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Data processing pipeline

Text document =⇒ Lexical analysis

=⇒ Stop-word removal

=⇒ Stemming
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Example

1 To prepare a text for indexing, one needs to split it into
tokens, remove stop-words and perform stemming.

2 To prepare a text for indexing one needs to split it into
tokens remove stop words and perform stemming

3 prepare indexing needs split
tokens remove stop perform stemming

4 prepar index need split
token remov stop perform stem
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Lexical analysis

1 Remove punctuation

2 Decide on what a “word” is

3 Lowercase everything
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Stop-word removal

Dictionary-based

Create a dictionary of stop-words
Remove words that occur in this dictionary

Frequency-based

Set a frequency threshold f
Remove words with the frequency higher than f
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Stemming

1 Algorithmic

2 Dictionary-based

3 Hybrid
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Algorithmic stemming (Porter stemmer)

Croft et al., “Search Engines, Information Retrieval in Practice”
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Dictionary-based stemming

Store lists of related words in a dictionary

Can recognize the relation between “is”, “be”, “was”

New-words problem
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Hybrid stemming (Krovetz stemmer)

Approach
1 Check the word in a dictionary
2 If present, either leave it as is or replace with exception
3 If not present, check for suffixes that could be removed
4 After removal, check the dictionary again

Produces words not stems

Comparable effectiveness with the Porter stemmer
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Stemming example

Original!text:!
Document!will!describe!marketing!strategies!carried!out!by!U.S.!companies!for!their!agricultural!
chemicals,!report!predictions!for!market!share!of!such!chemicals,!or!report!market!statistics!for!
agrochemicals,!pesticide,!herbicide,!fungicide,!insecticide,!fertilizer,!predicted!sales,!market!share,!
stimulate!demand,!price!cut,!volume!of!sales.!
!
Porter!stemmer:!
!document!describ!market!strategi!carri!compani!agricultur!chemic!report!predict!market!share!chemic!
report!market!statist!agrochem!pesticid!herbicid!fungicid!insecticid!fertil!predict!sale!market!share!
stimul!demand!price!cut!volum!sale!
!
Krovetz!stemmer:!
!document!describe!marketing!strategy!carry!company!agriculture!chemical!report!prediction!market!
share!chemical!report!market!statistic!agrochemic!pesticide!herbicide!fungicide!insecticide!fertilizer!
predict!sale!stimulate!demand!price!cut!volume!sale!

Croft et al., “Search Engines, Information Retrieval in Practice”

Ilya Markov i.markov@uva.nl Information Retrieval 16



Data processing Data storage

Outline

1 Data processing
Data processing pipeline
Stemming
Dealing with phrases
Zipf’s and Heaps’ laws
Summary

Ilya Markov i.markov@uva.nl Information Retrieval 17



Data processing Data storage

Example

To be or not to be. . .

Ilya Markov i.markov@uva.nl Information Retrieval 18



Data processing Data storage

Dealing with phrases

1 Detect noun phrases using a part-of-speech tagger

sequences of nouns
adjectives followed by nouns

2 Detect phrases at the query processing time

Use an index with word positions
Will be discussed next

3 Use frequent n-grams, e.g., bigrams and trigrams
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Example noun phrases

Croft et al., “Search Engines, Information Retrieval in Practice”

Ilya Markov i.markov@uva.nl Information Retrieval 20



Data processing Data storage

Outline

1 Data processing
Data processing pipeline
Stemming
Dealing with phrases
Zipf’s and Heaps’ laws
Summary

Ilya Markov i.markov@uva.nl Information Retrieval 21



Data processing Data storage

Zipf’s law
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Croft et al., “Search Engines, Information Retrieval in Practice”
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Zipf’s law vs. real data
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Croft et al., “Search Engines, Information Retrieval in Practice”
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Zipf’s law example

Pr Pr Pr Pr

Pr Pr

Croft et al., “Search Engines, Information Retrieval in Practice”
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Heaps’ law

v = k · nβ
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Data processing summary

Lexical analysis

Stop-word removal

Stemming

Algorithmic (Porter stemmer)
Dictionary-based
Hybrid (Krovetz stemmer)

Dealing with phrases

Zipf’s and Heaps’ laws
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Materials

Croft et al., Chapter 4

Manning et al., Chapter 2.2
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Data storage methods

File

File system

Database

Index
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Example

S1 Tropical fish include fish found in tropical environments around
the world, including both freshwater and salt water species.

S2 Fishkeepers often use the term tropical fish to refer only those
requiring fresh water, with saltwater tropical fish referred to as
marine fish.

S3 Tropical fish are popular aquarium fish, due to their often bright
coloration.

S4 In freshwater fish, this coloration typically derives from irides-
cence, while salt water fish are generally pigmented.

and 1

aquarium 3

are 3 4

around 1

as 2

both 1

bright 3

coloration 3 4

derives 4

due 3

environments 1

fish 1 2 3 4

fishkeepers 2

found 1

fresh 2

freshwater 1 4

from 4

generally 4

in 1 4

include 1

including 1

iridescence 4

marine 2

often 2 3

only 2

pigmented 4

popular 3

refer 2

referred 2

requiring 2

salt 1 4

saltwater 2

species 1

term 2

the 1 2

their 3

this 4

those 2

to 2 3

tropical 1 2 3

typically 4

use 2

water 1 2 4

while 4

with 2

world 1

Croft et al., “Search Engines, Information Retrieval in Practice”
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Document identifiers

S1 Tropical fish include fish found in tropical environments around
the world, including both freshwater and salt water species.

S2 Fishkeepers often use the term tropical fish to refer only those
requiring fresh water, with saltwater tropical fish referred to as
marine fish.

S3 Tropical fish are popular aquarium fish, due to their often bright
coloration.

S4 In freshwater fish, this coloration typically derives from irides-
cence, while salt water fish are generally pigmented.

and 1

aquarium 3

are 3 4

around 1

as 2

both 1

bright 3

coloration 3 4

derives 4

due 3

environments 1

fish 1 2 3 4

fishkeepers 2

found 1

fresh 2

freshwater 1 4

from 4

generally 4

in 1 4

include 1

including 1

iridescence 4

marine 2

often 2 3

only 2

pigmented 4

popular 3

refer 2

referred 2

requiring 2

salt 1 4

saltwater 2

species 1

term 2

the 1 2

their 3

this 4

those 2

to 2 3

tropical 1 2 3

typically 4

use 2

water 1 2 4

while 4

with 2

world 1

Croft et al., “Search Engines, Information Retrieval in Practice”
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Word counts

and 1:1

aquarium 3:1

are 3:1 4:1

around 1:1

as 2:1

both 1:1

bright 3:1

coloration 3:1 4:1

derives 4:1

due 3:1

environments 1:1

fish 1:2 2:3 3:2 4:2

fishkeepers 2:1

found 1:1

fresh 2:1

freshwater 1:1 4:1

from 4:1

generally 4:1

in 1:1 4:1

include 1:1

including 1:1

iridescence 4:1

marine 2:1

often 2:1 3:1

only 2:1

pigmented 4:1

popular 3:1

refer 2:1

referred 2:1

requiring 2:1

salt 1:1 4:1

saltwater 2:1

species 1:1

term 2:1

the 1:1 2:1

their 3:1

this 4:1

those 2:1

to 2:2 3:1

tropical 1:2 2:2 3:1

typically 4:1

use 2:1

water 1:1 2:1 4:1

while 4:1

with 2:1

world 1:1

5.3.3 Positions

Croft et al., “Search Engines, Information Retrieval in Practice”
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Word positions

and 1,15

aquarium 3,5

are 3,3 4,14

around 1,9

as 2,21

both 1,13

bright 3,11

coloration 3,12 4,5

derives 4,7

due 3,7

environments 1,8

fish 1,2 1,4 2,7 2,18 2,23

3,2 3,6 4,3

4,13

fishkeepers 2,1

found 1,5

fresh 2,13

freshwater 1,14 4,2

from 4,8

generally 4,15

in 1,6 4,1

include 1,3

including 1,12

iridescence 4,9

marine 2,22

often 2,2 3,10

only 2,10

pigmented 4,16

popular 3,4

refer 2,9

referred 2,19

requiring 2,12

salt 1,16 4,11

saltwater 2,16

species 1,18

term 2,5

the 1,10 2,4

their 3,9

this 4,4

those 2,11

to 2,8 2,20 3,8

tropical 1,1 1,7 2,6 2,17 3,1

typically 4,6

use 2,3

water 1,17 2,14 4,12

while 4,10

with 2,15

world 1,11

S1

S2

Croft et al., “Search Engines, Information Retrieval in Practice”
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Using positions to deal with phrases

tropical 1,1 1,7 2,6 2,17 3,1

fish 1,2 1,4 2,7 2,18 2,23 3,2 3,6 4,3 4,13

S1

S1 S1

S1

tropical fish
p

p − 5 p + 5

5.3.4 Fields and Extents

From:

Croft et al., “Search Engines, Information Retrieval in Practice”
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Index types summary

Documents

Documents, counts

Documents, counts, positions
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Example

D1 To be, or not to be. . .

D2 . . . to die, to sleep no more. . .

to → D1, D2
be → D1
or → D1

not → D1
die → D2

sleep → D2
no → D2

more → D2
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Simple indexer

D ◃ D
I ← () ◃
n← 0 ◃

d ∈ D
n← n + 1
T ← (d) ◃

T
t ∈ T

It ̸∈ I
It ← ()

It. (n)

I

5.6.2 Merging

I
I

I1, I2, I3, ..., In

I1

I2

I

Croft et al., “Search Engines, Information Retrieval in Practice”
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What are the problems with this simple indexer?

1 In-memory

Index merging

2 Single-threaded

Distributed indexing
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Index merging

aardvark 2 apple

aardvark actor 15 42 68

3 4 5 2 4

6 9

aardvark 2 appleactor 15 42 683 4 5 2 46 9

Index A

Index B

Combined index

aardvark 2 apple

aardvark actor 15 42 68

3 4 5 2 4

6 9

Index A

Index B

I1 I2

I2

w1 w2

I1 I2

I

5.6.3 Parallelism and Distribution

aardvark 2 apple

aardvark actor 15 42 68

3 4 5 2 4

6 9

aardvark 2 appleactor 15 42 683 4 5 2 46 9

Index A

Index B

Combined index

aardvark 2 apple

aardvark actor 15 42 68

3 4 5 2 4

6 9

Index A

Index B

I1 I2

I2

w1 w2

I1 I2

I

5.6.3 Parallelism and Distribution

Croft et al., “Search Engines, Information Retrieval in Practice”
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Aardvark

Picture taken from https://en.wikipedia.org/wiki/Aardvark
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Distributed indexing (MapReduce)

Map

Shuffle

Reduce

Processing D1 Processing D2 Processing D3

to:D1,D2,D3 die:D2,D3 sleep:D2,D3 be:D1

(to,D1) (be,D1) … (to,D2) (die,D2) (sleep,D2) … (to,D3) (die,D3) (sleep,D3) …

(to,D1)
(to,D2)

(sleep,D2)

(to,D3)

(sleep,D3)

Map

Shuffle

Processing D1 Processing D2 Processing D3

(to,D1) (be,D1) … (to,D2) (die,D2) (sleep,D2) … (to,D3) (die,D3) (sleep,D3) …

(to,D1)
(to,D2)

(sleep,D2)

(to,D3)

(sleep,D3)

Map

Shuffle

Processing D1 Processing D2 Processing D3

(to,D1) (be,D1) … (to,D2) (die,D2) (sleep,D2) … (to,D3) (die,D3) (sleep,D3) …

(to,D1)
(to,D2) (to,D3)

Map

Shuffle

Processing D1 Processing D2 Processing D3

(to,D1) (be,D1) … (to,D2) (die,D2) (sleep,D2) … (to,D3) (die,D3) (sleep,D3) …

Map Processing D1 Processing D2 Processing D3

(to,D1) (be,D1) … (to,D2) (die,D2) (sleep,D2) … (to,D3) (die,D3) (sleep,D3) …

Map Processing D1 Processing D2 Processing D3
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Distributed indexing (MapReduce)

←
←
←
←

w
w

←

5.6.4 Update

I2 I1

I I1

I

Croft et al., “Search Engines, Information Retrieval in Practice”
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Updating an index

Index merging – when new documents come in large batches
1 Create a new index
2 Merge it with the main index
3 Remove deleted documents while merging

Results merging – to handle single document updates
1 Keep a small in-memory index with new documents
2 Keep a list of deleted documents
3 Merge results from the main index and the in-memory index
4 Do not show results which are in the “deleted list”
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Query processing

Single-word queries

Multiple-word queries

AND
OR
NOT

S1 Tropical fish include fish found in tropical environments around
the world, including both freshwater and salt water species.

S2 Fishkeepers often use the term tropical fish to refer only those
requiring fresh water, with saltwater tropical fish referred to as
marine fish.

S3 Tropical fish are popular aquarium fish, due to their often bright
coloration.

S4 In freshwater fish, this coloration typically derives from irides-
cence, while salt water fish are generally pigmented.

and 1

aquarium 3

are 3 4

around 1

as 2

both 1

bright 3

coloration 3 4

derives 4

due 3

environments 1

fish 1 2 3 4

fishkeepers 2

found 1

fresh 2

freshwater 1 4

from 4

generally 4

in 1 4

include 1

including 1

iridescence 4

marine 2

often 2 3

only 2

pigmented 4

popular 3

refer 2

referred 2

requiring 2

salt 1 4

saltwater 2

species 1

term 2

the 1 2

their 3

this 4

those 2

to 2 3

tropical 1 2 3

typically 4

use 2

water 1 2 4

while 4

with 2

world 1

Croft et al., “Search Engines, Information Retrieval in Practice”

Ilya Markov i.markov@uva.nl Information Retrieval 48



Data processing Data storage

Simple intersection
Intersecting two postings lists

Intersect(p1, p2)
1 answer ← ⟨ ⟩
2 while p1 ̸= nil and p2 ̸= nil
3 do if docID(p1) = docID(p2)
4 then Add(answer , docID(p1))
5 p1 ← next(p1)
6 p2 ← next(p2)
7 else if docID(p1) < docID(p2)
8 then p1 ← next(p1)
9 else p2 ← next(p2)

10 return answer

29 / 60

Manning et al., “Introduction to Information Retrieval”
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Complexity of simple intersection

What is the complexity of simple intersection for lists of sizes
{n1, . . . , nk}?

O(n1 + n2 + . . . + nk)

Heuristic optimization: start with the shortest list

Best case:
O(k ·min[n1, . . . , nk ])

Worst case:
O(n1 + n2 + . . . + nk)
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Skip-list optimizationSkip lists: Larger example

16 28 72

5 51 98

2 4 8 16 19 23 28 43

1 2 3 5 8 41 51 60 71

Brutus

Caesar

45 / 62
For a list of size P use

√
P skip-pointers

Manning et al., “Introduction to Information Retrieval”
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Skip-list optimization
Intersecting with skip pointers

IntersectWithSkips(p1, p2)
1 answer ← ⟨ ⟩
2 while p1 ̸= nil and p2 ̸= nil
3 do if docID(p1) = docID(p2)
4 then Add(answer , docID(p1))
5 p1 ← next(p1)
6 p2 ← next(p2)
7 else if docID(p1) < docID(p2)
8 then if hasSkip(p1) and (docID(skip(p1)) ≤ docID(p2))
9 then while hasSkip(p1) and (docID(skip(p1)) ≤ docID(p2))

10 do p1 ← skip(p1)
11 else p1 ← next(p1)
12 else if hasSkip(p2) and (docID(skip(p2)) ≤ docID(p1))
13 then while hasSkip(p2) and (docID(skip(p2)) ≤ docID(p1))
14 do p2 ← skip(p2)
15 else p2 ← next(p2)
16 return answer

46 / 62

Manning et al., “Introduction to Information Retrieval”
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Data storage summary

Index types

Documents
Documents, counts
Documents, counts, positions

Index construction

Index merging
Distributed indexing (MapReduce)
Updating an index

Query processing

Boolean operations
Skip-list optimization

Ilya Markov i.markov@uva.nl Information Retrieval 54



Data processing Data storage

Materials

Croft et al., Chapter 5

Manning et al., Chapters 1.2–1.3, 2.3–2.4
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See you in October
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