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Eupetnpiaoudc Kelpévou:Eloaywyn

= YKOTTOG

= TYeOI0ONOG SOPWYV SESOUEVWYV TTOU ETTITPETTOUV TNV ATTOSOTIK) UAOTroinon
TNG YAWOOOG ETTEPWTNONG

= AmAoiky TTpocéyyion: oeipiakr avalntnon (online sequential
search)
= |KavoTToINTIKR JOVO av N GUAAOYRA TWV KEIPEVWV gival MIKPRA
= Eivar n poévn emAoyn av n cuAAoyr Kelévwy gival eUPETARANTN

= 2xedlaopdg Sopwv Oedopévwyv, TOU  ovopddovTal
gupetApla (called indices), yia gmTAXUVONn TNG
avadnTnong
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Xpnon Kataroyov/Evpetnpiov

Ta cvotpoto avaktnong ondvia avalntovv v TAnpogopia arevdeiog
GTN GLALOYT EYYPAP®V. ZVVIHOMC, ¥PNOYLOTOLOVVTOL KA TAAOYOL Ol OTTO{0L
emIToyHVOLV TN dtdkacio avalntnong.
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Avaykec N \woowv ETrepwytnong
(kal HOVTEAWY aVAKTNONG YEVIKOTEPQ)

= ATTAEG

= Bpeg Eyypaga TTou TTEPIEXOUV pIa AEEN t

= Bpeg mOOEG POopéG eppavideTal N AéEnt e Eva Eyypago

= Bpeg TIg BEoEIg TV guPavioewy NG AEENG t aTo £yypago
= [1io ouvBeTEQ

= AoyIkéG (Boolean) eTTepwTAoEIg

= €TTEPWTNOEIG yYUTNTOG (phrase/proximity queries)

= TaIpIGOPATOG TTPOTUTTOU (pattern matching)

= KOVOVIKEG eK@pAoelg (regular expressions)

= JOMIKEG ETTEPWTACEIS (structure-based queries)

>xedliafoupe 1o eUPETAPIO avaAoya Pe TO HOVTEAO avAKTNONG Kal TN YAwooa
ETTEPWTNONG
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["evikn (AOYIKN) JOPPr) EVOC EUPETNPIOU

Indexing Items
S Kk k... k... k . ’
) Cji: TO KeAi TTOU QVTIOTOIXEI OTO
o d1 Cii €1 o Cit o Ci1 é\l;vpqu)o d, kar aTov 6po k;, To
c . . oo,
: d2 Ciy Cy2 . Cin . Cyp | Omolo umopei va Trepiéxer:
éva w; TIou va dnAwvel
m LY .. e e e e e L\ 'ITC(pOUOiG l']
e . ) ) 7 amouaia Tou k; 070 d; (1)
n dl Cl,] C2,J U U CLJ m onouécuéTﬁTa ToU k;
t oto d)
S *  TIg BéOoEIG OTIG OTT0IEG O
dN cl,N c2,N s ci,N s Ct,N 6pog k  eppavigetal
oto d, (av Tpayuarn
ey@avigeTar)
Epwtnpara:
Ti TTpETTel va €xEl TO KABE Cj
Mwg va uhoTroiooupe autr TN AoyiKr dour WOTE va £XOUUE KOAL atrodoaon;
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TexvikeG Eupetnplaopou (Indexing Techniques)

= AveoTpappéva Apxeia (Inverted files)
= n o JIadedoPEVN TEXVIKN

= Aévdpa kai MNivakeg KartaAfgewv (Suffix trees and arrays)
* ypAyopeg yia “phrase queries” aAA@ n KOTOOKEUR Kal N GUVTAPNON TOUg
gival BUCKOAGTEPN Kal akpIROTEPN

= Apxeia Ymroypagwv (Signature files)
= Xpnaoipgotroidnkav oAU Tn dekactia Tou 80. Z1TavidTepa oruepa — aAAd o€
Kataveunuéva did@opeg TTapaAayEég Toug.
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AveoTpaupéva Apxeia (Inverted Files)
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AveaTtpaupévo Apxeio

Noyikl Mopoen Eupetnpiou Mopopr} AveaTtpauuévou Eupetnpiou
Ci1

Index terms

—— I | |
dy ¢y 2.1 Ci1 k1
[ o\ | T
fo w0 — ]
dy ¢y N CiN :

— L |

\w / ——

Postings lists

Apa Oev deOUEUOUPE XWPO YIa Ta «UNOEVIKA KEAIG» TNG AOYIKAG HOPYPNG TOU
gupeETNpPiou
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Inverted Files (AveoTpauuéva apyeia)

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

An inverted 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.)

— T €idoug TAnpogopia kpardue oTig posting lists e§aprdral amé 1o Aoyiké povrédo kai To
HOVTEAO EPWTAOEWV

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AVECTPANMEVO apPXEIo yIa Eva POVOo £yypago Kal
atroBrnkeuon BECEWV ENPAVIONS KABE AEENG

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 dAdo Ba kdvare (kparouoare) av gixaue ToAAG éypapa kai BéAaue va uAomoinoouue 1o
Aiavuopartiké MovréAo;
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AvVECTPAPHEVO apXEIo yIa TTOAAG £yypaa,

kal Bapuvon tf-idf
To df (document frequency, TTou pa e1dleTa )
(docu . quency, Trou H' 5 Xpe! i,T ! To Bapog tf (term frequency)
yla 1o IDF) apkei va amoBnkeuTei pia gopd
Vocabulary ESW Ba uTTopoUcapE va EXOUHE
Kol TIG Ofoeig eppaviong TG
Index terms df AéENG computer oTo £yypago D
computer 3———| Dp4 | | |
database 5 —t— D.,3 | |
LN ]
science 4 — | Dy, 4 | | | |
system | T—{,7
Vocabulary file Postings lists
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Mapddelyua aveoTPAPUEVOU OPXEIOU OTTOU VIO KABE AECN i
Kl £yypago j kpatape pévo To freq;

Doc Text
Pease porridge hot
Pease porridge cold
Pease porridge in the pot
Pease porridge hot, pease porridge not cold
Pease porridge cold, pease porridge not hot|
p id .

Vocabulary Inverted Lists
cold — <> [ <ars | <sis |

hot (= <ii> [ <1 [ <sa> | <61 |

in
not
Inverted File pease <11> | <21

|

porridge = <i1> | <2.1> | <305 | <42> | <52 | <61> |
pot
the

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 13

Document Corpus

o b WN

3> | <42 | <52 | <61> |

Another example

term df document ids
1 Algorithms 3 3 5 7
2  Application 2 3 17
3  Delay 2 11 12
4  Differsntial 8 4 g 10 11 1z 12 14 15
5 Bouations 10 1 2 4 8 10 11 12 13 14 15
¢ Implementation 2 3 7
7 Integral 2 le 17
g8 Introducticn 2 5 6
9  Methods 2
10 Nonlinesar 2 = 13
11 oOrdinary 2 8 10
12 Oscillaticn 2 11 12
13 1 2 4 13
14 Prchblem 2 & 7
15 Systems 3 & g 9
16 Theory 4 3 11 1z 17
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 14
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Block Addressing

= The textis divided in blocks
= The occurrences point to the blocks where the word appears

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

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 | 4358
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
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 16
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Block Addressing

= 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).

= In many cases instead of defining the block size, we define the number of
blocks (in this way we know how many bits we need per pointer)
= 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

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

AveaTpaupéva Apxeia: AtTrairioeig Xwpou

CS463 - Information Retrieval Systems

HIKPEC MEYAAeg

m

N

k1

k2 ]

Postings lists
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AveoTtpaupéva Apxeia: ATTaitnoelig Xwpou

Notations
* n: the size of the text (of all documents in the collection)

* V: the size of the vocabulary

For the Vocabulary:
= Rather small.

= According to Heaps’ law the vocabulary grows as O(n#), where S is a constant
between 0.4 and 0.6 in practice. So V ~ sqrt(n) // dpa avéhoyo Tng TeTpaywvikig pigag
TOU pey€Boug TNG GUANOYAG)

For Occurrences:
= Much more space.

= Since each word appearing in the text is referenced once in that structure (i.e.
we keep a pointer), the extra space is O(n)

= To reduce space requirements, a technique called block addressing is used

how?

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 19

Size of Inverted Files as percentage of the size of
the whole collection

45% of all words are stopwods

Index Small collection Medium collection 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%
Without All words  Without All words  Without All words
stopwords stopwords stopwords

Addressing words: 4 bytes per pointer (2432 ~ giga)
Addressing 64K blocks: 2 bytes per pointer
Addressing 256 blocks: 1 byte per pointer

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 20
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Searching an inverted index

Physical Organization of Inverted Files

Access Index file Posting file
structure Key, #Docs, Pos Doc# Document file
k1 f1 pl Di D1 abcdefghijkl
k2 f2 p2 D] D2 abedefghijkl
: \ . D3 abedefghijkl

. Di abedefghijkl
km fm pm :

access structure fo one entry for . D] abedefghijkl .
the vocabulary can be each term of
B+-Tree, Hashing the vocabulary '
or Sorted Array : K : bedefahiikl
space requirement space requirement O(’) D Dn abedefghij
0.4<p<0.6

, occurrences of words are documents stored
(Heap's faw) stored ordered lexicographically  in a contiguous file
.

main memory e — =

20078, Karl Aberer, EPFL-IC, Laboratoire de systémes d'informations répartis Ipformatien Retrieval - 6

T = space requirement O() space requirement O{rl)/

secondary sforage

22
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1 i :u‘

Equations
B3 Automatic Differentiation of Algorithms:
Theory, Implementation, and Application
7 B4 Geometrical Aspects of Partial Differential
Equations
- BE Tdeals, Varieties, and Algorithms: An
12 \ Introduction to Computfational Algebraic
4 Geometry and Commutative Algebra
- \ B& Introduction to Hamiltenian Dynamical Systems
= and the N-Body Problem
0 B7 Knapsack Problems: Algorithms and Computer
Implementations
- B8 Methods of Solving 5ingulctr‘ Systems of

B1 A Course on Integral Equations
\ B2 Aftractors for Semigroups and Evolution

¥
b
'_l
Al
kg
(== CS T CE I ¥%1

Differential

S

12 Ordinary Differential Equations
132 BO Monlinear Systems
14 B10 Ordinary Differential Equations

e B11 Oscillation Theory for Neutral Differential
-~ Equations with Delay

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 23
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 occurrences
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 24
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1/ Vocabulary search

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 to keep it at main memory at search

time

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

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

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

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

25

Y1oBaBpo/ETavaAnyn: 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)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Tries: [Napadeiyua

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

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

Vocabulary | | Vocabulary (ordered) Vocabulary trie

text (11) letters (60) letters:60
text (19) made (50)
many (28) | | many (28)
words (33) | |text (11,19)

words (40) | | words (33,40)
made (50)

letters (60)

Epwrnaon: ©a utmmopouae éva trie va fonbnaei 1n oteAéxwaon Keluévou
Baoel g Texvikng Successor variety?

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 27

Mapdadeiyua augnTiKAG dnuioupyiag evog trie

1 ] 12 16 18 25 29 3 40 45 54 5B a6 70

the house has a garden. the garden has many flowers. the flowers are beautiful

(each word = one document, position = document identifier)

[ ]
the: 1

.

house: & the: 1

a: 16 garden: 18 the: 1
a
has: 12  house: & has: 12 house: 6
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 28
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1/ Vocabulary Search (lIl)

Remarks

= prefix and range queries
= can also be solved with binary search, tries or B-trees but 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 synchronization to find places
where all the words appear in sequence (for a phrase) or appear close
enough (for proximity).

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

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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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 then this search costs O(m) where m the
size of the word

= If it is not found, it is added to the vocabulary with an empty list of
occurrences and the new position is added to the end of its list of
occurrences

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Constructing an Inverted File (Il)

= 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

2nd file 1st file

BL A Course on Entegral Equetions

;‘ TN [ e P o e

" quations
i B3 Autometic Dufferent
3 Thene

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)

BIO Ordirary Deffe quations
Bl Gscifation Thes
Equatiorn mith Delary
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Example of constructing an inverted file
(in our example we assume that:
each word = one document, position = document identifier )
Once the complete trie
1 & 12 16 18 25 29 36 40 45 54 58 66 TO Structure iS Constructed
the house has a garden. the garden has many flowers. the flowers are beautiful the inverted file can be
derived from it:
o The trie is traversed
a—b_— Tt top-down and left-to-
a: 16 o ® right.
beautiful: 70 many: 40 the: 1, 25, 54
" flowers: 45, 58
® = whenever an index term
are: 66 . h 6 is encountered, it is added
has: 12, 36 ouse to the end of the inverted
a: 16 file. Note that if a term is
are: 6_6 prefix of another term
‘I:rauhful; ;053 (such as "a" is prefix of
. ) owers: . Woram i
inverted file T o gon: 18, 29 16, 66, 70, 45, 58, 18, 29, 12, 36, 6, 40 are”) index terms can
Eas_ 12 36 ) ) occur on internal nodes of
house: 6 postings file the trie.
many: 40
the: 1. 23. 54 = analogously the posting
file is derived.
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 34
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Example (cont)

= The trie structure constructed is a possible access structure to the index file in
main memory. Thus the entries of the index files occur as leaves (or internal
nodes) of the trie. Each entry has a reference to the position of the postings file
that is held in secondary storage.

1 L] 12 & 12 25 29 I ] 45 54 68 66 TO

the house has a garden. the garden has many flowers. the flowers are beautiful

~ _:L---/'E//

20 2
baau'hful@ . m@
r \ :
are tj | has: 8 house: 10
R
S i
16, 66, 70, 45, 58, 18, 29, 12, 36, 6, 40, 1, 25, 54
postings file
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 35

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 [,
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

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 36
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Merging two partial indices I1 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 at the larger-numbered index, therefore the lists
are just concatenated

Complexity: O(n1+n2) where n1 and n2 the sizes of the indices

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 37
Example of two partial indices and their merging
16 12 16 18 25 20 36 0 45 54 =8 86 70
the house has a garden. the garden has many flowers. the flowers are beautiful

a: 16 are: 66
inverted gdf‘d@.ﬂ: 18, 29 beautiful: 70 inverted
file T1 has: 12, 36 flowers: 45, 58 e 17
house: & many: 40
the: 1, 25 the: 54
a: 16
are: 66
beautiful: 70
flowers: 45, S8
garden: 18, 29
has: 12, 36
house: 6
many: 40
1,25 +54 -» 1, 25, 54 the: 1, 25, 54
concatenate inverted lists total COS,T' O(n ’;ogfm/M))
M size of memory
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 38
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Merging partial indices to obtain the final

‘ final index
level 3
I ‘
@ level 2
| s |
level 1
a ‘ ‘ I, ‘ ‘ I, ‘ initial dumps
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Merging all partial indices: Time Complexity

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 Yannis Tzitzikas, U. of Crete
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Maintaining the Inverted File

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) : extremely expensive!)

Yannis Tzitzikas, U. of Crete 41
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ATtroTtipnon Boolean eTTepwTAcEwyY UE Xpron
QAVECTPOUMEVWV APXEIWV

ATTOTiUNON ME XPAON AVECTPAUMEVWYV APXEIWV
— 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.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Evaluating Phrasal and Proximity Queries with
Inverted Indices

* 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 -- a list (in increasing
positional order) is generated for each one

— The lists of all elements are traversed in synchronization to find places where all the
words appear close enough (for proximity).

— 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 Yannis Tzitzikas, U. of Crete
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Inverted Index: KatakAgida

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

Eidaue TpATTOUG VIO VO HEIWOOUUE TO HEYEBOG £VOG AVECTPANPEVOU EUPETNPIOU
(Aégeig atTokAelopoU, block addressing). ©a doUpe kal GAAOUG TPOTTOUG OTO
paBnua Trepi ocupTtieong

(ouyKeKpIPEVA TPOTTOUG PEIWONG TOU XWPEOU TTOU KATAAAUBAVOUV o1 AiOTEG EUQAVICEWY)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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B Louéc Eupempiou: AiipBpwon ArieEng

Eicaywyn — kivnTpo

AveoTtpappéva Apxeia (Inverted files)

Apxeia Ytroypagwyv (Signature files)

Aévdpa KataAngewv (Suffix trees)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Signature files (apxeia utTroypa@wv)

AvakTtnon lNAnpogopiag 2008-2009
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Apxeia Ytroypagwv (Signature Files)

Kupia onueia:

= Aopn eupetnpiou tTou BaciCetal oto hashing

= Mikpr} xwpik empBdapuvon (10%-20% Tou PeyEBOUG TWV KEIPEVWV)

= XapakTtnpifetal atrd atrwAela TTAnpogopiag: Katd Tn diadikaoia TNg
avalnTnong OXETIKWYV £yypAQWY WTTOPEI va avaktnBouv £yypaga
T OTTOIO DEV TTEPIEXOUV TOUG OPOUG TOU EPWTAHATOG.

= AvalAtnon = o€IpIakr) avadrnTnon OTO apXEio UTTOYPAPWY
= KatdAANAn yia ox1 TToAU peydAa Keipgeva

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 47

Apxeia YTtroypagpwyv

2 UYKEKPIYEVA

1. XpAon hash function mou avTtioToIxei Aé¢eig keipévou o€ bit masks
Twv B bits

2. Alapépion Tou KelpEvou o€ blocks Twv b Aé€ewv To KaBEva
1. Bit mask of a block = Bitwise OR of the bits masks of all words in the block
2. Bit masks are then concatenated
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9 Apxeia YTroypagwv: MNapadeiyua

Block 1 Block 2 Block 3

b =3 (3 words per block) B = 6 (bit masks of 6 bits)

Block 4

Text

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

NN

>

Text Signature 000101 {10101\ [100100

101101 | 1

h(text)= 000101

h(many)= 110000
h(words)=100100
h(made)= 001100
h(letters)=100001

Signature Function

Tari Bitwise-OR?

CS463 - Information Retrieval Systems
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“‘-’ Apxeia Ytoypagpwyv: Avalntnon

‘EOTW OTI avadnToUUE pIa AEEn w:

1/ W := h(w) (we hash the word to a bit mask W)

2/ Compare W with all bit masks Bi of all text blocks
If (W & Bi=W), the text block i is candidate (may contain the word w)

3/ For all candidate text blocks, perform an online traversal to verify
that the word w is actually there

CS463 - Information Retrieval Systems

Yannis Tzitzikas, U. of Crete
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3 False drops (false hits)

there

’ w=«wordsy, h(«words»)=100100 ‘

Block 1 Block 2

Block 3

False drop (false hit, false positive): All bits of the W are set in Bi but the word w is not

Block 4

Text |This 1sp text.|A

text has many|words. Words are

made from letters.

S

Text Signature 000101 JY[110101

100100

P

/

101101

Signature Function

o
h(text)=" 000101

h(many)= 110000
h(words)=100100
h(made)= 001100
h(letters)=100001

CS463 - Information Retrieval Systems
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w Ynoypagég (60ykpovon)

= AKOua Kal va Ogv  UTTApPXE!
TTEPITTTWON OUO BIAPOPETIKOI OPOI VA £XOUV TRV id1a UTTOYPaAPH.

= To @aivopevo autd KaAgital
EMQAVIOT) TOU €TTNPEACETAI ATTO TO PEYEDOG TNG UTTOYPOPNG Kal
atrd Tn ouvapTNOoN KOTAKEPPATIOUOU TTOU XPNOIKOTTOIEITAl.

utrépBeon (ORing) uTtGpxel

ouykpouon

(collision) ka1 n

= 000 auéavel 0 apIBUOS TWV CUYKPOUCEWVY augavel Kal 0 apiBuodg
Twv false alarms (drops).

AvakTtnon lNAnpogopiag 2008-2009
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Alapopewon (Configuration) utroypagwy

* 2XeDIOOTIKOI OTOXOL:
— Meiwoe Tnv MlavoTnTa eugadviong false drops
— Kpdtnoe 10 péyeBog Tou apyeiou UTTOypaPWV HIKPO
+ dev £xoupe Kavéva false drop av b=1 kai B=log,(V)

* [lapdueTtpor:
— B (10 péyeBog Twv bit mask)
— L (L<B) to TTAiBo¢ Twv bit TTou €ival 1 (o€ KGBe h(w))

» The (space)-(false drop probability) tradeoff:
— 10% space overhead => 2% false drop probability
— 20% space overhead => 0.046% false drop probability

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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ECayoy Ynoypagng
WAKOG VTOYPOPNS appds aocov
B L

I 1

, ) ) Yrnoypagn
optog |:> Kotookeuy Yoypagng I:> 0010100...010

I

GUVAPTNOT KOTOKEPULOTIGHLOV

h(t)

AvakTtnon lNAnpogopiag 2008-2009
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Apxeia Ymoypagwv: AAeG MNapatnpnoeig

= MéyeBog apxeiou utToypaQwV:
= bit masks of each block plus one pointer for each block
= (pointing to the corresponding position at the original text)

= 2UVTHPNON OPXEIOU UTTOYPAPWV:

= H mpocBnikn/diaypa®r apxeiwv avTigeTwTTieTal EUKOAQ
= TTpocBEéTovTal/diaypdgovTal Ta avTtioToixa bit masks

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Signature files: Phrase and Proximity Queries

» Good for phrase searches and reasonable proximity queries

— this is because all the words must be present in a block in order for that
block to hold the phrase or the proximity query. Hence the OR of all the
query masks is searched

* Remark:
— no other patterns (e.g. range queries) can be searched in this scheme

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Phrase/Proximity Queries and Block Boudaries

g=<information retrieval>

Text blocks Information|retrieval

(mpdBAnual Mmopodue 6uwg va to Abooupe pe emkaAutrropeva blocks)

Overlapping
blocks

Information|retrieval

For j-proximity queries

j-1 common words
Yannis Tzitzikas, U. of Crete
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“"' Opyavoon Yroypopov

kaTihoyog

/ — \

GEIPLERT] OPILITION kit TS
oy deapameing Sapispieii:
Fempic . IEVECHPTITOC (7 EEPTONEVOC Fipic
- aULTIET) T T s aUTiEaT)
LTS TiE G LV T TiL Gado v auTEa
J— T
G UKD S ;o hit-sliced signanme " oy
N T T e 3 2 compressed hit
Ly Kitrihoo: > il "i . I = = Z-amimaiog > file (BSSF) licess (CBS)
» i e o, o ic S
——y Svad uedyy ypion Gustafson KT og ) slices
l"-'\'il (BC) frame-sliced signature e i
e (TR douhly compressed
. partiotioned S-tree o flle (FSSF) > - I. .
perafinTon ko > SF * -rees hit slices ( XCBS)
. S SFs )
UTLETT) TR ET Y gencralized frame-
= (liced signature file L3 no false drop (NFIY

Auednes e wyplene

(VBC) {GFSSE)
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Xeapwakn Opyavoon Yroypa@ov

= H mo ammAil pop®rA kataAdyou BaacifeTal 0Tn ocIplakn TTapdBeon Twv
UTTOYpPa@PWY o€ €va OPXEI0 TIOU KOAEITal OCeIpIOKO  apyeEio
utroypa@wyv (sequential signature file - SSF).

= To apxeio utroypagwyv givar otnv oucia évag Tivakag L x F ye L
YPauuEG (TTANB0G blocks - Aoyikwyv Tunudtwy) kai F oTAAeg (TTARB0G
QUABIKWY WNn@iwv avd utroypaon).

= e k@Ot uttoypa@r avTioToixei Kal €va deiktng (pointer) TTou dgiyvel
oTnV apyr Tou AoyikoU TURUATOG TOU EYYPAQPOU.

Xeapwakn Opyavoon Yroypoa@ov

F ovadkd, ymoio,
- A - 0glKTag
1|0 110
00 011 —
R
L hovika,
TRNLLOTOL 1laol 111 o
-
01 011 —
110 110 »
.
apyslo vroypoapdmv apyslo eyyphpov

AvakTtnon lNAnpogopiag 2008-2009
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Opyavoon Yroypapov

= Me Bdon Tov TpOTIO Acimoupyiag Tou karahdyou SSF TrpokUTITEl OTI yia TNV
avalAtnon evog kai uévo 6pou Ba TrPETTEl va e6eTAOTOUV OAEG Ol UTTOYPOQEG TWV
AOYIKWV TUNPETWV.

EVOAAOGKTIKEG HOPPEC OPYAVWONG TOU APXEIOU UTTOYPAPUIV.

Kafetog Avapepiopog: BSSF

Tepaxiopog (slicing) Tou Trivaka utroypagwy (1988): BSSF (bit-sliced signature file).

KdaBeTog Slapepiocuog TOU TTiVAKA UTTOYPOQWY: N aTTOBAKEUCN TOU TTivaka YiveTal
KA1 OTAAEG (Kal OxI KAt ypappEéS OTTwG OTn JEBodo SSF).
AnAadn, ava bit Tng utTToypPa®Png

O TivaKag UTTOYPaPWY TOU AVTIOTPEPETAI, Kal OTTOKTA S1a0TAOEIG F X L (F ypappég Kal
L othAAeg):
H kdBe ypapun Tou avTeaTpapuévou Trivaka KaAgital Tepaylo (slice) kai
arroteAeital ammd 1a duadikd wneia TTou BpiokovTal oTnv idia Béon og OAEG TIG
UTTOYPOQEG TWV AOYIKWV TUNUATWV.

MNa va ptropei n dour va uttooTnpiel elcaywy£Eg kal diaypa@ég atTodoTIKA, n KGBe
YPOUUI TOU QVTECTPAPHEVOU TTIVAKA aTTOBNKEUETAI O€ EEXWPIOTO QPXEiO.

AvakTtnon lNAnpogopiag 2008-2009
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Kafetog Avapepiopog: BSSF

L hoyikd Tupota deikteg
7 e A ™~ /— —»
[tfo] ~ [1]of1]
fofo]  lo[i[o] |
F apysia “‘ ““ —
Dol [ifo[1] ||
CLoful - r]ufo] R
UPYELD VITOYPUPOV UpyElD SEKTMY  UpPyElO EYYPAPOV

Kafetog Avapepiopog: BSSF

H avagATtnon evog 6pou atn dopr) BSSF:
= YTroAoyioudg TnG uttoypa®ng Tou opou. H utroypaer tou 6épou Ba
TTEPIEXEI AOOOUG O€ aKPIPBWG m duadikd yneia.

= ( o¢ avtiBeon pe Tn dour) SSF) E&étaon m Tepaxiwv (Yypouuwy Tou
QVTEOTPAPPEVOU TTIVAKA) — QUTWV TTOU €ival 1 oTnv uTToypaQr)

» Ta duadikd yneia Twv m ypouuwyv ouvdudfovtal e Tn XPHRon
uttépBeong (Aoyikd AND) kai TTpokUTTITEl £va dlIavuopa L Béoewv.

= AapBdavovtal uttéwn ol B€oeig Twv doowv oTo dIAVUCOUA auTd Kal
TIpooTTeAaUoVTal Ol AVTiOTOIXOlI OEIKTEG TOU apyEiou OEIKTWV yIa va
odnynBouue TEAIKG aTa AOYIKA TUAMOTA TWV EYYPAPWV.
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w ; Ka0etoc Avapepiopog: BSSF

. . OElKTED
—— =24 hoyIKG TUUOTE  —T = -
d, d, d d, dy d, d, = —
— e N S = —
1[o[1]o] L] o[o[x ]t t]o[a[1]1]1]1[0]o[1]1]0 =
t[o[t]o[t]e]z]o[x|a|]t|t|t|a]x]z|x]1]0]o[1]1]0 = —
1[o[1{t]t]o]a]o[xlo[a|at T a1 ] a]a]o|T[1[1]o = >
TNAARRRARERERRERARRARARE =]
1[1]1[1[1]a]a]a]1]1]o[o[1]1]o[1]1]|1]0]1]0[1]0[1}—> = —
o[1]o[1]o[1]1]1]ofa]o[1]1]1]1]1]o[o[1]1]o]0]0[1}— AND | < [S]
o[1[1]toa|1]o[ x0T 2| a[a[L[L]1]o]1[1 =
o[1]t]ofo[1]ofo[t]o[t]tolt|to]t]x|1]]1]t]1]2 = —
000 111 ooo |ofo[i]ejo[1]o]o[1]o[1]1][o]o]1]0]1][1]o[1]1]1]0]0 = — >
TS (“XAGAeu") =
=
= — 5
o
=
=]
= — >

w J Ka0ztog Awapepiopés: BSSF

MNa TV e1caywyn evog véou eyypagou,
= apyIké TTpoadiopifovTal Ta VEQ AOYIKA TUAMOTA KAl Ol AVTIOTOIXEG UTTOYPOQEG.

" yia KGBe véo AoyIkO TUAUO TTPAYUOTOTIOIEITAl TEPAXIOPOG TNG UTTOYPA®G TOU Kal KGBE
€va o116 Ta F S10QOopeTIKA apxeia AapBdavel kal éva duadiké wneio TG UTTOYPAPG TToU
atroBnkeveTal OTO TEAOG.
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Kafetog Avapepiopog: BSSF

H pgBodog BSSF eivar mo amodotiki amd v SSF wg 1pog T Aeiroupyia
NG avagnTong.

QoT600, uTTApxel €MITTAéOV XWPOG Yia BeAtiwon Tou o@eileTal oe OUO
Kupiwg Adyoug:

* H avalitnon evég 6pou emiBAAAel TNV TTpoaTTéAACn m TeEPaiwy, OTTou m
gival 0 apiBpdég Twv doowv OTnV UTToypa@n Tou 6pou. Av m=1 16T1E Ba
pTTopouaoe va augnbei n amdédoon Tng Pebddou.

 H gioaywyn evOog véou AoyikoU TUAUATOG aTmraiTei éva peyaAo aplOud
TTPOOTTIEAGCEWV TTOU puBuiCeTal OTTO TOV APIBUS TwV JUAdIKWY WNeiwv
TNG UTTOYPO®NG Tou AoylKoU TUApaTtog F. Av n TIPA TnG TTapapéTpou F
gival yeydAn (1r.x. 1000) 161€ @uaveTal onNUAVTIKA TO KOOTOG €10AYWYNAG.

Xovoyn

= O1 katdhoyol UTTOYpO@WYV aTtToTEAOUV  [ia  SIOQOPETIKH
TTPOCEYYION YIa TNV OpyAvwaoTn Jiag oUAOYAG eyypa@wy.

= To Baoikd XAPOKTNEIOTIKO TWV KATAAOYwv auTwv eival OTi
otnpifovTtal oTn dnuioupyia UTTOYpaAPwWV aT1rd Toug OPOUG TWV
EVYPAPWV.

»  Mia utroypa@n eival pia akoAoubBia duadikwyv yneiwv (bits) Ta
oTToia  TTEPIEXOUV  AOO0UG O€ OUYKEKPIPEVEG BEoeig TTou
kaBopiCovtal a1md TN OUVAPTNON KATAKEPUATIOPOU TTou
XPNOIJOTTOIEITAl.
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Xovoyn

= JUPQWVO HE TTEIPAMATIKEG MEAETEG OXETIKA WE TNV ETTIOOCN TWV
KATOAOYWV UTTOYPA@WY O OxECN HE TOUG QVECTPAUMEVOUG
KataAdyoug, €xel emaAnBeutei 6T o1 katdAoyol TTou oTnpidovTal
OTNV avTioTPOoPr £XOUV VEVIKA KOAUTEPEG €MOOCEIS ATTO TOUG
KaTaAGyoug TTou aTnpifovTal G€ UTTOYPAPEG.

= QO0T600, O KATAAOYOl UTTOYPA@WYV £XOUV WEPIKEG TTOAU KAAEQ
1016TNTEG (TT.X., EUKOAIQ oTOV TTApaAANAIoUO)

Aopn gvog XAII

Xpiomg

Avédpaon

Epdua h
. [E—

‘Eyypago
Epotipatog

Néao Eyypaga

_

l

Tpoemstepyasia
Eyypépov
Epotipatog

Mpoemetepyaoia
Eyypégov

!

Enavanpocdiopiopos
Epotipatog

Avagimon Exsticov
Eyypagov

A

Babpokoynon
Eyypigpov

Tapayori kat

Anoteheopdtoy

L

Evnuépoon
Katahéyou

.

‘Eyypagpa
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“" Aouécg Eupetnpiou: AiapBpwon AidAegng

Eicaywyn — kivnTpo

= AveoTpaupuéva Apxeia (Inverted files)

Apxeia Ytroypagwyv (Signature files)

Aévdpa KataAntewv (Suffix trees)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Aévdpa kal Mivakes KataAAgewyv
(Suffix Trees and Suffix Arrays)
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36



Aévdpa kai MNivakeg KataAngewv
(Suffix Trees and Arrays )

Kivntpo
— Ipriyopn atroTiunon Twv phrase queries
— H évvoia g Aégng (otnv ottoia Bacifovral Ta inverted files) dev uttdpyel o€
GANEG EQAPUOVYEG (TT.X. OTIG YEVETIKEG BAOEIG DESOUEVWIV), APa UTTAPXEI
avaykn yia dIaQOPETIKEG DOPEG BEDOUEVWIV.

Mia aAugida DNA eivar pia akoAouBia atréd diatetaypéva (euydpia BAcEwy.

YTmapxouv 4 Baoceig: n adevivn (A), n youavivn (G), n kutogivn (C) kai n Bupivn (T).

KdaBe Ceuydpl Bdoswyv Tou DNA atroTteAeital atmé SIapopeTIKEG BAOEIG.

Juykekpiyéva, n adevivn (A) putropei va guvdéetal poévo pe Tn Bupivn (T), evw n youavivn (G) ptropei
va ouvdéetal povo pe Tnv kutooivn (C). ‘Eva mapddeiypa amootrdopartog aAugidag DNA
aKoAoubei:

AGGCTACCCTTA
TCCGATGGGAAT

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 73

Aévdpa Katahnéewv (Suffix Trees)

Aévdpo KaTaAACewV:
— To dévdpo kataARSewv evdg Kkelpévou eival éva trie TAvw o€ OAeC TIG
KATOANEEIC TOU KEIUEVOU.
— O1 deiKkTEG TTPOG TO KEIPEVO aTTOBNKEUOVTAl OTA GUAAX TOU BEVOPOU.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Suffix Trie yia 1n Aégn "cacao”
(BewpwvTag KABe BEon WG onueio eupeTnpiou)

KataAAgeig: Trie KataAn&ewv

(0]

0
a0 9. @
cao a‘ ‘ .

acao ¢

cacao . 0. - .

Kavovikd Tagivopnpuéva ‘

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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E) Suffix Trie yia Tn Aégn "cacao”
' (BewpwvTag KABe BEon WG onueio eupeTnpiou)

caca .

cacao

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

s M

KataAngeig: ©o
0 ‘® @
ao
cao ca . ‘ ac ®
acao cac M cao aca
cacao . .

™ acao

76
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Aévdpa kai MNivakeg KataAngewv
(Suffix Trees and Arrays )

"evikn 10€a
— BA&tmoupe 6Ao 1o Keipevo wg pia pakpid aupBoAoceipd (long string)
— Oewpoulpe kKGBe BEaN Tou KeIPévou ws KATdAngn keipévou (text suffix)
— Avo kataAn&eig TTou Eekivouv atmd SIaQOopPETIKEG BEoeIg eival Aegikoypapikd
OIOPOPETIKES
* dpa kGBe katdAnén TpoadiopileTal povadikéd atrd Tn B€on TN apxNng NG

EmAoyég
» Eupetnpiadoupe OAeg TIG BECEIG TOU KEIPNEVOU
* Eupetnpidfoupe kamroleg Béoeig Tou Kelpyévou (T1.X. HMOVO TIG APXEG
AeCewv)
— Apa €0W £XOUME TNV £vvola Tou onueiou eupeTnpiou (index point)
— Ta onueia 1Tou dev civalr anueia eupetnpiou dev gival TTapaddoiua
(deliverable)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 77

Mapadelypa KaTaAAgewy
(BewpwvTag wg onueia eupetnpiou (index points) TIG APXES TWV AEEEWV)

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

letters.

ade 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.

78
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Aévdpa Katahnéewv (Suffix Trees)

Aévdpo KataAn&swv:

— To &évdpo kataAnewv evog kelwévou eival éva trie Tavw ge OAeC TIG

KaTaAAEEIC TOU KEIYEVOU.

— O BeiKTEG TTPOG TO KEIPEVO aTToBNKEUOVTAl OTA GUAAQ TOU DEVOPOU.

MNa peiwon Tou xwpou, To trie CUPTTUKVWVETAI WG éva Patricia tree

— Patricia = Practical Algorithm To Retrieve Information Coded
Alphanumerical

in

CS463 - Information Retrieval Systems

Yannis Tzitzikas, U. of Crete
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Mapddelyua KataAngewv
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 made from Jetters.

‘ ‘ letters.
Words are made from letters

many words. Words are made from letters

Suffix Trie

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

made from letters.
words. Words are made from letters.

S .
text has many wor .Worﬂ are made from letters.
text. A text has marly words. Words are made from letters.

80
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Suffix tree

= Suffix trie compacted into a Patricia tree

one child.

case O(n?) of the trie.

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

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

Suffix Trie

CS463 - Information Retrieval Systems Yannis

Suffix Tree

Ti givar auroi o1 apibuoi; ‘ 81

[Mivakeg KataAngewyv (Suffix arrays)
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Mivakeg KataAfgewv (Suffix arrays)
(Space efficient implementation of suffix trees)

= Suffix trees have a space overhead of 120%-240% over the text
size (assuming that index points = word beginnings)
= assuming node size of 12 or 24 bytes

= Now we will present a data structure with space requirements
like those of the inverted file (~40% overhead over the text size)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Mivakeg KataAhcewv (Suffix arrays)
(Space efficient implementation of suffix trees)

Mivakac KataAnZewv:
* [livakag pe BeIKTES TTPOG OAEG TIG «KATAANEEIGH O€ Ae€IKOYPAQIKN OEIpd
» Ta va Tov dnuioupyfooupue apkei pia depth-fist-search didoxion 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

msp [60]50|28]19] 1140 33|

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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LW Mivakec KataAfgewv

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

ms) [60[50[28[19]11]40]33]

O@éAn:
*  Meiwon xwpou

TTivakag 7 KeAIwV)
— (space overhead ~ that of inverted files)
* AuvatotnTta binary search

— kpatdpe 1 8eiktn avd katdAngn (7 kataARgeig,
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¥ Nivakec KataAngewv(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

ms) [60]50[28[19]11]40]33]

Avalitnon Bdoel Suffix Array
MNa va doupe av uttdpxel pia KatdAnén oTo

search) 010 TTEPIEXOUEVO TWV OEIKTWV

Keipevo kavoupe duadiki avagitnon (binary
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[Mivakeg KataAngewv(lV)

Avalntnon Baoel Suffix Array

lMNa va doupe av uTTdpxel hia KaTdAngn oTo Keipevo kavouue duadikr) avalrtnon
(binary search) aTo TTEPIEXOUEVO TWV BEIKTWV

\ Mrropei va odnyroel o€ TToAAG disk accesses

Therefore 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 of the suffix array

Supra-Index  |[lett| , [text| | | word \TJ =4, b=3

Suffix Array [60]50 2819 11]40]33]

I m m t t w w
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Mivakeg KataAngewyv (ue supra-index) Evavri
AveoTpapuévwy Apxeiwv

= For word-indexing suffix array, it has been suggested that a new
sample could be taken each time the first word of the suffix
changes, and to store the word instead of | characters

= This is exactly as having a vocabulary of the text plus pointers to
the array

= The only important difference between this structure and an
inverted index is that the occurrences of each word in an
inverted index are stored by text position, while in a suffix array
they are stored lexicographically by the text following the word.
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Aévdpa kai MNivakeg KataARgewv
KoéoTog AtroTtipnong Emmepwrroswyv

+ KéoT0g avalntnong piag cupBoAooEIpds HAKOUG M XAPOKTHPWV
— O(m) oTtnv TrepITITWOoN TWV dévdpwvY KaTaAfewv (suffix tree)
— O(log n) oTnv TTePITITWON TV TTIVAKWVY KaTtaAAgewv (suffix array)
* BuunBeite o1l KABE onueio Tou Kelévou TTPOCdIoPICel Yia KATAANEN

» Armotiynon phrase queries
— H ¢pdon avalnreitar oav va Atav yia cupyBoAoceipd

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