BOOLEAN INFORMATION RETRIEVAL

The Boolean model of IR (BIR) is
• a classical IR model and, at the same time,
• the first and most adopted one.
It is used by virtually all commercial IR systems
today.
The BIR is based on:
• Boolean Logic and
• classical Sets Theory
in that both the documents to be searched and the
user's query are conceived as sets of terms.
Retrieval is based on whether or not the
documents contain the query terms.

1

BOOLEAN LOGIC
Proposition
The proposition is a statement (formulation, assertion) which can be
assigned either a value T or a value F (there is no third alternative), where
T and F are two different values, i.e., T ≠ F. For example, T = true, F =
false (these values are used throughout this book), or T = yes, F = no, or T
= white, F = black, or T = 1, F = 0. The values T and F will be referred to
as truth values. A proposition cannot be true and false at the same time
(principle of noncontradiction).
Example
•
•
•

“I am reading this text.” is a ⎯ true ⎯ proposition.
The sentence “The sun is shining.” is also a proposition because either
the value T or F can be assigned to it.
The sentence „The cooks wearing red hats are playing football at the
North Pole.“ becomes a proposition if a truth value can be assigned to it.

In general, it is not a necessary quality of a proposition to be true. For
example, the proposition “It is raining.” may be true or false. However,
there are propositions that are absolutely true (e.g., “The year 2001 is the
first year of the 21st century.”)
Negation
The negation of a proposition P is a proposition denoted by ¬P and
pronounced “not P”. If P is true, then ¬P is false, and if P is false, then ¬P
is true.
Hence, ¬(¬P) is always true (law of double negation).
Truth table of the logical negation
P ¬P
T F
F T
Example
“I am not reading this text.” is a ⎯ false ⎯ proposition, and is the
negation of the proposition “I am reading this text.”.
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Conjunction
Given two propositions: P, Q. The proposition P Λ Q (pronunciation: “P
and Q”) is called conjunction. The conjunction is true if and only if both P
and Q are true, and false otherwise (Table 2.2).
Thus, P Λ (¬P) is always false (law of contradiction).
Table 2.2. Truth table of the logical conjunction
P Q PΛQ
T T
T
T F
F
F T
F
F F
F
Example 2.3.
•
•

“I am reading this text. Λ It is raining.” is a proposition, and its truth
value can be assigned by the Reader.
“I am thinking at myself. Λ A bicycle has two wheels.” is a proposition
(the Reader can assign a truth value to it), albeit one would rarely link its
two constituent propositions into one sentence in everyday speech.

Disjunction
Given two propositions: P, Q. The proposition P V Q (pronunciation: “P
or Q”) is called disjunction. The disjunction is false if and only if both P
and Q are false, and true otherwise (Table 2.3). Thus, P V (¬P) is always
true (law of excluded third).
Table 2.3. Truth table of the logical disjunction
P
T
T
F
F

Q PVQ
T
T
F
T
T
T
F
F

Example 2.4.
“I am reading this text. V It is raining.” is a true proposition (regardless of
whether it is actually raining or not).
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SETS THEORY
Set
The notion of set is a fundamental one. It does not have a mathematical
definition. A set is a collection of distinct objects. The objects in a set are
called elements. If an object x is an element of a set S (an equivalent
formulation is: x belongs to S), this is denoted as x ∈ S. x ∉ S means that x
does not belong to S.
It is very important to note that:
•
•

An element can occur at most once in a set.
The order of the elements in a set is unimportant.

A set can be given by enumerating its elements between brackets, e.g., A
= {a1, a2,...,an}, or by giving a property P(x) (e.g., using a predicate P(x);
see section 2.3.3 for the notion of predicate) all elements must share as
follows: A = {x | P(x)}. A set having a fixed number of elements is finite,
and infinite otherwise. The empty set contains no elements and is denoted
by ∅.
Example 2.7.
•

ℕ = {1, 2,…,n,…} denotes the set of natural numbers.

•

ℤ ={..., −2, −1, 0, 1, 2, ...} denotes the set of integer numbers.

•

ℚ denotes the set of rational numbers,

•

ℝ denotes the set of real numbers,

•
•
•

ℂ denotes the set of complex numbers,
{thought, ape, quantum, Rembrandt} is a set.
{mammal | water content is less than 20%} is a set.

Union
The union of sets A and B is denoted by the symbol ∪ and defined as
follows (Fig. 2.2):
A ∪ B = {x | (x ∈ A) V (x ∈ B)}.
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Example 2.10.
{thought, ape, quantum, Rembrandt} ∪ {1, 2} = {thought, ape, quantum,
Rembrandt, 1, 2}. Note that the operation of union is a purely formal one
(just like the other set operations): it does not require that the elements of
the sets be compatible with each other, or have the same nature, in any
way.
A

∪

A

B

B

Fig. 2.2. Visualisation of the notion of set union
Set union is (as can be easily checked using the definitions of sets equality
and union)
•
•
•

Commutative: A ∪ B = B ∪ A, for any two sets A, B;
Associative: A ∪ (B ∪ C)= (A ∪ B) ∪ C, for any three sets A, B, C;
Idempotent: A ∪ A = A, for any set A.

Intersection
The intersection of sets A and B is denoted by the symbol ∩ and defined as
follows (Fig. 2.3):
A ∩ B = {x | (x ∈ A) Λ (x ∈ B)}.
A
A∩B
B

Fig. 2.3. Visualisation of the notion of set intersection
If A ∩ B = ∅, the sets are said to be disjoint sets (Fig. 2.4).
A

B

Fig. 2.4. Visualisation of the disjoint sets A and B
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Example 2.11.
{thought, ape, quantum, Rembrandt} ∩ {thought, Rembrandt, 1, 2} =
{thought, Rembrandt}. Note that the result of the intersection consists of
the elements which are exactly the same.
Set intersection is (as can be easily checked using the definitions of sets
equality and intersection)
•
•
•

Commutative: A ∩ B = B ∩ A, for any two sets A, B;
Associative: A ∩ (B ∩ C)= (A ∩ B) ∩ C, for any three sets A, B, C;
Idempotent: A ∩ A = A, for any set A.

Set Difference
The difference of sets A and B (in this order) is denoted by the symbol \
and defined as follows (Fig. 2.5):
A \ B = {x | (x ∈ A) Λ (x ∉ B)}.
Example 2.12.
{thought, ape, quantum, Rembrandt} \ {thought, Rembrandt, 1, 2} = {ape,
quantum}.
A\B

A
B
B

Fig. 2.5. Visualisation of the notion of set difference
Powerset
The powerset ℘(A) of a set A is defined as follows: ℘(A) = {X | X ⊆ A},
i.e., the set of all subsets of A. The empty set ∅ is a member of the
powerset of any set A, i.e., ∅ ∈ ℘(A).
Example 2.15.
℘({thought, ape, quantum}) = {∅, {thought}, {ape}, {quantum},
{thought, ape}, {thought, quantum}, {ape, quantum}, {thought, ape,
quantum}}.
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Given a finite set
T = {t1, t2, ..., ti, ..., tn}
of elements called terms (e.g. words or expressions −
which may be stemmed − describing or characterising
documents such as keywords given for a journal
article), a finite set
D = {D1, ..., Dj, ..., Dm}, Dj ∈℘(T)
of elements called documents. Traditionally, a − real −
document can be a journal article (or its abstract or
title), or a newspaper article, etc. These documents for
retrieval purposes, in the BIR, are represented as sets
of terms.
Given a Boolean expression Q called a query, for
example (the terms are A,B,C,D):
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Retrieval is defined as follows:
1. The set Si of documents are obtained that contain
or not the term under focus:
for term A: Si= {D | A ∈ D}
for negated term A, i.e., ¬A: Si= {D | A ∉ D}
2. Those documents are retrieved in response to Q,
which belong to the set obtained as a result of the
corresponding sets operations:
intersection ∩ corresponds to logical AND,
union ∪ corresponds to logical OR.
For example,
Q = A OR (B AND C)
S1 results set for term A,
S2 results set for term B,
S3 results set for term C,
The retrieved set in response to Q:
S1 ∪ (S2 ∩ S3)
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EXAMPLE
Let the set of original (real) documents be, for
example O = {O1, O2, O3}
where
O1 = Bayes' Principle: The principle that, in estimating a parameter, one should
initially assume that each possible value has equal probability (a uniform prior
distribution).
O2 = Bayesian Decision Theory: A mathematical theory of decision-making which
presumes utility and probability functions, and according to which the act to be
chosen is the Bayes act, i.e. the one with highest Subjective Expected Utility. If one
had unlimited time and calculating power with which to make every decision, this
procedure would be the best way to make any decision.
O3 = Bayesian Epistemology: A philosophical theory which holds that the epistemic
status of a proposition (i.e. how well proven or well established it is) is best
measured by a probability and that the proper way to revise this probability is
given by Bayesian conditionalisation or similar procedures. A Bayesian
epistemologist would use probability to define, and explore the relationship
between, concepts such as epistemic status, support or explanatory power.

Let the set T of terms be:
T={
t1 = Bayes' Principle,
t2 = probability,
t3 = decision-making,
t4 = Bayesian Epistemology
}
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The set D of documents is as follows:
D = {D1, D2, D3}, where
D1 = {Bayes' Principle, probability}
D2 = {probability, decision-making}
D3 = {probability, Bayesian Epistemology}
Let the query Q be:
Q = probability AND decision-making
1. Firstly, the following sets S1 and S2 of documents Dj
are obtained (retrieved):
S1 = {Dj| probability ∈ Dj} = {D1, D2, D3}
S2 = {Dj| decision-making ∈ Dj} = {D2}

2. Finally, the following documents Dj are retrieved in
response to Q:
{Dj | Dj ∈ S1 ∩ S2} = {D1, D2, D3} ∩ {D2} = {D2}
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Q = Strongest Earth quakes in the last ten years
Result:
Here is a lesson using the data set of the number of earthquakes from 1900 to 1989 with a
magnitude of 7 or greater. I found this after browsing the Internet at this location: United States
Geological Survey (USGS), U.S. Department of the Interior. I clicked on Geologic Data, and then
clicked on the National Earthquake Information Center. I found the data set after clicking on
Earthquake Statistics.

Q = earth quakes magnitude 7 1997 2007
Result:
DateMagnitudeLocation February 26, 2007magnitude 1.7 approx. 7 miles north-northwest of
Ellsworth February 1, 2007magnitude 2.1 approx. 5.5 miles southwest of Augusta December 29,
2006magnitude 3.1 east of Cadillac Mountain, Mount Desert Island December 18, 2006magnitude
2.3 east of Cadillac Mountain, Mount Desert Island October 22, 2006magnitude 2.3 east of
.....

Q = earth AND quakes AND magnitude AND 7 AND
1997 AND 2007

Using AND results in less results than using OR.
Q = gulyás OR paprikás; Number of hits = 1 630 000
Q = gulyás AND paprikás; Number of hits = 33 600
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Q = www OR világháló*

Q = inf* AND ( gazd* OR ökönöm* )
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