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Abstract— Imn this paper, we improve the formalism
generated for the relationship that exists between
information retrieval processes and quantum
techniques, embodied in the concept quantum theory
(QT) using their lexical constituents. Measurement is
used as a parameter for understanding observables in
relation to lexical content of a document which is
extended to the structural analysis of lexical semtences
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measure for retrieval relevance for any given user’s
query. Such framework can be based on the notion of
information need vector spaces where an event, such as
document relevamce or observed user interactions,
corresponds to vector subspaces. The paper discusses
the algebraic transformation of the information need
repository as factors contributing to the success rate of
any search process. The retrieval problem is therefore
represented within the quantum theory framework in
terms of vector subspaces based on some algebraic
manipulations. We show the existence of the
relationship between these concepts and how they can

be used to improve search by using the lexical

relationship between nodes. A premise is further
provided for the compositionality of Natural Language

Grammar as an observable which can be seen from the
geometric point of view since geometry naturally
creates relations between entities.
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I.  INTRODUCTION

Quantum theory (QT) mode! represents a physical model
that can be considered as a state (a state change model)
such as the change of representation of a wave fimction[1]

which based on some analogies can be extended to
Information Reirieval (IR). This change occurs as the
system acquires more knowledge about the current state.
This is closely related to concepts used in ostensive
retrieval [2]. In wave theory, state change occurs by the
dictates of agents of reality — nature. The external agent
dictates how and when the change happens while the

researcher cannot determine the certainty of occurrence of
the change resulting o an uncertain assumption of the next
state. This is a higher level ostensive action that
corresponds to the quantum theoretical state change which,
in the wave-function method of modeling, is called a state
collapse or reduction of the wave packet. Thus, there is
now a high-level epistemological relationship (a
relationship that studies knowledge. It attempts to answer
the basic question: what distinguishes frue (adequate):
knowledge from false (inadequate) (knowledge) between
QT and our formulation of IR. In IR, the state of the user
of information changes as the user acquires more
information about its current state of knowledee.

process that is assumed fo be relative to the uncertainty
presented in IR. Document, repository and query are all
instances of the information need. Quantum mechanics has
had an enormous impact on our everyday lives. In quantum
mechanics, the Heisenberg uncertainty principle states the
fundamental limit on the accuracy with which certain pairs
of physical properties of a particle, such as position and
momentum, can be simultaneously known. In layman’s
terms, the more precisely on property is measured the less
precisely the other can be confrolled, determined, or
known. Published by Werner Heisenberg in 1927, the
uncertainty principle was a monumental discovery in the

early development of quantum theory. It implies that is

impossible to simultaneously measure the present position
while also determining the future emotionpgf a particle or

any system small enough to require quantum mechanical
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treatment[3]. Quantum theory evolved as a new branch of

theoretical physics during the first few decades of the 20™

century in an endeavor to understand the fundamental
properties of matter [4][5]{6]. The concept of uncertainty

that exists in measurement of physical items and do also
exist in the context of information retrieval. Often times,
they are being represented by fuzzy logic systems.

Generally, the relationship between object (text, image,
data), lexical objects, have been of great importance in
attempt to formulate a relationship for them within a given
natural language. IR process involves the comcept of
relevance such that objects become useful only if they are
relevant. In the context of a state system, relevance will
exist between the present sysiem and the next state; this is
often measured by a level of prediction using the concept

of probably. Probability exists only when a relevance of a

staje is obsqrcﬁble. Relevance, which is most commoni
refers to topical relevance or aboutness, ?.e. to what exten%

the topic of a result matches the topic of the query or
information need, can also be imterpreted more broadly,
referring to how “good” a retrieved result is, with regard fo
the information need. The latter definition of relevance,
sometimes referred to as user relevance, encompasses
topical relevance and possibly other concerns of the user
such as timeliness, authority or novelty of the result.
“Something (A) is relevant to a task (T) if it increases the
tikelihood of accomplishing the goal (G), which is implied

by T.” [7]. Thus, any IR model must be based on object
relevance that can adequately act on text, image, audio etc.,
IR medels are not media specific but the language can
suggest such. This is best observed in object measurement.
Measure in this concept is both a physical and logical
concept. Measure itself has been defined in many ways
depending on the area of use, most of which are attributed
to physical quantities. Measurement has been said to be the
ratio of a physical quantity to the other. It is the act of
finding 2 number that shows the amount of something.
Measurement involves ratio of any entity to a unit. As
example, we measure some distance as a ratio of the

quality to the unit. As well, we can measure the
relationship that exists between word to generated a
meaning for it. This is used as lexical measurement for
objects. A person reads a newspaper by a process called
scanning, This means that he will not read every word fo
understand the meaning of the context of such publication
but will read through suggesting that the read words has 2
relationship with the ones not read in other to generate a
meaning. Scanning is an early concept in library
science[8]. This was followed by the concept of full text
search which does not require human annotator. Every
word has a relation 1o the next. This relation can be viewed
as a lexical relationship such that the text could be

measured as a ratio to the other. A human sees meaning on
every word presented. The use of measurement in retrieval
is proposed due to the following assumptions:

a. For the user of an information system such as an
online readler of a web page, it is assumed that the
content of a word are related to each other since
the meaning of a particular word is thought to
have a relation with the next word. This is
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covered more in the structural discussion of
natural languages. Such exist when retrieving

information from databases based on semantics.
The concept of measurement can be seen in the

same regard. In the information retrieval concept,
the user is expected to have a large base of
document knowledge which he/she is not sure of
its relevance until the search process is carried
out[9]. It means that for any document search,
different topics are presumed in mind. Since they
are not all relevant, they can be said to be
incompatible with each other, which is the fact
that leads us into the quantum theory concept. The
concept of QT allows the description of multiple
set of measurement that are internally compatible
but externaily incompatible that is, measurement

that overlap with uncertainty in each other

outcome [10]. The relationship between two
wugﬁ)s A gssc]:ntial torgetel?r?ggép the process of

information retrieval. The relationship of words in
natural language assists users to retrieve relevant
objects. Two words can be said to be related if
they appear in the same context. Document co-
occurrence gives a measure of word relatedness
that has proved to be too rough to be useful.

Quantum theory answers the question of how to
represent relevamce in structured spaces. It can be

represented by interacting measurement into IR
for representation of relevance. Relevance can be
thought of as an cbservable that measurement can

be performed wpon. For an operator R, we can
assume that a binary case exist such that there will

be two Eigen vatues A, 1,4,” Ocorresponding to
the resuit of measuring any document for the
value of R. this could change slightly when we
consider documents represented im a 3
dimensional vector, (3 dimensional Hilbert space)
then if degenerate exist (having at least one Eigen
space corresponding 0 A, ) then the reievance
will be 3 valued and R will have their Eigen

values, 4, 4,,4,.

The assumption that the observables R can be
represented by a Hermitian operator (an operator
whose matrix is equal to its conjugate transpose)
has also been considered. This representation is
acceptable following the postulation of Gleason
[11] which states that a relationship exist between
Hilbert space and Hermitian operator. This fact
justifies the representation of IR by geometry.

Therefrre we ran acanme that a  cnhenare

PuvivaviY, MY Ll seowny e w sucopus
correspond fo each document with a measure
associated fo it such that the probability measure
of the Hermitian operator is given by 2n algorithm
based on Gleason theorem. If the measure is a
probability measure then the Hermitian operator
can be represented as a density operator. This
establishes the relationship as a self adjoint linear
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operator on any given sentence space. Relevance
can then be presented as a measure of probability.
Probability has been crucial to the success of
relevance operators in retrieval thus; it becomes
reasonable to represenis some observable
relevance as a linear operator like those specified
in Gleason theorem.

Theorem 1

Gleason’s Theorem for R’ says that if f is a non-negative
function on the unit sphere with the property that
Ax)Ay)Az) is a fixed constant, the weight of f, for each
tuple xy,z of mutually orthogonal unit vectors, then fis a
guadratic form. That is

S(x)= anle"“azzxg"'asaxg"'zazzxixz +2a,,x,x, +2a,

@
Every non-negative frame function on the unit sphere S in
R® is regular. Gleason, Andrew M., Measures on the closed
subspaces of a Hilbert space, J. Math. Mech. 6(1957), 885-
893): the principal axes theorem says that we can then find
an orthonormal coordinate system in which fhas the form

Jx) 2‘111"12 +a22x§ ’*‘aa?xg

{0

s
but Gleason did not express the theorem very expressively.
Gleason first proves that 1 is uniformlv continmous. a

highly nontrivial task. To avoid this laiter step, Cooke,
Keane and Moran developed an “elementary proof” of the
theorem [12]. This means that IR consist of observables
that can be presemted as two physical variables
corresponding to commuting Hermitian operators which
has common set of eigenstates. In these cigenstates, both
variables have precise values at the same time, but if two
operators do not commute, in general one cannot specify
both values precisely. Of course such operators could still
have some commen eigenvectors, but the interesting case
arises in attempting to measure A and B simultaneously for

state Il/l ) in which the commentator [ 4, B] has a nonzero

expectation value, <l// I[A, B:H W) 0. 3
[Il. A MODEL FOR REPRESENTING DOCUMENTS AS
VECTORS
The approach taken is to structure these developments
firmly in terms of the mathematics of Hilbert spaces and
linear operators, This is the approach used in quantum
mechanics, It is remarkable that the application of Hilbert
space mathematics to information retrieval is very similar
to its application to quantum mechanics {(Information

Retrieval via truncated Hilbert-space expansions[13]. A
document in IR cam be represented as a vector in Hilbert
space, and an observable such as ‘relevance’ or ‘aboutness’
can be represented by a Hermitian operator. It turns out to
be very convenient that quantum mechanics provides a
ready-made interpretation of this language. It is as if in
physics, we have an example semantics for the language,
and as such it will be used extensively to motivate a similar
but different interpretation for IR.. Gleason’s Theorem,
which specifies an algorithm for computing probabilities
associated with subspaces in Hilbert space, is of critical
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importance in quantum mechanics and will turn out to be
central for the same reasons in information retrieval
whereas quantum theory is about a theory of measurement
for natural systems [14]. So far, the above stated conditions
are applicable to any set of observables if and only if we
can generate a probability for the uncertainty of some
object in the information space. Since the eigenvector of an
operator generate its orthonormal basis, it means that each
operator generate its own basis. Outside relevance, another
observabie applicable to IR is aboutness [15]. Abouiness is
a term used in library and information science (LIS),
linguistics, philosophy of language, and philosophy of
mind. In LIS, it is often considered symonymous with
subject {documents). In philosophy it has been often

goysidered synonymous with intentionality[16]. Aboutness

¢ '& relation that maps a set of documents to a topic.

Representation has been generated for aboutness using
some ecxiensiopal projection operator. It is therefore
important to deep into the application of these operators in
IR representation.

. PROJECTING OPERATOR INTC INFORMATION

SUBSPACES
An operator can be given in terms of a ket vector followed
by a bra vector as example. An operator which project a
vector into the j th eigenstates is given as | § >< 7. The

- — [ o4

bra vector dot into the state given the coefficient of | j >
in the state, then its multiplied by the unit vector | j >
turning it back in to a vector. Since an operator maps one
vector into another, this can be called an operator. The sum
of the project is 1, if we sum over a complete set of slots,
like the ecignestates of the Hermitian operator.

Z]i><i|=1. If liy >i can be j and composed as
Iy >= ZI i ><F| gt>. Then, a projection operator can

1]
be formed into a subspace. The Hermitian and idempotent

attribute will exist and can be experimented by the
following example;

1{+1 —=i

E(+i +1) is both Hermitian and idempotent because

1{+1 —iXI +1 =i} 11+l —i-i

2\+i +1) 2+ +1) 4li+1  +1+1
4)

_l +2 — 2 w] +1 —i

_4L+2 +2J_2L+1 +iJ

Projectors map operators into space. They include the zero
operator E, that project every vector X to the empiy
subspace Ex=0 for all X and the identity vector I which
maps every vector onto itself, X=X for all X. projectors
will be used in this work to generate orthogorality. In the
concept of Information Retrieval where much emphasis is
on matching of terms, this is achievable using the rank.
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Definition 1.0: (Rank)
The rank of a project of two matrices is less or equal to the
rank of either the one or the other matrix. If a square

matrix has a full rank (rank equal to the number of rows or
columns) we call this matrix not singular.

Furthermore, if we have a square non singular matrix then
the inverse of a matrix A can be defined as A7 iff
AL =Isinceif (AB=BA=1 A AC =CA=D=B=C
transposition does not alter the rank of a matrix. The rank
of AB and the rank of CA are equal to the rank of A if B

and C are non singular.

If A and B are of the same order then (AB)'=B'A™
Definition 1.1: Pre probability

This is generally known as Trace [17]. A trace has many
application format but the one linked with this work is as
presented by [18] where the frace is a positive self
operator.

The quanti " <ej|T|ef> summed over the
ty =<€eJlL ey

vectors in the basis, for any T is known as the trace of T, it
is equal to the sum of the diagram elements of the matrix

w.r.t. orthonormal basis. A T- t(T) mapping has the
following properties:

() tr(al; + BT,) = aBr(T) + B(r(t,) lincarity

(2) t(T)=sum of eigenvalues of T.

(3) tr(T*)=tr(T), the trace of adjoint is the complex

conjugale of the trace of T.

{4) u(T)>0. Where ever T>0

(5) (T, To=tr, (Ty, T,) is a Hilbert space of N* [19].
It is interesting to use mathematics to represent some
feature sof search processes. The initial framework is
hased on the theorv of Ranlean aloehra.

MMne s waAw WARSLA [ SAA Ae WL ITAMLL Leljmwasstes

IV. THE FRAMEWOREK OF BOOLEAN LOGIC
The basis for quantum computation is not Boolean logic,
but quantum fogic. To date, there is still no appropriate
quantum-logical calculus comparable to the classical
calculus based on Boolean algebra. There are at least two
essential differences between quantum and Boolean logic.
One is that any quantum gate has to be reversible, ie.,
input and output must always correspond uniquely to one
another. In particular, the number of input and output
qubits has to be equal. This is different than in the Boolean
case, where most gates have two input bits and only one

output bit. In fact, all basic binary operations of Boolean
algebra (A,v,—, XOR,NAND,NOR,...) are 2-1
valued, which implies that they are not reversible: in fact,
since 1A0=0A1=0=0, you cannot deduce from the
result “0” which values the input bits have had. Another
difference between quantum and Boolean logic is that
quantum gates can transform a qubit basis, say {|0>,[1>},
to another, for instamce {{(0>+1>,{0>-{1>}, just as a vector
basis can be changed by reflections or rotations. This
property is impossible in Boolean logic, where any
operation transforms to one of the two values 0 or 1. In
other words, the basis is never changed in Boolean logic.
Recently, relationship has been established between
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ordinary language and mathematical physics. It is thought

that the relation of a particular syntactic structure is
predictable using the lexical reiatlonsh:p between them.

This is a key are of research and it is well supported by
literature. Physical systems have also been successfully
related o natural observables [20],[21],[22].These
phenomena contributed to the successes in the discovery of
further use of quantum theory such as the database search.
We explore the context of natural syntactic and semantic
structure of natural language.

Natural language processing is a core part of computational
linguistic, a well established area of computer science
which has been under close research since 1900°s. The
advancement will also be aftributed to the use of computer
and growing need for internet. Natural language processing
(NLP) deals with automated generation and understanding
of human languages. Parsing in natural language
processing (NLP} is not an end-goal, but a means to an
end. Syntax: provides rules to put together words to form
components of semtence and to put together these
components to form sentences. Lay-people rarely care

about a parse as the final cutput of an NLP application.
However, NLP practitioners may include parsing in the

middle of a text processing pipeline. Inferred syntactic
information can be leveraged to improve the accuracy of
higher-level textual analysis. Consider the following
example: (an example of a parse tree augmented for
information extraction. Example from [23] ,

This paper provides formalism for understanding syntactic
structure of natural language by applying the relations
generated form quantum theory. The aim is to develop a
NLIDB based on meaning representational model
achievable by the understanding of underlining syntactic

structure of natural languages. The implementation of the
syntactic structure of NLIs is based on the compositional
treatment of words within a NL which was contained in the
framework of {24] and further enhanced [25] is used in the
definition of the structure of any given NL.

V. BUILDING A VECTOR
The approach is to build vectors from words in a way that
enhance meaning generation such that we can formulate a
semantic similarity between these meanings Traditional
method of NL semanmtics has earlier been proposed.
Semantic parsers auiomatically recover representation of
meaning from natural lancuage sentences semantic parsine

B S

e

is an integrated approach that combines the fundamentals
of logic, reasoning with word structures. Unlike traditional
parsing approaches, semantic parsing is not time
consuming and does not suffer from the problems
associated with robustness and incompleteness. [t
integrates the best aspects of existing inductive logic
programming methods into a coherent, novel framework
that stands at the intersection of the fields of machine

learning and logic programming.

- et e e

Semantic parsing 1s tasked with mappmg natural language
(NL) sentence mnto a complete formal meaning

representation (MR) in a meaning representation language
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- (MRL), that is unambiguous which allows for automated
reasoning, such as first-order predicate logic. Recent work
has focused on learning such parsers directly from corpora
made up of sentences paired with logical meaning [26].
This research primarily focuses on MRL such that it can be
executable over several domain as being used by a third

party application such as answering questions from a
database or controlling some machine automated systems.
Structure of a natural language has always been attributed

to the meaning of it. Linguist has made attempts to show
the claim. They want to reconstruct language organization
such that the structural notions could be observed form it.
[27] introduced the dichotomoy of the linguistic sign, as
being formed through an indissoluble link between a
significant, or phonetic signifier, and a signifi’e, or
signified concept. A topical division in linguistics
distinguishes therefore between the study of the language
structure (syntax) and the study of the language meaning

(semantics). In the following years, pragmatics appeared as
a reaction to Saussure’s structuralist linguistics, expanding
upon his idea that language has an analyzable structure,
composed of parts that can be defined in relation to others.
Semantic parsing, by identifying and classifying the
semantic entities in context and the relations between
them, has great potential on its downsiream applications,
such as text summarization, question answering, and
machine translation. As a result, semantic parsing can be
an important intermediate step for natural language
understanding.

The constituent-structure theory of senience analysis
derives from the perception that the words of a sentence

seem to combine naturally into recognizable unmifs., A
simple active declarative sentence, for example, appears to
comsist of three components: a subject, a verb, and an
object, where the subject is a unit which includes words
that identify the author or agent of an action; the verb
identifies this action, and the object consists of words that
identify the target, result, or theme of the action. While the
subject and object can each consist of a single word, that
being a noun which names someone or something, both
constituents often include other words, such as objectives,
that describe, explain, or elaboraie whaiever the noun
names. It is the resulting collection of words that is then

recognized as comprising the unit which functions as the
subject or object of the sentence.

Furthermore, the object and the verb together are seen as
making up another, more comprehensive sentence
constituent that is identified as the predicate. A sentence is
therefore perceived as being composed of two major
functional units, nameely, its subject and predicate.

The composition or structure of a sentence is consequently
regarded as a hierarchy formed as successive collections of
words are combined into progressively more
comprehensive or inclusive constituents.

Phrase-Structure Grammar: a collection of lexical and
phrase-structure rules such as those illustrated above

comprise one of the four components of a conventional
phrase-structure gramwnar. A phrase-siructure grammar, G,
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is defined by the entries in an ordered quadruple of the
form G=<V,,V;,S,P> where the entries
identified as follows:
e Vy i$ a hon-iéfminal vocabiliary consisiing of the
lexical and syntactic category leabeis (such as the
WY W AT aand UM mrrmalhals danaclhad akaceal
N, ¥V, INE dlld ¥ 5Y MDUIS UCSUIIDCU dO0UVE).
e V. denotes as set of words, called the terminal
vocabulary of G.
e S is a special member of Vy that, in addition to
being the label of the sentence category, identifies
the starting symbol of G.
e P identifies the collection of rules, whick is
sometimes described as the production set of the

grammar.

are

The sets Vy and Vg are not empty, but they are normally
disjoint so that their intersection is empty.

Derivation of sentences: sentences can be produced or
derived on the basis of G by beginning with the starting
symbol and applying re-writing rules from the production
set P. the grammar G is thus treated as are writing system
whereby the elements of its non-terminal vocabulary Vy
are treated as symbols that can be re-written or replaced by
applying rules from P. this re-writing process continues by
applying rules with lefi-hand sides that match the non-
terminal symbols produced by previous replacements. The
derivation stops when no further rules can be applied
because all of the non-terminal symbols have been

replaced by words from the terminal vocabulary Vr.

Note, however, that it is not considered that the cognitive
system produces sentences by a rewriting or symbol
replacement process. It is assumed only that the cognitive
processes of sentence production are in some sense
equivalent to the rewriting procedures. The cognitive
system performs operations that can be described in their
effect by the rewriting or replacement operations
represented above.

Context-Free Language: the resulting sequence or string of

words from Vry is said to comprise a sentence that is
derived or generated by the grammar. The set of all

sentences that can be generated by a grammar G is called
the language of G and is identified as L(G). Because all the
rules in the grammar illustrated here have a single lefi-
hand side symbol, and the rules can be applied whenever
there is a match for this symbol, without regard for
whatever other symbols might be adjacent to it, a grammar
such as G is described as context-free.
V1. TREEDIAGRAM

A phrase-structure grammar G can also produce a structure
for a sentence that it generaies. If G is context-free, this
structure can have the form of a tree with its root node
corresponding to the starting symbol of the grammar.

Other nodes correspond fo, and are labeled by symbols

from the non-terminal vocabulary Vy. The leaves of the
tree correspond to the words of the sentence and are

therefore identified by elements of the terminal vocabulary
V. A tree can be constructed for a semtence a process
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analogous to_the rewriting procedure just described; but
rather than replacing a non-terminal symbol, a rule attaches
branches to it; with these branches ending in nodes that are
labeled by the right-hand side symbols of the rule. The
operation of applying rules then consists of tree
substitution, rather than replacement. The substitution
procedure continues as long as there are branches that end
in nodes labeled with symbols from Vy, and it stops when
all the branches end in leaves consisting of those words
from Vy that comprise the sentence.

The resulting tree is usually represented upside down
relative to the normal orientation of a tree, with its root

node at the top and the leaves, corresponding to the words
of the sentence, at the bottom. A tree constructed in the
course of producing the sentence ‘nice dogs like cats’ is
down in the figure. A tree such as this represents an
analysis of the sentence and may be described variously as
an analysis tree, a phrase marker, or a parse tree, or is
called simply an analysis or a parse for the sentence.

VII. CONCLUSION

This paper presents a formula relationship that allows us to

use the concept of quantum theory in the domain of IR. We
have seen the retrieval of objects such as text, data, iiage
etc as an aspect centre to the user with such centrality

measured by relevance. The paper shows that the lexical

content of an object and the relationship between the terms
can affect the meaning representation. It was establisehed

that an improvement of the underlying concept of algebra
as used in QT can form a good basis for natural language
test retrieval without losing the richness contained in the
constituents of such grammar. Finally, the conmtext of
syntactic analysis of an English grammatical sentence of
the IR framework using retrieval based on relevance
defined by quantum probability is still achievable. This is
essential as opens a new research opportunity which will
be aimed at solving the generalized IR problem.
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