testovaci korpus? - TIME

« http://www.statmt.org/europarl/



http://web.eecs.utk.edu/research/lsi/corpa.html
http://www.statmt.org/europarl/

Collection

Table 1.2: SMART test collections

Cran-2*
Cran-1*
Cran424
IRE-3
ADI
ISPRA
ISPRA
MED273
MED450
MEDLARS
OPHTH.
TIME
NPL*
INSPEC*
CACM
ISI/CISI

1964
1964
1970
1965
1965
1967
1968
1967
1970
1970
1970
1970
1970
1982
1982
1982

#Docs  #Questions

1398 225
200 42
424 155
780 34
82 35
1268 48
1095/468 48
273 18
450 30
1033 30
853 30
425 83
11429 93
12684 84
3204 52
1460 76

why built

compare indexing methods
Cranfield subset of 42 questions
Cornell “reduced” subset
indexing/dictionary experiments
doc length experiments
multiple relevance judgements
CLIR English/German
comparison to Lancaster
“corrected” Medlars

larger medical collection
specific medical domain

full text articles

indexing experiments

indexing, Boolean

additional metadata
co-citations
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PRESIDENT DIEM TO CHANGE HIS POLICIES OF POLITICAL REPRESSION .

*FIND 3

NUMBER OF TROOPS THE UNITED STATES HAS STATIONED IN SOUTH

VIET NAM AS COMPARED WITH THE NUMBER OF TROOPS IT HAS STATIONED

IN WEST GERMANY .

*FIND 4

U.S . POLICY TOWARD THE NEW REGIME IN SOUTH VIET NAM WHICH OVERTHREW

Pocet polozek: 3 Podet vybranych poloZek: 1; 9,21 kB

e PRESIDENT DIEM .

Unix (LF)
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= | TIME

|

Dami sdileni Zobrazeni

Soubor

Ij [Tl Podokno nahledu

[ Mejvétiiikony &= Velké ikony
Stredni ikony Malé ikony

[] zatkrtavaci politka polofek

L3

[v] Pfipony nazvd soubord

4

Radit

w
W
E

MoZnosti

-

[} 0 Ll-d-s. TIKRAC

pNoa:‘ijgkifgl; [TE Podokno podrobnosti BE Seznam = podie - % [ Skyté polaiky Skrs'zrgggné
Podokna RozloZeni Aktualni zobrazeni Zobrazit i sknjt
TIME =
T ' E TIME.REL - Poznamkowy blok
Mazev a Daturn zmény Soubor Upravy Format Zobrazeni Napovéda
0] reaome isanss |1 268 288 304 308 323 326 334
TIME.ALL 02.07.1992 11:40
| TME.QUE 020710021143 |2 326 334
3 TIME.REL 02.07.1992 11:43
| TIME.STP pzo7a9211:44 3 326 350 364 385
4 370 378 385 409 421
5 359 370 385 397 421
6 257 268 288 304 308 323 324 326 334
7 386 408
8 339 358
9 61 155 156 242 269 315 339 358
10 61 156 242 269 339 358
Pocet polozelk: 3 Podet wybranych polozek: 1; 9,21 kB
bﬂ 195 198
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Uklidnovaci vyhledavacka

Z jakych meést pochazeli komici,
kteri inspirovali dvojici kocouru
v animovanem filmu, kde se poprve
objevil také slavny ptacek Tweety?




Priste...

« hodnoceni vysledku vyhledavani

* hodnoceni z pohledu uzivatele

e hodnoceni informaci obecneée

prosté budeme hodnotit...

Mgr. Tomas Marek
marek@kisk.cz
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