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» Eioaywyn - Kivntpo

* AveoTtpappéva Apxeia (Inverted files)

» Aévdpa KataAngewv (Suffix trees)

* Apxeia Ymoypagwv (Signature files)

» Xepiokr) Avalntnon oe Keipevo (Sequential Text Searching)

* Amavtnon Emepwticewy “Taipidopatog MNpotutrou” (Answering

Pattern-Matching Queries)
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Eupetnpioopdg Kelpévou:Eioaywyn

Avaykeg N\woowv Etrepwtnong

* 2KOTTOG
— ZXeOI00MOG BOPWV BESOPEVWV TTOU ETTITPETTOUV TNV
a1rodoTIKA UAoTroinon Tng YAWooOg ETEPWTNONG

» AmAoikr TTpooéyyion: agipiakr avalitnon (online sequential search)
— IkavoTroinNTikr HOVo av n CUANOYRA TWV KEIMEVWYV gival MIKPR
— Eivai n pévn emAoyn av n ouloyn kelpévwy eival EUPETARBANTN

+ Edw
— OoXeS100MOG SopwyV SeSOPEVWYV, TTOU OVOUALOVTal EUPETAPIN
(called indices), yia gmTdxuvon Tng avafiTnong
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< ATTAEG
— Bpeg Eyypaga TTou TTEPIEXOUV pIa AEEN t
— Bpeg wOOEG Popég eppavideTal N Aégn t o éva Eyypago
— Bpeg TIg BEoEIg TWV EpPavioewy TNG AEENG t aTo Eyypago

* Mo olvBeTeEg

Boolean queries

phrase/proximity queries

— pattern matching

Regular expressions

Structure-based queries

2xedIGCouE TO EUPETAPIO avaAoya PE TO HOVTENO avAKTNONG
KaI TN YAWOOO ETTEPWITNONG
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evikn (Aoyikn) pop®n evOg eupeTnpiou

TexvikéG Eupetnpiacpou (Indexing Techniques)

Indexing Items

5 ke ke o k.. K
o dl Cl,l CZ,l e Ci,l P C'[,l Gy 10 KeNi rrot;gvnorolxai
c oTo éyypago di kai oTov
u d2 01,2 CZ.Z e Ci,2 e ct,2 6po kj, To oTT0i0 PTTOPET Var
m TIEPIEXEL
e * éva w; Tiou va SnAwver
d: Ci: C,: - .. Cii TV TTapouaia | ammouaia
n i 1j 2, tj
Tou kj ato di (1 T
t t o e e e oToudaidTnTa Tou kj aT0
S di
dy Cin Con Cin Cn | )
* TIg B£TEIG OTIG OTIOIEG O
6pog kj epgavigetal ato di
(av pdypar epgavigeTar)
EpwtApara:

Ti TTpETTel va €XEI TO KAOE Gj
Mwg va uloTroiooupe auTr TN AOYIKH Sour WOTE va £XOUE aTTdédoon;
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« Aveatpapéva Apxeia (Inverted files)
— n o diadopévn TEXVIKA

» Aévdpa kai MNivakeg Katahngewv (Suffix trees and arrays)
— ypriyopeg yia “phrase queries” aAAd n KATOOKEUR KAl N CUVTHAPNOT TOUG
eival BUoKOAOTEPN Kal akpIBOTEPN

* Apxeia Ymoypagwv (Signature files)
— Xpnoipotroienkav oAU Tn dekaeTia Tou 80. ZTTaVIOTEPA GrHEPQ.
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AveoTpappéva Apxeia (Inverted Files)

AveaTpappévo Apxeio

Noyikfi Mopor) Eupetnpiou Mopen AveaTtpappévou Eupetnpiou

cj1
T Index terms
K, k.. K o — ]
dp ¢y C1 Gt
A = s
R
—1—
] L [ [ T |
kt T
Postings lists

Apa dev atToBnKeUOUPE Ta «INOEVIKG KEAIG»

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006

Inverted Files (AveoTpappéva apxeia)

Inverted file = a word-oriented mechanism for indexing a text
collection in order to speed up the searching task.

» Aninverted file consists of:
— Vocabulary: is the set of all distinct words in the text

— Occurrences: lists containing all information necessary for each
word of the vocabulary (documents where the word appears,
frequency, text position, etc.)
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AveECTPAUMEVO apxEio yia Eéva HOvo £yypago Kal
atrofrikeuan Bégewv eg@aviong KaBe AéEng

Keipevo
That house has a garden. The garden has many flowers. The flowers are beautiful
1 6 12 1618 25 29 36 40 45 54 58 66 70
Inverted File:
Vocabulary Occurrences
beautiful 70
flowers 45, 58
garden 18, 29
house 6

Ti @AAo Ba kavare av gixaue ToAAG éypaga kai OéAape va uAorroirjooupe To Aiavuop. Movrédo;
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AvVECTPAUMEVO apxEio yia TTOAAG £yypaga,
Kal Bapuvaon tf-idf

To df (document frequency, TTou pag xpeldgetal

yia 10 IDF) apkei va atrobnkeuTei pia gpopd / To Bapog f (term frequency)

Edw Ba pmropoloape

Di, tfi — va €XOUE Kal TIG BETEIg ePpaviong

Index terms df NG Aégng computer oTo €yypago Dj

computer 3——>l D, 4 [ l

database | p———{p,3 [ |

LN ]
science 4——[Dy4 | ‘ [ |
system ——]
Y 1 D, 2
Index file Postings lists
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AveoTpaupévo apxeio kal Bapuvon freq

Doc Text

1| Pease porridge hot

2 | Pease porridge cold

3 | Pease porridge in the pot
4

5

Document Corpus Pease porridge hot, pease porridge not cold

Pease porridge cold, pease porridge not hot
6 | Pease porridge hot in the pot

Vocabulary Inverted
cold (<215 [<a1> [ <515
hot <11>1<41>1<51><6,1>
in
not
Inverted File pease <115 [ <215 [<31> [ <425 [ <525 [ <615 ]

porridge <11>1<21>]<31>1<42> <525 | <
pot (<31>[<61>
the

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 12




AvaoTpappévo Apxeio: Kataokeur kai Avagntnon

YméRabpo/ETTavaAnyn: Tries

Tries
* multiway trees for stroring strings

« able to retrieve any string in time proportional to its length (independent from the
number of all stored strings)

Description
— every edge is labeled with a letter
— searching a string s

« start from root and for each character of s follow the edge that is labeled with the
same letter.

« continue, until a leaf is found (which means that s is found)
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Tries: Mapadelyua

1 6 911 1719 24 28 33 40 46 50 55 60
‘This is a text. Atexthas manywords. Words are made from letters.

AveoTpappéva Apxeia: ATTaItioeig Xwpou

Vocabulary | | Vocabulary (ordered) Vocabulary trie
text (11) letters (60)
text (19) made (50)
many (28) many (28)
words (33) | |text (11,19)
words (40) | | words (33,40)

letters:60
a
"

words:33,40

made (50)
letters (60)

Note: Lecture 5: Successor variety ?

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 15

HIKPEC HEYAAEG

m

v Postings lists
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AveoTpappéva Apxeia: ATrTairioeig Xwpou

Notations
* n: the size of the text

« V: the size of the vocabulary

For the Vocabulary:
* Rather small.

» According to Heaps’law (to be described in a subsequent lecture) the
vocabulary grows as O(n#), where fis a constant between 0.4 and 0.6 in
practice. So V ~ sqrt(n)

For Occurrences:
* Much more space.
+ Since each word appearing in the text is referenced once in that structure, the

extra space is O(n)
» To reduce space requirements, a technique called block addressing is used

how?
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Block Addressing

* The text is divided in blocks
« The occurrences point to the blocks where the word appears
» Advantages:
— the number of pointers is smaller than positions
— all the occurrences of a word inside a single block are collapsed to one reference
— (indices of only 5% overhead over the text size can be obtained with this
technique. Of course this depends on the block size)
» Disadvantages:
— online sequential search over the qualifying blocks if exact positions are required
« e.g. for finding the sentence where the word occurs
« e.g. for evaluating a context (phrasal or proximity) query
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Block Addressing: Example

‘ That house has a garden. The garden has many flowers. The flowers are beautiful

1 6 12 1618 25 29 36 40 45 54 58 66 70
beautiful 70
Vocabulary | flowers Occurrences |4 58
garden 18,29
house 6
Block 1 Block 2 Block 3 Block 4
That house has a|garden. The garden has |many flowers. The flowers |are beautiful
beautiful 4
Vocabulary | flowers Occurrences | °
garden 2
house 1
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Size of Inverted Files as percentage of the size of
the whole collection

45% of all words are stopwods

Index Small collecti Medi llecti Large collection
(1Mb) (200Mb) (2Gb)
Addressing words 45% 73% 36% 64% 35% 63%
Addressing 64K blocks 27% 41% 18% 32% 5% 9%
Addressing 256 blocks 18% 25% 1.7% 2.4% 0.5% 0.7%

All words ~ Without All words

stopwords

Without All words ~ Without
stopwords stopwords

Addressing words: 4 bytes per pointer (232 ~ giga)
Addressing 64K blocks: 2 bytes per pointer
Addressing 256 blocks: 1 byte per pointer
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Searching an inverted index

Searching an inverted index

General Steps:

1/ Vocabulary search:
— the words present in the query are searched in the vocabulary

2/Retrieval occurrences:
— the lists of the occurrences of all words found are retrieved

3/Manipulation of occurrences:
— The occurrences are processed to solve the query
— If block addressing is used we have to search the text of the blocks in order to
get the exact positions and number of occurences
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1/ Vocabulary search

1/ Vocabulary Search (I1)

As Searching task on an inverted file always starts in the vocabulary, it is
better to store the vocabulary in a separate file

— this file is not so big so it is possible keep it at main memory at search time

Suppose we want to search for a word of length m.

Options:

» Cost of searching a sequential file: O(V)

« Cost of searching assuming hashing: O(m)

« Cost of searching assuming tries: O(m)

« Cost of searching assuming the file is ordered (lexicographically): O(log V)
— this option is cheaper in space and very competitive

The structures most used to store the vocabulary are hashing, tries or B-
trees.

Yannis Tzitzikas, U. of Crete, Spring 2006 23

CS463 - Information Retrieval Systems

Remarks

« prefix and range queries
— can also be solved with binary search, tries or B-trees buts not with hashing

« context queries
— are more difficult to solve with inverted indices
< 1. each element must be searched separately and
« 2. alist (in increasing positional order) is generated for each one
« 3. The lists of all elements are traversed in synchorization to find places
where all the words appear in sequence (for a phrase) or appear close
enough (for proximity).
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Inverted Index: A general remark

Experiments show that both the space requirements and the amount
of text traversed can be close to O(n™0.85). Hence, inverted
indices allow us to have sublinear search time and sublinear space
requirements. This is not possible on other indices.
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Constructing an Inverted File

Constructing an Inverted File

« All the vocabulary is kept in a suitable data structure storing for each
word a list of its occurrences

— e.g.in a trie data structure

« Each word of the text is read and searched in the vocabulary

— if a trie data structure is used the this search costs O(m) where m the
size of the word

< Ifitis not found, it is added to the vocabulary with a empty list of
occurrences and the new position is added to the end of its list of
occurrences
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Constructing an Inverted File (II)

* Once the text is exhausted the vocabulary is written to disk with
the list of occurrences. Two files are created:
— in the first file, the list of occurrences are stored contiguously
— in the second file, the vocabulary is stored in lexicographical order and, for
each word, a pointer to its list in the first file is also included.

* The overall process is O(n) time

Trie: O(1) per text character
Since positions are appended (in the postings file) O(1) time
It follows that the overall process is O(n)
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What if the Inverted Index does not fit in main memory ?

A technique based on partial Indexes:
— Use the previous algorithm until the main memory is exhausted.

— When no more memory is available, write to disk the partial index I
obtained up to now, and erase it from main memory

— Continue with the rest of the text

» Once the text is exhausted, a number of partial indices I; exist on
disk

* The partial indices are merged to obtain the final index
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Merging two partial indices 11 and 12

« Merge the sorted vocabularies and whenever the same word
appears in both indices, merge both list of occurences

» By construction, the occurences of the smaller-numbered index
are before those ot the larger-numbered index, the therefore the
lists are just concatenated

* Complexity: O(n1+n2) where n1 and n2 the sizes of the indices
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Merging partial indices to obtain the final

Merging all partial indices: Time Complexity

‘ lag ‘ final index

level 3

level 2

level 1

initial dumps
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Notations

n: the size of the text
V: the size of the vocabulary
M: the amount of main memory available

The total time to generate partial indices is O(n)

The number of partial indices is O(n/M)

To merge the O(n/M) partial indices are necessary log,(n/M) merging levels
The total cost of this algorithm is O(n log(n/M))

CS463 - Information Retrieval Systems
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Maintaining the Inverted File

Evaluating Phrasal and Proximity Queries with
Inverted Indices

« Addition of a new doc
— build its index and merge it with the final index (as done with partial indexes)

* Delete a doc of the collection

— scan index and delete those occurrences that point into the deleted file
(complexity: O(n) )
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Phrasal Queries

— Must have an inverted index that also stores positions of each keyword in a
document.

— Retrieve documents and positions for each individual word, intersect
documents, and then finally check for ordered contiguity of keyword
positions.

— Best to start contiguity check with the least common word in the phrase.

Proximity Queries

— Use approach similar to phrasal search to find documents in which all
keywords are found in a context that satisfies the proximity constraints.

— During binary search for positions of remaining keywords, find closest
position of k; to p and check that it is within maximum allowed distance.

CS463 - Information Retrieval Systems
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ATtrotiunon Boolean emepwTtriocwy PE Xprion
QAVECTPOUMEVWY ApXEIWV

Inverted Index: KatakAgida

ATTOTiUNGN PE XPAON AVECTPAUMUEVWY OPXEIWV
— Primitive keyword: Retrieve containing documents using the inverted index.
— OR: Recursively retrieve e, and e, and take union of results.
— AND: Recursively retrieve e, and e, and take intersection of results.
— BUT: Recursively retrieve e, and e, and take set difference of results.
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Is probably the most adequate indexing technique

Appropriate when the text collection is large and semi-static

If the text collection is volatile online searching is the only option
Some techniques combine online and indexed searching

CS463 - Information Retrieval Systems
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Aévdpa kal MNivakeg KataAngewy
(Suffix Trees and Suffix Arrays)

Aévdpa kai Mivakeg KataAngewy
(Suffix Trees and Arrays )

* Kivntpo
— Ipriyopn armoTiynon Twv phrase queries
— H évvoia Tng Aégng (oTnv otroia BaaiCovtal Ta inverted files) dev uttdpyel oe
GANEG EQAPUOYEG (TT.X. OTIG YEVETIKEG BATEIG GEDOUEVWV), APA UTTAPXEI
aAVAYKN YIa SIOPOPETIKEG DOPEG DEDOPEVWV.

Mia aAucida DNA gival pia akoAoubia atré diatetaypéva Jeuydpia BAoEwv.

Ymapyouv 4 Baoeig: n adevivn (A), n youavivn (G), n kutooivn (C) kai n Bupivn (T).

KdaBe Ceuydpr Badoewy Tou DNA atroteAsital atré dIaQopeTIKEG BATEIG.

Zuykekpipéva, n adevivn (A) ptropei va ouvdéetal pévo pe T Bupivn (T), evw n youavivn (G) ptropei
va ouvdéeTal povo pe Tnv kutooivn (C). ‘Eva Trapadelypa amoomdoparog aAucidag DNA
QaKOAOUBEI:

AGGCTACCCTTA
TCCGATGGGAAT
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Aévdpa kai Mivakeg KataAngewy
(Suffix Trees and Arrays )

[evikn) 18€a
— BAémoupe 6Ao To Keipevo wg pia pakpid oupBoroaeipd (long string)
— Oetwpoupe KABe BEon Tou Kelpévou wg KAaTAAngn keipévou (text suffix)
— AU0 KataAAEEIG TTOU eKKIVOUV aTTd dIaQOPETIKEG BETEIG Eival Ae€IKoypapIka
BIOPOPETIKEG
* apa KaBe KataAngn TrpoodlopideTal ovadikd aTrd Tn B€on TNG ApXAg TS
— EmAoyég
« Eupetnpicgoupe OAeg TIG BETEIG TOU KEINEVOU
« Eupetnpidloupe katoleg BETEIG TOU KEIYEVOU (TT.X. TNV apXr TwV
AéEewv)
— Apa €dw €XOUPE TNV €vvola Tou onueiou eupetnpiou (index point)
— Ta onpeia TTou dev gival onueia supetnpiou dev gival TTapadodoiua
(deliverable)
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Mapddelypa kartaAnewv
(BewpwvTag wg onueia eUPeTNPIOU TIG APXEG TWV AEGEWV)

‘ This is a text. A text has many words. Words are made from letters. ‘

f

letters.

made from letters.

Words are made from letters.

words. Words are made from letters.

many words. Words are made from letters.

text has many words. Words are made from letters.

text. A text has many words. Words are made from letters.
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Aévdpa KataAigewv (Suffix Trees)

Aévdpo KataAngewv:

— To dévdpo kataAn§ewv evag kelpévou gival éva trie Tavw og OAEG TIG
KATAANEEIG TOU KEIUEVOU.
« Suffix tree = trie built over all the suffixes of the text
— O1 BeikTeG TTPOG TO Keipevo amrobnkeUovTal oTa UAAA Tou SEVEPOU.

lNa peiwon Tou xwpou, To trie cupTTukvwveTal wg €va Patricia tree

— Patricia = Practical Algorithm To Retrieve Information Coded in
Alphanumerical
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Suffix Trie yia TN Aé€n "cacao”
(BewpwvTag k&Be BETN WG onuEio eupeTNPioU)

KartaAngeig:
° (o]

ao c o a o
cao

acao . ® ® o~
cacao

Trie KataAngewv
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KataAngeig:
o] c.
ao
cao
acao
cacao

M cao

cac .
caca '

cacao @
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™ acao
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Mapaderypa kaTaAngewy
kai Tou avrioTtoixou Suffix Trie

1 6 911 1719 24 28 33 40 46 50 55 60

This is a text. A text has many words. Words are [nade from Jetters

letters.

‘ ‘ ma 1from etters.
Words are made from letters.
words. Wor s are made from letters.
Wor S. Worgs are mag ]ﬁrom etters.
Wor rds are ma tters.
as marty words.

text has man
text. A text

Suffix Trie
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ords are made from letters.
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Suffix tree
= Suffix trie compacted into a Patricia tree

This involves compressing unary paths, 1.e. paths where each node has just
one child.

If unary paths are not present, the tree has O(n) nodes instead of the worst-
case O(n2) of the trie.

Suffix Trie Suffix Tree
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Mivakeg KataAn&swv (Suffix arrays)

Mivakeg KataAigewv (Suffix arrays)
(Space efficient implementation of suffix trees)

» Suffix trees have a space overhead of 120%-240% over the text
size (index points = word beginnings)

Here we present a data structure with space requirements like

those of the vector space model (~40% overhead over the text
size)
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Mivakeg KataAngewv (Suffix arrays)
(Space efficient implementation of suffix trees)

Mivakac KataAngewv:

Mivakag pe BeikTeG TTPOG OAEG TIG «KATAAALEIGH O€ AECIKOYPAPIKY OEIPG
MNa va Tov dnuioupyricoupe apkei pia depth-fist-search didioyion Tou suffix tree.

1 6 911 1719 24 28 33 40 46 50 55 60
‘ This is a text. A text has many words. Words are made from letters.

Suffix Array

I m m t t w w

m=) [60]50][28]19]11]40]33]

Suffix Tree

CS463 - Information Retrieval Systems
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Mivakeg KataAAgewv(ll)

1 6 911 1719 24 28 33 40 46 50 55 60
‘ This is a text. A text has many words. Words are made from letters.

Suffix Array
Suffix Tree

I m m t t w w

m=) [60]50]28]19]11]40]33]

O@éAn:
*  Meiwon xwpou
— 1 8eikTn avé kataAngn (7 KataArgelg, Trivakag 7
KEAIWDV)
— (overhead ~ that of inverted files)
« Auvarétnra binary search
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Mivakeg KataAAgewv(lll)

1 6 911 1719 24 28 33 40 46 50 55 60
‘ This is a text. A text has many words. Words are made from letters.

Suffix Array
Suffix Tree

I m m t t w w

m=p [60]50][28]19]11]40]33]

MNa va doUpe av UTTaxEl pIa KaTaAngn aTo
Keipevo kdvoupe diadikr avagitnon (binary
search) OTO TTEPIEXOUEVO TWV DEIKTWV
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Mivakeg KataAigewv (1V)

» If vocabulary is big (and the suffix array does not fit in main
memory), supra indices are employed
— they store the first | characters for each of every b entries

Supra-Index

Suffix Array [60]50 28] 19]11]40]33]
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Aévdpa kai Mivakeg KataAngewyv
Koéotog AtroTtipnong Emrepwtroswy

« Kootog avalAtnong piag cupgBoAooelpds HAKOUG M XOPOKTAPWY
— O(m) oTnv TrepimTwon Twv dévdpwyv KataAngewv (suffix tree)
— Of(log n) oTnv TrepiTTWON Twv TVAKwY kataAngewv (suffix array)

« Amotiunon phrase queries
— H ¢pdaon avadnreital wodv va ATav pia oupBolooeipd

« Amrotiunon proximity queries
— proximity queries have to be resolved element wise
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